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The a~ and B-methyl glycosides (IV and V, respectively) of the antibiotic
streptozotocin (I) have been synthesized. In addition, analogs involving
epimeric changes at C, (III) and C, (II), and of two C,; analogs, 3-$-D-
glucopyranosyl-1-methyl-1-nitrosourea (XXIII) and the corresponding D-
galactopyranosyl compound (XXV), together with their tetra-O-acetates (XXII
and XXIV, respectively) have been prepared. An open-chain analog was
obtained by the synthesis of 1-deoxy-1-(3-methyl-3-nitrosoureido)~-p-glucitol
(XXIX), but the 2-deoxy-pD-glucitol derivative (XXVII) decomposed on
attempted isolation. Epimerization at C, reduces the antibacterial activity
markedly ; all other changes made destroy it. All of the analogs show cyto-
toxic activity in the range of streptozotocin or higher, and all are devoid of
diabetogenicity.

Streptozotocin is an antibiotic produced by Streptomyces achromogenes var. strepto-
zoticus® and shown by degradation?® and synthesis®*® to have the structure L

Streptozotocin possesses broad-spectrum antibacterial activity®

CHZOH
and is active iz vivo®. In addition, however, it displays marked o
anti-leukemic activity”®, and is a diabetogenic agent®!?, being oH H,0H
specifically toxic to the B-cells of the islets of LaANGEREANS. Itis HO _No
currently under study in the therapy of malignant insulinomas»'», NHCON\Me
I

This multiplicity of activities made it of interest to prepare
analogs with altered carbohydrate stereochemistry, modified substituents of the anti-
biotic itself, and transpositions of hydroxyl and nitrosoureido groups.

Prior to this investigation, it was known that 1,3,4,6-tetra-O-acetylstreptozotocin
shows no antibacterial activity, and also that the replacement of the methyl group at
N# of the nitrosourea by ethyl or n-butyl leads to antibacterially inactive products
(Dr. R. R. HERR, The Upjohn Company; personal communication, 1967). However,
while streptozotocin tetraacetate shows even greater inhibition of the growth of L-1210:
cells than the antibiotic itself!®, the N°-ethyl and butyl analogs and their tetraacetates
show only slight activity (R. R. HERR, vide supra).

Since the completion of this work, two papers have appeared on the synthesis of
analogs of streptozotocin, one on those derived from aminocyclitols' and the other
on the methyl glycosides'® of the antibiotic, the latter by a route analogous to that
employed in the present work.

The first analogs investigated involved stereochemical modifications only. Using
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the general method of urea formation and CHz0Ac CHZOAc
. . Y
aqueous nitrosation of HESSLER and NCO
JAHNKE® without isolation of the interme-  p.¢ qhe
diate, 4-epi-streptozotocin (II) was pre- Ohc

pared from bp-galactosamine, and 2-epi-
streptozotocin (III) from p-mannosamine. o

Streptozotocin, as isolated from fermentation sources, varies widely in optical
rotation from lot to lot, though all mutarotate to the same equilibrium value. The
effect of glycoside formation and possible differences in activity between anomers was
therefore examined. Details of the synthesis of the a- and B-methyl glycosides IV
and V, respectively) from the methyl N-carbobenzyloxy-D-glucosaminides® are given
because of discrepancies in the physical constants between this and the literature
report'® and because the latter was restricted in scope to antileukemic activity.

The effect of placing the N-nitrosoureido substituent at position 1 in glucose
was examined. The early literature'™'® records the acid-catalyzed condensation of
glucose with N-methylurea to give “d-Glucosemonomethylureid”, but attempts to
repeat this reaction led to complex, intractable mixtures.

In contrast to the results of FiscHErR', the reaction between acetobromoglucose
and silver cyanate in xylene under reflux failed to yield the desired isocyanate (VI);
the reaction gave the di-p-p-glucosylurea octa-O-acetate (VII) in good yield, identified
by direct comparison with the product of acetylation of a commercial sample of
“diglucosyiurea”“’. The data agree with those of MESSMER ef «l.2V Sufficient
moisture presumably was present in the reaction mixture in spite of efforts to prevent
this, that some of the first-formed isocyanate VI hydrolyzed to the glucosylamine which
then reacted with unhydrolyzed isocyanate.

