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Olefin - palladium (II) chloride complexes reacted with n-butylamine to form Schiff’s bases.
N-Ethylidene-n-butylamine was obtained by the reaction of the ethylene complex with n-butylamine,
accompanied by reduction of palladium(II) to the metal. A tris(n-butylamine)palladium chloride
complex was formed simultaneously by ligand substitution reaction. The yield of N-ethylidene-
n-butylamine was 15—19mol%, (calcd on palladium) in 2.5 hr at 25°C, and decreased at temperatures
higher than 60°C with increasing reduction of palladium(II), owing to conversion of N-ethylidene-
n-butylamine into either N-crotylidene-n-butylamine or a tarry polymeric substance by aldol type
condensation reaction. The n-butylamine - palladium(II) chloride complex did not react with
ethylene at 25°C, but reacted with ethylene at 150°C to form a large amount of tarry polymer and a
small amounts of N-ethylidene-n-butylamine and N-crotylidene-n-butylamine. The propylene com-
plex and the cyclohexene complex reacted with n-butylamine to yield both 2- and 1-N-propylidene-

n-butylamine, and N-cyclohexylidene-n-butylamine respectively.

The vyield of Schiff’s bases

from olefin complex decreased in the order, ethylene >propylene’ cyclohexene.

The reaction of olefin-palladium(II) chloride
complexes with nucleophilic reagents have been
studied by many workers:? in recent years. Al-
dehydes,® ketones,® vinyl ethers#® and vinyl
acetates®® were sythesized by the reaction of the
olefin complex, or by the reaction of olefin in the
presence of palladium(II) salt as catalyst, with
nucleophilic reagents such as water, alcohols and
acetic acid. These reagents containing nucleophilic
oxygen atoms attack on a positively charged carbon
atom of the olefin to give the product containing
a C-O bond. Olefin-palladium(II) complexes
were also reported to react with benzene,® cyanide,?
ethylmalonate®) and carbon monoxide® to vyield
styrene derivatives, unsaturated nitriles, malonate
derivatives and carbonyl compounds, respectively.
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5) E. W. Stern and M. L. Spector, Proc. Chem. Soc.,
1961, 370.
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In these cases the nucleophiles attack with their
negatively charged carbon atoms to form C-C bond.

Reaction of olefin - palladium(II) complexes with
nucleophiles containing nitrogen, however, has
been very scantily reported. Stern and Spector
reported briefly the formation of n-butylisopropyl-
amine by the reaction of propylene and palladium
chloride with n-butylamine in the presence of dis-
odium hydrogen phosphate with subsquent hydro-
genation.’) There has been, however, very little
information on the reaction of olefin complexes
with the compounds containing nitrogen on account
of the complicatedness of the reaction. The nucleo-
philic reagents containing nitrogen such as amines
and amides make stable complexes with metal satls.
This is a great difference from the case of the reagents
containing oxygen such as water or alcohols. Fur-
ther, both the nucleophiles and the reaction products
would form the stable complexes with palladium
chloride, which prevent the occurrence of the
expected reaction making the analysis of the
products complicated. On the other hand, these
complex formations can be expected, in view of
coordination chemistry, to be useful for elucidation
of the mechanism of the reaction where palladium-
(II) complexes play an important role. Paiaro,
Renzi and Polumbo reported the reaction of diene-
palladium(II) chloride complex with primary
amines, in which a new amine-palladium(II)
complex containing a Pd-C bond was formed quan-
titavely at room temperature.’® Independently,

10) G. Paiaro, A. D. Renzi and R. Palumbo, Chem.
Commun., 1967, 1150; R. Palumbo, A. D. Renzi, A.
Panunzi and G. Paiaro, J. Amer. Chem. Soc., 91, 3874
(1969).
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we have found the formation of Schiff’s bases on the
reaction of olefin - palladium(II) chloride complexes
with n-butylamine.’® In the present paper, the
formation of the Schiff’s bases will be described
under various temperature, pressure and amount
of n-butylamine. The reaction mechanism will
be discussed on the basis of the results.

