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The Ni(dppe)Br,/Zn system effectively catalyzes the cocyclotrimerization of propiolates with allenes. The reaction is highly regio- and
chemoselective to afford polysubstituted benzene derivatives in good to excellent yields.

The transition metal-catalyzed [2 2 + 2] cycloaddition is

a powerful method for the construction of polysubstituted
benzene derivativésThough a plethora of reports have
appeared for the past few decadése intermolecular version
of this cycloaddition still suffers poor regio- and chemo-
selectivity, severely limiting the synthetic application of this
method. The nickel-catalyzed cocyclotrimerization of two

in metal-mediated allene chemistpyrompted us to explore
the possibility of using allenes in the cocyclization with
alkynes. In this Letter, we disclose the first example of
nickel-catalyzed cocyclotrimerization of two propiolates with
an allene, providing an efficient method for the synthesis of
polysubstituted benzene derivatives in a highly regio- and
chemoselective fashion.

alkynes and an alkene has been reported, but the alkenes The reaction oh-butylallene (1a) with DMAD Ra) was

used were limited ta,5-unsaturated ketones and 7-oxabenzo-

norbornadiene3? In addition, excess alkene was required
to suppress the competing alkyne trimerizafi@uir interest
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initially conducted at 80C for 8 h in CHCN in the presence

of 5 mol % of Ni(dppe)Bs (dppe= bis(diphenylphosphino)-
ethane) and zinc metal powder. The reaction gevim 87%
yield and the homo cyclotrimerization product2din less
than 5% vyield. The structure afa was confirmed by'H
and*3C NMR spectroscopy and mass spectrometry. Control
experiments verified that in the absence of either Ni(dppe)-
Br, or zinc powder no reaction occurred. To the best of our
knowledge, this is the first intermolecular alkynallene
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cocyclotrimerization ever reported. Presumably, the forma- ||| D
tion of 4ais via a [2+ 2 +_ 2] _cocyclotrlmerlzatlon of Table 2. Results of Cocyclotrimerization of Allengsa—d
DMAD and n-butylallene to give intermedia@a, followed with Propiolate2a—e

by isomerization to yield the final highly substituted benzene
derivativeda. The other possible cocyclotrimerization prod-
uct resulting from twan-butylallene and a DMAD molecules 1 -(CH2)sCHs -CO;Me 4a 80

entry R! R? product  vyield, %2

was not observed even when the reaction was carried outin 2 -cyclohexyl -CO-Me 4b 72
a large excess of the allene. 3 -cyclopentyl  -CO;Me ac 69
To optimize the present catalytic reaction, the catalytic = Poo! “co.Me ad n
O optimize the pres yue 1on, yu 5  (CH2:CHs  -Me 4e 84
activities of various nickel phosphine complexes for the 6 (CH2)sCHs  -(CH2)sCHs 4f 79
cocyclotrimerization ofn-butylallene with DMAD were 7 -(CH2)3CH3 ~(CH2)4CH3 4g 82
tested. The results are shown in Table 1. Monodentate 8 -(CH2)sCHs -(CH2)sCH3 4h 71
9 -cyclohexyl -Me 4i 86
| e lonyem "
11 -cyclohexyl -(CH2)4CH3 4k 84
Table 1. Effect of Nickel Complex and Solvent on the {2 2 12 -cyclopentyl -Me 41 80
+ 2] Cocyclotrimerization of DMAD withn-Butylallené 13 -cyclopentyl -(CH3)3CH3 4m 78
- 14 -phenyl -Me 4n 75
entry catalyst solvent yield, %P
. a|solated yields.
1 Ni(PPhs), Brz CH3CN 22
2 Ni(PPh,Me), Br; CH3CN 5
3 Ni(F’Phg)zBl’z/PPhgC CH3CN 0 . . . .
4 NiBr; CH4CN 32 substituted propiolates. The reaction b& with methyl
5 Ni(COD),¢ CH3CN 9 2-butynoate (2b) is highly regio- and chemoselective, af-
6 Ni(dppm)Br CH3CN 9 fording 4eas the sole product in 84% isolated yield. No other
7 Ni(dppp)Bra CHLCN 28 isomer was seen in thtH NMR of the crude reaction
g E!(gppb)srz g:ﬁm g mixture. The regiochemical assignment is based on the
0 N:E dsggB? i o diagnostic chemical shift of the aromatic proton that appears
2 . .
11 Ni(dppe)Bra toluene 0 asa singlet aﬁ' 7.Q4 and on the results of_dlfference NOE
12 Ni(dppe)Br2 DME 0 studies. Selective irradiation of the aromatic prototh @04
13 CH3CN 0 led to an enhancement of the signalsda2.56 by 2.06%
14¢ Ni(dppe)Br; CH3CN 85 and ato 2.37 by 2.37% for the methylene and methyl

