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ABSTIUCT 

The title compound 4 reacted with hydrazoic acid to give exclusively an adduct 
having the rlrreo configuration. ki hose structure HIS established by reduction to thz 

I_vxo derivatives 8 and 10. The reaction of 4 with hydrogen perotide afforded rhe 
epo,tide 12, the I_JSO structure of which was deduced by conversion into the alcohol 13. 
Tributylborane also reacted with the enone 4 , ,orring the adduct 15, hhose conft- 
gyration was tentatively assiped to be three. 

INTRODUC’l-lON 

Under conditions of kinetic control, axial nucleophilic attack to confor- 
mationally rigid cyclohexene derivatives’ generally predominates over equatorial 
attack, whereas various kinds of nucleophiles approach from the equatorial side of 
methyl 4,6-0-benzylidene-2,3-dideoxy-3-nitro-8_~-~ (1) 

and methyl 4,6-0-beuzytidene-2,3-dideo~y-3-phenylazo-B-D-er~,fhro-hex-2-eno- 
pyranoside5. We have shown that the reaction of 1 with hydrogen cyanide proceeds 
under kinetic control to gve the p-D-&rcopyranoside, and have explained this result 
on the basis of electrostatic repulsion heh+sen the entering nucleopile and the C-1-0-1 
and C-l-O-5 bonds”. Furthermore, the predominance of &al attxk4’6 on the 
a anomer of 1 mas explained in terms of stereoelectronic control and steric hindrance 
by the glycosidic methoxyl group”. 

To apply these results to the enone system, we have studied the reacttons of 
methyl 6-0-benzoyl-2,3-dideo4y-a-D-g~~~~r~-hexanosid~-ulose (1) with 
hydrazoic acid and hydrogen peroxide. In the meantime, Gero and co-workers utilized 
similar reactions of ethyl 2,3-dideoxy-a-D-g@ero-hex-2-enopyranosid4ulose and its 
6-0-tosyl derivative with sodium tide in aqueous acetic acid for the synthesis of 
Lividosamine7, nebrosamine8, purpurosamine’ C. and sisosamine’. 

*Stereochemistry of Nuclcophllic Ad&tioo Reacoons. Part Iv. For Parr 111. see rei. I I. Tdken rrom 

the hlaster~s Dissertation of T. Kawahan, Tokyo Inst~lule of Technolo_w. February 1975. 
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RESULTS 4&D DISCUSSION 

Oxidation of methyl 2,3-dideosy-r-D-er_rt/lro-hex-?-enopyranoside (2) \+,ith 

manganese diowde’O and subsequent benzoylation amorded the 6-benzoate 4 in 35% 

yield. ldcntlcal \rirh 4 as obtained by Fraser-Reid et al. ‘O. 

12 13Q= +I 

14P=D 

Treatment of 4 with h>draxlic acid in chloroform oxmight at room temper- 

afforded mcthbl 2-azido-6-O-bcnzoyl- 2,3-drdeoxy-,x-o-fhr4o-he40pgr3nosid3- 

(5) in quanritative yield. as indicated by t.l.c. and n.m.r. spectroscopy. and it 
~3s isolated tn 81 O/L bicld 3s the (2,+diarrophenql)h>drazonz. The 1.r. spectrum of 5 

showed ahsorption hands a~ 2100 (N,) nnd I735 cm - ’ (C=O). The coupling const5ntj 

(J, 1 3.0. J2,>, 5.6. and J3,3e _ _ 5 0 Hz), suggest that the product has the r/we., s~~xture 

and ealsts in the ‘C, conformanon. The confi,gwation of the azidr group US 

detrrmlned by conversion Into the alcohol 8,~s described later. Similx treatment of 3 

g312 the ~/,reo pyranosidc 6 quantirati\ely. Both azides were fairly unstable. and :;t+ 

re\crse reaction occurred gradual!y upon keeping in 3 refrigerator and rapidly during 

