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ABSTRACT 

The stereoselectivities in the reactions of diazomethane with various r-D-hexo- 
pyrancsid4uloses are compared with those in Grignard reactions_ The results 
support the hypothesis that the stereoselectivity of the diazomethane reaction is 
mainly controlIed by the attractive, electrostatic force between the diazomethyl 
cation and a neighbouring, axial oxygen or the axial lone-pair electrons of O-5 in the 
transition state. 

We have examined the stereoselectivities of the nucleophilic reactions of various 
hexopyranosid-2-uloses’ and -3-u10ses3, and often found complementary stereo- 

selectivities between the Grignard and diazomethane reactions. As a result, it was 
concluded that the stereoselectivity in diazomethane reactions is mainly controlled 
by the attractive, electrostatic force between neighboring axial oxygens and the diazo- 
methyl cation in the zwitterionic intermediate’. 

In order to generalise the above hypothesis, the stereoseIectivities in the Grignard 
and diazomethane reactions of methyl 6-deoxy-2,3-di-U-methyl-z-D-_xyZo-hexo- 
pyranosid4ulose (I), the corresponding 2,3-di-0-benzyl derivative’ (2), the D-lyxo 
(3) and D-&O (4) diastereomers of 1, methyl 6-deoxy-2,3-di-0-methyl-a-D-arabino- 
hexopyranosid4ulose (5), the corresponding 3-0-benzyl-2-O-methyl derivative (6), 
the benzyl 6-deoxy-2,3-O-methylene anaIogue6 (7) of 1, and methyl 6-deoxy-2,3-O- 
methyIene-~-D-Z~x~-5 (8) and -a-D-Rio-hexopyranosid4uloses6 (9) have been 
examined. 

RESULTS 

Syntheses of new E-D-hexopyranosid-brrloses. - Compounds 1, 3, 4, 5, and 6 
were synthesised as folIows. The reaction of methyl 4,QU-benzyiidene-2,3-di-O- 

*Branchedchain sugars, XXXI. For part XXX, see ref. 1. 
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methyl-z-D-ghmopyranoside’ with N-bromosuccinimide in carbon tetLmchloride gave 
methyl 4-O-benzoyl-6-bromo-6-deoxy-2,3-di-O-meihyl-a-D-glucopyranoside (10) in 

89% yield. Reduction of 10 in dimethyl sulfoxide with sodium borohydride gave the 
corresponding 6-deoxy derivative 11 in 92% yield. Treatment of 11 with sodium 
hydroxide in aqueous ethanol gave methyl 6-deoxy-2,3-di-0-methyl-cr-D-gluco- 
pyranoside (12, 74 %)_ 

Monotosyiation of methyl 2,3-di-0-methyl-a-D-marmopyranoside’ gave the 
correspcnding 6-tosylate (13) in 86% yield. Reduction of 13 in dimethyl sulfoxide 
with sodium borohydride gave the corresponding 6-deoxy derivative (14, 93 “/,)_ 
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TABLE I 

lH-N.hf.R. PARA~~ETER.S OF THE CZ-D-HEXOPYFCAXOSfDd-D-4-uLOSES 

4- UIoses Chemical stiifts (S) and coup&g constants (Hz) 

H-I H-2 H-3 H-S H-6 Others 

(Jl.2) (J5.3) (53.5) (J5.6) 

4_94d 3.44dd 
(3.4) (10.8) 
4.86d 3.96dd 
(2.0) (3.6) 
4.95d 4.OOdd 
(4.5) 13.5) 
4_77d 3.38dd 
(2.5) (8.8) 
4.75d 3.47dd 
(2.6) (9.3) 

4.14d 

4.26d 

4.2Od 

4.1&l 

4.35dd 
(1.0) 

4.21q 
(6.8) 
4_2oq 
(7.0; 
4.46q 
(7-O) 
4.13q 
(7.4) 
4.15dq 
(7.0) 

1.25d 

1.33d 

1.34d 

1.37d 

1.34d 

3.58. 3.55 and 3.54 
(3 OMe) 
3.53, 3.53 and 3.48 
(3 OMe) 
3.55, 3.55 and 3.52 
(3 OMe) 
3.56. 3.53 and 3.42 
(3 OMe) 
3.53 and 3.43 OMe) (2 
4.86 and 4.62 (ABq, 
J 11.0, CHzPh) 

Using the foregoing N-bromosuccinimide route, methyl 4,6-0-benzylidene-2,3- 
di-O-methyl-a-D-altropyranoside’ was converted into the corresponding 6-deoxy 
derivative 17, via 15 and 16, in 67 % overall yield. 

Benzylation of methyl 4,6-O-benzylidene-2-O-methyl-cr-D-altropyranoside’o in 

IV,?&dimethylformamide with sodium hydride and benzyl bromide gave the corre- 

sponding Z-O-bet& derivative (18) quantitatively. Partial hydrolysis of 18 in boiling 
70% acetic acid for 6 h followed by monotosylation of the product gave methyl 

3-O-benzyl-2-O-methyl-6-O-p-tolylsulfonyl-r-D-altropyranoside (19, 73 %). Reduc- 
tion of 19 with sodium borohydride in dimethyl sulfoxide gave the corresponding 6- 

deoxy derivative (20, 81%). 

Oxidation of 12, 14, 17, and 20, and methyl 6-deoxy-2,3-di-O-methyl-a-D- 
allopyranoside” with dimethyl sulfoxide-trifluoroacetic anhydride” gave the Puloses 
1, 3, 5, 6, and 4, respectively, in good yield. ‘H-N-m-r. data in Table I indicate that 
1,3, and 4 exis’ in the usual 4CI(D) conformation, flattened slightly by the introduc- 

tion of the carbonyl group. However, the 512,s values of 5 (8.8 Hz) and 6 (9.3 Hz) 
imply that these compounds exist in the “S, conformation. 

