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Summary, — 15 new C/Si-analogue pairs (C-compounds and sila- or disila-substituted derivatives, respectively), which are strqcturally related to
nifedipine, have been synthesized. These and some further C/Si-pairs have been investigated comparatively with respect to their physicochemical
and pharmacological properties. Using reversed-phase thin-layer chromatography it was shown that both the sila- and disila-analogues are more
lipophilic than the corresponding C-compounds. With respect to the in vitro spasmolytic potencies the Si-compounds show approximately similar
structure-activity relationships to their carba-analogues. However, in some cases marked differences in in vivo effects (cardiovascular and anti-
hypertensive activity) could be demonstrated.

Résumé, — La synthese de 15 nouvelles paires d’analogues C/Si (composés carbonés et composés mono- ou disiligiés—subs.titués), dérivant de la
structure de la nifédipine, est décrite. Une étude comparative de leurs propriétés physico-chimiques et pharmacologiques, y inclus quelques autres
paires d’analogues C/Si & structure semblable, a été effectuée; La chromatographie en couche mince & phases inversées a mor}tré que les composés
siliciés sont plus lipophiles que les composés carbonés corréspondants. En ce qui concerne leurs propriétés spasmolytiques in vitro, les composés
siliciés sont caractérisés par des relations structure-activité semblables a celles des analogues carbonés..Au contraire, la comparaison in vivo (activité
cardiovasculaire et antihypertensive) a mis en évidence, dans quelques cas, des effets pharmacologiques de substitution C/Si trés prononcés.

Zusammenfassung. — 15 neue C/Si-Analogenpaare (C-Verbindungen und sila- bzw. disila-substituierte Derivate), die sich strukturell vom Nifedipin
ableiten, wurden synthetisiert. Diese und einige weitere C/Si-Paare wurden hinsnchtl_xch ihrer phyglkocheml_schgn und phqr{nakologlschqn Eigen-
schaften vergleichend untersucht. Mittels reversed-phase-Diinnschichtchromatographie wu;'d'c.gezelgt., daf} die Sila- bgw. stlla-'Analoga lipophiler
sind als die entsprechenden C-Verbindungen. Beziiglich der spasmolytischen in vitro-AIgtlvgtatqn zeigen dle_ Sx-Vcrbmdungqn in erster Néiherun_g
ahnliche Struktur-Wirkungs-Bezichungen wie ihre Carba-Analoga. Dagegen konnten hinsichtlich der in vivo-Effekte (cardiovasculire und anti-
hypertensive Aktivitit) in einigen Fillen groBe Unterschiede nachgewiesen werden.

Key-words : Sila-substitution of drugs. — Nifedipine-like C/Si pairs. — Spasmolytic, antihypertensive and cardiovascular activity. — Structure-
activity relationships. — Lipophilicity. — Ry-values.
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INTRODUCTION

In recent years several highly potent dialkyl 4-aryl-1,4- CHa

dihydropyridine-3,5-dicarboxylates have become known, 1s
which inhibit the contractility of vascular smooth muscle. o,
Compounds 1a (nifedipine, BAY a 1040) (2-12), 1b (nilu-
dipine, BAY a 7168) (11, 13), 1c¢ (nimodipine, BAY e 9736) o,
(14-16), 1d (SKF 24260) (17, 18), 1le (FR 7534) (19), If OHa0CHaGH,000- N COOGH (CHaz U
(nicardipine, YC 93) (20), 1g (nisoldipine, BAY k 5552) R 3
(21), and 1h (nitrendipine, BAY e 5009) (22) are particularly L HiC SN Crlg
active examples of this substance class. Nifedipine is already 1e 1d
used in the treatment of ischemic heart disease. . \Os

Pharmacological investigations of a number of dialkyl

2,6-dimethyl-4-aryl-1,4-dihydropyridine- 3,5-dicarboxylates o
yirfany Hycropy CaH5006 A co0CHs  Hac00C "I' I COOCHzG-izN\Z:Z v D

(*) Some results have been described previously : R. Tacke, A. HaG ™y~ CHOH HaC N CHa
Bentlage, R. Towart, and W. Vater, D.O.S. 2 837 477 (13.3.1980) ; te 1
Habilitationsschrift R. Tacke, Technische Universitat Braunschweig
}918}0 ; Dissertation A. Bentlage, Technische Universitit Braunschweig NO2
981.
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have shown that the alkyl ester groups in the 3,5-positions
of the 1,4-dihydropyridine ring influence the pharmaco-
dynamic and pharmacokinetic properties of these compounds
substantially (22, 23). In the course of our work on « sila-
pharmaca », it was felt to be of interest to investigate the
physicochemical and pharmacological effects of sila-substi-
tution in the alkyl ester groups of nifedipine-like 1,4-di-
hydropyridines. In two preceding communications (I, 24)
we have reported the synthesis and properties of the com-
pounds 13a/13b/13¢c and 14a/14b. The present work de-
scribes the synthesis of the 1,4-dihydropyridine derivatives
8a/8b - 12a/12b and 15a/15b - 24a/24b (15 new C/Si-pairs)
as well as the lipophilic properties and some pharmacological
effects of 8a/8b - 24a/24b and 13c. Compounds 18a and
18b are closely structurally related to nisoldipine (1g), and
moreover can be regarded as respectively f-butyl- and
(trimethylsilyl)-substituted derivatives of nifedipine (1a).
A very pronounced structural similarity also exists between
the pair 22a/22b and nimodipine (1c).

