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Abstract: The diastereoselective cyclopropanation reaction of allylic alcohols in the presence of the chiral dioxaborolane
ligand 1 was studied. Unprecedently high anti-selectivities were obtained with E-olefins when 2.2 cquivalents of
bis(iodomethyl)zinc and 1.1 equivalent of 1 were used. © 1999 Elsevier Science Ltd. All rights reserved.

Kevwords: a

Recently, we described a highly enantioselective process for the cyclopropanation of allylic
alcohols using a bifunctional chiral dioxaborolane ligand derived from (R.R)-(+)-N,N,N' N'-
tetramethyltartaric acid diamide (1)." Substituted cyclopropylmethanol derivatives could be produced in
high yields (280%) and enantioselectivities ($94% ee).
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Concurrently to this work, we have also studied the diastereoselective cyclopropanation of chiral,
acyclic allylic alcohols and we have reported efficient conditions for the relative stereocontrol.” When
EtZnCH;I' in CH,Cl, was used, unprecedently high syn-selectivities were obtained with E- and Z-olefins
(Scheme 1). Other methods using the Simmons Smith reagent' and the iodomethylsamarium carbenoid®

have also been reported for the cyclopropanation of chiral allylic alcohols but the level ol diastereoselection

as highly dependent on the substitution pattern of the allylic alcohol.
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Conversely, the direct access to the anti isomer with good diastereoselection is a much morc
difficult task. Lautens has shown® that some of these compounds are accessible by the reduction of the
corresponding cyclopropylketone but high anti-selectivity was observed only when R' # H. In this paper.

we now report the first example of double stercodifferentiation for a reagent-based diastereoselective

cyclopropanation reaction that can provide access to the anti isomer with good to excellent selectivities for
E-substituted allylic alcohols.
yclopropana tion of Eth ng our initial studies on the

allylic alcohols could lead, in some cases, to the formation of the anti isomer with good ratios. These
results prompted us to further investigate the cffect of the substitution pattern and of the nature of the
protecting group on the level of anti diastereosclection. These results are presented in Table 1.
Table 1. Cyclopropanation of protected chiral allylic alcohols

1 1 1
T QPG Et,Zn, CH,l, T QPG

S~ ———e B

2/\5\4 " 2~ R4 2~ R4
RYR Hz\h."/R + RTPYTR
R3 R3 RS

PG

i)

>II|

syn-isomer anti-isomer
Entry R R2 g? R* PG Yield? Ratio”
Syn . ant
1 H Ph H Me Bn 94% 1:9
2 H Ph H Me Me 95% 1:1.6
3 H Ph H Et Bn 97% 1:2
4 H Ph H Et Me 93% 3.4:1
5 H Ph H i-Pr Bn 82%° 191
6 H Ph H i-Pr Me 94%° >20 : 19
7 H n-Pr H Et Bn 88% 1:2
8 H Ph Me Me Bn 98% 1:7
9 Ph(CHy)s H H Me Bn 85% 15: 19
10 Ph(CHz)s H H Me Me 80%° 17 .19

? Isolated yield of the diastereomaric mixture. ® Determined by capillary GC analysis of the crude reaction
mixture. © Isolated yield of the syn-isomer. @ Determined by 'H NMR analysis of the crude reaction product.

It is interesting to notice that the size of the protecting group has a direct influence on the level of

mple, the diastereoselectivity dec

LY CL

reases from 9 to 2 : 1 favoring

H : . 2
¥ - ’ ~ .
the anti isomer when going from benzy!- to methyl-protected alcchol (entries 1-2)." An increase of the size
~ 4 . .
of the R” substituent leads t

o the formation of larger amounts of the syn isomer (entries 3-6). Conversely.
3

n .

a larger substituent at the R” position favors the formation of the anti isomer. As expected. the svn isomer
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was formed with very high diastereoselectivities when R' # H due to the strong preference to minimize
A'? interactions in the transition state. If we assume that this reaction is directed by the ether group, these
observations are consistent with the two competitive transition state models shown in Figure 1 (A and B).

believe that several interactions must be compared in order to predict the outcome of the stereochemical
eactions. When R, # H then the minimization of the A'* strain is predominant

We
induction in these

regardless of the other substituents and excellent syn-selectivities are observed. When large protecting

o
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to the preferential formation of the anti isomer. Finally, the presence of an alkyl group at R’ does not
appear to play a significant role in dictating the stereochemical outcome (entry [ vs 8).

Figure 1. Transition state model for the formation of the syn and anti isomer.
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chiral dioxaborolane ligand 1. In order to study the effect of the chiral dioxaborolane on the

cvclonronanation reaction of chiral allvlic alcohols. we initially tested whether it would he nossihle to
cyciopropanation reaction of chyral allyuc aiconols, we mially tested wheiher if would be possibie o
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70% conversion

bis(iodomethyi)zinc and 1.1 equiv of 1 using the cyclopropanation reaction and the reaction was stopped
after 70% conversion (eq 2).

