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In spite of a versatile role played by reductive elimination of
n-allylmetal complexes in organic transformations,!* 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 n*-allyl form with 18-
electron configuration than in both a 16-electron »*-allyl count-
erpart and a 16-electron n'-allyl isomer. This trend, not observed
in the n3-allylpalladium chemistry,* seems of particular relevance
to the origin of some unique ligand and metal effects upon re-
activity and selectivity in catalyses.® Acceleration of reductive
elimination upon change of electron count on Ni from 16 to 18
has precedence in alkylnickel chemistry,® but none has revealed
such a remarkable rate enhancement, in a quantitative manner,
as is disclosed here.

Spontaneous reductive elimination of n*-allyl(aryl)nickel(11)
complexes 17 in toluene proceeded smoothly to afford high yields
(>85%) of allylbenzene derivatives (eq 1). The first-order rate
constant (k,)® of eq 1 for 1a and 1b was found independent of

the amount of excess PPh; (up to 5 equiv) added,’ as in eq 1 for
the palladium analogue 2.* The ratio of k; for 1a versus that?

Rl .’, M/ PPhg
N\ Ar Pu  ——~F
) (>ra

R P~ “~ar
Lorzg 3

M &r! RZ ar Ar diphos
la NIt H H  CgHgCly-2,5 38 CgHaCly-2,6  dppe
1 Ni Me H  CgFg 3b CgHgCl,-2,6  dppen
le NI H Me CgFg :;S CgFg dppen
2 Pd H H  CgH3Cl,-2,6

al

2
K R
i
1~4 —— \/l\/Ar + MCO) )

for 2 at 0 °C (k,[Ni]/k,[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.!®

Particularly noteworthy are the contrasting behaviors of 1 and
2 with respect to both structure and reactivity when chelating
diphosphine (Ph,PCH,CH,PPh, dppe; Z-Ph,PCH=CHPPh,
dppen) was added to these complexes. Thus, 2 and its C¢Fs
analogue reacted with the diphosphines quite rapidly to give
n'-allylpalladium complexes 3*™1} which are less reactive'? as
compared to the reductive elimination of the parent n3-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 n-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 1a at - 50 °C (half-life < 0.5 h). However, NMR
('H, 3C, ¥'P) spectra'® and the color (reddish-orange)'* of a
solution obtained by mixing 1b or 1¢ with dppen (1 equiv) below
-20 °C were sufficiently informative. Thus, the 3P spectra showed
complete dissociation of PPh; from Ni and coordination of both
phosphorus atoms of dppen, and the 13C chemical shifts of newly

(1) (a) Keim, W.; Behr, A.; Roper, M. Comprehensive Organometallic
Chemistry, Wilkinson, G., Stone, F. G. A., Abel, E. W, Eds.; Pergamon:
Oxford, 1982; Chapter 52. (b) Jolly, P. W. Chapter 56, ref 1a. (c) Tolman,
C.; Faller, J. W. Homogeneous Catalysis with Metal Phosphine Complexes;
Pignolet, L. H., Ed.; Plenum: New York, 1983; p 64.

(2) (a) Consiglio, G.; Piccolo, O.; Roncetti, L.; Morandini, F. Tetrahedron
1986, 42, 2043-2053. (b) Hegedus, L. S.; Thompson, D. H. P. J. Am. Chem.
Soc. 1985, 107, 5663-5669. (c) Hayashi, T.; Konishi, M.; Yokota, K ; Ku-
mada, M. J. Organomet. Chem. 1985, 285, 359-373. (d) Benn, R.; Bussem-
eier, B.; Holle, S.; Jolly, P. W.; Mynott, R.; Tkatchenko, I.; Wilke, G. Ibid.
1985, 279, 63-86. (e) Hiyama, T.; Wakasa, N. Tetrahedron Lett. 1985, 26,
3259-3262. (f) Consiglio, G.; Morandini, F.; Piccolo, O. J. Chem. Soc., Chem.
Commun. 1983, 112-114. (g) Cherest, M.; Felkin, H.; Umpleby, J. D;
Davies, S. G. Ibid. 1981, 681-632.

(3) (a) Trost, B. M.; Walchli, R. J. Am. Chem. Soc. 1987, 109, 3487-3488.
(b) Goliaszewski, A.; Schwartz, J. Tetrahedron 1985, 41, 5779-5789. (c)
Fiaud, J. C; Aribi-Zouioueche, L. J. Organomet. Chem. 1985, 295, 383-387.
(d) Trost, B, M.; Herndon, J. W. J. Am. Chem. Soc. 1984, 106, 6835-6837.
(e) Sheffy, F. K.; Godschalx, J. P.; Stille, J. K. Ibid. 1984, 106, 4833-4840.
(f) Temple, J. S.; Riediker, M.; Schwartz, J. Ibid. 1982, 104, 1310-1315. (g)
Matsushita, H.; Negishi, E. Ibid. 1981, /03, 2882-2884,

(4) Kurosawa, H.; Emoto, M.; Ohnishi, H.; Miki, K.; Kasai, N.; Tatsumi,
K.; Nakamura, A. J. Am. Chem. Soc. 1987, 109, 6333-6340.

