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SCHEME I 
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included in an exhaustive study by Kaiser and co- 
workers6' and by Zirkle and co-workers6b on the effect of 
chemical structure upon RIA0 inhibition. Neverthe- 
less, we wish to describe our chemical work and pharma- 
cological findings in this field. 

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

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, n1.p. 112". Since he described the 
one acid rather than the two possible diastereorneric 
acids, one might assume that the synthesis produced 
only one ester. Later, Looker and BraunE 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, ie., trans-2-phenoxycyclo- 
propanecarboxylic acid, m.p. 113-113.7', and the cis 
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 87.3y0 of one ester and 99.4% 
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 99.4y0 ester, which had a longer 
retention time could be epimerized by refluxing with 
sodium ethoxide in absolute ethanol into 95.1% 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 cis. 

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

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

(7) M. Julia, Bull. soc chzm. France, 181 (1956). 
(8) J. H. Looker and L. L. Braun, J .  Org. Chem., 23 ,  933 (1958). 

corresponding acid. Thus, the cis ester yielded the cis 
acid 9, m.p. 13fj-138". The trans ester gave the trans 
acid 10, m.p. 111-113". These respective melting 
points are in good agreement with those previously re- 
ported.8 

It will be noted that the synthesis favored the forma- 
tion of the thermodynamically more stable trans form 
by a ratio of approximately 3 :  1 over the cis form. A 
study of the Dreiding models indicated that phenyl 
vinyl ether and carbethoxycarbene, during reaction, 
develop a considerable crowding effert in an attcinpt to 
form the cis isoiner. In  the formation of the tmns 
product, the two bulky groups do not interfere with 
each other. In retrospect, this relationship in yield of 
the cis and trans isomers, can be detected by careful 
comparison of the infrared spectrum of the mixture, as 
obtained, with the spcrtra of the pure cis and trans 
est ers. 

Having prepared the ester 3 in cis and trans fornis, 
each was then treated separately by the saiiie series of 
reactions. Thus, the cis and tmns hydrazides 4 were 
prepared by refluxing the esters with 85yG hydrazine 
hydrate in ethanol. The hydrazides were then sub- 
jected to the Curtius degrada t i~n .~  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 amines 8 were obtained. Then, it 
was found that the isocyanates 6 could be isolated and 
when these were hydrolyzed with concentrated HC1, 
high yields of the amines 8, cis and trans, were obtained 
as readily distillable colorless liquids which formed pure 
salts, such as oxalates, maleates, and nonhygroscopic 
hydrochlorides. The designations of the amines as cis 
and trans, since they were obtained from their respec- 
tive cis 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.lO 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 cis amine, 
obtained from the cis ester. Had there been any 

(9) P. A. S. Smith, Org. Reactions, 3 ,  337 (1946). 
(10) P. A.  S. Smith in "Molecular Rearrangements," Part I, P. DeRlayo, 

Ed., Interscience Publishers, Inc., S e w  York, N. Y., 1963, p. 530. 
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T ~ B L E  I1 
2-~I-BSrITlTTEl> CYCLOPROPYLC \RBOXlIYnR 4ZTl)RS 

RCH-CHCOSHSH? 

K O .  K M.P., 0c.a 

29 p-(CHz)zT\;CsHaO 151-153 
30 ~-CH~OCGHIO 140-1 4 1 
31 p-FCsHaO 135-140 
32 o - C H ~ C ~ H ~ O  137-139 
33 P - C H ~ C ~ H ~ O  163-165 
34 p-C1CsHaO 145-149 

Water was used as the solvent. 

Base 
No. R b.p., ‘C. (mm.) 

35 p-(CH3)2NCsH40 125-135 (2 5 )  

36 p-CH30CsH10 110-115 (2) 

37 p-FCsH40 70-72 (1) 

38 o - C H ~ C ~ H ~ O  85-92 ( 2 )  

39 p-CH3CsH4O 74-76 (1) 

40 p-ClCsH40 04-97 (1.5)  

7- Calcd., %--- 
Formula C H N 

Ci2Hi7N302 61.27 7.23 1T.57 
CiiHi4N203 .59.43 6 .32  12.64 
CioHiiFN,O? 57.14 .5.24 13.33 
CiiHi-iNLh 64.05 6.84 13.55 
CiiHiaK202 64.05 6.54 13.,55 
CioHiiClN202 52.93 4.56 12.36 

