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ABSTRACT 

Acetal-exchange reactions of 2,3_disubstituted gluco- and galacto-pyranoside 

derivatives with acetone dimethyl acetal and acetophenone dimethyl acetal gave the 

6-0-(methoxydimethyl)methyl and the 6-O-(methoxymethylphenyl)methyl deriv- 

atives as the kinetic products. Formation of 6-U-(methoxydimethyl)methyl deriv- 

atives in transacetalation reactions was also demonstrated where cyclisation of the 

mixed acetal was impossible. 

INTRODUCTION 

Acetal-exchange reaction of carbohydrate-derived di- and poly-01s 1 to give 

cyclic acetals 3 is believed’,’ to proceed via mixed-acetal intermediates 2. The trans- 

acetalation reactions of several carbohydrate derivatives have been studied in detai13v4, 

but mixed acetals are generally not isolated and are considered to be unstable under 

the reaction conditions and isolation procedure. On the other hand, these derivatives 

can be synthesised, for example, by the reaction of alcohols with a-haloether? or 

enol ethers6, and have been used in syntheses”* as alkali-stable blocking groups of 

hydroxyl functions. 
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Acetal-exchange reactions of simple alcohols’ and some carbohydrate deriv- 

atives”- l2 have been reported to give mixed acetals, but these examples involve 

isolated hydroxyl groups where cyclisation was precluded for steric reasons. As far 

as we are aware, the only mixed acetal isolated where cyclisation was possible is 

methyl 6-O-(methoxydiphenyl)methyl-cc-D-glucopyranoside obtainedI by treatment 
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of methyl ,r-D-glucopyr:tnoside with benzophenone dimethyl a&al. The formatton 

of the mixed-acetal derivative \vab explained by the unfavourablc ar~al orientation 

of the phenyl group in the cyclic I.6acetal. but recent findings”.’ ’ indicate an axial 

preference of the phcnyl grn~~p in I-alliyl-~-phcnyl-I.?-din~ian~ dcrivat~\cs. 

We now report on the preparation of mixed-acct:ll dcri~ativc~ ofcarboh~dr,~tcs 

by acetal-exchange reaction\. 

REStII.TS SAND DM‘I’SSION 

We have reported ’ ” ;t modification of the trans-acetalatron rcactlon for the 

preparation of isopropylldcne acetals using _ ~.2-dimcthox~pro~_lant‘, and this method 

has been apphed to methyl 2.3-di-O-ben~yl-~x-~~-glLlcnpyral~n~ide (4). bcnzyl 2.3-do-O- 

benzyl-/~-r~-galactopyranostde (S), and benzyl /i-r,-F3l~~ctoyyr~ino~i~jc (6). In the 

Initial phase of the reaction of 4. a considerable amount 01” ;I compo~~nd \vith t.I c. 

mobility between that of 4 :11x1 the expected -I,h-O-lsoprop?llltfllnc derlhative (8) uas 

detected, ~\hich was slowly transI’ormed unto 8. After qucnchlng the reactton \vith 
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base at the appropriate time, this intermediate could be isolated (30%) by column 

chromatography, and its ‘H-n.m.r. spectrum showed (inter nlia) a six-proton singlet 

at 1.28 p.p.m., an O-methyl signal at 3.14 p.p.m., and a hydroxyl resonance as a 

doublet at 2.80 p.p.m. consistent with the mixed-acetal structure 7. Similarly, brief 

treatment of 5 with 2,2_dimethoxypropane and toluene-p-sulfonic acid gave the 4,6- 

0-isopropylidene (10, 21 04) and the syrupy 6-O-(methoxydimethyl)methyl (9, 52 %) 

derivatives. 

Isopropylidenation of 6 gave three products in the ratios -4: 5 : 1 {related to 

decreasing order of t.l.c. mobility~, of which the second and the third compounds 

were the 3,4-O- (12) and 4,6-O-isopropylidene (13) derivatives, respectively. The 

‘I-I-n.m.r. spectrum of the compound having highest mobility showed one O-methyl 

signal, one secondary hydroxyl resonance, and C-methyl signals corresponding to 

12 protons, thus indicating a structure combining a cyclic- and a mixed-acetal unit. 

