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Abstract.Kinetics and product analysis of detritylationtritylamlodipine by benzenesulfonic acid in
methanol, methanol-chloroform (volume ratio 9:1jaetol, 2-propanol, and methanol/2-propanol (mole
ratio 1:1) have been investigatby HPLC; amongst these reaction conditions are ones closely similar to
those of one method of manufacturing amlodipbenzenesulfonate. Kinetics of detritylation f&f
tritylamlodipine have also been investigated in methapdlydH NMR spectroscopy and the agreement
with the results by HPLC is good. The rate of itidation increases with ineasing concentrations of
benzenesulfonic acid, amq@dmethoxy-substituents in the trityl groupvieabeen shown to lead to faster
reactions. In methanol, the rate is hardly affected®$6 (vol. fraction) chloroform. These studies relate
to mechanistic investigations afcid-catalysed deaminations of nmmtii-substituted tritylalkylamines,
and Arrhenius activation parameteks &éndA) are similar indicating a common generic mechanism. Ac-
id-catalysedrans-esterification has been shown by HPLGtmzompany detritylation in methanol, and at-
tendant protium-deuterium exchangettie methyl at C6 by reversibéeid-catalysed iminium ion forma-
tion in the 4-aryl-1,4-dihydropyridine moiety of bdthtritylamlodipine and amlodipine has been investi-
gated in deuteriated methanol 1, °C, and">N NMR spectroscopy.

Keywords:kinetics, detritylation, mech&m, acid-catalysed deaminations

salt directly (Scheme 1). Under the conditions of this
reaction, the trityl electrofuge in the heterolysis of the

Amlodipine @Aml, Figure 1) is a potent and long-acting Protonatedir-Aml is captured by the alcoholic solvent

calcium channel blocker used as its benzenesulfonat@ 9ive the trityl alkyl ethewhich is formed in quantita-
salt Aml-Bz, Figure 1) as an anti-ischaemic and anti{ive yield. Unlike the corresponding cleavage of trityl

hypertensive agentin one manufacturing procebshe alcohols; this deprotection reaction involving conjugate

free baseAml, is prepared by conventional methods,ac?d_s of str(_)ngly basic amines is irreversible under the
purified, then converted into the pharmaceutidahl- acidic cor_1d|t|onsihg reaction also relates to the clea-
Bz) with benzenesulfonic aci®GA) in a simple proton vage of trityl 2,2, 2-trifluoroethyl ethefs.

transfer reaction in ethanol. In another patented indus- e recently observed that the hydrogens of the
trial proceduré, which purposefully avoids the forma- methyl at C6 of the 4-aryl-1,4-dihydropyridine moiety
tion and isolation of the free basitritylamlodipine  of AmI-Bz in methanol/methandH, mixtures undergo
(Tr-Aml, Figure 1) is first synthesised in pure form protium/deuterium exchange in the presence of an
with the N-tritylamino function in place. Then, in a excess oBSA.° The most credible mechanism for this
single operation, th&r-Aml is deprotected usinBSA  finding involves reversible hydronium ion addition to
in methanol or ethanol to give the final product as theC5 to give an iminium cation which may be reversibly

INTRODUCTION
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Figure 1. Structures.

deprotonated from the methyl at C6 (Scheme 2). Itected by the unsubstitutédHrityl group, and with the
support of this mechanism, the ratio of the intensities ahitial concentration oBSA similar to, or just slightly
the signals for C5 (104.1 ppm) and C6 (146.7 ppm) imreater than, that of the substrate.

the *C spectrum ofAml-Bz changes appreciably in the
presence of one equivalentBSA indicating additional
relaxation mechanisms for C5 in the presence of th
excess of the acid.

We now report a mechanistic investigation of am-
lodipine andN-tritylamlodipine including product ana-
E/tical and kinetics studies othe detritylation of the
latter in methanol, MeOH-CHgI(vol. ratio 9:1), e-

The production oAmI-Bz by detritylation ofTr- thanol, 2-propanol, and methanol/2-propanol (mole
Aml relates directly to investigations of solvolysis reac-ratio,r = 1:1). The experimental conditions include ones
tions in which substituted trityl cations have been libedesigned to approximate the industrial process on the
rated by heterolysis of TiN bonds (Tr' = substituted one hand and, on the other, to allow the solvent effect
trityl).”"° The ease of these cleavage reactions dependpon the industrial process to be investigated. The ini-
very much upon the molecular structure of the protectetial substrate concentrations (from 0.025 up to 0.2 mol
amine. The rates of cleavage of 4,4'-dimethoxytritylamidm"™) were too high to allow direct reaction monitoring
nes DMTINHR ) and 4,4'4"-trimethoxytritylamines by UV spectrophotometry so we used an HPLC me-
(TMTrNHR ) with R = alkyl are about fQyreater than thod!* We have thus been able (i) to determine reaction
when R = H. This effect isnuch greater than that of parameters under conditions closely similar to those of
inserting up to threpara-methoxy substituents into the the industrial process, and (ii) relate the results to the
trityl group of the parent TrNkP° Additionally, the very substantial body of knowledge available in the
reactions in water are affected by the ionic strength anliterature regarding the formation of substituted trityl
are subject to specific acid catalysfsThis latter find-  cations by AN cleavage in dilute aqueous solution.
ing was remarkable since the actual substrate, the The kinetics results for detritylation 3F-Aml in

