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tively; and indeed many of their reactions mere similar 
to these monocycles. 

The spiroimides were obtained from the correspond- 
ing cyclic gem-carboxyacetic and -diacetic acids, esters, 
or anhydrides and concentrated aqueous KHs followed 
by cyclization a t  160-200". Although most of the 
imides prepared had been reported previously in the 
literature, they are listed in Table I (part A), reference 
to the amines prepared therefrom, and physical con- 
stants of the imides we obtained and employed in our 
syntheses. lo 

On theoretical grounds the elimiriatiori of one asym- 
metric center from the Cyclohexane rllig'oa-m by gem 
substitution of the diacetic group (leaving the other 
asymmetric center intact, Table I, compounds 6, 8-11) 
should still permit the existence of two isomeric boat 
and chair forms of these acids as well as of their imides. 
In  all cases included in the table only one acid and one 
imide (or a preponderance of one form) was obtained. 

In  the case of compound 2 (Table I), one isomeric 
form also predominated. Our material (Table I, 
13) was derived from trans-p-decalone and the imide 
is probably all trans as indicated by the small difference 
from the literature (Table I, ref. I )  m.p. of 201" for this 
isomer and the 15-20' depression on admixture with the 
czs isomer. 

The imides listed in Table I, part A, were reduced to 
the axaspiranes (Table I, part B) with lithium alumi- 
num hydride in anhydrous ether. In general those 
amines in which ring B was piperidine were obtained in 
better yield on the scale employed (0.05 to 0.3 11.1) 
than were those in which ring B was pyrrolidine. The 
sharpness of the original melting point, and little or no 
change on recrystallization, of the picrates of these 

(10) A considerable controversy, and much work as a result thereof, is  
recorded in the literature concerning the number of isomers obtainable for 
acids of the  structure 

R 
derived from cyclohexane, wherein X and Y are carboxyl and acetic groups 
and R and R' are different substituents, On theoretical grounds multi- 
planarity of the cyclohexane ring should contribute two isomers in addition 
to  the cis and trans configurations. Qudrat-i-Khuda and co-aorkers'08-d 
reported the  isolation of four isomers of 3- and 4-methylcyolohexane-l- 
carboxyl-1-acetic acids along with their anhydrides, imides, and anils. 
These findings were disputed by Desai, et al.,'Oe-k who were able to  isolate 
only the cis and trans isomers of 3- and 4-methylcyclohexane-I-carhoxy-l- 
acetic acids, their anhydrides, and imides, a s  well as only one form of 3,3- 
dimethylcyclohexane-1-carboxy-1-acetic acid."' Goldschmidt and Gra- 
finger'" isolated only two isomeric acids and imides of 4-methylcyclohexane- 
1-carboxy-1-acetic acid and showed b y  melting point studies t h a t  the other 
"multiplanar ring isomers" of Qudrat-i-Khuda, et al., were 1 : 1 and 4 :  1 
mixtures of the  cis and t r a m  isomers. The  failure t o  obtain more than one 
isomeric gem-carboxyacetic acid of the  3,3-dimethyl-"' or the 4,4-dimethyl- 
substitutedlom cyclohexane ring, as a-ell as  the fact t h a t  the transformation 
energy is very small,'O'.m mitigates against the isolahility of the boat and 
chair forms. However, this does not eliminate the possibility that  other 
substituents on the  ring might alter the transformation energy between the 
boat and chair forms, or hinder interconversion sufficiently t o  permit the 
isolation of four isomers in some cases. (a) 31. Qudrat-i-Khuda. J .  Indian 
Chem. Soc.. 8 ,  277 (1931); (h) RI. Qudrat-i-Khuda, and A .  Mukherji, ibid.. 
16, 462 (1938); (0) I f .  Qudrat-i-Khuda, Nature, 132, 210 (1933); (d) M. 
Qudrat-i-Khuda, ibid. ,  136, 301 (1935); (e) R. D. Desai, J .  Chem. Soc., 
1047, I065 (1932); ( f )  R. D. Desai and R. F. Hunter,  'Vature, 136, 608 
(1935); (a )  R. D. Desai, R. F. Hunter, G. Khan, and G. S. Saharia, J .  
Chem. Soc.. 416 (1936); (h) M. W. Bukhsh, R. D. Desai, R. F. Hunter,  and 
RI .  Hussain. ihid., 1159 (1936); (i) R. D. Desai, RI. 0. Farooq, and R. F. 
Hunter.  ibid., 1162 (1936): ( j )  R. D. Desai, R .  F. Hunter, and G. S. Saharia, 
ibid., 84 (1939); (k) R. D. Desai, R .  F. Hunter,  and G .  S. Saharia, Proc. 
Indian Aead.  Sei.. l l A ,  516 (1941): (1) S. Goldschniidt and G .  Grifinger. 
Ber., 68, 279 (1935); (m) R. F. hliller and R. Adanis, J. Am. Chem. Soc.. 
S8.787 (1936). 

amities again indicated that orily one isomeric form was 
ob tairied. 

