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ABSTRACT

Sugar 1,4-lactones reacted with hexamethylphosphorous triamide-tetra-
chloromethane to give dichloroolefins in one step. These compounds are versatile
intermediates. Treatment of these 1,1-dichloro-1,1-dideoxy-3,4,-O-isopropylidene
derivatives with lithium diisopropylamide gave the corresponding 4-deoxy-3-ulo
derivatives. Reduction of the dichloromethylene group gave a methyl group with
high stereospecifity. This opens the way to a set of 2,5-anhydro-1-deoxyalditols.

INTRODUCTION

The discovery of C-nucleosides and their biological properties’ prompted the
search for the synthesis of C-glycosyl compounds. Some methods have been pro-
posed which allowed the introduction of a highly functionalized chain at the
anomeric center. The functionality permitted the construction of various nitrogen-
containing heterocycles. These syntheses have been the topic of a review?. Never-
theless, the formation of a carbon—carbon bond at the anomeric center with a high
degree of stereoselectivity remained a problem which has been partially solved in the
past few years with the synthesis of recently discovered, highly-complex structures®
of some natural products. Oxolane and oxane rings present in these structures have
been synthetized, as well as model compounds. Several methods have been pu-
blished, for example the reaction of allylsilanes* and enol ethers®, Claisen® and
Ferrier’ rearrangements, the Wittig reaction®, and the generation of carbanions® at
C-1 or radical chemistry'®.

Only a few reports of the use of lactones as starting materials for C-glycosyl
compounds synthesis have been published!’!2, Sugar lactones are often commer-
cially available or readily obtained from the corresponding alcohol. Nucleophilic
additions on the carbonyl group, followed by subsequent dehydration led to the

*Part of this work was presented at the IIIrd European Symposium on Carbohydrates, Grenoble,
September 1985.
*To whom correspondence should be addressed.
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TABLE 1

DICHLOROMETHYLENATION OF 1,4-LACTONES

Starting compound Product Reaction conditions Yield
Temp. (°) Time (h) (%)
1 2 -30 1 79
4 5 -30 1 92
8 9 0 3 52
12 13 0 4 75
16 17 -30 1 67
19 20 -30 3 90

formation of a carbon-carbon double bond. If the reagent is able to perform both
reactions, the oxygen atom of the lactone may be replaced by a substituted carbon
atom.

N,N,N’, N', N", N" - Hexamethylphosphorous triamide - tetrachloromethane
((Me;N)sP-CCl,), a reagent known for the activation of sugar hydroxyl groups’?,
has been also used for the transformation of a carbonyl into a dihalogenomethylene
group. This reaction was applied to some aldehydes and ketones'**, including keto
sugars’S. 1,4-Lactones derived from sugars react with (Me,N)sP-CCl, to form di-
chloroolefins in good yields'”, and we report now some applications of this reaction
to the field of deoxy-C-glycosyl compounds.

RESULTS AND DISCUSSION

Treatment of some 1,4-lactones with the reagent in dry oxolane at low tem-
perature gave the corresponding dichloroolefins in good yields. The reaction can be
performed by slow addition of the phosphine to a solution of carbon tetrachloride at
—30°, followed by addition of the lactone, or by adding the phosphine to the
mixture of carbon tetrachloride and lactone in dry oxolane with a motor-driven
syringe, thus allowing a very slow addition.

The use of carbon tetrabromide instead of carbon tetrachloride gave complex
mixtures which darkened rapidly at —30°. The triphenylphosphine—carbon tetra-
chloride system, which is known to react well with ketones and aldehydes to give
dichloroolefins, gave no reaction with 1,4-lactones. This observation supports an
ionic mechanism rather than a phosphorane-type mechanism as triphenylphosphine
could give phosphorane whereas (Me,;N);P could not ',

The reaction is believed to proceed via trichloromethylide formation, followed
by condensation of this unstable compound with the carbonyl group of the lactone.
Oxytris(dimethylamino)phosphonium salt formation arose from the reaction of the
tertiary alcoholate with the chlorophosphonium salt. Subsequent positive halogen

*For a silicon based reagent, see ref, 15.
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abstraction by the phosphine or the complex phosphine~carbon tetrachloride af-
forded the dichloromethylene group and hexamethylphosphoric triamide (see
Scheme 1). Thus, with sterically hindered lactone as in the p-ribo series, condens-
ation of the trichloromethylide anion became sluggish. There is a delicate balance
between the nucleophilic attack of the anion and its decomposition, which could
explain the excess of phosphine needed and the observed yield. Replacement of the
bulky (1,1-dimethylethyl)dimethylsilyl group by acetate led to a better yield of di-
chloroolefins 13, this observation supporting our hypothesis. On the other hand,
these results demonstrated the excellent chemoselectivity of the reagent, which
distinguished between ester and lactone. The mildness of the reaction conditions
allowed the use of the acetate, mesylate, or silyl group to protect alcohol groups.

For further transformation of the sugar in the presence of a dichloro-
methylene group, which may act as a carbonyl protecting group, the stability of this
group was examined. Thus, acid hydrolysis of 5 in aqueous acetic acid led to 6 in
nearly quantitative yield, and deacetylation of 13 with sodium methoxide gave 15 in
the same yield.

