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ABSTRACT 

A synthet ic  process is out l ined i n  which an a l l y l i c  alcohol 
is converted i n t o  its primary urethane der ivat ive,  which is then 
subjected t o  iodonium ion induced cycl izat ion t o  give a s ing le  
iodo-carbonate. The carbonate is then deiodinated reductively 
and hydrolyzed t o  afford the  v i c ina l  diol .  
process the two t i t le  sugars have been prepared from methyl 
2,3,6-trideoxy~-L-er~thro-hex-2-enopyranoside and its a-L-threo - 
counterpart. 

By use of t h i s  

- - 

INTRODUCTION 

A s  par t  of our program on the  developnent of routes t o  
- cis-hydroxyamino sugars, w e  have recent ly  described the  syntheses 
of a number of aminodeoxy sugars.’ 
our s t r a t e g i e s  f o r  these syntheses we encountered c e r t a i n  
reactions which, although i n i t i a l l y  unwanted, appeared to  be 
po ten t i a l ly  valuable f o r  other  synthet ic  targets .  
describe here the syntheses of t he  - L-digitoxose and 
2-deox y-L-fucose skeleta.  

I n  the  course of developing 

Accordingly we 

- 
- 
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2 PAULS AND FRASER-REID 

Barluenga and co-workers2 have reported t h e  intermolecular,  
Hg(I1) induced addi t ion of urethanes t o  i so l a t ed  double bonds. 
We wished t o  examine an intramlecular version of t h i s  process, 
and t h e  required urethane, 2, ( e thy l  6-O-ter~-butyldimethylsilyl- 
4-Q-carbamoyl-2,3-dideox Y - ~  -p-er vthro-hex-2-enop yranoside ) was 
obtained by amnonolysis of t h e  mixed carbonate ,lc which i n  t u r n  
had been prepared from alcohol .Q ( e t h y l  6-Q-jzxt,-butyldimethyl- 

sil yl-2,3-dideox y-a-g-er ythro-hex-2-enop yranoside) by treatment 
with p-nitrophenyl chloroformate. 
Hg(I1)-induced cyc l i za t ion  of 2 was unsuccessful. We the re fo re  
t r ied  iodonium d i c o l l i d i n e  percholorate,  3, ’ with chloroform a s  
solvent. The react ion of 2 with 1 was v e r y  slow, but  with 
a c e t o n i t r i l e  a s  solvent ,  t h e  s t a r t i n g  ma te r i a l s  were consumed 
over a period of  24 hours. 

The course of t he  react ion a s  followed by t h i n  l a y e r  
chromatography proved t o  be v e r y  i n s t ruc t ive .  
of the s t a r t i n g  mater ia l  2 was followed by t h e  emergence of two 
products of R f ,  0.55 and 0.62 (see Experimental). 
lower Rf d id  not survive the  work-up procedure, but  t he  
higher-running product proved t o  be the  trans-iodo-carbonate !&, 
( ethyl  6-O-~-butyldimethylsilyl-2-deoxy-2-iodo-cr-~-altro- - 
pyranoside 3,4-carbonate). 
was presumed t o  be the trans-iodo-iminocarbonate 4. 
t h i s  assignment came from t h e  f a c t  t h a t  a s  t h e  reaction 
proceeded, t h e  proportion of 5a increased a t  t h e  expense of 4. 
Furthermore, the r e l a t i v e  amounts of 4 and 3 were dependent on 
t h e  water content of t h e  react ion medium [vide i n f r a l .  
Comparable hydrolysis  of an iminocarbonate has been reported 
independently by Copeland and St ick.3 The reduction of 
iodo-carbonate E& with t r i -n-butyl t in  hydride gave t h e  expected 
2-deoxy compound 9 which was character ized as the corresponding 
alcohol & ( e t h y l  2-deoxy-a-D-~-hexopyranoside 3,4-carbonate). 

- 

- 
It turned ou t  t h a t  

The disappearance 

The product of 

The unstable ,  unisolable  substance 
Support f o r  

- 
The s i d e  products from t h e  react ions i n  Scheme I gave no 

evidence f o r  c y c l i c  urethanes thereby ind ica t ing  t h a t  the 
react ion of 2 had given compound 2 a s  t h e  only product of 
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CONVERSION OF ALLYLIC ALCOHOLS 3 

SCHEME 1 

R 

a H  

b TBS 

c TBS 

- 

0 fJE+ 
NH P 

roR 

4 

TBS = E - b u t y l d i m e t h y l s i l y l  

0 

5 - 

' X ' R  
a 1  TBS 

b H  TB S 

c H  H 

- 

cyclization. 
s p e c i f i c  syntheses, a number of operational changes were made. 

