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ABSTRACT 

Selective esterification reactions of 1,6-anhydro-3-deoxy-/~-ID-xylo-hexopyranose 
(l), 1,6-anhydro-B-D-glucopyranose (7), and several derivatives of 7, were conducted 
with an acid chloride or acid anhydride in pyridine. Reaction of 1 with p-toluene- 
sulfonyl chloride and with benzoyl chloride gave 70 and 63%, respectively, of the 
Zesters. The 2-methyl and 2-benzyl ethers of 7, both having a strongly hydrogen- 
bonded C-4 hydroxyl group, reacted with p-toluenesulfonyl chloride to yield the 
Cmonosulfonates (71 and 74%, respectively). Esterification of the 2-methyl ether and 
2-g-toluenesullbnate of 7 with p-toluenesulfonic anhydride instead of with p-toluene- 
sulfonyl chloride led to increased yields of the 4-p-toluenesulfonates after a shorter 
reaction-time. 

INTRODUCTION 

Selective esterification has been useful in carbohydrate chemistry, even though 
factors controlling selectivity are not fully urderstoodl-B. In the reactions of carbo- 
hydrates with acid chlorides in pyridine, intramolecular hydrogen-bonding (rather 
than steric effects) can often be used to explain selectivity. However, accurate predic- 
tion of products from partial esterification reactions are difficult at present, and more 
information is needed concerning how intramolecular hydrogen-bonding influences 
selectivity. 

Here we describe selective esterification of 1,6-anbydro-3-deoxy-/?-D-x+ 
hexopyranose (1) and of several derivatives of 1,6-anhydro-/3-D-glncopyianose 
(levoglucosan, 7). The tist compound was chosen because: (a) its pyranoid ring is 
conformationally rigid, having the two hydroxyl groups tied in axial and equatorial 
orientations, (b> esterifkation of either hydroxyl group in 1 should not substantially 
affect the reactivity of the other, and (c) OH-2 in compound 1 can form an intra- 
molecular hydrogen-bond (with O-5), whereas OH-4 cannot. We consider that the 
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That generalization again holds true for compound 1, where the more reactive 2-OH 
group is geometrically well situated for hydrogen-bonding to O-5. 

Intramolecular hydrogen-bonding is generally detected2 ’ by measuring the i-r. 
hydroxyl-stretching frequencies of a compound in dilute solution (< 5m~) in non- 
polar solvents (generally carbon tetrachloride). As 1 was insoluble in carbon tetra- 
chloride, measurements were made in 1,Zdichloroethane at a concentration of 
SO~M, to observe the hydroxyl-stretching absorption above the solvent background. 
Under those conditions, compound 1 exhibited hydroxyl-stretching bands at 3590 
and 3610 cm-‘, indicating an intramolecular hydrogen-bond (3590 cm-’ ; 2-O-H - - - 

O-5) and a free hydroxyl group (3610 cm-‘). With five molar equivalents of pyridine 
added to the solution, no change in the two bands was observed. The same intra- 
molecular hydrogen-bond was also detected in a solution of 1,6-anhydro-3-deoxy-4 
O-p-tolylsulfonyl-j?-D-xylo-hexopyranose (5) in carbon tetrachloride; the spectrum 
showed a band of medium intensity at 3590 cm-’ and a weak band at 3627 cm-’ 
(Table I). 

Steric considerations alone cannot always account for experimental results 
observed in esterification of 1,6-anhydro sugars. For example, Shapiro et aZ.22 

treated 2-U-ace@-1,6-anhydro-/3-D-galactopyranose with 1 _ 1 molar equivalents of 
acetic anhydride in pyridine and obtained the 2,3-diacetate in 54% yield. The same 
authors reported a 41% yield of the 2,3-diester upon treatment of unsubstituted 
1,6-auhydro-p-D-galactopyranose with 2.5 equivalents of acetic anhydride. In both 
instances the 3-hydroxyl group, although syn-axial to the anhydro bridge, was 
acetylated in preference to the sterically unhindered, equatorial Chydroxyl group. 
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In other work, Koenig+Knorr condensation between Zsubstituted 1,6-anhydro+ 
D-galactopyranose and a monosaccharide glycosyl bromide22, and between 1,6- 
anhydro-j3-D-glucopyranose and a disaccharide glycosyl bromidez3, showed that 
OH-3 could be as reactive as 0H-4, despite the unfavorable steric orientation of 
OH-3. 

