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ABSTRACT 

5-Deoxy-5-iodo-l,2-O-isopropylidenc-3-O-methyl-a-~-xylofuranose, prepared 

quantitatively from its 5-Op-tolylsulfonyl precursor, readily gave the 5-C-(diethoxy- 

phosphinyl) derivative. Treatment of this compound with sodium dihydrobis(2- 

methoxyethoxy)aluminate, followed by hydrogen peroxide, mineral acid, and 

hydrogen peroxide, yielded 5-deoxy-5-C-(hydroxyphosphinyl)-3-O-metllyl-~,~-D- 

xylopyranoses in 65 % overall yield. The structures of these sugar analogs were effec- 

tively established on the basis of the mass and 400-MHz, ‘H-n.m.r. spectra of the four 

title compounds, derived by treatment with diazomethane and then acetic anhydride 

in pyridine. 5-C-[(S)-( I-Acetoxyethenyl)phosphino]-l,2,4-tri-O-acetyl-5-deoxy-3-0- 

methyl-P-D-xylopyranose was also isolated and characterized. 

INTRODUCTION 

Sugar analogs having a phosphorus atom in the hemiacetal ring are interesting 

not only from the viewpoint of their physicochemical properties but also from that 

of their potential, biological activity. In an effort to prepare such hexopyranoses, we 

recently reported 5-deoxy-5-C-[(R,S)-phenylphosphinyl]-~,~-L-idopyranoses1*2 (1,2) 

and the 5-C-phosphinyl-D-glucopyranoses 3 - 5 ( 3-5). As regards the pentopyranoses, 

S-deoxy-5-C-phosphinyl-D-xylopyranoses6,’ (6 and 7) and the D-ribopyranose’ (8) 

had been prepared from the corresponding 5-deoxy-5-C-phosphinyl-D-pentofuranose 

precursors at an earlier stage of our investigation. 

Instead of an alkyl- or aryl-phosphinyl group, as in 1-8, the presence of a 
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~lydroxyphos~hiny~ group in the ring is also expected to be of h@ interest from 

various viewpoints. Only one such compound. 17, has so far been rcportcd, by WhistlcI- 

and Wang”, who prepared rt, in _ IO”,, overall yield, from I,?-O-lsopropylidciie-3-0- 

methyl-5-Ol~-tolylsulf~~nyi-r-u-uqloft~r~~n~~se (9) by the soyuencc 9-4 10--* 12 -+ 134 

16417. Their structural assignments of compounds 16 and 17 were based tnalnl!, 

on elemental analyses and on insLl~cjclltly resolved, hO-M Hz. ’ IH-rt.rn.r-. spwtu 

in order to estabtish an cKective way of preparation. and charactrrirntion. of a 

series of such sugar analogs, we have reinvestigated the synthesis and properties of 17 

as the initial part of our study on i-deoxy-5-C‘-(hydroxyphosphin!, I )pyranost~ and 

4-deoxy-4-C-( hydroxyphclspl7il~~l )furanosc\. 

RESl~LTS ANI) DIS(‘USSION 

On heating 9 with sodium iodide in acetone at 100” in a sealed tube. the hitherto 

unreported 5-deoxy-S-iodo-I .3-O-isopropylidene-3-O-merhyl-r-r>-xyl~~fi~ra~~~)se (I 1) 

was readily obtained in yuantitativc yield. ‘The iodo compound II ws med as our 

starting material. because of the simplicity of its preparation. and also its higher 

reactivity towards the nuclcophife in the following ctcp (compared with the bromo 

dcrivatlve 10). Conversion of 11 into the phosphonate 12 sac rcadtly otTccted bq 

heating with an excess of tricthyl phosphite at 150 

It had been reported” that compound 16 (m.p. 7OX--~lO ‘). obtarned in 15 ‘I,, 

overall yield from 12 through ring enlargement of the i-C-(phosphinofsylofuranosc 

13, showed its H-I signal as a Parr of broad tripfets, at ii 3.73. with .I, I, 0, J,_: 7.5. 

and J, ,D 2.0 Hz, in the ’ F-i-n.m.r. spectrum of a solution in D,O. As we could not 

repeat the transformation of 12 into 16 viu 13 by using lithium ai~~rn~nurn hydride” 

and then mineral acid, we attempted to reduce compound 12 tk> the phosphirre oxide 

14 with sodium dihydrobis(‘-metl-lnxyetho~yfalum~~~ate (SDMA). Q hioh usually 

converts pliosphinates and ~flosph(~n~~te~ into p~ospllinc oxides under controlled 

condrtions’ -‘.lO. However. even by using a stoiohrometr~c amount 01. SDMA. the 

phosphonate 12 was rapidly reduced to the phosphrtte 13, )I hicll wa\ f~lund to be 

extremely sensitive to air-oxidation and technically drtlicult to handle ‘Therefore. 