The reduction of the dichloromethylene to a methyl group giving a cis ar-
rangement of the methyl and 3,4,-O-isopropylidene groups was efficiently achieved

TABLE I

RANEY NICKEL REDUCTION OF DICHLOROMETHYLENE COMPOUNDS

Starting compound Product Reaction time (k) Yield (°%6)
2 3 3 )
5 7 2 90
9 10 + 11° 5 82
13 14 5 83
17 18 5 Y/
20 n 3 65

9.1 Ratio by 'H-n.m.r. estimation.
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by the use of freshly prepared Raney nickel in ethyl acetate. The reaction was com-
pletely stereospecific, except in the case of the p-ribo derivative 9. It was possible to
detect the trans isomer 11 by H-n.m.r. spectroscopy although we were unable to
isolate 11 in the pure form without contamination of the cis isomer 10. Table II
summarizes these results.

Action of strong bases on dichloro compounds was then examined. This inves-
tigation began with § which, upon treatment with butyllithium, gave a new product.
Careful spectral analysis revealed that a mixture of ketones had been obtained
(Scheme 2). In fact, two concurrent reactions occured, a metal-to-halogen exchange
of one chlorine atom and an H-3* abstraction by butyllithium, thus giving rise to the
formation of deoxyketones'®. The reaction was very difficult to monitor and needed
a large excess of alkyllithium and so we eventually turned to other strong bases.
Lithium diisopropylamide [LiN(CHMe,),] was found to be very efficient, the
metal-to-halogen exchange being suppressed. Dichloroolefins were treated with an
excess of amide in dry oxolane to give the expected ketones in good yield. Upon
treatment of 20 with an excess of amide, both the 3,4-O-isopropylidene and 6-O-

TABLE IIL

TREATMENT OF DICHLOROOLERNS WITH LITHIUM DHSOPROPYLAMIDE

Starting compound Product Reaction conditions Yield
Temp. (°) Time (h) (%)

2 22 -30 2 69

5 23 -30 2 90

9 24 -30 3 57

*Refers to heptose numbering.
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TABLE IV

RANEY NICKEL REDUCTION OF KETONES

Starting compound Product Reaction time (h) Yield (%)
2 25 + 26 9:1) 1 70°
23 27 + 28 2 10 8s
24 29 + 30 3 65 10
2 Pure isolated 26

acetyl groups were removed, thus giving a complex mixture of different ketones.

Attempts to protect the starting lactone with the base-stable (1,1-dimethyl-
ethyl)dimethylsilyl group were unsuccessful. This transformation opens the way to
branched-chain carbohydrate, owing to the possible alkylation of intermediate
ketone enolates according to our recent method?. The results obtained with lithium
diisopropylamide are summarized in Table III.

Finally, we attemped the reduction of the dichloroketones obtained. Raney
nickel was found to be very efficient to reduce both double bonds and carbon-
chlorine bonds, thus a new route to dideoxy-C-glycosyl compounds was opened.
Our results are summarized in Table IV,

In conclusion, the convenient dichloromethylenation of sugar 1,4-lactones
gives a new access to deoxy-C-glycosyl- or dideoxy-C-glycosyl compounds after
Raney nickel reduction. Indeed, the introduced methyl group may be regarded as
the C-5' of a C-glycosyl compounds bearing a chiral functionalized appendage of
one to three carbon atoms. This may be of interest for N the synthesis of natural
products, such as muscarin and furanomycin i.a. Compounds such as 2 and 22 are
potentially useful in the synthesis of more complex molecules.

EXPERIMENTAL

General methods. — Optical rotations were measured with a Perkin-Elmer
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141 polarimeter. Lr. spectra were recorded for thin films with a Perkin-Elmer 580 B
spectrometer, and 'H-n.m.r. spectra for solutions in (*H)chloroform with tetra-
methylsilane as the internal standard with a Bruker Aspect 3000 (400 MHz) instru-
ment. T.l.c. was performed on Merck precoated plates of Silica gel 60 and detection
was effected by spraying the plates with H,SO, in methanol and heating under an i.r.
lamp. Oxolane was distilled immediately prior to use from sodium-benzophenone.
N,N,N’,N’,N” ,N” -Hexamethylphosphorous triamide was purchased from Aldrich
and distilled before use. Raney nickel was prepared according to Burgstahler and
Abdel-Rahman?!, Starting lactones 1, 4, 8, 12, 16, and 19 were prepared according
to references cited by standard procedures (respectively refs. 22, 23, 11, 24, 25 and
25). Microanalyses were performed by the Service Central de Microanalyses du
C.N.R.S. (Vernaison, France): amorphous compounds 2, §, 9, 13, 15, 17, 24, 29,
and 30 were unstable and gave unsatisfactory results.

Procedures for dichloromethylenation of lactones. — Method A. To a
solution of carbon tetrachloride (1.2 g, 8 mmol) in anhydrous oxolane (30 mL)
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under Ar was added dropwise a solution of (Me;N);P (980 mg, 6 mmol) in an-
hydrous oxolane (10 mL) at —30°. A white precipitate was formed. A solution of
the lactone (1 or 4: 516 mg, 2 mmol) in oxolane (20 mL) was subsequently added.
Stirring was continued for 1 h at — 30°. T.l.c. indicated complete transformation of
the starting compound. The mixture was then poured into water and the product
extracted with diethyl ether (3 X 100 mL). After rapid washing with dilute HCI (10
mL) and water (50 mL), the organic layer was dried (MgSO,) and evaporated.
Column chromatography of the residue afforded pure dichloroolefins.

