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ABSTRACT 

The major product obtained on acetonation of D-mannose with a Z-molar 

excess of isopropenyl methyl (or ethyl) ether is 4,6-O-isopropylidene-r-D-manno- 
pyranose (3a). the product of kinetic acetonation: a larger excess of the reagent leads 
to the 2,3:4,6-diisopropylidene acetal (6). The course of the reaction and side- 
products formed were examined in detail. The 1 ,X3-triacetate of 3a was deacetoxiated 

to give r-u-mannopyranose l&3-triacetate; similar reactions were performed on the 
/; anomers. The l-acetate of the diaceral 6 could be selectively deacetonated to give 

I-O-acetyl-‘.3-O-isopropylidene-~-D-nlannopyranose. The reactions provide access 
to protected derivatives of u-mannose, and partially acylated derivatives, havine 
modes of substitution different from those obtainable by classical acetonation 
procedures conducted under conditions of thermodynamic control. 

INTRODUCTION 

Earlier reports- “3 in this series have shown that alkyl isopropenyl ethers can be 
used to effect acetonation of sugars under kinetic control, to give products having a 
mode of substitution different from that in the products of classical, thermo- 

dynamically controlled acetonation; the kinetic procedure favors attack at primary 
hydrosyl groups, and subsequent ring-closure to give isopropylidene acetals of the 

15dioxane type \vhen groups are sterically available. D-Glucose thus gives’ the 
pyranoid 4,6_isopropylidene acetal; D-ribose and D-arabinose, which do not have the 
primary hydroxyl group free in the preponderant tautomers, give mainly the pyranoid 

3,4_isopropylidene acetals3. 
It is now shoivn that methyl (or ethyl) isopropenyl ether, used in suitable 

proportion, can be used to convert D-mannose in high yield into either its pyranoid 
4,6+nonoisopropylidene acetal or its pyranoid 2,3:4,6-diisopropylidene acetal. 

*For a preliminary report, see ref. I. Supported, in part. by Grant No. Ghl-11976 (The Ohio Stare 
University Research Foundation Project 1520) from the National Institute of General Medical 
Sciences. Nationai Institutes of Health, U.S. Public Health Service. 
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DISCUSSION 

Treatment of D-mannose (1) in N,N-dimethylformamide with a 2-molar excess 

of isopropenyl methyl ether (2) (or ethyl isopropenyl ether) in the cold, under strictly 
anhydrous conditions and in the presence of a trace of p-toluenesulfonic acid, gave a 

major, nater-soluble, solid product identified as 4,6-O-isopropylidene-D-manno- 

pyranose (3); recrystallization from ethyl acetate afforded in S2% yield the pure, 
crystalline ‘1 anomer (3~9, which showed downward mutarotation and gave a crystal- 

lint triacetate (7a). Acetylation of the crude monoacetal 3 (in which the P anomer 3b 
lvas present in much lower proportion than the tl anorner 3a)), followed by chromato- 
graphic resolution of the product-mixture, permitted isolation of crystalline 1,3,3- 

tri-O-acet~l-4,6-O-isopropylidene-/3-D-mannopyranose(7b). 
The sross structures attributed to 3a. 7a, and 7b were evident from their 

microanalytical data and mass spectra (see Experimental section); the latter further 

gave evidence for the structural formulations assigned, and the corresponding 
‘l-l-n.m.r. spectra (see Tables I and II) furnished decisive confirmation of the 
structures. The ‘H-n.m.r. spectrum of 3n in dimethyl sulfoside-rl, showed signals for 
the two C-methyl groups of the isopropylidene group, and eschangeable doublets for 

each of the hydrosyl groups; the lack of a triplet signal for one of the hydroxyl groups 

established that the primary hydroxyl group was engaged in the acetal substitution. 
The triacetate 7a showed the H-I signal at lowest field, and the H-2 and H-3 si_gnaIs 
also at lo\v field (and only slightly separated), as expected for the 1,2,3-tri-0-acyl 

mode of substitution. The anomeric triacetate 7b showed a similar pattern, but \vith 

larger separation of the H-2 and H-3 signals, permitting attribution by spin- 
decoupling. and assnmment of J, wl_ JZ,3, and Jj.& in cIear accord with the /3-D- 
mannopyranoid formulation, and thus with the 4,6-monoisopropylidene acetal 
structures for 3a and 3b, and, consequently, for 7a and 7b. 

Additional, chemical evidence for the structures was provided by acid-catalyzed 

deacetonation of 7a and 7b to the corresponding 1,3,3-tri-O-acetyl-r- and -/I-D- 

rnannopyranoses (Va and Vb), whose n.m.r. spectra sho\ved the lowfield signals 
anticipated for H-l, H-2, and H-3. Acetylation of 9a and 9b with an excess of acetic 
anhydride in pyridine gave the known g- and P-D-mannopyranose pentaacetates 
(10a and lob, respectively), thus provin g that the precursors 7a, 7b (and 3a, 3b) all 
had the pyranoid ring-form. Repetition of the acetylation of 9a and 9b, but with use 
of acetic anhydride-cjh, afforded the corresponding pentaacetates (lla and llb) in 
which the 4 and 6substituents were trideuterated in the methyl groups; two of the 

~CeWkrouP SknalS in the spectra of 10a and 10b were absent from the spectra of the 
4X+-0-(trideuterioacetyl) derivatives lla and lib. 

The product of acetonation of 1 by 2 mol of 2 was mainly a water-soluble 

fl?&on (Fraction A), from which 3a was readily isolated in hi& yield; a minor, 

riichloromethane-soiuble fraction (B) was also isolated. Both of these fractions were 
analyzed in detail by t.l.c., by g.1.c. of the per(trimethylsilyl)ated products, and, after 
acetylation of the two fractions, by colum-chromatograph& resolution. In the 
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30 D( 

3ba 
4 5 6 i?t 

7b 

&AC 
a=?4 90 9b 
R I Ai 100 iOb 
R = cots, 710 11 b 

TABLE II 

5 
73 
7h 
S 

‘)a 

9b 

103 
Ilb 
11 

16 

\re,so-d, .’ 0.5 6.0 3.1 

CG Vb I .-I 3.1” 9 .< s* 9.56 - 2.2 h 93 10.5” 

(CD,ilCO 1.4 3.-t 9.6 -9.5 

(CD,)2CO -LO.5 5.4 3.2 7.5 2.6 5.6 1 I.$ 

CDCI, 1 .-I 

CDCIa -.I 3.4 9.5 

GDh 1.5 5.0 I?.? 

