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Abstract
dZ e« A[C 0}A WCEE}o ~Sus&Deifivatfehi]3-Hydraky and 3Amino-pyrroles
Georgina Kate Armitage

The objective of this study was to investigate the acylatiyelisationdecarboxylation reactions of
enamino acids derived from ZXdfunctional compounds. Remarkably little is known regarding the
generality of these variant§ ( $Z « A[C 0}A % CEE}o *CVEZ +]eU +%]3 3Z |E
synthesis of functionalised pyrroles.

The cyclisation of diethyl-@-carboxyalkylaminomethylene)malonates provided access to a range of 5
(un)substituted4-acetoxypyrrole3-cartoxylates. However, in some instances the corresponding 4
ethoxypyrrole3-carboxylates also accounted for up to 20% of the reaction produétcetytd-ethoxy-5-
ethylpyrrole-3-carboxylate = was  characterised by -ra¢y crystallography. Some of the
(aminomethyla@e)malonates from bifunctiona -amino acids provided anomalous products. For example,
the glutaminederived enamino malonate gave aaBetylpyrrolidin2-one via a DakinWesttype reaction.

The asparaginenamino malonate cyclised to -acetoxyl-acetyts-cyanomethylpyrrole3-carboxylae
probablyvia an isosuccinimide intermediate. Several mechanisms for the formation of the pyrrole products
have been discussed. &Clabelling experiment confirmed that the carboxyl function in the starting
material is not incorporated in the productviience for the involvement of a X@azoliumb5-olate
(miinchnone) accrued from cyclisation of diethy(12carboxymethylaminomethylene)malonate with 28z

in the presence of dimethyl acetylenedicarboxylate which provided a neatkehylpyrrole, charactésed

by XE C @EGC*3 00}PE %ZCX Vv 03 Ev S]A % SZA C ep% EA-v « ]v
disubstitution of the amino acid prevents munchnone and thus pyrrole formation to afford an
N-alkenyloxazolidirb-one.

Novel ethyl 4(di)acetamideb-(un)sutstituted-pyrrole-3-carboxylates and the correspondinec8rbonitriles
have  been  obtained in good yields via the cyclisation of ethyl 21-
carboxyalkylaminomethylene)cyanoacetates and  -c@tboxyalkylaminomethylene)malononitriles
respectively. Evidence fordifferent cyclisation pathway, in the former, involving intramolecular acylation
of the enaminonitrile moiety was observed. Thus, ethy@*(2S")-1-acetyt3-cyanc2,4-diacetoxy5-methyt
2,3dihydropyrrole3-carboxylate was characterised byra¢ crystallgraphy.

A wide range of novel-dlkanoyt and 2aroy}t3-(1-carboxyalkylamino)acrylonitriles has been obtaingal
aminomethylenation of t-ketonitriles. The products from their cyclisations {&INEt) were largely
independent of the nature of the acyl gré& pS § Eu]v C SZ ep eanjidpavid njoie§zZz r
The 3(1-carboxyl-phenylmethylamino)acrylonitriles provided mixtures of-a8yt4-(di)acetamides-
phenylpyrroles in which the-dcetamido derivatives predominated. Contrasting behaviour waspthyed

by the 3(1-carboxyalkylamino)acrylonitriles derived from alaninegr@inobutyric acid and valine in which
the cyclisation followed an unexpected cours& enaminone acylation, to the novelatetoxyl-acetyts-
alkylpyrrole3-carbonitriles in  hgh vyields. The acylative cyclisation of the-ad/3-(1-
carboxymethylamino)acrylonitriles furnished mixtures of pyrroles. In two casesetamide6-aryls-
cyanopyrar2-ones, generated by a unique cyclisation pathway were isolated. The structure of-the 6
phenyl derivative was confirmed by unambiguous synthesis. The synthesis and acylative cyclis&jon of (
2-benzoyi3-(1-carboxyalkylamino)crotononitriles was investigated. Whereas ti{&-&rboxyethylaming)
derivative provided 4acetoxyl-acetyl2,5-dimethylpyrrole-3-carbonitrile exclusively, the-@l-carboxyl-
phenylmethylamino)crotononitrile afforded a mixture of pyrroles. A remarkable minor component was
characterised as -dcetoxyl-benzoyl2-methyl5-phenylpyrrole3-carbonitrile, the result of sequédial
[1,5]-benzoyl migrations of akBpyrrole intermediate.

The acylative cyclisation of-(2-carboxyalkylamine®-tosylacrylonitriles provides access to hitherto
unknown 3diacetamide4d-tosyk and  3acetamide4-tosylpyrroles. Cyclisation  of -@-
carboxydkylaminomethylene)dibenzoylmethanes offers an excellent, complementary approach to access
5-(un)substituted3-benzoyl4-phenylpyrroles, to the existing tosylmethyl isocyankmiesed protocols.
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DMSO Dimethyl silfoxide
DP 4-Dimethylaminophenyl
dt Doublet of Triplets
Equiv. Equivalents
ESI Electrospray lonisation
FFIR Fourier Transform Infrared
FVP Flash Vacuum Pyrolysis
HMBC Heteroatom Multiple Bond Coheren&@pectroscopy
HRMS High Resolution Mass Spectrometry
HSQC Heteroatom Single Quantum Coherence Spectroscopy
Hunig's Base Diisopropylethylamine
J Coupling Constant (Hz)
m Multiplet
m.p. Melting Point
NMP N-Methylpyrrolidin-2-one
NMR Nuclear Magneti®kesonance
NOESY Nuclear Overhauser Effect Spectroscopy
NSI Nanospray lonisation
PNP 4-Nitrophenyl
ppm parts per million
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I (ntroduction

1.1 Structure and Historical Significance

The first discovery of pyrrole by Runge in 1834; a comgdabtained through distillation of coal

tar was observed to turn the wood splinters it was applied to red, upon the application of acid,
was named pyrrole [11MHC269]. The first pure sample of pyrrole was obtained from distillation of
bone oil by Andersomil1857 [1857MI571] and the structure subsequently determined by Baeyer
and Emmerling in 1870 to be a fimeembered heterocycle containing nitrogefigure 1.1a),
11MHC269]. Pyrrole is a colourless oil which darkeimsn exposed to air dight [L3MI18].Some

physical and chemical properties of pyrrole are givehahlel.1.

RS
: :

Figurel.1 Structure of pyrrole vih a) atom labels; and b) important bond lengths and angles.

Tablel.1 Physical properties of pyrrole.

Physical Data Value Reference
Boiling point 130 °C 11MHC269
Melting point t23 °C 11MHC269
17.5 (inwater)
. 85MI1126
pa 23.0 (in DMSO)
w 0X00 %M-h) ~
'H NMR (CDg)l ' 13MI18
(CDY W OXTT %e3bbiesd)~,
W 110 XT %e26cBp) ~
13C NMR (CDgI 13MI18
(CD§ w 110 XT %e3bcd) ~
N NMR(Neat) 235 ppm 84CHE@G(4)89
IE€ [+ hvl(l  E}u 852 927355
Index, h
BondLengths and Angles Figure 1.1b) 03MI86

awhere the hfor benzene = 100, thiophene = 81.5 and furan = 53.

The resonance structures for pyrrole are showrrigurel.2. Resonance leads to partial negative

charge on the adon atoms and a partial positive charge on nitrogen. This mesomeric effect is
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more significant than the competing inductive effect towards nitrogen and therefore the negative

portion of the dipole is directed away from nitrogeRigurel.2, 10MI316].

N
H

© S)
B F--PP—G | D
H H H H H

Figurel.2 Resonance structures and dipole moment.

Pyrrole is planar and has five overlappjmgrbitals from the foursp?-hydridised carbons and an

sp? nitrogen which includes the lone pair of electrons, these are delocalised around the ring
making the system aromati¢igurel.3). The aromaticity is reflected in the bond lengtiksglure
1.1b)], the NtC2, NtC5 and C8C4 bonds are shorter than expected for single bonds: 12416t

C) and 1.53 (€) and C2=C3 and C4=C5 are longer than a typical C=C double bond)(ID8&6

to the contribution of the lone pair, each of the atoms in theteys has an electron density of >1

u IJvP % C @dEtlom excessive [03MI86].

Figurel.3 p-Orbital overlap in pyrrole.

dZ -excessive nature of the pyrrole ring conferampit strong susceptibility towardse&
reactions under mild conditions. The relative ease with which the ring can be deprotonated is an
important facet allowing, by appropriate choice of reagents and conditions substitutions as either
N-1 or G2 to be acomplished. A brief overview of the reactivity of the pyrrole ring is provided in

the following section.
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1.2 Reactivity of Pyrrole

Due to the electron rich nature of the pyrrole ring, it readily undergoes electrophilic substitution,
resulting in mainly, 2e 4 *S]Spus % CEE}o X 8§35 | } pdpesitignddued theloC S
*S Jo]e S]}v }( SZ ]vBorGplexe$, delocalisation is maintained more in the reaction at

the 2-position than at the Josition [Schemel.1, 10MI314.

® _ __ ®
[y . @H@H@]q 0.

a-substitution

(favoured)
H H
Iy % /\—ﬁ/ { ﬁe { \§
N e c;)l/ > N e
H H H

E

N
H

B-substitution
(disfavoured)

Schemel.1

If a bulky protecting group, such as triisopropylsilyl (TIPS), is placed on nitrogenpdisdi@n is
blocked from attack and substitution at the-gdsition is preferred, the use of electron
withdrawing groups on either nitrogen or the CZ}+]S]}v o<} v }sulEstifition t
[LIMHC296]. The use of acids leads to rapid polymerisation of pyrrole [11MI18]. Electrophilic
substitution does not take placen nitrogen due toa resultantloss of resonance and a localised

positive charge on nitrogebeing unfavourabl¢10MI316].

To effect substitution at the nitrogen atom, it is necessary to deprotonate prior to electrophilic
trapping. Deprotonation can bechieved using sodium, sodium hydride, potassium, alkali metal
hydroxides, butyllithium or with a Grignard reagent. For example, the potassium salt of the
pyrrolyl anion reacts with -lodoalkanes to affordN-alkylpyrroles[Schemel.2a), 73JCS(P1)499,
85MI1126, 03MI86]. When lithium or magnesium salts are used, however, electrophilic attack
occurs on carbongchemel.2b), 96CHEG(2)39,11MHC29 although the outcome is dependent
upon the conditions used anith some instances mixtures dF and G substitution products are
obtained. It is also possible to metallate at the-€22bon if the nitrogen is already substituted, in

this case, electrophilic trapping will occur at thg@sition of the ring $chemel.2c), 82SC231].
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a) O KOH @ —»I/\/ ﬂ

DMSO N N

0 @ n-BuLi @\Li PhCN O\W

THF/hexane |

Schemel.2

The VilsmeieHaack reaction introduces an aldehyde function to thpo2ition of electron rich
heterocycles. The Vilsmeigeagent is a chloroiminium salt formeoh situ from DMF and
phosphorous oxychloride and with pyrrole, the reaction proceg@dsin iminium ion which is then

hydrolysed to the productchemel.3, 11MI18].

Cl N

Y ®
©opoci

@\/4—2> ég?%% | opocl, O\Fm . O\( _HO O\\

H

Schemel.3

Alternatively pyrrole can be formylated using the Reirie@mann reaction. A dichlorocarbene is

formed from chloroform in sodium hydroxide solution, initially the pyrrole ring undergaes
0 SE}%Z]0o] eou *35]Spmopfion andsSiZ futher hydrolysed to produce the 2
formylpyrrole [Schemel.4, 85MI1126, 03MI86].

:CCl, @ PT ) NP H20
oS o S N~
H H Cl H

Cl
Schemel.4

21



Pyrroles are readily acylatedls¢hemel.5]. The FriedeCrafts acylation reaction begins with
coordination of a Lewis acid (e.g. aluminium chloride) to an acylating agent (e.g. an acyl chloride)
followed by ionisation from anotheequivalent of the Lewis acidlSEhemel.5a)]. The complex

then reacts with pyrrole to form an aromatic ketone after hydrolysis. The use of an electron
withdrawing group at nitrogen, such as a phenylsulfonyl group, directs theSrhe S} SZ t
position [03MI186]. The HoubeHoesch acylation reaction involves the reaction of an iminium ion,
formed by the reaction of a nitrile with HCI, with pyrrole, the reaction proceadsn iminium

species which is subsequently hydrolysed to affine acyl pyrrole$chemel.5b), 03MI86].

©

l|\ICI3
@O\ R _ -
(€]
CD CI—AICI4 @AICI3
AlCI <)
a) @ oAk k\j@;ﬁH ® _~HCl \ /@ Work up_ O\‘(
N — > (»u = —AIC,
AICI
/‘*L(-B\ H —‘3 ®
N . GN NH —> N ©—> N
H H H R “NH, H o
Schemel.5

Pyrrole is not a good diene and therefore does not undergo Aielsr reactions as readilysa
furan, and attempts to do so, generally result in the Michael addition product, which can react
further to afford a complex mixture of productsS¢heme 1l.6a), 80JOC4573, 96CRV1179].
Introduction of an electron withdrawing groupn the nitrogen, enhances reactivity significantly
and the [4+2] cycloaddugs obtained however, the major products are still the Michael addition
products Bchemel.6b), 61MI3116, 96CRV1179]. WhBKFBoc pyrrole is reacted withenzyne,
generatedin situ from anthranilic acid and isoamyl nitrite, the cycloadduct is formed in 63% yield
[Schemel.6¢), 020L3465]Reaction with dialkylketones in the presence of UV light results in a
[2+2}cycloaddition reation the PaterneBichi reaction $chemel.6d)]. This fused ring system
undergoes C 0o}E A E-«]}v E 3§]}v E -pos]vmpojition difthe pyldlpaings $Z
[85MI126].
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E
H E E
I\ \
E————E g “E E /
—_— N E— /2 / E——
E = CO,Me H Ok E7 N
E H

N
H
R
T\ . N R=CO,Me 42 %
b MeO,C———=—CO,Me CO,Me R=COMe 45%
) N - 71/ R=CONH, 36%
R R=Ts 30 %

° N
C
G Oty
B

,O_,F;V <—§‘

Schemel.6

[2+1}Cycloaddition reactions can occur under the conditions of the Reifignann reaction
[Scheme1.4] especially when weak bases are used to generate the carbere.c@ibene
cycloadds to the pyrrole and then the ring is expanded to affordchl8ropyridine, accompanied
by the loss of HCISchemel.7a), 03MI86]. Other reactions which involve transformation of the
ring include reduction of th pyrrole ring to pyrrolidine and oxidation under phedaidative

conditions to maleimide§chemel.7b), 84CHE4)201.

a) | \_:cc / c
s — N) O/

g () <reneywi @%04@%
H

N N
H H

Schemel.7
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GH Activationallows new functionality to be introduced in to heterocycles; with the use of
transition metal catalysts new-C bonds can be installed in a quick and simple manner without
the requirement for multiple reaction steps. Directing groups can be utilised nsure the
regioselectivity of the reaction which proceeds electrophilic palladation of the pyrrole ring. Due

to many GH activation methods using acidic and oxidative conditions, they are not as widely used

with pyrroles as with other heterocycleS¢ghemel.8, 0642528, 10ARK(i)247].

RI
cat. Pd(OAc),, cat. Pd(OAc),, =
WR' < Airoro, {/ \§ Airor0, _ [\
N AR N A R N
R R = Boc R R=TIPS R

R’ = CO,Bn, CO,"Bu, COEt, SO,Me, PO(OEt),, 4-MeO,CCgH,, CN

Schemel.8
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1.3Importance of Pyrroles and Natural Occurrence

Pyrroles, amongst other heterocycles, are presiena number of naturally occurring molecules

and are vital to our existence; porphobilinogérl (Figurel.4) is a simple pyrrole found in the

urine of patients with acute porphyrigs3B1176, is the precursor to dtrapyrrole-containing
molecules (porphyrins) such as haems (haeth, chlorophylls (chlorophyll &.3) and vitamin

B2 [96JCS(P1)2633]. Haem B is vital for human existence and is responsible for oxygen transport
around the bodyOONPR507]Chlorophyll is found in all plants and is responsible fieediating
photosynthess [0ONPR507]

7
CO,H
HO,C
N
H,N H A
MeO,C o
cop OO
HOZC 2 \/YMH
3
Porphobilinogen 1.1 Haem B 1.2 Chlorophyll a 1.3

Figurel.4 Naturally occurring pyrroles porphobilinogérl, haem BL.2and chlorophyHa 1.3[00NPR50[

Further examples of pyrroleontaining natural products are shown kgue 1.5, these pyrroles

have an interesting and diverse range of bioactive properties [LONPR1801, 130PPI171].
Pyrrolnitrin 1.4 is a secondar metabolite found in various strains of bacteria and is an antifungal
antibiotic [97AEM2147, 130PPI171]. Prodigiokid is a tripyrrole produced by a number of
microorganisms and is known to have potent cytotoxicity against cancers such as breast cancer
[03MI1447] and neuroblastoma [07EJP111]. Prodigiosltb is also an effective
immunosuppressant [06NRM887]. The synthesis and properties of prodigiosin alkaloids have been
reviewed [15RSC10899] lamellarins (e.d..®and O1.7) and lukianols (AL.8) havebeen isolated

from various marine invertebrates and sponges [06T7213]. Lamellarins are a group of over 50
pyrrole alkaloids which are structurally divided into three categotigge la (partially saturated),

type Ib (unsaturated) and type Il (simple mies) [14M16142]. Lamellarin D6 (type Ib) has the

most potent cytotoxicity of the lamellarin alkaloids [14MI16142], and is effective against prostate
cancer and leukaemia [05MI1165], whilst lamellarid.2 (type 1) is not cytotoxic but has antibiotic
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properties; both have the ability to reverse multidrug resistance [06T7213]. Lukiadds & a
structurally similar compound to the lamellarins which is affective against epidermoid carcinoma

and leukaemia [14M16142].

Cl
Cl
O,N / \
N
H
Pyrrolnitrin 1.4 Prodigiosin 1.5 Lamellarin D 1.6
/ \ / N\ o
N CO,Me N
(o] ~_0
OMe OH
Lamellarin O 1.7 Lukianol A 1.8

Figue 1.5 Natural pyrrole containing compounds [06T7213, 130PPI171].

D E]v}% C E & }-bipyrrol&s rddéiitly isolated from extracts of bacteria found in marine
sediment. Marinopyrrole AL.9 and marinopyrrole BL.10 (Figure1.6) have been reported to be
active against methicillinesistant Staptylococcus aureugMRSA) [14CSR4633]. Since the
discovery of pyrroles able to overcome the serious problem of drug resistant bacteria, their
synthesis has gained increasing interest and the chemistry of marinopyrroles has been reviewed

[13T5067, 16MRR169].
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NH
/
cl Y
o OH
HO o)
N cl
\ /
R Cl

Marinopyrrole A1.9R=H
Marinopyrrole B 1.10 R = Br

Figurel.6 Marinopyrroles A and BL(9 and 1.10respectively).

As well as natural products, synthetic pyrroles have great value in the pharmaceutical sector,
particularly atovastatinl.11, the bestselling drug to dateKigurel.7). Atorvastatin is effective in
lowering blood cholesterol levels by inhibition oh@droxy3-methylglutarylcoenzyme A (HMG

CoA) reductase [08CHH({4)353, 14CSR4633].

Qs 0 &
F o

Atorvastatin 1.11

Figurel.7 Synthetic pyrrole atorvastatith.11

Further examples of synthetic pyrroles with bioactive properties include tolmetifi2 and
zomepirac {.13), these pyrrole2-carboxylic acid derivatives are nateroidal antiinflammatory
agents effective in the treatment of rheumatoid arthritiBiure1.8, 14CS&633, 15RSC15233].

The gnthetic 1-arylpyrrole 1.14 has shown promise as Hll\ftype 1 inhbitor [Figure 1.8,
04AAC434908CHE@II(4)B53]. The synthesis of pyrret®ntaining scaffolds in pharmacologically
active compounds has been reviewed [15EJM176, 15RSC15233]. In addition to their
pharmaceutical activity, pyrroldsave a wide range of other applications [15RSC15233].
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Figurel.8 Synthetic pyrroles with bioactive properties

BODIPY dyes are a class of compounds with a bdipymromethere core (.15, Figure 1.9),
BODIPY dyes are highly fluorescent compounds with high quantum yields [07CHRX3B1RY
dyes can be chemically tuned to emit in the néarregion, this coupled with their stability in
physiological coditions makes them ideal fareaktime cell imaging.Their characteristics mean
they have the potential for a wide range of applications, for example, as pH setsbsHigure

1.9). AzaBODIPY1.16 has its fluorescence quenchely electron donor, morpholine, by
photoinduced electron transfer (PET). When the pH of the environment is low, the morpholine
moiety is protonated which subsequently switches the fluorescence back on by inhibition of the
PET process, making the moleculseful as a pH sensor in biological systems allowing for
detection of abnormal cell pH and has been proven successfitro for imaging in HeLa cell lines
[140BC3774]. BODIPY dyes can also be useful as metal ion detectors. BADHE&Yectively
captures Hg(ll) through binding at the benzimidazole moiety which consequently has a
hypsochromic shift in the emission spectrum coupled with an increase in fluorescence quantum
yield, this is also a result of PET inhibition. The compound has been shown tosfuibceletect
submicromolar quantities of Hg(ll) in human breast adenocarcinoma cellsiteitro andin vivo

[131C11136, 140BC3774].
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Figurel.9 BODIPY dyes.

Porphyrins sug as chlorophyllX(.3, Figurel.1) with the ability to convert light to chemical energy
have inspired a collection of porphyrin dyes for use in-ggmesitised solar cells. Efficient porphyrin
dyes are more desirable than rutheniumwomplexes as they are more cost effective and
environmentally safer, the disadvantage of using porphyrin dyes is that they generally have lower
power conversion efficiency than ruthenium complexes. Porphyrin 1¥8 (Figure1.10) when

used in conjunction with a cobalt electrolyte is the first to have a greater power conversion
efficiency than the most efficient ruthenium dyes and can absorb light up to 700 nm
[11SCI(334)629, 13CSR291]. A further use for porphyrins is as heteoogenatalysts; the
copperporphyrin1.19 (Figurel.10) has the ability to selectively reduce £20 hydrocarbons with

high catalytic activity, thus showing promise for conversion of emissions back to fué8(Z6].

1.18 1.19

Figurel.10 Porphyrins for use in porphyrsensitised solar cell4.(L8) and catalysisi(19).
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Chemical or electrochemical polymerisation of pyrrole results in polypyrdo0,(Figurel1.11),

which, due to its conjugation, makes it a good conducting polymer [01RFP125, 06JRSI741,
16JSSEB839]. Polypyrroles are attractive due to their simple synthesis, environmental stability and
the scope to tune their properte [01RFP125, 16JSSE839]. Their properties make them ideal
candidates in a wide variety of applications, for example, as biosensors, gas sensors, wires,
rechargeable batteries, liquid crystals and for pharmaceutical drug release [01MI990, 01RFP125,
06JRSI74 16JSSE8309].

I\ N
N X\

1.20

Figurel.11 Polypyrrole.

As a result of their natural occurrencand their wide scope as pharmaceuticals and as building
blocks in materials and polymer chestry, pyrroles continue to attract intense academic and

industrial interest.
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1.4 Pyrrole Syntheses

The syntheses of pyrrole rings has been widely studied and numerous reviews have been
published to summarise the vast number of publications on the meltiplethods of pyrrole
synthesis. Detailed reviews of the reactivity, structure and syntheses of pyrroles can be found in
the major reference workComprehensive Heterocyclic Chemidsynthesis: 84CHHEQEH)89,
96CHE(2)119, 08CHEI(3)X69; structure: &CHEQ(4)155; reactivity: 96CHHI{2)39;
applications: 08CHE@(4)353] and the treatis&élodern Heterocyclic Chemistiyill [L11IMHC269].

In addition, extensive coverage of all aspects of pyrrole chemistry is provided by the earlier
monographs by Gossau[74MI1], Jones and Bean [77MI1] and two volumes in the Weissberger
Taylor serieg’he Chemistry of Heterocyclic Compous@$1G48-1)1, 92H[A9-2)1]. A recent book

by Trofimowvet al. provides coverage of mainly Russian work on pyrrole chemistry [14R¥irole
chemistry has been reviewed annually since 198Brimgress in Heterocyclic Chemigigplished

by Elsevier. Pyrrole sireses have been reviewed based on their starting matepalsatalysts
[synthesis from active methylenes 16RSC370Bpropargylamines 16RSC18619, alcohols

i6 Z~iiieidédind Rh complexes 16CEJ17910 and syntheses mediated by Cu, Ag and Au
catalysis 160BC71B6and their reaction types OLOPPI411,130PPI17[L The use of
multicomponent reactions in the synthesis of pyrroles baen reviewed thoroughly [L0CSR4402,
14CSR4633, 15ACR2822].

1.4.1 De Novo Ring Syntheses

Rather than refer to pyrrole syntheses by a name reaction, R. J. Sundberg developed a
classification system which indicates the number of bonds formed in the synfioéisised by the
location of the new bond(s}{gurel.12) [96 CHEI(2)119]. Whilst the classification is useful, it is
dependent upon the definition of the starting materiaDCHE@I(3R69]. In the following

summary only thenost important and useful syntheses are discussed.
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Scheme 1.9 shows two syntheses that involve aimtramolecular [5+0] reaction and are
categorised as type la cyclisatiorfSchemel.9a) shows the cyclisation of a&nitroketone by
reduction with tributylphosphine and diphenyl disulfide. The reaction proceé@dsan imine
intermediate and cyclodehydration to provide the pyrrole in good yield (90 %) [84TLSMiAme
1.9b) follows a similapathway involving either an oxime (X = NOH) or imine (X = NH) intermediate
from the reduction of a vnitroketone with formamidinesulfinic acid with yields of &9 %
[95TL9469)].

Ph Ph

Ph,S,
(a) ﬂ"" —— Ty ﬂ
Ph e BusP
3 Ph N Me
O No, H
NH Ph
Ph Me J]\ EtO,C
(b) FEtOL H,N™ "SO.H
0 EG,N/-PrOH X 0P Me
NO
2 X=NOH
Ph X=NH
— T
Et0,C N~ ~Me
H
Schemel.9

Glycine esters and their hydrochloride salts have been used to generate the precursors for [5+0]
type Ib cyclisationsSchemel.10). Schemel.10a) shows the condensation reaction of ethyl

glycinate hydrochloride with a 1;8iketone to afford an enaminone intermediate which
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undergoes cyclisation to the 2,3tBsubstituted pyrrole in good yields [82S157]. Another example
using ethyl glycinate hydrochloride is shownSohemel.10b), the intermediate enaminone can
be isolated and cyclised by treatment with base [90S389]. In a related approach 3
§Z}/ECu §Z &E}o ]v EamidoacelatdsZ tor generate the corresponding enamino
aldehydes. Cyclisation to the pyrrole ascomplished by heating with bas&dhemel.10c),
89S337]. Xhlorocyclopentend-carboxaldehyde has been reported to afford the pyrrole directly
upon heating with ethyl sarcosinate or etiyibenzylglycinate, although no experimal details
were reported Fchemel.10d), 85TL1839]. In a similar manner the glycine ester has been used to
synthesise an aminomethylenemalonate which was cyclised under basic conditions in a
Dieckmanrype condensation reactiofiSchemel.10e), 78CPB2224]. All of these methods are
*Jul]o & 8} 8Z =+ A[C 0}A «CVvSZ ] AZ] Z Aloo ]* pee v ul@E

Ph

o o
DMF
@ M+ RN “NCoEtHCI —— ﬁo
Ph Ph N

Ph” N CO,Et /U\COzEt

o o R Me
(b) )I\(”\ + “Nco,Et-Hel —EtO | o _TaoRt
Me Me 2 rt,15h TEOH, A
! Ve H/\COZEt CO,Et
R=H, Me
oA\ Me \(\ __ NaOEt Zj\
A~ a
c + — L
(c) /\E MeHN™ “CO,Et “NCO,Et  EtoH o CO,Et
OEt |
~ Et3 <:||\/>—c02Et
(d) <I\ *+  RHN” “CO,Et
Cl
R= Me Bn
o
Et0,C___CO,Et EtO,C NaOEt Et0C o
a
(e) \[ +  H,NTCOEt ———» | OEt —_— I\
OEt A~ EtOH N CO,Et

Schemel.10
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dZ <« A[C 0}A % CEE}o *CVv3Z ] ( ]odSubsttutd® pywalassid thgs }(
cyclisation of enamino acids accessible from condensationarino acids with 1:8licarbonyls
(Scheme1.11) [73RCB(22)2505, 02S(P1)2799]. This simple synthesis has remained -under

exploited.

R? R
o X 0 O NH NCO,H (i)
AJ o G e T
R2

R2 o)\

Reagents: (i) o-amino acid, NaOAc, aq. EtOH; (ii) Ac,0, anhyd. NaOAc.

X = NMe,, OH, OR

Schemel.11

r-Amino acid esters react with DMAD to produce enamines; the enamines can then be cyclised in

the presence of sodium methoxide to generate a pyrrole in good yi€kchdme 1.12a)]

TU

[94SC1887]. The reaction can either be categorised as a [3+2] type llac cyclisation based on the

starting materials or a [5+0] type Ic reaction bd9on the intermediate enamindiester. Similarly,

the PilotyRobinson pyrrole synthesis can be classed as a [5+0] type Ic reaction based on the

intermediate Schemel.12b)]. In the first of two steps, hydrazine is added to anehigle (2
equiv.) to produce a symmetrical azine. In the final step, the azine is acylated with an aroyl
chloride (2 equiv.) resulting in tautomerism, [3sgdgmatropic rearrangement and cyclisation to

produce a 3,4disubstituted pyrrole [07JOC3941].

CO,Me

CO,Me HO CO,Me
Ph Ph
D oo | o Koo e L
EtO,C~ 'NH; Et0,C~ ~N”~ ~CO,Me Ph N~ CO;Me
CO,Me H H
(o] Me Me

2
b) o H,NNH, Me }"_N\ Me Ph)J\CI 2/ \;
2 Me\)LH Et,0 <H H> pyridine, MW, N
65%
o)\Ph

Schemel.12

The most important example of the [3+2] reactions is provided by the Knorr pyrrole synthesis, a
type llac cyclisationSchemel.13). The syritesis involves the condensation of a -tljdarbonyl

and an r-amino ketone derived from th@ situformation and reduction of amsonitrosoketone
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thus preventing seftondensation of ther-amino ketone [05MI244]. The sequence Sitheme

113 ¢« Joou*SE S ¢« §Z (}E&u S]}v }( <VIEE[* % CEE&}o (E}u SZC:
reaction is capable of considerable variati@chemel.13Db) illustrates the formation of a pyrrole
2-carbonitrile from reductio of ethyl (isonitroso)cyanoacetate in the presence of acetylacetone;

the reaction proceeds with dealkoxylcarbonylation [99S46]. Early work by Kleinspel# 385],

later optimised [85JOC5598, 87JOC3986], demonstrated the formation of pgroaldoxylic

esters from the condensation of diethyl aminomalonate with-digetones Schemel.13c)].

Me.__O Me.__O Me.__O CO,Et Me CO.Et
NaNO, Zn
a) o — o . —
AcOH AcOH E M
EtO,C Et0,C”~ “NOH Et0O,C~ "NH, 07 “Me t0,C™ N e
H
Knorr's Pyrrole
M
NC_ _CO,Et o o 7 e
n
o T e I, e T3
N Me Me c NC Me
HO N
H
o o R MeOH R Me
) + H,NCH(CO,Et), —AcOH i» 7R\
c Me Me 2 2E1)2 Me CO,Et -CO, Me z CO,Et
N .
R HO" N “CoO.Et EtOH N
R = H, Et, CO,Et
Schemel.13

r UtUnsaturated aldehydes and ketones providseful and novel entries to pyrroles. 21 al.
described the acitatalysed formation of -<£innamylpyrrole2-carboxylates from the
condensation of cinnamaldehydes with glycine esté3shemel.14a), 140L3580]. In a similar
vein, the condensation of ethyl glycinate hydrochloride with chalcones proceeds readily in pyridine
to afford high yields of 4;8ihydro-3H-pyrroles which result from initial imine formation and an

v]}v] -ebectrocyclisation. Dehydrogenation to the pyrralan be accomplished by treatment
with DDQ in toluene. The sequence is compatible with a variety of chalcone derivatives.
Unsymmetrically substituted derivatives with electronically dissimilar rings react regiospecifically
[Schemel.14b), 14J0C11750].
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Me Me

NN H o+ @/\ PhMe, A
—_— —
a) MeH,N” ~CO,Me ~phCO,H cat. — 7
Me ©
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o
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—
b) Y H,NTTCO,E A
©
Cl

H® 3 DDQ
3 —_bba .
73%’ PhMe, A i/ \
X\~ YCO,Et 65% O N~ “CO,Et
H
Schemel.14

An example of a type llac reaction is the Trofimov synthesis which can produges2i8stituted
pyrroles with a cyclic moiety fused at theb4ositions Fchemel.15a)]. This cyclisation involves

the reaction of aketoxime and an alkyne under strongly basic conditions. The interme@ate
vinyloxime undergoes isomerisation to an enamine from which a{8¢hatropic hift generates

an imine aldehyde that cyclises to the product. The product can be tuned by conditions to either
be the NH or the N-vinylpyrrole Schemel.15a), 10MI316, 15T124]. Sheradsky reported the
thermal rearrangement of Ovinylketoximes derived from DMAD afforded pyrr@g&-
dicarboxylates in moderate vyieldS¢heme 1.15b), 70TL25]. More recently it has been
demonstrated thatO-vinylation of ketoximes and their subsequent conversion to pyrroles is

smoothly promoted by a cationic Au(l) comple&schemel.15¢), 13JOC920]. Ketoxini®acetates
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afford high yields of the corresponding pyrreé2¢3-diesters when treated with DMAD in the
presence of Cu(l) under aerobic conditioBsliemel.15d), 13CC9597].

a) Q , H—==—H _KOH, DMSO \ @ﬁ/\?l
NOH 80100 °C 20 o

N/
H
[—> (I\zo i» % andlor%
NH N
H A

C02Me

CO,Me
CO,Me °
o () omomouw .~ Nocowe e, ()
NOH H C02Me

\N 0

O O CO,Me
DMAD, -
<) Ph;PAUCI, AgOTf (10 mol%), 7\
NOH PhMe, A, 16 h N~ CO,Me
F H
F
Me Me CO,Me
DMAD, / \
d) NOAc ~CuCl, DMSO, 120°C > o N~ ~CO,Me
NaSO;, 77 % H
cl cl cl
Schemel.15

Tetrasubstituted pyrroles can be synthesised from the reaction of a propargylamine and an alkyne
in the presenceof base. The reaction proceest& a Michael addition followed by cyclisation in a

[3+2] llac type reactiongchemel.1l6a), 15EJOC3164]. 1,23 Btrasubstituted pyrroles can be
constructed from the silvemediated crossoupling v C o] S]}v }( S Gulv e olCv
enamino esters in good yiel&¢hemel.16b), 13CC7549]. Pyrroles can be synthesised in a [3+2]
Ilac manner by rhodium(lll) catalyseeHGactivation of an enamine and subsequent couplman
unactivated alkyne to afford the pyrrole regioselectiveBcliemel.16c), 1Q0/585]. Enamine

esters undergo homocoupling in the presence of (diacetoxyiodo)benzene ar@EgFo produce

symmetrical substituted pyrroleSghemel.16d), 09SL2529].

37



Me CO,Me
H DMAD, KPO,, Z/_\g\
a P N_Z DMSO, 120 °C > N~ COzMe
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oMe . oMo co,Me
b) Z 2 Ag,CO3, DBU, I\
)%/COZMe DMSO, 80 °C, N, N~ Me
Me |
Ph
Me0,c X ° & 5 / \
. €0, /\( [CP*RhCll,, AgSbFg, MeO,C
c¢) Et———~Ph HN Cu(OAc),, DCE, 120 °C
< 2 N
Ac |
Ac
co,Me MeO,C_  CO,Me
PhI(OAc),, CH,Cl,,
d) )I BF,.OEt, 78 °C—r.t. > Me » Me
NH, N
H
Schemel.16

The reaction of tosylmethyl isocyanide (TosMIC) witbtinsaturated ketones, esters or nitriles

under basic conditions is known as the van Leusen synthesis. The reaction proesedtichael

type addition and forms bonds in the b and d positions making it a formal [3+2] type llbd

cyclisation $chemel.17a), 72TL5337]. In a similar manner, the Barton®E &

I*} € v} §5Ss  }u%eluv

Azl z &

SItv pe o

-Gnsatdiides]l nitroatddrie under basic

conditions to give the pyrrole following elimination of nitrit&dhemel.17b), 90T7587]. The

reaction is also applicable to nitroarenes and provides a means to access fused pyscbles¢

1.17c), 96JCS(P1)417]. Reviews of the synthesis of pyrroles from isocyanides arbleavaila

io "ZiionAvV

[01KZ~f68i6 v

inzZ” ANT60d6 d}eD/

\

iTD/i16f

isocyanoacetates]. A further example of a [3+2] llbd type reaction uses a -Wggphosphite

derived from catechol which reacts with an iminium species, formed from an aryl imine and an

acid chloride, to afford a mesoionic species that subsequently undergoes -dipbjar

cycloaddition to afford the 1,2,3;&trasubstituted pyrrole in very good yield (88%gcheme

1.17d), 0AL2366, 12MI1123].

38

Vv

d

I



_ @) -
Ph\//-lﬁg 0.Q Me o
) Me I Ph Me
a) — =, | Ph —
Ts” “NC NaH, Et,0, °
Z
DMSO Ts N« Ts N
L ~C: J
o (o] l o
Ph Me Ph Me e Ph Me
-Ts
-~ -
I ' oloy
N N N
H - -
_ Ve -
Me
Me NOZ
b) 54 DBU, N, 5
MeO,C NC NO Q0
2 Me0,C” Ny} Me0,C™ “N
Me Me lMe
-NO? J‘Oz
Ny =~ N < [
MeOZC H MeOZC N Me02C JN

NO- ~ NH
DBU, THF,
9 Q_\§ * CNTCOEt i gpe > g7

s CO,Et

(o) o) ©
X _Bn ® Cl
DeantesUndioaas!
Bn
OMe OMe

Schemel.17
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The PaaKnorr synthesis has beesomprehensivelyeviewed[14AHC111P5] and is one of the
most weltknown and simplest method$or pyrrole synthesisand involveshe reaction ofa 1,4
dicarbonyl compound with ammonia or a primary amiriée reaction can be categorised as a
[4+1] llae type cyclisation and is accompanied by loswaier [Schemel.18a), 05MI328. A
variation of the PaaKnorr synthesis ithe ClausorKaas reaction. 2;Dimethoxytetrahydrofuran
behaves in a similar manner to the idiarbonyl compound, and as such is a source of
succindialdehyde, to produce ahsubstituted pyrrole in excellent yiel&¢hemel.18b), 06 TL799,
09JOC3160]. Another example of a [4+1] llae type cyclisation is the ecqadrsed €N coupling
reaction of a haloenyne antibutyl carbamatefollowed by a hydroamidation reaction to afford
2,5-substituted pyrroles in good yiel®sEhemel.18c), 06ACIE7079]. Copper(ll) chloride catalyses
the [4+1] llab type cyclisation from ethyl glyoxylate and a propargylamine to afforsubgituted
pyrroles Bchemel.18d), 17TL63].

o

NHa/H,0 /@\
a) Ph\n/\)LMe —> pp N Me

o) H

NaOAc, AcOH [/ >\
+ AN —_—
b) Meo’Q\OMe HN COH ~hCE, n,0 N COMH

H
"Pr. | N "Pr. NHBoc
°) ~ %™ <uThR e S | T T Ty e
u, ’
X Py X oy Boc

@\COZEt

CO,Et

H P
d) N\//_i_ 0 CuCl,, piperidine, >
HJI\ PhMe, 100 °C
MeO
OMe

Schemel.18
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1.4.2 Synthesisvia Ring Transformation

Pyrroles can also be synthesised from other heterocyclesOkg&oliurb-olates (minchnones)
represent an important group of mesionic heteymtes that have been intensively studied since
they were first characterised by Huisgen in 1964, extensive reviews of minchnone chemistry are
available [86HC(45)731, 03HC(60)473]. Minchnones can be obtained by the cyclodehydration of
N- C ocamino acids $chemel.19a)] and are effectively masked azomethine ylide equivalents.
Unless fully substituted (RRand R B ,» $Z }u%}uv ¢« E Vv}$ ]Je}o o us$ v
and trapped with a 18lipolarophilein situ [Schemel.19b) and c)] With an alkynyl ester the 1,3
dipolar cycloaddition is followed by a cycloreversion and loss eft@€@fford pyrroles in good

yield [70CB2611]. 2;Bisubstituted miinchnones can be conveniently genedata situ by
deprotonation of 3substituted oxazolium salts at low temperatures and show high reactivity
towards DMAD $chemel.19d), 95MI5]. Minchnones generated by a cyclodehydratacylation
sequence ofN-benzoylsarcosine withrifluoroacetic anhydride can be isolated and react with
terminal alkynes to afford a 1,2,3iBtrasubstituted pyrrole regioselectivelySEhemel.19%),
16EJOC2789]. A regioselective -difolar cycloaddition of a complex miunchrerhas been
employed in the synthesis of atorvastatin [15TL3208].
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Schemel.19

3-(2-Hydroxybenzoyl)pyrroles are obtained from the condensation reaction of
3-formylchromone wi Z-amino acids$chemel.20atc), 85JCS(P1)1747]. A-tljpolar cyclisation

of anin situgenerated azomethine ylide has been invoked to rationalise formation of the products
[07T910]. In a similar vein pyrreRcarboxylic esters can be generated from ethyl glycinate
[Scheme 1.20d), 85JCS(P1)1747] together with complex pyridine derivatives. With

(aminomethyl)heteroarenesunder trimethylsilyl chloride catalysis-Heteroarylpyrroles can be
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obtained in good yieldsSchemel.20e), 08T5933]. A osylpyrroles are obtainedia conjugate
addition of the TosMIC anion tef8rmylchromone Schemel.20f), 07T7828].
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Schemel.20

In the presence of AQ and base, ethyl isocyanoacetate undergoes a complex series of reactions
initiated via conjungate addition of an isocyanidg(l) complex to -Bodochromone and

culminating n the formation of a Sodopyrrole-2-carboxylate. Prolonged heating of the latter with
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KoCQ results in cyclisation to the benzopyrano[hipyrrole system, the key structal motif of
the pyralomicin antibiotics [150L5598¢chemel.21].

o)
I, oN CO,Et AgZO cat. KzC°3 \
| ~ TR,CO, NMP TNV, A | CO,Et
o A, 10 min | CO,Et 1h
92 %

Schemel.21

4,6-Diphenyil,2-oxathiin 2,2dioxide, available in high yield from the reaction of phenylacetylene
with SQ-dioxane complex, undergoes nucleophilic dieh of hydrazine to @ with concomitant
ring cleavage followed by cyclisation with elimination otS& to give Xamino2,4
diphenylpyrrole §chemel.22, 16 ARK(iii)15].

Ph Ph o Ph Ph
SO;H
X NH,NH, Z ’ 4= “ H,S0, I\
L N — <y, e

| Ph N® H Ph N

=0 P N | |
Ph” 07\ h S

0 h, NH, HSO; NH,

Schemel.22

Oxazoles form cyclic adducts when reacted with dienophiles. In most cases the reaction leads to
formation of a pyridine ring, however, in the reaction of nitroethylene with an oxazole, the
breaking of both the C=N andtQ bonds produces an amino diketone which cyclises further
creating a nitropyrrole $chemel.23); this approach and other routes to pyrroles from oxazoles

have been reviewed [12CHES9].

(o)
OPr O,N
Me OPr
\/NOZ Me NO Me N02
—_— —_— | 2 — Me / \
N O o o N
N N
H, % o H
Schemel.23

Pyrroles can also be formed from 1,2 4ebrazines, initially the tetrazine undergoes an inverse

electronrdemand DielsAlder reaction with an electron rich dienophile to give, following a retro
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DielsAlder elimination of N, a pyridazine. The latter is then reduced to produce the pyrrole in
good yield $chemel.24) [84J0C4405].

)C\OzMe CO,Me
OMe
MeO
,;ll \l;l . Meo\n/OMe dioxane \l;l I /[\S\
NWéN ZN Me0,C~ N\~ ~CO,Me
H
COZMe C02Me
Schemel.24

1,2-Thiazire l-oxides, available from the [4+2)cloaddition ofN-sulfinylsulfonamides with 1;3
dienes, undergo a ring contraction and desulfurisation upon treatment with trimethyl phosphite

and base to affordN-sulfonylpyrroles $chemel.25) [94SC175, 04TL7553].
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Me Me
M M
o\\s’N"I2 socl o‘\s’N\\s M M N P(OMe) N\
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Schemel.25
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1.4.3 Pyrroles from Multicomponent Reactions (MCRS)

Multicomponent reactions (MCRs) are defined as those that use three or more sstgsteng

materials to access a single reaction product whilst retaining the majority of the
components/atoms of the reactantdVulticomponent reactions can be used to access complex
heterocycles which may require difficult or lengthy syntheses to othereistain [04EJOC4957,
16ACS236]. Further advantages of MCRs are: reduced step counts, which are highly time
consuming and result in lower yields from purification of intermediates and a reduction in the
amount of solvents and other materials making thisraegm chemistry technique [09HCA2118].

The use of MCRs for the synthesis of pyrroles has been reviewed [10CSR4402, 14CSR4633]. The

following schemes provide a brief overview of some of these reactions.

Whilst the Hantzsch synthesis of pyrroles could be gatised as a [3+2] type llac reaction
(Schemel.15), it is perhapsmore appropriately classed asMCR(Schemel.26). Typically, an
enamino carbonyl compound is generated from ammonia angketoester. Ther-halo carbonyl
compound subsequently reacts with the enamine to afford the pyrrole in moderate yield
[70CJC1689].

OFt OFt Et CO,Et
Br o H.O Br (o)
+ + NH; —22 5 + — [/ \
Ox Ox Y/
Et o Et H,N N Me
Me Me H
Schemel.26

MCRs can be used to accdsghly substituted pyrroles, for example, 1,2 3¢brasubstituted

pyrroles have been obtained using thgi % E u}o po Ecycladexi@in 1 the reaction of-2
bromoacetophenone, acetylacetone and substituted anilinshemel.27a)]. The role of the

catalyst is to hold the -Bromoacetophenone in the cavity and activate it through hydrogen
bonding ready for reaction with the diketone followed by the aniline [09HCA2118]. 2,3,4,5
Tetrasubstituted pyrroles can be }veSEpn $ (E}u PoC}A dicarb@yld &\ U t
ammonium acetate. The reaction proceeds an aldol addition followed by a Paldhorr type

cyclocondensation reactiorsghemel.27b), 08JOC2090, 09HCA2118, 10CSR4402].
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Schemel.27

3,4-Disubstituted (2,5unsubstituted) pyrroles can be synthesised through MCRs from an amine

and two equivalents of an aldehyde in the presence of silver aceBtkgmel.28). Silver acetate

is necessary for oxidative homodimerisation of the formed imines and the reaction proceeds in a

similar manner to that of the PilotRRobinson pyrrole synthesis [100L4066, 14CSR4633]. The

reaction of benyglamine with 2 equivalents of phenylacetaldehyde can also be carried out in

solventfree, ball milling conditions in the presence of manganese(lll) acetate [17TL674].

AgOAc (2 equiv.),
2 @\/\ + NaOAc (2 equiv.), > / \
o NH, THF, 60 °C, 8 h, N
78 % |

t-Enaminocarbonyls, formenh situfrom 1,3dicarbonyls and amines, react with nitroalkenes in

Schemel.28

the presence of cerium(lll) chloride to form 1,28efrasubstituted pyrroles in good yield. The

nitro group stabilises the intermediate formed in the reactamd is easily lost as hyponitrous acid

[Schemel.29a), 13T9076, 14CSR4633]. Tetrasubstituted pyrroles can also be synthesised in

excellent yield from nitroalkenes and amines with dialkyl acetylenedicarboxylates in the presence

of iron(lll) chloride $chemel.29%), 1175415, 14CSR4633], the reaction procesdshe same

mechanism a$Schemel.29a).
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1.5 Aims of the Project

The objective of thisesearch project is to build upon previous studies [02JCS(P1)2799] and exploit
§Z + A[C 0}A & §]}v &} ee A] & VP }( % CEE}o » A]5Z
blocks for the synthas of both natural products and novel materials. Initial work will focus on the
synthesis of 4cetoxypyrrole3-carboxylates and modification of the functional group in the 5
position of the pyrrolel.24. Compounds of the latter typean be obtained by vgr S]1}v }( SZ r

amino acid starting materialk21 (Schemel.30).

R o o EtO o
EtO OEt  Ac,0 0

HN)\[ro'" + EtO OEt ——>» | —_— [\

2 4 | NH Base N
X A

X = OEt, NMe, Hooc”™ "R oé\

1.21 1.22 1.23 1.24
Schemel.30

Once an array of ethyl-dcetoxyl-acetyt5-substituted1H-pyrrole-3-carboxylatesl.24 hasbeen
synthesisedthe functionality at the 3and 4positions of the ring can be modifig&chemel.31).

By substituting the malonaté.22 for ethyl (ethoxymethylene)cyanoacetaté.p5, Y = Cgkt, Z =
CN) (ethoxymethylenenalononitrile (.25 Y = ZA E+ }E 3§ & $ket®achtpsifilet
derivatives {.26, Y= COR, Z = Calleries of enamino acids27 can be synthesised. The acylative

cyclisatiors of the latter derivatives will be investigated

R

YO .Z
OH
HZN)ﬁ]/ + \E Y. z R". R’
o OEt \E
Ac,0
1.21 1.25 NH — /N R
D G A
R
on Hooc” >R Ac
H,N + Y\/Z

o
1.21 1.26

1.27 1.28

Schemel.31

It is planned to assess the applicability of this approach for the synthesis of halogenated pyrroles
v V SUuE ooC } -hyE@ddstP iUT;
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B 3-Alkoxy-, 3-Acyloxy and 3 Hydroxypyrrole Derivatives

2.1 Synthesis of -BHydroxypyrrole Derivatives

2.1.1 Introduction

The high level of interest in pyrroles heensequentlyensured thatstudies of their synthesis have
been maintained over many years avill be evident by perusal of any current orgachemistry
journal. Many pyrrolesyntheses are known and since 1980 these have been reviewed in over 35
papers and monographisee section 1.4 and 84CHEZ)89, 96CHEI(2)119,08CHEI(3)X9,
010PPI41, 11MHC269]Despite the plethora of methods available to access the pyrrole ring it is
surprising that compounds in which the2Cand G5 positions are unsubstituted remain relatively
inaccessible and few general routes exis2OPPI171]. Althougthe adlition of activated methyl
isocyanides (e.g. TseNC or Et@CCHNC) to Michael acceptors affords high yields of pyrroles
introduction of an additional functionality is restricted by the availability of the appropriate
isocyanide starting materigD1OR417] A related approach that involves conjugate addition to

nitroalkenes(BartonZard reactiorf90T7587] also suffers from similar drawbacks.

In preliminary work [99CC289, 02JCS(P1)2799] our gmogstigated and extended a novel
potentially extremely usefuapproach to 3,4isubstituted (2,5unsubstituted) pyrroles2.4 based

H% Vv §Z § E %o} ES etal73REBER2)2EASNH 1973 in which an intermediate enamino
acid 2.3, readily available from a keton21 via the 1,3dicarbonyl compoun®.2 (X = OHor its
equivalentX = OR, NMe v  vamino acid, undergoes cyclodehydration, decarboxylation and

acylationwhen heated in acetic anhydridS€&eme?2.1).

Despite the obvious versatility and flexibility of this pyrrole synthiéssindeed remarkable that
0]330 e }( 8Z }E]P]v o + A[C 0}A Z u[BNEI281Z 82JHCMASE %o}
82HCA1694, 91SC1971, 00T726I4t one of the major reviews on pyrrole chemistry alludes to it

at all.
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o . o X i} P RZ R
(i) _ (i) O HN” “CO,H (iii)
R — —_— V —_— /[ \ -
1 N
R2 R2 R Ac
R2
2.1 2.2 X = OH, OR, NMe, 2.3 2.4

Conditions: (i) DMFDMA,; (ii) a-amino acid, NaOAc, aq. EtOH; (iii) anhyd. NaOAc, Ac,0.

Sheme?2.1

In work published so fatthis reactionhas been investigatedot only with a wider range ofr-

amino acids tha « A[C odriyimal work, but also with a select, rather limited series of-1,3
difunctional compoundswhich include 1,eto esters, malonic esterand 13-diketones. In this

way pyrrole-3-carboxylic esters, an@-acetoxypyrroled-carbokylates wereobtained however,

only two examples of this cyclisation onto an ester group were explored [02JCS(P1)2799]. The
initial aim of the project was to investigate the scope and limitations of this approach in more
detail, and to follow this with diiled studies of the cyclisation of enamino acids derived from a
wider range of 1,3ifunctional compounds. It is pertinent to note that of the few examples of the

* A[C 0}A %% E} UE +} (E E %}ES U $Z u i}E]SC @&ringv EvV
pyrroles from enamino acids derived from cyclic ketones. Examples of these are shBaoheme

2.2.
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Scheme2.2
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With the aim of developing th « A[C 0}A «C v 3 difupetidrfalitdinpounds, as illustrated

in Scheme2.2g), the initial work in the present project sought to prepare a range of enamino acids
derived from alkylidene malonates. Two useful starting matseria this regard are diethyl
(dimethylaminomethylene)malonate and the commercially available diethyl

(ethoxymethylene)malonate (see section 2.2).

2.1.2 3Alkoxy, 3-Acyloxy and 3Hydroxypyrroles
Many 3hydroxypyrrole derivatives have been described ie tiberature, including the naturally
occurring red pigment, prodigiosi@.5 which exhibits anticancer and antimalarial properties

[Scheme2.3, 15RSC10899].

25

Scheme2.3

A synthetic bipyrrolemethine derivativevhich also has antimalarial properties 26 which

contains a pyrroB-(2H)-one moiety [13JMC2975]. Pyr8i(2H)-one 2.7 was isolated from a
Maillard-type reaction of furar2-carbaldehyde and-alanine Bcheme2.4, 97HCA1843]. Pyrr3+

(2H)-ones can tautomerise to-Bydroxypyrrole in polar aprotic solvent§¢heme2.4, 92HC(49

2)357 and when unsubstituted at-2 exist preferentially as the-Bydroxypyrrole tautomer in
solvents such as DMSO [09S2535]

o
H
EtO o) _ 2 °
) N 0 / == [/ \
e N N
N FiC H H

2.6 2.7

Scheme2.4
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CO,Et CO.Et o CO,Et CO,Et CO,Et
CO,Et 2 CO,Et | 2 U
a U _KoHy | [ N AN\ _AcO_
f;l EtOH ril N N
Me CO,Et Me Me Me Me
[78JCS(P1)896]
EtO,C, OH
Et0,C._ _CO,Et EtO,C._ _CO,Et
T G s G
Et
Ot N7 Co,Et N 2 [62JA635, 78CPB2224]
R R
o CN HO CN AcO CN
9 A° NH, . Ac,0,
+ A/CN > \ —~—— / \ T» / \
o} Me N Me Me N Me y Me N Me
H H H
[89T6553] low yield
o
o o) HO OMe
d) _ NHOAc [08JOC2090]
Me Me H20 rt / \
Ph Ph N~ Me
H
o o
o [O:Me o, CO,Me HO OMe o) OMe
DMFDMA
R _Boc A NMe, R =~ R
N R™ “NHBoc N N
Boc Boc
[13T11092]
X, on
0952531
"o | ° N~ CO.Et [ ]
N COLEt Bu
Bu
X, on
g) O | (o] L» Z/ \; [0952535]
N
N" > co,'Bu H
EtO CO,Et
EtO,C._ _CO,Et
h) \E + Ts/\ﬁzg —NaH i\ [12LOC305]
OEt MeCN, rt H
Scheme2.5
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Most of the existing routes to Jwydroxypyrrole derivatives above, afford compounds which are
either heavily substituted, or employ starting materials that are difficult to access $elgeme
2.5a)]. The Dieckmantype condensationScheme?2.5b) affords pyrroles containing an ester
substituent at €. The diester R = H was used as a starting material in an early total synthesis of
prodigiosin [62JA635]Scheme2.5¢c) and Scheme2.5d) illustrate routes to 2,4frisubstituted
pyrroles that employ condensation reactions of -lg&d 1,3dicarbonyl compounds respectively.

An intramolecular conjugate additieslimination sequence has been developed to provide access
to N-Boc-3-hydroxypyrrole derivatives some of which exist as their py8r2H)-one tautomers
[Scheme2.5e)]. Ethyl 3hydroxypyrrole2- €& }ACo § « Z A v } §]v (E}u D o
derivatives $cheme2.5f)]. Whilst the parent compound-Bydroxypyrrole $cheme2.5g)] is only
accessible using flash vacuum pyrolysis. Noteworthy is theth@ypyrrole from diethyl

(ethoxymethylene)malonate and TosMI&cheme2.5h)].

IXiX17 dzZ h-Am}ro Acids in the Synthesis of Pyrroles

R R
HzN/kn/OH HZN/\n/OH
(0] (o)
L-a-Amino Acid D-o.-Amino Acid

Figure2.1 "S E p § p-@ninp(acids.

V ee v3] 0 PE}u% }( 3 ES]VP u 8 E] 0°QUEZ 37+ @hi®Zacjds. %o C E (
These compounds are cheap, readily available chiral molecules found in nature [15AHC(114)77].
They have a diverse range of functionality at the R group, which, for example, can include linear
and branched alkyl chains, cahols, thiols, (di)sulfides, carboxylic acids, aliphatic or
(hetero)aromatic groups and amiddsigure2.1) and have therefore become important precursors
for the synthesis of alkyand ary} heterocycles [95AHC(64)8cheme2.6 shows some examples
of r-amino acids and their esters as starting materials for pyrroles (further examples are in
ANZou e IXITU iIXiiU iXiTU iXio v iXiamko@dad withAn}dcylchloride and
dialkyl acetylenedicarboxylate in an aqueous ionic liquid, [bmini]@tedium proceeds with the
formation of tetrasubsitituted pyrroles §cheme2.6a), 08SL897].r-Amino aldehydes can be
synthesised from their respective Bpootected amino acidsiaformation of Weinreb amides, the
aldehydes react wh the lithium enolates of ketones to form aldol intermediates which
subsequently cyclise under acidic conditions to producedisgbstitutedN-Boc pyrroles$cheme

2.6b), 96J0C4999]. Another example of the use of an enolat®rsinScheme.6¢), the lithium
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enolate of ethyINNN ] viCoPoC Jv § (E-ketdacetalss Zhetintermediate, following
debenzylation can be cyclised to afford pyrr@earboxylates [89SC763]. Glycine ester
hydrochloride initiates an exchange reaction with the imine of an azabutadiene. The resulting
intermediate, upon deprotonation, undergoes an electrocyclisation to affordd&bylpyrrole2-

carboxylates$cheme2.6d), 82JO0C1696].

/=\®90H OEt O
) OEt
0 o PR NN~
) on Yo7 — N\ H,0 > /\
H,N of EtO o N
i H

i) BOP, Et;N
b) ||) MeNHOMe HCI DCM / \
—>
BocHN |||) LiAIH, BocHN LDA, THF, BocHN
o

.78 °C BOC

[\ oH

9 (Bn)zN/\H/OEt i) LDA, -78°C 0><)/H/C°2Et i) Hp, PAIC, HCI /@\co o
) i) [\ o ii) HCI N 2
0><0/u\ N(Bn),
H
cl
cl

Scheme?2.6
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2.2 Synthesis of Pyrroles from (Aminomethylene)malonates

2.2.1 Synthesis of DiethyDjmethylaminomethylene)malonate

(0] (0]
(o) (o) |
)j\)j\ + N \|/0Me 3 Eto)‘\EU\OEt
EtO OEt N/
|

OMe
2.8 29 2.10
Scheme2.7

Diethyl (dimethylaminomethylene)malonat2.10 was originally prepared following a literature
procedure by Wasserman and Hebcheme2.7, 84TL3743): Thus, diethyl malon&e and N,N-
dimethylformamide dimethyl aceta2.9 were stirred at ambient temperature. After 6 hourseth
volatile material was removedh vacuoand the residue was subjected taigelrohr distillation.
The final productimpure based on the'H NMR spectrum and therefore modification to the
procedure was necessary. The temperature was increased toxréflu the duration of the
reaction and any remaining starting material was removed with an aqueous-uyp(krine) and
extraction with ethyl acetate, &gelrohr distillation was used to further purify the product. The
modified method provided a pure produgt good yield (786). ThetH NMR spectrum at +40 #C
CDQd (Figure 2.2) displays four signals, a sharp singlet a3 ppm represents the two
interchangingN-methyl groups; as the temperature is decreased, the signal becomes broader (27
°C) and eventually coalesces (0 °C) before splitting into the two individual sin@j@etC]). As the
temperature is decreased furtmgthe signals become sharper and more defined as the methyl
groups are no longer interchangeabld@ °C). Although known for many yed6d CBR278] no
spectroscopic data fo2.10 has ever been reported. The mechanism of formatio2.40involves

initial attack ofan iminium species derived froth9 (Scheme2.8).

(o] o

)j\e/lj\ o o o o
| l® EtO OEt
N OMe _w N G 4_-5é> EtO OEt -MeOH_  Et0 [ oet
\r -H |® e e
OMe OMe /T,\ MeO rll lil
OMe
2.9 2.10
Scheme2.8
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Coalescence can also be observed infi@& NMR spectrum for thi-methyl signalof enamino

ester 2.10. At 27 °C the methyl signals are not visititgg{ire2.3b)] and can only be seen from

their interaction on the 2D HSQC and HMBC spectra. When the temperature is raised to +40 °C,
§Z & - E} 43Ppmdrigdrei3b)], the peaks fully resolve into two individual signals

in the spectrum acquired atdi £ A]SZ «]Pv o« 3 w Bigure2.3®P %o %ou €

|
200 150 100 50 0 [ppmi 50 40
Figure2.3 a) 13C NMR Spectrum @f10at various temperatures-40 °C to +40 °@ndb) expansion of 480 ppm (12¢
MHz, CDG).
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2.2.2 Synthesis of Diethyl-@l-carboxyalkylaminomethylene)malonates

o o
o o R
(i) EtO OEt
EtO OEt *+ N OH — |
| 2 Then (ii) NH
OEt 0
Hooc” "R
2.1 2.12a-0 2.13a-0

Reagents: (i) KOH, EtOH, A; (ii) 2M HCI; R as described in Table 2.1
Scheme2.9

Most of the enamino acid®.13ato required for this work were synthesised from the addition of
commercially available diethyl (etRgmethylene)malonate to the respective-amino acid in
ethanol using potassium hydroxide as the base, with stirring at reflux for a period of 1 hour
(Scheme2.9). The solvent was removeith vacuoand the residue dissolved in the minimum
volume of water and acidified w1 2M hydrochloric acid. The resulting oil was isolated
extraction with ethyl acetate. After drying, the solvent was removed to provide the product as a
solid or in some cases, as an oil. This method is based on a literature procedure fdr the
protection of amino acids as theiN-[2,2-bis(ethoxycarbonyl)vinyl] derivatives [89S544]. The
original authors employed methanol as the solvenhowever, in the present work this was
replaced with ethanol in order to circumvent any potential problems with trates#@gation
[Scheme2.10, 93CRV1449]. A further change was an increase in reaction time from 5 minutes to
10 minutes Table2.1 entries 1t6 and 14).

R 3 o% © o

-EtO
oEt > R—I—GOEt —> R

MeO OMe OMe

Scheme2.10

It was found that if the reaction mixture was refluxed for a period of 1 hour in place of stirring for
10 minutes at room temperature, the yields of products improvédhle2.1 entries 2 andl 6).
Whilst some of the enamino aci@sl3have been reported previously, only two were isolated and
characterised by the original author§dble2.1 entries 1 and 10, 89S544]. The remainder of the

compounds have been isolated&oharacterised for the first time.
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Table2.1 Yields of compoung.13from diethyl (ethoxymethylene)malonate

Entry | Compound2.13 R 1%2;;”(?)/;)-:- %{ iilgiggax

1 2.1% i, 88 )

2 2.13 N 39 58 (75p
3 2.1 NG 46 ]

4 2.1 S/ o8 )

5 2.13% s 74 _

6 2.13 §\© 17 93
T e - 78

8 2.1

§_©
9 2.13 §\(°“ - 79
(0]
N

10 2.13

11 2.1%k

12 2.13

13 2.13m §\)I\NH - -

NH,
14 2.1 §\/\n/ 10 .
o

15 2.1% B~ 55

350 mmol scale€’Yield from large scale reaction (150 mmeédfter 24 h at reflux,
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It was also found that increasing the scale of the reaction with, for exanmelanine2.12b
further increased the product yield for compou2dl3 from 58 % to 75 %, when carried out on

three times the scalelfable2.1 entry 2).

