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ABsTRAcr 

The acid-catalysed ethylidenation of some methyl pentopyranosides has 
been studied and the configuration at the acetal carbon atom assigned by p.m.r. 
spectroscopy. There is a strong preference for the isomer in which the methyl group 
has the endo configuration. Several cyclic alkyl orthoacetates derived from methyl 
pentopyranosides have been prepared by orthoester exchange and the endo C-methyl 
isomer shown to preponderate. Treatment of vicinal acetoxyoxiranes and ortho- 
acetates with boron triBuoride followed by lithium borohydride, or with diborane, 
yields ethylidene acetals in which the C-methyl group is endo. Rearrangements of 
the hexachloroantimonate salts of acetoxonium ions derived from methyl lyxo- and 
arabino-pyranosides, possessing trrms-vicinal acetoxyl groups, have been studied. 
The ions having the arabino configuration are preferred4n both the a and fl series. 
The reaction of cyclic orthoacetates of methyl B-L-arabinopyranoside and some 
derivatives with dry acetic acid proceeds via an acyclic acetoxonium ion to yield 
only products having the L-arabino configuration. 

INTRODUCTION 

The acid-catalysed ring-opening of oxiranes bearing a neighbouring trans- 

acetoxyl group is believed2 to involve acetoxonium ions as intermediates. We wished 
to extend our studies in two ways. Firstly, to obtain further evidence for the presence 
of these ions by converting their salts into ethylidene acetals, a process for which 
there is a precedent in the steroid field 3. Secondly, to prepare some related carbo- 
hydrate orthoesters and to study their behaviour under similar react-ion conditions. 
From our previous experience2*4, methyl pentopyranosides appeared to be the best 
substrates for this work. 

*Dedicated to the memory of Professor Edward J. Boume. 
*For a preliminary report of part of this work, see Ref. 1. Presented in part at a meeting of the 
Chemical Society Carbohydrate Discussion Group held in Bedford College, University of London, 
September lSth, 1970. 
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As a first step, it was necessary to prepare, as reference compounds, U-ethyl- 
idene derivatives of known stereochemistry at the acetal carbon atom. The chemistry 
of cyclic acetals was a lifelong interest of Professor Boume, and he was coauthor of 
a pioneering review of the subject’. 

RESULXS AND DISCUSSION 

Oldham and Honeyman showed that treatment of methyl B-L-arabino- 
pyranoside (1) with paraldehyde and sulphuric acid yielded two isomer-k 3,4-O- 
ethylidene compounds. We have r-e-examined this reaction using toluene-p-sulphonic 
acid as catalyst and have separated the isomeric acetals by chromatography on 
alumina. The major component, shown by p.m.r. spectroscopy to constitute 80-90% 
of the mixture, was isolated as a crystalline solid, m-p. 73-75”, in 55% yield; it was 
clearly the isomer of m.p. 76” previously isolated6. Its p.m.r. spectrum contained a 
doublet centred at 6 1.45 due to the ethylidene methyl group, and a corresponding 
metbine signal as a quartet centred at 6 5.10. The minor component was isolated as a 

syrup whose p.m.r. spectrum contained signals due to the ethylidene group at 6 1.35 
(CH,) and 5.40 (CH). These data indicate 7-12 that the crystalline isomer has the 
en&-methyl structure 3 and that the syrupy isomer has structure 4. The reliability 
of the p.m.r. method has been reafbrmed recently’ 2 by determination of the structure 
of one of the isomers of methyl 3,4-U-ethyhdene-8-Dgalactopyranoside by X-ray 
crystallography. 

OR 

1R=H 
2R=Me 

3 R’= R3= H,R’= Me 9 R’ = R*= Me,R”=OMe 

4 R’= R2= H,R3= Me lad = d=Me.@L=OMe 

6 R’ = H,R2= Me,R3= OMe 11 R’ = R*= Me,R3= H 

6 R’= H,R2, 0!.de,R3= Me 12 R’ = A=.$= Me,R3= OMe 

7 R’= H.R2 = Me.R3=OEt 13 R’ = Ac.R’= 0Me.R3= Me 

6 R’= H.R’= 0Et,R3 = Me 
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In order to confirm that the a&al mixture had equilibrated under the reaction 
conditions, we treated each isomer separately with teluene-p-sulphonic acid in 
chloroform. Examination of the resulting mixtures by p.m.r. spectroscopy revealed 
that the en&-methyl compound 3 was the major product in both cases, and 3 was 
isolated in 70% yield after acid treatment of 4. The strong preference for the endo- 
methyl isomer is in keeping with work on other 1,3-dioxolane systems10S12-15. 
KankaanperZ’ 4, ’ 5 and Eliel and his coworkers lo have made an extensive study 
of 2,~dialkyl-1,3_dioxolanes and 2,4,&s-5-trialkyl-1,3dioxolanes. With the exception 
of two cases involving tert-butyl substituentsiO, the isomer having the endo-2-alkyl 
substituent preponderated_ Kankaanpera has suggested that this can be rationalised 
by assuming that the 1,Zdioxolane ring adopts a half-chair (or twist) conformation, 
a conclusion also reached by other worker?‘. Thus, a probable conformation16 
of the acetal3 is 3a, in which the pyranoside ring is in the form of a tlattened-chair 
intermediate between 4C1 and OH5 (c$ Ref. 17) and the dioxolane ring is in the 

4G4 conformation. The minor isomer may exist as 4a, in which there is a des- 
tabilising a,a’ interaction between the acetal methyl group and K-4, or as 4b whose 
pyranose ring is 4C1 and whose dioxolane ring is -‘T3. In 4b, there is a destabilising 
interaction between the acetal hydrogen and the C-2-C-3 bond of the pyranose ring. 
The general preference for the methyl group in a 2-methyl-1,3dioxoIane to have the 
endo coniiguration was illustrated further by acid-cataIysed ethylidenation of the 
methyl ether (2) of 1, methyl a-D-lyxopyranoside, methyl a-D-arabinopyranoside, 
and cyclohexane-cis-1,2-&01, to give 11, 14, 16, and 17, reqpectively, each of which 
is preponderantly the en&methyl isomer, as shown by p.m.r. spectroscopy (Table I). 
It has recently been shown” that methyl 2,6-di-0-benzyl+?-D-galactopyranoside 
gives mainly the en&-methyl ethylidene acetal under conditions of acidic catalysis. 