TABLE I11 
2-sURSTITUTED CYCLOPROPYL.~MINES 

RCH-CHNH, 

‘C52 
M.P., o c .  ---Calcd., %--- 

CiiH16N20’2HCl 211-213 49.51 6.79 10.56 

CioHi3?;02*HCl 184-156 55.51 6 .51  6 .51  

CgHioFKO.HC1 177-179 53.20 5.41 6.59 

CiOH13NO.HCl 212-214 60.17 7 .06  7.01 

CioHiaNO.HC1 165-170 60.17 7.06 7.01 

CgHgNOe2HCl 1Y3-195 49.11 5.04 6.36 

H S  Salt (solvent) C 

(CHIOH) 

(i-PrOH) 

(CHSCN) 

(i-PrOH) 

(i-PrOH) 

(i-PrOH) 

-- Found, %-- 
C H K 

61 22 7 54 17 97 
59 35 6 56 12 85 
57 04 5 55 12 65 
63 76 6 73 13 66 
64 30 6 88 13 52 
52 90 4 60 12 8” 

ever, our findings for the cis- and trans-2-phenoxycyclo- 
propylamines are not in agreement with those pub- 
lished,6h where it mas demonstrated that the cis coni- 
pound is ten times 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 cis isomer was found to be slightly 
more active than the trans in the potentiation of 5-HTP 
and DOP-4. This qualitatively agrees with the re- 
ported findings where the tryptamine convulsant test in 
rats was used.6h Furthermore, in our in vivo rat tests, 
it was discovered that the cis 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 their6b using the normal rat brain homogenate, 
and here we fouiid the cis less active. Therefore, our 
conclusioii is that there is no consistent difference be- 
tween the cis- and ti~ans-2-phenoxycyclopropylaniines 
when measured in the six tests for MA0 inhibition used 
in these laboratories. 

The duration of action for the trans-Zphenoxycyclo- 
propylamine (8) is betxeen 3 and 9 days, while that for 
tl.anylcypromineza 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 f 6 
mg./kg. i.p. and 71 i. 6 mg./kg. p.0.  The result of sub- 
acute toxicity studies of trans-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 

--Found, %- 
H N  C 

49 70 7 07 10 01 

56 16 6 60 6 74 

52 92 5 43 6 50 

60 05 7 36 6 98 

60 15 6 97 6 59 

45 56 4 97 G 26 

a marked retardation of growth in rats but lower doses 
(10 and 1 mg./kg.) were without effect. This highest 
dose of 100 nig./kg. is approximately 75 times greater 
than the ED60 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 mg. of trans-2- 
phenoxycyclopropylamine to dogs produced signs of 
synipathominietic stiniulation resembling the effects 
produced by amphetamine, whereas 5 nig./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 M A 0  inhi- 
bition (in vivo and in vitro),  HTP potentiation, and 
DOPA potentiation, and found to be inactive. 

ExperimentallG 
Ethyl cis-trans-2-Phenoxycyclopropanecarboxylate (3).-A so- 

lution of 695.5 g. of phenyl vinyl etherl7 (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.~1. samples using a Perkin-Elmer Model l54C vapor 
fractometer on a 2.5 m. X 12.5 mm. i.d. glass column, packed with 15% 
DC 710-8570 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 10-15Y0 
(w./v.) solutions of samples in deuterated chloroform with tetramethyl- 
silane as the  internal standard. Accuracy limits are about 7 &0.02 for 
chemical shifts and 1 0 . 2  0.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. XI. h‘IcElvain and B. Fajardo-Pinzon, J .  A m .  Chem. Sac., 67, 
650 (1945). 
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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 diazoacetatel* (2) in 1 1. of dry 
xylene was added dropwise and a t  such a rate as to maintain the 
reaction teniperature 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 
volat,ile products were removed in vacuo (nitrogen) a t  water bath 
temperatiire. The residual oil was fractionated through a 30-c,m. 
Yigreiix column, and the colorless ester was collected at  113-115' 
(1 mm.); yield 1001.5 g. (847,). 

Anal .  Calcd. for CI2H1dO3: C, 69.90; H, 6.80. Found: C, 
i0.83; H, 6.96. 

