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ABSTRACT 

Protected sugar derivatives having one li?e hydroeyl group may be dcouy- 

genated at the alcoholic position by ultra\iolct irradiation oi’ the correspondin? 

dimethylthiocarbarnic esters: a concomitant process leads also to tht origlnsl alcohol. 

Thus, on photolysis, the 6-dlmsthylthlocarbamate (1) of I,I!:$kii-0-lsopro- 

pylidenc-r-D-galactopyranose (3) gives 6-deouy- I ,2:3,4-di-O-i~opropylldrne-8z-D- 

galacropyranose (2) together ~tith 3. Likc\\ise. the 4-dimethylrhiocarbamate (6) of 

1,6-anhydro-2.3-O-isopropylirtcne-/j-~-niannopyraoojz (8) gives a mixture oi rhe 

4-droxy derikcttlle 7 and the alcohol 8. 3-Dzouy-I .2:5.6-di-O-isopropylidene-x-D- 

ribo-he\ofuranose (10) was obtained by irradration ol‘ 3-U-(dimcthylrhiocarbamoyl)- 

I ,2:5,6-di-0-isopropylidene-a-D-glucofuranow (9). and was accompanied by I .2:5,6- 

di-0-isopropylideoe+D-slucofuranose (11). The 3-deox>-3-iodo analog (14) of 11 

undenlcnt comersion into 10 by photolysrs, and the deoxy sugar 10 if’aj also prepared 

from 3,3’-dithiobis( I ,2:5.6-di-O-isopropylldene-r-D- glucofursnose) (12) by the action 

of Raney nickel. Photolysis of the 2-dimethylthiocarbamstc (16) oT methyl 3,4-O- 

isopropylideoe-P-t_-arrtbinopyrsnoGde (18) gave the 2-deouy drril stivc (I?), topet her 

with the parent alcohol 18. and the same pair of products Waj obtalned by rhe actton 

of rributy!stnnnane on the 2-(methylthio)thiocarbonyl deriiarlve (19) or 18. slthobgh 

the dimethylthiocarbamate 16 was unreactive toward tributylstannane. 

The specific cieo\ygenation of sugars is an important objective in Ihe preparation 

of many biologically important sugarus from readily available sugar precursors’*3. and 

*SUPFOI?C.!. in pArt. by tbe Agricultural Rexarsh Service. U. S. Department ol‘ Agrlalturc. Grant 
No. I?-i-t-9201(71) (O.S.U. Research Found3tlon Project 2573) sdrrunljtercd by the Nonhem 
Regional Research LaboratorS, Peoria, ill~oois. and b> the Ns~~oncll Inslltule of General hl=dlcsl 
Scrences. IJ. S. Public Heslrb Senlce. Bethesda, hlo~lnnd. Grant No. Gh!-l 1976 (O.S.U. Research 
Foundation Project 1820). 
7 For a prellmlnan rcporr. see rei. !. 
‘CT0 Lrhom Ioqulrles shauld be addressed. 
?Nat~onal Science Foundatloo summer rexarch part~c~paor. 
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the application of deosy_penation reactions to such complex carbohydrates as 

nuclzosides’, carbohydrate antibiotics’, and pclysacchzrides6 offers a wealth of 

potential appiications. Most of the established routes” for achieving such dcoxy- 
genation involic several steps and may be applicable only in specialized situations. 

in principle, the use of thio sugar derivatives’ provides a general route to deoxy 

sugars. either by desutfurization with Raney nickel* or by photolytic cleavage of the 

carbon-sulfur bond’: an applrcation of this type of approach has been illustrated’o 

in a synthesis of 2’-deoxynocleo4dcs. However, preparation of!he requisite thio sugar 

precursors *may be difficult. especially lvhen reaction at a secondary alcoholic position 

is desired’. 

The rearrangement described by Freudenberg and Wolf’ ‘. involving pyrolytic 

con~crsion of I,2:5,6-di-O-isopropylidene-3-O-(methylthio)thiocarbonyl-x-~-,oluco- 

Luranosc into 1.‘:5.6-dl-O-isoprop~lidene-3-S-(methylthio)carbonyI-3-thio-or-o- 

~lucofuranose, replaces O-3 

yields the 3deox} derivative. 

by a sulfur atom. and subsequent desulfurization’ ’ 

This reaction proceeds iblth retention of conf&ratioo “. probably by an Srvi 

type Of piOCeSS’ : presumably, the more-conventional Chugaev type of elimina!ion to 
generate ao nlhcne is inblblted by the electron-withdrauing substituents at the 

positions vicinal IO the xanthate group. 

A ma.jor drawback of the Freudenberg reaction is the extreme severity of the 

reaction conditions’ ‘~“. leading to IOLV yields of rearranged product, eveo \+ith the 

robust ring-system of the particular xanthic ester studied. 

As aryl dimethylthiocarbamates quite readily undergo a related rearrangc- 
rrs2nt” to F\e duneth)Icarbamates of arenettiols, it \bas considered that dimethyl- 

thiocarbamatcs of sugars ’ ’ would probably be susceptible to a similar rearrangement, 

to ,oi\e rhio sugar dcribatibej’6. The reaciion might also be feasible by photochemical 
rather than thermal exciiatlon. as the dlthlocarbamatc group absorbsI U.V. radiation 

at \i avelengths longer ’ 3 than those for other groups in these sugar derivatives. 

Furthermore, the knoiin labilrty of the C-S bond to photolytic cleavage’ offered the 

posslbltity for a succeeding, homolJ$c, C-S bond-cleavage wtth accompanying 

capture of a hqdrogcn atom at this carbon atom and consequent generation of a deoxy 
sugar. A net deoxygenauon reaction thus achieved, proceeding under free-radical 

conditions. \\ould not be subject to the multitude of aiternsti\!e reaction-pathways 

thst may complicate deo\y,ocnation reactlons conducted under ionic conditions. 

