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This report is primarily concerned with the synthesis and pharmacological properties of the alkylsulfonyl
benzamides and related isoquinoline derivatives. Thirty-three alkylsulfonylbenzene derivatives of series A 
and B were synthesized and screened for possible pharmacological activities. In both series, 13 compounds 
showed significant muscle-relaxant properties. The most active were p-isopropylsulfonyl-N-isopropylbenzamide 
(3) belongingto series A, and 3,4-dihydro-l-[p-(isopropylsulfonyl)phenyl]-6,7-dimethoxyisoquinoline (25) belong
ing to series B. They also possess anticonvulsant properties. The muscle-relaxing effect of both compounds 
is of the same order as that of chloromezanone,1 but much weaker than that of diazepam.2 

During the course of studies on alkylsulfonylbenzene 
derivatives, two series of compounds were synthesized 
and screened for their pharmacological activity: (i) 
24 benzamides of the general formula A (Table II), 
and (ii) nine related l-[jo-(alkylsulfonyl)phenyl]iso-
quinoline derivatives with the skeleton B (Table III). 

SO,R 

B 

Several members of both series exert more or less 
pronounced muscle-relaxing and anticonvulsant ac
tivity. Two of them, p-isopropylsulfonyl-X-isopropyl-
benzamide (3, Table II) and 3,4-dihydro-l-[p-(iso-
propylsulfonyl) phenyl ]-6,7-dimethoxyisoquinoline (25, 
Table III) were found to be the most active. Their 
effect is of the same order as that of chloromezanone 
and about half of that of chlorodiazepoxide. Xo simul
taneous sedation is observed. Further investigation 
has shown 3 and 25 to possess distinct anticonvulsant 
properties; they do not notably influence blood pressure 
and have no analgetic effect. 

The two compounds described earlier, isopropyl 
phenyl sulfone3,4 (22) and X-isopropylbenzamide5 (23), 
were compared with 3 and were found to possess no 
muscle-relaxing effect, indicating that the presence of 
both the "isopropylsulfonyl" and "X-isopropyl" groups 
is probably responsible for the activity of 3. 

Chemistry.—Synthesis of the various compounds 
was effected by using o-, m-, and p-thiocresols (I) as the 
starting materials (Table I). S-Alkylation6 gave 
alkylthiocresols (II) which were oxidized by KMn04 to 
the corresponding alkylsulfonylbenzoic acids (III) 
(Scheme I). The yields in the three steps were excel
lent. The acid chlorides (IV) obtained in the usual way 
were then treated with different amines under appro
priate conditions to give the amides of the series A 
(Table II). Analogous hydrazides 19 and 20 were 

(1) Trancopal®. 
(2) Valium®. 
(3) O. Robert and O. Wilhelm, Chem. Ber., 21, 998 (1888). 
(4) W. A. Baldwin and R. Robinson, J. Chem. Soc, 1445 (1932). 
(5) N. Mitlin, S. I. Gertler, and W. A. Gersdorff, V. S. Dept. Agr., Bur. 

Entomol. Plant Quarantine, ET828, 3 (1951). 
(6) Identical procedure used for the preparation of phenyl ri-propyl sul

fide: A. I. Vogel, J. Chem. Sec., 1822 (1948). 

SCHEME I 

prepared by reaction of hydrazine hydrate and methyl-
hydrazine or with ethyl p- (isopropylsulfonyl) benzoate, 
respectively. X'-Isopropylhydrazide (21) was ob
tained by catalytic hydrogenation of 19 in the presence 
of acetone. 

Compounds of series B (Table III) were synthesized 
from X-phenethylamides of type V (Scheme II). 3,4-

SCHEME I I 

S02CH(CH3)2 

V, R ^ C H s 

S02CH(CH3)2 

VI, R2 = CH3 or 

R1 + R2 = -CH2-

NR3 

S02CH(CH3)2 

VII, R3=H 
Vm,R3=CH3 orCOCH3 

Dihydroisoquinolines (VI) were obtained by Bischler-
Xapieralsky cyclization of V with POCL in benzene. 
These were further reduced with XaBH4 to 1,2,3,4-te-
trahydroisoquinolines (VII). X-Methyl derivatives 
(VIII) were prepared by the formaldehyde-formic acid 
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T A B L E I 

T H I O C H E S O L S , A C I D S , AND A C I D C H L O R I D E S 

Intermediate 

p-Iospropylthioeresol (a) 
p-Methylthiocresol (b)" 
o-Isopropylthiocresol Ce)'J 

m-Isopropylthiocresol (d)c 

p-Isopropylsiilfonylbenzoic 
acid (e) 

p-Melhylsulfonyl benzoic 
acid (f) 

o-IsopropylHiilfonylbeiizoic 
acid (g) 

m-Lsopropylsulfonylbenzoie 
acid (h) 

/j-Isiopropylsulfonylbeiizoyl 
chloride (i) 

/(-Methylsulfonylbenzoyl 
chloride (J)'' 

o-Isopropytsulfonylbenzoyl 
chloride (k)<< 

Hi-Isopropylsulfonylbenzoyl 
chloride (l)d 

" Prepared from p-thiocresol and Mel. ' From o-thiocresol and i'-Prl. ' F r o m w-thiocreso] and /-PrI. ' 'These were further 
employed without purificalion. 

.Method 

A 
A 
A 
A 
H 

B 

B 

B 

C 

C 

0 

C 

Yield. 

84 
84 
86 
94 
8(l.,"> 

80 

(J.") 

