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Some new analogues of verapamil ( l a )  and mepamil (lb),  calcium antagonists of arylalkylamine type, were 
synthesized and screened for cardiovascular activities. The basic structure was modified a )  on the phenyl 
ring, attached to the quaternary carbon, b)  on the alkyl group, attached to the quaternary carbon and c) on 
the alkylamino group, attached in position 3 to the n-propyl fragment. Except of 2-(2-chlorophenyl)-2- 
isopropyl-S-(N-methyIhomoveratrylamino)valeronitrile (V la ) ,  all the synthesized compounds exhibited 
lower hypotensive activity, than the mother compound. verapamil. 

The studies, dealing with the structure-activity relationships of the arylalkylamine type 
of calcium antagonists are quite limited'**. The presence of the nitrile group, attached 
to the quaternary carbon seems to be essential for the maintenance of the calcium anta- 
gonistic properties. The presence of both aromatic rings and the amino group is 
important. The substituents present on the aromatic ring of the benzyl cyanide moiety 
influences the calcium antagonistic activity dramatically, while the substituents on the 
right ring and/or the isopropyl group are less important. According to Mannhold3, meta 
substitution of the left phenyl ring is optimum for potency while ortho substitution 
diiiiinishes potency, probably by steric effects. Hoeltje4 could demonstrate from EHT- 
MO calculations, tha t  the phenyl and the cyanide group are coplanar in most stable 
conformation. Thus, ortho substitution disables the molecule to occupy the coplanar 
conformation due to steric reasons, correspondingly, the typical negative inotropic acti- 
vity is drastically diminished. It is important to point out, that the pronounced negative 
inotropic efficacy of a drug is not necessarily requircd and in many cases limits the 
clinical use. 

Mepamils (I6), although containing an ortho substituent was found in clinical tests to 
be a useful drug, exhibiting lower inotropic activity, compared with the mother 
compound. It lowers blood pressure and possess coronary dilating properties. 

Now we wish to report about the synthesis and basic pharmacologic activities of a 
series of compounds, potentially belonging to the arylalkylamine class of calcium anta- 
gonists. The basic structure was modified a )  on the phenyl ring, attached to the 
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1968 Butora, BIBha, RajSner, Helfcrt: 

quaternary carbon, b) on the alkyl group, attached to the quaternary carbon and c )  on 
the alkylaniino group, attached in position 3 to the n-propyl fragment. 

Compounds Modified on the Plienyl Ring Attached to the Quaternary Carbon 
(VIa - VIe) 

The starting benzyl cyanides of a general forrnula II were prepared using the proce- 
dures published in the literature (IIa (ref.6), Ifb (ref.’), Ilc (ref.8), Ild (ref.9)), or by the 
reaction of the appropriate benzyl halogenide with sodium cyanide in aqueous ethanolic 
solution ( I l f ,  I Ig) .  2-Broniobenzyl cyanide (Ife)  was prepared by dehydration of 
2-broniophenyl acetaniide with phosphorus pentoxide at  elevated temperature. 

The a - a l k y l  derivatives IIIb, IIId - IIIg were prepared by the reaction of the 
appropriate benzyl cyanide and 2-bromopropane using sodium arnide in 1,2-dimetho- 
xyethane. A phase transfer catalyzed reaction of the benzyl cyanide ( f lu ,  IIc) and 
2-bromopropane afforded the a-alkyl  benzyl cyanides IIfa and I l k .  The best results 
were obtained using tetrabutylammoniun~ hydrogen sulfate as a phase transfer catalyst. 
The yields were ranging from 67.2% to 91.0%. The procedure used and boiling point 
data are collected in Table I. 

An attempt to introduce the n-propyl nioiety into inolecules of general forinula 111 
using l-chloro-3,3-diethoxypropane as alkylating agent under the conditions of a phase 
transfer catalysis was not successful probably because of the destruction of the alky- 
lating agent. We isolated the appropriate carboxaniides as products of hydrolysis taking 
place during a prolonged reaction. The only system, in which we were able to obtain 
the desired acetals IVa - IVg was using sodiuni aiiiide as a base in  refluxing toluene 
arranged, as described in the experiinental section. When we added the solution of both 
reaction coinponents to a suspension of the atnide in toluene, the reaction yields decrea- 
sed considerably. The results are collected in Table 11. 

The hydrolysis of the acetals N a  - IVg proceeds smoothly using oxalic acid in 
aqueous acetone. The aldehydes of a general forniula V were not stable enough and 
were used without purification in a further reaction step. The yields were almost quanti- 
tative. 

The final atnines VIu - Vle were prepared by rcductive aniination of aldehydes Va - Ve 
with conirnercially available N-~nethylhomoveratryl amine ( H a ) .  Except for Vlc and 
VIe, the reduction was carried out with hydrogen on Adains catalyst. In the case of Vlc 
and We, foriiiic acid was used as a reducing agent. The yields and melting points of the 
appropriate salts and procedure used are collected in Table 111. 

C o m p u d  Modged on tlre AIkyl Group Attaclted to tlie Quaternary Carbon (VIf - VIi) 

The substituted benzyl cyanides IIIli - IIIj were synthesized by phase transfer catalyzed 
alkylation of Ilc with methyl iodide, n-propyl and n-octyl bromide. Reacting them with 
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Analogues of Verapamil and Mepamil 1969 

l-chloro-3,3-diethoxypropane in refluxing toluene/sodiuin ainide system, acetals N h  - Nj 
were obtained. The reaction of the unsubstituted 2-niethylbenzyl cyanide with the same 
alkylating agcnt afforded the acetal Nk. 

