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Numeroue kinetic etudiee of Melpmheimer complex formation end deccmpoeltioe have been 

reported (l-6) end the thermodynamic end kinetic parerPctere for euch proceeeee are now well keown. 

There hae been no report of the kinetic6 of convereion of Meleenhclwer caplexee 1llcaAto the 

bicycllc complexee ,& however, a& the mechenlem for euch a reaction bee been the eubject of come 

epeculation (7-11). Such lntrrrmolecular cyclisatione quite cmnly occur in many complexee likef 

in which the exocycllc moiety bee potential cerbanionlc cite y to C-l, l.c., e, 2, & (7-12). 

b (R - R' - H) 

a (R end/or R' = electron 
withdrawing or donating 
groupe) 

a (R - R' - H) 

a (R end/or R' - electron 
withdrawing or donating 
group4 

12 (R - R' - C6H5) ?;s (R - R' - C6H5, tie) 

The detailed mecheniem depends on the nature of R end R', end on the bees ueed to lnitlete the 

reaction. We report here a kinetic study end mechaniem of cyclizatlon for e, which likely typl- 

fieo Meieenhelmer complex cyclizetione when R end/or R' are electron withdrawing or delocalizing. 

The overall formation of 5 from sym-trinitrobentene (TNB), dibeneyl ketone (DBK), end tri- 

ethylemine (TEA), hiu been shown to occur in two etagee in D?EO (7.8). Both pmr end visible epectre 

2.349 
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TBA + DBK - HTKA+ + DBK- 
stage I 

DBK- + TKB-& 

Stage II 

I 

a-----cz;E 

(7,8) clearly show Initial formation of &, followed rapidly by formation of & with a concomitant 

decrease in the absorptions of the former. An isosbestic point is formed between the visible absorp- 

tion maxima of & and ?;c, and the overall rate of stage I and stage II are similar when the con- 

centratfon of TNB is similar to that of TEA and DBK. In order to study stage II we used TEA and DBK 

concentrations some 100 to 1000 fold greater than that of TNB. Under these conditions, stage I was 

complete within a few seconds. This point was checked by extrapolating back to zero time to get the 

extinction coefficient of 3, and confirming that all the TNB was converted to complex. Stage II 

was followed by measuring the diminishing absorbance of 12 at 575 nm, where the productahas no 

absorption. The concentrations of DBK, TEA, and HTKA+, as well as the Ionic strength ware varied, 

and the effact on rate was noted. 

Prior to this study, we had proposed a "least contrived" mechanism, throughz, in which proton 

transfer was followed by an intramolacular attack. 

In fact, however, the present study has shown the rate of stage II as: (1) first order in trlethyl- 

amlne, (2) negative nonintegral order (between -1 and zero) in triethylammoniurn cation, (3) Increased 

by increasing ionic Strength, and (4).zero order in dibenzyl ketone. These observations-are con- 

sistent with the following mechanism for stage II: 
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l+-& + TEA 

z k2 -/gH5 

kl 

k-l 

N02- 

(1) 

No2 
HTEA+ t 2-c + TEA (2) 
fast 

where, 

-d&c]/dt - klk2[T~][~]/[k_l[~EI;Cl + k21 

The fact that no intermediate builds up during the reaction (evidenced by the pmr and visible 

spectra) provides evidence against a mtchanism In 

large kl/k_l ratio, followed by a slow step (2). 

equilibrium would not account for the nonintegral 

is nonlinear.) 

which step (1) Is a rapid pre-equilibrium with a 

Even with a very small kl/k_l ratio, such a pre- 

order of HTFA+. (A log-log plot of kobs vs [WA+] 

The short-lived Intermediates Aandzare quite reasonable structures, and are supported by the 

stable and IsolableL and2 (12.13). In fact, there is good evidence that 3 can be converted toA 

in strong base (14). In addition, although trlethylamine $a Ineffective in converting &toawhen 

R and R' are electron donating groups (8). very strong base will effect such a conversion, presumably ----- 

through an intermediate like 5 (12). 



2352 

opq~; CHINOS 

-02N N02- 2 
0 

No. 25 

7 8 

Acknowledgements. Thin work wus supported by the Army Kescarch Office at Durham, the l&search 

Corporation, the National Aeronautics and Space Administration, the National Science Foundation, 

and the University of Verdant. 

1) J. 

2) c. 

3) J. 

4) E. 

5) c. 

6) E. 

7) n. 

8) N. 

9) B. 

10) K. 

11) w. 

12) K. 

13) M. 

14) n. 

8. Fendler, E. J. Fondler, and C. E. Griffin, J. Org. Chem.. 34, 689 (1969). 

P. Bernaaconi, J. Amer. Chem. Sot., 92, 129 (1970). 

A. Orvik and J. F. Bunnett, N., _, 92 2417 (1970). 

Buncel, A. R. Norris, W. Proudlock, and K. E. Russell, Can. J. Chem., 47, 4129 (1969). 

Illuminati, P. Bemporad, and F. Stegel, J. Amer. Chem. Sot., 9l. 6742 (1969). 

J. Fendler, J. B. Fendler, C. E. Griffin, and J. W. Larson, J. Org. Cham., 35, 287 (1970). 

I. Foreman, B. Foster, and M. J. Strauss, J. Chem. Sot. C, 2112 (1969). 

J. Strauss, Ii. Schran, T. Jensen, and K. O'Conner, J. Org. Chew, 35, 383 (1970). 

Foster and C. A. FPfe, Tetrahedron, 22, 1831 (1966). 

Kohasi, Y. Ohkura, and T. Momose, Chem. Pharm. Bull. Japan, l8, 2151 (1970). 

J. Strauss and H. Schran, J. Amer. Chem. Sot., 9l, 3974 (1969). 

Kohasl, Y. Ohkura, and T. Momose, Chem. Pharm. Bull. Japan, l9. 213 (1971). 

R. Crampton, J. Chem. Sot. B, 1341 (1967). 

J. Strauss and H. Schran, unpublished work. 

Keferences 


