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Figure 2. Reaction profiles for the rearrangements 1 — 2and 3 — 4. The
MNDO-Clg heat of formation is plotted as function of the angle 8 (see
text and Figure 1).

biradicaloid with C», symmetry (see Figure 1); its structure
has been completely optimized by minimizing the gradient
norm, and its force constant matrix has a single negative ei-
genvalue.'* Figure 2 shows the MNDO-Cly reaction profile
for the rearrangement 3 — 4 assuming C,, symmetry. It
should be pointed out that no local C,, minimum corre-
sponding to a bicyclobutanediyl biradical is found, contrary
to a previous study.!0:15

For the tetra-tert-butyl substituted systems, it is computa-
tionally too expensive to carry out complete MNDO-Cly op-
timizations and compute a rigorous activation energy for the
reaction 1 — 2. To obtain an estimate of the activation energy,
a reaction profile for the rearrangement 1 — 2 was constructed
by optimizing the geometries at the MNDO SCF level!é and
then carrying out a single MNDO-Cly calculation at these
geometries. From the resulting curve (see Figure 2), the acti-
vation energy is estimated to be 20 kcal/mol,'” which seems
to be compatible with the observed' thermal stability of 1.

Our calculations thus indicate that the activation energy for
the thermal decay of the tetrahedrane to the cyclobutadiene
system is increased only by ~5 kcal/mol when replacing the
four hydrogen atoms by four ters-butyl groups. This is probably
related to the fact that the transition state comes early on the
reaction coordinate (see Figure 2); the zert-butyl groups still
occupy favorable positions so that the steric effect on the ac-
tivation energy is fairly small. On the other hand, given the
observed thermal stability of tetra-zerz-butyltetrahedrane, our
results strongly suggest that unsubstituted tetrahedrane should
be long lived enough to be easily detected if it can be prepared
by some mechanism.
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Enol Thioethers in Synthesis. Regiocontrolled
Arylation via Organopalladium Chemistry
Sir:

The unusual versatility of sulfur has led to many important
developments in organic synthesis. Surprisingly, this versatility
remains unrealized for enol thioethers which normally are
considered less useful enol derivatives compared with enol
ethers, enol esters, enamines, etc. We report here an unusual
ambidence in the regioselectivity of arylation of enol thioethers
catalyzed by palladium that can provide new avenues for ap-
plications of these intermediates for structural elaboration.

The arylation of olefins catalyzed by palladium has been
outstandingly developed by Heck and his co-workers who state
“double bonds substituted with electron donating substituents
tend to produce significant amounts of 2-aryl adducts in ad-
dition to the major 1-aryl isomers”.23 We find that intermo-
lecular arylations of enol thioethers lead regioselectively to the
2-aryl adducts, whereas intramolecular arylations lead reg-
ioselectively to the 1-aryl system. Table I summarizes the in-
termolecular reactions. The arylations were performed in two
ways. In the first, | equiv of phenylmercuric chloride was
reacted with ~6 mol % of Li,PdCly and | equiv of cupric
chloride in THF at room temperature in the presence of | equiv
of vinyl sulfide. After 24 h, the reaction was filtered, evapo-
rated, and chromatographed. Enol thioethers from aldehydes
(entries 1-4) and ketones (entries 5 and 6) both react. In the
last case, the sensitivity of the enol thioether 7 to hydrolysis led
to its conversion into the ketone 6 during silica gel chroma-
tography. In each case, only one regioisomer which resulted

SCH,
Ph\/k/\/Ph

from 3-phenylation was detected. Entry 6 illustrates that the
thermodynamically less stable enol thiocether reacts without
prior equilibration.® Thus, the arylation is fully regiocontrolled.
When the enol thioethers are a mixture of sterecisomers, the
products are also a mixture of stereoisomers although in dif-
ferent ratios. NMR allowed determination of the isomeric
ratios by examination of the vinyl proton geminal to the sulfur
substituent (1,0 6.84 (E),6.52(Z);2,66.6 (E),6.3(Z);3,6
6.48 (E), 6.2(Z); 4,6 6.04 (E), 5.52 (Z)). In the second ap-
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Table I. Phenylation of Enol Thioethers Catalyzed by Palladium
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) ] . % isold
entry vinyl sulfide E/Z ratio product® E/Z ratio yield
PhS b PhS
! ~~ S 7:3 68
1
Ph
2 S’ 1:1.43 Phs\)\ + Phs\)\ 31 65¢
3 Phs\/\Mb 1:1.06 \/(I + Phs\)\/r\ 2.4:1 33
CH;$
4 NP NN 1.28:1 CHsS\/K\‘\ + CHS \/J\)/\ 3] 38
SPh® SPh
Ph
e é/ o
5
SCH, o
4 Ph
6 Ph \)k/\/Ph 43

