439

Journal of Organometallic Chemustry, 132 (1977) 439—443
© Elsevier Sequoia S A , Lausanne — Printed in The Netherlands

CYCLOPALLADATION OF VINYLIC OXIMES

BRUCE A GRIGOR * and ALASTAIR J NIELSON
Department of Chemuistry, Umwversity of Auckland (New Zealand)
(Received December 2nd, 1976)

Summary

Cyclopalladation of vinylic oximes occurs for the sterically ngid oximes of
1-benzalcyclohexanone and 1l-acetylcyclohexene giving dimeric complexes which
retain the alkene double bond The presence of the vinyhe palladium bond 1s
shown both by spectroscopic methods and cleavage reactions using carbon
monoxide or cyanide 1on The complexes do not make good substrates for the
synthesis of vinylic oxime denwvatives.

Introduction

Intramolecular cyclopalladation (ortho-metallation [1]) of aromatic nitrogen
higands is well established e g for azobenzenes [1] and ketoximes [2], but
hitherto there has been no report of cyclopalladation of vinylic nitrogen higands
Cyclometallation of such ligands occurs for rhodium [3] and rhenium [4] with
2-vinylpyrndine, for iridium with vinylazobenzenes [ 5}, and for platinum with
N,N-dimethyl-2-methylallylamine {6] Reactions of palladium salts with allyl-
amines [7] and 2-vinylpyndine {8] in methanol result in methoxypalladation
products, and azocyclohexenes give complexes of the trans-PdClL; L, type [9]
The absence of cyclopalladated vinylic nitrogen higands 1s not due to any therm-
odynamac instability, as vinylic-palladium complexes are known [10], but
the mstability of palladium(IV) complexes may result n palladium reacting by
routes other than the oxidative addition {and reductive elimination) routes
suggested for platinum, mdium and rhodium

Results and discussion

Our attempts to form palladium—winyl carbon bonds by the reaction of
hthwum tetrachloropalladate waith E-vinyl oximes such as methyl! vinyl ketoxime,
3-pentene-2-one oxime and benzalacetone oxime in methanol with, or without,
added sodium acetate, resulted in PdCl,L, complexes or umidentified products
Using the more stenically nigid 1-acetylcyclohexene oxime and 1-benzalcyclo-
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hexanone oxime (with which co-ordination of nitrogen to palladium would
bring the metal closer to the vinylic hydrogen), the analytically pure cyclo-
palladated products. I and 11, were obtained in over 90% yield by adding a shght
excess of ithium tetrachloropalladate in methanol to an equimolar sclution of
E-oxime and sodium acetate in methanol, the mixture being stirred vigorously

<+
at the onset of precipitation In the absence of sodium acetate, complex I was

formed 1n high yield, while no precipitation of II occurred after 2 days.
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In both I and II, v(OH) was shifted to higher wave number (3420 cm™)
compared with the free E-oxime, while v{(C=N) shifted to slightly lower wave
numbers (I, 1623, I1, 1625 ecm™!), charactenstic of nitrogen ione pair donation
as found for ortho-palladated aryloxime complexes [2] Free higand absorbances
mn the 400—900 em™' region, attributed to trisubstituted alkenes, were absent
in complexes I and I1, and there was also present a new absorption n the
1540—1545 cm™! region, similar to that found for cyclometallated arenes, where
1t 1s varyingly attnbuted to v(C=C) [11], aromatic benzene ortho-disubsuitution
[12], and metal—aryl bonds [13]. Proton nuclear magnetic resonance spectra
(60 MHz) of I and II indicated loss of the vinylic-hyvdrogen signals found for
the corresponding free oximes (for free oxime of I, 6 = 6.15, for free oxime of
II, § = 6 85 ppm from (CH3);S1) and the hydroxyl-H absorption was moved
upfield 2 ppm compared with the free ligands The '?C NMR spectrum of 11
m CIDCl; showed the expected four quatermary carbon signals (5 = 168.9,
168 3, 143 4, 132 7 ppm from (CH,)4S1), with that furthest downfield being
tentatively assigned to C,,,,/—Pd by comparison with the free higand spectrum,
and those reported for C, ,,;/—Rh (185 97 ppm) [3] and C,,,,;—Ir (161 88 ppm)
[5]

