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Table I. Binding Constants of Amines with Rhodium(III) 
Porphyrins in CHCl3 at 15 0 C 

amine 

3 
Sb 

K (M"1) Rh porphyrin 

Ic Id 

5 X 106 1.6 X 10' 
2.9 X 10' 3.9 X 10' 

' [Rh porphyrin]^, = 4.30 X 10"' M. 

1H NMR and IR spectra of adduct la-2 for CDCl3 or CHCl3 
solutions showed nonequivalent OH proton resonances at S 8.85 
(1 H) and 6.00 (1 H) and v0H and vco at 3430 and 1728 cm"1, 
respectively. A large (~3 ppm) downfield shift of one OH proton 
and significant shifts to lower wavenumbers in vOH (~ 100 cm"1) 
and vco 04 cm"1) as compared with those for reference com
pounds11 indicate that the adducts of la and amino esters contain 
an intramolecular hydrogen bond between OH and CO2CH3 
groups in addition to a common Rh-NH2- coordination bond 
(refer to 6, R = CH3 and X = CH2C6H5 or CH2CH(CH3)2).

12 

A similar dual interaction has been observed for the C-bound 
acetone-rhodium derivatives of tra«5-bis(hydroxynaphthyl)-
porphyrin (Ic) and its cis isomer (Id).8 Compound la in CDCl3 
was also found to extract 1 mol of free amino acids such as 
phenylalanine and leucine in water at neutral pH to form similar 
two-point amino acid adducts (6,R = H and X = CH2C6H5 or 
CH2CH(CH3)2) irreversibly; e0H centered at 3400 cm"1 and vCQ 
1717 cm"1 for the phenylalanine adduct.13 

Reversible amine coordination (eq 1) was achieved by using 
related Rh(III) porphyrins having an organic trans ligand in place 
of Cl. Amines 2-5 reversibly bind with Ic and Id. In the latter 

Rh(III) + amine ;=± rhodium(IH)-amine (1) 

the acetone moiety is attached to Rh at the OH-containing side 
of the porphyrin plane.8 The binding constants (K) for 3 and 5b 
were determined by spectrophotometric titration with good 
isosbestic behaviors14 and are summarized in Table I. Although 
Id whose open coordination site has no nearby OH groups (refer 
to 8) shows a slight preference for 5b over 3 (ATH(3) /'A"jd(5b) = 
0.41), Ic binds 3 17 times more strongly than 5b (Ku(3) / Ku(5b) 
= 17). Although, in a different viewpoint, 5b is bound with Id 
slightly more tightly than with Ic (A:,c(5b)/A:ld(5b) = 0.74), 3 
prefers Ic to Id by a factor of 31 (Klc(3)/Ku(3) = 31). These 
results indicate that the hydrogen bonding in the adduct lc-315 

(7, R = CH3 and X = CH2CH(CH3)2) gives rise to a selectivity 
factor of 17/0.41 = 31/0.74 = 42, corresponding to a stabilization 
energy of RT\n 42 = 2.1 kcal/mol (15 0C). Reversible and highly 
selective amino ester binding with Ic was directly shown by the 
NMR spectrum for a 1:2:2 mixture of Ic, 3, and 5b in CDCl3 
([Ic] — 4.1 mM) affording two adducts lc-3 and lc-5b in a ratio 
of approximately 20:1.16 Reversible amino acid extraction from 

(11) The corresponding absorptions for reference compounds are as follows: 
60„, 6.15 (1 H) and 5.68 (1 H) for adduct la-4 and 5.23 (2 H) for the free 
base porphyrin of la; poa, 3529 cm"1 for la-4, 3524 cm-1 for la, and 3520 
cm"1 for the free base porphyrin of la; vCQ, 1742 cm"1 for lb-2. 