column chromarography on silica gel. In the similar reaction of I-0-acetyl4,6-0- 

be~lidzne-2,3-dideo~y-3-nitro-‘~-D-err.ril-enopyranose1 ‘, not only was the 

r;lantlo:g/uco product-ratio sensitive to thz solbent used, but also epimerization of the 

r;?anno to the g/we isomer ~r,as obsensd in such aprorlc. polar solvents as dimzthyl 

sulfovide’ ‘. The rcacrion of 4 wirb hydrazorc acid, therefore, was examined in various 

other soltents: it did not proceed in benzene or in 1:5:3 chloroform-tctmhydro- 

furan-wafer. escn after reaction obcrnight, but did take place smoothly in chloroform 

and I:5 chloroform-tetrahydrofuran. The reaction of 3 with hydrazoic acid was 

monitored by n.m.r. spectroscopy. As shonn in Fig. 1, epimekation ~35 not observed 
esen rn dimethyl sulfosidc. and the adc!Xon occurwd vore smoothJy in dimethyl 
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sulfoxide than in chloroform when the same amount of hqdrazoic acid was used. Ir is 

noteworthy that, H hen 3 ond 4 were treated with deutcrtum aztde prepared from 

sodium tide and sulfuric acid-d, in chloroform-deurerium oxide, the extents of 

deuteration of H-3a and H-3e were nearly equal. 

Fig. I. RelatIonshIp het\,een the \icld or 6 and the reac:lon tlmc. The reacrmns 01‘3 (0.13 mmal) 
\clth hydrazolc xld v.ere perrormcd In an n.m.r. sample-lube ;II room rcmperaturc and monllorcd 
by n.m r. ypeclroscopy X1 In CDCI, (0.3 ml. -1.7hl HN, ~olutwn); cl. in (CDd),SO 10 Iri ml) and 
CDCI:, (0 lj ml. -1.7~ HPU,), and _, in CDCI, (0.15 ml. -1.7~ HN3) 

When ethyl 1.3-dldeo\y-2-o-git,rcro-he~-3- enopyranosid--Lulose N;IS treated 

\\lrh sodium azide II-I acetic acid. Grro and co-workers detected by n m.r. spccrro- 

scopy sfter 5 min only the ktnetlcally controlled. [h-co pyranoside; after 4.5 h. the 

equilibrium mixture (I I :9) of err llrro pyranoside and fhreo pyranosldc \\as produced. 

A similar trrnd WBS observed in the reaction of4 ivith sodtum azl& in aqueous acetic 

acid: after 10 min, 5 bias formed escluG\ely (>95?b) and, after 3-1 h. the ratm of 5 and 

its er~sflrro isomer” became 3:J. ai shoiin by n.m.r. spectroscopy. 

The configuration of 5 ~‘as established by reduction. Catalytic hydrogenation 

of 5 ob’er IO?; Pd/C in ethyl acetate In the presence of acetic rlnhbdridc gave the 

acetamide 7 in S2Q.o yield: it \\RS characterlzcd as the (3.4-dtnrtrophenyl)h~dr~one. 

Reduction of5 kith sodium borohydride in methanol aHorded the cr)5tnlline alcohol 8 
in 65?; yield. In the n.m.r. spectrum of 8, 8 l-proton doublet at ti 4.69 habing a 

splitting of 1.2 Hz was assiped IO H-l. indicating the r/Iwo structure for 5, but 

assignment of the C-4 confi,+ration was difficult. because the signals of H-2 and H-l 

almost overlapped. The H-4 st_gnal completely disappeared N hen 5 kcas reduced l\ith 

sodium borodeuteride. From these LHO spectra. the /~grc configuration ivaj assigned 

*Although this compound aas not ljol3ted. the er_~rhro >tructure ~3s suggested irom the i.r. and 
n.m.r. spectra of the mixture ;lj aell as irom the ix1 that trearment oi 5 ulth sodium nz~dc In X~IIC 
acid gave an approxrmatsly I. I mtrture oi 5 and this compound. 
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to 8: J2,3, = JJ,jr 3.3, JJa,4 and J,,,,<3.0, and JJ,5 2.0 Hz. This assignment W;IS 

confirmed by catalytic hydrogenation of 8 and 9 over 10% Pd/C in the presence of 
acetic anhjdride, followed by U-acstylarion, leading to 10 and 11, respectively. 

