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Photochemical Rearrangement of Some o-Nitrobenzylidene Carbohydrate 
Derivatives. A Route to Partially Protected Sugars 

By PETER M. COLLINS* and N. N. OPARAECHE 
[Department of Chemistry, Birkbeck College (University of London), Malet Street, London WClE 7HX] 

Summary Photochemical rearrangement of o-nitrobenzyl- 
idene glycosides to o-nitrosobenzoates and the oxidation 
of these products to give partially protected carbohydrate 
o-nitrobenzoates are described. 

IT has been known1s2 for many years that o-nitrobenzal- 
dehyde rearranges to o-nitrosobenzoic acid upon photolysis 
and that its diethyl acetal rearranges3 to ethyl o-nitroso- 
benzoate and ethanol. Tanasescu and his co-workers4 have 
also shown that cyclic acetals, derived from this aldehyde 
and diols, behave similarly giving hydroxy-nitrosoben- 
zoates, and that the di-o-nitrobenzylidene derivatives they 
obtained by condensing aldoses and pyranosides with this 
aldehyde undergo photolytic rearrangement to nitro- 
benzylidene nitrosobenzoates ; however, the structures of 
these carbohydrate derivatives proved difficult to determine. 

We have examined this photochemical rearrangement 
with mono-nitrobenzylidene glycosides and have overcome 
the problem of characterising the nitroso photo-products by 
oxidizing them to nitrobenzoates. This procedure has 
permitted the regiospecificity and stereospecificity of the 
reaction to be ascertained. 

These photolyses offer a useful route to partially pro- 
tected sugar esters (cf. ref. 6) and represents a novel method 
for removing an acetal residue without acid. 

Irradiationt of a 1% (w/v) methanolic solution of a 1 : 2 
endo-exo-mixture' of the pyranosidex (1) (prepared by 
standard procedures in 70% yield from methyl L-rhamno- 
side) rapidly gave the o-nitrosobenzoate (2). Compound (2) 
(probably dimeric) could only be obtained as an amorphous 
solid, but after oxidation with peroxytrifluoroacetic acid 
gave crystals of the L-rhamnoside (3), (88%), m.p. 101-102°, 
[a]= + 95",§ vmax 3495 (OH) cm-1. The n.m.r. spectrum 

10 Hz), 5.10 (d, 1-H), 5.65 (9, 3-H), 6-23 (0, J5,6 6 Hz), and 
8.8 (d, &Me)] was consistent only with the rhamno-con- 
figuration, the nitrobenzoyl substituent being at  the 2- 
position, and the free hydroxy-group at  position 3. These 
conclusions were confirmed by deacylations of (3) to give 
methyl a-L-rhamnopyranoside and by oxidation of (3) with 
ruthenium tetroxideQ to the 2,4-diester of methyl a-L-Zyxo- 
hexopyranosid-3-ulose. No 3-O-o-nitrobenzoate, which 
would be formed from the product obtained by the alter- 
native photochemical opening of the dioxolan ring, was 
found in the oxidized photolysate mixture. 

Photochemical cleavage also occurred under similar con- 
ditions with 1,3-dioxan derivatives. The a-D-glucopyrano- 
side (4) (obtained in 75% yield from methyl glucoside) 
upon sequential photolysis and oxidation gave a 3: 7 mix- 
ture of 4- and 6-o-nitrobenzoates (5) and (6)  (90%). Frac- 

[T (C6D6) 4.4 (ClJ J z , ~  1.3, J 2 , 3  3.5 Hz), 4-85 (ti J 4 , 5  10, J 4 , 3  

t Medium pressure mercury arc 450 W lamp, through Pyrex. 

4 Pure samples of the endu- and exu-isomers yielded identical products. 

Optical rotations were measured on methanol solutions. All the nitrobenzoates reported gave satisfactory elemental analyses. 
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tional crystallization of the crude product gave the 6- 
nitrobenzoate (6) (60y0), m.p. 128-129", [aID + 47"; 
Vmax 3500 cm-l; T [ (CD3)$0,  100 MHz] 5.13 (d, J1 , ,  3.3), 

10, ]*,OH 6.0 Hz), 6.14 (0, Js,e, 5.3 Hz), 5.38 (9, Js,s 1.8 Hz), 
5-24 (9, J2,3 10 Hz), 4-74 (qt J3,4 8.8 Hz), 6.45 (0, J 4 , s  

