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ABSTRACT

The action of 2 molar equiv of ethyl (or methyl) isopropenyl ether on D-
galactose causes acetonation under condittons of kinetic control, to give 4,6-O-
1sopropyhdene-o, f-D-galactopyranose (3), isolated crystalline in 674 yield after
separation from a small proportion (149,) of the pyranoid 3,4-acetal and a trace
(1-2%) of the furanoid 5,6-acetal Similar acetonation of p-allose led essentially
exclusively (81 %) to 4,6-O-1sopropylidene-p-allopyranose, which crystalized mainly
as the p anomer Analogous treatment of D-talose gives 4,6-O-1sopropylidene-a-D-
talopyranose 1n 93 9 yield The pyranoid ring-structures of the acetals were established
by the sequence acetylation—deacetonation-acetylation to give the known aldopyranose
pentaacetates, and studies by n m r spectroscopy and mass spectrometry established
the positions of acetal substitution, compound 3 was also identified by comparison
of its properties with data in the hterature

INTRODUCTION

Previous papers n this series have established the use of alkyl 1sopropenyl
ethers mm N,N-dimethylformamide as a general reagent for acetonation of sugars
under kinetic control, with favored 1mtial attack at primary hydroxyl groups and
subsequent ring-closure favoring formation of acetals of the 1,3-dioxane type without
tautomeric modification of the ring-size of the starting sugar The reaction provides
access to acetal-protected sugar derivatives whose substitution-mode differs from
that obtainable by conventional acetonation under conditions of thermodynamic
control In addition to studies on aldopentoses?, the earlier reports have shown that
D-glucose may be converted preparatively into 4,6-O-1sopropylidene-D-glucopyra-

*For preliminary reports, see ref 1 Supported, n part, by Grant No GM-11976 (The Ohto State
Umiversity Research Foundation Project 1820) from the National Institute of General Medical
Sciences, National Institutes of Health, U S Public Health Service, and within the framework of
RCP 529, CNRS, France
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nose’, and that D-mannose may likewise be converted 1n high yield into 1ts pyranoid
4,6-isopropylidene acetal®, or, by use of a larger excess of the reagent, into the
pyranoid 2,3:4,6-dusopropylidene acetal Similar acetonation of o,c«-trehalose may
be controlled to afford the (monosubstituted) 4,6-1sopropylidene acetal®. The
generality of this reaction with the aldohexopyranoses i1s affirmed by the present
investigation, which shows that preparative conversion into the pyranoid 4,6-1so-
propylidene acetals 1s readily achieved with D-galactose, D-allose, and D-talose
Such denivatives, and denived transformation-products, have important potential for
the synthesis of complex saccharides, both as glycosyl-group donors and as selectively
pro.ected acceptor-sugars

DISCUSSION

The general procedure used for acetonation was the same as that employed
previously, namely, reaction of the crystalline aldose in N,N-dimethylformamide
at 0-5° with 2 molar equiv of ethyl (or methyl) 1sopropenyl ether 1n the presence of
a trace of p-toluenesulfonic acid, to the point (~4 h) where the starting aldose was
no longer detectable It 1s important to keep the proportion of acid catalyst low,
as otherwise, the yields of kinetic products are decreased and purification problems
are encountered as a result of subsequent conversions that contaminate the kinetic
products with those of thermodynamic control The present study was focused
principally on preparative aspects, as conducted with the aldose on a 9-g (50 mmol)
scale, but each reaction was also examined for the complete product-balance by
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analytical and preparative adsorption chromatography, and by g1 ¢ of per(trimethyl-
silyl)ated denvatives

Acetonation of D-galactose (1) with methyl 1sopropenyl ether (2) gave ~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 exammed in detail) The water-soluble fraction was readily resolved on a column
of silica gel to afford crystalline 4,6-0O-1sopropyhdene-«,-D-galactopyranose (3) as
the principal product (67 95); a faster-migrating product obtained crystalhine 1n 149
yield proved to be 3,4-O-1sopropylidene-a,f-D-galactopyranose (4), and a very
munor, third component, migrating faster than 4, was 1solated crystalline 1n 1-29;
yield and shown to be 5,6-O-1sopropylidene-D-galactofuranose (5) All three products
could be identified by comparison of their melting points and specific rotations with
those reported by Morgenlie®, who had isolated the acetals 1n 22, 15, and 13 % yields,
respectively, from a complex product-mixture obtamned by acetonation of 1 with
hot acetone-N, NV-dimethylformamide—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 in dimethyl sulfoxide-dg exists essentially as a
single anomer (presumably ) whose H-1 signal falls to lower field (6 5 25) than the
H-1 signals of the pyranoid 1somers. For compound 4, the n.mr spectrum 1n di-
methyl sulfoxide-dg readily established that the 6-hydroxy! group was unsubstituted
(triplet signal for HO-6), and that it was a 13 7 muxture of pyranoid « and f anomers
(from the intensities of the H-1 and HO-1 signals, the J,, , and J,4,, couphngs of
3 4 and 8 Hz, respectively, and the H-1o and H-1§ chemical-shifts of ¢ 5 00 and 4 37,
respectively) The 3,4-acetal substitution 1 4 was confirmed by the nmr spectrum
of its triacetate 9, obtamned crystalline as a 9 11 «,f mixture, the H-1a and H-1f
signals were observed, as anticipated, at low field (see Table I), and the H-2 signals
(alone of the remaining protons) emerged at low field, as best observed with the
spectrum of 9 m benzene-ds, mndicating that O-2, but not O-3, 1s acetylated in the
triacetace 9

The constitution of the principal product, the pyranoid 4,6-acetal 3, could be
gleaned from the n mr spectrum of 3 in dimethyl sulfoxide-dg (see Table I), the
absence of triplet OH resonances indicated that O-6 was engaged in acetal substitution
The signal-intensities for H-1a, H-18, HO-1a, HO-1p, the chemical shifts of H-la
and H-18 (6 5 14 and 4 52, respectively), and the Jy, , and J,5 , values of 26 and 7
Hz, respectively, allow attribution of the pyranoid ring-form and an «,f anomeric
ratio of 7 3, glc data on per(trimethylsilyl)ated 3 (see Experimental section) were
also n general accord with this anomeric ratio The observed upward mutarotation
of 3 1in water indicates a higher concentration of the « anomer at mutarotational
equilibrium 1 water

Acetylation of 3 with hot acetic anhydride-sodium acetate, a system that would
be expected to afford mainly the acetate of the HO-1 equatoral tautomer, gave 907,
of a crystalline triacetate 8 whose n mr spectrum mndicated that it was practically
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pure S anomer. The spectrum of 8 in acetone-dg was amenable to simple analysis,
and the observed low-field position of the H-I, -2, and -3 signals provided clear
evidence for the presence of acetoxyl groups at C-1, -2, and -3.

