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ABSTRACT 

2-Chloroethylnitrosourea derivatives of sucrose have been syn- 
thesized as potential antineoplastic agents. Two compounds: 6-[[[ 
(2-chloroethyl)nitrosoamino]carbonyl]amino]-6-deoxysucrose and 
6'-[[[(2-chloroethyl)nitrosoamino]carbonyl]amino]-6'-deoxysucrose 
exhibited significant antitumor activity against experimental 
leukemia L1210 in mice. 
have been determined. 

Their chemical decomposition rates ( T o s s )  

INTRODUCTION 

According to an observation of Bakay,' normal human cells will 

not absorb sucrose and sucrose does not penetrate into normal brain 
I tissue. In contrast, sucrose has been found in tumorous brain tissue. 

Consequently, methylnitrosourea derivatives of sucrose have been syn- 
thesized by Almquist and Reist for the purpose of obtaining antitumor 

agents with activity against brain tumors.' Two compounds: 6,6'-di- 

[[methyl(nitrosoamino)carbonyl]-amino]-6,6'-dideoxysucrose and 1',6, 

6'-trideoxysucrose showed statistically significant antitumor activity 

against not only leukemia L1210 but also ependymoblastoma brain tumor 

in transplanted mice, 2 
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418 SUAMI ET AL. 

- 4 NHCOCH3 COCH3 

- 5 NHCONHCH2CH2C1 H 
- 6 NHCONHCH2CH2C1 COCH3 

- 7 NHCON(NO)CH2CH2C1 H 

- 8 NHCON (NO) CH2CH2C1 COCH3 

CH20R' 
I 

R 

NH2 
NHCON(NO) C H ~ C H ~ C ~  

R' 

H 
H 

- 11 NHCONHCH2CH2C1 COCH3 

- 1 2  NHCON(NO)CH2CH2C1 COCH3 
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DERIVATIVES OF SUCROSE 419 

Since replacement of the methyl group on the nitrosated 
nitrogen of a methylnitrosourea by a 2-chloroethyl group gave 
significantly enhanced antitumor activity, as described by 

Montgonery and his coworkers, 3-15 a synthesis of 2-chloroethyl 
nitrosourea derivatives of sucrose was undertaken. Two compounds: 

6-[[[(2-chloroethyl)nitrosoamino]carbonyl]amino]-6-deoxysucrose 

(7) and 6'-[[[(2-chloroethyl)nitrosamino]carbonyl]amino]-6'-deoxy- 
sucrose (10) have been synthesized in the present study and eval- 
uated for antitumor activity against leukemia L1210 in mice. 

CHEMISTRY 

Selective displacement of each of the two primary OH groups 
in sucrose at C-6 or 6' with an amino group was accomplished. 
Mesitylenesulfonylation of 1',2,3,3',4,4',6'-hepta-~-acetylsucrose 

16gave 6-2-sulfonate Q), which was converted to a 6-azido 
derivative (2) with sodium azide. Catalytic hydrogenation of 2 and 
subsequent de-2-acetylation afforded the 6-amino derivative17 (2). 
Carbamoylation of 3 with 2-chloroethyl isocyanate yielded the 
carbamate (2). Conventional nitrosation of 5 afforded z i n  41% 
yield, which was prepared alternatively from 3 and E-nitrophenyl- 
- N-(2-chloroethyl)-~-nitrosocarbamate1' in 55% yield. Compound 
was prepared from 6'-amin0-6'-daoxysucrose~~ (2) with the same 
reagent'' in almost quantitative yield. 

A half-life (Toas) of a compound was determined at pH 7.4 
21 in a phosphate buffered solution at 37'C by a literature method. 

The half-life of 

respectively. 

and 10 were found to be 57.5 and 58.7 min, 

BIOLOGICAL RESULTS 

Compounds 1 and were evaluated for antitumor activity 
20 against leukemia L1210 in mice by the established protocol. 

Compounds Land E were highly active, and 1 produced >650% ILS 
(increase of life span) in 100 and 150 mg/kg doses, and cured all 
mice by day-60 in a 100 mg/kg dose. 
between 100 and 200 mg/kg. 