The capillary GC analysis of the crude reaction product indicated that a mixture of 3 stereoisomeric
compounds were obtained. It became obvious that both enantiomers of the starting material reacted at a

very similar rate since the residual enantiomeric excess of unreacted 2 was only ca. 40%. Quile
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interestingly, the major diastereomer produced with both antipodes was the anti isomer. More importantly.
the diastereomeric ratio was very high. This observation prompted us to develop a general process to
generate the anti diastereomer from chiral allylic alcohols.

Several enantioenriched allylic alcohols (298% ee) were prepared by the Sharpless kinetic

on method® or bv an enantioselective dialkyizinc addition to the corresponding aldehyde

resolution meth lective dialkylzinc

derivative.'®"" These substrates were then submitted to cyclopropanation conditions and the effect either
P s Py ~F 3 ey Ny Y PR S LSy i~ 4lan calantieriter rerace Avamaitad T wrialde PR |
duupUUC Ul LLIC U.lUAUUUl.Ula.uC duUJuUu VIl L §C1CLllVll_y Wdd CAdAlLLLILICU, 111C _y icias diia

diastereoselectivities observed in different systems are illustrated in Table 2. The reaction of chiral allylic
alcohols in the presence of chiral ligand 1 and Zn(CH,I), produced the desired compound in most cases
with very high level of induction favoring the anti isomer.

Table 2. Diastereoselective cyclopropanation of chiral, non-racemic allylic alcohols

R' OH
. Zn(CH;:_J 2 (2 2 BGUIVVCHOCLD -10°C | A
1 (1.2 equiv), CHzClz, -10°Ctort, 12h R

RMY\ R4 - +
(see experimental section) T ! oH

B\ |
R3
i ~d
Entry R R2 RO R4 10 Yield® Ratio
syn : anti
i H Ph H Me RA 98% <1:200
2 H Ph H Me 5,8  74% (80%) 1:12
3 H Ph Me Me R,R 92% <1:200
4 H Ph Me Me 5,8  57% (60%) 1:20
5¢ H Ph H Et R.R 83% 1:28
6° H Ph H Et 8.8 54% 1:1
7 H n-Pr H Et RR 84% 1:32
8 H n-Pr H Et S8  54% (59%) 1:12
(e} [ D L i D n N ANG/ (RNO/ N\ 4 . 4 0
] (] et} [} i AN 4U70 (DO 70) 1.1.0
10 H Ph H Pr S,S 16% (37%) 1.6:1
11 Ph(CH,), H H Me R.R 20% >20: 19
12 Ph(CH,), H H Me SS 30% >20: 19

a—r
I

he starting allylic aicohols were prepared by known method (ref. 9-11) and they were >98% ee. ° Absoiute
confiquration of the chiral ligand. © Isolated vield of the pure anti is
iguration of the ligand. * Isolated yie pure isomer. © Determin y
analysis of the crude reaction mixture. © The otherenantiomer of the starting chiral allylic alcoho
Conversion determined by TH NMR. 90nly one diastereomer could be detected by "H NMR.

n (GO

omear 9 Determined by a py
ea O ary Gw
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This method nicely presents the only available protocol for generating anti-cyclopropylmethanol
derivatives since the highest level of induction were observed with E-allylic alcohols. As expected. the
cyclopropanation of Z-allylic alcohols produced almost exclusively the syn-cyclopropylimethanol. When

both, R? and R* are bulky groups (Ph, i-Pr), the chiral ligand could not overwhelm the syn-directing

ctarandifferantiation ohcerved ic congictent wit onr nrevioncly nocinlated tranction <tate
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model.'¢ In the matched pair series, the only disfavorable interaction is an A!-3 strain between the R*
group at allylic position and 8-hydrogen (when R* = H). In the mismatched pair. the severe syn-pentane
interaction between R* and the butyl group of the dioxaborolane disfavors this transition state.

Figure 2. Transition state models (Chem3D) for the double stereodifferentiation reaction

=Zn
QH =N QH
Ph/V\Me =0 Phﬁ}/’\Ae

Matched Pair Mismatched Pair

2K X R RS
"

