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Abstract 

2-1odo-2-cyclohexen-l-ones 10 react under mild conditions with a large excess (4 equiv.) of an activated Zn(Ag) couple in the 
presence of TMEDA (i equiv,) leading to the corresponding 3-oxo°2-cyclohexen-2-ylzinc iodides 11 in good yields. The~ new 
organozinc reagents can also be prepared in high yields by reaction of 10 and TMEDA (I equiv.) with a large excess (4 equiv.) of 98% 
pure zinc dust ( < l0 micron), which must be activated with chlomtrimethylsilane. In the presence of a palladium(0) catalyst precursor, 
compounds I 1 undergo clx~ssocoupling reactions with ai),l or alkenyl halides beating a variety of functional groups to give in moderate to 
high yields the desired 2~subsfituted 2-cyclohexen-I=ones 12. © 1997 Elsevier Science S.A. 

Keyuwrds: Zinc: Polyfunctional organo~inc derivatives: I~alladium catalysis: 2-Substituted 2-cyclohexen-l-ones 

1. Introduction 

2o(loAlkenyl)~ and 2oarylo2ocycloalken°loones of 
general formula ! arc of considerable importance in 
organic cl~emi.~lry, in lhct. some 2o{l~alkenyl)o2o 
cycloalken~.toones are interesting naturally o¢cuffing 
compounds[l]. Moreover, compounds ! are useful ino 
termediates for the synthesis of 2~substituted cycloalka° 
nones 2 [2] and could be used ibr the preparation of 
2.3odisubstituted cycloalkanones 3 [3.4] and regioch~mi° 
cally pure .,-substituted cycloalkenyl triflates 4 [5] 
(Scheme I). 

Thus, much attention has been paid to the develop- 
meat of regiospecific procedures for the synthesis of 
compounds I [4,6-9]. Some approaches involve the use 
of 2-halo-2-cycloalken-l-ones as electrophilic partners 
of cross=coupling reactions wiill aryl or alkenyl metals 
[4,7,8]. In fact, compounds 1 have been efficiently 
synthesized by palladium- and copper-mediated reaction 
between 2-iodo-2-cycloalken-l-ones 5 and awl- or 
alkenyltributyistannanes [4], by palladium-mediated re- 
action between (E)-l-alkenylboronic acids and 2- 
bromo-2-cycloalken-l-ones 6 [7] or by palladium-medi- 
ated reaction ~tween compounds 5 and a~y!zinc ohio- 
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rides [g] Al~oflier regio~pecific approach Io com~unds 
inv(~lves palladium-mediated reactions between ar:,l 

or alkenyl halides and the organozin¢ compounds 7 
derived from 6 Inasked as ketals, followed by acidic 
hydrolysis of the resulting cross°coupled products [6]. 
Finally. more recently, it has been develotn~d a new 
procedure for |h~ synthesis of sterctaj~fined 2o(lo~aP 
kenyl)=2-cycloalkenol~ones, which consists of pallao 
diumomediated reactions of 3otritaethylsilyloxyo2o 
cycloalken°2°ylzinc bromides 8 with stereodefined 
alkenyl iodides followed by oxidation of the ~ c o n d ~  
alcohols resulting from removal of the tfimethylsilyl 
group from the cross-coupled products [9]. 

~ X  ~ZnBr ~ZnBr ~ 0 O$tMoa 0 
$:X~I ? 8 9 6:X~Br 

ZnX 

However. protocols involving the d~t'ect preparation 
of compounds 1 from 3°oxo-2-cycloalken-2-ylzinc 
halides 9 are still unknown. In fact, although procedures 
for the preparation of several classes of functionalized 
oiganozinc derivatives have been well developed [10], 
the synthesis of compounds 9 has not been reported so 
far. 
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Scheme l. 

In the context of a program in which we required 
large amounts of regiochemically pure 2-aryl and 2-(l- 
alkcnyl) substituted cycloalkenyl triflates 4, we investi- 
g a ~  the oxidative addition of zinc to easily available 
2-iodo-2-cycloalken-l-ones $ [11-14] and after some 
unsuccessful attempts we succeeded in developing two 
different protocols for the direct preparation of 3-oxo- 
2=¢yclohexen=2-ylzinc iodides of general formula 1i 
from the corresponding 2-iodo-2-cyclohexen-I-ones 10. 

R I r=t ~ 

0 0 

i0 '  X + I t !  : R +,- a~l, aJkct~yl 
i i :  X+ + I  

We now wish to describe these protocols and the use 
of the organozinc derivatives 11 tbr the synthesis of 
~oatyl and 2=(l~alkenyl) substituted 2°cyclohexeno I oOnes 
of general fomtula 12. 

2. Results aral discussion 

Compounds 10a-e, which were used as starting ma- 
terials for the synthesis of compounds 11, were pr¢o 

in 45=6:5% yield by reaction of the corresponding 
2=cyclohexen-l.ones 13 with 2 equiv, of iodine dis- 
solved in a I:l mixture of pyridine and CCl~ at room 
temperature [! 1] (Eq (1)) 

Similarly. 2-iodo-2-cyclo~nten- I =one (15) was pre- 
pared in 55% yield from 2-cyclopenten-l-one (14). 

