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Recently, we reported a new method for stereospecific epimerizations of carbohy- 
drates [I-4]. Thus, unprotected pyranosides or I-thio-pyranosides, having a 2,3-cis° 
/3,4-trans- or 2,3-trans-/3,4-cis-arrangement of three contiguous OH groups (i.e., 
lyxose, arabinose, mannose, or galactose derivatives), react stereospecifically with 
carbonyl-active aldehydes or ketones in the presence of dicyclohexylcarbodiimide 
(DCC) us coreagent with inversion at the middle chiral carbon atom; Scheme I. By this 
route, a suitable monosaccharide moiety of disaccharides c:m also be epimerized 
selectively [4c]. 

The key steF of the reactions is the in situ formation of a cyclic imidocarbonic ester 
intermediate (or sometimes an isourea function) [i,2,4,5], which is attacked by a 
deprotonated neighbouring hemiacetai moiety in an intramolecular SN2-type reaction 
forming a cyclic acetal. 

The structures of the inverted sugars were supported by NMR data [!-5]. Methyl 
6-deoxy-3,4-O-hexafluoroisopropylidene-a-L-altropyranoside, prepared from methyl a'- 
L-rhamnoside-hexafluoroacetone-DCC [3], was investigated by X-ray crystallography 
[6]. We have now obtained suitable crystals of the endo-H configured chloral acetals 
2-O-cyclohe x ylcarbamoyl-6-O-formyl-[( R )- 3,4-O-(2,2,2-trichloroethylidene )]-a-D-alt- 
ropyranosyl fluoride (1) [I] and methyl [(S).3,4-O-(2,2,2-.richloroethylidene)]-a-o- 
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arabinopyranoside (2) [2]. in order to give additional proof for the structure of these 
compounds by X-ray crystallography. 

9 
O=CHO......~ O~OC'.NHC6H,, 

C~'~O F ~ e 

Compound 1 was prepared from methyl a-D-mannopyranoside-chloral-DCC, form- 
ing methyl  2*O-cyc lohexy lca rbamoyl -6 -O- fo rmyl - [ (R) -3 ,4 -O- (2 ,2 ,2 -  
trichloroethylidene)]=a-D-altropyranoside, and its treatment with HF-nitromethane- 
acetic anhydride [1]. Compound 2 was synthesized from methyl ot-D-lyxopyranoside= 
chloral=DCC, following decarbamoylation of the methyl 2..O=cyclollexylcarbamoyl- 

. 9 9  ~) . ,  ~ , ~ • ,~ . , [( $ )° 3,4-0-( . . . .  .--°tnchloroethyhdene)]-e-I)-arabmopynmostde tbrmed [ 2 ], The NMR data 
of compounds I and ;2 (recorded in Me,SOodfl and CDCI~, respectively) allowed the 
cot lclusion that the altrosyl fluoride 1 ad~-~l)tS a C~ chair contbrmatio|l [I ], whereas the 
arabinopyranoside 2 adopts a '~C~ contbrmation [21: formulae i and 2. 

The crystal structures of compounds I and 2 are shown in Figs. I and 2, respectively. 
The Xoray structures show, in both cases, the inversion at C=3, the emh~-H arrangement 

'b 

Fig, I, Cr)'s',al structure of Ihe allrosyl fluoride i. 
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Fig. 2. Crystal structure of the arabinoside 2. 

Table I 
Atomic positional parameters and equivalent thermal parameters of 2-O-cyclohexylcarbamoyl-6-O-fimnyl- 
[( R)-3,4-O-12,2,2-trichloroethylidene)]-~-l~alm~pyranosyl fluoride (I) 

Atom x y " U (~$) 

