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A large group of N-dialkylaminoalkyl azaspiroalkanes has been prepared and studied for physiological activity.
Within this group of compounds, structural variations in the N-dialkylaminoalky] substituent, azaspirane nuclei,

and nuclear substituents were made.

cancer cells in vitro and on reproduction in mammals.

Of these compounds, several have shown marked effects on the growth of
Many new intermediate Guareschi imides, cycloalkane

or hetercycloalkane geni-diacetic and gem-carboxyacetic acids and anhyvdrides are described.

As part of a continuing study of heterocyelic ring
systems, embracing primarily azabicyelic and azaspiro
nuclei, containing a spiro carbon atom, we have pre-
pared a rather extensive group of N-dialkylaminoalkyl
substituted azaspiroalkanes. This interesting and
important class of compounds has been only cursorily
touched upon in the literature®? and little is known
concerning the biological effects of this type structure
which has not been reported to oceur in living organ-
isms.  In our studies, both the dialkylaminoalky]
substituent and azaspiroalkane ring portions of the
basic structure have been extensively permutated to
afford wide latitude in evaluating the physiological
effects of these nuclei. Potent pharmacologic activity
has been observed throughout the group of compounds
studied. Of particular note are the marked growth in-
hibitory effects of certain members (e.g. ,3-(3-dimeth-
vlaminopropyl)-9-t-tbutyl-3-azaspiro [5.5 Jundecane) on
cancer cells in tissue culture and objective clinical effects
in human cancer.  Derivatives of the bicyelic systems
related to naphthalene exhibited hormonal effects in
mammals. One such derivative (spiro-irans-decalin-
2,4’-piperidine-1"(3-dimethylaminopropyl)) produced ef-
fects which are grossly evident, in addition to histologi-
cal changes, so far, in the production of dwarf offspring
in a third gencration of Wistar rats. This veport iz,
therefore, divided into three sections consisting of
summaries of (A) the chemistry of the compounds and
their intermediates, (B) pharmacological activity, and
(C) clinical observations.

A. Chemical.—Those compounds prepared and
studied are represented by the general formulas

N(CHy)zNR,

where ring A is attached to the 4-position of a piperidine
ring ot the 3-position of a pyrrolidine ring. Tn all
cases, 1t is to be noted, the nitrogen is removed by at
least one carbon atom from the spiro carbon. When
the ring is piperidine, methods have been worked out
to introduce substituents at the 1,5-positions of the
azaspirane moiety. The ring A has been varied from
a simple carboeyelic ring of 5 to 8 carbon atoms to
bicyelic rings such as decalin and hydrindane. In
addition, sulfur or oxygen has been introduced into

(1) (a) J. B. Clements and I. M. Rice, J. Org. Chem., 24, 1958 (1959);
{b) L. M. Rice and C. H. Grogan, tbid., 26, 54 (1961); (c) this work was sup-
ported by the Geschickter Fund for Medical Research, Inc.; (d) to whom re-
quests for reprints should be directed at the Dietene C'o., Minneapolis, Minn.

(2) J. Boeseken, Traité Chim. Org., 17, 1787 (1949).
(3) K. Thomae, Rritish Patent 823,338 (105%9).
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ring A to produce a tetrahydrothiophene, tetrahydro-
thiapyrane, or tetrahydropyrane containing system.
The basic ring systems prepared and utilized are shown
in Chart I where the hydrogen is replaced by a dialkyl-
aminoalkyl grouping. A variety of substituents such
as methyl, eyelohexyl, methoxy, and butyl have been
incorporated into ring A. The necessary intermediates
for this study were the gem-cyvcloalkanediacetic acids
and cycloalkanecarboxyacetic acids. gem-Diacetic acids
were prepared by the general method shown in the
sequence

CN H o
C -0 CH;(;Nlc;;)OEL NH H
cN H O
‘/CH2COOH
™ CH:COCH

1n the series of reactions above, the ketone was
treated at 0° with an excess of ammonia in ethanol and
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2 moles of ethyl cyanoacetate to yield the ammonium
salt of the Guareschi imide. After dissolving the
salt in water, the Guareschi imide was precipitated by
acidifying with hydrochloric acid. These Guareschi
imides are listed in Table XV and presented no particu-
lar preparative difficulty except in the wide variations
in solubility exhibited by wvarious members. For
example, the ammonium salts of the Guareschi imides
from 4-cyclohexyleyclohexanone and 4-t-butyleyclo-
hexanone were not very soluble in hot water, whereas the
product from 2,6-dimethyltetrahydropyrone-4 was ex-
tremely soluble. The products from the heterocyelic 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 dieyanoimides to the
desired gem-diacids using the general procedure of Kon
and Thorpe,** employing 609, 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 Kerr?
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
vield. Later in one case (XIII) it was found that pro-
longed boiling of the Guareschi imide with conecen-
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

0]
S CO NH
0]

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
dicyano imide from 4-methoxycyclohexanone. We
believe that an improved yield would also be obtained
in these cases. These new acids are listed in Table X VI.
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);
(b) F. B. Thole and J. F. Thorpe, 1bid., 99, 445 (1915); (c) I. Guareschi,
Atti Accad. Sci. Torino, 86, 443 (1900/1901).

(5) C. A. Kerr, J. Am. Chem. Soc., 1, 618 (1929).
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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 methy! iodide in the pre-
sence of sodium methoxide. In this case, three methyl
groups entered the cyanoimide at the 1,3 5-positions.
Hydrolysis of the trimethyl imide in the usual manner
gave the desired cyclohexane-a,a’-dimethyl-1,1-diacetic
acid.

The necessary cycloalkane-1-carboxy-l-acetic acids
were prepared as illustrated in the following reaction

sequence. Step 1 consisted in the base catalyzed
(IDN
CC=O CH,CNCOOEt CC:C—COOEt KCN
base
1 2.
CIJN ?N COOH
+
-
C—CCOQEt —
C K<—>+ G “SCH,COOH

condensation of the ketone with one mole of ethyl
cyanoacetate to yield the corresponding eycloalkylidene
cyanoacetic ester. In general piperidine® 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. Neither method effected the con-
densation of camphor or 3,3,5-trimethylcyeclohexanone.
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 at 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 eyanide 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 alkylidene 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 XVIX).
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-1,1-
diacetic acid or a cycloalkane-1-carboxy-1l-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. 1. Vogel, J. Chem. Soc., 2010 (1928).
(7) A.C. Cope, C. M. Hofman, C. Wyckoff, and E. Hardenbergh, J. Am.
Chem. Soc.. 68, 3452 (1941).
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1. 2-Dimethylaminoethyl

2. 3-Dimethylaminopropyl

3. 2-Diethylaminoethyl

4. 3-Diethylaminopropyl

5 3-Dibutylaminopropyl

6- 5-Diethylaminoamyl

7-  5-Diethylamino-2-amy!

