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CONFORMATIONAL ANALYSIS OF SOME II2-O-ISOPR0PYLIDENE- - 
a-D-GLUCOFURANOSE DERIVATIVES BY PMR SPECTROSCOPY*. 

A.A.Akhrem, G.V.Zaitseva, A.S,Fridman and I .A.I!dikhailopulo 

Department of Bioorganic Chemistry, Institute of Physical 

Organic Chemistry, Byelorussian SSR Academy of Sciences, 

Uinsk, USSR. 

This paper deals with the conformational analysis of some 

I, 2-~-isopropyl idene~-D-glucof  uranose derivatives', viz . 
~-g-toluene-p-sulphonyl-4,5-di-~-acetyl-(~), 3-2-toluene-p- 

sulphonyl-5-~-acetyl-6-chloro-6-deoxy-(~), j, 5,6- tri-2-ace- 

tyl-(J), 3,5-di-g-acetyl-6-chloro-6-deoxy-(~), +G-(N-phenyl) 

carbamoyl-5,6-di-Q-acetyl-(i), 3-g-(N-phenyl)carbamoyl-5-G- 

-acetyl-6-chloro-6-deoxy-(6), 3-2-(N-phenyl)carbamoyl-6-g-ace- 

tyl-(2) and 6-g-acety1, 3,5-g-phenyl boronate ( g ) ,  that are 
of considerable interest from the point of view of their syn- 

thetic utilization as well as the possibility o f  establishing 

relationship between PMR garameters, conformation and reacti- 

vity of the mentioned class of compounds. Table I shows RdIR 

parameters for compounds &-4 which we have studied, for pro- 
tons at C-6 and C-5, which were obtained by means of IWII spec- 

trum computation program (the program was developed by one of 

us A ,S .Fridman) , and the values of corresponding dihedral and 
1 

Copyright@ 1974 by Marcel Dekker, Inc. All Rights Reserved. Neither this work nor any part may be reproduced 
or transmitted in any form or by any means, electronic or mechanical, including photocopying, microfilming, and 
recording, or by any information storage and retrieval system, without permissiofbin writing from the publisher. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
2
9
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



T
A

B
U

 I
 

ti %
 

Ca
lc

ul
at

ed
 C
ha

ra
ct

er
is

ti
cs

 o
f 
Pr

ot
on

s 
at

 C
-5
 a

nd
 C
-6
 o

f 
I,
2-
~-
Is
op
ro
py
li
de
ne
-o
(-
D-
Gl
uc
of
ur
an
os
e 

De
ri

va
ti

ve
s 

Co
mp

ou
nd

 
Ch

em
ic

al
 S
hi

ft
s,

 F
p
p
m
 

Co
up

li
ng

 C
on

st
an

ts
, 
Hz
 
Di

he
dr

al
 A
n 

le
s 

Pr
oj

ec
te

d 
H-
6 

H1
6 

H-
5 

J
6
,
5
’
 

J
 

J,
 ’ 

@,
(6
,5
) 

O2
?6
:5
) 

An
gl

es
,Q

 
69
5 

0
9

5
 

A
c 
0
 

4.
07
5 

4.
58
5 

5.
06
7 

-1
2.
32
 
4.
27
 
2.
05
 

3.
72
4 

3.
87
3 

h.
92
3 

-1
2.
38
 
2.
77
 
2.
98
 

3.
96
4 

4.
42
2 

5.
02
9 

-1
2.
20
 
5.
79
 
2.
11
 

- 4
 

’+
 

3.
71
9 

3.
81
9 

5.
15
9 

-1
2.
66
 
4-
95
 2
-
7
1
 

3 
::
:T
o 

4.
10
4 

4.
69
8 

5.
25
3 

-1
1.
88
 
5.
77
 
2.
36
 

6 
A%

&: 
3.
72
0 

3.
85
0 

5.
25
4 

-1
2.
31
 
4.
93
 
2.
66
 

- 
4.
11
1 

4.
27
7 

4.
48
5 

-1
1.
84
 

3.
40

 
4.
19
 

ph
 -a

 
R 

= 
-C
ON
&h
 

55
 

62
 

52
 

55
 

52
 

55
 

47
 

61
 

66
 

61
 

67
 

64
 

66
 

65
 

66
 

58
 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
2
9
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



I,2-~-ISOPROPYLIDENE-~-D-GLUCOF'URANOSE 

projec ted  angles. Table 2 furn ishes  PMR data on compounds I-8 
f o r  the  protons a t  C - I ,  C-2, C-3 and C-4 found from among ap- 

p ropr i a t e  sDectra of the  f i r s t  order'. 

