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ABSTRACT

Protected sugar derivatives having one frez hydroxyl group may be deoxy-
genated at the alcoholic position by uliraviolet irradiation of the corresponding
dimethyvithiocarbamic esters: a concomitant process feads also to the original alcohol.
Thus, on photolysis, the 6-dimethylthiocarbamate (1) of 1,2:3,4+di-O-1s0pro-
pvlidene-x-p-galactopyranose (3) gives 6-deoxy-1,2:3,4-di- O-isopropyhdene-z-D-
galactopyranose (2) together with 3. Likewise, the 4-dimethyithiocarbamate (6) of
1,6-anhydro-2.3-O-isopropylidene-ff-pD-mannopyranose (8) gives a mixture of the
d-deovy derivative 7 and the alcohol 8. 3-Deoxy-1.2:5.6-di-O-isopropylidene-x-b-
ribo-hevofuranose (10) was obtained by irradiation of 3-O-(dimethylthiocarbamoyl)-
1,2:3,6-di-O-isopropylidene-a-D-glucofuranose (9). and was accompanied by 1.2:5,6-
di-O-isopropylidene-a-D-glucofuranose (11). The 3-deoay-3-iodo analog (14) of 11
underwent conversion into 10 by photolysis, and the deoxy sugar 10 was also prepared
from 3,3'-dithiobis(1,2:3.6-di- O-1sopropylidene-x-D-glucofuranose) (12) by the action
of Raney nickel. Photolysis of the 2-dimethylthiocarbamate (16) of methyl 3,4-0-
isopropvlidene-g-L-arabinopyranoside (18) gave the 2-deoxy derivative (17), together
with the parent alcohol 18, and the same pair of products was obtained by the aciion
of tributylstannane on the 2-(methylthio)thiocarbonyl derivative (19) of I8, although
the dimethylthiocarbamate 16 was unreactive toward tribuiylsiannane.

INTRODUCTION

The specific deovygenation of sugars is an important objective in the preparation
of many biologically important sugars from readily available sugar precursors*-3, and
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the application of deoxygenation reactions to such complex carbohydrates as
nuclzosides*, carbohydrate antibiotics®, and pclysaccharides® offers a wealth of
potential applications. Most of the established routes® for achieving such deoxy-
genation involsve several steps and may be applicable oaly in specialized situations.

In principle, the use of thio sugar derivatives’ provides a general route to deoxy
sugars. either by desulfurization with Raney nickel® or by photolytic cleavage of the
carbon-sulfur bond®: an application of this type of approach has been illustrated '®
in a synthesis of 2’-deosynucleosides. However, preparation of the requisite thio sugar
precursors may be difficult. especially when reaction at a secondary alcoholic position
is desired”.

The rearrangement described by Freudenberg and Wolf'!, involving pyrolytic
comersion of 1,2:5,6-di-O-isopropylidene-3-O-(methylthio)thiocarbonyl-x-p-gluco-
ruranose into 1,2:5.6-di- O-isopropylidene-3-S-(methylthio)carbonyl-3-thio-a-D-
alucofuranose, replaces O-3 by a sulfur atom, and subsequent desulfurization®?
yields the 3-deoxy derivalive.

This reaction proceeds with retention of configuration' 2. probably by an SNi
type of process®: presumably, the more-conventional Chugaev type of elimination to
generate an alkene is inhibited by the electron-withdrawing substituents at the
posttions vicinal 1o the xanthate group.

A major drawback of the Freudenberg reaction is the extreme severity of the
rcaction conditions' !+!3, leading to low yields of rearranged product, even with the
robust ring-system of the parucular aanthic ester studied.

As aryl dimethylthiocarbamates quite readily undergo a related rearrange-
ment'3 to give dumethylcarbamates of arenethiols, it was considered that dimethyl-
thiocarbamates of sugars'?® would probably be susceptible to a similar rearrangement,
to give thio sugar derivatives'®, The reaction might also be feasible by photochemical
rather than thermal excitation, as the dithiocarbamate group absorbs'? u.v. radiation
at wavelengths longer!? than those for other groups in these sugar derivatives.
Furthermore, the known lability of the C-S bond to photolytic cleavage® offered the
possibility for a succeeding, homolytic, C-S bond-cleavage with accompanying
capture of a hydrogen atom at this carbon atom and consequent geaeration of a deoxy
sugar. A net deoaygenauon reaction thus achieved, proceeding under free-radical
conditions. would not be subject to the multitude of alternative reaction-pathways
that may complicate deovygenation reactions conducted under icnic conditions.

The feasibility of this reaction was established and described in the 1968
preliminary report'. with examples of 2-, 3-. 4-, and 6-esters!? of suitable sugar
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derivatives. The present article provides fuli details of these conversions. It is shown
that, in each instance, photolysis of the esters affords a mixture of two products. the
deoxy derivative and the parent alcohol from which the dimethylthiocarbamate'?
had been prepared. The reaction is compared with other methods for deoxygenation
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 dithiocarbonates of sugars into deoxy derivatives by the action of tributylstannane.

