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Anal. Caled. for CHisCIN:OS,: C, 48.78; H, 4.19; N, 8.96. Found: C,
48.84; H, 4.03; N, 8.78.

Fungistatic and bacteriostatic assays were performed by a serial dilution method
which has been deseribed previously.!
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A series of analogs and derivatives of 2-phenyleyclopropylamine has been pre-
pared in order to study relationships between chemical structure and monoamine
oxidase inhibiting activity.

trans-2-Phenyleyclopropylamine®® is a potent monoamine oxidase
(MAO) inhibitor® and a clinically useful antidepressant agent. To
investigate the effect of structure upon MAO inhibitory activity we
have studied numerous analogs, homologs, isomers, and derivatives
of this drug. Their preparation is reported in this paper; their bio-
logical activity is presented in the following article.

(1) Smith Kline and French Laboratories Postdoctoral Fellow, 1960.

(2) Smith Kline and French Laboratories Postdoctoral Fellow, 1961-1962.

(3) Smith Kline and French Laboratories Postdoctoral Fellow, 1958-1960.

(4) A. Burger and W. L. Yost, J. Am. Chem. Soc., 70, 2198 (1948).

(3) Tranylcypromine, Parnate®.

(6) R. E. Tedeschi, D. H. Tedeschi, P. L. Ames, L. Cook, P. A. Mattis, and E. J. Fellows,
Proc. Soc. Exptl. Biol. Med., 102, 380 (1959);: D. H. Tedeschi, R. E. Tedeschi, and E. J.
Fellows, J. Pharmacol. Exptl. Therap., 126, 223 (1959): H. Green and R. W. Erickson, tbid.,
129, 237 (1960).
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Analogs of 2-phenyleyclopropylamine (Tables 1 and IT) were pre-
pared according to the scheme.

A
RCH==CH. + N.,CHCO.C.H; —— RLH—( HCO.C.H, — RCH—( ‘HNH.

B_—7 CH, ot

RCHCICH.CH.CO.C.H, —

The intermediate ethyl ceyclopropanecarboxvlates were obtained
by two general methods: condensation of ethyl diazoacetate with an
olefin (Method A)* or cyelization of alkyl {-aryl-i-chlorobutyrates
(Method B)." JMethod A gave mixtures of ¢is and frans esters, in
which the thermodynamically more stable frans isomer probably
predominated ,® whereas in Method B only érans esters were isolated.
The esters were hydrolyzed to the corresponding acids with aqueous-
cthanolic potassium hydroxide. Geometrical isomers of 2-(4-chloro-
phenyl)-*1 and 2-(3,4-methvlenedioxyphenylj-** cvclopropanecar-
hoxylic acids were separated. Proof of the configuration of these
acids was accomplished by ozonolysis to cis- and frans-1.2-¢cyclopro-
panedicarboxylic acids.'' eds and trans’? ixomers of l-methyl-2-
phenyleyelopropanecarboxylic acid were obtained by sclective hy-
drolysis! of the mixture of isomeric methyl esters.’* In most in-
stances, however, separation of isomeric acids was not performed. biit
the isomeric mixtures were used for further reaction.

2-Substituted  cvelopropanecarboxylic acids were converted, via
their azides, to corresponding amines by the Curtius procedure,'
Several of the azides were obtained from the reaction of acid chlorides
with sodium azide in anhydrous'® or aqueous’ media. In cases
where decomposition or isomerization occurred in the preparation of
acid chlorides. mixed carboxylic-carbonic anbyvdrides™ were nsed in
forming the azides. The azide of &ans-2-(34-methylenedioxy-

(7) M. Julin, 8. Julia, and B. Bémont, Bull. soc. chicre, Frowes, 304 11060},

(8) For example, see (a) J. Farkad, P. Kovfim, aml 1. Somu, Cellection Cezechoslos, Chem.
Commun., 24, 2460 (1959); (b) J. H. Looker and L. L. Braan, J. Ovg. Chew., 28, 930 (1958);
(e) P. 8. 8Skell and R. M. Etter, Proc. Chem. Sac., 443 { I%l

(9) E.N. Trachtenberg and G. Odian, .J. Am. (/rm. boo.. 80, 4015 (1058,

(10) R. Fuehs. C. A, Kaplan, J. J. Bloowfield, und L. F. Hateh, ./. 00y, Chem., 27, 734 (1062).

(11) H. L. deWaal and G. W. Perold, Chem. Ber.. 88, 574 (16527,

(12) (. W. Percld, J. S. Africay, Chem. Instf., 8,1 {19552,

{13) H. M. Walborsky and L. Plunsker, J. Am. Chewn. Soc., 83, 2138 (1951).  I[n the present
series, selective bydrolyss of mixtures of isomweric rsters was attempted only fur the separation
nf cis and (rans 2-phenyleyclopropanecarboxylic acids and cia- and {rars-1-wethyl-2-plhunyl-
eyelopropanecarboxylic aeids. In both cases. excellent resuvlts were nhtained,

(14) A, Burger. C. 8. Davis, H. Green. TY. H. Tedesrhs, avd ¢ L. Zirkle, /. Med. Phaom.
Chem.., 4, 571 (1961),

(15) P. A. 8. Swith, Org. Reactions, III, 337 (14406}.

(16) C. Naegels and G. Stefanovitsch, Helv. Chim. Acta. 11, 508 (1028).

(17) H. Lindemann. thid., 11, 1027 (1928).

(18) J. Weinstock, J. Org. Chem., 36, 3511 {19G1).
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phenyl)eyclopropanecarboxylic acid was prepared by treatment of
the hydrazide of the latter with nitrous acid. Some of the azides
were not isolated, but were rearranged directly to isocyanates. In
those instances where the azides were isolated, rearrangement was
achieved by carefully heating a solution of the azide in toluene.,

A variety of conditions!® was employed for hydrolysis of isocy-
anates, or carbamates derived from them, to amines. Hydrochloric
acid hydrolysis was the most generally successful procedure, but in
several cases a decided improvement was brought about by alkaline
hydrolysis of trifluoroethyl carbamates obtained from the azide and
2,2,2-trifluoroethanol. Substituted cyclopropylamines (Tables I
and II) were purified by recrystallization of their salts. Distillation
of the amines generally was not attempted because of the relative
instability of compounds of this type.!?

In addition to the amines listed in Tables I and II, 1-amino-6-
phenyl {3.1.0]bicyclohexane (III) was prepared by addition of phenyl-
diazomethane to ethyl 1-cyclopentenecarboxylate (I), hydrolysis
of the ester (II), and Curtius degradation of the resulting acid via
the mixed carboxylic-carbonic anhydride.!®

05H5 CGH5
0.C.H 1.OH™ NH
CoH,CHN; + @"COzCsz - COCHs o 2
reaction
I I 111

1-Methyl-2-phenyleyclopropylamine had been synthesized earlier!4
from a mixture of trams- and c¢is-1-methyl-2-phenyleyclopropane-
carboxylic acids. The sulfate salt obtained from this amine appeared
to be homogeneous but its configuration was not determined. In the
present work pure samples of the trans and cis amines and their hy-
drochlorides (Table II) were prepared from the isolated isomeric
carboxylic acids. Chromatographically, the base obtained from the
trans hydrochloride was identical with the amine liberated from the
previously reported !¢ suifate.

Resolution of trans-2-phenyleyclopropylamine was accomplished
by recrystallization of its p- and L-tartrates from agqueous 2-propanol.

Several N-substituted derivatives of 2-phenyleyclopropylamine
have been reported previously.*'® In Table III are listed descriptive
and analytical data for additional compounds of this type. Syn-
thetic details for these derivatives are given in the Experimental Part.
Similar data for 2-aryleyclopropanecarboxhydrazides, -carboxamides

(19) C. Kaiser, A. Burger, L. Zirngibl, C. 8. Davis, and C. L. Zirkle, J. Org. Chem., 27, 768
(1962),
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4-CICsH,
4-CF;Cell,
4-CH,C¢H,
4-CH,0CqH,
3-C¥;CH,’
:‘-CICGH4
3,4<(CHy0),CeHy#
3,4-0CH,OC,H,
3,4-Cl,CH;
2,5'01206}]3
2-CICeH,
CHy(CHy)s
Cyclohexyl
1-Naphthyl
2-Naphthyl
2-Thianaphthenyl
3-Thianaphthenyl
CH;0%

C(;Hs()i
C:H;CH,
C:H;CH,CH,
CeH:S
2-"Thienyl

Con-
fie ®
lrans

trans
litnes

Lrans

trans
cis
trans

2-SUBSPITITEID CYCLOPROI'Y LAMINES

M.p. of
salt, °C.
195198 dec

203-205
158-162.5
178.5-180.5
182-183
177179
139.5-141.5
206-208
196198
203205
174.5-176.5
128 .5-130
120-122
213-214.5
215-217
199--204
230-231
188--190 dec¢
206208 dec
104 .5-106.5
149--150
186.5~-188.5
139-140

TasLe [

Solvent of
crystallization

IStOH-IGt,()
EtOH-Et,O
EtOH-Et.0)
EtOH-I5t,0
MCQC()—EQ( )
EtOH-Et.O
EtOH-15tOA¢
EtOH-Et. ()
IotOH-¥t,0
EtOH-1t,0
EtOH-Et,O
EtOH--F1t,0
EtOAc-Iit,0)
1-PrOH-bit,()
EtOH-14t,0
1StOH--Fity()
EtOH-INt.0)
-PrOH
EtOH-10t,()
ItOH-1ot0)
KtOH-IstOA¢
EtOH-Et.0
MeOI-Et,0)

Yield,

,Z'h
64.5

33
32
30
54
60
63
48
57
A7
61
31

31

60
17

27 .1

18
57
66
32
73
41
13

5

RCH--CHNI:
NS
CH.

