2838

PAPER

Rapid and Solvent-Free Synthesis of Homoallyl or Homopropargyl Alcohols

Mediated by Zinc Powder

Jin-xian Wang,**® Xuefeng Jia,* Tuanjie Meng,* Li Xin®

@ Institute of Chemistry, Department of Chemistry, Northwest Normal University, 967 An Ning Road (E.), Lanzhou 730070, P. R. China

Fax +86(931)7768159; E-mail: Wangjx @nwnu.edu.cn

b State Key Laboratory of Applied Organic Chemistry, Lanzhou University, Lanzhou 730000, P. R. China

Received 20 April 2005; revised 19 May 2005

Abstract: A rapid and efficient procedure for the solvent-free syn-
thesis of homoallylic and homopropargyl alcohols has been
achieved by zinc-mediated Barbier-type reaction of carbonyl com-
pounds at room temperature.
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Being important building blocks and versatile synthons,
homoallylic alcohols are highly featured in the organic
syntheses of many biologically active molecules such as
macrolides, polyhydroxylated natural products, and poly-
ether antibiotics.! Among the existing means to construct
these synthetically and biologically important molecules,
metal-mediated allylation? is one of the easiest and most
convenient. Since the 1980s, it has been gradually realized
that carbonyl allylation can be achieved even in aqueous
media through a Barbier-type reaction.? So far many met-
als have been reported to be effective in mediating the
coupling between allyl halides and carbonyl compounds
to give the corresponding homoallylic alcohols in aqueous
media.

On the other hand, homopropargyl alcohols have received
much attention as synthetic intermediates in organic syn-
thesis and as the structural moiety in a variety of biologi-
cally active compounds.* Homopropargyl alcohols have
been prepared by the reactions of propargyl organometal-
lics of antimony,’ borane,® cadium,” chromium,? indium,’
magnesium,** manganese,'® tin,!! lead,'”> and titanium'3
with aldehydes or ketones. However, these reactions in-
volved the use of water, either pure or with co-solvent, as
a medium for reactions with organic or organometallic re-
agents.'*

The allylation of carbonyl compounds mediated by zinc
powder have been extensively reported.'> But the yield of
product was not high and the scope of substrate was lim-
ited. Some reaction occurred with the help of other cata-
lyst or ultrasonic irradiation and the reaction needed
longer time.

Developing more benign synthetic procedures in chemi-
cal synthesis is important in moving towards sustainable
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technologies, as a part of the rapidly emerging field of
green chemistry.'® For reducing the amount of waste, en-
ergy usage, and the use of volatile, toxic and flammable
solvents, several approaches are available including
avoiding the use of organic solvents as the reaction me-
dia.'® Replacement media include non-volatile and recy-
clable ionic liquids,'”” H,0,'® supercritical CO,,"
polyethylene and polypropylene glycol.® An alternative
approach avoids the use of the so-called ‘solvent-free’ or
‘solventless’ reaction.?!2

As a part of our program? to explore the synthetic appli-
cations of organozinc reagents, we have focused our at-
tempts on developing rapid and novel green chemistry
reactions. To our knowledge, solvent-free synthesis of ho-
moallylic and homopropargyl alcohols is rarely reported
and results in low yields.?*

In this article, we wish to report an rapid, efficient, and
zinc-mediated Barbier-type reaction that allows the syn-
thesis of homoallylic and homopropargyl alcohols from
carbonyl compounds with organic halides under solvent-
free conditions.

To demonstrate this concept, initial experiments exam-
ined the reaction of o-chlorobenzaldehyde with allyl bro-
mide mediated by zinc powder under solvent-free
conditions (Scheme 1). As summarized in Tables 1, 1-(2-
chlorophenyl)but-3-en-1-ol is typical of an effective pro-
tocol for synthesis homoallylic alcohols.

Q OH
Zn*
+ /\/Br %
R)J\H ~ solvent-free, r.t. RXH\/
1 2 3a-m

Scheme 1

From the results shown in Table 1, it can be seen that most
of the reactions proceeded smoothly at room temperature
in good to excellent yields and side reactions such as re-
duction and coupling were not observed. Interestingly, it
was found that carbonyl compounds containing hydroxyl
group could be efficiently allylated without any O-protec-
tion (Table 1, entry 7). This was clearly advantageous
compared to the traditional allylation methods using the
organometallic reagents. Further studies indicated that
heteroaromatic aldehyde provided the allylation products
in high yields (Table 1, entries 11 and 12). For cinnamal-
dehyde, the reaction occurred in a regiospecific manner
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and gave solely the 1,2-addition product (Table 1, entry
13). The reaction was not sensitive to the nature of the al-
dehydes used. The reaction proceeded well with either ar-
omatic or aliphatic aldehydes. Furthermore, electron-
withdrawing or -donating groups on the aromatic ring did
not seem to affect the reaction significantly either in the
yield of product or the rate of reaction.

In order to define the scope and limitation of this method
for synthesis of homoallylic alcohols, we have further ex-
amined the reaction of various ketones with allyl bromide
mediated by zinc powder under solvent-free conditions
(Scheme 2). The results are listed in Table 2.

ﬁ\ B 2 M
+ /\/ r———

p” R? - solvent-free, r.t. R‘)(RF/
4 2 5a—g

Scheme 2

The allylation of acetophenone and propiophenone gave
the corresponding products in 85% and 77% yields re-
spectively (Table 2, entries 1 and 3). In the case of ben-
zophenone, the ketone was not totally consumed,
resulting in a moderate yield. This could result from steric
hindrance due to the phenyl groups (Table 2, entry 2). In
this case, an excess of allyl bromide was necessary (with
1.5 equiv of allyl bromide) to increase the yield.

Encouraged by these preliminary results, we next investi-
gated propargylation of several aldehydes under similar
conditions (Scheme 3). The results described in Table 3
demonstrate that homopropargyl alcohols were produced
in good yields under solvent-free conditions, but they re-
quired longer reaction time compared to homoallylic alco-
hols. Aromatic aldehydes, which were examined gave the
corresponding products and the formation of alleny] alco-
hols were not detected from '"H NMR and '*C NMR spec-
tra (Table 3, entries 1-8).