The isothiocyanate® (VIII) was obtained by the reaction between acetobromoglucose
and silver thiocyanate, and the addition of methylamine proceeded smoothly with
concomitant deacetlyation to give the thiourea (IX). Treatment of an aqueous solution
of IX with mercuric oxide did not yield the expected urea (X) but gave a product

shown by analysis to have a molecular formula of the urea minus one molecule of

CHZOAc CHon CHZOH CH,OH

NHCNHMe O\ N=C=NMe ° NH
c NMe

juail X X X
p:4

X=3
X=0
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water, confirmed by mass spectral evidence (M*, m/fe 218). The carbodiimide (XI) was
ruled out by the lack of absorption in the 2150 cm™ region of the IR spectrum;
apparent amide I and amide II bands at 1665 and 1535cm™ could be attributable to
the Y>C=N- and "NH-C= groupings of an isourea. The NMR spectrum showed four
exchangeable hydrogens and J;,,=9.5 Hz, requiring that H,H, be diaxial. Examina-
tion of molecular models shows that, with this requirement, only the C, hydroxyl can
be involved, giving the trams-1,2-bicyclo isourea structure XII. The double bond is
placed exo-cyclically in view of the singlet NMe peak at ¢ 2.78 in the NMR spectrum.

The attempted protection of the hydroxyls against participation during the
mercuric oxide reaction by acetylation was found to be accompanied by S-acetylation,
both double-bond isomers (XIII and XIV) being formed. Assignments of structure
were based on NMR data (see Experimental).

FiscHER™ reported the reaction between the analogous glucosylthiourea (XV) and
mercuric oxide in water to give an ill-defined, unstable, amorphous product to which
he assigned the cyanamide structure XVI.

CH,0Ac gp. cH OAc CHzOH $ CHzOH
0 i
NHC=NMe O\n= c NHMe O\, NHC=N
AcO OAc
OAc
X v xv b

In view of the faijlure of the above methods to yield the desired urea (X), recourse
was made to the method of BERTHO®* of the reaction of acetobromoglucose with
sodium azide to the B-azide (XVII) and reduction to the tetra~O-acetyl-g-p-glucosyl-
amine (XVIII). Reaction with methyl isocyanate occurred readily to give the tetra-

acetyl urea (XIX), deacetylated with methanolic ammonia to the free glucosylurea (X).

CHzoAc CHZOAc CHZOAc
PHH, MeNCO NHCONHMe \ on
.__.__> X
Erone oncn Nty
p.avilf praviii| X

The physical constants of X agreed with those reported'>* indicating that the
direct condensation of glucose and N-methylurea had given the S-pyranosyl product.
Alternatively, use can be made of the STAUDINGER reaction?® to go from the azide
(XVII) to the phosphineimine (XX)Z”; this reacted readily with methyl isocyanate to

CH,OAc CH,0Ac

Q‘P(C H ) MaNGO Q C=NMe [H (03] XX

XX p:o:d
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give the carbodiimide XXI, which under- CH,O0R CH,OR
went hydration on silica to the urea (XIX). 0 NHCON<NO RO O, NHCON <N0
Nitrosation of the tetraacetylurea oR Me OR Me
(XIX) in pyridine with nitrosyl chloride RO OR
gave the acetylated N-nitrosourea XXII, oR
while aqueous nitrosation of X gave the X1 R=Ac xm 2::0
unacetylated analog XXIII. By an analo- m R=H =
CH,OH CHOH CHaNHCONHMe  CHaNHCON O
NHCONHMe NHCON\Me OH OH
HO HO HO HO
OH OH OH OH
OH OH OH OH
CH,0H CH,0H CH.0H CH20H
pio:avig poaviif XXV XX

gous series of reactions starting with acetobromogalactose, the galacto-analogs XXIV
and XXV were obtained.

The urea XXVI was obtained readily from p-glucosaminol. However, the nitro-
sated product XXVII, a reduced, open-chain analog of streptozotocin itself, decomposed
during isolation. In the similar series from b-glucamine, nitrosation of the urea

XXVIII gave the desired N-nitrosourea XXIX.
Activities

Antibacterial : Inversion of the 4-hydroxyl group of streptozotocin leads to
complete loss of antibacterial activity against the test organism Profeus vulgaris, as
does methyl glycoside formation in both anomeric configurations. The open-chain

analog XXIX equally is devoid of activity, as are the glucosyl (XXIII) and galactosyl

(XXV) analogs and their tetraacetates (XXII and XXIV, respectively).

Inversion of

configuration at C, is less crucial, the mannosamine analog III showing activity against

P.vulgaris, but only to the extent of 5~
10 % of that of streptozotocin.

Diabetogenic: None of the com-
pounds described here shows diabeto-
genicity in the rat at a level of 65mg/
kg, at which concentration streptozotocin
shows a four-fold elevation of blood-
sugar concentration.

Cytotoxic: The cytotoxic activities
against L-1210 cells in culture of the
analogs described are summarized in

Table 1.

possible to separate the cytotoxic activity

Structural variations make it

from the diabetogenicity and antibacte-

Table 1. Cytotoxic activity of streptozotocin,
its derivatives and analogs.

