
102 Journal, of Medicinal Chemistry, 1975, Vol. la. .\o. 

14) (L Kassina, I). K. Toth, and K. Sanu, Progr. btochem. Phar
macol.. 3, 277 11967). 

CM K. Yamaio, M. Hirakura. and S Sugasawa. 'I'ei'-ahedron. 
SuppL. 8 (part 11, 129(1966/. 

(6) 0 . S. Lee, J. A. Mears. D. P . Miller and 1). R. Keller, Eur 
•J. Pharmacol., in press. 

(7) A. M. Hjort, K J. DeBeer, A. S. Buck, and L. 0 . Randall. J. 
Pharmacol Exp Ther , 76, 64 (19421. 

iS) Y. Iwasawa and A. Kivomoio. -lap. 7. Pharmacol.. 17, 14.i 
(1967). 

Mi K. faguchi and F. H. VYeslheimer. •). t )r%. Chew. :iti. RJ70 
(1971'). 

•'liii R K. Molten, "Organir Syntheses." Coiled. Vol. IV. Wilev. 
New York. N, Y.. 1962. p 60L 

: i O S.Lee, M.S. i'hesis. The Ohio Slate l.'niversit,. 1972 
. \-i L. I'leSarnU. ; ) . FOiu' and P. Patii. ,'•;<;.- 7. I'hanouco! „>. 

press. 
:. I.ii ,M, Rod bell.,/ /<<,-< < .'«•;.>., 239, 373. 1964• 
1.1; 'Y.y,A*h.hii)<jht>n< J 55,416(193:'). 

noi \1 Lambert, and A. •''. \'ei?h, ("an •/ ?iVv. 23. 83 (1951)1 

/3-Cocaine 
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T h e present paper is the final chap te r of a story oi some 
78 years dura t ion in the chemical l i t e ra ture . In 1896 
Wil ls ta t ter 1 p repared a cocaine analog from l a n , 5 a n - t r o -
pan-3-one called ' a coca ine ." He publ ished the correct 
s t ruc ture for the t ropane ring system 2 years la ter 2 and 
showed both subs t i t uen t s of a-cocaine to be on carbon-.'-! 
(s t ructure l a or l b ) . Only one isomer was found. T h e 
compound produced no numbness of the tongue, an out
s tand ing property of its relative, cocaine (2). Consider
ation of the fact tha t cocaine conta ins an equator ia l 3-
benzoyloxy group would lead one to assume t h a t the non 
anes the t ic rv-cocaine probably is represented by s t ruc ture 
l a with its benzoyloxy group bent away from the amine 
side of the molecule ra ther than by l b wherein this group 
is equatorial . : i 
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la. R = <>rPh:K'< ('(KH'H 

b. R = COOCH : R: = 0 0 Ph 

Foster and Ing1 noted that the lack of local anesthetic-
activity observed with a -cocaine was based only on a topi
cal test (product ion of tongue numbness ) and surmised 
tha t ii might show activity by subdermal infusion. They 
repeated Wil l s ta t te r ' s synthesis , i.e.. t ropanone » cya-
nohydrin * hydroxy acid - hydroxy ester » a-cocaine. 
again found the single isomer, and . together with Vara 
gic,5 demons t ra t ed that, it was one- thi rd to one-eighth as 
active as cocaine in the guinea pig wheal tes t . 6 It was ac
tive but did not have the cocaine act ivi ty profile. T h e bio
logical results certainly gave no satisfactory basis for 
s t ruc tura l a ss ignment . 

Heusner 3 set t led the m a t t e r chemically, showing tha t 
r<-cocaine is actual ly l b . He used lrtH,5oH-nortropan-3-one 
as a s ta r t ing mate r ia l , isolated a single crystal l ine cya 
nohydrin isomer and converted it u l t imate ly to a-cocaine. 
Therefore, the ma t t e r s of s t ruc ture and act ivi ty were set 
tied but no isomeric cyanohydr in had been found which 
could lead to Mi-cocaine" ( l a c 

In this laboratory the cyanohydr in of 8-benzyl-l(tn,5oH-
nortropan-3-one was prepared . When the viscous, oily 
product could not be induced to crystall ize, the crude ma 
terial was hydroiyzed (concentra ted HCi) and esterified 
( C H 3 O H - H C L The result ing mixture yielded 40% of re 

covered 8-benzyl ioH,5i.vH-nortropan-3-one, 16% of methyl 
8 -benzy l -3 .3 -hydroxy- l«H,5«H-nor t ropane-3a-ca rboxy la te 
(/V-benzylnor-a-ecgonine methyl ester, 3b). and 20% of 
methyl 8-benzyl-3«-hydroxy-l«H,5aH-nortropane-3d-car-
boxylate (./V-benzylnor-3-ecgonine methyl ester, 4b). 
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3a. K = PhCH.: K - < >. 