Foruvula
CsH,,CIN . HCI
(JIOHlo}‘)ﬂN . HC]
CoHN . HCI
CieHisNO . HCIL
C1oCil;N .HCI
CoH,;,CIN . HC1
CyHi:NQ, . CeHuNO,5¢
CioHyNO,. HCI
CoH,Ci,N . HC1
C,H,Cl,N .HCI
CoH;,CIN , HCI
CsHaN . CeH sNO58°
ColInN . CH 04/
CuHyN . HCI
CsH N . HCI
CuH, NS . HCI
CuHy NS . HCI
CoH,,NO HCI
CoH;;NO . HCI
CwHuN . HCI
CuHisN . HCle
CH NS . HCI
C:H NS . HCI

crmem —m= Annlyses, S -

-=-——Carhomn - ==~
Caled. Iound
52.95 52.73
50.54 50.39
65.39 65.53
60.15 60.03
50.54 50.46
52.96 52.74
54 .82 54.72
56.21 56.23
45.31 45.46
45.31 45.38
52.96 52.93
54.87 54 .56
61.15 61.05
71.06 70.82
71.06 71.22
58.52 58.29
58.52 58.87
58.22 58.50
HE .22 58.27
65.39 65.32
6G6.83 67 .62
33.58 H3.80
47 .86 47 .32

~—1Tylrog
Caled.

.43
67
.68
.07
67
43
.58
.66
.23
.23
43
87
29
3.42
j.42
.36
5.36
6.52
6.52
7.68
8.16
.00
3.7
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« Unless otherwise noted, configuration is ot known; however, the products probably are mainly the frans isoner, sce ref. 8. Yield
from corresponding earboxylic acid. ¢ The free base was a colorless liquid, b.p. 53-55° (0.35 mm.). *“A. Burger and (. 1. Fitchett,
J. Am. Chem. Soc., 74, 3415 (1952). <« Cyclohexylsulfamate. / Maleate. o N, Caled.: 7.08. I'ound: 6.89. *From cis-2-phenoxy-
cyclapropanecarhoxylic acid.®* ¢ From trans-2-phenoxycyclopropanecarboxylic acid 3%

TasLg 11
CyCLOPROPANE-RING SUBSTITUTED }ERIVATIVES
Ry R
C:;H:.(lj - (lj——N H,
~N 7
CHR,
e -Analyses, Y- - —
B.p.. °C. M.p. of Solvent of Yield, ~—~—7Carbon-—  ~——Hydrogen-—
Cpd. R, R: Rs (mm.) salt °C. crystallization LA Formula Caled. Found Caled. Found
24 CH; H H 69-72(1.1) 181-184 HCO,LEt 63 CyHi:N . HCI 65.39 65.33 7.68 7.64
25+ H CH; H 53-55 46 CioH\sN 81.58 81.34 8.90 8.62
(0.3)
267 C¢H; H H 130-140 188-189 Me,CO-MeOH 31 CisHilN . HC] 73.31 72.88 6. 56 6.40
(0.45) dee.
27¢ H C¢Hs H 140-145 185-187 Cyclohexanc- 40 Ci:Hi:N . HCI 73.31 73.13 6.56 6.27
(0.5)f dee, Me,CO
28« H H CH; 55-57 198-199 EtOH-Et,0 65 CHiN . HCI 65.39 65.58 7.68 7.79
(0.5)
29* H H CH;, 48-49 193-194 EtOH-Et,() G2 CioHN . HCI 65.39 65.49 7.68 7.70
(0.25)7
30 —(CHy)y— H 93 (0.5) 183-186 EtOH-EtOAe 50 CHisN . HCI 68.72 68.50 7.69 7.60
31  —(CHy)— H 154(24) 157-161 EtOH-EtOAc 38 CisHyzN,. 66.07 66.09 7.68 777
dec. 0. 5HQSO4
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| l g§>CH NH,
(CHy)p”

o - Analyses -
M.p. of Salt Solvent of o Coehon - — o~ Hydgeo - ~—
n °C. crystallizatim Yield, ¢, Trormoly Claled. Foun.d Caulbixl. Found
32 1 183-18¢ EtOH-10t,0 82 CyHyN HCI 66.11 65 .98 6. G0 677
33 2 211-212 LEtOH-Et,0 76 CyHpN L HC 07 .51 67 .01 721 718

« Yield from corresponding carboxylic acid.  ® From 2-methyl-2-phenyleyelopropancearboxylie ncid [V. Biro, W. Vocegtli and I, Liuger,
Help. Chim. Acta, 37, 2230 (1954)]. < From an isomeric mixture of 2-methyl-3-phenyleyvelopropancearboxylic acids, predominantly the
trans (phenyl to carboxyl) isomer.® < From 2,2-diphenyleyelopropancearboxylic acid, m.p. 165--167°; reported, m.p. 171° [H. Wicland
and O. Probst., Ann., 530,274 (1937)]. ¢ From trans-2,3-diplienyleyclopropanecarbaxyle seid, nip. 156.5-157.5° [W. M. Jones, J. An.
Chem. Soc., 81, 3776 (1959)]. / Crystallized from hexane as colarless crystals, m.p. 52-55°. “ From trans-i-methyl-2-phenyleyelo-
propanccarboxylic acid, m.p. 81-83°; reported,’? m.p. 79-80°. * Chromutographed on thin layer of alumina nsing CHCL, PtOAc,
Et,NH (95:4:1) solvent; B; = 0.60. ¢cgsisomer. ¢ Chromatographed on thin layer of alumina using CHCI, BtOAe, E6L,NH (95:4:1)
solvent; R; = 0.85. *From 1a,2,3,7b-tetrahydro-1H-cyclopropa[anaphthalene-1-carboxylic acid {M. S. Newman, W. C. Sagar, aud
C. C. Cochrane, J. Org. Chem., 23,1832 (1958)1.

Tasre N1
N-SUBSTITUGTED 1JERIVATIVES OF 2-ARYLCYCLOPROVYLAMINES

ArCH—CHNR,R,
ANy
CH.
-= - Avalyses, 9 --— —
Yield, — Carbop- - --—~.=--=1lydrogen—-
Cpd. Ar Ry R Coubg.* M.p. °C.  Solvent of crystin. b Foruola Caled. Found  Caled. TFound
34 CgHs CH2Colls 1 trans 168-169 EtOII-Et.0 95 CsllaN . HCL 73.97 73.8t 6.98 7.25
35 CeHs CH:CsHs CHs trans  149-150 EtOH-Ft.0 25 CiHipN . 1IC1 74.57 74.64 7.36 8.09
36 C¢Hs CH(CHs)CHa- )it trans 112-113 iPrOTI-Et:0) 08 CsHaN . Co 71.41 71.64 N.86 G.90
CsHs HsO4"
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37

38

39
40

41

42

43

44
45

46
47
48
49
50
51

52

53
54

%1
56

% Unless otherwise noted configuration is not known but is probably mainly trans.’

CsHs
Cs1ls

CsHs
CsHs

CsHs
CsHs
CsHp

CeHs
CsHs

Cslls
3-C1CsHy
3.4-Cl:CsH3
3.4-Cl2Cs 113
3.4-C1.CsHs
CeHsCH,%
2-CI1CeHs
3.4-0CH»-
OCsHs

3.4-0CH,OCsH;
2-Thienyl

5861° (1.0 ;mm.).

CH(C1I3)CH-
(CHa)3sN-
(CHj)2
C0-4-Py
80:CeHs-
4-CH3
CO2C:Hs

CO,C11:CsHs
CO:C(CHjy)s

CONH:
CON(CllIa),

CONHNH.
CH;,

CHs
CH(CHs),
CONII,
CH;

CONH:

(—0)CH;
CO:CHs

CO0:CH;
CO:C:Hs

= OEZR oz om oz o=z

CHs
1
H
CHa,
H

CH3
H

H
H

cis

trans

trans
trans

trans

trans

trans

trans
trans

trans

trans
trans

cis

121-122

134-135

139-140
78.5-79.5

47.5-49.5

75-76

80--82

157-158.5
94-96

200-201.5
173-174
176.5-177.5
135-136.5
161-162.5
157.5-159.5

9094

111-113
86-88

97-99
53.2-53.7

CHCI-EtOAe 67
EtOH-Et.0 91
EtOAc 75
Cyclohexane- 76
H.0
EtOAc- 96
liexane
EtOAc- 70
hexane
TitOAc- 65
hexane
EtOH-H:0 82
EtQAc—- 80
hexane
EtOT-Tt.0 42
EtOH-Et.0 77
EtOH-Et:0 81
Me:CO-Et:0 92
EtOAc 56
EtOH-Ft.0 37
FtOAc- 89
hexane
-PrOH-Et:0 85
EtOH-I1.0 61
EtOH-H:0 34
CsHehexane 87
b Maleate.

CisHaN . Cs
H40.°
CiaH2:N2.2Cs
H04°
CiHuN20
CieH7NO:S

Cr2HisNO2
CiHNO2
CiH1yNO2

CiwH)2N20
Cr2H e N2O

CF)3N50.
HCl
CnH,uCIN.
HC1
CnH,:C1N.
HCl1
CI115C1:N . Cy
HiO4
CiH;oCl2N20
C,:H,7sN . HC1
CywHpCIN20

CuHisNO . HC1
Ci1zH13NO4

C12H1;3NOa
CroHisNO2S

71.¢

75.6
66.

70.

76.

G8.
70.

52

HIN

49

.07

16
56

75

91

53.38

49.
68.
57.

61
61

61

56.
° Dimaleate. ¢ The free base was a colorless liquid, b.p.

.82
.26

.26

85

67 .¢
70.¢

YN

6.

49.

48.

61

.78

.61

.64
5.64

.16

.80
.99

.04
56.

81

-~

)

5.
6.

SO0 W

.86

.71

.92
.96

.37

.41

.21

.84
.90

.51

.29

.32

.11

h7

.29

55

.57

57
20

=

5.
6.

.36

.10
.39

.05
.36
.45
.32
.23
.97

.35

.53
.62

25
16
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and -methylamines are presented in Table IV, and in the Experimental
Part.