O o
O o R
i EtO OEt _
EtO OBt *+ OH (i) | m) g = CHaCONH,
| 2 Then (ii) NH n) R = CH,CH,CONH,

N~ o

| Hooc” R

2.10 2.12 213

Reagents: (i) NaOAc-3H,0, aqg. EtOH, A; (ii) 2M HCI.

Scheme2.11

The condensation of malonat2.11 with L-glutamine 2.10n provided only a low yield (10 %) of
2.1 (Table2.1 entry 14). Thus, an alternative approach was adopted to obtain enamino acids
2.13 derived from the amide }v$ ]v]vamino acids asparagin2.12m (R = CKHCONH) and
glutamine2.12n (R = CCHCONH). Thus2.13m and 2.131 were prepared by transamination of
diethyl (dimethylaminomethylene)malonate.10 in aqueous ethanol with sodium aizte
trinydrate as the baseJcheme2.11, 02JCS(P1)2799]. The reaction mixture was stirred for 4 hours
at reflux and subjected to an aqueous workup. Whilst this method proved successful in accessing
the enamino acidf.13n and 2.13n, the yields were poor (10 % and 29 % respectively). The
reaction conditions were modified further, the solvent and base were substituted for acetonitrile
and triethylamine respectivelyScheme2.12). L-Asparagine2.9m was disstved in acetonitrile in

the presence of triethylamine prior to the addition of diethyl (ethoxymethylene)maloraie,

the reaction was carried out under reflux and continued until complete by TLC. The solvent was
removedin vacuoand the residue, upon agous acidic workup, yielde#.10 as an oil in 55 %
yield. The'H NMR spectrum of compounds10m and 2.10n showed two broad singlets for the
amide NH protons with approximately 0.5 ppm separation for apparently structurally equivalent
protons Figure2.4). Nonequivalence of CONHprotons is occasionally observed. For example,

the data reported by Yanadat al.for the spectrum of A1-hexynyl)benzamide [140S27].
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a)
Eto)‘\fLOEt

NH O

HOOC
2.12m

NH,

NH,
HoOC
o

2.12n

Figure2.4'HNMR spctraof a)2.12m b)2.12n v«
ppm (490 MHz DMSQd).

o o
o o R
(i) EtO OEt
EtO OEt + L\ OH |
| 2 Then (ii) NH
OEt o
Hooc” R
2.11 2.12 2.13

Reagents: (i) Et;N, MeCN, A; (ii) 2M HCI.

Scheme2.12
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The enamino acid from-glutamic acid &nethyl ester2.9l was inaccessible using the original

conditions 2.11, KOH, EtOH). It could however be synthesised when the reaction was conducted

using the acetonitré and triethylamine combination. The pure produetlOl was prepared in

good yield (86 ¥&cheme2.12) using these modified conditions.

O OEt o o
EtO o Eto)l\(u\OEt
I = P A
_H = S
HZ N N
R)\COOH R)\COOH
213 2.13A

R as defined in Table 2.1

Figure2.5 Prototropic tautomerisation o2.13to 2.13A.

All theH NMR spectra d.13ato exhibited a peak around® t 10 as a doublet of doublets due
to the nature of the NH proton, the shift indicated the proton is deshielded by the virtue of
intramolecular Hoonding to the ester carbonyl group. The magnitude of the ladyaiue (14 Hz)

corresponds to coupling Ieeen the alkenic and NH protons and reflects their-zag

arrangement which favours efficient coupling interactions [95MI100]. Coupling between the

sp*>-methine proton and the NH is of smaller magnitude and was in the ranget®Hz. These
data are consitent with a preference for the enamine tautom@r13 over the less conjugated
imine form2.13A (Figure2.5).
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2.2.3 Synthesis of Pyrroles: The Cyclisation of Diethyl
2-(1-Carboxyalkylaminomethylene)malonates

Earlier work by ouresearch group [02JCS(P1)2799] had established that with enamina2atdds
derived from 1,3eto esters, the acylative cyclodehydratidecarboxylation sequence under

« A[C 0}A 1}v 138]}veU % E} « A13Z C o]+ 8]1}v }v3} SZundidpiE E
The example ilscheme2.13 s illustrative, the pyrrole-carboxylic este2.15was the sole product
[02JCS(P1)2799]. The alternative pathway involving cyclisation onto the ester function to generate

2.16was not observed

o) lo) lo) 0]
EtO OAc
EtO Ac,0
Ac,0 2
TN~ | > N
N Ph t3N, A )N\H Et,N, A N Ph
/&0 Hooc” “Ph /J§o
2.15 214 2.16
Scheme2.13

However, when presented with an ester group as the only possible cyclisation terminus, the
enamino acid®.13cyclise smoothly to give the&etoxypyrrole®.18. The course of the reaction
does not appear to be diverted and products such?dky resulting from a DakiWest reaction

[BBCSR91] were not observed.

o o o o o
EtO 0~<
EtO | OEt Ac,0 EtO | OEt Ac,0 ~ o
Ac E)XK— N
N/ Et3N, A NH Et3N, A N R
Ac)\R HOOC)\R /&o
217 2.13 2.18

Scheme?2.14

The fomation of the 3acetoxypyrrole2.18 (R = H or Ph) represents a remarkable result as it
provides simple direct access to thesehyroxypyrrole derivatives that lack additional
functionality at the € position. Existing routes to-t3ydroxy, 3-acyloxy and 3-alkoxy pyrroles

are outlined inSection2.1.2.
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The objective of the project was to explore the scope and outcome of the cyclisation of enamino
malonates2.13 with a wider range of R groups than examined initially. Based on previous results
[02JCS(P1)28B, Scheme2.14] the enamino acid2.13were each refluxed in acetic anhydride with
triethylamine, the reaction was monitored by limewater bubbler until evolution of carbon dioxide
ceased. The reaction mixture wasoled, hydrolysed and extracted with dichloromethane. The
brown oil so obtained was purified by flash column chromatography. Cyclisation of the enamino
acids2.13, 2.13 and 2.13g proceeded straightforwardly and each afford&d18a, 2.18 and

2.18 only (Table2.2, entries 1, 6 and 7) in good to moderate yields. However, for other enamino
acids .13, c, d, e,), the cyclisation also provided a second product. This additional compound
could be isolated by careful flash chromgtaphy Table2.2, entries 25 and 8). FromtH NMR
analysis of these compounds, the spectra were consistent with the ethoxypyrrole striztl®e

(Scheme2.15) which was also supported by HRMS data.
o o

[o} (o}
-\ o o _< ’\0 o/
EtO I OEt Aczo, Et3N, A / \ (o] + / \
NH N~ R NT R
/J§b /J§b

A

HOOC R

213 2.18 2.19
R as defined in Table 2.2

Scheme?2.15
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Table2.2 Yields ofyrroles2.18and2.19derived from2.13

Entry R Pyrrole2.18 | Yield (%)| Pyrrole2.19 | Yield (%)
1 N 2.18 54 2.1% :
2 N 218 80 2.1% 20
3 G 2.1& 49 2.1% 10
4 S/ 2.1&d 36 2.1 4
5 §\)\ 2.18e 45 2.1% 12
6 §\© 2.1 20 2.19 -
7 2\/<j 2.18y 51 2.19 -
8 i\/\[Or°\ 2.18 37 2.19 7

Comparative'H NMR data foR.18y and 2.1% are shown inFigure2.6, the similarity of the shifts

are apparent.

Figure2.6 Compound2.18b and2.1% and their'H NMR shifts.

Treatment of2.1% with NaOAc in hot EtOH [64CJC1524] for 1 hour effected cleafaie N-

acetyl group to give.21as an oil in high yield (89 %). TNisInsubstituted compound exhibited

an upfield shift of the & methyl group that resonated at 2.16 ppm, whilst thédzroton was
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*Z] o C iXdA %% u VvV V}IA % % oullet by vinuedof coupting to the N
proton for which bxvinn = 3.4 Hz [74MI84, 84CHE®@)155]. The MH proton gave rise to a
broadened signal centred at 8.16 ppm. Similarly, hydrolysi&.t8a provided 2.20 which also
exhibited an upfield shift of # 2-H proton, this signal was displayed as a doublet of doublets due

to it coupling with both the NHand 5H protons Scheme2.16).

The NMR data of the hydrolysis prodi&R1 taken in conjunction with that fron2.18a provides
support for the 3ethoxypyrrole structure2.1%.

Scheme?2.16

The 3ethoxypyrrole2.18 provided crystals suitable for-pgy crystallography from which the
structure was definitively established. Thaa¥y cistal structure of2.19c is shown inFigure2.7.

The bond lengths and angles (Appendix 1) are unremarkable and comparable to those of other
pyrroles reported in the literatur¢Table2.3, 84CHEM4)155] Of note however, is the disposition

of the N-acetyl group in which the bulky methyl unit is remote from theetByl moiety,

presumably to minimise steric interactions.
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Figure2.7 ORTEP plot &.1%, hydrogenshave been removed for clarity, ellipsoids are at 50 % probability.

Table2.3 Selected bond lengths and angles 201 9c.

Atom1 Atom2 Length ()| Atom1 Atom2 Atom3 Ande (°)
N1 C1 1.424 C1 N1 C4 109.05
N1 C4 1.379 N1 C1l Cc2 105.73
C1 Cc2 1.347 N1 C4 C3 106.60
C3 C4 1.363 C1l Cc2 C3 110.16
Cc2 C3 1.432 Cc2 C3 C4 106.45

Formation of the ethoxypyrrole2.19 (Table2.2) is a remarkable result angbses an interesting
mechanistic question. Indeed, the pathway by which formation of thacdtoxypyrrole3-

carboxylate occurs remains to be resolved. The mechanisms are consid&zdiom2.6.
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Cyclisation of a number of the enamino acids derived fropov $]}v oJeminor acids gave a
number of interesting productsLhus, attempted cyclisation @13 derived from aspartic acid did

not provide the expected pyrrole2.1§; instead the only isolable product was diethyl
(acetamidomethylene)malonat&.22 obtained by flash chromatography. The identity of this
material was confirmed by comparison with physical and spectroscopic data from the literature
[76RC661]. Formation of the product is rationalisea cyclodehydration of the carboxyl groups
producing asuccinic anhydride which facilitates formation222 via a retro-Michael elimination

of maleic anhydride. It is not known whethBracetylation occurs prior to or following formation

of the cyclic anhydride. It is also possible thbacylation followselimination of maleic anhydride

(Scheme2.17).

O o o
ol o~
EtO | OEt  Ac,0, Et;N, A Do)
X—> / \ R = H, Ac
NH N
/& COOR
HOoOC o
2.13j COOH 2.18j
ACzo, Et3N,A
-H,0

O O o O O o
EtO)KfLOEt Eto)kfko'ft ) o’/\/:\A‘o Eto)‘\[loa
—»
NAc > NAc NH
¥\.g
H .
o o o
o (o]
Yo} (o]

2.22
Scheme2.17
There are remarkably few reports relating 2022 which has been previously prepared inogl

yield by high temperature condensation of diethyl (ethoxymethylene)malonat&l with
acetamide [7T6RC661].

Cyclisation of the homologue @13, enamino acid2.13, derived from glutamic acid also gave
anomalous results. None of the expected pyreokeere obtained. The only identifiable product

was the 5acetylpyrrolidin2-one 2.23formed in 18 % yieldScheme2.18).
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(o] o o o (0] o

EtO | OEt Ac,0, Et;N, A EtO I OEt - EtO I OEt
> N COMe o

NH N
(o) MeOC
HOOC
COOH
2.13k 2.23 2.23A
Scheme2.18

The!H NMR spectmn of this product revealed the presence of two rotamez2@and2.23A) in a

1:1 ratio, this was apparent by the complexity of theeGHP v 0 «2.35t&v66and the pyrrolidine

methine protons which gave rise to a multiplet resulting from superimposed double doublets in

the region 4.88 3 X0i %o % uX dZ §Co u 3ZCo PE}u%e* A E *u%. E]u%o}
The formation 0f2.23 does have a literature precedent; it has been previously shown that the
DakinWest reaction (conditions: A©, NaOAc) §8CSR91 of glutamic acid affords -5
acetylpyrrolidin2-one [83JCS(P1)395]. A mechanism for the formatior2.28 is presented in
Scheme2.19.
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O OEt
EtOJ\EgO COOH Eto)k[go COOAc Eto)%o
Ac,0 | COOAc Ac,0
- -
N » » \ Et;N
HO Ac%

o o2 °

EtO OEt
| COMe
N
o
2.23

Scheme2.19

Initially a mixed anhydride is formed which then cyclises to provide the pyrrolidinone ring, as

shown. Further acylations occur akove, affording the product on aqueous wairR.

The two enamino acids containing hydroxyl groufsi3h and 2.13 from serine 2.12h and
threonine 2.12i respectively, did not cyclise successfully and gave conipledMR spectra for
which no distinct struatres could be determinedn conjunction, when the TLC was run in 30 %
EtOAc in hexane, the resulting plate wadistinctand no clear spot corresponding to a product

could be seen.

In contrast, when the #nethyl ester derivative of glutamic aci®.13 was subjected to
cyclisation, none of the DakWest product was obtained and the expected pyrr@ld& was
obtained in 37 % yield together with the correspondingthoxypyrrole2.19 in 7 % yield$cheme
2.20).
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o} o}

NH Ac,0, Et;N, A

HOOC I
o

2131

Scheme2.20

The cyclisation of the asparagine derivat®d3p, also resulted in the formation of the diethyl
(acetamidomethylene)malonat2.22 (Scheme2.17). Howe'er, in contrast ta2.13, the 4acetoxy
and 4ethoxypyrroles 2.24 and 2.25 respectively)were also isolated; interestingly the amide

groups had undergone dehydration to generate a nitrile funct®oheme2.21).

o o o) _ o] , o o
EtO OEt o ° < 0 0
| AC.O o EtO | OEt
#» [ \ + / \ +
NH Et;N N N NH
/& CN /& CN /§
HOOC/j\ o o o
07 “NH,
2.13m 2.24 2.25 2.22

Scheme2.21

Formation of the nitrile may occur by direct acylative dehydration of an intermediate
pyrroleacetamide. However dehydration of primary amides to nitriles mediated solely bic acet
anhydride is not common9PMI1983. It is possible therefore that the nitrile3.24 and 2.25 are
derived by a pathway analogous to that shownScheme2.17. A possible reaction sequence is
depicted inScheme2.22. Thus, acylation o2.13p affords the mixed anhydridé\ from which
displacement of acetate is facilitated by the amide carbonyl function. Subsequent deprotonation
of the cyclic imidate(isosuccinimideB leads to the nitrileC which is predispsed to undergo
cyclisation to the pyrrole ring with concomitant decarboxylation. The mechanism for the

cyclisation is considered in more detail in sectio® 2.
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Et;N
3 Ac@ N 04
HoOC
o . o O
07 “NH, 07 “NH,
2.13m A B
o) o) o) O OEt
O o_/ OEt
EtO EtO EtO OAc
0 Ac0 EOT A0 _cn
[\ + / \ e S— / o
N N N 2 N 09
PN N PN A, I
(o) o o) o©
2.24 2.25 c
Scheme2.22

The presence of the nitrile group was confirmed by the absence of the amide protons i the
EDZ *% SEMU V %% € v }( P WNMR speatruimiSgnprisiagly, the IR
*% SEMU ] VIS AEZ] ]S §Z 2z LRIOR26DEMEY Crystals bK-ray diffraction
quality were grown and ultimately confirmdte structure d product2.24 (Figure2.8). The bond
lengths and angles are comparable to those2df3c and to values in the literatureTpble 2.4,
Appendix 2, 84CHEC(4)155], the oxygen atom of\Haeetyl group is agn directed towards the

cyanomethyl group
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Figure2.8 ORTEP plot &.24, hydrogen atoms have been removed for clarity, ellipsoids at 50 % probability.

Table2.4 Selected bond lengths and angles 2024.

Atom1 Atom 2 Length ()| Atom1 Atom2 Atom3 Angle (°)
N1 C1l 1.406 C1l N1 C13 108.42
N1 C13 1.383 N1 C1 C2 106.99
C1 C2 1.345 N1 C13 C3 108.94
C3 C13 1.365 C1l Cc2 C3 109.55
Cc2 C3 1.433 Cc2 C3 C13 106.09
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The homologue 0f2.13n from glutamine 2.13n, when subjected to the usual cyclisation
conditions (AgO and EiN), gave a single pyrrole derivati2e26in whichN-acylation of the amide
sidechain had occurredScheme2.23). Thg was apparent from théH NMR spectrum that
exhibited only one singlet for theHNproton rather than two and the signal had shifted downfield

8} w 6X086 (E}u w 0XO01T v OXi0 %% uX &UESZ Eu}E U 3Z E A »
6H, for boththe pyrrole and imidoN-acetyl functions. Thé3C NMR spectrum displayed five
carbonyl signals between 162172 ppm.

(o) (o)
———‘\
EtO | OEt
NH Ac,0
Et;N 3
HOOC
(o]
NH,
2.13n 2.26
Scheme2.23

Cyclisation of the enamino ac&l13o derived from methionine sulfoxide was of interest since the
presence of the sulfoxide moiety might initiate other reaction pathwagsntermediates derived
from a Pummerer rearrangement. Thus wh@ml3o was treated with AgO/E&N under the
standard conditios, agueous workip and flash chromatography of the reaction product gave
three compounds. The major compound (18 %) was shown to be theetbxypyrrole2.27
together with the 4ethoxypyrrole2.28 (8 %)and diethyl (acetoxymethylene)malonage29 (6 %)
identified by comparison of its IR antH NMR spectra with those of authentimaterial
[88J0C54645cheme2.24]. It was found that Pummerer rearrangement of the side chain occurred
in a regiospecific manner to give a single acetafide readily distinguished by a singletcat. 5.3

ppm for the OtCH tS functions. None of the isomeric pyrr@de0was observed in this reaction.
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Scheme2.24

It is not krown whether the Pummerer rearrangemen® JOR15Y precedes formation of the
pyrrole ring. The mechanism for the formation of the produ2t®7 and 2.28 can be rationalised

as shown irbcheme2.25.

Ar Ar\\\ Ar\\\
\
(0]

! ©
foac  “pac OAc /Eo

L A

o

Ar = / \ - / \ -

N N
/go /go

2.27 2.28

Scheme2.25
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2.3 Condensation of Secondary Amino  Acids  with Diethyl

(Ehoxymethylene)malonate

fo) (o]
Q\( O\H/OH H\)l\
H N -~ OH

OH H o
2.13p 2.13q 2.13r

Figure2.9 ~ }v &&nino acids.

U 00 ¢ E] * }( - WIVIEC] ®» A« JVA «3]P § Jv 8Z + A[C 0}A %o (
Cyclic secondary amino acidgproline 2.13p and DL-pipecolinic acid2.13g and the N-alkylated

glycine, sarcosing.13rare shown irFigure2.9.

(o} (o]

o) KOH, EtOH, A EtO OEt EtO OEt

EtO | OEt + Q\( > | = | COOH
H OH N N

OEt

HOOC

2.11 2.12p 2.13p 2.13pA
Scheme2.26

Under the original reaction conditions (1 h at refl8cheme2.9), L-proline 2.12p (Scheme2.26),
furnished the known enamino aci?.13p [89S544]in 51 % yield. Analysis Bi# NMR in CDEI
(Figure 2.10) showed that the product was present as a mixture of two rotam@:&3p and
2.13pA in a ratio of 1:06 based on the integration of the singlets representing the methylene
groups atw8.35 and wr.71 respectively. Melloet al. [00T7267] observed comparable results in
the H NMR spectrum of (29-1-[(B-4,4,4trifluoro-3-oxo-1-butenyl]tetrahydro1H-pyrrole-2-

carboxylic acid.
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Figure2.10H NMRSpectrum for2.13p (400 MHz, CDg)!

When the reaction of diethyl (ethoxymethylene)malonate with eitlmrpipecolinic acid2.12q
[Scheme2.27a)] or sarcosin®.12r [Scheme2.27b)] was carried out, neither aminacid provided

the corresponding enamino acid2.13 instead both reactions provided diethyl -2
(hydroxymethylene)malonat2.31in 84 % and 87 % vyields respectively derived from conjugate
addition of hydroxide t®.11 The identity oR2.31was confirmed by @amparison of spectroscopic
data with that in the literature [88JOC5464]. A further attempt was made to ac2dss from
sarcosine using the conditions outlined B&cheme 2.12 that employed acetonitrile and
triethylamine. Unforturately, this approach also proved ineffective, providing instead, a mixture of
diethyl 2(hydroxymethylene)malonat2.31and diethyl malonat®.8 [Scheme2.27b)] in a ratio of
0.15:1 respectively based dhl NMR integralsf the mixtures.
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EtO OEt + N\)j\ ———>»
| - OH N~
OEt )

2.1 212r HOOC

l Et;N, MeCN, A 2.43r

(o] (o]
(o] (o]
/U\)J\ +  EtO OEt
EtO OEt |
OH
2.8 2.31
Scheme?.27

The only isolated product from the attempted cyclisation of the proline derived enamino acid
2.13m was diethyl (acetoxymethylene)malonat2.29 (40 % yield, Scheme?2.28), previously
observed from the cyclisation @130 (Scheme2.24). The absence of any pyrrole product may be
due to steric hindrance from the pyrrolidine moiety, or more likely, throughdtrain associated
with formation of the 55-fused ring system. However it is pertinent to note that Meborl. were

able to effect cyclodehydration, decarboxylation and acylationEp{4,4,4trifluoro-3-oxobut-1-
en-1-yl)-L-proline to Ftrifluoroacetyt6-trifluoromethyl-2,3-dihydro-1H-pyrrolizine Bcheme2.2d),

00T7267]. Presumably in this case the cyclisation is facilitated by the electrophilic trifluoroacetyl

group.
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2.4 Attempted Cyclisation of fCarboxylalkylaminomethylene?,2-dimethyl-1,3
dioxane-3,5-diones

D o Epul<2.33]2,2dimethytl,3-dioxane3,5-dione) has been used as a starting material in

the syntheses of heterocles such as substituted phenanthrolines [02T9095], oxazinones
[96T3136] and dydroxypyrrolesvia flash vacuum pyrolysis [86JCS(P1)1465, 88JCS(P1)863]. As a
cyclic analogue of a malonate and due to its usefulness in the synthesis of heterocycles [7T8§CSR345
6i,~iTeATOU 16D i606«U E]JA 8]A + }( D o Epu[s ] A E ]JvA 3]P
§Z <+ A[C 0}A % CEE}o -gimsthylolmxthakymethylehel]3-dioxane4,6-dione

2.34 was synthesised according to a literature procedure [LONJE€X36D o E pud.83 wds

stirred in trimethyl orthoformate at 50 °C for 3 hours and allowed to cool to room temperature to
give after concentratiofin vacuoan oily orange solidScheme2.29). The'H NMR spectrum of this
materiao *Z}A $Z % & e v }( e}u pvE S D o Epu[e ] Az] z A
with ERO [04WO02004113303A1] to afford an orange solid in 60 % vyield.

OMe
(o] o |
W HC(OMe), o) o
o (0] A
X oo
2.33 2.34

Scheme2.29

Methoxym $ZCo v D o & @.84was lised to synthesise known enamino addd7aand
2.37b from glycine 2.139 and alanine(2.13b) and 2.37f from phenylglycine2.13f [86YZ154].
Apart from elaboration to afford tripeptides, no chemistry of these compounds beasn
investigated. McNatet al. have shown that FVP of the enamino es&B5 affords methyl 3
hydroxypyrrole2-carboxylate2.36viaa methyleneketene intermediate [09S258cheme2.30].

CO,Me
o)
NH I /i/o OH
| FVP, 600 °C I g
—»’ ° _> _>
o o 0.02 torr || H \/\'/e\ / \
A N /l\ eN” ~CcoMe N~ ~CO,Me
o7€o N co,Me b H
2.35 2.36
Scheme?2.30
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It has been found that methyleneketenes can be generated at substantially lower temperatures
(~150 t 200 °C) [09MD399] which provided an additional impetus to investigate the behaviour of
the enamino ads?2.37a, bandf (Scheme2.31«X D SZ}/ACu SZCo v [DR.Mdrdqihde ]
appropriate amino aci@.12were stirred in acetonitrile at reflux under nitrogen in the presence of

triethylamine as baseScheme2.31). The reaction was monitored by TLC and once complete (40
mins t 2.5 hours) the reaction mixture was allowed to cool and the solvent removed under
reduced pressure. The residue was dissolved in water and acidified with 2M HCI and is@ated

ethyl acetate. The enamino acids were isolated in poor to good yield$ §30%0).

OH
OMe R\(go
o | o R NH a)R=H 80%
fun )\WOH EtsN,AMeCN, | b)R=Me 30 %
0. O 2 I o o f) R=Ph 42%
A -
2.34 2.12 2.37
Scheme2.31

The'H NMR spectra exhibited broad signals for the NH proton in all enamino (@c8¥s, band

f). In a similar manner to those observed f2r13 (Figure 2.5), the proton is deshielded by
intramolecular Hbonding, as shown by the shifts of 9.700.4 ppm Figure2.11). This features
noticeable inthe®® EDZ % S& U $Z o S}v &E }vCoe (E}u SZ D o Epn

<U]JA 0 v8 ~w i0TX06 Vv w i0dX6b6eX
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Figure2.11HNMR [400 MHz, (GRCO] ofa) 2.37a, b) 2.37band c)2.371.

Cyclisation of the enamino aci@s37a, bandf could potentially provide bicycl2.38or pyrrole-3-
carboxylic acid2.39 upon elimination of C@ An alternative possibility would be the 1,3,5
trioxocine 2.40 derived by a ring expansion reaction, analogous to the formation of oxociro[2,3
clpyrroles from the cyclisation of -f1-carboxyalkylamino)methylene]cyclohexates-diones
[02JCS(P1)2799]. When heated with@EkN all of the enamino acida37a, bandf reacted with
vigorous C@evolution. However, aqueous woikp followed by flash column chromatography
provided none of the potential products, instead, the NMR spectraevealed in each case a

complex mixture from which no product could be identifi&theme2.32).

OH

R\rgo o l / OH
(o)
NH ACZO, EtsN o (0] o OAc f a) R=H
+ / \ or / \ or O b) R = Me
f) R=
(o) (0] A R R / \ ) Ph
(0]

N

o) N /& NT R
X Ao o P
(o]
2.37 2.38 2.39 2.40
Scheme?.32
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2.5 Attempted Petasis Reaction ofi@hyl 2-(Aminomethylene)malonate

dZ W § ¢]e E 3§]}v ]* upod] }u%o}v -arsinGacids tan bpvobdaihpdAram an
amine, glyoxylic acid and a boronic acid or ester. In an attempt to introduce further functionality
uv A Jo o (E}u 3S@amihd]acids, diethyl -Pamiromethylene)malonate2.41 was
synthesised. Following literature procedure [61JA42Z541 was prepared from diethyl
(ethoxymethylene)malonat@.11in 86%yield.

o o o o
NH;
EtO i OEt —— 3 EtO i OEt

OEt NH,

2.1 2.41

Scheme2.33

Diethyl 2-(aminomethylene)malonate€2.41 was added to glyoxylic acid monohydra2e42 and
phenylboronic aci®.43in toluene. Unfortunately, from the reaction no product could be isolated
or detected by!H NMR $cheme2.34). Presumhly the low nucleophilicity of the amino group in
2.41 is responsible for the failure of this reaction. This disappointing outcome is in marked
contrast to the behaviour of electron deficient aromatic amines which react readily [09TH319,

10CRV6169].

o o o OH EtO OEt
i PhMe |
EtO | OEt + HJH]/OH + ©/ SoH —)> NH
'Hzo
NH, o HooC
2.41 2.42 2.43 2.13f

Scheme2.34
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2.6 Mechanistic Studies of Pyrrole Ring Formation

It is well established [80M1223, 06MI1, 100PRD579] that treatment of any substituted acetic acid,
or indeed anyN-pr}§ § -amino acid with acetic anhydride in the presence of base results in
the formation of a mixed anhydride which can undergo elimination to afford a ketene
[94J0OC7529 The latter have been trapped as their [2+2] cycloadducts with a variety of akene
leading to cyclobutanone derivativg85JOC5177, 87JOC3457, 91J0OC6118, 88JHBB6S)es

are highly susceptible to nucleophilic attack [06MI1] and are even attacked by the lone pair on a
C=0 function. For example, when heated with@containing NaOA@;acetylphenoxyacetic acid

is smoothly cyclised to-Bethylbenzop]furan. The intermediacy of a tgenzodioxepine, derived

by nucleophilic attack of the ketone on a phenoxyketene has been proposed to account for the
formation of the product $cheme2.35). p-Electrordonating substituents that increase the

nucleophilicity of the ketone oxygen afford high yields of products [88JHC969].

Scheme2.35

In view of these observations tentative mechanisms for the formation of trecetoxypyrroles

2.18and the 4ethoxypyrroles2.19are shown below§cheme?.36).
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Scheme2.36

Initially the enamino acid?.13 is deprotonated by triethylamine and the carboxylate anion
acylated by acetic anhydride to provide mixed anhydidé&rom this point two reaction pathways
are possible. Thus, deprotonation results iimgnation of acetate to give the aminoketene
derivative B. The latter cyclises as shown to provide the enol@t&hich undergoes further
acylation to affordD. In the presence of acetate a Krapetype dealkoxycarbonylation ensues
[07ARK(ii)107ARK(iB4] to afford, afterN-acylation, the pyrrol€.18.

Alternatively, formation of the enolat€could also be derived by direct cyclisation onto the mixed
anhydrideA without invoking the participation of the keten® Trapping experiments to verify the
intermediacy of the latter were carried out as part of further investigation of the mechanism and
are outlined in section 2.6.40ormation of the 4ethoxypyrrole2.19is more difficult to rationalise,
however direct transfer of an ethydgroup via an Si reaction (Ef may be possibleThere are
however no literature procedures for an analogous pathway involving alkyl group transfer from an

ester. An alternative route t@.19 may involve the intervention of an oxazepine intermedi&te
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Thus, the ester carbonyl grospgn B, which are electron rich by virtue of conjugation with the

enaming function, could intercept the ketene intermediai&as shown belowScheme2.37). Ring

contraction ofF [cf.|Scheme2.35| 88JHC9® would affordG, which following cycloreversion of

CQ provides ethoxypyrrol@.19.

Scheme2.37

Attempts to intercept the oxazepiné(a 1,3dipole) by addition oN-phenymaleimide or dimethyl
acetylenedicarboxylate (DMAD) were not successful. How@ves (R = Me) reacted with DMAD

in the absence of base to afford &kalkenylpyrrole (section 2.6.4).

The pathways outlined ‘rScheme2.36 all involve formation of the pyrrole ring by nucleophilic

attack of an enamine function onto an activated carbonyl graepthe pyrrole C3 carbon is

derived from the carboxyl group. The £&volved originates from one of the ester groups. In

Scheme2.37|3-ethoxypyrrole formation effectively involves expulsion of the sati@in carboxyl

function. In a similar manner, pyrrole formation mediated dercarboxylation of the amino acid

side chain can be rationalised as shov1$hmemé.38 andScheme2.39
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Scheme2.38

Cyclisation of the enamino malonate may be promoted by deprotonation to afford the cari®xyla
H Schem92.38' which cyclises presumablya a transition state akin td. Loss of C&ollowed by

protonation would generate the hemiketal, then disposed towards loss of EtOH ofOH

Protonation of the more basic alkoxy fetion will ensue leading to the hydroxypyrrole tautonter
via an E-type elimination, a process facilitated by electron release from the ring nitrogen.
Acylation ofK with AcO will then afford the d&acetoxypyrrole derivativ@.18 Protonation of the
hydroxyl group inJwill, following dehydration and acylation, generate thet®oxypyrrole2.19.

The timing of theN- and O-acetylation reaction steps is uncertain so it is possible that@ne
acetylketalL may be generated frond The former is disposed towds an intramolecular (Esyn
elimination of AcOH to afford the -&hoxypyrrole 2.19. An additional pathway to the

ethoxypyrrole may be proposed by invoking of the enoldefrom which decarboxylation of

]Jvs (Eu JlactoneGleads to the produc $chemé.39l.
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Scheme2.39

Scheme?2.36[ [Scheme2.37| [Scheme2.38| and[Scheme2.39| illustrate a number of potential

pathways by which the-&cetoxypyrrole2.18 and 3ethoxypyrroles2.19 may be formed. It was

therefore of interest to establish which of the foregoing reaction pathways operate. The pathways

in|Scheme2.36|imply that the carboxyl group is retained in the pyrrole product§Stheme2.37

the carboxyl group is eliminated from the putative intermedia@ The failure to trap
intermediate F with dipolarophiles indicated that this pathway was probably not operative. The
choice remains between the pathwayg3theme2.36/(carboxyl retained) ar|$cheme2.38 and

Scheme2.39|(carboxyl eliminated), although it is recognised that more than one pathway may be

involved. Further investigation of the mechanistic pathways was undertaken. A straightforward
approach to establish the origin of the3carbon was by isotopic labellingtbe starting material,

as outlined in the following section.

2.6.1 Synthesis of [&hoxy-2-(ethoxycarbonyl)3-oxoprop-1-en-1-yl]-Di-alanine-1-13C

Scheme?2.40

The 3Glabelled enamino acid**G2.12b was chosen as the most suitable substrate since it
provided the highest vyields of the pyrroles. Thus, labell@d-alaninel-3C reacted
straightforwardly with diethyl (ethoxymethylene)malonagellto afford 13G2.13bin 61 % vyield
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This reaction represents the first example of any chemistry uUs®g.12b. The labelled carboxylic
acid was readily characterised from its NMR spautiand the intense carboxyarboncan be

o €EoC ¢« v § w iBCHNVR bpecmm (100 MHz, DMS&:[FigureZ.lZ . The presence

of a13C atom at the carboxyl carbon group results in spitting of some of the other signals. Thus,
the tertiary carbon from theNHC, KK, (uv 3]}v %% Ee - JU o' X&c=%H88 fifi X5
,IX dZ u 8ZCo] v E }Jv E *}v &+ 3w iAdXd v o0} PJA « E]e
range coupling to the carbonyl carbon for whiéltic = 2.0 Hz. The absence &kt-ack; is

v} AJESZC v 8Z o vVv]v u3ZCo *]Pv o E *}v &« o 23pR0 § &
compared to*23:3c has been occasionally noted [88MI468]. In theNMR spectrum dfG2.13b

§Z o vV]v uS$SZCo *]Pv o § w dubeiof doubtlets|&s] v 44 Hz3ive = 7.1

e AZ]o*3 8Z o v]v U 8Z]v % E}S}v E *}v § STF vV %o %
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Figure2.12a)H (400 MHz) and BJC NMR100 MHz)pectia of 13G-2.13b(DMSQGds).
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Cyclisation of labelled enamino acléG2.13b in acetic anhydride and triethylamine afforded

ethoxypyrrole 2.19b and acetoxypyrrole2.18b in 8 % and 67 % vyield, respectively following

aqueous workup and fash chromatographyScheme2.41). The'3C NMR spectra of the two

products showed an absence of th&labelled atom, which therefore established that it is lost as

CQ and is not incorporated into the pyrrole ring. These findirtgerefore exclude any of the

pathways indicated 1tSchem62.36

Scheme2.41

2.6.2 Effect of Base on the Cyclisation of Diethy{12Carboxyethylaminomethylene)malonate
2.1
Some studies of the influence of the nature of the reaction medium upon the distribution of

products have been undertaken in order to shed some light upon the pathways which may

operate. From these studies some interestingct&a emerge [Table 2.5). In the absence

triethylamine the direct heating a2.13b in acetic anhydride provided the acetoxypyrr@d & as

the only isolable producthowever, the reaction time had to be extendé&dl 1 hour(Table2.5

entry 1). A similar result was obtained when the reaction was conducted in the presence of

sodium acetatgTable2.5| entry 2).

Table2.5 Studies on the #ect of base on the cyclisation 8f13

Entry Conditions Yield2.18 (%) Yield2.1% (%)
1 AcO, heat 61 -
2 AcO, NaOAc (7 equiv.), heat 68 -
3  AcO, EtN (7 equiv.) heat(original conditions) 80 20
4 AcO, EtN (14 equiv.), heat 57 16
5 AcO, 'ProNEt (7 equiv.), heat 64 2
6 AcO,"PrN (7 equiv.), heat 52 4
7 AcO, EtN (7 equiv.), ambient temperature 56 11
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Increasing the amount of triethylamine provided bdi8 and 2.1%, yielding a similar amount
of 2.1%, but reducing that o2.18 (Table25( VSEC 08X t]$Z §Z <+SE}vVP E u]v

(PrNEt) both acetoxyand ethoxy pyrroles were formed, however the yield of the latter was

diminished |Table 2.5| entry 5). The yield o2.1% was dso diminished in the presence of

tripropylamine |Table 2.5/ entry 6). Conducting the reaction under the standard conditions

(AeO/EBN) at ambient temperature gave.18 and 2.1% with the yields both reduced when

compared to thehigher temperature reactionT@able2.5| entry 7). The reduced temperature also

necessitated an increase in reaction time. Because the yield of the ethoxyp@2ri@ediminished
when the reaction was conducted in the presence,6iv]P[¢ + ]38 A « $Z}uPZ3s 3Z § (}d

the ethoxypyrrole may result from alkydansfer from the amine (or rather the trialkylammonium

salt under the reaction conditions) to the enolafvia an Si2 reaction as shown beloys¢hemg

242).

Scheme2.42

Some evidence that this process probably does not occur accrued from the reacfadtBofwith

acetic anhydride and tripropylamine which would erpected to afford the 4¢ropoxypyrrole3-

carboxylate2.44as one of the productsScheme2.43).

Scheme?2.43

However, despite numerous attempts nowé the pyrrole2.44 was detected, however both the

acetoxy 2.18 (52 %) and ethoxypyrro2.1% (4 %) were the only isolable products.
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2.6.3 Cyclisation of Other Dialkyl@-carboxylalkylaminomethylene)malonates

The synthesis of some other dialky{&hoxymethylene)malonates was investigated in order to
explore the influence of the ester group upon the cyclisation and establish the ease with which
other 3-alkoxypyrroles could be generated. Thus, the preparation of dibutyl 2
(ethoxymethylene)malonate2.45 was attemptedvia a transesterification reaction of diethyl
(ethoxymethylene)malonat®.11 with n-butanol following a patent procedure [85USP4503074].
The malonate was heated to reflux in butanol with a catalytic amourg-iuenesulfonic acid

and the mixture distilled to remove ethanol. The product was further purified by Kugelrohr

distillation. The resulting oil was characterised and identified as the undesired product, diethyl 2

(butoxymethylene)malonat@.46 (Scheme2.44), therefore obtaining a different product to that

assigned in the literature2(45).

Scheme2.44

Due to the failure of the transesterification reaction, experiments to exptbseformation of 4
methoxypyrroles2.49 from the enamino acid2.48 were undertaken $cheme2.45r. Dimethyl

(dimethylaminomethylene)malonate 2.47 was prepared analogously to  diethyl

(dimethylaminomethylene)malonat2.10 (Scheme2.7) from dimethyl malonate and DMFDMA in

good yield (76 %). Dimethyl (dimethylaminomethylene)malortatey was added to alaning.12o

and sodium acetate trihydrate in methanol, and the reaction mixture stirred at reflux for 4 hours
The solvent was then removed vacuoand the residue dissolved in water and acidified. The

product was isolatedsia extraction into in ethyl acetate. The enamino acid was obtained as a

yellow oil in 60 % yield.
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Scheme2.45

Purification by flash column chromatography following the cyclisatior2.48 under standard
conditions (AgO, E&N) provided in the first fractiora very small amount of thenethoxypyrrole

2.49 (3 % yidd), the second and final fraction was identified as pure acetoxypy2d® in good

yield (67 %)The'H NMR spectra of pyrroleés49 and 2.50 are very simplgFigure2.13a) shows

the methoxypyrrole2.49 with the G2 methyl andN- SCo <]Pv o § w 1Xdi v 11X
E *% 3]A oCU v §Z S E usZCo v SZ u SZ}AEC u SZCo 1@
respectively.The 3-acetoxypyrrole2.50 displays S Z E *JvPo0o S (}E& §Z S}YEC ~w 1

235) andN- SCo Xiwv6d (v S]}ve v s]JvPOo § § w 1X06i (}(Eig8rg 5 G

213 +eX dZ % CEE}o % E}8}ve AEZ] 849 ajd PO &+ 6 XABAImE [ (} E

pyrroles could also be distinguished by th€E NMR and IRpectra, for the latter these were of

course closely similar 12.18b.
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Figure2.13HNMR specta of a) 2.49 and b)2.50(400 MHz CDG)).

The constitution of2.49 was confirmed from the electron impaamnass spectral (BNS)

fragmentation pattern. Although the structures of the ions derived fram9 shown inSchemsg

2.46/have not been definitively established, the fragmentation modes can be rationalised based on

extensive literatire precedents for the BMS fragmentation of substituted pyrroles for which
reviews are available [85M1533, 90HGH®81]. The methoxypyrrol@.49 gives rise to an intense
molecular ion atm/z 211 from which the base peak corresponding to tikeleacylpyrole 2.49B
(m/z 169) is derived. It is proposed that the latter arisgselimination of ketene and transfer of H
to the pyrrole ring to give the 2idyrrole radical catior2.49Awhich may rearrange t@.49Bfrom
which loss of Md occurs to generat.49C The ion2.49Bcan also expel a methoxyl radical to
afford 2.49Dfrom which2.49E(m/z 122) results by elimination of GHExpulsion of CO from the
latter affords 2.49F (m/z 94). Two additional fragmentation modes 2f49D can be envisaged
providing the ionat m/z 53 (25 %) and a neutral azirine species. Related processes resulting in
fracture of the pyrrole ring have a literature precedent [85MI533, 90HQ[6&]. Loss of Hrom
2.49Dto give the peak ai/z 136 can be rationalised by invoking prototropydaeliminationvia

2.49G Schemé2.46r.
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Scheme?2.46
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Due to the presence of the-Biethoxypyrrole from the cyclisation @48 the alkoxy moiety must

be derived from the ester group.

In addition to investigating the behaviour of other dialkyl malonates, many attempts were
undertaken to access a monoester derivat®&2 of the enamino aci®.13b; the objective here
was to investigate whether ring closuwould occur onto the ester function or by acylation at the
t-position of the enaminone. Initially, ethyl&hoxyacrylate2.51 was used as a substrate in an
attempt to acceas the monoesteR.52 When 2.51 was reacted withalanine in acetonitrile in the

presence of triethylaminend refluxed for 3 days, the reaction only provided unreacted ethyl 3

ethoxyacrylate2.51as a mixture of thé& and Z-isomers|Scheme2.47).

Scheme2.47

In an attempt to acces®.52the ethoxyacrylate2.51 was replaced with ethyl propiolat2.53 a
highly reactive Michael acceptor. Reaction with the sodium salt of alahb®(madein situfrom
ethanolic sodium ethoxide) prided a complex reaction product. Thid NMRspectrumof this
material revealed that none of the enamino aéid2had been formec@.

Scheme2.48

The synthesis 02.52 was attempted from ethyl propiolate again under different conditions
(triethylamine and acetonitrile). However, the reaction afforde@& (##): | 5 Z C eoxydiacrylate
2.55 as the only isolable productS(:heme2.49r. The latter can be synthesised from ethyl

propiolate and triethylamine when a small amount of water is preseat S Z Gloydroxyacrylate

which reats with another molecule of ethyl propiolate to affo&d55[74CJC3549

100



Scheme2.49

As enamino aci@.52could not be accessed, Dane salts were synthesised from ethylcasttie

2.56and glycine and alaning12aand2.12b|[Scheme2.50[ 65CB789].

Scheme2.50

The Dane salt2.57aand 2.57, from glycine andbl-alanne respectively, were synthesised in

good to excellent yields (98 % and 74 % respectively). Attempts were made to access the free acid

by gently acidifying with one equivalent of acetic acid, which, unfortunately only resulted in

hydrolysis to ethyl acetasetate 2.56. However, it was found that cyclisation could still be initiated

from the potassium salts2(57) in acetic anhydride producing pyrroleés60a and 2.60h, the 3

acetoxy derivatives a2.58 However, the yields of the pyrrole products were poot{<6). None

of the ethoxypyrrole2.59was observedThecyclisation o2.57aalso produced a second reaction

product 2.61 The presence of this pyrrole signifies an acylation at the carRdo the amino

function prior to the cyclisation resulting in ioiporation of a methyl group at the-€ position of

the ring

Scheme2.51).
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Scheme2.51

Formation of 2.60a can only result from cyclisation of thmixed anhydride (or the derived
aminoketene) generated frord.57 }v38} § Zcarbon of the enamino ester. Clearly, further work
is required to optimise the yields of pyrroles from this reacti@empound2.61 appears to be a

novel compound and to verify its constitution an unambiguous synthdaidN-acylation of the

known ethyl 2,4dimethylpyrrole3-carboxylate2.64 [Scheme2.52] 09JA8578] was performed.

Initially, tetrasubstituted pyrrol.63was synthesisediaa Knorr pyrrole synthesis frotert-butyl

acetoacetate2.62 reduction of the isnitroso compoundA, formed in situ by slow addition of
sodium nitrite, provides the corresponding amine. The anBreadilyunderwent a condensation
reaction with ethyl acetoacetate and subsequent cyclisation to provide pyg@&in 46 % yield

Scheme2.52( 11W02011119777].
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Scheme2.52

Thetert-butyl ester function was removed by the addition of concentrated hydrochloric acid to a

stirred solutian of pyrrole2.63in hot ethanol. The resulting trisubstituted pyrrake64 crystallised

upon cooling following dilution with water (69 % yig®theme2.53). The pyrrole was stirred at 60

°Cin a 1.1 mixture of astic anhydride and pyridine in the presence of a catalytic amount of DMAP
for 4 days. The product was subjected to an aqueous wgtkextracted with ethyl acetate, dried

and the solvent removeth vacuoto give a mixture of products. Théacetylpyrrole vas isolated

from unreactedNH-pyrrole 2.64 by flash column chromatography to provi@e61 [Scheme2.53
95AJC1491]. Th#H and'3C NMR spectra for the pyrrole from the cyclisation2d7aand the

sample prepared Y acetylation of known pyrrol2.64were identical.
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Scheme2.53

2.6.4 The Acylative Cyclisation of Enamino A2id3; Trapping of Intermediates using Dimethyl
Acetylenedicaboxylate (DMAD)

In an attempt to gain a better insight into the mechanism of the enamino acid cyclisation the
acylative cyclisation &.130 was reinvestigated and the cyclisation was conducted in the absence

of any base, conditions that facilitate exchesiformation of the acetoxypyrrol®.18. It was

thought that the failure to intercept any ketene or dipolar species suck gg&cheme2.37) may

stem from competitive nucleophilic additiasf the base to the dipolephile.

Thus,2.13b was heated in neat acetic anhydride in the presence of DMAD (2.5 equiv.). The
reaction proceeded rapidly with vigorous evolution of xCAqueous workup provided a new
compound that exhibited signals in théd NMR spectrum for two neaquivalent ethyl ester
PE}u%oe €W iXii 2@keiXV6 W dXi6 VHOXidU~ <]vPo § (}E 3A} u §ZCo
*JvPo <+]Pv o (}E& 3A} u 83Z}&EAC PE}u%* ~u $ZCo +3 E+ 3 w iX0
«]Pv o 3§ w OTIAMRdFectnu E A o 3A} <p]A o v3 u 8ZCo PE}H%o
<U]A 0 vE SZCo 5 E+ €W LHOGB W WdNXKi~ K 0B~ K w i07X7
and 162.4Q0CHCH++s v 3A} <p]A o v3 u 3ZCo @%@« €wwi iCOIK.
There is aC, <]Pv o (}& v ol v] & }v § w ii6X1 v «<p § Ev E
Furthermore, there are two other signals for quaternary carbons at 114.1 and 134.0 ppm for two

carbons each. Th&H and3C NMR data together are entirely consistent witkalkenylpyrrole

2.65 The structure of this compound was verified bya)} crystallographyHigure2.14} Appendix
3).
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Figure2.14 ORTEP plot &f.65, hydrogen atoms have been remal/éor clarity, ellipsoids at 50 % probability.

Table2.6 Selected bond lengths and angles 2085.

Atom1 Atom2 Length(A) | Atom1 Atom2 Atom3 Angle (°)
N1 C1l 1.388 C1 N1 C4 109.97
N1 (o7} 1.392 N1 C1 C2 106.98
C1l Cc2 1.365 N1 C4 C3 107.14
C3 C4 1.362 C1 Cc2 C3 108.06
Cc2 C3 1.437 c2 C3 C5 107.84
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No derivatives oR.65 have been described previously, the closest examples are represented by
2.66 and 2.67 obtained by reaction of pyrrolylpotassium withEtOCH=C(CN)and
EtOCH=C(CN)gED respectively. Under the same conditions diethyl (ethoxymethylene)malonate
2.11provided2.68as the only product [82CB714].

The formation of2.65 can be rationalised by formation of dacylated mixed anhydride from
2.13 which can either undergo elimination to give a keteherhich then undergoes cyclisation to

a mesoionic miunchnone system (d8azolium5-olate) B. The latter may also arise by

displacement of acetate by the amide carbbf§6HC(45)731Scheme2.54]. Once generated

will undergo a 1,3lipolar cycloaddition with DMAD followed by a facile cycloreversion eft€O

afford pyrrole2.65(52 % yield) as the only characterisable product.
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Scheme2.54

These results provide evidence for the involvement of a minchnone intermediate in the
cyclisation oR.13 to pyrroles2.18 and2.1% and thus do not preclude participation afketene
intermediate. It should be noted thal-acylketenemiinchnone valence tautomesin has been

observed previously88TL202J, however,no vinylogous examples have been reported.

Evidence that the formation of the\-vinylpyrrole 2.65 did not involve m any way the 3
acetoxypyrrole2.18 was gathered by subjecting the latter the trapping conditions; to prevent
any interaction between A© and the pyrrole ring, the solvent was substituted for xylenes due to
the similarities in boiling point. When DMAWas heated with the pyrrole2(18o) the latter
underwent a [4+2fycloaddition t [4+2] cycloreversion sequenawth the elimination ofethyl 3

acetoxypropiolatgnot isolated, not reported) affording pyrrole diest2r69 (57 %,Schem92.55r.
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The latter has been obtained previouslyd 3-acetyt2-methyl1,3-oxazolium5-olate, generatedn
situ from MeCOCI and -6BrBDMSD)-2-methyloxazole, and DMAD] in lower yield but no

characterisation data was reported [88TL2027].

Scheme2.55

Formation of the N-vinylpyrrole 2.65 definitively established involvement of a imchnone
intermediate and in the absence of DMAD, the reactior2df3 with acetic anhydride prades

2.18& as the only isolable product. This finding suggests a further reaction pathway for the

formation of the acetoxypyrrol@.18b as well as the other acetoxypyrroles, as outling&ahemsg

2.56

Scheme2.56

Nucleophilic attack by-@ of the minchnone ring on the pendant ester function could lead to the
bicyclic intermediate?.70 following elimination of EtOH. In this species, the lactone caybwill

be susceptible to addition of acetate to afford the mixed anhyd&d&L from which expulsion of
CQ ensues, as shown, followed IBacylation to afford the pyrrole produ@.18b. It is pertinent

to note that the pathway outlined above also progila rationale to explain why n8C label

would be retained in the product.
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2.6.5 Attempted Ketene Generation from Diethyt@-carboxyethylaminomethylene)malonate
Following the successful trapping of the minchnone intermediate, the synthesis of the
(amnomethylene) ketene intermediate was attempted frotil3. The enamino acid chloride

2.72 was synthesised following a procedure for the preparatiohfrifluoroacetyl} r-amino acid
chlorides [CECONHCH(R)COCI] [84JOC4107]. The enamino acid was hided nitrogen in
anhydrous DCM at 0 °C. To the solution was added a catalytic amount of DMF whilst oxalyl
chloride was added dropwise. The solvent was removed under reduced pressure and the
carboxylic acid proton was absent in the NMR spectrum. The ata acyl chloride2.72 was
dissolved in anhydrous DCM under nitrogen and cooled to 0 °C, triethylamine was added and the
reaction allowed to warm room temperature and stirred for a further 4 hours. After aqueous

work-up, the solvent was removed. ThE NMRspectrum was complex and no distinct structure

could be determinedfcheme2.57). The aminoketen€.73 would be anticipated to be highly

unstable so the base treatment of the acid chloride was performed in the presence of theekete
trap acenaphthylene, which is known to generate fused cyclobutanones from a-[2+2]
cycloaddition [84JCS(P1)1465]. The reaction did not provide any pradi#cand acenaphthylene
was recovered unchanged. Attempts to generate ket@n&3 directly dehydraton of 2.13b using
either phosphonitrilic chloride [13T6620] or with the Vilsmeier reagent [09T282%]e presence

of benzylidenev]o]v ( ]o §} P v & S -lacta@ 2}{5 &S£heme2.57). No further

attempts to dehydrate2.13b were undertaken.
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Scheme2.57

2.6.6 Attempted Cyclisation of Diethyl-g1-carboxy1-methyl)ethylaminomethylene]malonate
A further mechanistic question is the importanc} ( SZ % & < v-pro}dn irvthe amino acid
and consequently the enamino acdl3in initiating the cyclisation step. Therefore, to investigate

this aspect, Zaminoisobutyric aci@®.76was utilised to synthesise enamino a@id7in 80 % yield

Scheme2.58). When2.77 was subject to the usual cyclisation conditions,\cEtN) a new, non

aromatic product was obtained. The product was characterised as the novel oxazdidie

Thus, the'H NMR spectrum exhibited overlappP «]Pv o+ (}E Z }( $Z §¥3Bo 5 @
(2 x CeCHOB v w 88092 x C&HCH)] and two singlets for the geminal dimethyl
PE}u% e+ 3 w iX0A Nv DG Xu EZCo *]Pv o A« EZ] |8 « +]JVvPO §
two methine gE }u %+ A E Z ]*% o0 C . }u o § § wHERBtpand w 0 X’
OQHN protons respectivelyJE 2.7 Hz). Thé&’C NMR displayed a single peak for the two methyl
PE}Uu%es S w ioXi v §Z i VvS§ E }v E -¢}ve§uivdesit ébykdstéo %o u X (
PE}u%e AZ] ]S <¢]Pv o S MHAOKOU w 00X v EKBEICGH) and165.5

and 165.8 ppm for the two carbonyls. TNe 3Co PE}u% P A *]Pv o § w i0X0
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and 169.3 ppm for the carbonyl group; the two nif v E }ve A£Z] ]S ¢]Pv o S w ¢
rngC, v w ATXA (}E& §Z E }v i v8 8} 8Z 3SA} 3 E PE}u%
resonated at 174.6 ppm. The IR band for the lactone carbonyl absorbed at 1803 cm

Scheme2.58

Formation of2.78 can be rationalised simply as an intramolecular conjugate addition of the

carboxylate anion to the highly activated Michael acceptor Brexotrig ring closure [76CC734].

Acyhtion completes the sequend 8(¢hem62.59’.

Scheme2.59

dzZz E <pu]E u v Hrofadin therenamino acid®.13is thus established. Indeed the Dakin
West reaction (which involves a muinchnone intermediate) does not operate when two

el +&]&U vEe E %o (Epositich [S8CSRIIJ.
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2.7 Summary

Some of thanain features from this work are summarised below.

From the diethyl A1-carboxyalkylaminomethylene)malonates acylative cyclodehydration and
decarboxylation occur upon treatment with A2, AeO-NaOAc or A©O-EtN to provide
3-acetoxypyrroles in moderateisids. The latter reagent pairing providing varying amounts of the

corresponding &thoxypyrroles’®* > o0o0]vP E A -asylatiZ ofthe enaminone function

in 2.13 does not occur thereby excluding the pathways outlinedSicheme?2.36{ Distinction

between the mechanisms outlined i[Bcheme2.38| and |Scheme2.39| has not proved possible,

though both have some similar features. The involvement of a miinchnone intermediate in these

reactions has been demonstrated by trapping with DMAD to giveNHadkenylpyrrole2.65and it

may be that the reaction follows the course depicted |Bcheme 2.56| Further trapping

experiments of the minchnone intermediates are merited.

As yet the differing outcomes from the cyclisations usingDAand AgO-E&N (the latter afords up

to 20 % of the *thoxypyrrole) remain unclear.

The enamino acid2.13 and 2.13k derived from aspartic acid and glutamic acid respectively
exhibited differing behaviour compared to compounds containing a monofunctional amino acid
residue. The faner provided diethyl acetamidomalonate as the sole product, whilst the latter
afforded the N-alkenylpyrrolidin2-one derivative 2.23 the participation of fivenembered
intermediates accounts for formation of the pyrreRacetonitrile derivative.24 and 2.25from

treatment of the asparaging2.13m.

Both the 3ethoxy- and 3acetoxypyrrole were obtained when the enamino malondté3o from

methionine sulfoxide was treated with A2-Et:N.

A novel cyclisation leading to an oxazolilone via a conjugate adition has been obtained from
cyclisation of the aminoisobutyric ac177 in which formation of a minchnone intermediate is

prevented.
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3-Aminopyrrole Derivatives

3.1 Synthesis of -Aminopyrrole Derivatives

3.1.1 Introduction

Examples of all three aminopyrrole derivatives are known and an extensive review of the synthesis

and properties of these compounds is available [92H2(299].A SciFinder search revealed 180

E (E v ¢ pe]vP 8z -« -alBindpySoEwu_ "+ i0ilidU i0io & ( E v  §}
ulv}% CE &} ot2017)~aindli 8694 publications relating teaginopyrrole derivatives from

1923t2017. Although there are a larger number of references to the latter compounds, there are

significantly fewer routes\ailable for their synthesis compared to theaghino- counterparts.

3-Aminopyrroles have been found in nature (as a class of pyealieline antiviral antibiotics),
represented by congocidine (fror8treptomyces netropgis.1 and kikumycins /8.2 and B3.3
from S. phaeochromogeng&igure3.1] 67BSF4348, 72TL1873, 78CPB3080], and are extremely

useful building blocks in the synthesis of bioactive compounds [04T2267].

Figure3.1 Pyrroleamidine antiviral antibiotics, congocidif3el and kikumycins 8.2and B3.3.

The primary reason for the synthesis eafinopyrroles is to construct pyrrolo[3dpyrimidines
(9-deazapurines) and pyrrolo[3d]pyrimidines. Pyrrolo[3,2]pyrimidines are closely related to

purines, which are of biological significance and are abundant in nature [78JCS(P1)483]. The

syntheses and uses ofa@ninopyrroles are illustrated belowS¢heme3.1).[Scheme3.1f) t c)

concern pyrrolo[3,A]pyrimidines and all use enamines as precursors to tkeemhopyrrole3-

carboxylatelchemes.1q)], 3aminopyrrole2,4-dicarboxylatgg$chemes.1p)] and 3aminopyrrole

2-carboxylatel$cheme3.1¢)]|SchemeB.1d) begins in a similar manner and employs a Thaype

cyclisation; the aminopyrrole is then converted to an iminophosphorane and undergoesaan a

Wittig reaction before further cyclisation to the pyrrolo[34pyrimidine [13ARK(ii))199].
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Scheme3.1

Relatively few @aminopyrroles have been described. In general thaority of synthetic routes

provide compounds possessing an electwithdrawing group at €. Further consideration of the
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various approaches is appropriate and the most important pathways are outlin8dheme3.2

The first 3aminopyrrole derivative described wasaB8etamidel-acetylpyrrole, obtained in low
yield from the selHcondensation of acetamidoacetaldehyde, generategitu by hydrolysis of the
diethyl acetal $cheme3.2g)].

A multistep sequece involving the amination of aN-acylpyrrolidin3-one, acetylation and aerial
oxidation provided a low yielding route to ethyatetamidoel-ethoxycarbonyb-methylpyrrole 3-
carboxylate. The cumbersome preparation of the pyrroligione further detracs from this
approach|{fchemes.2p); 70JPS1732; 76JHC113].

A Thorpetype reaction provides access to adtibstituted 3aminopyrrole from an enamino ester

and thence to the fused pyrimidinedion|6¢heme3.1a); 78CPB3080]. Numerous variations of

Thorpetype condensations involving enamino nitriles have been reported as depig8dhems

3.1p) td) andScheme3.2|c) and d). In a variation of this approachog esters or ethers derived

from Ecyano ketones condense with diethyl aminomalonate under basic conditions to afford

ethyl 3-aminopyrrole2-carboxylates. Variation of theEcyano carbonyl compounds permits

products having a substituent at4-or G5 to be obtained|Bcheme3.2g)].

Methylenation of arylacetonitriles can be readily accompliskedtreatment with HCGEtNaOEt,

to provide 3aminopyrroles possessing an aryl substituent ad4 {Scheme3.2f)]. The highly

unstable cyanoacetaldehyde, generated by bessdiated ring cleavage of isoxazole, has been

condensedn situwith diethyl aminomalonate to afford an enaminonitrile that can be cyclised to

give ethyl 3aminopyrrole2-carboxylatelfcheme3.2q)].

A three }u%}v v8 }v ve §]}v § AEdiketov estéd and aromatic amines and

aldehydes proceeds under acidic conditions to affordn@nopyrrole2-carboxylates|$chemsg

3.2h)]. An enamino intermediate derived by the attackR§ifNH } v S Z-carbonyl group has been

invoked to rationalise the outcome of this reaction [15TL3042].
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Scheme3.2
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&}00}A]JVP 8Z %% 0] 3]}v }( 3Z esidfoCa widd réhdge @& @phmine GoidsZit
was of interest to explore the scope of the reaction by investigating the outcome of the acetylative
C o]* 8]}ve }( v u]lv} 1+ E]A -cy&Rdoarbod compol(di4as shown in

Schemed.3| These enaminones possess two potential cyclisation termini and could afford either 3

acetamidopyrroles or pyrrol8-carbonitriles or, indeed other products.

Scheme3.3

It is apparent fronIuSchemeS.l and|Scheme3.2|that the majority of routes to @aminopyrroles
afford compoun * %o}ee ee]JvP v 3 E }E V]SE]oi-(pV}SI3MVIX 8Z ¢ A[C

approach has the advantage in obviating the need for functional group manipulation to obtain the

2,5-unsubstituted derivatives. Moreover, substituents can be introduced theo G5 position by

%0 %0 (E } %0 (E ] S -andr}d acig @erivative.
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3.2 Synthesis of Pyrroles from (Aminomethylene)cyanoacetates
The initial work required access to enamino acids derived from ethyl cyanoacetaB4i@ =

OEt). To this end the commeatly available ethyl B)-(ethoxymethylene)cyanoacetate was

selected as the starting material.

3.2.1 Synthesis of Ethyl@l-carboxyalkylaminomethylene)cyanoacetates

Scheme3.4

The enamino acid8.7 derived from ethyl (ethoxymethylene)cyanoacetades were prepared

analogously to the majority of enamino aci@ld 3 described previouslyScheme 2.9Schemed.4).

Thus, the commercially aable cyanoacetat®.5 A o §} -amino acid and potassium
hydroxide in ethanol, and the mixture refluxed with stirring for 1 hour. The solvent was removed
in vacuoand the residue diluted with water prior to acidification with dilute hydrochlaa@id

(2M). The product was then isolatedla extraction into ethyl acetateGlycine Dl-alanine andDlL-
phenylglycine were chosen as the initial amino acid condensation partners because of their

potential to afford interesting products. All of the enaminagids 3.7atc are unknown in the

literature and were synthesised in moderate to very good yi¢ldsle3.1). With an increase in

scale of the reaction (from 50 to 100 mmol) glycine gave an increased yield from 46 % to 88 %

Table3.1| entry 1).