Experimental Section
General procedure for the cyclopropanation of chiral allylic ethers (Table 1).
(18*,28*,1'S*)- and (1R*,2R*,1'S*)-1-(1-Methoxyethyl)-2-phenylcyclopropane (Table
1, entry 2).,To a solution of (£)-(E)-3-methoxy-1-phenyl-1-butene (200 mg. 1.23 mmol) in anhydrous
CHCly (12 mL) at -10 °C was added dropwise dicthylzinc (630 pL, 6.16 mmol) followed by
diiodomethane (500 pL, 6.16 mmol). The bath was allowed to warm to rt over 3 h and the mixture was
) tional 1
the organic layer was then
successively washed with sat. ag. NapSO3 (20 mL), sat. aq. NaHCO3 (20 mL) and sat. ag. NaCi (20
mL). The organic layer was dried over MgSO4, and concentrated under reduced pressure. The desired
cvclopropylethers (206 mg, 95%) were obtained as a mixture of diasterecoisomers after flash

chromatography on silica gel (3% EtOAc/hexanes): IR (film) 3064, 3027. 3001. 1604. 1498. 1466. 1202.
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1180, 1103 cm™. H NMR (300 MHz, CDCl3) § 7.30-7.24 (m, 4H), 7.19-7.06 (m. 6H), 3.42 (s, 3H).
3.40 (s, 3H), 3.00-2.90 (m, 2H), 1.96-1.90 (m, 1H), 1.74-1.68 (m. 1H), 1.30 (d. / = 6 Hz. 3H). 1.29
(d. J = 6 Hz, 3H), 1.24-1.04 (m, 2H), 0.91 (dt J = 9, 5 Hz, 2H). 0.84-0.77 (m. 2H): 13C NMR (100
MHz, CDCl3) 8 142.7, 142.6, 128.3, 125.9, 125.7, 125.5, 80.1. 80.0. 56.3, 56.2. 28.1, 22.9, 19.9.
19.85, 19.79, 19.4, 15.2, 11.6. Anal. Calcd for C,H,,0: C, 81.77: H, 9.15. Found: C, 81.70: H. 9.35.
The diastereomeric ratio (1:1.6 sym:anti) was determined by GC analysis. Conditions: Column: DB-1701.

tharm: 140 T (ma
LHVRIE. 17TV . Ly \Ha

Il

NS08 m min
! NJO LR,

4.95 min, T, (minor
(iR*,2R*,1'§%)-1-(i-Benzyloxyethyl}-2-phenyicyciopropane (Tabie i, entry 1).

The title compounds were prepared from (£)-(£)-3-benzyloxy-1-phenyl-1-butene (480 mg. 2.0l mmol) by
the standard procedure described above. The desired cyclopropylethers (477 mg, 94%) were obtained as a
mixture of diastereoisomers after flash chromatography on silica gel (2.5% ether/hexanes): IR (filim) 3130.
3090, 3060, 3040, 2990, 2920, 1635, 1525, 1480, 1400, 1230, 1200, 1130 (br) 1050. 950. 930. 900.

760,715 cm’; 'H NMR (300 MHz, CDCl3) 8 7.39-7.10 (m, lOH) 468 (d. J=
6 Hz, 1H), 1.93-1.90 (

. Anal Caled for C,\H,(,O C.
85.67; H, 7.99. Found: C, 85.78; H, 8.20. The diastereomeric ratio (1:9 syn:anti) was determined by
GC. Conditions: Column: DB-1701, 0.25 mm x 30 m. Pressure 25 psi. Isotherm: 235 °C. T, (major) 3.9
min, Ty (minor) 4.1 min.
(15*,28*,1'S*)- and (1R*,2R*,1'S*)-1-(1-Benzyloxypropyl)-2-phenylcyclopropane

(Table 1, entry 3)
T 411 N —— A = NS RN S " Ye B T 1 PR BIPS Fptpuiein T N rr VAR T 0 PPy o N -~ ~ BN Y
1116 LT L0l IPUU 1S WEIC picpalitcd 1HOHL (L)~ L5 )-2-DCLHLYIOAY -1 -DIICIIY 1= l ])CIILCIIC U< g, U004 ThNot)

by the standard procedure described above. The desired cyclopropylethers (144 mg. 97%) were obtained
as a mixture of diastereoisomers after flash chromatography on silica gel (2% ether/hexanes): IR (film)
3130, 3090, 3070, 3030, 2990, 2940, 1640, 1525, 1480, 1140. 1115, 1090. 1050. 755. 720 cm": 'H
NMR (300 MHz, CDCl3) & 7.39-7.06 (m, 20H), 4.74 (d, J = 12Hz, 1H), 4.71 (d. J = 12H¢, 1H). 4.60

d.J = 12Hz, 1H), 4.57 (d, J = 12Hz, 1H), 2.93 (dt, J = 8, 6 Hz, 2H), 1.95-1.87 (m. 1H). 1.80-1.66
(m, 5H), 1.28-1.18 (m, 2H), 1.04 (t, J = 7 Hz, 3H), 1.01 (t, J = 7 Hz, 3H), 1.09-0.84 (m. 4H): !13C

NMR (100 MHz, CDCl3) & 142.7, 139.1, 128.3, 128.2, 127.6, 127.5. 127.4. 127.3. 125.8. 125.7.
125.5. 83.2, 83.0, 70.6, 704, 28.0, 26.7, 22.5

198 151 170 101 Anal Caled for O H O
Ty, 0.V, LU/ Py 170, 1D, 140U, LU LdiCa I(

(
« ke 211411, JL k:]gllﬁﬁ\_]. | S

oz /—1 tt O "

85 ,8.32. Found: C, 8

1

O

3.66; H, 8.69. The diastereomeric ratio (1:2 syn:anti) was determined by GC
analysis. Conditions: Column: DB-1701, 0.25 mm x 30 m. Pressure 25 psi. Isotherm: 235 °C. T, (major)

4.5 min, T; (minor) 4.8 min.
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(15*%,25*,1'S*)- and (1R*2R*,1'S*)-1-(1-Methoxypropyl)-2-phenylcyclopropane
(Table 1, entry 4).