CbDB 1.0 3.0 10.0 9.0 4.6 1.5 12.3 

(CDJ)zCO -: 0.5 6.0 7.Q 5.5 6.2 ‘$3 -12 

GD, -: 0.5 7.5 9.s 

‘Spacings xvere mrasurcd on an expanded 60-hlHz spectrum (s\vesp-\\idrh, 100 Hz) in thesolxwxt that 
o!lo~~I the best first-order spectrum. Even when a multiplet \\xs xnalyzable. the spacing is not given 
if second-order etfccts wcrc cxidenr. bcouplings measured from spectra recorded xxiith a X0-MHz 

Camcco spectromercr. 
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lvater-soluble fraction (A) there was detected, in addition to the preponderant acetal 

3a and the p anomer 3b, a small proportion of 2,3-0-isopropylidene-D-manno- 

furanose (4), which was extremely difficult to resolve from 3b by t.I.c., or by g.1.c. of 
the per(trimethyIsiIy1) ethers; acetylation of the mixture, folkwed by colunm- 
chromatographic resolution of the acetates, permitted separation of al1 three com- 

pounds present, namely, the major product (7a) and its anomer (7b), together with a 
small proportion of the r-1,5,6-triacetate (S) of 4. The latter was identified by direct 

comparison ivith a known’.’ sample of 8 obtained by acetylation of 4 prepared by 
the general literature procedure of partial deacetonation of the classic acetonation- 
product of D-mannose. namely, 2,3:5,6-di-0-isopropylidene-D-mannofuranose’ (5). 
Compound 4 probably arises through concurrent, kinetic”3 acetonation of 1 by a 

route less favored than the major pathway (to 3), and subsequent tautomerization to 

the furanose form; the possibility that it arises by thermodynamic control is 
considered unlikeIy. as no 3,6-acetai was found in the products. 

The minor, organic-soluble fraction (B) obtained from the monoacetonation of 

1 with 2 shelved essentially a single component in t.l.c., but the material was a 
mixture of two compounds, as was evident from g.1.c. analysis of the per(trimethyl- 

silyl)ated product. One of these products, that in lesser proportion, behaved as the 

kno\vn diacetal 5; the other, present in greater proportion, appeared to be a different 

diacetal, and was shown by subsequent experiments to be the pyranoid 2,3:4.6- 
diacetal 6. The two products were resolved by acetylation follokved by column 
chromatography on silica gel; the slower-migrating product. obtained in low yield. 
was the I -acetate6 (12) of 5, and the faster-migrating, preponderant product was shown 

to be I - 0-acetyl-2,3:4,6-di- 0-isopropylidene-rr-u-mannopyrannopyranose (13). 
Conditions favorable for kinetic diacetonation of D-mannose (1) \vere 

established by treating I with a Z-molar excess of 2, as in the monoacetonation 
procedure for the preparation of 3, with subsequent treatment of the mixture with 
an additicnal, a-molar equivalent of 2. The product of diacetonation, the pyranoid 
X3:4,6-diacetal (6), was isolated most readily by acetylation; this afforded the 
crystalline x-l-acetate (13) of 6 in 65% net yield from 1. 0-Deacetylation of 13 by 

catalytic transesterification then afforded the crystalline diacetal 6 in essentially 
quantitative yield. The crude diacetonation product from 1 contained very little 
monoacetonated material; the diacetal 6 that constituted the principal product was 

accompanied by a very small proportion of the classic diacetal 5, as shown by g.1.c. 
(after trimethylsilylation) and by t.1.c. of the acetylated product, \vhere traces of 12 
were detected in the mother liquors from crystallization of 13. 

EGdence for the structure 6 accorded the new diacetal was provided from 

spectral data (see Tables I and II, and the Experimental section) and from chemical 
transformations. The ‘H-n.m.r. spectrum of 6 in dimethyl sulfoxide-cl, showed the 

Presence of t\vo isopropylidene groups, and a single hydroxyl group that showed 
OH-H-l coupling. Furthermore, treatment of the monoacetal 3 with acetone- 
coPPer sulfate under strictly nonacidic conditions gave 89% of the diacetal 6 and 
a negligible Proportion of the furanoid isomer 5; this reaction was, hovvever, subject 
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to profound change of course according to the precise procedural conditions, and, on 

certain occasions, extensive conversion into the isomer 5 took place. It is evident that 

copper(U) sulfate-acetone cannot be considered to be a strictly neutral reagent, a 
concIusion previously suggested by Maeda et nL5. 

Additional, structural evidence for 6 was provided by selective deacetonation 

studies on its l-acetate 13. Various procedures were examined for effecting partiaI or 
complete deacetonation of 13. The action of AmberIite IR-I20 (H ‘) resin in methanol 

for IS hat -20” caused complete deacetonation. and formation of syrupy I-O-acetyI- 
z-D-mannopyranose (14): acetylation of which gave x-D-mannopyranose pentaacetate 

(lOa>. This sequence of conversions provided firm evidence for the pyranoid ring in 
the acetal 6 and its acetate 13. Trifluoroacetic acid-u.ater” converted 13 into 14. but 
gave a complex mil;ture.of accompanyin,o side-products. Selective deacetonntion o_f 13 

\vas satisfactorily accomplished by use of I:3 acetic acid-xvater for I h at - 20’: the 

4,6- 0-isopropylidene group \\ as removed, and crystalline I-0-acctyl-?.SO-iso- 

propylidene-r-D-mannopyranose (15) v:as obtained in 73 “k yield. The n.m.r. spectrum 

of 15 in dimethyl sulfoside-rl,, shelved that one 0-isopropylidene goup remained. 
and t\vo signals for OH protons \vere observed (one a doublet and one a tIipIet)_ thus 

cstablishirq that the acetal group removed was that involving O-6. 
Xcetylation of 15 gave the crystaIIine triacetate 16, which shelled the anticipated 

rhree acetyl-group and tno C-methyl-group signals in its n.m.r. spectrum; acetylation 

of 15 with acetic anhydride-cl’, gave the 4&bis(deuterioacetyl) analog 17. \vhich 

showed only one acetvl-group signal in its n.m.r. spectrum. Complete deacetonation 
of 16 with acetic acid-x\-ater gave amorphous 1 ,4,6-tti-O-acet~wl-r-D-mannop~ranose. 
acetylation of \vhich aflbrded r-D-mannopyranose pentnacetate (lOa). 