Results and Discussion

Reaction of Ethylene - Palladium (II) Chloride
Complex with np-Butylamine. Ethylene-palla-
dium(IT) chloride complex reacted with n-butyl-
amine at 25°C for 2.5 hr under 5 atm of ethylene
pressure. N-Ethylidene-n-butylamine (1) was ob-
tained in 16 molY, yield based on palladium(II)
chloride, accompanying the formation of palladium
metal. The reddish brown solution of reaction
mixture turned white-yellow forming tris(n-butyl-
amine)palladium(II) chloride complex (2), the
structure of which was confirmed by elemental
analysis. These facts indicate two types of reaction,
a Schiff’s base formation and a ligand substitution.

Y5 [PACl,(C,H,)], + n-C,H,NH, —

CH,CH=NGC,H, + Pd + 2HCI (1)
1
Y [PACl,(C,H,)T, + 3 n-C,H,NH, —
[PACI(n-C,H,NH,),]Cl + C,H, @)

Hydrochloric acid formed by reaction(1) was mostly
caught by an excess of n-butylamine as n-butylamine
hydrochloride.

The effect of the reaction temperature on the yield
of the reaction products is shown in Table 1. Com-
pound 1 was obtained at 25°C in a yield nearly
equal to that of palladium metal. The formation
of the palladium metal increased at temperatures
higher than 60°C, and palladium(II) was reduced
almost completely to metal at 150°C. The yield
of 1, however, decreased with increasing tempera-
ture and only a trace amount was obtained at 150°C,
while N-crotylidene-n-butylamine (3) and a tarry
reddish substance were obtained in fairly good yields.
The infrared spectrum of the tarry substance was
essentially the same as that of the tarry substance
which was prepared by heating 1. The molar
amount of 2 decreased with the elevation of
temperature and was in good agreement with the
moles of palladium(II) which was not reduced.

Formation of amine complex by ligand substitu-
tion seems to be favored, and a n-butylamine-
palladium(II) chloride complex was too stable
to react with ethylene at room temperature. Thus,
the extent of the Schiff’s base formation (1) at
25°C was not very high. Formation of 3 and

11) H. Hirai, H. Sawai and S. Makishima, Presented
at the 20th Annual Meeting of the Chemical Society
of Japan, Tokyo, April, 1967.
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TaBLE 1. EFFECT OF TEMPERATURE ON THE REACTION
OF ETHYLENE - PALLADIUM (II) CHLORIDE COMPLEX
WITH n-BUTYLAMINE

Yield mol%,

T . - —-—_Tarry sub-
¢ CHy-  CH,CH= [PdCl(n- stance®
CH= CHCH= BuNH:)s] mg
NBu NBu  (metal g
25 16 0 14 86 0
65 16 4 19 81 trace
85 13 5 35
100 15 15 59 44 190
150 1 42 99 0 510

a) Molar conversion based on palladium chloride.
b) Crude substance.
Conditions: Initial pressure of ethylene, 5 atm;
Reaction time, 2.5 hr; Palladium chloride, 6.005
mol; n-Butylamine, 0.02 mol.

tarry substance at elevated temperature can be
explained by the reaction.

4
CH,CH=NC,H, —> CH,CH=CHCH=NC,H,
1 3

4
— CH,CH(=CH-CH),=NC,H,

Elevation of temperature promoted not only the
formation of 1 by reaction (1), but also the conver-
sion of 1 either into 3 or into tarry substance through
aldol type condensation reaction. Aliphatic Schiff’s
bases containing o-methylene group have been
reported to undergo aldol type condensation ecasily
at elevated temperature.!’? The formation of
palladium metal indicates the extent of the Schiff’s
base formation reaction (1). Thus, the difference
between the yield of palladium metal and that of
1 means the extent of the aldol type condensation.
The condensation reaction was not observed at 25°C
in 2.5 hr. However, it increased with elevating
temperature becoming predominant at 150°C,

Table 2 shows the effect of molar ratio of n-
butylamine to palladium(II) chloride on the yield
of 1 and on the species of n-butylamine - palladium-
(IT) chloride complex. The vyield of 1 determined
by g.l.p.c. increased with the molar ratio and
saturated at a ratio of four. In the range of ratios
smaller than four, the yield of 1 increased by addi-
tion of pyridine to the mixture of reaction products,
bacause a part of 1 which had formed a complex
with palladium(II) could be made free by pyridine.

