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ABSTRACT
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R', R?, R® = H, alkyl, aromatic

up to 98%

Phi(OAc), in the presence of 0sO, (cat.) and 2,6-lutidine cleaves olefinic bonds to yield the corresponding carbonyl compounds, albeit, in
some cases, with a-hydroxy ketones as byproduct. A more practical and clean protocol to effect oxidative cleavage of olefinic bonds involves

NMO, 0sO; (cat.), 2,6-lutidine, and PhI(OAc),.

The oxidative cleavage of olefinic bonds, either through their
ozonides or dials, is used widely in organic synthesis as a
useful method to truncate carbon chains or, more usefully,
to prepare carbonyl compounds. The most common methods
employed to carry out these operations involve ozonolysis
(Scheme 1a) or Johnson—Lemieux oxidation® [Nal O,, OsO,
(cat.)] and its variants® (Scheme 1b), including the recent
improvement (addition of 2,6-lutidine) introduced by Jin et
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a.,2 al of which are one-step procedures. The disadvantages
involved with these methods (e.g., safety,* drastic or
inconvenient conditions) led to the introduction of the two-
step procedure employing sequential Upjohn dihydroxyla-
tion® [NMO, OsO, (cat.)] and periodate cleavage of the
resulting 1,2-diol (Scheme 1c), which became as popular, if
not more, than the first two methods. More recent attempts
to improve upon these protocols led to the procedures of
Borhan et a.® [oxone, OsO, (cat.)] and Ochiai et al.”
[M-CPBA, HBF,, Arl (cat.)] that oxidatively cleave olefinic
bonds. The use of strong conditions, and the fact that both
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Scheme 1. Common Methods for Cleaving Olefinic Bonds to
Carbonyl Compounds

a. Ozonolysis

[R1 D2, RicHo + RPGHO
g2 CH:Cl, MeOH,
78°C

b. Johnson-Lemieux oxidation

[R‘ 0s0,, NalO,,

—_— 1 2
organic solvent, RICHO + R“CHO
25°C

RZ

c. Upjohn dihydroxylation/diol cleavage

. HOL R NalOy4 T
[R NMO, Os0, (cat.), I or Pb(OAc),,  FTCHO
_— —_—
organic solvent, > dioxane 2
R® 52 equiv H,O, HO™ "R or ether R*CHO

25°C

Scheme 2. Cleavage of 1,2-Diols to Aldehydes by Phl(OAc),

HO_R' Phi(OAc), (1.2 equiv), (‘/o\ R
HOIR2 CH,Cly, 25 °C Ph"\-a -

-2[AcOH]
(not observed)

R'CHO

R2CHO

of these procedures lead to carboxylic acids, aso endows
them with certain limitations.

As part of atotal synthesis program, we recently devel oped
practical and convenient protocols for cleaving 1,2-diols and
olefinic bonds to aldehydes and ketones employing hyper-
valent iodine reagents [e.g., Phl(OAC),]® as the main oxidant
(Scheme 2). In this paper, we highlight the practicality of
using Phl(OAC), to achieve a clean oxidative cleavage of
1,2-diols and demonstrate its compatibility and effectiveness
in oxidatively cleaving olefinic bonds into the corresponding
carbonyl compounds when coupled with dihydroxylation
conditions.

PhI(OAC); is an excellent reagent for the cleavage of
1,2-diols,® and it is rather surprising that it is not
commonly employed in that capacity, despite a seven
decade old publication by Criegee and Beucker® demon-
strating its ability to effect this transformation. More
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recently, Arseniyadis et a. elegantly employed this reagent
to initiate cascade sequences that lead to novel heterocyclic
systems through transient dialdehydes.®® A polymer-
supported version of this reagent has also been reported,
but its use has been limited.*°

The rarity of reports'* using Phl(OAC), to cleave 1,2-diols
can be attributed to the absence of a systematic study
demonstrating its capabilities in this regard. Thus, in order
to illustrate the generality and scope of Phl(OAc), as an
efficient 1,2-diol cleaving reagent, and as a prelude to our

Table 1. Cleavage of 1,2-Diols to Aldehydes by Phl(OAc),?

entry substrate product time [h] yield (%]
1 1 86
2 1 65°¢
3 0.75 99
4 0.25 92
5 8 99
6 8 84
7 2.5 97
8 0.5 92
9 3 95
10 1 99