CHEMISTRY

The synthesis of the symmetrically 3,5-substituted 1,4-
dihydropyridine derivatives 8a/8b - 12a/12b and 15a/15b
was achieved analogously to the preparation of 13a/13b
and 14a/14b (cf. lit. (24) ) by the reaction of an aldehyde
R-CHO with the twofold molar amount of the appropriate
alkyl acetoacetate 4a, 4b, 5a, and 5b, respectively, and an
excess of ammonia,

o] o]
[ i
2 {CH3)3EHCHZ)n—0-C-CHy-C-CHy
42/4b, 5a/5b

+R-CHO + NH;

-3 H0

H R
(CHa)E! (CHz)nOOCfICOO(CHQ),, El (CHglg s———-!
H3C~~N~"CHy

8a/8b - 15a/15b

El

n R El n R

8a) C 1 CgHs 12al C 1 2-pyrigyl

8b| SI 1 CgHs 12b) Si 1 2-pyridyl

9aj C 1 3-Cl-CgHq 18a{ C 1 3~NOp-CgHa

8b}l Si 1 3-CI-CgHa 13b| Si 1 3-NOy-CgHa
10al C {1 2-Cl-CgHy 14a] C 1 2-NOp-CgHy
10b} Si 1 2-CI-CgHg 14b{ Si 1 2-NOy-CgHs
MMal C 1 3-pyridyi 16a] C 2 3-NOy-CgHy
11b] 8 1 3-pyridyl 15b] 8! 2 3-NOy-CgHg

The 3,5-unsymmetrically substituted 1,4-dihydropyridine
derivatives 16a/16b - 24a/24b were synthesized analogously
to 13c (cf. lit. (1) and lit. (25) ) by the reaction of the appro-
priate alkyl B-aminocrotonates 6a, 6b, 7a, and 7b, respec-
tively, with a 2-aralkylidene-acetoacetate of the type
R2*C¢H,-CH=C(COCH,;)COOR!.

The starting materials 4a, 4b, 5a, and 5b were prepared
in accordance with known methods by the addition of
d:keten'e to the appropriate alcohols 2a, 2b, 3a and 3b,
respectively, in the presence of a small quantity triethyl-
amine. By further reaction with ammonia under catalysis
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R¢ c")
CI) f;le /C‘O"R]
(CHa)3EHCHg)-O-C~CH=C-CH; + CH—C\C o
- 3
6a/6b, 7ar7b 8
R2
H 1
(CH3)3El {CH1n00C COOR’ ¢—— 0
Hac N CHJ
H
13¢, 16a/16b - 240/24b
E n R n’ B on R i
13¢| Si 1 CHC(CHy)z 3-NOy  20bl Si 1 GH(CHgl2 3-NO,
16al C 1 CHs 4-NOz  21a| C 1 CHy-G-CH 3-NO;
16b| Si 1 CHy 4-NO;  21b| Si 1 CHg=C<CH 3-NO;
17al G 1\ CHy 3-NO; 223 C 1 CHaCHOCH; 3-NO:
15| Si 1 CHy 3-NO;  22b| S 1 CH;CH0CH3 3-NO;
18al G 1 CHy 2-NO; 23a] C 2 CHg 3-NO;
18b| Si 1 CHs 2-NO;  23bl Si 2 CHy 3-NO;
19a|l C t CpHg 3-NO; 24a] C 1 GgHs 2-Gl
18b| Si 1 CoHs 3-NO;  24b| S 1 CyHs 2-Cl
20a) C 1 CH{CHy)z 3-NOz

of p-toluene sulfonic acid the alkyl B-aminocrotonates 6a,
6b, 7a and 7b respectively, may be synthesized, of which
6a and 6b have been previously described by us (24).

i i
(CHa)3 EN(CHa)OH +N‘(’('§j§°5;‘5 {CH)3El (CHa)~0-C~CHa-C~CHg

23/2b, 3a/3b 4a/4b, Sa/5b
2, 4 & a b
Ei C si
~H0 | +NH3
n 1 tp-Ts)
3, 5 71 a b NH2
I |
El c s (CHa)3 El (CHp)p ~O-C-CH=C~CHg
n 2 2 6a/Bb, 7a/7b

The structures of the new 1,4-dihydropyridines 8a/8b -
12a/12b and 15a/15b - 24a/24b were confirmed by analyses
(Table 1 and 2, respectively) and spectroscopic measurements
(*H NMR and mass spectroscopy). In all cases the molecular
ions M* could be established in the mass spectra. The
'H NMR spectra are relatively simple and reflect well the
various structural elements of the compounds. The NMR
data of 3 C/Si-pairs are listed in Table 3 as typical examples.

