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Sunuaary: Trssatment of o~tho-pall~dst~ complex I with styrent in benzene - 
acetic acid mixtum gives complex Iv. The mm&m is strongly accelarated in 
the prceasence of NaCIOI m LiC104, 

In the recent years the mutations of ortho-palladated aromatic molecules 

with olefins have been inttnsivsly studied. Tsuji was tha first to report that 
di- 

P 
-chlQ~-bis~N,N-dimethylbenzyl~inc-2-C,N~dipalladfumCII~ (63 reactrd with 

styrem in acetic acid at room temperature to give the atilbene derivative $ 

I, 
Any additional information 

reaction of ethyl acrylate 
* 

Ph 

g. 
% 

-31 
with 

+ Pd* + HCl 

IL 
however, absent in the mfeFenctl. Later the 
p&la&ted 10dimethyl~i~~ethyl~phtalene was 

rtpQrt%dL. Interaction of complar & with tllones, proceeding in benzene OF 

toluene in the prelatnce of NEt3 ti was studied by Holton more thorou@Lly3. Vinyla- 
Con of cyclapallackttd acttanilides was reported to proceed undt~ the same 

condi4Ams' . Thtrc are stvtral tx&mplcs of reaction8 of olefins with pseudc- 

aromatic ortho-pall&dated compounds5, Very recently Heck and cowarkers reported 
reactions of acetato analog of & with ecvtlral oltfins 6. They have shown, in 
particular, that complex mmcts with nethyl acrylate at 150' C for Y8 h 

giving I7,5# yield of tmne-methyl-o-dimtthylaminomethylcinnamttt. Iimtvtr, na 

products have bean faolatsd in the caee of styrent or ethylent. 
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Recently we began to study reactions of complex & with styrenes and our 

first results differ significantly from those in references 196 . Our findings 

show that under appropriate conditions complex & reacts with styrene to form noI 

J.J but its palladated derivative B. 

Results and Discussion 

We have found that treatment of complex r with styrene in benzene or 

toluene in the presence of triethylamine in the temperature range 70-110° C 

gives neither II nor any other produot. This is in agreement with the Heck's 

observation6 does not react smoothly with styrene in 

acetonitrilc even at 150° C. 

Much more satisfactory results were obtained using benzene - acetic acid 

(I:11 mixture as a solvent. Holtan showed that addition of tnones to & is 

accelerated in the presence of acetic acid'. We have found that HOAc also 

promotes the reaction with styrent. Interaction between 1 and styrene is 

completed at SO0 C within 30 h. Purification of the crude product by oolumn 

chromatography gives pale yellow-green complex IV in a IB8 yield. Structure E - 
was established on the basis of analitical data, UV, IR, and %I NMR spectro- 

scopy (see Experimental) and confirmed by its protonolysis with hydrochloric 

acid. Addition of HCl to dioxane solution of z turns the pale yellow-green 

colour of solution to dark-red incticating decomposition of IJ and formation of 

PdCl,+'- ion. Treatment the resulting solution with an anion exchange resin 

gives palladium-free solution of &&. The latter was concentrated, and light- 

brown crystalls of && were obtained, identified as IJ'BC1'H20* 

The results obtained do not, of course, indicate the exact coordination 

mode of palladium(II) in reaction product+ Thus, several isomers of I& e. g. 

V, ara possible. We prefer structure z since it is strongly supported by 

Heck's results on reaction of complex G with two molecules of methyl acrylate 

giving VII. 
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Unexpectedly have found that reaction between 2 and styrsne is strongly 

accelerated in the presence of electrolytes. For instance, the reaction time can 

be shortened (and the yield of a slightly raised) from 30 to I h in the presence 

of 0.1 !4 sodium perchlorate. Lithium perchlorate, but not sodium acetate, can be 

used instead Qf t%C~O,,, because N&AC promotes the formation of trans,trans-1,4- 

diphenyl-1,3-butadicae. In general, this strong salt effect in formation of J!! 

is ccnsistent with the rate acceleration by HOAc which is more polar solvent than 

benzene or tolucne. 
Positive salt effect reveals a formation of rather polar transition states 

or intermediates. This is consistent with the assumption that the initial step 

of the reaction can be represented as follows: 

p+?$!$+ E,= P<l$.! 

ne h 
e 

z 
Further transformations of g can involve additian of the Pd-C group to the 

double bond followad by elimination of palladium hydride and formation of co- 
ordinated a, Apparently, binuclear structure of Ix favaured the transfer of 

hydride on the neighbouring palladium atom not coordinated with olefin. This 
leads to reduction of the second palladium ion and formation of the metallated 

complex Iv. Preliminary experiments with monomeric adduct VIII showed that the 

monomeric complex was much less reactive than 1 in the reaction with styrene. 

