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THE SYNTHESIS AND SOLVOLYSIS OF 
SOME FULLY ACETYLATED GLYCOPYRANOSYLULOSE CHLORIDES 

ABSTRACT 

Several partially acetylated aldopyranosyl chlorides with an unprotected 
hydroxyl group at C-2 have been synthesised and some have been oxldised with 
ruthemum tetraoxrde In thrs way, fully acetylated pyranosylulose chlorides having 
the a-D-arabino-hexo, a-D-&x0-hexo, and /i-L-eryrhro-pento structures have been 
prepared Their rates of methanolysrs have been determmed Key mtermedrates m 
the synthetic sequences were the per- U-acetyl-2- 0-tnchloroacetylglycopyranosyl 
chlorides, of which the a- and j?-D-g&c?o, 01- and /3-~-a&m@ and a- and /i-D-xylo 
compounds were hitherto unknown The /I-D-xylo denvative exists m the confor- 
mation m which all the rmg subsutuents are axially disposed, whereas the a-L-urabzno 

compound is a rare example of an acylated pentopyranosyl chloride that adopts, 
preponderantly, a charr conformatron that places the halogen m an equatorial 
onentanon 

INTRODUCTION 

In recent years, there has been growing mterest’ 13 glJcopyranosy1 hahdes 
possessing a blocking group at C-2 that does not partlclpate m displacement reactions 
at the anomenc centre We now report on a new class of glycopyranosyl chlorides, 
which possess a carbonyl function at C-2 This study developed from our interests 
m glycosyl halides’ and glycopyranosrduloses3 

RESULTS AND DISCUSSION 

Either chlormatron of a sunable pyranosyl-2-ulose derivative or oxidation of a 
partmlly acylated 2-hydroxyglycopyranosyl chloride seemed to be possible routes to 
the fully acylated glycopyranosylulose chlorides The latter route was selected smce 
methods for obtammg such precursors were already well-estabhshed for the glzlco 
compound 

/?-D-Glucose penta-acetate is readily converted4 into 3,4,6-tn-0-acetyl-2-0- 
tnchloroacetyl-/I-D-glucopyranosyl chloride, and the blockmg group at C-2 may be 
preferentially removed by ammolysis We have used this two-step synthesis, m 
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shghtly motied form, to convert the peracetates of galadopyrauose, xylopyranose, 
and arabmopyranose mto the correspondmg, partrally acetylated, 2-hydroxy denva- 
trves (see Schemes 1 and 2) 

Pllot expenments showed that the best yield of tnchIoroacetylglucosy1 chloride, 

from per-O-acetyl-/?-D-glucopyranose, could be obtained by heating the latter wrth 
phosphorus pentachlonde under reflux for 1 5-l 8 h Srmrlar treatment of the thermo- 
dynarmcally less-stable anomers of peracetylated galactopyranose, xylopyranose, and 
arabmopyranose gave the correspondmg per-O-acetyl-2-O-trichloroacetyl-glyco- 
pyranosyl chlorides (14,26, and 22), wrth retentron of con@uration at C-l, m yields 
of 51,24, and 38%, respectively. 

The crystalhne g&cto dertvative 14, so obtamed, drffered markedly from the 
material claimed by Russran workers’ to have thrs structure Chlonnatton of D- 

galactose per&-acetate, under the condltrons employed by these authors, also farled, 
m our hands, to grve any matenal correspondmg to the desued product. 

The /3-D-gluco, j?-D-g&c@ and a+arabzno tnchloroacetates (1, 14, and 22) 
were smoothly anomensed wrth either tttamum tetrachlonde m chloroform or tetra- 
methylammomum chlorrde m acetomtnle to grve, respectively, compounds 7,15, and 
23 The p-D-xylo tnchloroacetate (26) could not be anonensed with trtamum tetra- 
chlonde but mversron at C-l was achreved with tetranethylammomum chlonde 
Trtamum tetrachlonde probably fads to brmg about tins anomensauon because the 
/I-D-xylo denvattve adopts the ‘C, conformatlon (see below) 

The structures of the SIX new tnchloroacetates (14, 15, 22, 23, 26, and 27) 

follow from their mode of preparatron, their reactions, and then spectroscopic 
propertres The cotiguratrons at C-l were estabhshed from the anomensatron 
expenments and the n m r. data for paus of anomers (see Table I)_ 

TABLE I 

N hf R DATA AND OPTICAL. ROTATIONS FOR SOME PER-O-ACETYL-2-@A-RICHLOROACETYLPYRANOS~ 

CHLORIDES 

Ch Iorrde D-&CO D-galacto D-XJ.‘lO L-arabmo 

a-0 B-(l) a-(15) B-04) a-(27) B-(26) a-Q21 8-W 

JI 2“ (HZ) 40 8ob 35 8SC 40 G25 52 35 
MD @=grees)d +1 +132 +14 -15 +36 + 166 

“Fxst-order values, measured m CDCla bMeasu.red m (CD&CO *IS compound behaved 
differently m CDC13 and C6Ds, possibly undergomg conformatlonal change ‘Measured m C6Ds 
Q&asured m CHCI, _ 