LIPOPHILIC PARAMETERS

Lipophilic parameters are of particular importance in
the investigation of quantitative structure-activity relation-
ships of nifedipine analogues (26). The lipophilicity of the
compounds 8a/8b - 24a/24b and 13c (Table 4) was measured,
because substituent constants for a sila-substitution are not
known. Instead of the laborious measurement of octanol/
water partition coefficients (log P) we measured the Ry-
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TABLE . - - Dialkyl 2,6-dimethyi-4-aryl-14-dihydropyridine-3,5-
dicarboxylates 8a/8b - 12a/12b and 15a/15b

No Compound Formulo™  |Yield™| M.p.*'| Analyses (calcd./lound) [0}
{mol mass) ™| e c H N 8
Dineopeniyl 2.6-dimethyl-4-phoenyl- CasHasNO., 4 149 | 7261 85
8a Lt:-duhymopyndme—3.5-mcnrboxy~ 2&13352) ! ; (A) 7?3 gaa 329
- .
Bis (Inmethylsilyl-methy!) 2,6~di- CpaHagNOGSL | 46 [ 123 | 81.98 7.91 314 1260
8b | methyl-4-phenyl-1.d~dihydropyndine- 4 y
3.5-dicarboxyiale (4457 (A) (621 80 32 128
0 Dm'e‘opelr;ly:;d.%-’?vwgelhylg-(a-scgl_o- CasHs,CIND, 47 | 189 [ 6703 765 3.13
a { rophenyli-1.4-dihydropynding-3, ,
dicarbonyiaie (448.0) (A) 1668 76 A1
Bisitnmethyisilyl-methyl) 2,6-d»- C2aHaOINOSi; | 47 | 128 [ 6753 7.14 2982 1170
b melhyl-4-(s-cglgrophenyl)—\.d-dv- (480.1) A 575 72 30 119
Dineopentyl 2,6-dimathyl-4-(2-chio- | CpsHyCINO, | 82 | 187 | 6703 765 3.13
108 | rophenyl)-1,4-dinydropyridine-3.6- (448.0) B) |668 77 32
dicarboxylate
Bis{inmalhylsiyl-methyl) ? £-di- C23H34CINOSiz | 48 | 129 | 5753 7.14 292 11.70
10b | methyl-4-(2-chiorophe wi)-1,4-di- 1480.1) A) {576 72 30 16
hydropyndine~-3,5~dicarboxylale
Dir yl 2 8-dimethyl-4-(3-py Caabaeh;00 | 68 | 172 | 6954 827 676
118 | ndyl)~1.4-dihydropyriding-3,5-0i- {414.5) {8) [695 82 67
carhoxylale
Bis(inmethyisityl-methyl) 2,6-di- CoaHaalNy04S1; | 88 | 162 | 59.16 767 627 1257
11b | methyl-4-(3-pyndyl)~1,4-dihydro- 4467) B 591 77 62 127
pyndine-3.5-dicarboxylate
Dineopontyl 2,6-dimethyl-4-{2-py- CaaH3 N204 41 | 223"| 6954 827 6.76
128 | ndyl)-1.4-0ihydropyridine-3,5-di- (414 5) B8 |694 83 65
carboxylale
Bis{tnmelhyisityl-mothyl) 2.6-01- C22HauN,0,Si; | 60 | 205 | 5916 767 627 1257
120 | methyl-4-2-pyndyl)-1,4~dihydro- {448.7) 1© |590 76 63 124
pynding-3.5-dicarboxylate
B18(3.3-0mothyl-butyl) 2,6-dimelhyl~ |  CarHysN:Og 67 ) 120 ) 6664 787 576
150 | 4-(3-rutrophenyl) -1,d-dihydropyn- (486.6) ) | 665 78 58
dine-3,5-dicarboxylate
B:5(2-trimathylailyl-ethyl) 2,6di- CasH3aN06Sk | 42 | 120 | 57.88 738 540 1083
15b | malhyi-4-(3- mtrophenyl)-1,4-dihy- 518.8) O [£81 74 53 N0
dropyrking=3,5-dicarboxy'ate

3) The molecular masses of all compounds were established by
mass spectroscopy.

b) The yields are related to recrystallized products and have not
been optimized in most cases.

¢) Average values of several measurements. The recrystallisation
solvent is given in parantheses : A ether/petroleum ether, B ethanol/
ether/petroleum ether (only a small amount of ethanol as dissolving
mediator), C ethanol/methanol, D ether.

4) Decomposition.

4 Ru (Si)
0.9
0.8
0.7 -
0.6 4
0.5 4

T T | T >
0.5 06 0.7 0.8 0.9 Ry (C)

Equation (1):
Ry (Si)=0.128 (4-0.048) + 0.917 (£ 0.076) Ry (C)
n=10 F=14398 P<0.0001 T=11.99 =0.95

Fig, 1. — Plot of equation (1) showing the linear dependence of
Ry(Si) and Ry(O).
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TABLE. Il — Dialkyl 2,6-dimethyl-4-aryl-14-dihydropyridine-3,5-
dicarboxylates 16a/16b - 24a/24b

