
Spiranes. III.la," Azaspiranes and Intermediates" 

A large group of S-di:~lkylariiiiioalk~-l uaspiroalkanes has beer1 prepared : i d  studied fu r  phyeiolugicul x t i v i t j . .  
\\'ithin this group of compounds, strurtural variations in the S-dialk\-laniirioaIkyl substituent, azaspirane nuclei, 
:md nurlear substituents were made. Of these cwnipounds, several have shon.n niarked effects on thp growth of 
cancer cells in ztz'tro and (111 reproduc,tion in nianinials. 1l : in~.  new intermediate Gusrescbhi imides, cycloalkarir 
or heterc*ycloalkane qr/ti-di;icetic m d  qrn-carbo cetic. acids arid anhydrides :ire described. 

h s  part of a coiitiiiuirig study of 1ieteroc)-clic ring 
systems, embracing primarily azabicyclic and azaspiro 
iiuclei, containing a spiro carbon atom, we have pre- 
pared a rat81ier extensive group of S-dialkylamiiioalkyl 
substituted azaupiroa1kanc.s. This interesting and 
importaiit, class of coiiipouiids has bceii only cursorily 
touched upoii iii the literaturr' :i aiid little is k~io\~-i i  
conceriiiiig the biological effects of this type st,ructurcs 
which has iiot bren reported to occur in living orgall- 
isnis. 111 our studies, both the dialkylamiiioalkyl 
substituciit and azaspiroalka~ie ring portioiis of thc 
basic striict lire have been extensively perrnutated to 
afford wide latitude in evaluating t h  physiological 
effects of these iiuclei. Potent pharmacologic activity 
lias beeii observed throughout tlic group of conipouiids 
studied. Of particular note arc the marked growth iii- 
Iiihitory cffects of certain members (e.! .  ,:i-(3-dimeth- 
?.lariiiiiopi.opyl)-'3-f-tbuty1-3-a;zaspiro [5 .5 ]~indecaiir) o i l  

cancer cells in tissue culture aiid objecti\.r clinical effects 
i i i  liuniaii caiicc~'. I)erivati\ 
related to iiaplitlialene exhibited lioraioiial effects ill 

riiarnmals. Oiici such derivati\-c (spiro-2r.aris-decaliii- 
",.$-'-piperidiiic>-l (3-dimethylaniiiiopropyl)) produced ef- 
fccts which arc' grossly evident,. in  additioii to histologi- 
cal chaiiges. so far, in the productioii of d m r f  offspriiig 
i i i  a tliiid geiirratioii of Wistai. rats. 'This repoivt is. 
tlierefore. diridcd iiito tliiw scctioiis cwiisistiiig of 
suniriiaric~ of (-1) tlic chemistry of the conipouiids aiid 
their iiiteiniediates, (E) pliai.iiiacologica1 activity, :iud 
(C:) cliiiical obsei.\-atioiis. 

A. Chemical.--l'host. c~ompo111ids prepaiwl aii(1 

st,utliccl ai*c wprcwiit~td 1)y thtt gc~iiersl formulas 

m , , H , , , , R ,  
N(CH2)sNRz 

\\.liere ring A is attarhed to tlic 4-positioii of a piperidiiir: 
ring or thth 3-positioii of a pyrrolidiiie riiig. In all 
cases, it is to iioted, tlit. tiitrogeii is removed by at 
least o w  carboil atom f r o m  tlir. spiro cai%on. \;C'ht.ii 
tlir ring is piperidiiic, riic$liotis Iiavc tjcJeii v-orkcd olit 
to iiitroducc. stilxtituciits at  tlir 1,3-positions of tlie 
azaspirane moiety. The r h g  -1 has been varied from 
a siniplcl carbocyclic ring of 5 to 8 carbon atoms to 
bicyclic rings such as decalin aiid hydrindaiie. In 
addition, sulfur or oxygen has beeii introduced int'o 

(1) (a) . I .  B. Clements and I.. 11. Rice, J .  O r g .  Chem..  24, 1958 (1959); 
(b)  L. M. Rice and C .  H. Grown ,  i h i d . ,  26, 54 (19611: (r) this work was suii- 
p o r t e d  by the  Gesrh ickter  Fund for Medical ReEearch, Inr.: (d) t o  whom I?- 
iiiie?ts f o r  reprints should be directed at  the Dietene To., Jlinneapolis, J l inr i .  

(2 )  J. Boeseken, Trai t4  Chim. Om., 17, 1787 (1949). 
( 3 )  K. Thoniae, Iiritibii Patent 823,338 (19.59). 
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iwig Ai to pioducc a tetraliydrotliiopheiic, tetrahydro- 
thiapyranc. 01 t et rahydropyrane containing system 
The basic ring systems prepared aiid utilized are show11 
i i i  Chart I d i e r e  the hydrogen is replaced by a dialkyl- 
aiiiiiioalkyl grouping. variety of substituents such 
as methyl, cycloliexyl. mcthoxy, and butyl have berii 
incorporated into riiig 1. The necessary intcrniediateq 
for this stud?- n ('it' tlic, yc m-cycloalkanediacetic acids 
and cycloalkaiiecarboxyacetic acids. gem-Diacetic acids 
tvere preparcd hy ~ I K .  general method slionii i i i  the 
iequf'llct' 

CHzCOOH 

CHZCOOH 

111 tlic bei~es of 13c~actioiis above, the ketoiie wab 
trcxated at 0' with ail ~"xcess of ammonia in ethanol anti 
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2 moles of ethyl cyanoacetate to yield the ammonium 
salt of the Guareschi imide.4 After dissolving the 
salt in water, the Guareschi imide was precipitated by 
acidifying with hydrochloric acid. These Guareschi 
imides are listed in Table XT' and presented no particu- 
lar preparative difficulty except in the wide variations 
in solubility exhibited by various members. For 
example, the ammonium salts of the Guareschi imides 
from 4-cyclohexylcyclohexaiione and 4-t-butylcyclo- 
hexaiione were not very soluble in hot water, whereas the 
product from 2,6-dimethyltetrahydropyrone-4 was ex- 
tremely soluble. The products from the heterocyclic ke- 
tones were fairly soluble in water, and care had to be 
taken to dissolve them in a minimum amount of water 
prior to precipitation. These details are presented more 
fully in the Experimental section. 

Hydrolysis of the individual dicyanoimides to  the 
desired gem-diacids using the general procedure of Kon 
and T h ~ r p e , ~ ~  employing 60% sulfuric acid, caused 
considerable difficulty because of the solubility and 
stability differences of the various ring systems in this 
medium. Solubility differences were most evident in 
the cases of bulky substituents, such as t-butyl and 
cyclohexyl on IV, Chart I. In  these cases, the con- 
centration of acid had to be increased. Stability 
problems were encountered in those imides in which 
oxygen or sulfur had replaced one of the carbon atoms 
as in IX, XI, and XIII ,  Chart I .  These rings showed 
extensive cleavage under the conditions of the sulfuric 
acid hydrolysis. This was overcome by treatment of 
the Guareschi imide with alkali as proposed by Kerrj 
in his elegant research on norpinic acid. By this 
method, the corresponding acids were isolated in poor 
yield. Several attempts to modify this procedure 
either gave no product or approximately the same small 
yield. Later in one case (XIII) it was found that pro- 
longed boiling of the Guareschi imide with concen- 
trated hydrochloric acid gave an improved yield of 
hydrolysis product. In  the course of this reaction, we 
have isolated a product which we believe to be the 
internal imide of 9-thia-3-azasprio [5 : 5]undecane-2, 
4-dione of the structure 

CO-NH 

s*{H 

We have tentatively assigned this structure based on 
solubility, infrared, and elemental analysis. This com- 
pound is described more fully in the Experimental 
section. The procedure was not tried on the Guareschi 
imides corresponding to IX and XI, Chart I, or the 
dicyaiio imide from 4-methoxycyclohexanone. We 
believe t'hat an improved yield would also be obt'ained 
in these cases. These new acids are listed in Table XVI. 
They were converted by means of acetic anhydride to 
their anhydrides, which are also listed with appropriate 
constants in Table XVI. In  some cases where the 
quantity of anhydride was small, the product was used 
without further purification for further synthetic 
steps. 