The fore,ooing reactions demonstrate the considerable syntthctic utility of the 
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acetonation procedure with alkyl isopropenyl ethers for the preparation, in high yield, 
of novel, partially substituted derivatives of D-mannopyranose linked through each of 
t!!e ring-positions. The reactions proceed almost exclusively under kinetic control, 
with attack at the primary hydroxyl group followed by cyclization to the 1 ,3-dioxane 
ring-system the most-favored mode, and further attack to bridge a cis-vicinal diol 

grouping being the next-favored reaction. In contrast, the classic acetonation 
procedure with copper(H) sulfate-acetone, which requires a small proportion of a 

mineral acid for the reaction to proceed at an effective rate (see Experimental section). 
leads exclusively to the thermodynamic product, the diacetal 5, partial deacetonation 

of which causes removal of the 5,6-O-isopropylidene group, to give 4. 

There have been several recent reportsg* lo on acetonation of sugars and their 

derivatives lvith 2,3-dimethoxypropane-p-toluenesulfonic acid; this reagent evidently 

affords mixtures containing both kinetic and thermodynamic products, from which 

the kinetic products may be isolated. For example. acetonation of u-mannose (1) with 
this reagent gives9 the thermodynamic acetal 5 and not the kinetic product (3 or 6). 

Comparative studies in our hands have indicated that the method employing alkyl 

isopropenyl ether provides a superior, preparative route for the kinetic products, 
\yhich are formed almost esclusively. The preparative procedure is simple, and 
aKords the acetals in higher yields than by other methods. 

ESPEKIMENTAL 

Gemsal liwrlrorls. - The procedures used were as described in a previous 

report’. The g.1.c. injector \vas maintained at 250”. and two diKerent column- 
packings (OV-I, 29 Jo and SSb) ivere used. N.m.r. chemical-shifts are given in Table I, 
and Table II records spin-coupling data. The intensities of mass-spectral fragments are 

e:cpressed as percentages of the base peak, and ~z,‘e values are recorded for major 
fragments only. Assignments are in general accord \vith interpretations reported in the 
literature for other O-isopropylidenehesoses and their acetates, but the possibility of 

alternative formulations is not excluded. 
A cetonation of I)-~mm10se (1) lcitil iwptxpef~~~l ~lietl~~*l ether (2); prepawtion of 

4.6-O-isop,-op~~lic~e~~e-u-n~cit~t~~~~~~~~~~ose (3). - A solution of D-mannose (1 ; 5.4 ,9. 
30 mmol) in dry AY,N-dimethylformamide (20 ml) containing Drierite (1 g) \vas 

maintained below 5’ (ice-bath), and isopropenyl methyl ether (4.3 g, 60 mnlol) and 
p-toluenesulfonic acid ( -20 mg) were added. The mixture was stirred magnetically 
at O-5’ until monitorlag by t.1.c. indicated that all of the starting-material had 
disappeared (N 5 h), whereupon anhydrous sodium carbonate (- 5 g) was added, and 
the cold mixture was stirred vigorously for one h more. The mixture was filtered, and 
the filtrate poured into ice-water (50 ml). The product was extracted with dichloro- 
methane (4 x 20 ml), and the extracts were combined, and washed with water 

(4 x 20 ml). The aqueous phase and the combined, aqueous extracts were freeze-dried, 
to yieId an amorphous solid (mono-0-isopropylidene derivatives, Fraction A; 6.0 g). 

Evaporation of the dried (sodium sulfate) dichloromethane extract gave a syrup 
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(di- U- isopropylidene derivatives, Frmion B; 0.7 g). Detailed analytical charac- 
terization of Fractions A and B is given later; Fraction A was essentially a mixture of 

the anomers of 3, with the CI anomer (3a) strongly preponderant. 

4,6-O- Isopro&iderre-a- D-maflffo;?yrnffose (3a). - The amorphous solid 

(Fraction A, yield 9 1 % of crude monoisopropylidene acetals) was recrystallized twice 

from ethyl acetate to give 3a as a microcrystalline, white powder, yield 5.4 g (S2%), 
n1.p. 156-l 57”, [LY]~~ - 1 (3 min) + - 16 (5 min) + -24” (final, 45 h; c 1.2, water); 
j.kz{ 2.90 broad (OH), 7.2s (CMe?), and 9-10 Lcrn (COCOC); w/e 205 (4.5, Mf -Me), 

I S7 (1.2, 205 - H,O, m” 170.6), I61 (0.7, M% - IMe2C&H), 145 (I 2, 205-AcOH), 

131 f3.3), 115 (1 S). 103 (l-2), 102 (1): 101 (6.5), S5 (2.4), 73 (7), 59 (30), 5s (26): and 

43 (100); X-ray polvder diffraction data: 6.88 s (3), 6.00 s (2), 5.37 VW, 4.75 vs (l), 

4.39 m, 4.0s S, 3.90 \v, 3.5s m, 3.20 m, 3.0s w, 2.91 w, and 2.75 m. 

ilnnf. Calc. for C9H,606 : C, 49.09; H, 7.27;0,43.65. Found: C, 49.53; H, 7.12; 
0, 13.67. 

Compound 3a thus obtained was essentially the pure 2 anomer, as sho\~ n by 

g.1.c. of a per(trimethylsilyl)ated sample; the major peak for the derivative of 3a was 
contaminated by less than l-3”/& o f that of 3b (see later, for g.1.c. data). 