The title compounds were prepared from (3)-(E)-3-methoxy- 1-phenyl-1-pentene (200 mg. 1.13 mmol) by
the standard procedure described above, The desired cyclopropylethers (201 mg. 93%) were obtained as a
mixture of diastereoisomers after flash chromatography on silica gel (3% EtOAc/hexanes): IR (film) 30064,

3010, 2971, 2938, 2819, 1604, 1499, 1460, 1361, 1198, 1172, 1080 cm™. 'H NMR (300 MHz. CDCl3)

S 7 21.
v /.21

=3

o7
£0

3

4H), 7.20-7.15 s. 3H) 2.75-2.68

is

—_—
=

{m
1, \m,
-

2H), 1.96-1.92 (m, lh) 1.75-1.64 (m, 5H), 1.23-1.02 (m. 8H), 0.99 (t
I H); 13C NMR (100 MHz, CDCI3) 8 142.7, 142.6, 128.24, 128.22, 6. .
85.3, 56.68, 56.67, 27.6, 27.5, 26.4, 26.3, 22.5, 19.6, 14.8, 11.7, 9.87. 9.80. Anal. Caled for
C,,H,O: C, 82.06; H, 9.53. Found: C, 81.91; H, 9.61. The diastereomeric ratio (3.4:1 svi:anti) was
determined by GC. Conditions: Column: DB-1701, 0.25 mum x 30 m. Pressure 25 psi. Isotherm: [40°C.
T, (minor) 6.84 min, T, (major) 6.99 min.

’)

nvl).2.
........ pvi)-2
"

(18%,25*%,1'S*)-1-(1-Benzyloxy-2-me ethylpro

-
¢
;

—
,__

5). The iitle compound was prepared from (1)-(E)-3-benzyloxy-4-methyi-i-phenyi-i-pentene (400
[.50 mmol) by the standard procedure described above. The desired syn-cyclopropylether (345 mg. 82%)
was obtained as a colorless oil after flash chromatography on silica gel (1% ether/hexanes): TR (film)

3130, 3090, 3060, 3020, 2990, 2940, 1640, 1530, 1490, 1480, 1410, 1390, 1120, 1090. 1050. 770.

3) 67 S (m, 10H), ),
= 12 Hz, 1H), 2.79 (dd, J = 8, 5 Hz, 1H), 2.05 (octuplet, J = 7 Hz. 1H), 1.75-1.68 (m. 1H). 1.21-1.29
(m. 1H), 1.09-1.04 (m, 2H), 1.03 (d, /=7 Hz, 3 H), 1.02 (d, J = 7 Hz, 3H): !13C NMR (100 MHz.
CDCl3) 6 142.7, 139.2, 128.3, 128.2, 127.5, 127.3, 125.7, 125.5, 86.9. 71.2. 32.9. 24.7. 20.3. 18.7.

18.6, 14.7. Anal. Calcd for C,H,,0: C, 85.67; H, 8.63. Found: C. 85.60; H, 8.96. The diasterecomeric

A 7L A T
4./0 (a, v =

[ E%]

TI- 1

ncs.

-

T 4/1 7

oo 1
v (d. J

AN
LU

:I

ratio (19:1 syn:anti) was determined by GC. Conditions: Column: DB-1701, 0.25 mun x 30 m. Pressure
25 psi. Isotherm: 235 °C. T; (minor) 4.7 min, Ty (major) 5.1 min.

(18*,25*,1'S*)-1-(1-Methoxy-2-methylpropyl)-2-phenylcyclopropane (Table 1, entry
6). The title compound was prepared from (%)-(E)-3-methoxy-4-methyl-1-phenyl-1-pentene (80 meg.

0.420 mmol) by the standard procedure described above. The desired syn-cyclopropylether (81 mg. 94%)
was obtained as a COIOfless oil after flash cluomatograpu" on silica gel (2% EtOAc/hexanes): IR (film)
2960, 2930, 2819, 1605, 1498, 1466, 1093 cm™. 'H NMR (300 MHz, CDClz)

7.19-7.13 (m "), 7.08-7.05 (m, 2H), 3.46 (s, 3H), 2.54 (dd, J =8, 5 Hz. 1H). 2.01-1.91 (m. 1H).
1.74-1.68 (m, 1H), 1.21-1.15 (m, 1H), 1.15-1.01 (m, 2H), 0.98 (d, J = 5 Hz, 3H). 0.96 (d. J = 5 Hz.

