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the two hydroxyl groups for the estrogenic potency of di-
ethylstilbestrol.20 '21 Replacement of one of the hydroxyl 
groups in diethylstilbestrol by an amino group had been 
shown to reduce the estrogenic activity 25-fold, and larger 
substitutions (methoxy or bromine) caused much greater 
reductions in activity.10 

Electrophilic Reactivity. The reaction of esters of N-
arylacethydroxamic acids with methiomne-methyl-3H to 
yield sulfonium derivatives which decompose to benzene-
soluble [3H]methylmercaptoarylamides has served as a 
convenient assay for the electrophilic reactivity of these 
compounds.14 Under our assay conditions 0.65% of the 3H 
in methionine-methyZ-3H was converted to a benzene-
hexane-soluble form on incubation with Ar-acetoxy-4'-hy-
droxy-7,7'-diethyl-iV-4-trons-stilbenylacetamide. Under the 
same conditions reactions of 0.58 and 5.3% were obtained 
with iV-acetoxy-iV-4-trarw-stilbenylacetamide or iV-ace-
toxy-iV-2-fluorenylacetamide, respectively. From the simi
lar activity of 11 and iV-acetoxy-N-4-stilbenylacetamide 
toward methionine, 11 might be expected to be reactive 
toward certain nucleophilic sites in cellular macromole-
cules. Carcinogenicity tests on iV-hydroxy- and N-acetoxy-
4'-hydroxy-7,7'-diethyl-Ar-4-traris-stilbenylacetamide are 
in progress. 
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lined in reaction schemes A and B, start with fert-butyl (3-
carboxy-5-thiazolidine)phthalimidoacetate (2a).t In order 
to obtain a biologically active penicillin, it is necessary to 
use the isomer of 2a with the configuration of natural pen-
icilloate. This isomer can be obtained by condensation of 
tert-butyl phthalimidomalonaldehyde9 (3) with D-cysteine 
in aqueous ethanol containing sodium acetate.- The reac
tion proceeds in a similar way as reported for the conden
sation of 3 with D-penicillamine7 and afforded a mixture 
of two diastereoisomers of 2a in a ratio of about 5:1. In 
analogy to the synthesis of 2b,7 the natural configuration 
was assigned to the minor component, which will be des
ignated as a isomer (the major component as y isomer). 
The a and y isomers can be differentiated by tic (silica 
gel, solvent system I). In both cases the a isomer showed 

JTo avoid confusion the penam numbering will be used in this paper for 
the thiazolidine nucleus of compounds related to penicillin. 
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Bisnorpenicillin V, an analog of penicillin V in which the two methyl groups are replaced by hydrogen atoms, was 
prepared by total synthesis. The reaction scheme was essentially that described by Sheehan, et al, for the synthe
sis of penicillins. The antibacterial activity of bisnorpenicillin was lower than that observed for the parent penicil
lin V. Replacement of the two C-2 methyl groups of penicillin has no or little effect on its sensitivity to ^-lactam
ase. 
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Table I. Minimum Inhibitory Concentrations" 
(,ug/ml) of l a and l b 

Microorganism la6 lb ( 

Staphylococcus aureus ATCC 6538P 
Staphylococcus aureus (resistant strain) 
Micrococcus flavius ATCC 10240 
Sarcina lutea ATCC 9341 
Bacillus subtilis NCTC 8236 
Streptococcus faecalis NICB 8192 
Escherichia coli 9661 

0.3 0.025 
>100 >100 

1.5 0.17 
1.5 0.08 
0,35 0.17 
1,56 3.12 

>100 >100 

"Assayed by the agar-streak method on nutrient agar 
plates. 6As potassium salt. 

the highest Rf value. In both series, the a isomer was the 
most dextrorotatory product. Analogy between the cyste
ine and penicillamine series was also observed in the nmr 
spectra of the benzyl esters of a and y isomers of 2a and 
2b. In both series the H-3 signals of the y isomers were 
shifted upfield (0.23 ppm) with respect to the a isomers. 
From an nmr study10 of various carboxythiazolidinesf de
rived from penicillamine it can be concluded that the a 
series have a 5(R) and the y series a 5(S) configuration^ 

