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SUMMARY 

The compounds cis-chlorovinyhnercuric chloride of m.p.78-79” and bis(cis- 
chloroviny1)mercm-y with nk” 1.6308, which had been described by the authors in 
1945, were examined by ‘H NMR spectroscopy and it was found that they contained 
a constant amount of the tmns-isomers. Pure cis-chlorovinyhnercuric chloride (I) 
was prepared and the m-p. was found to be 59-61” ; from this compound pure bis(cis- 
chlorovinyl)mercury (II) with 11;’ 1.6047 was prepared. 

Starting with these compounds, metal exchange cycles were carried out each 
time returning to the original compound (I). The corrected constants of the cis- 
chlorovinylmetal derivatives are given. By ‘H NMR and IR spectroscopy the reten- 
tion of the c&configuration during these exchanges was confirmed. So the “system 
of even and odd cycles” in the configuration in exchange reactions was confirmed by 
independent means. 

In a previous paper’, we reported on an investigation into the stereochemistry 
of electrophilic and homolytic exchange reactions at the olelinic carbon atom. We 
confirmed that the configuration in such exchanges is rigorously retained for ~JWZS- 
and cis-chlorovinylmetals (Hg, Tl, Sn, Pb, Sb). Since then we have verified our rule 
in many cases, e.g., the reactions of cis- and rrans-propeny12p3, and 1,Zdiphenylvinyl 
derivatives of metals, including lithium5*6. More complex regularities for nucleo- 
philic substitution at the olefinic carbon atom are generalised in ref. 7. 

Two factors have caused us to return to our previous work’,*_ The first is the 
availability of the rapid and convenient method of proton magnetic resonance 
(PMR) for establishing configuration (cis and trans). Using this method we have 
recently established that whereas our initial truns-/&chlorovinyhnercury chloride 
was free from its stereoisomer, its c&-isomer contained a significant amount of the 
trczns-compound which was difficult to remove. 

It was necessary to undertake a lengthy crystallisation of cis-P-chlorovinyl- 
mercury chloride (obtained by heating the rmns-isomer with a small amount of 
benzoyl peroxide)g before it was sufliciently pure by PMR standards (Fig. 1). It was 
also obtained by treating ether and benzene solutions with pyridine”*” and by the 
reaction of di-cis-/3-chlorovinylmercury with mercuric chloride in ether solution_ The 
melting point of pure c%-B-chlorovinylmercury chloride is 59-61” and the physical 
constants of di-cis-fi-chlorovinylmercury obtained from it by ammonia symmetrisa- 
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tion are: .15--36O (8.5 - 10m3 mm) 76-78” (0.5 mm); I$,’ 1.6047 ; dz” 2.7810).These 
values should replace those published9 previously_ It then became necessary to 
repeat the series of transformations that were earlier carried out with impure sub- 
stances, using these pure c&compounds. 

SCHEME 1 

X=C!.lr 

The cycle of these transformdtions is shown in Scheme 1, and the constants 
of thl cis-chlorovinyl derivatives of metals obtained by exchange reactions and 
purified until shown by PMR to be completely free of the puns-isomers are shown in 
Table 1. 

The second Factor in deciding us to’undertgke this work, was the remark made 
in the paper of.Curtin and Crump, doubting the applicability of our method in 
establishing the retention of configuration by the method of “even” and “odd” 
cycles. Regarding the work in which we confirmed the retention of configuration of 
trans-cis propenyl rad?cals in the transformation cycles with metal (and halogen) 
exchange, they stated : 

‘Although their work certainly provides additional* weight of evidence in 

* Di-cis-B_chlorovinyhnercury (PMR spectra 5,=6.X3 ppm; a8=695 ppm; .&=7 cps) contains less than 
3% of the cis-rrans-isomer_ 

t* It should be noted that the work of Curtin and Cruqp cited appeared 10 years later than that in which 
we established the retention of conliguration rule. Our work was the first on this theme so that it is not 
clear in what way the authors consider our arguments to be additional_ 
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I I 
6.83ppm 61orlP m 

Fig. 1. PMR-spectrum of pure cis-B-chlorovinylmercury chloride. 

favor of the assumption of reaction with retention, “the Method of Odd and Even 
Cycles” does not appear to have the absolute authority attributed to it. For example 
the three cycles at the bottom of p_ 164 in ref. 8 are explained satisfactorily if the 
conversion of bromide to lithium reagent and the reaction of all organometallics with 
bromine to give back the bromide proceed with inversion while al! other reactions in 
cycles proceed with retention’_ 

From the beginning it was clear to us that such an objection was incorrect 
since it isolates a single cycle from the general system of even and odd cycles of the 
exchange reactions of one of the stereoisomers, which constitute in the ensemble the 
area of reactions which are isolated from the exchange reactions of the second 
stereoisomer. 