[•-X 
0 

14:X~*H 
I $ : X ~ I  

Several attempts were then carried out to convert 
compounds 10a-e and 15 into the corresponding 
organozinc halides. Initially it was auempted to prepare 
then organometallics by direct reaction of THF solu- 
tions of 10a-¢ or 15 with zinc dust activated with 
1.2odibromoethaae and chlomtrin)ethylsihme [ 15]. How= 
ever. these i~lides failed to form the desired products in 
noticeable amounts and the starling materials could be 
recovered. Ne; ¢rlheiess. after many trials it was found 
that a clean lbmmtioa of comt~unds 11 could I~ ob= 
rained by addition of THF solutions of compounds 
l h - c  and tetramethylenediamine (TMEDA) to a THF 
suspension of a Zn(Ag) couple previously activated 
with chlorotrimethylsilane (Eq. (2)). 

R t R ! 
~ .Zo(Ag) 111FTME|)A . ~ ,  

t $~° (~J +C, a o 5 It Znl TMEDA 
0 0 

IOn :R ~ ~ H Ila :R = ~H 
(2) 

~0 ~C ;LOo ~ h 
O 

I~ : R ~ ~ ~,~CH~ 

0 (1) 

Thus, in a typical preparation of compounds 11, 
chlorotrimethylsilane (0.035 equiv.) was added to a 
suspension of the Zn(Ag) couple (4 equiv.) [16,!7] in 
THF and the mixture was stirred for 20 rain at room 
temperature, for 5 rain at 55°C and then cooled to room 
temperature. A solution of compound 10 (1 equiv.) and 
TMEDA (1 equiv.) in THF was then added and the 
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resulting mixture was stirred for 4-5 h at 55-60°C. 
After this period a GLC/MS analysis of an aliquot of 
the reaction mixture, which was hydrolyzed with a 
saturated aqueous NH)Ci solution, showed the presence 
of a new compound, which corresponded to the 2- 
cyclohexen-l-one 13 derived from hydrolysis of the 
desired o~ganozinc iodide 11. Interestingly, only small 
amounts of unreacted 10 (2-3%) were also present. 
According to this optimized protocol compounds l la ,  
l i b  and l lc were prepared in 95-98% yield. 

Alternatively, high yields of compounds 11 were 
obtained by addition of a THF solution of compounds 
10 (I equiv.) and TMEDA (1 equiv.) to a THF suspen- 
sion of 98% pure zinc dust (<  I0 micron) (4 equiv.) 
purchased from Aldrich, which was previously activated 
with chlorotrimethylsilane (0.035 equiv.), and by stir- 
ring the reaction mixture at 60°C for 4-5 h. According 
to this protocol compounds l l a - e  were prepared in 
yield higher than 95%. However, two aspects of this 
protocol are worth mentioning. First, the type of zinc 
dust used in this procedure required careful manipula- 
tion since this material is flammable and air- and 
water-sensitive. Second, settlement of the reaction tnix- 
tures, which contained compounds 11 prepared accord- 
ing to this protocol, required periods of time much 
longer than those which were nece,;sary for settlement 
of the reaction mixtures derived from the Zn(Ag) cou- 
ple. 

Unfortunately, both these protocols proved to be 
un.~uitable for the preparation of the organozinc iodide 
derived fi'om 2-iodo°2°cyciopenten° I °one (15). 

As regards the structure of compounds 11, it must be 
noted Ihi|t, although there is no experimental evidence, 
it seems reasonable to assume that these organometailics 
have Ihe chelate leirahedral structure !6 

~ Z  ~1 O)CN , 
10 

In fact, the formation of a tetrahedral complex with 
sp ~ hybridization of the zinc atom is expected in view 
of its 3d")4s: electron configuration [18]. 

As a part of an eflbrt to explore the synthetic utility 
of these new organozinc reagents, we next investigated 
their use m palladium°mediated carbon-carbon bond 
forming reaction and we found that, in the presence of 5 
tool% of a palladium(O) catalyst precursor, compounds 
11 reacted with THF solutions of aryl or a!kenyl halides, 
which could contain methoxy, nitro, chloro, fluoro and 
aikoxycarbonyl groups, to give the corresponding poly- 
functional cross-coupled products in moderate to excel- 
lent yields (Eq. (3)) (Table 1). 

