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Abstract—An asymmetric allylation of aldehydes with the allyltin tribromide was achieved using the L-proline derivative as a chiral pro-
moter in dichloromethane in the presence of a Lewis base. Various optically active homoallylic alcohols were obtained in high yields with

moderate enatioselectivities of up to 62% ee.
© 2007 Published by Elsevier Ltd.

1. Introduction

The catalytic asymmetric allylation of aldehydes is consid-
ered as one of the most fundamental and important syn-
thetic operations in asymmetric synthesis,!> with a
number of catalytic procedures recently elaborated upon
for this purpose.’>® However, in previously reported cata-
Iytic allylations of aldehydes, allylstannane such as allyl-
tributyltin or tetra-allyltin is usually used. Obviously,
there are two drawbacks. The first is a low atomic econ-
omy, meaning that the three butyl groups are not com-
pletely used for allyltributyltin, and only two allyl groups
of the tetra-allyl tin can be employed at best. The second
drawback is that the allyltin reagents only act as allyl group
donor, the product’s enantioselectivity comes mainly from
the chiral environment produced by the complex of the
additional Lewis acid and chiral ligand.

Over the past few decades, the Barbier-type coupling reac-
tion between allyl halide and carbonyl compounds pro-
moted by low valent metal tin or tin halides has been
developed to be an efficient way to prepare homoallylic
alcohols, and has received more and more attention due
to its suitable activity, low cost and low toxicity of the final
inorganic tin derivatives. Such reactions are believed to
involve the in situ formation of solvated monoallyltin
trihalides or diallyltin dihalides as active allyltin species
and subsequent addition of the allyl-Sn bond across the
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carbonyl function of a range of aldehydes and ketones.
Nevertheless, such Barbier-type asymmetric allylation
mediated by the metal tin has not been hitherto reported;
there are several reports regarding a related Indium-medi-
ated process.””® In respect that the allyltin trihalide is the
key intermediate in the Barbier-type coupling reaction
mediated by tin dichloride, we herein report the first exam-
ple of asymmetric allylation of aldehydes promoted by an
L-proline derivative in the presence of Lewis base, using
the allyltin tribromide, which acts not only as an allyl
group donor but also as an intrinsic Lewis acid combining
with the chiral ligand. This reaction will hopefully establish
groundwork for the Barbier-type asymmetric allylation of
aldehydes with organotin reagents.

2. Results and discussion

In our initial study, we investigated the asymmetric allyla-
tion of benzaldehyde by using the various L-proline deriv-
atives and some other chiral ligands under the following
standardized protocol (Fig. 1 and Table 1).

These compounds 1a-1d, 1e, 1f, 1h, and 1i were prepared
according to the previous literature reports.”'*> Among
the chiral ligands investigated, we found that N-alkyl
groups of the chiral amino alcohol greatly influenced the
enantioselectivity (entries 1-4). In the case of chiral ligand
le, the six-coordinated intermediary tin complex was con-
sidered to constitute preferential coordination between tin
and the nitrogen atom rather than the oxygen atom of
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Figure 1. Screening various chiral ligands.

Table 1. Asymmetric allylation of benzaldehyde with tribromoallyltin
promoted by various chiral ligands®

1.1 equiv.
Chiral Ligand

Ph)*\/\

PhCHO + >~ S"B1s .
2 equiv. i-Pr,NEt
4A MS, CH,Cl,

-78°C, 10 h
Entry Ligand* Yield® (%) ee®d (%)
1 la 75 56 (R)
2 16 52 <10 (R)
3 1c 61 <10 (R)
4 1d 45 14 (R)
5 1e° 52 0
6 1f 65 10 (S)
7 1g 71 12 (R)
8 1h 65 16 (S)
9 1i 69 <10 (R)
10 1 28 <10 (R)
11 1k 56 26 (R)

#The reactions were run with tribromoallyltin (1 equiv), chiral auxiliary
(1.1 equiv), diisopropylethylamine (DIPEA) (2 equiv) in dry dichloro-
methane at room temperature for 2h, and followed by adding the
benzaldehyde (1 equiv) into the above reaction mixture at —78 °C for
10 h.

®Isolated yield of analytically pure product.

¢ Determined by chiral GC analysis.

