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ABSTRACT 

The ‘3C-n.m.r. spectra of a range of isopropylidene acetals of carbohydrates 

have been studied. Attention has been focussed on the chemical shifts of the acetal 
carbon and methyl groups of the acetals. These parameters are characteristic of 
ring-size (1,3-dioxolane, 1,3-dioxane, and 1,3-dioxepane) and can sometimes give 
further information on ring-fusions and conformations. An example is given of the 
application of the method to 1,3 : 2,4 : 5,6-tri-O-isopropylidene-o-glucitol. 

INTRODUCTION 

Isopropylidene groups, in the form of cyclic acetals, are widely used in carbo- 
hydrate chemistry for the specsc protection of diol functions’*2. In addition to their 
practical value, there has been interest in the structures themselves’-“, especially 
their conformational analysis”*6- ’ and the factors leading to the formation of particu- 
lar ring-sizes when more than one is possible4P6-10. Most of the older methods of 
acetal formation use acetone and an acid catalyst as reagents, yielding the acetals 
under equilibrating conditions. More recently, the discovery’ ’ - l4 of reagents capable 
of forming acetals under conditions of kinetic control has extended the range of 
structures available. 

The vast majority of isopropylidene ccmpounds contain five- cr six-membered 

rings, but larger rings are also known r5 -’ ‘. Structure determination of mono- 
isopropyhdene compounds by classical methods is relatively simple, but when more 
than one isopropylidene group is present, the use of partial, acidic hydrolysis may 
cause rearrangement” and physical methods would have many advantages. Mass 
spectrometry has been used for the detection of 1,3-dioxolane rings at the end of a 
polyol chain”, but the results must be interpreted with caution13. 

IH-N.m.r. spectroscopy has been used lg for the study of the methyl groups in 
isopropylidene compounds containing a five-membered (1,3-dioxolane) ring, and 

*To whom correspondence should be addressed. 
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small differences in the ‘3C-chemical shifts of the acetal carbon atom of methylene 
acetals having five-, six-, and seven-membered rings have been recorded”. The 
reported” substantial differences between the 13C-chemical shifts of the acetal 
carbon atoms in 2,X-dimethyl-1,3-dioxolane (l), and the related 1,3-dioxane 5 and 
1,3-dioxepane 11 prompted us to examine carbohydrate isopropylidene derivatives 
of known structure, paying particular attention to the chemical shifts of the quatemary 
acetal carbon. It was found, in addition, that the signals due to the isopropylidene 
methyl groups were sensitive to ring size and conformation. A preliminary paper has 
been published”, and we now describe on more examples and extend the number of 
correlations. 

f 2 = R’ = R’ = H 

2 R’ = Me,R2= R’= H 

3 R’ = R*= Me,R’ = k-i 

4 R’ = R3 = Me R2 = ,, 

R’ 
1 

5 R = R’ = R’= R” = R== H 

6 R’= Me,RZ= R3= R”= R’=H 

7 R’= R’:= Me,R*= R3= R5= H 

8 R’= R5= Me,R’= R3=R4= H 

9 R’ = R3= R4= W.e,R’= R== H 

,oR’= R3= R== Me,R’= R4= H 

11 

TABLE 1 

COFXELATIONS OF ‘3C-ClG3UCAL SHIFT” FOR CAFtB0HYDRA-E ISOPROPYLIDENE ACETXLS 

Ring size Acctal carbon Methyl carbons da (Methyl 
carbons) 

108.1-111.4 
(monocyclic or c&fused to 
;rtxyt o; cyclohexane ring) 

2. 
(t&s-fused to pyranoid or 
cyclohexane ring) 
111.3-115.7 
(fused to furanoid ring) 
97.1-99.9 
(chair form of L34lioxane ring) 
100.6-101.1 
(skew form of 1,3-dioxane ring) 
100.8-102_3 

23.3-28.2 

18.2-19.3 
and 28.6-29.2 
23.5-24.5 

23.5-28.3 

0.04.6 

9.8-109 

o.oa9 

0.0-3.8 

%I chIoroform4, p.p.m. downfield from Me&i. 
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TABLE II 

13C-CHEhUCAt SHIFTS.= FOR hfODEL ISOPROPYLIDENE ACETAIS 

Rihg size Compound Acetal CarbOJJ gem-kferhyl 
carbons 

LlS (gem-_Wethyi 
carbons) 

