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P r e v i o u s l y  we d i scovered  that  t r i enes  of the exo-methy lenecyc lohexad iene  type ,  containing a hydrogen 
a tom as one of the subst i tuents  in the geminal  node,  ea s i ly  undergo e lec t rophi l ic  a romat i za t ion  under  the in-  
f luence of meta l  s a l t s ,  the so -ca l l ed  "soft"  Lewis acids .  We p rev ious ly  used this rule  when studying the r e a c -  
tion m e c h a n i s m s  in the benzyl  o rganometa l l i c  s e r i e s  [1, 3, 4] and in the synthes is  of a number  of benzyl  d e r i v -  
a t ives  of m e r c u r y ( H )  [2], tin(IV) [2, 5], and gold(I) [6]. It a l so  s e e m s  of i n t e re s t  to use  this rule  to syn the -  
s ize  those  o rganometa l l i c  compounds (OMC) whose p repa ra t ion  by the usual  methods is e i the r  difficult  o r  i m -  
poss ib le ,  for  example ,  the o-  and p -m e t hoxyme thy l - subs t i t u t ed  benzyl  OMC, which p rev ious Iy  could not be 
obtained in view of the e x t r e m e  ins tabi l i ty  of the Gr ignard  reagents  [7]. 
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The quest ion of whether  such a r eac t ion  d i rec t ion  is caused  e i the r  by the decompos i t ion  of the i n t e r -  
med ia te ly  fo rmed rad ica l  pa r t i c l e s  or  by the mani fes ta t ion  of a s t rong  ~, ~ conjugation in the ground s ta te  
of the bond s y s t e m s  depicted below r e m a i n s  unanswered  as yet and has  independent in te res t .  

However, it is clear that in order to obtain such compounds it is necessary to use a reaction where such 
polarizable, and consequently exceedingly inclined to undergo fragmentation, conjugation chains do not arise 
during its course. Such a reaction proved to be aromatization metalation, which opened up new possibilities 

for obtaining the first members of this class of compounds [8]. 

~* See [1, 2] fo r  Communica t ions  3 and 5. 
$ The pape r  is published by o r d e r  of the Ed i to r ia l  Board of this journal  dated D e c e m b e r  6, 1979. 
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T A B L E  1. D e p e n d e n c e  of  C h e m i c a l  Shi f t  V a l u e s  of P r o t o n s  of  o -  

and  p - M e t h o x y m e t h y l b e n z y l m e r c u r y  C h l o r i d e s  on  A d d i t i o n  of E u -  
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As the starting semiquinoid systems for obtaining the indicated OMC we used a mixture of the 6- and 4- 
methoxymethyl-substituted methylenedihydrobenzenes, which was obtained in 20% yield as described in [9] 
from benzylmagnesium chloride and chloromethyl methyl ether, followed by treatment of the reaction mixture 

with saturated aqueous NH4CI solution. 
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Exothermic reaction was observed when an ether solution of trienes (II) and (lid was treated with HgCI2, 
which reaction proceeded with the evolution of 1 equiv, of HCI and led to the formation of a mixture of two or- 

ganomercury compounds (OHgC) in 85% yield. 
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The elemental composition of the (IV)-(V) mixture corresponded to the formula CgHIICIHgO, while the 
UV spectrum represented a flattened line with a high absorption intensity and a maximum at 249 nm, which 

is characteristic for benzyl derivatives of mercury. The PMR spectrum of the reaction product has two sig- 
nals of the protons of the CH2Hg group and two signals of the protons of the CH20 group, i.e., the product 
represents a mixture of two isomers in a 2.8:1 ratio. 

A mixture of (IV) and (V), purified by recrystallization, was studied by the PMR spectroscopy method, 
employing Eu(fod)a as the paramagnetic shift reagent (PSR) and the "standard proton" method [i0], a procedure 
that is usually used when studying structurally related compounds. As the signal of the standard proton we 

used the signal of the methyl protons of the CH2OCH 3 grouping, which functions as the complexing center with 
the Eu atom. 

