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C'yclometalated complexes, di-p-chloro-bis[2-(phenylazo)phenyl]dipalladium (21, di-p-chloro-bis[2-(N,N-di- 
methylaminomethyl)phenyl]dipalladium (31, and di-~-chloro-bis[2-(N-phenylformimidolyl)phenyl]dipal~adium 
(41, can undergo coupling reactions with either organolithium compounds or Grignard reagents in the presence of 
triphenylphosphine. giving the corresponding ortho-substituted aromatic compounds highly efficiently. 2-Substi- 
tuted complexes of 4 (1 1-13) were prepared from the corresponding 2-substituted benzaldehyde in over 94% yield. 
Similar methylation reactions of 11-13, followed by hydrolysis. gave 2,6-disubstituted benzaldehydes 15, 21, and 
22 in high yields. Secondary alkyllithium compounds undergo the cross-coupling reaction accompanied by alkyl 
group isomerization from secondary to  primary. The  products are assumed to be formed via a nucleophilic attack 
of the carbon nucleophile on the phosphine-coordinated palladium monomer of 1, giving arylalkylpalladium inter- 
mediates, which form products by reductive coupling. 

Kumerous compounds containing a transition metal CJ 

bonded to an aromatic ring derived by cyclometalation have 
been reported in recent years. These compounds encompass 
a variety of transition metals and also different types of sub- 
stitution on the benzene Structural studies of the 
complexes have received widespread On the 
other hand, few studies have been carried out aiming a t  using 
these complexes for organic synthesis. Ortho deuteriation can 
be performed by reductive cleavage of metalated compounds 
with LiA1D46 or the specific ortho hydrogeddeuterium ex- 
change on treatment of complexes such as RhCl[P(OPh,l)] 3 
or RuHCl(PPh?)? with D2."7 The ortho positions of azoben- 
zene are chlorinated upon reaction with chlorine in the pres- 
ence of catalytic quantities of PdC12.s CarbonylationY-12 or 
reaction with isocyanidesl" of ortho palladation products from 
n-arylnitrogen derivatives and palladium salts provides a 
convenient process for synthesis of various heterocyclic 
compounds. Cyclopalladation complexes react with cy ole- 
f i n ~ , ~ ~  acrylic esters,I5 and vinyl ketones16 to give ortho-sub- 
stituted arylalkenes. Further, a method for the regiospecific 
attachment of carbon nucleophiles to the 0 carbon of allylic 
sulfides and amines using palladium complexes recently has 
been developed.'; 

In this paper we describe reactions of cyclometalation 
products ( 1) of azobenzene,6 tertiary benzylic amines,18J9 and 

1 
Schiff bases20s21 with either organolithium compounds or 
Grignard reagents, which provide a convenient method for 
synthesis of ortho-substituted aromatic compounds and give 
important mechanistic insight into the carbon-carbon bond 
formation via palladium complexes.22 

Results and  Discussion 
The Reaction of the  Complex 1 wi th  Alkyllithium 

Compounds o r  Gr ignard  Reagents. The reactions of cy- 
clometallation products 1, such as di-hL-chloro-bis[2-(pheny- 
lazo)phenyl]dipalladium (2) ,  di-pL-chloro-bis[2-(N,N-di- 
methylarninomethyl)phenyl]dipalladium (31, and di-p- 
chloro-bis[2-(N-phenylformimidolyl)phenyl]dipalladium (4), 
with alkyllithium compounds were carried out in ether a t  0-5 

0022-3263/78/1943-4099$01.00/0 

"C under heterogeneous conditions. Treatment of 2 with 
methyllithium produced 2-methylazobenzene (5b) and azo- 
benzene (5a) in 55 and 45% yields, respectively. The similar 
reaction of 2 with phenyllithium gave 5c (42%) and 5a (58%). 

2 4 

5a, R = H 6a, R = H 
b, R = CH,  
c,  R = C,H, 
d, R = C,H, 

b, R = CH,  
c, R = CH=CH,  
d ,  R = C,H,  
e ,  R = C,H, 

q R 
i" 
\\ 

S 

R--~'-H 
\ 

l 
" 

0 
7a, R = H 8a, R = t-C,H, 

b, R = C,H, 
c, R = C,H, 

b, R = C H ,  
C, R = t-C,H, 
d, R = C,H,  
e, R = C,H, 
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Table I. Reaction of the Complexes 2-4 with Alkyllithium 
Compounds and Grignard Reagents" 

product yield, % 

substituted reductive addition 
complexes RLi or RMgBr products products products 

ortho- 

2 
2 
2 
4 
4 
B 
4 
4 
4 
4 
4 
1 

CH:rLi 
CGH& 
n-C4HgLi 
CH:ILi 
C Hz=C H MgBr 
C?H,MgBr 
n-C.,HgLi 
CH& 
t -CJHgLi 
CeHJi 
CRHSMgBr 
n -C.:HgLi 

5b ( 5 5 )  
5c (42) 
5d (5) 
6b (49) 
6c (44) 
6d ( 2 )  
6e ( 5 )  
7b (76) 
7c (28) 
7d (22)  
7d (28) 
7e (1) 

5a (44) 
5a (58) 
5a (89) 
6a (47) 
6a (31)' 
6a (80) 
6a (80) 
7a (21) 
7a (34)  8a (14) 

8b (48) 
8b (28) 
8c (64) 

Palladium cciniplex (5.5 mmol) was reacted with organolith- 
ium compounds (13 mmol) in ether at room temperature for 3-4 
h. \'PC yield using internal standard. Additional product was 
6d (13%). 

Table 111. Effect of Ligands for the Reaction of 2 with 
Methvllithium" 

product yield, % 
ligand (I,) compd 5b compd 5a 

none 55 45 
PPh:I 91 0 
P ( OPh) ,: 2 0 
P ( n - Bu) :j 56 11 
(PhyPCH2)2 18 0 

" To the suspension of  2 (0.5 mmol) and PPh3 (2.0 mmol) in 
benzene was added an ethereal solution of methyllithium (1.0 
mmol). 