2 Reactions were carried out on 100 mg scale at 0.1 M concentration in
CH,Cl, with 1.2 equiv of Phl(OAC), at anbient temperature. ° Isolated yield.
¢ Competitive overoxidation observed.

subsequent investigations, we employed it to that effect on
a variety of diol substrates as shown in Table 1 (entries

(10) Chen, F.-E.; Xie, B.; Zhang, P.; Zhao, J.-F.; Wang, Hui.; Zhao, L.
Synlett 2007, 619-622.
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Scheme 3. One-Pot Applications of Phl(OAc), Cleavage of

1,2-Diols
a) Sequential 1,2-diol cleavage followed by Wittig olefination
e}
OH PhI(OAc), (1.1 equiv),
HO\/'\ CH,Cl,, 1 h; then MeO |
e}
X .4h A
1 omPs  Home 12 TIPS
PPhy 11 —
(81%) >20:1 E:Z
b) Sequential 1,2-diol cleavage followed by Grignard addition
OH PhI{OAc), (1.1 equiv), OH
HO THF, 1 h; then /\/\
Z \
\/\ A~CMEBr 5 N TIPS

1 TIPS (86%) 13

¢) Sequential 1,2-diol cleavage followed by DIBAL-H reduction

PhI(OAC), (1.2 equiv), Et
CH,Cl,, 0.7 h: then 7‘—(_) !

Et
o, it 2
.0 [e)
0 DIBALH (2.5 equiv), OH
0°C,0.3h
HO (60%) OH

2 14

d) Sequential 1,2-diol cleavage followed by reductive amination

HO PhI(OAG), (1.2 equiv), BAHN |,
: CH,Cl,, T h; then

e BnNH, (2.6 equiv), ™0
oM NaB(OAc)H (2.8 equiv), o Me
Me  15h PivO Me
(94%) 15

e) Sequential 1,2-diol cleavage followed by dithiane protection

PhI(OAC), (1.2 equiv), (\Sg
CH,Cl,, 1 h; then g3

e g
Me ethane dithiol (2.2 equiv), % Me
O+ BF3Et,0 (1.5 equiv), o’{’
Me  5h 78°C PIvO Me
(85%) 16

1-10). In all the examples studied, a clean conversion of
the diol into the corresponding aldehydesketones was
observed. Experimentally, the procedure involves mixing of
the substrate and Phl(OAc), in CH,Cl, at room temperature,
and upon completion, the product could conveniently be
isolated in pure form by removal of the solvent and
chromatography.*>13

Importantly, the Phl(OAc),-based diol cleavage strategy
offers an opportunity for further reactions of the resulting
carbonyl compounds in the same pot. Thus, as shown in
Scheme 3a, addition of the stabilized phosphorane 11 to the
resulting mixture of the cleavage of diol substrate 1 led to
the isolation of conjugated ester 12 in high overall yield
(81%). Likewise, Grignard addition to the same adehyde
produced propargylic alcohol 13 in 86% overal yield

(Scheme 3b). On the other hand, addition of DIBAL-H to
the resulting mixture of the cleavage of diol substrate 2 led
to isolation of diol 14 in 60% overall yield for the one-pot
sequence (Scheme 3¢). Finaly, reductive amination™* (Scheme
3d) and dithiane protection (Scheme 3e) were also achieved
in high yields (94% and 85%, respectively) by adding the
indicated reagents to the aldehyde generated in situ from 1,2-
diol 3 according to the conditions of Table 1. Additional
such sequential reactions are envisioned, thus making this
technology potentially appesling for applicationsin avariety
of situations.

We then proceeded to explore the usefulness of Phl(OAC),
in cleaving olefinic bonds in the presence of catalytic
amounts of OsO, and 2,6-lutidine. As shown in Scheme 4
and Table 2, this reaction works well in most instances (Table
2, entries 1—6), but fails to go to completion or leads to
byproduct, namely a-hydroxy ketonesin certain cases (Table
2, entries 7—10). It should be noted that such byproducts
are also observed under Johnson—Lemieux conditions.®

From a more practical perspective, we discovered that a
one-pot combination of dihydroxylation using Upjohn condi-

Scheme 4. Oxidative Cleavage of Olefins to Aldehydes and/or
Ketones with Phl(OAc), and OsO, (cat.) in the Presence of
2,6-Lutidine

