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3-( 2-Propy1amino)propyl. HC1 
3-( 2-Propylamino )propyl 
3-Diethylaminopropyl 
2-hminoethyl 'HC1 
3-1Xmethylaminopropyl~ HCl 
I )iethylaminoethyl. HC1 
1-( 3-Methox) propyl) 
.ilIrl 
l-IJut\l 
Cyclohex) 1 

tii-Tol. 1 

o-lletl~oxyphen yl 
p-Methoxyphenyl 
o-Nitrophenyl 
n-Nitrophenyl 
p-Nitrop henyl 
in-Aniinophen> 1 
%-Chloro-Pnitrophen> 1 
4-Propionylphenyl 
4-Pyridj 1 
2-Pyridyl 
2- i 4-hlethylpyridyl) 
2-( 6-llethylpyridyl) 
2-Pyrimidyl 
Cyclohexyl 
Phenyl 
Phenyl 
l'hen> 1 
Phenyl 
Phenb 1 
I'henrl 
Phenj 1 
Phenyl 

0-Tolyl 

,/)-ToI>l 

p - n i y i  
p-Tolyl 
p-Td. 1 

N( C,H,Cl)J 
N( CZH,Cl), 
Piperidino 
K-Methylpiperainn 
Lihoxyl 
iK ( CzH6 )z 
ill orpholino 
CZHsS0z 
C ~ H ~ C H ~ S O Z  
(PiCH&H&l)z 
I'iperidino 
N-Methylpiperaziiio 

( J f  t l l c > c h  I!olnpo'Lncl. w:trranted fllrtllur htliC1y. All ( I f  the oihor 
~~ht l iu l i r i i i~~i i i~s  were devoid of antitimior t+'frc.ti. 

Experimental6 

3-Hydroxy-3-phenyl-2-substituted phthalimidines were pre- 
pared via previously reported proceduressj4 and were recrystal- 
lized from methanol or methanol and water. The compounds 
are tahulated in Table I. 

2,3-Diphenyl-3-ethylsulfonylphthalimidine.-A mixture of '3.4 
g. of 3-chloro-2,3-diphenylphthalimidine4 and 50 ml. of chloro- 
form was cooled and added slowly to a cold, stirred solution of 3 g .  
of ethanethiol in 30 ml. of CHC13. The solution was stirred 
and allowed to reach room temperature, then evaporated in 
vacno. The gummy solid was taken up in 50 ml. of glacial acetic 
wid and cooled, and 10 ml. of 30y0 HZ02 was added dropwise to  
the cold solution. The mixture was diluted with 100 ml. of 
water, and the solid was removed. Recrystallization from ethanol 
gave 10 g. (98%) of the expected sulfone, m.p. 166-168'. 

:%Alkoxy, 3-piperidin0, arid 3-morpholino derivatives were pre- 
pared in the fashion descrihed by von Graf and co-workers4 and 
the data are included in Table I. 

(6) Alelting points, corrected, were obtained a.itl1 a l'ilornas--Hoover 
apparatus. 
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As part of an investigation into the biological xigriificance of 
benzocyclobut,ene derivatives, we have synthesized a number of 
1,l-disubstituted compounds (Table I )  from the readily accessible 
1-cyanobenzocyclobutene. In addit,ion, the oxygen isostere 
XV of the previously descrihed 1-aminomethylbenzocycloh~~tene 
and the unique amino acid, 1-benzocyclobutenylglycine (XVI), 
were prepared from 1-hromobenzocyclobutene. The pharma- 
cological evaluation of these compounds as potential ant,ihyper- 
tensive and analgetic agents is in progress. 

( 1 )  J, A.  Skorca and J. E, Itoltertsun, J .  .lied. Ciwm., 8, 255 (1'36.5 
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TABLE I 
1-SUBSTITUTED A N D  1,1-I)ISUBSTITUTED BENZOCYCLOBUTENES 

NO. 

I 

I1 
I11 
IT' 
T.' 

