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ABSTRACT 

The epoxidation of a pendant vinyl group, ax ia l ly  or iented a t  
C 3  of the  pyranoside r ing,  can be e f fec t ed  with canplete 
d i a s t e reo fac i a l  selectivity, depending upon whether a free 
hydroxyl group is located a t  C2 or C4. 

A survey of t h e  pe r t inen t  l i t e r a t u r e  s h w s  t h a t  a high degree 
of s tereocontrol  can be achieved i n  react ions a t  llon-templatell 
t r i gona l  si tes on pyranose or furanose rings; '  however, 

s t e r e o s e l e c t i v i t y  a t  l'off-template" stereogenic centers i s  usually 
low.2 
ingenious use of chelat ion phenanena, pa r t i cu la r ly  i n  r eac t ions  
where o r g a n m e t a l l i c  reagents are e m p l ~ y e d . ~ ' ~  Alternat ively,  
control  can be achieved, f o r  example, i n  e l e c t r o p h i l i c  add i t ions  
t o  off-template olef i n i c  sites, by t h e  judicious deployment of 
steric obs t ac l e s  so t h a t  t h e  approach from one d i a s t e reane r i c  f ace  
is favored over t h e  0 t h e r . 7 , ~  

One approach for overcoming these l i m i t a t i o n s  involves t h e  

I n  t h i s  manuscript, we discuss  an 
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514 TSANG, FRASER-REID, AND MC PHAIL 

8 a X=H, Y=OX - 9 a X=H, Y=OTBS 
b X=H, Y=oH 

vii 
vii 

c X,Y=O 

I - 
a b R=TB3ii R=H 

b X,Y=O 

TBS = Si(MeI2 CMe3 

(i) Pd/C (ii) (n-Bu)4NF -. (iii) MCPBA (iv) camphor- 

sulfonic acid, MeOH 

c;.cid (iv) NaH, PhCH2Br (vii) Swern's Ox. 

( v )  PhCH(OMe)*, camphorsulfonic 
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EPOXIDATION OF A PENDANT VINYL GROUP 515 

instance where complete s tereocontrol  a t  an off- tanplate  
s tereogenic  si te has been achieved without t h e  need f o r  any 

spe c i  a1 l y  designed manew er s. 
We have recently reported t h a t  t h e  spiro-Claisen rearrange- 

ment can be u t i l i z e d  f o r  the s tereocontrol led c rea t ion  of 
funct ional  ized gem-di al kyla ted cen te r s  on py ranoside rings. 

Thus, compound 1 was readi ly  obtained frcm t h e  corresponding 
3-uloside. We wished t o  explore t h e  syn the t i c  u t i l i t y  of these 
compounds and s t e reose l ec t iv i ty  i n  t h e  epoxidation of t h e  double 

bond was an obvious reaction t o  examine. I n  order t o  remove a 
po ten t i a l ly  troublesome fac to r ,  t h e  aldehyde was decarbonylated by 
palladiun-catalyzed thermolysis, l o  compound a being obtained i n  
89% yield.  

a-chloroperoxybenzoic ac id  (MCPBA) even under forcing conditions. 
However, i f  t h e  C2 s i l y l  e the r  was cleaved, t h e  r e s u l t i n g  
hanoal lyic  alcohol a underwent epoxidation with MCPBA smoothly t o  
give a single epoxide which was subjected t o  single-crystal  X-ray 
analysis .  It  was thereby establ ished unequivocally t h a t  t h e  
stereochemistry a t  C15 (i.e.,  C7) was a s  shown f o r  3 (Figure 1). 

The c r y s t a l  s t r u c t u r e  was solved by d i r e c t  methods.ll 
squares refinement of a t a n i c  parmeters12 converged t o  1 = 0.042l3 

over 908 r e f l ec t ions .  
l i s t e d  i n  Table 1 .  A view of t h e  so l id - s t a t e  conformation is 
provided i n  Figure 1.  
accepted values. 
un i t - t r ans l a t ion  along t h e  p a x i s  a r e  l inked by 0-H.. .O hydrogen 

bonds [ 0 ( 2 ) .  . .O( 15) 2.900(5) A ] .  

by assuning t h a t  t h e  t r a n s i t i o n  state would be as shown i n  I, with 
t h e  pendant vinyl group or iented away from t h e  r ing,  and with t h e  
free hydroxyl group hydrogen bonded t o  t h e  at tacking peracid. If 
t h i s  r a t iona l i za t ion  were val id ,  it should be possible t o  
epoxidize t h e  other face of t h e  pendant v iny l  group by t h e  

chelat ion shown i n  u, i n  which t h e  free hydroxyl group is a t  C4. 

