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Neuroleptics Derived from Azaspiranes'
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Azaspiranes with the hetero nitrogen atom in ring B in the 2- ar 3-position have been prepared hyv reduction

of the spiroimides.
and stidied pharmaeologienlly.

Derivatives of these typical secondary nmines have heen prepared by alkylation or neylatian
Permutation of strieture

A * 2/

wherein AB is the azaspiranyl mudely, led to the diseovery of anew elass of patent nenroleptic compannds.

Whei

Q was -—CO—, —CHOH—, —CO--, ur —-3--, C was phenyl, and R wns fluorine, members of this series were
more potent than chlorpraraazine, slightly less potent than haloperidal, and had a prolonged action, hp to sev-

eral days, in higher animals and raan.

A broad program for the investigation of the chemi-
cal and pharmacological properties of heterocyelie
compounds containing spiro carbon linkages at the ring
junctions was undertaken several vears ago. General
synthetic methods for the preparation of compounds
of this type, emploving cyclic gem-carboxyacetic and
-diacetic acids, and their esters and anhydrides, as
starting materials, have been developed.  These meth-
ods perniit the synthesis of a wide variety of structural
permutations of the basic structure 1,? including varia-
tions of: () the size of rings A and B joined hy the

X A X B N—R

Y VA
1

spiro carbon atom, (b) the number of cyeles it ring A,
(c) the substituents Y and Z on rings A and B, (d) the
additional heteroatom X included in ring A of the
system (so far N, O, aud 8 have been thus included),
(¢) the position of the N atom in ring B, and (f) the
substitucut R on ring B nitrogen.  The values of R
that can be obtained are practically limitless.

We have reported the synthesis and properties of a
large series of compounds in which (a)-(e) were per-
muted as stated, and R was dialkylaminoaltkyl or
hoterocychicalkyl®;  permutations (a)—(e) and R were
alkyl, eyvcloalkyl, alkoxyalkyl, alkenyl, alkynyl, aryl,
aralkyl and hydrazouo®; diazaspiro compounds in
whieh X was nitrogen with various substituents on N

(1) Sapported by the Gesehickter Yunid for Medieal Researcl, Ine

t2) Anthor to whown inmiiries shoudd be addressed at the Cancer Chenio-
therapy Nuational Service Ceater, Nuationnl Cuncer Iastitute, Nutionul
Institutes of Henltlr, Vethesda 14, MNal.

(3) Througlt this paper and tables for couvenience of (discussion, the
munbers b3, 56, 64, 66, 75, ete., will be nsed to designate the total wamber
of atoms in rings A and I3, respectively, esuuting the catwonau spiro eaurbon
aloucin eneh rive for this purpose.

(4) L. M. Rice, (. I'. Gescliickter, nad 0 11 Grogan, J. Med, Chem., 6,
388 (1163).

(3) C.J1. Grogan, (. F. Gescliickter, and L. M. Rice, ibdil., T, T8 (1064).

and X.%% Recently we reported the extension of the
syithetic methods to obtain three ring systems linked
through two spiro carbon atoms.?

Chemistry.—The svnthetic methods employed in
the preparation of the compounds previously deseribed
(reaction of primary amines with cyclic gem-carboxy-
acetic or -diaccetie acids, esters, or anhydrides followed
by eyclization to the spiroimides) limited the values of
R which could be obtained to those substituents con-
taining primary amine groups and other funectional
groups which would not interfere with or be decom-
posed by the spiroimide formation process. I'urther,
reduction of the spivoimides thus obtained (usually
with lithium aluminum hydride) to the corresponding
azaspiranes could not be carried out without altering
other functional groups (/.e., carbonyl, nitrilo, carboxy,
ester, and certain halogen substituents thereon) in
the R group.

We have accordingly prepared the previously un-
reported azaspivancs (R = H) with the hetero nitrogen
atom in ving BB in the 2- or 3-position."  Replacement
ol the hiydrogen of these secondary aniine azaspiranes
by alkylation, acylation, cte., permitted us to obtain
many values of R not accessible vie the spiroimide
intermediates.  These new amines may be looked upon
as 3- and d-spiropyvrerolidines and -piperidines, respec-

() ML LB, PFreed, ¢, 11 Grogna, and .. M. Rice, J. Heterocyelic Chew .,
1, 125)1064).

(7) l'resented in pwrt before thie Lhivision of Organie Chermistry, 147t
National Meetiug of the Ameriean Chewical Society, Philadelphia, Pa.,
April 1064.

(8) 1. M. Rive, M. 10
i1164).

) Some l-azaspiranes avd l-azaspalencs (derivatives) are reported in
the literaturce, 1-Azaspirai4.5ldecane was obtained in poor yield by re-
ductive eyelization of l-nitro-1-(2-cyanoethyl)eyclohexane: (a) A. N.
Kost, A. V, Kaweruitskii, and 8. M., Gurvich, UVestnik, Mosk. Unin,, 9, Ser.
Fre-Mual. ¢ Estestren Nawk., No. 6, 115 (1954); Chem. Absir., 49, 15856 (11454);
Ay R.BL Muffett, J. Am., Chem. Soc.. T9, 3186 (1057, Derivatives «f 1-
azaspivo[4.51dec-2-ene and 1-nzuspiro|4.4 |lnou-2-cne huve been repurted:
(e) R. J. & Reer. W. T, Gradwell, and W, I. Oates, J. Chem, Sng., 1603
(1038).

Vyewd, sl OO ML Grogan, J. Urg. Chem., 29, 2637
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tively; and indeed many of their reactions were similar
to these monocycles,

The spiroimides were obtained from the correspond-
ing eyelic gem-carboxyacetic and -diacetic acids, esters,
or anhydrides and concentrated aqueous NH; followed
by cyclization at 160-200°. Although most of the
imides prepared had been reported previously in the
literature, they are listed in Table I (part A), reference
to the amines prepared therefrom, and physical con-
stants of the imides we obtained and employed in our
syntheses, 10

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

In the case of compound 2 (Table I), one isomeric
form also predominated. Our material (Table I,
13) was derived from #rans-8-decalone and the imide
is probably all trans as indicated by the small difference
from the literature (Table I, ref. ) m.p. of 201° for this
isomer and the 15-20° depression on admixture with the
cis isomer.

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

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

R Y

derived from cyelohexane, wherein X and Y are carboxyl and acetic groups
and R and R’ are different substituents. On theoretical grounds multi-
planarity of the eyclohexane ring should contribute two isomers in addition
to the cis and ¢rans configurations. Qudrat-i-Khuda and eo-workers'® ¢
reported the isolation of four isomers of 3- and 4-methyleyclohexane-1-
carboxyl-1-acetic acids along with their anhydrides, imides, and anils.
These findings were disputed by Desai, ¢t al.,'” ¥ who were able to isolate
only the cis and trans isomers of 3- and 4-methylcyclohexane-1-carboxy-1-
acetic acids, their anhydrides, and imides, as well as only one form of 3,3-
dimethyleyclohexane-1-carboxy-l-acetic acid.'” Goldschmidt and Gri-
finger'” isolated only two isomeric acids and imides of 4-methyleyelohexane-
1-carboxy-1-acetic acid and showed by melting point studies that the other
“multiplanar ring isomers” of Qudrat-i-Khuda, et al., were 1:1 and 4:1
mixtures of the cis and trans isomers, The failure to obtain more than one
isomeric gem-carboxyacetic acid of the 3.3-dimethyl-'" or the 4,4-dimethyl-
substituted'”™ cyclohexane ring, as well as the fact that the transformation
energy is very small,'"™ mitigates against the isolability of the boat and
chair forms. However, this does not eliminate thie possibility that other
substituents on the ring might alter the transforination energy between the
boat and chair formns, or hinder interconversion sufficiently to permit the
isolation of four isomers in some cases. {(a) M. Qudrat-i-Khuda. J. I'ndiar
Chem. Soc., 8, 277 (1931); (b) M. Qudrat-i-Khuda, and A, Mukherji, ibid.,
16, 462 (1938); (e¢) M. Qudrat-i-Khuda, Nature, 182, 210 (1933); (d) M.
Qudrat-i-Khuda, ¢id., 136, 301 (1935): (e) R. D. Desai, J. Chem. Soc.,
1047, 1065 (1932); (f) R. D, Desai and R. F. Hunter, Nature, 186, 608
(1935); (2) R. D, Desai, R. I'. Hunter, G. Khan, and G. 8. Saharia, J.
Chem. Soc., 416 (1936); (h) M. W, Buklish, R, D. Desai, R. F,. Hunter, and
M. Hussain, t6id., 1159 (1936); (i) R. D. Desai, M. O. Farooq, and R. F,
Hunter, ibid., 1162 (1936); (}) R. D. Desai, R. F. Hunter, and G. 8. Saharia,
1bid., 84 (1939); (k) R. D. Desai, R. F. Hunter, and G. S. Saharia, Proc.
Indian Acad. Sci., 14A, 516 (1941); (1) 8. Goldschnidt and G. Grifinger,
Ber., 68, 279 (1935); (m) R. F. Miller and R. Adans, J. Am. Chem. Soc.,
58, 787 (1936).
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amines again indicated that only one isomerie form was
obtained.

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

XAXB N——(CHz)n——Q@R
Y Z

I

follows: number of atoms in ring A, position of the N
atom, and number of atoms in ring B; substituents Y
onring A; values of n from 1 to 7; values of Q including
-CH;-, -CO-, -CHOH-, -O-, -S-, —-80,—; ring C
was phenyl or thenyl; wvalues of R included H, T, Br,
Cl, alkyl, trifluoromethyl, and alkoxy. In addition,
ring A was opened to study the effects of 4 4-disubstituted
piperidines or was eliminated altogether to leave simply
piperidine or morpholine.

Various compounds prepared, together with inter-
mediate N-substituted azaspiranylalkyl acids, esters,
alcohols, halides, nitriles and amines, are listed in Table
II. The compounds were obtained by two general
routes as shown in Scheme I.

ScueEME 1

X A X BN—H hal.—(CH),—N_B X A X

Y Z

W, @ .

