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ABSTRACT 

Hex-l-ene-l,5-anhydro-3-uloses, which are easily prepared from 
glycals, allow for ready introduction of an alkyl group at C3 
1.2-addition of an organolithium reagent, the stereochemistry of 
the addition being dependent upon the C4-OH protecting group. The 
resulting tertiary alcohols are highly reactive, and produce furan 
derivatives in the presence of mild acids. Quenching of the 
methyllithium addition vith acetic anhydride affords the tertiary 
acetates, which undergo hydrolytic rearrangement to pseudoglycals 
and the Ferrier reaction to 3-~-methylhex-2-enopyranosldes. 

3.4,6-Tri~-acetyl-r)-glucal (&) has been a fascinating sub- 

stance since its discovery in 1913 by Emil Fischer,' and it has 

proven to be an excellent starting material for various syntheses 

of modified sugars. Particularly notevorthy in this regard is its 

utility for the synthesis of hex-2-enopyranosides (and, from thence, 

hex-3-enopyranosides) which relies upon the Ferrier rea~tion,~ an 

extremely simple, stereoselective. and efficient process. We 
recently shoved how the Ferrier reaction could be adapted to the 

preparation of pyranoses bearing an alkyl branch at C L ~  

context, alkyl branching can be introduced relatively readily at 

Cl,5s6 C2,7 and C4,8 but not at C3 

2 

In this 

9 of the pyranose ring and we 

21 
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22 MWE AND FRASER-REID 

o R * A c  
b R = H  

2 - 

wondered whether t r i a c e t y l  g l u c a l  could be u t i l i z e d  f o r  t h i s  purpose. 

In  t h i s  r e p o r t ,  w e  desc r ibe  some r e c e n t  s t u d i e s  i n  o u r  l a b o r a t o r i e s  

through which t h i s  o b j e c t i v e  has been r e a l i z e d .  

Since C3 of 1 is  an a l l y l i c  s i t e  i t  should,  t h e o r e t i c a l l y ,  be 

r e l a t i v e l y  simple t o  d i s p l a c e  an a c t i v a t e d  hydroxyl group with a 

carbon nuc leoph i l e ;  however, Cuthrie" has  r epor t ed  much d i f f i c u l t y  

i n  the  p repa ra t ion  and handl ing of 3+-sulfonate esters of g l y c a l s ,  

and hence s u b s t r a t e s  of t h i s  type w e r e  n o t  appeal ing.  W e  t h e r e f o r e  

decided t o  examine t h e  enones 3, S ,  and 11, whose ready p repa ra t ion  

from g l u c a l  (2) h a s  been demonstrated by Collins" and ou r  group. 

Ln a n  ear l ier  s tudy,13 we had found t h a t  t hese  6-alkoxyenones re- 

a c t e d  poorly wi th  l i t h i u m  dimethylcuprate  t o  g i v e  low y i e l d s  of 

conjugate  a d d i t i o n  products  2. 
p o s s i b i l i t y  of 1 ,2-addi t ion t o  t h e s e  substances.  

12 

k now wished t o  i n v e s t i g a t e  the  

Add i t ionof  excess  methyl l i thium t o  t h e  6-9-tri tyl-enone l e d  
1 t o  the  formation of t w o  compounds. The H NMR spectrum of the  

crude product  mixture  showed the presence of o l e f i n i c  protons as 

w e l l  as two methyl s i n g l e t s ,  a t  6 1.27 and 1.39 ppm i n  the  'H Nt4R 

spectrum, t h e s e  d a t a  r u l i n g  ou t  conjugate  a d d i t i o n  p roduc t s  of type 

- 2. Both sets of s i g n a l s  were s u f f i c i e n t l y  r e so lved  i n  t h e  spectrum 
f o r  u s  t o  determine t h a t  t h e  r a t i o  of  t h e  isomers was 3:2. 

The two compounds could be sepa ra t ed  by c a r e f u l  s i l i c a  g e l  

chromatography, b u t  prolonged r e s idence  on t h e  column r e s u l t e d  i n  

lower recovery (v ide  i n f r a ) .  

p o l a r  product  w a s  predominant. 

It w a s  thereby shown t h a t  the more 

To f a c i l i t a t e  assignment of c o n f i g u r a t i o n  by 'H NMR a n a l y s i s ,  

i t  was decided t o  s a t u r a t e  t h e  double bond, s i n c e  we vould then be 
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23 3-C METHYL GLYCALS 

Schomo 1 

L MoLi R* + .fl> 
a R = H  a R=H(40%) a R=H(60%) 
b R=MEM b R=MEM(bO%) b R=MEM(bO%) 

THF 
-78. OH 
80% 

3 - 
Ro 

4 5 - 

80 psi 80 psl I Ni 

OH 
6 - 7 - 

10 (20%) 8 - 9 (80%) - - 

16(10%) 14 X .Y=O - IS (90%) - - 
18 X=OH:Y=H 
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24 DAWE AM, FRASER-REID 

dea l ing  with c h a i r  r a t h e r  than ha l f - cha i r  conformations.  

hydrogenation proved t o  be  unexpectedly d i f f i c u l t .  Thus, t h e  use 

of palladium o r  plat inum c a t a l y s t s  i n  a v a r i e t y  of s o l v e n t s ,  l e f t  

t he  o l e f i n  una f fec t ed ,  even a t  p re s su res  as h igh  as 100 p s i !  Hov- 
e v e r  success  was  had with f r e s h l y  prepared Raney n i c k e l  i n  e t h a n o l  

a t  80 p s i ,  by which compounds and I v e r e  produced c l e a n l y ,  t h e r e  

being no s i g n  of  adverse nickel-induced a b e r r e n t  r e a c t i o n s ,  such 

as repor t ed  by Koch and S t u a r t .  