With successively increasing amounts of added Eu(fod) 3 the signals successively shifted downfield, in 
which connection the shift was more rapid for the signals of the isomer that was present in lower concentra- 
tien. Even when R = 0.i (R is the ratio of the mole concentrations of the PSR to the substrate) the spectrum 
of an AB system, corresponding to a p-disubstituted benzene, appeared in the absorption region of the aro- 
matic protons. This made it possible to identify the isomer, found in the mixture in lower concentratio n, as 
being p-methoxymethylbenzylmercury chloride (V}. 
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Obtaining a direct spectrum for the predominant isomer is made difficult by the very small shift of its 
signals even at high concentrations of the PSR (R > 0.5). However, a comparative examination of the relative 
induced chemical shifts (ICS) of the two OHgC isomers, and also the substantially greater relative shift rate 
of the signal of the CI-I2HgCI group made it possible to identify this compound as being o-methoxymethylbenzyl- 
mercury chloride (IV). 

In Table 1 are given the ICS of the protons of (IV) and (V) with successively increasing amounts of added 
Eu(fed)3 and the ratio of the ICS to the shift of the protons of the methoxy group (tan ~). The attention is at- 
tracted to the fact that the two isomers differ greatly in the ability to form complexes with the employed PSR. 
An analysis of the obtained data shows that the shift rate of the signals of the protons of the CH2OCH 3 group in 
(V) is over 12 times higher than in the o-isomer (VI), despite the predominance of the latter in the mixture. 

Since it is known that in the most general case the affinity of the substrate toward the PSR can be re- 
garded as being a measure of the basicity of its nonbonding electron pair, the difference observed by us in the 
behavior of the two studied OHgC definitely testifies to the fact that (IV) has a much lower ability than the p- 
isomer (V) to undergo intermolecular coordination with the Eu atom of the PSR. This phenomenon can be ex- 
plained by the existence of intramolecular coordination of the O and Hg atoms in (IV), which lowers the basic- 
ity of the O atom substantially and in this way hinders its intermolecular coordination with the PSR. 

CH2 
/ \ CHa 

OCH~ 
\ / Eu(fod)3 

CH2 

Intramolecular Intermo lecular 
coordination coordination ' 

The obtained mix tu re  of (IV) and (V) was s epa ra t ed  by c h r o m a t o g r a p h y  into the pu re  i s o m e r s  (mp 60 and 
90~ r e spec t ive ly ) ,  whose pur i ty  was proved  by  the PMR method.  

Compounds (II) and (IID a r e  a l so  capable  of a r o m a t i z a t i o n  s tannylat ion [2, 5]_when~r~.at~i~i~b ~.t~aCl~- ..... 

Et 

CH~SaCL~ 
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CH~OCH:~ 

(vi) 

The s t r u c t u r e  of (VI) was es tab l i shed  by  the e l ementa l  ana lys i s  and the PMR and IR spec t r a l  da ta ,  a c -  
cord ing  to which it contains an o-d isubs t i tu ted  benzene  r ing  (v 740, 775, and 778 c m  -1) and is e thy l (o -methoxy-  
methylbenzyl )d ichloros tannane .  As a r e s u l t ,  this  is now the second example  obse rved  by us of the pecu l i a r  
p r e f e r e n c e  shown by  the Sn sa l t s  of the o - semiqu ino id  t r i e n e s  o v e r  the p-semiquinoid  sa l t s  to en t e r  into a r o m a -  
t iza t ion  s tannylat ion reac t ions  [2]. It  m a y  be a s sumed  that  the obse rved  phenomenon can be explained by  pos tu -  
lat ing that  this  reac t ion  p roceeds  by a coordinated pe r i cyc l i c  m e c h a n i s m  with the fo rma t ion  of a c losed a r o -  

mat ic  t r ans i t ion  state:  

, ,, -HE1 
) , , r ( v l }  

1 .Cl 

R = CH~OCH3.. 