5-6 (9, Js.,s 11.6 Hz), and 4.25 (d, J 6.0, OH) and chro- 
matography (SiO,) of the mother liquors gave more (6), 
(Rf 0 ~ 6 3 ) ~  (ca. 2%) and the 4-o-nitrobenzoate (5),  (Rf 0.51) 
as a syrup (%yo), Vmax 3500cm-l; [aID 79"; T (CDC1,; 

9.0 Hz), 4.35 (t, J4,5 9.0 Hz), and 5.9-6.4 (5-, 6-, and 
6'-H). Nitrobenzoates (5)  and (6) both gave methyl a-D- 
glucopyranoside upon deacylation. * 

Other similar high-yield transformations include the con- 
version of methyl 2-0-acetyl-3,4-O-o-nitrobenzylidene-~- 
L-arabinoside into a mixture of 8 parts of the 4-O-o-nitro- 
benzoyl- and 2 parts of the 3-O-o-nitrobenzoyl-arabinoside 
acetates, and the conversion of the a- and the fl-anomers of 
methyl 2,3-di-O-acetyl-4,6-O-o-nitrobenzylidene-~-ga1acto- 
pyranosides into a mixture of 7 parts of the 4-O-o-nitro- 
benzoyl- and 3 parts of the 6-0-o-nitrobenzoyl-galactoside 
diacetates. Molecules containing free hydroxy-groups (e.g. 
4; R = H), methyl ether residues (4; R = Me) and tosyloxy- 
groups e.g. (4; R = S0,C,H4Me-p) also undergo the photo- 
chemical reaction. 

There are some similarities between this photochemical 
acetal ring cleavage and the Hanessian-Hullar lo 9 N- 
bromosuccinimide (NBS) reaction, but their mechanisms 
appear to be different. The NBS reaction affords bromo- 
benzoates, in which the stereochemistry a t  the newly 
formed non-acylated carbon atom (C-Br) is thought to be 
inverted ; in the absence of participating groups however, 
the stereochemistry a t  the non-acylated carbon atom (C-OH) 
is retained in the hydroxy-nitrosobenzoate formed photo- 
chemically. Thus photochemical cleavage of the dioxolan 
or dioxan rings occurs between an oxygen atom and the 
benzylic carbon atom. 

Transformation of the kind described could not be in- 
duced with either para- or meta-nitrobenzylidene derivatives, 
consistent with the current view12 that the initial step in 
this type of photochemical reaction is intramolecular 
hydrogen atom abstraction to give an intermediate of the 
type (7 ) .  This intermediate could then yield the nitroso- 
benzoate either via intermediate (8)  or (9 ) .  

We thank the Royal Society for an equipment grant and 
Professor W. G. Overend for his encouragement. 

100 MHz) 5.01 (1-H), 5.05 (2-H), 4.65 (t, J3,2 9.0, J3,4 

(Received, 31st January 1972; Corn. 137.) 

G. Ciamician and P. Silber, Ber., 1901, 34, 2040. 

E. Bamberger and E. Elger, Annalen, 1910, 371, 319. 
I. Tanasescu, Bull. SOG. chim. France, 1926, 77, 447; I. Tanasescu and H. Tanasescu, Bull. SOC. Stiinte, Cluj., 1925, 2, 369 (Chem. 

I. Tanasescu and M. Ionescu, Bull. SOC. chim. France, 1936, 3, 1511; 1940, 7, 77; I. Tanasescu and E. Craciunescu, ibid., p. 581. 
C. B. Reese and J. E. Sulston, PYOC. Chem. SOC., 1964, 214. 
N. Baggett, K. W. Buck, A. B. Foster, and J. M. Webber, J .  Chem. SOC., 1965, 3401. 
G. Zemplen, A. Gerecs, and I. Hadacsy, Ber., 1936, 69, 1827. 

a P. de Mayo and S. Reid, Quart. Rev., 1961, 16, 393. 

Abs., 1926, 20, 749). 

@ P. J. Beynon. P. M. Collins, P. T. Doganges, and W. G. Overend, J ,  Chem. SOC. (C) ,  1966, 1131. 
lo S. Hanessian and N. R. Plessas, J .  Org. Chem., 1969, 34, 1053 and preceding papers. 
l1 D. L. Failla, T. L. H u k ,  and S. B. Siskin, Chem. Comm., 1966, 710. 
la J. A. Berson and E. Brown, J .  Amer. Chem. Soc., 1955, 77, 447; see also J. A. Barltrop and N. J. Bunce, J .  Chem. Soc. ( C ) ,  1968, 

1467. 