+ B
@_Q_(CHz)ﬂ—hal. M—-Q—@
R R

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

An interesting chemical observation, which may be
of biological significance with this type of structure,
was the relatively high lability of the fluorine atom
substituted on the aromatic ring of 4-chloro-4'-fluoro-
butyrophenone. A search for the cause of the dis-
parity between the yields of 4-substituted azaspiranyl-
butyrophenones obtained when the nitrogen atom in
ring B was in the 1- or 2-position (pyrrolidines) or the
3-position (piperidines) brought about this conclusion,
With the pyrrolidines (and to a lesser extent with the
piperidines) there was always a relatively large high-
boiling residue which solidified to a hard resin on cool-




ti4 C'HL Grogay, CO P Gescriesrsr, M. L Fusen, awo Lo ML Rien

ing.  Analysis of the forerun (fraction 107 belaw np
to the main fractioun) and a flash distillate of part of the
residuc gave fractious, boiling far above either reactant,
containing httle or uo fluovine,  This led us to suspect
defluorination as a major side reactian,

In the preparation of compound 9, Table 1L, on «
larger scale for clinical trials, v.p.c. consistently showed
a 2-49% content of a nonfluorine-cantaining material
distilling with the main fraction.  The use of  «
hindered tertiary annine (such as diisopropyviethylamine)
as an acid scaveuger and to conserve azaspirane de-
creased resin formation somewhat.  The relative case
af defluormation  of  d-chlovo-+'-fluorobutyrophenance
by other sccondary amines was verttied aud is heing
further mvestigated.

Pharmacology —Compounds were gereened grossly?
during toxicity-range studies in Wistar rats by oh-
sarvation over a period of 72 he. for genciral behavior,?
autonomic effects  (salivation, vomiting, urination,
defecation), and rveflex and motor effects.  The effects
scen at small doses (<0 my. kg.), general depression,
sedation, ataxia, decrcased muscle toue, deereased
spontaneous motor activity, for the more potent com-
pounds resembled closcly those scen with phenothiazin-
derived tranquilizers,  There was also a marked blanch-
mg of the paws and eves which indicated a lowerig of
blood pressurc. At intermediate dosex (310 mg
kg.), flaceidity, disturbance of autovomic function,
catalepsy, and deep sedation  were  absevved. At
doses approaching the toxic range, auimals were knocked
dawn for several days, experienced clonie and touice
comvulsions, marked autonomic disturbances, cata-
lepsy, and were unable to cat ar drnk.  Compounds
which showed sufficient actwvity i the prehnnnary
scereen were run through n hattery af CONS sereens aud
compared with chlarpromazine and  haloperidal ™ >
phenothiazine, and hoatyrophenone-type tranguihizers,
respectively.’®  For a comparson ol haloperidol and
chlovpromazine, sce ref. 11d; Tor comparisais amang
the various other butyrophenoane dervatives of Jans-
sen (haloperidol, triperidol, dipiperan, tuvatren, hala-
peridide, haloamison), sec vef. 11h; and for a weueral
review, sce ref. 11k.

Antimorphine and antitremorine activity was deter-
mined in mice at various dosces of test drug administered
p.o.followed by 1.p. administration of morphine sulfate ar
Tremorine 1 hr. later. Antimorphine cffcets were
expressed as the average p.o. dose which decreased
the incidence of civeling and Straub tail in 506 of
the animals,

Spontaneous motor activity was determined in mice
at various dosage levels of test and comparison drugs,

(11D G oA ), Jaussen, O van de Wesceoiugh, AL 1L 3L, Juzenesn,
I J. AL Dewpen, B, K. VL Hermun, G Do Vo Daele, KL 1L Lo Rehelle-
kens, (1. A, M. Vau der Eveken, and O, 1, 150 Niemeveees, . Hed, Phareot,
Chene, 1, 281 (10510 (L) J. Delay, I Doaiker sl M. Pevier, Compt. vl
sue. biol., 184, 1177 (19601 (e) C. 0. K0 Nieweweeys wad 0300
J. Pharne, Pharmacol., 12, 741 (1460 Jy POAL )L dunssen, O
negoers, and K. H. L. Schellokens, lrzweondllel-Fo . 10, 94% (1960
(e W, KL AL Schaper, A, I1 M. Jagenert, H. Havrens, ol P20 AL )L Janssen
Med, Feptl., 8, 169 (1960); () 1. J. A Denwen, J. Phaiw. Scd, 50, 350
(1061); ) 1 AL J. Janssen aud . J. L. Nivueseors, drzaecwilted-Forseh.,
11, 1037 (14611 Q) P AL L Joeassew, suof, 11, 8149, 932 (106D (3 1 3
J. Janssen, C. J. E. Niemegeers, K. 11. L. Sebellekens, 1 J. Verlienwwen
awlJ. M. Vau Nueten, (kid,, 18, 207 (1963); {1 1. . Buissier wonl ). Pavny.
Pherapie, 16, 479 (10G0Y, (k) J. Collued, Bl Can, Binl. 20, 9G5S (1061,

(12) Componnlds of tutecost weee ran ovosel thie CONR seceens of Wyeth
Laborataries, Ine., Ruaduor, . We e ctefal roo Tes. 31 Thowkn oot
ML T Cluekman foe & repuael af iy Jindiags to ehiese seveeus
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Forced motor activity was dctermined in mice il
varions times alter admmmstration of test and compari-
san drugs by the rotating harizontal bar (2.54-c.
dinmeter, 30 v.p.an.) method.

Convulsant Activity Potentiation.—['otcutiation of
the convulsant activity produced by a minimal corneal
cleetraghock patential (in mice such that 309 of con-
trols canvulsed at this patential) was determined at
various p.o. doses lollowed by shocking 1 hr, later.

Behavioral Changes. A. Conditioned avoidance
behavior!* was determined mrorats conditioned  to
avoid a shoek from a charged grid by nimming on o
treadmill. This was a cyelic procednre wherehy step-
ping off thie treadinill onto the grid caused a 5-see. audible
sigital followed by charging of the grid.  Various time
paramcters related o shock thne, nmnber of shocks,
and times on wrid with and without shoek were com-
pared.

B. Approach behavior'’ determined the cffeet of
drogs an hungry rats abtaining food while walking on
a- canstant-speed treadmill. The amount of food ab-
tuined, thne an tread, and times stepped off tread were
compared.

C. General Observation of Effects.— Tl time of
anset. and duration of action, general hehavior, reflex
and mator effects, autonamic effects, sedation, cata-
fepsv o were studiced mnocats (5-10 mg. - kg.) and Rhesus
notkeys (0.15-2.0 mg., k).

Cardiovascular Effects. A.—Blood pressuve and
heart rate measurements were made an anesthetized
cats and on unanesthetized dogs by femorval artery
punctureor with a transducer pickup.

B. - Effeets an Laad pressive, heart vate, myacardial
cantractile foree (hy a strain-gange arch sutured to the
right  veutricle) were determined e pentobarbital-
anesthetized, artiticially vespived, open-chest dogs.

C, - ilind leg perfusion studies (puinping hlood fram
praximal to distal caamaulae inserted into the abdominal
aortal were perfarmed in dogs. Chauges in perfusion
pressive refleeted ehanges in vascular resistance m the
hind quurters.  Effeets of test drugs on responses tin
administered — epinepliviue,  porepinephrine,  glveeryl
trinitrate, acetyl choline  tia.), and narepinephvine
vy were determined.

Antiserotonin and antihistamine activity were de-
termined an the isalated guinea pig ilewn in Tyrode's
salution,

Electroencephalographic  Studies.-—Acute,  sub-
chranie, and chroute studies were made i cats pri-
marily to ascertain the extent and speciticity of lnbie-
svstent activation as compared to generalized cortical
activation at convulsive doses and to determine the
dase-responsge relatinns vequired.

Antiinflammatory activity was determined in rats hy
cither the cattan pellet granuloma pouch or ewy white
inflammation-praducing techniques.®  On a compara-
tive seale, nspirin had values of 10--209 reduction in
inflammation at therapeutic levels, 200400 myg. Ak,

Lp. or po, i photoclectrie nctivity

Results and Discussion

The results of pharmacological sereening stndies wae
samimarized i Pabte THL 0 Fram these data it ix ap-

o ML Siehooa Tae aamaendosist ) 3, T S Tonn
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TaBLE I. Parr A, SPIROIM DES

Ring system, — % caled. Z found= —————
No. Y-AB M.p., °C. Formula C H N (o] H N
1 55 120-122¢ CsH(NO. 62.73 7.24 9.14 62.58 7.06 9.11
2 7-Me-35 96-97° CyH;3NO. 64.65 7.84 8.38 64.88 8.13 8.40
3 65 144--145° CoHiNO; 64.65 7.84 8.38 64.92 8.05 8.81
4 75 114-115¢ CoHNO. 66.27 8.34 7.73 66.68 8.39 7.82
5 56 152--153° CsHiNO, 64.65 7.84 8.38 64.90 8.01 8.67
6 8-Me-56 135.5-136.5/ CwHisNO: 66.27 8.34 7.73 66.75 8.47 7.60
7 66 1681697 CioHiNO: 66.27 8.34 7.73 66.54 8.33 7.76
8 8-Me-—-66 153-154" C.HuNO. 67.66 8.78 7.17 67.48 9.07 7.00
9 9-Me-—-66 163-164° C.H:NO: 67.66 8.78 7.17 67.87 9.03 7.14
10 9-t-Buty!-66 223-224 Ci HNO: 70.85 9.77 5.90 70.89 9.83 5.96
11 9-Cyclohexy!--66 189--190 CsH2sNO2 72.96 9.57 5.32 73.23 9.67 5.36
12 76 177-1787 CiHaNO; 67.66 8.78 7.17 67.53 8.86 7.44
13 10-6* 197-199* CH:NO: 71,45 9.00  5.95 71.30 8.87 6.04
14™ 7,9-Dimethyl- 184185 CiHis:NOz 60.90 7.66 7.10 60.62 7.71 7.31
8-oxa-65
PART B, SPIROAMINES
% caled. 7% found
No. Ring system B.p., °C. (mm.) Yield, % Formula C H N C H N
1 55 70 (14) 80 CsHiN™ 76.75 12.08 11.19 77.00 12.06 11.22
2 7-Me-35 71-73 (12) 87 CyHN°? 77.63 12.31 10.06 77.44 12,15 10.27
3 65 89-92 (20) 55 C.H.N? 77.63 12.31 10.06 77.72 12.49 10.17
4 75 106110 (15) 68 CioHyN? 78.36 12.50 9.14 78.72 12.60 9.21
3 56 83--86 (16) 80 CeHN" 77.63 12.31 10.06 77.44 12.21 10.08
6 8-Me--56 90-93 (14) 71 CiHigN°® 78.36 12.50 0.14 78.14 12.56 9.04
7 66 114(23), 110-112(10) 79 CHgN¢ 78.36 12.50 9.14 78.63 12.56 9.19
8 8-Me-66 120-123 (20) 88 CuH, N* 78.97 12.65 8.37 78.92 12.88 8.32
9 9-Me—-66 70-74(0.75) 75 CuH,N? 78.97 12.65 8.37 79.23 12,82 8.47
10 9-t Buty!-66 138 (4.5) 84 CiHyN™ 80.31 13.00 6.69 79.95 12.75 6.61
11 9-Cyclohexy!-66 120-130(0.2) 78 CHyN” 81.63 12.42 5.95 81.67 12.35 5.85
12 76 138140 (27) 80 CuH: NY 78.97 12.65 8.37 78.82 12.85 8.46
13 10-6* 103105 (0.6) 67 CiH2N? 81.09 12.15 6.76 81.17 12.24 7.10
14 7.9-Dimethy!- 93--95 (10) 78 CoHiyNQae 70.96 11.31 8.28 71.16 11.36 8.00
8-0xa-65

