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the 7 isomer. Recrystallization of the product from EtOH 
yielded 4.0 g of white needles, mp 187.0-188.0°. Anal. (C13H18-
BrX02) C, H, Br, X. 

5-Carbomethoxy-2-ethyldecahydroisoquinoline Hydrobromide. 
—5-Carbomethoxy-2-ethyl-l,2,3,4-tetrahydroisoquinoline (1 g), 
AcOH (30 ml), and concentrated H2SO4 (0.1 ml) were hydro-
genated (Pt02 , 1 g, 48 hr, 3.52 kg/cm2). The product was iso
lated in the usual manner, and the hydrobromide salt was pre
pared and recrystallized (EtOH-Et 2 0) (0.3 g, mp 168.0-169.0°). 
The uv spectrum of this compound showed no absorption in the 
range 220-360 mix. Anal. (C13H24BrX02) C, H, Br, X. 

Acknowledgment.—The author is indebted to Marion 
Laboratories, Inc., Kansas City, Mo., for their financial 
assistance in the support of this project and to Dr. 
James G. Beasley for his assistance in the biological 
evaluations. 
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Various imides of cyclobutanecarboxylic acid, par
ticularly N-acetylcyclobutanecarboxamide, possess a 
structure-dependent ability to act as central nervous 
system depressants.2 The phenomenon appears to be 
related to the cyclobutane ring system and is unique in 
that it is not subject to circadian rhythm variance, a 
finding contrary to the behavior of barbiturates. To 
further elucidate the biochemorphology of cyclobutane 
compounds we have expanded the original study to a 
group of cyclobutane-l,l-dicarboxylic acid derivatives. 
With the exception of 6, a spirothiobarbiturate, these 
substances are di-N-acylimides and congeners of the 
compounds studied earlier. 

When bioassayed the compounds were tested as re
ported previously2 but dispersed in mineral oil, since 
they tended to agglomerate when ground in 0.25% 
methylcellulose. At a dose of 1000 mg/kg there was no 
loss of spontaneous activity nor were there any deaths. 
In addition to intraperitoneal administration, the com
pounds were also given orally as suspensions in gum 
tragacanth with the same lack of effect. 

They were also tested as potentiators of barbiturate 
sedation34 using pentobarbital sleeping time, judged by 
loss of the righting reflex, as a criterion. Using five 
mice and 50-mg/kg ip dose of the barbiturate, a mean 
sleeping time of 81 min was obtained. The only com
pound exhibiting potentiation was 6. The mean sleep
ing time for five mice receiving 500 mg/kg of this com
pound orally 30 min before the standard dose of bar
biturate was 147 min. A potentiation factor of 1.8 on 
the part of this compound at a dose which itself appears 
to have no depressant activity is of considerable practi
cal and mechanistic interest. 

Experimental Section 

Microanalyses were performed by Midwest Microlab, Inc., 
Indianapolis, Ind. 

Preparation of Diimides.—A mixture of 20 g of SOCl2 and 5 g 
(0.034 mole) of cyclobutane-l,l-dicarboxylic acid was refluxed for 
1.5 hr (hood) and excess SOCl2 was removed by flash evaporation. 
Crude cyclobutane-l,l-dicarbonyl chloride (1.6 g, 0.009 mole) 
was added dropwise to a stirred and cooled solution of the amide 
(0.018 mole) in 10 ml of neutral alumina washed and KOH-dried 
pyridine. In every case an exothermic reaction ensued; when it 
subsided the mixture .was heated on the steam bath for 1 hr. 
The reaction mixture was then poured onto 100 g of crushed ice 
and the product precipitated. Solvents used in crystallization 
and yields of the respective compounds are in Table I. 

TABLE I 

DIIMIDES OF CYCLOBUTANE-1,1-DICARBOXYLIC ACID 

No. 

1 
2 
3 
4 

5 

6 

R 

CH3 

C2H5 

C(CH3)3 

(CH2)4CH3 

O 
>c=s 

Yield 

% 
40 
50 
60 
50 

45 

40 

CONHCOR 

COXHCOR 
, Mp, 

oca 

215 
243 
215 
175 

255 

220 

Crystn'' 
solvent 

c 
A 
A 
E 

A 

c 

P'ormula 

C10H14N2O4 

Ci2Hi8N204 

Cl 6^126^204 

CI8H30X2O4 

Ci6H22X'204 

C7HsN202S 

Analysis' 