(4) (a) G. A. R. Kon and  J. F. Thorpe, J .  Chem. Soc., 115, 701 (1919); 
( c )  I. Guareschi, (b) F. B. Thole and  J .  F. Thorpe, ibid., 99, 445 (1915); 

dt t i  Accad. Sei. Torino.  36, 443 (1900/1901). 
( 5 )  C. A .  Kerr, J .  Am. Chem. Soc., 6 1 ,  618 (1929). 

The introduction of methyl groups at the 1,5-posi- 
tions of the spirodicyanoimide on the same carbon 
which was substituted by nitrile was achieved by alkyla- 
tion of the Guareschi imide with methyl iodide in the pre- 
sence of sodium methoxide. I n  this case, three methyl 
groups entered the cyanoimide a t  the 1,3,5-positioiis. 
Hydrolysis of the trimethyl imide in the usual manner 
gave the desired cyclohexane-a, a'-dimethyl-1,l-diacetic 
acid. 

The necessary cycloalkane-1-carboxy-1-acetic acids 
were prepared as illustrated in the following reaction 
sequence. Step 1 consisted in the base catalyzed 

CH2CNCOOEt CC=C-COOEt  FN - KCN c c = o  - base 
1. 2. 

C N  CN 

3. 
K +  

condensation of the ketone with one mole of ethyl 
cyanoacetate to yield the corresponding cycloalkylidene 
cyanoacetic ester. In  general piperidine6 was a satis- 
factory catalyst with the majority of the ketones. 
However, in cases where the piperidine catalyzed con- 
densation failed, the ketone was expensive or hindered, 
and maximum yield was desired, the alternative pro- 
cedure of Cope' employing ammonium acetate was 
more satisfactory. Keither method effected the con- 
densation of camphor or 3,3,5-trimethylcyclohexanone. 
In  all other cases studied, satisfactory yields were 
obtained by one or both of the methods. The cyclo- 
alkylidene cyanoacetic esters, together with appropri- 
ate constants, are listed in Table XVII. These 
compounds were stable for varying periods following 
their isolation in the pure state. However, in many 
cases they became discolored on standing a t  room 
temperature (slower at 0-5') and an increasingly 
strong odor of hydrogen cyanide was noted. They 
were, therefore, generally treated with sodium or potas- 
sium cyanide in aqueous alcohol within a short time 
after preparation. 

Step 2 consisted in the addition of alkali metal cya- 
nide across the double bond of the alkylideiie ester. 
This addition proceeded readily. Several attempts to 
isolate the addition product in pure form failed. How- 
ever, this isolation attempt was not pursued in great 
detail. 

Direct hydrolysis of the crude product, obtained by 
removal of solvents, with concentrated hydrochloric 
acid yielded the desired acid in all cases (Table XT'IX) . 
Dehydration of the acids by means of acetic anhydride 
proceeded readily and the products were isolated by 
vacuum distillation. 

The azaspiranediones were prepared by the reaction 
of an anhydride of a gem-substituted cycloalkane-1,l- 
diacetic acid or a cycloalkane-1-carboxy-1-acetic acid 
with the appropriate dialkylaminoalkylamine. This 
reaction proceeded exothermally to produce the amic 
acid which, when heated to a clear melt and maintained 
at 180-200°, readily split out water and cyclized to 
the spiroimide. The cyclization proceeded in high 

( 6 )  A. I. Vogel, J .  Chem Soc , 2010 (1928). 
(7)  A. C Cope, C. hl. Hofman, C. Wyckoff, and  E Hardenbergh, J .  B m .  

Chem SOC 63, 3452 (1941). 
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I1 

1. 2-Dimethylaminoethyl 
2 .  3-Dimethylaminopropyl 
3.  2-Diethylaminoethyl 
4. 3-Diethylaminoprop) 1 
5 .  3-DibutylaminopropJ-1 
6 5-Diethylaminoamyl 
17. 5-Diethylamino-2-amy1 
8. 2-Piperidinoethyl 
'3. 3-Morpholinopropyl 

10. 3-Pyrrolidinopropyl 
11. 3-Dimethylaminoprop~.1 
12. 3-Dimethylaminopropyl 
I :3. 3-Dimethylaminopropyl 
14. 3-Dimethylaminopropyl 
15. 3-Dimethylaminopropyl 
16. 3-hlorpholinopropyl 

" X p .  

1. 
2, 
3. 
4. 
5 .  
G . 

8. 
9. 

IO. 
11. 
12. 
13. 
14. 
15. 
16. 

- 
I .  

H. 
2-Dimethylaminoethyl 
3-Dimethylaminopropj-1 
2-Diethylaminoethyl 
3-Diethylaminopropyl 
3-Dibutylaminopropyl 
5-Diethylaminoamj 1 
5-Diethylamino-2-amyl 
2-Piperidinoethyl 
3-hIorpholinoprop~-l 
3-Pyrrolidinoprop yl 
3-Dimethylaminopropyl 
3-Dimethylaminopropyl 
3-Dirnethylaminopropyl 
3-Dimethylaminopropyl 
3-Dimethylaminopropyl 
hIorpholinopropy1 

TABLE I 
~ ~ ' - ~ > I ~ L K Y L I I ~ I I N O A L ~ Y L - ~ - . ~ Z ~ S P I R O  

H.11,. ' C .  (inin.) 

114-124 ( 0 . l j  
128-133 (0.15) 
130-137(0.05) 
155-165 (0 .1)  
179-190 (0 .1 )  
169-175 (0 .2 )  
155-161 (0.2)  
147-152 (0 .1)  
173-176 (0 .2 )  
160-165 ( 0 . 2 )  
132-136(0.1) 
137-140(0.2) 
155-165(0.05) 
135-139 (0.151 
190-200(0.25) 
113-114" 

- Carbon- --. 
Calcci. Friunil 

66.63 66. 83 
67.63 67.85 
68.53 68.50 
69.34 69.07 
71.95 11.86 
TO. 76 70. 5S 
$0. 76 70. 54 
69. S 2  69.81 
66.21 66:11 
69.82 69. S!) 
68.53 68.67 
tB.5:i cis. 77 
i0.76 TO. titi 
64. s3 81. '35 
72.37 i:! ,05 
69.19 89.56 

R.p.. 'C. (mm.) 

76-80 (0.075) 
S5-95 (0.0'78) 
88-93 (0.025) 

10:3-106 (0.10) 
130-134 (0.05) 
IL'4-130(0.075j 
110-122 (0.05) 
110-114 (0.05) 
121-125(0.05) 
103--113 (0.025) 
';6--88 (0.12) 
95-98 (0.2)  

125-133 (0,025) 
93-gi(0.05) 

150-160 (0.07) 
IW 1 70 i 0.1'1 I 

,..---Carbon 
Calcd. Foiinii 

$4.94 7-1. 94 
75.56 75.51 
76.12 76.17 

76.51 ( 6 . 6 2  
7 s .  I!) 78 4(1 
ii. 18 , i :1'2 

77 3 4  I I .-Ls 
, I .oo I i . 2 1  

7 2 ,  so 7:j . 0:i 
i I  . 2 1  , I  :17 

t 6 .  3(i i b .  12 
76.30 L O .  12 

77.48 11.62 

? >  

-- 
-- 

-- -- 
-- -- 

-. - >  

r .  

