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Cyclopalladation of 1 -Tetralone (3.4-Dihydronaphthalen-I -one) Oximes 

By Alastair J. Nielson,' Department of Chemistry, Queen Mary College, Mile End Road, London E l  4NS 

Cyclopalladated complexes precipitate from methanolic Li,[PdCI,]-Na [O,CMe] solutions containing 1 -tetralone 
oxime, the 6-methoxy-analogue, and the 7-substituted derivatives, substituent R = CH,-, CH,CH,-, MeO-, but re- 
action fails when R = (CH,),CH-, (CH,),C-, or -NO,. The oxime derivatives of methyl 12-methoxy-7-oxopodo- 
carpa-8.11,13-trien-l9-oate and methyl 7-oxopodocarpa-8,11,13-trien-19-oate readily metallate while the oxime 
of methyl 7-oxoabieta-8,11,13-trien-18-oate does not. Carbonylation of the cyclopalladated 1 -tetralone oxime 
complexes in methanol gives the corresponding 8-methoxycarbonyl-1 -tetralone oximes. Hydrogen-1 n.m.r. 
analysis of 1 -tetralone oxime and Li,[PdCI,] solutions show [PdCl,(oxime),] is not a reaction intermediate. At 
-76 "C co-ordinated oxime exhibits a downfield shift for Ha, characteristic of above-plane geometry of the ligand, 
while a t  0 "C an upfield shift relative to the free oxime suggests in-plane geometry. The intermediate is isolable in 
water giving cis- [PdCl2(oxime)]-3H2O which on redissolving gives the soluble cyclometallated species [PdCI- 
(CN-oxime)(S)] (S = solvent) and HCI by an irreversible process. Dimerisation gives [{PdCI(CN-oxime)),] or 
the complex [PdCI(CN-oxime)L] in the presence of L (L = oxime or PPh,). 

CYCLOPALLADATION reactions 1 have been shown from 
studies of ligand substituent effects to be electrophilic at 
the metal centre,2 but few aspects of the mechanism are 
known. To obtain a fuller understanding of the pro- 
cesses involved in cyclopalladations of aromatic ket- 
oximes,3 the reactions of l-tetralone oximes were studied 
and the effects of deactivating and potential sterically 
hindering substituents examined. The study was 
extended to naturally occurring diterpenoid compounds. 

RESULTS AND DISCUSSION 

Preparation of CompZexes.-The reaction of platinum 
and palladium salts with aromatic ketoximes has led to a 
variety of complexes containing metallated and nitrogen- 
only bound oxime.3 In  the present study, a mixture 
of lithium tetrachloropalladate, l-tetralone oxime, and 
sodium acetate (1 : 1 : 1) in methanol gave complex (7) 
containing both metallated and nitrogen-only bound 
oxime while the fully metallated dimer (1) was obtained 
from two equivalents of PdC1,2-. A lH n.m.r. spectrum 
of the Li2cPdC1,] showed it  to contain sufficient water of 
hydration to reduce the effective concentration of 
palladium needed to form (1). Subsequent use of 1.2 
equivalents of PdC1,2- in concentrated solutions gave the 
best yield and cleanest product. Using these conditions 
complex (6) was obtained from 7-hydroxyiminopodo- 
carpa-8,11,13-trien-19-oate in 96% yield. 

In a study of steric effects of alkyl substituents a t  
C7, reactions with 3,5-dimethyl- and 7-ethyl-l-tetralone 
oximes led to complexes (2) and (3) while the 7-isopropyl 
and 7-t-butyl compounds failed to give a precipitate, as 
did the oxime derivative of methyl dehydroahietate 
(isopropyl group at C13). Hydrogen-1 n.m.r. spectra 
obtained after removal of solvent from these mixtures 
showed many products. Reaction of 7-ethyl-l-tetralone 
oxime with less than one equivalent of PdC1,2- gave 
complex (8) with the 7-isopropyl and t-butyl substituted 
compounds again failing to give precipitates. 7- 
Methoxy-l-tetralone oxime gave an impure product for 
which the Pd-C bond was established from i.r. and lH 
n.m.r. spectra. Other studies have shown that methoxy- 

groups do not effect the cyclopalladation of N N -  
dimethyl-3,5-dimetho~ybenzylamine,~ whereas NN-3,5- 
tetramethylbenzylamine gave a trans-[PdCl,L,] com- 
p l e ~ . ~  

With 7-nitro-l-tetralone oxime an insoluble trans- 
[PdCl,L,] complex was formed which could not be 