The obtained methoxymethyl-substituted benzyl OMC may be regarded as being phenylogs of #-alkoxy- 

~I~, ,, ethyl q u a s i - c o m p l e x e s  of type ~ ' --c "--c~--oci ~ which, as is known [11], can exhibit  a dual r eac t iv i ty  in r e a c -  ~ J~ 

t ions with e lec t rophi l i c  r eagen t s .  F o r  example ,  two t r a n s f o r m a t i o n  paths a r e  poss ib le  wi th 'p ro t ic  ac ids ,  
n a m e l y  with a t t ack  of the C- -M bond (e lec t rophi l ic  substi tution) and with a t t ack  of the O a t o m  (e lec t rophi l ic  

f ragmenta t ion) :  
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In connection with this analogy, in principle two directions of attack are also possible for the compounds ob- 
tained by us. For verification we studied the acid cleavage reaction of (V) by HCI in dioxane. Based on the 
quantitative GLC data, the main product of this reaction is p-methylbenzyl chloride (98%), whose formation 
can be explained by the initial protodemercuration of the OHgC and subsequent solvolysis of the intermediate 
p-methylbenzyl ether: 

HC1 
(V) --HgCh 

CH3 CH3 

--CH3OH 

CH20CH~ CH2C1 

At f i rs t  glance,  this was supported by the detect ion of t r ace  amounts of the p-methylbenzyl  e ther  in the acid 
cleavage products .  However,  the blank exper iments  disclosed that under  the conditions of the studied r e a c -  
tion the convers ion of this e ther  to the chlor ide is a total of only 40%, i . e . ,  the above given react ions cannot 
be the main path for  the format ion of p-methylbenzyl  chloride f rom (V). 

Apparent ly ,  another  react ion also proceeds  in paral le l  in the studied sys t em,  which react ion is related 
to the initial a t tack of the O a tom in (V) and the formation of a meta l lomethyl-subst i tu ted benzyl  cat ion (A), 
which is possibly  stabil ized by the ~ part icipat ion of the r ing and the ~ part icipat ion [1, 12] of the C - H g  bond: 

Scheme 2 
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Taking into account the known chemical properties of p-xylylene (I), in particular its ability to enter 
into i, 6-addition reactions [13, 14], the metalated cationoid intermediate (A) can then undergo attack by Cl- 
at the C atom to give either the intermediate (VII) or p-methylbenzyl chloride, or it can underto attack by Cl- 
at the Hg atom to give the kinetically independent quinoid compound, which is then stabilized in two ways: by 
the 1,6-addition of HCI to (I) to give p-methylbenzyl chloride [14], or by the addition of HgCl 2 to give (VII) 
[formally this reaction can be regarded as being the aromatization metalation of (I)]. 

The proposed reaction scheme is also confirmed by the fact that in some of the experiments the acid 
cleavage of (V) was accompanied by the formation of small amounts of poly-p-xylylene, while the slight prog- 
ress of a reaction yielding trace amounts of (VII), which could not be isolated under ordinary conditions in 
the pure form, was recorded by the TLC method. 

However, in harmony with the above proposed reaction scheme, an increase in the yield of (VII) could be 
expected if the acid cleavage of (V) is run in the presence of added HgCl2, which, on the one hand, should retard 
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the acid cleavage due to a decrease in the nucleophilic coaction and, on the other hand, accelerate exchange 

of the OMe group by the C1 atom. Also important here is the fact that the addition of excess HgCl 2 to the sys- 
tem should increase the contribution of the possible aromatization metalation of (I) when compared with its 

competing electrophilic aromatization by HCI (a similar effect of adding HgCl 2 was observed previously in the 
acid cleavage reactions of benzylmercury chloride [i]). 

Actually, running the reaction for the protedemetalation of (V) in the presence of a fourfold mole excess 
of HgCl 2 increases the yield of (VII) substantially, which was isolated in 10% yield by TLC on silica gel. 

The UV spectrum of a solution of (VII) in ethanol represents a flattened line that is characteristic for 
benzyl OMC, with a maximum at 251 nm and a high extinction coefficient (log e 4.24). The PMR spectrum 

of this compound has a singlet, in the 3.26 ppm region, which belongs to the protons of the CH2Hg group, and 

a singlet of 4.52 ppm, which belongs to the CH2CI group. The mass spectrum of (VII) has a quite intense poly- 
isotopic multiplet of a molecular ion with m/e 372-381, which then decomposes into fragment ions with m/e 

268-276 (HgCl2) , 198-204 (Hg), 139-141 (CICH2C6H4CH2) , and 104 (C8H8) respectively. As a result, under elec- 
tron impact the studied compound is capable of decomposing to give p-xylylene. The structure of (VII) was also 
confirmed by the results of its acid cleavage by HCI to p-methylbenzyl chloride and HgCl 2. 

