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Note 

The crystal structure of 3-C-[(R)-(1-hydroxy-2-phthalimidoethyl)1-1,2:5,0-di- 
0-isopropylidene-a-o-allofuranose and related studies* 

JOHNS. BRIMACOMBE**, RODE~ICKHANNA,ANDTIMOPHY J. R. W~AKL~Y 

Chemistry Department, Dundee Univer.?ily, Dundee DDI 4HN (Great Briram) 
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In connection with the synthesis of functionalised branched-chain sugars such 
as occur in antibiotics, we recently reported’ the preparation of 3-C-acetyl-1,2:5,6- 
di-O-isopropylidene-cu-D-allofuranose (l), which afforded a crystalline 3-C-(l-hy- 
droxyethyl) derivative {m.p. 11%119”, [aID f25.5” (chloroform)} on reduction. 
In related work, Horton and co-worker? obtained a separable mixture of the latter 
compound and its 3’-epimer {m.p. 97.5-98”. [aID +14.3” (chloroform)} by reduc- 
tion of 2 with lithium aluminium hydride. Neither group attempted to establish the 
stereochemistry of these compounds at the new asymmetric centre (C-3l). Based 
on the X-ray crystallographic analysis of a related compound, we are able to report 
that the higher-melting diastereoisomer has the R configuration (as depicted in for- 
mula 3). 

1R = H 3R= H I 

2R = AC AR= Ms. 

6R= 82 

Although 3 and the derived methanesulphonate 4 and 3,3*-cyclic carbonate” 
are crystalline, they were not amenable to single-crystal X-ray analysis. In an effort 
to transform 3 into its crystalline 3’-epime?, 4 was heated with sodium benzoate in 

‘Branched-chain Sugars, Part XV. For Part XIV, see ref. 1 
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N,N-dimethylformamide. and the resulting benzoate was debcnzoylated by trans- 

esterification. The product from these reactions was readily idcntificd as 3. rather 

than its 3’.epimer, by comparison with an authentic sample’. Presumably. 4 undrr- 

goes intramolecular displacement of the mcthanesulphonyloq group to form the 

Spiro-oxiranr 5. which. on ring-opening at C-3’ with the Iwnroate anion, furnishes 

6. The configuration at C-3’ is inverted twice in the sequence &S-+6 and results 

in overfill retention of the configuration at this centre. Since the intervention of 5 

cannot be guaranteed in other nuclcophilic displacements on 4, the stcrrochemical 

outcome of these reactions will be uncertain. Therefore. this approach was aban- 

doned. 

Our quest for a suitable derivative for X-ray crystallographic analysis then 

shifted to the oxirane 8. which was obtained tn 64%’ yield by oxtdatton of 1.2:S.t~ 

di-U-isopropylidene-3-C‘-vinyl-a-D-allofuran~~sc~ (7) with m-chlor~lp~roxybenzoic 

acid in 1,2-dichloroethane. Signilicantly, reduction of 8 with lithium aluminium 

hydride gave 3, thereby establishing that these compounds have the same configu- 

ration at C-3’. The crystalline 3-C-( 1.hydroxy-2~phthslimidoethyl) derivative 9 

(21%) was obtained by treatment of 8 with potassium phthalimtde in hcxamethyl- 

phosphoramide at 140”. No attempt was made t<, c,ptimise the yield <>f 9. and. 

doubtless, our work-up procedure could bc improved. On completion of this work. 

we learned that Kakinuma and co-workers” had similarly preparrd spccilically 
deuteriated analogucs of 9 (?.g., from 10). which glycol cleavage and oxidation 

transformed into chiral [2-‘HJglycine derivatives of assignable stcrcochcmistry. T3y 

consideration of the route used to prepare these chiral glycine dertvatives. they 

were able to deduced that 8 and 9 have the H configuration at C-3’. As can be seen 

from Fig. 1 and, more clearly, from Fig. 2, this assignment is confirmed by our X- 
ray crystallographic analysis of 9. The interatomic distances and bond angles (see 

Table II) in 9 are unexceptional and rcquire no commenr. 

Since the stcrcochcmical relationship between 9, 8. and 3 ha\ brcn cstab- 

lished, the latter compound is identified as 3-C-I(R)-(1.hydroxycthyl)]-1.2:5.6-dl- 
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Fig. 1. Stereovicw of 3-C-~(R)-(1-hydroxy-2-phthalimidoethgl)~-~,2:$,6-di-O-isopropylidene-ol-n 

allofuranox (9). and the numbering scheme for tbc aturns. 

Fig. 2. A more conventional stereoview of 9; most of the ~hth~limido group has heen omitted. ~0 that 

the stereochemistry at t-10 (---C-3’) can beseen nvxc clearly. 
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1,2:5,6-Di-O-isopropyZidene-3-C-[(R)-oxiran-2-y~-u-~-allofuranose (8). - 

A solution of 1,2:5,6-di-O-isopropylidene-3-C-vinyl-~-D-allofuranosc3 (7; 2.5 g, 
8.7 mmol) and m-chloroperoxybenzoic acid (85%; 5.25 g, 25.9 mmol) in 1,2-di- 
chloroethane (X7.5 mL) was stirred at room temperature for 70 h and then diluted 
with dichloromethane (250 mL). The organic solution was washed with o.lM 

sodium hydroxide (3 x 300 mL) and water (100 mL), dried (MgSOJ. and concen- 
trated under reduced pressure. Chromatography of the residue on silica gel (elu- 
tion with dichloromethane-acetonc, 10: 1) gave 8 (1.7 g, 64%), m.p. 92-94” (from 
hexane), [a]n t20.S (c 0.5, chloroform) (Found: C, 55.5; H, 7.6. C14HZZ07 talc.: 
C, 55.6; H, 7.3%). P.m.r. data: 65.85 (d, 1 H,J ,,* 4 Hz, H-l), 4.48 (d, 1 H. H-2), 

4.38-3.X4 (4 H, H-&H-6), 3.06 and 2.84 (m, 3 H, H-3’,3’), and 1.60, 1.43, and 
1.36(3s, 12H.ratios 1:1:2,2CMe,). 

