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of these crystals were also inactive for the hydrogenation of olefins
or nitrobenzene. A preliminary 3P NMR study also lends support
to the above mechanism and shows that H, reversibly adds to 1
in CH,Cl, solution at ambient temperature. Under 1 atm of H,,
the original 'P resonance of 1 observed under N, (8 55.0, Jp_p,
= 497 Hz) is replaced by a new resonance (8 51.1, Jip,_p) = 391
Hz). This change is completely reversible as the original spectrum
of 1 reappears in about 15 min under an N, purge. An inves-
tigation into the nature of this new species is underway.

Other studies in progress include homogeneous and heteroge-
neous H,-D, equilibration reactions with Pt—-Au hydride clusters,
other M-Au clusters (M = Pd, Rh, Re, Ru, Ir, and Os), Pt-Au
clusters which contain Cu, Ag, Hg, or Sn as a third metal, and
a variety of metal carbonyl clusters. A large variety of such M—Au
compounds have recently been prepared!624-26.282° and should
provide important structure-reactivity relationships for the ac-
tivation of H,.
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Control of 1,2 vs 1,4 addition reactions of nucleophiles with
a,B-unsaturated aldehydes and ketones represents a general
challenge. The tremendous impact of copper in redirecting “hard”
nucleophiles from 1,2 to 1,4 addition illustrates the importance
of the problem.! The development of Pd-catalyzed tri-
methylenemethane (TMM) cycloaddition to give five-membered
rings? has the characteristics of a conjugate addition followed by
cyclization.®> To expand the scope of this ring-forming metho-
dology to the formation of heterocycles, we sought to redirect this
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reaction from a 1,4 addition pathway to a 1,2 route with enones
(eq 1). We wish to record the remarkable effect that In3* com-
plexes* have on controlling the chemoselectivity of this cyclo-
addition.

o
o
|
DRI L o= o
X
TMS\)LOAC TMS\)LOAC

Earlier work in our laboratories established the feasibility of
trimethyltin acetate as a cocatalyst to effect cycloaddition of TMM
to the carbonyl group of mainly aldehydes.* However, it had only
a minor effect on the conjugate vs 1,2 competition of cycloaddition
to enones. Believing a more electropositive cocatalyst might be
more effective, we turned to tin’s neighbor in the periodic table,
indium. To establish the feasibility of an indium complex as a
cocatalyst to effect carbonyl additions, we explored the addition
to the keto aldehyde 1, which gives methylenetetrahydrofuran 2
with enhanced diastereoselectivity (>19:<1), compared to the use
of tin as a cocatalyst (eq 2).%
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Enone 5a was utilized as a test substrate for 1,2 vs 1,4 addition
(eq 3). Since both tris(2,4-pentanedionato)indium (4) and its
hexafluoro analogue®® gave similar results, we focused on 4 (10
mol %) for our studies. The palladium(0) catalyst (5 mol %)
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was generated by in situ reduction of palladium acetate with
DIBAL-H in the presence of the ligand (40 mol %). The ratio
of 1,4 vs 1,2 addition (i.e., 7a%7 vs 6a®) was a function of ligand,
varying from 3:1 to 1:10 to 1:21 to 1:24 on switching from tri-
isopropyl phosphite (63%) to dppp (73%) to tri-n-butylphosphine
(59%) to triphenylphosphine (TPP, 82%) in toluene at reflux. This
series reveals that ligands which are better g-donors than m-ac-
ceptors promote 1,2 addition. The less polar solvent toluene also
promotes 1,2 addition (7 vs 6 1:24) more effectively than dioxane
(7 vs 6 1:9) under comparable conditions. As a control, the same
reaction was performed with the same series of ligands in the
absence of the cocatalyst with the expected exclusive formation
of the 1,4 adduct.” So remarkable is the effect of indium that
as little as 10 mol % can alter the reaction course from conjugate
to 1,2 addition. With a sterically hindered electron-rich ligand
such as tri-o-anisylphosphine (TOAP), only 1,4 addition occurs
even in the presence of indium. Standard conditions for 1,2
additions employ TPP as the ligand. Substrates 5b and 5S¢ were
converted either to the methylenetetrahydrofurans 6 using the
standard conditions (yield, 6:7) (6b,° 87%, 3:1; 6¢,¢ 83%, >99:<1)
or to the methylenecyclopentanes 7 (vield, 7:6) (7b,” 85%, >99:<1;
7¢,% 54%, >99:<1) using TPP in the absence of a cocatalyst and
TOAP in the presence of 4, respectively.
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Scheme I. A Mechanistic Rationale
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Enones 8 and 9, which are particularly prone to conjugate
addition, can be diverted from exclusive 1,4 addition (11¢ and 13°)
to exclusive 1,2 addition (10° and 12°) (eqgs 4 and 5) by the addition
of the indium cocatalyst. Carbohydrates that bear many Lewis
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basic sites can also lead to good 1,2 selectivity and diastereose-
lectivity (>20:<1) under our standard conditions in the presence
of the indium cocatalyst (145 — 15,6 eq 6; 1,2 vs 1,4 4:1).
However, steric hindrance may inhibit 1,2 addition as in the case
of the galactopyranose 16, which gives predominantly the 1,4
adduct (17:18, 1:4.2) under our standard conditions (eq 7).
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A reasonable explanation of the source of the indium effect
derives from consideration of both the rate of 1,2 vs 1,4 addition
as well as the rate of ring closure (see Scheme I). The absence
of any coordinating group to stabilize an oxyanion disfavors 1,2
addition in the usual Pd-catalyzed TMM cycloaddition, thereby
precluding formation of zwitterion 19. On the other hand, the
charge delocalization of the zwitterion 20 permits its formation
with the ultimate production of the carbocycle. The presence of
an oxyanion stabilizing group such as In3* promotes attack at the
more electrophilic carbonyl carbon to give the In3*-stabilized
zwitterion 19. Since the counterion of the oxyanion has also proven
to be important in its reaction with (r-allyl)palladium complexes,®
In3* may also promote the collapse of 19 to the methylenetetra-
hydrofuran. The fact that increasing the reaction temperature
by going from THF to dioxane at reflux increases the ratio of 1,2
vs 1,4 addition products suggests that reversal of the 1,2 adduct
19 is competitive with cyclization and that the higher temperatures
favor cyclization. While this scheme accounts for all of our current
observations, we cannot rule out the involvement of some bimetallic
palladium-indium complex as the active entity.® This dramatic
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chemoselectivity switch by indium complexes may prove useful
in other nucleophilic reactions.!°
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Elucidation of the chemical behavior of reactive intermediates
in the solid state ought to give mechanistic information which is
important in controlling topochemical reactivities.! Continuous
interest in one-centered diradicals, such as carbenes or nitrenes,?
as reactive intermediates prompts us to study the chemical re-
activity and /or magnetic interaction of these species in the solid
state. As an extension of our effort on diarylcarbenes along this
line,? here we describe how the crystalline environment provides
outstanding stability and reactivity for arylnitrenes, especially for
(4-carboxyphenyl)nitrene, when they are generated in host crystals
of aryl azides.*

UV photolysis on powdered crystals of aryl azides 1a—c afforded
arylnitrenes 2a—c at cryogenic temperatures. The temperature
dependence of the triplet ESR signals® of nitrenes was carefully
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