The chlorides 22 and 26, which both possess the less-common anomenc 
configuratron, were of partrcular interest followmg the stnkmg observation6 that 
trr- O-acetyl-/3-D-xylopyranosyl chlonde adopted preponderantly the ’ C, conforma- 
tron. Thus, the anomeric effect7 of the chlorine atom appeared to outweigh the 
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combmed stenc mteractions of four axtally dtsposed rmg-substrtuents Srmtlar 
observatrons have been made wrth a xylosyl fluonde derrvatlve’ and a chlorosulphated 
xylosyl denvattveg Consequently, the n m r spectra of compounds 22 and 26 m 
solutton m deutenochloroform were studted m greater detatl at field strengths of 
100 and 220 MHz. and the parameters obtamed are recorded m Table II A compan- 
son of these two compounds seemed worthwhtle, although Durette and Horton” 
had studied the n m r spectra of the tetra-O-acetylpyranoses havmg the /3-~-xyZo and 
a-D-arabztzo structures, thrs pan of compounds was of less interest because the 
anomenc effect exerted by an acetoxy group IS not large enough to cause the xylo 
Isomer to adopt the ‘C, conformatron 

TABLE II 

N M R. PARAhfEERZ? FOR 3,4-DI-0-ACETYL-2-0-~RICI~LOROACETYLPENTOP~NOSYL CHLORIDES 

WITH THE j&D-~@0 AND a-L-arUbln0 STRUCTURES 

Chiorrde H-I H-2 H-3 H-4 H-5 H-5’ 

26 -48 4 13(r)* -48 5 OS(m) 5 62(q) 6 20 (4) 
Jl8and25 J4s29 Jss 128 Js. 4 42 

-z= 4 32(6) 4 5(q) 465 4 56(m) 5 72 (4) 6 08 (4) 
J1z62 J2380 J3435 J4554 Jss 130 Js 427 

!w 5 16(d) 4 52 cd 4 98 (4) 4 85 (sex) 6 33 (4) 7 07(q) 
JI,Z 7 0 J2,3 8 5 J3,4 3 5 J4.s 4 0 JJ,S 13 0 Js 420 

91 CDCI3 at 100 MHz ad 37” *A defimte assignment of these signals to H-l or H-2 cannot be made, 
cf P.ef 13 CMeasured at 220 MHz *Measured m CsDs 

Analysis’l of the average spm-couphngs*, obtamed from the H-4, H-5, and 
H-5’ ABXi2 spin system observed m the spectrum of the /Z-D-xylosyl chlonde 26, 
Indicated that the pyranosyl rmg was -80% m the ‘C, conformatron as depicted m 
(26a), and the observed, small J1 z v&e was m agreement wrth thrs conclusron. Thts 
result was not surpnsmg m vrew of the earher work6*’ ’ referred to above, and rt 
led to the expectation that the a-L-atabmosyl chloride 22 would also adopt the IC, 
conformatton 22a because rt is the C-4 eplmer of the xylo derrvatrve 26 and conse- 
quently would suffer only one syn-dlaxtal mteractron If thts were so, a small couphng 

*Values for Ja a and J., =a were taken from Ref 13 
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between H-l and H-2 would be expected, and a large couphng between the axial 
protons at C-4 and C-5 However, nezther of these features was observed m the 
spectrum Instead, .T1 z was qmte large (6 2 Hz), and .74,5 and J4,=+ were both small 
These observations suggest that the a-r_-arabmosyl compound adopts preponderantly 
the 4C, conformatzon 22e, and thzs preference was calculated to be -80% from the 
couphng between H-4 and H-5 

Thus, removal of the syn-dzaxlal interaction from the xylo compound 26a 
(whzch 1s achieved with the arabzno denvatlve 22a) caused the ‘C, conformation to be 
dlsfavoured 

Thzs result supports the general concluszon’3 that conformatrons can be 
pre&cted only m the broadest sense wzth the currently used, empirical treatment 
based upon rhe summation of the polar contnbutlon from the substztuent at C-l and 
stenc mteractloils from all the other nng substltuents There are, however, other 
contnbutions that can influence the conformatlon of pentopyranosyl chlorides For 
example, polar groups occupying l+related positions on szx-membered rmgs are 
knownI to prefer a trans-dlaxlal relatronsbp rather than a dlequatonal one Further- 
more, it has been suggested 13*15 that 1,3-czs-draxzally disposed acyl groups might 
exert an attractive force upon each other Either or both of those phenomena could 
account for the observation that 26a IS preferred to 26e whereas 22e 1s preferred to 
22a 

Of the eight structurally related tn-O-acylpentopyranosyl chlorides that have 
been studied, the a- and /3-D-xyZo, /l-D-arabmo, a-d’xo 13, and the a-l’ and j?-D-rzbo 
denvatlves13 appear to exist preponderantly :n the conformation m whch the chloro 
substztuent at C-l :s axial, whereas the a-z.,-(and presumably the a-D-)arabmosyl 
chlonde 22 appears to provide the first example of the preponderant existence of 
such a derrvatlve m the conformation m which the chloro group at C-l IS equatonal 
In ccntrast, however, 2,3,4-trl-O-acetyl-a-D-arabmosyl fluoride” adopts the 4C, 
conformation 

Acylated /?-D-lyxosyl chlorides have not been studied Such an mvestzgatlon 
would be worthwhle since, 111 the ‘C, conformatzon, this compound would also have 
only one 1,3-dzaxzal interaction, namely that between the chlorme atom and the C-3 
acetoxy residue (cf. the a-arabzno rsomer) The report9 that an analogous tns(chloro- 
sulphate) with this structure adopts the ‘C, conformation could be slgmficant, but 
whether compansons between acyl denvatzves and chlorosulphates are vahd 1s not 
known 

