
STEREOSELECTNE TOTAL SY%lTtiIS OF METHYL 01-D- A.ND 

cr-L-GLUCOPYRANoSlDES”t . 

OSMAN Ac~~~+rowxcz, 3~., AND ROMAN BIELSKI 

INtitute of Organic Che&stry, Polish Academy of Sciences, 01-224 Warszaroa (Poland) 

(Received October 15th, 1976; accepted for publicakon, in revised form, January 29th. 1977) 

ABSTRACT 

Methyl a-L- and a-D-glucopyraaosides have been synthesized from methyl 
(IQ and (s)-(2-furyl)glycolates (3), respectively. The key intermediates, methyl 
6-U-benzyl-2,3-dideoxy-L(and @-hex-2-enopyranosid4nloses (13), were obtained in 
seven steps from the ester 3, without change of configuration of the asymmetric 
center, which became C-5 in the sugar molecule. Reduction of the ketone group at C-4 
in the glycoside 13 with sodium borohydride afforded the corresponding methyl 
6-O-benzyl-2,3-dideoxy-eryzhro-hex-2-enopyranosides (14)). Epoxidation of the double 
bond in 14. followed by oxirane ring-opening in,the anhydro sugar 16, and subsequent 
catalytic hydrogenolysis of the benzyl group led to the title compounds. 

INTRODUCXION 

The tdtal synthesis of optically pure monosaccharides1-6 from nonsugar 
precursors usually requires resolution at the finai or at an intermediate stage of the 
synthesis. Therefore, the choice of a product having a desired absolute configuration 
is possible only by comparison with the naturally occuring sugar. When the absolute 
configuration of the natural sugar is not known, separate steps may be necessary to 
establish it*. On the other hand, starting from D-thremic acid’, L-glutamic acid*, or 
L-alanine9, optically active pentoses and 6-deoxyhexoses have been obtained. These 
syntheses did not require a resolution step and, even more significantly, the absolute 
con@urations of the final products could be selected at the outset of the synthetic 
sequence. Tt appeareh desirable to extend this approach on other types of mono- 
satiharides. The genera1 method for stereoselective, total synthesis of monosac- 
cbarides from furan derivatives developed by usXo, and summarized in Scheme I, 
see&e+ well suited for @is purpose. 

Thus far, this route has afforded onIy ra~mic sugars’ I. However, starting with 
an &a&tiomericalIy pure 2-furyfcarbinol (3) of lsnown absolute configuration, it 

*Dedicated to the memory of Professor J. K.. N. Jones, F.R.S. 
ipreliminary report of part of this work 0. Achmatowicq Jr:, R. Bielski, and P. Bukowski. Absrr., 
9th Intem..S_vnzp~ C&n. N&.ml products, Ottawa, Canafa, June %28,1974, p. 38A. 
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should be possible to obtain optically pure monosaccharides of the desired absolute 
con&uration. As the rest& of a six-step, stereoselective transformation, the carbinol 
carbon atom in a 2-furylcarbinol1 (R = H, @Hj , CH,OH, CHzNOz , or CH,NHAc) 
becomes a C-5 in the final product 2, and defines the configurational series (D or L) of 
the monosaccharide obtained*, which should therefore be related to the configuration 
of the asymmetric center in the starting furan derivative. 

The present report describes how this approach may be put to practice, as 
exemplified by the total synthesis of methyl cc-~- and a-D-glucopyranosides. 