Method B. To a solution of lactone (2 mmol) and carbon tetrachloride (1.2 g,
8 mmol) in anhydrous oxolane (30 mL) under Ar was added over 2 h with a
motor-driven syringe (or very slowly) a solution of (Me,N);P (980 mg, 6 mmol) in
anhydrous oxolane (10 mL) at the temperature indicated in Table I. The reaction
was monitored by t.l.c. If some starting material remained, the treatment was
repeated by adding further amount of carbon tetrachloride and phosphine until
complete disappearance of starting material. The products were recovered by
Method A.

2,5-Anhydro-1,1-dichloro- 1-deoxy-3,4:6,7-di-O-isopropylidene-D-manno-
hept-1-enitol (2). — Yield 512 mg (79%), [«]® +172° (c 0.5, chloroform), R, 0.7 (2:1
hexane-ethylacetate) ; ¥max 1665 cm~™*; 'H-n.m.r. 250 MHz): 5 1.38 (s, 3 H), 1.42 (s,
3H), 1.45(s, 3 H), 1.48 (s, 3 H, CMe,); 4.12(m, 3 H, H-7, 7', 5), 4.5 (m, 1 H, H-6),
4.87 (m, 1 H, H-4), and 5.3 (d, 1 H, H-3).

3,6-Anhydro-7, 7-dichloro-7-deoxy-1,2:4,5-di-O-isopropylidene-L-gluco-hept-
6-enitol (5). — Yield 598 mg (92%), [a]%’ —175° (c 0.5, chloroform), R, 0.57 (1:1
hexane—ethylacetate); ¥max 1660 cm !, "H-n.m.r. (250 MHz): 5 1.37 (s, 3 H), 1.4 (s, 3
H), 1.46 (s, 6 H, CMe;), 3.75(dd, 1 H, J, 2 7 J1,;» 8.5 Hz, H-1), 4.19(dd, 1 H, J5 4 4,
J3.2 8.5 Hz, H-3), 4.23 (dd, 1 H, J;- » 7 Hz, H-1'), 4.45 (dd, 1 H, H-2), 4.75(dd, 1 H,
J3,4 4 Hz, H4), and 5.31(d, 1 H, J4,5 6 Hz, H-5).

2,5-Anhydro-1, 1-dichloro-1-deoxy-3,4-O-isopropylidene-6-O-[(1, 1-dimethy!-
ethyl)dimethylsilyl]-D-ribo-hex-1-enitol (9). — Yield 377 mg (51%), [l —145° (c
0.5, chloroform), R, 0.5 (9:1 hexane-ethyl acetate); rp.x 1660 cm~!, 'H-n.m.r.: §
0.06 (s, 6 H, CH,Si), 0.88 (s, 9 H, Bu'Si), 1.4 (s, 3 H), 1.47 (s, 3 H), 3.76 (dd, 1 H,
Js 1.5, Jo,& 11 Hz, H-6), 3.84 (dd, 1 H, J5 ¢ 2.5 Hz, H-6'), 4.6 (t, 1 H, H-5), 4.81
(d, 1 H, J; 4 6 Hz, H-4), and 5.23 (d, 1 H, H-3).

6-0-Acetyl-2,5-anhydro-1, 1-dichloro-1-deoxy-3,4-O-isopropylidene-p-ribo-
hex-1-enitol (13). — Yield 445 mg (75%), [«]& —154° (c 0.5, chloroform), R, 0.56
(2:1 hexane—ethyl acetate); vmax 1750, 1665 cm~!; '"H-n.m.r.: 5 1.4 (s, 3H), 1.5 (s, 3
H, CMey), 2.1 (s, 3 H, COCH,), 4.1(dd, 1 H, Js 5 3.5, Js¢ 12, H-6),4.35(dd, 1 H,
Js.¢ 3.5 Hz, H-6), 4.75 (m, 2 H, H4,5), and 5.3 (d, 1 H, J3 4 6 Hz, H-3).

2,5-Anhydro-1,1-dichloro- 1-deoxy-3,4:7,8-di-O-isopropylidene-6-O-me-
thanesulfonyl-D-glycero-D-gluco-oct-I-enitol (17). — Yield 290 mg (67%), [al&
—112° (c 0.5, chloroform), R, 0.45 (3:2 hexane-ethyl acetate); vyax 1660 cm~!,
'H-n.m.r.: 51.38 (s, 3 H), 1.4 (s, 3 H), 1.42(s, 3H), 1.45(s, 3 H, CMe;), 3.15(s, 3 H,
SO,CH,), 4.0-4.2 (m, 4 H, H-5, 7,8,8'), 4.8 (dd, 1 H, J,s s 4, J3 4 6 Hz, H-4), 5.08
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(dd, 1 H, Js 7 4, J5,6 9 Hz, H-6), and 5.33 (d, 1 H, H-3).