(o] Zn* OH
e ="Br ———
R1JJ\H //\ solvent-free, r.t. R‘)(N
6 7a-i
Scheme 3

In contrast to the reported literature methods, the valuable
features of our methodology include shorter reaction time
and higher yield. Many metal-mediated Barbier-type re-
actions need longer reaction times**%° (range from few
hours to several days) and some even require heat*” or ul-
trasonic irradiation.”® However, using our method, ho-
moallylic alcohols can be synthesized in a highly efficient
way. The yields of homoallylic alcohols are 68-91% and
homopropargyl alcohols are 75-85%. All the reactions
need only 10-30 minutes. The broader substrate scope lies
in the fact that our methods are applicable to both aliphatic
and aromatic carbonyl compounds. Even heterocyclic al-
dehydes and cyclic ketones can be allylated efficiently un-
der solvent-free conditions. o,B-Unsaturated carbonyl

Table 1 Zinc-Mediated Carbonyl Allylation of Aldehydes under
Solvent-Free Conditions

Entry* R Product Time Yield
(min) (%)
1 Ph OH 3a 15 81
w
2 2-CI(C¢H,) OH 3b 10 91
@f\/\
Cl
3 4-Br(C¢H,) OH 3c 12 82
/@)W
Br
4 4-MeO(C¢H,) OH 3d 15 86
m
MeO
5 3-MeO(C¢Hy) OH 3e 15 88
Q/K/\
OMe
6 4-t-Bu(C¢H,) OH 3f 25 78
W
t-Bu
7 2-OH(CsHy) OH 3g 20 83
W
OH
8 PhCH, = 3h 30 74
o
9 CH;(CH,);CH, OH 3i 20 80

4
?

10 OOO ! ! [ 3j 30 68
HO X
11 3k 20 84
Do O~
S S
OH
12 31 15 82
Do D~
O O
OH
13 PhCH=CH OH 3m 15 77

4
{

*Reaction conditions: zinc powder (8§ mmol), aldehydes (7 mmol), and
allyl bromide (8 mmol).
® Isolated yield.
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Table 2 Allylation of Ketones Mediated by Zn Powder under Sol-
vent-Free Conditions

Table 3 Synthesis of Homopropargyl Alcohols Mediated by Zinc
Powder under Solvent-Free Conditions

Entry® R! R?  Product Time Yield Entry® R! Product Time Yield
(min) (%)" (min) (%)”
1 Ph CH; OH 5a 20 85 1 Ph OH 7a 25 78
©)\///
X
CH3
2 Ph Ph = 5b 30 80 2 2-CI(C¢Hy) OH 7b 20 84
OH d\/
T c
3 3-Br(C¢H,) OH 7¢ 30 80
3 Ph C,H; OH 5¢ 30 77 =
CoHs
Br
¢ GHy CH, oH 54 20 T4 4 4 MeO(CH,) OH 7d 30 85
A W
3
5 (CH,); OH P 5¢e 20 71 MeO
5 3-MeO(C¢H,) OH 7e 30 81
=
6 (CH,), OH 5 25 70
=
OMe
6 2,4-Cl,(C¢Hj3) OH 7% 25 82
7 (CH,),CH=CH OH s5g 20 78 W
=
(jv cl cl
7 2-MeO(C¢H,) OH 7g¢ 30 79
* Reaction conditions: zinc powder (8 mmol), ketones (7 mmol), and é
allyl bromide (8 mmol).
b .
Isolated yield. OMe
8 4-CI(C¢Hy) OH 7h 30 87

compounds regioselectively give corresponding 1,2-addi-
tion product. More importantly, we find that our method
can be applicable to propargyl bromide and achieve the
propargylation of carbonyl compounds.

In conclusion, this solvent-free reaction provides a rapid,
convenient and efficient process for synthesis of homoal-
lylic and homopropargyl alcohols by coupling carbonyl
compounds with allyl bromide or propargyl bromide me-
diated by zinc powder. More importantly, advantages of
the present method are the excellent yields (benzaldehye:
81%; 2-chlorobenzaldehye: 91%; cinnamaldehyde: 77%;
3-methoxybenzaldehye: 88%; thiophene-2-carboxalde-
hyde: 84%; acetophenone: 85%; benzophenone: 80%),
shorter time (10-30 min), environmentally benign reac-
tion conditions and its abroad applicability to both alde-
hydes and ketones.

IR spectra were measured on thin-film samples, using an Alpha
Centauri FT-IR spectrophotometer. '"H NMR spectra (400 MHz)
were recorded using a Bruker AC-E 400 MHz spectrometer in
CDCl; with TMS as an internal standard. Mass spectra measure-
ments were performed on a QP-1000A GC-MS spectrometer by EI
ionization at 70 eV. Purification of products was performed via
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* The reaction was carried out using zinc powder (6 mmol), carbonyl
compounds (5 mmol), and propargyl bromide (6 mmol) at r.t.
® Isolated yield.

flash chromatography with 200-400 mesh silica gel [petroleum
ether (bp 60-90 °C)-EtOAc, 15:1]. The chemicals were obtained
from commercial sources.

Solvent-Free Synthesis of Homoallyl or Homopropargyl Alco-
hols; Typical Procedure

Activated zinc powder was placed (0.52 g, 8 mmol) in a flame-dried
round-bottom flask (50 mL) fitted with a magnetic stir bar. Then al-
dehyde (7 mmol) and allyl bromide (0.96 g, 8 mmol) were added via
the dropping funnel. The resulting mixture was vigorously stirred at
r.t. After reaction completed, sat. NH,Cl solution was poured into
the mixture and stirred for several minutes. Et,O was added and the
organic layer was separated and dried over anhyd MgSO,. The res-
idue was purified by flash chromatography on silica gel using petro-
leum ether-EtOAc (15:1) as the eluent. This afforded
corresponding homoallylic alcohols.
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The Activated Method for Zinc Powder

Method 1:* Zn powder (100 g) and water (0.9 L) were placed into
a 1-L Erlenmeyer flask equipped with a stir bar. Concd HCI (10 mL)
was added with stirring over 1 min. The slurry was stirred for 20
min and the water was decanted. The metal was washed with water
(3 x 250 mL), acetone (3 x 150 mL), and Et,O (2 x 100 mL). The
metal was then transferred to a flask equipped with a vacuum take-
off and dried under full vacuum for 3 h.

