
Carbohydrare Research, 41 (1975) 298-303 
@ Elsewcr Screntzfic Pubhsl-mg Company, Amsterdam - Pnnted m Belgmm 

Note 

Use of the 2,6-dimethoxybenzoyl group to prevent 
acyl migration during Purdle methylation- 
a synthesis of 2-O-methyl-D-mannose 

SEED AaaAs AND ALXN H HAINES* 

School of Chemtcal Sciences, Umbersrty of East Anglra, Norwich NOR 88C (Great Brrtam) 

(Rece:elved August 29th, 1974, accepted for pubhcatlon, November Ilth, 1974) 

That acyl mrgratron can occur durmg Purdue methylatron (and m the modrfied 
procedure of Kuhn’) of partrally acylated carbohydrates has long been recogmsed2 
Such rearrangements can sometrmes be synthetrcally useful3 4, but their often 
unpredictable nature3, resultmg from a close dependence on reaction condrtrons, 
reduces the general utlhty of these alkylatrons Acyl mrgratron durmg methylatron 
may be averted by the use of the drazomethane-boron trifluoride procedure5, but the 
reagent is unpleasant to handle If acyl migration could be suppressed durmg Purdle 
methylatron, then this simple method would be the one of chorce 

Benzoyl groups migrate less readrly than acetyl groups6-* and p-mtrobenzoylg 
and p-methoxybenzoy16.” groups migrate more and less readily, respectively, than 
benzoyl groups, as expected from the resonance mteractrons of the para-substrtuents 
with the aromatic system The 2,Gdrmethoxybenzoyl group should therefore not 
mrgrate readily, as the electrophrhc nature of the carbonyl functron IS reduced by 
mesomerrc mteractron with the o-methoxyl groups which, addrtronally, offer sterrc 
hindrance to nucleophlhc attack at the carbonyl functron, the reststance of 2,4,6- 
trlmethylbenzorc esters towards hydrolysis and their reluctance to undergo migration 
noted below illustrate the sterrc control that o-substltuents can have on the reactlvrty 
at the carbonyl function of the ester group 

The test of this supposrtron was combined wnh a synthetmally useful goal, 
namely, the synthesis of 2-0-methyl-D-mannose, previously obtained unambrgnously 
t YZ methyl 4,6-0-ethyhdene-3-0-tosyl-CC-D-mannoslder ‘, and by methylatron of 
1,3,4,6-tetra-U-acetyl+CD-mannopyranose usm, m drazomethane-boron trtiuorrde’ 2. 
The present syntheses IS srmrlar to the former route, but the 2,6_drmethoxybenzoyl 
group IS used m place of the tosyl functton as a blochng group Tosyl is a non- 
mrgratmg, bloclung group, but rts removal IS not as simple as the transestenficatton 
used for removing acyl residues, and comphcatrons (e g , epoxide formation) may 
sometimes anse 
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Methyl 4,6-O-benzyhdene-cr-D-mannopyranoslde (Z), when treated with one 
mol of 2,6-dlmethoxybenzoyl chlonde m pyndme, gave, as a major product after 
chromatography, the 3-(2,6-dlmethoxybenzoate) 2 (63%)) some startmg dlol was 
recovered In contrast to the 3-benzoate 3,2 did not lsomense under the conditions of 
Purdue methylatlon Thus, although stu-rmg 3 m chloroform contammg a trace of 
methyl zodlde m the presence of sliver oxide led to rapld establishment of an 
eqmhbnum of 2- and 3-esters, 2 was unchanged after prolonged treatment It IS 
noteworthy that acyl mzgration was very much slower when methyl zodzde was 
omitted, 3 was virtually unchanged after 10 h, but with a trace of the lodlde present, 
mzgratzon was lmmedzately apparent and equzlzbnum was establzshed after - 6 h The 

3-(4-methoxybenzoate) 4, although more stable than the 3-benzoate 3, underwent 
slow lsomensatlon, but the 3-(2,4,6-tnmethylbenzoate) 5 was stable Slmllar, relative 
stablhtles were observed on bollmg chloroform solutions of the esters m the presence 
of lrmdazole However, lsomensatzon of 2 and 5 occurred m strong, aqueous base 
The 3-(2,6_dzmethoxybenzoate) 2 was selected for further synthetic transformation 
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2 R’ = I-i, R*=2,6-(Me0)2-C6H3~CO- 