RJSUJLTS AND DISCUSSION 

The furan derivatives used as substrates were the readily available methyl esters 
of (I+ and (S)-2-fkylglycolic acid (3). Their preparation and assignment of their 
absolute conf@ration have been described previously’ 2. Reduction of the racemic 
methyl (2-fi.uyl)gIycolate and conversion of the resulting dial into methyl 2,3-dideoxy- 
a- and /3-DL-hex-2enopyranosid4uloses has also been published alreadylO*“. In 
the preparation of the corresponding optically active compounds, dilkulties might 
arise at the stage of hydrolysis of the respective 2,5-dimethoxy-2,5-dihydrofuran 
derivatives because of possible epimerization at the carbinol carbon atom”. This 
crucial question was settled by preparation of the optically active methyl 2,3-&deoxy- 
a- and j?-hex-2-enopyranosid-Puloses (4 and 5) from methyl (I?)-(-)-(2-furyI)- 
glycolate 3 of 95% optical p~rity~~. Comparison of the optical rotations (for the 
6-benzoate 6 of the a anomer) with literature data for methyl 6-U-he~yL~-D-glycero- 
hex-2-enopyranosid4ulose ’ 4, and methyl j?-D-gZ+r&hex-2-enopyranosid-4ulose ’ 5 
obtained from D-ghE0Se, demonstrated the enantiomeric relation of the respective 
compounds and indicated about 90% optical purity in the synthetic samples. There- 
fore, it could be concluded that the con&uration at the carbinol asymmetric center 
in the starting ester 3 was not altered during the foregoing transformations, and the 
extent of racemization was smallf. This point was clearly demonstrated by completion 

*mt in - of the glen- nau~~y~ when R = H. 
*Ruther expei-iments, descr&ed Iater, showed that degree of racemkation is, ia fact, negligible. 
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of “the syntlxsis of methyl a-~ and Cc-D-gbopyranosides from methyl (A)-(-)- (95% 
optical piwiq) atid (S)-f-+)-(2-fql)glycolates (93% optical purity), respectively. The 
following report pertains tom the transformations conducted separately upon both 
enantiomers of the ester 3 (compare Experimental). 
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Scheme Il (For the soke of simplicity, formulas in this Scheme 

denote only compounds of the D series) 
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To avoid undesirable reactions*, the. primary hydroiyyl group in (2$rryl)-i,2- 
dihydroxyethane’O was protected as the benzyl (Bn) &et. To achieve this, methyl 
(2-furyl)glycolate (3) was converted into the tetrahydfopyran-2-yl (%P)_derivative 7. 
which was reduced with lithium aluminum hydride to give the~diol 8. The latter, upon 
treatment with benzyl bromide in the presence of sodium -hydroxide, and subsequent 
acid hydrolysis, gave the benzyl ether 10. Compound 10 reacted with bromine in 
methanol l7 to yield a mixture of cis and tram -isomers (t.l.c., ‘J-X-n.m.r.) of 2,5- 
dimethoxy-2,5-dihydrofiu-an (11). -Acid hydrolysis of 11 gave the glycosrilose l.2, 
migrating as a single spot in t.1.c. However, its ‘II-n.m.r. spectrum revealed the 
presence of the a and j3 anomers in approximately 7~3 ratio. Moreover, the anomeric 
relation of the components was consistent with the mutarotation observed for 12 ix 
chloroform solution. 

The next three steps of the synthesis were performed on the mixture of anomers, 
without separation of the resulting compounds. 

2,3-Dideoxyhex-2-enopyranos4ulose (la), treated with methy! orthoformate 
in the presence of boron trifluoride, gave a 7:3 mixture of methyl a- and /I-glycosides 
(13). Treatment of 13 with lithium aluminum hydride at room temperature effected 
reduction of the carbonyl group, together with reductive rearrangement of the double 
bond”, leading to the 3-deoxyglycal 22, 
(i.r. and lH-n.m.r.) as its Ltacetate’” 23. 

which was characterized spectroscclpically 

CI+OBn 

0 
13 

l.LiAlH, , ether 

2.A$O . C5H5N 
b 

RO 

22 R = CI 

23 R = AC 

On the other hand, reduction of the carbonyl group in 13 with sodium boro- 
hydride in THF-water gave a product exhibiting properties consistent with structure 
14. The configuration at C-4 in compounds 14 or 15 could not be deduced from 
‘H-n.m.r. data, However, on the basis of previous studiesl’*rg, it could be predicted 
that, for the OHS (D) [5.Ho(~)] conformation, prevailing for both anomers of 13, 
stereoelectronic factors decidedly favor the approach of a metal hydride from the fl 
side of the pyranoid ring. Consequently, the eryzhro configuration (a and B) was 
assigned to the carbinols 14. 