We have previously postulated 2*4 that acetolysis of the anhydrolyxoside 20 
proceeds via the acetoxonium-ion intermediate 21. We anticipated that if such an 
ion could be prepared under anhydrous conditions3, its reduction by a hydride 

14R=H 

15 R =OMe 
Me 

.r 
I” 

$7R=H 

18R = OMe 

R”poMe MeJi&---qMe oaoMe 
R 

lgR=H 23 R = OH 23 

20R =Ac 22 R = OBF,o 
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reagent should yield the acetal3, since approach of the reagent should be from the 
less-hindered exo side. We therefore treated the oxirane 20 in benzene with boron 
trifluoride etherate. A gummy precipitate, presumably 22, formed immediately 
and was treated with lithium borohydride in ether to give the acetal3 in 37% yield. 
None of the isomer 4 could be detected by t.l.c., indicating that the hydride had 
attacked exclusively from the exo side18-20. 

It is known that oxiranes undergo ring-opening when treated withdiborane’ ’ *22. 
We therefore treated the anhydrolyxoside 20 with a solution of diborane in ether 
and isolated the acetal3 in 45% yield. The oxirane 19 was also isolated (26%), arising 
by reductive cleavage of the ester grouping *I. Once again, none of the exe-methyl 
isomer 4 could be detected. Reductive cleavage of the acetal ring23 was not a major 
reaction under our conditions. 

Cyclic orthoesters are an alternative source of cyclic acetoxonium ionsg*2b27. 
Many examples of alkoxy alkylidene derivatives of carbohydrates are known, but in 
most cases the 1,3-dioxolane ring involves the anomeric centreg*‘1~18~20~28~30. 
The f&t examples to be characterised in which C-l was not part of the dioxolane ring 
were ribonucleoside derivatives31-34; an orthoester was used as an intermediate 
in the monoacylation of a hexopyranoside ’ 5. Contemporary with this work, Paulsen36 
described a 4,6-U-ethoxyethylidene derivative of D-idose, 

We have prepared a series of cyclic orthoesters of the methyl pentopyranosides 
from the glycoside and trimethyl orthoacetate by the technique of acid-catalysed 
orthoester exchange34p3 7. Examination of the products by p.m.r. spectroscopy 
revealed that a diastereoisomeric mixture was obtained in each case and, by using 
the arguments of Perlinlg and of Lemieux and Morgan*‘, it was shown that the 
isomer in which the alkoxy group had the exo configuration was always preponderant 
(Table I). Since orthoesters are extremely acid-labile, the method of preparation 
ensures that the systems have attained equilibrium. The preparation of l,Zortho- 
esters from O-acetylglycosyl halides normally leads to the preferential formation of 
the exo-alkoxy isomer as a result of nucleophilic attack on the acetoxonium-ion 
intermediate’*-*’ from the less-hindered exo side. Under non-acidic conditions, 
subsequent isomerisation cannot occur. It is apparent that the isomer having an 
exo-alkoxy group is preferred under conditions of both kinetic and thermodynamic 
control. The thermodynamic preference for the exo-alkoxy isomer is in agreement 
with the behaviour of Q-ethylidene acetals, and the conformational arguments are 
similar’“*‘4*’ 5. It is known that a methoxyl group has a lower conformational 
free-energy difference than an alkyl group 38. Thus, the L-arahbo orthoesters 5 and 6 
may exist in the conformations 5a and 6a or fib In da, there is a destabilising a,a’ 
interaction between the orthoester methyl group and H-4, while in 6h there is a similar 
interaction between the orthoester methoxyl group and the C-2-C-3 bond. The 
orthoester 5, in conformation 5a, should therefore be preferred thermodynamically. 

We have used orthoester formation as a further test for acetoxonium-ion 
formation in an acid-catalysed reaction of an acetoxyoxirane. When methyl 2-0- 
acetyl-3,4-anhydro-o-D-arabinopyranoside (23) was treated with antimony penta- 
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chloride, and the resulting solid was treated with sodium methoxide in methanol, 
the a-D+XO orthocster 15 was produced in 80% yield; its n.m.r. spectrum was almost 
indistinguishable from that of the same orthoester prepared from methyl ct-D-lyxo- 
pyranoside by orthoester exchange. The ratio of diastereoisomers, determined from 
the OCHB signals in the p.m.r. spectrum, was 4.5:1 in favour of the exe-methoxy 
compound (4~1 for the preparation using orthoester exchange). Here again, the endo- 
methyl compound is favoured under conditions both of kinetic and thermodynamic 
control. 