X 
X 
X 
X 

X 

C, H, X 

" Corrected. h A, acetone; B, benzene; C, chloroform; E, ethyl 
ether. c Analytical results obtained for the elements listed were 
within ± 0 . 4 % of the theoretical values. 
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As part of a continuing study of various imides2-4 

and their reduction products as pharmacologically ac
tive compounds, we have prepared a limited series of 
imides derived from 2-aminothiazole and related thia-
zoles. These imides were obtained from a wide variety 
of compounds of diverse structure. An example em
ploying 1,2-cyclohexanedicarboxylic anhydride illus
trates the general method used (Scheme I). This re
action was either accomplished by heating an intimate 

SCHEME I 

> + / H,N x> C02H N-n 

CONH—4L> 
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F \ I I I > I , T I I I A Z O L E S 

N C—X 

R—C C ~Y 

Cnmi' . l K \ -i M]. , - c r.itiiMiii Analysis ' ' M<-TJ1...(-' Y iH, ! . ' , ' . 

1 Male imide 11 II 204-20ii ( M B X O O S (', II, N B 12 

2 0 ,o -n ime thy lg lu1a r i in ide II 11 ISO- 1M ( U I ^ X o O S C, II, X B -111 

:i ( \ T l o p r o p a n e - l , 2 - d i c a r b o x i m i d e OIL, II 107- Ills (\IL,X,< OS (', II, X B 11 

4 Cyc lobu ta i i e - l , 2 -d i cu rbox imide CIL ; II l i : i - l l .") 0 H . X , O > C, II. N B .VI 

.1 r / / -Camphor imide II 11 12.VI2ii <', ,II,„X,( >,< C. II. N B :;s 

l) l ' l i tha l imide II II 20S-20U C,|II1-,X..().;S ( ' , II . X B 7s 

7 3,4,."),t)-Teti 'achloi'ophthalimide II II 22.1-220 C,,I I,('1,N,< >,S 0 , II, CI. X A' :!2 

s 0 , 4 , 1 , 0 - T e t r a b r o m o p h t h a l i m i d e II II 22V 227 ( Y I I ,Br ,N , ( ) ,S 0 , 11, Br. N A 11 

!> 0 .4 , .1 ,6-Tet ra iodophtha l imide II II 2 ! 1 2'!1 0 ,11 ,1 I X , ( >,S ( ' , II. I, X A ' 7 

in - l -Oyclohexene- l . l ' -d icarbuximide II II IDs l i t 0 , I l |X , (o_S ( ' . II . X B 00 

11 1-.Melliyl-4-cyclohexene-l,2-dicarl>ox- 11 1! 7 1 7 0 < ' , [ ! , X ,<)> ( ' . II. X B o i 
imide 

12 : i -X' i t fophthal imide II II 220-201 C r I L X O O - 0 . II, N A ii:i 

|:l O-Xi t roph tha l imide II N O , 100 107 0 : , I 1 , X ,(>.•* C. II . X A 27 

II C y c l o h e x a u e - M M i c a r b o x i m i d e II II 101-10:! 0 , , I I i , X , O , S ( ' . 11. X B 00 

1.1 : ; ,G-Kndomethylene-4-eyr lohexene- l ,2 - II il 1+S-l . lo (. ' ,11, N,< ),S ( ' . II . X B I I 

d ica rbox imide 

10 0 ,0 -Endomelhy]ene-4-eyo lohexe i ie - l ,2 - II N O , 171 177 < ' , I I X ; 0 < (', II. X B 10 

d ica rbox imide 

17 :i,t)-L.ndoxycyclohex,tiie-1.2-dicarbi>xi- II II I s7 l s s OMIiAYO„S (' . II. X A Os 

inide B II 

i s :i,0-]YidoxYcYclnliexaiie-l,2-dicarbi>xi- OIL, II UK! 104 ( ' , 4 1 - X . O . v (', II. X B 0> 

inide 

10 : i - . \ l e ihy l -0 .0 -endoxycyc lohexane- l .2 - 11 II 1,17 1.1s C , , i L , X , 0 , < O. II, X B 10 

d ica rboximide 

20 1.2-1 timet hyl-O.O-eiidoxycyolohexane- II II 170- 17.1 (',,,11, X,<),S O. H, X B 07 

1,2-diearboximide 

21 0,0-1 timet hyl-0.0-end,>xYcyclohexane- 11 II 112 II : ! 0 , 4 1 .X,0„S (.', II. X B 10 

1,2-4icarb:iximide 

22 l . s - X a p h t h a l i m i d e II II 0 0 1 : 1 0 2 ( , 4 b X , o , S O. 11, X A 17 