The chemical shifts of two C-methyl signals (1.51 and 1.32 p.p,m,) were close to 

those (1.49 and I .3 1 p.p.m.) of 12 and differed from that (6-proton singlet at 1.44 

p.p.m.) of 13, suggesting the structure 11, which was confirmed by the 13C-n.m.r. 

spectrum. One of the acetal carbons resonated at 110.0 p.p,m., and the C-methyl 

signals (28.1 and 26.2 p.p.m.) were separated by 1.9 p.p.m., values that are charac- 

teristic for a dioxolane-type isopropyIidene group’ ‘xl8 and are close to that reported 

for 3,4-0-isopropylidenegalactopyranoside derivatives’~; the corresponding reso- 

nances of the mixed-acetal unit were at 100.ll 24.36, and 24.32 p.p.m. In contrast 

to isopropyl ethers”, no downfield substituent shift was found for the (methoxy- 

dimethyI)methyl substituent (the C-6 signal is at 60.4 p.p.m. in ll), which can be 

explained by the general gauclze effect2’. 

Mixed acetals could also be isolated after using acetals other than 2,2-dimethoxy- 

propane. Treatment of methyl 2,3-di-0-methyl-cr-D-glucopyranoside (14) with 

acetophenone dimethyl acetal at room temperature afforded the mixed acetal 17 

as a mixture of diastereomers, in addition to the isomeric cyclic acetals15 (15, 16). 

The position of the {methoxymethylphenyl)methyl group in 17 was proved by 

methylation followed by acid hydrolysis, which gave methyl 2,3,4-tri-O-methyl-a-D- 

glucopyranoside. 

The above examples demonstrate that mixed acetals formed as intermediates 

in transacetalation reactions can be isolated in reasonable yields. Mixed acetals are 

formed regioselectively, with the 6-O-substituted derivatives preponderating greatly; 

only traces of other products (probably the 4-O-substituted derivatives) could be 

detected. This regioselectivity can be attributed to the greater reactivity of the primary 

hydroxyl group in acetalation reactions ‘-lo* The relatively high proportion of the . 
mixed acetal in the early phase of the reaction is due to the fact that, in 2,2-dimethoxy- 

*It might be argued that equally easy formation, at O-4 and O-6 but much faster cyclisation of a 
mixed acetal at O-4, would also give the mixed acetal at O-6 as the only isolable intermediate. How- 
ever, we see no reason for the faster cyclisation of a mixed acetal at O-4. Preferential formation of a 
mixed acetal at a primary hydroxyl group is also manifested in the acetalation of 6 and 12, where the 
mixed acetal 11 cannot cyclise for steric reasons. 



propane, the reaction 1+2 proceeds at a higher rate than with a l<wcr concentration 

of 2,2-dimethoruypropalie 111 such diluents as N,,~-dilnctl~)Iforrn~~~nitie. At the same 

time. the rate of the reaction 2 -_3 is not greatly iniluenced. \I> that ;i higher steady- 

state COllCelitr:~tl0n of 2 occurs. 

The high regioselecticlty bq which mixed ncetsls are formed at prlmar! hqdrvu! I 

groups accords with the findin: that the‘ kinetic products 111 the preparatli~n 0fqclic 

acctals ~nvolvc one primat-! and one \ccondary ll~dl’O*j 1 group. ()I? the other hand. 

the frequent statement that tr~1ns;icetal~itic,rl re5ulta in the formation of I\lnctlc 

products deserve5 some comment. In tllc iaopl.opylldcnatlo:l of 6. the nl:un product 

is the 3.3-O-isopropylidenc dcrivatlvc I2 and the yielti of the I.h-xet:ll 1.1 i\ 10~~. 