Internal hydrogen-bonding can be invoked as well as steric factors24*25 to 
explain the products of partial esterification of 1,6-anhydro-p-D-glucopyranose 
(levoglucosan) (7) and its derivatives. The a-methyl and Zbenzyl ethers of 7 (9 and 
10, respectively) contain strongly hydrogen-bonded C-4 hydroxyl groups2’ (veon = 
3562 cm-r, Table I), and both compounds reacted with 1.3 equivalents of p-toluene- 
sulfonyl chloride to give a small proportion of disulfonate and 71-74% of 1,6- 
anhydro-2- O-methyl4 O-p-tolylsulfonyl+D-glucopyranose or 1,6-anhydro-2-G 
benzyl4O-p-tolylsulfonyl-j?-D-glucopyranose. p-Toluenesulfonylation of the 4- 
benzyl ether (11) of 7 under identical conditions yielded 71% of 1,6-anhydro40- 
benzyl-2-Gp-tolylsulfonyl-B-D-glucopyranose (Table I). 

In levoglucosan (7), the hydrogen-bond between O-2 and O-4 is decreased 
upon acylation at either OH-2 or OH-4; the POH stretching frequencies of the 2,3- 
dibenzoate2’ and the 2-p-toluenesulfonate (12) of 7 occur near 3585 cm-l (Table I)_ 

However, the hydrogen-bond involving the 2- or 4-OH group in a 4- or 2-U-acyl 
derivative of levoglucosan is still stronger than the bond involving the 3-OH group 
(ca. 3605 cm-‘); therefore, dimolar p-toluenesulfonylation of 7 with the acid chloride 
gives a high yield (69%) of the 2,Pdiester. 

Selectivity in esterification reactions employing acid anhydride-pyridine 
appears to be much less influenced by intramolecular hydrogen-bonding than in 
reactions conducted with acid chloride-pyridine’*2*26-28. For that reason, and 
because few investigators6 have used sulfonic anhydrides as esterifying agents, we 
examined the reaction of p-toluenesulfonic anhydride with levoglucosan Q, its 2- 
methyl ether (9), and its 2-p-toluenesulfonate (12). 

Treatment of 12 with 1.3 equivalents of p-toluenesulfonic anhydride for 0.5 h 
at 0”, followed by chromatographic separation of the mixture on silica gel, gave 88% 
of 1.6-anhydro-2,4-di-O-p-tolylsulfonyi-~-~-glucopyranose, together wiA& a small 
proportion of trisulfonate (Table I). In contrast, use of p-toluenesulfonyl chloride 
for esterification of 12 gave decreased selectivity (64% of the 2&diester), and required 
3-4 days at 25” for completion. Almost identical results were observed for the p- 
toluenesulfonylation of 1,6-anhydro-2- O-methyl-/?-D-glucopyranose (9, Table I), 
except that its reaction withg-toluenesulfonyl chloride was faster (complete in < 24 h). 
Thus, p-toluenesulfomc anhydride is a better reagent than p-toluenesulfonyl chloride 
for preferential esterification of levoglucosan, possibly2V2g because the former 
reagent is used at a lower temperature. 

EXPERIMENTAL 

General methods. - Melting points were determined on a ThomasTHoover 
capillary apparatus. Optical rotations were obtained with a Zeiss-Wit&e1 visual 
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polarimeter. All evaporations were conducted under diminished pressure below 
50”. T.1.c. was performed on plates coated with Silica Gel G (Brinkmann Instruments, 
Inc., Westbury, N-Y.); developing solvents (U/U) are quoted in parentheses. The 
components were located by spraying with 5% sulfuric acid in methanol followed 
by charring on a hot plate. Column chromatography was performed with silica gel 
(Davison, grade 950, 60-200 mesh, Fischer Scientific, Pittsburgh); fractions were 
collected at a flow rate of l-2 ml min-‘, and were monitored by t.1.c. N.m.r. spectra 
were recorded for 10% (w/v) solutions with a Varian A-60A spectrometer at the normal 
probe temperature. Tetramethylsilane [in Me,SO-d, and CDClJ and sodium 4,4- 
dimethyl-kilapentane-I-sulfonate (in D,O) were used as internal standards. Spin 
decoupling was accomplished by the “fieid-sweep” technique. 1.r. spectra were 
recorded on a Perkin-Elmer 621 grating spectrophotometer for carbon tetrachloride 
solutions (IO-mm cell) or 1,Zdichloroethane solutions (l-mm cell). 