Table 1 

Palladmm-mediated reactions between tlze org~ozinc reagents 11 
and m~l or aikenyl halides ~ 

En~ Q ~ , ~ * ~  Gctz~ b . ~  i? React|on ttme / pc,_--tact IZ Zsotatcd y~kl 
reagent II tert'ti'~r~gre {%)b 

~h / ~C) 

r"~, .o~ 
! I la 

Ol~e u , , ~ j  
l?a Lla 

2 l la  ~ t ~ . j j  20/~) 62-6 

l?b l~b 

3 l la  9 / 65 620 

NO2 NO 2 
I/c 12¢ 

4 l i b  B ~ C O O E  ! 6/65 ~ C O O E t  31.7 

o 
rtd |2d 

5, I Ib I"~"~/" COOEt 6120 t hen  H ~ C O O E I  I S 6'- 
61,I0 

o 
i?e 12d 

¢) ! Ic 8 / 05 88,9 

Ci Cn 
17t 12¢ 

OMO OMo 
I?~ 121' 

H I I¢ ~ I 211 |1~¢|1 F ?00 

l?h fl2g 

, l i b  I ~ C ~ H ,  , 2] 51 ( )5  d ~  C,,H,, 48(1 

o 
l?l I~.h 

" The reaction,~ between 1 l a - e  and comptmnds ll7a-h (0,74 equiv) 
were cmTied out m TL!F in the pl~sent:e of 5 ntol(;{ , Pd(Pl)h~)~, 
(Entries 1,,8), The wtlction between l i b  and 117| (0,77 equiv) war. 
carried out m THF in the presence of 5 tool% |)d(db~t)a ~|)d 15 mt)l'); 
AsPh~ (Elllry ~)}, t, B~Jse(l on the a|l|ot)|ll~ ol lhe orglmic h~dide u~cd, 
' Conll~)und 12d ,  whicl~ w~l~ obtained i .  Ihi,~ entry, wa~ coniamined 
by c a  7% of a nle~Oi~Omeric mixture of ethyl 5oethoxyeafl~onyl° 
2.4ol~madieno~Lt¢ (18). 

Interestingly, preliminary experiments showed that 
compounds 11, which were prepared from the Zn(Ag) 
couple, exhibited reactivity similar to those obtained 
from 98% pure zinc dust. However, since clear THF 
solution of compounds 11 were easier obtained when 
these organozinc iodides were prepared from the Zn(Ag) 
couple, the subsequent experiments (Table 1) were per° 
formed using compounds prepared according to this 
protocol. 

+ R-X Pd(O) cat, THF 

Znl ' TMEDA A R 
o o 

ii I I? : R ~ m'yi, aikenyl 112 : R * aryl, alkenyl 

(3) 

Thus, the reaction of a THF solution of l l a  with 
0.77 equiv, of 2-(methoxy)bromobenzene (17a) at 60°C 
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for 20 h, in ~ presence of 5 mol% Pd(PPh3) 4, gave 
242,methoxyphenyl)-2-cyclohexen-l-one (12a) in 
94.6% isolated yield (Entry 1, Table 1). Under similar 
ex~mental  conditions the organozinc iodide 11a was 
coupled with a-bromostyrene (17b) and 4- 
(nitro)bromobenzene (17c) to give the desired cross- 
coupled products, 12b and 12e, in 62.6 and 62% iso- 
lated yields, respectively (Entries 2 and 3, Table 1). 
Similar satisfactory results were obtained in the cross- 
coupling reactions between l ie  and functionalized aryi 
bromides performed in the presence of 5 mol% 
Pd(PPh3) 4. in fact. ~he reactions of l ie  with 4- 
(chloro)bromobenzene ( l?f) .  6-methoxy-2- 
brtmmnaphthaiene (17g) and 3-(fluoro)bromobenzene 
(l?h) provided chemoselectively the corresponding 
3,5~mcthyl-2-aryl-2-cyclohexen-l-oncs, 12e, 12f and 
12g in 88.9. 84.2 and 70.0% yields, respectively (En- 
tries 6=8. Table I). However. modest yields of cross- 
coupled products were obtained when compounds 11 
were reacted with stereodefined I-halo-l-alkenes in the 
presence of Pd(PPh3)4. For example, the crude reaction 
mixture, which was obtained in the reaction between 
l ib  and ethyl (E)=3=bromopropenoate (17d) (Entry 4, 
Table I) contained 3-methyl-2-cyclohexen-l-one (13b). 
significant amounts of two stereoisomers of 5=ethoxy- 
earbonyl-2,4=pentadienoate (lg) and the desired cross- 
coupled product 12,d. 

IS !9 

Compound 13b derived from hydrolysis of un~acted 
l ib  ~d  compounds I$ p~sumably were tbrn~ed by a 
transmetaiatioa ~action betw~n l ib  and l?d followed 
by a coupling reaction between l?d and 2=(ethoxyo 
carbonyl)cthenylzinc iodide (19) so obtained. Cam° 
pouM 1 ~  was difficult to i~late from this complex 
reaction mixture and two con~utive purifications by 
MPLC on silica gel were n ~ e s ~  to obtain in modest 
yield (31.7%) this chemically and stereoisomerically 
pure cross=coupled p~uct .  It must be noted that a 
worse result was obtained in an analogous reaction 
between 11b and ethyl (//)-3-iodopropenoate (l?e) (En~ 
try 5, Table I). In fact, although this reaction was 
carried out in milder conditions than those used in Entry 
4, the crude reaction mixture, which was obtained after 
hydrolysis, contained larger amounts of 18 and its pu- 
rification wes more difficult than that of the c a t ,  s , d o  
lag mixture ob t a i~  from l?d. 