The o l e f i n  & was completely inert toward epoxidation with 

Least- 

Final non-hydrogen atom coordinates are 

Bond l eng ths  and angles are close t o  
I n  t h e  c r y s t a l ,  molecules of 3 r e l a t e d  by 

0 

The exclusive formation of t h i s  product can be ra t iona l i zed  
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516 TSANG, FRASER-REID, AND MC PHAIL 

Figure 1. Crystallographic atom numbering scheme 
and solid-state conformation; small 
circles denote hydrogen atoms. 

Accordingly, t h e  benzylidene group of was cleaved t o  give 

d i o l  3, which upon treatment wi th  MCPBA af forded  a s i n g l e  epoxide 
i n  83% y i e l d ,  presuned t o  be 5. To confirm t h i s  assignment, t h e  

product was processed t o  g ive  
with 1. 
completely d i f f e r e n t ,  notably i n  t h e  chenica l  s h i f t s  of t h e  
oxi rane  pro tons  (see Experimental 1 . 

To demonstrate f u r t h e r  t h e  effectiveness of t h e  free hydroxyl 

group f o r  c o n t r o l l i n g  t h e  epoxidat ion,  compound 3 was processed t o  
g ive  t h e  C2 alcohol  D,  which was epoxidized. 
aga in  found t o  be different from B, as  were t h e  der ived  ketones 
- 8b  and 2. 
group i n  c o n t r o l l i n g  t h e  d i a s t e reo f  a c i a l  s e l e c t i v i t y  of t h e  
epoxidation. Furthermore, t h e  formation of  a s i n g l e  isomer 
i n d i c a t e s  t h e  overwhelming s t a b i l i t y  of t h e  exo-oriented v i n y l  
group. Fur ther  exp lo ra t ion  of  t h i s  phencmenon is underway and 
w i l l  be repor ted  i n  due course. 

so a s  t o  undertake comparison 

Indeed, t h e  'H NMR s p e c t r a  of both compounds were 

The product & was 

The results i n d i c a t e  t h e  e f f e c t i v e n e s s  of t h e  hydroxyl 

EXPERIMENTAL 

General  Procedures. Me1 t i n g  p o i n t s  were determined i n  
c a p i l l a r y  tubes  and a r e  uncorrected. Elemental ana lyses  were 
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E P O X I D A T I O N  OF A P E N D A N T  V I N Y L  GROUP 51 7 

Table 1 

Non-hydrogen Atom Fractional Coordinates (x10 ) , w i t h  Estimated 
Standard Deviations i n  Parentheses 

4 

X - 
-3408( 4) 
-2533( 4) 
-1266( 4) 

-807 ( 3) 
-17 14 ( 4 )  
-1186 (4 )  

808(4) 
2080( 4) 
2337(4) 
3521(5) 

4481 ( 4  ) 
4244 ( 4 )  

3063 ( 4 )  
-373(4) 

-1261(4) 
-2021( 6 )  
-3186( 3) 
-2850( 2)  

20(3) 
-2289( 3 )  

2. 
3638(2 
3316(2 
3173(2 
3764( 2 )  
4044(2) 
4614 ( 2 )  
4277(2) 
4224 (2)  
39 16( 2)  
3861( 2)  
4111(2) 
4421 (2 )  
4473( 2 
2932( 2 
2743( 2 
2215(2 
2822( 2 
4161 (1 

4522 (1) 
2696( 1) 

2 - 
-1235( 10 
-2815 ( 8 )  
-1733( 8 )  

-897(8) 
719(9) 

1552( 12)  
789(10) 

1712(9) 
3705 ( 9 )  
4450( 10) 
3274( 10) 
1336(9) 

597(9) 
-3526( 8 )  

191(8) 
251 ( 10 

-3652 (6 )  
-409(7) 
2433 (8 )  
1739(6) 
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518 TSANG, FRASER-REID, AND MC PHAIL 

performed by M-H-W Laboratories,  Po Box 15149, Phoenix, Arizona. 
Proton magnetic resonance (lH NMR) spectra were recorded on a 
Bruker WM-250 (250 MHz) inst runent  using deuterochloroform a s  
solvent, the residual  chloroform being t h e  in t e rna l  standard 
( 6  7.24). Coupling constants  were measured d i r e c t l y  from t h e  
spectra  or calculated f r a n  peak l i s t i n g s .  
used f o r  assignment of protons i s  i l l u s t r a t e d  belcw. 