Instead of subjecting the product 13 to ring-cnfargcment by acid” tc> alTord 16. 11 
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15 R = PH(=O)OH 

I- P-OH 

OH 

OH OH 

16 17 

was immediately oxidized with one equivalent of hydrogen peroxide in 2-propanol, 

to give 14. Although a small proportion of the further-oxidized product 15 was 

detected by t.l.c., the conversion proceeded satisfactorily. Being found also to be 

sensitive towards oxidation, compound 14 was, without isolation, refluxed with 

ethanolic 0.5~ hydrochloric acid under nitrogen, affording the 5-deoxy-3-O-methyl- 

5-C-(phosphinyl)-cQ-D-xylopyranoses 16. 

Although its ‘H-n.m.r. spectrum in Me,SO-d, was in conformity with structure 

16, our specimen was a white, hygroscopic, amorphous solid that did not crystallize 

from various solvents. No pure acetyl or benzoyl derivative of 16 was isolated after 

treatment with acetic anhydride or benzoyl chloride in pyridine; only a mixture of 

several, unseparated products were formed. This could partly be attributed to the 

facile phosphorus-phosphorus dimerization of 16, analogous to the formation of 

tetraphenyldiphosphine monoxide [Ph,P-P( = O)Ph,] from diphenylphosphine 

oxide in the presence of acetic anhydride and pyridine at room temperature”. 

Compound 16 was, therefore, oxidized with hydrogen peroxide, to give the 

5-deoxy-5-C-(hydroxyphosphinyl)xylopyranoses 17 in 65 % overall yield (from 12), 

which is far higher than the reported yield9 (- 10 “/,). Although compound 17 had 

been reported’ to have m.p. 192” after recrystallization from methanol-ether and 

to show its H-l signals at an unusually high field (6 2.93 and 2.80) in Me,SO-d,, 

recrystallization of our specimen from the same mixed solvent gave (with rather 

poor recovery) colorless needles of m.p. 95”, and its H-l signal appeared at 6 -3.7, 

overlapping with other, ring-proton absorptions. 

As 17 was expected to be a mixture of, at least, two anomers, unambiguous 

structural assignment was made by converting 17 into its 5-C-(methoxyphosphinyl) 

peracetates 18 (in 56”J yield as a mixture of diastereoisomers) by treatment with 
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400-hlHz. ‘H-N.M.R. P&R,~MFT~HS fog .~-oF~)*~-~-(--(PHosPHI~YI )\rwof’\ RA?d)Sf 5 IN C’DC‘II 

3” 

18a 
18b 

18~ 

18d 

23 

3h 

18a 

18b 
18~ 
18d 
23 

5.60 5 7x 3.58 5 5’ 

5.60 5.41 3.61 5 13 
5.37 5.45 7 31 5 24 

5.44 5 7?. i.36 3.9X 

5.64 5.03 3.54 1.94 
5 33 5 63 ? 19 5 10 

Il.0 1.2 0.31 9.0 7.8 
2.X 13.2 2.0 Y.8 I .o 

10.5 5.5 0 X.7 3.X 

10.X 3 h 0 9.6 2. I 
3.0 15.0 2.0 10.0 0 

10.x I.Cr 0 9.’ 7.6 

I .06’ I .90 7.14. ‘.05. I .YO 3 49 ,’ 

7 43 2 13 ?.22, ? 11. 7.09 3.51 3.7? 

