4124 J. Am. Chem. Soc. 1987, 109, 4124-4127

+
2 Ir Tl
b,
- N
P S
.7 a, .
- —_— N
s ’ff' S N
P - ~w N
2 - “~o N
epz——st\\ R <A
<
S~ b,——_____::E______Gp
g e——— --

Figure 2. Top: perspective drawing of [Ir,TI(CO),Cl,(u-dpma),]*
showing 50% thermal elipsoids for heavy atoms and uniform arbitrarily
sized circles for carbon and oxygen atoms. Selected interatomic distances
(A): Ir(1)=TI, 2,958 (1); Ir(2)-TI, 2.979 (1); Ir(1)-P(1), 2.323 (4);
Ir(1)-P(3), 2.332 (4); Ir(1)-Cl (1), 2,369 (4); Ir(1)-C(65), 1.79 (1):
Ir(2)-P(2), 2.328 (4); Ir(2)-P(4), 2.339 (4); Ir(2)-CI(2), 2.358 (4);
Ir(2)-C(66), 1.83 (2); Tl=As(1), 3.295 (3); TlAs(2), 3.308 (3). Se-
lected interatomic angles (deg): Ir(1)-TI-Ir(2), 139.4 (1); P(1)-Ir-
(1)=P(3), 170.0 (1); CI(1)-Ir-C(65), 170.9 (5); P(1)-Ir(1)-CI(1), 86.4
(1): P(1)=Ir(1)-C(65), 92.7 (5); P(3)=Ir(1)-Cl(1), 89.0 (1); P(3)-Ir-
(1)=C(65), 90.4 (5); P(2)-Ir(2)-P(4), 168.9 (1); Cl(2)-Ir(2)-C(66),
173.0 (5); P(2)-Ir(2)-CI(2), 87.7 (1); P(2)-1r(2)-C(66), 92.3 (5); P-
(4)-1r(2)-CI(2), 87.7 (1); P(4)-1r(2)-C(66), 91.1(5). Bottom: quali-
tative molecular orbital diagram for the Ir,T] unit.

valently bound to the cation. It rests in front of the thallium ion
and in the Ir,TI plane, but the shortest Tl---O separation is 2.798
A, much longer than the T1-O separation of 2.46 A found in
gaseous TINO,’ and of 2.101 A found in gaseous T1,0.
Lead(II), which is isoelectronic with thallium(I), also forms
a complex with 1. Addition of lead(II) nitrate in methanol to 1
in dichloromethane produces a pink solution from which [Ir,Pb-
(CO),Cly(u-dpma),}(NO;),, 3, has been isolated as shocking pink
crystals. Its spectroscopic properties (P NMR 24.4 ppm; in-
frared, »(CO), 1978, 1984 cm™!) are similar to those of 2. Like

(6) Brady, R.; DeCamp, W. H.; Flynn, B. R.; Schneider, M. L.; Scott, J.
D.; Vasska, L.; Werneke, M. F. Inorg. Chem. 1975, 14, 2669.

(7) Kulikov, V. A.; Ugarove, V. V,; Rambidi, N. G. J. Struct. Chem. 1981,
22, 446. Gutsev, G. L.; Boldyrev, A. 1. J. Electron Spectrosc. Relat. Phenom.
1985, 35, 299.

(8) Demidov, A. V.; Gershikov, A. G.; Zasorin, E. Z.; Spiridonov, V. P.;
Ivanov, A. A. J. Struct. Chem. 1983, 24,7. Nasarenko, A. Ya.; Spiridonov,
V. P; Butayev, B. S.; Zasorin, E. Z. THEOCHEM 1988, 20, 262

2, 3 shows an intense band (538 nm;.¢ 62000) in the visible
absorption spectrum and two strong emission bands (uncorrected)
at 563 and 825 nm.