Early in our investigations of derivatives of these 
amines it was found that the 3-(p-fluorobenzoyl)propyl 
X-substituent resulted in compounds with potent CNS 
depressant properties similar to those observed with the 
phenothiazine - derived tranquilizer, chlorpromazine. 
The work reported herein, aside from the synthesis of 
the azaspiraiies, deals largely with the synthesis arid 
pharmacology of compounds derived from permutations 
of the structure 11. This structure was permuted as 

Y Z  
I1 

follows: number of atoms iri ring A, positioii of the S 
atom, arid number of atoms in ring B; substituents Y 
on ring A;  values of n from 1 to 7;  values of Q including 
-CH2-, -CO-, -CHOH-, -0-, -S-, -SOp-; ring C 
was phenyl or thenyl; values of R included H, F, Br, 
C1, alkyl, trifluoromethyl, and alkoxy. I n  addition, 
ring Awas opened to study the effects of 4,4-disubstituted 
piperidines or was eliminated altogether to leave simply 
piperidine or morpholine. 

Various compounds prepared, together with iriter- 
mediate S-substituted azaspiraiiylalkyl acids, esters, 
alcohols, halides, nitriles arid amines, are listed in Table 
11. The compounds were obtained by two general 
routes as shown in Scheme I.  

Method 1 consisted of treating the azaspirarie with 
the aralkyl, aryloxyalkyl, or aroylalkyl halide in an 
inert solvent such as toluene. Method 2 employed the 
azaspirariylalkyl halide and the alkali metal salt of the 
phenol, thiopheiiol, or arylsulfinate, usually in ethanol 
as reaction medium. The general methods, arid var- 
iants thereof, are illustrated by specific examples in the 
Experimental section. Again, in general, the yields 
of compounds formed by alkylation of the free aza- 
spiranes in which ring B was piperidine were better 
than those obtained in cases where ring B was pyrroli- 
dine, and the reactions were cleaner. 
411 interesting chemical observation, which may be 

of biological significance with this type of structure, 
was the relatively high lability of the fluorine atom 
substituted on the aromatic ring of 4-chloro-4'-fluoro- 
butyrophenone. A search for the cause of the dis- 
parity between the yields of 4-substituted azaspiranyl- 
butyrophenones obtained when the nitrogen atom in 
ring B was in the 1- or 2-position (pyrrolidines) or the 
3-position (piperidines) brought about this conclusion. 
With the pyrrolidines (and to a lesser extent with the 
piperidines) there mas always a relatively large high- 
boiling residue which solidified to a hard resiu on cool- 
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NO. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14" 

Ring system, 
Y-AB 

55 
7-Me-55 
65 
75 
56 
8-Me-56 
66 
8-Me-66 
9-Me-66 

9-C y clohexyl-66 
76 

7,9-Dimethyl- 
8-oxa-65 

9-t-Butyl-66 

10-6k 

TABLE I. PART A, SPIROIM DES 
7- rC oa1cd.----- 

M . P . ,  oc. Formula C H N 

120-1225 CsHiiNOz 62.73 7.24 9.14 
96-97b CgH13N02 64.65 7.84 8 .38  

144-145' CgHi3NOz 64.65 7 .84  8 .38  
114-lljd CioHi5NOz 66.27 8 .34  7.73 
152-153" CgHi3N02 64.65 7.84 8 . 3 8  
135.5-136,5/ CioH15N02 66.27 8.34 7.73 
168-169' CioHi302 66.27 8 .34  7 .73  

67.66 8 .78  7.17 
163-16& C11H17?J02 67.66 8.78 7.17 
223-224 Ci4H2&02 70.85 9.77 5.90 

72.96 9.57 5.32 189-190 Ci6H25?;02 
177-178' CiiHi7NOz 67.66 8.78 7.17 
197-199' Ci4H2iN02 71.45 9.00 5.95 
184-185 ClOH15~03 60.90 7.66 7.10 