N’brn 4 NBS treated with hydrogen pcrodde in tbe presence ofsodium bydrotide 
nt O’, n ne~v spot (the epotide 12) appeared in t.1.c. After purification by column 
chromatography, compound 12 was rsolated as cr?/stslj in 63% -yield. Although the 
Isolated yield rn this reactJon \Vas Iou~, t.1.c. and a.m.r. spectroscopy gave no evidence 

for formarlon of the alternative stereoisomer, indicating that this reaction HE also 

hi,ohl> stercoselecrive. In the n.m.r. spectrum, a singlet at 3 5.12 ~c’as attributable to 

H-l, but rhe orientation of the epoxide coula not be dedutid from this, a~ Fraser- 

Reid and Carthy’ ’ found that the H-I simals of both ethyl 2,3-dideosy-2.3-C- 

meth) lene-6-U-rrityl-r-D-riho-hexopyranosidJ_ulose and its !r*.ro isomer appeared as 

singlets. Theepo\idz 11 wan, therefore, reduced l\ith sodium borohydridc in methanol 

Lo give a mixture (- 21 by n.m.r. spectroscopy), from which the tale isomer 13 was 

isolated as co srals in 39 9: PieId. In rhe n.m.r. spectrum of 13. H-l rcjooated at B 3.37 

as a singlet and H-! 31 6 3.99 as a quartet having the spacings Jl,4 5.0 and U’L5 
3.0 Hz. Indlcatin,o the m/u configuration. Assignment of H4 \\‘as nsczrtaiaed by 

reduction of 12 with sodium borodeuteride. 

Trzatmsnr of J !&ith rriburylboraue undrr an argon atmosphere in the presence 

of a small amount of air as a radical initiator’ 3 pabe the adduct 15 in 7370 \r!eld; it 

was characterized as the (2,3-dinitrophznyl)h~dr~one. The axk! orientation at C-2 is 

renraLi\ely ajsipncd on the basis of data reported by Fraser-Reid and coworkers in the 

photoadd] tlon of alcohols ’ ’ ad diowlancs ’ j to ethyl 2.3-dideouy-a-D-g!r.cero-heu- 

2-enopyranosid-4-ulose, where the rhrtv isomers were formed with a high degree of 

skreoselec:i~ity. 

These rejultj. together \\irh those of Fraser-Reid et al. I’ and Gero et a/.‘-“. 

sbo\\ed that avial atrack occurred exclusively, or at least predominantly, in both 

nucleophlbc and radrcnl reactions of cr-o-hex-?- enopyranosid-dulosz derivatives. It is 

notworthy Lhat the srereojzlcctivity of the reaction of the enone 4 with bydraroic 

acid was higher than that of methyl 4,6-O-henzylidene-~.3-dideo.uy-3-niuo-s-o- 
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err,fhro-hex-2-enopyranoside (the u anomer of I), where the higbest ratio of axial 

attack to equatorial attack was 8~1 in dimetbyl sulfoxide. The difference may be 

explained as follows; firstly, the enone 4 has no C-4 proton, which \vould retard the 

axial attack through I ,Snonbonded steric interaction; secondly, as shown in Scheme I, 
the glycosidic methoxyl group of the enones occupies a closer position on a line 

perpendicular to the plane of the double bond than that cJ the mtroalkeoe, and 

tberefore. the reagent entering from the equatorial side would encounter more- 

severe stzric hindrance in the former than in the latter. 

EYPERIMENTAL 

Garerul mpfhods. - hfelting points \tere determined in capillaries and are 

uncorrected. Evaporations Here performed under diminished pressure. 1.r. spectra 

\vere recorded for potassium bromtde discs \vith a Hitachi 215 i.r. spectropbotometer. 