The aldehydes V/i - Vk, obtained by a n  acid catalyzed hydrolysis of acetals Nlt - Nk, 
were subjccted to reductive amination with N-niethylhomoveratryl amine (XIu) using 
formic acid as a reducing agent. The final amines V I f -  Vli were obtained in good 
yields. The results are collected in Table 111. 

TABLE 1 
Yields, boiling points and analytical data of compounds I I I a  - I I I j  

CalculatedFound 

% C  % H  % N  

Com- Procedure B. p., ‘C Formula 
pound Yield, % Pa (M. w.) 

Maa 

IIIbb  

I l k C  

IIId 

I I I ~  

III f  

IIIgC 

I l I h  

I l I i  

I I I j  

B 
81 

A 

91 

B 
88 

A 

90 

A 

89 

A 
75 

A 

67 

B 
83 

B 
86 

B 
74 

148 - 151 
34 

124 - 126 
1 065 

112 - 112.5 
670 

129 - 131 
1 065 

135 
1 300 

115 
120 

98 
30 

106 
800 

119 
800 

135 
53 

Ct3Ht 7N02 71.21 
(219.3) 71.12 

CitHt2CIN 68.21 
(193.7) 68.86 

CitHisNO 
(189.3) 

Ci i Hi&N 
(238.1) 

C i s h N O  
(231.3) 

CizHisNS 
(205.3) 

CtoHtiN 
(145.2) 

Ci  HI sN 
(173.3) 

Ci7H2sN 
(243.4) 

76.15 
76.18 

55.48 
56.29 

77.88 
78.14 

70.19 
70.19 

82.72 
82.84 

83.19 
83.27 

83.89 
84.04 

7.81 
7.76 

6.25 
6.51 

7.99 
8.16 

5.08 
5.12 

9.15 
9.24 

7.36 
7.75 

7.64 
7.75 

8.73 
8.92 

10.35 
10.72 

6.39 
6.10 

7.23 
6.91 

7.40 
7.61 

5.88 
6.03 

6.05 
5.83 

6.82 
6.70 

9.65 
9.78 

8.09 
8.07 

5.76 
5.68 

H NMR spectrum was consistent with that shown in  ref.I7: * calculated: 18.31% CI, found: 17.89% CI; a 1  

see ref.’; calculated: 33.56% Br, found: 33.00% Br; calculated: 15.62% S,  found: 15.21% S. 
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CHZCN 

II 

I I a ,  R = 3,4-(Me0)2 

I I b ,  R = 2-CI 
I l c ,  R = 2-Me 

I l d ,  R = 2-Me0 
I I e ,  R = 2-Br 
I I f ,  R = 2-BuO 

I I g ,  R = 2-MeS 

CHCN 

111 

R' R2 

IV 

In formulae IV and V : 

R' R2 

a 3,4-(MeO), i-Pr 

b 2-CI i-Pr 

c 2-Me i-Pr 

d 2-Me0 i-Pr 

e 2-Br i-Pr 

f 2-BuO i-Pr 

I I I a  
I I I b  
IIIC 
I I I d  
I I I e  
I I I  f 
I I I g  
I I I h  
I I I i  
I I I j  

3,4-(Me0)2 

2-CI 
2-Me 

2-Me0 

2-Br 
2-BUO 
2-MeS 
2-Me 

2-Me 
2-Me 

i-Pr 
i-Pr 

i-Pr 

i-Pr 
i-Pr 
i-Pr 
i-Pr 

Me 

Pr 

(CH2)7CH, 

V 

R' R2 

~~ ~ ~~ 

g 2-MeS i-Pr 

h 2-Me Me 

C 2-Me Pr 

j 2-Me (CHJ7CHJ 
k 2-Me H 
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Analogues of Verapamil and Mepamil 1971 

Compoiinh Modified on tlte Alkylamino Croup Attached in Position 3 to the n-Propyl 
Fragment (VIIa - VIIt, VIIIa - VIIIc, IXa, IXb and X )  

Piperazino derivatives VIIa - VIIq, acylctbylenediaiiiino derivatives VIlIa, VUIb 
hydroxyethyl derivatives IXa, IXb and isoquinoline derivative X were prepared by 
reductive amination of aldchydes Va or Vc either with coinrncrcially available l-methyl- 
(XIIO , 1 - (2 - h y d rox y e t h y 1) - (XIlg), 1 - p he n y 1 - (XIIh) , 1 -be nzy I - (XIIi), 1 -e t ho- 

TABLE I I 
Yields, boiling points and analytical data of compounds IVa - IVk 

Calculated/Found 

% C  % H % N  

Com- B. p., "C Formula 
pound Pa (M. w.) Yield, % 

IVa" 70 

lVbb 65 

I v c  80 

IVd 59 

I vrc 34 

fVf 59 

I vgd 72 

IVh 71 

I v i  85 

IV 96' 

I Vk 8 d  

140 - 148 
3 

loo - 101 
3 

115 - 116 
13 

122 - 125 
13 

130 - 131 
30 

129 - 132 
7 

122 
4 

93 - 95 
3 

107 - 108 
1.5 

142 - 144 
3 

103 
1.5 

Ci8tIz6CINOz 
(323.9) 

CIPHPNO~ 
(303.4) 

C19H29N04 
(319.4) 

C18HzaBrN0z 
(368.3) 

CzzH~N03 
(361.5) 

Ci9HzqNOzS 
(3 35.5) 

C17thN02 
(275.4) 

CI~HZQNOZ 
(303.4) 

Czdi39NOz 
(373.6) 

C16k1~3N02 
(261.4) 

