
1 ,“-cyclolicsniicdiols. In the latter instance, a 
roilstant tot a1 molar concentration of copper plus 
hydroxyl groups rather than of copper plus diol 
groups was maintained. The maximum optical 
density, therefore, did not reflect the composition of 
the copper-diol complex.  Repetition of this work, 
using react ion mixtures containing various copper- 
diol proportions, gave results that arc in keeping 
with the formation of a cuprammonium-diol 
complex in which the copper-diol ratio is 1 : 1. This 
is in agreement with the findings of Reeves.2 

(2 )  11. E. Rcevcs and P. Bragg, J. Org. Chem., in 
press.  
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A previous paper2 described the preparation of the 
monofunctional alkylating agents (I and 11) derived 
from 3-(p-aminophenyl)propionic acid. The “one- 
armed” mustard (11) mas an especially interesting 
compound for comparison with the difunctional 
alkylating agent (VI, n = 2 )  as a test of the hypoth- 
esis that a monofunctional alkylating group might 
be as effective as a difunctional agent in effecting 
irreversible enzyme i n h i b i t i ~ n . ~  In  order to study 
the effect of the N-alkyl group, two other “one- 
armed” mustards (I11 and IV) have been prepared, 
as well as an N-ethyl “one-armed” homolog (Vj 
which can be directly compared with chlorambucil4 
(VI, n = 3). 

Methyl 3-(p-aminophenyl)propionate* (VII) was 
used as the starting material for the preparation 
of both 111 and IV. The reaction of benzaldehyde 
with VI12 gave a 92y0 yield of the crystalline ani1 
(VIII), which was hydrogenated over Raney nickel 
to afford the benzylamine (IX) as a low-melting 

(1) This work was rarried out under the auspices of the 
Cancer Chemotherapy National Service Center of the 
Xational Cancer Institute, National Institutes of Health, 
Public Health Srrvice, Contract No. SA-43-ph-1892. T h p  
cpinions expressed in this paper are those of the authors 
and not necessarily those of the Cancer Chemotherapy 
Xational Service Center. For the preceding paper of this 
series, see E. J. Re&, R. R. Spencer, M. E. Wain, I. G, 
Junga, L. Goodman, and B. R. Baker, J .  Org. Chem., 26, 
2821 (1961). 

(2) W. A. Skinnrr, H. F. Gram, and B. R. Baker, J .  Org. 
Chem., 25, 777 (1960). 

(3) H. F. Gram, C. W. Mosher, and I3 R. Baker, J. A m .  
Chem. SOC., 81, 3103 (1959). 
(4) J. L. Everett J .  J. Roberts, and W. C. J. Ross, J .  

Chem. Soc., 2386 (1953). 

CH2CHzCOOH 

I. R = H  
11. R=CzHs 

111. R CeHSCH, 
I\‘. R =  (CH3)ZCH 

CHzCHzCH&OOH 
I 

(CHz) n COOH 
I 

solid in 89% yield. Hydrogenation a t  low pressure 
(20 p.s.i.) was essential; a t  50 p.s.i. hydrogenolysis 
occurred, regenerating the primary amine (VII). 
The absence of VI1 in the low-pressure product 
could be demonstrated by paper chromatography. 
Treatment of IX with ethylene oxide in aqueous 
acetic acid gave a good yield of the chromatogra- 
phically homogeneous sirup (X) which, without 
purification, was allowed to react with phosphoryl 
chloride a t  reflux. The crystalline acid (111) was 
formed in 82% yield, hydrolysis of the ester group 
occurring during the decomposition of the chlorina- 
tion reaction mixture with water. 

CH2CHZCOOCH3 CHzCHZCOOCH3 CH2CHaCOOCH3 

I I 

NHa N=CHCsHS NHCH2CSH5 
VI1 VI11 I X  

1 i 
C H Z C H ~ C O O C H ~  CHzCHzCOOCHs CHzCHgCOOCH3 
I I I Q 

NHCH(CH3)z N--CH(CH,i)z iXCH2CtjHs 
I 

CHzCHzOH CHzCHPOH 

X I  XI1  X 

i 1 
IV I11 

The conversion of VI1 to the K-isopropyl ester 
(XI) n-as accomplished by treatment with 2- 
hromopropane in the presence of potassium car- 
bonate until paper chromatography of the product 
showed the absence of 1‘11. Analysis of the crude 
product suggested that it was contaminated witL 
some dinlkylated product although this inferenet 
was not obvious from the paper chromatograph~c 
data. ‘rhe crude product, which contained XI, WBF 