Finally, in order to improve the selectivity and yields 
of ~ palhdiumo~diated reactions between com- 
~ n d s  1! and s t ~ f i n c d  I-halo-l-alkenes, it was 
thought it right to attempt the use of a catalyst system 
constituted of Pd(dba)~ and triphenylarsine. Some re- 

cent data showed in fact the beneficial effect of the soft 
iigand AsPh 3 on the activity of palladium compounds 
such as PdCI2(PhCN) 2, PdCI2(dppf), Pd2(dba) 3 or 
Pd(OAc)2 in coupling reactions involving organotin 
[4,19,20]. organoboron [21] or organozinc compounds 
[8,22]. Thus, in a typical experiment, l ib  was reacted 
with 0.77 equiv, of (E)-l-iodo-l-heptene (17i) for 23.5 
h at 65°C in the presence of 5 mol% Pd(dba)2 and 15 
mol% AsPh 3 (Entry 9, Table 1), GLC/MS analysis of 
the crude reaction mixture after hydrolysis showed the 
presence of 13c, small amounts of three stereoisomers 
of 6.8-tetradecadiene (20) and a compound, which was 
subsequently identified as stereoisomerically pure 12h. 
Purification by MPLC on silica gel allowed to isolate 
pure 1211 in 48% yield. 

CsH~l~CsHll 
20 

In conclusion, it has been shown that: (i) 2-iodo-2- 
cyciohexen-I-ones 10 are able to react under mild con- 
ditions with an activated Zn(Ag) couple or activated Zn 
dust, in the presence of TMEDA, to give the cone- 
sponding 3,oxo-2=cyciohexen-2-ylzinc iodides 11 in 
high yields: (ii) these new polyfunctional organozinc 
reagents undergo cross-coupling reactions with an 
bromostyrene or atyl bromides bearing a variety of 
functional groups, in the presence of a catalytic amount 
of Pd(PPh,~)4, to aftbrd the co~sponding 2osubstituled 
2oeyc!ohexeno I oones in high yields, On the other hand~ 
modes| or low yields of 2o(loalkenyl)°2o~y~;lohesea~!o 
oats have ~en obtained when compounds i l we|~t~ 
reacted with I ohalooloaikenes in the presence of 
Pd(P~)4. Nevertheless, a model experiment showed 
that a significant improvm~nt of the yields und sel¢co 
tivity of these ~clions can ~ achieved by using a 
catalyst system constituted of 5 real% Pd(d~)~ and 15 
real% AsPh3, 

3. Experimental 

Merck silica gel 60 F ~  precoatu~l aluminum foils 
were u ~  for thindayer chromatography (TLC). GLC 
analyses were performed on a Dani 6500 gas-chromato- 
graph with a PTV injector and equipped with a Dani 
data station 86.0l + Two types of capillary columns were 
us~: a SE-30 bonded FSOT column (30 m × 0.25 mm 
i.d.) and an AT-WAX boMed FSOT column (30 m × 
0.25 mm i.d.). Purifications by MPLC were performed 
on a Btlchi instrument, using a Bischoff 8100 differen- 
tial rel~actometer as detector. GLC/MS analyses were 
performed using a Q-mass 910 spectrometer interfaced 
with a Perkin-Elmer 8500 gas-chromatograph. ~H NMR 
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spectra were recorded on a Vafian Gemini 200 MHz 
spectrometer using TMS as an internal standard, IR 
spectra were recorded on a Perkin-Elmer 1725-X FT-IR 
spectrophotometer, Melting point (uncorrected) were 
recorded on a Kofler hot stage apparatus. All air- and 
water-sensitive reactions were carded out under argon 
or nitrogen in flame dried glassware. Air- and water- 
sensitive solutions were transferred with hypodermic 
syringes or double-ended needles, Solvents were dried, 
distilled and deareated before use. The following com- 
pounds were prepared according to the literature: 
Pd(PPh04 [23], Pd(dba) 2 [24], ethyl (E)-3-bromopro- 
penoate (17d) [25], ethyl (E)-3-iodopropenoate (17e) 
[26], 2-iodo-2-cyclohexen-l-one (10a) [10f]. (E)-I- 
lodo-l-heptene (17i) (b.p, 65-660C/6 Torr) was pre- 
pared from I-heptyne according to a general procedure 
reported in the literature [27]. 

3.1. 2-1odo-3-methyl-2-cyclohexen- l-one (lOb) 

According to a general procedure reported in the 
literature [11], a solution of iodine (69.09 g, 272.2 
retool) in a mixture of CC!4 and pyridine ( I : l )  (450 ml) 
was dropwise added under argon to a solution of 3- 
methyl-2-cyclohexen- l-one (13b) ( 15.0 g, 136.2 mmol) 
in a mixture of CCI4 and pyridine (1:1) (200 ml). The 
mixture was stinted at room temperature for 24 h, 
diluted with Et,O and washed sequentially with water, 
IN HCI, water, 20% aqueous Na~S,O3 and water. It 
was then dried and concentrated in vacuo The residue 
was purified by MPLC on silica gel, using a mixture of 
benzene and Et,O (97:3) as eluant, to give chemically 
pine 10b (2{).9 g, 65% yield) as a pale yellow liquid, tH 
NMR (CDCI~): 2 .~-2 .52  (4H, m, H~4 and H~6), 2.26 
(3H, s, CH,), 2.00 (2H, pseudo quint, J ~ 6.0 Hz, 
H-5). MS, m/z (relative intensity): 236 (26), 127 (14), 
109 (82), 82 (100), 81 (26), 79 (32), 77 (12), 54 (34), 
53 (43). Anal. Found: C, 35.76; H, 3.94. C~H,IO. 
Calc,: C, 35.62; H, 3.84, 