5 lb 108.5 25.7 (X2) 0.0 
2e 108.7 25.9, 27.2 1.3 
3d 107.2 25.8, 28.7 2.9 
4d 107.4 27.4 (X2) 0.0 

6 5c 97.9 24.2 (x2) 0.0 
6f 98.2 19.2, 30.1 10.9 
7f 98.4 19.8, 30.4 10.5 

8f 100.0 25.2 0.0 
9g 98.7 19.7, 30.1 10.4 

1W loo.3 24.2, 25.2 1.0 
7 llh 100.9 25.1 (X2) 0.0 

- --- 

aln chloroform-d, p_p.m_ downfield From Me&i. bReF. 21, cf. refs. 23-25. ‘Ref. 24, cf_ refs. 23, 25. 
dReF_ 24 CReF. 26, cf. reFs. 21, 27, 28. ‘Ref. 26, c$ ref. 27. gRef. 26. “Ref. 21. 

TABLE III 

~~C-CHEMICAL SHIFW FOR CARBOHYDRATE I,%DIOXOLANES 

Compound Acetal carbon Methyl carbons AS /Methyl 
carbons) 

12* 108.9, 109.0 25.0, 25.2, 26.2 (X2) G1.2 
13* 109.4. log.? 25.5, 25.9, 26.9, 27.0 Gl.5 
14c 108.9, 109.6 24.5, 24.9, 26.0 Gl.5 
IS 108.5, 109.4 24.2, 24.7, 25.8 61.6 
16d 99.7’, 108.1 20.4’, 27.2, 27.9 0.7 
17, 109.5 25.6, 27.3 1.7 
18f 109.5 (X2), 112.3 23.3, 25.8. 26.0 s2.7 
X9r 109.9, 110.5 24.0, 25.0, 25.9, 26.1 c2.1 
2of 110.3, 111.3, 112.2 23.4, 24.9, 25.8 (X2). 26.4, 27.9 s4.5 
219 110.4, 112 3 25.8, 26.7 (X2), 28.2 < 2.4 
22h.f 9X6’, 111.8 (19.1, 29-O)=, 26.3, 26.8 (9.9)C, 0.5 
a’.1 99.2=, 109.6 (18.9, 29.2)c, 26.2, 26.8 (10.3)=, 0.6 
24k 112.1 26.2, 26.8 0.6 
25k 109.2, 111.4 25.1, 26.1, 26.6 (X2) Gl.5 
26~.Z 109.2, 112.8 24.5, 25.2, 25.9, 26.8 ~2.3 
27’ 113.3 24.8, 26.1 1.3 
2w 114.9 25.4, 27.3 1.9 

=In chloroform-d, p-p-m_ downfield from Me&i. *ReFs. 22,29. =Ref. 30. dReF. 31. eJ,3-Dioxane ring. 
IReF. 32. gReF_ 33. hReF. 11. ‘Data from Dr. N. A. Hughes. iReF. 34. ‘Ref. 35. ‘Ref. 36. 
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RESULTS AND DISCIEiSION 

Table I is an extended version of the correlations given in the preliminary 
paper”, and Table II is derived from published data on the parent heterocycles and 
certain of their methyl derivatives. In general, it is clear that the signal due to the 
acetal carbon atom in I,3-dioxolanes is appreciably deshielded relative to that in 

l,Sdioxanes, while the signal in 1,3-dioxepanes has an intermediate value nearer to 

that in the 1,3-dioxanes. We shall discuss each group in tutor, giving examples of 

various effects. 

N 

I 
HCOR’ 

I 
R30CH 

I 
HCO 

! +=, 
H*CO 

12 R’. R2= CM+ .R’ = H 

13 R’ = H R’ R’ = CMe2 , I 

0 0 
\/ 

C 
Me2 

17 R = Cc 

18R.R = CMe2 

CH2R 

14R = 8r 

i5R = N3 

Me2C-0 0-$Me, OMe 

O+!jJ Me2J-.Lpqf>Me2 Me2<qf-4Me 
OR 0 c-o 

Me2 

19R=H 21 

2OR.R = CM.+ 
22x= 0 

23x = s 

ROCki 

I 

0-CMe2 

24 R = H 

25 R .R = CMe2 

,OCHz 
-2c\ I 

OH 

0 0 
26 

‘C’ 

