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responding /?-amidocyclohexylmercuriaIs.4 Conse
quently, it would appear that the present combined 
procedure should be widely applicable to the conversion 
of olefins into the corresponding N-alkylamides. 

The present results suggest that the solvomercura-
tion-demercuration reaction may possess wide ap
plicability for making reactions, previously achieved 
only with strong acids, possible under very mild reaction 
conditions. 'We continue to explore this possibility. 
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The Structures of Cyclopentadienylmercuric Halides 
and Dicyclopentadienylmercury 

Sir: 
We wish to report the first evidence that unequiv

ocally establishes the predominant molecular configura
tion in solution of the cyclopentadienylmercury com
pounds CpHgX (X = Cl, Br, I, and Cp).1 It has been 
inferred earlier4 from certain similarities that exist 
between the infrared spectra of these compounds and 
cyclopentadiene itself, together with the fact that 
Cp2Hg forms an adduct with maleic anhydride, that 
the Cp rings are cr-bonded to the mercury atom. On 
the other hand, nmr data published to date on these 
systems415'6"8 cannot be unequivocally interpreted in 
terms of either o--Cp, 7r-allyl, or w-Cp (ferrocenyl) 
bonding. The debate concerning the relative merits of 
such forms of bonding can now, however, be resolved 
by considering the new data communicated here. 

We have studied the nmr spectra of the above-men
tioned CpHgX compounds in various ethereal solvents 
over the temperature range —140 to 120° and will 
illustrate our findings with spectra acquired on 0.03 M 
CpHgCl in perdeuteriotetrahydrofuran (THF-^8) be
tween — 113 and 22° (Figure 1). All the spectra be
tween — 113 and — 7° are consistent with CpHgCl 
being a fluxional9 molecule with a nuclear configuration 

(1) Cp2Hg was prepared from CpTl and HgCb.2 CpHgX com
pounds (X = Cl, Br, and I) were prepared from Cp2Hg and the cor
responding HgX2.3 Each compound was analyzed for all the elements 
C, H, Hg, and halogen. Excellent agreement between the analytical 
values and theory was obtained in each instance. 

(2) A. N. Nesmeyanov, R. B. Maten'kova, and N. S. Kochetkova, 
Izv. Akad. Nauk SSSR, Ser. Khim., 1334 (1963). 

(3) A. N. Nesmeyanov, G. G. Dvoryantseva, N. S. Kochetkova, 
R. B. Materikova, and Yu. N. Sheinker, Dokl. Akad. Nauk SSSR, 159, 
847 (1964). 

(4) (a) G. Wilkinson and T. S. Piper, J. Inorg. Nucl. Chem., 2, 32 
(1956); (b) T. S. Piper and G. Wilkinson, ibid., 3, 104 (1956); (c) 
H. P. Fritz, Advan. Organometal. Chem., 1, 288 (1964). 

(5) W. Strohmeier and R. M. Lemmon, Z. Naturforsch., 14a, 109 
(1959). 

(6) (a) G. G. Dvoryantseva, K. F.Turchin, R. B. Materikova, Yu. N. 
Sheinker, and A. N. Nesmeyanov, Dokl. Akad. Nauk SSSR, 166, 868 
(1966); (b) A. N. Nesmeyanov, L. A. Fedorov, R. B. Materikova, E. I. 
Fedin, and N. S. Kochetkova, Tetrahedron Lett., 3753 (1968); (c) 
Chem. Commun., 105 (1969). 

(7) E. Maslowsky and K. Nakamoto, ibid., 257 (1968). In this 
paper, nmr spectra of Cp2Hg in liquid SOj are discussed. Contrary to 
what is there concluded, we suspect that the observations are influenced 
by impurities and/or by a reaction of the solute with solvent. Similar 
conclusions have also recently been independently arrived at by other 
workers.60 

(8) A. W. Kitching and B. F. Hegarty, / . Organometal. Chem., 16, 
P39 (1969). 
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Figure 1. Temperature-dependent 100-MHz nmr spectra of 0.03 
M CpHgCl in THF-rfg. The abscissa is calibrated in ppm down-
field from internal tetramethylsilane. 