9 Absolute configuration determined by comparison of the optical rotation
with the literature value.®

®The reaction was performed within 24 h.

the amide group to form the five-membered chelate ring
based on the unchanged IR absorption peak v (cm™') value
of the carbonyl function of the amide group. When -
prolinol or ((S)-1-benzylpyrrolidin-2-yl)dimethylmethanol
were used, the homoallylic alcohol was obtained in the con-
trary configuration, although with low enantiomeric excess
(entries 6 and 8). Promoted by the chiral diamine (entry 9)
and chiral dialcohol (entries 10 and 11), the reaction was
able to proceed smoothly, however, the enantioselectivity

decreased. By all appearance, ((S)-1-benzylpyrrolidin-2-
yl)diphenylmethanol 1a was the most effective chiral pro-
moter in the allylation of benzaldehyde with tribromoallyl-
tin (Table 1, entry 1).

The effect of the Lewis base on the chemical yield and
enantioselectivity was then studied. Some results using
((S)-1-benzyl-pyrrolidin-2-yl)diphenylmethanol 1a as chiral
promoter were shown in Table 2. Among the Lewis bases
tested, diisopropylethylamine (DIPEA) was optimal and
the suitable amount of DIPEA was two equivalents with
respect to the aldehyde.

Table 2. Asymmetric allylation of benzaldehyde with tribromoallyltin in
the presence of various Lewis bases®

1.1 equiv.
Ph
VA
N OH
“on OH
PhCHO , > SnBns : NN
Lewis base
4A MS, CH,Cl,
-78°C,10h
Entry Lewis base  Amount of LB (equiv) Yield® (%) ee®? (%)
1 — — 44 6 (R)
2 DIPEA 1 22 2 (R)
3 DIPEA 2 75 56 (R)
4 Et;N 2 29 39 (R)
5 DBU 2 20 30 (R)
6 2,6-Lutidine 2 51 8 (R)
7 Pyridine 2 52 2 (R)

?The reactions were run with tribromoallyltin (1 equiv), chiral auxiliary
(1.1 equiv), Lewis base in dry dichloromethane at room temperature for
2 h, and followed by adding the benzaldehyde (1 equiv) into the above
reaction mixture at —78 °C for 10 h.

®Isolated yield of analytically pure product.

¢ Determined by chiral GC analysis.

9 Absolute configuration was determined by comparison of the specific
rotation with the literature value.®
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To evaluate the generality of this reaction, using an opti-
mized chiral ligand and Lewis base, we performed the allyl-
ation of various aldehydes (Table 3). As can be seen from
the summarized results, except for benzaldehyde, other
aromatic aldehydes could also be smoothly allylated to give
the corresponding optically active homoallylic alcohols
with moderate enantioselectivity. Not only aromatic alde-
hydes but also o,p-unsaturated and aliphatic aldehydes
showed moderate reactivity although the enantioselectivity
of these aldehydes was relatively low. Upon closer inspec-
tion of the data in Table 3, we noticed that aldehydes with
a strong electron-donating group at the para-position (Ta-
ble 3, entries 5 and 6) gave a lower enantiomeric excess
than those with an electron-withdrawing group in the
para-position (Table 3, entries 3 and 4, and entries 7 and
8) except for p-fluorobenzaldehyde (Table 3, entry 2). With
regards to the aromatic aldehydes with substituent at the
ortho-position, they gave lower yields but higher enantio-
selectivities than those with the corresponding substituent
at the para-position (Table 3, entries 11-14 to entries 2-4,
8). This may be due to the larger steric hinderance of
ortho-position than that of para-position. However,
o-chlorobenzaldehyde was an exception, its ee value was
relatively low. Currently, we do not know the reason. As

Table 3. Asymmetric allylation of various aldehydes with tribromoallyltin®

R-CHO /\/SnB@

for entries 9 and 16 in Table 3, a strong electron-withdraw-
ing group at the meta-position influenced the enantioselec-
tivity especially for entry 16. When using the aromatic
aldehyde with a 3,5-substituted electron-donating group,
we obtained the homoallylic alcohol in much more lower
yield (Table 3, entry 10) but in moderate enantioselectivity.
The homoallylic alcohol with considerable yield and mod-
erate enantioselectivity was obtained in the allylation of
2,4-dichlorobenzaldehyde with allyltin tribromide (Table
3, entry 20). Unfortunately, this reaction could not run in
the case of the aromatic aldehydes with active hydrogen
atoms such as an amino- and hydroxy-group in the para-
position (Table 3, entries 18 and 19).

With the aim of understanding how the chiral ligand af-
fected the stereochemical outcome of the reaction, we
traced the reaction by ''”Sn NMR. Due to tin’s reactivity,
allyltin tribromide may exist not only in monomer but also
in polymer. Also owing to its insolubility in CDCl;, we
could not directly obtain a satisfactory ''°Sn NMR spectra.
Therefore, we envisioned another way to study the mecha-
nism by adding a few drop of anhydrous CH3OH into the
nuclear magnetic tube with tribromoallyltin and CDCl;.
As a result, there were two peaks in the 119§n NMR; the

1.1 equiv.

