Table II. Effect of Inhibitors on Firefly Luciferase Activity

[Inhibitor]/ % activity

Inhibitor [luciferase]® of enzymed.f

Control¢ .- 100
Ethyl 2-benzothiazolesulfonate (2) 30 48
40 44

2 + luciferin (1)d 40 87
200¢ 33

2-Benzothiazole sulfonic acid (3) 57 96
Methyl 4-nitrobenzenesulfonate 39 91
TPCK 40 14

@ Recrystallized twice.!” ® From the initial flash of light emitted.'®
The light reaction was initiated by rapid injection of 0.2 ml of
0.02 M ATP into a solution of 2.0 ml of 0.05 M sodium phosphate
buffer (pH 7.9), 0.1 ml of 0.1 M MgSO,, 0.1 ml of ca. 1.2-5.8 X
10™* M luciferin, and 0.015 ml of 1.6 X 10~* M incubated lucifer-
ase solution (inhibitors added in THF, THF—terr-butyl alcohol
(1:4), or methanol; concentration 0.5%). ¢ Enzyme plus the appro-
priate organic solvent (0.5%). @ Luciferin (1) was present in the luci-
ferase—ester (2) solution ([1]/{2] = 2.9). € Not all initially soluble.
f Percent activity of enzyme remaining after | hr incubation at 22°.

emission wavelength. Either this reagent attacks the first
base or the enzyme becomes totally inactivated by attach-
ment of a large group to the second base. The simple meth-
ylating agent methyl 4-nitrobenzenesulfonate® inhibits the
enzyme, but slowly (Table II).

Our working hypothesis for these results is that the sec-
ond basic center on the enzyme (Chart I, step e) displaces
2-benzothiazole sulfonate ion from the ethyl group of bound
2 faster than does the first basic center (Chart I, step b).
Alkylation of the first center totally inhibits the enzyme,
whereas alkylation of the second center modifies the en-
zyme so that red light is produced over the entire pH range
from 6 to 8.6. A control experiment has shown that neither
the observed shift of the emission wavelength to the red nor
the irreversible inhibition of the enzyme are produced by 2-
benzothiazole sulfonic acid (3) (Table II). Difference ultra-
violet spectra of the inhibited enzyme and native luciferase
do not show a benzothiazole chromophore indicating that
compound 2 is not acting as a sulfonating agent. Work is in
progress on the use of C-14 labeled 2 to identify the amino
acid(s) being modified.
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Tetracobalt Carbonyls in Solution
Sir:

We wish to report carbon-13 NMR studies of the two
types of skeletal structures found for tetracobalt clusters.
These observations demonstrate the dependence of carbonyl
scrambling mechanisms upon the type of bridging carbonyl
group.

The “butterfly” structures of the RCCRCo4(CO);q se-
ries! presented the first skeletal type. These complexes have
crystalline structures containing two asymmetrically bridg-
ing CO groups? (eq 1). The '3C NMR3 of (1), R =
CO,CH3, and (2), R = Ph, were recorded (Table 1) over a
temperature range. At ca. —90° three resonances were ob-
served. As the temperature is raised these signals broaden
and eventually (—20°) coalesce to a broad resonance at ca.
203 ppm. Interaction with the cobalt nucleus (vide infra)
maintains this broadening. It is apparent that at tempera-
tures above ca. —70° CO scrambling over the entire Co,
skeleton is occurring. In the region —104 to —70°, we be-
lieve the spectra are best interpreted in the following man-
ner.

