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A direct and highly stereoselective route to 1-aldo and 2-keto C-glycosides has been developed by using the
first example of Lewis acid induced generation of homoenolate ions from allylic ethers.

As part of our ongoing interest in the development of
new procedures for the preparation of C-glycosides'™ we
have recently explored reaction of olefins with per-
acetylated glycals. By this methodology 2/,3'-unsaturated
C-glycosides could be produced in good to excellent yields
with an high degree of stereoselectivity, allowing in ad-
dition the direct introduction of polyfunctional aglycons.
We have now turned out our attention to Lewis acid in-
duced reactions of allylic alcohols® in order to investigate
a straightforward preparation of 1-aldo and 2-keto C-
glycosides. _

This idea originates from the reaction of diacetyl L-
rhamnal (1) with 3-methyl-3-buten-1-ol (2)¢ (eq 1) in the
presence of SnCl, which shown clearly that activated
olefins reacted faster than alcohols with peracetylated
glycals. This result prompted us to examine analogous
reactions with derivatives of 2-methyl-2-propen-1-ol (4) in
order to investigate the possible direct introduction of a
propionyl synthon.
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Lewis acid induced addition of enolates to electrophilic
carbons occupies an important position in carbon—carbon
bonds formation. However despite recent progress in
homoenolate chemistry’® the generation of an homoeno-
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Table I. 'H NMR Chemical Shift and Coupling Constants
for the H-3 Protons of
7-0-Acetyl-4,8-anhydro-2(R,S)-C-methyl-2,3,5,6,9-penta-
deoxy-L-ribo-non-5-enose (6)

J, Hz
6 2,3 3,3 3,3 3,4
H-3a (R) 1.80 9.25 14.00 4.40
H-3b (R) 1.95 3.80 14.00 8.00
H-3a (S) 1.42 7940 14.30 3.35
H-3b (S) 2.15 6.02 14.30 10.30

late equivalent under Lewis acid catalysis has been to the
best of our knowledge never been communicated (Scheme
I). In this report we describe the first Lewis acid promoted
generation of an homoenolate equivalent from an allylic
silyloxy ether and its use for the preparation of higher
branched chain carbohydrates.?®

We first examined the condensation of L-rhamnal (1)
with 1-[(tetrahydropyranyl)oxy]-2-methyl-2-propene (5)
(eq 2). The reaction was carried out at -20 °C in meth-
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(8) For homoenolate from metalated allylic ether, see: (a) Evans, D.
A.; Andrews, G. C.; Buckwalter, B. J. J. Am. Chem. Soc. 1974, 96, 5560.
(b) Still, W. C.; Macdonald, T. L. J. Am. Chem. Soc. 1974, 96, 5561.

(9) For Pd(0)-assisted aromatic substitution using allylic alcohol, see:
(a) Heck, R. F.; Melpolder, J. B. J. Org. Chem. 1976, 41, 265. (b) Chalk,
A. J.; Magennis, S. A. J. Org. Chem. 1976, 41, 273.

(10) For recent publication on higher carbon sugars, see: Brimacombe,
J. 8.; Kabir, K. M. S.; Bennett, F. J. Chem. Soc., Perkin Trans. I 1986,
1677.
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Figure 1. Contour plot of a high-resolution COSY for 6. The
1D 300-MHz 'H NMR spectrum is shown above.

ylene chloride using 1 equiv of SnCl, and 1.2 equiv of 5.
After 5 min the starting material completely disappeared,
and a more polar compound reacting positively with 2,4-
dinitrophenylhydrazine was identified. The reaction was
quenched with aqueous sodium hydrogen phosphate so-
lution then extraction with ether and flash chromatogra-
phy!! afforded the C-glycoside 6.

The presence of an aldehyde was dictated by the char-
acteristic 300-MHz 'H and *C NMR spectra of 6 con-
sisting of resonances at é§ 9.67 (d, 1 H, J = 1.7 Hz) and
194.73 (d). Olefinic signals at § 5.77-5.85 assigned to H-5
and H-6 indicated the regioselective addition of the ho-
moenolate ion at C1. The two multiplets at 6 3.83 (dq, 0.6
H,J = 5.4 and 7 Hz) and 3.85 (dq, 0.4 H,J = 4.8 and 7
Hz) were assigned to the H-8 proton. The Jgo coupling
constants (J = 4.8 and 5.4 Hz) indicated!? that the al-
kylation has occurred from the « side. In addition the
NMR integration suggests the presence of a 3:2 mixture
of 2R and 2§ L-ribo enoses. Confirmation of this hy-
pothesis was obtained from the examination of the C-2
methyl signals and by the study of the *C NMR decoupled
spectrum which revealed the presence of twin signals.