The feaslbllicy of this reactloo was established and described in the 196s 

pr~limiuary report’. bcith ewmples of 2-, 3-. 4, and 6-esters’” of suitable sugar 
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derivatives. The present article provides full details of these conversions. It is shown 
that, in each instance, photolysis of the esters affords 3 mixture of two products. the 
deoxy derivative and the parent alcohol from which the dimethylthiocarbamafe’3 
had been prepared. The reaction is compared with other methods for deo\ygenation 

under free-radical conditions at secondary positions, in particular with photolysis of 

an iodo sugar derivative ’ ’ and with a recently described procedure” for conversion 
of dithiocarbonarej of sugars into deovy derivatives hy rhc action of tribut~lstannane. 

DISCUSSION 

hfethanolic solutions of each of the four dimethglthiocarbamatcs studied were 

subjected to irradiation for extended periods of time a; room temperature with 

unfiltered light from 3 mercuv-arc lamp. The solutions proprssi\rly deposited 3 

brown precipitite of material that was apparently a polymeric stdc-product, and this 

was removed at intervals by filtration. Irradiation V.~S continued until t.l.c. indicated 

that no starting materral remained. at M hich point rbc solutions contained IHO 

principal producb, \ihich Here separated by column chromatography on silrca gel. 

In each instance. the less-polar product wan found to be the deo\y sugar formed by net 

loss of the dimerhylthiocarbamate group, and the more-polar product was the 

corresponding alcohol arising by simple cleavage of the O-(dimrthqlthiocarbamoyl) 

group. 

By this procedure, 6-O-(dimethylthiocarbamoyl)-1 ,X.3-di-O-isopropylidene- 

a-D-galactopyranose ’ 3 (1) gave &deosy- I .2:3.-Ldi-O-i~opropylidene-x-o-galacto- 

pyranoje (2) in I5@ b yield, accompanied by 35.5 YL of I ,2:3,4-di-O-isopropglidene- 

a-o-galactopyranosi: (3). Crystalline compound 2 \\a~ identical with an authentic 

sample prepared” bg’ acetonation of o-fucoje (1). and its n.m.r. spectrum ~~a.5 
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identical with that recorded by Cone and Hough”. The syrupy compound 3 ULIS 

purified bq distillation, and ldenrrfied by comparison of its specific rotation”S22 and 

n.m.r. spectrum?” ivith literature data, as ~cll as by conversion into its known’“, 

cr)stalhne p-toluenesulfooate 5. 

In this instance, although the yield of 2 may be augmented by reconverting the 
alcohol 3 Into the dlmethylthiocarbamate 1 and resubjecting the latter to photolysis, 

the reaction is not of significant preparati;re value for the deoxy derivative 2, as morc- 

cfTectivz. alternarivc methods for dco\ygenation at a primary alcoholic position are 

alaliable. 

Photolysis of a methanolic solution of I.&anhydro--L-O-(dimethylthiocar- 

bamoyl)-2.3-O-isopropylidene-fi-o-mannopyranosz’ 3 (6) ,oa~e a 1996 yield of a 

cr: stalline product formulated as l.6-anhydro-4-deouy-2,3-0-isopropyiidene-P_D- 

/l-so-he\opyranose (7) and 17% of I,6-anhbdro-2,3-O-isopropylidene-B_~-manno- 

pyraoose (8). Repetition of the reaction _ga~e 7 and 8 in 26 and 29?b yields. respectively. 

Formulation of 7 3s the 4-deox> sugar ~vas based on elemental analysis and n.m.r.- 

spxrral data (4~ Tabks I and II). and by analogy with the products from the other 

photolksis rcaztion; reported hero (see also Experimental section). The alcohol 8 

~3s identical trith an authentic sample’3*‘4. and it could be used to augment the 

net yield of dc oxy cleri\au\e 7 bv phorolbsis of its dimethylthiocarbamatc’3 6. 

irradiation of 3- O-(drmeihylthiocarbonyl)- I ,3:5.6-di-O-isopropylidene-a-D- 

glucofuranose’ ’ (9) sate 3 17-Z?; yield of 3-deoiy-I .2:~,6-di-O-isopropylldzoe-lr-D- 

rrho-hekofuranose (10) together \vith X-I~23t of I ,2:3,6-di-O-isopropylidene-,x-D- 

glucofuranose (Ii). Compound 11 nas identical with an authentic sample by m.p.“, 

n.m.r. spectrum ’ ‘. and X-ray poirder diRrac[ion data. The 3-deo\y derivative 10 \vas 

purified by dlstlllaLioo: Its specific rotation”.‘b and n.m.r. spectrum” were in 

accord i\lth reported data. and partial hydrolysis afiorded the known”, cnstalline 

?-deoky- I ,2-O-isopropyiidene-;c-D-ribo-heTofurranose (15). 

Reference samples of 10 and 15 were prepared by independent methods. 

Desuifurization of 3,-f’-dithiobrs( I ,3:5.6-di-O-isopropylidene-z-D-glucofuranose)’ ’ 

(12) with Raney mchel gave 10 in 3_ 3?k yield, and the crystalline monoacetal 15 tv33 

then obtninpd by partial h>,drolyGs of 10 \iith acid. In an alternative route, the 

procedure of Bra\\ n and Jones’ ’ 1~3s used to conkert 3-dcosy-3-hydrazino-!,3:5,6-di- 

O-isoprop~lideoe-r-D-ailot’uranose”.” (131 into the 3-deouy-Godo analog 11. and 

the latter was then reduced \\lth Raney mckel to give 10, further transformed by 

partial hydrolysis ink cqstalline IS. The iodo derikatikc 14 jhowcd n.m.r.-spectral 
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skgnals for H-i, H-2, and H-3 essentially In accord with those reported in the 
literature”, but spin-decoupling experiments showed that a high-field signal 

originally assigned ’ ’ to H-5 was actually that of H-4 (see Tables I and II for derails). 