Also, produced >650% ILS 
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DERIVATIVES OF SUCROSE 42 1 

EXPERIMENTAL 

General  Procedures .  Melt ing p o i n t s  were determined i n  capi -  

l a r y  tubes  and uncorrec ted .  S o l u t i o n s  were concent ra ted  under re- 

duced p r e s s u r e  below 40°C. O p t i c a l  r o t a t i o n s  were mesured wi th  

a Japan Spec t roscopic  DIS-SL p o l a r i m e t e r .  

recorded w i t h  a Varian EM-390 spec t rometer  a t  90 MHz. 

'H NMR s p e c t r a  were 

1',2,3,3',4,4',6'-Hepta-0-acetyl-6-0-mesity1enesu1fony1- 

sucrose  (L). To a s t i r r e d  s o l u t i o n  of 1',2,3,3',4,4',6'-hepta-c- 

a c e t y l s c c r o s e l 6  (5.70 g ,  9.0 mmol) i n  d r y  p y r i d i n e  (100 ml) ,  

m e s i t y l e n e s u l f o n y l  c h l o r i d e  (5.70 g ,  25.0 mmol) was added. A f t e r  

42 h ,  t h e  s o l u t i o n  w a s  poured i n t o  i ce  c o l d  water (1 1) and 

e x t r a c t e d  w i t h  chloroform r e p e a t e d l y .  The combined chloroform 

l a y e r  w a s  washed w i t h  w a t e r ,  d r i e d  over  Na2S04 and concentrated.  

The r e s i d u e  w a s  p u r i f i e d  by column chromatography us ing  1 : 3  (v/v)  

2-butanone-toluene. F r a c t i o n s  cor responding  t o  R 0 .51 on TLC 

i n  t h e  s a m e  s o l v e n t  (two developments) w e r e  concent ra ted  t o  
f 

LL 
give  5.4 g (73 X )  of 1 as a g l a s s :  mp 42-45'C; [a], 

chloroform);  'H NMR (CDC13): 6 2.01  ( s ,  6 ,  2 x O A c ) ,  2.08 (s,  3, 

OAc), 2 .11  (s ,  9, 3 x OAc), 2.16 (s,  3, OAc), 2.32 (s ,  3, CH3), 

+60.6" ( c  3.1, 

2 .63 (s, 6 ,  2 x CH3), 4.74 (dd, 1, J1,2=3.6 Hz, J 

5.05 ( t ,  1, J2,3=.J3,4=9.2 Hz, H-3), 5.64 (d, 1, J 

=9.2 Hz,  H-2), 

=3.6 Hz,  H-1) - 2 , 3  

1 3 2  
Anal. Calcd f o r  C35H46020S: C ,  51.34; H,  5.66; S, 3.92. 

1',2,3,3',4,4',6'-Hepta-O-acetyl-6-azido-6-deoxysucrose (2). 
A s o l u t i o n  of L ( 5 . 0 0  g ,  6 . 1  mmol) and sodium a z i d e  (2.50 g,  38.5 

mmol) i n  90% aqueous 2-methoxyethanol (100 ml) w a s  hea ted  under 

r e f l u x .  A f t e r  17 h,  the  s o l u t i o n  w a s  concent ra ted  and t h e  r e s i d u e  

was a c e t y l a t e d  wi th  a c e t i c  anhydr ide  (25 ml) i n  p y r i d i n e  (25 ml). 

The crude product  w a s  p u r i f i e d  by column chromatography us ing  1:9 

(v/v)  acetone-benzene. F r a c t i o n s  corresponding t o  R 0.55 on TLC 

i n  1:4 (v /v)  acetone-benzene were concent ra ted  t o  g i v e  3.30 g 

(82 X )  of 2 a s  a syrup:  [ a ] 2 5  +76.1" (c  2 . 5 ,  chloroform);  I R  ( n e a t )  

2100 ( N  ) ,  1750 cm-' (C=O);DIH NMR (CDC13): 6 2.01 ( s ,  3,  OAC), 3 
2 .03 ( s ,  3, OAc), 2.07 ( s ,  3 ,  OAc), 2.09 ( s ,  9 ,  3 x OAc), 2.16 ( S ,  

Found: C ,  51.11; H,  5.61; S,  4.18. 

f 
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422 SUAMI ET AL. 