7 5s 1.91 2.16, ?. 10. 2.0x 3.u 3.77 
1.52 I 9?. 1.14. 1.17. 7.09 ‘1.51 3.94 

?.# 3.E 371 ?l? T”(, _. __. L. _, -. 1.50 3.4X 
2 6’ 1.95 7 II, 2.09, L1 ox 3 51 ‘.76’ 

6.0s t 

6 10” 

“Acetoxyl assignments are interconvertible. “Ref. 4. ‘C‘H.I-5. “0 7.75, 7.47. 7.56 (311 111) due to P- 

C,iHi ‘P-C(OCOCH:r) C’H2. rP-C (‘-H(E) (‘J~rlv 29.8, :.~II,II 2.X Hr). ‘/P-C‘ C-H(Z) (.15~~,~z 
10.2, “Jtr.~r 2.X Hz). ‘I_/ values confirnul by double rewnancc. ‘./I L. ‘_I ,, ’ :./G 13, ‘4ppro~iniale \altic, 

because of overlappmg ulth acctwyl \lgnal\ 

diazomethanc and then acetic anhydrIde-pyndlnc. [Preparation of other derivatlvcs. 

such as the acetyl or p-hromophenacyl compounds (19 and 20) rrwltcd in less satw 

Factory yields: i c.. 19: ZO”,,. and 20: 5”J. The crude 18 was separated (by column 

chromatography on silica gel. using ethyl acctatc--hcxane as the eluant) into fibs 

major fractions. which ~111 he rcf’crreti to as A. H. C‘. I). and F: ;ICCC~I-~I~~ to thcil 

decreasing R, vai~w. 

Fraction C gave color-less ncedlch of m.p. 194 -19.5 . which clearly cxhlbited 

111 the high-resolution mass rpectrum. the molecular-ion peal\ at TV I 352. corrcapond- 
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(1) CHZN2 

(21 Ac,O-C,H,N 

OH OAc 

17 18R= Me 

19R= H 

20 R = CH2COC6H,Br-p 

ing to CIJHp,O,P, and this formula was supported by the elemental analysis. The 

precise structure of this compound was determined by comparing its 400-MHz, 

‘H-n.m.r. spectrum with those’,4s5 of the structurally similar analogs 1-5 (c$, the 

parameters for 3 shown in Table J). The assignments of all signals were readily made 

by employing first-order analysis with the aid of a decoupling technique, and the 

results are summarized in Table I. The splitting patterns of the H-l signal (doublet 

of doublets with Jr ,2 10.5 and Jr., 5.5 Hz) and the relatively low 6 values of H-2 and 

H-4 (compared with those of 1% and d; see later) led to the Sdeoxy-SC-[(R)- 

methoxyphosphinyl]-/?-D-xylopyranose structure 18b, in the 4C, (D) conformation, 

for product C. 

The fastest-eluting fraction (A) afforded a single product as a colorless oil. 

the n.m.r. spectrum of which indicated the structure of 5-deoxy-5-C-[(R)-methoxy- 

phosphinyll-a-D-xylopyranose (18a) in the 4C, (D) conformation. The c1 configuration 

was derived from the presence of the 15 W coupling (J, ,5r 2.0 Hz) and the relatively 

low 6 values of H-l and H-5a, as well as the reversed magnitude of the values of 

J, ,Z (2.8) and J, ,p (14.2 Hz), compared with those of the p anomer Mb; such charac- 

teristic features had been utilized 1,4,5 for distinguishing between the anomers of the 

Sdeoxy-5-C-(phosphinyl)hexopyranoses 1-5. The assignments of the signals of 18a 

are recorded in Table I. 

Fraction D also gave a single product as a colorless oil, which, by means of 

its high-resolution mass spectrum, was found to possess a molecular formula 

(C,,H,,O,P) identical to that of Mb. Although the splitting pattern in the n.m.r. 

spectrum of this product somewhat resembled that of l$b, the upfield shift (0.2-0.5 

p.p.m.) of the H-2 and H-4 signals, and the downfield shift (0.2 p.p.m.) of the H-l 

and P-OMe signals accounted for the 5-C-[(S)-methoxyphosphinyl]~/3-D-xylopyranose 

structure 18c, presumably in the 4C,(D) conformation; analogous shielding and 

deshielding by phosphinyl oxygen were observed for the 5-C-[(R and S)-phosphinyl] 

epimers rq5 (1-5) and for 4-deoxy-4-[(R and S)-phenylphosphinyl]pentofuranoses’2 

(21). Assignme& for the n.m.r. signals of 1% are recorded in Table I. 