VI 

1.11 
1.111 
IX 

X 
X I  
XI1 
XI11 

XIV 

XV 
XVI 

H It ' 
CN CHzC6H6 

C S  CHzCHzN( CH3)2 

CONH, CHzCHzN( CHI )z 
COtCzHS CHzCHzN( CH3)z. HCl 
CN CHzCH2CN 

CONHz CHzCHzCOSHz 
COzH CHzCHzCOzH 

C0zCOCH2CHzd 
CONHCOCHzCHzd 

0 

H 

H 
H 

"-N@ 

0 

ONHz.HC1 
CH( NH2)COeH 

B.P. (mm.) 
or m.p., 

OC. 

118-122 

90-92 
(0.01) 

81-83 
221-223 
159-161 

(0.07) 
93-95 

(0.05) 
97-99 
159-161 
127-130 

(0.15) 
189-191 
151-154 
87-89 
189-191 

146-149 

191-192 
260-262 

Yield, 
% 
77 

90 
63 
85 
68 

67 

72 
52 
71 

70 
80 
55 
52 

57 

88 
17 

5 Anal. Calcd.: C1, 13.64. Found: C1, 13.64. * Anal. Calcd.: 
equiv., 110.1. Found: Neut. equiv., 109.9. d Spiro compound. 

In agreement with reports on various benzocyclobutene 
derivatives,l the compounds described here show typical indane- 
like absorption in the ultraviolet with peaks near 272, 265, and 
260 mp. With the exception of the imide XIV, each of the com- 
pounds has a band of moderate to weak intensity in the 10.0- 
10.1-p region of the infrared.2a.3 

Experimental4 

1-Benzyl-1-cyanobenzocyclobutene (I).-A solution of 1- 
cyanobenzocyclobutene6 (25.8 g., 0.20 mole) and benzyl chloride 
(26.6 g., 0.21 mole) in 200 ml. of anhydrous benzene was treated 
portionwise with 7.8 g. (0.20 mole) of sodamide. The tempera- 
ture was maintained below 40' during the addition. The well- 
stirred mixture then was heated to SO' and was kept a t  that 
temperature for 4 hr. Water (100 ml.) was added, and the 
benzene layer was separated, dried ( Na2S04), and evaporated. 
Distillation provided 33.6 g. of a viscous liquid; AZ:" 293 mp 
( e  211), 271 (1765), 265 (1930), 259 (1370), and a shoulder a t  254 
(831). Infrared bands appeared a t  4.49 and 10.07 p (neat). 

Hydrolysis of 11 g. (0.05 mole) of the nitrile I with ethanolic 
KOH by the procedure of Cava and Mitchell6 gave 10.7 g. of the 
acid I1 as a pale yellow solid from Skelly B; A:.":"' 5.90 and 10.00 

Treatment of the nitrile I (6 .6  g., 0.03 mole) with 20% NaOH 
(10 ml.) and 30% H z 0 ~  (10 ml.) in aqueous methanol? gave 4.1 g. 

P. 

(2) (a) F. R. Jensen and W. E. Coleman, J .  A m .  Chem. Soc., 80, 6149 
(1958); (b) M. P. Cava, R. J. Pohl, and M. J .  Mitchell, abid., 85, 2080 
(1963); (c) A. T. Blomquist and C. G. Bottomley, Ann., 663, 67 (1962). 

(3) M. P. Cava and D. R. Napier, J .  Am. Chem. Soc., 80, 2255 (1958). 
( 4 )  Melting points were taken with a Thomas-Hoover capillary apparatus 

and are corrected. Analyses were performed in our laboratories under the 
direction of Mr. E. Kluchesky and by Drs. G. Weiler and F. B. Strituss, 
Oxford, England. The ultraviolet spectra were obtained with a Beckman 
spectrophotometer, Model DK2A, and the infrared spectra with a Beckman 
spectrophotometer, Model IR8. 

(5) J. F. Bunnett and J. A. Skorcr, J .  070. Chem., 27, 3836 (1962). 
(6) M. P. Cava and M.  J. Mitchell, ibid., 27, 631 (1962). 
(7) &I. P. Cava, R. L. Litle, and D. R. Napier, J .  Am.  Chem. SOL. 80, 

2257 (1958). 