Confornation of Subs t i t ue t s  a t  C (22. On the  b a s i s  of -5- 
the  data i n  Table I one can see t h a t  t h e  most  populated con- 

formation of  proton 2-5 with respec t  t o  protons X-6 and HI-6 

(H-6 i s  t h e  methylene proton a t  higher f i e l d ;  H'-6 i s  t h a t  a t  

lower f i e l d ;  t he  s igna l s  o f  protons H-6 and H-b carnot be as- 

signed individual ly)  i n  compounds 1-6, i s  the  gauche-gauche 

conformation (Fig.1);  therefore ,  the  sum o f  dihedral  angles 

0, and 8, must be-120'; i .e.  it must be equal t o  p ro jec ted  

angle 8 .  However, t h e  sum of dihedral  angles obtained f r o m  

the  Karplus equation' f o r  compounds 1. and 1, and 2-5 noticeab- 

l y  d i f f e r  from I 2 O o ,  being I12 t o  115' and I02 t o  104',respec- 

t i v e l y .  A n  unexpected f a c t  should be emphasized here t h a t  pro- 

jec ted  angle 8 o f  compounds I and 2 considerably d i f f e r s  from 

t h a t  of compounds 2-6, which i s  most  l i k e l y  t o  be explained 

by an addi t iona l  f a c t o r  a t  3-3-toluene-p-sulphonyl group t h a t  

makes a mater ia l  contr ibut ion t o  constant 4 of Karplus equa- 

tion' than by a grea te r  population of t h e  gauche-gauche con- 

formation of  these der iva t ives ,  We have elaborated a kind of  

Karplus equation ( s imi l a r  t o  the  information of S le s so r  and 

Tracey5) t h a t  can be used f o r  compounds 

t 

and 2 (J = Acos20 - 
- 0.28; 0(@\<90' ;  J = B c o s ' ~  - 0.28; gO0(~, (18O0;  A = 13.9; 

- A = O.gg) and compounds 3 5  (A  = IG.O).The values of 0 and 8 

a re  given i n  Table I. 

Compound 2 has been chosen as a mode1,wherein along with 

the  pauche-gauche conformation o f  protons a t  C-5  and C - 6  one 

could expect the  gauche-anti conformation t o  be populated 
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AKHREM ET AL. 

owing t o  a f luctuat ing intramolecular hydrogen bond o f  the 

C 

analysis6 of compound 2 ( i t s  data a r e  given i n  Table 3) has 

shown two bands a t  3470 and 3350 cm" that correspond t o  3OH 

combined with a hydrogen bond. Alonside with t h i s  the d C = O  

band of the second group i s  sh i f ted  till I735 cm-',which 

t e s t i f i e s  t o  t h a t  t h i s  group par t ic ipa tes  i n  the or iginat ion 

o f  an intramolecular hydrogen bond. Analogous s h i f t ,  t o  a les- 

se r  degree though, reveals the $ C = O  band o f  the carbonylate 

group. Thus, we can assume t h a t  there ex is t  two types of in- 

tramolecular hydrogen bond; (i) between and acetyl  groups 

( 3 OH 3350 cm") and ( i i )  between group and 3-Q-carbamoyl 

OH group with the  C6-OAc grouping (Fig.2). The I R  spectrum 5- 

(N-phenyl) group a t  C-3  (3OH 3470 cm"), the  former hydrogen 

bond can give r i s e  t o  the population of both flauche-gauche 

and gauche-anti conformations. In  f a c t ,  the  value of project-  

ed angle 8 ,  fou I l i  from compound 2, noticeably difPers from 

120°,which t e s t i f i e s  t o  a cer ta in  population of the pauche- 

-anti  - conformation. 

Fig.1 Fig.2 

Compound 8 has also been chosen as a model. The value 

of the projected angle, found with the help of the aforemen- 

tioned formulas (Ad6.01, perfect ly  coincides with the presum- 

able 120'. 
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1,2-~-ISOPROPYLIDEmE-a-D-CLUCOF"OSE 

6-2-acetyl group i n  a l l  5,6-di-I)-acetyl derivatives 
7 exerts a non-equivalent influence (See also ) on the protons 

a t  C-6, the  difference r a t i o  between the values o f  chemical 

shifts ,  as compared with 6-chloro-6deov derivatives,  being 

within the following range 

(H-60Ac - E-6c1) 
= 0.41 + 0.49 

(H "60Ac- H '-6c 1 ) 