3 ,  OAc), 3.40 (m, 2, CH2-6), 4.82 (dd, 1, J1,2=3.4 Hz, J 2,3=9.4 Hz, 
H-2), 5.05 ( t ,  1, J2,3=J3,4=9.4 Hz, H-31, 5.72 ( d ,  1, J1,2=3.4 Hz, 
H-1). 

Anal. Calcd f o r  C26H35N3017: C ,  47.20; H, 5.33; N, 6.35. 
Found: C ,  47.42; H, 5.43; N, 6.10. 

6-Amino-6-deoxysucrose (A). Compound 2 (3.30 g) was 

d i s s o l v e d  i n  0.1 M methanol ic  sodium methoxide (30 ml). A f t e r  

12 h ,  t h e  s o l u t i o n  was d e i o n i z e d  w i t h  Amberl i te  IR-12OB (H ) and 

concentza ted .  A s o l u t i o n  o f  t h e  r e s i d u e  i n  50% aqueous e t h a n o l  

(100 ml) was hydrogenated i n  t h e  presence  of p la t inum o x i d e  (200 

mg) i n  a H2 atmosphere (3.4 kg/cm ) f o r  5h a t  4OoC. 
was f i l t e r e d  o f f  and t h e  f i l t r a t e  was c o n c e n t r a t e d .  The r e s i d u e  

was t r i t u r a t e d  i n  e t h a n o l  t o  g i v e  1.40 g (78 %) o f  ? a s  a n  amor- 

phous s o l i d :  mp 66-69°C; [ a ]  i2 +53.2" ( c  2.5, w a t e r ) ;  'H NKR (D20): 
6 5.06 ( d ,  1, J =3.2 Hz, H - 1 ) ;  R 0.28 on TLC i n  5:8:10:7 (v/v> 

2 8% ammonia-butanol-e thanol-water .  

+ 

2 The c a t a l y s t  

1,2 f 

Anal. Calcd f o r  C H NO 1/8H2C03: C,  41.72; H, 6.71; N, 

1',2,3,3',4,4',6'-Hepta-O-acetyl-6-acetamido-6-deoxysucrose 

Compound 2 (0.22 g) w a s  a c e t y l a t e d  w i t h  ace t ic  anhydr ide  

12 23 10 
4.01. Found: C ,  41.75; H, 6.64; N, 3.62. 

(i). 
(2 ml) i n  p y r i d i n e  (2 ml) o v e r n i g h t .  The r e a c t i o n  s o l u t i o n  was 

poured i n t o  i ce  co ld  water  and e x t r a c t e d  w i t h  ch loroform r e p e a t -  

ed ly .  The combined chloroform l a y e r  was washed w i t h  water,  d r i e d  

over  Na2S04 and c o n c e n t r a t e d  t o  g i v e  0.39 g (96 %) of 5 as a g l a s s :  

mp 50-54°C; [a]: +63.0" ( c  2.3, chloroform);  IR (KBr) 1750 ( G O ) ,  

1680 (C=O), 1540 cm-' (NH); 'H NMR (CDC13): 6 1.98 ( s ,  6, NAc, 

OAc), 2.07 (s, 6, 2 x OAc), 2.10 (s ,  9, 3 x OAc), 2.15 (s ,  3, OAc), 

4.78 (dd,  1, JlY2=4.O Hz, J2,3=9.4 Hz, H-2), 4.84 ( t ,  1, J2,3= 
J3,4=9.4 Hz, H-31,  5.59 ( d ,  1, J =4.0 Hz, H-l), 6 . 3 4  ( t ,  1, J= 

1,2 
5.0 Hz, NH). 

Anal. Calcd f o r  C28H39N018: C, 49.63; H, 5.80; N, 2.07. 

6-[[[(2-chloroethyl)amino]carbonyl]amino]-6-deoxysucrose (5). 
Found: C ,  49.54; H, 5.85;  N, 1.93. 