3 R’=H R*=Bz 

4 RI = H R2=~e0 cg~, co- 

5 R’ = H R*=2 4 6-(Melg-C6H,-CO- 

6 R’ = me R2= 2 6-(~e0b c,~,-CO- 

7 R3= R4=Me, R5= 2,6-(MeO)2 C,H, CO 

8 ti=R4=Me,R5=H 

9 RS=$=H,Ra=Me 

Methylatzon of 2 gave the crystalline Zmethyl ether 6 (85%), with no sign 
(t 1 c ) of other reactlon products Hydrogenolysls of the benzyhdene group m 6 
yzelded methyl 3-O-(2,6-dzmethoxybenzoyl)-2-O-methyl-sc-~-mannopyranoszde (7) 

Deacylatlon of 7 with methanohc sodium methoxlde afforded syrupy methyl 
2-0-methyl-E-D-mannopyranoslde (S), which gave a crystallme trls(2,6-dimethoxy- 
benzoate) Acid hydrolyses of 8 yzelded crystallme 2-0-methyl-a-D-mannose (9), w&h 
was further charactensed by converslon mto D-arabmo-hexose phenylosazone 

Smce there 1s conslderable evidence that acyl mlgratlon occurs more readily 
between vicmal czs- than vzcmal frans-disposed oxygen functzons’ 3-X8, the stablhty 
of the 2,6-dlmethoxybenzoyl group lmphes that it may find conslderable use as a 
blockmg group during methylatlon m carbohydrate syntheses However, lsomensatlon 
between the mono-acyl denvatlves of a vlcmal czs-dlol occurs much more readily m 
furanold than m pyranold denvatlves, and a further modtied benzoyl group IS 
requzred to suppress acyl mzgratzon in such cases We are currently mvestzgatmg this 

aspect 
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EXPERIMENTAL 

Preparatrve layer chromatography (p I c ) was carrred out on Kreselgel PFZs4, 
and dry-column chromatography on Kreselgel 60-Merck 7734 (70-230 mesh) The 
followmg solvent combmatrons were used A, toluene*thyl acetate (5 I), 3, benzene- 
ethyl acetate (4 l), C, chloroform-methanol (10 l), D, chloroform-methanol (8 1). 

N m r spectra were measured wrth a Vanan HA-100 Instrument, wrth Me4Si as 
internal standard, chemical shrfts are accurate to 4 0 02 Hz Rotatrons were measured 
for solutrons m chloroform, unless stated otherwrse, at ambient temperature with a 
Perkm-Elmer 141 polanmeter Orgamc solutrons were drred over anhydrous sodmm 
sulphate Routme rdentlficatrons were based on mixture m p ‘s and 1 r. spectra Silver 
oxrde was prepared by the method of Helfench and 3Slem’g 

MethyZ 4,6-0-benzyZzdene-3-0-(2,6-dz~ethoxybenzoyZ)-a-D-~an~opyranoszde (2) 
- To a solution of methyl 4,6-O-benzyl~dene-a-D-mannopyranosrde20 (1, 2 g) m 
pyndme (50 ml) was added a solutron of 2,ddrmethoxybenzoyl chloride2’ (2 g) m 
pyrrdme (20 ml), and the mixture was stored at room temperature for 12 h Water 
(70 ml) was added and the mixture was extracted wrth chloroform (100 ml). The 
extract was washed with saturated, aqueous sodmm hydrogen carbonate and water, 
then dned, and concentrated The resrdue was freed from pyrrdme by evaporatron of 
toluene therefrom, and then subjected to dry-column chromatography (Kreselgel, 
70 g, solvent A) The main fractron, on recrystalhsatron from toluene-hght petroleum, 
gave 2 (1 2 g, 63% based on utrhsed drol), m p 160-161”, [aID -69” (CO l), vz* 3530 

(OH), 1735 cm-l N m r data (C,D,) 6 2 94 (s, OMe), 3 14 (s, 2 ArOMe), 4 82 
(d, J, 2 2 Hz, H-l), 5 34 (s, benzyhc H), 5 85 (dd, J2 3 4, J3 ,4 10 Hz, H-3) 