I n  order t o  u t i l i z e  t h i s  exploratory study f o r  

F i r s t ,  a more convenient and e f f i c i e n t  route t o  the primary 
urethanes had t o  be developed t h a t  was more convenient, and 
proceeded i n  b e t t e r  yield.  
(methyl 4-Q-carbamoyl-2,3-6 ,-trideoxy-a-l-threo-hex-2- 
enopyranoside) could be obtained i n  overal l  quan t i t a t ive  yield 

It was determined t h a t  cmpound h, 
- 
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4 PAULS AND FRASER-REID 

SCHEME 2 

RO B a ( 0 H )  7+HoaoMe Me 

then 

H2° 6 - 
a R = H  

b R = CONHCOCC13 

c R = CONH 2 

X 

- 7 

a X = I  

b X = H  

d i e  t h y l a z o d i c a r b o x y l a  te 
Ph3??, P h C O O H 6  1 

H2° 

9 - 

a - 

10 - 

I 
OH 

11 - 
a R = B z  

b R = H  

2 c R = CONH 

from the allylic alcohol tk (methyl 2,3-6-trideoxy-a-L-threo- 

Second, guided by our preliminaryobservationson the conversion 4 
--> 3 in Scheme 1 ,  [vide su~ral ; the urethane 6c was treated 
with iodonium dicollidine perchlorate (31, until all the starting 
material had been consumed ( T L C ) ,  and a few drops of water were 

- 
hex-2-enopyranoside) via the &-trichloroacetyl carbamate a. 4 
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CONVERSION OF ALLYLIC ALCOHOLS 5 

added t o  the  reaction mixture t o  speed up the  iminocarbonate --> 
carbonate conversion. After s t i r r i n g  overnight, t he  react ion 
mixture was washed with d i l u t e  hydrochloric acid followed by 
saturated solut ions of sodium bicarbonate and sodium 
thiosulphate. 
2,6-dideoxy-2-iodo- a -L-altropyranoside - 3,4-carbonate) was 
obtained i n  78% yie ld .  Deiodination and hydrolysis then afforded 
methyl  a-l-digitoxoside - (81, whose 250 MHz 'H-NMR spectrum and 
op t i ca l  rotat ion were consis tent  with those i n  t he  l i t e r a t u r e .  

was epimerized by the Mitsunobu react ion 6 and the derived alcohol 

3 was converted by a s imilar  sequence of react ions i n t o  11. 

a r e  straightforward, t he  l a t t e r  conversion having been described 

In  t h i s  way the  trans-iodo-carbonate 33 (methyl 

- 

For the synthesis of 2-deoxy-L-fucose, - the C4 oxygen of 6a 

The hydrolyses of the  glycosides 8 and 11 t o  the free sugars 

previously. 1 

based on hmoa l ly l  urethanes was described by Hirama and Uei8 a s  
a s tereoselect ive method f o r  making 1,3-diols. 

While our work was i n  progress a r e l a t ed  series of react ions 

EXPERIMENTAL 
General Methods Melting points were determined i n  c a p i l l a r y  

tubes on a Buchi model 510 apparatus, and a r e  uncorrected. 
Elemental analyses were performed by M-H-W Laboratories, P. 0. 
Box 15149, Phoenix, AZ. High resolut ion mass spectra (HRMS) were 
performed a t  the Research Triangle I n s t i t u t e ,  Research Triangle 
Park, NC. Optical ro t a t ions  were determined a t  the 
sodium D l i n e  on a Perkin-Elmer 241 polarimeter. Infrared 
spectra  (vmax) were determined on a Perkin-Elmer IR-297 using 
sodium chlor ide cells and chloroform a s  solvent f o r  s o l i d s ,  o r  
sodium chlor ide p l a t e s  f o r  t h i n  f i l m  smears. 

t he  following spectrometers: 60 MHz, Varian Em-360A; 80 MHz, 
Bruker NR-80; 100 MHz, Varian XL-100; 250 MHz, Bruker WM-250. 
Tetramethylsilane ( i n  deuterochloroform) was used a s  an i n t e r n a l  
standard f o r  the 60 MHz spec t r a ;  res idual  chloroform was used a s  
a standard i n  a l l  o ther  'H-NMR spectra.  

