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Numerous natural and unnatural products containing cyclopropyl Scheme 1. Two Tandem Asymmetric Addition/Diastereoselective
groups exhibit important biological activiy3 As a result, sub-  CYclopropanation Reactions
stantial effort has been devoted to the asymmetric synthesis of these(Ag{ , 2 ZnR1, R® OznR! i) 2 CF,CH,0ZnCH,l RS, OH
strained subunité®> While asymmetric cyclopropanation of olefins fLH I RH\(L e 2

1
employing transition metal catalyzed decomposition of diazo com-  ga~gs  ()-MIB, R2 " iii) HyO R* R2 a
pounds can provide cyclopropanes with high selectiityhas 4 mol%
proven to'bs very difficult to con_trol enantlos_electlvny in $|m- (B) i) HBEY, i~ iy RICHO " o
mons-Smith’-type cyclopropanations of olefit® and allylic I [RV\/ } - . AJq/L ;
alcoholst10-12 s ")i;ﬁﬁé iv) 5 EtZnCHjl R o R
Given these limitations, we considered alternative strategies for v) H20

We envisioned an enantioselective generation of an allylic zinc N/
alkoxide intermediate followed by a diastereoselective cyclopro- OH
panation. Preforming these reactions in tandem enables formation
of three G-C bonds and up to four stereocenters in a one-pot pro- Table 1. Tandem Asymmetric Addition/Diastereoselective
cedure with excellent stereoselectivity. Cyclopropanation of Enals (Scheme 1A)

the stereoselective synthesis of cyclopropanes from achiral reagents. ™o
(-)-MIB (1);%/

Scheme 1, pathway A, shows our first method wherein the key entry ZnR,  cyclopropylalcohol  ee (%) dr? yield (%)

allylic zinc alkoxide intermediate is generated by asymmetric alkyl OH

addition toa,-unsaturated aldehydes in the presence of 4 mol % 1 Et d/'\R 99 201 %
of Nugent's )-MIB (1).13 Quenching this intermediate allows 2 -(CHy)4iPre 97 >201 66
determination of the enantioselectivity in the first=C bond- 3 -(CHp)sOTBDPS® % 20475
forming step (Table_ 1). In t_he gne-pot gddit?on/cyclopro_pana_\tion 4 Met )d/%H o 201 6
procedure, the allylic alkoxide intermediate is treated with either 5 Et R 95 201 78
EtZnCH,l or the more reactive GEH,OZnCH,114 to furnish the 6 -(CHy)iPr 9%  >20:1 64
cyclopropyl alcohols in 6491% yield. The enantioselectivities in

the addition of dimethylzinc, diethylzinc, and functionalized orga- 7 Me® - 95 >2011 85
nozinc reagents were89% with a range of enals. Furthermore, 8 ® Ph/q/LR s At %0

only a single diastereomer was detected in the cIENMR OH
spectra in each case o PO o o
p : - i Ph

We next explored the addition of vinyl groups to saturated

aldehydes in route to cyclopropyl alcohols (Scheme 1B). On the 0 & TBDPSO OH e 2 %
basis of Oppolzer's hydroboration/transmetalatfomethod, we M/

generated vinylzinc reagents. In the presence—9fNIIB, clean BnO OH

vinylation of the aldehyde proceeds to furnish the allylic alkoxide " E —Id/'\/ ot x200 9

intermediates. ; . . .
ermediates . . . . a Determined by crudéH NMR analysis P Stereochemistry assigned by X-ray
Unfortunately, directed cyclopropanation of this intermediate was analysis. See the Supporting Informatisiwith 5 equiv of ZnEj, 5 equiv of

complicated by low yields and diastereomeric ratios. We hypoth- CRCH;OH, and 5 equiv of Chi.
esized that the triethylborane byproduct formed in the transmeta-  Wipf and co-workers reported a vinyl addition/cyclopropanation
lation step was reacting with the cyclopropanating reagent. To cir- sequence with imines to afford racemic cyclopropylamines. Analo-
cumvent this problem, upon completion of the asymmetric addition, gous reactions with aldehydes, however, were reported to be
the volatile materials, including the excess triethylborane, were unsuccessfuig
removed under reduced pressure. Diethylzinc andl£3 equiv Biologically active 1,2,3-substituted cyclopropanes are also found
each) were added at €. After 24 h, the reactions were worked  widely in natural product$?2 A modular approach to these chiral
up to provide the cyclopropyl alcohols with #84% yield and building blocks that allows flexibility for further elaboration of the
enantiomeric excesse€3% (Table 2). Cyclopropanations of allylic  cyclopropane ring is desirable. With this in mind, we targeted the
alkoxides derived from vinyl additions to other aldehydes resulted stereoselective synthesis of iodocyclopropyl alcohols (eq 1). Despite
in lower conversions and require further optimization. their utility in cross-coupling® and metalation reactior?8?! few

