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Radicals II are also formed in the reactions of TCNE 
with the cyclopentadienyl carbonyl dimers of Cr, Mo, W, 
and Fe as well as with the corresponding benzyl derivatives 
(Table I), but not with Re2(CO)i0, Co2(CO)8, and [ij5-
C5H5Ni(CO)]2 which give TCNE- - as the only detectable 
paramagnetic species in solution. Radical II with M = 
77'-C5H5Cr(CO)3 is the most labile and decays rapidly 
above —25°. At similar low temperatures, the same radical 
can also be produced (together with TCNE--) from [TJ5-
C5H5Cr(CO)3]2Hg and TCNE underscoring the generality 
of the oxidative homolytic scission of metal-metal bonds. 
The esr spectra of these species are simpler than that of I, 
since the corresponding metal nuclei in largest natural 
abundance have no nuclear spin. However, satellite lines 
due to 53Cr and 95>97Mo have been observed. The metal-
metal bonds of main-group organometallic compounds can 
also undergo oxidatively promoted homolysis judging by the 
ready formation of radical II with M = (n-Bu)3Sn in the 
reaction of TCNE and hexa-«-butylditin (Table I).16 This 
radical is extraordinarily stable, and it appears to have been 
isolated in pure form, although not recognized as II, in a re­
cent preparative study.17 The hexaphenyl derivative and the 
silicon analogs do not give II but only TCNE-- as was al­
ready reported.18 The details of this work together with ad­
ditional radical reactions of TCNE and other organic elec­
tron acceptors with organometallic compounds will be re­
ported elsewhere. 

Acknowledgments. We thank Dr. O. W. Webster for a 
gift of TCNE and Professor C. U. Pittman, Jr., for samples 
of transition metal benzylic carbonyl derivatives. We are 
also grateful to Mr. B. F. Gordon for dedicated technical 
assistance. 

References and Notes 
(1) N. G. Connelly and L. F. Dahl, Chem. Commun., 880 (1970); R. H. 

Reimann and E. Singleton, J. Organometal. Chem., 32, C44 (1971); E. 
C. Johnson, T. J. Meyer, and N. Winterton, Chem. Commun., 934 
(1970), lnorg. Chem., 10, 1673 (1971); J. N. Braddock and T. J. Meyer, 
ibid., 12, 723 (1973); J. A. Ferguson and T. J. Meyer, ibid., 10, 1025 
(1971); B. D. Dombek and R. J. Angelici, lnorg. ChIm. Acta, 7, 343 
(1973); R. H. Reimann and E. Singleton, J. Organometal. Chem., 57, 
C75 0973). 

(2) A. Peloso, J. Organometal. Chem., 67, 423 (1974); 74, 59 (1974). 
(3) P. Abley, E. R. Dockai, and J. Haipern, J. Amer. Chem. Soc, 94, 659 

(1972); H. C. Gardner and J. K. Kochi, J. Amer. Chem. Soc, 96, 1982 
(1974); I. P. Beletskaya, S. V. Rykov, and A. L. Buchachenko, Org. 
Magn. Reson., 5, 595 (1973); V. I. Stanko, A. N. Kashin, and I. P. Belet­
skaya, J. Organometal. Chem., 56, 111 (1973); N. S. Vyazankin, V. T. 
Bychkov, O. V. Linzina, L. V. Aleksandrova, and G. A. Razuvaev, ibid., 
31, 311 (1971); G. A. Abakumov, E. N. Gladyshev, N. S. Vyazankin, G. 
A. Razuvaev, P. T. Bayushkin, and V. A. Muraev, ibid., 64, 327 (1974). 

(4) Such intermediates have been isolated and characterized in a few in­
stances. Cf. N. G. Connelly and L. F. Dahl, J. Amer. Chem. Soc, 92, 
7472 (1970); J. A. Ferguson and T. J. Meyer, lnorg. Chem., 11, 631 
(1972); R. J. Haines and A. L. du Preez, ibid., 11, 330 (1972); N. G. Con­
nelly and J. D. Davies, J. Organometal. Chem., 38, 385 (1972). 

(5) W. D. Phillips, J. C. Rowell, and S. I. Weissman, J. Chem. Phys., 33, 626 
(1960). 

(6) Addition of silyl radicals SiFb to the nitrogen atom of alkylimines and alk-
ylcyanides has been recently reported. R. A. Kaba, D. Griller, and K. U. 
Ingold, J. Amer. Chem. Soc, 96, 6202 (1974). 

(7) J. A. Pople and D. L. Beveridge, "Approximate Molecular Orbital Theo­
ry," McGraw-Hill, New York, N. Y., 1970. We obtained a copy of the 
program CNINDO, written by P. A. Dobosh, from the Quantum Chemical 
Program Exchange, Indiana University. 

