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ABSTRACT 

The minor byproduct formed during the ring enlargement of (5RS)-5,6- 

dideoxy-S-C-[(RS)-(ethoxy)phenylphosphinyl]-l,2-O-isopropylidene-cr-D-x)‘lo-hexo- 

furanoses to 5,6-dideoxy-5-C-[(RS)-phenylphosphinyl]-~,~-L-idopyranose was deter- 

mined by X-ray crystallographic analysis to be 2,3,4-tri-O-acetyl-1,5-anhydro-5,6- 

dideoxy-5-C-[(S)-phenylphosphinyll-L-iditol-’Cl. This unique, ring enlargement was 

closely examined, and a possible pathway for the formation of these 5-deoxy-5- 

phosphinyl-L-ido derivatives is discussed. 

INTRODUCTION 

We have previously described’ the synthesis of I ,2,3,4-tetra-0-acetyl-5,6- 

dideoxy-5-C-[(S)-phenylphosphinyl]-cc-L-idopyranose (4), its fl anomer (5), and 

their 5-C-[(RI-phenylphosphinyl] epimers (7 and 8) by the sequence l-+3+4 + 5 

+ 7 + 8. The structures of these idopyranoses were established by X-ray crystallo- 

graphic analysis (for 4 and 5)‘, and also by 400-MHz, IH-n.m.r.-spectral analysis’ 

of 4, 5, 7, and 8. It was also reported ‘3’ that the preparation of the L-idopyranoses 4, 

5,7, and 8 from 1 was accompanied (only once) by formation of a small amount of a 

byproduct, to which a tentative structure, (5RS)-2,3,4-tri-O-acetyl-1,5-anhydro-5,6- 

dideoxy-5-C-[(RS)-phenylphosphinyl]-D-x~~~o-hexitol, was assigned on the evidence 

of its mass and ‘H-n.m.r. spectra. We now describe the precise structure of this 

byproduct, along with significant features of its formation, with regard to the unique, 

ring enlargement of the D-x)Jlo-hexofuranoses to the L-ido derivatives. 

___ 
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10,b R = H 

2a.b R = itiP 

THP = tetrohydropyron-2-yl 

3 

SJWlresis mid rtwtion p~t/iw~~. - Reduction Lrf (5RS)-5.6-didc(~sy-_5-C- 

[(RS)-(ethoxy)phenylphosphinyl]-1 .?-O-isopropylidene- X- v-.\-~,/o-hc~iofuranoses (1) 

with sodium dihydrobis(Z-methoxyethoxy)aluminate (SDMA) was closely re- 

examined by individual use of the (5R) and (5s) compounds (la and lb. or vice 

wmr), which had previously’ been separated in a co1um11 <)I‘ silica gel. After acid 

hydrolysis to effect the ring transposition. and derivatizatlon to the per-0-acct>,l 

TABLE 1 

YIELDS OF THE 5-DtOXY-.F-C-PHOSPHINYI.-I.-IDOPYRANOSES ANLI -IDIT” I-ROM 5-Dl.(,*~--.F-c-PHOSPHINYL- 

a-~)-.r~/~-H~?in~uR~Nos~s 

la 3.0 3 0 4.3 3.3 4.6 7.9 3.6 21.2 
lb 3.5 3 0 1.5 1.5 5.7 x.5 3.9 7:. I 
la,br 5.0 2 -20-O 5.8 5.8 8.1 10.5 .1.9 35.1 
2a,br 1.0 I 0 IO IO I2 1’ 0 ST 

‘[The reaction wah quenched bq adding water when the starting material dlsappearcd (t.l.c.1. Wield 
refers to pure Ct.1.c.) products Isolated after acid hydrolysis and per-O-acztylation (except for corn-- 
pound5 4 and 5, which were a mixture). ‘4 I : I mlvture of la nnd lb (or 2a and 2hk. 
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compounds, the products were separated by preparative t.1.c. on silica gel, and 

identified by their spectral analysis; the reaction conditions and the yield of each 

product are summarized in Table I. 