Method 2:*° In a flame-dried round-bottom flask fitted with magnet-
ic stir bar, dropping funnel, and N, inlet, zinc powder was placed
and the flask was flushed with anhyd N,. Then 1,2-dibromoethane
(0.1 mL, 2 mL THF) was added and the reaction mixture was heated
to 65 °C until the solvent began to reflux. A few minutes (ca 2 min)
later it was cooled and trimethylchlorosilane (0.1 mL, 1 mL. THF)
was added. The solution was stirred at r.t. for 15 min and the organic
solvent was evaporated.

1-Phenylbut-3-en-1-o0l (3a)
0il.?

IR: 3372, 3073, 2916, 1641, 1493, 1446, 1041, 999, 916, 757 cm™".

"H NMR (400 MHz, CDCl,, TMS): § = 7.36-7.25 (m, 5 H), 5.86—
5.75 (m, 1 H), 5.18-5.12 (m, 2 H), 4.73 (q, / = 5.6 Hz, 1 H), 2.55—
247 (m, 2 H), 2.16 (s, 1 H).

13C NMR (100 MHz, CDCl;, TMS): § = 143.82, 134.42, 128.39,
127.52, 125.78, 118.42, 73.25, 43.81.

MS (EL 70 eV): m/z (%) = 148 (0.3) [M*], 131 (3.0), 107 (100.0),
91 (2.8), 79 (88.6), 77 (54.8), 51 (22.9), 39 (43.5).

1-(2-Chlorophenyl)but-3-en-1-ol (3b)
0il.?!

IR: 3302, 3073, 2939, 1639, 1472, 1409, 1340, 1096, 1035, 916,
753 cm™.

'H NMR (400 MHz CDCl,, TMS): § = 7.59-7.54 (m, 1 H), 7.36—
7.19 (m, 3 H), 5.98-5.75 (m, 1 H), 5.25-5.17 (m, 2 H), 5.15-5.13 (¢,
1 H), 2.69-2.30 (m, 2 H), 2.18 (s, 1 H).

13C NMR (100 MHz, CDCl;, TMS): & = 141.12, 134.21, 131.65,
129.35, 128.42, 127.03, 127.00, 118.74, 69.55, 42.00.

MS (EL 70 eV): m/z (%) = 184 (0.2) [M* + 2], 182 (0.6) [M*], 147
(1.9), 141 (74.7), 113 (20.8), 105 (5.5), 77 (100.0).

1-(4-Bromophenyl)but-3-en-1-o0l (3c)
0il.*?

IR: 3369, 3076, 2987, 2932, 1641, 1592, 1488, 1405, 1070, 1009,
826 cm™.

"H NMR (400 MHz, CDCl;, TMS): § = 7.50-7.43 (m, 2 H), 7.26-
7.19 (m, 2 H), 5.88-5.67 (m, 1 H), 5.21-5.09 (m, 2 H), 4.67 (t, J =
5.6 Hz, 1 H), 2.51-2.42 (m, 2 H), 2.14 (s, 1 H).

13C NMR (100 MHz, CDCl;, TMS): & = 142.78, 133.91, 131.46,
127.53, 121.24, 118.93, 72.53, 43.82.

MS (EL 70 eV): m/z (%) = 228 (1.1) [M* + 2], 226 (1.1) [M*], 209
(0.1), 185 (92.5), 157 (21.7), 105 (7.5), 77 (100.0), 51 (22.5), 39
(32.7).

1-(4-Methoxyphenyl)but-3-en-1-ol (3d)
0il.>>26

IR: 3398, 3070, 2922, 1883, 1612, 1511, 1446, 1247, 1035, 920,
826 cm™'.

"H NMR (400 MHz, CDCl,;, TMS): § = 7.28-7.25 (m, 2 H), 6.89—

6.86 (m, 2 H), 5.82-5.76 (m, 1 H), 5.16-5.11 (m, 2 H), 4.68 (t, J =
6.0 Hz, 1 H), 3.81 (s, 3 H), 2.51-2.47 (m, 2 H), 2.04 (s, 1 H).

13C NMR (100 MHz, CDCl;, TMS): § = 159.00, 136.00, 134.59,
127.04, 118.24, 113.75, 72.93, 55.25, 43.74.

MS (EL 70 eV): m/z (%) = 178 (0.6) [M*], 161 (0.5), 144 (26.0), 137
(100.0), 109 (41.9), 94 (38.8), 77 (40.0), 51 (13.0), 39 (46.1).

1-(3-Methoxyphenyl)but-3-en-1-ol (3e)
0il.*?

IR: 3409, 3075, 2937, 2908, 2836, 1640, 1603, 1488, 1261, 1044,
995 cm™..

'H NMR (400 MHz CDCl,, TMS): § = 7.28-6.80 (m, 4 H), 5.86—
5.75 (m, 1 H), 5.19-5.13 (m, 2 H), 4.71 (q, J = 5.6 Hz, 1 H), 3.81 (s,
3 H), 2.55-2.46 (m, 2 H), 2.00 (s, 1 H).

13C NMR (100 MHz, CDCl,, TMS): & = 159.67, 145.58, 134.40,
129.40, 118.42, 118.08, 112.96, 111.24, 73.15, 55.18, 43.76.

MS (EL 70 eV): m/z (%) = 178 (8.8) [M*], 161 (0.6), 147 (0.3), 137
(99.6), 109 (100.0), 94 (40.4), 77 (35.0), 51 (8.4), 39 (24.9).

1-(4-tert-Butylphenyl)but-3-en-1-ol (3f)
0il.>

IR: 3364, 3075, 2963, 2905, 1641, 1511, 1409, 1269, 1050, 914,
833 cm™.

'H NMR (400 MHz, CDCl,, TMS): & = 7.40-7.25 (m, 4 H), 5.85—
5.77 (m, 1 H), 5.22-5.12 (m, 2 H), 4.74 (t, J = 6.0 Hz, 1 H), 2.55-
2.48 (g, 2 H), 1.96 (s, 1 H), 1.32 (s, 9 H).

13C NMR (100 MHz, CDCL,, TMS): § = 150.48, 140.86, 134.70,
125.33, 125.31, 118.22, 73.10, 43.63, 34.49, 31.33.

MS (EL 70 eV): m/z (%) = 204 (0.5) [M*], 187 (1.2), 163 (46.3), 148

(6.8), 133 (8.0), 119 (1.9), 105 (8.3), 91 (12.9), 77 (9.0), 57 (100.0),
41 (44.6).