The 13C NMR s p e c t r a  of t h e  epimers w e r e  examined and i t  w a s  
found t h a t  t h e  methyl resonances occurred a t  19.23 and 27.07 ppm 

f o r  t h e  major and minor components, r e spec t ive ly .  E l i e l  and 

P i e t r u s i e w i c ~ ~ ~  have e s t a b l i s h e d  t h a t ,  f o r  epimeric  subs t ances ,  an 

axial  methyl carbon atom resona te s  a t  h i g h e r  f i e l d  than the equa- 

t o r i a l ,  owing t o  the  s h i e l d i n g  e f f e c t  of t h e  =-axial C5 hydrogen. 

On t h i s  b a s i s  we a s s igned  t h e  s t r u c t u r e  of t h e  major and minor 

isomers a s  5 and 2, r e spec t ive ly .  

assignments by proton nOe experiments,  bu t  t he  r e s u l t s  were not 

conclusive.  

C a t a l y t i c  

14 

W e  sought confirmation of  t hese  

W e  t h e r e f o r e  turned t o  chemical proof based on t h e  f a c t  t h a t  

c i s - d i o l s  are cleaved more r e a d i l y  than by sodium metaperio- 

d a t e .  Thus when 

aqueous methanol and monitored by TLC, t h e  former began t o  r e a c t  

w i th in  one minute,  v h i l e  t h e  l a t te r  was unchanged after twenty 

minutes. 

v h i l e  & r equ i r ed  20 hours. The product from both d i o l s  w a s  pre- 

sumably the  sane. namely 17, although t h i s  material vas not  i s o l a t e d .  

- 
and 2 were t r e a t e d  wi th  t h i s  r eagen t  i n  

Complete r e a c t i o n  w a s  obtained with & in f i v e  hour s ,  

Scheme 2 

OTr 
NalOt hO3 JalOq F> 

20h Hso 5h CHO 
CHO 

5 a  - 17 - 
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3-C Ml?TEYL CLYCALS 25 

The formation of 2 as t h e  major isomer w a s  unexpected i n  t h a t  

models of 2 suggested t h a t  t h e  r eagen t  would approach p r e f e r e n t i a l l y  

from t h e  6-face. 

oxyanion dur ing  t h e  r e a c t i o n ,  could have been r e s p o n s i b l e  f o r  t hese  

unexpected e f f e c t s ,  and we t h e r e f o r e  decided t o  examine the 4-0- 
methoxy-ethoxymethyl d e r i v a t i v e  y i e l d ,  bu t  the r a t i o  of t h e  p roduc t s ,  

- 4b and 2, vas 1:l - no t  d rama t i ca l ly  d i f f e r e n t  from t h e  3:2 r a t i o  

obtained wi th  2. 

The unprotected '  44H, which would exist as an  

Other  p ro tec t ed  forms of t h e  enone w e r e  t h e r e f o r e  examined. 

The ace tona ted  d e r i v a t i v e  8 gave a 4 : l  mixture  of products  2 and 

- 10, which was sepa ra t ed  by coluam chromatography. The C3 configur-  

a t i o n  of each product w a s  determined by s a t u r a t i o n  of t h e  double 

bond and conversion t o  the  a l r e a d y  determined 6 e t r i t y l  der iva-  

t i v e s  5 and 2, r e spec t ive ly ,  u s ing  s t anda rd  t ransformations.  It 

was thereby shown t h a t  t h e  major product from 8 w a s  9. 
t h e  benzyl idene analogue 11 gave an  86X y i e l d  of 12 and 13 i n  t h e  

r a t i o  7:3, t h e  i d e n t l t y  of t h e  products  be ing  determined by d i r e c t  

'H NMR comparisons wi th  the  ace ton ides  9 and lo. 

S i m i l a r l y ,  

The work of n i l j k o v i c  h a s  shown t h a t  c h e l a t i o n  could have 

dramatic  e f f e c t s  upon t h e  s tereochemical  course of r e a c t i o n s  of 
16  

o rganometa l l i c s  with a-alkoxy-ketones of carbohydrate  o r i g i n ,  

and a s i m i l a r  r e s u l t  h a s  been r epor t ed  by S t i l l  i n  connect ion wi th  

a l i c y c l i c  systems. l7  

t o  t h e  ace ton ide  8 gave a complex mixture con ta in ing  1.2 and 1.4- 

adducts  among t h e  products.  Crignard r eagen t s  were t h e r e f o r e  no t  

examined f u r t h e r .  

