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ORGANIC P R E i l A F U T I O N S  AND PROCEDURES I N T .  7(6)  9 291-296 (1975) 

PREPARATION OF l-ARYL-3-(TETRA-O-ACETYL-2-DEOXY-D-GLUCOS-2-YL)UREAS 

Ned D. Heindel* and H.  Donald Burns 
Takashi Honda, V i c t o r  R .  Risch and Luther W .  Brady 

Department o f  Radia t ion  Therapy and Nuclear  Medicine 
Hahnemann Medical Col lege 

P h i l a d e l p h i a ,  Pennsylvania-19102 

S t r e p t o z o t o c i n ,  a glucosourea a n t i b i o t i c ,  and i t s  s y n t h e t  

t i v e s  a r e  o f  c o n s i d e r a b l e  cons iderable  contemporary i n t e r e s t  

an t i - tumor  a c t i v i t y .  This  i n t e r e s t ,  however, i s  tempered 2!-4 

c d e r i v a -  

f o r  t h e i r  

by t h e  i n -  

h e r e n t  t o x i c i t y  t o  p a n c r e a t i c  b e t a  cel ls  by which s t r e p t o z o t o c i n  can 

induce permanent f r a n k  d i a b e t e s .  

GCNU h a s  r e c e n t l y  been r e p o r t e d  t o  d i s p l a y  t h e  an t i - tumor  behavior  wi th-  

out  t h e  s i d e  e f f e c t  o f  d i a b e t ~ g e n i c i t y . ~  

t h a t  s e v e r a l  o t h e r  0 - a c e t y l a t e d  N-aryl n o n - n i t r o s a t e d  s t r e p t o z o t o c i n  

d e r i v a t i v e s  r e t a i n  t h e  hyperglycemic behavior  without  t h e  tumor cy to-  

t o x i c  e f f e c t s 6  

l a b e l e d  f o r  p a n c r e a t i c  imaging o r  f u n c t i o n  m e a ~ u r e m e n t ~ ' ~  and t h e  

p o t e n t i a l  i n t e r e s t  by o t h e r  r e s e a r c h e r s  i n  p a n c r e a t i c  physiology i n  

having compounds capable  of  e f f e c t i n g  non-permanent hyperglycemia,  

prompts us  t o  r e p o r t  our  syntheses  o f  t h e s e  ana logs .  

A t e t r a - 0 - a c e t y l a t e d  ana log  known as 

Furthermore,  we have d iscovered  

Our i n t e r e s t  i n  candida te  agents  which can be r a d i o -  

An at tempted d i r e c t  s y n t h e s i s  of (Vb) by condensat ion of  2-amino-2- 

deoxy-D-glucose ( I )  wi th  t h e  a r y l  i socyanate  (11) fol lowed by i n  s i t u  

a c e t y l a t i o n  wi th  a c e t i c  anhydride gave t h e  imidazol idone (111, R= Ac,R'= 

- p - a n i s y l )  * A s i m i l a r  imidazol idone (111, R=H,  R'=CH3) ,was obta ined  i n  

t h e  d e n i t r o s a t i o n  of' s t r e p t o z o t o c i n  w i t h  s u l f a m i c  a c i d  and on t h e  

at tempted d e a c e t y l a t i o n  of l-methyl-3-(tetra-0-acetyl-2-deoxy-D-glucos- 

2-yl)  u r e a  wi th  methanol ic  ammonia. Thus r i n g  c l o s u r e s  between u r e a  
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NED D. HEINDXL XT AL. 

moie t ies  a t  C - 2  of  a sugar  and t h e  anomeric carbon appear  t o  have l i t e r a -  

t u r e  precedent  and t o  prec lude  d i r e c t  formation o f  (V) from ( I )  v i a  t h e  

r o u t e  i n d i c a t e d .  