R ' I  

R 

induced to metallate 

( 1 )  R =R'=R''=H 

( 2 )  R =R"=Me,R'=H 

( 3 )  R =Et,R'=R"=H 

(4) R =R"=H,R'=OMe 

(7) R =R'=H.L I - t e t ra lone  
ox ime  

( 8 )  R = Et,R'=H, L = 7-ethyl- l-  
tetralone oxirne 

(9). R = R'= H,L = PPh, 

(10) R = H, R' = 0Me.L = C Z D ~ S O  

on refluxing in methanolic Na- 
[O,CMe] . The nitro-group would -impart an unfavour- 
able steric interaction on the reaction in addition to 
deactivating the C* position. However, both 7-hydroxy- 
imino-12-methoxypodocarpa-8,11,13-trien-19-oate 
(known to be highly deactivated towards electrophilic 
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substitution at  C14 5, and 6-methoxy-l-tetralone oxime 
gave high yields of complexes (5) and (4) in the normal 
react ion period. 

In  frayed Spectra .--The complexes show similar i .r. 
spectra to the known acetophenone complexes [i.e. 
v(0H) shifted 200 cm-l higher and v(C=N) shifted 30 
cm-l lower compared with the free ligand]. Absorptions 
occurring between 1500 and 1600 cm-l are attributed 
in other metal-aryl carbon complexes to V(C=C),~ 
aromatic ortho disubs t i tu t i~n ,~  and metal-aryl carbon 
bonds but are also shown for cyclopalladated vinylic 
osime complexes so that they probably arise from an 

bond in cyclometallated complexes of monosubstitutccl 
aromatic nitrogen l igand~.~ .~9  l2 

In [2H,]dmso the dimeric complexes exhibited 
broadened resonances for the hydroxyl and C7 proton 
where relevant. Addition of several drops of D,O or 
MeOD to a solution of (1) caused the aromatic resonances 
to become a deceptively simple ABX system (i.e. 1 : 2 : 1 
triplet for H7 and 1 : 1 doublet for H5 and H6) while 
addition of excess of water led to reprecipitation of (1). 
After dissolving the 6-methoxy-l-tetralone oxime com- 
plex (4) the [2H,]d in~~ bridge-split complex (10) precipi- 
tated from solution but a similar compound could only 

Physical data for cyclopallatlated aromatic oxime complexes 

1.r. spectra (cm-l) 
f L Ilccomp. Analyscs (yo) - lH n.1n.r. spectra c,d (6) 

Yicltl pt .  aromatic 
Complex (tx,) (O,/T) V(C=C)  NO) substitution c aromatics OH b’ 

(1 1 “PdC1(ClOHlONC)) 3 21 96 302 39.8 3.5 4.8 11.9 1558  1050 768, 720, 6.9 (in, H57’9, 10.0 
(39.7) (3.4) (4.7) (11.7) 065 570 7.45 (L, H7) 11.3 

(2) [(PdC1(Ci2Hi4N0))zI ’ 94 170 43.4 4.2 4.1 11.3 1 540 1 035 g 6.6 (s, H6) 10.46 
(43.6) (4.3) (4.2) (10.8) I GOO 960 11.32 

(3) iPdC1(Cl,Hl*No)321 83  188 44.8 4.6 4.4 10.6 1542 1002 560 6.8 (s, H5*7 10.3 

(1, 2, 3)  

(43.6) (4.3) (4.2) (10.8) 1 6 0 8  960 (1, 2, 3, 4) 11.0 
(4) [PdCl(C11H12NO2)) 21 92 182 39.9 3.6 4.1 10.7 1550  1035  855, 560 6.58 (d, H5) 9.8 

(39.8) (3.6) (4.2) (10.7) 960 (1, 2, 3, 5) 7.15 (b, H7) 11.1 
(6) [ ( P ~ C ~ ( C ~ , H , , N ~ ~ ) } Z I  82 230 48.1 5.3 2.8 7.5 1550  g 846, 581 6.6 (d, H”), 9.9 

(51.8) (4.6) (6.0) (7.7) 1 600 988 (1, 2, 3) 7.45 (b, H’) 11.3 

(48.3) (5.1) (3.0) (7.5) I 608 (1, 2, 3, 5) 7.1 (b, H13) 10.4 
(7) [PdC1(CloHloNO)(CloHllNO)] 63 209 50.5 4.7 6.2 7.6 1573  1 160, 770, 570 6.9 (m, H5v6), 10.5, 