Further consolidation of the pyranoid 4,6-acetal attribution for 3 and its
denived triacetate 8 was afforded by deacetonation of 8 with 1.3 acetic acid-water
for 1 h at 50°, which afforded crystaliine 1,2,3-tri-O-acetyl-§-D-galactopyranose (7)
in 909 yield The n m r spectrum of 7 in dimethyl sulfoxide-d; showed the H-1, -2,
and -3 signals at low field, as anticipated, and also indicated the presence of ~15%
of the « anomer Acetylation of 7 with acetic anhydride-pyridine gave the known?®
B-D-galactopyranose pentaacetate (6) Repetition of this acetylation with acetic
anhydride-dg gave the pentaacetate (6a) in which the 4- and 6-substituents were
specifically replaced by deuterioacetyl groups Analys:s of the acetate-signal region
of the spectra of 6 and 6a confirmed that the 1sotopic-group replacement was com-
plete, and specific at two positions 1n the molecule Acetylated sugars specifically
deuterioacetylated at known positions are needed for investigations® concerned with
competitive reactions between hydroxyl groups in sugars

Acetonation of D-allose!’® (10) by 2 molar equiv of alkyl isopropenyl ether
gave 819 of a water-soluble fraction and 19 % of a dichloromethane-soluble fraction
The water-soluble fract:cn was essentially a pure, single compound that could be
crystallized from ethyl acetate with high recovery; it was 1dentified by n m r spectro-
scopy (see Table II) and mass spectrometry (see Experimental section) as 4,6-0-
1sopropylidene-D-allopyranose (11) The crystalline product was almost exclusively
the § anomer (the n m r spectrum showed the presence of ~ 109 of the « anomer),
and the compound showed pronounced upward mutarotation m water. Its mass

Me Me Me C,O?Ha
cit,0H youe w Mgzlv 2"~ocH 0
HO 2 o 0 + © o ¥
o T o >
noOH o-5 oH o—cy o_ 0
2 CMQZ
10 i
mojor minor minor

13
Ac

12
wmon Y NeO

Me Me
CHyOR R0, CLHLN CHpOH ””‘xo ”%
RO 0 O CHN o o AcOH,H,0 o 5
N\ N 2 N N
OAc Okc OAc Ac o/

AcO AcO
\CMIZ

14 R = Ac 15 e 17
140 g = cocog

Schem. 2 D-Allase senass



3 6SZ8 |
SGL 1 'STL
“(2)s69 1 ——up -0 p — PP8C & 619 PR9E§ per 9 8a%d
850 ¢
ST 7550 C (36 (80) 82 g
‘@)z0¢ WG p-T p PPOL ¢ W8 s PPeo § Pl y 0D4(¢aD)
8561
‘SE1 75607
“2)se0 e —up y-0 y ——— ppoI § LS pp9d § P80 9 §0ad 4
s8¢’ ©~) ©9 (O~
P99 SGET 'S8T [ g p-, g ———— Pbs v P8y  WPLTS Op-OSON €1
99 SLY 1 (0¢) ¥ 5) (35)
PL6 9 'SEE 1 ¢ we v ¢ ¢ PPV ¥ Ly 9P OSBW
509 I 'SgS [ ¢ ®5) @89
o~ ‘50 T ‘sep 1 W'y~ g ——r————— ppes v PPLL b mLos oad (4}
SEE 1 8
Stb 1 ¢ wz -z = oPgYY 1
SLE 1
sPE9 9 'Sy I g T € — = wg §-¢ p —————t op OSRIN 13
(¥1) (0 (v'sp) ¢ ¢ ¢ @)
HO w0 BND 9 H 9IH SH PH E-H o I‘H putiod
sasayptea od e (zgr) sSundnoo 1apto-saif t (o) sifiys anuayy) wadlog -wio)

KINETIC ACETONATION

SIALLYAIYIQ TSOTTV-A YOI VLVA TVULDIIdS- ¥ W N

IIaIavL



J GELAS, D HORTON

110

OF (I Jo uontppr Joye paeaddusip jeys sjrudis prodgy (9Q9D) ¢8 | puv ‘L 1 ‘2L 1 ¢ pue [0D¥ad)] 07 T

PUE ‘Z1'2 ‘20 T ¢ ("1OAD) 61 T PUT ‘] T ‘€0 T ¢ 18 AJUO S[ruTis oV Q PAMOYS INQ ‘SIS [BAUSYD Te[its 0ALS vy SANTALIOD OHIRINDP BY) JO BHDASs
{(IDD Wi 1] $ 9 sem Suydnod stg) 74 o ¢ 1Oy, (eudis HO o Jo oueteaddisip JUILINDUOD (M QT JO UOHIPPE JAYT JATWS © APD, [PURIS HO
) Jo osueIEaddrsIp JUSLINIUOD YA ‘QE JO UOIIPPE J21)P 12[qNOP B ALY, JILUOUE 0 dYI O) PIINQLINE SBA SN puv ‘(ZH S € 3'1f ‘16 ¥ ¢) PIAISGO
OS[T SEM 12]qNOp JoUI VW, uonezijiydok| A9 OH JO [PAOIAL pur QFCT Jo UOHIPpY Jalje paureiqo vajoadg, OFC |0 uonippe 1a)je puvaddesp sjpudis
IO (ZH § ~ MOPLp) 0 1= O) PAUTisse 9q AUtU 101 OF 9 ¢ T8 PIAIISQO OS{E SBM 13[Qnop (4oL ~) Jouiw 1 (21 § 9 N'01p) ¢f |-HO O} poudisse [PudiSy