Proton magnetic resonance spectra  ( 'H NMR) were recorded on 

The reported coupling 
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6 PAULS AND FRASER-REID 

constants were obtained by measuring the spacings of the relevant 
s ignals  i n  the spectra assumed to  be first order. 

chromatography ("L,C) using one of the following solvent systems: 
A,  ethyl  acetate-l ight petroleum ether ,  1:9; B, 1:4; C ,  

acetone-light petroleum ether ,  1.5: 8.5; D, methanol-methylene 
chloride,  1:24; E, 1:9. Flash colmn chromatography was 

performed using Merck Kieselgel 60 (230-400 mesh A. S. T. M. 1. 
E t h  v l  6 -Q-W-  But vldirne t h  v l  si 1 Yl-2. ?-diodeox v- c+- 

ervthr~-hex-2-eno~vranoside a. Ethyl 2,3-dideoxy-a-_D- 
ervthro-hex-2-enopyranoside, (2.27 g, 13.0 mnol) was dissolved 
i n  dry pyridine (50 mL) and W-bu ty ld ime thy l s i ly l  chloride 

(2.54 g,  16.9 mnol) was added. 
exclusion of moisture for  one day, and then was poured in to  cold 
5% hydrochloric acid (100 mL) and t h e  mixture was extracted with 
methylene chloride ( 2  x 75 mL). The organic layers  were d r i e d  
and concentrated, and residual pyridine was removed 

azeotropically with toluene. 
chromatographed (solvent 6) t o  yield Ih (3.24 g, 86%) a s  a syrup; 

Rf 0.30 (solvent B); 

(OH) em-'; 'H-NMR data (60 MHz, CDCl3)  6 0.11 (s, 6H, Si(CH3I2), 
0.92 (s ,  9H, Si(CH3I3>, 1.23 (t ,  3H, OCH2CH3), 2.85 (bd, lH, OH),  
3.35-4.36 (m, 6H, H-4, H-5, H-6, H-6', OCB2CH3>, 4.97 (bs ,  l H ,  
H-11, 5.57-6.10 (m,  2H, H-2, H-3). 

58.07; H ,  9.92. 

2 3-dideox y -,-D-er v th ro -~ -2 -eno~vranos ide  2. 
obtained above (Ih) (0.245 g, 0.849 mol)  was dissolved i n  dry 
methylene chloride (25 mL) t o  which was added 
4-dimethylaminopyridine (0.016 g, 0.13 mol) and triethylamine 
(0.18 mL, 1.29 mmol) . The solution was cooled i n  an i ce  bath, 
then treated with 4-nitrophenyl chloroformate (0.203 g, 1.01 
mol) and s t i r r e d  a t  room temperature with the exclusion of 
moisture. After 4 h more 4-nitrophenyl chloroformate (0.101 g, 

The progress of a l l  reactions was monitored by th in  layer  

- 
- 

"he solution was s t i r r e d  with the 

The resul t ing residue was 

+ 21.8O (c  1.2, CHC13);  vm 3450 

Anal. Calcd fo r  C1~H280~Si: C,  58.29; H ,  9.79. Found: C, 

Ethvl 6-0- tert- But vldirnethvlsil vl-+Q-carbamo vl- 
The alcohol - 
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CONVERSION OF ALLYLIC ALCOHOLS 7 

0.50 moll  was added and the  reaction was monitored by TLC. 
completion ( 24 h) t he  solut ion was poured i n t o  5% hydrochloric 
acid (25 mL), t he  layers were separated, and the  aqueous phase 
was extracted with methylene chlor ide (2  x 25 mL). The organic 
layers were combined, washed with saturated aqueous bicarbonate 
(25 mL), dried,  and concentrated t o  a. 15 mL containing k. The 
solut ion was di luted with methanol (35 mL), sa turated with 
amnonia gas, and upon s t i r r i n g  a t  room temperature f o r  1 h,  an 
intense yellow color developed. 
residue was dissolved i n  methylene chlor ide (50 mL) and washed 
with N sodium carbonate (5  x 10 mL). 
and concentrated and the  r e su l t i ng  residue was purifeid by f l a s h  
chromatography (solvent  6) t o  yield amorphous 2 (0.207 g, 73.5%); 
Rf 0.18 (solvent B) ; C. Ig3 +93.7’ ( c  1.3, CHC13) ; vzc13 3435, 
3355, 3280, 3205(NH2), 1727 (C=O) cm’; ’H NMR. (60 MHz, C D C l 3 ) ;  
6 0.09 (s, 6H, Si(CH3I2, 0.95 ( s ,  9H, SiC(CH3I3), 1.23 ( t ,  3H, 
OCH2CH)3), 3.32-4.16 ( m ,  5H, H-5, H-6, H-6’, OCH2CH3), 5.00-5.34 
( m ,  4H, H-1, H-4, NH2) ,  5.67-6.12 (m,  2H, H-2, H-3). 