Generally, the few known examples of thallium(I) (or lead(II))
transition-metal bonding are considered to involve primarily ionic
interactions.” However, this is clearly not the case in 2 and 3.
We view the primary thallium-iridium bonding as involving the
interaction of the filled 5d,? orbitals and empty 6p, on iridium
with the filled 6s and empty 6p, and 6p, orbitals on thallium (local
Tl x axis perpendicular to the Ir-TI-Ir plane, z axis bisects the
Ir-Tl-Ir angle). A simple group theory treatment using these
orbitals leads to the diagram shown in Figure 2.1 Mixing between
levels will stabilize the filled a,, b,, and a, orbitals relative to their
empty counterparts, thereby imparting stability to the Ir-TI-Ir
unit. It is proposed that the lowest energy absorption bands leading
to luminescence in 2 and 3 result from an a, to a b, or a, transition
localized within the Ir-Tl-Ir moiety.
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The importance of ring-expansion methods in organic synthesis
and the weakness of existing ones is underscored by the large
continuing effort to develop new approaches.!> Of prime im-
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Table I. Ring Expansion to a-Phenylthio Ketones
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addn temp, overall
entry ketones product yield? °C/time, h product yield®
1 o $02Ph 92% -20/4 79%
HO y SPh
-0
< Gy &y
H
2 0 802Ph 94%° -78/3 SPh 77%
HO,
<sSNGo R <ot
3 on302Ph 92% -78/1 72%
SPh
4 0 OH  SOzPh 92% -78/0.33 SPh 69%
d—<spn @o
b
5 o S02Ph 95% 0/1 - 66%
HO 0
SPh
6 93% -78/1.5 74%
o HO

o]
2]
)
4

4 For isolated pure product unless otherwise stated. ®Crude yield. “Overall yield for isolated pure product from starting ketone. All new com-
pounds have been fully characterized spectroscopically and elemental compositions established by high-resolution mass spectroscopy and/or com-

bustion analysis.

portance to us is the ability to introduce a substituent, particularly
a heteroatom substituent,’ concomitant with the expansion. Our
discovery of the sensitivity of sulfones as a leaving group in the
presence of Lewis acids*> suggests that such compounds may be
useful in ring expansions (eq 1). The development of sulfones

patha

— € E§
SO2Ph o= A

CDIO '< - (% $02Ph 3
” x thb A
NGpath (CE)L\ -
X

for such purposes has the advantage that the sulfone is such a good
acidifying group® that the substituent need not be an anion sta-
bilizing group. A common competing process that can thwart the
desired ring expansion (eq 1, path a) is formation of epoxides (eq
1, path b)—a process that sometimes intervenes in ring expansions
via diazo compounds and poly(phenylthio) compounds and sub-
sequently can lead to undesired products. The low nucleophilicity
of a benzenesulfinate anion compared to benzenethiolate, the ready
generation of anions adjacent to sulfone even when X is anion
destabilizing, and the ability to promote ionization of the sulfone
under mild conditions lead us to test the feasibility of eq 1, path
a. We wish to report that sulfone-stabilized anions are convenient

(1

other
products

(4) Trost, B. M.; Ghadiri, M. R. J. Am. Chem. Soc. 1986, 108, 1098; 1984,
106, 7260.

(5) For recent related work, see: Hatanaka, N.; Ozaki, O.; Matsumoto,
M. Tetrahedron Lett. 1986, 27, 3169. Ogura, K.; lihama, T.; Kuichi, S,;
Kajiki, T.; Koshikawa, O.; Takahashi, K.; lida, H. J. Org. Chem. 1986, 51,
700. Janssen, C. G. M.; Godefroi, E. F. J. Org. Chem. 1982, 47, 3274.

(6) Bordwell, F. G.; Ducker, G. E.; McCollum, G. J. J. Org. Chem. 1982,
47,2504. An alkoxy group has been reported to destabilize a sulfone-stabilized
anion. See: Fuji, K.; Usami, Y.; Sumi, K.; Ueda, M.; Kajiwara, K. Chem.
Leti. 1986, 1655.

reagents for regioselective ring expansions to both a-phenylthio
and a-methoxy ketones and that the latter can be accomplished
in a simple one-pot operation.

Surprisingly, the lithium derivative of (phenylthio)methyl phenyl
sulfone (1), generated with n-butyllithium in THF at -78 °C,
adds very poorly to ketones. On the other hand, addition of a
solution of excess diethylaluminum chloride in hexane to the
mixture of the lithium derivative of 1 and ketone in THF led to
smooth anion addition to the carbenyl group as summarized in
Table I. The aluminum reagent can be introduced prior to or
following the ketone with no noticeable effect.

