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ABSTRACT 

The 'H and 13C NMR spectra of e thyl idene d e r i v a t i v e s  of 
simple d i o l s  and of carbohydrates were measured t o  determine 
whether NMR parameters could be found which could be r e l a t e d  t o  
s t ructure .  
s h i f t s  of t he  a c e t a l  proton and carbon, the J v a l u e  between 
the  a c e t a l  proton and methyl carbon and the 'JE'; v a l u e  of the 
a c e t a l  carbon. The va lues  of these parameters &ere a l l  somewhat 
r e l a t e d  t o  r3ng-size; t he  Jc v a l u e  was most c l o s e l y  r e l a t ed .  
The sign of J H was shown t 6  be p o s i t i v e  f o r  2-methyl-1,3- 
dioxolane and ~%ethyl-1,3-dioxane by means of s e l ec fgve  
population t r a n s f e r  experiments. Comparison of t he  C NMR 
chemical s h i f t s  of the  a c e t a l  with the  parent d i o l  was found t o  
g i v e  information about a c e t a l  location. 

Four NMR parameters were consideTjed; t he  chemical 

2 

INTRODUCTION 

Ethylidene a c e t a l s  have been extensively employed as  
protect ing groups f o r  d i o l s ,  p a r t i c u l a r l y  of those derived from 
carbohydrates.' The normal method of a c e t a l  formation invo lves  
use of paraldehyde and an acid ca t a lys t .  Such conditions y i e l d  
products formed under thermodynamic contro 1. 
a s  f u l l y  ace t a l a t ed  a s  poss ib l e  and the a c e t a l  r i ngs  a r e  normally 
subst i tuted 1,3-dioxane r ings,  t he  most s t a b l e  type of r ing f o r  
a c e t a l s  derived from aldehydes.' 
found t h a t  v i n y l  e the r s  react  with po lyo l s  under conditions of 
k i n e t i c  con t ro l  t o  g i v e  d i f f e r e n t  types of products. 

Structures  of a l l  types of a c e t a l s  have t r a d i t i o n a l l y  been 
determined by chemical methods. 
f a s t e r  and can of ten remove ambiguity i n  s t r u c t u r a l  assignment. 

The products a r e  

More recent ly ,  it has been 

2 

However, s p e c t r a l  methods a r e  

1 7  1 
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172 GRINDLEY AND WICKRAMAGE 

'H NMR spectroscopy would not be expected t o  be a s  u s e f u l  f o r  
s t r u c t u r a l  e luc ida t ion  of compounds containing e thy l idene  a c e t a l s  
a s  it i s  f o r  benzylidene a c e t a l s  because t h e  s i g n a l  of t he  
ethyl idene a c e t a l  proton appears i n  a region from about 4.5 t o  5.2 
ppm where it o f t en  o v e r l a p s  with those of anomeric and o t h e r  
secondary protons. I n  addi t ion,  t h i s  s i g n a l  appears as a qua r t e t  
increasing the  l i ke l ihood  of overlap.  

f o r  t h e  determination of a c e t a l  s t ructure .  3-8 
parameters were demonstrated t o  ind ica t e  benzylidene a c e t a l  
configuration3 and r ing  size.4 
13C NMR parameters gave information about r ing size5a6a7 and 
conformation of isopropylidene a c e t a l s .  The loca t ion  of an 
isopropylidene or  cyclohexylidene a c e t a l  can o f t en  be determined 
by comparison of t h e  chemical s h i f t s  of t he  a c e t a l  with i t s  
precursor dio1.8 This pub l i ca t ion  r epor t s  an examination of the  
'€I and 13C NMR spectra  of e thy l idene  a c e t a l s  t o  determine whether 
u se fu l  s t r u c t u r a l  c o r r e l a t i o n s  can be made. 

13C NMR spectroscopy has been shown t o  be p a r t i c u l a r l y  use fu l  
A number of 1 3 C  NMR 

Subsequently, it w a s  shown t h a t  

6 

RESULTS AND DISCUSSION 

Mode 1 Compounds 
H and 13C NMR 

chemical s h i f t s  of 1 , 3 - d i o ~ o l a n e s ~ - ~ ~  and 1,3-dioxanes. 12-15 

L i t t l e  coupling constant data was a v a i l a b l e .  Most of t h e  
l i t e r a t u r e  13C NMR data  has been measured i n  chloroform-4 wh i l e  
t he  H NHR data has been measured i n  carbon t e t r a c h l o r i d e .  For 
t h i s  study, chloroform-d w a s  chosen a s  s o l e  s o l v e n t  because most 
carbohydrate e thyl idene a c e t a l s  a r e  s o l u b l e  i n  it. Table 1 l i s t s  
the  NMR data  f o r  model compounds, some of which i s  l i t e r a t u r e  

1 There have been extensive s tud ie s  of t h e  

1 

The most r e a d i l y  measured NMR parameter i s  t h e  chemical s h i f t  
of t h e  a c e t a l  proton. As with t h e  chemical s h i f t  of t he  
benzylidene a c e t a l  pro to^,^,^^ i t s  pos i t i on  r e f l e c t e d  ring-size 
f o r  common types of a c e t a l s ;  s i g n a l s  with s h i f t s  from 4.90 t o  5.15 
ppm normally arose from 2-methyl-1,3-dioxolane r ings,  wh i l e  those 
with s h i f t s  from 4.60 t o  4.75 ppm arose from six-membered rings.  
Bowever, 2-methyl-1,3-dioxane r i n g s  with a x i a l  subs t i t uen t s  a t  
posit ion-4 o r  -6 and a l s o  2-methyl-1,3-dioxepane r ings  gave v a l u e s  
which w e r e  o f t en  within t h e  range observed f o r  2-methyl-1,3- 
dioxo lane de r iva t ives .  The observat ion t h a t  t he  chemica 1 s h i f t  
ranges f o r  these two l e s s  common types of a c e t a l s  overlapped with 
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ETHYLIDENE ACETALS 173 

those of t he  five-membered r ing d e r i v a t i v e s  was a l s o  made f o r  the 
analogous benzylidene a ~ e t a l s . ~  
vere  about 1 ppm l e s s  than those of t he  s t r u c t u r a l l y  analogous 
benzylidene a ~ e t a l s , ~  g r e a t l y  increasing the chance of ove r l ap  
v i t h  s i g n a l s  from secondary hydrogens of carbohydrates. 

The va lues  f o r  e thyl idene a c e t a l s  

'*IoH R1 OH Z Z b M e  x x } - - M e  

8 b C 

b 

88 8b 

The I 3 C  NMB chemical s h i f t  of the a c e t a l  carbon i s  a l s o  
r e a d i l y  access ib l e  experimentally. 
t ha t  these s h i f t s  vere  r e l a t e d  t o  r ing s i ze ;  t he  s i g n a l s  from 
t y p i c a l  2~nethyl-1,3-dioxolanes appeared a t  s h i f t s  from 100 t o  103 
p p ,  v h i l e  those from 2-methyl-la3-dioxanes f e l l  in  a range of 
98.0 t o  99.8 ppm. Moreover, 2-methyl-1,3-dioxanes with axia 1 
subs t i t uen t s  a t  position-4 o r  -6 could be r e a d i l y  iden t i f i ed  by 
the  observation of comparatively up f i e ld  s i g n a l s  a t  9 1  t o  93 ppm 
(see ref.  1 2  f o r  add i t iona l  examples). 