However t h e  a d d i t i o n  of .inethylmagnesium iod ide  

It v a s  surmised t h a t  t h e  ha l f - cha i r  conformation might have 

been somehow respons ib l e  f o r  t h e  unexpected s t e reochemica l  course 

observed. Accordingly, i t  w a s  decided t o  examine t h e  corresponding 

s a t u r a t e d  ketone 14; however, p repa ra t ion  o f  from! proved more 

d i f f i c u l t  t h a n  expected. Thus, hydrogenation o f  8 us ing  palladium 

on carbon l e d  to s a t u r a t e d  a l coho l s .  The p r e f e r r e d  r o u t e  t o  

from la t h e r e f o r e  involved hydrogenat ion of g l u c a l  followed by 
ace tona t ion  t o  g ive  2 and then  ox ida t ion ,  t h e  P205-DUSOfEt# mix- 

t u r e  of Chittenden18 being t h e  reagent  of choice f o r  t h e  ox ida t ion  

s t e p .  

Treatment of g w i t h  methyl l i thium gave a mixture  of t e r t i a r y  

a l coho l s  and 6, in t h e  r a t i o  9:l ( G l C  e s t i m a t i o n ) .  Thus the 
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26 DAWE AND FRASER-REID 

Scheme 3 

c H 

OH 5% HOAc 

4 a  + 5 a  - -  19 - 

TrO 

- 
20 - 

change i n  conformation i n  going from enone 3 t o  ketone 14 caused 

only a modest enhancement of s t e r e o s e l e c t i v i t y  i n  the  addi t ion  of 

m e  t h y l l i  thium. 

W e  subsequently inves t iga ted  t h e  chemistry of the  g-methyl- 

These compounds may be viewed e i t h e r  g l y c a l s  shown i n  Scheme 1. 

as a l l y l i c  t e r t i a r y  a lcohols  o r  as vinylogous hemiacetals ,  and 

e i t h e r  descr ip t ion  implies  t h a t  they would be highly reac t ive .  

Accordingly, exposure of t h e  mixture (& C s )  t o  s i l i c a  g e l  i n  

methylene ch lor ide  containing 5% a c e t i c  ac id  f o r  36 hours, l ed  

c leanly  t o  the furan 20 (Scheme 3) ,  which notably re ta ined  t h e  

t r i t y l  group. 

work of Horton and ~o-workers . '~  

a l i z e d  by means of an a l l y l i c  0x0-carbonium i o n  in te rmedia te  19. 

c a l s  should r e a d i l y  undergo pseudoglycal formation.18 as w e l l  as t h e  

r e l a t e d  F e r r i e r  r e a ~ t i o n , ~  and i n  order  t o  test these hypotheses, 

the  t e r t i a r y  acetates 2 were required.  Not s u r p r i s i n g l y ,  the 

t e r t i a r y  a lcohols  ( f o r  example 6, 9, o r  12) r e s i s t e d  a c e t y l a t i o n  

using acetic anhydride and pyridine with or without 4-(z,lJ-dimcthyl- 

amino)pyridine as a c a t a l y s t ;  however, when the  r e a c t i o n  of enones 

- 3, S ,  o r  11 with methyllithium w a s  quenched at -40. wi th  a s U g h t  

excess of a c e t i c  anhydride (Scheme 4). the  t e r t i a r y  a c e t a t e s  21 
-ere obtained i n  v i r t u a l l y  q u a n t i t a t i v e  yields .  

am," gross  decomposition ensued as evident  from t h e  odor of 
l i b e r a t e d  benzaldehyde. The acetonide 21b fa red  no b e t t e r ,  However 

t h e  t r i t y l a t e d  d i a c e t a t e  & a n d  ether 21d gave moderate t o  good 

y i e l d s  of the  pseudoglycals 22a and z, respect ively.  Oxidation 

This transformation f i n d s  precedent i n  some e a r l y  

This  r e a c t i v i t y  i s  f u l l y  ra t ion-  

I n  view of t h e  high r e a c t i v i t y  of (5 4- I), these  s-methyl gly- 

When the  benzylidene acetate =was boi led  i n  aqueous diox- 
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3-C KETEYI. CLYCALS 

S c h e m e  4 

27 

.'* I 2% A c ~ O  R,o+ 

OAc 0 

21 3 a  R=Tr;R'=H - 
b R =  Tr; R'=MEM a R.R'=PhCH - 8 R. R'= (CHS)& b R.R'= (CH&C 

- II R.R'=PhCH c R=Tr; R'=Ac 
d R =Tr; R'= MEM 

A 

Ffo* X 

22 - 23 - 
Q X=H.OH: R'=Ac 
b X=H.OH; R'=MEM 

d X-0 :  R'- MEM 
c x-0: R'-AC 

wi th  pyridinium dichromate then afforded l a c t o n e s  22c and 3, 
r e spec t ive ly .  