DISCUSSION

Methanolic solutions of each of the four dimethylthiocarbamates studied were
subjected to irradiation for extended periods of time ai room temperature with
unfiltered light from a mercury-arc lamp. The solutions progressively deposited a
brown precipitate of material that was apparently a polymeric side-product, and this
was removed at intervals by filtration. Irradiation was continued until t.l.c. indicated
that no starting matenal remained. at which point the solutions contained two
principal products, which were separated by column chromatography on silica gel.
[n each instance, the less-polar product was found to be the deovy sugar formed by net
loss of the dimethylihiocarbamate group, and the more-polar product was the
corresponding alcohol anising by simple cleavage of the O-(dimethylthiocarbamoyl)
eroup.

By this procedure, 6-O-(dimethylthiocarbamoyl)-1.2:4.3-di-O-isopropylidene-
x-D-galactopyranose'? (1) gave 6-deoxy-1.2:3.4-di-O-isopropylidene-x-D-galacto-
pyranose (2) in 15% yield, accompanied by 35.5% of 1,2:3,4-di-O-isopropylidene-
x-D-galactopyranose (3). Crystalline compound 2 was ideantical with an authentic
sample prepared'® by acetonation of D-fucose (4). and its n.m.r. spectrum was
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identical with that recorded by Cone and Hough??. The syrupy compound 3 was
purified by distillation, and 1denufied by comparison of its specific rotation®'*** and
n.m.r. spectrum’? with literature data, as well as by conversion into its known??,
crystalline p-toluenesulfonate S.

In this instance, although the yield of 2 may be augmented by reconverting the
alcohol 3 into the dimethylthiocarbamate 1 and resubjecting the latter to photolysis,
the reaction is not of significant preparative value for the deoxy derivative 2, as more-
effectiva, aliernauve methods for deovygenaiion at a primary alcoholic position are
avallable.

Photolysis of a methanolic solution of 1.,6-anhydro-4-O-(dimethylthiocar-
bamoyl)-2.3-0O-isopropylidene-f-D-mannopyranose'? (6) gave a 19% yield of a
cr stalline product formulated as [.6-anhydro-4-deoxy-2,3-O-isopropylidene-§-D-
/vxyo-hevopyranose (7) and 17% of 1,6-anhydro-2,3-O-isopropylidene-f-p-manno-
pyranose (8). Repetition of the reaction gave 7and 8 in 26 and 299%%6 yields. respectively.
Formulation of 7 as the 4-deoxy sugar was based on elemental analysis and n.m.r.-
spectral data see Tables I and II). and by analogy with the products from the other
photolvsis reaction: reported here (see also Experimental section). The alcohol 8
was identical with an authentic sample3+**, and it could be used to augment the
net yield of duoxy derivaiive 7 bv photolysis of its dimethylthiocarbamate!3 6.

irradiation of 3- O-(dimeihylthiocarbonyl)-1,2:5.6-di - O-isopropylidene-x-D-
glucofuranose'? (9) gave a 17-23% yield of 3-deosy-1,2:5,6-di-O-isopropylidene-x-D-
1ibo-hevofuranose (10) together with 26-52% of 1,2:5,6-di-O-isopropylidene-x-D-
glucofuranose (11). Compound 11 was identical with an authentic sample by m.p.??,
n.m.r. spectrum ' 3. and X-ray powder diffraction data. The 3-deovy derivative 10 was
purified by disullation: s specific rotation'?:?® and n.m.r. spectrum'’ were in
accord with reported data. and partial hydrolysis afforded the known?®, crystalline
2.deony-1,2-O-isopropylidenc-a-D-ribo-hexofuranose (15).

Reflerence samples of 10 and 15 were prepared by independent methods.
Desulfurization of 3,3'-dithiobis(1,2:5.6-di-O-isopropylidene-x-p-glucofuranose) !’
(12) with Raney nickel gave 10 in 33°5 vield, and the crystalline monoacetal 15 was
then obtained by partial bydrolysis of 10 with acid. In an alternative route, the
procedure of Brown and Jones'” was used to convert 3-deoxy-3-hydrazino-{,2:5,6-di-
O-isopropylidepe-z-D-allofuranose?”**# (13) into the 3-deoxy-3-iodo analog 14, and
the latter was then reduced with Raney mickel to give 10, further transformed by
partial hydrolysis inte crystalline 15. The iodo derivative 14 showed n.m.r.-spectral



113

PHOTOCHEMICAL CONVERSION

frudc aur Ppug, (14]os 49 paIndsq), Suljdnoap uids Aq paina sjusw
-UFISSY, 1IN "1 pUP 1101%0S 85 LIRUEE S enb b e to Sadignw fwe nnop p o waad < Qondagnu rudig, o naads ZH N-0] Wody erQ.

(QINOI ST € 'SoE[ "Ll beyy bigy o0t pAYE o o 05T XSEiT bt 130> L
wiyy
(HO) S99 T 'stE°] ‘£57) b -0t Wyg-10 wkl+-Rg . ogx | bIg met pugy 1200 sl
100 B B Tl I wea L1 weh g-L1t Wig-Lyy pettr PIns PI6y S1ad 1|
WSt |
SLT'L6TTSET il WyE-5e Wy g-sT v wpe-seh s brie HERS PIyS s Ueh)]
SRI'L 8T .b Ihp WL g-got wep ¢-Sot wiH-1et 11 biig e PHO'S 'a’d
Wag 't~ ¢
STCL9ETL TR IS wing- ¢t WL €-$6 ¢ wige- vt wee -9t ¢ L pry's FHAD ol
wng'y
SLT 1 UREd bon £-6s°t wpy'g r DBSTT woy to§ bex't Py QI Q)
Exn.._.
S 1°6s°] by t-6s wg/ g WST W'Y Wxe 65+ hyp ¢ Pre s SDad L
seEtl el ey ) PoI) ore'y Mk byt bzi'y Pos's 0D ad)
20 O Il A 2 B Y | | o56'E byl ¢ byyy bzt Ms's Niblth rd

