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the —CH,O group at indole C-4 is derived by methylation. It is
noted, however, that the 2-carboxyl group of the indole moiety
was labeled extensively by C-1 of serine. Since the alanine side
chain of tryptophan is derived from L-serine,!! this suggests that
the indole moiety may arise by cyclization of tryptophan, con-
necting indole C-2 with the carboxyl group, followed by excision
of the side-chain carbon atom 2 plus its attached nitrogen and
methylation of indole C-4 (Figure 2). Consistent with this hy-
pothesis, pL-[7a-'*C]tryptophan (0.5 mmol/L, 10% and 8%
specific incorporation), L-[methylene-1#C]tryptophan (0.5 mmol/L,
7% and 12% specific incorporation) and [2-*Clindole (1 mmol/L,
13 and 8% spec. incorp.) were efficiently incorporated into 1.
Nonincorporation of bpL-4-methyl[methylene-'#C]tryptophan!?
suggests that methylation of the indole is not the first step in the
reaction sequence.

On the basis of the above results and reasonable extrapolations,
one may speculate that 1 arises from a dodecapeptide H,N-L-
Ser-L-Cys-L-Thr-(L?)-Thr-L-Cys-L-Glu-L-Cys-D-Cys-L-Cys-L-
Ser-L-Cys-L-Ser-COOH through connection of the carbon atoms
3 of ser(3) and ser(12) and attachment of a (modified) tryptophan.
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Olefin complexes of metal carbonyl fragments have theoretical
importance! and play a role in numerous catalytic systems.?
Theory suggests an interesting trend in bond strengths for the
bis-olefin and diene complexes of the 16-electron group VI (group
6) carbonyl fragments.! Bis-olefin complexes of M(CO), (M
= Cr, Mo, W) are generally thought to be more stable than
n*-diene complexes. Experiments show that the mono- and bis-
olefin complexes of molybdenum and tungsten carbonyls are quite
stable’ but such examples for chromium are rare. Only one

*In this paper the periodic group notation in parentheses is in accord with
recent actions by [UPAC and ACS nomenclature committees. A and B
notation is eliminated because of wide confusion. Groups IA and ITA become
groups 1 and 2. The d-transition elements comprise groups 3 through 12, and
the p-block elements comprise groups 13 through 18, (Note that the former
Roman number designation is preserved in the last digit of the new numbering:
e.g., III — 3 and 13.)

!Present address: Argonne National Laboratory, Chemistry Division,
Argonne, IL 60439.
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Figure 1. Transient [R absorption spectrum obtained following photolysis

of a mixture of Cr(CO)s(C,H,) (0.12 torr), CO (0.56 torr), and C,H,

(500 torr). The initial spectrum (largest amplitude) corresponds to an

observation time of 30 us following the laser pulse. Subsequent spectra

are separated in time by 13.7 ms. The instrumental resolution is 5 cm™.

kops (ma~")
150 200 250 300

10.0

L " L L L L L

0.0 30.0 60.0 90.0 1200 150.0 180.0 210.0 240.0
CO Pressure (torr)

Figure 2, CO pressure dependence of kg at 1975 (0O) and 1961 cm™!
(0) for a constant C,H, pressure of 300 torr. The straight line is the
weighted fit to the data below 60 torr of CO. The curved line is the
weighted nonlinear least-squares fit to all the data.
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Cr(CO),(olefin), complex is known and it is stabilized by relief
of ring strain in the uncomplexed olefin.* Interestingly, the
analogous 5* complexes of nonconjugated dienes are generally quite
stable for all three rows of group VI (group 6).°

This paper reports the first gas-phase observation and infrared
spectral characterization of Cr(CO),(C,H,),. This complex is
unstable and reacts with CO by dissociative substitution. We
follow the kinetics of this process by time-resolved IR absorption
spectrometry, extracting a unimolecular decay constant orders
of magnitude larger than the reported solution value for Cr-
(CO)4(n*-butadiene),® in an apparent conflict with elementary
theory as cited above.

Our apparatus’ and the technique of time-resolved IR ab-
sorption spectrometry as applied to organometallics® have recently
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been described in detail. In brief, a pulsed UV excimer laser beam
crosses a broad-band IR beam (Nernst glower) in a static gas cell
at 295 K. A monochromator resolves probe frequencies to 5 cm™
and a digitizer captures transient IR absorptions from a 1-MHz
InSb detector.

To observe Cr(CO),(C,H,),, we first convert Cr(CO), into
metastable Cr(CO)s(C,H,) by photolysis with excess C,H,. FTIR
spectra show that Cr(CO), (2000 cm™) decreases with photolysis
while new bands at 2085 (~0.03), 1980 (0.82), and 1975 (1.00)
cm™! grow in along with lines for free CO. The new bands are
assigned to Cr(CO)s(C,H,) and agree well with the few reported
Cr(CO);(olefin) complexes* and with more numerous M(CO);-
(olefin) (M = Mo, W) complexes.?

