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Note 

Oxidation of primary and secondary alcohols In partially 
protected sugars with the chromium trioxide-pyrldlne 
complex in the presence of acetic anhydrlde 

PER J GAREGGA~D BERTILSAVUELSSOU 

Deprrrrr?wnr of Orz?antc CJternrslr~ ArrJtentus Laboratorv Utttrersrr~ of SrochhoInr 
S- IO6 91 SrochltoDn (SIC eden) 

(Rccelved December 12th 1977 accepted for pdbhcatlon J~nu~iry 13th 1978) 

The chromium trlo\lde-pyndme complev’-3 IS a well-estabhshed reagent for 
the oxIdatlon of pnmary and secondary alcohols to the correspondmg carbonyl 
denvatlbes It IS generally used m dlchioromethane’. which dissolves I3 5 g/l00 ml 
at room temperature, and It IS prepared III SILL? Arrrck and co-\\orkers6 have exa- 
mined this reagent for the o\ldatlon of carbohydrate derlvatwes Using a 12 1 molar 

ratlo of oxidant to substrate they smooth11 owdlzed pnmary alcohols to aldehldes 
In yields of 53-75% The reagent was not, however, useful m o\ldatlon of suear 
derlvatwes contammg endocychc, Isolated, secondary hydrox) 1 groups, P g , I,2 5,6- 
dl-0-Isopropylldene-r-D-glucofuranose Stenslo and Wachtmelster’ observed that 
the owdatlon wth the chromwm tnowde-pyndme complex was fast when performed 
111 acetlc acid The subject of o\ldatIon In the carbohydrate field, IrcludIng chrommm 
tno\:de-pyndme o\ldatlon, has been re\ lewed by Butterworth and HanesslanS 

We now report on the results of owdatIon uIth the CrO, 2C5H,N cornpIe\ m 
dlchloromethane In the presence of 1 mol of acetlc anhldrlde per mol of owdant 

The oxldatlons were performed at room temperature \\lth excess of the reagent 
Prehmmary e\penments wth various molar ratios of reagent and h>dro\yl com- 
pound demonstrated that the optlmal results, wth almost quantltatwe yields of 

owdlzed product formed m 5-10 mln, were obtamed when a 4 1 ratlo was used 
Results are presented m Table T A stron,o dependence of the yield upon the molar 
excess of oxidant used was observed for 1.2 3,4-d1-O-Isopropyhdene-cr-o-galactose 
only. With a moiar ratlo of 3 1 and a 30-mm reactlon time, the geld of I,2 3,4-dl-O- 
lsopropyhdene-r-D-galncro-heuodlaldo-I ,S-pyranose obtamed \\as - 65% A molar 
ratlo of 4 I and a 5-mm reactlon time gave a 93 ?G yield Varlatlons m the reactlon tn-ne 
lndlcated that the producr IS susceptlbIe to further oxldatlon 

A possible reason for the hrgh yields obtamed m the oxldatlons by addmg 1 molar 
equwalen: of acetIc anhydrlde per mole to the chromium tnoxlde-pyrrdrne cornpIe\ 
in dlchloromethane may be that the acetlc anhydrlde faclhtates the reduction of 
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l-ABLE I 

OWDXTIOX D4TA 

Startrng Re: Prodrrct Yteld [z]L* (CHCI,) \I p (degrees) 
murerrol (o/0) (degree&) Obr LIC 

Obs Lit 

1 10 3-ulose’ ’ ’ = >90” -r123 Lli7” lo\\-melting, 3930 
hygroscopIc 
sohd 

2 13 hlIose’~ fi 

3 15 1 -uIos2 ’ 5 

1 16 17 6-Jdeh\de6 ‘* 

95 T 71 167-16s 165-167 
J-45 T-l5 

(HCONMe_) ( HCONVe2) 

9-t +I fl s> rup S) rup 

93’ - 109 -111 s> rup 5% rup 
-131 

3 19 - 10 1 4-I.ktonc” , 97 r5l -51 12s 176 

6 22 1 -aldeh> ded 87 a7 85S6 

“The weIghed yield was 9550 G I c revealed the presence of ~5% of acet>lated sf wtlng mater1 II 
The hydrate of the 3-ulose h id [z]i’ r40- iCHCI,), lit I2 [z]], 1-40’ (CHCI,) “N m r d%a (CDCIJ) 
6571(d IH J,- 12 Hz H-l) 5 09 cdd, I H, J, I 4 2, J, J 1 0 Hz, H-2) The long-range couphng 
was not pre\lously noted 1-L ‘ To obtan maxImum )leId the reactlon ws mterrupted after 3 mm b\ 
kddmg an excess of ethanol In ethyl acetate dArm/ C?Ic for C_SHaLOJ C S1 5, H, 6 39 Found 
C 81 5, H 622 