Unfortunately, the 13C NHR s h i f t s  observed f o r  two l e s s  
common types of e thyl idene d e r i v a t i v e s  f e l l  across the ranges 

The data  in  Table 1 indicated 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
1
7
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



Table 1. Useful NMR Results for Model Ethylidene Acetals and their Precursor Diols 

Compound 

- la 
- lb 

- 2a 

2b 

- 2c 
- 

- 3bb 

- 32 

- 4a 
- 4b 

- 5a 

- 5b 

- 6a 

- 6b 

- 7a 
- 7b 

- 8a 
- 8b 

13C NMR Chemical Shifts (ppm) 

C-la C-2a C-3a c-4a 

63.7 63.7 

65.0 65.0 

67.8 68.3 18.9 

71.1 73.0 18.9 

72.0 71.9 18.5 

15.6 74.5 74.5 15.6 

14.3 74.1 74.1 14.3 

59.2 34.9 59.2 

66.8 25.9 66.8 

60.0 40.8 66.3 23.5 

66.4 33.0 72.6 21.8 
24.0 68.4 46.6 68.4 

21.7 72.2 40.5 72.2 

23.5 64.9 46.3 64.9 

21.9 67.4 36.6 68.0 

62.0 29.9 29.9 62.0 

65.2 29.5 29.5 65.2 

C-5' acetal methyl 
C C 

101.6 

101.8 

100.8 

100.0 

99.3 

99.3 

98.9 

24.0 

21.7 98.4 

23.5 

17.2 91.2 

99.5 

19.8 

20.3 

20.3 
20.8 

21.2 

21.4 

21.3 

21.2 

21.5 

20.7 

l3C-l8 Cou li g 
Constants 8~zP 

15 25 
acetal methyl 

C C 

165 .O 

164.2 

164.7 

C 

C 

158.2 

158.6 

158.1 

159.2 

163.6 

5.9 

6.0 

6 .O 

C 

C 

1.3 

1.4 

0.9 

1 

2.6 

'H Shifts piR Chemi (ppm? a1 

acetal methyl 
H 

4.93 

5.06 

5.12 

C 

C 

4.67 

4.66 

4.70 

5.02 

4.86 

1.31 

1.35 

1.31 

C 

C 

1.27 

1.27 

1.32 

1.25 

1.24 

u 

a. acetal carbons numbered as in their precursor diols. b. ref. 9. c. not recorded. 
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ETHYLIDENE ACETALS 175 

noted above. The 1 3 C  NMR chemical s h i f t s  of a c e t a l  carbons of 
e thy l idene  groups i n  sevenlnembered r i n g s  were h i g h l y  v a r i a b l e ,  
p a r t i c u l a r l y  when t h e  carbohydrate  examples were inc luded  (see 
Tab le  21, ranging from 95 t o  100 ppm. The s i g n a l  of t h e  a c e t a l  
carbon of 4,5-c i s  , t rans  -d i s  ub s t it u t  ed -2-me thy 1 - 1,3 -d ioxo 1 anes 
appeared i n  t h e  reg ion  where most d e r i v a t i v e s  of 2-methyl-1,3- 
dioxane absorb and those  of more h i g h l y  s u b s t i t u t e d  2-methyl-1,3- 
dioxane d e r i v a t i v e s  appeared a t  s t i l l  h igher  f ie ld . '  Thus t h e  
chemical s h i f t s  of both t h e  a c e t a l  p ro ton  and t h e  a c e t a l  carbon 
can be h e l p f u l  but cons idera t ion  of t h e i r  v a l u e s  w i l l  not  a lways 
y i e l d  unambiguous assignment of a c e t a l  r i ng  s ize .  

A parameter which i s  almost  a s  a c c e s s i b l e  exper imenta l ly  a s  
t h e  I 3 C  NMR chemical s h i f t  of t h e  a c e t a l  carbon i s  t h e  2JC,H v a l u e  
between t h e  a c e t a l  hydrogen and t h e  methyl carbon of t h e  
e thy l idene  group. 
NMR spectrum i s  s p l i t  by t h e  t h r e e  d i r e c t l y  bonded hydrogens and 
by t h i s  geminal coupl ing.  
hydrogen atoms a r e  very  s m a l l  s i n c e  any a d d i t i o n a l  coupl ings  must 
occur ac ross  more than t h r e e  bonds. In p r a c t i c e ,  t h e  s i g n a l  of 
t h e  methyl carbon i n  t h e  f u l l y  coupled 1 3 C  NMR spectrum appears  a s  
a sharp q u a r t e t  of doub le t s  (or  s i n g l e t s )  wi th  cons iderably  
g r e a t e r  i n t e n s i t y  than t h e  s i g n a l s  f o r  t h e  o t h e r  carbons which 
have numerous geminal and v i c i n a l  coupl ing  cons t an t s  t o  hydrogen 
atoms. JC,H v a l u e  is c l o s e l y  r e l a t e d  t o  r i n g  
s i z e ,  having v a l u e s  of 6 Hz f o r  2-methyl-1,3-dioxolane 
d e r i v a t i v e s ,  
Hz f o r  2-methyl-1,3-dioxepane (Table  1). 

cons t an t s  of methyl carbons i n  a number of systems inc lud ing  t h e  
5- and 6lnembered parent  compounds h e r e  (Ib and 9). From a 
l i n e a r  c o r r e l a t i o n  of 2 Jc,B v a l u e s  and 2 JH,H v a l u e s ,  Ayras 17 

suggested t h a t  t h e  s igns  of t h e  2JC,R v a l u e s  f o r  compounds 
- 4b a r e  both p o s i t i v e .  S e l e c t i v e  popu la t ion  t r a n s f e r  (SPT) 
experiments18 have  been performed he re  t o  confirm t h i s  s ign  
assignment.17 
systems. The sp ins  invo lved  he re  a r e  t h e  a c e t a l  hydrogen, t h e  
methyl carbon and t h e  methyl hydrogens, which form an AMX3 s y s t m .  
A s  f a r  a s  w e  a r e  aware, an AMX3 case  has  no t  been examined i n  an 
SPT experiment a l though a r e l a t e d  experiment has been performed on 
an AX3 case. 

Figure 2 shows a s t i c k  diagram of t h e  r e l a v e n t  p a r t  o f  t h e  

The s i g n a l  of t h i s  carbon i n  t h e  coupled 13C 

Fur ther  s p l i t t i n g  by coupl ings  t o  o t h e r  

2 The v a l u e  of t h i s  

1.4 Hz f o r  2-methyl-1,3-dioxane d e r i v a t i v e s  and 2.6 

Ayras17 had measured t h e  a b s o l u t e  v a l u e s  of gemina 1 coup l i n g  

and 

Most SPT experiments18 have been performed on AMX 

19 

Figure 1 shows t h e  energy l e v e l  diagram f o r  t h e  AMX3 system. 
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TABLE 2. Useful NMR Results for Carbohydrate Ethylidene Acetals and their Precursors 

Compound 13C NMR Chemical Shifts (ppm) 

C-1 C-2 C-3 C-4 C-5 C-6 acetal methyl 
C C 

- 9aa 55.1 71.6 70.2 69.7 70.4 63.7 

- 9b 55.8 72.13b 70.Bb 69.1b 70.21b 68.4 100.4 19.9 

- 9c 55.8 72.16b 70.Bb 69,1b 70.16b 67.8 100.3 19.9 

- 9d 55.8 72.2 71.2 70.2 76.1 67.8 102.2 20.1 

- 9e 56.0 71.8b 71.0b 70.0b 75.9 66.9 101.8 19.6 

- 10aC 101.1 72.5 74.2 . 70.7 72.3 61.7 

- 10b 100.2 72.8 71.0 80.7 62.5 68.5 99.7 20.3 

1Oc 99.0 78.8 76.9 79.0 62.1 68.6 99.8 20.4 
95.5 20.9 
95.5 20.9 

10d 98.8 78.5 71.2 78.3 61.9 68.5 99.8 20.4 
97.5 19.6b 
97.2 21.7b 

- 

- 

- llae 63.7 71.3 69.6 69.6 71.3 63.7 
- llb 68.6b 59.5 81.8 81.8 66.4 69.0b 98.8 20.4 

98.7 20.4 
98.3 19.4 

a. ref.8. b. signals may be interchanged. c. in water-c12 (ref 
spectrum of a sample in a l:l/chloroform-d:acetone-& soliition, 
94.7 ppm. e. in dimethyl sulfoxide d (ref. 24). - -+i 

13C-1H Cou li g 
Constants BHzr Shifts (ppm? 

'H NMR Chemi a1 

acetal methyl 
H 

acetal 15 methyl 25 

C C 

157.4 1.3 4.721 1.33 

158.3 1.3 4.723 1.33 

166.2 5.9 5.07 1.38 

165.4 5.5 4.98 1.36 

159.4 1 4.72 1.37 

159.4 i:ib,d 4.60 1.36 
164.8 5.05 1.36 

160.4 1 4.73 1.37b 
167.3 2.5 5.20 1.41b 
159.4 1 5.06 1,33b 

164.8 1.7bsd 5.12 1.36 

1593 1.1 
159_+3 1.1 
170+3 2.8 

'. 23). d. from 
shifts 95.2 and 

4.70 1.33 
4.70 1.33 
4.97 1.21 
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ETHYLIDENE ACETALS 177  

Fig. 1. Energy l e v e l  diagram f o r  an AMX3 system. Energy l e v e l s  
a r e  a t  t h e  corners  whi le  t r a n s i t i o n s  a r e  along v e r t i c a l  and 
h o r i z o n t a l  l i nes .  There a r e  3 degenerate  energy l e v e l s  a t  t h e  
corners  l abe l l ed  4, 6 - 11 and 13. 