b. L - PhCH; R •-= COOL 

c R = H; R - COOCH 

>-

4a. K = PhClL. Iv ---- t'N: R - H 

b. R = PhCH,: R = COOCH • R- = H 

•.: K =- PhClL; R = COOCH R ---= COPh 

d. K "- li i\' = CCOCi!.. R- '= COl'h 

,:, if --• Cii • R - COOCH : lv = COPh 

The s t ructures of isomers 3b and -lb were provisionally 
assigned on the basis of their n m r spectra . T h e n m r spec
t r u m of lb showed a ra ther sharp (nonbonded) OH peak 
with c 3,13 ppm and a benzylic singlet deshielded by 
C O O M c at 3.62 ppm. The spec t rum of 3b showed a very 
diffuse bonded OH mound and a nondeshie lded benzylic 
singlet at ,3.45 p p m . The s t ruc tures of these isomers were 
then firmly establ ished by debenzyla t ion of 3b to the 
known nor compound 3e3 which was compared directly 
with an au then t i c sample (from J.aH,5«H-nortropan-3~onei 
kindly furnished by Dr. M . R. Bell o f th i s In s t i t u t e . 

In seeking an explana t ion tor Ore unexpected appear
ance of th is a-hydroxy-rt-carboxyiic ester, it was recalled 
that the cyanohydr ins from both l«H,5aH-tropan-3-one 
and l«H,5an-nor t ropan-3-one are crystal l ine products 
which separa te quickly and in high yield. If H C N addi t ion 
under the ex tan t react ion condit ions is sufficiently revers
ible and if prec ipi ta t ion of crystall ine rf-hydroxy-a-nitrile 
simply shifts the equi l ibr ium in its favor, s imple filtration 
of the gratifyingly large yield of cyanohydr in would have 
precluded obta in ing the other isomer. All workers to da te 
used rn'staliine cyanohydr in The happens t ance of non 
crystdll inity ol our cyanohydr in products seems to have 
allowed isolation of the isomer of opposi te configuration. 
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W i t h th is unexpec ted precursor in hand , it was then 
possible to prepare ,3-cocaine. A t t e m p t e d benzoylat ion of 
hydroxy ester 4b wi th benzoic anhydr ide in refluxing T H F 
produced no react ion. At 150-160° (no solvent) some a,/J-
u n s a t u r a t e d ester began to form wi th no sign (tic) of ben
zoate ester. T r e a t m e n t of 4b with BuLi followed by benzo
yl chloride p roduced benzoa te ester 4c in low yield b u t use 
of K H 7 ins tead of BuLi gave a 76% yield of th is ester. 

Debenzyla t ion of 4c ( P d / C ) formed 4d. N-Methy l a t i on 
of 4d ( H C O O H / H C H O ) t h e n furnished methyl 3a-hy-
droxy-l«H,5aH-tropane-3/?-carboxylate 3-benzoate (4e), 
the long-sought /?-cocaine. 

After so m u c h discussion over the years of differences in 
local anes the t ic act ivi ty to be expected from the two 
s t ruc tures isomeric abou t carbon-3, it is somewhat ironi
cal t h a t ^-cocaine (4e) produces no n u m b n e s s of the 
tongue and is about one- th i rd as active as cocaine in the 
in t r ade rma l guinea pig wheal t es t , 6 the s ame activi ty 
shown by a-coca ine . 5 

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

All melting points were determined in capillary tubes and are 
uncorrected. Nmr spectra were recorded on a Varian HA-100 
spectrometer using TMS as an internal standard. Ir oil film spec
tra were recorded with a Perkin-Elmer 257 spectrometer and the 
ir spectra in KBr were recorded on a Perkin-Elmer Model 21 
spectrometer. Analytical results for indicated elements are within 
±0.4% of the theoretical values. 

Methyl 8-Benzyl-3-hydroxy-laH,5aH-nortropane-3a-carbox-
ylate (3b) and Methyl 8-Benzyl-3-hydroxy-laH,5«H-nortro-
pane-3/3-carboxylate (4b). A mixture of 215.3 g (1.00 mol) of 8-
benzyl-l«H,5aH-nortropan-3-one and 200 ml of ice was treated 
with 85 ml of concentrated HC1, and ice was then added to give a 
volume of 550 ml. To the stirred mixture at 0-5° was added a cold 
solution of 66.7 g (1.02 mol) of KCN in 135 ml of H 2 0 in 5 min. It 
was stirred for 1 hr at 5° and let stand overnight at this tempera
ture. 

