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,Summary

o The ﬁ-effect of a metal is ma.lnly exhlblted in. decomp051t10n of a metal
carbon bond. Nevertheless; there is a well known case in which'it was “assul
.that.the metal—carbon bond was retained in the course of electl.fon delocah_s
tlon at I:he adjacent: carbocanon 51te Th1s reactlon 1s 1sovtopxca11y41abe1.ed acid




' hvdrooen deuterlum
) replacement e

_f,ena were later found for the ac1d cleavage of benzyl denvatlves
;PhCHzB(OH)z,V[ll] (PhCHz)zHg, [11,12]; o—PhCHzFe(CO)ZCp, [13, 14], i
Mo(CO) 3Cp and U-PhCH2W(CO)3Cp [1 5] of a number of transmon ‘

umptlon, made earher, was that two processes occurrmg in. ac1d
JPhCH2HgCI mth DCl have a common 1ntermed1ate The processes

~two’ competmg paths, viz., the loss of ‘metal to form tautomeric toluene and -
ehmmatlon of the proton to result in the 1sotoplca11y labelled organometalhc -

o oHgar | e
CEHz' Selon o CHaHQCL

-+ oriented e ’ ortho— o'~
F7-complex. . " complex - .-




Thls concept suggests that the ablhty of benzyl organometalhc 1o ‘enter
lnto hydrogen/deutermm replacement reactions might be due. to; mEtal—caIb
bond hyperconjugatmn being much. stronger than hyperconjugatlon of C——H
: and c—C bonds (cf. [17,18] the Nathan~Baker senes) :
G Today, we may say that the point of view put forward by the Wnterse[ ,

: 9] ‘which; as follows from the collation- above, does not essentlally differ from
. the concept developed by Professor Traylor 11, 12 16] > was the. only explan
) " tion of. 1sotope ennchment of organometalhc benzyl compounds in their reacti
,f:fw1th acids. The l.om.ept a5 laid down above, was later supported- by other By
N fwmkers [13-—15 19 20] and found 1ts place in rev1ews [21] and monographs
- [22]1. « :

: The ba51c assumptron is that the o-complexes (I) stabmsed by o—T. con_]u-’
- gatlon may exist as kmetlcally independent species long: enough to penmt asoo
. proton to be eliminated from the position 2 or 4 of the ring; resulting i ina-
s hydrogen/deutenum replacement product (eq 1in whlch the M—C bond 1s not
- broken) *. :

7 "We beheve, however that thls assumptlon does not ﬁt in well mth numerous
-7 organometallic reactions in which the B-effect of a metal—-carbon bond results
" in just dissociation (B—decomposxtwn [24—26]) of the bond as far as the s1mpler
';"i,three-centre systems of type I are concemed- e
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terpretatlon [3—7 9,11= -16. 20—22] of the mechamsm, this | process mll be the
ain. chermcal proof *: of the abmty of mctal—ca.rbon bonds to part;c ate m

Results and. dlscussmn

mechamsm of zsotope enrzchment in the aromatzc ring of benzylmercury
3 Sub]ect to deuterio-demetalation - :
attempt: .madeé in ‘the present paper. to fmd an alte*natwe explanatlon S
- résolves essentlally in answenng the questlon as to how one can specify the
F metal—carbon-bond B-effect in reactions of benzyl organometalhcs, When com- -
ared with. 51mp1e alkyl models of the type M—C—C". : -

=Tt is essential. that fragmentatmn demetalation [1], via the tautomenc arene
_‘_‘mtermedlates, isan’ ‘accompanying process in all reaction systems where isotope
L}ennchment of the ringis’ observed in organometalhc benzyl compounds. An -
T assumptlon ia made: that the 1sotope ennchment mechanlsm is bound Just to
“-these-intermediates.
= -iAccordmgly, there -is an essential dlfference between fragmentatlons in S
"benzyl organometalhcs [1,2] and fragmentations in the M—C—C" systems (24—
+27]. The former reactions result i In tautomeric arenes which are thhly reactive -
*.in their retro fragmentations, i:e: in electrophilic addition-eliminations caused by
" rnetal salts, while the simpler olefines produced with the M—C—C (I) 1rrevers- =
;;; ible, _frag:nentahons are ma.rkedly less reactive.