Higher yields of a-2a and also of a-2b were obtained 
when the condensation of 3 with cysteine or penicillamine 
was carried out in pyridine. Reaction temperatures rang
ing from 40 to 110° were investigated. Optimal tempera
tures were 55° for a-2a and 80° for a-2b. Almost pure a 
isomer crystallized upon evaporation of the pyridine solu
tion. The 7 isomers, which are more soluble in pyridine, 
were isomerized into a -mixture of a and y isomers by 
heating in pyridine. Thus, the total yield was 89.6% for 
a-2a and 67.5% for a-2b. It should be noted that the 
isomerization of c*-2b in pyridine has been reported by 
Sheehan, era/.7 

Initially, the reaction given in scheme A, which pro
ceeded in four steps, was investigated. It appeared that 
the intermediate a-4a and especially the intermediates 
a-5a and a-6a were not stable (in contrast with the analogs 
in the penicillamine series) and could not be isolated in a 
pure state. Similar difficulties were reported with thia-
zane analog.11 The yields observed for phenoxyacetylation 
of a-4a and for removal of the tert-hutyl group of «-5a 
were extremely low. Therefore, this method was aban
doned and the reaction sequence shown in scheme B was 
investigated. Thus, the isomer of rert-butyl (3-benzyloxy-
carbonyl-5-thiazolidino)phthalimidoacetate (a-7a), ob
tained in a 76% yield by esterification of a-2a with benzyl 
bromide in dimethylformamide, was subjected to hydra-
zinolysis as described for the parent a-7b.8 Reaction of 
a-8a with anhydrous hydrogen chloride (for 4 hr at 0° in
stead of 27 hr as reported for a-8b8) afforded the hydro
chloride of a-9a as an amorphous powder which decom
posed at room temperature. When a-9a was N-tritylated 
in aqueous 2-propanol or aqueous tetrahydrofuran,8 exten
sive degradation of the tritylated compound a-10a oc
curred. Therefore, the hydrochloride of a-9a was tritylat
ed by reaction at -18° with trityl chloride in CH2C12 in 
the presence of N-ethyldiisopropylamine. The crude reac
tion mixture, containing a-10a, was freed from the amine 
and treated with diisopropylcarbodiimide (DICI) in nitro
methane, yielding, after column chromatography over sili
ca gel, crystalline benzyl 6-tritylaminobisnorpenicillanate 
(11a). The overall yield for the conversion of a-8a to 11a 
was 14.5%.? It was found that nitromethane was a better 

§These authors concluded that the stereochemistry at C-5 affects the 
chemical shift of the C-3 proton. The latter appears at the highest field 
when C-3 and C-5 protons possess a cis configuration. 

rWhen the conversion of a-8b to l i b was carried out, under the reaction 
conditions described in the present report, the overall yield which has been 
reported to be 15%8 was improved to 52%. 

solvent for the cyclization of a-10a than aqueous dioxane, 
which was reported for the /3-lactam closure of a - l l b . 

The reaction sequence used for the conversion of 11a 
into la was different from that reported8 for the synthesis 
of penicillin V (scheme B). The benzyl ester 11a was de-
tritylated (84%) (p-toluenesulfonic acid in acetone12). N-
Phenoxyacetylation of 12a (phenoxyacetyl chloride in 
CH2CI2 in the presence of triethylamine) afforded (87%) 
13a, which was debenzylated (Pd/C) and neutralized with 
KOH to yield la (71.5%). Spectral data of compounds la , 
11a, 12a, and 13a were consistent with the proposed 
structures; ir spectra showed the presence of a /3-lactam 
carbonyl group (1769, 1785, 1782, and 1796 cm"1 , respec
tively); the coupling constants (4-4.5 Hz) between the C-5 
and C-6 protons observed in the spectra of la , 11a, and 
13a were in agreement with a cis relationship between 
these protons. 