66.75 
67.13 

75.20 
75.85 

71.44 
71.21 

58.69 
59.85 

73.09 
73.68 

68.02 
67.75 

74.14 
74.57 

75.20 
75.72 

77.16 
77.82 

73.55 
73.55 

8.09 
8.14 

9.63 
9.83 

9.15 
9.12 

7.11 
7.23 

9.76 
9.86 

8.71 
9.02 

9.15 
9.30 

9.63 
9.89 

10.52 
10.53 

8.87 
8.69 

4.33 
4.42 

4.62 
4.61 

4.39 
4.74 

3.80 
3.89 

3.87 
3.86 

4.18 

4.08 

5.09 

5.19 

4.62 

4.68 

3.75 

3.86 

5.36 
4.88 

" Ref."gives b. p. 160 - 163 'C/S Pa; 
found: 21.25% Br; 
IVk we started from Ilc and used the procedure described for the preparation of butyronitriles IIIIB. 

calculated: 10.95% CI, found: 10.98% CI; 'calculated: 21.70% Br, 
calculated: 9.56% S, found: 9.76% S; yield of crude product; 'for the preparation of 
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1972 Butora, Rliha, Rajher, Helfert: 

VI 

V l o  V l b  V l c  V l d  V I e  Y I l  V I g  Y I h  Y I i  

R' 2-CI 2-Me0 2-Br 2-BuO 2-MeS 2-Me 2-Me 2-Me 2-Me 

R2 i-Pr i-Pr i-Pr i-Pr i-Pr Me Pr (CH2),CH3 H 

VII 

R' R l  

VXXa 
VIXb 
v x x c  
V f X d  
VIXe 
V I I j  
V I I g  
V I X h  
VIX4 
VIX j 
VIXk 
VXXl 
V I I m  
V I X n  
VIIO 
v x x p  
V I I g  
V I X r  
VIXa 
VIXt 

3,4-(Me0)1 

3.4-(MeO)1 

2-Me 
2-Me 
2-Me 
2-Me 
2-Me 

3.4-(Me0)1 

3,4-(MIO)z 
2-Me 
3,4-(MeO)z 
2-Me 
3,4-(Me0)2 

2-Me 
3,4-(MI0)2 
2-Me 

3,4-(MeO), 
2-Me 
2-Me 
2-Me 

CH&H(OCH3)CO 
2-fwoyl 

CdSCO 

2-fwoyl 

Cd8CO 

CH3CH(OCH3)CO 

3,4-(MeO)~-C&l~CO 
C,H,OCO 
M I  
Me 
HOCHZCHZ 

HOCHZCHZ 

CdH, 

CeH8 

C d &  
C d & Y  
(1,4-benzodioxan-2-yI)methyl 
H 

(C6H6)ZCH 

4-CI-3-SO~NH~-C&CO 
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Analogues of Verapamil and Mepamil 1973 

xycarbonylpiperazine (XlIe), ethanolamine, or with 1-(2-nietho~ypropionyl)-'~ (XIIa), 
1 - (2-fu ro y I ) -  ' ' (Xllb),  1 -be nzo y I - l2 (Xllc), 1 - (3,4-d i me t hox y benzo y 1)- ' (Xl/d), 1 -( 1,4- 
benzodioxan-2-yl-1iiethyl)piperazine'~ (Xll j ) ,  6,7-di1iiethoxy-l,2,3,4-tetrahydroisoqui- 
noline15 (XIb), N-(2-f~royl)ethylenedianiine'~ (XUIu) prepared by procedures described 
i n  the literature. N-(4-Chloro-3-sulfa1iioylbenzoyl)ethylenedia1iiine (XIHb) a precusor 
for the preparation of Vlllc, was synthesized by acylation of ethylenedianiine by methyl 
ester of 4-chloro-3-sulfamoylbenzoic acid" as described in the experimental section. 
Preparation of the piperazino derivative VIIb was also described by alkylation of 1-furoyl 
piperazine2'. The yields, procedures used and nielting points are collected in Tables IV 
and V. 

2-Isopropyl-5-(l-piperazinyl)-2-(2-1iiethylyhenyI)valeronitrile (Vllr) ,  prepared by 
catalytic debenzylation of Vfip ,  was alkylated with benzhydryl bromide to afford 5-(4- 
benzhydryl-l-piperazinyl)-2-(2-1iiethylphenyl)valeronitrile Vlls. 

TABLE 111 
Yields, melting points and analytical data of compounds M a  - Vli 

CalculatedFound 

% C  % H  % N  % C I  

Procedure M. p., "C Formula 
Yieldb, % Solvent (M. w.) 

Co m pounda 

Vla . I K I  

V l b  . HCI 

V l c c .  HCI 

Vld . t IFUM 

Vlr4 

V l f .  HCI 

Vlg . HOX 

Vlh4 

Vli . l l 0 X  

A 
77 

A 
85 

B 
92 

A 
80 

E 
85 

B 
86 

B 
85 

B 
93 

B 
71 

162 - 164 
i-PrOH 

147 - 149 
i-PrOH 

154 - 155 
i-PrOH 

133 - 134 
i -PrO H-Et20 

132 - 134 
i-PrOH 

125 - 127 
i-PrOH 

163 - 164 
EtOH 

64.51 
64.61 

67.73 
67.50 

58.88 
58.70 

68.29 
68.01 

70.87 
70.58 

69.13 
69.23 

67.44 
67.29 

77.78 
78.24 

65.77 
65.77 

7.36 6.02 
7.52 5.92 

8.09 6.08 
8.08 6.54 

6.90 5.49 
6.90 5.60 

7.97 4.85 
7.96 4.81 

8.24 6.36 
8.44 6.19 

7.98 6.72 
7.99 6.65 

7.68 5.62 
7.61 5.58 

9.69 5.85 
9.28 5.95 

7.07 6.14 
7.31 6.18 

15.24 
15.24 

7.69 
7.72 

6.95 
7.03 

- 
- 
- 
- 

8.50 
8.56 

- 
- 
- 
- 
- 
- 

a HFUM hydrogen fumarate. HOX hydrogen oxalate; 
15.47% Br; free base; 

yield of crude base; 'calculated: 15.67% Br, found: 
b. p. 201 - 203 "(72.5 Pa; 'b. p. 210 - 212 V 2 . 5  Pa. 
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1974 Butora, Blaha, RajSner, Helfert: 

