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11-nx0 steroid a greater hypnotiv activity than the 11-
unsubstituted steroid.  Some of these compounds have
just been deseribed as exveptional in other respects, 26
having no substituent on C-3, 4 being previously re-
ported as a hypnotic,® and 33 being an ester whose free
aleohol isinactive.

In two of the pairs (72, 104 and 73, 105) which were
16e-methyl sternids, the hypnotie activities were equal
and i twelve (13, 48; 24, 54; 64, 88 65, 89; 66, 90;
67.91: 75,114; 76,116; 78,130, 81,132; 82,133; and
83, 134) the 11-unsubstituted steroid was the more ac-
tve: indeed, five of the 1l-oxo steroids (48, 54, 114,
132, and 133) were mactive.  Induetion times tended
to be shorter with the 11-oxo steroids.

I all but one (23, 53) of the twelve pairs for which
1.1 values were recorded, the toxieity of the 11-ox0
steroid was lower, often much lower, than that of the
rorresponding 11-unsubstituted vompound.  The thera-
pentiv indires  (LDse,25-min. sleep dose) of 11-ox0
steroids tended to be higher, as they were for three of
the four directly eomparable patrs,

[1-Hydroxyl or -accetoxyl and 9,11- vr 11,12-cpoxide
substitution diminished or abolished any hypnotic ac-
tivity of the parent steroids. Water-soluble 11-hy-
droxy steroids were less toxie than their 11-deoxy
rounterparts.

Further Studies.--3e-Hydroxy-33-pregnane-11,20-
dione  3-phosphate  disodiumi  (91) was considered
promiging as an intravenous anesthetic. Tt formed
stable aqueous solutions, had a high therapeutie index,
and did not produce thrombophlebitis in experimental
animals as hydroxydione did.

Two Cynomolgus monkeys unjcected intravenousty
with 145 and 165 mg. of 91 /'kg. of body weight slept for
about 130 min. (indurtion time 4 1o 5 min.).  After a
dose of 38> myp./kg. another monkey slept for 5 hr.:
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reeovery was rapud. A fowrth monkey received a dose
ol 540 my. ‘keg.: 1t zlept for more than 8 hir., and the
next day nohad fully recoveral. Two eats iujected
mtraperitoneally with 150 mg./ky. berame surgheally
anesthetized 1 20 ov 30 min.; after a further 60 i,
the sleeping vats were given lntravennus doses repeatidly
over 4 period of 105 min, The vats survived total doses
o 800 or 900 my. kg,

This steroil was tried clinjealty by De. AL HL Galley,
who has kindly allowed us to deseribe his results,
Iutravenons dosis of 1.0 1o 1.5 g produced sleep in
adult patients. In all of thens, shortly afier a first -
jertion of as Hitle us 50 g, an extremely unpleasant
paresthesia  developed. “'Privkling”  or “pins and
needles™ began mn the head and extended to the trunk
and legs: nowas worst in the buttorks.  'Tlie pares-
thesia reasedt spontaticonsly after a few mumies and did
not reeur with subscequent doses. This symptom. alsn
found by Robertson.* was considered sufficiently serious
ta preclude further nse of the steroid. 1ts cause is un-
know, bt it may be related to the ability of the steroiil
1o release ervthroryvte potassinim inio the plasma,'' or
1o the pyrogenienty of its parent steroid (though 81 ix
also pyrogente and hydroxydione, his swevinate, s
not ).t

Other Steroids. -The 26 other steroids we tested are
listed in Table 11, Snme produced convulsions, but
uone had hypnotie activity.  Selye found that one of
them,  38-hydroxyvandrost-3-en-17-one 3-hemisuecinate
sodiun (lehydroeplandrosterone suerinate) was hyp-
notie i the partially hepateetomized rat.!

17 Re AL Ndonamar, GO MavGrernar, ML Pratg gud I Gl Tomneds,
Binehym, Plarymaanl. 12, 931 (10631,

12 AL Rappas, W Sgyhel, D (0 Pokosioma, aml 1. 1, Gollapber
Prowra, lesw, L. Ponervians, 720 440 (14503 Ly A, Nappas, W, Soybel,
U, Gibeloman, amwd 10 Ko Fakoeshima, 1M AL dech, Internal Hed., 105, 7D
10605,

Synthesis of cis- and trans-2-Phenoxycyclopropylamines and Related Compounds
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Tu coutinning the study of MAQ inhibitars in these laborateries, the two Z-phenoxyeyelopropylamines were

sviithesized and fonnd (o be potent componnds.
to explore their hiologienl potentials.

From (he various intermediates, derivatives were prepared
Also, severa] sabstituted arvloxyevelopropylamines were synthesized o,

deterniine the relationship between chemieal emstitution and pharmacologival activity.

tn 1959, Tedeschi and vo-workers' announced the dis-
eovery of a potent nonhydrazine monoamine oxidase in-
hibitor, SKI™ (trans) 3835. This compound, 2-phenyl-
cvclopropylamine hydrochloride,”® had been synthe-
sized some years earlier by Burger and Yost®" in con-
nection with a study of cyclized sympathominetic
amiues, A preliminary report?® indicated that the com-
pound is more rapid in its artion, of shorter duration,

) R. K. Tedeseliy, D. . Tedeschi, L. Cook, P. A, Mattis, and . J.
Fellows, presentesl at the 43nl Federativn Meeting, April 13-17, 1959,
Atlantic City, N.J.

() {a) Parnacer, tranyleypronune, Suntb Kbne awml Frenel Labora-
Garies, Tne.; (W) A, Rorger aml W, L. Yost, J. dm. Chem. Sep., TO, 2108
(148,

(3) 1. Lewerve, Am. J. Psyeloat., 11T, 240 (UL,

effective at smaller doses, and relatively free of the side
efferts exhibited by the hydrazine monoamine oxidasc
mhibitors used for the treatment of depression. How-
ever, since its clinical evaluation is complicated by its
strong amphetamine-like action,* we decided to syi-
thesize some related compounds which might retain the
desired pharmacological activity of the new drug with-
out this side effect. Tor this purpose, we synthesized
¢is- and trans-2-phenoxvevelopropylaniine and some nf
its derivatives,” as well as several substituted aryloxy-
evelopropylamines,  In thre interiin, this vompound wis

1) Vool Kinross-Wrinlin e, VT Lanl 8o, 80,0 810 (1w,
), Finkelstein, oo, Soith, aud J. Lee, Delgian Patent 613010 (el
21, 10061}
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ScuHEME 1

Cn
C:H;OCH=CH, + N.CHCOOC,;H; ————> C:H;OCH-—-CHCOOC.H,

xylene N/
CH,
1 2 3
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4

included in an exhaustive study by Kaiser and co-
workers® and by Zirkle and co-workers®® on the effect of
chemical structure upon MAQ inhibition. Neverthe-
less, we wish to deseribe our cheinical work and pharma-
cological findings in this field.

The synthesis of 2-phenoxycyclopropylamine was ac-
complished by the series of reactions shown in Scheme 1.