A 6  A5 A 4  A 3  

I t  k--d 
JAM JAX 

x4 x3 x2 X l  

I H  
JMX h X  

Fig.  2. S t i c k  d i ag ram o f  t h e  A and X p a r t s  o f  an  AMX3 system. 
Lines  a r e  numbered assuming a l l  coupl ing  cons t an t s  are  p o s i t i v e .  
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178 GRINDLEY AND WICKRAMAGE 

spectrum with the  l i n e s  numbered assuming t h a t  a l l  coupling 
constants  a r e  pos i t i ve .  It i s  w e l l  e s t ab l i shed  t h a t  t h e  s igns of 

would interchange the  pos i t i ons  of l i n e s  A 1  and A2, A3 and A4, A5 
and A6 and A7 and Ag. 
A4, A5, A6, A7 and Ag a r e  proport ional  t o  (1:1:3:3:3:3:1:1)yc 
r e s p e c t i v e l y  before i r r ad ia t ion .  I r r a d i a t i o n  of one of t h e  X 
t r a n s i t i o n s  with a s e l e c t i v e  II p u l s e  a f f e c t s  t h e  populations f o r  
t h e  connected energy l e v e l s .  For instance,  consider i r r a d i a t i o n  
of t he  t r a n s i t i o n s  l a b e l l e d  X1 (see Figure 1). The population 
of each energy l e v e l  w i l l  be a l t e r e d  by a f a c t o r y B / y C  €or each 
t r a n s i t i o n  connecting t h e  energy l e v e l .  Thus l e v e l s  16 and 13 w i l l  
be depleted by 3 yH/yC. 
yB/yc. Transi t ions A 1 ,  A3, A5 and A7 are a f f ec t ed  while  A2, A4, A6 
and A8 a r e  not. Calculated i n t e n s i t y  changes from i r r a d i a t i o n  of 
t he  l i n e  X1 expressed a s  r a t i o s  of t h e i r  o r i g i n a l  i n t e n s i t i e s  a r e  
-11, -3, +5 and +13 f o r  A 1 ,  A3, A5 and A7 re spec t ive ly .  Observed 
changes f o r  t he  s i g n a l s  f o r  the methyl carbon of compound fi on 
i r r a d i a t i o n  of l i n e  X 1  were -4, -0.6, +2 and +6 i n  good agreement 
with t h e  order predicted (compare top and bottom l e v e l s  of Figure 
1). S imi l a r  o r  poorer r e s u l t s  a r e  normally observed with SPT 
experiments" due t o  a number of experimental and t h e o r e t i c a l  
d i f f i c u l t i e s ;  obtaining low power pu l ses  which r o t a t e  t h e  
magnetization of on ly  one l i n e  exac t ly  radians,  posi t ioning the  
pu l se  exac t ly  a t  t he  desired l i n e ,  keeping the  p u l s e  short  enough 
t h a t  secondary population t r a n s f e r s  do not  occur. Figure 3 shows 
t h a t  i r r a d i a t i o n  of t h e  four X l i n e s  of a g a v e  cons i s t en t  
resul ts .  The experiment unambiguously demonstrated t h a t  t he  2JC,H 
va lue ,  5.9 Bz, has a p o s i t i v e  sign. 

Figure 4 shows the  r e s u l t s  f o r  2methyl-l,3-dioxane (&I. 
The ' 5 6 , ~  v a l u e  i n  t h i s  compound i s  1.3 Bz and t h i s  small a 
s p l i t t i n g  i s  not evident a t  the sweep width a t  which t h e  f u l l y  
coupled top spectrum i s  displayed. The requirement t h a t  t he  
s e l e c t i v e  p u l s e  i r r a d i a t e  on ly  the  desired X l i n e  i n  the  1 3 C  
s a t e l l i t e  pa r t  of t h e  proton s i g n a l s  f o r  t h e  methyl group i s  much 
more d i f f i c u l t  t o  achieve f o r  t h i s  compound. Nevertheless,  t he  
r e s u l t s  shown i n  f igu re  4 are on ly  i n  accord with a p o s i t i v e  sign 

both 1 JC,* and 3JH,H a r e  positive.20 A nega t ive  v a l u e  f o r  'Jc,H 

The i n t e n s i t i e s  of t he  l i n e s  A1, A2, A3, 

Leve l s  9 and 5 w i l l  be enriched by 3 

f o r  t he  2 JC,H value.  The e a r l i e r  p red ic t ion  of sign17 w a s  

co r rec t .  

i nd ica t e s  t he  precis ion of t he  r e l a t i o n s h i p  of Ayras17 and 
s t rong ly  suggests t h a t  2Jc,8 i s  a f f ec t ed  by t h e  same f a c t o r s  t h a t  

Confirmation tha t  t h i s  very small  l a t t e r  v a l u e  w a s  p o s i t i v e  
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ETHYLIDENE ACETALS 179 

U .  

Fig. 3. S e l e c t i v e  population transfer experiments on 2-methyl-1,3- 
dioxolane. The spectra show the s igna l s  of the methyl carbon. From 
the  top, these  s i g n a l s  are  shown with  no i r r a d i a t i o n ,  wi th  
i5radiation a t  l i n e  X4 of the methyl proton s igna l s  in the 'H NMR 

C s a t e l l i t e  spectrum, a t  l i n e  X3, a t  l i n e  X2, and a t  l i n e  X1. 
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180 GRINDLEY AND WICKRAMAGE 

Fig. 4.  S e l e c t i v e  population transfer experiments on 2-methyl-1,3- 
dioxane. From t h e  top,  t h e  s i g n a l s  shown a r e  t h e  methyl  carbon 
when t h e r e  i s  no i r r a d i a t i o n  and when t h e r e  i s  i r r a d i a t i o n  a t  
l i n e s  X4, X3,  X2, and X1 of the methyl protons. 
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ETHYLIDENE ACETALS 181 

2 determine t h e  s i z e  of 
considered. These f a c t o r s  i nc lude  t h e  presence of e l e c t r o n e g a t i v e  
groups and lone  p a i r s  and t h e i r  geometr ica l  r e l a t i o n s h i p  t o  t h e  
CH2 group, t h e  H-C-H bond a n g l e  and hybr id i za t ion  e f f e c t s .  
Considerat ion of t h e  range of 'JH,H v a l u e s  observed f o r  4CH20- 
groups 21,22 and Ayras's r e l a t i o n s h i p  sugges ts  t h a t  t h e  range of 
2JC,H v a l u e s  w i l l  be from about +6 t o  0 Hz. Devia t ion  from t h e  
v a l u e s  of 5.9, 1.3 and 2.6 Hz obtained f o r  t h e  parent  f ive- ,  s ix-  
and seven-membered e thy l idene  a c e t a l  r i n g s  can be r e l a t e d  t o  
conformational  and bond-angle e f f e c t s  a s  f o r  'JH,H v a l u e s  f o r  
r e  l a t  ed met hy 1 ene de r  i v a  t i v  es. 

s t r u c t u r a l  assignments i s  t h e  'JCSH v a l u e  f o r  t h e  a c e t a l  carbon. 
The magnitude of t h i s  parameter was r e l a t e d  t o  r i n g  s i z e  a s  it i s  
f o r  benzyl idene a c e t a l s 4  (see Tab le  1). The v a l u e s  observed f o r  
five-membered r i n g s  f e l l  i n  a narrow range from 164.2 t o  165.0 Hz. 
S i m i l a r l y  those  i n  2-methyl-1,3-dioxanes had a s m a l l  range of 
v a l u e s  from 158.1 t o  159.2 Hz. The v a l u e  i n  2-methyl-1,3- 
dioxepane was intermediate .  Measurement of t hese  v a l u e s  was more 
d i f f i c u l t  than f o r  benzyl idene a c e t a l s .  Not o n l y  were t h e  coupled 
13C NMR s i g n a l s  of t hese  a c e t a l  carbons s p l i t  by t h e  3 J c , ~  
coupl ing  t o  t h e  hydrogens on t h e  same carbons a s  t h e  a c e t a l  
oxygens (as  a r e  benzyl idene a c e t a l  carbons) but  a l s o  by t h e  'JCDH 
coupl ings  t o  t h e  methyl hydrogens. Thus, t h e  SIN r a t i o  f o r  t hese  
s i g n a l s  were always s m a l l e r  than f o r  t h e  a c e t a l  methyl s i g n a l s .  