X 

X I I a ,  
X I I b ,  
X I I C .  
X I I d ,  
X I I e ,  
X I I j ,  
X I l 9 ,  
X I I h ,  
X I I i ,  

H,CO CH,CH, NHCH, 

XI a 

R = CHjCH(OCHJC0 
R = 2-furoyl 

R - 3,4-(Me0),-C6H,C0 

R = Me 

R COHSCO 

R CZHSOCO 

R HOCH2CH2 

R = CdHl 
R COH,CH2 

x16 

X f f f ,  R = (1,4-benzodioxon-2-yI)mathyl 

H, NCH,CH,NHR 

X J I I a ,  R = 2-furoyl 
X I I I b ,  R = 4-CI-3-S02NH,-C&l,CO 
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Analogues of Verapamil and Mepamil 1975 

The infrared, ’H NMR and NMR spectra of the final aniines Vla - Vli, Vllu - Vllt, 
Vllla - Vlllc, /Xu, la, and X were consistent with the assigned structures. 

Acute oral and intravenous toxicities of the final amines (in form of salts, as indi- 
cated in Tables IV and V) were determined in  mice. The ED,, values were ranging 
from 200 - 2 000 nig’kg for oral and 5 - 1 125 mg/kg for intravenous administration. 

Three tests were used for the evaluation of the antiarrhytitiic activities of the synthe- 
sized compounds. Model arrhythmias were induced either by intravenous admi- 
nistration of aconitine, acetylcholine, or calcium chloride (Wistar-Hannover male rats). 
Following compounds, administered in a dose of lo-’ niol/kg, at least in  one model, 
caused 50% or larger decrease of mortality, compared to control group (95% morta- 
lity): Vlu (VUFB 16222), Vlb (VUFB 16240), Vlc (VUFB 16250), Vld (VUFB 16244), 
VIE (VUFB 16260), Vlf(VUFB 17970), Vlg (VUFB 17971), Vli (VOFB 17969), Vllle 
(VUFB 17992), and X (VUFB 17948). 

The basic hemodynamic parameters (heart rate, systolic and diastolic blood pressure, 
dP/dr i n  the left ventricle and blood flow in arteria carotis) of pentobarbital anesthe- 
tized dogs were altered significantly by the following compounds (intravenous adnii- 
nistration, lo-, mol/kg): Vla (VUFB 16222), VIb (VUFB 16240), Vllb (VUFB 17954), 
Vlle (VUFB 17943), and VIlj (VoFB 17942). 

In conclusion, except of Vlu (VoFB 16222), a l l  of the synthesized conipounds exhi- 
bited weaker hypotensive activity, than the niothcr coinpound, verapamil ( la) .  

The negative inotropic activities of the ortho substituted conipounds Vlu (VUFB 
16222), Vlb (VUFB 16240), VIc (VUFB 16250), and Vld (VUFB 16244) were found to 
be in the same range as the mother compound (verapamil). These results indicated, that 
the free rotation of the phenyl ring in the benzyl cyanide of the molecule is of lower 
iniporta nce. 

TABU IV 

Yields, melting points and analytical data of compounds M l a  - Vllt 

~~ 

VIIa . HFUM B 116 - 130 
43 EtOH-Etz0 

Vflb . HCI B 125 - 133 
18 MezCO-i -PIOH 

75 Me2CO-i-PrOH 
Vllc . HCI B 144 - 148 

Vlld . IICI B 165 - 119 
49 Me2C0 

60.41 1.61 7.55 - 
60.54 1.31 1.46 - 
63.08 1.20 8.83 1.54 
65.09 1.31 8.80 1.54 

66.12 1.41 8.65 1.29 
65.85 1.48 8.40 1.30 

65.46 8.60 9.96 8.40 
65.60 8.85 10.26 8.10 
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1976 Butora, BIQha, RajSner. €lelkrt: 

TABLE IV 
(colf/illllell) 

