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In spite of a versatile role played by reductive elimination of 
v3-allylmetal complexes in organic  transformation^,'-^ little has 
been known concerning the mechanistic details of this step. We 
wish to report a novel finding that the coupling of allyl and aryl 
groups on Ni  is much more facile in an v3-allyl form with 18- 
electron configuration than in both a 16-electron v3-allyl count- 
erpart and a 16-electron vl-allyl isomer. This trend, not observed 
in the ~3-allylpalladium chemistry: seems of particular relevance 
to the origin of some unique ligand and metal effects upon re- 
activity and selectivity in cataly~es.] .~ Acceleration of reductive 
elimination upon change of electron count on Ni from 16 to 18 
has precedence in alkylnickel chemistry,6 but none has revealed 
such a remarkable rate enhancement, in a quantitative manner, 
as is disclosed here. 

Spontaneous reductive elimination of ~3-allyl(aryl)nickeI(II) 
complexes 1' in toluene proceeded smoothly to afford high yields 
(>85%) of allylbenzene derivatives (eq 1). The first-order rate 
constant (k1)8 of eq 1 for l a  and l b  was found independent of 

the amount of excess PPh3 (up to 5 equiv) added: as in eq 1 for 
the palladium analogue 2.4 The ratio of k l  for l a  versus that4 
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for 2 at 0 OC (kl[Ni]/kl[Pd] = 26) provides the first direct 
comparison of the reactivity, between organonickel and palladium 
complexes with the identical composition, for the reductive elim- 
ination proceeding through a common mechanism.I0 

Particularly noteworthy are the contrasting behaviors of 1 and 
2 with respect to both structure and reactivity when chelating 
diphosphine (PhzPCHzCHzPPhz dppe; Z-PhzPCH=CHPPhz 
dppen) was added to these complexes. Thus, 2 and its C6F5 
analogue reacted with the diphosphines quite rapidly to give 
q'-allylpalladium complexes 34,7b*" which are less reactiueI2 as 
compared to the reductive elimination of the parent v3-allyl 
complexes. On the other hand, addition of the diphosphines to 
1 dramatically enhanced the reductive elimination rate, which is 
attributed to formation of quite reactive, 18-electron v3-allyl 
complexes 4, as discussed below. 

Attempts to isolate 4 from the solution containing any of 1 and 
the diphosphines even at  temperatures below 0 "C were unsuc- 
cessful. Nor could we obtain any spectral clue to an intermediate 
in the rapid reductive elimination caused by adding dppe or dppen 
(1-2 equiv) to l a  at -50 OC (half-life I 0.5 h). However, NMR 
(IH, I3C, 31P) spectral3 and the color (reddish-orange)I4 of a 
solution obtained by mixing lb  or IC with dppen (1 equiv) below 
-20 OC were sufficiently informative. Thus, the 31P spectra showed 
complete dissociation of PPh3 from Ni and coordination of both 
phosphorus atoms of dppen, and the I3C chemical shifts of newly 
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Oxford, 1982; Chapter 52. (b) Jolly, P. W. Chapter 56, ref la. (c) Tolman, 
C.; Faller, J. W. Homogeneous Catalysis with Metal Phosphine Complexes; 
Pignolet, L. H., Ed.; Plenum: New York, 1983; p 64. 
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(5) For example, nickel catalysts are generally more effective than palla- 
dium catalysts in cyclooligomerization of  diene^.'^ Also, chelating di- 
phosphine/nickel systems are unique catalysts for regio- and enantioselective 
allylic alkylations as compared to the analogous palladium ~ y s t e m s . ~ ~ ~ ~ ~ ~ J ~  

(6) (a) McKinney, R. J.; Roe, D. C. J .  Am. Chem. SOC. 1986, 108, 
5167-5173. (b) Tatsumi, K.; Nakamura, A,; Komiya, S.; Yamamoto, A,; 
Yamamoto, T. Ibid. 1984, 106, 8181-8188. (c) Komiya, S.; Abe, Y.; Yam- 
amoto, A.; Yamamoto, T. Organometallics 1983, 2, 1466-1468. 

(7) (a) Prepared in a manner similar to that4 for the palladium analogue. 
(b) All new complexes isolated gave satisfactory analytical and spectral results. 