(5) For example, nickel catalysts are generally more effective than palla-
dium catalysts in cyclooligomerization of dienes.’® Also, chelating di-
phosphine/nickel systems are unique catalysts for regio- and enantioselective
allylic alkylations as compared to the analogous palladium systems.2ce &3¢

(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 that* for the palladium analogue.
(b) All new complexes isolated gave satisfactory analytical and spectral results.
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(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 1a was run in
the presence of excess PhC==CPh in order for the clean kinetics to be attained,
with the role of PhC==CPh being attributed possibly to stabilization of the
Ni(0) species formed (cf. ref 8b,c for the palladium case). k; (h™!) in toluene
is as follows: 1a 0.077 (0 °C); 1b 0.382 (101 °C), 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 PPh, caused no change at all in 'H NMR spectra of 1a
and 1b.

(10) Theoretical prediction: Tatsumi, K.; Hoffmann, R.; Yamamoto, A ;
Stille, J. K. Bull. Chem. Soc. Jpn. 1981, 54, 1857-1867.

(11) Kurosawa, H.; Urabe, A.; Miki, K.; Kasai, N. Organometallics 1986,
5, 2002-2008.

(12) For example, k; (h7!) in toluene at 40 °C are as follows: 2, 0.693;
3a, 0.0578; 3b, 0.0866.

(13) (a) 4b: 'H NMR (toluene-dg, -20 °C), 6 1.59 (t, Jp = 3 Hz, CH;),
2.15 (br t, Jp = 4.5 Hz, -CH,); '*C NMR (CD,Cl,, -80 °C) 8 22.2 (CH3),
58.4 and 61.1 (allyl terminal), 109.1 (allyl center); *'P NMR (CD,Cl,, -80
°C) & (external H,PO,) 21.3 and 39.5, Jpp = 150 Hz. 4c: 'H NMR
(toluene-dg, =20 °C) 6 0.68 (dt, Jy = 6, Jp = 4.5 Hz, CH,), 1.23 (q, Jy =
Jp = 9 Hz, -CH3), 3.32 (br, -CHMe), 5.21 (dt, Jy = 9, 10 Hz, -CH-); 13C
NMR (CD,Cl,, -50 °C) é 19.7 (CHj,), 48.2 (-CH,), 78.0 (-CHMe), 96.1
(allyl center); P NMR (CD,Cl,, -80 °C) 4 23.0 and 38.5 (very br, Jp_p not
resolved). (b) Lowering the temperature down to -90 °C resulted in only
broadening of the '"H NMR spectra. (c) Nonequivalent signals of two allyl
terminal carbons in 4b 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 °C.

(14) The l6-clectron complexes of the type Ni(n*-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 n*-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 n!-allylnickel complex 5 rapid on the NMR time
scale.!3® The four allylic hydrogens of 4b also appeared as only
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one resonance,'*® presumably attributable to both rapid syn—anti

proton exchange and rapid site exchange of the two allylic ter-
mini.!* The latter process is most probably associated with the
well-known intramolecular rearrangement of d®, 5-coordinated
complexes.!> The occurrence of this rearrangement in 4 mani-
fested itself also in the coalescence of the two 3!P resonances of
4b and 4c at the higher temperatures.!*® 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 *'P nuclei
were observed in the higher temperature 'H NMR 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
db were followed by 'H NMR spectroscopy at —19 to 10 °C to
show clean first-order dependence of the rate on the amount of
the complex, with ;¢ being unvaried on changing the amount
of added diphosphine (1-2 equiv) and PPh; (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 + 4 kJ/mol)!” and that from 16-electron complex 1b (122
+ 10 kJ/mol).” The ratio of the rate constants at =10 °C for
4b versus 1b (9 X 107 h™!, extrapolated) amounts to 108,

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 n’-allyl
and 16-electron n'-allyl forms described in the palladium com-
plexes (2 > 3) also applies in the case of the nickel complexes 1
and §, the order of the reactivity is deduced to be 4 >> 1> 5. The
considerably low reactivity of § is also consistent with the slow
rate of the reductive elimination of a related complex, Ni-
(CH3)(CgFs)(dppen)!*!® (AH* = 98 =+ 2 kJ/mol), since the
competitive experiments employing 5'-allyl(methyl)metal com-
plexes of Pt!Y and Au' suggested?® the reactivity of the n'-allyl

(15) (a) English, A. D.; Ittel, S. D.; Tolman, C. A.; Meakin, P.; Jesson,
J. P. J. Am. Chem. Soc. 1977, 99, 117-120, and references therein. (b)
DuBois, D. L.; Meek, D. W. Inorg. Chem. 1976, |5, 3076~3083. (c) Shapley,
J. R.; Osborn, J. A, Acc. Chem. Res. 1973, 6, 305-312.