5§91

50T

SI1 T

SSL |

‘S4L 1 'sig |

$91 ¢

'S60°C ‘586 1

SL1 T

STI'T'SE0 ¢

wy sp1 ¢
L b ‘SDY T ‘s86 1

Sgh |
‘sop 1
56E |
‘506 1
Sop |
‘sgp |
'S16 1
68 1
st 1
's5€ |
Spe [
‘S |
S8t |
‘505 |

¢ Wy -6 ¢

e WU¢ $-§ { ~——————r

e W] G f e
——————— W pop §
e W7, {8 § e
e WIT P, {

e W) -G § et

peIs v

v
ppes ¥
PPLG S
Pps9 §

©2)
ppILS

wHg §

ppIC Y

(9
Pl v

PpLT S

PP6L b
©¢
PP86 ¢
(ot)
Pbos ¥

PEL9

PLLS

((29]
[hit

hgE 9

P66 S
(&)
Pgo9
OX))
PsG s

] a =U

0o°(tad)

Jreltle)
eth)
00'(tay
Hoao

by OSTON

LI

91

1



KINETIC ACETONATION 111

spectrum was essentially identical to that of the stereoisomeric acetal 3 (of rigorously
established constitution), the derived triacetate 16 likewise haa a mass spectrum
the same as that of the p-galacto 1somer 8

Acetylation of 11 was performed with acetic anhydride-sodium acetate, and
gave the B anomer 16 exclusively Analysis of the n mr spectrum of 16 in various
solvents showed the anticipated, low-field, wide doublet for H-1, together with
signals for H-3 and H-2 at successively higher field, as expected for protons res-
pectively equatorial and axial at carbon atoms bearing an acetoxyl group

Deacetonation of 16 with aqueous acetic acid gave a quantitative yield of
syrupy 1,2,3-tri-O-acetyl-f-p-allopyranose (15), whose homogeneity was evident
from t1c and from its n m r spectrum, its mass spectrum was essentially identical
to that of the stereoisomer 7 Acetylation of 15 with acetic anhydride-pyridine gave
the known'!, crystalline B-p-allopyranose pentaacetate (14), thus providing firm,
mdependent proof for the pyranoid ring-structure of 11 As with the galactose analog,
acetylation of 15 was also conducted with acetic anhydride-dg, and the corresponding
derivative (14a), having deuterioacetyl groups at O-4 and -6, was obtained, 1t
showed only acetyl-gi oup peaks for AcO-1, AcO-2, and AcO-3 1n the n m r spectrum

The minot, dichloromethane-soluble fraction from the acetonation of pD-allose
(10) was fractionated on silica gel, to give a small proportion {~2%) of a fast-
migrating, crystaliine product identified from its m p and specific rotation as the
known!? 2,3 5,6-di-O-1sopropylidene-f-p-allofuranose (13), its nmr spectrum
(see Table 1I) provided additional evidence for the structure assigned Further
elution gave an isomeric diacetal that constituted ~99; of the product from 10,
it was 1solated crystalline, and characterized as 2,3 4,6-di-O-1sopropylidene-f-D-
allopyranose (12) The n mr spectrum of 12 (see Table II) established that it was
a diacetal, and the pyranoid 2,3 4,6-dusopropylidene acetal substitution-mode was
established by the essential 1dentity of the mass spectrum of 12 (see Expertmental
section) to that of 2,3 4,6-d1-O-1sopropylidene-x-p-mannopyranose, whose structure
has been firmly established* The diacetal 12 1s levorotatory (—24 6°) and shows
no mutarotation, and 1its nmr spectrum showed only one H-1 and one HO-]
signal, these data indicate that 12 1s the § anomer The J, , value 1s relatively low
(5 8 Hz .1 dimethyl sulfoxide-dg, 4 8 Hz 1n chloroform-4) for H-1 and H-2, protons
that are nominally diaxial, but 1t may be presumed that the 2,3-acetal ring causes
constderable flattening of the pyranose ring in the region of C-1, C-2, and C-3, with
consequent distortion of the H-1-H-2 dihedral angle

Acetylation of 12 gave the crystalline l-acetate 17, whose n mr spectrum
(see Table II) closely resembled that of 12, except for the anticipated, downfield
shift of the H-1 signal and the appearance of an acetate-group signal, again, the
product was exclusively the f anomer, was levorotatory (—30 5° in chloroform),
and showed a J, , value (44 Hz in chloroform-d) indicative of distortion of the
pyranoid ring by the fused rings

It 1s probable that such monoacetals as 11 and its D-talose analog (described
next), which have a cis arrangement of O-2 and O-3, resemble the stmilarly constituted
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D-mannose analog® 1n being susceptible to ready conversion by an excess of acetonating
reagent into the pyranoid 2,3 :4,6-dusopropyhdene acetals

Treatment of D-talose (18) under the standard conditions with a 2-molar
excess of methyl 1sopropenyl ether (2) led essentially to a single compound, a sohd
product obtained 1n 93 9 yield from the aqueous extract, the dichloromethane extract
afforded only ~ 1Y%, of a product, presumed to be the pyranoid 2,3 4,6-dusopropylidene
acetal The water-soluble, principal product was obtained crystalline from ethyl
acetate, 1ts mass spectrum {see Experimental section) was essentially identical to that
of 3 and 11, and the nmr spectrum of the compound 1in dimethyl sulfoxide-dg
(see Table III) showed that it was a single anomer, presumably the « anomer, as
was also indicated by the downward mutarotation observed These data were sufficient
to allow formulation of the product as 4,6-O-1sopropylidene-a-D-talopyranose (19).