The reaction between phenyl vinyl ether (1) and
ethyl diazoacetate (2) in the presence of copper was
employed by Julia” to obtain ethyl 2-phenoxycyclo-
propanecarboxylate (3); he hydrolyzed the ester to the
corresponding acid, m.p. 112°.  Since he described the
one acid rather than the two possible diastereomeric
acids, one might assume that the synthesis produced
only one ester. Later, Looker and Braun® employed
the same reactants but without copper and under
slightly different experimental conditions, to prepare
the ester 3. They stated that no attempt was made to
obtain the pure diastereomeric ethyl esters. However,
upon hydrolysis they were able to demonstrate the
presence of the two acids, z.e., trans-2-phenoxycyclo-
propanecarboxylic acid, m.p. 113-113.7°, and the c¢is
isomer, m.p. 135-137°. They therefore concluded that
the latter acid was not obtained by Julia, and that the
trans acid was his sole reaction product. In our hands,
the reaction between 1 and 2 in the presence of copper
produced the ester 3, which proved to be a mixture of
the cis and trans esters of 3. The isomers were sepa-
rated by redistillation through a spinning-band column
and characterized. Thus, we were able to obtain a
fraction which contained 87.39, of one ester and 99.49,
of the other, based upon v.p.c. analyses. The interre-
lationship of the two ester forms was established when
it was found that the 99.49, ester, which had a longer
retention time could be epimerized by refluxing with
sodium ethoxide in absolute ethanol into 95.19, of the
other ester with the shorter retention time. We desig-
nated the ester with the shorter retention time as trans
and the ester with the longer retention time as ¢is,

Additional evidence to confirm these designations was
obtained by hydrolyzing each ester separately to its

(6) (a) C. Kaiser, B. M. Lester, C. L, Zirkle, A, Burger, C. 8. Davis:
T, J. Delia. and L, Zirngibl, J. Med. Pharm. Chem., 5, 1243 (1962); (b)
C. L. Zirkle. C. Kaiser. D, H, Tedeschi, R. E. Tedeschi. and A. Burger, ibid.,
5, 1265 (1962).

(7) M. Julia, Bull. soc. chim. France. 181 (1956),

(8) J. H. Looker and L. L, Braun, J. Org. Chem., 28, 933 (1958).

CH,
5
C:H:OH
CeH:OCH—CHNCO ———> CsH;0OCH—CHNHCOOC:1;
N/ N/
CH; CH,
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HCI\ /O H-

CsH;,0CH—CHNH,
AN
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CH.,
8

corresponding acid. Thus, the cis ester yielded the cis
acid 9, m.p. 136-138°. The trans ester gave the irans
acid 10, m.p. 111-113°. These respective melting
points are in good agreement with those previously re-
ported.®

It will be noted that the synthesis favored the forma-
tion of the thermodynamically niore stable trans form
by a ratio of approximately 3:1 over the ¢is form. A
study of the Dreiding models indicated that phenyl
vinyl ether and carbethoxycarbene, during reaction,
develop a considerable crowding effect in an attenpt to
form the ¢is isomer. In the formation of the trans
product, the two bulky groups do not interfere with
each other. 1In retrospect, this relationship in yield of
the cis and trans isonmiers, can be detected by careful
coniparison of the infrared spectrum of the mixture, as
obtained, with the speetra of the pure ¢is and trans
esters.

Having prepared the ester 3 in cis and trans forins,
each was then treated separately by the same series of
reactions. Thus, the cis and trans hydrazides 4 were
prepared by refluxing the esters with 859 hyvdrazine
hydrate in ethanol. The hydrazides were then sub-
jected to the Curtius degradation.® Proceeding
through the azides 5, isocyanates 6, and urethans 7,
we encountered no unexpected difficulties. However,
the urethan was extremely resistant to hydrolysis and
poor yields of the amnines 8 were obtained. Then, it
was found that the isocyanates 6 could be isolated and
when these were hydrolyzed with concentrated HCI,
high yields of the amines 8, ¢is and #rans, were obtained
as readily distillable colorless liquids which formed pure
salts, such as oxalates, maleates, and nonhygroscopic
hydrochlorides. The designations of the amines as ¢is
and frans, since they were obtained from their respec-
tive cts and trans esters, is based upon related and di-
rect evidence. There is overwhelming evidence that
the Curtius rearrangement occurs with retention of
optical and geometric configuration.’® Our own n.m.r,
studies, presently to be discussed in detail, revealed that
the coupling constant for the trans amine, obtained from
the trans ester, is also smaller than that for the ¢is amine,
obtained from the c¢is ester. Had there been any

(9) P. A S, Smith. Org. Reactions. 8, 337 (1946).
(10) P. A. S.Smith in "Molecular Rearrangements,” Part I, P. DeMayo,
Ed.. Interscience Publishers, Inc., New York, N. Y., 1963, p. 530.
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H, Hw He H, R He
Hy, H,,
CH:0 C:H;0
H,
ers s
[n, R = COOH Iln, R = COOH
b, I = COOC,H. b, i = COOCH,
e, i = NH. e, = NH.

ligire 1.

rhange in configuration, these vahies would have been
reversed.

The nonr, studies of the ¢is and (rans esters, acids,
and amiues supplied invaluable evidence to support the
structural configurations and relationships. Table 1
contains the pertinent n.r. data and Figure 1 illus-
trates the proton designations. Information about the
stereorhemistry of the disubstituted c¢yclopropanes can
be obtained from H which appears at a lower field than
the other vyclopropyl hydrogeus due to the deshielding
effeit of the phenoxide group.  In the trans series, the
cight-line pattern of Hy is sufficiently distorted so that
a first-order analysis is not possible.  In la, H, appears
as two overlapping triplets with J4;, = 5.0 ¢.p.s. and
Vil ag -+ Jac) = 6.7 v.p.s. (the appearance of a triplet
does not necessitate that J g = Ji¢). g is also two
triplets in Ib with Jyp = 4.8 c.p.scand Vol 4 + Jac)
= 6.7 c.p.s.  The first-order estimates for the coupling
vonstants for 1 are: Jyp = 3.3 v.p.s.and Jp = 3.6
C.p.S.

Tapre |

CHEMICAL SHIFTS AND Bra oF Cooruane Coxstants vorR Ha

Comaod, Clewmical Rhift for Ha, » Jap + Jac T JJap. e,
L 505 182
1 .Sy 1a o2
th 6.05 IS 2
1Th 505 151
le 642 16,0
He 6.4 1y

Even though a first-order comparison of J g i the
cis and frans structures is not possible, the sums of J 45,
J e, and Jap ran be obtained from the width of the
multiplets.  (Jae + Jap) should be approximately the
same in the ¢is- and frans-substituted cyclopropanes.
Theretore, the sum should reflect the ditference in J yp.
Table I gives the st of Jap, /11 S ap as being largest
for the eis structurves whirh agrees with ¢is coupling
vonstants being larger than trans Tor cyclopropyl com-
pounds. 'This agrees with recent published data. !