1,2,3-T~i-O-rrcc~I~~1-4,6-0-iSOpl-Op~~li~etle-sr-D-fif~ff~f~op~~,-c-nro.~~e (7a). - X solution 
of acetic anhydride (5.1 g. 30 mrnol) in anhydrous pyridine (5 ml) \vas added at 0” to 

a stirred solution of pure compound 3a (1. I g, 5 mmol) in pyridine (5 ml) that ivas 

prepared and utilized as rapidly as possible, in order to prevent possible pnomerization. 
The mixture was stirred for 24 h at -20’ and then poured onto ice. The product \vas 
estrncted with dichloromethane. and the estract was \~ashed \i-ith saturated, aqueous 

sodium hydrogencarbonate (3 x IO ml), dried (sodium sulfate), and evaporated, to 

Gve 7a as a svrup that crystallized on slo~v evaporation of a solution in ethyl acetate - d 
that had been passed through a small pad of Celite: yield 1.5 g (,S7%); m.p. 49’ 

(modification of form: remelting at 55’), [xl; +4S’ (c 1.0, chloroform); R,- 0.75 

(1: 1 ethyl acetate-petroleum ether) : i-z:: f 5.70 (C=O). 7.50 (CMel), and S.5-10 Ltrn 

(COCOC), no OH absorption: w/e 331 (S, MT -Me*). 7S7 (0.6, MY-AcO-). 

245 (6.5, 2S7-CH.CO), 227 (0.9, 2S7-AcOH. m+ 179.5), 326 (1.3, My -2 AcOH)_ 

203 (1.4, 245-CH,CO. m* 16S.2). 169 (S, 227- hlelCO), I57 (2, AcOkH=CH- 

CHOAc), 143 (6.5_ 203-AcOH, m* 100.7), 127 (3.5, 169-CH,CO, m* 55.4). 
115 (10, 157-CH,CO), 109 (S, 169-AcOH, m” 70.3)_ 103 (1.3). 101 (5). 97 (l-9), 

73 (3.5), 59 (6), and 43 (!OO). 
ilfznl. Calc. for C, 5HaZ09: C, 52.02; H, 6.36; 0, 41.62. Found: C, 52.06; 

H, 6.40: 0, 41.55. 
.d f@~-tical cltm_ucferizarioff of proci~rcts of ncetoftatioir (t/‘ 1. - Clt~otf fnrocrrt.cfI~ltic 

mzo(~*st.s. The amorphous solid (Fraction A) and the syrup (Fraction R) from the first 

experiment were analyzed by t.1.c. and g1.c. The sorid (A) showed only a single, 

slo\v-migrating spot (R~ 0.27, ethyl acetate); with 4:l ethyl acetate-methanol, it also 

shoived a single spot (RF 0.55), but with a tail. These RF values are very similar to 

those of 2,3-O-isopropylidene-o-mannofuranose (4), so that differentiation of 3 and 4 
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by t.1.c. is difficult. Analysis of a per(trimethylsilyl)ated sample of Fraction A by 
g.1.~. revealed two peaks, in the ratio of N 4: 1, whose retention times (TR) are @en (a) 
relative to that of per(tri_methylsilyl)ated 2,3:5,6-di-O-isopropylidene-D-mannose 
(Me&d), and also (6) (in parentheses) as absolute retention-times in see (column 
ov-1, 2%, 150”): TR (Me,Si-5) 1.00 (55S), TR (major peak, Me&-3a) 1.49 (53O), 
T, (minor peak, Me,Sidb+ Me,Si-4) 1.86 (1039). Within the limits of esperimental 

error, the TK value for a reference sample of 2,3-U-isopropylidene-1,5,6-tri-O- 
(trimethylsilyl)-D-nlannofuranose (lMe,Si-4) was identical to that of the minor peak. 

After the following experiment on the acetylated products had shown that the 
minor peak was probably a mixture of two compounds [per(trimethylsilyl)ated 3b and 
41, further g.1.c. analysis was performed with a column packed w+th 5% of OV- 1. The 

major peak remained a single component [r, (Me,Si-5) 1.00 (13401, TR (major peak, 
Me,Si3a) 1.49 (2000) at 1 50”], but the minor peak was separated into tlvo extremely 
ciosely spaced components [r, 1.90 (2540)] that were better resolved at 170’. 

The syrupy fraction (B) showed one major, fast-m&rating spot (RF 0.73, ethyl 

acetate) followed by two very minor components (R, 0.56 and 0.47). it Leas purified 
by column chromatography on silica Se1 (eluant 1: 1 ethyl acetate-petroleum ether), 

in order to remove the minor. slow-migating contaminants (not isolated). A white. 
crystalline solid \\as obtained \vhose m.p. [I IS” (modification) to 132” (total fusion)] 
indicated that it was :L misture: [xl” - 20’ (c 1.2, chloroform): R, 0.73 (ethyl acetate). 
0.53 ( I:2 ethyl acetate-petroleum ether) identical to those of an authentic sample of 
2.3:5.6-di-0-isopropylidene-D-mannofuranose (5) [lit. ’ ’ for 5: rnp. 122-1X-; 

]~]I> L- 16’ (ethanol)]. A per(trimethyIsilyl)ated aliquot \vas analyzed by g.1.c. (column 
O\‘- I _ 50 ;,. 150’). It revealed tno major peaks [r, I_00 (1340) and T, 1.24 ( 1660) in 
the ratio of h 3:7]. the first peak having a retention time identical to that of authentic 
pzr(trimethvlsilvI)ated 5: the second one corresponded to per(trimethylsilyl)ated 6 
(see later data for 6). A very minor component [7;; I.13 (IZO)] was also detected. 