The stereochemistry at C-2 was deduced from the 'H
1D and 2D spectra. Examination of the COSY spectrum
(Figure 1) indicates closely that the H-3 methylene signals
at 5 1.80 (ddd, 0.4 H) was correlated to the resonance at
1.95 (ddd, 0.4 H) while the protons at § 1.42 (ddd, 0.6 H)
and 2.15 (ddd, 0.6 H) are coupled to each other. Decou-

(11) Still, W. C.; Kahn, M.; Mitra, A. J. Org. Chem. 1978, 43, 2923.
(12) Achamanowitz, O.; Bukowski, P. Rocz. Chem. 1973, 47, 99 and ref
3d.
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pling experiments provide complete coupling informations
as summarized in Table I.

For the minor isomer the small chemical shift difference
between H-3a and H-3b reflects a similar magnetic envi-
ronment. This small difference would only be anticipated
for the 6R isomer with a syn relationship between the
C2-C3 and the C4-C5 bond. In this configuration, con-
sistent with the J,3 and J; 4 coupling constants, the an-
isotropic effect of both the pyran oxygen and the C1
carbonyl could combine to create the similar environment
experienced by H-3 protons (Chart I, a). For the 6S
isomer the large chemical shift difference between H-3a
and H-3b reflects a severe difference in their magnetic
environments and suggested an eclipsed conformation,
with the carbonyl close to the H-3b proton, confirmed by
the value of the ;3 coupling constants (Chart I, b).

The assigned structures were ascertained in the following
manner (Scheme II). C-Glycoside 6 was first treated with
sodium borohydride (MeOH, 10 equiv, 15 min, 0 °C, 76%).
Examination of the 300-MHz NMR spectra indicates the
presence of a primary alcohol at C1 (6 3.35 and 3.45, (d,
H-1)) and an acetyl signal at & 2.1, consistent with the
chemoselective reduction of the aldehyde. Tosylation
(TsCl, 1.2 equiv, pyridine, room temperature) of alditol
7 for one night afforded the 1-tosyloxy derivative 8 in 80%
yvield. Reduction of 8 using lithium tri-sec-butylboro-
hydride (L-Selectride, Aldrich) produced the isopropyl
C-glycoside 9 (3 equiv, room temperature, 1 h, 82%).
Examination of the 'H NMR spectra®® revealed now only
one signal for the H-9 methyl at 6 1.28 (d, 3 H, J = 6.3 Hz,
H-9) and two multiplets at 6 1.27 (ddd, 1 H, J = 4.6, 8.3

(13) 4,8-Anhydro-2-C-methyl-1,2,3,5,6,9-hexadeoxy-L-ribo-non-5-
enitol (9): 'H NMR & 04and106(2d 2X 3H,J =6.7Hz H-1and
H-2),1.27 (ddd, 1 H, J = 4.6, 8.3, and 15 Hz, H-3), 1.28(d,3H,J=86.3
Hz, H-9), 1.63 (ddd, J 6, 9.5, and 15 Hz, H-3),1.68 (brd, 1 H,J =
5.9 Hz, OH), 1.81 (ddq, 1 H, J = 5.8, 6.7, and 8.3 Hz, H-2), 3.67 (dqg, 1
H, J = 6.2 and 6.3 Hz, H-8), 3.7. (ddd,lH J =5.9,6.2, and 6.3 Hz, H-7),
418(ddd 1H,J=2,46,and 9 5Hz,H4)578(m,2H H5andH-6),
18CNMRle736(q,09), 21.98 and 23.13 (q, C-1 and C-2%), 24.75 (d, C-2),

C-
42.16 (t, C-3), 68.31 (d, C-8 ) 69.40 (d, C-8), 69.40 (d, C-7), 70.16 (d, C-4),

127.19 (d, C-6), 132.18 (d, C-5).
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Table II. Effect of Various Lewis Acids on the Addition of
5 to L-Rhamnal 1

acid equiv T, °C yield, %
AICLEt 1 -30 poor
AlCl,Me 1 -30 poor
SnCl, 1 =30 poor
SnCl, 1 0—~RT trace
BF,,EtO 1 -30 15
TiCl, 1 -30 very poor
TiCl, 1 0—RT
ZnCl, 1 RT 15
ZnBr, 1 0—RT 38
FeCl,;/Si0, 1 RT 38
Znl, 1 RT O-glycoside
MgBr, 1 RT O-glycoside
TMSOT( 1 =70 poor

¢RT = room temperature.

Table III. Condensation of Various 2-Methyl-2-propenyl
Ethers with L-Rhamnal 1 in the Presence of Zinc Bromide

compd R yield, %
4 H 29
5 tetrahydropyranyl 38
11 . 66
12 +4 84
13 82
H-si

and 15 Hz, H-3) and 1.63 (ddd, J = 5.6, 9.5 and 15 Hz,
H-3), indicating the presence of a single product. Homo-
geneity of 9 was confirmed by the '*C NMR decoupled
spectra which showed a single peak for each nucleus.