The results in Tables 1 and 2 indicate that our tandem addition/ highly enantio- and diastereoselective syntheses of these valuable
cyclopropanation sequence gives similar diastereoselectivities tointermediates have been reporfdwe explored the use of
the cyclopropanation of isolated chiral allylic alcoh#id” The iodoform in place of diiodomethane in the cyclopropanation step
tandem reaction is, however, more efficient. of our tandem addition/cyclopropanation chemistry. This reagent
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Table 2. Tandem Asymmetric Vinylation of Aldehydes:
Diastereoselective Cyclopropanation (Scheme 1B)

entry cyclopropyl alcohol R* ee(%) dre yield (%)
OH
1 " Ph 99 >2011 75
2 R nBu 92 >2011 71
3 tBu 87 >2011 78
4 Ph 99 >2011 78
5 OH nBu 93 >2011 84
6 R*  tBu 96 >2011 74
7 (CHp),CIP 94 >20:1 80
8 CH,CH,OTr 93 >20:11 73

a Determined by crudéH NMR analysis P Stereochemistry assigned by X-ray
analysis. See the Supporting Information.

Table 3. Tandem Asymmetric Addition/lodocyclopropanation

entry ZnR1, cyclopropyl alcohol ee (%) dr2 vyield (%)
L. oH
1 Et® 99 >20:11 68
2 -(CH,)sOTBDPS R 98 >20:11 70
3 Me L. oH 99  >201 78
4 B )d/v\ 95 2011 62
5 -(CHy)4iPr R 96 >20:1 60
6 Et ' oH 89 >201 70
>20:
Ph/d)\/
I
> OH
7 Et 96 >20:11 56
Ph
8 Et 98 >201 74

TBDPSO—M/

aDetermined by*H NMR of the crude product Structure determined
by X-ray analysis.

has been used in the synthesis of iodo-substituted cycloproj3anes
and the generation of dizinc carbenof@8Initially, we employed

the carbenoid EtZnCHJ but the reactions were slow and stalled
at about 50% conversion. It is known that electron-withdrawing
groups on zinc carbenoids of the type XZngX = O,CCFR;,2°
OAr2?9) increase the reactivity. Thus, the intermediate allylic alkox-
ide formed upon alkyl addition to an enal was treated with a new
reagent, CECH,OZnCHL. After standard workup, iodocyclopropyl
alcohols were isolated in 580% yields with enantiomeric excesses
>89%. The high diastereomeric ratio observed in the generation
of the final three stereocenters attests to the ability of zinc to control
stereoselectivity in this reaction. We anticipate that the iodides can
be selectively substituted in-&C bond-forming reactions.

(@] 3 1
) R®  0OznR J
R2 i) 3 ZnR1,, ii) 5 CF3CH,0ZnCHI,  R® 7 OH
H RN R (1)
| R4 R?
RA RS (-)-MIB, R2 iii) H,O R2
4 mol%

In summary, three expedient methods for the synthesis of
cyclopropyl and iodocyclopropyl alcohols with up to four stereo-

genic centers have been presented. Beginning with achiral starting
materials, initial enantioselective-€C bond formation is followed

by diastereoselective cyclopropanation. The advantages of these
methods are that (1) they circumvent the need to prepare and isolate
either racemic or enantioenriched allylic alcohols, (2) the initial
asymmetric C-C bond-forming step can be optimized by judicious
choice of catalyst/ and (3) the enantio- and diastereoselectivities
are very high for almost all substrate classes. Using our one-pot
method, highly functionalized cyclopropanes are now easily ac-
cessible. We anticipate that the cyclopropyl alcohols outlined here
will find widespread utility in enantioselective synthe&is.
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