A check of the “retention of configuration rule” made on a series of cis-fl- 
chlorovinylmetals using PMR criteria showed defmitely that the method of even and 
odd cycles cannot be faulted since it gave independent criteria in assessing the con- 
figuration of each compound-There was no difftculty in carrying out an analogous 
investigation for a series of transformations of trans-/I-chlorovinylmercury in order 
to verify the applicability of the method of odd and even cycles for a wider range of 
data (see Scheme 1 and Tables 1 and 2).Additional independent proofof the configura- 
tion of each substance in the transformation cycles is given by the infrared spectra 
shown in Table 2. The method of even and odd cycles, used by us to prove the retention 
of configuration of the propenyl organometallic compoundsX3 was independently 
contiied by an investigation of the PMR spectra of these compounds”. 

PMR enables the trans- and cis+chlorovinyl groups to be easily distinguished_ 
The PMR spectrum of the trans-compound is a quadruplet of the AB system with 
a small internal chemical shift, AaAB and a large J48/AaAB ratio (where J,, is the 
spin-spin coupling constant). For /I-chlorovinylmercury chloride, this spectrum is 
seen practically as a doublet with a small splitting since the outer peaks of the 
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TABLE 2 

IR-SPE- OF THE cis- AND I~~LWXMERS OF THE &CHLOROVI~TL COMPOUSDS OF MERCURY, TIN AND 
THALLlUt.1 

NO. Compound Con- 
tigum. 

Frequencies (cm-‘) 

1 CICH=CHHgCl 61 

124 

2 CICH=CHHgBr 77 

122 

3 (C1CH=CH)2Hg liquid 

71 

4 (C1CH=CH),SnC12 liquid 

78 

5 (CICH=CH)LTIC1 151 

169 

6 (CICH=CH),SnCl 121 

CiS 

frans 

cis 

truns 

cis 

trwls 

cis 

trans 

cis 

Ll-LZll.5 

trans 

693 s, 772 s, 918 s, 1135 w, 1275 s, 
1520 w, 1580 s 
663 s, 773 s, 783 s, 940 s, 1154 s, 
1280 w, 1580 s, 1680 w 

690 s, 760-77-O s, 915 m, If30 w, 
1275 m, 1580 s 
663 m, 768 s, 940 s. 1150 s. 1570 s, 
1672 w 

692 s, 765 s, 920 m, 1125 w, 1273 s, 
1565 s 
760 s, 950 s, 1157 m, 1270 w, 1570 s, 
1675 w 

680 s, 770 s, 920 w, 943 m, 1270 m, 
1517 w, 1575 s 
740 m, 785 s, 936 s, 1145 m, 1295 w, 
1535 s. 1578 s 

690 s, 710 m, 770 s, 915 w, 1125 w, 
1260 m. 1510 w, 1580 s 
670 m. 750 m, 805 s. 93.5 s, 1140 s, 
1285 w, 1545 m, 1590 s 

745 m. 760 s, 942 s, 1142 m. 1278 w, 
1500 m, 1565 s 

The IR-bands of the out-of-plane vibrations =C-H (r=915-920 cm-‘) and of the in-plane vibrations 
=C-H (Y= 1260-1275 cm-‘) characterise the cis-isomers. The out-of-plane frequencies 935-950 cm-’ 
and in-plane frequencies 1140-1157 cm-’ character&e the tmns-isomers of the compounds listed15-‘~ in 
the Table. 

quadruplet have a low intensity (Fig. 2). For di+chlorovinylmercury, the chemical 
shift, AbAB, is somewhat larger, and all four lines of the AB system are observed. 
The chemical shift in the c&compound is about ten times larger and JAB about half 
so that the peak intensities of the corresponding spectrum are nearly equal (Fig. 3). 

Integral intensity measurements enabled the concentration of the trans- and 
&s-isomer to be established. Our data show that cis-/3_chlorovinylmercury chloride 
with a melting point of 59-61° contains 2-5% of the trans-isomer. The product of 
m.p. 61” is purest, the concentration of the trans-isomer being outside the limits of 
the sensitivity of the spectrometer. This corresponds to a 3% impurity for the 30% 
acetone solutions used. 