In testing the efs- and trans-2-phennxycy clopropyl-
amines (8), it was found that within the Hmits of bio-
logical variations, there are no consistent differences in
activity as MAO inhibitors. This result agrees with
that of Belleau, el al.,'* who discovered that the mono-
amine oxidase lacks optical specifivity, substrate speci-
firity, and does uot distinguish between geometric iso-

11y 1. D, Grabawn and M. T, Rogers, J. 4m. Chkem, Sne., 84, 2240 (1962);
11. M. Nutton aml T. Schaeffer, Can. J. Chem.. 40, 875 (1962): for a dis-
cossion on the analyses of triplet stractures for A)3X systeins, see Jobn D.
Ruberts, “Ap Intendoetion o Spin-Spin Splitting in 1digh Resolntion
Nielear Magnetic Resonanre Speetra.”” W, A, Denjanin aml Cao., New
York, N. Y., 1681, pp. TH-FT.

{123 B. Bellean, M. Framz, 1, Rarla, ol )0 Moran, Jo (Um, Chene Soc.,
82, 57H2 (1U60).

Vol 8
mers. Phese facts simplified matiers nmd all further
work was carried out with the frans amine.  Also, 1
repeated  preparations, the e/s-trans mixture of he
estoers 3. as vbrained, was subjerted ty epimerizatinn to
produce the essentially pure frans ester whirh eliminated
the separation provedure,

The possibility of svnthesizing the 2-phrnoxyeyela.
propylamine (8) by other routes was investigated.
Two sueh methods studied were the Hotmamn degrada-
tion and the Lossen rearrangemert,

The rompoind required for the Hofmanm degrada-
tion, 2-phennxveycelopropancearboxamide  (11)  could
not be obtained by treating the ester 3 with ammonia.
However. it was readily obtained from the hydrazide
(4) by the Alnsworth™ method of hydrogenolysis with
Raney nickel.  The amide 11 was then treated with
bromine in NaOH sohution™ 1o Torm the N-bromoamide
which rearrangel 1o the azide and this was hivdrolyzed
to the amine 8. The 2-phenoxyryclopropatnirarbohy-
droxamic acid (12) required for the Lossen rearrange-
nent was prepared from the ester 3 and hvdroxyl-
amine.  This was then treated with thionyl chloride®
to produre the woeyanute whirh was hydrolyzed in the
established manner to 2-phenoxyeyelopropylamine (8).
Both of these procedures were inferior 1o the Cnrtins
reartion.

To investigate further the biologhal potential of the
2-phenoxyeyrlopropyl group, we prepared a variety
of derivatives for sereening. By veducing ethyl -
phenoxyeyelopropancrarboxylate  (3)  with - lithium
alumini hyvdride, 2-phenoxy-1-evelopropyvhnethanol
(13) was obtained.  Also. tfrom the ester 3, the 8-di-
ethvlaminocethylt ester (14), the g-diethylaminnethyl-
amide (15), and the benzyvlhydrazide (16) were pre-
pared. Irom 2-phicnoxyeyclopropylisocyanate wie pre-
parcd the toluencsulfonylurca (17), the p-trifluorn-
phenylsulfonvhirea  (18),  p-chlorophenylsulfonylurea
{19), and the w-nirophenyisulfonvhuwea (20).  Start-
g with 2-phenoxyevelopropylamme (8), the folowing
anino derivaiives were made: propynyl (21). dinethyl-
aininn (22) and its methiodide (23). the chloroaretamide
{24) which was ronverted intn the diethylaminoaceta-
mide (25). the guanide (26), and the 3.4,5-rrimethoxy-
benzamide (27). A higher homolog, I-aminomethyl-
2-phenoxyevelopropane (28), was prepared by reduring
2-phenoxyryrlopropanccarbnxamide (11) with lichinm
aluminum hydride.

We also expanded the program to include substituted
wrvioxyevelopropylamines in order 1o study the rela-
tionship between chemiral constitution and MAQ in-
hibition.  These rompounds were synthesized fron
their esters™ by a serles of reactions similar to those
eimployed for the preparation of 2-phenoxyeyclopropyl-
amine (8). Based on previous information, these
esters were not separated into their crs and trans forms.
The corresponding hydrazides are listed in Table 11
Their resperiive substituted arvibxyeyrelopropylamines
arc listed in Table 1I1.

Biological Results. -Table 1V reveals the  in
i and n eiiry MAO-inhibitory  activities of the
various arvioxyeyelopropylimines  synthesized  and
thetr romparison with other active compounds.  How-

“ldr Ol Ninswortl, dadl T6, HTT4 (1UDE

14 TR, Walbiz amd I VL Loue, Grg., Rractions, 8, 207 (10467,

1140 L L Dickey, ), ML Staley, amndl 1. 15 Syanin, UL S, Patent 2,304,507
LHA6Y: Chem. Ahatr,, 40, 28485 (10111,
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TasLe 11
2-8r'BSTITUTED CYCLOPROPYLCARBOXITY DRAZIDES
RCH—CHCONHXNH,
AN
H,
Caled.. % Found. %,
No. R M.p.. °C.% Formula C H N C H N
29 p-(CHs).NCsH,O 151-153 C1H7N;0; 61.27 7.23 17.87 61.22 7.54 17.97
30 p-CH;0C¢H.O 140-141 CuH 1 N:0; 59.43 6.32 12.64 59.38 6.56 12.85
31 p-FCsH4O 138-140 CioH1,FN:0, 57.14 5.24 13.33 57.04 5.55 12.65
32 0-CHsCsH,O 137-139 CuHiN:0; 64.05 6.84 13.58 63.76 6.73 13.66
33 p-CH:CsH,0 163-165 CH4N:0, 64.05 6.84 13.58 64.30 6.88 13.52
34 p-CICsH,O 148-149 C1oH 11 CIN:0. 52.93 4.86 12.36 52.90 4.60 12 82
o Water was used as the solvent,
Tasre 111
2-SUBSTITUTED CYCLOPROPYLAMINES
RCH—CHNH,
N/
CH;
Base M.p.. °C. Caled., % Found. %
No. R b.p. °C. (mm.) Salt (solvent) C H N C H N
35 p-(CH;.NCH.O 125-135(2.5) CpH;N.0.-2HCl 211-213 49.81 6.79 10.56 49.70 7.07 10.01
(CH,;0H)
36 p-CH;0C:H.O 110-115(2) CpHisNO:- HCI 184-186 55.81 6.51 6.51 56.16 6.60 6.74
(-PrOH)
37 p-FCH O 70-72 (1) CeH )FNO-HCI 177-179 53.20 5.41 6.89 52.92 5.43 6.80
(CH,CN)
38 o-CH;CH.O 88-92 (2) CpH1:NO-HCI 212-214 60.17 7.06 7.01 60.08 7.36 6.98
(+-PrOH)
39 p-CH;CeH.O 74-76 (1) CpH NO-HCI 168-170 60.17 7.06 7.01 60.18 6.97 6.89
(+-PrOH)
40 p-CICsH,O 94-97 (1.5) CyHNO-2HCI 193-195 49.11 5.04 6.36 48.86 4.97 6.26
(+~PrOH)

ever, our findings for the ¢is- and trans-2-phenoxyeyclo-
propylamiues are not in agreement with those pub-
lished,®® where it was demonstrated that the ¢is com-
pound is ten tinies as active as the trans. These varia-
tions may be due to the different testing methods em-
ployed.