treated with ethylene oxide in aqueous acetic acid 
and the hydroxyethylation product was subjected 



to  chromatography on  F i l i w  gel. Cliloroforni eluted 
a material which JIW prohh1j- 1 hc dinlkylation 
product but which was iiot characterized. Nethanol 
eluted the desired 2-hydroxyethylumine (XII) , 
isolated as a chromatographically homogeneous 
sirup in 46'ij, yield from VTI. Reactioii with phos- 
phoryl cliloritlc and hydrolysi.; of the ester during 
processing of the reactioii mixture wa5 carried out  
as in the preparation of I11 to  yield the crystalline 
acid IT', which was still contaminated n-ith a trace 
of ester. The analytically and chromatographically 
pure acid (IV) was obtained after a further hydroly- 
sis with hydrochloric acid. 

The preparation of the "one-armed" mustard (V) 
of phenylbutyric acid followed the sequence used to 
prepare the phenylpropionic acid analog (IT), 

"2 

XI11 

I 

NHCzHS 

XIV 

Q - v  

The reductive alkylation of the amino ester (XIII)4 
with acetaldehyde in the presence of Raney nickel 
afforded 90% of crystalline secondary amine (XIV). 
Conventional hydroxyethylation of XIV yielded 
96% of the hydroxyethylamine, which was a sirup 
that gave good elemental anaIyses. Phosphoryl 
chloride, rather than thionyl chloride as in the prep- 
aration of 11,2 was used to convert XT' to the acid 
V, ester hydrolysis taking place during the decom- 
position of the reaction mixture with water. 

Biological r e s ~ t l t s . ~  Sone of the "one-armed" 
mustards 111, IT', or V showed any appreciable in- 
hibiting effect a t  their maximum tolerated doses on 
Sarcoma 180, Adenocarcinoma 755,  Leukemia L- 
1210, and Ehrlich Ascites. 

 EXPERIMENTAL^ 
Methyl 5'- [( p-benzylidenea7nino)phe7lyl] propionate (VI I I ). 

A solution of 1.79 g. (0.010 mole) of methyl 3-(p-amiito- 
phenyl)propionate2 (VII), 1.34 g. (0.013 mole) of benzalde- 

(5) These tests were performed at this  Institute by Dr. 
Joseph Greenberg and his staff under contract to the 
Cancer Chemotherapy Kational Service Center. 

liydv, 0.2 g. of anhydrous sodium acetate, and 10 nil. of 
:ho l i i t e  cth:inol \vas heated a t  reflux for 2 hr., then cooled 
to room teniperaturc and diluted with 10 ml. of water. 
The mixture was extracted with ether ( 3  X 20 nil.) and the 
combined extracts were evaporated in uucuo, a8'ording 2.15 
g. (92%) of crystalline solid, m.p. 63-65". Ilecrj~stallization 
from aqrieous et,hanol gave the  analytical sample, m.p. 65.5- 
(X.5'; A::$ 5.74 (estcr C=-=C)), 6.13 (C=S and nronintic), 
8.52 ( w t c r  C'--O--C'), 12.14 (p-(lisut)st itut c ~ l  I)cnzc~nc), 
14.19 :md 11.35 (inoiiositl)stitiitetl benzcnc). Thc compound 
niovcd RS n single spot on chromatography6 in solvent -4 on 
both \\.hatman No. 1 (/if 0.88) and aeetylnted papers (/tf 
0.60), arid in solvent R on Whatinan KO. 1 paper. Only in the 
latter system \vas there any sep:iration from (VII). 

-4nal. Calcd. for Ct7Ht7NOz: C, 76.4; H, 6.41. Found: Cj 
76.5; H, 6.49. 

Methyl 3- [p-b~nzylairiino)phenylj propioncrte (m). Commer- 
cial Raney nickel catalyst7 (8.0 g.) was washed free of water 
with ethanol, then added to  a solution of 2.67 g. (0.010 mole) 
of the ani1 (VII I )  in 50 ml. of methanol. The mixture was 
shaken under an initial pressure of 20 p.s.i. (gage) of hydro- 
gen at room temperature for 50 inin. Thc catalyst was scpn- 
rated by filtration through a layer of C(1lite and wished witli 
methanol. The combined filtrate was evapor:ited in vacuo, 
lcaving 2.38 g. (807c) of a yellow oil which solidified on 
standing a t  5'. The whitc crystals were collected arid had 
1n.p. 25-29"; A::,,,,,, 2 . 0 i  (SII), 5.74 (ester C=O), 8.3-8.6 
(ester C-0-C),  12.2 (p-disubstituted benzene), 13.55 and 
14.3 (monosubstituted benzene). The compound moved RS n 
single spot in solvent -4 on both Whatman KO. 1 and acety- 
lated papers with Rr 0.93 and 0.35, respectively. 