VIIr . HCI 

VIIf.  HCI 

VIIg , HFUM 

VIIh . I3CI 

VIIi . 2 HCI 

VIIj . 2 HCI 

VIIk . 2 HCI 

VIII . 2 f ICI 

VIIm . 2 HCI 

VIIn . HCl 

VIIo . 2  1 IFUM 

VIIp . 2 HCI 

VIIq.. 2 HFUM 

VIIr , 2 HCI 

VIIS . 2 llCl 

VI1id. HCI 

B 
84 

B 
50 

B 
56 

B 
29 

B 
43 

B 
74 

B 
26.6 

B 
45.2 

B 
74.5 

B 
64.3 

B 
61.6 

B 
88.9 

B 
46.7 

c 

c 

C 

199 - 201 
McZCO-tI2O 

79 - 90 
i-Pi01 l-Et20 

149 - 153 
i-PrOlI-Et20 

157 - 161 
Me2CO-Et20 

198 - 204 
MezCO-Et20 

201 - 206 
Me01 I-MezCO 

164 - 169 
Me2CO 

177 - 186 
MeOfl-Me2CO 

112 - 117 
EtOl I-i-I'rzO 

184 - 193 
€120  

175 - 180 
MeOH-MezCO 

181 - 185 
i-PrOll 

124 - 131 
EtOILEt20 

102 - 110 
Mr2C0 

184 - 188 
i -PrOH-Et,O 

114 - 119 
i -  Pro tl-i- Pi20  

65.66 
65.76 

70.97 
69.64 

66.30 
66.14 

64.77 
65.17 

58.33 
58.44 

62.17 
62.34 

57.14 
57.24 

60.59 
6 1.09 

60.93 
60.84 

72.87 
72.96 

61.30 
61.46 

67.52 
67.50 

59.75 
60.04 

58.46 
57.75 

70.18 
70.15 

54.64 
54.65 

7.58 9.57 8.08 
7.88 9.82 8.16 

7.79 9.55 8.06 
7.71 9.40 7.99 

7.13 7.25 - 
7.18 7.15 - 
8.40 10.30 8.69 
8.49 10.47 8.79 

8.16 9.72 16.40 
8.32 9.16 16.29 

8.61 10.87 18.35 
8.77 11.03 17.95 

8.06 9.09 15.33 
8.20 9.00 15.34 

8.47 10.09 17.03 
8.65 10.11 16.92 

7.67 8.20 13.84 
7.44 8.34 14.13 

8.32 10.72 8.61 
8.27 10.72 8.69 

6.91 6.13 - 
6.62 6.29 - 
8.06 9.09 15.33 
7.96 9.03 15.41 

6.64 6.65 - 
6.37 5.62 - 
8.52 10.76 18.16 
8.24 10.80 18.78 

7.73 7.67 12.95 
7.61 7.54 12.93 

6.35 9.80 12.41 
6.20 9.69 12.33 

' HFUM hydrogen fumarate; * yield of crude base; ' see Experimental; 
6.03% S. 

calculated: 5.61% S ,  found: 
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Analogues of Verapamil and Mepamil 1977 

EXPERIMENTAL 

The melting points of analytical preparations were determined i n  Kofler's block and are not corrected. The 
IR spectra (in KBr or CtIC13) were recorded with 435-Shimadzu spectrophotometer, 'H NMR and I3C 
NMR spectra (in hexadeuteriodimethyl sulfoxide or deuteriochloroform, tetramethylsilane as internal stand- 
ard) with Tesla BS-487 (80 MIlz) or Tesla Bs-567 A (100 MHz) spectrometer. Chemical shifts are given 
in  ppm (6-scale), coupling constants (J) i n  Hz. The hornogenity of the products and the reactions were 
monitored using th in  layer chromatography on silica gel (Fertigplatte Kieselgel 60 F z ~ ~ .  Merck) or GLC 
(Chrom 5, Laboratorni piistroje Praha). 

Benzyl cyanides IIa (refs6), IIb (ref.'), IIc (ref.'), and IId (ref.') were prepared using the procedures 
described in  the literature. 

2-Rromobenzyl Cyanide (l lr)  

Mixture of 2-bromophenyl acetamide (56.7 g, 0.265 mol) and P40,0  (75.2 g, 0.530 mol) was heated in  
vacuo (1.3 kPa). T h e  crude product distilled from the reaction mixture (45.7 9). By distillation 42.5 g 
(82%) of pure 2-bromobenzyl cyanide (Ilr) was obtained. B.p. 132 - 133 W 1 . 3 3  kPa. For C8H,BrN 
(196.1) calculated: 49.0% C, 3.08% H, 40.76% Br, 7.15% N: found: 49.72% C, 3.15% 11. 39.23% Br, 
7.29% N.  

I-Uutoxybenzyl Cyanide (lIh 

Solution of 2-butoxybcnzyl chloride (16.8 g, 85 mmol) in  ethanol (13.6 ml) was added in  small portions 
into a stirred mixture of sodium cyanide (5.3 g, 100 mmol) and water (4.8 ml) and heated on a steam bath 
for 45 min. After heating to reflux temperature for another 4 h, the reaction mixture was poured into 80 ml 
of water. The oily product was extracted with ether (3 x 50 ml). The combined organic layers were washed 
with water (3 x 50 ml). dried (anhydrous magnesium sulfate) and the solvent was removed on a rotatory 
evaporator. By distillation of the residue. 7.4 g (46%) of pure product I I f  was obtained. For ClZHl5NO 
(189.3) calculated: 76.15% C, 7.99% H, 7.40% N; found: 77.35% C, 8.25% 11, 7.42% N. 

TABLE V 
Yields, melting points and analytical data of compounds WIIa - VIlIc 

Procedure M. p., "C 
Yield, % Solvent 

Compound Formula 
(M. w.) 

Calculated/Found 

% C  % H  % N  

Vllla . I-IFUM C 168 - 173 CZ7H35N308 61.23 6.66 7.94 
98 (529.6) 61.17 6.70 7.91 

Vlllb . HMAL c 86 - 94 CZ6H33N306 64.58 6.88 8.69 
72 i-PrOH-i-PrzO (483.6) 64.39 6.87 8.48 

a 

VllIcb.  HCI C 204 - 210 C ~ ~ 1 1 ~ 4 C 1 ~ N , 0 ~ S  .0 .33 1 1 2 0  51.81 6.03 9.67 
59 HzO (579.5) 51.94 5.91 9.61 

i-PrOH-Me2CO-Et,O; calculated: 1.04% IIzO, 12.33% CI, 5.53% S, found: 1.04% H20, 12.33% CI, 
5.12% S. 
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'-Methylthiobenzyl Cyanide (//g) 

5 ,  'rig from 2-methylthiobenzyl chloride (38.1 g, 0.22 mol) and sodium cyanide (13.5 g, 0.275 mol), 
using the above described procedure title compound //g (22.7 g, 65%) was obtained. B.p. 88 - 89 T /27  Pa. 
For C9H9NS (163.2) calculated: 66.22% C, 5.56% H, 8.58% N, 19.64% S; found: 65.98% C, 5.96% H, 
7.42% N. 19.67% S. 