membered r ing-s ize  f o r  i sopropyl idene ,  cyc lohexyl idene  and 
methylene a c e t a l s  can be obtained by comparing t h e  carbon-13 
chemical s h i f t s  of t h e  i n i t i a l  d i o l  wi th  those  t h e  r e s u l t i n g  
ace ta l .8  For C-2 of a 1,3-propanediol d e r i v a t i v e ,  an u p f i e l d  
s h i f t  of 8-9 ppm was observed w h i l e  t h e  e f f e c t s  f o r  1,4- 
propanedio 1 d e r i v a t i v e s  were sma 1 1.8 
s m a l l e r  i f  t h e  r e s u l t i n g  1,3-dioxane a c e t a l  had e q u a t o r i a l  
s u b s t i t u e n t s  on both carbon-4 and -6.8 
ev iden t  when t h e  chemical s h i f t s  of e t h y l i d e n e  a c e t a l s  were 
compared wi th  those  of t h e i r  p recursor  d i o l s .  
ranging from 7.8 t o  9.7 ppm were observed he re  f o r  most Z-methyl- 
1,3-dioxane d e r i v a t i v e s .  The chemical s h i f t  of t h e  s i g n a l  f o r  
carbon-5 of cis,cis-2,4,6-trimethyl-l,3-dioxane was 6.1 ppm 
u p f i e l d  of t h a t  of t h e  same carbon of t h e  precursor  d i o l ,  
cons i s t en t  wi th  a s i m i l a r  a t t e n u a t i o n  on 4- o r  6-equator ia l  
s u b s t i t u t i o n  observed f o r  t h e  o t h e r  a c e t a l s .  

JH,H a t  l e a s t  f o r  t h e  types  of groups 

21 

A fou r th  p o t e n t i a l  NMR parameter f o r  use a s  an a i d  t o  

Confirmation of t h e  d i s t i n c t i o n  between s ix-  and seven- 

This  upf i e  Id  s h i f t  was 

S i m i l a r  e f f e c t s  were 

Upf ie ld  s h i f t s  

8 
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182 GRINDLEY AND WICKRAMAGE 

Carbohvdrate examDles 

h , R = H  
- 9b and , 
R = CHMeOEt 

HO 

- 1 Oa 

J?* OMe 

- 1Oc and 2 

CH(SEt12 

H O T  HO 

l l a  - l l b  - 

A range of carbohydra te  d e r i v a t i v e s  w e r e  prepared t o  
i l l u s t r a t e  t h e  most common types  of e t h y l i d e n e  a c e t a  1s encountered 
in  carbohydra te  chemistry.  
compounds and t h e i r  p recu r so r  a l c o h o l s .  T a b l e  3 l is ts  t h e  ranges  
of u s e f u l  parameters  def ined  by both t h e  carbohydra te  examples and 
t h e  model compounds. For t h e  1,3-dioxolane and 1,3-dioxane 
d e r i v a t i v e s  t h e  v a l u e s  of a l l  parameters  d i scussed  e a r l i e r  f a l l  
w i th in  t h e  ranges def ined  by t h e  model compounds o r  s l i g h t l y  
extend t h e s e  ranges.  

T a b l e  2 l i s t s  t h e  NMR d a t a  f o r  t h e s e  
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TABLE 3. Summary of Useful NMR Parameters for Structural Assignment of Ethylidene Acetals 

Type of Ring NMR Chemical Shifts (ppm) 13C.NMR Chemic 1 S 'ft '3c-l~ cou li g 
Dif ferences ?ppm!' Constants BH~P 

'H NMR shift 13C NMR shifts for carbons for carbons 25 15 
methyl acetal 

C C 
a B acetal acetal acetal to oxygen to oxygen 

H C Me 

1 3 -d ioxo lane 4.93- 99.2- 19.8- 1.3- b 5.5- 164.2- 
166.2 5.12 102.2 20.3 5.7 6 .O 

lS3-dioxane with 
no axial 4.60- 98.4- 20.3- 2.5- -7.8 - 0- 158.2- 
substituents at 4.73 99.8 21.3 10.0 -10.2 1.4 160.4 
C-4 or C-6 

lS3-d+oxane with 
an axial 5.02 91.2- 25.2 C C C C 
subst ituent at 93.4 
C-4 or C-6 
1 3-dioxepane 4.86- 95.5- 19.4- 0.2- -0.4 1.7a 159.4- 

5.20 99.5 21.7 6 .O 2.8 170 

a. value from the acetal - value from the same carbon of the precursor diol. 
b. none in the lS3-dioxolane ring. 
in text. 

c. none measured d. one exception discussed 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
1
7
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



184 GRINDLEY AND WICKRAMAGE 

Considerable v a r i a t i o n  was noted i n  most parameters f o r  t he  
f i v e  seven-membered r ing e thy l idene  groups. The '€I NMR chemical 
s h i f t s  of t h e  a c e t a l  protons were l a r g e r  i n  the  carbohydrate 
examples, ranging from 4.97 t o  5.20 ppm, as compared t o  4.86 ppm 
i n  &. The 13C NMR chemical s h i f t s  of t h e  a c e t a l  carbons were 
l e s s  downfield, 95.5 - 98.3 ppm, a s  opposed t o  99.5 ppm i n  &. 
The v a l u e s  of J c , H  between t h e  a c e t a l  hydrogen and the  methyl 
carbon were the  most consis tent  parameter; four  of t he  f i v e  va lues  
f e l l  i n  t h e  range 1.7 - 2.8 Bz, c l o s e  t o  the  v a l u e  of 2.6 Hz 
observed f o r  &. 
- 10d w a s  <1 Hz. 
unusual conformation about t he  -0CHMeO- group. 

2 v a r i a t i o n  observed i n  
a s  soc i a  t ed with conf orma t iona 1 changes. 22 
ranged considerably from 160.4 t o  170 Hz, with four v a l u e s  164.8 
Hz o r  larger .  
group f o r  which a sma l l  2Jc,H v a l u e  w a s  measured. Small  v a l u e s  of 
lJc,H i n  seven-membered r ing benzylidene d e r i v a t i v e s  were shown t o  

4,25 be caused by unusual conformations of t he  seven-membered ring. 

f ive-membered isopropy l idene o r  cyc lohexy 1 idene r ing cou Id be 
determined by comparing t h e  chemical s h i f t s  of t h e  carbons in  the 
a c e t a l  with those i n  t h e  precursor alcohol.8 
a l c o h o l  carbons d i r e c t l y  attached t o  oxygen atoms were s h i f t e d  
downfield on a c e t a l  formation by s i g n i f i c a n t  amounts, > 2  pprn. 
S imi l a r  observat ions were made here  f o r  five-membered e thy l idene  
a c e t a l s  (see Table 1). Formation of six-membered isopropylidene 
and cyclohexylidene d e r i v a t i v e s  of d i o l s  had very small  e f f e c t s  on 
t h e  chemical s h i f t s  of these carbon atoms because the  8-effect of  
t he  a c e t a l  carbon was o f f s e t  by the  two Y-effects of i t s  
subs t i t uen t s ,  p a r t i c u l a r l y  the  l a r g e  y-pauche e f f e c t  of t h e  a x i a l  
substi tuent.8 I n  con t r a s t ,  formation of 2-methyl-1,3-dioxane r ings 
r e s u l t e d  i n  downfield s h i f t s  f o r  t he  s i g n a l s  of those carbons t h a t  
became carbon-4 o r  -6 of t he  1,3-dioxane r ing of 4.9 t o  7.6 ppm 
f o r  p r imary  carbons and 2.5 t o  10.0 ppm f o r  secondary carbons. 
These s h i f t s  can be used f o r  s t r u c t u r a l  assignment i f  t he  carbon 
s i g n a l s  can be assigned. 

a c e t a l  f o r  which no model compounds were prepared, t h e  a c y c l i c  
a c e t a l .  The v a l u e s  observed f o r  most of t he  parameters, including 
the  lJc,H and 3 J ~ , ~  v a l u e s  and t h e  chemical s h i f t  of t h e  a c e t a l  
proto were within the  ranges observed f o r  2-methyl-1,3-dioxanes. 