N—trltyl—alkylammomum. cation, _has no basic site, am.jMeOH have been corroborated by’8shNMR spectros-
was explained by the intervention of ion-molecule pair

- . U T
intermediate&® However, the mechanistic investiga- o' method in methanol:din addition,’H, °C, and

. . ) ~ 1N NMR studies of botfir-Aml andAml under acidic
tions of the solvolytic reactions were generally carried

out in dilute aqueous acidiolutions (typically, [sub- conditions in methanol are reported which cast new
strate} | 10 mol dm®® with [Hs0"] >> [substrate) light on the lability of the hydrogens of the C6-methyl

> .. group arising from reversible formation of an iminium
under carefully controlled conditions at constant ionicr o4P 9

strength and usingp-methoxy-substituted trityl sub- 'on by hyd_rogen lon addition to C5 of the .1’4
. : . . dihydropyridine residue ofAml and Tr-Aml. This
strates. In contrast, the industrial process is carried ou .- . .
. . AN process under the acidic conditions, like thans
in methanol or ethanol at relatively high initial concen- P
: : ; . esterification of the ethyl ester groupsArhl andTr-
trations (typically 0.8 mol dif) of amlodipine pro-

Croat. Chem. Act&2 (2009) 299.
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Scheme 1Formation ofN-tritylamlodipine and conversion into amlodipine benzenesulfonate and methyl trityl ether.

Scheme 2Mechanism for hydrogen exchange in the methyl at C6 of Tr-Aml and AmI-Bz (see Figure 1 for identitieg).of R-R

Aml in methanol identified by HPLC, accompanies thecase in the usual manner and these are given in Table 1.
detritylation. Application of the Arrhenis equation to results in

In addition to the new chemistry revealed, we be-MeOH at 45, 55, and 6% for [BSA]/[Tr-Aml ], = 1.1

. . " . allowed calculation of, = 130 kJ mot* andA = 8 x
lieve these investigations provide a model for other1 6 i1 12 o .
. . . : - . _ 710" s (R > 0.999)*? At completion in ethanol and in
investigators involved in meahistic studies of organic

reactions at the academic-industrial interface 2-PrOH (rates were not measured in theSERTr and
' 2-PrOTr were formed in 100 % vyields; in methanol and

the mixed solventyieOTr was the only solvent-derived
product (100 %)i.e. no2-PrOTr was detected in reac-
tions of Tr-Aml in MeOH/2-PrOH (amount ratio 1:1).
No TrOH was detected in any reactions although small
yields of unidentified products were noted at short re-
tention times; yields oAml were typically over 80 % at
HPLC conditions were identified which allowed com-completion in all three solvent systems.

plete resolution offr-Aml, BSA, Aml (or AmI-Bz),
trityl alcohol (triphenylmethanolTrOH ), methyl trityl
ether (MeOTr), 2-propyl trityl ether 2-PrOTr), and
dimethyl amlodipine DM-Aml) in single analyses.
Calibration curves were constructed fofrOH,
MeOTr, 2-PrOTr, Aml, Tr-Aml , andDM-Aml .

METHODS AND RESULTS

Product Analysis and Kinetics of Detritylation of N-
tritylamlodipine by Reverse Phase HP{.C

In a further series of experiments, products and
reaction rates were investigated in MeOH-CHol.
ratio, 90:10) with BSA]/[Tr-Aml ], in the range 0.95—
1.5 and Tr-Aml ], in the range 0.025 to 0.1 mol din
In these reactions at 5€, a low yield (up to about 4 %)
of dimethylamlodipine DPM-Aml) was shown to form

N-Tritylamlodipine at Tr-Aml] , = 0.200 mol in addition to very much smaller yields of several un-
dm® was reacted with various equivalentsBS8A in identified products. Additionally, rates of the corres-
methanol at several temperatures, and in methanol/ponding reactions of 4-methoxytrityl amlodipine
propanol (mole ratior = 1:1) at 75°C; periodic HPLC (MMTr-Aml ) and 4,4'-dimethoxytrityl amplodipine
analyses allowed rate constants to be measured in eg@MTr-Aml ) were measured in this solvent to explore