aReactions of-butylallene (1.10 mmol) with DMAD (2.00 mmol) were protons, reSp_eCFlvely’ attached directly to the aromatic ring,
carried out at 80C for 8 h in 2 mL of solvent by using 5 mol % of Ni-  whereas irradiation of the methylene protoné at56 caused
catalyft and Zn (2.75 r_nmol?.YleIds were measured from crude products an enhancement of the signalséat?.04 by 1.32% and
by the'H NMR integration method using mesitylene as an internal standard. o .
©1.00 mmol of PPh was useddNo zinc was usect10.0 mmol of 2.23 by 1.86% for the aromatic and the methyl protons,
n-butylallene was used. respectively. These NOE data strongly support the proposed
structure for productle shown in Scheme 1 and exclude

other possible regioisomers.

phosphine complexes Ni(PR{Br, and Ni(PPbMe)Br,
exhibited low catalytic activity, affordindain 22% and 5%
yields, respectively (entries 1 and 2). The presence of exces

PPh strongly retarded the reaction (entry 3). Simple nickel Scheme 1

complexes NiBf and Ni(COD) also catalyzed the reaction R e R?

but in low product yield (entries 4 and 5). Nickel complexes Ni(dppe)Brz, Zn, MeO,C i

with bidentate phosphine ligands dppm, dppp and dppb, were I * CH,ON, 80°C, 8 h

also examined and were shown to give low yields4af COMe Me0C L

(entries 6—8). The best yield afa in 87% was obtained tad  22e 30

using Ni(dppe)Bs as the catalyst (entry 9). Studies on the R e R?

effect of solvent revealed that acetonitrile was the solvent 1c R' = cyclopentyl Me0,C R

of choice. No reaction occurred in THF, toluene, and DMF 1d R = pheny - MeO,C

(entries 10—12). 2aR?=CO,Me R2
Similarly, cyclohexylallene 1b), cyclopentylallene (), ;:;f :?f;z)3CH3 aan

and phenylallene (1d) undergo cocyclotrimerization with 2d R?= (CHy),CH3

DMAD in the presence of Ni(dppe)Band zinc powder to 20 R” = (CHy)5CHy

afford the corresponding productd—d in 72%, 69%, and
71% vyields, respectively (Table 2, entries-4). These
products were fully characterized by their spectroscopic data. In a similar manner, alkyl-substituted propiolat@is—e
The present Ni(dppe)BiZn system also effectively cata- react smoothly witla—d catalyzed by the Ni(dppe)BZn
lyzes the cocyclotrimerization of allenes with various system to yield productdf—n in good to excellent yields
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(Table 2, entries €14). The [2+ 2 + 2] cocyclotrimeriza- conditions resulted in a mixture of products wik in ca.
tion is completely regioselective and highly chemoselective. only 30% yield based on théd NMR analysis. This result
In all of these reactions (Scheme 1 and Table 2), only one strongly suggests that allenes are much more selective than
regioisomer of cocyclotrimerization was observed for each terminal alkynes in the cocyclotrimeriztion. Finally, no
reaction. For methyl 2-butynoate (2b), a trace of homo desired [2+ 2 + 2] product was obtained for the reaction
cyclotrimerization product was also detected. For the long of 1-hexyne and phenylacetylene withbutylallene under
chain alkyl propiolatec—e, no homo cyclotrimerization  similar conditions. Therefore, the presence of an electron
product was found in theH NMR spectra of the crude  withdrawing -CQMe group in the alkyne moiety is essential
products. Again, these cocyclotrimerization produtftsn for the success of the present422 + 2] cocyclotrimer-
show a characteristic singleta ppm and the NOE studies ization.
of these products are consistent with the proposed structure On the basis of the organometallic chemistry of nickel and
that the two ester groups are ortho to each other and the twathe observed regio- and chemoselectivity of the cocyclotri-
substituents Rof the propiolates are para to each other and merization products, a plausible mechanism is proposed in
ortho to the allene moiety. Scheme 3. The reduction of Ni(ll) species by zinc metal
Unlike alkyl-substituted propiolate®b—e, methyl phen-
ylpropiolate 6) undergoes cocyclotrimerization with allenes
to give products with different regiochemistry (Scheme 2).