Nucleophiiic reactions and structural determination of the products. - In general, 
the diazomethane and Grignard reactions were carried out at room temperature in 

ethanol-ether and ether, respectively, until the starting material had disappeared. 
The conl?gurations of the Spiro-epoxides obtained by the diazomethane reaction were 
mainly determined from the chemical shifts of the C-methyl carbons in the 13C-n.m.r. 

spectra, after reduction to the corresponding 4-C-methyl derivatives_ 

The reaction of 1 with diazomethane gave the Spiro-epoxides having D-g& _VO 
(21) and D-gluco (27) con@urations, and a ring-expansion product (32), in yields of 
21, 51, and 24x, respectively. Likewise, 2 gave analogous products (22,2$, and 33) 
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in analogous yields. In contrast, the reactions of 3 and 4 with diazomethane each 
gave one Spiro-epoxide having the D-mamzo (29) and D&O (23) configuration in 
yields of 42 and 87 %, respectively. The configuration of 29 and 23 indicates an axial 
and an equatorial attack of diazomethane, respectively_ In the case of 5 in the “S, 
conformation, the epimeric Spiro-epoxides having D-id0 (24) and D-al&o (30) con- 
figurations were obtained in yields of 46 and 24%, respectively. A similar reaction 
of 7 gave the correspondin,o Spiro-epoxide of D-galacto configuration (25) in 52% 
yield, together with 21 y0 of the ring-expansion product 34. The reactions of 8 and 9 
each gave one Spiro-epoxide (31 a?d 26) having the same configurations as those 
obtained from the correspondin g 2,3-di-O-methyl derivatives (3 and 4) in yields of 
52 and 78 %, respectively. 
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From the ‘H-n.m.r. parameters of the aforementioned Spiro-epoxides semmaris- 
ed in Table II, it is evident that 24 (.T2,3 7.0 Hz) with the ~-id0 configuration retains the 
conformation of the parent 4-ulose (5), whereas 30 (.T2,3 4.0 Hz) with the D-altro 

conf+ration has &e changed 4C, conformation_ 
Reduction of the spiro-epoxides 21-31 in oxolane with lithium aluminum 
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TABLE II 

W-N.~LR. mm.w3ms OF 4,41-ANHYDROd-C-HYDROXfMETHYL DERWATNES 

Corn- Chemical shifts IS) and coupling constants (Hz) 
pound 

H-l u-2 w-3 w-5 H-6 I-r-41,4” Others= 
(Jl.3 (k3) (Jw) (55.6) (JAB) 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

4.90d 
(3-W 
4.67d 

(3.8) 
4.87d 

(4-O) 
4.63d 

(3.4) 
5.39d 
(3.0) 
4.S3d 

(4.5) 
4.86d 

(3.6) 
4.61d 

(3.8) 
4.76d 

(2.0) 
4.65bs 

5.10s 

3.57dd 
(9.8) 
3.77dd 

(9.8) 
3AOdd 

(3.8) 
3.25dd 

(7-O) 
3.72dd 
(10.0) 
4.38dd 

(6.0) 
3.29dd 

(9-8) 
3.54dd 
(10.0) 
3.63dd 

(3.4) 

<4.0) 
4.05d 

(5.6) 

3.86d 

4.17d 

3.22d 

3.38d 

4.27d 

3.61d 

3.78d 

4.15d 

3.78d 

3.18d 

(O-5) 
4.25d 

4.24q 
(6.4) 
4.17q 

(6.6) 
4.54q 

(6.4) 
A16q 

(6.4) 
4.12q 

(6-4) 
4_41q 

(6.8) 
4.21q 

(6.6) 
422q 

(6.4) 
4.14.q 

(7-O) 
4.45q 

(6.4) 
4.06q 

(6.6) 

1.046 

l.OOd 

LO&! 

1.12d 

0.98d 

1.06d 

1.W 

l-Old 

l&d 

1.07d 

1.13d 

2.95d, 2.65d 

(4.6) 
2.92d, 2.51d 

(5.0) 
2.86d, 2.84d 

(5.0) 
2_95d, 2.55d 

(5.0) 
2.99d, 2.75d 

(4.6) 
2.86d, 2.77d 

(4.0) 
3.07d, 2.794 

(5.4) 
3_13d, 2.78d 

(5.0) 
3.06d, 2.89d 
(5.0) 
2.90d, 2.6Od 
(4.4) 
2.86d, 2.93d 

(4.0) 

3.57, 3.57, and 3.47 
(3 OMe) 
3.40 (OMe), 4.87-4.55m (2:ABq, 
J 11 .O and 12.0, 2 CHzPh) 
3.47, 3.47, and 3.44 
(3 OMe) 
3.51, 3.45 and 3.44 
(3 OMe) 
5.17s and 5.03s (OCHzO) 
4.94 and 4.72 (ABq, J 12.0, CHoPh) 
5.23d and 4.98d (OCH&, J 2.0) 

3.46 (OMe) 
3.57, 3.56, and 3.48 
(3 OMe) 
3.41 (OMe), 4.83 and 4.62 
(ABq, J 12.0, CHcPh), 4.69s (CHzPh) 
3.48, 3.44, and 3.43 
(3 OMQ 
3.50, 3.44, and 3.44 
(3 OMe) 
3.44 (OMe), 
4.93s (OCHzO) 

=Data on phenyl protons are omitted. 

hydride gave the corresponding 4-C-methyl derivatives (35-40 and 4347) in yields of 

85-95 %, respectively. 

The Grignard reaction of the a-D-hexopyranosid4uloses showed comple- 
mentary stereoseiectivities to those of the diazomethane reactions, except for 7. 
Thus, the reactions of 1 and 2 with methylmagnesium iodide in ether gave 35 and 36, 

respectively, as the main product. Similar reactions of 3 and 4 gave the 4-epimers 

(41 and 48) of 45 and 37 in yields of 85 and 92x, respectively. In the case of 5, 
38 and 46 were obtained in yields af 18 and 77 %, respectively. As reported previously5, 
the reactions of 7-9 with methylmagnesium iodide in ether gave 39 and the bepimers 

(42 and 49) of 47 and 40 in yields of 89, 96, and 95 %, respectively. 
The ‘H-n.m.r. parameters and the ‘3C-chemical shifts of the C-methyl carbons 

of the 4-C-methyl derivatives are summarised in Tables III and IV, respectively. 

The coupling constants of 38 (Jr,a 1.6, .ia,a 3.0 Hz), 46 (J1,2 2.0, J2,3 4.2 Hz), 40 

(J1,2 5.4, J2.3 5.4 Hz), and 49 (J1,2 5.2, J2,3 5.6 Hz)’ clearly indicate the conforma- 

tional change into ‘C, from OS, (J1,2 2.0, J2,3 8.8 Hz) and 4So (J1,2 4.0, J2,3 8.8 
Hz) for the parent 4-uloses (5 and 9). 
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TABLE III 

~H-XSLR.PAR~MEZRS OFT-C-METHYL DERWOWES 

CC-methyl Chen:icaI shifts (S) and coupling constants (Hz) 
derisatiye 

H-I H-2 H-3 H-5 H-6 CMe Ofi Othersa 
(Jr.21 (Jz.3) (J1.3) (Js.6) 

35 

36 

37 

31! 

