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THE PREPARATION AND X-RAY CRYSTALLOGRAPIIIC CHARAC- 

TERISATION OF METHYL 4.6~O-RENZYLIDENE-3.3~DI-C-METHYL-20 

(METHYLTHIO)METHYL-cr-D-ALLOPYRANOSIDE. AND ITS CONVER- 

SION INTO METHYL 2,3-DIDEOXY-2,3-D1-C-METHYL-~-t~~ycero- 

HEXOPYRANOSID-4-C’LOSE 

ABSTRACT 

The preparation of the title compound from methyl 4,6-0-benzylidene-2-C- 

methyl-2-O-(methylthio)methyl-a-D-ribo-hexopyranosid-3-ulose and its single- 

crystal X-ray structural characterisation is described. Consistent with the chemistry 

of methyl 4,6-O-benzylidene-a-D-ribo-hexopyranosid-3-ulose1, the Grignard re- 

duction of the two 2-C-methyl-a-D-ribo-hexopyranosid-3-uloscs examined produc- 

ed allo compounds stereoselectively. Methyl 4.6-O-benzylidene-2,3-di-C-methyl-2- 

O-(methylthio)methyl-cw-D-allopyranoside was dehydrated to the hex-3-eno- 

pyranoside’, which was converted into methyl 2.3-dideoxy-2,3-di-C-methyl-a-r>- 

glycero-hex-2-enopyranosid-bulose by an acid-catalysed fragmentation-process’. 

INTRODUCTION 

The synthesis of singly branched sugars has been thoroughly explored. We 

wished to prepare, by Grignard reaction, some doubly branched-chain sugars, in 

order to observe the stereochemical consequences of reducing a carbonyl group 

flanked by a carbon atom bearing a methyl and a free or derivatised hydroxyl 

group. This report describes Grignard reactions of the glycos-3-uloses 1 and 2 with- 

methylmagnesium iodide. 

RESULTS AND DISCUSSION 

The reduction of methyl 2-0-benzoyl-4.6-0-benzylidene-cu-D-ribo-hexo- 
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pyranosid-3-ulose (3) by hydride donors and Grignard reagents has been investi- 
gated 1 and shown toproceed stereospecifically to yield allo compounds. It there- 
fore seemed reasonable to expect the allo compounds 4 and 5 by reduction of 1 and 
2, respectively, as the major, if not the sole products. 

Inch et al. 3 demonstrated that the stereoselectivity of reduction of 
glycosuloses may be affected by substituents on the adjacent carbon atoms. Our in- 
vestigation would not only reveal the effect of replacement of H-2 by a methyl 
group, but also demonstrate the effect of the (methylthio)methyl group on the 
stereoselectivity of the Grignard reduction. 

Oxidation of 6 with dimethyl sulphoxide-phosphorus pentaoxide provided 2 
(ref. 4) in 53% yield, whereas dimethyl sulphoxide-acetic anhydride gave I in 39% 
yield. 

The reaction of 1 with methylmagnesium iodide in 1:1 ether-benzene pro- 
vided 89% of one compound, which was converted into the corresponding diol by 
cleavage of the (methylthio)methyl ether with methyl iodide-potassium carbonate 
in acetone 5. 

The Grignard reduction of 2 with methylmagnesium iodide in ether-benzene 
gave two products, one (79%) identical with the previously prepared diol, and an 
isomeric diol in 18% yield. 

Both diols were inert to buffered sodium periodate solutions and were largely 
recovered after 7 days 6. Both diols resisted benzoylation and acetylation, even 
when the reactions were attempted in the presence of 4-dimethylaminopyridine 7. 
Neither compound gave an isopropylidene acetal with acetone-anhydrous cop- 
per(II) sulphate, and neither gave isolable carbonates from phosgene-pyridine at 
0 ° . 