(16) k; (h™!) in toluene for 4a is 0.767 (10 °C) and for 4b 0.347 (-19 °C),
0.925 (=10 °C}), and 4.10 (2 °C).

(17) AS* (J/K mol) is as follows: 4b, —88 % 35 (-19 °C); 1b, 3 £ 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 nl.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) Pre%ared from trans-Ni(CH,)(CgFs)(PPh;), 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 % 15 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,
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group with respect to the reductive elimination to be comparable
to that of the methyl. The coupling from 18-electron n'-allylnickel,
Ni(n'-allyl)(Ar)(PR;); 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 n*-al-
lylnickel complexes and their relevance to the low barrier exit®
to the C-C coupling step.
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The development of reversed polarity synthons' and new

methods for organic stereocontrol? are important concerns of
current synthetic organic research. We report herein (1) a new,
allylnickel approach to homoenolate equivalent chemistry? and
(2) the coupling of this methodology with a new enantioselective
aldol equivalent reaction* as part of a new approach to 3-carbon
synthon stereocontrol.

As detailed elsewhere, 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, ¢-C4Hyy).

R OH ~H,0 0
o~ 2 R Y’%
+ ™ ————)‘ ") (1)
0 oH H*7CgHe }}C

In other work, we have shown that these compounds undergo
Lewis acid® and palladium’-catalyzed conjugate addition reactions
with organic nucleophiles. We now report that the metal-centered
nucleophile, bis(1,5-cyclooctadiene)nickel(0),® reacts with

(1) Reviews: (a) Seebach, D. Angew. Chem., Int. Ed. Engl. 1979, 18, 239.
(b) Evans, D. A.; Andrews, G. C. Acc. Chem. Res. 1974, 7, 147,

(2) Reviews: (a) Stereochemistry of Organic and Bioorganic Transfor-
mations. Workshop Conferences. Hoechst. Volume 7, Bartmann, W.,
Sharpless, K. B., Eds.; VCH: Weinheim, 1987. (b) Posner, G. H. Acc. Chem.
Res. 1987, 20(2), 72. (c) Asymmetric Synthesis. Volume 5. Chiral Cata-
lysis; Morrison, J. D., Ed.; Academic Press: New York, 1985. (d) Asym-
metric Catalysis; NATO Advanced Science Institute Series, Bosnich, B, Ed.;
Martinus Nighoff Publ.: The Netherlands, 1986. (€) ApSimon, J. W.; Collier,
T. L. Tetrahedron 1986, 42(19), 5157. (f) Wynberg, H. Top. Stereochem.
1986, /6, 87. (g) Yamamoto, Y. Acc. Chem. Res. 1987, 20(7), 243. (h)
Modern Synthetic Methods. 4. Synthesis of Enantiomerically Pure Com-
pounds; Scheffold, R., Ed.; Springer Verlag: New York, 1986.

(3) For other approaches to homoenolate chemistry, see: (a) Yeh, M. C.
P.; Knochel, P, Tetrahedron Lett. 1988, 29, 2395. (b) Kuwajima, L. Pure
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 Lett.
1980, 2/, 3175. (g) 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.

(5) A procedure similar to that employed in the preparation of the 5,5-
pentamethylene analogue by Soulier et al.® was followed. In all cases, the
2-ethenyl-1,3-dioxolanone products are isolated as 2:1 cis/trans mixtures
suitable for stereoselective applications. (a) Farines, M.; Soulier, J. Bull. Soc.
Chim. Fr. 1970, 332. (b) Friebe, T. L.; Krysan, D. J.; Mackenzie, P. B.,
manuscript in preparation.

(6) Grisso, B. A_; Friebe, T. L.; Mackenzie, P. B,, submitted for publica-
tion.

(7) (a) Friebe, T. L.; Krysan, D. J.; Mackenzie, P. B. 194th National
Meeting of the American Chemical Society, 1987; New Orleans, LA. (b)
Friebe, T. L.; Mackenzie, P. B., manuscript in preparation.

(8) Purchased from Strem Chemicals or prepared according to the fol-
lowing: Semmelhack, M. F. Org. React. 1972, 19, 115.
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