The composition of n-butylamine - palladium (IT)
complex changed with the amount of n-butylamine
as shown in Table 2. Bis(n-butylamine)palladium-
(IT) chloride (4) was produced at the molar ratio
of two, while the complex 2 was obtained at that
of more than four. The formation of 2 and 4

12) R. W. Rayer, Chem. Rev., 13, 489 (1963).
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TaBLE 2. EFFECT OF AMOUNT OF n-BUTYLAMINE
Yield of CH,~
— 0/ b
[7n-BuNH,] CH_lYE"fﬂ é ’ n-Buthylamine
[TPACL, ] free) free-com- complex
rec plexed®
1 3 6 (n-C,H,NH;),+(PdCly)
2 5 7 PdCl, (n-C,H,NH,),
4 16 16 [PdACl(n-C,H,NH,),]Cl
10 15 15 [PdCl(n-CH,NH,);]C1
40 16 16 [PdCl(n-C,HNH,),]Cl

a ) Molar ratio.

b) Based on palladium chloride.

¢ ) Yield of CH;CH=NBu analyzed by gaschromatog-
raphy on reaction mixture.

d) Yield of CH;CH=NBu analyzed by gaschromatog-

raphy on reaction mixture after addition of pyri-

dine.

Conditions: Initial pressure of ethylene, 5 atm;

Reaction time, 2.5 hr; Reaction temperature, 25°C;

Palladium chloride, 0.005 mol.

respectively is nearly equal to the remaining amount
of palladium(II). At the molar ratio of one, n-
butylammonium tetrachloropalladate(II) (5) was
obtained in a yield approximately equal to that
of 1. Palladium(II) chloride reacted with both
n-butylamine and hydrochloric acid to form 5.

The ethylene-palladium(II) chloride complex
was prepared either by the reaction of palladium (II)
chloride with ethylene under 50 atm in 6 hr, or by
the reaction of bis(benzonitrile)palladium(II) chlo-
ride complex with ethylene under 10 atm in 1 hr.
These two methods were approximately equal in
yields of 1 on reaction with n-butylamine at 25°C
under 5 atm of ethylene pressure. Table 3 shows

TaBLE 3. EFFECT OF PESSURE OF ETHYLENE ON THE
YIELD OF N-ETHYLIDENE-N-BUTYLAMINE

Pressure Time® Reaction pressure® Yield

atm® hr atm mol%,
50 6 1 15
50 6 5 16
50 6 10 18
50 6 25 19
50 6 50 19
10 1 1 4
10 2 25 10

1 5 169

10

a) Pressure of ethylene and reaction time for prepa-
ration of the ethylene complex from palladium
chloride with ethylene.

b) Pressure of ethylene for the reaction of ethylene
complex with n-butylamine.

¢ ) Bis(benzonitrile) palladium chloride complex was
used instead of palladium chloride.
Conditions:Temperature, 25°C ; Reaction time,
2.5 hr; Palladium chloride, 0.005 mol; n-Butyl-
amine, 0.02 mol.
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that the ethylene complex was prepared completely
from palladium(II) chloride in 6 hr under 50 atm,
but incompletely in 1 hr under 10 atm. The yield
of 1 increased with increasing pressure of ethylene
on reaction with n-butylamine up to 50 atm as
shown in Table 3. The promotion of the yield
of 1 can be explained by assuming that the pressure
of ethylene not only promoted the coordination of
ethylene but also suppressed the ligand substitution
reaction resulting in a small acceleration of Schiff’s
base formation.

Reaction of Tris(n-butylamine)palladium-
(I) Chloride Complex with Ethylene. n-
Butylamine - palladium(II) chloride complex 2 was
very stable and did not react with ethylene at room
temperature. This complex, however, was found
to react easily with ethylene at a higher temperature;
for example, 95%, of palladium (II) in the complex
was reduced to the metal at 150°C, yielding 1, 3
and tarry polymeric substance, as shown in Table 4.
These products were consistent with those obtained
by the reaction of the ethylene-palladium(II)
chloride complex with n-butylamine.