Conventional, chemical proof of structure was achieved as for the p-galactose
and D-allose analogs Acetylation of 19 with acetic anhydride-pynidine gave 909
of crystalline 1,2,3-tr1-O-acetyl-4,6-O-1sopropylidene-a-D-talopyranose (20), whose
mass spectrum was essentially identical to those of the corresponding derivatives of
D-galactose, D-allose, and D-mannose*, and whose n m.r spectrum showed the
anticipated, low-field signals for H-1, -2, and -3 (see Table III) The product was
anomerically pure, and was assigned as the o« anomer on the basis of its high dextro-
rotation (+ 132°1n chloroform) and small J; , value (1.6 Hz in chloroform-d) Upon
deacetonation with aqueous acetic acid, compound 20 gave 1,2,3-tri-O-acetyl-a-D-



113

KINETIC ACETONATION

(°a®>) 96 1 pu ‘06 [ ‘6L I put [0D¥(AI)] 61 T Put ‘91 ‘L6 I ¢ ‘(10AD) (2) 81 T puE Z0 T ¢ 1u A(uo sjeudis
9YO PIMOYS INQ ‘SIS [EAWAYD TU[1WIS JATT BT AANVALIOD OLINNIP 2 JO B2, OFQ Jo uonippe uodn paseaddesip Koy ‘KpAndadsar ‘zH 99 £ ‘p)
#-HO O} pue (zH § H / 9) 9-HO 01 paudisse aq Aewu s|eudis 259 L, £~HO 10 Z-HO 124ND 0} panque sem 343 (ZH 0L [ ‘2L ¥ ¢) Parasqo aq pinos
331qn0p Jayrour ‘(g ¢ v HO'tr) 10[qnop Sy sapisag, S{euBis HO 41 JO ouriLaddesip IULINOUOD Ik ‘O3 JO UOINPPE 1018 (9] S @) 19]GNOP © JWLIDFy

796 |
‘506 T ‘598 1
SE8 T ‘S6L I W9 46T ¥ + ¢ W e-gg—m Psh 9 ‘amn
P61 (0)%91 ¢
102 ‘SL6 1 WL b1 d L wg ¢-| § ——— Poz 9 02%(*ad)
#(T)s81 T 's80 ¢ ©1)
$90Z ‘s20°¢ W)y p-50 ¥ * o+ Wg g § - PLC9 gielars) (44
o6 € € (s0>)
PLv ¥ 01 %602 A—— RS Pt weo s d 5209 UP-08EON 1
SEQ [ SIS T
‘08 1 *s§9 I 'sTT 1 ——ug g — W6 € PPLES wop § P9 9 *a’d
SET T A CRY (Te) (9 ¢) Gn
‘S60 T ‘s20 ¢ A Wy g——  PPLEY PPOE & wor s POc9 00%(*ad)
Sgl e vt Se~) (se~) On
'SLIT'sere 'SES 1 ——Wp p-L g ~——— WLE b PPOE & wee § ( pit mw %3dd 0v
sty [ S g
qaP8p 9 S9E [ — We ¢ ¢ * oDPLS p-0STON 6L
(vor) () (1) ) (v'ep) eer) @)
HO oro BN SH 9H SH rH &EH CH I'"H pnod
sasolqua wod wt (2 J sSunydnoa wap o 1suf (@) S joauuayd uagjog  -Wop

SIALLYATYEA ISOTVL @ YOJ VLVA TVHIOTdS- U W N

I A19V.L



114 J. GELAS, D. HORTON

talopyranose (21), which was obtamed crystalline in almost quantitative yield
In addition to mass-spectral correlation of 21 with the corresponding derivatives
(7 and 15) of D-galactose and D-allose, the appearance of a triplet HO-6 signal m
the nmr spectrum of 21 in dimethyl sulfoxide-d; provided direct evidence for
removal of an acetal substituent from O-6 Finaily, acetylation of 21 with acetic
anhydnde-pyridine gave the known!3~15 g-p-talopyranose pentaacetate (22), the
4,6-bis(deuterioacetyl) analog 22a was similarly prepared, to demonstrate that 21
retained acetyl groups exclusively at three positions and to supply reference data for
specific attribution of acetyl-group signals for 22

The foregoing results remnforce the generalities previously advanced for the
kinetic acetonation of aldoses with alkyl isopropenyl ethers, namely, (a} the tauto-
meric form'® of the starting aldose 1s conserved, (4) the anomeric position tends to
remain free 1z the products of reaction, (¢) 2 molar equiv of the reagent favors
formation of a monoacetal, which 1s the pyranoid 4,6-1sopropyhdene acetal from
aldohexose precursors and which may be obtained conveniently on a preparative
basis, and (d) a greater excess of the reagent converts aldohexoses having the cis
disposition of O-2 and O-3 nto the pyranoid 2,3 4,6-dusopropylidene acetals'’

This reaction thus offers potential for novel routes of glycoside synthesis
through the free anomeric position, as well as the possibility for useful functional-
group and stereochemical mampulation at the 2,3-positions

EXPERIMENTAL

General methods — These were as described in ref 4 N mr spectra were
recorded with a Varian T-60 spectrometer G I ¢ was performed with per{(trimethyl-
suylated samples 1n a glass column packed with 5% of OV-1 (Hewlett—Packard)
and maintamned at 170° Retention times (7;) are given relative to the starting hexose
and also (1n parentheses) as absolute retention-times 1n sec Solvents used in column
chromatography were carefully dried and distilled, especiaily methanol and ethanol