65 

83 

Up (mm) or 

trip. '(' 

96-97(14) 
88-90114) 
93-95(14) 

104-107i 14 ) 
102-193 

274-276 

152-153 

131-134 

83-85 

Hecrystti 
•idivent 

n,(i 

H,U 

H,.(> 

H,0 

C6l'l6-petr 
ether 

I ' o r n i u i f i 

0,„H,4S 
0,11,„S 
0,oH,4S 
0„,IIMS 
C>,,H,;()4S 

C'.HMS 

c,„n,..oJs 

CJlr-o^ 

CoIInClOsS 

C«II7C1(.)3S 

0„,II„01O3S 

OuJfnOlOaS 

c. 
0, 
(\ 
c. 
('. 

c, 

c, 

c, 

(' 

\nalyse* 

, H, S 
. II. .< 
, H, S 

H, S 
. II, S 

. II, S 

II. s 

II, S 

, It, 01, S 

method.7 Treatment of the dimethoxy compounds VI 
and VII with HBr-AcOH gave the corresponding 6,7-
dihydroxy analogs (29, 30, Table III). 

Pharmacology with Special Assessment of 3 and 25. 
(a) Muscle-Relaxing Effect.—Aluscle relaxation was 
determined by measuring impairment of postural and 
righting reflexes in six mice (female, 19-21 g) per dose 
using a slowly rotating horizontal metal rod. The 50% 
effective close (EDi(l) was the dose which caused suffi
cient relaxation to reduce by half the time the animal 
could maintain its position on the "rotating rod." 
An estimate of the lethal dose (LD,M) was obtained 
using one mouse (female or male, 18-22 g) per dose. 
The ratio l/D50/ICD5o gives an estimate of the thera
peutic range in this acute test. 

Tables IV and V show that of the .33 compounds 
tested, 13 exert a more or less pronounced muscle-
relaxing activity in the doses tested. The activity is 
much weaker than that of diazepam, and the thera
peutic range is smaller. In general, the effect was ob
tained after 30 min and lasted for about 3 hr. Com
pounds 3 and 25 were particularly active; but because 
of its higher acute toxicity, the therapeutic range of 25 
is smaller. The muscle-relaxing effect was confirmed in 
the cat (female and male, 2 3 kg). Thirty minutes 
after oral administration of 100 mg/kg of preparation 
3 or 25, muscle relaxation became apparent and was 
marked after 1 hr. 

(b) Sedative Effect.-—Preparations with hypnotic-
sedative properties also curtail the time a mouse can 
remain on the rotating rod. In the two compounds, 
3 and 25 producing the most marked muscle relaxation, 
more detailed studies excluded the possibility that a 
sedative effect was responsible for the muscle relaxation 
because they did not potentiate subthreshold doses of 
ethanol (Table VI). Sedation was obtained with 3 
only in the high oral dose of 300 mg/kg and with 25 
in a slightly lower dose. 

(7) Ji. T. Clarke, li. hi. (iillespie, and S. Z. Weisshans, J. Am. Chem. 
Km:, 85, 4,371 UHM1. 

(c) Anticonvulsant Effect.—In the electroshock test" 
in the mouse, 3 and 25 showed anticonvulsant proper
ties both for threshold convulsions (minimal shock) and 
maximal convulsions (maximal shock). Table VII 
shows that the relatively potent effect of 3 against max
imal electric shock in the mouse (indicating efficacy 
against grand mal type seizures) could be confirmed in 
the cat. This was not so for the weaker 25. 

At a dose of 300 mg/kg po preparation 3 gave full 
protection against convulsions produced by intra
venous injection of pentylenetetrazole;9 no tonic ex
tension of the hind limbs occurred in ten mice (female, 
19-21 g); with 100 mg/kg po, almost twice the pentyl
enetetrazole dose had to be infused. According to the 
classical method, i.e.. after intraperitoneal injection of a 
lethal concentration of pentylenetetrazole in batches of 
ten mice per dose (female and male, 23-2") g), 50%, sur
vival was attained with 450 mg/kg po of 3. Thus a 
clear antagonism against pentylenetetrazole effects was 
obtained only at sedative doses as referred to above. 

After only 30 mg/kg po of 25, twice the pentylene
tetrazole dose was required to produce tonic extension 
of the hind limbs. Using the classical method of intra
peritoneal injection of a lethal concentration of pentyl
enetetrazole (ten mice per dose), 50% survival was 
obtained only with 250 mg/kg. This dose is also in the 
range of incipient sedation. 

(d) Effect on Blood Pressure. Apart from a slight 
initial hypotensive effect of 3 mg/kg iv of 25 in anes
thetized cats (female and male, 2-3 kg) and a similar 
effect at an oral dose of 30 mg/kg in the nonanesthetized 
hypertensive rat, the blood pressure was not noticeably 
affected by oral doses of up to 50 mg/kg of 3 and up 
to 100 mg kg of 25, either under the above-mentioned 
conditions or in the unanesthetized cat with carotid 
artery loop (van Leersum). 

(8) Method based on that ol E, A. Suinyard, W. ( \ Brown, and 1,. S 
Goodman, ./. Pharmacol. I-Jxptl. Therap., 106, S19 (1952). 

(9) Method based on that of M. ,1. Orloff, H. I.. Williams, and ('. < ' 
Pleitfer, /'roc. $oc, i'.'xji. Bid. Mi-I., 70, 254 11949). 

file:///nalyse*
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S'o. 