8- 2-Piperidinoethyl

9. 3-Morpholinopropyl
10-  3-Pyrrolidinopropyl
11. 3-Dimethylaminopropyl
12, 3-Dimethylaminopropyl
13- 3-Dimethylaminopropyl
14.  3-Dimethylaminopropy!
15.  3-Dimethylaminopropyl
16. 3-Morpholinopropy!
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1. 2-Dimethylaminoethyl

2. 3-Dimethylaminopropyl

3. 2-Diethylaminoethyl

4. 3-Diethylaminopropyl
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6. 5-Diethylaminoamyl
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9.  3-Morpholinopropyl
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11. 3-Dimethylaminopropyl
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15. 3-Dimethylaminopropyl
16. Morpholinopropyl
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TasLe 1
N-DIALKYLAMINOALKYL-3-AZASPIRO

e =Carbon—-- -~
Formula B.p.. °C. (mm.) Caled. Found
C1aHpN20, 114-124 (0.1) 66.63 66.83
CisH1eN,0; 128-133 (0.15) 67.63 67.85
CisH2sN3O; 130-137 (0.05) 68.53 68.56
Ci7H3N20, 155-165 (0.1) 69.34 69.07
CaHN20, 179-190 (0.1) 71.95 71.86
CisH3:N 20, 169-175 (0.2) 70.76 70.58
CisHuN20, 155-161 (0.2) 70.76 70.54
CiiHasN,Oq 147-152 (0.1) 69.82 69.81
Ci7H26N 05 173-176 (0.2) 66.21 66.41
Ci17H2sNA0; 160-165 (0.2) 69.82 69.89
CieHaN20; 132-136 (0.1) 68.53 68.67
Ci6HasN,O: 137-140 (0.2) 68.53 68.77
C1esH3eN20, 155-165 (0.05) 70.76 70,66
CisHasN20; 135-139 (0.15) 64.83 61.95
Ca1Has N0 190-200 (0.25) 72.37 72.05
Cy H3sN 20, 113-114° 69.19 69.55
TasrLe II
N-DIALKYLAMINOALKYL-3-AZASPIRO
RS
!
—
r——m—Carbon-——--
Formula B.p., °C. (mm.) Caled. Found
CuHgs N> 76-80 (0.075) 74.94 74.94
CysHyo N 85-95 (0.075) 75.56 75.81
CreHs2 N> 88-93 (0.025) 76.12 76.17
C1Ha N, 103-106 (0.10) 76.62 76.81
CoHpNe 130-134 (0.05) 78,19 78 .40
CisHgNe 124-130 (0.075) 77.48 7742
CyoHzaNe 116-122 (0.03) 7748 R
Ci7H3. N, 110-114 (0.05) 7.2 7700
CarHp N0 121~125 (0.05) 72,80 7303
C7H;, N, 103-113 (0.025) 77.21 TTAT
C1sHz N, 86--88 (0.12) 76.12 76.36
CisH3N, 95-98 (0.2) 76.12 76.30
CuoHsN, 125-133 (0.025) 7748 7762
CisHyeN20 93-97 (0.05)
Ca1HyN, 150~-160 (0.07) 75.68 7S, 5
CyiHgN,O 160--170 (G.12) e 74021

vield. In several cases where solid imides were formed,
these were obtained quantitatively. The spiroimides
were reduced very smoothly in high yield by lithium
aluminum hydride to the desired azaspiroalkane deriv-
atives. These compounds were in general stable
colorless oils which could easily be distilled under
vacuum. A wide variety of amines were used and in
all cases studied the reaction sequence was smooth.
As evidenced by lack of by-products and high yield,
the reaction proceeded in an almost quantitative man-
ner. The basic azaspiroalkanes were then converted
into suitable derivatives such as the hydrochlorides
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(5.5) UNDECANE-2,4-DIONE
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R® 0
R? N—R
(0]
~—~————n-Methicdide: —— —————-Hydrochloride
Anslysis, % Analysis, 9% Analysis, %
— Hydrogen: Nitrogen ————-Iodide———— Chlorine————
Caled. Found Calced. Found M.p., °C. Caled, Found ALp,, °C. Caled. Found
9.59 9.87 11.10 10.88 241-242 32.19 32.19 204-205 12.28 12.10
9.84 9.83 10.52 10.30 260~262 31.08 31.22 185-186 11.71 11.83
10.07 10.08 9.99 10.00 207-208 30.05 30.24 144-145 11.19 11.11
10.27 10.16 9.52 9.42 227-228 29.08 29.30 154-155 10.71 10.78
10.93 10.77 7.99 7.79 135-137 25.77 25.90 133-134 9.16 9.41
10.63 10.61 8.69 8.90 151~153 27.33 27.39 122-123 9.88 10.00
10.63 10.46 8.69 8.93 149-150 27.33 27.59 117-119 9.88 10.08
9.65 9.55 9.58 9.32 232-233 29.22 29.44 196-197 10.78 10.74
9.15 9.41 9.08 9.39 254-256 28.18 28.44 182-183 10.28 10.49
9.65 9.54 9.58 9.36 235-236 29.22 29.18 235-236 10.78 10.77
10.07 9.97 9.99 9.92 252-253 30.05 30.21 182-183 11.19 11.23
10.07 9.87 9.99 10.06 243-244 30.05 30.22 131-132 11.19 11.57
10.63 10.93 8.69 8.97 279-281 27.33 27.60 177-178 9.88 9.71
9.52 9.34 9.45 9.67
10.41 10.15 8.04 8.36 258-259 25.88 25.85 164-165 9.21 9.21
9.95 10.05 7.69 7.50 249-250 25.06 24.93 237-238 8.84 8.62
(5.5) UNDECANE
—————Dimethiodide Dihydrochloride —_
Analysis, % Analysis, % Analysis, %
Hydrogen Nitrogen: Iodide: Chloride——-—
Caled. Found Caled. Found M.p., °C. Caled. Found M.p., °C. Caled. Found
12.58 12.55 12.48 12.61 268-270 49.94 50.09 310-311 23.85 23.74
12.68 12.87 11.75 11.85 252-253 48.60 48.56 305-306 22.77 22.72
12.78 12.76 11.10 10.92 245~-246 47.33 47.49 264-265 21.80 21.71
12.86 12.72 10.52 10.35 259-260 46.12 46.16 278-280 20.90 20.69
13.12 12.93 8.69 8.7 152-154 41.86 42.24 293-294 17.93 17.78
13.01 12.96 9.51 9.80 221223 43.89 44.03 277-278 19.20 19.13
13.01 12.88 9.51 9.55 224~225 43.89 44.02 257-258 19.20 19.46
12.20 11.99 10.59 10.72 258-260 46.29 46.64 323-324 21.02 21.16
11.50 11.34 9.99 9.81 245~-246 44.98 44 .90 302-303 20.07 20.21
12.20 12.07 10.59 10.62 248-250 46.29 46.34 305-307 21.02 20.88
12.78 12,67 11.10 11.23 267-268 47.33 47.28 304-305 21.79 21.82
12.78 12.62 11.10 11.30 255-256 47.33 47 .41 302-303 21.79 21.54
13.01 13.05 9.51 9.36 285-286 43.88 43.85 335-336 19.30 19.30
245-246 45.96 45.74
12.58 12.62 8.74 8.56 264-265 41.99 42.31 321-322 18.02 17.82
11.98 12,12 8.32 8.00 263-264 40.91 41.11 310-311 17.32 17.03

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

H H N (CH,)zNR;
(ﬁjl\\l (CHz)zNR: (:OCJ
H H
H H
(:‘OG N(CHz)zNR,
,, N(CH3)zNR, __
H H

In the cases where the spiro compounds were pre-
pared from trans-decalin-2-carboxy-2-acetic acid anhy-
dride and {rans-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.! Although this was also
possible in some of the other ring systems such as I or

(8) (a) XK. A. N. Rao, J. Chem. Soc., 1954 (1929); (b) J. Kandiah, ibid.,
923 (1931).
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2-Dimethylaminoethyl
3-Dimethylaminopropyl
2-Piperidinoethyl
3-Pyrrolidinopropyl
3-Morpholinopropyl
3-Dimethylaminopropyl
3-Dimethylaminopropyl

