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ABSTRACT

1) BrCH,CO,Me
o cat. RhCI(PPhy),

Et,Zn, DCE e D\*"(\;{COZMe
Re R N R

2) ICH,CI

A one-pot Reformatsky/cyclopropanation sequence induced by diethylzinc allows the transformation of w-unsaturated ketones and aldehydes
to e-cyclopropyl alcohols.

Synthetic organic chemistry has developed several highly transfer reactions, olefin hydrogenations, and isomerizations
efficient procedures that allow the preparation of complex has led to several examples where combinations of these
molecules with excellent regio-, chemo-, diastereo-, and transformations provide efficient entries into useful prodéicts.
enantioselectivity. In general, in a traditional step-by-step  Sequential reactions can also be achieved by using com-
approach, each intermediate needs to be purified. Today, itpatible catalysts when they are able to perform reactions with
is not a question of what we can synthesize but how we candifferent rates. Recently, we have demonstrated that a one-
do it, and the increase in efficiency has to be taken into pot cross-metathesis/hydrogenation/lactonization reaction
consideration as well as the amount of labor and purification. could take place between an olefin andafi-unsaturated
“Domino” or “cascade” reactions are attractive in organic carbonyl compound in the presence of ruthenium alkylidene
synthesis, as several bonds are formed in one sequence andomplexes and PtOunder 1 atm of hydrogehAnother
structural complexity increases during the process. The attractive process is a one-pot procedure induced by one
example of biomimetic ring closure of steroids from squalene reagent. Here, we report that a one-pot Reformatsky/cyclo-
epoxide, which was transformed selectively into lanostérol, propanation sequence can be performedwennsaturated
has been used as a method for the synthesis of progesterone ketones to produce-cyclopropyl alcohols by using the same
Anionic, cationic, radical, or pericyclic reactions or transition reagent, diethylzinc (gZn) (Scheme 1).
metal-catalyzed reactions can be implied in “domino”
reactions. [
The development of two or more sequential reactions, Scheme 1
mediated by the same catalyst precursor, is a particularly BrCH,CO,Me

attractive process. For example, the ability of Grubbs’ cata- ? RhCIPPhg)s / EtpZn D\":x‘COZMe
lysts to function as a catalyst for olefin metatheses, atom R\%\(")%LR' n R

then ICH,CI
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of zinc into the halogercarbon bond, efforts have been for 9 h; then, the temperature was raised tt0) and after
focused on the activation of zinc. Recently, it has been shown 3 h, the reaction was left at room temperature for 16 h. Under
that aromatic and aliphatic aldehydes reacted smoothly with these conditions, compoui2dvas isolated in only 10% yield
methyl bromoacetate in the presence of the Wilkinson’s and the desired cyclopropyl alcoh®was obtained in 79%
catalyst and diethylzinc to givg-hydroxyesters in good vyield (Scheme 3). By applying a one-pot Reformatsky/
yields” Diethylzinc can also react with chloroiodomethane cyclopropanation sequence to endnave obtained a much
in dichloroethane to produce (chloromethyl)ethylzinc, which better yield of3 than when the two reactions were performed
is the precursor of the carbene intermediate for cyclopropa- separately (79 vs 57%). It is worth noting that the cyclo-
nation® The use of diethylzinc as a common reagent to propanation can be performed in a reverse mode, as usually
achieve a tandem Reformatsky/cyclopropanation reaction ofthe substrate is added to the carb&ne.
w-unsaturated aldehydes and ketones was envisaged.

Before achieving the tandem Reformatsky/cyclopropana—_
tion one-pot sequence, we had to verify that the Reformatsky S

. . . L cheme 3

reaction could take place in dichloroethane, which is the
solvent used for the cyclopropanation. After treatment of a 1) BreH,CO,Me FOzMe foaMe

2 t. RhCI(PPh3) \/\X
ca
solution of enonel in dichloroethane (DCE) at 6C with S 2 RICER s, V/\X

methyl bromoacetate (1 equiv) and,Bh (2 equiv) in the 1 EtZn,DCE,0°C, 0.5h

presence of the Wilkinson’s catalyst [RhCI(RRh the . 2) 1CH,Cl
tertiary alcohol2 was isolated in 78% yield. This yield was ~307°C, 1.5 hythen t, 16 36% 34%
y y ' y -15°C,9h; 0°C,3h;thenrt, 16 h 79% 10%

identical to that obtained when the reaction was performed
in THF. Compound® was then treated with chloroiodomethane
(6 equiv) in the presence of Zn (3 equiv) at—15 °C in
DCE, and cyclopropan8 was isolated in 73% vyield. The
overall yield of3 was 57% (Scheme 2).