The slowest-moving fraction (E) mainly consisted of a colorless oil whose 

structure was shown by n.m.r. spectroscopy to be the iy anomer (18d) of compound 

1%. The spectrum was completely consistent with this structure; see the assignments 

in Table J. 

Besides these four diastereoisomers (18a-d) of the 5-deoxy-5-C-(methoxy- 
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phosphmyl)-r>-xylopyranoses. a fifth product was obtalncd from Fraction B as 

colorless needles. m.p. 190. 192 ‘, which possessed the molecular formula C,,H,,O,P 

on the evidence of the high-resolution mass spectrum. The chemical shifts and the 

splitting patterns of this crystalline product closely resembled those of lSb, but the 

spectrum differed from that of 18b in the following respects: (I) the prcsencc of ;I 

pair of AB-type doublets of doublets at 0’ 6 OX (,I,,.,, 29.X and .I,,,,, 2.X Hz) and 6.10 

(J k,,p 10.2 and J,,.i, 7.8 Hz), (2) the presence of an additional acetoxyl singlet at ~5 2.26. 

and (3) the absence of the P-OMe doublet at ri 3.X. Taking into account the ‘I,,,, 

values commonly observed for a model such as trivinylphosphinc (221. for N hlch 

H(E) and H(Z) appear’” as doublets of doublets at ii 5.64 (J,,,, 30 2 H7) and 5.51 

(J I1.P 13.6 Hz), respectively, the aforementioned n.m.r. data led to htructure 23. 

namely. 5-C-r(S)-(I-ncetoxycthenyl)phosphino]-I ,?,+tri-O-acetyl-5-dcoxy-3-Gmc- 

thyl-fi-o-xylopyranose In the “C,(D) conformatlon, for this crystalline product. The 

assignment of the configuration of the phosphino group in 23 was hased on the 

generally observed feature” that ‘.It, p is much larger when the coupled proton lies 

close to the orbital of the lone pair of P(lIT) compounds, and small ishen remote. 

see the J,,,, J50.p and ./5c,,p values in Table I. 

It had been reported’,‘,’ that geminal. P--C-H coupling-constants for the j-C- 

(phosphinyljhexopyranoses 1-5 depend upon the approximate magnitude of the 

O= P-C-5--H dihedral angle, thus providing a quick method for assignment of the 

configuration of the ring-phosphorus atom and C-5: that is. small ./i.p values (3~.5 

Hz) indicate the arzti orientation of 0 = KC-5-~ H. whereas large values (.I,., t 5- 22 

Hz) are consistent with ,~auchc coupling. The same feature. observed for the O= 

P--C-I-H dihedral angle, was used for distinguishing between the r and /j anomers. 

As summarized in Table I, a similar angular-dependence of the ./, ,p and J5,,, valueb 

upon the dihedral angles of O=P--C--H apparently exists In the cast of the 5-C- 

(methoxyphosphinyl)xylopyranoses 18~d (except for the .I, ,p value of 1%. which 

appears to be slightly smaller than anticipated for the ~~adw orientation ). Thus, the 

utility of ‘J,,,, values. when coupled with careful analysis of the (5 values of theit 

H- 1, H-1. H-4, and P-OMc signals, provides an effective way of asqlgning the con- 

figuration of the ring-phosphorus atom of Sdeoxy-SC’-(methoxypho\phinyl)xylo- 

pyranosea, as 117 the case of S-C-(alkyl- or aryl-phosphinyl)hexopyranoses (1-S). 

The yields of the four. theoretically possible. dlastereoisomers of the 5-c’- 

(methoxyphosphinyl )xylopyranoses Ha-d are given in Scheme I. It should be noted 

that the rclativrly low yield of each product from 12 can mainly bc attrlhuted to 
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OH OH + 

Oh OH OH 

16 24 17 

I AcZO-CgH5N 

23 

Scheme 2 A reactlon pathway for the formation of the 5.C-phosphlno compound 23 

inefficient methylation of 17 (dissolved in methanol) with ethereal diazomethane. 

Nevertheless, no particular preponderance seems to be apparent, during the formation 

of these o-xylopyranoses 18 from the precursor 13, with regard to the configuration 

of C-l and of the ring-P atom, because the ratio of the combined yields of the 5-C- 

[(R)-methoxyph osphinyllpyranoses (Ma and b) to the (S)-epimers (18~ and d) 

is 46:41, while that of the CI anomers (lSa,d) to the a anomers (lSb,c) is 49 :39. This 

is in striking contrast to the markedly different preference in hemiacetal formation 

with regard to the configuration of C-5 and phosphorus’- ‘. 

