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ABSTRACT 

The crystal structure of methyl 3,4-0-isopropylidene-2,6-di-O-(2,3,4,6-tetra-O- 

acetyl-~-D-galactopyranosyl)-a-D-galactopyranoside (l), C38H54024 * (C4Hs02)0.32 

was determined by X-ray diffraction; 1 crystallises in space group P2, with a = 

12.480(3), b = 8.821(3), c = 21.182(4) A, p = 98.46(3)“, and Z = 2. The structure 

was solved by Patterson-search and Fourier-recycling procedures and refined to 

R,(R) = 0.048(0.063), using 4348 [3112 with I > 2g(I)] independent reflections. 

The p-D-galactosyl rings are slightly distorted and, due to the isopropylidene group, 

the cc-D-galactoside ring is severely distorted. The conformation near the p-(1 -6) and 

p-( l-+2) linkages between the pyranoid rings is not significantly affected by the acetyl 

groups, but the anomeric C-O-C bridge angles have unusual values. The C-6-O-6 

bond in the P-D-gahCtOSy1 group (1 -t2)-linked to the a-D-galactoside residue has an 

unusual gauche-tram conformation with respect to C-4 and O-5. The CH,-(C = O)- 

O-C moieties are planar within 0.01 A, and 32.6 “/g of all unit cells contain a molecule 

of ethyl acetate. 

INTRODUCTION 

Although many unsubstituted carbohydrates have been investigated by X-ray 

diffraction methods, the number of conformational studies of substituted sugars is 

rather small. 

However, in the last four years, substituted, especially acetylated, carbohydrates 

have been investigated ’ -4 in order to assess the influence of the substituents on the 

geometry as well as the distortions of the anomeric bridge linkages. 

Methyl 3,4-O-isopropylidene-2,6-di-0-(2,3,4,6-tetra-O-acetyl-P-D-galactopyra- 

nosyl)-a-D-galactopyranoside (1) is an intermediate in the synthesis of oligosacchar- 

ides5. In the absence of hydroxyl groups (Fig. 1) and, consequently, of hydrogen 

bonds, it is of interest to study the influence of the acetyl and isopropylidene groups 

on the conformation and overall shape of the molecule. The numbering of the atoms 

is indicated in Fig. 1. 

0008-6215/83/$03.00 @ 1983 Elsevier Science Publishers B.V. 
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2Ac ? 

Fig. 1. ORTEP projection of the molecule with omlsslon of the hydrogen atom\ The carbon atom5 

are open and the oxygen atoms are hatched. The numbering of the atoms I, rndicatrd. The contours 

of the atoms represent 50”,, probability elliphoids. The angles 0, 0’. and 0” arc defined by ii 

g(O-SA-C-IA-0-IA-C-6B), 0’ g(C-IA-O-14 -C-6B-C-jB), dnd II” ,i (0-I A -C-6B- C-SB~- 

0-5B) rn the /I-( 146) linkage, and by 0 f~rtO-SC-C‘-I(‘~O-~B-C-28, ant+ 0’ f/((‘-l(‘ O-1B 

C-96-C-I B) in the (f-c I-7) linkage. 

EXPERIMENTAL 

Crystals were grown by diffusion of 330 /tL of I-propanol into a solution of 

3 mg of 1 in 430 /IL of ethyl acetate. A lath-shaped crystal (0.6 x 0.3 x 0.15 mm) 

was put into a sealed glass-capillary and mounted on a Nonius CAD--l dlfl‘ractometcr. 

Thelatticeconstantsarea = 12.70X(3),/7 = X.942(4).(, = 21.102(h)~\./i = 99.13(Z) , 

and V = 2379 A” at 293 K; and (I = 12.4X0(3), h = X.811(3). (’ = Ji.IX?(-l) /i, /; = 

98.46(3) ‘, and V = 2306 A-’ at 97 K. The space group is PZ,. Assuming % to bc 2 

and the molecular composition to be C,,H,,O,, I (C,H,0,),,,,2. the calculated 

density d, was 1.330 gem ’ at 97 K. The lmcar absorption coctlicicnt j~(MoKz) 

was I .Z cm-‘. Graphite-monochromated MO-Kr radiation (/, 0.71073 ~4) was LISC~ 

for the collection of diffraction intcnsitles from one crystal at 293 and 97 K in the 

range 2’ < 0 < 25 for both sets of data. The number of symmctrq-independent 

reflections collected at 97 K (293 K) was 4348 (4476) and the number of‘ reflections 

with I > h(I) was 31 12 (1314). The mtcnsltles were corrscted for loss of 

scattering power of the crystal during exposure ( l-4”,, at 97 K: 10”,, at 293 K ). NC) 

absorption correction was applied. 

