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ABSTRACT 
r 

The action of 2 molar eqmv of ethyl (or methyl) lsopropenyl ether on D- 

galactose causes acetonatlon under condltlons of kmetlc control, to gve 4,6-0- 
Isopropyhdene-cr&D-galactopyranose (3), Isolated crystalline in 67 oA yreld after 
separation from a small proportlon (14%) of the pyranold 3,4-acetal and a trace 
(l-279 of the furanold 5,6-acetal Slmdar acetonatlon of D-allose led essentially 
exclusively (81%) to 4,6-U-lsopropyhdene-D-allopyranose, which crystalhzed mamly 
as the /? anomer Analogous treatment of D-talose g1ve.s 4,6-0-lsopropylldene-a--D- 
talopyranose m 93 % yield The pyranold ring-structures of the acetals were established 

by the sequence acetylatlon-deacetonatlon-acetylatlon to give the known aldopyranose 

pentaacetates, and studies by n m r spectroscopy and mass spectrometry estabhshed 

the positions of acetal substitution, compound 3 was also identified by comparison 

of Its properties with data In the !Iterature 

INTRODUCTION 

Previous papers m this series have estabhshed the use of alkyl lsopropenyl 
ethers m iV,N-dlmethylformamlde as a general reagent for acetonatlon of sugars 
under kmetlc control, wth favored mmal attack at pnmary hydroxyl groups and 
subsequent nng-closure favoring formation of acetals of the 1,Zdloxane type without 
tautomerlc modlficatxon of the rmg-size of the starting sugar The reaction provides 
access to acetal-protected sugar derrvatrves whose substrtutron-mode differs from 
that obtamable by conventlonal acetonatlon under condltlons of thermodynamic 
control In addition to studies on aldopentoses*, the earlier reports have shown that 
D-glucose may be converted preparatively mto 4,6-0-lsopropyhdene-D-glucopyra- 

*For prehmmary reports, see ref 1 Supported, In part, by Grant No GM-11976 (The Ohlo State 
Umverslty Research Foundation ProJect 1820) from the National Institute of General Medical 
Sciences, National Institutes of Health, U S Pubhc Health Service, and w&m the framework of 
RCP 529, CNRS, France 
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nose3, and that D-mannose may hkewlse be converted m high yield mto its pyranold 
4,6-isopropylidene aceta14, or, by use of a larger excess of the reagent, into the 
pyranold 2,3 :4,6-dusopropybdene acetal Similar acetonatlon of a,a-trehalose may 
be controlled to afford the (monosubstltuted) 4,6-lsopropyhdene acetal’. The 
generahty of this reactlon with the aldohexopyranoses IS affirmed by the present 
investigation, which shows that preparative converslon mto the pyranoid 4,6-ISO- 

propyhdene acetals IS readily achieved with D-galactose, D-allose, and D-talose 
Such denvatlves, and derived transformation-products, have Important potential for 
the SyntheSlS of complex saccharides,,“› both as glycosyl-group donors and as selectively 
prc,ected acceptor-sugars 

DISCUSSION 

The general procedure used for acetonation was the same as that employed 
previously, namely, reactlon of the crystallme aldose m NJ-dlmethylformamlde 
at O-5” with 2 molar equlv of ethyl (or methyl) lsopropenyl ether m the presence of 
a trace of p-toluenesulfomc acid, to the point (~4 h) where the startmg aldose was 
no longer detectab!e It IS important to keep the proportlon of acid catalyst low, 
as otherwise, the yields of kmetlc products are decreased and purdicatlon problems 
are encountered as a result of subsequent conversions that contaminate the kmetlc 
products with those of thermodynamic control The present study was focused 
pnnclpally on preparative aspects, as conducted with the aldose on a 9-g (50 mmol) 
scale, but each reactlon was also examined for the complete product-balance by 

Me 

6 ~=nc 
6a R = COCD, 

Scheme 1 D-Goloctoss ser,es 
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analytical and preparative adsorption chromatography, and by g 1 c of per(tnmethyl- 
silyl)ated denvatives 

Acetonatlon of D-gakiCtOSe (1) with methyl isopropenyl ether (2) gave N 90 % 
of water-soluble, monoacetal product, together with a small proportion of dichloro- 
methane-soluble material, evidently a mixture of polyacetalated products (this was 
not examined rn detail) The water-soluble fraction was readily resolved on a column 
of sihca gel to afford crystalhne 4,6-U-isopropyhdene-a&D-galactopyranose (3) as 
the prmcipal product (67 %); a faster-migrating product obtained crystallme m 14 % 
yield proved to be 3,~O-isopropyhdene-or&D-galactopyranose (4), and a very 
minor, third component, migratmg faster than 4, was isolated crystallme m l-2% 
yieId and shown to be 5,6-O-isopropyhdene-D-galactofuranose (5) All three products 
could be identified by comparison of their melting points and specrfic rotations with 
those reported by Morgenhe6, who had isolated the acetals m 22, 15, and 13 o/0 yields, 
respectively, from a complex product-mixture obtained by acetonation of 1 with 
hot acetone-N,N-dimethyIformamide-copper(II) sulfate The structural attributions 
were further confirmed by mass- (see Experimental section) and n m r - (see Table I) 
spectral data 