However, the other assignments and the spin-coupling data upheld the earlier 

attribution’ ’ of the D-&CO stereochemistry to this product. 

Photolysis ofa sugar iodo-substituted at the primary carbon arom, in methznolic 

solution, has been showc” to give the corresponding deovy sugar in high yield. It 
was thus of interest to eramine the photolysis of the secondary-iodo sugar 11. The 

reaction proceeded rapidly to completion (4 h), and a mixture of three compounds 

was obtained. The major one of these, isolated pure in 32% yield, proved to be the 

dcosy sugar derivative 10, and this syrupy product was further characterized as the 

crystalline monoacetal 15. Presumably, the conversion of 14 into 10 mvolves homol- 

ysis of the relali\ely Heak C-I bond, followed by abstraction of a hydrogen atom 

from the solkent by the intermediate. C-3 radical; this reaction is probably very 

similar to the photochemical conversion 3o of mercurial sugar derivatives into deoky 

derivatives, but the yields are higher with the mercury derivatives. 

Tbe monoacetal 95 prepared by each of these four methods had [z]g3 - 13’ In 

ethanol and - 19” in chloroform; the value of [z],!,” - 37.8” in ethanol recorded for 15 

in the literature’ ’ appears Incorrect. 

In the final example studied, methyl 2-0-(dimethylthiocarbamoyl)-3,-l-O- 
isopropylidene-P-L-arabinopyranoside ’ 3 (16) was photolyzed in methanollc solution. 

The reaction afforded an I I % yield of syrupy methyl 2-deoxy-3,~O-isopropylidene- 

/3-t_-er)*r/rro-pentopyranoside (17), together with 36% of crystalline methyl 3.4-O- 

isopropylidene$+-arabinopyranoside (18). Compound 17 \ias characterized by 

n.m.r.-spectral data (see Tables I and Ir), and by hydrolysis with aqueous acetic acid 
to give 2-deoxy-L-erJ.rlrrG-peotose (20) as a syrup that was converted by the action of 
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aniline into the aniline dcrikarive 21, identical Hilh the known D enantiomcr’4s3’ 
swept for iis sign of optical rotation. 

The deo\ypentose derivstite 17 \tas prepared independently from methyl 

3.~-O-isopropyUdene-~-O-(meth~lthio~~hiocarbongl-~-~-arabinopyranoside’S (19) by 

treaiment uirh tribur)lstannsne in boiling roluenesccording to thegeneral procedureof 
Barton and hlccombie”. A mixture of products itas obtained that contained the 

dco’ry derivatils 17, isolated in 30” LI yield, accompanied by tbe alcohol 18. obtnined 
in i7YS yield. ALtempts to conierr the dimerh~lrhiocarbamate 16 into the deovy 

cierilariie 17 by the action of Iributylstannane were unsuccessful, and the starring 

material ~-3s rccoiered under a \ariecy of rvperimenral conditions. even when a 

radical initiator ~8s present. 

The foregoing results thus indicate that “isolated” alcohol grou x in su,osr 

dcrivati\es may be converted into the corresponding deoxy deri\ari\es by extended 

photoljsis of the corresponding dimtrh)IthIocarbamsres. The concurrent production 

oi rhe original alcohol suggesrs rhar Tao reaclioos are fir.ratingsimultaneously, one 

involviog simple cleavage of rhc ester group. and the other proceeding ria a Freuden- 

berg tjpc of rearranscment !i,lfo\ved by more-raprd. C-S bond homolysis and 

subsequent abstractlor; of hydrogen from the mcth:;l group of the solvent to _give the 

deo\y sugar. 
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Although the yields of deoxy sugar are modest, they may be raised by recycling, 

by way of its dimethylthiocarbamate, the alcohol produced in the reaction: yields 

then compare. favorably with those feasible by conventional. multi-step routes. 

Comparative eva!uation in preparation of the deoxy derivative 17 from the alcohol 18 
indicates that the action of tributylsrannnnc on the S-methyksnrhate 19 gives 8 yield 

of 17 superior to that acbieied by pbotolysis of the dimrthylrhlocarbamate 16. 

EXPERlhfENT.AL 

Gtvtcrul ttw/ltoris. - Evaporations v.w-c performed under diminished pressure 

(y IO torr). Specific rotations were measured in either a I-dm tube (Perhin-Elmer l-11 

photoelecLric polarimeter) or a 3,-dm tube (Rudolph manual polanmetcr). hlclting 

points were determined Hith a Thomas-Hooier .a tinimelr” apparatus. N.m.r. spectra 

v.‘ere recorded at 60 or 100 klHz \\lth Varian A-60 or HA-100 n.m.r. spectrometers. 

Chemical shifts (see Table 1) refer to an Internal standard of tetramethylsilane 

(d = 0.00). Spin-decoupling esperiments \iere periormed \iith the HA-100 instrument 

operatins in rhe irequency-sweep mode. First-order couplings are given in Table II. 

hlicroanalyscs \rere determIned by W. N. Rond. Y-ray powder dirraction data ,oi\e 

interplanar spacings. 4. for CuKr radiation. The camera diameter ~3s II459 mm. 

Relative intensities ?iere estimated visually: m. moderate: s, strong: \‘. very; D’, iveak. 

The strongest Ilnss are numbered (I. strongcsr); double numbers indicate approxi- 

mately equal intensities. T.l.c. was performed wth Silica Gel G (E. hierch, Dnrmsrrrdt. 