We then studied the reactions of the orthoesters with boron trifluoxide etherate ‘. 
Since the orthoesters could not be separated from each other by chromatography, 
it was necessary to use diastereoisomeric mixtures. Treatment of the arabino ortho- 
esters 7 and 8 in benzene with boron trifluoride etherate yielded a gummy salt, 
presumably 22 or the fluoroborate salt of 21, which was reduced with excess of 
lithium borohydride in ether to give the acetal 3 in 44% yield. P.m.r. spectroscopy 
of the crude product indicated that 3 and 4 had been formed in a ratio of -9:l. 
Under similar conditions, the orthoesters 9 and 10 afforded the a&al 11 in 49% 
yield without a detectable amount of the exo-methyl isomer. Bhartacharjee and 
Goring have shown that only the acetal26, having the endo-methyl group, is produced 
by treatment of the orthoestgrs 24 and 25 with aluminium chloride-lithium aluminium 
hydride. The direct conversion of the orthoesters 7 and 8 into the acetal3, in 66% 
yield, was accomplished by treatment with diborane in ether; a trace (2%) of the 
isomeric a&al 4 was isolated. 

R2 
24 R’ = Me.R2= OM.Z 

25 R’ = OMe.R== Me 
26 R’= Me.R’=H 

Acetoxonium-ion migrations have been observed in systems where a cyclic 
acetoxonium-ion has a neighbouring trans-acetoxyl gr.~up~~~~~. When the Zvxo 
derivative 27 in dichloromethane was treated with antimony pentachloride”, a 
pale yellow solid formed immediately. The p.m.r. spectrum of a solution of this 
solid in ac&onitrile showed signals due to acetoxonium methyl groups at 6 2.45 and 

2.64 and to acetyl methyl groups at 8 2.38 and 2.58, indicating that the salt was 
probably a mixture of 28 and 29 in the ratio - 1:2. The mixture of salts was treated 
with aqueous potassium acetate; isolation of the products, followed by deacetylation, 
gave crystalline methyl a-D-arabinopyranoside in 32% yield. The mother liquors 
contained equal amounts of methyl a-D-arabinopyranoside and methyl a-D-lyxo- 
pyranoside. No xylopyranosides were detected, showing the absence of ions such 
as 31 in the equilibrium. A similar result was obtained on treatment of the arabinoside 
30 with antimony pentacbioride. In this case, the total yields of crystalline material 
were higher (58% of arabinoside and 11% of lyxoside), probably because the reaction 
was carried out using carbon tetrachloride in which the salts are less soluble. 
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27 

Me 
OMe 

30 

28 

6 
SbCls 

tie 

tie 

33 

34 

32 

YiR=H 
36 R = Ts 

The corresponding rearrangement (32 ~33) in the /k-series was also examined_ 
Treatment of the arabinosides 12 and 13 under the same conditions gave crystalline 
methyl D-L-arabinopyranoside (1) in 66% yield, presumably via the salt 32, while 
paper chromatography of the mother liquors showed the presence of 1 and of methyl 
/3+lyxopyranoside in the ratio -2:l; again, no xylopyranosides were detected_ In 
both a and /I series, there is a strong preference for an ion of arabino con@uration, 
a result also found by Paulsen4’ and by Pedersen4’ for similar compounds. 

Previously2, we described the acetolysis, under anhydrous conditions, of a 
number of acetoxyoxiranes. A feature of these reactions was that there were three 
products from each substrate, corresponding to the three possible modes of ring- 
opening of the derived acetoxonium ion. For example, when the anhydrolyxoside 20 
was heated with a mixture of acetic acid and acetic anhydride and the product 
deacetylated, the major glycoside was the arabinoside 1 together with methyl B-L- 
lyxopyranoside and methyl a-D-xylopyranoside in progressively smaller amounts. 
The formation of each of these products from the acetoxonium ion 21 can be 
rationalised. 

The L-arabino orthoesters 5 and 6 were treated with boron trifluoride, and the 
resulting salt (22 or the fluoroborate of 21) was heated with dry acetic acid containing 
potassium acetate for 6 h. The major products were ciiacetates which yielded the 
same three glycosides on deacetylation. Again, the arabinoside 1 was the major 
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product, together with lyxoside and xyloside in approximately equal amounts. The 
minor difference in the isomer ratio compared with the earlier acetolysis is probably 
due to a variation in the relative amount of anionic species in the two reactions’. 

Since the orthoesters yielded acetoxonium ions on treatment with boron 
trifluoride or antimony pentachloride, we expected that cyclic ions would also be 
produced on treatment with anbydrons acetic acid24-26. However, when the ara- 
binosides 7 and 8 were heated with anhydrous acetic acid at lOO”, only derivatives 
of methyl /?-L-arabinopyranoside (I), present as two monoacetates and a diacetate 
(t.l.c.), were formed. No products derived from ring-opening, with inversion, of the 
acetoxonium ion %I could be detected. This strongly suggested that a cyclic ace- 
toxonium ion was not formed as an intermediate in this reaction, but since the 
arabinosides 7 and 8 are alcohols, water could be produced in their acylation by 
acetic acid’, leading to c&opening of a cyclic acetoxonium ion2’L26. We therefore 
repeated the reaction using the orthoesters 9 and 10 and also 12 and 13, each of 
which lacks a free hydroxyl group. In both cases, only derivatives of methyl /I-L- 

arabinoside were obtained. The result with 12 and 13 is particularly interesting 
because we have shown that the ion 32 is at least partly converted into the correspond- 
ing ~4~~x0 ion 33. It appears, therefore, that protonation of the orthoesters that we 
have studied leads to the formation of an acyclic acetoxonium ion, e.g., 34, in contrast 
to the behaviour of the cyclohexane system2c26 and t&at of our orthoesters with 
Lewis acids. Further work is necessary to establish the precise mechanism of the 
acetolysis (see Refs. 43-45 for some current views of carbohydrate orthoester 
hydrolysis). 