Me2 

27 R’ = H,R’= CH2CN 

26 R’ = CH,CN ,R2 = tf 
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I,3-Dio,rolanes.-(a)TlreaceiaIcarbonsignal.Thechemicalshiftof theacetalcarbon 

atom in 2,2-dimethyl-1,3-dioxolane (1) is 6 108.5 (Table II) and the carbohydrate 

derivatives have values in the range 6 108.1-l 15.7. Closer scrutiny of our results and 
those in the literature enables a distinction to be made between certain categories of 

1,3-dioxolanes, and Table III contains examples. When the dioxolane is monocyclic 
or cis-fused to a pyranoid or cyclohexane ring, the range for the acetal carbon atom 
is S 108.1-l 11.4 (compounds 12-21, 25, and 26 in Table iI1). 

At the suggestion of Professor S. J. Angyal we have examined several inositol 

acetals3’*33 containing a trans-fused dioxolane ring (compounds 18, 20, and 21). 

The compounds, some of them thirty-years old3’ , gave excellent spectra which con- 
firmed their structures and enabled us to assign a chemical shift to the tram-acetal 

carbon. The diacetal 17 of L-c&o-inositol gave only one acetal carbon signal due to 

the axis of symmetry_ It appeared at 6 109.5, within the expected range for cis-fused 
dioxolanes. The corresponding triacetal 18 gave two signals, at 6 109.5 and 112.3, 
of relative intensity 2 : 1, indicating that the latter signal was due to the trajrs-acetal 

group. Similar arguments were applied to the spectra of 19 and 20, which are deriva- 

tives of epi-inositol. The tratzs-acetal group can clearly be distinguished in the (-)- 

bomesitol derivative 21 and the glucoside 22. The range covered is 6 111.8-l 12.3. 
distinctly deshielded in comparison with the cis-acetals. The difference is probably 
due to the extra rigidity and strain in the traIz.s-acetals and it is interesting to note 

that in the sulphur analogue 23, which is relatively unstrained3*, the acetal carbon 

signal appears ar. 6 109.6, well within the ‘normal” range. 
When the 1,3-dioxolane ring is fused to a furanoid ring, the acetal carbon signal 

is again shifted downfield, as indicated by compounds 24-28; several other examples 
have also been reported3’-36. The C-ribofuranosyl derivatives 27 and 28 constitute 
an sQ?-pair and the /3-p isomer 28 gives a signal for the acetal carbon at particularly 
low field (S 114.9); other or,/? pairs in the ribo and alio series show this effect36 and 

it might have diagnostic value in the ribonucleoside field for assigning anomeric 
configurations3 ‘_ Moffatt and his colleagues have already shown3 6 that isopropylidene 
methyl-group signals may be used to assign structures to such Q3 pairs as 27,28 
and similar rw-ibo and D-all0 compounds_ 

(6) The methyl groups. In 2,2-dimethyl-1,3-dioxolanes, the signals due to the 
methyl groups appear within the range 6 23.3-28.2 (Table I). For an individual 

isopropyiidene group, the difference (d S) in chemical shift for the carbon atoms of the 
methyl groups is small (2 and 3 in Table II) compared with the related dioxanes 
(6, 7, and 9 in Table II). Senda et a1_2” have argued that the methyl group cis to the 
substituents on C-4 and C-5 of the dioxolane ring gives rise to the downfield signal, 

and similar conclusions have been reached for 29, 30, and related compounds, based 
firmly on an X-ray structure for 30. It is likely that the small difference in chemical 
shift is due to the flexibility of the 1,3-dioxolane ring3’*“’ and the similarity of the 
environment of the two methyl groups. The most probable conformationz3 of the 

2,2-dimethyl-1,3-dioxolane ring is 4T, (31) in which the methyl groups are equivalent. 

It is therefore difficult to assign the methyl-group signals in the 13C-n.m.r. spectrum 
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of a di-isopropylidene derivative of a relatively complex molecule such as a carbo- 
hydrate_ It is interesting to note, however, that the compounds in Table III showing 
the largest spread of methyl resonance values are the inositol triacetals 18 and 20, 
whose conformations are more constrained3’T33. 