Confirmation that the double bond of the hgand remained mtact was ob-
tained by carrying out cleavage reactions on both complexes Carbonylation
in deuteromethanol-d, and sodium deuteroxide, followed by hydroxyl proton
back exchange and preparative TLC, incorporated deuterium at the carbon
previously attached to palladium In general about 25% of the recovered oxime
was undeuterated using undried carbon monoxide and an undeuterated oxime
hydroxyl group In the presence and absence of palladium metal, the reaction
conditions gave no deuterntum exchange at the vinylic hydrogen when carried
out on the free ligand The method 1s milder than the normal hthwurmn alummum
deuternide reduction used by Onoue [2] for cyclometallated aryl oximes where
reduction of the oxime azomethine bond occurred, and also eliminates possible
carbon to mitrogen migration which can occur with this hydndic reagent [14]
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Preliminary results with di-u-chlorobisfa-(dimethylamino)-o-tolyl]-di-palladium
[15] indicate that the method may be extended to arene cyclopalladat~d
compounds. In further establishing the presence cf the double bond the com-
plexes were reacted with sodium cyanide in aqueous methanol, the cleavage
resulting 1n the free ligands.

Attempted reactions on the palladium—nylic carbon bond showed that
these complexes containing the vinylic oxime ligand do not make good sub-
strates for substitution reactions Carbonylation in methanol gave organic
products which were not stable to air and were not further characternised, while
reaction of I and II wath m-chloroperbenzoic acid 1n benzene solution {16} gave
many products

Methyl Iithium in benzene solution, which gives methyl substituted aromatic
compounds with cyclopalladated arene complexes [17], and substituted alkenes
with palladmum vinyl complexes [18] (prepared from Pd(Ph;Pj; and alkenyl
halides), reacted with II returming the free oxime both 1n the presence and ab-
sence of triphenylphosphine

Hydrogenation of either complex in ethyl acetate at atmospheric pressure
gave palladium metal and the free ligand with no apparent hydrogenation of
the double bond as found for hydrogenations of palladium complexes contain-
ing both ¢ and m-olefin bonds [19]. At higher pressure many side products were
obtained, possibly as a consequence of hydrogenation of the oxime functional
group 1n the presence of palladium metal [20]

Experimental section

IR spectra were recorded on Perkin—Elmer 237 or 337 spectrophotometers
using KBr dises and 'H NMR spectra were measured on a Varnan T-60 spectro-
meter (data expressed as ppm from TMS) '3C NMR spectra were recorded on
a Jeol FX 60 spectrometer (ppm from TMS) and mass spectra were determined
on a Varntan-MAT CH 7 mass spectrometer Preparative TLC was carried out
on 1 mm thick plates of Kieselgel PF;s544 366 (Merk) Carbonylations were
carried out 1n a £ inch thick pyrex reaction vessel equipped with pressure
gauge and 1nlet and outlet tap Carbon monoxide was Matheson Co , C P grade,
water content approximately 10 pp m

Complex I

To a solution of anti-1-acetyleyclohexene oxime (0 6 g, 4 3 mmol) in metha-
nol (5 ml) was added hthwum tetrachloropalladate (1 13 g, 4 3 mmol) in metha-
nol (10 ml) and the solution was stood for 3 days at room temperature dunng
which time yellow crystals precipitated The sohd was filtered, crushed to a
fine powder, washed with methano! (3 ml), ether (10 ml) and dried at 100°C
Yield 91%, m p. 160—185°C decomp (Found C, 34 07, H, 4 30, N, 4 88, Cl,
12 91 (CgH,;,CINOPd), caled.: C, 34 29; H, 4 25, N, 5 00, Cl, 12.68%) IR
3420 (OH), 1623 (C=N), 1047 (N—0O) 'H NMR (DMSO-ds) 6,1 38—1 64
(m, 4 H, C, ;-methylenes), 1 89 (s, 3 H, Me), 2.0—2 23 (m, 2 H, C; -methylene),
2.30—2.64 (m, 2 H, Cs-methylene), 8 80 (s, 1 H, OH).