To a s o l u t i o n  of 3 (0.30 g) i n  50% aqueous methanol (5 ml), 
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DERIVATIVES OF SUCROSE 42 3 

2-chloroethyl isocyanate (0.2 ml, 2.3 mmol) was added under ice 
cooling. After 1 h, the solution was diluted with water (5 ml) and 
washed with ethyl acetate. The aqueous layer was concentrated to 
give 0.35 g (89 X )  of 5 as a glass:  mp 104-106°C (dec.); [a], 
+25.2' (c 2.3, ethanol); IR (KBr) 1640 ( G O ) ,  1560 cm-' (NH). 

22 

Anal. Calcd for C H N CIOll: C, 40.32; H, 6.09; N, 6.27; 15 27 2 
C1, 7.93. Found: C, 40.00; H, 6.12; N, 5.99; C1, 7.71. 

1',2,3,3',4,4',6'-Hepta-O-acetyl-6-[[[(2-chloroethyl)amino~- 

carbonyl]amino]-6-deoxysucrose (6). To a solution of 5 (0.20 g) 
in pyridine (1 ml), acetic anhydride (1 ml) was added. After 12 h, 
the solution was concentrated and the residue was purified by 

column chromatography using 1:5 (v/v) acetone-benzene. Fractions 

corresponding to Rf 0.37 on TLC in 1:3 (v/v) acetone-benzene were 
concentrated to give 0.24 g (72 X )  of 5 as a glass: mp 57-60'C; 
[a]21 +63.3' (c 1.5, chloroform); IR (KBr) 1750 (C=O) ,  1650 (GO), 
1560 cm-' (NH); 'H NMR (CDC13): 6 2.00 ( s ,  3, OAc), 2.07 ( s ,  6, 2 x 

OAc), 2.14 ( s ,  12, 4 x OAc), 4.80 (dd, 1, J =3.6 Hz, J2,3=9.4 Hz, 

D 

192 
H-2), 4.85 (t, 1, J2,3=J3,4=9.4 Hz, H-3), 5.77 (d, 1, J1,2=3.6 Hz, 
H-1) . 

Anal. Calcd for C29H41N2C1018: C, 47.00; H, 5.58; N, 3.78; 

6-[[[(2-chloroethyl)nitrosoamino]carbonyl]amino]-6-de0xy- 

C1, 4.78. Found: C, 47.10; H, 5.50; N, 3.78; C1, 4.72. 

sucrose (I). (a). To a stirred solution of 5 (173 mg, 0.4 m o l )  

in 99% formic acid (2 ml), sodium nitrite (45 mg, 0.65 mmol) was 

added under ice cooling. After 30 min, the solution was treated 
with Amberlite IR-12OB (H ) and concentrated. The residue was 

purified by column chromatography using 5:2 (v/v) benzene-methanol. 
Fractions corresponding to R 0.56 on TLC in 1:l (v/v) benzene- 
methanol were collected and concentrated to give 76 mg (41 X )  of L 
as an amorphous powder: mp 85-87°C; +36.1° (L 0.36, methanol); 

IR (KBr) 1720 (C=O), 1540 (NH), 1495 cm-l (NO); 'H NMR (D20): 

6 5.31 (d, 1, J 

+ 

f 

=3.2 Hz, H-1); TOS5=58:7 min. 
192 

Anal. Calcd for C H N C1012: C, 37.86; H, 5.51; N, 8.83; 15 26 3 
C1, 7.45. Found: C, 37.59; H, 5.45; N, 8.61; C1, 7.14. 
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( b ) .  To a s t i r r e d  s o l u t i o n  of 3 (2.00 g ,  5 .7  m o l )  i n  

methanol (150 ml) conta in ing  t r i e t h y l a m i n e  (4 m l ) ,  a s o l u t i o n  of 

p-nitrophenyl-N-(Z-chloroethyl) -!-nitrosocarbamatel8 (4.40 g, 

16.1  mmol) i n  t e t r a h y d r o f u r a n  (100 ml) was added. Af te r  3 h ,  the  

s o l u t i o n  was concent ra ted  and t h e  r e s i d u e  was p u r i f i e d  by column 

chromatography as w a s  descr ibed  i n  (a )  t o  give 1 .52  g (55 %) of 7. 
1',2,3,3',4,4',6'-Hepta-0-acety1-6-[[[(2-ch1oroethy1)nitroso- 

