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process is quantitative [first-order k = (2.8 £ 0.1) X 10% 57! at
27 °C; this ordinarily requires high CO pressures?*], demonstrating
that even the small CO molecules are trapped next to Fe,(CO),
within microcavities in the host. Scanning electron microscope
(150000%) reveals Fe(CO)s and W(CO), salted in KBr as di-
mensionless dots imaging as the respective metal; these guest
aggregates are at most 10 A in diameter.

Single-molecule isolation is an important goal. We have suc-
ceeded in isolating salted Fe(CO)s using a three-component
system. Codeposition of Fe(CO)s, an alkane (n-pentane, iso-
pentane, neopentane, cyclopentane, or 3-methylpentane), and KBr
(1:10:2000) yielded a material with sharp IR bands of Fe(CO)s
(Figure 1). After a time amply sufficient to convert Fe(CO);
salted in KBr to Fe,(CO), + CO, room-temperature UV irra-
diation of Fe(CO); cosalted with an alkane in KBr had no effect.
Extended irradiation eventually destroyed all carbonyl IR bands,
but even then, no Fe,(CQO), was detected.

We propose that the ternary material contains Fe(CO);
molecules mutually isolated within alkane-filled microcavities in
the host. Indeed, while irradiation (308 nm) at 20 K rapidly
converts the binary composite to Fe,(CO), and then slowly to
Fe,(CO)s,? it converts the ternary material to CO and the C;,
form of Fe(CO), (Figure 1). This is the stable form of Fe(CO),
when stabilized by a weak ligand in the fifth coordinating posi-
tion,?! perhaps best viewed as Fe(CQO,)X (X = alkane or Br").
Upon warmup, Fe(CO); is reformed quantitatively. Thus, the
photochemistry of salted Fe(CO); can be summarized as follows:

Fex(CO) +C0
ez 9 ""‘I
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Oxidation of olefins using nitro complexes of palladium(II) has
recently attracted attention.”* Depending on the reaction con-
ditions, Pd(CI}(NO,)(CH,CN), has been reported to selectively
catalyze the oxygen oxidation of olefins to either epoxides, ketones,
or glycol monoacetates.>* Mares and co-workers* recently re-
ported that oxidation of terminal olefins by Pd(C1)(NO,)(CH;-
CN), (catalytic or stoichiometric) in acetic acid afforded ap-
proximately equal amounts of 2-acetoxy-1-alkanol and 1-acet-
oxy-2-alkanol as the main products. Furthermore, when the nitro
group was labeled with '30, the 180 label was exclusively in the
acetate group of the products. To account for these results they
suggested a mechanism via an acetoxypalladation, followed by
an acetyl migration to an oxygen in the coordinated NO, group
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Scheme I. Mares’s Mechanism*
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and subsequent acetoxy migration to palladium and reductive
elimination (Scheme I).

There are two features with the mechanism proposed by Mares
that to us seemed inconsistent with known palladium chemistry.
First, the mechanism would require an approximate 1:1 ratio of
Markovnikov and anti-Markovnikov acetoxypalladation. Under
the conditions used, however, one would expect a high regiose-
lectivity for acetate attack at the nonterminal carbon in the r-olefin
complex, in accordance with known acetoxypalladation and ox-
ypalladation reactions.

Second, the mechanism would require a reductive elimination
between an alkyl group and an oxygen nucleophile. There are
hitherto no known examples of such reductive eliminations in
palladium chemistry, and a recent ab initio ECP calculation
suggests that such a process is highly unlikely due to the low orbital
energy of the palladium-oxygen bond.” We therefore decided
to study the mechanism of this glycol monoacetate process.

Acetoxypalladation of olefins is known® to occur with trans
stereochemistry across the double bond. Since the mechanism
suggested by Mares* requires the palladium—carbon bond to be
cleaved with retention of configuration at carbon, the result would
be an overall trans addition of OH and AcO across the double
bond. A simple way of testing Mares’s mechanism would therefore
be to study the stereochemistry of the glycol monoacetate for-
mation from the olefin.