R
2-Dimethylaminoethyl
3-Dimethylaminopropy!
2-Piperidinoethyl
3-Pyrrolidinopropyl
3-Morpholinopropyl
3-Dimethylaminopropyl
3-Dimethylaminopropyl

R

2-Dimethylaminoethyl
3-Dimethylaminopropyl
2-Piperidinovethyl
3-Pyrrolidinopropyl
3-Morpholinopropyl
Dimethylaminopropyl

R
2-Dimethylaminoethyl
3-Dimethylaminopropyl
2-Piperidinoethyl
3-Pyrrolidinopropyl
3-Morpholinopropyl
3-Dimethylaminopropyl
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TasLe II1

N-DIALKYLAMINOALKYL-2-AZASPIRO

R
— =0
R X ]
—/ >N—R
0
P Carbon- -
R Formula B.p.. “Coimm.) Caled. Foumd
H Ci3HgoN 0. 106112 (0.05) 65.51 65.43
H CraH2N 0 118124 (0.075) 66.63 656.583
H C1eH26N:0, 154--157 (0.25) 69.03 68 87
H CreHz6N20: 146-154 (0.05) 69.03 68,45
H C1sH N Oy 160165 (0.05) 65.28 65.16
CH; C1:HyeN,Os 117-122 (0.25) 67.63 67.65
H CisHge N0, 115117 (0.2) 67.63 67.86
Tasry LV
N-DIALRYLAMINOALKY1-2-AZASPIRO
R’
s
_N.._WR
Carbon
R3 Formula B.p., *C. (mny) Ctaled. Found
H CryHaeNy S0-82(0.5) .22 7430
H CiHapsN, 73-78 (0. 1) R BT
H CisHN2 05-105 (0.05) 76.74 7700
H CieHa N> 99-103 (0.05) 76.74 T6.85
H CieHyoNLO 103122 (0.05) 7213 72038
CH, Ci:HwN. 284 (0,23 75.57 75.73
H Cy;Hye N TSR0 (0, 1% 557 7h.83

TasrLe V

N-DIALKYLAMINOALKYL-N-AZASPIRO

Caled.

-Carbon

Formula B.p., 7O (mmo Found
Ci3HaN:00 115119 (0.075) 65.51 65,57
CaHay N2 Os 127130 (0.075) 6663 6637
CrgHas N0, 138-146 (0.075) 69.03 HN.TN
C1eH26N 201 144148 (0. 05) 649.03 6023
CeHasNoUs 166-173 (0.05) 65,28 65,57
5 He N2 O, 130--135 (0.2 657 .83 G764

N-Diarky

TasLe VI

LAMINOALKYL-N-aZARPIRO
Rl

L__/X N—R

Culed,

Carbon

Formula B.p. 7C. immo Foumt
CuHaN, TH-TR (0,20 T2 T4.51
CieHy N 100108 (0.05} 76,74 THOOK
C6H3o N, 102-107 (0.05) 6T 7655
C6HoN0 106116 (0.03 T2.13 72.31
CysHo N, N1--86 (0.25) 7547 7584
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(4.5) DECAN®-1,3-DIONES

Analysis,
———Hydroge
Caled.

9.31
9.59
9.41
9.41
8.90
9.84
9.84

(4.5) DECANES

%

N

Found
9.22
9.60
9.20
9.43
8.75
9.95
9.98

Analysis, %

~———Hydrogen——

Caled.

12.46
12.58
12.08
12.08
11.35
12.68
12.68

(4.5) DECANE-T,9-DIONES

Found

12.31
12.78
12.05
12.06
11.46
12.67
12.85

Analysis, %
~——Hydrogen——
Caled. Found
9.31 9.35
9.59 9.58
9.41 9.60
9.41 9.63
8.90 8.95
9.84 9. 81

(4.5) DECANES

Analysis, %

~———Hydrogen

Caled.
12.46
12 .58
12.08
12.08
11.35
12.68

Found
12.33
12.63
12.21
11.97
11.39
12.68

—_

SPIRANES.

—_ Nitrogen—-——
Caled. Found
11.78 11.74
11.10 11.33
10.06 10.39
10.06 10.21
9.52 9.71
10.52 10.57
10.52 10.20

