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Cocaine hydrochloride produced a marked numbness. pi-Cocaine 
hydrochloride produced essentially no effect. 

/i-Cocaine was evaluated in parallel with cocaine in the guinea 
pig intradermal wheal test as described by Biilbring and Wajda.6 

The average threshold anesthetic concentration (TACS) was ob­
tained from the dose-effect curve (semilogarithmie plot of dura­
tion in minutes vs. dosage) as described by Luduena and Hoppe,s 

Experimental values are furnished in Table I. rf-Cocaine was ap­
proximately one-third as active as cocaine. 

Acknowledgment . We t h a n k Dr. Eugenio F. Bogado for 
the analgesic tes t ing done on guinea pigs. 
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Streptozotocin (1) is a na tu r a l g lucose-subs t i tu ted N-
methyl- iV-nitrosourea, 1 a b road- spec t rum ant ib io t ic , 2 and 
an exper imenta l an t icancer agen t 3 t h a t has shown diabe­
togenic act ivi ty in an ima l s 4 and clinical act ivi ty in the 
t r e a t m e n t of ma l ignan t insul inomas in m a n . 5 Prior synthe­
sis of congeners of 1 has emphas ized var ia t ion of t he glucose 
moiety,6"9 which resul ted in e n h a n c e m e n t of act ivi ty against 
leukemia L1210 in some cases judged on a comparab le 
basis ; 9 l imited tes t ing of the ethyl and bu ty l analogs of 1 
indicated inact iv i ty . 3 A modera te increase in the ant i leu­
kemic activity of 1 was observed when the diabetogenic 
act ivi ty was suppressed wi th n i c o t i n a m i d e . 3 ' 1 0 T h e s t ruc­
ture and propert ies of 1 suggested some t ime ago the re­
p lacement of the methy l group wi th a 2-chloroethyl group, 
a modification d e m o n s t r a t e d 1 1 to enhance marked ly the 
effectiveness of a n u m b e r of A r-methyl- i 'V-nitrosoureas 
against leukemia L1210. 

The principal previous a t t e m p t to synthesize 2-[3-(2-
chloroethyl) -3-nitrosoureido] -2-deoxy-D-glucopyranose (3, 
"chlorozotocin") involved deacety la t ion of the t e t raace­
tate 4 , 1 2 a me thod modeled after the original synthesis of 
I1 which has since been superseded by other m e t h o d s . 1 3 1 4 

Interest in the synthes is of 3 was recently revived in view 
of the observat ion t h a t , in mice, the t e t r a a c e t a t e 4, like 
1 ,lr> showed reduced bone-marrow toxicity and was, unlike 
I, nondiabe togenic . 1 6 Myelosuppress ion has been reported 
to be the l imit ing toxicity in the clinical use of the N-(2-
chloroethyl)-JV-nitrosoureas B C N U 1 7 [/V,iV'-bis(2-chlo-
roethyl)-.V-nitrosourea] and C C N U 1 8 [N-(2-chloroethyl)-
.V-cyclohexyl-N-ni trosourea, 5a ] . 

CH.OH CH.OAc 

AcO 

NHCONR 

Y 

NHCON(CrL),Cl 

NO 

1. II = Me; Y = NO 4 

2.R = (CH_)X1:Y = H 

3.R = (CH,).O;Y = N0 

Chemistry . T h e (2-chloroethyl)urea 2 required for the 
synthesis of 3 was prepared by the addi t ion of 2-chloroeth­
yl isocyanate to D-glucosamine in water and la ter in anhy­
drous N. iV-dimethylformamide ( D M F ) . T h e la t te r yield-

improving var ia t ion was tr ied as a model for s imilar con­
versions in which hydrolysis of t he isocyanate would be a 
significant compet i t ive react ion in an aqueous system. 
The l iberat ion of D-glucosamine from its hydrochloride 
with a basic ion-exchange resin was also a convenient in­
novat ion. 