H H 

R'NH"-

(-/ 
1. R' = 

11. R' = 
12. R' = 
13. R' = 
14. R' = 
15. R' = 

K'CH-

OC 

r 1 1 : 

>—N CH--COOR" 

PhOCH2CO; R" = H 
Ph3C; R" = Bz 
H; R" = Bz 
PhOCH2CO; R" = Bz 
Ph,C; R" = H 
H: R" = H 

-Crf , vVR, 

NH—CH —C'OOR'" 

OK" 
2, R' = Ft; R" = t-Bu; R'" = H 
4. R' = NH2; R' = f-Bu; R'" = H 
5. R' = PhOCH2CONH; R" = f-Bu, R'" = H 
6. R' = PhOCH2CONH; R" = H; R'" = H 
7. R' = Ft; R" = t-Bu; R'" = Bz 
8. R' = NH2; R" = f-Bu; R"' = Bz 
9. R' = NH_"; R" = H; R'" = Bz 

10. R' = PH3CNH: R" = H; R'" = Bz 

series a. R = H; series b. R = Me; Ft = phthalimido 
FtCHCHO 

0 = C 

O-f-Bu 

3 
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N.H, 
2 — * 
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KzBr or 

4 
B 
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10 

11 
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14 15 

m o d i f i c a t i o n u s e d in t h e p r e s e n t w o r k 
R- I'MX'H (XK'I P d < 

11 —• 12 13 

Biological Activity. The in vitro activity of bisnorpeni-
cillin V was compared to that of the parent penicillin V. 
The data given in Table I indicate that replacement of the 
C-2 methyl groups by hydrogen atoms results in a marked 
decrease of the activity against penicillin-sensitive orga
nisms. No activity was observed for la against a penicil
lin-resistant Staphylococcus aureus strain and against 
Escherichia coli. 

It has been pointed out that the structure of penicillin 
is very similar to that of D-ala-D-ala fragment, which is 
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cleaved by a penici l l in-sensi t ive t r anspep t ida se dur ing the 
biosynthesis of pep t idoglycan of bac ter ia l cell wal l . 1 3 

From an inspect ion of models one could conclude t h a t t h e 
influence of the two C-2 me thy l groups of penici l l in would 
be negligible. These resul ts ind ica te t h a t the i r impor tance 
cannot be neglected. 

I t should be no ted t h a t t he r ep lacemen t of t he two C-2 
methy l groups of penici l l in by hydrogen a toms has l i t t le 
or no effect on its sensi t ivi ty to ^ - l ac t amase . T h e ra te of 
hydrolysis of l a by th i s enzyme is a lmost t he same as t h a t 
observed for l b . 

Exper imenta l Sec t ion 

Melting points were determined with a Buchi-Tottoli apparatus 
and are uncorrected. Solvents were evaporated under reduced 
pressure below 30° unless otherwise stated. Tic was performed on 
silica gel F-254 plates (Merck) using the following solvent sys
tems: I, C6H6-EtOAc-HCOOH (20:10:0.25); H, C6H6-Me2CO 
(95 :5 ) ; I I I , n - B u O A c - r c - B u O H - H 2 0 - M e O H - H O A c 
(80:15:24:5:40); IV, C6H6; V, C6H6-Me2CO (70:30). Spots were lo
cated by uv illumination and exposure to iodine vapor. Column 
chromatography was performed over silica gel (Merck, 0.05-0.2 
mm). Petroleum ether refers to the fraction of boiling range 40-
60°. Ir spectra were run on a Perkin-Elmer 257 spectrometer. 
Mass spectra were recorded on a A.E.I. MS12 apparatus and nmr 
spectra on a Varian A-60 or XL-100 spectrometer with tetrameth-
ylsilane (TMS) or sodium 2,2-dimethyl-2-silapentane-5-sulfonate 
(DSSA) as internal standard. The /3-lactamase used was a peni
cillinase (Penase) obtained from Leo Pharmaceutical Products, 
Ballerup, Denmark. 

tert-Butyl (3-Carboxy-5-thiazolidino)phthalimidoacetate a 
Isomer («-2a). A slurry of D-cysteine hydrochloride (23.625 g, 150 
mmol) and tert-butyl phthalimidomalonaldehydate (43.35 g, 150 
mmol) in 250 ml of anhydrous pyridine was heated for 22 hr at 
55° under N2 atmosphere. The solution was cooled and concen
trated until a crystalline precipitate was observed. After storage 
for 24 hr at room temperature the crystals were collected, washed 
(Et 2 0 and H 2 0) , and dried, yielding 47.45 g (80.7%) of a-2a: mp 
124-127° dec (after recrystallization from MeOH-H 2 0) ; [a]25D 
+67° (c 0.5, dioxane); mass spectrum M+ 406; ir (KBr) 3280 
(NH), 1780, 1715 (imide), 1740, 1155 (ester), 1715, 1380 (COOH), 
715 c m - 1 (phenyl); tic (system I) Rf 0.21. The residue obtained 
on evaporation of the pyridine and E t 2 0 filtrates (which con
tained the 7 isomer) was converted into the a isomer by heating 
(55°) in pyridine for 22 hr. This afforded another 5.26 g (8.9%) of 
a-2a. 