The corresponding g lycos ida t ion  ( F e r r i e r  react ion) '  of 21c 
wi th  methanol w a s  c a r r i e d  o u t  using pyridinium 1 - to luenesu l fona te  

as c a t a l y s t .  

resolved mixture.  The B M R  spectrum showed c l e a r l y  the  two 

methoxyl groups. 

The aS hex-2-enopyranoside 2 was obtained a s  an un- 
1 

Fur the r  chemical t ransformations of  t h e  s-methyl g l y c a l s  

(Scheme 2)  and pseudoglycal systems (Scheme 4) are underway and 

w i l l  be reported i n  due course.  

EXPERMENTAL 

General Procedures. Melting p o i n t s  were determined in c a p l l -  

l a r y  tubes i n  a BUchi &de l  510 apparatus  and a r e  uncorrected.  
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28 MWE AND FRASER-REID 

Elemental  ana lyses  were performed by Guelph Chemical Labs, Guelph, 

Ontar io ,  and D r .  F. Kasler, Department of Chemistry, Un ive r s i ty  of 

Maryland. 

T-60, EM-360, XL-100, HR-220 o r  HR-360, Brucker UP-80, o r  WH-400) 

and I R  s p e c t r a  us ing  a Beckman IR 10 o r  Pe rk in  E l m e r  298 spec t ro -  

meter. Low r e s o l u t i o n  US were ob ta ined  on HitachiIPerkin-Elmer 

RMH-2 and HRMS on a VG 7070F. 

p l a t e s  (E. PIerck, CAT. 5539) wi th  e t h y l  acetate-petroleum e t h e r  

(3Oo-6O0) mixtures  a s  follows: A (50:50), 8 (20:80), C (33:67), o r  

D methanol-methylene c h l o r i d e  (10:90). P r e p a r a t i v e  l a y e r  chroma- 

tography was done using g l a s s  p l a t e s  (20 cm x 20 cm) coated with 

s i l i c a  g e l  (PF-254, E. Merck) and t h e  above mentioned s o l v e n t  

systems. and column chromatography was c a r r i e d  ou t  using s i l i ca  g e l  

(E. k r c k  70-230 mesh A.S.T.M. o r  230-400 mesh A.S.T.H.). 

'H and 13C NHR s p e c t r a  were determined i n  CDC13, (Varian 

TLC w a s  c a r r i e d  ou t  on s i l i c a  g e l  

1,5-Anhydro-2 d e o x y - 3 - ~ - m e t h y l - 6 - ~ t r i t y l - D - ~ h e x - l - e n i t o l  

(5) and 1,5-Anhydro-2-deoxy-3~-methyl-6-~trityl-D-arabino-hex-l- 
e n i t o l  (5a) .  - 1,5-Anhydro-2-deoxy-6-~trityl-~-erythro-hex-l-ene-3- 

u l o s e  3,12 (210 mg, 0.M rmml) was d i s s o l v e d  i n  t e t r ahydro fu ran  (25 mL), 

cooled under argon t o  -78", and me thy l l i t h ium (- 3 equ iva len t s )  was 

added. 

and then  poured i n t o  w a t e r .  

sodium c h l o r i d e  and e x t r a c t e d  w i t h  d i e t h y l  e t h e r ,  and the combined 

o r g a n i c  e x t r a c t s  were d r i e d  ove r  sodium s u l f a t e  and concen t r a t ed  under 

vacuum. P r e p a r a t i v e  l a y e r  chromatography us ing  s o l v e n t  system A 

a f fo rded  (70 mg, 32%) and (104 mg, 48%). 

TLC: Rf 0.62 (A); [a]$o +71.2* (c ,  2.77 i n  CHC13); I R  

(nea t )  3400 cm-' (OH), 1645 cm-' (C-C); b NMR: 6 1.39 ( 8 ,  3, CH3), 

2.0 (bs, 1, OH),  2.7 (bd, 1, OH), 3.3-4.0 (m, 4,  H4, H5, H6, H6'), 
4.80 (d, 1, 31,2 - 10, 82 ) ,  6.40 (d,  1, H l ) ,  7.5 (m, 15 ,  aromatic) .  

TLC: Rf 0.43 (A); [a]': 6.5Oo(c, 1.37 i n  CHC13); I R  (nea t )  

3400 cm-' (OE), 1650 cm-' (C=C); 'H NMR: 6 1.27 (s, 3, C H 3 ) *  2.2 (bs, 

2, 2 x OH), 3.1-4.1 (m, 4, H4, 8 5 ,  H6, H6'), 4.63 (d, 1, J1,2 = 8, H2), 

The r e a c t i o n  mixture  w a s  al lowed t o  wafm up t o  room temperature  

The aqueous l a y e r  w a s  s a t u r a t e d  wi th  

For &: 

For k: 

6.2 (d, 1, Hl), 7.4 (m, 15 ,  aromatic) .  