Scheme 2

1
R MeO,C
Ni(dppe)Br,, Zn,

—_—
| | CH4CN, 80°%C, 8h
COzMe

1a-c 5

Thus, the reaction o5 with n-butylallene (1a) under our

standard reaction conditions affordédin 69% yield. This . R® coMe
product shows a characteristic singletat.37 for the proton N—— R id

on the benzene ring. The regiochemistry of this product is CP CO,Me
established unambiguously by the results of NOE experi- R’ 7

ments. Similarly, the reaction &fwith cyclohexylalleng1b)
and cyclopentylallene (1c) affordégb and6c in 70% and

65% yields, respectively. The regiochemistry6if and 6¢ initiates the catalytic reaction. Coordination of two molecules
is the same as that 6 based on the NMR data and NOE ©Of propiolates 2b—e to the nickel center followed by
experiments. regioselective head-to-head oxidative cyclometalation pro-

In addition to the inherent interest of the present reaction duces the nickelacyclopentadiene intermedraté Coordi-
that forms polysubstituted benzene derivatives in a com- nation of allene and subsequent insertion of this molecule
pletely regioselective fashion from propiolates and allenes, into @ Ni(ll)—carbon bond gives nickelacycloheptadiene
several intriguing features deserve comment. First, the !ntermed|até3. Subsequent reductive ehmmanon and isomer-
reaction exhibits great chemoselectivity with the allenes used.Zation affords product and regenerates the Ni(0) catalyst.
Only the unsubstituted terminal carbecarbon double bonds ~ FOr the reaction of methyl phenylpropiolat)(a head-to-
of allenes are involved in the cycloaddition. Second, the t@il oxidative cyclometalation of methyl phenylpropiolate
cycloaddition selectively reacts with two alkyne molecules With the nickel center to produce nickelacyclopentadiene
and an allene molecule to afford the present cocyclotrimer- intermediated and subsequent insertion of allene to give
ization product. Under our standard conditions, the ratios of IS cléarly involved.
alkynes to allenes are kept nearly 2:1. The competing homo The results in Table 1 showing that Ni(dppe)&n is the
cyclotrimerization of propiolate is almost completely sup- Most active catalytic system for the present cocyclotrimer-
pressed, and only a trace of homo trimerization products wasization may be understood in terms of the ready formation
seen in a few reactions. This is in striking contrast to other

iti i (7) (a) Eisch, J. J.; Glle, J. B. Organomet. Chen1975,96, C23. (b)
cycload.dltlons tha_t require excess alkene t(_) SUPPress theEisch, J. J.; Piotrowski, A. M.; Han, K. I.; Kruger, C.; Tsay, Y. H.
competing cyclotrimerization of an alkyfeThird, in the OrganometallicsL985,4, 224. For production of a cobaltacyclopentadiene
present reaction, allene is synthetically equivalent to a complex, see: (c) Wakatsuki, Y.; Nomura, O.; Kitaura, K.; Morokuma,

. . . K.; Yamazaki, H.J. Am. Chem. S0d.983,105, 1907.
terminal alkyne. However, it should be noted that the reaction (8) McAlister, D. R.; Bercaw, J. E.; Bergman, R. &.Am. Chem. Soc.

of methyl 2-butynoate with 1-heptyne under our standard 1977,99, 1666.
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of nickelacycloheptadiene intermedia8& The chelating An alternative mechanism involves the coordination of an
nature and the electron donating ability of the dppe ligand allene and propiolate to the nickel center to produce the five-
are likely responsible for the easy oxidative cyclometalation. membered nickelacyclopentene intermedfaidl followed
Other bidentate phosphine ligands are less effective, probablyby insertion of another propiolate into the Ni(Hrarbon
due to the larger chelating ring causing greater steric bond to yield the seven-membered ring intermediat€his
conjecture. Recently, we observed a nickel-catalyzed reactionintermediate undergoes reductive elimination to give the final
involving nickelacyclopentene as an intermediate that also product. This mechanism cannot be totally ruled out.
shows Ni(dppe)Bris the most effective catalytic system  |n summary, we have successfully demonstrated a new
among the nickel complexes ustdhe observed high nickel-catalyzed [2+ 2 + 2] cocyclotrimerization of
regioselectivity of the reaction can be explained in terms of propiolates with allenes. The reaction is highly regioselective
the regioselective formation of metalacycles. For propiolates and chemoselective, affording polysubstituted benzene de-
with a linear alkyl group, the formation of 1,4-dialkyl- rivatives in good to excellent yields. Further extension of
metalacycle7 is more favorable than that for the 1,3- this work into a partially intramolecular version and a
intermediate probably because of an electronic effect. On detailed reaction mechanism is currently underway.

the other hand, for phenylpropiolase 1,3-diphenylmetala-
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