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The S,S-bis("chloroet,hyl)carbarno)l derivatives of the ethyl esters of L-methionine, L-leucine, L-phenyl- 
alanine, L-glutamic acid, and L-aspartic acid were prepared by the reaction of bis( 2-chloroethy1)aniine with the 
appropriate amino acid ethyl ester isocyanate. These cwmpounds were found to rearrange on addition of water 
to the corresponding urethans. These substances have undergone preliminary animal test,ing for ant'itunior 
activity. 

Although there are several references in the literature3 
to 1,l-bis(2-chloroethyl)ureas, none so far mentioned 
are also derivatives of amino acids. This paper de- 
scribes the syntheses and properties of five S,S-bis(2- 
ch1oroethyl)carbamoyl derivatives of L-amino acid 
ethyl esters, as well as preliminary results of tests on  
their use as antitumor agents. 

The intermediates in the syntheses were the amino 
acid ethyl ester isocyanates (11), prepared by reaction 
of the amino acid ethyl ester hydrochloride (I) of L- 
leucine, L-methionine, L-phenylalanine, L-glutamic acid, 
and L-aspartic acid, in xylene, with phosgene gas at  
130-160°.5 The isocyanates were then treated with 
bis(2-chloroethy1)amine in anhydrous benzene solution 
to give the desired products, 111, as colorless to  yellow 
oils, insoluble in water, soluble in organic solvents. 
The infrared spectra in chloroform showed typical ester 
carbonyl absorption at 3.78 p and ureide carbonyl ab- 
sorption at 6.08 p. 
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The leuciiie derivative crystallized on stailding, tlic 
ot'her compounds resisted all attempts a t  crystalliza- 
tion, and analytically pure samples could only he ob- 
taiiied by chromatography on a l;lorisi16-packed columii 
under dry nitrogen or moisture-free air using absolute 
ether or anhydrous benzene as eluent. 

Xttempts to  hydrolyze the ethyl esters I11 to the 
corresponding carboxylic acids IV using acid or base 
resulted in a rearrangement which also occurred in 
water alone. The product of the rearrangement was 

( 1 )  Presented in part  a t  the 145th National Meeting, American Chemical 
Society, S e a  Pork .  3 .  Y.. Sept., 1963. 

(21 Supported by a Cancer Chemotherapy National Service Center 
(CCh'SC) research contract (PH43-62-170) from the Sational Cancer 
Insti tute,  Xational Institutes oi Health, U. 9. Public Health Service. 

( 3 )  A. F. McI iay ,  11. .\. Weinberg, J. P. Picard, W. G. Hatton. 11. 
Uedard, and H. E. Rooney, J .  Am. Chem. Soc. ,  76, 6371 (1931). 

(4) F. I ) .  Popp and H. Swarz. J .  Org.  Chem., 26, 4764 (19(j1) 
(a)  F. (hldsclimidt and AI. IVick, Ann.. 575, 217 (1932). 
(Ci) I:lurisil@ a sL-ntlietic magnesium silicate adsorbent. 

shon-ii to be the urethaii T' as demonstrated by the 
following experiments . 

A.--S,S-Bis(2-chloroethyl)carbanioyl-r,-phenylalanine ethyl 
ester (3 g.) was mixed with water (15 nil.). The compound was 
insoluble a t  first, but after stirring for 12 hr. a t  room temperature 
went ronipletely in sohition. The solut,ion gave a strong C1- 
test with silver nitrate, and un addition of dilut,e alkali, an oil 
precipitated out which was soluble in dilute hydrocahlorir acid. 
The infrared spectrum of the oil dicered from that of the starting 
material with carbonyl absorption at  5.80 arid 5.92 p.  X similar 
rearrangement was observed in all five cases. 

B.-Since the evidence indicated that the rearrangement 
orcurred in water, an attempt was made to prepare t'he car- 
boxylic acid IT-, R = (CHI)&HCH2, in a nonaqueous medium. 
L-Leucine benzyl ester isocyanate was prepared from commercially 

R-CHCOOH 

L c o x  c H I c H r c i  1. 
11- 

available 1,-leucine benzyl ester, and the 1att.er was allowed to  
react with bisi2-ch1oroethyl)amine to yield ?;,K-bis( 2-chloro- 
ethy1)carbamoyl-L-leucine benzyl ester (1.1). Catalyt'ic hydro- 
genation of T'I in anhydrous ethanol resulted in the rapid uptake 
of 1 molar equiv. of hydrogen. An infrared spectrum of the 
product in chloroform showed that it contained both the desired 
carboxylic acid IS- (ureide absorption at  6.08 p )  and the rear- 
ranged carboxylic acid (urethan-type absorpt,ion at 5.95 p ) .  
The two acids were separated into a crystalline solid insoluble in 
benzene, m.p. 118-119", and an oil soluble in benzene. The 
infrared spectra showed they were the rearranged and desired 
product, respectively. All attempts to  crystallize the latter 
from different solvents failed and led eventually to  its complete 
conversion to the rearranged acid T'II. The latter gave analyti- 
cal data in accord with the urethan structure S-[2-(2-chloro- 
ethy1ainino)et hoxycarbonyl] leucine hydrochloride. 