amino]carbonyl]amino]-6-deoxysucrose (E) .  
(0.31 g, 0 .7  mmol) i n  p y r i d i n e  ( 3  m l ) ,  a c e t i c  anhydride (3  ml) was 

added. The c rude  product  w a s  p u r i f i e d  by column chromatography 

f us ing  1: 9 (v/v)  acetone-benzene. F r a c t i o n s  corresponding t o  R 

0.77 on TLC i n  1:3 (v/v) acetone-benzene were concent ra ted  t o  g ive  

0.29 g (57 %) of  E: mp 46-48OC; [ a ] i 7  +48.4" ( c  1.8, chloroform);  

I R  (KBr) 1740 (C=O), 1530 (NH), 1490 cm-' (NO); 'H NMR (CDC13): 

6 2 . 0 2  (s, 3,  OAc), 2.08 ( s ,  15,  5 x OAc), 2.16 ( s ,  3, OAc), 3.44 

( t ,  2 ,  .J=6.0 Hz, CH2CH_2C1), 3.64 ( t ,  2 ,  .J=6.0 Hz, Cg2CHZC1), 4.73 

To a s o l u t i o n  of 

(dd, 1, J1,2=4.0 Hz ,  J2,3=9.6 Hz,  H-3), 5 .61  (d, 1, J1,2=4.0 Hz, 
H-1) .  

Anal. Calcd f o r  C H N C1019: C ,  45.23; H ,  5 .24;  N ,  5.46; 29 40 3 
C 1 ,  4.60. Found: C ,  45.25; H,  5 .20 ;  N ,  5.33; C 1 ,  4.84. 

6'-[[[(2-chloroethyl)nitrosoamino]carbonyl]amino]-6'-deoxy- 

sucrose  (E). To a s t i r r e d  suspension of 6'-amino-6'-deoxysucrose 

(2) (0.11 g ,  0.3 mmol) i n  methanol ( 6  ml) c o n t a i n i n g  t r ie thylarn ine  

(37 mg) , a s o l u t i o n  of p-nitrophenyl-J-(2-chloroethyl) - - - n i t r o s o -  

carbamate18 (0.23 g,  0.9 mmol) i n  THF (6 ml) was added. 

12 h ,  t h e  s o l u t i o n  was c o n c e n t r a t e d  and t h e  r e s i d u e  was d i s s o l v e d  

i n  methanol. T o  t h e  s o l u t i o n ,  i s o p r o p y l  e t h e r  w a s  added and t h e  

supperna tan t  s o l u t i o n  w a s  decanted.  The syrupy p r e c i p i t a t e  w a s  

washed w i t h  i s o p r o p y l  e t h e r .  T h i s  t rea tment  was r e p e a t e d  t h r e e  

t i m e s  and t h e  p r e c i p i t a t e  was d r i e d  i n  vacuo to  g i v e  0.13 g (97 X )  

of g: mp 61-65°C ( d e c . ) ;  [ a ] 2 3  +39.5" ( c  0.38, w a t e r ) ;  I R  (KBr) 

1725 (C=O), 1530 (NH), 1495 cm ( N O ) ;  T . =57.5 min. 

A f t e r  

D-l 
0.5 

Anal. Calcd f o r  C H N C1012:  C ,  37.86; H ,  5 .51 ;  N ,  8.83; 15 2 6  3 
C 1 ,  7.45. Found: C ,  37.52; H, 5 .79 ;  N ,  8 .50;  C 1 ,  7.78. 
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1 ' , 2 , 3 , 3 ' , 4 , 4 ' , 6 - H e p t a - O - a c e t y l - 6 ' - [ [ [ ( 2 - c h l o r o e t h y l ) a ~ i n o ] -  

carbonyl]amino]-6'-deoxysucrose (11). To a s o l u t i o n  of 9 (0.50 g, 

1.5  mmol) i n  50% aqueous methanol ( 4  m l ) ,  2-chloroethyl  i socyanate  

(0.3 m l ,  3 .5  mmol) was added under i c e  cool ing .  A f t e r  1 h,  c rys-  

t a l s  t h a t  appeared i n  t h e  s o l u t i o n  were f i l t e r e d  o f f  and t h e  f i l t r a t e  

w a s  concent ra ted .  The r e s i d u e  w a s  a c e t y l a t e d  with a c e t i c  anhydride 

(5 ml) i n  p y r i d i n e  (5 ml) o v e r n i g h t .  The crude product  was p u r i -  

f i e d  by column chromatography u s i n g  1 :5  (v/v)  acetone-benzene. 