-,. 

yield. 111 heveral cases vliere solid imides ncr(x fornicd, 
these were obtained quantitatively. Tlic spiroimidcss 
were reduced very smoothly in high yield by litliium 
aluminum hydride to the desired azaspiroalkane deriv- 
atives. These compounds were in general stable 
colorless oils which could easily be distilled undcr 
vacuum. A wide variety of amines were used and in 
all cases studied the reaction sequence was smooth. 
-4s evidenced by lack of by-products and high yield, 
the reaction proceeded in an almost quantitative man- 
ner. The basic azaspiroalkanes were then coriverted 
into suitable derivatives such as the hydrochloride> 



July, 1963 SPIRANES. 111. AZASPIRANES AND IKTERMEDIATES 39 1 

(5.5) UNDECANE-2,4-DIONE 

Methiodide--- _ _ ~ -  Hydrochloride 
Analysis, Yo 

--Hydrogen- 
Calcd. Found 

9.59 9.87 
9.84 9.83 

10.07 10. os 
I O .  27 10.16 
10.93 10.77 
10.63 10.61 
10.63 10.46 
9.65 9.55 
9 .15  9.41 
9.65 9.54 

10.07 9.97 
IO. 07 9.87 
10.63 10.93 
9.52 9.34 

10.41 10.15 
9.95 10.05 

(5.5) UNDECANE 

Analyeis, % 
-Hydrogen-- 

Calcd. Found 

12.58 12.55 
12.68 12.87 
12.78 12.76 
12.86 12.72 
13.12 12.93 
13.01 12.96 
13.01 12.88 
12.20 11.99 
11.50 11.34 
12.20 12.07 
12.78 12.67 
12.78 12.62 
13.01 13.05 

12.58 12.62 
11.98 12.12 

-Nitrogen- 
Calcd. Found 

11.10 10.88 
10.52 10.30 
9.99 10.00 
9.52 9.42 
7.99 7.79 
8.69 8.90 
8.69 8.93 
9.58 9.32 
9.08 9.39 
9.58 9.36 
9.99 9.92 
9.99 10.06 
8.69 8 .97  
9.45 9.67 
8.04 8.36 
7.69 7.50 

---Nitrogen- 
Calcd. Found 

12.48 12.61 
11.75 11.85 
11.10 10.92 
10.52 10.35 
8 .69  8.74 
9.51 9.80 
9.51 9.55 

IO. 59 IO. 72 
9.99 9.81 

10.59 10.62 
11.10 11.23 
11.10 11.30 
9.51 9.36 

8.74 8.56 
8.32 8.00 

M.p., oc. 
241-242 
260-262 
207-208 
227-228 
135-137 
151-153 
149-150 
232-233 
254-256 
235-236 
252-253 
243-244 
279-281 

258-259 
249-250 

Analysis. ’% 
--Iodide-- 

Calcd. Found 

32.19 32.19 
31.08 31.22 
30.05 30.24 
29.08 29.30 
25.77 25.90 
27.33 27.39 
27.33 27.59 
29.22 29.44 
28.18 28.44 
29.22 29.18 
30.05 30.21 
30.05 30.22 
27.33 27.60 

25.88 25.85 
25.06 24.93 

7-- Dimethiodide--- 

M.p., oc. 
268-270 
252-253 
245-246 
259-260 
152-154 
221-223 
224-225 
258-260 
245-246 
248-250 
267-268 
255-256 
285-286 
245-246 
264-265 
263-264 

and methiodides for pharmacological testing. These 
were in most cases nice colorless crystalline compounds 
of high melting point (Tables I through XIV). 

Analysis, % 
-1odid- 

Calcd. Found 

49.94 50.09 
48.60 48.56 
47.33 47.49 
46.12 46.16 
41.86 42.24 
43.89 44.03 
43.89 44.02 
46.29 46.64 
44.98 44.90 
46.29 46.34 
47.33 47.28 
47.33 47.41 
43.88 43.85 
45.96 45.74 
41.99 42.31 
40.91 41.11 

X p . ,  o c .  

204-205 
185-186 
144-145 
154-155 
133-134 
122-123 
1 17-1 19 
196-197 
182-183 
235-236 
182- 183 
131-132 
177-178 

164-1 65 
237-238 

hnalysis, Yo 
Y C h l o r i n -  
Calcd. Found 

12.28 12.10 
11.71 11.83 
11.19 11.11 
10.71 10.78 
9.16 9.41 
9.88 10.00 
9.88 10.08 

10.78 10.74 
10.28 10.49 
10.78 10.77 
11.19 11.23 
11.19 11.57 
9.88 9.71 

9.21 9.21 
8.84 8.62 

c-- Dihydrochloride-- 
Analysis, % 

-C hlorid- 
Jl.p., OC. Calcd. Found 

310-311 23.85 23.74 
305-306 22.77 22.72 
264-265 21.80 21.71 
278-280 20.90 20.69 
223-224 17.93 17.78 
277-278 19.20 19.13 
257-258 19.20 19.46 
323-324 21.02 21.16 
302-303 20.07 20.21 
305-307 21.02 20.88 
304-305 21.79 21.82 
302-303 21.79 21.54 
335-336 19.30 19.30 

321-322 18.02 17.82 
310-311 17.32 17.03 

I n  the cases where the spiro compounds were pre- 
pared from trans-decalin-2-carboxy-Zacetic acid anhy- 
dride and trans-hydrindane-2-carboxy-2-acetic acid 
anhydride (structures XIV and XVI, Chart I, respec- 
tively) the formation of isomers probably took place. 
This was indicated by the lack of sharp melting points 
of some of the derivatives. No attempt was made to 
separate or determine the different configurations of 
these pairs in this study.8 Although this was also 
possible in some of the other ring systems such as I or 

(8) (a) K. A. N.  Rao, J .  Chem. Soc., 1954 (1929); (b) J. Xsndiah, ibid. ,  
923 (1931). 
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Analysis, 7c 
--Hydrogen--- 

Calcd. Found 

9.31 9.22 
9.59 9.60 
9.41 9.20 
9.41 9.43 
8 .90  8.75 
9.84 9.95 
9.84 9.98 

(4.5) DECANES 

;inalysis. % 
---Hydrogen-- 
Calcd. Found 

12.46 12.31 
12.58 12.78 
12.08 12.05 
12.08 12.06 
11.35 11.46 
12.68 12.67 
12.68 12.85 

Analysis, yo 
--Hydrogen-- 
Calcd. Found 

9.31 9 .35  
9 .59  9.58 
9.41 9 .60  
9 .41  9.63 
8.90 8.9.5 
9.83 L 8 1  

(4.5) DECANES 

Analysis. % 
--Hydrogen-- 
Calcd. Found 

12.46 12.33 
12.58 12.63 
12.08 12.21 
12.08 11.97 
11.35 11.39 
12.68 12,68 

--A-i t rogen----- 
Calcd. Found 

11.76 11.74 
11,lO 11.33 
10.06 10.39 
10.06 10.21 
9.52 9.71 

10.52 10.57 
10.52 10.20 

7-- 

M.p. ,  o c .  

194-195 
176-177 
199-200 
132-133 
187-188 
118-120 
135-136 

--X trogen-- 
Calcd. Found 

13,32 13.23 
12.48 12.29 
11.19 11.09 
11.19 11.05 
10.52 10.55 
11.75 11.56 
11.75 11.62 

>I.p., "C. 

226-227 
251-252 
227-228 
239-240 
237-238 
258-259 
256-257 

7 --Nitrogen--- 
Caked. Found M.p. ,  CC. 

11.76 11.67 188-189 
11.10 11.20 254-255 
10.06 9.81 181-182 
10.06 10.15 178-179 
9.52 9.40 237-238 

10.52 10.69 266-267 

---Xitr 
Calcd. 

13.32 
12.48 
11.19 
11.19 
10.52 
11.75 

oren- - - 
round 

13 11 
12 52 
11.38 
11.42 
10 30 
11 91 

_-__-_ 

ALP., o c .  

250-251 
243-244 
247-248 
246-247 
232-233 
255-256 

-3fethiodides------ 
Analysis, % 

-Iodine--- 
Calcd. Found 

33.38 33.20 
32.19 32.33 
30.19 30.18 
30.19 30.20 
29.09 29.09 
31.08 30.79 
31.08 31.07 

-Nethiodides---- 
Analysis, % --- Iodine--- 

Calcd. Found 

51.36 51.41 
49.94 49.90 
47.51 47.57 
47.51 47.32 
46,13 45.92 
48.60 48.57 
48.60 48.77 

-Methiodides----- 
Analysis. % 

-----Iodine--- 
Calod. Found 

33.38 33.29 
32.19 32,35 
30.19 30.32 
30.19 30.42 
29.09 29.40 
31.06 31.25 

->Iethiodides------ 
.Inalysis, % 

.- - Iodin?-- 
Calcd. Found 

51.36 51.36 
49.94 49.89 
47.51 47.35 
47.51 47.34 
46.13 45.92 
48.60 48 $51 

l I . p . ,  "C. 

210-211 
177-178 
185-186 
234-235 
197-198 
172-173 
194-196 

>I.p., OC. 