Preparatzon of pure samples of the required 2-hydroxy compounds by selective 
removal of the 2-O-trzchloroacetyl groups was difficult to accomphsh with all of ‘Lhe 
new trichloroacetates (14, 15, 22, 23, 26, and 27) Unhke the /3-D-g&o chlonde 2, 
which was crystalhne, the new 2-hydroxy products were non-crystalhne It IS note- 
worthy that selective deacylatzon at C-2 was less difficult with the thermodynamzcally 
more-stable gaZacto (15), arabzno (23), and xylo (27) anomers 

Compounds 2, 3, 14, and 15 were converted into then methyl glycoslde ti- 
acetates mth methanol 111 the presence of pyndme and sliver mtratee18. Under these 
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conditions, the 2-0-tnchloroacetyl group was also removed, and displacements at 
the anqmenc ccntres occurred mamly ~th mverslon of configuration The isomer 
dlstnbution was estunated by n m r. spectral analysis of the crude product and, m 

the case of the gluco compounds, confirmed by g 1 c analysis of the tnmethylslly- 
lated denvatives 6 and 11 The methyl a- and /3-D-glycosides were obtamed in the 

ratio 3 7 from the a-D-&co (3) and a-D-gala&o (15) chlorides,, and m the ratlo 9 1 
from the fi-D-&Z0 (2) and @-D-g&C?0 (14) chlorides 

In studies of oxzdatlons with ruthenium tetraoxlde, we reportedlg that methyl 
a-D-glucopyranoslde 3,4,6-tnbenzoate gave the corresponding glycopyranosldulose 
Sumlar treatment of the analogous acetate 5 welded methyl 3,4,6-tn-O-acetyl-a-D- 
arabzzzo-hexopyranoszdulose (S), the structure of which was Inferred from Its elemental 
analysis and spectral properties The n m r spectrum was very sunllar to that reported 
previously for the corresponding tnbenzoate, and the compound also etiblted a 
slmllar tendency to ehmmate a carboxyhc aced, to produce an enone Thus was revealed 
when g 1 c (SE 30, 175’) of crude 8 revealed extensive conversion rnto methyl 3,6-dl- 
0-acetyl-a-D-glycero-hex-3-enopyranosxdulose (9), which was isolated The n m r 
spectral parameters of 9 closely resembled those of the structurally related benzoyl 
enone lg Others20 have also noted the facile elmunatlon from ulose denvatlves, and 
this property appears to be general for any ulose possessmg an ester function at a 
posltlon e to the carbonyl group 

Anomenc mtegnty was shown to be preserved dunng the oxldatlon by treating 
the /Lo analogu,: (10) of glycoszde 5 wzth ruthemum tetraoxzde under slmdar condo- 
tions This afforded a ketomc product, the n m r spectrum of w&h contamed signals 
that mtegrated correctly for a pyranoad-2-ulose denvafive, but dlffered from the 
spectrum of the a-D ketone 8 Consequently, this product was asszgned the B-D 
structure 12 This pyranoszd-2-ulose also was thermally unstable on a g 1 c column, 
tiordmg N 80% of a more-moblle material that was assumed to be the enone 13 

The methyl a-D-galactopyranoslde triacetate (19) was oxldised hkemse to 

afford methyl 3,4,6-tn- 0-acetyl-a-D-Zyxo-hexopyranosldulose (21) The n m r 
spectrum of 21 was very slmzlar trj that of Its C-4 epzmer (S), but it dzffered m the 
ex:,ected way, exhrbltmg a low value for J3 4 (4 0 Hz, cf J3 s 10 0 Hz for S), thur 

showmg that Isomensation at C-3 &d not occur dunng this oxldatlon 
Oxidation of HO-2 m the acetylpyranosyl chlorides 2, 3, and 24 was more 

dficult than for the glycoades, smce these hahdes are highly reactive However, 
treatment of 3,4,6-rn-Q-acetyl-a-D-glucopyranosyl chlonde (3) with ruthemum 
tetraoxlde gave crystalhne tn-0-acetyl-a-D-arabzzzo-hexopyranosyl-2-ulose chlonde 
(4) Treatment of the B-D anomer 2 under smular conchttons gave the identical 
product Thus, either the j3-chioro-2-ulose rapidly anomensed under the oxidation 
condltlons, or the rate of oxidation of the j?-chlonde 2 was slow compared wG.h Its 
rate of anomensation 

The structure of the ulose chlonde 4 was deduced from the method of prepara- 
Don, elemental analysis, and n m r spectrum (see Table III), which etiblted sgnals 
attnbutable to three acetoxy groups, an anomenc proton (smglet), H-3 (doublet), 
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TABLE III 

N M R P-’ (r AND J IN a) FOR ACETYLPYRANOSYL.ULOSE CHLORIDES 

Chlonde H-I H-3 

4 (CDCla) 3 97(s) 4 06(6) 
Jj 4 100 

18 GW 4 0.5(s) 3 93(d) 
J3 440 

25 (CDCf 3) 3 92 (s) 3 89(6) 
J3.4 4 0 

H-4 H-5 H-6 H-6’ AC 

4 54(f) c 52-60(m) 9 7 83 (s) 
Jo5 100 791(s) 

7 91 (s) 

4 32(bd) 5 38 (broad t) 8 17(s) 
J4505 Js.6 6 5 + 5 6-6 2(m) -+ 8 24(s) 

35.6 7 5 8 30(s) 