.J cet).htiolI of the crude ~Ilonoisr~prn~,?-lirletle acrtd~ (Fructinn .-I ). md isnhiion 

(++- i.~._~-tri-O-acrtr~1-~,6-0-i.~o~~~rc~p~-iirfctre-~~-u-t~~at~t~op~~ranose (7b). - For isolative 
characterization of the minor components of Fraction A. a sample (6.6 g. 30 mmol) 
in pyridine (10 ml) \vas acetylated v;ith acetic anhydride (IS.4 S. IS0 mmol in 
pyridine (20 ml) according to the procedure described for preparation of 7a. The 
s>-rup thus obtained (9.1 f. crude yield S’S%) shokved three spots (a, b, and c.) in t.1.c. 

!.eI- 0.75, 0.70, and 0.66, with I:1 ethyl acetate-petroleum ether; R,r 0.45, 0.3S, and 
0.33 \\ith I:? eth>-1 acetate-petroleum ether). The mixture v;as resolved on a column 

(4 :-: 100 cm) of silica gel (SO0 2) \\ith 12 ethyl acetate-petroleum ether as the ciuant. 
and collection of IO-ml fractions. Fractions 130-I S3 (spot a) contained the pure 

Y-tkCetate 7a (4.5 g. 43’fo)_ Fractions 156-191 \\eere a mixture (0.2 2) of spot (1 and 

soot 6. Fractions 192-210 Lvere esclusively spot h. isolated as a pure, crystalline 
compound ( 1.4 s_ 13’! h) that WLS identified as 1,2.3-t,-i-O-acet~l-4,6-O-i_~~)pF~p~.fi~f~~~e- 
li-u-nlatuio~~r~t1u.s~ (7b): m.p. 53-62’, [;I]:” -39’ (c l-0, chloroform); ;‘,F’J 5.75 
strong (C=O), 7.30 (Chle,), and S.5-10 /cm (COCOC), no OH absorption; ~~~/e 331 
(13, M’ -Me-), 257 (0.5. hl’ -AcO-), 245 (11, 287-CH,CO), 227 (0.5, 2S7- 
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AcOH), 226 (0.5, Mf --2 AcOH), 203 (2.5, 24.5-CH2C0, m* 16S.2), 169 (4.5, 

227-Me2CO), I57 (4.5, AcOCH=CH-eHOAc), 143 (IO, 203-AcOH, m* 100.7). 

127 (3, 169-CH2C0, m* 95.4)>, I IS (IS, 157-CHICO, m* S4.2), 109 (5.5. 169- 

AcOH, m* 70.3), 103 (2-Z), 101 (7), 97 (2.5). 73 (4.5), 59 (9), and 43 (100). 

Anni. Cak. for C,~H,,O,: C, 52.02; H. 6.36: 0, 41.62. Found: C, 52.00: 

H. 6.35: 0, 41.64. 

Fractions 21 l-21 6 contained a mixture (0.4 g) of spots h and c. Finally, 

fractions 217-250 contained spot c alone, isolated as a pure syrup (0.S g, S%) and 

identified as I,5,6-lri-O-ucet~.l-_3.3-O-isoprop~.~i~fe~Ie-~-D-~~~~It~t~o~tr~t~o.~~~ (8). slightly 

contaminated (n.m.r.) by the f1 anomer; [I]$ i-40’ (c 1.4, chloroform) :Iit.’ 

m.p. 55.5-59’. [z]X i-49.9’ (tetrachloroethane)): m/e 331 (32, Iv1 f - kle. ). 2S7 

(S, IM: - AcO *), 245 (4, 257- * CHICO), 226 (2.5, MT -2 AcOH), 203 (1.5, 

245--CHzCO). 169 (15, 227- Me,CO), 157 (2.7, AcOCH=CH-CHOAc), 143 (3.5, 

203-AcOH). 137 (8. 169-kle,CO, m* 95.4), 115 (1 I, 157-CHzCO): 109 (9. 

IOY-AcOH), IO3 C3). I01 (7). 9S (10.5). 97 (5), S5 (7.5), 73 (3.5), 71 (7). 59 (‘7). and 

J3 (100). 

The ratio of pyranose to furanose forms isolated in this experiment was - 9: 1. 

and rhe ratio of the r to /; pyranose anomers was -4:l. The n.m.r. spectrum of the 

crude misturc of the three acetates shoxved the presence of 7 and /I anomers in the 

ratio of - 3: I _ 

.-I ccr_t.luricm q/ cl-I& tlii.roproi~> lidem aceral.\- (.Fructirm B). crtul isoiutiou c[/ 

I-O-N~et~.i-~.3:?,6-rli-O-i~~)pr~lp~ ficlc-~I~,-~-r,-r~lr~~t~~~p~ rcItlo\c ( 13) mrcf it y irower 12. - 

As direct separation of [he tk\o major derivati\rs in Fraction B appeared to be 

practicali; impossible. acctylation 11:~s performed on a further 2.0 8 of the mixture. 

follo\ving the procedure already described for Fraction 4. but \\ith tnice the 
stoichiometric amount of acetic anhydride. Analysis of the resultins syrup (3.1 s_ 

3 I ‘! L) by t-1-c. shop ed t\\ o component> ( (2,0.6-l and 0.55: 12 ethyl ~tcetate-petroleunl 

ether). \vhich \vere separated by column chromatogaph!_ on silica gel (‘same eluant). 

First ciured \vas compound 13: yield 1.15 g ijOo/b). m.p. I -15-l 47’ (after recr!xtai- 

lkation from methanol-\~ater). [z]? +3: (c 1.0. chloroform); i.:::,“’ 5.75 (C=O). 
7.25 and 7.30 (CMc,), and KS--IO rim (COCOC). no OH absorption: IIZ~C 2S7 (20. 

ill T - ;\ile .). 259 (0.9, Al : - MeCO .). 244 (12. X7- MeCO -). 243 (5.5. 257-&O -1. 

229 (1.5, 2S7-_Me,CO, 1~1” 152.7). 227 (1.5, X7-AcOH. mar 179.5). 20’ (1.6. 

X4-CH,CO). 201 (IO, 287-2 hleC0 -. rn” ll0.S). lS7(_1), lS6(1). IS5 (3.5. 