Ph

[ 3o

N OH

q
» R)*\A\

2 equiv. i-Pr,NEt

4A MS, CH,Cl,,

-78 °C
Entry R Temp (°C) Time (h) Yield® (%) ee’ (%) Config ¢
1 Ph 78 10 75 56 (R)
2 p-FCeH, _78 10 59 33 (R)
3 p-CIC¢Hy 78 10 78 42 (R)
4 p-BrCsH, 78 10 72 44 (R)
5 p-MeCgHy 78 10 57 43 (R)
6 »-MeOCgH, 78 10 40 32 (R)
7 p-CF3CsHy -78 10 60 47 (R)
8 P-NO,CsH, _78 10 80 40 (R)
9 m-CIC¢Hy 78 10 77 50 (R)
10 3-Methoxy-5-hydroxy-C¢Hjs —78 10 30 50 (R)
11 0-FC¢Hy —-78 10 54 62 (R)
12 0-CIC4H, _78 10 50 17 (R)
13 0-BrCeH, —78 10 43 51 (R)
14 0-NO,C¢Hy —78 10 65 48° —
15 Ph-CH=CH- -78 10 62 34 (R)
16 m-CF3CeH, —78 10 60 13 (R)
17 Citral —-78 10 36 51 (R)
18 p-NH,CsH, 78, 1t 10, 12 — — —
19 p-HOCeH, —78, rt 10, 12 — — —
20 2,4-DichloroCgHj; —78 10 66 41 (R)

#The reactions were run with tribromoallyltin (1 equiv), chiral auxiliary (1.1 equiv), diisopropylethylamine (DIPEA) (2 equiv) in dry dichloromethane at
room temperature for 2 h, and followed by adding the aldehyde (1 equiv) into the above reaction mixture at —78 °C for 10 h.

®Isolated yield of analytically pure product.
¢ Determined by chiral GC analysis.

9 Absolute configuration was determined by comparison of the specific rotation with the literature value,® all others were assigned by analogy.

¢ Absolute configuration was unknown.
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chemical shift values were —42.822 ppm, —330.334 ppm,
respectrvelly According to the previous report (allyltin tri-
chloride '™Sn NMR: & —29.0 ppm),'* we presumed that
chemical shift value of tribromoallyltin was —42.822 ppm
and it existed in four coordinate bond form. Another peak
is the association of tribromoallyltin and the methanol.
Subsequently, tracing our reaction system including chiral
% and, Lewis base, and tribromoallyltin in CDCIl; by
Sn NMR the result showed that only one peak was
found, and its value was —173.670 ppm. Thus, the reaction
was considered to proceed via an active intermediate
(Fig. 2, A), which provides a chiral environment for the
next step. Continuing to trace our reaction system with
the addition of benzaldehyde under the standardized con-
dltlons in CDCl;, we found that there was one major peak
119Sn NMR (—647.500 ppm). Here, the tin was coordi-
nated by the aldehyde and the chiral ligand via a six-mem-
bered cyclic transition (Fig. 2, B). In this model, the bulky
proline residue effectively blocks one side of the adduct and
accommodates the aldehyde better than the sterically more
demanding allyl residue as its frans-substituent. The pro-
posed model of stereoselection is in agreement with (i)
the observed formation of (R)-homoallylic alcohols, (ii)
the large influence exerted on the stercoselectivity by the
presence of the benzyl substituent on the nitrogen atom
of the prolinol derivative (as above mentioned in Table
1). As a whole, the mechanism of chiral ligand [(S)-1-benz-
ylpyrrolidin-2-yljdiphenylmethanol 1a promoted allylation
of an aldehyde with tribromoallyltin has not been fully elu-
cidated at this stage.

Br Br
J O'Iu,/
,SnQ oy ArY Sn"Q  ph
Br H Br
N N
Ph/_ Ph Ph/— Ph
L A _ L 5 _

Figure 2. Proposed reaction transition states.

3. Conclusion

In conclusion, different protocols for the enatioselective
addition of tribromoallyltin to aromatic aldehydes in the
presence of amino alcohols derived from L-proline have
been studied. This may establish the groundwork for the
Barbier-type asymmetric allylation of aldehydes with
organotin reagents. Work is in process in our research
group.