In our laboratories, the in vivo tests were conducted
in mice, and the ¢is isomer was found to be slightly
more active than the trans in the potentiation of 5-HTP
and DOPA. This qualitatively agrees with the re-
ported findings where the tryptamine convulsant test in
rats was used.®® Furthermore, in our #n vivo rat tests,
it was discovered that the ¢¢s isomer is less active on the
brain, equally as active on the liver, and more active
on the heart than the trans form. Our in vitro tests
were performed on the rat liver mitochondria in con-
trast to their®® using the normal rat brain homogenate,
and here we fouud the cis less active. Therefore, our
conclusion is that there is no consistent difference be-
tween the cis- and trans-2-phenoxycyclopropylamines
when measured in the six tests for MAO inhibition used
in these laboratories.

The duration of action for the trans-2-phenoxycyclo-
propylamine (8) is between 5 and 9 days, while that for
tranyleypromine® is 2 to 5 days and for isocarboxazid
it is approximately 30 days. It possesses moderate
appetite depressant effects in rats and stimulates the
locomotor activity in rats.

The acute toxicity (LDs, 72 hr.) in mice was 43 + 6
mg./kg. i.p. and 71 = 6 mg./kg. p.o. The result of sub-
acute toxicity studies of #rans-2-phenoxycyclopropyl-
amine conducted in rats and dogs revealed this non-
hydrazine amine oxidase inhibitor to be a well-toler-
ated drug. Administration of 100 mg./kg. produced

a marked retardation of growth in rats but lower doses
(10 and 1 mg./kg.) were without effect. This highest
dose of 100 mg./kg. is approximately 75 times greater
than the EDs, for inhibition of brain amine oxidase in
this species. Food consumption, hematological, gross,
and microscopic findings did not indicate drug-induced
pathology. Administration of 20 mig. of trans-2-
phenoxycyclopropylamine to dogs produced signs of
sympathominietic stimulation resembling the effects
produced by aniphetamine, whereas 5 mg./kg. did not
elicit signs of drug activity., These doses exerted no
unusual toxic manifestations following repeated ad-
ministrations to dogs and rats.

Compounds 13-28 were also tested for MAO inhi-
bition (in viwo and in witro), HTP potentiation, and
DOPA potentiation, and found to be inactive.

Experimental

Ethy! cis—trans-2-Phenoxycyclopropanecarboxylate (3).—A so-
lution of 695.5 g. of pheny! vinyl ether” (1) in 700 ml. of dry

(16) The infrared spectra were determined on a Beckman IR 5 double-
beam spectrophotometer with NaCl optics (with references to L. J. Bellamy,
“The Infrared Spectra of Complex Molecules." John Wiley and Sons, Inc..
New York. N. Y., 1954), Gas chromatographic analyses were carried out
on a Beckman GC 2A gas chromatography, Thermotra C temperature
programmer, and Sargent recorder Model SR. The preparative g.c. runs
were made on 50-65.ul. samples using a Perkin-Elmer Model 154C vapor
fractometer on a 2.5 m. X 12.5 mm, i.d. glass column, packed with 15%
DC 710-85% Celite 545 at 200° with a He rate about 350 cc./min. The
n.m.r. spectra were obtained with a Varian A-60 spectrometer on 10-159%,
(w./v.) solutions of samples in deuterated chloroform with tetramethyl-
silane as the internal standard. Accuracy limits are about r £=0.02 for
chemical shifts and +0.2 c.p.s. for coupling constants. The melting points
were obtained on a Uni-Melt Thomas—Hoover capillary melting point ap-
paratus and are corrected.

(17) S. M. McElvain and B. Fajardo-Pinzon. J. 4Am. Chem. Soc.. 67,
650 (1945).
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CH.
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«+ The pharmacologieal data were obtained ander the direevion of Dr. Lo O, Raudali, Director of the Pharmenlozieal Taboratories,
12, Bagilon, Ann. N. Y. Acad. Sci., 80, 626 (1959). ¢ 56-Hydroxyiryvptophanr. © 3,4-Dihydroxyphenylalinine,
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xylene plus 2 g. of copper powder was stirred and heated to 120°.
Then a solution of 935 g. of ethyl diazoacetate® (2) in 1 1. of dry
xvlene was added dropwise and at such a rate as to maintain the
reaction temperature and avoid too vigorous a reaction. When
all had been added and the evolution of nitrogen had ceased,
the reaction mixture was refluxed for 1 hr. The solvent and
volatile products were removed in vacuo (nitrogen) at water bath
temperature. The residual oll was fractionated through a 30-cm.
Vigrenx column, and the colorless ester was collected at 113-115°
(1 mm.); vield 1001.5 g. (84%,).

Anal. Caled. for CH140;: C, 69.90; H, 6.80. Found: C,
70.83; H, 6.96.

V.p.c. showed 66.1%, at 7.6 min., 27.59 at 9.4 min., with 4
minor impurities to account for 100%. By applying v.p.c. pre-
parative methods, pure samples of the 7.6-min. ester (trans) and
the 9.4-min. ester (cis) were obtained. Essentially, the infrared
spectra of these compounds contained common characteristic
bands. However, upon superimposition, the finger print region
clearly revealed bands that were present only in the individual
spectrnm and not common to both. These respective bands may
be considered to be characteristic for identifying the pure trans
and cis forms, Infrared bands common to pure cis and pure
trans ester are 2611, 1730, 1248, 1038, 1026, and 968 cm.™!;
infrared bands found only in pure érans ester are 1350, 1164, 1149,
1091, 1074, 1035, 1004, and 966 cm.~1; infrared bands found only
in pure cis ester are 1325, 1163, 1147, 1124, 1087, 1074, 1053,
1026, and 1005 cm. ™.

Separation of cis and trans Esters (3).—A 500-ml. portion of
the above cis-trans ester mixture was slowly redistilled at 1.5 mm.
through a 1.65-m. spinning-band column. The following frac-
tions were separated: fraction I, b.p. 68-102° (30 ml.), n®Dp
1.4810, v.p.c. analysis, 68.3% from 1-4 min., 29.5% at 7 min. 23
sec. (trans), 2.25, at 9 min. 4 sec (cis); fraction II, b.p. 102-109°
(350 ml.), n¥p 1.5065, v.p.c, analysis, 87.39% at 7 min. 34 sec.
(trans), 9.39, at 9 min. 14 sec. (¢is), infrared spectrum similar to
infrared spectrum of v.p.c. preparative frans sample (Anal,
Caled. for CuH1:03: C, 69.90; H, 6.79. Found: C, 69.79; H,
6.91.); fraction III, b.p. 110-113° (41 ml.), n%¥p 1.5100, v.p.c.
analysis, 33.59, at 7 min. 23 sec. (frans), 66.4% at 9 min, 44 sec.
(cis); fraction IV, still residue (60 ml.), n2p 1.5090, v.p.c. analy-
sis, 6.49, at 7 min. 3 sec. (frans), 90.29, at 9 min. 48 sec. (cis).
When this fraction was redistilled, the cis ester was obtained
99.49, v.p.c. pure and its infrared spectrum was superimposable
on the spectrum of the ¢is v.p.c. preparative sample.