The structures of the products were established either by 
comparison of spectral data with those of authentic samples 
or by elemental analyses and spectral data as summarized in 
Table I1 (see supplementary material). The ortho-substituted 
products 5b or 5c and reductive product 5a were each ob- 
tained in approximately 50% yield. On the contrary, 5a was 
obtained almost exclusively (89%) along with a small amount 
of 5d (5%) upon treatment with n-butyllithium. 

Similar reactions of complexes 3 and 4 with alkyllithium 
compounds also gave the corresponding 1-alkyl-substituted 
benzylamines (6) and Schiff bases (71, respectively, as shown 
in Table I. o- (tert-Buty1)benzaldehyde was prepared upon 
treatment of 4 with tert- butyllithium followed by acid hy- 
drolysis in 25% yield. The previous method for synthesis of this 
aldehyde required six steps, and the yield was poor.23 The 
ortho alkylation products of 4 are sometimes contaminated 
with N-(a-substituted)benzylaniline (81, derived from the 
addition of alkyllithium compounds into the carbon-nitrogen 
double bond of the Schiff bases. Grignard reagents also react 
with these complexes. Thus, treatment of 3 with vinylmag- 
nesium bromide gave 6a (31%), 6c (31%), and 6d (13%). 

The reaction of complex 4 with alkyllithiums can be envi- 
sioned to occur by Scheme I. The first step would be nucleo- 
philic substitution of the chloride group by the alkyllithium, 
giving intermediate 9 accompanied by splitting of the bridge 
structure to liberate 7a.24 Subsequent reductive coupling of 
9 would produce 7. The predominant formation of 7a upon 
treatment with n -butyllithium is consistent with this scheme. 
Butylpalladium complex 9 (R = C4H9) undergoes facile /3 
elimination of a palladium hydride species26 to give the hy- 
dride complex 10, which is the precursor of 7a. 

Scheme I 
C,,H 
I 

4 

9 7 a  

I 
CH 
\\ 
h, 

7 10 

The Reaction of Complex I with Organolithium 
Compounds o r  Gr ignard  Reagents in the Presence of 
Triphenylphosphine. In view of selective syntheses of 
ortho-substituted 5 from 2, the loss of the one part of azo- 
benzene upon treatment with alkyllithium must be avoided. 
Should the reaction proceed as depicted in Scheme I, the 
preliminary splitting of 2 into two phosphine-coordinated 
monomer complexes21Sz7 is necessary. 

For this reason, chloro[2-(phenylazo)phenyl] bis(triphen- 
y1phosphine)palladium (23) was prepared by treatment of 2 
with excess triphenylphosphine in methanol (86% yield). The 
methylation reaction of 23 with methyllithium in benzene/ 
ether gave 5b in 98% yield. Moreover, the reaction of 2 with 
methyllithium in the presence of 4 molar equiv of triphenyl- 
phosphine gave 5b in 91% yield, indicating that the isolation 
of 23 is unnecessary. A similar reaction of 3 with methyllith- 
ium in the presence of 4 equiv of triphenylphosphine afforded 
2-methyl-N,N-dimethylbenzylamine in 99% yield. Further, 
the reaction of 4 with methyllithium followed by acid hy- 
drolysis gave o-methylbenzaldehyde (14) in 95% yield. A study 
of the ligand effect on the reaction of 2 with methyllithium 
showed that triphenylphosphine gave the best result among 
the ligands examined, as shown in Table 111. 

If the reaction is performed twice on the cyclometallation 
products, 2,6-dialkyl-substituted aromatic compounds, which 
are difficultly accessible, can be prepared readily. In antici- 
pation of this double treatment, Schiff base-palladium 
complexes of ortho-substituted benzaldehydes, 11-13, were 
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Table IV. Reaction of Palladium Complexes of Schiff 
Bases with Organolithium Compounds or Grignard 

- Reagents in the Presence of Triphenylphosphine“ 

RL,i ratio of yield,d 
complexesb (RMgX) PPh:(/Pd productsC 96 

2 CH:jLi 4 5b 91 
3 CH:&i 4 6b 99 
4 CH:~LI  2 14 90 
4 CH&i 4 14 95 

11 CH:&1 4 15 86 
11 CH:3MgXG’ 4 15 SO 
11 C:{H;T.i 4 19 90 
1 1  CjH&i 4 16 75 
1 1  C6H&i 4 17 60 
12 C H;jLi 4 21 85 
13 C: H:i Li 4 22 60 

A mixture of palladium complex (0.5 mmol) and PPh3 (2.0 
mmol) was used with organolithium compounds (1.0 mmol) in 
ether at room temperature. Complexes can be prepared in over 
95% yield. Obtained by acid hydrolysis. Based upon the pal- 
ladium complexes of Schiff bases. p A 4 molar equiv amount of 
CH:jMgX was reacted. 

synthesized since the expected products, 2,6-disubstituted 
benzaldehydes, are difficultly accessible, useful compounds. 
The reaction of Schiff bases, derived from the corresponding 
aldehydes and aniline quantitatively, with equimolar quan- 
tities of palladium acetate in acetic acid a t  reflux followed by 
treatment with sodium chloride gave the expected palladium 
complexes in 95-96% yields. The methylation of di-p- 
chloro-bis[o- (.Y-phenylformimidoyl)-2-methylphenyl]di- 
palladium (1 1) with methyllithium in the presence of 4 molar 
equiv of triphenylphosphine followed by hydrolysis gave 
2,6-dimethylbenzaldehyde (15)28 in 86% yield. The yield of 
15 is dependent upon the added ligand in the order of P ( n -  
CjHg)3 (3%) < none (12%) < P ( O C & , ) 3  (26%) < 
(C6H5)2PCH2CH2P(C:fiH5)2 (7%%0) < P(CfiH& (86%), indi- 

s 
I 

C,,H-, 

4,  X = H (yellow) 
11,  X = CH, (yellow) 
12,  X = OCH, (yellow) 
13,  X = C1 (green) 