7 Isomer (7-2a). To a solution of tert-buty\ phthalimidomalon
aldehydate (11.5 g, 40 mmol) in EtOH (80 ml) was added D-cyste
ine hydrochloride (6.3 g, 40 mmol) dissolved in 80 ml of H 2 0 con
taining NaOAc (4.95 g). After storage for 12 hr at room tempera
ture under N2 atmosphere, crystals of 7-2a (10.3 g, 65.7%) were 
collected and recrystallized from MeOH: mp 161-163° dec; [a]25D 
+6° (c 0.5, dioxane); mass spectrum M+ 406; ir (KBr) 3260 (NH), 
1785, 1720 (imide), 1745, 1160 (ester), 1720, 1380 (COOH), 715 
c m - 1 (phenyl); tic (system I) Rr 0.12. Addition of H 2 0 to the fil
trate of the first fraction yielded 2.26 g (14.5%) of a mixture of the 
a and y isomer which can be separated by fractional crystalliza
tion from methanol. 

tert-Butyl (3-Carboxy-2,2-dimethyl-5-thiazolidine)phthali-
midoacetate a Isomer (a-2b). D-Penicillamine (18.55 g, 100 
mmol) and fert-butyl phthalimidomalonaldehyde (28.9 g, 100 
mmol) in 500 ml of pyridine were heated for 22 hr at 80° under 
N2 atmosphere. The reaction mixture was worked up as described 
for a-2a, yielding 28.87 g (67.5%) of a-2b: [a]25D +11° (c 1, diox
ane); tic (system I) R, 0.34. 

7 Isomer (7-2b). This compound was prepared according to 
Sheehan, et al.:7 [a]25D -13° (c 1, dioxane); tic (system I) R( 

0.23. Other physical constants of both isomers were in agreement 
with the reported values.7 

t e r t - B u t y l (3-Carbobenzyloxy-5-thiazolidino)phthalimi-
doacetate a Isomer (a-7a). Freshly distilled NEt 3 (3.5 ml, 25 
mmol) and freshly distilled benzyl bromide (4.5 ml, 38 mmol) 
were added to a solution of a-2a (7.84 g, 20 mmol) in 100 ml of di-
methylformamide. The mixture was stirred for 26 hr at room 
temperature and poured into a mixture of 600 ml of ice-water, 
100 ml of C6H6, and 4 ml of concentrated HC1. The C6H6 layer 
was separated and the aqueous layer extracted with C6H6. The 
combined organic layer was successively washed with NaHC03 
(5%) and H 2 0 , dried (Na 2S0 4) , and evaporated to a yellow oil 

which was crystallized from 50 ml of ether yielding 5.25 g (59.4%) 
of <x-7a: mp 115-117°. Addition of petroleum ether to the ether 
filtrate afforded a second fraction (2.26 g, 16.7%). Recrystalliza
tion from Et20-petroleum ether increased the melting point to 
117-118°: [a]25D +45° (c 1, dioxane); mass spectrum M+ 482; ir 
(KBr) 3365 (NH), 1780, 1715 (imide), 1730 (ester), 745, 710, 698 
cm" 1 (phenyl); nmr (CDC13) 6 1.48 (s, tert-butyl), 3.06 (AB part 
of ABX pattern, JAX = 6 Hz, JRx = 9 Hz, JA B = 10 Hz, H-2), 
4.06 (br, H-3), 4.80 (d, J = 10 Hz, FtCH<), 5.18 (s, OC/72C6H5), 
5.38 (d, J = 10 Hz, H-5), 7.33 (s, C6H5), 7.6-8.0 ppm (m, C6H4) 
(after addition of D 2 0, the signal at 4.06 ppm showed the typical 
four lines for the X part with JAX + BX = 15 Hz); tic (system II) Rf 

0.65. 
7 Isomer. This compound was obtained in a similar way as de

scribed for the a isomer: mp 99.5-100.5°; [a]25D -1° (c 1, diox
ane); mass spectrum M+ 482; ir (KBr) 3280 (NH), 1780, 1720 
(imide), 1750, 1195 (ester), 745, 730, 698 cm" 1 (phenyl); nmr 
(CDCI3) S 1.48 (s, tert-butyl), 3.08 (AB part of ABX pattern, JAX 