g ‘Consequently, a reasonable assumption is that 1sotope ennchment of the
aromatlc rmg of PhCHz HgCl acted upon by DCl may occur via a. mechanlsm
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,fThe maln ':feature of the mechamsm ls ‘that’ metal-—ca.rbon bond conse
}tlon in the. course of the reactlon is, however appa.rent an ﬂlusxon ‘In, reahty
- the reactmn may compnse two steps, with. the C—-Hg bond decomposu:l
- curring at the first step : and’ C—Hg bond formatlon in the course of the paralle
.xetro: process aromatlsatlonal mercuration.’ This suggests that'both: the,:prod
_ucts arising from PhCH;HgCl and thé acid, a-o-dldeutenotoluene'and -de
’ nobenzylmercunc chloride; ‘have the same precursor, the tautomeric. arene
- it is clear why hydrogen/deutermm replacement in- benzyl organometalhcs is:
- always accompanied by demetalation leading to- toluene ([3—15], cf.also [20])
- Both courses reflect the ability. of the tautomenc a.renes to enter mto competmg -
electrophlhc aromatisations. '
. -. To solve the problem stated, -various stereochemlcal a.nd lonehc methods
" may be: proposed One of these may make advantage of ‘the use of opt1ca1,<
~ ly active ‘compounds. The: hypercon]ugatlon stabilisation (Scheme 2) should
lead to retention of configuratlons at-the chiral metal and the carbon 1o -
- 'which it is bonded, whereas the fragmentation pattern. dxctates that raceml-
~ sation should occur at both centres. On:the other hand, there are. two . dlf-
~ ferent ways to test the mechanism of Scheme 4, 1mplemented earher by us
_ iThe respective data may be laid down as follows:: :
“(f). To prove that the tautomeric arenes react with mercuric chlonde B
we carried out reactions of the trienes (II) and aay with HgClz and showe
that the- respectlve benzylme:cunc chlondes were formed [1] O

CHzHgCl : ; ' zchu e
chlz . .
—HCl .

(u) To venfy that the tautomenc areries react w1th salts of “sof 27 met-u
-.als, even in strongly acidic media, we employed mercuric chlonde as an.
: electrophlhc trap for 1-methylene-6 deutenocyclohexadlene-Z 4 formed mte
medlately in the electrophlhc fragmentation course-{2, 36} (Scheme 5)
- 'This paper w111 prov1de anew expenmental venﬁcatlon of thlS hypomesm_.‘
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rio-demetalation of PhCH,HgCl in the presence of mercurié chloride

AWe beheved that a techmque such asa pre-set mcrease of the HgClz concen- e
“tration in the system should not affect the mechanism since the acid cleavage of
Z_“PhCHz HBCI generates necessanly Hg012 the amou.nt of wl'uch increases Wlth
Cotime; ST

V‘E’a_rher 1t ‘was shown that 1—methylene-6-deutenocyclohexad1ene-2 4, formed
:-_:;m:the course of (PhCH2)3SnCI fragmentation caused by DCI, reacts with an N
:-HgCl,. additive to -give 0-D—C¢H, CH, HgCl even in strongly acidic media [2]. A -~
}ﬁjnatural assumptlon is that the olefine generated by the PhCH, HgCl/DCl frag- .-
~‘mentation could not behave otherwise. If this is so, the rationalisation of the
“role played by mercuric chloride in this process may allow us to dlstmgulsh
between the two isotope. enrichment mechanisms discussed (Scheme 2, hydro- :

) gen/deutenum replacement; Scheme 4, aromatisational metalation). .

% If the mechanism of Scheme 4 essentially contributes-to the 1sotope en-

* richment; the increase in the HgCl, concentration should favour the HgCl,- _
'f,mduced electrophxhc aromatisation of 1-methylene-6-deuteriocyclohexadiene-

L2, 4. Thus, the yield of the demetallation product (toluene) will be reduced and
- the deutenum content in the ‘PhCH, HgCl ring augmented, when compared with

- the acid cleavage carried out under the conditions that involve no HgCl, addi-
~tive. On the other hand, if only the o-complex (Scheme-2) is responsible for iso-
.f_iftope enrichment; the mercuric chloride should not affect deuterium accumula-
ifthn in the aromatic ring of benzylmercuric chloride.

B Flgure 1 presents experimental curves descnbmg the toluene accumulatlon

f,f,m reactions of PhCH2 HgCl with DCl in the absence (Curve I) and in the presence
(Curve II) of the HgCl, additive. The reactions were studied by ana.lysmg the

- mixtures for toluene. by quantitative GLC techniques. The curves obtamed ‘

: 'jshow unamblguously that HgCl, shows the formation of foluene.