4 36(ocr) 5 41 (Q) 5 90 (4)” 7 85(s) 
Jds10 Js5 130 Js 425 791(s) 

“Measured at 60 MHz bH-5’ 

(tnplet), and three other protons The presence of the ketone group in compound 
4 was suggested by the absence of a hydroxyl absorptron in the 1 r spectrum, thrs 
deductron was conm-med by reductron of the carbonyl group Catalytrc hydroge- 
natton of the hahde 4 m methanol gave, after deacetylatron and hydrolyses, a mrxture 
of D-glucose and D-mannose Reduction wrth hthmm alummmm hydnde converted 4 
mto its precursor, the hydroxy-chloroacetate 3 The last result also corroborates the 
anomenc conhguratton asstgned to compound 4 

The arabmosyl chlonde 24 and ns C-5 acetoxymethyl analogue, the galactosyl 
chlonde 17, were oxrdised m hke fashron to grve the pentopyranosyl-2-ulose chlonde 
25 and hexopyranosyl-2-ulose chlonde 18, respectively The structures of these 
compounds are based on spectroscoprc evrdence Therr n m r spectra (see Table III) 
exhtblted very slrmlar sphttmg patterns for the H-l, H-3, and H-4 resonances 

The rates of methanolysrs of the three pyranosyl-2-ulose chlorides 4,18, and 25 
were deterrmned at 27 5” (t&ration w&h standard alkah) The rate coefficrents (calcu- 
lated from the integrated first-order rate equatron) showed a shght, rmtral decrease, 
w&r mcreasmg tune, followed by an increase The rnrma occurred after -28% of 
the chlorides 18 and 25 had undergone reaction Relative rates (x 10’) of 3 3, 7 8, 
and 13 3 set- ’ for compounds 4, 18, and 25, respectrvely, were obtamed from the 
mean of the values at 28 and 53% reactron 

For glycopyranosyl hahdes, the tttnmetnc method produces results2 that 
cnttcally mdtcate the quality of the pyranosyl denvatrve, matenal of low quahty 
always afforded rate coeffictents that decreased with reactron trme Moreover, the 
hberated aad increases the rate of the reactron by mcreasmg the iomc strength of the 
medmm The change m rate coefficients wrth tune observed for the pyranosylulose 
chlorides noted above probably results from a combinatron of these two features, 
smce the chlorides could not be obtamed 111 the hrgh state of punty that we achieved 
wnh the pyranosyl hahdes m our earher work2 

An alternattve explanatron for the 11lltra.l decrease m the rate coeffictents, 
mvolvmg protonatron of the ketone group in the pyranosylulose chloride by the 
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acid hberated, was excluded, smce the rate coefficrents obtamed for compound 4 
showed a mmtmum even m the presence of added hydrogen chlonde Under these 
condrtrons, any protonatron of the ketone fun&on would be complete at the commen- 
cement of the reactron Thus, the mrtral decrease would not be expected to arrse 

Another possrble cause of the rmtral rate decrease mrght be a slow addrtron of 
methanol to the carbonyl group at C-2 to grve a hemracetal (cf Ref 21) 

Pyranosyl halides are beheved to be solvolysed vza a glycosyl carbomum eon 
by an S,l process 2*22 A srmrlar mechamsm appears to be operatmg wrth the pyra- 
nosylulose chlorides,, smce the rate of hydrolyses of the hahde 4 was unchanged m the 
presence of 8mM sodium hydroxtde Methanolysrs, presumably, occurs by the same 
mechanism Tests, such as the addrhon of methoxrde ions to the methanol solutrons, 
were unreliable because extensive deacetylatron occurred 

Product analysrs by g 1 c was attempted with the methanolysate obtained from 
the chlonde 4 Unfortunately, 4 was thermally degraded and gave no detectable 
products Furthermore, the anomerrc methyl pyranosrduloses 8 and 12, whrch were 
the antrctpated products, had rdentrcal Tvalues and also underwent thermal ehmma- 
tton, bemg converted mto the correspondmg enones (9 and 13) Thrs transformatron, 
however, could be utrhsed to ascertam the anomenc composrhon, since the enones 
were separable by g 1 c The ratro for the anomerrc products was thus e&mated to 
be 12 8 = 7.3. 

It IS known that a-chloroketones react slower by a ummolecular mechamsm 
than the correspondmg saturated deoxy compounds23, but compansons have not 
been made with a-hydroxy chlorides For tlus reason, the 3,4,6-tn-O-acetyl-a-D- 
glucopyranosyl chlonde (3), which 1s structurally related to the nlose chlonde 4, 
was metbanolysed under the same condrtxons The rate of thrs reactron increased wrth 
mcreasmg tnne, and the rmhal rate (3 6 x 10m5 set-l) was determmed by extrapola- 
tron’ For the purpose of comparison,, however, the average rate co-efficrent between 
28 and 63% reactron was calculated and found to be 9 3 x 10V5 set-r Thus, the chlo- 
roketone IS a little less reactive than the hydroxy chlonde m this senes of compounds 

The relatrve rates of methanolysrs of the three 2-ulose Zondes 4, 18, and 25 
were 1 0,2 4, and 4 0, respectrvely, whrch may be compared wrth the relatrve rates of 
1 0, 2 7, and 30 0 for the hydrolysis of the structurally related (i e , gluco, galacto, 
and arabmo) pyranosyl brormdes studred prevrously’ The trend of each set of 
figures IS similar and probably can be explained in terms of the changes m non- 
bonded mteractrons that occur on passmg from the ground-state chair conformatron 
of the pyranosyl chloride to the half-charr conformatron adopted by the carbomum 
10n mtermedrates 