286-287 
283-284 
3 16-3 17 
271-272 
277-278 
264-265 
274-275 

-Hydrochlorides-- --- 
Analysis, % 

-Chlorine-- 
Calcd. Found 

12.90 12.78 
12.28 12.25 
11.26 11.17 
11.26 11.22 
10.72 10.60 
11.71 11.51 
11.71 11.87 

-Hydrochlorides---- 
Analysis, % -- Chlorine-- 

Calcd. Found 

25.03 25.23 
23.85 23.80 
21.93 22.01 
21.93 21.91 
20.90 20.71 
22.77 23.03 
22.77 22.57 

-----H ydrochlorides---- 
Analysis, % -- Chlorine-- 

X1.p.. OC. Calod. Found 

189-190 12.90 12.96 
145-146 12.28 12.25 
179-180 11.26 11.41 
224-225 11.26 I 1 . 3 i  
196-197 10. 72 10.62 
lj6-157 11.71 11.74 

Hydrochlorides--- 
Analysis, % 

-- Chlorine--- 
l l . p . ,  OC. Calcd. Found 

3 13-3 14 25.03 24.86 
291-292 23.85 23,76 
342-343 21.93 21.82 
307-308 21.93 21.76 
302-303 20.90 20.79 
309-3 10 22.77  22.59 



3!1 1 

1% 

1. ~-l)iniethylaniinoethyl 
2 .  3-Dimeth!laminoprop!.l 
3 .  3-Pyrrolidinopropyl 
4. 2-Piperidinoethyl 
3 .  3-1\IorphoiinopropyI 
6. ~-l-)imeth?-laminopropyl 
7 .  3-Llorptiolinoprop!.I 
8 .  3-I)iethylamino-2-hydroxyprop!-I 

.Melting point, 65-66', 

R 

1.  2-Dimethylaminoethyl 
2 3-I)imethylaminoprnp~l 
3 .  3-P\~rrcilidinoprop\ 1 
4. 2--Piperidinoethj,l 
5 .  3-Llorpholinopropyl 
G .  3-Diniethylaminopropyl 
7 .  3-llorpholinopropyl 
8. S-Diethylamino-2-hydrosypropyl 

Hydrate. 

R' 
H 
H 
H 
H 
H 
('H1 
C'H, 
I T  

111 where R and Rl are other than hydrogen and X, 
we believe that one form predominated and its struc- 
ture corresponded to one of the two possible forms. 
WP made no attempt to assign one of the two struc- 
tures possible to our product in these cases. When the 
products were derived from the gem-diacetic acids, no 
isomerism of this type was possible. 

B. Pharmacological Activity.--.llthough many of 
the compounds prepared displayed a variety of phar- 
macological activities, such as ganglionic blockage, pro- 
d u c d  dwarfed offspring in third generation of rats, 
txt ( 2  , 11 r were particularly interested in reporting 
on the antineoplastic activity of S-dimethylamino- 
propyl-!)-t-butyl-3-azaspiro [5 : 5 ] undecane dihydro- 
chloride. This compound when screened in the KB 
or €IC La cell tissue culture tests completely inhibited 
the cell growth a t  a concentration of 10-7-10-9 g./mL9& 
The activity in tissue culture was confirmed by two 
independent sources. The compound when evaluated 
i n  the cancer screen used a t  Georgetown Universitygb 
afforded 100% protection. This compound is stable 
and at a concentration of *50 mg./ml. has a pH of 5.3 
arid an 1.1'. single dose LDso in rats of approximately 
100 mg. ikg. 

t o  fa) Cancer p i e - n i o f l p r n p v  R e p f  , I, 63 (1959); (b) C F. Geschickter, 
1 A hnrriel, and 15. I' Rubark)., Csoryefpwn Med Bull., 14,  193 (1961). 

B.p., 'C. fmni.) 

70-72 10.45'1 
:12-$lt-l I I , 0 , 
!l4-!l!l ( 0 . 0 3 ~ ~  
s5-05 (0 ,  0 3 )  

10:3-10s c 0 . 1 i  
77-78 (0 .1)  
03-98 (0.04)  
90-91 ( 0 . 2 )  

C. Clinical.-Because of the high 3cativity in  11'- 

gard to inhibition of tissue cultures ant1 in oitr animal 
sc>reening procw1uivq I\ e h a w  cwiietl out :L study of 18 
patients with V \ - ( ~ I Y  (-iii,cinomas 2nd sarcnomas using 
S-dimeth;vlaniinol,1 opvl-9 -t-bi i t  v1-3 - azaspiro r5 :5]un- 
decane. The drug \\LIS adniinisterctl hy thv I JI., I \*. 
perfusion, and oral rout(>\. Thrse results 81-e lirttd 111 

Tthle SVIIT. 

Experimental l o  

Intermediate Ketones.->Ioqt of T!IP opeiit :inones, ( 8 )  ( , I ( ) -  
hesanones, cyclohept,anones, q ~ ( ~ I o n c t ~ ~  e?. 2,R-diiiieth~ I-Y- 
pyrone, and (3-decalol were rili*:Linrd from CoIurnl>ia 0rg:Lniv 
Chemicals Co., Inc., Colu Chrolin:i. 4-Cydohesyl- 
cyclohexanone" and 4-nieth lohes:inorie,'* tran.c-hexnhy- 
dro-b-hydrindone,'J tran l 3  ~~-ketotetratiydrothio- 
phene," and penthianone,I6 were prepared following the litern- 
ture. Tetrahydro-r-l)vri)nel6 n x s  obtained by pyrolysis of 

(IO) All melting points were t a k e n  o n  a Thvnins-Hoover melt ing p o i n t  

(11) C. H. Shunk and A .  L. Wilde, I .  Am. Chem. So?., 71, 3947 (1949). 
(12) P. Ruggli, 0. Leupin, and A. Businper, Hela. Chim. Acta. 24, 330 

(13) R. J. Tudor and .4. I. Vogel, J .  Chem. Soc., 1250 (1934). 
(14) R. H .  Woodward and R. H. Eantnian, J .  Am.  Chem. Soc., 68, 2??!l 

(15) G. hl.  Bennett and L. V. D. Scnrah,  J .  Chem. Soc.. 194 (1927). 
( 1 6 )  (a )  S. R. Cawlev and S. r:. P. Plant. ibid., 1214 (1938); ( t i l  

apparatus and  are corrected. 

(1941). 

(1046). 

R. Cornubert and P. Robinet, Bull. Soc. Chim. France [4] 65, 565 (1933). 



Analysis, "0 
--Hydrogen-- 

Calcd. I'ound 

8.00 0 . 1 4  
9.:31 0 . 4 1  
9.15 9 . 0 7  
9.15 $1.37  
8 . 6 3  s , $0 
9.59 % 7 1  
8.90 9 .29  
9 .28  0 ,  2c: 

----Sitrosen--- 
Calcd. Fuund 

1 2 . 4 9  12.78  
11.76 12.09 
l O . f i ?  10 .54  
10 ii!) 1 0  . 39 
10 00 10.12 
11.10 11.12 
9 . 5 2  8.99 
9 . 9 2  10.18 

7-- 

3I .p . ,  "C. 

172-173 
183-184 
147-147.5 
1 77-17s 
1 hX-I 94 
i 37-13s 
168-1 60 
96-97 

-Methiodides---- 
.inalysis, 7c 

--Iuc li ne------- .  
Calcd. E'uund 

34.65 34. i 2  
33.35 33. i 3  
31.24 31 . O . i  
31.24 30.93 
30.05 30.0.5 
32.19 32, 3'1 
29.09 20.00 
29.91 29. S2 

3I.p.. oc. 
186-187 
133-136 
187-188 
173-174 
170-171 
146-1 47 

13i-139 
139-140 

-Hydrochlorides---- 
.inalpsis, %, 

--Chlorine- 
Calcd. Found 

13.60 13.4s 
12.90 12.8!) 
11.79 I 1  .G8 
1 1 . 7 0  11 .62  
1 1 . 1 9  10.87 
12.28  1 2 ,  5.5 
10.72 11 . O P  
1 1  0'2 10.83 

Y A n a l y s i a ,  %- 
--Hydrogen--- 
Calcd. Found 

12.32 12 .  5 i  
12.46 1 2 . 2 2  
11.94 11 , 0 7  
11.91 12.05 
11.18 11,35 
12. -58 12.73 
11.35 11.66 
11.89 12.11 

--Nitrogen-- 
Calcd. Found 

14.27 14.00 
13.32 13.12 
11.85 11.61 
11.85 11.75 
11.10 10.83 
12.48 12,68 
11.52 11.38 
11.01 11.01 

M.p., O C .  