STRUCTURE DE’TFRMINA’III’)~ 

Attempts to solve the structure by direct methods, using room tcmperaturc 



TRISACCHARIDE CRYSTAL STRUCTURE 

TABLE I 

POSITIONAL PARAMETERS ( X 104) AND B(eq) (ti’ X lo) OF THE NON-HYDROGEN ATOMSa 

Atom 

*C-IA 

O-1A 

C-2A 

O-2A 

c-7 

o-7 

C-8 
C-3A 
O-3A 
c-9 
o-9 
c-10 
C-4A 
O-4A 
c-11 
o-11 
c-12 
C-5A 
O-5A 
C&A 
o-6A 
c-13 
o-13 
c-14 
C-IB 
O-1B 
c-15 
C-2B 
O-2B 
C-3B 
O-3B 
C-4B 
0-4B 
c-17 
C-16 
C-18 
C-5B 
O-5B 
C-6B 
c-1c 
c-2c 
o-2c 
c-19 
o-19 
c-20 
c-3c 
o-3c 
c-21 
o-21 

x/a 

2745(3) 
3177(2) 
3385(3) 
3149(2) 
3947(6) 
4811(3) 
3588(6) 
3038(3) 
3771(2) 
3368(4) 
2429(3) 
421 l(4) 
3071(3) 
4183(2) 
4689(3) 
4298(2) 
5776(4) 
2486(3) 
2904(2) 
2592(4) 
2002(2) 
965(4) 
521(3) 
458(5) 

3001(4) 
4119(2) 
4497(5) 
2659(3) 
3041(2) 
3041(3) 
2397(2) 
2806(3) 
1688(2) 

443(4) 
1516(4) 
1630(4) 
3021(3) 
2562(2) 
2606(3) 
2205(3) 
2668(3) 
3295(2) 
4345(3) 
4743(2) 
4894(4) 
1741(3) 
2207(2) 
1577(3) 
735(2) 

______ 

y/b 

1346 
1538(3) 

82(5) 
- 1308(3) 
- 1885(6) 
- 1293(5) 
- 3357(6) 

-138(5) 
- 1214(3) 
-2117(6) 
-2100(3) 
-3071(6) 

1351(5) 
1871(3) 
1502(S) 
694(3) 

2195(6) 
2584(5) 
2699(3) 
4119(5) 
5269(3) 
5460(6) 
4709(5) 
6744(S) 
542(5) 
425(3) 

-734(6) 
1694(5) 
1269(3) 
3286(5) 
4395(3) 
3647(5) 
4060(3) 
4428(6) 
4874(5) 
6573(5) 
2347(5) 
952(3) 

2567(5) 
1102(5) 
600(5) 

1847(3) 
1559(6) 
313(5) 

2959(l) 
287(5) 

-354(2) 
-300(5) 

374(3) 

4C 

5627(l) 
5066(l) 
5995(l) 
5653(l) 
5352(2) 
5354(l) 
5032(2) 
6642(2) 
6979(l) 
7399(2) 
7467(l) 
7756(2) 
7008(2) 
7183(l) 
7778(2) 
8138(l) 
7896(2) 
6581(2) 
5995(l) 
6896(2) 
6492(l) 
6573(2) 
6916(2) 
6142(3) 
3174(2) 
3277(l) 
3747(2) 
2662(l) 
2083(l) 
2863(2) 
2486(l) 
3534(2) 
3419(l) 
2459(2) 
2820(2) 
2940(2) 
3999(l) 
3733(l) 
4617(l) 
1574(l) 
981(l) 
787(l) 
716(2) 
782(l) 
546(2) 
443(l) 

-73(l) 
-658(l) 
-749(l) 