EXFJZRIMENTAL 

Unless stated otherwise, optrcal rotations were measured on chloroformrc 
solutrons w1t.h a Belhngham and Stanley polarrmeter, ultravrolet spectra were deter- 
mmed wrth a Umcam S P. 700 spectrophotometer, mfrared spectra were measured 
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3,4,6-Trz-O-acetyl-?r-D-arabmo-hexosyl-2-ulose chloride (4). - The a-D-glucosyl 
chlonde 3 (4 g) 1x1 dry drchloromethane (35 ml) was treatedI wrth ruthemum tetra- 
oxzde (from 2 g of ruthemum droxrde) m carbon tetrachloride (40 ml) for 2 5 h at 
room temperature The usual work-up gave a colourless syrup (2.9 g, 73%), whmh 
was &stilled at 130”/10-5 x 133 Nm-’ to give a pale-yellow gum. Crystalhsatton from 
ethyl ether at - 10” durmg 2 months gave the 2-ulose chlonde 4, m p 85-86”, [a],, 
1179” (c 1 O), Y,,, 3500 (very weak), 1750 cm-’ (mtense) (ester and ketone CO) 
N m r data (CD&) r 3 97 (s, H-l), 4 06 (d, J3,4 10 Hz), 4 54 (t, J4,5 10 Hz), 5 20- 
6 00 (m. H-5,6,6’), 7 83 (s, OAc), 7 91 (s, 20Ac) 

Anal Calc for C,,H,,ClO,- C, 44 7, H, 4 7, Cl, I1 0 Found C, 44 5, H, 4 9; 
Cl, 10 9 

A smnlar oxrdatron (48 h) of the /3-o-glucosyl cblonde 2 (5 g) m dlchloro- 
methane (250 ml) wrth ruthemum tetraoxtde, prepared from the droxrde (4 g), gave 
the same 2-ulose chlonde 4 (3 g, 60%) 

Reductzon of 3,4,6-trz-0-acetyl-a-r-D-arabmo-hexosylu chlorzde (4) zurth 

Izthzum alumznzum hydrzde - The chlonde 4 (0 4 g) was added to a suspensron of 
hthmm alummmm hydrzde (0 1 g) m anhydrous ethyl ether (10 ml) and stured for 
8 mm at room temperature Water was then added and the product was isolated m 
the usual manner to gave a syrup composed of at least two compounds having RF 0 0 
,md 0 58 (solvert b) The mobrle component, Isolated by column chromatography, 
was the a-o-glucosyl chlorzde 3 (0 12 g), m p 91-93” (tmdepressed when mixed with 
authentrc material) 

Mezhyl 3,4,6-trz-0-acetyi-u-D-glucopyranoszde (5) and zts 2-trzmethylszlyl ether 
(6) - The /?-o-glucosyl chloride 2 (2 g) was heated for 2 h under reflux m anhydrous 
methanol (60 ml) contaimng pyndme (0 5 ml) and sliver rutrate (1 05 g) (cf Ref. 26) 
The solution was fltered and evaporated to gzve a syrup that was homogeneous on 
t 1 c (& 0 7, solvent c), but n m r spectroscopy showed rt to be a 9 1 anomerrc 
mrxture 

The crude material (0 3 g) was treated” wrth hexamethyldrsllazane (0 7 ml) 
and trnnethylsllyl chlonde (0 3 ml) m anhydrous pyndme (10 ml) for 18 h Separa- 
non of the two-component product mzxture by preparatzve g 1 c (column B at 225”) 
gave the j?-D-glucoside denvatrve 11, T 6 5 mm, 13% (see below for physical con- 
stants), and 6, T 7 0 mm, 87% Mass spectrum m/e 392 (Mi), 377 (Mt -Me), 
361 (M+ -0Me) N m r data (Ccl,) o 5 46 (d, J1,2 4 0 Hz), 6 30 (q, J2,3 9 0 Hz), 

4 83 0, Jz 4 9 0 Hz), 5 19 (t, J4 5 9 0 Hz), 5 70-6 20 (H-5), 5 77 (q, Js,5 5 0, J6,6 
12 0 Hz), 6 08 (q, J6 ,5 2 0 Hz), 6 57 (s, OMe), 7 98 (s, OAc), 8 03 (s, 2OAc), 9 89 

(G MesSI) 
Anal Calc for C16H2s09Sr C, 49 0, H, 7 2 Found C, 48.85, H, 7 0 

The tnmethylsllyl ether 6 was hydrolysed durmg 30 mm m aqueous methanol 
at ~70“ to gtve, after solvent evaporatton, the glucostde 5 as a syrup, v,, 3300 and 
1760 cm-’ (OH and ester CO). N m r. data (&De) r 5 47 (d, J1 2 4 0 Hz), 6 40 (q, 
J 2,3 9 0 Hz), 4 48 (t, J3,4 9.0 Hz), 4 79 (t, 54 5 9 5 Hz), 6 O-6 4 (m, H-5), 5 66 (q, 



GLYCOPYRANOSYLULOSECHLORIDES 11 

J 12 0, Js.5 4 0 Hz), 5 91 (4, J6.5 2 5 Hz), 6 99 h, OMe), 7 75 (.s, exchangeable 
:t6h D,O; OH), 8 19, 8 23, 8 27 (3s; 30Ac) 

