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ABSTRACT 

Crystals of the title compound are monoclinic, space group P2,, with cell 
dimensions: a = 1 L260(5), b = 8.841(7), c = 15.605(6) A, j? = 102.25(7)“, and 

2 = 2;2888 independent reflections, measured on a diffractometer, have been refined 
toR = 0.055. In the molecule, the pyranosyl ring has the expected 4C, conformation_ 
However, the conformation of the D-frUCtOf~~~OSyl ring is unexpected fP = 277.1”] 
with O-2’ e_yo to C-6’ furthest from the ring pIane. The reason for this conformation, 
previously unknown in sucrose-related 
crystal structure. The eight-membered 
conformation. 

INTRODTJCTION 

molecules, is not readily apparent from the 
ring, however, has the expected boat-chair 

1’,2 :4,6-Di-0-isopropylidenesucrose tetra-acetate (1) is an important synthetic 
intermediatele3, and its structure has been established by chemical transformations 
and by fH-n.m.r. spectroscopy. Compound 1 probably constitutes the first exampfe 
in carbohydrate chemistry of an eight-membered cyclic acetal (1’,2-group). Because 
of this additiona linkage between the D-glucopyranosyl and D-fructofuranosyi 
residues, it was decided to determine the structure of 1 by single-crystal X-ray 

diffraction. 
Compound 1 has been synthesised in an improved yield, and without recourse 

to column chromatography. I 

3XPERIMENTA.L 

1’,2 : 4,6-LX-0-isopropylidenesucrose tetru-acetate’ (1). - A solution of sucrose 
(25.0 g) in anhydrous ~,~-dimethy~o~amide (1.2 litres) was treated with 2,2- 
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o-2 

OL a C-2’ 

Lo 

2 

dlmethoxypropane (150 ml) m the presence of dry toluene-p-sulphomc acid (2 0 g) 
at 40” for 1 5 h The solution was then neutrahsed wrth Amberhte IR-45 (HO-) resin, 
filtered, and concentrated The syrupy residue was treated with acetic anhydnde 
(150 ml) and pyridme (400 ml) T 1 c (ether-light petroleum, 6 1) showed a maJor 
product that was comcident with an authentic sample’ The reaction mixture was 
concentrated by co-distillation with toluene, to afford a syrup Crystalhsation from 
ether-light petroleum gave 1 (16 5 g, 38 3 %) The physical constants and ‘H-n m r 
spectrum of 1 were identical with those of an authentic sample 

Crystal data C26H38015, M = 590 3, a = 1 I 260(5), b = 8 841(7), c = 
15 605(6) A, j? = 102 25(7)“, U = 1518 1 A3, Z = 2, d, = 1 30(3), dc = 129, 

space group P2, from systematrc absences OkO, k = 2n -f- 1, and the successful 
structure determmatron A crystal of approxrnate size 0 3 x 0 3 x 0 3 mm was 
mounter! on an Enraf-Nonms CAD-4 diffractometer, and 3010 Independent re- 
flections (20 < 140”) were measured by the O/28 scan techmque, using CuKa radi- 
atron. The mtensrty of standard reflectrons dropped by 30 0d dunng the data collection, 
and a lmear correction factor was therefore apphed to the mtensltres of all reflections, 
2888 reflections with I > a(I) were used m subsequent calculations Absorption and 
extmction corrections were not applied 

STR~‘cTLE3.E DETERMINATION AND RERNEMENT 

The structure was determined by direct methods usmg the “SHELX-76” suite 
of programmes4 The carbon and oxygen atoms were then refined amsotropically. 
The hydrogen atoms were placed m the appropriate tetrahedral positions The 
methyl groups were refined as rigid groups with free rotation allowed about the 
C-C bonds Each methyl group was given an mdividual, refineable thermal para- 
meter Umt werghts were used and the final R value was 0 055 The atomic scattering 
factors for C, 0, and H atoms were taken from International Tables of X-ray 
Crystallography5, and computatron was done with the programmes of Sheldrick4 
on the CDC 7600 of the University of London Computer Centre In the final cycle 
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TABLE I 