Anal. Caled. for C.H1:0;: C, 69.90; H, 6.79, Found: C,
70.02; H, 7.06.

Epimerization of Ethy! cis-2-Phenoxycyclopropanecarboxylate
to the trans Ester (3). Sodium Ethoxide Method.—A solution of
1.84 g. of sodium in 100 ml. of absolute ethanol and 11 g. of ¢is
ester (99.49,) was refluxed for 20 hr., and then the solvent
was distilled in vacuo. The residue was diluted with 50 ml. of
water and acidified with 3 N HCl. No acid crystallized. The
solution was extracted with ether, washed free of alkali, dried,
and distilled. The trans ester boiled at 97-98° (1 mm.). By
v.p.c. analysis, it was shown to contain 93.19; of trans ester and
4,99, of the starting cis ester.

Potassium {-Butoxide-Ethano! Method.—A solution of 31 g.
of ester 3 (86.69, cis and 13.49 frans) in 250 ml. of absolute
ethanol containing 8.4 g. of potassium #-butoxide was refluxed for
20 hr. The excess solvent was distilled in vacuo, and the residue
was worked up as above. By v.p.c. analysis, it was shown to
contain 95.09, of trans ester and 5.09, of cis ester. The infrared
spectrum was indistinguishable from the authentic v.p.c. trans
preparative sample.

When the epimerization with potassium ¢-butoxide was con-
dueted in t-butyl aleohol, 72.29; of trans ethyl ester was obtained
and ester interchange to the extent of 21.89, took place.

Epimerization of Ethyl cis—trans-2-Phenoxycyclopropanecar-
boxylate to the trans Isomer.—(The cis—trans ester mixture as ob-
tained from the reaction contained, by v.p.c. analysis, 7.09, of
volatile impurities, 67.09, of trans, and 26.09, of cis ester.) A
solution of 93 g. of this product in 375 ml. of absolute ethanol
containing 25.2 g. of potassium ¢-butoxide was refluxed for 20 hr.
Worked up as above, the product obtained showed a correct
analysis for 92.8%, of trans and 3.29, of cis esters along with 49

(18) F. B. LaForge. W. A. Gersdorff, N. Green. and M. 8. Schecter, J.
Am. Chem. Soc.. 17, 381 (1952),
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of combined more volatile prodiicts. The infrared spectrum agreed
very well over the entire range with the pure sample.
cis-2-Phenoxycyclopropanecarboxylic Acid (9).—A solution of
41.2 g. of ethy! ¢is-2-phenoxycyclopropanecarboxylate in 100 ml.
of ethanol containing 12 g. of NaOH and 15 ml. of water was re-
fluxed for 3 hr. The white sodium salt of the acid precipitated
from the solution. Most of the solvent was removed in vacuo.
The residue was diluted with 50 ml. of water and acidified with
dilute HCl. The crystalline product was filtered and washed
free of acid; yield 33.5 g. (94.49,), m.p. 136-138°.

Anal. Caled. for C H,0O;: C, 67.41; H, 5.62.
67.46; H, 5.59.

trans-2-Phenoxycyclopropanecarboxylic Acid (10).—A solution
of 41.2 g. of ethy! trans-2-phenoxycylopropanecarboxylate in 100
nil. of ethanol containing 12 g. of NaOH in 15 nil. of water was
refluxed for 3 hr. A very small amount of the sodium salt
precipitated from solution. After distilling most nf the solvent
in vacuo, water was added, and the solution was acidified with
dilute HCI to produce a crystalline product. It was filtered,
washed free of acid, and dried:; yield 32 g. (90.1¢7). After re-
crystallization from water and ilrying in high vacunm at 80°,
it melted at 111-113°,

Anal. Caled. for C,)HywO;: C, 67.41; H, 5.62.
67.78; H, 5.60.

The infrared spectra of the pure cis and the pure frans acids
possessed characteristic bands in common for the functional
groups. However, bands that appeared in each exclusively that
may be considered to be indigenous are: cis acid, 800, 880, 1080,
1087, 1108, 1227, and 1340 em.™}; trans acid, 820, 870, 893, 900,
1092, and 1299 cm. %

cis-2-Phenoxycyclopropanecarboxhydrazide (4).—A solution of
61 g. of cis ester 3 in 65 nil. of absolute ethano! and 220 ml. of
85% hydrazine hydrate was refluxed for 24 hr. Most of the
ethanol was renioved by distillation, and refluxing was continued
for an additional 10 hr. The mixture was cooled and held at 0°
until cryvstallization was complete. The product was then
filtered, washed with cold water, and dried; yield 47 g. (82.5%,),
m.p. 143-144.5°.

Anal.  Caled. for CoHN:0,: C, 62.46; H, 6.25; N, 14.60,
Found: C,62.31; H, 6.25; N, 14.61.

trans-2-Phenoxycyclopropanecarboxhydrazide (4).—As above,
363 g. of trans ester 3 was allowed to react with hydrazine hydrate
to yield 254 g. (759) of this product, m.p. 132-134°,

Anal. Caled. for CoH;2N,0:: C, 62.46; H, 6.25; N, 14.60,
Found: C, 62.63; H, 6.48; N, 14.63,

The infrared spectra of the cis hydrazide and the frans hydra-
zide contained the expected characteristic group bands. How-
ever, bands which appeared in each exclusively and which may be
considered to be indigenous are: cis hydrazide, 804, 847, 980,
1025, 1107, and 1370 em.™?; trans hydrazide, 714, 836, 935, 970,
1036, 1091, 1250, 1333, and 1390 ¢m. .

trans-2-Phenoxycyclopropylisocyanate (6).—A solution of 120
g. of trans-hydrazide 4 in 960 ml. of water and 108 ml, of 6 N
HCl was diazotized at 0° with 48 g. of sodium nitrite dissolved in
110 ml. of water. After completion of the reaction, the oily
product was extracted with ether and dried. The dried solution
was added to 900 ml. of dry toluene and warmed on the steam
bath. Assoon as the ether was removed by distillation, evolution
of nitrogen commenced and continued at a vigorous rate. After
all the nitrogen had been eliminated, the solution was refluxed for
5 hr. and then it was evaporated in vacuo under nitrogen. The
brown residual liquid was fractionated and the product, b.p.
95-96° (1.5 mm. ), was collected as a clear, colorless lignid, yield
78 g. (749%,).

Anal. Caled. for C,)HyNO,: N, 7.99. Found: N, 8.05.

