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TABLE I: DERIVATIVES OF 2-AZASPIR0[4.4] NONANE 

NO. 

1 

2 

3 

4 

6 

6 

7 

a 

9 

10 

11 

12 

13 

14 

16 

16 

17 
18 
19 

20 

21 

22 

23 

24 

26 

26 

27 

X R 

H Methyl 

H Propyl 

I3 Bllyl 

H Pr opargyl 

7-Methyl Allyl 

7-Methyl i\lethallyl 

H Octadecyl 

H Benzyl 

H 2.1-1)ichloro- 
benzyl 

H Furfuryl 

II 3-Pyridylniethyl 

€I 2-Tetrahydropy- 

I I  Dimethylamino 

7-Methyl Dimethylamino 

H Dibutylamino 

ranylmethyl 

7-Methyl Dibutylamino 

H Pyrrolidino 
II hlorpholino 
H Piperidino 

I3 Methyl 

H Allyl 

H Octadecyl 

H Benzyl 

H 2,4-Dichloro- 
benzyl 

H Furfuryl 

H 3-Pyridylmethyl 

I3 2-Tetrahydropy- 
ranylmethyl 

B.p., O C .  
(mm.) 

67-68 
(0.02) 
66-68 
(0 .1)  
74-75 
(0.25) 
80-83 
( 0  27) 
94-96 
( 0 . 4 )  
88-93 
(0.05)  
203-206 
(0.18)  

(0.025) 

(0.07) 

130-138 

155-160 

118-125 
(0 .05)  
130- 145 
( 0 . 1 )  
120-1 25 
(0.03)  
89-91 
(0.1) 
88-90 
(0.15) 
130-135 
(0.18)  
130-135 
(0.2)  

174-176 
(atm.) 
38-40 
( 0 . 4 )  
178-182 
(0.17) 

(0.05) 

(0.15) 

(0 .07)  
90-92 
( 0 . 1 )  

(0.08) 

78-80 

100-103 

59-60 

70-7 1 

-- 7" Calcd.--- -- 73 Found-- 
bI.p., O C .  C H 3 

1,3-Diones 
46-47 

40-4 1 

59-60 

71-72 

46-47 

57.5-58 

27-28 

55-56 

45-46 

115-116 
151-152 
79-80 

64.65 

67.66 

68.37 

69.09 

69.54 

70.56 

76.98 

74.05 

57.71 

66.94 

68.83 

66.91 

61.20 

62. 83 

69.35 

64.84 
60.48 
66.07 

Bases 
77.63 

79.94 

82.68 

83.66 

63.39 

76.05 

77.93 

75.28 

7.84 

8 .78  

7.82 

6 .85  

8 .27  

8.65 

11.65 

7.04 

4.84 

6.48 

6.60 

8.42 

8.22 

8.63 

10.27 

8.16 
7.61 
8 .53  

12.31 

11.59 

13.61 

9 83 

6.74 

9 .33  

9.32 

11.28 

8 .38  

7.17 

7.25 

7.33 

6 , 7 6  

6 .33  

3 .45  

5.76 

22, 71a 

6.00 

11.47 

5 .57  

14.28 

13.32 

9.99 

9.51 

12.60 
11.76 
11.85 

10.06 

8 .47  

3 .71  

6 .51  

4.93 

6.82 

12.95 

6.27 

C H 5 

64.79 7.68 8 . 5 8  

67.55 9.03 6.96 

68.37 7.95 7.42 

68.87 6.69 7.44 

69.77 8.36 6.99 

70.54 8 .51  6.27 

76.51 11.51 3 .75  

74.26 7.16 5 .98  

57.85 4.92 22.55. 

67.22 6.55 6.0'3 

60.17 6 .65  11.49 

66.91 8 .18  5.70 

61.45 8.24 14.62 

63.11 8 .94  13.22 

9.84 

69.51 10.50 9.53 

64.61 8.47 12.57 
60.80 7.60 11.92 
66.26 8 . 4 1  12.18 

77.82 12.55 9 .87  

79.81 11.76 8.55 

82.50 13.83 4.00 

83.58 9.73 6.37 

63.64 6.78 5.21 

75.98 9.25 6.83 

77.70 9.41 12.75 

75.06 11.33 6.14 

a Chlorine. Imide hydrochloride, m.p. 182-183". Anal. Calcd. for Cl4H2fiC1SZ02: C1, 12.63. Found: C1, 12.39. Imide methio- 
dide, m.p. 149-150". Anal. Calcd. for CljHz71K20n: I, 32.86. Found: I, 33.14. Hydrochloride, m.p. 135-136'. Anal. Calcd. 
for C9HI8C1?;: C1, 20.18. Found: C1, 20.06. Methiodide, m.p. 219-220". Anal. Calcd. for CIOH~OIK: I, 45.14. Found: I, 44.98. 
Picrate, m.p. 198-199'. Anal. Calcd. for CljH20X40;: X, 15.21. Found: S, 15.34. Hydrochloride, m.p. 133-13.2". Anal. 
Calcd. for C I I H & ~ N :  C1, 17.57. Found: C1, 17.39. e Hydrochloride, m.p. 198-200'. Anal. Calcd. for CIBH&~S:  C1, 8.56. 
Found: C1, 8.38. Methiodide, m.p. 221-223". Anal.  Calcd. for C27Hj4IN: I, 24.42. Found: I, 24.61. f Hydrochloride, m.p. 200". 
Anal. Calcd. for CljH&lK: C1, 14.08. Found: C1, 14.00, Picrate, m.p. 114-115'. Anal. Calcd. for C?lH~4N407: S, 12.61. 
Found: N, 12.28. Hydrochloride, m.p. 144-145' Anal. Calcd. for C1jH&1JV; C1, 33.17. Found: C1, 33.04. Methiodide, 
m.p. 163-164". Anal. Calcd. for C16H21C121K: I, 29.78. Found: I, 30.14. h Hydrochloride, n1.p. 91.5-93". Anal. Calcd. for  
CI~Hz~CINO: C1, 14.67. Found: C1, 14.65. Methiodide, m.p. 160-161'. Anal. Calcd. for C,rHz,ISO: I. 36.55. Found: I, 36.67. 