———Nitrogen——

Caled.
13.32
12.48
11.19
11.19
10.52
11.75
11.75

Found

13.23
12.29
11.09
11.05
10.55
11.56
11.62

———Nitrogen———

Caled.
11.76
11.10
10.06
10.06

9.52
10.52

Found
11.67
11.20

9.81
10.15

9.40
10.69

———Nitrozen———

Caled.
13 .32
12.48
11.19
11.19
10.52
11.75

Found
13.11
12.52
11.38
11.42
10.30
11.91

ITI. AzASPIRANES AND INTERMEDIATES 393
— Methiodides Hydrochlorides—- —_
Analysis, % Analysis, %
Todine: Chlorine —
M.p., °C. Caled. Found M.p., °C. Caled. Found
194-195 33.38 33.20 210-211 12.90 12.78
176-177 32.19 32.33 177-178 12.28 12.25
199-200 30.19 30.18 185-186 11.26 11.17
132-133 30.19 30.20 234~235 11.26 11.22
187-188 29.09 29.09 197-198 10.72 10.60
118~120 31.08 30.79 172-173 11.71 11.51
135-136 31.08 31.07 194-196 11.71 11.87
—_—— Methiodides Hydrochlorides: ——
Analysis, % Analysis, %
————Iodine——— Chlorine
M.p., °C. Caled. Found M.p., °C. Caled. Found
226-227 51.36 51.41 286-287 25.03 25.23
251-252 49.94 49.90 283-284 23.85 23.80
227-228 47.51 47.57 316-317 21.93 22.01
239-240 47.51 47.32 271-272 21.93 21.91
237-238 46.13 45.92 277-278 20.90 20.71
258-259 48.60 48.57 264-265 22.77 23.03
256-257 48.60 48.77 274-275 22.77 22 .57
_______ Methiodide: Hydrochlorides— ——
Analysis, 9, Analysis, %
Todine——— Chlorine:
M.p., °C. Caled. Found M.p., °C. Caled. Found
188-189 33.38 33.29 189-190 12.90 12.96
254-255 32.19 32.35 145-146 12.28 12.25
181-182 30.19 30.32 179-180 11.26 11.41
178-179 30.19 30.42 224-225 11.26 11.37
237-238 29.09 29.40 196-197 10.72 10.62
266-267 31.08 31.25 156-157 11.71 11.74
~~~~~~ Methiodides: -Hydrochlorides————————.
Analysis, % Analysis, 9,
o Todine——— ~———Chlorine———
M.p., °C. Calced. Found M.p., °C. Caled. Found
250-251 51.36 51.36 313-314 25.03 24 .86
243-244 49.94 49 .89 291-292 23 .85 23.76
247-248 47.51 47.35 342-343 21.93 21.82
246-247 47.51 47 .34 307-308 21.93 21.76
232-233 46.13 45.92 302-303 20.90 20.79
255-256 48.60 48.51 309-310 22 .77 22.59
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R Rt
1. 2-Dimethylaminoethy! H
2. 3-Dimethylaminopropy! H
3. 3-Pyrrolidinopropyl H
4, 2-Piperidinoethyl H
5. 3-Morpholinopropyl H
6. 3-Dimethylaminopropyl
7. 3-Morpholinopropyl
8. 3-Diethylamino-2-hydroxypropyl H
Melting point, 65-66°.

e

R R?
1. 2-Dimethylaminoethyl H
2. 3-Dimethylaminopropyl H
3. 3-Pyrrolidinopropyl H
4. 2-Piperidinoethyl H
5. 3-Morpholinopropyl H
6. 3-Dimethylaminopropyl CH,
7. 3-Morpholinopropyl CH;
8. 3-Diethylamino-2-hydroxypropyl H
s Hydrate.

IIT where R and R! are other than hydrogen and X,
we helieve that one form predominated and its struc-
ture corresponded to one of the two possible forms.
We 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.—Although many of
the compounds prepared displayed a variety of phar-
macological activities, such as ganglionic blockage, pro-
duced dwarfed offspring in third generation of rats,
ete.,, we were particularly interested in reporting
on the antineoplastic activity of N-dimethylamino-
propyl-9-t-butyl-3-azaspiro[5:5] undecane dihydro-
chloride. This compound when screened in the KB
or He La cell tissue culture tests completely inhibited
the cell growth at a concentration of 10~-10—° g./ml.%»
The activity in tissue culture was confirmed by two
independent sources. The compound when evaluated
in the cancer screen used at Georgetown University®®
afforded 1009, protection. This compound is stable
and at a concentration of 50 mg./ml. has a pH of 5.3
and an L.P. single dose LDjs in rats of approximately
100 mg. /kg.

('} (a) Cancer Thematherapy Rept., I, 63 (1959); (b) C. F. Geschiekter,
1. A. Kamel, and k. P. Rubacky, Georgetown Med. Bull., 14, 193 (1961).
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Tarne VII

N-DIALKYLAMINOALKYL-2-AZASPIRO

R
,._r:()
/ r‘
N—R
il
O
e A AT BOT e
Formula B.p., °C. (mm.y Caled. Found
CrHaoN 20, 93408 (0.05) 64.25 64.43
Ci3Hga N2 105--110 (0.05) 65.51 65 .34
CisHaN20: 143151 (0.05) 68.15 68,06
CisHaiN2Os 143-148" (0.05) 68.15 68.36
CisHpu N0, 163-168 (0.1) 64,26 G449
CisHa Ny 121-123 (0.3) 6663 66,93
CisHpeNol2s 153-158 (0.04) 65.28 63516
C15I‘I26N203 143-146 (0.13) 63,80 64 07
Tasre VI
N-DIALKYLAMINOALKYL-2-AZASPIRD
Rt
———=Clarhon:—m-—s
Formula B.p., °C. (mm.) Caled. Found
CieHy N 70-72 (0.45) 73 .41 73058
CmstN-_g UQ'(.)-) { i. (] } 74 . 22 74 :;“
Ci HgeNe 94-499 (0.03) 76.21 7636
' HasN =505 (0.03) 76.21 76.32
O, Has N0 103-108 (0.1} 71.38 7167
C1Hos N, TV=78(0.1) 74.94 71,99
C1Hyo N0 93-98 (0.04) 72.13 7207
CHyN-0 00-91 (0.2) 70.81 71,02

C. Clinical.—Because of the high activity in re-
gard to inhibition of tissue cultures and in our animal
screening procedure, we have carried out a study of 18
patients with severe carcinomas and sarcomas using
N -dimethylaminopropyl-9-t-butyl-3 - azaspiro[5:5]un-
decane. The drug wes administered by the LM, I.V.
perfusion, and oral routes. These results are listed in
Table XVIII.

Experimental '’

Intermediate Ketones.—Most of the cyclopentanones, cyvelo-
hexanones, cveloheptanones, cyelooctanones, 26-dimethyl-y-
pyrone, and B-decalol were obtained from Columbia Organic
Chemicals Co., Inc., Columbia, South Carolina. 4-Cyelohexyl-
eyclohexanone!! and 4-methoxycyelohexanone,'? trans-hexahy-
dro-g-hydrindone,?  trans-8-decalone,'®  3-ketotetrahydrothio-
phene,!* and penthianone,® were prepared following the litera-
ture. Tetrahydro-v-pyrone!® wuas obtained by pyrolysis of

(10) All melting points were taken on a Thomas-Hoover melting point
apparatus and are corrected.

(11) C. H. Shunk and A. L. Wilde, J. Am. Chem. Snc., T1, 3047 (1949).

(12) P. Ruggli, O. Leupin, and A. Businger, Helv. Chim. Acia, 24, 339
(1941).

(13) R.J. Tudor and A. 1. Vogel, J. Chem. Soc., 1250 (1934).

(14) R. B. Woodward and R. H. Eastman, J. Am. Chem. Soc., 68, 2229
(1948).

(15) G. M. Bennett and L. V. D. Senrah, J. Chem. Soc., 194 (1927).

(16) (a) 8. R. Cawley and 8. G. P. Plant, ibid., 1214 (1838); (b)
R. Cornubert and P. Robinet, Bull. Soc. Ckim. France (4] 88, 585 (1933).
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(+.4) NoNANE-1,3-DTONEN
—— Methiodides — Hydrochlorides—————
Analysis, 7, Analysis, % Analysis, 9,
~~———Hydrogen-——- —~-—=Nitrogen—-— ———1lodine ———Chlorine

Caled. Found Caled. Found M.p., °C. Caled. Found AlLp., °C. Caled. Found
8.99 9.18 12,49 12,78 172-173 34.65 34.72 186-187 13.60 13.48
9.31 9,41 11.76 12.09 183184 33.38 33.73 133-135 12,90 12.89
9.15 9.07 10.69 10.54 147-147.5 31.24 31.05 187-188 11.79 11,68
9.15 9.37 10. 60 10.39 177-178 31.24 30.93 173-174 11.79 11.62
8.63 8,80 10.00 10,12 183-184 30.05 30.05 170-171 11.19 10.87
9.59 9.71 11.10 11.12 137-138% 32.19 32.38 146-147 12.28 12.55
8.90 9.29 9.52 §.99 168-169 29.09 29.00 139-140 10.72 11.02
9.28 .28 9.92 10.18 96-97 29.91 29.82 137-139 11.02 10.83

(4.4) NoNaNES

P — Methiodides Hydrochlorides: ————

——Analysis, %——n Analysis, % Analysis, %,
——Hydrogen~—— ~——Nitrogen-—— e —Todine———— ~—~——Chlorine———
Caled. Found Caled. Found M.p., °C. Caled. Found M.p., °C. Caled. Found
12.32 12.55 14.27 14.00 228-230 52.86 52.97 273274 26.34 26.04
12.46 12.22 13.32 13.12 247248 51.36 51.49 264265 25.03 24 67
11.94 11.97 11.85 11.61 235-236 48.79 48.54 246-247 22,93 22.97
11.94 12.05 11.85 11.75 236-237 48.79 48.47 306-307 22.93 22.70
11.18 11.35 11.10 10.83 219-220 45.80 45,99° 255-256 21.80 21.78
12.58 12.73 12.48 12.68 250-251 49.94 49.78 278-279 23.85 23.64
11.35 11.66 11.52 11.38 209-210 46.12 45.93 265-266 20.90 20.92
11.89 12.11 11.01 11.01 177-178 21.66 21.58

chelidonice 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-
rone'” to 2,6-dimethyltetrahydro-4-pyrone and 6-methyl-2-
phenyltetrahydro-4-pyrone, respectively. In the 4-pyrones, if
the hydrogenation product showed a considerable OH band on
infrared examination, the product was reoxidized to the ketone.

Intermediate Acids.—The {ollowing acids used in this study
had been prepared previously. 3-Methyvlevelopentane-1,1-di-
acetic acid,® % evclopentane-1,1-diacetic acid, % eyclopentane-
1-carboxy-1-acetic acid,® 3-methyleyclopentane-1-carboxy-1-ace-
tic acid,’® cyclohexane-1,1-diacetic acid,?»4 3-methylcyclo-
hexane-1,1-diacetic  acid,?®  4-methyleyclohexane-1,1-diacetic
acid, 22 cyelohexane-1-carboxy-1-acetic acid,® cycloheptane-1,1-
diacetic acid,?? cycloheptane-1-carboxy-l-acetic acid,® cyclo-
octane-1-carboxy-l-acetic acid,?* ¢rans-decahydronaphthalene-
2,2-diacetic acid,*20 trans-decahydronaphthalene-2-carboxy-2-
acetic acid,®® and trans-hexahydrohydrindene-1-carboxy-1-ace-
tie acid.8»

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-