POSITIONAL PARA hU3ER.S (X lo?\ FOR 1 WITH ES-I-MATED STANDARD DEVIATIONS IN PARENTHESl3 

Atom x Y Z Atom x Y Z 

o-1 -3327(3) 
C-l -2754c4) 
O-2 -2062(3) 
c-2 - 1683(4) 
c-3 -0699(4) 
o-3 0341(3) 
c-4 -0350(4) 
o-4 0488(3) 
c-5 - 1457(4) 

C-6 - 1032(5) 
O-1’ -4060(3) 
C-l’ - 4574(5) 
c-2 -4521(4) 
O-2 - 5345(3) 
C-3’ -4989(4) 
O-3’ -4026(3) 
C-4’ --5771(4) 

O-4’ -6960(3) 
C-5’ -5794(5) 
C-6 -5052(S) 
O-6’ -5161(3) 

5052(4) 
5876(6) 
763X3) 
6783(6) 
5729(6) 
6663(4) 
4658(6) 
3553(5) 
3815(6) 
2810(7) 
8246(4) 
7132(7) 
5525(7) 
5409(4) 
4375(6) 
3563(4) 
3260(7) 
3335(6) 
3876(7) 
2888(7) 
34’2(5) 

7384(2) 
8150(3) 
7129(P) 
7922(3) 
7738(3) 
7706(2) 
8496(3) 
8298(Z) 
8663(3) 
9453(4) 
7217(2) 
6586(4) 
6963(3) 
7535(2) 
6226(3) 
5965(2) 
661 l(3) 
6034(2) 
7522(4) 
821 l(3) 
905012) 

o-5 
O-6 
c-7 
C-8 
c-9 
c-10 
c-11 

C-12 
C-l 3 
c-14 
c-15 
C-16 
c-1 I 
C-18 
c-19 
O-20 
c-3 1 
c-22 
o-23 
c-24 

-2340(3) 
-0123(3) 

0906(5) 
1731(5) 
1537(7) 
0863(6) 
0476(5) 
1973(7) 

- 2909(5) 
-2544(6) 
-2963(6) 
-3480(6) 
-3849(5) 
-2372(7) 
- 7722(6) 
- 7450(5) 
--8919(6) 
-4468(6) 
-3800(4) 
-4652(7) 

4856!4) 
1804(4) 
2537= 
3313(9) 
1248(S) 
6524(S) 
5729(S) 
7519(10) 

8844m 
9901(7) 
9621(8) 
4265(g) 
5396(7) 
3386(11) 
2166(10) 
1240(7) 
2352(12) 
2752(9) 
1741(6) 
3417(12) 

8842(2) 
9257(2) 
9012(3) 
9779(4) 
8625(5) 
7001(4) 
6396(4) 
7122(6) 
7126(4) 
7914(5) 
6251(4) 
5365(4) 
5003(3) 
5252(5) 
6169(5) 
6703(4) 
5467(6) 

9758(4) 
9680(3) 

10608(4) 

“Parameter fixed 

of refinement, all shifts were less than 0 20 and the final, difference Fourier map 

showed no slgmficant features 
Final atomic parameters are given m Table I, and bond lengths and angles 

m Table II The amsotroplc thermal parameters, hydrogen posltlons, and structure 

factors are deposlted with, and can be obtamed from, Elsevler Sclentlfic Publtshlng 

Company, BBA Data DeposItIon, P 0 Box 1527, Amsterdam, The Netherlands 

Reference should be made to No BBA/DD/lOs/Cnrbor~t Res, 71 (1979) 3542 

DISCUSSION 

FIN 1 shows the numbermg system used for 1 This corresponds to the con- 

ventxon for sucrose, m that the atoms m the r>-g!ucopyranosyl moiety are unprlmed 

and those m the D-fructofuranosyl moiety are primed Torsion angles for the four 

rmgs m the molecule are shown m Table III Those for the sc-D-glucopyranosyl umt 

of the molecule, which has the normal sC1 conformation, are unexceptional The 

conformatlon of the other SIX-membered rmg formmg the cychc acetal (sharmg 

C-4 and C-5 with the a-D-glucopyranosyl rmg) IS equivalent, the two rmgs havmg 

parallel chair conformations 
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TABLE II 