Epoxidation of 14 with freshly purit?ed e-chloroperoxybenzoic acid gave a 
product consisting essentially of wo components (t.l.c.), which were separated by 
chromatography on a column of silica gel. These compounds and their Cacetates gave 

*Formation of the 1,6-anhydride during glycosidation has already been mentioned”‘; the 3,6-i 
anhydride is fomxd as the main product during oxirane ring-opening in methyl 2,3-ax&ydto-a- 3 
allopyranoside’e (an intermediate in the synthesis of methyl glucopyranosides). 
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analytical and spectral (i.r. and ‘II-n.m.r.) data expected for methyl 6-O-benzyl-2,3- 
anhydropyranosides. In the ‘II-n.m.r. spectra of the Cacetates 17 and 19, the -J.+s 
values of 9-g and 9.0 Hz, respectively, confirmed that both compounds have the 
ev#zro configuration and that the pyranoid ring adopts the OHS (D) [‘Ho(t)] con- 

formation. The confIguration in the oxirane ring and the stereochemistry of the 
methoxyl group at C-l in both compounds 17 and 19 was established unequivocally 
from the J1,= and Jse4 vah~es~~. 

In recent studies on the ‘H-n.m.r. spectra and conformations of methyl 
6-deoxy-2,3-anhydrohexopyranosideszl, we have determined values of the coupling 
constants for czk and firms orientations of the H-1-H-2 and H-3-H-4 atoms, which 
have permitted differentiation of pseudoaxial (pox) and pseudoequatorial Cpeq) 
dispositions of I-I-f and H-4. These are as follows: c~s-J~~._~ 3.1, ci.~-J~,,~ 0.8-1.0, 
cis-J3,4geq 5.4, c&-J,,,,, 1.5-1.9, tra.ns-Jlpeq,t 0.6, tram-J,,,, -0.1, tram-J,,,,,, 
-0.4, and tram-J3,b, -0 Hz. Comparison of these values with the ‘H-n.m.r. data 
(Table I) of the epoxides obtained established the a-allo and /?-all0 configurations for 
the major (16) and minor (18) products, respectively. 

It should be pointed out that epoxidation of 14 with commercial m-chloro- 
peroxybenzoic acid (which contained about 30% of m-chlorobenzoic acid as a 
stabilizer) unexpectedly gave 6-U-benzyl-2,3-dideoxy-a- and &hex-2_enopyranos4- 
uIose (12) as the only product isolated. The same result was obtained when pure 
m-chIoroperoxybenzoic acid containing a trace of p-toluenesulfonic acid was used. 
The following rationale for this transformation is offered. The mixture of carbinols (14) 
undergoes acidic degradation to 2-(2-benzyloxy-1-hydroxyethyl)furan (10) (the 
formation of 10 from 14 in the presence of p-toluenesulfonic acid was observed in 
t.1.c.). After oxidation, the furan ring in the latter rearranges to give the glycosulose 
12, a reaction already reported 22 for a number of furylearbinols. 

14 10 12 

It is noteworthy that these transformations proceed without loss of optical 
activity, in accord with earlier observations of the acidic degradation of 2,3- 
unsaturated sugars to furan compounds23 and the mechanism suggested by Zamojski 
et al. 24 for this reaction. 