Formula® Yeld® [ Mp® [ Analyses (calcd /ound) [°)
Ne Compound ol masst | g | LCI C H N S
16a | Msthyl neopentyl 2,6-dimethyl-4={4« | CayHaeN20g 70 157 6267 651 696
itrophenyl)~1.4~dihydropyridin 4024, Al 7 67 7
3.5-dicarboxylate Y ! ! “ 62 0
16b | Methyl trimethyisilyl-methyi 2,6-di- CaoH26N;06S1 58 137 5740 626 569 671
methyi-4-{4-nitrophenyl)-1.4-dihy- (418.5) A} 569 63 64 66
dropynidine-3,5-dicarboxylato
178 | Methylneopentyl 2.6-dimethyl=4~(3~ | CpyzgN:0p | 77 138 6267 651 696
K pyridine: 402 4] 68 70
3,5-dicaboxylate h “oz4 ® 823
17k | Methyl irmethylsilyl-methyl 2,6-di- CaoHaeN:0gSH 67 120 5740 628 6.69 6.7%
methyl-4-(3-nitrophenyl)-1,4-dihy- 418.5) B 574 62 67 69
dropyridine-3,5-dicarboxylate
188 | Methyl neopentyl 2,6-dimothyl-4-(2- | C;HagN:0¢ | 39 173 6267 651 696
i 0)-1,4-dihydropyridi 402.4 25 67 6
3.5-dicarboxylate ¢ ! @ 8 8
18b | Methyl inmethylsilyl-methyl 2,6-di- CaoH26N206S1 69 156 5740 6.26 669 6.71
methyl-4-(2~nitrophenyl)~1,4-dihy- {418.5) (2} 572 63 &7 &8
dropyridine-3,5-dicarboxylate
19a | Ethyl neop_unlyl 2,6-dimethyl=d-({3~ Ca2H2aN20g 62 138 6345 878 6.73
1.4 (416.9) {D) 634 68 67
3,5-dicarboxylale
19b Elh)": lrhz!e:gylsnyl-rgomw 2,‘6-(;;;‘ Cg1H28N206S1 55 15 5831 652 648 649
mathyl-4-(3~nilrophenyl-1,4-dihy- 432.5) D 1 85 66 62
dropyridine-3,5-dicarboxylale ¢ o 58
20a Py 1 2,8-di hyt-4 Cz3HaoN20¢ 87 163 6417 702 6.51
@3-nltrophenyl)-1,4-dihydropyridine- (430.5) B8 643 70 64
3.5-dicarboxyiale
20b | Isopropy! lrime\hglsllyl-me(hyl 2,6~ C22H30N205S1 85 21 §9.17 677 627 629
dimeihyl-4-(3-nitrophenyl)-1,4-diny- (446.6) <y 592 67 63 &2
dropyridine-3,5-dicarboxylote
21a :n?gin-ls-y(h neollaar;tzl 513-GMelhyl- Ca3HagN20g 83 147 64.78 6.14 657
-(3-nilrophenyl)-1,4-dihydropyris 426.5) 4. 2 6
dine-3.5~dicarboxylale f o G486 63
216 | Propin-3-yl |rlme1hyl§ilyl-melhyl CagHagN206Si 81 148 §9.71 592 633 635
2 §-dimathyl-4~{3vnilrophenyl-1.4~ (442.5) ) 697 61 65 65
dihydropy -3,6-dicarboxyl
22a (Z-relhon(ys—slhyl) pr'\‘eoplenly‘ISZasﬁdl- C2aH30N20» 57 124 6187 677 627
methyl-4-{3-nitrophenyl)-1,4-dihy- 446.5) D, 7 84
dropyridine-3,5-dicarboxylate ‘ © ers 8
22b| (2-M xy-ethyl) trimeth A CozHaaN20rSi 83 92 5712 654 606 607
'1"4” 2.6-dimathyl-d-(3-nitrophonyl)- (482.6) Q] 572 66 59 589
233 | Methyl (3.3~dimalhyl-butyl) 2,6-di- CooH2aN20¢g 75 97-100% | 6345 878 6.73
maethyl-4-(3-nitrophenyl)-1,4-dihy- 416.5) ) 633 68 69
dropyridine-3,5-dicarboxylale
23b |} Methyl 2-trimethylsilyi-ethyl) Cz1H2N206Si €9 125 5831 652 648
2.6-din\e|k1lll¢4-anyophenylp-u- 1432.5) © $80 65 67
24a | Ethyl ncopentyl 24.8-dlmelhy|-4-(2- C3H2eCINO, 40 {176-179"| @510 895 3.45
phenyl)-1.4-gihydrop 405.9} B 48 70
3.5-dicarboxylate ' ‘ @ 848 35
24b | Elhyl inmethyisilyl-methyl 2,6-di- Ca11gCINOSSI| 25 | 119-130% ] 5977 669 332
methyl-4-(2~chiorophenyl)-1,.4-dihy- 4220 (8) 598 67 33
dropyriding-3.5-dicarboxylate

8) The molecular masses of all compounds were established by

mass spectroscopy.
b) The yields are related to recrystallized products and have not

been optimized in most cases.
o) Average values of several measurements. The recrystallisation

solvent is given in parantheses : A methanol, B ethanol/ether/petroleum
ether (only a small amount of ethanol as dissolving mediator), C ethanol/

ether, D ethanol (96 %).
d) The measurements were performed with a Kofler melting point

apparatus,

values (see experimental section). The Ry-values of the sila-
compounds were then correlated with those of the corres-
ponding C-compounds, resulting in a significant correlation
for the exchange of one carbon atom by one silicon atom
[equation (1), Fig. 1] as well as for the replacement of rwo
carbon atoms by two silicon atoms [equation (2), Fig. 2].