/ I -  ( l ) P P h ,  

R 

X (2)  RLIiether 
C~ r\(‘l (3) H30’ 

\\ 
I CHO N 

C , H ,  14 ,  X = H ;  R = CH, 
15 ,  X = CH,; R = C H ,  
16,  X = C H , ,  R = C,H, 
17, X = C H , ;  R = C,H, 
18, X = CH, ;  R = C H ( C H , ) ,  
19 ,  X = C H , ;  R = C,H, 
20,  X = CH, ;  R = CH(CH, )CH,CH,  
21, X = OCH,;  R = CH,  
22,  X = C1; R = CH,  

Table V. Ligand Effect of Triphenylphosphine in the 
Reaction of Palladium Complex 11 with n-Propyllithium 

or n-Butyllithium 

relative ratio 
alkyllithium of PPhS/Pd products, (yield, %) 

n-CSH7Li 0 19 (lo), 14 ($3) 
2 19 (37), 14 (45) 
4 19 (go), 14 (9) 
8 19 (681, 14 (1) 

n-C4HgLi 0 16 (51, 14 (91) 
4 16 ( 7 5 ) ,  14 (4) 

a Products were analyzed after acid hydrolysis. 

cating that triphenylphosphine is best. Other examples of the 
synthesis of 2,6-disubstituted benzaldehydes are summarized 
in Table IV. The structural assignment of these products was 
established by mass, IR, and NMR spectral data as shown in 
Table 11. Unexpectedly, 2,6-disubstituted benzaldehydes 
16-22 are unknown compounds, indicating the difficulty of 
their synthesis.29 Grignard reagents are also applicable to this 
reaction; however, in this case the presence of 4 molar equiv 
of triphenylphosphine and the Grignard reagents is required 
because of the lower nucleophilicity of Grignard reagents in 
comparison with alkyllithiums. Actually, the yield of 15 from 
1 1  decreased to 70% when methylmagnesium bromide was 
used instead of methyllithium. Acetate ligands can be replaced 
as well as chloride ligand. Thus, the reaction of di-p-acetato- 
bis[2-(N-phenylimidoyl) -6-methylphenyl]dipalladium with 
methyllithium in the presence of PPh3 followed by hydrolysis 
afforded 15 in 90% yield. 

Selective ortho alkylation of 11 can be depicted as shown 
in Scheme 11. Dimeric palladium complex 11 can be converted 
into 2 mol of the phosphine-coordinated palladium complex 
24 upon treatment with 4 equiv of P P h +  The reaction with 
alkyllithium would lead to the a-alkylarylpalladium complex 
26 by nucleophilic substitution with the carbon nucleophile 
a t  the palladium of 24. Actually, Parshall has isolated 
FC6H4PdR(PEt3)2, in which there are two C-bonded ligands, 
by the reaction of phenyl or methyl Grignard reagents with 
FC6HjPdBr(PEt3)2.30 An alternative process leading to 
complex 26 may be substitution via palladium ate complex 
25.31932 Facile reductive coupling30 33,34 of 26 would lead to 28, 
which is the precursor of 14. 

In the case of the reaction of alkyllithiums bearing $ hy- 
drogens, the @ elimination of 26 accompanied by loss of an 
alkene would lead to palladium hydrido complex 27, which 
would readily undergo reductive coupling to give 29. Indeed, 
when butyllithium was reacted with complex 1 1  in the pres- 
ence of 4 equiv of triphenylphosphine, the desired 2-methyl- 
6-butylbenzaldehyde (16) was obtained in 75% yield along 
with the reductive coupling product, 2-methylbenzaldehyde 
(14; 9%). In the absence of PPh3, however, 16 and 14 were 
obtained in 10 and 90% yields, respectively. The addition of 
PPh3 retards the f i  elimination of the palladium hydride 
species in 26 drastically. The best yield of 19, for example, was 
obtained when the relative ratio of triphenylphosphine to 
palladium was 4, as indicated in Table V. This is presumably 
due to an increase of stability of the cr-alkylpalladium inter- 
mediate 26 by coordination with PPh3.~<5 It is well known that 
phosphine ligand facilitates the T-CT conversion of 8-allyl- 
palladium chloride complexes.36 

Secondary alkyllithium compounds also undergo the 
cross-coupling reaction, accompanied by alkyl group isom- 
erization from secondary to primary.37 The reaction of 11 with 
isopropyllithium in the presence of 2 molar triphenylphos- 
phine followed by hydrolysis gave 2-methyl-6-isopropylben- 
zaldehyde (18; 6%), 2-methyl-6-propylbenzaldehyde (19; 5%), 
and 2-methylbenzaldehyde (14; 85%). Likewise, the reaction 
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of 11 with 1-methylpropyllithium afforded 2-methyl-6-( 1- 
methylpropy1)benzaldehyde (20; lo%), 2-methyl-6-butyl- 
benzaldehyde (16; 6%), and 14 (70%). The yields of alkylation 
products 16 and 18-20 depend upon the amount of phosphine 
ligand present. Reactions of primary alkyllithium compounds 
(Table V) are more strongly influenced than those of secon- 
dary alkyllithiums (Table VI). I t  is noteworthy that biden- 
tated 1,2-bis(diphenylphosphino)ethane gave a relatively good 
result. 

The initially formed complex 32, bearing the Pd- 
CH(CH3)R bond, undergoes reductive coupling to give 30 
(Scheme 111). The rapid isomerization from secondary to 
primary alkylpalladium (34) proceeds via a hydride-olefin 
intermediate (33), a precursor of 14 as shown in Scheme IV. 
For the formation of 14 from 11, an alternative process in- 
volving protonolysis30 or homolytic cleavage of the Pd-C 
b0nd,3~ leading to a phenyl radical which abstracts hydrogen, 
was excluded by the following results. Although protonolysis 
of 11 with D C P  in benzene/DzO gave 2-deuterio-6-methyl- 
benzaldehyde, an NMR study showed that the H2 proton of 
14, obtained from the reaction of 11 with isopropyllithium in 
the presence of PPh3 followed by quenching with DC1, con- 
tained 0.10 d ,  indicating that only 10% of 14 was formed by 
protonolysis. The pyrolysis of 11 in benzene-& gave 14, whose 
H2 proton contained only 0.04 d .  