PART B, SPIROAMIXES 

153-154h CllH17Ko2 

____ 
c 

62.58 
64.88 
64.92 
66.68 
64.90 
66.75 
66,54 
67.48 
67.87 
70.89 
73.23 
67,53 
71.30 
60.62 

-"/c found---- 
H N 

7 06 9 11 
8 13 8 40 
8 05 8 81 
8 39 7 82 
8 01 8 67 
8 47 7 60 
8 33 7 76 
9 07 7 00 
9 03 7 14 
9 83 5 96 
9 67 5 36 
8 86 7 44 
8 87 6 04 
7 '71 7 31 

% ca1od.- -5% found--- -- 
No. Ring system B . P . ,  "C (mm.) Yield, % I'ormula C H x C H N 

1 55 70 (14) 80 CaH15Nn 76.75 12.08 11.19 77.00 12.06 11.22 
2 7-Me-55 71-73 (12) 87 CgHi7X" 77.63 12.31 10.06 77.44 12.15 10.27 
3 65 89-92 (20) 55 CgHi,SP 77.63 12.31 10.06 77.72 12.49 10.17 
4 75 106-110 (15) 68 CioHisN' 78.36 12.50 9.14 78.72 12.60 9 .21  
5 56 83-86 (16) 80 CgHivN' 77.63 12.31 10.06 77.44 12.21 10.08 
6 8-AIe-56 90-93 (14) 71 CioHisNs 78.36 12.50 9.14 78.14 12.56 9.04 
7 66 114(23), 110-112(10) 79 CioHisN' 78.36 12.50 9.14 78.63 12.56 9.19 
8 8-Me-66 120-123 (20) 88 CiiHziN'" 78.97 12.65 8.37 78.92 12.88 8 . 3 2  
9 9-Xe-66 70-74 (0.76)  75 CiiHaN' 78.97 12.65 8 . 3 7  79.23 12.82 8.47 

10 9 4  Butyl-66 138(4.5)  84 Ci4HzvN 80.31 13.00 6.69 79.95 12.75 6 . 6 1  
11 9-Cyclohexyl-66 120-130 ( 0 . 2 )  78 C1&gNL 81.63 12.42 5 .95  81.67 12.35 5 .85  
12 76 138-140 (27) 80 Cii&iNY 78.97 12.65 8.37 78.82 12.85 8.46 
13 10-6k 103-108 (0.6)  67 Ci&N" 81.09 12.15 6.76 81.17 12.24 7.10 
14 7,g-Dimethyl- 93-95 (10) 78 CioH1gNOaa 70.96 11.31 8.28 71.16 11.36 8.00 

8-oxa-65 
(i S. S. G. Sircar [ J .  C h e w  SOC., 1252 (1927)l gives m.p. 124". R. D. Desai [ibid., 1216 (1931)l gives m.p. 98". Lit.<' 1n.p. 145'; 

S. Nakamura and &'I. Aimiya [Japanese Patent 7574 (October 19, 1955)l give m.p. 147"; F. Dickens, L. Horton, and J. F. Thorpe [ J .  
Chem. SOC., 125, 1831 (1924)l give 1n.p. 145'. F. Dickens, L. Horton, and J. F. Thorpe [ibid., 125, 1830 (1924)] give m.p. 116". 
e G. A. R. Kon and J. F. Thorpe [ibid., 115, 686 (1919)l give m.p. 153"; S. S. G. Sircar [ibid., 600 (1927)l gives m.p. 153-154'. J Lit." 
n1.p. 133-134'. SircarE gives m.p. 169"; F. B. Thole and J. F. Thorpe [ibid., 99, 422 (1911); Proc. Chem. SOC., 42 (1911)l give m.p. 
168". Thorpe and Woodh give m.p. 162". j J. 
N. E. Day, G. A. R. Kon, and A. Stevenson [ibid., 117, 639 (1920)l give m.p. 177-178.5'. trans-Decalin-2,4'-piperidine. ' K. 8. 
N. Rao [ J .  Chem. SOC., 1954 (1929)l gives trans isomer, m.p. 201'; cis isomer, m.p. 205"; mixed cis-trans, m.p. 180-185". While 
there are other references to compounds 5,7, and 12 in the literature, dealing largely with pharmacological propehes,  no physical con- 
stants or preparative dat'a are given therein. Kicholas Proprietary Ltd., British Patent 808,269 (January 28, 1959); Chem. dbstr . ,  53, 
P10670g; T. C. Somers, Nature, 178, 996 (1957); P. G. Marshall and D. K.  Vallance, J .  Pharm. Pharmacol., 6, 740 (1954). Picrate, 
n1.p. 161.5-162', diamond-shaped prisms from methanol. Anal. Calcd. for C14H18?j407: X, 15.81. Found: 15.69. Hydrochloride, 
very hydroscopic. Hydrobromide, m.p. 99-100" from ethyl acetate. Anal. Calcd. for CaH16BrK: Br, 38.77. Found: Br, 38.53. 

