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ABSTRACT 

The ac id -ca ta l yzed  r e a c t i o n  o f  a-glucose w i t h  urea i n  a phenol-  
water  s o l u t i o n  has p rov ided  a-a-glucopyranosylamine 1 ,2 - (  c y c l i c  
carbamate) (1). The use o f  l H - 1 3 C  c o r r e l a t e d  NMR spectroscopy 
i n v o l v i n g  i nd i rec t l y -bonded  hydrogens and carbons proved t o  be 
i nd i spensab le  i n  de te rm in ing  t h e  s t r u c t u r e .  

INTRODUCTION 

Carbohydrates have shown promise f o r  r e p l a c i n g  a s i g n i f i c a n t  

amount o f  t h e  phenol c u r r e n t l y  used by t h e  f o r e s t  p roduc ts  i n d u s t r y  i n  

adhesive f o r m ~ l a t i o n s . 2 ~ ~  I n  o r d e r  t o  understand and e v e n t u a l l y  

p r e d i c t  t h e  p r o p e r t i e s  o f  these new adhesives,  we have been 

i n v e s t i g a t i n g  t h e  chemis t r y  o f  carbohydrate-based r e s i n  syn thes i s .4  

Dur ing  t h e  high-temperature (135 "C) phase o f  t h e  r e a c t i o n  o f  &glucose 

w i t h  urea i n  a c i d i f i e d  phenol-water,  urea decomposi t ion p rov ided  a 

nove l  carbohydra te  wh ich  has been i d e n t i f i e d  as ~ - ~ - g l u c o p y r a n o s y l a m i n e  

1 , 2 - ( c y c l i c  carbamate) (1). The i s o l a t i o n  and p r o p e r t i e s  o f  t h i s  

m a t e r i a l  and i t s  perbenzoy la ted  d e r i v a t i v e  (2) a r e  t h e  s u b j e c t  o f  t h i s  

r e p o r t .  
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6 88 HELM AND KARCHESY 

RESULTS AND DISCUSSION 

The p r e p a r a t i o n  o f  t h e  ac id -s tage carbohydrate-based r e s i n  has 

been descr ibed elsewhere.4 Ion-exchange chromatography o f  t h e  

carbohydrate f r a c t i o n  gave 1 which c r y s t a l l i z e d  f rom water .  Pe r ioda te  

o x i d a t i o n s  o f  1 r e s u l t e d  i n  one mole o f  p e r i o d a t e  consumed p e r  mole o f  

subs t ra te .  FAB-MS i n d i c a t e d  a mo lecu la r  we igh t  o f  205 ( d z  206 

( M  + H)+). Th i s ,  a long w i t h  t h e  i n t e n s e  carbony l  peak a t  1 7 4 9  cm-1 i n  

t h e  FT I R  spectrum, suggested t h e  presence o f  a carbamate moie ty .  

The s t r u c t u r e  o f  1 was determined by l H - 1 3 C  c o r r e l a t e d  NMR 

spectroscopy i n v o l v i n g  i nd i rec t l y -bonded  hydrogens and carbons6 

( F i g .  1) .  Protons H-1 and H-2 a r e  coupled t o  t h e  carbony l  carbon, and 

H-1 has a long-range c o u p l i n g  w i t h  C-5 th rough  t h e  r i n g  oxygen. These 

c o r r e l a t i o n s ,  i n  a d d i t i o n  t o  t h e  da ta  f rom a s tandard  COSY exper iment,  

p r o v i d e  p roo f  o f  a g lucopyranosy l  mo ie ty  w i t h  a 1 .2 - l inked c y c l i c  

carbamate. The = -con f igu ra t i on  was assigned due t o  t h e  smal l  p r o t o n  

JlV2 va lue  (5.3 Hz) i n  combina t ion  w i t h  t h e  spec t roscop ic  da ta  o f  t h e  

t rans-fused carbamate which has r e c e n t l y  been syn thes ized ( J , , ,  = 