Dihydrochloride, m.p. 238-240". Anal. Calcd. for Cl4H2&12?\Tz: C1, 24.52. Found: C1, 24.38. IXmetliiodide, m.p. 180-182". 
;inal. Calcd. for CI6HI6I2NZ: I, 50.74. Found: I, 50.43. j Hydrochloride, m.p. 177-180". Anal. Calcd. for ClJFi26Cl~O: c1, 
13.65. Found: C1, 13.86. Methiodide, n1.p. 68-70'. Anal. Calcd. for Cl jHdXO: I, 34.74. Found: I, 34 
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TABLE I1 (Continued) 
B.p, '(2. -- % C a 1 c d . P -  -- % Found- - Empirical 

S O .  X R (mrn.) JI.g., "C.  C H s C H h- formula 

34 H n-a-Phenyliso- 125-127 84.07 10.77 5.16 84.20 11.08 4.91 CiSHzJV 
propyl (0.27) 

36 H Dimethylamino 73-75 73.41 12.32 14.27 73.26 12.11 14.09 C12Hdn 
(0 .4)  

A. J. Birch and R. Robinson, J .  Chem. SOC., 488 (1942), give b.p. 184" (15 mm.), m.p. 66". Hydrochloride, m.p. 251-252'. Anal. 
Calcd. for C11H2,C1S: C1, 17.42. Found: C1, 17.51. Methiodide, m.p. 284-285". Anal. Calcd. for C l l H d S :  I, 41.04. Found: 
I, 40.94, Picrate, m.p. 214-215O. Anal. Calcd. for C17H24NI07: N, 14.14. Found: X, 14.26. Hydrochloride, m.p. 236-237'. 
Anal. Calcd. for C12H24C1S: C1, 16.28. Found: C1, 16.01. >lethiodide, m.p. 289-290'. Anal. Calcd. for ClsH2sIS: I, 39.26. 
Found: I, 39.29. Picrate, m.p. 160-161'. -4nal. Calcd. for ClsHrsS407: S,  13.65. Found: ?;, 13.36. Hydrochloride, m.p. 
232-233". 9 n a l .  Calcd. for C1,H2,C1S: C1, 16.28. Found: C1, 16.43. Methiodide, m.p. 308-309". Anal. Calcd. for C13H26IS: 
I, 39.26. Found: I, 39.10. Methochloride, m.p. over 360". Anal. Calcd. for CI~H&~?;:  C1, 15.30. Found: C1, 15.43. Ethio- 
dide, m.p. 248-250". =Inal. Calcd. for C,H2,1S: I, 37.63. Found: I, 37.45. Allyliodide, n1.p. 193-194'. Anal. Calcd. for 
CIbH2JN: I, 36.33. Found: I, 36.59. Dodeciodide, m.p. 249-250". .Anal. Calcd. for C N H ~ X :  I, 26.58. Found: I, 26.33. 
Picrate, m.p. 201-202'. Anal. Calcd. for CleHnsIGaOi: S,  13.65. Found: S, 13.45. e Hydrochloride, m.p. 221-222". Anal. 
Calcd. for Cl:IH2,C1X: C1, 15.43. Found: C1, 15.38. J Hydrochloride, m.p. 247-249". Anal. Calcd. for Ci4H&1?;O: Cl, 13.54. 
Found: CI, 13.31. hlet,hiodide, m.p. 118-149". Anal.  Calcd. for CliH,,ISO: I, 34.55. Found: I, 34.66. g Hydrochloride, m.p. 
313-314". d n a l .  Calcd. for CljH&IS: C1, 13.75. Found: C1, 13.52. Methiodide, m.p. 263-264". dna2. Calcd. for  Ci&IS: 
I, 34.Y3. Found: I ,  35.16. Picrate, m.p. 137-138". -4rLal. Calcd. for CYIHa,XrOi: X, 12.43. Found: S,  12.32. Hydrochloride, 
n1.p. 328-329". Anal. Calcd. for ClsH,C1S: CI, 13.04. Found: C1, 12.83. Methiodide, m.p. 259-260'. dnal.  Calcd. for 
CliH,,IS: I, 33.63. Found: I, 33.57. Picrate, 1n.p. 134-135". dnal .  Calcd. for C~H~&\jiiOi: 5,  12.06. Found: N, 12.38. 
1 Hydrochloride, n1.p. 262-263". .Anal. Calcd. for C17HyaC1S: C1, 12.7. Found: C1, 12.5. AIethiodide, m.p. 242-244". Anal. 
Calcd. for CI8H2JX: I, 32.94. Found: I, 32.50. Picrate, m.p. 154-155'. Anal. Calcd. for C20H28N407: S,  11.85. Found: X, 
11.85. j Hydrochloride, n1.p. 295-296'. Anal. Calcd. for CllHSOCIN: C1, 13.64. Found: C1, 13.35. llethiodide, m.p. 340-341". 
Anal. Calrd. for C16H,JX: I, 34.74. Found: I, 35.00. Picrate, m.p. 245-246". Anal. Calcd. for C18H32N407: S ,  12.38. Found: 
S,  12.58. Hydrochloride, n1.p. 329-330". Anal. Calcd. for C18H2sC1X: C1, 13.44. Found: C1, 13.36. Methiodide, m.p. 218- 
21'3'. -Anal. Calcd. for ClaH3,1X: I, 31.78. Found: I, 32.11. Picrate, m.p. 135-136". =Inal. Calcd. for C ~ I H M S ~ ~ :  s, 
11.52. Found: S,  11.43. Hydrochloride, m.p. 262-263". Anal. Calcd. for CzoH&IS02: C1, 10.02. Found: CI, 9.91. Meth- 
iodide, m.p. 235-236". Anal. Calcd. for CllK3JSO2: I, 27.63. Found: I, 27.69. Hydrochloride, m.p. 291-292". dnal.  Calcd. 
for ClUH,,C1S: C1, 11.52. Found: C1, 11.71. Methiodide, m.p. 222-223". dnal. Calcd. for C Z ~ H ~ J X :  I, 30.70. Found: T, 
30.72. Monohydrochloride, m.p. 210-211". Anal. Calcd. for Cl?H&1S2: C1, 15.23; S,  12.03. Found: C1, 15.05; S,  12.20. 