T h e ni t rosat ion of 2 with dini trogen tr ioxide (chosen, as 
in the prepara t ion of l , 1 4 to simplify the separa t ion of 
water-soluble 3) failed in a n u m b e r of a t t e m p t s wi th con­
vent ional media : (1) in formic acid, which would direct 
ni t rosat ion to the desired posi t ion, 1 1 unwan ted formyla-
tion (of p resumab ly the p r imary hydroxyl group and pos­
sibly others) occurred; (2) in water , the preferred med ium 
for t he p repara t ion of l , 1 4 and in di lute formic acid, the 
react ion was exceedingly slow and incomplete after sever­
al hours ; (3) in d i lu te hydrochloric acid, the reaction was 
somewhat faster bu t gave a t least two products as indicat­
ed by t ic. In concen t ra ted hydrochloric acid, the react ion 
was essentially comple te in less t h a n 1 hr; recrystall iza-
tion of the resul t ing prec ip i ta te produced an analyt ical ly 
pure sample of 3. T h e p m r spec t rum showed no evidence 
of r andom ni t rosat ion and indica ted a p redominance of 
the a anomer . In aqueous solution, however, anomers of 3 
would be expected to equi l ibra te as do various lots of 
crystall ine l . 1 6 In a typical subsequent run, dini trogen 
trioxide was in t roduced at a modera te ly fast ra te unt i l the 
react ion solution became red and in te rmi t t en t ly thereafter 
unti l an apprec iable amoun t of 3 had prec ip i ta ted ; precip­
i ta t ion was comple ted by the addi t ion of a proport ionately 
large volume of e ther . Unrecrysta l l ized 3 was sui table 
(mel t ing point , ir. and tic) for biological tes t ing . 

T h e enhanced rate of ni t rosat ion in concent ra ted hydro­
chloric acid was a t t r i bu ted to in situ generat ion of nitrosyl 
chloride in analogy to the s t a n d a r d p repara t ion involving 
the addi t ion of a concent ra ted aqueous solution of sodium 
ni t r i te to concent ra ted hydrochloric ac id . 1 9 T h e observed 
selective ni t rosat ion was surpising, however, until the ni­
t rosat ion of A^-(2-chloroethyl)-.V'-(rran.s-4-methylcyclohex-
yl)urea (6) under the same condit ions (except t h a t e thanol 
was added for solubil izat ion) was demons t r a t ed to give a 
ni trosourea t h a t was ident ical with homogeneous samples 
of M e C C N U (7). Fu r the rmore , a 1-hr t r e a t m e n t of a 2:1 
mix tu re of 5a a n d isomeric 5b with e thanol ic concent ra ted 
hydrochloric acid resul ted in a high-yield t ransformat ion 
to a ni trosourea t h a t was very nearly identical with homo 
geneous samples of C C N U . These results parallel the se­
lective ni t rosat ions a n d nitroso group migrat ions previous-
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Table I . Activi ty aga ins t Leukemia L1210° 

Compd 

Control 
1 
4 
3 

Control 
4 
3 

Diluent 

Citrate buffer 
Citrate buffer 
Citrate buffer 

CMC" 
Saline 

Dosage,b 

mg/kg/dose 

50 
7.5 
2.5 

20 
30 

Schedule 

qd 1-9 
qd 1-9 
qd 1-9 

Day 1 only 
Day 1 only 

60-day 
survivors/total 

0/10 
1/10 
0/10 

4/10 
9/10 

Median 
day of 
death 

11.0 
14.5 
15.0 
18.0 
8.5 

17.0 

%ILS 

31 
36 
63 

100 

Cell kill 

43%/dose 
47%/dose 
67%/dose 

&5 logs 
&6 logs 

°BDFi mice inoculated with 105 L1210 cells intraperitoneally (ip) and treated ip. ''Maximum nontoxic dose as judged by concurrent 
toxicity controls in normal mice. cCarboxymethylcellulose sodium salt, 0.4% solution in saline. 

ly observed in essential ly anhydrous formic ac id 1 1 , 1 2 and 
i l lus t ra te for t he first t ime these effects in an aqueous sys­
t em. T h u s , r ea r r angemen t m a y occur by abs t rac t ion of n i -
troso groups as nitrosyl chloride in one case and nitrosyl 
formate (formyl ni t r i te) in t he other, bo th a source of ni-
t rosonium ion for reni t rosa t ion in a more s tab le posit ion. 