4. Experimental
4.1. General procedure
All reactions were performed under a dry nitrogen atmo-

sphere using standard Schlenk techniques. Dichlorometh-
ane was distilled from CaH,; commercially available

SnBr, was stored under a nitrogen atmosphere; CDCls
was stored over molecular sieves 4 A. Analytical thin layer
chromatography (TLC) was performed using Merck 60
F,s4 precoated silica gel plate. Subsequent to elution, plates
were visualized using UV radiation (254 nm) on Spectro-
line Model ENF-24061/F 254 nm. Further visualization
was possible by staining with acidic solution of ceric
molybdate, followed by heating on a hot plate. Column
chromatography was conducted with 200-300 mesh silica
gel. "H NMR spectra were recorded on 400 MHz spec-
trometers. Chemical shifts of "H NMR spectra were re-
ported relative to tetramethylsilane (6 0) or chloroform (¢
7.26). Splitting patterns are indicated as s, singlet; d, dou-
ble; t, triplet; q, quartet; m, multiplet; br, broad. Analytical
gas chromatography was done using a Supelco beta-cyclo-
dextrin 120 chiral GC column (30 m x 0.25 mm). Optical
rotations were measured on a polarimeter. Tribromoallyl-
tin was prepared by a redistribution reaction, which was
carried out between diallyltin dibromide and tin tetrabro-
mide in neat.

4.2. Synthesis

4.2.1. Preparation of dibromodiallyltin ((CH,=CHCH,),-
SnBr;). To an oven dried 250 ml four-necked flask
equipped with a magnetic stirring bar, a reflux condenser
and a thermometer were added 150 ml toluene, tin powder
(17.8 g, 0.15 mol) and HgCl, (0.5 g, 0.002 mol). The mix-
ture was refluxed for 30 min, then cooled to room temper-
ature, adding triethylamine (0.275 ml) into the resulting
suspension, again heating until refluxing, and dropping 1-
bromopropene (18.2 g, 0.15mol) within 30 min. After
dropping, the mixture was continued to reflux for 3 h. At
last, the reaction mixture was cooled to room temperature,
filtered, and concentrated in vacuo. The residual crude
product was distilled under reductive pressure and resulted
in 19.5g of a slight yellow colored oil: bp 70-72°C/
0.5 mmHg, Yield 72%. The oil was analyzed by '"H NMR.

4.2.2. Preparation of allyltin tribromide (CH,—CHCH,-
SnBr;). To the above prepared diallyltin dibro-
mide(10.83 g, 30 mmol) in an oven dried Schlenk flask,
SnBry (13.15 g, 30 mmol) was added, the reaction mixture
carried out in neat at room temperature for 4 h. A two-fold
amount product (allyltin tribromide) was obtained (yield
100%). 'H NMR (CDCly): 6 3.25-3.27 (d, 2H,
Jusn = 108 Hz, CH,-Sn), 5.31-5.55 (m, 2H, CH,), 5.91-
6.0 (m, 1H, CH). Since allyltin tribromide was not soluble
in the CDCl;, the concentration of allyltin tribromide was
too low to obtain satisfactory '*C and ''”Sn NMR spectra.

4.2.3. Preparation of ((S)-1-benzylpyrrolidin-2-yl)diphenyl-
methanol 1a. ((S)-1-Benzylpyrrolidin-Z-yl)diphenylmeth-
anol 1a was prepared according to the previous literature.’

Yield 70%, mp 115-116°C, [a]}y = +95 (Zc 1, CHCl)
(literature: mp 113-115°C, yield 75%, [o]y = +76.2 (c
1.6, CH,Cl,)); "H NMR (CDCl;): § 1.56- 178 (m, 3H),
1.92-2.02 (m, 1H), 2.32-2.38 (m, 1H), 2.89-2.94 (m, 1H),
3.01-3.04 (d, J=12Hz, 1H, PhCH,), 3.21-3.24 (d,
J=12Hz, 1H, PhCH,), 3.96-3.99 (m, 1H), 4.93 (s, 1H,
OH), 7.03-7.73 (m, 15H).
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4.3. General procedure for asymmetric allylation of alde-
hydes with allyltin tribromide promoted by ((S)-1-benzyl-
pyrrolidin-2-yl)diphenymethanol 1a

A mixture of L-proline derivative 1a (189 mg, 0.55 mmol),
tribromoallyltin (200 mg, 0.5 mmol), diisopropylethyl-
amine (DIPEA) (129 mg, 1 mmol) and 4 A MS was dis-
solved in dry DCM (3 ml) under a nitrogen atmosphere
and stirred at room temperature for 2 h. To the resulting
solution was added the aldehyde (0.5 mmol) at —78 °C.
The mixture was stirred for another 10 h at this tempera-
ture. A saturated NaHCO; aqueous solution was added
to quench the reaction at ambient temperature. The aque-
ous layer was extracted with DCM (3 x 10 ml) and the com-
bined organic extracts were washed with brine, dried over
Na,SO,4 and concentrated in vacuo after filtration. The
residual crude product was purified by column chromato-
graphy on silica gel (ethyl acetate/petroleum as the eluant)
to afford the desired optically active homoallylic alcohol.