Although the precise configuration of C-5 of the two starting materials, la 

and lb, could not be assignedl, both compounds were found to give almost the same 

proportions of the L-idopyranoses 4, 5, 7, and 8 and the byproduct (6); it should 

be noted that no P sugar of the D-gluco type was formed from la or lb. This was 

presumed to be caused by epimerization at C-5 with the strongly basic reductant 

SDMA, as had been observed in a similar hexofuranose system3 (for further dis- 

cussion, see later). Accordingly, use, as the starting material, of a 1 : 1 mixture of 

la and lb, which was available from its 5,6-anhydro-3-benzyl precursor’,” also 

resulted in the same ratio; the total yield was slightly improved, presumably due to 

the addition of SDMA (to la,b) at a lower temperature (-20”, instead of under ice- 

cooling). 

Because of the presence of a free hydroxyl group at C-3 in the starting material 

(la,b), an excess of SDMA had to be used for this reduction. Moreover, an appreci- 

able proportion of phosphorus-free byproducts, apparently formed by elimination 

of the phosphinate group, was produced during the reduction, most probably by the 

excess of SDMA. 

However, it was now found that such disadvantages were overcome by pro- 

tecting the HO-3 group of la,b with a tetrahydropyran-2-yl group. Thus, when 



compound’ 2a.b was subjected to reduction lvith 2 mol cqul\ II~SDM.~, no el~m~na- 

tion reaction of the phosphinate group LVZ~S obscrbcd, and the yields of the product\ 

-I, 5, 7. and 8 were si_enificnntl> increased, as recorded III T‘ablc I. rt I> ;IISO notworth! 

that, on employing 2a,b ;IC the starting matcrral. II(I bypr~~duct 6 1\;1s I’~~rmecl 

In tlic formation c~f 4-S. it \\;Is observed that c,iily phc)\phin>,l \iig3r:, of the 

I& type were iwlstcd on trc;ltment of the precursors la or lb (or 2a,b; \t’~th SDMA. 

followed by the SUCC~‘S>I\C actron 01‘ mineral XI~. and Ltcetlc anhydrrdc pyridinc. 

No per-O-acetyl dcrl\;ltivtzs of 5.6-dldcouy-.5-C-( [RS)-pht’1lylyho5phll)!I~-1~-gli~~1~- 

pyranc’ses (10) appc;ircd to bc present among the reactIon prclducts. Such ;I predoml- 

nant formation of the I.-it/~ type ijf’ I-’ sugars is in strihlng cc)ntrast to the rrsult of the 

similar ring enlargement of (SRS)-5-d~o~cy-5-C-[_( R.T))-0-c I clcwtll! lplio~phiii:ttc’]- 

l.~-O-isopropylidene-h-O_!trip~i~~i~Iri~cthyl)-~-l~-.\-~~/o-he~~~f~ii-~i~i~~5~5 (1.3) aolcl> to 

the S-deoxy-5-C-(ethylp~i~~s~~lli~iyl )-r)-glucc~pyranclh~s (IS)‘-“. 

13 i4 

A possible explanation for these results is that there IS ;L thcrinodqnamicalt~ 

controlled, more favorable production ~>f the (SS)-epimer 31) afttzr an cquilibr:iticjn 

caused by the strongly has~c SDMA during reductrnn, because there npplirentlq 

exists less steric congestlt)n between the bulky P-phrnyl and the 3-hydroxyl (C)I 

protected hydrnxyl) group in 3. as Illustrated III Schtzmc I. This (2.Ykpimcr 3b, in 

turn, readily affords. after :tcetylatlon. 4, 5. 7. :lnd 8. rle\pite the prcst’ncc of a slightl) 

less faborablc steric requirement for the rntcrmediate 9b compnred with the counter- 

part 9a. 

On the other hand. the formation of ;I small proporttnn of 6 f‘rc)m la.13 c;ln be 

explained in terms uf tho further reduction of 3b, by an t‘xcc55 of SDMA, to the 

phosphine 11, tchich subscqurntly leads to 6. via intcrtnedlatc 12. thr<jugh the transfer 

of oxygen from C-l to the phosphorus atom (XC Scheme I ). a< III tllc l*~~il~~~\ing. 

frequently obscr\ed eriamplc”. 

C> 

HV II 
RR’C=O + PH, m+ RR’CH-PH, 



5-C-[(S)-PHENYLPHOSPHINYL]-L-IDITOL DERIVATIVE 35 

Although it was not isolated, the 5-C-[(R)-phenylphosphinyl] epimer of 6 could 

actually have been produced, and it may have been included among the large amount 

of polar substances that remained uneluted by the t.1.c. separation. 

