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Abstract: The regioselectivity of the reductive opening of cyclopropylogous a-hydroxy carbonyl
compounds using Sml, in THF or THF-HMPA was studied and shown to depend strongly on the
substrate. In some cases, a tandem cyclopropyl opening-deoxygenation reaction afforded the
corresponding y-keto alkenes in one step. @ 1998 Published by Elsevier Science Lid. All rights reserved.

In the course of a study on the synthesis of taxanes, we wanted to generate a structure of the type 1 from a
bicyclic system 2, by a process involving the regioselective breaking of a carbon-carbon bond of the
cyclopropanc ring and the elimination of the tertiary hydroxyl group to establish the double bond of the

cyclohexene ring (Scheme 1).

Scheme 1

Various conditions have been reported to cleave the cyclopropane ring of cyclopropyl ketones. Lithium in
liguid ammonia.! catalytic hydrogenation,? tributyltin hydride,3 photochemical hydrogen transfer’ and
samarium(I1) jodide® have been used for that purposc.

In the context of taxanes synthesis, three reports describe the access to models of the bicyclic [A.B] system
that make usc of the cleavage of a cyclopropyl ring (which in these examples was not substituted by the two
methy! groups), under oxydative,b acidic,? and photochemical condition.®

The reductive opening of cyclopropylogous a-haloketones by treatment with Sml, has been described ¥
Moreover, it is well known that Sml, also efficiently deoxygenates o-hydroxy ketones,'0 and thus seemed the
more convenient reagent to employ in our study. In this communication, we report the samarium(Il) iodide-
mediated ring opening of cyclopropylogous a-hydroxy carbonyl compounds.
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Two types of substrates were used: compounds 3a-c,!! which are cis-substituted (de > 90%) and do not
have a gem-dimethyl moiety, and compounds 7-10, that contain a bicyclo[3.1.0] system ring. The results of the
opening reactions are presented in the Table. They were performed in THF at room temperature, but when
ketones were used as substrates (entries 1,2,3,6,7), it was necessary to add HMPA (8-10 equjvalents) as a
co-solvent.12

Table : Reaction of Cyclopropylogous a-Hydroxy Carbonyl Compounds
with Sml, in THF or THF-HMPA

Entry Reactant™ Products (yields)
OH
R/U\ﬁ\OH R/U\/\/ + H/“\/\/\OH + R
3 4 5 6
1 3a (R = cyclohexyl) 4a (76%)
2 3b (R = (CH,);CH,) 4b (53%) + 5b (13%)+ 6b (20%)
3 3c (R = (CH,),Ph) 4c (47%) + 5¢ (15%)+ B¢ (31%)
4
&HO b< (600/0)
7
5
H
NS
gc HO 2§<¥ (51%)
8 12 CHO
6
HQO
(68%)
9 3(2 dtastereomers 70/30)
7
HO
&:N/YCSHH gji/\/YCSH” (80%)
(@] 0Sit-BuMes OSit-BuMes
10 (2 diastereomers: 55 / 45) 14 (4 diastereomers: 38/32/17 / 13)

a . .
Solvent: THF-HMPA (entrics 1,2,3,6,7); THF (entrics 4,5).
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The reaction of ketones 3 led to mixtures of homoallylic ketones 4, &-hydroxy ketones 5 and «-methyl
y¥hydroxy ketones 6 in variable amounts (entries 1,2,3). A suggested mechanism to account for these results

(scheme 2) invokes the formation of ketyl radical 15, which rearranges to either radical 16 (pathway a) or 18
(pathway b). A second equivalent of Sml, reduces this radical to the anion 17, which undergoes a B-elimination

of hydroxide, thus affording compound 4. Alternatively, protonation of 17 may lead to alcohol 5, while radical

18 is converted to alcohol 6.

17
@) 16
smio
Sml2 a ¢ i
3 — R)Nj]/\OH protonation X _
b
5 (\b)\\ Sml

')j.\rHL/ Sy, th

mly, then
OH
RN 6

protonation

18
Scheme 2

The observed regioselectivity is in good agreement with earlier studies by Davies and Pereyre!3 concerning
the opening of c¢is-2-methylcyclopropylcarbinyl radicals: of the two conformers A and B in which the singly
occupied p-orbital and one of the cyclopropane C-C bond overlap, conformer A is unfavored because of a strong

interaction between the hydroxymethyl and R' groups. Conformer B eventually leads to the radical 16 (Scheme

3).
HOH, HOH,
R’ R?
R2 E— . — = 16
A B

R!, R%Z = R, osm'"
Scheme 3

The reactions of bicyclic compounds 7-10 with samarium(Il) iodide proceed with a regioselectivity that
depends on the carbonyl group in the substrate, since aldehydes 7 and 8 lead to cyclohexenes 11 and 12,
respectively, while ketones 9 and 10 lead to cyclopentanols 13 and 14, which were obtained as mixtures of
diasterecomers (entries 4-7).

Two factors must be taken into account to explain these results: 1) In the first step of all these reactions, the
kety! radical generated is ¢is to one of the methyl groups, thus a disfavorable interaction may occur, as in the
former examples. 2) In the absence of such steric interaction. the C-C bond which will be broken is likely to be
the less substituted, according to several earlier works; this has been explained by Mariano and Bay using the
Frontier Molecular Orbitals theory. 1

Thus, ketyl radicals generated from the ketones 9 and 10 rearrange according to conformer 1) to give the
radical 20, because of the strong interaction between R* and the cis-methyl group in the conformer € (Schenwe

4. This interaction can be avoided in the reactions of aldehydes (in the conformer where R* = H); thus, in the
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case of aldehyde 7 (R’ = H), the less substituted C-C bond breaks to generate the radical 19. The same bond is

also cleaved in the reaction of aldehyde 8 although it is more substituted in that case (R* = C;H,).

OH RS
N\~ R2
R1

19

R', R2 = H or alky!, OSm""; R3 = H or alky!
Scheme 4

In conclusion, we have shown that samarium(Il) iodide mediates the ring opening of cyclopropylogous

o-hydroxy carbonyl compounds. The regioselectivity of the opening is strongly dependant of the substrate. In

several cases, a tandem cyclopropyl opening-deoxygenation reaction was observed, producing the corresponding

yketo alkenes in fair to good yields. This pathway may be of synthetic value in the access to taxanes.

+ Current address: Laboratoire de Synthése Asymétrique, Université Pierre et Marie Curie, 4 place Jussieu,

75005 Paris.
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