NCON(CH,)2Cl 
I I " 

Y Z 

5a,Y = H;Z = NO 

b,Y = NO;Z = H 

is a 
CH, 

NHC0N(CH2)2C1 

Y 

6,Y = H 

7,Y = NO 

Bio log ic Eva luat ion . T h e predict ion of superior activi­
ty for chlorozotocin (3) agains t l eukemia L1210 has been 
corroborated by exper iment (see T a b l e I ) . Groups of leu­
kemic mice-were t r ea t ed daily for 9 days wi th 3, its te ­
t r aace t a t e 4, a n d s t reptozotocin (1), respectively, in a sin­
gle exper imen t . On th i s schedule , t he m a x i m u m increase 
in life span , based on the m e d i a n day of dea th , produced 
by 3 was more t h a n twice t h a t p roduced by ei ther of t he 
other two ni t rosoureas , proving the clear superiori ty of 3 . 
The schedule used in th is exper imen t (qd 1-9) was chosen 
because it is the op t ima l schedule for l , 2 0 b u t it is not op­
t imal for 3 or 4. In ano ther single exper iment on the opti­
m a l schedule (single dose) for 3 a n d 4, 3 killed 6 logs or 
greater of L1210 cells, curing nine of t en an imals ; 4 killed 
about 5 logs and cured four an imals , increasing the life 
span of t he dying an imal s 100%. Given in th i s way 1 is 
said to be inac t ive . 2 0 In addi t ion to its high-level L1210 
act ivi ty, 3 showed reduced bone-marrow toxic i ty 2 1 a n d 
has the advan tage of water solubil i ty over 4.f On the basis 
of act ivi ty and low bone-mar row toxicity, 3 is now under­
going pharmacologic evaluat ion pre l iminary to clinical 
t r ia l s . 

E x p e r i m e n t a l S e c t i o n 

Melting points with a range were determined with a Mel-Temp 
apparatus and are uncorrected; those without range, with a Ko-
fler Heizbank. Ir spectra were determined with Perkin-Elmer 521 
and 621 spectrophotometers and pmr spectra with a Varian XL-
100-15 spectrometer. Analytical results indicated by element 
symbols were within ±0.4% of the theoretical values. Elemental 
analysis of 3 was performed by Galbraith Laboratories, Knoxville, 
Tenn.; spectral determinations and elemental analysis of 2 were 
performed in the Molecular Spectroscopy Section of Southern Re­
search Institute under the direction of Dr. W. C. Coburn, Jr.; and 
biological evaluation was performed in the Cancer Screening Di-

tThe log P value of 3, as determined by Dr. W. J. Haggerty of Midwest 
Research Institute, Kansas City, from the octanol-water partition coeffi­
cient and transmitted by Dr. R. R. Engle of Drug Research and Develop­
ment, National Cancer Institute, is -1.02. Reported9 values for other 
streptozotocin analogs range from -0.82 to -1.57 (streptozotocin -1.45). 

vision of Southern Research Institute under the direction of Dr. 
W.R.Laster, Jr. 

2-[3-(2-Chloroethyl)ureido]-2-deoxy-D-glucopyranose (2). A. 
Preparat ion in Water. A cold (5°), stirred solution of /3-D-glu-
cosamine22 [mp 110-111° (lit.23 mp 110-111°); 4.00 g, 22.3 mmol] 
in H2O (25 ml) was treated slowly with 2-chloroethyl isocyanate 
(1.97 ml, 22.3 mmol; Eastman Kodak Co.). After the addition, 
the reaction solution was stirred at 5° for 1 hr. The white precipi­
tate that formed was collected, washed with two 5-ml portions of 
EtOH, and dried overnight in vacuo over P2O5: yield of 2 4.50 g 
(71%); mp 160-161° dec; ir (KBr) 3600-3000 (OH, NH), 3000-2800 
(CH), 1620 ( C = 0 ) , 1590 c m ' 1 (CNH, amide II); homogeneous by 
tic (silica gel, 3:1 CHCl3-MeOH, charring after NH4SO4-H2SO4 
spray). Anal. (C9H17C1N206) C, H, N. 