A homologous series of 2-phenyleycloalkylamines? was also needed
for pharmacological comparison with 2-phenyleyclopropylamine.
2-Phenylcyclopentylamine?! and 2-phenyleycloheptylamine?? had
been prepared previously from the corresponding ketones via the
Leuckart procedure. Conversion of similar ketones to amines by the
Leuckart method gives predominantly the ¢is isomer,2? whereas reduc-
tion with sodium and ethanol of related oximes usually affords the
trans isomer.?%2* Reduction of 2-phenyleyclopentanone and 2-
phenyleycloheptanone oximes with sodium and ethanol gave amines
differing from those reported previously.??2 TUltraviolet absorption
data were in agreement with assignment of the ¢zs configuration to
the previously reported 2-phenylcyclopentylamine (A, = 267,
e = 1.12 X 10?) and the trans configuration to the amine (A, = 267,
e = 1.19 X 10?) obtained by reduction with sodium and ethanol of
the corresponding oxime. Ultraviolet spectra for the two 2-phenyi-
cycloheptylamines were almost identical.

A series of 1-substituted cyclopropylamines (Table V) was also
required for ecomparison with 2-phenylcyclopropylamine. The prep-
aration of compounds 6769 (Table V) from 1-phenylcyclopropane-
carbonitrile? and compounds 70-72 (Table V) from 1-benzylcyclo-
propanecarbonitrile? is described in the Experimental Part and Table
V.

In the course of synthesis of aryl modified analogs of 2-phenyl-
cyclopropylamine two stereoisomers of 2-(2-pyridyl)cyclopropane-
carboxylic acid were prepared, but attempts to degrade them to
amines were unsuccessful. The ethyl esters? were obtained from
2-vinylpyridine and ethyl diazoacetate. Chromatography on neutral
alumina furnished 749, of an ester which was hydrolyzed to 2-(2-
pyridyl)cyclopropanecarboxylic acid, m.p. 109-110° (previously
reported,*2 m.p. 97-09°, 98-100°). Further elution of the chroma-

(20) C. Beard and A. Burger, J. Org. Chem., 26, 2335 (1961), and references therein.

(21) 6. J. Van Zoeren, U. S. Patent 2,520,516, August 29, 1950; T. R. Govindachari,
K. Nagarajan, B. R Pai, and N. Arumugam, J. Chem. Soc., 4280 (1956).

(22) A. Burger, C. R. Walter, Jr., W. B. Bennet and L. B. Turnbull, Science, 112, 306
(1950),

(23) F. E. King, D. M. Bovey, K. G. Mason, and R. L. 5t. D. Whitehea«l, .J. Chem. Soc.,
250 (1953).

(24) R.T. Arnold and P. N. Richardson, J. 4Am. Chem. Soc., 76, 3649 (1954).

(25) E.C. Knowles and J. B. Cloke, 1bid., 54, 2028 (1932).

(26) F.J. Piehland W. G. Brown, ibid.. 76, 5023 (1953).

(27) A, Burger, D. G. Markees, W, R. Nes, and W. L. Yost, ¢bid., 71, 3307 (1949).

(28) . B. Stevenson and J. R. Johnson, 7bid., 69, 2525 (1937),



TasLe IV
2-ARYLCY(‘LOPROPANECARBOXHYDRAZIDES, -CARBOXAMIDES AND ~-METHYLAMINES
ArCH—CHR
CH.
~——~——————Analyses, Y%
Config- Solvent of Yield, ~——Carbon—— —Hydrogen—
Cpd. Ar R uration M.p.. °C. crystin. %% Formula Caled. Found Caled. Found
57% 4-CICsHy CONHNH: trans 162-163.5 EtOH-H:0 76 C1oH1, CIN,0 57.01 66.59 5.27 5.14
58 3.4-0CH:0Csll; CONHNH: trans 142-144 EtOH 86 CuH)2N203 59.99 59.93 5.49 5.28
59 3.4-0CH:0CsH; CONHN=C(CHgz): s 129-130 EtOH-H:0 80 CuHN203 64.62 64.49 6.19 6.41
60" 2-Pyridyl CONHNI1l» trans 118-118.5 Toluene 88 CyHuNzO 61.00 61.31 6.26 6.63
61 2-Pyridyt CONHNH: cis 151-152.5 Toluene 76 CsHuN:O 61.00 60.94 6.26 6.51
627 CTs CONH, cis 87-89 Hexane 10 CyHy,NO 74.51 74.32 6.88  6.73
63° 4-CI1CH, CONI1: trans 183-184.5 MeOH 49 C1HuwCINO 61.39 61.33 5.15 5.28
64 CeHs CH:NH: trans 187-188 i-PrO11-Ft20 59 CrpoHuN. HCY 65.39 64.62 7.68 7.76
651 CeHs CH:N(CHs)a trans 146-147 i-PrOH- Et20 79 CLHN . IIC1? 68.07 67.86 8.57 8.57
N
66 CsHs C:’ —J 217.5-219.5 -PrOH-Et,0 18 C):HuN2. HCP 64.71 63.75 6.79 7.01
NH
677 3-CF3CH; CONHNH. 94.5-95.5 Toluene 95 CnHpl'sN20O 54.10 53.38 4.54 4.54

¢ From trans-2- (4-chloroplbenyl)eyclopropanecarboxylic acid with cthbereal mazometbane (methyl ester, b.p.140-142° (2 mm.), 709, yield) and refluxing with
equimolar amount of hydrazine in ethanol for 24 hr. ® From ethyl frans-2-(2-pyridyl)eyclopropanecarboxylate witly 1.5 equivs. of hydrazine in ethanol, 7 hr.
reflux, and removal of solvent. ¢ From eis-2- (2-pyridyl) ey clopropanecarboxylic acid »ia the methyl ester [b.p. 90-95° (0.05 wm.)] as in . ¢ A mixture of cis
and frans-2-phenylcyclopropanecarboxylic acids was treated with thionyl cliloride in benzenet and then with ammonia. The trens-amide precipitated and was
filtered; the cis-amide was obtained by concentration of the mother liguors. ¢ From irans-2-(4-chloropbenyl)eyclopropanecarbonyl cbloride with ammonia.
S Caled.: N,7.63; equiv. wt., 183.7. Found: N, 7.51; equiv. wt., 183.2. ¢ From trans-2-aminomethyl-1-pbenyleyclopropane as described for N,N-dimethyl-2-
substituted eyclopropylamines.  The oily eolorless base had b.p. 70-85° (0.7 mm.): 2%p 1.5182. * Caled.: N,6.62. FPound: N,6.52. ¢ Equiv. wt.: Caled.:
222.7. Touvnd: 221.1. 7 Frow the ethyl ester with hydrazive bydrate in boiling ethanol for 5 hr.
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TasLE V

414!

ArRC —CH,
1-SUBSTITUTED (CYCLOPROPYLAMINES ~N

CH,
Solvent Yield, ——Carboy-—— ~——Hydrogen——
Cpd. Ar R M.p. of salg, °C of erystln. LA T'orwula Caled. Fonnd Caled. Found
68 CeH CH.NH. 176.5-177 .5 -PrOH 86 CpHN-HCI 65.39 64.97 7.68 8.07
69 CeH; NHCH; 145-146.5 FtOH-It.0 40 CuHpN-CeHiNO;Se 5886 58.85 8.03 8.29
0 G N 202 203 APrOH-EO 18 CuHN-HCI 7072 70.62 848  8.48
i CeH;CIL, CH.N 1. 185 -186.5 -1’rOH 61 CyHN-HC1 6682 66.74 8.16 8.14
72 CeH;CH. NH 157 .5-159 -PrOH-Ist,0 51 CuH,N-HCI 65.39 65.41 7.68 7.73
734 C¢H;CH, NHCH, 160-162 LtOH-Et.0 38 C,HiN-HCI 67 .17 67.04 8.20 8.39

* Cvelohexylsulfamate.  ® From [-benzyleyelopropanecarbonitrile?® with lithium aluminuin hiydride as deseribed for compound 68.
I'repared hy acid hydrolysis of i-benzylevelopropyl isocyanate (see method for 2-substitited cyclopropylamines).  The isocyanate was
vhtained from 1-benzvleyclopropanecarboxylie acid? by the mixed earboxylie-carbonie anhydride procedure. ¢ From 1-benzyleyclo-
propyl ioevanate (see”) with lithium aluminnm hydride as deseribed for componnd 69, The colorless oily base hoiled at 57--59° (0.5 mm. ).

"TasLe VI

{
2-SUBSTPITUTED CYCLOFROPANECARBOXYLIC ke CHR.

. |
Is1Ers, Acibs AND CHLORIDES? RO CHCOR,
Ri = OC ey = - “Rz = OH .
Yiebl Yield, som e e— Ry = Q) N
b Ed R: R B.p., °C. twu) L M., 7C. o7 Solvend of ceystin. B.p., °C. (ibm.) Yielld, ¢
2-C1CH, H H D2-119 (0.3) 20 B 103--108 (0.4) 71
3-CICgH, H H 91-100 (0.3) 53 * 126-130 (0.6) I
4-CICH: H H 126-146 (12) 60 11103 (0 35 01

146165 (1-2) Il
A-CELCH H Ih 7406 (0.5) 55 ! 101103 (0.3) 88

TAIONHIY aNV VITA(] ‘SIAV(] ‘9aodng ‘@TI8l7 ‘GAISET ‘HESIVY]

TOA

c


oc.ii/'

3-CFsCeH, H H 87-89 (0.4) 63 63-81 30  Cyclohexane 80-85 (0.45) 90
4-CH,;CH, H H 88105 (0.5) 52 109112 (0.4) 91
4-CH,OCH, H H 121-131 (0.8) 69

3,4-CLCeH, H H 104-125(0.4) 36 ¢ 143-148 (0.5) 83
2,5-Cl,CeH, H H 130-138 (0.8) 30 73.5-76 91  EtOH-H,0 103-108 (0.5) 71
3,4-(OCH,0)GH, H H 141-192 (0.6) 65

3,4-(CH,0),CeH,/ H H 102-1047 58

CsH:CH, H H 103-108 (0.4) 50 ¢ 107-118 (0.9) 78
CeHs(CH,)." H H 103-116 (0.3) 34 di