(12) Other characteristic NMR signals for la-2 are as follows: 6 -4.42 
and -5.23 (both 1 H, m, diastereotopic NH2), -3.20 (1 H, m, CZTNH2), 0.07 
and 0.48 (both 1 H, m, diastereotopic CZf2C6H5), and 10.28 and 10.20 (both 
1 H, s, meso-H). 

(13) A shift to lower wavenumber by ~ 20 cm"1 in xco a s compared with 
vCo at 1737 cm"1 for adduct lb-phenylalanine is consistent with an intra
molecular hydrogen bonding between OH and CO2H groups in 6 (R = H) 
and 7 (R = H). 

(14) Compounds Ic and Id undergo a considerable red-shift of their Soret 
absorption upon complex formation with amines; e.g., X1n,, for lc-3 (7, R = 
CH3 and X = CH2CH(CH3)2) (CHCl3 solution) 421, 537, and 567 nm. 
Spectra in the region of 500-600 nm with varying amounts of amine were 
recorded, where isosbestic points were observed at 528, 548, and 566 nm in 
the case of titration of Ic with 3. Binding constants (K) were calculated from 
absorbance changes at 557 nm, a X^x for Ic, according to K = [rhodium-
amine] /[Rh] [amine]. 

(15) Adduct lc-3 (7) and ld-3 (refer to 8) showed i>co for CO2CH3 
groups respectively at 1728 and 1740 cm"1, indicating a characteristic shift 
by 12 cm"' in >>co for lc-3 due to hydrogen bonding. 

neutral aqueous solutions was also achieved with Ic but practically 
not with Id which lacks appropriate hydroxyl groups to assist 
ligand binding. Thus, vigorous stirring of a CDCl3 solution of 
Ic (4.1 mM) and a saturated aqueous solution of phenylalanine 
gave adduct 7 (R = H and X = CH2C6H5)

17 (vco for the CO2H 
group at 1720 cm"1)13 together with unbound Ic in a ratio of 1:2.4. 
Other amino acids such as tryptophan, leucine, and isoleucine were 
extracted similarly. Competitive extraction of phenylalanine and 
leucine demonstrated no significant difference in their extracta-
bilities, indicating that ir stacking interactions6 between an aro
matic amino acid and the porphyrin plane are not important. 

This work presents a novel example of two-point fixation of 
amino acids and amino esters in nonionic forms. It is significant 
that the weaker interaction, hydrogen bonding, in fact brings about 
a sizable selectivity for amino esters in homogeneous solutions 
and also plays a crucial role in amino acid extraction from neutral 
aqueous solutions. Suitable modification of the present porphyrin 
may allow three-point interactions18 with amino acids. Tri-
functional chiral metalloporphyrins have been prepared,19 and 
further work is now under way along this line. 

Acknowledgment. This work was supported by Grant-in-Aid 
from the Ministry of Education, Science, and Culture of Japan. 

(16) Adducts lc-3 and Ic-Sb gave sharp NMR resonances in high field 
region at -30 0C: 5 -5.26 and -5.60 (diastereotopic CH3COCH2-Rh), -4.69 
and -5.50 (NH2), -3.10 (CZfNH2), -2.10 (CZf3COCH2-Rh), -1.23 (CZf2C-
H(CHj)2), -0.71 (CZf(CH3)2), and -0.14 and -0.91 (CH(CZf3)2) for lc-3; 
S -5.74 (NH2), -5.32 (CH3COCZf2-Rh), -3.88 (CZfNH2), -2.10 (CZZ3CO-
CH2-Rh), and -2.60, -1.40, -1.15, -0.96, and -0.10 (CH2 and CH3 in amine 
ligand) for Ic-Sb. The selectivity (lc-3)/(lc-5b) is based on integration of 
these high field signals in the spectrum for a 1:2:2 mixture of Ic, 3, and 5b 
at -30 0C. 