General Procedure for the Preparation of Nitriles l / / a  - /llj 
A )  The solution of the appropriate nitrile I /  (0.19 mol) i n  1,2-dimethoxyethane (40 ml) was dropwise 

added to a stirred, cold (0 - 5 ' C )  suspension of sodium amide (8.95 g, 0.30 ml) in toluene (10 ml) and 
1,2dimethoxyethane (33 ml). After stirring at room temperature for 3 h, the solution of 2-bromopropane 
(30.6 g, 0.248 mol) in  1.2-dimethoxyethane (24 ml) was dropwise added at 10 'C. After the addition was 
complete (15 min), the reaction mixture was stirred at 15 'C for 30 niin, then 5 h at room temperature. The 
reaction mixture was diluted with water (530 ml) and the product was extracted into benzene (5  x 75 ml). 
The combined organic extracts were washed with water (1 x 100 ml), I M  solution of sodium hydroxide 
(1 x 150 ml), water (2 x 80 ml), sulfuric acid (1096, 2 x 75 ml) and finely with water, until  neutral pH. 
After drying (anhydrous magnesium sulfate) the solvent was evaporated under diminished pressure. The 
remaining crude product was purified by distillation under reduced pressure. 

B )  The appropriate alkyl halogenide (0.4 mol) was added dropwise during 2.5 h to a vigorously stirred 
mixture of the appropriate benzyl cyanide I /  (0.2 mol), tetrabutylammonium hydrogen sulfate (1.0 g, 2.9 mmol) 
and 50% solution of sodium hydroxide (77 ml). The temperature of the reaction mixture was kept during 
the addition and for next two hours below 45 'C, finally at 60 'C for 3 h. After cooling to room tempe- 
rature, the reaction mixture was diluted with water (70 ml),  and extracted with ether (3 x 50 ml). The 
combined organic extracts were washed with water, sulfuric acid (10%) and water unt i l  neutral pH. After 
drying (anhydrous magnesium sulfate) and evaporation of the solvent under reduced pressure, the remai- 
ning oil was purified by distillation under reduced pressure. The results are collected in Table 1. 

General Procedure for the Preparation of Acehls /Va - IVk 

The suspension of sodium amide (9.0 g, 0.23 mol) i n  10 ml of toluene was added dropwise to a boiling 
solution of the appropriate nitrile I / /  (0.2 mol) and l-chloro-3,3-diethoxypropane (36.55 g, 0.219 mol) in 
toluene (210 ml) under vigorous stirring. Nter  5 h stirring at reflux temperature, the reaction mixture was 
cooled and poured into a mixture of water (360 ml) and ether (180 ml). The layers were separated and the 
aqueous phase was extracted with ether (100 ml). The combined organic extracts were washed with water 
unt i l  neutral pH, and dried (anhydrous magnesium sulfate). The crude product was obtained hy evaporation 
of the solvent in  vacuo and purified by distillation under reduced pressure. The results are collected i n  
Tahle 11. 

General Procedure for the Preparation of Aldehydes Va - Vk 

Solution of the appropriate acetal (0.030 mol) and oxalic acid dihydrate (4.2 g. 0.033 mol) i n  the mixture 
of acetone (70 ml) and water (25 ml) was stirred for 3 h at 40 'C. After cooling to 5 "C, the pH was 
adjusted with 50% solution of potassium carbonate to 6.0 - 6.5. The precipitate was filtered off and 
washed with cold acetone. The filtrate was evaporated to dryness under reduced pressure. The residue was 
taken up into water (25 ml) and extracted with ether (3 x 50 ml). The combined organic extracts were 
washed with a solution of sodium bicarbonate and water un t i l  neutral pIJ. After drying (annhydrous 
magnesium sulfate) the solvent was evaporated under diminished pressure (the bath temperature was kept 
helow 30 "C). 
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General Procedure for Reductive Amination of Aldehydes Va - vk 

A )  The solution of aldehyde V (prepared from 0.03 mol of acetal f V  using the procedure described 
above) and the appropriate amine (0.03 mol) i n  methanol (50 mi) was hydrogenated at atmospheric pressu- 
re using Adams's catalyst (0.1 g). After absorption of theoretical amount of hydrogen, the catalyst was 
filtered off and the filtrate was evaporated to dryness under reduced pressure. The residue was taken up 
into water (120 ml) and acidifed with O.~M-HCI (40 ml). The non-basic products were extracted into ether 
(90 ml, 2 x 30 ml). The water layer was alkalized with a solution of 1M-NaOH (70 ml) and the free base 
was extracted with ether (4 x 70 ml). The combined organic extracts were washed with water (3 x 30 ml), 
dried (anhydrous magnesium sulfate) and the solvent was evaporated under diminished pressure. The resi- 
dual free base was transformed to the appropriate salt and purified by crystallization. 