-

3H): 13C NMR (100 MHz, CDCl3) 8 142.6, 128.3, 125.6, 125.4, 89.1, 57.5, 32.5. 24.3, 20.1. 18.5.

18.4. 14.4. HRMS Caled for C,H, O: : 204.15141. Found: 204.15184.The diastereomeric ratio (>20:1
syn:anti) was obtained by the relative integration of signals at 3.45 ppm (major) and 3.40 ppm (minor).
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(15%,25%,1'S%*)- and (IR*,2R*,1'S*)-1-(1-Benzyloxypropyl)-2-propylcyclopropane

(Table 1, entry 7). The title compounds were prepared from (£)-(£)-3-benzyloxy-4-octene (200 mg.
0.916 mmol) by the standard procedure described above. The desired cyclopropylethers (188 mg, 88%)

were obtained as a diastereomeric mixture after flash chromatography on silica gel (2% ether/hexanes): IR

-

frm TOHY
(kL. 1uULL).

d, J = 12Hz, 2H), 4.52 (d, J = 12Hz, 2H), 2.69-2.62 (m, 2H), 1.73-1.56 (m. 4H). 1.51-1.11 (m.
1.05-0.84 (m, 12H), 0.89-0.38 (m, 4H), 0.26-0.21 (m. 4H). "C NMR (100 MHz. CDCl,)
0 139.3, 128.1, 127.6, 127.4, 127.1, 83.8, 77.1, 70.2, 35,9, 27.9, 22,5, 22.1. 15.0, 13.9, 11.8. 10.0.
A C

or C,H,,0: C, 82.70; H, 10.41. Found: C, 82.37; H, 10.68. T

svi:anti) was determined by GC. Conditions: Column: DB-1701, 0.25 mm x 30 m. Pressure 25 psi.
Isotherm: 190 °C. T; (major) 3.6 min, T; (minor) 3.8 min.

(1IR*,2R*,1'S¥*)- and (15*,28*%,1'S*)-1-(1-Benzyloxyethyl)-1-methyl-2-
phenylcyclopropane (Table 1, entry 8). The title compounds were prepared from (%)-(£)-3-

benzyloxy-2-methyl-1-phenyl-1-butene (200 mg, O.

___________ ANN ~ n 71\ I

2 samaan ~ 1) .
Yo [unoi) y

-

he standard procedure described
above. The desired cyclopropylethers (207 mg, 98%) were obtained as a diastereomeric mixture after flash
chromatography on silica gel as a colorless oil (2% ether/hexanes): IR (film) 3027, 2976. 2931, 1497.
1452, 1371, 1108, 1066, 1028 cm'. 'H NMR (300 MHz, CDCl3) & 7.44-7.19 (m. 10H). 4.75 (d. J = 12

- 11N AN A T 197 10, 1Ly 21N T
1L, Lll}, VL (U, v — 14 114, 111), OV

£:1.1 F _ O 4 — Il!\ 1 27 /4 I _ L&
\ud, v = 7, U IlL. i 1.22U, =0

I~

Hz, 3H), 0.84 (s, 3H), 0.86-0.77
128.3, 127.9, 1274, 127.3, 125.7,
C. 85.67; H, 8.32. Found: C, 85.77;

(q, /=6 Hz, 1H).
2H); 13C NMR (100 MHz. CDCl3) & 139.09. 138.97. 128.8.
1.5, 70.4, 29.6, 26.1, 17.8, 13.9, 12.4. Anal. Caled for C,,H,,0:
8

, 8.54. The diastereomeric ratio (1:7 svn:anti) was determined by

min. T; (minor) 6.2 min.

(15,1'S,2'R)-1-(1-Benzyloxyethyl)-2-(3-phenylpropyl)cyclopropane (Table 1, entry 9).
The title compound was prepared from (5)-(Z)-2-benzyloxy-7-phenyl-3-heptene (90 mg, 0.321 mmol) by
the standard procedure described above. The desired syn-cyclopropylether (80 mg, 85%) was obtained as
a colorless oil after flash chromatography on silica gel (5% ether/hexanes). |H NMR (400 MHz. CDClz) &
7.38-7.25 (m, 8H), 7.20-7.17 (m, 2H), 4.64 (d, J =12, 1H), 4.56 (d. J = 12, 1H). 3.15-3.08 (m. 1H).