Reaction of 12 or 13 v+ith 7.1-dilnettlo~yprup~iiie gave the ame cqu~lihl-iunl mluturc 

aa the reaction of 6. namely, a --l: 5. I mixture of II. 32. ;llld 13. \\ hich IllCilll~ that 

acctal oxch:lnge. at lea\t u~iciw our conditlnns. can aI50 si\.~ the tlrcr~llod!, namic~ll~ 

more-stable compounds. Acrtnlation of 12 alsit dem<~nstrates th,lt 1\~~prop! iidenatisn 

with ~.2-dlmethouyprnpant: i\ :i powerful acet:llation mcth0d. \\hich ic,ult5 In at 

least partial reaction of Isolated hqdrosyl ~ ~~roups to gix mikid :wxfl\ 

As expected. the isolated mind-acctals wcrc \c‘nsitl\ii to\~:trds acids and 

moderately stable at room tcmpcraturc, but 11 was \tablr for \cvcr,~l mc>nth\ at _ 0 

Quenching the acetalation mtxturo \\ith base is I:CCCSSII~~: addltloll of water to the 

reaction mixture of 6 re5ultcd 111 the compiete dihappraranw 01‘ I1 n itliiii I min. 

and the 3,~-O-isoplopylidenc dcri\~ativc (12) could bc I\olatcd 111 111gh yield”‘. 

Despite the sensitivity of the mixed 3~xtals towards acids. the li~gli rc$twlectl\~lt> 

of their formation suggest!, that they may fin<! some applicati~~n 111 s>nthr\ih. In thi\ 

respect. the prcparatlon of hcxopyranosides having nnl> HO-4 t’rec and the prcpara- 

tion in one step from 6 ot’ the partially protected gal:tcto4dc ilcri\,atl\‘ca 11 having 

only HO-Z free are note\torthy. 

Melting points (uncorrected) were determined \vith a KoRer apparatus. Optical 

rotations were measured \vith ;i Pcrhin- Elmer 231 polarimetcr for s~tlution~ in chloro- 

form. N.m.r. spectra were recorded with .IEOL MH-100 ( ’ H) and Bruhcr WP 200 S\I. 

spectrometers ( ’ H, ‘3C) for solutions in CDCI, (Internal Mta,Si) 

Solutions in organic wlvrnts \\eel’~ dried with wdium \ulfatc. and 0 apnratlonz 

were performed i/l vwuo at ~40 (bath ). T.I c. wa\ performed on K~ch<~igcl 60 t-21_: 

(Merck), and K~esclgcl Ci (Reanal. Rudapc\t) \vas lwd for- short-coiunbn chromato- 

graphy. Detection In t.1.c. wan etkcted under u.v. light and or I?> charring \\ith 

sulfuric acid. 
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layer was washed with water (3 x 20 mL), dried, and concentrated. The syrupy 

residue (5.24 g) was eluted from a column of Kieselgel G (150 g) with dichloro- 

methane-acetone (9 : I), to give, first, methyl 2.3-di-O-benzyl-4,6-O-isopropylidene- 

c!-D-glucopyranoside (8; 1.82 g, 32.9?& m.p. 76-78” (from ethanol-water, 2 : l), 

[~]n +9” (c 0.9), RF 0.90 (dichloromethane-acetone, 9: 1). ‘H-N.m.r. data: 6 4.80 

(s, 2 H, PhCH,), 4.72 (q, 2 H, PhCH,), 4.52 (d, 1 H, J,,, 3.0 Hz, H-l), 3.34 (s, 3 H, 

OMe), 1.44 (s, 3 H, CMee), and 1.38 (s, 3 H, CMea). 

Anal. Calc. for C,,H,,O,: C, 69.54; H, 7.29. Found: C, 70.06; H, 7.32. 

Eluted second was syrupy 7 (1.80 g, 30.20;). [~]b + 13” (c I), R, 0.59. ‘H- 

N.m.r. data: 6 3.33 (s, 3 H, MeO-1), 3.14 (s, 3 H, Me,CObfe), 2.80 (d, 1 H, HO-4), 

and 1.28 (s, 6 H, CMe,). 