1Dy,

Compound in vitro

wug/ml*
Streptozotocin, I 84
Streptozotocin @-Me glycoside, IV 47
Streptozotocin f-Me glycoside, V 80
2-epi-Streptozotocin, III 62
4-epi-Streptozotocin, II 75
B-Glucosyl analog, XXIII 55
B-Galactosyl analog, XXV 76
Glucamine analog, XXIX 51

Streptozotocin tetraacetate 10.5
B-Glucosyl analog tetraacetate, XXII 18
B-Galactosyl analog tetraacetate, XXIV 28

* The dose necessary to cause 50 % inhibition of the
growth of L-1210 cells. Cells and drug were inoculated
into tubes on day 0 and cell numbers were counted on
day 3.
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rial activity. All of the analogs show activity at least equal to streptozotocin ; inter-
estingly, the a-methyl glycoside IV is twice as active as the f-anomer V. As with
streptozotocin tetraacetate, the tetra-O-acetates XXII and XXIV show enhanced acti-
vity. The carbohydrate moiety appears to act as a carrier for the N®-methyl-Ns3-
nitrosourea group. The anti-leukemic activity of simple methyl nitrosoureas is well
documented?®.

The antileukemic activity of these analogs in vivo will be reported elsewhere by Dr.
B. K. Buuvan of these laboratories.

Experimental Section

Melting points were determined on a Gallenkamp (England) capillary melting point
apparatus, using a thermometer calibrated for stem exposure. Thin-layer chromatography
was run on 2''X8 Uniplates?” coated with silica gel GF (250 u) using the solvent system
quoted (parts by volume). Zones were detected by spraying with Lemieux®® reagent or with
50 % aqueous H,SO, followed by heating at 100°C ; the N-nitroso derivatives could also be
detected by their strong fluorescence under UV irradiation. Brinkmann silica gel (0.05~
0.20 mm) for chromatography?® was used for column chromatography. Solvents were
removed on a rotating evaporator at 40°C/7 mm. Specific rotations were determined in a
2dm cell with a Bellingham and Stanley (England) polarimeter. IR spectra were measured
with a Perkin-Elmer 421 grating spectrometer, using Nujol mulls. UV spectra were
measured in EtOH with a Cary 15 recording spectrometer. NMR spectra were measured
at 60 MHz with a Varian A 60 A spectrometer ; chemical shifts are given on the & scale,
and spectra were measured in CDCI; with TMS as the internal standard. For the purposes
of this work, spectra in D,O were calibrated -against the HOD peak at § 4.67. Mass spectra
were measured on an Atlas CH-4 at 70ev.

4-epi-Streptozotocin (2-deoxy-2-(3-methyl-3-nitrosoureido)-p-galactopyranose) (II).

D-Galactosamine-HCI (1.0 g) in H,O (5ml) was neutralized with NaHCO, (390 mg),
Et,O (2.5ml) added, and the mixture cooled in ice/MeOH. MeNCO (265 mg, 1 equiv.)
was added, the mixture stirred for 30 minutes, and NaNO, (320 mg, 1 equiv.) added.
This solution was allowed to drop during 20 minutes into aqueous H,SO, (2 N, 2.32ml,
1 equiv.) cooled in ice/MeOH. Volatile material was removed from the yellow solution
which then was diluted with water and lyophilized. Chromatography (1 MeOH : 3 CHCI,)
gave material which separated from MeOH as pale yellow needles (157 mg), m.p. 109~110
°C (dec.), [alp +69° (¢ 0.89, H,0).

Anal. Caled. for CgH;N,O,: C 36.23, H 5.70, N 15.84
Found : C 36.33, H 5.90, N 16.10

2-epi-Streptozotocin (2-deoxy—2-(3-methyl-3-nitrosoureido)-D-mannopyranose) (III).

By a sequence entirely analogous to that above, D-mannosamine-HCI (1.0 g) yielded
III as a hygroscopic pale yellow amorphous solid (280 mg), [a]p+1° (¢ 0.71, H,0).

Anal. Calcd. for CgH;;N,O,: C 36.23, H 5.70, N 15.84
Found : C 36.52, H 5.65, N 15.84

Anomeric Methyl N-benzyloxycarbonyl-D-glucosaminides.