J7.p.c. showed 66.17, at  7.6 min., 27.57, a t  9.4 min., with 4 
minor impurities to account for 100%. Rv  applying v.p.c. pre- 
parative methods, pure samples of the 7.6-min. ester ( t rans)  and 
the 9.4-min. ester ( c i s )  were obtained. Essentially, the infrared 
spectra of these compounds contained common characteristic 
bands. However, upon superimposition, the finger print region 
vlearly revealed bands that were present only in the individual 
spectriim and not common to both. These respective bands may 
t)e 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.-l; 
infrared bands found only in piire trans ester are 1350, 1164, 1149, 
1091, 1074, 1035, 1004, and 966 cm.-'; infrared bands found only 
in piire 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 a t  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 Z 5 D  
1.4810, v.p.c. analysis, 68.3% from 1-4 min., 29.57, a t  7 min. 23 
sec. ( t rans) ,  2.27,  a t  9 min. 4 sec ( c i s ) ;  fraction 11, b.p. 102-109" 
(350 ml.), n * 5 ~  1.5065, v.p.c. analysis, 87.37, a t  7 min. 34 sec. 
( t rans) ,  9.37, a t  9 min. 14 sec. (c i s ) ,  infrared spectrum similar to 
infrared spectrum of v.p.c. preparative trans sample ( A n a l .  
Calcd. for ClzH1403: C, 69.90; H, 6.i9. Found: C, 69.79; H, 
6.91.); fraction 111, b.p. 110-113" (41 ml.), nZ5D 1.5100, v.p.c. 
analysis, 33.5% a t  7 min. 23 sec. ( trans) ,  66.47, a t  9 min. 44 sec. 
( c i s ) ;  fraction IT, still residue (60 ml.), n z 5 ~  1.5090, v.p.c. analy- 
sis, 6.47, a t  i min. 3 sec. ( t rans) ,  90.27, a t  9 min. 48 sec. (c i s ) .  
When this fraction was redistilled, the cis ester was obtained 
99,4no v.p.c. pure and its infrared spectrum was superimposable 
on the spectrum of the cis v.p.c. preparative sample. 

Anal .  Calcd. for C12Hla03: C, 69.90; H, 6.79. Found: C, 
70.02; H, 7.06. 

Epimerization of Ethyl 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 cis 
ester (99.47,) 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 .V HC1. No acid crystallized. The 
solution was extracted with ether, washed free of alkali, dried, 
and distilled. By 
v.p.c. analysis, i t  was shown to  contain 95.17, of trans ester and 
4.97, of the starting cis ester. 

Potassium t-Butoxide-Ethanol Method.-A solution of 31 g. 
of ester 3 (86.6% cis and 13.47, trans)  in 250 ml. of absolute 
ethanol containing 8.4 g. of potassium t-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 95.0% of trans ester and 5.070 of cis ester. The infrared 
spectrum was indistinguishable from the authentic V.P.C. trans 
preparative sample. 

When the epimerization with potassium t-butoxide was con- 
ducted in t-blityl alcohol, 72.27, of trans ethyl ester was obtained 
and ester interchange to the extent of 21.87, 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, 7.07, of 
volatile impurities, 67.0% of trans, and 26.07, of cis ester.) A 
solution of 93 g. of this product in 375 ml. of absolute ethanol 
containing 25.2 g. of potassium t-butoxide was refluxed for 20 hr. 
Worked up as above, the product obtained showed a correct 
analysis for 92.87, of trans and 3.2% of cis esters along with 47, 

The trans ester boiled a t  97-98" (1 mm.). 

(18) F. B. LaForge, W. A. Gersdorff, N. Green, and M. S. Schecter, J. 
A m .  Chem. Soc. ,  17,381 (1952). 

of combined more volatile products. 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 ethyl cis-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. hIost of the solvent was removed in vacuo. 
The residue was diluted with 50 ml. of water and acidified with 
dilute HC1. The crystalline product was filtered and washed 
free of acid; yield 33.5 g. (94.47,), m.p. 136-138". 

Anal .  Calcd. for C10H1003: C, 67.41; H, 5.62. Found: C, 
6i.46; H, 5.59. 

trans-2-Phenoxycyclopropanecarboxylic Acid (10).-A solution 
of 41.2 g. of ethyl trans-2-phenoxycyclopropanecarboxylate 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 
precipit,ated from solution. After distilling most of the solvent 
in uacuo, water was added, and the solution was acidified with 
dilute HC1 to produce a crystalline product. I t  was filtered, 
washed free of acid, and dried: yield 32 g. (90.15).  After re- 
crystallization from water and drying in  high vwinini at  Soo, 
i t  melted a t  111-113". 

Anal .  Calcd. for C10H1003: C, 67.41; H, 5.62. Found: C, 
67.78; H, 5.60. 