The one-pot Reformatsky/cyclopropanation was then
generalized to acyclic and cyclig-unsaturated ketones by
using the optimized conditions, and the results are reported
in Table 1. Under the one-pot Reformatsky/cyclopropanation

_ sequence, allyl phenyl ketor# was transformed to the

Scheme 2 cyclopropyl alcohoB (71%). Cyclopropyl carbinol40 and
o CO.Me COMe 11 were isolated as one diastereomer in 43 and 52% vyield
s~ Brenacoe \/\HO)% EtZn Ho from the conjugated ketondésand 6, respectively.
cat. RhCI{PPhg)3 ) ICH,CI

e g ]
DCE, ¢ °C -30°Ctort
Table 1. Cyclopropyl Alcohols from Unsaturated Ketones
o 1) BrCH,CO,Me o
As the Reformatsky and cyclopropanation reactions can g M cat. RhCI(PPhs)s RmM COMe
n n

be performed in DCE, the one-pot Reformatsky/cyclopro- R Et,Zn, DCE, 0°C, 0.5h

panation sequence was performed on erhrienonel was 2) ICH,CL, -15°C, 9 h

treated with methyl bromoacetate (1 equiv) in the presence 0°C.3hithenrt, 16

of RhCI(PPh); (5 mol %) and EfZn (5 equiv) in DCE at Entry  Starting Material Products (Yields)
0 °C. After 30 min, the reaction mixture was cooled to

—30 °C and ICHCI (6 equiv) was added. After 1.5 h at o COMe

—30 °C, the temperature was raised to room temperature, ' /\)J\Ph M

and after 16 h, the reaction mixture was quenched with a 4 9(7T1%)

saturated NKCI aqueous solution. The desired cyclopropyl o} HO, ,~CO.Me
alcohol 3 and the Reformatsky compourfwere isolated 2 pp ™o ~ P 0

in 36 and 34% yield, respectively. To increase the conversion 5 10 (43%)

of 2 to 3, the cyclopropanation was carried out-at5 °C o
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it is worth noting that for compound, 10% of the |G
Reformatsky compounﬂil’ was also 'SOlat?d' The bicyclic Table 2. Cyclopropyl Alcohols from Unsaturated Aldehydes
cyclopropyl carbinoll2 (68%) was synthesized from cyclo- 1) BrCH,CO,Me

hexenon€, and bicyclic cyclopropyl carbind3was formed 9 cat. RhCI(PPhg); HO_H

from cyclopentenon® with a moderate yield of 31% due ReP e o DoE 0°C. o R 00zMe
to the fact that cyclopentenone polymerizes easily. Further- 2 ,g'Hzc,, 15°C. 9h

more, for enoned and 8, only traces of the Reformatsky 0°C, 3h;thentt, 16 h

compounds were detected.
The one-pot Reformatsky/cyclopropanation sequence was
also applied to aldehyde44—18 by using the same o}
experimental conditions as fes-unsaturated ketones. The 1 Ph/\)J\H Ph
results are reported in Table 2. 14
Whena,S-unsaturated aldehydéd and 15 were treated o
under the one-pot Reformatsky/cyclopropanation conditions, 2 AN
compounds19 (21%) and 20 (48%) were obtained in 15
moderate yields as the expected singéns,syndiastereo- o
mers? In the case ofv-unsaturated aldehydd$—18, the 3 Mk
16
@]
A

Entry Starting Material Products (Yields)

OH

:

CO,Me
19 (21%)
OH OH

COMe S _A_COMe

20 (48%) 20" (3%)

N

OH OH

CO;Me CO,Me

/

Reformatsky/cyclopropanation compounds were isolated as
21, 22, and 23 in good yields of 74, 88, and 71%,
respectively. It is worth noting tha23 was isolated as a
mixture of two diastereomers in a ratio of 1.3f1Further-

more, compound®1 and 23 were accompanied by the ; o

respective Reformatsky compoung$’ and 23" in aproxi- Q
matively 10% vyield. s PhWH Ph Ph“\/><\
We have demonstrated that a one-pot Reformatsky/cyclo- 18 23 ( )Cone 23" (130/9)02“"9

propanation sequence can be utilized to transfarman-
saturated ketones and aldehydes to the corresponding cy-

clopropyl alcohols by using a common reagenyZBf to  when the Reformatsky and cyclopropanation reactions were
generate the Reformatsky reagent and a carbene intermeperformed stepwise.

diate. This procedure, which avoids numerous purifica-
tions and the handling of the hazardousZgt several
times, led to the formation ab-cyclopropyl alcohols from
w-unsaturated ketones and aldehydes more efficiently than

21 (74%) 21' (7%)
OH

%

COzMe
17 22 (8

51
o =®

]
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°
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Supporting Information Available: Experimental pro-
cedures and characterization data and/or a reference for
compound<, 3,9-13,19-23,11',12', 20", 21', and23'.
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