6-O-Acetyl-2,5-anhydro-1, 1-dichloro- 1-deoxy-3,4:7,8-di-O-isopropylidene-
D-glycero-D-gluco-oct-1-enitol (20). — Yield 715 mg (90%), m.p. 77° (hexane), [a]%,z
—85° (c 0.5, chloroform), R 0.55 (2:1 hexane—ethyl acetate); ymax 1745, 1665 cm ™!,
"H-n.m.r.: 6 1.3 (s, 3 H), 1.39 (s, 3 H), 1.42 (s, 3 H), 1.48 (s, 3 H, CMe,), 2.1 (s, 3 H,
COCH;), 3.97 (dd, 1 H, J, 3 6, Js 3 9 Hz, H-8), 4.05 (dd, 1 H, J5 5 6.5 Hz, H-8'),
4.2(dd, 1 H, Jy 5 3.5, J5.6 7 Hz, H-5), 4.3 (dd, 1 H, Js7 5.5 Hz, H-7), 4.8 (dd, 1 H,
J3,45.5, Jas 3.5 Hz, H-4), 5.3 (d, 1 H, H-3), and 5.55 (dd, 1 H, H-6).

Anal. Calc. for C,¢H2Cl1,04: C, 48.38; H, 5.58; Cl, 17.85. Found: C, 48.21;
H, 5.65; Cl, 18.28.

3,6-Anhydro-7,7-dichloro-7-deoxy-4,5-Q-isopropylidene-L-gluco-hept-6-eni-
tol (6). — Compound 5§ (230 mg, 0.7 mmol) was dissolved in aqueous acetic acid (40
mL, 7:3, v:v). The mixture was heated at 50°. T.l.c. monitoring showed complete
disappearance of starting material after 1 h. The solvent was evaporated and, after
three codistillations with toluene, the residue was directly chromatographed on silica
gel; yield 190 mg (95%); m.p. 118°, [a}fy —200° (c 0.5, chloroform), R; 0.33 (2:3
hexane-ethyl acetate); vme, 3600 cm, 1660 cm ™!, "H-n.m.r.: 6 1.4 (s, 3 H), 1.48 (s, 3
H, CMe,), 2.5 (b.m., 1 H, CH,0H), 3.15 (m, 1 H, CHOH), 3.8 (dd, 1 H, J; 5 11.5,
Jo7 4.5 Hz, H-7), 3.9 (dd, 1 H, Js» 3.5, H-7'), 4.15 (q, 1 H, Js 6 7 Hz, H-6), 4.28
(dd, 1 H, J4 5 3.5 Hz, H-5), 4.88 (dd, 1 H, J, 4 6 Hz, H-4), and 5.35 (d, 1 H, H-3).

Anal. Calc. for C;oH;4C1,0s: C, 42.13; H, 4.95; Cl, 24.87. Found: C, 41.77;
H, 4.98; Cl, 23.98.

2,5-Anhydro-1, 1-dichloro-1-deoxy-3,4-O-isopropylidene-p-ribo-hex- 1-enitol
(15). — Compound 13 (450 mg, 1.5 mmol) was dissolved in dry methanol (40 mL). A
catalytic amount of Na (3 mg) was then added. After 3 h of stirring at room
temperature, the mixture was made neutral with Dowex 50W (H™). Filtration and
evaporation gave pure 15 (380 mg, 95%), [«]® —128° (c 0.5, chloroform), R, 0.4
(2:1 hexane-ethyl acetate); ¥max 3600, 1665 cm !, "H-n.m.r.: 6 1.2 (s, 3 H), 1.3 (s, 3
H, CMe,), 3.05(m, 1 H, OH), 3.7 (dd, 1 h, Js ¢ 7 J5.6 3 Hz, H-6), 3.85(dd, 1 H, J5 ¢
2.5 Hz, H-6'), 4.6 (s, 1 H, H-5), 4.8 (d, 1 H, J; 4 6 Hz, H-4), and 5.3 (d, 1 H, H-3).

Procedure for Raney nickel reduction. — The dichloromethylene derivative (1
mmol) was dissolved in dry ethyl acetate. About 200 mg of freshly prepared Raney
nickel, previously washed with ethyl acetate, were added and the mixture vigour-
ously stirred until complete transformation of the starting material (t.l.c. monit-
oring). The mixture was filtered through a pad of Celite and the filtrate evaporated.
Column chromatography afforded pure products.

2,5-Anhydro-1-deoxy-3,4:6, 7-di-O-isopropylidene-p-glycero-p-manno-hepti-
tol (3). — Yield 183 mg (71%), [} —20.8° (c 0.5, chloroform), R, 0.47 (3:2
hexane-ethyl acetate); '"H-n.m.r.: 1.3 (d, 3 H, J 6 Hz, Me), 1.33 (s, 3 H), 1.36 (s, 3
H), 1.43 (s, 3 H), 1.47 (s, 3 H, CMe,), 3.47 (dd, 1 H, J4 5 3.5 J5 6 7.5 Hz, H-5), 3.64
(m, 1 H, H-1), 4.05 (m, 2 H, H-7,7'), 4.38 (m, 1 H, H-5), 4.55 (dd, 1 H, J5 46, J3,33.5
Hz, H-3), and 4.73 (dd, 1 H, H-4),

Anal. Calc. for C;3H2,0s: C, 60.45; H, 8.59. Found: C, 60.10; H, 8.50.
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3,6- Anhydro-7-deoxy-1,2:4,5-di-O-isopropylidene-D-glycero-L-gluco-hepti-
tol (7). — Yield 232 mg (90%), [a]f," +21° (c 0.5, chloroform), R; 0.53 (3:2
hexane-ethyl acetate); 'H-n.m.r.: 6 1.3 (s, 3 H, CMe,), 1.38 (d, 3 H, J 6 Hz, H-7),
1.59 (s, 3 H, CMe3), 1.63 (s, 6 H, CMey), 3.53 (dd, 1 H, J34 4, J> 3 8 Hz, H-3), 3.56
(m, 2 H, H-6,1), 4.23 (dd, 1 H, J, > 7, J, 1 8.5 Hz, H-1"), 4.41 (q, 1 H, H-2), 4.78
(dd, 1 H, Js,6 4, Jo,5 6.5 Hz, H-2), and 4.83 (dd, 1 H, H-5).