v 8, 8. G. Sircar [J. Chen. Soc., 1252 (1927)] gives n.p. 124°. » R. D. Desai [ibid., 1216 (1931)] gives m.p. 98°. ¢ Lit.» mn.p. 145°;
8. Nakamura and M. Aimiya [Japanese Patent 7574 (October 19, 1955)] give m.p. 147°; F. Dickens, L. Horton, and J. F. Thorpe [J.
Chem. Soc., 125, 1831 (1924)] give m.p. 145°. ¢ F. Dickens, L. Horton, and J. F. Thorpe [¢bid., 125, 1830 (1924)] give m.p. 116°.
¢ G. A. R. Kon and J. F. Thorpe [bid., 115, 686 (1919)] give m.p. 153°; 8. S. G. Sircar [ibid., 600 (1927)] gives m.p. 153-154°. / Lit.»
m.p. 133-134°. ¢ Sircare gives m.p. 169°; F. B. Thole and J. F. Thorpe [:bid., 99, 422 (1911); Proc. Chem. Soc., 42 (1911)] give m.p.
168°. * J. F. Thorpe and A. 8. Wood [J. Chem. Soc., 103, 1586 (1913)] give m.p. 155°. ! Thorpe and Wood” give m.p. 162°. 7J.
N. E. Day, G. A. R. Kon, and A. Stevenson [bid., 117, 639 (1920)] give m.p. 177-178.5°. * trans-Decalin-2,4'-piperidine. ! K. A.
N. Rao [J. Chem. Soc., 1954 (1929)] gives trans isomer, m.p. 201°; cis isomer, m.p. 205°; mixed cis—trans, m.p. 180-185°. ™ While
there are other references to compounds 5, 7, and 12 in the literature, dealing largely with pharmacological properties, no physical con-
stants or preparative data are given therein. Nicholas Proprietary Ltd., British Patent 808,269 (January 28, 1959); Chem. Abstr., 53,
P10670g; T. C. Somers, Nature, 178, 996 (1957); P. G. Marshall and D. K. Vallance, J. Pharm. Pharmacol., 6, 740 (1954)., ™ Picrate,
m.p. 161.5-162°, diamond-shaped prisms from methanol. Anal. Caled. for CsHsNO7: N, 15.81. Found: 15.69. Hydrochloride,
very hydroscopic. Hydrobromide, m.p. 99-100° from ethy! acetate. Anal. Caled. for CgHBrN: Br, 38.77. Found: Br, 38.53.
° Picrate, m.p. 124-125° from ethanol (picric acid melts at 122-123°; an admixture with this picrate melted at 88-90°). Anal.
Caled. for CsHyoN4O7: N, 15.21. Found: N, 15.21. ?Picrate, m.p. 148-148.5° from ethanol. dnal. Caled. for CHyN,Or:
N,1521. Found: N,15.36. Hydrobromide, m.p. 145--145.5 from ethy! acetate. 4nal. Caled. for CsHsBrN: Br, 36.30. Found:
Br, 36.10. ¢ Picrate, m.p. 145-146° from ethanol. Anal. Caled. for CisHaeNO7: N, 14.65. Found: N, 14.59. " Base is carbon-
ated rapidly in air. Picrate, m.p. 208-209° from methanol. Anal. Caled. for CsHzN4O7: N, 15.21. Found: N, 15.39. Hydro-
chloride, m.p. 233-235° from ethanol. Anal. Caled. for CHCIN: Cl, 20.18. Found: Cl, 20.01. Hydrobromide, m.p. 196~
197° from acetone. Anal. Caled. for CoHBrN: Br, 36.30. Found: Br, 36.27. * Picrate, m.p. 168-169° from ethanol. Anal.
Caled. for CisH2eN4O7: N, 14.65. Found: N, 14.75. Hydrochloride, m.p. 237-238° from ethanol. Anal. Caled. or CiHyCIN:
Cl, 18.69. Found: Cl, 18.39. * Picrate, m.p. 193-194° from ethanol. Anal. Caled. for C;sH2NO7: N, 14.65. Found: N, 14.53.
Hydrochloride, m.p. 239-240° from ethanol. Anal. Caled. for Ci(HyCIN: Cl, 18.69. Found: Cl, 18.53. Hydrobromide, m.p.
200-201° from ethanol. Anal. Caled. for CHxBrN: Br, 34.12. Found: Br, 33.81. * Picrate, m.p. 183-184° from ethanol.
Anal. Caled. for CuHuN,O7: N, 14.13. Found: N, 13.82. Hydrochloride, m.p. 260-260.5° from methanol-acetone. Anal. Caled.
for C.HxCIN: Cl, 17.40. Found: 17.23. Hydrobromide, m.p, 247-248° from acetone. Anal. Caled. for CiH.BrN: Br, 32.20.
Found: Br, 32.56. * Picrate, m.p. 179-180° from ethanol. Amnal. Caled. for CoHuN,Os: N, 14,13. Found: N, 13.92. Hydro-
chloride, m.p. 259-261° from ethanol. Anal. Caled. for CH»CIN: Cl, 17.40. Found: Cl, 17.35. * Hydrochloride, m.p. 308-
310° dec. from ethanol. Anal. Caled. for CiHyxCIN: Cl, 1442, Found: Cl,14.56. Hydrobromide, m.p. 285--286° from methanol-
acetone. Anal. Caled. for CuHxBrN: Br, 27.53. Found: Br, 27.67. Free amine, m.p. 83-83.3° from ligroin or acetone—-water,
= Picrate, m.p. 194-195° from ethanol. Anal. Caled. for C»Hz:N«O7: C, 56.88; H, 6.94; N, 12.06. Found: C, 57.09; H, 7.17;
N, 11.72. Hydrochloride, m.p. 313-314° dec. from ethanol. Anal. Caled. for C;H3CIN: Cl, 13.04. Found: C!, 13.05. Free
amine, m.p. 63-64° from ligroin or 30-60° petroleum ether. ¢ Picrate, m.p. 181-182° from ethanol. Anal. Caled. for CitHaN4Or:
N, 14.13. Found: N, 14.30. Hydrochloride, m.p. 291-292° dec. from ethanol. Anal. Caled. for C(H2CIN: Cl, 17.40. Found:
Cl, 17.43. Hydrobromide, m.p. 262-263° from methanol-acetone. Anal. Caled. for CuHuBrN: Br, 32.20. Found: Br, 32.42.
¢ Hydrochloride, m.p. 273-274° dec. from ethanol. Anal. Caled. for CsHCIN: Cl, 14.54. Found: C!, 14.42. Hydrobromide,
m.p. 258-259° from methanol-ethyl acetate. Anal. Caled. for CisHBrN: Br, 27.72. Found: Br, 27.90. <= Picrate, m.p. 180
181° from ethanol, very slow even on adding an equal volume of ether. A4nal. Caled. fur CsHuNOs: N, 14.06. Found: N, 13.90.
Hydrochloride, m.p. 152-153° from acetone. Anal. Caled. for CoHyxCINO: Cl, 17.23. Found: Cl, 16.99. Hydrobromide, m.p.
157.5-158.5 from ethy! acetate. Anal. Caled. for C,(HxoBrNO: Br, 31.94. Found: Br, 31.73,
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The contrd clian s reversed placing the =CO= graupoon the ciag rdtrogen giving the amide. ool Caledir Br, 228100 Foaund: Be 2070 Hydecehborde, eopa 171 072°, frowanethanol -
cthier. chal. Caled. For CLllCIFNO: - CL D43, Fawnd: CL 1027, ¢ Fluarine.  * Hydewehlnede, veep. 139-160° feom neetanc-cther. ctnal. Caled. for Cul LeCHINO: - CL10.02, Found:
CL o820 7 Base, nop. 4632 Feona ligroin. Hydrachlaride, ai. 240--242° fram medhanal-ether. spal. Caled fir CyHyCIFNO: - Cloibgi, Poand: ClL1In.s4, \Ie(hrndl(le . 206°
feomt mwethanal ether.  Anal.  Ciled. for CoHaIFINO: 128050, Found: I, 28820 7 Base, mop. 52° Irom ligeain.  Thvdrochlovide, g 286- 207° framn aceame. Anal. Caled. fins CoyHaoCl-
FNO: C67.87; H,826: 1, ant. PFPound: €, GT.8G: H, 854 Ta400 Methindide, mup. 226 227° dec. lrows methanol-cther. Anel. Caled. Toe CoHg FINO: 127,63, FPaund: 12791,
P the positional isomee, 1-nzispoo[4.3]deeane.  Hydeoehloride, wep. 149 131° Teo neetone echer. Anal. Caled. e CpHCIFNO: - CLID AN Pouad: CLM0S. * As the hydrachloride,
angn 223-224° fraa acetime-clher. * As the hydrachloride, mop. 286G 237° frma seetone peteoleune echer (hep. 30-60°) oc feawn water. 1 vdroehloride, mop. 244-245° froa methiaol ether.
el Caled, Tor CoH o CIFN O CLOGE Found: CL 948 Methiodide, rap. 208 206° from 'r('(*(nn(* Anal. Caled for Call FINO: 1,26 .81, Faand: 12706, % Base, nep. 91--92° Teac
acetone hexane.  Purtinl decanquosition on distillation valess eareied aut eapidly. Hydeaelloride, mup. 271-272° dee. feornmethanol ocher. chade Caledl oo ColCHNOD - CES6H. Pouad:
ClLoR.A5 Methiadide, v n, 2200221 ° fro methanal-cther. Anal. Caled. foe CoH FINO:  1,24.620 Found: 124600 As hyvdrmehlovide, e 221 222° Feoaonecetome-echer. Anole Caled
ClLooGo. Fond: CL 0460 ™ Brse, alp. G4 63° Troae aecane wier. Hydvoehloride, vaapne 249-230° fram acelone-ethor. dnol. Caled. Tor CoHy CIFNO: CL DG4 Fanad: €1, 902
Methdiede, nep. 202 204° Froa aectone. bl Caledl for Cl T FINO: 1268100 Fouad: 126900~ As hvdrachlovide, wop. 265-264° Troateetiane ether, chwls Cadadls CL830 Tound:
ClLo7.os0  Analyvsis for the hvdveaehlorade, avp. 2200 227.5° Troar racthand sweetone. ™ From bomethyvi=iO-deezasporo 30 faadeeine. As dibydiochlonide, nep. 2832877 dees Traro ethiaaol ether,
Awed. Caleds CLTAL Found: CL7T.aG 7 Lidoedne type, as hvdeochloride, aope 266-267° froma echanal-echer. " Proenine ¢vpe, s dilivdroe horide, T 224 2125° from echataanl -ether.

