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Summary 

Cyclopalladatron of vmyhc oximes occurs for the sterrcally rigid oxlmes of 
l-benzalcyclohexanone and 1-acetylcyclohexene gwmg drmenc complexes which 
retam the alkene double bond The presence of the vmyhc palladium bond 1s 
shown both by spectroscopic methods and cleavage reactlons using carbon 
monoxide or cyamde Ion The complexes do not make good substrates for the 
synthesis of vmyhc oxlme denvatwes. 

Intramolecular cyclopalladatlon (ortho-metallatlon [ 11) of aromatic nitrogen 
hgands is well established e g for azobenzenes [ 11 and ketoxlmes [ 21, but 
hitherto there has been no report of cyclopalladatlon of vmyhc nitrogen hgands 
Cyclometallatlon of such hgancls occurs for rhodium 131 and rhenium [4] with 
Z-vinylpyndme, for rrichum wth vmylazobenzenes [ 51, and for platinum with 
rV,iV-drmethyl-Zmethylallylamme [6] Reactlons of palladium salts wrth allyl- 
ammes [7] and Z-vmylpyndme [S] m methanol result m methoxypalladation 
products, a& azocyclohexenes gwe complexes of the trans-PdClzLz type [9] 
The absence of cyclopalladated vmyhc nitrogen hgands IS not due to any therm- 
odynamic instability, as vmyhc-palladium complexes are known [lo], but 
the mstablhty of palladmm(IV) complexes may result m palladium reactmg by 
routes other than the oxldatwe addltlon (and reductive ehmmatlon) routes 
suggested for platinum, n-&urn and rhodium 

Results and diicusslon 

Our attempts to form palladium-vmyl carbon bonds by the reactron of 
lithium tetrachloropalladat wth E-vmyl oxlmes such as methyl vmyl ketoxlme, 
3-pentene-2-one oxime and benzalacetone oxime m methanol with, or without, 
added sodium acetate, resulted m PdC12L2 complexes or unidentified products 
Using the more stencally rigid l-acetylcyclohexene oxlme and l-benzalcyclo- 



hexanone oxrme (with whrch co-ordmation of nitrogen to palladium would 
brmg the metd closer to the vmyhc hydrogen), the anaIyt?cally pure cyclo- 
palladated products. I and II, were obtamed m over 90% yield by addmg a shght 
excess of hthmm tetrachloropalladate m methanol to an equimolar solution of 
E-oxulme and sodmm acetate m methanol, the mixture bemg stirred vigorously 
at the onset of precipitation In the absence of sodium acetate, complex I was 
formed m high yield, while no precipitation of II occurred after 2 days. 

\I’ (3) 

In both I and II, Y(OII) was shifted to hxgher wave number (3420 cm-‘) 
compared with the free E-oxime, whrle v(C=N) shifted to shghtly lower wave 
numbers (I, 1623, II, 1625 cm-’ ), character&ic of mtrogen lone parr donation 
as found for ortho-palladated aryloxime complexes [2] Free hgand absorbances 
m the 400-900 cm-’ regon, attributed to trrsubstuuted alkenes, were absent 
m complexes I and II, ancl there was also present a new absorption m the 
1540-1545 cm-’ regoR, similar to that found for cyclometallated arenes, where 
it IS varyingly attributed to Y(C=C) [ll], aromatic benzene ortho-disubsr;itution 
[12], and metal-aryl bonds [ 131. Proton nuclear magnetic resonance spectra 
(60 KHz) of I and 11 indicated loss of the vmyhc-hydrogen signals found for 
the correspondmg free oximes (for free osime of I, 6 = 6.15, for free oxime of 
II, S = 6 85 ppm from (CHj)_$ 1 and the hydroxyl-H absorptron was moved ) 
upfield 2 ppm compared wzth the free Irgands The “(7 NMR spectrum of II 
m CDCIX showed the expected four quaternary carbon signals (6 = 168.9, 
16s 3, 143 4, 132 ‘I ppm from (CH&Sr), with that furthest downfield being 
tentatnely assrgned to CXinYl --Pd by comparison w&h the free lrgand spectrum, 
and those reported for C,,,iRh (185 97 ppm) [3] and C,,,i-Ir (161 88 ppm) 