40 

41 

43 

44 

45 

46 

47 

48 

50 

51 

52 

53 

4.82d 3.47dd 3.21d 3.69q 1.23d 

(3-S) (9.Sj (6.5) 
4.6Od 3.86dd 3.58d 3.71q 1.21d 

(3-S) (9.5) (6.5) 
4.82d 3.64dd 3.3Sd 4.07q 1.13d 

(4.0) (3.6) (6.6) 
4.70d 3.16dd 3.95q 1.17d 
(1.6) (3.0) (6.6) 
4.74d 4.27t 3.75d 4.04q 1.20d 
(5.4) (5.4) (6.6) 
4.79d 3.59dd 3.18d 3.644 1_22d 

(1.8) (3.3) (6.6) 
4.77d 3.16dd 3.7iq 1.17d 
(3.3) (lO.Oj (6.6) 
4.55d 3.43dd 3.73d 3.73q f.Ild 

(3.8) (9.8) (6.4) 
4.73bs 3.59dd 3.73q 1.20d 
(1.0) (4-O) (6-6) 
4.55d 3.15d 3.86q 1.17d 

(2.0) (4.2) (6.6) 
4.85d 3.95dd 4.13d 3.8Oq 1.26d 

(1.oj (6.2) (6.6) 
4.74dG 3.61-3.43m 3.87q 1.14d 

(3.0) (2-O) (6.6) 
4.68bs 3.4%3.30m 4.03q 1.15d 
(2.0) (6.6) 
4STdd 3.50-3.35m 3.95q 1.19d 

(2.0) (1.0) (7.0) 
4.58d 3.90d 3.95q 1.18d 

(2-O) (3.2) (66.6) 
-1.54d 3Sldd 3.84q 1.21d 

(4-8) (7-S) (6.9 

=Data on benzyl protons are omitted. 

1.16s 

1.12s 

1.20s 

1.11s 

1.25s 

1.13s 

1.14s 

1.14s 

1.27s 

120s 

1.22s 

1.17s 

1.08s 

1.19s 

1.28s 

1.16s 

2.25bs 

2.25bs 

246bs 

2.35bs 

1.86bs 

2.16bs 

1.96bs 

I .95bs 

2.88s 

2.81bs 

3.04bs 

2.81s 

- 

3.63s, 3.51s, and 3.43s 
(3 OMe) 
3.38s (OMe) 

3.57s, 3.48s. and 3.44s 
(3 OMe) 
3.50s, 3.50s, and 3.43s 
(3 OMe) 
3.40s (OMe), 5.20d and 
5.W (J 2.0, OCHzO) 
3.54s, 3.47s, and 3.38s 
(3 OMe) 
3X&, 3.49s, and 3.43s 
(3 OMe) 
3.38s (OMe) 

3_49s, 3_46s, and 3.38s 
(3 OMe) 
3.55s, 3.46s, and 3.40s 
(3 OMe) 
3.43s (OMe), 5.18d and 
4.87d (J 1.0, OCHzO) 
3.61s, 3.49s, and 3.43s 
(3 OMe) 
3.42s and 3.36s (2 OMe) 

3.41s (2 OMe) 

3.53s.ad3_43s(2OMe), 
1.48s and 1.42s (Ip) 
3.56s, 3.53s, 3.43s, aad 
3.26s (4 OMe) 

The 13C-chemical shifts of the methyl branching carbons in 35 and 43 reflect 
the equatorial and axial orientations as reported13. Fairiy large deviations observed 
in the chemical shifts of other axial carbons are attributed to Battened 4C,(D) con- 

formations due to the axial substituents. This deduction was chemically co-ed 

with 6 as follows. The reaction of 6 with methylmagnesium iodide in ether at -78” 
gave 94 % of the corresponding 4-C-methyl-D-alrro derivative (51). This conhguration, 
Jvhich is the same as that of 46 from 5, was proved by the conversion of 51 into 
methyl 6-deoxy-3,4-O-isopropylideneA-C-methyl- 2 - O-methyl - CC-D - altropyranoside 
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TABLE IV 

13c-CHEWCAL SHIFTS OF hIETHYL BRAKCHING CARBONS OF 4-c-WZTHYL DERIVATIVES 

Chemicai shifts (p_p.m_) of CC-methyl carbons 

Equatorial Axial 

21.9 (35) i4.5 (43) 
19.9 (41) 16.1 (45) 
22.0 (37) 17.8 (48) 
21.4 (38) 18.9 (46) 
22.1 (39)U - 
21.1 (42)” - 

21.4 (40) 18.4 (49)a 

aData from ref. 5. 

(52) by successive hydrogenoIysis in the presence of palladium-carbon and acetona- 
tion with acetone-anhydrous cupric sulfate-sulfuric acid. This fact indicates that the 

tertiary hydroxyl group in 51 is cis to HO-3. In contrast to the Grignard reaction, the 
reaction of methyl-lithium with 6 at -78 0 gave the 4-epimer (50) of 51 in quantitative 
yield. Hydrogenolysis of 50 and subsequent 0-mc thylation (sodium hydride-methyl 
iodide) gave methyl 6-deoxy-4-C-methyl-2,3z4- kri-0-methyl-r-D-idopyranoside (53) 

in a good yieId. ihe same compound was obtained by O-methylation of 38, showin,o 
that 46 has the D-akro configuration. 

The configurations of ring-expansion products (32-34) were determined by 
n.m.r. decoupling experiments involving H-6 and methylene prorons. 

TABLE V 

SIEREOSELECTIVlTIES IN ?HE RUCITONS OF a-D-HEXOPYRANOSID~PULOSES WITH DIAZOMETHXUE AND 

hlETHYLMAGNESIUh1 IODlDE 

Hexopyranosid- 
Calose 

Yields (%) of prodacts in reaction with CH&& and MejWgI 
(in parentheses) 

Equatorial attack Axial attack= 

I 21 (75) 51 (21) 
2 1s (74) 45 (19) 
3 (85) 42 
4 87 (99 
5 46 (18) 24 (77) 
7 52 (es)b 
8 (96P 82 
9 78 (95) 5 

%4xial and equatorial attacks refer to the %1(D) conformation of individual hexopyranosid4 
uloses. *Data from ref. 5. 
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DISCUSSION 

The stereoselectivities in the Grignard and diazomethane reactions are summa- 
rised in TabIe V. 

In the diazomethane reaction of 1 and 2, an a+tractive, electrostatic force be- 

tween the axial lone-pair electrons of O-5 and the diazomethyl cation, as shown in 52, 
is attributed to the predominant formation of the products (27 and 28) of axial attack. 

However, when the R (Me-5 in 1 and 2) group sterically hinders the attractive inter- 

action, the diazomethyl group adopts the conformation shown in 53, and affords the 
ring-expansion products (32 and 33). In fact, the diazomethane reaction of benzyl 

2,3-di-0-benzyl-6-0-trityl-r-D-_rjrlo-hexopyranosid-4-uiose, in which R is the bulky 
Ph3COCP2 group, gave similar products of ring expansion and axial attack in yields 

of 60 and is%, respectivelyfa. For 3 and 4, the transition states 54 and 55 will pre- 

dominantly give the products (29 and 23) of axial and equatorial attack, respectively. 