Croat. Chem. Act82 (2009) 299.
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Table 1. HPLC kinetics results for detritylation df-Aml in methanol and methanol:2-propanol (mole ratio 1LxAmMI ], =
0.200 mol dnf®

Solvent (temp.°C) [BSA],/[Tr-Aml ], 10" Keyp/ 8™
MeOH (45) 1.0 0.258
MeOH (45) 1.1 0.359
MeOH (45) 1.5 0.347
MeOH (55) 1.00 1.14
MeOH (55) 1.1 1.48
MeOH (55) 1.5 1.49
MeOH (63) 0.70 4.23
MeOH (63) 1.0 5.17
MeOH (63) 1.9 5.06"
MeOH (63) 1.1 5.06¢
MeOH (63) 1.5 4.88
MeOH (63) 2.0 4.97

MeOH:2-PrOH (75) 1.1 4.9

MeOH:2-PrOH (75) 15 6.6

MeOH:2-PrOH (75) 2.2 6.7

@ysing the Arrhenius equation with these three resBlts, 130 (r10) kJ mol* andA = 8 (r1) x 13°s™ (R > 0.999)*? interpo-
lated values Okey, at 50 and 58C are 7.4 x 16 and 2.7 x 16 s™; ®[Tr-Aml ], = 0.104 mol drf?.

the effect of methoxy substituents in the trityl residue3.0 was monitored by recordiri spectra at 30 min.
However, reactions of both of these compounds wermtervals over 24 h. AtHBSA]/[Tr-Aml], = 1.0, the

too fast to follow by the HPLC method at %2 so were decreasing intensity of the GHsignal of the C3-
investigated at 45 and 3&; even at these temperaturesCO,CH,CHjs group at/ = 1.05 ppm foiTr-Aml , or the
only approximate rate constants were determinable froimcrease in its signal at= 1.15 ppm inAml, allowed
estimated half-lives for the decomposition of the submeasurement of the rate constant for detritylation. Un-
strate and formation of products. Results are given ider these conditions (no excess acid), signals of the C6-
Table 2.

Kinetics of Detritylation oN-tritylamlodipine and Pro-  tapje 2. HPLC kinetics results for detritylation @-Aml in
tium-deuterium Exchange in the C6-Cid Amlodipine  ethanol CHCl, (vol. ratio 9:1), 59C

and N-tritylamlodipine in MethandH, by 'H NMR

Spectroscopgy [BSAl,/[Tr-Aml ],  [Tr-Aml]o/mol dm®  keq/s™
: . _ _ 0.95 0.025 3.7x16
Deuterium-protium exchange in the C6-£iH Tr-Aml 1.0 0.025 38x10
with BSA was observed by recordinid spectra of 1.05 0.025 4.2 x16
solutions in methanoldwith [BSA]/[Tr-Aml], = 1.5 15 0.025 4.0 x 18
and 3.0 at 30 min intervals over 4 h at %5 Under 0.95 0.05 3.8 x 13
these conditions, the intensity of the C6-Glignal (/= 116)5 ggg %%’;lm
2.28 ppm) diminishes at a readily measured rate as tl 0.95 0.075 28 %16
CH; becomes CkD, CHD,, and CR} (Figure 2,left 1.0 0.075 3.3x18
hand side). Concurrent with this exchange process, tt 1.05 0.075 33x10
intensity of the CHl of the C3-CQCH,CH, group of 0.95 0.10 2.3 x 13
Tr-Aml at /= 1.05 ppm diminishes much more slowly 116)5 gi(()) %; >><< 1'6
asTr-Aml is detritylated (Figure 2, right hand side); the 1.0 0.025 1 x 105 @0
signal for the corresponding methyl Aml is at / = 1.0 0.025 4.0 x 10°>©
1.15 ppm. Simultaneous monitoring of the intensities o 1.0 0.025 2 x 1030
the signals at = 2.28 ppm and = 1.05 ppm, therefore, 1.0 0.025 5x 107 EZ;(:;
1.0 0.025 3x10°%

allows differentiation of the H/D exchange in the C6-
Me and the detritylation poess, and the rate constant) 5.
for the former process could be measured (Table 3).

1.0 0.025 > 0,10
°c, ® approximate value based upon estimated half-life,
©45°C, YMMTr-Aml at 35°C, ®MMTr-Aml at 45°C,
Detritylation of Tr-Aml at 50°C in methanol-g ~ ®DMTr-Aml at 35°C, @ approximate lower limit foDMTr-
with [BSA/[Tr-Aml], = 1.0, 1.1, 1.25, 1.5, 2.0, and Aml at 45°C.