O-l-C-2 
c-1-0-1 
c-1-c-2 
c-1-0-5 
o-2-c-2 
O-2-C-l 3 
C-2-C-3 
c-3-o-3 
c&-C4 
0-3-c-10 
c-4-04 
c-4-c-s 
o-4 -c-7 
o-5-c-5 
C-5-C-6 
C-6-O-6 
O-6-c-7 
O_l’_C_1’ 

o-I%-13 
C_i’_c_2 
C_2’_0_2. 
C-T-C-3’ 

o-2 -c-3 
c-3’-O-3’ 
C-3%-’ 
O-Y-C-16 
cx-04 
c-4%-5 
o-c-c- 19 
C-Y-c-6 
C&-O-6 
O-6’_C-22 
c-i-c-s 
c-i-c-9 
c-10-0-1 1 
C-lo-C-12 
c-13-C-14 
c-13-C-15 
c-I6-o-17 
C-16-c-IS 
c-I9-O-20 
C-B-C-21 
C-22-O-23 
c-22-c-24 

1 428(5) 
1 431(5) 
1 5X(7) 
1408(6) 
1 433(S) 
1 434(6) 
1 521\7) 
1 442(6) 
1 501(7) 
1 355(S) 
1 437(6) 
1 520(7) 
1431(j) 
I 327(6) 
1 516(S) 
1 437(7) 
14%6) 
1 426(7) 
1 43-1(7) 
1 533(9) 
1 4L3(6) 
1 541(7) 
1 445(7) 
1 -!3q6) 
1 537(S) 
1 373(S) 
1 -l-%8(5) 
1 528(S) 
1 388(9) 
I 495(S) 
1 437(6) 
1 367(7) 
1 515(7) 
1 533(S) 
1 183(S) 
1 506(11) 
1 330(9) 
1518(9) 
1 18q9) 
I .511(11) 
1 16t(10) 
1555(lO) 
1 191(9) 
1 505(10) 

C-l-O-l-C-2 
O-l-C-l-C-2 
O-l-C-1-0-5 
C-2-C-l-O-5 
C-2-0-2-C-l 3 
C-l-C-2-0-2 
C-l-C-2-C-3 
O-2-C-2-C-3 
C-2-C-3-O-3 
c-2-c-3-C-4 
o-3-c-3-G% 
c-3-0-3-C-10 
c-3-c-4-0-4 
c-3-c-4-C-s 
04-C4c-5 
c-1-OM-7 
c-1-0-5-c-5 
c-1-c-s-O-5 
C4C-5-C-6 
O-5-C-5-C-6 
C-5-C-6-0-6 
c-6-o-6-C-7 
C-l’-0 l’-c-13 
O-l’-C-l’-C-2 
O-l -C-T-C-I 
O_l’-C_2’-O-2 
o- 1 ‘-C-2 -C-3’ 
C- 1 ‘-C-2’-O-2 
c- L ’-c-2 -c-3’ 
O-2 -c-2 -C-3’ 
C-2 -O-T-C_5 
c-2 -CT-3*-o-3 
c-z’-c-3’-C+ 