Because the conformation of 5 is easily changed between “C, and OSz, depending on 
the sp’ and sp2 structure of C-4 (cf. Results), the transition state will adopt the 4CI 

52 53 54 
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conformation. Therefore, the epimeric ratio in the products (24 and 30) reflects the 
predominance of the transition state 56 over 57. For 7, the ‘So conformation was 
deduced from the valueI of J3 . 5 1.5, in which the strain caused by the 2,3-0-methylene 
ring is released, and consequently the transition state 58 explains the predominant 
formation of the product of equatorial attack. However, restoration of the conforma- 
tion 59 before epoxide-ring formation will afford the ring-expansion product (34). 
For 8, an axial O-3 in the B, ,4 and OS, conformations, or O-2 in the “Cz conformation, 
commonly controls the stereoselectivity to axial attack, and consequently 31 was 
formed exclusively_ Analogously, the diazomethane reaction of 9 gave only 26. Thus, 
our previous hypothesis can be general&d to the x-D-hexopyranosid-4-uloses 
mentioned here. 

The stereoselectivities in the Grignard reaction can be explained as follows. 
Although the ability of magnesium to co-ordinate \\ith the carbonyl oxygen and also 
vicinal oxygen atoms can sometimes play the decisive role in the Grignard reaction1 6, 
equatorial attack will be predominant’ ’ unless hindered by neighbouring axial 
substituents. Thus, the reaction of 1 and 2 with methylmagnesium iodide gave mainly 
products (35 and 36) of equatorial attack. The axial MeO-2 in 3 enhances equatorial 
attack, to give 41 exchzsively. For 4, the co-ordination of magnesium to both the 
carbonyl oxygen and O-3 may cause the conformational change from *C1 to OS2 

where the axial MeO-2 will hinder equatorial attack, to give the product (48) of 
axial attack exclusively_ Even if co-ordination does not occur, the axial O-3 in the 
4C1 conformation will prevent equatorial attack. The epimeric ratio of the products 
in the Grignard reaction of 5 may reflect the comparative magnitudes of the steric 
hindrances on both sides of the plane of the pyranoid ring in the co-ordination 
(OSZ) state. Only in the case of 7 are the stereoselectivities in the Grignard and diazo- 
methane reactions the same, indicating the steric hindrance of Me-5 in the ‘S, 
conformation in the former reaction. It is not clear whether the co-ordination of 
magnesium to 8 and 9 causes the conformptional changes from OS, to “So and from 
‘So to OSs, respectively_ However, equatorial attack in such co-ordination states, 
and also the steric hindrance of axial substituents in other conformations, should 
commonly give the same results, as shown in Table V. 

Differences in the stereochemical course of addition of Grignard reagents and 
diazomethane to gycosiduloses have been noticedl’-” and an effect of the neigh- 
bouring oxygen has been suggested”. The accumulated dataZo-22 on the stereo- 
selectivity in these reactions of pyranosid-2-uloses and -3-uloses can now be explained_ 

The low stereoselectivities in both reactions of 1,2;4,5-di-O-isopropylidene-/I-D- 

erytJzro-2,3-hexodiulo-2,6-pyranose23 are attributed to its flexible conformation. 
Overend et al.‘” reported the same stereoselectivity for both reactions of methyl 

2,3-O-isopropylidene-B_L-er~tJzro-pentopy~nosid~ulose. Although no information 
on the conformation of the ulose is available, the stereoselectivity of the Grignard 
reaction can be explained by equatoriai attack on the co-ordinated *C, conformation; 
however, the stereoselectivity of the diazomethane reaction cannot be explained unless 
the 1-4B conformation is involved. Axial attackz5 of the Grignard reagent and diazo- 
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methane on 1,6-anhydro-2,3-0-isopropylidene-8_~-Z~~_~~-hexopyranos~-ulose may be 

explained as follows. In this rigid-rin, y 0 s stem, the axial s-ubstituent at C-5 prevents 

equatorial attack of the Grignard reagent, regardless of the co-ordination and non- 

co-ordination states_ In spite of the presence of an axial O-3, this steric hindrance 

also occurs in the diazomethane reactionZ6, and the axial lone-pair electrons of O-5 
will assist axial attack. 

Miljkovic et al. 27 foumi that the reaction of 2,3-di-O-methyl-6-O-triphenyl- 

methyl-r-D-_&o-hexopyranosid~ulose with methyl-lithium in ether at -80” gave, 

stereospecificalh, the product of axial attack, whereas methylmagnesium iodide in 
ether at -80° a?forded selectively the product of equatorial attack. They explained 
the former reaction by hindrance by MeO-1 of equatorial attack in the half-chair 
conformation 60 which is adopted to avoid the strong electrostatic repulsion arising 

from coplanarity of the carbonyl and C-3 oxygens. Therefore, the equatorial attack 
of methyi-lithium on 6 may be explained by the greater steric hindrance of an axial 

MeO-2 than that of MeO-3 in the lCI conformation. More data on this aspect are 

required. 

MPERIME-NTAL 

General methods. - Melting points are uncorrected. Solutions were evaporated 
under diminished pressure at a bath temperature not exceeding 45 O. Specific rotations 

were measured for solutiors in chloroform with a O-2-dm tube and a Carl Zeiss LEP- 
Al poiarimeter. 1-r. spectra were recorded with a Hitachi Model EPL-G2 spectro- 

meter_ ‘H-N.m.r. spectra were recorded with a JEOL PSI00 spectrometer for solu- 
tions in chloroform-d with tetramethylsilane as the internal standard_ ‘3C-N_m.r. 

data (Table IV) were recorded with a JEOL FX-100 spectrometer at 25.16 MHz 

for solutions in chloroform-d, using SK data points, with proton-noise decoupling. 

Column chromatography was performed on silica gel (Wakogel C-200) and prepara- 
tive t.1.c. was performed on silica gel (Merck, type 60). 

Methy! 4-O-ben~oyl-6-bronro-6-deo_~y-2,3-di-O-n~ethyI-a-D-glucopyramoside (IO). 
- A suspension of methyl 4,6-0-benzylidene-2,3-di-U-methyl-cr-D-glucopyranoside7 

(5.0 g, 16.1 mmol), N-bromosuccinimide (3.4 g, 19.2 mmol), and barium carbonate 
(0.7 g) in carbon tetrachloride (100 mL) was boiled under reflux for 1.5 h, filtered, 

and then evaporated to dryness. A solution of the resulting syrup in ether was washed 

twice with water, dried, filtered, and evaporated, to afford a colorless syrup (5.6 g, 
39 %), which appeared to be essentially homogeneous (t.1.c. and n.m.r.). A portion 
of the syrup was puriEed by preparative t.1.c. with 1: 1 ether-hexane, to give 10 as a 

syrup, c4;3 +72’ (c 1.4); n.m_r.r 6 8_20-8.00 and 7-70-7-30 (rn. 5 H, Ph), 5.08 

(t, 1 H, J 9.2 Hz, H-4), 4.94 (d, 1 H, J 3.6 Hz, H-l), 4.05 (act, 1 H, Js,6 3.4, Jss6, 

7.4 Hz, H-5), 3.76 (t, 1 H, J 9.2 Hz, H-3), 3.55, 3.53, and 3.40 (3 s, 9 H, 3 OMe), 
3.40-3.60 (m, 2 H, H-6,6’), and 3.40 (dd, 1 H, H-2). 