The n m r data showed that 5 m dimethyl sulfoxide-d6 exists essentially as a 
smgIe anomer (presumably /3) whose H-l signal falls to lower field (8 5 25) than the 
H-l signals of the pyranoid isomers. For compound 4, the nm r spectrum m di- 
methyl sulfoxide-d, readily estabhshed that the 6-hydroxyl group was unsubstituted 
(triplet signal for HO-6), and that it was a 13 7 mixture ofpyranoid a: and D anomers 
(from the mtensities of the H-l and HO-1 signals, the J,z,z and J,B,z couplmgs of 
3 4 and 8 Hz, respectively, and the H-la and H-lP chemical-shifts of 6 5 00 and 4 37, 
respectively) The 3,4_acetal substitution m 4 was contkmed by the n m r spectrum 
of its tnacetate 9, obtained crystalline as a 9 11 c.Q mixture, the H-lee and H-l/3 
signals were observed, as anticipated, at low field (see Table I), and the H-2 signals 
(alone of the remammg protons) emerged at low field, as best observed with the 
spectrum of 9 in benzene-d,, mdicatmg that O-2, but not O-3, is acetylated m the 
triacetace 9 

The constitution of the prmcipal product, the pyranoid 4,6-acetal 3, could be 
gleaned from the n m r spectrum of 3 m dimethyl sulfoxide-d6 (see Table I), the 
absence of triplet OH resonances Indicated that O-6 was engaged m acetal substitution 
The signal-mtensitles for H-la, H-l/3, HO-la, HO-l/I, the chemical shifts of H-lee 
and H-l/I (S 5 14 and 4 52, respectively), and the J11,2 and Jls 2 values of 2 6 and 7 
HZ, respectively, allow attribution of the pyranoid rmg-form and an CXJ? anomeric 
ratio of 7 3, g 1 c data on per(trimethyIsilyl)ated 3 (see Experimental section) were 
also in general accord with this anomenc ratio The observed upward mutarotatlon 
of 3 In water Indicates a higher concentration of the Q anomer at mutarotational 
eyuihbrmm m water 

AcetyIatlon of 3 with hot acetic anhydride-sodmm acetate, a system that would 
be expected to afford mamly the acetate of the HO-1 equatorial tautomer, gave 90 % 
of a crystalline triacetate 8 whose n m r spectrum mdicated that It was practically 
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pure /? anomer. The spectrum of 8 in acetone-& was amenable to simple analysis, 
and the observed low-field positron of the H-l, -2, and -3 signals provided clear 
evidence for the presence of acetoxyl groups at C-l, -2, and -3. 

Further consohdation of the pyranoid 4,6-acetal attribution for 3 and its 
denved tnacetate 8 was afforded by deacetonation of 8 with 1.3 acetic actd-water 
for 1 h at 50°, which afforded crystalhne 1,2,3-tri-O-acetyl-P-D-galactopyranose (7) 
in 90% yield The n m r spectrum of 7 m dimethyl sulfoxrde-d, showed the H-l, -2, 
and -3 signals at low field, as anticipated, and also mdtcated the presence of - 15 oA 
of the cc anomer Acetylation of 7 with acettc anhydnde-pyrrdme gave the known8 
/i-D-galactopyranose pentaacetate (6) Repetition of this acetylation wtth acetic 
anhydnde-d, gave the pentaacetate (6a) m which the 4- and 6-substrtuents were 
specifically replaced by deutenoacetyl groups Analysis of the acetate-signal regton 
of the spectra of 6 and 6a confirmed that the isotopic-group replacement was com- 
plete, and specific at two positions m the molecule Acetylated sugars specifically 
deutenoacetylated at known positions are needed for mvestlgationsg concerned with 
competitive reactions between hydroxyl groups m sugars 

Acetonatlon of D-allose” (10) by 2 molar equtv of alkyl tsopropenyl ether 
gave S 1 o/0 of a water-soluble fractton and 19 o/0 of a dichloromethane-soluble fraction 
The water-soluble fract:on was essentially a pure, single compound that could be 
crystallized from ethyl acetate with high recovery; it was identtfied by n m r spectro- 
scopy (see Table II) and mass spectrometry (see Experlmental section) as 4,6-O- 
Isopropyhdene-D-allopyranose (11) The crystalline product was almost exclusively 
the /3 anomer (the n m r spectrum showed the presence of - 10% of the CL anomer), 
and the compound showed pronounced upward mutarotatlon m water. Its maas 

14 R-AC 

140 R = COCDj 
15 16 17 

Schcm. 2 D-Allooe oeneo 
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spectrum was essentially rdenttcal to that of the stereoisomenc acetal3 (of rtgorously 
estabhshed constttutron), the derived tnacetate 16 hkewise haa a mass spectrum 
the same as that of the D-ga/acto Isomer 8 

Acetylatton of 11 was performed wrth acetrc anhydrrde-sodrum acetate, and 
gave the B anomer 16 exclustvely Analysrs of the n m r spectrum of 16 m varrous 
solvents showed the antrcrpated, low-field, wade doublet for H-l, together with 
signals for H-3 and H-2 at successrvely hrgher field, as expected for protons res- 
pectrvely equatonal and axial at carbon atoms bearmg an acetoxyl group 