Found: 

Upon 

The solvent was removed and the 

The organic l aye r  was dried 

Anal. Calcd f o r  C15H29N05Si: 

Ethvl 6 - 0 - t e r t - r  

C ,  54.35; H ,  8.82; N, 4.23. 
C, 54.40; H,8.98, N, 4.23. 

a-D-altroDvranoside 3.4-Carbonate %. The urethane prepared 
above, 2,  (0.273 g, 0.825 mnol) was dissolved i n  a c e t o n i t r i l e  and 
iodonium d ico l l i d ine  perchlorate 3 (0.387 g,  0.826 mnol) was 
added. The reaction mixture was s t i r r e d  a t  room temperature i n  
t he  dark, and a f r e sh  equivalent of complex 3 was added after 
six-hour periods. 
“LC u n t i l  a l l  of t he  s t a r t i n g  mater ia l  was consumed, t y p i c a l l y  24 
h. The a c e t o n i t r i l e  was removed and the  residue was redissolved 
i n  methylene chloride (15 mL). Ethyl e the r  (60 mL) was added and 
the p rec ip i t a t e  was removed by f i l t r a t i o n .  
washed with 10% sodium th iosu l f a t e ,  5% hydrochloric acid,  and 
aqueous saturated bicarbonate, then d r i ed ,  and concentrated. 
Chromatography ( solvent B) yielded s t a r t i n g  mater ia l  2 ( 0.020 g , 
7%) and iodc-carbonate % (0.241 g,  64%). The iodo-carbonate 3 

The course of the  reaction was monitored by 

The f i l t r a t e  was 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
1
8
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



8 PAULS AND FRASER-REID 

showed Rf 0.62 (solvent B); big3 +16.0° (c 0.95, CHC13); v NaCl max 

1815 (C=O) cm-'); 'H NMR (80 MHz, CDC13>, 6 0.10 (s ,  6H, 

Si(CH3I2), 0.92 (s ,  9H, Si(CH3)3), 1.22 (t, 3H, OCH2CH3>, 
3.20-4.50 (m, 6H, H-2, H-5, H-6, H-6', OCH2CH3), 4.65-5.35 (m, 
3H, H-I, H-3, H-4). 

Anal. Calcd for C15H27105Si: 

Ethvl 2-Deo~y-~-_D-~-hexo~vranos ide  3.4-carbonate, !&. 
The above described iodo-carbonate, %, (0.155 g, 0.338 mnol) was 
dissolved in 25mL of dry toluene and to the solution was added 
tri-n-butyltin hydride (0.18 mL, 0.60 mol) and isobutyronitrile 
(0.010 g, 0.007 moll. 
h. 
resultant residue was partitioned between acetonitrile (20 mL) 
and hexane (40 mL). The layers were separated and the hexane 
phase was washed twice more with acetonitrile (2  x 20 mL). 
acetonitrile layers were combined and concentrated to yield a 
syrupy residue which was chromatographed (solvent B) to give the 
carbonate Q (0.088 g, 78%); Rf 0.37 (solvent 6); 
1.1, CHC13); v %$ 1810 ( C = O ) ,  1460, 1360, 1250 em-'; 'H NMR. 
(80 MHz; CDC13): 6 0.09 (s ,  6H, Si(CH3)2), 0.90 (s, 9H, 
SiC(CH3)3), 1.20 (t, 3H, OCH2CH3>, 2.0-2.27 (m, 2H, H-2, H-2'1, 
3.26-4.05 (m, 5H, H-5, H-6, H-6', OCH2CH3), 4.50-5.00 (m, 3H, 
H-I, H-3, H-4). Carbonate 3 (0.084 g, 0.253 mnmol) was treated 
with tetra-n-butylamnonium fluoride (0.14 mL of 1.0 M, 0.14 moll  
in dry THF (10 mL), for 2 h at room temperature and the solvents 
were removed. The resultant residue was chromatographed ( solvent 
E) to yield alcohol !& (0.029 g, 53%) ; Rf 0.28 (solvent E) ; [a Ig3 
+129.5 ( C  0.5, CHC13);  v N&l 3300 ( O H ) ,  1795 ( G O ) ,  1630, 1350 
cm-'; 'H NMR (100 MHz, CDC13): 6 1.24 (t, 3H,  OCH2CH3), 1.85 
(bs, 1H, OH), 2.24 (m, 2H, H-2, H-2'), 3.32-4.06 (m, 5H, H-5, 
H-6, H 4 ' ,  OC!i2CH3), 4.64-5.05 (m, 3H, H-I, H-3, H-4). 