3.2. 2.1odo.3.5.dimethyl-2-cyclohexen- l-one ( lOe ) 

According to the procedure reported for the synthesis 
of 10b, a solution of 3,5-dimethyl-2-cyciohexen-l-one 
(1~)  (10.0 g, 80.53 retool) in a mixture of CC14 and 
pyfidine (1:1) (50 ml) was reacted at room temperature 
for 65 h with a solution of iodine (40.99 g, 161.06 
mmoi) in a mixture of CCI4 and pyridine (1:1) (200 
ml). After usual work up, the crude reaction product 
was purified by MPLC on silica gel, using a mixture of 
benzene and Et20 (98:2) as eluant, to give chemically 
pure 10e (8.2 g, 41% yield) as a pale yellow solid. M.p. 
59-610C. IH NMR (CDCI.~): 2.75-2.50 (IH, m, H-5), 
2.45-2.10 (7H, br m, H-4, H-6 and CH.~ in the 
3-position), 1.07 (3H, d, J = 5.4 Hz, CH.~ in the 5-posi- 

tion), MS, m/z (relative intensity):.251 (5), 250 (58), 
208 (57), 81 (24), 79 ( l l ) ,  77 ( l l ) ,  53 (100), 5~ (24). 
Anal. Found: C, 38.37: H, 4.51. CsH~zlO. C~c,: C, 
38.42; H, 4.43. 

3.3. 2-1odo-2-cvclopenten-l-one (15a) 

According to the procedure reported for the synthesis 
of 10a, a solution of 2-cyclopenten-l-one (14) (25.0 g, 
304 mmol) in a mixture of C C I  4 and pyridine (1:1) (50 
ml) was reacted for I h at room temperature with a 
solution of iodine (76.91 g, 304 mmol) in a mixture of 
CCI 4 and pyridine (1:I) (600 ml). After usual work up, 
the crud,: reaction product was crystallyzed from pen- 
tune to give chemically pure 15a (34.78 g, 55% yie:d) 
as a pale yellow solid. M.p. 70-71°C. (Lit. [l 1] m.p. 
71°C). ~H NMR (CDCI3): 8.03 (IH, t, J =  2.6 Hz, 
H-3), 2.81-2.70 (2H, m, H-5), 2.55-2.49 (2H, m, 
H-4). MS, m/z (relative intensity): 209 (4), 208 (76), 
152 (6), 127 (19), 81 (9), 53 (100), 51 (22), 50 (18). 

3.4. Preparation of the Zn(Ag) couple 

According to the literature [16,17], 85% chemically 
pure zinc dust (<  325 mesh) ~50 g, 765 retool) was 
added to 10% aqueous HCI (350 ml) and the mixture 
was stirred for 5 min at room temperature. It was then 
filtered and the solid was washed with diy acetone 
(3 × 200 ml), Et~O (2 × 200 m!) and dried in vacuo, it 
was then added to a stirred suspension of silver acetate 
(2.0 g, 12 retool) in glacial acetic acid (330 ml) which 
was maintained under reflux. After 1 rain the mixture 
was quickly cooled at 5°C and :dlowed to settle. The 
clear supernatant solution was eliminated by siphonmb~ 
and the solid residue was sequentially washed with 
glacial acetic acid (170 ml) and EI~O (5 × 250 ml) and 
dried for 20 h at 0.05 Torr. It was then stored timer 
argon at room temperature. It must be noted that the 
activity of this Zn(Ag) couple remained unchang=d over 
months in the absence of air or moisture. 

3.5. General procedure for the preparation of 3ooxoo2o 
cyclohexen-2-ylzinc iodides 11 

Chlorotrimethylsilane (0.16 ml, 1.26 retool) was 
added to a suspension of the Zn(Ag) couple (3.65 g, 
55.98 retool) in THF (8 ml) and the mixture was stirred 
for 20 rain at room temperature and for 5 rain at 55°C. 
It was then cooled to room temperature and a solution 
of a 2-iodo-2-cyclohexen-l-one 10 (13.99 retool) and 
TMEDA (2.11 ml, 13.99 mmol) in THF (8 ml) was 
added. The resulting mixture was stirred for 4=5 !1 at 
65°C, cooled to room temperature and allowed to settle. 
GLC/MS analysis of an aliquot of the clear supematant 
solution, which was hydrolyzed with a saturated aqueo 
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ous NH4CI .solution, showed that it contained the 2- 
cyclohexen-l-one 13, derived from hydrolysis of the 
organozinc iodide l I so obtained, together with a small 
~ n t  (2-3%) of unreacted 10. The clear supernatant 
THF solution of 11 was then transferred via syringe to a 
new reaction flask. 