The single-crystal X-ray structural analysis of the (methylthio)methyl ether 
obtained from the Grignard reaction of the glycosulose 1, showed that ths ether 
was the allo compound 4. A stereoscopic ORTEP drawing of 4 is given in Fig. 1, 
and a list of the final atomic parameters is presented in Table I. 
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Fig. 1. Stereoscopic ORTEP drawing of compound 4. 
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TABLE 1 

FINAl 4TOMIC PARAMbTERS bOR 4, WI l.H STANDARD DtVlATlONS IN PAREUTHt4E.5 
--- 

Atom X Y 
.--- 

Z 
- 

s 0.2716(2) 0 0409(l) 0 3775(l) 
O-l 0.65SO(4) 0 2-M(3) 0 2343(2) 
O-2 0.40X3(4) 0.2149(l) 0.3273(Z) 
o-3 0 4721(d) 0.4087(2) 0 2926(l) 
O-4 0.6638(3) O.S3(N(2) 03877(2) 

O-5 0 828X(J) 0 'X34(2) 0.33442) 

O-6 0.9275(J) 0 5X6(2) 0 3SSS(?) 

C-l 0693')(h) 0 22X7(4) 0.3107(3) 
c-2 O.SSOl(6) .O 253'(3) 0 3621(3) 

c-3 0 5204(S) 0.3726(3) 0.3650(') 

c-4 0 67X4(6) 0 4219(3) 0.3XS9(3) 
c-s O.XOSS(h) 0.3920(3) 0.3300(3) 
C-6 0 9ShS(h) 0.4451(4) 0.3Sl3(3) 

c-7 O.S766(6) 0 x60(4) 04-w(3) 
C-X 0.3918(6) 0 -NtO6(4) 0.1219(3) 
c-9 0.7692(X) 0 2080(5) 0 1X21(3) 
C-IO 0.X0X2(6) O.S766(3) II 409S(3) 

c-11 0 7942(h) 0 hYOl(3) 01143(3) 
C-l' 0 6730(7) 0.7430(J) 0.378X(3) 
C-13 lI.W2(8) 0 XlYl(4) 0.3xX(3) 

C-14 0 7725(9) 0 YO20(4) 0.42744) 
C-IS O.XYl6(Y) 0 X-WY(S) OWS(4) 

C-16 0 901X(7) 0 7437(d) 04S62(3) 
c-17 0 3Y67(6) O.IOt?4(4) 0.3123(3) 
c-in 0.0877(X) 0.0977(S) 03516(1) 

HO-3 OS'3 0361 02S.5 

H-l 0 71x 0.154 0.317 

H-4 0.710 0.3YX 0.43x 

H-S 0 774 141' 0.277 

H-6A 0.99-t 0419 0.402 

H-6B 1.03x 0 431 0.31' 

H-7A 0 5x9 0.130 0.43h 

H-7B 0 4x4 0 '21 0.475 

H-7C 0.674 0.236 0 46-t 

H-XA 0.377 0 477 0423 

H-XB 0.423 0.377 0.474 

H-XC 0 '91 0 367 0 407 

H-YA 0 734 0 222 11.120 

H-YB 0 7x3 0.132 0 1x') 

ti-YC 0 872 0.241 0 192. 

H-IO O.XJO OS40 0.46l 
H-12 O.SY3 0 70s 0.34X 

H-13 0577 0 xx7 0 361) 

H-14 11765 OY7X 11432 

H-IS (I.Y72 0 xxx 0.4Y3 

H-lh 0 9x9 0 706 04x3 

H-l7A o.sos 0 07x 0.315 

tLl7B 0 35-I 0 WY 0 '59 

tl-IXA 0 00 0.06x 0 3X-t 

H-IXB 0 1166 0 0X-l 1'96 
H-1XC (l.OlY3 0 17.l II 360 

"Anlbotroplcthormalparamctcrs are given m Table III 
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The Grignard reactions o[ glycosuloses 1 and 2 thus both provided allo com- 
pounds, the reaction of 1 proceeding stereospecifically and that of 2 stereoselec- 
tively. The axial methyl group at C-2, is therefore, not a very important factor in 
determining the mode of addition of the Grignard reagent to the caronyl group at 
C-3. 

The inertness of the diols 5 and 7 to the reactions described must be attributa- 
ble to the tertiary nature of these groups and to the severe crowding about C-2 and 
C-3 (ref. 6). 