Anal. 
Calcd. for C15H20N407: E, 15.21. Found: S, 15.21. PPicrate, m.p. 145-148.5" from ethanol. Anal. Calcd. for CljH20N407: 
N, 15.21. Found: N, 15.36. Hydrobromide, m.p. 145-145.5 from ethyl acetate. Anal. Calcd. for CgHlaBrN: Br, 36.30. Found: 
Br, 36.10. a Picrate, m.p. 145-146" from ethanol. Anal. Calcd. for C I ~ H ~ ~ N ~ O ~ :  K, 14.65. Found: 3, 14.89. Base is carbon- 
ated rapidly in air. Picrate, m.p. 208-209' from methanol. -4nal. Calcd. for C15H20N407: N,  15.21. Found: N, 15.39. Hydro- 
chloride, m.p. 233-235" from ethanol. Anal. Calcd. for CgHiaClN: C1, 20.18. Found: Cl, 20.01. Hydrobromide, m.p. 196- 
197" from acetone. 9nal. Calcd. for CgHiaBrN: Br, 36.30. Found: Br, 36.27. Picrate, m.p. 168-169" from ethanol. Anal. 
Calcd. for CI&&&: N, 14.65. Found: X, 14.75. Hydrochloride, m.p. 237-238" from ethanol. Anal. Calcd. or CloH&lN: 
C1, 18.69. Found: C1, 18.39. Picrate, m.p. 193-194" fromethanol. Anal. Calcd. for C16H22S4O7: N, 14.65. Found: N, 14.53. 
Hydrochloride, m.p. 239-240" from ethanol. Anal. Calcd. for CloH20C1N: C1, 18.69. Found: C1, 18.53. Hydrobromide, m.p. 
200-201" from ethanol. Anal. Calcd. for CloH2oBrN: Br, 34.12. Found: Br, 33.81. Picrate, m.p. 183-184' from ethanol. 
Anal. Calcd. for C17H24N401: N, 14.13. Found: N, 13.82. Hydrochloride, m.p. 260-260.5' from methanol-acetone. Anal. Calcd. 
for CllH22ClN: Cl, 17.40. Found: 17.23. Hydrobromide, m.p. 247-248" from acetone. Anal. Calcd. for Cl1H2?BrX: Br, 32.20. 
Found: Br, 32.56. * Picrate, m.p. 179-180" from ethanol. Anal. Calcd. for C1iH2aN40,: N, 14.13. Found: N, 13.92. Hydro- 
chloride, m.p. 259-261' from ethanol. -4nal. Calcd. for CllH22ClK: C1, 17.40. Found: C1, 17.35. HSdrochloride, m.p. 308- 
310" dec. from ethanol. Anal. Calcd. for C14H&lN: C1, 14.42. Found: C1, 14.56. Hydrobromide, i ~ p .  285-286" from niethanol- 
acetone. Anal. Calcd. for C(14H&rN: Br, 27.53. Found: Br, 27.67. Free amine, 1n.p. 83-83.3" from ligroin or acetone-water. 