In the absence of tautomerism, five carbonyl resonances
(one bridging and four terminal) are expected. Thus selec-
tive equilibration is occurring. The signal at lowest field is
of correct intensity and shift to be due to the average of one
bridging and one terminal environment, the remaining pair
of signals resulting from averaged terminal carbonyl sites.
Carbonyls COp (unsymmetric bridge) and CO. equilibrate
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Table I. !*C CO Chemical Shifts¢

Complex Carbonyl Shift

1 —104° Av 211.2 4)
CHFCl, Av 198.2(2)
Av 191.3 4)

2 -90° Av 213.6 (4)
CHEFCl, Av 198.7 (2)
Av 193.5 (4)

3 -60° B 243.1 (4)
CD,Cl, T 195.9 (4)

T 191.9 (4)

4 -70° B 247.3 (3)
CD,Cl, T 198.7 (3)

T 180.9 (3)

@ Shifts are measured downfield of TMS. B, T, and Av represent
bridge, terminal, and averaged carbonyl environments, respectively.
The relative signal intensities are displayed in parentheses,

by a rocking motion (eq 1). By the same motion environ-
ments CO4 and CO, are also equivalenced. In this process
the bridging groups remain associated with the cobalt with
which they have the shorter and probably stronger bond.
At higher temperatures this barrier is overcome and total
equilibration is achieved.

A second skeletal type is exemplified by Co4(CO);; (3)
which possesses Cs3, molecular symmetry in the crystal.

L L/L OC (?
\ \
X v/
/e o/ N
\Co:i ————— Co/ >Co —————— -Co<
Y OC\ . CO 0 OC\ o CO
o A
C C C
0 0 0
C, 3,L=CO D,, 3
4, L, =CH,CH,

The infrared spectrum of (3) in solution has been var-
iously reported to indicate structures of C3,% and D2,4° sym-
metry. Subsequent °Co NMR measurements,”® by indi-
cating two cobalt environments populated in the ratio of 1:
3, appear to support the Cs, structure. However, there ap-
pear to be significant discrepancies between the spectral
data of the two reports.®

In the temperature range —100 to —60°, three !3C reso-

nances were observed for Cos(CO);; corresponding to one
bridging and two terminal environments (Table I). The
three signals exhibited approximately equal intensities with
or without the addition of the relaxing agent Cr(acac)s. If
these intensities reflect the number of carbonyl groups in
bridging and terminal environments, then these results are
only compatible with the D24 structure; however, the factors
which influence the relaxation times of !3C nuclei in the
presence of nuclei with high quadrupole moments are not
well understood and, an intensity distortion is conceivable.
It is relevant, however, that the spectra of two close rela-
tives of 1 show no such intensity distortion, One of these
cases, Co3Rh(CO);s, has already been reported.'® Coy-
(CO)g(toluene) (4)!! provides a second example, At —60°
the 13C NMR spectrum (Table I) of this cluster exhibits
three signals of equal intensity (1 bridge and 2 terminal),
fully consistent with its known structure, It must be con-
cluded that the structure of Co4(CO);; in solution remains
uncertain,!2

Spectra were also recorded over a range of temperatures,
At —20° all signals were broadened, and at 10° total col-
lapse was observed. Attempts to obtain a fast exchange
spectrum were unsuccessful. Throughout the 40-70° re-
gion, no carbonyl resonance was observed and at higher
temperatures decomposition occurred. Although the line
widths of the resonances of carbon atoms coordinated to co-
balt increase with temperature, this is insufficient to ac-
count for all the broadening observed.!4 The cluster there-
fore undergoes carbonyl scrambling, and our results are
consistent with the type of process previously suggested for
315 and observed for Rhy(CO) ,.13:16.17
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Reactions of Carbanions with r-Benzenechromium
Tricarbonyl. Nucleophilic Aromatic

Substitution for Hydride

Sir:

Coordination of a chromium tricarbonyl unit to an aro-
matic ring via w-bonding increases the reactivity of the ring
toward attack by nucleophiles.!-> We have been interested
in using the chromium tricarbonyl unit as an easily at-
tached and removed activating group for nucleophilic aro-
matic substitution by carbanions.6’ Preliminary studies in-
dicated that the substitution of tertiary carbanions for ha-
lide proceeded efficiently with w-halobenzenechromium tri-
carbonyl, and minor products were observed in certain
cases from formal substitution for hydride.”® We now re-
port conditions under which this side reaction becomes very
efficient and promises a novel approach to coupling of car-
bon units with aromatic rings.