965 740, 550, 7.14 (m, H5p6l7), 11.3 

(8) [PdC1(C,zH,,NO)(C12Hl,NO)] 61 148 55.8 
(55.5) 

(9) [PclC1(CloI-IloNO)(l’Ph3)] S4 204j 58.4 
(59.6) 

(10) [PdC1(Cl,HlzNO,)(C,D,~O)] 90 168 j 36.5 

( l  l) [PdC12(CioHgNz03)21 90 180 41.2 
(3  7.5) 

(40.9) 

5.8 5.2 7.1 1560  1015, 
(5.6) (5.4) (6.9) I 6 0 8  993 

960 

4.5 2.4 6.4 1575, 904 
(4.5) (2.5) (6.3) 1555  965 

4.2 3.1 8.8 1 558 1020 
(5.8) (3.3) (8.5) 1 6 0 2  960 
3.5 9.3 12.6 1608  980 

(3.1) (9.5) (12.1) 1 602 962 

489 (1,2) 7.85 (m, H8’) ’ 
572 6.7 (m, H516) 
(1, 2, 3, 4) 7.0 (m, H5’16) 

820, 460 7.7 (m, H*’) 

g 6.16 (d, H7), 
6.42 (2d, H6) 
6.7 (d, H5) 

(1, 2, 4) 

J = 8 H z  
860, 550 

10.41, 
11.0 
11.0 

10.43 
11.3 

Calculated figures arc given in parentheses. Free-ligand values are italiciscd. Data  for [2H,]dmso solutions. Assignment 
given in parentheses, s = singlet, d = doublet, 111 = multiplet, b = broad. Tentative assignment only. J 3,5-Dimethyl-l- 
tctrrtlone oximc. g Assignment undetermined. IL 7-Ethyl-2-tetralonc ouimc. P = 5.7‘:; (5.5). j Melting point. S = 7.7y0 (7.7). 

increase in conjugation. Phenyl group absorptions 
in these regions are absent or weak but gain intensity on 
conjugation.l0 Other features of the cyclometallated 
oxime are a shift in v(N-0) of the free ligand (960 cm-l 
region) to higher wavenumber (ca. 40 cm-l) and tenta- 
tively assigned absorptions of the new aromatic ring 
substitution (800 cm-l region, out-of-plane C-H deform- 
ation). The latter bands have been assigned for cyclo- 
palladated imine complexes.ll 

Hydrogen-1 N.II.1.R. Sjwctra.-In [2H,]dmso the ortho 
rnetallation was shown from the absence of the C8 
proton resonance and upfield shift of the hydroxyl 
proton (see Table). For complexes (1) and (6) the H7 
resonance occurs downfield from those of H5 and H6 as 
shown by the absence of this feature in the C7 substituted 
compounds, but for (6) in CDCl,, H7 absorbs slightly 
upfield from the other aromatics. A similar assignment 
is given tentatively for the proton adjacent to the Pd-C 

be obtained from (1) after refluxing and isolating the 
product in water. Cryoscopic molecular-weight deter- 
minations of (1) in dimethyl sulphoxide (dmso) gave low 
values for a monomeric species but evidence for bridge 
splitting did come from the lI-I n.m.r. spectrum of (7) 
which contained the aromatic and hydroxyl proton 
resonances of (1) and free oxime in a ratio of 1 : 1. Thus 
both (1) and (7) appear to exist in dmso as solvent 
stabilised monomers, the broadening effect most likely 
arising iroin rapid exchange of loosely bound dmso 
molecules. The appearance of free oxime in (7) prob- 
ably results from a destabilising metal-proton inter- 
action inherent in the complex (see later). 

Cavbonylations.-Treatment of complexes (1) or (3) 
with CO in methanol gave 8-methoxycarbonyl-l-tetra- 
lone oximes along with cleaved oxime (30-50~0). 
From chloroform solution the unstable complexes 
[PcICl(CO) (CN-oxime)] l3 were isolated which gave the 
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oxime ester compounds on further carbonylation in using Li[AlD,] for deuterium incorporation since i t  does 
MeOH. For coniplex (3) where the ethyl substituent at not reduce the C=N function and has been used in 
C7 could sterically hinder CO insertion, carbonylation characterising cyclopalladated vinylic oxime com- 
occurred at  a lower pressure with less ligand cleavage p l e ~ e s . ~  

1 I I 1 1 I I 
10 9 8 7 3 2 

b / p p . m .  