Anal. Calc. for C;3H5,0s: C, 60.45; H, 8.59. Found: C, 60.19; H, 8.53.

2,5-Anhydro- 1-deoxy-3,4-O-isopropylidene-6-0- [{1,1 - dimethylethyl)di-
methylsilyl]-p-altritol (10). — Yield 247 mg (82%), [a]3 —4.4° (c 0.5, chloroform),
R 0.35 (9:1 ether-hexane); '"H-n.m.r.: 6 0.06 (s, 6 H, Me,Si), 0.9 (s, 9 H, Bu'Si), 1.27
(d, 3H, J6 Hz, H-1), 1.36 (5, 3 H, CMe,), 1.51 (s, 3 H, CMe,), 3.3 (m, 2 H, H-6,6'),
4.05(t, 1 H, Js 4 Hz, H-5), 4.2 (dq, 1 H, J> 1 4 Hz, H-2), 4.59 (dd, 1 H, J3 4 6.5 Hz,
H-3), and 4.81 (d, 1 H, H-4).

6-0-Acetyl-2,5-anhydro- 1-deoxy-3,4-0-isopropylidene-p-altritol (14). —
Yield 191 mg (83%), [«]Z +9.7° (c 0.5, chloroform), R, 0.45 (2:1 hexane—ethyl
acetate); ¥max 1740 cm~'; '"H-n.m.r.: 1.3 (d, 3 H, J 6.5 Hz, H-1), 1.35 (s, 3 H), 1.55
(s, 3 H, CMey), 2.1 (s, 3 H, CH;CO), 4.0 (dd, 1 H, Js¢ 11.5, J5 6 5 Hz, H-6), 4.1
(dd, 1 H, J> 3 3.5 Hz, H-2), 4.15 (dd, 1 H, J5 ¢ 6.5 Hz, H-6'), 4.25 (t, 1 H, H-5), and
4.6 (m, 2 H, H-3,4).

Anal. Calc. for C;;H;405: C, 57.39; H, 7.82. Found: C, 56.96; H, 7.92.

2,5-Anhydro-1-deoxy-3,4:7,8-di-O-isopropylidene-6-O-methylsulfonyl-D-
erythro-L-galacto-octitol (18). — Yield 263 mg (72%), [«]E +2.2° (c 0.5, chloro-
form), R; 0.30 (3:2 hexane—-ethyl acetate); 'H-n.m.r.: & 1.29 (d, 3 H, J 6 Hz, H-1),
1.31 (s, 3 H), 1.37 (5, 3 H), 1.48 (s, 3 H, CMe,), 3.1 (s, 3 H, SO,CHj,), 3.5 (dd, 1 H,
Ja5 3.5 J5 6 9 Hz, H-4), 3.63 (dq, 1 H, J>5 3.5, J 6 Hz, H-2), 4.06 (m, 2 H, H-8,8'),
4.37(dt, 1 H, J,3 6.5, J7,¢ 6.5 Hz, H-7), 4.6 (dd, 1 H, J; 4 6 Hz, H-3), 4.68 (dd, 1 H,
H-3), and 5.08 (dd, 1 H, Js ; 4 Hz, H-6).

Anal. Calc. for C,sH2505S: C, 49.17; H, 7.15; S, 8.75. Found: C, 48.92; H,
7.09; S, 8.50.

6-0-Acetyl-2,5-anhydro-1-deoxy-3,4:7,8-di-O-isopropylidene-D-erythro-L-
galacto-octitol (21). — Yield 214 mg (65%), [a]> +6.9° (c 0.5, chloroform), R, 0.47
(1:1 hexane-ethyl acetate); ¥max 1740 cm ~!; '"H-n.m.r.: § 1.29 (s, 3 H, H-1), 1.30 (s, 3
H), 1.35 (s, 3 H), 1.42 (s, 3 H), 1.49 (s, 3 H, CMe,), 2.15 (s, 3 H, CH;CO), 3.48(dd, 1
H, Jsy 5 3.5, Js 67 Hz, H-5), 3.6 (m, 1 H, J 6, J> 3 3.5 Hz, H-2), 4.0 (m, 2 H, J;4 8,
Jo8 1, Jg8 9 Hz, H-8,8'), 4.35 (m, 1 H, Js7 4.5 Hz, H-7), 4.6 (dd, 1 H, J3 4 6 Hz,
H-3), 4.67 (dd, 1 H, H-4), and 5.53 (dd, 1 H, H-6).

Anal. Calc. for C,cH2607: C, 58.17; H, 7.87. Found: C, 58.80; H, 8.07.