Table3.1 Yields of compoun8.7.

Entry Compound R Yield RatioE/Zisomers
1 3.7a H 46 % (88 %) 0.7:1
2 3.7 Ch 63 % 07:1
3 3.7c Ph 81 % 04:1
a2 x scale
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The three enamino acids7atc were, as expected, obtained as a mixture of th@and Z- isomers

Scheme3.5(|Table 3.1), the ratios of which are based on the relative integrals of the alkenyl

proton (Figure3.2).

Scheme3.5

Figure3.2H NMR [400 MHz, DM&dg] of (B- and @- Isomers of3.7atc.

Distinction between the Z)- and E)-isomers of3.7atc (Scheme3.5) was readily accomplished

from the 'H NMR spectra of the mixturgigure3.2). In the @-isomer, intramolecular hydrogen

bonding of the NH function with the ester carbonyl group provides armsiegmbered chelate and
will result in substantial deshielding of theHNproton signal. However, in th&f{isomer, in which
no such intramolecular hydrogen bonding is possible, tHd Ninction will resonate at a higher
field position. In the three enamino acidd7atc the N-H protons in the Z)-isomers were
deshielded byca. 0.4 ppm compared to those of theE)(isomers. Interestingly, in the latter

isomers the alkene proton signal was always more dddbd than those in theZj-isomer, a
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reflection of its proximity to the anisotropic ester carbonyl group. Watiiatc to hand, their
acylative cyclisation reactions under the standard conditions@A&EtN) were explored. The

results are described in thfellowing section.

3.2.2 Cyclisation of Ethyl-@l-carboxyalkylaminomethylene)cyanoacetates

Scheme3.6

When subjected to the cyclisation conditions, acetic anhydride arse lareflux, the cyano esters

3.7atc could generate either the cyan@®.8 or the amidopyrroles3.9 or, perhaps, a mixture of

both {Scheme3.6). Thus wher3.7atc were heated in acetic anhydride and triethylamine, the

reactions praeeded quickly with rapid evolution &Q. The reaction mixtures were hydrolysed
prior to extraction with dichloromethane. The residue from the organic extracts was purified by

flash column chromatography. The products fr@vatc were identified as the avel amide

3.9 tcand the imidopyrrole8.10b andc (Scheme3.7) in varying ratios.

Scheme3.7
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Table3.2 Yields ofamidopyrroles3.9 andimidopyrroles3.10.

Entry Rin 3.7 Pyrrole3.9 Yield (%) Pyrrole3.10 Yield (%)

1 H 3.9a 43 3.10a -
2 Me 3.9% 40 3.1 6
3 Ph 3.9 41 3.10c 23

The imidopyrrole3.10 is a consequence of acetylation of the pyrrd@e. For example, the
cyclisation of3.7b was conducted in the absence of:Rtto reduce the speed of reactiqTable
2.5) and when stopped after 15 minutes, only the amidopyri®iéb was obtained in low yield (22
%). When the reaction was repeated antired for 1 hour at reflux the sole product was

imidopyrrole3.10b in good yield (64 %).

From the cyclisation d.7a, the novel 3amidopyrrole3.9a was obtained in modete yield (43 %,

10 mmol). When the reaction was repeated on a larger scale (100mataceamount of a

mixture containing3.8a (0.4 %) was also isolated. TH¢ NMRspectrum(Figure3.3) showed the

presence of a very small amount of the acetoxypyrr@lgb (ratio 1:0.08 based on integration).
The shifts of th §ZCo *]Pv o+ w iXTii3.8aarevcampaialjle to known compounds 4
ethoxy-1H-pyrrole3- & }Vv]SE]Jo ~w iXadi Vv 1XO0oethdxy ik €iiEbipyrroleld
iUd; ] & }v]SEJo ~w iXidA v wHXKRMR shifisd of dlieonitdl and the €3

& }v & 0*} }u% E o w iiiX0 ~o0]SX iinxX6 €i1>K Tifie v 0]S8>
90.1 (lit. 83.8 [12LOC305] and lit. 91.9 ppm [12TL446]), respectively. On the larger scale (100

mmol), the yield of3.9awas improved to 56 %.

Plawsible mechanisms for the formation of the products will be discussed subsequently.
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Figure3.3H NMR Spectrum [400 MHz, @EB0O] of pyrrole3-carbonitriles3.8aand 3.8b.

The reaction o88.7b with acetic amhydride and triethylamine gave three products (TLC) separable

by flash column chromatography. The first product to elute from the column (30 % EtOAc in
hexane) gave &H NMR spectrum (400 MHz, C®@lhich exhil § (JUE u 3ZCo VA]E}vu
217 t 1X16-U uszZlj]v % E&}S}v ~w 0X0606 Vv v SZ}EC & }vCo P

identified by Xray crystallographyHigure3.4) as 2,2dihydropyrrole3.11in 3 % yield. The bond

lenghs and anglesTable3.3| Appendix4) are comparable to substituted 2@8hydropyrroles in

the literature [110L3806]. Continued elution of the column (30 % EtOAc in hexane) provided a
small amount 08.10b(6 %) followed by-&midopyrrole3.9b (40 %)
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Figure3.4 ORTEP plot &, 3-dihydropyrrole3.11, hydrogenshave been removed for clarity, ellipsoids are at 50 % probability.

Table3.3 Selected bond lengths and angles 3ot 1

Atom1 Atom2 Length(A) | Atom1 Atom2 Atom3 Angle (°)
N3 C1 1.454 C1 N3 Cl4 110.25
N3 Cci4 1.416 N3 C1 C2 105.18
C1l Cc2 1.564 N3 Cl4 C3 109.92
Cc2 C3 1.508 C1 c2 C3 101.19
C3 Ci4 1.322 Cc2 C3 Cl4 113.17

The 2,3dihydropyrrole 3.11 was obtained as a single diastereoisomer for which the relative
stereochemistry (B*,3S") was established. The mechanism for its formation is proposed below
Schemes.8).
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Scheme3.8

Triethylamine deprotonates the acid and the carboxylate anion is acetylated by the acetic
anhydride resulting in the mixed anhydride. Subsequent ring closure onto the anhydride carbonyl
groupis facilitated by electron release from the enamine moiety (nitrogen) and the elimination of
acetic acid thereby providing th2,4-dihydro-3H-pyrrol-3-one A. Further acetylation affords the
pyrrolium ionB, in which the iminium moiety will be susceptible attack by acetate. Addition of

the latter proceeds in a diastereoselective manner with addition to the least hindered face of the
iminium function i.esynto the least sterically demanding nitrile group. An alternative pathway to
3.11 can be envisagedot proceedvia elimination from the mixed anhydride to provide the
enamino keteneCwhich then cyclises t® from which intermediateA and B could be derivedX-

ray crystallography established that thea2etoxy and G3 ester groups ir8.11 possess drans-

disposition i.e. (B,3S). By contrast, cyclisation of the enamino acid7c, derived from
phenylglycine3.6¢ provided only the amide3.9c and imidopyrroles3.10c SchemeS.Ql.

Scheme3.9
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Pyrrole formatiorvia C o § }éyclisation onto an enamine as depicte@Soheme3.8|does have

some literature precedents. Franak al. reported the cyclisation of enaminones derived from

cyclohexanel,3-dionegScheme3.10a) andScheme3.10p) which was exploited by Edstrom for the
synthesis of a range of -&etoxytetrahydroindoles [94JOC2473, 95SL49] and

pyrrolo[2,3d]pyrimidindiones [93JOC403]. The cyclisation of an exocyclic enaminodione which

affords an oxocino[2,&]pyrrole via a spirelinked 3H-pyrrole provides another examp‘éi{:heme

3.10¢)]

Scheme3.10

Formation of the pyrrole8.9 and 3.10 can be rationalised as shown|[8theme3.11{which also

indicates a possible pathway for the isomerism of the diastereomeric enamino aci@lg &ic via
prototropy to the minor ketenimine tautomeA (cf. p. 158)which following further acylation

affords the stabilised anioB. Acetylation and concomitant hydrolysis of the mixed anhydride

generates3.9 and 3.10. A related pathway is outlined [[Bcheme3.53|and|Scheme3.54|for the
C o] S1}v }( v ulv} -kétonitfi€s}u t
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Scheme3.11

Formation of minor product8.8a and 3.8b can be rationalised by cyclisation of the enol#e

from the mixed anhydride derived from3.7a(Scheme3.12). This pathway is akin to dse shown
in Schemes 2.38 and 2.39.

Scheme3.12
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However, formation o0f3.8b may also proceedria a 3-pyrrole €f.|Scheme3.8). A Krapcho

dealkoxycarbonylation would then lead to the produSt:hemeB.lB’.

Scheme3.13

The trapping conditions used in section 2.68ghemes 2.54 and 2.5kere applied to the

cyclisation of cyanoeste3.7b in an attempt to produce the analogous pyrrd@el2 (Scheme3.14).

However, wher.7b washeated with DMAD (2.5 equiv.) in Axthe reaction provided a mixture
of 3.13(16 %) and.1( (50 %), thus indicating that the cyclisation to th@@idopyrrole and 3
imidopyrroles proceeds more rapidly than minchnone formatief. Scheme 2.56 and

implicating the pathway irSchemé&ll Schemed.158)].

Scheme3.14

DMAD selectively undergoes the [4+3floaddition t [4+2] cycloreversiorsequence witl3.9% to
generate the same pyrrole8(13) as that from2.18h. The reaction with DMAD in xylene was then
applied to the 3amidopyrrole3.9%b (path b) and the 3midopyrrole3.1(b (path c) separately. No
reaction was observed been DMAD and.1(b whereas the expected pyrrolg.13 from 3.9
was isolated in low yield (25 % yield@he failure of3.10bto react with DMAD presumably stems

from its decreased electron density.
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Scheme3.15

3.2.3 Attempted Synthesis oftRyl{2-[(aryl)carboxymethylamino]methylene}cyanoacetates

In order to extend the range of enamino aciBlg available for the synthesis of pyrroles it was or
interest to apply the Petasis retien (see section 2.5) to readily available ethyl
(aminomethylene)cyanoacetat8.16 since it was hoped that a wider range of enamino acids
would be accessible by this means. Thus ethyl (aminomethylene)cyanoacgtaée was
synthesised by direct aminometlgylation of ethyl 2cyanoacetate3.14 with formamidine acetate
3.15 @. The reaction was carried out following literature procedure [60JA3138] and

afforded3.16in 56 % vyield as a mixture Bfand Z-isomers.

Scheme3.16

The Petasis reaction was attempted with the enaminoniti@el6, glyoxylic acid3.17 and

phenylboronic acid3.18 in acetonitrile. Unfortunately no producB.19 could be isated or
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detected by'H NMR|$cheme3.17). Presumably the diminished nucleophilicity of the amino group

in 3.16 was responsible for this lack of reactivity; in contrast electron deficient aromatic amines

react readily [09TH319, 1&V6169].

Scheme3.17
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3.3 Synthesis of Pyrroles from (Aminomethylene)malononitriles

The acylative cyclisation of enaminomalononitriles was investigated to ascertain whibher

could provide access todcetamidopyrrole3-carbonitriles of which few examples are known.

3.3.1 Synthesis of-21-Carboxyalkylaminomethylene)malononitriles
The novel enamino acids3.2latc were synthesised from commercially available
(ethoxymethylem)malononitrile 3.20 Scheme3.18'. Initially, the synthesis was attempted using

just the malononitrile3.20 v v-amino acid3.6in ethanol. The reaction mixture was stirred at
reflux for 50 minutes and allowed to cool to rocdemperature, the ethanol was removed under
reduced pressure and the residue dissolved in water. The product was iseiatextraction with
ethyl acetate and the resulting oil triturated with diethyl ether; the precipitate was removed and

the filtrate cancentratedin vacuaoto afford the product as an orange oil which later solidified. The

yield of3.21afrom glycine3.6awaspoor and the'H NMR spectrum showed impuriti€sable3.4

entry 1). In an attempt to improve the yield)ygine 3.6a was treated with triethylamine in
acetonitrile prior to the addition of (ethoxymethylene)malononitriie20. The reaction mixture
was stirred at reflux under nitrogen for 2.5 hours and allowed to cool to room temperature. The
solvent was remowe under reduced pressure and the brown residue was dissolved in water and
extracted with ethyl acetate to afford a brown oil. TH& NMR spectrum showed the presence of

product and another compound which was identified as 2-

[(diethylamino)methylenmalonoritrile  3.22 (Scheme 3.18?, available by reaction of

(ethoxymethylene)malononitrile.20 with diethylamine at 0 °C [07SC417], the spectral data was
in agreement with literature values [72JCS(P2)1823]. Although unexpected, forndtitdme
enaminomalononitrile3.22 can be rationalised by a conjugate additieiimination sequence of
EtN to (ethoxymethylene)malononitrile3.20 followed by &2 displacement from the
triethylammonium function, by EtOHcidificationof the aqueous phaseith dilute HCI (2M) and

subsequent extraction with ethyl acetate provided the pure product as an orange solid (52 % yield,

Table 3.4 entry 2). Finally the enamin®.21awas accessedia reaction of glycine3.6a with

(ethoxymethyene)malononitrile 3.20 in ethanol in the presence of potassium hydroxide. The
reaction mixture was stirred at reflux for 1 hour and allowed to cool to room temperature, the
solvent was removed under reduced pressure and the residue dissolved in water tprio

acidification with dilute HCI (2M). The product was isolateédextraction with ethyl acetate and

the solvent removed to afford the pure product in very good yield (§3&#b6le3.4{ entry 3).
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Scheme3.18

Table3.4 Reaction conditions for the synthesis of [(carboxylmethylamino)methylene]malonor8téiea

Entry Conditions Ratio of reactants 3.6a:20  Yield (%)
1 SK,U 4 11 38
2 MeCN, BE ~iXA «<p’ 1:1 52
3 SK,U <K, ~iXin 1:1.5 83
Ampure

This method Table3.4| entry 3) was used to synthesise the enamino a8i@4 from alanine3.6b

and phenylgicine3.6c{Table3.5| entries 2 and 3 respectively).

Table3.5 Yields for the synthesis of [(carboxylmethylamino)methylene]malonorstgi2latc.

Entry R Compound 3.21 Yield (%)
1 H 3.21a 83
2 Me 3.21b 682
3 Ph 3.21c 87

aafter recrystallisation from EtOAc/hexane

3.3.2 Cyclisation®f 2-(1-Carboxyalkylaminomethylene)malononitriles

Cyclisations of the enamino aci@21 derived from (ethoxymethylene)malononitrild.20 were

expeced to give either the imido(3.23) or amidopyrrole 3.24) or a mixture of the twg{chemsg

3.19'. Thus, cyclisation 08.21a from glycine and3.21c from phenylglycine provided only

imidopyrroles3.23aand 3.23crespectively|Tabk 3.6{ entries 1 and 3). Running the cyclisation

reaction of3.21awithout base (EiN) provided the pyrrol&.23ain only 1 % yield.
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Scheme3.19

Tabk 3.6 Yields for cyclisation reactions of 2-carboxyalkylaminomethylene)malononitril&21atc.

Entry R Pyrrole 3.23 Yield (%)
1 H 3.2& if
2 Me 3.2 00
3 Ph 3.23c Al

Cyclisation 0f3.21b from alanine, however provided two pyrrole products, initially, the

imidopyrrole3.23b(Tabk 3.6| entry 2) was isolated by flash column chromatography followed by

another pyrrole product. Th&H NMR data of the latter displayed the absencen¢ of the acetyl
usSzZCo *]JvPo S v ]Jves Z E} ]JvP0 § S w 0X006X dZ % CC

with respect t03.23b|Figure3.5( ¢+ (E}u w 0X0A 8§} w O6XiT v %% 3.884z) i

instead of asinglet, indicating that the product obtained is thi+imidopyrrole3.25(Figure3.5).

Figure3.5H NMR Spectra afidopyrroesa) 3.23b and b)3.25(400 MHz, CDg)!
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The stricture of the product was confirmed by selective removal of the pyridiecetyl group
from 3.23b SchemeS.ZOP. Thus, the latter was refluxed in ethanol containing sodium acetate for 3
hours to afford, after aqueous wotlp, the pure pyrrole3.25 (Scheme3.20). The physical and

spectral data confirmed the structure of the pyrrole observed from the cyclisati@i23h.

Scheme3.20

Thus, cyclisations of the enaminonitriles provided the expected py&Baarbonitriles 3.23atc

although the amino function had been kasetylated.
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3.4 Synthesis of Pyrroles from(@minomethylene}1,3-ketonitriles

Cyclisation of enaminonitrilederived from ethyl cyanoacetate proceeds onto the nitrile function,

Jv % E ( E v 8} 8Z 8 E PE}u%X WE Al}pe ¢Spu ]« Z <+Z}Av §7

ketoesters cyclise exclusively onto the more reactive ketone carbonyl gfBapefme3.21
[02JCS(P1)2799].

Scheme3.21

In light of this and the results outlined in section 3.1.3 it was of interest to extend investigations to
the synthesis ad acylative cyclisations of novel enamino ac%a7 @& ]A ( Edtanitriles

3.26 since these substrates could afford eitheradetamide3-pyrrolyl ketones3.28 and/or

pyrrole-3-carbonitriles3.29(Schemes.22).

Scheme3.22

3.4.1 Synthesis of 2Alkoyl and 2Aroyl-3-(1-carboxyalkylamino)acrylonitriles
E £ASU o @kétonitfilest was investigated for the synthesis and subsequent cyclisation of

enamino acids. Initially, cyanoacetor®27 was sythesised by hydrolysis of commercially

available 3aminocrotononitrile3.30, following a literature procedur¢ggcheme3.23| 090PPI515].

Concentrated hydrochloric acid was added dropwise to a slurryashidocrotononitrile in wate

in an icewater bath over a 1 hour period. Upon completion, the reaction mixture was heated to
80 °C and stirred for 2 hours before cooling to room temperature. Ethyl acetate was added to the
reaction mixture which was then filtered through celite. ThpHasic filtrate was separated and

the product extracted from the aqueous phase with ethyl acetate, the organic extracts provided
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the unstable cyanoaceton&.26A(80 %) as a brown oil which was used immediately to synthesise

enamino acids3.27Aatc (Scheme 3.23’. Treatment of crude cyanoacetone with triethyl

orthoformate in isopropanol in the presen } (-amino acids3.6atc provided the enamino acids
3.27Aatc directly in moderate yields. This procedure, which involwessitu formation of
(ethoxymethylene)cyanoaceton8.31, was found to be most convenient. The latter has been
reported from the readbn of cyanoacetone with triethyl orthoformate in the presence ob@c
[90CCC1038]. However, attempts to obt&81 by this procedure failed to provide a tractable
product Scheme3.23).

Scheme3.23

The route outlined ifScheme3.23lfor the synthesis of enamino aci@s27Aatc using HC(OEt)n

isopropanol was developed from that reported for the aminomethylenation of othwulisable
1,3-dicarbonyl compounds; more specifically the condensation @ E}AC }pu EJve A]S
amino acids and HC(Of&t) afford N-(methylene4-oxocoumarinyl)amino acids [92JHC1817]. This
one-pot sequence was found to be highly suitable for the pragian of many of the enaminones

in the present work. Under protic conditions, HC(@EH readily ionised to afford the
diethoxycarbenium ion (EtOCH=0KEts similarity to DMFDMA (Scheme 2.7) for meghgltions is

thus apparent. €anoacetone3.26Awas die*} 0 A ]V ]1°}% E}% v}io v Samino %o %o E}
acid @.6atc) was added along with excess triethyl orthoformate. The reaction mixture was stirred

at reflux overnight and allowed to cool to room temperature. The volatile components were
removed under redced pressure and the residue was dissolved in DCM, the product was

extracted into saturated sodium bicarbonate solution, acidified (2 M HCI) and the product isolated

with ethyl acetate to afford the pure enamino aci@s27Aatc (Scheme3.23[|Table 3.7). The

enamino acids.27Aatc were each isolated as a mixture of th&rand Z isomers{§cheme3.24]

which was apparent from thetH NMR spectra, from the signals resulting frthia NH and alkenyl
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protons. The signals for th&isomer were displayed between 10.88L.07 ppm and 7.717.84

ppm for the amine and alkene protons respectively. The signal for the amine proton appeared as a
doublet of triplets for3.27Aawhen R = HTable3.7| entry 1) and a doublet of doublets f8r27Ab

and 3.27Ac[R = methy|Table3.7| entry 2) and R = phen@ entry 3)]. The amine protons

have an upfield shift inne Eisomer ranging from 8.78.40 ppm and the alkenyl protons have a

small downfield shift with respect to thé&isomer and resonated between 8.06 and 8.09 ppm

Table3.7). In theEisomers the amine proton appeared as broad Bigyfor3.27Aatc (Table3.7

entries 1t3) due to the proton being more able to exchange than in Zieomer in which it is
stabilised by intramolecular hydrogen bonding. The nitrile group can be seen as a strong, sharp
band in he IR spectra at 2202208 cnit and in the'*C NMR spectra at 118 ppm for tBésomers

and 121 ppm for th&-isomers of3.27Aatc.

Scheme3.24

Table3.7 IH NMR data for enamino aci827Aatc derived from cyanoaceton®.26.

Compound Yield RatioE/Z 1H NMR shifts M H NMR shifts =8

Entry R 3274 (%)  isomers  [400 MHz, (CE,SO] [400 MHz, (CE,SO]
Lo oaam et e IENRSL SRR
> Me 3274 81 06:1 fb?gz[kfg dfgl 3'.31 E: g}i
3 Ph 327Ac A6  04:1 ifgﬂg dfgl 3’.23 E: g}i

3J=6.0t7.7 Hz, 13.513.9 HzJ= 14.6t14.9 HzJ= 13.5t13.9 Hz

Following the synthesis of enamino acids from cyanoacetone, the commercially available 4,4
dimethyl3-oxopentanenitrile 3.26B was used to investigate the outcome of the cyclisation of
enamino acids3.6atc containing a more sterically demanding group. The enamino ni&83is a
known compound and was synthesised following a literature method to give a $gpener of

the product [10JOC4288]; compourl33 has been used in the synthesis of trisubstituted
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pyrazoles [17P206]. 4Bimethyl3-oxopentanenitrile 3.26B was dissolved in dry THF and
DMFDMAS.32was added in one portion, the reaction mixture was stirred under nitrogen at room
temperature overnight. The solvent was removiedvacuoto afford 3.33 asa yellow solid which
was recrystallised (82 % yie. ThelH and!3C NMR spectra were identical to those
described in the literature [10J0OC4288].

Scheme3.25

The synthesis 03.27Batb was initially attempted following the method used for the synthesis of
enamino acid®.13mand 2.13nderived from asparagin2.12mand glutamine2.12nand diethyl
(dimethylaminomethylene)malonat2.10 (Schene 2.8 Scheme3.26r. Sodium acetate trihydrate

and the amino acids 3.6 (glycine 3.6a and alanine 3.6b) were added to 2-

[(dimethylamino)methyleng4,4-dimethyl3-oxopentanenitrile 3.33 in ethanol. The reaction
mixture was stirredor 3 hours at reflux and the solvent was removadvacuo The residue was
dissolved in water and acidified (2 M HCI), the product was isolaigextraction with ethyl
acetate to afford an oil. TheH NMR spectra showed the products derived from botltige 3.6a
and alanine3.6b as singleZisomers, however, a significant number of impurities were also

present.

Scheme3.26

In order to circumvent these difficulties the oqp®t orthoformate procedure used for the

synthesis of enamino acids from cyanoacet@26Awas employed$cheme3.23||Scheme3.27).

The reactions, monitored by TLC, were stirred at reflux fi84ours.The enamino acid3.27Bat
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c were obtained as oils which solidified upon standing, recrystallisation from ethyl acetate and

hexane provided the clean products albeit in low yi€lclk{le 3

8

NMR spectraf 3.27Bashowed theZisomer as the sole produg

Téble3.8

entries 1t3). The'H and!3C

entry 1). However for

3.27Bband 3.27Bcthe ratio of HZisomers was much smaller than the analogous compounds
3.27Aatc from cyanoacetone8.26Adue to the steric inteation of thetert-butyl group with the
Table3.8
for NH protons in théH NMR spectra are well defined for tBésomers of3.27Bband3.27R and

E ]J*%o0 C . }L oS }( }poSe S w iiX060 Iv6.8A50 baPecdl E %
enamino acid8.27Batc showed the loss of Gan the HRMS spectra.

adjacent nitrile group entries 2 and 3). In contrast to compour@l®7Aatc, the signals

Scheme3.27

Table3.8 Yields for 31-carboxyalkylamine®-pivaloylacrylonitriles3.27Batc.

Entry R Compound 3.27B Yield (%) RatioE/Zisomers
1 H 3.278 [N 0:1
2 Me 3.278 AT 03:1
3 Ph 3.27Bc ] 02:1

Commercially available benzoylacetonitrile was employed to introduce an aryl ketone moiety into
Scheme 3.28]* X PJvv]vP A]8Z Saminop agide3.6atc the
B@heme3.28r, the yields from these reactions were good (75
entries 1t3). Due to the ease of synthesigpod yields and availability of
$A}
aminobutyric acid3.6d (R = Et) and valing.6e (R =iPr), both worked well in the reaction with

the enamino acids

orthoformate method was use
%, |Table 3.9

benzoylacetonitrile 3.26CU ]S$]}amiao mlcid examples were investigated; 2

yields of 68% and 78 %, respectiv

group, the ratio ol Z-isomers was smallg

Alalile3.9

entries 4t5). When R was a larger or more bulky

Flgure3.6f) and e

Table3.9| entries 3 and 5].
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a)

b)

C)

d)

e)

Scheme3.28

Table3.9 Yields of 1-carboxyalkylamine®-benzoylacrylonitrile®.27Cac.

Entry R Compound 3.27C Yield (%) RatioE/Zisomers
1 H 3.27@& oi 08:1
2 Me 327D ofi 0.7:1
3 Ph 3.27Cc olg! 04:1
4 Et 3.27Cd Ofi 06:1
5 iPr 3.27Ce 0 03:1

Figure3.6 'H NMR spectra [400 MHz, DM&g) of 2-(1-carboxyalkylamine®-benzoylacrylonitriles) 3.27Cab)3.27Cbc) 3.27C¢
d) 3.27Cd anc) 3.27Ce

With the enamino acid8.27Catc from benzoylacetonitrile8.26Cto hand the synthesis of an aryl

derivative containing an electron donating group was attempted. Thus, the anisyl derivative, 4

140



methoxybenzoylacetonitrile3.260 was synthesised; a number of procedures for its preparation
have been reported. Initially, synthesis of the Weinreb and&6 was undertaken following a

literature procedure|fcheme3.29] 13RSC(A)10158N,ODimethylhydroxylamine hydrochloride

3.35 was added to 4methoxybenzoyl chloride3.34 in 2-methyltetrahydrofuran, the reaction
mixture was cooled to 0 °C and aqueous potassium carbonate was added in 2 portions. The
mixture was then stirred at room teperature for 1 hour and subjected to aqueous waik to

afford the Weinreb amide€.36 as an oil in excellent yield (93 %). The spectroscopic data was in
agreement with the literature [13RSC(A)10158].

Scheme3.29

With the Weinreb amide8.36 vA A Jo o ]38 }uo §E v« (}E uketoBilils Z ]

via cyanomethylation|$cheme3.30] 150BC1969]. Methyllithiudithium bromide complex was

added dropwise to acetonitrile in THF at8 °C and the mixture stirrecbif 30 min before a
solution of Weinreb amid8.36in THF was added over 5 min. After stirring for a further 1.5 at
78 °C the reaction mixture was quenched with saturated aqueous ammonium chloride and
allowed to warm to room temperature. Upon the additi@f diethyl ether to extract the product,

a white precipitate began to form in the aqueous phase. The solid was removed by filtration and
identified as 4methoxybenzoylacetonitril@.26Din 60 % vyield. In an attempt to increase the yield
and improve the ase of isolation of the product, the reaction was repeated and modified. After
1.5 h stirring the reaction mixture was first allowed to warm to room temperature and then
guenched with 1 M HCI and ethyl acetate was used in place of diethyl ether. Howecerthe
extraction was complete and the solvent removed, the product required purification by flash

column chromatography and as a consequence, was obtained in a greatly diminished yield.
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Scheme3.30

In order to have more straightforward access tandthoxybenzoylacetonitrile8.26Da Claisen

type condensation used for the synthesis of a small range of similar compounds including

benzoylacetonitrilgf$chemes3.31] 12MOL9683] was investigated. Sodium methoxide and ethyl 4

methoxybenzoate3.37 were stirred in acetonitrile at reflux for 2 days until the starting material
was absent by TLC. The reaction mixture was allowed to cool to room temperature and the
resulting solid collected by filtration and washed with diethyl ether and hexane. The solid was
dissolved in water, acidified with dilute HCI and the product was extracted with ethyl acetate. The
residue obtained upon removal of the solvent was purifigdflash column chromatography to
afford initially3.26D(33 % yield) followed by-ehethoxybenzoic aci8.38as the major product (36

% yield Scheme3.31).

Scheme3.31

Because of these disappointing results a modification of this approach which used potésgium

pentyloxide, a powerful, toluene soluble, nonicleophilic base and stoichiometric amounbf

acetonitrile to synthesise -hethoxybenzoyleetonitrile 3.26D [Scheme 3.32 11ACIE8979].

Potassiumtert-pentyloxide (1.7 M in PhMe) was added dropwise to a stirring solution of
acetonitrile in anhydrous tetrahydrofuran at room temperature. Ethyihdthoxybenzoate3.37
was alded dropwise and the mixture stirred for a further 24 hours. Following acidification (dilute
HCI) and workup the residue was subjected to purification by flash column chromatography. 4
Methoxybenzoylacetonitrile3.26D was isolated in very good yield (88). In contrast to the
literature method L1ACIE8972he molar equivalents of the est&.37and base were reduced to

1.1 and 2.5 equiv. from 4 and 3 equiv. respectively with no diminution in yield.
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Scheme3.32

Enamino acid8.27Datc were synthesised from-fhethoxybenzoylacetonitrile8.26Dand amino

acids3.6atc using the triethyl orthoformate procedurgsicheme3.33] 92JHC1817]. The reactions

worked well giving yields of 69 % |Table 3.10] entries 1t3). The ratio ofH Zisomers was

comparable to the enamino aci@27Cac from benzoylacetonitrilg {able3.10| entries 1t3).

Scheme3.33

Table3.10Yields of §1-carboxyalkylamine®-(4-methoxybenzoyl)acrylonitrile3.27Datc.

Entry R Compound 3.27D Yield (%) RatioE/Zisomers
1 H 3.27a 60 0.7:1
2 Me 3.27b Of 06:1
3 Ph 3.27Dc 00 04:1

It was also of interest to obtain and arylacetonitrile containing a more powerful electron donating

substituent. To this end the synthesis #{dimethylamino)benzoylacetonitril@.26E from N,N

dimethylaniline 3.39 was undertaken following the literature procedure (§cheme 3.34

12MOL897]. Thus, PhNM8.39 was added to a solution alcetic 2cyanoacetic anhydrid8.40,
from acetic anhydride and cyanoaceticidicin anhydrous 1lA4lioxane in the presence of a

catalytic amount of indium trichloride. The reaction mixture was stirred at reflux under nitrogen
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for 1 hour and poured onto water. The resulting solid was collected by filtration, washed with
water and recystallised from ethanol. Unfortunately, thid NMR spectrum of this material was
complicated and in contrast to the claims in the literature, no signals corresponding to the product

were visible.

Scheme3.34

An alternative means to acce8s26Ewas therefore implemented. As isoxazoles are known to
Hv EP} E]VvP }%etoniriiessn the presence of base (for a review see [BOAHC(25)147]),
§Z]e E}us A - } %0 S -axhinoaLstopher@ne WBas methylated following the literature
procedu@E €i16dTi6d+X /} }u 8Z v A -aminoacetdghedone3.41 and potassium
carbonate in DMF. The mixture was stirred for 1 day at 60 °C, allowed to cool to room
temperature and quenched with ie@ater. After drying and purification the clean product sva
} § ]v Jv o}A C]l o ~16 9¢X D fdn@thylansihd)acetoph@nones.42 was
accomplished by prolonged heating with DMFDBI&2 in the presence of a catalytic amount of
boron trifluoride diethyl etherate at reflux, following a general literauyprocedure reported by
Martins et al. [08JHC879], in toluene for 30 days (2 further portions of DMFBN2were added
after 4 and 20 days). The solvent was removed under reduced pressure and the product washed
with brine and hexane. The product was ideth from unreacted 3.42 by flash column
chromatography to afford3.43in 41 % yield. ThougB.43 was not reported by Martins, it has
been synthesised in a similar manner but in a much lower yield (18 %) [14W02014089364A]. To
synthesise the isoxazok44 regioselectively, a literature protocol applicable to a range of other
5-aryl derivatives was adopted [08JHC879]. Thus, the enamin®d48 in ethanol and
hydroxylamine hydrochloride was stirred overnight at reflux under nitrogen and allowed to cool to
room temperature. The solvent was removed and the residue subjected to aqueousupoid
afford the novel isoxazol8.44in very good vyield (81 %). The product was readily characterised
from its 'H NMR spectrum which exhibited the isoxazole ring protons as tiye o S § w 0 X7l
v w O0XTi-H had 38, respectively. The NMgroup resonated at 3.03 ppm, whilst the four

most intense lines from the aryl group B8;*C*S U %o % & S w 0OXO1T metaw 0X00
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and ortho-protons, respectivelyRingopenng of the isoxazole followed literature method for a
similar system [08JOC1121] and simply involved treatment with ethanolic sodium ethoxide at
room temperature overnight to afford-(dimethylamino)benzoylacetonitril8.26Ein 36 % vyield.
Though successfulv % E}A] JvP 8Z % E} u § §Z-anjidodEetophe@oh@41(@s}u o ;

very low (3 % over 4 steps).

Scheme3.35

Because of the success of the Claisge condensatio of ethyl 4methoxybenzoate with

acetonitrile in the presence of potassiutart-pentyloxide |Scheme3.32), this method was used

for the synthesis of 3.26E from ethyl 4(dimethylamino)benzoate 3.45

4-(Dimethylamino)benzoylacetotrile 3.26Ewas isolated in excellent yield (94 9%&cheme3.36

11ACIE8979] from this simple epet procedure.

Scheme3.36

Enamino acid8.27Eatc were prepared from3.26Efollowing the standard orthoformate method

in low to fair yields (2155 %)|$cheme3.37|| Table3.11} entries 1t3].
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Scheme3.37

Table3.11Yields of 1-carboxyalkylamine®-(4-dimethylaminobenzoyl)acrylonitrile3.27E

Entry R Compound 3.27E Yield (%) RatioE/Zisomers
1 H 3.27@ 70 06:1
2 Me 3.27H 70 06:1
3 Ph 3.27Ec fif 03:1

With enamino acids derived from both electron neutral and electrich aroylacetonitriles
attention was focussed on derivatives containing an electron withdrgwgroup Thus, the

synthesis 0f3.26F was attempted usig ethyl 4nitrobenzoate 3.46 and MeCN with sodium

methoxide |Bcheme3.31f 12MOL9683]. The reaction was monitored by TLC and refluxed for a

period of 48 hours. Upon the completion of the reaction the product was purified by ¢alsimn
chromatography to afford a mixture ofditrobenzoic acid.47 v $§Z * | @&etonitrile 3.26E
in a 0.5:1 ratio byH NMR spectroscogpEheme3.38|.

Scheme3.38

When NaOMe was replaced with potassiurtert-pentyloxide for the synthesis of

4-nitrobenzoylacetonitrile3.26E[Scheme3.39] 11ACIE8979] the yield of product was very low (10

%) and the product was diffit to purify (still impure by'H NMR after flash column

chromatography and recrystallisation).
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Scheme3.39

A similar literature method, using potassiuert-butoxide has ben described in the literature as
AUVveld ese(pno_ (}E SZ -nigobéizoylpecelonitdle3.26E[99IMC3629]. Therefore an
alternative literature method for the synthesis 8f26Evia acylation of the dianion of NC@EQH

was investigated. n-Butyllithium solution was added to cyanoacetic acid in anhydrous
tetrahydrofuran at-78 °C. The reaction was allowed to warm to 0 °C and stirred for 30 minutes
before recooling to78 °C. A solution of-ditrobenzoyl chloride3.48in THF was slowly added and
the mixture stirred for 1 hour and then allowed to warm to room temperature. The reaction was
gradually acidified and the product was isolated with DCM and the residue purified by flash
column chromatography. Unfortunately, tHél NMR spectrum of the solid wasmplex and none

of the product could be identifiegScheme3.40| 99IMC3629].

Scheme3.40

/18 Z o v E %}ES §Z § E}Co -kefownisl€R tan be obtajted bfEacylation
of the enolate fromtert-butyl cyanoacetate3.49 [Scheme3.41U 60672116+ X }VA Ee]}v 3§}

ketonitrile is accomplished by the giolytic elimination of isobutene and GOThus, the reaction
% E}A] -lkeester 3.50 that was stirred with TsOH in toluene overnight. Flash column
chromatography provided the product but in exceedingly low yield (4 %).
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Scheme3.41

However, when the procedure described for the synthesis of

4-(dimethylamino)benzoylacetonitrile3.26E via the isoxazole|$cheme 3.35] was applied to

4 :nitroacetopherone 3.51, 4-nitrobenzoylacetonitrile could beffciently synthesised in 41 %

yield over 3 steps|cheme3.42] 08JOC1121, 08JHC879]. The yields for the syntheses of

enaminone3.52and isoxazol&.53were 92 % and 75 %, respectiyelvhich are comparable with

those in the literature [08JHC879].

Scheme3.42

Enamino acid8.27Fatc from 4-nitrobenzoylacetonitrile3.26Ewere prepared in 2449 % vyields

using the orthoformate methylenation reactionS€heme3.43| [Table 3.12| entries 1t3). The

enamino acid from glycine had &\Zratio of 0.8:1({Table3.12| entry 1), in contrast enamo acids

3.27Fband 3.27Fconly exhibited theZ-stereochemistry byH NMR|Table3.12] entries 2 and 3).

The reason for the differing stereochemical preferences of these as well as many of the other

enamino acids are unclear.
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Scheme3.43

Table3.12 Yields of §1-carboxyalkylamine®-(4-nitrobenzoyl)acrylonitrile8.27F

Entry R Compound 3.27F Yield (%) RatioE/Zisomers
1 H 3.27R (e} 08:1
2 Me 3.27H ] 0:1
3 Ph 3.27Fc 00 0:1

The electron withdrawing effect of the nitro group and electron donating effect of the methoxy

group in these aroyl enamino acids are evident in tHENMR spectrelﬂgureS.? |Figure3.7a) tc)

show the spectra 08.27Fa 3.27Caand 3.27Da respectively, theneta-protons are indicated with

stars and show the large difference in chemical slﬁﬁtgure&?a) shows a shift of 8.3@.35 ppm

which is 0.9 ppm further downfield than that in the benzoylacetonitrile derivaBxa¥Ca~w 06tX 8 i

7.58) due to the deshielding effects of the nitro moi¢Biqure3.7p)]. The equivalent protons in

3.27Dahave an upfield shift of 0.4 ppm due to the shielding effects of the methoxy group with

respect t03.27Ca|Figure3.7¢)]. The same pattern is exhibited by the NH protons, but not to the

same extent, the NH protons B.27Faand 3.27Daare shifted 0.3 ppm downfield and 0.1 ppm

upfield respectively in th&isomers and 0.03 ppm downfield and B.ppm upfield respectively in

the Z-isomers|Eigure3.7).
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a) 3.27Fa
R=NO,

b) 3.27Ca
R=H

c) 3.27Da
R = OMe

Figure3.7 'H NMR spectra (400 MHz, C§Gf 2aroyt3-(carboxymethylamino)acrylonitriles 8)27FaR = N@), b)3.27CaR = H)
and c)3.27Da(OMe).

It was of interest to obtain a heteroaroylacetonitrile derivative anrdyanoacetyil-methylpyrrole
326G A+ v SSE S]A ep eSE 3  -exqessivg (nafufe of the pyrrole ring.
Furthermore, the direact cyanoacetylation of pyrroles can be readily accomplished inssitg
generatedacetic 2cyanoacetic anhydrid8.40 as described by Bergmaet al. [04S2760]. Thus,
cyanoacetic acid antl-methylpyrrole 3.54 were heated in acetic anhydride for 45 minutes, the
mixture was allowed to cool to room temperature before pouring onto ice. The resulting
precipitate was washed with hexane to afford the produetexcellent yield (94 %). All the
spectroscopic and physical data were in perfect agreement with the literature with the exception
of the IR spectrum in which the nitrile absorption was absent in the sample prepared in the

present work [04S276(Bchemes.44).

Scheme3.44

d Z -Ketonitrile derivative3.26GA « pe Jv §Z & SminoAdidd.6atcand triethyl

orthoformate in isopropanol. Té products were isolated in fair yields (85 %)Table 3.13
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entries 1t3). The nitrile band was visible in the IR spectra for all of the enamino acids at 2190
2217 cmt. Interestingly, all enamino acid®27Gatc showed fragmentdbn in the ESMS spectra

with a loss ofn/z 81, correlating to amN-methylpyrrole fragment.

Scheme3.45

Table3.13Yields of g 1-carboxyalkylaminomethylen&)-(1-methyt2-pyrrolyl)acrylonitriles3.27G

Entry R Compound 3.27G Yield (%) RatioE/Zisomers
1 H 3.27T&; o] 0.7:1
2 Me 3.27T 00 06:1
3 Ph 3.27Gc 00 04:1

An attempt was made to synthesise the cinnamoyl denwati3.26H a vinylogue of

benzoylacetonitrileviaa Weinreb amide following the method used3chemes3.29] The Weinreb

amide 3.56 from cinnamoyl chloride3.55 was synthesised in very good yield (83 %)
[13RSC(A)10158cheme3.46|.

Scheme3.46

However, in a similar manner to the cyanomethylation3d36 SchemeS.SOr the synthesis of -3
oxo-5-phenylpent4-enenitrile 3.26Hwas unsuccessful providing material with a compiexNMR

spectrum from which no product could be identified [1508C]1%91,eme3.47. Repetition of the

reaction gave identical results and norther effort was devoted to the preparation of

cinnamoylacetonitrile8.26H
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Scheme3.47

oo }( sz v ujv} ] - E ] Aetor(itfgsuwesrg, sd far, derived by nistlenation
with HC(OEf) V. VL 0 }%Z]0] +u *3]3u3]}v Adndido &cid. IRvasia)ed of valte
E%O0}E SZ §ZCo] v §]}v v v | cketbnitviles | To thie end triethyl
orthoformate was reaplaced with triethyl orthoacetagend triethyl orthobenzoate, respectively, in
the condensation with benzoylacetonitrile. Introduction of new functionality at the alkene in the
v ulv} ] Z ¢ 8Z %}S v8] o (}E& SZ *CVvSZ ] }( %camdrocarids|Spus
used in the condnsation were alanin8.6band phenylglycin@.6¢c Reaction 08.26Cwith triethyl
}JESZ} § §  vamind aqids3.6 provided the enamino acid3.57band 3.57cas the single

Z-isomersin low yields, 29 % and 17 %, respectiy8gheme3.48).

Scheme3.48

Unfortunately, when the reaction 08.26Cwas conducted using triethyl orthobenzoate and
phenylglycine3.6¢ no product3.58ccould be isolatedr detected by*H NMR spectroscopy, this
could potentially be due to a combination of adverse steric factors as well as the diminished

reactivity of the highly resonance stabilised phenyldiethoxycarbenium [PhG{OBRL) towards

§Z v}o]e-ketonitrile Schemes.49r.
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Scheme3.49
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3.4.2 Cyclisations of -Alkanoy}t and 2Aroyl-3-(1-carboxyalkylamino)acryloitriles

t]$Z & vP }( v u]v} ] «+ -k&duitriles @AYing varying steric and electronic

% E}% ES3] + AJo oU 3z ]E Co 3]A C o]* 3]}v u v](}o s pv
investigated. Substituent effects on the distribution of mter products were explored. There are a
number of ways in which the enamino aci@27AatGc could cyclise, the expected pyrrole
products are shown i@ which are a result of cyclisatioonto the nitrile function,

3.28AatGcor onto the ketone carbony8.29AatGce Interestingly, the outcome of the cyclisation

reactions was dictated by theature of the Rt group and varying the electronic and steric

properties of theRgroup had little effect on the outcome of the reaction.

Scheme3.50

When the enamino acid8.27ActGcderived from phenylglycin®.6¢ (R = Ph) were cyclised the

pyrrole products from each cyclisation were the result of cyclisatioto ¢he nitrile, resulting in

imido- and amide pyrroles 3.59ActGc and 3.28Adc respectively [(fcheme3.51) |Table 3.14

entries 1t7). All of the compounds [ifiable3.14lare noveland have not been described previously.
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Table3.14 Yields and distribution of products from the cyclisation of cyanoenamino 8@d#\ctGfrom phenylglycing.6¢

Scheme3.51
Entry
R =
1 33% 22 %
2 18 % 63 %
3 19 % 61 %
4 25 % 51 %
5 41 % 31 %
6 32 % 39 %
7 13 % 8 % 17 % 19 %
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The combined yields from the cyclisation reactions were good with the majority being above 70 %

(lowest yield 55 %rTable3.14{ entry 1). To ensure the imidopyrrole was a result of acetylation of

the amidopyrrole, the reaction d8.27Ccfrom benzoylacetonitrile3.26Cwas carried out with a
reflux period of 2 hours, rather than the usual reaction time ot3® minutes (until the evolubin

of CQ had ceased). The sole product from the prolonged reaction was the imidopB/s€an

good yield (79 %Scheme3.52), comparable to combined yield of the imid8.59Ccand

amidopyrroles 3.28Ccfrom the short reaction time|Table 3.14{ entry 3,|Scheme3.52). The

cyclisation of3.27Fcfrom 4-nitrobenzoylacetonitrile provided an array of products isolated by

flash column ctomatography|Table3.14{ entry 7). Initially, acetoxypyrrol@.60¢ which is a result

of hydrolytic cleavage of the aroyl groupide infrg was isolated in 13 % yield, followed by 3
cyanopyrrole 3.29F¢ finally, the imido 3.59Fcand amidopyrroles3.28Fcwere isolated and

account for the majority of the reaction products.

Scheme3.52

All of the novel products3(59 ActGg 3.28ActGg 3.29Gcand 3.609 were characterised by their
IR,'H and'3C NMR spectra, 2D NMR experiments (COSY, NOESY, HSQC and HMBC) and their mas

spectralFigure3.8[shows the'H NMR spectra of pyrroles formed in the cyclisatioB.@7EdqTable

3.14| entry 5). IfFigure3.8| « SZ <]JvPo S § w TXid ~1,N-acety Xigdals assign€H

to the N-1 acetyl and the diacetamido function respectivelyFigure3.8p), the analogous signals

§w iX6d v IXitU A]J8Z Jvs PE stpjthe apetamidd eyl fiotpns and the

pyrrole N1 acetyl group respectively. Interestingly, the signals for the phenyl group are displayed

as two multiplets in the spectrum &.59Ec|Figure3.8p)] but as a singlet in the spegt of

3.28EdFigure3.8p)]. The pyrrole proton #1 has a small but significant upfield shiftSil28Eawith
respect t03.59Ec(}E AZ] Z 4w A i1Xii % % uX dzZ M]fPotomoyerEpsSidth the] } E
ortho-protons of the4dJu SZCo u]Jv}%Z vCo Pi&EJQ% S w O0XOi
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3.59Ec

b)

3.28Ec

Figure3.8 'H NMR spectra (400 MHz, C§©f 3-(4-dimethylaminobenzoyl)pyrroles 8 59Eandb) 3.28Ec

The ESI mass spectra for pyrroded8ActGecand 3.59ActGeshow fragmentation with small peaks

showing the loss of the acetyl groups. The only exception are the pyrroles from the cyclisations of

3.27Dcand 3.27EcAn example is given|iigure3.9| the mass spectrum & .59Fcshows both the

[M+H]" and the [M+Najions atm/z 434.1347 and 456.1166 respectively. A loss corresponding to
an acetyl group, from [M+H]eliminatedas a keteneH.C=C=0Ofragment(M+H t 42) can be seen

with the peakm/z at 392.1241 and subsequent losses can be seen/a850.1135 and 308.1028

Figure3.9).
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Possible mechanisms for the formation®b9 and 3.28 are oulined in

3.54

[M+H]" X
[M+Na]

- H,C=C=(

3.59Fc

Figure3.9 ESIHRMS spectrum of the-@-nitrobenzoyl)pyrrole3.59Fc

and both have similarities to that outlined

Scheme3.53|and Schems

Bchemes3.13

Scheme3.53

provides a pathway

to account for the isomarisation of the Zenamino acid3.27 to facilitate cyclisation. Thus,

tautomerism of the enaminonitrile3.27 provides the enolisable nitrileA from which the

ketenimine tautomerB (or its anion) may result. The involvement of ketenimine tautomers from

enamnonitriles has been noted [10SAA367, 12CSR5687, 13CRV7287]. Subsequent acetyation of

at nitrogen and of the carboxylic acid affords an anion of the mixed anhy@@ittem which

cyclisation can occur. Addition of the acetate facilitates cleavage oanhgdride side chain and

further N-acylation can now proceed.
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Scheme3.53

Inf[Scheme3.54|the Eisomer of the enaminonitrile is acetylated to giveettixed anhydridé, the
enolate of which cyclises onto the nitrile function. Subsequent steps are as shﬁh@mé&%

Scheme3.54

To further nvestigate the mechanism, the cyclisation reaction3dt7Ccwas carried out in the
presence of DMADS(chemeB.SSP. The reaction provided only pyrrold.59Cc (57 % yield)

indicating that the cyclisation either occurred too quickly the intermediates to be trapped or
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that no miinchnone or ketene was formed in the react|@clieme3.15). This outcome resembles

that for 3.7b(Schemes.13).

Scheme3.55

In complete contrast to the phenylglycine analogug&27ActGg cyclisation of enamino acids
derived from alanine3.27AbtGb generally provided only one pyrrole productadetoxyl-acetyt
5-methylpyrrole3-carbonitrile 3.60b (Table 3.15( entries 1, 3, 4 and 7). This outcome was

completely unanticipated; the carbonyl functionalities had been replaced by an acetoxy group at

G3 [Table3.15| entries 1t7). Wren only a single pyrrole was formed (TLC) the products did not

require flash column chromatography, instead recrystallisation was sufficient for their purification.

The yields from the single product reactions weretZ® %|Table3.15| entries 1, 3, 4 and 7). A

small amount of imidopyrrole was isolated from the cyclisatiorB@&7Eb(Table3.15( entry 5),

whilst the cyclisations d3.27Bband 3.27Gbprovided both imide and amidopyrrolegTable3.15

entries 2 and 6) as the major products.
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Table3.15Yields and distribution of products from the cyclisation of enamino &:RiBAbtGbfrom alanine3.6b.

Scheme3.56
Entry
R =
1 61 %
2 26 %
3 75 %
4 79 %
5 42 %
6 26 %
7 49 %
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Cyclisation of the enamino acids3.27@ and 3.27G from benzoylacetonitrile and 2-

aminoisobutyric aci®.6d and valine3.6erespectively, only afforded the novel acetoxypyrroles in

good yields|$cheme3.57). As only one product had been formed in the reaction, flash column

chromatography was unnecessary and the pyrroles were purified simply by recrystallisation from

ethyl acetate and hexane.

Scheme3.57

The!H NMR spectrum ofi-acetoxyl-acetyts5-methylpyrrole-3-carbonitrile 3.60b is very simple
Figure 3.10’ and was assigned in combination with 2D NMR such as HSQC and HMBC, to
distinguish béwveen the G5 methyl and OCOMe signals. For example, the HMBC spectr

revealed that the & methyl signal has a crepgak with the €i E]VvP E }v ~w 8iXd.U A

acetyl methyl signal only exhibited a cre%s | A]3Z §Z i VvS§ & }vCo ~w i0o6X

UteS H% (] o <J]Pv o S w TXIiT }HeEn@Ethyl%rdup..TiBg adjdcent acetoxy methyl

PE}u% & <}v § o N-aceiyksighal SAisplayed at 2.58 ppm. The pyrrelé @roton

absorbs at 7.50 ppr@. The!3C NMR spectrum exhibited thé¢acetyl carbonyl group at

w i06X7T A EC +Julo E +Z](3 8} 8z S}YEC €& }vCo (v S]}v ~v
& }v & *}v § § w iiiXA AZ]o+3 8Z <]Pv 0 § w igsoX&boh@EE o § -

3). High field signals have been observed previously ifso-carbon signals in pyrrold-

carbonitriles [89T6553, 08EJOC2288, 12L.OC305, 12TL446]. The IR spectrum exhibited a band for

tnat 2233 ct, whilst the ester andN-carbonyl absorptions appeared at 1745 and 1760'cm

respectively.
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Figure3.10 IHNMR spectrum (400 MHz, CE)GIf 4acetoxyl-acetyt5-methylpyrrole3-carbonitrile3.60h

The proposed mechanism for the formationtbe 4-acetoxypyrrole3-carbonitrile 3.60bis shown

in

Scheme3.58

It is likely that the sequence is initiated by formation of a mixed anhydkjdae

& }vCo (upvtadidevamino groups is activated to nucleophilic attack by the enamine as

shown leading to intermediatd®. Nonenolisable 1,3licarbonyl compounds are susceptible to

cleavage under basic conditions [13MI723]; attack by acetamli® in the formation of a

stabilised enolate which leads to the produgia an acylationprototropy-acylation sequence.

Alternatively, O-acetylation ofB may afford a 8t-pyrrole through which an analogous series of

transformations may occur. A precede(f (Eadylation of the enamine to form the pyrrole ring is

provided by the formation of the 2;8ihydropyrrole 3.11 (Scheme3.8) and bythe acylative

cyclisations i

[5cheme3.10
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Scheme3.58

Formation of the 4acetoxyl-acetyt5-alkylpyrrole3-carbonitriles 3.60e and 3.60f from 2-
aminobutyric acid and valine will of course follow an identical pathway. In contrast, theatipelis

reactions of the glycinderived enamino acid8.27AatGa were much less predictable and a

greater diversity of products were formeb¢heme3.59||Table 3.16| entries 1t7). Thus, each

reaction afforced an array of pyrrole products including those already seen from the cyclisations

of 3.27ActGc and 3.27AbtGhb. Surprisingly, the cyclisation of enamino acids from

benzoylacetonitrile and 4nethoxybenzoylacetonitrile also provided another prodlitalfle3.16

entries 3 and 4).
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Table3.16 Yields and distribution of products from the cyclisation of enamino &RisAatGafrom glycine3.6a

Scheme3.59

Entry
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A product previously unobserved from any of these acylative ring closures was isolated from the
cyclisations of3.27Caand 3.27Da with this product, a pyrai2-one derivative, beinghe major
component from the cyclisation (ﬁ.Z?Da@ entry 4). ThéH NMR spectrum siwed the

%o E& o v }( Vv SCo PE}Iu% S w 18B10€w %X 600G tHeGelq dad(} E
para- % E}S}tve v t82&ot ithe ortho-protons,|Figure3.11g)] and the anisyl protons for
361D€w X001 (}E& SZ RAPEC Pw@& S $§ w neai@roioh&Eankz doublet at

w 6X0608 (grtRo-Srdtons|Figure3.11] ««X E} +]JvPo 3 ]¢ Ale] 0 v }8Z <%0

3.61C v § w 08.61D pue to an M proton. A singlet an be seen at around 8.45 ppm in
both 3.61Cand3.61D this is shifted substantially downfield with respect to the pyrrole protons at
the 2 and 5 positions, and due to its multiplicity and absence of another proton, the product
cannot be a pyrrole. Th&C NMR spectra d8.61Cand 3.61Dboth showed the presence of a
njSEJo § w iF{Xy ~w idT XN -ds),DesKectively. Signals for tidacetyl carbonyl in
3.61Cand3.61D (E ]J*% o0 C § WatodXW~i0iXiU & rirdgcarbdryl sigridls

E %% E v 3H1GADAX 6 v~ w idiedD BMSOds). The IR spectra & 61Cand
3.61Dhave bands at 1717 ctand 1712 ct AZ] Z ]+ Jv ] 8]A }( -%hsauratefl o rUt

ester. From théH and'3C NMR and IR spectra it was proposed that these products were-gyran

ones (ScheméB.Sgr.

a)

b)

Figure3.111H NMR spec# (400 MHz, CDg}lof 3-acetamidopyrar2-ones a)3.61Cand b)3.61D

To definitively determine the structures 8f61Cand 3.61D(Table3.16{ entries 3 and 4), pyranone
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3.61Cwas synthesised unambiguously frddacetylglycine3.62 [97JHC24TScheme3.60] which

upon treatment with the Vilsmeier reagent (Me=CHCPQCL?), generatedn situby addition of
PO to a solution 0f3.62in DMF, is cyclised and aminomethylenated in a single operation to give
(2-4-(dimethylaminomethylenep-methyloxazolir5(4H)-one 3.63 The product was obtained in

24 % yield when the reaction was performed as described in thafitee [97JHC247] (40 °C for 1
hour). However, when the heating period was extended to 3 hours and the reaction quenched
with agueous ammonia, the oxazoloBe63 was obtained as pale orange crystals (from EtOH) in
greatly improved yield (50 %). The oxarn@®.63was subjected to methanolysis in the presence
of KCQ as described by Stanovrek al.[97JHC247] to give the enamino es864as an oil which
crystallised upon trituration with 0. Recrystallisation from CH@®O provided the esteB.64
ascolourless crystals. TH&l NMR spectrum showed a mixture of tReand Z-isomers in a 1:0.3
ratio. The isomers were not assigned spectroscopically in the literature. FronHttiel COSY
spectrum, it can be seen that the minor isomer is #asomer due toa crosspeak as a result of

the W-coupling interaction between the Mproton and the alkenyl protor{Fﬁgure&lZ . There is

no such interaction between these protons in the magisomerand therefore no crospeak.

Scheme3.60
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Figure3.121H t'H COS¥2D NMRspectrum 400 MHz, CDg}lof aminoacrylate3.64.

Stanovniket al. described the reaction ofhe 3(dimethylamino)propenoate3.64 with a wide
range of 1,icarbonyl compounds [97JHC247, 04CRV2433] for the synthesis- of 3
acetamidopyrar2-ones. For example, benzoylacetone reacted to prov&lé5 in good vyield

Schemes.61).

Scheme3.61

In a similar manner benzoylacetonitrile reacted wil64 in refluxing AcOH. The reaction was
complete within 2 hours (TLC). The reaction mixture was quenchédweter and the product
isolatedvia extraction with EtOAc. The novel pyrarone 3.61Cwas obtained in 96 % yield. The
physical and spectroscopic data were in perfect agreement with the p34@me isolated from the
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cyclisation reaction. The closest exalm to 3.61Cin the literature has a benzamido function in
place of the 3acetamido group, the characteristic pyranone ring proton in this compound has a

shift of 8.66 ppm (CD£I[68CPB1576] and was prepared by reaction of Ph@C\GHjeneratedh

situ from 5-phenylisoxazole with the oxazoloBe66 (Scheme3.62).

Scheme3.62

The formation 0f3.61Cand 3.61Dcan be rationalised by the mechanisnEnheme3.63 Electron

release from the (+M) methoxy group may explain why the pyranone was the major product from

the cyclisation 083.27Da whilst the cyclisation of benzoy! derivati@e27Caonly provided a small
amount of the pyraone. The pyranone product was not observed from the alanine and
% Z VvCoOPOC ]v E]A vV ujv} ] « ¢ }SZ %@&}S}ve r S} SZ uj

reaction to proceed.

Scheme3.63

It is proposed that cyclisation to the pyranone is initiated by nucleophilic attack of the electron
rich C=0 function of the enaminone moiety on the mixed anhydhitie give a 1,40xazepin2-one

intermediate, which undergoes a XgBpolar cytisationvia Bto provide the producB.61Dvia an
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aziridine (or itsN-acetyl derivative) intermediate. There do not appear to be any literature

precedents for such a pathway. This reaction merits further investigation.

The formation of3.29AatGa a deriative of which was also isolated from the cyclisation of

3.27ActGc (Table 3.14| entry 7), is proposed by the mechanisn{Snheme3.64] Tautomerism

provides the enolaté\ which is acetylated and the resirg anion undergoes an electrocyclisation

to provide the Bmembered ringB. The anhydride side chain is solvolysed and cleaves;® #&ud

CQ. The acetoxy group is eliminated to afford pyrr8l29AatGa(Scheme3.64). An alternaive

pathway analogous to that [§cheme3.54|is also possible.

Scheme3.64

Bythis mechanism, cyclisation of the enamino acid fridrmethylpyrrole3.27Ga provided a novel

2,3:bipyrrole as the minor product (19 % yieheme3.65|| Table3.16| entry 6).

Scheme3.65

The!H NMR spectrum display8A} }u o0 8¢ (}JE 3Z %CEE}o % E}3}ve VvSE
(}&H1 ;v fHrespectively, the coupling constant is 2.0 Hz, consistent with tygigafalues of
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1.9 Hz in pyrroles [89MI11429]. The protons of tkkenethylpyrrole moiety resonate &.20, 6.50
and 6.73 ppm for the 4, 3H and 5H protons, respectively. The-B proton appears as an
apparent triplet, whereas, the -8Bl and 4H protons both appeared as double doublets. The
coupling constants for this pyrrole unit are also consistent withliterature data, with ak s value

of 2.8 Hz (lit. 2.7 Hz} 4= 3.7 Hz (lit. 3.3 Hz) andlgsvalue of 1.7 Hz (lit. 1.4 H#igure3.13 all

literature values from [89MI11429]).

Figure3.131, EDZ ¢ %o 3 E phipyrfoid3:29Ga400 MHz, CD§)!

Formation of3.29Gaalbeit in modest yield is an interesting result and provides a new route to
TUG;]% CEE}O X /v §Z]e E *pod % E}A] SZ Ju% Spue S} us]o]:
route to marinopyrrolelike structures Scheme3.66r. There aresurprisingly few general routes to

T U-bjpyrroles and compounds sparsely substituted are the most difficult to access. The

regiospecific, oxidative homocoupling of 1viC 0 % C & E }dibengy T Ukbjpyrrole with
Phl(OOCG}z and Bk-OEt in DCM prowdes an example [07S52913]. The marinopyrroles represent
P E } 1 %o -Bigyrralds, isolated from marine sediment which exhibit activity against MRSA. The
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compounds, which exist as homochiral atropisomers have attracted much interest from the

synthetic commanity and a review of marinopyrrole chemistry is available [13T5067].

Scheme3.66

A key intermediate to construct the-&hloro- i U-bjpyrrole core is theN-acylpyrroleA. Haovever,

in order to assess the feasibility of obtainingt3oropyrrolesvia $Z + A[C 0}A % % E} ZU
enamino acid was selected. Thus, a number of attempts were made to synthesise enamino acid
3.68from 2-chloroacetophenone.67. Initially, 2chloroacetophenone and glycine were subjected

to treatment with triethyl orthoformate in isopropanol@. Unfortunately, despite a

number of attempts3.68 could not be obtained and only a small amount of an oily product was

obtained from the reaction. Th#H NMR spectrum was complicated and no product was detected.

Scheme3.67

Because the ongot procedure was unsuccessful, a st@se approactwas employed, in which
synthesis of ethoxymethylene intermediat®.69 was attempted Scheme3.68r. Following a

literature procedure, Zhloroacetophenone was stirred with triethyl orthoformate in acetic

anhydride for 50 hours ateflux. Following aqueous woitkp the resulting oil was purified by flash
column chromatography and two fractions were separated [10SL1963]. The initial fraction was
identified as 2-chloro-3,3-diethoxy-1-phenylpropanl-one 3.70 (15 % yield) from itsH NMR
spectrum, the final fraction was starting material (73 % recover@. A detailed
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E% EJu vd o u 3Z} A « v}S % E}A] Jv > VP E[s E %}ES €iin

attempts the preparation 08.69could not be reroduced.

Scheme3.68

An attempt was made to access the enamindh&1l and further react this with glycin8.6a.
Following the literature method outlined in [99S2103] (DM& KU 4+ (}E& S$Z u]viu SZCo
of 1,3dicarbonyls including 1;3]Ju S$ZCo & JSuE] ] v Do GEGuu[s ] U }voC(
was returned @}. 2-Chloroacetophenone8.67 and DMF were stirred in hot acetic

anhydrice for 2 hours before hydrolysis of the acetic anhydride. The product was extracted with

ethyl acetate, washed with water and dried. Removal of the solvent under reduced pressure

provided only unchanged-énloroacetophenoné.67.