IT, 8-azaspiro [4.d]decane; Table V, 2-azaspiro [-1.6]un- 
decane; Table VI, 3-azaspiro [S.G]dodecane, 2-azaspiro- 
[4.7]dodecane, spiro-trans-decalin-2,4'-piperidine and 
spiro-t~ans-decalin-2,3'-pyrrolidine; Table VII, 8-oxa- 
2-azaspiro [4.3]decane ; and Table VIII, 7-thia-2-aza- 
spiro [4.4]nonane. 

In  Table IX and in the discussion of the properties of 
these compounds the following general structural 
formula 

X m N - R  

is used for convenience of reference. In addition the 
numbers 53, 56, 65, 66, 73, etc., are used to  designate 
the total number of atoms in rings A and B, respectively, 
when considered as separate rings (including the com- 
mon spiro carbon atom, therefore, in the count for each 
ring for this purpose). 

The azaspirodiories and azaspiranes, in the form of 
their acid addition and quaternary salts, were screened 
for pharmacological activity by rapid primary screening 
techniques. When indicated by the primary screening 
data, further more definitive pharmacological evalua- 
tion was carried out and clinical effectiveness deter- 
mined when indicated by the preliminary screening and 
pharmacological evaluation. 

Pharmacology.-Concurrent with the toxicity range 
studies in the rat, careful gross observation of the 
animals was made a t  several dosage levels and signs of 
CSS stimulation (increased spontaneous motor ac- 
tivity; Straub tail; tremors; type, extent, and dura- 
tion of convulsions ; and hind-limb tonic extension) 
or depression (decreased spontaneous motor activity, 
body muscle tonus, and impairment of the righting 
reflex) were noted. Detection of sedative activity was 

( A )  E P. Rubarky, un~~ubl i shed  results. 

made by observation of the exploratory nature of the 
rat4 and further by the median motor relaxation dose 
technique of Durham, et a7.j Where indicated addi- 
tional evidence of "tranquilizing" activity was obtained 
by the potentiation (induction and duration of sleep) 
of a nonnarcotic dose of ethanol ( 5  ml./kg., P .o . ) .~  

Local anesthetic activity mas ascertained by the 
usual rabbit cornea method of R6gnier7 as compared to 
cocaine or procaine hydrochloride; or by intracuta- 
neous administration (to rabbits or guinea pigs with or 
without epinephrine hydrochloride) and observation of 
the extent of the wheals produced and responses to 
probes applied within the wheal area. 

The general type of pharmacological activity en- 
countered in these compounds was predominantly 
evinced by their effects on the peripheral and central 
nervous system. Representative data are summarized 
in Table IX. From these data it can be seen that the 
azaspiranes were generally central nervous system 
stimulants as were a majority of the azaspirodiones with 
N-alkyl substituents. However, there was a small, 
well defined sedative, muscle relaxant, and "tranquiliz- 
ing" activity range associated with the diones derived 
from the small spiro carbon rings bearing S-substit- 
uents having unsaturated linkages in the substituent. 
Derivatives of the 5.5 ring system nere most definitive in 
this respect. This activity was present with allyl, 
methallyl, and propargyl substituents (Table I, 3-6), 
was enhanced by alkyl substituents on the A ring, and 
was greatly decreased or absent with methyl or propyl 
X-substituents (Table I, 1, 2) (removal of the unsatu- 
rated linkages from the Y-substituent). The incor- 

(4) R If' Rja l l  Sature 18Z, 1606 (1958) 
( 5 )  A U Durliamand T 4 hliga J Am. P h a i m  Assoe S a  Ed 46, 208 

( 6 )  F Herr J. Stewart and 11 P Charest A r c h  I n t e i n .  Pharmacodyn , 

(7) J RBgnier Compt Rend 177, 558 (1923) 

(1957) 

134, 328 (19b1) 
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s o .  x 

1 H  

2 2-Methyl 

3 H  
4 II 

6 H 

6 2-illethj1 

7 Ii 

R 

Rlethgl 

Methyl 

Dimethylamino 
p-Isopropylbenq-1 

Methyl 

Methyl 

p-Isoprop ylbenz yl 

TABLE I V  
DERIVATIVES OF S-AZASPIR0[4.5] DECAXE 

R-"" 

B.p.,  " C .  LI.p., -'% C a 1 c d . F  
( inm.)  O C .  C H Iu 

7,'3-I>iones 

114-116 56-57 66.27 8.34 7.73 
(0.9)  
86-89 67.66 8.75 7.17 
(0.15) 

61-62 62.S3 8.63 13.32 
160-185 81-82 76.22 8 . 4 2  4.68 
(0.2) 

Bases 
78-80 iS.36 12.50 9.14 
(11) 
57-50 78.97 12.65 8.37 
(0.95) 
118-123 84.07 10.77 5.16 
(0.13) 