mediate compounds listed in the Tables. Individual cases in
which substantial changes were incorporated and the inter-
mediates were new are detailed.

(17) 8. Ruhemann, J. Chem. Soc., 98, 431 (1908).

(18) R. D. Desai, thid., 1220 (1931).

(19 A. I Vogel, ihid.. 913 (1931).

(20) A. 1 Vogel, ibid., 1758 (1634).

(21) J. F. Thorpe and A. 8. Wood, ibid., 108, 1597 (1913).

(22) G. A. R. Kon, 1bid., 117, 639 (1920).

(23) D. Scheurer and O. Schlichting, British patent 828.753 (1960).

N-Dimethylaminopronyl-3-azaspiro[5 :5]undecane-2,4-dione.—
To 20 g. (0.101 mole) of powdered cyclohexane-1,1-diacetic acid
anhydride contained in a small flask was added 11.7 g. (excess) of
dimethylaminopropvlamine with shaking. The reaction was
exothermic, A little heat was applied if necessary to obtain a
clear melt and the mixture was heated at 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 ¢n vacuo. The pure product
wag 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 acetone solution of the base and
melted at 260-262°, 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 at 185-186°
and did not change on recrystallization.

N-Dimethylaminopropyl-3-azaspiro[5 : 5]undecane.—Lithium
aluminum hydride (15 g.) and 1 1. of anhvdrous ether were placed
into a 2-1., 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 slow
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 ¢n vacuo to yield 15.8 g. of base boiling
at 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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TasLe XV
GuarEscH! IMIDES

Y—X
|
A
Y X A B R Formula
1. HiCO CH it H 3 C13H1sN303
2, (CH;3):C CH 1L H H Ci1sHuN30:
3. CsHu CTL H H H Ci1sHasN2O»
4. O CHa H H CiaHisN 303
5 Bl H H H CiuH:uN;30:8¢
6 CHa i3 Clls CHs CisHi9N3Os
CN
S
7 NH Ci1sHoN30:S

CN
e Caled.: 8§, 12.86. Found: S, 12.60.

ethanolic hydrogen chloride and precipitating with absolute
ether. After recrystallization, it 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
until crystallization started and after cooling, the product was
filtered. It melted at 252-253°.

N-Morpholinopropyl-9-t-butyl-3-azaspiro (5 : 5]undecane-2,4«
dione.—This compound was prepared in 989, yield as indicated
in the general method given above except that the product
crystallized on cooling and distillation was omitted. The prod-
uct after recrystallization from ligroin melted at 113-114°,

N-Morpholinopropyl-9-¢-butyl-3-azaspiro[5 :5]undecane.—

This compound was prepared by reduction of the dione as given
in the general method. The product had a boiling point of 160~
170° (0.12 mm.). The yield was 919,

The Guareschi Imide-9-{-butyl-1,5-dicyano-3-azaspiro[5:5]-
undecane-2,4-dione.—A mixture of 154 g. (1 mole) of 4-t-butyl-
cyclohexanone dissolved in 200 ml. of alcohol and 226 g. (2 moles)
of ethyl eyanoacetate, contained in a wide-mouthed bottle, was
cooled to 0°. To this mixture was added 600 ml. of absolute
alcohol previously saturated at 0° with anhydrous ammonia.
(When 600 ml. of alcohol is saturated with ammonia, the volume
expands to roughly 900 ml. Thus, 900 ml. was used.) The
bottle wag stoppered and the top wired or taped down. After
sitting for 5-7 days in the cold (below 5°), the separated am-
monium salt of the dicyanoimide was filtered off, pressed, and
washed several times with alcohol. After the filter cake had
stopped dripping, the solid ammonium salt (240 g.) 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
allowing the mixture to cool, the product was filtered off and
washed several times with water. After drying, it weighed 51 g.
and melted at 235-240°, From the 240 g. of above salt, a total
of 102 g. of free imide was obtained. On recrystallization from
aleohol and then methanol, the product melted at 244-245°,

4-t-Butylcyclohexane-1,1-diacetic Acid.—The above dry
Guareschi imide (100 g.) was powdered and dissolved in 400 ml.
of conced. sulfuric acid 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-
lowed to cool to room temperature, 1 1. of water was added with
stirring.  The crude acid together with some charred material
was filtered off on a sintered glass funnel and washed well with
water. The crude reaction product was then suspended in 3 1.
of hot water and sufficient potassium bicarbonate was added to
dissolve all of the acid. After boiling with charcoal, the solution
was filtered and the filtrate acidified with coned. hydrochloric
acid.  The precipitate was filtered off, washed with water, and
dried at 100°. It melted at 181-184°, Recrystallization from

A B
|

‘No

N—R
O
2
e - s e — A g ysis, e e e
~——-Carbon---—— ~—Hydrogen-— ~-Nitrogen——1
Alp., °C. C'aled. Tound Caled. Found Caled. Found
186~187 59.76 (0.01 5.74 6.04 16.08 16.31
244-245 i), 88 66. 87 T.37 7.22 14.63 14.38
225-228 68.98 69.11 7.40 7.59 13.41 13.57
231-232 59.76 59.91 5,79 6.08 16.08 15.93
208-210 52.99 52.93 4.45 4.49 16,86 16.60
166--167 65.91 66.05 7.01 6.83 15.37 15.27
221-222 51.05 30,92 3.86 4.03 17.86 17.92

ethyl acetate-petroleum ether gave the pure acid melting at 183~
184°, The yield was 659.

4-t-Butylcyclohexane-1,1-diacetic Acid Anhydride.—The acid
was mixed with 3 times its weight of acetic anhydride and re-
fluxed for 3 hr. Excess acetic anhydride was removed under re-
duced pressure and the residue was distilled in vacuo. The prod-
uct boiled at 156-~162° (0.1 mm.) and solidified in the receiver.
Recrystallization from hexane afforded material melting at 110~
111°,

Ethyl 4-:-Butyleyclohexylidene Cyanoacetate.—A mixture of
154 g. (1 mole) of 4~-butyleyclohexanone and 113 g. (1 mole) of
ethyl cyanoacetate was heated 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 to
cool. After this period, the mixture was distilled and the frac-
tion boiling at 119-121° (0.25 mm.) was collected. The product
(199 g., 79.89%) solidified in the receiver and on recrystallization
from hexane melted at 41-42°,

4-t-Butyleyclohexane-1-carboxy-1-acetic Acid.—The above cy-
anoester (192 g.) was dissolved in 720 ml. of alcohol and a solution
of 102 g. of potassium cyanide in 215 ml. of water was added.
After 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 coned. hydrochloric acid was slowly added
with shaking. After refluxing for 24 hr., the reaction mixture
was allowed to cool and diluted with an equal volume of water.
After filtering and washing with water, the crude acid was dis-
solved in potassium bicarbonate and was treated with charcoal.
The filtered solution was acidified with coned. hydrochlorie acid
and the product was collected. This material was suitable for
conversion to the anhydride employing acetic anhydride as out-
lined above for the corresponding diacetic acid derivative.
Anhydride: m.p. 112-113°; b.p. 138-142° (0.25 mm.). Acid:
The anhydride was hydrolyzed with 2 N sodium hydroxide at re-
flux. After acidifying, filtering, and recrystallization from ethy!
acetate-ligroin, the pure acid melted at 191-192°,

4-Cyclohexyleyclohexane-1,1-diacetic Acid.—A solution of 125
g. of 4-cyclohexyleyclohexanone in 158 g. of ethyl cyanoacetate
was cooled to 0° and mixed with 1 1. of absolute alcohol that had
been saturated with ammonia at 0°. The stopper was wired
down and the precipitate was filtered after 1 week. The filter
cake was washed with aleohol 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 at 225-226°. Hydrolysis was effected
by dissolving 140 g. of the above imide in 600 ml. of coned. sulfuric
acid and, after standing overnight, diluting with water (470 ml.)
to make a 709, w./w. sulfuric acid concentration. The mixture
was refluxed with 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 potassium
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Found: 113.

¢ Caled. acid equiv.: 114;

vl. ?Sulfur: Caled.: 14.69; Found: 14.44.

s Cyclohex;

bicarbonate solution and treated with charcoal. The solution
was filtered and reprecipitated with hydrochloric acid. This
crude acid was filtered, washed with water, and dried. Conver-
sion to the anhydride was effected by refluxing with acetic an-
hydride for several hours. Removal of the excess acetic anhydride
under vacuum and distillation of the residue afforded the an-
hydride which boiled at 180-190° (0.3 mm.) and melted at 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 at 197-198° on recrystallization from ethyl acetate—
ligroin.

4-Methoxycyclohexane-1,1-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.) was
saturated with ammonia at 0° and this solution was added to the