Scheme3.69

e v ]S8Z E > vP &E][3.69udbthevenaminone3.71 from 2-chloroacetophenone3.67

could be obtained, no further work towards the synthesis of chloroenaminones was undertaken.

3.4.3 (clisation of @)-[2-Benzoyi3-(1-carboxyalkylamino)crotononitriles
Cyclisation of the enamino ac&l57bderived from PhCOGEN, triethyl orthoacetate and alanine

3.6b provided, as expected the pentasubsitituted acetoxypyri@lé2 as the sole product i69 %
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yield after flash column chromatograpl $c(heme3.70r. TheN-unsubstituted pyrrole is known in

the literature and was obtained by the acetylation of the correspondinby@oxypyrrole,
accessible in low yield from pyruvic altyde and Zaminocrotononitrile [89T6553]. ThiH NMR
spectrum of l-acetyt4-cyana2,5-dimethyt1H-pyrrol-3-yl acetate 3.72 was simple and was
assigned in combination with 2D NMR (HSQC and@MB distinguish between the founethyl
signals. The signaioin the N-acetyl protonswas « v § w 1X 0 thé &ptox§ methyl group

appeared § w TXiiX dZ 3$A} E]JvVP u §ZCo P E} %o -pedk in heSHWMBQ]«Z

spectrum between the 8Hs ~w TXfAfe v $Z v EM IVESFT ~w (iiXOk v
A e Je% 0 C22138The® <% SEpu A£Z] ]88 <] ) and B IwWEOXar the

S u] } PE}IN% Vv O%F) and LBFOEGO) for the acetoxy group. The two ringethyl
carbons resonated at 11.8 and 15.6 for th€l2 and 5CHs groups, respectively.

Scheme3.70

Cyclisation of the related enamino a@db7cfrom phenylglycine.6¢ however, provided a range
of products including two inseparable pyrroles to which stawes 3.73 and 3.74 were assigned
and easily isolabl8.75 (5 %). Separation &.73and 3.74was only possible by removal of tine
acetyl group from pyrrole3.74 and exploiting the difference in polarity betwedideacylpyrrole

3.76 (23 % yield) and the pative compound3.73 (11 % yield). The latter posed an intriguing

guestion; if the structure was correct, why had it not been deacetylated upon treatment with

NaOAc in EtOH?
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Scheme3.71

Although the'H NMR spectrum d3.73was consistent with the structure, théC NMR spectrum
revealed the presence of 17 naquivalent carbons. Structur@ 73 if correct, would exhibit only
16 signals. HRMS confirmed the constitution agH{eN>Os (m/z 345.1234 for [M+H) and the
spectrum exhibited a prominent fragment at/z 105, characteristic of a PhY Kion. Clearly re

evaluation of structure3.73was necessary. Consideration of the possible cyclisation pathways of

the enamino aci®.57creveal a number of possible produg&cheme3.72). Enamine acylation by

a mixed anhydride would afford the pyrr8lone A from which rearrangement to the -3

benzoyloxypyrroleB is possible. Acylation oA to afford the 3H-pyrrole Cis possible, indeed

precedents for this existc{.|Scheme3.8| |Scheme3.13). The nomaromatic systemC could

rearrangevia the 2H-pyrrole D to afford the N-benzoylpyrrole3.77 or the N-methylpyrrole E
Alternatively, migration of the nitrile group i@could affordF. The IR!H and'*C NMR data as well

as 2D NMR experiments readily exclBléAZ] Z 1 v}S8 Z A 8Z /E% o&x~17TD v §
cnrt for a phenyl ester [76JCS(P1)794], there was alsalisenceof any interaction between the

methyl and acetyl groups in the NOESY spectrum. The absence of a carbonyl sign&driNdeR
spectrum at around 190 ppm excludes structu@sD, E and F. Only the benzoylpyrrol&.77

remains; and the spectroscapdata provide compelling evidence in its favour. The presence of an
N-benzoyl, ratherthanalN- SCo PE}u% v §Z %oE&} p S }uvsSe (}E& SZ A~F
stability towards NaOAc in EtOH.
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Scheme3.72

The'H NMR spectrum 08.77 [Figure3.14a)] clearly shows the presence of two distinct phenyl

groups one of which appears as a multiplet, the remaining signals give rise to three distinct peaks

in the ratio 2:1:2 and have similar chemical shifts to Iv1} C 0 %0 C (@D 7.6&, 7.53, 7.42

€1i:, ifief 13+ o(X dA} u 8ZCo *]Pv 0o § w TXii v TX36 }EE *%o}V
methyl groups respectively. THEC spectrum revealed two ¢E }vCo ¢]Pv o § w i006X6
Figure3.12b)] correspondingtothé&- Co v 3 E (pv $]}ve cGl-b¥azogpraeC ~w

= 167.3 ppm [00JHC15]). Characteristic signals forthe 3 }v 8§ w 8iX0 v BZuM%]|S&E]o

113.3) were also apparent.
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Figure3.14 NMR speata of the tbenzoylpyrrole3.77a)*H (400 MHz, CD{Llnd b)3C (10
MHz, CDG).

The NOESY spectr revealed a crospeak corresponding to interaction between

the 2-C methyl group and thertho-protons of the benzoyl group. The IR spectrum exhibits bands
at 2225, 1776 and 1710 chrorresponding to the nitrile, ester carbonyl ahgacyl vibrations. The
nitrile and ester absorptions within this range have been observed for other compounds obtained

in the present work, but also for those reported in the litarsg [89T6553].
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Figure3.15NOESY spectrum of theb&nzoylpyrrole3.77.

Formation of theN-benzoylpyrrole is rationalised by invoking the the formation of tiepyrrole
Cwhich then undergoes two consetive 1,5acyl migrations to provide, presumablya the 2H-
pyrrole D, the product3.77. 1,5Acyl group migrations have been documented fé#3/rroles.

Thus, Chiu and Sammes observed wi8ri8 was heated, with or without solvent, thé\-

ethoxycarbonylpymle 3.79was obtained together with H-pyrrole 3.80 [Scheme3.73] 90T3439].

1,5Acyl group migration is known in heterocycles and-debzoyl migration has been
documented in indoles [11JA4702, 16JA487] and ester migration has deeumented in

pyrazoles [14HCAS808].
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Scheme3.73

dZ % E JvP E 3]}ve Z A +Z}Av §Z § §Z « A[C 0}A E 3]}V % C
3-acyt4-(di)acetamidopyrrées from the cyclisation of  -acyt3-(1-carboxyl-

phenylmethylaminomethylene)acrylonitrilgS¢heme3.50). It is pertinent to note that the only

examples in the literature relate to the preparation and basediated cyclisation of
3- € ~ayanoalkyl)amino]propenones to providea8yt4-amino-2-phenylpyrroles. This approach is
more limited in scopggcheme3.74, 80USP4198502, 80USP4212806] to that described in the

present work.

Scheme3.74
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3.5 Synthesis of Pyrroles from(@minomethylene)tosylacetonitriles

In order to gain an insight into the substituent effects that control the outcome from the acylative

cyclisations of aroyketonitrile derivatives it was of interest to explore the reactivity of

enaminonitriles containing a sulfonyl function.

3.5.1 Synthesis of-81-CarboxyalkylaminoR-tosylacrylonitriles

Thus, commercially availabl@-{oluenesulfony)acetonitrile 3.81 was ©ndensed with triethyl

}ESZ}(}EuU Samino acids3.6atc Scheme3.75r. The products3.82atc were obtained as
single isomers and théH NMR spectra (DMS®@) revealed $Z <]Pv o (}& $Z §}*Co P

2.39 (Me) and around.Z and 7.7 ppm for theneta- and ortho-protons respectively. The alkenyl

proton appeared as a doublet at 7.99 ppm and thid Was displayed as a doublet of triplets in
3.82a ~w 0 X=05i8)14.6 Hz), and as double doublet8.82b ~w & X4 810, 14.94z) and3.82c
~w 8 X=07.8] 14.2 Hz).

Scheme3.75

Table3.17 Yields for the synthesis oft@sylacrylonitriles3.82atc.

Enty R Compound 3.82 Yield (%)
1 H 3.82a il
2 Me 3.8 i6
3 Ph 3.82c 0

Though the yields from these reactions were low18 %),due to poor solubility of sulfon8.81,
there was sufficient material to investigate their cyclisations to pyrrole deviga (SchemeS.?Gl.

3.5.2 Cyclisation of -81-Carboxyalkylamino®-tosylacrylonitriles

Cyclisation of the sulfonyl

enamino nitriles3.§2atc) provided both the imide and

acetamidopyrroles3.83 and 3.84, except inthe case of3.82a which only furnished the

acetamidopyrrole3.84a

Schemes3.76

Table3.18] entries 1t3) as the only identifiable products.
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Scheme3.76

Table3.18Yields from the cyclisations of thet@sylacrylonitriles3.82atc.

Entry R Pyrrole 3.83 Yield (%) Pyrrole 3.84  Yield (%)

1 H 3.8 - 3.84a ifA
2 Me 3.8 70 3.8 Ti
3 Ph 3.83c io 3.84c 19

The starting materials and pyrroles all had IR bands at aroundt1320 cm' and 1150t1140 cm

! characteristic of an S=0 stretch in a sulfonyl group. The mass spe@ra3tfand 3.83cboth

showed fragmentation with losses ofl éhree acetyl groups and of both acetyl groups3iB84btc,
respectively. ThéH NMR spectra 08.83band3.83c E A o *]Pv o § w Xii v 1Xi
Jul] } u 83ZCo PE}u% U E % 3]A oCU N-acefyl methylsignals. Theitdsyl} E &
PE}Uu%es E }v § HF, W30 KétaHy and around 7.70 for thertho-protons. The &4

pyrrole protons@E <}v S § w3.83baiid]8/12 ppm ir8.83c The!H NMR spectra @3.84at

c £Z] ]S <]Pvoe (}E& 5Z S u] } H)@guB%62 (NCQEL) ¥13.849 2.11

() and 7.14 ppm (NCOEk) in3.84b v w iXBH) and 6.74 (NCOEk) in 3.84c. The tosyl
PE}U% *]Pv 0 %% E § w X081 (}E& SZmetnpatdhe m3.84aandd Xii (}
3.84b (the signal overlaps with the phenyl protons 3t84q, the ortho-protons are displayed at

around 7.80 ppm. The pyrrole protons appeardaiblets in3.84a € w 06 X-B)fand 7.92 (H), J=

2.6 Hz] and as singlets 8184b ~w 6 X0 @:84cv~w 0 XiieX o0SZ}uPZ §Z C] o * }(
3.83btc and 3.84atc are only modest, the acylative cyclisation of the-[(B
carboxyalkylamino)methylened-tosylacrylonitriles 3.82atc failed to provide any other

identifiable product. Especially noteworthy was the absence of any compduiBégtc) derived

C sz C o S]}wos(tichadf the enamine functiofScheme3.77), a pathvay observed for

the 3-amino-2-benzoylacrylonitrilegTable3.14{[Table3.16).
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Scheme3.77

Clearly subtle electronic factoese responsible for controlling the outcome of these cyclisations.
tZ]Joes $Z]e u} 1(] « A[C 0}JA & 3]}v ((}JE& + }voGamidp4E § C
tolsylpyrroles3.84atc it represents the only means to access these novel pyrrole derivatives.

Futurework is, however, necessary to optimise the yields.
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3.6 Synthesis of Pyrroles from@minomethylene)dibenzoylmethanes

Because of the surprising outcomes from the cyclisations of theyE3-aminoacrylonitrilegTable

3.14 tTabIeS.lG* as well as the behaviour of theaBnino-2-tosylacrylonitriles, it was of interest to

explore the outcome from a substrate in which the nitrile group in the enamino acids had been

replaced by an acyl group.

3.6.1 Synthesis fo2-(1-Carboxyalkylaminomethylene)dibenzoylmethanes

Dibenzoylmethane was employed as a starting material to investigate whether the cyclisation
would provide an additional aromatic substituent on the pyrrole ring, or an acetoxypyrrole due to
hydrolytic elmination of benzoic acid. DibenzoylmethaBe6 was stirred at reflux in DMFDMA

for 30 hours, aqueous workugfforded the enaminedion&.87 after recrystallisation in 49 % yield

Scheme3.78). The material obtained had identicahysical and spectroscopic properties to that

described in the literature [050PPI223].

Scheme3.78

From the enamindione3.87 v +4amino acids3.6atc in EtOH containing NaOA&¢tO, the

enamino acids.88atc were obtained in fair yields (587 %}Scheme3.79||Table3.19| entries 1t
3).

Scheme3.79
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Table3.19Yields of (aminomethylene)dibenzoylmetharg88atc.

Entry R Compound 3.88 Yield (%)
1 H 3.8& i d
2 Me 3.88 i
3 Ph 3.88c o

Compound3.88a (Table 3.19| entry 1) hasbeen obtained previously, although no physical or
spectroscopic data were reported [95JPH07157466A].

3.6.2 Cyclisation of 21-Carboxyalkylaminomethylene)dibenzoylmethanes
tZv C o] upuv E $Z -+« A[C3@Baic epeh]grdvidedla single pyrroB89 atcin

good vyields (6682 %|Scheme3.80||Table3.20| entries 1t3). None of the acetoxypyrrole was
} « EA (E}u 82 & S]}vU lacyatiéri wPthé £2naminet to forn3.90 was not

favoured.

Scheme3.80

Table3.20Yields from the cyclisation @f(1-carboxyalkylaminomethylene)dibenzoylmethar&8§8atc.

Entry R Pyrrole 3.89 Yield (%)
1 H 3.8% 00
2 Me 3.8D onf
3 Ph 3.89c 01

Although pyrrole3.89ahas been obtainegreviously by Hamamoto [95JPH071574661]the

same method as described in this thesis, no characterisation data was reported. Only a very
oJul]d8 vpu & }( v ulv J}v e (E}u u]v} ] 2Z A Vepi § 8} e
The only examples agprise the limited examples described by Hamamoto and our own group

[02JCS(P1)2799].
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It is pertinent to note that theN-deacetyl derivatives d3.89atc have all been obtainedia TosMIC

anion addition to chalcongScheme3.81). Beause TosMIC itself is commercially available, the

preparation of the parent compoun8.91ais straightforward [72TL5337, 92JOC2245]. The latter is

also accessibleia conjugate additio

n of the anion of dibenzoylmethane to the isocyanoalléene

Scheme3.81JU 61:K 118f+X dZ « A[C 0}A %o %0 E }3.80b ahB.89Z0r, 1QheE Z ]+ }

their N-deacyl derivatives3.91btc €606,67 Z « }ve] & o0 A voFCeo 9§ rr

TosMIC derivatives are less accessible.

Scheme3.81

Based on the results from the cyclisations of the dibenzoylmethane deriv&i88sitc, it was of

interest to investigate the use of deoxybenzd@rm2 as a starting mateal. This would provide,

from the cyclisation of the enamino acid from phenylglycid®&c a 2,3,4triphenylpyrrole.

Following initially the same reaction pathway as for dibenzoylmethane. In this way the enaminone

3.93 was synthesised in 82 % vyig

lBcheme3.82). The physical and spectral data were in good

agreement with the literature [85JOC3573].

Scheme3.82
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When the transamination d3.93was attemped using phenylglycine in ethanol containing sodium

acetate trinydrate, the reaction failed to provide the desired prod@dc®4c Scheme3.83r.
Unfortunately, the reaction resulted in hydrolytic deaminomethylenation and the atjable
product was shown b¥H NMR to be deoxybenzo$92

Scheme3.83

A further attempt was made to acces3.94c using the onepot procedure with triethyl

orthoformate |Scheme3.84). No reaction occurred and only deoxybenz®ii2was isolated from
the reaction mixture.

Scheme3.84
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3.7 Summary

Some of the main feates of the work described in this chapter are highlighted below.

The acylative cyclodehydration of ethy(Zcarboxyalkylaminomethylene)cyanoacetatds/atc
proceeds in a regiospecific manner to give ethycétamidel-acetyt5-(un)substitutedpyrrole3-
carboxylates 3.9atc, in an admixture with the corresponding-cdacetamido derivatives.
Cyclisation of the 21-carboxymethylaminomethylene)cyanoacetic ester also furnished a small
amount of a mixture containing adcetoxy and 4ethoxy-1-acetylpyrrole3-carbonitriles, in which

the ethoxypyrrole predominated. Interestingly, the cyclisation of ethyl-(1-2
carboxyethylaminomethylene)cyanoacetate 3.7b  provided in additon to the
(di)acetamidopyrrole3-carboxylate a small amount of ethyl R23S)-1-acetyt3-cyano-2,4-
diacetoxy5-methyl2,3-dihydropyrrole3-carboxylate 3.11U SZ %, (E} tacglatioh of the
enaminonitrile. Attempts to generate and intercept, with DMAD, a minchnone intermediate akin
to that from the related malonate failed to provide any of the expech¢dlkenylpyrrole3.12 It

was found that the initiallyformed 4acetamidael-acetyt5-methylpyrrole3-carboxylate 3.9b

acted as an efficient Dielslder diene towards DMAD.

The cyclisation reactions of(2-carboxyalkylaminomethylene)malononitril8s21 proceeded in an
analogous manner to those described abawodurnish the 4(di)acetamidopyrrole3-carbonitriles

3.23atc.

Cyclisations of the2-alkanoy} and 2aroyt3-(1-carboxyalkylamino)acrylonitriles3.27AatGg
preparedvia u $ZCo v §]ketdntriles3.26, furnished a variety of products upon treatment
with AeO-E&N. Thus, derivatives of the(3-carboxyl-phenylmethylamino)acrylonitrile8.27Act

Gc gave mixtures of -hcetyt3-acyt4-(di)acetamides-phenylpyrroles in Igh overall yields. In
complete contrast, the latter compounds were the minor products from the acylative cyclisation
of the 3(1-carboxyethylamino)acrylonitrile8.27AbtGh. In this case the major product was the
novel 4acetoxyl-acetyt5-methylpyrrole3-carbonitrile 3.60b, obtained in up to 79 % yield. In a
similar manner, the related-Bthyl- and Sisopropylpyrrole3-carbonitriles were accessible in high

yieldsvia 2-aminoisobutyric aci®.6d and valine3.6e, respectively.

The greatest diversity of prodtewas obtained from the acylative cyclisation of thad/3-(1-

carboxymethylamino)acrylonitriles3.27AatGa In two cases the cyclisation afforded small
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amounts of 3acetamide6-aryl5-cyanopyrar2-ones 3.61 (C Ar = Ph,D Ar = 4MeOGH,). The

structure d one of these3.61G was confirmed by unambiguous synthesis.

Pyrrole products obtained fror3.27AatGaincluded tacetyt4-alkyl and 1-acetyt4-arykpyrrole-
3-carbonitriles, 4acetoxyl-acetylpyrrole3-carbonitrile and 3lacetyt4-alkanoyt and 4aroyl3-
$ u] }% CE E}o «X -bipyrdle-bcaildiiitrile was obtained from one of these

cyclistations.

Cyclisatio of the 2benzoyt3-(1-carboxylkylamino)crotononitriles, preparedia PhCOCHCN and
MeC(OE#, have been investigated. Thus, thg13carboyethylamino)acrylonitrile3.57b cyclised
efficiently to provide 4acetoxyl-acetyt2,5-dimethylpyrrole3-carbonitrile 3.72 However, the 3
(1-carboxyl-phenylmethylamino)acrylonitrile 3.57c provided in addition to the expected
acetoxypyrrole3-carbonitrile  3.76 and the 4acetamidel-acetyt3-benzoyi2-methyt5-
phenylpyrrole3.75 a novel, unexpected compound, albeit in low yield that was characterised as

the 1-benzoylpyrrole3-carbonitrile3.77.

1-Acetyt2-(un)substituted3-(di)acetamided-tosylpyrroles hag been obtained via acylative

cyclisation of §1-carboxyalkylamine®-tosylacrylonitriles. These reactions proceeded entirely as
expected. In like manner, the cyclisation of(12carboxyalkylmethylene)dibenzoylmethyanes
proceded by cyclisation onto a kete carbonyl function. No products resulting from ketone

hydrolysisvia t-acylation of the enaminedione were observed.

Mechanisns to rationalise formation of the products have been proposed.
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Experimental

4.1 Equipment and Reagents

Unless otherwise stated, reagents were used as supplied. Riesagere purchased from Alfa
Aesar, Fluorochem, and Sigma AldricirAlanine1-3C was obtained from Cambridge Isotop

Laboratories Inc. (Goss Scientific Ltd).

NMR spectra were recorded on a Bruker Avance 400 spectronietetQ0 MHz and®C 100 MHz)
or aBruker Avance 500 spectrometéH(500 MHz and?C 125 MHz). Colipg constants are given

in Hz.

Accurate mass measurements were obtained from the EPSRC National Mass Spectrometry Service
Centre at the Swansea University and the IPOS Mass SpectrometigeSarihe University of
Huddersfield. Single crystal studies were recorded on a Bib&eYenturediffractometer with

Dual IuS Microfocus Sourcesing Moand/or Curadiation. The temperature of data collection

was 100K.

Melting points were determined igapillary tubes, using a Stuart SMP10 melting point apparatus,
and are uncorrected. Distillations were performed using a #atbulb (Kigelrohr) apparatus
(Buchi GK#80 glass tube oven). All the boiling points quoted relate to the oven temperature at
which the distillation commenced. HR spectra were recorded on a Nicolet 380 Spectrum
Spotlight system, equipped with a diamond probe ATR attachment (neat sample). TLC was
performed on Merck TLC Aluminium sheets, silica gel-60ubing a range of eluent stems of
differing polarity. Flasktolumnchromatographic separations were performed on Aldricht 85 ... U
60A silica gel or Fluochem 40t07...U 01 <]odccor@ing tb the literature procedure
[78J0C2923

4.2 Chapter 2 Experimental

42.1 9Ynthesis of Diethyl 2-(1-carboxyalkylaminomethylene)malonates (2-{[3-ethoxy-2-
(ethoxycarbonyl}3-oxoprop-1-en-1-yllamino} acidg

Diethyl (dimethylaminomethylene)malonate2.10 A mixture of diethyl malonate (12.01 g, 75

mmol) andN,Ntdimethylformamide dimethyl acetal (25 mL, 188 mmol, 2.5 equiv.) was stirred
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under nitrogen at reflux. After 6 hours the mixture wasoaled to cool to room temperature,
before the addition of brine (50 mL) and extraction with EtOAc (4 x 20 mL). The organic layer was
washed with brine (50 mL), dried (¢¥&0Q) and the solvent removed under reduced pressure. The
residue was purified by Ugekohr distillation {b.p. 145°C, 1.6 x 18 mbar (lit. b.p. not given
[84TL3743B} to afford a pale yellow oil (12.59 g, 78). $ax2979, 1601, 1198, 1058 chX 00

MHz, CDG) 1.29 (6H, br. s, & CHCHs), 3.00 [6H, s, N{B)2], 4.21 (4H, dJ= 7.9Hz2 x CH,CH),

7.50 [1H, s, GAN(CH)2]. w (100 MHz, CD$114.3, 14.4, 59.8, 60.6, 93.0, 153.4, 167.4, 167.5,
167.8.

General methods for the synthesis of -{£3-ethoxy-2-(ethoxycarbonyl}3-oxoprop-1-en-1-

ylJamino} acids

Method A d Z -amino acid (50 mmlp was added to KOH (85, 3.96 g, 60 mmol, 1.2 equiv.) in
EtOH (70 mL), before the addition of diethyl (ethoxymethylene)malonate (10.81 g, 50 mmol, 1
equiv.). The reaction mixture was stirred for 10 minutes at room temperature and the solvent was
removedunder reduced pressure. The residue was dissolved in water and acidified with dil. HCI (2
M, ag.) before extraction with EtOAc (3 x 50 mL). The organic portion was washed with water (100

mL), dried (N£5Q) and the solvent removed under reduced pressure.

Method Bldentical in all respects to method éxcept that the 10 minute reaction time at room

temperature was replaced with a reflux period of 1 h.

Method CTo a solution of diethyl (dimethylaminomethylene)malona2el0 (5.38 g, 25 mmol) in
EtOH (60 mL)A - § Zamino acid (30 mmol, 1.2 equiv.) and sodium acetate trihydrate
(4.08 g, 30 mmol, 1.2 equiv.) dissolved in the minimum amount of aq. BBO%) The solution

was stirred for 4 h at reflux before the volume was reduced. The product was precipitéte60

mL icewater and the solution acidified with dil. HCI (2 M, ag.). The precipitate was collected by

vacuum filtration and washed with water.

Method D d} §Z-ammino acid (50 mmol) and triethylamine (8.5 mL, 60 mmol, 1.2 equiv.)
dissolved in MeCN (6mL) was added diethyl (ethoxymethylene)malonate (10.81 g, 50 mmol, 1
equiv.). The mixture was stirred at reflux under nitrogen until the reaction was complete by TLC
and allowed to cool to room temperature. The solvent was removed under reduced premsdire

the residue was dissolved in water and acidified with dil. HCI (2 M, aqg.). The resulting precipitate

was collected by vacuum filtration and washed with water.
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2-{[3-Ethoxy-2-(ethoxycarbonyl}3-oxoprop-1-en-1-yllamino}acetic acid, 2.13a From glycine
(Method A: 3.75 g; Method C: 2.25 g) as an off white crystalline solid (Method A: 10.83 g, 88 %;
Method C: 2.68 g, 44 %). m.p. 13437 °C {lit. m.p. 138t 140 °C [02JCS(P1)2799], 14847 °C
[89S544]}. f.ax 3312, 2988, 2937, 1708, 1676, 1619, 1205, 800.cm(400 MHz, CD§I1.31 (3H,

t, J= 7.1 Hz, CiHk), 1.36 (3H, tJ= 7.1 Hz, CidHs), 4.16 (2H, dJ= 6.0 Hz, NG;COOH), 4.2@

4.29 (4H, m, X CH,CH), 5.92 (1H, br. s, C®) 8.00 (1H, dJ= 14.0 Hz, CANH), 9.32 (1H, m,

NH). w (100 MHz, CD§}I14.2, 14.3, 49.6, 60.3 (2 x C), 91.4, 160.4, 167.0, 169.0, 171.6.

2-{[3-Ethoxy-2-(ethoxycarbonyl}3-oxoprop-1-en-1-ylJamino}propanoic acid, 2.13b From DL-

alanine [Method A: 4.44 g; Method B: 4.44 g; Med B (3 x Scale): 13.38 g] as a yellow crystalline
solid recrystallised from EtOAc and hexane (Method A: 5.07 g, 39 %; Method B: 7.49 g, 58 %;
Method B (3x scale): 29.27 g, 75 %). m.p. 97100 °C. tax 3269, 2978, 2939, 2899, 1720, 1674,
1630, 1593, 122, 796 crt. w (400 MHz, CD§11.31 (3H, tJ= 7.1 Hz, CidHs), 1.36 (3H, t)=7.1

Hz, CHOHs), 1.62 (3H, d)= 7.2 Hz, CH), 4.15t4.30 (5H, m, % GH.CH, NHEICOOH), 7.15 (1H,

br. s, CO€), 8.03 (1H, dJ= 14.0 Hz, G&\H), 9.45 (1H, ddl= 7.9 14.0 Hz, N). w (100 MHz,

CDQ) 14.3, 14.4, 19.1, 56.4, 60.2 ¥C), 91.2, 158.5, 166.9, 168.9, 174.8. HRMS (NSI) found
[M+H]" = 260.1129 GH:18 NGs requires [M+H]= 260.1129.

2-{[3-Ethoxy-2-(ethoxycarbonyl}3-oxoprop-1-en-1-yllJamino}butanoic acid, 2.13¢ From DL-2-
aminobutyric acid (Method A: 5.15 g) as a yellow crystalline solid recrystallised from EtOAc and
hexane (6.28 g, 46 %). m.p. 936 °C. t.ax3259, 2975, 2936, 1722, 1674, 1630, 1593, 1226, 793
cntl. w (400 MHz, CD§)I1.05 (3H, tJ= 7.4Hz, CHCiHs), 1.31 (3H, tJ= 7.1 Hz, CidHk), 1.37

(3H, t,J= 7.1 Hz, Ci@Hs), 1.89t 2.08 (2H, m, CHGCH), 4.00 t 4.05 (1H, m, NHECOOH), 4.22

(2H, q,J= 7.1 Hz, B:CH), 4.28 (2H, )= 7.1 Hz, B:CH), 7.99 (1H, dJ= 14.0 Hz, G&\H), 9.44
(1H,dd, J= 8.6, 13.9 Hz, M+ Xc (@00 MHz, CD§I19.6, 14.3, 14.4, 26.6, 60.2 (2 x C), 62.5, 91.2,
158.9, 166.8, 168.9, 174.5. HRMS (NSI) found [M=H2]74.1286 GHxo NOGs requires [M+H] =
274.1285.

2-{[3-Ethoxy-2-(ethoxycarbonyl}3-oxoprop-1-en-1-ylJamino}-3-methylbutanoic acid,2.13d From
DL-valine (Method A: 5.87 g) as a yellow crystalline solid recrystallised from EtOAc and hexane
(3.95 g, 28 %). m.p. 110112°C. tax2962, 2911, 1738, 1644, 1598, 1259, 1225, 1209, 1090 cm

W (400 MHz, CDg)I1.01 [3H, dJ= 6.8 Hz, CHEG)2], 1.05 [3H, dJ= 6.8 Hz, CHEB)2], 1.31 (3H, t,
J=7.1 Hz, Gf@Hk), 1.36 (3H, tJ= 7.1 Hz, CidHs), 2.2812.36 [1H, m , B(CH)z], 3.88 (1H, dd)=

4.9, 9.4 Hz, NHECOOH), 4.21 (2H, & 7.1 Hz, B.CHy), 4.28 (2H, )= 7.1 Hz, B,CH), 7.95(1H,
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d, J=13.9 Hz, G4\NH), 9.48 (1H, ddl= 9.6, 13.7 Hz, M Xc (00 MHz, CD¢}I14.3, 14.4, 17.2,
19.1, 31.8, 60.2 (2 x C), 67.5, 91.1, 159.3, 166.7, 168.9, 174.4. HRMS (NSI) fourid=[M+H]
288.1442 @H2NGs requires [M+H} = 288.1442.

2-{[3-Ethoxy-2-(ethoxycarbonyl}3-oxoprop-1-en-1-ylJamino}-4-methylpentanoic  acid, 2.13e

From L-leucine (Method A: 6.56 g) as a yellow oil (11.13 g, 741%)2958, 2872, 1739, 1656,

1605, 1220, 1071, 800 chX 100 MHz, CD10.83 t 0.90 [1H, m, B(CH)2], 0.96 [6H, dd,)=

6.2, 8.1 Hz, CHKB)2], 1.29 (3H, tJ= 7.1 HzCHOHs), 1.34 (3H, t)= 7.1 Hz, CidHk), 1.7511.80

[2H, m, €:CH(CH)2], 4.03 t4.09 (1H, m, NHECOOH), 4.18 4.27 (4H, m, X CH:CH), 7.98 (1H,

d, J= 14.0 Hz, G@\H), 8.59 (1H, br. s, CED9.33 (1H, ddJ= 8.8, 14.0 Hz, Ml Xc (MO0 MHz,

CDQ) 14.3, 14.4, 21.4, 22.8, 24.5, 41.7, 60.1, 60.2 (2 x C), 91.1, 159.0, 166.8, 169.0, 174.9. HRMS
(NSI) found [M+H}F 302.1596 GH4NGs requires [M+H] = 302.1598.

2-{[3-Ethoxy-2-(ethoxycarbonyl}3-oxoprop-1-en-1-ylJamino}-2-phenylacetic acid2.13f FromDlL-
2-phenylglycine as a yellow oil [Method A: 2.72 g, 17 %; Method Ax(§cale, DCM extraction):

6.33 g, 79 %; Method B (0.3%cale): 5.51 g, 93 %hax2981, 1736, 1656, 1599, 1219, 1171, 1065
cntl. W (400 MHz, CD§11.23t1.26 (3H, m, CidHk), 1.30t1.33 (3H, m , GidHk), 4.15 (2H, g)=

7.1 Hz, €:,CH), 4.23 (2H, )= 7.1 Hz, B.CH), 5.17 (1H, dJ= 6.8 Hz, NHEOOH), 7.41 (5H, s,
Ar-H), 7.61 (1H, br. s, CO, 7.96 (1H, dJ= 14.1 Hz, GANH), 9.94 (1H, ddl= 6.8, 14.1 Hz, ).

w (100 MHz, CD¢}114.2, 14.3, 60.2, 60.3, 64.2, 91.9, 127.3 (2 x C), 129.2, 129.3 (2 x C), 135.6,
158.2, 166.7, 168.7, 172.4.

2-{[3-Ethoxy-2-(ethoxycarbonyl}3-oxoprop-1-en-1-ylJamino}-3-phenylpropanoic  acid, 2.13g
FrombDL-phenylalanine (Method B: 8.25 g) as a yellow oil (13.07 g, 78:%)2983, 1742, 1652,
1607, 1221, 1076 ch w (400 MHz, CDgI1.24 (3H, tJ= 7.1 Hz, GidHs), 1.33 (3H, tJ= 7.1 Hz,
CHGCHs), 3.07 (1H, ddJ= 8.8, 13.9 Hz, CHgbPh), 3.33 (1H, ddl= 4.4, 13.9 Hz, CHEPh),
4.11t4.18 (2H, m, B.CH), 4.22t4.28 (3H, m, B.CH, NHEICOOH), 6.79 (1H, br. s, G9O7.19
(2H, d,J= 7.1 Hzp-Ar-H), 7.26 t 7.34 (3H, m*m-Ar-H, p-Ar-H), 7.65 (1H, dJ= 14.0 Hz, G@NH),
9.41 (1H, dd,J= 8.8, 13.9 Hz, M Xc (400 MHz, CD¢}114.2, 14.3, 39.8, 60.1, 60.2, 62.9, 90.9,
127.5, 128.9 (2 x C), 129.5 (2 x C), 135.1, 158.8, 166.7, 168.7, 173.1. HRMS (NSI}#tjund [M
334.1293 GHoNOs requires [MH] = 334.1296.

* Overlaps with residual CHCI
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2-{[3-Ethoxy-2-(ethoxycarbonyl}3-oxoprop-1-en-1-ylJamino}-3-hydroxypropanoic acid, 23h
FrombDL-serine (Method B: 9.17 g) in water (20 mL) as a yellow solid recrystallised from EtOAc and
hexane (9.17 g, 67 %). m.p. 12327 °C. tax 3238, 2981, 2902, 2552, 1733, 166804, 1235,

1075, 799 crd. W [400 MHz, (CELCO] 1.23 (3H, )= 7.1 Hz, CiHs), 1.28 (3H, tJ= 7.1 Hz,
CHCHs), 4.00 t 4.13 (4H, m, B:CH, CHELOH), 4.18 (2H, §= 7.1 Hz, B:CH), 4.43 t 4.47 (1H,

m, NHEICOOH), 8.14 (1H, d= 14.3 Hz, GAH),9.59 (1H, m, N). w[100 MHz, (CELCO] 13.8,

13.9, 58.8, 58.9, 62.8, 63.1, 90.5, 159.2, 165.4, 168.3, 170.3. HRMS (NSI) fadine pM4.0932
Ci1Hi1eNGy requires [MH] = 274.0932.

2-{[3-Ethoxy-2-(ethoxycarbonyl}3-oxoprop-1-en-1-yllamino}-3-hydroxybutanoic  acid, 2.1B
FromL-threonine (Method B: 5.96 g) as a yellow oil (11.49 g, 7914)3454, 2981, 1729, 1655,
1601, 1222, 1074 cih w (400 MHz, CD§I1.25t 1.35 [9H, m, X CHCHs, CH(€L)OH], 3.95 (1H,

dd, J= 2.8, 9.2 Hz, NHHCOOH), 4.1% 4.26 (4H, m, 2x G©CH), 4.4114.46 [1H, qdJ= 2.8, 6.3

Hz, G(CH)OH], 5.47 [2H, br. s, CBIOCH(CEJOH], 7.99 (1H, dJ= 14.2 Hz, Ga\H), 9.41 (1H, dd,

J= 9.3, 14.1 Hz, Mle Xc (@00 MHz, CD§I14.1, 14.2, 14.3, 19.5, 60.2 (2 x C), 67.9, 91.1, 160.0,
166.9, 168.9, 172.3. HRMS (NSI) found [M++890.1235 GHooNOr requires [M+H]= 290.1234.

2-{[3-Ethoxy-2-(ethoxycarbonyl}3-oxoprop-1-en-1-ylJamino}succinic acid2.13j From L-aspartic
acid (Method B: 6.67 g) in water (40 mL) using 2.4 equiv. KOHd7X2D mmol) as a pale pink
solid (10.06 g, 66 %). m.p. 15758 °C [lit. m.p. 172t 174 °C (89S544)lhax 2984, 2943, 1741,
1727, 1646, 1596, 1087, 1071 ¢mn[400 MHz, (CE,SO] 1.20 (6H, app. q,2CHGCHs), 2.85 (1H,
dd,J= 4.4, 17.4 Hz,lGH,COOH), 2.92 (1H, ddk 5.5, 17.4 Hz, GHhCOOH), 4.034.13 (4H, m, 2

x CH:CH), 4.58 t4.63 (1H, m, NGHCOOH), 8.05 (1H, 3= 14.2 Hz, G@NH), 9.41 (1H, dd= 9.1,
14.2 Hz, M), 12.74 (2H, br. s, 2CO®). w[100 MHz, (CELSO] 14.7, 14.8, 37.2, 57.9, 59.3, 59.4,
89.7, 160.1, 165.6, 168.1, 172.1, 172.5. HRMS (NSI) fowht} BM302.0876 GH17/NQs requires
[M-HJ = 302.0881.

2-{[3-Ethoxy-2-(ethoxycarbonyl}3-oxoprop-1-en-1-yllJamino}pentanedioic acid, 2.13k From L-
glutamic acid (Method B: 7.37 g) in water (30 mL) using 2.4 equiv. KOH (7.92 g, 120 mmol) as a
yellow oil (11.42 g, 72 %)nax2982, 17711655, 1604, 1221, 1074, 800 &mw (400 MHz, CD$I

1.25 t 1.34 (6H, m, 2x CHQHs), 2.11 t 2.22 (1H, m, CHGH.CH), 2.29 t 2.37 (1H, m,
CHCHH,CH), 2.52 (2H, t)= 6.7 Hz, Gi8H,COOH), 4.1% 4.26 (5H, m, X CH,CH;, NHECOOH),

8.03 (1H, dJ= 14.0Hz, CENH), 9.41 (1H, ddi= 8.9, 13.8 Hz, 1), 10.82 (2H, br. s, 2CO®H). w
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(100 MHz, CD¢}I14.0, 14.3, 28.0, 29.4, 60.3, 60.5, 91.5, 159.2, 167.1, 167.2, 168.9, 173.9, 177.2.
HRMS (NSI) found BM} = 316.1030 GH1sNGs requires [MH] = 316.1038.

2-{[3-Ethoxy-2-(ethoxycarbonyl}3-oxoprop-1-en-1-ylJamino}-5-methoxy-5-oxopentanoic  acid,

2.13| FromL-glutamic acid nethyl ester (Method D: 8.08 g), acidification produced an oil which

was therefore extracted with EtOAc (3 x 50 mL), washed with watdrdaied (NaSQ). The

solvent was removed under reduced pressure and the productobéginedas a yellow oil (14.26

g, 86 %).1ax2981, 1733, 1655, 1603, 1219, 1168, 1069 cmm (400 MHz, CD§I1.25t1.35 (6H,

m, 2x CHCH), 2.11t2.20 (1H, m, CHGH,CH), 2.28t2.37 (1H, m, CHGH,CH), 2.47 (2H, t)=

7.2 Hz, €,CQCH), 3.69 (3H, s, GOHb), 4.17 t4.27 (5H, m, X CH.CH, NHEICOOH), 7.98 (1H, d,
J=13.9 Hz, 8.75 (1H, br. s, GCP.37 (1H, ddJ= 8.8, 13.9 Hz, M. w (100 MHz, CD§I14.3,

14.4, 28.2, 29.5, 52.0, 60.2, 60.6, 91.5, 91.6, 158.9, 166.6, 168.8, 172.7, 173.1. HRMS (NSI) found
[M+H]" = 332.1337 GH22NGs requires [M+H} 332.1340.

4-Amino-2-{[3-ethoxy-2-(ethoxycarbonyl}3-oxoprop-1-en-1-yllamino}-4-oxobutanoic acid,
2.13mFromL-asparagine (Method C: 7.93 g; Method D: 6.61 g) as a white solid (Method C: 1.46 g,
10 %; Method D: 8.32 g, 55 %). m.p. 1566 °C. hax 3418, 3254, 3083, 2984, 1719, 1681, 1658,
1643, 1580, 1205 cf W [400 MHz, (CE,SO] 1.16t 1.23 (6H, app. q, 8 CHCHs), 2.65 (1H, dd)

= 4.1, 16.5 Hz,HGHyCONHJ), 2.80 (1H, ddj= 5.8, 16.5 Hz, GHhCONH), 4.02 t 4.13 (4H, m, X
CH,CH), 452 t 4.57 (1H, m, NHE&COOH), 7.05 (1H, br. s, G@M,), 7.50 (1H, br. s, COMHH),

8.00 (1H, dJ= 14.4 Hz, G@\H), 9.46 (1H, ddl= 9.0, 14.4 Hz, 1), 13.08 (1H, br. s, COPD w

[100 MHz, (CE),SO] 14.8, 14.9, 37.8, 58.2, 59.3XE), 89.4, 159.9, 16K, 168.0, 171.7, 172.5.
HRMS (NSI) found BM] = 301.1038 GHi7N,O7 requires [MHT = 301.1041.

5-Amino-2-{[3-ethoxy-2-(ethoxycarbonyl}3-oxoprop-1-en-1-ylJamino}-5-oxopentanoic acid,
2.13nFromL-glutamine (Method A: 7.32 g; Method C: 4.39 g) as aevalid (Method A: 1.63 g,

10 %; Method C: 2.29 g, 29 %). m.p.tBD £ XaxB237, 2983, 1715, 1667, 1602, 1212, 1075, 802
cntt X 1 {400 MHz, (CE,SO] 1.18t 1.24 (6H, m, 2 x GEHs), 1.91t2.12 (4H, m, BCHy), 4.00 t

4.15 (4H, m, 2 xHBCHy), 4.35 (1H, tdJ= 3.8, 8.3 Hz, NHHCOOH), 6.83 (1H, s, CBNy), 7.37

(1H, s,CONHHb), 8.01 (1H, dJ= 14.3 Hz, GANH), 9.25 (1H, ddl= 8.5, 14.3 Hz, 1), 12.69 (1H,

br. s, COB« Xc (W00 MHz, (C§CO) 13.5, 13.8, 30.3, 58.8, 59.0, 60.7, 90.3, 158.4, 161.7, 165.4,
172.2, 173.6. HRMS (NSI) found [M#1B17.1343 GHx1N20; requires [M+Hj = 317.1343.
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2-{[3-Ethoxy-2-(ethoxycarbonyl}3-oxoprop-1-en-1-ylJamino}-4-(methylsulfinyl)butanoic ~ acid,
2.130 FrombDL-methionine sulfoxide [Method B (08scale): 2.50 g] as a yellow oil (2.74 g, 55 %).
Fax 2981, 1651, 1600, 1253, 1216 ¢érithe *H NMR spectrum (400 MHz, CEGhowed the
presence of two diastereoisomers (1:0.9) based on the integralea?l (3H, s, S®&, major
isomel) and W2.77 (3H, s, S®k, minor isome). W (400 MHz, CD¢11.27 t 1.40 (6Hx 2, m, 4x
CHOHg), 2.2912.54 (2H%x 2, m, 2 x E,CHSO), 2.71 (3H, s, S&Cmajor), 2.77 (3H, s, SCk;
minor), 2.80t2.90 (1H x 2, m,  GH,SO), 2.94t 3.04 (1H x 2, m, 2 x ¢HYSO), 4.15t 4.39 (5H

x 2, m, 4 x BCH, 2 x NHECOOH), 7.61 (1H, br. s, Gddajor), 7.74 (1Hbr. s, COB, minor),
7.99 (1H, dJ= 14.0 Hz, GANH, minor), 8.00 (1H, dJ= 13.9 Hz, GANH,major), 9.40t9.48 (1H x

2, m, 2 x I« X (000 MHz, CD§114.3, 14.4, 26.9, 27.0, 37.7 (2 x C), 48.1, 48.7, 59.5, 60.1 (2 x C),
60.2, 61.8, 92.0, 92.1, 158.2, 158.5, 166.2, 166.4, 168.8, 171.5, 174.8. HRMS (NSI) fdpisd [M
334.0963 @H20NG/S requires [MH] = 334.0966.

4.2.2 Synthesisof Pyrroles: Cyclisation oDiethyl 2-(1-carboxyalkylaminomethylene)malonate

(2-{[3-ethoxy-2-(ethoxycarbonyl}3-oxoprop-1-en-1-yllJamino} acidg

General method for the cyclisation of -g3-ethoxy-2-(ethoxycarbonyl}3-oxoprop-1-en-1-

yllJamino} acids

The 2{[3-ethoxy-2-(ethoxycarbonyh3-oxoprop-1-en-1-yllamino} acid (10 mmol) was dissolved in
acetic anhydride (30 mL) prior to the addition of triethylamine (10 mL, 7 equiv.). The mixture was
refluxed until the emission of G@vas complete (limewater bubblerhd allowed to cool to room
temperature. The brown solution was poured into water (400 mL), stirred for 1 h and extracted
with DCM (5 x 50 mL). The organic layer was washed with water (2 x 100 mL), aqz [Ea-HB8D

mL) and water (100 mL). The dried §8@) solvent was removed under reduced pressure and the

products were isolated by flash column chromatography.
The following compounds were synthesised by the above method.

Ethyl 4acetoxyl-acetyl1H-pyrrole-3-carboxylate,2.18a From 2.13a (2.45 g) as whitseedles
after flash column chromatography [25 % EtOAc in hexane] (1.30 g, 54 %). nt.p9 7(lit. b.p.
220 °C at 0.1 mm Hg [02JCS(P1)279B}x 3155, 3134, 2985, 1758, 1723, 1698, 1195'crw
(400 MHz, CD§11.36 (3H, tJ= 7.1 Hz, Giitk), 2.3 (3H, s, CO®), 2.58 (3H, s, NCOI, 4.30

(2H, q,J= 7.1 Hz, B,CH), 7.29 (1H, s,5)), 7.82 (1H, s,B)). w (100 MHz, CD§I14.3, 20.7, 21.7,
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60.4, 110.3, 113.4, 122.7, 138.4, 162.2, 167.0, 168.9. Selective removalMhtetyl group was
achieved by the addition of2.18a (0.60 g) to sodium acetate (0.60 g) in EtOH (30 mL) prior to
refluxing for 25 minutes. The solvent was removed under reduced pressure and the residue
dissolved in water, extracted with 3 (5 x 50 mL) and washed with water. Tinganic layer was
dried and the solvent removed under reduced pressure to yadlayl 4acetoxylH-pyrrole-3-
carboxylate(2.20) as a brown oil which solidified (0.44 g, 89 %)«3270, 3134, 2981, 2906, 1766,
1673, 1207 cri. W[400 MHz, (CE.CO] 1.28 (3H, = 7.1 Hz, CiHs), 2.21 (3H, s, OCE, 4.18

(2H, q,J= 7.1 Hz, B:CH), 6.7316.74 (1H, app. t, ), 7.32 (1H, dd)= 2.4, 3.5 Hz,-B), 10.50

(AH, br. s, N). w (100 MHz, CD¢}I14.4, 20.8, 59.8, 108.2, 109.6, 122.5, 136.4, 163.5, 169.8.
HRMS (NSI) found [M+H] 198.0759 &412NQ, requires [M+H} = 198.0761.

Ethyl 4acetoxyl-acetyt5-methyl-1H-pyrrole-3-carboxylate, 2.18 From 2.13 (2.59 g); flash
column chronatography [25 % EtOAc in hexane] provided initiallyyle 1-acetyt4-ethoxy-5-
methyl1H-pyrrole-3-carboxylate(2.1%) as white needles (0.49 g, 20 %). m.p. 689 °C. thax
3130, 2980, 2870, 1719, 1698, 1605, 1540, 1277, 1195, 1030wrt#00 MHz, CDO¢ 1.35t1.40
(6H, app. q, C&CHCH, OCHOHs), 2.41 (3H, s,KB), 2.58 (3H, s, NC®I}, 4.00 (2H, gqJ= 7.0 Hz,
OGHCH), 4.33 (2H, qJ= 7.1 Hz, COH,CH), 7.56 (1H, s,-B). w (100 MHz, CD§I11.3, 14.4,
15.3, 23.4, 60.3, 70.6, 113.0, 112.8 (X% 143.6, 163.1, 169.2. HRMS (NSI) found [M=H]
240.1230 ©HisNQy requires [M+H} = 240.1230. Further elution afforded th#le compound as
white needles (2.03 g, 80 %). m.p. 9800 °C. tax 3133, 2985, 2926, 1755, 1719, 1702, 1208,
1192 cm'. w (400 MHz, CD¢}I11.35 (3H, tJ= 7.1 Hz, GifHs), 2.35 (3H, s, OCE}, 2.36 (3H, s,
Hs), 2.59 (3H, s, NCEE), 4.28 (2H, gJ= 7.1 Hz, COH.CH), 7.63 (1H, s,-B)). w (100 MHz,
CDG) 11.3, 14.3, 20.5, 23.4, 60.4, 112.3, 122.8, 123.3, 135.3, 16393,1169.4. HRMS (NSI)
found [M+H} = 254.1024 GH:1eNGs requires [M+H} = 254.1023. Selective removal of tNeacetyl
group was achieved by the addition 1% (0.46 g) to sodium acetate (0.60 g) in EtOH (30 mL)
prior to refluxing for 60 minutes. Theolsent was removed under reduced pressure and the
residue dissolved in water, extracted with,@t(5 x 50 mL) and washed with water. The organic
layer was dried and the solvent removed under reduced pressure to glield 4ethoxy-5-methyt
1H-pyrrole-3-carboxylate (2.21) as an orange oil which turned purple on standing (0.30 g, 79 %).
aax 3309, 2978, 1681, 1150, 1108, 1030 cmu (400 MHz, CD§}11.34 (6H, td)= 3.6, 7.0 Hz,
CQCHCHs, OCHOHs), 2.16 (3H, s,18), 4.01 (2H, gJ= 7.0 Hz, O&CH;), 428 (2H, qJ= 7.1 Hz,
COMH,CH), 7.11 (1H, dj= 3.4 Hz, M), 8.16 (1H, br. s,#). w (100 MHz, CD§I9.4, 14.4, 15.4,
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59.5, 70.5, 108.7, 118.0, 120.1, 141.0, 164.3. HRMS (APCI) found pM188.1123 GHieNGs
requires [M+H}= 198.1125.

Ethyl 4acetoxy-1-acetyt5-ethyl-1H-pyrrole-3-carboxylate, 2.18 From 2.1 (2.73 g@); flash
column chromatography [25 % EtOAc in hexane] provided inig#iyl l-acetyl4-ethoxy-5-ethyl
1H-pyrrole-3-carboxylate(2.19c) as a white solid (0.26 g, 10 %). m.p. 881 °C. hax 3142, 2981,
2929, 2871, 1716, 1700, 1265, 1184crm (400 MHz, CD§I11.15 (3H, tJ= 7.3 Hz, CidHs), 1.38
(6H, t,J= 7.1 Hz, COHOHs, OCHOHs), 2.58 (3H, s, NCEIg), 2.89 (2H, gJ= 7.3 Hz, B:CH), 4.00
(2H, g,J= 7.0 Hz, O&CH), 4.33 (M, q,J= 7.1 Hz, COH:CH), 7.54 (1H, s,-B). w (100 MHz,
CDG@G) 14.3 (2 x C), 15.4, 18.0, 23.5, 60.2, 70.9, 112.8, 123.3, 129.0, 143.3, 163.1, 168.8. HRMS
(NSI) found [M+H]= 254.1387 GHoNQ; requires [M+H} = 254.1387. Further elution afforded
the title compound as a white solid (1.30 g, 49 %). m.p. 109 °C.Hax3134, 2976, 2937, 1765,
1738, 1699, 1274, 1180 cmw (400 MHz, CD§I11.15 (3H, tJ= 7.3 Hz, CidHs), 1.34 (3H, t)=
7.1 Hz, CeiHGHk), 2.35 (3H, s, OCEg), 2.60 (3H, s NC®k}, 2.82 (2H, gJ= 7.3 Hz, B:CH),
4.28 (2H, gJ= 7.1 Hz, COH,CH), 7.62 (1H, s,-B). w (100 MHz, CD§I113.6, 14.3, 18.3, 20.5,
23.5,60.4, 122.2, 123.2,129.2, 134.9, 162.3, 168.7, 169.6. HRMS (NSI) fourfd=[RB841179 €
13H18NGs requires M+HJ = 268.1179.

Ethyl 4acetoxyl-acetyt5-isopropyklH-pyrrole-3-carboxylate,2.18d From 2.13d (2.88 g); flash
column chromatography [25 % EtOAc in hexane] provided init&thyl l-acetyt4-ethoxy5-
isopropytlH-pyrrole-3-carboxylate(2.19d) as a yetiw oil (0.11 g, 4 %)w (400 MHz, CD¢}11.32
[6H, d,J= 7.0 Hz, CHKE)], 1.37 (3H, tJ= 7.1 Hz, COHOH:), 1.40 (3H, tJ= 7.0 Hz, OGAH),
2.59 (3H, s, NC®E), 3.74 [1H, sep]= 7.0 Hz, B(CH).], 3.98 (2H, qJ= 7.0 Hz, OGCH), 4.32
(2H, q,J= 7.1 Hz, COHCH), 7.54 (1H, s,-B)). w (100 MHz, CD§I14.3, 15.4, 21.3 (2 x C), 24.1,
25.6, 70.8, 112.8, 123.9, 132.2, 144.0, 163.0, 169.1. Further elution affordeadle¢heompound
as an orange solid (1.02 g, 36 %). m.p.t B2 °C. fax 3149, 2977, 2932, 1763, 37, 1698, 1261,
1197, 1182 cri. W (400 MHz, CD§I1.27 [6H, dJ= 7.0 Hz, CHEG)z], 1.34 (3H, tJ= 7.1 Hz,
CQCH(H), 2.34 (3H, s, OCEE), 2.61 (3H, s, NCEBig}, 3.79 (1H, sepl= 7.0 Hz, B(CH)2), 4.28
(2H, qJ= 7.1 Hz, CAOH,CH), 7.61 (1H, ,s2-H). w (100 MHz, CD§}I14.3, 20.7, 21.0 (2 x C), 24.1,
25.9, 60.3, 112.2, 123.6, 132.6, 135.3, 162.3, 169.1, 169.6. HRMS (NSI) found={M&P]L336
CiaHoNGs requires [M+H] = 282.1336.

Ethyl 4acetoxyl-acetyt5-isobutyl-1H-pyrrole-3-carboxylate, 2.18 From 2.13 (3.10 g); flash

column chromatography [25 % EtOAc in hexane] gave inigtyl l-acetyt4-ethoxy5-isobutyt
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1H-pyrrole-3-carboxylate2.1% as a yellow oil (0.33 g, 12 %hax 2957, 2870, 1714, 1249, 1179,
1131 cmt X (400 MHz, CD§10.89 [6H, dJ= 6.6 Hz, CHFG)2], 1.37 (6H, tJ= 7.1 Hz, CCHCH;,
OCHGHs), 1.85 [1H, sep) = 6.6 Hz, B(CH).], 2.57 (3H, s, NC®K), 2.71 [2H, dJ= 7.0 Hz,
CH,CH(CH)2], 4.00 (2H,gJ= 7.0 Hz, O&CH), 4.30 t 4.35 (2H, m, COH:CH), 7.55 (1Hs, 2H).

w (100 MHz, CDg114.3, 15.5, 22.4 (2 x C), 23.6, 28.1, 33.4, 60.2, 70.5, 112.7, 123.5, 126.5, 144.6,
163.1, 168.9. HRMS (NSI) found [M#+H282.1703 (cH.sNQ; requires [M+H} = 282.1700. Further
elution provided thetitle compound as a white solid (1349, 45 %). m.p. 67 °Gaax 3133, 2957,
2870, 1759, 1708, 1266, 1202, 1182-cnm (400 MHz, CD¢}10.91 [6H, dJ= 6.6 Hz, CHEE)2],
1.35 (3H, tJ= 7.1 Hz, COHOH:), 1.89 [1H, sep]= 6.7 Hz, B(CH).], 2.34 (3H, s, OCHE}, 2.60
(3H, s, NCQ%), 2.65 [2H, dJ= 7.0 Hz, B2CH(CH)2], 4.29 (2H, gJ= 7.1 Hz, C-OH.CH), 7.63 (1H,

s, 2H). w (100 MHz, CD¢}I114.3, 20.6, 22.3 (2 C), 23.6, 28.1, 33.6, 60.4, 112.2, 123.4, 126.9,
136.2, 162.4, 168.8, 169.4. HRMS (NSI) found [M=+]96.1492 GH-NG; requires [M+H] =
296.1492.

Ethyl 4acetoxyl-acetyt5-phenyklH-pyrrole-3-carboxylate, 2.18 From 2.13 (2.18 g); flash
column chromatography [25 % EtOAc in hexane] providedtitheecompound as a white solid
(0.43 g, 20 %). m.p. 120122 °C {litm.p. 122t 124 °C [02JCS(P1)2799%ax 3142, 1768, 1742,
1702, 1591, 1275, 1232, 1193 &mw (400 MHz, CD$§I11.36 (3H, tJ= 7.1 Hz, CCHCOH:), 2.20
(3H, s, OCQOE), 2.30 (3H, s, NCEIE), 4.31 (2H, qJ= 7.1 Hz, CLOH.CH), 7.31t 7.34 (2H, mp-
Ar-H), 7.41- 7.45 (3H, mm-Ar-H, p-Ar-H), 7.94 (1H, s,-Bl). w (100 MHz, CD§114.3, 20.5, 24.6,
60.4, 112.2, 124.0, 125.3, 128.4 (2 x C), 128.8, 129.4, 129.9 (2 x C), 136.3, 162.3, 168.4, 169.6.

Ethyl 4acetoxyl-acetyt5-benzytlH-pyrrole-3-carboxylate, 2.18y From 2.133 (3.34 @); flash
column chromatography [30 % EtOAc in hexane] affordeditleecompoundas a yellow oil which
solidified (1.68 g, 51 %). m.p. &8 °C.ax 2981, 1759, 1737, 1705, 1194, 1171, 1t49". w

[400 MHz, (CELCO] 1.31 (3H, tJ = 7.1 Hz, CLOHCOH), 2.27 (3H, s, OCOE), 2.61 (3H, s,
NCOGk), 4.18 (2H, s,KBPh), 4.25 (2H, g)=7.1 Hz, CEOH,CH), 7.14t7.17 (3H, mm-Ar-H, p-Ar-

H), 7.22t 7.27 (2H, mp-Ar-H), 7.87 (1H, s,-B)). w[100 MHz, (CELCO] 13.7, 19.7, 22.5, 29.8,
59.8, 111.7, 124.5, 124.825.9, 128.0 (2 x C), 128.3 (2 x C), 136.7, 139.1, 161.8, 168.8, 169.1.
HRMS (NSI) found [M+H] 330.1336 H20NOs requires [M+H} = 330.1336.

Attempted preparation of 2[3-Acetoxyl-acetyt4-(ethoxycarbonyl}1H-pyrrol-2-ylJacetic acid,
2.1§ From2.13 (3.02 g); flash column chromatography [30 % EtOAc in hexane]di@y| 2

(acetamidomethylene)malonat2.22 as a yellow solid (1.11 g, 48 %). m.p.t%5 °Clit. m.p. 48.5
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t49.0 °JO3H161, 54.5 °G76RX®661], 52t53.5 °C [64IMC68]hax 3282, 3085, 2982, 1720, 1662,
1593, 1223, 1189, 1077, 799 &mw [400 MHz, (CE,SO] 1.22 (3H, fl= 7.1 Hz, CiaHs), 1.25 (3H,

t, J= 7.1 Hz, Giith), 2.21 (3H, s, NCBI}, 4.15 (2H, qJ= 7.1 Hz, B:CH), 4.23 (2H, g)= 7.1 Hz,
CH.CH), 8.19 (H, d,J = 12.4 Hz, G@\H), 10.58 (1H, dJ = 12.4 Hz, N). w [100 MHz,
(CDR).S0]14.4, 14.6, 23.7, 60.9, 61.1, 102.9, 142.7, 164.7, 165.4, 170.0. HRMS (NSI) found [M+Na]
= 252.0839 His NNaQ requires [M+Naj= 252.0842.

Attempted preparation of 3[3-acetoxy-1-acetyt4-(ethoxycarbonyl}1H-pyrrol-2-yl]propanoic

acid, 2.18& From2.13 (3.17 g); flash column chromatography [50 % EtOAc in hexane] provided
diethyl 2[(2-acetyt5-oxopyrrolidinl-yl)methylene]malonate?.23 as a brown oil (0.53 g, 18 %).
thax 2983, 1702, 1624, 1180, 1062 @nThe!H NMR spectrum (400 MHz, C§@las complicated

by the presence of two rotamers (1:1) and the presence of an impurity with a signs®.a¢ t

2.11 (1H, m) which also affected the integrations of several sigmaig00 MHz, CD¢I1.29 t

1.35 (7H, m, 2 x GEHs), 2.04t2.11 (1H, m, impurity), 2.23 (3H, s, CGE)C2.3512.66 (5H, m,
CH(Hp), 4.1314.39 (5H, m, 2 xHBCH), 4.88t14.91 (1H, m, BCOCH), 8.21 (1H, s, H{E*X%X w
(100 MHz, CD¢}114.0, 14.2, 22.1, 25.@8.1, 61.3, 61.8, 64.7, 107.6, 135.1, 165.0, 165.9, 174.6,
202.9. HRMS (APCI) found [M#£/298.1283 GHoNQs requires [M+H] = 298.1285.