The reaction of 11 with propyllithium in the presence of 
PPh3 gave 19 and 14 in 37 and 45% yields, respectively; how- 
ever, none of the isomerized product 18 could be detected 
among the products. This may be due to the release of steric 

Table VI. Reaction of Palladium Complex 11 with sec- 
Alkyllithiumsa 

R(CH3)- relative 
CHLi, ligand ratio product, 

R (L) LIPd (yield, %)' 

CH3 none 18 (01, 19 (01, 14 (96) 
CH3 PPh3 1 18 ( 5 ) ,  19 (6) ,  14 (68) 
CH3 PPh3 2 18 (61, 19 (5),  14 (85) 
CH3 PPh3 4 18 (15), 19 (8), 14 (14) 
CH3 PPh3 8 18 (24), 19 ( 7 ) ,  14 (20) 
CH3 PPh3 16 18 (30), 19 (8), 14 (5)  
CH3 P B u ~  1 18 (4), 19 (2) ,  14 (90) 
CH3 P B u ~  2 18 ( 7 ) ,  19 (41, 14 (59) 
CH3 P B u ~  4 18 (ll), 19 (41, 14 (22) 
CH3 Ph2CH2CH2PPh2 2 18 (18), 19 (a), 14 (15) 
CH3 P(OPh)3 2 18 (9), 19 (a), 14 (80) 
CH~CHS none 20 (l), 16 ( O ) ,  14 (65) 
CH2CH3 PPh3 2 20 (lo), 16 ( 6 ) ,  14 (70) 

0 sec-Alkyllithiums were added to an equimolar amount of 
complex 11 in the presence of a ligand in benzenelhexane at room 
temperature. Obtained by acid hydrolysis. VPC yield. 

strain between the branched alkyl chain and the phenyl rings 
of the triphenylphosphine ligands rather than an electronic 
effect. An increase in the electron density on palladium owing 
to the electron-donating ligand seems not to facilitate the CT-T 

c o n ~ e r s i o n . ~ ~ , ~ ~  The extent of the isomerization in the reaction 
of 11 with isopropyllithium was independent of the ligands 
used as seen from the results shown in Table VI. The present 

Scheme I1 
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kHO 
I 

CHO 

31 14 

work is the first example of isomerism in palladium alkyls 
which are in thermal equilibrium. Generally, 0 elimination of 
palladium hydride species from alkylpalladium compounds 
proceeds readily to give alkenes.26 Similar alkyl group isom- 
erizations have been reported in alkyliridium,40 - n i ~ k e l , ~ l s ~ ~  
-gold,43 and -titanium44 complexes. I t  is noteworthy that the 
isomerization of secondary alkylnickel complexes to primary 
alkyls is strongly dependent upon the electronic nature of the 
phosphine ligand.41 

To determine the effect of a carbon ligand toward the 
cross-coupling reaction, cis-bis[2-(N,N-dimethylami- 
nomethyl)phenyl]palladium (35) was prepared by the reaction 
of 3 with o-lithio-N,N-dimethylbenzylamine in 33% yield. 
This complex is identical with the cis complex previously 
formed from bis(dimethy1 su1fide)palladium dichloride and 
2 mol of ~-lithio-N,N-dimethylamine.~~ The methylation of 
35 with methyllithium gave 6b in only 8% yield along with 6a 
(90%). The addition of PPh3 increases the yield of 6b by the 
coordination of phosphine to  palladium rather than the che- 
lating of nitrogen of 35, which stabilizes the ArPdCH3Ln in- 
termediate. Thus, in the presence of 2 mol of PPh3, the same 
reaction gave 6b in 35% yield in addition to 6a (60%). In 

35 
comparison with the methylation of 3, where 6b was obtained 
in 49 or 99% yield, in the absence or presence of PPh3, re- 
spectively, the yield of the methylation products of 35 is rather 
low. This may be attributed to the replacement of the methyl 
moiety of methyllithium with one of the aryl groups of 35 via 
an unstable palladium ate complex, yielding o -1ithio-N,N- 
dimethylben~ylamine~~ or 2-(N,N-dimethylmethyl)phenyl 
radical,46 both of which are precursors of 6a if the reaction 
proceeds by Scheme 11. Arylpalladium complexes generally 
have about the same stability as the methyl  analogue^.^^^^^ 

The reaction involves intermediacy of arylalkylpalladium 
species formed by nucleophilic attack of a carbon nucleophile 
on palladium in the arylpalladium complex. In support of this 
mechanism, alkyl isomerization from secondary to primary 
occurs under the reaction conditions. Furthermore, this al- 
kylation proceeds only in the case of the harder carbon 
nucleophiles, such as alkyllithium or Grignard reagents, but 
not in the case of softer carbanions, which have been shown 
to attack carbon directly on the face of the olefin47 and n-allyl 
units48 opposite to that of palladium. Actually, arylpalladium 
species derived from oxidative a d d i t i ~ n ~ ~ ? ~ ~  of aryl halides to 
zerovalent palladium complexes react with alkyllithium 
compounds, producing the corresponding coupling products, 
although for simple alkylations the nickel-catalyzed cross 
coupling with Grignard reagent~5O,~l seems more practical. 
Treatment of a-bromonaphthalene with 1 equiv of tetrakis- 
(tripheny1phosphine)palladium in benzene a t  reflux followed 

Br 
I 

CH,  
I 

Scheme IV 
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by addition of methyllithium gave a-methylnaphthalene in 
90% yield. Similarly, 0-bromonaphthalene was converted into 
$-methylnaphthalene in 88% yield. 