golution containing the ketone. The resulting solution was kept
at 0° for 1 week, filtered, and washed with a small amount of cold
2-propanol followed by ether. After drying, the ammonium salt
(126 g.) was dissolved in a minimum amount of warm water,
cooled, and acidified to pH 1 with coned. hydrochloric acid. The
product was fltered, 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 unsuccessful. The hydrolysis was successfully ac-
complished in low yield by the following method patterned after
Kerr.® The imide (60 g.) was dissolved in 1 1. of 2.159, 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 109 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 which was de-
carboxylated at 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 at
154-155°. As an alternative, the residue above from the 2.159%,
sodium hydroxide was boiled overnight with coned. 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
was refluxed for 0.5 hr. Methyliodide (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 at 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,« '-dimethyl-1,1-diacetic Acid.—Hydrolysis of
the trimethyl imide (22 g.) was accomplished by dissolving in 96
g. of coned. sulfuric acid, allowing to stand overnight, adding 96
g. of water, and refluxing for 8 hr. During the reflux period, the
mixture was shaken at 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 at 143-144°.
When recrystallized from a 509, methanol-water mixture, it
melted at 143-145°.

Cyclohexane-a,«’~dimethyl-1,1-diacetic Acid Anhydride.—Six
g. of the above acid 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 at 106-107° (0.5 mm.) as an oil which crys-
tallized in the receiver. It melted at 60-61° and recrystallization
from benzene-hexane did not change the melting point.

N-Dimethylaminopropyl-1,5-dimethyl-3-azaspiro[5 :5]undecane
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ALKYLIDENE CyaNoaceric IN3TERS
A
Y—X (FCOOCsz
Al CN
~-Analysis, %
) i = - Carbon -~ -~Hydrogen——- ~—Nitrogen--
Y X A Al Formula B.p., 7C. (mu) Caled. Found Caled.  Found Caled.  Found
! (CHg)sC CH H H Ci1sHaNO: 119-121% (0. 25) 72.25 7253 9.30 9.29 5,62 5.92
2 CH; CH H H CieHirNO:2 109-112 (0.5} 59, 54 659, 41 8,27 8.35 676 .86
i (‘PI: CHs H CieH1iNO: 85-90(0.05) 64954 69.37 8.27 8 .60 6. 76 .88
4 0 H H CiHuisNOs3 95-100 (0.2 61,52 61 38 671 .68 7.18 714
5. 0 CHs CHs C12:HiiNOs 104-104. 54 5455 61.58 7.68 7.86 6. 28 638
G 0 CHs CyHe® Ci7H;1sNOs 160165 (0.3) 71.56 7147 H.71 6.84 1,91 5.03
7. 3 H H CloHgNOR 1111159 (0. 03) 36,853 36.83 6,20 6.23 6.63 565
S
8 l}=$—COOC2H5 CyHuNOg™ 106111 (0. 35) 54.80 5404 5.62 570 700 T
CN

“ Phenyl. * M.p. 41-42°. ¢V, Prelog, D. Kohlback, 1o, Cerkovnikov, 15, Rezek, and M. Piantanida, Ann., 332, 69 (19371 4 M.p.

¢ Caled.: ¥, 15,18, Found: N, 15.14.
TasLe XVIII
CLINICAL OBSERVATIONS WITH N-DIMETHYLAMINOPROPYL-U-1-BUTY L-3-AZASPIRO[5: 5] UNDECANE?
Interval
of
treatment,
Patient Diagnosis months Results

DA W57 Mammary carcinoma, osseous and pulmonary 15 Regression of tumor and symptom with marked

metastasis clinical benefit for 10 months.
B.D WAL —38 Recurrent colonic carcinoma. Peritoneal and 4 3-Month remission of svmptoms only.

hepatic metastasis
MO WL =61 Nasopharyngeal carcinoma. Lymph node 2 Temporary benefit only.

metastasis
KA W.AL—-61 Colonice carcinoma with hepatic and abdom- 10 Regression of symptoms 10 months.

inal wall metastasis
H.E WAL--5T Osteogenic sarcoma with skin metastasis 5 No appreciable benefit. Discontinued treat-

ment.

KU WF 16 Mammary carcinoma. Supraclavicular meta- 13 Regression of tumor for 24 months.

stasis.
G MeG WF =22 Grade T fibrosarcoma.  Desmofibromatosis 24 Moderate regression tumor.  Relief symptoms

2.5 years.

F.RW. . =50 Recurrent gastric carcinoma 1 Regression tumor masses for 3 months. Intes-
tinal obstruction relieved.
CC W gy Mammary carcinoma with osseous metastasis 14 Regression syimptoms for 18 months.
O H. WML —66 Bronchogenic carcinoma. Recurrent 2 Remission of symptoms. Tumor stationary !
month.

(el Wk =52 Myosarcoma of stomach with intra-abdominal B Formerly bedridden. Now up and around
extension with obstruction after 4 months.

OW. W —36 Uterine adenocarcinoma with frozen pelvis. ! Vascular obstruction relieved. Marked symp-
Vascular obstruction of iliac and femoral tomatic improvement.
vessels

P.R.W.F. -4 Grade IV carcinoma bladder with invasion of 5 Terminal status at onset of therapy. Now am-
vagina and ulceration of abdominal wall bulatory 4 months.

S AW 14 Reticulum cell sarcoma of lymph nodes, gen- S Regression of masses with a 6-month remis-
eralized sion. Gradual return symptoms thereafter.

O8N WF-—66 Colonic carcinoma with hepatic metastasis 9 Regression of symptoms for 7 months.

AN W F =38 Reticulum cell sarcoma with involvement 15 Marked regression of tumor masses and dis-
lymph glands appearance of pleural effusion for 12 months.

BA W EF—16 Mammary carcinoma with bilateral pulmo- 4 Marked relief of symptoms and pain. Ly mph-
nary metastasis edema and pleural effusion disappeared.

MR WAM—55 Carcinoma of the bowel 2 Nymptomatic relief of pain.  No regression of

tumor.

* The drug may be given LY., L.M., or by perfusion and is tolerated.

Dihydrochloride.—To 4.2 g. (0.02 mole) of the previously
mentioned anhydride was added 2.5 g. (excess) of dimethyl-
aminopropylamine and the mixture was heated to 180° for 1 hr.
It was allowed to cool and added in ether to a solution of 2 g. of
lithium aluminum hydride in 200 ml. of anhvdrous ether. After
stirring for 2 hr., the solution was decomposed with water, fil-

tered, dried over sodium sulfate, and stripped. The resultant oil
was dissolved in absolute aleohol and an ethanol solution of hy-
drogen chloride was added. The product was precipitated with
ether and after filtering and drying, it melted at 300-302°. One
recrystallization from ethanol-ether raised the melting point to
304--305° which was unchanged on further recrystallization.
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Anal. Caled. for Ci7H3CLN:: Cl, 20.89. Found: Cl, 20.97.

( [ ( "'g ﬁ S 8 8 821 % Ethyl -Cyano-a-(3-thiacyclopentylidene)acetate.—Tetra-
|52 oo o < hydrothiophene-3-one (60 g.) was mixed with 1 molar equiv. (67 g.)
) ¥ of ethyl cyanoacetate and 1 ml. of piperidine was added. The
i 1 'i Do NS 0 mixture was stoppered tightly and allowed to stand 1 week at
| RESned - A © room temperature. The reaction mixture was poured into 1 1. of
I L S X0 ~ half-saturated aqueous sodium chloride containing 1 ml. of concd.
| = hydrochloric acid. This was mixed thoroughly in a separatory

B L 1D N o0 L o0 0 funnel and extracted 3 times with 300-ml. portions of ether.

2 £ |( ER ‘: wEe < The ether extracts were dried over sodium sulfate, the ether was

TTL2888888% & stripped, and the residue was fractionally distilled under vacuum

T2 vielding 54 g. of product, b.p. 106-111° (0.35 mm.); m.p. from

E L e —o ~ acetone-water 57.5-58.5°.

[ J TSI HRND * 3-Thiacyclopentane-1-carboxy-1-acetic Acid.—Fifty-four grams
[ 1 BRRBREEREZ X of the above ester was placed in a 500-ml. flask, dissolved in 250
T ml. of alecohol, and a solution of 40 g. of potassium cyanide in 85
‘. ml, of water added. The mixture was permitted to stand at
| '° room temperature for 72 hr. and was stripped of all solvents under

¥ 5 = © 2 reduced pressure until a dried powder remained. Coned. hydro-
| é :E ZZ :l- & chloric acid (200 ml.) was added to the powder through a
| s = Ss S ~ long condenser and the mixture was 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

i N~ ) water, treated with decolorizing charcoal, filtered, and cooled.
NS =ZTES «a The product was obtained as long white needles (37.5 g.), m.p.
£ oo E} e g/ 156-157°, When the filtrate was combined with the hydro-
S § Sz Lg § E ® chloric acid filtrate mother liquor and extracted in a continuous
: o LE 4 & o 4 ether extractor for 24 hr., another 5 g. of acid was obtained. On
2 g ZLL SD = Q ;@(;rylsgglehzation from acetone-ligroin, the pure acid melted at
E 3-Thiacyclopentane-1-carboxy-1-acetic Acid Anhydride.—Re-
S ( ‘( TIERELRES R fluxing 42 g. of the acid above with 200 ml. of acetic anhydride
g R R - 0w for 2 hr,, stripping off the acetic anhydride at the water pump,
< ;2= and distillation of the residue under vacuum yielded 35 g. of ma-

2 2 . terial, b.p. 124-130° (0.25 mm.), m.p. 79-80°.
<Z: T : f"g = 3 3 @ 37 L’\ﬁl ':]* '-‘%, Ethyl «-Cyano-a-(4-thiacyclohexylidene)acetate.—To 30 g.