1 
2 

3 
4 

5 

6 
7 

8 
9 

10 
11 

12 

13 
14 

15 

16 

17 
18 
19 

20 

21 

22 
23 

24 

R 

CH(CII3)2 

CH(CH3)2 

CH(CH3)2 

CH(CH3)2 

CH(CH3)2 

CH(CH3)2 

CH(CH3)2 

CH(CH3)2 

CH(CH3)2 

CH(CH3)2 

CII(CH3)2 

CH(CH3)2 

CH3 

CH3 

CH(CH3)2 

CH(CH3)2 

CH(CH3)2 

CH(CH3)2 

CH(CH3)2 

CH(CH3)2 

CH(CH3)2 

CH(CH3)2 

(S02R = 
H) 

CI 

NRiR2 

NH2 

XHCH 3 

NHCH(CH3)2 

NHCH(CH3)2 

XHCH(CH,A 

N(C2H3)2 

N(C2H3)2 

N H C H 2 C H = C H 2 

XHCH2CH2OH 

NC(CH3)3 

NH(CII2)2N(C2H,-,)2 

o 
XHCH(CH3)2 

X(C2H3)2 

^OMe 

NH(CH2),—f)—OMe 

N H ( C H 2 ) 2 — \ \ - ° 

XHC6H4Cl-p 
NHC6H3-3,4-Cl2 

XHXH 2 

NHXHCH 3 

NHXHCH(CH 3) 2 

(CONRiR2 = H) 
NHCH(CH3)2 

NHCH(CH3)2 

TABLE II 

o-, m-, AND P-ALKYLSULFONYLBENZAMIDES 

Position 
of alkyl-
sulfonyl 

group 

P 

P 

V 
m 

0 

V 
0 

P 

P 

P 

P 

P 

V 

P 

P 

P 

P 

V 

p 

p 

p 

p 

{ 

Yield, 

% 
65 
70 

82 
41 

~ 2 5 

62 
35 

71 
61 

68 
44 

55 

84 
61 

49 

44 

65 
54 
98 

75 

81 

70 
62 

40 

CON 

^ _ j j _ S 0 2 R 

Bp (mm) or 
mp, °C 

168-170 
128-132 

136-138 
122-124 

115-117 

129-131 
88-90 

126-127 
106-107 

149-151 
207.9(0.04) 

150-152 

185-187 
67-69 

98-99 

145-147 

205-206 
244-246 
182-184 

120-122 

119-121 

153-155(14) 
98-101 

142-145 

Crystn 
solvent 

EtOH 
E t O H -

Et 2 0 
EtOH 
Et 20-petr 

ether 
C6H6-petr 

ether 
EtOH 
Et 2 0-pet r 

ether 
CeH6 
E t O H -

Et 2 0 
EtOH 

EtOH 

EtOH 
Et 20-petr 

ether 

«-PrOH-
?-Pr 2 0 

EtOH 

EtOH 
Me2CO 
H 2 0 -

EtOH 
C6H6-petr 

ether 
C6H6-petr 

ether 

H , 0 

C6H6 

Method 

])•' 

D 

D 
D 

D 
E 

D 

D 

D 
D 

E 

E 

D 

Formula 

C10H13NO3S 
d , H , , N 0 3 S 

CuHiaNOsS 
C13H lnN03S 

CisHniNCS 

C,4lI,.N03S 
C14H2iN03S 

C13H„N03S 
Ci2Hi,X04S 

Ci4H2iX03S 
C16H26X203S 

CI,H21X03S 

CnH,r,X03S 
C12HI7X03S 

C20H2.-,XO,S 

dsHo^ 'OiS 

Ci6H16ClX03S 
CieHi;Cl2X03S 
CioHi4X203S 

C,iH16X203S 

CI3H20X2O3S 

C,,H1202S 
C10H13XO 

C10H12C1XO 

Analyses 

C, H, X, S 
C, II, S 

C, H, S 
C, H, S 

C, II, S 

C, H, X, S 
C, H, S 

C, H, S 
C, II, X, S 

C, II, S 
C, H, X, S 

C, II, X, H 

C, II, X, S 
C, II, S 

C , H , S 

C, II, X, S 

C, H, CI, S 
C, II, CI, X, S 
C, II, X, S 

C, H, S 

C, II, S 

C, II, S 
C, II, X 

C, II, CI 

° The reaction was carried out below 0°. *> The reaction solvent was C6H6. 

(e) Analgetic Effect.—"Writhing" (pain produced in 
the mouse by intraperitoneal injection of dilute AcOH) 
was not significantly reduced by either 3 or 25, in 
groups of four animals at various dose levels. 

Experimental Section 

Melting points and boiling points are uncorrected. Where 
analyses are indicated only by symbols of the elements or func
tions, analytical results obtained for those elements or functions 
were within ± 0 . 4 % of the theoretical values. Analyses, yields, 
melting points, boiling points, and other relevant data are re
corded in Tables I—III. 

Method A. p-Isopropylthiocresol or p-Thiocresol Isopropyl 
Ether (a).—To an EtOH solution of NaOEt prepared from Na 
(23 g, 1 g-atom) and absolute EtOH (600 ml) was added dropwise 
with stirring p-thiocresol (124 g, 1 mole). The mixture was stirred 
for 1 hr at room temperature and then i-Prl (170 g, 1 mole) war* 

added drop by drop with stirring and maintaining the tempera
ture of the reaction below 30° during addition. After refluxing 
the mixture for 5 hr, the solvent was distilled off under reduced 
pressure. The resulting residue was decomposed with H 2 0 
(300 ml) and extracted (Et 20, three 150-ml portions). The 
combined etheral extract was washed (H20, 10% XaOH, H 20, 
10% H2S04, H 2 0) . After drying (Xa2S04) the ether was evapo
rated to dryness to give a yellowish oil which was distilled in a 
high vacuum. 