In the symmetrical compounds (one of low melting point, and the other a 
liquid) the impurity of the cis-Pans-isomer and the opposite isomer can be deter- 
mined within 0.5°/0. 

J. Orgrmomerai. Chem., 15 (1968) 279-2&j 
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Fig. 2. P&.fR-spectmm of truns-P-chlor~vinylmercury chloride (recorded on Perkin-Elmer R-12 spectro- 
meter). 

:rans-grcxp in 
~is-franS-~CiCH=C~J2ti~ 

695 ppm 616 ~pri: 

Fig. 3. Pm-spectrum of 80% cis-cis-(ClCH=CH),Hg and 20% cis-[runs-(CICH=CH)&lg mixture. 

The chemical shifts, 6, and ;is, of the protons in the /3-chlorovinyl groups are 
strongly dependent on the concentration of the compound in solution_ 

The data shown in Table 1 correspond to the concentrationS given. The con- 
centration-dependence of the chemical shifts will be described separately. 

The PMR spectra were taken on the Hitachi H-60 spectrometer. The accuracy 
of the chemical shifts measured is kO.02 ppm and of the spin-spin couphng constants, 
+0_5 cps. 

The purification of cis-~-chlorovinylmercury chloride is described above. 
Symmetrisation of this compound b$ ammonia into cis-~dichlorovmylmercury, and 
a11 exchange reactions, were carried out as in the previous work’, the only’difference 

J_ Organometal. Chem., 15 (1968) 279-285 
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being that the crude reaction product is immediately controlled by Ph4R either as it 
is (for liquid and low-melting products) or as a concentrated acetone solution. The 

-other constants are determined after the usual crystakation or distillation. 

ACKNOWLEDGEMENT 

We are grateful to Dr. N. A. CHUMAEVSKY for the IR spectra investigation- 

REFERENCES 

1 A_ N. NESUEYAKOV AXD A. E. BORISOV, Dokl. Akad. Narck SSSR, 60 (19423) 67. 
2 A. N. NESMEYASOV. A. E. B~RIS~V ASD N. V. NovIKovA, Iz. Akad_ Nauk SSSR, OtdeI. Khim. Nauk, 

(1959) 1216. 

3 A. NESWYXSOV. A. E. BORISO~ ASD N_ V. NOVIROVA. Dokl. Akad. h?mk SSSR, 119 (1958) 504. 
4 A. N. NES&~E~AE;OV ~XD A. E. BORISOV, kc. Akad. :Vuuk SSSR, Otdel. k%im. Nauk, (1956) 161. 
5 A. E. BORISOV,V. D. VILYHEVSMYA AE;D A. N. Nesmv~xov, Ix. Akad. iVat& SSSR. (1954) 1008. 

6 A. N. NESX~EYAXOV. A. E. BORISOV * -h'? N. V.NovIsovx, DokI. Akad. Nauk SSSR, 119 (19X3)712. 
7 A. N. NF~ME~MO~, MI. R~BINXX~A AXU T. G.KE~EKHSAEVA,Z~L Obshcb. Khim..(1965) in press. 
8 A-N. NESME\~XNO~ AND A. E. BORISOV, Tetrahedron, 1 (1957) 15s. 
9 A. N. NEWXASOV, A. E. BoRIs~~ AND V. D. VIL'CHEVSUYA. Ix. Akad. hrauk SSSR, Ordel. HI~IJL 

Nmk, (1949) 578. 
10 R. KH. FREIDLINA. lz~‘. AA-ad. Xauk SSSR, Nl (1912) 116. 
11 A. N. NESMEYAXOV ASD A. E. BORISOV. Ix-. Akad. IGank SSSR. Ordrl. Khim. N&c, (1945) 149. 
12 D. J. CURTIK AND J. W. CRUMP, J. Amer. Chem. Sot., SO (!958) 1922. 
13 A. N. N~~EYANOV, A. E. Bowsctv ASD N. V. NOVI~OVA, Ix. Akad. h’auk SSSR, Ordel. Khim. Xauk, 

(1959) 1716. 
14 D. MOY. M. EME~X mm J. P. OLIVER, Znorg. Chem., 2 (1963) 1261. 
15 A. E. B~RISO~. N. V_ Now~ov~ XND N. A. CHUMAEVSKII. Dokl. AX-ad. Nartk SSSR, 136-(1960) 129. 
16 N. A. CHUMAEVSMI ASD A. E_ BORISO~. Dokl. AX-ad. Nauk SSSR, 161 (1965) 366. 

J. Organometal. Cbem., 15 (196s) 27%-1S5 