Epozxidation of the alkyl C-glycoside using MCPBA
yielded the 2,3-epoxy C-glycoside 10. Measurement of the
Jy5 = 3.2 Hz and Jg; = 2.2 Hz coupling constants'4 dem-
onstrated the syn relationship of the H-4, H-5, H-6, and
H-7 protons!® thus confirming the & configuration for the
aldo C-glycoside 6.

In order to improve the yield various parameters were
studied. First the effect of several Lewis acids were ex-
amined. From Table II it could be seen that zinc bromide
was the most efficient catalyst. Ferric chloride absorbed
on silica gel gave also good results but led to side products
on larger scale. Variation of the protecting group had a
marked effect upon reaction yields. Among various pro-
tecting groups tert-butyldimethylsiloxane!® and thexyl-
dimethylsiloxane!” were found to be the more attractive
derivatives affording the aldo C-glycoside 6 in an excellent
yield (Table III).

Condensation of 1-[(thexyldimethylsilyl)oxy]-2-
methyl-2-propene (13) with several glycals was examined.
In each case (Table IV) the 4-a-aldo derivative was ob-
tained with yields up to 80%. Furthermore the conden-

(14) 5,6:4,8-Dianhydro-2-C-methyl-1,2,3,9-tetradeoxy-L-allo-non-
5-enitol (10): 'H NMR 6 0.94 and 0.95 (2d, 2 X 3 H, J = 6.5 Hz, H-1
and H-2), 1.19 (d, 3 H, J = 6.2 Hz, H-9), 1.41 (ddd, 1H J =54, 77 and
134Hz,H3),17 (ddd 1H,J=6,88, and134Hz,H3) 176(ddq 1
H,J =8, 6.5, and77Hz,H2) 345(dd 1H, J = 3.2 and 4.4 Hz, H-5),
348(m,2H H-6 and H-8),3.58 (dd, 1 H,J = 22and77Hz,H7) 4.05
(ddd, 1 H, J = 8.2, 5.4, and 8.8 Hz, H4),13CNMR61754(q,CQ),2239
and 23.12’ (q,C- 1 and C- 2/), 245(d C-2), 38 (t, C-3), 54.4 (d, C-5), 58.44
(d, C-6), 66.90 (d, C-8), 67.69 (d, C-7), 70.72 (d, C-4).

(15) Buss, D. H.; Hough, L.; Hall, L. D.; Manville, J. F. Tetrahedron
1965, 21, 69.

(16) Corey, E. J.; Venkateswarlu, A. L. J. Am. Chem. Soc. 1972, 94,
6190.

(17) Wetter, H.; Oertle, K. Tetrahedron Lett. 1985, 26, 5515.
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Table IV. Reaction of Peracetylated Glycals with
Thexyldimethylsiloxanes 13 and 20

thexyldi-
methyl- yield, %
glycals siloxanes C-glycosides (S/R)
%o - % 82 (3/2)
AcO | AcO
{_/) osn-H -<;)->70Ho
Aco\\
1 13 6
AcO o 13 AcO o 81 (3/2)
AcOlin / Aco;z;)-lll
>—cno
AcO
14
0 13 C ’ 96 (2/1)
AcO i / AcOlin iy
; ‘}—cno
AcO
16 17
o 13 0, 77 (2/1)
N = —CHO
Aco\\
18 19
%0 />_< %, 61 (1/1)
o}
ol M =y
Aco\\
20
1 21
AcO 20 AcO 57 (1/1)
o} 0
AcO s / Acobun 20
AcO
14

Scheme III

sation of 13 with peracetylated glycals induced some se-
lectivity at C2. Thus reaction of di-O-acetyl-L-thamnal 1
and tri-O-acetyl-D-glucal 14 with 13 afforded a 3:2 ratio
of S and R derivatives. Addition of 13 with di-O-acetyl-
Dp-xylal 16 and di-O-acetyl-L-xylal 18 gave a 2:1 mixture of
C2 S and C2 R isomers.

Our process was extended to secondary siloxanes. Thus
reaction of di-O-acetyl-L-rhamnal 1 with 2-[(thexyldi-
methylsilyl) oxy]-3-methyl-2-propene (20) under zinc
bromide catalysis gave rise to a 1% yield of 8-O-acetyl-
5,6-anhydro-3(R,S)-C-methyl-1,3,4,6,7,10-hexadeoxy-L-
ribo-dec-6-enulose (21). The presence of a terminal methyl
ketone was indicated by the three-proton 51gna1 at § 2.1
and by the C-2 resonance at § 207.36. Once again the Jg,
= 4,38 and 5.83 Hz coupling constant indicated that the
addition has stereoselectively occurred from the « face. In
the same fashion condensation of 20 with tri-O-acetyl-D-
glucal 14 gave rise to a 57% yield of ketose 22.