CI- I I).48515(71 0,7671(21 0.08725(7) 0,0485(3) 
CI-2 0.59160(10) 0.7897( 2 ) 0.29290( 7 ) 0.0620(3 ) 
CI-3 0.55116(9) 1.2203(2) O. 18140(8) 0,0571(3) 
F- I 0,9188(2) I. 1030(5) 0,0619(2) 0.0748(9) 
O- I 0.9508(2) 0.7072(61 0.0836(21 0.0566(81 
O° 2 0.756(X 3 ) 0.6535(6) - 0.0958(2) 0.0560(8) 
0-3 0.7017(2) 0.9787(5) 0.089 I(2) 0.0409({,) 
O° 4 0.7373( 2 ) 0. 6601 ( 5 ) 0.1899( 2 ) 0,0415(6 ) 
()~5 0,9885(4 ) 0.5544( l l ) 0. 3224(31 0.0679( 14 ) 
04, 0,9082(6) 0.2065( 181 11,327 I(61 11,124(3) 
()°. 0,93()0(10) (),3(,57(241 0.2823(9) ().08{~(3) 
04, ° 0,9789( 17 ) 0.6(,23(43) 0,3863( 15 ) (). 162( 7 ) 
()°7 (),73LJ3(.%) (),{J 17 I(¢,) =~ 1[2135(21 0,(1{~98( I01 
No I 0,7109(41 0.52 I()(8) ~ (1,243(1(3) 0.(1642( 12 ) 

H°N( I ) 0.7476(23) 0.4113(93) ~ 0.2244(16) 0,(180 
C ° I 0.8993(4) 0,8803(81 (Y 0179(31 0,056 !(12) 
C-2 0,7744(4) 11,8485(81 ~ 0.0306{3) 0.0482(I(1) 
Co3 0,719(X31 0.7717(8) 0.0387(21 0,0415(91 
C-4 0.787,.(.+) 0.6142(71 0.1206(2) 0.0384(9) 

C-5 0.9086(3) 0.6859(9) 0.1602(3) 0.0487( I I ) 
C-6 0,9839(4) 0.5006(I I) 0.2262(3) 0,072(2) 
C-7 0.7379(3) 0.7156(91 - 0.1882(3) 0.0,498(It)) 
C-8 0.7016(41 0.531 I(81 - 0.3456(3) 0.0.~44( i I ) 
C°9 0.8037(5) 0.5599(18) ~= 0.3627(4) 0.116(31 
C- 10 0.7871 (7) 0.5629( 181 ~ 0.4680(4) 0.139(4) 

C- I I 0.7259(5) 0.351 I( I I ) - 0.5185(3) 0.077(2) 
C- 12 0.624 I(4) 0.3184(14) - 0.5112 I(3) 0.088(21 
Co 13 11.6396(51 11 3163(14) - 0,3961X 3) 0.092(2) 

C- 14 0, 7022( 3 ) 0.8998(7 ) 0.1779(3 ) 0.0374(9) 
C- 15 0.5865( 3 ) 0.9149( 7 ) 0,1834(3 ) 0.0400(9) 

C- 16 0.9442(10) (1.3815( 25 ) 0.3608(8 ) 0.077( 3 ) 
C-16' 0.9383(23) 0.481 I(44) 0.3663( 161 0.075(8) 
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Table 2 
Atomic positional parameters and equivalent thermal parameters of methyl [(S)-3,4-O-(2,2,2-trichloroethyl- 
idene)]-a-tr-arabinopyranoside (2) 

Atom x v - U (,~2) 

CI-I 0.8652(2) 0.48484(13) 0.45478(5) 0,0773(4) 
CI-2 !. ! 39'4(2) 0.66205( 1 i ) 0.53126(6) 0.0718(4) 
C1-3 1.2609(2) 0.39271( ! 3) 0.52778(7) 0.0857(5) 
O- I 0.5353(4) 0.2533(2) 0.7 ! 229(! !) 0,0460(6) 
0-2 0.7893(4) 0.5454(3) 0.78283(14) 0.0521(7) 
H-O(2 ) 0.6787( 21 ) 0.5893(34) 0.7942(19) 0.080 
O-3 0.9946(4) 0.5 i I !(2) 0.647 ! 8(12) 0.0472(6) 
0-4 0.7923(5) 0.3548(2) 0.59234(12) 0.049(~6) 
0-5 0,4015(5) 0,3866(2) 0.79470(! 2) 0,0488(6) 
C- ! O~ 5979(6 ) O. 340f~ 3 ) O. 7645(2 ) 0.04 16(8 ) 
C-2 0,7192(6) 0.4557(3) 0.7334(2) 0,0397(8) 
C-3 0.9312(6) 0.4144(3) 0.695 I(2) 0.0429(8 ) 
C-4 0.8928(7) 0.2974(3) 0.6513(2) 0,0474(9) 
C-5 0,7339(7) 0.1977(4) 0.6812(2) 0.0566(10) 
C-6 0.2055(8 ) 0, 2999(4) 0.8414(2 ) 0.0634( I I ) 
C-7 0.8714(6) 0.4822(3) 0,5885(2) 0.0436(8) 
Co8 1.0313(7) 0.5020(4) 0.5285(2) 0.0548(10) 