Hydrogcn-1 n.11i.r. analysis of the reaction of 1-tctralonc oxinic and I,i,[PtlCl,] in Cl1,OD. ((0 1-'l'etralonc oxiiiie aloiie, (b )  1 - 
tctralone oxiinc and Li,[PdCl,] a t  - 50 "C (rcsonanccs broad a t  - '78 "C), (c )  at 0 "C, ( d )  at 20 "C, (c) complex ( I )  precipitating from 
solution, and (f)  complex (1) in [2H,]dmso 

( ~ 2 0 % ) ) .  Urisubstituted oximes were obtained from I~~charzism.-Hydrog-en-l n.m.r. spectra in C,z>,@I) 
the C:l4 electron-deficient complex (5 )  and from (1)  in of the 7-isopropyl and 7-t-lmtyl substituted oxime 
acetic acid or methanolic sodium hydroxide, while in reaction mixtures showed immediate nitrogen co- 
MeOD-NajOD] solution the complexes gave Cs or C1* ordination from changes in the C29, methylene resonances, 
deuteriated oximes. This reaction is superior to that and the existence of an above-plane configuration for 
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H8 from a large downfield shift of its re~onance.1~ No 
change occurred on standing. In  the absence of 
Na[O,CMe] 1-tetralone oxime mixed with PdC14Z- at  
-78 "C gave a similar spectrum but the downfield shift 
of H8 persisted only to 0 "C after which a series of spec- 
tral events occurred resulting in precipitation of (1) 
(see Figure). Attempts to isolate an anionic species 
[PdCl,(oxime)] - as proposed in Parshall's mechanism l5 

by addition of cations such as [NPrll,]Cl (known to 

At 0 "C a yellow compound was isolated in water which 
analysed as [PdC12L]*3H,0, L = 1-tetralone oxime. 
The i.r. spectrum showed cis-Pd-C1 stretches a t  338 and 
324 cm-l with absorptions at 3 500 and 1630 cm-l 
suggesting lattice water only. The lH n.m.r. spectrum 
was identical to that of the reaction mixture of 0 "C at  
which temperature the Hs resonance moved upfield 
[spectrum (c)]. Ligand planarity imposes a close 
proximity of the C8 proton and metal for co-ordination of 

PdC1," + q- 
N\OH 

H 
*. /N\OH 
'Pd 

I -HCI 
I 
I + 

*--- f-7J-J +---  qQ 
UC 

f 
(D) 

C I  

(C) 
I 

oxime 

+ 

PPh3" \ oxime \ 
C l  Cl 

SCHEME S = Solvent 

precipitate jPdCl,(CO) I-) lfi or [Pl'11,1Cl lcd to [PdC141- 
[cat ion], and cleaved oxime. Yellow trans-[PdCl,- 
(YPh,),J and cleaved oxime were obtained by adding 
YPl1,. A reaction stoicheiometry of 1 : 1 was shown 
from the uncomplexed oxime present in an lH n.m.r. 
spectrum of oxime and PdC1,2- mixed in a ratio of 2 : 1.2 
so that the intermediate is not a traizs-[PdCl,L,] complex 
(which cyclometallates on refluxing for L = azoben- 
zene 17). As yet the intermediate remains uncharacter- 
ised but i t  is proposed that if an anion is not present, a 
ilimer of the form [(PdCl,(oxime)},] (A) (see Scheme) 
may account for the 1H n.m.r. features. Results of 
work presently in progress indicate that the shift 
recorded for Hs may be characteristic of dimeric species. 
The existence of [(PdCl,L),] where I, = o-NN-dimethyl- 
aminotoluene is claimed l8 but similar compounds are 
known only for phosphine and arsine ligands.19 

the anti oxime nitrogen, without involveinelit of x 
aromatic orbitals, so that with loss of above-plane 
geometry in (A), the interaction could then lie in or 
about the square plane. A shielding effect is predicted 
for protons in this environment 2o and has been ob- 
served for a methyl resonance in [IrHCl((CH,),C,H,- 
N=NC,H,(CH,),)] Extreme instability towards metal- 
lation has not allowed full characterisation of the inter- 
mediate but on the available evidence it is proposed to 
be cis-[PdCl,L], L = 1-tetralone oxime, (B). X-Ray 
studies, however, have shown that planar ligands can 
distort to remove proximity effects 22 so that the C8 
proton may not completely cover the fourth co-ordin- 
ation position. A species involving co-ordinated H 2 0  
cannot be ruled out on the basis of the i.r. spectrum 
alone. 