The aqueous layer was decanted and the residual viscous oil 
was rinsed with 15 ml of brine. The oil was then dissolved by cau
tious addition of 2 1. of concentrated HC1 with cooling (20-ml in
crements initially). It probably would be better to add oil to the 
cold acid. The resulting solution was stored overnight at about 8°, 
boiled down to 60% of its volume over a 3-hr period (hot hydroly
sis is necessary), and then concentrated to a paste by warming in 
vacuo. MeOH (1 1.) was added, a precipitate of KC1 was re
moved, and the filtrate was concentrated at up to 90° in vacuo. 
The dark, tarry residue was dissolved in 2 1. of MeOH and the so
lution was saturated with gaseous HC1 without external cooling. 
The process finally produced boiling. This solution was set aside 
for 16 hr and then concentrated by warming in vacuo. A pasty 
residue remained which was diluted with 150 ml of MeOH and 
filtered. The filter cake was washed with three 30-ml portions of 
cold MeOH and air-dried to give 81.0 g of largely 30-ester 
4b-HCl together with some 8-benzyl-laH,5aH-nortropan-3-one 
hydrochloride. Boiling this solid with 500 ml of absolute EtOH 
and hot filtration gave 47.5 g of practically pure 4b, mp 229-230° 
dec. Cooling the filtrate to 25° gave a further 16.2 g of 4b: mp 
232-233° dec; total yield 20%. The mother liquor, containing 8-
benzyl-laH,5aH-nortropan-3-one and a trace of 3b, was not 
worked up. The analytical sample of 4b-HCl (plates from abso
lute EtOH) melted at 235-236° dec. Anal. (Ci6H2 iN03-HCl) C, 
H, CI. The free base, liberated by concentrated NH4OH, boiled 
at 134-135° (0.3 mm); re25D 1.5420;. it solidified, mp 54.5-56° 
(prisms from pentane); ir Xmax (oil) 2.85 (sharp) and 5.79 M; nmr 
(CDCI3) & 3.13 (sharp, OH), 3.62 ppm (s, 2, PhCH2), aromatic re
gion complex; Rt silica gel 0.45 (20:2:78 pentane-!-PrNH2-Et20). 

The filtrate from the collection of the 81 g above was concen
trated and the residue was treated with excess concentrated 
NH4OH. Extraction of the basic material with ether and distilla
tion gave 110 g of oil boiling at 135-164° (0.7 mm) and 39.2 g of oil 
boiling at 164-166° (0.7 mm). The second fraction was diluted 
with 50 ml of pentane whereupon it crystallized and afforded 32.2 
g of 3b, mp 88-90°. Recrystallization from E t 2 0 gave the analyti
cal sample: mp 90.5-92°; ir Ama, (oil) 2.93 (broad) and 5.76 M; 
nmr (CDC13) 6 3.48 (s, 2, PhCH2), aromatic region simple; Rf sili
ca gel 0.25 (20:2:78 pentane-i-PrNH2-Et20). Anal. (Ci 6H 2 iN0 3) 
C, H, N. 

Table I . Local Anes the t ic Activi ty in Guinea Pigs 

No. Mean 
p o s i t i v e / a n e s -

Concn, no. the t ic TAC5 \ 
%a t e s t ed s c o r e g / m l 

Act. 
r a t i o 6 

Cocaine 

/3-Cocaine 

0.125 
0.06 
0.03 
0.5 
0.25 
0.125 

4/4 
4/4 
3/4 
6/6 
6/6 
6/6 

27 
14 
5 

27 
21 

8.5 

0.031 

0.092 0.33 

"The concentrations shown are those of the hydrochloride salts of 
these compounds. "Activity of cocaine = 1. 

Careful fractionation of the 110 g of the first fraction above 
gave 85.8 g (40%) of 8-benzyl-laH,5aH-nortropan-3-one, bp 125-
138° (0.6 mm) (with termination of the distillation when the tem
perature began to rise sharply). Dilution of the pot residue with 
50 ml of pentane and seeding gave a sticky solid. Multiple tritu
ration of this solid with 1:1 Et 20-pentane afforded 12.4 g more of 
clean (tic) 3b, total yield 44.6 g (14%). 