of the cyclic acetal moiety, as well as the different chair confiwmations of I (4 C~ ) and 2 
(JC4), The corresponding positional and isotropic thermal parameters of the non-hydro- 
gen atoms as well as the bond lengths and angles of these compounds are summarized in 
Tables I-4. 

Compound 2 tbrms an interesting network of hydrogen bonds and short contacts. 
While layers are formed by hydrogen bonds between tile hydrogen at 0°2 and tile ring 
Ool (21 I.i pro)in tile nest molecule, the layers are packed via short contacls between 
Oo5 and a hydrogen at C-3 as well as between 0°2 and one of the hydrogens at C..5. 

The speciality of the crystal lattice of compound I is the one-dimensional linkage via 
short contacts. These contacts occur between chlorine atoms (335.9 pro) and between 
F-I and the hydrogens at C-6 (240.3 and 243.6 pro). Additional short contacts can be 
found between 0-7 and a hydrogen of C-13 in the cyclohexyl moiety (258.0 pro) as well 
as between the carbonyl oxygen 0,.6 and the hydrogen at C-14 (232.4 pro). However, 
one must take into consideration that there is a disorder problern of the formyl group at 
C-6. The refinement, including distance restraints, provided optimal results with a ratio 
of 2:1 in the site occupation factors for 0-5, C-16, 0-6, and the other positions O-5', 
C-16' and O-6', The prevalence of one occupation might be explained by tile fact that 
the short contact mentioned above is only between O-6 and the hydrogen at C-14. There 
ate no short contacts of O-6'. 

The puckering parameters [71 for the aitropyranose ring in I are Q = 0.479(4) ,~ 
(puckering aml~litude), e)= 18.3(5) °, and ¢/J = 333.2( 17)°: for the 6-member~d ring in 2, 
Q ~ 0.532(4) ~, (puckering amplitude), 6)= 161.9(4) °, and q~= 219.3(13) °. These pa- 
rarneters were obtained by Platon calculations [8]. 
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1. E x p e r i m e n t a l  

Single crystals of dimensions 0.82 × 0.37 × 0.21 mm and 0.98 x 0.50 x 0.38 mm for 

1 and 2 were used for the investigations. The unit cells were determined from 48 and 52 

reflections, respectively. The  unit cell parameters and other data of  interest for I and 2 

are listed in Table 5. The data collections were performed on a Siemens P4 four-circle- 

diffractometer using an Mo K,~ normal focus sealed tube and a graphite monochromator.  

In both cases, the data were collected in a routine to-scan, for 1 within the range of 

3.5 ° < 2 0  < 45 °, and within 3.5 ° < 2t9 < 48 ° for 2. The structures were resolved using 
Directs Methods (Siemens SHELXTL).  The data sets were refined on F 2 [9]. All 

non-hydrogen atoms were refined anisotropically, while the hydrogen atoms were put 

into their theoretical positions and refined according to the riding model [10]. For the 