Materials. - The following sugar derivatives were prepared according to 
published procedures: 1,6-anhydro-j?-D-glucopyranose3’ Q, m-p. 160-161”; 1,6- 
anhydro-2- O-methyl-&D-glucopyranose3 ’ (9), m.p. 93-94”; and 1,6-anhydro-4-O- 
benzyl-B-D-glucopyranose’ ’ (ll), m-p. 53-54”. 1,6-Anhydro-2-O-p-tolylsulfonyl-/L 
D-glucopyranose (12) was prepared by hydrogenation of 1,6-anhydro4&benzyl- 
2-O-p-tolylsulfonyl-P_D-glucopyranose32 in ethyl acetate at 1 atm pressure over 5% 
palladium on charcoal. Compound 12 had m-p. 113-l 15”; reportedZ5 116-119”. 

p-Toluenesulfonic anhydride was prepared according to the procedure described 
by Field and McFarIand33. The anhydride had m-p. 120-127” in a sealed tube. 

I,6-Anhydro-3-deoxy-8_D-xylo-hexopyranose (1). - A mixture of 1,2:5,6-di-O- 
isopropylidene-3-deoxy-cc-D-xylo-hexopyranose’ 6 (11.4 g) and 0.25~ aqueous sulfuric 
acid (1000 ml) was heated for 40 h on a steam bath, cooled, and neutralized with 
barium carbonate. Filtration, and concentration of the filtrate, gave a syrup (7.3 g) 
that was chromatographed on silica gel (200 g). Successive elution with 9: 1 ethyl 
acetate-methanol and methanol gave 1.01 g (25%) of 1,6-anhydro-3-deoxy-p-D- 
xylo-hexopyranose (1) and 2.92 g (64%) of 3-deoxy-D-xylo-hexose. The 1,Qanhydride 
(1) crystallized from a mixture of ethyl acetate-petroleum ether (b.p. 60-l loo); m.p. 
138-139”, [a]i2 -8” (c 1.0, H,O). [lit.” m.p. 131-137”, [a];’ -9.5” (c 0.8, H,O) 
(erroneously given as -I-)]. N.m.r. data (Me2So-d& T 4.90 (1H doublet, J,,, 2.0 Hz, 
H-l), 5.15 (1H doublet, JoH--4,H--4 4.5 Hz, OH4) (see n.m.r. data for 6), 5.28 (1H 
doublet, JOH_-2,H_2 6.0 Hz, OH-2) (see n.m.r. data for 3), 5.74 (1H multiplet, H-5), 
and 8.1-8.8 (2H multiplet, H-3,3’). 

Anal. Calc. for C6HXo0,: C, 49.31; H, 6.90. Found: C, 49.41; H, 6.74. 
Compound 1 gave a crystalline diacetate (la), m.p. 73-75”, and a crystalline 

dibenzoate, m-p. 1 18-120°, [a];* -t 1 lo (c 1.0, chloroform). Both compounds displayed 
the anticipated distribution of protons in their n.m.r. spectra. The diacetate la has 
been reported? m-p. 74-75”, [c&, -13.5” (c 0.7, chloroform) (erroneously given 
as +). 

I,6-AnZzydro-2-O-benzyZ-j3-D-gZucopyranose (10). - The starting material for 
preparation of 10 was 1,6:3,kiianhydro-2-~-p-tolylsulfonyl-~-D-galactopyranose 
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(13), which was readily prepared34 in > 50% yield from 1,6-anhydro-B-D-glucopyra- 
Hook and reported desulfonation 13 with amalgam, 

whereas and his colleagues’ unsuccessful in attempts produce 1;6:3,4- 

M aqueous sulfuric acid, 
and evaporated to dryness. The residue was extracted twice with hot abs. ethanol. 
An equal volume of water was added to the ethanol extract and the resulting solution 
was passed through Amberlite MB-3 (Hf, OH-) resin (100 ml). The effluent was 
evaporated to a syrup (2.15 g) that crystallized at 0” from a mixture of acetone 
(5 ml) and ethyl ether (60 m1). Two crops of pure I,6-anhydro-2-O-benzyl-/3-D- 
glucopyranose (10) were obtained; 1.78 g (71%), m.p. 73-74’, [ol]:’ -64” (c 1.0, 
ethanol). 