CH2 OH 

1. - ~ - C H ~ O @ N C O  

2 .  A c 2 0  
HO > 
I I  

NH2 

CH20R 

anisyl 

Ilowever, t h e  d e s i r e d  N-aryl u r e a  s u g a r s  (V) were obta ined  through t h e  

intermediacy o f  1,3,4,6-tetra-O-acetyl-2-amino-2-deoxy-D-glucopyranose 

(IV) and t h e  a r y l  i s o c y a n a t e s .  (See Table  1) The r e q u i s i t e  (IV) was 

- 

CH2 OAc CH2 OAc 

AcO Q? ycoQ; 
I V  HNCO< 

H m2 

obtained by t h e  method of  Bergmann and Zervas". 

sugars  (Vg and Vh) were prepared by reduct ion  o f  t h e  corresponding n i t r o  

compounds (Ve,Vf). N i t r o s a t i o n ,  a t  l e a s t  i n  t h e  case  o f  t h e  p-methoxy 

analog (Vb), does not  occur  on a u r e a  n i t r o g e n  b u t  upon t h e  number 3 

r i n g  carbon t o  y i e l d  (Vi) .  Compounds (Va-c) were e v a l u a t e d  i n  a r a t  g lu-  

cose t o l e r a n c e  assay  and were found t o  d i s p l a y  t r a n s i e n t  hyperglycemia.  

Two aminophenyl u r e a  

6 

EXPERIMENTAL 

3,4,6-(Tri-O-acetyl-2-deoxy-D-glucopyrano)[l,Z-d] - [3-(4-methoxyphenyl)] 

imidazol idine-2-one (111). A s o l u t i o n  o f  2-amino-2-deoxy-D-glucose ( l .Og,  

5 .58  mmol) i n  10 m l  p y r i d i n e  was t r e a t e d  with 4-methoxyphenyl i s o c y a n a t e  

( 0 . 8 3  g ,  5 .58 mmol), s t i r r e d  f o r  30 min a t  25OC and then h e a t e d  t o  4OoC 

f o r  1 h r .  The yellow colored  medium was cooled t o  O°C and a c e t i c  anhy- 

d r i d e  (5.42 g ,  53.09 mmol) was added dropwise over  a p e r i o d  of 30 min. 
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TABLE 1 
1-Aryl-3-(Tetra-0-acetyl-2-deoxy-D-glucos-2-y1) Ureas 

CH2 OAc 7 H2 OAc 

0 Compd Aryla  Yie ld  mp. C 

Va o_-OCH2CH3 87 202-203 

Vb - p-OCH3 91 192-194 

VC g-OCH3 83 201-202 

Vd z-0CH3 87 202-203 

88 198 2 

- 2  

Ve & N O  

Vf p-NO 94 2 2 2  (decomp) 

Vg m-NH2 87 200-201 

Vh - p-NH2 95 208-209 

V i  p OCH3-m-NO 63  160-162 - 
A n a l y s i s  Calcd Found 

N - H - C - H N .- - Compd C 
Va 54.11 !i. 92 5 . 4 9  54.07 5 .90  5 .34  

Vb 53.22 5 .68  5.64 53.19 5.72 5.56 

vc 53.22 5 .68  5.64 53.15 5 .70  5 .46  

Vd 53.22 5 .68  5 .64  53.48 5 .70  5.60 

Ve 49.32 4.93 8.22 49.28 5.00 8 .03  

Vf 49.32 4 . 9 3  8.22 49.19 4 .97  7.96 

vg 52.39 5 . 6 5  8 . 7 3  52.21 5 .75  8 .45  

Vh 52.39 5 .65  8 .73  52.26 5 . 8 3  8.54 

V i  (see t e x t )  

The s o l u t i o n  was s t i r r e d  a t  OoC f o r  1 h r  then warmed s lowly t o  25'C with 

s t i r r i n g  c o n t i n u i n g  f o r  16 h r .  A f t e r  c o o l i n g  to O 0 ,  100 m l  o f  fI20 were 
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NED D. HEINDEL ET AL. 

added. 

tallized from anhydrous ethanol yielding 0.77 g (31.5%) of 111 as white 

needles: mp 192-4OC; ir (nujol) 3380 (NH), 1750, 1725 (ester C=O), 1665 

and 1640 cm-l (imidazole C=O); nmr (acetone-d6) 6 2.05 (m, 9H, Cg3-C=O), 

3.80 (s, 3H, O-Ck&), 4.20 (my 4H, O-Cfi2, 0-CE, N-CE), 5.25 (m, 2H, 0-Cg), 

6.95 (d, Z H ,  Ar-g) and 7.4 (d, 2H, Ar-g). 