(8) R. Sustmann and H. Trill, J. Amer. Chem. Soc, 96, 4343 (1974). 
(9) Trigonal geometry: CN = 1.16, C1 2 = 1.42, C2 3 = 1.39, and CH = 

1.08 A. 
(10) Trigonal allyl geometry: CC = 1.38, CH = 1.08, CN = 1.40, and NH = 

1.01 A. 
(11) J. K. Kochi and P. J. Krusic, J. Amer. Chem. Soc, 92, 4110 (1970). 
(12) Cf. W. Hanstein, H. J. Berwin, and T. G. Traylor, J. Amer. Chem. Soc, 

92, 7476 (1970); C. G. Pitt, J. Organometal. Chem., 61, 49 (1973). 
(13) P. J. Krusic and J. K. Kochi, J. Amer. Chem. Soc, 93, 846 (1971). 
(14) T. Kawamura, P. Meakin, and J. K. Kochi, J. Amer. Chem. Soc, 94, 

8065(1972). 
(15) S. R. Su, J. A. Hanna, and A. Wojcicki, J. Organometal. Chem., 21, P21 

(1970); S. R. Su and A. Wojcicki, ibid., 31, C34 (1971); lnorg. Chim. 
Acta, 8, 55 (1974); lnorg. Chem., 14, 89 (1975). 

(16) The small 115^117Sn and N3 splittings (cf. Table I) suggest an expanded 
Sn-N-C bond angle. A collinear arrangement of these atoms would 
maximize a T (d-p) interaction between the d orbitals on Sn and the ni­

trogen lone pair In a pure p orbital. Such JT (d-p) conjugation is not ac­
cessible to the transition metal analogs, since the d orbitals are en­
gaged in bonding to the metal ilgands. 

(17) A. B. Cornwell, P. G. Harrison, and J. A. Richards, J. Organometal. 
Chem., 67, C43 (1974). 

(18) V. F. Traven and R. West, J. Amer. Chem. Soc, 95, 6824 (1973); H. 
Sakurai, M. Klra, and T. Uohida, ibid., 95, 6826 (1973). 

P. J. Krusic,* H. Stoklosa 
L. E. Manzer, P. Meakin 

Central Research Department 
E. I. du Pont de Nemours and Company 

Wilmington, Delaware 19898 
Received September 25, 1974 

Spin Selectivity in Low Temperature Solid 
State Photochemistry 

Sir: 

A few years ago it was suggested1 that microwave radia­
tion capable of changing the direction of the unpaired spins 
of a photochemically active triplet state {i.e., microwaves in 
resonance with its zero-field (zf) transitions) could affect 
the rate and yield of solid state photochemical reactions in­
volving this state. In this communication we report on the 
observation that the rate of the biphotonic photochemistry 
of pyrimidine2 in benzene at 1.60K is found to decrease 
when the system is exposed to microwaves in resonance with 
its zf transitions or to a static magnetic3 field. The theoreti­
cal treatment of this problem given in this communication 
reveals that this could arise from having unequal intersys-
tem crossing (ISC) rates, unequal decay rates, or unequal 
photochemical reaction rates for the three zf levels of the 
triplet state. In the system studied, in addition to unequal 
ISC and decay rates, the different spin levels are found to 
have different photochemical reaction rates. 

The phosphorescence intensity of pyrimidine in benzene 
at liquid helium temperatures decreases as a function of 
time under 3130 A excitation.2 A new uv absorption band 
with an optical density of >0.10 that of the unreacted py­
rimidine is found to appear at 3600 A upon melting an irra­
diated thin sample for 12 hr. The overall rate of the reac­
tion (determined from the decrease in the phosphorescence 
intensity with uv exposure time) is found to be first order in 
optically clear crystals. (Nonlinear effects due to scattering 
of the exciting light are found when polycrystalline samples 
are used.) At low intensity, the rate constant of the reaction 
is found to be second order in the exciting light intensity, 
suggesting a biphotonic reaction as was found for other sys­
tems.4'5 

The effect of resonant microwaves6 and static magnetic 
field (10 kG) on decreasing the rate of the photochemical 
disappearance of pyrimidine is shown in Figure 1. These 
perturbations cause a decrease in the value of the rate con­
stant of the observed photochemical change by a factor of 
1A-1A-

In the absence of spin-lattice relaxation between the 
three zero-field (zf) levels, a set of rate equations may be 
derived for the following biphotonic mechanism. 

S0 +=+- T, —• product 
Bi 

The rate equations for populating any zf level / of the triplet 
state (T) and the ground state (So) are given by 

^ = a,is- /3,.T, - Ylrr, (D 
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Figure 1. The effect of microwaves in resonance with zero-field transi­
tions or 10 kG static magnetic field on the rate of photochemical reac­
tion of the triplet state of solid pyrimidine in benzene at 1.60K. At this 
temperature, the spin-lattice relaxation between the zf levels is slow 
and the system exists in a state of spin alignment. 

^ = L ^ T , - ^TS0) (2) 

where x, y, and z are the three orthogonal zf states. The de­
pendence on the intensity of the exciting light (/) is includ­
ed explicitly in the ISC (a,7) as well as the photochemical 
reaction (y,7) rates. /3,- is the decay rate of the sublevel i to 
the ground state. 