Croat. Chem. Act&2 (2009) 299.
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Figure 2. Decreasing intensities (dots) and fitted curves (lines) ofHHEMR signals due to the C6-GHleft) and the methylfo
C3-COCH,CH; (right) of Tr-Aml in methanoBH, at BSA],/[Tr-Aml ], = 1.5 ((a), upper) and 3.0 ((b), lower), 5

CHs in Tr-Aml and Aml showed that the C6-methyl collected in Table 3.
exchangg processes are not significant (Figure 3) Further Investigation oProtonation Sites ifr-Aml by
changes in their intensities also correspond to the trang . :

) : C NMR Relaxation Time Measurements
formation of Tr-Aml into Aml. However, as soon as the
BSA was in excess, the exchange processAfat be- A series of°C T, measurements 6fr-Aml in solution
came evident (Figurd); then, at larger excesses, theat mole ratios[BSA],/[Tr-Aml] , = 1.1, 1.5, and 2.0
C6-CH; in Tr-Aml also showed exchange (Figure 5).were made. The values of the longitudinal relaxation
Rate constants derived from these NMR results are alsines of **C nuclei are presented in Table 4 (the esti-

Table 3.Rate constants for C6-Glgrotium/deuterium exchange Mtritylamlodipine and amlodipie, and for detritylation d¥l-
tritylamlodipine with benzenesulfonic acid in methaftdl-at 50°C ©

[BSAlo/[Tr-Aml ]o 10° Kgewrit/ ™ 10° Keyen/ ™ in Tr-Aml 10° Keyen/ s™ in Aml
1.5 - 0.5 -
3.0" - 3.7@ -
1.0 6.3 (0.2) Not observed Not observed
1.1 6.3 (2.1) Not observed 1.6 (2.1)
1.25 6.8 (1.1) Not observed 1.4 (2.1)
1.5 8.7 (0.8) Not observéd 2.8(0.2)
2.0 8.3(2.3) 7.1(2.3) 10.2 (0.1)
3.0 8.7 (4.3 8.5 (5.8) 9.8 (0.4)

@ ¢ values for curve fitting are shown in parenthefesAml ], = 0.051 mol dn'f in keen measurements and 0.26 mol Grfor
Kgerir measurement§?) 25°C, 25 mg ofTr-Aml in 0.75 ml of methanol-¢lthe values for detritylation were estimated to be more
than 10 times smaller under these conditidéfsthe errors were too large to allow reliable extractiorkef, for C6-CH in
Tr-Aml under these conditions.

Croat. Chem. Act82 (2009) 299.
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Figure 3. Changing intensities (dots) and fitted curves (lines) otthBMR signals due to the C6-GKlower) and the methylfo
C3-CO,CH,CH; (upper) ofTr-Aml ((a), left) andAml ((b), right) in methanofH, at 50°C with [BSA], = [Tr-Aml ],.

mated accuracy of quotdd values is 10 %.) Increasing

corded in the absence thenthe presence of increasing

concentrations oBSA are seen to affect the relaxation proportions oBSA; chemical shifts are shown in Table

times of*3C nuclei in several parts of the molecule.
*N NMR Measurements @&ml andAml-Bz

The N NMR spectrum ofAml in methanol-g was re-

5. The two non-equivalent nitrogens of the free base
were identified and the signal of the more basic one in
the side chain até®N = 14.1 ppm moves to greater

values aBBSA is added. The value corresponding to its

Table 4. Selected longitudinal relaxation tim&sand chemical shifts dfC nuclei of Tr-Aml at 25 ¢ @

[BSAl[Tr-AmI], = 1:1.1 1:1.1 1:1.5 1:2.0
Entry « ppm® T, relaxation time / s

1 C2 146.39 3.0 2.3 1.8
2 C3 105.30 2.9 3.1 3.0
3 ca 38.56 0.73 0.61 0.74
4 C5 104.58 3.1 2.9 2.9
5 C6 146.68 2.2 2.6 2.9
6 2-CH0O- 69.55 0.42 0.38 0.38
7 -OiCH, iCH,- 67.24 0.40 0.32 0.30
8 -OiCH, iCH»- 47.95 0.46 0.34 0.28
9 3-CO 169.47 4.1 5.3 4.7
10 3-CQCH,CH3 61.59 1.5 1.4 1.1
11 3-CQCH,CH;4 18.77 3.7 1.5 2.0
12 5-CO 169.78 4.0 4.1 4.2
13 5-CQCH; 51.43 1.6 1.8 2.0
14 trityl-C 77.25 14.5 18.2 15.9
15 trityl-Ph 140.31 2.4 2.5 25
16 trityl-Ph 130.18 0.77 0.75 0.73
17 trityl-Ph 130.14 0.80 0.81 0.74

@ [Tr-Aml ], = 0.063 mol dn?; see Figure 1 for atom numberiri); The chemical shifts (which refer to the residual sigtial o
methanol-d at 49.15 ppm) are for the 1:1.1 mole ratio but are not significantly different for other ratios.

