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Alkylation of 3-chlore~~-alanine (XVII) with the thiophenol p-mustard XVI afforded the p-mustard I of S- 
phenyl-DL-cysteine, which was oxidized to  the sulfone mustard 11. The related mustards 111, IV, and V were 
formed by S-alkylation of D- and L-cysteine, L-cysteinesulfinic acid, and DL-homocysteine, respectively, in aqueous 
acid with benzyl alcohol p-mustard (XIX),  the preparation of which is described. 

The phenylalanine mustards, especially the meta- 
and para-i~omers,~ have been studied extensively in 
animals and in man as anticancer drugs. Their in- 
teresting biological properties have created intense 
interest in the preparation of related compounds in a 
search for enhanced activity. The nitrogen mustards 
of S-phenyl- and S-benzylcysteine represent such ana- 
logs, with a structural change that may be biologically 
important; this paper describes the preparation of 
these and re1:ated compounds (I-V). 

I (W 
I1 (DL) 

( C 1 C H z C H z ) z N ~  -cHzs- -CHzCHCOzH 111 (D and L) 

F i O z -  -CH&Hz- AHz IV v (L) (W 

The standard preparative sequence for aromatic 
nitrogen mustards generally follows the scheme used 
in the preparation of pJa and mJb phenylalanine 
mustards, namely, appropriate blocking of the func- 
tional groups of a nitroarylamino acid, followed by 
reduction of the nitro group, bishydroxyethylation of 
the arylamine, conversion to the bis-(chloroethy1)- 
amine, and removal of the blocking groups. Attempts 
(shown in Scheme I) to use this route in the preparation 
of I, 111, and IV led to intermediates that were not 
stable to the final steps of the sequence because of 
lability of a carbon-sulfur bond.6 Thus, in the initial 
attempts to  prepare I, transformations of S-phenyl 
derivatives of cysteine were successful only as far as 
the protected amines X I  and XIIa.  A reverse RIichael 
reaction product (XV) was isolated from attempted 
hydroxyethylation of XIIa.  With a series of S- 
benzylcysteines leading to 111, the sequence failed 
in the reduction of IXb to the amine XIIb;  the reduc.- 
tion occurred with some loss of the benzylthio moiety. 

(1) This work was carried out under the  auspices of the  Cancer Chemo- 
therapy National Service Center, National Cancer Institute, Xational In- 
stitutes of Health, Public Health Service, Contract No. S.4-43-ph-1892. 
The opinions expressed in this paper are those of the  authors and are not 
necessarily those of the Cancer Chemotherapy National Service Center. 
For the preceding paper in this series, see B. R. Baker, W. W. Lee, A. P 
RIartinez, L. 0. Ross, and L. Goodman, J .  Org.  Chem., 27, 3283 (1962). 

(2) A preliminary communication covering some of this work has ap- 
peared, R. H.  Iwamoto, E. M. Acton, B. R. Baker, and L. Goodman, Chem. 
Ind. ( L o n d o n ) ,  1404 (1961). 

(3) T o  whom reprint requests should be sent. 
(4) (a) See Cancer Chemotherapy Repor ts ,  6, 61 (1959): (h) M. 0. Greene, 

B. R. Baker, and J. Greenberg, C a n w  Res., 20 ,  1160 (1960). 
( 5 )  (a) F. Bergel and  J. A .  Stock, J .  Chem. SOC., 2409 (1954): (b) H. F. 

Gram, C .  W. Mosher, and  B. R. Baker, J. Am. Chem. Soc., 81, 3103 (1959). 
(6) A similar lability was noted in the  preparation of some mustards of 

aroniatic thioalkanoic acids; see AI. E. Wain, E. M. Acton, B. R. Baker, 
and L. Goodman, J .  070.. Chem., 27, 2905 (1962). 
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The amino sulfone XI11 was prepared as an interme- 
diate toward IV, but when it was found that compound 
IV was easily available by another approach (vide infra), 
the characterization and further use of XI11 were dis- 
continued. 