(17) Adduct 7 (R = H and X = CH2C6H5) in the presence of unbound 
Ic gave sharp and characteristic NMR signals at -30 "C for the phenylalanine 
and acetone ligands and meso protons in a similar manner as adduct lc-3 
(7),'6 but both hydroxyl (in the naphthol moiety) and carboxyl proton reso
nances could not be detected. This was also the case for adduct 6 (R - H 
and X = CH2C6H5). It seems that the protons in the OH and CO2H groups 
which are hydrogen bonded undergo extensive broadening due to rapid ex
change. 

(18) Rebek, Jr., J.; Askew, B.; Ballester, P.; Doa, M. J. Am. Chem. Soc. 
1987,700,4119. 

(19) (a) Ogoshi, H.; Saita, K.; Sakurai, K., Watanabe, T.; Toi, H.; Ao-
yama, Y. Tetrahedron Lett. 1986, 27, 6365. (b) Aoyama, Y.; Saita, K.; Toi, 
H.; Ogoshi, H. Ibid. 1987, 28, 4853. 
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Tetrafluoroethylene is an unusual olefin, with one of the weakest 
carbon-carbon double bonds known [D(C=C) ~ 60 kcal/mol]. 
Unfortunately, the experimental C=C bond energy for C2F4 
remains quite uncertain, with values ranging from 53 to 76 
kcal/mol.1"3 In addition, the nature of the double bond in C2F4 
has also been disputed: the importance of bent or "banana" bonds 
versus the conventional a and w bonds has not been addressed 
quantitatively, although a recent paper has suggested that bent 

* Permanent address: Department of Chemistry and Biochemistry, Univ
ersity of California, Los Angeles, CA 90024-1569. 

(1) An indirect determination of Z)(F2C=CF2) from the heat of formation 
OfC2F4 (A/f°t298 = -157.4 ± 0.7 kcal/mol) and a 1977 experimental value 
for AZf°f298(CF2) = -52. kcal/mol (Lias, S. G.; Liebman, J. F.; Levin, R. D. 
J. Phys. Chem. Ref. Data 1984,13, 695) yields Z)298 = 53.4 ± 0.7 kcal/mol. 

(2) Using another (more recent) determination of AZf0^298(CF2) = -44.2 
± 1 kcal/mol (Berman, D.; Bomse, D. S.; Beauchamp, J. L. Int. J. Mass Spec. 
Ion Phys. 1981, 39, 263) yields Z)298 = 69.0 ± 2.7 kcal/mol. 

(3) This value constitutes the only directly determined bond energy (Z)298 
= 76.3 ± 3 kcal/mol) for C2F4 in a Knudsen cell equilibrium study at high 
temperature (~1200 K) by Zmbov et al. (Zmbov, K. F.; Uy, O. M.; Mar
grave, J. L. J. Am. Chem. Soc. 1968, 90, 5090). 

0002-7863/88/1510-4077S01.50/0 © 1988 American Chemical Society 
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Table I. C=C Bond Energies (Z)e) in kcal/mol for F J C = C F J " 

calculation 

HF 

HF*S*D 

GVB-RCI 

CCCI* 

Df*b + A00n 
Z)j98 
expt (Z)e) 
expt (Z)298) 

total energies 

F 2C=CF 2 (1A1) 

-473.49255 
(1 /D 
-474.07613 
(18772/34184) 
-473.54868 
(5/6) 
-473.59909 
(1719/2728) 

(hartrees) 

CF2 (3B1)* 

-236.64724 
(1 /D 
-236.92980 
(3155/16053) 
-236.92980 
(3155/16053) 
-236.65739 
(63/157) 

Z)fb(F2C=CF2)c 

124.3 

135.9 

159.5 

178.4 

Z)8(H2C=CH2)' 

122.2 

153.7 

154.6 

174.1 

179.0 ± 2.5> 
172.2 ± 2.V 

Z)fab(F2C 

direct' 

59.4 

39.1 

53.4 ± 0.7,* 

- C F 2 ) 

using AEs/ 

9.3 

20.9 

44.5 

63.4 

68.3 ± 2.5* 
64.5 ± 2.5' 