General procedure for ketone formation with lithium diisopropylamide. —
Dichloroolefin (1 mmol) was dissolved in dry oxolane (20 mL) under Ar at —30°.
Lithium diisopropylamide (2.2 mmol) solution [prepared at 0° from diisopropy-
lamine (220 mg, 2.2 mmol) and butyllithium (2.5M solution, 0.9 mL) in dry oxolane
(20 mL) at 0°] was added dropwise over 10 min. After complete disappearence of
starting compound (t.1.c. monitoring), the mixture was hydrolyzed with a saturated
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ammonium chloride solution (50 mL). Extraction with ether (3 X 100 mL), washing
with water, drying (Na,SO,), and evaporation afforded a crude product which was
chromatographed on a silica gel column.

2,5-Anhydro-1, 1-dichloro-1,4-dideoxy-6, 7-O-isopropylidene-p-erythro-hex-
1-enitol-3-ulose (22). — Yield 184 mg (69%), m.p. 83-85° (hexane), [a]f," =27° (c
0.5, chloroform), R, 0.48 (2:1 hexane-ethyl acetate); vy 1740, 1600 cm™! 'H-
n.m.r. 5 1.35 (s, 3 H), 1.45 (s, 3 H) CMe,, 2.85 (t, 2 H, J;5 7.5, Jo 5 5.5 Hz,
H-4,4'),3.85(dd, 1 H, J7, 9, Js 7 5§ Hz, H-7), 4.2 (dd, 1 H, Js 7 6.5 Hz, H-7'), 4.35
(m, 1 H, J5 ¢ 5 Hz, H-6), and 4.6 (m, 1 H, H-5).

Anal. Calc. for C,oH;2Cly0,4: C, 44.97; H, 4.53; Cl, 26.55. Found: C, 44.87;
H, 4.44; Cl, 25.71.

2,5-Anhydro-1, 1-dichioro-1,4-dideoxy-6, 7-O-isopropylidene-p-threo-hex-1-
enitol-3-ulose (23). — Yield 240 mg (90%), m.p. 89° (hexane), [a]lF +26.6° (c 0.5,
chloroform), R, 0.44 (2:1 hexane-ethyl acetate); vpay 1740, 1600 cm~!; 'H-n.m.r.: §
1.3(s, 6 H, CMe,), 2.75(dd, 1 H, J, 5 4.5, J4 o 18 Hz, H4),2.97 (dd, 1 H, J, 5 8.5
Hz,H4'),4.1(dd, 2H, Js, 7, J6,7 2.5 Hz, H-7,7°), 4.25 (m, 1 H, J5 ¢ 2.5 Hz, H-6),
and 4.75 (m, 1 H, H-5).

Anal. Calc. for C,0H,C1,04: C, 44.97; H, 4.53; Cl, 26.55. Found: C, 44.81;
H, 4.56; Cl, 25.96.

2,5-Anhydro-1,1-dichloro- 1,4-dideoxy-6-0-[(1, 1-dimethylethyl)dimethyl-
silyl]-p-glycero-hex-1-enitol-3-ulose (24). — Yield 160 mg (57%), [a]® —24.8° (c
0.5, chloroform), R, 0.48 (4:1 hexane-ethyl acetate); vy., 1740, 1600 cm~'; 'H-
n.m.r.: 0.1 (s, 6 H, Me,Si), 0.8 (s, 9 H, Bu'"), 2.80 (dd, 1 H, J, 4 13, J, s 8 Hz, H-4),
2.86 (dd, 1 H, J¢ s 5 Hz, H-4'), 3.70 (dd, 1 H, Js,¢', 11.5, J5 6 2 Hz, H-6), 4.05 (dd,
1H, J5¢ 2.5 Hz, H-6'), and 4.75 (m, 1 H, H-5).

The above ketones (1 mmol) were hydrogenated over Raney nickel as already
described and isolated in the same way.

2,5-Anhydro-1,4-dideoxy-6, 7-O-isopropylidene-p-gluco-hepitol (25). — Yield
141 mg (70%), [oz]f)2 +16.7° (c 0.5, chloroform), R, 0.42 (1:1 hexane-ethyl acetate);
Umax 3600 cm~!; '"H-n.m.r.: 5 1.3 (d, 3 H, J 6.5 Hz, H-1), 1.4 (s, 3 H), 1.5 (5, 3 H,
CMe)), 1.95 (dd, 1 H, J4 o 14, J4 s 3 Hz, H-4),2.3 (m, 1 H, J, 510, J5 4 5 Hz, H-4'),
3.3 (m, 1 H, OH), 3.58 (q, 1 H, J7 7 8, Js,7 6.5 Hz, H-7), 3.8 (dq, 1 H, J, 3 2.5 Hz,
H-2),3.95(d, 1 H, J5,4 5 Hz, H-3), 4.1 (m, 2 H, J5 7 2.5, J5 6 6 Hz, H-5,7'), and 4.4
(m, 1 H, H-6).

Anal. Calc. for C,0H,304: C, 59.40; H, 8.91. Found: C, 59.22; H, 8.65.

2,5-Anhydro- 1,4-dideoxy-6, 7-O-isopropylidene-D-altro-heptitol (26). — Pure
27 was not obtained without contamination of 26. The proportion was determined
by integration of 'H-n.m.r. signals of the crude mixture of 25 and 26.