NO2 NO2 

VIa VIb (Li V I 1  

V I 1 1  IXa IXb 

X I  X I  Ia X I I b  

$ i 
NH2 

X I 1 1  

series a, n = 0 series b, n = 1 
SCHEME I 

The failure of the conventional routes to I and I11 
made it clear that novel approaches would be required 
for their syntheses. Methods were sought that  would 
link directly a preformed aryl mustard with the amino 
acid moiety to form the new carbon-sulfur bond under 
conditions to which the mustard group was stable. 
When two molar equivalents of p- [bis(2-chloroethyl)- 
aminolbenzenethiol (XVI)7 were allowed to  react 

(7) M. H. Benn, L. N. Owen, and  A. M. Creighton, J .  Chem. Soc., 2800 
(1958). 
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with 3-chloro-~~-alanine (XVII) hydrochloride8 in 
refluxing methanol containing three equivalents of 
potassium hydroxide, 20 to 50Y0 yields of I could be 
isolated by neutralizing an acid solution of the evapo- 
rated rcaction mixture.g Any deviation from this 

N (CH2CHJCI)J 
XVI  

stoirhiometry caused a drop in yield. Oxidation of I 
to thc sulfone mustard I1 was ac,complished in good 
yield after 1 G  hours with a large excess of hydrogen 
peroxide in glacial acetic acid. The use of less peroxide 
or a shorter reaction time resulted in a product that  was 
rontaminated with a sulfoxide according to  the in- 
frared spectrum. 
h direct synthesis also was possible in the case of 

I11 and was extended to the preparation of IT' and V. 
Tbis depended on reduction of the benzaldehyde mus- 
tard XT'II1,'O achieved with a large excess of sodium 
tlorohydride in methanol, to form the crystalline benzyl 
dcohol mustard XIX in excellent yield. It was im- 
portant to use a large excess of borohydride so that the 

('[HPOH 7 I I I \  

t \ s t e  n c ~ u l f i i i i i  aLld 
1 L  6 S ( C H 2 C H 2 ( ' I ~ 2  I +$ N(CH*CH,Ci 2 4 ! 2 p +  

XYIII  S I X  

reaction was complete within a minimum period. The 
reaction of XIX with L- or D-cysteine in warm 6 
hydrochloric acid under nitrogen for 24 hours afforded 
the I,- and D-forms of 111 with equal but opposite ro- 
tation, indicating that no appreciable racemization 
had occurred during the condensation. This prepara- 
tion of 111 was based on a similar reaction used to pre- 
pare the S-thyminylcysteine." That a much higher 
yield of L-I11 than D-I11 was isolated can be attributed 
to the extensive contamination of the commercial 
u-cysteine with D-cystine. Under the same reaction 
conditions, DL-homocysteine and XIX afforded an ex- 
cellent yield of T', and L-cysteinesulfinic acid and XIX 
gave the benzyl sulfone mustard IV in high yield. 
Compound IV could also be prepared from I11 by oxi- 
dation with hydrogrn peroxide in glacis1 acetic acid 
but the yield was much lower and the product required 
more purification. 

Biological Results.-Of thc transplanted tumors in 
nhich the mustards 1-1' have been tested, Ralker 
C'arrinoma 236 was thc most susceptible to inhibition 
Compound IT' caused complrte inhibition of this im- 
p1:tnted tumor in rats1* a t  a hingle dose of 50 mg./kg 

(8) J 1, Ff ood and L T dn hIiddleswoith J Bid Chem 1'79, 529 (1949). 
(9) 1 somewhat related reaction, tha t  of o-[bis(2-chloroetliyl)aminol- 

I i e n i ~ l  rliloride and diethyl acetamidornalonate in the  presence of sodium 
ethoxide w a s  used in the preparation of o-ptienylalanlne mustard See T 4 
Connors W C J Ross and J G Wilson, J Chem S o r  29'?4 (lY60). 

( I O )  It II Wdey and CT I r ick I Org Chem 26, 597 (1981) 
(11) R I: Cline R. AI I i n k  ind  I< rinh 1 A m  Chem Cor 81, 2721 

(197s) 
112) These tests were performed a t  Chester Bea t t j  Resear( li Insti tute,  

