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1-Benzylevelopropylamine (1) reduees food consuwnption in several animal species.

A series of 53 benzene

ring substituted, N-alkvlated, -aralkylated, aud -neybued derivatives of 1 was prepared in order to investigate

the influenve of structure on anorectic activivy.

E-Beuzyleyelopropaneesrboxylic esters, eniploved s inter-

niediates for 1 and reliated compounds, were synthesized most conveniently and in excellent yield by the ab-

nornial Hofmann elimination reactinn of diethyl benzyvl{dimethyluninoechy)nmtonte methoethoxide..

Sintitar

renction of a dimethylaminopropylmalonate wns studied as o potential ronte to I-substituted cyelobutaue-

enrboxylutes;

aetivity of this series of I-benzyleyclopropylamines was evaluated in rats and dogs.
the benizene ring nerensed anvrectic potency slightly: others deerensed it

anorectic potency,

As part of a study of the monoaniine oxidase (AAO)-
inhibiting activity of eyvelopropylamines. we prepared
l-benzyleyvelopropylamine (1) and its V-methyl deriva-
tive (17).' Although these conpounds only weakly
inhibited MAQ, as measured 70 #ivo by potentiation of
tryptamine-induced convulsions in rats,? they exhibited
potent anoreetic activity in several animal species.  Tn
a test employing rats trained to eat their daily food
rations in G hr* I-benzyvleyclopropylamine (1) was
approximately oune-third as potent as dextroamphet-
amine. Inorder toinvestigate the influence of strueture
on anorectic aetivity, a seriex of benzene ring substi-
tuted, N-alkyvlated, -aralkylated, and -nevlated deriva-
tives was prepared and studied for auorcetic activity
rats and dogs.  The svathesis and anorveetic evaluntion
of these compounds are deseribed in this paper.

Chemistry.---1-Benzyleyvelopropylamines  were  pre-
pared from I-benzvleyclopropanecarboxvlie neids via
the Curtins veaction.  In our earlier study.! 1-benzyl-
evelopropanecarboxylic acid was prepared from cyelo-
propyl phenyl ketoue by way of benzyvlation, NaNH.
cleavage  of  the itermediate  1-benzyleyclopropyl
phenyl ketone and hydrolysis of the resulting eyelopro-
panecarboxamide.#* The vield of 1-benzylevelopro-
pancearboxylic acid from this sequence i low beeause
benzylation is incomplete.  In addition. a wixture of
amidex 1= formed during NaNH, eleavage® whieh can
oceur on either side of the ketone ecarbonyl

Higher yields of the acid (IV, 0 = I'h) were obtained
from the route autlined in Chart 1. This method was
alzo ecmployved to prepare aosvries of relaterld T-substi-
tuted evelopropunecarboxyvlie neids (IV).

a-Substituted malouates T were  alkyviated  with
2-dimethyliminoethyl chlovide to give the  diethyl
benzyl(dimethylaminocthyDmalountes 1T listed
Tabic I, Thamal decomposition of quaternary metho-
ethoxides derived from 11 resulted in decarbethoxyla-

11) €. Kaiser, B. M. Lester, C. L. Zirkle, A. Burger, C. 8. Davig, I'. ),
Delia, and L. Zirngibl, J. Med. Pharm. Chem., B, 1243 {1962).

(2} C. L. Zirkle, C. Kaiser, D, 11. Tedesclii, R. 12, Tedeschi, and A. Burger,
hid., B, 1265 (1962).

i3) G. O, Heil, . AL Leounrd, and 1), H. Tedesebi, Pharmocologist. T,
155 119631,

1y TLoF Piabl and W, O U, 0 Uer. Chen. Sor, T8, S22 71035

(30 AL Haller aud 120 Vronist, . Chige s/ 17, 25 11923): €. 1
Aend. Sed 164, 1AT0 110128,

16) e a review of e cleavage of tngnenniizable ketotes wishi NaN1l
see: K. L, Hawlin and A, W, Westlon, Ury. Heavt., 9, 1 (1957).

however, in this ense, normal Hofmmnn elimination produrts were ideutified. The anorectic

Sonte subslitutions on
N-Substitntion generally decreased

tion and abnormal Hofmaun elimination™ to give
ethyl  l-substituted  evelopropaneearboxylates  TI1
These esters (I1D), whielhi eould also be obtained i
lower vield by thermal decomposition of corresponding
methiodides, were hyvdrolyzed to the acids IV indicated
in Table Il. 1-Substituted evelopropanecarboxylic
acids IV were converted, #ia neid ehlorides and azides,
into the corresponding isocyanates Vo by the Curtins
procedure. HCI hydrolysig of V gave primary amine.:
VI listed in Table 1II. Reduetion of V with LAH
gave the methylamine dervivatives VII which ave
tabulated in Table TV.

The suceess of the abnormal Hofmann elimination
reaction for svnthesis of ethyl l-benzyleyelopropuue-
arboxylate and related compounds led us to investigate
a similar reaction of homologous diethyl benzyl(3-di-
methyliminopropyvmalonate (VIID) ax o potential
source of ethvl I-benzvleyelobutancenrboxyvlates.  As
shown in Chart IT, VIII was prepared by nininopropyla-
tion of diethyl benzyhnalonate.  In this case, however.
thermal decomposition of the quaternary cethoxide
derived from VIIT did not give the cyelic product.
ethyl  I-benzyvleyelobutanecarboxyviate.  lnstead.  de-
cwbethoxyvlation and normal Hofinaun  climination
gave IX (R = Iit) plus an approximately equal amount
of the tertiary amine (X, R = Et). In addition.
minor amounts of corresponding Me esters (IX. X, R =
Me) were detected as products. These componnds.
which apparently arose fromnfacile ester interehnnge with
MeOH densturant in the FtOH solvent. were obtained
ns the majar products when the reaction was earried out
i McOH.