3-C-[(R)-(l-ilydroxyethyl)]-I,2:5,6-di-O-isopropylidene-a-~-allnf2cranosr 

(3). - A solution of 8 (0.1 g, 0.33 mmol) in anhydrous ether (5 mL) containing 
lithium aluminium hydride (0.2 g, --5.3 mmol) was stirred at room temperature for 
4 h and then the excess of the reagent was carefully destroyed with moist ethyl ace- 
tate. Solids were filtered off and washed thoroughly with ethyl acetate, and the 
combined filtrate and washings were washed with water and dried (MgSOJ. Re- 

moval of the solvent under reduced pressure gave 3 (75 mg, 74.5%), m.p. 118.5- 
120” (from ether-hexane), [o]o +25” (c 0.9, chloroform), which was indistinguish- 
able from an authentic sample by the usual criteria; lit.” m.p. 11&119”, [o]D 
+25.5” (c 1, chloroform). 

3-C-[(R)-(I-hydroxy-2-phthafimidoethyll]-D- 

nllofurnnose (9). - A solution of 8 (0.302 g, 1 mmol) in hexamethylphos- 
phoramide (10 mL) containing phthalimide (0.183 g, 1.24 mmol) and potassium 
phthalimide (0.053 g. 0.29 mmol) was heated at 140” for 23 h and. after cooling, 
poured inlo ice-water. The aqueous solution was extracted with chloroform, and 
the chloroform solution was dried (MgS04) and concentrated under reduced pres- 
sure. A solution of the residue in ether-light petroleum (b.p. 6&80”) (180 mL, 1: 1) 
was washed with water and concentrated under reduced pressure. A solution of the 
residue in chloroform was washed with 3~ sodium hydroxide and water, dried 
(MgS04), and concentrated under reduced pressure. Chromatography of the re- 
sidue on silica gel (elution with dichloromethane-acetone. 5: 1) gave 9 (96.2 mg, 
21%), m.p. 151-153” (from ether-hexane), [a]D +49” (c 0.5, chloroform), vmax 
1780 and 1725 cm-’ (C=O) (Found: C, 58.9; H, 6.0; N, 3.4. CzZH2,N09 talc.: C, 
58.8; H, 6.05; N, 3.-l%); lit.4 m.p. 150”. This material was used for the following 
single-crystal X-ray analysis. 

(a) Crystal data. C,,HZ.NO,: M = 449.5, orthorhombio, space group 
P2t2,2,, a = 24.89(3), b = 15.78(2), c = 5.650(5) A, volume = 2219 A’, D, = 1.35 
g.cm-‘, Z = 4, F(OO0) = 952, h (CuKu) = 1.5418 A, p* (for CuKa) = 7.9 cm ‘. 

(b) Data collection. Data were collected from prismatic crystals with promi- 

nent { 110) faces. Equi-inclination, multi-film Weissenberg photographs (levels ho- 

41 and hk0-5) were scanned by using a microdensitometer (S.E.R.C. Micro- 
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C-7-c-8 
C-7-c-Y 
c-l&C-11 
C-12-c-13 
c-1x-14 

C-1X-18 
c-14-c-15 
C-1.5-c-16 
C-l&C-17 
C-17-c-18 
c-l&C-19 
c-2oc-21 

Bond angles (degrees) 
c-1-0-1-C-20 
c-2-o.2-c-20 
c-14.e-4 
C-5-O-5-C-7 
c-i&c-w-7 
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0..X-7-0-6 
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l.S12(1S) 
1.522(15) 
1.535(16) 
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1.529(16) 
1.484(23) 
1.493(21) 
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1.4X(20) 
I .387(19) 
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1.419(22) 
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109.5(9) 
lnm(Y) 
107.9(8) 
106.7(10) 
105.1(10) 
123.4(11) 
125.9(9) 
lG9.8(10) 
111.2(10) 
106.3(10) 
109.1(9) 
103.2(a) 
107.7(9) 
104.7(10) 
113.3(Y) 
109.6(9) 
101.0(8) 
112.7(9) 
115.1(9) 
105.4(8) 
104.7(9) 
108.8(9) 
122.5(9) 
112.1(10) 
104.2(R) 
113.6(10) 
104.1(10) 
104.0(12) 
113.4(13) 
110.5(15) 
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1.4.50(22) 
1.413(14) 
i .38xji4j 
1.450(13) 
1.433(14) 
1.455(13) 
1.434(14) 
1.439(14) 
1.404(16) 
1.429(18) 
1.438(13) 
l.lY8(16) 
1.215~14~ 
i .434&j 
1.417(14) 
1.435(14) 
1.406(15) 
1.374(16) 

109.2(13) 
109.0(14) 
110.5(14) 
IlO.l(9) 
106.1(Y) 
112.5(9) 
110.4(9) 
122.9(13) 
130.4(13) 
lO6.7(12) 
128.0(15) 
108.8(12) 
123 2(1S) 
114.3(16) 
123.2(18) 
119.2(18) 
117.9(16) 
122.3(13) 
tof.7(t2) 
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125.1(11) 
127.0(12) 
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105.9(9) 
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io6.7(izj 
114.1(13) 
113.1(13) 
112.0(13) 
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