Ry(Si) = 0.128 (£ 0.048) + 0.917 (£ 0.076) Ry(C) (1)
n = 10, F = 143.98, P < 0.0001, T = 11.99, r* = 0.95

Ry(2 Si) = 0.091 (& 0.054) + 1.060 (+ 0.064) Ry(C)  (2)
h = 8, F = 278.68, P < 0.0001, T = 16.69, r2 = 0.98

The validity of the regression was confirmed by the
following statistical criteria : standard deviation (given in
brackets), F-test value (F), level of signiﬁgance (P), T-test
value (T), and squared correlation coefficient (r?).
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TABLE Il — *H NMR spectroscopic data 8) of 8a/8b, 18a/18b, and
22a/22b.

o 1 S-GH | C-CHy | DO-5-CHy | O-CH; | O-CHi-SI|  0-CH-G | CUI-H N-H | aromat. H
T A A R e | At 814 | 2B | EN
A . e Gl b
| | | |
w0 |-l | ] |
| | S0 |02 2| |0 | L R
N AR I A Ko

8) Solvent CDCly , internal standard CHCl, (3 7.27 ppm). Chemical
shifts are presented in 8 units (ppm), followed by the respective multi-
plicities and relative intensities.

b) Broadened resonance signal. .

t) OCH, C : Singlet (1. approximation) at 3.73 (2 H). It is probable
that this is an AB-system, whose analysis is complicated by an over-
lapping with the OCH,CH, O-resonance. )

d) OCH, CH, O : AA’BB’-system, centres of the multiplets at
3.58 (2 H) and 4.19 (2 H). i

¢) OCH, CH,0 : AA’BB’-system, centres of the multiplets at
3.60 (2 H) and 420 (2 H).

TABLE 1V. — Ry-values a) of 8a/8b - 13a/13b, 13¢, and 14a/14b -

24a/(24b.
Compound} Rm Compound Rum Ry
No. measured | calculated (difference No. d [calculated [difference
8a 0388 16b 0.67 0.62 -0.05
8b 1.00 1.00 00 17a 0.54
9a 091 17b 0.66 0.62 -0.04
gb 1.08 1.08 -0.02 18a 0.44
10a 0.92 18b 0.52 0.53 0.01
100 1.07 1.07 00 19a 0.67
11a 0.57 19b 0.73 076 0.03
11b 0.68 07 0.07 20a 0.69
12a 059 ' 200 078 0.74 0.01
12b 075 072 -0.03 21a 0.56
13a 0.88 21b 0.62 064 0.02
13b 0.99 1.02 0.03 22a 049
13¢ 0.93 093 0.0 2h 0.54 0.58 0.04
14a 0.80 23a o
14b 1.01 1.05 0.04 23b Qs 018 -002
15a 1.07 24a 0.69
15b 1.25 123 -0.03 24b 077 0.76 -0.01
16a 054

8) Ry measured : calculated by means of the experimental Rg-values
and the formula Ry = log [I/Rp — 1];

Ru calculated : calenlated by means of equation (1) and equation
(2), respectively.

From equations (1) and (2), it can be concluded that the
Si-compounds are more lipophilic than the analogous
C-compounds. These results are at first surprising, as one
would expect an increase in polarity (and thus a reduced
lipophilicity) by sila-substitution, owing to the different
electronegativities of carbon and silicon (Allred-Rochow :
xc = 2.50, xs1 = 1.74). However, these apparently contra-
dictory results may be explained by the fact that the
(CH,)38iCH, group has a greater space filling effect than
the corresponding (CH;);CCH, unit, and thus presents a
greater lipophilic surface area. The sila-analogues described

EUR. J. MED. CHEM. — CHIM. THIR., 1983-18, N° 2

4 Ru (28
15%
1.2~
1.1 9x
*10
1.0 g xf*14
x
13
0.9 1
0.8+
12 %
0.7 -
11
T I T Y T —
0.6 0.7 08 09 1.0 1.1 Rm (O)
Equation (2):

Rw (2 Sy =0 091 (+ 0.054) + 1.080 (£0.064) Rm (C)
n=8 F=278.68 P<0.0001 T=16.69 r’= 098

Fic. 2. — Plot of equation (2) showing the linear dependence of
Rm(28i) and Ry(C).

here are therefore capable of stronger interactions with
the lipid phase.

Similar results have been reported by Woo et al. for some
sila-substituted barbiturates (27).

From the Ry,-values of the C/Si pairs shown in Table 4,
a mean increase in lipophilicity ARy, = 0.07 for the replace-
ment of one carbon atom by one silicon atom can be
calculated. At present additional experiments are under
way to see how far this fragment constant described above
may be applicable to compounds of other chemical structures.

PHARMACOLOGY

The spasmolytic properties of 8a/8b - 24a/24b and 13c
were investigated in vitro on the Ba**-stimulated isolated
guinea pig ileum. In vivo selected compounds were }ested
with respect to their cardiovascular effects (increase in the
coronary sinus oxygen content in the dog after i.v. adminis-
tration), and to their antihypertensive activity (reduction
in the blood pressure on the renal-hypertensive rat after
p.o. administration). The results of these pharmacologlcal
investigations are given in Table 5.

Discussion of the structure-activity relationships.

