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Abstract: The chemo- and enantioselective cyclopropanation of allylic alcohols containing additional
olefins was investigated using the dioxaborolane-derived reagent. High chemo- and enantioselectivities
were usually observed if a mixture of the chiral dioxaborolane ligand/allylic alcohol was treated with a
solution of Zn(CH2I)2*DME complex. Copyright © 1996 Elsevier Science Ltd

We recently reported that a chiral dioxaborolane derivative 1 was an efficient chiral ligand for the
asymmetric cyclopropanation of allylic alcohols (eq 1).! One of the most attractive features of this
enantioselective cyclopropanation is that high enantioselectivities are usually observed regardless of the
substitution pattern of the olefin. The occurence of natural products containing both an olefin and a
cyclopropane ring prompted us to investigate the chemo- and enantioselectivity of the cyclopropanation of
substrates containing more than one olefin. It is fairly well-established that allylic alcohols can be
chemoselectively cyclopropanated with mild success under the classical Simmons-Smith conditions.?
Molander recently disclosed that iodomethylsamarium iodide was the reagent of choice for the achiral,
chemoselective cyclopropanation of polyenes at the allylic alcohol position.3# Quite surprisingly, there are
only two reports of the use of the Furukawa's conditions for the cyclopropanation of polyenes.3.6.7
Furthermore, the efficiency of this type of cyclopropanation using a chiral ligand or auxiliary has not been
demonstrated yet.8 In this paper, we report that polyenes can be cyclopropanated at the allylic alcohol position
with high chemo- and enantioselectivities using the dioxaborolane-derived ligand. When this method failed,
the glucose-derived chiral auxiliary was a suitable alternative method to generate the corresponding
monocyclopropyl derivatives in high diastereomeric excesses.
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The enantioselective cyclopropanation of a variety of conjugated and unconjugated polyenes using
chiral ligand 1 was optimized and the results are presented in Table 1. The reactions were best carried out by
adding a solution of the Zn(CH31)2°DME complex in CH2Cl; to a mixture of the allylic alcohol and ligand 1.9
We found that the number of equivalents of the reagent necessary to get quantitative conversion to the
monocyclopropane product was highly substrate-dependant. A larger excess of the reagent was necessary with
the less reactive, conjugated 2,4-dien-1-ol derivatives (entry 1-3)!10 or when additional basic groups were
present on the substrate (entry 6-9).!! In all the cases, uniformingly high yields and
monocyclopropane:biscyclopropane ratios were observed.

Table 1. Enantioselective cyclopropanation of allylic alcohols with chiral ligand 1

N\OH 1. Dioxaborolane 1/ CHxClg, -10 0r 0 °C R /D/\OH

2. Zn(CHal)2*DME (x eq) / CHoClp, -10 0r 0 °C

Entry Allylic alcohol xeq('C) Yield? Ratio?mono : bis  Selectivities
1 P N"on 30eq(-10)  84% >20: 1 21:1¢

TIP
2 SO\/D/\/\/\OH 256q (-10) 85%7 8:1 >20:1°
TIPS :
3 W;\/\/\OH 30eq (-10) 81% 9:1 >20:1°
N
4 /k/\/K/\OH 16eq(0) 87% >20: 1 28:1'

5 X A X H 16eq(0) 84% >20: 1 29:1f
6 WH 42eq(0) >95% >20: 1 15: 1/
o)
R Z X H
7 R =TBDPS 42eq(0) 88% >20: 1 14:1'
8 R=Ac 42eq(0) >95% >20:1 12:1'
9 R=Bn 42eq(0) >95% >20:1 13:1f

9Isolated yield. #Determined by 1H NMR analysis. ‘Enantioselectivities was determined HPLC
analysis on chiral stationary phase. 4This yield includes ca. 10% of inseparable starting material and
tricyclopropane. ¢The diastercoselectivities were evalued by 13C NMR. fThe enantioselectivities were
determined by IH and 19F NMR analysis of the corresponding Mosher esters.

The cyclopropanation of 5-cyclopropyl-2,4-dien-1-ol derivatives to produce trans-1,2-
dicyclopropylolefins proceeded relatively well, but larger amounts of the dicyclopropanation derived products



7927

were obtained. These products are useful precursors to polycyclopropane containing natural products such as
FR-900848!2 and U-106305.13

Geraniol (entry 4), farnesol (entry 5), and the SeO; oxidation product of geranylacetone!4 (entry 6) were
all tested and provided the desired monocyclopropanation product with excellent selectivities.

Several monoprotected bis(allylic alcohols) could also be cyclopropanated exclusively at the allylic
alcohol position (entry 7-9) with excellent stereocontrol. The nature of the protected group has little influence on
the level of induction and on the chemoselectivity of the reaction.

The cyclopropanation of (R)- and (S)-perillyl alcohol using the reagent-based approach was then
investigated (Scheme 1). Although the chemoselectivities favoring the cyclopropanation reaction at the allylic
alcohol position were relatively good even with 5 equivalents of the reagents the diastereselectivities were
surprisingly low.!5 In both cases, low, but opposite diastereoselectivities were obtained. These results prompted
us to evaluate the efficiency of the glucose-derived auxiliary to effect these two transformations. Glycosylation
reactions between trichloroacetimidate 2 and (R)- and (S)-perillyl alcohol under standard conditions!6 produced
the desired precursors. The best diastereomeric ratios and yields were obtained when a mixture of EtyZn (5
equiv) and CICH,I (2 equiv) were sequentially added to the starting glycoside. In both cases, the chirality of the
auxiliary clearly prevailed over that of the alcohol and produced the expected diastereomer in 295%. The
glucose-derived auxiliary was also very effective for the monocyclopropanation of the glycoside derived from
geraniol and famesol (Yield: >80%, ds: >94%).

Scheme 1
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In conclusion, we have shown that the dioxaborolane ligand 1 and the glucose-derived auxiliary are very
effective chiral controllers for the stereo- and chemoselective cyclopropanation of polyenes.
General Procedure for Chemoselective Cyclopropanation of Diene. To a solution of alcohol (1.00 mmol)
and dioxaborolane 1 (1.20 mmol) in CHCl; (10 mL) at -10 °C was added dropwise a 0.49 M solution of
Zn(CHzI)2*DME in CHClj. The clear solution was stirred for 2 h at that temperature. Sat. aq. NH4@1 was
slowly added foliowed by 10% aq. HCl. The mixture was extracted with ether and the organic layer was
successively washed with sat. aq. Na;SO3, 2M aq. NaOH containing 30% aq. HyO;, sat. aq. NH4Cl , and sat. aq.
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NaCl. The organic layer was dried over MgSOy4 and concentrated under reduced pressure. The residue was
purified by flash chromatography on silica gel to produce the desired monocyclopropylmethanol.
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