Although an exact, mechanistic study remains to be conducted, the unusual 

formation of 23 as a minor product (2.7;;) overall yield from 12) is most likely to 

have occurred through the pathway involving, to a small extent, the disproportiona- 

tion reaction of 16 to form 17 and the 5-C-(phosphino)xylopyranose 24, which would, 

in turn, produce 23 by an unusual acetylation, as shown in Scheme 2. A similar dis- 

proportionation reaction is known’ 5 for various primary and secondary phosphine 

oxides. 

The work so far described, therefore, clearly demonstrates achievement of an 

efficient preparation of 5-deoxy-5-C-(hydroxyphosphinyl)~o-xylopyranoses, and also 

the effective use of 400-MHz, ‘H-n.m.r. spectroscopy for determining the configura- 

tion and conformation of 5-deoxy-5-C-(methoxyphosphinyl)pyranoses. 

EXPERIMENTAL 

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

instrument and are uncorrected. Optical rotations were determined with a Nihon- 

bunko DIP-4 polarimeter. Column chromatography was performed by using Merck 

Lobar silica gel. T.1.c. was conducted on plates precoated with silica gel (0.25 mm, 

Merck). All reactions were monitored by t.l.c., and the products were detected with 

sulfuric acid-ethanol, or cobalt(I1) chloride-acetone, as the indicator. ‘H-N.m.r. 

spectra were recorded for solutions in CDCI, (unless stated otherwise) with a Hitachi- 



Perkin--Elmer R-2OA (60 MHz) or Brukcr WH-100 cryospcctromcter (GOtI-MHz. 

for I&-d and 22) at 27 ‘_ Chemical shifts are reported as ,j calurs relative to tetra- 

methylsilane (ii 0.0) as the zntcrnal standard. Spin decoupling \\a\ performed UOI 

each proton signal. to confirm the coupiing constants. ILlas 5pcctr;l \\ere recorded 

with an A.E.I. MS 50 ultr-a-high-rcsolLltion 1nstrumcnt. and arc given in term> ot 

1~‘: (relative intensity) camparcd with the base peak. 

5-13e(~.\-I,-5-iocfo-l. .?-0-iwpwp ~~lit/~~lir-3-O-t~tt~thl~/-r-u-.~l~/ofii~(mi~.vl’ ( 11 ). A - 
mixture of the 5-/I-tuluenesLrlfonate’ 9 (9.71 g) and sodium Iodide (17.0 g) dissolved 

in acetone (80 mL) was boated in a scaled tube for 10 Ii at 100 The prccipitatc \vas 

filtered of?‘, and the filtrate evaporated if/ wc’uo. A aolutlc>n of the rcsldue 1n Mate1 

was extracted with chloroform, and the extract w;tb washal with xvater, dncd 

(Na,SO, ). and evaporated in ~~~u~o. to give I1 (8.37 g, US”,,) a\ ;i colorless syrup 

which was chromatographically pure and was used directly for the nest sfcp; R,. 9.8 

(2: I EtOAc-hexane); ‘H-n.m.r: 8 1.31. I.49 (2 5, h H, CMe,). 3.27 td. 2 H. J4,s 

7.1 Hz. H,-5), 3.48 (s, 3 H. OMc), 3.85 (d, 1 H, .I 1 _+ 3.3 HY, t-t-3,. 4 -KI (cit. I H, 

H-4). 1.57 (d. I H. J,., 3.0 H/. H-2). and 5.92 (d, I H. H-I) 

5-Dt~o.r~~-_~-C-(clflto.~~~~~l~~~.~~~lttt~~~l)- I. _7-O-i.suf,l.o)p~.iif/f,tt~‘- 3-O +w//I I,/- 2 - L> - Y I./W 

furmosc (12). A mixture of 11 (-1.25 g) and trrcthyl phosphate (2.S mL) was stirred 

under nitrogen at 150 : additlclnal amounts ( I 4 and 0.‘) mL) of V(OEt j3 wcrc added 

after 3 and 6 h After 10 h (total), the mixture wa\ evaporated I/! I’U(‘UO. to rcmovc 

the excess of phosphitc and diethyl ethylphosphonate produced. The reslduc was 

dissolved rn dichloromcthanc, and the solution \\a?, washed wlth water, dried 

(Na,SO,). and evaporated irt w~zo, to gve 12 (3.h.J g. 83”,, 1 :i4 ii colorless syrup. 