5694 J. Org. Chem., Vol. 52, No. 26, 1987

In each reaction the transitory formation of O-glycosides
could be detected. The amount of O-glycoside depends
clearly on the stability of the silyloxy ether and suggested
the mechanism indicated in Scheme III. The reaction
could be depicted in term of an equilibrium between the
carbonium ion and the O-glycoside displaced by the irre-
versible formation of the carbon—carbon bond.

Experimental Section

Melting point are uncorrected. Proton and carbon NMR
spectrum were obtained with a Bruker MSL 300 spectrometer
with CDClj; as solvent and Me,Si as internal standard. Homo-
nuclear chemical shift correlation (COSY) experiments were
carried out by using furnished software. Experiments (512) of
16 transients were recorded. The relaxation delay was 1 s, and
the digital resolution along both axes was 1.47 Hz/point. Mi-
croanalysis were performed by the Laboratoire Central de Mi-
croanalyse du CNRS, Vernaison, France. Zinc bromide was
purchased from Aldrich Chemical, and transfer was made under
nitrogen using a glovebox. Thexyldimethylsilyl chloride and
thexyldimethylsilyl ether were prepared according to ref 17.
Dichloromethane was distilled from calcium hydride.

General Procedure for 1-Aldo and 2-Keto C-Glycosides.
A flame-dried 100-mL round-bottom flask was filled under ni-
trogen with dry zinc bromide (4.5 g, 40 mmol) and dichloro-
methane 25 mL. Then a solution of peracetylated glycal (40 mmol)
and thexyldimethylsilyl ether (1-1.3 equiv) in dichloromethane
(20 mL) was added dropwise (0.5-2 h) at 0 °C. The resulting
brown suspension was stirred for 30 min and then poured into
a mixture of saturated sodium hydrogen phosphate (25 mL) and
diethyl ether (50 mL). The organic phase was separated, and the
aqueous layer was extracted with diethyl ether (2 X 25 mL). The
combined extracts were washed successively with saturated sodium
bicarbonate (25 mL) and brine (25 mL) and then dried (MgSO,).
Removal of the solvent under reduced pressure and then flash
chromatography in the indicated solvents furnished the C-
glycosides.

7-0-Acetyl-4,8-anhydro-2(R,S)-C-methyl-2,3,5,6,9-penta-
deoxy-L-ribo-non-5-enose (6): 82% (pentane—ether, 9:1); [«]’,
-88° {c 0.1, CHCly); '"H NMR 6 1.15 (d, 1.8 H, J = 7 Hz, H-2’ (S)),
1.18 (d, 1.2 H, J = THz, H-2' (R)), 1.2 (d, 3 H, J = 7 Hz, H-9),
1.42 (ddd, 0.6 H, J = 3.35, 7.4, and 14.3 Hz, H-3 (9)), 1.8 (ddd,
04 H, J = 4.4,9.25, and 14 Hz, H-3 (R)), 1.95 (ddd, 0.4 H, J =
3.8, 8, and 14 Hz, H-3 (R)), 2.08 (s, 3 H, MeCO), 2.15 (ddd, 0.6
H, J =6.02, 10.3, and 14.3 Hz, H-3 (S)), 2.6 (m, 1 H, H-2), 3.83
(dq, 0.6 H, J = 5.4 and 7 Hz, H-8), 3.85 (dq, 0.4 H, J = 4.8 and
7 Hz, H-8), 4.25 (m, 1 H, H-4), 4.85 (m, 0.4 H, H-7), 4.9 (m, 0.6
H, H-7), 5.77-5.87 (m, 2 H, H-5 and H-6),9.67 (d,1 H, J = 1.7
Hz, H-1); 1°*C NMR 4 13.7 and 13.78 (q, C-2’), 16.84 and 16.92 (q,
C-9), 21.14 and 21.23 (q, MeCOO), 34.17 and 34.42 (t, C-3), 43.83
(d, C-2), 67.47 and 67.73 (d, C-7), 69.69 (d, C-8), 69.69 (d, C-4),
123.37 and 123.78 (d, C-6), 133.2 and 133.43 (d, C-5), 170.64 (s,
MeCO0O0), 194.73 (d, C-1). The (2,4-dinitrophenyl)hydrazone: mp
138 °C (EtOH). Anal. Caled for C,sHyyN,O7: C, 53.20; H, 5.42;
N, 13.79. Found: C, 53.64; H, 5.47; N, 13.78.