. <To find how efficient the mercuric chloride is at altering the deutenum con-
tent in PhCHz HgCl, we made the respective reactions on a prepa.tatlve scale;
’i_;_lsolated D-—-C¢H,CH,HgCl and found the. deutenum content of the compound.
~The conditions and the results are summarised i in Table 1. Indeed, in all cases .
: ) the deutenum content is 51gn1f1cant1y hlgher than in the reactmn can-led out in-

ER




: EFFECT OF HgClg ON DEUTERIC-DEMETALATION AND ISOTOPE EXCHANGE IN THE
- REACTION OF PhCHgHgCl WITH DCl IN DIOXAN AT 120 C. :

: Run no. s ;Concentratxon (mol[l) o e Reactxon PR <o~ Deuterium
' - S © . timé (min) . yield . . ‘contentin.’ T
PhCHzHgCl “HgClp - -DCL. @@ DCGH4CH2HgCl
o AT ,'-(at.. )'-" :
1% -0 025 - - 0.00 - 250 37 - SR I & R
z - - 0.25 ©. - 1.00 250 - 37 "8 : - 13.360 -
'3 0.25 . .0.50  0.50 90. e 313-5
4

0.25 . . . 1.00 1.00 - 90 . 23 - 7 - 9.20"

¢ Found by a quantxtatxve GCL techmque. b The absence of isotopie exchange in toluene has heen proved.
€ Found by a deuteno-analyss techmque [371. a The ortho~D-1somer. as found by IR techmques (v- o
. (C—dD) cm i [11d). € From ref. 3. . .

the absence of the HgCl2 add1t1ve (Table 1, Run 1) *, The expenmental ev1- o
dence obtained demonstrates that the isotope enrichment rate depends on the
concentratlon of mercuric chloride formed in the course of ac1d cleavage.v e

' Let us now take up agam the hyperconjugation conceptlon that both. deme—
talation, which leads to tautomeric toluene, and isotope ennchment which
leads to the deuteriated organometallics, proceed via the same intermediate = -
species, the o-complex [3—6,9]. The results obtained here, together with other :
data [2,8], suggest that this representation may be discorded. Both directions - -
of the reaction are in good accord with the fragmentation pattern (Scheme 4)
involving the exo-methylenecyclohexadien structure as the intermediate. :, S

Accordingly, if we use our technique modified so as to replace: T-IgClz th -

an appropriate nucleoph:le, capable of binding mercuric ‘chloride to a complex
‘of low electroph1hc1ty, the secondary aromatisational metalation may be sup-
pressed con51derably. We are prepanng to make an mvestlgatlon of thls aspect

Conclusmn

The ehmmatlon nature of the C—H 6—effect stabl.hsmg the adjacent caxboca— -;'
tion spearhead (the Nathan-Baker effect [17 18] ), was first proposed by Sir . -
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* The fact that’ deuteron ﬂttacks the ortho posr.txon exclusvely [3] allows one to neglect mmsatm
of DCI. under the action of the excess of mercunc chlonde- RN

- "D—Cl+HgClz D"HgClg.- S Ll )
=S ‘The 1omsauon wou!d have led to a contnbutxon from para attack a.nd altered the
l.»mechamsm at the first, fragmentauon. step (Fi, [1]) of the' process.” .



E'A‘iﬂ.mquestlon “‘Indeed usmg these models the cruc1a1 pomt of the controversy -
: 41 4"] ma‘y'»be reduced essentlally to the questlons, “a.re the metal—carbon

o= conversmn type [13 29 30] (Scheme 7)

SCHEME 7..NON-VERTICAL STABILISATION OF ﬁ-METALATED CARBOCATION




—zene nng [1—-15]