The nunbering pa t t e rn  

The progress of a l l  react ions was monitored by thin-layer 
chromatography ( T L C )  which was performed on aluninun sheets  
precoated with S i l i c a  Gel 60 (F-254, E. Merck) t o  a thickness  of 
0.2 mrn. The following solvent s y s t e m s  were used as  eluents :  ( A )  
e t h y l  acetate-petroleun e the r  (35-60 O C ) ,  50:50; ( 8 )  20:80; (C) 
10:90; ( D )  5:95. The chranatogrms were observed under 254-rm 
u l t r a v i o l e t  l i gh t ,  sprayed w i t h  s u l f u r i c  ac id ,  and charred on a 
hot  plate.  
S i l i c a  Gel 60 (230-400 mesh, E. Merck). All op t i ca l  r o t a t i o n s  
were measured a t  20 OC. 

Flash colunn Chromatography was carried out  using 

Crvstal  Data. C16H200 , 3 = 292.33, Orthorhanbic, 3 = 
0 

10.801(1) A, 4 = 23.065(6) 2, c = 5.897(1) i, y 1469.1 3, - Z = 
4 9  Qcalc. = 1.322 g an-3, p(Cu-Kcrradiation, A =  1.5418 A)  = 
5.5 an-'. Space group 1212121(D4~) uniquely from t h e  systematic 
absences: h00 when h f 24, OM when _k f 24, 0 0 4  when 4 # 211. 
Sample dimensions: 0.14 x 0.20 x 0.50 m. 

3 

CrvstalloFraDh i c  Measurements. I n t e n s i t y  data f o r  one octant  
of reciprocal space were recorded on an Enraf-Nonius C A D 4  

d i f f r ac t ane te r  (Cu-K cy radiat ion,  incident-beam graphi te  
monochranator ; w-2 8 scans, Omax. = 67'). 
independent measurenents, those 908 r e f l e c t i o n s  wi th  J > 3 
were retained f o r  t he  s t r u c t u r e  ana lys i s  and corrected f o r  

From a t o t a l  of 53 8 
O c ( J )  
t h e  
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E P O X I D A T I O N  OF A P E N D A N T  V I N Y L  G R O U P  519 

usual Lorentz and polar izat ion effects. 
parameters were derived from t h e  d i f f r a c t a n e t e r  s e t t i n g  angles  for 
25 r e f l e c t i o n s  (31° < 9 < 47') widely separated i n  reciprocal  
space. 

Refined uni t -cel l  

S t ruc tu re  Analvsis. The c r y s t a l  s t r u c t u r e  was solved by 
d i r e c t  methods.'' 
atoms were obtained from an &map. 
a difference Fourier synthesis  evaluated f o l l w i n g  several rounds 
of full-matrix least-squares adjustment of non-hydrogen a t an  
posi t ional  and an i so t rop ic  thermal parmeters, and were included 
a t  t h e i r  calculated pos i t i ons  i n  t h e  l a t e r  i n t e r a t i o n s  which 
converged t o  5 = 0.042 (& = 0.054).12f13 The maximun and minimun 
values i n  a f i n a l  difference map were 0.14 e A -3 and -0.17 e A -3 
respectively.  Neutral atan s c a t t e r i n g  f a c t o r s  used i n  t h e  
structure-factor ca l cu la t ions  were taken from ref. 14. I n  t h e  

Approximate posi t ions f o r  t he  carbon and oxygen 
Hydrogen a t a n s  were located i n  

0 0 - 

least-squares i t e r a t i o n s ,  I W A  2 [H = l/n 2 ( IEoI 1, A = IEoI - IEcI 1 
was minimized. 

Cleavage of ter t -butvldimethvls i lvl  e thers .  A so lu t ion  of 

t h e  s i l y l  e t h e r  (1.0 g/100 mL) i n  dry THF was s t i r r e d  with 1 
equivalent of tetra-pbutylamrlloniun f luo r ide  u n t i l  the cleavage 
was complete (TLC). The solvent  was then evaporated and t h e  
residue was pu r i f i ed  by colunn chromatography. 