A series of N-alkyvlated, —unlkvinted, and -neylated
derivatives  of  1-benzvleyvelopropylamine, its o-Cl
-1 CLand p-Me eougeners was prepared from corre-
spouding primary amines and isocyanates by conven-
tional methods which are deseribed in the Experiniental
Scction. N-Substituted  1-beazvleyelopropylunines
sve tubulated in Fable TV,

Upon  ceduction of  N-(1-benzyleyelopropyl)acet-
amide (XI) with excess LAH in refluxing Et,O for 6 h
the produet obtained was not the N-Et derivative of
I-benzylevelopropylamine.  As indicated in Chart 111,
cleavage of the evelopropane ring occurred and a.N-di-
cthviphewethyvlunine (XTI, whose  structure wes

T4 Waetasieek, . ey, Chem., 21, 540 (14565
&) M. AL Rogers, (4d., 22, 350 (1957).



ANORECTIC 1-BENZYLCYCLOPROPYLAMINES Journal of Medicinal Chemistry, 1970, Vol. 13, No. 5 821

TaBLE I
DIETHYL BENZYLMALONATES AND DIETHYL BENZYL-(2-DIMETHYLAMINOETHYL )MALONATES
~——————RCH;CH(CO:Et) RCH,C(CO:E)s(CHa) N M
Bp, °C Yield, Methiodide,® Yield.? Salt, Recrystn

R (mm) A mp, °C % mp, °C solvent Formula®
CeH; d e f 88
2-CIC¢H, 158-164¢ (1.2) 68 106-109 70
2-MeCsH, 137-143% (1.2) 79 145-147 78 98-100¢ 1-PrOH-Lt,0 CioHpyN Oy CH 3N Q537 %
2-CF;CeH, 134-141 (1.0) 70 f 88
3-CIC¢H, 152-158¢ (0.8) 55 166-169 70
3-MeC¢H, 139-148 (0.7) 54 119-121 71
3-CF;CeH, 141-147 (0.7) 54 183-185 66
4-BrCeH, 164-172~ (0.4) 59 210-212 71 178-179 Me,CO CisHzBrINO, - HCI
4-CIC¢H, 141-147° (0.6) 59 206-207 dec 82 190-191 EtOH-Et,0 CisHasNO,-HCH
4-MeCeH, 136-1407 (0.4) 63 197-199 77 152~153 Me,CO-Et,0 CisHyyNO,-HCH
4-MeOCeH, 149-1652 (0. 8) 69 209-211 70 159-160 EtOH-Et,0 CsHyNO;- HCH
4-CF,C¢H, 124-131 (0.4) a7 154-156" 80 124-125 Me,CO CgHyeF3N O, - 0.5CH, O
4.CF,0CsH, 136-142 (0.3) a8 188-190 74 130-131 EtOAc-Et.0 CyoHyF3sNO;- C.H Oy
4-CF,SCeH, 145-151 (0.6) al 165-167 69 115-117 EtOAc-Et,0 CgHF3NO,S - C,H Oy
2,6-Cl,CeH, 164-172 (0.4) 98 168-170 68 124-126 EtOAc-Et,0 CisH:ClLNO, - CH, Oyt
C}/CZO-Can 111-122r (0 . 5) 71 186—188 dec 73 144-145 1-PrOH CI8H33N04 . C4I{4O4‘

¢ All methiodides were prepared in Me,CO, unless indicated otherwise. ° The yield of methiodide. ¢ All compounds which were
converted into a salt, but not methiodides, were analyzed for C, H, N and the analytical values were within =0.4 of the calculated
figures, unless indicated otherwise. ¢ Diethyl benzylmalonate was obtained from a commercial source. ¢ Reference 16. 7 The meth-
iodide was prepared in Et,O; it was & viscous liquid which was used for further reaction without purification. ¢ R. A. Barnes and L.
Gordon 1J. Amer. Chem. Soc. 71, 2644 (1949)] reported bp 155-160° (4 mm). ? B. B. Elsner and K. J. Parker 1J. Chem. Soc.,
592 (1957)] reported bp 133° (0.2 mm). *? The free base had bp 156-162° (1.3 mm). 7 Cyclohexylsulfamate. * C: caled., 58.34;
found, 57.83. !J. Kenner and E. Witham }J. Chem. Soc., 119, 1452 (1921)] reported bp 213-214° (40 mm). ™ J. P, Trivedi and
J. J. Trivedi, 1J. Indian Chem. Soc., 35, 687 (1958)] reported bp 180° (30 mm). ”J. von Braun and J. Nelles ]Ber., 66, 1464 (1933)]
reported bp 193-198° (14 mm). °J. von Braun and J. Nelles ]ébid., 66, 1464 (1933)] reported bp 190-192° (14 mm). ? G. Darzens
and A. Heiuz 1C. R. Acad. Sci., 184, 33 (1927)] reported bp 179-180°. ¢ G. Darzens and A. Lévy libid., 200, 469 (1935)] reported
bp 178-180° (3 mm). 7 The methiodide was recrystallized from EtOH-Et,0. ° Hemimaleate. ! Maleate. * G. S. Hiers and 1i.
Adams }J. Amer. Chem. Soc., 48, 2385 (1926)] reported bp 135-136° (3 mm).

