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ABSTRACT
R! R! Rl R!
. N
53 LiAIH 4 AN
R2 Et,0, +40 °C RzH\‘/
OH then H30+ OH

Cyclopropenylcarbinol derivatives are regio- and diastereoselectively reduced with LiAlH, in Et,0 into trans-cyclopropylcarbinols as a single
isomer. The regioselectivity of the hydroalumination reaction on the cyclopropenyl ring has been mapped out by deuterium labeling experiments.

The directed cyclopropanation of acyclic allylic alcohols with by a diastereoselective cyclopropanation of silyl-protected

halomethylmetal reagents such as zinc, samarium, or alu-chiral allylic alcohol§ with use of Shi's zinc carbenoid
minum carbenoids is nowadays a well-known process, and(Scheme 1§.
many reagents and reaction conditions are known to lead to

cyclopropylcarbinols with variable selectivitiéfnteractions
between the heteroatom functionality and the reagent usually

. . A Sch 1

precede the ensuing chemical transformatfoasgd in some R cheme
cases, very high syn selectivities were observed either for h/\/ci ICHaMetLn
(E)- or Z)-disubstituted chiral allylic alcohofsThe nature P Et R=H

. . . = Met = Zn, Sm, Al
of the carbenoid reagent used is extremely important for good syn:anti > 98:2
diastereoselectivity (i.e., EtZnGH Zn(CH.l),, and 1Zn- R R
(CHyl) gave different ratios for the same substratejow- @/f + /\/f
ever, the direct preparation of ttaati-cyclopropylcarbinol Ph B pry~ R

derivative with good diastereoselection is a much more

difficult task.
Some of these compounds are accessible by the reduction R =TBDMS OR
) canfi = 3 CF3C02ZnCHal
of the corresponding cyclopropyl ketohand more recently syn:anti = 3:97 S Ph/\/LEt
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carbenoids are mainly used, and only a few examples ar
therefore described for the cyclopropanation reaction with Scheme 3
unstable secondary and tertiary carbendi@n the other

hand, diastereoselection in the hydrometalation of acyclic RUR! ) R1\/R1
compounds is controlled by allyli homoallylic? and even R3 __Lﬂ“"t_o ‘. RS
more remote stereogenic cent&dloderate to high levels R? Etﬁo’ :%P R2/_\(
of anti selectivity are usually achiev&d® Therefore, we 1a-h OH en s 2a-h OH

thought that the diastereoselective reduction of cyclopro-
penylcarbinol! such asla—h (Scheme 2) should be an
cyclopropylcarbinol productgab but with only a moderate
anti selectivity (anti/syn 80/20; deduced from comparison
with an authentic sampléj.

Scheme 2
R! R
]
R jx CHBrg, NaOH X Br n-BuLi (2 equiv)
R! R?2 Cetrimide R2  Br Table 1. Diastereoselective Reduction of
X=Cl, Br /! g H20 . Cyclopropenylcarbinol intdrans-Cyclopropylcarbinol
R'R
ields
3 R3 H yie
R? R®_R°CHO entry pdt R?! R2 R3 dra (%)
R? Li
1a-h OH 1 la H CHxCHPh Et 80:20 85
2 1b H CHs Et 80:20 50
3 1c CH; CHs Et >98:2 86
interesting and powerful solution to the preparatiotrans 4 1d CH, CHs CHs T9g2 14
lopropylcarbinol derivatives > le CH. A et “op2 B
cyclopropy , : o 6 1f CHs H ¢-CeHus >982 75
Cyclopropenylcarbinolda—hare themselves obtainedin 7 14 cH, cH, CH,CH=CHEt >98:2 80

one chemical step in good to excellent isolated yields from g 1h CHs Si(CHa)s Et >98:2¢ 64
1,1,2-trihalogenocyclopropanes (prepared by reaction of ) N .

bsti d g. | hyl'dpdp' . (P ph b yf in th @ Diastereomeric ratio was determinedyand*3C NMR of the crude
supstituted vinyl halide derivatives with bromoform In the  reaction mixtureP Yields of isolated pure products after column chroma-
presence of a phase transfer catalyst such as cetrﬂ%\h@e) tography.¢ Diastereomeric ratio of thigans-cyclopropylcarbinol versus the

. - . secondary alcohol; ratio of the cis/trans cyclopropane itself is 40/60, see

a successive 1,2-dehalogenation rgactlop folloyved by ajey
halogen—lithium exchange and reaction with various alde-
hydes as described in Schemé32.