Insti tute of Cancer Research Royal Cancer Hospital London S W. 3, 
Lnglanrl, and we nish t o  thank hIr J L 17Terett for supplying the data 

and was non-toxic a t  300 mg./kg. Gompoundh L-111 
and 1- were both less effective (complete inhibition at 
123 mg./kg.) and more toxic (drath a t  300 mg. kg.)  
Compound I caused complete inhibition at 230 mg. kg , 
hu t  the sulfonc I1 had no cffcrt ut that  do+<>: bot)Ii \ \ ( \ I  ( ' 

non-toxic at 500 mg., kg. T l i v  r,-form of p-plic.n> l-  
alanine mustard, in comparison, at 1 ing. kg. c a u ~ c ~ l  
complete inhibition of the tumorL3 but was toxic at !I 
mg.,'kg. Though active at :t liighcr dose Icvel, coni- 
pound Is' on this basis may br equal or superior to  ~ - p -  
phenylalanine mustard in t herapeutic indm PI ('- 
liminnry results with14 Carcinoma 733, Sarcoma 1 SO. 
3nd Leukemia T,-l210 in mice showd somc life txtvn- 
sion in treatmmt of Lritkemin I,-1210 n-ith 111 : m l  \ , 
and bomc inhibition of Currinoimi 753 oc~urrcd I\ itli 
Y. 

in his recent monogrup'1 
Furthcr t m t s  in all t h e  systems arc in progrcs.  

l a  is pointcld out liy 120 
, I and TI, may h a w  intcrcsting 
. It coiild be predicted that tlic 
I should he much greatcr than 

that of 11, ivhich (wnt2in, thc htrongly electron-with- 
draving sulfone wbstituent p a w  to thc muttard group. 
If normal tissiw cmtaincd an oxid:tti\-c en/,ynw t l i :~  t 
\vas Incnking in tl1mlJr tissue, (4ompoiind 1 might 1 ) ~  ( 1 ~ -  
toxified in normal i iic 1)y ouidntion t o  11. 1\hi10 1 x 3 -  

taining its 14fcct on the  tumor t 

Experimental16 
Paper Chromatography.--All compolinds described \Yere, \vl i ( :~i  

purified, homogeneous to  paper chronlatography by the clescelitt- 
ing technique in system -1: 1-butanol-scctic acitl-water ( 5 / 2 / ' 3  I 
on  Whatman S o .  1 paper'; or sj-stciii 13: l~~~nzenc?-nictfi:trloi - 
miter (2/6/1) on Schleicher and Schuell acetylated paper So. 
2496. Spots \\-ere detcctetl by visu:il o1)sf:rvation undcr ult,r:i- 
violet light (for the arornatir coinpouuds'l :md then (for the frcv 
amino acids) by spraying wit11 iiinhydriii reagmt. I'a111cs r x -  
pressed tjv tLY :ire ron~p:trc:d xvith cystciiic.. \vlictro E,,, = / t i  

componiid/lif cysteine. 
3- { p- [Bis(2-chloroethyljamino] phenylthio} -DL-alanine 1'1. 

.\ stirred solution, u n d e r  nitrogen. of 3.0 g. (0.020 r i i o i c ~ )  of p -  
[his( ~-chloroe thyl ) -~ in i r io] l~~:~~zer i t~ t l~ io l  ( S\-I)i ili  lfi0 nil. of 
disoliitc nic%!i:anol Iprt*;%usly purgwl \\-ith nitrogen) \$-:E t , r t~ : i t~v l  
\vit'i I .OO K .  (0,010 III!)~~,~) of :~-chloro-l)1.-alarline (XVII)  hyllro- 
chiorid@ l i  arid. i!linirtii:~tt~lv t!icrr:iitrxr. ii-ith 30.0 ml. of 1 .II 
incthnolic potiwiuiji li\-tlrosiilt~. The resulting sollltiwi \v:w 
refiuxetl far 45 m i x ,  ti,.iririy xvhich tiiiie n >~:llorv gum ~c~p:ir:ttwl. 
After cooling. tho s:ipern:itarit w:ts tlecantcd slid coricriitr 
in uocuo a t  -10". .I colt1 ii .1/ liv.!irochloric acid ( G O  nil.) so11 
of the semisolid residw i\-:ishliluted with 100 nil. of \\-at(sr, vx- 
tracted with two 50-ml. portions of chloroform, and  a~l, i~ist~*tl  t:, 
pH 5-6 at 5" with 5 I/ arnrnonilim hydroxide. T11c rcw't: i i i t  
precipitate after 2 hr. was mashed ii-ith ivater : t j id  t'itw \I i t  l i  

ether-benzene (2/1). The dried product. I I I . I ) .  157 -1fi.i' t l c ~ ~ . . "  
xeighed 1.57 g. (50:7.), with Rcr 2.3 in systc. 
tem B (Rf 0.0 for XVI). An analytical sani 
in melting point and infritrcd spectrum, \"it o 
it,ation from a G .I1 hydrochloric acid solution xvith 5 .I/ :1111- 
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monium hydroxide. The yields sometimes fell to 20% for no 
apparent reason. 