0002-1863/88/ 1510-6212$01.50/0 

(8) (a) Rates were followed by observing the coupling products by GLC 
and 'H NMR (see ref 4). The initial concentrations of the complexes were 
0.1 M ('H NMR) and 0.02 M (GLC). The decomposition of l a  was run in 
the presence of excess P h m P h  in order for the clean kinetics to be attained, 
with the role of PhCECPh being attributed possibly to stabilization of the 
Ni(0) species formed (cf. ref 8b,c for the palladium case). kl  (h-I) in toluene 
is as follows: l a  0.077 (0 "C); l b  0.382 (101 OC), 1.34 (116 "C), 5.15 (127 
"C). (b) Ozawa, F.; Ito, T.; Nakamura, Y.; Yamamoto, A. Bull. Chem. SOC. 
Jpn. 1981,54, 1868-1880. (c) Gillie, A.; Stille, J. K. J .  Am. Chem. Soc. 1980, 
102,4933-4941. 

(9) Excess of free PPh3 caused no change at all in 'H NMR spectra of l a  
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( I  1) Kurosawa, H.; Urabe, A.; Miki, K.; Kasai, N.  Organometallics 1986, 

(12) For example, k l  (h-') in toluene at 40 "C are as follows: 2, 0.693; 
3a, 0.0578; 3b, 0.0866. 

(13) (a) 4b: 'H  NMR (toluene-d8, -20 "C), 6 1.59 (t, Jp = 3 Hz, CHI), 
2.15 (br t, Jp = 4.5 Hz, -CHI); I3C NMR (CD2C12, -80 "C) 6 22.2 (CH,), 
58.4 and 61.1 (allyl terminal), 109.1 (allyl center); "P NMR (CD2C12, -80 
"C) 6 (external H3POJ 21.3 and 39.5, Jp-p = 150 Hz. 4c: IH NMR 
(toluene-d8, -20 "C) 6 0.68 (dt, JH = 6, Jp = 4.5 Hz, CH3), 1.23 (q, JH = 
J p  = 9 Hz, -CHI), 3.32 (br, -CHMe), 5.21 (dt, J H  = 9, 10 Hz, -CH-); 'IC 
NMR (CD2Cl2, -50 "C) 6 19.7 (CH,), 48.2 ( -CHI) ,  78.0 (-CHMe), 96.1 
(allyl center); "P NMR (CD2Cl2, -80 "C) 6 23.0 and 38.5 (very br, Jpp not 
resolved). (b) Lowering the temperature down to -90 OC resulted in only 
broadening of the 'H NMR spectra. (c) Nonequivalent signals of two allyl 
terminal carbons in 46 as well as those of two phosphorus nuclei of dppen in 
4b and 4c coalesced to one signal (6 59.6, 29.9, 30.0, respectively) at above 
-50 OC. 

(14) The 16-electron complexes of the type Ni($-allyl)(Ar)(PR,) and 
Ni(CH,)(Ar)(PR,), are all yellow colored. 
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formed complexes unambiguously indicated the allyl groups to 
be bound to Ni  solely in an q3-fashion. The 'H spectra of 4c 
exhibited only one resonance for the syn and anti protons of the 
allylic terminal, suggesting syn-anti proton exchange via a 
short-lived q'-allylnickel complex 5 rapid on the N M R  time 
scale.'3b The four allylic hydrogens of 4b also appeared as only 
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42 Me H dppen 
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one re~onance,"~ presumably attributable to both rapid syn-anti 
proton exchange and rapid site exchange of the two allylic ter- 
mini.13c The latter process is most probably associated with the 
well-known intramolecular rearrangement of d8, 5-coordinated 
complexes.I5 The occurrence of this rearrangement in 4 mani- 
fested itself also in the coalescence of the two 31P resonances of 
4b and 4c at the higher This coalescence cannot 
be attributable to intermolecular phosphine exchange nor to oc- 
currence of a monodentate dppen ligand, since the spin couplings 
between some allyl ligand hydrogens and two equivalent 31P nuclei 
were observed in the higher temperature 'H N M R  spectra. 

On raising the temperature of the solution containing 4 to above 
-20 "C, rapid, nearly quantitative formation of the pentafluoro- 
allylbenzenes occurred. The kinetics of this process for 4a and 
4b were followed by 'H N M R  spectroscopy at  -19 to 10 OC to 
show clean first-order dependence of the rate on the amount of 
the complex, with kI l6  being unvaried on changing the amount 
of added diphosphine (1-2 equiv) and PPh3 (0-4 equiv). Of 
particular note is the great difference between the activation energy 
(AH') for the reductive elimination from 18-electron complex 4b 
(59 f 4 kJ/mol)17 and that from 16-electron complex l b  (122 
f 10 kJ/mol).17 The ratio of the rate constants a t  -10 "C for 
4b versus l b  (9 X 