The infrared spectra of the piire cis and the pure trans 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 cm.-'; 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 ethanol and 220 ml. of 
857, hydrazine hydrate was refluxed for 24 hr. Most of the 
ethanol was removed by distillation, and refluxing was continued 
for an additional 10 hr. The mixture was cooled and held a t  0" 
until crystallization was complete. The product was then 
filtered, washed with cold water, and dried; yield 47 g. (82.57,), 
m.p. 143-144.5'. 

Anal .  Calcd. for CioHi??izO>: C, 62.46; H, 6.25; S, 14.60. 
Fonnd: C, 62.31; H, 6.25; X, 14.61. 

trans-2-Phknoxycyclopropanecarboxhydrazide (4).-As above, 
363 g. of trans ester 3 was allowed to react with hydrazine hydrate 
to yield 254 g. (757,) of this product, m.p. 132-134". 

Anal .  Calcd. for CloH!,S?OJ: C, 62.46; H3 6.25; N, 14.60. 
Found: C,62.63; H, 6.48; S,14.63. 

The infrared spectra of the cis hydrazide and the trans 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 cm.-l; trans hydrazide, 714, 836,935,970, 
1036,1091, 12,50, 1333, and 1390 cm.-!. 
trans-2-Phenoxycyclopropylisocyanate (6).-A solution of 120 

g. of trans-hydrazide 4 in 960 ml. of water and 108 ml. of 6 N 
HC1 was diazotized a t  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. As soon 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 ai: a clear, colorless liquid, yield 
78 g. (74%). 

i lna l .  Calcd. for C,oH9SO,: S, i.99. Found: N, 8.05. 
Ethyl trans-( 2-Phenoxycyc1opropyl)carbamate (7).-A solution 

of 20 g. of isocyanate (6) in 100 ml. of ethanol was refluxed for 3 
hr. and then was concentrated in z'acuo under nitrogen. The 
residual oil was distilled a t  1.5 mm. and the product boiled a t  
146-148', yield 24 g. (96'3); infrared (CHCI,), 3448, 1736, 1238, 
1033, and 693 cm.-'. 

Anal .  Calcd. for C~2H15K0.1: C, 65.14; H, 6.83; S, 6.33. 
Found: C, 65.26; H, 6.88: S,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 HC1 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 10% XaOH. The base was extracted with 
ether, dried, filtered, and added to a solution of 10 g. of maleic 
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nas recrystallized from 2-propanol; m.p. 160-161"; infrared 
(CHCL), 3448, 1667, 1235,1028, and 692 cm.-'. 

Anal. Calcd. for C1?Hl8N2O2: C, 72.32; H, 6.44; N, 9.92. 
Found: C, 72.26; H, 6.40; N, 9.68. 

cis-trans-N-(2-Phenoxycyclopropyl)-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 czs-frans 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 HC1 
forming a yellom- oil which was extracted with ethyl acetate. Af- 
ter drying and evaporating the solvent, the oil was set a t  0' 
for several days t o  crystallize. The product was recrystallized 
from methanol 4 times to give a white substance, m.p. 168-170'. 

.lnal. Calcd. for C1,HI8Y2O1S: C, 58.96; H ,  5.20: N, 8.08. 
Found: 

trans-N-( 2-Phenoxycyclopropyl)-N'-( p-trifluoromethylben- 
zenesulfonylurea (18).-To a mixture of 15 ml. of triethylamine 
and 8 ml. of dimethglformamide, 7 g. of p-trifluoromethylbenzene- 
~ulfonamide'~ and 5.6 g. of cis-trans isocyanate 6 were added, 
stirred a t  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 HC1 
to produce an oil which crystallized while standing overnight. 
The product was filtered and recrystallized from 807, ethanol; 
m.p. 147-149". 

.inal. Calcd. for C17HljX204: C, 51.00; H, 3.75: N, 7.00. 
Foiind: 

czs-trans-N-(2-Phenoxycyclopropyl)-N'-( p-chlorobenzenesul- 
fony1)urea (IS).-Treating 30 ml. of triethylamine, 15 ml. of 
dimethylformamide, 12.2 g. of p-chlorobenzenesulfonamide,m and 
11.2 g. of the isocyanate 6 as above, the product was obtained 
as a yellow crystalline compound from 957, ethanol; m.p. 

Anal. Calcd. forC1GH1SC1N201S: C, 52.46; H, 4.10; N, 7.65. 
Found: 

czs-trans-N-( 2-Phenoxycyclopropyl)-N'-( m-nitrobenzenesul- 
fony1)urea (20).-As above (19), the isocyanate 6 was allowed to 
react with m-nitrobenzenesulfonamide, extracted with ethyl 
acetate, and recrystallized from 2-propanol t o  obtain the yellow 
compound; m.p. 159-160'. 