7,9-Di-0 -acetyl-4,8-anhydro-2(R,S )-C-methyl-2,3,5,6-
tetradeoxy-D-ribo-non-5-enose (15): 81% (hexane—ethyl acetate,
8:2); [@]®p +85° {c 0.1, CHCl); ' HNMR 5 1.1 (d, 1.8 H, J = 7.1
Hz, H-2' (S)), 1.12 (d, 1.2 H, J = 7.3 Hz, H-2' (R)), 1.36 (ddd, 0.6
H, J = 3.13, 7.32, and 14.56 Hz, H-3' (S)), 1.75 (ddd, 0.4 H, J =
4.5, 9.6, and 14.6 Hz, H-3’ (R)), 1.85 (ddd, 0.4 H, J = 3.7, 7.75,
and 14.6 Hz, H-3' (R)), 2.02 and 2.03 (2 s, 2 X 3 H, MeC00), 2.12
(ddd, 0.6 H, J = 6.2, 10,75, and 14.56 Hz, H-3’ (S)), 2.6 (m, 1 H,
H-2), 3.85 (ddd, 1 H, J = 3.4, 6.45, and 6.45 Hz, H-8), 4.05 (dd,
1H,J = 3.4 and 12 Hz, H-9), 4.15 (dd, 1 H, J = 6.45 and 12 Hz,
H-9), 4.3 (m, 1 H, H-4), 5.1 (m, 1 H, H-7), 5.75 (ddd, 1 H, J =
2.2,2.2, and 10.3 Hz, H-6), 5.82 (ddd, 1 H, J = 1.2, 2.2, and 10.3
Hz, H-5),9.7 (d, 1 H, J = 1.7 Hz, H-1); ¥*C NMR 5 13.64 (q, C-2),
20.75 and 21.07 (q, MeCOOQ), 33.79 (t, C-3), 42.95 and 43.78 (d,
C-2), 62.59 (t, C-9), 64.83 (d, C-7), 69.16 (d, C-8), 69.49 and 69.69
(d, C-4), 123.76 and 123.78 (d, C-6), 132.78 and 132.99 (d, C-5),
170.35 and 170.73 (s, MeCO), 204.06 (d, C-1). Anal. Calcd for
C1sHy0g: C, 59.16; H, 7.04. Found: C, 58.91; H, 7.19.

7-0-Acetyl-4,8-anhydro-2(R,S)-C-methyl-2,3,5,6-tetra-
deoxy-D-erythro-oct-5-enose (17): 96% (hexane—ethyl acetate,

Herscovici et al.