EDOXidatiOn of o l e f i n s  with meta-chloroDeroxvbenzoic ac id  

I=. 
chlor ide (10 mL). 

added f o l l w e d  by MCPBA ( 4  mmol). 
s t i r r e d  vigorously a t  room temperature f o r  several hours u n t i l  
react ion was complete (TLC). 
t h e  aqueous phase par t i t ioned.  
10% aqueous potassiun hydroxide (2  x 5 mL) and sa tu ra t ed  brine 
( 5  mL) successively,  d r i ed  over sodiun s u l f a t e ,  and evaporated t o  
give the desired epoxide. 

The olefin (1.0 mol) was dissolved i n  methylene 
Saturated aqueous sodiun bicarbonate (5 mL) was 

The two-phase mixture was 

Diethyl e the r  (20 mL) was added and 
The organic phase was washed with 
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520 TSANG, FRASER-REID, AND MC PHAIL 

Swern's oxidation15 of alcohols. A solution of dimethyl 

sulfoxide (4.0 mnol) i n  dry methylene chloride (50 mL) was cooled 
t o  -78 OC under an atmosphere of argon and t o  t h i s  was added 
t r i f luoroacet ic  anhydride (4.0 m o l )  d rop i se .  The result ing 
m i x t u r e  was stirred a t  -78 OC for  an additional 15 min. The 
alcohol ( 1  .O mol)  , dissolved i n  dry methylene chloride (5.0 mL) , 
was added dropwise and the  mixture s t i r r ed  a t  -78OC for  an 
additional 30 min. Dry triethylmine (8.0 mnol) was added slowly 
and the result ing mixture  warmed t o  roan temperature, washed wi th  

saturated brine, d r i ed  over sodiun sulfate ,  and evaporated t o  g i v e  
t h e  desired ketone. 

1,5-Anhydr+4,6-Q-benzylidene-2-Q- f t e r t -  buty ldime thyl-  

s i l y l )  - 3 - d e o x y - ~ - ~ - ~ - ~ - v i w l - D - a l l i t o l  - (a). Canpound l9 
(1.2 g, 2.9 m o l l  was dissolved i n  benzonitrile (20 mL), 
5% palladiun on carbon (0.12 g )  was added and t h e  reaction vessel 
was evacuated and f lushed  w i t h  argon several times. The result ing 
mixture  was heated t o  r e f lux  w i t h  vigorous s t i r r ing  under an 
atmosphere of argon for  24 h. After cooling t o  room temperature, 
t h e  reaction m i x t u r e  was filtered through a bed of Celite and t h e  

solvent was evaporated under vacuun t o  g ive  (1.0 g, 89%) as a 
syrup;  TLC Rf 0.49 (B); [a],  -13.6' ( c  2.67, CHC13) ;  IH NMR 60.06 

(s, 3, a-13Si>, 0.10 (s ,  3, U-l3Si), 0.90 ( s ,  9 ,  (CH3)3CSi), 1.27 
(s ,  3, 3-G-91, 3.26 (d ,  1 ,  J ~ , ~ = 9 . 0  Hz, H41, 3.45-3.75 (m,  5 ,  H I ,  

5.29 (dd, 1 ,  J7,8=12 Hz, 58 81=2 Hz, H81, 5.45 (s: 1, P h a ) ,  5.49 
(dd, 1 ,  J7,81=18 Hz, H8'1, 6.10 (dd, 1 ,  H7), 7.30-7.50 (m, 5 ,  Ph). 

67.86; H ,  8.68. 

H I ' ,  a ,  H5, H6a), 4.28 (dd, 1, J5,6e=5.0 Hz, J6a 6e=10 Hz, H6e), 

Anal. calcd for Cz2H3404Si: C, 67.65; H ,  8.77. Found: C, 

1 ,5-Anhy drc-4-6 -Q- be nz Y 1 i de ne-3-de o w - 3 - S - m - C -  
vinyl-D-allitol - (29). Compound (1.0 g, 2.6 m o l )  was 
desilylated i n  2 h according t o  standard procedure t o  give 
(0.68 g, 96%) a s  a syrup: TLC Rf  0.44 ( A ) ;  [ ~ Y ] D  -31.5' ( c  2.13, 
CHCl3); 'H NMR 61.37 (s, 3, 3-CH3), 1.6 (bs, 1 ,  O H ) ,  3.26-3.83 (m, 
6,  H 1 ,  Hl', H2, H 4 ,  H5, H6a), 4.31 (dd,  1 ,  J5,6e=4.0 Hz, 
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EPOXIDATION OF A PENDANT VINYL GROUP 523 