0s04 (0.02 equiv),
PhI{OAc), (2.3 equiv),

4

R! 2,67|Ut. (2.5 equiv), H1CHO
moist THF, 25 °C

R', R2, R® = H, alkyl, aromatic

R2 R3 R2CORS3

1

tions followed by diol cleavage with Phl(OAc), was a
superior method to cleave olefins (Scheme 5 and Table 3,
entries 1—10). Thus, treating olefins with NMO and 2,6-
[utidine in the presence of catalytic OsO, in acetone/water
(ca. 10:1) followed by the addition of Phl(OAc), effected
the cleavage of olefinic bonds in one pot to give the
corresponding carbonyl compounds. This process obviously
proceeds through the corresponding diol and liberates 2 molar
equiv of AcOH and 1 molar equiv of Phl, both of which
can be removed easily on workup and chromatography,
respectively.

The Phl(OAc),—NMO—0s0, protocol leads to alde-
hydes and ketones in high yields and admirably avoids
the formation of the a-hydroxy ketone side products
(compare Table 2, entries 9 and 10, with Table 3, entries
5 and 6). Notably, epoxides (entry 2, Table 3) survive
these oxidative cleavage conditions compared with condi-
tions that employ sodium periodate, which lead to
oxidative cleavage of the epoxide moiety.'® The reaction
accommaodates both cyclic and acyclic olefins as well as
mono-, di-, and trisubstituted alkenes.

(12) The original report (ref 8) focused on the kinetics of the reaction
rather than its preparative usefulness and employed AcOH or benzene as
solvent.

(23) The only byproduct visible by TLC is iodobenzene.
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Table 2. Oxidative Cleavage of Olefins to Aldehydes and/or
Ketones with Phl(OAc), and OsO, (cat.) in the Presence of
2,6-Lutidine®

entry substrate product time [h] yield [%]’
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o=
@

% 25a 75
OH
68°
o 25b
OMe OMe
)\/\)\) H\n/\)\) 10
26 26a
10 o ome 025
HO}\H/\)\) 7

2 Reactions were carried out on 100 mg scale at 0.1 M concentration
in THF with 0.1 mL of H,O, 2.3 equiv of PhI(OAc),, 2.5 equiv of
2,6-lutidine, and 0.02 equiv of OsO, at ambient temperature. ® Isolated
yield. °©67% yield based on 60% conversion. “49% based on 93%
conversion. © Inseparable mixture; ratio by *H NMR.

The described synthetic methods offer a convenient,
robust, and economical*® aternative to the traditional olefin
cleavage methods for laboratory operations. In addition to
achieving high yields in most cases, all the protocols
described here involve essentially homogeneous media,
endowing them with certain advantages over the hetroge-
neous Johnson—Lemieux-type oxidations.
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Scheme 5. Cleavage of Olefins to Aldehydes and/or Ketones by
NMO, OsO, (cat.)/Phl(OAC), in the Presence of 2,6-Lutidine

R2
R2_R3 NMO (1.5 equiv), OsO, (0.02 equiv), HO-L-R®
| R 2,6-lut. (2.0 equiv), acetone:H,O (10:1), HO:t: =%

25°C
then
R2COR3 Ph'(OAC)2
+ (1.5 equiv)

R', R?, R® = H, alkyl, aromatic
R'CHO

Table 3. Cleavage of Olefins to Aldehydes and/or Ketones by
NMO, OsO, (cat.)/Phl(OAC), in the Presence of 2,6-Lutidine®

entry substrate product time [h] yield [%]"
TBSO OTBS TBSO OTBS
1SN Aopme OW\/OPMB 20 87
27 H 27a
Me Me
2 “\-«CEO \IF“"QO 2 89
\" 24 o) 24a
3¢ oH i 6 75
Ph O 28 thO\)LH 28a
OTr ,, )J\/\/OTr23a
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H
25 0 25a
OMe
OMe H
o AL AT s
26 0 26a
o)
7
7 X 20 83
/\TIPS HJ\
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OH §H
8 )\/\)\) H\ﬂ/\)\/ 8 83
30 o 30a
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H
\n/\/\)LMe 08 719
31a

Me
104

o O/ Me
O ‘n/\/\)\ 1 76

@ Reactions were carried out on 100 mg scale at 0.1 M concentration in
10:1 acetone/H,O with 2.0 equiv of 2,6-Iutidine, 1.5 equiv of NMO, 0.02
equiv of 0sO,, 1.5 equiv of Phi(OAC), at ambient temperature. b |solated
yield. ©2.2 equiv of Phl(OAc), was used. ¢ Carried out on 1 mmol scale.
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