In the lH n.m.r. a t  -80 "C, (B) did not reconvert to  
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(A) and no downfield shift of H8 was observed, suggesting 
that free rotation about the Pd-N bond does not occur: 
while the shift of H* would be close to that of the free 
ligand for such a process, the population of above- or 
below-plane rotamers should increase as the temperature 
decreases23 Why (A) converts to (B) is not clear but 
if the metal-proton interaction in (A) is destabilising 
towards dissociation of the proposed dimer, rotation 
into the plane could easily occur. The interaction is 
unlikely to be sufficient to displace Cl- from an inter- 
mediate of the form [PdCl,(oxime)]-. 

At 20 "C an i.r. spectrum of the reaction mixture 
showed the 1 540 cm-l band of the metallated complex, a 
1H n.m.r. spectrum contained the H596 multiplet of (1) 
and the resonances of (B) [spectrum (41, and before 
precipitation of (1)  commenced, addition of PPh, gave 
(9) and I-tetralone oxime in yields consistent with the 
ratio of soluble cyclometallated species (D) (probably 
solvent stahilised) and intermediate (B) shown in the 
133 n.ni.r. spectrum. 

The transformation of (B) to (D) is apparently irre- 
versible as no C8 deuteriated oxime was recovered after 
reaction with PPh,. Use of l-tetralone oxime and the 
8-deuterio-analogue (,H, 44%, 2H, 56y0) in MeOH gave 
a slight decrease in the 2Ho compound (,H0 370,/,, 2H, 
630/,) but the difference probably arises from a kinetic 
isotope effect rather than a redistribution of deuterium 
atoms. Keversibility in other cyclopalladations has 
not been studied but i t  is noted that the reaction for 
imines with €'d(O,CMe), readily occurs in MeC0,H.24 

The metallation process was not indicated by the lH 
n.1n.r. spectra but i t  is apparent from the C7 isoproyyl 
and t-butyl substituted oximes that formation of (B) 
allows the C8 proton to experience an environment 
(i.~. d,2-?,2 orbitals) suited to an electrophilic process. 
The failure of complexes of Ir, Rh, Pt, and P d  containing 
above-plane metal-proton interactions to cyclometallate 
elcctropliilically 25 may thus be related to an inability 
to form intermediates similar to (B). However in other 
complexes, metallation is not an immediate consequence 
of protons approaching or moving through the co- 
ordination A close approach of the C8 
proton and chlorine present in (B) would facilitate proton 
abstraction so that in the absence of a Wheland inter- 
mediate or oxidative addition, a concerted process as 
in (B) - ((') may best account for the metallation. 
Thiis for the deactivated C14 position of methyl 7- 
hydroxy in1  i no-l2-rnethoxypodocarpa-8,11,13-trien-19- 
oate a low-energy route would exist for elimination of 
HS"  

For the final reaction product, L (L = oxime or 
I'Ph,) in the presence of (D) gave the complex [PdCl- 
(CN-oxirne}L, while in the absence of L dimerisation 
ga1-e ( I ) .  The overall rate of reaction was much faster 
in tlic presence of NaiO,CMe]. 

E X  PER1 1LI Is N T  A L 

Ana1ytic;tl data were obtained by the Microanalytical 
Department, Imperial College, and Professor A. D. Campbell 

and associates, University of Otago, New Zealand. Melting 
points were determined on a Reichert Kofler Hotbench or 
Kofler hot-stage apparatus and are uncorrected. Infrared 
spectra were recorded on Perkin-Elmer 237, 337, and 457 
instruments on KBr discs or Nujol mulls between NaCl 
or CsCI plates. Hyclrogen-1 n.m.r. spectra were recorded 
a t  60 MHz on Yerkin-Elmer K-12, Varian T-60 spectro- 
meters, and on a JEOL FX 60 spectrometer, using a 
proton probe, and mass spectra were obtained on a VG-7070 
instrument. Preparative thin layer chromatography (t.1.c.) 
was carried out on 1-mm thick plates of Kieselgel PF,,, + 36(i 

(Merck). Carbonylations were carried out in a 6.4-mm 
thick Pyrex reaction vessel equipped with pressure gauge 
and an inlet and outlet tap. Carbon monoxide was 
Matheson Co., C. P. grade, water content approximately 
10 p.p.m. Substituted 1-tetralones were prepared by 
known procedures 27 and the corresponding oximes prepared 
in ethanolic hydroxylamine hydrochloride-Na[OH] solu- 
tions. Lithium tetrachloropalladate was dried and stored 
at 100 "C. 