69.0 ± 2.7/ 76.3 ± 3m 

0VDZD basis on C and VDZ basis on F. See ref 5 for details of the calculations. The corresponding number of spatial configurations/spin 
eigenfunctions for each wave function are given beneath each total energy. 'Total energies for CF2 are for the appropriate limit at R(C-C) = <*>, i.e., 
HF or HF'S^. cZ^ub(F2C=CF2) = 2 X £(3B, CF2) - Zt(C2F,,). ''Included for comparison to Z)^(F2C=CF2) to indicate convergence [Df* 
(H2C=CH2) = 179.0 ± 2.5 kcal/mol]; ref 5. 'Direct Z) 6 (F 2C=CFJ) from 2 X Z (̂1A1 CF2) - £(C2F4) where the HF and HF*S*D total energies of 
1A1 CF2 are -236.698 98 and -237.00693 hartrees (2633 spatial configurations/4399 spin eigenfunctions). •>'Z)e

,di,b(F2C=CFj) = Z)^(F2C=CFj) -
2 X AE31, where AEST = 57.5 kcal/mol (ref 7). *RCI*[SD„ + SD, + Sval]. 'A00n = 4.9 kcal/mol is the correlation error inherent to the CCCI 
method for double bonds (obtained from Df* - D?'c = 179.0 ± 2.5 - 174.1 = 4.9 ± 2.5 kcal/mol for C2H4). 'The predicted Z)0 is converted to Z)298 
by using the temperature and zero-point energy corrections for C2F4 from ref 9 and 10. ^Z)298 and Z)e are derived from ArZf298 and AH°!0 (from ref 
10a and J. Phys. Chem. Ref. Data 1975, 4, 1) with zero-point energy corrections from ref 9a and 12 (Bunker et al.). ^Reference 1. 'Reference 2. 
"Reference 3. 

bonds may be preferred in C2F2.4 In order to settle these issues, 
we carried out ab initio generalized valence bond with configu
ration interaction (GVB-CI) calculations, utilizing a new approach 
in the CI expansion which systematically includes all correlations 
likely to change appreciably in the bond cleavage process. This 
correlation-consistent CI (CCCI), so named to indicate that no 
biases are built into the wave functions of either reactant or 
product, truncates much more rapidly than traditional singles and 
doubles CI approaches yet gives much more accurate results.5 

Table I shows the C2F4 bond strength as a function of electron 
correlation.6 Hartree-Fock (variational MO) theory predicts a 
direct bond energy of 59.4 kcal/mol, by using AZ?HF = 2 X 
171^(1A1 CF2) - £HF(C2F4). This is close to our best estimate 
of 68.3 kcal/mol but only as an artifact of the incapability of HF 
theory to properly describe the singlet states of carbenes [e.g., 
A £ S T ( C F 2 ) = 32.5 kcal/mol for HF, whereas the CCCI value 
is 57.5 kcal/mol7 and the experimental value is 56.6 kcal/mol8], 
leading to an artificially destabilized dissociation limit. 

Including singles and doubles CI (HF*S*D) leads to a bond 
20 kcal/mol weaker than HF because it leads to a good description 
of singlet CF2 but cannot remove all problems in the HF de
scription of C2F4, even though 34184 spin eigenfunctions are 
included in the CI calculation. The problem with HF*S*D is that 
the triple and quadruple excitations required to properly describe 
the two fragments are not accounted for in the molecule, resulting 
in a low bond energy. 

The GVB-CCCI method yields much more accurate bond 
energies (despite using only one-tenth of the configurations), due 
to its correlation-consistent nature and emphasis on including the 
dominant correlations important for describing bond rupture. 
Briefly, the GVB-CCCI method begins with the generalized va
lence bond wave function, which allows the electrons in the 
breaking bond to each occupy their own orbital (rather than 
doubly-occupied as in restricted HF theory) and which results in 
unique, localized orbitals describing the various bonds. Two sets 

(4) Messmer, R. P.; Schultz, P. A. Phys. Rev. Lett. 1986, 57, 2653. 
(5) Carter, E. A.; Goddard III, W. A. J. Chem. Phys. 1988, 88, 3132. 
(6) The Dunning valence double-f contraction (Dunning, T. H., Jr. /. 