CH.S H H 111-138 (0.4) 76 4

n-CsHy, H H 104120 (8) 67 104-105 (8) 98
cyclo-CeHyy H H 93-120 (0.7) 31 ¢ 85-89 (0.5) 86
1-Naphthyl H H 150184 (2) 47 d

2-Naphthyl” H H 150-152.5¢ 73  EtOH-H,0

2-Thianaphthenyl ~ H H 149-164 (0.5) 71  166-168 91  CH,CH,

3-Thianaphthenyl/ ~ H H 104-114¢ 80  CsH;CH; E

CeH; CH, H 82-110 (0.25) 86 ¢

CH; H CH, 89-113 (0.3) 17 ¢

CeHh —(CHy)— 161-165 (24) 36 139-140m 31  EtOH-H,0

C,H; —+{(CHa)— 171-174 (21) 17 183-184» 69  EtOI-H,0

o Most of these derivatives were not purified further and were not analyzed but were used directly in subsequent steps.  ® Iithyl 1,1a,2,-
6b-tetrahydrocyclopropa [a]indene-1-carboxylate, b.p. 95-120° (0.5 mm.), yield, 559, was prepared by the same procedure. © 1,1a,2,6b-
Tetrahydrocyclopropalajidene-1-carbonyl chloride was prepared by the same procedure, b.p. 120-131° (1.5 mm.), yield, 529%. ¢ Ob-
tained in 65959, vield by the same procedure but notisolated. ¢ Two fractions of this cster were collected. / trans isomer. ¢ A_ Burger
and G. T. Fitchett, J. Am. Chem. Sce., 74, 3415 (1952), reported m.p. 105-105.5°. * Catalytic amount of copper sulfate used in prepa-
ration of ester. ¢ S-Benzylisothiouronium salt, colorless erystals, m.p. 162-163°.  Anal. Caled. for CyeHouN,0.8: C, 67.38; H, 6.79.
Found: C,67.55; H, 6.69. 7 Anaql. Caled. for C,H,,0:8: C, 66.03; H, 4.62. Found: C, 66.26; H, 4.65. * Obtained by the same pro-
cedure but not distilled. ¢ Anal. Caled. for Cy,H,y(S8: C, 66.03; H, 4.62. Found: C, 65.55; H, 4.55. ™ Anal. Caled. for C;3H0,:
C,7720; H,689. TFonnd: C, 77.33; H, 6.89. * Anal. Caled. for C;;HyOs: C,77.75; H,7.46. Found: C,77.87; H,7.18.
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togram with ether gave an ester (15.59 vield) which was hydrolyzed
to an isomeric acid, m.p. 164.5-163.5°.

Experimental determination of effective chromatographic condi-
tions was tedious, involving evaporation of a large number of frac-
tions. In order to shorten this time consuming effort, the eluate was
allowed to run through a cell of an infrared spectrophotometer which
had been set at the carbonyl frequency of the ester mixture, and rapid
evaluation of combinations of solvent and adsorbent could be moni-
tored in this manner (see Experimental). This method constitutes
a considerable simplification of earlier procedures for continuous
spectrophotometric recordings of chromatographic eluates.?*

X-Ray diffraction studies* showed that the acid, m.p. 110°, was
isomorphic with frans-2-phenyleyelopropanecarboxylic acid, whereas
the acid, m.p. 165.5°, and ¢is-2-phenylcvelopropanecarboxylic acid
were isomorphic. On the basis of these studies. the ¢rans configura-
tion has been assigned to 2-(2-pyridyl)cyclopropanecarboxylic acid,
m.p. 110°, and the ¢is configuration to the isomer melting at 165.5°.
Ultraviolet absorption spectra were consistent with these assign-
ments.®  The frans acid showed an absorption maximum at 269
myu (¢ = 4.94 X 10%) and the ¢zs isomer at 265 mu (¢ = 4.07 X 10%).

Acknowledgment—The authors wish to express their appreciation
to Miss Eleanor Garvey, Mr. Elvin L. Anderson and Drs. Harry I8,
Reiff and James W. Wilson of Smith Kiine and French Laboratories
for their valuable assistance.

Experimental?®

trans-2-Phenyleyclopropylamine.—In  addition to  the physical properties
reported previously,* these data are now available for this amine: w.p. 44-45°;
b.p. 74-76° {1.6 mm.), 125-124° (32 mn1.i; #¥*p 1.5560,

Anal. Caled. for CoH, N: C, 81.16: H, %33, Found: C, 80.31; H.8.32.

Resolution of trans-2-Phenylcyclopropylamine.—To a solution of 79 g. (0.525
mole) of p-tartarie acid in 400 ml. of ethaitol wag added a solution of 70 g.
(0.525 mole) of trans-2-phenyleyelopropylamine in 30 ml. of ethanol. The mixture
was cooled to 0° and thie crystals, n1.p. 157-168°, woere filtered.  After five reery=
tallizations from 75% agueons 2-propunol, 45.0 g. of {~i-trans-2-phenyleyelo-

(29) A, Deutsch, R. Zuckerwan, aml M. S0 Dupn, dral. Chem.. 24, 1763 (1952); W, (.
Kenyon, J. E. McCarley, E. (i, Bot cher, Al E. Robinson, atvl AL K, Wiebeo, <bid., 27, 1888
£1955).

(30)  These studies were perforvied by D, Walter 12 Thowmpeson and Mr. Ryehard J, Warren,
Analytical and Physical Chendsiry Section, Smith Kbne and Frenely, Labaratories, to whom
we are indebted.

¢31) R.J. Mohrbacher and N. I1. Croovwell, J. Am. Chem. Soc., 79, 401 (1957).

(32) WMelting points are corrected: bosling points are ancorrected,  Micrognalyses by Mrs.
Doris Rolston and co-workers nf the Analytical and Physical Chemystry Section, Sinith Kline
and Frenel Laboratories, snd Mrs. Dolores Elbs of the Tniversity of Viyginia.
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propylamine D-tartrate, m.p. 188-190°; [«]®p — 30.5° (1% in water), was ob-
tained. This salt was converted, via the free base, into a hydrochloride, m.p.
180-181°; [a]®Dp —75.5° (1% in water), after recrystallization from 2-propanol-
ether,

Anal. Caled. for CqHCIN: C, 63.71; H,7.13. Found: C, 63.86; H, 7.43.

Mother liquors from reerystallization of the above p-tartrate were combined
and the amine was liberated. This amine (45 g., 0.338 mole) was treated with
51 g. (0.338 mole) of L-tartaric acid in the same manner described for the p-tartrate
and 96 g. of crystalline salt, m.p. 171-177°, was obtained. Three recrystalliza-
tions from 75%, aqueous 2-propanol gave 58.0 g. of (4 )-trans-2-phenyleyelo-
provlamine r-tartrate, m.p. 189-191°; [«]%Dp + 31.0° (19} in water) which was
converted into a hydrochloride, m.p. 181-182°; {«]%D 4 75.7°.

Anal. Caled.for CgHCIN: C,63.71; H,7.13. Found: C, 63.94; H, 7.35.

trans-2-Phenylcyclopentylamine Hydrochloride.—Sodium (26.5 g., 1.15 g.-at.)
was added to a warm solution of 20 g. (0.114 mole) of 2-phenyleyclopentanone
oxime?® in 250 ml. of ethanol at a rate sufficient to maintain reflux. After reaction
of sodium was completed, the solution was diluted with water and the mixture
was extracted with ether. The ether extracts were dried and concentrated to give
13.2 g. of a colorless liquid, b.p. 70-83° (0.8 mm.), which was converted into a
hydrochloride, m.p. 143.5-145°, after recrystallization from methanol-ethyl ace-
tate.

Anal. Caled. for C,;HsCIN: C, 66.82; H, 8.16. Found: C, 66.96; H, 8.29.

2-Phenylcycloheptanone Oxime.—This compound was obtained in 689, yield
from 2-phenyleyeloheptanone in the usual manner.3® The colorless crystals were
recrystallized from aqueous ethanol; m.p. 77.5-79.5°

Anal. Caled. for CsHiyNO: C, 76.81; H, 8.43. Found: C, 76.88; H, 8.66.

trans(?)-2-Phenylcycloheptylamine Hydrochloride.—This componnd was ob-
tained from 2-phenyleyclopentanone oxime in 639 yield using conditions identical
with those described above for the synthesis of trans-2-phenyleyclopentylamine
hvdrochloride. The colorless crystalline hydrochloride was recrystallized from
ethanol-ether, m.p. 227-229°.

Anal. Caled. for C;HooCIN: C, 69.16; H, 8.93. Found: C, 69.16; H, 9.09.

2-Vinylthianaphthene.—A solution of 148 g. (0.83 mole) of a-methyl-2-thia-
naphthenylmethanol?®4 in 750 ml. of acetic anhydride was refluxed for 1 hr.
Excess acetic anhydride was removed in vacuo, the residue was diluted with water
and the mixture was extracted with ether. The ether extracts were dried and
concentrated to give 164 g. of a-methyl-2-thianaphthenylmethyl acetate, b.p.
123-129° (0.3 mm.); n%p 1.5690. A vertical column (2.5 X 30 em.) filled with
glass helices (0.6 X 10 mm.) was heated to 470° and the acetate was added drop-
wise in a nitrogen atmosphere. The product was collected in a cooled receiver
at the bottom of the column; it was distilled to give 67.9 g. (639;) of a colorless
liguid, b.p. 78° (0.3 min.), which solidificd on cooling. Reerystallization from
aqueous ethanol gave colorless crystals, m.p. 61-64°.

Anal. Caled. for C,oHsS: C, 74.95; H, 5.03. Found: C, 74.98; H, 5.31.