qH U9l 4§-H UseH YrH Vi-H qr-H UeH q-H UvCH
sunyoad Tagy ) v-H SH -1t H H I-H

punod
S MORdup ipuSis pue (@) SIS poanady ) majng -

LY GNV 'S Py LT SONNOJWNOD MO T ,VIvaA LIHHS-TVIINTHI
1 3718Vl



R. H. BELL, D, HORTON, D. M. WILLIAMS, E. WINTER-MIHALY

114

T 4 I LT R B I Sy B 4 BT Y (Y7 T i B I SR P R E) | ER B

-puodns JO ASNTIAQ pAnsTaW 1oN, ‘tip Juipdnodap-urds wolyy pauelqQ, ‘uvloid ppPyY-Ydl = q iuoloid pPAY-mof = £, "endads ZpjA-0D] Wolj MuQ,

» ° 9 ° 2 00D LI
91l 09 r p el g0l 6t 9 )} K'E DaAd> ] |
P n P I't 0 't foan kI
P v P P v Le 1724 0 ot QJ¥*ad
p ' , o'l v EP {384 0 ot *a”y
p r r o'ti rp It 2 4 0 ot '12ao U]
t'9 (V| P r 091 v 6v 6's 0y 024 *aY)
jia)] \] P P E Y IRT VY [2Y 0t 920> L
99 6’1 RL 4 49 024'ad
99 6'l 8L e I'S Dan [4
a.u.n—. ...._.r.—. 1..:.—. 1..;.—. f.:. -.r..N—.
.—.u.na—. o.r.—. f.a.—. .:..:.—. ﬁ..-.—. _:.._.‘. .:..;.—. ._.._.—. n.w—. ~._—.
L2H) siuvisuod Suypdne ) Haupng punodiue)

LI ANV 'SEPT 0Y "L 'Z SONNOINOD YOI SINVISNGI-ONITIN0D WIMI0-1Suld

11 314VL



PHOTOCHEMICAL CONVERSION 115

,Ocnz o Ha
M.zzc MesC

Noch O oin O

)
+
[ el ] H OH
S 1
B o—<I:M:. O—~ruy

o Nl kv, M2GH < Ha
4 NaGH \
yd \
// \\ \ \
-
Lo TS P ocHy nege
Lt S i raa.C | e ¢
- .- RN Mo & | '
o+ o <H 2,  NecwH RoCH ™
| I
s - i Crcly !
[a] (o} o [a]
i ] l | i1
' C-Cr oz | H_ Pt O=IAzy I=Chy D—Crwas
B 1,
12 13 14 15

signals for H-1, 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-3 was actually that of H-4 (see Tables [ and I! for details).
However, the other assignments and the spin-coupling data upheld the earlier
attribution!” of the p-gluco stercochemistry to this product.

Photolysis of a sugar iodo-substituted at the primary carbon atom, in methanolic
solution, has been shown?? to give the corresponding deoxy sugar in high yield. It
was thus of interest to examine the photolysis of the secondary-iodo sugar 14. 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
deoxy sugar derivative 10, and this syrupy product was further characterized as the
crystalline monoacetal 15. Presumably, the conversion of 14 into 10 involves homol-
ysis of the relatively weak C-I bond, followed by abstraction of a hydrogen atom
from the solvent by the intermediate, C-3 radical; this reaction is probably very
similar to the photochemical conversion?® of mercurial sugar derivatives into deoxy
derivatives, but the yields are higher with the mercury derivatives.

The monoacetal 15 prepared by each of these four methods had [x]3* — 13 1n
ethanol and — 19° in chloroform; the value of [2]}* —37.87 in ethanol recorded for 15
in the literature'? appears incorrect.

In the final example studied, methyl 2-O-(dimethylthiocarbamoyl)-3,4-O-
isopropylidene-f-L-arabinopyranoside! * (16) was photolyzed in methanolic solution.
The reaction afforded an 11% yield of syrupy methyl 2-deoxy-3,4+O-isopropylidene-
B-L-erythro-pentopyranoside (17), together with 36% of crystalline methyl 3.4-O-
isopropylidene-g-L-arabinopyranoside (18). Compound 17 was characlerized by
n.m.r.-spectral data (see Tables I and IT), and by hydrolysis with aqueous acetic acid
to give 2-deoxy-L-erythro-pentose (20) as a syrup that was converted by the action of
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aniline into the aniline derivative 21, identical with the known D enantiomer!+:3!

evcept for its sign of optical rotation.

n ) o /9
/ rJ /V
—_— - -
3 PP o]
P, A L 3 A3 C “ é,.,.:
[SNTISER oM
1} -
15 / 17 18
’I‘
Y l
Euyite le ohms
. t
4 !
/n' 1
20 .y i
/, \ FrRtisy s \. _
- - LI T
Lz - oH —_—— ——— - o=
P‘:__:/ Ira
!
[oOp et
[l
12 Pl 21

The deosypentose derivative 17 was prepared independently from methyl
3.4-0O-isopropylidene-2- O-(methyithio)thiocarbonyl-g-L-arabinopyranoside'* (19) by
treatment with tributyIstannane in boiling toluene according to the general procedure of
Barton and McCombic'3. A misture of products was obtained that contained the
deovwy derivative 17, isolated in 30°. yield, accompanied by the alcohol 18, obtained
in 1795 vield. Attempts to convert the dimethylithiocarbamate 16 into the deoxy
derivalive 17 by the acuon of tributylstannane were unsuccessful, and the starting
material was recovered under a variety of experimental conditions, even when a
radical initiator was present.

