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ABSTRACT 

In the crystal structure of both 7.8-dideoxy-1,2:3.4-di-O-isopropylidene-~-~-~~~~c~r~~-~-~~~a~f~-oct- 

7-enopyranose (8) and the corresponding II-L-Y!)‘ceYO-u-yalacfo isomer 9, the allylic system adopts an 

essentially eclipsed conformation with the smallest group, H-6, at the adjacent stereocentre eclipsing the 
olefinic double bond. The torsion angle H-CC-6-C-7 C-8 is - 5.7” for 8 and - 14. I’ for 9. Based on the 

crystallographic conformations, an attempt has been made to account for the widely different facial 

selectivities of 8 and 9 towards catalytic osmylation. 

INTRODUCTION 

Based on the known preference of allylic systems to adopt an eclipsed conforma- 
tion2.3, and assuming that this preference persists in the transition state, Kishi and his 
co-workers4 proposed that the stereoselectivities observed in their osmylation reactions 

resulted from preferential attack of 0~0, on the face of the olefinic double bond 
opposite to that of the pre-existing hydroxyl (or alkoxyl) group when the molecule 
adopts the least-compressed conformation 1. This and several other models’ 7 used to 
predict the stereochemical outcome of the osmylation of chiral allylic systems are based 
on reactant-like transition states that require some knowledge of the ground-state 
conformation of the unsaturated substrates. 
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between the crystallographic ground-state conformations of several alkenylpyranosides 
and the stereochemical outcome of their reactions with 0~0,. This encouraged us to 
look at other examples, notably those of 7,8-dideoxy- 1.2:3,4-di-0-isopropylidene-a-D- 
yll’cero-D-gafacto-act-7-enopyranose (8) (ref. 14) and its C-6 epimer 9 (ref. 15). Al- 
though both epimers undergo catalytic osmylation in keeping with Kishi’s mode14, the 
facial stereoselectivity for that of 8 ( > 20: 1) (ref. 16) is much superior to that of 9 (N 3: 1) 
(ref. 15). It was of interest to know whether differences in their ground-state conforma- 
tions were responsible for this disparity. 
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RESULTS AND DISCUSSION 

The X-ray structure of 7,8-dideoxy- I ,2:3,4-di-O-isopropylidene-x-D-glycero-D- 
galacro-act-7-enopyranose (8) (ref. 14) is shown in Fig. 1 (see Experimental section for 

Fig. 1. Conformation of 7,8-dideoxy-l,2:3,4-di-O-isopropylidene-cc-D-glyceroc~o-oct-7-enopyran- 
ose (8), with the numbering scheme used. 
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TABLE III 

Bond angles and selected torsion angles” (degrees) for 8 

Bond anales 

c-2uz- I-O- 1 
C-2-C l-0-5 
o-lwz-l-0-5 
c- l~C2~G3 
c-I-C-2-O-2 
C-3-C.2-O-2 
C-2-C-3-C-4 
C-2-C-3%0-3 
‘C-4-C-3-0-3 
c-3-c-4-c-5 
c-3Mz-40-4 
c-5-c-4-0-4 
C-4-C-5-C-6 
c-4-c-5-o-5 
c-f%c-5%0-5 
c-5&-GC-7 
C-5--C-&O-6 
C-7-CGO-6 

103.4(3) 
114.5(3) 
I 11.4(3) 
I15.7(3) 
104.0(3) 
108.2(3) 
114.1(3) 
108.3(3) 
103.8(3) 
112.1(3) 
104.5(3) 
109.5(3) 
112.9(3) 
109.8(3) 
107.7(3) 
111.7(3) 
103.4(3) 
111.4(3) 

C-&C-7--C-S 
c-I~C-9-c- 11 
c-ICC-9 ~0-1 
C-I Gc-9~mo-2 
c- I I x-9~-0- 1 
c- 1 lbc-9%0-2 
0-l-C-9-O-2 
c- I3M_- 12-c- I4 
C-13-C- 12-O-3 
C-13-C-12-O-4 
c-l&c-t2~0-3 
c- 1 &C-12-0-4 
0-3-C- 12--O-4 
c-1-o-1-c-9 
C-2-0.2-C-9 
c-3%0-3%c- 12 
C-40-&C- I2 
c-I-0-5-c-5 

124.8(4) 
I12.9(3) 
110.7(3) 
107.6(3) 
110.4(3) 
IlO.5(3) 
104.4(3) 
113.9(3) 
109.5(3) 
108.7(3) 
109.4(3) 
I 10.9(3) 
103.9(3) 
110.8(3) 
106.2(3) 
108.2(3) 
109.6(3) 
113.6(3) 

Torsion angles 

c-5~c-~c-7xx - 127.9(4) 
H-GC-GC-7-C-S - 5.7(6) 

” Estimated standard deviations in parentheses. 

O-kc-6 C-7- C-8 I 17.0(4) 

eclipsed conformation akin to 1 (R’ = R2 = H) with the smallest group, H-6, eclipsing 
the olefinic double bond (H-6-C-6-C-7-C-8 - 5.7”). Other features of the structure are 
unexceptional. 