Since the reaction is slow compared with photophysical 
processes, these rate equations can be solved under a 
pseudo-steady-state approximation. The rate constant for 
this photoreaction at certain light level, k(I), is found to be 

k(r) =
 Yj2 (3) 

where Y = 2/«/7;, X = S,«,- = S/az/ft. 
If a microwave field in resonance with the x ** y zf tran­

sition is applied, the population of the two levels tend to 
equalize. Under this condition, the quantities kxy, Yxy, and 
Xxy are obtained by substituting the new steady-state popu­
lation7 nxy = (ax + <xy)l$x + 0y) for nx and ny in eq 3. No­
tice that resonant microwaves could affect the rate of the 
photochemical reaction if either the populations or the pho-
toreactivities (measured by -y,) of its zf levels are unequal or 
both. The question most interesting to chemists would be 
whether the rate of the photochemistry of a triplet state de­
pends on the initial direction of the unpaired spins in the 
molecular framework, i.e., yx ^ yy ^ Tz-

The relative population of the zf levels (known for pyrim­
idine)8 is related to the 7,'s as follows. 

'Y^ _ &xy(l + X„l) _ n„(yx + y») + nzys ^ 
Y k(l + Xl) nxyx + n^y + nzyz 

The relative values of 7, can be determined by simulta­
neously solving this and a similar equation involving, e.g., 
Yxz/Y, if I is calculated by determining k at two different 
light intensities. 

In five different experiments, using different exciting 
light intensities, the above method gave yx:yy:yz the ratio 
1:0.70 ± 0.13:0.5 ± 0.1; i.e., the rate of the photochemistry 
induced by an absorption of a second photon by the lowest 
triplet state depends on the orientation of the spins in the 
molecular framework. 

y contains the product of the probabilities of both the ab­
sorption of the second photon and the nonradiative pro­
cesses) leading to the observed photochemistry. Spin selec­
tivity could arise if the different zf levels have different 
probabilities for either or both of these two processes. For 
example, the second photon could excite the molecule to a 
higher energy triplet state which, via spin-orbital coupling, 
radiationlessly and spin selectively crosses to a photochemi-
cally active singlet state or to a singlet state of product. It 
should be emphasized that this is a tentative explanation. 
However, in any mechanism postulated, the coupling be­
tween the spin motion and the orbital motion (responsible 
for the chemical reaction) must be invoked. 

The details of the photochemistry involved are now being 
worked out and the complete work will be published at a 
later date. 

Acknowledgment. The authors wish to thank Dr. Peter 
Esherick of this group for his critical comments throughout 
this work. The financial support of the Office of Naval Re­
search is also greatly acknowledged. 

References and Notes 

(1) M. A. El-Sayed, Pure Appl. Chem., 24, 475 (1971). 
(2) R. Shimada, Spectrochim. Acta, 17, 30 (1961). 
(3) There are a number of studies on magnetic field effects on photosensit­

ized reactions in fluid medium at room temperature, e.g., P. W. Selwood, 
Chem. Rev., 38, 41 (1946); W. E. Falconer and E. Wasserman, J. Chem. 
Phys., 45, 1843 (1966); J. Frank and W. Grotian, Z. Phys., 6, 35 (1921); 
L. A. Turner, Z. Phys., 65, 464 (1930); J. H. Van Vleck, Phys. Rev., 40, 
544 (1932); A. Gupta and G. S. Hammond, J. Chem. Phys., 57, 1789 
(1972); L. R. Faulkner and A. J. Bard, J. Amer. Chem. Soc, 91, 6495, 
6497(1969). 

(4) A. N. Terenin, "Recent Progress in Photobiology," Bowen, Ed., Blackwell, 
Oxford, 1964; S. Siegel and K. Eisenthal, J. Chem. Phys., 42, 2494 
(1965); G. E. Johnson and A. C. Albrecht, J. Chem. Phys., 44, 3162 
(1966); K. D. Cadogen and A. C. Albrecht, J. Phys. Chem., 72, 929 
(1968). 

(5) B. Brocklehurst, W. A. Gibbons, F. T. Lang, G. Porter, and M. I. Savadatti, 
Trans. Faraday Soc, 62, 1793 (1966). 

(6) For a recent review of microwave effects of other properties of the trip­
let state see: M. A. El-Sayed, MIP (Med Tech. Publ. Co.) Int. Rev. ScL, 
Spectrosc. (1972); M. A. El-Sayed, Advan. Photochem. in press. 

(7) M. A. El-Sayed, Accounts Chem. Res., 4, 23 (1971). 
(8) D. M. Burland and J. Schmidt, MoI. Phys., 22, 19 (1971). 

M. Leung, M. A. El-Sayed* 
Contribution No. 3371, Department of Chemistry 

University of California 
Los Angeles, California 90024 

Received September 3, 1974 

Modification of the Cavity of /3-Cyclodextrin by Flexible 
Capping 

Sir: 

The cyclodextrins (cycloamyloses) have generated great 
interest1 because of their ability to bind substrates into their 
cavity utilizing hydrophobic interactions in aqueous solu­
tion. In this respect they mimic binding sites in enzymes, 
and cyclodextrins have been utilized accordingly in a num­
ber of enzyme models. Simple cyclodextrins themselves are 
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