1-(2-Hydroxyphenyl)but-3-en-1-o0l (3g)
0il.®

IR: 3331, 3079, 2926, 1598, 1447, 1236, 997, 924, 755 cm™!.

'H NMR (400 MHz, CDCl,, TMS): & = 8.03 (s, 1 H), 7.25-6.81 (m,
4 H), 5.89-5.81 (m, 1 H), 5.25-5.19 (m, 2 H), 4.89-4.85 (m, 1 H),
2.66-2.56 (m, 2 H), 2.16 (s, 1 H).

13C NMR (100 MHz, CDCL,, TMS): & = 155.53, 133.84, 128.99,
127.08, 126.17, 119.76, 119.54, 117.26, 74.69, 42.13.

MS (EL 70 eV): m/z (%) = 164 (43.2) [M*], 147 (10.5), 145 (53.5),
131 (58.8), 129 (16.8), 123 (100.0), 95 (59.0), 77 (75.0), 65 (19.0),
51(32.0), 39 (65.0).

1-Phenylpent-4-en-2-ol (3h)

oil»

IR: 3394, 3068, 3027, 2927, 1640, 1494, 1451, 1076, 1033, 915
cm™.

'H NMR (400 MHz, CDCl;, TMS): § = 7.37-7.13 (m, 5 H), 5.91-
5.81 (m, 1 H), 5.18-5.13 (m, 2 H), 3.91-3.85 (m, 1 H), 2.84-2.70
(m, 2 H), 2.37-2.18 (m, 2 H), 1.81 (s, 1 H).

13C NMR (100 MHz, CDCl,, TMS): & = 138.34, 134.65, 129.40,
128.52, 126.46, 118.15, 71.66, 43.25, 41.15.

MS (EI, 70eV): m/z (%) =162 (1.1) [M*], 144 (0.9), 121 (38.2), 103
(30.1), 92 (100.0), 77 (15.9).

Dec-1-en-4-o0l (3i)

Oil. 3

IR: 3363, 3074, 2927, 2857, 1828, 1641, 1458, 1377,995,912 cm™".

'H NMR (400 MHz, CDCl,, TMS): & = 5.88-5.78 (m, 1 H), 5.15—
5.11 (m, 2 H), 3.67-3.61 (m, 1 H), 2.33-2.12 (m, 2 H), 1.79 (s, 1 H),
1.49-1.37 (m, 10 H), 0.90-0.86 (t, 3 H).
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13C NMR (100 MHz, CDCl;, TMS): & = 134.91, 118.06, 70.65,
41.92, 36.80, 31.80, 29.30, 25.62, 22.60, 14.06.

MS (EL 70 eV): m/z (%) = 139 (0.6) [M* — OHJ, 115 (13.7), 97
(38.3), 69 (15.9), 55 (100.0), 41 (55.4).

1-(9-Anthryl)but-3-en-1-ol (3j)
0Oil.»

IR: 3410, 3070, 2923, 2853, 1723, 1666, 1446, 1315, 1285, 1036,
917,735 cm™.

'HNMR (400 MHz, CDCl,, TMS): § = 8.64-7.22 (m, 9 H), 6.30 (q,
J=5.2Hz, 1 H),5.98-5.89 (m, 1 H), 5.26-5.12 (m, 2 H), 3.23-2.82
(m, 2 H), 2.23 (s, 1 H).

13C NMR (100 MHz, CDCl;, TMS): & = 138.05, 135.18, 133.95,
131.64, 129.32, 129.20, 128.19, 125.56, 124.76, 118.00, 70.61,
42.06.

MS (EL, 70 eV): m/z (%) = 248 (8.4) [M"*], 231 (0.1), 207 (51.5), 178

(34.2), 152 (57.0), 137 (3.9), 123 (96.8), 106 (6.3), 95 (10.2), 73
(21.2), 61 (16.3), 43 (100.0).

1-(2-Thienyl)but-3-en-1-ol (3k)
0il 3¢
IR: 3374, 3075, 2932, 2905, 1641, 1436, 1034, 919, 852 cm™.

'H NMR (400 MHz, CDCl,, TMS): § = 7.25-7.24 (m, 1 H), 6.99—
6.96 (m, 2 H), 5.88-5.78 (m, 1 H), 5.22-5.15 (m, 2 H), 4.99 (t, J =
6.4 Hz, 1 H), 2.64-2.60 (m, 2 H), 2.17 (s, 1 H).

13C NMR (100 MHz, CDCl;, TMS): § = 147.75, 133.79, 126.62,
124.56, 123.67, 118.84, 69.33, 43.76.

MS (EL 70 eV): m/z (%) = 154 (1.1) [M*], 137 (9.4), 113 (100.0),
85 (72.9), 83 (2.7), 58 (7.0), 45 (58.3), 41 (27.3), 39 (54.1).

1-(2-Furyl)but-3-en-1-o0l (31)
0il.>>26
IR: 3370, 3078, 2918, 1841, 1643, 1431, 1029, 920 cm™".

'H NMR (400 MHz, CDCl;, TMS): § = 7.38-7.26 (m, 1 H), 6.34—
6.25 (m, 2 H), 5.86-5.77 (m, 1 H), 5.20-5.13 (m, 2 H), 4.75 (t, J =
6.8 Hz, 1 H), 2.67-2.59 (m, 2 H), 2.07 (s, 1 H).

13C NMR (100 MHz, CDCl;, TMS): § = 155.95, 141.97, 133.64,
118.60, 110.12, 106.08, 66.88, 40.04.

MS (EI 70 eV): m/z (%) = 138 (3.4) [M*], 121 (5.3), 97 (100.0), 84
(24.7), 69 (16.4), 55 (24.5), 41 (38.5), 39 (36.2).

1-Phenylhexa-1,5-dien-3-o0l (3m)
0il 2%
IR: 3374, 3070, 2925, 1640, 1438, 998, 915, 740, 687 cm™".

'HNMR (400 MHz, CDCl,, TMS): § =7.39-7.21 (m, 5 H), 6.60 (d,
J=16.0Hz, 1 H), 6.24 (dd, J = 16.0, 6.4 Hz, 1 H), 5.91-5.80 (m, 1
H), 5.21-5.14 (m, 2 H), 4.36 (q, J = 6.4 Hz, 1 H), 2.46-2.34 (m, 2
H), 1.98 (s, 1 H).