B. Preparat ion in DMF. A stirred suspension of /3-D-glucosa-
mine (300 mg, 1.67 mmol) in DMF (4 ml) was treated with 
Cl(CH2)2NCO (0.144 ml, 1.67 mmol), all the suspended solid 
having dissolved after ~15 min. The solution was stirred for 1 hr, 
during which time a precipitate formed. The suspension was di­
luted with ether (40 ml), stirred for 30 min, and chilled. The 
product was collected, washed successively with ether (two 20-ml 
portions), EtOH (two 10-ml portions), and again ether (two 20-ml 
portions), and dried overnight in vacuo over P2O5: yield 450 mg 
(94%); mp 159-160° dec; ir identical with that of the analytically 
pure sample described above. 

D-Glucosamine (by Ion Exchange). A stirred solution of D-glu-
cosamine hydrochloride (1.00 g, 4.64 mmol) in H 2 0 (25 ml) was 
treated at intervals with Dowex 1-X2 (OH~) ion-exchange resin 
until the pH was 9-10. The resin was removed by filtration and 
washed with two 10-ml portions of H 2 0 ; the filtrate and washings 
were combined and evaporated to dryness under reduced pressure 
with the aid of added EtOH (20 ml) and then ether (20 ml). The 
residual D-glucosamine was further dried in vacuo over P2O5 
[yield 650 mg (78%), mp ~98° dec] and converted, in H 2 0 , to 2, 
mp 159-160° dec, in 57% yield (ir identical with that of the ana­
lytical sample of 2). 

2-[3-(2-Chloroethyl)-3-nitrosoureido]-2-deoxy-D-glucopyra-
nose (3). N2O3 was bubbled into a cold (0-5°), stirred solution of 
2 (4.60 g, 16.2 mmol) in concentrated HC1 (46 ml) at a moderate­
ly fast rate until the solution became red and then intermittently 
until an appreciable amount of solid had formed (~1.25 hr). 
Ether (400 ml) was added and the mixture was stirred at 0° for 20 
min. The precipitate was collected on a filter, washed with two 
20-ml portions of ether, and dried overnight in vacuo over P2O5: 
yield 2.67 g (53%); mp 140-141° dec. This sample was identical 
(melting point, ir, and tic) with the analytical sample obtained 
from a previous, 45-min nitrosation and recrystallized from 
EtOH: ir (KBr) 3600-3100 (OH, NH), 3000-2800 (CH), 1695 
( C = 0 ) , 1540 (CNH, amide II), 1490 cm" 1 ( N = 0 ) ; pmr (DMSO-
d6-TMS, chemical shifts quoted as either ranges or approximate 
centers) 6 3.0-3.9 [m, CH2OH, H-5, H-4, H-3, H-2, overlapping 
upfield half of A2B2 system due to N(CH2)2C1], 4.12 [pseudo t 
from downfield half of A2B2 system due to N(CH2)2C1], 3.9-5.2 (3 
OH's, apparently exchanging with small amount of H 2 0 in sol­
vent), 4.67 (d, Jj.2 = 9 Hz, H-l of p anomer;24 obscured by OH's 
until after addition of D 2 0) , 5.14 (d, Jt,2 = 2 Hz, H-l of a anom­
er;24 coupling measured after addition of D 2 0, which eliminated 
coupling with OH), 6.6 (br m, OH probably at C-l), 7.8 (br d, NH 
of a anomer), 8.5 (br d, NH of 0 anomer). [Pmr indicated an a:0 
anomeric ratio of ~10:1, but 3 appeared homogeneous by tic on 
silica gel with 5:1 CHCl3-MeOH and detection by uv and char-
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ring after (NH^SO^-HzSO* spray.] Anal. (CoHuClNgCM C, H, 
N. 