Methyl 3-Hydroxy-laH,5aH-nortropane-3a-carboxylate (3c).3 

A solution of 0.37 g (1.35 mmol) of 3b in 100 ml of EtOH and 0.75 
ml (1.5 mmol) of 2 TV HC1 was treated with H2 under 3.5 kg/cm2 

for 2 hr in the presence of 0.20 g of 10% Pd/C catalyst. Removal 
of catalyst and solvent, treatment of the residue with concentrat
ed NH4OH, and extraction with E t 2 0 gave 0.28 g of crystalline 
3c. Two recrystallizations from EtOAc gave diamond-shaped 
plates which underwent a polymorphic transformation to long 
prisms upon standing cold, mp 145-148° and undepressed upon 
admixture with an authentic sample prepared from laH,5aH-nor-
tropan-3-one by Dr. M. R. Bell. The identity was further support
ed by ir and nmr spectral comparisons. 

Methyl 8-Benzyl-3-hydroxy- l«H,5«H-nortropane-3/3-carbox-
ylate 3-Benzoate p-Toluenesulfonate (4c). A solution of 2.75 g 
(0.010 mol) of hydroxy ester 4b in 10 ml of THF under N2 was 
treated dropwise with stirring in 2 min with 1.20 g of 50% KH in 
oil (0.60 g or 0.015 mol of KH). The temperature rose to 40° and 
frothing subsided in 5 min. After 30 min, 1.70 g (0.012 mol) of 
benzoyl chloride was added in one portion. After 1 hr the gelati
nous mixture was diluted with E t 2 0 and treated cautiously with 
5 ml of H 2 0 . The E t 2 0 layer was washed with brine and concen
trated to give 3.43 g of oily product. Treatment of this product 
with 1.9 g (0.010 mol) of p-toluenesulfonic acid monohydrate fur
nished 4.20 g (76%) of crystalline 4c-tosylate salt. Recrystalliza
tion from 100 ml of absolute EtOH concentrated to a 30-ml vol
ume gave 3.2 g of colorless needles: mp 238-240°; Amax (KBr) 5.76 
and 5.82 /*; nmr (DMSO-de) compatible with structure. Anal. 
(C23H2 5N04-C7HS03S) C, H, S. 

Methyl 3-Hydroxy-laH,5aH-nortropane-30-carboxylate 3-
Benzoate p-Toluenesulfonate (4d). To a partial solution of 8.3 g 
(0.015 mol) of 4c in 300 ml of 95% undenatured EtOH was added 
1.0 g of 10% Pd-on-charcoal catalyst. This mixture was treated 
with H2 under 3.5 kg/cm2 of pressure for 7 hr at room tempera
ture. H2 (1 equiv) was absorbed. Removal of the catalyst and 
solvent and addition of 5 ml of absolute EtOH and 50 ml of E t 2 0 
caused precipitation of 6.6 g (96%) of blade clusters of 4d, mp 
178-181°. The analytical sample had mp 180.5-182° (EtOH). 
Anal. (C16Hi9N04-C7H803S) C, H, S. 

fl-Cocaine (Methyl 3-Hydroxy-laH,5aH-tropane-3/3-carboxyl-
ate 3-Benzoate) (4e). A solution of 3.95 g (0.014 mol) of 4d in 80 
ml of 98% HCOOH and 24 ml of 35% aqueous HCHO was heated 
at 100° for 2 hr and then concentrated to a residue by warming in 
vacuo. The residue was treated with dilute NaOH and the basic 
product extracted with E t 2 0 . Concentration of the extracts gave 
2.34 g (54%) of colorless oil: Xmax (film) 5.74 and 5.84 M; nmr 
(CDC13) 5 2.35 (s, 3, NCH3) and 3.7 ppm (s, 3, OCH3). The HC1 
salt of this base formed heavy needles (CH3CN), mp 221-222° dec 
with heating rate of 3°/min. The melting point varies with heat
ing rate. a-Cocaine hydrochloride melts at 180°.i Anal. 
(Ci7H2 iN04-HCl)C, H, CI. 

Biology. For determination of the action of /3-cocaine hydro
chloride in producing topical anesthesia of the tongue, 1 mg of the 
powder was rubbed onto the tip of the human tongue and kept 
there undisturbed for 1 min. Then the mouth was rinsed and the 
development of a numbness was evaluated over a 10-min period. 
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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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Synthesis of Chlorozotocin, the 2-Chloroethyl Analog of the Anticancer 
Antibiotic Streptozotocin 
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Kettering-Meyer Laboratory, Southern Research Institute. Birmingham. Alabama .3521 in. Received August 12. '.974 

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-