Germany). activated at l20’, as the adsorbent, 31 dichloromethanz-aher as the 

developer (unless specified otherwise), and sulfuric acid as the indicator. Column 

chromatography was performed trirh silica _gel No. 773-I (0.05-O.Z mm: from E. 

klerck AG, Darmstadt, Germany). i\ith I g of the mixture to be separated per 30 p 

of adsorbent. Columns were packed by allo\iin g a slurry of the adsorbent in the 
eluant to settle under gravity. The eluant was 3:l dichloromcthane-ether (sol!cnt .-I) 

or 9:i dichloromethans-ether (soltent B): sol\*cnt .-I bias used i% here 3 specific eluant 

is not indicated. The petroleum ether used in rxrystallizarions \$a5 a fraction haiing 

a boiling range of 60-I IO’. 

PilOlol\~SlS procOiweg. - A mercury-arc lamp (Hanovia Type L. hlodel 697A, 

Hanoiia Lamp Division. Engelhard Hanobia Inc., Nwarh, NJ.) fitted in a watrr- 

cooled. quartz immersion-well (Hanovia hlodel 19331) ~a5 wed, and the assembly 

~35 mounted in a Pyrex reaction-vessel. Photolyjij \{a efkctsd ai - 30’ with 
unfiltered tight, and the magnetically stirred. methanolic solutions were contmually 

flushed wirh nitrogen. The methanol used \ias Spectra grade (Eastman Orsank 

Chemicals:. The dimethylthiocsrbamates’ 3 wxe subjected to column chromato- 

graphy to ensure purity before pbotolysk. 

Plrofol~~sir of 6 - 0 -(~jttteilt~,itltiocarbanto?.l) - 1,-7:3.4 -di- 0 - isoprop_rlidale - lr - D - 

galurtop_1~n70s~’ 3 (I) - .A solution of 1 (3.82 g. 13.9 mmol) in methanol (i 50 ml) 

was photoljxd for I I3 h. and then evaporated IO a bro\\n syrup. The kilter ~‘3s 

triturated in ether (50 ml). and the mixture \yas filtered to gibe 353 mg of brwn solid. 
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The solid did not mi_mste in c l.c. The filtrate was decolorized with charcosl, and 

e\raporatcd CO 3 light-yellow syrup that was dissolved in methanol (150 ml), and 

phocolyzed for an addltional IS h. The foregoins isolation-procedure was repeated, 

to @be an additional 410 mg of hrotvn t&due and 2.93 ,g of a yellow syrup. The 

n.m.r. spectrum of the crude syrup showed PO signals’ 3 for the -Nbfe, protons of I. 

T.l.c. (sol\*ent A) rc\ealed four components. haking R, 0.9s. 0.93 (yellow-bran n, 

major). 0.7s. and 0.56 (black). T.l.c. (sohenc B) revealed nine components, RF 0.93 

(se? weak:). 0.86 (very weak). O.YO (very weak). 0.75 (very weak). 0.70 (major, 

~eilow-hro~n), 0.53 (creak). 0.41 (bery peak). 0.38 (bet-y iteak). and 0.37 (major, 

brown-black). 

The syrup NSS resolrcd by column chromatography on silica gel with solvent B 
3s the elusnt. Fracrions (IO ml) biere collecred. snd monitored by t.l.c. Fractions 

containing the mnJor component (RF 0.70) were combined and evaporated, to yield 2 

as a light-yellor! syrup. yrzld 505 m,o (15%). The syrup \+a~ liept for IS h at - 15’. 

ahereupon a solid mass of cqstals formed. The compound iv35 distilled at a bath 

tempzraturc of 100-l 10.,:0.3 torr to give colorless. solid 6-~t~o.~~.-l,‘:3,4-~~;-0-isa- 
prc~,.r,lit-lt;nc-y-D-9ufucfop.l ru~o~z (2), which hnd m.p. 33-35’. [z];’ - 53.6’ (c I.?. 

chloroform). For this compound, Frcudenberp and Raschig’” reported m.p. 37’. 
[z]b’ - 52.3’. and Cone and Hough” reported m.p. 30-35. after distillation of the 

product. The 60-h1H.z n.m.r. SpcClrLlrll in acetone-& 1~3s identical to that described 

by Cone and Houehzc’: 100-hIHz data in chloroform-d and acetone-& are given in 

Tables I and II: X-ray poiider diRraction data: I I.56 m, 9.1 I s (12). 6.57 s (3,2), 

6.24s((3.3), 5,5Ss(3,?). 5.22s(l.l). 3.SSs(l.l). and 4.56s(I,l). 

To obtain an authentic sxnple of 2, D-fucose (1.0 g. 6. I mmol) was acetonnted 

by the procedure of Freudenberg and Rsschig”. Disrillntion of the syrupy product at 

0.2-0.3 torr (bath temperature 100-l 16.) gaie 3 colorless syrup, yield I.15 g (77’%), 

N hrch gaie H hate crystals. m.p. 3%36”, after refrigczration overni_ght. By comparison 

of n.m.r.-spectral data and S-r3y powder diFfraction data. this compound was 

identical with 2 przparsd b_v phorolyjis of 1. 

The fractions containing the rnsjoi component. R, 0.32. were combined and 

ebaporsted, to give /,l:3,3-Lfi-0-isoprop! ft(ft,n;-a-D-galacfop~,rcnostl (3): yield I .29 g 

(35.5%). The light-yellow syrup was distilled (bath temperature ISO-165”/0.2- 

G.3 tort-): [z];’ - 53’ (c 6 2. chloroform) llit. [xlD - 55: (chloroform)” aad [r]i* - 59’ 

(c 1.4. chloroform)“;. The n.m.r. spectrum for 3 solution of 3 in chloroform-A \Vas 
comparable tiith thst described by Cone and Hough”. 

