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Anal. Calcd. for CI5HI1ClINO*.HC1: C, 50.7; H, 6.20; C1, 
30.2; N, 3.95. Found: C, 50.7; H, 6.12; C1, 30.7; N, 4.02. 

p[ Bis(~~hloroeWlyl)aminomethyl] hydrocinnamie acid hy- 
drachlmirEe (XII). A solution of 0.90 g. (2.5 mmoles) of 
methyl p[bis(2-~hloroethyl)aminomethyl]cinnamate hydro- 
chloride (XII) in 10 ml. of 12N hydrochloric acid waa re- 
fluxed for 30 min., then concentrated to about one-half 
volume in  uacw, and cooled in an ice bath. The product was 
collected on a glass filter; yield, 0.70 g. (81%), m.p. 171- 
175". A sample waa recrystallized by solution in hot water, 
then addition of five volumes of 12N hydrochloric acid to 
give white crystals, .m.p. 176-177'; cp 3.75, 3.87 
(NH+ and acidic OH); 5.80 (carboxyl W); 12.0 (pdisub 
stituted benzene); 13.4 (C-CI). 

Anal. Calcd. for C1~HlpCl2N~O~.HCl: C, 49.3; H, 5.87; 
C1, 31.3; N, 4.12. Found: C, 49.2; H, 5.95; Cl, 31.1; N, 
4.15. 

Methyl p(aminomethyl) hydrm'nnumate hydracMoride (X) . 
To a stirred solution of 7.0 g. (0.050 mole) of hexamethylene- 
tet.ramine1' in 100 ml. of 95% methanol was added 8.5 g. 
(0.050 mole) of potassium iodide followed by 10.6 g. (0.050 
mole) of methyl p-( chloromethyl) hydrocinnamate (VII). 
The reaction mixture waa refluxed with stirring for 40 min., 
then filtered hot to remove potsssium chloride. The filtrate 
was cooled to 0" and deposited 20.0 g. (115%) of the hexa- 
mine complex that was contaminated with some salts. 

A suspension of 20 g. of the hexamine complex in 150 ml. 
of methanol was saturated with hydrogen chloride,14 re- 
fluxed for 30 min., then evaporated to dryness in u o .  The 
residue was dissolved in hot dichloromethane and filtered 

from some inorganic material. Evaporation of the combined 
filtrate and wwhingA to dSyneaa in z t "  afforded 8.8 g. 
(7770) of an amorphous solid, m.p. 150-155', that gave a 
paper chromatogram and infrared absorption spectrum 
identical with the analytical sample. Crystallization of a 
sample from methanol ether afforded white crystals, m.p. 
208-217O; 3.50, 4.20, 4.85 (NH+); 5.72 (ester 
M); 8.50 (ester GO-C);  12.1 (pdisubstituted ben- 
zene). The compound traveled aa a single spot (R, 0.76) in 
solvent Bll when detected by iodoplatinate spray (gray 
color). 

This compound (X), when allowed to react in the usual 
manne+ with ethylene oxide in dilute acetic acid containing 
an equivalent of sodium acetate, waa not converted to IX as 
expected, but was recovered unchanged. It appears that 
hydroxyethylation in dilute acetic acid fails to take place 
because of the stronger protonation of aliphatic amines, such 
aa X, compared to the arylamines usually employed under 
these conditions.8 
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Several analogs of the chlorambucil isostere 3-p { [bi(2-chloroethyl)aminojphenoxy]propionic acid (I, n = 2) have been 
synthesized for evaluation aa potential anticancer agents and aa potential irreversible inhibitors of lactic dehydrogenase. 

