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Summary: The active nickel complex generated in situ by reduction of NiBrz(PPh3)2 with zinc
in the presence of Et4NI is a useful reagent for the dehalogenative coupling of phenacyl
halides to 1,4-diaryl-1,4-diketones and for the dechlorination of 3,4-dichlorobicyclo[4.2.0]-
octane-2,5-diones to bicyclo[4.2.0]oct-3-ene-2,5-diones.

Although several zerovalent nickel complexes exhibit specific ability in a reductive
coupling of aryl or alkenyl ha]ides,l) little is known about the nickel-catalyzed coupling
of a-haloketones or reductive dehalogenation of vie-diha]ides.Z) Recently, we have reported
the reductive coupling of alkenyl, aryl and benzyl halides using the active nickel complex
generated in situ by reduction of N1‘X2(PPh3)2 with zinc in the presence of Et4NI.3) The
reductive homo-coupling reactions of alkenyl, aryl and benzyl halides with the active nickel
complex proceed under mild conditions to afford the corresponding coupling products in good
to high yields. In this paper we describe the use of the active nickel catalyst to convert
phenacyl chlorides (l) and 3,4-dichlorobicyclo[4.2.0]octane-2,5-diones (%) into 1,4-diaryl-
butane-1,4-diones (%) and bicycio[4.2.0]oct-3-ene-2,5-diones (Q), respectively.
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As shown in Table 1, the reductive coupling of phenacyl chloride with the active nickel
complex proceeded smoothly in THF, DME and benzene to give 1,4-diphenylbutane-1,4-dione in
good yields (entries 1-3). However, the yield of the coupling product decreased in aceto-
nitrile as solvent and also in the case of phenacyl bromide as starting material (entries 4
and 6). Although the reductive coupling of phenacyl chloride occurred with zinc alone, the
yield of 1,4-diphenylbutane-1,4-dione was low and a considerable amount of reduction product
(<.e., acetophenone) was formed (entry 5). Additionally, the reductive coupling of
phenacyl chloride with Ni(PPh3)4, which was generated in DMF from NiBrz(PPh3)2-Zn—PPh3, gave
also the 1,4-diketone (16%) and acetophenone (22%). Therefore, the coupling reaction listed
in entries 1-4 is catalyzed by nickel(0) compiex and Et4NI, and the formation of acetophenone
was not observed in these cases. As exhibited by entries 7-10, the coupling of phenacyl
chlorides (l) bearing methyl, chloro or methoxy group proceeded in good yields. Steric
hinderance due to ortho-substituents slowed down the reaction rate, and the coupliing of the
ortho-methoxy derivative was unsuccessful owing to the competitive reduction catalyzed by
zinc.

Table 1, Coupling of phenacyl halides (l) to 1,4-diarylbutane-1,4-diones (2).
4"

R NiBrz(PPh3)2, Zn, Et4NI R
@-cowzx @COCHZCHZCO —@R

1 rt 2
Entry R X Conditions™ Solvent Yield of 2 (%)
Catalyst (mol%) Time (h)P)
1 H Cl 5 2.5 THF 79
2 H C1 5 2.5 DME 71
3 H C1 10 2 Benzene 68
4 H C1 5 3 CH3CN 48d
5 H cl 0 6 THF g
6 H Br 5 2 THF 41
7 Z-CH3 C1 5 20 THF 71
8 2-Cl C1 10 8 Benzene 70
9 4-C1 C1 5 2.5 THF 63
10 4-0CH3 Cl 5 6 THF 81

a) 5-10 mol1% of NiBrz(PPh3)2, 1.5 molar equiv., of activated zinc, and 1 equiv. of
Et4NI were used, b) At room temperature. <c¢) Isolated yield. d) Acetophenone
(18%) was obtained along with the 1,4-diketone.

The above-mentioned nickel complex is also applicable to the mild reductive dechlori-
nation of trans-3,4-dichlorobicycio[4.2.0]Joctane-2,5-dione (%%)5) which can be easily
prepared by the photochemical [2+2]addition of ethylene to trans-5,6-dichloro-2-cyclohexene-
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-1,4-dione (§)6). Although the photoadduct (%g) is not stable and decomposed slowly both
in solution and in the solid state, the nickel-catalyzed reduction of chlorine in 3a pro-
ceeded smoothly and selectively in the presence of Et4NI in THF at room temperature to give
the enedione (Qg) in 57% yield based on 5. By the use of Ni(PPh3)4, which is generated in
situ in DMF, the photoadduct (%ﬁ) could be also converted into the enedione (Qg) in 22%
yield, but bicyclo[4.2.0]octane-2,5-dione (Q, 9%) was formed as a by-product in this case.
In contrast to the results obtained by the nickel-catalyzed reaction, the attempted prepa-
ration of 4a by reduction of 3a with zinc or other reducing agents was unsuccessful. Simi-
lar reduct1on of the photoadducts (3b 3c and 3d)5) afforded the corresponding enediones
(MR Qg and Q%), respectively (Tab]e 2) Since the reaction conditions are very mild,

the enediones (QQ-QQ) do not isomerized to the corresponding hydroquinones.7)

cl CHy=CHz, hv NiBra(PPha)
(of R CL- Zn, EtsN1
s © 3 © s
E(CHz)n 1 hv \\ NlBl’z(PPha)z
Zn, PPha
0 0 0 0
Cl ;
Gy, 8PPy (CHyn .
Cl'.‘ Zn, Et‘N [
o] 0 0 0
§p ‘n=1 é_l:_) n=1 é_a §
_3£ ‘n=2 éE in=2
3d:n=3 4d :n=3

Table 2, Synthesis of bicyclo[4.2.0]oct-3-ene-2,5-dione and its derivatives (Q%'QQ)'

Entry Photoadduct Conditions Product Yield (%)
Catalyst (mol1%) Time (h) based on 5

11 Qg 5 1.5 Qg 57

12 %R 5 2 QR 50

13 %g 5 1.5 Q& 43

14 %g 5 2 Qg 60

In conclusion, the reductive coupling or dechlorination of a-haloketones using the
active nickel comp]exs) can be effectively used for the syntheses of 1,4-diarylbutane-1,4-
diones (%) and bicyclo[4.2.0]oct-3-ene-2,5-diones (Q), which are useful intermediates in
organic synthesis.
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The following general procedure was used for the synthesis of i: a mixture of the
photoadduct [%, prepared from 5 (60 mmo1)>'], NiBrZ(PPh3)2 (3 mmol), activated zinc (240
mmol), and Et4NI (120 mmo1) was evacuated and flushed with argon. Degassed THF (200 mi1)
was added and the mixture was stirred at room temperature for 1.5-2 h, Benzene (200 ml)
was added to the reaction mixture, and the precipitate was collected and washed with benzene.
The filtrate and washings were evaporated in vacuo and the residue was chromatographed on
silica gel to give Q.
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