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STEREOCHEMISTRY OF NUCLEOPHILIC ATTACK BY AMINE ON A CATIONIC

m—ALLYLNICKEL COMPLEX

Christina Moberg
Department of Organic Chemistry
Royal Institute of Technology
5-100 44 STOCKHOLM

Sweden

Summary: Reaction of the w-allylnickel complex 3 with morpholine gave a 1:1 mixture
of the amines 4 and 5 indicating that the amine has attacked the m-allyl moiety from
the side trans to nickel.

The nickel-catalyzed amination of butadiene to give butenyl— and octadienylamines has been
extensively studied.1-5 Octadienylamines are suggested to be formed via the bis-m—allylnickel
complex 1,1 which is probably protonated prior to attack by the amine, as suggested by the lack
of reactivity of 1 in the absence of acid.5’6 Butenylamines are proposed to be formed via a

nickel hydride and a positively charged n—crotylnickel complex (2).7

Two principal ways of attack of the nucleophile on the complex 2 are possible (Scheme):
external attack on carbon (path A) or attack on nickel followed by migration from nickel to
carbon (path B). Studies of w-allylpalladium complexes have shown that external attack by amine

takes place.s’9

On the other hand, the nickel-catalyzed formation of butenylamines has been
suggested to involve attack by amine on nickel (path B).1 The results of this investigation in-

dicates that attack by amine on a cationic m-allylnickel complex, analogous to 2, occurs trans

to nickel.
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Addition of morpholine to the cationic m—allylnickel complex 3, formed from cyclopentadiene,
tetrakis(triethyl phosphite)nickel and D,50, by cts—addition of nickel and deuterium to cyclo-
pentadiene,10 results in rapid formation of a 1:! mixture of trans-4-deuterio-3-morpholinocyclo~-
pentene (4) and, unexpectedly, undeuterated 3-morpholinocyclopentene (5) (75%) according to NMR

and MS. The latter compound is probably formed from 5-deuterio-3-morpholinccyclopentene by

specific allylic deuterium-hydrogen exchange during the work—up.
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The stereochemistry of 4 was deduced by H NMR (WP 200) by comparison with the spectrum of
the undeuterated compound 5, prepared in the same way using stoh instead of D2504. The homo—
allylic methylene protons of 5 gave rise to 8 superimposed AB spectra (Figure), which were identi-
fied by decoupling experiments. The chemical shifts and coupling constants obtained from a first
order analysis of this part of the spectrum were used for a trial calculation,11 which allowed
an assignment of the observed signals to be made. After iterative calculations the following para-

meters were obtained: 6A = 1.94, GB = 1.80 ppm, JAB = -13.51, JAP = 8.16, JAY = 9,00, JAX = 4,48,

Jo =5.27, 3

BP = 5.03 and JBX = 9.72 Hz. The assignments are based on the assumption that J

BY eLg

. 12 . .
is larger than J a general phenomenon for cyclopentenes. A comparison can be made with

trans?
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@i8-3,5-dideutericyclopentene, where Jcis and Jtrans are 9.5 and 5.6 Hz respectively. Addition

of Eu(FOD)3 to a CDC1l, solution of compound 5 caused a larger shift difference for proton B than

3

for proton A, in agreement with the assignment.
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The assignment of HA and HB made it possible to determine the stereochemistry of compound
4 by observing the AB-part of the NMR spectrum of the mixture of compounds 4 and 5. The lower
field proton (HA) showed a spectrum identical to that of Hy of compound 5, reduced in intensity
by a factor of about 2, while the higher field proton (HB) showed a more complicated spectrum
due to geminal deuterium coupling. Thus the results indicate that the configuration of deuterium

and nitrogen is trans and, consequently, that attack by amine has occurred on the side of the

m-allyl group trans to the nickel atom.

ACKNOWLEGEMENTS
This work has been supported by the Swedish Natural Science Research Council. The NMR

spectra were kindly recorded by Dr. Ulla Jacobssorn—Kempe.

REFERENCES

1. P.W. Jolly and G. Wilke, '"The Organic Chemistry of Nickel" vol II, Academic Press, N.Y.
1975, and references cited therein.

2. R. Baker, A.H. Cook, D.E. Halliday and T.N. Smith, J.C.5. Perkin II, 1974, 1511,

3. U.M. Dzhemilev, A.Z. Yakupova and G.A. Tolstikov, Bull. Acad. Sci. USSR. Chem. Ser., 1976,
1691,

4, U.M. Dzhemilev, A.Z, Yakupova and G.A. Tolstikov, Bull. Acad. Sei. USSR. Chem. Ser., 1978,
923.

5, B. Bkermark, G. Akermark, C. Moberg, C. Bjdrklund and K. Siirala-Hansén, J. Organometal.



4542

10,

1.

Chem., 1979, 164, 97.

J. Kiji, K. Yamamoto, E. Sasakawa and J. Furukawa, J.C.5. Chem. Comm., 1973, 770.

J. Kiji, E. Sasakawa, K. Yamamoto and J. Furukawa, J. Organometal. Chem., 1974, 77, 125
B.M., Trost and E. Keinan, J. Amer. Chem. Soc., 1978, 100, 7779.

B. Akermark, J-E. Bidckvall, A. LBwenborg and K. Zetterberg, J. Organometal. Chem., 1979,
166, C33.

C.A. Tolman, J. Amer. Chem. Soc., 1970, 92, 6785.

R.B. Johannessen, J.A. Ferretti and R.K. Harris, J. Magn. Resonance, 1970, 3, 84.

H. Haubenstock, P.G. Mennitt and P.E. Butler, J. Org. Chem., 1970, 35, 3208.

F.A.L. Anet and F. Leyendecker, J. Amer. Chem. Soc., 1973, 95, 156.

(Received in UK 8 September 1980)