2 
29 n’ = Me.R = CH2OH 

31 

3ORt= CH20H,R2=Me 

I,3-Diosanes. - The chemical shift of the acetal carbon atom in Z,Zdimethyl- 
1,3-dioxane (5) is 6 97.9 (Table 11). The signals for carbohydrate derivatives lie in 
two ranges, S 97.8-99.9 and 100.6-101.1, depending on the conformation of the 
1,3-dioxane ring. The first class includes 22 and 73 (Table III), in which the dioxane 
ring is fused tram to a pyranoid ring, and 32, 33, 38, and 39 (Table IV) where there 
is fusion cis to a pyranoid or furanoid ring. In the spectra of all of these compounds, 
the signals due to the dioxane methyl groups are widely separated (AS - 10 p-p-m_)_ 
This pattern- T6*28 is due to an axial methyl (higher field) and equatorial methyl 
(lower field). and is a clear indication that the dioxane ring has a chair conformation. 
The spectra” of the model compounds 6, 7, and 9 (Table II), corresponding to the 
conformations 6C, 7C, and 9C, are in complete accord with these arguments. 

In the spectrum of the benzoate 344’, derived from “isodiacetone glucose”, 
the dioxane signal appeared at lower field (6 100.9) and the methyl group signal as a 
singlet whose chemical shift (8 23.7) was midway between the two extreme values 
expected. Since the correspondin g xylose derivative 38 behaved normally, with 

TABLE IV 

=C-CWUCAL SHIFTS= FOR CARBOHYDRATE 1.3~?XOXAXES 

compound Acetal carbon Methyl carbons A6 (Methyl 
carbons) 

32b 98.3 18.3, 29.1 lC.8 
33= 97.8 18.9, 28.6 9.7 
34b.d 100.9, 112.1c 23.7 (X2), (26.4, 27-O)= 0.0, 0.6= 
36f 101.0, 1 i2.3= 24.2 (X2), (26.6, 27.2)= 0.0, 0.6e 
37f lOC.6, 112.0~ 24.2 (X2), (26.7, 27.3)c 0.0, 0.6’ 
38b 973 111.3= 18.4, 28.6, (25.9, 26..5)= 10.2, 0.6c 
39g 98.6, 111.8e 19.2,29.2, (26.1,26.6)” 10.0, 0.Y 

=In chloroform-& p-p-m_ downfield from Me&. bRef_ 22. ‘Ref. 41. dRef_ 42. CDue to 1,2-O-iso- 
propytidene group, cf- compounds 24 and 25 in Table III. /Ref. 43. gRef. 4-k 
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HO OH 

32 

CH,3H 

I 

C H2R 

I 
OCtH 

0-kMe, 

34 R = OBz 

35 R = NO2 

36 R = OH 

37R= H 

R2 

6 C R’ = Me.R2= R3= H 

7 C R’ = R3 = Me.R* = H 

Me R’ eCR’= R’cR~=M~ 

6C R = H 85 R = H 

1OC R = Me 10s R = Me 

345 R = OBr 36C R = H 

365 R = OH 39C R = CH2OH 

375 R = H 
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conformation 38C, it appeared that a non-chair form of the dioxane ring was present 
in 34_ MilIsJ pointed out that severe diaxial interactions are present in both of the 

possible chair forms of the analogous 6-deoxy-6-nitro-D-&co compound 35, and 

Stoddart” anatysed the situation in terms of the model compound 8, represented as the 
chair and skew forms SC and 8s. Although a skew form of rrons-2,2,4,6_tetramethyl- 
l,%dioxane (8) had been proposed on thermochemical groundsa and by measure- 

ment of moIecular rotations”, Kellie and Riddell”-a8 were the first to obtain 

supporting ‘3C-n.m.r_ evidence for a skew conformation of 8 and other methyl 
derivatives based on the deshieldin g of the acetal-carbon signal. Subsequently, 

* H-n.m.r. spectroscopy was useda to establish the particular skew form SS and more- 

refined r3C-data were obtainedz6, including the signals for the Z-methyl groups. The 
model compound 10, which is the closest analogue of 34 and 35, has26 the skew 
conformation 10s rather than the chair 1OC. The 2-methyl groups in 10s are equivalent 

in conformation, so d S is small (in 8, the methyl groups give identical signals because 

of the axis of symmetry)_ The acetal34 therefore has the conformation 34S. 