established by comparison with an unambiguously CHarr I

synthesized sample, was obtained. Hydrogenolysis of CUCH ) NMe.

this cyclopropane derivative is another example of RCH,CH(CO.E0), —

reductive ring-opening of an NH-substituted cyclopro- I

pane by LAH, possibly by a mechanism?® resembling one - L Mel

postulated by Hochstein and Brown for LAH reduc- RCH.ACOEOCHINMe, - =0

tion of cinnamyl alechol. Necessity for initial forma- I Resiv. EtOH

tion of a N anion, as suggested by this mechanism,®1 3 4

is supported by the observation that LAH reduction of (|?09Et CO.H

several tertiary N-(1-benzyleyclopropyl)amides to ou- Cortius

amines occurred without cleavage of the cyclopropane RCHC——CH, — RCH.C—CH, Tercton

ring. Additionally, in analogy with LAH reduction of \CH \CH

the double bond of allyl aleohol, which proceeds rela- 1 : v ;

tively more slowly than that of cinnamyl aleohol,!

hydrogenolysis of the ecyelopropane ring might be

anticipated to occur less readily with XI than with RCH,C——CH,

2-aryleyvelopropylamine derivatives in which the anion

can achieve benzylic stabilization.® Hydrogenolysis CH,

was not observed upon LAH reduction of 1-benzyleyclo- v

propy! isceyanates at 25°.  Also, reductive cleavage of HO

X1 could be avoided by a shorter reduction time (30

min) which gives 1l-benzyl-N-ethyleyclopropylamine NH, NHCH,

(XIV, R = Ph) in low vield. N-Ethyl 1-substituted | | ‘

cvelopropylamines XIV were obtained in higher yield RCH,C——CH, RCH.C—CH,

from corresponding formamides X111 vza ethylation and \

subsequent acid hydrolysis of the formyl group, as CH, CH,

indicated in Chart IIL. Vi VI
Structure—Activity Relationships.—Anorectic activ-

ity of 1-benzyleyelopropylamines was determined in the

rat and dog anorexia tests deseribed in the Experimental

Section. The parent compound of the series, 1-benzyl-

evelopropylamine (1), is a potent anorectic agent which

NCO

lLAH

reduces food consumption of rats, dogs, and cats. The
main side effeets of 1 are those of mild CNS stimulation
as indicated by slight restlessuess and occasional
increased motor activity observed in dogs. Cardio-

{U) C. Kaiser, A. Burger, L. Zirngibl, C. 8. Davis, and C. L. Zirkle,  vascular effects in dogs treated with 1 are comparable to
J. Org. Chem., 87, 768 (1962), those noted with equivalent anorectic doses of dextro-

(10) F. A, Hoclistein and W. G. Brown, J. Amer. Chem. Soc., T0, 3484 ;
{1948), amphetamine.
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Tasre I
ETEYL 1-BENZYLCYCLOPROPANECARBOXYLATES, [-BENZYLOYCLOPROPANECARBOXYLIC ACIDS,
AND I-BENZYLOYCLOVROPAN ECARBONYT. CHLORIDYS

COR’

|
R—CH.C —CH.

\
CH.
R = Ol It = ou Rt = 3
Bp. °C Yiebl, Jetrysl Yield. Sp. PO Yiebl.

It fay vy Ap, “C aolvpn ¢, Inarbiua” (s '
Cslls HOY--1200 (2 (i) 10H=107" Hexane ua o )
2-C1CgH; 152--156 (12, 0 145144 FeOH BN O H,Clo, H5O--164 1125 94
2-MeCsH, 140--144 (135 63 125-127 IO i [GEIVON 146148 114 NT
2-CFyCeHy 140146 (1%} B 130157 A w7 CrHi 0. 127131t No
3-C1CH, £46--101 (1L 'n 62-64 Hexane ON CulnCly P42-152 2.7 W
3-MeCeH, b1 (14 ) 6971 Hexane N Cratlhgl) L4612 (1) 05
3-CF(Cslly A2 156 {1533 0 T 07 Cralli Fat), L1401 <t
4-BrCsH, 2158 (0 4 T L48-140) IOLS! Bl ColluBri, L1 0. Il
4-C1CI 4 EA2- 157 (12 6 Lis- 140 JOERY ! N Cy L CrO. 16158 (9 94
1-MeCslly 41144 012 71 118-120 FoH 98 Cratet, 41 B p 05
4-MeOCsH, 147-£55 0.9 64 110-112 Feo1l N CraTh 0, 12813710 4) 0l
4-CInCelly 1104 (27 43 NO-91 Hexnbe 06 CHuFO. 108 161 (201 Bl
4-CF,0CsHy 124127 (1) S8 NO--82 Hexane ON Crabl bty E30--155 tHg ~Ng
4-CFRCsHy 147150 (Y, N 7019 Hexuane b CraHE.s 4 N
2,6-CLCgl 1241532 (0. 44 a6 L67--164 IOTI Yy CulpClio. B E U R
eielo-Cyly FLO-HES (124 62 0h 97 FiOAe 2N L0 LEn-120 002y ST
> All earboxylic scids were saalyzed for ¢4 H o the analytical values were within 0.4 [ ol the cabrulated figures, unless indieated

atherwize.  » Refereuce 160 see alia ve( T and 8. < Reference 4, mp 106.5-108° 2 Thic acild ehloride was nor disdlled. " €0 vaded,

62,720 found, 63.34. 7 Bp 130-135° 1 mmb ? This acid chloride decomposed oncattempted distillation: herefare, iv wievsed T
fnrther reaction withont purification. 7 C: ealal, 72490 fonnd, 72.02.