Method B. p-lsopropylsulfonylbenzoic Acid (e).—A mixture 
of p-isopropylthiocresol (49.8 g, 0.3 mole), K M n 0 4 (190 g, 1.2 
moles), 10% NaOH (30 ml), and H 2 0 (1.5 1.) was refluxed on an 
oil bath for 3 hr. After cooling, the reaction mixture was de
colorized with 40% aqueous NaH80 3 (1.5 1.) and filtered. The 
residue was washed (H 20) and the washings were combined 
with the filtrate, which on acidification with concentrated HC1 
gave a white crystalline precipitate. 

Method C. p-Isopropylsulfonylbenzoyl Chloride (i).—p-
Isopropylsulfonylbenzoic acid (10 g) was mixed with dry T H F 
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T A B L E I I I 

l - l / H IrtOPROPYLSUI.FONYl, (PHENYL) ISOl jCINOLINF-

^=N 

No. 

2,") 

20 

27" 

28 

20" 

30 

31 

32 

3 3 " 

T y p e 

VI 

VI I 

V I I I 

VI I I 

VI 

VII 

VI 

VII 

VI I I 

Hi 

CI I, 

C H , 

C l i , 

CH., 

It 

H 

- C H , 

-CI I, 

-CH.. 

R, 

C H , 

C H , 

C H , 

CI I, 
H 

II 

H, 

II 

C I I , 

C O C I h 

II 

II 

cn, 

S0,CH(CH 3 ) 

VI 

Yield. 

' • ; 

!)S 

70 
OS 

si 
71 

50 

78 
74 

SO 

1.7 

Mp, "C 

150-160 
115-116 

232-235 

181-182 

320 -323 

dec 

135 dec 

103-195 

123-120 

1 7.3- 174 

S0 2CH(CH,) 

VII or VIII 

("r.\ sin soh en! 

E t O A c 

E t O A c 

E t O H 

E t O H 

E t O H 

E t O H 

E t O A c 

EtOAc- pet r 
el iter 

M e O H 

Ht..() 

: 

Formula 

C 2 ( J I , , X 0 4 S 

C2()Fl2f,X04S 

C 2 I I I 2 7 X 0 4 S - H C 1 
C22II27XO;,S 

C , J I , . , X 0 4 S - n B r 

C , T I 2 1 X 0 4 S 

Cn.HmNOjS 

Ci a I I 2 ,X( ) 4 S 

C2 l ,Ii,> ; ,X04S-HCl 

C 

C. 
C, 

C, 

C, 

C. 

C, 

c, 

c. 

Analyses 

, 11, S 

, n, s 
11, CI, S 

II, X 

II, Br, S 

H, X, S 

II, S 

H, S 

H, CI 

Hydroch lo r ide or h y d r o b r o m i d e . 

T A B L E IV 

A C C T E T O X I C I T Y AND M C S C L E - R E L A X I N G E F F E C T . 

o-, rn~, AND P - A L K Y L S C L F O N Y L B E N Z A M I D E S 

No, 

1 
2 

3 

4 

5 

0 

~ 
S 

0 

10 

11 

12 

13 
14 

15 

1G 

17 
IS 

10 

20 

21 

22 

23 
24 

Ll>5», 
n i g / k g po 

2500-5000 

0 0 0 - 1 2 0 0 
1250-2500 

1250-2500 

1250-2500 

1250-2500 
20 -40 

000-1200 
2500-5000 

2500-5000 

1250-2500 

1250-2500 

2500-5000 
600-1200 

> 5 0 0 0 

>."){)()() 

> 5 0 0 0 

> 5 0 0 0 

300 G00 

1250-2500 

600-1200 

2500-5000 

000-1200 
1250-2500 

Eft , , 
m g / k g po 

> 3 0 0 

200 
i')') 

150 

> 3 0 0 

200 

> 1 0 

100 

> 3 0 0 
110 

> 3 0 0 

> 3 0 0 

200 

> 3 0 0 

> 3 0 0 

> 3 0 0 
120 

> 3 0 0 

> 1 0 0 

300 

230 

> 3 0 0 

MOO 
100 

Approx 

t he rap 
ra t io 

I n a c t i v e 

5 

o-> 

10 

SI ac t ive 

10 

I n a c t i v e 

10 

SI ac t ive 

35 

Inac t i ve 
SI ac t ive 

20 

Inac t i ve 

Inac t i ve 

I n a c t i v e 

> 4 0 

Inac t i ve 

Inac t i ve 
(i 

5 

I n a c t i v e 

I n a c t i v e 
10 

Onse t of 
effect. 

min 

-GO 

30 

30 

30 

30 
30 

30 

60 

30 

- 3 0 

00 

60 

0 0 - 1 2 0 

60 

30 

- 3 0 

- 3 0 

30 

Dura
t ion o 
effect 

hr 

3 

3 
o 

4 

3 

3 

3 

4 

3 

3) 

2 

(25 ml) and freshly disti l led SOCl 2 (15 ml) was a d d e d to t h e 
m i x t u r e . After s t a n d i n g at room t e m p r a t u r e for 0.5 hr, t h e 
m i x t u r e was refluxed for a n o t h e r 0.5 hr : excess SOCl 2 was dis
til led unde r r e d u c e d pressure a n d by codist i l la t ion w i t h benzene . 
T h e resu l t ing b rowni sh solid was dissolved in CsIIe (200 ml ) , 
refluxed wi th charcoal (2 g) for 30 min, a n d filtered a n d t h e 
f i l t rate was e v a p o r a t e d to abou t 50 ml. B y add i t ion of p e t r o l e u m 
e the r ( b p 0 0 - 8 0 ° ) un t i l t u r b i d a n d cooling ove rn igh t a g ranu la r , 
colorless c rys ta l l ine solid was ob t a ined . 