Croat. Chem. Act&2 (2009) 299.
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Figure 4. Changing intensities (dots) and fitted curves (lines) otthBMR signals due to the C6-GKlower) and the methylfo
C3-COCH,CH; (upper) ofTr-Aml ((a), left) andAml ((b), right) in methanofH, at 50°C with [BSA],/[Tr-Aml ], = 1.25.

complete protonation €N = 24.8 ppm) does not ap- substituted tritylamines and the\-alkyl analogues in
preciably change further upon addition of furtheraqueous acidic solutigh*®
amounts of acid, and no signal & 14.1 for the side-

chain N of the free ba | was detected in the spec- dustrial process, we did not investigate the detritylation

trum of Aml-Bz. For comparison, the spectrum of a .
non-deuteriated sample was recorde@N = 121.6 over a wide range oB[_SA]J[Tr Aml Jo. Consequently,_
although the results in methanol (Table 1) show in-

N1), which allowed the isotope effect on the chemical- . . .
ghifg (0.510.6 ppm.ca. 27 Hz a[: 500 Mhz) and the one- creased reactivity at higher ratios 8JA]/[Tr-Aml ],,

bond HIN coupling constantfyy = 97 Hz) to be our present results do not allow determination of sepa-
' rate rate constants for catalysed and uncatalysed reac-

In trying to approximate the conditions of the in-

measured. tion channels. However, we know from the more de-
tailed results for 4,4'-dimethoxytritylamineDTr-
DISCUSSION NH,) and 4,4',4"-trimethoxytritylamine TMTrNH »,)

thatiactivation parameters L;tre similar for uncatalysed
. . ((H" = 97i105 kJ mol* and (S’ = +15i21 J K" mol")

Product Analysis and Kinetics by HPLC and catalysed f@'ﬁ — 100i126 kJ mol* and & =
The deprotection offr-Aml with equal amounts or
slight excesses dBSA in methanol (or ethanol) gives

15 : : (@) : :
high isolated yields of purédml-Bz and essentially Table 5N chemical shifts,// ppm ™ of Aml with BSA in

quantitative yields oMeOTr (or EtOTr); the concomi- methanol-d

tant trans-esterification we identified accounts to some Sampl& (1) N1 Side chain N
degree for the less than quantitative yieldsAofl-Bz. Aml 121.1 14.1
On the basis of the product analyses, our working hypc AAmT'J:'BEéSAAEi_ll:?-Fé 1209 17.4
thesis was that the mechanism of the acid-induced d e 1211 24.8

Aml-Bz
protection of Tr-Aml in methanol or ethanol, with or Aml +BSA (1:1.5) 121.0 24.6

without small concentrationsf cosolvents, is essential- ® 13y chemical shift reference is liquid NK G= 0.0 ppm);
ly the same as that of the deaminationpahethoxy-  ®30 ny of Aml in 0.50 mI methanot,.

Croat. Chem. Act82 (2009) 299.
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Figure 5. Changing intensities (dots) and fitted curves (lines) otthBMR signals due to the C6-GHlower) and the methylfo
C3-CO,.CH,CH; (upper) ofTr-Aml ((a), left) andAml ((b), right) in methanofH, at 50°C with [BSA],/[Tr-Aml ], = 3.0.

+19i85 J K™ mol™) reactionchannels of both com- corresponds to an increase in entropy>(10° s™) and
pounds® Consequently, we may legitimately comparea high enthalpy of activation.

numerical values of the guimical Arrhenius activation
parametersi, andA) derived from th_e composite rate rate constants for detritylation @r-Aml at other tem-
constants ke, Of Tr-Aml at any arbitrary concentra- ;

. . eratures as shown below Table 1. Comparison of the
tions of BSA with values for catalysed and uncatalyseogalculated result at 5% in MeOH (2.7 x 16 s”) with
reactions oDMTrNH , andTMTrNH ,. Results shown )

in Table 1 allow calculation d£, = 130 kJ mof* andA g?i) Z)t(%%f)@(e; téllx rleg4uls'[ill)nfr:)nrre1t_rl1_aarl;i)el-(23I]?:)(E‘!/[(:[A:ﬁltl]o ’
= 8 x 10° s (R > 0.999) for the detritylation ofr- ' ' 0

_ ’3 _ - . .
Aml in methanol with BSA]/[Tr-Aml ], = 1.1; in spite | 0.1 mol dni" and BSAJ/[Tr-Aml ], = 1.05 indicates

. : i1 that the effect of a modest proportion of chloroform
of the ‘excellent linearity of the plot of kys™) cosolvent is negligible. The same insensitivity to the

against (T/KJ%, the reproducibility of individual rate
. . effect of cosolvents was observed for cleavagep-of
constants and their modest precision lead to the con-

