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Synthesis of B-Disubstituted Enones from Ynones. An Alternative Route to
1,4-Addition of Cuprate to the Ynone System
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A one-pot reaction of 4-phenyl-3-butyn-2-one with hydrogen iodide generated in situ gave a hydroio-
dinated product that underwent cross coupling with organozinc compounds in the presence of palladium
catalyst to provide a simple preparation of 4-disubstituted-3-alken-2-ones in fair to good yields.

INTRODUCTION

The stereoselective synthesis of di- or tri-substituted
alkenes remains synthetically challenging in organic chem-
istry. The constant discovery of new olefinic compounds in
natural products, e.g. insect pheromones and terpenoids, "
stimulated development of methodologies in alkene synthe-
sis.

Although many methods for the synthesis of substi-
tuted olefins are known, a widely applied method for prepa-
ration of tri-substituted enones is addition of organocu-
prates, e.g. lithium dialkylcuprates, to ynones.”* Even
though vinylcuprate species undergo conjugate addition to
ynones,” there was no report of addition of alkynyl groups to
ynones in the conjugate addition manner. Although the ad-
dition of hexynyl organocuprate in a 1,2-addition manner to
an ynone® is known, the corresponding 1,4-addition of cu-
prates to the ynone to form a 4-disubtituted-3-alken-2-one
system needs further development. ‘

We reported use of the Nal/TMSCI/H,0 system for -

hydroiodination of alkynes, in turn cross-coupled with or-
ganozinc compounds in the presence of palladium catalyst
to give gem-disubstituted alkenes in fair to good yields.”*
We also observed that treatment of 3-decyn-2-one with
Nal/TMSCI/H,O in acetonitrile at 25 °C gave (Z)-4-iodo-
4-decen-2-one in good yield.” In continuing work, we
undertook reaction of 4-phenyl-3-butyn-2-one with
Nal/TMSCI/H,0, the resulting hydroiodinated product un-
derwent cross-coupling with organozinc compound in the
presence of palladium catalyst to give 4-disubstituted-3-
alken-2-ones in reasonable yields.

RESULTS AND DISCUSSION

As representative alkyl, 2-turyl, 2-thienyl, and sily-

lated alkynylzinc compounds were chosen. The results ob-
tained in this one-pot reaction are shown in Table 1. The
yields were fair and the reaction worked for both alkyl and
heteroaryl groups. The yields of alkylzinc chlorides were
better than those of heteroarylzinc chloride. Even when us-
ing alkylzinc chlorides it was noticed that the yields de-
creased when the size of the alkyl group increases from
methyl to hexyl group. The stereoselectivities in the reac-
tion were also noted. As expected on the basis of complete
retention of alkeny! stereochemistry in palladium-catalyzed
cross-coupling reaction of alkenyl iodide with oranozinc
complexes,® the stereoselectivity of 3 arose from the
stereoselectivity of 2. The E/Z ratio of 2 obtained from 1 is
1 to 3 according to its crude 'H NMR spectral analysis. The

Table 1. Conversion of 4-Phenyl-3-butyn-2-one into 4-Disubsti-
tuted-3-buten-2-ones

Ph

Ph
I RZnCl
Ph—C=C-C—CHy oG, e, >=1.,,(
Nal/HyO | cat.Pd(o) R
CH3CN 0 ) THF, tt o
1 2 3
€/Z= 1/3)
Entry R in RZnCt Yield % Z/E ratio?
1 CHsy- 83 1:3
2 n-Bu- 74 E only
3 n-CgHya- 70 1:3
4 @_ 58 Z only
s L S Z oy
6 Me3Si-C=C- 67 3:1

* The ratio was determined by the 'H NMR spectral analysis of
the crude reaction mixture. The stereochemistry of the products
were confirmed by 2D NOESY 'H NMR spectra.
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predominant product was on# in which the incoming alkyl
or heteroaryl group is cis to the ketone functionality. For
three reactions (entries 2, 4 and 5) only a single isomer was
observed and isolated.

Interestingly, an alkynyl group (entry 6) can add to 4-
phenyl-3-butyn-2-one with a reasonable yield. Such kind of
1,4-addition of alkynyl group to the ynone system has not
been previously achieved, as far as we know, by use of cu-
prate reagents.

Mechanistically, this hydrocarbonation involves hy-
droiodination of 1 in the first step to form the vinylic iodide
2 that undergoes cross-coupling with organozinc compound
in the presence of palladium catalyst to give addition prod-
uct 3.

The scope and synthetic utility of this reaction are be-
ing investigated in our laboratory at present.