Ethyl 4acetoxy1l-acetyl5-(3-methoxy-3-oxopropyl}1H-pyrrole-3-carboxylate, 2.18 From 2.13
(3.36 g); flash colan chromatography [30 % EtOAc in hexane] provided initeHyl l-acetyt4-
ethoxy-5-(3-methoxy3-oxopropyl)1H-pyrrole-3-carboxylate(2.19) as a yellow solid (0.21 g, 7 %).
m.p. 86 t 89 °C. hax 3141, 2984, 2874, 1716, 1701, 1599, 1262, 1032.cw (400 MHz, CDgI
1.38 (6H, tJ= 7.1 Hz, CCHOHs, OCHO), 2.57t2.61 (5H, m, NCO®, CHCH.CO), 3.17t 3.21
(2H, m, &.CHCO), 3.70 (3H, s, &bk), 4.00 (2H, qJ= 7.0 Hz, O&CH), 4.33(2H, g,J= 7.1 Hz,
CQOLCH), 7.56 (1H, s,-B). w (100 MHz, CD¢}I14.4, 15.4, 20.3, 23.4, 33.7, 51.6, 60.4, 71.0,
113.0, 123.8, 125.0, 144.4, 162.9, 169.0, 173.3. HRMS (NSI) found fM3+8.1439 GH2NOs
requires [M+H} = 312.1442. Further elutioafforded thetitle compoundas a yellow solid (1.20 g,
37 %). m.p. 118 116 °C.Hax3160, 2981, 1751, 1731, 1712, 1190, 1173, 1158. om(400 MHz,
CDG) 1.33 (3H, tJ= 7.1 Hz, CLOHOH), 2.35 (3H, s, OCHE}, 2.57 t 2.61 (5H, m, NCOE,
CHOHCQ, 3.10 t 3.14 (2H, m, B.CHCO), 3.67 (3H, s, &®h), 4.27 (2H, qJ = 7.1 Hz,
CQOHCH), 7.63 (1H, s,-B). w (100 MHz, CD¢114.3, 20.4, 20.6, 23.4, 33.0, 51.7, 60.5, 112.5,
123.7, 125.5, 136.0, 162.1, 168.9, 169.5, 173.1. HRMS (NSI) found fvB24].1233 GHoNO,
requires [M+H] = 326.1234.
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Attempted preparation of ethyl 4-acetoxyl-acetyl5-(2-amino-2-oxoethyl}1H-pyrrole-3-
carboxylateFrom2.13m (6.05 g, 20 mmol); flash column chromatography [30 % EtOAc in hexane]
provided initiallydiethyl 2(acetamidomethylene)malonat@®.22) as a yellow crystalline solid (0.50
g, 11 %).}ax 3282, 3085, 2988, 2944, 1719, 1664, 1593, 1222, 1191, 1078, 79%e(400 MHz,
CD@Q) 1.33 (3H, t)= 7.1 Hz, GiHs), 1.38 (3H, tJ= 7.1 Hz, GiiHs), 2.26 (3H, s, NHCES), 4.26
(2H, q,J= 7.1 Hz, B.CH}), 4.33 (2H, )= 7.1 Hz, B.CH), 853 (1H, d,J= 12.0 Hz, GANH), 10.91
(1H, br. d,J = 9.8 Hz, N). Further elution gaveethyl l-acetyt5-cyanc4-ethoxy1H-pyrrole-3-
carboxylate(2.25 as an orange soli(D.10 g, 3 %)w (400 MHz, CD¢}I11.39 (6H, tJ= 7.1 Hz,
CQCHGOH, OCHH), 2.63(3H, s, NCO), 3.98 (2H, s,IBCN), 4.11 (2H, d= 7.0 Hz, OGCH),
4.34 (2h, qJ= 7.2 Hz, CSOH.CH), 7.65 (1H, s,-BY). w (100 MHz, CD§)114.3, 14.6, 15.3, 22.8,
60.7, 71.2, 113.1, 114.3, 116.6, 124.8, 145.9, 162.2, 168.9. HRMS (APCI) feHifid-[®65.1181
Ci3Hi7N20s requires [M+H} = 265.1183. Finallgthyl 4acetoxyl-acetyts-cyanelH-pyrrole-3-
carboxylate(2.24) was obtained as pale orange crystéds38 g, 16 %). m.p. 157160 °C. thax
3130, 2941, 1769, 1738, 1693, 1182cmy (400 MH, CDG]) 1.36 (3H, tJ= 7.1 Hz, CCHOH),
2.38 (3H, s, OC®g), 2.65 (3H, s, NCOE, 3.95 (2H, s, KBCN), 4.30 (2H, o) = 7.1 Hz,
CQOH,CH), 7.72 (1H, s,-B)). w (100 MHz, CD§}I14.3, 15.0, 20.5, 22.9, 60.8, 112.9, 114.7, 115.5,
124.5, 137.7, 165, 168.8, 168.9. HRMS (NSI) found [MaNH 296.1240 GH1gNsOs requires
[M+NHy]*=296.1241.

Attempted preparation of ethyl 4-acetoxyl-acetyt5-(3-amino-3-oxopropyl)}1H-pyrrole-3-
carboxylateFrom2.13n (1.91 g, 6.04 mmol); flash column chromatograpbhy % MeOH in DCM]
provided ethyl 5(3-acetamide3-oxopropyP4-acetoxyl-acetyt1H-pyrrole-3-carboxylate(2.26) as

an orange solid (0.08 g, 4 %). m.p. 18Y91 °C. tax 3134, 2985, 1766, 1737, 1689, 1261, 1198,
1146, 1024 cri. W (400 MHz, CD§11.35 (3H, tJ= 7.1 Hz, CGHOH), 2.35 (6H, s, OCEE
CONHCQO®), 2.62 (3H, s, NCOg, 2.74 t 2.78 (2H, m, C#HCO), 3.13t 3.16 (2H, m,
CHCHCO), 4.29 (2H, 4~ 7.1 Hz, CelH,CH), 7.65 (1H, s,-Bl), 7.99 (1H, br. s, CGNK « X% (100

MHz, CDGJ 14.3, 20.0, 20.5, 23.4, 25.1, 36.4, 60.5, 112.6, 123.8, 125.1, 136.2, 162.1, 169.2, 169.5,
172.2(2 x C)HRMS (NSI) found [M+H] 353.1346 GHa1N,O; requires [M+H] = 33.1343.

Ethyl 4acetoxy5-{2-[(acetoxymethyl)thio]ethyl}-1-acetyt1H-pyrrole-3-carboxylate, 2.27 From

2.130 (2.41 g, 7.19 mmol); flash column chromatography [25 % EtOAc in hexane] provided initially
diethyl (acetoxymethylene)malonat229 as a yellow oillit. b.p. 105t 107 °C at 0.09 mm Hg
[88JOC5464]0.10 g, 6 %)Hax2984, 1786, 1720, 1655, 1124, 1074'crm (400 MHz, CD§I1.28
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t1.35 (6H, m, 2 x GE&Hk), 2.26 (3H, s, OCEE), 4.26 (2H, qJ= 7.1 Hz, B&.CH), 4.33 (2H, qJ=

7.1 Hz, €&CH), 838 (1H, s, &O). Further elution afforded ethyl 5{2-
[(acetoxymehyl)thio]ethyl}1-acetyt4-ethoxy-1H-pyrrole-3-carboxylate2.28 as a yellow oil (0.20 g,

8 %). W (400 MHz, CDgI1.37 t 1.42 (6H, m, C&&THCHs, OCHOHs), 2.11 (3H, s, GACOE), 2.59
(3H, s, NCO®), 2.8412.88 (2H, m, CidH,S), 3.18t 3.22 (2H, m, B.CHS), 4.04 (2H, d= 7.0 Hz,
COGLCH), 4.33 (2H, g)= 7.1 Hz, COH,CHY), 5.22 (2H, s, $80), 7.57 (1H, s-B)). w (100 MHz,
CDGQG) 14.4, 15.4, 21.2, 23.4, 25.6, 31.2, 60.4, 66.4, 71.0, 113.0, 123.9, 124.5, 144.9, 162.8, 169.1,
170.7. HRMS (APGdund [M+NH]* = 375.1580 GH.7N20sS requires [M+NH" = 375.1584. The
final fraction provided theitle compound as white needles (0.47 g, 18 %). m.p. 834 °C. fhax
3131, 2987, 2941, 1760, 1739, 1703, 1272, 1199, 1147 wnf400 MHz, CD§11.35 8H, t,J=7.1

Hz, C@CHOHs), 2.11 (3H, s, GACOEL), 2.36 (3H, s, OCOgH.62 (3H, s, NCEE), 2.84t2.88
(2H, m , CECH.S), 3.12t 3.15 (2H, m, B:CHS), 4.29 (2H, gl= 7.1 Hz, COH.CH), 5.29 (2H, s,
SE0), 7.64 (1H, s,-H). w (100 MHz, CD$}114.3, 20.6, 21.1, 23.4, 25.9, 30.7, 60.5, 66.4, 112.5,
123.7, 125.1, 136.4, 162.1, 169.0, 169.4, 170.7. HRMS (NSI) found [M=N294.0926
CisN21NNaQS requires [M+N&F 394.0931.

4.2.3 Condensation of Secondary Amino Acids with Diethyl (ethoxycandarethylene)malonate
1-[3-Ethoxy-2-(ethoxycarbonyl}3-oxoprop-1-en-1-yl]pyrrolidine-2-carboxylic acid2.13p FromL-
proline (Method B: 5.96 g) as a yellow oil (7.26 g, 51862981, 1731, 1700, 1647, 1591, 1198,
1148, 1074 cm. TheH NMR spectrum (400 MHz, CE)Ghoweda mixture of rotamers (1:0.6)
based on the integrals atv 6 X6i ~i,HN, sihor isomer v 885 (1H, s, G@N, major
isome). W 1.26 t1.41 (6H x 2, 4 x CklHs), 1.95t2.35 (4Hx 2, m, 2 x BCHp), 3.2813.46 (2H

x 2,br.m, 2 x N®), 4.15t4.40 (5H x 2, m, 2 +LCH, 2 x NEICOOH), 7.71 (1H, s, @ minor),
8.35 (1H, s, G, major), 13.40 (v. br. s, C®{R HRMS (NSI) found [M+H] 286.1284C;3H20NCs
requires [M+H} = 286.1285.

Attempted preparation of [3-ethoxy-2-(ethoxycarbonyl}3-oxoprop-1-en-1-yl]piperidine-2-
carboxylic acid, 2.133 From DL-pipecolinic acid (Method B: 6.47 @) to giwtethyl 2
(hydroxymethylene)malonat2.31(7.89 g, 84%) as an orange oil [lit. colourless oil (88JOC5464)].
Thax 2984, 1732, 1645, 1418, 1191, 1076%cmuM (400 MHz, CD§11.31 (3H, tJ= 7.1 Hz, Gifith),

1.39 (3H, tJ= 7.1 Hz, Gi@Hk), 4.23 (2H, gq)= 7.1 Hz, B:.CH), 4.37 (2H, qJ= 7.1 Hz, B.CH),
8.27 (1H, br. dj= 8.0 Hz, G@DH), 13.32 (1H, br. d= 13.3 Hz, CH. w (100 MHz, CD§I14.0,
14.2, 60.4, 61.8, 100.8, 163.6, 171.1, 174.8.
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Attempted preparation of 2{[3-ethoxy-2-(ethoxycarbonyl}3-oxoprop-1-en-1-
yl](methyl)amino}acetic acid2.13r From sarcosine (Method B: 4.45 g; Method D: 4.45 g) to give
diethyl 2(hydroxymethylene)malonat®.31 (Method B: 8.15 g, 87 %) as an orange oil [lit.
colourless oil (88JOC5464)] and a mixture diethyl malonate 2.8 and diethyl 2
(hydroxymethylene)matwate 2.31 [Method D: 2.98 g, (1:0.15) based on the integrals of tHe
NMR spectrum (400 MHz, CB)Git wB8.38 (2H, s, C®CO,major) and w4.36 (2H, qJ= 7.1 Hz,
CHCH, minor)]. w (400 MHz, CDg}ldiethyl 2(hydroxymethylene)malonate.30 (3H, tJ= 7.1 Hz,
CHCHs), 1.38 (3H, tJ= 7.1 Hz, Ciitk), 4.22 (2H, g)= 7.1 Hz, B.CH), 4.36 (2H, qJ= 7.1 Hz,
(H.CHy), 8.34 (1H, s, GOH), 13.37 (1H, br. sHD w (400 MHz, CD§}ldiethyl malonatel.30 (6H,

t, J= 7.1 Hz, 2 x GEHg), 3.38 (2H, s, CBECO), 4.23 (4H, d= 7.1 Hz, 2 xHGCH).

Attempted synthesis ofethyl 7-acetoxy2,3-dihydro-1H-pyrrolizine-6-carboxylate From 2.13p
(2.86 g); flash column chromatography [25 % EtOAc in hexane] provilethyl
(acetoxymethylene)malonat2.29 as a colourless oil (0.85 g, 37 ®Bhysical and spectroscopic

dataidentical to2.29from the cyclisation 02.13o.

424 u]viu SZCo v S]}v Z S]}ve }( D o-dhipathyll,3-dioxandBi5-dione)
5-(Methoxymethylene}2,2-dimethyl-1,3-dioxane4,6-dione, 234 2,2-Dimethy}1,3-dioxane3,5

dione (28.83 g, 200 mmol) was heated to 50 °C in trimethyl orthoforn{a® mL, 2.19 mol, 11
equiv.) for 3 hours before cooling to room temperature. The reaction mixture was then
concentrated under reduced pressure to yield a wet orange solid which was washed »@tharket
filtered by suction to yield 22.45 g orange solid 36D 9¢X uUX %0 X 07 £ max2993,u2868, X T
1748, 1716, 1593, 1198, 1024 EnX 1400 MHz, (CE.CO] 1.68 [6H, s, Gf€)], 4.35 (3H, s,
OGHs), 8.24 (1H, s, BB % [¥00 MHz, (CECO] 26.4 (2 x C), 65.6, 96.3, 103.7, 157.7, 162.7, 176.1.

General metha for the synthesis of Z[(2,2-dimethyl-4,6-dioxo-1,3-dioxan5-

ylidene)methyllamino} acids

d} SZ-ammino acid (20 mmol) and triethylamine (3.3 mL, 23.7 mmol, 1.2 equiv.) dissolved in
MeCN (25 mL) was addéd methoxymethyleneR,2-dimethyt1,3-dioxane4,6-dione2.34 (3.72 g,

20 mmol, 1 equiv.). The mixture was stirred at reflux under nitrogen until the reaction was
complete by TLC and allowed to cool to room temperature. The solvent was removed under

reduced pressure and the residue was dissolved in waer acidified with dil. HCI (2 M, aq.). The
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product was extracted with EtOAc (3 x 75 mL) and the combined organic portions washed with

water (50 mL), dried (N&Q) and the solvent removed under reduced pressure.

2-{[(2,2-Dimethyl-4,6-dioxo-1,3-dioxan-5-ylidene)methyllamino}acetic acid 2.37a From glycine
(1.50 g) as a red/brown solid (3.68 g, 80 %). m.p.t168 °C (lit. m.p. 190891 °C [882454]).

oax 3278, 3009, 1734, 1703, 1651, 1627, 1197, 821 ¥ {400 MHz, (CE.CO] 1.65 [6H, s,
C(Gh)2], 4.5 (2H, dJ= 4.8 Hz, NH&ECOOH), 8.24 (1H, d= 11.8 Hz, G4, 9.73 (1H, br. s, HY,
11.40 (1H, br. s, C®B X:[¥00 MHz, (CE)CO] 26.0 (2 x C), 49.6, 85.1, 103.6, 160.9, 162.9, 164.6,
169.3. HRMS (NSI) found [M#H]230.0657 &4:NGs requires [M+H] = 230.0659.

2-{[(2,2-Dimethyl-4,6-dioxo-1,3-dioxan-5-ylidene)methyllJamino}propanoic acid, 37b From
alanine (1.78 g) as a red solid recrystallised from EtOAc/hexane (1.44 g, 30 %). nl@6TTHit.
m.p. 171 °C [86254]) X mak 3269, 2997, 1720, 16851607, 1205, 804 cthX w400 MHz,
(CD):CO] 1.63 [6H, s, CE)], 1.67 (3H, dJ= 7.2 Hz, CH®), 4.67 (1H, app. quin, NHCOOH),
8.26 (1H, dJ= 14.8 Hz, G4}, 9.89 (1H, br. s, il X [%00 MHz, (CE§).CO] 18.5, 26.0 (2 x C), 56.4,
85.1, 103.6, 158,9162.8, 164.7, 171.7. HRMS (NSI) found [M+H}44.0813 GH14sNGs requires
[M+H]' = 244.0816.

2-{[(2,2-Dimethyl-4,6-dioxo-1,3-dioxan-5-ylidene)methyllamino}2-phenylacetic acid, 37f From
phenylglycine (1.92 g, 12.7 mmol) as a red solid, recrystaliised EtOAc/hexane (1.61 g, 42 %).

m.p. 178ti66 £ mx% 3279, 3118, 1733, 1719, 1657, 1611, 1452, 1234, 656 XmpM00 MHz,
(CR)CO] 1.61 [3H, s, CGf§)a(CH)], 1.63 [3H, s, C(GHHa)), 5.76 (1H, d,J = 5.4 Hz,
NHGHCOOH), 7.487.53 (5H, m, AH), 8.18 (1H, dJ= 11.5 Hz, G, 10.37 (1H, br. d, Bls X [£00

MHz, (CEB).CO] 26.1 (2 x C), 63.6, 85.8, 103.9, 237.6 (2 x C), 129.2, 129.4 (2 x C), 136.4, 158.5,
162.7, 164.7, 169.9. HRMS (NSI) found [M=+806.0968 GHisNOs requires [M+Hj = 306.0972.

4.2.5 Attempted Petasis Reactioof Diethyl 2(aminomethyene)malonate

Diethyl 2(aminomethylene)malonate, 2.41 Prepared following the literature procedure
[61JA4225]. Diethyl(ethoxymethylene)malonate (37.84 g, 175 mmol) was added to conc.
ammonia (8 M, 8 mL, 9.25 equiv.) at 0 °C and the reaction mixture was stirred until crystals
formed. The ammonia solution was decanted and to the solid was addasaitas (100 mL). The
product was extracted with DCM (3 x 75 mL), washed with water (100 mL), drigsigdNand the
solvent removedn vacuoto afford thetitle compoundas a pale yellow solid (28.28 g, 86 %). m.p.
53t56 °C (lt. m.p. 64 oA XA £ €0i: @kBASI, B233, 2982, 1674, 1643, 1273, 1054, 669
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cnil X1 (400 MHz, CD§I1.29 (3H, t)= 7.1Hz, CkHs), 1.35 (3H, t)= 7.1 Hz, GidHs), 4.19 (2H,
q,J= 7.1 Hz, B:QOrk), 4.26 (2H, qJ= 7.1 Hz, B:Ork), 5.84 (1H, br. s,MHy), 8.12 (1H, ddJ= 8.5,
15.4 Hz, CiAN), 8.70 (1H, br. s, NHb » X (200 MHz, CD§}I14.4 (2 x C), 59.8, 59.9, 92157.8,
166.0, 168.7.

Attempted preparation of 2{[3-ethoxy-2-(ethoxycarbonyl}3-oxoprop-1-en-1-ylJamino}-2-
phenylacetic acid, 2.13f

Benzeneboronic acid (1.22 g, 10 mmol) was addedi¢thy 2-(aminomethylene)malonat®.41

(1.87 g, 10 mmol, 1 equiv.) amdlyoxylic acid monohydrate (0.91 g, 10 mmol, 1 equiv.) in toluene
(30 mL) and the reaction mixture stirred at reflux for 10 days (TLC). The reaction was allowed to
cool and the solvent removed under reduced pressure. To the residue was added water and the
product extracted with EtOAc (3 x 50 mL). The combined organic portions were washed with
water (50 mL), dried (N&Q) and the solvent removed under reduced pressure to afford an oily

brown solid (1.93 g)TheH NMR spectrum was complex and no structcmeld be determined.

4.2.6 Mechanistic Studiesf Pyrrole Ring Formation

[3-Ethoxy-2-(ethoxycarbonyl}3-oxoprop-1-en-1-yl]-Di-alanine-1-3C, 13G2.13b

DL-Alanine1-13C (1.00 g, 11.2 mmol) was added to KOH (85 %, 0.89 g, 13.5 mmol, 1.2 equiv.) in
EtOH (30 rh), before the addition of diethyl (ethoxymethylene)malonate (2.43 g, 11.2 mmol, 1
equiv.). The reaction mixture was stirred for 1 hour at reflux, cooled to room temperature and the
solvent was removed under reduced pressure. The residue was dissolveatan amd acidified

with dil. HCI (2 M, ag.) before extraction with EtOAc (3 x 50 mL). The organic portion was washed
with water (100 mL), dried (N8Q) and the solvent removed under reduced pressure to afford
13G2.13bas a colourless solithat wasrecrystallised from EtOAc/hexane (1.77 g, 61 &h)p. 99t

100 °C. thax 3269, 2978, 2939, 2899, 1871630, 1593, 1227796 cm'. w [400 MHz,(C13).SO]
1.20t1.24 (6H, m 2 x CHCHs), 1.42 (3H, ddJ = 4.4, 7.1Hz, CHEs), 405 (H, q, J= 7.1 Hz,
(H,CH), 4.12(2H, q,J= 7.1 Hz, B:CH), 4.46t4.38 (1H, app. sexNHGICOOH)8.05 (1H, d,J=
14.4Hz, CENH), 933 (1H, dd J= 7.6, 14.4Hz, NH), 13.23(1H, br. s, COf). w[100 MHz(C)SO]

147, 148, 195, 55.9 (dJ= 56.3 Hz), 58, 59.4, 89.7, 1588 (d,J= 2.0 Hz) 1666, 1683, 173.6.
HRMSESI) found [M+H]= 26L.1208 130CioH1g NGs requires [M+H]= 261.1207

Attempted preparation of Dibutyl 2-(ethoxymethylene)malonate, 205 Following aliterature

procedure [85USP4503074]To a solution of diethyl (ethoxyethylene)malonate (21.94 g, 100
205



mmol) in n-butanol (14.99 g, 200 mmol, 2 ely.) was added a catalytic amount qf
toluenesulfonic acid (10 mg) artle mixture heated to reflux with stirring for 15 minutes. The
mixture was then distilled to remove ethan@drmed in the reaction; the product was further
purified by Kigelrohr distillation {b.p. 170 °C, 4Q.0* mbar [lit. b.p. 143145 °C at 1.6 mbar
(85USP4503074)]} to afforlethyl 2(butoxymethylene)malonaté.46) as a colourless oil (21.77
PU 00m&2%61f 2875, 1705, 1630, 1176, 1078k (800 MHz, CD§}10.96 (3H, tJ= 7.4 Hz,
CHCHOHg), 1.30 (3H, tJ= 7.1 Hz, C«HOkK), 1.33 (3H, tJ= 7.1 Hz, CCHCH3), 1.3811.47 (2H,
m, CHOH.CH), 1.69t1.75 (2H, m, B.CHCH), 4.14 (2H, t)= 6.6 Hz, O€CH), 4.23 (2H, gJ=
7.1 Hz, CEHCH), 4.29(2H, q,J= 7.1 Hz, COH,CH), 7.61 (1H, s, GOBU).

Dimethyl (dimethylaminomethylene)malonate2.47 A mixture of dimethyl malonate (9.83 g, 75
mmol) andN,Ntdimethylformamide dimethyl acetg|25 mL, 188 mmol, 2.5 equiv.) was stirred
under nitrogen at reflux. After 6 h the mixture was allowed to cool to room temperature, before
the addition of brine (50 mL) and extraction with EtOAc (4 x 20 mL). The organic layer was washed
with brine (50 mL)dried (NaSQ) and the solvent removed under reduced pressure. The resulting
yellow oil slowly solidified and was recrystallised from EtOAc/hexane as a yellow crystalline solid
(10.56 g, 76 %). m.p. 6667 °C(lit. m.p. = 65t 67 °C[69JA668D tax2955,1713, 1681, 1592,

1203, 1074 cr X 14400 MHz, CD§I3.01 [6H, br. s, N{&®)], 3.72 (3H, s, GOHs), 3.79 (3H, s,
CQQCHs), 7.57 [1H, s, GOI(CH)2]. W (100 MHz, CD§I51.4 (2 x C), 51.7 (2 x C), 92.1, 154.2, 167.8.
HRMS (NSI) found [M+H] 188.092 GH14N104 requires [M+H] = 188.0917.

2-{[3-Methoxy-2-(methoxycarbonyl}3-oxoprop-1-en-1-yllamino}propanoic acid, 2.48 To a
solution of dimethyl (dimethylaminomethylene)malona2e47(4.70 g, 25 mmol) in MeOH (60 mL),
was addedpl-alanine (2.69 g, 30 mnhol.2 equiv.) and sodium acetate trihydrate (4.08 g, 30
mmol, 1.2 equiv.) dissolved in the minimum amount of water. The solution was stirred for 4 h at
reflux before the volume was reduced. The resmgtyellow oil was dissolved ice-water (60 mL
and the solution acidified with dil. HCI (2M, ag.). The product was extracted with EtOAc (3 x 50
mL), washed with water, dried (A&Q) and the solvent removed under reduced pressure to yield

C 00}A }]o ~1X3haxP934,/T16,+D662, 1606, 1223, 114081 cnt. w (400 MHz,
CDGJ) 1.60 (3H, dJ= 7.2 Hz, CH®), 3.74 (3H, s, GCHs), 3.80 (3H, s, GOHs), 4.13t4.20 (1H,
m, NGCOOH), 8.05 (1H, d= 14.1 Hz, G@N), 9.53 (1H, ddj= 7.6, 14.1 Hz, ¥, 9.83 (1H, br. s,
COMH). w (100 MHz, CD¢}1193, 51.4 ( 2 x C), 56.6, 90.5, 158.6, 166.7, 169.2, 175.5. HRMS (NSI)
found [M+H} = 232.0815 §H14NGs requires [M+H] = 232.0816.
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Methyl 4-acetoxy-l-acetyt5-methyl-1H-pyrrole-3-carboxylate,  2.50 2-{[3-Methoxy-2-
(methoxycarbonyBB-oxoprop-1-en-1-ylJaminoipropanoic acid, 2.48 (1.16 g, 5 mmol) was
dissolved in acetic anhydride (30 mL) prior to the addition of triethylamine (10 mL). The mixture
was refluxed until the emission of @@as complete (limewater bubbler) and allowed to cool to
room temperature. Th brown solution was poured into water (400 mL), stirred for 1 h and
extracted with DCM (5 x 50 mL). The organic layer was washed with water (2 x 100 mL), aq.
NaHC® (5 x 50 mL) and water (100 mL). The dried-@€@) solvent was removed under reduced
pressire and the products were isolated by flash column chromatography [20 % EtOAc in hexane].
Initial elution providedmethyl lacetyt4-methoxy5-methyt1H-pyrrole-3-carboxylate(2.49) as a

C 00}A «}o0] ~iXWhi(4POMHZOCRGIR.41 (3H, s,KE), 2.56 (3H, s, NCBE, 3.79 (3H, s,
CQCHs), 3.86 (3H, s, @), 7.55 (1H, s,-Pl* Xc (W00 MHz, CD§I11.1, 23.4, 51.5, 62.4, 112.3,
122.5, 122.8, 145.0, 163.4, 169.2. HRMS (ESHJfIM+HT = 212.0918 GH1aNO; requires [M+H]
=212.0917. Further elution provided ttide compoundas a white solid (0.80 g, 67 %). m.p. =115
tiié6 £ w3161, 2980, 1769, 1735, 1708, 1181, 1123 &tm (00 MHz, CD§I12.34 (3H, s,
OCOGk), 2.5 (3H, s, Bs), 2.58 (3H, s, NCOE, 3.81 (3H, s, GOHs), 7.62 (1H, s,-B). w (100

MHz, CD@) 11.3, 20.5, 23.3, 51.5, 111.8, 122.8, 123.3, 135.3, 162.7, 169.0, 169.5. HRMS (NSI)
found [M+HY = 240.0867 GH1sNGs requires [M+H} = 240.0866.

Attempted synthesis of Z(3-ethoxy-3-oxoprop-1-en-1-yl)amino]propanoic acid, 52, from ethyl
3-ethoxyacrylateToDL-alanine (2.68 g, 30 mmol) in acetonitrile (45 mL) was added triethylamine
(5 mL, 35.9 mmol, 1.2 equiv.) followed by ethy¢tBoxyacrylate (4.3 ml30 mmol, 1 equiv.), the
reaction was stirred at reflux under nitrogen for 3 days. The reactiotture was allowed to cool

and the solvent removed under reduced pressure, the residue was dissolved in water and washed
with EtOAc (3 x 20 mL), the aqueous ghavas acidified (2M HCI) and the product extracted with
EtOAc (3 x 20 mL). The organic portions were washed with water, drieB@Nand the solvent

removed under reduced pressure to provide only ethgtBoxyacrylate.

Attempted synthesis of F(3-ethoxy-3-oxoprop-1-en-1-yl)amino]propanoic acid, A2, from ethyl
propiolate and sodium alaninate&Sodium (1.22 g, 55 mmol, 1.1 equiv.) was dissolved in EtOH (80
mL) under nitrogen at room temperature prior to the addition of alanine (4.91 g, 55 mmol, 1.1
equi.) followed by ethyl propiolate (5 mL, 49.3 mmol). The reactioxture was stirred for 2.5
hours at room temperature under nitrogen, and the solvent removed under reduced pressure. The

residue was dissolved in water, acidified (2M HCI) and extracted E@Ac (3 x 75 mL). The
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organic portions were washed with water, dried gS&) and the solvent removed under reduced

pressure. ThéH NMR spectrum was complex and no structure could be determined.

Attempted synthesis of Z(3-ethoxy-3-oxoprop-1-en-1-yl)amino]propanoic acid, 22, from ethyl
propiolate and alanineTo a solution of alanine (2.67 g, 30 mmol) and triethylamine (5 mL, 35.9
mmol, 1.2 equiv.) in acetonitrile (50 mL) was added ethyl propiolate (3 mL, 30 mmol, 1 equiv.). The
reaction was stirred uther nitrogen at room temperature for 2 days and the solvent removed
under reduced pressure. The residue was dissolved in water, acidified (2M HCI) and extracted with
DCM (3 x 50 mL). The organic portions were washed with water, drieS@Jand the solvet
removed under reduced pressure to afford a brown solid which was purified by FCC [20 % EtOAc in
hexane]. Elution provide(REUR) ] $ Z C eoXydiaerylate2.55as a colourless solid (0.41 g, 6 %).
m.p. 109t 111 °C (lit. m.p. 11@111 °C [72JCS(P1)®* *%x 3087, 2985, 2940, 1712, 1677, 1610,
1119, 1096, 847 cthX (00 MHz, CD§I1.29 (6H, tJ= 7.1 Hz, 2 x GEHs), 4.21 (4H, @)= 7.1

Hz, 2 x B,CHy), 5.65 (2H, dJ= 12.2 Hz, 2 x BICH), 7.58 (2H, d= 12.1 Hz, 2 x CHCK * % (100

MHz, ©C$) 14.3 (2 x C), 60.5 (2 x C), 104.3 (2 x C), 157.3 (2 x C), 166.1 (2 x C).

Potassium B-2-[(4-ethoxy-4-oxobut-2-en-2-yl)amino]acetate,2.57aTo glycine (7.50 g, 0.1 mol)
and potassium hydroxide (85 %, 6.60 g, 0.1 mol, 1 equiv.) in methanol (70 mhyideas ethyl
acetoacetate (12.6 mL, 0.1 mol, 1 equiv.). The mixture was refluxed with stirring for 1 h and
allowed to cool to room temperature at which point a precipitate formed. The solid was washed
with cold methanol, diethyl ether and hexane and drieg suction to yield an ofivhite solid
(22.10 g, 98 %). m.p. 17616 6 £ mx 3404, 3319, 2981, 2939, 1644, 1626, 1582, 779 Kmw
[400 MHz, (CELSO] 1.13 (3H, t]= 7.0 Hz, CidHs), 1.82 (3H, s, &E), 3.44* (1H, dJ= 8.5 Hz,
QHaHo) 3.94 (2H, gJ= 7.0 Hz, B:CH), 4.24 (1H, d)= 8.5 Hz, CiHh), 8.82 (1H, br. s, Hile X:[#00

MHz, (CB).SO] 15.2, 20.5, 47.7, 57.5, 80.0, 161.2, 169.3, 170.8. HRMS (NSI) foiifd=[M
186.0773 eH12NQi requires [MK]} = 186.0772.

* overlaps with residual #0 in NMRsolvent

Ethyl 4acetoxyl-acetyt2-methyl-1H-pyrrole-3-carboxylate, 2.60a Potassium K)-2-[(4-ethoxy-4-
oxobut2-en-2-yl)aminoJacetate2.57a (2.25 g, 10 mmol) was dissolved in acetic anhydride (30
mL). The mixture was stirred at reflux until the emissidIC® was complete (limewater bubbler)
and allowed to cool to room temperature. The solution was poured into water (400 mL), stirred

for 1 h and extracted with DCM (5 x 50 mL). The organic layer was washed with water (2 x 100
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mL), aq. NaHG®5 x 50 mL) ad water (100 mL). The dried (p&0) solvent was removed under
reduced pressure and the products were isolated by flash column chromatography [20 % EtOAc in
hexane]. Initial elution providedthyl l-acetyl2,4-dimethyt1H-pyrrole-3-carboxylate(2.61) as an
off-white solid (0.02 g, 1 %). m.p. 8806 £mx%3149, 2986, 2926, 1732, 1693, 1231ck (400
MHz, CDG) 1.36 (3H, tJ= 7.1 Hz, CiiHk), 2.18 (3H, s,-€Hs), 2.53 (3H, s, NCBE}, 2.79 (3H, s,
2-CHb), 4.30 (2H, gJ= 7.1 Hz, B:CH), 6.77 (1Hs, 5H* X (200 MHz, CD§)I12.7, 14.3, 14.6, 24.7,
59.9, 117.1, 122.9, 139.6, 165.6, 169.4. Further elution providediteecompound as a yellow
solid (0.10 g, 4 %). m.p. Wil £ Max3144, 2981, 1767, 1736, 1695, 1223, 1195 36w (400
MHz,CDG) 1.34(3H, t,J= 7.1 Hz, CidHs), 2.29 (3H, s, OCEI, 2.54 (3H, s, NCHIg, 2.81 (3H,
s, 20Hk), 4.27 (2H, g)= 7.1 Hz, B.CH), 6.96 (1H, s,-Bl* X (M00 MHz, CD§114.3, 14.5, 20.8,
24.6, 60.2, 110.0, 110.7, 137.4, 138.4, 163.3, 169.2316fRMS (ESI) found [M+Na]276.0843
Ci2HisNNaQ requires [M+Na] = 276.0842.

Potassium B)-2-[(4-ethoxy-4-oxobut-2-en-2-yl)amino]propanoate, 2.57b To DL-alanine (8.92 g,

0.1 mol) and potassium hydroxide (85 %, 6.60 g, 0.1 mol, 1 equiv.) in methamoL)%Gas added
ethyl acetoacetate (12.6 mL, 0.1 mol, 1 equiv.). The mixture was stirred for 1 h at reflux and
allowed to cool to room temperature at which a precipitate formed. The precipitate was washed
with acetone and dried by suction to yield an-offiite solid (17.56 g, 74 %). m.p. 12576 £ X« T
3288, 2975, 2929, 1644, 1590, 1556, 1508, 1271, 1145Xm400 MHz, CHDD) 1.23 (3H, t]=

7.0 Hz, CkHs), 1.42 (3H, dJ= 6.9 Hz, CHE), 1.94 (3H, s, &E). 3.97 t 4.07 (3H, m, B.CH;,
CHCH), 4.9 (1H, s, Q@), 8.87 (1H, br. d, M. w (100 MHz, C#DD) 13.6, 18.1, 19.7, 53.6, 57.8,
80.8, 161.2, 170.6, 179.0. HRMS (NSI) founeK[M: 200.0929 &4NQy; requires [MK} =
200.0928.

Ethyl 4acetoxyl-acetyt2,5dimethyl-1H-pyrrole-3-carboxylate, 260b Potassium B-2-[(4-
ethoxy-4-oxobut-2-en-2-yl)amino]propanoate2.57 (2.39 g, 10 mmol) was dissolved in acetic
anhydride (30 mL). The mixture was stirred at reflux until the emission efw@® complete
(limewater bubbler) and allowed to cool to room teewature. The solution was poured into
water (400 mL), stirred for 1 h and extracted with DCM (5 x 50 mL). The organic layer was washed
with water (2 x 100 mL), ag. NaH{J® x 50 mL) and water (100 mL). The dried-@@) solvent

was removed under reducegressure and the products were isolated by flash column
chromatography [20 % EtOAc in hexane]. Elution provideditleecompound as a yellow solid

~1X18 P Umfi3939X2981, 1701, 1200, 1130 &mw (400 MHz, CD§I1.32(3H, t,J= 7.1 Hz,
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CHGHs), 2.21 (3H, s,-BHs), 2.31 (3H, s, OCE, 2.58 (3H, s, NCEI, 2.69 (3H, s,-BHs), 4.25
(2H, g,J= 7.1 Hz, B.CH * Xc (@00 MHz, CD§I11.3, 14.3, 14.4, 20.6, 27.8, 60.0, 109.2, 119.2,
134.7, 135.1, 163.5, 169.6, 171.3. HRMS (ESI) found [M=N40.0991 GHiNNaG requires
[M+NaJ = 290.0999.

2-tert-Butyl-4-ethyl-3,5-dimethyl-1H-pyrrole-2,4-dicarboxylate, 263 To a stirring solution dert-

butyl acetoacetate (16.5 mL, 100 mmol) in acetic acid (20 mL) in an ice bath was added NaNO
(7.97 g, 116nmol, 1.16 equiv.) in water (20 mL) dropwise over 2 hours, the temperature was
maintained at < 10 °C. Upon completion of the addition, the reactarture was stirred
overnight and allowed to warm to room temperature. A solution of ethyl acetoacetatel (4.,

111 mmol, 1.11 equiv.) in acetic acid (50 mL) was heated to 60 °C and zinc powder (5 g) added.
The nitroso ester solution was added dropwise alongside the addition of 20 g zinc powder (in 2.5 g
portions) over a 40 min period. The reaction temperatwas monitored and kept below 85 °C.

The reaction was stirred for 1 hour at 60 °C before the addition of water (50 mL) and stirred for a
further 1 hour. The reaction mixture was poured onto-wgater (300 ml) and stirred for 90 min in

an icebath, the resiting white precipitate and zinc were filtered off and the product dissolved in
hot EtOH/EtOAc (1:1). The hot mixture was filtered through celite and the solvent removed under
reduced pressure, to the residue was added MeCN. The slurry was placed iadgherfovernight

and the solid removed by vacuum filtration to afford thde compound as an offwhite solid

(12.32 g, 46 %). m.p. 131134 °Q(lit. m.p. 131t 133 °C [09JA i 6 6 128658, 3298, 2980, 2889,
1700, 1654, 1158, 1084, 778 EnX (400 MHz, CD§)I1.36 (3H, tJ= 7.01 Hz, GidHs), 1.58 [6H,

s, C(€k)3], 2.51 (3H, s,-THs), 2.54 (3H, s,-8Hs), 4.29 (2H, gJ= 7.1 Hz, B.CH), 9.19 (1H, br. s,

NH Xc (@00 MHz, CD@) 12.0, 14.3, 14.4, 28.5 (3 x C), 59.4, 81.2, 113.4, 119.2, 130.0, 138.4,
161.3, 165.6. HRMS (NSI) found [M##268.1543 GHoNO; requires [M+H] = 268.1543.

Ethyl 2,4dimethyl-1H-pyrrole-3-carboxylate, 264 Concentrated HC| (9.1 mL) was addeda
suspension of Ztert-butyl) 4ethyl 3,5dimethyt1H-pyrrole-2,4-dicarboxylate2.63 (6.52 g, 24.4
mmol) in EtOH (40 mL). The reactimoixture was stirred at 75 °C for 8.5 hours and diluted with 80
mL water. The reaction was left to stand overnighthatooling (icebath) and the resulting solid
was filtered off and washed with hexane to afford ttitlee compound as pink crystals (2.83 g, 69
%). m.p. 73t74 °C (lit. m.p. 72 68 £ €i6: 0 RHLIBASX3300, 2980, 1660, 1263, 1090'tm
W (400 MHzCDGJ)) 1.35 (3H, tJ= 7.1 Hz, GiiHs), 2.24 (3H, dJ= 0.9 Hz, 4Hs), 2.49 (3H, s,-2
QHs), 4.27 (2H, o= 7.1Hz, B:CH), 6.35 (1H, d)= 0.9 Hz, 84), 8.03 (1H, br. s, s X (00 MHz,
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CDG) 12.6, 14.1, 14.5, 59.1, 110.8, 114.2, 121.6, 135.8,316HRMS (NSI) found [M+H]
168.1017 eH1aNQ; requires [M+H} = 168.1019.

Ethyl Tacety}t2,4-dimethyl-1H-pyrrole-3-carboxylate, 261 To a solution of ethyl 2;dimethyt1H
pyrrole-3-carboxylate2.64 (2.60 g, 24 mmol) in acetic anhydride (100 mL) andadpe (100 mL)
was added a catalytic amount of DMAP, the reaction was stirred at 60 °C for 2 daysixiure
was allowed to cool and diluted with wat¢200 ml) and the product extracted with EtOAc (3 x
200 mL). The organic portions were combined, wasiétl water (200 mL), dried (N&8Q) and
the solvent removed under reduced pressurThe product was purified by flash column
chromatography{20 % EtOAc in hexane] to afford ttite compoundas a yellow solid (1.50 g, 46
%). m.p. 88t 60 £mx%3660, 349, 2981, 2927, 1731, 1693, 1230tk 400 MHz, CD§I1.36
(3H, t,J= 7.1 Hz, Giith), 2.18 (3H, s,-CHs), 2.53 (3H, s, NCHI§}, 2.79 (3H, s,-PHs), 4.30 (2H, q,
J=7.1Hz, B.CH), 6.77 (1H, s,-Bl * X (000 MHz, CD¢}I12.7, 14.4, 14.6, 24.89.9, 117.1, 117.7,
122.9, 139.6, 165.6, 169.4. HRMS (NSI) found [M=]10.1124 GHisNOs requires [M+H] =
210.1125. Further elution returned starting materzZab4 (0.47 g, 18 % recovered).

Dimethyl 1-[3-ethoxy-2-(ethoxycarbonyl}3-oxoprop-1-en-1-yl]-2,5-dimethyl-1H-pyrrole-3,4-
dicarboxylate,2.65To 2{[3-ethoxy-2-(ethoxycarbonyh3-oxoprop-1-en-1-yllamino}propanoic acid

2.13b (2.61 g, 10 mmol) in acetic anhydride (30 mL) was added DMAD (3.1 mL, 25 mmol, 2.5
equiv.). The reaction mixture was stirretl r@flux until the evolution of Cfceased. The solvent

was removed under reduced pressure and the product purified by flash column chromatography
[25 % EtOAc in hexane]. Ttile compound was obtained as a yellow crystalline solid (2.00 g, 52
%). m.p. 10- {17 £ Mx2982, 1741, 1723, 1699, 1203, 1078w (400 MHz, CD§I1.13 (3H,

t, J=7.1 Hz, CidHs), 1.39 (3H, tJ= 7.1 Hz, CidHs), 2.32 (6H, s, 2 X&), 3.85 (6H, s, 2 x @Oh),

4.17 (2H, gJ= 7.1 Hz, B.CH), 4.38 (2H, gJ= 7.1 Hz, B:CH), 7.59 (1H, s, GG Xc (MO0 MHz,

CDQ) 11.6 (2 x C), 13.7, 14.1, 56.1 (2 x C), 62.3, 62.6, 114.1 (2 x C), 130.9, 134.0 (2 x C), 137.2
162.2, 162.4, 165.4 (2 x C). HRMS (APCI) found {M-88R.1494 GH4NQs [M+H]" = 382.1496.

Dimethyl l-acetyl2-methyl-1H-pyrrole-3,4-dicarboxylate, 2.69 To ethyl 4acetoxyl-acetyts-
methyt1H-pyrrole-3-carboxylate?2.18b (2.53 g, 10 mmol) in xylenes (40 mL) was added DMAD (1.3
mL, 10.5 mmol, 1.05 equiv.). The reaction mixture was stirred at reflux until the et CQ
ceased. The solvent was removed under reduced pressure and the product purified by flash
column chromatography [50 % EtOAc in hexane]. Initiafiyeacted DMAD was recovered (0.15

g). Further elution provided thetle compoundas a yellow satli (1.37 g, 57 %). m.p. 160203 °C.
211



+ax 3619, 2955, 1731, 1709, 1186, 1086, 1053 tm (600 MHz, CD§I2.62 (3H, s, &), 2.64

(3H, s, NCO®), 3.85 (3H, s, GOHs), 3.89 (3H, s, GOHy), 7.59 (1H, s, GG X (425 MHz, CDg)!
14.1, 24.3,51.9, 52,1117.6 (2 x C), 124.6, 136.7, 163.4, 165.1, 169.1. HRMS (APCI) fourfd{M+H]
240.0864 GHaNOs [M+H]* = 240.0866.

2-{[3-Ethoxy-2-(ethoxycarbonyl}3-oxoprop-1-en-1-ylJamino}-2-methylpropanoic acid2.77 From
2-aminoisobutyric acid (Method B: 5.16 g) agedlow crystalline solid (10.93 g, 80 %). m.p.t83

°C. t1ax2987, 2939, 1242, 1158, 807 Bmw (400 MHz, CD§I1.30 (3H, t)= 7.1 Hz, GifHs), 1.34

(3H, t,J= 7.1 Hz, CidHs), 1.63 [6H, s, CKB)2], 4.19 t 4.28 (4H, m, 2 xHECH), 8.13 (1H, dJ=

14.4 Hz, OANH), 9.52 (1H, br. s, CE9.85 (1H, dJ= 14.4 Hz, N). w (100 MHz, CDg§I14.3,
14.4, 26.0 ( C), 59.0, 60.1, 60.2, 91.0, 156.1, 167.0, 169.0, 177.0. HRMS (NSI) found{M+H]
274.1287 @HoNGs requires [M+H} = 274.1285.

Attempted cyclisation of 2{[3-ethoxy-2-(ethoxycarbonyl}3-oxoprop-1-en-1-yllJamino}-2-
methylpropanoic acidFrom2.77 (2.73 g); flash column chromatograpfgradient 1 % MeOH in
DCM W 10 % MeOH in DCWM afforded diethyl 2(3-acetyt4,4-dimethyt5-oxooxazolidir2-
yl)malonate2.78as a pale yellow oil (1.23 g, 39 %)sx2982,1803, 1729, 1653, 1228, 1091 €m
W (400 MHz, CD§11.26 t 1.33 (6H, m, 2 x GEH), 1.65 [3H, s, CHE)x(CH)], 1.73 [3H, s,
C(CH)a(Gk)p), 2.20 (3H, s, NCOE), 4.17 1 4.30 (4H, m, 2 xHECH;), 4.47 [LH, br. d,J= 27 Hz,
CH(CQEW);], 6.30 (1H, dJ= 27 Hz, @HN). w (100 MHz, CD§I14.0 (2 x C), 22.9, 24.6, 26.7, 53.5,
58.5, 61.8, 62.2, 86.0, 165.5, 165.8, 169.3, 174.6. HRMS (NSI) found fVBai] 1391 GHo:NO
requires [M+H]j = 316.1391.

4.3 Chapter 3 Experimental

4.3.1 Synthesis ofEthyl 2(1-carboxyalkylaminomethylene)cyanoactate@-[(2-cyano-3-ethoxy-

3-oxoprop-1-en-1-yl)amino] acid3

General Proceduredr the synthesis oR-[(2-cyano-3-ethoxy-3-oxoprop-1-en-1-yl)amino] acids

d Z -amino acid (50 mmol) was added to KOH (85%, 3.96 gntl,m.2 equiv.) in EtOH (70 mL),
before the addition of ethy(B)-(ethoxymethylene)cyanoacetate (8.46 g, 50 mmol, 1 equiv.). The
reaction mixture was stirred for 1 h at reflux and the solvent was removed under reduced

pressure. The residue was dissolvedavater and acidified with dil. HCI (2 M, ag.) before extraction
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with EtOAc (3 x 50 mL). The orgasitracts werewashed with water (100 mL), dried (30) and

the solvent removed under reduced pressure.
The following compounds were synthesised by thexabmethod.

(E/Z)2-[(2-Cyana3-ethoxy-3-oxoprop-1-en-1-yl)aminolacetic acid3.7a From glycine (3.75 g; 2 x
Scale: 7.50 g) as a pale yellow solid from EtOAc and hexane (4.51 g, 46 %; 2 x Scale: 17.53 g, 88 %
m.p. 143t id0 £mx%3283, 2983, 2210, 1736, 1708, 1693, 1682, 1621, 1211 The'H NMR
spectrum [400 MHz, (GPRSO] showed the presence of both th& and Z isomers in a 0.7:1 ratio
based on the integrals av 0 X0 ~Ji5 W4.4WHz, GIN, majore v w O0Xii 3418 H4)
CGHN, minor « %; [400 MHz, (CE)»SO] 1.16t1.24 (3H x 2, m, 2 x €lk), 4.08t4.18 (2H x 4, n®

x GhCH, 2 x NHE,COOH), 7.75 (1H, d= 14.4 Hz, G4\, majon), 8.01 (1H, dJ= 15 Hz, G4N,
minor), 8.65 (1H, dtJ= 5.9, 15 Hz, Nl minor), 9.13 (1H, dt)J= 5.8, 14.4 Hz, M major), 13.02 (1H

x 2, br.s, 2x CO0O X[M0 MHz, (C£,SO] 14.814.9, 49.3, 49.8, 60.2, 60.3, 69.9, 70.9, 117.0,
119.4, 161.5, 161.6, 165.4, 166.8, 171.1, 171.4. HRMS (NSI) found fM199.0713 &hiN20s
requires [M+H}= 199.0713.

(E/2-2-[(2-Cyana3-ethoxy-3-oxoprop-1-en-1-yl)amino]propanoic acid, 3.7b From DL-alanine

(4.45 g) as a pale yellow solid from EtOAc and hexane (6.69 g, 63 %). mtpi ID4£ %« 2P81,

2222, 1723, 1676, 1610, 1152, 1126"cnihe'H NMR spectrum [400 MHz, (§430] showed the
presence of both théz= and Z- isomers ina 0.7:1 ratiobas }v §Z ]JvS P& o S Jv 6X0606
14.2 Hz, GA@N, majore v w 06 X 0 6J=-14.9 HZJQ4N, minor* X [400 MHz, (C§rLSO] 1.18t

1.24 (3H x 2, m, 2 x €ik), 1.40 (3H, dJ= 7.2 Hz, CH&, minor), 1.44 (3H, d)= 7.2 Hz, CH®,

major), 4.08t4.18 (2H x 4, m, 2 *ECH), 4.29t4.42 (1H x 2, m, 2 x NHCOOH), 7.88 (1H, d,

= 14.2 Hz, G4\, major), 7.99 (1H, dJ= 14.9 Hz, G4\, minor), 8.84 (1H, dd)= 8.0, 14.9 Hz, N

minor), 9.28 (1H, ddJ= 7.4, 14.2 Hz, N major), 13.14 (1H x 2, bg, 2 x COBe* Xc [R00 MHz,
(CDR).S0O] 14.7, 14.9, 17.6, 19.0, 55.9, 56.9, 60.2 (2 x C), 70.1, 70.5, 117.1, 119.3, 165.6, 167.2,
173.2,173.4. HRMS (NSI) found [M+##H213.0871 §H13N204 requires [M+H] = 213.0870.

(E/D-2-[(2-Cyana3-ethoxy-3-oxoprop-1-en-1-yl)aming]-2-phenylacetic acid, 3.7c From DL-2-
phenylglycine (7.56 g) as a pale yellow solid (11.06 g, 81 %). m.@. 06® £mx 3222, 2979,
2225, 1723, 1685, 1615, 1218, 1188 cnihetH NMR spectrum [400 MHz, (§430] showed the
presence of both thd= and Z- isomers in a 0.4:1 ratio based on the integralsmat6 X6 <JF U U
14.0 Hz, GA@N, majore v w 0 X 0 6J=14.8 HZAJGQ4N, minore* X [400 MHz, (C§rLSO] 1.15t
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1.25 (3H x 2, m, 2 x @ts), 4.00 t 4.21 (2H x 2, m, 2 xHECH), 5.47 (1H, dJ= 7.4 Hz,
NHGHCOOHmajor), 5.56 (1H, dJ= 7.4 Hz, NHEOOHmMinor), 7.35t 7.47 (5H x 2, m, 2 x A,

7.85 (1H, dJ= 14.0 Hz, G4\, major), 7.98 (1H, dJ= 14.6 Hz, G4\, minor), 9.30 (1H, dd)= 7.4,

14.6 Hz, M, minor), 9.67 (1H, ddJ= 7.4, 14.(Hz, NH, major* X: [#00 MHz, (CE,SO] 14.7, 14.8,

60.3, 60.6, 63.5, 64.4, 71.2, 71.5, 116.7, 118.7, 126.7 (3 x C), 128.8, 128.9, 129.2 ( 2 x C), 129.4,
129.6 (2 x C), 136.8, 137.5, 159.1, 159.5, 165.4, 167.3, 171.2, 171.5. HRMS (NSI) foursd [M+H]
276.1029 @HisN204 requires [M+H] = 276.1026.

4.3.2 Synthesis of Pyrroles: Cyclisation Bthyl 2(1-carboxyakylaminomethylene)cyanoactates

(2-[(2-cyano-3-ethoxy-3-oxoprop-1-en-1-yl)amino] acid$

General method for the cyclisation of-g2-cyano-3-ethoxy-3-oxoprop-1-en-1-yl)amino] acids

The 2[(2-Cyane3-ethoxy-3-oxoprop-1-en-1-yl)amino] acid (10 mmol) was dissolved in acetic
anhydride (30 mL) prior to the addition of triethylamine (10 mL). The mixture was refluxed until
the emission of CQwas complete (limewater bubbigand allowed to cool to room temperature.
The brown solution was poured into water (400 mL), stirred for 1 h and extracted with DCM (5 x
50 mL). The organic layer was washed with water (2 x 100 mL), aq. NE@HC&D mL) and water
(100 mL). The dried @5Q) solvent was removed under reduced pressure and the products were

isolated by flash column chromatography.

The following compounds were synthesised by the above method.

Ethyl 4acetamidol-acetyt1H-pyrrole-3-carboxylate, 3.9aFrom 3.7a (1.98 g); flah column
chromatography [30 % EtOAc in hexane] providedtitiee compound as a pale yellow solid (1.02
9,43 %). m.p. 102118 £ m%3B57, 3192, 3157, 2981, 1732, 1696, 1674, 1204, 776XGni00

MHz, (CB)2S0] 1.32 (3H, t]= 7.1 Hz, CidHk), 212 (3H, s, NHC®¥), 2.61 (3H, s, NCOg}, 4.30
(2H,q,J= 7.1 Hz, B.CH), 7.83 (1H, dJ= 2.6 Hz, 3), 7.94 (1H, d)= 2.6 Hz, &), 9.20 (1H, br. s,
NHCOCH X: [#00 MHz, (CE,SO] 14.6, 22.4, 23.9, 60.8, 108.7, 110.0, 123.6, 125.8, 164.5, 168.1,
169.0. HRMS (NSI) found [M+¥H] 239.1025 GH:1sN204 requires [M+H] = 239.1026Large scale
reaction from3.7a(19.92 g, 100 mmol); flash column chromatography [30 % EtOAc in hexane]
provided initially a mixture ofi-acetyt4-ethoxy1H-pyrrole-3-carbonitrie (3.8 and l-acetyl4-
cyanelH-pyrrol3-yl acetate(3.8b) in a 1:0.08 ratio « v }E VP <}0] nd3R00, 314K T

2981, 2230, 1766, 1716, 1199, 629tk 00 MHz, (CELSO] 1.33 (3H, t]= 7.0 Hz CHCH;,
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3.89), 2.32 (3H,,s0C08;z, 3.8b), 2.5 (3H, s NCOE;, 3.83), 2.59 (3H, NCOEE, 3.8h), 4.00 (2H,
q, J= 7.0 HzG+4CH;, 3.8d), 7.12 (1H, dJ= 2.2 Hz5H, 3.83), 7.57 (1H, dJ= 2.4 Hz 2-H, 3.8b),
8.21 (1H, dJ= 2.2 Hz2-H, 3.84), 8.34 (1H, dJ= 2.4 Hz5H, 3.8b+ X: [#00 MHz, (CE.SQ 3.84
14.8, 22.1, 67.2, 90, 100.5 113.2, 113.9, 127.2, 148.9, 188Further elution providd the title
compound3.9aas a pale yellow solid 8.449, 56 %).

Ethyl 4acetamidol-acetyt5-methyl-1H-pyrrole-3-carboxylate, 3.% From 3.7b (2.15 g); flash
column chromatography [gradient 30 % EtOAc in hexamd 00 % EtOAc] prided initially
(2R*,3S%-1-acetyt3-cyana3-(ethoxycarbonytb-methyt2,3-dihydro 1H-pyrrole-2,4-diyl diacetate
(3.11) as a clear colourless oil which crystallised on standing (0.09 g, 3 %). mt.pb B9£ méx T
2990, 1775, 1751, 1714, 1667, 1211, 1182 X 1 W00 MHz, CD¢§I11.32 (3H, tJ= 7.1 Hz,
ChHCHg), 2.17 (3H, s, NC®Eg}, 2.19 (3H, s, k), 2.25 (3H, s, CHCBY};, 2.28 (3H, s, CCaf],
4.29 (2H, qJ)= 7.1 Hz, B:CH), 6.87 (1H, s,-Bl* X (100 MHz, CD§I13.2, 13.7, 20.0, 20.7, 22.9,
56.4,64.3, 83.6, 111.7, 125.2, 135.6, 162.9, 168.1, 168.3, 168S (NSI) found [M+Naj
361.1006 @HisN2NaO; [M+NaJ] = 361.1006. Further elution provided ethyl
1-acetyt4-(N-acetylacetamidop-methylt1H-pyrrole-3-carboxylate (3.10b) as a yellow oil wih
solidified (0.18 g, 6 %). m.p. 660 £ m¥ 3162, 2981, 1723, 1693, 1221, 1189-cx {00
MHz, CDG) 1.30 (3H, tJ= 7.1 Hz, CidHs), 2.31 [6H, s, N(C®E)2], 2.33 (3H, s, i), 2.63 (3H, s,
NCOGh), 4.25 (2H, gJ= 7.1 Hz, B.CHy), 7.76 (1Hs, 2H « Xc (00 MHz, CD§)I12.0, 14.2, 23.6,
26.2 (2 x C), 60.6, 115.0, 123.5, 124.8, 131.2, 162.4, 169.0, 172.9 (2 x C). HRMS (NSI) found [M+H]
= 295.1287 GHidN2Os requires [M+H] = 295.1288. The final fractions provided thidle
compoundas a fluf§ white solid (1.01 g, 40 %). m.p. 183 6 i £mx3268, 3145, 2980, 1741,
1703, 1660, 1267, 1197 chX 1 @00 MHz, CD§I1.36 (3H, tJ= 7.1 Hz, Gitk), 2.19 (3H, s,
NHCOEs), 2.39 (3H, s,1%), 2.58 (3H, s, NCO), 4.29 (2H, )= 7.1 Hz, B.CH;), 7.51 (1H, br. s,
NHCOCH), 7.59 (1H, s,-3+ X (00 MHz, CD¢}114.0, 14.3, 23.6, 23.8, 60.4, 112.9, 121.6, 123.1,
127.6, 163.9, 168.7, 169.0. HRMS (NSI) found [M=H]53.1184 CH:7N>Os requires [M+H] =
253.2283.

Ethyl 4acetamidol-acetyt5-phenyl-1H-pyrrole-3-carboxylate, 3.9cFrom 3.7c (2.74 g); flash
column chromatography provided initiallethyl I-acetyt4-(N-acetylacetamidop-phenytlH-
pyrrole-3-carboxylate(3.109 as a pale orange solid (0.80 g, 23 %). m.pt 84 £nm243138, 3061,
2989 2924, 1743, 1701, 1203 cnX 00 MHz, (CE,SO] 1.24 (3H, t]= 7.1 Hz, CifHs), 2.10
[6H, s, N(CO®&),], 2.57 (3H, s, NC®E), 4.22 (2H, )= 7.1 Hz, B:CH), 7.21t7.23 (2H, mo-Ar-
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H), 7.387.40 (3H, mm-Ar-H, p-Ar-H), 8.24 (1H, s,-Bl* X:[¥00 MHz, (CE),SO] 14.6, 24.4, 26.2 (2

x C), 60.5, 114.0, 124.5, 127.4, 128.6 (2 x C), 129.0, 129.4 (2 x C), 130.3, 132.1, 162.5, 169.5, 170.8
172.9 (2 x C). HRMS (NSI) found [M+HB57.1445 (H1N>Os requires [M+H] = 357.1445.

Further elution proided thetitle compound as an orange solid (1.29 g, 41 %). m.p. 14@1 °C.

foax 2981, 1716, 1680, 1274, 1199, 1093t [400 MHz, (CELSO] 1.26 (3H, t)= 7.1 Hz,

CHGOHs), 1.84 (3H, s, NHCES), 2.55 (3H, s, NCEO), 4.19 (2H, gJ= 7.1 Hz, B.CH), 7.29t7.37

(5H, mAr-H), 8.02 (1H, s,-B), 9.10 (1H, br. s, HCOEk * X [100 MHz, (CELSO] 14.7, 23.0, 24.4,

60.2, 115.7, 123.4, 126.3, 128.0, 128.1 (2 x C), 129.9 (2 x C), 130.7, 131.1, 162.6, 170.8. HRMS (NS
found [M+HT = 315.1339 GHioN20s requires [M+H] = 315.839.

Attempted synthesis of dimethyl i2-cyano3-ethoxy-3-oxoprop-1-en-1-yl)-2,5-dimethyl-1H-
pyrrole-3,4-dicarboxylate, 3.12 To 2[(2-cyana3-ethoxy-3-oxoprop-1-en-1-yl)Jamino]propanoic
acid,3.7b (2.13 g, 10 mmol) in acetic anhydride (30 mL) was addedD{&AL mL, 25 mmol, 2.5
equiv.). The reaction mixture was stirred at reflux until the evolution of €ased. The solvent
was removed under reduced pressure and the product purified by flash column chromatography
[30 % EtOAc in hexane]. Unreacted DMAD wexovered initially (1.52 g). Further elution
provideddimethyl *acetyt2-methyt1H-pyrrole-3,4-dicarboxylate(3.13) as a yellow solid (0.38 g,
[0 9 et 2955, 1726, 1712, 1224, 1088, 1076 cH (@00 MHz, CD¢12.60 (3H, s, &), 2.62
(3H, s, NCQO#), 3.83 (3H, s, GOk), 3.87 (3H, s, GOHs), 7.58 (1H, s,-B1 * Xc (MO0 MHz, CD§)I
14.1, 24.3, 51.9, 52.1, 117.6 (2 x C), 124.6, 136.7, 163.4, 165.1, 169.1. éimdlliacetyt4-(N-
acetylacetamidop-methylt1H-pyrrole-3-carboxylate(3.10b) was obained as an orange oil which

solidified on standing (1.39 g, 50 %) and was identical in all respects to that obtained previously.

Dimethyl l-acetyl2-methyl-1H-pyrrole-3,4-dicarboxylate, 3.13 (2.69 To ethyl 4acetamidel-
acetyts5-methyk1H-pyrrole-3-carbaxylate, 3.7b (0.76 g, 3.01 mmol) in xylenes (40 mL) was added
DMAD (0.4 mL, 3.16 mmol, 1.05 equiv.). The reaction mixture was stirred at reflux until the
evolution of CQ ceased. The solvent was removed under reduced pressure and the product
purified by fash column chromatography [30 % EtOAc in hexane]. Initially unreacted DMAD was
recovered (0.28 g). Further elution provided tiitee compoundas a yellow solid (0.18 g, 25 9.

(400 MHz, CDg}I2.60 (3H, s,K8), 2.62 (3H, s, NC®BE}, 3.83 (3H, s, GOk), 3.87 (3H, s, COHy),

7.58 (1H, s, #). IR and HRMS data as describedZ@9 (prepared from2.18b).

Ethyl (aminomethylenegyanoaceate, 3.16Prepared following literature procedure [60JA3138].

Ethyl cyanoacetate (5.3 mL, 50 mmol) and formamidioetate (10.41 g, 100 mmol, 2 equiv.)
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were stirred in EtOH (120 mL) at reflux for 16 h. The reaction mixture was allowed to cool and the
solvent removed. To the residue was added water and the product extracted with DCM (3 x 75
mL). The combined organic extts were washed with water (100 mL), dried {8@) and the
solvent removed under reduced pressure to afford a white powder (3.92 g, 56 %). m.jp.1B36

°C (lit. m.p. 140.5 i67T XA €01: Tikhd 8380, 8322, 3170, 2981, 2210, 1660, 1326, 1228, 708
cm X 400 MHz, CEDD) 1.29 (3H, t)= 7.1 Hz, CifHk), 4.20 (2H, gqJ= 7.1 Hz, B,CHy), 7.99

(1H, s, CBAN). The'3C NMR spectrum showed the presence of bothEhandZ]+}u Ec(X0Q

MHz, CROD) 13.3 (2 x C), 59.8, 60.1, 70.5, 72.0, 115.5, 11%8%, 159.0, 166.3, 167.1.

Attempted preparation of E/2-2-[(2-cyano-3-ethoxy-3-oxoprop-1-en-1-yl)amino]-2-
phenylacetic acid, 39 Benzeneboronic acid (1.22 g, 10 mmol) was added thyle
(aminomethylene)malonat&.16(1.39 g, 10 mmol, 1 equiv.) and giylic acid monohydrate (0.91

g, 10 mmol, 1 equiv.) in MeCN (30 mL) and the reaction mixture stirred at reflux for 6 days (TLC).
The reaction mixture was allowed to cool and the solvent removed under reduced pressure. To
the residue was added water and tipgoduct extracted with EtOAc (3 x 50 mL). The combined
organic portions were washed with water (50 mL), dried>@@) and the solvent removed under
reduced pressure to afford a yellow solid (3.17 g). Flash column chromatography provided a
colourless sali (0.59 g)The'H NMR spectrum was complex and aefinitive structure could be

determined.