4.3.1. gR) (+)-1-Phenyl-3-buten-1-0l (entry 1 in Table
3). [o]y = 4223 (¢ 2, benzene); 'H NMR (400 MHz,
CDCl;) 6 2.02 (s, 1H, OH) 2.52 (t, J=38 Hz, 2H), 474
(t, J=7.6 Hz, 1H), 5.14—5.20 (m, 2H), 5.77—5.87 (m, 1H),
7.27-7.37 (m, SH); enantiomeric excess was determined to
be 56% by chiral GC analysis (Supelco B-DEX 120
column). GC conditions: oven 100 °C for 5 min, then
1 deg/min to 200 °C, 10 min at that temperature, rg for
the (R)-alcohol = 40.43 min, and tg for the (S)-alcohol =
40.88 min. The absolute stereochemistry was determined
by comparison of the sign of the specific rotation with
reported literature values.®

4.3.2. (R)-(+)-1- (p-Fluorophenyl) -3-buten-1-ol (lentry 2 in
Table 3). [oc}f) =+421.5 (¢ 2, CHCL); 'H NMR
(400 MHz, CDCls) ¢ 2.23 (s, lH, OH), 2.46-2.52 (m,
2H), 4.71 (t, J=5.6 Hz, 1H), 5.13-5.19 (m, 2H), 5.72-
5.88 (m, 1H), 7.03-7.09 (m, 2H), 7.29-7.37 (m, 2H); enan-
tiomeric excess was determined to be 33% by chiral GC
analysis (Supelco B-DEX 120 column). GC conditions:
oven 100 °C for 5 min, then 1 deg/min to 200 °C, 10 min
at that temperature, g for the (R)-alcohol =41.67 min,
and tg for the (S)-alcohol =42.49 min. The absolute ste-
reochemistry was determined by comparison of the sign
of optical rotation with reported literature values.®

4.3.3. (R)-(+)-1-(p-Chlorophenyl)-3-buten-1-ol (entry 3 in
Table 3). [oc]2 = +15.5 (c 2.4, benzene); 'H NMR
(400 MHz, CDCl;) ¢ 2.13 (s, 1H, OH), 2.43-2.45 (m,
2H), 4.68 (t, J=4.4 Hz, 1H), 5.08-5.14 (m, 2H), 5.71-
5.79 (m, 1H), 7.20-7.32 (m, 4H); enantiomeric excess was
determined to be 42% by chiral GC analysis (Supelco -
DEX 120 column). GC conditions: oven 100 °C for
5 min, then 1 deg/min to 200 °C, 10 min at that tempera-
ture, fg for the (R)-alcohol = 62.04 min, and #r for the
(S)-alcohol = 62.89 min. The absolute stereochemistry
was determined by comparison of the sign of the specific
rotation with reported literature values.®

4.3.4. (R)-(+)- 1 -(p-Bromophenyl)-3-buten-1-ol (entry 4 in
Table 3). [«]) =+12.6 (¢ 3.5, benzene); 'H NMR
(400 MHz, CDCls) 6 2.37 (s, 1H, OH), 2.41-2.46 (m,

2H), 4.66 (m, 1H), 5.12-5.16 (m, 2H), 5.71-5.81 (m, 1H),
7.18-7.28 (m, 4H); enantiomeric excess was determined to
be 44% by chiral GC analysis (Supelco B-DEX 120
column). GC conditions: oven 100 °C for 5 min, then
1 deg/min to 200 °C, 10 min at that temperature, fz for
the (R)-alcohol = 69.41 min, and ¢ for the (S)-alcohol =
70.23 min. The absolute stereochemistry was determined
by comparison of the sign of the specific rotation with
reported literature values.®