Tanne 111
I-BexzyreverorioPynasiNg Hypiroenborines

N\H

|
R—CH.C——CH,

CH.
Ahoarbelie denivity
Reery =t Yieul, LD i g ke fildoeial s R

N R Mp, ¢ snlvern v Varnmlu” Rary Doy’

I Cylls ST SR Ao 2l b DAL T
2 2-CICqH, 201-200 -Proll b ClllnCIN HCL 200 = a7,

B 2-MeCglly 200210 1O S0 CoHBN-HCT T4 01000 N2 )y

I 2-CF,Celly 1D8-200 -PrOH-11:0 D CyH N HOCT 20 4 = - 12

B 3-ClCsH4 148151 MeCON 83 el CIN-HOE 2006 = 4N,

G 3-AMeCitly 154100 -IrOH-1G0 N2 CoHaN-HOY 120 = --697,

T 3-CF;CyHy 180151 MeCN N0 CotlpaN - HCL S o= -4

S 4-Br(ili, 20206 o -0 03 CipllBrN 1 TR S AR 4=ty

NG o=t

9 $-CI1CH, 203-200 i-1rOH s CulCIN - HCL 2062 404 L.oit 20y
1o 4-MeCel, 184186 ~IrOH-EnL0 Oy U HN - HCE A 620648 N2 b
11 4-2MeOCH: 164—10606 EtOH-1G0 sh CaHepNO - HCE G4 6102 Sohe

12 4-CF,CeH LG8~ 16Y Me.CO o3 CoHp N - HOT 0.3 (7 813

1 1-CF,OC,11, 143140 O Ar-11.0 ! C HpEyNO - HCE PS8 -25 2 1 2

14 $-CFaCelly 16710658 MeaCO-1ny) ™~ ColF NSO O 3y 275005

b 2.6-CLC 1 200211 F-PrO-171,0 T~ CellnCLN 110 26,0120 136 4 Sty

216
5 eyelo-Cielly L6 1162 - PrOH-1£GO 7Y CiullpN -1 20 = —37,.
40 = =35,

» Yield from eorresponding -benzylevelopropanecarbonyt ehiloride.  * All hydmelloride s were aualyzed for C, 1L, N wad the ani-
Iyvtical valies were within 0.4 of the caleulated values. < See Fxperimental Sectivn, Pharmacological Methods for deseriprion
of setivity of compounds whose 1115 was not determined. ' Conponnds were administered orally s free base or salt ax indicated.
s calenlaled ns free base. ¢ i the rat anorexin Lest dexteomnplicianiine 1Dz = L3 me ke, s /1o the dog anarexia test,
dextroaniplietaniine EDqyy = 0.6 g/ kg, Ti.? o Litt # Salfate, mp 2342235° (from 7-FrOH-1O L el (CaplleNaOR) G 1, N
" dAnel. caled for 0.25H,0.

In the rat anorexia test, 1-benzyleyelopropylamine slightly more potent than the related o w-dimethyl-
wix about one-third s patent as dextronmphetimine, phivuethylombne (phentermneyy which his B (po)
wherens in the dog it was approximately one-fourth as A1 (3482 mes ke i the rat nnarexin test

potent  (see Table T11). The evelopropane 1 wits Certain =ubstitutious of the benzene ring ol I-benzyi-
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TasLE IV
N-MeTHYL 1-BENZYLCYCLOPROPYLAMINES
I|‘IHMe
RCH,C—CH,
CH2
Allorectic acdviey”™
Salt, Recrystn Yield, ~——EDs (po) mg/ ke fitliicial lipitsl--—
No. R Mp, °C solvent ¢ Formula? Rat® Dog’
17 CsH;, 160-162/ EtOH—Eth 38 CHHI;N'HC1 6.-’3 = 3:)("(, 1. 1 = ! ,4
8.2 = —86,
18 2-CICeH, 150-152 -PrOH 75 C, Hi,CiN -C,H,O, 10 = —36¢.
19 2-MeC¢H, 174-176 -PrOH-Et,0 64 Ci,Hy;N -HCH 16.7 (9.9-28 . 4) 6.6 =",
20 2-CF,CeH, 178-180 i-PrOH-Et,0 83 C.HF;N-HC1 21.6 = =38,
21 3-ClCeH, 132-134 -PrOH 77 CH,CIN -C.H, Oy 12.6 = —80;
22 3-MeCsH, 98-100 EtOAc-Et,0 86 Ci:Hi:N - C{HLOy0 15.1 = —24¢;
23 3-CF;CeH, 82-85 EtOAc-Et:0 83 CioH 6F3N - CiH, Oy 8.8(5.9-11.6) 6.6 =2,
24 4-BrCe¢H, 147-149 EtOH-Et,0 79 CuH, BN -HCI 8.7 = =564,
21.7 = —98C,
25 4-CIC¢H, 152-154 -PrOH 76 CuHuCIN - CJH, O 6.4 = —78C, 6.4 =74
17 = —99¢;
26 4-MeCeH, 152-154 -PrOH-Et,0 78 CiHisN -HCI 5.2(2.7-17.86) 8.3=2
27 4—:\/[60C6H4 136-138 ’i—PI‘OH—EtzO 60 ClZH[aNO‘HCl 2] = —85% R84 =3
28 4-CF;CeH, 144-146 Me,CO 74 Ci:H3F3N -CH. Oy 16.6 = =90
29 4-CF;0C¢H, 117-118.5 Me,CO-Et,0 76 C.H,,F;NO-CH, Oy 10.7 (6.0-15.8) 6.8 =70
30 4-CF;;SC5H4 123-125 ,\[egCO—Eth 47 ClelgFaNS 'C4H4O4‘7 11 = -{—1%
31 2,6-C1,CeH, 160-162 {-PrOH 87 CuH;CLN - CH,Op 16.6 = —17%,
32 cyclo»Can 137-139 i-PFOH—EtzO 97 CXIHZIN 'C4H404a 15 = + 1602

¢ Overall yield froni appropriate 1-benzyleyclopropanecarbonyl chloride.
and the analytical values were within =0.49 of the calculated figures.