171 

B(eqJ 

23(l) 
24(l) 
24(l) 
31(l) 
39(l) 
42(l) 
64(2) 
24(l) 
27(l) 
29(l) 
37(l) 
36(l) 
25(l) 
23(l) 
24(l) 
29(l) 
33(l) 
26(l) 
25(l) 
29(l) 
30(l) 
37(l) 
58(l) 
64(2) 
26(l) 
31(l) 
45(2) 
21(l) 
20(l) 
22(l) 
25(l) 
21(l) 
25(l) 
38(l) 
290) 
36(l) 
22(l) 
26(l) 
24(l) 
17(l) 
18(l) 
20(l) 
28(l) 
37(l) 
38(l) 
16(l) 
17(l) 
20(l) 
24(l) 



c-12 70X1(3) I146f6, 
c-4c 91X(3) X00(S) 
0-dc‘ 1136(Z) 2X0(7, 
C-13 1X7(3) 3328(S) 
o-23 757(Z) 3134c3r 
C-24 1821(1) “477Of5, 
C-5(’ 579(i) 2l-kf51 
0-X 1 mX(lr 5313) 
C-K I7J(3) 1753(T) 
0-6C I I93(7) 11’613) 
C-15 19X3(3) X34(5) 
O-15 lXJlc(‘, 2’!76(3) 
C-26 300-1f.7) lWl(6) 
C-IEa ~1152f12) 36X8( 19, 
O-It% SOY I? 1 3316f I’)) 
C-?ES. 23% 1-I) 39lX(2~, 
C)-?& 2Ml5) 51W( I XJ 
C-3 E;1 32X( I51 5‘!13( 19) 
C-II% 62?( 701 7lM22) 

Y/h 7c 

C‘. ROhWRS 

R(cr/ 1 

27( I 1 

16(l) 
17(l) 
,O( I ) 
7( I b 
3IflJ 
l8tl I 
INI) 
19(l) 
‘l(l) 
7?( I ) 
!O( I 1 
31(l) 
55(J) 

1071’) 
Ill(Xl 
125(h) 
59(J) 

119(c)) 

data and, later: the data collected at 97 K, failed altogether. Although the multiple- 

solution program MULTAN in its latest vcrsinn” was avallablC nnd the slat1stics of 

the calculation of E values was improved by assuming the prcscnce 01‘ hi\ pyranold 

rings and sixteen acetyl groups in random position and nricntatlon. the rcsultlng F 

maps could not be interpreted. 

The structure was solved by the IWterson-search method-‘. Using I 1 atoms 01 

cc-D-glucose as :t trial model for the gal:uztose moiety. 3 rotation :ind transhtion search 

was performed. These calculations did not lead to the correct wlution until the 

rotational and translational Increment\ were reduced to 5 2nd 0. I.‘, 3. respectively 

The failure with larger steps was caused by the eutrcme sharpnas c)f the minimum 

corresponding to the correct posltion. The fi\,c most-promlstng wltrti~>ns MCIX in- 

spected by refining the atomic posItion\ using an overall tcmpcraturc factor. The 

best solution (R = 0.46) was used in ;1 Fourier-rrcycling procedur~~.Y. f:tking the 40 

highest Fourier peaks In each cycle. After seven cycles. 37 peaks corrcsp{wdcd \j,ith ;I 

reasonable geometry. Using thc\e positions. the atoms still missing (25 I wcrc I’ound 

in a search for 61 peaks III saw subsequent cycles. 

UGng individual, isotropic temperature factors and refining the parameters 

of all atoms. the weighted R-factor. R,\ .y [ Iw(/F,,i !F-;/ 1’ :wjf-‘,,i’]‘, uhcrc 

w = “‘(F,,), from 0.39, dropped to 0.13-L. Difrerencc Fourier m:ipc rcvcal& peal\> that 

could be interpreted a\ ;I molecule of ethyl acetate occupying 32.h( 5) I’,, of the pos>iblc 
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locations. Since its atomic positions were badly defined [see packing), the geometry 
of the ethyl acetate molecule was constrained during further refinement. With the 
exception of the hydrogen atoms H-8”‘, H-14”, and H-2@“, and the hydrogens of the 
ethyl acetate molecule, all hydrogen atoms were located in difference Fourier maps. 
During further cycles, the hydrogen atoms were kept at fixed orientations and fixed 
distances (I.0 A) with respect to the bonded C atoms, but their isotropic B values 
were refined. 