The qualitative structure-activity relationships, Wwhich
derive from the screening data given in Table 5, confirm
the results of previous studies carried out in the ﬁe}d of
dialkyl  2,6-dimethyl-4-aryl-1,4-dihydropyridine-3,5-dicarb-
oxylates (compare for example lit. (22) and lit. (23)). QSAR'
analyses were performed by the use of multiple regression
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TABLE V. — Pharmacological properties 9°) of 8a/8b - 13a/13b,
13c, 14a/14b - 240/24b, and nifedipine

[Compound ’ Spasmolytic effoct® | Cardiovascular effect™ Antihypertensive effect®
No. {guinea pig. tn vitro) |  (anaesthelized dog, {renal-hypertensive ral,
IDgp [mol/l} i.v. administration) P ©. administration)
8a §x 1077 + | .
8b 2x10°7 + | e
9a 5x 1077 ++ ——
9b 7x107 ++ ] -
10a 1x10°7 + —
10b 7x10°8 ++ ——
11a >1x10¢ | eeeee Ll
11b 21%x10% ] eeeee —
12a >1x10°6 + e
12b >1x106 + ——
13a 8x10°? ++ > 100 mg/kg
13b 2x108 + 100 mg/kg
13¢ 6x10° +44+ 10 mg/kg
142 4x108 + > 100 my/kg
14b 6x107® +4 > 100 mg/kg
15a 5x10°7 + > 100 mg/kg
15b 5x 1077 + > 100 mg/kg
168 1x 107 S S I ——
16b 1x 107 + ] -
17a 2x10°® +t 1 mg/kg
17b 1x10® ++4+ ———
18a 2x10° +4++ 1 mgrkg
18b 3x10® +4t 1 mg/kg
198 3x10°° ++++ 3 mgrkg
19b 4x10°° 4+ ) e
200 1x 1077 Rt L
20b 2x10°® o+ ———
21a 5x10° ++4+ ] e
21b 8x10°° ++++ ———-
22a 8x10® ++++ e
22b 1x107° ++++ [ e
23a 5x 1078 S S
23b 5x10°® ++ -
24a 5x107® 4+ -—-
24b 5x10°® +++ | e
nifedipine 14x10°8 +++ 0.1mgkg |

%) Pharmacological screening data. - b) The values for lSa/l?bleg,
14a/14b and nifedipine are taken from lit. (24). - ©) The activity is
defined by the dose (IDj,), which leads to 50 % inhibition of a Ba++-
induced contraction of the isolated guinea pig ileum. - 9) The activity
Is defined by the dose, which leads to an increase of the O,-saturation
in the coronary sinus blood of at least 20 % : + > 0.5 mg/kg, -+
< 0.5 mg/kg, +++ < 005 mg/kg, ++++ < 0.01 mg/kg. The
measurement was performed 1 h after administration. - ©) The activity
is defined by the minimum dose which leads to a decrease of the blood
pressure of the renal-hypertensive rat of at least 15 mm Hg.

analysis employing steric, electronic and lipophilic para-
meters, but no significant correlations were observed for
the test substances in their entirety. The following trends
may, however, be seen for sub-groups : in the series of the
symmetrically 3,5-substituted 1,4-dihydropyridines 8a/8b -
15a/15b the 4-(pyridyl) compounds 11a, 11b, 12a and 12b
as well as the 4-phenyl derivatives 8a and 8b are all of
low activity, Similar potencies were found for the 4-(chloro-
phenyl) compounds 9a, 9b, 10a and 10b. The introduction
of 4-(nitrophenyl) substituents (13a, 13b, 14a and 14b)
!eads to a significant increase of the in vitro activity, which
Is comparable with that of nifedipine. However, elongation
of both alkyl groups in 13a and 13b by a CH, group
(= 15a and 15b, resp.) decreases the potency. In contrast
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to the similar in vitro activity of 13a, 13b, 14a, 14b, and
nifedipine, these compounds differ substantially in their
in vivo effects : nifedipine was found to be ~ 1 — 3 orders
of magnitude more potent than ijts bulkier substituted
derivatives 13a, 13b, 14a and 14b.

The asymmetrically 3,5-substituted 1,4-dihydropyridines
16a/16b - 24a/24b and 13c are, mutatis mutandis, clearly
more potent than the symmetrically substituted compounds.
In this series also a decrease of activity was observed when
making the alkyl ester groups bulkier (compare 17a and
17b with 23a and 23b, resp.). In the series of the 4-(nitro-
phenyl)-1,4-dihydropyridines 16a, 16b, 17a, 17b, 18a and
18b the 4'-nitro derivatives 16a and 16b are of low activity,
whereas the corresponding 2'- und 3'-nitro compounds
17a, 17b, 18a and 18b are of 1 — 2 orders of magnitude
more potent and reach the activity of nifedipine (in vitro
and in vivo).

Although the potency of some of the compounds described
may approach or even exceed that of nifedipine in vitro
or in vivo after i.v. administration (anaesthetized dog) the
activity after p.o. administration (renal hypertensive rat)
is in general inferior, probably due to the pharmacokinetics.

From the data given in Table 5 it is obvious that the 1,4-
dihydropyridine derivatives 8a - 24a in general exhibit
similar qualitative structure-activity relationships (in vitro)
as their sila-analogues 8b - 24b : the replacement of one
or two carbon atoms in the alkyl ester groups by one or
two silicon atoms seems not to change the order of magni-
tude of the spasmolytic activity. The differences found for
the pairs 17a/17b, 18a/18b and 20a/20b have to be regarded
with reservation (preliminary screening data) and require
further investigations, However, in principle small but
significant differences between C/Si-analogues are conceiv-
able as shown for the triple 13a/13b/13c¢ (cf. lit. (24)).
With respect to the in vivo activity, the sila-substitution
effects in general may be more pronounced because of a
different behaviour of the analogues concerning absorption,
distribution, metabolism, and excretion. For example,
careful investigations have shown that the compounds
13a, 13b and 13c in spite of their similar in vitro activity
differ substantially in vivo in their antihypertensive potency
(24).

