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To summarize, the process of desulfurization-induced ring-
opening polymerization provides access to a family of redox-active 
polymers with novel processing characteristics. The method relies 
on the following characteristics of the trithiaferrocenophanes: (i) 
one S atom in the RfcS3 is particularly reactive toward conven­
tional S-abstracting reagents; (ii) monomeric RfcS2 would be 
strained since the S-S bond cannot easily span the inter-ring 
separation; and (iii) once the S-S linkage is cleaved, the C5H4SR 
rings can rotate freely. 
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Despite the immense success that has been achieved in the field 
of homogeneous catalytic hydrogenation of olefin,1"3 the related 
field of arene hydrogenation has been underdeveloped.4"7 We 
wish to report here our discovery of a new series of arene hy-
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Scheme V 

"Reaction conditions: (a) [1] = 0.1 mmol, C6H12 (3 mL), H2 (1200 
psi), 80 0C, 24 h; (b) [2] = 0.1 mmol, C6H12 (3 mL), H2 (1200 psi), 
90 0C, 24 h. GC/MS analysis of the reaction mixture from hydro­
genation of naphthalene by 1 showed tetralin, 95.5%, cu-decalin, 4.5%, 
and <0.3% rra/w-decalin. 

drogenation catalysts. These systems exhibit not only a significant 
amount of regioselectivity but an extremely high degree of ste­
reoselectivity.8 

The niobium tris(4-methylbenzyl) compound Nb-
(OC6H3Phr2,6)2(CH2C6H4-4Me)3 (I)9 acts as a catalyst pre­
cursor for the hydrogenation of benzene and a variety of poly­
nuclear aromatic hydrocarbons. A solution of 1 (0.1 mmol) in 
neat C6D6 solvent (3 mL) was found to produce C6D6H6 (10% 
conversion) after being exposed to H2 (1200 psi, 80 0C) for 24 
h.10 Hydrolysis of the resulting solution showed that the Nb-
CH2C6H4-4Me groups in 1 had undergone hydrogenolysis to 
produce p-xylene, while the aryloxide ligands had undergone 
hydrogenation to 2,6-dicyclohexylphenoxide groups.73 Solutions 
of 1 in cyclohexane will carry out the efficient hydrogenation of 
a variety of polynuclear aromatic hydrocarbons (Scheme I). 
Typical reaction conditions consist of a solution of 1 (0.1 mmol) 
in cyclohexane (3 mL) with 20 equiv of aromatic substrate heated 
at 80 0C under 1200 psi of hydrogen. After 24 h, most of the 
substrates are hydrogenated to the indicated products (Scheme 
I) in >95% yield (NMR analysis). Anthracene was found to yield 
1,2,3,4,5,6,7,8-octahydroanthracene exclusively with no detectable 
9,10-dihydroanthracene. Phenanthrene is hydrogenated by 1 at 
a slower rate (90% conversion) than the other substrates to produce 
a mixture of 9,10-dihydrophenanthrene (22%) and 
1,2,3,4,5,6,7,8-octahydrophenanthrene (78%). The fact that 
9,10-dihydrophenanthrene is not hydrogenated by 1 indicates that 
this product ratio is kinetic in origin. 1-Methyl- and 2-methyl-
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Figure 1. Observed and simulated 2H-decoupled 500-MHz 1H NMR spectra for (a) C12D10H4 obtained by hydrogenation of acenaphthene-rf10 by 1, 
(b) C10D8H4 obtained by hydrogenation of naphthalene-rf8 by 1, (c) D14D10H4 obtained by hydrogenation of anthracene-rf10 by 2. Each segment is 
25 Hz wide. 

naphthalene are hydrogenated at the unsubstituted ring, while 
acenaphthylene and acenaphthene are both converted to 
l,2,2a,3,4,5-hexahydroacenaphthylene. 

The tantalum trihydride compound Ta(OC6H3cy2-2,6)2(H)3-
(PMe2Ph)2 (2)7c will also carry out the hydrogenation of naph­
thalene and anthracene in cyclohexane solution to produce 
1,2,3,4-tetrahydronaphthalene and 1,2,3,4-tetrahydroanthracene, 
with a small amount of 1,2,3,4,5,6,7,8-octahydroanthracene in 
the latter case. 