IH
IHY 1.07-0.90 (m. 1 H)
v AL T i i1 1 L

2.68-2.60 (m, 2H), 1.79-1.70 (m, 2H), 1.63-1.55 (m, 1H), 1.32 (d. J= 6 Hz 07-0.90 (m. |H

0.89-0.77 (m, 3H), 0.16-0.13 (m, IH); 13C NMR (100 MHz, CDCl3) § 142.5. 139.2. 128.3. 128.2.
127.5, 127.2, 125.6, 76.0. 70.1, 35.7, 31.9, 28.5, 21.5, 21.3, 14.3, 11.4: [a]p -2.70° (¢ 2.80.
CHCI3). HRMS Caicd for C, H,0: 294.19836. Found: 294.19775. The diastereomeric ratio (15:1

o
o
4

swvizanti) was obtained by the relative integration of multiplets at ppm {major) and -0.20 ppm (minor).



(15,1'S,2'R)-1-(1-Methoxyethyl)-2-(3-phenylpropyl)cyclopropane (Table 1, entry 10).
The title compound was prepared from (S)-(Z)-2-methoxy-7-phenyl-3-hcptene (63 mg. 0.308 mmol) by
the standard procedure described above. The desired syn-cyclopropylether (56 mg. 80%) was obtained as
a colorless oil after flash chromatography on silica gel (10% ether/hexanes). !H NMR (400 MHz, CDCl3)
0 7.32-7.27 (m, 2H), 7.20-7.16 (m, 3H), 3.37 (s, 3H), 2.92-2.86 (m, 1H), 2.72-2.60 (m. 2H). 1.82-

1.68 (m, 2H), 1.66-1.58 (m, 1H), 1.25 (d, J = 6 Hz, 3H), 1.08-0.99 (m, IH). 0.86-0.74 (m. 3H). 0.18-
0.14 (m, 1H); 13C NMR (100 MHz, CDCI 128.24, 128.17. 125.6, 77.8. 56.0. 35.7. 31.8.
&
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IFound: 218.16627. The diastereomeric ratio (17:1 syn:anti) was obtained by the reiative integration of

multiplets at 0.17 ppm (major) and -0.22 ppm (minor).

General procedure for the cyclopropanation of chiral, non-racemic allylic alcohols
(Table 2)."” (1R,1°S,2’S)-1-(2-Phenylcyclopropyl)-1-ethanol (Table 2, entry 1). To a
solution of diethylzinc (140 pL, 1.35 mmol) in anhydrous CHClp (4 mL) at -10 °C was added dropwise
diiodomethane (215 uL, 2.70 mmol). The resulting white mixture was stirred at -10 °C for 10 min. after

which time a solution of dioxaborolane R,R-1 (200 mg, 0.742 mmol) in anhydrous CH>Cl> ¢ \2 ml) was

added. After an additionnal 5 min of stirring at -10 °C, a solution of (R)-(F)-4-phenvl-3-buten-2-ol (100
vy N ATE mrsaanl) in anlvAdeanie FU_F PR de BFTSN BN was a nAAdaAd ’T‘k maivhitea rae wraeanadd e et o amAd ctieead Faoe
1115 V.U /70 111111VU1) 11t uuuyunuua A S YA PAT IRty Cl) auubu MIXTUIE Wdas warined 1o 11 anda suiireda 1

)

n

an additionnal 12 h. Sat. aq. NH4Cl (2 mL) was then added and the mixture was diluted with ether (40
mL) and 10% aq. HC1 (10 mL). The layers were separated and the organic layer was washed with sat. aq.
Na»SO3 (10 mL). The aqueous phase was eliminated and the organic phase was stirred vigorously for 6 h
with 2M aq. NaOH (40 mL) and 30% aq. H2O; (4 mL). The layers were separated and the organic layer
was then successively washed with sat. aq. NH4Cl (3 x 20 mL) and sat. ag. NaCl (20 mL). The organic

layer was dried over MgSOy, and concentrated under reduced pressure. The desired cyclopropylalcohol

(107 mg, 98%) was obtained as a white solid after flash chromatography on silica gel (13%
EtOAc/hexanes): [olp +64.2° (¢ 1.00, CHCl3); IR (film) 3360 (br), 3060, 3000. 2960, 2920. 1600.
1490, 1440, 1410, 1210, 1100, 1070, 1020, 970, 930, 740, 680 cm’: 'H NMR (300 MHz, CDCly) &
7.30-7.08 (m, 5H), 3.40 (gqn, J=6 H H), 1.95-1.89 (m, 1H), 1.68 (s, 1H), 1.34 (d. J = 6 Hz. 3H).
1.34-1.25 (m, 1H), 0.98-0.90 (m, 2 ) C NMR (100 MHz, CDCl3) 8 142.6. 128.2, 125.7. 125.5.

71.7.30.7,22.3, 21.2, 13.2. HRMS calcd for C11H40: 162.10446, found 162.10464. Anal. Caled for
C,,H,,0: C, 81.44; H, 8.70. Found: C, 81.10; H, 9.34. The diastereomeric ratio (<1:200 syn:anti) was
determined by GC analysis of the corresponding acetate. Conditions: Column: DB-1701. 0.25 mm x 30
m. Pressure 25 psi. Isotherm: 140°C. T; (major) 10.2 min, T} (minor) 11.3 min.