----Calcd., %-- ---Found. %-- 

Ci&N 87.64 5.97 6.39 87.28 6.20 6.41 
Formula C H N  C H N  

Cl6Hl4OZ 80.65 5.92 80.63 5.86 
C16H1&0 80.98 6.37 5.90 81.01 6.37 5.96 
C t & i & l ~ "  5.39 5.36 
ClpHZlNO2 77.26 7.16 4.74 77.37 7.16 4.77 

C13Hl6~2 77.96 8.04 13.99 77.84 8.13 13.62 

Ci3Hi8NzO 71.53 8 .31  12.83 $1.42 8.33 12.90 
Cir,HzzCIKOzb 4.94 5.06 
CizHioNz 79.09 5.53 15.37 78.94 5.65 15.12 

CizHi4NzOz 66.04 6.47 12.84 66.09 6.36 12.83 
CizHiz04C 65.45 5.49 65.51 5.28 
ClZHI003 71.27 4.98 71.05 5.06 
CizHiiNOz 71.62 5 .51  6.96 71.59 5.35 7.00 

Ci6HiiN03 72.44 4.18 5.28 72.45 3.93 5.27 

CsHtoClNO 55.98 5.87 8.16 55.87 5.90 5.17 
CioHiiNOz 67.78 6.26 7.91 67.57 6.17 8.25 
C1, 12.49. Found: C1, 12.72. -4nal. Calcd.: Neut. 

of the amide I11 as a white, crystalline powder after recrystal- 
lization from chloroform-Skelly B; A?::"! 5.98 and 10.04 p. 
1-Aminomethyl-1-benzylbenzocyclobutene hydrochloride (IV) 

was prepared by reduction of I (11 g., 0.05 mole) with LiAlHa 
(0.15 mole) in anhydrous ether. Treatment of the undistilled 
amine with ethereal HCl provided 11 g. of the hydrochloride 
as white needles after recrystallization from ethanol; A:::' 
10.03 p.  

The reaction of 5.7 g. (0.022 mole) of IV in a solution of tri- 
ethylamine (4.5 g.) and chloroform (125 ml.) with an equivalent 
amount of ethyl chloroformate gave 4.4 g. of N-carbethoxy-l- 
aminomethyl-1-benzylbenzoeyelobutene ( V )  as a viscous liquid; 
YI:zt 5.89 and 10.04 p. 

l-Cyano-l-(2-dimethylaminoethyl)benzoeyclobutene (VI)  
was synthesized from 11.6 g. (0.09 mole) of l-cyanobenzocyclo- 
butene, 0.1 mole of N,N-dimethylaminoethyl chloride, and 0.09 
mole of sodamide as described for the preparation of I. The 
distilled product amounted to 12 g.; A::" 270 mp ( e  l530), 
264 (1580), 258 (1040), and a shoulder a t  253 (587). Infrared 
bands appeared a t  4.49 and 10.07 p (neat). 

A 6-g. (0.03 mole) sample of VI in 15 ml. of concentrated 
&So4 was allowed to stand at  25' for a total of 4 days and then 
was poured into ice water. The aqueous solution was neu- 
tralized (",OH) and saturated with NaC1. Chloroform 
extraction afforded 5.4 g. of an oil which slowly crystallized 
during refrigeration under Skelly B. The yield of the amide 
VI1 was 4.7 g. after recrystallization from chloroform-Skelly 
B; A:::"' 6.02 and 10.05 p. 

The ester VI11 was prepared from 6 g. (0.03 mole) of VI and 
0.03 mole of water in 75 ml. of ethanolic HC1 by the method of 
Goering and co-workers.* The product amounted to 4.4 g. after 
recrystallization from ethanol-ether; A:::"' 5.81 and a shoulder 
a t  10.03 p. 

I-Cyano-l-(2-cyanoethyl)benzocyclobutene (IX).-A stirred 
solution of 25.8 g. (0.20 mole) of 1-cyanobenzocyclobutene and 2 
ml. of 30% methanolic KOH in 75 ml. of t-butyl alcohol a t  10' 
was treated dropwise with 11.7 g. (0.22 mole) of acrylonitrile in 
30 ml. of t-butyl alcohol. The temperature was maintained 

(8) H. L. Goering, 8. J. Cristol, and K. Dittmer, ibid., 70, 3314 (1948). 