The matrix of normal equations was split into four blocks, three of which 
contained the atomic parameters of each sugar ring while the fourth contained those 
of the ethyl acetate molecule. Using the same blocks, anisotropic refinement of the 
heavy atoms resulted in R, = 0.048 and R = X[/F,f - iF,l//CIFbl = 0.063. The 
scattering factors of C, H, and 0 were taken from ref. 9. 

The re~nement using room temperature data did not result in an acceptable 
structure, The resulting R,(R) factors were unsatisfactory: 0.086 (0.133). Lack of 
significant data and possible rotational disorder about the ester linkage of the acetyl 
groups may have been responsible. 

The positional parameters of the heavy atoms, their standard deviations, and 
the B(eq) values are given in Table I. The hydrogen positions, the anisotropic 
vibrational parameters, and a list of observed and calculated structure factors have 
been deposited*. 

Fig. 2. Bond distances (A) and bond angles (“), Estimated standard deviations in the least-significant 
digit are given in parentheses. 

*The vibrational parameters UQ of the heavy atoms, the co-ordmates and B values of the H atoms, 
and a list of structure factors F. and Fc are deposited with, and can be obtained from: Elsevier 
Scientific Publishing Company, BBA Data Deposition, P.O. Bow 1527, Amsterdam, TheNetherlands. 
Reference should be made to No. BBA/DD/240/Cuvbohydr. Res., 114 (1983) 169-180. 
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TABLE 11 

4VERAGE hALLItS (AV), RAW (i)), SrI\NDARLI LX VIATION (0) (CALCUI AIFD EROM INUIVlIXJAI. E.S.II. 

\ALULS). AND tSTIMATOR s [ll ‘(n I ) -‘Y,(p, p 1, )q: OF ROYI) I)ISI‘.\\CLS I .i, \>\I) ROUI) 9\;<;1.1s 

( ‘) OF ACCl-YL GROIIPS 

c-o c. 0 

0.03 I O.O?Y 

1.356 1.197 

0.0017 O.OOlY 

0.004 I 0.0033 

0.01 I O.OOh 

1.353 I.195 

0.0037 0.0032 

0.00’3 0.0014 

0.03 I 0.0’6 

I.348 I.190 

0.00’6 0.0032 

0.0035 o.ooi?. 

1.1X3 

0.00 I 

l.“Y __ 

0.005 

r-c 

0.059 
I .4x9 

0.0013 

0.0068 

0.013 

I .49l 

0.0036 

0.00’9 

0.01Y 

1.486 
0.0043 
0.0061 

0.067 

I .‘W 

0.00 I 7 

0.0036 

I.493 

0.002 

I .47x 

0.006 

o-c 0 

2.5 

123.1 

0.13 

0.3 I 

1.X 

1’3.1 

0.20 

0 53 

I .h 

IS.3 

0.22 

0.1’) 

29 

1’1 9 LL 

0.10 

0.20 

111.7 

0 2 

111.1 

0.5 

C-C-0 

7.1 

I IO.7 

0. I7 

0.29 

1.7 

III.1 

0.70 

0.35 

?. 3 
I 10.9 

0.x 

0.1 

2.5 

110.x 

0.00 

0.1 A 

114.5 

0.2 

l13.k 

0 3 

c-‘-c‘ 0 

0.6 
126. I 

0.11 
II.07 

I .o 

175.8 

0.20 

0 2x 

1.1 

1 ‘6.X 
0 77 

0.17 

2.5 

I ‘h. I 

0 II 

0 Ii 

123.x 

O..? 

I’.l 

0 .c 

“2. 2,CDinitrophenyl 2,3,4,h-tetra-O-acetyl-a-v-glucopyran~~l~e I. 3, I.2.~,6-‘Ietr,i-O-acct?_l-.3-0- 

(2,3,4,h-tetra-O-acctyl-n-gal3ctopyrano~yl)-~-~~-~~tlact~~~ran~)s~~~. 