Picrate, m.p. 196195" from ethanol. Anal. Calcd. for C2aH32N407: C, 56.88; H, 6.94; N, 12.06. Found: C, 57.09; H, 7.17; 
p1', 11.72. Hydrochloride, m.p. 313-314" dec. from ethanol. Anal. Calcd. for C16H30C1N: C1, 13.04. Found: C1, 13.05. Free 
amine, m.p. 63-64' from ligroin or 30-60" petroleum ether. Picrate, m.p. 181-182" from ethanol. Anal. Calcd. for C17H24N407: 
N, 14.13. Found: N, 14.30. Hydrochloride, m.p. 291-292" dec. from ethanol. Anal. Calcd. for CllH22C1S: C1, 17.40. Found: 
C1, 17.43. Hydrobromide, m.p. 262-263" from methanol-acetone. Anal. Calcd. for Cl1H2?BrS: Br, 32.20. Found: Br, 32.42. 
' Hydrochloride, m.p. 273-274" dec. from ethanol. Anal. Calcd. for Cx4H&1N: C1, 14.54. Found: C1, 14.42. Hydrobromide, 
m.p. 258-259" from methanol-ethyl acetate. Anal. Calcd. for Cl4HneBrS: Br, 27.72. Found: Br, 27.00. n e  Picrate, m.p. 180- 
181" from ethanol, very slow even on adding an equal volume of et,her. Anal. Calcd. for C16HmN408: PI', 14.06. Found: X, 13.90. 
Hydrochloride, m.p. 152-163' from acetone. ;inal. Calcd. for ClaH~oCINO: C1, 17.23. Found: C1, 16.00. Hydrobromide, n1.p. 
157.5-158.5 from ethyl acetate. Anal. Calcd. for CloH20BrPIJO: Br, 31.94. Found: Br, 31.73. 

* J. F. Thorpe and A. S. Wood [ J .  Chem. Soc., 103, 1586 (1913)l give m.p. 155". 

Picrate, m.p. 124-125" from ethanol (picric acid melts a t  122-123"; an admixture with t'his picrate melted a t  88-90"). 
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coni  pd .h 

CPZ" 
HPL 
1 
:3 
4 
5 
5. Me1 
6 
7 

9 
10 
11 
13 
16 
21 
22 
23 
24 
34 
37 
38 
68 

LDsol 
i 2  hr.e 

. .  
. . .  

>200 
50 
50 
50 
60 
5 0 - -  
l i )  

. . .  
50 
60 

100 
30 
7 5 
60 

50 

150 
60 

-- 
l a  

r- l a  

- -  
13 

EDd 

, . .  

. . .  

. . .  
<2 
< 2  
< I  

> 10 
<1 

> 10 

<1 
<1 
< I  
<1 

> 10 
>10 
<1 
< 2  
<2 
<3 
<5 
<10 
<1 

Dec. 
motor 

activity 

1 2 . 7  
4 . 0  

1 2 . 7  
4 . 0  
4 . 0  

4 . 0  

. . .  

127 

127 

3 1  
1 2 . 7  

1 .27  
4 . 0  

127 
, . .  

12 .7  
12 .7  
12.7 
. . .  
. . .  
. . .  
4 . 0  

.itaxia 

12.  7 
. .  

. . .  
12 .7  

. . .  

. . .  

. . .  
4 . 0  

127 

50 

127 
40 

>127 

40 
40 
12 .7  

. . .  

. . .  

. . .  

Anti- Anti- 
morphine treniorine 

6 . 6  
0 . 8  

:3 . 4 
6 . 2  
3 . 2 

. .  

40 

dyn. 
. . .  

3 . 5 
13 .0  

2 . 0  
. ,  

. .  

. . .  
3 . 7  
2 . 2  

. . .  
. .  

. . .  

. . .  
:3 . '3 

1 4  
-0.6 

3 . 4 
4 . 4  
4 2  

. . .  

. . .  

. .  - -  
I . c )  

. . .  
6 . 6  

. . .  
16 
. . .  
. . .  
5 0  

. . .  
, . .  

. . .  

. . .  

. . .  
4 . 4  

17 E 

+ + 
+ + + + 

. .  

+ + 
+ -7 

. . .  

. .  + + 

. .  

. .  
, .  + 

. inti- 
inflarn- 
matory 

, . .  

. . .  
. .  

, . .  

. .  
. .  

h 
. . .  
. . .  

100 
9 1 

:3 3 

10 

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

. . .  

Sedation 

++++ 
. . .  

. .  
+++ ++ ++++ 
+++ 
. . .  

. . .  

++++ ++++ +++ ++++ 
. . .  
, .  +++ ++ ++ 

+ + ++ 

. . .  

IIypo- 
tension 

+ + 
<O . 3  
< O .  3 
< 1 . O  

<1 .0  

. . .  

. . .  

<O , tj 

<1 . o  
< 1 . 0  
<1 0 
, . .  

. .  
<2 

<5 

< .i 
> 10 
(5 

-11 

. .  

.111&1- 

zesin' 

2 /6 
2 /6 

. . ,  

. .  
216 
016 
. . .  
. . .  

2 /6 
. .  
. .  

2 /6 
. . .  
. . .  
. .  
. . .  
. . .  
. . .  
, . .  