General procedure for acetonation — To a solution [the slightly turbid mixture
for p-galactose (1) became clear after ~5 min of reaction] of 90 g (50 mmol) of
the hexose (1, 10, or 18) 1n dry N,N-dimethylformamide (100 mL) contamning 1 g
of Sikkon (Fluka dehydrating agent) maintained at 0-5° (ice-bath) are added methyl
1sopropenyl ether (2, 72 g, 100 mmol; an equivalent amount of the ethyl analog
may also be used) anu p-toluenesulfonic acid (30-50 mg) The mixture 1s stirred
magnetically at 0—5° until monitoring by tlc indicates that practically all of the
starting materal has disappeared (~4 h), whereupon anhydrous sodium carbonate
(~5 g) 15 added, and the cold mixture 1s stirred vigorously for one h more A small
aliquot i< retamned for glc analysis The mixture 1s filtered, and the filtrate poured
into 1ice—water (50 mL). The resultant solution 1s extracted with dichloromethane
(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 solution is freeze-drnied
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Acetonation of D-galactose (1) — The dichloromethane extract contained
several, fast-migrating byproducts that were not characterized The freeze-dried,
aqueous extract gave 9 8 g of an amorphous solid, t1c of which showed a major
component (Rr 030, 3 1 benzene—ethanol), a mmor one (R 0 37), and traces of a
third component (Rp 045) These products were separated by column chromato-
graphy (400 g of silica gel, 3 1 benzene-ethanol) to give, successively, 5 (0 10 g,
yield 1-257),4 (1 5 g, yield 14%,), and 3 (7 4 g, yield 67%,) Directly upon evaporation
of the eluates, these crystalline products were obtamned pure

4,6-O-Isopropylidene-D-galactopyranose (3) thus obtamned had m p 141-142°,
[«15° +92 3 min) » +118° (48 h, c0 1, water), (it S m p 141-143°, [«]22 +153°
m methanol), 1S8% 2 95 broad (OH), 729 (CMe,), and 8-10 um (COCOC), for
nmr data, see Table I, mfe 205 (21, M* — Me), 191 (2), 189 (2), 173 (1 5), 161
(08. M* — Me,CO*H), 149 (1 2), 145 (5, 205 — AcOH), 132 (1 5), 131 (14), 127
(45), 119 (1 5), 116 (1), 115 (1 5), 113 (1), 103 (5), 102 (3 5), 101 (5), 100 (1), 99 (9),
98 (15), 97 (1 5), 85 (8 5), 73 (28), 71 (6), 69 (7), 61 (11), 60 (13), 59 (100), 58 (6),
57 (10), and 43 (80), X-ray powder diffraction data 1090s, 634 vs, 540 s, 482 m,
438s5,423m,3815,360w,341w,301w,283s,and27l m

Anal Calc for CoH,,0s C, 4509, H, 727, O, 4364 Found C, 49 18, H,
731, 0, 4386

3,4-O-Isopropylidene-D-galactopyranose (4) had m p 99-103°, [«]2° +105
(3 min) - +44° (48 h, c0 1, water) (it ®* m p 100-102°, [«]2> +86° 1n methanol),
ACHCIs 2 95 broad (OH), 7 30 (CMe,), and 8-10 um (COCOC), for nmr data, see
Table I, m/e 205 (45, M* — Me ), 189 (4 5), 187 (2,205 — H,O, m* 170 6), 171 (1 5),
161 (2, M* — Me,CO*H), 159 (9), 145 (4, 205 — AcOH), 144 (10), 131 (17), 129
(6), 127 (7), 116 (3 5), 115 (13), 113 (4 5), 103 (6), 102 (2), 101 (8), 100 (13), 99 (12),
98 (12), 97 (5 5), 96 (7), 86 (10), 85 (24), 81 (9 5), 73 (82), 71 (27), 69 (18), 59 (100),
and 43 (79)

Anal Cale for CoH,;O0s C, 4909, H, 727, O, 4364 Found C, 4906, H,
7 36, O, 43 60

5,6-O-Isopropylidene-D-galactofuranose (5) had mp 80-82° [a]3° —20°
(48 h, c 0 1, water) (bt ® m p 83-84°, [«]2? —23° 1n methanol), ASH 2 90 broad
(OH), 7 27 (CMe,), and 8-10 um (COCOC), for n m r data, see Table I

G [ c analysis of the acetonation products of D-galactose — Per(trimethyl-
silyDated dernivatives of pure samples of compounds 3, 4, and 5, as obtained by
column chromatography, provided standards that allowed identification of the
corresponding peaks detected n a per(trimethylsilyl)ated aliquot of the crude mixture
from the acetonation of D-galactose Very minor, fast-moving peaks (at least six)
were detected between T 0 3 (600) and 0 4 (750) Eluted then were 5, 0 54 (1045),
3 (o anomer), 0 58 (1125), 4 (o anomer), 9 59 (1130), 4 (f anomer), 0 63 (1225),
3 (B anomer), 0 75 (1440), and a trace of 1 1 00 (1930) The peak for the  anomer of 4
appeared as a shoulder on the peak of the « anomer of 3 The peaks for the « and g
anomers of 3 (ratio 2 1) constituted the major part of the spectrum of the mixture
The anomeric ratios as determined by gl ¢ may not correspond exactly'® to those
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(more-rehable) ratios obtained by n m r spectroscopy of freshly prepared solutions
of crystalline samples in dry dimethyl sulfoxide-d;.