MetJzyZ 3,4,6-trz-0-acetyl-a-D-arabmo_hexopyranoszduZose (8) - The CC-D- 

glucoslde trmetate (5) (140 mg) m carbon tetrachlonde (10 ml) was oxrdised durmg 
5 h m the usual manner with ruthemum tetraoxrde (derived from 0 3 g of the dioxide) 
to give 8 as a colourless syrup (89 mg, 64%); v,,, 1750 cm-’ (CO), no OH absorp- 
tton N m r data (C,D,) r 5 39 (s, H-l), 4 11 (d, J3 4 10 0 Hz); 4 44 (sex, J4,5 10 0, 
J4.6 1 8 Hzj, 5 50-6 10 (m, H-5,6,6’), 7 05 (s, OMe), 8 20,8 25,8 30 (3s, 30Ac) 

Anal Calc for &HX809 C, 49 0; H, 5 7 Found C, 48 5; H, 5 7. 
The sample for elemental analysis was punlied by g 1 c (column A at 175”, 

T 9 5 mm) It was accompamed by a thermal decomposttton product, methyl 3,6-dt- 
O-acetyl4deoxy-a-D-gZycero-hex-3-enopyranos~dulose (9) (60 mg), T 5 25 mm, 

1650 cm-’ (corn CO), &,,, 
?f),382(d, Ja,201-Iz);515( 

230 and 266 nm N m r data (C6D,) z 5 21 (s, 
sex, JS650Hz);585(q, JG6 115Hz), 61O(q, 

JGO s 5 0 Hz), 6 88 (.s, OMe); 8 20, 8 29 (2s,2OAc) 
AnaZ Calc for CllH1407- C, 512, H, 5 5 Found C, 50 2, H, 5 55 
MethyZ 3,4,6-trz-O-acetyl-P-D-glucopyranoszde (IO) and zts EtrzmethyZszZyZ 

etlzer (11) - The a-D-@UCOSyl chloride (3) (2 g) was treated as described above for 
the /&chloride The crude, syrupy product [I 6 g, 80% after crystalhsatton twice 
from ethyl ether-light petroIeum (b p 40-60”)] gave 10, m p 95-96”, [aJD +17” 
(c 0 8), ht 28 m p 95-97”, [aIn +19” (ethanol) N m r data (acetone-&) r 5 60 
(8, J1 ,2 8 0 Hz), 5.0 (m, H-3,4), 5 4.0-6 40 ( m, H-2,5,6,6’), 6 50 (s, OMe), 8 00 (s, 
OAc), 8 05 (~,20Ac), OH exchanged with solvent 

Anal Calc for C,,H,,O,: C, 48 75, H, 6 3 Found C, 48 7, H, 6 0. 
Tnmethylstlylatton of 10 (0 2 g), as described above, gave, after three recrystal- 

hsations from ethyl ether-pentane, the ether 11, T 6 5 mm (column B at 225”), m p 
139-140”, [a], f3 2” (c 1 0) Mass spectrum m/e 392 (M+), 377 (Mt -Me), 361 
(M+ -0Me) N m r data (C6Ds) z 6 02 (d, JI,2 7 5 Hz); 4 50-5 05 (m, H-3,4); 
5 5&6 20 (m, H-6,6’); 6 20-6 85 (m, H-2,5); 6 78 (s, OMe); 8 21, 8 28, 8 30 (3s, 
3OAc), 9 89 (s, SiMes) 

Anal Calc for C16H2s0$i C, 49 0, H, 7 2 Found C, 49 0, H, 7 1 
Methyl 3,4,6-trz-0-acetyl-B-arabmo-hexopyranoszduZose (12) - The B-D- 

glucostde tnacetate (10) (0 3 g), dtssolved m a mtxture of carbon tetrachlonde 
(40 ml) and dichloromethane (10 ml), was oxtdrsed with ruthemum tetraoxtde (from 
0 2 g of the droxrde) After 12 h, t 1 c showed that oxrdatron was mcomplete and so 
the mxture was treated with more oxidant (from 0 3 g of the dtoxtde) for 3 h The 
crude, syrupy j?-D-pyranosid-2-ulose 12 had [aID f 179”, v,,, 3300 cm-’ (very weak) 
N m r data (C,D,). z 4 10-4 45 (m, 2-H), 5 25-5 90 (m, 4-H), 6 48 (s: OMe); 8 23, 
8 31,8 37 (3s, 3OAc) On g 1 c ,12 (T 9 5 mm) was accompamed by what was assumed 
to be methyl 3,6-~-O-acetyl-Pdeoxy-P-D-gZycero-hex-3-enopyranosld~lose (13), T 

6Omin 
Rrductzon of methyZ 3,4,6-trz-O-acetyZ-~-D-arabmo_hexopyranoszduZose (12) - 

A methanohc solution (50 ml) of the hexosylulose chloride 4 (0 3 g) was neutrahsed 
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after 12 h at room temperature and evaporated to a syrup Thus was dissolved m 
ethanol (10 ml) and shaken m an atmosphere of hydrogen m the presence of platinum 
o,xlde (80 mg) The product was deacetylated and then hydrolysed m 2~ hydro- 
chlonc acid for 10 h at 95” Paper-chromatograptic analysis of the reaction product 
revealed glucose and mannose 

Preparatron of derlbatwes from D-galactose 
3,4,6-Trr-O-acetyl-2-O-tr~chZoroacetyl-8_~-galactopyr~osy~ chloride (14). - 