49.46; H, 6.42. 

C, 40.73; H, 6.15; I. 28.69. 
Found: C, 40.52; H ,  6.02; I, 28.47. 

- 

The mixture was boiled under reflux for 3 
The toluene was removed by distillation under vacuum and the 

The 

+93.8' ( c  

Anal- Calcd for CgH1406: C, 49.54; H, 6.47. Found: C, 
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CONVERSION OF ALLYLIC ALCOHOLS 9 

Methyl 4-0-Carbamovl -2,3.6-trideo~-~-L-threo-hex- - - 
2-eno~wanos ide  &. 
hex-2-enopyranoside, &, (2.24 g ,  15.6 mnol) was t r e a t e d  with 
4-nitrophenyl chloroformate (4.82 g ,  24.2 mol) followed by 
amnonia i n  a manner iden t i ca l  t o  t h a t  used f o r  t he  preparation of 
urethane 2. The residue obtained a f t e r  workup was 
chromatog73phed (so lvent  D) t o  g ive  s o l i d  6c (1.54 g ,  53%). 
product was r ec rys t a l l i zed  from e thy l  ace t a t e :  mp 143-143.5OC; 

Rf 0.20 (solvent D); -173.3' ( c  0.5, CHC13);v$t13 3545, 
3510, 3435, 3345 ( N H 2 ) ,  1725 (C=O) cm-l; 'H NMR (60 MHz, CDC13) :  
6 1.24 (d ,  3H, CH3, J5,6 = 6 Hz), 3.47 (s ,  3H, OCHq), 3.90 (dq, 

5.16 (bs ,  2H, NH2) ,  5.6-6.10 (m, 2H, H-2, H-3). 

Found: C ,  51.10; H ,  7.27; N ,  7.71. 
( b )  Alcohol & (1.802 g ,  12.5 mol) was dissolved i n  dry 

methylene ch lor ide  (125 mL) and the  so lu t ion  cooled t o  O°C. 

Trichloroacetyl isocyanate (2.60 g ,  13.8 mmol) was then added and 

the  reaction mixture was s t i r r e d  with the  exclusion of moisture 
f o r  30 min whereupon a less polar product ( R f  0.55, so lvent  D> , 
presumably & was produced. A sa tura ted  so lu t ion  of potassium 
carbonate i n  50% aqueous methanol was added and the  mixture was 
s t i r r e d  f o r  2 h a t  room temperature. 
the  organic layer was washed with br ine ,  d r i ed ,  and concentrated. 
The white so l id  obtained (2.34 g ,  100%) was iden t i ca l  t o  6c 
above. 

( a )  Methyl 2,3,6-trideoxy-a-L-threo- - 

t he  

l H ,  H-5, J4,5 = 9.5 H z ) ,  4.86 (s, l H ,  H-11, 4.96 ( d ,  l H ,  H-41, 

Anal. Calcd for C8H13NO4: C, 51.33; H,  7.00; N ,  7.48. 

The layers were separated; 

Methyl 2.6-Dideoxv-2-iodo-a-_l-altroDwanoside - 3.4-carbonate 
Urethane j& (0.133 g,  0.711 mnol) was t r e a t e d  with complex 3 B. 

a s  described f o r  t he  preparation of !% with the  following 
modification; a f t e r  a l l  of t he  s t a r t i n g  mater ia l  had been 
consumed, a few drops of water were added and the  reaction was 
s t i r r e d  f o r  another 12 h. 
changed t o  5% hydrochloric ac id ,  followed by sa tura ted  sodium 
bicarbonate, then f i n a l l y  10% sodium th iosu l f a t e .  The organic 
l aye r  was processed i n  t he  usual way, then chromatographed 

The order of aqueous washes was a l s o  
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10 PAULS AND FFUSER-REID 

(solvent D) t o  yield iodo-carbonate (0.174 g,  78%). The 
product was recrystal l ized from ether ;  mp 122OC (decomposition), 
Rf 0.62 (solvent D ) ;  [alg3 -5.4O; vCHC13 1810 (C=O) cm-l; 'H NMR 

3H, OCH3), 3.72-4.62 (m,  3H, H-2, H-4, H-51, 4.80-5.20 (m,  2H, 

m X  
(60 MHz, CDC13): 6 1.40 (d ,  3H, CH3, J5,6 = 6.0 H z ) ,  3.44 (S, 

H-I, H-3). 
Anal. Calcd fo r  CgHllI05: 

Methvl 2-Deoxy-a-L-~-hexo~vranoside - 3.4-Carbonate I$. 