. . . . O .
servative error limits s}hown below Table 1. The high:)nuihdog|ZEES;;tZtiglatrzlt£?rTg1easr '2 Yxithee}’t;nndsf?)trtrrrzation
value ofE, = 130 kJ mof compares with the arithmetic 9 9

mean of values for catal Cff reactant into transition structure.

ysed and uncatalysed channels
of DMTINH , (120 kJ mot!) and the high value of = Results in MeOH-CHGI(vol. ratio, 9:1) at 45C
8 x 13° s™ compares with the geometric mean for cata{Table 2) show that introduction of oremethoxy-
lysed and uncatalysed channelDMTrNH , (1 x 13°  substituent into the trityl residue increases the rate con-
s™),% as expected for reactions with closely similarstant for detritylation by a factor of 125; a secqnd
mechanisms. These results are as anticipated for fragethoxy-substituent causes a smaller further rate en-
mentation of a cation with localised charge to give éancement (x 20) in line with the rate factors between
transition structure in whiclthe charge is dispersed. DMTrNH , and TMTrNH , reported previously (x 11
Dissociation of the tightly solvated tritylammonium and x 14 for uncatalysed and catalysed deamination
cation with attendant shedding of solvent molecules  channels in water at 2&).2°

Using the Arrhenius equation, we have estimated

Croat. Chem. Act&2 (2009) 299.
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NMR Experiments Arrhenius parameters of this reaction and those of clea-

The 'H NMR measurements allowed determination ofvage of the substituted trityl group fromi-trityl-

. . alkylamines in aqueous solution, indicate closely similar
rate constants for detritylation (Table 3). The rekul me)c/:hanisms Bgth series involve acid catalysyed clea-
= 6.3 x 10° s'" at 50°C in methanol-glwith [BSA]/[Tr- :

A= 1 o rconan w1095 b T bore a7 e termedacyof vt
= 7.4 x 10° s" obtained by interpolation from our y P

HPLC detritylation results at 45, 55, and€3using the cgpture by Fhe solvg nt. In the cleavage reaction .Of the
) ) : tritylammonium cation to give the trityl carbenium,
Arrhenius equation (see above). The NMR experiment . o e .
. ere is a redistribution of positive charge in the forma-
also clearly show that the G6H; in bothTr-Aml and . .
) . . tion of the transition structure but no change of charge
Aml undergoes acid-catalysed protium/deuterium ex:

change n metanolst rates comparabe win it o U7 [0C5 10 SPecinle e souentBfec
detritylation of Tr-Aml . This process has been attri- P b y

buted to formation of the iminium ion from the 1.4- ic reactions. The HPLC product analyses also estab-

diyopyiine part of e amlodne resdscheme (=10 9, ST oxent o 206 atases ety
2, and is appreciably faster Aml than inTr-Aml. 9 y P Y

lation in methanol. The NMR experiments corroborate
The most pronounced effects on longitudinal rethe HPLC kinetics results and additionally provide de-

laxation rates of nuclei with spin of one-half arise fromtails of the acid-catalyseprotium/deuterium exchange

the magnetic dipole relaxation interactions with othemat C6-CH of the 4-aryl-1,4-dihydropyridine moiety

nuclei or with unpaired el&rons. At the extreme nar- through reversible formation of an iminium ion in both

rowing condition, which is fulfilled for small molecules Tr-Aml and Aml which accompanies (but does not

in media of low viscosity, the relaxation time becomesnterfere with) the detritylation.

independent of frequency and the intramolecular dipole-

dipole relaxation rate depends upon the inverse sixth

power of the internuclear distance and the squares of tlEXPERIMENTAL

gyromagnetic ratios of the interacting nucfeive ex-

pect changes in longitudinal relaxation tinfg) (of **C  Formation of N-tritylamlodipie and Conversion into

nuclei when protonation/deuteration or protium/deuteAmlodipine Benzenesulfonate and Methyl Trityl Ether

fr_|um exchaﬂge of tge corgpqunﬁ occurs dbecr;ause, N t}E:[hyl 4-(2'-(N-tritylamino)ethoxy)acetoacetate (79.5 kg,
Irst case, the number and, in the second, the gyromags o, pure, 170 mol) was heated with equal amounts of

netic ratios of interacting nuclei are changed. methyl ()-3-aminobut-2-enoate and 2-chlorobenzal-
The increasing values df; with increasing ex- dehyde in methanol under reflux for 15 houBSA

cesses 0BSA for the C6 nucleus ofr-Aml (Table 4, (technical grade, 10 % excess over the other reactants)

entry 5) can be attributed to the protium/deuterium exwas added and the reaction mixture was allowed to cool.