The N-substituent aan the azaspicime viag is p-chlorabeazhivdevl. As hvdroehloaride, aope 285-280° Tean methanok aceteme ar methanol-water. " Saecharia acelens, N-suhstimted, aip. 1285
120° Trom seetone-ligroin. 7 Sdifar. Hyvdeoehloride, aep 382028587 Teorn ethaaol cthiee. _bhod. Caled e CyHoCINOS: CLDST. Fouad: CLOo2s0 Methaodide, aaqp. 213-216° fron
cthaned. bl Caled. Tor CoHgdINOS:  1AS070 Found: 12804 7 Base, arp 945 45.5° Troe higroae. Hyvdroehloaide, vep, 26102622 Feoar aethanal ether. nal. Caded. Tor Co I, -
CIFNO: CL o6t FPoanad: CL oA Metbaodide, v IS ST Troea aethaaol other. ol Cuded. fue Co T KINO: 1, 20081 Fauad: 120970 " Jems-Deedin-2 4 - piperidine. * As
foveleaehloride, map. 248 2497 lrcan acetome-ether. bl Coled Toe Co ITCIENO: - CLsno0 Foand o ( I,.\.ll_. ilvdvaehboride, e T2 Pram seetone- ether. cheals Crded s Tor Cud o

CIENOL: CL 9D Faad: CL O3 Methiealide, ap. 12501297 Peaeec ethyl sectie. Dol Cadeds o CoyTLFINGS: 126700 Tound:s 125050 = Hvdroellorbde, ape 1771787 fenn
elgand=cther. bl Culed. Toe CoHa CLIENO: Co o305 T 7400 Clo 1200 N, 4000 Foamd s C)BEsn; T 7 Cloi2ass Noaxsae o Analvsis For Tovdroeldorides anp 2525 225° Traa
ctlumol ethee. Chvols Caled: CL TR0, Fouad:  CL 112G Aaadysis Toe hyvdecehlovide, wepe 2240 2257 Tro etbened ethers Dhiole Cudede: CLIDST Foand o Coib2a0 o xnl\'s}%
for tovdvaehloride, aop. 200 2107 Treao ethsaolether. Dl Caleds CL ST Poanads CLDAS. v Aoadvses Tor hvdroehlocade, acp 15516547 Trom etleonnd ether. ol Cided (I BN
Foamad: Chorzat, 2 Hyvdeaehlovide arpe P DU Trea ethvbieeeces Jheals Caded s Tor CrH CHINO: CLTES00 Foads CLTEASS 2 As Dovdecehloeide, v po 1320 1537 I't'nmvlh_\l:m l.tln.
Pl Coded s CLTOSE Fompd: CLTOESD 2 As hydvaebloride cope TR T2 Feoaeneetone. hanl Crled s UL 1OUS) Feannd s CLTOSS ,\\‘|r\'rll'<wl:lm'illr.lxx.|L‘_’|‘.l LA ronacnee-
tonGc. el Caleds CLoast. Foaned: ¢ | HLGA. v ldoride mep, 208 2100 Feowe mellsaol ethers Dbl Coded o CUHLCHIEN G CoGa04: HL S0a: CL O, Fonmd s O, 103070
oS i CLOT0 Medvodade, wop, 132 1355 Troac weethotiad ether. bad s Caleds Toe Co L IN O Co52000: T G55 o2 Fonad s ¢ s ll,t».l.n Loouas o Hivdvaehlorade,

v 25T 2082 Trore sweetone. il (':xlr-rl lul‘ ColbLOHNO: Chorast. Poad: CLoTos O vdraehloede s weps 230 2407 o aectone. Chads Caded Tor Crul L CHENGE Q) ey

Foamd:  CLoanAT 7 Hvdvaehloride, vape 259 240 from aoccloae. ide Cided, Toe Cu L CHEN O CLIDST. Fowd: Clotnae, 27 vdvocldoride, aep 22890 22057 Troacseetone. bl
il Te O ll SCHENDY CL s uunrl CLSSE 2 As hvdvoehlovide aope 278 2009 dee, lroaceectoane ethyvbaestate. doods Cudeds CL OO Famed: CLOTE 7 As hvdvoeldarde,
b . ML 2 froa ractleeol weetoae, el Caled. C'l, N Ionend s C1L 04, As ll\llllH hlnxull, NN 30 207 Tevane it leaned soeetonae el [ GRTY PEY DR W P 11 v Foaal: Ol
(RO A\S hveroeldocide. aop. 218 2197 Trom welloooal sectoae. hmle Crdedls Clotoarts Foand: Clpnes. Hyvdroehlovide, vep. 251 froon oeetone. tual Coled. Tor Collay-
CHONS D Coes.700 TSI Choane Forand CoO00s TS0 s Choos2s 0 As hivdvae b atde, aope 240 ST Teono odumol. Chwel. Caded o CLCT Faamal:s O 0082 As hydeochioride,
e 62T o etbanol. luele Caleds L, Foaad s O N4 CAR bevedrocldaride, raep. 218 Hleowccetbaved . el Codedd 0 CL OO Fomd s CL O T Hyvehraeldeatde,
TINLE 208 0D o aeelotee dweds Cubiedl Gar Cod Ly CHIFNO- Cloastte Fomel: Cloavons Methaoddide, vaep Ta 1007 Ceoncovelonie. heds Cided Toe Co L FENGE F20000 Fomad s
EEIR |'l)lh‘lu'hlul'illn, e 0000 Tron sweetone. el Caded, Tor (‘«-4“;;,;('||‘\N(li C'otLas, [ENTTRVTT] D O S I o As |l_\‘l|l'4-l'|l|4>l‘i||lx t). HES 2 robe octleiao] sectone. Chaal
Culed.s CL 6. Fonod s CL1oc220 0 Methaodide, epe Pl U0 Fecan sectone llll\’l dectate. el Coded, for Co sl INO: T Sl Feaand:s L 27 0m 0 o _\N||_\ll|‘m'|)|ul‘il|l‘ b i
“Troecaeetone. el Cale CLSOT Fomd: CLS.stL Ax hvidroehlorde v 139 1307 Frove ethybnectate. Dbl Cualed Chool Faad: CLOa s Hvdeoaeldorule, g

shed, Tor Cl L, CHEN O CLVETTC Found s CLEEAD. \||l|ul)(|ll|l‘ tap. 2042007 Traconethyl ethyvb ketone, Tuerds Crded Tor CTEFIND S LS 6. Fawal
sled s Tor G JHACHINGO: CLorme Fownds CLoETh Methiwalwles wepe 1360 1377 Drancaeetone. Toels Caledl Gan Oy -
S feon weetiotaed ecoone. el Ceded, Tor Cod LLCHENO CLTOTY. Fomed s CL1oxs Medaodide, e 142 1457

S H6T T sectone. aals (
Loanass e Hvdeneldoetde, aoops 2 2007 Proe seeetome. el
FINO: L2 Foned:s 10040 2 Hvdvaehlaride, waap. 254 235

oo aectome. el Caleds Toe Col L PENTE B 200000 Foraeds 102RSS0 SO0 Hvdvoehlorude, oo 1980 1997 frona u(lulu- el Caded Tor CuHLCHEN O CLoSA Fomuds Cle S22
S Hyvdroehloewle, ape 195 1807 Trowe sectoae ether. ual, 'xlml for CuHLCINOD CL b7 Fanedd s Cl 12D CAs hvideochloride, e 2HT. 5288 Troeo acethad aeetone. Dol
Caded: CL2STE Foaunds CL 270830 @ Fvdeoekdoride, nep. 2502607 Tena aetleaaol ether, Diolc Caled CL200850 Foaeds CL 200850 2 ol Cideds CLAEL ol s (L

(727 Moedhodide, aep. 206 207° Teaa avetone. el Calded. For C U LsCUNG LS4 Faaaal: l, Saosc  Hvdvoehboosde, vaqe 157 12387 o aethvlene ehdocide etber. Lol Culed,
for CoHgCINO: CLOBSE Fonad: CL 5450 Methiadule, wop. 137-138° Teowo acetome. el Caded Tor Cpll INOD L5456 Fomed: LUS0300 77 As ll.\'lll‘rwlrlul'illx-,m_|u Q00204