Ethyl 2-Substituted-cyclopropanecarboxylates. Method A (Reaction of
Ethyl Diazoacetate with Substituted Olefins).'—Fthyl diazoacetate (1 mole)
and a substituted olefin (1.1 moles) were mixed at 0°. A small portion of the
solution (5-10 ml.) was gradually heated to 100-170° until rapid evolution of

(33) R.T. Arnold, J. 8. Buckley, Jr., and R. M. Dodson, J. Am. Chem. Soc., 72, 3153 (1950).
(34) D. A, Shirley and M. D. Cawmeron, tbid., T4, 64 (1952).
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nitrogen was noted, In some cases (see Table VI) 5-10 g. of anhydrous copper
sulfate was added. The remainder of the solution was added to the stirred
reaction mixture at a rate sufficient to maintain the reaction temperature. After
addition was completed, the temperature was increased 20° and the mixture was
held at this temperature until nitrogen evolution stopped (2-6 hr.) See Table V1
for boiling points and yields of ethyl cyclopropanecarboxylates prepared by this
procedure.

Reaction of ethyl diazoacetate with 2-chlorostyrene, 3,4-dichlorostyrene and
2-vinylpyridine? was also performed by dropwise addition of the ester-olefin mix-
ture to refluxing xylene (5 ml. per g. of mixture). In each instance temperatire
control was easier and improved yields (63%, 75% and 909, respectively) were
obtained.

Method B (Cyclization of Alkyl 4-Aryl-4-chlorobutyrates)."—To a solution of
1 mole of 4-aryl-4-oxobutyric acid [4-oxo0-4-(3-thianaphthenyl)butyric acid,®
3-veratroylpropionic acid,* or 3-(2-naphthoyl)propionic acid®] in 1.3 1. of 0.5 A
sodium hydroxide was added slowly sodium borohydride (1 mole) so that the
temperature remained at 40° or below. The mixture was stirred at room tempera-
ture for 4 hr., diluted with water, acidified with hydrochloric acid and extracted
with ether. The ether extracts were dried and concentrated to afford crude 4-aryl-
4-hydroxybutyric acids. These crude acids were heated at 140° (20 mm.) for
2.5 hr. to give the corresponding lactones. To a suspension of lactone in 1.4 1. of
benzene was added 1 mole of thionyl chloride. After the mixture was refluxed
for 4 hr., it was concentrated, the residual oil was cooled to 0° and 200 ml. of th~
required aleohol saturated with hydrogen chloride was added slowly. Ixcess
aleohol was removed i1 vacuo, the residue was dissolved in ether and the solutinn
was washed with aqueous sodium bicarbonate solution. Boiling points, °C".
(mm.), and yields for chloro esters were: ethyl 4-cliloro-4-(3-thianaphtlicnyl:
butyrate, 150° (0.007) (63%); methyl-4-chloro-4-veratrylbutyrate, 170-180°
(1-2) (59%,); and ethyl 4-chloro-4-(2-naphthyl)butyrate, 140° (0.001){75%,).

To a refluxing solution of 1.1 moles of potassium tert-butoxide in 500 ml. of
tert-butanol and 2 1. of benzene, 1 mole of chloro ester was added dropwise. ‘The
mixture was refluxed and stirred for 5 hr.  After cooling, water (1 1.) was added
and the layers were separated. The benzene layer was dried and concentrated.
A solution of the residue in 600 ml. of acetone was shaken for 1 min. with 30 rul. of
1% aqueous potassium permanganate, diluted with water and extracted with
ether., The ether extracts were dried, concentrated, and the residue was distilled
in vacuo. Boiling points, °C. (mm.), and vields of irans esters were: cthyl 2-(3-
thianaphthenyl)eyclopropanecarboxylate, 170-176° (0.7), n*p 1.5697 (3577 );
methyl 2-(3,4-dimethoxyphenyl)eyclopropanecarboxylate. 160-165° (1) (3777;
ethyl 2-(2-naphthyl)eyclopropanecarboxylate, 164-168° (0.3) (859%). The latter
ester crystallized at room temperature.

Hydrolysis of Alkyl 2-Substituted Cyclopropanecarboxylates.—A mixturce of
alkyl 2-substituted cyelopropanecarboxylate (1 mole) and excess potassinm hy-
droxide (2-4 moles) in 859 aqueous ethanol (5 ml. per g. of ester) was stirred
and refluxed for 4-8 hr. The mixture was concentrated and the residie dissolved
in water.  After washing with cther, the aqueons solution was aeidified with

(35) N.P.Bou-Hoiand P. Cagpiant, Ber., T6, 1260 719135,

36) M. A. Ha, M. L. Kapur. andd J. N RAy S Chope Noeo, TOST 01085,

¢37) M. R, Newmsn, R. B. Taylor, T. Wodgson, anvl A, B, Garrett, J. L. Cheone S, 69,
1784 (1947).
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hydrochloric acid. Crystalline acids were filtered and recrystallized. Melting
points, solvent of crystallization and yields (%) of isolated 2-arylcyclopropane-
carboxylic acids are listed in Table V1.

trans-2-(4-Chlorophenyl)cyclopropanecarboxylic Acid.0—The two fractions
obtained by distillation of ethyl 2-(4-chlorophenyl)cyclopropanecarboxylate
(Table VI) were hydrolyzed separately. The lower boiling fraction gave a 639,
yield of acid, m.p. 96.5-98°, after recrystallization from methylcyclohexane.

Anal. Caled.for C,oHyClO,: C, 61.08; H,4.61. Found: C, 61.16; H, 4.34.

Ozonization of this acid in acetic acid solution!! produced a 1,2-cyclopropane-
dicarboxylic acid consisting of a mixture of the ¢is and trans isomers (m.p. 110-
143°; mixture melting point of equal parts of ¢is- and trans-1,2-cyclopropane-
dicarboxylic acids, 115-145°), from which a little ¢rans isomer (m.p. 173-176°)
could be elaborated only by repeated fractional crystallization from water.

A mixture of 54 g. (0.27 mole) of 2-(4-chlorophenyl)eyclopropanecarboxylic
acid (m.p. 96-98°) and 75 ml. of redistilled thionyl chloride was allowed to stand
at 26° for 24 hr., excess thionyl chloride was removed ¢n vacuo and the oily residue
was distilled to give 52.4 g. (88%%) of colorless oil, b.p. 131-133° (1.4 mm.). Hy-
drolysis of this 2-(4-chlorophenyl)cyclopropanecarbonyl chloride with 5 vols. of
water at 25° for 48 hr., gave a colorless solid, m.p. 96-98°, but one recrystallization
from water raised the melting point to 115-117°, undepressed by admixture of a
sample of trans-2-(4-chlorophenyl)eyclopropanecarboxylic acid below. Ap-
parently, chlorination and hydrolysis had isomerized some of the ¢is isomer.

Hydrolysis of the higher boiling ester yielded 489, of an acid which was re-
crystallized from 340 parts of boiling water, m.p. 114-116°.

Anal. Caled. for C,oHeClO;: C, 61.08; H, 4.61. Found: C, 60.97; H, 4.83.

Ozonolysis of this acid gave a 779, yield of a product, m.p. 176-178° (after
recrystallization from water) which was identical (mixture m.p.) with 1,2-cyclo-
propanedicarboxylic acid. Thus, this acid is ¢rans-2-(4-chlorophenyl)eyclopro-
panecarboxylic acid.

2-(3,4-Methylenedioxyphenyl)cyclopropanecarboxylic Acids.—Hydrolysis of
ethyl 2-(3,4-methylenedioxyphenyl)cyclopropanecarboxylate gave 839, of an
acid, m.p. 90-100°. The product (8.6 g.) was dissolved in 1 1. of hot water; the
solution was cleared with charcoal, and allowed to cool to 35° to give 5.6 g. (65%)
of feathery colorless needles, m.p. 124,5-125°,

Anal. Caled. for CuHO4s: C, 64.07; H, 4.87. Found: C, 64.33; H, 5.08.

The configuration of this substance as trans-2-(3,4-methylenedioxyphenyl)-
cyclopropanecarboxylic acid was proved by ozonolysis.!! A yield of 859, of
trans-1,2-cyclopropanedicarboxylic acid, m.p. 176-178° was obtained after re-
crystallization from ether-petroleum ether. A mixture melting point with au-
thentie trans-1,2-cyclopropanedicarboxylic acid gave no depression.

Concentration of the aqueous mother liquors of trans-2-(3,4-methylenedioxy-
phenyl)eyclopropanecarboxylic acid produced 0.85 g. (89%) of colorless prisms,
m.p. 145-147° after recrystallization from 70 ml. of water.

Anal. Caled. for C;H,04: C, 64.07; H,4.87. Found: C, 64.08; H, 5.24.

The configuration of this acid as c¢is-2-(3,4-methylenedioxyphenyl)-cyclo-
propanecarboxylic acid follows from its ozonolysis in acetic acid solution. A 799,
yield of colorless crystals (from ether-petroleum ether), m.p. 134-137°, was ob-
tained. A mixture melting point with authentic ¢is-1,2-cyclopropanedicarboxylic
acid (m.p. 139-140°) was 136-138°.

cis and ¢rans-1-Methyl-2-phenylcyclopropanecarboxylic Acids.—A cold solution
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of 49.3 g. (0.26 mole) of methyl 1-methyl-2-phenyleyclopropanecarboxylate!t and
0.75 g. (0.17 mole) of potassium hydroxide in 150 ml. of ethanol and 25 ml. of
water was stirred at room temperature for 3 hr., then it was refluxed for 1 hr.  Sol-
vent was removed ¢n vacuo, the residue was suspended in water. and the mixture
extracted with ether. Acidification of the aqueous fraction gave 27.5 g. (609
of trans acid which melted at 81-83° (reported,!? m.p. 79-80°) after one recrystal-
lization from aqueous ethanol. The acid was converted to irans-1-methyl-2-
phenyleyclopropanecarboxamide, m.p. 200-202°; reported, ! m.p. 200.5°. Mix-
ture melting points of the acid and amide with authentic saniples, generousiy
supplied by Professor G. W. Perold, Pretoria, South Afriea, were not depressed.
The ether extracts were dried and concentrated. Residual ester (19.0 g.) was
Liydrolyzed by refluxing with an excess of potassium livdroxide in aqueous ethanol
to give 17.6 g. of ecrude acid, nmi.p. 67-85°. Recrystallization from hexane gave
10.3 g. (239%,) of cis acid, m.p. 104-105°.