CONCLUSION

The one-pot reaction of 4-phenyl-3-butyn-2-one with
hydrogen iodide generated in situ, followed by cross-cou-
pling with organozinc compounds in the presence of palla-
dium catalyst provides a simple method for the formation of
4-disubstituted-3-buten-2-ones with good stereoselectivi-
ties. An advantage of this methodology over other pre-
viously reported ones are, that, even alkynyl groups can be
added to alkynone systems.

EXPERIMENTAL SECTION

Reaction of organometallic compounds was under-
taken in oven- and/or flame-dried glassware equipped with
a side arm, gas outlet adapter and mercury bubbler to main-
tain an inert atmosphere. Tetrakis(triphenylphosphine)pal-
ladium was prepared by published procedures.m Zinc chlo-
ride was dried before use at >50 °C and at <! mm Hg for 2
h. All other materials were used without further purification
unless otherwise stated. IR spectra were recorded in CHCls
solution unless otherwise mentioned on a Perkin-Elmer 832
infrared spectrophotometer. 'H and "’C NMR spectra were
recorded on a Bruker AC 200 or AC 300 NMR spectrometer;
chemical shifts are reported in ppm downfield from Me,Si.
Mass spectra were obtained on a HP 5971 GC/MS spec-
trometer. High resolution MS were obtained on VG 70-
2508 spectrometer. GLC analyses were performed on a Shi-
madzu GC-14A gas chromatograph, equipped with a 2 m x
3 mm column packed with SE-30 (5% on chromosorb W).
GLC peak integrals were recorded by using a Shimadzu
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Chromatopac C-R3A integrator.

General procedure for the reaction of 4-phenyl-3-butyn-
2-one

Into oven- flame-dried flask was taken Nal (0.75 g, 5
mmol) in CHsCN (5 ml), to this mixture under nitrogen at-
mosphere was added sequentially TMSCI(0.55 g, 5 mmol),
water (0.09 g, 5 mmol) and 4-phenyl-3-butyn-2-one (0.72 g,
5 mmol). The mixture was stirred at 25 °C for 10 min and
then allowed to react with the respective organozinc chlo-
ride (1.1 equivalents), prepared from the corresponding or-
ganolithium compound and zinc chloride in THEF, in the
presence of Pd(PPhs)s (0.29 g, 0.25 mmol) at 25 °C for an-
other 6 h. The reaction mixture was quenched with water
and extracted with ether; the ether extract was washed with
water and dried over anhydrous MgSO,. Solvent removal
and purification on a column chromatograph (silica gel,
hexane/ether = 4/1) gave the respective 4-disubsitituted-3-
buten-2-ones.

(E)-4-Phenyl-3-penten-2-one: IR 1666, 1628 cm™'; 'H
NMR (CDCls, TMS) 6 2.3 (s, 3 H), 2.54 (s, 3 H), 6.5 (s, 1 H),
7.3-7.51 (m, 5 H) ppm; °C NMR (CDCL, TMS) & 18.21,
32.09, 124 .40, 126.34, 128.40, 128.94, 142.40, 153.75,
198.77 ppm; MS m/z 160 (M"), 159, 145, 118, 115, 102, 91;
HRMS calcd for C;H;20 160.0888, tound 160.0890; Anal.
Calcd for C; H,,0: C, 82.46; H, 7.55. Found: C, 82.51; H,
7.58.

(Z)-4-Phenyl-3-penten-2-one: IR 1666, 1628 cm™; 'H
NMR (CDCls, TMS) 8 1.73 (s, 3 H), 2.11 (5, 3 H), 6.05 (s, 1
H), 7.1-7.19 (m, 2 H), 7.27-7.31 (m, 3 H) ppm; C NMR
(CDCls, TMS) & 27.23, 30.07, 127.02, 128.16, 128.38,
140.80, 152.83, 200.20 ppm; MS m/z 159, 145, 115, 102,
91, 77, 63, 51, 43, 49; HRMS calcd for C,1H,,0 160.0888,
found 160.0891.

(E)-4-Pheny!-3-octen-2-one: IR 1650, 1204 cm™; 'H
NMR (CDCls, TMS) 6 0.83 (t, ] = 6.8 Hz, 3 H), 1.3-1.4 (m,
4 H),2.28 (s,3 H), 3.00 (t, ] =8 Hz, 2 H), 6.39 (s, 1 H), 7.35-
7.45 (m, 5 H) ppm; °C NMR (CDCl, TMS) 8 13.74, 22.74,
3075, 31.03, 32.17, 124.49, 126.64, 128.40, 128.77,
141.62, 159.20, 198.36 ppm. MS m/z 202 (M"), 187, 173,
159, 145, 131, 129, 115, 105, 91; HRMS calcd for CisHis0
202.1358, found 202.1364.