change of 6-Chkl group (the relaxation rate of the C6 The precipitated methyl trityl ether was filtered off and

nucleus decreases due te significantly smaller gyro- dried (46.5 kg, 169 mol, 100 %; m.p. &, lit** (a)

magnetic ratio ofH compared withH) which is caused 79i80°C, (b) 81i83°C; &H (300 MHz, CDC}, 22°C)

by hydronium ion addition at C5 as shown in Scheme 2.1 (3H, s, CH), 7.3i7.6 (15H, m, CP)); m/e 274

At this stage, we cannot explain the decreasing relax@M™)). Amlodipine benzenesulfonate (m.p. 1903;

tion times for the C2 and (@H,iCH,i nuclei with lit.? 201.0°C, lit.*® 201i205 °C) was isolated from the

increasing excesses BEA (entries 1 and 8). filtrate in high yield and purified by two recrystallisa-

. 0, .
The SN NMR measurements ohml andAml-Bz ~ 1onS from methanol G+ (300 MHz, CROD, 22°C):

shown in Table 5 are essentially further aspects of pro 16 (3H, tJ = 7.1 Hz), 2.32 (3H, 5), 3.23 (2H, m), 3.58

-~ ) 3H, s), 3.77 (2H, m), 4.04 (2H, m), 4.65 (1H,X=
uct characterisation but_ also confirm the absendeaf 143 Hz), 4.77 (1H, &) = 14.3 Hz), 5.41 (1H, s), 7.08
as the free base in methanol when the rati

e UH, td,J = 7.6 Hz, 1.7 Hz), 7.16 (1H, td,= 7.6, 1.3),
[BSAV[AmI] is unity or greater. 7.24 (1H, dd,J = 7.9, 1.3), 7.377.47 (4H, m),
7.81i7.86 (2H, m)).

CONCLUSION NMR Experiments

15
. . . N NMR spectra were recorded on Bruker Avance
Detailed product analyses by HPLC of the detrltylatlonDRx_500 ar?d DPX-300 spectrometers using gradient-

of N.tr|tylamI0(.d|p|ne gnder anditions deS|gr1ed 10 ap enhanced HMBC techniqués.The 2D spectra were
proximate an industrial method of production of amlo- : . )
. o acquired as data matrices (4096 x 600) witBBtran-
dipine benzenesulfonate, and the similarities between : L .
sients accumulated pdr increment with final digital
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resolution better than 0.4 ppm in th®& dimensiont”  constructed from standamsblutions of authentic sam-
Liquid nitromethane was used as a secondary externgles in the mobile phasa the range 0.005-0.32 mg
standard for the measurement in a coaxial system and itd '; only that forTr-Aml was linear.

shift has been referenced to tH&l chemical shift of
liquid NH3z( G= 0.0 ppm).

Deuterium-protium exchange in the C6-Me was
investigated using samplesfAmI (25 mg) andBSA
in the ratios 1:1.5 and 1:3.0 in methangl(@.75 ml).
After solutions had been prepared and left 4 h £(25
'H spectra were recorded at 30 min intervals &i6n
a Varian UNITY+ 300MHz spectrometer.

Description of a Typical Kinetic Experiment in
MeOH:CHCE (Vol. Ratio 90:10)

Standard solutions dfr-Aml in CHCkL (10.00 ml) and
BSA in MeOH (30.00 ml) were prepared such that,
upon mixing, a final solution of the required composi-
tion would be obtained; they were equilibrated at the
required reaction temperature. TB&A solution was
added to the thermostatted reactor, stirring was started,
Detritylation of Tr-Aml was observed using the then immediately theTr-Aml solution was quickly
same instrument by recordidg spectra of 1:1, 1:1.25, added; the moment of addition of theAml| was taken
1:1.5, 1:2, and 1:3 mole ratios ®f-Aml (10 mg) and as time = 0. Samples of the reaction were withdrawn on
BSA in methanol-g (0.6 ml) at 50C after solutions had a logarithmic timescale over at least 4 half-lives and
been first prepared and leftroomtemperaturéor 24 h.  diluted into the HPLC mobile phase in 2 ml HPLC vials
according to the initial composition of the reaction mix-

Longitudinal relaxation timesT() of *C nuclei : .
: ture. All samples from a single kinetic run were ana-
were measured on a Varian INOVA 600 MHz spectro-l sed together (auto-sampler) by HPLC after a calibra-
meter at 25°C. Samples offr-Aml (28.6 mg) were Y g P y

dissolved in methanol,d(0.7 ml) containing 1.1, 1.5, tion check. Analysis results for reactants and products

and 2.0 mole equivalents &SA. The **C chemical
shifts were assigned by observation of one-bG@d'H
correlations in HSQC spectra and long-rarige-*H
correlations in HMBC spectra. ThR relaxation times
were measured by the Non-selective
Recovery T method. Three different arrays of variable
delay were used to optimizee measurement of short,
medium, and long relaxation times. The variable delays
(expressed in seconds) were0(®5, 0.05, 0.1, 0.3, 0.6,
1.2), (0.0125, 0.05, 0.2, 0.8, 3.2, 12.8), and (0.8, 3.
6.4, 12.8, 25.6) for short, medium, and long relaxation
times, respectively.