MOLECULAR GEOME?‘R\I 

Omitting the acetyl groups, the bond distances and valence angles arc sho\\n III 

Fig. 2. The average geometry of the acetyl groups is given in Table II. T’hc cndocycl~c 

and a number of salient exocyclic torsion angles are given in Table I Il. 

Fig. 1 clearly shows that A and C ;irc /I-r,-galactc~pyrannsyl groups. \+hercas B 

is the corresponding 2 anomer. The Ilnkagc between A and K I> j:-( I --~6). \vhw.xs 

C and B are /L( I +2)-linked (SW Figs. I and 3); the /i-( I-2) I~nkagc in 1 i:, the first 

example of such conncctlon between Tao galact(~pyl.all(~s~ rcsiducs. 

Disregarding the acctyl groups and the isopropyl~dcne group, the CC bond 

distances vary bctwecn I .-HY( 5) and I .530(O) A. The mean ulu~ [ I ..i I .FI( I 1) A] IS III 

close agreement with the corruspondln g accrage [I .5X( I 1 ) A] tjfti~o gal;lctopyranose 
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TABLE III 

TORSION ANGLES (O, ESTIMATED STANDARD DEVIATIONS IN THE LEAST-SIGNIFICANT DIGIT ARE GIVEN IN 

PARENTHESES) 

(a) Endocyclic torsion angles 

Ring A 
C-l-C-2-C-3-C-4 - 52.5(4) 
C-2-C-3-C-4-C-5 49.1(4) 
c-3-m-c-5-0-5 -53.6(4) 
C-4-C-5-0-5-C-l 62.8(4) 
c-5-0-5-c- I-C-2 -63.8(4) 
O-5-C-l-C-2-C-3 58.1(4) 

Plrckering parameters (Cremevs and Pople39) 

Ring A 

Q(A) 0.564(4) 
@(Y 5.9(l) 
4(‘, 27.9(3) 

Ring B Ring C 
-46.6(5) - 52.3(4) 

40.7(4) 52.0(4) 
-47.1(5) -57.8(4) 

60.0(4) 66.4(4) 
-65.9(4) -66.2(4) 

59.3(5) 58.2(4) 

Ring B Ring C 
0.539(4) 0.593(4) 

13.9(l) 5.9(l) 
35.1(l) 5.4(l) 

(b) Exocyclic torsion 

0-1-c-1-c-2-0-2 

0-2-C-2-C-3-0-3 
0-3-c-3-c-4-0-4 

O-4-C-4-C-5-C-6 

C-4-C-5-C-6-O-6 

0-5-C-5-C-6-0-6 

C-3-C-4-0-4-C-l 6 

c-4-o-4-C-160-3 
0-4-C-16-0-3-C-3 
c-16-o-3-c-3-c-4 

angles 

Ring A Ring B Ring C 

-67.8(4) 58.9(4) - 68.0(4) 
69.0(4) 77.4(4) 70.3(4) 
50.6(4) 36.6(4) 54.2(3) 

- 54.5(4) - 53.3(4) - 58.0(4) 
-178.2(4) - 160.4(3) -69.4(4) 

59.2(4) 75.0(4) 170.1(3) 

-36.6(4) 

22.3(4) 

2.4(4) 

-23.9(4) 

(c) Linkages betweerl the rings 

i-(1+6) between A and B 

0-SA-C-IA-0-lA-C-6B 
C-ZA-C- IA-O- 1 A-C-6B 

0’ C-IA-0-lA-C-6B-C-5B 
0” O-IA-C-6B-C-5B-O-5B 

$(1+2) between C and B 
C-lB-C-2B-0-2B-C-IC 
C-3B-C-2B-O-2B-C-1C 

0 C-2B-O-2B-C-lC-O-5C 
C-2B-O-2B-C-lC-C-2C 

-69.9(4) 
173.3(4) 

- 166.8(3) 
7X0(4) 

121.7(4) 
-113.6(3) 
- 60.2(4) 

- 178.2(3) 

compounds1 O and the value [1.515(6) A] reported by Faces-Feces et aZ.l’. The 

C-O bonds can be divided into two groups: (a) the anomeric bonds C-1-0-1 

[3X, 1.383-1.393 A, mean value 1.387(5) A] and (b) all other C-O bonds [21X, 

1.419-I .457 A, mean value 1.437(13) A]. Comparison with Sheldrick’s datalo shows 

that the average values of (a) and (b) agree with the corresponding values 1.401(10) 

and 1.430(10) A of the compounds reported. 