A series of w ~p-[bis(!&chloroethyl)amino]phe- 
noxy jalkanoic acids (I) have been synthesized* and 
evaluated as anticancer agents against Walker rat 
Sarcoma 256. All four of these acids showed in- 
hibitory action. The maximum effect was shown by 
the propionic acid derivative (I, n = 2), which was 
considered3 to be an isostere of chlorambucil, 4 { p -  

[bis(%chloroethyl)amino 1phenyl)butyric acid.' As 
m-phenylalanine mustards appears to be more 
effective against some tumors6 than p-phenylala- 
nine mustard,'?* the synthesis of the 0- and m- 
isomers of I (n = 1,2) was deemed advisable in 
order to determine whether or not these changes 
would cause a change in tumor ~ p e c t r u m . ~ * ~ ~  These 

(1) This work was carried out under the auspicea of the 
Cancer Chemotherapy National Service Center of the 
National Cancer Institute, National Institutes of Health, 
Public Health Service, Contract No. SA-43-ph-1892. The 
opinions expressed in thie paper are those of the authors 
and not necessarily those of the Cancer Chemotherapy 
National Service Center. For the preceding paper of this 
series, ef. A. P. Martinez, W. A. Skinner, W. W. Lee, 
L. Goodman, and B. R. Baker, J .  Am. Chem. Soc., in press. 

(2) For paper IV on chlorambucil analogs, see W. A. 
Skinner, A. P. Martinez, H. F. Gram, L. Goodman, and 
B. R. Baker, J .  Org. Chen., 25, 148 (1960), Paper XLIII 
of this series. 

(3) W. Davis, J. J. Roberts, and W. C.  J. Rose, J .  Chem. 
SGC., 890 (1955). 

(4) J. L. Everett, J. J. Roberta, and W. C. J. ROBB, 

(5) H. F. Gram, C. W. Mosher, and B. R. Baker, Paper 

(61 M. 0. Greene. B. R. Baker, and J. Greenberg, Cancer 

J .  CLm. Sac., 2386 (1953). 

XVII of this Series, J .  Am. C h .  Sac., 81,3103 (1959). 
-. 

Research, 20, 1160 (1960). 
(7) F. BerPel. V. C. E. BurnOD. and J. A. Stock. J .  Chem. 

Si.,' 1223 (1655) ; F. Bergel and J. A. Stock, J .  d h .  SOC., 
2409 (1954). These authors use the synonym of Mer- 
Dhalan for the racemate of p-Dhenylalanine mustard and - -  - 
Melphalan for the cisomer. 

(8) L. F. Larionov. A. 5. Khokhlov. E. N. Shkodinskaia. 
0. S:Vasina, V. I. Tksheikina, and A.M. Novikova, Lancet, 
269,169 (1955). These authors use the synonym of sarcolpin 
for the racemate of pphenylalanine mustard. 



JANUARY 1961 ALKYLATING AGENT8 DERIVED FROM Cd-PHENOXYALKANOIC ACIDS 153 

compounds are also of interest as potential irre- 
versible inhibitors of lactic dehydrogenase. l1 

The synthesis of [m-[bis(2-chloroethyl)amho]- 
phenoxylacetic acid (VI) and 3-{m-[bis(khloro- 
ethy1)amino ]phenoxy ]propionic acid (VII) was 
similar to the route used earlier for the synthesis of 
the para series (I).a 
(m-Acetamidophenoxy)acetic acid (11) was pre- 

pared from m-hydroxyacetanilide in 72% yield by 
the method of Howard.12 Simultaneous alcoholysis 
of the acetamido group and esterification with eth- 
anolic hydrogen chloride gave crystalline ethyl (m- 
aminophenoxy)acetate hydrochloride (IV) in 62y0 
yield. Hydroxyethylation using ethylene oxide in 
aqueous acetic acid afforded ethyl {m[bis(a-hy- 
droxyethyl)amino]phenoxy ] acetate (X) as a nearly 
analytically pure oil in 9201, yield that was uniform 
when chromatographed on paper in System A,la 
showing a single spot (R, 0.61). 

Chlorination of X by refluxing in phosphorus oxy- 
chloride for fifteen minutes gave ethyl {m-[bis(2- 
chloroethyl)amino]phenoxy ]acetate (VIII) in 88% 
yield as a low-melting solid, m.p. 38-39', R, 0.52 
in System A." Hydrolysis of VI11 with hot concen- 
trated hydrochloric acid gave the desired m-phen- 
oxyacetic acid mustard (VI) in 87% yield as an 
analytically pure solid. 