43.3 Synthesis of A 1-carboxyalkylaminomethylene)malononitriles X[(2,2)y

dicyanovinyl)amino] acidp

Synthesis of Z(2,2)dicyanovinyl)aminofcetic acid, 3.21awithout base Glycine (2.25 g, 30
mmol) was added to (ethoxymethylene)malononitrile (3.66 g, 30 mmol, 1 equiv.) in EtOH (60 mL).
The reaction was stirred for 50 min at reflux and allowed to cool to room temperature. The solvent
was removed under reduced @ssure and the residue was dissolved in water. The product was
extracted with EtOAc (3 75 mL), washed with water, dried (p#Q) and the solvent removed
under reduced pressure to afford an oil. To the oil was added ether, the resulting precipitate was
filtered off and discarded. The solvent was remowedacuoto afford thetitle compoundas an

orange solid (1.71 g, 38 %)haracterisation data is given in the following section.
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Synthesis of Z(2,2)dicyanovinyl)amino]acetic acid, 2la in MeCN with EN
(Ethoxymethylene)malononitrile (3.66 g, 30 mmol) was added to a solutionsif @t5 mL, 45
mmol, 1.5 equiv.) and glycine (2.25 g, 30 mmol, 1 equiv.) in MeCN (60 mL). The reaction was
stirred under nitrogen for 2.5 hours at reflux and allowed to coolrdom temperature. The
solvent was removed under reduced pressure and the residue was dissolved in water and acidified
(2M HCI). The product was extracted with EtOA& & mL), washed with water, dried (p&Q)

and the solvent removed under reduced press to afforda mixture ofthe title compound and
2-[(diethylamino)methylene]malononitril@.22 (1.55 g)X+ {#00 MHz, (C£»SO] 1.18 [6H, {]= 7.2

Hz, N(CkOHs)2, 3.22], 3.10 [2H, qJ= 7.2 Hz, N(&CH)(CHCH), 3.22], 3.11 [2H, gJ= 7.2 Hz,
N(CHCH)(GHCH), 3.27], 4.02 (2H, dJ= 5.7 Hz, NH&ECOOH3.21a), 7.23 (1H, s, EL3.22), 7.91

(1H, d,J=14.5 Hz, G4, 3.21a), 9.22 (1H, dtJ= 5.7, 14.5 Hz, i 3.21a), 13.13 (1H, br. s, CGD
3.219. The aqueous phase whasther acidified (2M HCI) and the product extracted with EtOAc (3

x 75 mL). The organic phase was washe®)Hdried (N&SQ) and thesolvent removedn vacuo

to afford the pure producB.2laas an orange solid (2.36 g, 52 @haracterisation data is given in

the following section.
General nethod for the synthesis of 4(2,2)dicyanovinyl)amino] acids

(Ethoxymethylene)malononitrile (86 g, 30 mmol) was added to a solution of KOH (85 %, 2.08 g,
31.5 mmol, 1.05 equiv.) and the appropriateamino acid (45 mmol, 1.5 equiv.) in EtOH (60 mL).
The reaction was stirred for 1 hour at reflux and allowed to cool to room temperature. The solvent
was removed under reduced pressure and the residue was dissolved in water and acidified (2M
HCI). The product was extracted with EtOAx & mL), washed with water, dried (p&Q) and

the solvent removed under reduced pressure to afford the pure product.

2-[(2,2)-Dicyanovinyl)amino]acetic acid, 31a From glycine (3.38 g) as an orange solid (3.76 g, 83
%). m.p. 146t 148 °C. fax 3189, 3084, 3036, 2237, 2220, 1755, 1634, 1202, 579. om[400
MHz, (CB)2S0] 4.01 (2H, d= 5.9 Hz, NHGCOOH), 7.91 (1H, 3 14.5 Hz, G4, 9.22 (1H, dt)=

5.9, 14.5 Hz, N), 13.04 (1H, br. s, CBI® X [#00 MHz, (CELSO] 47.8, 49.4, 119, 117.2, 164.0,
170.9. HRMS (NSI) found [M]t= 150.0308 N3O requires [MtH]t = 150.0309.

2-[(2,2)Dicyanovinyl)amino]propanoic acid, 31b From Dl-alanine (4.01 g) as an orange solid
after recrystallisation from EtOAc/hexane (3.35 g, 68 %). m.®.t1liTT £ Xx3655, 3235, 2982,
2210, 1728, 1651, 1144, 573 &X 00 MHz, (CE,SO] 1.40 (3H, d,= 7.3 Hz, Bs), 4.20t4.27
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(1H, m, NHBCOOH), 7.93 (1H, d= 14.5 Hz, G4}, 9.37 (1H, dd)J= 7.8, 14.5 Hz, ), 13.16 (1H,
br. s, CO#). HRMS (NBfound [MtH]!= 164.0465 &4N3O, requires [MtH]' = 164.0465.

2-[(2,2)-Dicyanovinyl)amino]2-phenylacetic acid, 21c From DL-2-phenylglycine (6.80 g) as an
orange solid (5.95 g, 87 %). m.p. 16007 £ w3654, 3203, 2981, 2233, 2218, 1736, 1644,
1169, 697 cnit X 4400 MHz, (CELSO] 5.41 (1H, d= 7.9 Hz, NHEZOOH), 7.3&.43 (5H, m, Ar
H), 7.94 (1H, dJ= 14.1 Hz, G, 9.98 (1H, ddJ= 7.9, 14.1 Hz, #), 13.48 (1H, br. s, CB® X W
[100 MHz, (CE),SO] 48.3, 65. 3, 114.8, 117.4, 128.7 (2 XLP9,0, 129.2 (2 x C), 136.5, 161.8,
171.1. HRMS (NSI) found [M]'= 226.0622 GHsNsO; requires [MtH]' = 226.0622.

4.3.4 Synthesis of Pyrroles:y€lisation of 2-(1-carboxyalkylaminomethylene)malononitrileg2-

[(2,2)-dicyanovinyl)amino] acids

General nethod for the cyclisation of 4(2,2)dicyanovinyl)amino] acids

The2-[(2,2)dicyanovinyl)amino] acil0 mmol) was dissolved in acetic anhydride (30 mL) prior to
the addition of triethylamine (10 mL). The mixture was refluxed until the emission ow@®
complete (limewater bubbler) and allowed to cool to room temperature. The brown solution was
poured into water (400 mL), stirred for 1 h and extracted with DCM (5 x 50 mL). The organic layer
was washed with water (2 x 100 mL), aq. NafHi®& 50 mL) and ater (100 mL). The dried
(N&SQ) solvent was removed under reduced pressure and the products were isolated by flash

column chromatography.
The following compounds were synthesised by the above method.

N-AcetytN-(1-acetyt4-cyanc-1H-pyrrol-3-yl)acetamide, 3.23a From 2-[(2,2)
dicyanovinyl)amino]acetic aci@.21a (1.51 g) flash column chromatography [50 % EtOAc in
hexane] provided thditle compound e E}Av }]o ~iXidxB149,292Fs X238, 1712,
1366, 1199, 585 cithX 00 MHz, CD§I2.39 [6H s, N(CO):], 2.62 (3H, s, NC®), 7.34 (1H,

d, J= 2.2 Hz, ), 7.84 (1H, d)= 2.2 Hz, B1+ X (100 MHz, CD§}I21.8, 26.3 (2 x C), 98.8, 112.0,
118.5, 126.1, 127.3, 166.0, 172.0 (2 x C). HRMS (APCI) found" fM2B4.0872 GH1oN:0s
requires [M+H]* = 234.0873.

N-AcetykN-(1-acetyt4-cyano2-methyl-1H-pyrrol-3-yl)acetamide, R3Db From  2-(2,2)
dicyanovinyl)amino]propanoic acigl21b (1.65 g) flash column chromatography [20 % EtOAc in
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hexane] provided initially théitle compound as a colourlessrgstalline solid (1.09 g, 49 %). m.p.
135t137 £ %axB3151, 2979, 2929, 2230, 1742, 1713, 1223, 1195, 605 Xm@00 MHz, CD§I
2.33 (3H, s, &), 2.36 [6H, s, N(C®k),], 2.63 (3H, s, NC®¥), 7.65 (1H, s,-Bl* Xc (400 MHz,
CDGJ) 12.3, 23.6, 36.1 (2 x C), 96.8, 112.4, 124.4, 126.1, 131.3, 162.1 (2 x C). HRMS (NSI)
found [M+H} = 248.1027 GHi14N3Oz requires [M+H} = 248.1030. Further elution provided
N-acetytN-(4-cyana2-methyl1H-pyrrol-3-yl)acetamide3.25as a brown solid (0.07 g, 3 %). m.p. 98
tili £ 3348, 3139, 2218, 1703226, 1205, 590 cthXH @00 MHz, CD§I2.05 (3H, s, i),
2.36 [6H, s, N(C®®)2], 7.12 (1H, dj= 3.3 Hz, &), 8.99 (1H, br. s, #ls X (200 MHz, CD§I10.0,
26.2 (2 x C), 114.2, 120.8, 124.3, 126.8 (2 x C), 173.1 (2 x C). HRMB(M W] = 206.0922
CioH12N3O, requires [M+H] = 206.0924. Selective removal of tNeacetyl group was achieved by
addition of thetitle compound 323b (0.40 g) to sodium acetate (0.58 g) in EtOH (30 mL) followed
by refluxing for 3 h (monitored by TLCThe solvent was removed under reduced pressure and the
brown residue was dissolved in water, extracted with(E{3 x 50 mL) and washed with water.
The organic layer was dried (#0) and the solvent removed under reduced pressure to afford
N-acetytN-(4-cyana2-methylt1H-pyrrol3-yl)acetamideas a white powder (0.05 g, 15 %)he

physical and spectroscopic datgerein agreement with that 08.25.

N-Acetyl-N-(1-acetyt4-cyanc-2-phenyk1H-pyrrol-3-yl)acetamide, R3k  From  2-[(2,2)
Dicyanovinyl)amine?-phenylacetic aci®.21c (2.27 g) flash column chromatography [30 % EtOAc

in hexane] provided thditle compound as straw coloured needles after recrystallisation from
EtOAc/hexane (1.30 g, 49 %). m.p. 1670 £ %axi3646, 3172, 2980, 2889, 2229, 1748, 1707,

1195, 596 cnft X+ W00 MHz, CD§I12.21 (3H, s, NCOE, 2.25 [6H, s, N(C®)], 7.21t7.27 (2H,

m, 0-Ar-H), 7.43t7.51 (3H, mm-Ar-H, p-Ar-H), 7.98 (1H, s,-51 * X (200 MHz, CD¢}124.9, 26.0 (2 x

C),96.9, 112.3, 125.8, 127.1, 128.5, 129.2 (2 x C), 129.3 (2 x C), 130.2, 132.1, 167.6, 172.2 (2 x C).
HRMS (NSI) found [M+H] 310.1187 GHieNsOs requires [M+H] = 310.1186.

4.3.5 Synthesis of ZAminomethylene}1,3-Ketonitriles

Generalmethod for the g/nthesis of 2[(2-cyanc3-oxoprop-1-en-1-yl)amino] acids

To a solution of theappropriate t-1 §}v]S@E]o ~i <«p]AXe v &mMmino%ckb (EO% E] 3
equiv.) in isopropanol (80 mL) was added triethyl orthoformate (1.50 equiv.). The reaction mixture

was refluxed under nitrogen until the starting material was absent by. Rf@r cooling,the
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solvent was removed under reduced pressure. The residue was dissolved in DCM and extracted
into ag. NaHC®(3 x 50 mL) and the aqueous extracts acidified with dil. @QW, ag.). The
product was then extracted with EtOAc ¥350 mL), dried (N&Q) andthe solvent removedn
vacuoto yield the 2[(2-cyano3-oxoprop-l-en-1-yl)amino] acid.If the product precipitated on
addition of DCM it was filtered by suction, and the solid dissolved and acidified with dil. HCI (2 M,
ag.) and extracted with EtOAc (3 8 BL). The organic layer was dried £8l@) and the solvent

was removedn vacuo

Cyanoacetone, 26A To a slurry of @&aminocrotonontrile (2.46 g, 30 mmol) in water (3 mL) was
added conc. HCI (3 mL) dropwise and the temperature kept below 15 °C. Aftadditeon, the
reaction mixture was heated to 80 °C and stirred for 2 hours. The reaction mixture was allowed to
cool to room temperature and EtOAc was added, the biphasic mixture was filtered through Celite.
The product was extracted with EtOAc, the conaairorganic fractions were washed with brine,
dried (NaSQ) and the solvent removeth vacuoto afford a brown oil (2.00 g, 80 %) which was

immediately used in the following reactions.

2-[(2-Cyane3-methyl-3-oxoprop-1-en-1-yl)amino]acetic acid, 27Aa Fromcyanoacetone (2.00 g,
24 mmol) and glycine (1.89 g, 25 mmol) as a brown solid (1.70 g, 42 %). m.p.1200£ Xax T
3221, 2931, 2208, 1724, 1644, 1395, 1200'cithe'H NMR spectrunshoweda mixture of the

(B- and @- isomers in a 0.6:1 ratio determi C $Z +]Pv o § W=OMIBHzIGL U
minor) and 7.71 (1H, dl= 13.9 Hz, G€ major* X4 [400 MHz, (C§LSO] 2.13 (3H, sHs; minor),
2.19 (3H, s, &, major), 4.09 (2H, dJ= 5.9 Hz, NHECOOHminor), 4.13 (2H, dJ= 6.0 Hz,
NHG+HLCQDH, major), 7.71 (1H, dJ= 13.9 Hz, G€ major), 8.09 (1H, dJ= 14.9 Hz, G€ minor),
8.72 (1H, br. s, N minor), 10.33 (1H, dtJ= 6.0, 13.9 Hz, N major), 13.02 (2H, br. s, 2 x CBO

w [100 MHz, (CErLSO] 26.8, 28.3, 49.5, 50.0, 81.2 (2 x (3,1,121.4, 161.0, 161.2, 170.8, 171.2,
191.1, 195.1. HRMS (ESI) found [M+Na]91.0429 sN:NaQ requires [M+Na]= 191.0427.

2-[(2-Cyane3-methyl-3-oxoprop-1-en-1-yl)amino]propanoic acid, 27Ab From cyanoacetone
(2.00g, 24 mmol) andL-alanine (2.24y, 25 mmol) as a red oil which slowly solidified (1.70 g, 40
%). m.p. 130t {17 £ 3194, 2918, 2206, 1723, 1651, 1557, 1206'cithe’H NMR spectrum
showeda mixture of the®-and @- J*}u E-* Jv IXOoWi & S]} S CEu]v C sz
(1H, d,J= 14.8 Hz, G€ minor) and 7.84 (1H, dl= 13.5 Hz, G€ major* X4 [400 MHz, (C§rLSO]

1.40 t1.45 (3H x 2, m, 2 %K), 2.14 (3H, s, CO; minor), 2.19 (3H,s, CGk; major), 4.30t4.42

(1H x 2, m, 2 x NHCOOH), 7.84 (1H, d= 13.5 Hz, G major), 8.07 (1H, dJ= 14.8 Hz, GE
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minor), 8.93 (1H, br. s, minor), 10.62 (1H, dd]= 7.5, 13.5 Hz, | major), 13.17 (1H x 2, br. s,

2 x CO@* Xc [0 MHz, (CEpSO] 17.7, 19.0, 56.2, 57.1, 81.4, 82.8, 118.2, 121.2, 159.3, 159.5,
172.9, 173.3191.2, 195.5. HRMS (ESI) found [M+H]L83.0766 &H11N-NaQ requires [M+H} =
183.0764.

2-[(2-Cyane3-methyl-3-oxoprop-1-en-1-yl)amino]-2-phenylacetic acid, 27AC From
cyanoacetone (2.00 g, 24 mmol) and2-phenylglycine (3.80 g, 25 mmol) as a red fo@39 g,
A0 9m%2204, 1731, 1645, 1582, 1211, 697-trithe'H NMR spectrunshoweda mixture of
the B-and @- J*}u &= ]v IXoWi & 5]} S Eu]v C $ZJ)=>1Po6Hz S W
CQ®, minor) and 7.80 (1H, dJ= 13.5 Hz, G€ major). w [400 MHz, (C§rSO] 2.11 (3H, sHs;
minor), 2.18 (3H, s,k&, major), 5.46 (1H, d)= 7.7 Hz, NHECOOHmajor), 5.55 (1H, dJ= 7.6 Hz,
NHCGHCOOHminor), 7.32t7.42 (5H x 2, m, 2 x A, 7.80 (1H, dJ= 13.5 Hz, G€ major), 8.06
(1H, d,J= 14.6Hz, CHd, minor), 9.40 (1H, br. s, minor), 11.07 (1H, dd)J= 7.7, 13.5 Hz, i
major), 13.41 (1H x 2, br. s, 2 x GOO [A00 MHz, (CELSO] 27.0, 28.4, 63.9, 64.8, 82.2, 83.2,
118.2, 120.8, 127.6 (2 x C), 128.8 (2 x C), 128.9, 129.2 (3 x CY212<L7, 136.8, 137.2, 158.8,
159.1, 171.0, 171.4, 191.3, 196.1. HRMS (ESI) found [M=N7.0745 GHioN:NaGs requires
[M+Na] = 267.0740.

(B-2-[(Dimethylamino)methylene}4,4-dimethyl-3-oxopentanenitrile, 3.33 To 4,4dimethyl3-
oxopentanenitrile (6.27%, 50 mmol) in dry THF (50 mL) was added DMFDMA (8.6 mL, 65 mmol,
1.30 equiv.). The reactiomixture was stirred at room temperature for 18 hours. The solvent was
removed under reduced pressure to afford a yellow crystalline solid from EtOAc/hexaneg(7.42
82 %). m.p. 8889 °C (lit. m.p. 48 66 £ ~ii:K 0h&8624(2959, 2933, 2874, 2190, 1644,
1586, 609 cm X 1400 MHz, CD§}11.33 [9H, s, Ckg)3], 3.24 (3H, s, N&), 3.43 (3H, s, NG),

7.92 (1H, s, G& X (100 MHz, CD¢}I26.8 (3 x C),88, 43.6, 48.3, 77.0, 121.3, 160.3, 200.2.

2-[(2-Cyane3-tert-butyl-3-oxoprop-1-en-1-yl)amino]acetic acid, 27Ba From 4,4dimethy}3-
oxopentanenitrile (3.76 g, 30 mmol) and glycine (2.37 g, 31.5 mmol) as a yellow oil which slowly
solidified (1.40 g. 2%). m.p. 99t {11 £ Xax3273, 2972, 2192, 1740, 1641, 1592, 1185! ¢ty w
(400 MHz, CD§11.32 [9H, s, CKG)3], 4.15 (2H, dJ= 6.0 Hz, NH&COOH), 7.33 (1H, d= 13.3

Hz, C6), 7.47 (1H, br. s, CB{) 10.75 (1H, dtJ= 6.0, 13.3 Hz, e X (R0O0MHz, CDG) 26.4 (3 x

C), 43.7, 49.7, 80.5, 120.9, 162.1, 171.0, 205.4. HRMS (NSI) fouid4N09.0932 H13N>03
requires [MH} = 209.0932.
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2-[(2-Cyane3-tert-butyl-3-oxoprop-1-en-1-yl)amino]propanoic acid, 2780 From 4,4dimethy}
3-oxopentanenitrie (3.76 g, 30 mmol) anpi-alanine (2.81 g, 31.5 mmol) as an orange oil (3.58 g,

AT 9ex2B71, 2200, 1720, 1637, 1585 énThe'H NMR spectrunrshoweda mixture of the B)-

and@- ]*}u E- Jv 1XTWi & 8]} S CEu]v C SZ)=<4dpPl\Hx &C/minvonNd XiA ~ |
and 7.84 (1H, dJ= 13.8 Hz, G€ major * X4 [400 MHz, (C§SO] 1.21 [9H, s, Gf€)3, minor], 1.23

[9H, s, C(&s)3, major], 1.29 (3H, dJ= 7.2 Hz, CH{, minor), 1.44 (3H, d)J= 7.2 Hz, CH&, major),
4.30t4.45 (1H x 2, m,HCH), 7.84 (1H, dJ= 137 Hz, CB, major), 8.15 (1H, dJ= 15.1 Hz, G

minor), 10.77 (1H, dd)= 7.6, 13.7 Hz, B major), 10.85 (1H, ddJ= 6.8, 15.0 Hz, M minor),

13.04 (1H x 2, br. s, CE®X:[800 MHz, (CE),S0] 17.8, 19.2, 26.6 (3 x C), 26.9 (3 x C), 43.0, 43.3,
563, 57.0, 77.5, 77.7,119.8, 122.2, 161.7, 161.8, 173.0, 173.3, 197.6, 202.9. HRMS (NSI)found [M
H] = 223.1088 GH14N20Os requires [MH] = 223.1088.

2-[(2-Cyane3-tert-butyl-3-oxoprop-1-en-1-yl)amino]-2-phenylacetic acid, 27Bc From 4,4
dimethyl3-oxopentanenitrile (3.76 g, 30 mmol) anol-2-phenylglycine (4.76 g) as a yellow solid
(4.28 9,50 %). m.p. 174i 6 0 £ma%3684, 2980, 2890, 2199, 1741, 1636, 1376, 1174. drhe'H
NMR spectrunmshoweda mixture of the E)- and @- isomers in a 0.2:1 ratio determined by the
*]Pv o+ § (®H,&X#+d5.0 Hz, G€ minor) and 7.84 (1H, dl= 13.5 Hz, G€ major * X+ [400
MHz, (CB)2S0] 1.23 [9H x 2, s, 2 x B{g], 5.48 (1H, dJ= 7.7 Hz, NHECOOHmajor), 5.56 (1H,
d, J= 6.8 Hz, NHECOOHminor), 7.35t 7.47 (5H x 2, m, Ad), 7.84 (1Hd, J= 13.5 Hz, ¢
major), 8.09 (1H, dJ= 15.0 Hz, G€ minor), 9.23 (1H, ddJ= 6.8, 15.0 Hz, N minor), 11.19 (1H,
dd,J= 7.7, 13.5 Hz, N major), 13.75 (1H x 2, br. s, 2 x GDOL [WO0 MHz, (CELSO] 26.6 (3 %
C), 26.8 (3 x C), 43.1, 43.4,{2 x C), 78.4, 78.5, 119.6, 121.7 (3 x C), 128.9 (2 x C), 129.0, 129.3
(3 x C), 129.7 (2 x C), 137.1, 137.2, 161.1, 161.6, 170.8, 171.1, 203.4HROAS (NSI) found M
H] = 285.1245 GHi1eN20Os requires [MH] = 285.1245.

2-[(2-Cyane3-phenyt3-oxoprop-1-en-1-yl)aminoJacetic acid, 27G From benzoylacetonitrile
(4.35 g, 30 mmol) ahglycine (2.36 g, 31.5 mmol) as a yellow solid (4.80 g, 70 %). m.jp.1¥86

£ %ax979, 2212, 1745, 1651, 1645, 1596, 1205, 777, 699 Tne'H NMR spectrunshoweda
mixture of the B- and @- isomers in a 0.8:1 ratio determined by the signalssat 6 X866 <J# U U
14.1 Hz, G4 major) and 8.12 (1H, dl= 15.0 Hz, G€ minor X4 [400 MHz, (C£)S0O] 4.15 (2H, d,

J= 5.3 Hz, NH&COOHMinon), 4.23 (2H, dJ= 6.0 Hz, NH&COOHmajor), 7.45t 7.58 (3H x 2,

m, 2 xm-Ar-H, 2 xp-Ar-H), 7.62 t 7.65(2H, m,0-Ar-H, minor), 7.73t7.75 (2H, mp-Ar-H, major),

7.97 (1H, dJ= 14.1 Hz, G€majon), 8.12 (1H, dJ= 15.0 Hz, GEminor), 9.01 (1H, dtJ= 5.3, 15.0
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Hz, NH, minor), 10.77 (1H, dd]= 6.0, 14.1 Hz, ) major), 13.10 (1H x 2, br. s, 2 ©CH * X [%00

MHz, (CB).SO] 49.6, 50.3, 79.7, 81.8, 118.4, 121.6, 127.8 (2 x C), 128.3 (2 x C), 128.7 (4 x C),
131.7, 131.9, 139.1, 139.2, 163.4 (2 x C), 170.7, 171.1, 188.5, 191.0. HRMS (ESI) foure [M+H]
231.0759 ©H11N20Os requires [M+H]} = 231.0764.

2-[(2-Cyane3-phenyt3-oxoprop-1-en-1-yl)amino]propanoic acid, 27D From
benzoylacetonitrile (4.35 g, 30 mmol) and-alanine (2.82 g, 31.5 mmol) as a pale brown solid
(5.22 g, 71 %). m.p. 1591 01 £ W%« 2093, 2207, 1732, 1641, 1131, 710, 696'cifhe'H NMR
spectrumshoweda mixture of the E)- and @- isomers in a 0.7:1 ratio determined by the signals

§ w iXdT J¥F,T2 HE, NCHH, minor) and 1.51 (3H, d]= 7.2 Hz, NCHHz, major* X4 [400
MHz, (CB)2SO] 1.43 (3H, dl= 7.2 Hz, NCHtg, minor), 1.51 (3H, dJ= 7.2 Hz, NCH&, major),
442 t4.49 (1H x 2, m, 2 x NChH), 7.46t7.58 (3H x 2, m, 4 m-Ar-H, 2 xp-Ar-H), 7.63t7.65
(2H, m,0-Ar-H, minor), 7.73t 7.75 (2H, mp-Ar-H, major), 8.10 (1H, dJ= 13.9 Hz, G€ major),
8.12 (1H, dJ= 15.0 Hz, @€ minor), 9.25 (1H, dd)J= 7.9, 15.0 Hz, ) minor), 11.06 (1H, dd])=
7.5, 13.9 Hz, N, major), 13.29 (1H x 2, br. s, 2 x GDOL [®W00 MHz, (CErLSO] 17.6, 19.0, 56.5,
57.2,79.8,81.2, 118.5, 121.5, 127.9 (2 x C), 128.3 (2 x C), 128.7 (4 x C), 131.6, 131.9, 139.1, 139.2
161.6, 161.7, 172.9, 173.2, 188.7, 191.3. HRMS (ESI) found*[M24§.0920 GH1aN20s requires
[M+HT = 245.0921

2-[(2-Cyane3-phenyt3-oxoprop-1-en-1-yl)amino]-2-phenylacetic acid, 27 From
benzoylacetonitrile (4.35 g, 30 mmol) and2-phenylglycine (4.78 g, 31.5 mmol) as a pink powder
(6.90g, 75 %). m.p. 1901067 £ W« 2P80, 2214, 1737, 1634, 1378208, 728, 630 cthThe'H

NMR spectrumshoweda mixture of the E)- and @- isomers in a 0.4:1 ratio determined by the

*]Pv o § w 0 XA8.7Hz NHEOOHmMajor), 5.62 (1H, d)= 7.0 Hz, NHEOOHmMminor).

W [400 MHz, (CELSO] 5.59 (1H, d] = 7.7 Hz, NHECOOHmajor), 5.62 (1H, dJ= 7.0 Hz,
NHGHCOOHminor), 7.37 t 7.59 [18H, m, 2 x GAr-H, 2 xm-Ar-H, 2 xp-Ar-H, o-Ar-H (minor)],

7.73 17.76 (2H, mp-Ar-H, major), 8.03t8.10 (1H x 2, m, 2 x BC9.67 (1H, ddj= 7.0, 14.8 Hz,

NH, minor), 11.49 (1H, dd)= 7.7, 13.7 Hz, i major), 13.52 (1H x 2, br. s, 2 x GOO [MOO

MHz, (CB):SO] 64.1, 64.5, 80.6, 82.0, 118.2, 121.1, 127.8 (2 x C), 127.9 (4 x C), 128.2, 128.7 (5 x
C), 128.9, 129.1, 129.3, 129.4, 129.8 (2 x C), 131.7, 132.1, 136.2, 137.0, 138.8, 139.0, 160.8, 161.6,
170.9, 171.3, 188.7, 191.7. HRMS (ESiydo[M+H} = 307.1076 GHisN20s requires [M+H] =
307.1077.
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2-[(2-Cyano-3-phenyt3-oxoprop-1-en-1-yl)amino]butanoic acid, 7Ql From benzoylacetonitrile
(4.35 g, 30 mmol) andi-2-aminobutyric acid (3.27 g, 31.5 mmol) as an orange solid (5.03 g, 65 %).
m.p. 147t i60 £ %2966, 2207, 1716, 1640, 1392, 1284, 714'cihe'H NMR spectrum
showeda mixture of the®-and @- ]J*}u E-* Jv IXoWi & S]} § CEu]v C sz
(1H, dddJ= 4.5, 8.3, 9.7 HzHCHCH, minor) and 4.37 (1H, dt]= 5.2, 7.9 Hz, KCHCH, major).

W [400 MHz, (CERSO] 0.87t0.92 (3H x 2, m, 2 x €Bts), 1.76 t 1.99 (2H x 2, m, 2 XECH),

4.27 (1H, dddJ= 4.5, 8.3, 9.7 Hz,HCHCH, minor), 4.37 (1H, dtJ= 5.2, 7.9 Hz, HCHCH,
major), 7.46t7.59 (3H x 2m, 4 xm-Ar-H, 2 xp-Ar-H), 7.63t7.65 (1H x 2, m, 2<Ar-H, minor),
7.74t7.77 (1H x 2, m, 20<Ar-H, major), 8.11 (1H, dj= 13.8 Hz, GLmajor), 8.12 (1H, d)= 15.0

Hz, CH, minor), 9.18 (1H, ddJ= 8.3, 15.0 Hz, iy minor), 11.04 (1H, ddJ= 7.9, 13.8 Hz, i
major), 13.28 (1H x 2, br. s, 2 x GOOL [R00 MHz, (CE,.SO] 9.6, 10.9, 24.5, 26.1, 62.1, 63.1,
80.0, 81.3, 118.5, 121.4, 127.9 (2 x C), 128.3, 128.7 (2 x C), 131.7, 132.0, 139.0, 139.2, 162.0,
162.1, 172.2, 172.7, 188.7, 191.5. HRMS (ESI) found {M=+E59.1076 GHisN>Oz requires
[M+H]J' = 259.1077.

2-[(2-Cyano-3-phenyt3-oxoprop-1-en-1-yl)amino]-3-methylbutanoic  acid, @ X7&  From
benzoylacetonitrile (4.35 g, 30 mmol) andvaline (3.69 g, 31.5 mmol) as a yellow solid (6.37 g,

78 %). m.p. 131t {17 £ Xax 2970, 2212, 1736, 1638, 15958 cm' The'H NMR spectrum
showeda mixture of thef)-and @- J*}u E-+ Jv IXiIWi & 8]} § CEu]v C sz -
(1H, app. t, NHECOOHmMminor) and 4.29 (1H, dd= 4.3, 9.4 Hz, NHHCOOHmajor * %4 [400 MHz,
(C3)2S0] 0.89t0.96 [6H x 2, m2 x CH(K&)2], 2.18 t 2.29 [1H %2, m,K{CH),], 4.11 (1H, app. t,
NHGHCOOHmMminor), 4.29 (1H, ddJ= 4.3, 9.4 Hz, NHHCOOHmMajor), 7.46 t 7.64 (8H, m, 2 -

Ar-H, 2 xp-Ar-H, o-Ar-H, minor), 7.76 t 7.78 (2H, mp-Ar-H, major), 8.11 (1H, dJ= 14.6 K, CE,

minor), 8.12 (1H, dJ= 14.3 Hz, G€ major), 9.08 (1H, ddJ= 8.6, 14.6 Hz, N minor), 11.10 (1H,

dd, J= 9.4, 14.3 Hz, ™ major), 13.13 (1H x 2, br. s, 2 x GOOL [800 MHz, (CE».SO] 17.3, 18.5,

19.0, 19.5, 30.5, 31.6, 55.4, 66.6, 67.1, 80.0, 118.3, 121.3, 128.0 (2 x C), 128.3 (2 x C), 128.7 (2 x C)
131.7 (2 x C), 132.1 (2 x C), 138.8, 139.1, 161.6, 162.6, 171.6, 172.1, 188.8, 191.8. HRMS (NSI
found [M-H] =271.1084 GHi1sN2Os requires [MH] = 271.1088.

N,4-Dimethoxy-N-methylbenzamide, 3.36 Prepared following the literature method
[L3RSC(A)10158]. To a stirring solution ehethoxybenzoyl chloride (8 mi59.3 mmol) in
2-MeTHF(100 mL)was addedN,Odimethylhydroxylamine hydrochloride (6.36 g, 65.2 mmol 1.1

equiv.)with cooling inan iceMeOH bath. Once the temperature of thmeixture reached 0 °C, a
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solution of KCQ (18.07 g, 130.7 mmol, 2.2 equiv.) in water (100 mL) was added in two portions.
The ice bathwas removed and themixture stirred at room temperature for 1 h prior to the
addition of dil. HCI (1 M, 100 mL). The organic phase was separated, washed with water (100 mL),
dried (NaSQ) and the solved removed under reduced pressure to afford a yellb(L@i71 g, 93

%). Tax 2934, 2839, 1633, 1605, 1574, 1250, 1170, 839 & (@00 MHz, CD¢I13.36 (3H, s,

NGHs), 3.56 (3H, s, N®E), 3.85 (3H, s, @€), 6.90 (2H, dJ= 8.7 Hzm-An-H), 7.73 (2H, d}= 8.7
Hz,0-An-H « X (400 MHz, CDg}I33.9, 55.3, 60.9, 113.3 (2 ¥ €26.0, 130.5 (2 x C), 161.5, 169.0.

Synthesis of4-methoxybenzoylacetonitrile, 6D from 3.36 Prepared followinga literature
method [150BC1696]. Acetonitrile (5.4 mL, 103.4 mmol, 4.5 equiv.) was stirred in dry THF (40 mL)
and cooled to-78 °C. MeLi-Br (2.2 M in ED, 42 mL, 92.2 mmol, 4 equiv.) was added dropwise
over 30 min and the reactiomixture stirred at-78 °C for a further 30 mirlN,4-DimethoxyN-
methylbenzamide8.36 (4.51 g, 23.1 mmol, 1 equiv.) in dry THF (40 mL) was added dropwise over 5
min and stirring at78 °C continued for 1.5 h. The reactiomxture was quenched with saturated
aqueous NECI (50 mL) and allowed to reach room temperatureOE{50 mL) was added and the
resulting precipitate was collected by filtration to yield ttile compoundas a white powder (2.43

g, 60 %). m.p. 131132 °C (lit. m.p. 112 120 °C [150BC1969], 13277 £ €iA:K fiihdesX T
3080, 2980, 2941, 1686, 1595, 1171, 847, 814 ¥m 00 MHz, CDgI3.90 (3H, s, O®), 4.03

(2H, s, ,CN), 6.96t 7.00 (2H, mm-Ar-H), 7.8817.92 (2H, mp-Ar-H * X (100 MHz, CD§}129.0,

55.7, 114.1, 114.4 (2 x C), 127.3, 130.9 (2 x C), 164.8, 185.4. HRMS (NSI) foungt p+NH
193.0970 @H13N20, requires [M+NH|* = 193.0972.

Synthesis of 4nethoxybenzoylacetonitrile 3.26D using sodium methoxideéPrepared followinga

literature method [12MOL9683]. Ethyl-methoxybenzoate (8.2 mL, 50 mmol) and sodium

methoxide (4.59 g, 85 mmol, 1.7 equiv.) were stirred in MeCN (110 mL) at reflux for 48 h. The

reaction was allowed to cool and @hresulting solid filtered and washed with.@t (50 mL) and

hexane (50 mL). The solid was dissolved in water (250 mL), acidified with dil. HCI (2 M) and

extracted with EtOAc (3 x 250 mL). The combined organic extracts were washed with brine (250

mL), dried(N&SQ) and the solvent removeth vacuo The solid was purified by flash column
ZE}u S}PE %ZC €i 9 DK, ]Jv D W ii 9 DK, Jv De Atflg Z % E)

compoundas an offwhite solid (2.90 g, 33 %). Physical and spectroscopic data agraement

with 3.26D from 3.36. Further elution provided 4nethoxybenzoic aci®.38 as an orange solid

(2.71 g, 36 %). m.p. 182183 °C (lit. m.p. 181183 °C [13T9335], 184671 £ €i6d>MfbiissX T
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2980, 2515, 1681, 1601, 1259, 842, 771'cm (400MHz, CDG) 3.88 (3H, s, 06), 6.95 (2H, dJ
= 8.8 Hzm-AnH), 8.07 (2H, dJ A 6 X 0 ¢{*00 MHz, CD§I55.5, 113.8 (2 x C), 121.6, 132.4 (2 x
C), 164.0, 171.4.

Synthesis of 4nethoxybenzoylacetonitrile 3.26D using potassiumtert-pentyloxide Prepared
following a literature method [11ACIE8979]. To a stirred solution of acetonitrile (2.6 mL, 50 mmol)

in anhydrous THF (150 mL) was slowly added potastunpentyloxide (1.7 M in toluene, 73.5

mL, 125 mmol, 2.5 equiv.) at room temperature. Ethyh&hoxybenzoate (9 mL, 55 mmol, 1.1
equiv.) was added dropwise and the reaction stirred under nitrogen for 24 hours prior to the
addition of dil. HCI (1 M, aq) and EtOAc (100 mL). The layers were separated and the organic layer
was washed with water (2 x 108L), saturated brine solution (2 x 100 mL) and driecb$8.

The solvent was removed under reduced pressure to afford aswlbitie solid. Flash column
chromatography [30 % EtOAc in hexane] providedtitiee compound as colourless crystals (7.74

g, 88 % Physical and spectroscopic data are in agreement3v#éDfrom 3.36.

2-{[2-Cyano-3-(4-methoxyphenyl}3-oxoprop-1-en-1-yllamino}acetic acid, 27Da From 4
methoxybenzoylacetonitril.26D(5.26 g, 30 mmol) and glycine (2.36 g, 31.5 mmol) as a yellow
sdid (6.16 g, 79 %). m.p. 153i i 8 £mx%3210, 2980, 2205, 1715, 1640, 1602, 1377, 1222.cm
The'H NMR spectrumshoweda mixture of the B)- and @- isomers in a 0.7:1 ratio determined by

§Z <]Pv o § w dX1b.xHzUCCHinor) and 7.8 (1H, dJ= 14.0 Hz, CClfhajore X4 w
[400 MHz, (C£)LSO] 3.82 (3H, s, ®; minor), 3.83 (3H, s, @&, major), 4.15 (2H, dJ= 5.8 Hz,
NHG-COOHmMinor), 4.22 (2H, dJ= 6.0 Hz, NHECOOHmMmajor), 7.01t7.05 (2H x 2, nm-An-H),

7.67 t7.70 (2H, mp-An-H, minor), 7.78 t 7.80 (2H, mp-AnH, major), 7.93 (1H, dJ= 14.0 Hz,

C®, major), 8.13 (1H, dJ= 15.1 Hz, G€ minor), 8.90 (1H, dtJ= 5.8, 15.1 Hz, M minor), 10.72

(1H, dt,J= 6.0, 14.0 Hz, ¥ major), 13.10 (1H x 2, br s, 2 x QOO [#00 MHz, (CB).SO] 49.5,

50.2, 55.9 (2 x C), 79.2, 81.3, 113.9 (2 x C), 114.0 (2 x C), 118.7, 122.0, 130.1 (2 x C), 130.6 (2 x C
131.4, 131.5, 162.2, 162.3, 163.3 (2 x C), 170.8, 171.2, 187.0, 189.6. HRMS (NSI) fourr [M+H]
261.0872 @zH13N20O4 requires [MrHJ = 261.0870.

2-{[2-Cyano-3-(4-methoxyphenyl}3-oxoprop-1-en-1-ylJamino}propanoic acid, 327Db From
4-methoxybenzoylacetonitril&@.26 (3.50 g, 20 mmol) andi-alanine (1.87 g, 21 mmol) as a brown
oil which was crystallised from DCM/hexane to affordree forown powder (3.87 g, 71 %). m.p.
138t 101 £ m4x 2080, 2204, 1742, 1634, 1605, 1585, 1136, 846.chme'H NMR spectrum

showeda mixture of the®-and @- J*}u E+ Jv iXoWi & S]} § CEu]v C sz
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(1H, d,J= 15.0 Hz, G€ minor) and 8.04 (1H, dl= 13.8 Hz, G€ major* X4 [400 MHz, (C§rLSO]

1.43 (3H, dJ= 7.2 Hz, CH&, minor), 1.50 (3H, dJ= 7.2 Hz, CH&, major), 3.82 (3H, s, OE,

minor), 3.83 (3H, s, A&, major), 4.39t4.47 (1H x 2, m, 2 *HCH), 7.00t 7.05 (2Hx 2, m, 2 >m-

AnH), 7.67t7.70 (2H, mp-An-H, minor), 7.78t 7.80 (2H, mp-Ar-H, major), 8.04 (1H, dJ= 13.8

Hz, CH, major), 8.12 (1H, dJ= 15.0 Hz, G€ minor), 9.11 (1H, ddJ= 7.9, 15.0 Hz, N minor),

11.01 (1H, ddj= 7.6, 13.8 Hz, i major), 13.29 (1H x 2, br. s, 2 x GDO [#00 MHz, (CE,SO]

17.7, 19.1, 55.9 (2 x C), 56.4, 57.1, 79.4, 80.8, 113.9 (2 x C), 114.0 (2 x C), 118.9, 121.9, 130.1 (2 3
C), 130.5 (2 x C), 131.4, 131.5, 161.5, 161.6, 162.2, 162.4, 172.9, 173.3, 187.1, 189.9. HRMS (NSI
found [M-H] = 273.0881 GH13N>O4 requires [MH] = 273.0881.

2-{[2-Cyano-3-(4-methoxyphenyl}3-oxoprop-1-en-1-yllamino}-2-phenylacetic acid, 27Dc From
4-methoxybenzoylacetonitril&.26D (3.50 g, 20 mmol) andLl-2-phenylglycine (3.18 g, 21 mmol)

as an orange solid (4.60 g, 69.%.p. 155t in 6 £ mx% 2980, 2211, 1743, 1719, 1635, 1600,

1248, 1166 cm. The!H NMR spectrunshoweda mixture of the - and @- isomers in a 0.4:1

E S]} § Eulv C $Z <]Pv 03= 13.8\HH BLiror) Bhd 804 (1H, dl= 135

Hz, CH, majore X [400 MHz, (CELSO] 3.82 (3H, s, ®; minor), 3.83 (3H, s, @€, major), 5.57

(1H, dJ=7.7 Hz, NHE&OOHmajor), 5.61 (1H, dJ= 7.1 Hz, NHEOOHminor), 6.97 t7.00 (2H,

m, m-An-H, minor), 7.03t 7.05 (2H, mm-An-H, major), 738 t 7.49 (bH x 2, m, 2 x A, 7.61 t

7.64 (2H, mp-An-H, minor), 7.80 t 7.82 (2H, mp-An-H, major), 8.04 (1H, dJ= 13.5 Hz, G¢

major), 8.07 (1H, dJ= 14.8 Hz, G€ minor), 9.53 (1H, ddJ= 7.1, 14.8 Hz, N minor), 11.48 (1H,

dd,J= 7.7, 13.8Hz, NH, major), 13.77 (1H x 2, br. s, 2 x GDOL [RO0 MHz, (CELSO] 55.9 (2 x

C), 64.1, 64.4, 80.1, 81.5, 113.9 (2 x C), 114.0 (2 x C), 118.6, 121.4, 127.2 (2 x C), 128.9, 129.0
129.3 (4 x C), 129.7 (2 x C), 130.2 (2 x C), 130.5 (2 x C), 131.1, 131.2, 136.4, 137.2, 160.7, 161.5
162.3, 162.5, 170, 171.4, 187.1, 190.2. HRMS (NSI) founedC[®OH]= 291.1131 GHisN>O2

requires [MCOOH]=291.1139.

Attempted synthesis of 4(dimethylamino)benzoylacetonitrile, Z6Efrom N,N-dimethylaniline
Acetic anhydride (9.4 mL, 100 mmol) and cyanoacetic aciD (§, 100 mmol, 1 equiv.) were
stirred in anhydrous 1ioxane (100 mL) at reflux for 15 min undex. Nhe mixture was filtered
and the filtrate allowed to cool to room temperature. To the filtrate was added anhydrous 1,4
dioxane(100 mb, N,N-dimethylaniline (12.7 mL, 100 mmol, 1 equiv.) and $nCI27 g, 10 wt%)

and the mixture stirred at reflux for 1 h under N The reaction mixture was poured onto water
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(100 mL) and the resulting solid filtered, washed with water and recrystallised from EtOHmb affo
a brown solid. No product could letectedby '*H NMRof this material

4 :Dimethylaminoacetophenone 3.42 d} -@minoacetophenone (13.52 g, 100 mmol) in DMF
(150 mL) was added®Q (31.97 g, 230 mmol, 2.3 equiv.) and iodomethane (14.3 mL, 230 mmol,
2.3 equiv.) and thenixture stirred at 60 °C for 24 hours. The reactmixture was allowed to cool

and icewater was added, the resulting solid was isolated by vacuum filtration and washed with
hexane. The solid was dissolved in EtOAc and washed with water (2 x 100 mL). The organic portion
was dried (Ng5Q) and the solvent removeth vacuoto afford a yellow solid (4.41 g, 27 %).
(15DT15924) m.p. 106 ii 6 £ %«2D12, 1650, 1586, 1357, 1229, 818tk 400 MHz, CDgI

2.51 (3H, s, C®E), 3.06 [6H, s, N{)2], 6.63 t6.67 (2H, mm-DRH), 7.86t 7.89 (2H, mp-DRH).

1-[4-(Dimethylamino)phenyllethanl-one, 3.43T03.42(16.32 g, 100 mmol) in toluene (100 mL)
was added DMFDMA (48 mL, 360 mmol, 3.6 equiv.) andDBE (10 drops) and the reaction
mixture stirred at reflux for 30 days. The reaction was allowed to cool to room temperagfore

the solvent was removed under reduced pressure. The resulting solid was washed with brine and
hexane and purified by flash column chromatography [100 % EtOAc] to afford initially unreacted
3.42(9.51 g, 58 mmol). Further elution provided ttite compoundas a brown solid (8.90 g, 41

%). m.p. 14% i i1 £ m%2B97, 2802, 1645, 1592, 1565, 1527, 786 ctn (400 MHz, CDEI2.96

[6H, br. s, CHNEG)2], 3.01 [6H, s, DR(G)2], 5.73 [1H, dJ= 12.3 Hz, BN(CH),], 6.64 (2H, dJ=

8.8 Hz,m-DRH), 7.78 (1H, dJ= 12.3 Hz, C®{}, 7.89 (2H, dJ= 8.8 Hzp-DRH * Xc (400 MHz,

CDQ) 37.2, 40.2 (2 x C), 43.3, 91.6, 110.8 (2 x C), 127.9, 129.5 (2 x C), 152.4, 153.5, 187.3. HRMS
(ESI) found [M+HFE 219.1497 GH1oN20 requires [M+H]= 219.1492.

5-(4-Dimethylaminophenyl)isoxazole3.44 To 3.43(8.60 g, 39 mmol) in EtOH (75 mL) was added
hydroxylamine hydrochloride (5.56 g, 80 mmol, 2 equiv.) andiheure was stirred at reflux for

17 hours under nitrogenAfter coolingto rt the solvent removedinder reduced pressure. The
residue was dissolved in Ckl@hd washed with water. The orgarayerwas dried (Ng5Q) and

the solvent removed under reduced pressure to yield a brown solid (6.01 g, 81 %). m.pl1332

£ %axB087, 2904, 2808, 1609, 819, 780-t (400 MHz, CDE}I3.03 [6H, s, N{B)2], 6.30 (1H,

d,J= 1.7 Hz, 4), 6.73 (2H, dJ= 8.9 Hzm-DRH), 7.66 (2H, dJ= 8.9 Hzp-DRH), 8.21 (1H, dJ=

1.7 Hz, 3+ X (200 MHz, CD§I140.2 (2 x C), 95.8, 111.8 (2 x C), 115.3, 127.3 (2 x C), 150.8, 151.4,
170.2. HRMS (ESI) found [M##&]189.1025 GHisN2O requires [M+H]= 189.1022.
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4-(Dimethylamingbenzoylacetonitrile, 3.26E 5-(4-Dimethylaminophenyl)isoxazold.44 (6.65 g,

30 mmol) was added to a solution of NaOEt (2.07 g, 90 mmol, 3 equiv.) in EtOH antkttime
stirred under nitrogen at rt for 17 hours. Dil. HCI (0.5 M, 100 mL) was added amurdtect
extracted with EtOAc (3 x 50 mL). The orgamxictactswere combined, washed with water (1 x
100 mL), dried (N&Q) and the solvent removed under reduced pressure to afford an orange
solid (2.01 g, 36 %). m.p. 160163 °C [lit. m.p. 164 165 °C~16d 6 8T e 2049, 2916, 1665,
1589, 1328, 1231, 821 chXH 00 MHz, CD§I3.09 [6H, s, N{&)2], 3.95 (2H, s, &), 6.66 (2H,

d, J= 9.1 Hzm-DRH), 7.80 (2H, d)= 9.1 Hzp-DRH * X (100 MHz, CD§}I28.5, 40.0 (2 x C), 110.8
(2 x C), 114,8122.0, 130.9 (2 x C), 154.2, 184.4. HRMS (ESI) found [M=N2f]1.0841
CiiHi2N2NaO requires [M+Na} 211.0842.

Synthesis of 4dimethylamino)benzoylacetonitrile, 26E from ¢hyl 4-
(dimethylamino)benzoateT he reaction was conductddllowing literaturemethod [11ACIE8979].

To a stirring solution of acetonitrile (2.6 mL, 50 mmol) in anhydrous THF (100 mL) was slowly
added potassiuntert-pentyloxide (1.7 M, 73.5 mL, 125 mmol, 2.5 equiv.) under nitrogen. A
solution of ethyl 4(dimethylamino)benzoate (10.68, 55 mmol, 1.1 equiv.) in anhydrous THF (50
mL) wasthen added dropwise and the mixtursirred for 24 hours at rt. To the reactionixture

was added dil. HCL (1,20 mL), followed by EtOAc. The organic layer was isolated, washed with
water (2 x 100 mjLand brine (2 x 100 mL), dried gS&) and the solvent removed under reduced
pressure to afford an orange solid (8.85 g, 94 %). Physical and spectroscopiwedatan

agreement with3.26Eprepared from3.44.

2-({2-Cyana3-[4-(dimethylamino)phenyl}3-oxoprop-1-en-1-yl}amino)acetic acid, 27k From
4-(dimethylamino)benzoylacetonitrild.27E(2.82 g, 15 mmol) and glycine (1.18 g, 16 mmol) as an
orange solid from EtOAc/hexane (1.09 g, 27 %). m.p. 1198 60 £ mx%2980, 2193, 1734, 1644,
1603, 1207, 1165825, 781 cm. The'H NMR spectrunshoweda mixture of the B- and @-
J*}u €+ Jv iXoWi & 8]} § CEu]v C $ZJ=1#YHzs GBEminorpahth ~i,U
7.84 (1H, dJ= 13.8 Hz, G major* X4 [400 MHz, (CE).SQO] 2.99t 3.00 [6H x 2, nR x N(Ek)2],
4.14 (2H, dJ= 5.9 Hz, NHGECOOHmMinor), 4.19 (2H, dJ= 5.9 Hz, NH&ECOOHmMajor), 6.72 t
6.75 (2H x 2, m, 2 m-DRH), 7.66 (2H, dJ= 8.9 Hzp-DRH, minor), 7.74t7.78 (2H, mp-DRH,
major), 7.84 (1H, dJ= 13.8 Hz, G major), 8.10 (1H, dJ= 14.9 Hz, G&€ minor), 8.69 (1H, dt)=

5.9, 14.9 Hz, N major), 10.68 (1H, dtJ= 5.9, 13.8 Hz,IN| minor), 12.92 (1H x 2, br. s, 2 x GO

W [100 MHz, (CE,SO] 40.1* (2 x C), 40.2* (2 x C), 78.9, 80.8, 111.0 (4 x C), 117.4, 22%3, 1
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125.7, 125.8, 130.0 (2 x C), 130.5 (2 x C), 152.9, 153.5, 162.9 (2 x C), 168.0, 170.9, 171.4, 186.0
188.8. HRMS (ESI) found [M#HP74.1188 GHieNsOs requires [M+H] = 274.1186.

*Qverlaps with residual (GHSO.

2-({2-Cyane3-[4-(dimethylamino)phenyl]-3-oxoprop-1-en-1-yl}amino)propanoic  acid, 27B

From 4(dimethylamino)benzoylacetonitril8.26E(1.88 g, 10 mmol) andL-alanine (0.94 g, 10.5
mmol) as a pale brown solid (0.84 g, 29 %). m.p. 14@1 £ %3219, 3003, 2901, 2204, 1727,
1638, 1®0, 1368, 1186, 789 c ThelH NMR spectrunshoweda mixture of the B- and @-

J*}u E« Jv iXo0Wi €& §]} § CEu]v C 3ZJ)=1#YHzs GEmimorpahth ~i,U
7.96 (1H, d,J= 13.6 Hz, G€ major* X4 [400 MHz, (CE,SO] 1.44 (3H, d|= 7.2 Hz, Bs, minor),

1.49 (3H, dJ= 7.2 Hz, Bs, major), 3.00 [6H x 2, s, 2 x N{p], 4.38 1 4.45 (1H x 2, m, &
NHGHCOOH), 6.716.74 (2H x 2, m, 2m-DRH), 7.67(2H, d,J= 8.8 Hzp-DRH, minor), 7.78 (2H,

d, J= 8.8 Hzp-DRH, major), 7.% (1H, d,J= 13.6 Hz, G€ major), 8.10(1H, d,J= 14.9 Hz, G

minor), 8.90 (1H, dd)= 7.9, 14.9 Hz, N minor), 11.00 (1H, dd]= 7.7, 13.6 Hz, I major), 13.27

(1H x 2, br. s, 2 x CB®X:[#00 MHz, (CE,S0] 17.8, 19.2, 40.1* (4 x C), 56.395611.0 (4 x C),
119.4, 122.4, 125.7, 125.8, 130.0 (2 x C), 130.5 (2 x C), 152.9, 153.0, 161.1, 161.2, 173.1, 173.4,
186.1, 189.0. HRMS (ESI) found [M+H288.1348 GHisNsOs requires [M+H] = 288.1343.

*Overlaps with residual (GHSO.

2-({2-Cyane3-[4-(dimethylamino)phenyl}3-oxoprop-1-en-1-yl}amino)-2-phenylacetic acid,

3.27E From 4(dimethylamino)benzoylacetonitril8.26E(1.88 g, 10 mmol) andi-2-phenylglycine

(1.59 g, 10.5 mmol) as a yellow solid (1.95 g, 55 %). m.pt 161i £ %2880, 17281635, 1598,

1359, 1190, 1165, 767 cmThe'H NMR spectrunshoweda mixture of the - and @)- isomers in
iXiWi €& 8]} 8§ Eu]v C $Z +]Bwv1d8Hg, @Lddadand 7194 (H, d=

13.4 Hz, G4, majore Xy MO0 MHz, (CELSO] 2.99 [6H, br. s, N}, minor], 3.00 [6H, br. s,

N(QHs)2, major], 5.53 (1H, dJ= 7.8 Hz, NHECOOHmajor), 5.59 (1H, dJ= 6.9 Hz, NHEZOOH,

minor), 6.69 (2H, dJ= 8.9 Hzm-DRH, minor), 6.73 (2H, dJ= 9.0 Hzm-DRH, major), 7.3917.48

(5Hx 2, m, 2 x &%), 7.61 (2H, dJ= 8.9 Hzp-DRH, minor), 7.78 (2H, dJ= 9.0 Hzp-DRH, major),

7.94 (1H, dJ= 13.4 Hz, G€ major), 8.04 (1H, dJ= 14.8 Hz, G& minor), 9.23 (1H, ddJ= 6.9,

14.8 Hz, M, minor), 11.46 (1H, dd]= 7.8, 13.4 HA\H, major), 13.71 (1H x 2, br. s, 2 x GDOC W

[100 MHz, (CE).SO] 40.7* (2 x C), 41.0* (2 x C), 64.0, 64.2, 79.7, 81.2, 111.0 (4 x C), 119.0, 121.9,

125.4 (2 x C), 127.7 (2 x C), 128.8 (2 x C), 129.0, 129.2, 129.3 (2 x C), 129.7 (2 x C), 130.1 (2 x C
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130.5 (2 x C), 136.7, 137.4, 153.0, 153.1, 160.3, 161.0, 171.1, 171.5, 185.9, 189.2. HRMS (ESI)
found [M+HT = 350.1509 &H>0N3Os requires [M+H} = 350.1499.

*Qverlaps with residual (GHSO.

Synthesis of 4itrobenzoylacetonitrile, 326F from ehyl 4-nitrobenzoate and potassium
tert-pentyloxide The reaction was conductefbllowing literature method [11ACIE8979]. To a
stirring solution of acetonitrile (3.9 mL, 75 mmol) in anhydrous THF (150 mL) was slowly added
potassiumtert-pentyloxide (1.7 M, 110 mL, 18vimol, 2.5 equiv.) under nitrogen. A solution of
ethyl 4nitrobenzoate (16.10 g, 82.5 mmol, 1.1 equiv.) in anhydrous THF (100vasLadded
dropwise, the mixturevas stirred for 24 hours at rt. To thheactionmixture was addedlil. HCL (1

M, 120 ml), followed by EtOAc. The organic layer was isolated, washed with water (2 x 100 mL)
and brine (2 x 100 mL), dried (#$8) and the solvent removed under reduced pressure. The solid
was purified by flash column chromatography to afford an orange solid (1.52%).1®0.p. 114t

115 °C (lit. m.p. 122 iTi £ €i7DK>0 a&P91X 1598, 1651, 1520, 1353, 853, 813'ctm w
(400 MHz, CD§14.16 (2H, s,16), 8.11t8.13 (2H, mp-Ar-H), 8.38t8.40 (2H, mm-Ar-H ¢ X:(100

MHz, CDG) 29.9, 112.8, 124.4 (2 x @R9.6 (2 x C), 138.4, 151.2, 185.9. HRMS (APCI) found [M
H] = 189.0313 &4N20Os requires [MH] = 189.0306.

Synthesis of ditrobenzoylacetonitrile, 326F from ¢hyl 4-nitrobenzoate andsodium methoxide

The reaction was conductefdllowing a literature method [12MOL9683]. Ethyl-ditrobenzoate

(3.90 g, 20 mmol) and sodium methoxide (1.84 g, 34 mmol, 1.7 equiv.) were stirred in MeCN (60
mL) at reflux for 48 h. The reactiomxture was allowed to cool and the resulting solid filtered and
washed with hexane50 mL). The solid was dissolved in water (250 mL), acidified with dil. HCI (2
M) and extracted with EtOAc (3 x 50 mL). The combined organic extracts were washed with brine
(250 mL), dried (N®Q) and the solvent removeih vacuo The solid was purified dlash column
chromatography [30 % EtOAc in hexane] which provided a mixturendfabenzoic acid and-4

nitrobenzoylacetonitrile (0.97 g).

Attempted synthesis of 4nitrobenzoylacetonitrile, 326F from 4-nitrobenzoyl chloride and
cyanoacetic acidThe rea&tion was conductedfollowing a literature method [99IJMC3629].
Cyanoacetic acid (4.26 g, 50 mmol, 2 equiv.) was dissolved in anhydrous THF (100 mL) and cooled
to -78 °C under nitrogem-BuLi (2.5 M in hexanes, 40 mL, 100 mmol, 4 equiv.) was added to the

solution dropwise and the reaction allowed to reach 0 °C and stirred for 30 mimmikitere was

232



cooled to-78 °C and a solution ofritrobenzoyl chloride (4.64 g, 25 mmol) in anhydrous THF (50
mL) was added dropwise. The reactimixture was stirred fora further hour at-78 °C and allowed

to warm to room temperature. Thenixture was slowly acidified (2 M HCI) and the product
extracted with DCM (2 x 75 mL). The organic portions were washed with aq. a0
(N&SQ) and the solvent removed under reded pressure. The product was purified by flash
column chromatography [30 % EtOAc in hexane]. TFhBIMR was complex and no product could

be identified.

Attempted Synthesis of <itrobenzoylacetonitrile, 326F from 4-nitrobenzoyl chloride and
tert-butyl cyanoacetateThe reaction was conductddllowing a literature method [97S337]. NaH
(60 % in oil, 2.80 g, 71 mmol) was suspended in anhydrous toluene (250 mitg¢ribdtyl
cyanoacetate (20.2 mL, 142 mmol, 2 equiv.) was added and the reautidare stirred under
nitrogen until the evolution of KHceased. To thesuspension of the sodium saltas added
4-nitrobenzoyl chloride (13.15 g, 71 mmol, 1 equiv.) in anhydrous THF (50 mL) and the reaction
mixture stirred for 16 h. Water (200 mL) was added and the nigaolvent separated and washed
with water (100 mL). The aqueous portions were combined and washed vith (EO0 mL). The
agueous layer was acidified (2 M HCI) and the product extracted wi@ @&t x 100 mL), washed
with water (100 mL), dried (N8Q) and the solvent removed under reduced pressure to afford
tert-butyl 2cyano3-(4-nitrophenyl}3-oxopropanoate The intermediate was dissolved in
anhydrous toluene (100 mL) and a catalytic amount of TSOH was added and the reaigtiome
stirred at reflux @ernight under nitrogen. The mixture was allowed to cool to room temperature
and the solvent removeth vacuo The product was purified by flash column chromatography [20
% EtOAc in hexane] to afford thigle compound as a yellow solid (0.55 g, 4 %). Rtgisand

spectroscopic data aneentical to3.26Ffrom ethyl 4nitrobenzoate and Kpentyloxide

3-(Dimethylamino}1-(4-nitrophenyl)prop-2-en-1-one, 3.52 d} -ditroacetophenone (16.52 g,

100 mmol) in toluene (100 mL) was added DMFDMA (16 mL, 120 rhraaquiv.) and BFOEb

(10 drops) and the reaction mixture stirred at reflux for 24 hours. mheure was allowed to cool

to room temperature before the solvent was removed under reduced pressure. The resulting solid
was washed with hexane and collectbg vacuum filtration affording a brown solid (20.33 g, 92
%). m.p. 147t 149 °C (lit. m.p 139 idi £ €i16:, O6muAl68X 1602, 1513, 1322, 787, 712°cm

1 X (400 MHz, CD§I2.98 (3H, s, NGCH), 3.21 (3H, s, NGEHs), 5.68 (1H, dj= 12.2 Hz, EN),
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7.87 (1H, dJ=12.2 Hz, CO{}, 8.01t8.03 (2H, mp-PNPRH), 8.24t8.27 (2H, mm-PNRH). HRMS
(ESI) found [M+HF 220.0842 GHi3N2Os requires [M+H] = 220.0848.

5-(4-Nitrophenyl)isoxazole,3.53 To 3.52 (20.04 g, 91 mmol) in EtOH (150 mL) was added
hydroxylamine hydrochloride (12.65 g, 182 mmol, 2 equiv.).iix¢ure was stirred at reflux for 1

hour and allowed to cool to room temperature. The solvent was removed under reduced pressure
and the product dissolved in chloroform. The insoluble mateviad removed by filtration and the
chloroform solution washed with water. The organic layer was dried ,®@) and the solvent
removedin vacuoto afford a pale yellow solid (12.98 g, 75 %). m.p. 1246 °C (lit. m.p 163

iofi £ €10:, 60&@9211650, 1576, 1514, 1354, 1230, 1067, 812 ¢tm (400 MHz, CDg)I

6.73 (1H, dJ= 1.8 Hz, 4), 7.97 t8.00 (2H, mp-Ar-H), 8.348.37 (2H, mm-Ar-H), 8.38 (1H, dJ

= 1.8 Hz, 3+ X (000 MHz, CD§I1101.4, 124.5 (2 x C), 126.7 (2 x C), 132.6, 14B815], 166.9.
HRMS (ESI) found [M+H] 190.0376 §+N,Os requires [M+H] = 190.0378.