¢ See footnote ¢, Table ITI. / Reference 1. ¢ Maleate.

cyclopropylamine increased anorectic potency slightly
whereas others decreased it. Results of anorectic
testing of a series of substituted 1-benzyleyclopropyl-
amines and their N-methylated derivatives in rats and
dogs are tabulated in Tables ITI and IV. Substitution
of the ortho position of 1-benzyleyclopropylamine with
Me (3) reduced anorectic potency in the rat by 0.5,
whereas similar substitution with Cl (2) or CF; (4)
resulted in an even greater decrease of potency. Sub-
stitution of the meta position with Cl1 (5), Me (6), or CF;
(7) also decreased anorectic potency; however, the
decrease was less than with the ortho isomers. Introduc-
tion of substituents into the para position of 1-benzyl-
cyclopropylamine had a variable influence on anorexia.
A p-ClI derivative (9) was somewhat more potent than
the parent 1 in both rats and dogs. Likewise, the
p-Me congener 10 was more potent than 1 in producing
anorexia in rats, but it was less potent in dogs. A
p-Br (8) derivative was approximately equipotent with
1 in rats, but it was less potent in dogs. The p-MeO
(11) analog was only slightly less potent than the
parent, whereas p-CF; (12), CF,0 (13), and CF:S (14)
derivatives were less than one-half as potent in rats.
Only one disubstituted compound, a 2,6-dichloro
derivative 15, was studied; it was about one-sixth as
potent as 1 in the rat anorexia test.

A cyelohexyl congener 16 was less than 0.1 as effec-
tive as 1-benzylevelopropylamine in producing anorexia
in rats.

Although the N-methylated derivatives (17-32)
were generally less potent than the corresponding
primary amines, in several instances, e.g., m-CF; (7, 23)
and p-CF,0 (13, 29), the substituted derivatives and
their unsubstituted analogs were approximately equipo-
tent as anorectics in rats and dogs.

b All N-methylamine salts were anulyzed for C, H, N
¢ See footnote ¢, Table III. < See footnote d, Table IIIL

Cuarr 11
PhCH,CH(COEt); —>
. 1. Mel
PhCH2C(C02}’Et J2(CH: )sN Me; 2 OH- Fx. Resin,
VIII ROH
3.4a
PhCH.CH (CO:R)CH,CH—CH. +
IX
PhCH.CH (CO.R)(CHa3);N Me.
X

CHartT IIT

NH, NHAc

NHEt
Ac.(1 LAH

RCH.C=—CH, —— RCH,C~—CH, ——— Rcp,CHCH,CH,

\/ \/ (6 hr1

CH, CH, X1, R=Ph
XI. R=Ph
EtO,CH LAH
ll‘&u Dlin
NHCHO NHEt
| I NaH. Ril
RCH._.C—/CH, — RCH:C\ /CH,.
\Hl CH,
Xl X1V

Results of anorectic examination of various other
N-substituted 1-benzyleyclopropylamines in rats and
dogs are tabulated in Table V. N-Ethyl-1-benzyvleyelo-
propylamine (33) and its o-Cl (42), p-CI (45), m-Me (44),
and p-Me (51) derivatives were slightly less potent than
the corresponding primary amines or their N-Me coun-
terparts; however, in the m-CF; series an N-Et derivi-
tive 43 was somewhat more potent than either the pri-
mary amine or its N-DMe homolog. The only other sec-
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ANORECTIC 1-BENZYLCYCLOPROPYLAMINES

ondary amine studied was N-(2-hydroxyethyl)-1-benz-
yleyelopropylamine (34); it was approximately equipo-
tent to the corresponding N-Et congener 33.

N,N-Disubstitution of 1-benzyleyclopropylamine and
substituted analogs with Me or Et, e.g., 35-36, 46,47, 52,
generally afforded compounds with anorectic potency
approximately equivalent to the corresponding ¥N-mono-
ethyl derivatives. An exception is N,N-diethyl-1-(4-
methylbenzyl)eyelopropylamine (53); it is much less
potent than either its N-Et (51) or N,N-\Me. (52)
counterpart. Two N-aralkyvl-N-methyl-1-benzyleyelo-
propylamines (38, 39) exhibited markedly reduced
potency in the rat.

Several N-acylated 1-benzyleyelopropylamines were
also examined for anorectic activity in rats and dogs.
An N-carbethoxy derivative (40) of 1-benzyleyclo-
propylamine was less than half as potent as the primary
amine in the rat anorexia test whereasthe corresponding
benzyl carbamate 41 was only weakly active at 50 mg/kg.
N-Formy! (48) and N-carbethoxy (50) derivatives of
1-(4-chlorobenzyl)eyelopropylamine, although less po-
tent than the primary amine, retained significant
anorectic activity; however, an N-acetylated congener
49 failed to produce significant anorexia in rats at 25
mg/kg. Similarly, N-Ac (54) and N-carbethoxy (55)
derivatives of 1-(4-methylbenzyl)eyclopropylamine had
only weak anorectic activity at the doses studied.