Empirical --70 Found- 
C H N formula 

67.83 8.81 7.10 CiiHi7XOz 

62.54 8 81 13.43 CiiHi9N202 
76 20 8 .21  4.46 C ~ S H P S Y O ~  

78.62 12.43 8.92 CioHlsNa 

78.63 12.58 8 20 C I I H I I P  

84.34 11.00 5.21 CisH2sNC 

u Hydrochloride, m.p. 217-218". -And. Calcd. for ClOH&lS: CI, 18.69. Found: C1, 18.49. llethiodide, m.p. 272-273". 
Anal. Calcd. for CIlH2JN: I, 42.99. Found: I, 42.85. Picrate, m.p. 222-223". dnal .  Calcd. for CleHzzNdO7: N, 14.65. Found: 
S ,  14.97. b Hydrochloride, m.p. 221-222". A n d .  Calcd. for CllHz2C1N: C1, 17.40. Found: C1, 17.46. Methiodide, m.p. 283- 
284'. Anal. Calcd. for C12H2JN: I, 41.04. Found: I, 41.16. Picrate, m.p. 191-192O. And. Calcd. for CiiHzdNaOi: S,  14.14. 
Found: X, 14.08. c Hydrochloride, m.p. 243-244". dnal.  Calcd. for ClsHIoCIN: Cl, 11.3'. Found: CI, 10.96. Methiodide, 
m.p. 236-237". Anal. Calcd. for CzUHJ2IN: I, 30.70. Found: I, 30.82. 

TABLE L' 
DERIVATIVES O F  2-AZASPIRO [4.6] C N D E C A N E  

K O .  

1 

2 

3 

4 
6 
6 

7 

8 

9 

s 

II 

H 

II 

H 
II  
H 

II 

H 

H 

R 

Methyl 

Allyl 

Cyclooctyl 

Dimethylamino 
Piperidino 
2,6-Dimethyl- 

niorpholino 

Alethy1 

Allyl 

CyclooctJ-1 

 EL^)., oc. 
(111111.) 

115-120 
(0.2)  
95-96 
(0 ,  08) 
170-1 75 
(0.025) 

88-90 
(9) 
69-70 
(0.1)  
111-114 
(0.15) 

---% C a 1 c d . F  
X.p, oc. C H h- 

1,3-I)iones 
26-27 67.66 8.78 7.17 

70.56 8.65 6.33 

64-65 74.18 10.03 4.81 

89-90 64.26 8.99 12.49 
1 18-1 19 11.19 
109-110 65.28 8.90 9.52 

Bases 
78.97 12.65 8.37 

S0.76 11.99 7.25 

82.06 12.63 5.32 

--70 Found-- 
c H 5 

67.92 8.81 7.45 

70.71 8.81 6.27 

74.46 10.14 5.05 

64 62 9.10 12.70 
11.03 

65.55 9.17 9.56 

78.80 12.70 8 .36  

80.72 11.94 7.41 

51.95 12.76 5.49 

5 Hydrochloride, m.p. 202-203". dnal. Calcd. for CllHIaCIS : C1, 17.42. Found: CI, 17.47. Methiodide, m.p. 266-267'. 
.Lnal. Calcd. for C12Hz11S: I, 41.04. Found: I, 41.12. Picrate, m.p. 187-188". Anal. Calcd. for C I ~ H ~ A N ~ O ~ :  N, 14.14. Found: 
K, 13.94. b Hydrochloride, m.p. 176-176.5". Anal.  Calcd. for  C13H24C1N: C1, 15.43. Found: C1, 15.47. Hydrochloride, m.p. 
240-241". dnal. Calcd. for C13H3,C1S: C1, 11.82. Found: CI, 11.66. Rlethiodide, m.p. 256-257'. Anal. Calcd. for CIsHasIX: 
I, 31.31. Found: I, 31.22. Deciodide, m.p. 59-81". d n a l .  Calcd. for CzsHJN: I, 23.26. Found: I, 23.34. 

atom of ring B or on ring A, also decreased the activity 
seen with the unsaturated aliphatic ?;-substituents 
(Table VII, 6 and several phenyl imides). 

On passing to the hydrazine derivatives, the sedative 
and "tranquilizing" properties were still present in the 
imides and some of these compounds also produced 
rapid local anesthesia. The local anesthetic activity 
was most pronounced in the smaller ring systems, 
particularly the 53, thia55, and oxaB5 rings (Table I, 

13-19; Table VII,  4; Table VIII, 6); while sedative, 
"tranquilizing", and hypnotic effects were generally 
encountered in varying degrees throughout the various 
ring systems. 

Reduction of the hydrazine imides to azaspiranes 
again produced central nervous stimulants (Table 11, 
35). Several of the azaspirodiones derived from hydra- 
zines also produced a gradual prolonged lowering of 
blood pressure in dogs by an as yet undetermined 
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2',6 '-Diones 
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t i ,  40 

7 . N  

12.17  

5 . X  

10, 22 
4 . 2 2  

6.11 

4 . 2 s  

:,7s 

7 .07  

" fiytlroc~liltrridr, I I I . ~ .  2,j0-2.5lo. . t  nul. C';il(*d. for C,,H,,ClX : CI, 16.28. F~ii t id:  C1, 16.12. JIetIii~idide, 111.1). :3OO-YOI ' .  
.I r i o t .  Calvd. fo r  (:I.4H2sIS: I, 39.26. Fountl: I, 39.47. Picrate, n i , p ,  187-188". .lnnl. C a l d  for C ~ Y H : ~ ~ S ~ O ~ :  S, 1'3.fi. i . Found : 
1, 1 :3,44. Hydroc,hloride, 111.p. 252% .t nnl. Calcd. for CljH&lN: CI, 13.73. Found: CI, 13.61. Methiodide, 1n.11. 