The ratio of the combined yields of the (S) to the (I?) isomer of the ring-phos- 

phorus atom (4, 5, 6 to 7, 8) is w 1 : 1.1 (from la,b) and 1 : I .6 (from 2a,b). These 

figures suggest that hemiacetal formation from 9b (and 12) to 4, 5, 7, and 8 (and 6) 

proceeds almost equally, or slightly more readily, for the 5-C-[(R)-phenylphosphinyl]- 

L-idopyranoses. 

X-Ray structural analysis. - Very thin crystals of compound 6, having the 

form of hexagonal prisms, were available by recrystallization from ethyl acetate- 

hexane. A specimen with a size of -0.15 x 0.6 mm was selected for the X-ray 

measurements. Precise lattice constants, and the intensity data for an independent 

set of reflections, were measured on a DEC PDP 15/40, controlled, four-circle 

diffractometer with Ni-filtered CuKcl radiation (A = 154.18 pm). A summary of the 

crystallographic data is given in Table II. 

Phase determination was made by direct methods (MULTAN8). The refine- 

ment with least-squares techniques was executed with the corresponding programs 

of the XRAY 76 program system9. The intensity data werecorrectedfor the anomalous 

scattering of phosphorus; because of the small crystal size, an absorption correction 

was not applied. All hydrogen atoms were located from difference syntheses. During 

the refinement, which was made with anisotropic temperature-factors for the heavy 

atoms, and with isotropic thermal parameters for the hydrogen atoms, a weighting 

scheme was applied that made wAF independent from JFI. After convergence of all 

Fig, 1. Atom-numbering scheme, and bond lengths (pm), for 2,3,4-tri-O-acetyl-1,5-anhydro-5,6- 
dideoxy-5-C-[(S)-phenylphosphinyll-L-iditol (6) (e.s.d. values in parentheses). 



36 H. YAMAMOTO, R. YAMAMOTO, S. INOh/\WA, P. LL’CiER 

Fig. 2. ORTEPl” representation of a molecular model of 6. Thermal ellipsoids are plotted at a 200,, 
probability level. 

TABLE II 

CRYSTAL DATA !OR ~,~,~-TRI-~-ACETYL-~,~-ANHYDRO-~,6-DlDEO?iY-~-~-[(~)-PHFYYIYL]-L- 

IDITOL (6) (E.S.D. VALUES IN PARENTHESES) 

Formula 
Lattice constants (nm) 

Cell volume (nm3) 
Formula untts,icelI 
Space group 
X-Ray density IMg.mm,4) 
Linear absorption coefficient (CuKz, cm-‘) 
Total number of retlections (0 6-l 1 
Unobserved (I an) 

The function minimized was Zw(F,, --~ F,,)“, with w 
otherwise; y =m I for ;F,,I b, y - b/“F,l otherfiise. 
a 
b 
R =: S(jFo/ - JF,l)/ZJFo/ 
R <,I :m [Zw(l F,,j ;F,~J?;&+,,~JI’~ 

x y. and x 1 for sin H .-. a, Y -= sin 0 a 

0.85 

X0 

4.4” (, 

.5.X”,, 
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TABLE III 

FRACTIONAL COORDINATES OF 6 (E.s.D. VALUES IN PARENTHESES) 

Atom 

C-l 
c-2 
o-2 
c-21 
o-21 
c-22 
c-3 
o-3 
c-31 
o-31 
C-32 
c-4 
o-4 
c-41 
o-41 
C-42 
c-5 
C-6 
P-5 
c-51 
C-52 
c-53 
c-54 
c-55 
C-56 
O-50 
H-l 1 
H-12 
H-2 
H-221 
H-222 
H-223 
H-3 
H-321 
H-322 
H-323 
H-4 
H-421 
H-422 
H-423 
H-5 
H-61 
H-62 
H-63 
H-52 
H-53 
H-54 
H-55 
H-56 

X 

.4296(4) 

.3956(4) 

.3472(3) 

.2696(5) 

.2352(4) 

.2323(g) 

.4622(4) 

.4191(3) 

.4123(5) 

.4403(5) 

.3657(7) 

.5276(3) 

.5842(3) 

.6244(4) 

.6136(4) 