This mixture was obtained by the method of Nrusereer and Pirt Rivers'®, but it
was separated by chromatography (1 MeOH : 7 CHCI;), the a-anomer moving faster than
the f-anomer. At room temperature after 160 hours, the ratio of @: B is 5.9:1; after
82 hours, the ratio is 1:2.

a-Anomer : Anal. Calcd. for C;Hy NO,: C 55.04, H 6.47, N 4.28

Found : C 55.22, H 6.31, N 4.35
m.p. 163.5~164°C (PrOH), [a]p+92° (¢ 0.78, H,0)
lit'». m.p. 156~158°C, [«],+92.6° (pyridine)
lit'®, m.p. 154~155°C, [«],+80° (pyridine).
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B-Anomer : Anal. Caled. for C;HyNO,;: C 55.04, H 6.47, N 4.28
Found : C 54.87, H 6.61, N 4.43
m.p. 173.5~174°C (H,0), [a]p—25° {¢ 0.74, H,0)
lit'®, m.p. 166~167.5°C, [a]p—22.8° (pyridine)
lit"®. m.p. 166~168°C, [a],—38° (pyridine)

Methyl 2-deoxy-2-(3-methylureido)-a-D-glucopyranoside.

The a-anomer of the benzyloxycarbonyl compound (5.0g) in EtOH (200 ml) was
hydrogenolyzed overnight in the presence of Pd/C (10 %, 500 mg) under 50 p.s.i. Hy,. Tlc
(1 MeOH : 7CHC,;) showed the absence of starting material and the formation of
product at the origin. Filtration from catalyst and removal of solvent gave a syrup
(3.23 g) which was dissolved in H,O (12.5ml), Et,0O (7ml) added, followed by MeNCO
(0.96 g, 1.1 equivs.) and the mixture was stirred overnight. No amine remained (tle,
1 MeOH : 3 CHCl;), and a new zone of higher Rf was present. Removal of the solvent
and crystallization from MeOH gave the urea (2.43 g), m.p. 194~196°C, [a]p+129° (¢ 0.88,
DMF) Lit'®. m.p. 194.5~196°C, [a]p+97.5° (H,0).

Anal. Calcd. for CH{N,Og: C 43.19, H 7.25, N 11.20, OCH, 12.40
Found : C 42.90, H 7.28, N 11.32, OCH, 12.38

Methyl 2-deoxy-2-(3-methyl-3-nitrosoureido)-a-p-glucopyranoside (IV).

Nitrosation of the a-anomeric urea (1.29 g) in aqueous solution as described for the
earlier analogs resulted in the precipitation of a solid ; IV) crystallized from MeOH-Et,0O
as pale yellow needles, m.p. 175~185°C (dec.), [a]p+117° (¢ 0.63, H,0). Lit'®. m.p.
129~133°C, [alp+107° (H,0).

Anal. Caled. for CGH;;N,;O,: C 38.71, H 6.14, N 15.05, OCH, 11.11
Found : C 38.62, H 6.02, N 15.39, OCH, 11.26

Methyl 2-deoxy-2-(3-methylureido)-p-bp-glucopyranoside.

Hydrogenolysis of the f-anomeric benzyloxycarbonyl compound (3.58 g) and formation
of the urea were conducted as above, yielding the crystalline product (1.83 g) from MeOH,
m.p. 244~245°C, [a]p,—52°, (¢ 0.64, DMF). Lit’®. m.p. 239.5~241°C.

Anal. Calcd. for C;H;{N,O,: C 43.19, H 7.25, N 11.20, OCH, 12.40
Found : C 42.93, H 6.89, N 11.33, OCH, 12.41

Methyl 2-deoxy-2-(3-methyl-3-nitrosoureido)-f-p-glucopyranoside (V).

Nitrosation, conducted as usual, of the urea (1.59g) gave (V) from H,O, m.p. 185~
193°C (dec.), [alp—4° (c 0.57, DMF). Lit!® m.p. 149°C (dec.), [a]p—23.7° (H,0).

Anal. Calcd. for CGH;;N;O,: C 38.71, H 6.14, N 15.05, OCH, 11.11
Found: C 38.50, H 6.03, N 15.38, OCH, 11.10

N,N’-bis—(2,3,4,6-Tetra—O-acetyl-f-p-glucopyranosyl)urea (VII).

Reaction between a-acetobromoglucose (19.15g) in xylene (distilled from Na, 1500 ml)
and AgNCO (dried at 100°C/high vac., 25.0 g), gave a syrup which showed extremely weak
absorption at 2280 cm™ (possibly -N=C=0): chromatography (1 Me,CO : 1 Skellysolve B*®
gave a colorless solid which separated from Me,CO-Skellysolve B in needles, m.p. 159.5~
161°C, [a]p—>5° (¢ 0.88, CHCI,).

Anal. Caled. for CyH, N,Opp: C 48.33, H 5.60, N 3.89
Found: C 48.68, H 5.31, N 4.04
Acetylation (Ac,O-pyridine) of 1,3-di-F-D-glucosylurea?” gave a product indistinguishable
from the above. [Lit?. m.p. 162°C, [a]p,—3.6° (CHCl,)].