13C NMR (100 MHz, CDCl;, TMS): § = 136.60, 133.98, 131.48,
130.36, 128.55, 127.64, 126.46, 118.53, 71.69, 41.98.

MS (EL 70 eV): m/z (%) = 174 (4.6) [M*], 157 (5.3), 133 (75.3), 115
(31.8), 91 (15.0), 77 (35.7) 55 (100.0), 39 (52.7).
2-Phenylpent-4-en-2-ol (5a)

0il.2526

IR: 3425, 3070, 2975, 2925, 1646, 1440, 1364, 1059, 922 cm™'.

'H NMR (400 MHz, CDCl,, TMS): § = 7.47-7.21 (m, 5 H), 5.60—
5.56 (m, 1 H), 5.17-5.09 (m, 2 H), 2.71-2.44 (m, 2 H), 2.00 (s, 1 H),
1.54 (s, 3 H).

Synthesis 2005, No. 17, 2838-2844 © Thieme Stuttgart - New York

13C NMR (100MHz, CDCl,, TMS): § = 147.59, 133.63, 128.15,
126.59, 124.73, 119.49, 73.58, 48.42, 29.89.

MS (EL 70 eV): m/z (%) = 162 (0.3) [M*], 145 (0.9), 121 (29.9), 105
(62.9), 77 (12.0), 51 (9.7), 43 (100.0).

1,1-Diphenylbut-3-en-1-ol (5b)
0Oil.»
IR: 3549, 3475, 3068, 2930, 1817, 1639, 1440, 1171,998,918 cm™".

'H NMR (400 MHz, CDCl;, TMS): § = 7.46-7.19 (m, 10 H), 5.71-
5.60 (m, 1 H), 5.26-5.16 (m, 2 H), 3.09-3.06 (m, 2 H), 2.55 (s, 1 H).

13C NMR (100 MHz, CDCl,): & = 146.46, 133.40, 128.17, 126.85,
125.95, 120.55, 76.84, 46.28.

MS (EL 70 eV): m/z (%) =224 (0.1) [M*], 207 (1.5), 183 (79.6), 165
(2.0), 105 (100.0), 91 (11.4), 77 (66.0), 51 (16.3), 39 (13.3).

4-Phenylhex-1-en-4-ol (5¢)
0il.>’

IR: 3474,3068, 3028, 2972, 2934, 1638, 1602, 1493, 1445, 978,
918, 762, 702, 567 cm™".

'H NMR (400 MHz, CDCl,, TMS): & = 7.40-7.21 (m, 5 H), 5.62—
5.53 (m, 1 H), 5.16-5.09 (m, 2 H), 2.75-2.46 (m, 2 H), 2.02 (s, 1 H),
1.89-1.77 (q, 2 H), 0.76 (t, J = 7.6 Hz, 3 H).

13C NMR (100 MHz, CDCl,, TMS): § = 145.71, 133.56, 128.03,
126.39, 125.37, 119.54, 75.97, 46.89, 35.22, 7.81.

MS (EL 70 eV): m/z (%) = 159 (0.6) [M* — OH], 147 (0.6), 135
(40.2), 117 (3.5), 105 (21.8), 91 (5.5), 77 (23.2), 57 (100.0), 41
(22.8), 39 (34.1).

4-Methylnon-1-en-4-ol (5d)
Oil.»
IR: 3392, 3073, 2935, 1642, 1454, 1149, 1002, 917 cm™.

'H NMR (400 MHz, CDCl,, TMS): & = 6.08-5.87 (m, 1 H), 5.27—
5.18 (m, 2 H), 2.35-2.28 (m, 2 H), 1.53-1.41 (m, 9 H), 1.28 (s, 3 H),
1.04-0.97 (t, 3 H).

13C NMR (100 MHz, CDCL,, TMS): & = 134.10, 118.58, 72.17,
46.23,41.81, 32.36, 26.69, 23.50, 22.62, 14.03.

MS (EL 70 eV): m/z (%) = 139 (11.6) [M* — OHJ, 115 (23.2), 99
(100.0), 83 (12.1), 71 (55.3), 55 (34.3), 43 (92.4).

1-(Prop-2-enyl)cyclohexan-1-ol (Se)
0il. >
IR: 3403, 3073, 2930, 1643, 1445, 1143, 969, 913 cm™'.

'H NMR (400 MHz, CDCl;, TMS): § = 5.94-5.83 (m, 1 H), 5.16—
5.08 (m, 2 H), 2.21 (d, J=7.6 Hz, 2 H), 1.64-1.40 (m, 10 H), 1.31-
1.25 (m, 1 H).

13C NMR (100 MHz, CDCl,;, TMS): & = 133.69, 118.66, 70.91,
46.66, 37.35, 25.73,22.15.

MS (EL 70 eV): m/z (%) = 123 (0.9) [M* — OH], 99 (62.3), 81
(86.6), 69 (10.2), 55 (65.5), 41 (100.0).

1-(Prop-2-enyl)cyclopentan-1-ol (5f)
Oil.»
IR: 3386, 3074, 2954, 1829, 1640, 1437, 1192, 995,913 cm™".

'H NMR (400 MHz, CDCl,, TMS): & = 5.95-5.85 (m, 1 H), 5.16—
5.12 (m, 2 H), 2.34 (d, J = 7.6 Hz, 2 H), 1.85-1.56 (m, 9 H).

13C NMR (100 MHz, CDCL,, TMS): & = 134.53, 118.59, 73.29,
45.83,39.38, 23.83.

MS (EL 70 eV): m/z (%) = 126 (0.7) [M*], 109 (0.6), 85 (100.0), 67
(77.8), 55 (51.9), 41 (57.2), 39 (51.1).
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1-(Prop-2-enyl)-2-cyclohexen-1-ol (5g)
oil»

IR: 3386, 3073, 2931, 1829, 1642, 1435, 1172, 1084, 983, 915, 734,
621 cm™.

"H NMR (400 MHz, CDCl;, TMS): § = 5.93-5.80 (m, 2 H), 5.63—
5.61 (m, 1 H), 5.15-5.10 (m, 2 H), 2.30 (d, / = 7.2 Hz, 2 H), 2.07—
2.00 (m, 1 H), 1.74-1.60 (m, 6 H).