Anal. Caled. for CyH,,0.: C, 74.98; H, 6.86. Found: C, 74.74; H, 6.74.

The near infrared spectrum of this acid showed cyclopropaune absorption (1.63
u-

cis-1-Methyl-2-phenylcyclopropanecarboxamide. —cis-1-Methyl-2-phenyleyclo-
propanecarboxylic acid (1.76 g., 0.01 mole) was converted to an acid chloride as
described for 2-substituted evelopropancearbonyl chiorides. The acid chloride
was added slowly to 20 ml. of cold 15 ¥ amiouninm hydroxide to give 1.6 g, (9177
of colorless erystals, ni.p. 102-103°, after recrystallization from etlier-petrolenm
other,

Anal. Caled. for C, Hy,NO: C, 75.40; H, 7.48; N, 7.99. Fonnd: ¢, 75.11;
H, 7.50; N, 7.75.

2-Substituted Cyclopropanecarbonyl Chlorides.—A niixture of 1 mole of 2-suh
stituted eyelopropanecarboxylie acid and 2 moles of thionyl clitoride was allowed
to stand at 26° for 24 hr. (ar until gas evolution was completedy.  Excess thiony]
chloride was renioved 7n vacno.  For boiling points and vields of 2-substituted
evelopropanecarbonyl clilorides see Table VI,

2-Substituted Cyclopropyl Isocyanates. (1} Dry Sodium Azide Procedure.!* --
A stirred snspension of 2 moles of sodinm azide in 1.2 1. of aulivdrons toluene was
gradually heated to reflux and a solution of 1 mole of the appropriate acid chloride
in 250 ml. of dry toluene was added dropwise.  The mixture was stirred and re-
fluxed nntil nitrogen evolution was completed (2-48 hr.}), then cooled and fil-
tered. Concentration of the filtrate in va<io gave the erude isoeyanate (A = 1.4
w). These isoeyanates were obtained by this procedure in nearly quantitative
vield:  trans-2-(4-chlorophenyiy-, 2-(4-methyiphenyl)-, 2-(2,5-dichloraphenyl)-,
and 2-(n-aniyD-evelopropyl isnevanate.  The latter compound boiled at 37-43°
(0.5 niu. ).

(2) Wet Sodium Azide Procedure.!”—T0 u stivred solution of 0.1 nole of 2-sub-
stitnted cyvelopropanecarbony] chloride in 300 ml. of acetone at 0° a solution of
0.2 mole of sodinm azide in 45 ml. of water was added dropwise.  After stirring
the mixture at 0° for 30 min., it was poured into | L. of iceswater.  The mixture
was extracted with toluene, the extracts were dried in the ¢old and then heated
cantionsly on a steam-bath until nitrogen evolntion was eonmpleted.  Concen-
tration of the solution gave the izocyauate. These isocyanates, obtained in
nearly quantitative yield, were employved withont additional purifieation: 2-(3-
chilorophenyl)-, 2-cyelohexyl-, 2-(2 thisnaphthenyl}-; trans 2-(3-thianaphthenyl)-
and 1,1a,2,6b-tetrahydroeyelopropafalindence-1-isoeyanate. IBoiling points, °C.
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(mm.), and yields of other 2-substituted cyclopropyl isocyanates obtained by this
procedure are: 2-(4-trifluorometliylphenyl)-, 84-88° (0.5) (87%); 2-(3,4-dichloro-
phenyl)-, 119-124° (0.4) (87%); 2-(2-chlorophenyl)-, 86-89° (0.3) (729); and
2-benzyl-, 96-99° (0.7) (55%).

(8) Mixed Carboxylic-carbonic Anhydride Procedure.!®—To a solution of 0.1
mole of acid in 140 ml. of acetone and 27 ml. of water at 0° was added slowly
0.15 mole of triethylamine in 50 ml. of acetone, and then 0.15 mole of ethyl chloro-
carbonate in 50 ml. of acetone. After stirring the mixture at 0° for 30 min., 0.2
mole of sodium azide in 45 ml. of water was added dropwise. The mixture was
stirred for 30 min. and then poured into an excess of ice-water. The precipitated
carboxazide was extracted with ether, the ether extracts were dried and concen-
trated below 30°. A solution of the residual carboxazide in 400 ml. of toluene was
heated cautiously until nitrogen evolution was completed. Concentration of the
solution gave the crude isocyanate. These isocyanates were utilized without
purification: 2-(4-methoxyphenyl)-, 2-(3-trifluoromethylphenyl)-, trans-2-(2-
naphthyl)-, 2-phenethyl-, ¢is- and trans-2-phenoxy-, 2-methyl-2-phenyl-, and
2-methyl-3-phenyl-, cis- and trans-1-methyl-2-phenyl-1 cyclopropyl isocyanates,
1-phenylbicyclo[3.1.0]hexane-6-isocyanate, and 1-phenyl[4.1.0]heptane-7-iso-
cyanate. Boiling points, °C. (mm.), and yields for distilled isocyanates were:
2-(3,4-dimethoxyphenyl)-, 133-139° (0.8) (70%); 2-(1-naphthyl)-, 140-143°
(0.7) (609%,); 2-phenylthio-, 134-158° (15) (329%); and 11,2,3,7b-tetrahydro-1H-
cyclopropafa]naphthyl isocyanate, 84-90° (0.2) (72%). 2,2- and 2,3-diphenyl-
cyclopropanecarboxazides and 2-(2-thienyl)eyclopropanecarboxazide also were
prepared by this procedure; however, they were converted directly to trifluoro-
ethyl carbamates without isolation of the isocyanates.

2-Substituted Cyclopropylamines. (1) Acid Hydrolysis of Isocyanates.—
Amines listed in Tables I and II, with the exception of compounds &, 16, 17, 23,
26 and 27, were prepared by this procedure. The appropriate isocyanate (0.1
mole) was stirred and refluxed with 7 N hydrochlorie acid until gas evolution had
ceased (1-15 hr.). The mixture was concentrated in vacuo and the residue dis-
solved in water. After extracting the aqueous solution with ether, it was made
alkaline with 2 N sodium hydroxide, extracted with ether, and the ether extracts
were dried and concentrated to give an oily amine. In most instances, the amines
were purified via an acid salt; however, several of the amines were distilled
(Table I and II).

(2) Alkaline Hydrolysis of Isocyanates.—To a solution of 0.1 mole of isocyanate
in 400 ml. of benzene was added 40 ml. of 10 N potassium hydroxide. After the
mixture was refluxed and stirred for 1 hr., it was cooled and the layers were sep-
arated. The organic layer was extracted with 2 N hydrochloric acid. The acid
extracts were made basic and the mixture was extracted with ether. The ether
solution was dried and concentrated. Treatment of an alcoholic solution of the
residual amine with ethereal hydrogen chloride gave compounds 16 and 17.

(3) Alkaline Hydrolysis of Trifluoroethyl Carbamates.—2,2- and 2,3-diphenyl-
cyclopropanecarboxazides (0.08 mole), obtained by the mixed anhydride pro-
cedure, were refluxed with 0.13 mole of 2,2,2-trifluorethanol in 50 ml. of dry
benzene for 4 hr,  After evaporation of solvent and excess reagent, viscous red oils
were obtained. These oils were subjected to hydrolysis, as described above for
alkaline hydrolysis of isoeyanates, to afford compounds 26 and 27 (Table IT).

trans-2-(3,4-Methylenedioxyphenyl)cyclopropanecarboxhydrazide (Compound
58).—trans-2-(3,4-Methylenedioxyphenyl)cyclopropanecarboxylic acid (15.1 g.,
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0.073 niole) was methylated with diazomethane in ether, and the oily methyl ester
was refluxed with 200 ml. of 10697 hvdrazine hydrate in 85 ml. of absolute ethanol
for 5 ir. and worked up.

Methyl trans-2-(3,4-Methylenedioxyphenylcyclopropanecarbamate (Compound
54).—7To a stirred suspension of 13.6 g. (0.062 mole) of trans-2-(3,4-methylene-
dioxyphenyl)evelopropanecarboxhydrazide in 300 ml. of 59, liydrochlorie acid
cooled to 0° was added, dropwise, a solution of 4.3 g. (0.062 mole) of sodium
nitrite in 50 ml. of water at such a rate that the temperatiure did not exceed 0°,
The cooled solution was extracted with toluene, the extracts were filtered, dried
and concentrated to 500 ml. under redueed pressure.  Methanol (300 ml.} wos
added, the mixture was refluxed for § hr., the solvents were removed under
vacuim, and the brown oily residne was indueed to erystallize by addition of a
jew drops of methanol at 0°.

trans-2-(3,4-Methylenedioxyphenyl)cyclopropylamine Hydrochloride (Com-
pound 8:.-—A mixture of 6.0 g. of methyl trans-2-(3,4-methylencdioxyplienyl}-
evelopropanecarbamate aud 300 mi. of a saturated methanolie solution of bariiu
hydroxide was refluxed for 36 hr., cooled to 0°, filtered, and the filtrate was con-
centrated. The residue was extracted with anhydrous ether, the ether solution
was dried, concentrated to 100 ml.,, filtered, and treated with hydrogen chloride.

Ethyl 2-(2-Thienyl)cyclopropanecarbamate (Compound 55).-—A solution of
6.1 g. (0.03 mmole) of 2-(2-thienvl)eyclopropanecarboxazide, obtained by the mixed
anhydride mothod (see above}, was refluxed for 1.5 hr. with 30 ml. of ethanol.
The dark carbamate was decolorized by filtering its ether solution through a short
alumina column, and solidified when a concentrated methanolie solution wus
cooled to —17°.

2-(2-Thienyl)cyclopropylamine Hydrochloride (Compound 23).—A solution of
5.8 g. (0.027 mole) of ethyl 2-(2-thienyljeyclopropanecarbamate in 500 ml. of
saturated methanolic barium hydroxide solntion was refluxed with stirring for
45 hr., the mixture was filtered, and the filtrate evaporated under reduced pros-
sure. The residue was made alkaline and the niixture was cxtracted with ether.
The resulting amine boiled at 53-60° {0.25 mm.}; it was converted to a hydro-
chloride in ether.