The hydrogenation (H2 gas) of naphthalene-</8 and ace­
naphthene-^, 0 by 1 and of naphthalene-rf8 and anthracene-^, 0 by 
2 produces the corresponding hydrogenated products. Analysis 
of the products by mass spectrometry showed that no H/D 
scrambling had occurred, and the 13C NMR spectra of the 
products showed the aliphatic groups to be exclusively CHD. In 
the case of the hydrogenation of acenaphthene-dl0 by 1, the 1H 
NMR and 2H NMR spectra indicate that the four hydrogen atoms 
have been introduced mutually cis, i.e., all on one face of the arene 
ring (supplementary material).11 The I2H)1H NMR spectrum 
of the aliphatic region can be simulated to yield all of the 1H-1H 
coupling constants within the ground-state half-chair conformation 
of this molecule (Figure I)." The (2H)1H NMR spectra of the 
l,2,3,4-tetrahydronaphthalene-rf8 and 1,2,3,4-tetrahydro-
anthracene-rf,o produced by 1 and 2 show single (>95%) AA'XX' 
patterns at 500 MHz (Figure 1). Of the six possible isotopomers 
for these molecules, four can generate this symmetric pattern. 
Simulation of the spectra yields coupling constants between the 
four hydrogen atoms whose magnitudes are very close to the cis 

coupling constants reported for cyclohexene.'H 3 Hence, this work 
shows that these arene hydrogenation catalysts show not only a 
significant degree of regioselectivity, but more importantly are 

(11) The alphatic region of the 1H NMR spectrum (500 MHz, C6D6) of 
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position), the equatorial proton on C3 (1.859 ppm), the axial proton on C4 
(1.529 ppm), and the equatorial proton on C5 (2.619 ppm). The following 
six coupling constants were used in the simulation (Figure 1): V283 = 4.82 
Hz; V2,,,, = 0.20 Hz; V2115 = 1.0 Hz; V3i4 = 3.10 Hz; V3,5 = 0.65 Hz; V4,5 
= 6.53 Hz. The tetralin obtained by hydrogenation of naphthalene-dg contains 
two multiplets at S 1.525 (H2 and H3) and 2.546 ppm (H1 and H4) in the 
2H-decoupled 1H NMR spectrum (Figure 1). Simulation of the AA'XX' 
pattern yielded the following coupling constants: V12 = V3 4 = 5.62 Hz; V13 
= V14 = 0.59 Hz; V2,3 = 2.99 Hz; V14 = 0.82 Hz. Analysis of the AA'XX' 
spectrum obtained for the product of hydrogenation of anthracene-d10 (Figure 
1) yielded the following data: «(H„ H4) = 2.699 ppm; 5(H2, H3) = 1.564 
ppm; V1 j = V34 = 5.62 Hz; V13 = V2,4 = 0.52 Hz; V2,3 = 3.50 Hz; V14 
= 0.31 Hz. In both 1,2,3,4-tetrahydronaphthalene and 1,2,3,4-tetrahydro­
anthracene, the V2,3 and Vli2 (V34) couplings are close to the cis couplings 
of 2.95 and 5.67 Hz found for the corresponding protons in cyclohexene (ref 
12, p 16) (der Hyde, W. A.; Lottke, W. Chem. Ber. 1978, 111, 2384). Sim­
ulation of an AA'XX'spectrum containing a trans (8 Hz) coupling between 
H2 and H3 results in a very different pattern. Analysis of this data shows the 
spectra obtained in this study are >95% due to the all-cis isotopomer. For 
a discussion of the stereochemistry of hydrogenation of quinoline, see: Fish, 
R. H.; Baralt, E.; Smith, S. J. Organometallics 1991, 10, 54 and references 
therein. 
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highly stereoselective, introducing four hydrogen atoms onto the 
same face of acenaphthene, naphthalene, and anthracene. 
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Page 8473, Table I, entry 11: The stereochemistry of adduct 
16 was reported as 100% syn when, in fact, it is 100% anti. In 
the discussion, in the left-hand column at the bottom of page 8474, 
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Page 5295, Figure 2a: The X coordinate should have the 
dimensions [H3O

+] X 10 and not [H3O] X 103. 
Page 5297, Figure 5: a should be % 1-butene and • % 

fra/w-2-butene. 
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Supplementary Material Available: 1H, 2H, 13C, and (1H)13C 
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naphthene-d10) simulations of the spectra expected for cis and trans 
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Page 6265, ref 7: The correct concentration for oligomer and 
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Page 8653: The definition of acquisition time Ax in the last 
paragraph should read Ax = N/ F, where N is the number of real 
data points and F is the spectral bandwidth. Thus, for the example 
quoted, in the t2 dimension, where TV = 256, Ax is 14 ms and the 
digital resolution in/2 (1/Ax) is 70 Hz, whereas in the J1 dimension, 
Ax is 7 ms and the digital resolution in/) is 141 Hz. The digital 
resolution in/, was improved by zero-filling once before Fourier 
transformation. 
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In the course of just under 300 pages of text, various experts contribute 
short reviews of important topics concerning enzyme production and use. 
This is accomplished in an encyclopedic approach that will no doubt be 
found to be inadequate by researchers working in any of the many spe-
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