Nitrosation of ;V-(2-Chloroethyl)-N'-(trans-4-methylcyclo-
hexyl)urea (6) in Ethanolic Hydrochloric Acid. N 2 0 3 was bub 
bled into a cold (0-5°), stirred solution of 612 (125 mg, 0.570 
mmol) in concentrated HC1 (2 ml) and EtOH (1 ml) at a moder­
ate rate for 15 min. Kept at 0-5°, the reaction mixture was stirred 
for 5 min before and after dilution with cold H 2 0 (20 ml). The 
light-yellow MeCCNU (7) that separated was collected and dried 
in vacuo over P 2 0 5 : yield 105 mg (74%); mp 70° (lit.12 mp 70°); 
identity with an authentic sample established bv ir (KBr) and 
pmr(CDCl3-TMS). 

Xitroso Group Migration in Ethanolic Hydrochloric Acid: 
CCNU (oa). An isomeric mixture11 (200 mg), mp 69° dec, of 5a 
(-65%) and 5b (--35%) was stirred in suspension in a cold (0-5°) 
solution of EtOH (2 ml) in concentrated HC1 (3 ml) for 1 hr. The 
mixture was diluted with cold H 2 0 (20 ml) and stirred at 0° for 
20 min more. The light-yellow solid was collected, washed with 
cold H 2 0 (5 ml), and dried in vacuo over P2O5: yield 190 mg 
(95%); mp 89° (lit.11 mp of CCNU 90°); pmr (CDCI3-TMS) 
showed possibly a trace of 5b. 

A c k n o w l e d g m e n t . This invest igat ion was suppor ted by 
the Division of Cancer T r e a t m e n t , Na t iona l Cancer Inst i ­
tu te , Na t iona l Ins t i t u t e s of H e a l t h th rough Cont rac t No . 
NOl-CM-33712 . T h e au thors are indeb ted to Dr. Ph i l ip S. 
Schein for encouraging discussions and to M r s . M a r t h a C. 
Thorpe for in te rpre ta t ion of p m r spect ra . 
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A n u m b e r of an t ib io t ic subs tances are known to exert 
ant imicrobia l act ivi ty by vir tue of the i r abil i ty to inhibi t 
the synthesis of bacter ia l cell wall ma te r i a l . 1 Some of the 
compounds included in th is class are vancomycin , ristoce­
t in, penicill ins, cephalosporins , phosphonomycin , and cy­
closerine (oxamycin) . T h e mode of act ion of cycloserine is 
probably known in most deta i l and involves t he inhibi t ion 
of the enzyme t h a t racemizes L-alanine and the enzyme 
t h a t synthesizes D-alanyl-D-alanine.2 Since t he d ipep t ide 
D-alanyl-n-alanine is t he t e rmina l feature of t he various 
pep t ides from which bac te r ia bu i ld the i r cell walls, it 
seemed to us t h a t th is would represent a possible point of 
a t t ack on mure in biosynthesis . It was wi th th i s purpose in 
mind t h a t we under took to p repare a n d eva lua te t he an­
t imicrobia l activity of t he d ipep t ide iV-D-alanyl-1-amino-
ethylphosphonic acid (1) which is a phosphonic acid analog 
of D-alanyl-D-alanine (2). 

The d ipep t ide 1 was prepared as out l ined in Scheme I 

O 
II 

CH:!CHCNHCHP03H, 

NH, CH, 

O 
II 

CH5CHCNHCHCO,H 

I I " 
NH, CH3 

2 

using convent ional procedures which have been shown to 
be appl icable to t he synthesis of pep t ides derived from a-
aminobenzylphosphonic acid.3"5 1-Aminoethylphosphonic 
acid (3) was p repared by basical ly the same me thod as 
described by C h a m b e r s and Isbell6 from t r ie thyl 2-phos-
phonopropiona te . In order to avoid any possible complica­
t ions dur ing the succeeding esterification s tep, the basic 
amine function of 3 was blocked by conversion to t he car-
bobenzoxy der ivat ive 4 using s t a n d a r d S c h o t t e n - B a u -
m a n n condi t ions . In order to block the phosphonic acid 
port ion, 4 was conver ted to t he diethyl ester 5 by hea t ing 