TABLE 4. REACTION OF TRIS (n- BUTYLAMINE)-
PALLADIUM CHLORIDE COMPLEX WITH ETHYLENE

Yield, mol9,2) Tarry
Temp. — substance®
°C CH,CH= CH,CH=CH= Pd
NBu CH=NBu (metal) mg
25 0 0 0 0
150 1

11 95 500

a) Based on palladium chloride.
b) Crude substance.

Conditions: Tris(n-butylamine)palladium chloride,
0.005 mol; Pressure of ethylene, 50 atm; Reaction
time, 2.5 hr.

Reaction of Other Olefin - Palladium(II) Chlo-
ride Complexes with n-Butylamine. The reac-
tion of propylene-palladium(II) chloride complex
with n-butylamine gave 2- and 1-N-propylidene-
n-butylamine as shown in Table 5. The yield of
2- and 1-N-propylidene-n-butylamine were in the
ratio of the yield of 6 : 1 approximately, which
is in fair agreement with the ratio of the yield of
acetone to that of propionaldehyde obtained by
reaction of palladium(II) chloride with propylene
and water.®)

15 [PdCly(C3Hs)], + n-C,HNH,
Ve N\
CH;CH,CH=NCH, (CH;),C=NC,H,
(1-N-proylidene- (2-N-propylidenc-
n-butylamine) n-butylamine)

Cyclohexene - palladium(II) chloride complex
yielded a small amount of N-cyclohexylidene-n-
butylamine. Schiff’s base formation proceeded
to remarkably smaller extent in the case of higher
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olefins than in that of ethylene. This tendency
is greater than that of aldehydes or ketones
obtained by the reaction of palladium(II) chloride
with higher olefins and water.?

TaBLE 5. REACTION OF OLEFIN ~ PALLADIUM(IT)
CHLORIDE COMPLEXES WITH 7-BUTYLAMINE

AT 25°C
Reaction .
Olefin time  [#-BuNH,] Product Yield
hr  [[PdCl,] mol%,
C.H,» 2.5 4 CH30H=NBu‘ 16
C,Hg» 5 5 CH,CH,CH=NBu 1.3
(CH;,),C=NBu 7.6
CeH,q 5 5 trace®

ﬁcr{z)a—c[::NBu

®) Pressure, 5 atm.
b Less than 1 mol%,.

Effect of Small Amount of Water on the
Reaction. Schiff’s bases are usually obtained
from aldehydes and primary amines. Acetaldehyde
can be formed from ethylene-palladium (II) chloride
complex with water,® which remains in a very
small amount in the reaction system in spite of
careful treatment to prevent contamination with
water. Consequently, 1 could be formed by reac-
tion of the acetaldehyde with n-butylamine as fol-
lows.

1/2[PdCL(C.H,)], + HgO‘t—» CH;CHO + Pd + 2HCI (3)

CH.CHO + n-CHNH, —— CHCH=NCH, + 1O (4

For examination of this possibility, the formation
of acetaldehyde was determined by g.l.p.c. before
addition of n-butylamine. The result shows that
the amount of acetaldehyde is less than 0.8 mol9%,
based on palladium(II) chloride. If1 were formed
by reactions (3) and (4), water should be used
twenty times repeatedly to obtain 1 in 16 mol9,
yield at 25°C, and the yield of 1 could be expected
to increase on addition of a small amount of water
with n-butylamine. The yield, however, decreased
from 16 mol%;, to 9 mol%, by the use of n-butylamine
which contained water in equimolar amount to
palladium(IT) chloride, instead of dried n-butyl-
amine. The fact that the added water played a
role of inhibitor indicates that the most of 1 was not
formed by reactions (3) and (4), but formed by the
direct reaction of n-butylamine with ethylene com-
plex. This is consistent with the fact that the
ethylene - palladium(II) chloride complex yields N-
vinylpyrrolidone on reaction with pyrrolidone,
which attacks coordinated ethylene with its DNH
group to form G-N bond.!3'4)  Pyrrolidone cannot

13) J. E. Mckeon and P. S. Stracher, U. S. 3318906;
Chem. Abstr., 68, 39466k (1968).
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react with acetaldehyde under such mild conditions
as used in this study.