1,5-Anhydro-2-deoxy-3-~-methyl-6-O-tritpl-D-~-hex.itol (6,. 
The g l y c a l k  (132 mg, 0.328 mmol) w a s  d i s so lved  in e thano l  (25 mL) 

wi th  a c a t a l y t i c  amount of Raney n i c k e l  and shaken under hydrogen 

(80 psl) for 24 h. The r e a c t i o n  mix tu re  w a s  f i l t e r e d  through C e l i t e  
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3-C METEYL GLYCALS 29 

and concentrated t o  a c l e a r  o i l  (130 mg, 98%) vh ich  w a s  p u r i f i e d  by 

p repa ra t ive  l a y e r  c h r m t o g r a p h y  (D) y i e l d i n g  5 as a white s o l i d  (93 

mg, 70%) having t h e  fol lowing c h a r a c t e r i s t i c s :  mp 137. ( r ec rys t a l -  

l i z e d  from petroleum e t h e r ) ;  TLC: Rf 0.38 (D); [a]i3 -53.2' (c,  0.164 

i n  CHCl3);  I R  (CECl,) 3460 cm-' (OH); b NMR: 6 1.25 (6, 3, C E g ) ,  1.50- 

1.80 (m, 2, H2, H2'). 2.6 (bs,  2, 2 x OE), 3.12-3.90 (m, 6, 81, E l ' ,  

H4, H5, H6, E6'), 7.1-7.6 (m, 15, aromatic) .  

Anal. Calcd f o r  C26H2804: C ,  77.19;  11, 6.98. Found: C, 77.45;  8 ,  7.22. 

13C NHR: 6 27.071 (CH3). 

The g l y c a l z  (44 mg, 0.22 naaol) w a s  hydrogenated as descr ibed in 

p a r t  ( a )  t o  give t h e  dihydro analogue l5, 37 ng, Rf 0.32 (B). 
mate r i a l  w a s  d issolved i n  methanol (20 mL) and 3 drops of methanolic 

hydrogen ch lo r ide  (12%) were added and then s t i r r e d  at roOm tempera- 

t u r e  f o r  15 min. Evaporation a f fo rded  a wh i t e  s o l i d  (29 ma) Rf 0.38 
(D), which w a s  t r e a t e d  with excess  t r i t y l  c h l o r i d e  and py r id ine  f o r  

36 h. 

i a l  obtained i n  p a r t  (a). 

The 

Work up i n  the usual way a f fo rded  5 I d e n t i c a l  with t h e  mater- 

1 , 5 - A n h y d r o - 2 ~ e o x y - 3 - ~ - m e t h y ~ - 6 ~ t r ~ t y l - ~ a r a b i n ~ ~ x l t o l ,  (7).  

(a)  The g l y c a l  5a (183 mg, 0.454 wl) w a s  hydrogenated as descr ibed 
above f o r  & t o  y i e l d  7 (180 mg. 98%) as a clear o i l .  

[a]g2 -11.4" (c ,  0.832 i n  CHC13); I R  (nea t )  3410 cm-' (OE); NMR: 6 

1.25 (s, 3, CH3) 1.52-1.97 (m, 2, H2.  HZ'), 2.83 (bs,  2, 2 x OH), 3.02- 

3.97 (m, 6, Hl, 81'. R4, H5, H6, 86 ' ) .  7.2-7.6 (m, 15,  aromatic) ;  13C 

NMR (25.2 MHz) 6 19.233 (CH3). 

Found: m/z 404.199 (A, 5.5 ppm). 

TLC: Rf 0.37 (A); 

HRMS Calcd f o r  Cz~H2801,(k): 404.221. 

(b) Compound E w a s  hydrogenated over  Raney n i c k e l  as descr ibed 

above and the dihydro product la, Rf 0.27 (B), w a s  converted i n t o  t h e  

t r i t y l  d e r i v a t i v e  as descr ibed i n  t h e  preceding s e c t i o n  f o r  t h e  

epimer 9. The products from p a r t s  ( a )  and (b) =re I d e n t i c a l .  

2-Deoxy-4~(~-meth0xy-ethoxymethyl~-6~-tr i ty l -D-erythro-~~- i -  

The hydroxyenone *l2 (1.688 g, 4.37 uuwl) w a s  d i s so lved  in dry 
methylene chloride (30 d.). H.E-Diisopropylethylamine (1.5 mL, 8 -1). 

and 8-methoxyethorymethyl (W) c h l o r i d e  (0.90 mL, 8 -1) were added 
t o  the  s t i r r e d  so lu t ion .  A f t e r  36 h t h e  reaction mixture  w a s  poured 

I n t o  d i e t h y l  e t h e r  and washed success ive ly  wi th  aqueous sodium b ica r -  

bonate, water and br ine.  

s u l f a t e  and concentrated t o  a yellow o i l .  Colurrm chromatography (sol-  

enopyran-3-ulose (2). 