.6816(6) 

.5752(3) 

.6329(5) 

.49767(9) 

.5462(4) 

.5566(6) 

.5941(7) 

.6220(7) 

.6125(7) 

.5757(5) 

.4552(3) 

.459(4) 

.381(4) 

.365(3) 

.185(g) 

.23(l) 

.266(g) 

.491(4) 

.386(7) 

.316(5) 

.346(5) 

.498(3) 

.727(5) 

.655(6) 

.722(7) 

.610(4) 

.664(3) 

.673(4) 

.605(4) 

.537(g) 

.609(5) 

.647(5) 

.638(4) 

.570(S) 

~ .0344(4) 
.0235(4) 
.0235(3) 
.0091(4) 

-X086(7) 
.0191(g) 
.1151(3) 
.1560(3) 
.2129(4) 
.2320(4) 
.2459(6) 
.1268(3) 
.2170(2) 
.2489(4) 
.2050(3) 
.3406(S) 
.08 14(3) 
.1139(5) 

-.02973(g) 
- .0890(4) 
-.1375(5) 
-.1837(6) 
-.1815(7) 
-.1338(7) 
- .0870(5) 
-.0553(3) 
- .023(4) 
- .094(4) 

.009(3) 
-.037(g) 

.05(l) 

.021(g) 

.138(4) 

.31 l(8) 

.238(4) 

.218(5) 

.109(3) 

.351(5) 

.367(6) 

.363(6) 

.087(4) 

.084(3) 

.168(4) 

.105(4) 
-.142(g) 
-.212(5) 
- .221(6) 
-.121(4) 
-.051(5) 

.2042(5) 

.2315(5) 

.1330(4) 

.1493(9) 

.2416(9) 

.041(l) 

.2525(5) 

.2979(3) 

.2334(6) 

.1369(S) 

.2966(Y) 

.3440(4) 

.3486(3) 

.4497(5) 

.5330(4) 

.4414(6) 

.3213(5) 

.2139(6) 

.3200(-) 

.2789(5) 

.3614(g) 

.335(l) 

.222(l) 

.1381(9) 

.1636(7) 

.4351(4) 

.138(g) 

.198(6) 

.297(6) 

.01(l) 

.07(2) 
-.02(l) 

. 179(6) 

.30(l) 

.253(7) 

.365(9) 

.416(6) 

.384(g) 

.408(g) 

.50(l) 

.387(7) 

.203(5) 

.221(6) 

.160(8) 

.42(l) 

.387(9) 

.200(g) 

.058(S) 

.105(9) 



TABLE IV 

HONI) AhGLtS 0, 6 (E.S D. L,,, , ;LX IN PAHI-N-IHESES) 

c_3mc_1_p_5 

c‘_, _c‘_2_(‘_3 
c_:_o_2-c;_‘1 
()_3_C_21..C_~2 
C-2-C-3-0-3 

0-3-C-3--C-3 

0-3-C-3 l-0-3 I 

O-3 I x-3 I -C-37 

C-3.-C-J-c’-5 

< ‘-4-O-&C‘-1 I 

0-4-C-41 -C‘-42 
C-&C-~-C-C? 

C-6-C-5-P-5 

c’-l~P-s-C-5I 

C-5-P-S-C-5 I 

C-5 I-P-5--0-50 

P-5-C-5 I m-C‘-5h 
C‘-5 l -c-52-c’-53 

C-53-C-53-C-55 

C-5 1 -c‘- j&C-j j 

100 S(3) 
115.1151 
119.3(h) 

I 11 X(91 
106 7(5) 

105.Y(J, 

I23 x91 

llh.3(9) 

I I5.Yl5) 

I I h Y(3) 

III x5) 

I 13 S(h) 

II55111 

10X.7(3, 

lO9.S(3l 

Il7.S(3, 

117’.0( 7) 

171.6(9, 

I2l(ll 

I19 O(9) 

parameters, a final R-value of 4.3”,, was obtained. The final atomic coc)rdinates art‘ 

g~vrn in Table III*. 

The atom-numbering scheme for 6 and the avcragc bond lengthb thereof are 

given in Fig. I. An ORTEP’” representation of the molecular structure 01’6 IS shown 

in Fig. 2. Bond angles and a choice of torsion angles are listed 111 Tables IV and V. 