Lecan mechanal-other, ol Cuded o CL 2500

CLEEsT Faaaul: CLEED Methiodide, rap 1S5S Ceona weetoane. haede Calded. Toe ol NOD L5000 FPowad: L 300760 7 As hvdeoeldoride, acpe UN1 2827 dee, Trots seetane
Vil Cadeds CL22ad0 Foaads ClLo20500 9 Thivdvaehdocide, mepe 252 25358° Goacectine odee, Dl Caded Tor CaHCING: CLESGE Foaad s CL I ET DL Metlhahide v, 204217

rone seetote. red. Ceoded ) Toa Ol I NG
R N L l’“\’lh'ul'l(h4|'i’|l‘. e 1478 Teom sectone - ether. el Caled, (441‘('hll:,,('ll"‘_\'()i C'l, LSS, Foored: ClL1OR2,

WL ol Clots 02, W Hyeroelderide, qop. 1875 188.5° |l4llllIll(lll\ll‘lll‘lllllllllll‘ ether. Cheed. Caled, T O HGCIN O CLELSD Foaand -
Clor2ras 7 Hvdeoeblietde, wep 2409 230° Teaocseeotome. Lol Cudeds CL 24000 Foned s O _’~|,(M_ P Hvaleoeldertde, aep (65 1647 Goae neetone. el Caded, Tore Ci L CINO:
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Tasre 111
SUMMARY OF PHARMACOLOGICAL (OBSERVATIONS”
Dee. Anti-
LDso/ motor Anti- Anti- inflam- Hymo- Anal-

Compd.? 72 hr.c ED? activity Ataxia  morphine treworine DEX iuatiry Sedation tension wesin/ Rewarks?
cpz' 12.7 12.7 6.6 14 + +4+++ + 26 T, H

HP' 4.0 0.8 ~0.6 + + 2/6 T, H

1 >200 .. NRR

3 50 <2 12.7 12,7 3.4 H.4 + +++ <0.5H T H

4 350 <2 4.0 6.2 4.4 + + -+ <0.5 T H

3 350 <1 4.0 3.2 4.2 + ++++ <1.0 /6 T H
5-Mel 60 >10 127 L 40 . + N o S 0,6 NRR

6 50 <1 4.0 4.0 .. +++ <1.0 T, H

7 75 >10 127 127 Syn. ) o Little effect

at high
dose

9 <1 31 50 3.5 + 100 ++++ <05  2/6 T/ HA

10 50 <1 12.7 13.0 6.6 + 01 ++++ <1.0 T H, A

11 60 <1 1.27 127 + +++ <1.0 T, H A

13 735 <1 0 40 2.0 16 + 33 ++++ <l.0 2/6 T, H A

16 100 >10 127 >127 NRI

21 30 >10 . . o o .. 10 o o C Cuanvulsant
22 75 <1 2.7 40 3.7 5.0 + +++ <2 T, H

23 60 <2 12.7 40 2.2 + . ++ ~i T H

24 75 <2 12.7 12.7 . ++ <5 T H

34 50 <3 .. Convulsant
37 75 <5 . —+ <H T, H, mild
38 150 <10 .. + >10 T, H, wild
68 60 <1 4.0 3.9 1.4 + ++ <H T H

@ Values are given in mg./kg. to produce effect nated. Dats, . . ., under the respective headings da nat mean nu effect, but rather

that values were not ascertained under comparable conditions for all the compounds. Sedation is rated: 4, mild ar slight; + 4,
moderate; + 4+, marked; + -+ -+ 4+, very marked. * Numbers fur the campounds in this table refer to the numbers in Table II.
¢ Approximate LDso/72 hr. deternmiined on i.p. administration ta Wistar rats.  * Although the various parameters lor which values are
presented in the table were of necessity not all determined in the same species, the effective duse ta produce naticeable effect, mast
frequently tranquilization, was that given which produced this effect in most or all of the speciesx used, /.e., 1nuse, rat, cat, dag, and
Rhesus monkey. ¢ Decrease in electroshock threshold: + indicates a decrease was abserved. 7/ In the rat at 25 mg./kg. p.o. * Ab-
breviations used: T, tranquilization; H, hvpotensinn; A, antiinflammatory; NRR, no remarkable reaction. " Chlarpramazine.
* Haloperido!l. 7 Acute LDs, mg./kg.: inthe rat, p.o. 200, i.p. 60; in the inouse, p.o. 120, i.p. 45.

parent that structural features necessary for optimal potency.  Compounds 34, 37, 47, and 48 were studied

tranquilizing activity are: (a) Q = -CO-, (b) n = 3, for effects of variation of n. Activity was optimal
and (¢) R-C = p-fluorophenyl. The optimal size and when n = 3.

configuration of the basic azaspiranyl moietv is not Other permutations which decreased or abolished
readily ascertainable as there were many compounds CXNS depressant activity were (a) deecreased basicity
in which these permutations were made (2-6, 9-11, of the azaspiranyl moiety as in the amide 1 [the
13, 14, 22-24, and 68) which had the same order of nonbasic nitrogen atom in the saccharin nucleus (20)
potency in a number of the screens. Substituents, also gave an nactive compound when other structural

other than fluorine, on ring C (8, 12, 41, and 42), al- features were optimal for activity]; (b) introduction
through active, were much less potent. Reduction of of another basic center into ring A of the azaspiranyl
the carbonyl Q group (15) or the substitution of -O—  mwoilety as in 16; (¢) quatcrnization of the azaspiranyl
or —S- for —-CO- (30-34, 37, 38, 40, and 43) resulted in ring B nitrogen as i 5-NMel; and (d) changing the
decreased potency. However, the derivatives in which  position of the nitrogen atom in ring B to the 1-position

Q was —-O- and R-C was p-fluorophenyl were mod-  adjacent to the spiro carbon atom.

erately potent tranquilizers. There was no remarkable AModifieations  (a)-(e) produce rather drastic
difference between compounds in which Q was ether or changes in the basic nature of the azaspiranyl ring B
thioether (37 and 43). nitrogen. The most remarkable change in activity was

Oxidation of the thioether group to the sulfone re-  that observed with the 1-positional isomer (7) of
sulted in almost complete loss of CNS depressant compound 3 siice this modification would be expected
properties (44-46). These compounds were devoid to produce the least effect on the over-all structuval

of tranquilizing and antiimflammatoryv activity, pro- requirements for optimal activity. While compound

duced slight hypotension; compound 46, with the p- 3 was a potent CNS depressant, its 1-positional isomer

fluorophenyl substituent, had mild antitremorine ac- (7) was devoid of tranquilizing propertics and vesulted

tivity. in a separation of antimorphine and antitremorine
Compounds 35-38 represent a study of the effect effects.

of the position of the fluorine substituent on ring C. Compound 24, with an additional hetero oxygen

Although the para position seems to confer greatest atom in ring A, was quite potent as a CNS depressant,
potency, the differences were not great. Separation but of quicker onset and shorter duration of action
of the fluorine atom from the aromatic ring, although than the carboeyelic ring A compounds with identical
not strictly comparable, as in 38, resulted in decreased N-substituectits.
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Opening of the A ring to give 4,4-disubstituted piperi-
dines (25-28) vielded compounds which were less
patent CNS depressants than the azaspiranyl Y-AB
structure,  Doses of 510 my. kg, (which produced
marked effect in the clased A-ring group) had httle
effect on the behavior of cats. However, they re-
tained many of the praperties of the eclosed A-ring
struetures, 7.c., antimorphine, antitremorine, and .27
0.4 the antunflanmnatory activity of 9. The piper-
dine ring (25) was ahaut equal in pateney ta the 4.4-
dialkyl =ubstituted piperidines with the exeeption of
deereased antitremarine activity,  The 44-dinethyl-
piperidine struetire was maost potent of this type in that
respeet, but at higher doses augmented the ather
tremarine autanomie effects. The morphohue deriva-
tive (29) had no autstanding properties.  Replacement
of the  CO- Q wroup, by ~O- (52--55) lessencd potency
as was the case with the elosed A-ring structures.

Compaund 21, 1w which phenyl was replaced by
thaenyl in the side chain, had little effeet an the hehaviar
al cats ar edee np ta near toxic doses. Tt did show some
linbie svstemn differential exeitability i eats at cou-
valsive deses and had weak antiinflammatory activity,

The twee compounds, 17 aud 18, i1 which the 66-
azaspiranyl rime svsten was sabstituted for the amine
portini of fidoeaine and procaime, shawed o remarkahle
lacal anesthetic activity,

Based noan e seveening data, which did not permit
it sefeetion of the aptimal azaspiranyvl molety, com-
patnd 911 was seleeted for more detailed investigation
siiee it was ainaong the more petent compounds, had a
wide speetrum af activity i the screens, and starting
materials for its preparation on a large seale were mare
readily accessible than those far same of the other potent
members o the group. 1t wax compared direetly with
chlorprnmazine (CPZ) and haloperidal (HI') i these
evaluations, 1t ix hiteresting to note that this com-
pannd wis fonnd to have identical i.p. toxicity i mice
with that reported for HIP .M

[ mice spoutancous motor activity was depressed
approximately the same on short-term experiments (1
hry hy CPZ 5.0 mg. kg, HP 1.0 mg. kg, and 9
25 myg. kg Compound 9 had the most rapid onset of
detion by hoth po. und Lp. routes. On the longer
ternt experiments (up to 16 ) 9 had the shortest dura-
tian af action of the three drgs.

A cotparizon of the suppression of spontaycons anid
iorced mator activity showed that 9 and HP suppressed
spontancans more than forced motor activity., It has
been the freqacently expressed opinion that tranquilizers
shoald suppress spontanecus more than foreced motor
activity,  Compound 9 had a shap dose-response
relationship on po. administration duriug these studies
al” effeet o motor activity,

In the conditioned avoidance and approach behaviar
studies the arder af potencey was HP? > 9 > CPZ. HP
and 9 cansed a large increase i shock taken by the ani-
netls while CI'Z was much less effective. At 2.5 mg. kg,
L.p. the average inhibitions of food consumption and
running to obtain faod were HU', 939: 9, 859%; and
I, 65¢,.