[5] 
Confirmation that the double bond of the hganc? remained intact was ob- 

tamed by carrying out cleavage reactions on both complexes Carbonylatlon 
m deuteromethanol-d1 and sodium deuteroxide, followed by hydroxyl proton 
back exchange and preparative TLC, mcorporated deutenum at the carbon 
previously attached to pallacizum In general about 25% of the recovered oxime 
1%~ undeuterated using undried carbon monoxide and an undeuterated oxirne 
hydroxyl group In the presence and absence of palladium metal, the reacbon 
conditions gave no deutenum exchange at the vmylrc hydrogen when carned 
our on the free l&and The method rs milder than the normal hthmm alummmm 
deutende reduction used by Onoue [ 2 J for cyclometallated aryl oxrmes where 
reduction of the oxime azomethme bond occurred, and also ehmmates possrble 
carbon to mtrogen migration which can occrlr wrth this hydndrc reagent 1143 
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Preliminary results mth di-~-chlorobis[cy-(dunethylammo)-o-tolyl]cl~-paUadmm 
1151 mchcate that the method may be extended to arene cyclopalladat>d 
compouncis_ In further estabhshmg the presence cf the double bond tb2 com- 
plexes were reacted with sodmm cyanide in aqueous methanol, the cleavage 
resultmg in the free hgands. 

Attempted reactions on the palladmm-vmylic carbon bond showed that 
these complexes contammg the vinylic oxlme hgand do not make good sub- 
strates for substltutlon reactlons Carbonylatlon in methanol gave organic 
products which were not stable to air and were not further charactensed, whlie 
reaction of I and II w&h m-chioroperbenzolc acid m benzene solution 1161 gave 
many products 

Methyl hthtum m benzene solution, which @ves methyl substituted aromatic 
compounds Jvlth cyclopalladated arene complexes [I?], and substituted alkenes 
with palladium vinyl complexes [lS] (prepared from Pd(Ph3Pj3 and alkenyl 
hahdes), reacted vvlth II returning the free oxlme both m the presence and ab- 
sence of tnphenylphosphine 

Hydrogenation of either complex m ethyl acetate at atmosphenc pressure 
gave palladium metal and the free hgand wrth no apparent hydrogenation of 
the double bond as found for hydrogenations of palladium complexes contam- 
mg both D and n-olefm bonds [19]_ At higher pressure many side products were 
obtamed, possibly as a consequence of hydrogenation of the oxlme functional 
group m the presence of palladmm metal [20] 

Experimental sectlon 

IR spectra were recorded on Perkm-Elmer 237 or 337 spectrophotometers 
using KBr &scs and ‘H NMR spectra were measured on a Vanan T-60 spectro- 
meter (data expressed as ppm from TMS) ’ 3 C NMR spectra were recorded on 
a Jeol FX 60 spectrometer (ppm from TMS) and mass spectra were determmed 
on a Vanan-MAT CH 7 mass spectrometer Preparative TLC was carried out 
on 1 mm thick plates of Keselgel PF_ , s 4 + 3 6 6 (Merk) Carbonylatlans were 
carned out m a $ mch thick Pyrex reactlon vessel equipped with pressure 
gauge and inlet and outlet tap Carbon monoxide was Matheson Co , C P grade, 
water content approxlmateiy 10 p p m 

Complex I 
To a solution of anti-1-acetylcyciohexene oxlme (0 6 g, 4 3 mmoi) m metha- 

nol (5 ml) was added l&mm tetrachloropaliadate (1 13 g, 4 3 mmol) in metha- 
nol (10 ml) and the solution was stood for 3 days at room temperature dunng 
which tune yellow crystals preclpltated The solid was fdtered, crushed to a 
fme powder, washed with methanol (3 ml), ether (10 ml) and dried at 100’ C 
Yield 91%, m p. 160-165°C decomp (Found C, 34 07, H, 4 30, N, 4 88, Cl, 
12 91 (C8H1&lNOPd)2 calcd.: C, 34 29; H, 4 25, N, 5 00, Cl, 12.68%) IR 
3420 (OH), 1623 (C=N), 1047 (N-O) ‘H NMR (DiMSO+,) 6,1 38-l 64 
(m, 4 H, Cq 5 -methylenes), 1 89 (s, 3 H, Me), 2.0-2 23 (m, 2 H, CJ -methylene), 
2.30-2.64 (m, 2 H, C, -methylene), 9 90 (s, 1 H, OH). 