King and Allbutt 46 have observed that hydrolysis of acetoxonium ions Ieads 
to preferential formation of an axial ester and have cited several carbohydrate 
examples. They have commented that this effect may also be observed in acid- 
catalysed hydrolysis of orthoesters, regardless of whether a cyclic or acyclic ace- 
toxonium ion is involved. Treatment of the orthoesters 7 and 8 with 5% sulphuric 
acid gave two monoacetates. The axial monoacetate 35 was isolated as the bis(toluene- 
p-sulphonate)4 36 in 62% yield. 

EXPERMENTAL 

General. - Infrared spectra were measured for potassium bromide discs. 
P.m.r. spectra were recorded with a Perkin-Elmer RlO spectrometer operating 
at 60 MHz, with tetramethylsilane as internal standard. T.1.c. was performed on 
plates of Kieselgel G (Merck), carbohydrates being detected with anisaldehyde- 
sulphuric acid spray47. Epoxides were detected with sodium iodide-Methyl Red 
spray4’. Adsorption chromatography was carried out on silica gel (Hopkin and 
Williams) or ahminium oxide (Martindale Samoore). Paper chromatography was 
performed on Whatman No. 1 paper with water-saturated butanone; glycosides 
were detected with the Periodate-Schiff spray 4g. Removal of solvents was performed 
under reduced pressure. 





298 J. G. BUCHANAN, A. R. EDGAR 

1,2-diol (100 mg) was stirred overnight with paraldehyde (200 mg) in benzene (I ml) 
containing toluene-p-sulphonic acid (100 mg) and Drierite (200 mg). Isolation using 
chloroform yielded 17 as a syrup (115 mg, 94%) which could not be resolved on t.1.c. 
The p.m.r. spectrum of the crude product is described in Table I. 

Treatment of epoxide 20 with boron trifluoride etherate foilowed by Zithium 
borohydride. - The acetoxyepoxide4 20 (290 mg) in dry benzene (5 ml) was treated 
with boron trifluoride etherate (0.6 ml). The gummy precipitate, which formed 
immediately, was washed by decantation with benzene (10 ml), and lithium boro- 
hydride (100 mg) in dry ether (20 ml) was added. After 18 h, water (10 ml) was added 
and the product isolated with chloroform to yield a syrup (120 mg). T.1.c. (ethyl 
acetate) revealed the presence of the acetal 3 and the absence of the acetal 4. The 
syrup was chromatographed on alumina (5 g)_ Benzene-ether (3:l) eluted the acetal3 
(107 mg, 37%), m.p. 70-73”, mixture m.p. 71-72”. 

Reaction of acetoxyepoxide 20 with diborane. - A solution of the epoxide 20 
(400 mg) in ether (200 ml) saturated with diborane was kept overnight, water (20 ml) 
was then added, and the ether layer was separated after the evolution of gases had 
ceased. The water layer was extracted with chloroform (2 x 50 ml), and the combined 
ether and chloroform extracts were evaporated to a syrup (305 mg). T.1.c. (ethyl 
acetate) revealed the presence of 3 and 19, and the mixture was chromatographed 
on alumina (20 g). Ether-methanol (19:l) eluted the acetal 3 (180 mg, 45%), m.p. 
70-72” (from light petroleum). Ether-methanol (9:1) then eluted the epoxide 1g4 
(80 mg, 26%), m-p. 66-68”, mixture m.p. 65-67”. 

Preparations of orthoesters. - (a) Methyl 3,4-O-methoxyethyZidene-/?-L-arabino- 

pyranoside (5 and 6). A mixture of glycoside 1 (250 mg), dry benzene (2 ml), toluene- 
p-sulphonic acid (50 mg), and trimethyl orthoacetate (350 mg) was stirred overnight 
at room temperature. The acid was neutralised (solid Na,C03) and the product 
isolated using chloroform. The resulting chromatograpbically homogeneous syrup 
(310 mg, 92%) was distilled at 100°/10-3 mmHg to give a mixture of 5 and 6, [br], 
+ 106” (c 1.23, chloroform). The p.m.r. data are shown in Table I; sublimation did 
not change the p.m.r. spectrum. 

Anal. Calc. for C9HL606: C, 49.1; H, 7.3. Found: C, 48.7; H, 7.45. 
(b) MethyZ 3,4-0-ethoxyethylidene-/3-L-arabinopyranoside (7 and 8). A mixture 

of glycoside 1 (500 mg), dry benzene (5 ml), triethyl orthoacetate (750 mg), and 
toluene-p-&phonic acid (50 mg) was stirred overnight at room temperature. Isola- 
tion of the product as in (a) gave a syrup (850 mg) which was chromatographed on 
alumina (15 g) with benzene-ether (1:1) to give the orthoesters 7 and S as a syrup. 
After distillation in uacito (120°/10-2 mm), the product (490 mg, 68%) had [c& 
+100.3” (c 2.86, pyricline). The p.m.r. data are shown in Table I; chromatography 
and distillation did not si,Mcantly alter the p.m.r. spectra. 

Anal. Calc. for C10H1a06: C, 51.3; H, 7.7. Found: C, 51.2; H, 7.7. 
Methyl 2.0-methyl-3,4-0-methoxyethylidene-~-~-ara (9 and 10). 

The ether 2’O (0.5 g) was stirred for 3 h with trimethyl orthoacetate (O-5 ml) con- 
taining toluene-p-sulphonic acid. Isolation as described in (a) yielded a syrup, which 
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was distilled in tlacuo (120°/10-3 mmHg) to give 9 and 10 (0.51 g, 77%), [c& + 101.0” 

(c 1.32, chloroform). For p.m.r. data, see Table I; distillation did not alter the p.m.r. 
spectrum. 

Anal. Calc. for C,oH,,Os: C, 51.3; H, 7.7. Found: C, 50.9; H, 7.7. 