228-230 
24;-248 
235-236 
236-237 
219-220 
250-2.5 1 
209-210 

305 

(4.4) S O S A Y E S  

chelidonic acid followed by hydrogenation with 2% palladium 
on strontium carbonate. This catalyst was also used to hy- 
drogenate 2,6-dimethyl-y-pyrone and 6-methyl-2-phenyl-4-py- 
ronel' to 2,6-dimethyltset8rahydro-4-pyrone and 6-methyl-2- 
phenyltetrahydro-4-pyrone, respectively. In  the 4-pyrones, if 
the hydrogenation product shon-ed a considerable OH band on 
infrared examination, the product was reoxidized to the ketone. 

Intermediate Acids.-The following acids used in this study 
had been prepared previously. 3-Methylryclopentane-1,l-di- 
acetic acid, 18-20 cyclopentane-1 , I-diacetic acid,4"120 ryclopentane- 
I-carboxy-I-acetic arid,6 X-methylcyclopentane-l-carboxy-l-ace- 
tic acid,l8 cyclohexane-1 , l  -dinretic a~id,Zo,~b X-methylcyclo- 
hexane-1,l-diacetic urtcid,21 4-methylcyclohexane-1,l-diacetic 
acid,20,*1 ryclohexane-1 -rarbosy-1 -acetic acid,a cycloheptane-1,l- 
diacetic acid,22 cycloheptane-I-carboxy-1-acetic acid,6 cyclo- 
octane-1-carbnxy-1-wetic urt~id,~3 trans-decahydronaphthalene- 
2,2-diaret,ic arid,8R.20 trans-derahydronaphthalene-2-carboxy-2- 
acetic acid,6,*" and trans-hesurthydrohydrindene-l-carboxy-l-ace- 
t ic  acid.*h 

The general procedure for preparing most of the azaspiro- 
alkanes was carried out in essentially the same manner; therefore, 
one detailed example is given which applies to most of the inter- 
mediat,e compounds listed in the Tables. Individual cases in 
which substantial changes were incorporated and the inter- 
mediates were new are detailed. 

( 1 7 )  S. Ruhemann. J .  Chem. Soc. ,  SS, 431 (1908). 
(18) R. D. Desai. ihid.. 1220 (1931). 
(19) A. I. Vogel, ihid.. 913 (1931). 
(20) A. I. Vogel. ibid. .  1758 (1834). 
(21) J. F. Thorrie and  A. S. Wood. i b i d . ,  103, 1597 (1913). 
(22) G. A. R. Kon, i b i d . ,  117, 630 (1920). 
(23) D. Scheurer and  0. Schlichting. British patent 828.753 (1960). 

Analysis, % 
-----Iodine------. 
Calcd. Found 

52.86 5 2 ,  97 
51.36 51.49 
48.79 48.54 
48, 79 48.47 
45.80 45. 9ga 
49.94 49.78 
46.12 45.93 

7-- 

M.p . ,  o c .  

253-274 
264-266 
246-247 
306-307 
255-256 
278-279 
265-266 
lii-178 

Analysis, qo 

---Chlorine--- 
Calcd. Found 

26,34 26,04 
25 .03  24. 67 
22,93 22.97 
22.93 22.70 
21.80 21.78 
23.8.5 23.64 
20.90 20.92 
21.66 21.58 

N-Dimethylaminopronyl-3-azaspiro [5 :5] undecane-2,4-dione.- 
To 20 g. (0.101 mole) of powdered cyclohefaw-1,l-diacetic acid 
anhydride contained in a small flask was added 11.7 g. (ewess) of 
dimethylaminoproprlamine with shaking. The reaction was 
exothermic. A little heat was applied if necessarv to obtain a 
clear melt and the mixture was heated a t  180-200" for 1 hr. 
Rapid evolution of water was observed. After this time, the 
cyclization of the amic acid to the imide was complete as evi- 
denced by the lack of formation of water. The crude product 
was allowed to cool and distilled in vacuo. The pure product 
wae collected as a colorless oil, b.p. 128-133' (0.15 mm.), and 
weighed 26.8 g. (91.5%). The methiodide was made by adding 
an excess of methyl iodide to an aretone solution of the base and 
melted a t  260-362'. Recrystallization from 2-propanol and 
methanol did not change the melting point. The hydrochloride 
was prepared by adding a slight excess of alcoholic hydrogen 
chloride to the base dissolved in alcohol. It melted a t  185-186' 
and did not change on recrystallization. 

N-Dimethylaminopropyl-3-azaspiro 15 : 5Jundecane.-Lithium 
aluminum hvdride (15 g.) and 1 1. of anhydrous ether were placed 
into a 2-I., 3-necked flask, fitted with a stirrer, dropping funnel, 
and reflux condenser and protected from moisture. When solu- 
tion was effected, a solution of 20 g. of N-dimethylaminopropyl- 
3-azaspiro[5:5]undecane-2,4-dione dissolved in 200 ml. of an- 
hydrous ether was added over a period of 15 min. The reaction 
mixture was stirred for 3 hr. and then decomposed by the slox 
dropwise addition of water. A slight excess of water was added. 
the inorganic solids were filtered off, the ethereal solution was 
dried over sodium sulfate and the ether was removed. The 
resultant oil was distilled in vacw) to yield 15.8 g. of base boiling 
a t  85-95' (0.075 mm.). The dihydrochloride of the base was 
prepared by treating a 2-propanol solution of the base with 
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TABLE XI- 
GUARESCHI I M I D E S  

CioHeS3OnS 

cthanolic hydrogen chloride and prec-ipit>ating with absolute 
ether. After recryst.alliaation, i t  melted at, 305-306". The 
dimethiodide was prepared by refluxing an alcohol solution of the 
base with an excess of methyl iodide. Ethyl acetate was added 
unt,il crystallization started and after cooling, the product was 
filtered. It melted a t  252-253'. 

N-Morpholinopropyl-9-t-butyl-3-azaspiro [5 : 5]undecane-2,4- 
diene.-This compound was prepared in 98% yield as indicated 
in the general method given above except that  the product 
crystallized on cooling and distillation was omitted. The prod- 
uct aft'er recrystallization from ligroin melted a t  113-1 14". 

N-Morpholinopropyl-9-t-butyl-3-azaspiro [5 :5]undecane.- 
This compound Tvas prepared by reduction of the dione as given 
in the general method. The product had a boiling point of 160- 
170" (0.12mm.). The yieldwas 91%. 

The Guareschi Imide-9-l-butyl-l,5-dicyano-3-azaspiro [5 : 51 - 
undecane-2,4-dione.-A mixture of 154 g. (1 mole) of 4-t-butyl- 
csyclohexanone dissolved in 200 ml. of alcohol and 226 g. (2 moles) 
of ethyl cyanoacet'ate, contained in a wide-mouthed bottle, was 
cooled to 0". To this mixture mas added 600 ml. of absolute 
alcohol previously saturated a t  0" with anhydrous ammonia. 
(When 600 ml. of alcohol is saturated with ammonia, the volume 
expands to roughly 900 ml. The 
bottle was stoppered and the top wired or taped down. After 
sit'ting for 5-7 days in the cold (below 5 O ) ,  the separated ani- 
moniun~ salt of the dicyanoimide mas filtered off, pressed, and 
washed several times with alcohol. After the filter cake had 
stopped dripping, the solid ammonium salt (240 9.) was dissolved 
in a large volume of boiling water. For every 120 g. of dry 
product, 6 1. of water was used. The solution contained much 
insoluble matter which was removed by filtration while keeping 
the filtrate hot. The hot solution was stirred and acidified with 
coned. hydrochloric acid, and a 200 ml. excess added. After 
allorring the mixture to cool, the product was filtered off and 
washed several times with water. A4fter drying, i t  weighed 51 g. 
and melted a t  235-240". From the 240 g. of above salt, a total 
of 102 g. of free imide was obtained. On recryst,allization from 
:ilcohol and then methsnol, the product melted at  244-245'. 