1,2,3-Tri-C-acetyl-4,6-O-isopropylidene-B-D-galactopyranose (8) — A stirred
mixture of compound 3 (22 g, 10 mmol), acetic anhydride (6 1 g, 60 mmol), and
sodium acetate {9 8 g, 120 mmol) was heated for 1 h at 100°. The mixture was cooled,
and poured onto ice, and the product was extracted with dichloromethane The
extract was dried (sodwum sulfate), and evaporated to a syrup that was chromato-
graphed on a small column of silica gel (30 g, eluant, ethyl acetate) to give a crystalline,
low-melting compound (8, 3.1 g, 90%), mp 40° (modification), [«]3? +89° (c
0 1, chloroform), Rr 041 (1 1 ethyl acetate-petroleum ether), 1S¢1¢ 5.70 (C=0),
7.30 (CMe,), and 8 5-10 um (COCOC), no OH absorption, the n mr spectrum
(see Table I) showed the presence of <109 of the « anomer, m/e 331 (30, M* —
Me-), 287 (25, M* — AcO-), 246 (1 5), 245 (12, 287 — CH,CO), 229 (2 5), 228 (1),
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 — Me,CO), 158 (1 5), 157 (9, AcOCH=CH-
C*¥HOAUc), 143 (17,203 — AcOH), 127 (15, 169 — CH,CO), 115 (25, 157 — CH,CO),
109 (13, 169 — AcOH), 103 (4), 102 (2), 101 (8), 99 (3), 98 (3 5), 97 (5), 85 (6),
73 (9), 59 (14), and 43 (100)

Anal Calc for C,;H,,0, C, 5202, H, 636, O, 4162 Found C, 5210,
H, 6 39. O, 41 51

Deacetonation of 8 to gwe 1, and acetylation of 7 to give f-D-galactop) ranose
pentaacetate (6) and its 4,6-bis(trideuterioacetyl) analog (6a) — A suspension of
05gof 8111 3 acetic acid-water (20 mL) was stirred for 1 h at 50°, cooled, and
freeze-dried, and the amorphous solid was recrystallized from ethyl acetate, to give
1,2,3-tri-O-acetyl-p-p-galactopyranose (7; 04 g, 90%), mp 76-78°, [«]3? +56°
(c 01, chloroform), Ry 054 (ethyl acetate), 1S4 ~3 broad (OH) and 570 um
(C=0), the nmr spectrum (see Table I) showed the presence of ~159% of the
« anomer, hife 247 (2, M* — AcO ), 245 3, M+ — H,0 — MeCO ), 203 (3, 245 —
CH,CQ), 200 (2 5), 187 (2 5), 186 (3), 173 (1 5), 169 (3), 158 (6 5, M* — AcOH —
AcOCH=0), 157 (10, AcOCH=CH-CH*OACc), 145 (5), 144 (3 5), 145 (6, 203 —
AcOH), 140 (55), 131 (1 5), 127 (5), 126 (5), 116 (8 5, 158 — CH,CO), 115 (27,
157 — CH,CO), 114 (4), i09 (3 5), 103 (9 5), 102 (5), 101 (3 5), 99 (4 5}, 98 (13),
97 (9 5), 87 (7 5), 73 (18), 60 (11), and 43 (100).

Anal Cale for C,,H,;0, C, 4706, H, 588, O, 4706 Found C, 4712,
H, 583, O, 47 32

A muxture of acetic anhydride (5§ mL) and pyridine (5 mL) was slowly added
at 0° to a stirred solution of 7 (0 2 g) in pyridine (5 mL) The solution was kept for
18 h at ~25°, and then poured onto 1ce The product was extracted with dichloro-
methane, and the extract was washed with saturated, aqueous sodium hydrogen-
carbonate {3 x 10 mL), dried (sodium sulfate), and evaporated, to give 6, which
was twice recrystallized from methanol-water, yield 02 g (~80%), m p 140-142°,
[]3% +28° (¢ 01, chioroform) (it ® mp 142°, [«]3% +25°) An additional 01 g
of 7 was treated with acetic anhydride-dg by the procedure just described, to give the
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4,6-bis(trideutenioacetyl) analog 6a, for which all of the data were essentially identical
to those recorded for 8, but the n mr spectrum showed signals for only three of
the five acetyl groups

1,2,6-Tri-O-acetyl-3,4-O-isopropylidene-«,B-D-galactopyranose (9) — Com-
pound 4 (1 1 g, 5 mmol) was acetylated with acetic anhydride-sodium acetate exactly
as described for compound 3 The syrupy acetate 9 thus obtamed was chromato-
graphed on a small column of silica gel (20 g, eluant, ethyl acetate), to give a syrup
that was homogeneous by tlc (R 048, 1 1 petroleum ether—ethyl acetate) and
that crystallized after a few weeks, m p. 40-45°, ACCls 568 (C=0), 727 (CMe,),
and 8 5-10 um (COCOC), no OH absorption, the n mr spectrum (see Table I)
showed the product to be a 9 11 mixture of the « and § anomers

Anal Calc for C,sH,,0, C, 5202, H, 636, O, 4162 Found C, 5208,
H, 645, O, 41 70

Acetonation of D-allose (10) — The freeze-dried, aqueous phase gave an
amorphous solid (8 9 g, 81 %) that was practically pure 11 by tlc, 1t could be used
directly for preparations requiring 11 The compound was obtained pure either by
recrystallization (ethyl acetate, 79 g, 729} or by column chromatography (150 g
of silica gel, eluant, 4 1 ethyl acetate-methanol) 4,6-O-Isopropylidene-p-allo-
pyranose (11) thus obtamned had m p 136-137°, {«]3° —70 (3 min) - +18° (24 h,
¢ 01, water), Rp 057 (4 1 ethyl acetate-methanol), ASHCs 2 90 broad (OH), 7 30
(CMe;), and 8 5-10 um (COCOC), for n m r data, see Table II, m/e 205 (9, M+ —
Me ), 187 (2, 205 — H,0, m* 1706), 161 (08, M* — Me,C*OH), 159 (1), 145
(4 5,205 — AcOH), 131 (25), 127 (4), 119 (2), 116 (1), 115 (2), 114 (1), 113 (1 2), 103
(6), 102 (6), 101 (12), 85 (10), 73 (36), 59 (100), and 43 (65), X-ray powder diffraction
data 862w, 546 m, 492 vs,452s,406w,345m,301 w,2735,203w,194w,
188 w,and I 80 w