4.3.5. (R)-(+)-1- (p-Methylphenyl) 3-buten-1-ol (entry 5 in
Table 3). [oc]2 =+155 (¢ 2, benzene)y H NMR
(400 MHz, CDCl3) 6 1.99 (d, J=3.2 Hz, 1H OH), 2.34
(s, 3H), 2.48—2.52 (m, 2H), 4.70 (t, J=8 Hz, 1H), 5.12—
5.18 (m, 2H) 5.76-5.86 (m, 1H), 7.16 (d, /=8 Hz, 2H),
7.25 (d, J = 8 Hz, 2H); enantiomeric excess was determined
to be 43% by chiral GC analysis (Supelco B-DEX 120
column). GC conditions: oven 100 °C for 5 min, then
1 deg/min to 200 °C, 10 min at that temperature, rg for
the (R)-alcohol = 47.42 min, and ¢ for the (S)-alcohol =
48.18 min. The absolute stereochemistry was determined
by comparison of the sign of optical rotation with reported
literature values.®

4.3.6. (R)-(+)-1 (p-Methoxyphenyl)—3 buten-1-ol (entry 6 in
Table 3). [oc]]z) = +154 (¢ 1.6, benzene); 'H NMR
(400 MHz, CDCl3) o 2.12 (s, 1H OH), 2.47-2.50 (m,
2H), 3.80 (d, J=3.2Hz, 3H), 4.67 (t, J=6Hz, 1H),
5.10-5.16 (m, 2H), 5.76-5.82 (m, 1H), 6.86-6.89 (dd,
J=32Hz and 3.2 Hz, 2H), 7.25-7.28 (dd, J=2.8 Hz
and 3.2 Hz, 2H); enantiomeric excess was determined to
be 32% by chiral GC analysis (Supelco B-DEX 120
column). GC conditions: oven 100°C for 5min, then
1 deg/min to 200 °C, 10 min at that temperature, rg for
the (R)-alcohol = 63.11 min, and ¢ for the (S)-alcohol =
63.69 min. The absolute stereo-chemistry was determined
by comparison of the sign of the specific rotation with
reported literature values.®

4.3.7. (R)-(+)- 1 (p -Trifluorophenyl)-3-buten-1-ol (entry 7 in
Table 3). [oc]D = +142 (¢ 1.7, CHCL); 'H NMR
(400 MHz, CDCl3) o 2.13 (s, 1H, OH), 2.42-2.58 (m,
2H), 4.81 (t, J=3.6 Hz, 1H), 5.17-5.21 (m, 2H), 5.74-
5.85 (m, 1H), 7.48 (d, /=8 Hz, 2H), 7.61 (d, J =8 Hz,
2H); enantiomeric excess was determined to be 47% by chi-
ral GC analysis (Supelco B-DEX 120 column). GC condi-
tions: oven 100 °C for 5 min, then 1 deg/min to 200 °C,
10 min at that temperature, tg for the (R)-alcohol=
39.54 min, and tr for the (S)-alcohol =40.87 min. The
absolute stereochemistry was determined by comparison
of the sign of specific rotation with reported literature
values.®

4.3.8. (R)-(+)-1-(p-Nitrophenyl)-3-buten-1-ol (entry 8 in
Table 3). [of = +12.9 (¢ 3.5, benzene); 'H NMR
(400 MHz, CDCl;) 6 2.41-2.53 (m, 2H), 2.63 (s, 1H, OH),
4.83 (t, J=3.2 Hz, 1H), 5.11-5.15 (m, 2H), 5.69-5.80 (m,

H), 7.48-7.50 (d, J =8 Hz, 2H), 8.13-8.15 (d, J =8 Hz,
2H); enantiomeric excess was determined to be 40% by chi-
ral GC analysis (Supelco B-DEX 120 column). GC condi-
tions: oven 100 °C for 5 min, then 1 deg/min to 200 °C,
10 min at that temperature, tg for the (R)-alcohol =
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93.37 min, and g for the (S)-alcohol =93.97 min. The
absolute stereochemistry was determined by comparison
of the sign of the specific rotation with reported values.’

4.3.9. (R)-(+)- 1 (Zm-Chlorophenyl)-S -buten-1-o0l (entry 9
in Table 3). +18.3 (¢ 2, benzene); 'H NMR
(400 MHz, CDC13) 0 2.32 (s, 1H, OH), 2.44-2.50 (m,
2H), 4.70 (t, J=3.2 Hz, 1H), 5.14-5.19 (m, 2H), 5.74-
5.83 (m, 1H), 7.21-7.35 (m, 4H); enantiomeric excess was
determined to be 50% by chiral GC analysis (Supelco
B-DEX 120 column). GC conditions: oven 100 °C for
5 min, then 1 deg/min to 200 °C, 10 min at that tempera-
ture, tg for the (R)-alcohol = 58.50 min, and #r for the
(S)-alcohol = 59.15 min. To our knowledge, this com-
pound has no standard specific rotation value.