Anal. Calc. for CieH,,BiO,: C, 49.37; H, 5.44; Br, 20.53. Found: C, 49.03; 
H, 5.40; Br, 20.35. 
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Methyl 4-O-benzoyZ-6-deoxy- 2,3-di-O-methyl-z-D-ghcopyrunoside (11). - To 

a solution of 10 (3.0 g, 7.7 mmol) in dimethyl sulfoxide (30 mL) was added sodium 

borohydride (1.5 g, 41 mmol) with stirring, and the mixture was kept at SO” for 3 h, 
poured into water (150 mL), and extracted with ether. The usual processing of the 
ether extract gave a colorless syrup which showed essentially one spot in t.1.c. (8 : I 

benzene-acetone). A portion of the syrup avas purified by preparative t_l.c., to give a 
colorless syrup (2.2 g, 92%), [XI;’ f76” (c 1.5); n.m.r.: 6 8.15-8.00 and 7.70-7.30 

(m, 5 H, Ph), 4.97 (t, 1 H, J 10.0 Hz, H-4), 4.84 (d, 1 H, J4.0 Hz, H-l), 3.91 (act, 

1 H, Ja,s 10.0, Js.6 6.0 Hz, H-5), 3.70 (t, 1 H, J 10.0 Hz, H-3), and 3.57, 3.45, and 

3.48 (3 s, 9 Ht 3 OMe), 3.37 (dd, 1 H, H-2), and 1.23 (d, 3 H, H-6)_ 

Anal. Calc. for C,,HZIO,: C, 61.92; H, 7.15. Found: C, 61.87; H, 7.13. 
Metlzyl 6-deoxy-2,3-di-O-metlz+rr-D-giucopyranoside (12). - A solution of 11 

(1.5 g, 4.8 mmol) in ethanol (10 mL) and aqueous sodium hydroxide (2hi, 30 mL) 
was boiled under reflux for 2 h and then extracted with chloroform_ The extract was 

washed with water, dried, and evaporated, to aEord a colorless syrup (730 mg, 74x), 
which was homogeneous by t.1.c. and n-m-r. spectroscopy. A portion of the syrup was 
purified by preparative t.1.c. (8 : 1 benzene-acetone), to give 12, [u]i3 + 143 o (c 1.1); 
n-m-r.: 6 4.78 (d, 1 H, J 3.2 Hz, H-l), 3.70 (act, 1 H, J-t,S 9.0, J5,6 6.2 Hz, H-5), 
3.64, 3.49, and 3.43 (3 s, 9 H, 3 OMe), 3.55-3.40 (t, 1 H, H-3), 3.24 (dd, 1 H, Jz,3 

9.0 Hz, H-2), 3.14 (t, 1 H, H-4), 2.72 (bs, 1 H, OH), and 1.27 (d, 3 H, H-6). 

AJzai_ Calc. for &H,,O,: C, 52.41; H, 8.80. Found: C, 52.18; H, 8.72. 
hfethyl 2,~-di-~-n~et~~yi-6-~-p-to~~~~su~fon~~~-~-D-J~laJlJlopyraJloside (13). - To a 

solution of methyl 2,3-di-U-methyl-r-D-mannopyranoside’ (5.0 g, 22.5 mmol) in 

pyridine was added p-toiuenesulfonyl chloride (5.2 g, 27.0 mmol) at 0 o with stirring. 

After storage at room temperature for 18 h, the solution was poured into ice-water 

and extracted with chloroform. The usual processing of the extracts gave a colorless 

syrup which showed one major spot, and a minor, fast-moving substance (ditosylate). 

The major component (7.3 g, 86%), isolated by chromatography on a column of 

silica gel with 10: 1 benzene-acetone, had [XI:’ +26” (c 0.8): n-m-r.: 6 7.77 and 

7.29 (2 d, 4 H, J 8.4 Hz, Ph), 4.76 (d, 1 H, J 1.4 Hz, H-l), 4.50-4.10 (m, 2 H, J5,6 

2.0, J5 6P 6.4, Js 6S 11.0 Hz, H-6,6’), 3.77-3.60 (m, 2 H, J, 5 9.0 Hz, H-4,5), 3.57 

(dd, 1 ‘H, J2,3 3.b Hz, H-2), 3.45-3.28 (dd, 1 H, J3,s 9.0 Hi, H-3), and 3.41, 3.41, 
and 3.30 (3 s, 9 H, 3 OMe). Coupling constants were measured by the use of a shift 

reagent, Eu(FOD),_ 

Anal. Calc. for C,,H2,08S: C, 51.05: H, 6.43; S, 8.52. Found: C, 50.53; H, 
6.33; S, 8.76. 

&fethyI 6-deo_~_~~-2,3-di-O-metf~yl-z-D-mannop~-ralloside (11). - To a solution 

of 13 (5.0 g, 13 mmol) in dimethyl sulfoxide (50 mL) was added sodium borohydride 
(2.5 g, 68 mmol), and the mixture was heated at 80” for 4 h, poured into water (250 

mL), and then extracted with ether. The ethereal extract was processed in the usual 

way, to give 14 as a colorless syrup (2.55 g, 93 %), showing one spot in t.l.c., [XI;” 

i-26” (c 0.5); n-m-r.: 6 4.75 (d, 1 H, J 2.0 Hz, H-l), 3.61 (t, 1 H, J 2.8 Hz, H-2), 
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3.50-3.30 (m, 3 H, H-3,4,5), 3.49, 3.47, and 3.37 (3 s, 9 H, 3 OMe), 2.50 (bs, 
1 r;, OH), and I.33 (d, 1 H, .Jss6 6.0 Hz, H-6). 

Ann/. Calc. For C,H,a05: C, 52.41; H, 8.80. Found: C, 52.60; H, 8.86%. 

Metlz_l*l 6-deoq-2,3-di-0-metJzyI-r-D-altropyrar~oside (17). - Methyl 4,6-0- 

benzylidene-2,3-di-0-methyl-r-D-altropyranoside’ was converted into 17 by the 

method described for 12. Oxidative: opening of the 4,6-0-benzylidene derivative with 

N-bromosuccinimide gave methyl 4-O-benzoyl-6-bromo-6-deoxy-2,3-di-O-methyl- 

r-n-altropyranoside (15, 91 “i,)_ A portion of the syrup, purified by preparative t.1.c. 