The foregoing results thus indicate that “isolated ™ alcohol grou s in sugar
derivatives may be converted into the corresponding deoxy derivatives toy extended
photolysis of the corresponding dimethylthiocarbamates. The concurrent production
of the original alcohol suggests that two reactions are o _rating simultaneously, one
involving simple cleavage of the ester group. and the other proceeding via a Freuden-
berg type of rearrangement followed by more-rapid. C-S bond homolysis and
subsequent abstraction of hydrogen from the methyl group of the solvent to give the

dcovny sugar.

RCH =" polhme, Ml e RICNMes
teicw ) = tete ) “
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Although the vields 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 evaluation in preparation of the deoxy derivative 17 from the alcohoi 18
indicates that the action of tributylsiannane on the S-methylxanthate 19 gives a yield
of 17 superior to that achieved by photolysis of the dimethylthiocarbamarte 16.

EXPERIMENTAL

General methods. — Evaporations were performed under diminished pressure
(~ 10 torr). Specific rotations were measured in either a 1-dm tube (Perhin-Elmer 141
photoelectric polarimeter) or a 2-dm tube (Rudolph manual polanimeter). Melting
points were determined with a Thomas-Hoover ™ Unimelt " apparatus. N.m.r. spectra
were recorded at 60 or 100 MHz with Varian A-60 or HA-100 n.m.r. spectrometers.
Chemical shifts (see Table 1) refer 10 an internal standard of tetramethylsilane
(6 = 0.00). Spin-decoupling experiments were performed with the HA-100 instrument
operating in the (requency-sweep mode. First-order couplings are given in Table Il.
Microanalyses were determined by W. N. Rond. X-ray powder diffraction data give
interplanar spacings. A. for CuKx radiation. The camera diameter was [1-4.59 mm.
Relative intensities were estimated visually: m, moderate: s, strong: v. very; w, weak.
The strongest lines are numbered (1. strongest); double numbers indicate approvi-
mately equal intensities. T.l.c. was performed with Silica Gel G (E. Merck, Darmsiadt,
Germany). activated at 120°, as the adsorbent, 3:1 dichloromethane-ether as the
developer (unless specified otherwise), and sulfuric acid as the indicator. Column
chromatography was performed with silica gel No. 7734 (0.05-0.2 mm: from E.
Merck AG, Darmstadt, Germany), with 1 g of the mixture 10 be separated per 30 g
of adsorbent. Columns were packed by allowing a slurry of the adsorbent in the
cluant to settle under gravity. The eluant was 3:1 dichloromethane—cther (solvent A)
or 9:1 dichloromzthane—ether (solvent B): solvent A4 was used where a specific eluant
is not indicated. The petroleum ether used in recrystallizations was a fraction having
a boiling range of 60-110°.

Pnotolvsis procedure®. — A mercuryv-arc lamp (Hanovia Type L. Model 697A,
Hanovia Lamp Division. Engelhard Hanovia Inc., Newark, N.J.) fitted in a water-
cooled. quariz immersion-well (Hanovia Model 19431) was used, and the assembly
was mounted in a Pyrex reaction-vessel. Photolysis was effected at ~30° with
unfiltered light, and the maguetically stirred. methanolic solutions were continually
flushed with nitrogen. The methanol used was Spectro grade (Eastman Organic
Chemicals). The dimethyithiocarbamates!? were subjected to column chromato-
graphy to ensure purity before photolysis.

Photolysis of 6-O-~(dimethylthiocarbamoyly-1,2:3.4-di-O-isopropylidene-a-D-
galactopyranocse'® (1) — A solution of 1 (4.82 g. 13.9 mmo!) in methano! (130 ml)
was photolyzed for 113 h, and then evaporated 1o a brown syrup. The latter was
triturated in ether (50 ml). and the mixture was filtered to give 553 mg of brown solid.
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The solid did not migrate in tl.c. The filtrate was decolorized with charcoal, and
evaporated to a light-yellow syrup that was dissolved in methanol (150 ml), and
photolyzed for an additional 48 h. The foregoing isolation-procedure was repeated,
to give an additional 410 mg of brown residue and 2.93 g of a vellow syrup. The
n.m.r. spectrum of the crude syrup showed no signals'? for the -NMe, protons of 1.
T.l.c. (solvent 4) revealed four components. having Ry 0.98. 0.93 (yellow-brown,
major). 6.78, and 0.56 (black). T.l.c. (solvent B) revealed nine components, Rr 0.93
{very weak), 0.86 (very weak), 0.80 (very weak), 0.74 (very weak). 0.70 {(major,
yellow-brown), 0.54 (weak). 0.41 (very weak). 0.38 (very weak), and 0.32 (major,
brown-black).