Anal Calc for C23H260g C, 61 9, H, 5 9 Found C, 61 5, H, 5 7 
Tosylatron of 2 gave methyl 4,6-O-benzyhdene-3-O-(2,6-dnnethoxybenzoyl)- 

2-O-tosyl-a-D-mannopyranoside (62%), m p 163-164”, [aJD -97” (c 0 15), identical 
to the compound obtamed on estenhcatron of methyl 4,6-0-benzyhdene-2-O-tosyl- 
a-D-mannopyranoside with 2,6-drmethoxybenzoyl chlonde rn pyrrdme 

The structure of non-crystalline methyl 4,6-0-benzyhdene-2-0-tosyl-E-D- 
mannopyranosrde, the minor product of the monotosylatron of 1, IS secure since, on 
benzoylatron, rt yrelds known2’ methyl 3-0-benzoyl-4,6-0-benzylrdene-2-Gtosyl- 
a-D-mannopyranoside 

MethyZ 4,6-0-benzyZzdene-3-0-(2,6-dz~thoxybenzoyI)-2-O-methyZ-a-D-mo- 
pyranoszde (6) - A soiutron of 2 (3 g) m methyl iodide (40 ml) was strrred m the 
presence of silver oxrde (5 g) and boiled under reffux T 1 c (solvent B) after 12 h 
showed the reaction to be mcomplete To the filtered mixture, fresh srlver oxtde (5 g) 
was added, and stu-rmg and heating were contmued untrl the startmg matenal had 
drsappeared (N 18 h) The mrxture was drluted wrth chloroform (200 ml), filtered 
through Kreselguhr and then filter paper, and concentrated at ~30” (hrgher 
temperatures caused debenzyhdenatron of the crude product) More chloroform 
(50 ml) was added, and the solutron was washed successrvely with aqueous solutions 
of sodium throsulphate and sodmm hydrogen carbonate, then dned, and concentrdted- 
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The rcsldue was crystalhsed from ethyl acetatc-hexane to yield 6 (2 65 g, 85%), m p_ 
155-157”, [c& - 40” (c 0 22), VP&‘* 1730 cm- 1 (C=O), no absorption near 3600 cm- l_ 

Anal Calc for C,,H,,O, C, 62 6, H, 6 1. Found C, 62 6; H, 6 2 
Mettzyi 3-0-(2,6-dzme?hoxybenzoyi)-2-O-~ethyI-a-~-~nnopyranoszde (7) - 

The ether 6 (0 63 g) partly dissolved m methanol (20 ml) was stirred under a slight 
overpressure of hydrogen m the presence of 10% palladmm-on-charcoal [O 06 g), and 
the reactIon was momtored by t 1 c (solvent C), as reactron proceeded, the starting 
material went into solutton On disappearance of 6. the filtered solutron was con- 

centrated and the residue was crystalhsed from ethyl acetate-light petroleum to yield 7 
(0 46 g, 90%), m p 122-124”, [LY]~ +51” (c 0 3) 

Anal Calc for C17Hz409 C, 54 8, H, 6 5 Found C, 54 4, H, 6 4 
Met/zyl 2-0-methyl-a-D-mannopyranoszde (8) - To a solution of 7 (1 6 g) m 

methanol (45 ml), sodmm (0 02 g) was added and the solutron was heated under reflux 
for 45 h, t 1 c (solvent C) then indicated the disappearance of startmg matenal The 
tnol8, separated from methyl 2,6-dlmethoxybenzoate by dry-column chromatography 
(Kleselgel 70 g, solvent D), was obtained as a chromatographlcally homogeneous 
syrup (0 82 g, 93%), [c$, + 51 o (c 0 15)) I$‘$ 3400 cm-l (broad OH), no absorption 
near 1730 cm- l 

The trlol was characterlsed as its 3,4,6-tns(2,6-dlmethoxybenzoate), m p 239 5- 
241” (from chloroform-ethyl acetate-hexane), [alo +77” (c 0 1) 