P n C O z H  

lytically pure hydrated solid in 17% yield. Sub- 
stitution of lithium hydroxide for sodium hydroxide 
or ethyl %bromopropionate for 3-bromopropionic 
acid resulted in none of the desired product (111). 
A 6% yield of I11 was obtained when the reaction 
was carried out in absolute ethanol using sodium 
ethoxide in place of sodium hydroxide. 

Ethyl 3- ("inophenoxy) propionate hydro- 
chloride (V) was prepared in 82% yield by simul- 
taneous alcoholysis and esterification of &(m-aceb 
amidophenoxy)propionic acid (111) with alcoholic 
hydrogen chloride. Hydroxyethylation of V with 
ethylene oxide in aqueous acetic acid proceeded 
smoothly to give a quantitative yield of ethyl 3- { m- 
(bis (2- hydroxyethyl) amino] phenoxy} propionate 
(XI) obtained as an analytically pure solid, m.p. 
55-54', R, 0.61 (System A'*). Treatment of XI for 
thirty minutes in hot phosphorus oxychloride gave 
a 96% yield of ethyl 3-{m-[bis(2-chloroethyl)amino] 
phenoxy ]propionate (E), m.p. 31-32', R, 0.61 
(System Ala). 

Hydrolysis of IX with hot concentrated hydro- 
chloric acid yielded the m-phenoxypropionic 
acid mustard (VII) in 88% yield, m.p. 138-139'. 
The analytical sample traveled as a single spot 
(R, 0.70) on paper in System A. la 

Attempts to react o-hydroxyacetanilide with 3- 

11. n = 1 IV.n= l  X . n = l  
111.71 = 2 V.n=2 XI.n=2 

.1 
OCHpCHzCOZH 

VI.n=l  VIII. n = 1 
1X.n =2  

XI1 
VI1.n = 2  

f r H 2 c o z H  

T H z C O z C z H ,  OCHzCHzCO&H5 

N(CHZCHZOH)Z - ~ N ( C H Z C H Z C I ) Z  - / , N(CH&H2Cl)z 
w 

XVII 

The reaction of nt-hydroxyaceta,nilide with 3- 
bromopropionic acid in alkaline solution gave 3-(m- 
acetamidophenoxy) propionic acid (111) as an ana- 

(9) J. &holler, E. Tholen, and L. H. Schmidt, Proc. Am. 
Aaaoc. Cancer Research, 3,60 (1959). 

(10) L. F. Larionov, A M .  Med. Nauk. Vestnik, 14, 
No. 6, 25 (1959). 

(11) B. R. Baker, Cancer C k k p y  Reports, 4, 1 
(1959), published by the National Cancer Institute. 

(12) C. C. Howard, Ber., 30,548 (1897). 
(13) Paper chromatograms were run by the descending 

technique with bensene-methanol-water (2/6/1) on 
Schleicher and Schuell No. 2495 acetylated paper (System 
A) or on Whatman No. 1 paper (System B). Spota were 
detected by visual examination under dhviolet light. 

LJ w 
XVI xv 

bromopropionic acid in aqueous sodium hydroxide 
resulted in low yields (8%) of 3-(wicetamidophen- 
oxy)propionic acid. By the method of Chakravarti 
and Dutta,l* 0-nitrophenol and 3-bromopropionic 
acid were allowed to react in aqueous sodium 
hydroxide to give a 30% yield of 3-(o-nitrophen- 
0xy)propionic acid (XII). Hydrogenation of XI1 
with palladium-on+harcoal a t  room temperature 
and atmospheric pressure afforded crystalline 3-(0- 
aminophenoxy)propionic acid (XIII) in 82% yield, 
readily esterified to XIV with ethanolic hydrogen 

(14) D. chskravsrti, and J. Dutta, J.  Indian C h .  Soc., 
16, 639 (1939). 
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chloride in 88% yield. Hydroxyethylation of the 
free base of XIV with ethylene oxide in aqueous 
acetic acid gave ethyl 3-{o-[bis(%hydroxyethyl)- 
amino]phenoxy)propionate (XVII) aa a nearly 
analytically pure viscous oil in 81% yield, which 
was homogeneous on paper in System Ala (RJ 0.74). 
As in all of the hydroxyethylation reactions, 
thorough washing of a dichloromethane solution of 
the bishydroxyethyl compound (XVII) with water 
was necessary to remove polymeric glycol by- 
products. Chlorination of XVII in the usual man- 
ner with phosphorus oxychloride resulted in 82% 
yield of XVI as an amber oil, which melted below 
20" and had R1 0.71 in System A.I3 