As Figs. 1 nnd 2 >tlow. compound 6 ih 3.3,4-tr~-0-acct~ I- I .F-;lnhqdr(~-5,h- 

dldeouy-S-C‘-[(S)-phenytphc~sphi17Y]1-l.-iditol. This pyrano~d comp~~und has an 

almost perfect ‘C’, (1.) conf~>rmatlon (see ring-torsion angle> tn Table Vi. although the 

Cremrr~-Pople’ “” pucl\cring parameters (Q = OS.3 pm. 0 = 13.68 . C/J = 317.31 ) 

indicate a small tendew), tcowards the sofa form having the ph~~sph~~rus atom ah the 

out-of-plane atom. The acet~~u>l group\ on C-2, C-3. and C-l arc in equatorial 

positions, and the methyl ~I-OLI~) OII C-5 is linked axulall!,. Of the t\\c, clc~~cycl~c bonds 

at the phosphorus atom. the P-=0 bond is axial. and thu phenql group on P IX cquato- 

rial. 

The Inclination of the phenyl ring for the comparable dcrilativea’ 4. 5. and 6. 

*A complete atom list. \+lth the temperature parameters included, and the list of observed and 

calculated structure factors can he obtained on request from Elsevw Sclentdk Puhllshlng C‘ompan!, 

BBA Data Deposition. P.O. Box 1527. Amderdam. The Netherland< Rcfcrencc \houltl be nude to 

No BBA’DD.‘337’Co,hohl,t//,. Rc,\ I !3 ! IOX?) ?I -13. 
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TABLE V 

CHOICE OF TORSION ANGLES FOR 6 (E.S.D. VALUES IN PARENTHESES) 

Sequerrce Angle (degrees) 

C-l-C-2-C-3-C-4 

C-2-C-3-C-4-C-5 
C-3-C-4-C-5-P-5 
C-4-C-5-P-5-C-l 

C-5-P-5-C-l-C-2 

P-5-C-i-C-2-C-3 
c-6-c-5-c-4-c-3 
C-6-C-5-P-S-C-l 
0-50-P-5-C-5-C-4 

0-50-P-5-C-l-C-2 
C-51-P-5-C-l-C-2 
C-52-C-51-P-5-0-50 
O-2-C-2-C-3-C-4 

0-3-C-3-C-4-C-5 
0-4-C-4-C-5-P-5 
C-51-P-5-C-5-C-4 
0-21-c-21-0-2-c-2 
0-31-c-31-0-3-c-3 
0-41-c-41-0-4-c-4 
C-21-0-2-C-2-H-2 

C-31-0-3-C-3-H-3 
C-41-0-4-C-4-H-4 

-52.8(7) 

57.1(6) 
-62.1(5) 

59.2(4) 
- 57.9(4) 

56.9(5) 
66.0(5) 

- 67.9(6) 
-61.3(4) 

59.9(4) 
- 173.6(3) 

- 13.6(6) 
- 172.2(5) 

174.0(4) 
179.2(3) 
174.1(4) 

-4(l) 

l(l) 
-l(l) 

5(4) 
8(4) 

40(S) 

6 0-50 16 
O-50 

Fig. 3. “Newman” projection down the P-C(pheny1) bond tn the equatorial (left) and axial (right) 

case, illustrating the inchnation of the phenyl ring. The digits mark the phenyl rings for compounds 

4 (4); S (5); 6 (6); 15, mols. 1 and 2 (15a and b); and 16 (16). 
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4 
5 
6 
15 (Mol. 1) 

(Mol. 2) 
16 
Average (total 1 
Acerage [only (S) config.] 
.4verage [only CR) config.] 

(.~I 
(.~I 
(S) 
CR) 
CR) 
IR) 

1X1.5(3) 
181.3(1l 
IXl.h(f;) 
I X2.5(3) 
1X3.7(1, 
IX?.f?(f>)” 
I X7.218) 
1 x I .5( Ii 
IX?.9(5I 

183.8(3J 
1 X3.2(1, 
150..7(7) 
184.1(-1) 
I Y5.0(51 
186.1(5) 
183.8(‘1) 
182.3(15) 
185.1(X) 

aln the furanoid ring of 16, this bond is P-C-4. 

for which the phenyl ring IS always equatorial, is illustrated in Fig. 3. Interestingly, 

this inclination is totally different in the three cases. With respect tcl the P=O bond. 

the Inclination angle is smallest for 6, where no bulky substituent is present on C-l. 