After our preliminary publication, the r3C spectra of a series of compounds 
related to 34 and 35 were publishedi3. Two of them (36 and 37) are shown in Table 

IV. In agreement with the preceding arguments, 36 and 37 also have the dioxane ring 

in a skew conformation, shown in structures 36s and 37s. In 1,3-dioxane nomen- 

clature’ 6*q8. the conformation is designated as 2,5-twist; in carbohydrate nomen- 
clatures O, it is a3 S,,. The dioxane ring of 1,2 : 3,5-di-O-isopropylidene-p-r-idofuranose 

(39) is”& in a normal chair form 39C, analogous to 9C (see Table IV). 

I,3-Diosepanes. - The chemical shifts of the acetal carbon atoms are in the 

range 6 100.8-102.3 (Table I), and some representative examples are shown in 

Table V. On this basis a!one, it is not possible to distinguish between a 1,3-dioxepane 

and a skew form of a 1,3-dioxane, but other factors can be taken into account. The 
‘% spectrum of the erythritol derivative 40, for example, shows two different kinds 

of acetal ring, one of which is a dioxolane, whereas the structure 43 is symmetrical 

and would show trro six-membered rings. ‘fhe methyl group signals appear to depend 

on whether the molecule is monocyclic (as in 42) or bicyclic (as in 40 and 41). The 

greater constraint in bicyclic systems” causes differences in the chemical shifts of the 

TABLEV 

Compound Aceral carbon Xfethvl carbons 

___-- -- 

4iP 101.7. 1os_4= 23.5, 24.7, 25.6, 28.3 =s4.8 
41b 101.6, lOS.l= 23.5, 24.6, 25.6, 28.2 G4.7 
42d 1OO.S 24.7 (2x) 0 

“In ch1oroform-d; p-p-m. downfield from Me%. bRef_ 17. cI,3-Dioxolane ring. dRef_ 22. 



RISG SIZE IN ISOPROPYLIDJ34E ACETALS 83 

40R=H 42 R = CHZPn 43 

41 R = CH(SEtIz 

methyl groups. Further work is necessary to assign signals to individual methyl 

groups. 
Tri-O-isopropyIia'ene-D-g~ucitok. - Two tri-O-isopropylidene-D-glucitois are 

formed in the reaction of D-ghxitol with acetone and zinc chloride”. ‘3C-N.m.r. 

spectroscopy was used5’ to confirm the structure of one of the isomers, the known53 
1,2 : 3,4 : 5,6-tri-O-isopropylidene-D-glucitol (44). Thus, the signals at 6 109.5 and 
109.8 (two carbons) showed the presence of three dioxoianc rings, and the six methyl- 
group signals were in the range 6 25.3-27.3, well within the values For dioxolane 
rings (Table I)_ The second isomer was previously unknown. Its 13C spectrum showed 
three acetal-carbon signals at 6 98.4, 98.6, and 108.9, indicative of two dioxane and 
one dioxolane ring. The two structures 45 and 46 were therefore considered, and the 
terminal dioxolane group was confirmed by the nz/z 101 ion as base peak in the mass 
spectrum’ *_ 

The methyl signals for the new acetal were at 6 19.0, 19.4, 25.4, 27.0, 29.1, 
and 29 6 It was realised5’ that the two high-field signals (6 19.0 and 19.4) were due _ _ 

to steric compression of these methyl groups and therefore structure 45 was selected 
in which there is a very strong interaction between the axial methyl of the 3,5-O-iso- 
propylidene group and the endo methyl of the 1,2-O-isopropylidene group. In the 
light of our work, and having access to a larger number of spectra of known com- 
pounds, we suggest that I,3 : 2 :4 : 5,6-tri-0-isopropylidene-D-glucitol (46) is the 
structure of the new triacetal. In our view, the methyl signals can be paired as (19.0, 
29-i), (19.4, 29.6), and (25.4, 27-O), in which the first two pairs represent axial and 

44 45. 
46 
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yielded syrupy 40 (1.2 g, 30 “/,)_ *H-N-m-r. data (100 MHz, CDCl,): 6 1.28, 1.43 

(2 s, 12 H, 4 Me), and 3.561.04 (m, 6 H). 

Atzal. Calc. for C,,H,sOS: C, 59.39; H, 8.97. Found: C, 59.02; H, S-72. 
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