Hydrolysis of XVI with concentrated hydro- 
chloric acid gave 3- { o- [bis(2-chloroethyl)amino]- 
phenoxy}propionic acid (XV) as a pure solid, m.p. 
71.5-73', in 87% yield.ls In  common ~ t h  the 
other phenoxyalkanoic acid mustards, this com- 
pound (XV) is light-sensitive, giving a green colora- 
tion upon expo,sure. 

Attempts to chlorinate the various bis(hydroxy- 
ethy1)amines with thionyl chloride in methylene 
chloride or chloroform resulted in low yields of the 
mustards and led to dGculties in purification of the 
h a 1  compounds. Phosphorus oxychloride was 
found to give a much cleaner chlorination in this 
series. 

 EXPERIMENTAL'^ 
3-(mA&midqh"g)propionie aeid (111). To a hot 

solution of 1.51 g. (10 mmoles) of m-hydroxyacetanilide in 
10 ml. of 4yo aqueous d u m  hydroxide was added a solu- 
tion of 1.53 g. (10 mmoles) of 3-bromopropionic acid in 20 
ml. of water containing 0.40 g. of sodium hydroxide. The 
solution was placed on a stesm-bath and allowed to e v a p  
rate overnight. The residue was dissolved in 10 ml. of water, 
acidified to pH 5 and cooled in an ice bath. The unchanged 
phenol wm removed by filtration, then the combined filtrate 
and washings were acidified to pH 1; yield, 0.41 g. (17%) of 
product m.p. 70-100", resolidifies and remelta at 130-131"; c:;, 2.97 (NH and H2O); 3254.00 (acidic OH); 5.83 
(carboxyl M); 6.05, 6.35 (amide); 13.00 (m-dirrubstituted 
benzene). 

Anal. Calcd. for CllHuN04.HtO: C, 54.8; H, 6.27. Found: 
C, 54.4; H, 6.48. 

Ethyl 3-(m-amimphenozy)proph& hydrochhide (V). A 
solution of 18.6 g. (0.084 mole) of %(m-acetamidophenoxy)- 
propionic acid (111) in 240 ml. of absolute ethanol saturated 
with hydrogen chloride waa refluxed for 1 hr., cooled, and 
concentrated to dryness in uamw leaving 21.6 g. (105%) of 
solid, m.p. 9 5 9 9 O .  Recry.hlli~ation from ethyl acetate gave 
16.8 g. (82%) of cryatale, m.p. 112-113"; ew 3.85, 4.85 
(NH:); 5.75 (ester M); 8.40, 8.52 (eater G-O--C); 
12.90 (m-disubstituted benzene); no amide band near 6.0. 
The compound traveled as a single spot (Rj 0.57) in &&em 
Ala on paper. 

Anal. Calcd. for GlHlaOa.HCl: C, 53.8; H, 6.52; Cl, 
14.1. Found: C, 53.7; H, 6.62; Cl, 14.1. 

Similarly, 15.0 g. of (m-acetamidophenoxy)acetic acid 
~~ ~ 

(15) This route waa not considered feasible for synthesis 
of *phenoxyscetic acid mustard, because of the ease of 
lactam formation of (*aminophenoxy)acetic acid and ita 
derivatives. 

(16) Melting points were taken on a Fder-Johns block 
and are uncorrected. 