Di-p-cJzlovu-bis( 1-tetralone oxiune-C,N)dipalladium, ( 1) .- 
The preparation of this compound is typical of the dimeric 
complexes in general. To a solution of lithium tetrachloro- 
palladate (1.0 g, 38 mmol) in methanol (5 cm3) was added 
l-tetralone oxime (0.5 g, 31 mmol) and sodiurn acetate 
(0.25 g, 31 mmol) in methanol (10 cm3). After standing 
for 2 h,  the precipitated solid was filtered off, crushed to a fine 
powder, washed with methanol and diethyl ether, and dried 
a t  70 "C. 

1.r. (Nujol) bands a t  3 419 (OH), 1630 (C=N), 1558 
(C=C, conj.), 1 050 (N-0), 768, 720, and 570cni-I (1,2,3-trisub- 
stituted benzene). lH n.1n.r. G([2H,]drnso) 1.95 (m, 2 , t  C3 
methylene), 2.74 (m, 4, C,294 methylenes), 6.90 (ni, 2, C5yG 
aromatics), 7.40 (b, 1, C7 aromatic), and 10.0 (b, 1 ,  OH). 

oxiune-C, X) ( 1 -tetp.alune oxime-N) pulla- 
dium(~r) ,  (7) .--The preparation for this complex is as above 
except that  l-tetralone oxime (0.5 g, 31 mmol) and sodium 
acetate (0.25 g, 31 nimol) in methanol (20 cm3) were added 
to lithium tetrachloropalladate (0.81 g, 0 .3  1 mmol) in 
methanol ( 5  cm3). 

1.r. (Sujol) bands a t  3 225, 2 160 (OH), 1641, 1650 
(C=N), 1 573 (C=C, conj.), 1 050, 988 (N-0), 740, 550, 489 
(1,2-disubstituted benzene), 851, 770, and 570 cm-l (1,2,3-tri- 
substituted benzene). lH n.1n.r. G([2H,]dmso) 1.82 (m, 4, 
C3 methylene), 2.72 (m, 8, G4 methylene), 6.90 (m, 2, 
C5yG aromatics), 7.14 (m, 3, C5'y6'y7' aromatics), 7.50 (m, 1, C7 
aromatic), 7.85 (in, 1 ,  C8' aromatic), 10.50 (b, 1 ,  OH), and 
11.30 (s, 1, OH). 

Carbonylations.--rTlie reactions of CO with di-p-chloro- 
bis( 1-tetralone oxiiile-C,N)dipallatlium are typical for the 
other complexes. 

1. The complex (0.8 g, 13 mmol) was suspentlcd in dry 
inetlianol and treated with CO a t  100 p.s.i.* for 2 h a t  
85 "C during lvliicli time palladium metal was precipitated. 
The filtered solution was concentrated in vacuo (50 "C) 
and the components separated by preparative t.1.c. (CHCl,) 
giving l-tetralone oxime (0.24 g, 60%) and 8-methoxy- 
carbonyl-l-tetralone oxime (0.18 g, 327/0), m.p. 148-150 "C 
(Found: C, 65.8; H, 6.1; N, 6.4. C,,H,,NO, requires C, 
65.7; H, 6.0; N, 6.4o/b). 

1.r. (Nujol) bands a t  3 220 (OH), 1732 ( G O .  ester), 
1 635 (C=N), 1 262 (C-0-C), 960 (N-0), and 845 cni-l (1,2,3- 

* 1 lbf in-l (p.s.i.) z 7.09 x lo3 Pa. 
t This figure is the number of H atoms for each resonance; 

Chlovo ( 1 -tetralone 

b = broad. 
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trisubstitutecl bcnzene). 11-1 n.m.r. G(CC1,) 1.95 (ni,  2, C3 
niethylene), 2.80 (m, 4, C294 methylenes), 3.80 (s, 3, CO,Rle), 
7.20 ( s ,  3, C 5 v 6 p 7  aromatics), and 9.0 (b, 1, OH). 

Under similar conditions, the 7-ethyl- l-tetralone osinie 
coniplex gave 7-ethyl-8-methoxycarbonyl- l-tetralone oxime 
(73%) (Ma+,  Found: 247. Cl4H1,NO3'+ requires 247). 