Reductie carbonylation The complex (0 2 g, 0 35 mmol) was carbonylated
in deuteromethanol-d; (3 ml) and sodium deuteroxide (0.25 g) at 40 ps1 at
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room temperature for 30 min The solution was filtered, poured 1into water,
neutralised with dilute hydrochloric acid, extracted with ether and the solvent
removecd from the dried (MgSO, ) organic layer The residue was dissolved in
methanol, si*rred for 10 min and the solvent removed This back-exchange pro-
cess was carried out twice Purification of this product by preparative TLC
(CHCl;/silica gel) gave 1-acetyl-2-deuterocyclohexene oxime (yield 83%), Mass
spec.. M* found, 140, M* " caled.. 140 (d, = 29, d, = 71%).

Cleavage unth cyanide. The complex (0 06 g, 0 1 mmol) was suspendec 1
methanol (5 ml) and NaCN added (ca 3 mol excess) The solution was stirred
for 1 hour and the solvent removed in vacuo Preparative TLC of the residue
gave l-acetylcyclohexene oxume (yield 71%) with identical m p., IR and 'H
NMR spectra to that of an authentic sample

Complex I1

Methanol (approx. 45 ml) was added to 1-benzalcyclochexanone oxime (70 g,
34 mmol} and sodium acetate (2 87 g, 34 mmol) until tne heated solution did
not precipitate solid on standing at room temperature for 5 min To this solution
was added Iithium tetrachloropalladate (8 9 g. 37 mmol), in methanol (25 ml)
and further methanol was added to dissolie any solid The solution was allowed
to stand until the product first appeared and then stirred vigorously for 30 min
The sohd was washed and dried as before Yield 95% M p 175—177°C decomp
Found. C, 45.30,H, 4.47, N, 369, Cl, 10 86. (C,3H,,CINOPd), caled - C, 45 63,
H 412,N,409,Cl], 10 37%. IR- 3410 (OH), 1625 (C=N), 1025 (N—O), 748,
693 (mono-substituted benzene). 'H NMR (DMSO-dg)- 6§ 1.20—1 67 (m, 4 H,
C; s-methylenes), 1 90—2 20 (t, 2 H, C;-methylene), 2.42—2 68 (m, 2 H, Cs -
methylene), 6 84—7.31 (m, 5H aromanes), 10 40 (s, 1 H, OH) '*CNMR (CDCl,)
ppm from TMS Methylenes- 21 557, 23 635, 25 582, 27 401 Tertiary carbons
126 356, 126 875, 127.525 Quaternary carbons 132.719, 143 368, 168 296,
168 950

‘The complex was carbonylated 1n deuteromethanol-d, and sodium deuter-
oxade as described for I giving, on punfication, 1-benzal-7-deuterocyclohexa-
none oxime (60%) Mass spec. M* found 202, M* caled 202 (dy 32%, d;
63%). Cleavage of the complex with sodium cyanide gave the free ligand (86%)

Hvydrogenations general procedure

The complex I or II was suspended 1n ethyl acetate and stirred while hydro-
gen was introduced at atmosphenc pressure. After 3 hours the solution was
filtered from palladium metal and the ligand punfied by preparative TLC to
give the free oxime mn greater than 90% yield

Reaction with methyl ithium

To a dry benzene solution of the 1-benzalcyclohexanone oxime complex
(0.4 g, 0.58 mmol) and triphenyiphosphine (0 30 g, 1 1 mmol) was added
methyl lithium (2 34 mmol) in ether. The mixture was stirred for 1 h, aqueous
methancl added and the solvent mixture removed Preparative TLC of the
restdue gave 1-benzalcyclohexanone oxime. (Yield 70%). In the absence of
triphenylphosphine the free oxime was again regenerated using this procedure
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