B )  The mixture of the appropriate aldehyde V (prepared from 0.03 mol of acetal IV by the procedure 
described above), appropriate amine (0.028 mol) and formic acid (9046, 1.27 ml, 0.03 rnol) in toluene (50 mi) 
was stirred at reflux temperature lor 1 h. After cooling to room temperature the reaction mixture was acidi- 
fied with 0.lM-HCI to plI 4. After shaking, the organic layer containing the non-basic products was sepa- 
rated. Ihe aqueous layer was made alkaline with l~ solution of sodium hydroxide (60 ml) and the bases 
were extracted into ether (100 ml. 2 x 50 ml). The combined extracts were washed with water (5  x 50 mi) 
and after drying (anhydrous sodium sulfate) the solvent was evaporated to dryness. The residual free base 
was transformed into the appropriate salt and purified by crystallization. 

C) The solution of the appropriate aldehyde V (prepared from 0.03 mol of acetal f V  by the procedure 
described above) and the appropriate amine (0.028 mol) i n  methanol (60 ml) was heated to reflux tempe- 
rature for 1 h. After cooling to 5 'C, sodium borohydride (5.0 g, 0.126 rnol) was added in  small portions. 
The reaction mixture was stirred at room temperature 8 h. The solvent was evaporated under reduced 
pressure, and the residue was taken up into water (200 ml). After acidifying with concentrated hydrochlo- 
ric acid (30 ml). the non-basic products were extracted into ether (2 x 100 ml). The aqueous phase was 
made alkaline with IM-NaOH and the free base was extracted with chloroform (3 x 100 ml). The crude 
base was transformed to a appropriate salt and purified by crystallization. 

The results are collected i n  Tables 111, IV and V. 

2-lsoptopyl-2~2-methylphenyl)-5-(1 -piperazinyl)valeronitrile ( W r )  

A solution of Vlfp dihydrochloride (15.6 g, 0.034 mol) was hydrogenated on 15% Pdkharcoal (2.3 g) i n  a 
mixture of 15 ml water and 150 ml methanol at atmospheric pressure until the calculated amount of hydro- 
gen (820 ml) was consumed. The catalyst was filtered off and the solvent was evaporated under reduced 
pressure. 13.0 g (100%) of crude V f f r  dihydrochloride was obtained, which was purified by crystallization 
from acetone, m.p. 102 - 110 'C. The yield of the pure product was 12.4 g (99%). 'H NMR spectrum 
((*HJ),SO): 0.78 d, 1.05 d, 6 H (CH3, isopropyl); 2.49 s, 3 H (Ar-CH3); 8.25 m, 4 H (Ar-H). 

5-(4-Benzhydryl-l-piperazinyl)-2-isopropyl-2-(~-methylphenyl)valcronitrile (Wfs) 

Dihydrochloride of Vllr (3.75 g, 0.010 mol) was added to a solution of sodium methoxide (0.46 g Na i n  
50 ml methanol). T h e  solvent was evaporated under diminished pressure and the residue taken up into 
acetonc (65 ml). After addition of benzhydryl bromide (3.47 g. 0.014 mol) and potassium carbonate (5.5 g) 
the stirred reaction mixture was heated to reflux temperature for 7 h. After cooling to room temperature, 
the solid was Filtered off and the solvent was evaporated to dryness under reduced pressure. The residue 
was diluted with hydrochloric acid (3%. 100 ml) and the non-basic products were extracted into ether 
(2 x 100 ml). The aqueous phase was made alkaline (1M-NaOH) and extracted with chloroform (4 x 100 
mi). The combined organic extracts were dried (anhydrous sodium sulfate) and the solvent was evaporated 
under reduced pressure. The raw base (5.8 g) was transformed into dihydrochloride and purified by crys- 
tallization from 2-propanol-ether, map. 184 - 188 "C. The yield of the pure product was 3.8 g (71%). 'H 
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NMR spectrum ((2H,C)2SO): 0.8 d, 1.08 d, 6 H (CH,. isopropyl); 2.50 s, 3 H (CH3-Ar); 3.20 bm, 4 H 
(H-3, H-5, piperazine); 3.50 bm, 4 H (11-2, H-6, piperazine); 5.12 bs, 1 H (CH, benzhydryl); 7.20 - 8.00 
m, 14 H (Ar-H). "C NMR spectrum ((2113C)$O): 19.57 t (C-4, valeronitrile), 21.06 q (CH3-Ar), 31.67 t 
(C-3, valeronitrile), 33.99 d (CH, isopropyl), 47.06 t (C-3, C-5, piperazine), 47.80 t (C-2, C-6, piperazine), 
52.73 s (C-2, valeronitrile), 54.45 t (C-5, valeronitrile), 73.28 d (CH, benzhydryl), 121.23 s (C-1, vale- 
ronitrile), 134.08 bm ((2-2, arom.), 134.90 s (C-1, arom.), 137.22 s (C-1, arom., benzhydryl). IR spectrum 
(KBr, cm-I): 2 462 (N*-tl); 2 263 (CN); 752, 722 (mono- and disubstituted arom.). 

5-[4-(4-Chloro-3-sulfamoylbenzoyl)-l -piperazinyl]-2-isopropyl-2-(2-methylphenyl)valeroni trile (VIIt) 

Dihydrochloride of VIIr (3.75 g, 0.010 mol) was added to a solution of sodium methoxide (0.46 g Na i n  
50 ml of methanol). After evaporation of the solvent under reduced pressure, the residue was taken up into 
ethyl acetate (17 ml). Solution of sodium bicarbonate (1.4 g) in water (12 ml) was added. After addition of 
the solution of 4-chloro-3-sulfamoyltwnzoyl chloride (2.54 g, 0.010 mol) i n  ethyl acetate (10 mi) the 
reaction mixture was stirred at room temperature for 2 h. The solvent was evaporated under diminished 
pressure. The residue was  diluted with water (50 m i )  and the product was extracted with chlo- 
roform (4 x 100 ml). The combined organic extracts were dried (anhydrous sodium sulfate) and the 
solvent was evaporated under reduced pressure. The crude base was transformed into hydrochloride and 
crystallized from the mixture of isopropyl alcohol and diisopropyl ether, m.p. 114 - 119 "C. 1.6 g (27%) 
of pure hydrochloride was obtained. IH NMR spectrum (('H3C)zSO): 0.74 d and 1.02 d, 2 x 3 H ((CH&CH, 
J = 7.0); 6.90 - 7.90 m (S02NH2, Ar-H); 7.96 s, 1 11 (11-2'); 11.22 bs, 1 H (N*-H). 