= 6 Hz, JBx = 10 Hz, J*H = 10 Hz, H-2), 3.83 (br, H-3), 5.08 (d, 
J = 8.5 Hz, F t C H O , 5.21 (s, OCH2C6H5), 5.24 (d, J = 8.5 Hz, 
H-5), 7.35 (s, C6H5), 7.6-8.0 ppm (m, C6H4) (after addition of 
D 2 0, the signal at 3.83 ppm showed the typical four lines of the X 
part with J A X ^ B X = 16 Hz); tic (system II) R, 0.60. 

tert-Butyl (3-Carbobenzyloxy-2,2-dimethyl-5-thiazolidine)-
phthalimidoacetate (a- and 7-7b). Both a- and 7-2b were 
benzylated with PhCHN2 as described by Sheehan, et al.:1* nmr 
(CDCI3) <5 1.12 (s, CH3), 1.47 (s, tert-butyl), 1.62 (s, CH3), 3.28 
(br, NH), 3.82 (br, H-3), 4.9 (d, J = 10.5 Hz, FtCH<), 5.13 and 
5.18 (AB pattern, CH2Ph), 5.28 (d, J = 10.5 Hz, H-5), 7.35 (s, 
C6H5), 7.6-8.0 ppm (m, C6H4) for a-7b and 1.14 (s, CH3), 1.46 
(s, tot-butyl), 1.6 (s, CH3), 3.36 (d, J = 12 Hz, NH), 3.59 (d, J = 
12 Hz, H-3), 5.02 (d, J = 8 Hz, FtCH<), 5.14 and 5.18 (AB pat
tern, CH2Ph), 5.34 (d, J = 8 Hz, H-5), 7.34 (s, C6H5), 7.6-8.0 
ppm (m, CeH4) for 7-7b (after addition of D 2 0 . the H-3 signals 
gave a sharp singlet in both spectra, H-5 signals were also sharp
er). Other physical constants were in agreement with the reported 
values. 

tert-Butyl (3-Carbobenzyloxy-5-thiazolidino)aminoacetate 
Hydrochloride (a-8a). Removal of the phthalyl group of a-7a 
was performed as described for the parent a-7b.8 The product ob
tained on treatment of a-7a (9.24 g, 20 mmol) with hydrazine and 
decomposition of the resulting phthalhydrazide complex with 
HC1 was crystallized from MeOH-Et 2 0 yielding 6.98 g (76.3%) of 
crystalline a-8a: mp 141-142.5° dec; [a]26D +84° (c 1, MeOH); ir 
(KBr) 3300 (NH), 2850 (NH3*), 1740, 1205, 1720, 1190 (ester), 
755, 700 c m - 1 (phenyl); tic (system III) Rr 0.72. 

Benzyl 6-Tritylaminobisnorpenicillanate (11a). A stream of 
anhydrous HC1 was passed for 6 min through a cooled (0°) and 
stirred suspension of a-8a (3.495 g, 9 mmol) in CHsN0 2 (60 ml). 
After a few minutes the solid material dissolved. The solution was 
stored for 4 hr at 0°, the major part of the HC1 was removed 
under reduced pressure at 10°, and anhydrous E t 2 0 (120 ml) was 
added to the stirred solution. After 45 min the precipitate of a-9a 
was filtered off, washed (Et20), and dried (3 hr) over P2Os and 
KOH. Ph3CCl (7.56 g, 27 mmol) was added to the precipitate fol
lowed by a solution of iV-ethyldiisopropylamine (9.36 g, 72 mmol) 
in CH2C12 (120 ml) and the reaction mixture was cooled (Dry Ice) 
immediately. After storage for 20 hr at -13° (until this stage, 
contact with humidity was avoided as much as possible) the solu
tion was diluted with CHCI3, poured into ice-water (150 ml), and 
adjusted to pH 6 with dilute H3PO4. The organic layer containing 
a-10a was washed (H20), dried (Na2SO,i) for 0.5 hr, and evapo
rated at low temperature to an oil which was taken up in 
CHsN0 2 (60 ml) containing diisopropylcarbodiimide (2.925 g, 
22.5 mmol). After storage for 19 hr at room temperature the sol
vent was evaporated. Chromatography of the residue over silica 
gel (110 g) using benzene as eluent yielded after crystallization 
from C6H6-CHC13-Et20 680 mg (14%) of 11a: mp 196-197.5° dec; 
[a]25D +117° (c 1, CHCI3); mass spectrum M - 520; ir (KBr) 3290 
(NH), 1785 (0-lactam), 1748, 1210 (ester), 740. 704, 695 cm*1 