Compound 3 (31 I rng. 1.2 mmol) obtained from the photolysis experiment was 

treated irrth p-toluenesulfonyl chioride in pyridinz as described in the literature2*, to 

give / ._7:_~.~-di-O-isoprop~~lid2nr-6-O-p-fol~~lsrr~~bn~~/-a-D-galuc~up~rc7~7ose (5) as white 
platelets. obtained In C\VO crops from ethanol. yield 280 m,o (SS?L), m.p. ?O&lOl ‘I 
(lit.” m.p. 99-100’). The X-ray powder difliaction paftern and n.m.r. spxtrum were 

identical \\ith those prsviorlsly reporred”. 

Pl~olol~*sis o/ I .6-unl1.1 dro-3-O-(drmeth.~~lr~~~o~~arba~~o~~~)-,31~lidc~e-~- 
D-nzuwop~l’r~7nose ’ 3 (6). - A soltitlon of 6 (1.838 g, 6.4 mmol) in methanol was 
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photolyzed for 69 h, and the hrolvn solution \vas treated by the procedure used for 

the preparation of 2 from 1. The brown residue amounted to 52 mg. The decolorized, 

ethereal solution was evaporated to give a yellow syrup. The n.m.r. spectrum of the 

crude syrup in chloroform-d indicated absence of the N/vie, group of compound 6. 

The syrup crystallized spontaneously, to give white needles (806 mg). The brown 

residue remained at the point of application in 1.1.~. (solbent A). The white needles 

were dijjolved in chloroform. T.1.c. of the jolution (solvent .q) revcalcd seven 

components, having R, 0.98 (minor). 0.96 (minor), 0.91 (minor), 0.88 (manor). 

0.80 (major). 0.73 (very minor). and 0.43 (major). T.1.c. of the solution (solbent B) 

showed nine components, RF0.93 (very minor), 0.86 (minor), 0.78 (minor), 0.70 

(minor), 0.63 (minor), 0.57 (major), 0.46 (minor). 0.33 (minor). and 0.2Y (major). The 

chloroform solutron was evaporated to give whtte crystals of crude product. The 

product was subjected to column chromatography with solvent 1 as the eluant, and 

IO-ml fractions Here collected. and monitored by t.1.c. 

Fractions containing the major component (RF 0.801 were combined and 

evaporated, to yield crystalline /,4-u,i/ll’tiro-I-titlo\.I’- ~.3-O-~SOp~Op~‘Iii~~~Ilt~-~-D-ly~O- 

he..rop~runow (7). yield 21s mg (191b). m.p. 11%120’. Recr?,stallization from ethanol 

gave white needles. m p I X-l 21 I, [mz]AJ - 16.7’ (c I, chloroform) After three 

recry~tallizations from ethanol, the product had m.p. 125l26”, [r]:’ -21.9. (c 0.3. 

chloroform): for n.m.r. data in chloroform-J and acctone-rr’e. see Tables I and 11; 

X-ray powder diffraction data: 7.42 s (3). 6.1-l m, 4.73 s (3). j.jO s (I). 513 m, 

AS2 s (2.2). &IO \-iv. 3.20s (3,2). 3.96 w. 3.85 vvw, 3.71 ii, 3.53 w. 3.09 w, and 

3.02 \v. 

Anal. Calc. for C,H,AOJ: C. 58.49; H. 7.57. Found: C, 58.52; H. 7.61. 

The constants for this compound’ are in good agreement \\tth those 

recorded3’ for 7 prepared by an alternative route. 

Fractions containing the component of R, 0 28 uere pooled and evaporated. 

to yield /,6-anl~~~~ro-2.3-0-jst~prt~p~ Il(IPlle’-P-D-t?l~lllltl)l rtmoje (S), yield 330 mg ( I7?‘,), 

m.p. 157-159’. Recnstallization from butyl alcohol gave pure 8. m.p. 160-161~ 

(lit.‘” m.p. l61--162’), identical with an authentic sample” by n m.r spectrum in 

chloroform-d and by X-ray po\!der diffractron pattern. 

The photolysis of 6 [{ias repeated, yielding 269b of 7 and W’o of S. 

Ptrololrxis t~f3-0-(cfinlerl~_r~lti~iucarbanlo I I )- 1 ,d:5.6-r/i-O-rsoprt~p.~~liti~~~e-r-~-gluco- 

fufa/10se’3 (9). - A solution of 9 (5.019 g. 14.5 mmol) in methanol (IS0 ml) was 

photolyzed for 37 h, and the resultant, broivn solution vcas treated by the procedure 

used for the preparation of 2 from 1. The amount of broun residue formed was 

393 mp. The yellow syrup obtained after decolorization of the filtrate was dissolved tn 

methanol (I 50 ml), and the solution was photolyzed for an additional 3 I h. Processing 

of the product as before gav+ 262 mg of brown residue. Xn ethereal solution of the 

syrup was decolorizcd and evaporated, to yield a yellow syrup that was dissolved in 

methanol (150 ml) and photolyzed for 65 h. lsolatron as previously described gave 

324 mg of brown residue and 2.746 g of a yellow syrup whose n m.r. spectrum 

indicated the absence of signals for the -Nhlc, protons of 9. The brown restdue 
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remained at the origin in t.1.c. (solcent ,-f). T.1.c. ofthesyrup in thesamesolvent system 

revealed five components. having RF 0.97. 0.93. 0.85 (major). 0.62 (WV minor), and 
0.57 (ma_jor). T.1.c. of the syrup (solveor B) gale eight component:, R, 0.75 (vex 
micor), 0.71 (wry minor), 0.66 (terq minor), 0.64 (iety minor), 0.60 (major), 0.49 

(very minor), and 0.36 (major). 