1 ,5 -Anhy d r  +4,6-Q- be nz y 1 i de ne- 3-deoxy-3-S- ( 1 ,2- [ s 1 -epoxy- 
e t h y l ) - 3 - ~ ~ l - ~ a l l i t o l  - (1). Compound a (0.4 g, 1.45 mmol) 
was epoxidized according t o  standard procedure to  give 1 (0.34 g, 
80%) a s  a syrup: TLC Rf  0.40 ( A ) ;  [aY]D -24.8O (c 2.77, mCl3>; 
'H NMR 61.18 (s, 3, 3-CH31, 2.66 (bs ,  1 ,  O H ) ,  2.74 (t, 1 ,  J7,8= 
Jg,8,=4.0 Hz, H81, 2.80 (dd, 1,  J7,81=3.0 HZ, H8'1, 3.32 (d, 1 ,  
J Q , ~ = ~ O . O  Hz, H4), 3.53 (dd, 1 ,  H7), 3-60 (t, 1 ,  J5,6a= 
J6a,6e=10.0 Hz,  H6a), 3.60 (m, 1 ,  w), 3.74 (t, 1 ,  J la , le=  
Jla,2=10.0 Hz, Hla), 3.77 ( d t ,  1,  1J5,6~=5.0 Hz, H5), 3.90 (dd, 1 ,  
Jle,2=6.0 Hz, Hle), 4.33 (dd, 1 ,  H6e), 5.47 (s ,  1 ,  F'hQ), 
7.30-7.50 (m, 5, ph). 

65.74; H, 6.74. 
Anal. calcd for C16H2005: C, 65.74; H, 6.90. Found: C, 

1 ,5-Anhy dro-2-Q- ( ter t -buty ldimethyl s i l y l  1 -3-deoxy-34- 
methyl-3-~-vinyl-~-allitol -- (3).  Canpound (3.9 g, 10.0 mnol) 
was dissolved i n  dry methanol (100 mL) with  a trace of camphor- 
sulfonic acid and the mixture was stirred a t  roan temperature for  

8 h. 
aqueous sodiun bicarbonate and concentrated t o  a syrup. The syrup 
was chromatographed (solvent A)  t o  give 3 (2.80 g, 93%) a s  a w h i t e  
solid which was recrystallized fran ethanol: mp 50-51 OC; TLC Rf 

0.03 (s, 3, W3Si>, 0.83 (s, 9, (CH3)3CSi), 1.23 (s, 3, 3-CH31, 
1.78 (bs, 1 ,  O H ) ,  2.22 (bs, 1 ,  O H ) ,  3.20-3.90 (m, 7, H1, H l ' ,  H2, 

The solut ion was neutralized w i t h  a few drops of saturated 

0.38 (B); [all) +24.2' ( C  3.21, WCl3);  'H NMR 60.01 (S, 3, m3Si>,  

H4, H5, H6, H6'1, 5.23 (dd, 1 ,  J7,8=18.O Hz, J8,8'=2.0 Hz, H8), 

5.40 (dd, 1 ,  J7,81=12.0 Hz, H8'1, 6.15 (dd, 1 ,  H7). 
A n a l .  calcd for C15H3004Si: C, 59.56; H, 10.00. Found: C, 

59.45; H,  10.03. 
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522 TSANG, FRASER-REID, AND MC PHAIL 

1 ,5 -Anhy d r  0-2-Q- ( ter t-bu t y  1 dime thy 1 sil y 1 -3-deoxy-3-C- 
(1,2-[RI-epoxyethyl)-3-C-methyl-~-allitol - (5) .  Canpound 4 ( 1.2 g, 
4.0 mol) was epoxidized accord ing  t o  t h e  s t anda rd  procedure t o  

g ive  5. (1.05 g, 83%) as  a syrup: TLC Rf  0.29 (A); IffY]D +23.9' 
(c  2.80, CHC13);  lH NMR 60.02 (s, 3, CH3Si), 0.04 (s, 3, CH3Si), 

0.83 (s, 9, (CH3I3CSi), 1.05 (s, 3, 3-CH3), 2.27 (bs, 1, OH), 2.68 
(t, 1, J7,8=J8,8t=4.0 HZ, H8), 2.73 (dd, 1 ,  J7,8t=3.0 HZ, H8'), 
3.02 (bs, 1, OH), 3.29 (d ,  1 ,  J4,5=10.0 Hz, H4), 3.44 (dd, 1 ,  fl), 
3.53-3.90 (m, 6, H1, H1 I ,  H2, H5, H6, H6' 1. 