Anal Calc for Cs4H4a01s C, 59 3, H, 5 85 Found C, 58 9, H, 5 6 
2-O-Methyl-a-D-mannose (9) - Methyl 2-O-methyl-cc-D-mannopyranoslde 

(8, 0 6 g) was hydrolysed with 0 5&f hydrochlonc acid (10 ml) at 100” for 8 h Water 
(10 ml) was added, and the solutron was neutrahzed wnh silver carbonate, filtered, 
saturated with hydrogen sulphrde, and then concentrated to dryness zn uacuo The 

resulting, black residue was extracted with bollmg ethanol (3 x 50 ml), and the 
combmed extracts were filtered through Kerselguhr and agam through filter paper 

Concentratron yrelded a chromatographmally homogeneous, foamy solid (0 465 g) 
which, on crystallisatton from ethanol, yxelded 9 (0 24 g, 44%), m p 136-138”, 
[aID +11 (n&al)+ +45” (36h, c 0 1, water), lit I2 mp 138-13gG, [a]:: +66-, 
+48”(24h,cl l,water),ht 23mp 136-137”,[or], +7-++45”(24h,c288,water), 
lit 1 ’ m p_ 137”, [a];’ +15++5”(24h,c13,water),l~t24[a]D+420(~121,water) 
On p c m 1-butanol-ethanol-water (4 1 5, organic phase), rt had RF 0 33 and 

~~~~ 2 23 
The 2-O-methyl-D-mannose was characterlsed by conversron mto D-arabzno- 

hexose phenylosazone, m p 202-205”, [a],, - 67 (nntial) + -42 (12 h) + - 38” (24 h, 
c 0045, ethanol-pyndme, 64), ht_24 m p 198-200°, [a];’ 5 -55+ -35’ (c 1, 

ethanol-pyrldine, 6 4), ht 23 m p 204-206”, [aID - 65 + -34” (24 h, c 0 6, ethanol- 
pyndme, 6 4) 

Methyl 4,6-0-benzylrdene-3-0-(4-methoxybenzoyl) (4) - 

To a frozen (- - 70”) solution of 1 (0 7 g) m pyrldme (10 ml) was added a solution 
of 4-methoxybenzoyl chlonde (0 45 g) m pyndme (10 ml). The temperature of the 
reactants was allowed to nse, and when the reactants became molten, stlmng was 
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commenced and contmued untrl the bath temperature reached 5”. The mrxture was 
then stored for 12 h at 5” and for 7 h at room temperature Water (0 5 ml) was added 
and, after 0 5 h, the mtxture was added to saturated, aqueous sodium hydrogen 
carbonate, and the combmed hquids were extracted wrth chloroform (3 x 50 ml) The 
extract was washed wrth aqueous sodmm hydrogen carbonate and water, dried, and 
concentrated T 1 c (solvent B) of the resrdue showed four components W, X, Y, and 
2, m order of mcreasmg A, values, W was startmg dxol P 1 c (solvent B, which 
contzmed N 1 5% of 2~ acetic acrd m acetone to suppress acyl mlgrahon) gave the 
major component X (0 66 g) whrch, on crystalhsatron from ether-hexane, gave 4, 
m-p 132-134”, [c&, -37” (c 0 4), vNuJo’ 3570 (OH), 1700 cm-’ (GO) N m r data 
(C,D,) 6 2 95 (s, OMe), 3 12 (s, ArOMe), 4 54 (d, J, 2 2 Hz, H-l), 5 43 (s, benzyhc- 
H), 5 85 (dd, &s 4, &.a 10 Hz, H-3) 

Anal Calc for Cs2HZ408 C, 63 45, H, 5 8 Found C, 63 2, H, 5 8 
Treatment of 4 wrth tosyl chlonde in pyndme gave the 2-0-tosyl denvatrve, 

m p. 159-161” (from ethyl acetate-light petroleum), [c&, -66“ (c 0 15) 
Anal. Cak for C,sH,,O,,S C, 61 0, H, 5 3 Found C, 60 9, H, 5 4 
Component 2 (52 mg) crystalhsed from ether-hexane to yreld the 2,3-dx-U- 

(4-methoxybenzoyl) denvatlve of 1, m p 161-162”, [rx]u -236” (c 0 1) 
Anal Calc. for Cs cH3c01 c C,6545,H,55 Found C,651,H,54 