Ethy! trans-(2-Phenoxycyclopropy!)carbamate (7).—A solution
of 20 g. of isocyanate (6) in 100 ml. of ethano! was refluxed for 3
hr. and then was concentrated in wvacuo under nitrogen. The
residual oil was distilled at 1.5 mm. and the produet boiled at
146-148°, yield 24 g. (96%); infrared (CHC), 3448, 1736, 1238,
1033, and 693 cm. 1

Anal. Caled. for CpHi:NO:: C, 65.14; H, 6.83; X, 6.33.
Found: C, 65.26; H, 6.88; XN, 6.00.

trans-2-Phenoxycyclopropylamine (8). A. From Carbamate.
—A solution of 20 g. of carbamate 7 in 30 ml. of acetic acid and
60 ml. of concentrated HCl was refluxed for 24 hr. and then was
concentrated in vacuo under nitrogen from a water bath. The
residue was dissolved in 100 ml. of water, and the solution was
made alkaline with 109, NaOH. The base was extracted with
ether, dried, filtered, and added to a solution of 10 g. of maleic

Found: C,

Found: C,
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acitl in dry ether. A yellowish precipitate formell which was
recrystallized from 2-propanol; yield 5 g., m.p. 122124°.

Anul. Caled. for CaHENO-CH,O4: C, 5R.8]; H. 5.66: N,
5.28. Found: C,59.10; H,5.01; N, 5.43.

The base formed an oxalate, m.p. 162-16:3°, from 2-propanol.

Anal. Caled. for (CeHuNO)-CaHyO4: €, 61.84; H, 6.18; N,
7.21. Found: C,61.84; H.6.00; N, 7.11.

Other reagents investigated for hydrolysis ol the carbamate
were Ba(OH)., concentrated HCI, dilute HCl with and withoud
acetie neid, and refluxing with NaOH. None of these methods
wis better than the one deseribed ubhove.

B. From Isocyanate 6.-—A 1ixturce of 26 g. of trans isocynliin
6, 60 1l. of concentrnted HCY, and 30 mil. of toluene was warmed
to about 80° at which temperntine the evolution of nitrogen
began.  Tewuas kept at 80-00° for 12 hr., aud the excess ueid and
solvent were removed by distillation /2 vacnp. The solid residue
wits lissolved in 100 ml of water, and the solntion was male
alkaline with 2077 NaOH solution.  The oily base wis extracted
with ether, dried, concentrated, nud distilled /n racio; bp. 87-80°
(1.5 mm); yvield 185 g. (8390 af elear eolorless liquid: maleate,
np. 122--124° from 2-propanol.

Anal. Culed. for CHONO-CH,O: C, 5885 H, 5.66; XN,
5.28. Found: C,58.86; H,5.74; N, 518,

‘The hydrochloride, prepard in dry ether with dry HCL, wus
recrystallized from a small armount of ethanol; m.p. 210-212°

Anpl. Caled. for CHyNOCHCL: ¢, 58.20; H, 6.47: N, T.05.
Found: C, 58.55; H, 6.70; N, 7.7,

cis-2-Phenoxycyclopropylamine (8).--Starting with gis-2-
phenoxyeyclopropanecarboxhydrazide (4), the above procedure
for the preparation of azide, isocyanate, mul aniine was repeated
without isoluting any termeduites. The /s amine was thus
obtained as a colorless liquid, b.p. 64-67° (1 mn).  Reuction
with malele acid i 2-propanel gnve the /s maleate salt, m.p.
145-146°.

Adnal. Caled. for CyH3ONO-CLHLO):
5280 Pound: C,98.66; H, 5.55; N, 5.35.

Hydrochloride had ni.p. 189-191° Yethanol.

Anal. Calzd. for CaHENO-HCL: 8, 58200 H, 6,47
Yeamd: ¢, 58.04: H, 6.46; N, 7.47.

The infraved spectra of the pove orx amine and the prre trans
amine possessed charpeteristic bauds in common for the fune-
tionsnl gronp=.  However, hands which appeared in each spectrim
exclnsively and which muay be conxidered to be indigenons are:
¢l anline, 800, 827, 862, 1003, 1027, 1048, 1107, 1170, 1202, and
1344 em. 7 frons amine, 812, 845, 830, 908, 072, 1020, 1167,
1982, and 1384 ¢m. 1,

~is=2-Phenoxycyclopropanecarboxamide (11).—A suspension of
30 g. of hivdrazide 4 in 3 1. of 957 ethanol and approximately 240
g. of most Raney nickel was refluxed for 3 hr. The initial
evolution of amnionia, which was vigorous at first, subsided after
2 I, The renction mixtire was cooled and filtered froni the
nickel, and the filtrate was evaporated /n racno until crystallizi-
tion eansed pxcessive binping.  The mixtnre was then heated to
obtain complete solution, filtered hor, and the colorless filtrate
wis cooled to proditee u eolorless ervstalline produnet: yield 111 g,
(37001 mup. 165-167°: infrared tCHCL), 3534, 3415, 3175, 3003,
16°¢H, 17392, 1502, 1232, 1044, 1025, 1010, and 689 ¢, 74

Anul. Caled. for CeH, NO:: ¢, 6757 W, 6.25: N, .00,
Fouud: C,67.66: H, 5.09: N, 7.78.

r¢s=2-Phenoxycyclopropylamine »iz the Hofmann Degradation.
——8ixtecu grams of bromine wus added dropwise to o stirred soln-
tion of 17 g. of NatOH in 130 ml. o water at 0°, and inunediately
followed by 11 g. of 2-phenoxyeyelopropanecarboxanide (11).
The resction mixtnre was stirred as (lie aimide slowly dissolved
and then for 1 additional hr.  The solntion was glowly wanned np
to 70°, then kept at 70-80° for 2 I, and cooled to 0°. The in-
soluble matter was filtered olf und the filirate was extracted with
several portions of ether. The combined ether extracts were
washied with water ond dried. The filtered etheral solution
wits treated with execess maleic deid dissolved in anhydrous ether,
and the ervstalline malente was obtained: vield 1.5 g It was
rerrystallized three times Trom 2-propannl and then mielted at
140-130°. A mixbire melting point with the previonsly pre-
pared ris-2-phenoxyeyeclopropylnmine maleate showed no depres-
siol.

Anal. Caled. for CsHuNO-CHO,: O, 58.8%: H, 5.66; N,
5.9%. Found: C,58.58; H, 5.30; N, H.17.

trans-2-Phenoxycyclopropanehydroxamic Acid (12).--A soln-
tion of 2.5 g. of sodinm dissolved in 80 ml. of absolute methanol
wis added to o solution of 4.3 g. of hydroxylamine hydrochloride

,OANKS: M, h66: N,

N, 7.55.

Vol 8

i S al ol abselute ethanol.  After switliug the mixture, Na(l
was filtered, the filtrate was refluxed with 11 g, of ethyl trosse-
2-plienoxyevelopropanecarboxylate feo 2 hr., qud the solvent wie
removed 7n raeno nnder nitrogen.  The residue wis diluted widl,
Yonl ol water, acidified with 3.V HCL to pH 3-4, and extracted
with ethier.  Upon evaporation of the ether, o solid was obtained
whiich was first rerevstallized from water ethann] wixtare il
then From benzere to obtain the pore white ervstalline produer:
nep. 144-146°0 infraved (K Br pelletc 33000 5150, 1615, 1258,
P22S 027 0 and 692 e, L

Asorfs Caled, dor CuHRpNOL: G, 52150 1L 5600 N, T.u5,
Foud: €, 52055 H,A.01: N, 7.406.

irans«2-Phenoxvcyclopropylamine 1/ Lossen Rearrangement.