Table I. Coupling of Carbanions with n-Benzenechromium Tricarbonyl
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The method involves reaction of carbanions with =-ben-
zenechromium tricarbonyl (1) to generate an intermediate

1. %/ 0e
_— R eq. 1
2. I,/25°

I

Cr

6 | co
co
1

which can be converted to the free alkylbenzene by reaction
with iodine (eq 1). Table I displays the results with a vari-
ety of carbanions, Certain of the carbanions were prepared
by proton abstraction with lithium diisopropylamide
(entries 1, 2, 4, 5, 8, 10-12, 16), potassium hexamethyldisil-
ylazane (entry 9), potassium hydride (entries 15, 17), or n-
butyllithium (entry 3), while others arose from reaction of
the corresponding organic halide with the metal (Li or Mg;
entries 7, 13, 14). tert-Butyllithium was obtained commer-
cially. A solution of complex 1° in tetrahydrofuran (THF)
is added to the anion (1 mol equiv) in THF at —78°, The
mixture is allowed to warm to higher temperature to allow
interaction of the anion with the complex, and then excess
iodine is added at —78°, as a solution in THF, followed by
warming to 25°, The resulting chromium(III) salts are re-
moved by aqueous washing, and the alkyl-arene is isolated
from the organic solution. Most of the examples reported in
Table I involve ca. 2 mmol scale; the following procedure at
25 mmol scale exemplifies potential preparative applica-
tions.

Lithium diisopropylamide!® was generated from n-butyl-
lithium (12.8 ml of a 1.95 M solution in hexane, 25.2
mmol) and diisopropylamine (3.84 ml, 27.5 mmol) in 50 ml
of THF by mixing the reagents at —78° under argon and
allowing the mixture to stir at 0° for 15 min. The pale yel-

Entry Carbanion Product Yield (%)4
1 LiC(CH,),CN PhC(CH,),CN 94
2 LiCH,CN PhCH,CN 68
3 Li—(D Ph——<ss:> 93

CN 9
4 Li—(-CH.CH.CH, PhCCCH,CH,CH, 906
0T~
N
s Li—-cicH) PRCCH(CH,), 880
0
6 LiC(CH,), PhC(CH,), 97¢
7 Li—<: :}—CH\ Ph-—-(: :}—CH‘, 71
8 LiC{CH,),CO,-t-Bu PhC(CH,),CO,--Bu ~10
9 KC(CH,),CO,t-Bu PhC(CH,),CO+-Bu 88
10 LiC(CH,),CO,-t-Bu PhC(CH,),CO,--Bu 91d
11 LiCH,CO,-+-Bu PhCH,CO,t-Bu 87d
12 LiCH(CH,)CO-t-Bu PhCH(CH,)CO,--Bu 88d
13 BrMgCH,CH==CH, PhCH,CH==CH, <s
14 CIMgC(CH,), PhC(CH,), <5
Q
1l |
15 KCH,CC(CH,), PhCH,CC(CH,), ~20€
9 9
16 LiCHzéPh PhCH,CPh <5
CN (ﬁ
17 O@K O,@;c—ml <5b.d
L 0o ™ L

O

@ The yields are based on isolated material unless otherwise noted. The products were identified by comparison of spectral data and melting
point (if solid) with published data or.with data collected on a sample prepared by established procedures. b The final product was obtained
by sequential acid and base hydrolysis according to the method of G. Stork and L. Maldonado, J. Amer. Chem. Soc., 93, 5286 (1971). ¢ This
yield was determined by quantitative GLPC using an internal standard after careful concentration of the ether extract from the isolation pro-
cedure. d The medium is 1: 1 THF : HMPA. € The medium is 1:5 THF : HMPA.
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