The syrup was resolved by column chromatography on silica gel with solvent B
as the eluant. Fractions (10 ml) were collected, and moanitored by t.i.c. Fractions
containing the major component (R, 0.70) were combined and evaporated, to yield 2
as a light-yellow svrup, yield 505 mg (15%). The syrup was kept for 18 h at —157,
whereupon a solid mass of crystals formed. The compound was distilled at a bath
temperature of 100-110-/0.2 torr 1o give colorless, solid 6-deoxy-1,2:3,4-di-O-iso-
propylidene-x-p-gulactopy ranose (2), which had m.p. 33-33° [z]3° —53.6° (¢ 1.2,
chloroform). For this compound, Freudenberg and Raschig!'? reported m.p. 377,
[215° —52.4% and Cone and Hough”® reported m.p. 30-35- after distillation of the
product. The 60-MHz n.m.r. spectrum in acetone-d,, was identical to that described
by Cone and Hough>": 100-MHz data in chloroform-# and acetone-d, are given in
Tables I and II: X-ray powder diffraction data: 11.86 m, 9.11 s (2,2), 6.57 5 (2,2),
6.24 5 (3.3), 5.585(3,3), 3.22s (I.1). 4.88s(1.1). and 4.56s (1,1).

To obtain an authentic sample of 2, p-fucose (1.0 g. 6.1 mmol) was acetonated
by the procedure of Freudenberg and Raschig!'®. Distillation of the syrupy product at
0.2-0.3 torr (bath temperature 100-1167) gave a colorless syrup, yield 1.15 g (77%),
which gave white crystals. m.p. 35-36°, after refrigeration overnight. By comparison
of n.m.r.-spectral data and X-ray powder diffraction data. this compound was
identical with 2 prepared by photolysis of 1.

The iractions containing the major component, Rg 0.32, were combined and
evaporated, to give 1,.2:3.4-di-O-isoprop liden¢-2-pD-galactopyranose (3): yield 1.29 g
(35.5%). The light-yellow syrup was distilled (bath temperature 150-165°/0.2-
0.3 torr): [21}° — 537 (¢ 6 2. chloroform) {lit. [x], — 55° (chloroform)?! and [x]3° — 59°
(¢ 1.4, chloroform)**}. The n.m.r. spectrum for a solution of 3 in chloroform-d was
comparable with that described by Cone and Hough?°.

Compound 3 (311 mg. 1.2 mmol) obtained from the photolysis experiment was
treated with p-toluenesulfonyl chioride in pyridine as described in the literature?®, to
give 1.2:3.4-di-O-isopropyiidene-6-O-p-tolvisulfonyi-x-nD-galactopyranose (S) as white
platelets, obtained n two crops from ethanol. yield 280 mg (58%%), m.p. 100-101"
(lit.2? m.p. 99~100°). The X-ray powder diffraction pattern and n.m.r. spectrum were
identical with those previously reported?”.

Photalvsis of 1.6-anidro-3-O-(dimethvithocarbamoyl!)-2.3-O-isoproplidene- -
D-manropyranose'* (6). — A solution of 6 (1.838 g, 6.4 mmol) in methanol was
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photolyzed for 69 h, and the brown solution was treated by the procedurs used for
the preparation of 2 from 1. The brown residue amounted to 52 mg. The decolorized,
cthereal sclution was evaporated to give a yellow syrup. The n.m.r. spectrum of the
crude syrup in chloroform-4 indicated absence of the NMe, group of compound 6.
The syrup crystallized spontaneously, to give white ncedles (806 mg). The brown
residue remained at the point of application in t.l.c. (solvent A). The white needles
were dissolved in chloroform. T..c. of the solution (solvent A) revealed seven
components, having R;0.98 (minor). 0.96 (minor), 0.9l (minor), 0.88 (miror),
0.80 (major), 0.73 (very minor). and 0.45 (major). T.l.c. of the solution (solvent B)
showed nine components, R 0.93 (very minor). 0.86 (minor), 0.78 (minor), 0.70
(minor), 0.63 (minor), 0.57 (major), 0.46 (minor), 0.33 (minor), and 0.28 (major). The
chloroform solution was evaporated to give white crystals of crude product. The
product was subjected to column chromatography with solvent { as the eluant, and
10-ml fractions were collected, and monitored by t.l.c.

Fractions containing the major component (R; 0.80) were combined and
evaporated, to yield crystalline /.6-anhvdro-4-deoxv-2,3-O-isoproprlidene-B-p-lyxo-
hexop) ranose (7), yield 228 mg (19%0), m.p. 119-120°. Recrystallization from ethanol
gave white needles. mp 120-121°, [x])° —16.7 (¢ 1, chloroform) Afier three
recrystallizations from ethanol, the product had m.p. 125-126%, [z]3} —21.9- (¢ 0.8,
chloroform): for n.m.r. data in chloroform-d and acetone-d;. see Tables [ and II;
X-ray powder diffraction data: 7.42s(3). 6.14m, 5.73s(3). 3.30s(1). 35.13m,
4.825s5(2.2). 440 vwvw, 24.20s5(2,2). 396w, 3.85vvw, 3.71 w, 3.33w, 3.09w, and
3.02 w.