8.6 Hi!).' 

Benzoy la t ion  o f  1 w i t h  ben to i c  anhydr ide  u s i n g  4-dimethylamino- 
p y r i d i n e  as c a t a l y s t 8  p rov ided  a te t rabenzoa te  as i n d i c a t e d  by  FAB-MS 

(Mz 622 ( M  + H)+) and t h e  absence o f  an N-H p r o t o n  i n  t h e  1H NMR 

o f  2. Th is  i s  i n  c o n t r a s t  t o  acetamidodeoxyhexosesa and g lucosy lu reas4  

which do n o t  undergo H-benzoylat ion under s i m i l a r  c o n d i t i o n s .  

Se lec ted  s p e c t r a l  da ta  f o r  compounds 1 and 2. a r e  shown i n  Table 1 .  

The J2,5 and J3,. values f o r  1 and 2 were q u i t e  smal l  and n o t  reso lved  

w i t h  t h e  exper imenta l  c o n d i t i o n s  used. There were however c o r r e l a t i o n s  

between H-2 and H-3, and H-3 and H-4 i n  t h e  COSY spec t ra  o f  1. 
s t r u c t u r a l  r i g i d i t y  impar ted  by t h e  five-membered o x a z o l i d i n e  r i n g  
l i m i t s  t h e  e n e r g e t i c a l l y  f a v o r a b l e  conformat ions  o f  c y c l i c  carbamates.9 

The apparen t l y  smal l  c o u p l i n g  cons tan ts  f o r  b o t h  1 and 2 suggest 0 * 3 B  

boa t  conformat ions f o r  bo th  molecules.  

The 

A rev iew o f  t h e  p e r t i n e n t  l i t e r a t u r e  i n d i c a t e s  t h a t  1 was p robab ly  
o r i g i n a l l y  syn thes ized by Zemplkn and coworkers.10 The r e a c t i o n  o f  

g-glucose w i t h  potassium t h i o c y a n a t e  i n  aqueous h y d r o c h l o r i c  a c i d  
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Fig. 1 .  
delay times for polarization transfer through two- and three-bond 
1sC-lH couplings. 
prior t o  the experiment. 

Heteronuclear sh i f t  correlation spectrum o f  1 with optimized 

The sample (40 mg) was exchanged three times i n  D,O 
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6 90 HELM AND KARCHESY 

TABLE 1. Se lec ted  NMR Spec t ra l  Data f o r  Compounds 1 and 2.a,b 

1 3 C  NMR Chemical S h i f t s  (ppm) 

c-1 c-2 c-3 c -4 c-5 C-6 c=o 
- 1 86.4 85.3 72.9 68.5 78.4 63.6 160.3 - 2 88.2 81.4 75.9 69.4 77.3 64.4 152.4 

l H  NMR Chemical S h i f t s  (pprn) 

H-1 H-2 H-3 H-4 H-5 H-6a H-6b 

- 1 5.744 4.90d 4.33s 3.81bs 3.81bs 3.51q 3.66q - 2 6.85d 5.45d 5.89d 5.31t 5.92m 4.70q 4.98q 

l H  NMR Coupl ing Constants (Hz )  

Jl,, JP.3 53,. J 0 , I  Jl,6(l J s , 6 b  J6a,6b 

-- 4.7 2.1 -12.1 1 5.3 c0.5 -- 
- 2 5.8 <0.5 3.3 9.0 5 .1  2.5 -1 2 - 4  

C - 

a. Chemical s h i f t s  a r e  r e l a t i v e  t o  t e t r a m e t h y l s i l a n e  (0  ppm). 

b. So lvents  f o r  1 and 2 were 0,O and acetone-d6, r e s p e c t i v e l y .  
- 1 was comple te ly  exchanged w i t h  D,O p r i o r  t o  t h e  NMR exper iment.  

c .  The w i d t h  o f  t h e  H-3 s i g n a l  a t  h a l f - h e i g h t  was approx imate ly  3-4 Hz. 