Experimental Section

Pharmacology. Methods. A. Rat Anorexia Test.*—Ano-
rectic activity in the rat was determined by measuring changes in
food consumption of male, albiiio rats (Wistar strain) specially
trained to consume their normal 24-hr food intake in only 6 hr.
Compounds were administered orally by gastric intubation (8
rats per treatment group). Food (powdered Purina Laboratory
Chow) was presented in tared cups at the predetermined time of
peak effect. After 1 hr the cups were weighed and the mean food
consumption of each drug-treated group was compared to con-
trols. A dose-response curve was obtained by plotting mean
food consumption against the log of the dose. The EDjs, is the
dose that produces a 509 reduction in food consumption of drug-
treated rats relative to controls. Fieller's Theorem!'' was used
to calculate 959 fiducial limits. In cases where EDs's were
not determined, the results (Tables I1I-V) are expressed as per
cent reduction of food consumption of rats treated with the in-
dicated dose, relative to controls.

B. Dog Anorexia Test.—Anoretic activity was determined in
groups of dogs fasted for 18 hr prior to oral administration of
various doses of test compounds. About 0.1 of the daily food
ration (a commercial canied meat preparation) was offered to the
dogs at 0.53-hr intervals following administration of the drug.
Anorexia is defined as failure to eat for two successive feedings.
The dose of drug effective in causing anorexia in 509 of the dogs
(EDxo) and 959 fiducial limits were calculated by the method of
Litchfield and Wilcoxon.'* For compounds whose EDg's were
1ot determined, results are presented (Tables I1I-V) as the num-
ber of dogs displaying anorexia,/the total number tested at the
indicated dose.

Chemistry.}3 Benzy! Halides,.—Both benzyl chlorides and

(11) D. J. Finney, “Probit Analysis.,” 2nd ed, Cambridge University
Press, London, 1852.

(12) J. T. Litehfield, Jr. and F. Wilcoxon, J. Pharmacol. Ezp. Ther., 986,
99 (1949).

{13) All melting points were determined with a capillary melting point
apparatus and are uncorrected. Boiling points are also uncorrected.
Where analyses are indicated only by symbols of the elements, analytical
results obtained for those elements were within £0.49% of the theoretical
values. Elemental analyses were performed by Miss Margaret Carroll
and coworkers of the Analytical and Pliysical Cliemistry Section, Researcli
and Development Division, Smitli Kline and French Laboratories. Ir
spectra were as anticipated for all compounds, They were determined as
Nujol mulls or natural films and were recorded on a Perkin-Elmer Infra-
cord spectrophotometer. Nmr analyses were carried out on a Varian T60
nnir spectrometer and are reported in § (ppin) calibrated against TMS.
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bromides were employed for alkylation of diethyl malonate.
With the exception of 2- and 4-CFs-, 4-CF;0-, and 4-CF;S-benzyl
chlorides, the required benzyl halides were obtained from com-
mercial sources and were distilled prior to reaction. 4-Tri-
fluoromethylbenzy! chloride was prepared according to literature
directions.'* The same method was employed for synthesis of
2-CFs, 4-CF;0-, and 4-CF;S-benzyl chlorides. Requisite sub-
stituted benzoic acids were reduced with LAH and the resulting
alcohols were treated with SOClL to afford 2-CF;C¢H,CH,Cl
(76.59 yield), bp 103-110° (256 mm), 4-CF;0CH.CH,Cl (86¢¢),
bp 86-90° (25 nim), and 4-CF:SCsH.CH,Cl (559%,), bp 86-92°
(9 mm).

General Methods. A. Diethyl Benzylmalonates.—Diethyl
malonate (80.1 g, 0.5 mole) was added dropwise at 20-25° to a
stirred suspeusion of 20.5 g (0.5 mole) of a 58.59, dispersion of
NaH in mineral oil in 200 ml of DMSO. The mixture was stirred
at this temperature until H, evolution was completed, then 0.5
mole of the appropriate benzyl chloride or broniide in 100 mi of
DMSO was added slowly. After the mixture was heated for 30
min on the steam bath, it was poured into 1-1, of ice-H,O. The
precipitated oil was extracted into Et;0. The Et,0 extracts were
dried (MgS0,) and concentrated. Distillation of the residual
liquids gave the diethyl benzylmalonates listed in Table I,

B. Diethyl Benzyl(dimethylaminoethyl)malonates.—Alkyla-
tion of diethyl benzylmalonates with 2-dimethylaminoethyl chlo-
ride was carried out with NaH in DMSO by method A. In most
instances, diethyl benzyl(dimethylaminoethyl)malonates were
converted into quaternary methiodides by treatment with an
excess of Mel in Me,CO-Et,0. Several of the esters were char-
acterized as salts (see Table I).

C. Ethy! 1-Benzylcyclopropanecarboxylates—An approxi-
mately threefold excess of anion-exchange resin (OH -~ form)'s
was washed several times with EtOH. The resiu (ca. 0.6 mole)
was suspended in 500 ml of EtOH, and 0.2 mole of the appro-
priate diethyl benzyl(dimethylaminoethyl)malonate methiodide
was added. The mixture was stirred at 23° for 1 hr; then
it was filtered and the filtrate was concentrated in wacuo.
The residue was gradually heated to 150-200° at water aspirator
pressure (10-25 mm). After decomposition, as evidenced by gas
evolution, was completed the residual liquid was distilled to give
the ethyl 1-benzyleyclopropanecarboxylates tabulated in Table
II. Ethyl 1-benzylcyclopropanecarboxylate was also prepared
(259 vield) by thermal decomposition of diethyl beuzyl(2-
dimethylaminoethyl)malonate methiodide!'® at 200° (10 mm.).