Finally, for comparison with the a-aryl metalocyclic pal- 
ladium complexes, o-vinyl metalocyclic palladium complexes 
were subjected to the alkylation reaction, aiming a t  the ste- 
reoselective synthesis of allylamines. However, preliminary 
results with the methylation of di-~-chloro-bis(2-chloro-3- 
N,N-dimethylamino-1-phenylpropeny1)dipalladium (36)52 
showed that it proceeded nonstereoselectively. Thus, treat- 
ment of 36 with 4 equiv of methyllithium gave N,N-di- 
methyl-cis-qp- cinnamylamine (cis- 37), the trans isomer 
( trans-  37), and 3- (NJ- dimethylamino) -3-methylbut-1 -yne 
in a relative ratio of 81:11:8, indicating that complicated 
rirocesses are involved. 

C1 CH; 

CH 
36 37 

In summary, the reaction of ortho palladation products with 
organolithium compounds in the presence of triphenylphos- 
phine provides direct access to 2- and 2,6-substituted azo- 
benzenes, N,N-  (dimethylaminomethyl)benzenes, and benz- 
aldehydes, which are difficultly accessible. In most instances, 
these new methods are a marked improvement over existing 

and should find application in the synthesis of 
complex molecules. 

Experimental  Section 
All melting points are uncorrected. IR spectra were recorded on a 

Hitachi 215 spectrometer. T h e  N M R  spectra were obtained on a 
JNM-4H spectrometer, and chemical shifts are reported in 6 values 
d(iwnfie1d from the internal standard tetramethylsilane. Mass spectra 
were taken on a Hitachi RSM-4 mass spectrometer. Vapor-phase 
chromatography was carried out with a Jeol-20K by using a 1 m an-  
alytical column packed with ('arbowax 20M on Chromosorb or a 1 m 
column packed with Apieason L. 
Di-p-chloro-bis[2-(phenylazo)phenyl]dipalladium (2). This  

material was prepared by the  method of Cope.5 
Di-p-chloro-bis[2-( N,N-dimethylaminomethyl)phenyl]di- 

palladium (3). T h e  preparation of this compound has also been de-  
scribed by Cope.6 

Di-p-chloro-bis[2-( N-phenylformimidoyl)phenyl]dipalladium 
(I). This  complex was prepared by the  procedure of Onoue and Mo- 
ritani.?" 

Reactions of Complex 2 with Organolithium Compounds. The 
following procedures are tvpical of those used to  obtain the  da ta  in 
Table I. 

( a i  To a suspension of 2 (3.5 g, 5.5 mmol) in ether (30 mL)  was 
added a solution of'methyllithium (16.5 mmol) in ether (100 mL) with 
stirring. After continuous stirring for 4 h ,  the precipitated palladium 
black was filtered and the ether solution was treated with water and 
dried over MgSOd. Ilistillation (bp 110-113 "C (1.5 mmHgj] gave red 
crystalline material (1.95 g) which was shown to contain azobenzene 
(5a; 4 1 ° ~ ~ )  and 2-methylazobenzene (5b; 55%) by VPC analysis. 

mmol) was reacted with phenyllithium 
i 1:3.5 mmol) in  ether (50 mL). T h e  products were subjected to  chro- 
matography on alumina. Elution with a mixture of petroleum ether/ 
benzene gave biphenyl (0.6 g, 42 mmol), azobenzene (1.1 g, 58%), and 
2-phenylazobenzene (5c; 1.2 g, 42%). 

ic) To a suspension of 3 (3.0 g, 5.4 mmol) in ether was added a so- 
lution of vinylmagnesium bromide (16.0 mmol) in T H F  (15 mL) with 
stirring. After additional stirring for 1 h ,  the reaction mixture was 
heated at reflux for 30 min. Palladium black was filtered and washed 
with ether. The  filtrate was extracted with ether. T h e  ether extract 
was washed with water and dried over MgS04. Removal of the solvent 
followed by distillation gave 1.29 g of an oil [bp 80-100 O C  (67 mmHg)] 
which contained 6a (43°h),2" 6b (13961, and 6c (31%). 

i d )  To a suspension of 1 (3.3 g, 5.1 mmol) in ether (50 mL)  was 
added a solution of phenyllithium (10.8 mmol) in ether (30 mL) with 
stirring. After additional stirring for 5 h. the reaction mixture was 

( h i  Complex 2 I 3.5 g 

treated similarly as  described in c. Distillation [ 140-165 "C ( 2  mmHg)] 
gave the  products (2.28 g). Preparative VPC gave 7d (22%) and N -  
phenyl-n-phenylbenzylamine (8d; 48%): mass spectrum, mie 250 
(M+);  IR u (N-H) 3400 cm-'. 
Chloro[2-(phenylazo)phenyl]bis(triphenylphosphine)palla- 

dium (23). A suspension of di-p-chloro-bis(2-(phenylazo)phenyl]- 
dipalladium (2) (0.64 g, 1 mmol) and triphenylphosphine (1.05 g. 4 
mmol) in methanol (20 mL)  was stirred for 8 h.  Filtration followed 
by washing with a small amount  of methanol gave 0.64 g of 23 (86%), 
m p  176-178 "C dec. Anal. Calcd for C48H:jgN*ClP*Pd: C, 68.02; H, 
4.61; N,  3.39; CI, 4.19. Found: C, 68.67: H ,  4.46; N. 3.33: C1, 4.43. 

Reaction of Complex 23 with Methyllithium. T o  a suspension 
of 23 (0.74 g, 1.0 mmol) in dry benzene (14 mI,) was added methylli- 
thium (0.8 mL, 1.0 mmol) in ether under nitrogen. After additional 
stirring for 1 h, water was added. The  ethereal extract was dried over 
MgS04 and subjected to  VPC analysis (Carbowax 2OM) using 
naphthalene as  an internal standard. which showed that  P-methyla- 
zobenzene5, was obtained in 98% yield. 