The material was found by n.m.t-. spectroscopy and t.1.c. to he pure. and thus It ear, 

used for the subsequent steps without purikation: R, 0.35 (.7 I EtOAc-~hexanc): 

‘H-n.tn.r.: (5 I.32 [t. h H. .I ,,,,, 0.9 Hz. f9(0-C-CH,)LJ. 1.3’. 1.47 (.! S. 6 H. CMe, ), 

2.15 (dd, I H, .I,,,, 19.5. >/l.i I.0 l-17. H-5). 7.3X (dd. I 1-1. J5 ,,, lU.5. .I,,, 3 5 HI. 

H-5’). 3.45 (s. 3 H, OMe). 3.71 (d. I H. ./3,f 3.3. J,,, -0 Hr. H-3). 4.1 I [dq. 4 H. 

.<J H.1’ 7.3 Hz, P(OCH,), 17 4 4 (m. I H. H-4). 1.55 (d. I ti. .I,,, 3 ‘: HI. tr-2,. anti 

5.82 (d, I H, H-l ). 

5- D~o.\:1~-5-C-(/~~~r/~o.~_~~~/to~s//,/~it~~~l)-_~-O-t?r~~t/~~~~I-I,-.~~~/~~/~~~~t~~t~~~.~~~ ( 17 ). A solu- 

tion of 12 (2.39 g) in dry benzene ( 10 mL) was &gassed. and then bubbled with 

nitrogen. SDMA (70”,, in tolucne, 4.0 mL) was slowly added at 0 under nitrogen. 

followed by sttrring for I h at 5 . A small amount of cold \+atcr ~a:, added at 0 . 

to decompose the excess of SDMA. and the mlxturc \vas btlrrcd for 30 min, and 

centrifuged to remove aluminum hydroxide: the precipitate: \cas c\tractcd with se\*eral 

portions of oxygen-free benzene. The organic layers were comhincd. \vashed twice 

with water (free from oxygen gas). dried ( N:L~SO,~). and ccaporatcd ;/I VUIYNJ, to g~vc 

5-c/~~o.~~~~-_~-O-~~zetlt~r~l-5-C-~~/~os~~/~i~~r~-u-.~-~~/vf~t~~~~~~~.~~ ( 13) as ;t colorlcsh liquid; R, 0. X4 

(3 : 1 EtOAc--hrxane), 0.01 (5 : 3 : I iPrOH--EtOAc ~H20). 

Product 13 was immediately dissolved in ?-propanol (8 ml.). and I3 ‘I,, hydrogen 

peroxide ( I .X mL, 0.X6 C~LIIV.) was slowly added, with htirrlng under nitrogen, at 5 .. 

until 13 disappeared (t.1 c. ). thus af_Tording mostly t/w S-phorphh~~l clt~riwrtiw (Id)+ 
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which was contaminated with a small proportion of the 5-(l1~drox~~phosp~~~~~) 

derivative (15); RF 0.57 and 0.23, respectively (5 : 3 : 1 iPrOH-EtOAc-H,O). 

To this solution was added oxygen-free, 0.5M hydrochloric acid (10 mL). 

The mixture was refluxed under nitrogen for 4 h at 100” (bath), cooled, and the acid 

neutralized by passing the mixture through a column of (weakly basic) Amberlite 

IR-45 ion-exchange resin, which was then eluted with water (200 mL). The eluate 

was filtered, and the filtrate evaporated in vacuu, to give 5-deoxy-3-0-methyl-5-C- 
ph~sphiny~-D-xylopyranoses (16) as a white, amorphous solid; R, 0.5 I, 0.43, and 0.35 

(5 : 3 : 1 iPrOH-EtOAc-H,O); ‘H-n.m.r. (MeZSO-d,): 6 1.7-2.2 (m, 2 H, H-5,5’), 

3.0-3.9 (m, 3 H, H-2,3,4), 3.53 (s, 3 H, MeO-3), 3.9-4.3 (m, I H, H-l), 5.36 (s, 3 H, 

OH-1,2,4, D,O exchangeable), and 10.90 (bs, 0.5 H, half-proton of PH). 