Amixtire of ¥ g.of dhie hivdroxaunie aeid (12) und O gool thiony]
clloride e 250 ml of aulivdeons tolnene was refluxed for 5t
snd then coneenmniaed nuder reduced pressure to an oily residue.
Upon distillatione 1.5 g0 of the eorvesponding isoeyanate, b
W5 1007 22 iy was collocted, The distilled svevinene wies
dissolved o 10 1wl of tolnene, added v 10wl ol coneenivted
HCL and reflnxed tor 12 ke The excess acid aud solveni
were reimove] by coneentration imder reduced pressure 1o yviekl
a dark oily residue which was meated with 50 1wl of witer.
The aqueons phase waz decanted from the n=oluble oil, made
alkaline with 20€¢ aqueons NaOH, ind extracted with severnl por-
tions of ether. The combined ether extraets were waslied with
water and dreiml. The filrered ethierenl solimion was added (o a
solittion of g of malebs aeid o 25 b of dey ether. A white
ervstatine malente was obtained and reerystathized foom 2am,-
panol nep. 1241260, vield 200 g A mixture elting poine
with the product shiained previonshy showed vo depression.

A, Culedl oy CUHANO-CUH,O: COO88S: T1L 566 N,
5280 Pound: Coavo0: HL5.700 N, 5006,

{(nps-2-Phenoxy-1-cyclopropylmethanol (13). -A solution ny
e ol ethy]l trans-2-phenoxyeyelopropanecarboxylute i 120
mb. of dey ether was added dropwige 1+ a stirred snspensini af 8.6
w. of TIATH (i 123wl ot diey ether, and the mixtine was refluxed
for 2 hree While conling, 20 1l of absolnte ethanol was wdded
followed by 100 ud. of enld water. The solution was then
acidified with 109 1LRD): sond extreaeied with eother.  Afrer
evaporation »f the etlier, the oil was frartionally distilled qud
redistilled to give s pure produee: vield 25.6 g0 bopo 105 100° (]
. indfraved SCHCL G 3600, 3060, 30000 {6, (486, 1240,
1040, 127, and 612 e 2.

dnal. Caled. Tor CallanG: €
it H, 760

s=Diethylaminoethy!l ¢/s-truns-2-Phenoxycyclopropanecar-
boxylate (14).—-A mixture of 12 g, of dry g-diethylamitnoetlianol iy
50 ml of dry tolnene qud 0.15 g. of elean sodium was livated 1o
reflnx in o flask with a short frnctionating coluinn. Slowly, 15 .
ol ester 3 1in 40l of thy tolnene was added and the vapor tein-
perature dropped from 110 to 83°.  After the addition. the ve-
action mixtore was refluxed for 1 o and heated until the vapor
temperatiure of fthe distillate renched 110°. After cooling tlie
residie, it was extracted with 3 .V HCL. The adid extriets were
made alkaline with 4 37 NaOH and the libernted oily buse wus
extracred witle ethier.  Alter washing, deving. aud evaporating
the solvent, (hie oil was distilled /n racsor und the hase was oh.
tiined s a0 colorless liquid, bhop. 149-151° 12 am.).

dnads Caledl for CeHaNOg O 600280 H S5 N O,
Found: C, 6041 H.S0O8: N, 408,

The hydrochloride, prepaved e ether with dry HCL was ols-
tained as a white ervstalline componnd. It was recrvstallized
fromsimixture of dioxue evelolisxane: mop. 124-126°,

Jdnels Caledl G CyHlaNOy-HCLE G, 6123 H, 5.710 N,
4.46. TFound: C, 61.01; H,7.07: N, 4.39.

N-({g-Diethylaminoethy!) ¢is~ti1115-2-Phenoxy-1-cyclopropane-
carboxamide (15). ~A wixtnre of 22 g of ester 3 and 12 g. of
g-diethylaminnethivlinnine was refluxed for 24 hr. The solution
wus acidified with 3 N HCL and the oll which separated was
removed. Tlie aeid solntion was then made alkaline with dihite
NuOH, the prodner was extracted with vther, and this solution
was dried and econcentrated. The residual ol was distilled 7
vavuo; b.p. 200-203° 12 ) The compound was o yellowigh
viseous materinl.

Anal. Caled. for CisHaN,O:: C, 69.60; H, 8.75; N, 10.15.
Fonnd: C, 69.60: H, 9.04: N, 10.32.

cix Adcans=2-Phenoxycyclopropanecarboxylic Acid Benzyl Hy-
drazide (16). - A mixtur» of 31 g. of ester 3 und 185 g. of benzyl-
livdrazine was heated at 150° for 3 days in an appuratus designed
ro permit the ethsnol tedistil.  After conling, the residnal solid