Sample 

p rov ided  a m a t e r i a l  which, upon t rea tmen t  w i t h  hydrogen perox ide ,  gave 

a compound with an o p t i c a l  r o t a t i o n  ( [ e ] ~  +6.79') s i m i l a r  t o  o u r  r e s u l t  

( [ o ] ~  +6.1°). 

C-1 n i t r o g e n  i n  c o n t r a s t  t o  t h e  2-amino-2-deoxy-a-~-glucopyranosyl 
2,1- (cyc l i c  carbamate) s t r u c t u r e  o r i g i n a l l y  proposed by Zemplen e t  a l . 10  

r e s i n  syn thes i s  has n o t  been f u l l y  es tab l i shed .  

t h e  g lucosy lu reas  a re  p resen t  i n  t h e  a c i d  stage.. The c u r r e n t  

hypotheses a r e  t h a t  1 i s  produced l a t e  i n  t h e  r e a c t i o n  e i t h e r  by an 

i n t r a m o l e c u l a r  a t t a c k  o f  t h e  C-2 hyd roxy l  a t  t h e  urea carbony l  o f  

L a t e r  i n v e s t i g a t i o n s l l  o f  t h i s  compound e s t a b l i s h e d  a 

The r e a c t i o n  pathway by which 1 i s  formed d u r i n g  t h e  a c i d  stage o f  

S i g n i f i c a n t  amounts o f  
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A NOVEL CYCLIC CARBAMATE 691 

- N-a-n-glucopyranosylurea w i t h  l oss  of ammonia. o r  by t h e  format ion o f  a 
t r a n s i e n t  isocyanate12 and subsequent c y c l i z a t i o n .  

EXPERIMENTAL 

General Procedures. Me l t i ng  p o i n t s  are uncorrected. Evaporations 

Rotat ions were 

FT IR spectra 
NMR 

FAB-MS were 

were c a r r i e d  ou t  under reduced pressure a t  35 "C. 

determined w i t h  a Perkin-Elmer 243 po la r ime te r  (589 nm). 
(K8r p e l l e t s )  were recorded w i t h  a N i c o l e t  5-DXB inst rument .  
spectra were obtained w i t h  a 8ruker  AM-400 spectrometer. 
obtained w i t h  a Kratos HS-5OTC inst rument .  
ox ida t i ons  was monitored w i t h  a Shimadzu 265 UV spectrophotometer. 
Preparat ion o f  t h e  acid-stage carbohydrate-based r e s i n  as w e l l  as t h e  
i s o l a t i o n  o f  t h e  r e s u l t i n g  carbohydrate f r a c t i o n  has been descr ibed 
p r e v i  ous 1 y . 4  

a-k-glucopyranosylamine 1,2-( c y c l i c  carbamate) (I). The 
carbohydrate f r a c t i o n  o f  t h e  acid-stage r e s i n  (2.52 g) was app l i ed  t o  a 

g r a v i t y  feed AG 50W-X4 (-400 mesh; 8ioRad) column (370 mL) and e lu ted  
w i t h  43 mH formic ac id .  The f r a c t i o n s  con ta in ing  1 were combined 
(344 mg, 90% p u r i t y )  and rechromatographed t o  y i e l d  1 ( 2 3 9  mg) which 
c r y s t a l l i z e d  from water (150 mg). A n a l y t i c a l  data:  Rf  0.47 ( s i l i c a  

ge l  TLC, BuOAc-HOAc-EtOH-H,O, 3:2:1:1 v/v) ;  mp 186-7 "C; (010 +6.1" 
(c 0.95, water) ;  FT I R :  (cm-l) 3398, 3272, 1749, 1226, 1106, 1094, 

1023, 961, and 942. 

C, 40.8; H. 5.4; N, 6.7. 

carbarnate) (2). The carbohydrate f r a c t i o n  o f  t h e  acid-stage r e s i n  
(1.6 g) was perbenzoylated w i t h  benzoic anhydr ide (50 g) i n  p y r i d i n e  
(250 mL) us ing 4-dimethylaminopyridine (DHAP, 25 g) as ca ta l ys t . '  

Subsequent workup provfded t h e  carbohydrate perbenzoates (3.6 9) .  