Ethyl p-Isopropylsulfonylbenzoate ( m ) . M e t h o d i . — T h e 
c rude acid chlor ide p r e p a r e d from p- isopropylsu l fonylbenzoic 
acid (30 g) was t r e a t e d wi th E t O H (200 ml) and g radua l ly hea t ed 
to reihix for 1 hr . T h e alcohol was dist i l led u n d e r reduced 

No 

25 

T A B L E V 

A C T T E T O X I C I T Y AND M U S C L E - R E L A X I N G E F F E C T . 

1 - [ / M T S O P R O [ > Y L S U L F O N Y L ) P H E N Y L ] ISOO.LT NO L I N E S 

Onset Dura-
K3V', Approx 

I.Dsn, uiK/ kg tHerat) 
mg / kg pa po rat io 

350 30 10 

(250 sc) ( 2 0 s c ) (10) 

300 -600 > 1 0 0 Inac t ive 

300-000 > 3 0 0 SI ac t ive 

> 5 0 0 0 > 3 0 0 Inac t ive 

> 5 0 0 0 > 3 0 0 Inac t i ve 

i ac t ive 

ol 
effect, 

min 

30 
( 3 0 ) 

30 
30 

tion 
etl'ec 

hr 

3 
:! 

I ) iazepam 

2500-5000 > 3 0 0 

600-1200 170 5 

150-300 > 1 0 0 Inac t i ve 

000-1200 > 3 0 0 SI ac t ive 

700 4 175 

30-00 

00 
30 

T A B L E VI 

P O T E N T I A T I O N O F T H E S E D A T I V E E F F E C T O F E T I I A N O L " 

Dose cor responding 
!o Ki t s , on ro ta t ing 

rod'1 
Min 

reeuniLeut 

3 55 n i g / k g pv 2 

25 30 m g / k g po 2 

" 3.75 g / k g ip in ten mice each (mail;, 18-20 g). '' See T a b l e 
IV and Y. 

T A B L E VII 

5 0 f ; P R O T E C T I V E D O S E IN T H E E L E C T R O S C H O C E T E S T 

—PDfiu, m g - k g po -

Mouse-
Mill Max 

No. shock shock C a t " 

3 230 70 25 
25 1(10 200 250 

" T h e ,50'"i p r o t e c t i v e dose is Unit which raises the convuls ive 
threshold by 5 0 ' , in ca ts . 

p ressure and an oily res idue o b t a i n e d from which a fraction 
dist i l l ing at 154-150° (0.04 m m ) was s e p a r a t e d as t h e desired 
es ter ; yield 23 g. 

isoo.lt


September 1968 MUSCLE RELAXANT ALKYLSULFONYLBENZAMIDES AND -ISOQUINOLIXES 1027 

Method ii.—p-Isopropylsulfonylbenzoic acid (30 g), EtOH 
(200 ml), and concentrated H2S04 (15 ml) were refluxed together 
for 5 hr. After distilling the solvent under reduced pressure, 
the residue was treated with a mixture of CH2C12 (100 ml) and 
H 2 0 (50 ml). The CH2C12 solution was once again washed 
(H 20) and dried (Na2S04), and the solvent was removed by 
distillation. The residual oil was distilled in a high vacuum, 
giving a product identical with the above; yield 28 g. Anal. 
(C12H1604S) C, H, S. 

p-Isopropylsulfonylbenzamide (1).—p-Isopropylsulf onylbenzoyl 
chloride (crude) prepared from p-isopropylsulfonylbenzoic acid 
(20 g) was mixed with 28% NH4OH (50 ml) and the mixture 
warmed on a water bath for 30 min. The reaction mixture was 
then diluted (H20, 200 ml) and the resulting solid was collected 
by nitration. I t was dissolved in EtOH, treated with charcoal, 
and filtered. The filtrate on cooling gave needles. 

Method D. p-Isopropylsulfonyl-N-isopropylbenzamide (3).— 
To a solution of p-isopropylsulf onylbenzoyl chloride (37 g, 0.15 
mole) in dry E t 2 0 (250 ml), was added with stirring a solution 
of isopropylamine (120 g, 0.75 mole) in dry E t 2 0 (200 ml) drop 
by drop, maintaining the temperature of the reaction mixture 
during addition below 15°. After the addition was complete, 
stirring was continued for another 2-3 hr below 20° and then the 
solution stood at room temperature overnight. The white solid 
was collected by filtration, washed (Et 2 0) , and dried. I t was 
then mixed with H»0 (800 ml), thoroughly stirred, filtered, and 
recrystallized. 

Method E. N-(2-Hydroxyethyl)-p-(isopropylsulfonyl)benz-
amide (9).—This reaction was carried out in T H F instead of 
ether under identical conditions as for 3. T H P was removed 
and the gummy residue was treated with CH2C12 (200 ml), the 
CH2C!2 solution was washed with dilute HC1 (25 ml 1 N), 
dried (Na2S04), and evaporated to dryness, and the gummy 
product crystallized. 