Reaction of Di-p-chloro-bis[2-(phenylazo)phenyl]dipalladium 
(2)  with Methyllithium in the Presence of a Phosphine Ligand. 
A mixture of 2 (0.32 g, 0.5 mmol) and PPh3 (0.52 g, 2.0 mmol) in 
benzene (15 mL) was stirred under nitrogen for 30 min a t  room tem- 
perature. T o  the resulting suspension was added an ethereal solution 
of methyllithium (0.8 mL, 1.0 mmol) with stirring, and the  mixture 
was stirred for 1 h. T h e  reaction mixture was poured into water and 
filtered off. The ethereal extract of the filtrate was washed with water 
and dried over MgS04. Filtration followed by evaporation gave 2-  
methylazobenzene (5b). T h e  yield was determined to be 91% by VPC 
analysis (Carbowax 20M) using naphthalene as an internal standard. 
A similar reaction in the presence of other ligands was carried out. and 
the results are summarized in Table 111. 

Reaction of Di-p-chloro-bis[2-( N,N-dimethylaminometh- 
yl)phenyl]dipalladium (3)  with Methyllithium in the Presence 
of Triphenylphosphine. A mixture of 3 (0.28 g. 0.5 mmol) and PPhn 
(0.52 g, 2.0 mmol) in benzene (15 mI,) was stirred under nitrogen a t  
room temperature for 30 min. A solution of methyllithium in ether 
(1.0 mmol, 0.8 mL)  was added, and the  mixture was stirred for 1 h a t  
room temperature. T h e  reaction mixture was poured into water and 
filtered. T h e  ethereal extract was washed with water and dried over 
MgSO,. Evaporation of the solvent gave 2-methyl-.~,.V-dimethyl- 
benzylamine. The  yield was determined to  he 99?6 by VPC analysis: 
mass spectrum, m/e 149; NMR (CC14) 6 2.20 is .  6 H). 2.33 (s. 3 Hj. :3.3:3 
(s, 2 H) ,  7.04 (m,  4 H).  

Reaction of Di-p-chloro-bis[2-(N-phenylformimidoyl)phe- 
nyl]dipalladium (4)  with Methyllithium in the Presence of 
Triphenylphosphine. A mixture of 4 (0.33 g, 0.50 mmol) and  PPh:I 
(0.52 g, 20 mmol) in benzene was stirred under nitrogen at room 
temperature for 30 min. T o  the resulting suspension was added 
ethereal methyllithium (1.0 mmol, 1 mL).  After additional stirring 
for 1 h, water (20 mL)  was added with stirring. 'The mixture was fil- 
tered off. T h e  ethereal extract was washed with water. dried over 
MgS04, and distilled. VPC analysis showed that  the  yield of A-(2-  
methylbenzylidenejaniline was 95%: mass spectrum. m/c 195; NMR 
(CDC13) 6 2.52 (s, 3 H ) ,  6.92-7.50 (m,  9 H) ,  8.65 (s. 1 H ) .  

Di-p-chloro-bis[2-( N-phenylimidoyl)-3-methylphenyl]di- 
palladium (11) .  A mixture of N-(2-methylbenzylidene)aniline (1.95 
g, 10 mmol) and palladium acetate (2.24 g, 10 mniol) in acetic acid (50 
mL) was heated a t  reflux for 1 h with stirring. The color of the reaction 
mixture changed from brown to  green-yellow. After cooling to room 
temperature, addition of water followed by filtration gave di-p-ace- 
tato-his[ 2-(N-phenylimidoyl)-6-methylphenyI]dipalladium quan-  
titatively: m p  220-224 "C dec; IR (Nujol mull) 1600. 1582 ( C = N ,  
1568,1418,790,766,759,720 cm-l; NMR (CDC1:j) 6 1.73 is, 3 H), 2.37 
(s, 3 H ) ,  6.53-7.43 (m, 4 H).  7.88 (s, 1 H). Anal. Calcd for 

N, 3.75. 
The  complex was dissolved in methylene chloride (20 mL),  and the 

solution was vigorously shaked with a saturated sodium chloride so- 
lution in a mixture of water (30 mL)  and acetone (20 mL). Filtration 
of the  precipitated green-yellow crystalline compound and washing 
with ethanol, benzene, and methylene chloride gave 11 (3.41 g) in 95% 
yield: mp 260-270 "C dec; IR (Nujol mull) 1570 cm-' (C=N). Anal. 
Calcd for C28H24C12N2Pdz: C, 50.00; H ,  3.57: N ,  4.17. Found: C, 50.36; 
H,  3.34; N ,  4.11. 
Di-p-chloro-bis[2-(N-phenylimidoyl)-3-methoxyphenyl]di- 

palladium (12). This  complex (yellow) was prepared from N - ( 2 -  
methoxybenzy1idene)aniline in 94% yield as  described in the synthesis 
of 11: m p  230-235 O C  dec; IR (Nuiol mull) 1580 cm-I (C=N). Anal. 

C32H30N204Pd~: C. 53.43; H ,  4.20; N,  3.89. Found: C. 53.25; H.  4.21; 

Calcd for C ~ S H ~ ~ C ~ Z N ~ O ~ P ~ ~ :  C,  47.70; H ,  3.44; I%, 3.98. Found: C, 
47.94; H ,  3.48; N,  3.79. 
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Di-p-chloro- bis[ 2-( N-phenylimidoyl)-3-chlorophenyl]di- 
palladium (13) .  This  green complex was prepared from N-(2-chlo- 
robenzylidene)aniline in 96% yield as described in the synthesis of 11: 
m p  278-280 "C der: IR (Nujol mull) 1580 cm-I (C=N). Anal. Calcd 
for: C~6H1&14n'?I'd.': (1, 14.80; H.  2.54; N ,  3.93. Found: C, 43.68; H ,  
2.44: N, 3.87. 