’Referénces -

E 1 V. A. leanoxov. V.I Rozenberg. RrR.I. Goxbacheva, Yu.G Bundel’ and 0 A. Reutov J Organo~
- metal, Chem.. 101 (1975) 259. E
. 2 V.IL. Rozenberg, V_A. N;ka.no:ov V.1 Sahkova.. Yu.G. Bnndel’ and 0 A. Reutov J Organometal. :
- Chem., 102 (1975) 7. §
. 3 Yu.G. Bundel’. }1.u. Antonova and O.A. nEi.iv.G‘v‘. Dok.i Akad. Nauk SSSR 166 (1‘366) 1106. Lo
.4 Yu.G. Bundel’, V. I. Rozenberg and O.A. Reutov, Izv. Akad. Nauk SSSR, Ser. Khim., (1969). 2316.’ ’
‘5 Yu.G. Bundel’, V.I. Rozenberg and O.A. Reutov, Yzv. Akad. Nauk SSSR, Ser. Khim., (1970) 918. -
6 Yu.G. Bundel’, V.I. Rozenberg. AL Kurts. N.D. Antonova and O.A. Reutov J Orga.nometa.l. Chem., .
. .18 (1969) 209. :
‘7 Yu.G. Bundel’, V.I. Rozenberg. A. L. Kurts, N.D.. Antonova a.nd O.A. Reutov, Dokl. Akad. Nauk
‘SSSR. 187 (1969) 1290. Sl
.8 Yu.G. Bundel’, V.L Rozenbezg. G. V. Gavrilova and O.A. Reutov Izv Akad Nauk SSSR Ser. Khun‘.‘.' :
. .. €1969) 1389, v
9 Yu.G. Bundel‘ V.L Rozenberg, G.V. Gavnlova. E. A Abuzova and 0. A. Reutov, Izv. Akad Nauk
- SSSR, Ser. Khim,, (1970) 1155. ~ - . :
10 Yu.G. Bundel’;, V.I. Rozenberg. LN. Krok]:una and 0O.A. Reutov. Zh. Crg. Khxm.. 6 (1970) 1519
‘11 W. Hanstein and T.G. Traylor, Tetrahedron Lett., (1967) 4451, . i
12 W. Hanstein, H.J. Berwin and T.G. Traylor, J. Amer. Chem. Soc., o2 (1970) 829. :
13 S.N. Anderson, D.H. Ballard and M.D. Johnson, Chem. Commun., (1971) 779.. - .
14 D.N. Kursanov, V.N. Setkma, T.Yu. Orlova and I V. Polovyanyuk Izv. Akad. Nauk SSSR Ser Kh:.m .
(1973) 191, - ;
15 a) T. Yu. Orlova, S.S. Chuxanov L.A: Fedorov V.N. Setkina and D.N. Kursanov. Izv. Akad Nauk
" SSSR, Ser. Khim., (1973) 1652,
b)) T.Yu, Orlova, V. N. Setkina and D.N. Kursanov. Izv. Akad. Nauk SSSR, Ser. Khun.. (1974) 1579
16 T.G. Traylor, H.J. Berwin, J. Jercunicd and M.L. Hall, J. Pure Appl. Chem., 30 (1972), No. 3—4 599
17 J.W. Baker, Hypercomugatmn. Oxford University Press, Fair Lown, N.Y.. 1952 oo
18 M.J.S. Dewar, Hyperconjugation, Ronald Press. N.Y., 1962,
19 H.J. Berwin, Chem. Commun.. (1972) 237. ;
.20 a) C.J. Moore, M.L. Bullpitt and W. thchmg, J. Organometal. Chem.. 64 (1974) 93.
b) R. Alexander, M.T.: AttabBashl. C. Eaborn and D.R.M. Walton, Tetrahedron. 30 (1974) 899.
21 a). ‘Annual surveys of Organometalhc Chemistry, Elsevier Publ.: Co.. Amsterdam 1967, Vo!. 3. p. 71.
b) D.S. Matteson.. ‘Organometal. Chem. Rev. A, 4 (1969) 263.
22 a) O.A. Reutov and LP. Beletskaya, Reaction Mechanisms of Ozganometalhc Compounds North-
Holland Publ. Co.; Amsterda.m. 1968, pp. 276—278." :
b)Y D.S. Matteson, Organometa]hc Reactxon Mechamsms of the Nontransu;xon Elements, Acadexmc
Press, N.Y., 1974 P. 199, . -
23 a) L.G. Maka.tova and AN Nesmeya.nov Metody Elementoorgamcheskox K]n.mn. Rtut’ (OIgano-
: metallxc Chem:stry Methods Mercury). Nauka Publishers, Moscow, 1965 Ch. XV. - e
b) K_-P. Zeller and H Straub, Metoden 'der. Orgamschen Chemle (Houben-Weyl). 4te’ Aufl. Georg 3
" Thieme VExlag, Stuttgart Band i3, '.l‘e:.l 2B, Quec!ﬁn.lber. 1974 s: 267. s -
24 A M. Nesmeyanov, Selected Woxls in Organxc Chem.lstry Pergamon, Oxford 1963 DD- ,460 505
25 AWP; Jarwxe Organometal, Chem. Rev. A6 (1970) 153. B L
26 U.U.'Kreeooy, F, Stocher ‘and- R.A. Kretchmer. I Org. Chem., 28 (1963) 3184. i
“27 .a) C.A. Grob and P.W.'Schiess, Angew: Chern.; A9 (1967) 1. :
b)) C.K. Ingold.. Stmcture a.nd Mechamsm in Orga.m hem:st:y uomell Unxvemty pxes.xmaka, 196

28 C.A: Gzob' Angew. Chem.. 81 (1969) 430



). é
42°D.F: Baton and T.G Traylor, I Amer. Chem. Soc. 96" (1974) 1226.