Anal. Calcd. for C13HlsClnN202S: C, 46.3; H, 5.38; C1, 21.0; 
S, 9.53. Found: C, 46.2; H, 5.19; C1, 20.9; S,9.40. 

3- ( p -  [Bis(2-chloroethyl)amino] phenylsulfonyl) -nL-alanine 
(II).-A suspension of 0.486 g. (1.44 mmoles) of I in 20 ml. of 
glacial acetic acid was treated with 4.0 ml. (39 mmoles) of 30y0 
hydrogen peroxide. The resulting solution was stored for 16 hr. 
a t  room temperature and then stirred with a little 5% palladium- 
charcoal for 10 min. to decompose the excess peroxide. The fil- 
tered solution was diluted with 70 ml. of water, adjusted to pH 5 
with 5 M ammonium hydroxide. and chilled overnight while the 
product precipitated. The yield of 11, filtered and washed with 
cold water, 50% ethereal ethanol, and ether, was0.396 g. (74%),  
m.p. 146-151" dec.,la Rcy 1.9 in system A. Characteristic sulfone 
bands appeared a t  7.7 and 8.8 p in the infrared, but there was no 
band a t  9.7 p due to sulfoxide contamination. The analytical 
sample, m.p. 148-159" dec.,lS was obtained in 39% overall yield 
from a solution (clarified by filtration) of the initial product in 
glacial acetic acid (15 ml.) containing a few drops of 6 M hydro- 
chloric acid; the filtrate was diluted with 75 ml. of water, ad- 
justed to pH 5 with 5 M ammonium hydroxide, chilled for 2 hr., 
and the precipitate collected. 

Anal. Calcd. for C13H1&12N204S: C, 42.3; H, 4.91; C1, 19.2; 

p- [Bis(2-~hloroethyl)amino] benzyl Alcohol (XIX).-A fresh 
solution of sodium borohydride was prepared by adding 5.8 g. 
(0.15 mole) in portions to 100 ml. of absolute methanol a t  5",  
avoiding excessive effervescence. This solution was stirred and 
treated, during 25-30 min., with a solution of p-[bis(2-chloro- 
ethyl)amino] benzaldehyde (XVIII)l0 (12.0 g., 0.048 mole) 
in 200 ml. of absolute methanol, maintaining the temperature a t  
25-30', Stirring was continued for 1.5 hr. and the solution was 
poured slowly with stirring onto 500 ml. of ice and water, where- 
upon the product crystallized. The mixture was adjusted to pH 
5 with 1 M hydrochloric acid, stirred for 0.5 hr., and filtered. 
The product, washed with water and dried in vacuo a t  25', 
weighed 10.5 g. (877, yield), m.p. 51-52', Rf 0.34 in system B 
(Rf 0.19 for XVIII). Loss of carbonyl absorption a t  5.99 p 
characteristic of XVIII was observed in the infrared. Re- 
crystallization from an ethyl ether-petroleum ether mixture af- 
forded material of analytical purity (70-7570 yield), m.p. 52-53". 
The product, when pure and stored a t  5', showed no deteriora- 
tion within 1 year. 

S, 8.68. Found: C, 42.6; H,  4.75; C1, 19.0; S, 8.84. 

Anal. Calcd. for C11H1&12?JO: C, 53.2; H, 6.04; CI, 28.6. 
Found: C. 53.2: H,  6.04: C1, 28.7. 
3- { p -  [Bis(2-chloroethyl)amino] benzylthio] -L-alanine (L-111). 