13C NMR (100 MHz, CDCl;, TMS): § = 133.66, 132.15, 130.18,
118.61, 69.13, 46.68, 35.51, 25.15, 18.92.

MS (EL 70 eV): m/z (%) = 120 (0.5) [M* — H,01, 97 (100.0), 79
(19.1), 67 (12.4), 55 (28.8), 41 (26.4).

1-Phenylbut-3-yn-1-ol (7a)

0il’

IR: 3381, 3294, 3032, 2914, 2118, 1955, 1636, 1451, 1049, 863,
701, 642 cm™.

'HNMR (400 MHz, CDCL,, TMS): § = 7.39-7.24 (m, 5 H), 4.86 (t,
J=6.4Hz, 1 H), 2.64-2.61 (m, 2 H), 2.41 (s, 1 H), 2.06 (t, J= 2.4
Hz, 1 H).

13C NMR (100 MHz, CDCl;, TMS): & = 142.38, 128.47, 127.99,
125.71, 80.63, 72.29, 70.96, 29.42

MS (EL 70 eV): m/z (%) = 146 (0.3) [M*], 128 (14.3), 107 (100.0),
79 (68.6), 77 (54.4), 51 (29.0), 39 (47.0).

1-(2-Chlorophenyl)but-3-yn-1-ol (7b)
Oil.*#

IR: 3392, 3298, 3067, 2918, 2120, 1955, 1641, 1591, 1469, 1440,
1033, 859, 756, 641 cm™.

'HNMR (400 MHz, CDCl,, TMS): § = 7.63-7.20 (m, 4 H), 4.93 (q,
J=6.4Hz, 1 H), 2.83-2.77 (m, 2 H), 2.62 (s, 1 H), 2.10 (t, J= 2.8
Hz, 1 H).

13C NMR (100 MHz, CDCl;, TMS): & = 139.60, 131.63, 129.37,
128.91, 127.06, 126.99, 80.25, 71.20, 68.67, 27.66.

MS (EL 70 eV): m/z (%) = 182 (0.1) [M* + 2], 180 (0.3) [M*], 165
(0.1), 163 (0.3), 141 (51.4), 113 (15.7), 77 (100.0), 51 (40.6), 39
(47.6).

1-(3-Bromophenyl)but-3-yn-1-ol (7c)
0il.*

IR: 3381, 3296, 3064, 2916, 2119, 1952, 1642, 1569, 1425, 1060,
882, 784, 644 cm™'.

'HNMR (400 MHz, CDCl,, TMS): § =7.56-7.21 (m, 4 H), 4.84 (q,
J=6.0Hz, 1 H), 2.64-2.61 (m, 2 H), 2.44 (s, 1 H), 2.09 (t, J=2.4
Hz, 1 H).

13C NMR (100 MHz, CDCl;, TMS): & = 144.59, 131.02, 130.03,
128.88, 124.37, 122.58, 80.02, 71.54, 71.42, 29.46.

MS (EL 70 eV): m/z (%) = 226 (0.6) [M* + 2], 224 (0.6) [M*], 209
(0.1), 207 (0.1), 185 (31.9), 157 (13.8), 77 (100.0), 63 (6.9), 51
(40.5), 39 (56.3).

1-(4-Methoxyphenyl)but-3-yn-1-ol (7d)

0il

IR: 3404, 3290, 2912, 2839, 2110, 1612, 1513, 1248, 1034, 833,
645 cm™'.

'H NMR (400 MHz, CDCl,, TMS): § = 7.33-7.26 (m, 2 H), 6.91—
6.87 (m, 2 H), 4.83 (t, J = 6.4 Hz, 1 H), 3.82 (s, 3 H), 2.64-2.61 (m,
2 H),2.33 (s, 1 H), 2.07 (t, J = 2.4 Hz, 1 H).

13C NMR (100 MHz, CDCl;, TMS): & = 158.01, 142.55, 130.50,
118.22, 80.20, 71.55, 69.80, 55.26, 29.41.

MS (EL 70 eV): m/z (%) = 176 (2.5) [M*], 159 (0.2), 137 (100.0),
122 (1.0), 109 (13.7), 94 (22.4), 77 (23.6), 51 (6.3), 39 (11.4).

1-(3-Methoxyphenyl)but-3-yn-1-ol (7e)
OilH

IR: 3408, 3290, 3055, 2917, 2118, 1953, 1598, 1460, 1261, 1154,
1042, 864, 787, 646 cm™.

"H NMR (400 MHz, CDCl;, TMS): § = 7.29-6.82 (m, 4 H), 4.85 (t,
J=64Hz, 1 H),3.81 (s, 3 H), 2.65-2.62 (m, 2 H), 2.41 (s, 1 H),
2.08 (t,J=2.4Hz, 1 H).

13C NMR (100 MHz, CDCl;, TMS): § = 159.67, 144.08, 129.50,
117.97,113.42, 111.20, 80.62, 72.19, 70.98, 55.21, 29.40.

MS (EL 70 eV): m/z (%) = 176 (1.7) [M*], 161 (1.9), 145 (3.7), 137
(79.6), 109 (100.0), 94 (61.5), 77 (71.9), 51 (25.2), 39 (85.1).

1-(2,4-Dichlorophenyl)but-3-yn-1-ol (7f)

Oil.

IR: 3294, 2921, 2119, 1955, 1910, 1645, 1469, 1382, 1042, 860,
817 cm™.

'HNMR (400 MHz, CDCl,, TMS): § = 7.67-7.26 (m, 3 H), 4.94 (q,
J=6.4Hz, 1 H),3.96 (s, | H), 2.81-2.48 (m, 2 H), 2.10 (t, J = 2.4
Hz, 1 H).

BC NMR (100 MHz, CDCl,, TMS): 8 = 138.3, 134.0, 132.3, 129.2,
128.2,127.4,93.6,71.5, 68.3, 27.7.

MS (EL 70 eV): m/z (%) = 214 (10.7) [M*], 186 (4.1), 179 (100.0),
175 (27.7), 145 (13.9), 141 (55.0), 105 (3.9), 77 (60.5), 51 (22.5),
39 (32.5).

HRMS: m/z [M - H] caled for C,,HyCL,O: 212.9879; found:
212.9879.

1-(2-Methoxyphenyl)but-3-yn-1-ol (7g)

Oil.

IR: 3412, 3293, 3069, 2921, 2117, 1955, 1596, 1462, 1241, 1049,
862, 756, 639 cm™'.