4-Nitrobenzoylacetonitrile 3.54 Sodium (4.71 g, 205 mmol, 3 equiv.) was added to E8DBI mL)

and stirred under nitrogen until effervescence had ceased. To the splutas added.53(12.98

g, 68 mmol) and thenixture was stirred at room temperature for 17 hours under nitrogen. The
solvent was removed under reduced pressure and the residue dissolved in water and acidified
with dil. HCI (1 M). Therpduct was extractedvith EtOAc, the extractwashed with water, dried
(N&SQ) and the solvent removed under reduced pressure to provide an orange solid (7.60 g, 59
%). Physical and spectroscopic data #@tentical to 3.26F from ethyl 4nitrobenzoate and

potassiunmtert-pentyloxide

2-{[2-Cyane3-(4-nitrophenyl)-3-oxoprop-1-en-1-yllJamino}acetic acid, 7R From
4-nitrobenzoylacetonitrile (1.90 g, 10 mmol) and glycine (0.80 g, 10.5 mmol) as an orange solid
(0.67 g, 24 %). m.p. 177168 £mx3239, 2206, 1743, 1649, 1544,186 1337, 1243, 721 chn
The'H NMR spectrumshoweda mixture of the B)- and @- isomers in a 0.8:1 ratio determined by

§Z <]Pv oe § w dX15.2HzUdECthinor) and 8.05 (1H, dl= 14.2 Hz, G majore X4 w
[400 MHz, (CELSO] 4.16 (2H, dJ = 5.9 Hz, NH&COOH,minor), 4.25 (3H, dJ = 6.0 Hz,
NHCGLCOOHmajor), 7.82 t 7.84 (2H, mp-Ar-H, minor), 7.94 t 7.96 (2H, mp-Ar-H, major), 8.05

(1H, dJ=14.2 Hz, G€ major), 8.11 (1H, dJ= 15.2 Hz, G minor), 8.30t8.35 (2H x 2, m, 2m-

Ar-H), 9.27 (1H, dtJ= 6.0, 14.2 Hz, B minor), 10.80 (1H, dtJ= 5.9, 15.2 Hz, M major), 13.15

(1H x 2, br. s, 2 x CE@X: [#00 MHz, (C§,S0O] 49.7, 50.5, 79.9, 117.7 (2 x C), 121.0, 124.0 (4 x
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C), 129.2 (2 x C), 129.5 (2 x C), 144.6, 144.9, 48P, 163.6, 163.7, 170.5, 170.9, 189.3 (2 x C).
HRMS (ESI) found [M+H]276.0616 GH1oNzOs requires [M+Hj = 276.0615.

2-{[2-Cyana3-(4-nitrophenyl)-3-oxoprop-1-en-1-yllJamino}propanoic  acid, 327F  From
4-nitrobenzoylacetonitrile (1.90 g, 10 mmolpdnbL-alanine (0.94 g, 10.5 mmol) as a brown solid
from EtOAc/hexane (0.94 g, 33 %b).p. 183 t 185 °C. fax 2953, 2205, 1738, 1638, 1519, 1344,
852 cm’. 'H NMR showed the presence of th®-(*}u @& ¥OWMHz, CD§I1.71 (3H, dJ= 7.2
Hz, k), 4.30(1H, app quin, NHFECOOH), 6.64 (1H, br. s, G907.64 (1H, dJ= 13.6 Hz, G4},
7.99 18.01 (2H, mp-PNRH), 8.2918.32 (2H, mm-PNPRH), 11.26 (1H, dd]= 7.3, 13.6 Hz, M+ X w
(100 MHz, CD¢}118.9, 56.7, 81.9, 119.8, 1233 x C), 129.0 (2 x @}¥3.2, 149.5, 160.3, 172.6,
190.2. HRMS (ESI) found [M#HP90.0767 GHi2NzOs requires [M+H] = 290.0771.

2-{[2-Cyano-3-(4-nitrophenyl)-3-oxoprop-1-en-1-yllamino}-2-phenylacetic acid, 27F From
4-nitrobenzoylacetonitrile (1.90 g, 10 mmol) amd-2-phenylglycine (1.60 g, 10.5 mmol) as a
brown oil which slowly solidified (1.71 g, 49 %). m.pt8&®1 £ %3031, 2207, 1732, 1635, 1602,
1519, 1343, 697crhX 4400 MHz, CDgI5.01 (1H, br. s, C®y 5.27 (1H, dJ = 5.6 Hz,
NHGHCOOH), 7.38 7.41 (2HM, 0-Ar-H), 7.46 t 7.49 (4H, mm-Ar-H, p-Ar-H, C&l), 7.99 (2H, dJ=
8.8 Hz0-PNPRH), 8.29 (2H, dJ= 8.8 Hzm-PNRH « X (200 MHz, CD¢§}164.2, 82.4, 119.6, 123.6 (2
x C), 127.7 (2 x C), 129.1 (2 x C), 129.9 (2 x C), 130.2, 133.6, 143.0, 149.6716).290.3.
HRMS (ESI) found [M+4] 352.0928 GH14N3Os requires [M+H] = 352.0928.

3-(1-Methyl-1H-pyrrol-2-yl)-3-oxopropanenitrile, 3.26@N-Methylpyrrole (14.2 mL, 0.16 mol) was
added to cyanoacetic acid (13.61 g, 0.16 mol, 1 equiv.) in acetic addy®D mL and stirred at 75

°C for 45 minutes. The reactionixture was allowed to cool before pouring onto ice. The resulting
precipitate was isolated by vacuum filtration and washed with hexane to afford awlofé
powder (22.41 g, 95 %). m.p. 1@4.06 °C (lit. m.p. 109t 110 °C [08T11262, 16JHC1945], 110 °C
€167760 hme3138, 2970, 1637, 760 chX 00 MHz, (CELSO] 3.85 (3H, s, NE), 4.43 (2H, s,
CH:CN), 6.18 (1H, dd= 2.5, 4.2 Hz,-#)), 7.13 (1H, dd)= 1.6, 4.2 Hz,-Bl), 7.25 (1H, m5-He Xc w
[100 MHz, (CE)»,SO] 29.7, 37.4, 109.0, 116.6, 121.7, 128.4, 133.8, 178.7. HRMS (NSI) fourfd [M+H]
= 149.0705 &N0 requires [M+H]= 149.0709.

2-{[2-Cyana3-(1-methyl-1H-pyrrol-2-yl)-3-oxoprop-1-en-1-ylJamino}acetic acid, 27G From 3
(2-methyt1H-pyrrol-2-yl)-3-oxopropanenitrile (4.44 g, 30 mmol) and glycine (2.36 g, 31.5 mmol) as
a brown oil which slowly solidified (3.62 g, 52 %). m.p. 1496 £m22908, 2199, 1728, 1630,
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1225, 745 cm. The'H NMR spectrunshoweda mixture of the B- and @- isomers in a 0.7:1
E S]} § Eulv C §$Z <]Pv 03= 18.9HZH BEadnirar) Bhd B0 (1H, dJ= 13.8

Hz, CHE, major). w [400 MHz, (CgLSO] 3.79 (3H, s, Nk; minor), 3.84 (3H, s, NG, major), 4.13

(2H, d,J= 5.9 Hz, NH&COOHminon), 4.17 (2H, dJ= 6.1 Hz, NHECOOHmajor), 6.09 t 6.11

(1H x 2, m, 4H), 6.97 (1H, dd)= 1.5, 4.0 Hz,-Bl, minor), 7.06t7.07 (1H % 2, m,-Bl), 7.20 (1H, dd,
J= 1.5, 4.1 Hz,-Bl, major), 7.80 (1H, dJ= 13.8 Hz, G major), 8.14 (1H, dJ= 14.9 Hz, GE

minor), 8.66 (1H, dtJ=5.9, 14.9 Hz, N minor), 10.52 (1H, dtJ= 6.1, 13.8 Hzanajor), 13.03 (1H x
2, br. s, 2 x CO). HRMS (ESI) found [M¥H]234.0872 GH12N3Os requires [M+H] = 234.0873.

2-{[2-Cyane3-(1-methyl-1H-pyrrol-2-yl)-3-oxoprop-1-en-1-ylJamino}acetic acid, 27 From 3
(1-methyt1H-pyrrol-2-yl)-3-oxopropanenitrile (4.44 g, 30 mmol) aroi-alanine (2.81 g, 31.5
mmol) as a brown solid (3.63 g, 49 %). m.p.t9BI I £ XKax2982, 2190, 1733, 1630, 1391, 731
cnmt The 'H NMR spectrumshowed a mixture of the B- and @- isomers in a 0.6:1 ratio

S GBu]v C S$Z <]Pv o+ 3=2w4®XHzy G€imidor) dnd7.80 (1H, dJ= 13.8 Hz,
CQ®, major e X+ (400 MHz, (CgSO] 1.43 (3H, dl= 7.2 Hz, B, minor), 1.47 (3K d,J= 7.2 Hz,
(Hs, major), 3.79 (3H, s, NG, minor), 3.84 (3H, s, NG, major), 4.34t4.44 (1H x 2, m, 2 x
NHGHCOOH), 6.1@6.12 (1H x 2, m, 2 *H), 6.98 (1H, dd]= 1.6, 4.0 Hz,-B, minor), 7.05t 7.08
(I1H x 2, m, 2 x-Bl), 7.21 (1H, dd)= 1.6 4.1 Hz, 3H, major), 7.92 (1H, dJ= 13.7 Hz, G€ major),
8.14 (1H, dJ= 15.0 Hz, G€ minor), 8.87 (1H, ddJ= 7.8, 15.0, N, minon), 10.78 (1H, dd= 7.7,
13.7 Hz, N, major), 13.06 (1H x 2, br. s, 2 x GDOC[K00 MHz, (C§,S0] 17.7, 19.2,730, 37.6,
56.0, 56.9, 78.9, 80.7, 107.6, 107.7, 117.3, 117.5, 119.2, 122.3, 129.6, 129.7, 130.4, 131.0, 160.6,
161.0, 173.1, 173.4, 177.7, 180.7. HRMS (ESI) found {M=+BE#8.1027 GH14aN3Os requires
[M+H]" = 248.1030.

2-{[2-Cyana3-(1-methyl-1H-pyrrol-2-yl)-3-oxoprop-1-en-1-yllamino}acetic acid, 27G From 3
(2-methyt1H-pyrrol-2-yl)-3-oxopropanenitrile (4.44 g, 30 mmol) amd-2-phenylglycine (4.76 g,
31.5 mmol) as a brown solid (6.12 g, 66 %). m.p. L1597 £ %«2P81, 2217, 1734, 1626, 1209,
726,614 cmt. The'H NMR spectrunshoweda mixture of the B- and @- isomers in a 0.4:1 ratio

§ Eu]v C SZ <]Pv o+ 3=2wi4@XHz) GEimidor) dnd 7.90 (1H, d]= 13.4 Hz,
CQ®, major« X4 [400 MHz, (C§)SO] 3.75 (3H, s, Nk; minor), 3.84 (3H, s, NG, major), 5.52 (1H,
d, J= 7.7 Hz, NHECOOHmajor), 5.57 (1H, dJ= 6.9 Hz, NH&OOHmMiInor), 6.07 (1H, ddj= 2.6,
iXd ,IH, minor, 6.11 (1H, ddJ A TXAU & X4, major),86.91 (1H, dd) A iXAU 1%, ,1U i;
minor), 7.04 (1HJ %o %ok mindrefl) 6 Xii ~i,U-H%a&eK 7522 (iH, ddJ A iXAU &Xi ,1U 8
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H, major), 7.381t7.48 (5H x 2, m, 2 &), 7.90 (1H, dJ= 13.4 Hz, G€ major), 8.07 (1H, dJ=

14.8 Hz, Gd; minor), 9.19 (1H, dd)= 6.9, 14.8 Hz, Nl minor), 11.21 (1H, dd)= 7.7, 13.4 Hz, W

major), 13.72 (1H x 2, br. s, 2 x GDOL [MO0 MHz, (CErSO] 37.0, 37.7, 63.9, 64.1, 79.7, 81.6,
107.7, 107.9, 117.7 (2 x C), 118.9, 121.8, 127.7 (2 x C), 128.9 (2 x C), 129.0, 129.2, 129.3 (2 x C)
129.4, 129.5, 29.7 (2 x C), 130.6, 131.4, 136.6, 137.4, 159.8, 160.8, 171.2, 171.5, 177.4, 180.8.
HRMS (ESI) found [M+N&] 332.1004 GH:sNsNaQ requires [M+Naj= 332.1006.

N-Methoxy-N-methylcinnamamide, 3.560 a stirring solution of cinnamoyl chloride (10.00 gP60
mmol) in 2MeTHF(100 mL)was addedN,Odimethylhydroxylamine hydrochloride (6.36 6.0
mmol 1.1 equiv.) and thenixture cooled in an icéMleOH bath. Once the temperature reached 0
°C, a solution of IQ (18.25g, 12.1 mmol, 2.2 equiv.) in water (10L) was added in two
portions. The ice bath was removed and the reactioimture stirred at room temperature for 1 h
prior to the addition of dil. HCI (1 M, 100 mL). The organic phase was separated, washed with
water (100 mL), dried (N8Q) and the solvet removed under reduced pressure to afford a pale
yellow oil which solidified upon standing (9.56 g, 83 %). m.p.t 36 °C (lit. m.p. 48t 50 °C
€112~ ~ «01{AH400KMWz, CD§I3.31 (3H, sNG+), 3.78 (3H, s, N®E), 7.04 (2H, dJ= 15.8
Hz, &Ph) 7.34t7.41 (3H, mm-Ar-H, p-Ar-H), 7.55t7.59 (2H, mo-Ar-H), 7.74 (2H, df 15.8 Hz,
COGEi« Xc (W00 MHz, CD¢132.5, 61.9, 115.8, 128.1 £C), 128.8 (2 x C), 129.9, 135.2, 143.5,
167.Q

Attempted synthesis of (B)-3-oxo-5-phenylpent4-enenitrile, 3.26H from 3.56 The reaction was
performed according to the literature metho50BC1696]Acetonitrile (4.2 mL, 80 mmol, 2
equiv.) was stirred in dry THF (40 mL) and coolee/&°C. MeLi-LiBr (2.2 M in2Ex, 27 mL, 60
mmol, 1.5 equiv.) was added dropae over 30 min and thmixture stirred at-78 °C for a further
30 min.N-Methoxy-N-methylcinnamamide3.56 (7.65g,40 mmol, 1 equiv.) in dry THF (40 mL) was
added dropwise over 5 min and stirring 418 °C continued for 1.5 h. The reactionxture was
quenched with saturated aqueous NEI (50 mL) and allowed to reach room temperatufée
product was extracted witlebO € x 1@ mL) The combined organic portions weneashed with
brine (2 x 100 mL), dried (b&0Q) and the solvent removed under reduced presesto afford an

orange 0il(5.62 g). None of the product was detectedByNMR of the mixture.

General nethod for the synthesis of 4(3-cyanc4-oxo-4-phenylbut-2-en-2-yl)amino] acids
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To a solution of benzoylacetonitrile (4.35 g, 30 mmol) and the apgropr -amino acid (31.5
mmol, 1.05 equiv.) in isopropanol (80 mL) was added triethyl orthoacetate (8.5 mL, 45 mmol, 1.50
equiv.). The reaction mixture was refluxed under nitrogen until the starting material was absent by
TLC. The reaction was allowed tamtand the solvent was removed under reduced pressure. The
residue was dissolved in DCM and extracted into aqueous NafCO50 mL) and the aqueous
extracts acidified with dil. HG2 M, aqg.). The product was then extracted with EtOAg &9 mL),

dried (N&SQ) and the solvent removeth vacucto yield thetitle compound.

(2-2-[(3-Cyano-4-oxo-4-phenylbut-2-en-2-yl)amino]propanoic acid 3.57b From DL-alanine (2.83

g) as a yellow solid (2.24 g, 29 %). m.p. 1776 8 £ mx 2980, 2889, 2201, 1745, 1613%4l,

1284, 1210, 1140, 725 chX 1 {400 MHz, (CELSO] 1.50 (3H, d= 7.1 Hz, CH), 2.38 (3H, s,

CC), 4.65t14.73 (1H, m, NHKECOOH), 7.457.55 (3H, mm-Ar-H, p-Ar-H), 7.67t7.69 (2H, mop-

Ar-H), 12.42 (1H, dJ= 7.8 Hz, N), 13.57 (1H, br. SO * Xc [000 MHz, (CELSO] 18.4, 19.3,

52.7, 81.8, 121.5, 127.9 (2 x C), 128.5 (2 x C), 131.4, 140.0, 172.0, 172.9, 191.7. HRMS (ESI) fount
[M+H]" = 259.1078 GH1sN20Os requires [M+H] = 259.1077

(D-2-[(3-Cyano-4-oxo-4-phenylbut-2-en-2-yl)Jamino}-2-phenylacetic acid 3.57c From DL-2-
phenylglycine (4.76 g, 31.5 mmol) as a yellow solid (1.62 g, 17 %). m.jp. 1205 £ w4« 2001,
2216, 1733, 1607, 1574, 1557, 723, 708 ckm 400 MHz, (CELSO] 2.23 (3H, sHe), 5.79 (1H, d,
J= 6.9 Hz, NHECOOH), 7.397.56 (8H, m, GiAr-H, m-Ar-H, p-Ar-H), 7.71 (2H, dJ= 7.1 Hzp-Ar-
H), 12.92 (1H, dj= 6.9 Hz, N), 13.90 (1H, br. s, CO® Xc [800 MHz, (CELSO] 19.0, 60.7, 82.4,
121.3, 127.5 (2 x C), 128.0 (2 x C), 128.5 (2 x C), 129.2, 129.7 (2 x C), 181.639F, 170.9,
171.8, 191.8. HRMS (ESI) found [M+H321.1234 GHi7NoOs [M+H] = 321.1234.
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43.6 Synthesis of Pyrroles: y€lisation of 2-Alkanoyt and  2Aroyl-3-(1-

carboxylalkylamino)acrylonitrilesZ-[(2-Cyano-3-oxoprop-1-en-1-yl)amino] acid$

General method for the cyclisation of }(2-cyano-3-oxoprop-1-en-1-yl)Jamino] acids

The 2[(2-cyana3-oxoprop1l-en-1-yl)amino] acid was dissolved in acetic anhydride (30 mL) prior
to the addition of triethylamine (7 equiv.). The mixture was refluxed untilehession of Cowas
complete (limewater bubbler) and allowed to cool to room temperature. The brown solution was
poured into water (400 mL), stirred for 1 h and extracted with DCM (5 x 50 mL). The organic layer
was washed with water (2 x 100 mL), ag. N@d® x 50 mL) and water (100 mL). The dried
(N&SQ) solvent was removed under reduced pressure and the products were isolated by flash

column chromatography or recrystallisation.
The following compounds were synthesised by the above method.

Cyclisation & 2-[(2-cyano3-oxobut-1-en-1-yl)amino]-2-phenylacetic acid 3.27Ac From 3.27Ac

~TXd7T PU ii uu}oe (0 *Z }opuv ZE}u S}PE %ZC €11 9 SK v Z £
initially N-acetytN-(1,4-diacetyt2-phenytlH-pyrrol3-yl)acetamide3.59Acas a brow solid (1.08

g, 33 %). m.p. 190 i 81 £ w2081, 1742, 1707, 1662, 1237, 1199 X400 MHz, CD§I

2.16 (3H, s, NC®®), 2.20 [6H, s, N(COE)], 2.47 (3H, s, CBE), 7.24 t 7.27* (2H, mo-Ar-H),

7.41 t 7.46 (3H, mm-Ar-H, p-Ar-H), 8.10 (1H, s5H e« X (100 MHz, CD§I25.3, 26.0 (2 x C), 27.7,

121.6, 124.5, 125.7, 129.1 (2 x C), 129.3, 129.5 (2 x C), 129.8, 132.8, 168.7, 173.1 (2 x C), 192.8.
HRMS (ESI) found [M+N&]349.1163 GHisN2NaQ requires [M+Naj = 349.1159. Further elution
provided N-(1,4-diacetyt2-phenytlH-pyrrol3-yl)acetamide3.28Acas a pink solid (0.61 g, 22 %).

m.p. 63t 0 £mX 3236, 2980, 1737, 1661, 1371, 1201tk @00 MHz, CDgI2.00 (3H, s,
NHCOEs), 2.10 (3H, s, NCB), 2.47 (3H, s, C®K), 7.35 t 7.42 (5Hm, ArH), 7.52 (1H, br. s,

NH), 7.99 (1H, s,-Bl* Xc W00 MHz, CDg}I123.5, 25.4, 27.8, 121.0, 122.7, 124.8, 128.4 (2 x C),
129.7, 130.3 (3 x C), 131.3, 169.3, 169.6, 194.6. HRMS (ESI) fount!§\28H]1237 GH17N20s

requires [M+H] = 285.1234.

*Signd overlaps with residual CHCI

Cyclisation of Z(2-cyano4,4-dimethyl-3-oxopent-1-en-1-yl)amino]-2-phenylacetic acig 3.27Bc
From3.27B (2.86 g, 10 mmol) flash column chromatography [30 % EtOAc in hexane] provided
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initially N-acetytN-(1-acetyt2-phenyt4-pivaloyt1H-pyrrol-3-yl)acetamide3.59Bcas an orange oil
which solidified on standing (0.67 g, 18 %). m.p. 1301 £ X2980, 2885, 1740, 1701, 1653,
1159, 956 cm X H\W00 MHz, CD§I1.35 [9H, s, Ckg)s], 2.11 (3H, s, NC®K), 2.20 [6H, s,
N(GCHs)2], 7.24 t 7.27* (2H, mo-Ar-H), 7.427.45 (3H, mm-Ar-H, p-Ar-H), 8.10 (1H, s, B+ X w
(100 MHz, CDgI25.5, 26.2 (2 x C), 27.9 (3 x C), 44.9, 118.8, 123.2, 126.4, 129.1 (2 x C), 129.5 (2 x
C), 129.6, 129.8, 131.5, 169.0, 173.2 (2 x C), 202.MSHESI) found [M+HE 368.1730
G1HosN204 requires [M+H] = 368.1736. Further elution provided(itacetyt2-phenyt4-pivaloyt
1H-pyrrok3-yl)acetamide3.28Bcas a yellow solid (2.05 g, 63 %). m.p. 153 & £ mx 3252,
2980, 2928, 1717, 1682, 1663L7D cm! X 1400 MHz, CD§I11.36 [9H, s, Ckg)3], 1.97 (3H, s,
NHCO&), 2.06 (3H, s, NC®g}, 7.37t7.44 (5H, m, AH), 7.69 (1H, br. s,HCOCH), 7.99 (1H, s,
5-He Xc (R00 MHz, CD§}123.6, 25.6 (2 x C), 28.1 (3 x C), 44.8, 118.0, 122.6, 124.2,(228 C),
128.9, 130.4 (2 x C), 169.2, 169.5 (2 x C), 204.4. HRMS (ESI) fouric=[BR641626 GHoN:0s
requires [M+H} = 326.1630.

*Signal overlaps with residual CkICI

Cyclisation of Z(2-cyano3-oxo-3-phenylprop-1-en-1-yl)amino}-2-phenylacetic aw, 3.27&

From 3.27& (3.07 g, 10 mmol) flash column chromatography [30 % EtOAc in hexane] provided
initially N-acetytN-(1-acetyt4-benzoy2-phenytlH-pyrrol-3-yl)acetamide3.59Ccas an orange oil

which crystallised on standing (0.75 g, 19 %). m.p. 154 0 £mx%3131, 1743, 1705, 1642, 1204,

700, 667 crmt X+ #00 MHz, CD§I12.17 (3H, s, NCOg), 2.28 [3H, s, N(CBE)2], 7.30 t 7.32 (2H,

m, 2-0-Ar-H), 7.43 t 7.47 (3H, m, In-Ar-H, 2-p-Ar-H), 7.49t 7.52 (2H, m, 4n-Ar-H), 7.59 t 7.63

(1H, m, 4p-Ar-H), 7.87 (1H, s,-8-Ar-H), 7.90 (1H, s,-bl * Xc (M00 MHz, CD§I25.3, 26.2 (2 x C),

120.8, 125.8, 126.6, 128.6 (2 x C), 129.1 (2 x C), 129.2 (2 x C), 129.4, 129.5 (2 x C), 129.8, 132.7
132.8, 138.3, 168.7, 173.2 (2 x C), 189.9. HRMS (NSI) found VB89 1494 GHx1N:Os requires

[M+H]" = 389.1496. Further elution provided -(ltacetyt4-benzoy2-phenytlH-pyrrol3-
yl)acetamide3.28Ccas a yellow solid (1.61 g, 61 %). m.p. #4700 £ mx% 3273, 3138, 1738,

1651, 1277, 1212, 713, 669 & (400 MHz, CDE) 1.97 (3H, s, NHCES), 2.12 (3H, s, NCHE),

7.43 (5H, s, Ar-H), 7.49t 7.53 (2H, m, 4n-Ar-H), 7.59 t 7.63 (1H, m, 4¢-Ar-H), 7.66 (1H, br. s,
NHCOCH), 7.74 (1H, s,-5)), 7.90t 7.91 (2H, m, 4-Ar-H « Xc (200 MHz, CD§123.4, 25.3, 120.5,
123.7,128.5, 128.6 (2 x C), 129.0, 129.3 (2 x C), 129.6, 130.3 (2 x C), 131.2, 132.7 (2 x C), 138.2 (2
C), 169.2 (2 x C), 191.5. HRMS (NSI) found [M=13§7.1389 &HioN.Os requires [M+H] =
347.1390. (For crystallographic data see appedylix
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From3.27@ (1.55 g, 5 mmol) following the general cyclisation method except the reaction was
stirred at reflux for 2 h. Flash column chromatography [30 % EtOAc in hexane] provided only N
acetytN-(1-acetyt4-benzoy2-phenyt1H-pyrrol3-yl)acetamide 3.59Cc as ellow needles from
EtOAc/hexane (1.56 g, 79 %he physical and spectroscopic datgere in perfect agreement with
those 0f3.59C.

Cyclisation of Z[2-cyano3-(4-methoxyphenyl}3-oxoprop-1-en-1-yllamino}-2-phenylacetic acid
3.27DcFrom 3.270c (3.36 g, 10mmol) flash column chromatography [40 % EtOAc in hexane]
provided initially NacetytN-(1-acetyt4-(4-methoxybenzoyi-phenyt1H-pyrrol3-yl)acetamide
3.59Dcas a pale orange powder (1.04 g, 25 %). m.p. 16066 £mx2981, 1723, 1698, 1227,
1204 cmt X 4 (400 MHz, CD12.18 (3H, s, NC®), 2.27 [6H, s, N(CO)], 3.90 (3H, s, OF),

6.98 t 7.00 (2H, mm-An-H), 7.30t7.32 (2H, mp-Ar-H), 7.45t7.47 (3H, mm-Ar-H, p-Ar-H), 7.86
(1H, s, ), 7.91t7.93 (2H, mp-An-H * X (100 MHz, CD§I253, 26.2 (2 x C), 55.6, 113.9 (2 x C),
121.1, 125.6, 126.0 (2 x C), 129.1 (2 x C), 129.5 (2 x C), 129.7, 131.0, 131.6 (2 x C), 132.5, 163.5
168.8, 173.3 (2 x C), 188.4. HRMS (ESI) found [M+#19.1602 &H>3N-Os requires [M+H] =
419.1601. Further elubn provided N[1-acetyt4-(4-methoxybenzoyiR-phenytlH-pyrrol3-
yllacetamide3.28Dcas a pale yellow solid (1.91 g, 51 %). m.p. 16® 6 £m2%3241, 3130, 2981,
1742, 1644, 1595, 1573, 1168 e 1 \(A#00 MHz, CD§11.95 (3H, s, NHCE4}, 2.12 (3H, s
NCOGk), 3.90 (3H, s, @E), 6.98t7.00 (2H, mm-AnH), 7.42 (5H, s, A), 7.72 (1H, s,-b)), 7.75
(1H, br. s, M), 7.92 t 7.95 (2H, mp-AnH « Xc (400 MHz, CD§I123.4, 25.3, 55.6, 113.9 (2 x C),
120.8, 123.7, 124.8 (2 x C), 128.5 (2 x C), 12894,1230.3 (2 x C), 130.8, 131.3, 131.7 (2 x C),
163.5, 169.2, 190.0. HRMS (ESI) found [M%#Na}99.1310 &£HoN2NaQ requires [M+Naj =
399.1315.

Cyclisation of A{2-cyano-3-[4-(dimethylamino)phenyl}3-oxoprop-1-en-1-yl}amino)-2-
phenylacetic acid3.27 From3.27E¢ (1.05 g, 3 mmol) flash column chromatography [50 % EtOAc

lv Z £ v W iil 9 3K -« % & }acetylNJI+dd8tyletg4e(diEnethylamino)benzoyi}-
phenyt1H-pyrrol3-yl}acetamide3.59Ecas a yellow crystalline solid (0.53 g, 41 %). 192 t 193

£ %ax2980, 2908, 1722, 1698, 1351, 1235, 1207, 1183, 1151, 69Ker00 MHz, CDgI2.19

(3H, s, NCQO), 2.27 [6H, s, N(C®E)2], 3.08 [6H, s, N{&)2], 6.70 (2H, dJ= 8.9 Hzm-DRH),

7.30 t7.32 (2H, mp-Ar-H), 7.41 t 7.45 (3H, mm-Ar-H, p-Ar-H), 7.85 (1H, s,-5)), 7.89 (2H, dJ=

8.9 Hz,0-DRH « Xc (M00 MHz, CD§I25.3, 26.3 (2 x C), 40.1 (2 x C), 110.8 (2 x C), 121.6, 124.7,
125.6, 126.2, 128.9 (2 x C), 129.5 (2 x C), 129.6, 129.8, 131.7 (2 x C), 132.2, 153.5, 168.8, 173.3 (2
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C), 187.6. HRMS (ESI) found [M+Na}454.1745 §HsNsNaQ, requires [M+Na] = 454.1737.

Further  elution afforded NZ1-acetyt4-[4-(dimethylamino)benzoy®-phenyt1H-pyrrok3-
yl}acetamide3.28Ecas a yellow solid (0.36 g, 31 %). m.p. 19811 £ Xax 3323, 2981, 1732,

1681, 1591, 1368, 1182, 752, 691t W00 MHz, CD¢I11.94 (3H, s, NHCE4}, 2.12 (3H, s,
NCOEk), 3.09 [6H, s, N{&)2], 6.71 (2H, dJ= 9.0 Hzm-DRH), 7.39t7.42 (5H, m, &%), 7.72 (1H,

s, 5H), 7.90t7.29 (3H, mp-DRH, NH) X ¢ (200 MHz, CD§123.4, 25.4, 40.1 (2 x C), 110.9 (2 x C),
121.0, 124.0, 124.1, 125.4, 128.4 (2 x C), 128.7, 129.1, 130.3 (2 x C), 131.7, 131.9 (2 x C), 153.6,
169.0, 169.4, 189.3. HRMS (ESI) found [M=13P0.1821 §HyNzOs requires [M+Hj = 390.182.

Cyclisation of Z[2-cyano-3-(1-methyl-1H-pyrrol-2-yl)-3-oxoprop-1-en-1-yllamino}-2-
phenylacetic acigd 3.27G From 3.27G (3.04 g, 10 mmol) flash column chromatography [30 %
EtOAc in hexane] provided initially-ddetytN-(1-acetyt4-(1-methyt1H-pyrrole-2-carbonyly2-
phenyt1H-pyrrol3-yl)acetamide3.59Gcas a yellow solid (1.21 g, 32 %). m.p. #4506 £mx T

3104, 1745, 1702, 1607, 1530, 1200, 771 ¢t (400 MHz, CD§I2.20 (3H, s, NCOE), 2.26 [6H,

s, N(COB);], 3.95 (3H, s, N®), 6.18 (1H, ddJ A IXAU dXH-UIWX3i ~i,U-H%BOX SU #
(AH,ddJ A IXiU 8>, 7129t7;31 (2H, mo-Ar-H), 7.42t7.45 (3H, mm-Ar-H, p-Ar-H), 7.93

(1H, s, BH* X: (800 MHz, CD§}I25.2, 26.3 (2 x C), 37.2, 108.3, 121.4, 122.4, 124.3, 1288, (2

x C), 129.5 (2 x C), 129.6, 129.7, 130.9, 131.7, 132.1, 168.8, 173.2 (2 x C), 178.5. HRMS (ESI) foun
[M+H]" = 392.1606 £H22N304 requires [M+H} = 392.1605. Further elution provided([{Facetyt
4-(1-methyk1H-pyrrole-2-carbonyl}2-phenyt1H-pyrra-3-yl)acetamide 3.28Gc as a yellow solid

(1.33 9,39 %). m.p. 198711 £ Mx3252, 3098, 1736, 1719, 1600, 1582, 1209, 741 Xm@00

MHz, CDG) 1.95 (3H, s, NHCEg, 2.14 (3H, s, NCO, 3.96 (3H, Ni&), 6.18 (1H, dd)= 2.5, 4.0
JU-H;6.61 ~1,U %Bhe X SN i~ 1, U -HyorIX(5H,) s Ad), 7.70 (1H, br. s, 1Y, 7.79

(1H, s, 8H) Xc (200 MHz, CD¢}123.3, 25.2, 37.1, 108.5, 121.8, 122.1, 123.5, 123.7, 128.4 (2 x C),
128.7, 129.3, 130.2 (2 x C), 130.8, 131.5, 131.7, 18%1Q), 180.2. HRMS (ESI) found [M#Xa]
372.1318 gyHi1oNsNaQ requires [M+Naj= 372.1319.

Cyclisation of Z[2-cyano3-(4-nitrophenyl)-3-oxoprop-1-en-1-yllamino}-2-phenylacetic acid
3.27F From 3.27F (0.70 g, 2 mmol) flash column chromatography [30 @OAE in hexane]
provided initially 1-acetyt4-cyana2-phenyt1H-pyrrol-3-yl acetate3.60c as a green/brown solid
(0.07 g, 13 %). m.p. 1241 T/ £ %3167, 2233, 1749, 1587, 1340, 1188, 1141, 692 Xmp00
MHz, CDG) 2.16 (3H, s, OCEI§}, 2.21 (3Hs, NCOBs), 7.28 t 7.31 (2H, mp-Ar-H), 7.43 t 7.46
(3H, mm-Ar-H, p-Ar-H), 7.82 (1H, s,-Bl * X (400 MHz, CD§I20.2, 24.8, 93.6, 112.3, 125.0, 125.3,
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128.5, 128.8 (2 x C), 129.5, 130.0 (2 x C), 136.7, 167.7, 168.5. HRMS (ESI) fourfd=M+Na]
291.074 GsHioNoNaQ requires [M+Naj = 291.0740. Further elution providetlacetyt4-(4-
nitrophenyl}2-phenyt1H-pyrrole-3-carbonitrile3.29Fcas a yellow solid (0.04 g, 8 %). m.p. 9%

£ %a3296, 2231, 1741, 1598, 1520, 1345, 700" ¢tm (400 MHz, CD¢}12.23 (3H, s, NC®g},

7.24 17.27 (2H, mp-Ar-H), 7.33 (2H, dJ= 8.6 Hzp-PNRH), 7.39t 7.48 (3H, mm-Ar-H, p-Ar-H),

8.03 (1H, s, &), 8.10 (2H, dJ= 8.6 Hzm-PNRH X (600 MHz, CD§I21.1, 97.3, 114.3, 123.7 (2

x C), 125.9, 128.7, 129.1 ¥2C), 129.8, 129.9 (2 x C), 130.3, 130.7 (2 x C), 132.5, 137.9, 147.0,
167.9. HRMS (ESI) found [M*H]332.1034 (gH14N3Os requires [M+H] = 332.1030. The following
fraction  provided  NacetytN-[1-acetyt4-(4-nitrobenzoyB2-phenytlH-pyrrol3-yllacetamde
3.59Fcas a brown oil which slowly solidified (0.15 g, 17 %). m.p. 1557 °C. tax 3851, 3161,

2158, 1716, 1661, 1525, 1345, 1203, 710*¢tm (400 MHz, CDg}I12.16 (3H, s, NC®E), 2.27 [6H,

s, N(COKg)2], 7.30 t 7.32 (2H, mp-Ar-H), 7.46 t 7.52 BH, m,m-Ar-H, p-Ar-H), 7.87 (1H, s,-bl),

8.03 (2H, dJ= 8.7 Hzp-PNRH), 8.37 (2H, dJ= 8.7 Hzm-Ar-H « X (100 MHz, CD§I25.4, 26.2 (2

x C), 120.4, 123.9 (2 x C), 125.6, 126.9, 129.0, 129.2 (2 x C), 129.5 (2 x C), 130.0 (2 x C), 130.1
133.2, 18.2, 150.1, 168.6, 173.0 (2 x C), 188.1. HRMS (ESI) found" fv434.1347 GHoN:Os
requires [M+H} = 434.1347. Finally -N-acetyt4-(4-nitrobenzoyh2-phenytlH-pyrrol3-
yllacetamide3.28Fcwas afforded as a brown oil which slowly solidified (0.1599%). m.p. 18&

00 £mx%3852, 3243, 2980, 1745, 1664, 1574, 1519, 1346, 1197, 70Xen400 MHz, CDg)!

1.98 (3H, s, NHC®g}, 2.12 (3H, s, NC®E), 7.38 (1H, br. s,HCOCH), 7.40t7.42 (2H, mp-Ar-

H), 7.46 t 7.47 (3H, mm-Ar-H, p-Ar-H), 7.2 (1H, s, &), 8.05 (2H, dJ= 8.7 Hzp-PNPH), 8.36

(2H, d,J= 8.7 Hzm-PNPH X ¢ (200 MHz, CD§I23.4, 25.3, 120.3, 123.2, 123.8 (2 x C), 125.7,
128.7 (2 x C), 129.3, 129.9, 130.1 (2 x C), 130.2 (2 x C), 130.6, 143.2, 150.0, 169.0, 169.4, 189.3.
HRMVS (ESI) found [M+HF 392.1239 £HisNsOs requires [M+H] = 392.1241.

Cyclisation of Z(2-cyano-3-oxobut-1-en-1-yl)amino]propanoic aci¢3.27Ab From3.27Ab (0.95 g,

5 mmol) flash column chromatography [30 % EtOAc in hexane] provieszbtyl4-cyanc2-
methyl-1H-pyrrol3-yl acetate3.60bas a pale yellow solid (0.65 g, 61 %). m.p. 11917 £ Xax T
3156, 2233, 1760, 1745, 1343, 1188, 1164 ¢tn (400 MHz, CD§I2.33 (3H, s, 1), 2.34 (3H, s,
OCOEb), 2.58 (3H, s, NCEI§}, 7.51 (1H, s,-5l * X (h00 MHz, CD@G) 11.7, 20.3, 23.3, 93.4, 112.5,
123.2, 124.3, 135.7, 168.2, 168.3. HRMS (ESI) found {M+E45.0323 GHioKNOs requires
[M+K] = 245.0323.
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Cyclisation of Z(2-cyano4,4-dimethyl-3-oxopent-1-en-1-yl)amino]propanoic acigd 3.2780 From
3.27B (2.16 g, 9.6 mmol) flash column chromatography [20 % EtOAc in hexane] provided initially
1-acetyt4-cyano2-methyt1H-pyrrol3-yl acetate3.60bas an orange solid (0.52 g, 26 %). Physical
and spectroscopic data in agreement wBt60b from 3.27Ah Further eluton provided Nacetyt
N-(1-acetyt2-methyt4-pivaloyt1H-pyrrol3-yl)acetamide3.59Bbas an orange oil which solidified

on standing (0.28 g, 10 %). m.p. 860 £mx% 3159, 2970, 2930, 1734, 1709, 1681, 1641, 1230
cntt X1 (400 MHz, CDgI11.30 [9H, sC(G)3], 2.30 [6H, s, N(C®k)2], 2.32 (3H, s, &), 2.64 (3H,

s, NCOR), 7.66 (1H, s,-5l * X (200 MHz, CD§I11.8, 23.8, 26.1 (2 x C), 27.9 (3 x C), 44.8, 119.6,
121.7, 125.2, 130.4, 168.8, 173.2 (2 x C), 202.0. HRMS (NSI) found $\86R]1653 GHzaN20s
requires [M+H] = 307.1652. The final compound to be eluted waldfdcetyl2-methyk4-pivaloyt
1H-pyrrol3-yl)acetamide3.28Bb « E}Av }]o ~iX &R, 872,203, 1730, 1654,
1370, 1212 cmMX w400 MHz, CD¢I1.33 [9H, s, Ckg)s], 2.17 (3H, s, &), 2.35 (3H, s,
NHCO®&s), 2.60 (3H, NC®E), 7.65 (1H, s,-5l), 8.29 (1H, br. s, Ml Xc (00 MHz, CD§I14.3,

23.8, 24.1, 28.3 (3 x C), 44.6, 117.1, 121.8, 123.3, 126.0, 168.5, 168.9, 204.4. HRMS (NSI) found
[M+H]" = 265.1546 GH>1N2Os requires [M+H} = 265.1547.

Cyclisation of Z(2-cyano3-oxo-3-phenylprop-1-en-1-yl)amino]propanoic acid 3.27(G From

327 ~1Xd0 PU ii uu}loes (0 ¢Z }opuv ZE}u S}PE %ZC €11 9 SK ]
provided 1-acetyt4-cyane2-methyt1H-pyrrol3-yl acetate3.60bas a pale yellow solid (1.55 g, 75

%). Physical and spectroscopic data in agreement3vfibfrom 3.27Ah

Cyclisation of Z[2-cyano3-(4-methoxyphenyl}3-oxoprop-1-en-1-yllamino}propanoic acid
3.27Db From 3.27Db (2.74 g, 10 mmol), f&h column chromatography [30 % EtOAc in hexane]
provided 1-acetyt4-cyana2-methyt1H-pyrrol3-yl acetate3.60b as offwhite needles (1.62 g, 79
%). Physical and spectroscopic data in agreement3vBfibfrom 3.27Ah

Cyclisation of 2Z{2-cyano3-[4-(dimethylamino)phenyl}3-oxoprop-1-en-1-yl}amino)propanoic
acid, 3.27Bb From3.27B (0.57 g, 2 mmol) flash column chromatography [25 % EtOAc in hexane]
afforded initiallyl-acetyt4-cyane2-methylt1H-pyrrol3-yl acetate3.60bas a pink solid (0.17 g, 42
%). Physial and spectroscopic data in agreement wBt60b from 3.27Ah Further elution
provided  NacetytN-{1-acetyt4-[4-(dimethylamino)benzoy?-methyl1H-pyrrol3-yl}acetamide
3.59Ebas an orange solid (0.01 g, 1 %). Mip7 t i01 £ méx 2928, 1730, 17031606, 1209,
1184, 1160, 593 crhX 100 MHz, CD§}12.36 [6H, s, N(C®¥)2], 2.38 (3H, s, &), 2.60 (3H, s,

NCOGk), 3.08 [6H, s, N{)2], 6.68 (2H, dJ= 9.0 Hzm-DRH), 7.42 (1H, s,-5)), 7.83 (2H, dJ=
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9.0 Hz,0-DRH e« Xc (400 MHz, CD§)112.0,23.8, 26.3 (2 x C), 40.1 (2 x C), 110.8 (2 x C), 122.3,
123.4, 124.9, 125.6, 131.1, 131.6 (2 x C), 153.5, 169.1, 173.3 (2 x C), 187.6. HRMS (ESI) founc
[M+H] = 370.1763 £H24N3O4 requires [M+H]= 370.1761.

Cyclisation of Z[2-cyano3-(1-methyl-1H-pyrrol-2-yl)-3-oxoprop-1-en-1-yllamino}propanoic
acid, 3.27G From3.27( (2.50 g, 10 mmol) flash column chromatography [30 % EtOAc in hexane]
provided initially 1-acetyt4-cyano2-methyt1H-pyrrol3-yl acetate 3.60b as colourless crystals
(0.54 g, 26 %)rhe ysical and spectroscopic dateere in agreement with3.60b from 3.27Ah
Further elution provided MhcetytN-[1-acetyt2-methyt4-(1-methyt1H-pyrrole-2-carbonyl}1H-
pyrrok3-yllacetamide3.59Gbas an orange solid (0.39 g, 12 %). m.p. 1491 £ %3146, 2924,
1737, 1702, 1366, 1239, 1206 & 1 W00 MHz, CD§I2.35 [6H, s, N(C®E);], 2.36 (3H, s,
NCOGEk), 3.93 (3H, s, NG), 6.15 (1H, ddJ A TX0U iXH), 6189td;X6i ~1, UHUUR);j7.52

(1H, s, BHe Xc (W00 MHz, CD§I111.9, 23.7, 2.3 (2 x C), 37.1, 108.3, 121.0, 123.0, 123.2, 124.5,
130.9, 131.1, 131.6, 169.1, 173.2 (2 x C), 178.6. HRMS (ESI) found *[M+R52.1268
G7Hi9NsNaQ requires [M+Na] = 352.1268. The final fraction afforded[Nacetyl2-methyt4-(1-
methyl1H-pyrrole-2-carbonyl}1H-pyrrol3-ylJacetamide3.28Gbas orange needles (0.55 g, 19 %).
m.p. 183t 160 £mx%3330, 3109, 2980, 2920, 1722, 1673, 653, 581 ¥m 00 MHz, CDgI

2.16 (3H, s, NHC®}, 2.41 (3H, s,%), 2.57 (3H, s, NCE), 3.96 (3H, s, NG), 617 (1H, dd,)=
2.6,3.8Hz, 4H),6.90t 0 X861 ~1, LHULR)I7.44 (1H, s,-b), 8.13 (1H, br. s, 1. w (100 MHz,
CDQ) 14.2, 23.7, 24.0, 37.0, 108.5, 121.2, 121.3, 122.5, 122.8, 127.4, 130.8, 131.6, 168.5, 169.0,
180.5. HRMS (ESI) found [MafN= 310.1165 GGHi7NsNaQ requires [M+Naj= 310.1162.

Cyclisation of Z[2-cyano-3-(4-nitrophenyl)-3-oxoprop-1-en-1-yllJamino}propanoic acid 3.27F
From3.27M (0.60 g, 2 mmol) flash column chromatography [30 % EtOAc in hexane] prdvided
acetyt4-cyana2-methyt1H-pyrrolk3-yl acetate3.60bas a yellow solid (0.21 g, 49 %Mhe physical

and spectroscopic dataere in agreement witl3.60bfrom 3.27Ah

Cyclisation of Z(2-cyanc3-oxo-3-phenylprop-1-en-1-yl)amino]butanoic acid 3.27Q1 From

3.27@ (2.57 g, 10mmol); the brown solid was recrystallised from EtOAc/hexane to afford
l-acetyt4-cyance2-ethyt1H-pyrrol3-yl acetate3.60das red crystals (1.38 g, 63 %). m.p. 1223

£ XaxB145, 2979, 2881, 2232, 1763, 1750, 1187* ¢tn (400 MHz, CDgI1.25 (3KIt, J= 7.3 Hz,
CHGOHs), 2.35 (3H, s, OCE), 2.59 (3H, s, NCOIg), 2.79 (2H, g)= 7.3 Hz, B.CH), 7.50 (1H, s,-5

He X (00 MHz, CD¢}I113.2, 18.5, 20.3, 23.4, 93.4, 112.5, 124.7, 129.0, 135.3, 168.0, 168.6. HRMS

(ESI) found [M+N# = 238.1187 GH16N30s requires [M+NH|* = 238.1186.
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Cyclisation of Z(2-cyano3-oxo-3-phenylprop-1-en-1-yl)aminol]-3-methylbutanoic acid 3.27G
From3.27C (2.72 g, 10 mmol); the orange oil solidified on standing and was recrystallised from
EtOAc/hexane to afford-acetyl-4-cyanc2-isopropytlH-pyrrol3-yl acetate3.60eas fluffy yellow
crystals (1.65 g, 71 %). m.p. T® & £ mX«31.67, 2974, 2937, 2232, 1760, 1741, 1190, 619 Xmw
(400 MHz, CDgl1.24 [6H, dJ= 7.0 Hz, CHKE)2], 2.33 (3H, s, OCEl)}, 2.59 (3H, SNCO&h),

3.74 [1H, sep)= 7.0 Hz, B(CH)], 7.47 (1H, s, 5+ X (100 MHz, CD§}120.4, 20.8 (2 x C), 24.0,
26.0, 94.0, 112.4, 124.8, 132.4, 135.7, 168.3, 168.7. HRMS (NSI) foundsJM=N132.1343
CioH1gN3Os requires [M+NH]* = 252.1343.

Cyclisatiom of 2-[(2-cyano3-oxobut-1-en-1-yl)amino]acetic acigd 3.27Aa From3.27Aa (0.91 g, 5
mmol) flash column chromatography [30 % EtOAc in hexane] provided initiattgtyt4-cyanc

1H-pyrrol-3-yl acetate3.60aas a yellow oil which solidified on standing (0223 %). m.p. 8284

£ X%a®B151, 2980, 2232, 1776, 1724, 1363, 1199 ¢tn (400 MHz, CD$12.34 (3H, s, OCHE},

2.58 (3H, s, NC®%), 7.51 (1H, d)= 2.3 Hz, ), 7.71 (1H, dJ= 2.3 Hz, 51+ X (200 MHz, CD§)I
20.7,21.8,93.1, 109.2, 112.223.5, 138.7, 166.5, 167.2. HRMS (APCI) found [M#XH10.0872
GH12N3Os requires [M+NH|* = 210.0873. Further elution provided-(l,4-diacetyt1H-pyrrol3-

yl)acetamide3.28Aaas an orange solid (0.13 g, 12 %). m.p. 23111 £ Xax 3349, 3205, 3120
1719, 1672, 1651, 1250, 625 21 (400 MHz, CD§I12.19 (3H, s, NHCE&}, 2.48 (3H, s, CO¥),

2.59 (3H, s, NC®E), 7.92 (2H, s,-B, 5H), 9.69 (1H, br. s, Hils Xc (00 MHz, CD§)I22.4, 23.9,
27.4, 109.5, 117.9, 122.3, 126.4, 168.0, 168.2, 197RMSI (ESI) found [M+Naf 231.0742
CGioHi2N2NaQ requires [M+Naj= 231.0740.

Cyclisation of Z(2-cyano4,4-dimethyl-3-oxopent-1-en-1-yl)amino]acetic acig 3.27Ba From
3.27Ba (1.15 g, 5 mmol). Flash column chromatography [25 % EtOAc in hexane] providdly init
1-acetyt4-(t-butylr1H-pyrrole-3-carbonitrile 3.29Ba ¢« v }E VvP }]o ~iXihaBUWGIT 9 X
2970, 2871, 2227, 1732, 1246, 12067cK1 ({400 MHz, CD§)11.36 [9H, s, CFg)3], 2.55 (3H, s,
NCOGE), 7.06 (1H, s,-B)), 7.74 (1H, s,-Pi* Xc (MOOMHz , CD@) 22.1, 29.8 (3 x C), 31.3, 97.4,
114.9, 115.6, 128.0, 139.5, 166.6. HRMS (NSI) found [M+NH08.1445 GHigNsO requires
[M+NH]* = 208.1444 Further elution provided-{{acetyt4-pivaloytlH-pyrrol3-yl)acetamide
3.28Baas a yellow crystafie solid from EtOAc/hexane (0.42 g, 34 %). m.p. 1097 £ Xax T
3360, 3132, 2974, 2934, 1734, 1724, 1678, 1634, 1213, 58%en00 MHz, CDgI1.37 [9H, s,
C(Gh)3], 2.19 (3H, s, NHCEE}, 2.59 (3H, s, NCBI}, 7.97 (1H, dJ= 2.0 Hz, ), 8.03(1H, d,J=
2.0 Hz, &), 10.08 (1H, br. s,HCOCHKI* X (000 MHz, CD§}122.5, 24.1, 28.4 (3 x C), 44.9, 108.8,
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113.7, 121.6, 128.0, 168.1, 168.2, 206.2. HRMS (NSI) found*[M25}.1391 GHioN20s requires
[M+H]" = 251.1390.

Cyclisation of Z(2-cyano3-oxo-3-phenylprop-1-en-1-yl)amino]acetic acig 3.27G From 3.27Ga
(2.33 g, 10 mmol). Flash column chromatography provided iniisdigetyt4-phenyt1H-pyrrole-3-
carbonitrile 3.29Caas orange crystals (0.09 g, 4 %). m.p. 21012 °C [lit. m.p. 112 114 °C
~01h" "W o110 ¢haB234X 2223, 1727, 1366, 799, 692, 616'ckH (400 MHz, CD§I12.63 (3H,

s, NCORk), 7.351 7.39 (1H, mp-Ar-H), 7.4317.46 (2H, mm-Ar-H), 7.50 (1H, dJ= 2.0 Hz, &),

7.63 t 7.65 (2H, mp-Ar-H), 7.85 (1H, dJ= 2.0 Hz, H e+ Xc (W00 MHz, CD§122.1, 97.7, 114.9,
116.5, 126.8 (2 x C), 127.7, 128.4, 129.1 (2 x C), 129.4, 131.0, 166.5. HRMS (NSI) fouitk{M+NH
228.1132 @H14N30 requires [M+NK* = 228.1131. Further elution providédacetyt4-cyanc1H-
pyrrol3-yl acetde 3.60aas an offwhite powder (0.45 g, 23 %Jhe fhysical and spectroscopic
datawere in agreement with3.60afrom 3.27Aa Subsequent elution provided-(5-cyana2-oxo-
6-phenyt2H-pyran-3-yl)acetamide3.61Cas a brown powder (0.05 g, 2 %). m.p. 20800 £ w4 t
3355, 2980, 2232, 1717, 1693, 1518, 1369 ¢tn 00 MHz, CD§I2.26 (3H, s, NHCES, 7.52

(3H, m,m-Ar-H, p-Ar-H), 7.97 (1H, br. s,NCOCH), 8.01 (2H, dJ= 7.1 Hzp-Ar-H), 8.46 (1H, s,-4

He Xc (00 MHz, CD§}124.6, 91.3, 115.8, 122.923.6, 127.8 (2 x C), 129.2 (3 x C), 132.5, 157.1,
160.9, 169.4. HRMS (NSI) found [M=#£P55.0763 GHiiN2Os requires [M+H] = 255.0164. The
final compound to be eluted was -{1-acetyt4-benzoylH-pyrrol3-yl)acetamide 3.28Caas a
brown oil (0.30 g, 1 9« Xax 3345, 2928, 1727, 1532, 1374, 1206, 1070, 672 ¥m®@.24 (3H, s,
NHCO®&s), 2.60 (3H, s, NCBI, 7.50 t 7.54 (2H, mm-Ar-H), 7.60t 7.64 (1H, mp-Ar-H), 7.77 t

7.79 (3H, mp-Ar-H, 5H), 8.02 (1H, dJ= 2.3 Hz, ), 9.80 (1H, br. s, H-COEk * Xc (00 MHz,
CDQ@) 22.5, 24.0, 109.7, 116.7, 124.3, 127.3, 128.6 (2 x C), 128.7 (2 x C), 132.5, 138.7, 168.0,
168.2, 193.8. HRMS (NSI) found [M#271.1078 GHisN20s requires [M+H] = 271.1077.

Cyclisation of Z[2-cyano3-(4-methoxyphenyl}3-oxoprop-1-en-1-yllJamino}acetic acid 3.27D0a

From 3.270a (2.60 g, 10 mmol) flash column chromatography [50 % DCM in hexane] provided
initially 1-acetyt4-(4-methoxyphenyhlH-pyrrole-3-carbonitrile 3.29Daas an orange solid (0.24 g,

10 %). m.p. 140 i1 £ w3132, 2980, 2226, 1729, 1249, 831tk (400 MHz, CDgI2.62

(3H, s, NCO%), 3.85 (3H, s, @), 6.96t6.98 (2H, mm-AnH), 7.42 (1H, d)= 1.6 Hz, &), 7.56
t7.58 (2H, mp-An-H), 7.83 (1H, dJ= 1.6 Hz, H+ X (00 MHz, CD§}I22.1, 55.497.6, 114.5 (2 x

C), 115.1, 115.7, 123.5, 127.6, 128.1 (2 x C), 129.2, 159.7, 166.5. HRMS (ESI) fousnd fM+NH
258.1234 @HieN3O, requires [M+NH|* = 258.1237. Further elution providebacetyt4-cyanc
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1H-pyrrol3-yl acetate3.60aas a pink solid (09Lg, 10 %)The physical and spectroscopic data
were in agreement with 3.60a from 3.27Aa The final fraction afforded fb-cyano6-(4-
methoxyphenylP-oxo-2H-pyran3-yllacetamide3.61Das a yellow powder (0.38 g, 13 %). m.p. 245
tT006 £mx3295,22221712, 1689, 1599, 1501, 1272 &nH {400 MHz, (CELSO] 2.17 (3H, s,
NCOGk), 3.87 (3H, s, @), 7.18 (2H, dJ= 8.9 Hzm-AnH), 7.89 (2H, d)= 8.9 Hzp-AnH), 8.25
(1H, s, 4H), 10.04 (1H, s, NCOCHI* X: [#00 MHz, (CELSO] 24.3, 56.1, 89.2, 115(2 x C), 117.2,
122.2, 123.6, 124.1, 130.0 (2 x C), 156.7, 161.3, 162.7, 171.1. HRMS (NSI) fouhd p85HB72
CisH13N204 requires [M+H} = 285.0870.

Cyclisation of Z{2-cyano3-[4-(dimethylamino)phenyl}3-oxoprop-1-en-1-yl}amino)acetic acid
3.27ER From 3.27E (0.54 g, 2 mmol) flash column chromatography [30 % EtOAc in hexane]
provided initially 1l-acetyt4-[4-(dimethylamino)phenyilH-pyrrole-3-carbonitrile 3.29Ea as a
brown solid (0.04 g, 8 %). m.p. 1986 06 £ma2%3133, 2980, 2889, 2224, 172%K1D, 1382, 1362,

811, 617 cmt X ¢00 MHz, CDg}I2.60 (3H, s, NC®k), 3.00 [6H, s, N{B)2], 6.77 (2H, dJ= 8.6
Hz,m-DRH), 7.38 (1H, br. s,-H), 7.54 (2H, dJ= 8.6 Hzp-DRH), 7.81 (1H, br. s,-B* Xc (@00

MHz, CD@GJ) 22.1, 40.4 (2 x C), 97H12.6 (2 x C), 114.8, 115.4, 118.9, 127.5, 127.6 (2 x C), 129.7,
150.4, 166.6. HRMS (ESI) found [M+H254.1299 HieNs3O requires [M+H]= 254.1288. Further
elution afforded N{l-acetyt4-[4-(dimethylamino)benzoy]lH-pyrrol3-yllacetamide3.28Eaas a
yellow solid (0.16 g, 26 %). m.p. 19666 £ mx 3301, 3161, 2915, 1727, 1679, 1607, 1537,
1371, 1191, 769, 593 chX 100 MHz, CD§I12.21 (3H, s, NHCE4}, 2.59 (3H, s, NC®i¢g}, 3.09

[6H, s, N(Bs)2], 6.71 (2H, dJ= 8.9 Hzm-DRH), 7.81 t 7.83(3H, m,0-DRH, 5H), 7.98 (1H, dJ=

2.0 Hz, H), 9.87 (1H, br. s, #le X (000 MHz, CD§I22.5, 24.0, 40.1 (2 x C), 109.4, 110.9 (2 x C),
117.1, 122.8, 125.8, 127.5, 131.3 (2 x C), 153.5, 168.1 (2 x C), 191.2. HRMS (ESI) fouhd [M+Na]
336.1331 gHioNsNaQ requires [M+Naj= 336.1319.

Cyclisation of Z[2-cyano-3-(1-methyl-1H-pyrrol-2-yl)-3-oxoprop-1-en-1-yljJamino}acetic acid
3.27G From 3.27Ga (2.32 g, 10 mmol) flash column chromatography [30 % EtOAc in hexane]
provided initially 1'-acetyt1-methyt1H,1'H-[2,3-bipyrrole}4'-carbonitrile 3.29Gaas an orange
powder (0.40 g, 19 %). m.p. 114ii0 £ b« 3132, 2219, 1740, 713, 601 &K 100 MHz,

CDQ) 2.60 (3H, s, NC®g}, 3.70 (3H, s, N), 6.20 (1H, dd)= 2.8, 3.7 Hz,-#), 6.50 (1H, dd)=

1.7, 3.7 Hz,-8), 6.73 (1H, app. t,-Bl), 7.32 (1H, dJ A TXi ,H) 780 (AH, dJ A iXi ,HIXG w
(100 MHz, CD¢122.1, 35.2, 99.3, 108.2, 110.6, 114.7, 116.3, 121.3, 123.3, 124.6, 127.1, 166.5.
HRMS (ESI) found [M+#H} 214.0974 GHioN3O requires [M+HY = 214.0975. Further elution
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provided N[1l-acetyl4-(1-methyt1H-pyrrole-2-carbonyl}1H-pyrrol3-yllacetamide 3.28Ga as a
yellow powder (0.93 g, 34 %). m.p. 14971 £ %3B47, 1721, 1682, 1618, 1369, 766, 58t'cm
W (400 MHz, CD§12.21 (3H, s, NHC®§), 2.59 (3H, s, NCB, 3.95 (3H, s, N@), 6.19 (1H, dd,
JA TXAU X, 6193tDX60 ~T, 4 W);i7.88 (1H, dj= 2.2 Hz, &), 7.97 (1H, d)= 2.2
Hz, 2H), 9.70 (1H, br. s, M Xc (00 MHz, CDg}I22.4, 24.0, 37.0108.6, 109.5, 117.8, 120.7,
122.1, 127.3, 130.6, 131.6, 168.0 (2 x C), 181.9. HRMS (ESI) fount!NFH]1185 GH1sN303
requires [M+H]= 274.1186.

Cyclisation of Z[2-cyano3-(4-nitrophenyl)-3-oxoprop-1-en-1-yllamino}acetic acid 3.27Fa From
3.27Fa(0.28 g, 1 mmol) flash column chromatography [30 % EtOAc in hexane] pravibedtyt4-
cyanolH-pyrrol-3-yl acetate3.60aas a brown solid (0.09 g, 46 %he hysical and spectroscopic

datawerein agreement with3.60afrom 3.27Aa

4-[(Dimethylamino)methylene]-2-methyloxazot5(4H)-one, 3.63 Prepared followinghe literature
procedure [97JHC247]. T¢acetylglycine (2.34 g, 20 mmol) was added RQI® mL, 49 mmol,

2.5 equiv.) at 0 °C and stirred under nitrogen. To the reaction mixture was added DMF (38 mL
mmol, 2.5 equiv.) dropwise and the reaction was heated to 40 °C for 3 h. The volatile components
were removed under reduced pressure and to the resulting oil was added ice (40 g) and aqueous
ammonia (25 %, 20 mL). The product was extracted withsGB& 50 mL) and the combined
organic extracts were washed with water (100 mL), brine (2 x 100 mL) and water (100 mL), dried
(N&SQ) and the solvent removeth vacuoto afford a brown solid which was recrystallised from
EtOH to afford thditle compound aspale orange crystals (1.55 g, 50 %). m.p. 13562 °C (lit.

m.p. 153t iAfA £ €006:, Wa®97X 2P32, 1738, 1634, 1610, 858, 752 ¢t (00 MHz,

CDG) 2.22 (3H, s, i), 3.19 [3H, s, N(&)(CH)], 3.47 [3H, s, N(GHOHs)], 6.96 (1H, s, GG Xc W
(100 MHz, CD¢g}I15.0, 39.2, 46.4, 106.6, 142.3, 154.3, 170.8. HRMS (ESI) found §MH35]0820
CH11N2O; requires [M+H] = 155.0815.