N m r. spectra were determined either at IO0 MHz with a JNhl-AH-100 (JEOL) or a 

Vartan T-60 spectrometer in chloroform-d, using tetramethylstlanc as the tnternal 

standard. Column chromatography \$as conducted on silica gel (C-200 or C-300 

Wahogel. Japan). T.1.c. \vas performed on Kieseigel GF 254. 

Mefh~~/ ~,_~-did,-o~r~-cw-r)-~lycero-!re.r-2-t~r?opr~ratrosi~~--l-rr~ost~ (3). - The eno- 

pyrmoside ’ ” 2 (I.21 g, 7.6 mmol) in chloroform (SO0 ml) WIS stirred with activated 

mangane+z dioxide (la.2 e) at room temperature. After 3 h, the starting material WIS 

no longer present (t.1.c.. RF 0. I I, I:1 benzcne~thyl acetate). The manganese dtoitde 

was filtered OK and the filtrate was evaporated to 8 syrup (R, 0.3% 0.84 ,e. 7 I “?L) that 

was pure as indicated by t.1.c. and n.m.r. spectroxopy. The syrup crystalllzzd when 

refrigerated. Recrystallization from ethanol gave 0.65 g (54%) of 3; m.p. 8X-82.5’. 

[a:= +31.2’ (c I, chloroform): Y,._ 3300 (OH) and 1690 cm- I (C=O); n.m.r. data: 

66.93 (I H, q, .I,,, 3.6. .I,,, IO.5 Hz. H-2). 6.13 (I H, d. H-3), 5.21 (I H, d, H-l), 

4.39 (I H, t, J5,g 3-4 Hz, H-S). 3.95 (ZH. d. H-6 and H-6’). 3.53 (3 H, 3. Ohlc), and 

2.7-3.0 (I H, OH). 

Anal. Cnlc. for C7H,,0,: C, 53.16; H. 6.37. Found: C, 53.35; H, 6.35. 

Mellz~l 5-0-bm,-o~~i-2,3-tii~~~?.~~~-~-D-glycero-~~t7.~ -2-enop~,ranosid_t’-ulosr (4). - 

To a solution of the crude glyculoje 3 (I .58 p, lr) mmol) in dichloromethane (30 ml) 

was added pyridine (IO ml) at - 30’.. Benzoyl chloride (2.03 ml, 16.3 mmol) teas 

added drop\vi<e oter a period of I.5 b at -30” with stirring. After being kept for an 

additional 0.5 h at -30., the mixture was refrigerated ovemrght, poured into ICX- 

water ( I50 ml). znd then extracted with dtchlorometbane. The extract was successively 

washed with 2h! aqueous hydrochloric acid. \\ater, aqueous sodturn bydrogen- 

carbonate, and water, dried (sodium sulfate), and evaporated to a syrup. Cbromato- 

graphy of the syrup on silil:a gel (rlution with IO: I benrene+ztbyl acetate) afforded a 

whrte solid. Rcc~stallizaiion rrom ethanol ,oa\e A(l.86 g. 7l?b); m.p. 71-72’ (lit.” 

m-p. 70’). [a]2 -36.7’ (_ : chloroform) [lit. - 38.5:’ (c I, chloroform)]. 

Anal. Calc. for C,,H,,O,: C, 64.1 I ; H, 5.38. Found: C, 64.02; H, 5.39. 

hlelir)*l 2-azido-6-0-ben~o~~l-2,3-didt~o.~~~-~-o-threo-he.rop~ranosrd-~-ulose (5). - 



44 T. SAiiAliIBAR~, T. iiAW.XHARA, R. SUDOH 

The enme 4 (52.4 mg, 0.3 mmol) was added to a chloroform solution of hydrazoic 

acid (I ml, - I .7h1) at room temperature. and the mixture was kept for IS h, whereupon 

I.l.c. (9: I betvene-methanol) shoHed that all of the starting material (RF 0.57) had 

disappeared and a new spot (I?, 0.51) IVES present. The chloroform was evaporated 

off to gi\e an n.m.r.-spectroscopical!y pure syrup (59 mg): n.m.r. data: b 4.8-t (I I-I. d, 