2-(3,4-Dimet hoxyphenyl)-5-(2-hydroxyethylamino)-2-isopropylvaleronitrile (Ma)  

Title compound was prepared from aldehyde Va (16.2 g, 46.2 mmol) and ethanolamine (2.3 g, 46.2 mmol) 
using the procedure described for the preparation of amines VIII (general procedure for the reductive 
amination of aldehydes VIC) i n  88% yield. Melting point of the hydrochloride of IXa was 117 - 120 "C 
(acetoneIether). For CI8tI,,CIN20, (356.9) calculated: 60.47% C, 8.19% H, 9.93% CI, 7.85% N; found: 
60.44% C, 8.22% ti, 10.04% CI, 7.81% N. 

5-(2-Hydroxyethylamino)-2-isopropyl-2-(2-methylphenyl)valeronitrile (IXb) 

Title compound was prepared from aldehyde Vc (14.8 g, 53.0 mmol) and ethanolamine (3.3 g, 53.0 mmol) 
in 76% yield using he procedure described for Nu. Melting point  of the hydrochloride of IXb was 130 - 134 "C 
(tetrahydrofuran-diisopropyl ether). '1 I NMR spectrum (C'HCI,): 0.78 d, 1.10 d, 6 I 1  (CH,, isopropyl); 
1.08 - 1.20 m, 1 I I  (CH. isopropyl); 2.40 s, 3 H (CH,-Ar); 1.91. - 2.70 m, 6 11 (CH2CH2-N-CH2); 3.52 
bt, 2 11 (0-CH3); 7.04 - 7.22 m, 3 11 (H-3, H-4, 11-5); 7.32 - 7.55 bm, 1 H (11-6). IR (KBr, cm-I): 3 400 
(NH. OH. intramolecular bond): 2 200 (CN): 1 975. 1 915. 1 880. 1 840, 1 770 (1.2-disubst. arom.): 1 600, 
1 490. 1 480 (arom.); I 385, 1 330, 1 170 (isopropyl): 1 050 (OH). For C17H28CIN20 (310.9) calculated: 
65.68% C. 8.75% 11, 11.28% CI. 9.01% N: found: 65.591 C, 8.69% 11, 11.28% CI. 8.92% N. 

2-(3,4-DimethoxyphenyI)-5-(6,7-dimethoxy-l,2.3,4-tetr~hydroisoquinolin-2-yl)-2-isopropylvaleronitrile ( X )  

Title compound was prepared from the aldehyde Va (11.5 g, 30.1 mmol) and 6,7-dimethoxy-1,2,3,4-tetra- 
hydroisoquinoline (Xlb, 5.8 g, 30.1 mmol) i n  61% yield using the procedure described for preparation of 
amines VII (general procedure for reductive amination of aldehydes VIB). Melting point of hydrochloride 
of X was 180 - 186 'C (tetrahydrofuran-ethanol-diisopropyl ethedwater). '11 NMR spectrum 
(C2H$')2SO): 0.72 d and 1.15 d, 2 x 3 H ((CII3)2CH, J = 6.5); 1.65 bm, 1 H (CH of isopropyl); 2.22 bt, 4 H 
(H-1. H-2, propyl, J = 7.0); 3.80 s and 3.75 s, 12 H (CII,O-Ar): 4.16 bs, 2 II (A-CHZ-N); 6.80 bs, 2 H 
(A'-H): 7.02 bs, 3 H (Ar-10; 11.10 bs 1 H (N*-H). IR spectrum (KBr, cm-I): 2 963, 2 938, (CH3, CH,, 
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CH); 2 837 (OCH,); 2 578 (NH); 2 231 (CN), 1 611, 1 591, 1 518 (arom.); 1 465 (CH,); 1 440 (CHZ); 1 415, 
1 391 (isopropyl); 1 260, 1 146 (C-0-C); 855 (tetrasubst. arom.); 805, 767 (trisubst. arom.). For 
C271137CIN,O,. 0.5 HzO (498.1) calculated: 65.11% C, 7.69% 11, 7.12% CI, 5.622 N found: 65.25% C, 
7.75% H, 7.07% CI, 5.35% N. 

N-(4-Chloro-3-sulfamoylbenzoyl)ethylenediamine (Xlllb) 

A mixture of the ethyl ester of 4-chloro-3-sulfamoyl benzoic acid'' (10.0 g, 0.040 mol) and ethy- 
lenediamine (7.2 g, 0.120 mol) was stirred for 24 h at room temperature. The separated solid was filtered 
of and washed with ethanol. The product was purified by crystallization from a mixture of methanol and 
hexane. The yield of the pure product was 3.6 g (32%). Melting point of the pure base was 182 - 184 "C dec. 
(methanol), hydrochloride 257 - 260 'C dec., (ethanol). For C,Hl3CI~N,O$ (314.2) calculated: 34.40% C, 
4.172 H, 22.57% CI, 13.37% N, 10.21% S; found: 34.21% C, 4.37% H, 22.36% CI, 13.27% N, 10.30% S. 
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