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Figure 1. Luminescence intensity against time for Cr(acac); at
77°K. Excitation wavelength is 593 nm; observation wavelength
is 785 nm. Intensity units are arbitrary. RC time constants: (a)
25 nsec; (b) 500 nsec; (c) 5 usec.

width of the monochromator and the improved red
response of the photomultiplier employed. These
results confirm that we have indeed observed the well-
characterized phosphorescence of Cr(acac)s.

There is no evidence for a maximum in luminescence
intensity vs. time records. As shown in Figure 1b, on
the time scale for which a maximum was previously
reported, only a luminescence decay is observed with a
lifetime of the phosphorescence decay within experi-
mental error. At the fastest sweep rate used, Figure
la, a rapid decay is observed, presumably due to scat-
tered light from the laser, but no increase in lumines-
cence intensity is observed. This requires that the
2E, state, from which phosphorescence occurs, is pop-
ulated with a rate constant of 107 sec™! or greater.

Our result implies that the intersystem crossing pro-
cess is facile and that the lifetime of the T, state is
relatively short if crossing to a lower energy 2E, state is
possible. It does not exclude a primary role for the
“T,, state in subsequent photochemistry since back
thermal intersystem crossing from the 2E; to the *To,
state could be equally facile.®
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Substitution Reactions of 1,1’-Dimethoxyuranocene
and 1,1’-Bis(uranocyl)trimethylammonium Iodide
with Organolithium Reagents!
Sir.
Uranocene, di-w-cyclooctatetraeneuranium, appears
to be an f-orbital aromatic system homologous to the

(1) This research was supported in part by National Science Founda-
tion Grant No. GP-31803.

d-transition metallocenes;*=* however, the only reac-
tions observed thus far with this new system are those
at uranium?® and at substituent groups.! We now re-
port the first clear-cut reaction on the ligand rings.
1,1’-Dimethoxyuranocene® was prepared from me-
thoxycyclooctatetraene’ by conversion to the dianion
and treatment with UCl; in THF. Structure assign-
ment follows from analytical and spectral data:® for
example, the visible spectrum shows four bands at
Amex DM (€) 634 (860), 657 (540), 686 (460), and 698
(100), with the expected bathochromic shifts relative to
uranocene. Furthermore, in common with the parent
compound?® and all other substituted uranocenes®
studied, controlled air oxidation liberates the ligand
rings in high yield. Stirring the dimethoxy compound
with excess n-butyllithium in cyclohexane for 3 days at
room temperature gives conversion to 1,1’-dibutyl-
uranocene?® in 7097 yield. Similarly, ferz-butyllithium
gives 649 of 1,1’-di-tert-butyluranocene which was
characterized by its mass spectrum (parent peak mj/e
558) and visible absorption at Anax nm (€) 624 (1420),
652 (385), 671 (260), and 684 (125). The yields given
are isolated yields of purified product. Phenyllithium,
methyllithium, and lithium amide gave only unreacted
starting material even after reaction periods of 7 days.

N,N-Dimethylaminocyclooctatetraene® was converted
to the corresponding uranocene derivative.* Reaction
with methyl iodide in THF for 24 hr gave the bistri-
methylammonium iodide, U(CsH:NMe;*I7),, as an
insoluble crystalline material that was characterized by
elemental analysis, and by the infrared spectrum which
is similar to those of known uranocene derivatives.
This compound also reacts readily with either n-butyl-
lithium or tert-butyllithium to give the corresponding
1,1’-dialkyluranocene in 59 and 679 yields, respec-
tively. However, the ammonium salt also reacts with
phenyllithium to give 45% of 1,1’-diphenyluranocene®
and with methyllithium to give 52% of 1,1’-dimethyl-
uranocene.

The most reasonable reaction mechanism appears to
involve a carbanion chain sequence initiated by metala-
tion of the substituted uranocene at the position adja-
cent to the heterosubstituent and involving as an inter-
mediate a uranium complex of cyclooctatrienyne.

This mechanism accounts for the sensitivity of the
reaction to the effective basicity of the alkyllithium.
Cyclooctatrienyne is a well-established intermediate in
reactions of bromocyclooctatetraene with strong
bases.’® Direct nucleophilic substitution at the ligand

(2) A. Streitwieser, Jr., and U. Muller-Westerhoff, J. Amer. Chem.
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mitted for publication.
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ted for publication.
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sandwich complexes have never been prepared and appear to be un-
likely as aromatic organometallic compounds, the use of the actinocene
nomenclature for di-m-cyclooctatetraeneactinides should occasion no
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ring appears to be a less probable mechanism; in par-
ticular, the intermediate or transition state involved in
the facile reaction of the trimethylammonium salt with
tert-butyllithium 5 would appear to be highly strained.