(9) (a) W. von E. Doering and W. R. Roth, Angew. Chem. Intern. 
Ed. Engl., 2, 115 (1963); (b) F. A. Cotton, Accounts Chem. Res., 1, 
257 (1968). 
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Table I 

. <r-CpHgX (AA'BB 'C) > 
Av of «AlA. and 8B .B. , 7('"Hg-H)1V,' 

Compound Solvent 5av, ppm0 '6 ppm" Sc, ppm" Hz 

CpHgCl THF-(Z8 6.118 6.613 4.136 116«" 
CpHgBr THF 6.12 6.60 (4.20)" 116 
CpHgI THF 6.12 6.60 (4.20)" 114 
Cp2Hg THF 5.95 71«"./ 
Cp2Hg Dimethyl 5.89 ~ 6 . 3 5 71 

ether-THF* 

<* AU chemical shifts are downfleld with respect to internal tetramethylsilane. b 5av = VS(2JA.A' + 25B,B> + 5c). " Defined in text. * do 
calculated using equation in footnote b. Use of highly concentrated samples or resorting to further experiments in THF-(Z8 will allow the 
direct observation of proton C in this system. • The instantaneous structure of Cp2Hg only begins to be noticed at the lowest temperature 
attainable (ca. —140°). In this mixed solvent system, the chemical shifts of the protons in Cp2Hg are temperature dependent. / The appear
ance of 199Hg satellite peaks in the nmr spectrum of Cp2Hg [J(19BHg-H)av = 66 Hz in CDCl3] was first reported by M. D. Rausch, Ab
stracts of Papers, 144th National Meeting of the American Chemical Society, Los Angeles, Calif., March 31-April 5, 1963, p 21K; see also 
comments by M. D. Rausch in "Proceedings of The Robert A. Welch Foundation Conferences on Chemical Research. IX. Organo-
metallic Compounds," W. O. Milligan, Ed., Houston, Texas, 1966, p 221. 

of lowest free energy in which the Cp moiety is a-
bonded to the mercury atom (I). 

% 

I 

Fluxional behavior is observed because the means 
exists whereby the mercury atom has an equal prob
ability of being attached in turn to each of the five 
carbon atoms in the Cp ring. In practice, at —113° 
the interconversion of one nuclear configuration into 
another equivalent configuration is slow enough that 
the instantaneous structure of CpHgCl is revealed in its 
nmr spectrum. The observed spectrum at —113° is a 
superposition of spectra of three magnetically non-
equivalent molecules: 83.14% CpHgCl (AA'BB'C), 
8.43% Cp199Hg(a)Cl (AA'BB'CM), and 8.43% Cp-
199Hg(/3)Cl (AA'BB'CM) [the natural abundance of 
199Hg (/ = V2) atoms is 16.86%]. The findings are 
consistent with molecular configuration I. The chem
ical shifts of the cyclopentadienyl ring protons and the 
temperature dependence of the nmr spectra are similar 
to those reported for other c-Cp organometallic com
pounds.10 The AA'BB'C spectrum observed at - 1 1 3 ° 
differs vastly from that expected for CpHgCl in the 
absence of valence tautomerism were it to possess a 
Tr-allyl structure.11 A singlet occurs at 4.136 ppm 
(5C, CpHgCl; relative intensity = 1.0) with a half-
height line width in the 100-MHz spectrum of only 3Hz, 
virtually all the remainder of the spectrum falling 
between 6.1 and 7.0 ppm (relative integrated intensity 
= 4.8). The bulk of the absorption in the latter region 
is centered about 6.613 ppm and is due to the vinylic 
protons in CpHgCl (preliminary spectral analysis 
yielding A5AB ^ 0.06 ppm). Suspected satellite absorp-

(10) (a) M. J. Bennett, Jr., F. A. Cotton, A. Davison, J. W. Faller, 
S. J. Lippard, and S. M. Morehouse, / . Amer. Chem. Soc, 88, 4371 
(1966); (b) G. M. Whitesides and J. S. Fleming, ibid., 89, 2S55 (1967); 
(c) F. A. Cotton, A. Musco, and G. Yagupsky, ibid., 89, 6136 (1967); 
(d) F. A. Cotton and P. Legzdins, ibid., 90, 6232 (1968); (e) J. L. CaI-
deron, F. A. Cotton, and P. Legzdins, ibid., 91, 2528 (1969). 