2 8 IS l 3 eGSRt w (0.26 mole) of penthianone was added 29.4 g. (0.26 mole) of ethyl
o 3] oz R cyanoacetate and 0.3 ml. of piperidine and the mixture was
g i o} 8 S N o e @ heated to 100°. After 3 days of standing and heating to 100°
g S EEROEeswm = once each day, the reaction mixture was poured into 250 ml. of
<! “ | EZTBERIETS 3 water containing 2 ml. of hydrochloric acid. The resulting oil
g 3 _ g was extracted with ether and the ethereal extract was dried,
& Z < e < 2 @ @ © 1 o o stripped, and the residue was distilled. The product boiled at

% [ 03 F¥&S5EBRE A 111-115° (0.03 mm.) and weighed 39.2g.
= ” ‘\ ] 33 BRB3x I 4-Thiacyclohexane-1-carboxy-1-acetic Acid.—To 382 g. of
g the above ester in 450 ml. of alcohol was added a solution of 13 g.
X of potassium cyanide in a small amount of water. After stand-
& . e ing 3 days, the solvent was removed under reduced pressure and
Z ¥y & 25 = g the residue was refluxed with 100 ml. conced. hydrochloric acid for
M i _ ; g X o 24 hr. On cooling, the product crystallized and was filtered (32
3 ScedES & n g., 87%). It melted at 130-132° and one recrystallization from

2 ) water raised the melting point to 132-133.5°.
5 4.Thiacyclohexane-1-carboxy-1-acetic Anhydride.—From 30
-2 B R ] % g. of the above acid using acetic anhydride followed by distillation
232l Rg < in the usual way, there was obtained 22 g. of anhydride 80.49
EEED RS o boiling at 142-147° (50 u). The anhydride solidified on standing
goovlsod ) and recrystallization from ethyl acetate-ligroin gave material

melting at 94-95°.
Ethyl «-Cyano-«-(3,5-dimethyl-4-oxacyclohexylidene)acetate.
LS —2,6-Dimethyltetrahydro-y-pyrone (29 g.), 1 molar equiv. of ethyl
= o= cyanoacetate, and 0.1 ml. of piperidine were heated to boiling
REIEQOORE and stoppered. Each day for 5 days, the procedure of heating
o and adding 0.1 ml. of piperidine was repeated. The ester crystal-
. ) lized in large blocks which were filtered off and washed with
- = o= = 8 = petroleum ether. It melted at 103-105° and on recrystallization
rzozZoln & O from acetone—water melted at 104~104.5° (yield, 31 g.).

% 8 3,5-Dimethyl-4-oxacyclohexane-1-carboxy-1-acetic Acid.—

Thirty-one g. of the ester from above dissolved in 450 ml. of aleohol
(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

Cl

CH
CH,

0

0O

0

S
LX

&) ml. of concd. hydrochloric acid for 24 hr., stripping to dryness,
-~ and repeated extraction of the residue with boiling ethyl acetate

s g = vielded 21 g. of the acid (m.p. 196-197°). Recrystallization
0 from ethyl acetate resulted in & product, m.p. 196-197°.

3,5-Dimethyl-4-oxacyclohexane-1-carboxy-1-acetic Acid An-
hydride.—Conversion of the acid to the anhydride in the usual
manner using acetic anhydride yvielded 16 g. of anhydride, b.p.
98-105° (0.02 mm.), m.p. 68-70°.

e Phenyl.
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1,5-Dicyano-8,10-dimethyl-9-o0xa-3-azaspiro[5.5/undecane-2,4-
dione.—Condensation of 66 g. of 2,6-dimethyltetrahydro-y-pyrone
with 2 molar equiv. (117 g.) of ethyl cyanoacetate in un excess of
saturated anhydrous ammonia in absolute alcohol for 5 days at
5° yielded 87 g. of the ammionium salt of the dicyanoimide.
This was dissolved in a minimum of boiling water and acidified
with coned. hydrochlorie acid.  Cooling overnight in the refriger-
ator and filtering yielded 63 g. of the dicyanoimide (.p. 230~
231°). Recrystallization from water resulted in a product, nup.
231-232°,

3,5-Dimethyl-4-0xacyclohexane-1,1-diacetic Acid.—Hyvdroivsis
of the dicyanoimide with 40-609, sulfuric acid resulted in poor
vields of the desired acid due to destruction of the pyrone ring by
the sulfuric acid. The desired acid wuas obtained by stepwise
hydrolysis as follows: the imide wus boiled for several hours with a
2, aqueous solution of sodium hydroxide until ammonia ceased
to be evolved. This procedure ruptured the imide ring. The
resultant solution was concentrated under reduced pressure and
the hydrolysis completed either by (A) boiling with 157, NAOH
or (B) coned. hydrochloric acid.  The acid was extracted by con-
tinuous ether extraction overnight. This yvielded the tetra-
-arboxylie acid mixed with the desired dicarboxyvlic acid.  The
mixture of acids was heated slowly until effervescence of carbon
dioxide ceased (decarboxylation of the tetracarboxvlic acid),
cooled, and recrystallized from wuater after treating with decolor-
izing charcoal, The crude aecid melted wt 137--141° by either
alternative hydrolysis procedure.  Un recrystallization from ace-
tone-petroleum ether, it melted at 155-156°.

3,5-Dimethyi-4-oxacyclohexane-1,1-diacetic Aecid Anhydride.
—The anhydride was formed by treating the acid with excess
acetic anhydride and  vacuum  distilling the residue. The
requitant anhydride boiled at 132-137° (0.04 mum.) and melted
at 110-111°,

1,5-Dicyano-8-thia-3-azaspiro (5 : 4| decane-2,4-dione.-—At 0°, u
mixture of 30 g. of 3-ketotetrahyvdrothiophene and 68 g. of ethyl
cyanoacetate was added to 200 ml. of alcohol which had pre-
viously been saturated with ammonia at 0°.  The reaction vessel

Vol. 6

with stopper wired duown was allowed to stand for 1 week and
filtered. After washing the product with a little alcohol-ether
mixture, the ammonium salt was dissolved in o minimum amount
of water and acidified with hydrochloric acid.  The produet was
filtered, dried, and recrystallized from ethanol water, Tt weighed
20 g and nelted at 221-222° When attempts were made to
hydrolyze this product to the discetic acid with sulfuric wcid,
extensive decomposition oceurred.
1,5-Dicyano~9-thia-3-azaspiro[5 :5]undecane-2,4-dione.-

Fifwe go of penthianone and 98 g. of ethyl eyvanoacetate were
mixed, cooled, and added to a solution of 200 ml. of alcohol sutu-
rated with ammonia at 0°. The stopper was wired down.  After
standing in a cold room for 1 week, the mixture was filtered and
washed with an aleohol-ether mixture.  When almost dry, the
preeipttate was dissolved in a minimum wnount of hot water and
aeldified with hydrochlorie aeid. The solution was cooled and
the produect filtered off. Tt weighed 32 g, and on recrystallization
from aleohol-water melted at 208-210°,

4-Thiacyclohexane-1,1-diacetic Acid.-—The uhove dieyuano-
tmide (30 g was refluxed with 200 m!. of coned. hydrochloric
aeid for 24 hre. There was o large amount of material which did
not go into solution. The mixture wus filtered hot und 16 g, of
muaterindl wus ecollected. This was only partly hydrolyzed mate-
rial and is described below.  The filtrate was cooled and 10.5 g.
of off-white erystals were collected which melted at 172-173°.
Reerystallization froni water ratsed the melting point to 174~
1755,

The 16 g. of insoluble partly hyvdrolyzed materinl obtained
above did not melt at 360° and was insoluble in ether, aleohol,
water, and most of the usual organic solvents. It did dissolve in
sodium hydroxide. In conjunction with infrared spectra, it is
believed that this material is the internal imide of 9-thin-3-
azaspiro[d:5}undecane-2,4-dione formed at positions 1 and 3
from U-thia-3-azaspiro(5:3]undecane-1-carboxy-3-carbamido-2,4-
dione.

Anal.
8, 11.95.

Caled. for CiiHaN08: ¢, 40.23; H, 4.51; N, 10.44;
Found: C,49.37; H,4.60; N, 10.61; S, 11.61.

Cyclopropane Methonium Compounds!

ALFRED BURGER axD . R. BEDFORD

Department of Chemistry, University of Virginia, Charlottesville, Virginia

Received March 5, 1963

In a study of the effect of limiting the flexibility of the chains of methonium compounds on the pharmuacologicel
actions of certain stereoisomers, analogs of hexamethonium and succinvicholine carrving a eis or {rans oriented

cyclopropane ring in the center of the chain were synthesized.

The geometric isomers of bis(trimethylam-

moniumethyl)evelopropane-1,2-dicarboxylate and of the homologous c¢velopropane-1,2-diacetate ester di-

iodides caused predominantly neuromuscular block and resembled succinylcholine.

The geometric isomers of

1,2-di-(8-trimethylammoniumethyl)eyclopropane diiodide exerted primarily ganglionic blockade of the hexa-

methonium type.

The methonium compounds have provided relatively
simple examples for the studv of quantitative and
qualitative differences in biological response depending
on chain length and intramolecular distances between
onium centers.2  On the whole, linear chains of 5 to 7
carbon atoms [or their equivalent such as —O—,
~~~~~ N(CH;)—] favor ganglionic blocking activity, while
9-11 chain atoms produce primarily agents which de-