4-t-Butylcyclohexane-1,l-diacetic Acid.-The above dry 
Gmreschi imide (100 g. )  was powdered and dissolved in 400 ml. 
of coiicd. sulfuric arid using a 3-1. flask. After standing over- 
night, 280 ml. of water was added with frequent shaking. The 
mixture was heated under reflux for 12-20 hr. with intermittent 
shaking until frothing had ceased. After the mixture was al- 
lo\vcd to cool to room temperat>ure, l l. of water was added with 
stirring. The crude arid together xi th  some charred material 
\\-:E filtered off on a sintered glass funnel and washed well with 
wat.er. The crude reaction product i n s  then suspended in 3 1. 
of hot m t e r  and sufficient potassium bicarbonate was added to 
dissolve all of the acid. After boiling with chnrcval, the solution 
WLLS filtered and the filtrate acidified with concd. hydrochloric 
:wid. The precipitate was filtered off, washed with water, and 
dried a t  100". It melted at 181-184". Recrystallization from 

Thus, 900 ml. was used.) 

 arbon on --- 
1I .p . .  OC. ( ' a l rd .  I 'ount i  
1813-187 3 9 . i l i  l\0.01 
2.11-215 iil;. 88  l i0 8 i  
?23-2213 (i8. 98 04 .11  
23 1-23 2 , i 9 . 7 0  59.91 
208-210 R2.99 T,2.93 
166--lC,7 fi5 91 00.03  

---Analyeis. % - -  
,~--Hydrogen--. 

C d c d .  Found 
. i .74 0 . 0 1  
7.3i 7 . 2 2  
7 . 4 0  7 . 5 9  
.i. 7!i 0 . 0 8  
4 4.5 4 . 4 9  
7 01 b.83 

221-222 51.0.5 5 0  92 3 86 4 . 0 3  17.8R 17 .92  

ethyl acetate-petroleum ether gave t'he pure arid melting a t  183- 
184". The yield a-as 6541,. 
4-f-Butylcyclohexane-1,l-diacetic Acid Anhydride.-The acid 

was mixed iyith 3 times its weight of acet8ic anhydride and re- 
fluxed for 3 hr. Excess acetic anhydride n-as removed under re- 
duced pressure and the residue was distilled in Z'UCZLO. The prod- 
uct boiled a t  156-162" (0.1 mm.) and solidified in the receiver. 
Recryst8allizat'ion from hexane afforded material melting a t  110- 
1 1 1 O .  

Ethyl 4-t-Butylcyclohexylidene Cyanoacetate.-A mixture of 
154 g. (1 mole) of 4-t-butylcyclohexanone and 113 g. (1 mole) of 
ethyl cyanoacetat,e was heat,ed until homogeneous and 2 ml. of 
piperidine was added. The mixture was allowed to stand 1 week. 
Every morning the reaction was heated to boiling and allowed t o  
cool. After this period, the mixture was distilled and the frac- 
tion boiling a t  119-121" (0.25 mm.) was collected. The product 
(199 g., 79.8%) solidified in the receiver and on recryst'allisation 
from hexane melted a t  41-42'. 
4-t-Butylcyclohexane-1-carboxy-1-acetic Acid.-The above cy- 

anoester (192 g.) Tyas dissolved in 720 ml. of alcohol and a so1ut)ion 
of 102 g. of potassium cyanide in 215 ml. of wat,er was added. 
dfter standing for 5 days with occasional shaking, the solvent was 
removed under reduced pressure. The mixture was transferred 
to the hood and 1 1. of concd. hydrochloric acid was s lo~-ly added 
with shaking. After refluxing for 24 hr., the react.ion mixture 
n'as allowed to cool and diluted with an equal volume of water. 
After filtering and washing xf-it'h water, the crude acid was dis- 
solved in potassium bicarbonate and was treated with charcoal. 
The filtered solution was acidified with concd. hydrochloric acid 
and the product was collected. This material was suitable for 
conversion to the anhydride employing acetic anhydride as out- 
lined above for t'he corresponding diacetic acid derivative. 
Anhydride: m.p. 112--113"; b.p. 138-142" (0.25 mm.). Acid: 
The anhydride was hydrolyzed with 2 A: sodium hydroxide a t  re- 
flux. After acidifying, filtering, and recrystallization from ethyl 
ncetate-ligroin, the pure acid melted at 191-192". 
4-Cyclohexylcyclohexane-1,l-diacetic Acid.-A solution of 125 

g. of 4-cyclohexylcyclohexanone in 158 g. of ethyl cyanoacetate 
was cooled to 0" and mixed with 1 1. of absolute alcohol that  had 
been saturated with ammonia a t  0". The stopper was wired 
down and the precipitate \\-as filtered after 1 week. The filter 
cake was washed with alcohol followed by ether and sucked dry. 
After dissolving the ammonium salt in a large volume of hot 
water and filtering, the solution was acidified and cooled and 
the precipitate then filtered, washed, and dried. The product 
weighed 144 g. and melted a t  225-2213'. Hydrolysis was effected 
by dissolving 140 g. of the above imide in 600 ml. of c-oncd. sulfuric 
acid and, after standing overnight, diluting with water (470 ml. 1 
to make a 70yo w./w. sulfuric acid concentration. The mixture 
was refluxed wit,h occasional shaking for 24 hr. There was con- 
siderable charring in the process. Water ( 2  volumes) was added, 
the mixture was allowed to  cool, and was filtered and washed. 
The crude product was boiled with a large volume of potassiuni 
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bicarbonate solution and treated with charcoal. The solution 
was filtered and reprecipitated with hydrochloric acid. This 
crude acid was filtered, mashed with water, and dried. Conver- 
sion to the anhydride was effected by refluxing with acetic an- 
hydride for several hours. Removal cf the excess acetic anhydride 
under vacuum and distillation of the residue afforded the an- 
hydride which boiled a t  180-190° (0.3 mm.) and melted a t  102.5- 
103.5'. Hydrolysis of a small portion of the above anhydride with 
2 N sodium hydroxide and acidification yielded the pure acid 
which melted a t  197-198' on recrystallization from ethyl acetate- 
ligroin. 
4-Methoxycyclohexane-l,l-diacetic Acid.-A solution of 116 

g. of 4-methoxycyclohexanone (1 mole) in ethyl cyanoacetate (2 
moles) was prepared and cooled to 0". Alcohol (600 ml.) wab 
saturated with ammonia a t  0" and this solution was added to the 
solution containing the ketone. The resulting solution was kept 
a t  0" for 1 week, filtered, and washed with a small amount of cold 
2-propanol followed by ether. After drying, the ammonium salt 
(126 9.) was dissolved in a minimum amount of warm water, 
cooled, and acidified to  pH 1 with concd. hydrochloric acid. The 
product was Bltered, washed with ice water, and dried; yield, 
60 g. This imide is fairly soluble in water and hydrochloric 
acid. Recrystallization from 2-propanol yielded pure com- 
pound that melted at 186-187'. 

In a number of attempts, hydrolysis of this imide with sulfuric 
acid was unrruccessful. The hydrolysis was successfully ac- 
complished in low yield by the following method patterned after 
Kerr.6 The imide (60 g.) was dissolved in 1 1. of 2.15% sodium 
hydroxide and refluxed for 2 hr. At  the end of this time, the 
solution was concentrated on the steam bath to  half its original 
volume, acidified with sulfuric acid, saturated with sodium sul- 
fate, and extracted 6 times with ether. The ether was removed 
and the residue was refluxed with 10% sodium hydroxide for 10 
hr. After cooling, the solution was acidified with sulfuric acid 
and extracted 10 times with ether. The ether was dried and re- 
moved by distillation and yielded a second residue .u-hich was de- 
carboxylated a t  200" and then refluxed with acetic anhydride and 
distilled. The crude anhydride was hydrolyzed with 2 N sodium 
hydroxide and acidified. Continuous ether extraction yielded 
3 g. of acid which after petroleum ether recrystallization melted a t  
154-155'. As an alternative, the residue above from the 2.15% 
sodium hydroxide was boiled overnight with concd. hydrochloric 
acid and then evaporated to dryness. Preparation of the an- 
hydride and hydrolysis with sodium hydroxide yielded the same 
acid. 