8:2); [«]}®p +158.33° (¢ 0.1, CHCly); 'H NMR 4 1.10(d, 2 H, J
=T7.1Hz H-2' (S)),1.12(d, 1 H, J = 7.25 Hz, H-2’ (R)), 1.38 (ddd,
0.66 H, J = 3.26, 7.5, and 14.14 Hz, H-3 (9)), 1.64 (ddd, 0.33 H,
J = 3.9, 898, and 14.29 Hz, H-3 (R)), 1.90 (ddd, 0.33 H, J = 3.57,
8.3, and 14.29 Hz, H-3 (R)), 1.98 (ddd, 0.66 H, J = 5.94, 10, and
14.14 Hz, H-3 (9)), 2 (s, 3 H, MeCO0O0), 2.6 (m, 1 H, H-2), 3.42
(dd, 0.33 H, J = 6.7 and 11.6 Hz, H-8 (R)), 3.45 (dd, 0.66 H, J
= 6.4 and 11.7 Hz, H-8 (S)), 3.99 (dd, 0.33 H, J = 4.9 and 11.6
Hz, H-8 (R)), 4 (dd, 0.66 H, J = 4.6 and 11.7 Hz, H-8 (9)), 4.23
(br,dd, 1 H, J = 3.26 and 10 Hz, H-4), 5.2 (m, 1 H, H-7), 5.82
(m, 2 H, H-5 and H-6), 9.51 (d, 1 H, J = 1.8 Hz, H-1); 13C NMR
5 13.56 and 13.98 (q, C-2), 20.92 (q, MeCOO0), 34.55 and 34.94
(t, C-3), 42.44 and 43.17 (d, C-2), 64.56 (t, C-8), 64.75 (d, C-7),
71.21 (d, C-4), 124.56 and 124.86 (d, C-6), 133.51 and 133.76 (d,
C-5), 170.31 (s, MeCOO), 195.62 (d, C-1). Anal Caled for
C11H160,0.5H,0: C, 58.73; H, 7.69. Found: C, 60.29; H, 7.40.
7-0-Acetyl-4,8-anhydro-2(R,S)-C-methyl-2,3,5,6-tetra-
deoxy-L-erythro-oct-5-enose (19): 77% (hexane—ethyl acetate,
8:2); [@]®p -135° (¢ 0.1, CHCl,); 'THNMR 6 1.15 (d, 2 H, J = 7.1
Hz, H-2’ (8)), 1.17 (d, 1 H, J = 7.2 Hz, H-2' (R)), 1.45 (ddd, 0.66
H, J = 3.30, 7.5, and 14.40 Hz, H-3 (S)), 1.65 (ddd, 0.33 H, J =
3.9, 8.98, and 14.50 Hz, H-3 (R)), 1.95 (ddd, 0.33 H, J = 3.60, 8.36,
and 14.50 Hz, H-3 (R)), 2.04 (overlapped m, 0.66 H, H-3 (S)), 2.06
(s, 3H, MeCO0O0), 2.6 (m, 1 H, H-2), 3.48 (dd, 0.33 H, J = 6.8 and
11.5 Hz, H-8 (R)), 3.53 (dd, 0.66 H, J = 6.3 and 11.5 Hz, H-8 (S)),
4 (dd, 0.33 H, J = 4.8 and 11.5 Hz, H-8 (R)), 4.01 (dd, 0.66 H,
J = 4.9 and 11.5 Hz, H-8 (9)), 4.23 (m, 1 H, H-4), 5.18 (m, 1 H,
H-7), 5.85 (m, 2 H, H-5 and H-6), 9.65 (d, 1 H, J = 1.8 Hz, H-1);
13C NMR 6 13.66 and 14.01 (g, C-2’), 21.08 (g, MeCO0), 34.54
and 34.95 (t, C-3), 42.51 and 43.25 (d, C-2), 64.57 (t, C-8), 64.80
d, C-7), 71.22 (d, C-4), 124.56 and 124.83 (d, C-6), 133.56 and
133.76 (d, C-5), 170.55 (s, MeCOO0), 195.48 (d, C-1). Anal. Caled
for C;;H,40,H,0: C, 57.39; H, 7.83. Found: C, 57.70; H, 7.34.
The (2,4-dinitrophenyl)hydrazone: mp 111.3 °C.
8-0-Acetyl-5,9-anhydro-3(R,S)-C-methyl-1,3,4,6,7,10-
hexadeoxy-L-ribo-dec-6-enulose (21): 61% (hexane-ethyl
acetate, 6:4); [a]®p —235 (c 0.1, CHClL;); '"H NMR 6 1.12 (d, 1.5
H,J =730 Hz, H-3 (5)), 1.16 (d, 1.5 H, J = 7.30 Hz, H-3’ (R)),
1.15(d, 1.5 H, J = 6.18 Hz, H-10 (S)), 1.18 (d, 1.5 H, J = 6.61
Hz, H-10 (R)), 1.37 (ddd, 0.5 H, J = 3.28, 6.12, and 14.21 Hz, H-4
(S)), 1.56 (ddd, 0.5 H, J = 3.98, 9.49, and 14.03 Hz, H-4 (R)), 1.95
(ddd, 0.5 H, J = 3.66, 9.28, and 14.03 Hz, H-4 (R)), 2.08 (s, 3 H,
MeCO0O0), 2.12 (m, 0.5 H, H-4 (S)), 2.18 and 2.19 (25,2 X 1.5 H,
H-1), 2.8 (ddq, 0.5 H, J = 6.12, 7, and 7.3 Hz, H-3 (S)), 2.85 (ddq,
0.5 H, J = 3.98, 7.3, and 9.28 Hz, H-3 (R)), 3.73 (dd, 0.5 H, J =
5.83 and 6.18 Hz, H-9 (S)), 3.87 (dd, 0.5 H, J = 4.38 and 6.61 Hz,
H-9 (R)), 4.08 (ddddd, 0.5 H, J = 1.09, 1.82, 2.2, 3.66, and 9.49
Hz, H-5 (R)), 4.15 (ddddd, 0.5 H, J = 1.09, 1.8, 2.2, 3.28, and 10.6