Conformation o f  Substi tuents a t  C -g The data analys- 
-4 5' 

i s  o f  Table 2 (J4,5) reveals t h a t  the anti confornation i s  

the most populated conformation of protons a t  C-4 - C-5 f o r  

compounds 1-2. Considerable var ia t ions o f  values J notic- 

ed i n  compounds with the 3-I)-(N-pheny1)carbamoyl group per- 

f e c t l y  match the  I R  spectroscopy data (See Table 3 ) :  ( i )  the 

intensive $K-H band a t  5370 cm-' points t o  a possible exist-  

ence of intramolecular hydrogen bond w i t h  the  ace ty l  group a t  

495 

C-5, which accords w i t h  the bend a t  I740 cm-' on the  carbonyl 

groups band. It  i s  probable t h a t  t h i s  intramolecular hydrogen 

bond causes changes i n  the s ide chain conformation and, a s  a 

r e s u l t ,  decreases the  coupling constant; ( i i )  i n  the  case of 

6-chloro-6-deoxy o f  compound 6 ,  the  I R  spectrum shows only weak 

IS-bonded ghi-H band though there  a r e  no obvious reasons f o r  t h i s  

phenomenon; absence of an intramolecular hydrogen bond leads 

t o  conformation H-5 - H-4 anti t h a t  i n  most  respects i s  si- 

milar t o  compouns 2 and 2 o r  a change i n  the furanose r i n g  

conformation makes origination o f  the intramolecular hydrogen 

bond l e s s  possible t o  occur and r e s u l t s  i n  t h e  same ef fec t ;  

( i i i )  i n  the case of compound 2, the I R  spectrum shows only 

a ?N-H band not combined with a hydrogen bond, whereas there 
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AKHREM ET AL. 

a r e  t w o  

the  band combined through a hydrogen bond with the  oxygen 

func-cions of 3-Q-(N-phenyl)carbamoyl group (1758-1745 ern-') 
which leads t o  an e f f ec t  similar t o  compound 2. 

OH bands and t h e  one a t  5470 cm" may correspond t o  

Table 2 
Charac te r i s t i c s  of Protons a t  C - I ,  C-2, C-3 and C-4 o f  I,2-0- 
-1sopropylidened-D-Glucofuranose Derivatives 3 . 

Chemical S h i f t ,  ppm Coupling Constant, Iiz Compound . . J3.4 J4.5 H-I H-2 H-3 H-4 JI 2 J2 I 

5.88 4.74 5.01 4.46 3.5 
5.78 4.64 4.98 4.50 3.6 
5.78 4-55 5.23 4.23 3.5 
5.85 4.44 5.29 4.42 5.5 

5.89 4.66 5.24 4.50 3.5 
5.97 4.68 5.37 4.28 4.0 
5.78 4.63 4.45 4.30 5.75 

5.92 4.65 5.26 4.46 4.0 

tO .4 
<0.4 
C0.4 
CO .4 
(0.4 
0.75 

0.75 
<O .4 

2.5 9.5 
2.9 9.25 
2.5 9.5 
5.0 9.25 

5.0 9.75 
2.75 8.75 
2.5 0.75 

2.75 8.0 

Table 
I R  Spectroscopy D a d C o m p o u n d s  5, 6 and 2. 

In t ens i ty  Ph Adsorption Bands, cm'l Compound 
J C = O  3 0-H 3 K-H R a t i o  

6 - 

1758 
(should- 
e r  a t  
1740) 

NHfree - I 3450 
( sharpy 
f r e e )  mbond 3 
3370 
( sharp 
H-bonded) 

3450 I605 '-free 2 
= = I  

( sharp 1 
3370 
( sharp 1 

I605 
- -  

I 1735(Ac) 3470 3450 I605 

I745 3350 
(CO-NH) (broad) 

(broad) (sharp) 
2 
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I,2-~-ISOPROPYLIDENE-a-D-GLUCOF'URANOSE 

Conformation of the Furanose Ring. Data on the coupling 

constants of protons at C-I, C-2, C - 3  and C-4 (see Table 2) 

give every proof that conformations 4V- 'T4- 'V- 'T2 of the 

pseudorotational scheme8 are obviously populated for the fu- 

ranose ring; they show that the furanose ring, when fused 

with the 1,2-O-isopropylidene group, is of considerable mo- 

bility. It does not as yet seem possible, however, to make 

more definite conclusions where specific shares of each se- 

parate conformation are concerned. It is most likely that 

considerable results in the conformational analysis of carbo- 

hydrate furanose derivatives will be attained through comp- 

uter analysis of PI'JR parameters , so as to find the most po- 
pulated segment of the cycle of pseudorotation for each se- 

parate compound or group of compounds conformationally alike 

and calculate the specific share of each conformation of this 

segment in the time-averaged result observed as RLR spectrum. 
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