(CH3)zCHCHaCHCOOH 

~ H C O ~ C H X H ~ S H C H ~ C H ~ C I .  HCI 
TI1 

The mechanism of' the rearrangement is probably 
similar to that encountered by Ross7 for S-bis(2-chloro- 
et'hyl)amides, formulated as shown below, and is appli- 
cable to both the esters and the carboxylic acids. 
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(7)  \V. C. J. Hoss and J. C. \\ilson, J .  Cliem. Sou., :3blti (195Y). 
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$1 These studies were t.arried out  uiiiler the diretatiiiii ( i f  111.. I .  \\'iidiilsky ;it, the .lrttiur I ) .  Little, liir.; I,aborat,ories uiidrr (;(1111r:i(,t 
SA-43-ph-3789. We are indebted to  11r. LVodinsky fur  his vciiiperation in making these preliiniriary d a h  available. 
were performed according t,o specifirtitions established by CCSRC [('nnwr C'hemotheraph!/ Rept . ,  I, 42 (lY.5O)I. 
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lowest, dose yielding 67(  or iiiore ewes : 
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satisfactorily, however, it underwent partial rearrangement to 
the corresponding urethan as indicated by the appearance of a 
shoulder in the infrared spectrum a t  5.92 p .  The analytical data 
reflect the presence of the rearranged product in the sample. 
The rearranged product isolated in pure form is described below. 

Anal.  Calcd. for Cl~H&ln?j20~S: C, 41.74; H, 6.42; S,  
8.11. Found: C, 40.80; H, 6.61; N, 7.86. 

N,N-Bis(2-chloroethy1)carbamoyl-~-phenylalanine Ethyl Ester 
-This compound was prepared in 80Yo yield by an analogous 
procedure from L-phenylalanine ethyl ester isocyanate5 giving a 
colorless oil, [ c Y ] ~ ~ D  - 17.7 (ethanol), n Z 3 ~  1.5248. 

.Anal. Calcd. for C16H,2Cl,S,O,: C, 53.19; H, 6.14; N, 7.75. 
Found: C, 52.96; H, 6.03; S, 7.42. 

N,N-Bis(2-chloroethyl)carbarnoyl-~-leucine Ethyl Ester.- 
Following the procedure described above, 19 g. (0.087 mole) of 
L-leucine ethyl ester isocyanate5 on condensation with bis(2- 
ch1oroethyl)aniine gave a white semisolid produrt which was dis- 
solved in anhydrous ether and allowed to stand for 60 hr. in the 
refrigeratcr. 'The product precipitated in two forms, a fine white 
powder and large crystals, which were filtered and separated 
mechanically, melting points 90-91 O and 57-58', recrystallized 
from ether a t  room temperature and at  acetone-Dry Ice tempera- 
ture, respectively. Yields were 3 g. (125;) and 16 g. (70yc), 
[ a ] 3 O ~  0 and -13.71", respectively. The two had identical in- 
frared spectra and were identified as the raceniic form, n1.p. 91", 
and the I.- form, n1.p. 58'. 

dnal. Calrd. for ClsHnrCl,iVi,O, (for the racemic. form): C, 
47.71; H, 7.30; S, 8.56. Found: C, 47.73; H, 7.63; N, 8.82. 
Found (for the I.- form): C, 47.63; H, 7 . 3 6 ;  S,  8.75. 

N-[2-(2'-Chloroethylamino)ethoxycarbonylleucine Hydro- 
chloride (VU).-L-Leucine benzyl ester p-toluenesulfonate 
(Cyclo Chemical) &-as converted to the hydrochloride and sub- 

sequently to L-leucine benzyl ester isocyanate, b.p. 115" (0.25 
nun.), by the method of Goldschmidt and Wick.5 The isocyanate 
was converted to S,X-bis(2-chloroethyl)carbamoyl-~-leucine 
benzyl ester (IT) by condensation with bis(2-chloroethy1)amine. 
The benzyl ester TI (0.39 g., 0.001 mole) was dissolved in ethanol 
and hydrogenated catalytically using lOyo Pd  on charcoal as a 
catalyst. Rapid uptake of 1 equiv. of hydrogen resulted, after 
whirh no further reaction was observed. The solution was 
filtered to remove the catalyst, and water (1 ml.) was added to 
the filtrate to complete the rearrangement. Removal of solvent 
left 0.28 g. (90C;) of colorless crystals, m.p. l18-11Ro. 

Anal. Calcd. for CL1H22ClZX201: C,  41.6; H .  7.0; C1, 22.4; 
N, 8.8. 