Reaction Mechanism. The reaction mecha-
nism of direct attack of n-butylamine on ethylene-
palladium(II) chloride complex will be discussed.
The ethylene - palladium({1II) chloride complex with
equimolar n-butylamine was a homogeneous solu-
tion under ethylene pressure, and evolved a gas of
ethylene with precipitation of complex 5 on standing
for several minutes under ordinary pressure of air.
Addition of methanol to the homogeneous solution
produced palladium metal and methyl vinyl ether.
The results indicate the presence of some ethyl-
ene- palladium(II) complex in the homogeneous
solution. On the other hand, an amine has a
stronger coordinating affinity to palladium(II) than
ethylene. It is reasonable to suppose that both

n-butylamine and ethylene coordinate palladium
(II) under ethylene pressure to form a complex
such as PdCl,(olefin)(amine), which is so unstable
as to evolve ethylene under ordinary pressure of
air. A platinum complex such as PtCly{olefin)-
(amine) is well known,'® while a corresponding
palladium(II) has never been isolated. The fact
that the n-butylamine - palladium(II) complex can
react with ethylene to give 1 at 150°C indicates the
coordination of ethylene to n-butylamine - palladium-
(IT) complex. The complex coordinating both
ethylene and n-butylamine can be considered to
be a reaction intermediate of Schiff’s base formation.
That the formation of this intermediate is essential
for the reaction has been supported also by the
results of the allylamine-palladium(II) chloride
complexes in dry tetrahydrofuran.’® The 1 :1
allylamine-palladium(II) complex which can coor-
dinate olefinic double bond besides amino group
could react at 50°C to form palladium metal and
Schiff’s base, while the 3 : 1 allylamine-palladium-
(II) chloride complex, which coordinates only
amino group, could not.

The following reaction scheme can be proposed

I
H-Cy 1
\ /\/C H 7HCI | H\C/H l’I
/Pd\H — -Pd— — ~Pd-(IZT\H
H-N~By L O H~C—H
] H” “Bu ol
—HCL h.CH-NBu + Pd
1

14) H. Hirai, H. Sawai and S. Makishima, Presented
at the 21st Annual Meeting of the Chemical Society of
Japan, Osaka, April, 1968.

15) G. E. Coates and F. Glockling, ‘“Organometallic
Chemistry,” ed. by H. Zeiss, Reinhold Publishing Co.,
New York, (1960), p. 456.

16) H. Sawai and H. Hirai, Presented at the 19th
Annual Meeting of Coordination Chemistry, Sendali,
Sept., 1969.
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involving an ethylene - n-butylamine- palladium (IT)
complex as the intermediate.  The proton of
coordinated n-butylamine would be withdrawn
by palladium(II) to form amido-palladium(II)
complex. Then the coordinated ethylene would
enter the Pd-N bond to form Schiff’s base 1.
The withdrawal of proton of coordinated amine
has been proposed by Tsuji and Iwamoto for the
carbonylation reaction of amine -catalyzed by
palladium(II) chloride.'?

The following reaction scheme can be also con-
sidered.

H

“\é\ L H
Npg” ST+ weBuNHL ~Pd—C-C-N“Bu
< (L ax
HH
- I ! H _y+ :
i, —Pd~¢—gfﬁ< —H . CH.CH=NBu
"yu H 1 + Pd

In this case uncoordinated n-butylamine attacks
coordinated ethylene to form an intermediate com-
plex which is an alkyl palladium derivative contain-
ing a quaternary ammonium group. Palladium (IT)
withdraws two protons from the ammonium group
to form Schiff’s base. The metal alkyl derivative
containing a quaternary ammonium group was
isolated in the case of platinum complex prepared
from dichloro(olefin) (¢-phosphine)platinum  com-
plex with amine.®