3-p-D-Glucopyranosyl-1-methylthiourea (IX).

PB-D-Glucopyranosyl isothiocyanate tetraacetate?? (VIII, 8.0 g) was allowed to stand
overnight in MeOH saturated at 0°C with MeNH,. Removal of the solvent and crystal-
lization of the residue from H,O-EtOH gave (IX) as colorless plates (4.08 g), m.p. 229~
230°C, [a]p—40° (¢ 0.88, H,O).

Anal. Caled. for CgH(N,O,S: C 38.08, H 6.39, N 11.11, S 12.71
Found: C 38.23, H 6.37, N 10.94, S 12.56
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N,O%-[(Methylimino)methylene]-3-p-glucopyranosylamine (XII).

A solution of IX (2.0g) in H,O (50 ml) was stirred overnight with HgO (yellow,
8.26 g), filtered from the black solid, and the filtrate taken to dryness. The product (XII)
crystallized from EtOH, m.p. 173~174°C (dec.), [a]p+133° (¢ 0.79, H,0).

Anal. Caled. for C;H N,Oy: C 44.03, H 6.47, N 12.84
Found: C 44.06, H 6.68, N 12.44

Acetylation of IX.

Acetylation of IX (3.17 g) in acetic anhydride-pyridine gave a syrup showing two
products by tle (1 EtOAc:1 cyclohexane) of Rf 0.14 and 0.23, which were separated on
a column (same system) and gave product A (Rf 0.23, 2.43 g) and product B (Rf 0.14,
2.80 g). Product A crystallized as needles from EtOH, m.p. 163.5~165°C, [a]p+6° (c 0.93,
CHCly).

Anal. Calcd. for C3H,N,0.,S: C 46.74, H 5.67, N 6.06, S 6.93
Found: C 46.61, H 5.56, N 6.08, S 6.80
and was assigned structure XIII on the basis of NMR data (¢ 11.90, broad doublet, NH;
8 3.7, s, NMe; & 2.38, s, SAc); UV Angax. 233 (¢ 11,350), 275 nm (¢ 16,700). M*, mle 462.
Product B crystallized as platelets from EtOAc-Skellysolve B, m.p. 131~132°C, [«]p+155°
(¢ 0.60, CHCl,).
Anal. Caled. for C;sHy,gN,O,S: C 46.74, H 5.67, N 6.06, S 6.93
Found: C 46.68, H 5.82, N 5.95, S 6.77
UVi,.. 225 (e 5,500), 271 (e 9,750), 348 nm (¢ 71), and was assigned structure XIV (NMR,
J 8.25, broad, NH ; § 3.18, d, NHMe; ¢ 2.38, s, SAc).

3-B-p-Glucopyranosyl-1-methylurea tetra-O-acetate (XIX).

The acetylated glucosyl azide?® (XVII, 5.17 g) was reduced in EtOAc to the tetraace-
tylglucosylamine ; solvent removal gave a solid showing no -Nj; absorption at 2120 cm™,
but -NH, absorption at 3380, 3300, and 3200 cm™. This product in CHCl; (75ml)
was left overnight with MeNCO (3ml). Solvent removal and crystallization from EtOAc
gave XIX as needles (4.04 g), m.p. 194.5~195°C, [«a]p+1° (¢ 0.61, CHCIy).

Anal. Caled. for C;;H,N,O,,: C 47.52, H 5.98, N 6.93
Found : C 47.68, H 6.07, N 6.93

3-B-pD-Glucopyranosyl-1-methyl-1-nitrosourea tetra-O-acetate (XXII).

A solution of NOCI (3.63g) in Ac,O (15ml) at 0°C was added dropwise to XIX (5.0 g)
in pyridine (50ml) also at 0°C and in an atmosphere of N, with stirring. After 20
minutes at room temperature, the yellow-orange solution was poured into ice-
water, precipitating a red gum which was extracted thoroughly with CHCl;, the extract
washed with ice-cold HCI (INV),H,0, sat. aqueous NaHC;0, H,0O, and dried (Na;SO,). Solvent
removal gave a syrup which was chromatographed (1 Me,CO : 1 Skellysolve B) to give a
yellow solid (5.57 g); XXII separated from Me,CO-Skellysolve B in pale yellow needles
(8.94 g), m.p. 89~90°C, [alp,—8° (¢ 0.98, CHCly).

Anal. Caled. for C;gHpN;O, 0 C 44.34, H 5.35, N 9.70
Found: C 44.28, H 5.25, N 9.48

3-B-p-Glucopyranosyl-1-methylurea (X).