-.4 solution of 1.24 g. (5.00 mmoles) of X I X  in 20 ml. of 6 M 
hydrochloric acid was treated with 0.88 g. (5.0 mmoles) of L- 
cysteine hvdrochloride monohydrate and warmed a t  50-55' 
under a nitrogen atmosphere for 24 hr. The clear solution was 
cooled t o  5" and neutralized (pH 6-7) with 5 M ammonium 
hydroxide. The white precipitate was collected on a filter, 
ground to a powder, and washed with water and ether. Traces 
of L-cystine, present in some runs (Rc, 0.42), could be removed by 
filtering a solution in absolute methanol a t  30-40' and evaporat- 
ing the filtrate in vacuo; the residue was dissolved in 1 11.1 hydro- 
chloric acid solution and the product precipitated by addition of 
5 M ammonium hydroxide t o  pH 6-7, yielding 1.2 g. (68%) of 
solid, m.p. 159-160" dec.,l* Rcu 2.2 in system A (XIX was a t  
solvent front), [ L U ] ~ ~ D  -4.8' =k 0.2 (c 2 in glacial acetic acid). 

Anal. Calcd. for C I ~ H ~ ~ C I ~ N ~ O ? S :  C, 47.9; H, 5.74; C1,20.2; 
N, 7.07; S, 9.13. C,47.9; H, 5.79; C1, 20.2; N, 8.11; 
s, 8.93. 

(D-111) 
was obtained from D-cysteine hydrochloride monohydratelQa 
in 45% yield as described for L-111, m.p. 158-162' dec.,la [ O ~ I ~ ~ D  
+5.0" =k 0.2 ( c  2 in glarial acetic acid). The infrared spectrum 
and paper chromatographic data were identical with those of 
L-111. 

C, 48.1; H,  5.88; CI, 20.2; N, 7.91; S, 8.90. 
(L- IV). A. From XIX.-After 18 hr. as for ~111, L-cysteinesulfinic 

acidlgb (0.155 g., 1.00 mmole) and 0.248 g. (1.00 mmole) of XIX in 
2.5 ml. of 6 M hydrochloric acid afforded 0.343 g. (937,) of the 
sulfone, m.p. 148-151' dec.,'s Rc, 1.9 in system A (pink ninhy- 

Found: 

3- { p -  [Bis(2-chloroethyl)amino] benzylthio] -n-alanine 

Anal. 
3- { p -  [Bis(2-chloroethyl)amino] benzylsulfonyl} -L-alanine 

Found: 

(19) (a)  Nutritional Biochemicals Corp.. Cleveland 28, Ohio: a large 
(h) Cyclo Chemical Corp., Los Angeles 1. amount  of o-cystine was preaent; 

Calif. 

drin color), [ ( Y I Z ~ D  +11.2" zk 0.2 (c 1 in 6 111 hydrochloric acid). 
A sample for analysis, m.p. 149-152' dec.,l8 \+as reprecipitated 
from 6 hydrochloric acid solution with 5 M ammonium hy- 
droxide. Characteristic sulfone bands in the infrared were found 
a t  7.7 and 8.9 p. 

Anal. Calcd. for C I ~ H Z O C ~ Z N ~ O L ~ :  C, 43.9; H, 5.26; C1,18.5; 
S, 8.46. Found: C, 44.1; H, 5.27; C1, 18.5; S, 8.54. 

B. From 111.-A solution of 1.00 g. (2.85 moles) of GIII in 20 
ml. of glacial acetic acid and 3.0 ml. of 30% hydrogen peroxide 
was treated as described for I1 for 24 hr. The reaction solution, 
decanted from the dark oil that separated, on neutralization 
afforded 0.35 g. (32%) of L-IV, which was chromatographically 
homogeneous (Rc, 1.9 in system A). A sample for analysis, 
m.p. 146-149 ' dec., was prepared by two reprecipitations; 
it was nearly identical to L-IV, prepared from XIX, as shown by 
infrared spectrum. 

Anal. Found: C, 44.3; H, 5.36; C1, 18.8; S, 8.12. 
DL-2-Amino-4- [ p -  [his(%-chloroethyl)amino] benzylthio) butyric 

Acid (DL-V).-uSing the method for L-111, 0.338 g. (2.50 mmoles) 
of DL- homocysteine and 0.620 g. (2.50 mmoles) of XIX in 5 ml. of 
6 M hydrochloric acid afforded 0.73 g. (78%) of product, chroma- 
tographically homogeneous in system A, Rc, 2.2 (Rcy 0.84 for 
homocysteine). A sample for analysis was obtained by reprecip- 
itation, first from 6 M hydrochloric acid solution with 5 ill 
ammonium hydroxide a t  pH 6, and then from a solution in hot 
methanol which was clarified by filtration, diluted with water, 
and cooled. The amorphous solid melted gradually, turning 
yellow, from 110-150". 