(d) Methyl 2-0-acetyZ-3,4-0-metItoxyet~zyiidene-8-L-arabinopyranoside (12 and 

13). Methyl 2-U-acetyl-j?-I.-arabinopyranoside4 (500 mg) was stirred with trimethyl 
orthoacetate (0.5 ml) in benzene (5 ml) containing toluene-p-sulphonic acid (100 mg) 
for 4 h. IsoIation as described in (a) yielded a syrupy product, which was distilled 
in uacuo to give the orthoesters 12 and 13 as a syrup (580 mg, 91 “A), [aID f80.3” 

(c 0.69, chloroform). For p.m.r. data, see Table I; distillation did not change the 
p.m.r. spectrum. 

Anal. Calc. for C,,H,807: C, 50.4; H, 6.9. Found: C, 50.3; H, 6.9. 

(e) Methyl 4-0-acetyi-2,3-0-met/~oxyet/zylidene-a-~-iyxopyr~oside (27). Methyl 

4-O-acetyl-a-D-lyxopyranoside52 (45 mg) was stirred for 24 h with benzene (1 ml) 
containing trimethyl orthoacetate (50 mg) and toluene-p-sulphonic acid (5 mg). 
Isolation as described in (a) yielded the syrupy orthoesters which were distilled 

in uacuo (120”/10-2 mmHg) to yield 27 (48 mg, 84%), [c& + 18.3“ (~2.84, chloroform). 

Anal. Calc. for C,1H1807: C, 50.4; H, 6.9. Found: C, 50.1; H, 7.0. 

(f) Meth_yI 2-0-acetyl-3,4-0-methoxyethyZidene-sr-D-arabinopyranoside (30). 

The crude ethylidene derivative of methyl oc-D-arabinopyranoside (100 mg) previously 
described was treated overnight with acetic anhydride (1 ml) in dry pyridine (5 ml). 

Isolation using chloroform yielded a crude product (100 mg), which was heated at 

100” for 30 min with 80% acetic acid (5 ml). Evaporation then yielded a syrup 

which crystallised spontaneously. Recrystallisation from ethyl acetate yielded methyl 
2-O-acetyl-a-D-arabinopyranoside (72 mg, 68%), m.p. 89-91”, [aID - 12.0” (c 2.0, 

chloroform). 
Anal. Calc. for C,H,,O,: C, 46.6; H, 6.8. Found: C, 47.0; H, 6.6. 

Methyl 2-O-acetyl-a-D-arabinopyranoside (50 mg) in dry benzene (3 ml) 
was stirred overnight with trimethyl orthoacetate (50 mg) and toluene-p-sulphonic 
acid (10 mg)_ Isolation as described in (a) yielded a syrup which was distilled (120°/ 
10S2 mmHg) to give 30 (53 mg, 83%), [a], - 10.1” (c 2.0, chloroform). 

Anal. Calc. for C,1H1807: C, 50.4; H, 6.9. Found: C, 50.3; H, 7.0. 

(g) Methyl 2,3-0-mefhoxyethylidene-a-D-lyxopyranoside (15). (i) Methyl Ci-D- 
lyxopyranoside (175 mg) was stirred with trimethyl orthoacetate (0.2 ml) in benzene 

(1 ml) containing roluene-p-sulphonic acid (20 mg) for 4 h. After neutralisation 

(solid Na,CO,), the product was isolated using chloroform to give the orthoester 15 
as a syrup (242 mg, 103%) which was purified by distillation (100°/10-3 mmHg); 

[aID +29-O” (c i.51, chloroform). The p.m.r. spectrum (Ccl,) indicated that the 
ratio of exe-OCH,:elzdo-OCH, was ~4~1. 

Anal. Calc. for C,H,,O,: C, 49.1; H, 7.3. Found: C, 49.1; H, 7.4. 
(ii) The anhydroarabinoside4 23 (200 mg) in carbon tetrachloride-dichloro- 

methane (5:1, 25 ml) was treated with antimony pentachloride (0.2 ml) in dichloro- 
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methane (5 ml). A gummy precipitate formed within a few seconds and was allowed 
to settle. The precipitate was washed by decantation with carbon tetrachloride and 
finaliy dissolved in methanolic sodium methoxide (25 ml, from 0-5 g of Na). The 
solution was evaporated, water added, and the product isolated using chloroform. 
The syrupy product (190 mg, 81%) had a p.m.r. spectrum (CCI,) very similar to 
that of the product in (i) and showed a ratio of exo-OCH,:endo-OCH, of -4.5:l. 
After further purifkation (prep. t.1.c.; alumina, ether), it had [aID +30.2” (chloro- 
form) and an exe-OCH,:endo-OCH, ratio of 5:l. 

Reaction of orthoesfers 7 md 8 with boron fripuoride etherate followed by 
lithium borohydride. - A mixture of the orthoesters 7 and 8 (0.5 g) in dry benzene 
(10 ml) was treated with boron trifluoride etherate (0.5 ml). A gummy precipitate 
formed immediately, and was washed by decantation with benzene (IO ml). Lithium 
borohydride (ZOO mg) in dry ether (50 mi) was then added and the mixture Ieft 
overnight at room temperature. Water (10 ml) was added, and the ether layer separated. 
1soIation yielded a syrup (280 mg) which crystallised from light petroieum, yielding 
the acetal 3 (180 mg, 44%), m.p. 70-73”, P.m.r. spectroscopy of the mother liquors 
in CC& revealed the presence of the acetal 4 and indicated that the ratio of 3:4 in 
the crude product was - 9: I. 