The stereospecific formation of the allo compound 4 was useful, because this 
compound is ideally suited for transformation into a hex-2-enopyranosid-4-ulose by 
the dehydration-fragmentation sequence that we have described 2, 

/ ~  ©CIq2 O 

° 

OCH~ HOCH 2 

NO ~ 0 

CH~ O " CId~ SMe CH 3 Cbl j  

| R - -  C I " I ~ - - . ~ - - C H  3 , R 1 o n d  R "~ ~ 0 ,  [4 3 - -  C H  3 

R = H , R" a n d  R 7: - -  G ~ R J : C H - ~  

3 R = ~z , R ~ o~d R ~ ~ O , 0 `3 - -  H 

4 R - -  CH2--S--CH 3 , R 1 - -  C h  3 . R P ~- OH R 3 - -  CH]  

5 R ~-- H ~ R 1 - -  CH 3 , R ~ ~ OH , I~ 3 - "  CH 3 

6 R ~ H , R I ~ OH , R 2 - -  H , R 3 = CH-~ 

7 R - -  H .  i - -  OH ~ I~ 2 ~ CN3 , R "~ ~ CH3 

10 R - -  H , R 2 -- O - - S Q - - S - - C H ~  , R 1 : R 3 = CH 3 

II R2 oncl I~ ~ 0 SO--, ~I-- r~J~CH~ 

8 g 

Exposure of the alcohol 4 to thionyl chloride in pyridine at 0 °, followed by 
aqueous isolation, afforded three compounds identified as 8, 9, and 10, in 64, 4, 
and 12% yields, respectively. 

The identities of compounds 8 and 9 were obvious from examination of their 
i.r., u.v., and n.m.r, spectra. Furthermore, treating the alkene 8 with very dilute 
methanolic hydrogen chloride gave the hex-2-enopyranosid-4-ulose 9 in 87% yield, 
as expected 2. 

The crystalline product 10 showed signals in its n.m.r, spectrum at 6 1.60, 
1.73, 2.15, and 3.40 (each 3 H, s) corresponding to the 3-C-methyl, 2-C-methyl, an 
-S-methyl, and an -O-methyl groups, respectively. Other signals observed were at 
6 4.45, 5.53 (each 1 H, s, H-1 and CH-Ph, respectively) and a multiplet centred at 
/~ 7.37 (aromatic protons). The n.m.r, spectrum showed signals of only four other 
protons in the ~ 3.5---4.5 region, corresponding to H-4, H-5, H-6, and H-6'. The ab- 
sence of any signal corresponding to the two protons of an -O-CH2SCH3 group un- 
equivocally ruled out the presence of the (methylthio)methyl group. 

The low-resolution mass spectrum of compound 10 showed a highest-mass 
peak of m/z 356, corresponding to an efficient loss of CH3SH to give the cyclic sul- 
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phite 11. Indeed, combustion analysis of 10 gave data corresponding to those ex- 

pected for the cyclic sulphite. IIowever. the fact that the n.m.r. spectrum of 10 

showed signals for the -SCH3 group unequivocally ruled out the formulation of this 

compound as a cyclic sulphite, and taken with the data already given, leads to for- 

mulation of 10 as the unusual thiosulphite structure shown. The formation of 10 

might occur as shown in Scheme 1. 

H,O 

t 
10 

Scheme 1 

This preparation of the doubly branched hex-2-enopyranosid-4ulose 9 

should be generally applicable to the preparation of other doubly branched enones. 

The key reaction of the sequence was the protection of the ?-hydroxyl group 

as the (methylthio)methyl ether. before reaction of the glycos-3-ulose with the 

Grignard reagent, and hence the stereospecitic or stereoselective preparatron of 

the desired, partially protected sugar having the ~llo contiguration. It has been 

suggestedX that all uffo compounds having a hydroxyl group at C-3 will undergo de- 

hydration, in El or EL? reactions, towards C-4. and there are now several examples 

of this reaction pathway. Thus the reactions of the sequence seem to be generally 

applicable to the syntheses of doubly branched-chain hex-2-enopyranosid-4uloses. 
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F:‘iPFRIhfENTRI. 