Anal. Cale. for C4H,,0,: C. 58.49; H, 7.57. Found: C, 58.52; H. 7.61.

The constants lor this compound' are in good agreement with those
recorded®' for 7 prepared by an alternative route.

Fractions containing the component of R, 0 2R were pooled and evaporated.
to yield 1,6-aniivdro-2.3-O-isoprop lidene-[-D-mannopi ranose (8), yield 220 me (17%%),
m.p. 157-159°. Recrystallization from butyl alcohol gave pure 8, m.p. 160-161°
(lit.?* m.p. 161-1627), identical with an authentic sample’* by n m.r spectrum in
chloroform-4 and by X-ray powder diffraction pattern.

The photolysis of 6 was repeated, yvielding 26%6 of 7 and 29°% of S.

Photolvsis of 3-O-(dimethyithiocarbarioy 1)-1,2:5.6-di-O-1sopropylidene-1-n-gluco-
Suranose'? (9). — A solution of 9 (5.049 g. 14.5 mmol) in methanol (150 mi) was
photolyzed for 37 h, and the resultant, brown solution was treated by the procedure
used for the preparation of 2 from 1. The amount of brown residue formed was
393 mg. The yellow syrup obtainad after decolorization of the filtrate was dissolved 1n
methanol (150 mli), and the solution was photolyzed for an additional 31 h. Processing
of the product as before gave 262 mg of brown residue. An ethereal solution of the
syrup was decolorized and evaporated, to vield a yellow syrup that was dissolved in
methano! (150 ml) and photolyzed for 65 h. Isolauon 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 ~-NMe, protons of 9. The brown residue
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remained at the origin in t.).c. (solvent A). T.l.c. of the syrup in the same solvent system
revealed five components. having R 0.97, 0.93. 0.85 (major). 0.62 (very minor), and
0.57 (major). T.l.c. of the syrup (solvent B) gave cight components, R 0.75 (very
minor), 0.71 (very minor), 0.66 (very minor), 0.64 (\ery minor), 0.60 (major), 0.49
(very minor), and 0.36 (major).

The syrup was subjected to column chromatography on silica gel. with solvent A
as the eluant. Fractions (10 ml) were collected. and monitored by t.l.c. The fractions
containing the component having Ry 0.85 were combined and evaporated, to give
3-deoxy-1.2:5 6-di-O-isopropyiidene-z-D-ribo-hexofuranose (10) as a light-yellow
syrup, vield 610 mg (17%:) The syrup was distilled at 0.4 torr (bath temperature
115-125%) to gnve a colorless syrup having [2]3' —6.3” (¢ 1.9, chloroform). Cerny and
Pacak!? reported [z}’ —8.6 (¢ 3.7. ethanol), and Overend and co-workers2® gave
[2]5% ~35.78° (c 4.2, ethanol) for this compound. The 60-MHz. n.m.r. data for a
solution of 10 in carbon tetrachloride were in agreement with those reported by Brown
and Jones' . N.m.r. data (100 M Hz) for solutions of 10 in chloroform-d, benzene-d;,
and acetone-d, are given in Tables I and II.

A characierizing denivative, 3-deovv-1.2-Q-isopropylidene-x-b-ribo-hexofuranose
(I5) was prepared from 10 (4} mg, 0.18 mmol) by partial hydrolysis with acid?®.
Syrupy 15 was obtained: yield 32 mg (8995). It was crystallized from chloroform-
petroleum ether to give 17 mg (44°5) of 15 as white needles. m.p, 32-83" (lit.*°
m.p. 84°) The compound was idenucal by X-ray powder diffraction data with an
authentic sample.

The fractions containing the component having R, 0.37 were pooled and
evaporated. 1o give /1.2:5.6-d1-O-isopropvlidene-x-D-glucofurarose (11) as a syrup that
crystallized: yield 967 mg. 3.71 mmoles (26°0). Recrystalhzation from cyclohesane
gave white needles. m.p. 1067 (lit.”” m.p. 105-109°). The a.m.r. specirum of 11 in
chloroform-4 was comparable to that previously reported'?, and the X-ray powder
diffraction pattern was identical with that of an authentic sample: X-ray powder
diffraction data: 11.62 m. 9.73s{3). 807 w. 6.05w, 5.80 vw, 5.335(1), 4.96 5(2.2),
4.67 w, 4.165(2.2), 3.89 w, and 3.72 w.

In a duplicate experiment, the vield of 0 was 22.5%, and that of 11, 32%.

Preparation of 3-deo.xy-3-iodo-1,2:5,6-di-O-isopropylidene-2-p-glucofuranose (14).
— The procedure of Brown and Jones'? was followed. with minor modifications:
tniethylamine was used as the base, instead of N-methylmorpholine, and the product
was isolated by column chromatography instead of by distillation. To 3-deoxy-3-
hydrazino-1.2:5,6-di1-O-1s0propylidene-a-p-glucofuranose 13 (15.0g, 5.5 mmol) in
chloroform (100 ml) containing tricthylamine (0.77 ml, 560 mg, 5.5 mmol) was added
iodine (370 mg, 11.0 mmol) in chloroform (200 ml). The solution was kept uniil t.l.c.
showed that 13 had reacted completely, and was then washed with aqueous sodium
hydrogensulfite (iodine color disappeared). and dried (magnesium sulfate). Evapora-
tion gave crude i4 as a light-yellow syrup, yield 11.0 g (55%). T.lLc. revealed a
principal component (Ry 0.91) and four very minor components, Ry 0.80, 0.49,0.33,
and 0.21. The product having R0.91 was isolated by column chromatography