Rearrangement proceeds smoothly by treating the adduct in
methylene chloride at ~78 °C with an approximately sixfold excess
of diethylaluminum chloride.®> In some cases, the temperature
is raised prior to quenching with aqueous sodium bicarbonate as
summarized in Table I. The last column lists the yields for the
overall process of ring enlargement from starting ketone. In each
case, except for entry 6, migration of that carbon that can best
stabilize an electron deficiency at the transition state occurs. A
possible explanation for the exception relates to the conformational
rigidity imposed upon the five-membered ring by the norbornyl
fragment as depicted in 2a. Migration of bond a proceeds through

™~ SOzPh

2a, X=Pn
b, X=CH30

(7) Bordwell, F. G.; Jarvis, B. B. J. Org. Chem. 1968, 33, 1182. Breslow,
R.; Mohacsi, E. J. Am. Chem. Soc. 1962, 84, 684.
(8) This rearrangement fails in ethereal solvents.
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Table II, Ring Expansion to a-Methoxy Ketones

temp,? ring isolated
entry ketone °C/time, h expanded product yield®
| . -78/7 H O(E_D:‘s 68
r o=
H
24 o -78/2 H o?fr“s o 76 (85)
s o gy
H
6
3¢ -50/2 73 (86)
(o] 0]
OCHg
Ha
44 E -60/5 63%
o]
5¢ o] rt/16 61%
H
CH30

@ All additions of the [methoxy(phenylsulfonyl)methyl}lithium to the ketone were performed at -78° C. The temp/time recorded here is for the
in situ rearrangement step. ®all yields are for isolated pure product. Yields in parentheses are based upon recovered starting material. °Better results
were obtained by using diisobutylaluminum chloride for the rearrangement. ?Diethylaluminum chloride was employed for the rearrangement step.

¢ Diisobutylaluminum diisopropylamide was required for the rearrangement.

a boat-type transition state; whereas, migration of bond b proceeds
through a half-chair.® It should be noted that both five- and
six-membered ring ketones participate satisfactorily in contrast
to other sulfur-based ring expansions.

A possible advantage of the sulfur leaving group is the extension
to introduction of other heteroatoms concomitant with ring ex-
pansion. Oxygen is among the most important. We, therefore,
examined the use of the methoxymethyl pheny! sulfone (3)'° for
ring expansions. Addition of the lithium derivative, generated
by using tert-butyllithium at ~78 °C, in DME to ketones such
as 4 proceeded in excellent yields in contrast to the addition of
the phenylthio derivative. We attribute the success to a lower

bilizing ability of a methoxy group compared to a phenylthio
group. Exposure of 5 to aluminum chloride (CHCl;, 0 °C) gave
a 53% yield of the ring-expanded ketone 6. The sensitivity of the
initial adduct 5 and the decomposition of the product by aluminum
chloride led to in situ treatment of the initial adduct (i.e., the
lithium salt of §) with milder Lewis acids. Indeed, addition of
the lithium derivative of sulfone 3 (i.e., 7) to ketone 4 in DME
at ~78 °C followed by diethylaluminum chloride and workup gave
the ring-expanded ketone directly in 76% overall yield from 4.
The ability to promote a Lewis acid catalyzed rearrangement in
an ethereal solvent like DME attests to the facility of the rear-
rangement. The product, a single regio- and diastereomer, is
assigned as 6 based upon its 'H NMR spectrum (H,, § 4.13, dd,

o OCHa J =6.6,1Hz).
CHSO\(SOZP" HQ This one-pot sequence was employed for all the ring expansions
Cé L SOz2Ph listed in Table II. Some variation of the Lewis acid was required.
-, - For example, employment of diisobutylaluminum chloride gave
4 5 somewhat improved yields in the case of entry 1. Most dra-

OCH,

reversibility of the initial addition due to the poorer anion-sta-

(9) Cf.: Sauers, R. R; Beisler, J. A. J. Org. Chem. 1964, 29, 210. Sauers,
R. R.; Ahearn, G. P. J. Am. Chem. Soc. 1961, 83, 2759.

(10) Mandai, T.; Hara, K.; Nakajima, T.; Kawada, M.; Otera, J. Tetra-
hedron Lett. 1983, 24, 4993. Also see: Schank, K.; Schroeder, F. Annalen.
1977, 1676. Tanaka, K.; Matsui, S.; Kaji, A. Bull. Chem. Soc. Jpn. 1980,
53, 3619. Russell, R. A.; Krauss, A. S.; Warrener, R. N.; Irvine, R, W.
Tetrahedron Letr. 1984, 25, 1517. Ley, S. V.; Lygo, B.; Wonnacott, A.
Tetrahedron Lett. 1985, 26, 535.

matically, all the aluminum chlorides proved inadequate in the
steroid case. Surprisingly, the extremely mild Lewis acid diiso-
butylaluminum diisopropylamide!" successfully effected the desired
rearrangement in this case.