Anal. Calcd. for C17H1&02: C, 75.8; H, 7.11; N,  5.20. 
Found: C, 76.0; H, 7.23; N, 5.22. 

Methyl S- [p- (  d-prop?llaniino)pheny~] propionate (XI ) .  A 
mixture of 25.0 g. (0.14 mole) of the primary amine (VII) ,  
45.0 g. (0.27 mole) of potassium carbonate (anhydrous), 
and 75 ml. (0.80 mole) of 2-bromopropane was heated a t  
reflux for 64 hr.8 The mixture was filtered, the separated 
salts were washed with chloroform, and the combined filtrate 
was evaporated in vacuo, leaving 26 g. of a brown sirup. 
The infrared spectruni showed the --KH absorption at 
2.97 p which was characteristic of XI. Paper chromatography 
in solvent A on acetylated paper showed two spots, a major 
one a t  R f  0.54, presumably that  of XI, and a minor one a t  
R, 0.87, presumably that  of the dialkylation product. 

Anal. Calcd. for 2 [ClaHloSO2 (monoa.lkylation product)) : 
1 [C16H2JV02 (dialkylation product)]: C, 71.4; H, 9.00; S, 
5.95. Found: C, 71.3; H, 8.76; N, 5.92. 

Methyl 4- [!p-ethyla?nino)pheny/] butyrate (XIV).  Reductivo 
alkylation of 9.30 g. (0.048 mole) of methyl 4-(p-amino- 
pheny1)hutyrate (XIII)4 in 150 ml. of absolrite ethanol w a s  
accomplished with 3.08 g. (0.070 mole) of freshly distilled 
acetaldehyde, 0.30 g. of anhydrous sodium acetate, and 20 
g. of commercial Raney nickel7 (washed free of water wi th  

(6) 1Ielting points irere taken on a Fisher-Johns ap- 
paratus and are uncorrected. Paper chromatography was 
done by the  descending technique on Whatman KO. 1 
paper or on Schleicher and Srhtlell KO. 2043B acetylated 
paper as indicated. The  solvent systems used nere: A, 
benzene-methanol-mater (2/6/1) ; B, ammonium sulfate- 
2-propanol-water (2/28/70)  ; C, 1 -butanol-acetic acid- 
water (5/2/3) ; D, water-saturated 1-butanol; E, 1-butanol 
saturated with 2d1 aqueous ammonia. The spots were 
detected by visual examination under ultraviolet light. 

(7) Sponge nickel catalyst, Davison Chemical Co., 
Cincinnati 20, Ohio. 

(8) This \\as the time required to  ensure the disappear. 
ance of all the  primary amine (VII) as detected by paper 
chromatography. Any unchanged VI1 might have eventual1.v 
been converted to  bis-mustard (VI, n = 2) which would 
have confused the biological testing. 



T.4BLE I 
HYI)ROXYETHYL AMINES 

(YHz)n COOCH," 

Coln- 
pound Yield, 
xo. n R /(I R f h  07 

x 2 CCHbCH, 71 0 -tie 
XI1 2 (CH3)ZCH 4HC 0 80J 
sv 3 CH,CH, '36d 0 83* 

The compounds were sirups. Based on secondary 
amine ( IX) .  Based on primary amine (VII) .  Based on 
secondary amine (XIV). Calcd. for C,,H&O,: C, 67.9; 
H, 8.74; N, 5.28. Found: C, 68.6; H, 8.63; h', 5.44. e Com- 
pound I S  had I?, 0.25. I R ,  0.94 in solvent II on Whatman 
No. 1 p:tpcv. R J  0.92 in solvent E on Whatman S o .  1 
paper. * IZJ in solvent A on acetylated paper. 

solved in 10 nil. of chloroform and applied to the top of a 
column (2.4 X 42 cm.) of 160 g. of silica gel (60-200 mesh). 
Any dialkylation product was eluted with chloroform until a 
colorless eluat,e was obtained. The column was then eluted 
with methanol until the eluate was colorless. Evaporation 
of the methanol eluate afforded 8.06 g. (46% ba,sed on VII) 
of a sirup. The pertinent data for the 2-hydro~yethylaiiiiii~s 
X, XII, and XV are found in Table I. 