PHOTOCHEMICAL CONVERSION 121

(solvent A). and obtained as a hight-yellow syrup that was dissolved in ether (200 ml).
The solution was decolorized and evaporated, to give 14 as a colorless syrup, yield
8.4 g (429%), that solidified spontaneously. and that could be crystallized from a
small volume of dichloromethane. to give colorless platelets, m.p. 33—11°, []3' —15.1°
(¢ 3.0, chloroform). The platelets reverted to a syrup on storage 1n arr for a short ime
at room temperature. The n.m.r. spectrum of 14 in carbon tetrachloride was the same
as that reported previously!”, but the proton assignments required revision (see
Tables [ and II).

Prepararion of 3-deovv-1,2:5.6-di-O-isopropviidene-x-p-ribo-hexofuranose (10)
Jrom 4. — A reference sample of 10 was prepared from 14 essentially according 1o
the method of Brown and Jones'’. Compound 14 (1.961 ¢, 5.3 mmo!) in ethanol
(50 ml) containing sodium acetate (0.5 g) was shaken with 4 g of Raney nickel No. 28
(W. R. Grace and Co.. So. Pitisburg. Tenn.) under hydrogen at 20 1b.in~? until
uptake of hydrogen ceased. The mixture was filtered. and the filirate evaporated 1o a
syrup. A solution of the syrup in dichloromethane (50 ml) was washed twice with
walter, dried (magnesium sulfate), and evaporated to a syrup that was distilled (bath
temperature 115-1307/0.1 torr) 1o give 1.173 2 (9174) of a colorless syrup. T.l.c.
revealed the presence of two components. R 0.87 (minor) and 0.74 (major). The
syrup was resolved by column chromatography with solvent 4 as the eluant. Fractions
containing the component having Ry 0.74 were pooled and evaporated, to give
642 mg (49°.) of 10 as a colorless syrup, [x]3° —6.0 (¢ 3.5. chloroform) {lit.'?
[2]5® —8.6 (¢ 3.7, ethanol) and lit.2" [x]'® — 5.78 (¢ 4.2. ethanol)}. The n.m.r. data
were 1n agreement with those described previously'”; detailed assignments made at
100 MHz for solutions in chloroform-d, benzene-d,. and acetone-d, are given n
Tables T and II.

Preparation of 3-deoxy-1,2-O-isopropvlidenc-x-p-ribo-hexofuranose (15). — A
slight modification of the procedure of Overend er ol “° was used. A solution of
compound 10 (266 mg. ! I mmol) in ethanol (10 ml) containing 0.0Is hydrochloric
acid (400 ml) was kept for 5 h at ~ 23°. made neutral with sodium hydrogencarbonate,
and evaporated to dryness, and the residue was estracied with three 30-ml poruons
of chloroform. The extracts were combined and evaporaied, to give a colorless syrup,
yield 0.177 g (79%5). T.l c. of the syrup revealed two very minor components, Ry 0.79
and 0.75. and a major component at the origin. The syrup was crystallized from
chloroform-petroleum ether, to vield 15 as white neadles (109 mg, 48°%5): m.p. 82°
(it.'* m.p. 84 ), [215* —12.6" (¢ 1.1, ethanol), [x]3' —19.0" (¢ 1.69. chioroform):
X-ray powder diffraction data: 9.89 vw. 8. 71 vw, 7.515(2), 542 m, 4.87 s(1,1).
4.35m, 290w, 3.62 m, 3.45vw, and 3.20vw: for n mr. data in chloroform-d. see
Tables I and II.

Concordant [«]p values in ethano' were recorded for four independent
preparations; the hterature vaiue'? of [2]p —37.8° in ethanol was not confirmed.

Photoh sis of 3-deoxy-3-10do-1.2:3.6-di-O-isopropviidene-x-pD-glucofuranose (14).
— A solution of compound 14 (1.i6 2. 3.1 mmol) in methanol (150 ml) containing
sodium hydroxide (163 mg, 4.08 mmol, 1.3 equiv.) was photolyzed for 4 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 inorganic material) was filtered off.
T.l.c. of the ethereal solution revealed a major component (R 0.85), a minor one
(Rf 0.35). and a substantial component having Ry 0.47. Streaking was observed on
the t.l.c. plate, from the zone of the component having Rp0.47 to the point of
application. The solution was evaporated (o a syrup, which was dissolved in dichloro-
methane (50 ml). The solution was washed with water (50 mi), dried (magnesium
sulfaie). and evaporated to a syrup: yield 440 mg. The product was subjected to
column chromatography with solvent .4 as the eluant. Fractions containing the
component having R, 0.85 gave 10 as a colorless syrup, yield 248 mg (32%). The
syrup was distilled (bath temperature 100-1107/0.2 torr); [x]3' —7.1° (¢ 1.6, chloro-
form). The product was identical with 10 prepared by the other routes.

The product 10 (45 mg, 0.2 mmol) was converted into compound 15 by the
method already described, yield 26 mg (653%5). Crystallization from chloroform-
petroleum ether gave 15 as white needles, m.p. 80-81°. The product was ideatical with
authenuc 15 by comparison of n.m.r. spectra and X-ray powder diffraction patterns.