20 l ,S -Xaphiha! imi . !e OIL, II 202-200 0,„l l i . N , 0 , S 0 , I I . X B o s 

21 0.6-Eiidoxycycl •.Iiexm.e ! ,?-4ie:>rb;>xi- 1.0-1 )imet hy lbenzo ' ' 212-21:1 C I T I I I A Y O . S ( ' . II . X B On 

inide 

21 : i .0-L:i idoxyry,h)hexane-l ,2-dicarb:)X!- O-Kthoxybenzo ' 212-21:1 0 i 7 I I , „X ,O,S O. II. X B II 

inide 

20 4-Cyrlol iexei ie- l ,2-dicar l )Aximide O-Methy lbenzo ' 1SG-IS7 0 , 6 I l , , X , O , S 0 . II, X B 12 

27 :; .(>-Kiidoxycyclohexane-l,2-dicarl>oxi- N a p l n ho[2,0-, / i" 274 -271 O, 41, ,XY< );iS O. II. X B 02 

mide 

2S :; . : ;-l ,eiitainethyleiies<;hnariimde II II 142-140 Ci„H,„X„0,S 0 , II. X B 70 
" See E x p e r i m e n t a l Sect ion. '• Solvent , xylene. ' S o l v e n t , D . M F . "' Fi'om 2-amino-1 .0 -d i ine thy lbenzo th iazo le . From 2-ani ino-

0-etho.xybenzothiazole . -' F r o m 2-ami i io -6-methy lbenzo th iazo le . " From 2-aminoi2, :!-</j i iaphthothiazole. ' W h e r e analyses are 
ind ica ted only b y symbols of t h e e lements , ana ly t ica l resnl ts ob t a ined for those e lements were williin ± 0 . 4 ' ; of d ie Iheore t ica l value.-. 

T A B L E II 

M I S C E L L A N E O U S I M I D E ^ 

N C 

II II 
R—C X 

COiinii.l 0 X V Alp. O ' 10„ 1,1,1,a Analys i s ' ' M e d i c i ! • VicM. ', ' 

20 0 ,0- I ' :ndoxycyc lohexane- l ,2 -d icarboximide C - I I O 1S0-101 C H . M N Y O , 0 . IL, X B 20 

00 : ; , 6 -Endoxyeyc lohexane- l ,2 -d ica rbox imide X N - I I 000-040 C T h s N O A , ( M I , X A'' SO 

01 l , S - N a p h t h a l i m i d e N N - I I >36.1 (YiIFXYO, (', H, N A'' 14 

02 0 y c l o h e x a n e - l , 2 - d i c a r b o x i m i d e r N - I I 26.1-266 ( Y J I ^ X o ) , ( M I , X B 20 

" See E x p e r i m e n t a l Sect ion. '• Solvent , D.MF. ' F rom 2-aminobenz imidazo le . " See T a b l e I, foo tnote h. 

mixture of the reactants to 220° (method B) or refluxing compound could be cyclized to the imide by heating 
the reactants in a high-boiling solvent (method A). above its melting point or at 220°. Representative ex-
This was particularly advantageous when a nitro group ample* of the general procedures used are outlined in 
was present. In some cases, employing a low-boiling the Experimental Section and the compounds pre
solvent, the intermediate amic acid was isolated. This pared are listed in Table I III. 
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TABLE III 

AMIC ACIDS 

N — 

-R—CONH—C 

X Y 

II II 
H H 
H H 
H H 
H H 
H H 
H H 
H N 0 2 

Naphtho[2,3-d]6 

6-Ethoxybenzoc 

-c—x 

j-Y 
Mp, °C 

153-154" 
181-182° 
183° 
196-197° 
193-194° 
173-175° 
193° 
202-203° 
270-272° 
202-203° 

Formula 

C7H6N2O3S 

C10H14N2O3S 

CnHiCUNjOsS 
C-HsN203S 
CnHHN203S 
CnH12N203S 
CnH4Br4N203S 
CuH6N40,S 
Ci9Hi6N204S 
CnH18N,05S 

Analysis'* 

C, H, N 
C , H , N 
C, H, CI, N 
C, H, N 
C, H, N 
C, H, X 
C, H, Br, N 
C, H, N 
C, H , N 
C, H, N 

Yield, 

83 
91 
62 
88 
38 
51 
60 
81 
87 
52 

Compel Starting acid 

33 Maleic 
34 3,3-Dimethylglutaric 
35 3,4,5,6-Tetrachlorophthalic 
36 Succinic 
37 Cyclohexane-l,2-dicarboxylic 
38 4-Cyclohexene-l,2-dicarboxylic 
39 3,4,5,6-Tetrabromophthalic 
40 3-Xitrophthalic 
41 3,6-Endoxycyclohexane-l,2-dicarboxylic 
42 3,6-EndoxycycIohexane-l,2-dicarboxylic 
° With decomposition. b From 2-amino[2,3-d]naphthothiazole. c From 2-amino-6-ethoxybenzothiazole. d See Table I, footnote h 