Grnrrul merhorls. - Melting points ut’re detrrmmed aith a Kofkr hot-stage 

apparatus and are uncorrcctal 1.r spectra were recorded with ;I Pcrhn--Elmer 7.35 

R i.r. spectrophotometrr and arc for chlorotorm \olutlons. unlc\\ othtxrHl\e stated. 

N m.r. spectra were rcc<\rdcd with a Jcol JNhl-PMSh(~ spcctromctcr .ind are for 

chlorotorm-rl solutions unkw t)therwlsc stated. (‘hrmiral shifts t\crr‘ mc*,tsurcd re- 

latlve to tetramethylGl;rne a\ the internal standard. Specltir rtjtatlal> NccI’c‘ rc- 

corded for chloroform \cblution\. unlea otherwise St&cd I’hin-l,lycr and prepara- 

tivc-layer chromatograph!, ~crt‘ cffcctrd on silicil gel IT;, , , I,,,, I Rlcrch) 

Chromatopram\ were ohservcd under ;I Hanovia Chromatolitc u.! . lamp artd ywt\ 

made visible bp qx~~rr: to lodmtz \:qlur. The petrolcum cthcr u\cd ;IS H \ohent 

or cluant had a bollinp ranpc 60-%(I Solutions were dried Hith kodlum sulph:~tr. 

Evaporations wcrc conducted Hlth ;I rotary evaporator (Buchi I LY ,i~u;ttt~l by Y 

water pump. 

:k.+th>i ~,ci-o-h~‘Fl,_~tld~nr-, ‘-C-~~~ert~~t-~-~~-(~~~~ft~~tft~~~~~~~~t~r/~~/-ct-l~-r~h~~- 

he.\-op~rano.~id-_?-llio~t’ ( 1). -- Acetic anhydride (47 mI ) U;IS ;dcic~I to a 4ution of 

methyl 3.h-O-bcnzylidene-‘-C‘-mcth~l-a-r)-plucopyranc,*;Idc (6. 4.7iY.3 g. Ih.0 mol) 

in dimethyl sulphouldc (75 mL). I’he mixture was stirred Ior IS h at rcrom tcmpci- 

turc and then poured into cold. Iratur,wci sodium carbon.ac (fitI ml 1. I‘he qur- 

ous solution HIS cxtrnctcd with rhh~roform (8 g ItjO ml.) and the organic solution 

washed with brine (3. * 150 mI_). drid. ,tnd cvapor:ttecl to :I tcll~~u gum (h.Z704 

g). C’olumn chromatograph> (2: 1 toluenc-cthyl acctatc) !~cldcd \clloa crystals 

(2.3% g. 3K.h’i ) of the rcquircd hctonc 1. Rc~ry\t,illi\i~tic>n !rom &loratc~rm- 

petroleum cthcr yielded c.&)urlc\s plate\. m.p. I%-IX1 . [o];> +u7 6 (c 1 OY), 

l’,,.,, 17% cm I. n.m.r fi 1 63 (3 l-1. b. (‘-Cl-I,). _‘.I!7 (3 II. 4. S-C’lI:l. 3 42 (3 If. \. 

0-CH3j. 4.X’ (I H. \. H-l). 4.Y3 f-7 11. S. O-C-H-). ‘\ 5x (I H. >. t’h(‘H). und 7.JtI 

(5 H. m. C,,H,) 

Mrth_vl ~,6-~-h~F~~~ti~i~JF~l~-~-~-F?l~tt~~t-~-~-~lb~-/Z~.~O~~~~lF?f~.\l~i-.~-lltfl~~~ (2). 

- A solution of methyl l.h-O-benzylldene-‘-~‘-rn~thyl-Lu-D-eluct (6, 

(I.7651 g. 3.h mmol) m dimrthyl sulphoxide (5 mL) ws added to iI LOOM \usprn- 

sion of phosphorus pentao\lde ((I.3 g. 1 .X mmol) in dimethyl sulphoxidc ( It1 ml ). 