4.3.10. (R)-(+)-1-(3- Methony-S -hydroxyphenyl)-3- buten—l-
ol (entry 10 in Table 3). [oc]D = +1.2 (¢ 1.2, benzene); 'H
NMR (400 MHz, CDCls) 6 2.0 (s, 1H, OH), 2.48-2.51
(m, 2H), 3.90 (s, 3H), 4.65-4.69 (m, lH), 5.13-5.19 (m,
2H), 5.59 (s, 1H, OH), 5.77-5.84 (m, 1H), 6.83-6.94 (m,
3H), 7.29-7.37 (m, 2H); enantiomeric excess was deter-
mined to be 50% by chiral GC analysis (Supelco B-DEX
120 column). GC conditions: oven 100 °C for 5 min, then
1 deg/min to 200 °C, 10 min at that temperature, rg for
the (R)-alcohol = 56.56 min, and g for the (S)-alco-
hol = 56.98 min. To our knowledge, this compound has
no standard optical rotation value.

4.3.11. (R)-(+)- 1 -(o-Fluorophenyl)-3-buten-1-ol (entry 11 in
Table 3). [o]f) =+37.8 (¢ 1.8, CHCl); 'H NMR
(400 MHz, CDCl3) 6 2.11 (d, J=4Hz, 1H, OH), 2.45-
2.53 (m, 1H), 2.56-2.63 (m, 1H), 5.05-5.09 (m, 1H),
5.15-5.20 (m, 2H), 5.78-5.88 (m, 1H), 7.02-7.28 (m, 3H),
7.46-7.50 (ddd, J = 1.6 Hz, 2 Hz, and 2 Hz, 1H); enantio-
meric excess was determined to be 62% by chiral GC anal-
ysis (Supelco B-DEX 120 column). GC conditions: oven
100 °C for 5 min, then 1 deg/min to 200 °C, 10 min at that
temperature, tg for the (R)-alcohol = 39.06 min, and ¢y for
the (S)-alcohol = 39.25 min. The absolute stereochemistry
was determined by comparison of the sign of optical rota-
tion with reported literature values.?

4.3.12. (R)-(+)-1-(o-Chlorophenyl)-3-buten-1-o0l (entry 12 in
Table 3). [oc]2 +21.2 (¢ 1.8, CHCly; 'H NMR
(400 MHz, CDCls) 6 2.14 (s, 1H, OH), 2.34-2.42 (m, 1H),
2.61-2.67 (m, 1H), 5.15-5.23 (m, 3H), 5.82-5.93 (m, 1H),
7.19-7.36 (m, 3H), 7.56-7.58 (d, J = 7.6 Hz, 1H); enantio-
meric excess was determined to be 17% by chiral GC anal-
ysis (Supelco B-DEX 120 column). GC conditions: oven
100 °C for 5 min, then 1 deg/min to 200 °C, 10 min at that
temperature, tg for the (R)-alcohol = 54.27 min, and g
for the (S)-alcohol = 54.79 min. To the best of our knowl-
edge, this compound has no standard optical rotation value.

4.3.13. (R)-(+)-1- %o Bromophenyl)-3-buten-1-ol (entry 13
in Table 3). [a = +50.5 (¢ 2.2, CHCl); 'H NMR
(400 MHz, CDC13) 0 2.25 (s, 1H, OH), 2.31-2.38 (m,
1H), 2.62—2.65 (m, 1H), 5.10 (t, J=3.2Hz, 1H), 5.17-
5.22 (m, 2H), 5.82-5.93 (m, 1H), 7.11-7.14 (m, 1H),
7.31-7.35 (m, 1H), 7.50-7.56 (m, 2H); enantiomeric excess
was determined to be 51% by chiral GC analysis (Supelco

B-DEX 120 column). GC conditions: oven 100 °C for
5 min, then 1 deg/min to 200 °C, 10 min at that tempera-
ture, g for the (R)-alcohol =63.92 min, and g for the
(S)-alcohol = 64.80 min. To our knowledge, this com-
pound has no standard optical rotation value.