Deacetonatton of 16 with aqueous acettc actd gave a quantttatrve yreld of 
syrupy 1,2,3-tn-0-acetyl-j3-D-allopyranose (15), whose homogeneny was evrdent 
from t 1 c and from its n m r spectrum, Its mass spectrum was essentrally tdentrcal 
to that of the stereorsomer 7 Acetylatron of 15 wrth acetrc anhydrrde-pyrrdme gave 
the knownl’, crystallme /3-D-allopyranose pentaacetate (14), thus providmg firm, 
Independent proof for the pyranord rmg-structure of 11 As with the galactose analog, 

acetylatron of 15 was also conducted wnh acetrc anhydnde-d,, and the correspondmg 
derivative (Ma), havmg deutenoacetyi groups at O-4 and O-6, was obtamed, rt 
showed only acetyl-gr oup peaks for AcO- 1, AcO-2, and AcO-3 m the n m r spectrum 

The mmor, drchloromethane-soluble fractton from the acetonatton of D-allose 
(10) was fractronated on srhca gel, to grve a small proportron (-2 %) of a fast- 
migrating, crystalhne product Identified from Its m p and specrfrc rotatron as the 
knownI 2 3 5,6-dr-U-rsopropyhdene-B-D-allofuranose (13), Its n m r 2 spectrum 
(see Table II) provrded addttronal evidence for the structure asstgned Further 
elutron gave an rsomertc dtacetal that constituted -9% of the product from 10, 
tt was Isolated crystalline, and charactertzed as 2,3 4,6-dr-O-rsopropyhdene$-o- 
allopyranose (12) The n m r spectrum of 12 (see Table II) estabhshed that rt was 
a dracetal, and the pyranotd 2,3 4,6-dusopropyhdene acetal substrtutron-mode was 
established by the essenttal rdenttty of the mass spectrum of 12 (see Experrmental 
sectton) to that of 2,3 4,6-dr-0-rsopropyhdene-sc-o-mannopyranose, whose structure 
has been firmly estabhshed 4 The dracetal 12 IS levorotatory (-24 6”) and shows 
no mutarotatton, and Its n m r spectrum showed only one H-l and one HO-l 
srgnal, these data mdtcate that 12 IS the p anomer The Jr 2 value IS relattvely low 
(5 8 Hz ,1~ drmethyl sulfoxrde-&, 4 8 Hz m chloroform-d) for H-l and H-2, protons 
that are nommaiiy draxral, but rt may be presumed that the 2,3-acetal rmg causes 
constderable flattening of the pyranose nng m the regron of C-l, C-2, and C-3, with 
consequent drstortton of the H-l-H-2 dthedral an&z 

Acetylatton of 12 gave the crystallme l-acetate 17, whose n m r spectrum 
(see Table II) closely resembled that of 12, except for the antrcrpated, downfield 
shift of the H-l stgnal and the appearance of an acetate-group signal, again, the 
product was exclusively the p anomer, was Ievorotatory (-30 5” m chloroform), 
and showed a J1,2 value (44 Hz m chloroform-d) mdrcatrve of dtstortron of the 
pyranoid rmg by the fused nngs 

It 1s probabIe that such monoacetals as 11 and its D-talose analog (described 
next), whrch have a czs arrangement of O-2 and O-3, resemble the srmrlarly constttuted 
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18 19 20 

HO ii0 

R20. G&N 

b AC 

22 R = AC 

22a R = COCD3 

Scheme 3 0-Talose rertes 

D-mannose analog4 m being susceptrble to ready converston by an excess of acetonatmg 
reagent mto the pyranord 2,3 : 4,6dusopropyhdene acetals 

Treatment of o-talose (18) under the standard condmons wtth a 2-molar 
excess of methyl tsopropenyl ether (2) led essentially to a smgle compound, a sohd 
product obtamed m 93 % yield from the aqueous extract, the dichloromethane extract 

afforded only - 1% of a product, presumed to be the pyranold 2,3 4,6-dnsopropyhdene 
acetal The water-soluble, prmctpal product was obtamed crystallme from ethyl 
acetate, its mass spectrum (see Experimental section) was essentially rdentrcal to that 
of 3 and 11, and the n m r spectrum of the compound m dtmethyl sulfoxide-& 
(see Table III) showed that it was a smgle anomer, presumably the o! anomer, as 
was also mdrcated by the downward mutarotatlon observed These data were sufficient 
to allow formulatron of the product as 4,6-0-isopropyhdene-a-o-talopyranose (19). 