The syrupy component Y (46 mg) reacted wnh Posy1 chlonde in pyrrdme to give 

methyl 4,6-O-benzyl~dene-2-U-(~methoxybenzoyl)-3-O-tosyl-a-~-mannopyranos~de, 
m p 134-135” (from ethyl acetate-h+ petroleum), [or]b -47” (c 0 25) 

Anal Calc for C,,H,,O,,S C, 61 0, H, 5 3 Found C, 610, H, 5 3 
ICfethyl4,6-0-benzylidene-3-0-(2,4,6-trrmethylben~oy~)-a-~-~annopyra~~os~de (5) 

- A solution of 1 (I 4 g) m pyrrdme (20 ml) was treated wrth 2,4,6tnmethylbenzoyl 
chloride (0.91 g), as described for the preparatron of 4. T 1 c mdlcated one major 
product. w&h was isolated by p I c (solvent B) as an amorphous sohd (0 81 g), 

MD -29” (c 0 4), ~“2’ 3450 (OH), 1750 cm- ’ (C=O) N m r data (C,D,) 6 2 00 
(s, 2 ArMe), 2 94 (s, OMe), 4 51 (d, Jr z 2 Hz, H-l), 5 32 (s, benzyhc-H), 5 88 (dd, 
Jz.3 4, J3.4 10 Hz, H-3) 

Anal Calc for C24H2807 C, 67 3, H, 6 6 Found C, 66 85; H, 6 5 
Isomerzzahon studzes on the 3-benzoate, E(4-methoxybenzoate), 3-(2,6-dzmet/zoxy- 

Senzoate), and 3-(2,#,6-trzmethylbennzoate) esters of methyl 4,6-0-bezzzylrdene-a-D- 
mannopyranoszde. - (a) lir cizloroform-silver oxzde wzr?z a trace of methyl zodzde 

Solutions of each ester (0 03 g) m chloroform (1 ml) contammg two drops of methyl 
iodide were stirred 1x1 the presence of sliver oxrde (0 09 g), and the courses of reactrons 
were monitored by t 1 c (solvent B) 

The 3-benzoate rsomemed to Its 2-Isomer at a consrderably hrgher rate than the 
3-(4methoxybenzoate) In each reactron, a very shght preponderance of the Zlsomer 
Ras finally observed Neither the 3-(2,6_dimethoxybenzoate) nor the 3-(2,4,6-trr- 
methylbenzoate) underwent rsomenzation under these condmons 

(b) In chloroform zvzth zmzdazole presen?. Solutrons of each ester (0 03 g) III 
chloroform (2 ml) containing unidazole (15 mg) were heated under reflux, and the 
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reactlons were monitored by t 1 c The 3-benzoate was completely lsomensed mto an 
equlhbnum murture of 2- and 3-benzoates after 4 h, the eqmhbratlon of the 3-(4- 
methoxybenzoate) required N 12 h In each reaction, the 2-ester shghtly preponderated 
No isomenzatlon was detected with the 3-(2,6-dlmethoxybenzoate) or 3-(2,4,6-tn- 
methylbenzoate) even after prolonged reflex 

(c) Sodmm hydroxide m acetone-water Solutions of the 3-(2,6-dlmethoxy- 
benzoate) and 3-(2,4,6_tnmethylbenzoate) (0 02 g) m acetone (6 ml) were treated with 
0 05~ sodmm hydroxide solution (2 ml) After 1 mm, the solutions were neutrahzed 
with 2~ acetlc acid and concentrated, and the residues were dissolved m chloroform 
(5 ml) Each solution was washed with water (3 x2 ml), dned, and subJected to t 1 c , 

which mdlcated virtually complete Isomenzation mto a mixture of 2- and 3-esters, m 
which the latter Isomer shghtly preponderated 

(~9) On szlzca gel Samples of the 3-benzoate and 3-(4-methoxybenzoate) were 
placed on a slhca gel t 1 c plate, which was then kept for 10 h at room temperature 
On development, lsomenzatlon of the former denvatlve was seen to have occurred, 
m contrast, the latter denvatlve had lsomerrsed to a much lesser extent 
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