The X-ray structure of 7,8-dideoxy-1,2:3,4-di-U-isopropylidene-/J-L-glyc4ro-D- 
galucto-act-7-enopyranose (9) (ref. 15) is shown in Fig. 2 (see Experimental section for 
crystal data and other information), together with the crystallographic numbering. 
Refined fractional co-ordinates are given in Table IV, bond lengths in Table V, and 
bond angles and selected torsion angles in Table VI. Inspection of Fig. 2 reveals that the 
H-6C-6 bond again nearly eclipses the olefinic double bond, with a torsion angle 
(H-6C-6C-7-C-8 - 14.1”) slightly larger than that found in 8. 

The eclipsed conformation having the smallest group at the adjacent stereocentre 
eclipsing the olefinic double bond would be favoured on steric grounds. For the eclipsed 
conformations depicted in Figs. 1 and 2, the major isomer produced on catalytic 
osmylation of each of 8 and 9 would result from attack of 0~0, on the olefinic double 
bond from the direction anti to the allylic oxygen atom at C-6 (Kishi mode14). In 
attempts to develop less empirical models, electronic5” and steric effects4,9 have each 
been invoked in predicting the preferred transition-state geometry of allylic systems 
undergoing osmylation, and a model more “product-like” than Kishi’s, which consid- 
ers primarily the steric interactions between the incoming electrophile and the allylic 
system, has also been proposed”. 



Since electronic eKects associated with the ailylic system uould bc much the x;~I~L‘ 
for both 8 and 9. it seems reasonable to account ijr the disparity betuecn their t’,lciai 
selectivities towards osmylation by considering how other parts of the moitxulo might 
affect the approach of a large rlectrophile like 0~0, to the oiefinic cioubl~ bond ant!. 
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TABLE VI 

Bond angles and selected torsion angles” (degrees) for 9 

Bond angles 

c-2-c-1 O-I 104.4(7) C-kc-7 C-8 125.1(11) 
c-2-c- 1 o-5 115.1(7) C-IO-c-9-c-t I I 11.5(E) 
o-1-c.1-0.5 110.5(7) c-It.&c-9~0-1 107.6(7) 
c- 1-c.2-c-3 116.8(7) C-I t&c-9-0-2 109.2(E) 
c- 1 -c-2-o-2 102.5(7) C-l 1 X-9-0-1 111.6(E) 
c-SC-220-2 107.4(7) C-I 1 c-9-0-2 112.2(7) 
c-2 C-SC-4 113.4(7) o- lLc-9 o-2 104.5(7) 
C-2-C-3 -0-3 10X.6(7) C-I 3-c. I22C- I4 112.6(8) 
c-4-c.330-3 102.8(7) c’-13-C-12-O-3 109.303) 
c-3A?Lc-5 113.7(7) C-13-C-12-O-4 110.4(8) 
c-3 C-4-O-4 105.3(7) C-I4C-12-O-3 110.5(E) 
c-5 C-40-4 109.3(7) c-l&C-12 o-4 109.2(E) 
c-4-c-5 C-6 Il4.3(7) 0-3-C 12-O-4 104.5(7) 
c-4-c-5 ~0-5 108.1(8) c-ILO- 1-c-9 109.8(7) 
C-6 C-550-5 105.7(8) C-220.2-C-9 106.9(6) 
c-5-c.cc-7 108.5(8) C-3Po-3~c-12 108.9(7) 
C-5-C.60-h 109.2(8) C-40-4~ C-l 2 107.5(6) 
c-7X?-GO-6 107.5(8) C-l o-5-c-5 113.9(7) 

Torsion unyks 

c-5wxPc-7~c-8 106.5(10)’ O-6 C-6 C-7~~C-8 135.5(10) 

H-6&C-&C-7-C-8 - 14.1(14) 

’ Estimated standard deviations in parentheses. 

O-6 

o-3 

c-11 

Fig. 2. Conformation of 7,8-dideoxy-1,2:3,4-di-O-isopropylidene-~-L-g~~ce~~-D-g~~ac~~-oct-7-enopyran- 
ose (9), with the numbering scheme used. 
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carefully centred reflections (0 N 12”) with a crystal measuring approximately 0.54 x 
0.33 x 0.27 mm mounted along the a axis. Data were collected over the range 1 I 0 I 
25”. From the 2306 reflections measured, 1324 unique data (& = 0.029) were obtained; 
1047 reflections with F, 2 3cr(fl were used in further refinements. Range of indices 0 I 
h I 5,0 I k < 2 1, - 16 < 1 < 16. After refinement (187 parameters and minimising 
CwlF, - IFG/i’,llz), the R factor was 0.096 and the weighted R factor 0.121; the weighting 
scheme used was w = 2.2525/[02(fl + 0.002287 F*]. In the final cycles of refinement, the 
maximum shift/e.s.d. was 0.139 and the average shift/e.s.d. was 0.036. The final differ- 
ence-electron-density synthesis showed maximum and minimum electron densities of 
0.286 and -0.352 e.Ae3, respectively. 

Calculations for both compounds were performed on the Dundee University 
PRIME 6350 computer, using the SHEL-XSi9 and SHEL-X76” program systems. 
Atomic scattering factors were taken from the libraries in the programs. Calculations of 
molecular geometry were obtained using XANADU”, and drawings were prepared 
using PLUTO 22 In the numbering scheme used (see Figs. I and 2), the carbon and . 
oxygen atoms of the parent sugar are numbered in the normal carbohydrate convention 
and the remaining atoms are numbered arbitrarily. 

Observed and calculated structure-factors, anisotropic thermal vibrational pa- 
rameters, and calculated positions of the hydrogen atoms for both 8 and 9 have been 
deposited*. 
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