Chem. Phys. 1970, 53, 2823) of the Huzinaga (9s5p) gaussian bases for 
carbon and fluorine (Huzinaga, S. /. Chem. Phys. 1965,42,1293) were used, 
with one set of cartesian 3d polarization functions added to the carbon basis 
[f = 0.64; optimized for CH4 by R. A. Bair and W. A. Goddard HI (un
published)], with the 3s combination omitted. The experimental geometry 
of C2F4 was taken from the Landoh-Bornstein Tables; Springer: Berlin, 1976; 
Vol. 7. 

(7) Carter, E. A.; Goddard III, W. A. /. Phys. Chem. 1987, 91, 4651; J. 
Chem. Phys. 1988, 88, 1752. 

(8) (a) Koda, S. Chem. Phys. Lett. 1978, 55, 353. (b) Koda, S. Chem. 
Phys. 1982, 66, 383. 

of correlations are included in the CCCI: (i) full correlation of 
the electrons in the breaking bond (i.e., all single and double 
excitations to all orbitals of the full basis) and (ii) all single 
excitations from all valence orbitals to allow for orbital shape 
changes which accompany higher order correlations.5 The CCCI 
result for the C = C bond energy of C2F4 is De = 63.4 kcal/mol. 

CCCI calculations on ethylene5 lead to a C = C bond energy 
of Dt = 174.1 kcal/mol, which is just 4.9 ± 2.5 kcal/mol weaker 
than the experimental value (Table I). Assuming the same re
sidual correlation error for C2F4 yields a final prediction of Dc-
(F2C=CF2) = 68.3 ± 2.5 kcal/mol. Using experimental values 
for the zero-point energies of C2F4 (13.4 kcal/mol) and CF2 (4.3 
kcal/mol),9 along with the temperature correction (1.0 kcal/mol) 
to the bond energy of C2F4,10 we calculate 029g(C2F4) = 64.5 ± 
2.5 kcal/mol. 

Of the three experimental values for O2Og(C2F4) listed in Table 
I, we can rule out the lowest value of 53.4 ± 0.7 kcal/mol, since 
the CCCI method provides a lower bound on the bond energy 
(electron correlation error is larger in the molecule than in the 
fragments). Our theoretical prediction agrees most closely to the 
intermediate value of 69.0 ± 2.7 kcal/mol.2 From our prediction 
of Z)2Og(C2F4) plus the experimental AJZf298(C2F4) = -157.4 ± 
0.7 kcal/mol, we derive AH0^n(CF2) = -46.5 ± 1.6 kcal/mol, 
in good agreement with the most recent (1981) experimental value2 

of-44.2 ± 1 kcal/mol. This suggests that the 1977 value1 of-52. 
kcal/mol for the heat of formation of CF2 is in error and that the 
1981 value is correct. 

Recently there has been some concern whether the CC double 
bond in C2F4 is better described as a a bond plus a x bond or as 
two "banana" or bent bonds.4 To address this issue, we calculated 
the relative energies of three C = C bonding configurations: (i) 
CT and 7T C-C bonds, (ii) skewed <r and T bonds with no symmetry 
restrictions, and (iii) symmetric bent bonds. The one-electron GVB 
orbitals for (i)-(iii) are shown in Figure I. At the self-consistent 
GVB-PP level, all three descriptions are within 0.1 kcal/mol in 
energy, with the unsymmetrical wave function (ii) lowest. When 
the four electrons involved in the C = C bond are allowed any 
occupation of the four bonding orbitals (GVB-CI), the three 
descriptions remain very close in energy (within 0.3 kcal/mol), 
but the a and ir bond wave function prevails as the lowest energy 
structure. Thus we believe that the double bond is best thought 

(9) (a) Shimanouchi, T. "Tables of Molecular Vibrational Frequencies", 
Natl. Stand. Ref. Data Ser., Nat. Bur. Stand. 1972, 1. (b) Jacox, M. E. J. 
Phys. Chem. Ref. Data 1984, 13, 945. 