The o rgan ic  s o l u t i o n  w a s  d r i e d  over  sodium 
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30 DAWE AND FRASW-REID 

vent C) on the residue yielded the title compound as a colorless o i l  

(1.6 g, 77%). The following characteristics were observed for compound 
- 3b: 

cm 

TLC: Rf 0.47 (C); [a]k5 +14Z0 (c. 1.12 in CHCl3); IR (neat) 1690 

(C-0); -1 b NMR: 6 3.3-3.9 (m, 9, OCH3, oc82CH20, 86, H6'), 4.52 

(be. 2, 114, HS), 4.85 ( 8 .  2, -OCH20-). 5.48 (d, 1, J 1,2 9 6, H2). 7.2- 

7.7 (m, 16, H1, aromatic). 
1,5-Anhydro-2-deoxy-4-O-(B-methoxyetho~thyl)-3-~-~thy~-6-~ 

.-- 

t r i t y l - D - ~ h e x - l - e n i t o l & ) .  and 1,5-Anhydro--2-deoxy-4-O-(B-methoxy- 

e thoxyme thyl) -3%-m=thyl-+t rityl-D-arabino-hex-l-enitol (5b). 

Compound 2 (106 mg, 0.223 mmol) was treated with methyllithium as 
described above for 2. Preparative layer chromatography afforded 
(41 mg, 41%) and 2 (58 mg, 53%). 

41.3O (c, 1.5, in CHC13); IR (neat) 
3450 cm" (OH). 1650 cm-' (C=C); 'H NMR: 6 1.57 (2, 3, CH3), 2.9-4.0 
(m, 12, H4, H5, 86, H6', OH, OCH3, OCH2C820), 4.3-4.8 (m, 3, 8 2 ,  OCHpO), 

6.5 (d, 1, J1,2 = 6, Hl), 7.1-7.7 (m, 15, aromatic). 

CHC13); IR (CHC13) 3450 as-' (OH), 1655 cm-l (C=C); 'H NMR: 6 1.30 
(s, 1, CH3), 3.0-4.9 (m, 15, H2, H4, H5, H6, H6', OH, OCB3, OCH20, 

OCHZCH~O), 6.40 (d, 2, J1,2 - 6.0, Hl), 7.1-7.7 (m, 15, aromatic). 
Anal. Calcd for C30H3406: C. 73.44; H, 6.99. Found: C. 73.51; H, 7.04. 

1,5-Anhydro-2-deoxy-4,6~isopropylidene-3-~-methyl-D-ribo-hex-l- 

For s: TLC: Rf 0.38 (A); 

For 2: mp 125-127"; TLC Rf 0.57 (A); [a];' 37.9" (c, 1.50 in 

enitol (2) and 1,5-Anhydro-2-deoxy-4,6~-isopropylidene-3-~-methyl-~ 
arabino-hex-l-enltol (10). 
with methyllithium as described above for &. 
oily product (230 mg, 99%) indicated a 4:l mixture and chromatography 

on a silica gel column using ethyl acetate-petroleum ether (85:15) 

afforded 9 (139 mg, 60%) and lo (46 mg. 20%). 

0.43 (B); [a]io 114" (c, 2.24 in CHC13); IR (CHC13) 3400 cm-' (OH), 
1640 cm-' (C=C); h NMR: 6 1.35 ( 8 ,  3, C H 3 ) .  1.47 ( 8 ,  3, CH3). 1-55 
(s, 3, CH3). 2.4 (bs, 1, OH), 3.5-4.15 (m, 4, H4, H5, H6. H6'). 4.85 

(d, 1, J1,2 = 6, H2), 6.35 (d, 1, Hl). Anal. Calcd for ClOH1601+: C, 

Compound S (214 mg, 1.16 -1) was treated 
GLC analysis of the 

For 9: mp 71-72- (recrystallized from petroleum ether); TLC Rf 

59.96; €I. 8.06. Found: C, 60.02; 8, 8.31. 

(neat) 3450 cm-l (OH), 1645 cm-' (C-C); 'H NMR: 6 1.38 ( 6 ,  3, a3). 
1.45 ( 8 ,  3, CH3), 1.54 ( 8 ,  3, CH3), 1.92 (bs, 1, OH), 3-7-4-1 (m, 

For lo: TLC Rf 0.30 (B); 38.7" (c. 0.372 in CHCl3); IR 
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3-C METHYL G L Y U S  31 

4, 114, H5. 86, H6'), 4.74 (d, 1, J - 6.1, W), 6.19 (d. 1, Hl); 

MS m/z 200 (M+>. 
1.2 

1,5-Anhydro-4,6~benzylidene-2-deoxp-3~-~thyl-D-ribo-hex-l- 

enitol (12) - and 1.5-anbydro-4,6-0-benzylidene-2-deoxy-3-C-methyl-D- 
arabino-hex-l-enitol (13). 
dissolved in tetrahydrofuran (20 mL), was treated with methyllithium 

in the usual way to afford the title compounds (115 mg. 86%). %i NMR 

indicated that 13 and %were present in a ratio of 7:3. 
layer chromatography (C) was only partiallysuccessful, affording the 

The en= (125 mg, 0.539 -1). 

Preparative 

major component 12 pure as an oil (36 mg, 27%). 

IR (neat) 3440 an-' (OH), 1640 cm-' (C-C); 'H NMR: 6 1.38 (s, 3, CH3), 

2.3 (bs, 1, OH), 3.5-4.6 (m, 4, H4, H5. H6, H6'), 4.85 (d, 1, J1,2 = 

6, H2). 5.65 ( 8 ,  1. Ph?), 6.35 (d. 1, Hl), 7.45 (m, 5 ,  aromatic). 