Found: I, 34.86. Picrate, ni,p, 182-183". . twtZ. Calcd. for C21HjoSJO7: 3, 12.4-1. 
I:oiin(l: S ,  12.20, (. Hydrorliloride, ni.p, 288-289'. * I  n d .  Ca1c.d. for CapH3:ClX: CI, 10.19. Found: Cl, 10.12. ITethiodid?, 
1n.1). 220-221 ', .lnd Calcd. for CaaHasIS: I, 27.99. Found: I, 28.30. Butiodide, n1.p. 180-192°. . l nd .  Calcd. for C ~ ~ H J Z I S :  
I ,  2.?,(iI, Found: I, 23.85. The entire lot wits reduced to tJie c~i r re -  
sponding bttse without separation of the isomers. e Hydrochlorile, m.p. 20!)-210". . I n  r l .  Calcd. for  CLIH&IS : CI, 14.31. Found: 
(:I, 14.65. IIethiodide, m,p. 265-286'. .Lnnl. Calcd. for CIIHPSIX: I, 36.31. Found: I, 36.48. Picr:tte, oil. 

r J  Material partly liquid and partly solid, it mixture of is(irners. 

mccliniiism. The S-dimethylaiiiiiio-6Ci-dioiie (Table 
11, 17) produced such effects in the dog. 

The aralkyl Y-substituents also produced central 
iicrvous system stimulants or depressants. The benzyl, 
+iihstitutcd benzyl, phenethyl. and homoveratryl S- 
wbstituents (Table I, 23, 24; Table 11, 30, 32, 33; Ta- 
ble 111, 19; Table IT, 7 ;  Table VII, 8) produced 
lwhavioral changes in rats, arid in addition showed vary- 
ing degrees of aiitiiriflaiiiiiiatory activity when assayed 
k).~ tlie cotton pellet granuloma pouch and egg white 
iriflammation methods. 

Thr discussion of the properties of these compouiids 
hhoultl not be roncluded without mention of the re- 
inarkable solubility properties of the hydrazine imides. 

While these properties were rioted throughout tlic iu'ig I 

of ring sizes arid hydrazines investigated, they WIT 
most remarkable with the small spiro carbon rings with 
S-hetero-or-X-lower dialkylamirio substituents. Tlir 
dimethylamino-55-dione was soluble in cold mater a i d  
quite soluble in hot water; slightly soluble iii cold 
petroleum ether, (30-60 "j hexane, arid ligroin ; and 
quite soluble in these solvents when hot. AIost of the 
hydrazine imides could be recrystallized from water or 
ligroin and in the case of the smaller molecules from 
water or petroleum ether (30-60'). In addition to 
being slightly to very soluble in alcohols, esters, ethers, 
ketones, benzene, arid halocarbon solvents, thc prop- 
erty of solubility in hydrophobic as well as hydrophilic. 
solveiitd mas thought to  he quite remarkable. 
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TABLE VI1 
DERIVATIVES O F  8-OXA-2-AZASPIRO [4.5] DECANE 

x"-R 
Enigirical % Found- B.p., O C .  hI.p., ---% C a 1 c d . F  -- 

N O .  X R ( mm . ) "C. C H S C H h- formula 

1,3-Diones 
1 7,9-Dimethyl Allyl 87-89 55-56 65.80 8.07 5 .90  65.69 7.81 6.15 ClSHlgNO3 

2 7,9-Dimethyl Phenethyl 141-143 71.73 7.69 4.65 71.89 7.70 4.86 C18H2&03 
(0.13) 

(0.01) 

(0.18) 

(0.1) 

3 7,9-Dimethyl 3-Methoxypropyl 118-122 62.43 8 .61  5.20 62.58 8 .83  5 .01  CidH23XO4 

4 7,9-Dimethyl Dimethylamino 125-130 121-122 5!), Y8 8.39 11.66 60.32 8 .57  11.89 ClnHpoNzOa 

6 H  Allyl 97-99 57-58 63.14 7.23 6.69 63.27 7.39 6.68 Cl1H15NO3 
(0.15)  

6 7-Methyl iillyl 160-170 Glass 7 2 . 2 2  7 . 0 7  4.68 72.18 7 . 2 2  4 . 9 3  C18H2L?;OS 
0-Phenyl (0 .2)  

Bases 
7 7,g-Dimethyl Allyl 41 74.59 11.08 6.69 74.69 11.22 6.90 Ci3HmSO' 

(0.15)  

(0.025) 

(0.08) 

8 7,9-Dimethyl Phenethyl 1 16-1 18 79.07 9.95 5.12 79.34 9.95 5 . 1 2  C18H27SOb 

9 7,Y-Dimethyl 3-Methoxypropyl 70-72 69.66 11.28 5.80 69.89 11.51 5 .68  Ci4HvNOnC 

Hydrochloride, m.p. 187-188". Anal. Calcd. for C13H&ISO: Cl, 14.43. Found: Cl, 14.48. Rutiodide, m.p. 180-181 '. 
-4nal. Calcd. for C17H3JNO: I, 32.26. Found: I, 31.91. Hydrochloride, m.p. 236-237". .4nal. Calcd. for ClsH28ClNO: C1, 
11.44. Found: C1, 11.28. Methiodide, m.p. 159-160". Anal. Calcd. for C I Q H ~ ~ I N O :  I, 30.56. Found: I, 30.61. Deciodide, 
m.p. 143-144'. ilnal. Calcd. for C30Hs21KO: I, 22.28. Found: I, 22.53. e Hydrochloride, m.p. 190-191". Anal. Calcd. for 

C1, 12.95. Methiodide, m.p. 131.5-132'. Anal. Calcd. for C I ~ H ~ ~ I S O ~ :  I, 33.11. Found: I, C1, 12.76. Found: 

KO. 