Scission of the oxirane ring in 2,3-anhydro sugars having the a-allo configuration 
is not usually regiosekctive 25s26. It was observed that base-catalyzed hydrolysis of 
the anhydride 16 gave two methyl pyranosides in 1:l ratio (t.1.c.). On the other hand, 
acid-catalyqed hydrolysis was found to be more regioselective; treatment of 16 with 
1% sulfuric acid yielded the same methyl pyranosides but in *he ratio of about 9: 1. 
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The main product 20, after isolation by chromatography on silica gel, exhibited 

Caln -83.1” and [a],, +82.0” for the L and D series, respectively. Its a-gluco con- 
&mration was proved by direct comparison (t.l.c., i-r., and ‘H-n.m.r. spectroscopy) 
With an authentic sample of methyl 6-O-benzyl-a-D-glucopyranoside ([+, +87.1”). 

Catalytic hydrogenolysis of the protecting bet@ group in 20 yielded methyl 
a-L- and a-D-glucopyranosides (2X), exhibiting optical rotations of [aID - 150.2 and 
[a]n +147.6”, respectively, and i.r. spectra superposable on that of an authentic 
Sample of methyl a-D-glucopyranoside. 

The foregoing values for the optical rotations show 95% optical purity of the 
synthetic methyl a-L-glucopyranoside and 93% for the methyl a-D-glucopyranoside. 
These values are approximately equal to the optical purity of the corresponding 
methyl (R)- and (S)-(2&nyl)glycolates used as starting materials. 

CONCLUSION 

A general method for stereoselective synthesis of monosaccharides from furan 
compounds has provided a convenient route to a number of classes of sugar com- 
pounds11*27. The present paper has described the total synthesis of methyl a-L- and 
a-D-glucopyranosides from methyl (R)- and (s)-(2-furyl)glycolates, proceeding 
without loss of optical purity and with retention of configuration of the asymmetric 
carbon atom in the starting material. The results demonstrate the applicability of this 
method to the synthesis of enantiomerically pure sugars of specified absolute con- 
figuration. 

EXP-AL. 

General methods. - Melting points were determined on a Kofler block and are 
uncorrected. Bath temperatures are given for boiling points. 1.r. spectra were obtained 
with a Unicam SP-200 spectrometer, with KBr discs for solids and films for liquids. 
U.V. spectra were measured for ethanolic solutions with a Unicam SP-500 spec- 
trometer. ‘H-N.m.r. spectra were obtained with a Jeol JNM-4H-100 instrument 
operating at 100 MHz. Optical rotations were measured with a Hilger-Standard 
polarimeter. Gas-liquid chromatographic analyses were made with Willy Giede gas 
chromatograph model 18.3.’ For column chromatography, silica gel Schuchardt 
(100-200 mesh) was used. 1911 reactions and chromatographic separations were 
monitored by t.1.c. on silica gel G (E. Merck). Solvents were removed under vacuum. 

Experiments performed separateIy for each enantiomer are described jointly 
and only the optical rotations observed are reported separately. Elemental analyses 
are given for compounds of the L series. ‘H-N.m.r. data of compounds 12-19 are 
collected in Table I. 

Substrates. - Methyl (R)-(-)- and (S)-( +)-Zfurylglycolate (3) were obtained 
according to the procedure reported’ ‘: (R)-3, m.p. -5”, [z]n - 132.0” (c 0.91, 
chloroform), 95% optical purity, (S)-3, m.p. 44-45”, [& t129.0’ (c 0.93, chloro- 
form), 93% optical purity. 



172 0. ACFMATOWICZ, JR., R. BIELSKI 

Compounds 4,5,24,25, and 26 were prepared exactly according to procedures 
described for the corresponding racemic compounds”. They exhibited physical 
(h.p. and t.1.c. mobility) and spectroscopic (i-r., u.v., and ‘H-n.m.r.) properties 
identical with the latter and gave the following optical rotations: (s)-2-(1,2-dihydroxy- 
ethyl)furan 0, MD - 34.3’ (c 1.1, chloroform), 93.5% optical purity jjjtz3 for 
(R)-2-Q ,2-dihydroxyethyl)furan, [cz]n +36.7” (chloroform)]; (S)-2-(1,2-O-isopro- 
pylidene-1,2dihydroxyethyl)fi,uan (ZS), [aJD -25.2” (c 1.0, chloroform); 2,3-dideoxy- 
a- and /3-L-gi’ycero-hex-2-enopyranos4ulose (26), [aID t26.4” (c 1.35; water), 