1,3,5-Trimethyl-1,5-dicyano-3-azaspiro[5 : 5]undecane-2,4- 
dione.-To a solution of 13.8 g. (0.6 mole) of sodium dissolved in 
1 1. of methanol was added 46.2 g. (0.2 mole) of the Guareschi 
imide from cyclohexanone (1,5-dicyano-3-azaspiro [5:5]undecane- 
2,4-dione). The imide dissolved immediately and the mixture 
n as refluxed for 0.5 hr. Methyl iodide (114 g., 0.8 mole) was added 
slowly and refluxing was continued for an additional 2 hr. After 
standing overnight, the reaction mixture was poured with stir- 
ring into 1 1. of water containing 100 ml. of nitric acid. The 
product separated, was filtered, and washed with dilute alcohol. 
When dry, the material was dissolved in methanol, treated with 
charcoal, filtered, and allowed to crystallize. The crude product 
weighed 26 g. and melted a t  161-163". One recrystallization 
from methanol raised the melting point to 166-167'. It was un- 
changed on further recrystallization. The infrared spectrum 
showed no NH band. 
Cyclohexane-a,a'-dimethyl-1,l-diacetic Acid.-Hydrolysis of 

the trimethyl imide (22 g.) was accomplished by dissolving in 96 
g. of concd. sulfuric acid, allowing to stand overnight, adding 96 
g. of water, and refluxing for 8 hr. During the reflux period, the 
mixture was shaken a t  intervals. After cooling, 500 ml. of water 
was added and the crude product was filtered. The acid was 
dissolved in potassium bicarbonate solution, treated with char- 
coal, filtered, and the solution acidified with hydrochloric acid. 
After filtering and drying, the product (7 g.) melted a t  143-144'. 
When recrystallized from a 50% methanol-water mixture, i t  
melted a t  143-145". 
Cyclohexane-cu,cu'-dimethyl-1,l-diacetic Acid Anhydride.Six 

g. of the above arid was refluxed for 3 hr. with 20 ml. of acetic an- 
hydride. The excess of acetic anhydride was removed under re- 
duced pressure and the residue was distilled under vacuum. The 
product was collected a t  106-107' (0.5 mm.) as an oil which crys- 
tallized in the receiver. It melted a t  60-61' and recrystallization 
from benzene-hexane did not change the melting point. 
N-Dimethylaminopropyl-l,5-dimethyl-3-azaspiro [5 :5] undecane 
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I 'nt1ent 

I ) . . \ .  \\.I.- -57 

1%. 1).  \\..51 .-:ix 

]'.It \I' I; --44 

Ijiagnosis 

AIaiiimary carcinoma, osseous and pulnionary 

Recurrent colonic, carcinonia. Peritoneal :mi l  

Yasopharpgexl cwcinoina , I ,911pli nodi. 

Colonic- c,arc:inciirin wit11 Irepitic: and  :tbdirni- 

( )steogenic sari'oiiia with skin nietastasis 

metastasis 

hepatic irietsetitsis 

metastasis 

inn1 ~vall inetastasis 

Iterurrent gastric- c:trcinonr:r 

5Iaminaij c':ircmoiiia v it11 osseous metastasis 
Bronchogenic, c m m o n i a  Recurrent 

1Iyosarcoiiia of St(Jni:lC!h u i th  intra-abdoiiiinal 
extension with obstruction 

Uterine adenocarcinoma with frozen pelvis. 
\.ascular obstruction of iliac and femoriil 
vessels 

( i rnde IT* r:irc,incirna bladder with invasion rjf  

vagina and ulceratmion of abdominal wnl l  
Reticulum cell sarcoma of lymph nodes, gen- 

eralized 
('olonic carcinoma with hepatii. metastasis 
lleticuluin cell sarcoma with involvement 

11anini:ir)- mrcinl~ixia with bilateral pulniir- 

(':irc$inoin:i of the tx)wel 

I ~ ~ i p l i  glands 

nurj- niet:istasiu 

' 1  'Thrl drug m:t? lie given I.\-., I AI., or by perfusion and is tolerated 

I tauui t5  

llegression Of  t~liilJr niid syniptoiri with rnarketl 

:LSlontIi remission ( i f  symptoms onl>,. 
vliniml benefit for  10 months. 

Iiegression of s) ilipt(Jii1s 10 nionths. 

Sct ,ipprc&ible beneht 1)iscontinued treat- 

Ilegression of t uiiior fur 24 niontlis 
ment 

Sloderatc rcgressioii tuirior Relief syni;)tonls 
2 . 3  j-eiirs. 

Ilegression tnni i ) r  illasses for  3 rricint,lis. I n t ~ s -  
tin:tl obstruction relieved. 

Itegression symptoms for 1 
RerriissiiJri o f  syiirptciiiis. 1 

iriirntli. 

Filriiicbrly I)rdridtien. 
Lifter I inontlis. 

\.:iscaul:ir ol)ytrur:tion relieved. Mtuked syiiip- 
i 1 iimitic. iiiiprovctment. 

S o \ v  up and :irunritl 

'l'erniinal status at onset of tlier:qiy. Xow :in]- 

Itcgrcssicin of masses with a 6-month reniis- 

Iicgression of synrpt~)nrs for 7 rrionths. 
\I:lrked rrgression of t,unior niasses anti tiis- 

:tppe:ir:mce of pleural effusion for 12 niontl~s. 
31:irked rrlief of symptoms and pain. 1,yiripii- 

etirni:i and pleural effusion disappeared. 
d j  iiiptliiixitic, relief c r f  piin. So regression o f  

tun l l  lr. 

Iiiilxtor). 4 months. 

sion. (Gradual return symptoms thereaftcr. 

Dihydroch1oride.--To 4.2 g. (0.02 niolei of t,he previously tered, dried over sodium sulfate, arid st'ripped. The result,ant oil 
mentioned anhydride  as added 2.5 g. (excess) of dimet,hyl- was dissolved in absolute alcohol and an ethanol solution of hy- 
:Lniinopropylamine and the mixture i n s  heat,ed to 180" for 1 hr. drogen chloride was added. The product was precipitated with 
It was allowed to cool and added in ether to a solution of 2 g. of ether and after filtering and drying, i t  melted at  300-302". 011c 
lithium aluminum hydride in 200 ml. of anhydrous ether. After recrystallization from ethanol--ether raised the melting point t i  I 

stirring for 2 hr., t,he solution 71-as decomposed with water, 61- :W--305' IT-hich was unrhitnged on further recrystallization. 
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Anal. Calcd. for G?H36C12N2: C1, 20.89. Found: C1, 20.97. 
Ethyl or-Cyano-or-(3-thiacyclopentylidene)acetate.-Tetra- 

hydrothiophene-3-one (60 g.) was mixed with 1 molar equiv. (67 g.) 
of ethyl cyanoacetate and 1 ml. of piperidine was added. The 
mixture was stoppered tightly and allowed to stand 1 week at 
room temperature. The reaction mixture was poured into 1 1. of 
half-saturated aqueous sodium chloride containing 1 ml. of concd. 
hydrochloric acid. This was mixed thoroughly in a separatory 
funnel and extracted 3 times with 300-ml. portions of ether. 
The ether extracts were dried over sodium sulfate, the ether was 
stripped, and the residue was fractionally distilled under vacuum 
yielding 54 g. of product, b.p. 106-111" (0.35 mm.); m.p. from 
acetone-water 57.5-58.5". 
3-Thiacyclopentane-1-carboxy-1-acetic Acid.-Fifty-four grams 

of the above ester 1%-as placed in a 500-ml. flask, dissolved in 250 
ml. of alcohol, and a solution of 40 g. of potassium cyanide in 85 
ml. of water added. The mixture was permitted to stand a t  
room temperature for 72 hr. and was stripped of all solvents under 
reduced pressure until a dried powder remained. Concd. hydro- 
chloric acid (200 ml.) was added to the powder through a 
long condenser and the mixture x-as refluxed for 24 hr., cooled 
in the ice box, and filtered, yielding 45 g. of crude acid with a 
brownish tint. This was redissolved in a minimum of boiling 
water, treated with decolorizing charcoal, filtered, and cooled. 
The product was obtained as long white needles (37.5 g.), m.p. 
156-157'. When the filtrate was combined with the hydro- 
chloric acid filtrate mother liquor and extracted in a continuous 
ether extractor for 24 hr., another 5 g. of acid was obtained. On 
recrystallization from acetone-ligroin, the pure acid melted a t  

3-Thiacyclopentane-1-carboxy-1-acetic Acid Anhydride.-Re- 
fluxing 42 g. of the acid above with 200 ml. of acetic anhydride 
for 2 hr., stripping off the acetic anhydride a t  the water pump, 
and distillation of the residue under vacuum yielded 35 g. of ma- 
terial, b.p. 124-130" (0.25 mm.), m.p. 79-80'. 