1.r. bands a t  3 380 (OH), 1 700 ( G O ,  ester), and 960 cm-l 
(N-0). lH n.ni.r. G(CDC1,) 1.21 (t, 3, Me), 1.80 (m, 2, C3 
methylene), 2.64 (m, 6, C27*711 methylenes), 3.85 ( s ,  3, OMe), 
and 7.14 (s, 2, C536 aromatics). 

2. A solution of the l-tetralone oxitne complex (1) (0 .3  g, 
0.49 mmol) in [2H5]pyridine (0.5 cm3) and [2Hl]methanol 
( 3  cm3) was stirred for 15 niin and the solvent removed. 
The process was repeated twice (1OOyo OD by lH n.m.r.). 
The residue was suspended in [2Hl]methanol (4 cm3) 
containing sodium deuterioxide (0.2 g) and treated with 
CO a t  40 p.s.i. for 30 min a t  room temperature. The 
palladium was filtered off, the filtrate poured into water, 
and the solution neutralised with dilute HC1 followed by 
extraction with diethyl ether. The organic layer was 
washed several times with water, dried over Mg[SO,], 
and the solvent removed. Back exchange of the mono- 
deuteriated oxime was carried out several times in methanol 
and the solvent removed. Purification of the residue by 
preparative t.1.c. (CHC1,) gave 8-deuterio-l-tetralone oxime 
(0.11 g, 68%) [M'+, Found: 162. CloDHloNO'f requires 
162. lH n.m.r. G(CCI,), 
Hs cn. 20, OH, 1007!0]. 

Methyl 7-HydroxyiminopodocarPa-8,11,1 3-trien- 19-ode.- 
This compound was obtained from methyl 7-oxopodocarpa- 
8,11,13-trien-19-oate (prepared by Cr0,-MeC0,H oxidation 
of methyl podocarpa-8,11,13-trien-10-oate 2s) by reaction 
with hydroxylamine hydrochloride and pyridine in ethanol. 
M.p. 145-147 "C (Found: C, 71.7; H, 7.6; N, 4.4. C18- 
H2,N0, requires C, 71.7; H, 7.7; N, 4.6%). 

1.r. bands a t  3 250 (OH), 1728 (C=O, ester), 1625 
(C=N), 940(N-0), and 750cm-1 (1,2,3-trisubstituted benzene). 
1H n.m.r. G(CDC1,) 1.0 (s, 3, Cl0 Me), 1.32 ( s ,  3, C4 Me), 
3.75 (s, 3, CO,Me), 7.29 (m, 3, C11912313 aromatics), 7.29 
(m, 1, C14 aromatic), and 8.00 (b, 1, OH). 

Di-y-chloro-his(rnethy2 7-l~ydroxyimino~odocarpa-8,11,13- 
trien-l9-oate-C,N)dipalladium, (6) .-The oxinie (0.6 g, 
1.9 mmol) and sodium acetate (0.16 g, 1.9 mmol) in metlian- 
01 (10 cm3) were added to lithium tetrachloropalladate in 
methanol (10 cm3) and the product filtered off, washed, 
and dried. 

1.r. bands a t  3 425 (OH), 1 620 (C=N), 1 550 (C=C, 
conj.), 1014 (N-0), 778, 741, and 538 cn1-l (1,2,3-trisubsti- 
tuted benzene). 1H n.ni.r. 6([2H,]clmso) 0.98 ( s ,  3, CIO Me), 
1.23 ( s ,  3, C4 Me), 3.64 ( s ,  3, CO,Me), 7.0 (m, 2, C11*12 
aromatics), 7.40 (m, 1 ,  C13 aromatic), and 10.25 (b, 1, OH). 
G(CDC1,) 1.02 ( s ,  3, CIO Me), 1.26 (s ,  3, C4 Me), 3.66 (s, 3, 
CO,Me), 6.70 (m, 1, C13 aromatic), 7.12 (m, 2, C1l.l2 aro- 
matic), and 8.15 (b, 1, OH). 

The complex was stirred in CHC1,-[2Hl] methanol 
solution for 10 min and the solvent removed. The process 
was repeated several times and the residue carbonylated 
in [2Hl]methanol-sodium deuterioxide solution as before. 
\Vork-up and purification gave methyl 14-cleuterio-7- 
li~clroxyiininopodocarpa-8,11,13-trien-l!~-oate (34 nig, 65%) 
[Me+, Found :  302. Cl,DH2,N0,*+ requires 302. ,H0 = 
33, 2Hl = 67, 2H, = 0%. lH n.m.r. S(CDCI,), H14, ca. 
25, OH, 1007!0]. 