J,., 3.0 Hz, H-l), 3.94 (I H. m. J1,3, 5.6. J2.,= 5.0 Hz. H-3). 2.83 (1 H. q. H-3e). and 

2.72 (I H. q_ J3J,5 I 1 Hz. H-3a). Attempts to purify the product by column chro- 

matopraphy on silica gel led to the recovery of 1(75?b). The product 5 gas isolated 

a; its (3,Adinitrophcnyl)hydrazone in 819; yield; m.p. 15-l-155’. [a]? +43.1’ 

(c I. chloroform). 

-!~a/. Cole. for C,,H,,N,Os: C. 49.38: H, 3.95; N, 20.20. Found: C. 49.18; 

11. 4.00: N, 70.70. 

. . 
Alefh_,.l _7-a=itk~~-,-,3,3-didt~o.~~~-~-~-threo-l (6). - Compound 

3 (31.6 mg, 0.1 mmol) \\a5 similarly treated irith hydrazoic acid to give 6 in quanti- 

tnrtve yield: n.m.r. data. 3 5.02 (1 H. d. J,,? 2.8 Hz, H-l), -4.0 (I H, m, J2,3, 6.0. 

J,,~~ 5.1 Hz. H-2). -2.E (ZH, m, H-32. H-3s). Compound 6 \\a~ rsolated as Its 

(2.4dimrrophenylthydrazone in S2” ,b yield. m.p. 156-1~7”. [,~]z + 78.4” (C I. chloro- 

form). 

Arral Cnlc. for C,JH,,N,O,: C. 40.95; H, 3.97; N, 25.72. Found: C. 41.43; 

H. 4.13; N. 25.25. 

,Ilrli~.vf _‘-a~ ~-iat)lrdo-6-O-ht~fl~o~~/- -7,3-did~~our.-,r-D-threo-he~op?.rarrojrtl-l-rrlorr 

(7). - A solution of 5. directly prepared from the enone 4 (O.-S mmol) In the w3y 

already descrtbed. In cthy I acetate (20mI)-acetrc anhydride (300mg) was hydrogenated 

in the presence of IOVb Pd:C I IS0 me). After 2 h. the catalyst ~~35 filtered off and the 

filtrate itas evaporated to 3 syrup that \!as chromatoflaphed on silica ,oel \vith 9:1 

benzene-methanol as eluant (in order to remo\t a first-runmng. small amount of 

methyl 6-U-bcnzoyl-~.3-dIdeo\~-,r-o-g/~~ct1ro-he~op~ranosidl-ulosc, arising from 

the enonc 4). to gi\*e 9 as an almost pure syrup (105 mg. 829L): I’,, 1660 and 

1560cm- (NHAc); n.m.r. data: ci --!A (I H, d. J,_-, 2-3 Hz. H-l), 3.94.3 (I H, m, 

H-2,. 2.57 (I H. q. Jl.3e 3.3 Hz. H-32). and 2.65 (I H. q, J2,3J 5.4 Hz, H-3a). Com- 

pound 9 was characterized as its (2.4-dinrtroph~nyl)hydrazone; m.p. 216-217’. 

[r]: + 167. ((- I. chloroform). 

Awl. Cslc. for CZ2HL!?N503: C. 52.69; H, 4.62; N. 13.97. Found: C, 52.35; 

H. 4.45: N. 13.97. 

~\lt~l~~~t ~-a~:doo-6-O-hr~r-o_~.I-‘.3-d~d~o~~ -2-D-l~TYo-IIt-_~-op~.ra,losld~ (8). - The 

crude arjde S, prepared from the enone 4 (309.6 mg. 8 rrrmol). was dissolved in 

methanol (IO ml). and the solution \vas cooled to 0:‘. Sodium borohydride (3 x 100 mg) 

isas added durlnp 30 mln at 0’ ~lth stirring, and the mixture was then kept for an 

addttional 30 mtn at room temperature. After a small amount of acetone had been 

added. the solutton was neutralized \lrth dilute acetic acid and then concentrated. 