During studies of the poteptiation of clectroshack
canvulsant activity it beeame apparent that there were

11 Uhalee stwly by Waeth Loboeatories, Yae, violer cole Wa-3407,
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differeitees between HEY, CPZ, and 9. At doses ol 110
my. kg, CPZ aud HP potentiated convulsaut activity
al the eleetrashock, Up to 5 myg. kg these cffeets
were mast marked.  With CPZ and HIY, A0-G7¢0 of
the annnals convalsed, while with 9 less than 20",
canvulsed. At doses >10 myg. kg the sitnation was
reversed.  HEP wnd CPZ suppressed convulsant activity
at 25 00 mg. kg while 9 potentiated it.

The obgervations ou clectrashack-drug effects car-
ricd aver inta the B1EG studies bieats. At doses <160
my. kg, 9 produced effeets similar to those seen with
phenathiazire tranguilizers. At doses >10 myg. kg,
convulsant activity was unoted, and at intermediate
doses (10 220 mg. kg.) there was abserved i same cases
ditferential canvulsive seizure in the Imbie areas. At
higher doses (2030 mg. kg.) generalized BIG convul-
sive activity, accompanied hy marked autonamic
cffects, clonic and tomie maotor convulsions, resulted.
Canvulsive aetivity produced by intermediate doses
could frequently he prevented or controlled hy pento-
barbital, %7 mg. kg i.p. oriv.

In cats, 9 ut 510 my. kg, produced behavioral and
reflex effects similar to those seen with the same dases
of CI'Z.  lu Rhesus wmoukeys, the effeets of 9 were
most marked. At 0.15-0.30 my. “kg. slight to moderate
sedation, withont ataxia ar ptosis, was obscerved up o
24 hr. AL 0410 myg kg, marked sedation, catelepsy,
slight ataxia, and loss of muscele tone were seen up to
48 hr. At 2.0 g kg, the animals exhibited marked
depression, ataxia, ptosis, blanched faces, reacted slowly
and weakly to stinutli, and would not cat.  Appetite
had beenn unaffected up to 125 my. kg, With 9
these effeets persisted, with attenuation, up to 3 days,
while with CPZ at equal doses there was lttle effeet
attd e carrvover. HP effects seemed to persist as
long ar longer than those of 9. This was m markael
contrast with the findings with smaller anhmals wherein
9 seemed to have a shorter duration of action than
CPrz,

I anesthetized und unanesthetized cats (1 mg. kg
or more) and dogs (0.1 mg. kg, ar more) 9 lowered
both svstolic and diastolic blood pressure signiticantly
for more than (0 min.; and m dogs a dose response
relationship was evident i the vange 0.1-11.0 g, kg
Doses of 0.1, 1.0, and 10.0 myg. kg either Lu ar iy,
in daogg gave 17,40, and 459, average lowering ol systolie
and diastolic blood pressure accompunicd by brudy-
cardia (10--129:) and mercased myvocardial contractile
force (3-7%). Higher ar einmulative doses produedd
rather meansistent responses of heart rate and contrae-
tile foree.

Hind leg persion studies i dogs showed that ta.
or Ly, administration of 9 deereased vascular resis-
tance (10 mg. of 9 was approximately equivalent to |y
of acetyl choline) and veduced or veversed the pressar
effeets of eptiephrine and novepinepline.  Compoutid
9 had weak antiserotonin aud antibistamine activity.
The concentrations reqaived to deercase the con-
tractions af the isolated guinea pig deum by 50%.
produced by scrotonin and histanine, were 10 and 8
my. 1, respectively.  The very poteut hypotensive ac-
tivity of p-fluoroaroyvlalkyl azaspiranes can tluas he
attributed i part to their prodaction of a decrease in
vaseular resistavce and blockig of epmephrine, nar-
epitnephrine, amd weak antiserotonin effeets.
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Clinical.—Several of the p-fluoroarovlalkylazaspiranes
were found to possess potent CNS depressant, hypo-
tensive, and antimflammatory activity, and to be
clinically effective tranquilizers (2, 5, 6, 9-11, 13, 22,
and 68) at doses of 5to 10 mg., b.i.d. or t.i.d.?®

Based upon the pharmacological findings, particularly
the differential limbie system activation observed in
BEEG studies in cats and the fact that drug (pentyl-
enctetrazol) and electroshock-induced convulsive ac-
tivity have long been used in the treatiment of schizo-
phrenies, 9 was tested chmcally in a mental institu-
tion. 17 The subjeets were 30 male chronie schizo-
plirenies, age 20-5H7 vears (av. 46.7 years), with 2-24
vears (av. 22.1 years) hospitalization who were resis-
tant to other therapy.

Compound 9 had marked antipsychotic cffect at low
dosage. Behavioral and toxicity effects were similar
to those of HP. Treatment was continued for periods
up to 20 weeks and doses were pushed as high as 300
mg./day, or 10 times the maximum recommended dose.
In 9 of 30 patients improvement was noted during
therapy and one patient showed marked and 2 moderate
improvement. At the high doses employed i these
trials a stimulant effect was noted in 8 of the 30 patieuts.

Toxicity effects noted at these high doses werc on the
skin and hair, cousisting of folliculitis, ichthyosis, and
hair loss, and were reversible on discontinuance of
therapy. Two Puerto Rican and three Negro patients
did not manifest the toxie symptoms seen i whites.
Sinee many of the toxic symptoms resembled those
seen with triparanol, a study of the blood cholesterol
levels showed that 9 lowered blood cholesterol ap-
parently by blocking synthesis in the post squalenc

stage.l
@@N—((:HQ)R—COF
9
HO
N-(CH;);"‘COOF

HzN-‘ (CHz),‘l— COOH
GABA

Cl
haloperidol

It was thought that the drug might be of beneticial
effect to hebephrenie sehizophrenies.  However,  its
action on catatonie schizophrenics was most marked.

Structure—Activity Relationships. Y-ABN-(CH.),-Q-
C-R.—The most active compounds of this group were
those 1 which Q was —CO-, C-R was an aryl group,
particularly p-fluorophenyl, Y-AB was an azaspiranyl
moiety, and n was 3. This was also the case with
Janssen's compounds when the B ring was piperidine
and A contained another ring substituted on the
piperidine ring. In our series there was a elearcut
decrease in activity when n was 2 or 4 (34 and 47).
Opening of the B ring also led to decreased activity.

The similarity of the central chain bearing the C-R
and Y-AB substituents to y-aminobutyric acid (GABA)
is striking. The CN'S pharmacology of GABA has been

(135) C.F. Gescliickter, personal comnuunieation.

(16) G. M. Siwpson, T, Furkas, and J. C. Saunders, Psyelopharmacologin,
5, 306 (1964).

(17) G. M. Suuapson, J. 1L, Blair, aud E. 1. Cranswick, Clin. Phuarm.
Therap., 8, 310 (1064).
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the subjeet of numerous reviews.™  Purpura, of al,,®
showed by clectrophysiological measurements that
only w-ammo acids were synapticallv active inhibitors,
that «-amino acids and «w-diamino acids were not
inhibitors, tnat activity decreased with inereasing or
decreasing chain leegth from GABA, and that glycine,
the simplest w-amino acid, retained sonse activity.

The CNS depressant properties of butvrate, 4-hy-
droxybutyrate,” and butyrolactone®=* have been
veported.  The luctone was the most potent, had
the quickest onsct of action of the group, and produced
hypnosis, muscie relaxatioin  without analgesia  or
notable respivatory depressien in animals and elini-
cally.

y-Valerolactone was uractive while propialactoune has
been reported to be a earcirogen.® It thus appears
that of these structures a structural and a spatial
charge distribution relationship to GABA is cesential
for activity.

Experimental

All melting points were ohrained an  Fisher-Jolms hilock or
Thamas-Hoover capillarv-type apparatus and are currected.
Elemental rmicrannalyses were performed by Sehwarzkopf
Micrananalytical Labaratary, Woadside 77, N Y.

2-Azaspiroi4.4]nonane-1,3-dione.—Cyclopentane--eurbaxy-
T-acetic acid anhyvdride (15.4 g., 0.1 nale) was allowed ta react
with excess cancentrated aqueous annannia, henced slawly
180°) and evelized at 18D° for 0.5 hr. ta give the prodiee quanti-
tatively, n.p. 1IA-118°%,  After twa recrystallizarions fram nce-
tune-water, it melted at 120)-122°,

2-Azaspiro[4.4]nonane.—The preceding imide (1% g, 0.084
mole), dissolved in 30 ml. of anhvdrous absalute erier, was
added with stirring to a salution of 8 g. of lithium aluminnm
hydride in 500 ml. of ether. The mixture was stirved 4 hr.,
decompased by slaw drapwise additian af water, filtered Itee of
inorganic neaterials, and dried (Nn,304) overnight, the ether
was stripped off, and the amine was distilled under reduced
pressure to give 8.5 g. (81°¢), b.p. 70° (14 nun.).

The picrate was abtained by addiug 0.1 ml, of the nmine to
10 ml. of a saturated solution af pierie acid in methauol. It
crystallized in diainond-shaped prisms, m.p. 161.5-162°, The
hydrochloride, obtained by bubbling gasenus HC! thraugh nn
ether sohition af the base, was extremely hyvgraseapic and im-
practical to handle. The hydrobromide, ahitained as n by-
pradiet fram the syuthesis af 30, was nat hvgrascapic and melted
at 92-95° and at 99-1Db° after twa reevystallizations o
ebhylncerate.

3-Azaspiro}5.5{undecane-2 4-dione.—T'his irnide wis ohtained
quantitatively by renetion al evelohexune-1, 1-diacetie anhyvdride
with concentrated wqueous wamanin fallowed by evelization at
180° Tar | hire It melted at 168-169° on reerystallizugion rom
cthanal, water, ar eetane-water.

(/8) Iu this conueetion W, .1, Huwwpderr, M. L Weiss, wodd (0 R, uaaeer
1. Aw. Chem. Sve., 70, 4020 (1948) | nuude o wroap of butyeopheooues in
which AB was dietliyl (equivaleat to removal of rinz A and apewine of
ving BB) wlich were usedd as intermediiies for the synthesis of gqayueriue
analogs aad whicle were sereened for antinalarial awd antitaliercular activ-
ity. As no CN¥ praperties were repurted, it woulid be interestinyg to cotn-
pare the effects of tlis structiral change witl our results.