6

a New compounds have been characterized by spectral means and elemental composition. # Prepared by oxidation of the thioketal followed
by pyrolysis.4 ¢ Prepared by base-catalyzed isomerization of ally! pheny! sulfide.5 ¢ Prepared by the oxidative decarboxylation of 2-methyl-
2-methylthio-5-phenylpentanoic acid with NCS.6 ¢ This run employed 2 equiv of CuCl,. Use of | equiv gave a 48% yield.

proach, bromobenzene was reacted with a palladium(0) cat-
alyst (2-10 mol %) generated in situ by reduction of palladium
acetate with Dibal, (C,H5),AIOC,Hs, or excess TMEDA,

H
PhS/\/C ' + PhBr

2-10 mol %
Pd(OAc), + Ph,P

[ —
TMEDA, CH,CN
reducing agent,
reflux, 49-65%

Ph
Phs/\‘/ + Phs/\‘/
Ph

with the latter two being preferred, to form the phenylpalla-
dium species. The sluggishness of the reaction led to reflux
times of 3-4 days. The yields are notably higher than the cor-
responding cases of enol ethers.?

The high regioselectivity for 3-phenylation is totally reversed
in the intramolecular reaction. Attempts to utilize the aryl
bromides 8-10 for cyclization via palladium(0) catalysis failed.
Conversion of 9 into its mercury derivative proceeded in poor
yield and gave no observed cyclization products upon treatment
with a catalytic amount of Li;PdCl, in the presence of cupric
chloride. On the other hand, the aryltin compounds’ 11-13 are
excellent precursors. Metal-halogen exchange of 8-10 using
t-C4HsLi in THF followed by addition of trimethyltin chloride
led to the desired tin compounds 11-13 in 50-85% yields.
Treatment of 12 with a stoichiometric amount of palladium
chloride in acetonitrile produced the cyclized product 15
(whose identity is confirmed by comparison with an authentic
sample?) in 74% yield and not the products 17 or 18 (which
would result from prior isomerization of the enol thioether
before cyclization) from arylation at the B carbon of the enol
thioether. Attempts to effect the reaction with a catalytic
amount of palladium chloride required the addition of a
thiophilic agent such as mercuric chloride. Indeed, treatment
of 12 with 10 mol % palladium chloride and | equiv of mercuric
chloride in dry acetonitrile for 12 h at room temperature gave
15 in 90% yield. The absence or presence of strong electron-

P
O - .
SCH, SCH,
Sn(CH,),
8 11 14
(70%)
0 7 7
OO~
0 SCH, SCH,
Br Sn(CH,),
9 12
— < (90%)
15
H,
(0] RS 0 R
<WQ(V\* .y
0 B 0
r Sn(CH,),
10 13
0
— < (59%)
0
16

donating groups on the aromatic ring does not affect the cy-
clization (11 — 14, 12 — 15). Furthermore, even seven-
membered rings can form in good yields (13 — 16).

A most striking feature of these observations is the orthog-
onality of the regiochemical results for the inter- and intra-
molecular processes. Contrasting the high selectivity and good
yields to low selectivity and poorer yields in the arylation of enol
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acetates and enol ethers also give the reaction special merit.
The intermolecular palladium-catalyzed reaction of enol
thioethers contrasts with the recent report of the nickel-cata-

Ph

SCH,

(Ph,P),NiCl,

AT 4 phMgBr T, L N

RS
lyzed reaction of these compounds where the opposite re-
giochemistry was observed. Thus, the two methods comple-
ment one another.

The utility of these observations is demonstrated by the very
mild cyclization conditions and the net arylation « to a car-
bonyl group.”!% The widespread availability of enol thioethers
by addition of sulfur-stabilized anions to carbonyl groups,'!
addition of RSX to olefins followed by elimination of HX,'2
reaction of vinyllithium reagents with disulfides,'? isomer-
ization of allyl sulfides,® metalation and alkylation of phen-
ylvinyl sulfide,' rearrangement of 1-phenylthio-1-vinylcy-
clopropanes, '3 oxidative decarboxylation of a-thio acids,® etc.,
allows a whole host of substrates to serve as enolonium equiv-
alents. This is shown explicitly for one case below (see entry
6, Table I). The unique role of sulfur in organometallic reac-

COH

)\ SCH, 0

R CH )\
I" P R x R/”\/ Ph
0

A

tions appears to be an exciting one for further exploitation.
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Structure and Dynamic Behavior of n-Propyllithium
from 13C, 7Li, and $Li NMR
Sir:

Alkyllithium compounds in hydrocarbon solvents exist as
tetramers' and hexamers? and undergo a variety of dynamic

processes including fast inversion at carbon® and carbon-
lithium bond exchange.’
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Figure 1. 7Li NMR, 23.37 MHz, line widths for n-propyllithium (lower)
and n-propyllithium-/-'3C (upper), both 0.6 M in cyclopentane.
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Figure 2. 3C NMR, 22.03 MHz, of C, of n-propyllithium-/-13C. 0.6 M
in cyclopentane, different temperatures.
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