Reaction of Organolithium Compounds with Complex 11 in 
the Presence of a Ligand. In a typical case. a mixture of 11 (0.335 
K. mmol) and triphenylphosphine (0.520 g, 2.0 mmol) in benzene 
(1;i m L )  was stirred for 30 mill a t  room temperature. T o  the resulting 
suspension was added an ethereal solution of methyllithium (0.8 mL, 
1.0 mmol) with stirring lor 1 h ,  during which time the  color of the  re- 
action mixture changed I'rom yellow to  green-yellow. After addition 
of' hydrochloric acid (1 N. 15 mL)  with stirring for 1 h, the mixture was 
filtered of1. The  ethereal extract was dried over MgS04 and distilled. 
VPC analysis (SE 20)  of the distillate using a n  internal s tandard of 
dibenzyl showed that the product consisted of 2,6-dimethylbenzal- 
dehyde (15; 86~)) and 2-methylbenzaldehyde (14; 10%). T h e  ligand 
effect concerning in this methylation was also investigated under the 
same reaction conditions. The  results are summarized in Table V. The 
structural assignment of the products was made by the spectral data  
shown in Table I1 and by elemental analyses. 

The reactions of 11 with \cc-alkyllithiums were carried out  simi- 
/ /  i : \  T h e  resillis are 3ummarized in Table  VI. T h e  ligand effect 
rinvard the reaction of 1 I with isopropyllithium is also shown in Table 
VI.  
2-Deuterio-6-methylbenzaldehyde. A mixture of complex 11 

(0.180 p, 0.25 mmol) and PPh:j (0.260 g. 1.0 mmol) in benzene (8 mL) 
was stirred for :!,I mill. To the resulting suspension, DClID20, pre- 
pared by the  treatment of acetyl chloride ( 2  mL) with D20 (10 mL) ,  
was added with stirring at  room temperature for 1 h. Filtration, ether 
extraction, and distillation gave 2-deuterio-6-methylbenzaldehyde. 
A pure sample was collected by preparative VPC (SE 30, 120 "C): 
NMR (CCId)  ri 2.63 (s, ,? H).  7.03-7.43 (m,  3 H ) ,  10.12 (s, 1 H) .  The  
absorption corresponding to  the  ortho H ( 6  7.60-7.87) disappeared. 

Quenching the Product from 11 and Isopropyllithium with 
DCI/DzO. The complex I 1  was reacted with isopropyllithium under 
the reaction conditions described above. T h e  reaction mixture was 
quenched with I)Cl/D20. and 2-methylbenzaldehyde (14) was col- 
lected by VPC (SE: :10. 1'70 "C). The NMR spectrum of 14 indicated 
that  the content of 2-deuterio-6-methylbenzaldehyde was lo?& 

The Reaction of 11 with Isopropyllithium in Benzene-de. The 
complex 11 iO.lh p. 0,025 mmol) was allowed to react with isopro- 
pyllithium (0.025 mmoli in benzene-ds (7 mL) in the presence of PPh.3 
(0.26 g. 1.0 mmol) .  T h e  NMR analysis of 2-methylbenzaldehyde, 
collected by VPC' as described above, showed that  the number of 
protons of the or1 ho  position was 0.96, indicating that  the deuterium 
abstraction froin henzene-ci6 under the reaction conditions is ne- 
glectalile. 
Ris[2-N,N-dimethylaminomethyl)phenyl]palladium (35). A 

solution of o-lithio-:~,S-dimethylbenzylamine, prepared by t reat-  
ment of .Y,.1'-diniethyll)enzylamine (0.135 g, 1 mmol) with n-butyl-  
lithium ( 1 mmol) in ether under nitrogen, was added to  a suspension 
of di-~-chloro-bis[~-~.\,.\ . .dimethylaminomethyl)phen~l]dipalladium 
13; 0.275 g. 0.5 mmol) in ether with stirring at  room temperature. After 
additional stirring for 1 ti, addition of water (2  mL) ,  filtration, and 
washing with water gave the complex 35. Recrystallization from T H F  
gave analytically pure white needles of 35 (0.124 g. 33Ob): m p  221 "C 
dec ilit:" m p  181)-.210 '('1: IR (Nujol mull) 1589, 738 cm-I; NMR 
ICII('l3) ii 2.6:1 ( s .  6 H ) .  3.38 (s. 2 H).  6.93-7.77 ( m ,  4 H ) .  Anal. Calcd 
tor C , ~ H ~ J ~ P d :  C. 5Y.i i8:  H, 6.4 , 7.47. Found: C. 57.53; H, 6.47: 
N. 7.46. 

Reaction of Complex 35 with Methyllithium. To a mixture of 
complex 35 (0.0137 g. 0.0,i mmol) and PPh3 (0.0524 g, 0.2 mmol) in 
ether was added an ethereal solution of methyllithium (0.08 mL, 0.10 
mmol). After the  standard t reatment  as mentioned above, the  prod- 
ucts were subjected to VPC analysis, indicating tha t  6b (0.035 mmol, 
.35°/~) and 6a (0.060 mmol, 609.0) were obtained. When the same reac- 
tion was carried out in the absence of PPh3,6b and 6a were obtained 
in 8 and 90% yields. respectively. 