Rearrangement of N,N-Bis(2-chloroethyl)carbamoyl-~-glu- 
tamic Acid Diethyl Ester.-A suspension of 10 g. of X,X-bis(2- 
chloroetl-iyl)c~arbanio\~l-L-glutamic acid diethyl ester in 50 ml. of 
water was stirred for 15 hr. a t  room temperature, and est,racted 
with ether to remove any unreacted material. The ether es- 
tracts were discarded. The solvent was removed from the aque- 
ous solution by distillation under reduced pressure at  room teni- 
perature leaving a quantitative ield of the rearranged product, 
Y- [2-( 2'-rhloroethylamino)etho carbonyl]- glutamic acid di- 
ethyl ester hydrochloride as a colorless oil, [ a ]  3 0 ~  - 13.4, n% 
1.4929. 

-4nal. Calrd. for ClrH2tiC1nK20ti: C, 43.19; H,  6.73; N, 7.19.; 
Found: C, 43.19; H, 6.73; N, 7.30. 

N [Z-( 2-Chloroethylamino)ethoxycarbonyl] -L-me! hionine Ethyl 
Ester Hydrochloride.-This compound was obtained by the same 
procedure used above from N,S-bis(2-chloroethyl)carbamoyl- 
L-methionine ethyl ester. The product was a colorless oil, 

.4nal. Calcd. for C12H21C12N2OiS: C, 39.61; H, 6.65; N, 

Found: C.41.5; H, 7.1: C1, 22.1; S, 8.9. 

[orI3'D -20.1, nZ2D 1.5236. 

7.71. Found: C, 39.93; H, 6.81; S, 7.80. 

The Preparation of Nucleosides from Allose, 
Altrose, Gulose, Talose, and Mannose' 
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S e w  hesopyranosy 1 nudeosides have been synthesized from wniariuose, D-talose, u-gulose, u-allose, and I)- 

altrose. Acetylhalogenosyl derivatives of these carbohydrates were coupled with chloromercuri-6-benzamido- 
purine to produce 9-a-D-mannopyranosyladenine, 9-or-D-talopyranosyladenine, 9-B-~-gulopyranosyladenine, 
0-B-~-allopyranosyladenine, and 9-or-o-altropyranosyladenine, respectively. The compounds exhibited no ac- 
tivity against a number of microorganisms. 

AIany nucleosides have been synthesized in recent 
years in which the sugar moiety has been altered in 
sollie may in the hope of developing substances that 
mould be useful as antitumor and 'or antimicrobial 
agents. The basis of inuch of this work arose with the 
discovery of a number of antibiotic substances which 
have the basic nucleoside structure but which differ 
primarily in the structure of the sugar moiety. Many 
of the nucleoside analogs which have been synthesized 
have had changes made in the carbohydrate portion of 
the molecule, often consisting of the substitution of 
another functioiial group for a hydrouyl, or the sub- 
stitution of a hydrogen to form a deoxynucleoside. 
Among the hexoses, only D-glucose and D-galactose have 
been extensively utilized without alteration. In  one 
case, D-mannose was used with adenine to  prepare a 
nucleoside of @-configuration. Sowhere in the litera- 

(1) ('&) IbstraLted froiii the 1'11.11. thesis of l .  A1 Lerner, (b j  suyyolted 
111 part  l i b  Grant P-161 froni the i\iiieriLan Cancer %xiety and by Trainin.. 
Grant No. GXI-471 from the lh r i s ion  of General hIediLal bciences of tlie 
C .  b. Public IIealtll Serxice. 

ture are there described the synthesis and the properties 
of the complete list of possible aldohexopyraiiosyl 
nucleosides in which the only difference in structure 
would be in the configuration a t  one or more of the 
hydroxyl groups. Knowledge of the chemical and bio- 
logical properties of such a series of nucleosides derived 
from pentose sugars is available. It was therefore 
decided that nucleosides derived from the rare hexoses, 
u-allose, D-gulose, D-talose, and D-altrose, be synthesized 
and their properties studied. In  addition, the pre- 
viously unknown 9-a-n-mannopyranosyladenine was 
synthesized. Work is in progress leading to  the prep- 
aration of an adenine nucleoside froiii the more difi- 
cultly obtainable D-idose. 

Except for iiiiiior variatioiis the saiiie synthetic 
pathway was used with all of the carbohydrates. Crys- 
talline D-nianliose, n-talose, D-allose, and D-altrose were 
acetylated with the acetic aiihydride-acetic acid rea- 
gai t  described by llontgoniery and Hudson3 as ztii 

(2 )  1 3 .  Lbtlixoe, H. Sniitli, and I. K. Todd, J .  Chen. SUL.,  J i i  (19.47). 
( 3 )  C. Montgoiiieij and  C. 5.  Hudson, J .  Am. Chem. S O L . ,  66, 2463 (1934). 