Hz, H-5 (S)), 4.83 (dddd, 0.5 H, J = 1.82, 2.20, 3.28, and 4.38 Hz,
H-8 (R)), 4.86 (dddd, 0.5 H, J = 1.82, 2.2, 3.28, and 5.83 Hz, H-8
(S)), .74 and 5.77 (2ddd, 2 X 0.5 H, J = 1.82, 3.28 and 10.23 Hz,
H-7), 5.82 and 5.87 (2ddd, 2 X 0.5 H, J = 1.09, 1.82, and 10.23
Hz, H-6); 1*C NMR 6 16.89 and 17.59 (q, C-3’ and C-10), 21.18
(q, MeCQO), 29.09 (q, C-1), 36 and 36.40 (t, C-4), 42.82 and 43.89
(d, C-3), 87.49 and 68.52 (d, C-9), 68.10 and 69.77 (d, C-5), 69.50
and 69.94 (d, C-8), 122.88 and 123.85 (d, C-6), 133.07 and 134.05
(d, C-7), 170.60 (s, MeCOO), 207.36 (s, C-2). Anal. Calcd for
CisHOs C, 64.98; H, 8.39. Found: C, 64.62; H, 8.44.
8,10-Di-O-acetyl-5,9-anhydro-3(R,S )-C-methyl-1,3,4,6,7-
pentadeoxy-D-ribo-dec-6-enulose (22): 57% (hexane—ethyl
acetate, 6:4); [«]?°p +80 (c 0.1, CHCl;); 'TH NMR 6 1.1 (4, 1.5 H,
J =7.2Hz, H-3' (8)),1.12(d, 1.5 H, J = 7.2 Hz, H-3 (R)), 1.37
(ddd, 0.5 H, J = 3.10, 6.60, and 14.40 Hz, H-4 (S)), 1.60 (ddd, 0.5
H, J = 3.1, 10.00, and 14.30 Hz, H-4 (R)), 1.93 (ddd, 0.5 H, J =
3.60, 9.20, and 14.30 Hz, H-4 (R)), 2.06 and 2.08 (25,2 X 3 H,
MeCOO), 2.14 (ddd, 0.5 H, J = 6.67, 10.89, and 14.4 Hz, H-4 (S)),
2.20 (s, 3 H, MeCO), 2.77 (ddq, 0.5 H, J = 6.60, 6.67, and 7.2 Hz,
H-3 (S)), 2.85 (ddq, 0.5 H, J = 3.1, 7.2, and 9.2 Hz, H-3 (R)), 3.80
(ddd, 0.5 H, J = 3.20, 6.00, and 6.70 Hz, H-9 (S)), 3.86 (ddd, 0.5
H, J = 3.8, 6, and 6.21 Hz, H-3 (R)), 4.03 (dd, 0.5 H, J = 3.2 and
12 Hz, H-10 (S)), 4.08 (dd, 0.5 H, J = 3.8 and 12 Hz, H-10 (R)),
4.17 (dd, 2 H, J = 6 and 12 Hz, H-5 overlapped with H-10), 5.05
(dddd, 0.5 H, J = 1.83, 2.19, 2.19, and 6.21, H-8 (R)), 5.11 (dddd,
0.5 H, J = 2.19, 2.19, 2.19, and 6.70, H-8 (S)), 5.77 (ddd, 0.5 H,
J = 2.19, 2.19, and 10.6 Hz, H-7 (S)), 5.78 (ddd, 0.5 H, J = 2.19,
2.19, and 10.6 Hz, H-7 (R)), 5.84 (ddd, 0.5 H, J = 1.83, 1.83, and
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10.6 Hz, H-6 (S)), 5.89 (ddd, 0.5 H, J = 1.83, 2.19, and 10.6 Hz,
H-6 (R)); C NMR 5 17.43 (q, C-3), 20.66 and 20.92 (g, MeCOO),
28.87 (q, C-1), 35.5 and 35.61 (t, C-4), 42.86 and 43.86 (d, C-3),
62.46 (t, C-10), 64.88 (d, H-8), 68.92 (d, C-9), 70.75 (d, C-5), 123.26
and 123.97 (4, C-7), 132.61 and 133.46 (d, C-6), 170.16 and 170.46
(s, MeCO), 207.98 (s, C-2). Anal. Caled for C,;H,04 C, 60.40;
H, 7.38. Found: C, 60.10; H, 7.59.
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The hydrogenation of organic compounds with rare-earth intermetallic hydrides has been investigated. Alkynes,
alkenes, aldehydes, ketones, nitriles, imines, and nitro compounds are hydrogenated in excellent yields with LaNigHg
or LaNi, sAly ;H; at 0-60 °C. The present hydrogenation method has the following characteristic features. (1)
The intermetallic compounds (alloys) are not poisoned by compounds containing an amino group or a halogen
atom. (2) The alloys can be used repeatedly without decrease in activity. (3) The reaction conditions are mild,
and selective hydrogenations of some organic functional groups can be achieved. The reaction mechanism of
this hydrogenation is briefly discussed in terms of stereochemistry and H/D exchange reactions.