(8: 1 benzene-acetone), had [z]? f79” (c 1.6): n.m.r.: S 8.20-8.00 and 7.70-7.30 

(m, 5 H, Ph), 5.30 (dd, 1 H, J3.& 3.4, J,,, S-4 Hz, H-4), 4.77 (d, 1 H, J 1.4 Hz, H-l), 

4.45 (act, 1 H, Jse6 3.6, Jsv6, 7.0 Hz, H-5), 3.90 (t, 1 H, J3,4 3.4 Hz, H-3), 3.60-3.40 (m, 
3 K, H-2,6,6’), 3.50, 3.50, and 3.47 (3 s, 9 H, 3 OMe). 

Anal. Calc. for C,,H2,Br0,: C, 49.38; H, 5.44; Br, 20.53. Found: C, 49.15; 

H, 5.41: Br, 20.74. 

Reduction of 15 with sodium borohydride in dimethyl sulfoxide gave methyl 
4-O-benzoyl-6-deoxy-2,3-di-O-methyl-r-D-aitropyranoside (16, 84%). A portion of 

the syrup, purified by preparative t.1.c. (8 : 1 benzene-acetone), had [r]z i-61 o 

(c I): n.m.r.: 6 8.15~S-05 and 7.60-7.30 (m, 5 H, Ph), 5.17 (dd, 1 H, J3.& 3.4, Jzv5 

8.0 Hz, H4), 4.67 (6, 1 H, J 2.0 Hz, H-l), 4.27 (act, 1 H, J5,6 6.6 Hz, H-5), 3.53 

(dd, 1 H. Jz,s 5.0 Hz, H-3), 3.60-3.40 (dd, I H, H-2), 3.53 and 3.46 (2 s, 9 H, 3 OMe), 

and 1.30 (d, 3 H, H-6). 
Anal. CaIc. for C,,HZ20,: C, 61.92; H, 7.15. Found: C, 61.88; H, 7.10. 

Alkaline hydrolysis of 16 gave 17 (88%). [z]g t133” (c 1.2): n.m.r.: 6 4.60 

(d, 1 H, J 1.4 Hz, H-l), 3.84 (act, 1 H, JAss 9.0, J5,6 6.5 Hz, H-5), 3.65-3.35 (m, 3 H, 
H-2,3,4), 3.13 (bs, 1 H, OH), 3.53, 3.47, and 3.40 (3 s, 9 H, 3 OMe), and 1.27 (d, 

3 H, H-6)_ 

Anal. Calc. for C,H,sO,: C, 52.41; H, S.SG_ Found: C, 52.46; H, 8.81. 
MetJzyi 3-0-ber~~yf-4,6-O-benr-ylidene-2-O-metJ~_~~~-r-D-altropyranoside (18). - 

To a solution of methyl 4,6-O-benzylidene-2-O-methyl-r-D-altropyranoside1 o (7.0 g, 

24 mmol) and sodium hydride (I.0 g, 42 mmo1) in N,N-dimethy!formamide (50 mL) 
was added benzyl bromide (5.2 g, 29 mmol) at 0”. The mixture was kept at room 
temperature fcr 30 min, poured into cold water, a..d extracted with ether. The extract 

was evaporated, to give syrupy 18 in quantitative yield (9.1 g), [z]F i-37” (c 0.6); 

n.m.r_: d 7.60-7.20 (m, 5 H, Ph), 5.54 (s, I H, PhCH), 4.87 and 4.75 (ABq, 2 H, J 12.0 

Hz, CH2Ph), 4.65 (s, 1 H, H-l), 4.454.20 (m, 2 H, H-5,6), 4.00-3.80 (m, 2 H, 

H-3,4), 3.74 (t, 1 H, J lo.0 Hz, H-6’), 3.43 and 3.33 (2 s, 6 H, 2 OMe), and 2.87 

(d, Jzsx 4.4 Hz H-2). 
Anal. Calr*. for GzHZ60,: C, 68.58; H, 6.78. Found: C, 68.11; H, 6.72. 

Methyl 3-C-ben~yl-2-0-n~ethyZ-6-O-p-toIy~su~n_~~-~-~-aZtropyranoside (19). - 
Debenzylidenation of 18 with boilin g 70% acetic acid for 6 h gave a quantitative 
yield of methyl 3-O-benzyl-2-0-methyl-~-o-altropyranoside. To its solution (3. I g, 

10 mmol) in pyrZine was added p-toluenesulfonyl chloride (1.9 g, 12 mmol) at 

0” with stirring. After storage at room temperature for 18 h, the solution was poured 
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of 51 (334 mg). 21 (138 mg), and 24% (157 mg), respectively. Compound 27: syrup, 
[%I;3 C 127” (c 0.5); 21: syrup, [z]f: i 132” (c 0.8). 

AIral_ Calc. for CroH,,O,: C, 55.03; H, S.3!. Found for 27: C, 55.26; H, 8.25; 
for 21: C, 55.37; H, 8.38. 

Compound 32 could not be completely purified, but the n.m.r. and i-r. spectra 
could be analysed. 1-r.: m=s vNzcl 1720 cm-’ (C=O); n-m-r.: 6 4.79 (d, 1 H, J 2.2 Hz, 
H-l). 4.1s (m, 1 H, H-6), 3.77 (d, 1 H, J 9.8 Hz, H-3), 3.53, 3.46, and 3.39 (3 s, 9 H, 
3 OMe), 3.52 (dd, 1 H, H-2) 2.74 and 2.40 (dABq, 2 H, J,,, 2.0, J5,6. 10.0, J,,,. 

!4_0 Hz, H-5,5’), and 1.26 (a, 3 H, J6,7 6.6 Hz, H-7). 
SimiIar reaction of 2 in ethanol with diazomethane, followed by preparative 

t.1.c. (I : 1 ether-hexane), gave methy 4,4f-anhydro-2,3-di-O-benzyl-6-deoxy-4-C- 
hydro.ivmethyl-r-D-gluco- (28) and -D-galacto-pyranoside (22), and methyl 2,3-di-O- 
benzyl-5,7-dideoxy-r-D-.~~io-heptoseptanosid-4-ulose 133j, in yields of 45, 15, and 
25%, respectively. Compound 28: syrup, [~]f: tE7” (c 1.0); 22: syrup, [u]:” 
t 64 c (c &S). 