(10) (a) "JANAF Thermochemical Tables", Natl. Stand. Ref. Data Ser., 
Nat. Bur. Stand. 1971, 37. (b) "JANAF Thermochemical Tables", 1982 
Supplement, /. Phys. Chem. Ref. Data 1982, ;/, 695. 
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Figure 1. The GVB(2/4)PP one-electron orbitals of the C=C bond in 
C2F4 are shown for (i) (symmetry-constrained) a and ir bonds, £pp(2/4) 
= -473.532 19 hartrees, £OVB-CI(2/4) = -473.54944 hartrees; (ii) skewed 
a and T bonds (no symmetry constraints), £pp<2/4) = -473.53242 har
trees, £GVB-CI(2/4) = -473.548 99 hartrees; and (iii) symmetric bent or 
"banana" bonds, £pp(2/4) = -473.532 26 hartrees, £GVB-CI(2/4) = 

-473.549 24 hartrees. Contours are plotted from -0.5 to +0.5 au, with 
increments every 0.05 au. 

of in terms of the a and tr bond description.11 

In conclusion, we report an accurate ab initio theoretical pre
diction of the bond energy of C2F4 [Z)298(C=C) = 64.5 ± 2.5 
kcal/mol] and of the heat of formation of CF2 (ATf0^98 = -46.5 
± 1.6 kcal/mol), by using the newly-developed CCCI methods. 
The predicted bond energy helps distinguish between the large 
discrepancies in existing experimental values for D1^(C2Fi), ruling 
out one estimate (53.4 kcal/mol) and strongly supporting the 69.0 
kcal/mol value. In addition, we find that the traditional picture 
of multiple bonds (<r and tr bonds) is correct for C2F4. 
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(11) The calculations on FC=CF (ref 4), which find bent bonds ~2 
kcal/mol lower than ar bonds, did not go beyond the GVB-PP description. 

(12) Zero-point energies for CF2 were taken from ref 9b (4.3 kcal/mol) 
for the 'A1 state, while the zero-point motion of the 3B1 state was estimated 
(4.1 ± 0.1 kcal/mol) from the frequency shifts in C2D4

9* going to CD2 
(Bunker, P. R.; Jensen, P.; Kraemer, W. P.; Beardsworth, R. J. Chem. Phys. 
1986, 85, 3724) and the frequencies in C2F4. This leads to T0(CF2) = 57.3 
± 0.1 kcal/mol [A£ST = Te(CF2) = 57.5 kcal/mol]. 
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Transition-metal nitro complexes have attracted much attention 
due to their ability to act as oxygen atom transfer agents and also 
because of the potential these reagents have as catalysts for the 
air oxidation of organic substrates.1'2 These complexes have been 
shown to oxidize a number of organic3"10 and inorganic sub
strates,11"16 where the corresponding transition-metal nitrosyl 
complexes are formed along with the oxidized substrates. The 
metal nitrosyl species which is produced can be oxidized back to 
the original metal nitro complex by a symmetric cleavage of 
dioxygen.5,6'17"21 While a variety of transition-metal nitro com
plexes have been studied, only one example of an isolable nitro-
ruthenium(III) complex has appeared in the literature, with no 

(1) Solar, J. P.; Mares, F.; Diamond, S. E. Catal. Rev. 1985, 27, 1-28. 
(2) Sheldon, R. A.; Kochi, J. K. Metal-Catalyzed Oxidations of Organic 

Compounds; Academic Press: New York, 1981. 
(3) Tovrog, B. S.; Diamond, S. E.; Mares, F.; Szalkiewicz, A. J. Am. 