The product \~as extracted iiith chloroform. The extract 1\3s Hashed with Hater. 

drted (jodtum julfats). and evaporated to leave 3 white solid. Rccryxtcl!ltzation from 

isopropyl alcohol sale 160 rng (659;) of 8; m.p. b9-90’. [xl:” i43.8’ (c I, chloro- 
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fomd; “mlr 35+0 (OH), 2lCO (Pi,), and 1720 and 1600cm- ’ (OBz): n.m.r. data: 

S 4.69 (I H, d, J, .2 I.2 Hz, H-l), 3.76 (I H, m, J,,j 2 Hz. H-4). 3.65 (I H. m. H-Z), 

2.09 (I H, d, J2,3c 3.3 Hz, H-3e), and 2.07 (I H, d, J1,3, 3.3 Hz, H-3aj. 

Anal. Calc. for CIaH,,N,05: C, 5-1.73; H, 5%; N, 13.63. Found: C, 549s: 

H, 5.65; N, 13.93. 

Af&_~~l 2-a=ido-6-O-ben=o~I-2.3-dideor~-3-d~rrt~rio-a-D-~~~o-heropr*urlosr(it~ (9). 

- The crude azide 5 \\as treated with sodium borodeuteride in methanol and the 
product was isolated as already described; m.p. 90.5-91.5’. 

:~letllJ~l 2-aceta~~~ido-~-O-acet~‘l-6-O-ht~a~o1l-,’.3-d~~f~~o.~ I’- r-D-lyuo-lw\o- 

p.Jmrlosids (10). - A solution of 8 (160 mg, 0.52 mmol) In methanol (20 ml)-scetlc 

anhydride (600 mg) was hydrogenated in the presence of IOlb Pd/C (200 ms). After 

2 h, the catalyst was filtered off and the filtrate was evaporated to a syrup that was 

treated with pyridine (I.2 ml)-acetic anhgdride (0.Y ml) overnight at room temper- 

ature. Conventional isolation gave a \i hate solid. Rccrystalllzatlon from Isoprop\I 

alcohol afforded I 13 mg (59%) of 10: m.p. 121-l 31‘, [a]: -t- IS._?’ (c I, chloroform); 

vmi~ 1742 (OAc), 1721 (OBz), and l6-IO and IMOcm- ’ (NH&z); n.m.r. data: & 6.39 

(1 H. d, J,,M, 9.5Hz. NH). 5.13 (IH, J,,, and Js,* 5 5 Hz. H-l), A.57 (I H. d. 

J ,,1 l-2 Hz. H-l), -I.@-!.3 (I H, m, H-2), and 1.7-2.1 (2H. H-3a, and H-k). 

.-l~al. Calc. for ClaHz3NO;: C, 59.1s; H. 6.33; N, 3.63. Found: C, 59.29, 

H, 6.41 ; N, 3.89. 

,\/.AliJi ~-ace~ar~ridoo-~-O-ace~~~~-4-O-b~~~~~o~~I-_’,3-did~oiu~~ -3-li~frr~rio-r-~-ly~o- 

hexop>v-ano.sidc (11). - Compound 9 \$a~ hydrogenated in the presence of 109; Pd/C 

and the product was isolated as already described: m.p. 1%126 . 

Me~lr~~l 1.3-atll~~~dro-6-O-bt~n~i~_~~~-x-D-l~~o-lle’.\.op~‘rarlo~i(i-~-lrlose (12). - To a 

solution of .l (10-I S rn& O.-l mmol) aid aqueous 30Y0 hydrogen peroxide (0.1’ ml, 