N- [ 2-( Diethy lamino )ethyl] -p-( isopropy lsulfony 1 )benzamide 
(11).—At the end of the reaction of p-isopropylsulfonylbenzoyl 
chloride and diethylaminoethylamine carried out in E t 2 0 under 
identical conditions as for 3, ether was evaporated to dryness. 
The residue was treated with 1 N HC1 and Et 2 0 . The acidic 
solution was separated, made alkaline with 28% NH4OH, and 
extracted (Et 20) . After washing (H20) and drying (Na2S04) 
ether was evaporated to give a thick oil, which was distilled 
under high vacuum. The oxalate prepared in ethereal solution 
was recrystallized from E tOH-Et 2 0 , mp 116-118°. Anal. 
(C16H26N203S-H2C204) C, H, NT, S. 

p-(IsopropylsulfonyI)benzhydrazide (19).—A mixture of the 
stoichiometric proportions of ethyl p-isopropylsulfonylbenzoate 
(44.0 g) and hydrazine hydrate (44.0 g) was heated on a water 
bath at 80-100° for 2 hr. Then the reaction mixture was cooled, 
diluted with H 2 0 (50 ml), and filtered. The solid was washed 
(H20), dried, and recrystallized. 

p-(Isopropylsulfonyl)-N'-methylbenzhydrazide (20).—Stoichio
metric proportions of ethyl p-isopropylsulfonylbenzoate (10.0 g) 
and methylhydrazine (10.0 g) were initially warmed together at 
80° in the presence of EtOH (10 ml) for 1 hr and then refluxed 
for 3-4 hr. The pale yellow clear solution was evaporated under 
reduced pressure, and the residue was dissolved in CeHe (30 ml), 
treated with charcoal, and filtered. To the filtrate was added 
petroleum ether until turbidity developed and on cooling a pale 
yellow solid was formed. The hydrochloride was prepared in 
E tOH; white crystalline salt, mp 240-243°. Anal. (CUH16-
N203S-HC1)C, H, CI, S. 

N'-Isopropyl-p-(isopropylsulfonyl)benzhydrazide (21).—p-
(Isopropylsulfonyl)benzhydrazide (30.0 g) in Me2CO (300 ml) 
and absolute EtOH (300 ml) was hydrogenated (Pt0 2 , 300 mg) 
until no more H2 was taken up (24 hr). The catalyst was removed 
by filtration, and the filtrate was evaporated to dryness under re
duced pressure, to give a solid residue which after treatment with 
charcoal in C6H6 and addition of petroleum ether to turbidity gave 
colorless crystals. 

p-Chloro-N-isopropylbenzamide (24).—p-Chlorobenzoyl chlo
ride (crude) obtained from p-chlorobenzoic acid (31.3 g) was 
dissolved in CeH6 (100 ml) and to the resulting solution iso
propylamine (40 g) in C6H6 (50 ml) was added drop wise with 
stirring under 10°. After stirring for another 2 hr at room tem
perature, the solvent was evaporated to dryness. From the 
residual solid a neutral fraction was isolated by extraction as the 
desired product. 

l-[(p-Isopropylsulfonyl)phenyl]-6,7-dimethoxy-3,4-dihydro-
isoquinoline (25).—To a suspension of N-(3,4-dimethoxy-

phenethyl)-p-(isopropylsulfonyl)benzamide (25 g) in C6H6 (250 
ml) was added cautiously at room temperature POCl3 (25 ml) 
and the mixture was gradually refluxed for 3 hr. From the clear 
solution, a yellow precipitate separated out. The solvent was 
removed by distillation under reduced pressure. The residue 
was carefully dissolved in MeOH and to the methanolic solution 
E t 2 0 was added until turbidity developed and a yellow crystalline 
solid was formed, mp 225-226°. Anal. (C20H33NO4S-HCl) C, 
H, CI, S. This was dissolved in H 2 0 and made alkaline with 
NH4OH, when a colorless solid precipitated out. 

l,2,3,4-Tetrahydro-l-[(p-isopropylsulfonyl)phenyl]-6,7-dime-
thoxyisoquinoline (26).—NaBH4 (5 g) was added in portions 
with stirring to 3,4-dihydro-l-(p-isopropylsulfonyl)phenyl-6,7-
dimethoxyisoquinohne hydrochloride (10 g) in MeOH (100 ml) 
at a temperature below 10°. After the addition was complete, 
the reaction mixture was left standing overnight at room tem
perature, the solvent was removed by distillation under reduced 
pressure, and the residue was treated with CH2C12 (100 ml) and 
dilute HC1 (150 ml, 1 A'). The acidic solution was separated, 
made alkaline with 28% NH4OH, and extracted (CH2C12). 
After washing (H20) and drying (Na2S04), CH2C12 was removed 
to give a colorless oil which was recrystallized. The hydro
chloride was prepared in EtOH, mp 238-239°. Anal. (Co0-
H2 5N04S-HC1)C, H, CI, S. 

l,2,3,4-Tetrahydro-l-[p-(isopropylsulfonyl)phenyl]-6,7-dime-
thoxy-2-methylisoquinoline (27) and Hydrochloride.—1,2,3,4-
Tetrahydro -1 - [(p - isopropylsulfony 1 )phenyl] - 6,7 - dimethoxyiso-
quinoline (15 g), formic acid (15 ml, 99%), and formaldehyde 
(22.5 ml, 40%) were mixed together and heated at 100° for 
3 hr. The mixture was then evaporated under reduced pressure 
and the resulting residue was treated with dilute HC1 (75 ml, 1 
N). This was washed (Et20, 50 ml), made alkaline with 28% 
NH4OH, and extracted(CH2Cl2). After washing (H 20) and drying 
(Na2S04), CH2C12 was removed by distillation under reduced 
pressure when a yellowish oil was obtained. The hydrochloride 
was prepared in E t 2 0 and recrystallized. 