After Cr(CO)q is converted to Cr(CO);s(C,H,), laser-induced
transient IR absorptions are clearly observed. Figure 1 shows the
complete transient absorption spectrum which consists of five bands
at 2084, 2045, 1975, 1961, and 1931 cm™'. The negative bands
at 2084 and 1975 ¢cm™ are due to parent and match the absorption
bands of Cr(CO)s(C,H,). We assign the remaining three positive
bands to ¢is-Cr(CO)4(C,Hy),-

We reach this conclusion on the basis of the following obser-
vations. The new bands all display a decay constant equal to that
for the recovery of Cr(CO)s(C,H,), which indicates a simple
interconversion between two species. Coordinatively unsaturated
species are excluded on the basis of the long lifetime of the new
complex® and the inverse dependence of its observed decay constant
on ethylene pressure (see below). The three new bands have an
integrated intensity ratio of 1.0:2.5:1.4 which excludes the trans
isomer. We suspect that the 1931-cm™ band is an unresolved
doublet giving a total of four bands.!° Our observation of cis-
Cr(CO)4(C,H,), is surprising in light of the trans structures for
M(CO0)4(C,H,); (M = Mo, W).?

Cr(CO)4(C,H,), is expected to relax to Cr(CO)s(C,H,) by a
dissociative substitution process:!!

k
Cr(CO)4(C;Hy), ?;— Cr(CO)(CHy) + CH, (1)

Cr(C0O)4(C;Hy) + CO L Cr(CO)s(C;Hy) 2

The assumptions of a steady state for Cr(CO),(C,H,) and
time-independent densities of excess CO and C,H, predict a simple
exponential decay for Cr(CO)4(C,H,), and recovery for Cr(C-
0)5(C,H,) with identical time constants. All of the time-de-
pendent absorptions in Figure 1 are well fit by single exponentials
and the time constants match under all conditions.

The above kinetics predict the observed decay constants (Kgyeq)
to depend on CO and C,H, pressures:

- k1k;[CO]
ot 7, [CHy] + K5[CO]

(3)

Figure 2 shows that k4 increases with CO at constant [C,H,]
becoming nonlinear at high [CO] in accordance with eq 3.
Equation 3 also indicates that k' should be linear with [C,H,].
This is observed when [C,H,] is varied from 300 to 900 torr with
CO constant at 0.56 torr. A vanishing intercept is found, but this
is expected for [CO] << [C,H,]. Furthermore, the CO depen-
dence (0.12-1.5 torr) at 700 torr of C,H, is linear, which confirms
this supposition.

Under conditions where k,[C,H,] >> k;[CO], the quantity
ki k3/k, can be determined from the linear dependencies of kg
on [CO]J and 1/kyus on [C;H,]. The three separate data sets give
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an average value of kjk;/k, = (44.4 £5.1) X 10° s™. From the
weighted, nonlinear least-squares fit to the data of Figure 2,
separate values of k; and k;/k, are found to be k; = (6 £ 2) X
10*s™! and k3/k, = 0.7 £ 0.2. These combine to give a value of
kyky/k, = (46 = 18) X 10° 57!, in good agreement with the linear
fits.

The fast gas-phase unimolecular decay constant obtained for
cis-Cr(CO)4(C,Hy), (k) establishes the instability of this complex.
This behavior differs drastically from that of Mo(CO)4(C,H,),
and W(CO),(C,H,),. which are stable trans isomers.> We see
no evidence for trans-Cr(CO),4(C,H,),.

The unimolecular decay constant of Cr(CO),(C,H,), is 3 X
107 larger than the reported 300K solution value for Cr(CO),-
(n*-butadiene).®'? Complexes of Cr(CO), with nonconjugated
dienes are more stable than with conjugated dienes,®%!3 but our
results show that Cr(CO),(olefin), complexes decay orders of
magnitude faster than both. This result has important implications
for the theory of bonding in these complexes.
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Note Added in Proof. After this paper was submitted we
became aware of new work by Gregory et al.!# reporting formation
of cis-Cr(CO)4(C,H,), in xenon solution. The assigned IR
spectrum of the cis isomer, as well as crude kinetic observations
confirming its formation as the primary photosubstitution product,
are in good agreement with the present work. Gregory et al. also
report the slower appearance of trans-Cr(CO)4(C,H,), in their
system, which is not observed in our gas-phase experiments
(possibly due in our case to pulsed irradiation and the scavenging
effect of added CO).

(12) Reference 6 reports a solution rate constant for the reaction (5*-bu-
tadiene)Cr(CO), — (n*-butadiene)Cr(CO),, which we compare to our gas-
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alternate mechanism that does not give an elementary rate constant (see ref
5g,h). Efforts are under way in this laboratory to study the gas-phase kinetics
of (n*butadiene)Cr(CO),.
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An important question in the biosynthesis of macrolide anti-
biotics like erythromycin A and tylosin concerns the biochemistry
of macrolactone formation.! It is clear that simple carboxylic
acids—acetate, butyrate, and propionate—are the source of all
the carbon and oxygen atoms of the erythronolide?? and tylono-
lide** macrolactones and very probable that the a-carboxyl de-
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