Reiiiarhsu 

T, H 
T, H 
Xlt l I  
T, H 
T, H 
T, H 
XIIlt 
T, H 
Littleeffect 

at high 
do-e 

T, H, A 
T, H, A 
T, H,  A 
T, H, A 
s 11 II 
Collvuls;illt 
'r, H 
T, H 
T, H 
Convul~:tnt8 
T, H, mild 
T, H, mild 
T, H 

a I-aluea are given in mg./kg. to produce effect noted. T)ots, . , . , under the re-pective headings do not ineitn no effect, hut rather 
that values were not ascertained under comparable conditions for all the conipounds. +, mild or  slight: ++, 
moderate: +++, marked; ++++, very marked. Xumbers for the coinpounds in this table refer to the numbers in Tuhle 11. 
c ,4pproximate LDso/72 hr. determined on i.p. administration to \Vistar rats. ,1 .Uthough the variou. parameters for which values are 
presented in the table were of necessity not all determined in the same species, the effective dose to produce noticeable effect, rno-t 
frequently tranquilization, was t,hat given which produced this effect in most or all of  the hpecieh used, ;.e., mouse, rat, rat', dog, :tnd 
Rhesus monkey. Ab- 
breviations wed:  T, tranquilization; H, hypotension; A, antiinflanimatory; XI? li, no reniarkahle reaction. '' Ch1ori)~ii i~i~t~ii ie.  

Haloperidol. 

S3dation is r:tted: 

e Decrease in electroshock threshold: + indicates a decrease was observed. f In  the rat a t  25 rng./kg. p . 0 .  

3 Acute LDho, mg./kg.: in the rat, p.0 .  200, i.p. 60; in the mouse, p.0 .  120, i.p. 45. 

parent that structural features necessary for optimal 
trariquilizirig activity are: (a) Q = -CO-, (b) n = 3 ,  
arid (c) R-C = p-fluorophenyl. The optimal size aiid 
configuration of the basic azaspiranyl moiety i s  not 
readily ascertainable as there were many compounds 
in which these permutations were made (2-6, 9-11, 
13, 14, 22-24, arid 68) which had the same order of 
potency in a number of the screens. Substituents, 
other than fluorine, 011 ring C (8, 12, 41, arid 42), al- 
through active, were much less potent. Reduction of 
the carbonyl Q group (15) or the substitutioii of -0- 
or -S- for -CO- (30-34, 37, 38, 40, and 43) resulted in 
decreased potency. However, the derivatives in which 
Q was -0- and R-C mas p-fluorophenyl mere mod- 
erately potent tranquilizers. There was no remarkable 
difference between compounds in which Q was ether or 
thioether (37 and 43). 

Oxidation of the thioether group to the sulfone re- 
sulted in almost complete loss of CSS depressant 
properties (44-46). These compounds were devoid 
of tranquilizing and antiinflammatory activity, pro- 
duced slight hypotension; compound 46, with the p-  
fluorophenyl substituent, had mild antitremoriiie ac- 
tivity. 

Compounds 35-38 represent a study of the effect 
of the position of the fluorine substituent on ring C. 
Although the pura position seems to confer greatest 
potency, the differences were riot great. Separation 
of the fluorine atom from the aromatic ring, although 
riot strictly comparable, as in 38, resulted ir i  decreased 

poteiicy. Compounds 34. 37, 47. and 48 vere  studied 
for effects of variatioii of n.  Alctivity was optimal 
when = 3. 

Other permutatioiis which decreased 01 abolished 
CSS depressant activity ve re  (a) decreased basicity 
of the azaspiraiiyl moiety as iii the amide 1 [the 
nonhasic nitrogen atom in the saccharin iiucleus (20) 
also gave an inactive compouiid wheii other stinctural 
features were optimal for activity]: (h) iiitroductioii 
of another basic center into ring *l of the azaspiiaiiyl 
moiety as 111 16: (c) cjuateriiizatioii of the azaspiraiiyl 
ring B nitrogeii as ill 5 .*\ leI ;  and (d) changing the 
position of the nitrogeii atom in ring B to the l-positioii 
adjacent to the spiro carhoii atom. 

llodificatioris (a)-(c) produce rather drastic 
changes in the basic nature of the azaspiranyl ring B 
nitrogen. The most remarkable change in activity was 
that observed with the l-positional isomer (7) of 
compound 3 siiicc this modification would be espected 
to produce the least effect on the over-all structural 
requiremeits for optimal activity. JYhile compouiid 
3 was a potent C S S  depressant, its 1-positional isonier 
(7) was devoid of tranquilizing properties and resulted 
in a separatioii of antimorphine arid antitremoriiie 
effects. 