F r a c t i o n s  corresponding t o  Rf 0 . 2 1  on TLC i n  1 : 3  (v /v)  acetone-  

benzene were concent ra ted  t o  g i v e  0.76 g (76 %) of 9 as a g l a s s :  

mp 61-63°C; [a]:' f66.0" ( c  3 .1 ,  ch loroform);  I R  (KBr) 1750 (GO) ,  
-1 1650 (C=O), 1560 cm 

2.03 ( s ,  3, OAc), 2.07 (s, 3, OAc), 2 . 1 1  (s ,  9 ,  3 x OAc), 2.14 

(NH); 'H NMR (CDC13): 6 2.02 (s ,  3, OAc), 

( s ,  3, OAC), 4.80 (dd, 1, J =3.4 Hz, J =9.9 Hz, H-Z), 5.64 

(d, 1, J1,2=3.4 H z ,  H-1). 
192 273 

Anal. Calcd f o r  C H N C1018: C ,  47.00; H, 5 .58;  N ,  3.78; 29 41 2 
C 1 ,  4.78. Found: C ,  47.24; H, 5.57; N ,  3.56; C1, 4.86. 

1',2,3,3',4,4',6-Hepta-0-acetyl-6'-[[[(2-ch1oroethy1)nitroso- 

amino]carbonyl]amino]-6'-deoxysucrose (12). To a s t i r r e d  s o l u t i o n  

of 1;1_ (0.46 g ,  0.62 mmol) i n  99% formic  a c i d  (6 m l ) ,  sodium n i t r i t e  

(64 mg, 0.93 mmol) w a s  added under  ice  cool ing .  A f t e r  1 h ,  t h e  

s o l u t i o n  w a s  poured i n t o  ice c o l d  water and e x t r a c t e d  wi th  chloro-  

form r e p e a t e d l y .  The combined chloroform l a y e r  w a s  washed wi th  

water, d r i e d  over  N a  SO and c o n c e n t r a t e d .  The r e s i d u e  w a s  

p u r i f i e d  by column chromatography u s i n g  1 : l O  (v/v)  acetone-benzene. 

F r a c t i o n s  corresponding t o  R 0.60 on TLC i n  1:3 (v/v) acetone-  f 
benzene were concent ra ted  t o  g i v e  0.37 g (79 %) of  12: mp 50-52°C 

(dec . ) ;  [a]: +56.2" ( c  1 . 7 ,  ch loroform);  I R  (KBr) 1750 (C=O), 

1540 (NH), 1500 c m - l  (NO); 'H NMR (CDC13) 6 1.99 (s ,  3, OAc), 

2.02 (s, 3, OAc), 2.04 (s, 3, OAc), 2.06 (s, 3, OAc), 2.08 (s, 3, 

OAc), 2.10 (s ,  3 ,  OAc), 2.13 ( s ,  3 ,  OAc),, 3.45 ( t ,  2 ,  J=6 .0  Hz, 

CH CH C l ) ,  4.79 (dd, J1,2=4.2 H z ,  J2 ,3=10.0 H z ,  H-2). 

2 4  

2 2  
Anal. Calcd f o r  C H N C1019: C ,  45.23; H ,  5.24; N ,  5.46; 

29 40 3 
C 1 ,  4.60. Found: C ,  45.12; H, 5.19; N ,  5.30; C 1 ,  4.80. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
2
4
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



426 SUAMI ET AL. 

ACKNOWLEDGMENT 

The a u t h o r s  thanks D r .  Iwao Umezawa, K i t a s a t o  Research I n s t i -  

t u t e  f o r  h i s  d e t e r m i n a t i o n  of a n t i t u m o r  a c t i v i t y .  