The prepavations of the 2-chloroethylaminex were carricd 
out with phosphoryl chloride according to the techniqiw 
described by Skinner et  al.,!' except that  when the reaction 
mixture was added to water, the temperature was allowed 
to rise to  40-50". The hydrolysis mixture was then stored 
3-6 hr. a t  room temperature to complete hydrolysis of the 
ester, thcn the "one-armed" mustard was separat,ed and 
purified. In  the case of IV an additional hydrolysis with 12M 
hydrochloric acid for 1 hr. on tho steam bath was re- 
quired to afford IV, free of ester. Compound V was difficult 
to obtain as a crystalline solid. It was necessary to extract 
the crude product with Skellysolve B,l0 decanting from an 
insoluble tar, in order to obtain pure V. Attempt,ed recrys- 
tallization of V from chloroform caused extensive tar forma- 
tion; the same behavior was noted with the propionic acid 
analog (I).2 The data for the 2-chloroethylamines 111, IV, 
:tnd V are found in Table 11. 

TABLE I1 
CHLOROETHYLAMIKES 

(CH2)nCOOH + 
R -S C H.,C H ,C I 

Com- 
pound Yield, C a l d .  Found 

No. n R CI /O 1I.P.d C H c1 N C H c1 S 

111 2 C ~ H ~ C H ?  me 91-92 68 n 6 . 3 4  11 2 4.1  I 68.4 0 . 4 1  11 .F, 1 . 4 1  
IV 2 (CH.J,CH : 3 1 h . J  106-108 62 ?, 7 1 7  1.7 1 5 .  10 6 2 . 2  7 . 3 ! )  13 .2  5 10  

3 CHsCH? lIc10  61-62 W . 3  7 4 7  13.1 5 . 1 0  (<2 . :3  7 . 6 9  13.0  5 . 3 5  v 
a Yield of product, n1.p. 63-88'. ' Yield of product, m.p.  05-99'. 

_ _ _ _ ~ . -  

Yield of itna1ytic:il sample. Analytical product, all 
of which were recrystallized from Skellysolve B.Io e R f  0.41 in solvent A on acetylatrtl paper. f R f  0.80 in solvent D on 
Whatman KO. 1 paper (cf. footnote ( f )  in Table I) .  Rf0.79 in solvent E on Khatnian So. 1 paper ( c f .  footnote ( 8 )  in Table 
I). 

ethanol), as described for the prcparatioii of methyl 3- 
[(p-ethy1amino)phenylJ propionate.2 The product ( 0 . 5  g., 
0097) was a sirup which crystallized to a solid on chilling, 

) 2.97 ( S H ) ,  5.i-k (ester C=O). 8.2-8.7 
2.15 (p-tiisubstitiitcd I)cwwne). The com- 

pound movcd as a singlit spot on 11npc.r chroin:itograpliy in 
solvvnt A on Imth \Vhntiri:tn KO. I : r i i c l  :icctyl:itrcl rxil)ers 
with /if 0.(iO : ind 0 . ! ) i ,  rc~spcctivc~l!~, \ ~ h c ~ i ~ : i s  the! prini:u-y 
amine ( X I I I )  hat1 /t,0.56 and O.!J5, rcqwtivi~ly,  unt lw thcsc 
conditions cind coiilcl bc distingiiishctl from SIT'. 

Anal. Calcd. for C!I,H,qSO,: C, 70.R; H ,  8.fi5; S ,  
Found: C, 70.3; H, 8.71 ; S,  G . : 3 : 3 .  

Hydroryethylat ions with rthj.l(wc osidr \ v c w  carried oi i t  in 
,iqueous arctic acid by tho procnthiro tiescrit)rtl in  I?cf. 2 .  
I n  t,hil (Lase of XI ,  the: rrudr iiiixturr (12.1 g.)  of XI and 
dia1kyl:itrd product was allowcd to r w r t  with c~thyl(~nr oxide 
for 65 hr. ; hydroxycthyhtion wis incompl(8tc: after 24 hr. 
T h c  criitlc, reaction prodrict, 13.6 of brown sirrip, was dis- 
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Peter Lim for iriterpretatioii of the infrared spectra, 
his staff for the paper chromatographic dat'a, and 
111.. 0. 1'. Crews and staff for large-scale prepnrw- 
tioii of cert,aiii intermcdiates. 
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