Anal Calc for CoH ;O C,4909, H, 727, 0,43 64 Found C, 4901, H, 7 20,
0, 43 39

The dichloromethane extract (1 1 g) showed, in tlc, a fast-migrating com-
pound (Ry 085, 1 1 ethyl acetate-petroleum ether) present only as a trace, and
a minor (Ry 073} and a major (R, 048) compound The last two derivatives were
1solated by column chromatography (30 g of silica gel, eluant, 1 1 ethyl acetate—
petroleum ether) First eluted was 2,3 5,6-di-O-1sopropylidene-p-allofuranose (13,
01 g), which was 1dentified by comparison of its physical constants {m p 66-68°,
[«]3* —1° (final, c 0 1, water), it '** m p 65-67°, [a]3® —1° (water) and*?*” m p
66-67°, [o]3° —15° (water)} and 1its n mr spectrum (see Table II) with those
reported 1n the hiterature!> Next eluted was 2,3 4,6-di-O-isopropylidene-p-allo-
pyranose (12,075 g), m p 141-143°, [«]2? —24 6° (c O 1, chloroform), 2SH< 2 90
broad (OH), 7 30 and 7 25 (CMe,), and 8 5-10 um (COCOC), for n mr spectra,
see Table II, mfe 260 (02, M*), 245 (29, M*™ — Me ), 217 (07, M* — MeCO ), 202
09, M¥ — Me,CO), 187 (7, 245 — Me,CO, m* 142 7), 185 (1, 245 — AcOH),
173 (2), 171 (1 5), 159 (19), 145 (1 5), 144 (1 8), 143 (2), 141 (2 5), 131 (15), 129 (5),
127 (11), 115 (7), 113 (4), 109 (4), 101 (30), 100 (14), 85 (18), 81 (7), 73 (16), 69 (11),
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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, 542 vs, 5.16 m, 4.88 s, 443 m, 4.17 w, 3.98 vs, 3.73 w, 3.48 w, 3.15 w, and
2.66 w. '

Anal. Calc, for C;,H,,04: C, 55.28; H, 7.69; O, 36.92. Found: C, 55.30;
H, 7.76; O, 37.04.

It is probable that acetonation of D-allose with an excess of methyl isopropenyl
ether would (as was demonstrated for D-mannose*) give a high yield of the diacetal 12,
which might prove a useful synthetic intermediate®’.

G.l.c. analysis of the acetonation products of D-allose (10). — Peaks corre-
sponding to per(trimethylsily!)ated derivatives of pure samples of compounds 11 and
12 were compared with the peaks detected in a per(trimethylsilyl)ated aliquot of the
crude mixture of acetonation products of p-allose and with a per(trimethylsilyl)ated
sample of authentic D-allose. Eluted after minor peaks at T, 0.34 (620) and 0.43
(780, 12) were 11 (o anomer) 0.59 (1080), 11 (# anomer) 0.68 (1235), and traces of 10
(e anomer) 0.92 (1680) and 1€ (f anomer) 1.00 (1820). The peaks corresponding
to the « and § anomers of 11 (ratio 1:3) constituied the greatest proportion of the
mixture. Evidently, the crystallization of 11 causes almost complete conversion
inwo the § anomer.

1,2,3,-Tri-O-acetyl-4,6-O-isopropylidene-f-D-allopyranose (16). — Compound
11 (1.1 g, 5 mmol) was acetylated 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 1.5 g (87%); m.p. 483° (modification), [a]3? —38° (¢ 0.1, chloroform); Ry
0.85 (1:1 ethyl acetate-petroleum ether); ASHCs 570 (C=0), 7.29 (CMe,), and
8.5-10 um (COCOC), no OH absorption; for n.m.r. data, see Table II; mje 331 (4,
M* — Me-), 245 (9, M* — AcO- — CH,CO), 227 (0, 4, M* — AcO- — AcOH),
226 (0.2, MT — 2AcOH), 203 (1.5, 245 — CH,CO, m* 168.2), 187 (0.2), 186 {0.3),
173 (0.5), 165 (1.5, 227 — Me,CO), 157 (2, AcO-CH=-C*HOAC), 143 (6.5, 203 —
AcOH, m* 10C 7), 127 (1.5, 169 — CH,CO, m* 95.4), 115 (7, 157 — CH,CO, m*
84.2), 109 (2 %, 169 — AcOH, m* 70.3), 103 (1), 101 (2.5), 97 (0.8), 81 (1), 73 (2),
59 (4.5), and 43 (100).

Anal. Calc. for C;5sH,,04: C, 52.02; H, 6.36; O, 41.62. Found: C, 52.09;
H, 6.31; O, 41.57.

Deaceronation of 16 to give 15, and acetylation of 15 to give B-D-allopyrarose
pentaacetate (14) and its 4,6-bi=(trideuterioacetyl) analog (14a). — The method just
described for the sequence 8 »7—6 was followed. 1,2,3-Tri-O-acetyl-B-p-allopyranose
(15; yield 0.45 g, quantitative) thus obtained was a syrup, [«]32 —24° (c 0.15,
chloroform); R 0.52 (ethyl acetate); 1S% ~3 broad (OH) and 5.7 um (C=0);
for n.m.r. data, see Table II; m/e 247 (0.5 M* — AcO-), 245 (0.8, M* — H,O —
MeCO-), 217 (0.6), 215 2, MT — AcOH — -CH,O0), 203 (1, 245 — CH,CO),
173 (0.8), 158 (2.5, MT — AcOH — AcOCH=0), 157 (8, AcOCH=CH-C*HOAGc),
145 (1.5), 144 (1.5), 143 (3, 203 — AcOH), 127 (2), 126 (2.5), 116 (3, 158 — CH,CO),
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115 (24, 157 — CH,CO), 103 (3 5), 102 (2), 101 (15), 98 (11), 97 (3), 85 (3 5),
73 (1 6), 61 (5), 60 (5), and 43 (100)

Anal Cale. for C;,H,;0, C, 4706, H, 5838, O, 4706 Found C, 4721,
H, 592, O, 46 98

The p-p-allopyranose pentaacetate (14) finally obtamed had physical constants
{m p. 98 5-99 5°, [«]3? —152° (¢ 0 1, chloroform), it ** m p 96-98°, [«]2° —14 8°
(chloroform)}, and n m r spectra (see Table IT) in accord with those of authentic 14
The 4,6-bis(trideutenioacetyl) analog 14a had characteristics essentially identical
to those recorded for 14, but the n m r spectrum showed signals for only three of
the five acetyl groups