C, 30.59; H ,  3.53; I, 40.41. 
Found: 

The iodo-carbonate prepared above, 33, (0.394 g, 1.25 mnol) was 
deiodinated a s  previously described fo r  3 t o  y i e l d  carbonate Ih 
(0.201 g, 85%) a f t e r  chromatography (solvent El .  The syrupy 
product did not give sat isfactory elemental analysis but showed 

Rf 0.55 (solvent D); 
( C = O ) ,  1450, 1355, 1176, 1153, 1068, 1040 m'l; ?H NMR (60 MHz, 
CDC13> 6 1.37 (d,  3H, CH3, J5,6 = 6.0 Hz), 2.10-2.36 (m,  2H, H-2, 
H-2'1, 3.40 (s ,  3 H ,  OCH3), 3.66-4.45 ( m ,  2H, H-4, H-5, J3,4 = 
6.5, J4,5 = 8.5 Hz), 4.65-5.0 ( m ,  2H, H-1, H-3). 
188.0687 (calcd f o r  M+ 188.0685). 

obtained above (0.073 g, 0.388 m o l )  was dissolved i n  50% aqueous 

methanol (20 mLJ and t o  the solution was added barium hydroxide 
octahydrate (0.15 g ,  0.475 mnol). The mixture was boiled under 

reflux for  30 min, then cooled. 

C ,  30.77; H ,  3.75; I,  40.28. 

-110.7° (c  0.97, CHCl  1; v- NaC1 1807 

HRMS: m/s 

Methvl a-l-Diaitoxoside 4. A portion of carbonate I$ - 

A few lumps of dry ice were 
added with s t i r r i n g  and the resul tant  precipi ta te  was f i l t e r e d  
through Celite.  The f i l t r a t e  was concentrated t o  give a sol id  
residue which was chromatographed (solvent E) t o  yield syrupy 8 
(0.040 g, 64%);  Rf 0.38 (solvent E l ;  ME3 -158.4' ( c  0.07, 
CHCl  1; v g C 1  3420 (OH) cm-I; 'H NMR (250 MHz, CDCl3 ,  D20 
exchanged): 6 1.31 (d,  3H, CH3, J5,6 = 6.5 Hz), 1.88 ( d t ,  1H,  
H-2a, J2a,2e = 15 Hz, J2a, = J2a,3 = 3.5 Hz) , 2.15 (ddd, H-2e, 

3.0 Hz,  J4,5 = 9.5 Hz), 3.36 (s ,  3H,  OCH3), 3.68 (dq, 1H, H-51, 

3 

l H ,  JZe,l = f1.5 Hz, Jze,3 = 3.5 H z ) ,  3.11 (d ,  1H, H-4, J3,4 = 

3.91 (bd, lH, H-31, 4.72 (d,  1H, H-1). 
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CONVERSION OF ALLYLIC ALCOHOLS 11 

Anal. Calcd fo r  C7H14O4: C, 51.84; H ,  8.70. Found: C, 

52.06; H ,  9.00. 
Literature5 reports for  8: [ag3 -170.7' ( c  1.0, CHC13);  'H 

NMR (100 MHz, CDCl3, D20 exchanged): 6 1.32 (CH3, J5,6 = 6.2 
Hz), 1.89 (H-2a, J2a,2e = -14.5 Hz, J2a,l 3.4 Hz, J2a,3 = 3.5 
Hz), 2.15 (H-2e, J2e, 1 = 1.2 H ,  J2e,3 = 3.0 Hz), 3.10 (H-4, J3,4 
= 3.5 Hz, J4 5 = 10.2 Hz), 3.37 (OCH3), 3.71 (H-51, 3.92 (H-3), 
4.76 (H-1) .  