(phenyl); nmr (CDCI3) 5 3.22 (d, J = 5 Hz, H-2), 4.14 (d. J = 4 
Hz, H-5), 4.52 (d, J = 4 Hz, H-6), 4.90 (t, J = 5 Hz, H-3), 5.08 (s, 
CH2C6H5), 7.0-7.7 ppm (m, C6H5); tic (system IV) R, 0.29. 

Benzyl 6-Aminobisnorpenicillanate p-Toluenesulfonate 
(12a). A solution of p-toluenesulfonic acid monohydrate (760 mg, 
4 mmol) in anhydrous Me2CO (15 ml) was added to a suspension 
of 11a (2.08 g, 4 mmol) in Me2CO (15 ml). The reaction was 
stirred vigorously at room temperature for 2.5 hr. CH2CI2 (4 ml) 
and Me2CO (20 ml) were added, and the precipitate was filtered 
off, washed (Et 20), dried, and recrystallized from MeOH-Et 2 0-
Me2CO yielding 12a (1.47 g, 81.5%): mp 169-170° dec; [a]25D 
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+ 118° (c 1, MeOH); ir (KBr) 2950, 1540 (NHs1"), 1782 (^-lactam), 
1740, 1190 (ester), 810, 745, 695 cm" 1 (phenyl); tic (system V) Rt 

0.47. 
Benzyl Phenoxyacetamidobisnorpenicillanate (13a). A sus

pension of 12a (1.35 g, 3 mmol) in CH2C12 (120 ml) was neutral
ized with 1 equiv of Et3N in CH2C12 and cooled (0°). Solutions of 
Et3N (304 mg, 3.3 mmol) and phenoxyacetyl chloride (560 mg, 3.3 
mmol) in CH2C12 (15 ml for each) were added gradually (in 1 hr) 
to the cooled solution of 12a. After storage for 2 hr at 0° the reac
tion mixture was extracted successively with 0.05 N HC1, 
NaHC0 3 (5%), and H 2 0 . The organic layer was dried (Na2S04) 
and evaporated and the residue was crystallized from Et 2 0-pe-
troleum ether, yielding 13a (1.075 g, 87%): mp 113-114°; [a]25D 
+ 145° (c 0.5, CHC13); mass spectrum M+ 412; ir (KBr) 3370, 
1685, 1520 (amide), 1796 (0-lactam), 1725, 1205 (ester), 745, 690 
c m - 1 (phenyl); nmr (CDCI3) <5 3.45 (d, J = 5 Hz, H-2), 4.54 (s. 
OCH2CO), 5.03 (5, J = 5 Hz, H-3), 5.22 (s, 0C# 2 C 6 H s ) , 5.38 (d, 
J = 4.5 Hz, H-5), 5.72 (dd, J = 4.5 and 9 Hz, H-6), 6.7-7.6 ppm 
(m, C6HS); tic (system II) Rt 0.26. 

Bisnorpenicillin V Potassium Salt ( la ) . A solution of 13a (412 
mg, 1 mmol) in EtOAc (30 ml) was hydrogenated over Pd/C 
(10%) (412 mg) for 5 hr at room temperature and at a pressure of 
3 kg/cm2. The catalyst was filtered off and washed with EtOAc. 
The combined filtrates were concentrated to 50 ml and H 2 0 (50 
ml) was added. The cooled mixture was adjusted to pH 6.3 with 
KOH (0.2 N). Freeze-drying of the aqueous layer yielded the po
tassium salt of la (258 mg, 71.5%) which was crystallized from 
H 20-Me 2CO: mp 175° dec; [a]25D +185° (c 1, H 2 0) ; ir (KBr) 
3350 (NH), 1680, 1525 (amide), 1769 (0-lactam), 1610, 1405 
(COO') , 690, 750 c m - 1 (phenyl); nmr (D20, DSSA) 5 3.40 (AB 
part of ABX pattern, JAX = 4 Hz, JHx = 6 Hz, J A B = H-5 Hz, 
H-2), 4.53 (s, 0Cff2C6H5), 4.88 (X part of ABX pattern, J 4 X + BX 
= 10 Hz, H-3), 5.37 (d, J = 4 Hz, H-5), 5.48 (d, J = A Hz, H-6), 
6.7-7.5 ppm (m, C6H5); tic (system III) fir 0.66. Anal. 
(C1 4H1 3N205SK) C, H, N. 