‘The syrup \vas subjected to column chromatography on silica gel. irith solbent A 

as the elunnt. Fractions (10 ml) were coltcctcd. and monitored by t.1.c. The fractions 

containrng the component havin p RF 0.85 n\erc combined and evaporated, to give 
3-~~o.\,r.-/.,7:_~,6-~ii-O-i.ropr~p~’/~Ljt1nt’-Y-D-ri bo-kvufirru~?uw (10) as a lig h t->ellow 
syrup. ywld 6!0 m,o (170,;) The syrup ~\CIS distilled at 0.4 torr (bath temperature 

115-t 3’) to g11e a cdorless 5~ rup having [I]:’ - 6.3’ (c 1.9, chloroform). Cernj and 

Pactik I3 reported Ix],!, -5.6’ (c 3.7. ethanol), apd Overend and co-workersZb gave 
[@ - 5.78’ (c 4.1. ethanol) [or thlj compound. The @I-hfHz. n.m.r. data for a 

solution of JO in carbon tetrachloridr were in agreemenr with those reported by Bro\\n 
and Jones’-. ti.m.r. data (100 hlHz) for solutions of 110 in cMoroform-(1, benzene-r&, 

and acetone-tib are given in Tables I and II. 

A chsrscreriz~ng dertvattve. _~-rieo~1~-l._7-O-rsoprop~lr~~t~e-~-D-ribo-lresqle 

(i/5, \%as prepared from IO (-l-l mg. 0.1s mmol) by partial hydrolysis bvith acid’“. 

Syrupy 15 was obtained: yield 32 rn@ (S99h). It ~3s crystallized from chloroform- 
pu:troleum ether to gi\e 17 mp (-Mob) of 15 as trhite needles. m.p. 52-W (lit.‘6 

m.p. S4’) The compound was idsnrrcal by S-ray poirder din‘raction data with an 

authentic sample. 

The fractions containing the component having RF 0.57 were pooled and 
evaporated. IO gibe /._7:5.6-I~t-O-rr~7r~p.~,~~~~tlt~ r~-r-D-glltct~filrall~~je (11) as LI syrup that 
crystallized: yield 967 mg. 3.71 mmolcs (26”b). Rsc~stalhzation from c)clohe\ane 
gave \lhitz ntedlcl. m.p. 106’ (lit.‘” m.p. 105-109’). The n.m.r. spectrum of 11 in 
chloroform-d wx compnmhle to that preriousfy reported’ 3, and rhe X-rsj powder 

diffraction pattern IY~S identical i$irh that of an authentic sample: X-ray powder 
dIffraction data: 1 I.62 m. 9.73 s (3). 8 07 N. 6.05 w. 5.80 \AV, 5.33 s(l), 4.96 5 (3.3), 

4.67 LV. 4.16 s (3.2). 3.89 IV, and 3.72 IV. 

In 3 duplicate ehprriment. the geld of j0 was 22.5%, and that of 11, 320,;. 
freparufion ~~3-t-lru.rI,-3-iod~,-/,-7:_i,i-di-O- ’ _ i~c~prop~~fi~i~~rre-~~-D-g/ltcqrrrra~~ose (14). 

- The procedure of Br0v.n and Jones’ ’ \\*as folhx~ed. 1~1th minor modifications: 
trtethylarmne {ias used as the base. instead of A’-metbylmorpholine. and the product 

was isolated by column chromatography instead of by distillation. To 3-deoxy-3- 

hydrnzino-l,2:5,6-dr-0-ljopropptidene-;r-D-= 4ucofumnose 13 (15.0 s, 5.5 mmol) in 
chloroform (100 ml) containin p trirthyltine (0.7; ml, 560 mg, 5.5 rnmol) was added 

iodine (570 mg, Il.0 mmol) in chloroform (200 ml). The solution was kept until t.1.c. 
shol\eed that 13 had rsacred completei), and bias then washed with aqueous sodium 
h>drosensulfite (iodine color disappeared). and dried (magnesium sulfate). Evnpors- 

lion ga~c crude 13 a3 a light-Yellow syrup. yield 1 I.0 g (55%). T.i.c. revealed a 
prlnclpal component (I?, 0.9l)and four {et-y minor components, R, O-SO, 0.49,0.33. 

and 0.21. The product having RF 0.91 nas isolated by column chromatography 
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(~ol\~ent A). md obtatned as a hght-)ellob\ syrup that \\as dissolved in ether (2lO ml). 

The solution was decolorized and evaporated, IO gvc 14 as a colorless syrup, >wld 

8.4 g (3296). that solidified spontaneously. and that could be crystallized fram a 

small volume of dichloromethanr, to gi~c colorless platelets, m.p. ?S--ll ‘, [xl;’ - I 5. I 

(c 3.0, chloroformj. The platelets werted to a syrup on storage tn atr for a short time 

at room temperature. The n.m.r. spectrum of 14 in carbon terrachloride gas the same 

as that reported previously’ ‘. but the proton assignments requlrzd revision (see 

Tables I and II). 