The endocyclic valence angles vary between 108.3(3) and 114.2(3)“. These 



176 .I. D. HOOGFNDORP. 4. t. Pt. KOK. C‘. ROMFRS 

Fig. 3. An ORTEP proJection along [OIO], lllustratlng the packing of the n~~~ie~t~lc. A few xhorr 

C---O and O---O distances arc indicated. ;I? well a\ the contour\ of the unit cell. 

variations more or less refect variations in the endocyclic torsion angles” and arc 

indicative of distortions of the pyranoid rings. Table 111a shous that the puckering 

of all rings is largest at atoms O-5 and C-l, and smallest at C-3 and C-4. This 

phenomenon is observed in most pyranoid compounds”. Kings A, B. and C have 

distorted ‘C’, conformations. DLIC to the presence of the iaoprop>~lidcnc group, the 

distortion is largest for ring B, but not as large as was obwrvocl in similar compounds, 

i.e., methyl 3.3-O-ethylldene-li-r,-galactopyranoside ” and methvt 3.4-O-isoprc)pql- 

idene-P-L-e~~,tll,o-pentopyranosid-.-ulose’ ‘. Ill comparl~otl with AI. \alui~of’40.7(4) , 

the torsion angle (~(C-2-~C-3--(‘-1-~C-_5) is reduced to 33.5 and 3-l ‘. r-cspecticcl>. 117 

the latter compounds. Folloiving the method of JetTrcy and Yates”‘. ring\ A :tnd H 

are slightly twisted towards the half-chair “il, u herca\ ring C is tii\torted toward\ 

the half-boat “I: (we Table [II). 

The five-mcmbcred ring containing the isopropylidene group has the shape 01 

an envelope with C-3 as the flap (see Table Illb and Fig. I ). Thi: conti~rtnatlon I\ 
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dictated by the axial and equatorial connections of O-4B and O-3B to the pyranoid 

ring. The geometry of the five-membered ring requires a small value of the exocyclic 

torsion angle ‘pO = (p(O-3B-C-3B-C-4B-O-4B) = 36.6(4)“, compared to the values 

of 50.6(4)” and 54.2(3)’ of the equivalent torsion angles in rings A and C, respectively 

(see Table TIIb). We believe this is the main reason for the greater distortion of the 

inner galactose ring. Defining the dihedral angle ‘pi = q(C-3B-C-4B-0-4B-C-16), 

etc., a pseudo-rotation phase angle A = -15.8(7)” and qrnax = 38.7(2)’ are cal- 

culated’ 7. The corresponding pseudorotation parameters deduced from the structures 

of Lindberg14 and Palmer and Palmert5 are A = -3 1.7”, (P,,_ = 40.6”, and A = 

-25.6”, (P,,,_ = 40.8”, respectively. The earlier reported (P,,,_ valuesis,‘9 of four 

dioxolane rings (27.0, 29.5, 37.6, and 30.3”) are much smaller, because these rings 

are Spiro-connected with steroid molecules; for this reason, the torsion angles of those 

compounds are less dictated by the demands of the central ring system. 

The acetal parts of rings A and C have an (a~, --SC) conformation*‘. According 

to calculations by Jeffrey et al.*l, this conformation has the lowest energy. The acetal 

part of ring B has a (+sc, +sc) conformation, a form predicted for a-pyranoses. 

The linkage between the pyranoid rings can be described by the torsion angles 

of the bonds connecting the rings. Adopting the nomenclature of Jeffrey and Frenchi 

(see also Fig. I), the torsion angle 0’ [- 166.8(3)“] slightly deviates from the ideal 

tram orientation. This tran~ connection is approximately the same as observed13 

in CI-( l-+6)-linked sugars, but results for 1 in a roughly parallel orientation of rings A 

and B, in contrast with the more perpendicular orientation in the a-(1 ‘6) linkages. 