The stirred mixture was allo~c~i to warm to room tcmpcrrtturc irnd. ;tftcr _‘Z h. the 

brown solution was poured mto cold. saturated sodium caronatc \olutlon (1t)O mL) 

and extracted with chlorotorm (5 x 50 mL ). The crude gum obtamcd (0 743-i g) 

was resolved b> p.1.c. (‘.I toknc- c*th>l .Icetatc). providing white cryktall; of 2 

(0.3550 g. S-3’; based on rciicted starting material). awl 6 (WI 11 rng). Rr~r>stillll\n- 

tlon of 2 from ethyl ac~tatc-prtrolruln cthcr g:~c white cry\talb. m.p. 17F 17-i‘. 

[u]$ +YO.h’ (c 0.8%): v ,,,.,, 17-U cm ‘: 11 m.r. 8 I ..57 (3 H. s. C-Ct13). i 40 (3 H. s. 

0-CH.,).4.73(1 H.s,H-II.5 57(1 H.4. Ph-CH),and7.jt~(~t~.nl.(‘,,lfTj 
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Methyl 4,6-O-henzylider~e-2,3-di-C-methyl-2-<)-~~-all~~- 

pyranoside (4). - A solution of compound 1 (1.0066 g, 2.7 mmol) in sodium-dried 

benzene (100 mL) was added with stirring to an ethereal solution of methylmag- 

nesium iodide, made from magnesium (2.00 g, 83.3 mmol) and methyl iodide. (6.4 
mL, 102.8 mmol) in sodium-dried ether (100 mL), and the mixture was stirred for 

18 h at room temperature, after which time it was poured into cold. saturated am- 

monium chloride (300 mL). The organic layer was separated and the aqueous solu- 

tion extracted with chloroform (4 x 100 mL). The combined organic solutions were 

washed with brine (2 x 100 mL), dried, and evaporated to a pale-yellow gum 

(1.112 g) which, on being kept in a deiiccator overnight, gave 4 as crystals (0.9372 

g, 89.1%) which were recrystallised from chloroform-petroleum ether to give col- 

ourless plates, m.p. 106-107”, [(Y]? +16.6” (c 1.45); v,,, 3580 cm ‘; n.m.r 6 1.30, 

1.40,2.23 and 3.42 (each 3 H, s, 2 x C-CH,, S-CHJ, and 0-CH, respectively). 4.68 

(2 H, s. 0-CH,-S), 4.75 and 5.53 (each 1 H, s, H-l and PhCH-), and 7.40 (5 H, m, 

C,H,); m/z 370 (M+ ). 

Anal. Calc. for CIRH2,0,S: C, 58.37; H. 7.08; 0, 25.92; S. 8.64. Found: C, 

57.76; H, 7.13; 0.25.50; S, 8.43. 

Methyl 4,6-O-benzylidene-2,3-di-C-methyl-c~-~-allopyranoside (5). - Methyl 

iodide (0.15 mL. 2.4 mmol) was added to a suspension of potassium carbonate 

(0.1247 g, 0.9 mmol) in a solution of compound 4 (0.1426 g. 0.4 mmol) in acetone 

(5 mL), and the mixture was stirred for 8 days at room temperature. After removal 

of the acetone, the solid was dissolved in water and the aqueous solution extracted 

with chloroform (5 X 5 mL). The organic solution was dried and evaporated to a 

solid (0.1376 g) that was purified by column chromatography (4: 1 benzene-thy1 

acetate) to yield 5 as crystals (90.0 mg, 75.3%). m.p. 97-l 17”. Recrystallisation 

from chloroform-petroleum ether gave crystals, m.p. 164-166”. [a]:; +54.6” (c 

2.01); VInax 3530 and 3480 cm ‘; n.m.r. 6 1.28 (6 H. s, 2 x C-CH3). 3.40 (3 H. s, 

0-CH?), 4.37 (1 H, s. H-l). and 5.50 (1 H, s, Ph-CH); m/z 310 (M’). 