Anal. Calc. for C,,H,,O,: C, 67.24; H, 7.67. Found: C, 67.45; H, 7.83. 

Benzyl 2,3-di-O-ben~~~l-6-O-(metho.~~~din~eth~l)metk~~l-~-~-galactop~~ranoside (9). 

- Compound 523 (1.8 g) was treated with 2,2_dimethoxypropane (4.1 mL) and 

toluene-p-sulfonic acid (10 mg ) as described above. After complete dissolution (1 min), 

the mixture was stirred for 3 min. The syrupy residue obtained after work-up was 

eluted from a column of Kieselgel G (100 g) with dichloromethane-acetone (92:8), 

to give, first, benzyl 2,3-di-O-benzyl-4,6-O-isopropylidene-P-D-galactopyranoside 

(10; 0.42 g, 21.4%), m.p. 100-102” (from ethyl acetate-light petroleum), [c~]n -52” 

(c 0.9), R, 0.82 (dichloromethane-acetone, 92 : 8). ‘H-N.m.r. data: 6 7.45-7.20 (m, 

15 H, 3 Ph), 5.02-4.50 (m, 6 H, 3 PhCH,), 4.36 (d, I H, J,,, 8.0 Hz, H-l), 4.08-3.90 

(m, 3 H, H-5,6,6’), 3.78 (dd, 1 H, Jz,3 10.0 Hz, H-2), 3.40 (dd, I H, J,,, 3.9 Hz, 

H-3), 3.10 (bs, 1 H, H-4), 1.52 (s, 3 H, CMee), and 1.38 (s, 3 H, CMea). 

Anal. Calc. for C,,H,,O,: C, 73.44; H, 6.98. Found: C, 73.56; H, 7.02. 

Eluted second was 9 (1.08 g, 51.7?/,), [c(]e -19” (c 0.6), R, 0.47. ‘H-N.m.r. 

data: 6 7.40-7.20 (m. 15 H, 3 Ph), 5.00-4.64 (2 q and 1 s, 6 H, 3 PhCH,), 4.46 (d, 

1 H, H-l), 3.97 (dd, 1 H, H-4), 3.80-3.60 (m, 3 H, H-5,6,6’). 3.32-3.20 (m, 2 H, 

H-2,3), 3.18 (s, 3 H, OMe), 2.74 (d, 1 H, HO-4), and 1.32 (s, 6 H, CMe,). 

Anal. Calc. for C,,H,,O,: C, 71.24; H, 7.33. Found: C, 71.50; H, 7.45. 

Benq~l 3,4-0-isoprop~~lidene-6-0-(metho.\-)~dimetl~yl)meth~~/-/3-~-galactopyrano- 

side (11). - A suspension of 624 (2.7 g) in 2,2_dimethoxypropane (12.3 mL) was 

treated with toluene-p-sulfonic acid (47 mg) as described for 7. After I h, aqueous 

NaHCO, was added, and the mixture was worked-up. The crude product was eluted 

from a column of Kieselgel G (200 g) with dichloromethane-acetone (4: I), to give, 

first, syrupy 11 (I .44 g, 37.7 “‘,), [cY]~ -20” (c 0.7) RF0.55 (dichloromethane-acetone, 

4: 1). N.m.r. data: ‘H, 6 7.40-7.20 (m, 5 H, Ph), 4.77 (q, 2 H, PhCH,), 4.23 (d, I H, 

J,.2 8.3 Hz, H-l), 4.18-3.50 (m, 6 H, H-2,3,4,5.6,6’), 3.24 (s, 3 H, OMe), 2.92 (bs, 

1 H, OH), 1.51 (s, 3 H, CMe), 1.37 (s, 6 H, MeOCj&fe2), and 1.32 (s, 3 H, CMe); 

‘H [(CD,),SO], S 5.44 (d, 1 H, exchangeable with deuterium, OH); 13C, 6 110.0 

(dioxolane CMe2), 100.9 (C-l), 100.1 (mixed acetal CMe,), 60.4 (C-6) 48.4 (OMe), 

28.1 (dioxolane CMe), 26.2 (dioxolane Cilile), 24.36 (mixed-acetal Cizfe), and 24.32 

(mixed-acetal Cbfe). 