Methyl 2-acetamido3-(dimethylamino)acrylate 3.64 Prepared followinghe literature procedure
[97JHC247]. A mixture &63 (0.75 g, 5 mmol) and2BQ (0.17 g, 1.25 mmol, 0.25 equiv.) was
stirred in methanol (15 mL) at reflux for 30 min. The reaction was allowed to cool and the solvent
removed under reduced pressure. The residue was diluted with water (50 mL) and thecprod
extracted with CHE[5 x 30 mL). The combined organic portions were washed with water (50 mL),
dried (NaSQ) and the solvent removernh vacuoto afford a colourless oil which crystallised upon

the application of EO. The solid was recrystallised iidCHGIEtO to afford thetitle compound
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as a colourless crystalline solid (0.28 g, 31 %). m.g. 194 (lit. m.p. 98t 66 £ €0606:, Wb X T
3222, 2981, 1692, 1631, 1287, 1095 cmhe’H NMR spectrunshoweda mixture of the B- and
(&-isomersin I XTWi & 8]} § Eu]v C $Z <]PvHomnofamd 6.38@H;-$,U U
CQ, major). W (400 MHz, CD¢}I11.92 (3H, s, NHC&¢ minor), 2.09 (3H, s, NHCE{ major),

3.02 [6H, s, N¢&)2, major], 3.09 [6H, s, N¢&)2, minor], 3.66 (3H, s, GOHz, major), 3.69 (3H, s,
CQQHs, minor), 6.37 (1H, br. s, B minor), 6.57 (1H, br. s, major), 7.34 (1H, s, ECmino),

7.38 (1H, s, GCmajor » X: (000 MHz, CD§I20.0, 23.1, 41.9 (4 x C), 51.2, 51.4, 93.9, 96.0, 146.6,
146.7, 168.0, 168.5, 171.773.5. HRMS (ESI) found [M+Na]209.0897 &4h4NoNaQ requires
[M+Na]J = 209.0897.

N-(5-Cyano-2-oxo-6-phenyt2H-pyran-3-yl)acetamide 3.61C Prepared followingthe literature
procedure [97JHC247]. A mixture364 (0.19 g, 1 mmol) and benzoylacetonitri@X5 g, 1 mmol,

1 equiv.) were stirred in AcOH (3 mL) for 2 h at reflux (TLC, 30 % EtOAc in hexane). The reaction
was allowed to cool to room temperature and water (50 mL) was added and the product was
extracted with EtOAc (3 x 25 mL). The combined orgamitons were washed with water (25

mL), aq. NaHG®3 x 25 mL) and water (50 mL), dried {8@) and the solvent removeih vacuo

to afford the pure product as a yellow solid (0.25 g, 96 %). Spectroscopic and physical data in
agreement with that of3.61Cfrom 3.27Ca

Attempted synthesis of (2chloro-3-oxo-3-phenylprop-1-en-1-yl)glycing 3.68 To a solution of
2-chloroacetophenone(4.64 g, 30 mmol) and glycin€.36 g, 31.5 mmol1.05 equiv.) in
isopropanol (80 mL) was added triethyl orthoformaieS mL, 45mmol, 1.50 equiv.). The reaction
mixture was refluxed under nitrogefor 16 h Themixture was allowed to cool and the solvent
was removed under reduced pressure. The residue was dessatvDCMand extracted into aqg.
NaHC® (3 x 50 mL) and the aqueoustects acidified with dil. HGR M, aq.). The product was
then extracted with EtOAc (8 50 mL), dried (N&Q) and the solvent removeih vacuoto obtain

a brown solid (3.51 g)fhe'H NMR spectrum was compléxit no signals corresponding to the

productwere presemt

Attempted synthesis of 2chloro-3-ethoxy-1-phenylprop-2-en-1-one, 3.69 2-Chloroacetophenone

(7.73 g, 50 mmol) and triethyl orthoformate (25 mL, 150 mmol, 3 equiv.) were stirred at reflux in
AcO (14.2 mL) for 4 days. The reaction was coabetbbm temperature, poured into water (400

mL) and stirred for 1 h. The product was extracted with EtOAc (3 x 50 mL), washed with water

(100 mL) and dried (N8Q). The solvent was removed vacuoand the residue purified by flash
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column chromatography (% EtOAc in hexane) to affoPechloro3,3-diethoxy1-phenylpropan
1-one3.70 « C 00}A }]o ~iX@&gh2976, 29819 1689} 1448, 1113, 1057, 6891tm w
(400 MHz, CD#$}I11.05 (3H, tJ= 7.0 Hz, OCGBAHg), 1.31 (3H, tJ= 7.0 Hz, OGRHs), 3.55(1H, dqJ

= 7.0, 7.1 Hz, G@HCH), 3.71t3.84 (3H, m, O&H,CH, OGLCH), 4.98 [1H, dJ= 7.9 Hz,
CH(OE®)], 5.11 (1H, dJ= 7.9 Hz, BCI), 7.497.51 (2H, mm-Ar-H), 7.59t7.63 (1H, mp-Ar-H),
7.97t8.00 (2H, mp-Ar-H e+ Xc (W00 MHz, CD¢}115.0, 153, 55.4, 63.7, 65.2, 102.9, 128.7 (2 x C),
128.9 (2 x C), 133.8, 135.3, 192.9.

Attempted  synthesis  of  2chloro-3-(dimethylamino)1-phenylprop-2-en-1-one, 3.71
2-Chloroacetophenone (7.74 g, 50 mmol) and DMF (6 mL, 77.5 mmol, 1.5 equiv.) were stirred at
90 °Cin AcO (25 mL) for 2 hours. The reaction was allowed to cool to room temperature and
water was added. The product was extracted with EtOAc (3 x 50 mL), washed with water (100 mL)
and brine (100 mL), dried (B8Q) and the solvent removedh vacuoto afford a colourless
crystalline solid (7.12 g). The solid was identified ashl@roacetophenone by itsH NMR

spectrum.
General method for the cyclisation of-g3-cyano4-oxo-4-phenylbut-2-en-2-yl)amino] acids

The 2[(3-cyanc4-oxo-4-phenylbut2-en-2-yl)amno] acid was dissolved in acetic anhydride (30
mL) prior to the addition of triethylamine (7 equiv.). The mixture was refluxed until the emission of
CQ was complete (limewater bubbler) and allowed to cool to room temperature. The brown
solution was pourednto water (400 mL), stirred for 1 h and extracted with DCM (5 x 50 mL). The
organic layer was washed with water (2 x 100 mL), aq. NakB>050 mL) and water (100 mL).
The dried (Ng5Q) solvent was removed under reduced pressure and the products selated

by flash column chromatography.
The following compounds were synthesised by the above method.

Cyclisation of Z(3-cyanc4-oxo-4-phenylbut-2-en-2-yl)amino]propanoic acid 3.57b From
2-[(3-cyanae4-oxo-4-phenylbut2-en-2-yl)amino]propanoic acid3.57b (1.30 g, 5 mmol) flash
column chromatography [3® EtOAc in hexane] providetacetyt4-cyana2,5-dimethytlH-
pyrrok-3-yl acetate3.72as an offwhite solid (0.65 g, 59 %). m.p. 166 6 £mx%2980, 2884, 2223,
1781, 1744, 1166 cmX %00 MHz, (CE)S0] 2.21 (3H, s,-2Hs), 2.33 (3H, s, OCE), 2.52 (3H,

s, 5(Hs), 2.61 (3H, s, NCOIE» Xc [R00 MHz, (CE).SO] 11.8, 15.6, 20.5, 27.6, 91.8, 113.9, 120.9,
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133.6, 137.7, 169.0, 171.7. HRMS (ESI) found [M=tR1.0921 GHisN20s requires [M+H] =
221.0921

Cyclisation of Z(3-cyano4-oxo-4-phenylbut-2-en-2-yl)amino]-2-phenylacetic acid, 3.57¢c From
2-[(3-cyanc4-oxo-4-phenylbut2-en-2-yl)amino}2-phenylacetic acidB.57¢(1.59 g, 5 mmol) flash
column chromatography [20% EtOAc in hexane] provided initialtyxéure of 1-benzoyl4-cyanc
5-methyt2-phenyt1H-pyrrol3-yl acetate3.77 and 1-acetyt4-cyane5-methyl2-phenytlH-pyrrok

3-yl acetate3.74 as a yellow oil (0.73 g). Further elution provideql-acetyt4-benzoys5-methyt
2-phenyt1H-pyrrol3-yl)acetamie 3.75 as a brown solid (0.09 g, 5 %). m.p. 1§10 £ wx T
3266, 3055, 2928, 1728, 1651, 1645, 1259, 722 ¥m\#00 MHz, CDgI11.78 (3H, s, NC®k),

1.99 (3H, s, NHC®}, 2.27 (3H, s,-BHs), 7.17 (1H, s, NCOCH), 7.37t7.48 (7 H, m, Ar-H, 4m-

Ar-H), 7.55t7.58 (1H, m, $-Ar-H), 7.86 (2H, dJ= 7.1 Hz, ©-Ar-H e+ Xc (00 MHz, CD§}114.6,

23.1, 28.3, 120.4, 121.0, 127.4, 128.5 (2 x C), 128.6, 129.0 (2 x C), 129.2 (2 x C), 129.5 (2 x C)
131.5, 132.7, 134.3, 139.1, 169.5, 172.8, 193.1. HESY found [M+H} 361.1548 £H>1N2Os
requires [M+H} = 361.1547. The mixture df-benzoyl4-cyane5-methyt2-phenyt1H-pyrrol-3-yl
acetate 3.77 and 1-acetyt4-cyane5-methyt2-phenyt1H-pyrrol-3-yl acetate3.74 was dissolved in

EtOH (30mLb and sodiumacetate was added (0.80 g), the mixture was stirred at reflux under
nitrogen for 90 min. After cooling to room temperature the solvent was remawuegacuo To the
residue was added water and the product extracted witbCE(S x 50 mL). The combined organi
portions were washed with water (100 mL), dried {8@) and the solvent removed under
reduced pressure to afford an oil. Flash column chromatography [20 % EtOAc in hexane] provided
initially 1-benzoy4-cyane5-methyt2-phenyt1H-pyrrol3-yl acetate3.77 as a yellow solid (0.18 g,

11 %). m.p. 111 {17 £ ¥ax2226, 1776, 1711, 1274, 1188, 711-thw (400 MHz, CDgI2.26

(3H, s, OCQOG), 2.48 (3H, s, NCO, 7.07t7.16 (5H, m, Ar-H), 7.25t7.29* (2H, m, 4n-Ar-H),

7.42 t7.46 (1H, m, $-Ar-H), 7.52 t 7.55 (2H, m, ©-Ar-H « Xc (100 MHz, CD§}113.1, 20.4, 91.9,
113.3, 124.5, 128.1, 128.5 (5 x C), 128.7 (2 x C), 130.5 (2 x C), 132.8, 133.8, 134.5, 138.0, 168.7
169.1. HRMS (ESI) found M = 344.11644EN\.0s requires M = 344.1161. Further eloti
provided 4-cyanae5-methyl2-phenyt1H-pyrrol3-yl acetate3.76 as a yellow solid (0.27 g, 23 %).
m.p. 178t 101 £ w%3B75, 2222, 1747, 1196, 1184, 756, 692, 584 XM {400 MHz, (CE,SO]

2.35 (3H, s, C®¥), 2.37 (3H, s,KB), 7.251t7.29 (1H, mp-Ar-H), 7.41t17.45 (2H, mm-Ar-H), 7.52

t7.54 (2H, mp-Ar-H), 11.96 (1 H, br. s,H\» X:[¥00 MHz, (CE),SO] 12.6, 20.7, 87.3, 114.9, 119.7,
125.1 (2 x C), 127.4, 129.5 (2 x C), 129.9, 133.0, 136.2, 169.2. HRMS (ESI) foundJ#1:6986

Ci4H13N2Oz requires [M+H} = 241.0972.
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*Qverlaps with residual CHCI

43.7 Synthesis of -8l-carboxyalkylaminomethylenep-tosylacrylonitriles @-[(2-cyano-2-
tosylvinyl)aming acids)

General method for the synthesis &[(2-cyano-2-tosylvinyl)amino] acids

To a stution of (p-toluenesulfonyl)acetonitrilg5.36 g, 30 mmolji <u]JAXe v 37 %o %o @& } %o
amino acid (1.05 equiv.) in isopropanol (80 mL) was added triethyl orthoformaeniL, 45

mmol, 1.50 equiv.). The reaction mixture was refluxed under nitrogenl tiné starting material

was absent by TL@fter cooling to roontemperature,the solvent was removed under reduced
pressure. The residue was dissolved in DCM and extracted into aq. N&H&B0 mL) and the
agueous extracts acidified with dil. H2IM, aq.). The product was then extracted with EtOA& (3

50 mL), dried (N&Q) and the solvent removedn vacuo to yield the 2-[(2-cyano-2-

tosylvinyl)aming acid.
The following compounds were synthesised by the above method.

2-[(2-Cyano-2-tosylvinyl)amino]ecetic acid 3.82a From glycine (3.54 g, 47.2 mmol) as a brown
solid from EtOAc/hexane (1.27 g, 10 %). m.p. 206i 6 £ W%« 3800, 3231, 2937, 2205, 1713,
1626, 1302, 1234, 1131, 669, 597-tx {00 MHz, (CERLSO] 2.40 (3H, sHe), 4.11 (2H, dJ= 59

Hz, NHELCOOH), 7.44 (2H, dz 8.2 Hzm-TsH), 7.70 (2H, dJ= 8.2 Hzp-TsH), 8.01 (1H, dJ=
14.6 Hz, G), 8.95 (1H, dtJ= 5.9, 14.6 Hz, 1), 13.07 (1H, br. s, CBI® X [800 MHz, (CE.SO]
21.5, 49.4, 81.9, 114.6, 126.6 (2 x C), 130.4 (2 ¥4Q)3, 143.9, 159.6, 171.1. HRMS (ESI) found
[M+NH;]* = 298.0858 GHi16N30sS requires [M+N* = 298.0856.

2-[(2-Cyano-2-tosylvinyl)amino]propanoic acid 3.82b From DL-alanine (2.81 g, 31.5 mmol) as a
brown powder from DCM (1.63 g, 18 %). m.p. 15867 °CXmak 3288, 3229, 3035, 2926, 2204,

1714, 1633, 1343, 1288, 1140, 666tk 400 MHz, (CELSO] 1.39 (3H, d= 7.2 Hz, Bs), 2.40

(3H, s, Phi&), 4.39t4.46 (1H, m, NHECOOH), 7.44 (2H, = 8.2 Hzm-TsH), 7.70 (2H, dJ= 8.2
Hz,o-TsH), 7.97(1H, d,J = 14.5 Hz, G, 9.13 (1H, ddJ= 8.1, 14.5 Hz, B). w [100 MHz,
(CDR)SO] 17.6, 21.5, 57.2, 81.5, 114.7, 126.7 (2 x C), 130.4 (2 x C), 140.3, 143.9, 157.8, 173.3.
HRMS (ESI) found [M+H]295.0746 GH1sN-OsS requires [M+H}E 295.0747.
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2-[(2-Cyanae2-tosylvinyl)amino}2-phenylacetic acigd 3.82c From DL-2-phenylglycine (4.76 g) as a
red solid (0.85 g, 8 %)ax3297, 3034, 2204, 1728, 1621, 1288, 1140, 667, 515Xa{400 MHz,
(CDR)2SQ 2.39 (3H, s, PHG), 5.59 (1H, d)= 7.8 Hz, NHEZOOH)7.36t7.44 (7H, mm-TsH, Ar-

H), 7.66 (2H, dJ= 8.3 Hzp-TsH), 8.00 (1H, dJ= 14.2 Hz, G, 9.72 (1H, ddj= 7.8, 14.2 Hz, 1),
13.45 (1H, br. s, CHPX c [£00 MHz, (CE,SOJ21.5, 65.0, 82.4, 114.5, 126.7 (2 x C), 128.7 (2 x C),
128.9, 129.2 (¢ C), 130.4 (2 x C), 136.7, 140.0, 144.0, 157.1, IMRGS (ESI) found [M+H]
357.0903 @H17N204S requires [M+H]= 357.0904.

4.3.8 Synthesis of Pyrroles: Cyclisation of -(13carboxyalkylaminomethylenep-

tosylacrylonitriles @-[(2-cyano-2-tosylvinyl)amino] acids)

General method for the cyclisation &-[(2-Cyano-2-tosylvinyl)amino] acids

The 2-[(2-cyano-2-tosylvinyl)aming acid was dissolved in acetic anhydride (30 mL) prior to the
addition of triethylamine (7 equiv.). The mixture was refluxed utité emission of COwas
complete (limewater bubbler) and allowed to cool to room temperature. The brown solution was
poured into water (400 mL), stirred for 1 h and extracted with DCM (5 x 50 mL). The organic
extractswere washed with water (2 x 100 mlgg. NaHC&(5 x 50 mL) and water (100 mL). The
dried (NaSQ) solvent was removed under reduced pressure and the products were isolated by

flash column chromatography.
The following compounds were synthesised by the above method.

Cylisation of 2-[(2-Cyano-2-tosylvinyl)amino]acetic acigd 3.82a From 2-[(2-cyano-2-
tosylvinyl)amino]acetic acig0.70 g, 2.5 mmol) flash column chromatography [50 % EtOAc in
hexane] provided only fdcetytN-(1-acetyt4-tosyt1H-pyrrol3-yl)acetamide 3.84a as a yellow
solid (0.12 g15 %). m.p. 144 i0 0 £ma%3375, 3166, 3113, 2980, 1739, 1730, 1687, 1323, 1148,
678, 591 cm X 100 MHz, CD§I12.22 (3H, s, NHC®), 2.42 (3H, s, T&k), 2.54 (3H, s,
NCOGE), 7.33 (2H, dJ= 8.2 Hzm-TsH), 7.75 (1H, dJ= 2.6 Hz, &), 7.8 (2H, dJ= 8.2 Hzp-Ts

H), 7.92 (1H, dJ= 2.6 Hz, ), 8.61 (1H, br. s, 1) X c (200 MHz, CD§I21.6, 22.1, 23.9, 110.0,
119.7, 120.8, 123.3, 126.7 (2 x C), 130.1 (2 x C), 139.1, 144.8, 167.1,HRVISKS) found
[M+H*=321.0904C:5H:7N2OsSrequires [MrH]" =321.0904
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Cyclisation of 2-[(2-Cyano-2-tosylvinyl)amino]propanoic acigd 3.82b From 2-[(2-cyano-2-
tosylvinyl)amino]propanoic aci0.88 g, 3 mmol) flash column chromatography [50 % EtOAc in
hexane] provided initiall\N-acetytN-(1-acetyt2-methyl4-tosyt1H-pyrrol3-yl)acetamide3.83b as

v JE vP }]o ~iXihxR928] 6716 X368, 1316, 1140, 667, 5821ckm (400 MHz, CD§)I
2.21[6H, s, N(C®B)], 2.24 (3H, s, 1), 2.42 (3H, s, T&H), 2.65 (3H, s, NCOE}, 7.30 (2H, dJ=
8.2 Hz,m-TsH), 7.72 (2H, dj= 8.2 Hzp-TsH), 7.83 (1H, s,-Bl* Xc (000 MHz, CD§112.0, 21.7,
23.6,26.1 (2 x C), 120.8, 123.3, 124.7, 127.8 (2 x C), 129.9 (2 x C), 132.7, 137.3, 144.9, 168.6, 172.
(2 x C). HRMS (ESI) found [M+HB77.1166 H:1N20OsS requires [M+H]= 377.1166. Further
elution provided N-(1-acetyt2-methyt4-tosyt1H-pyrrol-3-yl)acetamide 3.84b as an offwhite
powder (0.30 g, 30 %). m.p. 187100 £mx43133, 1729, 1321, 1138, 664, 580, 560'ckn (400
MHz, CDG) 2.11 (3H, NBOE%), 2.30 (3H, s,KB), 2.40 (3H, s, T&), 2.58 (3H, s, NCEI, 7.14
(1H, br. s, NCOCH), 7.29 (2H, dJ= 8.2 Hzm-TsH), 7.66 (1H, s,-8l), 7.74 (2H, d)= 8.2 Hzp-Ts
H). w (100 MHz, CD§113.6, 21.6, 23.2, 23.7, 118.3, 122.1, $2327.0 (2 x C), 129.9 (2 x C),
130.7, 138.2, 144.6, 168.2, 168.6. HRMS (ESI) found [M:+B35.1061 GH1oN204S requires
[M+HT = 335.1060.

Cyclisation of 2-[(2-Cyano-2-tosylvinyl)amino}2-phenylacetic acig 3.82c From 2-[(2-cyano-2-
tosylvinyl)aminoj2-phenylacetic acid(0.53 g, 1.5 mmol) flash column chromatography [50 %
EtOAc in hexane] provided initialN-acetytN-(1-acetyt2-phenyt4-tosyt1H-pyrrol-3-yl)acetamide
3.83cas orange crystals (0.11 g, 17 %). m.p. 2111 £ 3139, 1749,1717,1704313, 1230,
1152, 673, 609, 535 chX 00 MHz, CDgI2.13 [6H, s, N(C®E),], 2.23 (3H, s, NC®E), 2.43
(3H, s, T€Hs), 7.16 (2H, mp-Ar-H), 7.32 (2HJ= 8.1 Hzm-TsH), 7.36t7.42 (3H, mm-Ar-H, p-Ar-

H), 7.76 (2H, dJ= 8.2 Hzp-TsH), 8.12(1H, s, 8H* X (MO0 MHz, CD§I21.7, 24.8, 26.1 (2 x C),
122.1, 124.4, 124.8, 127.9 (2 x C), 128.9, 129.0 (2 x C), 129.2 (2 x C), 129.9 (3 x C), 133.1, 137.4
144.8, 167.9, 172.5 (2 x C) HRMS (ESI) found [M=M&]L.1140 &H>2NoNaGsS requires [M+N4]

= 461.1142. Further elution provided-(1-acetyt2-phenyt4-tosyt1H-pyrrol3-yl)acetamide3.84c

as an offwhite powder (0.11 g, 19 %). m.p. 116 6 6 £mx%3144, 1749, 1661, 1511, 1309, 1153,
662, 541 cm X 100 MHz, CD§I1.93 (3H, s, NHCES), 214 (3H, s, NCO®E), 2.42 (3H, s, Ts
CHs), 6.74 (1H, br. s,COCH), 7.29t7.40 (7HmM-TsH, ArH), 7.80 (2H, dJ= 8.2 Hzp-TsH), 8.00
(1H, s, 8H). HRMS (ESI) found [M+K]397.1218 §H1N-OsS requires [M+H]= 397.1217.
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4.3.9 Synthesi®f 2-(1-carboxyalkylaminomethylene)dibenzoylmethanes {22-benzoyt3-oxo-3-
phenylprop-1-en-1-yl)amino] acid$

2-[(Dimethylamino)methylend-1,3-diphenylpropanel,3-dione, 3.87 To dibenzoylmethane
(11.19 g, 50 mmol) was added DMFDMA (16.6 mL, 125 mmol, 2.5 equitheamuxture was
stirred at reflux under nitrogen for 30 hours. The reaction mixture was allowed to cool to room
temperature overnight. The mixture was diluted with brine and the product extracted with EtOAc
(83 x 75 mL). The combined organic extracts weashed with brine (2 x 100 mL), dried ¢(8@&)

and the solvent removed under reduced pressure. The product was recrystallised from EtOH to
afford an orange solid (6.84 g, 49 %). m.p. 12Bii£ ~0]SX uUX % X {11 £ n& D648, (TOfee.
1558, 1322, 697, BBcm! X 100 MHz, CD§12.78 [3H, br. s, NE8)a(CH)s], 3.27 [3H, br. s,
N(QHz)a(CHb)b], 7.1717.21 (4H, mm-Ar-H), 7.25t7.28 (2H, mp-Ar-H), 7.58 (4H, br. ©-Ar-H), 7.66
(1H, s, CB* X (h00 MHz, CD§142.4, 47.6, 111.5, 127.9 (2 x C), 129.0,182 x C), 140.9, 158.1,
194.9 (2 x C). HRMS (ESI) found [M=#t280.1334 H1sNO; requires [M+H]= 280.1332.

General method for the gnthesis of2-[(2-benzoyt3-oxo-3-phenylprop-1-en-1-yl)amino] acids

To 2-[(dimethylamino)methyleng1,3-diphenylpropae-1,3-dione (2.79 g, 10 mmol) in EtOH (50
mL) was added a solution of the appropriate amino acid (12 mmol, 1.2 equiv.) and Nag®Ac-3H
(2.63 g, 12 mmol, 1.2 equiv.) in water (20 mL). The reaction was stirred at reflux for 19 hours and
allowed to cool to rom temperature. The solvent was removed under reduced pressure and ice
water was added to the residue (50 mL). The solution was acidified (2 M HCI) and extracted with
EtOAc (3 x 75 mL). The combined organic extracts were washed with water (50 mL), ah$€al) (N

and the solvent removed under reduced pressure.

2-[(2-Benzoyt3-oxo-3-phenylprop-1-en-1-yl)aminolacetic acid3.88a From glycine (0.91 g) as a
yellow solid which was recrystallised from EtOAc/hexane (1.66 g, 54 %). m.p.120Xmak 3061,

2779, 717, 1637, 1514, 1212, 889, 723, 708k {400 MHz, (CE),SO] 4.25 (2H, d= 6.0 Hz,
NHGLCOOH), 7.2€7.24 (2H, mm-Ar-H), 7.27t7.35 (5H0-Ar-H, m-Ar-H, p-Ar-H), 7.38t7.42 (1H,

m, p-Ar-H), 7.54t7.56 (2H, mp-Ar-H), 7.81 (1H, d)= 14.2 Hz, G4}, 10.24 (1H, dt)= 6.0, 14.2 Hz,

NH), 13.02 (1H, br. s, COO X:[#00 MHz, (CE,SO] 50.0, 109.8, 128.2 (4 x C), 128.5 (2 x C), 129.4
(2 x C), 130.70, 131.7, 140.3, 141.7, 161.3, 171.3, 194.2, 195.0. HRMS (ESI) fouhd: [M+H]
310.1073 @H1eNQs requires M+HJ = 310.1074.
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2-[(2-Benzoy}3-ox0-3-phenylprop-1-en-1-yl)amino]propanoic acid 3.88b From DL-alanine (1.07

g) as a yellow solid which was recrystallised from EtOAc/hexane (1.60 g, 50 %). mtASD7.

tax 2980, 2885, 1732, 1635, 1515, 729, 698ctm {400 MHz, (C§),SO] 1.48 (3H, d= 7.2 Hz,

CHs), 4.48 (1H, dg)= 7.2, 7.5 Hz, NHHCOOH), 7.2€7.23 (2H, mm-Ar-H), 7.26t7.35 (5H, mp-Ar-

H, mAr-H, p-Ar-H), 7.38t7.41 (1H, mp-Ar-H), 7.55t7.57 (2H, mp-Ar-H), 7.90 (1H, dJ= 14.0 Hz,

CGQH), 10.54 (1H, dd)= 7.5, 14.0 Hz, 1), 13.33 (1H, br. s, CBI® Xc [800 MHz, (CE,SO] 19.4,

56.2, 109.9, 128.2 (4 x C), 128.5 (2 x C), 129.5 (2 x C), 130.7, 131.8, 159.4, 173.4, 194.2, 195.1.
HRMS (ESI) found [M+H] 324.1230 {gHisNO4 requires [M+H] = 324.1230.

2-[(2-Benzoyt3-0x0-3-phenylprop-1-en-1-yl)amino}-2-phenylacetic acig 3.88c From DL-2-
phenylglycing1.81 g) as a yellow powder which was recrystallised from EtOAc/hexane (2.20 g, 57
%). m.p. 187t 160 £mx3032, 1739, 1638, 1612, 1233, 7167681 W [400 MHz, (CELSO]

5.65 (1H, dJ= 7.2 Hz, NHECOOH), 7.267.49 (15H, m, AH), 7.82 (1H, dJ= 13.8 Hz, G4, 10.98

(1H, ddJ= 7.2, 13.8 Hz,Ml» 3f100 MHz, (CE,SO] 63.5, 110.4, 127.8 (2 x C), 128.2 (4 x C), 128.5
(2 x C), 129.1, 129(2 x C), 129.8 (2 x C), 130.9, 131.9, 137.5, 139.9, 141.3, 159.0, 171.5, 194.1,
195.3.HRMSESI) found [M+HF 386.1387 &HoNQs requires [M+H] = 386.1387.

4.3.10 Synthesis of Pyrroles: Cyclisation of 2-(1-
carboxyalkylaminomethylene)dibenzoylmethanes 2{(2-benzoy}3-oxo-3-phenylprop-1-en-1-

yl)amino] acid$

General Method for the Cyclisation of-g2-Benzoyt3-oxo-3-phenylprop-1-en-1-yl)amino] acids

The2-[(2-benzoyt3-oxo-3-phenylpropl-en-1-yl)amino] acidwvas dissolved in acetic anhydride (30
mL) pror to the addition of triethylamine (7 equiv.). The mixture was refluxed until the emission of
CQ was complete (limewater bubbler) and allowed to cool to room temperature. The brown
solution was poured into water (400 mL), stirred for 1 h and extracted CM (5 x 50 mL). The
organicextracts werewashed with water (2 x 100 mL), aq. NaH{®x 50 mL) and water (100
mL). The dried (M&Q) solvent was removed under reduced pressure and the products were

isolatedby flash column chromatography or recryifisation.

The following compounds were synthesised by the above method.
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Cyclisation of Z(2-Benzoylt3-oxo-3-phenylprop-1-en-1-yl)aminojacetic acid 3.88a From 2-[(2-
benzoyt3-oxo-3-phenylpropl-en-1-yl)Jamino]acetic acid1.55 g, 5 mmolyecrystallsation from
EtOAc/hexaneprovided 1-(3-benzoy4-phenytlH-pyrrol1-yl)ethanl-one 3.89a as pale orange
crystals(0.95 g, 66 %). m.p.101 t 102 °CX mak 2980, 1731, 1638, 1215, 758, 698-tMH (@00

MHz, CD@) 2.60 (3H, s, NC®), 7.26t7.30* (3H, m, 4n-Ar-H, 4-p-Ar-H), 7.34t7.43 (5H, m, &,
4-0-Ar-H, 3m-Ar-H), 7.50t7.54 (1H, m, ®-Ar-H), 7.68 (1H, dJ= 1.1 Hz, ), 7.82t7.84 (2H, m, 3
0-Ar-H « Xc (200 MHz, CD§}122.2, 118.3, 125.5, 126.0, 127.3, 128.2 (2 x C), 128.3 (2 x C), 128.4 (2
x C), 129.6 (2 @, 130.0, 132.7, 132.9, 138.5, 167.5, 19HRMS (ESI) found [M+t{ 290.1176
CioHisNOG requires [M+H} = 290.1176.

*overlaps with residual CHCI

Cyclisation of Z(2-Benzoyt3-oxo-3-phenylprop-1-en-1-yl)amino]propanoic acid 3.88b Fram 2-
[(2-benzoyt3-0x0-3-phenylpropl-en-1-yl)amino]propanoic acidl.54 g, 4 mmoljecrystallsation
from EtOAc/hexangrovided 1-(4-benzoyl2-methyt3-phenyt1H-pyrrol1-yl)ethanl-one 3.89b as

a yellow solid (1.08 g, 75 %). m.p. 18839 °CXH (400 MHz, CD§}12.49 (3H, sGs), 2.60 (3H, s,
NCOGEb), 7.19t7.23 (3H, m, D-Ar-H, 3-p-Ar-H), 7.26t7.30* (2H, m3-m-Ar-H), 7.32t7.36 (2H, m,
4-m-Ar-H), 7.45t7.49 (2H, m, &1, 4p-Ar-H), 7.75t7.77 (2H, m, ©-Ar-H+ Xc (@00 MHz, CD§I
13.8, 24.2, 125.5, 125.7, 126.9, 127.0, 1280« C), 128.1 (2 C), 1295 (2 x C), 130.1 (2 x C),
130.8, 132.3, 133.4, 138.6, 169.5, 19HRMS (ESI) found [M+tH 304.1332 £&Hi1sNO requires
[M+HJ" = 304.1332.

*overlaps with residual CHCI

Cyclisation of Z(2-Benzoy}t3-oxo-3-phenylprop-1-en-1-yl)amino]-2-phenylacetic acigd 3.88c

From 2-[(2-benzoylt3-oxo-3-phenylpropl-en-1-yl)Jamino}2-phenylacetic(1.96 g, 5 mmol) flash

column chromatography [25 % EtOAc in hexane] provitéétbenzoy2,3-diphenytlH-pyrrok1-
ylethanl-one 3.89cas a yellow dad (1.52 g, 82 %). m.p. 110i7i £ Xax 1739, 1648, 1322,

1194, 726, 695 crhX 1 00 MHz, CD§I12.20 (3H, s, NCOE), 7.04t7.11 (5H, m, D-Ar-H, 2-m-

Ar-H, 2-p-Ar-H), 7.25t7.33* (5H, m, 3-Ar-H, 3m-Ar-H, 3-p-Ar-H), 7.38t7.42 (2H, m, 4n-Ar-H),

7.4917.53 (1H, m, 4-Ar-H), 7.82 (1H, m, ©-Ar-H* X (200 MHz, CD§)I25.3, 125.1, 126.5, 126.7

(2 x C), 127.6 (2 x C), 128.3 (4 x C), 128.5, 128.7, 129.6 (2 x C), 130.2, 131.1 (2 x C), 132.0, 132.:
132.5, 132.9, 138.6, 169.2, 191.1. HRMS (ESI) found|{M-866.1489 &HxNO; requires [M+H]

= 366.1489.
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*overlaps with residual CHCI

3-(Dimethylamino}-1,2-diphenylprop-2-en-1-one, 3.93 To deoxybenzoin (14.72 g, 75 mmol) was
added DMFDMA (25 mL, 188 mmol, 2.5 equiv.) and the reaction mixture stirred at veftier
nitrogen for 19 hours. The mixture was allowed to cool to room temperature overnight, diluted
with brine and the product extracted with EtOAc (3 x 75 mL). The combined organic extracts were
washed with brine (2 x 100 mL) and water (1 x 100 mlgddiaSQ) and the solvent removed
under reduced pressure. The product was recrystallised from EtOAc/hexane to afford a yellow
solid (15.55 g, 82%). m.p. 13133 °C [lit. m.p. 12% {16 £ ~006:K RkBO20K 2914, 1615,
1544, 1299, 775, 701, 666 X n 00 MHz, CD§)12.71 [6H, s, N{&)2], 7.15t7.33* (8H, mp-Ar-

H,2 xm-Ar-H, 2 xp-Ar-H), 7.35 (1H, s, &}, 7.42t7.45 (2H, mo-Ar-H * X (100 MHz, CD§}143.6 (2

x C), 112.0, 126.3, 127.6 (4 x C), 128.7 (2 x C), 129.2, 132.1 (2 x C), 13.3534.194.8.
HRMSESI) found [M+H}E 252.1383 GH1sNO requires 252.1383.

Attempted synthesis of2-[(3-0x0-2,3-diphenylprop-1-en-1-yl)amino]-2-phenylacetic acig 3.94c

To 3-(dimethylamino)1,2-diphenylprop2-en-1-one (6.28 g, 25 mmol) in EtOH (70 migs added

a solution ofbr2-phenylglycing4.54 g, 30 mmol, 1.2 equiv.) and NaOAe3K4.08 g, 30 mmol,

1.2 equiv.) in water (20 mL). The reaction mixture was stirred at reflux for 16 hours and allowed to
cool to room temperature. The solvent was remdvender reduced pressure and teter was

added to the residue (50 mL). The solution was acidified (2 M HCI) and extracted with EtOAc (3 x
75 mL). The combined organic extracts were washed with water (50 mL), drigeGiNand the

solvent removed underaduced pressure to afford deoxybenzoin as a yellow solid (4.26 g).
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Conclusions

5.1 Chapter 2 Conclusions

1. A range of diethyl Z1-carboxyalkylaminomethylene)malonates has been prepared either

by transamination of diethyl (diethylaminomethylene)malonate or condensation of

] ZCo ~ 8Z}ACu $ZCo v ~aming acils. Mh8Y ofr these compounds are
novel or have been fully characterised for the first time. No evidence for enaimime
tautomerism was observed by NMR spctroscopy. The enamine form is the preferred
tautomer.

2. WE oJu]l]v EC 3pu ] }( 8Z =« A[C 0}A %CEE}o sCVvSZ -
cyclodehydratiordecarboxylation sequence of
2-(1-carboxyalkylaminomethylene)malonates have been extended. It was fdwatdgbod
to moderate yields of &cetoxypyrroles were obtained from the enaminomalonates
derived from glycine or simple alkstibstituted amino acids. In certain cases the
cyclisation also provided, unexpectedly, the correspondiegh®xypyrrole derivatie in up
to 20 % yield.

3. The structure of ethyl -hAcetyt4-ethoxy-5-ethylpyrrole-3-carboxylate was determined by X
ray crystallography. Although the bond lengths and bond angles are comparable to those
of other pyrroles, it was found that the-dcetyl groupis oriented to minimise steric
interaction with the adjacent (6) ethyl group.

4. v u]v} u o}v § o E ] A-amirj@Blkanedioic acids, aspartic acid (di€posed
carboxyl groups) and glutamic acid (tj8posed carboxyl groups) reacted anomalougly,
five-membered intermediates, the former provided only diethyl
(acetamidomethylene)malonatevia a formal retroMichael elimination of maleic
anhydride. However, the enaminomalonate derived from glutamic acid provided a
5-acetylpyrrolidin2-one, the producf a DakiAWesttype rearrangement.

5. In complete contrast to the behaviour of the diacid, the enaminoester derived from
glutamic acid &methyl ester cyclised as expected upon treatment ofGAE&N to give a
mixture of the 3acetoxy and 3ethoxypyrroles.

6. The asparaginderived enaminomalonate cyclised to afford both the acetoand
ethoxypyrrole2-acetonitrile derivatives. An isosuccinimide intermediate has been

proposed to account for formation of the acetonitrile side chain. Although'the@nd'3C
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NMR spectra and HRMS data were consistent with the structure of etkgtetoxyl-
acetyts-cyanomethylpyrrole3- €& }ACo S U SZ [/Z *% SEuunbhndv}s L.
Thus, definitive confirmation of the structure was obtained byaX crystallography. The
enaminomalonate derived from the homologous amide, glutamine was not dehydrated to
a nitrile and instead formation of the acetoxypyrrole proceeded with concomitdnt
acetylation of the amide function.

. Low yields of the 4cetoxypyrrole and #thoxypyrrole3-esters were obtained from the
enaminomalonate derived from methione sulfoxide. In this case the cyclisation proceeded
with a regioselective Pummerer arrangement to generatéé®acetal function.

A lv E&&mino acids, apart from-proline, could not e induced to condense with
diethyl (ethoxymethylene)malonate; cyclodehydration of the proline derivative failed to
give a tractable product.

. Several mechanisms for the formation of theadetoxypyrrole3-carboxylates have been
considered. Attempts to inteept the aminomethylene ketene (intermediaiin Scheme
IXioe A E pvep eo(poX E} A] vacykich &b iheE éilannes® mixed
anhydride (intermediated, Scheme 2.36) was obtained. The failure to intercept any of the
1,4-oxazepineF (Schene 2.37) with a dipolarophile discounts the Apolar cyclisation
pathway for formation of the ethoxypyrrole. On this basis, the mechanisms depicted in
Schemes 2.38 and 2.39 satisfactorily account for pyrrole ring formati@reither the
carboxylate armin or the enolate of a mixed anhydride. &C labelling experiment
established that the carboxyl group of the starting materials was not retained in the
product. Evidence that cyclisation of diethy(Rcarboxyethylaminomethylene)malonate

in AeO to ethyl4-acetoxyl-acetyt5-methylpyrrole3-carboxylate 2.13b) proceedsvia a
muinchnone intermediate was obtainediia a trapping experiment with dimethyl
acetylenedicarboxylate, which provided a nowlalkenylpyrrole. The structure of the
latter was confirmedoy Xray crystallography. Whilst formation of the pyrrole esters from
the cyclisation of the enaminomalonates may invoke more than one pathway, the
intermediacy of a miinchnone clearly represents a significant route (based on the yield of
the DMAD cycloaddi) as shown in Scheme 2.56. It is not yet clear why the cyclisations of
in AeO-EtN favour formation of the &thoxypyrroles. It was also demonstrated in one
case that the acetoxypyrroles readily underg@+2] cycloaddition t [4+2] cycloreversion

sequence.
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10. Cyclisation of the Dane salt derived from ethyl acetoacetate and glycine is reported for the
(]JE&+S SJ]u X Z]vP o}+posEion}of $He 8aminoester occurs although the yield
of the product is poor. An additional pyrreBcarboxylic ester wa formed as a by
product.

11. SS uU%S* S} P v &E § l Sv Jvs EGu ]S C Vv "uv u JBulpe_
carboxyethylaminomethylene)malonate were unsuccessful. This area merits further
investigation.

12.A novel oxazolidis-one was obtained fromthe 83 u% 3 + A[C 0}A E §]}v }(
[(1-carboxyl-u S$ZCoe SZCo uJv}iu SZCo v *u o-HisuBstiutiod Z patterd r
prevents munchnone formation and the reaction proceeds inste@actonjugate addition

of the carboxylate anion to the methylenemaldedunction.

5.2 Chapter 3 Conclusions

1. Nucleophilic vinylic substitution of the ethoxymethylene derivatives of ethyl cyanoacetate
v u o}v}v]sE]amiAd adds has been used to synthesise a range of ettid 2
carboxyalkylaminomethylene)cyanoacetate and
2-(1-carboxyalkylaminomethylene)malononitriles, respectively. Although the former were
obtained as mixtures ofg- and @-isomers, distinction between the isomers By NMR
spectroscopy was facile.

2. The isomeric mixtures of ethyl-@-carboxyalkylanmomethylene)cyanoacetates cyclised
upon treatment with AgO-EtN in a regiospecific manner to afford mixtures of ethyl 4
acetamidel-acetyt5-(un)substitutedpyrrole3-carboxylates and the -dcetamido
derivative. None of the diacetamidopyrrole was obtaine from the
2-(1-carboxymethylaminomethylene)cyanoacetates however in this case trace amounts of
4-acetoxyl-acetylpyrrole3-carbonitrile and 3iacetyt4-ethoxypyrrole3-carbonitrile (ratio
0.08:1) were also formed.

3. The acylative cyclisation of Bf and O- ethyl 2(1-
carboxyethylaminomethylene)cyanoacetate provided both the acetamidand
imidopyrroles. However, a small amount of a-8jBydropyrrole, resulting from acylative

C o]e S]1}v }vsSposttidgn df the (aminomethylene)cyanoacetate was obtained.
Products resulting from incorporation of the carbonyl moiety were not observed in the

malonate series. The structure of the ZJBydropyrrole was established as ethyl
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(2RF,23)-1-acetyt3-cyano2,4-diacetoxys-methylt2,3-dihydropyrrole 3-carboxylate by X

ray crystallography.

dz }v o ove 3]}vl BOW]3E]o + A]SZ 3E] $ZCo -drEdZicid<Ehas 3 Y

provided access to a range chikanoy} and 2aroyt3-(1-carboxyalkylamino)acrylonitriles.

Mixtures of - and @-isomers were obtained from theseeactions. The acylative

cyclisations of these compounds have been investigated. It was found that the distribution
of products was dependent upon the nature of the amino acid substituent. Thus:

i. The 2alkanoy} and 3aroyt3-(1-carboxyl-phenylmethylamingacrylonitriles
furnished mixtures of  @&cykl-diacetamidopyrroles and -acyH4-
acetamidopyrroles, in which the latter predominated. Good overall yields of
products were obtained.

ii. In contrast the 31-carboxyethylamino)acrylonitriles provided little of tha-

C0% CEE}o U Jves §Z C o]+ S$Heylalietpaford, afterv u]v
concomitant ketonic hydrolysis, -dcetoxyl-acetyt5-methylpyrrole3-carbonitrile
in good yields.

iii.  Acylative cyclisation of the  -@kanoy} and 3aroyh3-(1-
carboxymehylamino)acrylonitriles is complex and up to four products have been
obtained from these reactions. Noteworthy is the formation ofadetyt4-
alkyl(aryl)pyrrole3-carbonitriles in addition to -“cetoxyl-acetylpyrrole3-
carbonitrile. In two examples -8cdamido-6-aryl5-cyanopyrar2-ones were

isolated.

A mechanism to account for formation of thea8yt4-(di)acetamidopyrroles has invoked
tautomerism of the enamino acid to an iminoketene species (for which there is a literature
precedent) and cyclisation tthe product via the enolate of a mixed anhydride. The
tautomerism step facilitates interconversion betweeB-(and @-enamino acids and the
imine (Scheme 3.53). Direct cyclisation onto the nitrile function is possible in the mixed
anhydride of the B)-isomer (Scheme 3.54). Although there are satisfactory mechanisms to
account for formation of all of the products, the nature of the product distribution is less
easy to rationalise. For example, the differing outcomes in the cyclisations ofdbgt3-
(1-carboxyalkylamino)acrylonitriles derived from phenylglycine (Table 3.14), alanine (Table

3.15) and glycine (Table 3.16).
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. Ethyl 2(1-carboxyethylaminomethylene)cyanoacetate when cyclised withOAm the
presence of DMAD provided a mixture of ethyhdetyl-4-diacetamide5-methylpyrrole 3-
carboxylate and dimethyl -Acetyt5-methylpyrrole3,4-dicarboxylate. It was established
that the latter is formedvia [4+2] cycloaddition of DMAD to the initially formed
4-acetamidopyrrole (Scheme 3.15). This behaviour ®mplete contrast to that shown by
diethyl 2(1-carboxyethylaminomethylene)malonate that provided N-alkenylpyrrolevia

a minchnone intermediate. None of thid-alkenylpyrrole was observed wher2nzoyi3-
(1-carboxyl-phenylmethylamino)acrylonitrile s heated with DMAD in acetic anhydride;
the sole product was -hcetyt3-benzoyi4-diacetamide5-phenylpyrrole, derived by
acylative cyclisation onto the nitrile function.

. A 1,40xazepin2-one intermediate has been proposed to account for the formatiothef
3-acetamide6-arylt5-cyanopyrar2-ones [16. (iii)]. Unambiguous synthesis of thphenyl
derivative was accomplished by conjugate addition of PhGORHkb methyl 2acetamido
3-(dimethylaming acrylate.

. Acylative cyclisation of -Benzoyi3-(1-carboxydkylamino)crotononitrilies has been
investigated. Whereas the  -@-carboxyethylamino)crotononitrile provided
4-acetoxyl-acetyt2,5-dimethylpyrrole3-carbonitrile as the only isolable product, thegB
carboxyl-phenylmethylamino)crotononitrile provided airture of products. A compound
characterised by the 'H and ¥C NMR and NOESY experiments as
4-acetoxyl-benzoyt2-methyl5-phenylpyrrole3-carbonitrile is the result of sequential 1,5
benzoyl migrations of argpyrrole intermediate.

. Aminomethylenation of f-toluenesulfonyl)acetonitrile provided access to a range -¢1-3
carboxyalkylamine®-tosylacrylonitriles, as single isomers. Cyclisation of the latter follows
the expected course and provided access to the hitherddia®@etamide4-tosyt and 3
acetamido4-tosylpyrroles.

. The synthesis and cyclisation of(2carboxyalkylaminomethylene)dibenzoylmethane
derivatives has been investigated. The pyrrole products, formed in good yields, result from
ring closure onto the ketone carbonyl function. These pyrfolening reactions, in
contrast to the behaviour of the-Benzoyi3-(1-carboxyalkylamino)acrylonitriles that often
cyclisevia t-acylation of the enamine function with sequential hydrolytic cleavage of the
benzoyl moiety. Pyrrole formation from the

2-(1-carboyalkylaminomethylene)dibenzoylmethanes  provides a complementary
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approach to 5un)substituted3-benzoyi4-phenylpyrroles to the existing protocols that
]JvA}oA §Z }viuP § 1351} v -Subdifutddi/anions to chalcones.
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Appendices

Appendix 1

Figure7.1 Crystal Data and Structure Refinement ftmfE 1-acetyt4-ethoxy-5-ethyl-1H-pyrrole-3-carboxylate2.19¢c
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Table7.1 Bond Lengthgt) and Angles (°) fortByl 1-acetyt4-ethoxy-5-ethyl-1H-pyrrole-3-carboxylate2.19¢c

Length &) Angle (°) Angle (°)
C1tC2 1.3473 C1tN1tC4 109.05 H7AtC7tC8 110.4
C1tN1 1.4243 C1tN1tC12 125.81 H7BtC7tC8 110.4
N1tC4 1.3794 C4tN1tC12 125.09 C7tC8tH8A 109.47
C4tC3 1.3633 C2tO1tC7 112.62 C7tC8tH8B 109.47
C3tC2 1.4325 CotO2tC11 116.24 C7tC8tH8C 109.47
C11tC3 1.4647 N1tC1tC2 105.73 H8AtC8tH8B 109.47
C11t03 1.2149 N1tC1tC5 126.41 H8AC8tH8C 109.47
C11t02 1.3296 C2tC1tC5 127.73 H8BtC8tH8C 109.47
02tC9 1.4468 O1tC2tC1 123.08 O2tCOtH9A 110.34
H9BtC9 0.99 O1tC2tC3 126.55 0O2tC9tH9B 110.34
HOALC9 0.99 C1LtC2tC3 110.16 02tCotC10 106.92
C10tH10B 0.98 C2tC3tC4 106.45 HOAtCOtH9B 108.57
C10tH10C 0.98 C2tC3tC11 131.27 HOALCOtC10 110.34
C10tH10A 0.98 C4tC3tC11 122.19 H9BtC9tC10 110.34
N1tC4tC3 108.6 COtC10tH10A 109.47
N1tC4tH4 125.7 CotC10tH10B 109.47
C3tC4tH4 125.7 CotC10tH10C 109.47

C1tC5tH5A 108.95 H10AtC10tH10B 109.47
C1tC5tH5B 108.95 H10AtC10tH10C 109.47
C1tC5tC6 113.16 H10BtC10tH10C 109.47

H5AtC5tH5B 107.75 02tC11t03 122.68
H5AC5tC6 108.95 02tC11C3 113.09
H5BtC5tC6 108.95 0O3tC11C3 12421
C5tC6tH6A 109.47 N1tC12t04 120.16
C5tC6tH6B 109.47 N1tC12tC13 115.79

C5tC6tH6C 109.47 04tC12tC13 124.04
H6AtC6tH6B 109.47 C12tC13tH13A 109.47
H6AIC6tHG6C 109.47 C12tC13tH13B 109.47
H6BtC6tH6C 109.47 C12tC13tH13C 109.47
OLtC7tH7A 110.4 H13AtC13tH13B 109.47
O1tC7tH7B 110.4 H13AtC13tH13C 109.47
O1tC7tC8 106.61 H13BtC13tH13C 109.47
H7AtC7tH7B 108.62
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Appendix 2

Figure7.2 Crystal Data and Structure Refinement ftimyE 4-acetoxyl-acetyt5-cyanc1H-pyrrole-3-carboxylate2.24.
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Table7.2 Bond Length¢) and Angleg°®) for Bhyl 4-acetoxyl-acetyt5-cyane1H-pyrrole-3-carboxyéte 2.24.

Length &) Angle (°) Angle (°)
N1tC4 1.379(4) C4tN1tC1 108.8(2) C12tC11tH11B 109.5
N1tC1 1.401(4) C4tN1tC13 125.1(3) H11AtC11tH11B 109.5
N1tC13 1.429(3) C1tN1tC13 125.9(3) C11'tC12'tH12A 109.5
N2tC6 1.145(4) C7t01tC2 118.3(2) C11'tC12'tH12B 109.5
O1tC7 1.372(4) C10tO3tC11 116.2(4) H12AtC12'tH12B 109.5
O1tC2 1.385(3) C2tC1tN1 107.0(3) Cl1tC®'tH12C 109.5
02tC7 1.194(4) C2tC1tC5 127.3(3) H12AtC12'tH12C 109.5
O3tC10 1.330(5) N1tC1tC5 125.6(2) H12BtC12'tH12C 109.5
03tC11  1.464(6) CLC2t01 123.33) OStCI3N1  119.1(3)
O41C10  1.208(4) CliC2tC3  109.2(2) O5tC13tC14  124.9(3)
O5tC13  1.204(4) OL(C2(C3 126.9(3) NI1C13tCl4  116.0(3)
C1ltC2 1.344(4) C4tC3tC2 106.1(3) C13tC14tH14A 109.5
C1(C5 1.504(4) C4C3(C10 122.7(3) C13iC14tH14B  109.5
c2c3 1.441(4) C2(C3(C10 130.9(3) HI4AIC14(H14B  109.5
C3tC4 1.360(4) C3tC4tN1 108.9(3) C13tC14tH14C 109.5
C3tC10 1.468(4) C3tC4tH4 125.6 H14AtC14tH14C 109.5
C4tH4 0.9500 N1tC4tH4 125.6 H14BtC14tH14C 109.5
C5tC6 1.464(4) C6tC5tC1 113.2(3) C1litCi2tH12D 109.5
C5tH5A 0.9900 C6tC5tH5A 108.9 C11tC12tH12E 109.5
C5tH5B 0.9900 C1tC5tH5A 108.9 H12DtC12tH12E 109.5
C7tC8 1.482(4) C6tC5tH5B 108.9 Cl1tC12tH12F 109.5
C8tH8A 0.9800 C1tC5tH5B 108.9 H12DtC12tH12F 109.5
C8tH8B 0.9800 H5AtC5tH5B 107.8 H12EBC12tH12F 109.5
C8tH8C ~ 09800  N2{C6IC5 179.7(4) CI2tC11t03  114.8(15)
C10t03' 1.396(17) 02tC7t01 122.3(3) Ci12'tC11'tH11C 108.6
Cl1tC12 1.516(6) O2tC7tC8 127.6(3) O3'tC1l1'tH11C 108.6
C11tH11A 0.9900 O1tC7tC8 110.1(3) C12'tC11tH11D 108.6
C11tH11B 0.9900 C7tC8tH8A 109.5
C12tC11'  1.33(2) CT7{C8tH8B  109.5
C12'tH12A 0.9800 H8AtC8tH8B 109.5
C12'tH12B 0.9800 C7tC8tH8C 1095
Cl2'tH12C 0.9800 H8AtC8tH8C  109.5
C13(C14  1.486(4) HSBIC8tHSC  109.5
C12tH12D 0.9800 04tC10t03  122.4(3)
C12tH12E 0.9800 04tC10t03'  127.2(7)
C12tH12F 0.9800 04tC10tC3  123.5(3)
ClIt03'  1.431(19) O3tC10C3 113.9(3)
Cl1'tH11C 0.9900 0O3'tC10tC3  108.0(7)
C11'tH11D 0.9900 O3tC11tC12 106.2(4)
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Appendix 3

Figure7.3 Crystal Data and Structure Refinement limethyl 1[3-ethoxy-2-(ethoxycarbonylB3-oxoprop-1-en-1-yl]-2,5-dimethyl-
1H-pyrrole-3,4-dicarboxylate?.65.
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Table7.3 Bond Lengthgt) and Angles (°) fdDimethyl 1[3-ethoxy-2-(ethoxycarbonybB3-oxoprop-1-en-1-yl]-2,5-dimethyl-1H-
pyrrole-3,4-dicarboxylate2.65.

Length(A) Length(A) Angle(°) Angle(°)
N1tC1l 1.388(2) CT7tH7A 0.9800 C1tN1tC4 109.97(13) C4tC10tH10A 109.5
N1tC4 1.392(2) C7tH7B 0.9800 C1tN1tC1l1 127.45(13) C4tC10tH10B 109.5
N1tC1l1 1.407(2) C7tH7C 0.9800 C4tN1tC11 122.45(13) H10AtC10tH10B 109.5
O1tC6 1.205(2) COtH9A 0.9800 C6t02tC7 116.76(14) C4tC10tH10C 109.5
02tC6 1.340(2) C9tH9B 0.9800 C8t04tC9 115.14(15) H10AtC10tH10C 109.5

02tC7 1.446(2) COtHOC 0.9800 C15t06tC19 115.87(14) H10BtC10tH10C 109.5
03tC8 1.198(2) C10tH10A 0.9800 C13tO7tC2  115.88(14) C12tC11tN1 12577(15)

O41C8  1.340(2) CI10tH10B  0.9800 C2(C1tN1  106.98(14) CI12(C11tH11 117.1
O41C9  1.447(2) CI10tHIOC  0.9800 C2(C1C5  129.82(15)  NLtC11tH11 117.1

O5tC15  1.198(2)  ClitC12  1.334(2) N1tC1tC5  122.88(15) CIUCI2C13  119.61(15)
O6tC15  1.328(2)  C1ltH11 0.9500 CLtC2tC3  108.06(14) CIUCI2AC15  126.43(15)

O6tC19  1.460(2) C12iC13  1.490(2) CLIC2tC6  122.59(15) C13tC12tC15  113.90(14)
O7tC13  1.328(2) Cl2iC15  1.491(2) C3tC2tC6  128.69(15)  OBtC13t07 124.79(16)
O7tC22  1.455(2)  Cl9C21  1.477(3) CAtC3tC2  107.84(14)  OStC13tCl2  122.64(16)
O8tC1  1.203(2) CI19tHI9A  0.9900 CAtC3tC8  125.24(15)  O7tC13tC12  112.57(14)
ClLtC2  1.365(2) CI19tH19B  0.9900 C2(C3tC8  126.35(15)  O5tC15t06 124.80(17)
CILtC5  1.490(2) C20tC22  1.495(3) C3tC4tN1  107.14(14)  OS5tC15tC12  123.09(17)
C2tC3  1.437(2) C20tH20A  0.9800 C3tC4tC10  131.66(15) O6tC15tC12  112.11(14)
C2tC6  1.466(2) C20tH20B  0.9800 N1{C4tC10  120.90(14) OBtC19C21  107.58(17)

C3tC4 1.362(2) C20tH20C 0.9800 C1tC5tH5A 109.5 OG6tC19tH19A 110.2
C3tC8 1.477(2) C21tH21A 0.9800 C1tC5tH5B 109.5 C21tC19tH19A 110.2
C4tC10 1.489(2) C21tH21B 0.9800 H5AtC5tH5B 109.5 0O6tC19tH19B 110.2
C5tH5A 0.9800 C21tH21C 0.9800 C1tC5tH5C 109.5 C21tC19tH19B 110.2
C5tH5B 0.9800 C22tH22A 0.9900 H5AtC5tH5C 109.5 H19AtC19tH19B 108.5
C5tH5C 0.9800 C22tH22B 0.9900 H5BtC5tH5C 109.5 C22tC20tH20A 109.5

01tC6t02 123.47(16) C22tC20tH20B 109.5

O1tC6tC2 124.88(16) H20AtC20tH20B 109.5
02tC6tC2 111.59(14) C22tC20tH20C 109.5
O2tC7tH7A 109.5 H20AtC20tH20C 109.5
O2tC7tH7B 109.5 H20BtC20tH20C 109.5

H7AtC7tH7B 109.5 C19tC21tH21A 109.5
O2tC7tH7C 109.5 C19tC21tH21B 109.5
H7AtC7tH7C 109.5 H21AtC21tH21B 109.5
H7BtC7tH7C 109.5 C19tC21tH21C 109.5

03tC8t04 123.52(16) H21AtC21tH21C 109.5
O3tC8tC3 125.05(17) H21BtC21tH21C 109.5
04tC8tC3 111.41(1% O7tC22tC20 107.96(16)

O4tCItH9A 109.5 O7tC22tH22A 110.1
04tCItHIB 109.5 C20tC22tH22A 110.1
H9AICItHIB 109.5 O7tC22tH22B 110.1
04tC9ItHIC 109.5 C20tC22tH22B 110.1

HOALCItHIC 109.5 H22AtC22tH22B 108.4
HOBtC9tHOC 109.5
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Appendix 4

Figure7.4 Crystal Data and Structure Refinement faiR*,3S) -1-Acetyl3-cyano3-(ethoxycarbonybb-methyt2,3-dihydro-1H-
pyrrole-2,4-diyl diacetate3.11
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Table7.4 Bond Lengthgt) and Angles (°) fo2Rr,3S)-1-Acetyt3-cyanae3-(ethoxycarbonyhs-methyt2,3-dihydro-1H-pyrrole-2,4-
diyl diacetate3.11

Length(A) Length(A) Angle(®) Angle(®)
N1tC6 1.135(2) C13tH13B 0.9600 C15tN3tC14 126.15(15) O5tC15tC16 121.79(17)
N3tC15 1.383(2) C13tH13C 0.9600 C15tN3tC1 123.38(15) N3tC15tC16 117.56(17)
N3tC14 1.415(2) C15tC16 1.490(3) C14tN3tC1 110.24(11) C15tC16tH16A 109.5
N3tC1l 1.4543(19) C16tH16A 0.9600 C12tO3tC3 117.16(13) C15tC16tH16B 109.5
0o2tC7 1.1862) Cl6tH16B 0.9600 O7tC1tN3 107.91(10) H16AtC16tH16B 109.5
0O3tC12 1.367(2) C16tH16C 0.9600 O7tC1tC2 112.37(11) C15tC16tH16C 109.5
O3tC3 1.3811(18) C17tC18 1.476(3) N3tC1tC2 105.18(11) HI16AtCl6tH16C 109.5
041C12 1.195(2) C18tH18A 0.9600 O7tC1tH1 110.4 H16BtC16tH16C 109.5
O5tC15 1.209(2) C18tH18B 0.9600 N3tC1tH1 110.4 O6tC17t07 121.39(15)
O6tC17 1.1988(19) C18tH18C 0.9600 C2tC1tH1 1104 O6tC17tC18 127.29(17)
ClLO7  14212(17) C10tO1 1.464(3) C6tC2tC3 110.54(12)  O7{C17tC18  111.31(14)
CltC2  1.5641(18) CDIC11  1.466(5) C6tC2tC7 111.08(12) CI17tC18tH18A 109.5
C1ltH1 0.9800 C10tH10A 0.9700 C3tC2tC7 110.76(13) C17tC18tH18B 109.5
C2tC6 1.473(2) C10tH10B 0.9700 C6tC2tC1 113.06(12) H18AtC18tH18B 109.5
C2tC3 1.508(2) C11tH11A 0.9600 C3tC2tC1 101.18(11) C17tC18tH18C 109.5
C2tC7 1.543(2) C11tH11B 0.9600 C7tC2tC1 109.83(11) H18AtC18tH18C 109.5
C3tC14 1.322(2) Cl1itH11C 0.9600 C14tC3t03 125.07(14) H18BtC18tH18C 109.5
C8iC14  1.490(2)  Cl10t01'  1.481(15) C14(C3(C2 113.17(13)  OLtC10tC11 107.5(3)
C8tH8A 0.9600 Cl0'tC11 1.57(2) O3tC3tC2 121.44(12) O1tC10tH10A 110.2
C8tH8B 0.9600 C10'tH10C 0.9700 N1tC6tC2 179.00(18) C11tC10tH10A 110.2
C8tH8C 0.9600 C10'tH10D 0.9700 O2tC7tC2 122.99(14) O1tC10tH10B 110.2
Oo7tC17 1.3615(19) C11'tH11D 0.9600 C14tC8tH8A 109.5 C11tC10tH10B 110.2
C1l2tC13 1.482(3) Cl11'tH11E 0.9600 C14tC8tH8B 109.5 H10AtC10tH10B 108.5
C13tH13A 0.9600 CI11'tH11F 0.9600 H8AtC8tH8B 109.5 CI10tC11tH11A 109.5
C14tC8tH8C 109.5 C10tC11tH11B 109.5
H8AC8tH8C 109.5 H11AtC11tH11B 109.5
H8BtC8tH8C 109.5 C10tC11tH11C 109.5

C17tO7tC1 114.97(11) H11AtC11tH11C 109.5
04tC12t03 121.23(16) H11BtC11tH11C 109.5
04tC12tC13 128.07(18) O1'tC10tC11’ 105.9(12)
03tC12tC13 110.68(17) O1'tC10'tH10C 110.6
C12tC13tH13A 109.5 C11'tC10'tH10C 110.6
Cl2tC13tH13B 109.5 01'tC10'tH10D 110.6
H13AtC13tH13B 109.5 C11'tC10'tH10D 110.6
C12tC13tH13C 109.5 H10CQC10'tH10D 108.7
H13AtC13tH13C 109.5 C10'tC11'tH11D 109.5
H13BtC13tH13C 109.5 C10'tC11'tH11E 109.5
C3tC14tN3 109.92(13) H11DtC11'tH11E 109.5
C3tC14tC8 125.48(16) C10tC11'tH11F 109.5
N3tC14tC8 124.59(15) H11DtC11'tH11F 109.5
O5tC15tN3 120.6(2) H11EC11'tH11F 109.5
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