116 7(4) 
107 S(c) 
109 4(4) 
111 l(3) 
11s l(4) 
1114(3) 
111 l(4) 
104 7(4) 
106 6(4) 
108 5(4) 
108 q3) 
118 o(4) 
109 5(4) 
110 S(3) 
lC7 6(4) 
112 b(4) 
113 l(4) 
110 44) 
107 3(4) 
109 2(4) 
107 7(S) 
115 2(4) 
1154(4) 
113 5(5) 
113 S(4) 
1114(4) 
106 9(4) 
109 3(4) 
110 3(4) 
104 S(4) 
109 3(4) 
112 6(3) 
105 5(4) 

o-3%-Y-C-4 
C-3’-0-3’-C-16 
c-3’--C-4’-0-4’ 
c-3’-csr-C-5 
0_4’-C~-C-5’ 
C-4’-0a-G19 
o-T-C-5’-C-4 
O-2%-5%-6 
C-4’-C-5’-C-6 
C-5%~6’-O-6 
c-c-O-c-c-22 
0-4-C-7-0-6 
0-4-C-7-C-S 
O-4-C-7-C-9 
O-6-C-7-C-8 
o-M-7-C-9 
c-8-C-7-C-9 
0-3-C-10-0-1 1 
o-3-Glo-C-12 
C-l 1-c-m-c-12 
0-2-C-13-0-1’ 
0-2-C-13-c-14 
0-2-c-13-c-15 
0-1%-13-C-14 
o-1’-c-13-C-15 
c-14-c-13-C-15 
O-3%-16-0-17 
0-3%-l&C-18 
0-17-G1M-18 
OX-C- 19-O-20 
OX-C-19-c-21 
0-20-C-19-C-21 
O-6%-22-0-23 
0-6’-C-22-C-24 
o-23-c-22-C 24 

108 9(4) 
116 3(4) 
105 l(4) 
106 2(4) 
111 5(4) 
113 q4) 
105 9(5) 
113 4(4) 
110 l(5) 
107 5(5) 
115 l(5) 
109 7(4) 
112 l(3) 
105 3(4) 
112 6(4) 
103 6(3) 
113 O(5) 
123 4(6) 
109 6(6) 
127 O(7) 
109 S(4) 
112 9(4) 
103 9(4) 
103 9(5) 
113 o(4) 
113 5(S) 
123 l(7) 
110 3(6) 
126 5(7) 
123 S(6) 
106 6(6) 
129 6(S) 
122 2(6) 
111 6(6) 
126 2(6) 

%tandard devlatmas III parentheses 

The conformation of the eight-membered rmg 1s a boat-chair Torsion angles 
(Table III) are compared with those found for this conform&on VICL stram-ener_q 
caIculatxo& ’ The mu-ror plane located m this conformatlon passes through C-2’ 
and O-2, with the latter as the boat 731s boat-chair conformatlon has the lowest 
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Fig 1 Numbenng system used for compound 1 

energy of all of the eight-membered n?g conformations of cycle-octane6 Clearly, 

the conformatlonal analysis of the 1,3,6-tnoxo analogue might give a different series 
of energy preferences, because of the smaller size of oxygen and the lack of many 
H H repulsions Anet’ has suggested an interpretation of ‘H-n m r results for 
1,3,6-tnoxocane m terms of the boat-chair conformatlon In 1, we have this con- 

formation with O-2 as the boat and C-2’ as the chair end (2) However, m spite of 
the replacement of three CH,-groups by oxygen, the conformatloq of the twist 
boat 1s very close to that predicted by strain-energy calculations (Table III) 

The geometry of the D-fructofuranosyl rmg 1s compared (Table III) with values 
for other sucrose-type molecules which have been mvestrgated by X-ray dlffractlon 
The conformat,on of the ring IS analysed m the way suggested by Altona and 
Sundaralmgham’” All examples pnor to the present work have P valuesI close to 
0 or 180”, with C-3’ and C-4’ furthest from the rmg plane* This 1s not the case 

m the present molecule, which has O-2’ and C-2’ furthest from the plane Least- 
squares calculations on C-3’, C-4’, and C-5’ show that O-2’ IS 0 34 A era to C-6’ 
and C-2’ IS 0 10 A endo to C-6’ (Table IV) The conformation of the present ring 
can therefore be called E, with a shght dIstortIon towards _T2 