(a)1* gave, after recrydhat ion  from ethyl acetate, 10.3 g. 
(62%) of ethyl (m-aminophemnv- h w k x h b d e  (IV), 
m.p. 129.130"; ew 3.85, 4.97 (NH:); 5.72 (ester M); 
8.45, 8.65 (ester C-0-C); 12.95 (m-disubstituted ben- 
zene). The compound traveled as a single spot (RJ 0.45) 
in system A" 

A d .  Calcd. for C,&NOa.HCl: C, 51.9; H, 6.05. Found: 
C, 52.3; H, 6.22. 
8-(o-Amimphenmy)propimic acid (XIII). A mixture of 

1.00 g. (4.7 mmoles) of 3-(w&xophenoxy)propionic acid 
(XII)," 75 mg. of 5% palladimn-charcod moistened 
with Zmethoxyethanol and 50 ml. of absolute ethanol was 
hydrogenated at room temperature and atmospheric pres- 
sure for 15 min. when reduction was complete. The catalyst 
waa removed by filtration and the combined filtrate and 
washings were evaporated to dryness in WCIU) leaving 0.70 
g. (82%) of tan needles, m.p. 105-106"; e& 3.60400 
(acidic OH); 5.95 (acid W); 13.17 (odmubstituted 
benzene). 

Anal. Calcd. for C&,Nor: C, 59.7; H, 6.12. Found: 
C, 59.3; H, 5.97. 

Ethyl 3-(o-aminuphemq)propion& hydrochbde (XN). 
A solution of 2.68 g. (0.015 mole) of 3-(eaminophenoxy> 
propionic acid (XII) in 30 ml. of absolute ethanol saturated 
with hydrogen chloride was refluxed for 1 hr. The solution 
waa evaporated to dryness in vacuo and the residue trib 
urated with ether; yield 3.20 g. (MOJO), m.p. 172-173O; 
L a ,  Nllpl 3.504.50 (NH'); 5.79 (ester CCO); 8.25, 8.41, 8.54 
(ester C-0-C); 13.20 (disubstituted benzene). The 
compound traveled as a single spot (RJ 0.46) in system 
A.1' 

Anal. Calcd. for ChHI~Oa.HCl: C, 53.9; H, 6.53. Found: 
C, 53.8; H, 6.71. 

Ethyl m- (7ni(Z?-hydrqef.hyljumin.o ]phenuzyacetate (X). 
To a solution of 12.1 g. (0.052 mole) of ethyl (m-amin+ 
phenoxy)acetate hydrochloride (IV) in 150 ml. of water 
waa added 5.0 g. of sodium bicarbonate, 82 ml. of glacial 
acetic acid, and 10 ml. of ethanol. The stirred solution was 
cooled to -5" in an ice bath and 30 ml. of ethylene oxide 
waa added slowly. The reaction flask was stoppered and the 
mixture stirred for 24 hr. at room temperature. The solu- 
tion waa neutralised with solid d u m  bicarbonate and 
extracted with dichloromethane (3 X 125 ml.). The com- 
bined extracts were washed with water (4 X 125 ml.) to 
remove glycol polymers and then dried over anhydrous 
magnesium sulfate. The solution waa evaporated in vacuo 
to yield 15.0 g. (100%) of a light reddish oil. The oil was di& 
solved in hot ether, the ether solution waa filtered, the 
concentrated in wew, to yield 14.0 g. (92%) of a light red 
oil; xzw 3.00 (OH); 5.78 (ester); 8.50 (ester C-0-C); 
9.0 10.0 ( (SOH);  13.3 (mdhbstituted benzene). The 
compound traveled as a single spot (RJ 0.61) in System 
Ala and was essentially pure. 

Anal. Calcd. for C&IzlNOS: C, 59.4; H, 7.47. Found: 
C, 58.9; H, 7.57. 

Ethyl S-{m [ b i s ( ~ h y d r o z y e U l y l ) l p h m o z y ) p r ~  
(XI). Hydroxyethylation of ethyl 3-(maminophenoxy)- 
propionate hydrochloride (V), aa described for the prepara- 
tion of X, gave a quantitative yield of product that crystal- 
lized on standing and waa suitable for the next atep. Re- 
crystalhation of a sample from ether gave cry&& with 
m.p. 53-54' and ew 2.95, 9.49, 9.68 (C-OH); 5.82, 
8.30, 8.36, 8.50 (ester); 13.50 (m-disubstituted benzene). 
The compound traveled in System AI* as a single spot with 

A d .  Calcd. for C1anNOb: C, 60.6; H, 7.80. Found: 
C, 60.9; N, 7.96. 