It follows from the value of 8” [750(4)“]&hat the conformation about the bond 

TABLE IV 

LINKAGES BETWEEN RINGS IN SOMF /!?-(I -t3)- AND /%( l--t+LINKED PYRANOSIDES, DESCRIBED BY MEANS 

OF DIHEDRAL ANGLES 0 AND 0’ GIVEN IN DECIMAL DEGREES 

Compound 

,!I-(I+S)-Linked rings 

,%Laminarabiose 
Methyl ,@laminarabioside hepta-acetate 
Digalactose cc-octa-acetate 

/I-(1+4)-Linked rings 

fl-Cellobiose 
,Kellobiose octa-acetate 
Methyl /kellobioside 
/I-Cellotriose 

cl-Lactose 
Lactose CaCla 
Lactose. CaBrz 

-94 78 Glc-Glc 34 
-84 138 Glc-Glc 3s 
-71 145 Gal-Gal 11 

-76 106 Glc-Glc 28 
-77 134 Glc-Glc 29 
-91 80 Glc-Glc 30 
-98 102 Glc-Glc 2 
-75 134 Glc-Glc 31 
-93 95 Gal-Glc 32 
-76 108 Gal-Glc 33 
-71 107 Gal-Glc 36 
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C-5%C-6B is +.sc. This conformation has been observed in plantewe . H,O” and 

in stachyose . 5H202”, but the .w conformation freqlwtl> OCCIJ~S’.~ in x-r I +6)- 

linked glucose or fructose residues. Due to stcric hindrance between O-I ,-I and O-4H. 

this conformation IS. howww. wry unfavourablc fog gaiacto\e compounds. The 

absolute values of II” 111 -t-,\(’ c‘oliformatioti~ arc somewhat larger ( -t 6-i tc> +X7 ) than 

the corresponding values in .S(’ cnllti~rnlntlons ( 62 to 05 i. ‘Tlic torsion angic 

0 [_ 69.9(-r) ‘1 IS almost identical to the value g~\cn t?y I-c~cc+Fmxs c’/ crl.” 

[-mmm 7 I .2(4) -) and does not appear to be intluenccd by the packing 

The torsion angle 0 II) the /i-( 1 -2) Iinkagu [ 00.7(-l) ] has nearly the ideal 

\,alue predicted by JciTrq (21 (I/.“. but diflers markedly from the usuai values in /I- 

(1 +3)- and /;-( I -+4)-link& p>ranoside~ The values occurring in /i-t I --+3)- and /;- 

(I -t-I)-linked pyranwdes (see Tablc IV) fall \\ithin the range of 71 to ~98 . 

The nh i/~i/io calculations’ ’ suggest that a shift of‘ II from thcsc obhcrwd calues to 

60” corresponds to :I decrcasc of 3 kca:mol in pofcnfi31 i‘ncrgl. Apparciitl!~. 

crystal packing and. particularly. the presence In some 4ructureh of the hydrogen 

bond 0-5---H~---O-3 ma) explain the larger valtrcs of‘ li c~bser\~ed. 

The eclipse of bond O-18 C-l C with rcspcct to C-ZB~~H-?B 19 illustrated 1~ the 

large value [131.7(1) ] of il’. Most \alut‘s of II’ 117 /;-( 14.3) and /;-( I ~+-I) structures 

range from 90 to I40 (Tab/c IV). Apparcntlq, the actual value of’ (1’ mainly results 

f‘rom steric interactions, Iti our case 111 the neighbourhocx~ of the scrw axis C).!.O 

(see packing). Fig. I bhoM\ that ring C i\ viewed obliclucl\, in ccjmparison Lvith the 

on-top vie\+ ofrIngs A and R. According to theconvention ofSundarar~!i~ln and RN”, 

the linkage bctwecn B and C can bc described hith the towon angles u = c,o(C’-IC- 

O-ice-C-2%H-?B) = _?.tI(4) and ‘,r~ -: ro(H-ICC-ICO-IC C-.2H) == t>l.S(-!, 

According to Kantcr:, t’t trl.‘“, fhc C-O-C angle in the ( I +(> I linhagc should be 

smaller than the corresponding angle in the (I -32) linkage. In thl> structure. the 

respective mliit’s [I I5.4(3 j and I 17.7(3) ‘1 clearly indicate that this I-IIIC doe> not 

apply for the title compound. 