Amd. Calc. for C,,H,605: C, 61.89; H, 6.39. Found: C, 62.05; H, 6.28. 
The structure of 10 was confirmed by methylation and reductive debenzyl- 

ation, which gave l,6-anhydro-3,4-di-U-methyl-~-D-glucopyranose20; m.p. and 
mixed m.p. with an authentic sample, 41-43’. 
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,?ZYWZ&Z&WZ of 1,6-an~~~~~-3-rieoxy~o-~zex~~~~~~~~e (1). - A solution 
of p-toluenesulfonyl chloride (220 mg, 3 equivs.) in pyridine (5 ml) was added drop- 
wise, with stirring, to a mixture of 1 (55 mg) and pyridine at 25”. After 36 h at 25”, 
t.1.c. showed no starting mater&l remaining. The reaction was stopped by adding 
water, and the products were dissolved in benzene. The organic layer was successively 
washed with 5% aqueous hydrochloric acid, 5% aqueous sodium hydrogen carbonate, 
and water. The benzene solution was dried over sodium sulfate and evaporated to a 
syrup, which was chromatographed on a column of silica gel. Elution with 4:1 
chloroform-ethyl acetate gave two fractions as syrups. The faster-moving component 
(20 mg, 11%) proved to be the disulfonate of 1 (n.m.r. showed two p-toluenesulfonate 
substituents, r 2.0-2.7), and was not investigated further. The slower-moving compo- 
nent, 1,6-anhydro-3-deoxy-2- O-p-toiylsulfonyl-fi-D-&r-hexopyranose (2, 80 mg, 
70%), yielded 75% of a crystalline monoacetate monosulfonate (2a) upon treatment 
with acetic anhydride-pyridine; m-p. 114-l 16”, [a]g4 -27” (c 1.0, chloroform). 

Anal. Calc. for C,,H,,O,S: C, 52.62; H, 5.30; S, 9.37. Found: C, 52.10; 
H, 5.44; S, 9.13. 

Compound 2 was characterized largely through its conversion in two steps 
into 1,6-anhydro-3-deoxy-PO-methyl-~-D-xylo-hexopyranose (3), a compound 
whose n.m.r. spectrum was consistent with its assigned structure. Methylation of 
2 was accomplished in 67% yield by using methyl iodide and silver oxide in NJV- 
dimethylformamide . 3g The product was reduced in 4:l methanol-water with 4% 
sodium amalgam (see foregoing preparation of 14) to give 3 in 90% yield as a chroma- 
tographically pure syrup; n.m.r. data (Me,SO-d,): r 4.89 (IH, narrow multipiet, 
H-l), 5.19 (lH, doublet, Jo,,,,, 5.8 Hz, OH-2), 5.48 (IH, triplet with major 
splittings of J 4,5 N- J5,6 N- 4.2 Hz and many smah, long-range couplings, H-5), 
6.15 (lH, quartet, J6,6P 7.0, J5,6q 0.8 Hz, H-6’ exe), 5.6-6.6 (3H, multiplets, H-6 
endo, H-2, and H-4), 6.75 (3H, singlet, methoxyl), and 8.08-8.80 (2H, multiplet, 
two protons on C-3). 

Selective benzoylation of 1 was performed as follows: benzoyl chloride (355 mg, 
1.5 equivs.) was added dropwise, with stirring, to a solution of l(260 mg) in pyridine 
(10 ml) maintained at 5-10”. After 1 h, t.1.c. showed no starting material, but two new 
components had appeared. The reaction mixture was processed in benzene solution, 
and the isolated syrup was chromatographed on silica gel. Elution with 3:1 benzene 
ethyl acetate gave a dibenzoate fraction (195 mg, 31%) and a monobenzoate fraction 
(280 mg, 63%). The dibenzoate crystallized from ethyl acetate-petroleum ether 
(b.p. 60-I IO“); m-p. I I8-120”, [c&~ + 11” (c 1.0, chloroform). 