Desulfurization of 3,3'-dithiobis(1,2:5.6-di-O-isopropylidene-1-p-glucofuranose) ' *
(12). — The title compound (328 mg, 0.6 mmol) was dissolved in abs. ethanol (40 ml),
and an excess of Raney nickel No. 28 (W. R. Grace and Company, So. Pittsburg,
Tenn.) (~ 10 2) was added. The mixture was refluxed for 5 h, and the catalyst was
filtered off. The Raney nickel was refluxed with two additional 30-ml portions of
ethanol, and the misture filtered. The combined ethanol filtrates were evaporated to a
syrup. T.lc. of the syrup revealed four components, Ry 0.85 (major), 0.53 (very
minor), and 0.36 (minor), and a substantial component that remained at the origin.
Column chromatography with solvent A as the eluant gave the major component 10
as a coforless syrup: yield 102 mg (33%): [2]3' —6.37 (¢ 1.9, chloroform), identical
with that of an authentic sample.

Partial hydrolysis of the product as already described gave compound i5 as
white needles from chloroform-petroleum cther, yield 41 mg (57%), m.p. 81-82°,
wdentical with an authentic sample.

Photolysis  of methyl 2-O-(dimethyltinocarbanioyt)-3,4-O-1sopropylidene--L-
arabmopvranoside' > (16). — A solution of 16 (I g. 3.4 mmol) in methanol was
photolyzed for 75 h, and the yellow solution was ireated by the procedure used for
the preparation of Z from 1. The decolorized, ethereal solution was evaporated to a
vellow syrup (420 mg). T.l.c. (solvent {) revealed two components, R: 0.69 (major)
and 0.44 (major). The syrup was resolved by column chromatography oo silica gel
with solvent .4 as the eluant. Fractions containing the componeat having R 0.69 were
evaporated, to give methyl 3-deoxy-3.4-O-isopropylidene-B-L-erythro-pentofuranoside
(17) as a colorless syrup: yield 69 mg (11%); for n.m.r.-spectral data in chloroform-d,
see Tables I and II.

Fractions containing the other major component (Ry0.44) gave methyl
3,4-O-isopropvlidene-B-L-arabinopi ranaside (18); yield 247 mg (36%). The n.m.r.
spectrum of this product in chloroform-d was identical to that recorded earlier’ 3.
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Reaction of methyl 3,4-O-isopropylidene-"-O-(methyithio)thiocarbonyi-f-1.-
arabinopyranoside'* (19) with tributylstannane. — Following the general procedure of
Barton and McCombie'®, a solution of compound 19 (I g, 3.3 mmol) in toluene
(40 ml) was added during 3 h to a solution of tributylstannane (+.95 g, 17 mmol) in
boiling toluene (30 inl) that was maintained under argon and under reflux. Refluxing
was continued for 18 h, and the solvent was then removed at 30715 torr. The product
was chromatographed on a column of silica gel by eluting with a petroleum ether-
diethyl ether gradient. After initial elunon of tin derivatives. followed by a carbo-
hydrate byproduct also containing a tributyltin residue, the deoxy derivative 17 was
cluted; evaporation of this eluate gave a coloriess syrup; yield 248 mg (40%5). Further
elution then gave the parent alcohol 18; yield 116 mg (17%0). The deoxy derivative 17
was characterized by its n.m.r. spectrum and by conversicn into the crystalline
derivative 21; these criteria established that the product was 1d:nuical to that obtained
by photolysis of the dimethylthiocarbamate 16.

Under the same reaction conditions, methyl 2-O-(dimetihylthiocarbamoyi)-
3.4-O-isopropyhdene-f-L-arabinopyranoside'® (16) did not react with tributyl-
stannane. Proloneation of the reaction time or the ;.ddition of azobis(isobutanonitrile)
did not promote reaction. nor did irradiation with hight of wavelengih 254 nm. In zall
of these experiments, essentially all of the starting material 16 was recovered.

Contersion of V7 into 2-deox) -L-erythro-pentose (20) and s aniline derivative 21.
— A solution of 17 (283 mg) in 40% aqueous acetic acid (7 ml) was boiled for 0.5 h
under refiux, and the solution was evaporated to give compound 20 as a colorless
syrup; vield 150 mg (72%0). A solution of 20 (100 mg) in ethanol (5 mD) containing
freshly distilled aniline (100 mg) was boiled for 2 h under reflux. The solution was
cooled, whereupon the aniline derivative 21 crystallized slowly. The crude matenal
was recrystallized from ethanol: yield 64 mg (31"5). m.p. l161-1637, [2]3® —20
(¢ 0.35, ethanol; unchanged during 24 h): X-ray powder ditffraction data: 10.61 +vs (1),
524s(2), 4725, £39s(3). 3.87 m. and 3.25w.

For the p enantiomer of compound 21, the following constants have been
recorded: m.p.'* 163-164" and [2]3° +19.5" (¢ 0.21. ethanol)*?. The particular
tautomenc form adopted by 21 was not established in this work. A product having
m.p. 172-1737 and showing upward mutarotation to —6.6" in methanoi was prepare<
by Stacey ef al.** from 2-deosy-L-er) thro-pentose and aniline.
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