The tetraacetate (XIX, 4.23 g) was deacetylated in saturated methanolic ammonia at
0°C; solvent removal gave a syrup which crystallized from EtOH giving X (1.95g) as
needles, m.p. 213~215°C (dec.), [alp—30° (¢ 0.32, H,0)

Anal. Caled. for CgH;(N,Og: C 40.67, H 6.83, N 11.86
Found: C 40.87, H 6.83, N 11.64
Lit'". m.p. 216°C (dec.), [alp—30.3° (H,0); Lit'®. m.p. 215°C (dec.), [a]p—31.8° (H,0).

3-B-D-Glucopyranosyl-1-methyl-1-nitrosourea (XXIII).

The urea (X, 1.0 g) was nitrosated in aqueous solution by the standard procedure,
and the product isolated by lyophilization. Chromatography (1 MeOH : 1 CHCly), followed
by crystallization from MeOH, gave XXIII as pale yellow prisms, m.p. 177~180°C (dec.),
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[alp—12° (c 0.87, H,O).
Anal. Caled. for CgH;N;O,: C 36.23, H 5.70, N 15.84
Found : C 36.42, H 5.95, N 15.88

2.3,4,6-Tetra~-O-acetylglucosylamine triphenylphosphineimine (XX).

To a solution of the tetraacetylglucosyl azide (XVII, 6.0 g) in anhydrous Et,0 (100 ml)
was added dropwise a solution of ¢;P (8.51g, 1 equiv.) in Et,O (50 ml) with stirring ; N,
was evolved. After 16 hours, crystalline material was removed, washed with Et,0, and
dried (4.08 g), m.p. 132~134°C. Recrystallization from ¢ H--Skellysolve B gave XX, m.p.
133~134°C, [a]p—18° (¢ 0.65, CHCly). UVi,,.. 223sh. (e, 24,200), 254sh. (s, 2,900), 260.5
(e, 3,050), 267 (e, 3,180), 273 nm (e, 2,550). Lit*. m.p. 136°C, [a]p—18.2° (dioxane).

Anal. Caled. for C,,H,,NO,P: C 63.25, H 5.64, N 2.31, P 5.10
Found : C 63.51, H 5.69, N 2.30, P 5.16

Reaction of XX with MeNCO.

A solution of the phosphineimine (4.07g) and MeNCO (382mg, 1 equiv.) in ¢ H
(25 ml) was heated under reflux overnight, solvent removed, the residue dissolved in warm
EtOAc, diluted with Skellysolve B, and the solid (¢;P—0O, 960 mg) removed by fltration.
Removal of the solvent gave a semi-solid residue, showing strong absorption at 2160 cm™*
of the carbodiimide XXI but still containing ¢$;P—O (by tle, 1 Me,CO : 1 Skellysolve B,
Rf of the carbodiimide, 0.54). Chromatography (1 Me,CO: 2 Skellysolve B) yielded a
product eluted much later than anticipated; the material obtained showed an Rf of 0.26
(1 Me,CO: 1 Skellysolve B). It crystallized from EtOAc-Skellysolve B to give a product
(1.23 g) shown (m.p., mixed m.p., tle, IR) to be the ureido-derivative XIX, the carbodi-
imide having undergone hydration on the silica.

3-A-D-Galactopyranosyl-1-methylurea tetra-O-acetate.

2,3,4,6-Tetra-O-acetyl-f-D-galactopyranosyl azide?® (10.09g) was reduced in EtQOAc
to the amine by the method of Berrro and Mrier?”, the solvent removed, the residual
solid dissolved in CHCI; (200 ml), MeNCO (6.16 g) added, and the solution allowed to stand
for 3 days. Removal of the solvent and crystallization from EtOAc gave robust needles
(6.9 g), m.p. 222~223°C, [a]p+23° (¢ 0.77, CHCl,).

Anal. Caled. for C,iH, N,O,: C 47.52, H 5.98, N 6.93
Found: C 4764, H 593, N 7.17

3-f~p-Galactopyranosyl-1-methyl-1-nitrosourea tetra-O-acetate (XXIV).

Nitrosation of the tetraacetyl urea (5.0 g) (NOCl-pyridine) as for the gluco-analog,
followed by chromatography (1 Me,CO : 1 Skellysolve B), gave XXIV (2.57 g) from MeOH,
m.p. 138~139°C (dec.), [@]p+7° (c 0.90 CHCL).

Anal. Caled. for CgHyeN,Oy,: C 44.34, H 5.35, N 9.70
Found: C 44.65, H 5.45, N 9.80
3~p-p-Galactopyranosyl-1-methylurea.