56.36; H, 9.25. 
Anal. ca l cd  for C15H3005Si: C, 56.57; H, 9.49. Found: C,  

1 ,5-Anhydr0-4,6-Q-bemylidene-3-C- ( 1,2-C R I -epoxy e t h y l )  -3- 
C-methyl-B-allitol (a). Compound 5 (100 rng, 0.33 mmol) was 
d isso lved  i n  dry methylene ch lo r ide  (10 mL) . a,a-Dimethoxytoluene 
(0.06 mL, 0.4 mol) was added f o l l m e d  by a trace of camphor- 
su l fon ic  acid.  After s t i r r ing  a t  roan temperature for 15 min,  t h e  

- - 

r e a c t i o n  mixture  was n e u t r a l i z e d  wi th  t r i e thy lamine  and evaporated 
t o  dryness  t o  give compound & which was d e s i l y l a t e d  accord ing  t o  
t h e  s tandard  procedure t o  f$ (80 mg, 88%) as  a syrup: TLC Rf 0.40 
( A ) ;  [&ID +19.3' (c  0.15, CHC13); 'H NMR 61.34 (s, 3, 3-CH3), 

H8'), 3.30 (d,  1 ,  J4,5=lO.O Hz, H4), 3.30 (m,  1 ,  H7), 3.51 (t, 1, 

( d t ,  1 ,  J5,6e=5.0 Hz, H5), 4.28 (dd, 1 ,  H6e), 5.42 (s, 1 ,  %a), 
7.30-7.50 (m,  5, Ph). 

2.76 (t, 1, J7,8=58,81=4.0 Hz, H81, 3.25 (dd, 1 ,  J7,81=3.0 HZ, 

J5,6a=J6a,6c=10.0 HZ, H6a), 3.60-3.86 (m,  3, Hla, Hle, H2), 3.91 

1 ,5-Anhydro-4,6-di-Q-benzyl-3-deoxy-3-g-( 1,2-[R]-epoxy- 
ethy1)-3-~-methy1-Q-ribo-2-hexulose (&I. 
2.0 mol) was oxid ized  accord ing  t o  t h e  s tandard  procedure t o  g ive  

% (0.73 g, 95%) a s  a syrup:  TLC Rf 0.36 (B); ["ID -44.3' (c  5.20, 
CklC13); I R  Y a  1730 an-'; 'H NMR 61.08 (s, 3 ,  3-CH31, 2.72 (dd, 1 ,  

Ccmpound 412 (0.77 g, - 

J7,8=3.O Hz, 58 8'd.O Hz, H8), 2.83 (t, 1 ,  J7,8=4.0 HZ, H8'1, 
3.43 (dd, 1, Hi'), 3.62 (dd, 1, J5,6=5.0 Hz, J6 61=10.0 HZ, H6), 
3.69 (dd, 1 ,  J5,6=5.0 Hz, H6'), 3.77 (d ,  1 ,  J4,5=5.0 HZ, H4), 3.99 
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(4, 1 ,  H5), 4.06 (d,  1, J1,11=18.0 Hz, Hl), 4.25 (d ,  1, HI'), 
4.50-4.65 (m,  4, PhCH20), 7.20-7.40 (m,  10, Ph). 

H, 6.67. 
Anal. calcd for C23H2605: C, 72.23; H, 6.85. Found: 72.14; 

1 ,5-Anhy dro-4 ,6 -di-Q- be nz vl-2-Q- ( t er t- buty ldime thy 1- 
sil y 1 -3-deoxy -3-g-me thy 1-3-g-\rinYl-D- - all i to1  ( B) . 
(1.7 g, 5.6 mnol) was dissolved i n  dry ?HF (50 mL). 

hydride (50% i n  o i l ,  0.8 g, 16.6 mol) was added s l o w l y  and t h e  
r e s u l t i n g  suspension was s t i r r e d  a t  roan temperature f o r  15 min. 
T e t r a b u t y l m o n i u n  iodide (200 mg, 0.56 mnol) was added followed 
by b e n z y l  branide (2.0 mL, 16.8 mol). The r e s u l t i n g  mixture was 
s t i r r e d  a t  roan temperature f o r  8 h, after which t h e  react ion 
mixture  was d i lu t ed  with d i e thy l  e the r  (50 mL), washed with 
sa tu ra t ed  br ine (3 x 20 mL), dr i ed  over sodiun sulfate, and 
concentrated t o  a syrup which was chromatographed (solvent  D) t o  

give (2.6 g, 96%) a s  a syrup: TLC F+ 0.31 (D); [a], +28.8' (c  
6.0, CHC13); 'H NMR 60.03 (s,  3, U-13Si), 0.07 (s,  3, CH3Si), 0.87 
( s ,  9, (CH3)3CSi), 1.23 (s ,  3, 3-CH31, 3.34 (d, 1, J~,~=10.0 Hz, 
H4), 3.42-3.72 (m, 6, H1, Hl', H2, H5, H6, H6'), 4.50-4.66 (m, 4, 
Ph(;H20), 5.25 (dd, 1, J7,8=12.0 Hz, 58 8tS.O Hz, H8), 5.36 (dd, 