D. 1-Benzylcyclopropanecarboxylic Acids.—Ethyl 1-benzyl-
cyclopropanecarboxylates were hydrolyzed with a 2097 excess of
KOH in EtOH-H,0. After distillation of the EtOH, the crystal-
line acids (Table II) were precipitated by acidification of the aq
solution with 3 N HCL.

The structure of each of the 1-benzyleyclopropanecarboxylic
acids was confirmed by their nmr spectra. Typically, the nmr
(CDCl) had peaks at § 0.7-1.1 (m, cyclopropyl CH,), 1.2)-
1.55 (m, cyclopropyl CH,), 2.9-3.1 (s, benzyt CH,), 7-7.4 (aro-
matic H's), and 12.0-12.2 (s, COOH). 1-Cyclohexylmethyl-
cyclopropanecarboxylic acid gave an nmr (CDCl;) i1 which the
peaks for the cyclopropyl H's (A.B. pattern at 8 0.78 and 1.25)
were superimposed with the cyclohexylmethyl H peaks (m, 1.0-
2.0); it also showed a peak at 5 12.0 (s, COOH).

E. 1-Benzylcyclopropanecarbony! Chlorides.—A mixture of 1
mole of 1-benzylcyclopropanecarboxylic acid and 2 moles of SOCl,
was allowed to stand at 25° for 24 hr (or until gas evolution was
completed). After excess SOCI; was removed in vacuo, the acid
chlorides were distilled. For boiling points and yields of 1-
benzyleyclopropanecarbonyl chlorides see Table I1.

F. 1l-Benzylcyclopropyl Isocyanates.—1-Benzylcyclopropane-
carbonyl chlorides were converted into 1l-benzylcyclopropyl iso-
cyanates by the ‘'wet NaXNj procedure’’ as described previously.!
The isocyanates were obtained in nearly quantitative yield by
this procedure. They were employed for further reaction without
additional purification.

G. Acid Hydrolysis of Isocyanates.—1-Benzylcyclopropyl
isocyanates were hydrolyzed to primary amines by the same pro-
cedure described for ““2-Substituted Cyclopropylamines. Acid

(14) J. R. Owen and W, H. Saunders, Jr., J. Amer. Chem. Soc., 88, 5809
(1966).

(15) A strongly basic polystyrene alkyl quaternary amine (hydroxide
form) of medium porosity was employed. Research grade Rexyn 201
(OH), purchased from the Fisher Scientific Co., and Amberlite IRA, pur-
cliased from Mallinckrodt Chemical Works, were found equally satisfactory.

(16) C. K. Ingold and M. A. T. Rogers, J, Chem. Soc., 722 (1935).
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Hydrolysis of Isocyanates.’”}
acid salts (Table III).

H. Reduction of Isocyanates to Methylamines.—To a
=tirred suspension of 3.8 g (0.1 mole) of LAH in 200 ml of Et;0
was ndded dropwise a solution of 0.05 niole nf the appropriate 1-
benzyleyelopropyl inocvanate in 50 il of Tie).  Afrer the mis-
ture was stirred and refluxed for | hr, it was cooled, and while
stirring 4 ml of Ha0), followed by 4 nl of 2 .V NaOH, and 12 it
Ha, wis ndded drapwise.  The precipitated solid was filtered
and the filrate wi conventrated to leave the oily methylamine
derivatives, which were purified by reersallization of the neid
sabts mdiented in Pable TV,

1. N-Ethyl-1-benzyleyclopropylamines. (a) N-Formylation.

A niixture af 0,1 mole of the appropriste printary ainine and 100
ml of ethivl hrne was stirred ond refluxed for 16 hr. The
splulion wi concentrated {norucice 1o give crude N-substituted
forneaniildes, which could be purified by recry=tallization fram
PaOAc: however, theyv were 1sed Tor further reaction withom
purification.

(b) N-Ethylation of .\'-Formy! Derivatives. -Appropriante N-
snbatitied Tormamides were alkyvinted with Bl by methiod AL
L some fnstanees it was necessary to heat the formaniides with
Nutl in DAMSO (50-60°) in order o Form the Na dertvative s
evitleneed by Ha evolutian .

ic) Hydrolysis of \'-Ethyl-.\'-(1-benzyleyclopropane )form-
amides. - A mixture n{ 0.5 mole of the appropriate N-cthylform.
amide and 120 ml of 6.V THCLwas stirred aod refluxed for 3 .
The solution was concentrated, and the residue wae dissolved in
1O, After the mg salution was extrieted with FeO i was nade
alkaline.  The mixture wins extravied with B0, and the extract.:
were dried and concentrided to leave iy amines whieh were enn-
verted into hvdrochibrides (Table V, 33, 42-45, 51«

J.  NV-{1-Benzylcyclopropylacetamides. -\ mixture «of 0.1
mate of primary amine nnd 30 mi ol Aes) wisstitred nt 100° (or |
bes then it wins rooled and strred with HoO Tor 2 hee Crvatadline
N-Acderiviaives iTuble V, 49, 54 | were filtered.