1-Amino-6-phenyl[3.1.0]bicyclohexane Sulfate (IIT).—To a stirred solution of
phenyldiazomethane (5.5 g., 0.048 mole) in 175 ml. of ether was added 11.5 g.
(0.08) mole) of ethyl 1-cyclopentenecarboxylate.®® After standing at 25° for 24
hr. ether was removed and the residual oil was lieated at 120° (15 nun.) for 30 min.
The resulting ester was distilled, b.p. 102-108° (0.3 mun.); it was hydrolyzed to an
acid as described for alkyl 2-substituted cyclopropanecarboxylates. The crude
oily acid was converted to an isocyanate as described for 2-substituted cxyclo-
propyl isocyanates, mixed earboxylic-carbonie anhydride procedure.’® Acid
hydrolysis of the isocyanate was carried ont as described for 2-substituted cyclo-
propylamines to give 0.21 g. (2.5%) of a colorless oil, b.p. 90° (0.5 mm.). The
sulfate crystallized from 2-propanol-ethyl acetate as colorless needles, m.p.
144-145°,

Anal. Caled. for CoHpN.08: ), 64.84; H, 6.80. lound: C, 64.90; H,
6.66.

N-Alkyl- and aralkyl 2-arylcyclopropylamines {Compounds 34, 36, 37 and 49). —
A solution of 0.15 mole of 2-aryleyclopropylamine and 0.16 mole of the appro-
priate aldehyde or ketone in 200 ml. of benzene was refluxed azeotropically until

(38) A. H.Cnokand R. P. Linstead, /. Chem. Soc., 956 (1934).
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removal of water was completed (1-2 hr.). After removing the solvent in vacuo,
the residual oil was dissolved in 100 ml. of ethanol and 0.3 g. of platinum oxide was
added. The mixture was hydrogenated at 3.5 kg./em.? and 26° for 2 hr., filtered
and the filtrate was concentrated in vacuo. Compounds 34, 36, 37 and 49 (Table
I11) were purified by recrystallization of their acid salts.

trans-N-(3-Dimethylaminopropyl)-2-phenylcyclopropylamine Dimaleate (Com-
pound 38).—A suspension of 12.7 g. (0.075 mole of trans-N-(2-phenyleyclopropyl)-
formamide!® and 3.2 g. (0.08 mole) of sodium amide in 100 ml. of anhydrous toln-
cne was stirred and refluxed under nitrogen for 2 hr., and then a solution of 12.1 g.
(0.1 mole) of 3-dimethylaminopropyl chloride in 45 ml. of toluene was added
dropwise. The mixture was stirred and refluxed for 12 hr., 100 ml. of water was
added, and the layers were separated. The organic layer was dried and concen-
trated to give a dark brown oil. A mixture of 15 g. (0.06 mole) of this oil and
150 ml. of 12 N hydrochloric acid was stirred and rafluxed for 20 hr., cooled and
extracted with ether. The aqueous layer was made alkaline, the mixture was
extracted with ether and the ether extracts were concentrated in vacuo to leave
an amber oil, which was treated with maleic acid in ethanol.

trans-N-Isonicotinoyl-2-phenylcyclopropylamine (Compound 39).—A solution
of 28 g. (0.21 mole) of trans-2-phenyleyclopropylamine and 14.8 g. (0.11 mole)
of isonicotinoyl chloride in 100 ml. of benzene was stirred and refluxed for 30 min.
The mixture was cooled, filtered, and the filter cake was dissolved in water. The
aqueous solution was made alkaline and the mixture was extracted with methylene
chioride; the extracts were dried and concentrated.

trans-N-(2-Phenylcyclopropyl)-p-toluenesulfonamide (Compound 40).—A so-
lution of 17.0 g. (0.1 mole) of ¢rans-2-phenyleyclopropylamine hydrochloride and
19.1 g. (0.1 mole) of p-toluenesulfonyl chloride in 80 ml. of pyridine was heated at
100° for 2.5 hr., and then poured into water. The precipitated oil was decanted,
dissolved in ethanol, and the solution was chilled to give dense rosettes.

Ethyl trans-2-Phenylcyclopropanecarbamate (Compound 41).—Ethyl chloro-
carbonate (29.6 g., 0.27 mole) was added gradually to a stirred mixture of irans-2-
phenyleyelopropylamine (35.6 g., 0.27 mole) in 70 ml. of 4 N sodium hydroxide at
10°. After stirring the mixture for 30 min., it was extracted with ether., The
ether extracts were washed with 2 N hydrochloric acid, dried and concentrated.
The residual oil distilled at 131-136° (0.1 mm.) and crystallized on standing.

Benzyl trans-2-Phenylcyclopropanecarbamate (Compound 42).—This com-
pound was obtained from irans-2-phenyleyclopropylamine and benzyl chloro-
carbonate as colorless crystals by the same procedure employed for ethyl trans-2-
phenyleyclopropanecarbamate.

tert-Butyl trans-2-Phenylcyclopropanecarbamate (Compound 43).—irans-2-
Phenyleyclopropyl isocyanate?®® (15.9 g., 0.1 mole) was added dropwise to 100 ml.
of tert-butanol to which ca. 0.1 g. of lithium* had been added. The solution was
refluxed for 1 hr., then concentrated to give an oil, which soon crystallized.

Reaction of 2-Arylcyclopropyl Isocyanates with Amines (Compounds 44, 45,
46, 50 and 52).—To a stirred solution of 1 mole of the appropriate amine (am-
monia, dimethylamine, or hydrazine) in 25 ml. of benzene at 10° was added
slowly a solution of 0.1 mole of 2-aryleyclopropyl isocyanate in 100 ml. of benzene,

(39) This compound was obtained from frans-2-phenyleyclopropanecarboxylic acid via the
mixed anhydride method!8; b.p. 53-55° (0.5 mm.).

(40) W.J. Bailey and J. R. Griffith, Abstracts of Papers, p. 12-0, 137th Meeting American
Chemical Society. Cleveland, Ohjo, April 5-14, 1960.
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The resnlting mixtire was stirred for 15 min.  Componnds 39, 34 and 47 were
obtained by filtration of the mixture. TFor compounds 40 and 41, the benzene
salntion was concentrated do racuo to give viscous liquids, which solidified on
standing.

N,N-Dimethyl-2-Substituted Cyclopropylamines (Compounds 47, 48 and 51).—
The appropriate 2-substituted cyelopropylamine hydrochloride (compound 6, 9 or
20) (0.05 mole) was added in portions and with stirring to 18.4 g. (0.4 mole) of
989% formic acid at 0°. A 37% fornialdehyde solution (10.5 g., 0.13 mole) was
added aud the mixture was stirred and refluxed for 3 hr. The mixture was
cooled, 5ml. of 12 N hydrochloric acid was added and it was concentrated in racuo.
The residie was made alkaline with 10 NV sodium lhydroxide aud the mixtnre ex-
tracted with ether. The ether extracts were washed with water, dried and con-
centrated. Tlhie residpal tertiary amines were purified by reerystallization of their
livdrochlorides.

trans-N-Benzyl-N-methyl-2-phenyleyelopropylamine hydrochloride (Componund
35) was obtained from trans-N-benzyl-2-phenyleyclopropylamine hydrochloride
(Compound 34) by the same procedure.

trans-N,N-Dimethyl-2-phenylcyclopropylamine-N-oxide Hydrochloride (Com-
pound 32).—A mixture of 7.7 g. (0.48 mole) of trans-N,N-dimethyl-2-phenyl-
cyvelopropylamine? and 8.15 g. (0.072 mole) of 309, hyvdrogen peroxide was stirred
at 26° for 20 hr.  The solution was treated with charcoal (0.2 g.) and 109, pla-
tinum on earbon (0.2 g.) to decompose excess hydrogen peroxide, The mixture
was filtered and the filtrate coneentrated in vacuo to give a colorless syrup, an
ethanolic solution of which was converted to a hydrochloride.

c13-2-(3,4-Methylenedioxyphenyl)cyclopropanecarboxhydrazide (Compound
59).—This was obtained by the same procedure described for the trans-isomer
(Compound 58). As the hydrazide could not be ervstallized, n small portion was
identified as the isopropylidene derivative.

Methyl cis-2-(3,4-Methyldioxypheny!)cyclopropanecarbamate (Compound 55).
—This was obtained by diazotization of the ¢is-hydrazide, followed by methanoly-
sis as described for the frans-isomer (Componnd 54).

cis- and frans-2-{2-Pyridyl)cyclopropanecarboxylic Acids.—A mixture of ethyl
2-(2-pyridyljcerclopropanecarboxylates was obtained by the reaction of ethyl di-
azoacetate with 2-vinylpyridine.?” Chromatography through 65 parts of Fisher ad-
sorption alumina using benzene as an eluent furnished 209, of the ester which had
heen applied to the column. Saponification of 14.5 g. (0.076 mole) of this ester
with 30 ml. of an 80% ethanolie solution of 4 g. (0.1 mole) of sodium hydroxide,
removal of the solvent, acidification to pH 6.5 and continnous extraction with
ether gave an acid which after recrystallization from benzene or toluene appeared
us rosettes, m.p. 109-109.5°. This acid was shown by X-ray diffraction studies®
to be isomorphic with {rans-2-phenyleyelopropanecarboxylic acid: it is therefore
assigued tlie trans-configuration.

Anal. Caled. for CGHNO,: C, 66.25; H, 5.56. Found: C,66.73; H, 5.47.

Further elution of the column with dry ether furnished another 139; of an
isomeric ester which after saponification gave an acid crystallizing from benzene
as tiny clusters, m.p. 164.5-165.5°. X-Ray diffraction studies® have shown this
acid isomorphic with ¢is-2-phenyleyelopropylamine; it is therefore asgigned tlie
cis-configration.