Penta-U-acetyl-@-D-galactopvranose (10 g) was treated as described above for the 
&co compound Tb~s gave the tncbloroacetate 14 (51% ; 3 S g by direct crystaka- 

tron and 2 5 g by column chromatography) Recrystalhsation from ethyl ether-l@& 
peirroleum (b p CO-80°) gave, dependmg upon the amount of petroleum used, 
needles or plates of 14, m p X20-KY”, [aID i-14” (c 1 0) N m r data (CsD6) z S 25 
(d JI,Z 8 5 Hz), 441 (Y, Jz 3 10 0 -9; 4% (4, J3.4 3 3 =I, 459 (q, J4.5 10 Hz), 
6 57 (=.., J5,6 5 8, J5.6 7 3 Hz); 5 97 (broadened doublet spht by 6 5 Hz, H-6,6’), 
8 34, 8 37, 8 41 (3q 3OAc) 

Anal Calc for CI,H,,CI.+O,* C, 35 8; H, 3 4; Cl, 30 15 Found. C, 35 7, 
H, 3 6, Cl, 30 15 

Treatment of D-galactose penta-acetate (20 g), by the procedure described m 
the RussIan hterature5, gave a gum composed of three compounds havmg Rp 0 80, 
0 51, and 0 45 (solvent a)_ Fractionation of the crude syrup (2 g) by column chroma- 
tography gave a bls(tnchloroacetate) (0 25 g), [RF 0 80, the n m r spectra m C,D, 
and CDCI, were Identical with those for tnacetate 14 m these solvents, except that 14 
gves three acetate signals, whereas the former compound exhlblts only two], the 
tnchloroacetate 14 (0 4 g, RF 0 51, m p 120”), and tetra-O-acetyl-a-D-galactopyrano- 
syl chlonde (0 1 g, RF 0 45, m p 76-77”, ht 2g m p 77-78”) 

3,4,6-Trr-o-acetyl-2-O-trzcizloroacetyl~-D-galactopyranosy~ chlorzde (15) - 
The /I-D-galactosyl chlonde 14 (S 0 g) was anomensed25 with tltamum tetrachlonde 
(30 ml) m chloroform (250 ml) to gve the c+D-galactosyl chloride (15) as a colourless 
syrup (4 6 g, 91%), [a&, +132” (c 1 0), RF 0 54 (solvent a) N m r data (CDCI,) 
z 3 60 (d, J1,2 3 5 Hz), 4 204 SS (m, H-2,3,4), 5 42 (m, H-S), S 75-6 00 (m, H-6,6’); 
7 84, 7 95, 8 02 (3s, 3OAc) 

The B-D-galactosyl cblonde 14 (0 62 g) was also anomensed3’ with tetra- 
methylammomum chlonde (40 mg) m acetoxutnle to Bve a syrup (0 58 g, 94%), 
identical with the a-D-anomer obtained above 

3,4,6-Tn-O-acefyl_8-D-galacfopyranosyl chlonde (16) - The tnchloroacetate 
14 (2 0 g) was treated for 20 mm vvlth ammoma dissolved m ether, as described for 
the gZuco analogue The usual work-up afforded a syrup, from whch tnchloroaceta- 
mrde was separated by dlssolvmg the product m chloroform The crude /3-D-galactosyl 
chlonde 16 was an orI. N m r. data (CDCl,) z 4 76 (d, J1,2 9 0 Hz), 4 08 (4, J2 3 
10 0 Hz), 5 03 (q, J3.4 3 5 Hz), 4 60 (d, J4,5 -0 5 Hz), 5 6-6 0 (m, H-5,6,6’), 6 43 (s, 
OH), 7.85 (s, OAc), 7 95 (s, 2OAc) 

3,4,6-Trz-O-acetyl-a-r-D-galactopyranosyl chlorzde (17) - The tnchloroacetate 
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(nz, H-2,3), 4 67 (m, H-4), 6.14 (q, J5,5n 13.5, J5 .+ -1.0 Hz), 6 55 (q, .J5.,.+ 2 0 Hz), 
8 25 (s, OAc), 8 35 (s, 2OAc) 

The syrupy mother hquors were fractionated by column chromatography to 
give the tnchloroacetate 22 (2 4 g, 38%), [a]n f36” (c 1 0) N m r data (220 MHz, 
CDCl,)- o 4 32 (d, J1 2 6 2 Hz), -4 5 (q, .T2,3 8 0 Hz), 4.65 (4, J3,4 3 5 Hz), 4 56 (m, 
H-4), 5 72 (q, J5,4 54, JsSSs 13.0 Hz), 608 (4, J5,,4 2 7 Hz), 781 (s, OAc), 7 91 (s, 
OAc), at 100 MHz (C,D,) 5 16 (d, J1,2 7 0 Hz), 4 52 (q, JZ,3 8 5 Hz), 4 98 (4, J3,4 
3 5 Hz), 4 55 (SEX, J4,5 4 0 Hz), 6 33 (4, JS,S 13 0 Hz), 7 07 (q, J5,,4 2 0 Hz), 8 35 (s, 
OAc), 8 42 (s, OAc). 

