8438

Accelerated Arene Ligand Exchange in
AreneCr(CO3) Complexes

M. F. Semmelhack;¥ Anatoliy Chlenov, Lingyun Wu, and
Douglas Hé

Department of Chemistry, Princeton Umsrsity
Princeton, New Jersey 08544

Receied May 1, 2001
Revised Manuscript Receed July 18, 2001

Activation of arene rings by complexation with metals through
the pi systemy{ activation) is important in several processes such
as arene hydrogenation and various coupling procés3es.

achieve catalysis in such processes, arene ligand exchange must

be facile. For example, a catalytig& process (Scheme“night
utilize the activation provided by Cr(C@Jput requires that an
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arene exchange step operate under similar conditions. Good yields

are obtained in stoichiometric reactions of common nucleophiles
with fluoro- and chloroarenes at moderate temperatures %05

°C),® but arene exchange is much less general and shows a high

barrief as well as unfavorable equilibrium for fluorobenzene
exchanging with donor-substituted areries.

It has been noted that donor solvérds a coordinating group
in a side chaifion the arene ligand lower the barrier to exchange,

case of a methyl acrylate ligand (L in benzei@r(CO)L), where
arene exchange occurs at room temperadtstgggests that much
more powerful effects are possible by adjusting the nature of the
ligand at the chromium.

We have been pursuing the concept that the CO ligand of an
arene-Cr(CO) complex can be replaced by a ligand which bears
a second coordinating site'(In 1). The group Lis imagined to
stabilize coordinatively unsaturated intermediates (e.g., & in
reversiblyand minimize irreversible side reactions of the Cr(gO)
unit during arene exchangé&A ligand which replaces a CO must
be able to maintain the activation toward thgAB reaction; this
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Tris(pyrrolyl)phosphine &) provides suitable activatidrand

via: X seriesa: L-L'=3

. - . is the basis for our first generation designs ofll’ in 1. As
but even in those cases the conditions are severe. The special,

xpected, comple8A (X = F) shows no arene exchange when
heated in a sealed tube with benzeléer 17 h at 150°C (Table,
entry 1)? similar to the parent fluorobenzene-Cr(G@pmplex.
We evaluated a soft pendant ligand (thioether) ‘astich could

be installed easily on the pyrrolyl group and allow for a chelate
ring during the exchange process. Lithiation Nftert-butoxy-
carbonylpyrrole followed by quenching with MeSSMe and
cleavage of théBOC group gave 2-(methylthio)pyrrole in 80%
yield.*® Direct reaction of pyrrole with MeSC4€l in a toluene/
water/K;CO; mixture at 23°C gave 2-(methylthiomethyl)pyrrole
in 43% yield* The readily available methyl 2-pyrrolylcarboxylate
was also tested.

process is sensitive to the electronic character of the replacement Reaction of 2-(methylthio)pyrrole with NaH followed by RCI

ligand (L) (see Scheme 2).
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using a small excess of the 2-(methylthio)pyrrole produced tri-
(2-methylthio)pyrrolylphosphineB, 62% yield, colorless crystals,
mp 76-77 °C). In a similar procedure but using it as base,
reaction of di(pyrrolyl)chlorophosphifie with 2-(methylthio)-
pyrrole produced di(pyrrolyl)(2-methylthio)pyrrolyl)phosphir@, (
59%, mp 45-46 °C). DMAP was the base of choice for
conversion of 2-(methyl-thiomethyl)pyrrole to di(pyrrolyl)(2-
(methylthiomethyl)pyrrole)phosphin®( 37%, colorless oil) while
NaH gave best results for 2-(methoxycarbonyl)pyrrole to di-
(pyrrolyl)(2-(methoxycarbonyl)pyrrole)phosphing, (64%)1°
Following the standard protoc#l,the fluorobenzene, and
benzene-Cr(CO) complexes § X = F, H; L = CO) were
converted to the mono-cyclooctene analogugsL( = cyclo-
octene) by replacement of one CO ligand under irradiation. Then
thermal replacement of the cyclooctene with ligaBd-E
produced 1:1 complexes (for ¥ F, 3B, and3C; for X = H,
3B, 3C, 3D, 3E.

(12) The Cr complex was heated in a sealed NMR tube with bendgne-
as a solvent. The tube was taken out of the oil bath and cooled 1€ 28nd
the 1% NMR spectra were taken at the appropriate time intervals.

(13) There is an earlier synthesis of 2-methylthiopyrrole: Nedolya, N. A.l;
Brandsma, L.; Verkruijsse, H. D.; Trofimov, B. Aletrahedron Lett1997,
38, 7247 See Supporting Information for our preparation.

(14) This procedure was adapted from the preparation of 2-allylpyrrole:
Wrackmeyer, B.; Schwarze, B. Organomet. Chenl997 534, 181.

(15) See Supporting Information for preparation.