(1R,1°S,2°S)-1-(1-Methyl-2-phenylcyclopropyl)-1-ethanol (Table , entr



IR (film) 3420 (br), 3120, 3080, 3030, 2990, 2930, 1635, 1530, 1475, 1400. 1330. 1130. 1100. 1050.
950, 800, 760, 720 cm™"; 'H NMR (400 MHz, CDCl3) & 7.31-7.18 (m, 5H), 3.38 (q. J/ = 6 Hz. 1H).
2.09 (dd, J =9, 6 Hz, 1H), 1.63 (s (br), 1H), 1.30 (d, J = 6 Hz, 3H), 0.93-0.90 (m. 1H). 0.85-0.82 (m.
1H), 0.79 (s, 3H); 13C NMR (100 MHz, CDCl3) 8 139.0, 129.0, 127.9, 125.7. 74.7. 28.2. 27.7. 19.6.

14.9, 12.8. HRMS Calcd for C,,H;(O: 176.12012. Found: 176.11939. The diastereomeric ratio (<1: 200

sviz:anti) was determined by GC analysis of the corresponding acetate. Conditions: Column: DB-1701.
svinant) was getermined by GO analysis of the corresponding aceta

0.25 mm x 30 m. Pressure 25 psi. Isotherm: 160°C. T; (major) 6.0 min, T; (minor) 6.3 min.

2 Ay 1 /™ T | P \ ________ mm >

{iS,1’R,2°R)-1-(2-Phenyicyciopropyi)-i-propanoil (Tabie 2, eniry 5.
was prepared from (5)-(E)-1-phenyl- l—penten—j -0l (100 mg, 0.616 mmol) by the standard procedure
described above. Unreacted allylic alcohol was destroy by dihydroxylation reaction: the crude mixture in
acctone:H»O (4:1) was stirred overnight with 100 puL of 0.16 M solution of OsO4 in water and 100 pL of
60% NMO in water. Then sol. NaHSO3 (500 mg) was added, and the mixture was extracted with EtOAc
2 x 30 mL); the organic layer was washed with sat. ag. NaCl (20 mL), then dried with MgSO4 and
concentrated under reduced pressure. The desired cyclopropylalcohol (90 mg. 83%) was obtained as a
colorless oil after flash chromatography on silica gel (15% EtOAc/hexanes): [a]p -69.6° (¢ 0.97. CHClz):

(m, 1H), 1.76-1.60 (m, 2H), 1.58 (s (br), 1H), 1.32- . R .
(m. 2H); 13C NMR (100 MHz, CDCl3)  142.7, 128.2, 125.8, 1254, 76.7, 29.9. 29.1, 20.6, 13.6.
0.93. HRMS Calcd for C,,H,,O: 176.12012. Found: 176.12027. The diastereomeric ratio (1:28 syn:anri)
was determined by GC analysis of the corresponding acetate. Conditions: Column: DB-1701. 0.25 mm x
30 m. Pressure 25 psi. Isotherm: 160°C. Ty (major) 7.0 min, T; (minor) 7.6 min.

(1R,1’S,2°’S)-1-(2-Propylcyclopropyl)-1-propanol (Table 2, entry 7). The title compound
was prepared from (R)-(F)-4-octen-2-ol (100 mg, 0.780 mmol) by the standard procedure described

above. Unreacted allylic alcohol was destroy by dihydroxylation reaction like preceeding specified. The

1A~

___________ ac ~

desired cyclopropylaicohol (54 mg, 84%) was obiained as a coloriess oil after flash chromatography of
silica gel (15% ether/hexanes): {ojp +25.3° (¢ 1.25 CnCij‘L IR (film) 3430 (br). 3020. 2990. 2940.
1495, 1410, 1140, 1050, 990, 940, 760 cm-1; |H NMR MH 13) 62.85 (ddd. /= 8. 7. 6 Hz.

lH) 1.67-1.51 (m, 2H), 1.47 (s (br), |H), 1.46-1.37 (m, 2H), -1.13 (m. 2H). 0.97 (t. /=7 Hz.

H). 0.92 (t, J = 7 Hz, 3H), 0.70-0.59 (m, 2H), 0.40-0.35 (m, lH), 0.33-0.28 (m. IH): '3C NMR (100
MHz. CDCl3) 6 77.4, 35.8, 29.8, 24.9, 227, 16.1, 13.8, 9.9, 9.8. The diastereomeric ratio (1:32
svizanti) was determined by GC analysis of the corresponding acetate. Conditions; Column: DB-1701.
0.25 mm x 30 m. Pressure 25 psi. Isotherm: 100°C. T} (major) 6.5 min, Ty (minor) 7.5 min.