Ammonolysis of the tetraacetyl urea (18.24 g) gave the galactosyl urea (8.35g), Rf (.32
in 1 MeOH :1CHCIl;, as a monohydrate from aqueous ethanol, m.p. 210~211.5°C (dec.),
[als 0° (¢ 0.67, H,0).

Anal. Caled. for CgHN,O4-H,O: C 37.79, H 7.13, N 11.02, H,0O 7.09
Found: C 37.84, H 7.35, N 11.23, H,0 7.08

3-B-p-Galactopyranosyl-1-methyl-1-nitrosourea (XXV).

Aqueous nitrosation of the galactosyl urea (1.0 g) by the usual method, followed by
chromatography (1 MeOH : 1 CHCl,) gave a solid, Rf 0.64 in 1MeOH: 1CHCl, (810mg)
obtained as pale yellow needles (MeOH, 0°C), gradually decomposing at 165~180°C, [a]p
+23° (¢ 0.63, H,0).

Anal. Caled. for CgH;;N,O,: C 36.23, H 5.70, N 15.84
Found : C 36.46, H 6.08, N 15.76
2-Deoxy-2-(3-methylureido)~p-glucitol (XXVI).
Treatment of p-glucosaminol® (15.6 g) with MeNCO under the usual conditions gave
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the urea XXVI (8.88 g), m.p. 150.5~152.5°C from H,0, [a],—1° (¢ 1.01, H,O).
Anal. Caled. for CHN,O,: C 40.33, H 7.61, N 11.76
Found : ‘ C 40.47, H 7.71, N 11.84
While nitrosation in aqueous solution under the usual conditions appeared to proceed
satisfactorily to XXVII [tle, 1 MeOH : 1 CHCl,, disappearance of urea (Rf 0.37), new zone,
UV absorbing, Rf 0.57] decomposition with, apparently, N, evolution occurred during
attempted isolation.

1-Deoxy-1-(8-methylureido)-p-glucitol (XXVIII).

D-Glucamine®” (1.0 g) reacted with MeNCO under the usual conditions to give the
urea XXVIII (900 mg), m.p. 1256~127°C from H,0, [a]p~11° (¢ 0.81, H,0).

Anal. Caled. for CH;\N,Oy: C 40.33, H 7.61, N 11.76
Found : C 40.12, H 7.79, N 11.93

1-Deoxy-1-(3-methyl-3-nitrosoureido)-np-glucitol (XXIX).

The nitrosoureido compound (3.19 g) separated from the reaction mixture on nitro-
sation of the urea (XXVIII, 4.0 g) under the standard conditions; XXIX was obtained as
pale yellow platelets (2.19 g) from H,O, m.p. 95~95.5°C (dec.), [a]p—10° (¢ 0.92, H,0).

Anal. Caled. for CH;,N;O,: C 3595 H 6.41, N 15.72
Found: C 36.15, H 6.54, N 15.78

Acknowledgments

The author is indebted to Dr. G. Sromp for consultation on NMR spectra, to Dr. A. A. Forist and
his associates for analytical work, to Mr. L. E. Jounson for antibacterial assays, to Dr. W. E. DurLin
and Mrs. B. M. Wyse for the diabetogenicity studies, to Dr. B. K. Buuyan and Mr. H. H. Buskirx for
the anti-leukemic studies, and to Mr. N. E. BARRY for most capable technical assistance.

References

1) Vavea, J. J.; C. DeBogr, A. Drerz, L. J. Havxa & W. T. Soxousxi : Streptozotocin, a new anti-
bacterial antibiotic. Antibiot. Ann. 1959/1960 : 230~235, 1960 ; US Patent 3, 027, 300.

2) Herr, R.R.; T.E. EsLe, M. E. Bercy & H. K. Jannke : Isolation and characterization of strepto-
zotocin. Antibiot. Ann. 1959/1960 : 236~-240, 1960

3) Herr, R.R.; H. K. Jaunxe & A. D. ArcouptLis : The structure of streptozotocin. J. Am. Chem.
Soc. 89 : 4808~.4809, 1967

4) HarDEGGER, E.; A. Memer & A. Stoos: Eine préparative Synthese von Streptozotocin. Helv.
Chim. Acta 52 : 2555~2560, 1969 :

5) Hzsster, E. J. & H. K. Jamvke : Improved synthesis of streptozotocin. J. Org. Chem. 32: 245
~246, 1970

6) Lewrs, C. & A.R. BarsiErs : Streptozotocin, a new antibiotic. In vitro and in vivo evaluation.
Antibiot. Ann. 1959/1960 : 247 ~254, 1960