The significantly increased lipophilicity caused by the
C/Si-exchange in the alkyl ester groups of the 1,4-dihydro-
pyridines tested here seems to be too small to influence the
biological activity in a definite manner : so far no corre-
lations between these physicochemical alterations and the
observed pharmacological sila-substitution effects could be

found.

EXPERIMENTAL SECTION

CHEMISTRY

Melting points were determined on a Mettler FP1 apparatus. H
NMR spectra were obtained with a Bruker HFX-90 spectrometer.
Mass spectra were recorded on an AEI-MS-9 instrument at 70 eV,

Neopentyl alcohol 2a and 3, 3-dimethyl-1-butanol 3a were commer-
cially available. (Hydroxymethyl)trimethyisilane 2b and (2-hydroxy-
ethyl) trimethyisilane 3b were prepared according lit. 28 and lit.
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(29), respectively, Neapentyl acetdacetate 4a and trimethylsilyl-
methyl acetoacetate 4b were prepared according lit. (24).

3,3-Dimethyl-butyl acetoacetate 5a. 8.41 g (0.1 mol) diketene are
added dropwise with stirring to 10.22:g (0.1 mol) 3b and 0.1 mL triethyl-
amine at 90°C, so that the temperatyre of the reaction mixture remains
at 85-95°C without further heating (N, atmosphere). The mixture is
subsequently stirred for a further 2 h at 90°C and then distilled under
vacuum over a Vigreux column. Yield 16.0 g (86 %) of a colourless
1H-NMR-spectroscopic pure liquid. The product is redistilled for
analytical purposes. Bp. 65-69°C/0.9 mm (lit. (30) : bp. 223-225°C/
760 mm, 108-110.5 °C{11 mum). — *H NMR (CDCl,) : 8 0.93 (5, 9 H,
C-CH,), 1.56 (m, centre of the AA'-part of an AA'XX'-system, 2 H,

|
C-CH;-C), 1.94 (« s », \C = C-CHj, enol form) and 2.27 (s, CO-

CHj, keto form) with a relative total intensity corresponding to 3 H,
3.43 (s, CO-CH,-CO, keto form), 4.19 (m, centre of the XX'-part of

an AA'XX'-system, 2 H, C-CH,-0O), 4.96 (¢« s », -CH = C<, enol

form), OH-resonance could not be observed. — Mass spectroscopy :
g/% ghg+1)~1=9 1686. C1oH150; (186.3). Caled. : C 64.49 H 9.74, Found :

2-Trimethylsilyl-ethyl acetoacetate Sb. Analogous to the preparation
of 5a by the reaction of 70.95 g (0.6 mol) 3b with 50.44 g (0.6 mol)
diketene in the presence of 0.5 mL triethylamine. Yield 94.2 14
(77.6,%), bp. 58-61°C/0.3 mm (lit. (31) : bp. 77-80°C/{l mm),
— H NMR (CDCl,) : 50.03 (s, 9 H, Si-CH,), 0.99 (m, centre
of the AA'-part of an AA’XX'-system, 2 H, Si-CH,-C), 1.92 (« s »,

o
>C = C-CHj, enol form) and 2.24 (s, CO-CH,, keto form) with a

Telative total intensity corresponding to 3 H, 3.40 (s, CO-CH,-CO,
keto form), 4.20 (m, centre of the XX'-part of an AA'XX -system,

2 H, C-CH;-0), 4.92 (ks », -CH = C ’

could not be observed. — Mass spectroscopy : m/e = 187 (M+ — CH,).
CoH 130,81 (202.3). Caled. : C 53.43 H 8.97, Found : C 53.6 H 8.9.

Neopentyl B-aminocrotonate 6a and trimethylsilyl-methyl B-amino-
crotonate 6b were prepared according lit. (24).

» enol form), OH-resonance

3,3- Dimethyl-butyl B-aminocrotonate 7a. Ammonia is introduced
at a water separator to a solutign of 23,28 g (0.125 mol) 5a and 0.4 g
of p-toluene sulfonic acid in 200 ML toluene at the boiling temperature
until no further water is excreted. The reaction mixture is washed
with a dilute aqueous solution of Na,CO; and then with water, and
subsequently dnqd over Na,S80O,, and the toluene distilled off at
20 mm, The residue is fractionally distilled under vacuum. Yield
19.1 g (82 %)' of a colourless YH-NMR-spectroscopic pure product
which crystallizes in the distillation apparatus, The product is redistilled
for analytical purposes. Bp. 92°C/1 mm, mp. 62°C. — H NMR
(CDCly) : § 091 (5, 9 H, C-CHy), 1.56 (m, centre of the AA'-part

of an AAXX'-system, 2 H, C-CHy-C), 1.86 («s» 3H, N\ C= IC-CI—I,,),
4.10 (m, centre of the XX'-part of an AA'XX'-system, 2 H, C-CH,-0),