227 - AcO a, m* 150.7), 173(1.6). 169 (5, 229-AcOH). 143 (11, 201-Me2C0. 

m* 101.7), I-II (3), 129 (2), 127 (S). 1 IS (I?), 101 (23). 100 (3). 97 (9), S5 (13), 73 (2.5). 

71 (3.5), j9 (31). 57 (4). and 43 (100): X-ray polvder dittiaction data: 9.N s (21, 

S.22 m. 7.43 m, 5.95 x w_ 5.07 vs (1). 4.6s m, 4.45 s (3). 4.29 iv. 3.1 I m. 3.S3 w. 
3.73 \I\\ . and 3.43 \v. 

A~rnl. Calc. for C,+H,20y: C_ 55.63: H, 7.25: 0, 37.09. Found: C. 55.&I: 

H. 7.19; 0, 36.95. 

Eluted after 13 \\as ~-O-~~ef~~I-2,3:5.6-~i-O-i.soproj?~~~i~ieflc-~-D-l?la?lt~of~t~cI~l~~.~e 
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(X2:0*45 g, 19?&), isolated as a syrup; b]i” ~45” (c 1.6: chloroform) (lit.6 b]p +45” 
in chloroform); j_zJz 5.75 strong (C=O), 7.30 strong (CMe2), and S-5-10 P~(COCOC) 
no OH absorption; m/e 257 (43, M t -Me -), 259 (0.4, Mf - MeCO m), 243 (1.6, 

X,7-AcO.), 229 (13, 2S7-Me,CO), 201 (1.5, 287-2 MeCO -, m* 140-S), 195 (16): 
194 (a-5), 169 (l&229-AcOH, m* 1X.7), 143 (3,201 -Me2CO), 141 (2.5), 128 (2.5), 

127 (3s), I 15 (2.5), 109 (4), 102 (X.3), 101 (63), 99 (4.5), 9s (3.5). 97 (2.5), S5 (9.5), 

72 (9): 59 (15), and 43 (100). 

Deacetoilatioiz of 7a to 9a, and srrbseqrrent acetylation to gire ‘A-D-lllntItlop~r~~lose 

pet~taacetate (lOa) and its 4,6-bis(triderrterioacet,d) amlog (lla). - A solution of 7a 
(1.7 g_ 5 mmol) in I:3 acetic acid-water (50 ml) was heated for 1 h at SO”, whereupon 
t.1.c. (ethyl acetate) indicated disappearance of 7a and formation of a single com- 
ponent having RF 0.46. The solution was freeze-dried. to afford amorphous 1,2,3-tri- 

O-acet~~~-z-D-~~lan~~op~~r~~ilose (9a: 1.4 g. 93%): m.p. 62-643, [Xl;’ +45” (c 0.9, 

chloroform); 22:: - 3 (very broad, OH), 5.SO (C=O), and S.5-10 kern (COCOC); 
III ip 347 (3.5, M f -_4cO -), 246 (0.3, Mt 

3;7(1), 215 (1.6, 

-AcOH), 2-15 (2-2, M r - Hz0 - MeCO - ), 

246- CH,OH), 203 (0.6, 235 -CH,CO), Ii3 (0.7). 15s (3. 

246 l AcOCH=O)_ 157 (10, AcOCH=CH-C&0,4c, m* 100.6 from IN/~ 245). 145 (1 .SL 
144(1.5). 133!2.5,203-AcOH,1l-1~ 100.7), 127(l.S). 126(0.9),116(3.3, 15S-CHICO, 

nP S5.2). 115 (32, 157-CH?CO. mY S4.2), 103 (3.5). 102 (2), 101 (0.7). 9s (6). 
97 (?.5)_ S5 (4). 73 (20, 1 I5--CH,CO, rn” 46.3),.60 (7): and 43 (100). 

A solution of acetic anhydride (5 ml) in pyridine (5 ml) was slo~vly added at 0‘ 

to ;L stirred soiurion of9a (0.5 g) in pyridine (5 ml). After 12 h at - 3Y. the solution was 
processed as already described for the isolation of 7a, to give 10a as a syrup (0.55 g. 

S5o/L) that crystallized after a fe\v days. Recrystallization from methanol plus a Fe\\ 
drops of Lvater gave pure lOa, m.p. 75-763, [~]g’ + 53” (c 1.0, chloroform) {lit. ’ 2 
n1.p. 74>, [r];' f 56.6” (chloroform): : RF 0.27, ethvl acetate; A$,:: 5.S iun very strong 
(C ==0 1. no 0 H absorption. 

_- 

The foregoing procedure \vas repeated ~iith 0.5 g of 9a, but \vith use of acetic 
anh_vdride-cl, . All data recorded for the product 1Pa thus obtained \vere closely 

comparable to those given for 10a. except for the n-m-r. spectrum (see Table I). 
which showed signals for only three of the five acetyl groups. 

Dencetmatim of 7b to 9b, and subsequent acet~htion to gire /j’-D-tIlatltl+ 

pwamse pemancetate (lob) ad its Q,6-his(trideuterioacet_d) anrrlog (1 lb). - The 

deacetonation procedure used iE the foregoing experiment was repeated with 1.0 g 

Of 7b, to give 1,2,3-t~i-O-acet~~l-~-D-nlnnnop~.rattose (9b; 0.S =, 91%); m-p. 147-149”, 

[Y]? -32” (c 1.5, chloroform); RF 0.43 (ethyl acetate); 2::; -3 very broad (OH), 
5.75 (C=(B), and S-5-10 {lrn (COCOC); m/e 288 (0.5, Mt - H1O), 247 (0.7, Mf - 

AcO -). 246 (0.5, MT -AcOH), 245 (4, 28S-MeCO -), 217 (2.5), 215 (3.j, 246- 

-CH,OW> 203 (1.2, 245-CH,CO), 173 (l-3), 158 (3.5, 246-AcOCH=O), 157 (17, 

AcO-CH=CZ-I-CkOAc), 145 (3.5), 144 (3), 143 (5.5, 203 -AcOH), 127 (6), 126 (5.5), 
116 (6, 1=--H&O), 115 (55, 157-CH,CO), 103 (gs), 102(4), 101 (7), 9s (13), 

97 (7), s5 (11h 73 (30), 60 (9-j), and 43 (100); X-ray powder diffraction data: 



I;INJZTIC ACETONATION OF D-MAN-NOSE 383 

9.13 s (3), 8.78 m, 7.67 nv, 6.94 vs (l), 5.89 m, 5.42 m, 5.42 m, 5.1 I m, 4.45 s (21, 
4.33 m, 4.20 w, 3.96 w, and 3.81 m. 