Similarly, ethyl 3--((t. [bis(~hydroay&yZ)amimlphmozy)- 
propirmate (XVII) waa obtained in Slyo yield as an essen- 
tially pure oil with R, 0.74 in syetem A" and e, 2.95, 
9.30-9.80 (C-OH);  5.75, 8.40 (de r ) ;  13.30 (bdisubeti- 
tuted bemene). 

A d .  Calcd. for CIJ&.NOS: C, 60.6; H, 7.80; N, 4.71. 
Found: C, 60.0; H, 8.17; N, 4.33. 

R, 0.65. 
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Ethgl m - [ ~ ( ~ ~ y l ~ i ~ ~  (m). 
A mixture of 1.0 g. (3.5 m o l e a )  of ethyl m - b W h y d m q -  
ethy1)aminolphenoxy acetate (X) and 7.5 ml. of freshly 
distilled phoaphorua oxychloride was retluxed for 15 min. 
The green-mlored solution was poured into 100 ml. of ice 
and stirred well for 10 min. The mixture was neutralized 
with sodium acetate to pH 5 and extrmted with 1 0 0 d  of 
dichloromethane. The extract was washed with 50 ml. of 
water, dried over anhydrous date, then con- 
centrated in wcu) to yield a yellow-green oil. This oil was 
diaeolved in 10 ml. of dichloromethane and 50 ml. of toluene 
and evaporated to dryness (bath 50") in wcu) to remove 
acetic acid. The midue oil c r p t d w d  . upon atanding; yield, 
1.0 g. (88%), m.p. 38-39"; em 5.63 (ester (=Eo); 8.30, 
8.56 (ester C-0-C); 13.30 (m-disubstituted benzene); 
free of COH near 3.0 and 9.5. The compound traveled as a 
single spot (Rf0.52) in System A.l8 

A d .  Calcd. for QJLClrNOI: C, 52.5; H, 5.95; Cl, 22.2. 
Found: C, 52.3; H, 6.29; Cl, B.1. 

Ethyl P { m- W C k M ~ l b m i m  Iphmozy 1p.opioMtc 
(E). The chlorination of 1.0 g. (3.0 mmolea) of ethyl 
3-{ m- [bis(zhydroxyethyl)aminolphenoxy)propionste (XI) 
was performed in ementially the same manner as described 
for X except that X I  was heated for 30 min. with phosphom 
oxychloride on a steam bath, rather thau refluxed for 15 
min. The product (M), after crystahation'from ether- 
petroleum ether (b.p. M"), was obtained in 96% yield, 
m.p. 31-32'; 5.78 (ester W); 8.40, 8.60 (ester 
C-0-C); 13.32 (m-disubstituted benzene); 13.90 (M); 
absence of OH near 3.0 and 9.5. The compound traveled aa 
a single spot (Rf0.61) in System klS 

A d .  Calcd. for C,cE[uClfiO~: C, 53.9; H, 6.29; Cl, 21.3. 
Found: C, 54.1; H, 6.49; Cl, 21.5. 

Ethyl 3-{ 0- ~(~hlmoelhyl)amimlphenozy}pzopionate 
(XVI). Treatment of 1.0 g. (3.0 m o l e s )  of ethyl 3-(0-[b& 
(%hloroethyl )amino ]phenoxy )propionate (XVIII) with 
phosphorus oxychloride in the same manner as for X yielded 
0.95 g. (82%) of a light amber oil which c r p t a h d  tofine 
needles melting below 20"; eu 5.72 (ester W); 8.42 
(ester -); 13.30 (odisubstituted benzene); 13.90 
(M); absence of OH near 3.0 and 9.5. The compound 
traveled BB a single spot (Rf 0.71) in System A,l* and 
analysis showed it WBB nearly pure. 

Anal. Calcd. for G&t&lfiO1: C, 53.9; H, 6.29; Cl, 21.3; 
N, 4.19. Found: C, 54.7; H, 6.53; Cl, 20.7; N, 4.34. 