S i l i c a  ge l  chromatography (K iese lge l  60, Werck) o f  a p o r t i o n  o f  t h e  
carbohydrate perbenzoates (1.12 g) i n  85:15 (v /v)  to1uene:ethyl  ace ta te  
gave crude 2 (75% p u r i t y ,  142 mg). F i n a l  p u r i f i c a t i o n  was achieved w i t h  
p repara t i ve  C-8 reversed-phase HPLC i n  85:15 ace ton i t r i 1e :wa te r  
r e s u l t i n g  i n  50 mg o f  2. 
toluene-EtOAc, 85:15 v /v) ;  mp 78-84 "C; [a10 +48.6" (g 0.93, acetone); 

The ex ten t  o f  pe r ioda te  

- Anal, Calcd f o r  C,H,,O,N: C, 41.0; H, 5.4; N, 6.8. Found: 

- N-benzoyl-3,4,6-tri-~-benzoyl-~-~-glucopyranosylamine 1,2-(cycl ic 

A n a l y t i c a l  data:  Rf  0.54 ( s i l i c a  ge l  TLC, 
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HELM AND KARCHESY 692 

FT I R :  (c rn - l )  3440, 1796, 1728, 1268, 1109, 1097, and 711; FAB-MS: 
m/z 622 ( M  + H ) +  and 500 ( M  - 8zOH + H)+. 

67.3; H, 4.3; N, 2.4. 
- Anal. Calcd f o r  C,,H,,O,,N: C, 67.6; H, 4.4; N, 2.2. Found: C, 

ACKNOWLEDGMENTS 

This work was supported by t h e  USDA Compet i t ive Research Grants 

Program f o r  Forest  and Rangeland Renewable Resources (86-FSTY-9-0175). 
This i s  Paper 2466 o f  t h e  Forest  Research Laboratory,  Oregon S t a t e  

Un ive rs i t y ,  C o r v a l l i s .  

REFERENCES AND FOOTNOTES 

1. Present Address: U.S. Da i r y  Forage Research Center, 1925 Linden 

2.  J.P. Gibbons and L. Wondolowski, Can. Pat. 1,090,026, (1980). 

3. R.J. Clark, 3.5. Karchesy, and R.L. Krahmer, For. Prod. J . ,  

4. R.F. Helm, 3.5. Karchesy, and D.F. Barofsky, Carbohydr. Res., i n  

5. J.S. Dixon and D .  L i p k i n ,  Anal. Chem., 26, 1092 (1954). 

6. M. Perpick-Dumont, R.G. Enriquez, S. McLean, F.V. Puzzuol i ,  and 

7. J. Kovdcs, I. PintBr ,  A .  Messrner, and 6. Tbth, Curbohydr. Res., 

8. P.F. Daniel, D.F. De Feudis, I .T .  L o t t ,  and R.H. McCluer, 
Carbohydr. Res., 97, 161 (1981). 

9. F.H. Cano, C. Foces-Foces, J. Jimdnez-Barbero, A. Alemany, H. 
Bernabd, and H. Martin-Lomas, J .  Org. Chem., 52, 3367 (1987). 

Dr ive West, Madison, W I  53706. 

38(7/8), 71 (1988). 

press. 

W.F. Reynolds, J .  Magn. Reson., 75, 414 (1987). 

242, 57 (1985). 

10. G. Zemplh,  A. Gerecs, and H. Rados, Ber., 69, 748 (1936). 

11. P.R. Steyermark, J .  Org. Chem., 27, 1058 (1962) (and references 
c i t e d  t h e r e i n ) .  

12. C.E. Redeman, F.C. Riesenfeld,  and F.S. LaViola,  I d .  Eng. Chem., 
50, 636 (1958). 

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