Reaction of orthoesters 9 and PO with boron trijluoride etherute and lithium 
borohydride. - A mixture of 9 and 10 (100 mg) in dry benzene (IO ml) was treated 
with boron trifluoride etherate (0.2 ml). The gummy salt, which precipitated imme- 
diately, was washed by decantation and then treated overnight with a solution of 
lithium borohydride -(lo0 mg) in dry ether (20 ml). Isolation as described above 
yielded a syrup (60 mg), which was chromatographed on alumina (2 g). Benzene- 
ether (9:l) eluted the acebl 11; crystallised from light petroleum, 11 (42 m& 48%) 
had m.p. 45-46”, mixture m.p. 44-46”. P.m.r. spectroscopy of the mother liquors 
in Ccl, did not reveal any of the exo-Me isomer. 

Reaction of a mixture of orthoesters 7 and 8 with diborane. - A mixture of 7 
and 8 (0.5 g) was dissolved in dry ether (30 ml) which had been saturated with 
diborane. After 6 h, water (10 ml) was added and the product isolated from the ether 
layer as a syrup (400 mg) which partially crystallised. The crude product was chro- 
matographed on alumina (15 g). Benzene-ether (7:3) eluted the acetal 4 (10 mg, 
2%), identified by t.l.c., and benzene-ether (1:l) eluted the acetal 3 (270 mg, 66%), 
m.p. 74-75”, mixture m-p. 71-73O. 

Acetoxonium-ion migrations. - (a) 243 and 29. (i) The orthoester mixture 27 
(0.9g) in dry dichloromethane (IO ml) was treated with antimony pentachloride (0.8 ml) 
in dichloromethane (5 ml). The pale-yellow precipitate which formed immediately 
was washed by decant&on with dichloromethane (3 x 20 ml). The p.m.r. spectrum 

in dry acetonitrile included signals at 6 2.38 (MeCO), 2.45 ~‘++<~ ) ,2.58 (MeCO), 

and 2.64 ,-c&~ kz ) ; the signals at 6 238 and 2.45 and those at S 2.58 and 2.64 were 
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in the ratio w 1:2. There were no signals in the region 6 1.5 ,-+ ,=) or 3.5 

(OMe). Evaporation of the acetonitrile in vacua yielded a solid (1 g) whichOwas treated 
with water (20 ml) containing potassium acetate. After 3 h, the solution was extracted 
with chloroform (3 x 100 ml). Evaporation of the chloroform extracts yielded a syrup 
(450 mg) which contained It.l.c., ethyl acetate) two diketates, the diacetate of lower 

RF value constituting W-90% of the mixture. A portion of the syrup (300 mg) was 
deacetylated with sodium methoxide in methanol; after deionisation Ipowex 50 
(NH:) resin], evaporation yielded methyl a-D-arabinopyranoside (120 mg, 32%), 
m-p. 130-131” (from ethyl acetate-methanol). Paper chromatography of the mother 
liquors showed the presence of approximateIy equal quantities of methyl a-D-arabino- 
pyranoside and -1yxopyranoside. 

(ii> The orthoester mixture 30 (160 mg) in dry carbon tetrachloride (5 ml) was 
treated with antimony pentachloride (0.1 ml) in carbon tetrachloride (2 ml). The 
precipitate, which formed immediately, was washed by decantation with carbon 
tetrachloride (2 x 20 ml), and then treated with a solution of potassium acetate (1 g) 
in water (10 ml) overnight. Isolation using chloroform yielded a syrup (135 mg), 
which contained (t.l.c., ethyl acetate) two diacetates, the diacetate of lower RF value 
constituting -90% of the mixture. The mixture was deacetylated with sodium 
me&oxide in methanol, deionised powex 50 (NH;) resin], and evaporated to a 
syrup (91 mg) which yielded crystalline methyl a-D-arabinopyranoside (58 mg, 
58?&), m-p. 130” (from ethyl acetate-methanol), mixture m.p. 131-132”. The mother 
liquors were evaporated to a syrup (20 mg), which was resolved by preparative t.1.c. 
in ethyl acetate-methanol (95:5), yielding methyl ac-D-lyxopyranoside (11 mg, 11 Oh), 
m-p. 102-103”, mixture m-p. 103-104”. 

(b) 32 and 33. A mixture of orthoesters 12 and 13 (1 g) in dry carbon tetra- 
chloride (20 ml) was treated with antimony pentachloride (2 g) in carbon tetra- 
chloride (10 ml). The pale-yellow precipitate was washed by decantation with dry 
carbon tetrachloride (2 x 25 ml), yielding the salts 32 and 33 (2.05 g, 95%). The 
salts (2.0 g) were treated with potassium acetate (5 g) in water (25 ml). After 3 h, 
the products were isolated using chloroform (3 x 50 ml), yielding a syrup (730 mg) 
that contained (t.l.c., ethyl acetate) two diacetates, the major component having the 
lower RF value. The product was deacetylated with sodium methoxide in methanol, 
and the deionised powex 50 (NH:) resin] solution was evaporated to yield a syrup 
(500 mg) that crystallised from methanol, yielding the arabinoside 1 (402 mg, 66% 
overall), m.p. 167-169”. Paper chromatography of the mother liquors revealed 1 and 
methyl /3-L-lyxopyranoside in the ratio 2:l. 