The geometry IS uruque among compounds contammg the sucrose moiety 

However, one precedent for an unusual confomlatlon 1s found m 2,6-anhydro-,!?- 

*These 3TJ conformatIons are eqmvalent to the 273 conformatlons of Ref 14, notmg that the furanold 
rmgs are numbered O-l’, C-l’, C-2’, C-3’, and C-4’, compared to our Fructofuranose numbenng- 
scheme C ?‘, C-2’, C-3’, C-4’, and C-5’ Then, m 1, the conformatlon oT2 corresponds to a .T1 
conformatIon The E, conformatron 1s named the same For both types of rmg 
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TABLE III 

T~RS~~NANGLES(DEGRJ.~~)FOR 1 

(a) z-D-G[acop_vranosyL rmg (6) Six-membered cyck acetal (4,6-rmw) 
c-5-0-5-c-1-C-2 -57 5 0-6-c-6-C-5-c-4 -58 9 
O-S-C-l-C-2-C-3 53 9 c-6-C-s-C404 62 5 
c-l-C-2-C-3-C-4 -52 8 c-5-C404C-7 -624 
C-2-C-3-c-4-C-5 55 6 C40-4-G7-O-6 56 5 
c-3-C-4-c-5-o-5 -59 0 04-C-7-0-6-C-6 -543 
c-4-C-5-O-5-c-1 60 1 c-7-o-6-C-6-c-5 56 5 

(c) Erght-membered c~ clxc acetal (I’&rmg) 
Calc 6 

447 
-102 2 

65 0 
-650 
10’ 2 

-447 
-650 

65 0 

In 1 
0-2-c-2-c-1-0-1 50 3 
c-2-c-1-o-1-C-2 -111 1 
C_l_O_I-C-I?‘-C-1’ 63 9 
O-I-C-2’-C__1’-O-1’ --55 0 
c-2 -C-l -o-1,-c-13 107 2 
c-1’-0-1’-c-13-0-2 -55 0 
0-l’-C-13-0-2-C-2 -66 7 
C-l 3-0-2-C-2-C-1 660 

(d) F-D-FnrctofitranosI I rmga 
1 

C_3’-C_2’-0_2’_C_5 31 5 
C_2’-0_2’-C_5’-C_4 -29 2 
0_2’-C_5’_c_4 -C-3’ 14 3 
c-5 -c-4’-c-3,-c-2 39 
C_4’-C_3 -C-2 -0-2 -21 0 
PI-r 277 1 
ConformatIon CO 

I -hrestoses Plaateoseg RafittoselQ Sucrose’1 1” Melezrtose16 b 
-37 159 -94 146 85 

-15 2 90 -162 81 16 6 
28 0 -29 8 33 5 -27 2 -34 1 

-29 3 38 9 -38 6 350 38 2 
21 1 -34 5 30 6 -31 2 -29 5 

191 5 -55 1847 -56 62 
Es or sT3 3T’ JT3 3P 47-3 

(e) GIL cosrdtc ImXage bettc een fit e- and st r-membered rmgs 
Reference 

1 S 9 
O-I-C- I-C-2-C-3 -659 -723 -626 
c-2-c-1-0-1-c-2 -111 1 -152 9 -130 5 
C_1_0_1_C_2’-C_3’ -174 1 1774 -141 5 
0-1-C_2’-C_3’-C4 97 3 1408 85 1 
O-l-C-2’-C-3’-O-3’ -21 3 20 5 -39 6 

10 II, 12 I6 
-669 -67 7 -57 9 

-157 5 -129 3 -142 1 
-1055 -159 8 -145 8 

900 87 6 89 3 
-32 5 -38 7 -27 9 

%tachyose13 has the 3TJ conformatlon, but torsion angles are not avadable *Tbcre IS another 
crystal form of meleutose”, this has the E3 conformatlon 

TABLE IV 

DlSTANCES(i%)OFATOhlS FROhlTHEC-y,C-c,C-YPLANE 

C-2’ 0 10, O-2’ -0 34, C-l’ -0 84, O-l 1 48, O-3’ 1 11, C-6’ 1 33, 04’ -124 
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D-fructofuranose”, m which C-3’ and C-4’ are both m exe positions (with respect to 
C-6’), but thts 1s due to the fact that the furanosyl nng IS part of a brcychc system 
It IS a conformation not as unexpected as the one found m the present molecule 