Table 3 
Bond lengths (,A) and angles (o) of compound I 

Atoms Distance Atoms Distance Atoms 

I 2 I 2 I 2 

Distance 

Cl-I C-15 1.765(4) 0-5 C-16 1.359(12) C-3 C-4 !.511(5) 
CI-2 C-15 1.769(4) 0-5 C-6 1.458(6) C-4 C-5 1.519(5) 
CI-3 C-15 1.773(4) O-6 C-16 1.127(14) C-5 C-6 !.521(7) 
F-! C-I 1.395(5) 0-5' C-16' 1.39(2) C-8 C-9 I.a48(7) 
O-I C-I 1.373(6) 0-5' C-6 1.484(9) C-8 C-13 1.494(8) 
O-I C-5 1.448(5) O-6' C-16' 1.14(2) C-9 C-10 1,517(7) 
0-2 C-7 1,368(5) O-7 C-7 1.196(6) C-10  C-II 1.477(9) 
0-2 C°2 1,431(5) N°I Co7 1.337(6) C°I I C-12 1.440{7) 
0°3 C-14 1.405(4) N-I C-8 1.471(5) C-12 C°13 1.533((~) 
0°3 Co3 1,449(5) Nol H~N(1) 0.71(6) C~-14 C~15 1,534(5) 
0°4 C~14 1,411(5) C~I Co2 1,524{6) 
0-4 Co4 1,436(4) Co2 C°3 1,527(5) 

Atoms Angle Atoms Angle Atoms An~:lc 

I 2 3 I 2 3 I 2 3 

C°I O°I C°5 I13.9(3) 0°3 C-3 C~2 I09.3(3) Co8 C.9 Col0 I13,3(5) 
C-7 O-2 C-2 115.1(3) C-4 C-3 C-2 110.1(3) tS-II C-10 C°9 111.9(6) 
C-14 O-3 C-3 107.2(3) 0-4 C-4 C-3 101.6(3) C-12 C-II C-10 111.6(5) 
C-14 0-4 C-4 106.7(3) 0-4 C-4 C-5 110.1(3) C-II C-12 C - 1 3  il3.5(4) 
C 16 O-5 C-6 I13.8(7) C-3 C-4 C-5 I12.2(3) C-8 C-13 C-12 III.4(5) 
C-16' 0-5' C-6 112.5(16) O-I C-5 C-4 I I0.4(3) 0-3 C-14 0.4 I08,2(3) 
C-7 N-I C-8 122.7(4) O-I C-5 C-6 103.7(3) 0-3 C-14 C - 1 5  111.6(3) 
C-7 N.I H-N(I) 121.3(3) C-4 1.'-5 C-6 113,6(4) O-4 C-14  C-!5 108,8(3) 
C-8 N-I H-N(I) 108.5(3) O-5 C-6 C-5 106,9(4) C-14  C-15 Ci-I 112.3(3) 
O-I C-I F-I 109.7(4) C-5 C-6 0-5' 113,4(6) C-14  C-15 C I - 2  108,8(3) 
O-I C-! C-2 114.4(4) 0-7 C-7 N-I 126,6(4) Cl-I C-15  C I - 2  109,8(2) 
F-I C-I C-2 108.0(4) 0-7 C-7 O-2 123.2(4) C-14  C-15 C I - 3  107.7(3) 
0-2 C-2 C-I 107.4(3) N-I C-7 0-2 110.2(4) CI-I C-15  C I - 3  109.3(2) 
0-2 C-2 C-3 104.4(3) C-9 C-8 N-I 112.0(4) CI -2  C-15 C I - 3  108.8(2) 
C-I C-2 C-3 112.9(3) C-9 C-8 C-13 110.9{5) 0-6 C-16 O-5 127.1(10) 
0-3 C-3 C-4 101.6(3) N-I C-8 C-13 110.8(4) 0-6' C-16' 0-5' 122.3(27) 
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Table 4 
Bond lengths (A) and angles (o) of compound 2 