The angle has a medium vze for 4, where an equatorial acetoxyl group 15 present 

on C-l. and rcachcs a value of almost 90 -’ for 5, which has an axial acet<b\yl group cl11 

C-l. Thus. this angle of Inclination is largely af7ected by the strrtc hituatlon at C-l. 

If the phenyl ring is IInked axially. as in I .2,3.3-tctra-0-acct~i-~.~)-~ild~(~~y-~-~.- 

nitro-5-C-[( R)-phenylphospl~inyl]-~~-r.-idopyrar~osc’Z (15) and I.23trl-O-acetyl-1.5 

dideouy-l-C-[(R)-phenylphosp~linyl]-~-L-lyLofur~~~~~~~eL”.’i (16). :I similar variety 

of inclination of the phenql ring is obser\zd: for 16, it is almoat xv’. \+hcreas for 

two independent molecules of 15, it IS near 90’ (see Fig. 3). although these t-o 

compounds have only slightly different steric situations at the neighboring ring-atoms. 

The distribution of bond lengths around the phosphorus atom of these P 

sugars (4. 5, 6, 15, and 16) is tabulated f(lr compnrrson (see Table VI ). There is some 

evidence that, for the (R) configuration, the cndocyclic, P-C bonds arc longer than 
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for the (S) configuration, although the differences between the (R) and (S) averages 

are in the range of three to five times the standard deviations of the single-bond 

lengths. For the exocyclic, P=O and P-C bonds, all bond lengths agree well. 

EXPERIMENTAL 

General methods. - Melting points were determined with a Yanagimoto MP-S3 

instrument and are uncorrected. Silica gel B-5F (Wako) was used for preparative 

t.1.c. All reactions were monitored by t.1.c. on plates precoated with silica gel 60F 

(0.25 mm, Merck), and the products were detected with sulfuric acid-ethanol, or 

cobalt(II) chloride-acetone as the indicator. ‘H-N.m.r. spectra were recorded with a 

Hitachi-Perkin-Elmer R-20A (60 MHz) or a Bruker WH-400 cryospectrometer 

(400 MHz) at 27”. Compounds stated to be identical were compared by means of 

t.1.c. (silica gel, using ethyl acetate as the eluant) and their ‘H-n.m.r. spectra. 

Materials. - (5R)- and (5S)-5,6-Dideoxy-5-C-[(RS)-(ethoxy)phenylphosphi- 

nyl]-1,2-0-isopropylidene-u-D-xylo-hexofuranose (la and lb, or vice versa) were 

prepared from 3-O-benzyl-l,2-O-isopropylidene-6-O-p-tolylsulfonyl-~-~-xylo-hexo- 

furanos-5-ulose in three steps, according to the procedure described previously’,4,‘6, 

and were used without purification. 

2,3,4-Tri-O-acet~l-I,5-an~zydro-5,6-dideoxy-5-C-[(S)-pheny~hosphinyl]-~-iditol 

(6). - Method A. A solution of la,b (1 : 1 mixture) (309 mg) in dry toluene (20 mL) 

was degassed, and bubbled with argon. To this was slowly added, at -2O”, under 

argon, SDMA (70x, in toluene; 1.0 mL, -5 mol. equiv.) that had been further 

diluted with dry toluene (7 mL), followed by stirring at -2O”, and then at O”, until 

the la,b had almost disappeared in t.1.c. (h 2 h). A small volume of water was added 

at O”, to decompose the excess of SDMA, and then the usual processing’ afforded 

(5RS)-5,6-dideoxy-1,2-0-isopropylidene-5-C-[(RS)-plzenyZphosphinyl]-a-o-xylo-hexo- 

furanose (3) as a colorless syrup; R, 0.70 in ethyl acetate. (This crude product was 

contaminated by a small amount of a byproduct that contained no phosphorus 

atom; RF 0.55 in EtOAc). 