2 

The v a l u e  f o r  one e thy l idene  group i n  compound 

The considerable 
This s m a l l e r  v a l u e  i s  probably associated with an 

JH,H v a l u e s  in  1,3-dioxepanes has been 
1 ~ ~ , ~  v a l u e s  a l s o  

The sma l l  v a l u e  was associated with the  ethyl idene 

In  r e l a t e d  work, it w a s  demonstrated t h a t  t h e  loca t ion  of a 

The s i g n a l s  of 

Compounds and & a r e  members of a c l a s s  of e thyl idene 
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ETHYLIDENE ACETALS 185 

The 13C NMR chemical s h i f t  of t h e  a c e t a l  carbon was l a r g e r  than in  
1,3-dioxanes. This  d i f f e r e n c e  probably r e f l e c t s  t h e  l a c k  of 
s u b s t i t u t i o n  on t h e  ethoxy group of and & a s  compared t o  t h e  
c y c l i c  compounds. Apparent ly ,  t h e  v a l u e s  of most of t hese  NMR 
parameters a r e  inf luenced  p r i m a r i l y  by whether o r  no t  t h e  groups 
about t h e  a c e t a l  c e n t e r  a r e  s taggered.  These two a c y c l i c  a c e t a l s  
probably adopted t h e  conformation i n  which t h e  COCO d i h e d r a l  
a n g l e s  about t h e  a c e t a l  group have +gauche,+gauche a n g l e s  
(or  -,-I, r a t h e r  than t h e  less f a v o r a b l e  +gauche,-gauche a n g l e s  
of a 1,3-dioxane r ing .  27 

It is  worth not ing  t h a t  during t h e  p repa ra t ion  of one type 
of carbohydrate  d e r i v a t i v e ,  r e s u l t s  were obtained which were 
somewhat d i f f e r e n t  from a r epor t  i n  t h e  l i t e r a tu re ’ ,  p o s s i b l y  a s  a 
r e s u l t  of d i f f e r e n t  i s o l a t i o n  procedures.  The product of 
e thy l idena t ion  of g-ga lac tose  - d i e t h y l  d i t h i o a c e t a l  wi th  e t h y l  
v i n y l  e t h e r  was f r ac t iona ted  by column chromatography. 
spectroscopy showed t h a t  t h e  f i r s t  f r a c t i o n  was a complex mixture  
conta in ing  more than one type  of e thy l idene  a c e t a l .  The second 
f r a c t i o n  was a mixture  of t h e  two 5,6*-ethylidene d e r i v a t i v e s ,  
from which both t h e  p r e v i o u s l y  i s o l a t e d  compound and i t s  
epimer & were obtained by r e c r y s t a l l i z a t i o n .  
i s o l a t e d  compound 9d. t h e  major product of t h e  two, was assigned 
t h e  S. (or t r a n s )  conf igu ra t ion  i n  t h e  5,6-Q-ethylidene r ing  from 
t h e  downfield s h i f t  of t h e  s i g n a l  from i t s  a c e t a l  proton i n  
comparison with t h a t  from &. 11,26 The t h i r d  f r a c t i o n  was a 
mixture  of t h e  two p o s s i b l e  6+(l-ethoxyethyl)-g-galactose - 
d i e t h y l  d i a c e t a l  d e r i v a t i v e s ,  whereas a s i n g l e  isomer had been 
i s o l a t e d  previously.2 
obtained by r e c r y s t a l l i z a t i o n .  The r a t i o  of y i e l d s  of t h e  5,6-0_ 
e thy l idene  d e r i v a t i v e  t o  t h e  a c y c l i c  compound was much lower here  

I n  a second case ,  i t  was d iscovered  t h a t  a product which had 

1 3 C  NMR 

2 

The p r e v i o u s l y  

Again, t h e  compound is0 l a t  ed p r e v i o u s l y  was 

than previous  ly.  2 

h i t h e r t o  been considered t o  be a s i n g l e  compound28 was i n  f a c t  a 
mixture  of two compounds. Methy 1 4,6-Q-ethy lidene-2,3*- 
oxidodiethylidene-a-B-g - lucopyranoside was prepared by r e a c t  ion of 
methyl a-g-glucopyranoside - with  para ldehyde and a c i d  a s  p r e v i o u s l y  
and had phys ica l  cons t an t s  which matched those  i n  t h e  
l i t e r a tu re .28  The 4,6*-ethylidene group should be p re sen t  i n  one 
conf igura t ion ,  t h e  4 conf igura t ion ,  which has  t h e  methyl group in 
t h e  more s t a b l e  e q u a t o r i a l  o r i en ta t ion .  However, v a r i a t i o n  i n  
conf igura t ion  a t  t h e  two new c h i r a l  c e n t r e s  i n  t h e  2,3+ 
oxidodie thyl idene  r i n g  could  conce ivably  g i v e  four  s t e r e o i s m e r s .  
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186 GRINDLEY AND WICKRAMAGE 

13C NMR spectra  of t he  product showed t h a t  it was a mixture of two 
compounds which were separated by c a r e f u l  column chromatography. 
The configurat ions of t he  ethyl idene groups i n  the  seven-membered 
r ings  of t he  two isomers were not assigned. However, t h e  
observation of s i m i l a r  13C NMR chemical s h i f t s  f o r  C-2 and q u i t e  
d i f f e r e n t  chemical s h i f t s  f o r  C-3 f o r  t he  two isomers indicated 
t h a t  t h e  two isomers have the  same configurat ion a t  t h e  new c h i r a l  
cen t r e  c l o s e s t  t o  C-2 and a r e  d i f f e r e n t  a t  t he  o the r  centre.  

CONCLUSIONS 

The va lues  taken by a number of MMR parameters a r e  r e l a t e d  t o  
r ing  size.  The two parameters which a r e  o f t en  e a s i e s t  t o  measure, 
t h e  chemical s h i f t s  of t h e  a c e t a l  proton and carbon a r e  h e l p f u l  i n  
assignment of r ing s i z e ,  p a r t i c u l a r l y  i f  both a r e  a v a i l a b l e ,  but 
do not provide unambiguous assignments. 
2JC,H v a l u e  between the  ethyl idene methyl carbon and the  a c e t a l  
proton i s  comparatively easy t o  measure and i s  t h e  most r e l i a b l e  
indicator  of r i ng  size.  The loca t ion  of an e thy l idene  a c e t a l  can 
o f t en  be determined i f  t he  1 3 C  NMR chemical s h i f t s  of t he  a c e t a l  
and i t s  precursor a l c o h o l  can be assigned. S ign i f i can t  downfield 
s h i f t s  were observed f o r  t he  carbons attached t o  t h e  oxygen atom 
bonded t o  the  a c e t a l  carbon i n  f i v e -  and six-membered r ing  
de r iva t ives .  

The magnitude of t he  

EXPERIMENTAL 
General M- 

Melting points  were determined by using a Fischer-Johns 
melt ing point apparatus and a r e  uncorrected. 'H and 13C NMR 
spectra  were recorded on samples d i s so lved  i n  chloroform-A- with 
t e t r ame thy l s i l ane  present a s  an i n t e r n a l  reference.  
spectra  were recorded a t  79.6 or  361.07 MHz on Varian CFT-20 or 
Nicolet  NT-360 NB spectrometers r e spec t ive ly .  
were recorded on t he  same spectrometers a t  20 o r  90 MHz. 
coupling constants  were obtained from f i r s t  order ana lyses  except 
where noted. 
from spectra  recorded using 8K data  points ,  0.9 sec acqu i s i t i on  
times and 34' p u l s e  ang le s  and a t  90 MHz from spectra  using 32K 
data  points ,  a t  l e a s t  1 sec acqu i s i t i on  times and 60° p u l s e  
angles.  
those of t he  s a m e  compounds from the  l i t e r a t u r e ,  
r ep roduc ib i l i t y  was within 0.3 ppm f o r  a l l  s h i f t s  and was 

