
Tetrahedron Letters No. 3, pp 275 - 278, 1978. Pergamon Press. Printed in Great Britain. 

MECHANISM OF ORTRO-MlWXJRIATION OF SUBSTITUTED PRENYLHYDRAZONES - A NUVEL 

INTERNAL CYCLOMETALATION IR A HYIRAGOHE ELEXX'ROPI3ILIC ATTACK. 

Richard IQ. Butler* and Anne 14. O'Donohue, 

Chemistry Department, University College, Galway, Ireland. 

(Received in UK 4 November 1977; accepted for plblioation 24 November 1977) 

The reactions of some aromatic aldehyde phenylhydrazones with mercury (II) 

oxide gave dimeric bishydrazoee type products, '$ 2 but the reaction of 

p-nitrophenylhydrazones with mercury (II) acetate surprising13 gave R-phenyl 

ortho-mercuriation, e.g. (l)-+ (31, apparently not involving the hydrazone chain. 

This reaction is herein established as an abnormal aromatic mercuriation which 

does indeed involve the hydrazone chain and an accompanying internal electrophile 

migration. 

Selectivity: The reaction occurred with p-bromo phenylhydrazone systems as 

well as the p-nitro derivatives and the mercuriation uas specific to the ortho 

position. (Table). Products from attack at the meta- site of the l?- phenyl 

ring were mot detected. When the nitro group was moved to the ortho- position, 

no reaction was observed and for both benzaldehyde- and p-methoxybenzaldehyde 

o-nitrophenylhgdrau>ne the substrates were recovered. 

Substituent Effects: Product studies (Table) indicated an unexpectedly 

strong influence by distant para-SUbStitUentS of the methine phenyl ring. 

Kinetic studies4 at 25' is acetic acid confirmed the substituent response (Table). 

The rates4 were second order and gave a Q value of - 0.81 ( r = 0.999) for the 

reaction (figure 1). This is typical of electrophilic attack on a hydrazone 

system and is a higher negative fj value than for electrophiles such as diazonium 

ion,5 bromine6 and lead tetraacetate,? 

Significantly, the e+ values8 
all of which attack at the chain, 

for the substituents were necessary (Figure 1) 

and normal w values did not give a correlation. These data imply a strong 

interaction of the methine para-substituent with a cationic reaction centre. 
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The synthetic results also Suggested a strong influence by para-6UbstitUents in 

the W-phenyl ring (Table). Kinetic measurements for NOS. 2, 7, 12 and also 1, 8 

(Table) gave p , -2.8 2 0.3 for this ring (using &+ values which correlated 

normal aromatic mercuriationg). This W-phenyl e value is intermediate between 

the value for normal aromatic mercuriation (0 , - 4.01,' and the value for 

hydrazone electrophilic attack by bromine (p , - 2.2)6 and lead tetraacetate 

(QS - l.95P0 It agrees with the methine substituent effects in suggesting 

an involvement of the hydrazone moiety. (It was not possible to use 

electron-donating para-substituents to measure e for the W-phenyl ring because 

removal of the para-electran withdrawing substituent surprisingly changed the 

nature of the reaction. With some aromatic aldehyde- phenylhydrazones (A, Y = HX, 

p-methoxylphenylhydrazones (A, Y = MeO), and o-tolylhydrazones the products were 

mixtures of red resins and mercury (I) acetate. These reactions may be similar 

to those reportedl' for the reagents mercury (II) oxide and manganese dioxide. 

They are being examined further and will be reported elsewhere). 

Thermodynamics: Kinetic measurements for the parent compound (1, X = H); 

Y = Br) gave thermodynamic data for the reaction (Figure 2.)) LIEact, 17.5 

k.cal mol.-l, A Hact 16.9 k.cal mol.-l and ASact - 14.1 e.u. The entropy is 

significantly lower than for mercuriation of other substituted benzene6 (~a. - 20 

to - 25 e.u.)' suggesting a transition state in which the activation energy is 

distributed among a greater number of bonds. 

- 12.3 e.u.ll 

It is comparable with the value, 

for ortho-mercuriation of azobenzenes which is reportedl' to 

involve complexation at the @ - azo-nitrogen. The activation energy i6 also 

lower than for normal aromatic mercuriations (~a. 21 - 25 k.cal m01.-1)~ and is 

consistent with a reaction-pathway stabilised by extra charge delocalization. 

These data suggest that the mercuriation of the ortho-position is facilitated 

by the hydrazone imino moiety via attack at the n-electrons. A transition 

complex (Figure 3) which is stabilized by strong delocalization to the methine 
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Figures:l.Hammett plot for Nos. k-6(Tableb 2,Arrhenius plot for No. 3(Table) 

TABLE 

Hydrazone -Conditions ___) Product (3) 

No. x I kin., 25' Yield (%) M.p. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 
8. 

9. 

10. 

11. 
12. 

Me0 Hr 

Me Br 

H Hr 

ClBr 

ErBr 

Bb2 Br 
Me NO2 

He0 NO2 

Cl 1po2 

RO2 1902 
Me Me0 

Me H 

20 Pa 1&o-161' 

30 7oa 172-174 

40 75a 163-165 

45 85 165-166 

80 

70 

70 

To 

70 
12 

45 

90 

78b 

08 

35b 
o.gc 

181-183 

k,ld at 25' 

dm3mol-'see -1 

9.58 (-o.7781d 

4.56 (-0.311) 

2.13 (0) 

1.91 (0.114) 

1.66 (0.150) 

0.53 (0.79) 
0.06 

0.28 

52.9 - 12.6e 

27.6 - 22.4e 

Red oils were obtained due to decomposition of the product(confirmed by 

control reactions). bFrom ref. 3. 'A reaction could not be achieved, 

ref. 3. d Parentheses contain b+ values used In Mg. 1, from ref. 8, 

These reactions gave red-brown resins and HgOAc a6 products. Attempted 

rapid kinetic measurements in the early stages mere erratic. 
They are being examined further by comparing the reactions of other 

oxidising agents. ffovever, despite this difficulty number 12 did 

correlate with number8 7 and 2 in the e value for the N-phenyl ring. 
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phenyl ring, (2a), and in which HgOAc+ ultimately migrates to the N-phenyl ring 

(2b) fits the data well. The reaction provides a new example of the recent122 

classified llcyclometalationl* reactions in which an organic ligand of a transition 

metal complex undergoes intramolecular metalation with the formation of a 

metal-carbon & bond. As far as we are aware, a quantitative estimation of 

electronic effects on such a reaction has not been reported previously but 

qualitative trends have been established for a number of other metals.12 The 

mechanism suggests a preferred orientation for the compounds (3) in which the 

imino n-electrons are complexed with the Hg(I1). Carbon-13 shifts (DMSO-d6) are 

shown for compounds (1) and (3) (X = Me, Y = Br) and were assigned by observing 

the expected proton coupling and by using models. The difference in the methine 

carbon shifts, although small, lends some support for such a complexed structure. 

We have noted with other systems that when a Hg atom is bonded to a hydrazone 

amino NH, the methine carbon signal was generally shifted to a higher field by a 

small extent (A = - 0.5 to - 5 ppm). A reversed effect by a more remote 

ortho- Hg atom (A , 2 ppm.) is, therefore, unexpected unless there is some 

interaction with the imino moiety. 

A. M. O'D. acknowledges a State Grant for research. 
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