EaIn - 18.2” (c 1.25, chloroform); methyl 2,3-dideoxy-a-L-glycero-hex-2_enopyranosid- 
Pulose (4), m.p. 74-76”, [a]n - 15.6” (c 2.11, chloroform); and methyl 2,3_dideoxy- 
p-L-g&era-hex-Z-enopyranosid4ulose (S), [a],, - 34.0” (c 1.16, chloroform), 
[& +12.8’ (c 1.10, ethanol), 90% optical purity [litz8 for methyl 2,3-dideoxy- 
B-D-glycero-hex-2-enopyranosid4ulose, [a&, - 14.3” (ethanol)]. 

Methyl 6-U-benzyl-a-D-glucopyranoside*, [aID +87.1” (c 0.91, chloroform), 
was obtained by treating methyl a-D-giucopyranoside with one molar equivalent of 
benzyl chloride and sodium hydroxide in dimethyl sulfoxide, with subsequent 
chromatographic separation of the main product, which showed the expected 
spectroscopic (i.r. and lH-n.m.r.) properties. 

Methyl 6-@-benzoyl-2,3-dideoxyu-~-~y~ro-hex-2-enopyrano~_d~-~iose (6). - 

A solution of the glycopyranosid4ulose 4 (30 mg), benzoyl chloride (33 mg), and 
pyridine (0.025 ml) in chloroform (3 ml) was kept for two days at room temperature, 
washed successively with 5% aqueous hydrochloric acid and water, and then 
evaporated. Preparative t.1.c. (9:l benzeneethyl acetate) gave 6 (45 mg, 90%), 
m.p_ 69-70”, [aID ~6.9” (c 0.83, chloroform) of 90% optical purity (Found: C, 64.0; 
H, 5.6. C,,HIb05 talc.: C, 64.1; H, 5.4%). The m-p., and i.r. and U.V. data of 6 were 
identical with lit. l4 values for methyl 6-U-benzoyl-2,3-dideoxy-c+I+gZycero-hex-2- 
enopyranosid4ulose (Ea]n -7.7” in chloroform). 

Methyl (IX)- and (S)-(2-firryi)-0-tetrchydropyranyZgl_ycofate (7). - A solution of 
the methyl ester 3 (12.95 g, 83 mmol) and p-toluenesulfonic acid (0.25 g) was chilled 
to 0” and 3,4-dihydro-2N-pyran (8.4 g, 0.10 mol) was added with stirring wMe the 
temperature was maintained below 15”. Stirring was continued for 0.5 h and the 
solution was diluted with ether (200 ml). It was washed with aqueous sodium hydrogen- 
carbonate and water, and then evaporated_ Distillation of the residue gave 7 (18.92 g, 
95%), b-p. 1 Loo/O.3 torr, [(R)-7, [& -68.2” (c 2.22, chloroform); (Q-7, [alo +65.4” 
(c 0.91, &lo.-oform)]; v,, 1760 (CO), 1220, 1200, 1120, and 1040 cm: ’ (C-O-C): 
‘H-mm-r. data (CDCI,): 6 7.40 ( m, H-5, furan). 6.40 (m, H-3 and H-4 of furan), 
5.34 (s, H-a), 4.76 (m, 1 proton, THP), 3.81 (s, OCH3) 3.55 (m, 2 protons, THP), 
and 1.95-1.45 (m, 6 protons, THP) (Found: C, 60.2: H, 6.5. C,,Hi,O, talc.: C, 60.0; 
H, 6.7%). 