'H NMR 

13C NMR spectra  
'€I NMR 

I 3 C  NMR chemical s h i f t s  a t  20 MHz were obtained 

Where 1 3 C  NMR chemical s h i f t s  have been compared with 
9,12 
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ETHYLIDENE ACETALS 187 

normal ly  wi th in  0.1 ppm. 
a c q u i s i t i o n  t imes 1.5 sec o r  g rea t e r .  Chemical s h i f t s  f o r  t h e  
model compounds were assigned from t h e  off-resonance decoupled o r  
f u l l y  coupled spec t ra .  For one compound, t rans-2 ,4-dhethyl - l ,3 -  
dioxolane,  assignments f o r  C-4 and C-5 d i f f e r e d  from those  i n  t h e  
l i t e ra ture . '  The coupled spectrum c l e a r l y  showed t h a t  t h e  
downfield s i g n a l  was a t r i p l e t  and hence must be assigned t o  C-5. 
I 3 C  NMR chemical s h i f t s  f o r  t h e  compounds h, and were 
obtained by cons idera t ion  of s u b s t i t u e n t  e f f e c t s  on t h e  s h i f t s  of 
t h e i r  s t a r t i n g  m a t e r i a l s  which had been assigned p rev ious ly .  
Assignments of t h e  90 MHz 13C NMR s i g n a l s  of & a n d  J& were 
made by s i n g l e  frequency decoupl ing of t h e  f u l l y  ass igned 'H NMR 

18 spec t ra .  The SPT experiment was performed a s  by Cyr e t  a l .  
Mass spec t ra  were measured wi th  a CEC 21-104 mass spectrometer  
opera t ing  a t  70 e V  ion iz ing  v o l t a g e  and an i n l e t  temperature  of 
110 OC. TLC was performed on 0.25 mm t h i c k  Merk S i l i c a  Gel 60F- 
254 g l a s s  p l a t e s  c u t  t o  be approximately 7 cm long. 
developed by spraying with a 2% c e r i c  s u l f a t e  s o l u t i o n  in  1 M 
s u l f u r i c  ac id  and hea t ing  f o r  a few minutes a t  150 OC. The term 
pe t  e t h e r  r e f e r s  t o  pe t ro l ium e t h e r  30-60 OC u n l e s s  otherwise 
indicated.  Eluent  systems used cons i s t ed  of mixtures  of pe t  
e t h e r  and e t h y l  ace t a t e :  A, 6 : l ;  B, 3:2 and mixtures  of 
chloroform and acetone: C,  4 : l ;  D, 1:l. Anhydrous 2- 
t o luenesu l fon ic  a c i d  was obtained from commercial monohydrate by 
hea t ing  5h a t  56 O C  i n  a drying p i s t o l  under vacuum (0.5 mm) i n  
t h e  presence of phosphorous pentoxide. &E-dhethy lformamide 
(DMF) was p u r i f i e d  by d i s t i l l a t i o n  from calcium hydride.  

paraldehyde o r  ethoxyethene under a c i d  c a t a l y s i s  and had phys ica l  
cons t an t s  s i m i l a r  t o  l i t e r a t u r e  va lues .  1,3:2,5:4,6-Tri-Q- 
e thy l idene -gqann i to  - 1 (Ilb) was prepared from mannito 1 and 
paraldehyde i n  t h e  presence of E- to luenesul fonic  ac id ,  mp 
172-173 OC (lit.29 172 OC), -72.5' (c 1.6, chloroform) 

Ethvl idena t ion  of D-galactose d i e t h v l  d i t h i o a c e t a l  (9a) 

(1.449, 20 mM) and anhydrous E- to luenesul fonic  a c i d  (50 mg) i n  DMF 
(40 mL) was s t i r r e d  a t  room temperature  f o r  2.5 h. 
carbonate  (0.5 g)  w a s  added, and t h e  r e a c t i o n  mixture  was s t i r r e d  
a f u r t h e r  0.5 h then f i l t e r e d  and concentrated.  Chloroform was 
added and t h e  mixture  was kept  overn ight  i n  t h e  r e f r i g e r a t o r .  
s t a r t i n g  m a t e r i a l  which deposi ted was removed by f i l t r a t i o n  and 

Coupling cons t an t s  were measured wi th  

23,24 

P l a t e s  were 

Model compounds were prepared from t h e  appropr i a t e  d i o l  and 

( 1  i t  .29 -72.30). 

- 
A s o l u t i o n  of compound & (4.86 g, 17.0 mM), ethoxyethene 

Sodium 

The 
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188 GRINDLEY AND W I  CKRAMAGE 

t h e  s o l u t i o n  concent ra ted  t o  a wh i t e  s o l i d  (5.23 g). 
was f r a c t i o n a t e d  by chromatography on s i l i c a  g e l  (300 g> us ing  
s o l v e n t  C as e luen t .  Two un iden t i f i ed  f r a c t i o n s  were obta ined  
(0.42 g and 0.19 g both shown by 13C NMR t o  con ta in  mixtures  of 
compounds each wi th  more than one e t h y l i d e n e  group, then  f r a c t i o n  
A (0.414 g )  and f r a c t i o n  B (2.05 g) .  

The s o l i d  

F rac t ion  A, a s o l i d ,  w a s  shown t o  be a mixture  of two 
compounds by 1 H and 13C NMR spectroscopy. Recrysta  1 l i z a t  ion  from 
d i c  h l o  rome t han e-p e t . e t h e r  gav e 3-5,6 *-e thy  1 i d  ene-&-g - a 1 ac  t o se 
d i e t h y l  d i t h i o a c e t a l  (XI,); mp 122-223 OC (lit.2 120 OC) 

68.1° (c 1.27, c h l o r o f o r m )  ( l i t .2 +72 2' >; RF 0.75 i n  s o l v e n t  D; 
'H NMR d a t a  6: 1.29 ( t ,  6H, J = 7.4 H Z ,  2 SCH2CEa), 1.38 (d ,  3 H ,  
J = 4.8 Hz, e t h y l i d e n e  Me), 2.61, 2.63 (2d, 2 H ,  J = 8.1, 7.4 Hz, 
OH-3, OH-41, 2.68-2.72 (complex  m, 4H, 2 S a 2 C H 3 ) ,  3.40 (d,  1 H ,  J - 
= 1.3 H z ,  O H - Z ) ,  3.61 ( d t ,  1 H ,  J 3 , 4  = J4,OH-4 
H z ,  H-41, 3.82 ( t ,  1 H ,  35,6 = J6 ,6 i  

7.4, J 4 , 5  =z 4.1 
8.2 Hz, H-61, 3.89 (br  d ,  

dd a f t e r  exchange ,  1 H ,  5 1 , ~  = 9.1 , J 2 , 3  = 0.8 Hz, H - 2 1 ,  3.97 ( t ,  
d a f t e r  exchange ,  1 H ,  J 3 , 4  = 7.9 Hz, H-31, 4.03 (d ,  1 H ,  5 1 , ~  = 

4.29 (m, H-51, 5.17 (q,  l H ,  J = 4.7 Hz, a c e t a l  H )  ; 1 3 C  N M R  d a t a  6: 
14.3, 14.7 ( 2  SCH2CH3), 15.3 (OC&CH3), 23.9,25.4 (2  SCH2cH,3>, 
61.5 (OCH2=3), for  o t h e r  da t a ,  see Tab le  2. 

from t h e  same s o l v e n t  gave  &5,6+-ethylidene-E-galactose d i e t h y l  
d i t h i o a c e t a l  (&I; mp 107-109 OC; 74.0° (c 0.80, 
chloroform); RF 0.68 i n  s o l v e n t  D; 'H NMR da ta  6 : 1.296, 1.301 
( 2 t ,  6H, J = 7.5, 7.4 H z ,  2 SCH2BH). 1.36 (d ,  3 H ,  J = 5.4 H z ,  
e t h y l i d e n e  Me), 2.64-2.80 (complex m,  4 H ,  2 SCHZCH~), 2.83, 3.30, 
3.31 (3d, 3 H ,  J 3 8.5, 3.7, 3.1 Hz, OH-3,  OH-4, and  OH-2, 
r e s p e c t i v e l y ) ,  3.72 (ddd, dd a f t e r  exchange, l H ,  J2,0H = 3.0, 

9.2 Hz, H-l), 4.20 (dd, 1 H ,  J5 ,6 t  = 6.7, J6 ,61  = 8.3 HZ, H-6'1, 

The mother l i q u o r  on concent ra t ion  and r e c r y s t a l l i z a t i o n  

J1,2 = 9.3, J 2 , 3  
=e 11.2 H z ,  OH-61, 4.04 (d ,  l H ,  J 1 , 2  = 9.3 H z ,  H-11, 4.03-4.12 

0.9 H z ,  H-21, 3.80 (dd, 1 H ,  J5 ,6  = 5.3, J6 ,6 t  

(complex m, 3H, H-4, H-5, H-6'1, 4.51 ( t ,  d a f t e r  exchange ,  1 H ,  
J3 ,4  = 8.8 Hz, H-31, 5.12 (9,  1 H ,  J = 5.1 Hz, a c e t a l  H I ;  1 3 C  NMR 
d a t a  
SC€&CH3), 61.6 (Om2CH3), f o r  o t h e r  da t a ,  see Tab le  2. 

