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A practical procedure for the selective oxidation of phosphorus
keto ylides to vicinal tricarbonyls using moist magnesium
monoperoxyphthalate (MMPP) in dichloromethane at ambient
temperature
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Abstract—Unsupported, moist magnesium monoperoxyphthalate (MMPP) was found to oxidize various phosphorus keto ylides
to the corresponding vicinal tricarbonyls selectively in dichloromethane at ambient temperature in good to excellent yields.
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The synthesis of the vicinal tricarbonyl unit' has been
an attractive and challenging research topic in recent
years not only because this structural unit has been
found incorporated into biologically important natural
products such as FK-506,%* rapamycin,?® and others,?*¢
but also because this unit has been shown to be
extremely useful for the synthesis of various hetero-
cyclic compounds.> Among a wide variety of synthetic
methods explored,* Wasserman’s approach* utilizing
phosphorus ylide chemistry has appeared to be one of
the most elegant synthetic routes since it could intro-
duce vicinal tricarbonyls into the target molecules®®*® in
a convergent way under mild conditions (Scheme 1).

For the final oxidative conversion of phosphorus keto
ylides 4 to vicinal tricarbonyls 5 in Wasserman’s
approach, several oxidants such as oxone,®® singlet
oxygen,® ozone,?"*® and dimethyldioxirane® have been
employed. Although these oxidants have been proven
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to be very useful, there are some limitations associated
with these reagents, such as heterogeneous reaction
conditions, use of specific equipment to generate oxi-
dant, functional group incompatibility, necessitating
careful control of reaction conditions, or unavailability
from commercial sources.

We have recently reported that m-chloroperoxybenzoic
acid (m-CPBA) readily oxidizes a carbon—phosphorus
double bond selectively in the presence of a number of
other oxidizable functional groups under mild condi-
tions (—=25°C, 2.3-2.4 equiv. of m-CPBA, 1.5-2.0 h,
76-96%).” m-CPBA, however, suffers from several
drawbacks in terms of cost, safety, and operational
simplicity.® Therefore, we envisioned that magnesium
monoperoxyphthalate (MMPP),” a cheap, safe and
commercially available alternative to m-CPBA, could
be utilized for this oxidative conversion. Although
MMPP has been used in a number of different types of
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oxidations, those reactions are generally carried out in
water or a low molecular weight alcohol owing to its
low solubility in organic solvents.” On the other hand,
a modification of MMPP, ie. unsupported, moist
MMPP!'° has recently been shown to be highly effective
for the oxidation of sulfides to sulfoxides in
dichloromethane. Herein, we wish to report preliminary
results on the selective oxidation of phosphorus keto
ylides to vicinal tricarbonyls using unsupported, moist
MMPP in dichloromethane at ambient tempera-
ture. The representative results are summarized in
Table 1.

Phosphorus keto ylide 4a was chosen as a starting
material for optimization of reaction conditions since
many biologically important natural products incorpo-
rating tricarbonyls also contain alkene and carbonyl
groups that have been known to undergo epoxidation
and Baeyer—Villiger oxidation with MMPP in aqueous
media.!! Thus, when 4a was stirred with 1.0 equivalent
of moist MMPP!? in dichloromethane at rt for 8 h,
tricarbonyl 5a was obtained in 85% yield together with
recovered starting material (ca. 3-4%) (entry 1). With a
slight stoichiometric excess of MMPP (1.05 equiv.),
oxidation of 4a to tricarbonyl 5a was complete in 4 h in

Table 1. Selective oxidation of phosphorus keto ylides to vicinal tricarbonyls using unsupported, moist* MMPP in CH,Cl,