Inversion-

Kinetics Experiments by HPLC

All kinetics experiments by this method were carried

out in a 50 ml glass flat-bottomed three-necked ther-"
mostatted batch reactor fitted with a condenser, magnet-
ic stirrer (600 rpm), thermometer, and Hamilton digital 3.
syringe (to allow samples for analysis to be withdrawn).

The whole was wrapped in aluminium foil to prevent 4
photochemically-induced reactions and dry nitrogen

was passed through the reaction solution to prevers.
oxidation. The temperature of a reaction was maintained
constant ¢ 0.02°C) by a Lauda ultra-thermostat. 6.

HPLC Analysis
7.

A Hewlett-Packard 1100 series liquid chromatograph
fitted with a diode array detector (220 nm) was used
with a SymmetryShield RP 18 column (150 x 4.6 mm,8:
particle size 5Rm, thermostatted at 3C ) and a 7822
acetonitrile-aqueous phosphate buffer (20 mmol*dm

pH = 6.75) mobile phase (1.0 ml nfh The sample 10.

loop was 20R. and samples were diluted 400 times in

the mobile phase for analysis. Calibration curves werk-

Croat. Chem. Act&2 (2009) 299.

were first presented as amount concentration-time data
then transformed into logarithmic first-order plots. In

this manner, kinetics foffr-Aml
temperatures in the range ¥ °C, and for its mono-
methoxy derivative at 48C; the reaction of the dime-

were measured at

thoxy analogue was too fast even at this temperature to
allow reliable measurement of the rate constant but an
estimate of the half-life (< 0.1 min) indicates a value > 7
min'*. Rate constants fofr-Aml, MMTr-Aml , and
MTr-Aml
ives.

were also estimated at 3& from half-
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SAZETAK

Amlodipin benzenesulfonat: mehanistiki studij njegove indu-
strijske priprave detritilacijom N-tritlamlodipina i NMR studije

Borut Furlan,  Simona GoIipGrdadoInik,b Stanko Ho |ce13var,b Darko Kocjan,?
Janez Levec, Howard Maskill,® Hana Navratilova,” Ji i Pospisil! Milan Pota [ek,”
Uros Urleb? i Janko Zmitek

%_ek Pharmaceuticals d.d., Verovskova 57, SI-1526 Ljubljana, Slovenia
PNational Institute of Chemistry, Hajdova 19, SI-1000 Ljubljana, Slovenia
“Department of Chemical and Biological Scien&shool of Applied Sciences, University of
Huddersfield, Queensgate, Huddersfield, UK
YDepartment of Organic Chemistiylasaryk University of Brno, Kotléka 2, CZ-61137 Brno,
The Czech Republic

Kinetika i analiza produkata detritilacijd-tritilamlodipina s benzensulfonskom kiselinom u metanolu, meta-
nol:kloroformu (volumni omjer 1:1), etanolu, 2-proywdu, i metanol:2-propanolu (molni omjer 1:1) piauane
su pomait HPLC metode. M§u ovim reakcijama su one koje sufak metodi proizvodnje amlodipin benzensul-
fonata. Kinetika detritilacijeN-tritilamlodipina takdjer je prouavana u metanolusdpomoii '"H NMR spek-
troskopije i u dobrom je skladu s HPLEzultatima. Brzina detritilacije pov@va se s povianjem koncentracije
benzensulfonske kiseline, dgkmetoksi-supstituenti na tritilnoj skupimviode do brZze reakcije. U metanolu je
brzina djelomimo pod utjecajem 10 % (vol. udjel) klorofoa. Ove studije povezane su s mehalfisti
proufavanjima kiselinom-katalizirane deaminacije metoksi-8tupsanih tritilalkilamina, pa su Arrheniusovi akti-
vacijski parametriE. i A) sli mi, Sto potkrepljuje postojanje istog mehanizma. Uz pdahiiBLC-a pokazano je da
kiselinom-kataliziranarans-esterifikacija prati detritilaciju u metanolu, a préteyroton-deuterij izmjena na me-
tilnoj skupini C6 atoma prilikom kiselinom-katalizirag reverzibilnog stvaranja iminium iona u 4-aril-1,4-
dihidropiridinskom dijeluN-tritilamlodipina i amlodipina je isaZivana u deuteriranom metanolu poiantH, *C i
*N NMR spektroskopije.
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