The syrup_- =ronobenzoate fraction was shown to contain preponderantly 
1,6-anhydro-2-0-beL _ i-3-deoxy-/?-D-xylo-hexopyranose (4) by the following ev- 
idence. p-Toluenesulfonylation of 4, followed by debenzoylation with sodium meth- 
oxide in methanol, gave a syrupy monosulfonate 5, which showed an i.r. band at 
3590 cm-l of moderate intensity, indicating an intramolecularly hydrogen-bonded, 
hydroxyl-stretching absorption; this is possible only between the axial OH-2 and 
O-5. Acetylation of 5 yielded a monoacetate monosulfonate whose n.m.r. spectrum 
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(CDCI,) exhibited a single acetoxyl methyl resonance at 7 7.93, dcwnfield by 0.05 
p.p.m. from the acetoxyl resonance of 2a. Furthermore, compound 5 was converted 
into 1,6-anhydro-3-deoxy-2-O-methyl-B-D-xylo-hexopyranose (6) by Kuhn methyl- 
ation and reductivedestdfonation with sodium amalgam. N-m-r. datafor6(Me,SO-d,) 
r 4.73 (IH, narrow multiplet, H-l), 5.12 (lH, doublet, JoH--4,u--4 4.8 Hz, OH4), 
5.76 (lH, triplet with major splittings of Js,6 N J4,5 N 4.5 Hz and many small, long- 
range couplings, H-5), 6.04 (lH, quartet, Je,e, 7.0, J5,6r 1.0 Hz, H-6’ exe), 6.76 (3H, 
singIet, methoxyl), and 8.0-8.8 (2H, mllltiplet, two protons at C-3). 

Reaction of Zevogfucosan derivatives with p-toluenesulfonyl chloride. - Esterifica- 
tion reactions of levoglucosan 2-methyl ether (9), 2-benzyl ether (lo), 4-benzyl ether 
(U), and 2-p-toluenesulfonate (12) were conducted as follows: the substituted 1,6- 
anhydride (5 mmoles) was dissolved in pyridine (8 ml) at 25”, and 1.3 equivs. of p- 
toluenestdfonyl chloride (I.24 g) was added. The mixture was maintained at 25”, 
and t.1.c. with 3:2 benzene-ethyl acetate showed that esterification of 9, 10, or 12 
was complete in less than 24 h, whereas 11 required 311 days. Each reaction was 
quenched by adding a small amount of water, and the products were isolated in 
chloroform solution. Separation of the products of a reaction was achieved by 
column chromatography on silica gel (80 g) with 7:3 benzene-ethyl acetate as the 
developing solvent. The yield of trisubstituted levoglucosan derivative from the 
column was always less than 4%. No attempt was made to recover the trace of starting 
compound in the reaction mixture. The principal product of esteriflcation, its yield, 
and method of identification are now discussed. 

Compound 9 gave 1.17 g (71%) of 1,6-anhydro-2-O-methyl-4-U-p-tolylsulfonyl- 
p-D-glucopyranose as a crystalline solid; m.p. 11 l-l 12q [LY]~ - 53” (c 0.8, chloroform). 

.4naZ. Calc. C,,H,,O,S: C, 50.90; H, 5.49; S, 9.70. Found: C, 50.75; H, 5.64; 
s, 9.57. 

The monosulfonate derived from 9 was identified by its reaction with sodium 
methoxide to give (65% yield) the known36 l&3,4-dianhydro-2-O-methyl-&D- 
galactopyranose; m.p. 91-92”, [cx]E2 -74” (c 1.0, chloroform). &it.36 m-p. 91-92’, 
Cali?’ - 77” (c 1.35, chloroform)]. 

Compound 10 gave 1.5 g (74%) of crystalline 1,6-anhydro-2-U-benzyl40-p- 
tolylsulfonyl-/?-D-glucopyranose; m.p. lOl-102”, [a]i3 - 51” (c 0.8, chloroform). 

Anal. Calc. CZ0HZ207S: C, 59.10; H, 5.45; S, 7.90. Found: C, 59.47; H, 5.45; 
s, 7.99. 

The structure of the monoester derived from 10 was established by its reaction 
with sodium methoxide, followed by catalytic debenzylation with hydrogen over 
paIladium-on-charcoal catalyst, to give (65% yield) 1,6:3,4-dianhydro-/l-D-galacto- 
pyranose (14), identical in all respects with 14 prepared by the method described in 
this paper. 

p-Toluenesuhonylation of compound 12 yielded 1.51 g (64%) of 1,6-anhydro- 
2,4-di-O-p-tolyisulfonyl-p-D-glucopyranose. The disulfonate was difficult to crystal- 
Iize24, but was readily identified by its conversion (81% yield) into 3-U-acetyl-1,6- 
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anhydro-2,4-di-~-p-tolylsulfonyl-8_D-gh.rcopyranose; mp. 157-158”, [a]g6 - 39.6” 
(c 1.2, chloroform). [(Lit.24 m.p. 162-163”, [c&O -39.5” (c 1.01, chloroform)]. 