*The preparation of methyl do-beny~-D-~ucopyranosid~ as a mixture of a and /3 anomers has 
been reporWPg already. 
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(S)- and (R)*-2-[Z~~-O-Tetrahy~opyranur_1,2-dihyd (8). - 
A solution of the ester 7 (16.2 g, 68 mmol) was slowly added to a stirred suspension of 
lithium aluminum hydride (2.5 g, 0.062 mol) in ether (100 ml). The mixture was cooled 
in an ice-water bath, Andy water (2.5 ml), 15% sodium hydroxide (2.5 ml), and 
water (7.5 ml) were added in succession. The precipitate was Eltered off and washed 
with ethyl acetate (100 ml). Evaporation of the combined solvents gave 8 (14.4 g, 
lOO%), b-p. 1000/0.3 torr, [(S)-S, [c&, -37.8” (c 1.38, chloroform); (R)-S, [a], +35.4” 
(c 0.69, chloroform)] ; v_ 3450 (OH), 1120,1025,985 (C-O-C), 1505, and 880 cm- ’ 
(furan); ‘H-n.m.r. data (CDCl,): d 7.34 (dd, H-5 of furan), 6.30 (m, H-3, H-4 of 
fwan), 4.82 0, J1.2 2.2 Hz, H-l), 4.59 (m, 1 proton, THP), 3.84 (d, 2 protons, 
3, ,2 2.2 Hz, H-2, H-2’), 4.05-3.50 (m, 2 protons, THP), 2.82 (s, OH), and 1.8-l .4 
(m, 6 protons, THP) (Found: C, 62.3; H, 8.0. CllH1605 talc.: C, 62.2; H, 7.6%). 

2-~~-(2-O-~enZyr-~-O-tet~akyd~o~y~~yZ-~,2-dihyd~o~yethyZ)~~~ (9). - A 
solution of the diol 8 (14.2 g, 59 mmol) in dimethyl sulfoxide (100 ml) was stirred 
under nitrogen for 0.5 h with a solution of sodium hydroxide (4.5 g, 0.113 mol) in 
dimethyl sulfoxide (80 ml). Benzyl chloride (8.3 g, 0.065 mol) was added dropwise, 
stirring was continued for 24 h, and the mixture was poured on ice-water and 
extracted with ether. Evaporation of the solvents and distillation afforded the ether 9 
(15.5 g, 87%) b.p. 155”/0.3 torr, [(S)-9, [a]D -41.6” (c 1.54, chloroform); (R)-9, 
[& +39.9” (c 0.71, chloroform)]; Y,, 1505, 880 (furan), 1460, 740, 695 (Ph), 1200, 
1120, and 1025 cm-’ (C-O-C); ‘H-n.m.r. data (CDC13): 6 7.35 (m, 6 protons, 
Ph and H-5 of furan), 6.34 (m, H-2 and H-3 of furan), 4.95 (m. H-l), 4.59 (s, 
2 protons, CH, of benzyl), 4.57 (m, 1 proton, THP), 4.2-3.3 (m, 2 protons, THP), 
and 2.0-1.0 (m, 6 protons, THP) (Found: C, 71.7; H, 7.2. C18Hz203 talc.: C, 71.5; 
H, 7.3%). 

2-[I-(2-0-BenzyZ-1,2_dihydroxyethyZ)wnuz (10). - The THP derivative 9 
(12.8 g, 42 mmol) was treated at room temperature wit&p-toluenesulfonic acid (0.4 g) 
in abs. methanol. After 3 h the mixture was made neutral with triethylamine and 
then evaporated. The residue was diluted with ether, and the solution was washed 
with water, dried, and evaporated. Distillation yielded the benzyl ether 10 (9.0 g, 
98%), b.p. 1200/0.2 torr, [(S)-10, [a],, - 16.5” (c 0.58, chloroform); (@-lo, [c$, + 15.3” 
(c 0.59, chloroform)]; v,, 3450 (OH), 1505, 890 (fin-an), 1460, 745, 700 (Ph), 1150, 
1120, and 1020 cm-’ (C-0-C); ‘H -n.m.r. data (CDCI,): 6 7.24 (m, 6 protons, 
Ph and H-5 of furan), 6.22 (d, 2 protons, J 1.4 Hz, H-3 and H-4 of furan), 4.86 

& JL, 5.7 Hz, H-l), 4.53 (s, 2 protons, CH2 of benzyl), 3.34 (d, 2 protons, H-2 
and H-2’), and 2.90 (s, OH) (Found: C, 71.6; H, 6.5. C,,H,,O, talc.: C, 71.5; 
H, 6.5%). 