Reaction of a 2-fold excess of (E)-1-deuterio-1-decene® with
PA(CI)(NO,)(CH;CN),' in acetic acid under air atmosphere for
2 h!! afforded 1 and 2 in approximately equal amounts according
to GLC, HPLC, and 'H NMR. Smail amounts of 2-decanone
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were also formed, the ratio 2-decanone to glycol monoacetate being
1:4 according to GLC. Separation of the glycol monoacetates
1 and 2 by preparative HPLC (silica, hexane/ethyl acetate =
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70/30) and subsequent 'H NMR analysis showed that 1 and 2
are mainly of the threo configuration, the threo/erythro ratio being
88:12 in both cases. The configuration of 1 and 2 was established
by 'H NMR!? and confirmed by hydrolysis to the diol, of which
an independent sample of the erythro isomer was prepared.!’

Since isomerization of olefin could be responsible for the loss
of stereospecificity, the reaction was repeated with a 4-fold excess
of (E)-1-deuterio-1-decene and was run for only 1 h. This led
to only a slight improvement of the threo/erythro ratio to 91:9
(for both 1 and 2), suggesting that isomerization of the olefin
cannot account for all of the loss of stereospecificity. In ac-
cordance, '"H NMR analysis of the recovered 1-deuterio-1-decene
showed an E/Z ratio of 94:6. With a change of the E/Z ratio
from 100:0 to 94:6 during the course of the reaction, we conclude
that isomerization of the olefin can account for approximately
one-third of the erythro isomer found in both cases.

The stereochemical results for the oxidation of 1-deuterio-1-
decene with Pd(CI)(NO,)(CH,CN), !4 require that the palladi-
um-carbon bond is cleaved with >94% inversion of configuration
at carbon, and hence the mechanism suggested by Mares* cannot
be correct. To account for both the stereochemical and labeling
experiments, we suggest a mechanism via an acetoxonium in-
termediate (Scheme II). Trans acetoxypalladation followed by
an oxidative cleavage of the palladium—carbon bond with inver-
sion,'® via neighboring group attack,'¢ would give the five-mem-
bered cyclic cationic intermediate 3. In this process, labeled water

(12) The 'H NMR spectra of the undeuterated parent compounds: 1-
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The product 1 showed a doublet (J = 7.6 Hz) at § 3.94 and the product 2
showed a broad doublet (J = 6.3 Hz) at § 3.61.

(13) Hydrolysis of 1 and 2 (NaOH, EtOH~H;0) in both cases gave
threo-1-deuterio-1-decane-1,2-diol (4). A reference sample of the erythro
isomer 8 was prepared by epoxidation of (£)-1-deuterio-1-decene and sub-
sequent acid-catalyzed ring opening in aqueous THF. The 'H NMR (CDCl,
+ D,0) spectra of 4 and § are different.
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is generated:!” The labeled water, or alternatively a coordinated
O-labeled nitro group, may now attack the cyclic cationic in-
termediate at the carbonyl carbon followed by rearrangement to
either 1 or 2. This would explain the 1:1 ratio between 1 and 2.!8
The 2-decanone can be formed either by the same mechanism as
given by Mares* or via a Wacker reaction by the water released.

A related mechanism to that proposed here was suggested by
Yermakov and co-workers!? to account for the 17O label in the
carbonyl group of ethylene glycol monoacetate obtained from
oxidation of ethene by LiN!’0O,/Pd(OAc), in acetic acid. It is
interesting to note that the mechanism proposed in Scheme II has
similarities with the mechanism of the “wet” Prevost reaction for
preparation of glycol monoacetate from olefins with overall cis
addition using bromine and silver acetate in acetic acid.?®

We conclude that the mechanism proposed here is consistent
with stereochemical data, labeling studies, and the regiochemistry
observed. In the oxidation of internal olefins to glycol mono-
acetates by the system O,/Pd!!/LiNO,/LiCl in acetic acid, an
overall cis addition of OH and OAc has been reported.?’ How-
ever, the addition to terminal olefins was regioselective and a
different mechanism to that reported here is probably operating.
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The sulfglobins are nonfunctional forms of either myoglobin
or hemoglobin where the sequential reaction of the reduced
proteins with an oxidizing agent and thiol leads to the formation
of a green pigment.! The optical spectra have indicated the
reduction of a pyrrole to yield a chlorin-type macrocycle which
35S tracer work has shown to contain one atom of sulfur per heme,
frequently envisaged as an episulfide across the pyrrole 3 positions.
To date neither the identity of the modified ring nor the chemical
nature of the reacted site(s) has been elucidated. While recent
spectroscopic studies aimed at elucidating the structure of SMb
agree on evidence of a strongly perturbed tetrapyrrole, there is
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