1 
2 

3 

4 

6 

6 

R 

Methyl 
Allyl 

Allyl 

p-Methylbenzyl 

p-Methylbenzyl 

Dimethy lamino 

TABLE VI11 
DERIVATIVES OF 7-THIA-2-AZASPIRO [4.4] N O N A N E  

x"-R 
B.p., ' C .  --% Calcd.? --70 Found- 

(mm.) M.p.,  " C .  C H N C H N  

64-65 51.87 5 . 9 9  7.56 51.71 6.32 7.46 
107-110 50-51 56.85 6.20 6.63 56.93 6.30 6.87 
(0.25) 
50-5 1 65.52 9.35 7 .64  65.46 9.10 7.84 
( 0 . 2 )  
165-175 69-70 65.43 6.22 5.09 65.61 6.35 4.90 
(0.02) 
110-115 72.82 8.56 5.66 73.10 8.62 5.95 
(0.05) 

94- 50.44 6.59 13.07 50.64 6.80 13.00 
94.5 

Empirical 
formula 

C8HllS02S 1,3-dione 
Cl@Hl3?r'OpS lI3-dione 

CloH17SS basea 

C15H17NO2S lJ3-dione 

ClsHzlSS base* 

C8HI4S2O2S l,3-dione 

Hydrochloride, m.p. 98-98.5", very hygroscopic. Anal. Calcd. for CloH1,ClNS: C1, 16.13. Found: C1,15,80. h Hydrochloride, 
m.p. 204-205". Anal. Calcd. for C15H22C1NS: C1, 12.49. Found: C1, 12.73. 

Experimental 
All melting points were obtained with a Fisher-Johns block 

type or Thomas-Hoover capillary type melting point apparatus 
and are corrected. Boiling points are obviously not corrected as 
the range observed during vacuum distillations is much larger 
than any correction. Elemental microanalyses were performed 
by Schwarzkopf Microanalytical Laboratory, Woodside 77, 
N. Y.  

The necessary cyclic gem-diacetic and carboxy-acetic acids 
and anhydrides were obtained according to literature methods or 
modifications thereof as described in our previous paper.2 The 
N,N-disubstituted hydrazines and N-aminoheterocycles were 
prepared by nitrosation of the corresponding secondary amines8 

( 8 )  "Organic Syntheses," Coll. 1'01. 11, John Wiley and Sons, Inc.. New 
York, N. Y., 1943. 11. 211. 

or heterocyclic aminesQ and reduction of the S-nitroso derivatives 
with lithium aluminum hydride in ether. While the syntheses of 
the azaspirodiones and azaspiranes were accomplished by the 
general procedures outlined in the text, some of the useful vagar- 
ies employed to obtain specific members are illustrated in the 
detailed experimental examples that follow. 
2-(3-Picolyl)-2-azaspiro[4.4]nonane-l,3-dione.-To 20 g. (0.13 

mole) of cyclopentane-1-carboxy-1-acetic anhydride in a 50 ml. 
round-bottom flask was added 15 g. (0.138 mole) of 3-picolyl- 
amine and the mixture heated to 160-180" in an oil bath for 1 hr. 
On vacuum distillation there was obtained 30 g. (94%) of the 
title compound, b.p. 140-145' (0.1 mm.), as a viscous oil. 
On slurrying with absolute ether i t  solidified and melted a t  54- 
56'. Recrystallization from acetone-ligroin gave analytical 
material, m.p. 57.5-58'. 

(9) hI. Rink and N. Mehta,  .Vatu1 L C Z J S . ,  48, 51 (1961). 
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designation. Approsiniate 1.1 ):,,i72 hr. were deterniined kiv :itliiiinistr~itiiiri o f  the, ( , on ip  ruiids iiitr~i~~f!ritiiii~,:~lly to \Tistar rats in t 110 

weight range 100-200 g. c Tl iose drugs wliidi stioxed :I siiflirit~iitly interesting activity profile in the prr-  
liniinu-y screening procedures \\-ere studied in greater detail in tlie dog or tlie ratii)it. I<9l'cv.ts on  tile i)I(iiid pressure, EKG,  respirator\. 
rate, and excursion were deterniined xith a Sanborn XI(idel 64, 4-cliannel, rerording "I'til o" :ipp:tr:ttus. This xpparntus providd  
high fidelity, rectilinear response, and perminent records hy nieans [Jf hot )%-ire st!.li r r n  :L 1i edge. I3luod pressure \ws nie:tsuretl liy 
mans  of a Stathain, 1'42, stritiri gage tninsducer pirkup wliicli supplied its signal tii :t i i t  rxin gagv aiiiplifier. leads supplied 
:L preamplifier that fed :L d . ~ .  anipliiier whicli drove tlie re(-ording styli. 'l'his sctup pwiiiit t d  siiiiultnneoris ohtention (irie:tsuremcnt 
:ind recording) of arterial and vrnous pressures, +;KC;, lieitrt rate, pneuniogr:trii, and i)ricri i ir l i t : ic, l irgranl.  It w:is used not' onl!, in t i+  
tcrniining the effects of new cornpounds on measurable cardiovtiscdlr paranieters, respirntiiri. rat c', and excursion; Iiut, :hi in ciinip:tr- 
ing with and ascertaining potentiation or antagonism of reference agents (epineplirinr,, niirctpineplirine, serotonin, acetyldiolirie, ii- 

:inipliet3axnine, pentylenetetra~iile), Iiexobarhital sodiuni, diplienylliydantoin, t r imet ldionc~.  and histamine. These detprniimtions 
w r e  made by lh.  Eugene I-'. 1tut):icky and assistants. 

Both sexes were employed. 

The 

li 2-L)ecalin-l'-piperidine. 

Hydrochloride was formed by bubbling gaseous hydrogen 
chloride through an ether solution of the base, n1.p. lSO-lS2". 
Recrystallization from acetone-ether, n1.p. 182-183". 