Alk'wnatively. compounds 11 were prepared by react- 
ing at 65°C for 4-5 h ~ solutions of compounds 10 
(I 3~9 ~:" retool) and TMEDA (13.99 mmol) with a sus- 
pension of 98% pure zinc dust (<  10 micron) (3.06 g. 
5.5.98 m~l ) .  which was previously activated with 
chl~totrin~'thylsilane (1.26 retool) according to the 
above mentioned procedure. The reaction times of this 
al~rnafive ~ocedure were very similar to those em- 
ployed when compounds 11 were prepared from the 
ZaiAg) couple. Nevertheless. the times required to ob- 
tain clear I'HF solutions of compounds 11 were longer 
than those which were necessary when these 
orga~metallics were prepared from the Zn(Ag) couple. 
Therefore. the herewith repotted palladium-mediated 
reactions between compounds 11 and aryl or alkenyl 
brides were carried out using compounds 11 prepared 
flora the Zn(Ag) couple. 

3.6. General procedure fi~r the palladium,mediated re- 
actions between 3.oxoo2ocyclohexeno2.ylzinc iodides I1 
and aGl or olkenyl halides 

in a typical experiment a 0.57 M THF solution of a 
3ooxoo2ocyclohexeno2oylzinc iodide i! (!9.2 ml, !0.93 
retool) was added to a solution of an ary! or atkeny! 
halide |? (8.41 retool) and Pd(PPh~)~ (0.48 g, 0042 
mmo!) in THF (25 mi), which was prepared immedio 
at¢ly prior to use, and the resulting mixture was s t i ed  
~! the tem~rat~,e and for the ~riod of time refitted in 
Table I. The mixture was ~riodically monitored by 
GLC/MS analysis of its aliquots, which were hydro° 
lyged with a saturated aqueous NH4CI solution, until 
compound 17 was consumed. Tire reaction ~aixture was 
then cooled to room temperature, poured into a !~ge 
excess of a saturated aqueous NHaCI solution and 
estracted ~peatedly with Et:O, The collated organic 
extracts were washed with water, dried and concen- 
t r a ~  under reduced pressure. The residue, which was 
analyzed by GLC/MS and TLC, was diluted with the 
solvent which was subsequently used tot its purification 
by MPLC on silica ~i ,  and fil!ered over Celtic, The 
filtrate w~ concentrated under reduced pressure and the 
residue was purified by MPLC on silica gel~ Como 
pounds l ~ - g  were prepared according to this proceo 
dure (Entries I-8, Table I), 

On the other hand, compound 12h was prepared from 
1 lb (11,0 retool) and (g)o I oiodo-I-heptene (l?h) (I,90 
g. 8.47 retool) using a n~glification of this procedure ia 
which the catalyst system was constituted of Pd(dba), 

(0.24 g, 0.42 mmol) and AsPh 3 (0.386 g, 1.26 mmol) 
(Entry 9, Table 1). 

3. 7. 2-( 2-Methoxyphenyl)-2-cyclohexen- l-one (12a) 

The crude reaction product, which was obtained from 
the reaction between 3-oxo-2-cyclohexen-2-ylzinc io- 
dide ( l la)  and 2-(methoxy)bromobenzene (17a) (Entry. 
1, Table 1), was purified by MPLC on silica gel, using a 
mixture of benzene and Et:O (97:3) as eluant, to give in 
94.6% yield the title compound as a colourless crys- 
talline solid. M.p. 49-51°C. ~H NMR (CDCla): 7.29 
(IH, dt. J = 6.3 a1H i.8 Hz, H-3), 7.07-6.88 (4H, m, 
H~,,m), 3.76 (3H. s. OCH~), 2.59 (2H, t, J = 6,7 Hz, 
H-6), 2.50 (2H. t, J = 5.1 Hz, H~4), 2.12 (2H. quint, 
J = 6.3 Hz, H-4). MS, m/z  (relative intensity): 202 
(100). 174 (34), 145 (31), 119 (32), 115 (39), 91 (40), 
77 (40). IR (KBr): 1674, 1595, 1493, 1353, 1028, 970. 
910. 768, 718, 573. Anal. Found: C, 76.97; H, 7.01. 
C1~H!40,. Calc.: C, 77,20; H, 6.98, 

3.8. 2-( i-Phenylethenylk-2-o, clohexen- l-one (12b) 

The crude reaction product, which was obtained from 
the reaction between l la and t~-bromostyrene (17b) 
(Entry 2. Table I), was purified by MPLC en silica gel. 
using a mixture of benzene and Et~O (97:3) as eluant. 
Io give in 62,6% yield 99% chemically pure 12b as an 
oil. *H NMR (CDCI~): 7.28 (5H, br s. C~H~). 6.95 
(!H, t, J ~ 4 . 2  !~!z, H~3), 5.52 ( i l l  br d, (Z)~H~2'), 
5°26 (IH, br d. (E) !t=2'). 2.54=2.48 (4H, br m. Iql~4 
and H.~o¢0. 2..!1 (2H. quin|. J ~ 6,3 Hz, H~5), MS. m / :  
(~ia|ive in|easily): 198 (5i), !97 ( I lL  155 (25), 154 
(29), 142 (71), 141 (1(~), 128 (35). 115 (till 91 (25), 
IR (neat): 1080. 1494, 1354, 1165, 977, 907, 907, 779, 
701, ~ ,  Anal. Found: C, 84.555: H, 7.33. Cj.~HI40. 
Cute.: C, 84.81; H. 7.33. 