Anal. Calc. for C16H220h: C, 61.92; H, 7.15; 0. 30.93. Found: C, 62.15; H, 

7.33; 0,30.52. 

Methyl 4,6-O-benzylidene-2,3-di-C-methyl-cr-~gluco- and allopyranosides 
(7) and (5). - A slurry of compound 2 (0.7198 g , 2.5 mmol) in sodium-dried ben- 

zene (100 mL) was added to the Grignard reagent prepared from magnesium (2.0 

g, 83.3 mmol) and methyl iodide (5 ml,. 80.3 mmol) in diethyl ether (75 mL). The 

mixture was stirred for 24 h at room temperature and then poured into cold, satu- 

rated ammonium chloride (100 mL). The organic solution was separated, and the 

aqueous solution extracted with ethyl acetate (5 x 25 mL). The combined organic 

solutions were dried and evaporated to a yellow gum (1.0685 g) that was shown by 

t.1.c. (2: 1 toluene-ethyl acetate) to consist of two components. P.1.c. (2: 1 toluene- 

ethyl acetate) yielded white crystals of 5 (0.5987 g, 78.9%) and a colourless gum 7. 

(0.1386 g, 18.3%). 

Compound 7 showed v,,, 3550 and 350 cm I; n.m.r. 6 1.40, 1.45 and 3.37 

(each 3 H, s, 2 x C-CH3 and 0-CH,), 4.40 (1 H, s, H-l). and 5.47 (1 H. s. Ph-CH). 



Me&d 4,6-0-hen~~ii~~~tle-~~-~eiec-_, . 7 ~-cli-C-tt~e~i~~l-~7-O-(metlrvlrhrc, )rtwth_d- 
a-n-erythrc,-he.u-_~-,tl~~~)~rutl~~.s~~t~ (8) 11t1i.I mtvl1yl 1.6-0-htw~~ htit~tlc~-,‘,.~-dl-C- 

tnet~~~l-~~-O-(meth~l~hi~~ ).~Ulpk~n~l-O-D-allopVrat1~~~i~i ( 10). -- ‘I’hion! 1 chloridl- 
(0.1 mI., I.378 mmol) was added io a cooled solution 01’ 2 (O.?~.JO p. 0 7YZ mm011 
in pyndine (10 mL) and the solution was allowed to warm up IO. and was htirrcd 
at. room temperature for 2.5 h. and then it bus poured into brine ( 100 ml 1 rind cx- 
tracted with ethyl acetate (2 x IOII ml.). ‘I’hc organic solution ~34 hushed Hith 
hrme (150 mL). dried. and cvaporsted to a brown gum (0.2833 G t. v, hich was read- 
ily resolved by p.l.c. ~tolucnc-cthyl acetate . 2: 1 ) to yield 8 fO.lXOh g. h-t.?‘i ) its a 

colourless gum: 10 (0.033X p. 1.5” t ) as white cqstals. whrch MTI-C’ rcq~tLtl1isa.I 
from acetone-light petroleum to give plate\ m p. 219-22’; and 9 ((a.(Nt54 g. 3.75 ). 

The alkene 8 showed signals in the n.m.r. yxxtrum rrt (5 1.T t.: H. cl. .I 2.0 
Hz. 3-CCH,. long-range couplt~d to H-5). 1.42.2.20 and 3.17 reach 3 H. \. 2-<‘CH, 
-SCH,. and -OC’HJ respectively). 4.33 (1 H. m. H-5). 4 15 and I HI! (c,wh 1 FT. cl. 
J 11 .O Hz. -O-CH2Sj. 4 5X and 5 17 (each 1 H. s. H-l and PhCH rqx*ctively). and 
7.40 (5 H. m). 

Compound 8 u a\ un%tnblc at room tcmpcracurc. 
The ~110 compound 10 W:I~ recr>stalliscd from acetone--\h;rter ;I% white ncc- 

dlrs. m.p. lb3-IhO’; m/z 3% (M+ ): I’,,,,, 34M) cm ‘: n.m I- h’ 1 .h/l. 1.73. 2.15 and 
3.40 (each 3 H. h, 3-U-H;. X‘CH+ -SCHT. ,md -OCH1. rey-xx?i\cl>!. 1.45 and 
2.53 (each I H. \. H-l and Ph-CH. respectlvei~). and ‘I.37 (5 H. n-t). 