(11) (a) M. L. H. Green and P. L. I. Nagy, Adcan. Organometal. 
Chem., 2, 332 (1964); (b) M. I. Bruce, M. Cooke, and M. Green, 
Angew. Chem. Intern. Ed. Engl, 7, 639 (1968); (c) F. A. Cotton and 
C. R. Reich, J. Amer. Chem. Soc, 91, 847 (1969). 

tions due to Cp199HgCl between 6.1 and 7.0 ppm are 
confirmed by spectra taken at —113° on more concen
trated solutions.12 

At higher temperatures, predictable sharp singlet 
character develops (Figure 1, —44° spectrum) in the 
form of both a low-field Cp199Hg(/3)Cl absorption and a 
principal CpHgCl absorption,10 prior to very noticeable 
high-field Cp 199Hg(a)Cl absorption appearing. By 
analogy to diallylmercury,13 allyl fluoride,14 and allyl 
phosphorus compounds,15 presumably /(199Hg-Hc) 
is large and greater than J(199Hg-H3) in I, the 
smallest mercury-proton coupling being /(199Hg-
HA). Consequently, the differences in proton chemi
cal shifts in Cp199Hg(/3)Cl are appreciably smaller 
than those encountered in Cp199Hg(a)Cl. The proton 
resonances in the Hg(/3) compound thus coalesce at a 
lower temperature than those of the Hg(a) compound. 
Ultimately, at —7° three sharp singlets are observed 
(5av, Cp199Hg(/3)Cl) = 6.698 ppm, (5av, CpHgCl) = 6.118 
ppm, and (5av, Cp199Hg(oi)Cl) = 5.538 ppm. From 
these chemical shift values it is obvious that, for CpHgCl 
in THF, /(199Hg-H)av = 116 Hz, where/(199Hg-H)av 

= V6[ZZ(199Hg-HA1AO + 2/( 199Hg-HB3O + /(1 9 9Hg-

Hc)]. 
In an analogous fashion, we have observed fluxional 

character associated with a predominance of <r-Cp-Hg 
bonding in THF solutions of CpHgBr, CpHgI, and 
Cp2Hg (Table I). It has been found that the less elec
tronegative the second substituent on the mercury atom, 
the more facile the intramolecular "ring-whizzing" 
of the mercury atom about the Cp ring, viz., Cp2Hg > 
CpHgI > CpHgBr > CpHgCl. 

Between 25 and —98°, the half-height line width of 
the main peak in the 100-MHz spectrum of a Cp2Hg 
solution in THF increases only from 1.1 to 1.6 Hz. 
Nevertheless, below - 1 0 0 ° in dimethyl ether-THF, 
this peak rapidly broadens, and the spectra closely 
resemble those of CpHgCl at temperatures less than ca, 

(12) Evidence available suggests that all Cp 199HgCl proton resonances, 
except for the upfield satellite of proton C, lie between 6.1 and 7.0 ppm, 
since were this the case, the calculated integrated intensity within this 
range, when compared to the peak at 4.132 ppm, would be 4.9, in good 
agreement with the measured value of 4.8. 

(13) In diallylmercury /(199Hg-Ha) S 145 Hz: P. West, unpub
lished data. 

(14) A. A. Bothner-By, S. Castellano, and H. GUnther, / . Amer. Chem. 
Soc, 87, 2439 (1965). 

(15) V. Mark, "Mechanisms of Molecular Migrations," Vol. II, 
B, S. Thyagarajan, Ed., Interscience Division, John Wiley and Sons, 
Inc., New York, N. Y„ 1969, p 359. 
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— 44° (Figure 1). Such observations indicate a de
crease in the fluxional character of Cp2Hg at these very 
low temperatures. 