1.
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was recrystallized from 2-propanol; m.p. 160-161°; infrared
(CHC;), 3448, 1667, 1235, 1028, and 692 cm.~ L.
dnal. Caled. for CHN:0,: C, 72.32; H, 6.44; N, 9.92,
Found: C, 72.26; H, 6.40; N, 9.68,
cis—trans-N-(2-Phenoxycyclopropy!)-N’-(p-toluenesulfonami-
do)urea (17).—To a mixture of 30 ml. of triethylamine and 15
ml. of dimethylformamide, 10.9 g. of p-toluenesulfonamide and
11.2 g. of cis—irans isocyanate 6 were added. The mixture was
stirred for 20 hr. at room temperature, and then heated on the
steam bath for 1 hr.  After cooling, 100 ml. of water was added,
and the mixture was extracted with 100 ml. of ether which was
discarded. The aqueous layer was made acid with dilute HCI
forming a vellow oil which was extracted with ethyl acetate. Af-
ter drying and evaporating the solvent, the oil was set at 0°
for several days to crystallize. The product was recrystallized
from methanol 4 times to give a white substance, m.p. 168-170°.
Anal.  Caled. for CiHisN:0:8: C, 58.96; H, 5.20; N, 8.09.
Found: C, 59.32; H, 5.10; N, 7.83.
trans-N«(2-Phenoxycyclopropyl)-N'-(p-trifluoromethylben-
zenesulfonylurea (18).—To a mixture of 15 ml. of triethylamine
and 8 ml. of dimethylformamide, 7 g. of p-triflucromethylbenzene-
sulfonamide!® and 5.6 g. of cis—trans isocyanate 6 were added,
stirred at room temperature for 20 hr., and then heated on the
steam bath for 1 hr. After cooling, 50 ml. of cold water was
added, and the mixture was extracted with ether which was
discarded. The aqueous solution was acidified with dilute HCI
to produce an oil which crystallized while standing overnight.
The product was filtered and recrystallized from 809 ethanol;
n.p. 147-149°.
Anal. Caled. for C;H;3N,O4: C, 51.00; H, 3.75; N, 7.00.
Found: C, 31.02; H, 3.73; N, 7.24.
cis—trans=-N-(2-Phenoxycyclopropy!)-N’-( p-chlorobenzenesul-
fonyl)urea (19).—Treating 30 ml. of triethylamine, 15 ml. of
dimethylformamide, 12.2 g. of p-chlorobenzenesulfonamide,® and
11.2 g. of the isocyanate 6 as above, the product was obtained
as a yellow crystalline compound from 959 ethanol; m.p.
161-163°.
Anal. Caled. for C15H1501N20483
Found: C, 52.70; H, 4.17; N, 7.66.
cis—trans=-N-(2-Phenoxycyclopropy!)-N’-(m-nitrobenzenesul-
fonyl)urea (20).—As above (19), the isocyanate 6 was allowed to
react with m-nitrobenzenesulfonamide, extracted with ethyl
acetate, and recrystallized from 2-propanol to obtain the yellow
compound; m.p. 159-160°.
Anal. Caled. for C,sHi:N:Og8:  C, 50.92; H, 4.00; N, 11.14.
Found: C, 51.87; H, 3.95; N, 11.29.
cis—trans=2-Phenoxy-N-(2-propyny!)cyclopropylamine (21).—
To a mixture of 14.9 g. of 2-phenoxycyclopropylamine (8) and 10
g. of powdered anhydrous NasCO; in 150 ml. of absolute ethanol,
12 g. of propargyl bromide was added slowly while stirring at
ambient temperature, and then it was refluxed for 20 hr. It was
cooled and filtered, and the filtrate was evaporated under reduced
pressure to yield a solid residue which was diluted with 200 ml. of
water and extracted with ether. The dried extract was concen-
trated and the residual oil was fractionated in vacwo. The
product was collected at 107-111° (1 mm.), vield 10 g. The
crystalline maleate melted at 106-107°.
Anal. Caled. for CHuNO-CHO.: C, 63.36;
N, 4.62. Found: C, 63.29; H, 5.85; N, 4.63.
cis—trans=1-Dimethylamino-2-phenoxycyclopropane (22).—A
mixture of 7.5 g. of amine 8, 8.5 g. of 379, formalin in 250 ml. of
methanol and Raney nickel was reduced under 3 atm. of hydrogen
until the theoretical amount of hydrogen was absorbed. The
catalyst was filtered, and the filtrate was concentrated under
reduced pressure. The oil was mixed with 50 ml. of water and
extracted with ether, The dried solution was added to a dilute
solution of 6 g. of maleic acid in dry ether and the crystalline
salt was recrystallized from 2-propanol; m.p. 111-113°. When
mixed with 2-phenoxycyclopropylamine maleate, the melting
point was depressed.
Anal.  Caled. for CyH:NO-CH, 042 C, 61.43; H, 6.48; N,
4.77. Found: C, 61.72; H, 6.70; N, 4.91.
cis—trans-1-(2-Phenoxycyclopropy!)trimethylammonium Iodide
(23).—A dried ether solution of the dimethylamino compound

C, 52.46; H, 4.10; N, 7.65.

H, 5.61;

(19) H. L. Yale and F. Sowinski, J. Org. Chem.. 25, 1824 (1960).
(20) E. L. Eliel and K. W. Nelson, ibid., 20, 1657 (1955).
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22 and excess methy! iodide was kept at room temperature for
24 hr, The white crystalline product was recrystallized from 2-
propanol; m.p. 171-173°.
Anal. Caled. for CHisINO: C, 45.14; H, 5.64; N, 4.39.
Found: C, 45.34; H, 5.82; N, 4.39.
trans-2-Chloro-N-(2-phenoxycyclopropyl)acetamide (24).—A
mixture of 14.9 g. of amine 8 in 150 ml. of acetone and 15 g. of
powdered anhydrous K:CO; was cooled in an ice bath and stirred
while 11.2 g. of chloroacety! chloride was added dropwise. After
the addition, the reaction was permitted to reach room tempera-
ture and then it was refluxed for 3 hr. After filtration and
distillation of the solvent, the residue was suspended in 50 nil. of
water., Adjustment to pH 9 with aqueons Na,CO; caused the
prodnet to precipitate. It was recrystallized from ligroin (60—
90°): m.p. 107-108°,
Anal. Caled. for CuHpCINO,: C, 58.66; H, 5.33; N, 6.22,
Found: C, 58.06; H, 4.95; X, 6.24.
trans=2-Diethylamino-N-(2-phenoxycyclopropyl)acetamide
(25).—-A solution of 18 g. of 24 and 11.7 g. of diethylamine in 450
ml. of benzene was heated in an autoclave at 120° under 70.3 kg.
of nitrogen pressure for 8 hr. The solution was filtered, the sol-
vent was evaporated, and the residue was diluted with water.
The pH was adjusted to 9 with Nay;COj; solution, and the product
was extracted with ether. After evaporation of the solvent,
the residual oil was distilled; b.p. 158-159° (1 mm.).
Anal. Caled. for Ci;HN:0.: C, 68.70; H, 8.39; N, 10.68.
Found: C, 68.55; H, 8.42; N, 10.48.
trans-(2-Phenoxycyclopropy!)¢uanidine Nitrate (26).—A solu-
tion of 4 g. of 1-guany!-3,5-dimethylpyrazole nitrate?! and 3 g. of
amine 8 in 40 ml. of absolute ethanol was stirred and refluxed for
6 hr. under nitrogen. The solution was evaporated in vacuo
to a thick oil which was triturated with several portions of ether,
The resulting semisolid was recrystallized from 2-propanol and
then ethanol; ni.p. 162-163°. Mlixed with the guanyl reagent,
the melting point was depressed.
Anal. Calcd. for C10H14N404:
C, 47.59; H, 5.90.
cis—trans-N-(2-Phenoxycyclopropy!)-3,4,5-trimethoxybenz-
amide (27).—A solution of 4.6 g. of 3,4,5-trimethoxybenzoyl
chloride in 12 ml. of dry benzene was added to a stirred solution
of 3 g. of amine 8 in 10 ml. of dry benzene containing 3 g. of dry
powdered Na,CO; in suspension, and stirring was maintained for
1hr. Cold water was added, and the solid was filtered. It was
triturated with petroleum ether and recrystallized from benzene
to yield colorless needles, m.p. 143-145°.
Anal. Caled. for CicHalNOs: G, 66.45; H, 6.12; N, 4.08.
Found: C, 66.61; H, 6.42; N, 3.93.
cis—trans=1-Aminomethyl-2-phenoxycyclopropane (28).—A
solution of 17.5 g. of 2-phenoxycyclopropanecarboxamide (11) in
200 ml. of THF was added to a stirred refluxing mixture of 5 g. of
LiAlH,4, and then refluxing was continued for an additional hour.
While cooling with an ice bath, 20 ml. of methanol was added
followed by 200 nil. of water. The solution was acidified with
dilute HC! and then alkalized with 309, NaOH. The THF was
separated with the aid of ether, and the combined extracts were
evaporated on the steam bath. The residue was extracted with
ether, dried, and concentrated. After two fractional distillations,
5 g. of produet, b.p. 90-95° (2 mm.), was obtained as a colorless
liquid. The base was converted into the hydrochloride which was
recrystallized from 2-propanol and dried in vacuo at 100°; ni.p.
190-192°.
Anal. Caled. for C,HuCINO: C, 60.30; H, 7.03; N, 7.03.
Found: C, 59.69; H, 7.16; N, 6.83.

C, 47.24; H, 5.51. Found:
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