2-Acetyl-l ,2,3,4-tetrahydro-l - [p-(isopropylsulfonyl )phenyl] -
6,7-dimethoxyisoquinoline (28).—l,2,3,4-Tetrahydro-l-[p-(iso-
propylsulfonyl)phenyl]-6,7-dimethoxyisoquinoline (10 g) was dis
solved in pyridine (40 ml) and to the clear solution Ac20 (40 ml) 
was added at room temperature. The mixture was allowed to 
stand overnight, the excess pyridine and Ac20 were removed 
by distillation, and the residue (a brown oil) was decomposed with 
ice-cold H 2 0 (60 ml). I t was then extracted (CH2C12) which after 
washing (H 20, dilute HC1, and H 20) again was dried (NaS04) 
and evaporated to dryness under reduced pressure. The result
ing residue was recrystallized. 

3,4-Dihydro-l- [p-(isopropylsulfonyl)phenyl] -6,7-isoquinoline-
diol Hydrobromide (29).—l-[(p-Isopropylsulfonyl)phenyl]-6,7-
dimethoxy-3,4-dihydroisoquinoline (5 g) was mixed together 
with glacial AcOH (25 ml) and HBr (20 ml, 60%) and the 
mixture was refluxed for 7 hr and then evaporated to dryness 
under reduced pressure. The residual solid was treated with 
EtOH (25 ml) and filtered. The filtrate was discarded and the 
solid was recrystallized. 

l,2,3,4-Tetrahydro-l-[p-(isopropylsulfonyl)phenyl]-6,7-iso-
quinolinediol (30).—l,2,3,4-Tetrahydro-l-[p-(isopropylsulfonyl)-
phenyl]-6,7-dimethoxyisoquinoline (11 g) was mixed with glacial 
AcOH (60 ml) and HBr (80 ml, 60%) and heated at 125° (bath 
temperature) overnight. I t was then evaporated under reduced 
pressure and the residue was dissolved in dilute HC1 (75 ml, 1 A"). 
The acidic solution was made alkaline (NH4OH) and extracted 
(CH2C12). After washing (H20), drying (Na2S04), and removing 
the solvent, the residue was recrystallized. The hydrochloride 
was prepared in EtOH; mp 165-170° dec. Anal. (CisH,!-
N0 4S-HC1)C, H, CI, N , S . 

3,4-Dihydro-l-[p-(isopropylsulfonyl)phenyl]-6,7-(methylene-
dioxy)isoquinoline(31).—To a suspension of p-{isopropylsulfonyl)-
N-[(3,4-methylenedioxy)phenethyl]benzamide (95 g) in C6H6 

(950 ml), POCl3 (150 ml) was added at 20° and in about 15 min. 
The mixture was then gradually refluxed for 4 hr, during which 
time a clear solution turned out into a suspension. After cooling, 
the solid was collected by filtration and dissolved in H 2 0 (800 
ml) and the acid solution was made alkaline with 28% NH4OH 
and extracted (CH2C12). After washing (H20) and drying (Na2-
S04), CH2C12 was removed under reduced pressure to give a 
solid. The hydrochloride was prepared in EtOH; mp 245-248° 
dec. 

l,2,3,4-Tetrahydro-l-[p-(isopropylsulfonyl)phenyl]-6,7-meth-
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ylenedioxyisoquinoline (32).—To a suspension of 3,4-dihydru-l-
|/;-(isopropylsiilfonyl)phenylj -6,7-(methylenedioxy)isoq(iinoline 
(70.S g) in EtOH (500 ml) was added at room temperature with 
stirring NaBH4 (23 g) in portions and the mixture was heated 
on a water bath (90°) for o hr. The solvent was then removed 
and the residue was treated with dilute I1C1 (3.o L, 0.."> A") and 
filtered. The filtrate was made alkaline with 2 8 r

( NH4OH and 
extracted (CH...CI,), and the latter was washed (FM)), dried 

( NaL.S(hj, and removed in give a viscous oil. The hydrochloride 
was prepared in EtOH; mp 267-26!)°. 

1,2,3,4-Tetrahydro-l - [ p-( isopropy lsulfonyl )phenyl j-2-methy I-
6,7-(methylenedioxy)isoquinoline Hydrochloride (33). 1,2,3,-1-
Tctrahydro- 1 - !/j-(isopropylsulfonyl)phenyl! -6,7-lmelhyU'iiedi-
oxylisoquinoline ( 10 g), formic acid ( 10 ml, !)!)' , '!, and formalde
hyde (lo ml, 4.0'',' ) were allowed to react and the reaction product 
was isolated exactly in the same wav as for 27. 

The Synthesis and Pharmacology of 2-(2-Aminoethyl)imidazole (2-lsohistamine) ' 
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The compound prepared by Jones, which was assigned the structure 2-(2-aminoethyi)imidazole (3), is actually 
r>-aminomethyl-2-methylimidazole (14). Authentic 3 has been synthesized from l-benzyl-2-chloromethylimida-
zole (7) by cyanide displacement in DMSO to yield mtrile 10, followed by reduction to the amine 12 and de-
benzylation. Reaction of l-benzyl-2-lithioimidazole (15) with N-(2-bromoethyl)phthalimide (16) gave 2-(2-
aziridinocarbonylbeuzoyl)-l-benzylimidazole (19) rather than the expected alkylatioii product 17. Compound 3 
has weak histamine-like activity on smooth muscle and on blood pressure but mine on gastric secretion. 