(1) "Inlibition in the Nervous System and Gamma-Amiuolntyeie Acid.”
Proceedings of the Intertationil Symposicar, orte, Calif,, Muy 1050,
Yerramau Preess (19601,

(20) D, Parpara, M. Giewlo, sd T Graeedfest, eocs Sues Eep(o Biol.
Med., 95, 791 (1937).

(21) J. Jouany, J. Gérund, awd 11 Labrit, Compt. read. soc. hiol., 154,
1206 (1960).

(22) J. Jouany, J. Gérard, H, Laborit, and P. Curlo, ibid., 154, 2039
(1960).

(23) M. Jouvet, A, Cier, D. Mounier, and J. L. Valatx, 7vid., 185, 1313
(1961).

(24) P. Bemdn aml R, Herles, Compt, rend., 251, 1312 (1960).

(25) N. J Giarman awd K. Y. Schoidt, Bri. J. Pharmacol., 20, 363
(1963).

(2¢) 1. Dichens aw! 11, E, H. Jowes 1 "Dreitisle Thopice Citucer Chon-
Divign,” 1961, . 7.
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3-Azaspiro[5.5]undecane.—Reduction af 6D g. (D.30% mole of
the preceding indde with 24 g, of lithium alnminam hydride in
cther gave 36 ¢ (7177) of the nanspirare hase with hop. 110-1127
(30 vam.) ar TH° 20mm. Several preparations of this materisd
gnve 77000 vields when the imide was added as o shory ia
cther. By adding the imide dissalved in henzene, ar hy extrie-
ton avernight with ether in o Soxhlet appavacus into the lithiune
shindnurn hydride solution in ethee, vields np to 8377 were
resedized.

The pierate, prepared in mecoanad-saarated  pierie e,
melted av 193194 The hydrochloride, prepared in ether with
adeoliolie HCL melced ne 249-240°. The hydrobromide. ob-
tuined (rom the preparation of 35, melted at 200-201° «n ve-
ervabnllization fromg neetane,

3-(3-Benzoylpropyl -3-azaspiro[5.5]undecane Hydrochloride.

F-Azaspira[aiindeenne (1320 g, 0.1 walked, 900 g. (0.0 mole)
of d-ehloralntyvaplicnone, and Dol g af KT were refliuxed in 100
ml ol taluene for 2 davs. On eooling, 230 ml. ol ether was
wabded, 3-araspiro!5.5lundecane hydrochloride wus reraoved hy
filtrition, all solyents were stripped, the residne was dissolve! in
ether, filtered, wnd ireated with giseous HCL to give the prodined
LS g, ANTOL Lo mehed e 21 21° andd ot 225-224° on ve-
crvatatizatiom ftom aceteate-ether or witer.

8-Methy!l-3-{3-( p-fluorobenzoy!)propy!|-3-azaspiro! 5.5l undec-
ane wias prepared as the preceding cormpaund (0O.D3 MW oseale)
exvept hat, sfter deving and scripping salvenes, the hase was
digtitled O ereoo 1o give 143 2037770, b, 130-1GD7 (0.2 nan

The hydrochloride, ohcuined hy satnvatmg an orher soludon
ol the tase with HCU gas, melced ar 242-244° aned at 2442457
on reervstillizntion fTrom waethanol-erher. The methiodide,
ohtataed by rvefiiximg the hase in erthyl avetate witle an exeess
of moethyl tadide wnd ndding ether, melred wr 2a03-206° on ve-
crvstdlization fram weetone-ether.

3-( p-Chlorobenzhydry!)-3-azaspiro!5.5' undecane Hydro-
chloride.—- p-Chlorahenzhvdryl ehtovide (10 g, 0041 male?
100 ml ol talnene was added drapwise 1o n stirved rveflnxing
sispeasient of 70 ¢ ol anhyvdrous =odiv eohonace and 7.0 ¢
LODHED 1aole) of d-zaspivo A Aamdecee i 50 1wl of oliene
anel refluxed 45 Liee The eooled reaction mixture wirs washesl
with witter and the taluene solation was extrneced three thmes
witl 1077 wpreong HOL The extracts were liltered aad eooled
i the freczer to give T g (6777 ol the prodinet, wa.p. 2792517,
The produet melved ait 283-251° on recrvaallizgion rowa weerh-
snol-eecne orethanol-wicer.

2-]4-( p~-Bromopheny!)butyroy!i-2-azaspiroi4.4inonane.
2-Azaspivo[ddnonane (4 g, 0082 mede) ad 3.3 g0 (D022 males
ol triethyvhunine were dissalved in 100 ml. o ether and conled to
10-15% A solution of 8.4 g, (O.DR2 mole) af 4-(p-hromophenvir-
Imtyvravl ehloride in 5D mil af ether was wlded dropwise wich
staring. The mixture wus stiveed Tor 210 min, aad 200 ml of
A30-50° petralennm ether was added. Triethvliaiae  hvdro-
chiloride was filtered olf, the solvenks were stripped, wond the
nradaet was distilled O vaeun to give 9.8 g oSTEL b 17D -180°
(O L.

2-13-i p~-Fluorobenzoy! )propy!{-1,2-benzisothiazol-3(2H )-onc
1 1-Dioxide. —Naeeharin socdium (102 g, 0DF mole) aad -
eldoro-4 “fhiarohutyeopheaaye (10 ., (103 molet were cofiuxed
G 24 los i 75 ml of dimethyllornammide. The dimethyvi-
fornpunide was removed at the water puap and 200 ml ol water
wis added. A quandtative vield of erude praduer, vwep. 120
1207, was abtadned.  On two recrvstallizntions from acetane -
petroleum ether, it imelied at 1285 -120°

3-13-¢2-Thenoy!)propyll-3-azaspirol5.5/undecane, —"reshiy
distilled 4-chlaro-2-hutyrachienone® (10 g., 0.05% male) and 16.5
e tDL0G ole) of S-azaspivolASImdeenne were refluxed over-
mght in 1l of wiluene containing D1 g.oof KT The mixtnre
wis conded ) diliited with three volmaes af ether, and Henzaspivo-
Alundeeane hvidroehboride was filtered oft . All solveats were
stripped, amd the residie was distilled O raein to give 14 g (86400
ol produet, hops HIO=170° (0.2 v

The hydrochloride, prepared Nwan the hase in ether withe
gaserns HCL melted ae 2322832 ane reervsiallization from
ethanol-ether. The  methiodide, obtained hy  reHuxing the
hrse in othyl aeetate el adding twee volames of ether, welied
al D13-216° an reeryvstadlization freavcethanal,

2-(3-Azaspiro!5.5jundecan-3-y!)-2',6 '-acetoxylidide Dihydro-

2271 T conreiad cormloen s veey dorks Toe fresolyv discidled woater

Vo 8H-8T7 TLLS tnc s eidiodess Laer iewins G e zreeo bn Ui eefeire
tor i fow Jduys,

2 (. H. Grogay, C. I, Gescatesrer, M. F Fresn, axe Lo ML Rice

Val. 8

chloride ¢ 'Spirolidocaine ' ).---A solution of 370 ¢. ¢ 030 nedet ol
ehlorancety! ehilaride was added drapwise with stiveing to o soln-
ron ol At g (000 mnle) of noe'-xvlidene i 400 bl of ghieiad
HOAe wt 13 Adter stirring 11 ndn., a0 solutiem of 100 g0 of
NaOAe e 400 b of water was added.  Alter cooling to sppeosi-
auely 37 the arude N-chloroacetyl-n.n'=xylidene was filtoved,
wished  with water, and recrystallized Trane aleohol a0 vield
Al g iU aelting nt 116 - 1R,

N-Chloroweervl-n o -xyviidene (1l g, 0.3 woles and 1505 2.
(0.1 moler ol S-azespiraddoimdecane were vefluxed i 1 ml.
al toluene tor 4 bl cooled, and diluted with thaeee vohmaes o1
ether.  After removal of the precipiialed S-nzaspiro}dAihmde-
cane hvdroehlovide, the filtrore wis washed widh water and ex-
aetod with 21 of 3, HCL O The extraet was nentilized with
aqueolls amarabe, extracted three taes with erher, the ether
extract= were dried ¢ NaR00), filkered, and weated with an exeess
ol rdeoholie HOL There was ohinined HLA g 0810, 0 of prodine
which raelted s 266- 267° alter reervstdlizanagon Trom aleohal-
cther.

2-1 3-Azaspiro|5.5 undecan-3-y! jethanof. -3-Azaspirolid ane-
decine (A8 g, 008 ade) wies unxed wiech 50 adds of absalnle
ractinmol and coeded o fee-enleinam ehlovide Treezing raixtare,
Ethyviene oxide wis passed tonntil approxiaately 20 g0 el heen
absarbed.  Afrer standing overnigh( the solvents were stripperd
mel the residne was distilled o give G023 g0 @01 L of podnet.
bhop, 14D-144° 212 e s,

‘'he hydrochloride, «hitiined by trenting the base in ether with
gaseous HOL aelted wa 178-18D° after veervstallization Frowe
aeetobe-etlor,

2-(3-Azaspiroi5.5lundecan-3-yl )ethano! p-Aminobenzoate
Dihydrochloride ¢**Spiroprocaine’’), —2-3-Azaspiroa.alumderan-
3-vllethnol (04 g 0.05 male) and 9. g, (0.D3 mole) of p-niao-
henzovl eldovide were vefluxed 3 e in 10D 1wl af toluene soud
cooled, sond two viduaes of edher was wdded. The precipitaced
crude  2-{3-azaspiro’5.5jundecan-3-y!l)ethano! p-nitrobenzoate
1 g, 9N was aot further ehirneterized. The p-nitroben-
zonte {10 g, D.029 aade) was dissolved e 200 ml. of ethanol wnd
S0 ml od rednol, 1 ogo oC DY patladinm an ehareoad wis
sdded ind hvdeogenated in the Pare low-pressnve hvdragenatoar.
The enelvsl wis filtered. che solvents were seripped off, aud 10
ah ol aleoholie HCU gnd 200wl of ether were aldded, The
dihydrochloride ¢ ., 53Y, 1 was obtamed which melted ar 224 -
222G wnd g 2242237 onreervsGdlizadon fram aleohol-ether.
2-13-Azaspiro{5.5/undecan-3-y! jethy! Chloride Hydrochloride.
2-03-Aznsparo Do jundecuei-vhDethapol (145 10, 0,078 wnde)
w100 adds al aahivdraas methviene eldoride was added dropwise
wich stirving ¢ 25 . (21 mole) of thionyt ehlaride in 50 mlof
muhivdrons methylene ehilovide sund relluxed 3 b
Howas dilnted with two volumes of ethyl aeetate sond the producet
wis hleered oft and wished with otqer. The vield was 170 g
On dibtting wide a eqand vidwae of ether o additional | g, of
fess e matertal wis obtained to give ol vield o¢ 0Nt
The prodiuet qeelted ot 267.5-2658° an reervstadlizaaon v
oethanol seeetone,

3-(3-Azaspire|5.5 undecan-3-yl )propy! Chloride Hydrochlo-~
ride, - This wis ohGuined in SG', vield on o 0014 3 seale in The
sitme way as the ethyl homcdog aond melved qd 209-21807 aa ve-
crvstallization from methanal-ether.