Reaction of the acetoxonium salt 21 tetrafluoroborate with potassium acetate in 

dry acetic acid. - A mixture of the orthoesters 5 and 6 (1 g) in dry benzene (20 ml) 
was treated with boron trifluoride etherate (1.5 ml). The gummy precipitate, which 
formed immediately, was washed by decantation with ether, and then dissolved in dry 
acetonitrile (10 ml). The p.m.r. spectrum of this solution showed a singlet at 6 2.4 

We - c@ ) . A portion (5 ml) of this solution was evaporated in vacua and the residue 
0 
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was dissolved in dry acetic acid (10 ml) containing anhydrous potassium acetate (1 g). 
The solution was heated under reflux for 6 h. T.1.c. (ethyl acetate) then revealed that 
the product was largely diacetate with a small proportion of monoacetate. The 
solution was evaporated in vaL”uo, water (40 ml) added, and the solution extracted 
with ethyl acetate (3 x 50 ml). Evaporation of the extracts yielded a syrup which was 
deacetylated with sodium methoxide in methanol, and the solution was deionised 
[Dowex 50 (NH:) resin] and evaporated. Paper chromatography revealed methyl 
#I-L-arabinopyranoside (1) as the major product, together with methyl j?-L-lyxo- 

pyranoside and cz-D-xylopyranoside in approximately equal amounts. 
lieaction of orthoesters 7 and 8 witlr dry acetic acid. - A mixture of (7) and (8) 

(20 mg) in dry acetic acid (2 ml) was heated at 100” for 6 h. T_l.c_ (ethyl acetate) 
then revealed the absence of (7) and (8), and the presence of two monoacetates and a 
diacetate. The solution was evaporated in uacuo, yielding a syrup, which was dea- 
cetylated by treatment with sodium methoxide in methanol. The solution was deionised 
powex 50 (NH:) resin], and evaporated to yield a syrup, which was examined by 
paper chromatography. Only the arabinoside 1 could be detected; no lyxopyranosides 
or xylopyranosides were present. The syrup crystallised on standing, yielding the 
arabinoside I(9 mg, 64%), m-p. 170”, which was identical with an authentic sample. 

Reaction of orthoesters 9 atzd 10 with dry acetic acid-acetic anhydride. - A 
mixture of the orthoesters 9 and 10 (100 mg) was dissolved in dry acetic acid-acetic 
anhydride (l:l, 0.5 ml) in an n.m.r. tube. After 30 mitt at 20”, there was a slight 
decrease in the intensity of the signals at 6 1.45 (endo-Me) and 3.1 (exe-OMe). After 
24 h at 20” followed by 30 min at 60”, the signals at 6 1.45 and 3.1 had almost dis- 
appeared and there was a stron g signal at 6 3.56 (MeCOOMe). Evaporation of the 
solution yielded a syrupy diacetate, which was catalytically deacetylated with sodium 
methoxide in methanol to yield the ether 2. Crystallisation of 2 from ether gave the 
hydrate 5o (45 mg, 54%), m.p. 45”, mixture m.p. w6”. Examination of the mother 
liquors by t.!.c. revealed only the ether 2. 

Reaction of ortkoesters 12 and 13 witlt acetic acid-acetic ankydride. - A mixture 
of (12) and (13) (200 mg) in acetic acid-acetic anhydride (1:2) (2 ml) was heated at 110” 
for 6 h. T.1.c. indicated that the product was a single triacetate. Water (5 ml) was 
added and the solution evaporated fiz tlacuo to a syrup (250 mg), which was dea- 
cetylated with sodium methoxide in methanol. Deionisation @owex 50 (NH:) 
resin], followed by evaporation of the solution, yielded a crystalline solid (115 mg). 
Recrystahisation from methanol yielded the arabinoside 1 (90 mg, 72%), m-p. 169”, 
mixture m-p. 169-170’. Paper chromatography of the mother liquors revealed only 1; 
xylopyranoside and lyxopyranoside were absent. 

Aqueous, acidic Jlydrolysis of orthoesters 7 and 8. - A mixture of 7 and 8 
(100 mg) was treated with 5% aqueous sulphuric acid (5 ml) for 30 min at room 
temperature. The solution was neutralised (BaCO,), filtered, and evaporated to yield 
a syrup (95 mg). T.1.c. (ethyl acetate) indicated the presence of two monoacetates, 
that of lower RF value constituting - 80% of the mixture. The syrup was treated with 
toluene-p-&phony1 chloride (3 mol. equiv.) in pyridine (5 ml) at room temperature 
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for 2 days. Isolation using chloroform yielded the disulphonate4 36 (120 mg, 62%), 
m-p. 162”, which was identical with an authentic sample. 

ACKNOWLEDGMENT 

We thank the Northumberland Education Committee for a postgraduate 
award (to A.R.E.). 

REFERENCES 

1 J. G. BUCHANAN AND A. R. EDGAR, Chem. Commun., (1967) 29-30. 
2 J. G. BUCHANAN, J. CONN, A. R. EDGAR, AND R. FLETCHER, J. CJzem. Sot., C, (1971) 1.515-1521, 

and papers cited therein. 
3 J. M. COXON, M. P. HART-SHORN, AND D. N. KIRK, Tetraheciron, 20 (1964) 2547-2552. 
4 J. G. BUCHANAN AND R. FLETCHER, J. Chem. Sot., C, (1966) 1926-1931. 
5 S. A. BARKER AND E. J. BOURNE, Aduatz. Carbohyd. Chem., 7 (1952) 137-207. 
6 M. A. OLDHAM AND J. HONE-, J. Chem. SOL, (1946) 986-989. 
7 N. BAGGETIT, K. W. BUCIE, A. B. Fosrm, AND J. M. WEBBER, J. Chem. Sop., (1965) 3401-3407. 
8 N. BAGGEIT, J. M. DUXBIJRY, A. B. FOSTER, AND J. M. WEBBER, J. Chem. SOL, C, (1966) 208-211. 
9 S. S. BHAITACHANEE AND P. A. J. GORIN, Carbahyd. Res., 12 (1970) 57-68. 