at rt!°
o o o o
RlMRz MMPP (Eq), Time (hr) Ry R,
PPhs RT, CH,Cly, Ar 0.H,0
4 5
Entry Phosphorus Ylides Eq Time (hr) Tricarbonyls  (Yield, %)b
o o o o
1 | 0-tBu 4a 100 8.0 | 0-£BuU 5a (85)°
PPhs, 0.H,0
o o o o
2 O-tBu 4a 1.05 45 | O-tBu 5a (91)
I PPh, 0.H,0
o o o o
3 ph/\)%o—t—Bu 4b 1.05 4.0 Pth\o-z-Bu 5b (84)
PPh, 0.H,0
o o o O
4 O-tBu  4¢ 1.05 35 | O-tBu 5c (85)
PPh, 0.H,0
o o o o
50N oteu 4d 105 40 \/\)%O_,_Bu 5d (76)°
PPh; 0.H,0
o o o o
6 PhMO-I-Bu de 1.05 5.0 Ph)kﬂ)kO-I-Bu 5e (90)
PPhg 0.H,0
o o o o
PPh3| X O-t-Bu H»0.0 O-t-Bu
7 tBu- 2.15 6.0 By
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O O
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8 /N otBu 49 105 35 /A o-tBu 59 (92)
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The optimum amount of water added was determined to be (30 pL of H,0/0.1 mmol, MMPP) by control expe-

riments in which MMPP (0.1 mmol), moistened with water (10 pL, 20 pL, 30 pL, 40 pL each), was reacted with

ylide 4a (0.1 mmol), and the reaction progress of each reaction was compared qualitatively by TLC-analysis.

The larger optimum amount of water added in this oxidation compared to the reference reaction®? is probably

due to the formation of tricarbonyls as hydrates.

o

: Isolated yields.
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The reaction conditions were not optimized, and ca. 3~4% of starting material (4a) was recovered.

Low yield due to the formation of unidentified, highly polar byproduct.
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91% yield with no observable amount of epoxidized or
Baeyer—Villiger oxidized by-products (entry 2).'* This
result undoubtedly implies that the ylide carbon of 4a
is far more nucleophilic than the other carbons of 4a
toward the electrophilic oxygen of MMPP. The com-
parable high chemoselectivity was reported for the oxi-
dation of sulfide to sulfoxide using MMPP supported
on silica in dichloromethane at rt.!* Other phosphorus
keto ylides (4b,c) with a conjugated double bond, and
phosphorus keto ylide (4d) with an isolated double
bond were also converted cleanly into their corre-
sponding tricarbonyls (5b,c,d) in good yields under the
similar reaction conditions (entries 3-5). The simple
phosphorus keto ylide (4e) with an aromatic sub-
stituent was oxidized to tricarbonyl 5e in 90% yield
without an observable amount of Baeyer—Villiger oxi-
dized by-product (entry 6). The oxidation of bis-phos-
phorus keto ylide 4f is of special interest since a
number of natural and synthetic substances whose
cytotoxicity and antitumor/antibiotic activity is
attributed to interstrand DNA cross-linking ability
have been reported recently.'> Thus, bis-phosphorus
keto ylide 4f was converted into the bis-vicinal tricar-
bonyl 5f, an effective interstrand DNA cross-linking
agent,'® with a little excess of MMPP (79%, entry 7).
In view of the fact that numerous compounds contain-
ing heterocyclic substituents exhibit biologically inter-
esting properties,!” it is of interest to efficiently
synthesize tricarbonyls with heterocyclic moieties.
Thus, thiophene-substituted phosphorus keto ylide 4g
was oxidized selectively to tricarbonyl 5g in 92% with
no detectable amounts of thiophene ring- and/or S-
oxidized by-products (entry 8). Furan-based keto ylide
4h also afforded tricarbonyl 5Sh in good yield under
similar conditions. Several phosphorus keto ylides with
amino acids (N-Cbz-Phe-, N-Boc-Gly-) and dipeptides
(N-Cbz-Gly-Phe-)'® were also tested under the similar
reaction conditions; however, the results were disap-
pointing (yields <40%) apparently due to the forma-
tion of several by-products.

In conclusion, we have shown that unsupported, moist
MMPP is an efficient and practical oxidant for the
selective oxidation of various phosphorus keto ylides
to vicinal tricarbonyls in dichloromethane at ambient
temperature. Considering the advantages of MMPP,
favorable reaction conditions, high selectivity, good to
excellent yields, and operational simplicity, this oxida-
tive protocol should be valuable for preparing vicinal
tricarbonyls from various phosphorus keto ylides
under mild conditions. Further investigation of the
scope, limitations, and application of this oxidation to
the synthesis of complicated molecules is underway
and will be reported in due course.
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