Anal. Calcd. for CljH&12X;202S: C, 49.3; H, 6.07; C1, 19.4; 
S, 8.78. Found: 

Esterification.-N-Acetyl and N-phthalyl cysteine derivatives 
were converted to methyl esters by treatment with an equal 
weight of acetyl chloride in 10 vol. of methanol a t  reflux for 30 
min. The esters I S a  and X crystallized on cooling; IXb and 
VI11 crystallized on concentrating the reaction mixture to one- 
half the volume. 

DL-LU- [ (p-Nitrophenylthio)methyl]-1,3-dioxo-2-isoindolineacetic 
Acid.-S-pNitrophenyl.nL-cysteine (nL-VIa)20 x a s  fused with 
phthalic anhydridez1 a t  160-165" for 45 min. The solid that 
formed on cooling was triturated with benzene and collected on a 
filter. Recrystallization from boiling benzene containing char- 
coal afforded 61% of product, m.p. 169-171', Rf 0.93 in system 
A. 

Anal. Calcd. for Cl7Hl2N20$: C, 54.8; H,  3.25; S, 8.61. 
Found: 

The methyl ester (IXa) was obtained in 87% yield, m.p. 116- 
117", Re 0.28 in system B, Rt 0.85 (0.24 for the free acid) in water 
saturated 1-butanol on Whatman No. 1 paper. 

Anal. Calcd. for C1RH14K;20&: C, 55.9; H, 3.65; S, 8.30. 
Found: C, 55.9; H, 3.69: S, 8.38. 

L-W [ (p-Nitrobenzylthio)methyl]-1,3-dioxo-2-isoindolineacetic 
Acid.-S-p-Nitrobenzyl-L-cysteine (L-VIb),22 m.p. 190-19lD (lit 
196°,23 223' 2 2 ) ,  with phthalic anhydridez1 a t  160-170' for 1.5 hr.Z4 
as with nL-VIa afforded 70y0 of product, m.p. 82-84', Rf 0.92 in 
system A. Elemental analysis even after drying in vacuo a t  
64" showed solvation with benzene. 

Anal. Calcd. for C I S H ~ ~ N ~ O O S . C ~ H ~ :  C, 62.1; H, 4.33; S, 
6 90. Found: C, 62.2; H, 4.08; S, 6.64. 

The methyl ester (L-IXb) was obtained in 36% yield, m.p. 
111-112", Rf 0.28 in system B. 

Anal. Calcd. for C19HlsNZ06S: C, 57.0; H, 4.03; 8, 8.01. 
Found: C, 57.1; H, 3.94; S, 8.02. 

DL-a- [ (p-Aminophenylthio)methyl] -1,3-dioxo-2-isoindolineace- 
tic Acid Methyl Ester (XIIa).-A solution of 2.91 g. (7.59 mmoles) 
of IXa and ammonium chloride (0.84 g., 12 mmoles) in 375 ml. of 
methanol-Tl-ater (80/20) was treated n-ith 7.05 g. (0.108 g.-atom) 
of zinc dust. The mixture 17. as stirred under reflux for 4 hr. and 
filtered through a pad of Celite, which then was washed with 50 
ml. of boiling methanol. The combined filtrates m-ere concen- 

C, 49.8; H, 5.87; C1, 19.3; S, 8.77. 

All were recrystallized from methanol. 

C, 55.0; H, 3.34; S, 8.38. 

(20) L. Goodman, L. 0. Ross, and B. R. Baker, J .  Org.  Chem., 23, 1251 
(1958). 

(21) J. P. Greenstein and M. Winitz, "Chemistry of t he  Amino Acids," 
John Wiley and Sons, Inc., N e a  York, N. Y., 1961, Val. 2, p. 901. 

(22) C. Berse, R. Bouoher, and L. Piche, J .  O w .  Chem., 22, 805 (1957): 
ref. 21, p. 1080. 

(23) H. G. Bray, 5. P. James, and W. V. Thorpe, Biochem. J . ,  70, 570 
(1958). 