TABLE IV 

BIOLOGICAL DATA° 

Compd 

16 

Dose, mg/kg 

160 
160 
160 
160 
160 
160 
400 
400 
400 
400 
400 
400 
400 

Survivors 

6/6 
4/6 
6/6 
4/7 
5/6 
5/6 
5/6 
2/6 
5/6 
5/7 
5/6 
6/6 
6/6 

% T/C° 

21 
40 

c 
48 
51 
35 
36 
c 

25 
26 
27 
46 
62 

° Test system in all cases was Lewis lung carcinoma, with each 
test animal receiving a single daily injection for 11 days, the 
surviving animals being sacrificed on the 12th day. b Ratio of 
survival time of test animals to control animals, where 42% is 
considered acceptable. e Test data not reported. 

Appropriate compounds were submitted to and 
screened under the auspices of the Cancer Chemo
therapy National Service Center5 in the primary rodent 
screens. Most of the compounds were also assayed for 
growth inhibitory activity against the KB cell line in 
tissue culture. In most cases the screens showed little 
activity in the following test systems: Sarcoma 180, 
Adenocarcinoma 755, L1210 lymphoid leukemia, Dun
ning leukemia, S91 Cloudman melanoma, Lewis lung 
carcinoma, and KB tissue culture. However, com
pounds 16 and 22 showed considerable activity in the 
screen against Lewis lung carcinoma. These signifi
cant data are summarized in Table IV. 

Experimental Section 

N-( 2-ThiazoIyI )-7-oxabicyclo [2.2.1 ] heptane-2,3-dicarboximide 
(17). Method A.—A mixture of 13.4 g (0.08 mole) of 3,6-
endoxycyclohexane-l,2-dicarboxylic acid anhydride and 8.1 g 
(0.08 mole) of 2-aminoethiazole was dissolved in 100 ml of xylene 
and refluxed for 4 hr. After cooling, the product crystallized and 
was recrystallized (EtOH), yield 7.5 g, 38%, final mp 187-188°. 

Method B.—An intimate mixture of 8.4 g (0.05 mole) of 3,6-
endoxycyclohexane-l,2-dicarboxylic acid anhydride and 5 g 
(0.05 mole) of 2-aminothiazole was heated at 180° for 30 min. 
The temperature was raised to 220° and maintained for 10 min. 

After pouring the oil into water, the crude product which solidi
fied was dried. Two recrystallizations (EtOAc) (charcoal) gave 
5.6 g (43%) of analytically pure product, mp 187-188°. 

Method C. 1-Cyclohexanecarboxylic Acid 2-(2-Thiazolyl)-
amide (37).—A solution of 7.7 g (0.05 mole) of 1,2-cyclohexane-
dicarboxylic anhydride in CFf2Cl2 was added 5 g (0.05 mole) of 
refluxing 2-aminothiazole. After 1 hr, the solvent was removed 
in vacuo, and the residue was washed (hot EtOAc). The crude 
product, 7.4 g, was dried, mp 179-182°. Two recrystallizations 
(MeOH) yielded 4.9 g (39%) of pure amic acid, mp 193-194° dec. 

Acknowledgment.—The authors wish to thank Dr. 
Harry Wood of the National Cancer Institute for mak
ing the results of the screening data available. 

(5) Cancer Chemotherapy Rept., 1, 43 (1959). 
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For many years we have been interested in isoin-
doline types of compounds2,3 and their pharmacological 
properties. Among these properties in particular have 
been the ganglionic blocking and hypotensive activity 
as well as their cytotoxicity. We now wish to report a 
small group of dibenz[e,g]isoindoline derivatives and 
some of their biological properties. 

The key intermediate in our synthesis was the an
hydride I, which was readily obtained from l,l'-octa-
hydrobiphenyl by means of the Diels-Alder reaction.4 

Preparation of the desired compounds was carried out 
by the reaction of the anhydride with an appropriate 
dialkylaminoalkylamine to produce an amic acid which 
on heating at 200° cyclized to yield the imide II. This 
product could be distilled easily and was reduced readily 
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