3. 9. 244.Nitrophenyl).2.cych~he.~oen. l-one { 12¢) 

The crude reaction product, which was obtained from 
the reaction between compound l la and 4- 
(nitro)bromobenzene (l?c) (Entry 3, Table l), was puri- 
fied by MPLC on silica gel, using a mixture of benzene 
and Et~O (95:5) as eluant, to give in 62.0% yield 
chemically pure 12¢ as an orange solid. M.p. 75-76°C. 
~H NMR (CDCI:~): 8.19 (2H, d, J = 8.8 Hz, H-3' and 
H-Y ), ?,49 (2H, d, J ~ 8,8 H~, H-2' and H-6'), 7.17 
(IH, t, d ~ 4,2 Hz, H-3), 2,65~2.07 (4H, m, H-4 and 
H-6), Zl5 (2H, pseudo quia|, J ~ 6.4 Hz, H-5). MS, 
m/z (relative intensity): 217 (37), 189 (61), 161 (35), 
128 (30), 115 (1~)), 104 (23), 89 (36), 63 (40), 55 (66). 
IR (KBr): 1677, 1515, !347, 981,858, 835. 754. 694. 
Anal. Found: C, 66,60: H, 5,43. CnH ~NO 3. Calc.: C, 
66,35; H, 5.10. 
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3. !0. (E)-2-12-(Ethoxvcarbonyl)ethenyll-3-methyl-2- 
cyclohexen- l-one f l2d) 

3.12. 3,5-Dimethyl-2-(6-me~hoxy-2.naphthyl)-2- 
cvclohexen- i-one (12f) 

GLC/MS analysis of the crude reaction product, 
which was obtained from the reaction between l- 
methyl-3-oxo-2-cyclohexen-2-ylzinc iodide ( l ib)  and 
ethyl (E)-3-bromopropenoate (17d) (Entry 4, Table 1), 
showed that it was constituted of five components in a 

ca. 19:15:25:26:15 ratio, which had MS spectra corre- 
sponding to 3-methyl-2-cyclohexen-l-one (13b), two 
stereoisomers of ethyl 5-ethexycarbonyl-2,4-pentadien- 
oate (18), the desired cross-coupled product 12d and 
triphenylphosphine, respectively. This crude product was 
purified by MPLC on silica gel, using a mixture of 
benzene and Et,O (90: I0) as eluant to give 12d contam- 
inated by ca, 18% of 18. This product was again 
purified by MPLC on silica gel using CH,CI., and then 
a mixture of CH,,CI, and Et,,O (95:5) as eluant, to give 
in 31.7% yield 99% chemically pure 12d as a colourless 
oil. IH NMR (CDCla): 7.49 (IH, d, J =  16.1 Hz, 
H-I ' ) ,  6.61 (IH, d, J = 16.1 Hz, H-2'), 4,22 (2H, q, 
J = 7. I Hz, OCH z), 2.54-2.43 (4H, m, H-4 and H-6), 
2,14 (3H, s, CH~-C=), 2,04-1.92 (2H, m, H-5), i.30 
(3H, t, d =  7,1 Hz, CHa). MS, m / z  (relative intensity): 
208 (9), 163 (28), 135 (100), 117 (12), 107 (10), 105 
(11), 91 (24), 79 (21), 55 (26). IR (neat): 1713, 1676, 
1625, 1368, 1287, !173, 1073, 983, 691. Anal. Found: 
C, 69,37; H, 7,85. C~, H ~,O 3. Calc.: C, 69.21; H, 7.74. 

Compound 12d contaminated by ca. 7% of a 
stereoisomeric mixture of i8 was also obtained in 15.6% 
yield by purification by MPLC on silica gel of the crude 
reaction mixture, which was oblained from the palla- 
diumomediated reaction between l ib  and ethyl (E)-3° 
iod~propcnoatc ( !7e)  (Entry 5, Table 1 ). 