1, J7,8'=18.0 Hz, H8'), 6.10 (dd, 1 ,  Hi'), 7.17-7.36 (m, 10, Ph). 

72.42; H, 8.79. 

Can pound 4 
Sodiun 

Anal. calcd for C29H4204Si: C, 72.16; H, 8.77. Found: C, 

1 ,5-Anhydro-4,6-di-Q-benzyl-3-deoxy-3-S;-methyl-3-~- 
vinyl-JT-allitol - (Ip). Canpound a (2.4 g, 5.0 mmol) was 
des i ly l a t ed  according t o  the  standard procedure t o  give 14 (1.7 g, 
93%) as  a syrup: TLC Rf 0.44 ( A ) ;  [a], +26.4' (c  3.27, CHC13); 
'H NMR 61-30 (s, 3, 3-CH31, 1.45 (d, 1 ,  J2,0~=10.0 Hz, OH), 3.26 
(t, 1, J1,2=J1,11=11.0 Hz, Hl), 3.42 (d, 1, J4,5=lO.O Hz, H4), 
3.50 (m, 1, Jlt,2=5.0 Hz, H2), 3.63-3.73 (m, 3, H5, H6, H6I), 3.80 
(dd, 1, HIt), 4.47-4.66 (m,  4, PhU-120), 5.30 (dd, 1, J7,8=18.0 Hz, 

H71, 7.13-7.37 (m, 10, Ph). 
J8,81=2.0 Hz, H8), 5.45 (dd, 1, J7,81=12.0 Hz, H8'), 6.21 (dd, 1 ,  
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Anal. calcd.  for C23H2804: C, 74.97; H ,  7.66. Found: c, 
74.81 ; H ,  7.44. 

1,5-Anhydro-4,6-di-Q-benzyl-3-deoxy-~-G-( 1,2-[S I-epoxy- 

ethyl)-3-C-methyl-&allitol - (&I. Canpound a (1.84 g, 5.0 mnol) 
was epoxidized accord ing  t o  s t anda rd  procedure t o  g ive  & (1.6 g, 

83%) a s  a whi te  s o l i d  which exh ib i t ed  t h e  fo l lowing  characte- 

ristics: mp 98-99 OC; TLC Rf 0.38 (B); ["ID R3.2' (c  2.44, 

mC13); 'H NMR 61.10 (s, 3, 3-CH31, 2.70 ( t ,  1 ,  57,8=58,81= 
4.0 Hz ,  H8), 2.72 (d ,  1 ,  J2,0~=10.0 Hz,  O H ) ,  2.74 (dd,  1 ,  
57,8'=3.0 Hz, H 8 ' ) ,  3.43 (d ,  1 ,  54,5=1O.O H z ,  H4), 3.47 fdd, 1 ,  
H7), 3.55 (m, 1 ,  J1 2=10.0 Hz, Jl1,2=5.O Hz, H2), 3.62-3.76 ( m ,  3, 

4.50-4.68 (rn, 4 ,  PhCH20), 7.10-7.35 ( m ,  10, Ph). 

H5, H6, H6') ,  3.68 (t, 1 ,  51,11=10.50 Hz, H l ) ,  3.92 (dd, 1 ,  H I ' ) ,  

Calcd mass for C23H2805 : 384.1937. Found ( H R M S )  : 384.1936. 

1 ,5-Anhy dro-4,6-di-Q-benzy1-3-deoxy -3-c- ( 1 ,2-[ S 1 -epoxy- 

e t h y l ) - 3 - g - ~ - & r i b o - 2 - h e x u l o s e  - (&). Compound 8a ( 1.54 g, 

4.0 mmol) was oxid ized  accord ing  t o  s tandard  procedure t o  g ive  & 
(1.50 g, 98%) as  a syrup: TLC Rf 0.47 ( B ) ;  ["ID -23.0' ( c  4.31, 
CHC13); I R  Yco 1720 cm-l; l H  NMR 61.20 (s, 3, 3-CH31, 2.28 (dd, 1 ,  

3.53 (dd, 1 ,  H7), 3.74-3.86 (rn,  3, H4, H6, H6'), 4.11 (ABq, 2, HI, 

(m,  4 ,  PhCH20), 7.20-7.36 (m, 10, Ph). 