(24) The effect of these conditions on the integrity of the  optical center 
was not ascertained; cf. K. Balenovii: and B. Gaspert, Chem. Ind. (London). 
115 (1957). 



trated in vucuo, the residual sirup was dissolved in 1 -11 hydro- 
chloric acid (150 ml.), and the solution was clarified by filtration 
and neutralized (pH 5) with saturated aqueous sodium acetate. 
The resulting oil n-as extracted into dichloromethane (100 ml.) and 
recovered from the dried (magnesium sulfate) extracts by concen- 
tration to form a glass (2.00 g., 755~,), Rr 0.43 in system B. 

The p-toluenesulfonic acid salt was prepared by adding 0.70 g. 
(1.9 mmoles) of XIIa  in 15 ml. of absolute methanol to 0.61 g. 
( 3 . 2  mmoles) of p-toluenesulfonic acid monohydrate in 15 ml. of 
methanol with stirring. After 30 min., 400 ml. of ether ivas 
added, the mixture was chilled a t  5"  overnight, and 0.44 g. (377,) 
of white crystals, m.p. 214-230", xas collected on a filter. Iie- 
crystallization from acetonitrile (200 nil.) afforded 0.27 g. (25:;; ) 
of analytically pure solid, n1.p. 237-339". 

.lna2. Calcd. for C25H?SNO&: c', 56.7; H, 4.75: S, 12.1. 
Ii'ound: c', 56.6; H, 5.00: S, 11.8. 

Methyl a-Phthalimidoacrylate (XV) from XI1a.-According to 
conventional hydroxyethylation procedure, 0.50 g. (1.4 mmoles) 
of free XIIa in 25 nil. of 50:; aqueous acetic acid was treated 
\vith 1.5 ml. of liquid ethylene oxide. The stoppered solution 
was stored for 2 days a t  room temperature, adjusted to pH 5-6 n-ith 
saturated aqueous sodium acetate, and ext.racted with three 25-ml. 
portions of dichloromethane. The combined extracts, when dried 
and concentrated in cucuo, afforded 0.34 g. of semisolid residue. 
Recrystallization from an ethyl acetate-petroleum ether mixture 
afforded 0.080 g. ( 2 5 7 ;  yield of XV), m.p. 103-107", Rf 0.50 in 
system B. The infrared spectra of both the crude and the puri- 
f i t d  product showed strong bands at 6.1 p (-C=C--) and 11.3 p 
( - - C H ? ) ;  expected bands near 2.9 (OH), 6.25 (aryl), 9.5 (C-OH',. 
and 12.1 p (p-disubstituted benzenct) were missing. Broad 
absorption near 5.75 p (C=O) and a band a t  T.19 p (S-phthalyl) 
rcniained as in XIIa. 

Anal .  Calcd. for CI?H9?;04: C ,  62.4; H, 3.89: S ,  tj.26. 
Found: 
3-(p-Nitrophenylthio)-~-alanine (L-VI~).--S suspension of 1- 

I~ronio-4-nitrobenzene (13.1 g., 0.065 mole) in 220 nil. of 95':'c 
ethanol was treated with a solution of L-cysteine hydrochloride 
(8.16 g., 0.052 mole) and sodium bicarbonate (12.6 g., 0.15 mole) 
in 40 ml. of water. The mixture, under a nitrogen atmosphere, 
\\-as refluxed for 5 hr., cooled, and filtered from salts. The 
filtrate was concentrated in uucuo to one-fourth the volume, and 
diluted with 250 ml. of water. Unchanged bromonitrobenzenc. 
\vas removed by filtration, the filtrate (pH 8)  was extracted with 
ether (150 ml.), and the aqueous layer was neutrali 
n-it,h -5 JI aninionium hydroxide. 
cipitated on chilling. The combiried product (1.52 g.. 4OC> 
yield) after collecting a second crop \\-as recrystallized from hot 
\\-:iter (200 nil.) containing charcoal, affording 3.24 g. (Z'Sc, yield), 
it1.p. li0-172" dec. (lit.20 l i 5 "  for t#he racrmate), [ 0 1 1 2 6 n  +4.:3" 
i 0.1 ( c l  inGM hydrochloric acid), R,0.70insystemA(Xcl-1.:~O) 
and 0.66 in system 13, identical with DL-T'I:~ in both systems. 
N-Acetyl-3-(p-nitrophenylthio)-~-alanine.-A stirred eusperi- 

sion of 5.5 g .  (0.024 mole) of S-p-nitrophenyl-L-cysteine ( L - Y I ~ I  
in 250 ml. of u.ater a t  70" >vas treated n-ith 40 ml. of acetic ttn- 
hjdride. The t,emperature rose to 80" : the rrsultant c l ( w  solii- 
tion w-as stirred 1 hr. Tvhilt: i t  ~\-:ts allowed to cool to rooni tem- 
perature. It then KLY s t o r d  at, 5" for 4 fir. Tellon- crystale 

C, 62.5; H, 4.09; S, 6.05. 