3. I I, 2o(4,Chlorophenyl)°3,5~dhnethylo2ocyclohexen° 1o 
one f 12e) 

The crude reaction product, which was obtained from 
the reaction between 1,5-dimethyl-3-oxo.2-cyclohexen- 
2-ylzinc iodide (1 le) and 4-(chloro)bromobenzene (170 
(Entry 6, Table I), was purified by MPLC on silica gel, 
using a mixture of CH.~CI~ and hexane (80:20) as 
eluant, to give in 88.9% yield chemically pure 12e as a 
colourless crystalline solid. M.p. 27-28°C. ~H NMR 
(CDCI~): 7.32 (2H, d, J =  8.4 Hz, H=3' and H-5'), 
6.99 (2H, d, J = 8.4 Hz, H.=2' and H-6'), 2.63-2.47 
(2H, m, H=6), 2.26-2.18 (2H, br m, H-4 and H=5), 
1.81 (3H, s, CH3-C=).,  I.II (3H, d, J ~ 5 . 2  Hz, 
CH:~-C=). MS, m / z  (relative intensity): 236 (36), 234 
(100), 194 (25), 192 (76), 166 (16), 164 (45), 129 (51), 
115 (46) 53 (40). IR (KBr): 1668, 1490, 1377, 1327, 
1089, 821, 595. Anal. Found: C, 71.89; H, 6.51. 
C~4Ht.~CIO. Calc.: C, 71.64; H, 6.44. 

The crude reaction product, which was obtained from 
the reaction between l l e  and 6-methoxy-2- 
bromonaphthalene (17g) (Entry 7, Table 1), was puri- 
fied by MPLC on silica gel, using CH2CI 2 as eluant, to 
give in 84,2% yield 98% chemically pure 121' as a 
colourless crystalline solid, which was recrystallized 
from methanol. M.p. 120.5-122°C. ~H NMR (CDCI3): 
7.75-7.65 (2H, m, Harom), 7.45 (IH, br s, Harom), 
7.17-7.07 (3H, m, H~om), 3.91 (3H, s, OCH3), 2.65- 
2.45 (2H, m, H-6), 2.35-2.15 (3H, m, H-4 an, H-5), 
1.83 (3H, s, CH3-C=), 1.24 (3H, d, J = 5.1 Hz, CH 3- 
C-). MS, m / z  (relative intensity): 281 (21), 280 (100), 
238(7), 210 (27), 195(14), 165 (12), 153 (7), 152 (17), 
89 (4). IR (KBr): 1662, 1622, 1602, 1485, 1379, 1265, 
1190, 1027, 852, 818, 479. Anal. Found: C, 81.59; H, 
7.31. C,~H2oO 2. Calc.: C, 81.40; H, 7.19. 

3.13. 3,5-Dimethyl-2-(3-fluorophenyl)-2-cyclohexen-l- 
one (12g ) 

The crude reaction product, which was obtained from 
the reaction between l ie  and 3-(fluoro)bromobenzene 
(17h) (Entry 8, Table 1), was pmified by MPLC on 
silica gel, using a mixture of CH~Ci, and hexane 
(70:30) as eluant, to give in 70.0% yield chemically 
pure 12g as a colourless solid. M.p. 44~46°C. I H NMR 
(CDCI~): 7.37~o7.26 (IH, pseudo q, J ~ 7.1 Hz, H=5'), 
6.97 (IH, t, J ~ 8.7 Hz, H~6'), 6.84=6.75 (2H, m, H=2' 
and H-o4'), 2.56 (2H, dr, J = 6.9 and 5.6 Hz, H~6), 
2.26=2.19 (2H, br m, H=4 and H~o5), 1081 (3H, s, 
CH:~=C~'~), !.!1 (3H. d, J ~ 5.4 Hz, CH~ in the 5°posi~o 
tion). MS, m/z  (relative intensity): 219 (15), 218 (85), 
176 (92), 148 (77), 147 (57), 146 (32), 133 (I(D), 115 
(14), 109 (15), 83 (11), 69 (16). IR (KBr): 1663, 1625, 
1609, 1378, 1235, 1138, 1060, 918, 896, 879, 786, 71-1t). 
Anal. Found: C, 77.12; H, 7.01. Ct41-t~sFO. Calc.: C, 
77.04; H, 6.93. 

3.14. ( E)-2-( l-Heptenyl )-3-methyl-2°o'clohexeno loone 
(12h) 

The crude reaction product, which was obtained from 
the reaction between 1 lb and ( E)° I-iodo-I -heptene (171) 
(Entry 9, Table I), was purified by MPLC on silica gel, 
using a mixture of CH2C! 2 and hexane (70:30) as 
eluant, to give in 48% yield stereoisomerically pure 12h 
as a yellow till. I H NMR (CDCI~): 6.07 (IH, d, J ~, 16.0 
Hz, H=I'), 5.89 (IH, dt, J = 16.0 and 6.4 Hz. H=2'). 
2.44-2.38 (4H, m, H=4 and H=6), 2.15 (2H, q, J ~: 6.8 
Hz, H-3'), 2.02 (3H, s, CH 3=C=), !.97-i.90 (2H, m, 
H-5), 1.46-1.30 (6H, br m, H=4', H=5' and H-6'). 
0.89 (3H, t, J = 6.2 Hz, H-7'). MS, m / z  (relative 
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in~tt~ity): 2 ~  (51), 191 (28), 163 (32), 149 (69), 135 
(100), 107 (36), 93 (71), 91 (92), 79 (83). IR (neat): 
2857, 1672, 1327, 1123, 973, 934. Anal. Found: C, 
81.75; H, 1091. CI4H22 O. Calc.: C, 81.51; H, 10.75. 
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