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Abstract—In the presence of bicarbonate as co-catalyst hexathiocyanatorhenate(IV) functions as an extremely effective catalyst in
the epoxidation of olefins using aqueous hydrogen peroxide as the terminal oxidant.

© 2004 Elsevier Ltd. All rights reserved.

Homogeneous epoxidation of olefins using hydrogen
peroxide as terminal oxidant!™> in conjunction with a
trace amount of a metal complex as catalyst in the pres-
ence of a suitable additive is potentially viable for large-
scale production. Much work has already been done in
this area,® but still the % yield and turnover number
are far from efficient. Methyltrioxorhenium (MTO)” in
the presence of amine derivatives as additives, as intro-
duced by Sharpless and co-workers,® may be regarded
as the best olefin epoxidation method available to date
for fairly unmreactive substrates with H,O, as terminal
oxidant. However, MTO is difficult to prepare, which
makes it highly expensive and in-house synthesis takes
a long time. This motivated us to examine whether an
easily and readily synthesizable Re complex as catalyst
could be used instead of MTO. In this communication
we describe the one-pot, single-step synthesis’ of the rhe-
nium compound, (Ph4P),[Re(NCS)¢] 1, which when
used in tandem with NaHCO; as a co-catalyst and
H,O, as the terminal oxidant results in excellent cata-
Iytic efficiency towards the epoxidation of olefins with
respect to selectivity, % yield, time required, amount
of catalyst loading and catalyst turnover (TON = ratio
of moles of product obtained to moles of catalyst used).
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In addition, the low cost (compared to MTO) and the
environmentally benign nature of the described method
lead us to claim that this method along with another
method using a Mn(III)-porphyrin system as catalyst!?
displays excellent efficiency in the catalytic epoxidation
of olefinic compounds.!!

The experimental conditions for the epoxidation involv-
ing a wide variety of olefins are as follows: substrate (be-
tween 400 and 2000 and the co-catalyst between 100 and
500 M equiv per molar equivalent of catalyst), were dis-
solved with stirring in acetonitrile (=20-25 Mequiv per
molar equivalent of substrate) in a two-neck, flat-bot-
tomed flask (one neck fitted with a reflux condenser).
Reaction solutions were stirred at room temperature
and after every 15min, 0.1 mL of the solution was with-
drawn, quenched at —10°C and extracted with ether
(several extractions were necessary in most cases). The
ether extract was concentrated and analyzed by GC
The retention times were compared with those of com-
mercial standards and for quantitative estimation of
the products, nitrobenzene was used as an internal
standard. Control experiments indicated that the desired
epoxidation failed to occur even after 24 h when both the
catalyst 1 and NaHCOj; were omitted. Interestingly, the
epoxidation reaction occurred if catalyst 1 was omitted
but NaHCO; was present. The results are shown in
Table 1. It was observed that under the above conditions
a stoichiometric (but not catalytic, when the % conver-
sion was found to be negligible) amount of NaHCO;
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Table 1. Details of the catalytic epoxidation of olefinic compounds

0.25/0.05 mol% (PPh,),[Re(NCS)s], acetonitrile

Alkene » Epoxide
7-8 eq. H,0,, 25 mol% NaHCO;, Room temp.
Entry  Substrate Product Time (h)  Conversion (%) Yield® (%) Yield® (%) TON (TOF)°
Chromatographic  Isolated
Molar ratio of substrate:catalyst = 400:1 (0.25mol%)
1 Cl] C% 15 99 99 — 50 396 (264)
2 () (O 0.5 88 88 80 25 352 (704)
3 @ O} 1 96 96 — 24 384 (384)
N 10)
4 Q/\ Q/V 4 80 80 — 36 320 (80)
5 m %o 1 99 99 88 37 396 (396)
6 HO___ SN HO\/<°/ 4 99 99 - 45 396 (99)
7 JJ/ JV/_/ 2.5 93 93 — 48 372 (149)
HO HO. o
8 NN /\/\<\O 45 90 90 70 53 360 (80)
9 AN \/\/\/<l0 3 80 80 — 38 320 (107)
Molar ratio of substrate:catalyst = 2000:1 (0.05mol %)
1 @ CD> 3 99 99 — 75 1980 (660)
2 @ O}, 4 57 51 . 41 1140 (285)
3 0 QO 2 77 77 — 52 1540 (770)
4 m %o 3 95 95 — 64 1900 (633)

The methods for the determination of isolated yield and for calculation of the GC yield are enclosed as Supplementary material.
%% Yield of the control experiment without using the catalyst and NaHCOj is zero.
®94 Yield of the control experiments excluding the catalyst only but in the presence of NaHCO; (25mol%).

°Figures in the parentheses indicate TOF (turnover frequency; TON h™').

was necessary for the reactions to provide the products.
Also, in the absence of the co-catalyst, 1 functions less
efficiently, with % yield and TON being much lower
and the conversion time much higher.

Richardson'? has shown that hydrogen peroxide and
bicarbonate react to give peroxymonocarbonate,'3
(HCOy) and this was considered to be the oxidizing spe-
cies present. Interestingly, the catalyst functions poorly
on its own and the co-catalyst much more poorly, but
both together (with the former even in microamounts)
make the reaction extremely facile. It is quite interesting
to note that a catalyst, which contains Re'" is more
effective than MTO, which contains ReY™. This can be
easily rationalized on the basis that H,O, as oxidant eas-
ily oxidizes Re'Y to ReY" (to the putative compound
[ReV"O;NCS] 2). Evidently 2'* is a more efficient catal-
yst precursor than MTO for epoxidation when using
H,0; as a terminal oxidant. An oxo bridged di-iron(II)
compound has recently been found to be an epoxidation
catalyst®® in the presence of H,O, and it has been sug-

gested that here also the Fe'=0 (oxoferryl) moiety is
the active species for catalysis. Furthermore, in the case
of MTO and subsequent to their first report, Hermann
et al.'> were able to isolate and structurally characterize
[ReO(0,)>(CH3)(H,0)] 3 by conducting the synthetic
reaction (MTO+H,0,) at 0°C and crystallization at
—30°C and claimed that 3 was the active catalyst. Since
the rhenium oxo diperoxo system is very unstable at rt,
one cannot be confident in concluding that this is the
active form of the catalyst. We also suggested'® an active
catalyst system for the oxidation of methyl benzenes
using [MoO(0,)(Q0O)] (QO = 8-quinolinol) as catalyst
and H,0, as oxidant. However, it is very difficult to
prove the composition of the catalyst at the moment
of reaction with the substrate and all suggestions are
tentative. In the present case we were not able to iso-
late any peroxorhenium compound by conducting a pre-
parative reaction at —20°C. Hence at this moment we
cannot suggest a mechanism for this epoxidation reac-
tion involving [Re(NCS)¢*~, HCO;, HCO,, H,0O,
and olefins.
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