Extensive investigations on the chemistry and 
pharmacology of heterocyclic analogs of histamine 
(1) have been in progress in these laboratories for more 
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than two decades.- As a result of these studies 3-(2-
aminoethyl)pyrnzole (2)3 has been introduced into 
clinical medicine. This drug, which is an effective 
stimulant of gastric secretion, is used in place of 
histamine in tests of gastric function. Because of its 
minimal side effects it is more convenient to use than is 
histamine itself. 

Recently Jones' has reviewed the structure-activ
ity relationships of some 210 derivatives and analogs 
of histamine and has concluded that "compounds pos
sessing appreciable histamine-like activity consist of 
small nitrogen heterocyclic rings to which are attached 
2-aminoethyl side chains." Among the very few ex
ceptions to this simple generalization, one has appeared 
especially anomalous. It would be anticipated a 
•priori that one of the most interesting analogs of hista
mine would be the isomer, 2-isohistamine (3), with the 

i l ) Al ter ibis m a n u s c r i p t was comple ted an i n d e p e n d e n t syn thes i s of 
2- i sohis tamine was r epo r t ed in a p re l iminary commun ica t i on by G. J. D u r -
unt , M . K. Foo t t i t , 0 . R. Ganel l in , .7. M. Loynes , 1:.. S. Pepper , a n d A. M . 
Hoe, Client. Commun., 108 (1968). 

(2) ta) R, G. Jones , ,/. Amer. Chem. Soc. 71 , 383 (1949): (b) ibid., 71 , 
31)9-1 (1049); (e) ihid., 74, 4207 (1952); (d) R. G. Jones , E . C. Kornfeld, 
a n d K. C. M c L a u g h l i n , ibid., 72, 3539 (1950); (e) ihid., 72, 4526 (1950); 
(0 K. G. Jones a n d M . J . M a n n , ibid., 75 , 4048 (1953); (g) R . G. Jones a n d 
K. C. McLaugh l in , ihid.. 71 , 2444 (1949); (h) R. G. Jones a n d K. C. 
McLaugh l in . ./. Org. Chum., 19, 1428 (19.54): (i) H. M . Lee a n d R . G. Jones . 
,/. Pharmacol. Kxp. Ther., 95 , 71 (1949); (j) T . M . Lin, R . S. Alphin, F . G. 
Henderson, a n d K. K. Chen , ibid., 134, 88 (1961); (k) T . M . Lin, R . S. 
Alphin, F. G. Hende r son . D. N . Benslay, a n d K. K. Chen , Ann. A'. Y. Acad. 
Sri.. 99, 30 (1962); (1) T. M . Lin, F . G. Henderson . K. K. Chen , a n d D, X . 
Benslay, f'rnc Intern. Pharmacol. Meeting, /»'(, Stockholm, 1981, 7, 351 
(1962); (in) <". Ainsworth , ./. Amer. Chem. Soc, 75, 5728 (1953); (n) ibid., 
79, 5242 (1957): (o) C. Ainsworth a n d R. G. Jones , ibid., 75 , 4915 (19,53); 
(pi ibid.. 76, 3172 (1954); (IJ) ihi,!., 76, 5051 (1954); (r) ibid., 77, 621 
i 1955). 

CI) Hislaloj! "•', betazole hydrochlor ide , Lilly. C. B. d a y m a n . J. B. 
Kirsner . and 11. Ford , ./. Amer. Med. .Us . , 175, 908 (1961). 

(1) R. G. Jones in " H a n d b o o k of Kxper imenta l P h a r m a c o l o g y . " Vol. 
W i l l 1. Spr imier-Verlau, Berlin. 19f>6, C h a p i c r 1, 

side chain in the 2 rather than in the 4 position. This 
compound was reported from these laboratories in 
1949,2a but unexpectedly it was found2' to be devoid of 
histamine activity. In contrast to this observation, 
heterocyclic ethylamines containing the 3-(l,2,4-tri-
azolyl) (4).2i 2-thiazolyl (5), and 4-pyrazolyl (6) moie-
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ties showed very significant activity.4 This inconsis
tency was without an explanation until recently Gut-
sche and Voges5 provided evidence that the structure 
assigned to analog 3 was incorrect. 

The method devised originally by .Jones2a for the syn
thesis of 3 involved reaction of l-benzyl-2-chloroniethyl-
imidazole (7) with cyanide to yield l-benzyl-2-cyano-
methylimidazole (10). The nit rile 10 was then to be re
duced to the (3-aminoethyl derivative 12, which on de-
benzylation would afford "2-isohistamine" (3). Gut-
sche showed by nmr analysis that the nitrile isolated in 
the procedure of Jones was in fact not 10 but rather the 
isomer 11 (see Chart I). This meant that subsequent 
reduction gave 13, not 12, and debenzylation led to ">-
aminomethyl-2-methylimidazole (14) rather than 1o 2-
isohistamine (3). Since 14 is a benzylamine and not an 
aminoethyl derivative, it is not surprising that it showed 
no histamine-like activity. 

Although the rearrangement that occurred in the cy
anide reaction with the chloride 7 to yield 11 was unex
pected, it is not without explanation or precedent. Ion
ization of 7 would give the resonance hybrid [8a *-> 8bJ. 
which with cyanide ion could react at either the "nor
mal" benzylic position or at the 5 position to give the 
nitrile 10 or its isomer 11, respectively. Analogy for 
this dichotomy is found in the similar behavior of fur-
furvl chloride, which with cvanide gives either 2-cvano-
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