4.50(«s» 1 H,-CH = C / )» NHg-resonance could not be observed, —

Mass spectroscopy : m/fe (M*) = 185. C, H, N :
64.83 H 1034 N 7.56, Found - 64.7 H lo 33 T g0t (185:3). Caled. ;

2-Trimethylsilyl-ethyl B-aminocrotonate Tb. Analogou -
ration of 7a by the reaction of 80.93 g (0.4 mol) ggowisthtgn?::o%rizp?n
300 mL toluene under catalysis of 0.5 g of p-toluene sulfonic acid
Yield 58.3 g (72.4 %), bp. 86°C/0.01 mm, mp. 68°C, — IH NMR
(CDCY) : 8003 (5, 9 H, 5i-CHp), 0.97 (m, centre of the AA’-part of

an AAXX-system, 2 H, 8i-CH,-C), 190 (« s », 3 H, DC = é-cgn)

4.15 (m, centre of the XX'-part of an AA'XX'system, 2 H, C-CH,-0)

450 («s», 1 H,-CH = C / ), NHy-resonance could not be observed, —

Mass spectroscopy : mfe (M+) = 201.
C 53.69 H 9.51 N 6.96, Four &5 s 011{-1,8'1;1?&52'32.01.3). Caled. -
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Dialkyl 2,6-dimethyl-4-aryl-1,4-dilydropyridine-3,5-dicarho xylates
8a/8b - 12a/12b and 18a/15h : 60 mmol alkyl acetoacetate (da, 4b,
5a, and 5b, resp.), 30 mmol of the corresponding aldehyde R-CHO,
and 3.3 mL concentrated ammonia, dissolved in 20 mL of cthanol
(96 %), are heated to reflux for 20 hours. After cooling and (if necessary)
concentrating the solution, the crystallized product is filtered off,
recrystallized from the indicated solvent (Table 1), and dried in vacuo
(yields, physical data and analytical data are given in Table 1),

Dineopentyl 2,6-dimethyi-4-( 3-nitrophenyl)-1,4-dilydropyridine-3,5-
dicarboxylate 13a, bis(trimethylsilyl-methyl) 2.6-dimethyl-4-( 3-nitro-
phenyl)-1,4-diliydropyridine-3,5-dicarboxylate  13b, dincopentyl  2,6-
dimethyl-4-( 2-nitrophenyl )-1,4-dilydropyridine-3,S-dicarboxylate  14a
and bis(trimethylsilyl-methyl) 2,6-dimethyl-4-( 2-uitrophenyl )-1,4-dily-
drapyridine-3,5-dicarboxylate 14b were prepared according to lit. (24).

Neopentyl trimethylsilyl-methyl  2,6-dimethyl-4-( 3-nitroplwnyl)-l,f1-
?'li;tydropyrldineé,S-dicarbaxylale 13¢ was prepared according to lit.

Dialkyl 2,6-dimethyl-4-aryl-1,4-dihydropyridine-3,5-dicarhoxylates 16a
16b - 24a/24b : A solution of 30 mmol alkyl B-aminocrotonate (6a,
6b, Ta and 7b, resp.) and 30 mmol of the corresponding 2-aralkylidene-
acetoacetate R*CyH,;-CH=C (COCH,) COOR! in 20 mL of c¢thanol
(96 %) is heated to reflux for 20 hours. After cooling and (if necessary)
concentrating the solution, the product crystallized (in some cases it
is necessary to remove the ethanol completely and to substitute it
by the recrystallization solvent, which is described in Table 2). The
solid product is filtered off, recrystallized from the indicated solvent
(Table 2), and dried in vacuo (yiclds, physical data, and analytical
data are given in Table 2).

MEASUREMENT OF LIPOPHILICITY

The relative lipophilicity of the substances was measured by reversed-
phase thin-layer chromatography according to the methods described
in lit. (32-35). Silanized silica gel plates [E. Merck, Darmstadt, F.R.G.,
ST4T (60 Fyp,)] represented the stationary phase. The polar mobile
phase consisted of a dioxane-acetone-water mixture (1 : 2 : 2). All
compounds were dissolved in a mixture of methanol-chloroform
(1 : 1). 2-3 pl of each solution were applied as a circular spot on the
plate by a micropipette, The test substances and two control substances
were run from the starting line for about 1 hour at constant temperature
(23 £ 0.5°C). After drying the plates, all test spots were detected by
UV light at 254 nm. The experiments were repeated eight times. The
Ry-values were calculated by means of the experimental Rg-values
and the formula Ry = log [(1/Rg) — 1) Higher Ry-values indicate
tompounds to be more lipophilic than those of lower Ry-values.

PHARMACOLOGY

. 8afgh - 24a/24b and 13c were investigated with respect to the follow-
ing pharmacological properties :

1) Spasmolytic effect on the Ba*+-stimulated isolated guinea pig
lleum (according to the method described in lit. 2D).

. 2) Variation of the coronary sinus oxygen content in the anaesthe-
glzed' dog after i.v, administration (according to the method described
in lit. 2D)).

3)_A'mtihypertenslve effect on the renal-hypertensive rat after p.o.
administration (according to the method described in lit. (21)).

The in vitro pharmacological investigations were carried out under
the light of a sodium vapour lamp.
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