Prtymwtiotl of ~-~i~1~~1~-~,~:~.6-1i~-~-~sl~prl~pl~~r,/~~~le-a-D-ri ho-IrevoJirrunore (IO) 

Jionz 14. - A reference ample of 10 was prepared from 14 csjentlallg according to 

the method of Broibn and Jones’ i. Compound 14 (I.961 g, 5.3 mmol) tn ethanol 

(50 ml) conttining sodium acetate (0.5 g) a;1s shaken \iith -I g of Ranry nickel No. 2s 

(W. R. Grace and Co.. So. Pittsburg. Tcnn.) under hydrogen at 20 Ib.in-’ until 

uptake of hydrogen ceased. The mixture ~3s filtered. and the filtrate c\aporated to a 

syrup. X solution of the syrup in dvzhloromethane (50 ml) was \rajhcd t\itcc ~\t\h 

\iater. dried (magnestum sulfate). and evaporated to a syrup that \\as distilled (bath 

temperature I I S-l3O‘iO. I torr) to gift I.173 g (9 I “LI) of 3 COlOik55 syrup. T.I.C. 

reiealed the presence of t\vo components. Rf 0.57 (minor) and 0.74 (maJor). The 

s> rup was resolved bb column chromatography a ith solvent 4 as the eluxtt. Fracttons 

containing the component ha\ing R, 0.7-F \%err3 pooled and aaporated, IO Pike 

647 mg (49’;) of 10 as a colorless syrup. [xl,” - 6.0 (c 5.5. chloroform) flit.’ ’ 

I,4A” -8.6. (c 3.7, ethanol) and lit.“” [,x1’” - 5.7s’ (c 4.2. ethanol)i. The n.m.r. data 

were tn a$recment \\ith thosr described prc\iousl> I’; detailed assignments made ar 

100 klHz for solutions in chloroform-t/, benzene-tl,. and acetone-& are gilen In 

Tables I and It. 

Prtyaroriou Q/‘ 3-a&~.\ b -1.,7-O-rsoprc~pl~li~~~1f~~~-r-D-rlbo-lre~c~/r~ru~ios~ (15). - A 

slight modificcrrion of the procedure of Okerad ct al ” nas used. A solutton of 

compound 10 (266 mg. ! I mmol) In ethanol (IO ml) containing 0.01~ hydrochloric 

acid (400 ml) was kept for 5 h at - 2_i-‘. made neutral with sodium hydrogencarbonate. 

and evaporated to dryness. and the residue \\as c\tracted with three 30-ml portlons 

of chloroform. The eY1rxts \#cre combtned and ekaporatsd, to give a colorlsjs sIrup. 

yield 0.177 5 (7Yq;). T.I c. of the syrup re\ealed two very minor components. RF 0.73 

and 0.75. and a major componerlt at the origin. The syrup ~;is c~stall!zed from 

chloroform-petroleum ether. to yield IS as white needles (103 mg. 4S9b): m.p. Sl’ 

(lit.” m.p. S-I ), [xl;’ - 12.6. (C I .I. ethanol), [sr]i’ - 19.0. (c 1.63. chloroform): 

X-ray po\ider dtHractton data: Y.SY \I\. S.71 VW. 7.51 s(2), K-Em, 4.S7s(l.l). 

4.35 m, 3.90 w. 3.62 m. 3.35 \LV. and 3.20 \w: for n m r. data in chloroform-l/. see 

Tables I and Ii. 

Concordant [a], values in ethanol \\ttre recorded for four independent 

preparations; the llteraturc Laiue’ ’ of [T]~ -37.8’ In ethanol \cas not confirmed. 

Plrolol~ sis it/‘ _~-rl~o.~~.-3-ro~~lo-i.,7:5.6-nr-O-isopropI~ir(i~tlt~-,r-D-yll4~.~~4ranosc (Id). 
- A solution of compound 14 (l.i6 g. 3.1 mmol) in methanol (I50 ml) contatnlng 

sodtum hydroxide (163 mg, -LOS mmol, I .3 equl\ .) was photolyzed for 1 h and then 
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evaporated to a syrup. The latter was swirled with ether (50 ml), and a yellowish- 

white. insoluble residue (574 mg presumably inor,oanic material) wxs filtered OK 

T.i.c. of the ethereal solution reiealed a major component (RFO.SS), a minor one 
(RF 0.55). and 2 substantial component habing K, 0.47. Streaking NCLS obsened on 

the t.1.c. plate, from the zone of the component having RF 0.47 to the point of 

applicstlon. Tbe solution HIS eiaporatcd to a syrup, \\bich was dissolved in dichloro- 

methane (50 ml). Thr solution was washed \!ith nater (50 ml), dried (magnesium 

s~~lfatr~ and evaporated to a syrup: )Ilcld 440 m_g. The product was subjected to 

column chromatography Hith solvent .-I as the eluant. Fractions containing the 

component havrn,o R, 0.85 gave 10 as a colorless syrup, yield 215 mg (320,/u). The 

syrup ~tas dijtillcd (bath temperature 100-I IO‘,‘02 torrj; [,z];’ -7. I ’ (c 1.6, chloro- 
form). The product \+a3 identical bl!h 10 prepared by tbe other routes. 

The product 10 (45 m.g. 0.3 mmol) was converted into compound 15 by the 

method already describzd, yield 26 mg (6Zb). Crystallization from chloroform- 

petroleum ether gate Gas \\hire necdk, m.p. SO-S1 ‘, The product ~as identical with 

authcntlc I!5 by comparison of n.m.r. spectra and X-ray poirder diffraction patterns. 

DesrtJj~tri~aIiott qf 3 ,3’-di’rJtiobis(I,~:5.6-di-O-isc~prop_~~Jidt~tte-~-D-gJ~tc?~~ra~os~~ ’ ’ 
(12). - The tirle compound (328 mg. 0.6 mmol) was dissolved in abs. ethanol (40 ml), 

and an excess of Raney nickel No. 28 (IV. R. Grace and Company, So. Pirtsburg. 

Trnn.) I- lop) was added. Tbe mixture was refluued for 5 h, and the catslysr was 

filtered off. The Ransy nickel \bas retfuxed with two additional 30-ml portions of 

ethanol, and rhc mixture filtered. The combined erhanol Gitrates fsert: evaporated to a 

jjrup. 7.l.c. of the syrup revealed four components, RF 0.85 (major), 0.53 (very 

minor), and 0.36 (minor), and a substantial component that remained at the origin. 