(E)-4-Phenyl-3-decen-2-one: IR 1673, 1593, 1486
cm’'; '"H NMR (CDCl;, TMS) 8 0.84 (t, J = 7.0 Hz, 3 H),
1.24-1.38 (m, 8 H), 2.27 (s, 3 H), 3.02 (t, I =7.8 Hz, 2 H),
6.39 (s, 1 H), 7.34-7.43 (m, 5 H) ppm; °C NMR (CDCl;,
TMS) & 13.92, 22.45, 28.8%, 29.30, 31.02, 31.43, 32.16,
124 .48, 126.63, 128.39, 128.76, 141.61, 159.23, 198.36
ppm; MS m/z 230 (M"), 215, 173, 159, 145, 131, 115,
HRMS calcd for CsH220 230.1671, found 230.1663.
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(Z)-4-Phenyl-3-decen-2-one: IR 1650 cm™; '"H NMR
(CDCls, TMS) 8§ 0.85 (t, J =7.0 Hz, 3 H), 1.24-1.76 (m, 8 H),
1.76 (s, 3 H), 2.40 (t, ] = 8.0 Hz, 2 H), 6.08 (s, 1 H), 7.13-
7.38 (m, 5 H) ppm; °C NMR (CDCl;, TMS) § 13.90, 22.39,
27.31, 28.66, 30.10, 31.43, 40.49, 127.36, 127.95, 128.26,
140.19, 157.27, 200.57 ppm; MS m/z 230 (M"), 215, 173,
159, 145, 131, 115; HRMS calcd for CisH20 230.1671,
found 230.1676.

(2)-4-Phenyl-4-(2-furyl)-3-buten-2-one: IR 1640,
1583 cm™; "H NMR (CDCls, TMS) 8 1.87 (s, 3 H), 6.11 (d,
J=32Hz, 1H), 640 (m, 1 H), 677 (s, 1l H), 7.27-7.25 (m,
6 H) ppm; '*C NMR (CDCl;, TMS) § 30.54, 112.28, 115.58,
122.59, 128.22, 128.64, 128.96, 136.25, 141.93, 144.57,
153.78, 198.99 ppm; MS m/z 212 (M"), 197, 183, 170, 155,
141, 115, 105; HRMS calcd for Ci4H20, 212.0837, found
212.0920.

(Z)-4-Phenyl-4-(2-thienyl)-3-buten-2-one: IR 1640,
1569, 1204 cm™; 'H NMR (CDCl;, TMS) & 1.80 (s, 3 H),
6.63 (s, 1 H), 6.81 (m, 1 H), 6.95 (m, 1 H), 7.25-7.43 (m, 6
H) ppm; C NMR (CDCls;, TMS) & 30.13, 124.89, 127.99,
128.36, 128.43, 128.79, 129.00, 130.32, 138.11, 145.21,
147.50, 198.73 ppm; MS m/z 228 (M"), 227, 213, 184, 152,
111; HRMS calcd for C,4H,,0S 228.0609, found 228.0612.

(Z)-4-Phenyl-4-(trimethylsilanylethynyl)-3-buten-2-
one: IR 2339, 1650 cm™; 'H NMR (CDCl;, TMS) & 0.28 (s,
9 H), 2.58 (s, 3 H), 6.72 (s, 1 H), 7.3-7.7 (m, 5 H) ppm; °C
NMR (CDCl, TMS) 6 0.58, 30.36, 101.98, 110.05, 127.12,
128.53, 129.84, 113.50, 136.96, 198.15 ppm; MS m/z 242
(M%), 227, 212, 197, 183, 169, 153, 129; HRMS calcd
CsH;s0Si 242.1127, found 242.1131. Anal. Calcd for
C,sH30Si: C, 74.33; H, 7.48. Found: C, 74.38; H, 7.52.

(E)-4-Phenyl-4-(trimethylsilanylethynyl)-3-buten-2-
one: IR 2395, 1650 cm™; 'H NMR (CDCls, TMS) 8 0.21 (s,
9 H), 1.96 (s, 3 H), 6.53 (s, 1 H), 7.26-7.38 (bs, 5 H) ppm;
“C NMR (CDCls, TMS) 8 0.58, 30.39, 101.96, 127.13,
128.54, 129.86, 133.50, 136.95, 198.23 ppm; MS m/z 242
(MM, 227, 212, 197, 183, 169, 153; HRMS calcd for
CsH508i1242.1127, found 242.1131.
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