Conventronal, chemical proof of structure was achreved as for the o-galactose 
and o-allose analogs Acetylatton of 19 with acetrc anhydride-pyndme gave 90% 
of crystalline l,L,3-tr~-O-acetyl-4,6-O-~sopropyl~dene-or-~-talopyranose (20), whose 
mass spectrrlm was essentially rdenttcal to those of the correspondmg denvatives of 
D-galactose, D-allose, and o-mannose4, and whose n m.r spectrum showed the 
anticipated, low-field signals for H-l, -2, and -3 (see Table III) The product was 
anomerrcally pure, and was assrgned as the u anomer on the basrs of its hrgh dextro- 
rotation (t 132” m chloroform) and small .T1,2 value (1.6 Hz in chloroform-d) Upon 
deacetonatlon with aqueous acetic acrd, compound 20 gave 1,2,3-trr-O-acetyl-c-n- 
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talopyranose (21), which was obtamed crystallme m almost quantitative yield 
In addltlon to mass-spectral correlation of 21 with the correspondmg denvatlves 
(7 and 15) of D-galactose and D-allose, the appearance of a tnplet HO-6 slgnal m 
the n m r spectrum of 21 m dlmethyl sulfoxide-& provided direct evidence for 
removal of an acetal substltuent from O-6 Fmally, acetylatlon of 21 with acetlc 
anhydride-pyrldme gave the known13 - ’ 5 Ir-D-talopyranose pentaacetate (22), the 
4,6-bls(deutenoacety1) analog 22a was slmllarly prepared, to demonstrate that 21 
retamed acetyl groups exclusively at three positions and to supply reference data for 
specific attribution of acetyl-group signals for 22 

The foregoing results reinforce the generalities previously advanced for the 
kmetlc acetonatlon of aldoses with alkyl lsopropenyl ethers, namely, (a) the tauto- 
merlc formI of the starting aldose 1s conserved, (b) the anomerlc position tends to 
remam free m the products of reaction, (c) 2 molar equlv of the reagent favors 
formation of a monoacetal, which IS the pyranold 4,6-lsopropylldene acetai from 
aldohexose precursors and which may be obtained convemently on a preparative 
basis, and (d) a greater excess of the reagent converts aldohexoses having the CIS 
dlsposltion of O-2 and O-3 into the pyranold 2,3 4,6-dusopropylldene acetals” 

This reaction thus offers potential for novel routes of glycoslde synthesis 
through the free anomenc posItIon, as well a: the posslblhty for useful functlonal- 
group and stereochemlcal manlpuiatlon at the 2,3-posltlons 

EYPERIBIENTAL 

General methods - These were as described m ref 4 N m r spectra were 
recorded with a Vanan T-60 spectrometer G I c was performed with per(tnmethyl- 
sl:yl)ated samples m a glass column packed with 5% of OV-1 (Hewlett-Packard) 
and mamtamed at 170” Retention times (r,) are given relative to the startmg hexose 
and also (m parentheses) as absolute retention-times m set Solvents used In column 
chromatography were carefully dried and dlstllled, especially methanol and ethanol 

Generalprocedure for acetonatron - To a solution [the shghtly turbid mixture 
for D-galactose (1) became clear after -5 mm of reaction] of 9 0 g (50 mmol) of 
the hexose (1, 10, or IS) m dry NJV-dlmethylformamlde (100 mL) contauung 1 g 
of Slkkon (Fluka dehydrating agent) mamtamed at O-5” (ice-bath) are added methyl 
isopropenyl ether (2, 7 2 g, 100 mmol; an equivalent amount of the ethyl analog 
may also be used) anti p-toluenesulfomc acid (30-50 mg) The mixture 1s stirred 
magnetically at O-5” until monitoring by t 1 c indicates that practically all of the 
startmg matenal has dlsappeared (-4 h), whereupon anhydrous sodium carbonate 
(- 5 g) IS added, and the cold mixture 1s stlrred vigorously for one h more A smali 
ahquot ic retamed for g 1 c analysis The mixture 1s filtered, and the filtrate poured 
mto ice-water (50 mL)_ The resultant solution 1s extracted with dlchloromethane 
(3 x 30 mL), and the extracts are combined, extracted with water (3 x 30 mL), and 
dried (sodium sulfate) The aqueous phase IS combined with the water extracts, and 
the entIre sol&Ion 1s freeze-dned 
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Acetonation of D-galactose (1) - The dlchIoromethane extract contamed 
several, fast-mlgratmg byproducts that were not characterized The freeze-dried, 
aqueous extract gave 9 S g of an amorphous sohd, t 1 c of which showed a major 
component (RF 0 30, 3 1 benzene-ethanol), a mmor one (RF 0 37), and traces of a 
third component (RF 0 45) These products were separated by coiumn chromato- 
graphy (400 g of s&a gel, 3 1 benzene-ethanol) to give, successively, 5 (0 10 g, 
yield I-2 %), 4 (1 5 g, yield 14 %), and 3 (7 4 g, yield 67 %) Directly upon evaporation 
of the eluates, these crystallme products were obtamed pure 

4,6-O-Isopropyhdene-D-galactopyranose (3) thus obtamed had m p 141-142”, 
[a];’ f92 (3 mm) + + 118 o (48 h, c 0 1, water), (Ilt 6 m p 141-143 ‘, [a];’ + 153” 
m methanol), ACHCla 2 95 broad (OH), 7 29 (CMe,), and S-10 pm (COCOC), for mnx 
n m r data, see Table I, m/e 205 (21, M+ - Me), 191 (2), 189 (2), 173 (1 5), 161 
(0 8. Mf - Me,COtH), 149 (1 2), 145 (5, 205 - AcOH), 132 (1 5), 131 (14), 127 
(4 5), 119 (1 5), 116 (I), 115 (1 5), 113 (I), 103 (5), 102 (3 5), 101 (5), 100 (I), 99 (9), 
98 (1 5), 97 (1 5), 85 (8 5), 73 (28), 71 (6), 69 (7), 61 (11), 60 (13), 59 (loo), 58 (6), 
57 (IO), and 43 (SO), X-ray powder dIffractIon data 10 90 s, 6 34 vs, 5 40 s, 4 82 m, 
43Ss,423m,381 s,36Ow,341 w,301 w,283s,and271 m 