2-[Ii2-O-~e~yl-I,2-dikydroxyethyZ)]-2,S-dimethoxy-2,5-diZzydrofura~ (11). - 
The ether 10 (9.0 g, 41 mmol) afforded lo 11 (10.0 g, 87.5%), b-p. 160”/0.2 torr, 
&V-11, m -4-g" (c 1.21, chloroform); (R)-11, [aID +4.6” (c 0.73, chloroform)]; 

*Note the change of the notation (R, S) for the absolute configuration for the corresponding enanti- 
omers of 7 and 8. 







176 0.’ A&&4~OWJCZ, JR-; R; BIELSKI- 

1 E FISCHER AND J. TAFEL, Ber., 20 (i887) 1088-1094: 2566-2575: -33!3&3390: H. 0. L. Frstxze~~ 
AND E. BAER, Belo. Chim. Acta, 19 (1936) 519-532; H. 01 L; FISCRER, E. B&k, H; POLUXK, AND 
H. NIDE- ReIo, Chim. Acta, 20 (1937) 1213~i226, 

2 D. M. LEXU, P. 0. P~cur, AND R. 3. WC~ODWAR~, Tetrahedkor, 18 (1962) l27%;893. 
3 6-N AKAMMAMI, M N~GAWA, S. Swrar, Y. S~GIYAMA, S. BXMXJRA, A~‘M. SHIBXNA. Tetm- 

he&%x x&t., (1967) 3983-39887. 
~G.NAKAMIN ~4n, S. SHIOI, Y. SUGIYAMA, S. I~EI+~RA, M. §HIBUYA, AND M. N&AGAwA, B~dl. 

Chem. Sot. Jpn., 45 (1972) 2626-2634. 
5 Y. SUHAR& F. SASAKI~K. MAE~A, H. U.~WA, AND M. Omo, J. Am. Chem. Sue., 90 (1968) 

65596560. 
6 S. YASIJDA, T. OGASAWARA, S. KAWABATA, T. IWA-WKI, AND T. MATSIJWTO, Tetrahedron Lett., 

(1969) 3969-3972; Tetrahedron, 29 (1973) 3141-3147. 
7 F. WEYGAND AND R. SCHMECHEX, Gem. I&r., 92 (1959) 535-540. 
8 K. KOGA, M. TAMIGUM, AIND S. YAMADA, Tetrahedron L&t., (1971) 263-266. 
9 K. KOGA AND S. Y-A, Carbohya?. Res., 36 (1974) C9-Cll. 

10 0. A czxxrow~w, JR., I). B~ICO~~KI, B. SZXHNEX, Z ZWIERZCROWSKA, A- A. ZAM~JS~U, 
Tefrubedron, 27 (1971) 1973-1996. 

11 0-A ~HMATO~~CZ, JR. -AND P. Bcxowsw, Con. J. Chem., 53 (1975) 2X24-2529; 0. Ao~~~~wrcz, 
JR. AND B. SZECHNER, Rocz. Chem., 49 (1975) 1715-1724; 50 (1976) 729-736; 0. ACKMATIXVICZ, 
JR., G. GRYNKIE~ICZ, AND B. SZE~ Tetrahedron, 32 (1976) 1051-lQ54; 0. A~~XMATOWICZ, 
JR. AND G. GBYNKIEWICZ, Rocz. Chem, 50 (1976) 719-728. 

12 0. A ~HIKATO~XCZ, JR. AND P. Buxcowsrrr. Bull. Acad. PO!. Sri. S&r_ Sci. Chins. 19 (1971) 305- 
308. 