chromlum(V1) from the mtemledlate ester as follows 

L. c_ 
AqO 

H 

.q _;_&r-o- -_ 
S 

R -k-o--Cr-CJAC ___I) R-C=0 + Cr + hOAc 

fi - 
-0PC ; _- 5 

ii i - 

in an analogous fashion to the role of acetic anhydrlde m methyl sulfoxlde-acetlc 
anhydnde oxldatlong 
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In previous oxldatlons of secondary hydroxyl groups m carbohydrates, the 

yields varied with the orlentltlon of the hydroxyl groups, axial or equatorial m 
pyranold systems and r_xti zr endo m five-membered rmg systems The present system 

seems to be msensltlve to sterlc factors 

EYPERIMEXI-AL 

Gerwrd - Melting pomts are corrected OptIcal rotations were deter- 

mined with a Perkin-Eltner 241 polarlmeter (c I, throughout) I I- spectra were 

recorded with a Perkin-Elmer 257 spectrometer N m r spectra were recorded \\lth 
a Jeol JNM FX-100 Instrument operatm, m at 99 5.5 MHz m the Fourier-transform 
mode, for solutions In chloroform-d contamlng 0 1% of tetramethylsllane as the 
Internal standard and lock sIgna Chemical shifts were recorded on the 6 scale For 

ali products, I r and n m r spectra were m agreement \\Ith the postulated structures 

A Perhrn-Elmer 990 gas chromatograph fitted with a glass column contammg 3% 
of OV-225 on Gas Chrom Q was used Concentrations were performed at reduced 
pressure with a bath temperature below 40” T I c was performed on slhca gel F, jg 

(hlerck) plates, sulfuric acid (So/,) was used as spray reagent ElutIon of oxldatlon 
products was performed wth sAca gel 60 (0 040-O 063 mm Merck) The purity of 

all the vanous products was ascertamed by g I c or by t 1 c In solvent systems that 
clearly dlstmgulshed starting materials from products 

Reagem - Chromnml trlovlde (Rledel-de Haen 4G Seelze-Hannover) \\ds 

bept dry In a vacuum over phosphorus pentaovlde AnalytIcal-grade pyrldme was 

dlstdled from phosphorus pentaoxlde and stored over potassmm hydroklde pellets 

Analytical-grade dIcbloromethane was dlstllled from phosphorus pentaollde and 

stored over a molecular sieve (3 A) AnalytIcal-grade acetIc anhydrIde wds used 
0 r&tro/r n?rrl IL 01-k-rrp procrdrre - Chromium tno\Ide (4 molar eqtuvalents 

per molar equrvzlent of alcohol to be oxldlzed) was added to a stIrred solution of 
pyndme (2 mol per mol of CrO,) rn sufficient dlchloromethane to dissolve the 
CrO, 2CSHSN complex The reaction vessel nas sealed during this operation, 111 

order to pre\ent evaporetlon of the sollent the heat evolved facllltated dissolution 

of the cornpIe\ These ovldatlons were performed with 0 5-3 5 g of carbohydrate 
denvatlve, m oxldatlons on a larger scale, a reflux condenser should be used The 
mI\ture was stlrred for 15 mm to produce a deep-red solutlon contarnmg only traces 
of unreacted CrO, The alcohol to be oxIdIzed, dissolved In a small amount of 

dlchloromethane, was added with rtlrrmg at room temperature A tarry deposit 

formed at once and the colour of the mixture changed to darh-brown Acetic an- 
hydnde (1 mol per mol of CrO, ZC,H,N) was added at once and the reactIon was 

momtored by t 1 c After a reactIon time of S-10 mln, the mllture was transferred to 
the top of a short column of slhca gel m ethyl acetate, with a layer of ethyl acetate 
above the gel In which chromium compounds were precipitated before elution The 

product was eluted with ethyl acetate m one fraction The colourless eluate was 
concentrated to near dryness Toluene was added and the mlvture concentrated agam 
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This procedure was repeated a few times m order to remove any acetlc acid and 
pqndme present, after which the nuxture was concentrated to dryness 

lVute Laboratory equipment co&unmated with chronuum compounds IS 
cleaned with aqueous sodmm hydroxide 
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