Chem. Soc. 1981, 103, 3522-3526. 
(4) Wirth, R. P.; Miller, L. L.; Gladfelter, W. L. Organometallics 1983, 

2, 1649-1654. 
(5) (a) Tovrog, B. S.; Mares, F.; Diamond, S. E. J. Am. Chem. Soc. 1980, 

102, 6616-6618. (b) Diamond, S. E.; Mares, F.; Szalkiewicz, A.; Muccig-
rosso, D. A.; Solar, J. P. J. Am. Chem. Soc. 1982, 104, 4266-4268. (c) 
Muccigrosso, D. A.; Mares, F.; Diamond, S. E.; Solar, J. P. Inorg. Chem. 
1983, 22, 960-965. (d) Mares, F.; Diamond, S. E.; Regina, F. J.; Solar, J. 
P. /. Am. Chem. Soc. 1985, 107, 3545-3552. 

(6) (a) Andrews, M. A.; Kelly, K. P. /. Am. Chem. Soc. 1981, 103, 
2894-2896. (b) Andrews, M. A.; Cheng, C-W. F. J. Am. Chem. Soc. 1982, 
104, 4268-4270. (c) Andrews, M. A.; Chang, T. C-T.; Cheng, C W. F.; 
Kapustay, L. V.; Kelly, K. P.; Zweifel, M. J. Organometallics 1984, 3, 
1479-1484. (d) Andrews, M. A.; Chang, T. C-T.; Cheng, C-W. F.; Kelly, 
K. P. Organometallics 1984, 3, 1777-1785. (e) Andrews, M. A.; Chang, T. 
C-T.; Cheng, C-W. F. Organometallics 1985, 4, 268-274. 

(7) (a) Heumann, A.; Chauvet, F.; Waegell, B. Tetrahedron Lett. 1982, 
23, 2767-2768. (b) Chauvet, F.; Heumann, A.; Waegell, B. Tetrahedron Lett. 
1984, 25, 4393-4396. (c) Chauvet, F.; Heumann, A.; Waegell, B. J. Org. 
Chem. 1987, 52, 1916-1922. 

(8) Wong, P. K.; Dickson, M. R.; Sterna, L. L. J. Chem. Soc, Chem. 
Commun. 1985, 1565-1566. 

(9) Feringa, B. L. J. Chem. Soc, Chem. Commun. 1986, 909-910. 
(10) Gusevskaya, E. V.; Beck, I. E.; Stepanov, A. G.; Likholobov, V. A.; 

Nekipelov, V. M.; Yermakov, Yu. I.; Zamaraev, K. I. /. MoI. Catal. 1986, 
37, 177-188. 

(11) Ileperuma, O. A.; Feltham, R. D. J. Am. Chem. Soc. 1976, 98, 
6039-6040. 

(12) Keene, F. R.; Salmon, D. J.; Meyer, T. J. J. Am. Chem. Soc. 1977, 
99, 4821-4822. 

(13) Tovrog, B. S.; Diamond, S. E.; Mares, F. /. Am. Chem. Soc. 1979, 
101, 270-272. 

(14) Yamamoto, K. Polyhedron 51986, 5, 913-915. 
(15) (a) Keene, F. R.; Salmon, D. J.; Walsh, J. L.; Abruna, H. D.; Meyer, 

T. J. J. Am. Chem. Soc. 1977, 99, 2384-2387. (b) Abruna, H. D.; Walsh, 
J. L.; Meyer, T. J.; Murray, R. W. J. Am. Chem. Soc. 1980, 102, 3272-3274. 
(c) Keene, F. R.; Salmon, D. J.; Walsh, J. L.; Abruna, H. D.; Meyer, T. J. 
Inorg. Chem. 1980, 19, 1896-1903. 

(16) (a) Nagao, H.; Mukaida, M.; Shimizu, K.; Howell, F. S.; Kakihana, 
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