Reaction of Bromonaphthalene with Methyllithium in the 
Presence of Tetrakis( tripheny1phosphine)palladium. A mixture 
of n-bromonaphthalene iC).208 g. 1.0 mmol) and tetrakis(tripheny1- 
phosphine)palladiumj5 (1.155 g ,  1.0 mmol) in benzene (10 mL) was 
heated a t  reflux under a n  argon atmosphere for 5 h.  After cooling to 
room temperature, an ethereal solution of methyllithium (0.8 mL, 1.0 
mmol) was added to the resulting yellow solution, and the  mixture 
was stirred for 1 h. The  reaction mixture was poured into water and 
filtered off. The  filtrate was extracted with ether. T h e  ether extract 
was washed with water. dried over MgS04, and concentrated. VPC 

analysis using an internal standard (biphenyl) showed tha t  cu-meth- 
ylnaphthalene was obtained in 9O"/n yield. A similar reaction with 6- 
bromonaphthalene gave d-methylnaphthalene in 88oh yield. 

amino-1-phenylpropeny1)dipalladium (36) with Methyllithium. 
The complex 36 was prepared from 3- (~~,N-dimethylamino)-3-  
methylbut-1-yne with lithium chloride and palladium chloride by the 
method of Yukawa and Tsutsumi.j2 To a suspension of 36 (3.4 g, 5 
mmol) in ether (25 mL) was added methyllithium (20 mmol) in ether 
( 2 3  mL) with stirring a t  ambient temperature for 3 h.  After heating 
a t  reflux for 1 h, the reaction mixture was poured into water and fil- 
tered off. T h e  ethereal extract was washed with water and dried over 
MgS04. After removal of the solvent, distillation of the residual ma- 
terial gave 1.6 g of the products [bp  55-60 "C (12 mmHg)]. VPC 
analysis showed that  three compounds were obtained. T h e  first 
product was ,V,.V-dimethyl-cis-tu,d-dimethylcinnamylamine (37; 
8 l O h ) :  mass spectrum, m / e  189 (M+);  NMR (CDC1:j) 6 1.88 (s, 3 H),  1.98 
(s, 3 H), 2.04 (s, 6 H),  2.73 (s, 2 Hi ,  7.00-7.40 (m,  5 H) .  Anal. Calcd for 
C13H19N: C, 82.48; H, 10.12; N, 7.40. Found: C, 82.26; H,  10.09; N, 7.35. 
The assignment of the stereochemistry of 37 was made by comparison 
with an authentic sample. The second compound was the trans isomer 
of 37 (1190): mass spectrum, m/e  189 (M+):  N M R  (CDCla) 6 1.63 (s, 
3 H), 2.01 (s, 3 H ) ,  2.28 (s. 6 H),  3.03 (s, 2 HI, 7.10-7.50 (m,  5 H). Anal. 
Found: C,  82.27; H, 10.15; N ,  7.27. The last compound was 3 - ( N , N -  
dimethylamino)-3-methylbut-l-yne~fi (890). 
N,N-Dimethyl-cis-a,/3-dimethylcinnamylamine (37). T h e  

usual reduction of cis-u,3-dimethylcinnamic acid5; (3.0 g, 17 mmol) 
with LiAlH4 (0.60 g, 12 mmol) gave cis-cy,$-dimethylcinnamic alcohol 

3.85 (s, 2 H ) ,  7.2 (m,  5 H) .  T o  a mixture of the alcohol (0.80 g, 4.8 
mmol), pyridine (10 m L ) ,  and ether ( S O  mL)  was added tribromo- 
phosphine (0.45 g, 1.6 mmol) with stirring for 2 h a t  0-5 "C. After 
additional stirring for 2 h a t  room temperature, ice water (20 mL)  and 
ether (20 mL) were added. The  ethereal extract was washed with water 
and saturated NaCl solution, dried over MgSO,, and concentrated. 
Short-path distillation gave cis- ( I ,  19- dimethylcinnamyl bromide (0.88 

5 Hi. The bromide (0.80 g. 3.6 mmol) was treated with dimethylamine 
(3.0 g, 67 mmol) in ether a t  0-5 " C  followed by preparative VPC 
(Carbowax 20 M, 150 "C) to give 37. 
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Carbon-l:3 (*3C NMR) magnetic resonance has been app l ied  t o  the  t i t l e  compounds. Ear l ie r   suggestion^^^^ t h a t  
t he  effects n t o  the  heteroatom group ref lect  electrostatic effects a n d  t h a t  t he  effects a t  a methylene carbon d to  the  
heteroatom group indicate s imi lar  (chair)  conformat ions are reinforced. T h e  t i t l e  compounds are therefore ind ica t -  
ed to  have chair  conformations. Unusua l  heteroatom effects a t  t he  y carbon are encountered. T h e  groups appended 
t o  the  heteroatoms are shown t o  have simi lar  conformat ions in 1,2 ,  a n d  3 (under condi t ions o f  fast amide rotat ion).  
Transannular electron transfer is  detected in the carbonyl  chemical  shi f ts o f  t he  th ia  analogue here and, t o  a lesser 
extent, in the  l - th ia-4-cyclohexanone, mod i fy ing  our earlier interpretat ion.3 Other  evidence for this transannular 
component is presented along w i t h  possible interpretat ions.  

The use of carbon-13 nuclear magnetic resonance spec- 
troscopy2 NMR) as a probe3 for conformational analy- 
&'-5 and transannular interactions3 in six-membered het- 
erocycles was evaluated in the 1-hetera-4-cyclohexanone 
system ( I )  in prior work. We wish herein to report an extension 
of this approach to the 1-hetera-3-cyclohexanone system (2), 
producing conclusions which reinforce earlier suggestions but 
which also require slight modification of our analysis of 
transannular interactions. 

It has become fairly well-documented2-6 that the effects of 
heteroatom groups on the cy carbon reflect the heteroatom 
group electrostatic effects, and the 1-hetera-3-cyclohexanones 
(2) are no exception at  either C-2 or C-6 (Figure 1). Plots of 
the chemical shifts (Table I) of the carbon resonances at  C-2 
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and C-6 in 2 relative to the chemical shifts of the corre- 
sponding positions ( a  or y to the carbonyl, respectively) in 
cyclohexanone ( ~ " C ~ H ~ X O  - 6 ~ ~ ~ ~ ~ 0 )  against the chemical shifts 
of the CY carbons in the pentamethylene heterocycles3 3 relative 

0 0 

1 2 3 
a , X = S  e, X = N-CH,Ph 
b, X = N - C O - C H ,  

d, X = SO, 

f ,  X = N-CH, 

h, X = N-CO-C,H, 
C, X = N - C O - O R '  g , x = o  
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