Methiodide was formed by refluxing the imide in acetone with a 
IOc,; excess OF methyl iodide arid :tdding ether, ni.p. 149-150°, not 
changed on recrystallization froin methylene chloride-ether. 

2 4  3-Picolyl)-2-azaspiro [4.4] nonane.-The dione (20 g., 0.082 
riiole) was dissolved in a large voluiiie of ether (ahout 500 nil.) 
:ind :rdded over 15 niin. to :L rapidl!, stirred solution of 15 p. [ i f  

lithiuni :iluniinuni hydride in  50(J nil. of rthrr. The niisturc: w a s  

stirred for 4 hr. ,  wJiilc prritectotl fri irn atniosplieric nioisture, :inti 
the ciimples then dec~~riipcised t ) j -  the dropwise addition of witer 
:tnd stirred an :itlditi<in:tl 1 hr. The inorganic pi-evipitste was 
filtered, the resitilic I)ressetl tightly, and washed with etller. 
The ether filtrtitc, :ind w:ishings were dried overnight civer a r i -  
hydrous sodiuni siilf:ite, the e the r  evaporated, anti the residuc 
distilled t l J  yirlti l ( i  g ,  ( ! ) O f ; )  of the title b m e ,  11.p. 0 0 - 9 2 O  10.1 
I11111. ). 

A solution of 10 g. of the base in  ether \\-as saturated \I ith gaue- 
iius hytlrogen c~hloridc~ to give the dichloride, ni .p .  237-239". 
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The melting point mas raised to 238-240' on recrystallization 
from ethanol-ether. 

Refluxing the base in ethyl acetate with a lOy0 excess of methyl 
iodide and cooling gave the partly-crystalline partly-tacky di- 
methiodide, m.p. 165-180". Recrystallization from methylene 
chloride-ether raised the melting point to 180-182". 

2-(o-Chlorobenzyl~-8-tert-butyl-2-azaspiro[4.5] decane-1,3- 
diene.-Heating 13.5 g., (0.06 mole) of 4-tert-butylcyclohexane- 
1-carboxy-1-acetic anhydride with 10 g. (0.07 mole) of o-chloro- 
benzylamine for 0.5 hr. a t  180" and then raising the temperature 
to 240' over a period of 20 min. gave a quantitative yield of the 
imide, m.p. 140-145". Recrystallization from acetone-water 
gave m.p. 147-148". 

2 4  o-Chlorobenzyl)-8-tert-butyl-2-azaspiro[4.5] decane.-The 
imide (20 g.) was dissolved in 50 ml. of benzene and added over a 
15 niin. period to a stirred solution of 15 g. of lithium aluminuni 
hydride in 500 ml. of absolute ether, stirred 4 hr., decomposed 
with Mater. stirred 4 hr., filtered, and the residue washed with 
ether. The filtrate and washings were dried over anhydrous 
sodium sulfate. The ether and benzene were distilled and the 
residual oil was distilled zn vacuo to give the title compound (18 
g., 94c/c), b.p. 140-144" (0.04 mm.j. 

Ten grams of the base wab dissolved in absolute ether and HC1 
gas bubbled in to give 10 g. of the hydrochloride, m.p. 192-198 , 
which on recrystallization from acetone-petroleum ether (30- 
60") melted a t  196-197'. 

Refluxing 5 g. of the base with a 10% molar excess of methyl 
iodide in ethyl acetate for 30 min. and cooling gave the methio- 
dide, 1n.p. 190-193", which on recrystallization from acetone- 
ether melted a t  196-197". 

2-Propyl-2-azaspiro [ 4.41 nonane-1,3-dione.-Cyclopentane-l- 
carboxy-1-acetic anhydride (15 g., 0.1 mole) was dissolved in 50 
ml. of anhydrous methylene chloride and 0.2 mole of n-propyl- 
amine added. The mixture was refluxed for 15 min. and the 
solvent and excess propylamine distilled. The residue was 
heated in the oil bath a t  160-180" for 1 hr. and then distilled to 
give the title compound (18.7 g., 91%), b.p. 66-68' (0.1 mm.). 

2-Dimethylamino-2-azaspiro [4.7] dodecane-1,3-dione.-Cyclo- 
octane-1-carboxy-1-acetic anhydride (12 g., 0.061 mole j was dis- 
solved in 50 ml. of anhydrous methylene chloride and 0.12 mole of 
ansy7n-diniethylhydrazine added. The mixture was refluxed for 
20 min., the solvent and excess unsym-dimethylhydrazine dis- 
tilled, and the residue distilled in vacuo to give the product (14.3 
g., b.p. 108-112" (0.15 mm.). 

2-Morpholino-2-azaspiro [4.4] nonane-1,3-dione.-Cyclopen- 
tane-1-carboxy-1-acetic anhydride (4.9 g., 0.032 mole) and 3.3 g. 
(0.032 mole) of 4-aminomorpholine were heated in 10 ml. of 
benzene for 20 min. and then placed in an oil bath. As the tem- 
perature rnse to 180" the benzene distilled and the residue was 
maintained a t  160-190" for 0.5 hr. On cooling, the mass solidi- 
fied to give a quantitative yield of the imide, m.p. 117-153". 
Itecrystallization from acetone-petroleum ether (30-60'j or 
water gave m.p. 151-152'. This derivative was less soluble than 
the corresponding dimethylamino compound of the same ring 
system. However, i t  was slightly soluble in cold water and in 
cold 30-60" petroleum ether. 