A possibility that the short-lived species 5 is responsible for the 
enhanced reactivity of 4 appears less likely'' for the following 
reasons. Provided that the relative reactivity of 16-electron q3-allyl 
and 16-electron ql-allyl forms described in the palladium com- 
plexes (2 > 3) also applies in the case of the nickel complexes 1 
and 5, the order of the reactivity is deduced to be 4 >> 1 7 5. The 
considerably low reactivity of 5 is also consistent with the slow 
rate of the reductive elimination of a related complex, Ni- 
(CH3)(C6Fs)(dppen)'4*19 (AH* = 98 f 2 kJ/mol), since the 
competitive experiments employing 7'-allyl(methy1)metal com- 
plexes of PtIV and Au"' suggested2" the reactivity of the $-allyl 

h-', extrapolated) amounts to 10'. 
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J. R.; Osborn, J .  A. Acc. Chem. Res. 1973, 6, 305-312. 
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(17) K3* (J/K mol) is as follows: 4b, -88 f 35 (-19 "C); lb, 3 f 40 (101 
"C). The large negative value in the former case might be attributed, in part, 
to freezing of fluxional movements in 4 at the transition state for the C-C 
coupling. 

(18) Participation into the rapid C-C coupling of alternative four-coor- 
dinated t)'-allyl species having a structure considerably distorted from a regular 
square-planar geometry, though no precedence of this type of organonickel 
complexes has been known, remains to receive further experimental and 
theoretical scrutiny. 

(19) Pregared from tranr-Ni(CH3)(C6Fs)(PPh3)2 and dppen in tetra- 
hydrofuran. Rate constant (h-') in benzene is 5.4 (90 "C), 2.4 (82 "C), and 
0.78 (71 "C), independent of added PPh, (0-5 equiv) and dppen (3 equiv). 
AS' = -32 & I5 J /K mol. 

(20) (a) Brown, M. P.; Puddephatt, R. J.; Upton, C. E. E.; Lavington, S. 
W. J .  Chem. Soc., Dalton Trans. 1974, 1613-1618. (b) Ozaki, S.; Komiya, 
S. Abstracts Papers 56th Annual Meeting Chem. SOC. Jpn., Tokyo, 1988; 
Abstr. no. 3IVB26. We are indebted to Professor Komiya for informing us 
of this and related unpublished results. 

group with respect to the reductive elimination to be comparable 
to that of the methyl. The coupling from 18-electron 7'-allylnickel, 
Ni(01-allyl)(Ar)(PR3)3 appears also unlikely in view of the rate 
from 4 being independent of the added phosphine. Efforts are 
under way to gain insight into structures of 18-electron q3-al- 
lylnickel complexes and their relevance to the low barrier exit6b 
to the C-C coupling step. 
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The development of reversed polarity synthons' and new 
methods for organic stereocontro12 are important concerns of 
current synthetic organic research. We report herein (1) a new, 
allylnickel approach to homoenolate equivalent chemistry3 and 
(2) the coupling of this methodology with a new enantioselective 
aldol equivalent reaction4 as part of a new approach to 3-carbon 
synthon stereocontrol. 

As detailed e l ~ e w h e r e , ~  optically active 2-ethenyl- 1,3-di- 
oxolan-4-ones are available in a single step by condensation of 
acrolein with optically active (R)- or (S)-2-hydroxy acids (eq 1, 
R = Me, Ph, C - C ~ H ~ I ) .  

In other work, we have shown that these compounds undergo 
Lewis acid6 and palladium7-catalyzed conjugate addition reactions 
with organic nucleophiles. We now report that the metal-centered 
nucleophile, bis(l,5-cyclooctadiene)nickel(0),8 reacts with 
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Appl. Chem. 1988,60, 115. (c) Nakamura, E.; Aoki, S.; Sekiya, K.; Oshino, 
H.; Kuwajima, I. J .  Am. Chem. Soc. 1987,109,8056. (d) Hoppe, D. Angew. 
Chem.. Int. Ed. Engl. 1984, 23, 932. (e) Koder, H.; Helmchen, G.; Peters, 
E. M.; von Schnering, H. G. Angew. Chem., Int. Ed. Eng. 1984, 23,898. (f) 
Ahlbrecht, H.; Bonnet, G.; Enders, D.; Zimmerman, G. Tetrahedron Letf.  
1980, 21, 3175. (9) Mukaiyama, T.; Hayashi, H.; Miwa, T.; Narasaka, K. 
Chem. Lett. 1982, 1637. 

(4) Reviews: (a) Braun, M. Angew. Chem., Int .  Ed. Engl. 1987, 26, 24. 
(b) Hoffmann, R. W. Ibid. 1987, 26, 489. (c) Heathcock, C. H. In Asym- 
metric Synthesis. Volume 3; Morrison, J. D., Ed.; Academic Press: New 
York, 1984; Part B, Chapter 2. (d) Evans, D. A. Ibid. Chapter 1. 
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