For correlation purposes, we have first reduced unsubsti- 5 the other hand. when the three-membered ring of the
tuted cyclopropenylcarbinoa,b (R* = H, R* = alkyl, see .y c|opropenylcarbinol has a geminal dialkyl group such as
Scheme 3 and Table 1, entries 1 and 2) with 1 equiv of j5 1c_p excellent diastereoselectivities are obtained as
LIAIH 4in E£O at +40°C.** Under these conditions, we wereé  jascribed in Table 1. entries 3 to8.
pleased to obtain in good chemical yields the expected | qeed, the reduction of the fully substituted cyclopro-
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Trans. 11986, 1845. 1_, entry 4_). The r_educed produed is obtained as a single
(13) (a) Baird, M. S.; Nethercott, Wletrahedron Lett1983,24, 605. diastereoisomer in good overall yield. On the other hand,
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Dalayymi, J. R Baird, M. STetrahedron Lett1088.20, 6147. (d) AL When Ris an aromatic group, the reduction also occurs but
Dulayymi, J. R.; Baird, M. STetrahedroril989 45, 7601. (e) Al-Dulayymi,
A. R.; Baird, M. S.J. Chem. SocRerkin Trans. 11994, 1547. (15) (a) Charette, A. B.; Lebel, H.. Org. Chem1995,60, 2966.
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the resulting vinyl aluminum species obtained before acidic  Considering that the deprotonation of the alcohol precedes
hydrolysis undergoes a ring fragmentation into polysubsti- the reduction and assuming that the reaction occurs intra-
tuted diené’ The cyclopropenylcarbinol can also bear three molecularly inducing the hydroalumination reaction on the

alkyl substituents as ifie (R> = H, Table 1, entry 5) or be  same face as the oxygen atom, the anti-diastereofacial

substituted by a secondary alkyl group (1%,=Rcyclohexyl, selectivity in the hydroalumination reaction of cyclopro-
Table 1, entry 6) without altering the diastereoselectivity of penylcarbinol derivatives involved a transition state with the
the reduction. smallest substituent at the preexisting stereogenic center

As the heat of hydrogenation for the conversion of (hydrogen) oriented “inside” over the face of the transition
cyclopropene to cyclopropane is ca. 54 kcal/mol and is state ring.
considerably larger than that for the conversion of ethylene Minimization of the A-1,3 straiff is therefore the main
to ethané?® the chemoselective reduction of the cyclopro- controlling element for the good diastereocontrol and then
penylcarbinol containing a (E) double bond such adgn the oxygen atom is oriented “outside” slightly (Houk’s
(Table 1, entry 7) has been investigated. The expeadid transition state modef) as described in Scheme 5.
cyclopropylcarbinol2g was obtained in good yield as a
unique isomer without any reduction of the external (E)
double bond. Finally, the silyl cyclopropenylcarbinbh, Scheme 5

treated under our experimental conditions, leads to the \/
expected adduct with an anti relationship between the
cyclopropyl and the secondary alcohol moieties but as a

mixture of trans and cis isomers on the silyl-cyclopropane

ring itself (trans/cis 60/40). The presence of these two

isomers came from the remarkably facile configurational

isomerization of 1-silyl-1-aluminocyclopropyl derivativés.

The regioselectivity of the hydroalumination reaction on

the cyclopropenyl ring has been mapped out by deuterium

labeling experiments. When LiAlpwas used as reducing Unfa.VOUfabl,e steric

agent followed by acid hydrolysislc and 1le led to the interaction

deuteriocyclopropanegc(d;) and 2e(d), respectively, as

unique isomers in good chemical yields as shown in Scheme Moreover, the presence of the geminal dimethyl group on

4. On the other hand, whebhc was treated with LiAIH the upper carbon of the cyclopropenyl moiety also has an

effect on the diastereoselectivity of the reduction (compare

entries 2 and 3, Table 1). Due to the short bond lengths of

the carbon—carbon bonds in the cyclopropene fingyn-
pentane interactions (between the R substituent at the

HaQ_ CHa Ha Hy preexisting stereogenic center and the methyl groups) have

g . HADs AV £t an important effect on the diastereoselectivity. In conclusion,
R Et20, +40 °C the diastereoselective reduction of polysubstituted cyclopro-
1c,e OH then HgO" oH i penylcarbinol with LiAlH, in EtO allows an easy and
gg 83 S:ﬁfg;(g")‘i);e?ggf % straightforward preparation afans-cyclopropylcarbinol as
a single isomer.

major product

H R3®

minor product

Scheme 4

LIAIHA H3 CH3

Et20, +40 °C
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OH

followed by deuterio methanolysi&c(a) is obtained as the
unique isomer. Therefore, both deuteriocyclopropylcarbinols
can be selectively prepared.
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cedures with a description 8H and**C NMR data. This
material is available free of charge via the Internet at
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