Tetrahedron Letters,Vol.29,No.12,pp 1379-1382,1988 0040~-4039/88 $3.00 + .00
Printed in Great Britain Pergamon Press plc
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Abstrnact : The stereochemistry of neduction of selected ketones by a variety of Com-
plex Reducing Agents (MCRA) has been investigated. The sefectivity depends on Zhe
nature of the CRA conatituents and principally on that of the metal salt.

In a previous publication,l we have shown that Complex Reducing Agents NaH-RONa—MXn
(x/y/z)* (MCRA, where M is a metal) easily prepared by simple mixing of a metallic salt, NaH and
an alcohol, are versatile and inexpensive reagents. We also found that addition of Me3SiC1 to a
MCRA gives aMCRASi(NaH—RONa—MMn—Me3SiCI (x/y/z/t))* and increases the reactivity and the selec-
tivity of these reagents. Thus, very highly regioselective reductions of a,B-insaturated carbonyl

derivatives were performed with ZnCRASi2 and NiCRASi.3

A very interesting problem concerns the stereoselective reduction of cyclic ketones,
for which a large number of reducing agents have been studied.4 Generally these reagents are
sophisticated and more expensive than our sodium hydride containing reagents. Some of the des-~
cribed reducing systems contain metal salt. However the influence of the nature of the metal

compound on the stereochemistry of the reduction has never been studied.

In the present note we report the first results showing that our reagents present
rather good stereoselectivities, variable with the nature of the metal salt. We also show that

the nature of the activating agent (RONa) may also have an influence.

Most of the results of the Table have been obtained with MCRASi. Unreported experiments

showed that the corresponding MCRA was less efficient,

For a given reagent, comparison of the ratios of the two alcohols formed as a function
of reaction time shows that Ni, Co and to a certain extent CdCRASis have the strongest propensi-

ty to isomerize the reaction products towards the most stable alkoxides.

We have verified that longer reaction times than the ones reported in the Table ledto no

further change on the products ratio.

*In this paper we have adopted the convention of ref.l. Thus a MCRASi (metal atom M specified)
3Si.CI will be abbreviated MCRASi (x/y/z/t)
where the molar ratio NaH/RONa/MXn/Me38101 (in that order) is equal to x/y/z/t.

prepared from NaH, RONa (alkoxide), metallic salt, and Me
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TABLE
O\ CRA) |ZCRASE (o) | CACRASL(@) | NiCRASL () | CoORASL () | MACRASE () | NiCRA (d,e)
nee (2 wiyy | anis | e | ennm | snnmy | win
e@m | o o025 o 3 o 2 o 18 2 2 0 3
1 Aot s 99 5 9 20 96 14 9% 12 22 39 97
ax/eq |24/76 20/80 | 70/30 63/37 | 45/55 38/62 | 61/39 61/39 | 80/20 80/20 | 25/75 6/94
t@m | o 0.5 o0.25 3 o 1 o 3 2 18 o 18
2 Mt s 99 12 9l 35 95 22 9 6 72 26 9%
cis/trans|29/71 30/70 | 47/53 58/42 | 56/44 41/59 | 56/44 54746 | 67/33 66/33 | 16/84 5/95
t@m [ o o025 o 3 o 2 o 1 2 18 o 18
3 Mgt e 9 10 9l 39 9 3 72 9 70 47 96
cis/trans|40/60 39/61 | 54/46 67/33 | 36/64 37/63 | 39/61 53/47 | 54/46 56/44 | 35/65 7/93
e@ | o 1 1 2 o 1 o 2 3 18 o 18
s MSr sz e 21 91 28 92 16 93 2 74 13 92
axfeq |33/17 83/17 | 86/14 89/11 | 60/40 63/37 | 51/49 25/75 | 83/17 90/10 | 35/65 1/99
t@m | o o025 o 18 o 1 o 2 4 18 o 18
5 MSe o e 1 50 50 97 21 95 8 63 42 90
endo/exo|5/15 87/13 | 99/1 98/2 | 36/64 33/67 | 66/34 49/51 | 95/5 97/3 | 41/59 10/90
e@ [ o 1 o 4 o 0.5 0.25 1 4 18 o 18
6 Mt a 9 5 9 57 95 53 63 1 25 28 98
endo/exo|92/8 95/5 | 84/16 92/8 | 92/8 89/11 | 77/23 65/35 | 75/25 62/38 | 88/12 25/75

T P gy

)
Ni(OAc)2

(c)
(d)
(e)

Reaction performed at 45°C in THF

Reaction performed at 63°C in THF

NiCRA prepared from the sodium alkoxide of 2,5-dimethylhexanediol.

ZnCRASi, CdCRASi, CoCRASi, MnCRASi were prepared from MCI2 ;s NiCRASi were prepared from




1381

Without Me,SiCl, replacement of AﬁONa by the sodium alkoxide of 2,5~dimethyl hexane-

3
diol led to the most isomerizing reagent, allowing the formation of the most stable alkoxide

in good to very good yields.

. . . - s D R .
Taking into account the behaviour of transition metal alkoxides, the observed isomeri-
zations can be interpreted as equilibrations due to B-eliminations, leading to the formation

of the starting ketone followed by reduction (Scheme).

I'Ml{"
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R R H MH" or MCRA R MH R o™

Scheme

In control experiments, we verified the formation of the corresponding ketones when

alcohols are added to NiCRA, NiCRASi and CoCRASi.

Obviously the B-elimination of the metal hydride camnot be put forward for isomeriza-
tions observed with CdCRASi. An equilibration by a Meerwein-Pondorff type reaction between the

unreacted ketone and the formed alkoxides seems much more probable.

Examination of the results obtained with 3,3,5-trimethyl cyclohexanone, norbornanone

and camphor shows that, like the usual reducing agents, CRAs are sensitive to steric hindrance.

More interesting are the results obtained with other ketones and with CRASis diffe-

ring only by the nature of the metallic salt, which can lead to dramatic changes.
Thus, the following trend of stereochemistry emerges :

- CRAs prepared from ZnCl2 and Ni(OAc)2 favour the formation of the most stable alkoxides

- CRAs prepared from Cd, Co and above all, Mn chlorides, favour the formation of the less stable
alkoxides. Unfortunately, yields with MnCRASi are sometimes rather low. Clearly, steric inter-
actions must not be the only parameter intervening during these reductions. For the present time

the results obtained cannot be explained.

Once again, these results show that CRAs are unusual reagents with interesting proper

ties opening new fields of investigationm.

General procedure

As previously described,z’3 CRASis were prepared under nitrogen by dropwise addition

of the alcohol in THF (10 ml) in a stirred mixture of NaH and an anhydrous metal salt (ZnCl
cdcl Ni(OAc)z, CoCl2 and MnC12) in THF (20 ml).

2’

2’
After stirring 2 hours at 65°C, the temperature was adjusted if necessary and Me3SiCI

in THF (10 ml)) was then added. After 15 min stirring, the substrate (10 mmol) in THF (10 ml)

and the adequate internal standard (CIZ_C16) was added over a period of 2-3 min. The reaction
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was monitored by GC analysis of small aliquots by comparison with authentic alcohols using a
Girdel 300 chromatograph (flame ionization) equipped with 50 m Carbowax 20 M capillary column.
After completion of the reaction, the excess of NaH was carefully destroyed by dropwise addi-
tion of a cold 20 % solution of HC1l (50 ml)., The organic phase was filtered, and dried over
magnesium sulfate. After removing of the solvent, the product was isolated by flash chromato-
graphy on a silica column and characterized by direct comparison (GC, 1H NMR, IR) with authen-

tic samples.
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