Compouiid 24, with a11 additioiial hetero osygeii 
atom in ring A, was quite potent as a C S S  depressant, 
hut of quicker onset aiid shoi%er duratioii of actioii 
than the carbocyclic iiiig ;1 compouiids with idciitical 
S-suhst it u ~ i  its. 
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mole) of NaOH were refluxed in 500 ml. of ethanol for 24 hr. 
The mixture was cooled, S a C l  was filtered off, and the alcohol 
was distilled to yield crude 3-(p-fluorophenoxy)-l-propanol. 
This material was not further characterized but was esterified 
directly by refluxing for 24 hr. with a mixture of 120 ml. of 48y0 
aqueous HBr and 20 ml. of concentrated H2SO4. The esterifica- 
tion mixture was poured into 2 1. of cold water and extracted 
twice with 250-ml. portions of ether. The ether extract was 
dried over Xa2S04 overnight and filtered, the ether was stripped 
off, and the residue was distilled t'o give 105 g. (90yb) of the title 
compound, b.p. 134-136" (17 mni.). A4nalytical figures pertain to 
the entire sample and not a midcut. 

d n a l .  Calcd. for CsHloBrFO: C, 46.38; H, 4.32; Br, 34.28. 
Found: C, 45.90; H, 4.81; Br, 33.81. 

2- [ (3-p-Fluorophenoxy)propyl] -2-azaspiro [4.4] nonane.-2- 
.4zaspiro[4.4]nonane ( 5  g., 0.04 mole) and 4.7 g. (0.02 mole) of 
3-( p-fluorop1ienoxy)propyl bromide were refluxed for 8 hr. 
in 30 ml. of toluene. The cooled reaction mixture was diluted 
with several volumes of ether and precipitated 2-azaspiro[4.4] - 
nonane hydrobromide was removed by filtration. The solvents 
n-ere stripped, and t,he residue was distilled to give 4.1 g. ( 7 5 % )  
of the title compound, b.p. 115-120' (0.24 mm.). 

The hydrochloride, formed in ether with gaseous HC1, melted 
:kt 114-115' after two recrystallizations from ethyl acetate. 

5 4  3-Azaspiro [5.5]undecan-3-yl)-l-pentanol.-Cyclohexane- 
l,l-diacet>ic anhydride (15.5 g., 0.085 mole) and 10 g. (00S5 
niole) of 5-aniinovaleric acid were dissolved in the minimum of 
boiling ethyl niet,hyl ketone. The solvent was evaporated and 
the residue was heat,ed at 180" for 2 hr. to give the corresponding 
imide, 3-( 4-carboxybutyl)-3-azaspiro [5.5] undecane-2,4-dione, 
quantitatively. This material was not further characterized 
hut was extracted overnight into a solution of 20 g. of lithium 
aluiniriuni hydride in 2 1. of absolute ether. The addition com- 
plex was decomposed by slow dropwise addition of water and 
stirred 4 hr. Inorganic salts were filtered off and the inorganic 
cake was extracted twice with boiling methylene chloride. The 
ether and methylene chloride extracts were combined and dried 
overnight over anhh-drous sodium sulfate. The solvents were 
stripped off and the residue was distilled to give the title com- 
pound (18 g., 885~;) ,  b.p. 130-136" (0.13 nim.). 

The hydrochloride was formed by treating an ether solution of 
the aniino alcohol with gaseous HC1 and melted a t  187.5-188.5' 
after two recrystallizations from methylene chloride-ether. 

6 4  3-Azaspiro [ 5.51 undecan-3-y1)hexyl Cyanide.-6-Bromo- 
hexyl cyanide (19 g., 0.1 mole) and 30.6 g. (0.2 mole) of 3-aza- 
spiro[5.5]undecane were refluxed for 8 hr. in 150 ml. of toluene 
containing 0.1 g. of KI .  Most of the toluene was distilled a t  the 
water punip and 300 ml. of ether was added. Precipitated 
3-azaspiro [5.5] undecane hydrobromide was filtered off, the sol- 
vents were stripped, and the residue was distilled to give 22.7 
g.  (87:;) of the title compound, b.p. 135-145' (0.3 mm.). 