A yellon- solid 

(4.73 g. j separated; concentration of the mother liquor to  on<:- 
third the volume afforded a second crop (0.80 g.). After tivo 
recrystallizations of the combined product from boiling Lvatvr. 
the yield was 4.61 g. (67::), m.p. 160-162" 156- I*%" 1. 
Rf 1.00 in system A. 

The methyl ester (VIIIj crystallized from the reaction misturc 
(72yo yield after collecting a second crop), ni.1). 150-161", 
Rr 0.26 in system 13, [ ~ ] Z & D  $3.9 =t 0.05' ( c  I in 2-1nc~thor~-- 
tthanol I. 

A n a l .  Calcd. for C12HI4S2O&: C!, 48.3: 11, 4.74; S. 1U.X. 
Found: C ,  48.0; H, 4.87; S, 11.0. 

N-Acetyl-3- (p-aminophenqlthio)   alanine Methyl Ester (XI 1. 

The nitro compound 1'111 was reduced by the method used for 
preparation of S I I a .  The crude residual sirup was partitiont.d 
bet\veen dichloromethane and 1 111 hydrochloric acid. The aritl 
I:tyer, treated as for S I I a ,  afforded the free amine :is n solid 
(OOf,,;,i, m.p. 93--96". Recrystallization from benzene affordcvl 
an analytically pure sample, 1n.p. 94-96' (48% yield). Ri 0.45 
in system H, [a]%)  +103.G =k 1.5" ( c  1 in chloroformj. 

3- (p-Nitrobenzylsulfonyl) -L-alanine (VII) .-A stirred siispt n- 
sion of L-VIbZ3 (10 g., 0.043 mole) in 150 ml. of glacial :tcetir :iritl 
\vas treated xi th  35 ml. of 30'; hydrogen peroxide and, afttsr I t i  
hi-., with mother 50 ml. .ifter the first 15 min., VIh had dis- 
solved and the drposition of 1-11 had begun. After 40 hr., t ' i c h  

product (60L;. m.p. 180--183" dec.l*j was filtered from the rhilletl 
mixture and ~vashc~tl with water. Kt:rryst,allization from boiling 
water (250 mL/l g.j afforded 5151, m.p. 185-189'  de^.,'^ [N]% 

: 1 in 5OC; aqucous acetic x i d ) ,  Xi 0.48 iri system 
"' 7.7 and 8.8 p (-SO*--). 

.1mi1. Calrd. for ('loHl~NeOsS: (', 211.7; H, 4.20; S, 11.1. 
Found: ( 2 ,  41.7; H. 4.51: S, 11.:4. 
N-Acetyl-3-(~~-nitrobenzylsulfonyl)-~-alanine.-Acetyl:tti~~11 of 

L.11 by the iiiethod applied to  1,-VIa, using triple the amounts of 
ivater and act2tic mhydridr, afforded 74"; of crude  amid(^. iro- 
lated in 2 crops (in.1). 11i-1222" and 120-123') by step-\\-isv con- 
centration of the Clem reaction solution to one-sixth the volunic:. 
The combined product XLS recrystallized (63% yield) from boilinji 
wa.ter. An mialytical sample, m.p. 130-132", Rf  0.71 in systcw 
.I and 0.74 in systtwi R, \vas dried at 64" i n  m c u o  hut was t,lic. 
nionohydrnte. 

Annl .  Calcd. for C12HlnN20S.H~O: (!, 41.4; II .  4.63: S .  
8.04. Found: C'. 41.8; H, 4.52; K, 8.04. 

The methyl ester (X) was obtained in 685; yield, ni.1'. 198- 
200", [ ~ l %  -24.15' f 0.0G (c 1 in pyridine), R, 0.31 in systein 
13. 

.Inai. Cnlctl. fur  C1JIi6T207S: (:, 45.4; H, 4.68; S, 8.l;l; 
S, 9.31. Found: C, 45.4; H! 4.71; N, 8.15; S, 9.39. 
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