Rare-earth intermetallics (alloy) such as LaNi;, PrCo;,
and SmCo; absorb large quantities of hydrogen rapidly and
reversibly under mild conditions, and hence they possess
a high potential for uses as hydrogen storage substances.
These classes of alloys are currently receiving considerable
attention, particularly from the standpoint of energy
storage, and their physicochemical characteristics have
been extensively studied.!

On the other hand, relatively less attention has been
paid to the utilization of these alloys in chemical reactions
as reagents and catalysts. The works reported hitherto are
mostly concerned with the kinetic investigation on the
hydrogenation activity of the alloys from a physicochemical
point of view.2 The substrates used in the previous in-
vestigations are limited to several selected model com-
pounds such as carbon monoxide, ethylene, butadiene, and
acetonitrile.] Consequently, there have been little pre-
cedent investigations directed toward the practical utili-

(1) For reviews, see: Wallace, W. E. Rare Earth Intermetallics; Aca-
demic: New York, 1973. Reilly, J. J.; Sandrock, G. D. Sci. Am. 1980, 242,
118. Snape, E.; Lynch, F. E. CHEMTECH. 1980, 10, 578, 768. Sandrock,
G. D.; Huston, E. L. Ibid. 1981, 11, 754. Wenzl, H. Int. Met. Rev. 1982,
27, 140.

(2) Coon, V. T.; Takeshita, T.; Wallace, W. E.; Craig, R. S. J. Phys.
Chem. 1976, 80, 1878. Takeshita, T.; Wallace, W. E,; Craig, R. S. J. Catal.
1976, 44, 236. Soga, K.; Imamura, H.; Ikeda, S. Nippon Kagaku Kaishi
1977, 1304. Atkinson, G. B.; Nicks, L. J. J. Catal. 1977, 46, 417. Luengo,
C. A.; Cabrera, A. L.; MacKay, H. B.; Maple, M. B. J. Catal. 1977, 47,
1. Barrault, J.; Duprez, D.; Percheron-Guégan, A.; Achard, J. C. J.
Less-Common Met. 1983, 89, 537.

(3) Soga, K.; Imamura, H,; Tkeda, S. Chem. Lett. 1976, 1387. Soga, K.;
Imamura, H.; Ikeda, S. Nippon Kagaku Kaishi 1977, 1299. Soga, K,;
Imamura, H.; Ikeda, S. J. Phys. Chem. 1977, 81, 1762. Soga, K.; Imamura,
H.; Ikeda, S. Nippon Kagaku Kaishi 1978, 923. Soga, K.; Sano, T;
Imamura, H.; Sato, M.; Ikeda, S. Ibid. 1978, 930. Shimada, H.; Wakao,
S. Proc. Fac. Sci., Tokai Univ. 1978, 131. Soag, K.; Sano, T.; Sato, M.
Ikeda, S. J. Phys. Chem. 1979, 83, 2259. Soga, K.; Imamura, H.; Ikeda,
S. J. Catal. 1979, 56, 119. Imamura, H.; Tsuchiya, S. J. Chem. Soc.,
Chem. Commun. 1981, 567. Imamura, H.; Tsuchiya, S. J. Catal. 1981,
72, 383.
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zation of these alloys in organic synthesis.

In our continuing study on the utilization of lanthanoid
elements in organic synthesis,* we have been interested in
the characteristic properties of the rare-earth intermetallics
and intended to utilize them in the reduction of organic
functional groups.?

Results and Discussion

Hydrogenation of Organic Functional Groups over
LaNizHg Our initial study was undertaken with the use
of lanthanum-nickel alloys (LaNis) which is one of the
representative rare-earth alloys. The hydrogen absorp-
tion/desorption pressure of this alloy is 1-2 atm at room
temperature, and it is capable of absorbing hydrogen up
to the composition represented by the formula LaNisHg.!
This intermetallic hydride is known to be pyrophoric and
often burns on contact with air. Therefore, we devised an
experimental procedure, by which experiments could be
carried out safely (see Experimental Section). By em-
ploying this procedure, we tried the reduction of many
organic functional groups. The results are summarized in
Table I.

Mono- and disubstituted olefins were hydrogenated at
around room temperature in essentially quantitative yields
(entries 1-6). The more highly substituted olefins were
virtually inert to these reducing conditions (entries 3 and
5).

Alkynes were also reduced to saturated compounds
under the similar conditions (entries 7 and 8). Semi-
hydrogenation of alkynes to (Z)-olefins was attempted at

(4) Imamoto, T.; Kusumoto, T.; Tawarayama, Y.; Sugiura, Y.; Mita,
T.; Hatanaka, Y.; Yokoyama, M. J. Org. Chem. 1984, 49, 3904. Imamoto,
T.; Takiyama, N.; Nakamura, K. Tetrahedron Lett. 1985, 26, 4763. Im-
amoto, T.; Takeyama, T.; Koto, H. Ibid. 1986, 27, 3243.

(5) A preliminary account of this work has appeared: Imamoto, T;
Mita, T.; Yokoyama, M. J. Chem. Soc., Chem. Commun. 1984, 163.
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