2,5-Anhydro- 1,4-dideoxy-6,7-O-isopropylidene-p - galacto - heptitol (27). -
Yield 19 mg (10%), [«]¥ +10.5° (c 0.5, chloroform), R, 0.24 (1:1 hexane—cthyl
acetate); vmax 3600 cm ~!; "H-n.m.r.: 6 1.25 (d, 3 H, J 7 Hz, H-1), 1.37 (s, 3 H), 1.44
(s, 3H, CMe,), 1.82 (ddd, 1 H, J4 o 13, J3 4 2.5, J4 5 6 Hz, H-4),1.9(ddd, 1 H, J5 o
6.5, J4l'5 9 HZ, H-4'), 2.0 (m, 1H, OH), 3.7 (dd, 1H, J7‘7' 8, .’5'7 7 Hz, H-7), 39 (m,
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1H, J, 3 3.5 Hz, H-2), and 4-4.2 (m, 4 H, H-3,5,6,7').

Anal. Cale. for CygH;504: C, 59.40; H, 8.91. Found: C, 59.18; H, 8.75.

2,5-Anhydro-1,4-dideoxy-6, 7-O-isopropylidene-p-ido-heptitol (28). — Yield
171 mg (85%), [«]¥ —28.6° (c 0.5, chioroform), R, 0.34 (1:1 hexane-cthyl acetate);
Vmax 3600 cm~!; 'H-n.m.r.: 8 1.27 (d, 3 H, J 6 Hz, H-1), 1.4 (s, 3 H), 1.47 (s, 3 H,
CMey,), 1.95(dd, 1 H, J, ¢ 14, J5 4 2.5 Hz, H4), 2.4 (dd, 1 H, Jy 5 4,J34 9 Hz,
H-4'), 3.63 (m, 1 H, OH), 3.85 (m, 1 H, J,3 2.5 Hz, H-2), 3.94 (m, 1 H, H-3), and
3.95-4.1 (m, 4 H, H-5,6,7,7").

Anal. Cale. for CgH,504: C, 59.40; H, 8.91. Found: C, 59.27; H, 8.70.

2,5-Anhydro-1,4-dideoxy-6-O-[(1, 1-dimethylethyl)dimethylsilyl]-pD-xylo-hexi-
tol (29). — Yield 160 mg (65%), [a]® +37° (¢ 0.5, chioroform), R, 0.51 (2:1
hexane—ethyl acetate); vmex 3600 cm~; "H-n.m.r.: $0.13 (2 5, 6 H, Me,Si), 0.92 (s,
9 H, Bu'), 1.26 (d, 3 H, J6.5 Hz, H-1), 1.94 (dd, 1 H, J, 5 2.5 Hz, H-4), 2.35 (ddd, 1
H, J¢ 3 5, Jo.5 10, Jy o 14 Hz, H4'), 3.5 (dd, 1 H, J5 6 1.5, J5 ¢ 11 Hz, H-5), 3.82
(m, 3 H, H-2,3,5), 3.9 (m, 1 H, OH), and 4.18 (ddd, 1 H, H-5).

2,5-Anhydro- 1,4-dideoxy-6-0-[(1,1-dimethylethyl)dimethylsilyl]-p-arabino-
hexitol (30). — Yield 24 mg (10%), [a]® —9.8° (c 0.5, chloroform), R, 0.30 (2:1
hexane-ethyl acetate); vmex 3600 cm~!; 'H-n.m.x.: § 0.06 (s, 6 H, SiCHj), 0.85 (s, 9
H,Bu"), 1.15(d, 3 H, J6 Hz, H-1), 1.6 (m, 1 H, OH), 1.79(ddd, 1 H, Js 4 13, J543,
Jas 6.5 Hz, H4), 2,0 (ddd, 1 H, J5 4, 6.5 J¢ s8 Hz, H-4'), 3.6 (d, 2 H, J56 = Js,¢
= 4.5 Hz, H-6,6'), 3.82 (dq, 1 H, J5 3 3.5 Hz, H-2), 3.92 (m, 1 H, H-3), and 4.15 (m,
1 H, H-5).

REFERENCES

1 G. DoYLe-DAvES, JR., ANDC, C, CHENG, Prog. Med. Chem., 13 (1976) 304-342.

2 S. HANESSIAN AND A, G. PERNET, Adv. Carbohydr. Chem. Biochem., 33 (1976) 111-188.

3 For a recent account on this topic, see S. HangssiaN, Iv J. E. BatbwiN (Ep.), Total Synthesis
of Natural Products. Pergamon Press, Oxford, 1983, pp. 1-291.

4 S.DANSHEFSKYANDJ.R.KERWIN, JR.,J, Org. Chem. ,47(1982)3805-3806; A. P. KOZIX OWSKI AND
K. L. Sorci, Tetrahedron Lett., 23 (1982) 2281-2284; T. L. Cupps, D. S. Wisg, AND L. B.
TOWNSEND, J. Org. Chem. 47 (1982) $115-5120; M. D. Lewis, J. K. CHA, aAND Y. Kism1, J. Am.
Chem. Soc., 104 (1982) 4976-4978.

5 L. V. DUNKERTON AND A. J. SERINO, J. Org. Chem., 47 (1982) 2814-2816; G. GRINKIEWICZ
AND J. BEMILLER, J. Carbohydr. Chem., 1 (1982) 121-127; Y. S. Yoxovama, M. R. H.
ELMOGHAYAR, AND 1. KOWATIMA, Tetrahedron Lett., 23 (1982) 2673-2676.