"H NMR (400 MHz, CDCl,, TMS): § = 7.41-7.25 (m, 2 H), 6.99—
6.87 (m, 2 H), 4.86 (q, J = 6.4 Hz, 1 H), 3.86 (s, 3 H), 2.90 (s, 1 H),
2.79-2.60 (m, 2 H), 2.04 (t, /=2.8 Hz, 1 H).

3C NMR (100 MHz, CDCl,, TMS): 8 = 156.3, 130.3, 128.7, 126.8,
120.7, 110.4, 94.2, 70.4, 68.9, 55.2, 27 4.

MS (EL 70 eV): m/z (%) = 176 (1.3) [M*], 161 (0.2), 159 (0.5), 145
(0.5), 137 (100.0), 121 (16.4), 107 (77.0), 94 (19.4), 77 (53.2), 51
(34.2), 39 (68.7).

HRMS: m/z [M - H,0 + H] caled for C;;H,,0,: 159.0804; found:
159.0806.

1-(4-Chlorophenyl)but-3-yn-1-ol (7h)

0il.3#%

IR: 3382, 3297, 3066, 2912, 2119, 1955, 1902, 1646, 1597, 1489,
1411, 1055 cm™.

"H NMR (400 MHz, CDCl;, TMS): § =7.33-7.26 (m, 4 H), 4.85 (t,
J=6.4Hz, 1 H), 2.62-2.60 (m, 2 H), 2.46 (s, 1 H), 2.08 (t, /=24
Hz, 1 H).

13C NMR (100 MHz, CDCl,, TMS): & = 140.80, 133.65, 128.60,
137.13, 80.14, 71.58, 71.33, 29.46.

MS (EL 70 eV): m/z (%) = 182 (0.2) [M* + 2], 180 (0.5) [M*], 165
(1.0), 163 (3.0), 141 (60.9), 113 (19.5), 77 (100.0), 51 (36.1), 39
(98.4).

Synthesis 2005, No. 17, 2838-2844 © Thieme Stuttgart - New York

Downloaded by: Nanyang Technological University NTU. Copyrighted material.



2844

J.-x. Wang et al.

PAPER

Acknowledgment

The work was supported by the National Natural Science Founda-
tion of China (Grant 20272047), the Gansu Key Laboratory of Po-
lymer Materials, and the Northwest Normal University Science and
Technology Development Foundation of China.

References

)

2

3

C)

&)
(©)
O]
®)
®
10)
an
12

13)

(14)

15)

(a) Nicolaou, K. C.; Kim, D. W.; Baati, R. Angew. Chem. Int.
Ed. 2002, 41, 3701. (b) Nicolaou, K. C.; Ninkovic, S.;
Sarabia, F.; Vourloumis, D.; He, Y.; Valllberg, H.; Finlay,
M. R. V.; Yang, Z. J. Am. Chem. Soc. 1997, 119, 7974.

(c) Bartlett, P. A. Tetrahedron 1980, 36, 3. (d) Paterson, 1.;
Mansuri, M. M. Tetrahedron 1985, 41, 3569. (e) Germay,
O.; Kumar, N.; Thomas, E. J. Tetrahedron Lett. 2001, 42,
4969. (f) Hayward, C. M.; Yohannes, D.; Danishefsky, S. J.
J. Am. Chem. Soc. 1993, 115, 9345.

(a) Roush, W. R. In Comprehensive Organic Synthesis, Vol.
2; Trost, B. M.; Fleming, I.; Heathcock, C. H., Eds.;
Pergamon Press: Oxford, 1991, 1. (b) Yamamoto, Y.; Asao,
N. Chem. Rev. 1993, 93, 2207.

(a) Li, C.J. Chem. Rev. 1993, 93, 2023. (b) Lubineau, A.;
Auge, J.; Queneau, Y. Synthesis 1994, 741. (c) Li, C. J.
Tetrahedron 1996, 52, 5643.

(a) Yanagisawa, A.; Habaue, S.; Yamamoto, H. J. Org.
Chem. 1989, 54, 5198. (b) Nicolaou, K. C.; Skokotas, G.;
Furuya, S.; Suemune, H.; Nicolaou, D. C. Angew. Chem.,
Int. Ed. Engl. 1990, 29, 1064. (c) Fryhle, C. B.; Williard, P.
G.; Rybak, C. M. Tetrahedron Lett. 1992, 33,2327.

(d) Hirama, M.; Tokuda, M.; Fujiwara, K. Synlert 1991,
651. (e) Lee, A. S.-Y.; Cheng, R.-Y.; Pan, O.-G.
Tetrahedron Lett. 1997, 38, 443.

Zhang, L.-]J.; Mo, X.-S.; Huang, Y.-Z. J. Organomet. Chem.
1994, 471, 77.

Brown, H. C.; Khire, U. R.; Narla, G.; Racherla, U. S. J. Org.
Chem. 1995, 60, 544.

Araki, S.; Ito, H.; Butsugan, Y. J. Organomet. Chem. 1988,
347, 5.

Hojo, M.; Sakuragi, R.; Okabe, S.; Hosomi, A. Chem.
Commun. 2001, 357.

(a) Araki, S.; Ito, H.; Butsugan, Y. J. Org. Chem. 1988, 53,
1833. (b) Isaac, M. B.; Chan, T.-H. J. Chem. Soc., Chem.
Commun. 1995, 1003.

Hojo, M.; Harada, H.; Ito, H.; Hosomi, A. Chem. Commun.
1997, 2077.

Mukaiyama, T.; Harada, T. Chem. Lett. 1981, 621.
Tanaka, H.; Hamatani, T.; Yamashita, S.; Torii, S. Chem.
Lert. 1986, 1461.

(a) Ishiguro, M.; Ikeda, N.; Yamamoto, H. J. Org. Chem.
1982, 47, 2225. (b) Nakagawa, T.; Kasatkin, A.; Sato, F.
Tetrahedron Lett. 1995, 36, 3207.

(a) Multzer, J.; Altenbach, H. J.; Braun, M.; Krohn, K.;
Reissig, H. U. Organic Synthesis Highlights; VCH:
Weinheim Germany, 1991, 71. (b) Grieco, P. A.
Aldrichimica Acta 1991, 24, 59.