(16) Bernardinelli, G.; Cunningham, A. Jr.; Dupre, C.; Kundig, E. P.; Stussi,
D.; Weber, JChimia1992 46, 126.
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Complexes3B (X = F, H) were unstable toward loss of the
arene ligand, even during chromatography on,Sithey were
tentatively characterized by NMR (primarilyF, 31P) as having
the coordination of the sulfur unit (Scheme'3Warming3B (X
= F) at 60 °C in mesitylene as solvent in attempted arene

exchange led to loss of the fluorobenzene ligand and isolation of

complex4, in low yield. This result suggested that the fluoroben-
zene ligand is lost easily but coordination by the mesitylene is
not favorable. Using triphenylphosphine, the compExwas
obtained®

In contrast, the mono(methylthio) ligan@, attaches to the
chromium through phosphoru8@, X = H; and3C, X = F),
and this ligand has been carefully evalugfetin X-ray diffraction
study revealed two closely related conformations in the crystal
for 3C, X = H, with the sulfur atom poised abb4 A from the
Cr.20 Arene exchange proved to be strongly accelerated by the
methylthio group. When dissolved in benzetethe fluoroben-
zene ligand underwent conversion to the complex of bendgne-
(6) with a half-life time of 44 min at 60C (Scheme 4, Table 1,
entry 2)?! The corresponding benzene compl&C( X = H)
exchanged cleanly with benzedgbut now with a half-life time
of 7 h at 70°C and 2 h at 80C (entry 3, 4). On a preparative

(17)*°F NMR (470 MHz) peak at-141.5 ppm consistent with the S-bound
complex®?P NMR (202 MHz) peak at 59.7 ppm consistent with the S-bound
complex.

(18) Characterized by spectroscopic data and an X-ray diffraction study.
See Supporting Information.

(19) Characterization @3C, X = H: *H NMR (500 MHz, benzenek) o
1.92 (s, 3H), 4.41 (dP*pn = 2.4 Hz, 6H), 5.73 (tdJ; = 2.8 Hz,J, = 1.6 Hz,
1H), 6.03 (dtJ, = 3.2 Hz,J, = 1.2 Hz, 1H), 6.23-6.28 (m, 5H), 6.886.92
(m, 4H) ppm.**C NMR (125 MHz, benzenes) 6 21.7, 111.8 (dJ°cp = 4.5
Hz), 112.7 (d Pcp = 5.9 Hz), 118.9 (d°cp = 3.2 Hz), 124.6 (d’cp = 6.6
Hz), 130.5 (d,J?cp = 9.8 Hz), 236.2 (d,°cp = 27 Hz) ppm.3'P NMR (162
MHz, benzeneds) 6 173.5 ppm. MS {FAB, nitrobenzyl alcohol):m/z 461
(17%), 395 (21%), 355 (42%), 327 (100%), 307 (81%), 289 (42%). IR{CH
Cl, soln): 1055 (s), 1181 (s), 1444 (s), 1866 (s), 1925 (s), 2925 (m).

(20) The ORTEP diagram and relevant tables are included in the Supporting
Information.

(21) In an NMR tube were put compl&C, X = F (20 mg, 0.040 mmol),
trifluorotoluene (2uL, as internal standard), and benzefgl mL), and the
solution was subjected to three freezmimp—thaw cycles, after which the
tube was sealed under vacuum. The NMR probe was preheated to the chosel
temperature, and the tube was put in. A series’6f NMR spectra were

collected. Disappearance of the starting material and appearance of free
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Scheme 3.Tricoordination with LigandB
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Table 1. Rates of Arene Exchange with Complex&s

entry X L t172 (min) temp (C)
1 F 3A(H) >1000 150
2 -F 3C, (SMe) 44 60
3 -H  3C, (SMe) 420 70
4 H  3C (SMe) 120 80
5 -H 3D, (CH;SMe) 1620 70
6 -H  3E (COMe) 26 70

scale, comple8C, X = F, was dissolved in benzene and heated
at 80 °C to produce compledC, X = H, in 94% vyield. We
attribute the rate difference f@A, X = F (ty > 17 h at 150
°C), and3C, X = F (ty» = 44 min at 60°C), to the stabilizing
effect of the pendant methylthio group on the coordinatively
unsaturated intermediates involved in arene exchange.

The corresponding ester side chain was somewhat more
effective. Complex3E (X = H) gave exchange with ¢ with
a half-life time of 26 min at 70°C (entry 6). In preliminary
experiments, the complex of the higher homologue ligénd
(complex3D, X = H), which would have a six-membered chelate
ring, shows a half-life time of about 27 h at 70 in benzened;,
somewhat slower compared 3¢, X = H (entry 5). Work is in
progress to define fully the steric and electronic properties which
influence arene exchange in these systems.
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Supporting Information Available: Procedures for the preparation

nd characterization of compounBsC, E, 3C (X = F), 3C (X = H),
3E (X = H), 4 and5; the ORTEP d|agrams X-ray procedures and tables

fluorobenzene were followed via integration of the corresponding peaks. These for 5 and for3C (PDF). This material is available free of charge via the

numbers were related to internal standard and plotted against time in a
logarithmic scale to yield straight lines from which half-life time was
calculated.
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