3-13-Azaspiro[5.5/undecan-3-y! )propy! Chloride, -The pre-
coding ehloride hyvilrochluride was digsalverd in che mininnm of
water sund tresced ad 1D-20° with o slight excess of DV NaOT
ared imnaediately extreted with ether. The extmet was dried
over NS0, the echer was stripped, aad the azaspiveudkyl
hadide was abuined in 9307, vield, h.p. 94-06° £0.13 mm. L

The methiodide, ohiained hy cefluxing the hase with excess
methyl iodide in echyl weetate, eanling, and diluting with twe
volimes of ether, melted ar 200-207°.

3- ' 3-{n-Trifluoromethylphenoxy )propy!i-3-azaspiro|5.5jun-
decane.- - 3-Azaspiro A0 udeean-t-vDpropyl ehileride €37
0023 taole) in 23 1wl aleohol was added toca solutian of 41
g (020 woled of we-arilinoromediyviphena! and 1.2 g of NaOl
i 2340 tal of adeohal, vetluxed 4 ey caoled, snd filtered Trowa
NaCl. The aleohol was distilled, the residue was dissalved in
cther el filtored, (he ether was stripped, and the product was
olitained on distillation {7 g0, 70770, bape 13D-140° (0.1 ).

The hydrochloride wis obtiained hy treating the hase in evher
sobtione with HOU gas snd melied ot 22422375 o1 veeeystadli-
zition frota aeetoae,

3-( p~Fluorophenoxy ipropy! Bromide. - -p-Fhiorophenol «Adi .
L robe Sechloro- bpropaned 748 5, 0.5 molen and 21 g (D03
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mole) of NaOH were refluxed in 500 ml. of ethano! for 24 hr.
The mixture was cooled, NaCl was filtered off, and the alcohol
was distilled to yield crude 3-(p-fluorophenoxy)-1-propanol,
This material was not further characterized but was esterified
directly by refluxing for 24 hr. with a mixture of 120 ml. of 489,
aqueous HBr and 20 ml. of concentrated H,80s. The esterifica-
tion mixture was poured into 2 . of cold water and extracted
twice with 230-m!., portions of ether. The ether extract was
dried over Na,S0O; overnight and filtered, the ether was stripped
off, and the residue was distilled to give 105 g. (90%) of the title
compound, b.p. 134-136° (17 mm.). Analytical figures pertain to
the entire samiple and not a mideut,

Anal. Caled. for CgHBrFO: C, 46.38; H, 4.32; Br, 34.28.
Found: C, 45.90; H, 4.81; Br, 33.81.

2-[(3-p-Fluorophenoxy )propy!|-2-azaspiro[4.4|nonane.—2-
Azaspiro[4.4]nonane (5 g., 0.04 mole) and 4.7 g. (0.02 mole) of
3-(p-fluorophenoxy)propy! bromide were refiuxed for 8 hr.
in 30 ml. of toluene. The cooled reaction mixture was diluted
with several volunies of ether and precipitated 2-azaspiro[4.4]-
nonane hydrobromide was removed by filtration. The solvents
were stripped, and the residue was distilled to give 4.1 g. (75%)
of the title compound, b.p. 115-120° (0.24 mm.).

The hydrochloride, formed in ether with gaseous HC!, melted

at 114-115° after two reervstallizations from ethy! acetate.

5-(3-Azaspiro[5.5]undecan-3-yl)-1-pentanol.—Cyclohexane-
1,1-diaceti¢c anhydride (15.5 g., 0.085 mole) and 10 g. (0 085
mole) of 3-aminovaleric acid were dissolved in the minimum of
boiling ethy! methy! ketone. The solvent was evaporated and
the residue was heated at 180° for 2 hr. to give the corresponding
intide, 3-(4-carboxybuty!)-3-azaspiro[5.5]undecane-2,4-dione,
quantitatively. This material was not further characterized
hut was extracted overnight into a solution of 20 g. of lithium
aluminum hydride in 2 . of absolute ether. The addition com-
plex was decomposed by slow dropwise addition of water and
stirred 4 hr. Inorganic salts were filtered off and the inorganic
cake was extracted twice with boiling methylene chloride. The
ether and methylene chloride extracts were combined and dried
avernight over anhydrous sodium sulfate. The solvents were
stripped off and the residue was distilled to give the title com-
pound (18 g., 8877 ), b.p. 130-136° (0.13 mm.).

The hydrochloride was formed by treating an ether solution of
the amino alcohol with gaseous HC! and melted at 187.5-188.5°
after two recrystallizations from methylene chloride-ether.

6-(3-Azaspiro[5.5]undecan-3-yl )hexy! Cyanide.—6-Bramo-
hexy! cyanide (19 g., 0.1 mole) and 30.6 g. (0.2 mole) of 3-aza-
spiro[3.5]undecane were refluxed for 8 hr. in 150 m!, of toluene
containing 0.1 g. of KI.  Most of the toluene was distilled at the
water pump and 300 ml. of ether was added. Precipitated
3-azaspiro[5.5]undecane hydrobromide was filtered off, the sol-
vents were stripped, and the residue was distilled to give 22.7
g. (87¢%) of the title compound, b.p. 135-145° (0.3 mm.).

The hydrochloride was obtained on treating an ether solution
of the aminonitrile with gaseous HC! and melted at 232-233°
an  recrystallization  from  acetone-ether. The methiodide
was obtained by refluxing the aminonitrile with an excess of
methy! indide for 0.5 hr. in acetone and diluting with several
valumes of ether. It melted at 120-121° an recrvstallization
from acetore,
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7-(3-Azaspiro]5.5]undecan-3-y!)heptylamine.—The preceding
aminonitrile (17.8 g., 0.068 mole) was reduced with 10 g. of lith-
ium aluminum hydride in absolute ether, and on distillation
vielded the product (13 g., 72%), b.p. 135-145° (0.3 mm.).

The dihydrochloride was obtained on adding 20 ml. of alcoholic
HC! to the base in 25 ml. of isopropy! alecoho! and diluting with
500 ml. of ether. It melted at 271-272° on recrystallization
from methanol-ether.

3-[(4-p-Fluorophenyl-4-hydroxy )buty!]-3-azaspiro[5.5]undec-
ane Hydrochloride.—3-[3-(p- Fluorobenzoy!)propy!] -3 -azaspiro-
[5.5]undecane (9) (7 g., 0.022 mole) was reduced with 1 g.
of lithium aluminum hyvdride in absolute ether. After filtration
of the inorganic material and drying the ether solution over
Na»S0,, the ether was stripped off and all materia! boiling up to
100° (0.2 mim.) was distilled and discarded. The residue was
dissolved in ether, filtered, and treated with gaseous HCl. The
hydrochloride of the product melted at 226-227.5° on recrystal-
lization from methano!-acetone. The infrared spectrum showed
no carbony! absorption and the presence of OH absorption.
3-[(p-Fluoropheny!thio)propyl]-3-azaspiro[5.5.]undecane.—
p-Fluorothiopheno!l (6 g., 0.047 mole), 12.5 g. (0.047 mole) of
3-(3-azaspiro[5.5)undecan-3-vl)propy! chloride hydrochloride,
and 4.2 g. of NaOH were refluxed for 8 hr. in 100 ml. of ethanol.
The precipitated NaCl was filtered, the alcohol was distilled,
and the residue was dissolved in ether and filtered. The ether
was stripped, and the residue was distilled to give the product
(12 g., 799), b.p. 130-136° (0.3 mm.).

The hydrochloride was obtained by treating an ether solution
of the base with gaseous HCI and melted at 231-232° on recrystal-
lization from acetone.

3-[(3-p-Fluorophenylsulfonyl )propy!|-3-azaspiro[5.5] undecane
Hydrochloride.—Sodium p-fluoropheny! sulfinate (9.2 g., 0.05
mole) and 11.5 g. (0.05 mole) of 3-(3-azaspiro[5.5]undecan-3-
vl)propyv! chloride were refluxed in a minimum (approximately
25 ml.) of dimethylformamide for 4 hr., cooled, diluted with
four volumes of water, and kept in the refrigerator overnight.
The oil that separated was dissolved in 10¢, HC| and washed
with water and ether. The HCI solution was neutralized with
209 NaOH and extracted three times with 30 ml. of ether.
The ether extract was washed with water, 105, NaHCOQOj;, water,
and dried over Na.804. The ether solution was filtered and
treated with gaseous HC!l. The precipitate was filtered off,
dissolved in ethanol, decolorized with charcoal, filtered, and re-
precipitated with ether. It melted at 213-218°. After three
recrystallizations from ethanol, there was obtained 13 g. (67%%)
of the title compound, m.p. 218-222°.

9-Methyl-3-[(3-p-fluorobenzoy!)propy!]-3,9-diazaspiro[5.5]-
undecane.—9-\Methyl-3,9-diazaspiro{3.5]undecanet (5 g., 0.03
mole) and 6 g. (0.03 mole) of 4-chloro-4'-fluorobutyrophenone
were refluxed in 30 ml. of toluene containing 0.1 g. of KI for 8
hr. The solvents were stripped, the residue was treated with
excess 109, NaOH, and extracted with ether. The ether extract
was dried over NasSOs, the ether was stripped, and the residue
was distilled to give the product (6.7 g., 675%), b.p. 185-190°
(0.1 mm.).

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