Compound 9b (0.3 g) was treated with acetic anhydride, and an additional 
0.3 g was treated with acetic anhydride-&, by the procedure described for the ‘A 

anomer. The former experiment gave 0.30 g (SO%) of crystalline lob, rap. 116-l 17” 
(from methanol-water), [x]? -24O (c 1.2, chloroform) (lit-l3 m.p. 117-l IS”, FL]; 
-25.3” in chloroform); 2::: 5.8 Pn (very strong C=O), no OH absorption_ For the 
4,6-bis(trideuterioacety1) analog llb, all of the data n&e essentially identical to those 

recorded for lob, but the n.m.r. spectrum (see Table I) showed signals for only three 
of the five acetyl groups. 

PreparatiL-e riiacetonatioil of D-mamose (1) tcith isopropeflyl methyl ether (2) to 

gim 2,3:4.6-d-O- isoprop~-licfene-x-~-i~~aIltlop~.raIIose (6), isolated via its i-acetate 13. - 

A soiution of D-mannose (1: 5.4 g, 30 mmol) in dry NJV-dimethylformamide (20 ml) 
containing Drierite (1 g) was maintained at - - lo”, and isopropenyl methyl ether 
(2: 4.3 g, 60 mmol) and p-toluenesulfonic acid (-20 mg) \vere added. The mixture 

\vas stirred magnetically for ~3 h, and then a further amount of the ether 2 (4.3 g. 
60 mmol) was added dropwise during m-2 h, the temperature being kept at - - 10’. 
T.1.c. (ethyl acetate) indicated that slo\v-migratin, = components (RF t0.5) lvere 
absent. The mixture ~vas then treated exactly as described for the preparation of the 

monoacetal 3. In the present experiment, the aqueous phase contained only traces of 
monoacetals. Evaporation of the dichloromethane extract gave an amorphous solid 
w-hose properties in t.1.c. (I:3 ethyl acetate-petroleum ether) lvere very similar to those 

of the syrup (B) described in the first experiment, escept for the presence of very 

minor, fast-migrating contaminants. G.1.c. of a per( trimethylsilyl)ated sample 

showed the same tlvo major peaks, in 3:17 ratio (in order of elution). The misture 
was acetylated conventionally with acetic anhydride and pyridine. Evaporation of the 
solvents, and nucleation with crystalline 13 (nucleation was not needed in subsequent 
preparations) gave solid 13. One recrystallization from methanol-x.vater gave 
reasonably pure 13; a second recrystallization afforded analytically pure I-0-ctret~.f- 

2,3:4,6-cii-O-isoprop~~li~lene-r-D-n~annop~~rrrttose j13), yield 5.9 g (65% from II- 

mannose). having physical and spectral data identical to those already described. 
The mother liquors contained additional 13 (0.2 g was recovered crystalline 

after long keeping), together with I-0-acetyl-2,3:5,6-di-O-isopropylidene-X-D- 

mannofuranose; the latter was not isolated. 
The acetate 13 was deacetylated conventionally: a solution prepared from 

sodium (0.05 g) in anhydrous methanol (10 ml) was added to a solution of 13 (1 g) in 

methanol (10 ml). After 3 h at -20”. all of the starting material had disappeared. 

Sodium ions Lvere removed by shaking the solution with Amberlite IR-120 (H+) resin, 

to bring it to neutrality (it was necessary to check the pH carefully during addition 

of the resin, because of the acid-sensitivity of the isopropylidene groups; see later). 

The resin was filtered off: and the filtrate was evaporated, to give the crystalline 
diacetal 6; yield 0% g (93O/,). The product could be recrystallized from hexane, or 

ethyl acetate; it had n1.p. 13%141”, L;A]i’ -39 (initial) + -50” (final, 4s 11; c 1-C 
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one having TR 2.52 (1475) (- IS%, Me,Si-14)1 plus four trace-products having 
TR l.SS (1 IOO), 2.15 (1260), 3.60 (2105), and 3.55 (2255), these last amounting 
altogether to -5% of the total mixture. (Al! of these components \vere detected in 
the mixtures obtained during deacetonation with trifluoroacetic acid or Amberlite 
IR-120; see following paragraphs.) A preliminary experiment conducted at room 

temperature resulted in an increase of these by-products. None of them corresponded 
to a per(trimethylsilyl)ated sample of o-mannose which, under the same conditions, 

gave a peak having TR 2.35. 

Deacetonation wit/z trifltroroacetic acid-water. A suspension of 13 (0.5 g) in 

I :9 trifluoroacetic acid-w ater (20 ml) was stirred at room temperature until a 

homogeneous solution was formed (- 1 I), and the solution was kept overnight at 
-0’. TLC. then indicated complete disappearance of starting material. and the 

presence of a major. slow-migrating spot (RF 0.05, ethyl acetate), presumably the 
monoacetate 14. The solution was freeze-dried to a glass. A per(trimethylsily!)ated 
aliquot thereof showed. in g.1.c. (OV-I 5’%, 170’: reference Me,Si-S), a peak [r, 