(a) Killinger, T. A.; Boughton, N. A.; Runge, T. A.;
Wolinsky, J. J. Organomet. Chem. 1977, 124, 131.

(b) Makosza, M.; Grela, K. Synth. Commun. 1996, 26, 2935.
(c) Einhorn, C.; Luche, J. L. J. Organomet. Chem. 1987,
322, 177. (d) Wilson, S. R.; Guazzaroni, M. E. J. Org.
Chem. 1989, 54, 3087. (e) Oda, Y.; Matsuo, S.; Saito, K.
Tetrahedron Lett. 1992, 33, 97. (f) Lee, A. S.-Y.; Chang,
Y.-T.; Wang, S.-H.; Chu, S.-F. Tetrahedron Lett. 2002, 43,
8489. (g) Zhou, C. L.; Zhou, Y. Q.; Jiang, J. Y.; Zh, X;
Wang, Z. Y.; Zhang, J. H.; Wu, J. H.; Yin, H. Tetrahedron

Synthesis 2005, No. 17, 2838-2844 © Thieme Stuttgart - New York

16)

A7)

18)

19)

(20)
@n

(22)
(23)

24
(25)
(26)
@n
(28)

(29)

(30)

€1V
(32)
(33)
(34)
(35)
(36)
(37
(33)

(39)

(40)
(41

Lett. 2004, 45, 5537. (h) Resende, G. O.; Aguiar, L. C. S.;
Antunes, O. A. C. Synlett 2005, 119.

(a) Anastas, P. T.; Warner, J. C. Green Chemistry: Theory
and Practice; Oxford University Press: Oxford New York,
1998. (b) Yochida, M.; Mariano, P. S. J. Org. Chem. 1996,
61, 4439.

Holbrey, J. D.; Seddon, K. R. J. Chem. Soc. Dalton Trans.
1999, 99, 2701.

(a) Chan, T. H.; Yang, Y. J. Am. Chem. Soc. 1999, 121,
3228. (b) Li, C. J.; Chan, T. H. Organic Reactions in
Aqueous Media; John Wiley & Sons: New York, 1997.

(a) Oakes, R. S.; Heppenstall, T. J.; Shezad, N.; Clifford, A.
A.; Rayner, C. M. Chem. Commun. 1999, 1459. (b) Shezad,
N.; Clifford, A. A.; Rayner, C. M. Tetrahedron Lett. 2001,
42,323. (c) Darr, J. A.; Poliakoff, M. Chem. Rev. 1999, 99,
495.

Roberts, B. A.; Cave, G. W. V.; Raston, C. J.; Scott, J. L.
Green Chem. 2000, 3, 280.

Cave, G. W.; Raston, C. J.; Scott, J. L. Chem. Commun.
2001, 2159.

Tanaka, K.; Toda, F. Chem. Rev. 2000, 100, 1025.

(a) Wang, J.-X.; Fu, Y.; Hu, Y. Angew. Chem. Int. Ed. 2002,
41,2757. (b) Wang, J.-X.; Fu, Y.; Hu, Y.; Wang, K.
Synthesis 2003, 1506. (c) Hu, Y. L.; Wang, J.-X_; Li, W.
Chem. Lett. 2001, 2, 174.

(a) Andrews, P. C.; Peatt, A. C.; Raston, C. L. Green Chem.
2001, 3, 313. (b) Andrews, P. C.; Peatt, A. C.; Raston, C. L.
Tetrahedron Lett. 2002, 43, 7541.

Gomes, P.; Gosmini, C.; Perichon, J. Synthesis 2003, 1909.
Jang, T.-S.; Keum, G.; Kang, S. B.; Chung, B. Y.; Kim, Y.
Synthesis 2003, 775.

Wang, Z. Y.; Yuan, S. Z.; Li, C. J. Tetrahedron Lett. 2002,
43,5097.

Lee, A. S.-Y.; Chu, S.-F.; Chang, Y.-T.; Wang, S.-H.
Tetrahedron Lett. 2004, 45, 1551.

(a) Hansen, S. W.; Spawn, T. D.; Burton, D. J. J. Fluorine
Chem. 1987, 37, 415. (b) Heinze, P. L.; Burton, D.J. J. Org.
Chem. 1988, 53, 2714.

(a) Knochel, P.; Yeh, M. C. P.; Berk, S. C.; Talbert, J. J. Org.
Chem. 1988, 53, 2390. (b) Erdik, E. Tetrahedron 1987, 43,
2203. (c) Picotin, G.; Miginiac, P. J. Org. Chem. 1987, 52,
4796. (d) Picotin, G.; Miginiac, P. Tetrahedron Lett. 1987,
28, 4551.

Kurono, N.; Honda, E.; Komatsu, F.; Orito, K.; Tokuda, M.
Tetrahedron 2004, 60, 1791.

Schumann, H.; Kaufmann, J.; Dechert, S.; Schmalz, H.-G.
Tetrahedron Lett. 2002, 43, 3507.

Yasuda, M.; Fujibayashi, T.; Baba, A. J. Org. Chem. 1998,
63, 6401.

Kowaski, C. J.; Dung, J.-S. J. Am. Chem. Soc. 1980, 102,
7950.

Riediker, M.; Duthaler, R. O. Angew. Chem., Int. Ed. Engl.
1989, 28, 494; Riediker, M.; Duthaler, R. O. Angew. Chem.
1989, 101, 488.

(a) Singh, S.; Kumar, S.; Chimni, S. S. Tetrahedron:
Asymmetry 2002, 13, 2679. (b) Wang, Z. G.; Kianga, P.;
Verkade, J. G. J. Org. Chem. 1999, 64, 6459.

Daudé, G.; Pereyre, M. J. Organomet. Chem. 1980, 190, 43.
Iyoda, M.; Kanao, Y.; Nishizaki, M.; Oda, M. Bull. Chem.
Soc. Jpn. 1989, 62, 3380.

Zheng, Y. F.; Bao, W. L.; Zhang, Y. M. Synth. Commun.
2000, 30, 3517.

Michelot, D. Synth. Commun. 1989, 19, 1705.

(a) Viola, A.; Proverb, R. J.; Yates, B. L.; Larrahondo, J. J.
Am. Chem. Soc. 1973, 95, 3609. (b) Shim, J.-G. J.
Organomet. Chem. 1999, 588, 20.

Downloaded by: Nanyang Technological University NTU. Copyrighted material.