6-'I'rideox ~-~-L-threo-hex-2-eno~vranoside %. A Methvl 2.3. - 
solution of triphenylphosphine (1.89 g, 7.21 mol) i n  d r y  WF (20 
mL) was blanketed with argon and cooled i n  a dry ice/acetone 
bath. A solution of diethyl azodicarboxylate ( 1.14 mL, 7.21 
mol) i n  d r y  THF ( 5  mL) was added slowly, with s t i r r ing .  After 
approximately 30 min a t  -1OOC a sol id  had formed and a solution 
of alcohol & (0.519 g, 3.60 mol) and benzoic acid (0.792 g, 

7.20 mol l  i n  dry 'IHF (20 mL) was added dropwise over 10 min. 
The reaction mixture was allowed t o  warm t o  room temperature, and 
s t i r r ed  for  an additional 3 h t o  give a yellow solution. The THF 

was removed, and the white solid obtained was dissolved i n  ether 
(40 mL). 
phosphine oxide, which precipitated,  was removed. 

was concentrated, and the residue was chromatographed ( solvent C) 
t o  give methyl 4-Q-benzoyl-2,3-6-trideoxy-,-L- - 
$hreo-hex-2-enopyranoside, %; (0.821 g, 91%) ; Rf 0.36 (solvent 

C ) ;  'H NMR data (60 MHz, CDC13): 6 1.33 ( d ,  3H, CH3, J5,6 = 6.5 

The result ing solution was cooled and triphenyl- 
The f i l t r a t e  

Hz), 3.43 ( s ,  3H, OCH31, 4.33 (qd, lH, H-5, J4,5 = 2.5 Hz), 4.95 
( d ,  l H ,  H-1, J1,2 = 2.5 Hz), 5.14 (dd, l H ,  H-4, J3,4 = 4.0 Hz), 
5.80-6.43 ( m ,  2H, H-3, H-41, 7.20-7.90 ( m ,  3H, a, ppheny l ) ,  
8.0-8.30 ( m ,  2H, o-phenyl). 
absolute methanol (100 mL) , sodium methoxide (0.20, 3.74 mol) 
was added t o  the solution and the mixture  was s t i r r ed  overnight 

with the exclusion of moisture. Evaporation of the solvent 
afforded a residue to  which methylene chloride was added. 
Insoluble material was removed by f i l t r a t i o n ,  and the f i l t r a t e  
was concentrated t o  yield !& a s  a white solid (0.462 g,  89%). 

Compound & was dissolved i n  
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12 PAULS AND FRASER-REID 

sublimed sample of 3 had mp 66-67OC; Rf 0.26 (solvent  D ) ;  
+148.2' ( C  0.96, CHC13); v z 1 3  3425 ( O H ) ,  1660, 1448, 1400, 
1340, 1190, 1108 cm-l; IH NMR (60 MHz, CDC13): 6 1.32 (d,  3H, 
CH3, J5,6 = 6.51, 2.6 (bd, IH, OH),  3.42 (S, 3H, OCH31, 3.4-3.8 
( m ,  lH, H-41, 4.12 (qd, lH, H-5, J Q , ~  = 2.0 Hz), 4.84 (d,  l H ,  

H-1, J = 2.8 Hz), 5.73-6.38 (m, 2H, H-2, H-3, J2 3 = 10.0 Hz, 192 
J3,4 = 5.5 Hz) .  

HRMS: d s  113.0605 (calc. f o r  Mi -OCH3, 113.0602). 
Methvl 7-CJ-Carbamovl-2.3.6-trideox y-cr-L-threo-hex- 

Urethane !& was prepared from & i n  
- 

2-eno~vr  anoside &, 
q u a n t i t a t i v e  yield by use of t h e  same procedure a s  was used above 
for preparation of & (method b). 
from ethanol ,  had a mp 189-191OC; Rf 0.20 (solvent  D ) ;  [(rig3 
+223.8' (c  0.97, CHC13) ;  v g t 1 3  3420, 3280 (NH21, 1710 ( G O ) ,  
1575 cm-'; 'H NMR data  (80 MHz, CDC13): 6 1.24 (d,  3H, CH3, J5,6 
= 6.5 Hz), 3.41 (s, 3H, OCH3), 4.18 (qd, lH, H-5, 54,s = 2.5 Hz), 
4.85-5.05 (m,  4H, H-1, H-4, NH2),  5.85-6.17 (m, 2H, H-2, H-3). 

Anal. Calcd for CgHl3N04: 
Found: C ,  51.11, H, 7.09, N ,  7.31. 

Methvl 2. 6-Dideox v-2-iodo-cr -_L-galacto~ vranoside 
1?4-carbonate m. Urethane !& (0.632 g, 3.38 mmol) was 
dissolved i n  acetonitrile (125 mL) , i odon im d i c o l l i d i n e  

perchlorate  1 (1.59 g, 3.38 mol)  was added and t h e  solut ion was 
s t i r r e d  i n  t h e  dark f o r  t h ree  days, a f r e s h  equivalent of 1 being 
added f o r  each 24 h of react ion time. The react ion was worked up 

a s  previously described f o r  
65%). 
(decomposition); Rf 0.65 (solvent  D ) ;  
CHC13);  vcZ13 1805 (C=O) cm-l; lH NMR (80 MHz, CDC13): 6 1.39 

A sample of % r ec rys t a l l i zed  

C, 51.33; H ,  7.00; N, 7.48. 