The facts that amines have strong coordinating
affinity to palladium(II) chloride, and that n-
butylamine - palladium(II) chloride complex reacts
with ethylene at 150°C, suggest that the former
scheme is preferable. In either scheme, the eleva-
tion of reaction temperature is expected to make
the n-butylamine complex so labile that the coordi-
nation of ethylene becomes possible, and to promote
both the withdrawal of proton of n-butylamine and
the formation of Schiff’s base 1 with the subsequent
aldol type condensation. These tendencies are
supported by the fact that total yield of Schiff’s
base including the products of condensation in-
creased extensively at higher temperatures and
that n-butylamine - palladium (II) chloride complex
which could not react with ethylene at room tem-
perature reacted at 150°C in a high yield.

Experimental

Materials. Bis(benzonitrile)palladium chloride com-
plex was prepared as described by Kharasch.'® Ethylene

17) J. Tsuji and N. Iwamoto, Chem. Commun., 1966,
828.

18) A. Panunzi, A. D. Renzi, R. Palumbo and G.
Paiaro, J. Amer. Chem. Soc., 91, 3879 (1969).

19) M. S. Kharasch, R. C. Seyler and F. R. Mayo,
ibid., 60, 882 (1938).
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and propylene were from Nihon Petrochemical Co. and
used without further purification. Cyclohexene and
n-butylamine were obtained commercially, dried over
calcium hydride and distilled. Tetrahydrofuran used as
solvent was dried over calcium hydride and distilled
over sodium immediately before use.

Reaction of Ethylene-Palladium(II) Chloride
Complex with n-Butylamine. Palladium chloride
(0.9 g, 0.005mol) and tetrahydrofuran (20 ml) were
put into in a magnetically stirred 100 m/ autoclave in
a slow stream of nitrogen. A glass reaction tube contain-
ing the reaction mixture was used in the autoclave.
The stirrer was gilded with gold to prevent palladium-
(IT) chloride from reacting with steel. Ethylene - palla-
dium(II) chloride complex was prepared under 50 atm
of ethylene pressure for 6 hr. The autoclave was then
opened and n-butylamine (2 m/, 0.02 mol) was added. The
reaction was carried out at a given pressure of ethylene
(1-—50 atm) and temperature (25—150°C) by stirring
for 2.5 hr. The formation of the ethylene - palladium(IT)
chloride complex depended on pressure of ethylene and
reaction time. To confirm the complete formation of
the ethylene complex, bis(benzonitrile)palladium chlo-
ride complex was used instead of palladium chloride.
In this case the ethylene complex was prepared com-
pletely.1®

The reaction products were analyzed by gaschro-
matography; 3 m Carbowax 1500 on Diasolid A column
at 65°C and a nitrogen flow rate of 60 m//min; 2 m
Apiezon Grease L on Diasolid A column at 50°C and a
nitrogen flow rate of 50 m//min. Identification of
product 1 was carried out by comparison of gas chro-
matogram and infrared spectrum with that of the auth-
entic sample prepared according to Campbell.2® Yield
data were obtained by gas chromatography using cyclo-
hexane as an internal standard. White crystalline
insoluble in tetrahydrofuran was obtained remarkably
at elevated temperature. Recrystallization from methanol
gave purified n-butylamine hydrochloride (mp 195—
197°C). Infrared spectrum and melting point of this
crystals were identical with those of the authentic
sample prepared from n-butylamine and hydrochloric
acid. The soluble reaction mixture was evaporated to
dryness and recrystallization from methanol gave cream
yellow crystals, which was 2, [PdCl (n-C,H,NH,),]Cl;
mp 149.5—150.5°C.

Found: C, 36.30; H, 8.56; N, 10.16%,. Calcd for
PdCLC,Hy Ny G, 36.38; H, 8.38; N, 10.609;.