13 0. Acxswso-~cz, JR., R. BIELSKI, AND P. BUKOWSKI, Rocz. C&m., 50 (1976) 1535-1543. 
14 B. FRMER-REID, A. MCLEAN, AND E. W. USIXERWOOD, J. Am. Chem. Sot., 91(1969) 5392-5394. 
15 B. T. LAwrON, W. A. SZAREK, A5ID J. K. N. JOMS, Chem. Commun., (1969) 787-788; Carbohyd?. 

Res., 15 (1970) 397-2. 
16 R. BIEX+H, Ph.D. Thesis, institute of Organic Chemistry, Polish Academy of Sciences, Warsaw, 

1974. 
17 N. CLAUSON-KAAs, F. L~~oRG, AND J. FARKSTORP, Acta Chem. &and., 2 (1948) 109-115; N. 

CLAUSON-KAAS, F. LIMBORG, AXD K. GLENS, Acta Chem. Scand., 6 (1952) 531334. 
18 B. F--REID AND B. RADA-~~~, J. Am. C&m. Sot., 92 (1970) 66616663; 0. ACHMATOWICZ, 

JR. AND B. SZEou?zsR, Tetrahedron Let& (1972) 1205-1208. 
19 0. Acu~~-rowrcz, JR. AND P. B~KO~SKI, Rocz. Chem., 47 (1973) 99-114. 
20 N. R. Wm, Ado. CarbohyaY. Chem. Biochem., 25 (1970) 109-179. 
21 0. A~TO~ICZ, JR. AND B. SZECHNER, Carbohydr. Res., 50 (1976) 23-34. 

22 Y. LEXEB~RE, Tetrahedron Let:., (1972) 133-136; R LALIBERTE, G. MWAVAR, AND Y. LEFEBVRE, 
J. Med. Chem., 16 (1973) 1084-1089. 

23 E. L. -AXO, D. HORTON, AND T. T~XI~YA, Curbohydr. Res., 2 (1966) 349-362; 3 (1966) 257- 
259. 

24 A. ZAhfOJSIU, M. SKI, AND A. KIOWAS, Tetrah.&on, 26 (1970) i83-189. 
25 R. J. FERRIER Arm N. PRA~AD, J. Chem. SW., C, (1969) 575-580; F. Swum APID R K. BROWN, 

CQII. J. Chem., 46 (1968) 1481-1486; H. NEWMAN. 3. Org. c&M., 29 (1964) 1461-1468; K &I’EK 
AND J. JAI&. Colleck Czech. Chem. Cornman.. 38 (1973) 2518-2528. 

26 J. G. BUCHANAN ANE) H. Z. SABLE, in B. S. TXIYAGARAJAN (Ed.), Sektioe Orgamk lkznsforma- 
Jions, Vol. 2, Wiley-Interscience, New York, 1972, l-95. 

27 0. ACFIMATOWICZ, JR. AND B. SZECI-DZR, Bull. Acad. Polon. Sci., S&r. Sci. Chim., 19 (1971) 
309-311; 0. ACIXMATOWICZ, JR. AND G. GR~NKIEWIW, CarbFhy&. I+., 54 (19777) 193-198; 
M. BUI?ZY?&A, Ph.D. Thesis, Institute of Organic Chemistry, PoIish Academy of Sciences, 
Warsaw, 1976. 

28 E. H. WILLLQIS, W. A. SZAREK, AND J. K. N. Jo- Cnbofy&. Res., 2q (1971) 49-57. 
29 C. MCCLOSEW, Ado. Carbohyak. Chem., 12 (1957) 137-156; B. NORRMAN, Acta Chem. Scan& 

22 (1968) 1623-1627. 
-. 

30 c. c. SwEsLE Y, R. &NTiy, M. MAmA, &D W. W. Wmm, J. Am. Chem. Sue., 85 (1963) 
2487-2507. _ _ 