Anal Calc for &H,,O, C, 49 09, H, 7 27, 0, 43 64 Found C, 49 18, H, 
7 31, 0,43 86 

3,4-O-Isopropyhdene-D-galactopyranose (4) had m p 99-103 ‘, [a]io + 105 
(3 mm) + +44” (48 h, CO 1, water) (ht 6 m p lOO-102”, [a]g +86” m methanol), 
llCHC13 2 95 broad (OH), 7 30 (CMet), and S-10 jtrn (COCOC), for n m r data, see 
T:Ele I, In/e 205 (45, Mt - Me ), 189 (4 5), 187 (2,205 - HzO, m* 170 6), 171 (1 5), 
161 (2, M’ - Me,CO’H), 159 (9), 145 (4, 205 - AcOH), 144 (lo), 131 (17), 129 
(6), 127 (7), 116 (3 5), 115 (13), 113 (4 5), 103 (6), 102 (2), 101 (S), 100 (13), 99 (12), 
95 (12), 97 (5 5), 96 (7), 86 (IO), 85 (24), 8 1 (9 5), 73 (82), 7 1 (27), 69 (IS), 59 (loo), 
and 43 (79) 

Anal Calc for C,H,,O, C, 49 09, H, 7 27, 0, 43 64 Found C, 49 06, H, 
7 36, 0,43 60 

5,6-O-Isopropyhdene-D-galactofuranose (5) had m p SO-82”, [a]:’ -20” 
(48 h, c 0 1, water) (ht 6 m p 83-84”, [ali -23” m methanol), Itz!JF 2 90 broad 
(OH), 7 27 (CMe,), and S-10 itrn (COCOC), for n m r data, see Table T 

G I c anafyszs of tfre acetonatron products of D-gafactose - Per(tnmethyl- 
sllyl)ated derlvatlves of pure samples of compounds 3, 4, and 5, as obtamed by 
column chromatography, provided standards that allowed ldentlficatlon of the 
corresponding peaks detected m a per(tnmethylsllyI)ated ahquot of the crude mixture 
from the acetonatlon of D-galactose Very mmor, fast-movmg peaks (at least SIX) 
were detected between TR 0 3 (600) and 0 4 (750) Eluted then were 5, 0 54 (1045), 
3 (a anomer), 0 58 (1125), 4 (a anomer), 9 59 (1130), 4 (B anomer), 0 63 (1225), 
3 (/? anomer), 0 75 (1440), and a trace of 1 1 00 (1930) The peak for the B anomer of 4 
appeared as a shoulder on the peak of the a anomer of 3 The peaks for the a and j? 
anomers of 3 (ratlo 2 1) constituted the maJor part of the spectrum of the mixture 
The anomenc ratios as determmed by g 1 c may not correspond exactlyI to those 
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(more-reliable) ratios obtamed by n m r spectroscopy of freshly prepared solutrons 
of crystallme samples m dry drmethyl sulfoxide-d,. 

1,2,3-Tri-C-acetyl-4,6-O-iso~ropylidene-~-D-galactopyranose (8) - A stnred 
mrxture of compound 3 (2 2 g, 10 mmol), acetrc anhydride (6 1 g, 60 mmol), and 
sodmm acetate (9 8 g, 120 mmol) was heated for 1 h at 100”. The mrxture was cooled, 
and poured onto Ice, and the product was extracted wrth drchloromethane The 
extract was drred (sodmm sulfate), and evaporated to a syrup that was chromato- 
graphed on a small column of srhca gel (30 g, eluant, ethyl acetate) to grve a crystallme, 
low-meltmg compound (8, 3.1 g, 90 %). m p 40” (modrficatron), [ali + 89” (c 
0 1, chloroform), RF 0 41 (1 1 ethyl acetate-petroleum ether), I-z::4 5.70 (C=O), 
7.30 (CMe2), and 8 5-10 /cm (COCOC), no OH absorptron, the n m r spectrum 
(see Table I) showed the presence of < l@% of the a anomer, m/e 331 (30, M+ - 
Me-), 287 (2 5, Mt - AcO-), 246 (1 5), 245 (12,287 - CH,CO), 229 (2 5), 228 (l), 
227 (1 5,287 - AcOH), 226 (6, M+ - 2AcOH), 217 (1 5), 203 (5 5,245 - CH,CO), 
187 (5 5), 173 (2), 170 (2), 169 (22,227 - MezCO), 158 (1 5), 157 (9, AcOCH=CH- 
C+HOAc), 143 (17,203 - AcOH), 127 (15,169 - CH,CO), 115 (25,157 - CH,CO), 
109 (13, 169 - AcOH), 103 (4), 102 (2), 101 (S), 99 (3), 98 (3 5), 97 (5), 85 (6), 
73 (9), 59 (14), and 43 (IN) 