2.52 (147321 that amounted to -4O”Al of a mixture of about ten peaks. The mixture 
was acetylated conventionally. and column chromatography (30 g of silica gel: 

eluant 12 ethyl acetate-petroleum ether) of the resulting syrup allowed isolation of :L 
crystalline compound identified, by mixed m.p. and n.m.r. spectrum, as z-o-manno- 

pyranose pentaacetate (lOa; 0.2 ,o> 30%). 
Deacetonation with Amberiite IR-I-70 (H I> redtz. A solution of 13 (0.5 g) in 

methanol (20 ml) was stirred overnight at -20’ wit!1 Amberlite IR-120 (H-) resin 

(3 ml). T.1.c. then indicated complete disappearance of starting material, and the 
presence of one major spot (14: RF 0.05 in ethyl acetate). The resin was filtered off, 
and the filtrate evaporated. G.1.c. of a per(trimethylsi!yl)ated aliquot thereof showed 

the same major peak (TR 2.50, same conditions and reference as the preceding) as 
~vns detected in the foregoing experiment, but, in this instance. it comprised - SrS’!; of 

the mixture (the other 15’Y 0 arose from no more than four peaks). The mi.xture \\as 

acetylated, and the resultin= (7 solid \vas recrystallized from metlwnol-Lvater. to gi\e 
z-o-mannopyranose pentaacetate (lOa): yield 0.33 g (51 ?<,I. identihed by mixed ml>_. 

and n.m.r. spectrum. 
~,4,6-Tri-O-ncet~.I--7.3-O-iso~~ro~~Ii~f~~~~~~-~-~-~~~u~~~~op~,r~t~~ose (16) curd irs J.6- 

bi.~(rri(ferrreriottcet~l) mrnkq (17). - Selective deacetonation of 13 (1 g) v. as conducted 
\\ith acetic acid-water as already described. The microcrystalline, freeze-dried COIII- 

pound (0.76 g) was divided into t\vo equal parts. The first \vas acetylated with acetic 

anhydride-pyridine. to give an amorphous solid (one major spot in t.!.c.); it us tnice 
crystailized (methanol-water), to give pure 16; yield 0.76 g (660/b), m.p. !26-137’. 
[z]F -2” (c 1 .O, chloroform); RF 0.40 (I:2 ethyl acetate-petroleum ether); ;-~,$” 5.7 
strong (C=O). 7.30 (CYle,), and 9-10 /cm (COCOC), no OH absorption: tl?le 331 
(4.2, M: - i\le .), 303 (0.6, MT - h!eCO -), 2SS (0.5, hit - Me,CO), 257 (3.5. 

hl- - &O -), 256 (0.6. M’ - AcOH), 271 (0.2, 331 -AcOH, m* 221.9). 245 (0.5. 

287-CHLCG), 229 (1.1, 2SS-AcO-, m’:’ !SZl), 169 (lS, 229-AcOW, !57(21- 

145 (IS), 139 (3.5), 127 (6), 115 (5), 109 (15, !69-AcOH, m” 70.3): 103 (2). lo! (1.5). 
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loo (2), 99 (l-5), 98 (7), 97 (6), 85 (7), 81 (3-Q 73 (19, 69 (2), 59 (4), and 43 (100): 

X-ray powder diffraction data: 11.25 m, 9.68 VW, 7.11 2, 6.65 m (S), 6.25 m, 5.55 W, 
4.68 W, 4.26 s (2), 4.12 s (l), 4.83 w, and 3.58 VW. 

Anal. Calc. for C,SHZ,09: C, 52.02; H, 6.36; 0, 41.62. Found: C, 52.75: 
H, 6.44; 0, 41.71. 

The other half was acetylated with acetic anhydride-rl, _ All data recorded for 
compound 17 thus obtained were closely comparable to those given for 16, except for 
the n.m.r. spectrum (see Table I), which showed a signal for only one of the three 
acetyl groups. 

Deacetonation of 16, am! acetylation to gice u-D-l)lailnop~raliose pentaacetate 
(lOa)_ - A suspension of 16 (0.2 g) in 1:3 acetic acid-water (20 ml) was stirred for 1 h 
at -50”. The resulting solution was freeze-dried, and the amorphous solid acetyIated 
(acetic anhydride-pyridine), to &ve lOa, which was recrystallized from methanol- 
water (yield 0.19 g, 83%). and identified by mi.xed m-p., and n.m.r. spectrum. 

Preparation of authentic samples of 2,3:5,6-ni-O-isoprop~liriene-D-ntmlrl~tose 

(5) ad ‘,3-O-isopi-op~liclel2e-D-~?ta~tttofttra~tose (4). - These compounds were prepared 
by modification of the methods described by Iwadare’. 

A suspension of 1 (10 g) and anhydrous copper(U) sulfate (10 g) in acetone 
(200 ml) was stirred vigorously. After 48 h, analysis by t.1.c. indicated that only a 
small proportion of the D-mannose had reacted, giving essentially one fast-migrating 
product (the products of kinetic reaction of D-mannose with alkyl vinyl ethers were 
undetectable). One drop of concentrated sulfuric acid Leas then added, and the 
suspension was stirred for an additional 45 h. Practically all of the starting material 
had then reacted. The suspension was filtered, and sodium carbonate (5 g) and Lvater 
(10 ml) were added to the filtrate, which was then evaporated. The resultant syrup 
uas extracted with dichloromethane (100 ml), and the extract was washed with 
aqueous sodium carbonate (3 x 5 ml), dried (sodium sulfate), and evaporated, to give 5 
(5.6 2, 630/o), lvhich was recrystallized from hesane, m-p. 120-122”, b]z + 12’ 
(c 1.1, chloroform): (lit.’ 1 m.p. 122-123”, [r]h t16” (ethanol)). Its mass spectrum 
wls in close accord with that described by DeJongh and Biemann’ 4, notably m/e 245 
(57. Mf--Me-), lS7(11,245-Me,CO), 159(1_3,Mf--101) 101 (62),and43(100). 

A solution of compound 5 (5 g) in a citrate buffer solution, pH 4.0 (Puffer- 
losung PH 4.0, Merck; 100 ml) was heated for 2 h at 150”. cooled, and freeze-dried_ 
The solid mass thus obtained was triturated with anhydrous methanol. The methanolic 
extract was evaporated, and the resulting syrup was chromato_graphed on silica gel 
(eluant, kl ethyl acetate-methanol), to give 4 (0.9 g, 20%) which did not crystallize; 
b]F -3” (final, 45 11; c 1.0, water) {lit.’ m-p. 80.5-S2”, b]p -3.7” (4.0 h, water):. 
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