A further observation noted during these studies is 
that, at any particular concentration, the extent to 
which intermolecular exchange of Cp groups takes 
place increases in the CpHgX series in the order X = 
Cp < Cl < Br < I. Factors such as steric size of X and 
the nature of both the Cp-Hg and Hg-X bonds no doubt 
largely control the over-all rates of Cp group migra
tion. Satellite broadening in the 22° spectrum of 
Figure 1 is due to intermolecular exchange of Cp groups 
in the CpHgCl-THF system.16 

Computer-simulated nmr spectra have been obtained 
which closely resemble all the experimentally measured 
spectra, such as those shown in Figure 1. At this stage, 
however, unambiguous assignments cannot be made 
to the 199Hg-H spin-spin coupling constants and, there
fore, a definite conclusion is not possible at the moment 
regarding the role played by 1,2 and/or 1,3 shifts of the 
mercury atom around the Cp ring. 

The physical properties of cyclopentadienylmercury 
compounds in different solvents are currently under 
investigation, as are the effects of various mono- and 
bidentate ligands. A full report on the nmr spectra 
of these and related organomercurials will be published 
soon. 
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(16) We have observed this phenomenon proceeding in a reversible 
manner up to 120° in a solution of CpHgCl in diethylene glycol-methyl 
f-butyl ether (bp 185 °), appreciable thermal stability being demonstrated 
up to this temperature. 
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Intramolecular Photoreduction of Alky 1 a-Diketones1 

Sir: 
Biacetyl (1) has often been employed as a probe for 

the mechanism of photoreactions in solution.2-10 

O n the other hand, until recently n- *2 very little quantita-
(1) Molecular Photochemistry. XX. Paper XIX: N. J. Turro and 

T. Cole, Jr., Tetrahedron Lett., in press. The authors thank the Air 
Force Office of Scientific Research (Grant 68-1381) for their generous 
support of this work. 

(2) H. L. J. Backstrom and K. Sandros, J. Chem. Phys., 23, 2197 
(1955). 

(3) N. L. J. Backstrom and K. Sandros, Acta Chem. Scand., 12, 823 
(1958). 

(4) K. Sandros and H. L. J. Backstrom, ibid., 16,958 (1962). 
(5) K. Sandros, ibid., 18, 2355 (1964). 
(6) S. Lipsky, J. Chem. Phys., 38, 2786 (1963). 
(7) J. T. Dubois and R. L. Van Hemert, ibid., 40,923 (1964). 
(8) F. Wilkinson and J. T. Dubois, ibid., 39, 377 (1963). 
(9) J. T. Dubois and M. Cox, ibid., 38, 2536 (1963). 
(10) J. T. Dubois, ibid., 37, 404 (1962), 
(11) N. J. Turro and R. Engel, Mol.Photochem., 1, 143 (1969). 
(12) N. J. Turro and R. Engel, ibid., 1, 235 (1969). 

tive data2,3 on the solution photochemistry of biacetyl 
and its derivatives had been published. The ability 
of 1 and other a-diketones13 to phosphoresce with 
moderate efficiency ($P — 0.1) in fluid solution is ex
ceptional and contrasts with the general lack of phos
phorescence from fluid solutions of monoketonic com
pounds. u This unusual resistance of biacetyl triplets 
to radiationless deactivation has not been satisfactorily 
explained. The fact that (a) 1 has a relatively low 
triplet energy (£3 = 56 kcal/mol)4 and (b) 1 abstracts 
hydrogen atoms with a rate constant which is very 
small2'11-12 relative to alkyl and aryl ketones15 perhaps 
gives some hint to the origin of the stability of triplet 1 
toward thermal deactivation, since it has been proposed 
that chemical163 or physical1615 quenching may indeed 
limit the lifetime of many triplet states in solution. 