Reductzve carborzykztzon The complex (0 2 g, 0 35 mmoi) was carbonylated 
m deuteromethanoi-d, (3 ml) and sodmm deuteroxlde (0.25 g) at 40 p s 1 at 
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room temperature for 30 mm The solutlon was filtered, poured into water, 
neutrahsed wrth dilute hydrochloric acid, extracted with ether and the solvent 
removed from the dried (MgSOa f organm layer The resrdue was drssolved m 
methanol, sbrred for 10 min and the solvent removed This back-exchange pro- 
cess was carrred out t\vlce Purification of this product by preparatave TLC 
(CHCl&hca gel) gave I-acetyl-2-deuterocyclohexene oxlme (yreld 83%), Mass 
spec.. M’ found, 140, M+calcd_. 140 (d, = 29, d, = 71%)_ 

CZeavage zvurth cyanrde. The compiex (0 06 g, 0 1 mmol) was suspended m 
methanol (5 ml) and NaCN added (ca 3 mol excess) The solution was stirred 
for 1 hour and the solvent removed in vacua Preparative TLC of the residue 
gave l-acetylcyclohexene oxlme (yield 71%) wrth ldenkcal m p_, IR and ‘H 
NMR spectra to that of an authentxc sample 

Complex II 
Methanol (approx. 45 ml) was added to I-benzalcyclohexanone oxlme (7 0 g, 

34 mmol) and sodium acetate ( 2 87 g, 34 mmol) until tne heated solution did 
not precipitate solrd on standmg at room temperature for 5 mm To this solutron 
was added hthmm tetrachioropalladate (9 9 g. 37 mmol), m methanol (25 ml) 
and further methanol was added to dlssoh e any sohd The solutron was allowed 
to stand until the product first appeared and then stirred vqorously for 30 mm 
The sold was washed and dried as before Yreld 95% M p 175-177°C decomp 
Found. C, 45.30, H, d-47, N, 3 69, Cl, 10 86. (C,,H1,CINOPd)Z calcd - C, 45 63, 
H. 4 12, K, 4 09, Cl, 10 37%. IR- 3410 (OH), 1625 (C=N), 1025 (N-O), 748, 
693 (mono-substituted benzene). ‘H NMR (DMSO-d, )- 6 1.20-l 67 (m, 4 H, 
C4 5 -methylenes), 1 90-2 20 (t, 2 H, C, -methylene), 2.42-2 6S (m, 2 H, C6 - 
methylene), 6 84-7.31 (m, 5 H aromatics), 10 40 (s, 1 H, OH) 13C NMR (CDC13) 
ppm from TMS Methylenes- 21 557, 23 635, 25 582, 27 401 Tertiary carbons 
126 356,126 875127.525 Quaternary carbons 132.719,143 368,168 296, 
168 950 

The comples was carbonylated m deuteromethanol-d I and so&urn deuter- 
o-xrde as described for I givmg, on punflcatron, 1-benzal-7-deuterocyclohexa- 
none oxrme (60%) Mass spec. M’ found 202, M’ calcd 202 (d, 32%, d, 

6Ss). Cleavage of the complex wrth sodmm cyamde gave the free hgand (86%) 

Hydrogenations general procedure 
Tne complex I or II was suspended m ethyl acetate and stu-red while hydro- 

gen was introduced at atmosphenc pressure- After 3 hours the soiutron was 
filtered from pa&drum metal and the &and punfred by preparative TLC to 
grve the free oxlme m greater than 90% yield 

Reactzon wrth methyl lrthrum 
To a dry benzene solution of the 1-benzalcyclohexanone oxune complex 

(0.4 g, 0.58 mmol) and trlphenylphosphine (0 30 g, 1 1 mmol) was added 
methyl lithium (2 34 mmol) m ether. The mrxture was stirred for 1 h, aqueous 
methane1 added and the solvent mature removed Preparatrve TLC of the 
residue gave 1-benzalcyclohexanone oxime. (Yield 70%). In the absence of 
triphenylphosphine the free oxlme was again regenerated usmg this procedure 
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