Column chromatography with sollent A as the eluant gave the major component 10 
as a colorlcis syrup: yield IO?. mg (330/L): [%)i’ -6.3’ (c 1.9, chloroform), idenrical 

i~irh that of an authentic sample. 

Pxtial hydrolysis of the product as already described gave compound I5 as 

ibhite needles from chloroform-pclroleum sther, yield 41 mp (37X), m.p. 81-U’. 
identrcal i&rrh an authentic sample. 

Photo(l SIP o/ nzeri~.~*l Z-O-(dttt~t~~Jt~~J~Jz~ocarb~t~~o~~~i)-3,~-O-rsoprop~~iidene-~-~- 

oraburop r*ranosidc ’ ( 16). - A solution of 16 (I g, 3.4 mmol) in methanol was 

photolyrcd for 75 b. and the yrllo~ solurion nas treated by the procedure used for 

the preparation of 2 from 1. The decolorizsd, ethereal solution was evaporated to a 

yellow syrup (430 m@. T.I.c. (soILvent .-I) rcvcakd two components, RF 0.69 (major) 

and O.-l-l (major). ihz syrup \&as resolbcd by column chromatography on silica gel 

\birh solLent .-I as the eluant. Fraclions conrainins the component baking R, 0.69 were 

evaporated, to gibe r~eti~sl ,7-dt~o.~~.-_?.j-O-i~o~rop.1.Jid~ne-B-L-r~thro-panrofuranoside 

(17) 35 a color!ess syrup: J ield 69 m,o (I i?b); for n.m.r.-sprclral data in chloroform-d, 

see Tables I and II. 

Fractions containing the other major component (RF 0.44) gave mzrJzyi 
S,I-O-is~propr,iidette-8-l.-arabitz~p~ mtrosidr (18); Jield 247 mg (360/b). The n.m.r. 

spectrum of this product in chloroform-d was idenrical to that recorded earlier’ 3_ 
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Reaction of melAy/ 3,4 - 0 - isopropylidme - _‘- 0 -(n~etl~~~lrlrio)riliocarbo~~~~~-~- L - 

arabitlopj.ranoside I4 (19) uyitlf Iribzr!l’lsranllarle. - Folloi+lng the general procedure of 

Barton and McCombie”, a solulion of compound 19 (I g. 3.3 mmol) in toluene 

(40 ml) was added during 3 h to a solution of tributblstannane (4.95 g. 17 mmol) in 

boiling toluene (30 ml) rhar was maintained under argon and under retlux. Refluv~ng 

\!as continued for 18 h, and the solkent was then removed at M’jlS torr. The product 

Has chromatographed on a column of silica ,oel by eluting with a petroleum ether- 

diethyl ether gradient. After initial eluilon of tin deri\ati\rs. follo~~ed by a carbo- 

hydrate byproduct also contaunlng a trihutglrin residue, the dcoty derivati\c 17 was 

sluted; evaporation of rhis elua~e gave a colorless syrup; yield 248 mg (-lOOb). Further 

elution then gave rhe parent alcohol 18; yield I I6 mg (1790). The dcoxy derivative 17 

‘uas characterized by its n.m.r. spectrum and by comer&x into rhe crybtallinc 

deri\ati\v 21: these criteria established that the product it as idl:ntlcal to that obtained 

by photolyjls of the dimsthglthiocarbamstz 16. 

Under the same reaction coodltlons, methyl 2-O-(dlmslhylthiocarbamol)- 

3,-L-O-isopropylidenc-P-L-arabinopyranoslde’ ’ (10) did not react Lvith iriburql- 

srannane. Prolongation of the reaction time or Ihe :.ddition of azobi$lsobutanonitrile) 

did not promote rcaclion. nor did Irradiation \\ith light of Lrabelcnpth 251 nm. In all 

of these experiments, essentially all of the startmg matcrlal 16 \%a5 recovered. 

COIII erziojl of 17 itlro .?-tieo.y -L-erythro-pt,trrosr, (20) arltf IIS militu~ derirorice 21. 

- A solution of 17 (2S3 mg) in Xl ‘% aqueous acetic acid (7 ml) rias bolled for 0.5 h 

under rcNu\, and the solution \%a5 evaporated to 21~2 compound 20 as a colorless 

s> rup; >leld I50 mg (72’!0). .A solution oi 20 (IO0 mg) In erhanol (5 ml) containing 

freshI> distilled aniline (IO0 mg) \ias boiled for ‘, h under retlu\. The solurion ~a3 

cooled, whereupon the aniline deri\atl\e 21 cry~tallixd slowly. The crude marerlal 

~a5 recrysLallized from ethanol: yield 64 mg (-ll”ti). m.p. l6l-16.1., [xl? -20 

(C 0.35, ethanol; unchanged during 2-l h): X-ray potider diffraction dara: IO.61 t 5 ( I ). 

5.2-I s (2), 4.7, s. 1.39 s(3). 3.87 m. and 3.75 IV. 

For the D cnantiomsr of compound 21. the foIlowIng con%n[s ha\e been 

recorded: m.p. ’ 1 l63-164’ and [,x12 + 19.5‘ (c 0.21. ethanol)“. The particular 

tautomerlc form adopled bj 21 :s;is not e~rsblished in this work. A product ha\ing 

m.p. 171-173:’ and shoiving up\%ard mutarola:ion co -6.6‘ in methnnoi wan prepare4 

by Staccy et al.” 3 from l-deoxy-L-t-r.1 tl/ro-pen1ose and anihne. 
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