Anal Calc for C,5H2209 C, 52 02, H, 6 36, 0, 41 62 Found C, 52 10, 
H, 6 39. 0,41 51 

Deacetonatron of 8 to gwe 7, and acetyIatron of 7 to grve /3-D-gaIactopJranose 

pentaacetate (6) and Its 4,6-brs(trrdeuterzoacety1) analog (6a) - A suspenston of 
0 5 g of 8 I-I 1 3 acetrc acrd-water (20 mL) was stu-red for 1 h at 50”, cooled, and 
freeze-dried, and the amorphous sohd was recrystalhzed from ethyl acetate, to grve 
1,2,3-tri-0-acetyl-j?-D-galactopyranose (7; 0 4 g, 90 %), m p 76-78O, [a]c2 +56’ 

(c 0 1, chloroform), RF 0 54 (ethyl acetate), I-L:: -3 broad (OH) and 5 70 pm 
(C=O), the n m r spectrum (see Table I) showed the presence of - 15 % of the 
cr anomer, m/e 247 (2, Mf - AcO ), 245 (3, M+ - H,O - MeCO ), 203 (3,245 - 

CH,CO), 200 (2 5), 187 (2 5), 186 (3), 173 (1 5), 169 (3), 158 (6 5, M+ - AcOH - 
AcOCH=O), 157 (10, AcOCH=CH-CH+OAc), 145 (5), 144 (3 5), 145 (6, 203 - 
AcOH), 140 (5 5), 13 1 (1 5), 127 (5), 126 (5), 116 (8 5, 158 - CH,CO), 115 (27, 
157 - CH&O), 114 (4), 109 (3 5), 103 (9 S), 102 (5), 101 (3 5), 99 (4 5), 98 (13), 
97 (9 5), 87 (7 5), 73 (18), 60 (1 l), and 43 (100). 

AnaZ Calc for C,zH,,O, C, 47 06, H, 5 88, 0, 47 06 Found C, 47 12, 
H, 5 83, 0,47 32 

A mrxture of acetrc anhydride (5 mL) and pyndure (5 mL) was slowly added 
at 0” to a stnred solution of 7 (0 2 g) in pyndme (5 mL) The solutron was kept for 
18 h at -25”, and then poured onto Ice The product was extracted wrth drchloro- 
methane, and the extract was washed wrth saturated, aqueous sodmm hydrogen- 
carbonate (3 x 10 mL), dned (sodmm sulfate), and evaporated, to grve 6, whrch 
was twrce recrystallized from methanol-water, yield 0 2 g (-80%), m p 140-142”, 
[a]:’ +28O (c 0 1, chloroform) (ht 8 m p 142”, [a];” +25”) An addrtronal 0 1 g 
of 7 was treated with acetrc anhydnde-d, by the procedure lust described,, to grve the 
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4,6-bls(tndeutenoacetyl) analog 6a, for which all of the data were essentially ldentlcal 
to those recorded for 8, but the n m r spectrum showed signals for only three of 
the five acetyl groups 

~,2,6-Trz-O-acet~~I-3,4-O-isopropyhdene-u,~-D-galactop~~ratzose (9) - Com- 
pound 4 (1 I g, 5 mmol) was acetylated with acetrc anhydnde-sodmm acetate exactly 
as described for compound 3 The syrupy acetate 9 thus obtamed was chromato- 
graphed on a small column of slhca gel (20 g, eluant, ethyl acetate), to give a syrup 
that was homogeneous by t I c (R, 0 48, I I petroleum ether-ethyl acetate) and 
that crystalhzed after a few weeks, m p_ 40-45’, A,“$ 5 68 (C=O), 7 27 (CMe,), 
and 8 5-10 ,um (COCOC), no OH absorption, the n m r spectrum (see Table I) 
showed the product to be a 9 II mrxture of the a and p anomers 

Anal Calc for C,,H,,O, C, 52 02, H, 6 36, 0, 41 62 Found C, 52 08, 
H, 6 45, 0,41 70 

Acetonatzon of D-aflose (10) - The freeze-dried, aqueous phase gave an 
amorphous sohd (8 9 g, 81%) that was practically pure 11 by t I c , It could be used 
directly for preparations requlrmg 11 The compound was obtamed pure either by 

recrystalhzatlon (ethyl acetate, 7 9 g, 72%) or by column chromatography (150 g 
of slhca gel, eluant, 4 1 ethyl acetate-methanol) 4,6-O-Isopropyhdene-D-allo- 
pyranose (11) thus obtamed had m p l36-137”, [z]? -70 (3 mm) --f + 18 o (24 h, 
c 0 I, water), RF 0 57 (4 I ethyi acetate-methanol), I,:y,C’J 2 90 broad (OH), 7 30 
(CMe,), and 8 5-10 [tm (COCOC), for n m r data, see Table II, m/e 205 (9, M’ - 
Me), 187 (2, 205 - HzO, m* 1706), 161 (0 8, Mf - MezC*OH), 159 (I), 145 
(4 5,205 - AcOH), 131 (25), I27 (4), 119 (2), 116 (I), 115 (2), 114 (I), 113 (1 2), 103 
(6), 102 (6), 101 (12), 85 (IO), 73 (36), 59 (100), and 43 (65), X-ray powder dlffractron 
data 8 62 w, 5 46 m, 4 92 vs, 4 52 s, 4 06 w, 3 45 m, 3 01 w, 2 73 s, 2 03 w, I 94 w, 
I 88 w, and I 80 w 