(1) This research was supported by Grant B-1445 from the Institute of
Neurological Diseases and Blindness, National Institutes of Health, U. 8.
Public Health Service.

(2) (a) R. B. Barlow and R. H. Ing, Nature, 161, 718 (1948); Brit. J.
Pharmacol., 8, 298 (1948): (b) 1. F. Balaban, M. B. Levy, and B. E. Wilde,
J. Pharm. Pharmaeol., 1, 603 (1949); () W, D. M. Paton and L. J. Zaimis,
Nature, 161, T18 (1948): for reviews, see, for example, \. Burger, Farma o,
(Pavin) Fd. Sei., 10, 17 (1953); K. Nadov, Progr. Druy Res., 3, 297 (1960;.

The trans isomer was the more potent in each case.

polarize the cholinergic end plate. Longer alkyl
chains lead to surface active agents although a bulky
aromatic substituent in the middle of the chain may
under some circumstances increase  curaremimetic
activity up to 13 chain atoms; at this chain length
increases of the blood pressure may be observed.?
However, ganglionic blocking is optimal also when a
methonium ion is separated from another ammonium
group by only two carbon atoms, provided that this
other ammonium nitrogen is shielded by the bulk of
surrounding structures.* The inactivity of p-(CHa)s
N+CeH.CH,N+(CHj); and similar rigid structures in

N WL T, Bmirh, Jr.and ). WL Ryan, J. Org. Chem., 26, 3856 (1961);
AL Py Phillips, S Ane Chem. Sor., TT, 2400 (1955).

8y L L Treapald, A 00 Plummer, and Jo AL Schnelder, Jo Plasmacol.
Laeptl, Therap., 113, 50 (1955); 118, 172 (19353).