2-Dibutylamino-7-methyl-2-azaspiro [4.4] nonane-l,3-dione.- 
3-blethylcyclopentane-1-carboxy-1-acetic anhydride, (8.1 g., 
0.048 mole) was mixed with ?rnsym-di-n-butylhydrazine (6.9 g., 
0.048 mole) in 25 nil. of methylene chloride, refluxed 0.5 hr., and 
the methylene chloride distilled. The residue was heated to 
160-180" for 1 hr. and then distilled to yield the title compound 
(12g.,8570), b.p. 130-135°(0.2mm.). 

2-Dimethylamino-2-azaspiro 14.41 nonane-l,3-dione.-Cyclo- 
pentane-1-carboxy-1-acetic anhydride (15.4 g., 0.1 mole) was 
dissolved in 50 ml. of methylene chloride and 12 g. (0.12 mole) 
of rtnsyni-dimethylh3rdrazine, dissolved in 25 ml. of methylene 
chloride, added. The mixture was refluxed for 15 min. and the 
methylene chloride distilled. The residue was heated in the oil 
bath for 40 min. a t  180" and distilled in  vacuo. The title com- 
pound, b.p. 89-91' (0.1 mm.) was obtained in 977, yield (19 g.). 

It solidified in the receiver and melted a t  54-55'. The niaterial 
was very soluble in acetone, ethanol, ethyl acetate, and methanol; 
soluble in water and ether. It crystallized in long needles from 
ligroin, m.p. 55-56'. 

If a solution of 3 g. of the imide in ether tTas added to a satu- 
rated solution of HC1 in ether, the immediate separation of the 
hydrochloride as a gummy precipitate resulted. The gummy 
material solidified and melted a t  82-86'. On recrystallization 
from ethyl acetate, i t  melted a t  84-87'. 

Anal. Calcd. for CIoH1?ClrZ,O,: C1, 15.24. Found: C1, 
14.63 (immediately after recrystallization and drying with ether 
and an air stream); C1, 10.9 (after 48 hr. in a closed vessel). 

On drying zn vacuo the material rapidly disappeared from the 
bottom of the flask and sublimate appeared on the walls of the 
vessel, The sublimate contained no chlorine and melted a t  
55-56', not depressed on admixture with the original imide. 
On drying in an air oven overnight a t  SO", no chlorine was found 
in the remaining product, which proved to be the original imide. 
From these observations, i t  is concluded that the imide, 2- 
dimethylaniino-2-azaspir0[4.4]nonane-I,X-dione, forms an un- 
stable hydrochloride salt which gradually loses hydrogen chloride 
and reverts to the original imide. 

3-Dimethylamino-3-azaspiro 15.51 undecane-2,4-dione.-Reac- 
tion of unsym-dimethylhydrazine with the anhydride of cyclo- 
hexane-1,l-diacetic acid, as described for the preceding 2-aza- 
spiro[4.4]nonane derivative, gave the corresponding title com- 
pound, b.p. 123" (0.1 mm.) or 117' (0.075 mm.), m.p. 118-120". 
Recrystallization from water gave analytical material, m.p. 
118.5-119.5'. This imide likewise formed an unstable hydro- 
chloride salt. 
3-Dimethylamino-3-azaspiro[5.5]undecane.-Reduction of 20 

g. of 3-dimethylamino-3-azaspiro j5.51 undecane-2,4dione with 15 
g. of lithium aluminum hydride in the usual manner gave the title 
base, b.p. 73-75" (0.4 mm.). When this base was dissolved in 
ether and gaseous HC1 bubbled through the solution, the hydro- 
chloride was obtained, n1.p. 208-21 1'. Recrystallization from 
ethanol-ether gave analytical material, m.p. 210-211". 

-4nal. Calcd. for Cl2H2:C1S2: C1, 15.23; N, 12.03. Found: 

3-Benzyl-3-azaspiro[5.5]undecane-2,4-dione.-Reaction of 0.1 
molar quantities of cyclohexane-1,l-diacetic anhydride and benzyl- 
amine, cyclization a t  180" for 1 hr., and heating to 240" for 
15 min. gave the title imide in quantitative yield, m.p. 58-62'. 
Recrystallization from methanol-water gave analytically pure 
material, m.p. 62-63". If the product is distilled zn V U C Z L O ,  
one obtains a 965; yield of product, b.p. 150-155' (0.075 mm.). 
3-Benzyl-3-azaspiro[5.5]undecane.-Reduction of the preced- 

ing imide with lithium aluminum hydride in the usual manner 
was accomplished by adding the imide, dissolved in benzene, to 
the metal hydride solution in ether. The product boiled a t  100- 
106" (0.05 mm.). The hydrochloride was obtained by adding a 
slight excess of a saturated alcoholic-HC1 solution to the base 
dissolved in ether. It melted a t  261-263", and a t  262-263" on 
recrystallization from ethanol-ether. 
3-Cyclohexylmethyl-3-azaspiro[5.5]undecane Hydrochloride. 

-When the preceding 3-benzyl-3-azaspiro[5.5]undecane hydro- 
chloride was treated under catalytic hydrogenation conditions 
which might he expected to effect catalytic debenzylation, 
reduction of the phenyl ring took place instead. The hydro- 
chloride ( 5  g.) was dissolved in 5OC,l, (v./v ) aqueous ethanol and 
2 ml. of concentrated hydrochloric acid and 1 g. of platinum oxide 
catalyst were added. The mixture was hydrogenated in the low- 
pressure Parr hydrogenator overnight, filtered from catalyst, and 
the solvents removed in a rotary vacuum evaporator. The 
residue was dissolved in boiling ethanol, decolorized with Sori t  A, 
filtered, and cooled in the freezer. The white crystalline product 
obtained melted a t  335" dec. (dependent on rate of heating and 
when put in the oil bath a t  325'). 

Anal. Calcd. for C17H&liV: C1, 12.40. Found: C1, 12.28. 
The infrared spectrum showed a complete lack of benzene un- 

C1, 15.05: N, 12.20. 

saturation and any unsaturation whatever. 