a-Diketones undergo primary photochemical hy
drogen abstraction,11'17 addition to alkenes,18 and, 
possibly, a cleavage.19 The intramolecular hydrogen 
abstraction of alkyl a-diketones, possessing a y carbon 
bearing a hydrogen atom, yields 2-hydroxycyclobuta-
nones.17a,b'20 We report here our studies of the rates 
for intramolecular abstraction of primary, secondary, 
and tertiary hydrogens for a-diketones 2, 4, and 6, 
respectively, and compare our data with the intensely 
studied type II abstraction of branched alkyl ke
tones.16'21 

Irradiation of 0.15 M benzene solutions of 2, 4, and 6 
with 43 50-A light results in smooth, and essentially 
quantitative, formation of the cyclobutanones 3, 5, 
and 7, respectively.22 Each reaction is quenched by 
pyrene (Ez = 48 kcal/mol),23 a compound which is 
expected to be a diffusion-control quencher of triplets 
2, 4, and 6 (E3 ^ 56 kcal/mol).4 The Stern-Volmer 
plots (in benzene, acetonitrile, and /-butyl acohol), 
for quenching of the photorearrangements indicated in 
eq 1, are linear. The slopes of these plots may thus 
be equated to ktr where kq is the bimolecular rate con
stant for quenching of a-diketone triplets by pyrene 
and T is the a-diketone triplet lifetime. Table I lists 
kqr values, 1/r values (calculated from the assumption 
that kg = 5 X 109 M~l sec-1 in benzene),24 and quan-

(13) (a) K. Sandros and M. Almgren, Acta Chem. Scand., 17, 552 
(1963); (b) G. M. Almy and P. R. Gillette, J. Chem. Phys., 11, 188 
(1943); (c) H. H. Richtol and A. Belroit, ibid., 45, 35 (1966). 

(14) R. F. Borkman and D. R. Kearns, ibid., 44, 945 (1966); see, 
however, C. A. Parke and T. A. Joyce, Chem. Commun., 1A9 (1968). 

(15) P. Wagner and G. S. Hammond, Advan. Photochem., 5, 21 
(1968). 

(16) (a) D. Phillips, J. Lemaire, C. S. Burton, and W. A. Noyes, Jr., 
ibid., 5, 329 (1968); (b) C. A. Parker, "Photoluminescence of Solutions," 
Elsevier Publishing Co., New York, N. Y., 1968, p 74 ff. 

(17) (a) W. H. Urry, D. J. Trecker, and D. Winey, Tetrahedron Lett., 
609 (1962); (b) W. H. Urry and D. J. Trecker, J. Amer. Chem. Soc, 
84, 118 (1962); (c) J. Lemaire, J. Phys. Chem., 71, 2653 (1967); (d) 
J. Lemaire, M. Niclause, X. Deglise, J. C. Andre, G. Person, and M. 
Bouchy, Compt. Rend., 267C, 33 (1968); (e) W. G. Bentrude and D. R. 
Darnall, Chem. Commun., 810(1968). 

(18) (a) P. A. Wriede, Columbia University, unpublished results; 
(b) review: G. P. Fundt and G. W. Schenck in "1,4-Cycloadditions," 
J. Hamer, Ed., Academic Press, New York, N. Y., 1967, p 345. 

(19) S. A. Greenberg and L. S. Forster, J. Amer. Chem. Soc, 83, 
4339 (1961); C. W. Bird, Chem. Commun., 1537 (1968). 

(20) H. H. Richtol and F. H. Klappmeier, J. Chem. Phys., 44, 1519 
(1966); these authors studied the quenching of a-diketone phospho
rescence as a function of side-chain length. They erroneously assumed 
that chemical reaction was not a significant factor in their systems. 

(21) N. C. Yang and S. P. Elliott, / . Amer. Chem. Soc, 90, 4194 
(1968), and references therein. 

(22) Compounds 3, S, and 7 were unambiguously characterized by 
nmr and ir analyses. 

(23) D. S. McClure, J. Chem. Phys., 17, 905 (1949). 
(24) See P. J. Wagner and I. Kochevar, J. Amer. Chem. Soc, 90, 

2232 (1968), for a discussion of this assumption. 
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