- 

t o  yield JQa as a s o l i d  (0.697 g,  
The product was r ec rys t a l l i zed  from e t h e r ;  mp 149OC 

-130.2O (c 1.1, 

(d ,  3H, CH3, J5,6 = 6.4 H z ) ,  3.45 (s, 3H, OCH3), 4.20 (dd, AH, 
H-2, J1,2 = 3.3 Hz,  J2,3 = 8.8 H z ) ,  4.26 (qd, lH, H-5, J4,5 = 2.5 
H z ) ,  4.47 (dd, l H ,  H-4, J3,4 = 6.0 Hz).  

Anal. Calcd fo r  C8Hll1O5: 
Found: C ,  30.78; H ,  3.74; I, 40.17. 

C ,  30.59; H, 3.53; I, 40.41. 
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CONVERSION OF ALLYLIC ALCOHOLS 13 

Methvl 2.6-Dideoxv-a-L-J,y&~-hexo~vranoside - 3.4-carbonate 

m. Compound JQ (O.O5Ofg, 0.16 rnol) was deiodinated 
(described previous ly  for %> t o  yield, a f te r  chromatography 
(solvent D) , carbonate 1ph (0.0265 g ,  88%) as  a syrup; Rf 0.50 
(solvent D); [a163 -64.1° (c  0.76, CHC13); vmx NaC1 1790 (C=O),  

1365, 1170 cm-l; 'H NMR (80 MHz, CDC13): 6 1.34 ( d ,  3H, CH3,  

15.5 Hz, J2a,3 = 6.8 Hz), 2.44 (ddd, lH, H-2e, J1 ,2e = 3.6 Hz, 
J2e,3 = 5.8 Hz), 3.38 (s, 3H, OCH31, 4.0 (qd, lH, H-5, J4,5 = 2.0 
Hz), 4.52 (dd,  lH, H-4, J3,4 = 8.1 Hz), 4.75-5.07 (m, 2H, H-1,  
H-3). HRMS: m/s 188.0687 (calc. for  M+ 188.0685). 

Carbonate JJ& (0.0210 g,  

0.112 mnol) was hydrolyzed by the same method used for I$ t o  give 

d i o l  12 (0.0138 g, 76%) as  a syrup; Rf 0.31 (solvent El; [a@ 

-119.3' ( c  0.55, CHC13) ;  v Z 1 3  3390 ( O H ) ,  1355, 1205, 1450 cm'l; 
'H NMR (250 MHz, CDC13): 6 1.26 ( d ,  3H, CH3, J5,6 = 6.3 H z ) ,  
1.74 (ddd, lH, H-2a, J1,2a = 3.6, Hz, J2a,2e = 13.0 Hz, Jza,3 = 
11.7 Hz), 1.89 (m, IH, H-2e, J1,2e < 1 Hz, JJ2e,3 = 5.2 Hz), 3.30 
(s, 3H, OCH3), 3.61 (bs ,  lH, H-4, J4,5 < 1 Hz), 3.88 (9, lH, 

H-51, 3.97 ( m ,  l H ,  H-3, J3,4 = 2.5 Hz), 4.75 ( d ,  lH, H-I). 

51.89; H ,  8.53. 

6 1.28 (CH3, J5,6 = 6.6 Hz), 1.77 (H-2a, J1,za = 4.0 Hz, Jza,ze = 
13.2 Hz, J2a,3 = 11.5 Hz), 1.92 (H-2e, J2e,3 = 5.5 Hz), 3.32 
(OCH3), 3.63 (H-4, J Q , ~  < dl.O Hz), 3.90 (H-51, 4.00 (H-3, J3,4 = 

J5,6 = 6.9 H z ) ,  1.79 (ddd, lH, H-2a, J1,za = 3.3 Hz ,  J2a,2e = 

Methvl 2-Deoxv-a-L-fucoside 11. 

Anal. Calcd for  C7Hl4O4: C, 51.84; H ,  8.70. Found: C,  

Literature7 reports for 11: 'H NMR (270 MHz, CDC13): 

2.9 H z ) ,  4.78 (H-1) .  
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