Anal. Calc. for C21H2605: C, 71.33; H, 7.08. Feund for 28: C, 71.26; H, 7.02; 
for 22: C, 71.62; H, 7.13_ 

Compound 33: syrup, [E]F t-50” (c 0.7); v~,C* 1720 cm-’ (C=O); n.m.r.: 
6 7.30 (s, 10 H, Ph), 4.79 (d, 1 H, J 2.0 Hz, H-l j, 4.75 and 4.70, 4.65 and 4.58 (2 
ABq. 4 I-I, J ! 1.0 and 12.0 Hz, 2 CN?Ph), 4.24 (m, 1 H, H-6), 4.08 (d, 1 H, J 8.0 Hz, 
H-3), 3.75 (dd, 1 H, H-2), 3.43 (s, 3 H, OMe), 2.75 and 2.44 (dABq, 2 H, J5,6 2.0, 
J 5.6’ 10.0, J5.s 14.0 Hz, H-5.59, and 1.26 (d, 3 H, J 6.4 Hz, H-7)_ 

Anal. Calc. for C22H160s: C, 71.33; H, 7.08. Found: C, 71.57; H, 7.15_ 
Similar reaction of 3 and diazomethane, with purification of the main product 

by t.1.c. (4 : 1 hexane-ethyl acetate), gave methyl 4,41-anhydro-6-deoxy-4-C-hydroxy- 
methyl-2,3-di-0-methyl-r-D-mannopyranoside (29, 42 %) as a syrup, [a]g3 + 89.5 o 
(c 0.5). By-products were obtained in yields of < 15 %_ 

Anal. Calc. for C10H180,: C, 55.03; H, 8.31. Found: C, 54.76; H, S-08. 
Similar reaction of 4 in ethanol with diazomethane, with purification of the 

products by preparative t.1.c. (I : 1 ether-hexane), gave syrupy methyl 4,4’-anhydro- 
6-deoxy-4-C-hydroxy;ilethyl-2,3-di-O-methyl-rr-D-gulopyranoside (23, 87 %), [x]F 
f 138 = (c 0.6). 

Anal. Calc. for CreHrsOs: C, 55.03; H, 8.31. Found: C, 54.76; H, 8.08. 
In a simiIar way, 5 gave methy! 4,41-anhydro-6-deoxy4C-hydroxymethyl-2,3- 

di-O-methyl-z-D-ido- (24) and -r-D-altro-pyranoside (30) in yields of 46 and 24x, 
respectively. Compound 24: syrup, [cL]$~ +65” (c 0.7); 30: syrup, [z]i3 -I- 111 o 
(c 0.1). 

Antrl. CaIc. for C,,H,,OS: C, 55.03; H, 8.31. Found for Wr C, 54.75; H, 8.15; 
for 3’3: C, 54.86; H, 8.2:. 

The reaction of 7 and diazomethane, followed by preparative t.i.c. (1: 1 ether- 
hexane), E zve benryl 4,41-anhydro-6-deoxy4C-hydroxymethyl-2,3-O-methylene-sr- 
D-galactop) ranoside (25) and benzyl 5,7-dideoxy-2,3-0-methylene-r-D-x)rZo-hepto- 
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septanosid4ulose (34) in yields of 52 and 21 T/,, respectively_ Compound 25: syrup, 
[X-J;’ +182” (c 2.5). 

Anal. Calc. for C15H1805: C, 64.73; H, 6.52. Found: C, 64.41; H, 6.47. 
Compound 34 could not be completely purified, but the n.m.r. and i-r. spectra 

could be analysed. I-r.: ~2~:’ 1725 cm-’ (C=O); n-m-r.: S 7.37 (s, 5 H, Ph), 5.29 
(d, 1 I-Z, J 2.4 Hz, H-l), 5.13 and 5.12 (3 s, 2 l-i, OCH,O), 5.10 (d, 1 H, J 10.6 Hz, 
H-3), 4.82 and 4.70 (ABq, 2 H, J 12.0 Hz, CH2Ph), 4.58 (sex, 1 H, J5,6 = J5s,6 6.4 
HZ, H-6), 3.75 (dd, 1 H, H-2), 2.50 (d, 2 H, H-5,5’), and l_ 19 (d, 3 H, J 6.4 Hz, H-7)_ 

In a similar way, 8 gave methyl 3,41-anhydro-6-deoxy4C-hydroxynlethyl- 
2,3-0-methylene-r-D-mannopyranoside (31) as a syrup (S2 :/A), [z]:~ i- 56.5 o (c 1.4), 

as the main product. 
Anal. Calc. for Cs,H,S05: C, 53.46; H, 6.98. Found: C, 52.99; H, 6.65. 
A similar reaction of 9 in ethanol, with purification of the products by t_l.c., 

gave methyl 4,4’-anhydrod-deoxy4C-hydroxymethyl-2,3-O-methylene-rr-o-gulo- 
pyranoside (26, 78 %), m-p. 79-U” (from ether-hexane), [z];” + 119” (c 0.6). 

Anal. Calc. for G,H,,O,: C, 53.46; H, 6.95. Found: C, 53.22; H, 6.51. 

Redaction of the Spiro-eposides 21-31 with litlnhtn ahonitnrm Ilydride. - The 
reduction of Spiro-epoxides was generally conducted as follows. To a solution of 21 
(150 mg, 0.69 mmol) in oxolane (20 mL) was added lithium aluminum hydride 
(50 mg), and the mixture was boiled under reflux for 2 h. The excess of hydride was 
carefully decomposed with water, and the mixture was filtered and then extracted 
with chloroform. The extract was washed with water, dried, and evaporated, to give 
colorless, syrupy methyl 6-deoxy-4-C-methyl-2,3-di-O-methyl-rr-D-galactopyranoside 
(35; 142 mg, 94x), which, after purification by preparative t.1.c. (S : 1 benzene- 
acetone), had [z]:” + 126” (c 1). 

Anai. Calc. for C,,H2,0S: C, 54.53; H, 9.15. Found: C, 54.35; H, g-10. 
Similar reduction of 22 and 28, with purification of the products by preparative 

t.1.c. (10 : 1 benzene-acetone), gave syrupy methyl 2,3-di-0-benzyl-6-deoxy-4-C- 
methyl-a-D-galacto- (36) and -X-D-&co-pyranoside (44) in yields of 89 and SS”/& 
respective&. These compounds were identical with those obtained by the reaction 
of 2 with methylmagnesium iodide’. 

Reduction of 23, 24, 27, 29, and 30, with similar purification of the products, 
gave syrupy methyl 6-deoxy4C-methyl-2,3-di-O-methyl-sr-o-gulo- (37, [g]i3 + 140 J 
(c 0.7)), -z-D-ido- (38, [z]? + 126” (c O-4)), -r-D-gluco- (43, [z];” + 131 o (c l-l)>, 
-a-D-manno- (45, [a]$” f56 o (c O-7)), and -z-D-altro-pyranoside {46, [z]g3 +- 128” 
(c l_ l)> in yields of 85, 93, 95, 93, and S9 “/‘,, respectively. 