K., \V.\V-Dialkyl-1-benzyleyclopropylamines, - \V-(1-Benzyvl-
evelopropyiformnmides (M ethal atoand -neetamides (method
J) were alkylned with Mel, 1l or PhCHLCL (Method 1
Resulting tevtiary amides were reduced with LAH o the same
nuinner described (or i-lH'.\';ll).‘ll(‘;- fipethod e ;{iV(‘ 3538.
46, 47, 52, 53 ('I'nble V'3

Diethyl Benzyli3-dimethylaminopropyl)malonate (VIII). - Al-
kyvlation of diethyl malonate with 3-dimethylaminopropyt chio-
ride (method Ay gaove 944, of Vi A methiodide wus prepured in
MeCO-FLO, mp 201-202°0 A hydrochloride wi: also prepared
in MeCO-1.0, mp 139-141° Anal. (CHusNOg HCH CH)N.

Hofmann Elimination of VIIL - The methiodide derived fron
VI (142 g, 0.03 mole), was subjerted to Hofmann elimination
conditions imethod Ci 1o give b1 g of o colorless ligmd, hp re
LOO-16S° (10 nung. An FGO solintion of the distillate wis cep-
arnted into pemral and basie ractions by extretion with 1.V
HCL  The neatead Traction was distilled (o give 2.0 g ol a enlor-
less Haguid, bp 123-132° (10 mm; glpe (175°)7 showed 4 peak.:,

The amines were purified »a their

Kaiseg, et al.

1.2 min (5.5%), 1.4 min (78.3%), 1.6 min (9.6%;), 3.2 min (6.6%).
The structure of the major component (IX, R = Et) is based
on the nmr (CDCly): 8 1.1 (t, 3, J = 7.5, OCH,CHj), ca. 1.6 (m,
1, CHCOOEt), ca. 2.2 im, 2, CH,CH=CH.), 2.83 {d, 2, J =
2, PhCH.), 4.05 (y, 2./ = 7.5, OCHC'H;y, 497 Gy, L eis-CH
CHyw 513 fmy 10 frans=CHe=CHay, 5.7 (hromd m, 1, -CH
Cll), 720 ¢y 0, P The nmre also howell s spudl peak a5
3.6 for COOCH: impurity.

The basie (ravtion, 24 g, bp 164-1658° {10 1, shawed 5
peaks i glpr V1TA%0Y 200 upn (84, 2.6 wmin (7573, 3.6 min
(1770 v The umjor romponent was solated rée o cyvlohiexyl-
atframsite, nip 92-95° (BOH-FOL Ana. (CyllNOy- CillN-
Oz 0.3H.05 (VLN The base +N, I = P bad oo (CHCL
5 Lt 3, = 7.5, OCHCHg) 152 Ji, 4, CHCH RCHaNL
20 e 6, NiCHgse, 2013 imy, 2, CHuN L 2.8 (m, 3, PCHL.CH-Y
405 T, 2 OCHC'H L 720 06 0, PHO: glpe TFT3° 1 206 min, M
205

Similar Hotnuwen elininsdion of VI methiodide o Net1ll
gave 2.0 g of :cnenteal fraction swel 2.6 g of o basie Traetion.
The nentral fraction was a colorless liguid: glpe 11759, 5 pede,
L2 i (6420 1 LA min 022,773 3.0 e b3kt The s
tuee ab the ovdn component (1N, = Mev ix based on the i
(CHCL: 8.6 0y 3, OCH, and ouly snaall peaks st 8 Lt woud
6405 (g1 for COOEL. The basic fraction, glpe (17590, % 2 penk.s,
2.0 min (7454 ), 2.6 min (24.57) wns purified by ceeryarnlliza-
tien of o HCY aalt from Me.CO-EGD, (o give N (R = Moy,
mp 0N 10070 Akads (ClllaNOG-HCH COHLND The base
IN, o= Met hud unne (CDCL, 8 15 [, 4, CHCHwCHLNL
2.0 16 6, NUICHg ), 2.2 (g, 2 -CHLNS, 284 i, 2, PhCHa-,
249 i1, 1, PhCHLCHD, 3.6 1= 3 OCH, 7.25 155, Phie glpe
PETASE 20 min, M7 20N

Reduction ol XI with LAH. - V-il-Benzylevelopropyliee-
amide (map B3 495° from EiOAe -hexnne), prepared by acetyhition
al 1 unethod Jn wies cedioerd with 3 moles of LA i rellnxing
b 6 o cnethod 1 o give 364, oG endortess liquid hydro-
chloride. mp 143 144° (frcan Me,COEGOL pal (CullN -
HCT CALND A ixture mehing point with wiainbignonsly
obtained X11-HCH wis undepressed.  FPhe i (CDCLy sund
ir spertrc of thic msderial were alio identical with those of o, V-
diethyvlphencihylamine.

Reduction of N1 sing the same conditions, bat with o 30-non
veflix period, gave approxinately 204, of 33 lidentical tnmr, it
with un sntbentic sunple prepaved by methiod 1] and S0¢7 of ve-
covered nnide.

«,.\ -Diethylphenethylamine (XIIi. - Reduction of N-acetyl-o-
ethylplienethvlamine’ wirh 3 moles of LA in refluxing .0
for 7 b tnethod Hy gnve 7277 of XT: hydrochloride, mip 143
HAZ i OH -FnOw

175 Glpe were olnaiied rotberqually al a flow rate of 50wl oo e
silieone raliber SE30, 104 Gus Chrow Z, in a copper eolitunt 1160 X it
weort witle thiermal seiection

18 AL Metver, o, Cidun, sPueist, & TG 100 Clhion, Uil 44
3422 {1430}
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