1-O-Acetyl-2,3 4,6-di-O-1sopropylidene-B-p-allopyranose (17) — Compound
12 (052 g, 2 mmol) was acetylated with acetic anhydride—sodium acetate exactly
as described for compound 3 The acetate 17 (054 g, 89%) had m p 78-79°, [«]32
—305°(c0 1, chloroform), A8 57 (C=0),7 3 (CMe,), and 8 5-10 um (COCOC),
for n mr data, see Table II

Anal Calc for C;,;H,,0; C, 5563, H, 728, O, 3709 Found C, 5557, H,
721, O, 36 97

Acetonation of D-talose (18) — The dichloromethane extract contained very
Iittle material (<0 1 g), and this appeared to be composed of a single product (t1c),
evidently a dusopropylidene derivative A high yield of 2,3 4,6-di-O-1sopropylidene-
Dp-talopyranose might be expected from the acetonation of D-talose with an excess
of methyl 1sopropenyl ether'’

The freeze-dried, aqueous phase gave an amorphous solid (10 2 g, 93 %) that
was practically pure by t | ¢, 1t crystallized from ethyl acetate 4,6-O-Isopropylidene-
«-D-talopyranose (19) thus obtained had m p 52° (modification)-110°, [«]3? +62
(5 min) - +53° (24 h, ¢ 01, water), R 060 (4 1 ethyl acetate-methanol), 7SHCls
2 9 broad (OH), 7 30 (CMe,), and 8 5-10 yum (COCOC), for n mr data, see Table
III, m/e 206 (60, M* — Me-), 187 (2, 205 — H,0O, m* 170 6), 161 (0 6, M* — Me.-
C*OH), 145 (3, 205 — AcOH), 131 (18), 127 (3), 119 (2), 116 (1 2), 115 (1 5),
113 (1.1), 103 (6), 102 (3). 101 (15), 99 (10), 98 (2), 85 (9), 73 (35), 60 (20), 59 (100)
58 (5), 57 (12), and 43 (62), X-ray powder diffraction data 1227 m, 7 52 m, 6 68 vs,
617w,5715s,5335,5005s,446vs,4215,396m,366m,332m,319w,309m,
303m,285m,277m,2695,200m,and 182 m

Anal Calc for CoH,,06 C, 4909, H, 727, O, 4364 Found C, 4912, H,
7 30, O, 43 58

G [ ¢ analysis of the acetonation products of D-talose — A per(trimethylsilyl)-
ated aliquot of the crude mixture from the acetonation of D-talose was compared
with a per(trimethylsilyl)ated sample of authentic p-talose [T, 1 00 (1850)] Essenti-
ally one peak, only, was observed, corresponding to 19, at 7T 058 (1080), a very
minor peak was present at 7, 041 (762)

1,2,3-Tr1-O-acetyl-4,6-O-1sopropy lidene-a-D-talopyranose (20) — A solution
of acetic anhydrnide (10 2 g, 60 mmol) 1 anhydrous pyridine (10 mL) was added as
rapidly as possible at 0° to a stiurred solution of compound 19 (22 g, 10 mmol) 1n
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pyridine (10 mL) The mixture was stirred for 24 h at ~20°, and then poured onto
ice The product was extracted (dichloromethane), and the extract was washed with
saturated, aqueous sodium hydrogencarbonate (3 x 10 mL), dried (sodium sulfate),
and evaporated, to give a crystalline compound that was recrystallized from methanol-
water, and identified as 20 (31 g, 90%), mp 179-180°, [«]3? +132.4° (c O.1,
chloroform), ASHC 570 (C=0), 7 30 (CMe,), and 8 5-10 um (COCOC), no OH
absorption; Ry 049 (1 1 ethyl acetate—petroleum ether), for n.m r. data, sce Table
III; mfe 331 (30, M* — 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,CO), 157 (4,
AcOCH=CH-C*HOACc), 143 (13, 203 — AcOH), 127 (165, 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 (10), and 43 (100), X-ray powder diffraction data- 9 555,803 s, 691 w,
584m,532m,500m,480m,434m,410s,387m,and 341 w

Anal Calc for C,;;H,.0,. C, 5202, H, 636, O, 41 62 Found C, 5198, H,
632, 0, 41 68

Deacetonation of 20 to give 21, and acetylation of 21 to give a-D-talopyranose
pentaacetate (22) and its 4,6-bis(trideuterioacetyl) analog (22a) — The method
described earhier for the sequence 8+7—6 was followed 1,2,3-Tri-O-acetyl-o-D-
talopyranose (21, 043 g, 98%) thus obtained had mp 157-159°, [«]3* +82°
(c 0.1, chloroform), R, 030 (ethyl acetate), ASHS!> ~3 broad (OH) and 57 um
(C=0); for n mr data, see Table III, mfe 247 (4 5, M* — AcO ), 246 (15, M* —
AcOH), 245 (75, M* — H,0 — MeCO ), 229 (1.3, MT — H,0 — AcO), 217
(0.8), 215 (07, 246 — CH,OH), 203 (2, 243 — CH,CO), 187 (3), 186 (4), 158 (4,
246 — AcOCH=0), 157 (17, AcOCH=CH-C*0OACc), 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 (25), 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. Cale for C,,H,s0; C, 4706, H, 588, O, 4706 Found C, 4719,
H, 579, O, 47 21.

The a-p-talopyranose pentaacetate (22) finally obtained had physical constants
{m p. 106-108°, [«]2? +525° (c 01, chloroform), it'* mp 106 5-107°, m p !¢
106-107°, [o]2° +68° (chloroform)'*} and n mr data (see Table III) consistent
with those of the authentic derivative The 4,6-bis(trideuterioacetyl) analog 22a had
characteristics essentially 1dentical 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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