{ m - ( B i s ( ~ d g l ) a m i m ] p ~ ] o c c t i e  acid (VI). A 
solution of 0.10 g. (0.30 mmole) of ethyl (m-[bis(2chlorc- 

ethyl)amino]phenoq}ace.tate (VIII) in 2 ml. of concd. 
hydrochloric acid was retluxed for 10 min., cooled, and 
neutralized with d u m  acetate to pH 5. The product was 
extracted with 25 ml. of dichloromethane; the extract was 
washed with 10 ml. of water, dried over anhydrous msg- 
nesium date, then concentrated to dryness in w n r ~ .  The 
white solid was diesolved in toluene and again concentrated 
in vacuo to yield 0.080 g. (87%) of white crystal8 m.p. I n -  
128"; =% 3.50-4.00 (acidic OH); 5.72 (carboxyl M); 
13.28 (m-disubstituted benzene); 13.45 ( C C l ) .  The com- 
pound traveled as a single spot (R, 0.87) in &stem B." 

Anal. Calcd. for C&l&lfiO*: C, 49.3; H, 5.14; a, 24.3. 
Found: C, 49.6: H, 5.43; Cl, 24.4. 

3 - { m [ B i e ( ~ ~ y l ) ] p h e m z g ) p r o p i o n i c  arid 
(VII). The hydrolysis of 0.90 g. (3.0 mmoles) of ethyl %(m- 
pis( !khloroethyl)amino]phenoxy )propionate (IX) WBB car- 
ried out in the same manner as was that of VIII except that 
the time of reflux was lengthened to 30 min. An 88% 
yield of product, m.p. 134-136", WBB obtained. ELeCrystsl- 
hation from petroleum ether (b.p. 30-60") gave an analyti- 
cal sample, m.p. 138-139"; e*, 3.50-4.00 (acidic OH); 
5.83 (carboxy M); 13.30 (m-disubstituted benzene); 
13.90 (M); absence of OH near 3.0. The compound 
traveled BB a single spot (R, 0.70) on paper in system A.I3 

A d .  Calcd. for Q&JX&NOa: C, 51.0; H, 5.55; a, 23.2; 
N, 4.57. Found: C, 51.1; H, 5.62; Cl, 23.1; N, 4.75. 

S-{ 0- [Bh( %hhoeihyl)amim Iphemzg )propionic acid 
( X V ) .  Hydrolysis of 0.50 g. (1.5 moles)  of ethyl 3-(ct(bis- 
(2-~hl0roethyl)amino]phenoxy}propiom~ (XVI) with 
concd. hydrochloric acid in the same manner as described 
for VIII yielded 0.40 g. (87%) of crystalline product, m.p. 
65-67'. Recrystalhation from petroleum ether (b.p. 30- 
60") yielded an analytical sample, m.p. 71.573'; e& 
3.80-4.20 (acidic OH); 5.80 (carboxyl 0); 13.00 (0- 

disubstituted benzene); 13.89 ( C C l ) .  The compound 
traveled as a single spot (R, 0.77) in System A.1s 

A d .  Calcd. for CJInCl2NO,: C, 51.0; H, 5.56; Cl, 23.2; 
N, 4.57. Found: C, 50.9; H, 5.60; Cl, 22.9; N, 4.61. 
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Chiapagenin and Isochiapagenin. Two New Steroidal Sapogenins 
from Dioscorea chiupasensis' 
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DiosGorGa CnMpaSGMis Matuda WBB found to contain diosgenin, yamogenin, correlogenin (neobotogenin), and two new di- 
hydmq. sa- now named chiapagenin and isochiapagenin. Chiapsgenin was shown to be 12phydmxyyamogenin by 
appropnate mterconvemions with correlogenin and with sisalagenin. Isochiapagerin has been identiied as 12pbydroxy- 
diosgenin. 

During the past few years relatively few new 
steroidal sapogenins have been isolated, most of 
them being Gl hydroxylated steroids (e.g., 
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Foundation. 

(2) Rmearch Laboratories, Syntex, S.A., Mexico, D. F., 

ruscogenin, rhodeasapogenin, tokorogenin, kogage- 
n i n ) . s  Of particular interest is the recent report by 

(3) For detailed review and referenwa on these and other 
steroidal sapogenins see L. F. Fieser and M. Fieser, "Ster- 
oids," Reinhold Publishing Corp., Xew York, 1950, chap. 21. 