Anal. Calc. for C,,Hzo05: C, 54.53; H, 9.15. Found for 37: C, 54.13; H, 9-01: 
for 38: C, 55.01; H, 9.30; for 43: C, 54.96; H, 9.24; for 45: C, 54.90: H, 9.11; for 
46: C, 54.72; H, 9.27. 

Reduction of 25 in oxolane, as described above, gave benzyl 6-deoxy4C- 
methyl-2,3-0-methylene-z-D-galactopyranoside (39, 85 FL), which was identical with 
an authentic sample obtained by the reaction of 7 with methylmagnesium iodides. 

Reduction of 26 and 31 in oxolane with lithium aluminum hydride, with purifi- 
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cation of the product by preparative t-1-c. (4: 1 hexane-ethyl acetate), gave syrupy 
methyl 6-deoxy-4-C-methyl-2,3-O-methylene-r-D-gulo- (40, [@IL3 +78 o (c 0.5)) 
and r-D-manno-pyl-anoside (47, [r]g3 -I- 59.5” (c 1.7)) in yields of 92 and 85%, 
respectively. 

An&. Calc. for CgHIBOS: C, 52.93; H, 7.90. Found for 40: C, 53.34; H, 8.07; 
for 47: C, 53.22; H, 7.95. 

Tlze reaction of tire 4-trloses 1-5 with methylmagnesium iodide. - The Grignard 
reaction was generally performed as follows. TO a solution of methylmagnesium 
iodide in ether (10 mL), prepared from magnesium turnings (60 mg, 2.5 mmol) 
and methyl iodide (1.0 mLj, was added 1 (204 mg, 1.0 mmol) in ether (10 mL), and 
the reaction mixture was kept at room temperature for 1.5 h, poured into cold, 
aqueous ammonium chloride, and extracted with dichloromethane. The extract was 
washed with water and evaporated, to give syrupy methyl 6-deoxy-4-C-methyl-2,3- 
di-O-methyl-I*-D-galactopyranoside (35) and its 4-epimer (43). The yields, after 
purification by preparative t.1.c. (10 : 1 benzene-acetone), were 75 (165 mg) and 21% 
(46 mg), respectively. Eoth products were identical with those obtained by the reaction 
of 1 with diazomethane. 

Likewise, 3 and 4 gave syrupy methyl 6-deoxy_PC-methyl-2,3-di-O-methyl- 
r*-EPtafo- (41, [z];i f49.5” (c 0.8)) and -allo-pyranoside (48, [z]:’ + 126” (c 1.1)) 
in yields of 85 and 92%, respectively. 

Anal. Calc. for C,,H2,0,: C, 54.53; H, 9.15. Found for 41: C, 54.50; H, 9.11; 
for 48: C, 54.96; H, 9.24. 

Similar reaction of 5= followed by preparative t.1.c. (1: 1 hexane-ether), gave 
methyl 6-deoxy4C-methyl-2,3-di-O-methyl-rr-D-altro- (46) and -ido-pyranoside 
(38) in yields of 77 and IS%, respectively. Both products were identical with those 
obtained by the reaction of 5 with diazomerhane. 

T..ze reaction of methyl 3-0-benzyi-6-deoxy-- 7-O-ntetlzyl-a-D-arabino-lzexopyrano- 
sic-i-4-ulose (6) with metJ~_vlmagnesinm iodide and metizyl-lithium at a lower temperature. 
- To an ethereal solution (15 mL) of methylmagnesium iodide [from magnesium 
turnings (120 mg, 5.0 mmol) and methyl iodide (2.0 mL)] at -78O was added an 
ethereal solution (10 mL) of 6 (560 m g, 2.0 mmol) with stirring_ The mixture was 
stirred for 1.5 h at -78”, aqueous ammonium chloride was added, and the usual 
processing then gave exclusively methyl 3-0-benzyl-6-deoxy-4C-methyl-2-U-methyl- 
a-D-altropyranoside (51; 557 mg, 94 %), [z]g” -I-97.5 a (c 0.9). 

Anal. Calc. for C16Hz305: C, 64.84; H, 8.16. Found: C, 64.99; H, 8.23. 
To an ethereal solution (15 mL) of 6 (560 mg, 2.0 mmol) at -78 ’ was added 

-2~ ethereal methyl-lithium (3 mL). The mixture was stirred for 1.5 h at -78”, 
aqueous ammonium chloride was added, and the usual processing then gave exclu- 
sively methyl 3-O-benzyld-deoxy~-C-methyl-2-O-methyI-a-~-idopyranoside (50; 568 
mg, 96 %), as a syrup, Lr]h3 t93 o (c 0.6). 

d=zaZ. Calc. for C16Hz405: C, 64.84; H, 8.16. Found: C, 65.14; H, 8.3i. 
Determination of tlze configuration cif 51 and 38. - The catalytic hydrogenation 

of 51 (300 mg, l.01 mmol) in ethanol in the presence of palladium-charcoal (10%) 



REACTION OF HEXOPYR4NOSID4ULOSES WITH DIAZO%fFXHANE 237 

gave the O-dcbenzylated product as a syrup in quantitative yield. A solution of the 
syrup and anhydrous copper(H) sulfate (500 mg) in acetone (20 mL) containing one 

drop of cont. sulfuric acid was stirred for 24 h at room temperature, neutrahsed with 

barium carbonate, and filtered. The filtrate was evaporated to give syrupy methyl 

6-deoxy-3,4-O-isopropylidene-4-C-methyl-2-O-methyl-r-~-altropyranoside (52; 165 
m,o, 66%), which, after purification by preparative t.1.c. (1 : 1 hexane-ether), had 

[a]y + 93 o (c 0.3). See Table III for n.m.r. data. 
Anal. Calc. for C,,H,,O,: C, 58.51; H, 9.00_ Found: C, 58.475 H, 8.96. 

Similar hydrogenation of 50 (150 mS, 0.51 mmoi) gave the O-debenzylated 
product as a syrup in quantitative yield. To a solution of the syrup and sodium 

hydride (30 mS, 1.26 mmol) in N,N-dimethylformamide (3 mL) was added methyl 

iodide (0.3 mL) at 0”. The mixture was stored at room temperature for 30 min, 
poured into cold water, and extracted with ether. The extract was evaporated, to 

give syrupy methyl 6-deoxy4C-methyl-2,3,4-tr~-O-methyl-r-D-idopyranoside (53; 

1 IS m,o, quantitative), [x]? f72” (c 0.7). 
AnaZ. Calc. for C,,HzZO,: C, 56.39; H, 9.47. Found: C, 56.11; H, 9.35. 

From the fact that the O-methylation product of 38 was identical with 53, and 
the failure and success of acetonation of the reduction product of 50 and 51, the 

structures of 51 and 38 were proved. 
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