Product 3 was immediately dissolved in ethanol (2 mL), and treated with 

oxygen-free, 0.5~ hydrochloric acid (20 mL) as already described’, giving (5RS)-5,6- 

dideoxy-5-C-[(RS)-phenylphosphinyl]-D-xylo-12exo~~rano~e (205 mg) as a pale- 

yellow syrup; R, 0.05 in EtOAc. This product was treated with acetic anhydride 

(0.6 mL) in pyridine (1 mL) in the usual way, giving a mixture of crude tetraacetates 

4, 5, 7, and 8, and triacetate 6 as a pale-yellow syrup. By preparative t.1.c. using ethyl 

acetate as the eluant, this mixture was separated into four fractions, namely, A, B, 
C, and D (according to RF values), and each fraction was eluted with ethanol. 

Fraction A (RF 0.50 in EtOAc) gave colorless crystals, found by n.m.r. spectro- 

scopy to be a mixture of 4 (22 mg, 5.8 %) and 5 (22 mg, 5.8 %); these were separable 

by fractional recrystallizationl. 

Fraction B (RF 0.35) afforded 7 as colorless needles (31 mg, 8.1x), m.p. 138” 

(lit.’ m.p. 138”). 
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Fraction C (R, 0.3) gave 6 as colorless necdlcs t 16 mg. -l.O”,,). m.p. I58 

(from ethyl acetate): lit ’ m.p. I SX -: higIl-t-eslllutioti. c.i. mars spectrum”. 112’: 

(relative intensity): 383 (7: M + I L ). 3-N) (5), 381 (82). ‘39 ( IN)). 23X (8 I ). and 

102 (41 ); esact ma\. Calc. for C,,H,,O,P (RI + I ): ?X_i.iYK. FClLiIld : 3x3.1207. 

.JIIu/. Calc. for C,,t-I,,O-P: C, 56.54. H. C~.O?. Found: (-. 40.35: H. h.lS. 

Fraction D (R, 0.20) gaw 8 as c(1lo1.1~~~ nwdlcs (40 mg. IO S”,, ), m.p 1 hS 

(lit.’ m.p. I68 “). 
Besides these cornpc~uncls nbtarncd frcjm Frxti~~ns A -D. other products wcrt’ 

present in considerable amount. thcsr were detected on t l.c. plate\, particularly at 

R, 0.8-0.9 (phosphorus-fr~s compounds) and at R, O-0.05 (ph(‘sphoru~-c~,ntaininF 

products). However. isolation of these products \vas not \ought 

.Ut~thod B. Similar treatment of the (5R or S)-epimcr Ila (540 mg) \vith SDMA 

(I.5 mL, -4 mol. cquiv.) for 3 h at 0 ‘? li,lio\\.\ed by procasillg ~14 :~lrcaciy dcscrlbed, 

afforded 1 (39 mg. 4.3 I’,, ). S (29 rng. 4.3 ‘I,,), 7 (3 1 mg. 4.0 I’,, ). 6 (7 1 tnF. ?.h”,, ). and 

8 (53 mg, 7.9 ‘I,,). 

;lIrf/wcl i‘. Similarly. the other epimer lb (409 mg) was trertted with SDMA 

(0.9hmL,3.5mol.rquiv.)~~~r~hnt()’,thu~giving4(~~mp.j..i”,,~.~(~~~~~g.~.~“,,). 

7 (29 mg. 5.7 ‘I,). 8 (32 mg, X.5 “(, ), and 6 ( I7 mg, 3.9 I’,, ). 

,1/ctlux/ D. (~RS)-~,c,-Didfoxy-~-~‘-l(rth~)xy )phenqlphosyhillyl~-I ,7-O-isop)- 

pylidene-3-O-(tctrahydrc,pylan-~-~I )-T-I>- \-l,/c)-heuc,fur~1nc)ac’ (2) (X07 mg) M;LS 

treated with SDMA (0.85 mL, 2 mol. equiv.) at 0 until wolution 01‘hydrogrn ceased 

( I h ); almost no eliminati<)n product was detected by t.1.c. After pr~wc~sing ;IS alread! 

described, 4 (Xi mg. IO”,,,. 5 (XI mg. IO”,,), 7 (IO0 mg. I:!“,,), and 8 (178 mg. ?“,,I 

were obtained. By repeating the prepar:ition. it ~35 confirmed that almost 11~1 tri- 

acetate 6 was formed, and the elimination react~c~n was ~:)n\tdw~l~l? \upprcssed 

when 2a,h WIS used ;I\ the starting material. 
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