Analysis of Reaction Products at Elevated Tem-
perature. Product 3 was analyzed by gaschromatog-
raphy under the same conditions as in 1. Tarry sub-
stance was obtained as follows. The reaction mixture
was evaporated and 2 was removed by crystallization
from methanol. The black red filtrate was evaporated
to dryness under reduced pressure at 60°C for 8 hr and
weighed without further purification.  Identification
of 3 and the tarry substance was made by comparison
of gaschromatogram and infrared spectra with those
of authentic sample prepared from 1 by heating.!?
The infrared spectrum of the tarry substance showed a
broad absorption at 1600—1650 cm~! referred to vc-c
and vc-x, but no clear absorption at 3200—3300 cm—*
referred to vN-m.

20) K. N. Campbell, A. H. Sommers and B. K.
Campbell, ibid., 66, 82 (1944).
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Analysis of Reaction Products with a Small
Amount of n-Butylamine. Analysis of 1 was carried
out by gas chromatography before and after the addition
of pyridine. n-Butylamine-palladium(II) chloride com-
plexes which were obtained at molar ratios of n-butyl-
amine to palladium chloride of 1 and 2 were different
from 2. When the molar ratio of n-butylamine to
palladium chloride was 1, ¢. e. [n-C;H,NH,]/[PdCl,]=1,
the reaction mixture was reddish orange and homogene-
ous immediately after the reaction. In a few minutes
copper-red crystals precipitated evolving gas of ethy-
lene. Recrystallization from methanol gave 5: (PdCly)
(n-C,;HNH;)*;; mp (decomp.) 240—260°C.

Found: C, 24.14; H, 6.07; N, 9.06%. Calcd for
PdCIL,C,H,N,: C, 24.14; H, 6.05; N, 9.05%,.

The infrared spectrum was similar to that of n-butyl-
amine hydrochloride. Isolation of other complexes was
unsuccessful.

At the molar ratio of 2, i. e. [n-C,HNH,]/[PdCl,]=2,
the reaction mixture was yellow and homogeneous.
Orange vyellow crystals was obtained by the same
method as 2. Recrystallization from methanol gave 4;
PdCl,(n-CHNH,),: mp 146—147°C.

Found: G, 29.74; H, 6.66; N, 8.609,.
PdCLOH,,N,: €, 29.72; H, 6.81; N, 8.679%,.

Complex 3 was obtained at the ratio of more than
4.

Reaction of Tris(n-butylamine)palladium(II)
Chloride Complex 2 with Ethylene. Both 1.834g
of 2 and 20 m/ of dry tetrahydrofuran were placed in
the autoclave. Ethylene was compressed to 50 atm
and stirred for 2.5 hr at 25°C or 150°C. Analysis of

Caled for
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the products was carried out by the same method as
described in the reaction of ethylene complex.

Reaction of Propylene-Palladium(II) Chloride
Complex with n-Butylamine. Bis(benzonitrile)palla-
dium chloride complex (1.9 g) and dry tetrahydrofuran
(20 ml) were put into the autoclave. Propylene was
compressed to 10 atm and stirred for 30 min to prepare
the propylene complex. The autoclave was opened and
n-butylamine (2 m!/) was added. The reaction was
carried out under 5 atm of propylene pressure by stirring
for 5 hr at 25°C. Analysis of the reaction products was
carried out by gas chromatography; 2m Apiezon
Grease L on Diasolid A column at 74°C and a nitrogen
flow rate of 50 m//min. Identification of the products
was carried out by comparison of gaschromatogram
with an authentic sample prepared according to Camp-
bell.?®  Yield data were obtained by gaschromatog-
raphy using toluene as an internal standard.

Reaction of Cyclohexene-Palladium(II} Chloride
Complex with n-Butylamine. In a 30-m/ conical
beaker, 0.394 g of bis(benzonitrile)palladium chloride
complex, 10ml of dry tetrahydrofuran and 1mi of
cyclohexene were stirred by magnetic stirrer for 10 min
to prepare the cyclohexene complex. To this reaction
mixture 0.4 m/ of n-butylamine was added gradually
with stirring. Reaction was carried out at 25°C by
stirring for 5 hr. The reaction product was analyzed
by gaschromatography; 2 m Apiezon Grease L on
Diasolid A column at 144°C and a nitrogen flow rate of
50 m//min. Identification of the product was carried out
by comparison of gas chromatogram with an autnentic
sample prepared from cyclohexanone and n-butylamine.