4.3.14. (S)-(—)-1-(o-Nitrophenyl)-3-buten-1-ol (entry 14 in
Table 3). [«]) = —37.1 (¢ 2.9, benzene); 'H NMR
(400 MHz, CDCl3) § 2.35-2.46 (m, 2H), 2.70-2.74 (m,
1H, OH), 5.19-5.24 (m, 2H), 5.31-5.34 (m, 1H), 5.85-
596 (m, 1H), 7.41-7.45 (t, J=8 Hz, 1H), 7.64-7.68 (t,
J=8Hz, 1H), 7.83-7.85 (d, /=8 Hz, 1H), 7.93-7.95 (d,
J =8 Hz, 1H); enantiomeric excess was determined to be
48% by chiral GC analysis (Supelco f-DEX 120 column).
GC conditions: oven 100 °C for 5 min, then 1 deg/min to
200 °C, 10min at that temperature, tgr = 93.37 min,
93.97 min respectively. To our knowledge, this compound
has no standard specific rotation value.

4.3.15. g ,E)-1-Phenylhexa-1,5- d1en-3-ol (entry 15 in Table
3). [oc] = +12.9 (c 3.5, benzene); '"H NMR (400 MHz,
CDCl) 6 2.13 (s, 1H, OH) 2.40-2.48 (m, 2H), 4.38 (t,
J=6Hz, 1H), 5.18—5.23 (m, 2H), 5.83-5.93 (m, 1H),
6.23-6.29 (dd, J=6.4Hz and 6.4 Hz, 1H), 6.60-6.64
(d, J=15.6 Hz, 1H), 7.32-7.41 (m, 5H), 8.13-8.15 (d,
J =8 Hz, 2H); enantiomeric excess was determined to be
34% by chiral GC analysis (Supelco B-DEX 120 column).
GC conditions: oven 100 °C for 5 min, then 1 deg/min to
200 °C, 10 min at that temperature, fg for the (R)-alco-
hol =93.37 min, and tg for the (S)-alcohol =93.97 min.
The absolute stereochemistry was determined by compari-
son of the sign of the specific rotation with reported litera-
ture values.?

4.3.16. (S)-(—)-1-(m-Trifluorophenyl)-3-buten-1-ol (entry 16
in Table 3). [«)y =478 (¢ 2.5, CHCl;); 'H NMR
(400 MHz, CDCl3) 6 2.33 (s, 1H, OH), 2.42-2.55 (m,
H), 4.78 (m, 1H), 5.16-5.19 (m, 2H), 5.74-5.84 (m, 1H),
7.44-7.63 (m, 4H); enantiomeric excess was determined to
be 13% by chiral GC analysis (Supelco B-DEX 120
column). GC conditions: oven 100 °C for 5 min, then
1 deg/min to 200 °C, 10 min at that temperature, g for
the (R)-alcohol = 36.25 min, and tx for the (S)-alcohol =
36.95 min. To our knowledge, this compound has no stan-
dard specific rotation value.

4.3.17. (R,E)-7, 11-D1methyldodeca 1,6,10- trren-4-ol (entry
17 in Table 3). [oc} = +12.9 (c 3.5, benzene); '"H NMR
(400 MHz, CDCl3) 6 1.60-1.73 (m, 9H), 2.03-2.27 (m,
6H), 4.09-4.14 (q, J=6.8 Hz, 7.2 Hz, and 7.2 Hz, 1H),
4.35-4.44 (m, 1H), 5.09-5.20 (m, 3H), 5.75-5.86 (m, 1H),
7.48-7.50 (d, J =8 Hz, 2H), 8.13-8.15 (d, J =8 Hz, 2H);
enantiomeric excess was determined to be 51% by chiral
GC analysis (Supelco B-DEX 120 column). GC conditions:
oven 100 °C for 5 min, then 1 deg/min to 200 °C, 10 min at
that temperature, tg for the (R)-alcohol = 93.37 min, and
tr for the (S)-alcohol = 93.97 min. To our knowledge, this
compound has no standard optical rotation value.

4.3.18. (R)-(+)-1- (254 Dichlorophenyl)-3-buten-1- ol (entry
20 in Table 3). [oz] = +42.5 (¢ 1.7, CHCL); 'H NMR
(400 MHz, CDCl3) o6 2.28-2.35 (m, 2H), 2.57 (s, 1
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OH), 5.06-5.08 (m, 1H), 5.15-5.19 (m, 2H), 5.79-5.84 (m,
1H), 7.24-7.49 (m, 3H); enantiomeric excess was deter-
mined to be 41% by chiral GC analysis (Supelco B-DEX
120 column). GC conditions: oven 100 °C for 5 min, then
1 deg/min to 200 °C, 10 min at that temperature, fg for
the (R)-alcohol =69.67 min, and tg for the (S)-alco-
hol =71.15min. To our knowledge, this compound has
no standard specific rotation value.
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