Compound 11 gave 1.44 g (71%) of 1,6-anhydro-4-0-benzyl-2-O-p-tolylsul- 
fonyl-8_D-glucopyranose as a crystalline solid; m.p. 124-126”, [c&’ - 18.3” (c 5.0, 
chloroform). [Lit.32 m-p. 126-127”, [c# -18” (c 1.75, chloroform)]. 

Reaction of levoglucosan derivatives with p-toluenesulfonic anhydride. - Freshly 
prepared p-toluenesuIfonic anhydride 3 3 (0.27 g, 1.3 equivs.) was added to I$- 
anhydro-2-r)-p-tolylsulfonyl-j&D-glucopyranose (12, 0.200 g) dissolved in pyridine 
(5.0 ml) and maintained at 0”. Analysis of the stirred reaction mixture, by t.1.c. 
with 3:2 benzene-ethyl acetate, showed the reaction to be complete after approximately 
30 min. Water was added and stirring was continued for 30 min at 25”. The reaction 
products were isolated in chloroform. The chloroform solution was dried over 
sodium sulfate and concentrated to a syrup (0.314 g) that was chromatographed on 
silica gel (15 g). Elution with 7:3 benzene-ethyl acetate gave 1,6-anhydro-2,3,4-tri-O- 
p-tolyfsulfonyl-p-D-ghxopyranose (14 mg, 3.6%), m-p. 105-106” (reported2 5, m.p. 
102-1050), and 1,6-anhydro-2,4-di-O-p-toIylsulfonyl-~-~-D-gIucopyranose (260 mg, 
88%) as a syrup, [a]:’ -41” (c 1.0, chloroform). cerny et uI.~~, reported this 
compound to have m.p. 116-l 18”, [a];’ -43’ (c 0.96, chloroform). The disulfonate 
(0.149 g) was acetylated to give 0.131 g (81%) of crystalline 1,6-anhydro-3-O-acetyl- 
2,4di-O-p-tolylsulfonyl-j?-D-glucopyranoseZ4, m-p. 157-158”. 

1,6-Auhydro-2- 0-methyl-/I-D-glucopyranose (9, 0.252 g) was treated with p- 
toluenesulfonic anhydride (0.61 g, 1.3 equivs.) by the foregoing procedure to produce 
syrupy 1,6-a~ydro-2-O-methyl-3,4-di-O-p-tolylsulfonyl-~-~-glucopyranose (27 mg, 
3.9%) and 1,6-anhydro-2-O-methyl4-O-p-tolylsulfonyl-~-D-glucopyranose (398 mg, 
84%), m.p. 111-l 12”. Treatment of the latter with sodium methoxide in chloroform 
gave the known36 l,B:3,4-dianhydro-2-O-methyl-j3-~-gaIactopyranose, m-p. 91-92”. 

1,6-Anhydro-P-D-glucopyranose (7, 2 g) was sulfonylated at 0” in pyridine 
(80 ml) by six additions of p-toluenesulfonic anhydride (I 1.4 g total) during 2.0 h. 
The reaction mixture was stirred for a total of 4 h at 0”, and then a small amount of 
water was added, and the mixture was allowed to warm to 25”. After 30 min, the 
mixture was concentrated at < I mm Hg to remove most of the pyridine. The products 
(4.1 g) were obtained in the normal manner, and chromatographed on silica gel 
(200 g). The first fraction was the trisulfonate of levoglucosan (0.54 g, 7.2%), and the 
second fraction was 1,6-anhydro-2,4-di-O-p-tolylsuifonyl-P-~-~ucopyranose (4.57 g, 
79%). No attempt was made to recover the monosulfonate fraction, as t.1.c. showed 
only a trace amount. 

The authors thank Lowell 0. Sell for recording i-r. and n.m.r. spectra. One of us 
(J.M.M.) sincerely appreciates fellowship support from The Institute of Paper 
Chemistry throughout the duration of this work. 
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