Ethyl or-Cyano-~-(4-thiacyclohexylidene)acetate.-To 30 g. 
(0.26 mole) of penthianone was added 29.4 g. (0.26 mole) of ethyl 
cyanoacetate and 0.3 ml. of piperidine and the mixture was 
heated to 100". After 3 days of standing and heating to 100' 
once each day, the reaction mixture   as poured into 250 ml. of 
water containing 2 ml. of hydrochloric acid. The resulting oil 
m s  extracted with ether and the ethereal extract was dried, 
stripped, and the residue was distilled. The product boiled a t  
111-115' (0.03 mm.) and weighed 39.2 g. 
4-Thiacyclohexane-1-carboxy-1-acetic Acid.-To 38.2 g. of 

the above ester in 450 ml. of alcohol was added a solution of 13 g. 
of potassium cyanide in a small amount of aater. After stand- 
ing 3 days, the solvent was removed under reduced pressure and 
the residue was refluxed with 100 ml. concd. hydrochloric acid for 
24 hr. On cooling, the product crystallized and was filtered (32 
g., 87%): It melted a t  130-132" and one recrystallization from 
wher  raised the melting point to 132-133.5'. 
4-Thiacyclohexane-1-carboxy-1-acetic Anhydride.-From 30 

g. of the above acid using acetic anhydride followed by distillation 
in the usual way, there was obtained 22 g. of anhydride 80.47, 
boiling a t  142-147" (50 p ) .  The anhydride solidified on standing 
and recrystallization from ethyl acetate-ligroin gave material 
melting a t  94-95'. 

Ethyl ~-Cyano-~-(3,5-dimethyl-4-oxacyclohexylidene)acetate. 
-2,6-Dimethyltetrahydro-ypyrone (29 g.), 1 molar equiv. of ethyl 
cyanoacetate, and 0.1 ml. of piperidine were heated to boiling 
and stoppered. Each day for 5 days, the procedure of heating 
and adding 0.1 ml. of piperidine was repeated. The ester crystal- 
lized in large blocks which were filtered off and washed with 
petroleum ether. It melted a t  103-105' and on recrystallization 
from acetone-water melted a t  104-104.5" (yield, 31 g.). 

3,5-Dimethyl-4-oxacyclohexane-l-carboxy-l-acetic Acid.- 
Thirty-one g. of the ester from above dissolved in 450 ml of alcohol 
(this ester was rather insoluble in alcohol) was treated with 10 g. 
of potassium cyanide in 20 ml. of water. After 5 days, the mix- 
ture was stripped under reduced pressure until a dry powder re- 
mained. Hydrolysis of the cyanide addition product with 350 
ml. of concd. hydrochloric acid for 24 hr., stripping to  dryness, 
and repeated extraction of the residue with boiling ethyl acetate 
yielded 21 g. of the acid (m.p. 19&19io). Recrystallization 

A from ethyl acetate resulted in a product, m.p. 196-197'. 
i? 3,5-Dimethyl-4-oxacyclohexane-l-carboxy-l-acetic Acid An- 

8 hydride.-Conversion of the acid to the anhydride in the usual 
c1 manner using acetic anhydride yielded 16 g. of anhydride, b.p. 

98-105" (0.02 mm.), m p. 68-70'. 

157-158'. 



1,5-Dicgano-8,10-dimethyl-9-oxa-3-azaspiro [ 5.51 undecane-2,4- 
dione.-Condensation of 66 g. of 2,6-diniethyltet,rahy~ir~)-~-l,\.l.c in(' 
with 2 molar equiv. (1 17 g , )  of et,hyl cyanoacetrite i n  :til c " r i w s  ot' 
saturated anhydrous ammonia in absolute alcoliol for ;? days :it 
5' yielded 87 g. of the aninionium salt of the diry:iiiiiin~~d(~. 
This was dissolved in n niininiuni of boiling writer : ~ i i d  acidified 
with concd. hydroc2hlorio wid. Cooling uverniglit in the refrigei- 
:it<jr and filtering yielded 63 g. of t,he dicyarioimiclv f iii.1r. 2:HI - 
231 "). I~ecrystullizaticin froni water resulted in it jrrutluc*t, 1 1 1 . 1 ~ .  

ethyl-4-oxacyclohexane-l,l-diacetic Acid.---ITydrrr 
of the dicyanoimide with 4040',7c siilfiiri(. ac,id r e s u l t d  iii p i o r  
yields of the desired acid due t,o destruc4irn ( i f  the pyrorie riri 
the sulfuric :wid. 
hydrolysis as follow: the h i d e  w:is hcriled for  aever:il hours \\it  I :L 
2yc aqueous solution of sodiuni tiydrositltt iiiitil aniriioiii:i ( ~ : t s e ~ l  
to I J ~  evolved. This procedure ruptured t#he iniide ring. 'L'ILv 
resultant solution \vas c.oncentrated under reduc.e,l pressure aiid 
the hydrolysis roiiipJet,ed either by i .I) Iioiling \\it11 15' S.IOlI 
or ( U )  cwned. hydrochloric. sci(l.  7'he wid \v:is (lst,r:wtcd I)!, v i  111- 

tinuous etsher extr:wt~ion overnight, This yielded tlir tetri t-  
carboxylic scid niixed \vith the desired ilii~arlr~isylic~ : i i , i ( l .  ' I l i t  

niixture of acids was he:it,ed slo\vly i i n r i l  etYl'ei~vesc.eiiw i if (,:irl)iiii 

dioxide ceased (deiwbuxy1:ttioii I I ~  the tetr:tc,:trt,irsylii, ttt-id'i. 
1-ooled, and recryst,allized from \\:iter :ifter treating \\ i t l i  ~ i e r o l i ~ r -  
izing c:hari~o:rl. The (.rude :tc*id Iiieltcd :it i : G I 4 l  IJ), eit,lipr 
:tltern:itive h~~drolysis priwedure. 
tone-petroleuin et,her, it iiielted at  155-1 .>iic. 
3,5-Dimethyl-4-oxacyclohexane-l,l-diacetic Acid Anhydride. 

 the aiihydridp \v:ts fiirnieti 11). ti,c,:itirig tile :t(.id \\-iltr e \ c ~ + s  
: i r ~ t i i .  anhydride : ~ n d  v:wiiiiiii (IistilliiiR t tic, resitlut~. Tlic: 
resultant imhydricle h i l e d  :it 132- 137" 4.(14 i i t i i i .  1 and ineltwl 
:11 110-111". 
1,5-Dicyano-8-thia-3-azaspiro [5 : 4jdecane-2,4-dione.-ht 0". :I 

inist,ure of 30 g. of 3-lietotctrahydrothiophenc, : i d  68 g. of i::h)-l 
i-g:moacaetate \vas itdded tcr 200 nil. of a l i ~ i l i i ~ l  \\-hic.h h:td prcx- 
viously been saturat,ed x i th  aminonis at 0'. The re:tcatiou vessel 

The desired wid \vas ot)t,aiiied 11). step\\ 

( iii rei 

Cyclopropane Methonium Compounds' 

I n  it stud?, ci f  tlie c2ffec.t of liiriiting t I I P  flesiI)ility of t l i e  v l ia ins  !if i i i f l t  1 i i ) i i i i i i i i  rr i i i i i i i i ! inds o i l  tlicr i ~ l i : ~ r i i i : i , ( ~ i r l ( i ~ ~ ~ : , l  

:tc,tions of iwtiiin stereoisomers, analogs of I~ex:triietliirni~ir~~ and suc~i~iri~lcli~ilint. carr>.ing a (,is or t m u s  oriented 
cyclopropane ring in the center ( J f  tlie rh:iin were synthesized. Tile geonietriv isomers of bisitrirnetliylaiii- 
r~ioniumetliyl)~~~clopropane-l,'L-dicart~os~-l:ite :ind o f  the I I I J I I I I J ~ O ~ I I U S  cyc,li,propane-l,~-di:~cet:~te mtrr tli- 
iodides caused predominantly neuromuscular t)locnk :ind resembled siic,ciiiylctioline. The geometric isomers of 
1,2-di-( p-triniethS.lamnioniumeth2.i)c lopropane diiodide exerted prirn:trily ganglionic blockade of t h t  1iex:i- 
rnethonium type. The t r a m  isonier was the more potent in each case. 

(1) This research was supported by Grant B-1445 from the  Insti tute of 
Neurological Diseases and Blindness, Sational Institutes of Health, U. S. 
Public Health Service. 
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