A solution of 16 in 2 : 3 2-propanol-water (10 mL) was stirred with a large 

excess (N 5-6 equiv.) of 30 % hydrogen peroxide for 1 day at 20”, and the mixture was 

evaporated i/z vacua, to give 17 (1.02 g, 65 % overall yield from 12) as a white solid 

that gave colorless needles on crystallization from methanol-ether; m.p. 95 ‘; RF 0.05 

(5 :3 : 1 iPrOH-EtOAc-H,O); ‘H-n.m.r. (Me,SO-d,): 6 1.5-2.1 cm, 2 H, H-5,5’), 

3.0-4.5 (m, 4 H, H-1,2,3,4), 3.50 (s, 3 H, OMe), and 5.8-6.5 (m, 4 l-l, HO-1,2,4, 

POH, D,O-exchangeable). 

1,2,#-Tri-0-acetyl-5-deoxy-5-C- [ (R,S)-metko~~phosphinyl] - 3- 0 -methyl-a,B-D- 

sylopyranoses (18a-d) and S-C-~(S)-(I-acetoxy)etl~eny~phosphino~-l,2,4-tr~-O-acetyf- 

S-deoxy-3-O-methyl-B-D-xylopyranose (23). - To a solution of 17 (I .02 g) in dry 

methanol (10 mL) was added an excess of ethereal diazomethane at 0 O, with stirring; 

when the mixture became turbid, it was evaporated in vacua, the residue dissolved 

in dry methanol, and repeatedly treated with cold, ethereal diazomethane. After being 

stirred for 30 min, the mixture was evaporated in vacuu, and the residue was treated 

with acetic anhydride (15 mL) in dry pyridine (15 mL) in the usual way’ -5, to give 

crude mixture 18 as an amber syrup (940 mg, 56 “/: from 12). 

By chromatography on a column of silica gel with 1 : I EtOAc-hexane, which 

was gradually changed to EtOAc, as the eluant, the crude product was separated 

into five fractions A, B, C, D, and E [according to their decreasing R, values 

(EtOAc)]. 

Fraction A (RF. 0.50) gave .5-C- [(R)-metlto_~~~hosphi~~f]-cc-D-xylop~,uanose 

(18a) as a colorless syrup (169 mg; 6.5 % from 12); [g]r +27-O” (c 1.99, CHCl,); 

for 400-MHz, ‘H-n.m.r. data, see Table I. 

Fraction B (a, 0.46) gave 23 as coiorless prisms (75 mg; 2.7 % from 12); m.p. 

189-190 o (after recrystallization from EtOAc-hexane), [a];’ - 10.0 O (c I. 14, 

CHCI,); for 400-MHz, ‘H-n.m.r. data, see Table I; high-resolution, e.i. mass spectrum: 

m/z (relative intensity) 378 (0.51, M+), 364 (2.4), 336 (171, 322 (14), 280 (20), 263 

(27), 262 (40), 221 (loo), 220 (77), 217 (35), 203 (16), 178 (43), 87 (42), and 71 (64). 

Calc. for C,,H,,O,P: mol. wt., 378.1080. Found: mol. wt., 378.1051. 

Fraction C (RF 0.39) gave 5-C-[(R)- methox~phospl~inyl]-/I-u-xylopyranose 

(18b) as colorless needles (74 mg; 2.7% from 12); m.p. 194-195” (from EtOAc- 

hexane), [a]:’ - 17.4” (c 0.78, CHCl,); for 4001MHz, ‘H-n.m.r. data, see Table I; 
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high-resolution. e.i. mass spectrum: W/Z 352 (5.1, M+). 309 (3), 293 (6X). 251 (76). 

250 (15). 308 (24), 191 (31). IX8 (66), 177 (13). 151 (I.?). I45 (31). 130 (54). 129 

(79). 87 (100). 85 (71). and 71 (54). 

ilnnl. Calc. for C,,H,,O,P: C, 44.32: H, 6.01; mol. wt.. 352.0923. Found. 