Anal. Calc. for CzoH3007: C, 62.81; H, 7.91. Found: C, 63.03; H, 7.95. 
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Eluted second was benzyl 3.4~0-isopropylidene-B_u-galactopyranosidc (12: 

1.40 g, 45.0:1:,), m.p. 127-128” (from ethyl acetate-light pctrolcum). [x][, .- 2” 

(c 0.9). R, 0.28; lit.‘” m.p. 125“, [z][, -2” (c 1.26, chloroform). ‘H-N.m.r. data: 

6 7.40-7.20 (m. 5 H. Ph), 4.76 (q, 2 H. PhCHz), 4.23 (d, I H, J,,, X.0 Hz. H-l). 

4.10-3.30 Cm, 7 H, H-2,3,4.5.6,6’and HO-2). 2.87 (t, 1 H. HO-6). 1.49 (s. 3 H. CMe). 

and 1.31 (s, 3 H, CMe). 

Elutcd last was benzyl 4.6-0-isopropylidene-/j-r)-galactopyranoside (13; 0.22 g, 

7.1 ‘?h), m.p. 127-128” (from ethyl acetate-light petroleum). [x]~, -73.5’. ((, 0.91, 

R, 0.17; lit.” m.p. 124.5-125.5 ‘. [%I” --66” (c 1.03, chloroform). ‘H-N.m.r. data: 

0‘ 7.40-7.20 (m, 5 H, Ph), 4.75 (y. 2 H. PhCH,), 4.26 (d, 1 H, ./,,? X.0 Hz. l-1-1 I? 

4.10-3.00 (m, 8 H, H-2.3.4.5.6.6’ and 2 OH). and 1.45 (s. 6 H. CMc,). 

Similar treatment of 12 or 13 afforded 11-13 in yields similar to those noted 

above. 

Metll~*l 2,3-di-O-rnctll~*l-6-O-( metho.~~rnetl~~~f~~ket~~~~I)~~~~~tl~~~l-;(-~~-~~luc~~~~~~~~~~~~.~idc 

(17). -.- A solution of 142” (1.2 g) in N./I’-dimethylformamide (5 mLj was treated 

with acetophenone dimcthyl acetal (2.5 g) and toluenc-/xulfonic acid (20 mg) for 

2.5 h at room temperature. T.1.c. (light pctrolcum--ethyl acetate. 3 :2) of the mixture 

then revealed components with R, 0.55. 0.42. and 0.22. The mixture was ncutralised 

with aqueous NaHCO, and diluted with dichloromethane (60 mL). and the organic 

layer was washed with water (3 x IO mL), dried, and concentrated. The syrupy residue 

was eluted from a column of Kiesclgel G (100 g) with light petroleum--ethyl acetate 

(3:2), to give syrupy 16’” (0.355 g. 20”;,), [xlD + 154” (~0.6). R, 0.55. 

Eluted second was the R-cyclic acctal 15’:’ (0.67 g. 38”,,). m.p. YS--96 ’ (from 

light petroleum). [a],, f64”‘ (c 1.45). R,. 0.42. 

Eluted last was syrupy 17 (0.255 g. 13.2”!;;), [Y]~ +79’ ((‘0.2), R, 0.22. N.m.r. 

data: ‘H, S 7.55,-7.25 (m, 5 H, Ph), 4.88 (d, I H , . / ,.? 3.6 Hz. H-l), 3.65, 3.50. 3.45, 

and 3.20 (4 s, 12 H, 4 OMr), I .58 (s. 3 H, CMe): ‘%Y, S 101.7 (Ph(‘). 97.3 (C-l). 

83.0 (C-2). 81.8 (C-3), 71.3 (C-4), 69.8 (C-5). 61.2 (C-6). 61.2. 58.4. and C5.0(3 OMej, 

49.2 (PhCOMe). 26.43 and 26.2X (PhCdlr). 
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