Anal Calc for C,H,,O, C, 49 09, H, 7 27,0,43 64 Found C, 49 01, H, 7 20, 
0,43 39 

The dlchloromethane extract (I I g) showed, m t I c , a fast-mlgratmg com- 
pound (RF 0 85, 1 1 ethyl acetate-petroleum ether) present only as a trace, and 
a mmor (RF 0 733 and a major (RF 0 48) compound The last two derlvatlves were 
isolated by column chromatography (30 g of shca gel, eluant, 1 1 ethyl acetate- 
petroleum ether) First eluted was 2,3 5,6-dr-O-lsopropyhdene-D-allofuranose (13, 
0 1 g), which was Identified by comparison of Its physrcal constants (m p 66-68 O, 
1x32 -1 o (final, c 0 1, water), ht lZn m p 6%67”, [a]r -1 0 (water) andlZb m p 
S-67”, Ca]A” -I 5” (water)) and its n m r spectrum (see Table II) with those 

reported m the literature” Next eluted was 2,3 4,6-dl-O-rsopropyhdene-r>-allo- 

pyranose (12,O 75 g), m p 14l-143”, [a];’ -24 6” (c 0 I, chloroform), %zyT*’ 2 90 
broad (OH), 7 30 and 7 25 (CMe,), and 8 5-10 pm (COCOC), for n m r spectra, 
see Table II, m/e 260 (0 2, M+), 245 (29, Mt - Me 1, 217 (0 7, M * - MeCO ), 202 
(0 9, Mt - Me&O), 187 (7, 245 - Me2C0, m* 142 7), 185 (I, 245 - AcOH), 

173 (2), 171 (I 5), 159 (19), 145 (1 5), 144 (1 S), 143 (21, 141 (2 5), 131 (151, I29 (5), 
127 (1 l), 115 (7), 113 (4), 109 (4), 101 (30), 100 (14),85 (181781 (7),73 (16), 69 (111, 
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59 (95), and 43 (100); X-ray powder diffraction data: 10.45 s, 9.45 vs, 7.56 w, 6.14 m,. 
5.82 m, 5.42 vs, 5.16 m, 4.88 s, 4.43 m, 4.1;7 w, 3.98 vs, 3.73 w, 3.48 w, 3.15 w, and 
2.66 w. 

Atzal. Cdc. for C,,HZOOB: C, 55.1s; H, 7-69; 0, 36.92. Found: C, 55.30; 
H, 7.76; 0, 37.04. 

It is probable that acetonation of D-allose with an excess of methyl isopropenyl 
ether would (as was demonstrated for D-mannose4) give a high yield of the diacetaIl2, 
which might prove a useful synthetic intermediate’ ‘. 

G.I.c. anaf’ysis qf the aceronation products of D-dO.se (10). - Peaks corre- 
sponding to per(trimethylsiiyl)ated derivatives of pure samples of compounds 11 and 
12 were compared with the peaks detected in a per(trimethyisiiyi)ated aiiquot of the 
crude mixture of acetonation products of D-aliose and with a per(trimethylsilyl)ated 
sample of authentic D-allose. Eiuted after minor peaks at TR 0.34 (620) and 0.43 
(780,12) were 11 (a anomer) 0.59 (IOSO), II (B anomer) 0.68 (1235), and traces of 10 
(a anomer) 0.92 (1680) and 1Q (fl anomer) 1 .OO (1820). The peaks corresponding 
to the Q and /3 anomers of 11 (ratio i:3) constituted the greatest proportion of the 
mixture. Evidently, the crystallization of I1 causes .aimost complete conversion 
ini;, the fi anomer. 

I,2,3,-Tri-O-acetyl-4,6-O-isopropl,liderze-8_D-aZ~o~yranose (16). - Compound 
11 (1 .I g, 5 mmol) was acetyiated with acetic anhydride-sodium acetate, exactly 
as described for compound 3. The syrupy acetate 16 thus obtained was rapidly 
chromatographed (20 g of silica gel; eluant, ethyl acetate) to give crystalline 16; 
yield l-5 g (87 %); m-p. 48” (modification), [a]E2 -38” (c 0.1, chloroform); RP 
0.85 (1 : 1 ethyl acetate-petroleum ether); 2.,, CHCz3 5.70 (C=O), 7.29 (CMe,), and 
8.5-10 jzrn (COCOC), no OH absorption; for n.m.r. data, see Table II; In/e 331 (4, 
Mt - Me-), 245 (9, Mi - AcO- - CH,CO), 227 (0,4, M? - AcO- - AcOH), 
226 (0.2, MT - 2AcOH), 203 (1.5, 245 - CH,CO, m* 168.2), 187 (O-2), 186 (0.3), 
173 (0.5), 169 (1.5, 227 - Me=CO), 157 (2, AcO-CH=-C+HOAc), 143 (6.5,203 - 
AcOH, m* 1W 7), 127 (1.5, 169 - CH2C0, m* 95.4), I I5 (7, 157 - CH,CO, m* 
84.2), 109 :2 5, 169 - AcOH, m* 70.3), 103 (l), 101 (2.5), 97 (O-S), 81 (l), 73 (2), 
59 (4.5), and 43 (100). 