C. 43.68: H. 6.09; mol. \\t., 352.0919. 

Fraction D ( Rt- 0.36) gave 5-C- [ (S )-/?t~tho.\.~~,hus?/~~~t.~ /]-/,‘-n-.\-~,/o/~~,~~~/z~~.~~, 

(18~) as a colorless syrup ( I28 mg; 4.9”,, from 12): [%I;’ 0.11 ((’ 2 XY. C’HCI,): 

for 400-M Hz. ’ H-n.m.r. data, see Table I: high-resolution. tz.1. mass spcctrutn. 

m/z 352 (1.04. M ’ ). 293 (56). 251 (?I ), 250 (36), 709 (?I), 20 (21). 191 (‘3), 190 

(26), 188 (71). 179 (I-l), 177 (Ii). IS1 (16). 135 (24). 130 (35). 12’) (38). X7 (100). 

X5 (75). and 71 (63). 

Cnlc. for C,3HZ,0UP: mol. wt., 352.0923. Found: mol. wt.. 352.OYiY. 

Fraction E (R, 0.33) gave 5-C-[(S)-/,lcfho\:1.ll/rt,s/,lli/ql,~]-7-~)-\-~./0/!1’l.~n0~e (1Xd) 

as a pale-yellow syrup (X-1 mg: 3.3 Oi, frotn 12): [x1,‘,- $6 1 ((, 0.X-I. CHCI,); for 

400-MHz. ’ H-n.m.r. data. see Table I. 

I. ,7,4-Tri-O-crud 1~l-~-fic~c~.~-,~-S-C-(/~r~c/~~c~.\-1~~l~o.~~~l~tr~~~l)-3-O-~~irtll~~~/- r,[i- I3 - x tiopJ~- 

~YXW,F~.F (19). ~--~ To a solution of 17 (51 tng) in dry pyt-tdine (2 mL.) wa:, added. at 0 , 

acettc anhydride ( I mL). and the mixiturc was sttrred overnight at room temperature. 

A small amount of water was added. most of the pyt-idtne \vas cvapor-atcd 111 W(W). 

the residue was dissolved tn chloroform, and the solution M’;LS \~asllcd bvtth brtnr. 

dried (Na,SO,), and evaporated iit KKWI. to givr 19 ;I) it color-lehn solid (23 mg. 

28 “,,), which afforded colorless needles on recrystalliz:ition from chlut~olhlm-li~~inne: 

m.p. 120-122”: R, 0 Xl.13 (EtOAc): ‘H-n.tn r.: (3 I.Y-7.5 (m, I I H, OAc-I.?.-!. 

H-5,5’). 3.4-3.6 (m. 1 H. H-3). 3.50 (s. 3 H. OMe), and 5 0-5.X (m. 3 H. H-1,2.-k). 

l,-7,4-T~i-O-u(,t,/~,l-~-~- [ ( R.S )-( ~-hrorllof)httrrrc:~~lo ~~~)plwsplrirl I l-1 - 5- drw~~~-.M)- 

n7e//1~~/-r,~-t~-.\-t~/o/~~~r~1t20~~~.~ (20). - To a solution of 17 f I46 mg) III methanol (5 mL.) 

containing a trace of phenolphthalcin was blowly added enough 5 “:) ayueous sodium 

hydroxtde to give pH 9 (f:lint red). and then 0.5~ HCI (twc) drops) ~\a\ added. The 

mixture was evaporated in IV(W). to rctnovc ivatcr. and to a solution of the rcstduc 

in dry DMF (3 mL) was added /7-bromophenacyl hromidc (IOl mg). the mixture 

was stirred overnight at 40-45 . evaporated i/t IV(W), and the residue stirred with a 

tnixture of pyridtnc (5 ml_) and acetic anhydrtde (3 mL) overnight at IXXII~ tempera- 

tut-c. followed by the sanlc processtng a> for 19. to give a bro\+n syrup (2X-I mg), 

which was separated by preparative t.1.c.. using 3 I EtOAs- hexanr as the eluant. 

The band having R, 0.3M 4 (EtOAc) was collcctcd, and eluted with EtOH, to gtve 

crude 20 as a yellow syrup (I9 mg. 5”,,): ‘H-n m.r : ti I.9 -2.5 (m. I I H. OAc- 1.2.4, 

H-5.5’). 3.3-3.6 (m. I H. 3.55 (s. 3 H. OMe), 4.9-5.9 (m. 5 H. H-1.3.-1, P-OCH,). 

and 7.5--7.X (m. 4 H. C,,H.Br, 
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