- Anal. 

The white precipitate which resulted was collected and recrys- 

Calcd for Cz2HZ4N2O9: C, 55.04; H, 5.54; N, 6.42 

Found: C, 54.89; H, 5.79; N, 6.18. 

l-Aryl-3-(tetra-0-Acetyl-2-deoxy-D-glucos-2-y1) Ureas (Va-f)(General 

Procedure) A solution of 2 . 0  g (5.2 mmol) of 1,3,4,6-tetra-O-acetyl-2- 

amino-2-deoxy-D-glucopyranose hydrochloride (IV) and 1.47 g (11.99 mmol) 

of sodium acetate in 65 ml of water was extracted with 3 x 30 ml portions 

of CIiC13, dried with MgS04 and filtered. 

with 5.4 mmol of the corresponding aryl isocyanate and the resulting 

solut,ion was refluxed for 15 min. 

white solids which were recrystallized from 1:l Et0H:H 0 to analytical 

purity. Yields and physical properties are reported on Table I. 

1-(3-Aminophenyl] o r  1-(4-aminopheny1)-3-~tetra-0-acety1-2-deoxy-D- 

glucos-2-yl) Urea (Vg-Vh) A solution of 1.0 g of the corresponding nitro 

compound (Ve & Vf) in 150 ml of methanol containing 0.2 g of 10% Pd on 

carbon was shaken in a Parr apparatus at 50 psi for 20 hrs. Removal of 

the catalyst and evaporation of the residue gave the anilino sugars (Vg 

and Vh) in 87% and 94% yield respectively. These were recrystallized 

from 1:l petroleum ether (20'-40') and ethyl ether to give the analytical 

samples (see Table). 

l-(4-Methoxy-3-nitrosophenyl)-3-(tetra-0-acetyl-2-deoxy-D-~lucos-2-~1) 

Urea (Vi) A solution of 1-(4-methoxyphenyl) -3-(tetra-O-acetyl-Z-deoxy- 

D-glucos-2-yllurea (Vb) 

The clear filtrate was treated 

Removal of the CHC13 in V~CUO left 

2 

(0.5 g, 1.0 mmol) in 10 ml HOAc at 15OC was 
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t r e a t e d  w i t h  NaN02 (0.10 g ,  1 . 5  mmol, i n  1 .0  m l  H20). 

was added t o  t h e  yellow colored  medium, caus ing  a b r i g h t  yel low c o l o r  t o  

form. S t i r r i n g  was cont inued  f o r  90 min a t  2 5 O C  t h e n  100 m l  o f  c o l d  H20 

was added. 

and r e c r y s t a l l i z e d  from E t O H / H  0 y i e l d i n g  0 .33  g (62.9%)of  ( V i )  as small 

yellow n e e d l e s :  

1740 ( e s t e r  C=O) and 1640 cm-l (urea  C=O), nmr (acetone-d6)  6 2.00 (m, 

1 2 H ,  CE3-C=O), 3 .88 ( s ,  3H, 0-CE3) 4.12 (m, 4H, O-CE2 N-CH, 0-CE), 5.20  

(m, ZH, 2 0-CH), 5.90 (d,  l H ,  anomeric HJ, 6.90  ( s  [broad] ,  l H ,  NH), - 7.40 

(m, 2H, Ar-E), 8.32 ( d ,  l H ,  Ar-g) and 9.18 ppm  broad], l H ,  NE). 

Anal. Calcd f o r  C22H27N301iH20: 

One m l  o f  conc H C 1  

A f t e r  cool ing  t o  Oo, t h e  yel low p r e c i p i t a t e  was c o l l e c t e d  

2 

mp 160-16Z°C; ir ( n u j o l )  3320, 3280 (NH), 1750 ( s h ) ,  

C ,  48.62;  N ,  5.37; N ,  7 .73.  

Found: C ,  48.35; H ,  5 .02 ;  N ,  7.73. 
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