Determination of the Sensitivity to ^-Lactamase. The rate of 
hydrolysis of la and lb was determined at 30° and at pH 7 on 
4-ml samples containing 12.5 yumol of penicillin and 13 units** of 
0-lactamase using the method described by Zyk.16 Under these 
conditions the rate of hydrolysis was 17 ^mol/hr for la and 19.5 
Mmol/hrfor lb . 
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**One unit of /3-lactamase is defined as the amount of enzyme that hy-
drolyzes 1 ^molof benzylpenicillin per hour at 30° and at pH 7.15 
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St reptozotocin (1) is an ant ib io t ic wi th an t i l eukemic 
and diabetogenic act ivi ty in a n i m a l s . 1 In h u m a n pa t i en t s 
it has been used wi th success for t he t r e a t m e n t of malig
n a n t insu l inoma 2 and is being tes ted aga ins t t he whole 
range of c o m m o n t u m o r types . 3 K idney d a m a g e is t he 
most common and most severe of var ious toxic side ef-

t This work was performed under the auspices of the Division of Cancer 
Treatment, National Cancer Institute, National Institutes of Health, De
partment of Health. Education and Welfare, Contract No. NOl-CM-33742. 
The opinions expressed in this paper are those of the authors and not nec
essarily those of the NCI. 

(FWGO) for financial suppor t a n d to Dr . S. T o p p e t for 
de t e rmina t ion of n m r spec t ra . T h a n k s are due to Professor 
G. S m e t s for providing these facilities. We also t h a n k Dr . 
F . Compernol le and Dr . G. J a n s s e n for mass spect ra l de
t e rmina t ions and Professor H . Eyssen for t he de te rmina
tion of the an t ibac te r ia l act ivi t ies . J . Hoogmar t ens is t he 
recipient of a doctoral fellowship of the Ins t i t uu t to t Aan-
moediging van het Wetenschappel i jk Onderzoek in Nijve-
rheid en Landbouw. 
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fects, so t h a t analogs and der ivat ives of 1 are of interest 
for e i ther enhanced an t icancer act ivi ty or reduced toxici
ty . Recent ly observed separa t ion of an t i leukemic , d iabe
togenic, a n d an t ibac te r i a l act ivi t ies in a series of new 
s t reptozotocin isomers and ana logs 1 , 4 emphas ized the 
promise of further s t ruc tura l var ia t ions . Analogs blocked 
a t t he anomer ic carbon of t he sugar moiety are of interest 
for their greater ease and convenience in prepara t ion , rel
ative to free reducing sugars . T h e me thy l glycosides 4 ' 5 of 
1 have been s tudied in vitro; the /3 anomer was jus t as ac
tive as 1, b u t t he ex anomer was twice as act ive. 4 T h e 6-

New Streptozotocin Analogs with Improved Antileukemic Activity! 

Life Sciences Division. Stanford Research Institute, Menlo Park, California 94025. Received October 17. 1973 

The 3-methyl-3-nitrosoureido derivatives of the following amino sugars were prepared as analogs of streptozotocin 
with the anomeric carbon protected, by nitrosating the methylureas in water with N 203: 3-amino-3-deoxy-l,2-0-
isopropylidene-a-D-ribofuranose, methyl 3-amino-3-deoxy-f}-D-xylopyranoside, methyl 3-amino-3-deoxy-a-D-altropy-
ranoside, methyl 3-amino-3-deoxy-a-D-glucopyranoside, methyl 6-amino-6-deoxy-a-D-glucopyranoside, and methyl 
3-amino-2,3,6-trideoxy-a-L-/>xo-hexopyranoside. Tests against murine leukemia L1210 show that the anticancer ac
tivity of streptozotocin not only was retained but was enhanced in most of these derivatives. 