The hydrochloride was obtained on treating an ether solution 
of the nminonitrile with gaseous HCI and melted a t  232-233" 
on rec,rystallixation from acetone-ether. The methiodide 
was obtained by refluxing the aminonitrile with an excess of 
riiethyl iodide for 0.5 hr. in acetone and diluting with several 
volunies of ether. It melted a t  120-121" on recryst,allization 
from acetone. 

7-(3-Azaspiro15.5]undecan-3-yl)heptylamine.-The preceding 
miinonitrile (17.8 g., 0.068 mole) was reduced with 10 g. of lith- 
ium aluminum hydride in absolute ether, and on distillation 
yielded the product (13 g., 72%,), b.p. 135-145' (0.3 nim.). 

The dihydrochloride was obtained on adding 20 ml. of alcoholic 
HC1 to the base in 25 ml. of isopropyl alcohol and diluting with 
500 nil. of ether. It melted a t  271-272" on recrystallization 
from methanol-ether. 

3- [( 4-p-Fluorophenyl-4-hydroxy)butyl] -3-azaspiro [5.5] undec- 
ane Hydrochloride.-3-[3-(p- Fluorobenzoyl)propyl] -3-azaspiro- 
[5.5]undecane (9) ( 7  g., 0.022 mole) was reduced with 1 g. 
of lithium aluminum hydride in absolute ether. After filtration 
of the inorganic material and drying the ether solution over 
Xa,SO,, the ether was stripped off and all material boiling up to 
100" (0.2 mm.) was distilled and discarded. The residue was 
dissolved in ether, filtered, and treated with gaseous HC1. The 
hydrochloride of t8he product melted a t  226-227.5' on recrystal- 
lizat,ion from methanol-acetone. The infrared spectrum showed 
no carbonyl absorption and the presence of OH absorption. 

3- [(  p-Fluorophenylthio)propyl] -3-azaspiro j5.5.1 undecane.- 
p-Fluorothiophenol (6  g., 0.047 mole), 12.5 g. (0.047 mole) of 
3-(3-azaspiro[5.5]undecan-3-yl)propyl chloride hydrochloride, 
and 4.2 g. of NaOH were refluxed for 8 hr. in 100 nil. of ethanol. 
The precipitated NaCl was filtered, the alcohol was distilled, 
and the residue was dissolved in ether and filtered. The ether 
was stripped, and the residue was distilled t,o give the product 
(12 g., 79C;), b.p. 130-136" (0.3 mm.). 

The hydrochloride was obtained by treating an ether solution 
of the base with gaseous HC1 and melted at 231- 
lization from acetone. 

3- [( 3-p-Fluorophenylsulfonyl)propyl] -3-azaspiro [5.5] undecane 
Hydrochloride.-Sodium p-fluorophenyl sulfinate (9.2 g., 0.05 
mole) and 11.5 g. (0.05 mole) of 3-(3-azaspiro[5.5]undecan-3- 
y1)propyl chloride were refluxed in a minimum (approximately 
25 ml.) of dimethylformamide for 4 hr., cooled, diluted with 
four volumes of water, and kept in the refrigerator overnight. 
The oil that separated was dissolved in 10% HCI and washed 
with water and ether. The HCl solution was neutralized with 
207; KaOH and extracted three times with 50 ml. of ether. 
The ether extract was washed with water, 105; NaHCO3, water, 
and dried over Xa2S04. The ether solution was filtered and 
treated with gaseous HC1. The precipitate was filtered off, 
dissolved in ethanol, decolorized with charcoal, filtered, and re- 
precipihted with ether. It melted at, 213-218'. ilfter three 
recrystallizations from ethanol, there was obtained 13 g. (67%) 
of the title compound, m.p. 218-222'. 

9-Methyl-3- [( 3-p-fluorobenzoyl)propyl] -3,9-diazaspiro [5.5] - 
undecane.-9-lIethyl-3,9-diazaspiro r5.51undecanefi ( 5  g., 0.03 
mole) and 6 g. (0.03 mole) of 4-chloro-4'-fluorobutyrophenone 
were refluxed in 30 ml. of toluene containing 0.1 g. of KI for 8 
hr. The solvents were stripped, the residue was treated with 
excess 10% XaOH, and extracted with ether. The ether extract 
was dried over XasSO,, the ether was stripped, and the residue 
was distilled to give the product (6.7 g., 67%), b.p. 185-190' 
(0.1 inm.). 

The dihydrochloride, obtained by treating an et'her solution of 
the base with alcoholic HCI, melted at, 284-286" dec. and at 
285-287' dec. on recrystallization from ethanol-ether. 