7) Buuvaxn, B.K.: Action of streptozotocin, an antileukemic antibiotic, on L-1210 cells. In vitro.
4 :p. 154, P. Farnes (ed.), The Williams & Wilkins Co., Baltimore, Maryland, U.S.A., 1969

8) Evans, J.S.; G.C. Gerrrrsen, K. M. Man~ & S. P. Owen : Antitumor and hyperglycemic acti-
vity of streptozotocin (NSC-37917) and its cofactor, U-15,774. Cancer Chemotherapy Rept. 48:
1~6, 1965

9) Duniy, W.E.; G H Lu~xp & G.C. GErRrITSEN : Streptozotocin-induced diabetes in the rat.
Diabetes 16 : 512~513, 1967

10) Mawsrorp, R. K. L. & L. Orie: Comparison of metabolic abnormalities in diabetes mellitus
induced by streptozotocin or by alloxan. Lancet 1968-1 : 670~671, 1968

11) Raxieren, N.; M. L. Rakieren & M. V. Napxaivr: Studies on the diabetogenic action of
streptozotocin (NSC-37917). Cancer Chemotherapy Rept. 29 : 91~98, 1963

12) Editorial : Streptozotocin for metastatic insulinoma. J. Am. Med. Assoc. 214 :907, 1970 and
references therein.

13) BmuvaN, B.K.: The action of streptozotocin on mammalian cells. Cancer Res. 30 : 2017~2022,
1970

14) Svamr, T. & T. MacuiraMr: A synthetic study of streptozotocin analogs. Bull. Chem. Soc.
Japan 43 : 2953~2956, 1970



386
15)
16)

17)
18)

19)
20)
21)
22)

23)
24)

25)
26)
27)
28)
29)
30)

31)

32)

THE JOURNAL OF ANTIBIOTICS JULY 1972

Svami, T. & T. Macurrami: A synthesis of streptozotocin derivatives. Bull. Chem. Soc. Japan
43 : 3013~-3015, 1970

NeuBerGER, A. & R. Prrr Rivers: Preparation and configurative relationships of methyl-
glucosaminides, J. Chem. Soc. 1939 : 122~126, 1939

Scuoorn, N.: Die Ureide (Harnstoffe) der Zucker. Rec. Trav. Chim. 22 :31~77, 1903
Herrericw, B. & W. Koscme : Uber Verbindungen von Aldosen mit Harnstoff und ihre
Verwendung zur Synthese stickstoff-haltiger Glucoside. Chem. Ber. 59 : 6979, 1926

Fiscrer, E.: Synthese neuer Glucoside. Chem. Ber. 47 : 1377~.1393, 1914

Clark Laboratory Supply, Urbana, Illinois, U.S.A.

Messuer, A.; I Pinter & F. Szeeo : Triphenylphosphine N-acetylglycosylimides and N,N’-bis
(acetylglycosyl) carbodiimides. Angew. Chem. (Int. Ed.) 3 :228, 1964

Harivg, K. M. & T. B. Jomnson : Researches on nitrogenous glycosides. II. The synthesis of
glycosido-ureides. J. Am. Chem. Soc. 55 : 395~402, 1933

Bertuo, A.: Uber Azidoderivate der Glucose. Chem. Ber. 63 : 836~843, 1930

BerrHO, A. & J. MEIERr : Die katalytische Hydrierung von Aziden. Ann. Chem. 498 : 50~61,
1932

Sravpmscer, H. & E.Hauser : Uber neue organische Phosphorverbindungen. IV, Phosphinimine.
Helv. Chim. Acta 4 : 861~886, 1921

ScmaseL, Jr., F.M.; T.P. Jounsron, G.S. McCaLes, J. A. Montcomery, W.R. Laster & H. E.
Skipper : Experimental evaluation of potential anticancer agents. VIII. Effects of certain
nitrosoureas on intracerebral L-1210 leukemia. Cancer Res. 23 : 725~.733, 1963

Analtech, Inc., Newark, Delaware, U.S.A.

Lemevx, R. U. & H. F. Baurr : Spray reagent for the detection of carbohydrates. Anal. Chem.
26 : 920~921, 1954

Brinkmann Instruments, Inc., Westbury, New York, U.S.A.

A saturated hydrocarbon fraction, b.p. 60~71°C, Skelly Oil Co., Kansas City, Missouri, U.S.A.
KargeR, P. & J. MevEr : Glucosaminol, ein Reduktionsprodukt des Glucosamins. Helv. Chim.
Acta 20 : 626~627, 1937

Howny, F.W.; E. W. Peer, R. Mozingo & K. Foukers : Studies on carcinolytic compounds. I.
6,7-Dichloro-9- (1'-p-sorbityl)-isoalloxazine. J. Am. Chem. Soc. 72 : 5416~.5418, 1950