3,4-Dz-O-acetyI-2-0-trzchloroacetyI-~-L-arabinopyranosyt chloride (23) - The 
a-L-tnchloroacetate 22 was anomensed erther with tltamum tetrachlonde 111 chloro- 

form or wrth tetramethyhunmonium chlonde m acetomtnie, by the methods de- 

scribed for the gnlacto analogue, to grve the J-L trichloroacetate 23 as a syrup, [LY]~ 
+166” (c 1 0) N m r data (100 MHz, C6Ds). 9 4 03 (d, JI,z 3 5 Hz), 4 63 (q, J2,3 
10 0 Hz), 4 38 (q, J3 4 3.0 Hz), 4 8 (m, H-4), 6 35 (4, J5,4 10, J5,5 13 0 Hz), 6 70 

(4, Js.4 2 0 Hz), 8 33 (s, OAc), 8 4 (9, OAc) Irradiation of the H-4 multiplet caused 
H-3, H-5, and H-5’ to appear as doublets, and rrradratron of H-l caused H-2 to 
become a doublet 

j,4-Dr-O-acetyi-fl-L-arabazopyranosyl chlorzde (24) - The j?-L-tnchloro- 
acetate 23 (8 g) was deacylated at posrtron 2 in d mm at 0” by the usual procedure 
Tius gave the chlonde 24 as an unstable syrup, RF 0 54 (solvent a) N m r. data 
(CDCls). z 3 65 (d, JltZ 40 Hz), 4 5-5 0 (m, H-3,4), 5 5-6 3 (m, H-2,5,5’), 6 78 
(broad s, OH), 7.88 (s, OAc), 7 94 (s, OAc) 

3,4-Dz-0-aret_&j?-L-erythro-pentosyhdose chlorzde (25) - The arabinosyl chlo- 
nde 24 (0 6 g) was oxrdrsed rn the usual way w&h ruthemum tetraoxrde (prepared from 
0 4 g of the droxrde) during 4 h The crude product was drstdled (lo- ’ x 133 Nm- z) 
to give 25 as a gum (0 3 g, 50%) N m r. data (CDCl,) z 3 92 (s, H-l), 3 89 (d, J3 4 
4 0 Hz), 4 36 (o, H-4), 5 41 (q, J5,4 10, JS,5 13 0 Hz), 5 90 (q, J, ,4 2 5 Hz), 7 85 
(s, OAc), 7.91 (s, OAc), in C,D, E 4 03 (s, H-l), 3 95 (d, J3,4 4 0 Hz), 4 58 (o, H-4), 
5 85 (q, .T5,4 10, .I5 5t 13.0 Hz), 6 25 (q, J5,,4Z 5 HZ), 8 13 (s, OAc), 8 28 (s, OAc). 

Preparatzon of derzvatives from D-xylose 

3,4-Dz-O-aceryZ-2-0-trzc?zZoroaceryZ-~-~-xyZopyr~osyZ chlorzde (26). - Tetra- 
O-acetyl-/3-o-xylopyranose (5 g) was chlormated as for the ghtco compound The 
crude product, after chromatography, gave 26 (I 5 g, 24%) as a coIourless orI 
N m r_ data (100 MHz, CDC13) o 4 84 9 (d, H-l), 4 16 (t, J2,1 1 8, J2,3 2 5 Hz), 
4 8-4 9 (m, H-3), 5 09 (m, H-4), 5 62 (q, J5,4 2 9, JS,S 12.8 Hz), 6 20 (q, J5,,4 4 2 Hz), 
7.88 (s, OAc), 7.91 (s, OAc) 

3,#-Dz-0-acetyl-2-0-trzchloroacetyl-cl_nl chlorrde (27) - The 
/Rrnbloroacetate 26 (1.0 g) was anomensed m acetomtnle (20 ml) wrth tetramethyl- 
ammomum chlonde (50 mg) durmg 8 h at - SO”, as descrrbed for the gaZacto analogue. 

The a-tnchloroacetate 27 was isolated as a colourless syrup (0 8 g). N m r. data 
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(CDCI,) z 3.70 (d, J1,2 4 0 Hz), 4 S-5 2 (m, H-2,4), 4 28 (f, Jss2 9.0, J3,4 9.0 Hz), 
6 0 (m, H-5,5’), 7 96 (s, 2OAc) 

Attempts to anomense the &tnchloroacetate 26 with trtanium tetrachlonde in 
chloroform, as described for the galacto analogue, led to no reactron under the usual 
condrtrons, or to decomposrtion when a large excess of the titamum chlonde was 
used. 

SoIvoIys~s expenments. - To samples of the ulose chlorides (IS-250 mg) 
in tubes fitted wrth serum caps, dry methanol (5 ml) at 27 5” was added The solutions 
were thermostatted at 27 50” and, at Intervals, ahquots (200 ~1) were wrthdrawn and 
quenched by raprd mixing wnh pure acetone (2 ml) at -50”. The free hydrogen 
chlonde 111 these samples was then titrated at thrs temperature against 3OmM tetra- 
butylammomum hydroxrde wrth Lacmold (E3 D H , Ltd) as mdrcator. The results 
were calculated by using the Integrated first-order rate equation. 

In some expenments, the reactron products were momtored by g 1 c analysis 
The chlonde (0 9 g) was drssolved m methanol (15 ml), and ahquots (1 ml) were 
removed at intervals and dduted wrth cold benzene (20 ml) The solvent was raprdly 
evaporated, and the Leadue was treated wrth hexamethyldrs&zane (3 3 ml) and 
trunethylsllyl chlonde (17 ml) ln pyrrdme (0 25 ml) The resultmg soluttons were 
analysed by g 1 c on column B at 185”. 
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