Lit
UC (CHy),
N(CH),
5

Although other mechanisms can be written that in-
volve 3, such as direct reaction with RLi, the carbanion
chain mechanism is supported by stoichiometry.
Only a 1.1:1 molar ratio of RLi to ligand is required
to effect >95 9 conversion to product. Furthermore,
analogy is available in the apparent involvement of a
“ferrocyne” intermediate in some reactions of chloro-
ferrocene with bases.!!

These reactions add to the growing chemistry of
organoactinide compounds.!? They provide important
chemical evidence of the strength and covalency of the
metal-ligand bond in uranocene compounds and prom-
ise to provide a useful new route to other uranocene
derivatives.
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Cysteine-Catalyzed Hydrogen Isotope Exchange at
the 5 Position of Uridylic Acid
Sir:

Recent reports from several laboratories have shown
that some sulfur-containing agents such as 2-mercapto-
ethylamine,! bisulfite,2? and glutathione* are effective
in catalyzing the hydrogen isotope exchange of py-
rimidine nucleosides at the 5 position. This type of
study is of considerable interest because such a method
is potentially useful for labeling nucleic acids. The
chemically induced hydrogen isotope exchange of
uridine has also received attention as a model for

(1) S. L. Heller, Biochem. Biophys. Res. Commun., 32, 998 (1968).

(2) K. Kai, Y. Wataya, and H, Hayatsu, J. Amer, Chem. Soc., 93,
2089 (1971).

(3) Y. Wataya and H. Hayatsu, Biochemistry, 11,3583 (1972).
(4) T.I1. Kalman, ibid., 10, 2567 (1971).

8927

40

w
(=]

*% H-5 EXCHANGE
~N
o

)

5 6 7 8 9 10 11 12

Figure 1. pD profile of the hydrogen—deuterium exchange at posi-
tion 5 of uridine 5’-phosphate and of 3-methyluridine. Incubation
was at 37° for 24 hr.  Each D,O solution (1 ml) contained 100 mg of
disodium uridine 5’-phosphate or 80 mg of 3-methyluridine. pD
was adjusted by the addition of NaOD or DCI, and no pD change
was detected during the incubation. Exchanges of uridine 5'-phos-
phate: (O) cysteine (0.5 M); (@) 2-mercaptoethylamine (0.5 M);
(X) 2-mercaptoethanol (1.2 M); (A) 2-mercaptoethanol (1.2 M) +
trimethylamine (1 M). Exchange of 3-methyluridine: (@) cysteine
(0.5 M),

enzymic alkylation of uracil derivatives, since thy-
midylate synthetase is known to catalyze the hydrogen
isotope exchange as well as methylation.? We wish to
report that cysteine is a very efficient catalyst for the
hydrogen isotope exchange of uridine 5’-phosphate at
position 5, and that it exerts the catalytic effect by a
cooperative function of the SH and amino groups.

Incubation of uridine 5’-phosphate in D,O solution
containing 1.0 M L-cysteine at 37° and pD 8.8 resulted
in 1009 hydrogen—deuterium exchange at the 5 posi-
tion after 7 days, while no significant change was de-
tected in the absence of cysteine under the same condi-
tions. The extent of the exchange was determined by
nmr as detailed elsewhere? utilizing the change in shape
of the proton signal at the 6 position.! The pD de-
pendence of the exchange catalyzed either by cysteine,
2-mercaptoethylamine, or 2-mercaptoethanol is pre-
sented in Figure 1. The cysteine-catalyzed exchange
of uridine 5’-phosphate at pD 9.0 and 37° proceeded
by pseudo-first-order kinetics. The apparent rate con-
stants at various concentrations of cysteine were: con-
centration of cysteine/rate constant (hr=!), 0.25 M/
0819 x 10-%2; 0.5 M/2.29 X 10-%; 0.75 M/3.98 X
10-2; 1.0 M/6.05 X 10-2. The method of cysteine
catalysis, which can be carried out in nearly neutral
solutions, appears to be more effective compared with
other known methods.5~!! Thus, most of the reported
procedures for the exchange involve reactions at higher
temperatures, and the bisulfite~amine method which
can be done at 37° is still less efficient than the cysteine
catalysis when compared at an equal reagent concen-
tration.

3-Methyluridine also underwent the hydrogen—deu-

(5) M. L. 8. Lomax and G. R, Greenberg, J. Biol. Chem., 242, 1302
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