As a result, our study of the properties of a new class of methoxymethyl-substituted benzylmercury chlo- 
rides in acid cleavage processes permits the conclusion that a new and unusual reaction direction, related to 
the replacement of oxygen by halogen with a retention of the C-Hg bond in the molecule, can be realized for 

these compounds. It is understood that the retention can be only apparent, if it is considered that this reaction 
can proceed by the fragmentation-addition mechanism (see Scheme 2). However, in any case transformations 
of this type are encountered very rarely in the chemistry of the OMC [i, 4]. The formation of (VII) also rep- 

presents interest for the reason that for simpler systems of type M-~-~-O R, whose phenylogs are the eom- 
i 1 

pounds synthesized by us, replacing the O atom by Hal atom with retention of the C-M bond has proved impos- 
sible up to now, since irreversible heterolytic fragmentation of the molecule with formation of the olefin always 
occurred when such reactions were attempted (see Scheme i). It may be assumed that this difference is theo- 
retical and is explained by the fact that heterolytic fragmentation in the series of p-substituted benzyl systems 
is essentially a reversible process (see Scheme 2) due to the exclusively highpolarizability (or softness in terms of 
the principle of hard and soft acids and base) of quinoid systems when compared with ordinary olefins 
and their clearly expressed ability to take part in the addition reactions, the reverse of fragmentation, 

of soft Lewis acids with the formation of aromatic OMC. 

EXPERIMENTAL 

The PMR spectra were obtained on Varian T-60 and Varian XL-100 instruments using 10-15% solutions 

in either CDCI 3 or CD3CN. As the standard we used TMS (internal) and HMDS (external). As the shift reagent 
we used tris(l,l,l,2,2,3,3-heptafluoro-7,7-dimethyl-l,6-octanedionato)europium(III) (Eu(fed) 3) [i0]. The LR 

spectra in Nujol were taken on a UR-20 instrument. The UV spectra were obtained on a Cary instrument using 

0.003 M solutions in either ethanol or dioxane. 

The quantitative GLC analysis of the mixture of products from the acid cleavage reactions was run on a 
Tswett-2 instrument (2.3 m • 4 mm glass column packed with 15% Apiezon L deposited on Chromaton N-AW- 

DMCS, 0.16-0.20 mesh). At the internal standard we used o-ethyltoluene. For the chromatographic separa- 
tions we used silica gel L 5/40 ~. For the paper chromatography (PC) we used pentane as the eluent and di- 

thizone as the developer. 

The chloromethyl methyl ether and the o- and p-methylbenzyl methyl ethers were obtained by known pro- 
cedures; the p-methylbenzyl chloride was purified by a triple vac~m-distillation. The ethyltrichlorostannane 
was obtained as described in [15]. The HCI solution in dioxane Was prepared as described in [16]; prior to 

+ 

saturation the abs. dioxane was distilled over LiAIH 4. 

l-Methylene-6-methoxymethyl-2,4-cyclohexadiene (II) and 1 -Methylene-4-methoxymethyl-2,5-cyclo- 

hexadiene (III). Trienes (II) and (III) were obtained as described in [9]. 

o- and p-Methoxymethylbenzylmercury Chlorides (IV) and (V). With stirring, to a solution of 8.13 g 
(30 mmoles) of HgCl 2 in 200 ml of ether was added dropwise, in 30 rain, at ~ 20 ~ 375 ml (30 mmoles) of an 
ether solution of a mixture of trienes (II) and (HI). At the end of reaction (checked by PC) the solvent was dis- 
tilled in a rotor evaporator, while 70 ml of abs. MeOH was added to the residual oil and the mixture was let 
stand for 12 h at -50 ~ The main portion of the mother liquor was decanted from the obtained precipitate and 
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then the crystals were filtered, washed with chilled pentane, and dried in vacuo over paraffin and CaCl 2, 

Recrystallization from hexane gave 9.5 g (85% yield) of a mixture of (IV) and (V), mp 40-45 ~ (mixture of iso- 
mers, 2.8:1). Found: C 29.19; H 2.95; Cl 9.79; Hg 53.55%. CsHIICIHgO. Calculated: C 29.11; H 2.96; Cl 
9;57; Hg 54.07%. 