1.2 mmol) in methanol (0.4 mlj \\as atided 6hl sodium hydro\ldr (0.2 ml) dropitise 

with stirring at 0.. T.1.c. (9:l benzene-methanol) re\eslcd that almost all of the 

stalling material (RF.0.57) had disappealed Lrithin 10 min and a new %pot (R, 0.61) 

had appeared. After stirring for an addm?nal I h at room temperature, the product 

was eitractcd ~ltb chloroform. The ektrxt was ikashed \\ith water, d led (sodium 

sulfate), and evaporated. The resulting > s lrup ~8s chromatographed on s111ca _gel \\lth 

benzene, and the sluatc leas evaporated to g11e \\hlte crystals (70 mg, 63”“) that \vere 

pure as determined from elemental analysis. t l.c.. and n.m.r. spectroscopy. Com- 

pound 12 was rcc~sttallized from Isopropyl alcohol: m.p. 112-l I3 . [a]: + 17-I’ 

(c I, chloroJorm); vlrlJx 1737 (C=O), 1720 and 1600cm-’ (OBz); n.m.r. Jots 5 5.12 

(I H, s, H-l), 3.5-3.6 (I H, d. J,,, 4.5 Hz. H-2). and 3.-G-3.55 (I H. d. H-3). 

,-Inal. Calc. for C,,H,50,,: C, 60.13; H. 5.07. Found: C, 60.55: H. 5.13. 

MerlrIsI ~.3-anh~~~iro-6-0-br~~~o~~l-~x-~-ral~~p~ runositi< (13). - The cpoxide 12 

(56 mp, 0.2 mmol) was reduced with sodium horohydride as described for the prcp- 

arstion of 8, aRording a white solid (43 mg. 7790). Its i.r. spectrum showed no 

carbonyl group absorption but a hydrou!A-group bsnd (3390 cm- ‘) \%as P esrl:f and 

its n.m.r. spectrum rehealed that it consisted of t\vo compounds (1: I ’ The !rL.Jor 

product (13) HBS isolated by recrystallization from isopropyl alcohol yield 32 mg 
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(39%); m.p. 145-146;, [a]:’ + 25.3” (c 0.76, chloroform): n.m.r. data: S 4.57 (I H, 
s, H-l), 4.OO (1 H, t, Ja,s 3.0 Hz, H-5), 3.99 (I H, q. JJ,s 5 Hz, HJ), 3.55 (I H, m, 
J z,3 3.6 Hz, H-3). 3.17 (I H, d, H-2), and 2.4 (I H, OH). 

.l~ral. Calc. for C,,HIb06: C, 59.99; H, 5.75. Found; C, 60.13; H, 5.64. 
Similar treatment of 12 with sodium borodeuteride gave 14 in 35% yield; 

m.p. 145146’. 
,\frtll_r f6-O-bmzo) I-2-C-brrf~~f-2,3-d~deo.~~.-~-D-threo-i~exo_~~rat~osid~-~~~ost~ (IS). 

- To a solution of 3 (52.-I mg, 0.2 mmol) in isopropyl alcohol (6 ml)-water (7 ~1, 
0.4 mmol) \\as added tributyl boranc (0.1 ml) n ith stirring at room temperature under 

an argon a!mojphere. Air (5 ml) was passed into the flask at a rate of 0.5 ml/min. 
After 4 h, aqueous 3O?G hydrogen peroxide and aqueous sodium acetate were added 
to the mixture ikith stirring, and then manganese dioxide ;vas added after IO min. The 
manganese diokidc itas filtered off, the fiitrate was evaporated, and the product 
‘uas e\cractcd with chloroform. The extract was Hashed with skater, dried (sodium 
sulfate), and eL,nporated to a syrup (7’20 ) that Has pure as determined by t.1.c.; n.m.r. 
data: 5 A.71 (I H. d. J,,, <5 HZ, H-l). 2.36-2.60 (2H, H-3a, H-3ej, and 1.8-2.3 

(1 H, -‘:.~a 7.1. J2,3c 5. I Hz, H-2). The product 15 was characterized as its (2,4-di- 
nitrophenyl)hydrazone: m.p. 13S-I-IO’, [z]b” + I !6.8” (c I, chloroform). 

Arral. Calc. for C,,Hz8N,0s: C. 57.59: H. 5.64: N, 11.20. Found: C, 57.40; 
I-l, 5.50; N, 11.x 
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