Anal. Calcd. for C1&jN&,S: C, 50.92; H, 4.00; N, 11.14. 
Found: 

cis-trans-2-Phenoxy-N-(2-propynyl)cyclopropylamine (21).- 
To a mixture of 14.9 g. of 2-phenoxycyclopropylamine ( 8 )  and 10 
g. of powdered anhydrous Na2C03 in 150 ml. of absolute ethanol, 
12 g. of propargyl bromide was added slowly while stirring a t  
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 VQCUO. The 
product was collected a t  107-111" (1  mm.), yield 10 g. The 
crystalline maleate melted a t  106-107". 

Anal. Calcd. for CI2Hl3NO.C4H4O4: C, 63.36; H, 5.61; 
N, 4.62. Found: C, 63.29; H ,  5.85; h-, 4.63. 

cis-trans-1-Dimethylamino-2-phenoxycyclopropane (22).-A 
mixture of 7.5 g. of amine 8, 8.5 g. of 377, 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. Calcd. for CnHl5N0.C4H4O4: C, 61.43; H, 6.48; X, 
4.77. Found: C, 61.72; H, 6.70; N, 4.91. 

cis-trans-1 -( 2-Phenoxycyclopropyl)trimethylammonium Iodide 
(23).-A dried ether solution of the dimethylamino compound 

C, 59.32. H, 5.10; K, 7.83. 

C, 51.02; H, 3.73; Xj 7.24. 

161-163'. 

C, 52.70; H, 4.17; 5, 7.66. 

C, 51.87; H, 3.95; N, 11.29. 

(19) H. L. Yale and F. Sowinski, J .  Oru. Chem., 26, 1824 (1960). 
(20) E. L. Eliel and K. TV. Nelson, ibid., 20, 1657 (1956). 

22 and excess methyl iodide was kept at' room temperature for 
24 hr. The white crystalline product was recrystallized from 2- 
propanol; m.p. 171-173'. 

Anal. Calcd. for C12H1JNO: C, 45.14: H, 5.64; N, 4.39. 
Found: 

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&O, was cooled in an ire bath and stirred 
while 11.2 g. of chloroacet,yl chloride was added dropwise. After 
the addition, the reaction was permitt,ed 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 aqueous Xa2C03 caused the 
product to precipitate. I t  was rec llized from ligroin (60- 
90"); m.p. 107-108". 

ilnal. Calcd. for CIIH12Clh-O?: C, 58.66; H, 5.33;  S, 6.22. 
Folud:  

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 nit'rogen 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 Na2C03 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. Calcd. for CljH22X202: C, 68.70; H, 8.39; N, 10.68. 
Found: 

trans-(2-Phenoxycyclopropyl)guanidine Nitrate (26).-A solu- 
tion of 4 g. of l-guanyl-3,5-dimethylpyrazole nitratez1 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 uacuo 
to a thick oil which was tritxrated with several portions of ether. 
The resulting semisolid Tvas recrystallized from 2-propanol and 
then ethanol; n1.p. 162-163". Mixed with the guanyl reagent, 
the melting point was depressed. 

C, 45.34; H ,  5.82; 5, 4.39. 

C, 58.96; H ,  4.95; S, 6.24. 

C, 68.55; H, 8.42; N, 10.48. 

Anal. Calcd. for CIOHIJTIOI: C, 47.24; H, 5.51. Found: 
C, 47.59; H, 5.90. 

cis-trans-N-( 2-Phenoxycyclopropyl)-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 Xa&Os in suspension, and stirring was maintained for 
1 hr. Cold water nas 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. Calcd. for C1YH21N04: C, 66.45; H, 6.12; N, 4.08. 
Found: 

cis-trans-1-Aminomethyl-2-phenoxycyclopropane (28).-A 
solution of 17.5 g. of 2-phenoxycyclopropanecarboxamide (11 ) in 
200 ml. of T H F  was added to a stirred refluxing mixture of 5 g. of 
LiAlH4, 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 HCl and then alkalized with 307, NaOH. The T H F  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 product, b.p. 90-95' ( 2  mm.), n'as obtained as a colorless 
liquid. The base was converted into the hydrochloride which was 
recrystallized from 2-propanol and dried in vacuo a t  100'; n1.p. 

Anal. Calcd. for CloHd21NO: C, 60.30; H, 7.03; N, 7.03. 
Found: C, 59.69; H, 7.16; N, 6.83. 

C, 66.61; H, 6.42; X, 3.93. 

190-1 92". 
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