For compound 12: TLC Rf 0.52 (C); [a]i2 +89O (c, 0.26 in CHC13); 

The minor component 13 could not be obtained free from the major 
isomer, but the following data were ascribed to this compound: TLC 

Cf 0.45 (C); lli NMR (80 MHz) 6 1.42 (s, CH3), 4.78 (d, J = 6, H2). 

5.55 (s, PhCg), 6.20 (d, Hl). 

1,5-Anhydro-2-deoxp-4,6-~-isopropylidene-D-arabino-hexitol (g). -. 
Triacety1)-glucalk (10 g, 37 mmol) was dissolved in methanol (200 
mL) and to the solution was added anhydrous sodium carbonate. After 

stirring at room temperature for 5 h the reaction was filtered. 
catalytic amount of Raney nickel vas added to the filtrate, and the 

mixture was shaken under hydrogen (85 p.s.1.) for 18 h. The reaction 
mixture was filtered through Celite and concentrated and the resulting 
oil was treated vith dimethoxypropane (E 20 mL) in acetone (100 mL) 

containing a catalytic amount of p-toluenesufonic acid. 

small BmDunt of triethylamine was added to neutralize the acid and 

evaporation of the volatile materials gave the title compound as a 

clear oil (5.5 g, 79%). 

[a], -19.8O (c, 4.02 in CHCl3); IR (neat) 3450 cm-' (OH); 'H NWB: 6 
1.25 (s, 3, CH3). 1.35 (s, 3, CHj), 1.6-2.0 (m, 2. H2, H2'), 3.0 (bs, 
1, OH), 3.1-4.0 (m, 7, H1, Hl', H3, 84, H5, H6, H6'). 

A 

After 2h a 

Compound =had the followlng characteristics: TLC Rf 0.48 (D); 

1.5 Anhydro-2-deoxy-4.6~isopropylidene-Drythro-hex-3-ulose 
_ _ _ _ ~ . -  

(2). The alcohol18 (1.109 g, 5.97 -1) was dissolved in dimethyl- - 
formamide (5 mL). Dimethyl sulfoxide (1.9 g, 24 -1) and phosphorus 
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32 MWE AND FMSER-REID 

pentoxide (0.85 g, 6 mmol) were added aqd the mixture stirred at 65" 

for 2 h. 

chloride (=. 100 mL). 

water until the washings were neutral. 

concentrated to a broun 411 (410 mg, 37%), which was homogeneous by 

TLC (A). 

After cooling the Feaction mixture was diluted vith ethylene 
Thp methylene chloride solution vas washed with 

The organic layer was dried and 

A small portion of the material was purified by column chromato- 

graphy. gave the following: TLC Rf 

0.51 (A); [a] i4  25.4" (c, 1.83 in CHC13); IR (neat) 1735 cm-' (c=o); 
% NWR: 6 1.40 ( 8 ,  3, CH3), 1.50 (s, 3, CQ), 2.50-2.70 (m, 2, H2, H2'), 

3.3-4.5 (m. 6, H1, Hl', 84. H5, H6, H6'). 

A purified sample of compound 

1,5-Anhydro-2-deoxy-4,6~1sopropylidene-3~~-~thyl-P.ribo-he~tol ~ - . . -  
(15). and 1,5-Anhydro-2-deoxy-4,6~isopropylidene-3-~-methyl-D-arabino- 
hexitol (16). 

lithium as described above for ?, to afford two tertiary alcohols (35 

._ - - - - - - -__ . - ._ . - - - - 
Ketone 2 (35 mg, 0.19 mmol) was treated with methyl- 

ma, 92%) in the ratio 9:l (GLC). TLC (B) comparisons with the dihydro 
products of 9 and 
nents were and 16 respectively. 

(vide supra) showed that major and minor compo- 

1~-(3-Methylfuran-2'-yl)-2-Q-trityl-~-ethanedI01 (20). A 

mixture of the diols 5 and z(300 mg, 0.75 mmol) was dissolved in 
methylene chloride (10 mL). Acetic acid (0.5 mL) and a small amount 
of silica gel were added and the dxture was stirred at room tempera- 
ture for 36 h. The reaction dxture was neutralized with sodium 

bicarbonate, filtered, concentrated and purified by preparative layer 
chromatography (B) yielding the title compound as a clear oil (200 mg, 
69%) having the following characteristics: 

'H NMR: 6 2.00 (bs, 

TLC Rf 0.58 (B); [a]D+8.80 
(c, 0.25 in CHCl3); IR (neat) 3400 cm-l (OH); 

3, CHJ), 2.55 (bs, 1, OH), 3.2-3.7 (m. 2, 82, H2a), 4.83 (dd, 1, J 
5, J1,2a = 7, Hl). 6.2 (bd, 1. J4~,5, = 3, 84'). 7.2-7.7 (m, 16, m'. 
aromatic). 