The eight acetyl groups arc virtually identical. A statibtlcai ;Inal!,\is (Table II ) 

resulted In the following values: I(C-0) =: 1.356(Z). I(C=O) = l.i97(2), I(C-C) = 

I.IXc)(Z) A, x(0-C-O) -~= l’Zi.l(l), Y(C-C-0) = 110.7(1,. and Y(C-C=O) = 

13.1 (I ) . These numbers differ at mwt by ?I’,, from the corrcaponding a\wagc 

values, taken from 20 obaer\atlona concerning three acetylated sugar compounds 

(see Table II). According to Lids’“. the C-C bond length xljnccnt trj ;L carbnnql bond 

should be I .50 I &0.004 .&. LI hich agrees fairly well u tth the expcriment,t! \,aluc. 

Some relevant geomclrical parameters of the acetyl groups arc Ixhulatcd in 

Table L’. The C-(C=O)-0 molctre\ arc planar tcj ~\lthin 0.015 I’\. The carbon atoms 

in the cbter linkagex are at most 0. I5 A from the ncetyl lust-sqwrcs pl;tn~~, This 

peculiarity of acetyl groups linked to ring hyatems \vas first obhervcd bq hlathleson’ ?. 

Mathieson also pointed out that the dlhcdr-al angle between the c;11-lx~n!l bond and 

the eaocycl~c C H bond. o.,:‘.. ((:-C‘ .(; ..C- 11) (.,cc Pablc \‘, cc,lumn 4), should lx 

approliimately zero if the carbon atom is tcrtiarv (a ring carbon) and ,~(~~,(,/!~~;~‘lrlc./l(, 

If the carbon atom I\ wcontfary (C-6A or C&I). Table \’ Indiixtc3 rhal i\~latiliewn’~ 
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TABLE V 

PLANESTHROUGHTHE ACETYLGR~UPS,AN~TTHE~RIENTAT~ONWITHRESPECTTOTHERINGS 

Positiou Maximum deviation (A) 
from plan@ 

Distarrcc (A) of C(17) 
n.ith respect to plant+ 

Orientation0 ( “) 

2A 0.004(4) 0.031(6) ~ 14.4(4) 
3A 0.005(4) 0.11416) -9.9(4) 
4A O.OlO(3) 0.09417) 28.7(4) 
6A O.OlO(4) 0.062(7) -32.4(4)’ 

- 1 57.3(6)d 
2c 0.002(3) 0.064(5) 9.9(3) 
3c 0.004(3) 0.14916) ~36.1(4) 
4c 0.002(6) 0.047111) 30.4(4) 
6C 0.015(4) O.OOO( 7) 55.1(4)C 

~ 54.2(4)” 

aThe acetyl groups are described with respect to the best planes through atoms of the C-(C=O)-0 
moieties, ZA, 3A, etc., being the atomic numbering of the galactose oxygen atom to which the acetyl 
group is linked. *The orientation of the acetyl group is defined as the dihedral angle 
q(O=C---O---C-H). cDihedral angle with respect to H-6’A or H-6’C. dDihedral angle with respect 
to H-WA or H-6°C. 

rule is valid for the tertiary ring atoms within 36”, with an average of 22”. The rule 

also applies for the secondary atom C-6C, the dihedral angles being 55. I and -54.2 “, 

but is non-valid for the secondary atom C-6A, the relevant angles being -32.4” and 

-157.3”. 

PACKING 

Fig. 3 is a projection of the structure viewed along [OlO]. The rings A are 

clustered around the twofold screws at O,y,O, giving 8 H---H contacts within 2.8 A. 

The structure is less dense about the screws ),y,O and +,y,+. and even empty about 

O,y,+. This “channel” is occupied by ethyl acetate solvent molecules (see refinement). 

Since ethyl acetate has to be accommodated with its largest dimension (-4.8 A > 

half the repeating unit 6) parallel to b, at most one molecule per unit cell can be 

present. A few short O---O and C---O contacts are indicated in the Figure. Taking 

an upper limit of 3.5 A and disregarding all H---H contacts, the molecule x,y,z is 

surrounded by 12 neighbours at positions _t 1 + x,y,z; x, &- 1 + y,z; - x, t_ i + y, - z; 
- x,f+y,l -z; x,y,fl + z; and 1 - x,&t i- y,l - z. 
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