The regiochemistry followed the trend of the more substituted
carbon undergoing preferential migration except for entries 3 and
4. The abnormal behavior of bicyclo[2.2.1]heptyl systems has
previously been noted in ring expansions®® and we have noted
the abnormal behavior of the ketone of entry 4 with the phenylthio
reagent 1. Both cases are rationalized by the conformational
preference for a chair rather than a boat-type transition state for
the rearrangement as depicted in 2. For entries 1-4, a single
diastereomer resulted whose assignment rests on the NMR data
as indicated for 6. In each case, this also appears to correspond
to the thermodynamically more stable isomer. For the steroid

(11) Neumann, W. P. Justus Liebigs Ann. Chem. 1963, 667, 1.
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product 8, only a single isomer also results; its stereochemistry
is assigned by analogy.

This approach for ring expansion to a-methoxy ketones proceeds
well for four- and five-membered rings. At present, larger rings
do not succumb to ring expansion in contrast to the phenylthio
reagent 1. The reason for the difference may relate to the better
ability of oxygen vs. sulfur to stabilize a positive charge. The
higher stability associated with the presumed intermediate in the
oxygen series, i.e., 9, compared to the sulfur series, i.e., 10, may
provide a smaller driving force for rearrangement.

~
OAl— e OAl—
SEm ~ Cn ~
—OCH3 —SPh
+ +
9 10

a-Thio- and a-alkoxy sulfones are excellent conjuctive reagents
for ring expansion to a-heteroatom-substituted cycloalkanones.
In contrast to reagents like diazo compounds, they are more
available, simpler and safer to handle, and they offer greater
structural flexibility. Analogues of the rearrangements reported
herein are not known for the diazo series. The better anion-
stabilizing abilities of a sulfone compared to a sulfide also make
these reactions more general than the corresponding reactions using
thio ethers.'> The ability of sulfones to be chemical chameleons,
i.e., to be nucleophiles in the presence of base and electrophiles
in the presence of acid, appears to provide great opportunities for
designing new reagents and reactions.
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Chemical and '*C CPMAS NMR data' suggest that cationic
species play a major role in the surface and possibly catalytic
chemistry of actinide alkyls (and by inference, of many other
organometallics?) on electron-deficient metal oxide supports (e.g.,
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stracts of Papers, 186th National Meeting of the American Chemical Society,
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Figure 1. Molecular structure of the cation portion of Cp,’Th(Me)-
(THF),*BPh,” (7). Important bond distances (A) and angles (deg) are
Th-C(1) = 2.49 (1), Th-O(1) = 2.531 (9), Th-O(2) = 2.628 (8), Th-
Ciing = 2.80 (1,2,4,10),'2 C(1)-Th-O(1) = 72.9 (4), C(1)-Th-O(2) =
140.2 (4), and ring centroid-Th-ring centroid = 136.2. Thermal ellip-
soids are at the 30% probability level.

~-Al,05). Straightforward solution routes to model cationic
organoactinide alkyls and complexes free of coordinating® bases
would be highly desirable, and we report here the first efficient
synthetic approach as well as initial observations on the properties
of the products. Base-coordinated Cp,Zr(Me)L* complexes have
recently been prepared via a completely different route.
Trialkylammonium tetraphenylborate reagents’ effect quan-
titative (by NMR) protonolysis of actinide alkyls in noncoordi-
nating solvents to yield cationic tetraphenylborates (eq 1-3). For

toluene
-MeH
-NR
Cp’,Th(Me)NR,+ BPh,- ——> Cp/,Th(Me)* BPh; (1)

1a, R = Me, 70% isolated, yield
1b, R = Et

Cp’;ThMe, + R;N*H BPh,”

2, 90% isolated yield
Cp’zTh(o-C6H4CH2NMez)Me + Et;N*H BPh,”

- 1
2, Cp’sTh(o-C¢H,CH,NMe,)*BPh,~ (2)
4, 88% isolated yield

—NEt
Cp*;ThMe +  Et;N*H BPh, oloene
5a, Cp* = CHyCH,  nen
5b, Cp* = Me;SiC,H,
Cp,*Th*BPh, 3)
6a, Cp* = CH,C;H,, 82% isolated yield
6b, Cp* = Me,SiCsH,, 70% isolated yield

Me;N, intermediate amine complexes are sometimes isolated (1a),
while bulkier Et;N forms labile adducts that dissociate upon
workup, yielding base-free cationic products. All new compounds
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