Anal. Caled. for CgHNO,: C, 66.25; H, 5.56. Found: C, 66.29; H, 5.71.

Slightly higher yields were obtained in larger runs, but the evaporation of up to
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80 eluate fractions was time consuming and recovery was incomplete.

Therefore, another method for the separation of the isomeric ester was de-
veloped. The eluate was passed through the solute cell of a Perkin-Elmer infrared
spectrophotometer, Model 21. The wave length was set at the carbonyl band
which was the highest absorbancy for both esters. The connection between re-
cording drum drive and wave length scanning was disengaged so that the pen
recorded the concentration of carbonyl compound in the eluate, as a function of
time. In preliminary experiments, the sensitivity of the instrument setting was
determined. At 5.785 g in an 0.06 mm. cell without solvent compensation and
base line at 100 % 19} transmission, values for transmission ran from 119 of a
10.3 vol. 9 solution of the ester in carbon tetrachloride to 949 of an 0.5 vol. %
solution of the ester. That means that concentrations of 0.2 vol. &, of ester could
be detected readily in an eluate.

The chromatographic column was clamped directly to the solute cell by means
of a short capillary tubing and a syringe-glass joint. The eluate was drained from
the cell through another tube into a measuring eylinder. Seven experiments
were performed, each with 0.4 ml. of ester being applied to a 1.8 X 9 em. column of
20 g. of neutral adsorption alumina (Woelm). The data are listed in Table VII.

TasLE VII

DEVELOPMENT OF THE CHROMATOGRAPHIC SEPARATION OF THE GEOMETRICALLY
IsomERIC ETHYL 2-(2-PYRIDYL)CYCLOPROPANECARBOXYLATES (0.4 ml,)

Total
Experi- eluateis),
ment Elvent ml. Remarks
1 CCl, 100 1 sharp peak (no separation)
2 Ether 290 1 flat peak (no separation)
3 CCl, with 10 vol. % 200 2 superimposed peaks
of ether (poor separation)
4 CCl, with 5 vol. 9 60 2 close but separate peaks
of ether (satisfactory separation)
3 CCl, with 2.5 vol. 9, 200 2 well separated peaks
of ether (ideal separation)
6 (a) CCl, 130 1 sharp peak, followed by
(b) Ether 190 a second sharp peak

(ideal separation)

Experiment 6 provided ideal separation by elution first with carbon tetrachlo-
ride and then with ether. Another experiment (no. 7) using 5 times the amount
of ester but only the same amount of adsorbent was carried out with the same
favorable results. Thus, a large-scale separation could now be undertaken with-
ont continuous infrared analysis of the eluate, but patterned on experiments No.
6 and 7.

A 6.9 X 45 cm. column was filled with 1.4 kg. of carbon tetrachloride-slurried
neutral adsorption alumina (Woelm), and 154.3 g. of the stereoisomeric ester
mixtire was applied. Elution with 14.2 1. of carbon tetrachloride produced, after
evaporation, 114 g. of pale yellow oil, b.p. 86-93° (0.1 mm.), with 1.8 g. of tarry
distillation residue. Further elution with 28.1 1. of ether gave the second isomer,
23.6 g. of a yellow oil, b.p. 82-95° (0.1 mim.), with a tarry distillation residue weigh-
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ing 2.6 g. The more abundant ester eluted with carbon tetrachloride gave ou
hydrolysis the acid of m.p. 109-109.5°, while the ether-eluted ester gave acid
nielting at 164.5-165.5° only.

Attempts to interconvert the two stereoisomeric acids via the acyl chloride were
unsuccessful, the unchanged starting acids being recovered from the hydrolysis
of the acid chlorides (hydrochloride) for the most part.

{rans-2-Aminomethyl-1-phenylcyclopropane Hydrochloride (Compound 64).—
trans-2-Phenyleyelopropanecarboxamde (84 g., 0.52 mole) was added during
24 hr. to a suspension of lithium aluminum hydride (65 g., 1.71 mole) in 1200 ml.
of tetrahydrofuran by means of a continuous return extractor.*’ The mixture
was cooled and decomposed with a 109, excess of water, diluted with tetrahydro-
furan, then filtered, and the filter cake was washed with tetrahydrofuran. The
filtrate was concentrated in vacuv to give a colorless liquid, b.p. 76-84° (0.4 mm.);
n®p 1,5472, The amine was converted to a hydrochloride in the usual way.

2-(2-Phenylcyclopropyl)imidazoline Hydrochloride (Compound 66).—A mix-
ture of 61.7 g. (0.32 mole) of ethyl 2-phenyleyclopropanecarboxylate,* 47.9 g.
(0.36 mole) of ethylenediamine dihydrochloride and 90 g. (1.5 moles) of ethylene-
diamine was heated at 250° for 2 hr., allowing excess ethylenediamine and water
to distill. The mixture was suspended in 350 ml. of 4 ¥ hydrochlorie acid, and
extracted with ether. The acidic layer was made alkaline and extracted with
methylene chloride. The organic extracts were dried and concentrated to give
18.7 g. of a viseous oil, b.p. 180-210° (8 mm.). A mixture of this oil and 28.5 g.
(0.51 mole) of caleium oxide was heated for 15 hr. at 230° in a nitrogen atmos-
phere. The mixture was extracted with ethanol and the ethanolic extracts were
concentrated in vacuo. The tarry residue was dissolved in 2 N livdrochloric acid.
After the acidic solution was washed with ether, it was madec alkaline and ex-
tracted with ether. The ether extracts were dried and concentrated to give a pale
vellow liquid, b.p. 125-135° (0.4 mm.), which was converted to a hydrochloride.

1-Aminomethyl-1-phenylcyclopropane Hydrochloride (Compound 68).—A
solution of 20.8 g. (0.15 mole) of 1-phenyleyclopropanecarbonitrile?® in 100 wl. of
ether was added dropwise to a stirred suspension of 5.7 g. (0.15 mole) of lithium
aluminum hydride in 200 ml. of ether. Tlie mixture was stirred and refluxed for
12 hr., then treated with 6 ml. of water, 6 ml. of 2 ¥ sodium hydroxide and 18 ml.
of water. It was filtered, the filtrate concentrated and tle residue converted to a
hydrochloride.

N-Methyl-1-phenylcyclopropylamine Cyclohexylsulfamate (Compound 69).—
A solution of 5.0 g. (0.03 mole) of 1-phenyleyclopropyl isoeyanate (prepared from
1-phenyleyclopropanecarboxylic acid® by the mixed carboxylie-carbonic anhy-
dride method) in 50 ml. of ether was added slowly to a suspension of 1.2 g. (0.3
mole) of lithium aluminum hydride in 50 ml. of ether. The mixture was stirred
and refluxed for 4 hr., decomposed (1 ml. of water, 1 ml. of 2 N sodium hydroxide
and 3 ml. of water), filtered, and the filtrate concentrated to give a colorless liquid,
b.p. 44—47° (0.3 mm.). A solution of this liquid in ethanol was treated with an
ethanolic solution of cyclohexylsulfamic acid.

1-(N-Piperidinyl)-1-phenylcyclopropane Hydrochloride (Compound 70).—A
solution of 26.6 g. (0.2 mole) of 1-phenyleyclopropylaminet? (prepared by hy-
drolysis of 1-phenyleyelopropyl isocyanate with hydrochlorie acid), 23 g. (0.1
mole) of 1,5-dibromopentane and 100 ml. of benzene was stirred and refluxed for

(41) W. G. Brown, Ovg. Reactions, IV, 469 (1951).
(42) 8. C. Bunceand J. B. Cloke, J. Am. Chem. Soc., 78, 2244 (1954).
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20 hr. The mixture was cooled and filtered and the filtrate was concentrated in
vacuo. The residue was refluxed with 50 ml. of acetic anhydride for 1 hr., the
solution was concentrated ¢n vacuo and the residue dissolved in water. After
extraction with ether, the solution was made alkaline and the mixture was ex-
tracted with ether., The ether extracts were dried and concentrated to give a
colorless liquid, b.p. 75-83° (0.3 mm. ), which was converted to a hydrochloride.

2-Substituted Cyclopropylamines. II. Effect of
Structure upon Monoamine Oxidase-Inhibitory
Activity as Measured in Vivo by Potentiation of
Tryptamine Convulsions

Cuarres L. ZirxLE, CarRL Ka1sER, Davio H. Tepescur, and Rarpu
E. TEpEsCcHI

Research and Development Division, Smith Kline and French Laboratories,
Philadelphia, Penna,

and ALrrReED BURGER

Department of Chemistry, University of Virginia,
Charlottesville, Virginia

Received August 1, 1962

The monoamine oxidage (MAOQO)-inhibitory activity of numerous analogs and
ring-homologs of 2-phenyleyclopropylamine, and related compounds, as meagured
in vivo by potentiation of tryptamine convulsions, has been determined. The
results indicated that the structural requirements for potent ¢n vivo MAO-in-
hibitory activity in this clags of compounds are: (1) a cyclopropane ring, (2) an
amino group attached directly to the eyclopropane ring, and (3) a 2-substituent
containing an aromatic moiety. On the basis of an examination of molecular
models of cyclopropylamine derivatives and other types of MAO-inhibitors, pos-
sible modes of interaction of these compounds with MAQ have been considered.

An earlier paper! in this series reported the monoamine oxidase
(MAO)-inhibitory activities of trams- and c¢is-2-phenyleyclopropyl-
amine and various other types of compounds as measured by poten-
tiation of tryptamine convulsions in rats.2® By this and other test

(1) D. H. Tedeschi, R. E. Tedeschi. and E. J, Fellows, Proc. Soc. Ezp. Biol. Med., 108, 680
(1960).

(2) D. H. Tedeschi, R. E. Tedeschi. and E, J. Fellows, J. Pharmacol. Exptl. Therap.. 126,
223 (1959).

(3) D. R. Maxwell. W. R. Gray, and E. M. Taylor. Brit. J. Pharmacol.. 17, 310 (1961),
recently have reported on a similar test procedure in the mouse wherein tryptamine potenti-
ation was used as a measure of MAO inhibition.