ChZoro(hexadeuteriodirnethy1 sulphoxide) (6-methoxy- l-tetra- 
Zone oximeC,N)palZadiuin(11) (10) .-Complex (4) was dissolved 

,H0 = 26, ,H1 = 74, ,H, = 076,. 

M.p. 230 "C (decomp.). 

in C21i6]dmso and the solution allowecl to stand. The solid 
was filtered off and waslied with benzene aiid dietliyl ether. 

1.r. (Nujol) bands a t  3 420 (OH), 1658 (C=C, conj.), 
1 020 (N-0), 860, and 550 cm-l(1,2,4-trisubstituted benzene). 

Dichloro ( 1 -tetralone oxime)palladium-Water ( 113) .-'"his 
complex was prepared by mixing equimolar niethanolic 
solutions of 1-tetralone oxiine and lithium tetrachloro- 
palladate a t  0 "C and pouring the reaction mixture into iced 
water. The yellow solid was collected and dried in zlacuo 
for 0.1 h a t  room temperature and stored a t  - 78 "C under 
argon {Found: C, 30.6; H, 3.2; C1, 17.0; N, 3.6.  [PdCl,- 
(CloH11NO)]*3H,0 requires C, 30.6; H, 4.3;  C1, 18.0; 

1.r. bands at 3 350 (H,O), 3 170 (osiiiie, OH), 1 ti30 (H,O), 
980 (N-0), 338, and 324 cm-l (cis-PdC1,). The complex 
is unstable towards metallation on standing or on dissolving 
in CH,Cl, or methanol. The mass spectrum gives only the 
molecular ion of the free ligand and the U.V.  spectrum sliows 
no change from the free ligand or Li,[PdCI,]. Reaction 
with PPh, in hot MeOH or CH2C1, gave yellow trans- 
[PdCl,(PPh,),] and l-tetralone oxinie which was purified 
by preparative t.1.c. (CHCI,). 

Hydrogen-1 N.M.R. Studies on Complex Formation.-In 
general, the reactants were mixed in [2H4]methan~l and the 
lH n.m.r. spectra run immediately. In  the case of 1- 
tetralone oxime, the reactants were mixed a t  -76 "C and 
placed in the spectrometer, held a t  this temperature. 
Precipitated complexes were identified by spectral com- 
parison with authentic samples. 

Reaction Reversibility Determination.-l-Tetralone oxime 
(40 mg, 0.25 mrnol) was dissolved in [2Hl]methanol, the 
solution stirred, and the solvent removed. The exchange 
process was carried out three times (OD = lOOyo by lH 
n.m.r.) . The process was repeated with lithium tetrachloro- 
palladate (80 mg, 0.30 mmol) in D,O and the residue dried 
a t  100 "C. The components were mixed in [2H4]methanol 
(0.41 cm3) and the reaction monitored to the stage of 
spectrum (d), Figure, a t  which point PPh, in warm MeOD 
was added. The precipitate of [PdCl( l-tetralone oxime-C,N) - 
(PYh,)] was filtered off and dried in uacuo, m.p. 204-205 OC 
(decomp.). 1.r. bands a t  3 100 (OH), 1690 (C=N), 1576 
cm-l (C=C conj.). lH n.m.r. G(CDC1,) 1.90 (in, 2, C3 methy- 
lene), 2.80 (m, 4, C294 methylenes), 6.4 (ni, 3, C59697 aroma- 
tics), 7.55 (m, 15, PPh,), and 10.64 (b, 1, OH). [The com- 
plex was also prepared by adding PPh, to the cyclometal- 
lated complex (1) in CH,Cl,.] 

Preparative t.1.c. (CHCI,) of the filtrate gave I-tetralone 
oxime (52%) (M+,  Found : 161. C,,H,,NO'+ requires 

The reaction was repeated using a mixture of l-tetralone 
oxinie and 8-cleuterio-l-tetralone mime (,H0 = 44.5, 
2H1 = 65.87; by mass spectroscopy) in CH,OH. A t  the 
onset of precipitation of the cyclopallaclated complex ( l ) ,  
PPh, in warm methanol was added and the oxinie worked 
up as before (2H, = 36.7, ,H1 = 63.3%). 

[9/1981 Received, 13tJz December, 19791 

N, 3.6Y0}. 

161. ,H, = 100, 'HI = (lo/,). 
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