= 
1,2 

Acetylated Glycals - 21 (a, b, c and d). The title acetates were 

prepared from enones 2. sand 11 by addition of methyllithium at -78' 

as described abwe. 

excess acetic anhydride which had been stored over barium carbonate 

was added. The mixture was allowed to warm up to room temperature 
and then worked up in the usual way. 

The solution was allowed to warm up to -40" and 

44Acetyl-2,3-dideoxy-3-~-methyl-6~trityl-~erythro-hex-2- 

enopyranose (z). The diacetate 21c (180 mg, 0.38 nmral) in dioxane ----- 

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



3-C HElXYL GLYCALS 33 

(10 mL) w a s  added t o  b o i l i n g  water (40 mL) conta in ing  a small amunt 

of hydroquinone 

argon. 

by the addi t ion  of ice and then e x t r a c t e d  w i t h  methylene ch lor ide  t o  

a f ford  an o i l  (160 mg). Preparat ive l a y e r  chromatography (B) yielded 

- 2a: TLC Rf 0.30 (C); [a];2 -8.83' (c ,  1.97 i n  CHCl3); I R  (neat)  
3420 cm-' (OH), 1745 (Gd); h NMR 6 1-80 (bs, 3,  CH3), 2.2 

(9, 3. C&CO), 2.6 (be, 1, Oil>, 3-0-3.5 (m, 2, 86,  H6'). 3.9-4.2 (m, 
1. H5), 5.0-6.0 (m, 3, H1. H2, H4), 7.2-7.7 (m, 15, aromatic) .  

t h e  r e a c t i o n  being c a r r i e d  out  in the dark under 

A f t e r  r e f l u x i n g  f o r  20 min. the  s o l u t i o n  w a s  cooled rap id ly  

4 - ~ A c e t y l - 2 , ~ d i d e o x y - ~ ~ - ~ t h y 1 - 6 ~ - t r i t y l - D - e r y t h r o - h e x - 2 - e n o n o -  - -. -__ - - - - -. 
1.5-lactone (g). 
dized with pyridinium dichromate. 

tography (C) , compound = w a s  obtained as a white  c r y s t a l l i n e  s o l i d  

(220 mg. 46%) having the following c h a r a c t e r i s t i c s :  mp 148.3-148.80 (re- 

c r y s t a l l i z e d  from Mew); La]6° + 117O(c. 0.443 i n  CHCl?) TLC Rf 

0.37 (C); I R  (neat)  1645 cm-' (acetate and lactone C=O); 'H NMR 1.95 

(d* 3, JCH3,H-2 = 0.7, CH3), 2.07 (s, 3, CIl3CO). 3.30 and 3.48 (AB of 

ABX, 2, J5,6 = J51,61 = 4 ,  J 6 , 6 1  

4.5. 16). 5.70 (d, 1, H4). 5.94 (bs, 1, H2). 7.15-7.7 (m, 15. aromatic).  

H,  5.78. 

The p s e u d o g l y c a l G  (550 mg. 1 .12  mmol) was oxi- - _ _  __- 
After p u r i f i c a t i o n  by colunn chroma- 

9, H6, H6'). 4.53 (ddd, 1, J - 
4,5 

Anal. Calcd fOt C27H2605: C,  75.31; H, 6.09. Found: C. 75.58; 

Me thy l - 4 e A c e  t y  1-2,3-dideoxy- 3-C-methyl-C<-trity 1- al-;)-ery thro-  - __  - - ._ __ - - -___ . -  - -  
hex-2-enopyranosides (a). The d i a c e t a t e  (105 mg, 0.22 utmol) was 

dissolved in absolu te  methanol (10 mL). A c a t a l y t i c  amount of pprid- 

inium p-toluenesulfonate w a s  added and t h e  r e a c t i o n  mixture  allowed 
t o  stand a t  room temperature u n t i l  completion (48 h). 

of sodium bicarbonate  w a s  added and methanol w a s  removed. The res idue  

w a s  taken up i n  methylene ch lor ide ,  washed with w a t e r ,  d r i e d  and 

concentrated t o  a clear o i l .  This material w a s  subjected t o  column 

chromatography (B) y i e l d i n g  the  t i t l e  compounds 3 a s  an inseparable  

mixture (87 mg, 86%) having the following characteristics: TLC Rf 

2, G3), 1.85 ( 8 ,  3, CH3CO). 3.05-3.35 (1, 2,  H-6, H-6'), 3.38 (s, 

A small  amount 

0.54 (B) ;  I R  (neat)  1745 cm-' (OAc); 'H NHR: 6 1.63 (d.  3, JCH3,8-2 

0.5, OCH3), 3.50 (s, 2-5, OCH3). 4-02 (ddds 1, J4.5 9,  J5,6 J5,6v 
5,  H5). 4.93 (bs ,  1, Hl),  4.30 (d,  1. H4), 4-60 (a, 1. R2).  7.1-7.65 

(m, 15, aromatic).  

Anal. Calcd f o r  C2983005: C ,  75.96; H, 6.59, Found: C. 75.78; 

H, 6.48. 
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