10 W. E. WILLY, G. BINSCH, AND E. L. ELIEL, J. Amer. Chem. Sot., 92 (1970) 5394-5402, and papers 

cited therein. 
11 W. E. DICK, JR., D. WEISLEDER, AND J. E. HODGE, Carbohyd. Res., 23 (1972) 229-242. 
12 P. J. GAREGG, K. B. L-BERG, AND C.-G. SWAHN, Acra Chem. Stand., B28 (1974) 381-384. 
13 D. GAGNAIRE AND J.-B. ROBERT, Bull. Sot. CJtim. Fr. (1965) 3646-3650. 
14 A. &wXAANPEti, Strom. Kemistiiehti A, 39 (1966) 116. 
15 A. KANKAANPER& Ann. Univ. Tarka., Ser. A, 95 (1966). 
16 J. C. P. SCHWARZ, CJrem. Commun., (1973) 505-508. 
17 D. HORTON AND J. D. WANDER, Carbohyd. Res., 39 (1975) 141-146. 
18 R. U. LEMIEUX AND J. D. T. CIPERA, Cm. J. Clrem., 34 (1956) 906-910. 
19 A. S. PERLIN, Can. J. Cltem., 41 (1963) 399406. 
20 R U. LEhmux ANE A. R. MORGAN, Can. J. Chem., 43 (1965) 2199-2204. 
21 H. C. BROWN AND B. C. SUBBA RAO, J. Amer. Chem. Sot., 82 (1960) 681-686. 
22 D. J. PASTO, C. C. COMBO, AND J. HUXcbfAN, J. Amer. Chem. Sot., 88 (1966) 2201-2207. 
23 B. FLEMING AND H. 1. BOLKER, Can. J. Chem., 52 (1974) 888-893. 
24 S. WHEREIN ANT) R. BUCICLES, J. Amer. Chem. Sot., 65 (1943) 613-618. 
25 R. M. ROBERTS, J. CORSE, R. BOSCIUN, D. SEYMOUR, AND S. WINSTEIN, L Amer. Chem. Sot., 

80 (1958) 1247-1254. 
26 C. B. ANDERSON. E. C. FRIEDRICH, AND S. WINSTEIN, Tetraheriron Lett., (1963) 2037-2044. 

27 

28 
29 
30 
31 
32 
33 
34 

35 
36 

37 
38 

H. MEERWEIX, K. BOD~ENNER, P. BORNER, F. -KIJNERT, AND K. WIJNDEFUICH, Ann., 632 
(1960) 38-55. 
E. PACSU, Advan. Carbohyd. Cbem., 1 (1945) 77-127. 
N. K. KOCHETKOV, A. J. KHO~, AND A. F. BOCHKOV, Tetrahedron, 23 (1967) 693-707. 
N. E. FRAMCS AND R. MONTGOMERY, Carbohyd. Res., 6 (1969) 286-298. 
J. ZEMLICKA, Chem. Ind. (London), (1964) 581. 
C. B. REESE AND J. E. Sursro~, Proc. Chem. Sot., (19s) 214-215. 
B. E. GRIITIN, M. JARMAN, C. B. REESE, AND J. E. SUL.STON, Tetrahedron, 23 (1967) 2301-2313. 

H. P. M. FROMAGEOT, B. E. GRIFFIN, C. B. REESE, AND J. E. S-TON, Tetrahedron, 23 (1967) 

2315-2331. 
J. S. BRUHACOMBE AND D. PORTSMOUTH, Carbohyd. Res., 1 (1965) 128-136. 
H. PAULSEN, W.-P. TRACT, F. GARRIDO ESPXNOSA, AND K. HEYNS, Chem. Ber., 100 (1967) 
2822-2836. 
R. GARDI, R. VITALI, A&.ID A. ERCOLI, Gazz. Chim. Ital., 93 (1963) 413430,431450. 
E. L. ELIEL, N. L. ALLINGER, S. J. ANGYAL, AND G. A. MORRISON, Conformational Analysir, 

John Wiley, New York, 1965, p. 44. 



304 J. G. BUCHANAN, A. R. EDGAR 

39 H. PA-, H. BEHRE, AND C.-P. HEXOW, Fortschr. Chem. Forsch., 14 (1970) 472-525. 
40 H. PAuLsm, Aduan. Carbohyd. Chem. Bib&em., 26 (1971) 127-195. 
41 H. PAUISEN, C.-P. HEROLD, AND F. GARRUIO E~PINOSA, Chem. Ber., 103 (1970) 2463-2475. 
42 S. JACOBSEN AND C. PEDERSEN, Acta Chem. Stand_. B28 (1974) 866-872 
43 R. H. DE Worn, Carboxylic Ortho Acid Derioatir;es, Academic Press, New York and London, 

1970, Chapter 5. 
44 W. E. DICK, JR., Carbuhyd. Res., 21 (1972) 255-268. 
45 L. R SU-IROEDER, D. P. H~LTMAN, AND D. C. JOHNSON, L Chem. Sot. PerkinD, (1972) 1063-1071. 
46 J. F. -G AND A. D. ALLBUIT, Can. J. Chem., 48 (1970) 1754-1769. 
47 E. STAHL AND U. K%L.TJ?NBACH, J. Chromatogr., 5 (1961) 351-355. 
48 J. G. BUCHANAN AND J. C. P. SCAWARZ, J. Chem. Sot., (1962) 4770-4777. 
49 J. BADDILEY, J. G. BUCHANAN, R. E. HANDSCRUMACHER, AND J. F. PRESCOIT, J. Chem. Sot., 

(1956) 2818-2823. . 
50 J. K. N. JONES, P. W. KENf, AND M. STACEY, J. Chem. Sot., (1947) 1341-1344. 
51 F. H. S. HEAD, Z. Chem. Sot., (1960) 1778-1783. 
52 R. J. Fw AND D. FRASAD, .T. Citem. Sot., (1965) 7425-7428. 