This result is indicative of the significance of dimeric species in the reaction 

studied. However, it is noteworthy that in the case of enonea, which are much 

more reactive than styrene, splitting of chloro bridges in 1 with PPh9 to give 
m, does not lead to the marked rate retardations. 

Experimental 

Complex z was prepared as followed. N,N-dincthylbenzylanine (0.87 g, 6.45 

nunol) was added to the solution of Li2PdCly CI.69 g, 6.45 mm011 and NaOAc (0.54 

g, 6.45 mm011 in aqueous 80% dioxane. The solution was allowed to stand at room 

tempeI%tUFd for 24 h. The yellow precipitate wa8 filtered, washed with water- 

dioxane mixture, and dried in vacua over P205. Yield 70t. W (benzene): h(max1 = 

3$3 IUD, g =2080 I&E+; lit. 7 a (arax)=340 Ml, & = 2520 M-%I$. 

Reaction of co&ax I with swene. _-I-__- _a_ -_- MB_ The solution of styrene (0.175 ml, I.53 
matol) in IS ml of WAC was added to the solution of 2 <O.YOS g, 0.74 mmol) in 

15 ml of benzene. The reaction mixture was thermostated at 50* C for 30 h in the 
absence or I-2 h in the presenoc of 0.2 3l NaClO,, or LiC104 in initial HOAc. The 
reaction mixture was filtered to redOva the preoipitated palladium, and the 

filtrate was evaporated in vacua. The residue was dissolved in CHC13, washed 



with water, dried over MgSO,,, and oolumn chrollbatographed on silioa gel (CHC131, 
The first pale-yellow band was sepamtsd, ooncentratad, and complex B was 
precipitated by addktfoa of heptane. Yield 18% in the abssnce and 24% in the 
presence of NaClO4 (based on ;, theorethical yield 50%). UV spectrum of E (EtC 

shows the typical stilbane-like pattern indicative of the existawe of conjuga- 

tion between double CEC bond and two p&my1 groupe: A Cmax)~297 run, E=3770# MO' 
CIP. -I; IR CKBr1 16X0, 1585,and 1560 cm-' Gxz); 975 ca? Ctmms-H-CaCPd); % NHR 
CCDCl3, 8) 6.800 7.45 Cm, 9 aromatic proton8 and I vinylio proton), 4.16 (s, 2 
methylcne protons), and 2.90 Cs, 6 methyl protons)& m. p+ X$1-136* C Cdec*>. 

Molecular weight <ebullioecopic in CHC13t 743, ca3;cd. 756 Idirner). Anal.: found 
C, 52.90; HI 4.80; N, 3.51; Cl, 9,40; Pd, 28.05; Calcd. for CI,H18NPdCls C, 
53.96; H, 4.76; Nt 3.70; Cl* 9.38; Pd, 28,079. 

Reaction of co=Aez &V-w&t& gC&. Complex fV to.035 g1 0,046 zirnoll wad _--__-_ 
dissolved in a minimum quantity of dioxana and 0.S ml concentrated HCl was 

added. The solution was diluted with water and brought to column with an anion 

exchange resin (IRA-400, Cl- form]. The resulting solution was concentrated on 

water bath and allowed to stand overnight at room temperature. The crystalls 
formed wsre filtered and wsehed with uateu?. DV epeotrum of Tf*HCl*H20 (EtOH): 

~Cmax)=295 nm,&=23700 H-'cm-'; IR (KSr)2720 tR$Hi+); 1600 IC+Cl, and 960 cm-' 

ttrans-H-C*C-HI. Anal.: Found: C, 70.0; HI 8.3; Cl, 12.2; WlCd* fop C317H22HClO 

C, 70.0; Ii, 7.5; Cl, Z2.8t. 
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