REFERENCES 

1. E. Bakay, Bra in ,  2, 699 (1970) .  

2 .  

3. T .  P .  Johns ton ,  G.  S. McCaleb, P .  S.  O p l i g e r  and J .  A. 

R. G.  Almquist and E. J. Reist ,  J. Med. Chem., 0, 1246 (1977). 

Montgomery, J. Med. Chem., 2, 892 (1966). 

4 .  T.  P. Johns ton ,  G .  S.  McCaleb, P .  S. O p l i g e r ,  W. R .  L a s t e r ,  
and J. A .  Montgomery, J. Med. Chem., 14, 600 (1971). 

5 .  T. P .  Johns ton ,  G. S. McCaleb and J. A .  Montgomery, J. Med. 
.7 Chem E, 104 (1975). 

6. T. Machinami, S. Nishiyama, K. Kikuchi  and T. Suami, Bul l .  
Chem. Soc. Jpn. , s, 3763 (1975). 

7. J. A. Montgomery, G. S:McCaleb, T .  P .  J o h n s t o n ,  J. G.  Mayo 
and W. R.  Laster J r . ,  J. Med. Chem., 0, 291 (1977). 

8. T. S. Lin,  P.  H. F i s c h e r ,  G .  T. Sh iau  and W. H. P r u s o f f ,  
J. Med. Chem., 1, 130 (1978) .  

9. T. P.  Johns ton ,  G .  S. McCaleb, T.  Anderson and D. S. Murinson, 
J .  Med. Chem., 2, 597 (1979) .  

10. J. A. Montgomery and H. J .  Thomas, J.  Med. Chem., 22, 1109 
(1979) .  

11. H. P. Lam, A. B e g l e i t e r ,  G.  J.  Goldenberg and C. M. Wong, 
J. Med. Chem., g, 200 (1979) .  

12.  T .  Suami, T. Machinami and T. Hisamatsu,  J. Med. Chem., 22, 
247 (1979). 

13.  T .  Suami, K. Tadano and W. T. Bradne., J. Med. Chem., 2, 314 
(1979) .  

1 4 .  A .  M .  C r i d e r ,  R .  Lamey, H. G .  F los s ,  J. M .  Cassady and 
W. J .  Bradner ,  J. Med. Chem., 23, 848 (1980). 

15. C .  Hansch, A .  Leo, C .  Schmidt, P .  Y .  C .  Jow and J. A .  
Montgomery, J. Med. Chem., 12, 1095 (1980). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
2
4
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



DERIVATIVES OF SUCROSE 42 7 

16.  T. Otake,  B u l l .  Chem. Soc. J p n . ,  43, 3199 (1970);  
T. Suami, N .  Kato,  M .  Kawamura and T .  Nishiyama, Carbohydr. 
Res . ,  1 9 ,  407 ( 1 9 7 1 ) .  

1 7 .  I .  J e z o ,  Chem. Z v e s t i ,  5, 364 (1971) .  

18. H. Nakao, M.  Fukushima, F. Shimizu and M. Arakawa, Yakugaku 
Z a s s h i ,  98,  1032 (1974);  T. Suami, T. Kato,  H. Takino and 
T .  Hisamatsu ,  J. Med. Chem., s u b m i t t e d ,  No. 5830, Nov. 6 ,  
(1931) .  

19.  T. Suami, T. Ikeda ,  S .  Nishiyama and R. Adachi,  Bul l .  Chem. 
Soc. J p n . ,  s, 1953 (1975) .  

20. R. I. Geran,  N. H. Greenberg,  M .  M. Macdonald, A .  M. 
Schumacher and B. J .  Abbot t ,  Cancer Chemother. Rep. ( P a r t  3) 
- 3 ( 2 ) ,  1 (1972).  

21 .  G. P.  Wheeler,  B. J. Bowden, J. Grirnsley and H. H. Lloyd, 
Cancer Res., 3, 194 (1974);  L .  C. P a n a s c i ,  D. Green, 
R. Nagonrney, P. Fox and P .  S. Schein ,  Cancer R e s . ,  37, 2615 
(1977).  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
2
4
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1