(1 1°C 2°€). and (1 1R YR\ =l (Y- Phanviovelanranv.2.maothvl_ I _nrananal {MTahla
QP ¥ 38 ,‘ v ) ,H oY <iEsvA \“\" ‘l,ﬂ l\ \H a ll‘v.l‘y l\,‘y\.luyl Ull‘yl) AT ERAL LAR 1 ] 1S l.'l \lljallUl \ A Guric
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U
mg, 0.567 mmol) by the standard procedure described above. Unreacted allylic alcohol was destroy by



dihydroxylation reaction like preceding specified. Two diastereoisomers were separated by flash
chromatography on silica gel (10% EtOAc/hexanes) to produce 43 mg (40%) ot anii isomer (major) as
colorless oil: [at]p +64.6° (¢ 1.02, CHCl3); IR (film) 3394 (br), 3027, 2959, 2868. 1604, 1498, 1467.
1417, 1367, 1091, 999 cm™. 'H NMR (300 MHz, CDCl3) 6 7.30-7.07 (m. SH). 2.94 (dd. J = 8. 6 Hz.

1H), 1.93-1.82 (m, 2H), 1.52 (s (br), 1 1.31-1.23 (m, IH), 1.02 (d. J =7 Hz. 3H). 0.99 (d. /=7
Hz. 3H), 1.05-0.95 (m, 2H); 13C NMR ﬂﬂ MHz, CDCl3) 6 142.7, 128.2. 125.7. 125.5. 80.4. 34.3,
27.4,20.3, 18.6, 18.0, 14.3. 25 mg (23%) of syn isomer was isolated as a colorless oil: 'H NMR (300
AATT. £FN_ Y S -1 3N "J NL 71— EITy Y ON 7.1.1 T — O “z LY., 1LY 1 Q0O 1t Q1 f. -. LI 1 K4 .- e 1LY
ViNZ, U3} 0 /.0uU-740 (im, dn), 2.5u {aa, v = o, 0 1z, in), 1.0¥-1.01 (il Zrij, 1.30 (5 (0f}. 101,
1.29-1.20 (m, 1H), 1.02 (d, J = 7 Hz, 3H), 0.99 (d, J = 7 Hz, 3H). 1.03-0.95 (m. 2H): 13C NMR (100

MHz, CDCl3) & 142.2, 128.3, 125.6, 125.5, 80.7, 34.4, 27.5, 21.9, 18.6. 18.3. 12.9: [at]p -99.37 («c
0.64, CHCIl3). HRMS Calcd for C;H,;O: 190.13577. Found: 190.13530. The diasterecomeric ratio (1:1.8
svianti)y was determined by GC analysis of the corresponding acetate. Conditions: Column: DB-1701.
0.25 mm x 30 m. Pressure 25 psi. Isotherm: 180°C. T; (major) 4.8 min, T; (minor) 5.1 min.

(15,1'S,2'R)-1-[2-(3-Phenylpropyl)cyclopropyl]-1-ethanol (Table 2, entry 11). The utle

comnonnd was nrenared from (S)- l7\ 7- r\hp vl-3-henten-2-0l (50 mo. 0.262 mmol) by the standard

compou was prepared rom W)L ienyl-a3-hepten-2-0f (00 mg, V.2 Dy the stangard

v e Adaoaed thad athmua Tha analucic AF tha ~rmida [T NAMBR indinntad Annva ~n nf AINCL

procequic aescrioeda adbove. 10e anaiysis o1 in€ crudae ‘n NMR Indicaied a conversion o1 sU% 10 Syi-
ks nl ] 1 O 1 Py . 1 b 4

iSOl‘n&‘I ine syn- momer was separatea rom U’le srdr[mg ma[erlel D) asn (,nromdtovmpn on suica f‘ei
(20% EtOAc/hexanes): [a]p -26.3° (¢ 1.24, CHCI3); IR (film) 3420 (br), 3120, 3090. 3020. 2990. 2920.
1635, 1530, 1470, 1440, 1400, 1200, 1130, 1100, 1050, 1020, 940, 770, 720 cm: 'H NMR (400
MHz, CDCl3) § 7.31-7.27 (m, 2H), 7.20-7.12 (m, 3H), 3.38-3.30 (m. 1H), 2.71-2.59 (m. 2H). 1.83-
1.68 (m, 2H), 1.61-1.53 (m, 1H), 1.47 (s (br), 1H), 1.31 (d, J = 6 Hz. 3H). 1.18-1.09 (m. 1H). 0.94-
0.83 (m, 2H), 0.76-0.70 (m, 1H), 0.07 (q, J = 5 Hz, 1H); !3C NMR (100 MHz. CDCl3) & 142.4.
128.23, 128.19, 125.6, 69.1, 35.6, 31.8, 28.4, 24.3, 23.6, 16.2, 9.78. HRMS Calcd for C H.0:
204.15141. Found: 204.15089.
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