6 R. E. IREIAND, S. THAISRIVONGS, N. VANIER, AND C. S. WILCOX, J. Org. Chem., 45 (1980)
48-61; D. P. CurRAN AND Y. G. SuH, Tetrahedron Lett., 25 (1984) 4179-4182.

7 R. D. DAWE AND B. FRASER-REID, J. Chem. Soc., Chem. Commun,, (1981) 1180-1182; D.
GriersoN, M. Bonm, H. P. HussoN, C. MONNERET, AND J. C. FLORENT, Tetrahedron Lett., 25
(1984) 4645-4646.

8 J. R. PouaNy, M. A. M. Nassr, AND P. SINAY, J. Chem. Soc., Chem. Commun., (1981)
375-376; P. M. CoLLNS, W. G. OVEREND, AND T. S. SuING, J. Chem. Soc., Chem. Commun.,
(1982) 279-298; F. NicotrA, F. RoNCHETTI, G. RUsso, AND L. Toma, Tetrahedron Lett., 25
(1984) 5679-5700.

9 JI. M. LANCELIN, L. MORIN-ALLORY, AND P, SiNAY, J. Chem. Soc., Chem. Commun. (1984)
355-356.

10 R. M. ApLINGTON, J. E. BALDWIN, A. Basak, AND R. P, Kozyrop, J. Chem. Soc., Chem.
Commun. (1983) 944-945; B, GIEsSE AND J. DUPUIS, Angew. Chem., Int. Ed. Engl., 22 (1983)



24 A. BANDZOUZI, Y. CHAPLEUR

622-623; F. BAUMBERGER AND A. VASELLA, Helv. Chim, Acta, 66 (1983) 2210-2222; J. Dupuis,
B. GIESE, J. HARTUNG, M. LEBING, H. G. KORTH, AND R. SUDTMANN, J. Am. Chem. Soc., 107
(1985) 4332-4333; G. E. KEck, D. F. KACHENsKY, AND E. J. ENHOLM, J. Org. Chem. 50 (1985)
4317-4325.

11 C. S. Wncox, G. W. LonNGg, aND H. SuH, Tetrahedron Lett., 25 (1984) 395-398; J. M.
LANCELIN, P. AvAM-ZOLLO, AND P. SINAY, Tetrahedron Lett., 24 (1983) 4833-4836.

12 For a review, see T. C. CRAWFORD, Adv. Carbohydr. Chem. Biochem., 38 (1981) 287-361; R.
H. HaLL, K. BISHOFBERGER, S. J. EITELMANN, AND A. JORDAAN, J. Chem. Soc., Perkin Trans.
1, (1977) 2236-2241.

13 Y. CHAPLEUR, B. CasTRO, AND B. GRoss, Synthesis, (1983) 447-449, and references cited. Fora
review, see B. CastRO, Org. React., 20 (1983) 1-162.

14 R. RABINOWITZ AND R. MaRrcus, J. Am. Chem. Soc., 84 (1962) 1312-1313; D. J. BURTON AND
J. R. GREENWALD, Tetrahedron Lett., (1967) 1535-1538; B. CasTRO, R. BURGADA, G. LAVIELLE
AND J. VILLIERAS, Bull. Soc. Chim. Fr., (1969) 2270-2273; J. C. COMBRET, J. VILLIERAS, AND G.
LaAvieLLE, Tetrahedron Lett., (1971) 1035-1038; P. SAVIGNAC, J. PETROVA, M. DREUX, AND P.
CouTror, Synthesis, (1975) 535-538.

15 A. Hosomi, M. INABA, AND H. SAKURAIL, Tetrahedron Lett., 24 (1983) 4727-4731.

16 J. M. J. TRONCHET, A. BONENFANT, AND F. BARBALAT-REY, Carbohydr. Res., 67 (1978) 564-573.

17 Y. CHAPLEUR, J. Chem. Soc., Chem. Commun., (1984) 449-450.

18 R. ApPEL, Angew. Chem., Int. Ed. Engl., 14 (1975) 801-811.

19 A. KLEMER AND G. RODMEYER, Chem. Ber., 107 (1974) 2612-2614; D. HORTON AND W.
WECKERLE, Carbohydr. Res., 44 (1975) 227-240; J. GeLAs, Adv. Carbohydr. Chem. Biochem.,
39(1981)71-156.

20 Y. CHAPLEUR, J. Chem. Soc., Chem. Commun. (1983) 141-143; see also, R. TSANG AND B.
FRASER-RED, J. Chem. Soc., Chem. Commun. (1984) 60-62.

21 A.W.BURGSTAHLER AND M. O, ABDEL-RAHMAN, J. Am. Chem. Soc., 85 (1963) 173-180.

22 K. OHLE AND E. DICKHAUSER, Ber. Ditsch. Chem. Ges., 58 (1925) 2590-2592.

23 L. M, LERNER, B, D. KonN, AND P. KoRN, J. Org. Chem. 33 (1968) 140-142.

24 W. A, AsBUN AND S. B. BINKLEY, J. Org. Chem., 33 (1968) 140-142,

25 J.S. BRIMACOMBE AND L. C. N. TUCKER, Carbohydr. Res., 2 (1966) 341-348.