- O-(l-ethoxyethyl)-g-ga l a c t o s e  d i e t h y l  d i t h i o a c e t a l  (s and sc>; 
mp 116-117 O C  (lit.2 113 OC) ; 54.1' ( c  1.03, c h l o r o f o r m )  
(lit.' 64O ); RF 0.65 i n  s o l v e n t  D; 'H NMR d a t a  6 :  1.20 ( t ,  3H, J 

SCH2CJI), 

: 14.5, 14.6 ( 2  SCH2C+), 15.3 ( O C H ~ C H A ) ,  23.9, 25.4 ( 2  

- 
Frac t ion  B, a s o l i d ,  w a s  a mixture  o f  t h e  two isomers of 6- 

+i 7.1 H z ,  O C H ~ C H Z ) ,  1.286, 1.288 ( 2 t ,  6H, J 3 7.4, 7.5 H z ,  2 
1.33 ( d ,  3H, J = 5.3 Hz, a c e t a l  CHg), 2.65-2.79 
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ETHYLIDENE ACETALS 189 

(complex m a  4H, 2 Sm2CH3), 2.84, 3.04, 3.07, 3.10, 3.23, 3.42, 
3.43 (7d ,  abou t  4H,  J- 9.1, 7.2, 6.1, 6.6, 5.4, 3.2 and 3.1 Hz, 
O H s  of  B a n d  &, 9c, 9b, B, &, & a n d  S, r e s p e c t i v e l y ) ,  3.49, 
3.52 ( Z q ,  2 H ,  J = 7.1, 7.1 Hz, OCH2CH3 i n  B a n d  &), 3.46-3.91 
(complex m), 4.06 (d,  I H ,  J = 9 . 1 % ~ ~  H-1 i n  and k), 4.09 (m, 
l a ) ,  4.721, 4.723 (Zq,  l H ,  J = 5.4, 5.3 Hz, a c e t a l  H i n  & a n d  
- 9b)  ; 1 3 C  NHR d a t a  6: 14.4, 14.6 and 14.5, 14.6 ( 2  SCH2CH3 g r o u p s  
i n  B a n d  k), 23.5, 25.7 ( 2  SCH2CH3 g r o u p s ) ,  f o r  o t h e r  d a t a ,  s e e  
T a b l e  2; &: 358 (0.5%, M*), 312  0 . 5 % ,  M-HOEt), 251 (2.2%, 312- 
EtS') ,  233 (7.8%, 251-H20), 189 (7.6%), 177 (8.1%), 159 (8.0%), 
137 (10.7%), 136 (20.8%), 135 ( l o o % ,  +CH(SEt)2), 107 (13%),  105 
(17.9%), 103 (11.8%), 75 (15.9%), 73 (60.4%). 

Ethyl idena t  ion of methyl-a-D-g - l ucowranos ide  (10a) 
A s o l u t i o n  of cDmpound J& (5.0 g)  i n  a mixture  of 

paraldehyde (50 mL) and conc s u l f u r i c  a c i d  (10 drops)  was s t i r r e d  
1 4  h. Chloroform (250 mL) was added and t h e  c l e a r  s o l u t i o n  was 
t r e a t e d  with s o l i d  potassium carbonate  (5 g),  s t i r r e d  a few 
minutes then f i l t e r e d .  Concentrat ion under reduced p res su re  gave  
a white  s o l i d  (8.44 g). 
from e thano l  a s  p rev ious lyz8  t o  g i v e  white  c r y s t a l s  of methyl  4,6- 
- 0-et hy 1 i d  ene-2 , 3 +ox idod i e  t hy 1 i d  ene- Cr-G-g 1 uco pyran o s i d  e , mp 1 80 - 
182 OC ( l i t . 28  182.5-183.5 OC), [a]:6 +85.0° (c 4, chloroform) 
(lit.28 +83.5O). Pa r t  of t h e  s o l i d  (3g) was ve ry  c a r e f u l l y  
f r a c t i o n a t e d  by column chromatography on s i l i c a  g e l  (300 g)  using 
s o l v e n t  A a s  e l u e n t  i n t o  two components, & (0.071 g, RF = 0.31) 
and 
i n v o l v i n g  conf igu ra t iona l  change i n  t h e  2,3-Q-oxidodiethylene r ing  
of methyl 4,6-Q-ethylidene-2,3+0xidodiethyl- a -B- 
glucopyranoside.  & had mp 145-146 OC; ti08.0° (c 1.52, 
chloroform); 13C NMR d a t a 6  : 55.3 (OCH31, f o r  o the r  da t a ,  see 
Tab le  2; 'H NMR da t a  (361.07 MHz-data f o r  t h e  7 glucose  hydrogens 
obtained by i t e r a t i v e  s p e c t r a l  s imu la t ion  using t h e  program 
LAME3', standard d e v i a t i o n s  f o r  parameters were 0.00001 1 t o  
0.000014 ppm f o r  chemical s h i f t s  and 0.005 t o  0.011 Hz f o r  
coupl ing  cons tan ts ) ,  6 :  1 3 3 4  (d, 3H,  J = 5.26 Hz, e t h y l i d e n e  
Me), 1.367 (d,  3 H ,  J = 5.01 Hz, e t h y l i d e n e  Me), 1.414 (d ,  3H, J = 

5.32 Hz, e t h y l i d e n e  Me), 3.309 ( t ,  1 H s  J3 ,4  = 9-45, J4 ,5  = 9.54 
Bzs H-41, 3 .411 (s, 3 H ,  OCH3) ,  3.458 (d  o f  d,  l H ,  J 1 , 2  = 3.63, 

Pa r t  of t h i s  s o l i d  was r e c r y s t a l l i z e d  

(2.46 g ,  RF 0.25), two o f  t h e  f o u r  p o s s i b l e  i s o m e r s  

- J2 ,3  = 8.57 H Z  H - 2 1 ,  3.529 ( t ,  1 H ,  J5 ,bax = 10.45, J6ax,6eq - -  
10.32 Hz, H-6 a x ) ,  3.690 (t of  d ,  1 H ,  J5 ,beq  = 4.95 Hz, H - 5 1 ,  
4.125 (d o f  d ,  l H ,  H-6eq), 4.243 ( t ,  l H ,  H-31, 4.725 (q,  l H ,  J = 
5.02 Hz, a c e t a l  HI, 4.829 (d,  lH, H - 1 1 ,  5.047 (9, l H ,  J = 5.29 
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190 GRINDLEY AND WICKRAMAGE 

Hz, a c e t a l  H I ,  5.205 ( q ,  18, J = 5.27 Hz, a c e t a l  HI.  had mp 
191-192 OC; 

55.1 (OCH3), f o r  o ther  data,see Table 2; 'H NMR data  (361.07 MHz 
- data  from simulation a s  for  compound a) 1.376 (d, 6H, J 
= 5.12 Hz, 2 e t h y l i d e n e  Me 1, 1.393 (d, 3H, J 5.30 Hz, 1 e t h y l i d e n e  
Me ), 3.356 ( t ,  l H ,  J3,4 = 9.48, J4,5 = 9.55 Hz, H-41, 3.417 ( 8 ,  

6 ax) ,  3.601 (d of d ,  l H ,  J1,2 = 3.75, J2,3 = 8.73 Hz, H-21, 
3.693 (t of d ,  J 5 , 6 e q ~  = 4.91 Hz, H-51, 3.949 ( t ,  l H ,  E-31, 4.1 10 
(d of d ,  l H ,  H-6eq), 4.734 (q ,  l H ,  J = 5.04 Hz, a c e t a l  H I ,  4.789 
(d ,  l H ,  H-11,  5.127 ( q ,  l H ,  J = 5.28 Hz, a c e t a l  H I ,  5.200 (9, l H ,  
J = 5.28 Hz, a c e t a l  HI. 
Methv 1 4.6-0-ethv 1idene-a-D-a - 1ucoDvranoside ( lob)  

Compound a was prepared from t h e  mixture of 1oc_ and 
(3.0 g) a s  previously.28 
twice from chloroform-pet e ther  t o  g i v e  c o l o r l e s s  c r y s t a l s ,  mp 
74-75 OC (lit.28 77 O C ) ;  

109.1'); I3C NMR data  6 : 55.1 (OCH3), f o r  other  data,  see Table 
2; 'H nmr d a t a  (79.6 MHz) 6 : 
M e ) ,  2.31 ( b r  s, l H ,  OH), 3.42 ( 8 ,  3H, OCH3), 3.13 - 4.18 
(complex m, 7H), 4.72 (9, l H ,  J = 5.0 Hz, a c e t a l  H I ,  4.74 (d, l H ,  
J = 3.4 Bz, H-1).  