A solution of 0.8 g of a mixture of (IV) and (V) in the minimum amount of CH2CI 2 was transferred to a 

21 x 13 cm glass plate, covered with silica gel, and eluted with a 20:1 CHCl3-ethyl acetate mixture. The 

first fraction with Rf 0.72 (0.56 g) was purified by recrystallization from hexane. Compound (IV) was isolated, 
mp 60 ~ The second fraction with Rf 0.6 (0.19 g) was purified by recrystallization from a 5:1 hexane-benzene 
mixture. We obtained (V), mp 90 ~ 

Ethyl(o-methoxymethylbenzyl)dichlorostannane (VI). To a stirred solution of 3.6 g (14 mmoles) of EtSnCI 3 

in 20 ml of abs. ether was added dropwise, in 20 rain, 190 ml (14 mmoles) of an ether solution of a (II)-(III) 
mixture. Exothermic reaction was observed here. The mixture was stirred for another hour, after which the 
solvent was distilled at 40-45 ~ (2 ram). The residue was dissolved in the minimum amount of benzene and chro- 
matographed through a 7 x 2 cm column, packed with silica gel, and eluted with benzene. The front fraction 

was collected and the eluate was evaporated to give 2.36 g of an oily product, which crystallized spontaneously 
in 15 rain. Compound (VI) was purified by recrystallization from hexane. Yield 2.35 g (50%), mp 84 ~ Found: 
C 37.39; H 4.67; Cl 19.73; Sn 32.99%. C11HI6CI2OSn. Calculated: C 37.35; H 4.52; Cl 20.04; Sn 33.55%. PMR 
spectrum (5, ppm): 1.18 m and 1.44 m A2B 3 systems (5H), 3.24 s (2H, CH2), 3A6 s (3H, CH3), 4.6 s (2H, CH2) , 

7.2 m (4H, C6H4). JiHnTSn = 95, Jii~iSSn = i00 Hz. 

Reaction of p-Methoxymethylbenzylmercury Chloride (V) with HCI in Dioxane. To a solution of i.Ii g 
(3 mmoles) of (V) in i0 ml of abs. dioxane was added 15 ml of a 2.5 M solution of HCI in dioxane. The reac- 
tion mixture, divided into two equal portions, was kept in sealed ampuls for 6 h at i00 ~ Then the ampuls were 
opened; the dioxane was vacuum-distilled from the first ampul and the residual crystals were filtered to give 
0.4 g (98% yield) of HgCl 2. 

To the contents of the second ampul were added 0.09 g (0.75 mmole) of o-ethyltoluene as the chromate- 
graphic standard and 15 ml of water, after which the acid was neutralized with NaHCO 3 and the mixture was 
extracted with pentane (2 x i0 ml). The pentane extract was dried over MgSO 4 and then subjected to quanti- 
tative GLC analysis: Here was recorded the formation of p-methylbenzyl chloride (98%) and traces of p-methyl- 
benzyl methyl ether. 

p-Chloromethylbenzylmercury Chloride (VII). To a solution of 0.2 g (0.52 mmole) of (V) in 25 ml of 

dioxane, containing 8 mmoles of HCI, was added 1.54 g (2 mmoles) of HgCl 2 and the mixture was kept for 4 h 
in a sealed ampul at 70 ~ . At the end of reaction the ampul was opened, the dioxane was vacuum-distilled and 

the solid residue was extracted with CHCI3, which was distilled off, while the residue was dissolved in a little 
CH2CI 2 and chromatographed in a thick layer of silica gel, using a 20:1 CHC13-ethyl acetate mixture for elu- 
tion. The fraction with Rf 0.78 was collected, extracted with CH2C12, the solvent was distilled off, and the 
solid residue was washed with chilled pentane and dried in vacuo. The yield of (VII) was 0.02 g (i0%), mp 94- 

95 ~ (in a sealed capillary, with decompn.). PMR spectrum (CDCI3, 6, ppm): 3.26 s (2H, CH2) , 4.52 s (2H, 
CH2) , 7.20 m (C6H4). 