VfVhvl Li-ciidwv_v- ,‘,_?-dr-C‘-mettivl-tr-l,-gi)ct:ro-A~~t--7- tviop\mm d-4rtl0.w 
(9). - Cckxntratcd hydrt~chloric acli (0 1 mt_) w:rs added to a Autlon of 8 

(0.1159 g. 0.33 mmol) m methanol ( 10 ml_) and the 4ution strrrcd IIN 20 mm at 
room temperature. Conct’ntratcd aqu~~~\ ammonia solution (5 ml 1 u.t- iiddcd to 
the mixture. which HBS then cvaporatcd tt) a holid (0.115X1 <i). I’urlfitatlon ty p.1.c. 
(toluenr+zthyl acetalc. 7: I) >~elded 9 (0 (I520 g. Sh.h f; ). which u *I\ rt crtctalllsed 
from chlor~~form-light petroleum to yield nccdkr m.p. I l-l-1 I5 ‘. VI ; 1x6 (11’ ); 

18 ,“., K 317s and lf67 cm ‘: A ,,,,,, 2V xkl 270 nm (log c 4.07 and 2.X0 rqcctlbcly): 
n.m.r. S I .7X und I.% (csch .J H. hroadcncd 5. W, $2 3 0 Hz. 34.3’1~; ilnd L\-I’(:H l 
respectively). 3.52 (3 $3, s. W, 2 . I 5 H7. -OCH,), 2.47 (1 If, m. -OH). i.Y5 (2 11. 
d. .I 4 0 Hz. -CH2). 4.38 ( I H. t,.! 4 0 Hz. H-5). and 4 Y3 (I 11. c. H- 1 I. 

Anal. Caic for CuHI_,O_t* C. 5X.05: H. 7.58: 0. 34.37 Found* (.‘. 57 7X: H. 
7.51; 0.34.2_ 

X-Ra.s cr_v.~ruIk~graphrC. utwlwis c?f cotnpomd 4. -- Crystals of compound 4 
were groun from chllxoform-hexme and a cry&A ot -0. I2 jc (I.12 d II 3 mm was 

used in the analysis, 

The crystal data are cummarised m Table II. The mtensitk d:ltn w’t’rc mea- 
sured with a Hilger-Watts diffractometer (Ni-filtered Cub radiation. H - 2ti 

scans. pulse-height discrimination). and were corrected ior ahsorptmn. Of the I.517 
independent reflcrtion\ for H 0. 57”. 120X v.erc considered to be okr~~d [I > 2..5cr 

(I)]. The structure WCS sohed b) a multlplc-solution procedurr” and w.t\ rrtincd by 

full-matrix least square\. One reflection which ~\a\ strogly ;&ixtcd iy cxtmctton 
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TABLE II 

CRYSTAL DATA 

Formula 
Formula weight 
space group 
a 
b 

> 
d cak 
p (CuKa) 

GxHdkS 
370.46 

P212121 
8.498(5) A 

13.016(4) A 
17.472(5( 8, 
4 
1.273 g.cm-’ 

17.1 cm-’ 
_~ .~ ..~_ .--. 

was excluded from the final refinement and difference map. In the final refinement, 

anisotropic thermal parameters were used for the nonhydrogen atoms. The hydro- 

gen atoms were included in the structure-factor calculations but their parameters 

were not refined. The final discrepancy indices were R = 0.037 and wR = 0.037 for 

the remaining 1207 observed relections. The final difference-map has no peaks 

greater than f 0.2 eAp3. 

The absolute configuration of compound 4 is based on the anomalous scatter- 

ing of the sulphur atom and was established by refining data to consider both enan- 

tiomers. The final, weighted R values were 0.0366 for the configuration depicted 

and 0.0436 for its antipode. Thus, by Hamilton’s test’“, the configuration shown 

corresponds to the absolute configuration*. 
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