82.9O (c 1.59, chloroform); 13C NMR da ta  6 :  

6: 

3H, ocH3), 3.526 ( t ,  l H ,  J5,cax = 10.44, J6eq,6ax -10.34 H Z ,  H- 

The t i t l e  compound was r e c r y s t a l l i z e d  

103.0' (c 1.39, w a t e r )  ( l i t .28  

1.37 ( d ,  3H, J = 5.0 Hz, a c e t a l  

ACKNOWLEDGEMENTS 

TBG thanks t h e  Natural  Sciences and Engineering Research 
Council of Canada f o r  an operating grant. 
361 MHz 'H and 90 MHz 13C NMR spectra and p a r t i c u l a r l y  Bruce 
MacDona I d  f o r  carefu 1 l y  performing the  SPT experiment 8 .  

We thank ARMRC f o r  the  

REFERENCES 

1. A. N. de B e l d e r ,  Adv. Carbohvdr. Chem., 20, 219 
(1965);  U C a r b o h v d r .  Chem. Biochem., 34, 179 (1977). 

2. M. L. Wolfrom and G. C. Parekh, Carbohvdr. Res., 11, 547 
(1969). 

3. A. Neszmelyi,  A. L i p t a k  and P. Nanasi,  Carbohvdr.Res., - 58, C7 ( 1 9 7 7 ) ;  A. L i p t a k ,  P. Fugedi,  P. Nanasi and A. 
Neszmelyi, Tetrahedron, 35, 1111 (1979). 

T. B. G r i n d l e y  and V. Gulasekharam, Carbohvdr. Res., 74, 7 
(1979). 

J. P. Clay ton ,  R. S. O l i v e r ,  N. H. Rogers and T. J. 
King, J.C.S. P e r k i n  r, 838 (1979). 

4. 

5. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
1
7
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



ETHYLIDENE ACETALS 19 1 

6. J. G. Buchanan,  A. R. E d g a r ,  D. I. Rawson, P. S h a h i d i  a n d  
R. 8. Wightman, Carbohvdr .  Res.. 1 0 0 ,  7 5  ( 1 9 8 2 ) .  

A. L i p t a k ,  P. N a n a s i ,  A. N e s m e l y i  a n d  H. Wagner,  
Carbohvdr .  Res., 86, 1 3 3  (1980) .  

T. B. G r i n d l e y ,  J. C. P. C o t e ,  a n d  C. Wickramage,  
Carbohydr. a., in p r e s s .  

7. 

8. 

9. E. L. E l i e l ,  V. S. Rao and  K.  H. P i e t r u s i e w i c z ,  Orn. Mann. 
Reson., l2, 4 6 1  (1979) .  

10.  K. P i h l a j a  and  T. Nurmi, F i n n .  Chem. L e t t .  1 4 1  ( 1 9 7 7 ) ,  Y. 
S e n d a ,  J.-I. I s h i  ama a n d  S. I m a i z u m i ,  B u l l .  Chem. S O C .  
JaDan, 50, 2813 f1977); M. Anteunis  and D. D a n i e l s ,  Om. 
Mann. Reson., 1, 3 4 5  (1975) .  

11. W. E. W i l l y ,  G. B i n s c h  and  E. L. E l i e l ,  J. Am. Chem. SOC., - 92,  5394 (1970) .  

12. K. P i h l a j a  and  T. Nurmi,  Isr .  J. Chem., 20, 1 6 0  ( 1 9 8 0 ) .  

13.  G. M. Kel  l i e  a n d  F. G. R i d d e l l ,  J. Chem. SOC.  B ,  1 0 3 0  

14.  K. P i h l a j a  and  P. A y r a s ,  A c t a  Chem. Scand.,  24, 5 3 1  

15. M. C. Knoeber  and  E. L. E l i e l ,  J. Am. Chem. SOC.,  90, 3 4 4 4  

16.  N. B a g g e t t ,  K.  W. Buck, A. B. F o s t e r ,  M. H. R a n d a l l  a n d  J. 
M. Weber, J. Chem. SOC., 3 3 9 4  (1965) .  

17.  P. A y r a s ,  A c t a  Chem. Scand.,  -3 3 2 5  ( 1 9 7 7 ) .  

18. A. A. C h a l m e r s ,  K .  G. R. P a c h l e r  a n d  P. L. W e s s e l s ,  Om. 

(1971).  

(1970).  

(1968).  

Mann. Reson., 6, 445 ( 1 9 7 4 ) ;  S. S o r e n s o n ,  R. S. Hansen a n d  H. 
J. J a c o b s e n ,  J. Mann. Res., l4, 243 ( 1 9 7 5 ) ;  J. Feeney  a n d  P. 
P a r t i n g t o n ,  J. Chem. SOC. Chem. Commun., 6 1 1  ( 1 9 7 3 ) ;  N. Cyr ,  
G. K.  Hamer a n d  A. S. P e r l i n ,  Can. J. Chem., 56, 297 (1978) .  

19.  K.  G. R. P a c h l e r  a n d  P. L. W e s s e l s ,  O r n .  Mann. Reson., 9, 

20. J. B. S t o t h e r s ,  "Carbon-13 NMR Spectroscopy", Academic 

557 (1977) .  

P r e s s ,  N e w  York ,  N.Y., 1 9 7 2 ,  pp. 315-321.  

21. R. C a h i l l ,  R. C. Cookson,  T. A. Crabb ,  T e t r a h e d r o n ,  25, 
4 6 8 1 ,  4 7 1 1  ( 1 9 6 9 ) ;  G. E. M a c i e l ,  J. W. M c I v e r ,  Jr., N. S. 
O s t l u n d  and  J. A. P o p l e ,  J. Am. Chem. SOC., 9 2 , - 4 1 5 1  ( 1 9 7 0 ) .  

22. 

23. 

T. B. G r i n d l e y  and  W. A. S z a r e k ,  Can. J. Chem. SOC., 52, 
2566 (1974). 

D. E. Dorman a n d  J. D. R o b e r t s ,  J. Am. Chem. SOC., 92, 
1 3 5 5  ( 1 9 7 0 ) ;  H. J. Koch and  A. S. P e r l i n ,  Carbohvdr .  h., 15, 

403 (1970) .  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
1
7
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



192 GRINDLEY AND WICKRAMAGE 

24. G. W. S c h n a r r ,  D. M. Vyas and  W. A. S z a r e k ,  J.C.S. P e r k i n  

25. F. S a u r i o l - L o r d  and  T. B. G r i n d l e y ,  J. Am. Chem. SOC. ,  

26. D. J. T r i g g l e  and  B. B e l l e a u ,  Can. J. Chem.,&, 1201 

- I, 496 (1979) .  

103, 936 (1981). 

(1962);  N. B a g g e t t ,  J. M. Duxbury, A. B. F o s t e r  and  J. El. 
Webber, J. Chem. S O C .  C,  208 (1965).  

27. E. E. A s t r u p ,  Ac ta  Chem. Scand., 25, 1494  (1971) .  

28. H. A p p e l ,  W. N. Haworth,  E. G. Cox and F. J. L l e w e l l y n ,  J. 
Chem. SOC., 793 (1938) .  

29. E. J.  Bourne and L. F. Wiggins ,  J. Chem. SOC., 1933 
(1948).  

30. D. W. Ha igh ,  Am. Rep. NMR S p e c t r o s c . ,  4, 311 (1971) .  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
1
7
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1