The authors express their gratitude to N. D. Sergeeva for assistance in taking and discussing the PMR 
spectra, and to O. S. Chizov for obtaining the mass spectrum of p-chloromethylbenzylmercury chloride. 

C O N C L U S I O N S  

1. The a r o m a t i z a t i o n  meta la t ion  of 1 - m e t h y l e n e - 6 - m e t h o x y m e t h y l - 2 , 4 - c y c t o h e x a d i e n e  and 1 - m e t h y l e n e -  
4 - m e t h o x y m e t h y l - 2 , 5 - c y c l o h e x a d i e n e  by  t r e a t m e n t  with HgC12 in e the r  gave the f i r s t  m e m b e r s  of a p r ev ious ly  
unavai lable  c lass  of o rganometa l l i c  compounds ,  and spec i f i ca l ly  the o-  and p - m e t h o x y m e t h y l b e n z y l m e r e u r y  
ch lor ides .  

2. The reac t ion  of a mix tu re  of the indicated t r i enes  with EtSnC13 leads to the exc lus ive  fo rmat ion  of 
the o -me thoxyme t hy l - s ubs t i t u t ed  benzyl  organot in  compound,  which is appa ren t ly  explained by the coordinated 
pe r i cyc l i c  m e c h a n i s m  of the a r o m a t i z a t i o n  s tannyla t ion reac t ion .  

3. A s tudy of the obtained o r g a n o m e r c u r y  compounds by the PMR method using a p a r a m a g n e t i c  shif t  
reagent  d i sc losed  the p r e s e n c e  of an i n t r a m o l e c u l a r  coordinat ion of the O a tom at  the Hg a tom in o - m e t h o x y -  
m e t h y l b e n z y l m e r c u r y  chlor ide .  
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4. p - M e t h o x y m e t h y l b e n z y l m e r c u r y  chlor ide  exhibits  a dual r e ac t i v i t y  in the acid c leavage  r eac t ion  
using HC1, which is due to e lec t rophi l i c  a t t ack  of the O a tom and C - H g  bond. 

5. When p - m e t h o x y m e t h y l b e n z y l m e r c u r y  chlor ide  is r eac ted  with HC1 in the p r e s e n c e  of added HgC12 
a p r ev ious ly  unknown type of acid c leavage  of f l -alkoxyethyl  o r g a n o m e r c u r y  compounds was obse rved ,  and 
spec i f i ca l ly  r e p l a c e m e n t  of the O a tom by  halogen a tom with the f o r m a l  re tent ion  of the C - H g  bond and the 
fo rmat ion  of p - c h l o r o m e t h y l b e n z y l m e r c u r y  chlor ide .  

7. 

8. V.A. 
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9. R.A. 
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SYNTHESIS OF ESTER AND AMIDE DERIVATIVES OF 

PLATINUM AND PALLADIUM METALCARBO:KYLIC 

ACIDS BY THE ORGANOMERCURY METHOD 

V. I. Sokolov, G. Z. Suleimanov, 
A. A. Musaev, and O. A. Reutov 

UDC 542.91:547.1'13:546.98:546.92 

The derivatives of metalcarboxylic acids attract attention in connection with a study of the reaction of 
CO and CO 2 with the complexes of transition metals [i]. The esters, amides, and in some cases also the salts 
of metalcarboxylic acids can be obtained as stable compounds, whereas the acids themselves, except for indi- 
vidual examples, are usually unstable [2]. The carboxamide derivatives of Pt and Pd are unknown. The alkox- 
yearbonyl monoderivatives are synthesized either by the earbonylation of L2MCI 2 in methanol [3-7] or by the 
oxidative addition of chlorocarbonic esters to LnM(0) [4]. A brief communication [8] on the insertion (Ph3P) 3- 

Pt(0) at the C-C bond of dimethyl oxalate lacks adequate proof. 

The general synthesis of the Pt and Pd a derivatives by the reaction of their zero-valence complexes 
with organomercury compounds [9, i0] is convenient for obtaining the earboxyl derivatives, since the corre- 
sponding ester [ii, 12] and amide [13] derivatives of the mercuricarboxylie acids are known. The reaction of 
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