71.97; H ,  6.86. 

J7,8=3.0 Hz,  58,81=4.0 Hz, H8), 2.60 ( t ,  1 ,  J7,81=4.0 HZ, H8'1, 

H I ' ) ,  4.14 ( d t ,  I ,  54,5=9.0 HZ, 55,6=55,61=3.0 HZ,  H5), 4.53-4-73 

Anal. ca l cd  for C23H2605: C, 72.23; H ,  6.85. Found: C, 

1,5-Anhydro-4,6-di-Q-benzyl-2-Q-(~-butyldirnethyl- 

s i l y l )  -( 1,2-[RI-epoxyethyl)-3-C-( 3l ,32-epoq-L-glvcer~dihydroxy- - 
ethyl)-3-C-methyl-D-allitol (&I. Canpound 5 (0.95 g, 3.0 mol) 
was d isso lved  i n  dry ?HF (50 mL) and sodiun hydride (50% i n  o i l ,  
0.36 g, 7.5 mol) was added slowly. The suspension was s t i r r e d  a t  
room temperature for  15 m i n  and tetrabutylammoniun iod ide  (110 mg, 

0.3 mnol), fol lowed by benzyl brcfnide (0.9 mL, 7.5 nunol) was 
added. 

- 

The r e s u l t i n g  mixture  was s t i r r e d  a t  room temperature for 
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12 h. 
ether (50 mL), washed with saturated brine (3  x 20 mL), dr i ed  over 
sodiun sulfate,  and concentrated t o  a syrup which was chrcmato- 
graphed (solvent C)  t o  give % (1.30 g, 87%) a s  a syrup: TLC Rf 

0.08 (s, 3, CH3Si), 0.87 (s, 9,  (CH3I3CSi) ,  1.07 (s, 3, 3-G-51, 

J7,8'=3.0 Hz, H8'1, 3.30 (dd, 1 ,  H7), 3.39 (d, 1 ,  J4,5=10.0 Hz, 
H4), 3.50-3.75 (m, 5, H 1 ,  H l l ,  H2, H6, H6I), 3.99 ( d t ,  1 ,  
J5,6=J5,61=3.0 Hz, H5), 5.45-5.65 (rn, 4 ,  PhCHZO), 7.17-7.35 (m, 
10, Ph). 

Anal. calcd for C29H4205Si: C, 69.84; H ,  8.49. Found: C, 

69.86; H ,  8.44. 

The resulting whi te  suspension was d i l u t e d  w i t h  d i e t h y l  

0.36 ( C ) ;  [a], +31.4' ( C  4.40, a c l 3 ) ;  'H NMR 60.05 ( S ,  3, a 3 S i > ,  

2.57 (dd, I ,  J7,8=4.0 HZ, J8,81=5.0 Hz, H8), 2.98 (dd, 1 ,  

1,5-Anhydro-4,6-di-Q-benzy1-3-deoxy-3-~-( 1,2-[R ]-epoxy- 
ethyl)-3-C-rnethyI-~-al1itol (%>. 
was desilylated according t o  t h e  standard procedure t o  give 522 
(0.73 g, 95%) a s  a syrup:  T L C  Rf 0.33 ( A ) ;  [a], +52.1° ( c  3.49, 
CHCl3); 'H NMR 61.20 (s ,  3, 3-CH3); 2.20 (bs,  1 ,  O H ) ,  2.69 (dd, 1 ,  

3.28 (dd, 1 ,  H7), 3.39 (d ,  1 ,  J4,5=10.0 Hz, H4), 3.60-3.90 (m, 6, 
H 1 ,  H l ' ,  H2, H5, H6, H6'), 4.47-4.65 (m, 4 ,  PhCH20), 7.20-7.35 (rn, 
10, Ph). 

Canpound % (1  .O g, 2.0 mnol) 

J7,8=4.5 Hz, J8,81=5.0 Hz, H8), 3.08 (dd, 1,  J7,81=3.0 HZ, H8'), 

Calcd mass for  C23H2805: 384.1937. Found ( H R M S ) :  384.1936. 
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