Atzal. Calc. for C,,HZ20,: C, 52.02; H, 6.36; 0, 41.62. Found: C, 52.09; 
H, 6.3 1; 0, 41.57. 

Deacetorzation of 16 to give 15, and acetyatiotz of 15 to give j&mai/opJ?ratzose 

pentaacetate (14) and its 4&bi?(trideuterioacetyl) mzalog (14a). - The method just 
described for the sequence 8+7+6 was followed. I,.&%Tri-O-acetyZ-/?-D-allogyranose 

(15; yield 0.45 g, quantitative) thus obtained was a syrup, [a]g2 -24” (c 0.15, 
chloroform); RF 0.52 (ethyl acetate); I.=:‘3 -3 broad (OH) and 5.7 pm (C =O); 
for n-m-r. data, see Table II; i?z/e 247 (0.5 M? - AcO-), 245 (0.8, M+ - Hz0 - 
MeCO-), 217 (O-6), 215 (2, Mf - AcOH - -CH,O), 203 (1, 245 - CH,CO), 
173 (0.8), 158 (2.5, Mf - AcOH - AcOCH=O), 157 (8, AcOCH=CH-C+HOAc), 
145 (IS), 144 (1.5), 143 (3,203 - AcOH), 127 (2), 126 (2.5), 116 (3, 158 - CH,CO), 
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pyridine (10 mL) The mixture was stirred for 24 h at N 20”, and then poured onto 
ice The product was extracted (dichloromethane), and the extract was washed with 
saturated, aqueous sodmm hydrogencarbonate (3 x 10 mL), dried (sodmm sulfate), 
and evaporated, to give a crystallme compound that was recrystalhzed from methanol- 
water, and Identified as 20 (3 1 g, 90x), m p 179-180”, [a]kz t132.4” (c 0.1, 
chloroform), ACHC13 5 70 (C=O), 7 30 (CMe,), and 8 5-10 pm (COCOC), no OH 
absorption; RFmr49 (1 1 ethyl acetate-petroleum ether), for n.m r. data, see Table 
III; m/e 331 (30, M f - Me ), 287 (5, M+ - AcO.), 245 (10, 287 - CH,CO), 229 
(3), 226 (5), 203 (3.5, 245 - CH,CO), 187 (7), 169 (8, 227 - Me&O), 157 (4, 

AcOCH=CH-C+HOAc), 143 (13, 203 - AcOH), 127 (16 5, 169 - CH,CO), 
115 (11 5, 157 - CH,CO), 109 (4 5, 169 - AcOH), 101 (12), 85 (9), 81 (6), 73 (4), 
69 (2 5), 59 (lo), and 43 (lOO), X-ray powder diffraction data- 9 55 s, 8 03 s, 6 91 w, 
584m,532m,500m,480m,434m,410s,387m,and341w 

Anal Calc for Ci5HtZ09_ C, 52 02, H, 6 36, 0, 4162 Found C, 5198, H, 
6 32,0,41 68 

Deacetonatzon of 20 to give 21, and acetylatzon of 21 to jirve a-D-talopyranose 

pentaacetate (22) and zts 4,6&zs(trzdeuterzoacetyZ) analog (22a) - The method 
described earlier for the sequence 8+7+6 was followed 1,2,.%Trz-O-acetyba-D- 

talopyranose (21, 0 43 g, 98 %) thus obtained had m p 157-159”, [a]g + 82” 

(c 0.1, chloroform), R, 0 30 (ethyl acetate), AzE” - 3 broad (OH) and 5 7 pm 
(C =O); for n m r data, see Table III, m/e 247 (4 5, M f - AcO ), 246 (1 5, M’ - 
A&H), 245 (7 5, M+ - HZ0 - MeCO ), 229 (1.3, Mr - H,O - AcO ), 217 

(O-8), 215 (0 7, 246 - CH20H), 203 (2, 243 - CH,CO), 137 (3), 186 (4), 158 (4, 
246 - AcOCH=O), 157 (17, AcOCH=CH-C+-OAc), 149 (2 5), 145 (5), 144 (5), 
143 (9, 203 - AcOH), 128 (2 5), 127 (6 5), 126 (4), 115 (40, 157 - CH,CO), 103 
(6 5), 102 (2 5), 101 (1 5), 99 (3), 98 (13), 97 (6), 85 (6), 81 (3), 73 (20), 61 (3), 
60 (16), 59 (8), and 43 (100) 

Anal. Calc for Cr2His09 C, 47 06, H, 5 88, 0, 47 06 Found C, 47 19, 
H, 5 79, 0,47 21. 

The cc-D-talopyranose pentaacetate (22) finally obtamed had physical constants 
{m p- 106-108”, [a]? +52 5” (c 0 1, chloroform), ht i3 m p 106 5-107”, m p l4 
106107”, [a];5” + 68 o (chloroform)“) and n m r data (see Table III) consistent 
with those of the authentic derivative The 4,6-bis(tndeutenoacety1) analog 22a had 
characteristics essentially identical to those recorded for 22, but the n m r spectrum 
showed signals for only three of the five acetyl groups 
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