Atoms 

i 

Distance Atoms Distance Atoms 

2 i 2 ! 2 

Distance 

CI- ! C-8 i .776(4) O-2 H-O(2) 0.82 0-5 C-6 
CI-2 C-8 1.775(4) 0-3 C-7 1.410(4) C- 1 C-2 
CI-3 C-8 !.752(4) 0-3 C-3 i.438(4) C-2 C-3 
O- I C- 1 i .432(4) 0-4 C-7 1.401 (4) C-3 C-4 
O- 1 C-5 ! .434(5) 0-4 C-4 1,448(4) C-4 C-5 
0-2 C-2 1.420(4) 0-5 C- i !.378(4) C-7 C-8 

i.438(5) 
1.520(5) 
1.514(5) 
1.514(5) 
1.51 I(5) 
1.536(5) 

Atoms Angle Atoms Angle Atoms 

I 2 3 I 2 3 I 2 3 

Angle 

C-1 O-I C-5 1 ! !.6(3) O-2 C-2 C-! I 11.1(3) O-4 C-7 
C-2 O-2 H-O(2) 109.5(2) C-3 C-2 C-I II 1.4(3) 0-4 C-7 
C-7 O°3 C-3 106.3(3) 0-3 C-3 C-4 102,0(3) 0-3 C-7 
C-7 0-4 C-4 107.4(3) 0-3 C-3 C-2 110.5(3) C-7 C-8 
C-i 0-5 C-6 ! 15.2(3) C-4 C-3 C-2 113.6(3) C-7 C-8 
O-5 C-i O-I 109.3(3) O-4 C-4 C-5 !1 i.!(3) CI-3 C-8 
0°5 C-! C-2 !07.1(3) 0-4 C-4 C-3 101,9(2) C-7 C-8 
O-I C-! C-2 108.2(3) C-5 C-4 C-3 114.1(3) CI-3 C-8 
0-2 C-2 Co3 107.8(3) O-i C-5 C-4 112.9(3) CI-2 C-8 

O°3 
C-8 
C-8 
CI-3 
CI-2 
CI-2 
CI-I 
CI-I 
CI-I 

108,8(3) 
111,6(3) 
108,6(3) 
112.4(3) 
108,4(3) 
109.6(2) 
108.1(3) 
110.0(2) 
108.2(2) 

Table 5 
Cl'y,~tal dala a|ld ~trtlclur¢ d¢lerllfinaliOl~ alld r¢finem¢l|t dala fi~r I al|d 2 

I 2 

Mol¢cuhir formula 
Molecular ~¢ighl 
M¢llillg I')Oilll 

Space 8fOUl) 
C¢11 dill'lell,,,iOll~', 

b 
( '  

ttr 

Cell volume (A~) 
Z 

/,'(IX)0) 
( M o K , , ) c m )  

l)en,~ity (cakd) 
(,:~ Decay of ,~tandard,,, 
Number of rcfleclion~ 
Numl~r of i)~de~'ndeal 1~ellectiou., 
u,~ed for I~'t'illenloll 
Relle,ctions observed 
Num1~r of partm]~to',~ 
R I lbi' observed reflectioa,~ 
RI Ibr all 
wR2 I'or all 
S 

C. ,  11 : ,CI ~I:N()~ 
-164,6~) 
I0.I= I()(~ '(, [ i ]  
M(~II¢)cliIIiC 

5.0170(I0) 
15,0350(I0) 
90 
I I 1,410(i I0) 
90 

I()183}(2) 

48O 
5 
1.515 

30S6 

2639 
2515 
268 
0.0396 
O,0419 
0,1066 
1.046 

(.'~H liCl ~O~ 
, )  *) o~)3.5.. 
II 5~ II()"(, [2] 
Orlhorhoml)ic 
I'~),21~., 

5,8140(I0) 
I0,368(X I0) 
2O,O73{2) 

90 
L}O 

4 
(~(X) 

7,6 
1,611 

I S~),~ 

157o 
1533 
146 
0.(~127 
0,0434 
0.I lfi3 
1.064 
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refinement of the positions of the disordered formyl group atoms in 1 the advantages of 
SHELXL-93 calculations, including distance restraints, were used [10]. The density in 
the final difference Fourier map was between 0.246 and - 0 . 2 6  for 1 and 0.194 and 
- 0 . 2 8  for 2. -~ 
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