The cychc acetal (1’,2) linkage between the D-glucopyranosyl and D-fructo- 
furanosyl rings is characterised by the torsion angles shown m Table III It is apparent 
that the angles m 1 are very close to those m sucrose, Indeed, more so than for the 
malority of other molecules Thus, it is apparent that the formation of the second 
linkage between these two rings,, via C-l’, O-l’, C-13, and O-2, has made httle 
dtfference to the spatial relatlonshlp between the two rings Sucrose, of course, 1s 
somewhat special, m that there IS an mtramoleculai hydrogen bond between O-6’ 
and O-5, and another between O-l’ and O-2 

It remains to consider the unusual conformation of the D-fructofuranosyl rmg 
Clearly, a conformation m which the oxygen remains m the rmg plane and carbon 
atoms are puckered IS the most hkely on the basis of substituent mteractions As 
O-2’ has no substrtuents, It 1s the most hkely atom to remam m the plane In all 
seven examples (Table III), we find that C-3’ and C-4’ are the atoms most puckered 
from the ring plane There are clearly three possible causes, not necessarily mde- 
pendent, for the unusual conformation of 1 (a) the acetate groups, (6) the elght- 
membered rmg formatton, and (c) mtermolecular forces However, there seems to be 
no evidence m favour of any of these explanattons Of the acetates, only that on 
C-3’ (see Fig 1) appears close to any groups m the rest of the molecule We also 
note that the C-3’-0-3’-C-16-0-17 torston angle IS -8 0”, whereas the equtvalent 
angles of the other three acetates are all less than 3 6”, there does not seem to be any 
good reason for this, as O-17 and C-18 are also far away from other atoms The only 
close contacts mvolvmg thts acetate group are the unexcepttonal O-3’ O-1 2 55, 
and C-16 O-l ’ 3 20 A Indeed, we find that the 0-l-C-2’-C-3’-O-3’ torsron angle 
IS quote small compared to that found m the other molecules m Table III, suggestmg 
that the sterlc effects mvolvmg this acetate group are ummportant C-6’ O-1 IS 
3 18 A, but agam thts IS not unreasonable The formatron of the erght-membered 
rmg has also not led to any awkward steric effects The rmg formatton ensures that 
C-2-C-l-O-l-C-2’ IS smaller than other examples, but this can have little effect on 
the geometry of the five-membered ring A study of mtermolecular distances hhewlse 
shows PO obv:ous reasons for the unusual geometry Unlike other examples, 1 con- 
tams no molecular hydrogen bonds that could cause the surprising conformation 
Clearly, it would be necessary to determme the crystal structures of other related 
acetate derivatives before deciding on the reason for the unusual conformation of 
the present compound 

An analogy could be drawn with the furanoid rings of nucleosrdes, where 
structures have been determined by X-ray crystallography Of these, nearly all have 
P N 0 or 180”, I e , with oxygen m the ring plane There are a few exceptlons (for 
example, those hsted by Narayanan and Berman”) with P - 90”, for the malonty 
of such compounds, however, there IS no obvious reason for the unusual conforma- 
tlOLl 
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The bond length and angles m 1 show no unusual features It 1s notrceable that 
C-1-0-5 at 1.408(6) A 1s the shortest C-O bond. This 1s often found and has been 

shown to be consistent with molecular orbital calculations’g. 
It IS of interest to mention here the selective de-estenfication reaction of 1, 

m which the reactron occurs predominantly at the o-fructofuranosyl moiety’ Trus 

can be attributed, m addition to the stenc factors, to the unusual conformatlon 

6% --* ,,T’) of the o-fructofuranosyl rmg In view of the ngrdrty of the molecule, 
it is hkely that the same conformatlon would exist m solution 
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