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Oxidative cleavage of olefins is one of the paramount reactions Table 1. Oxidative Cleavage of Simple Olefins?
Qeveloped in organic chemistry. Many oxidative pathways discussed eyyy substrate product yield® (%)
in the literature can be summarized into two main methodologies:

. . . . 1 cisstilbene,1 benzoic acidla 95

(i) Transformation of olefins into 1,2-diols followed by cleavage 2 transstilbene 2 1a 95

with NalO, or other oxidantsor (i) ozonolysis, in which the olefin 3 trans-cinnamic acid3 la 97

. . . . ; ; 4 styrened la 94

:;s dlre(;tly clee;]ved |nkto a vz:;r.l'etg] of functionalized products 5 methyl cinnamates 1a 96
epending on the workup conditions. ) 6 cyclohexene adipic acid,6a 50 (94F
The standard method for the direct oxidative cleavage of olefins 7 cyclooctene7 suberic acid7a 82 (92¥

is ozonolysis. This reaction has been well-developed and yields g i—deceneﬁé notnan(?lc aC_cl%Sa gg

i ; : : . -nonene; octanoic aciaya

aldehyo!es or carb_oxyllc acids upon reduc_tlve or oxidative workup, 10 24ransnonene10 heptanoic acid10a 93

respectively. As important as ozonolysis has proved to be in 11 methyl oleate] 1 8a+ 11a 80 (93}

synthetic chemistry, there are relatively few alternate reactions that
duplicate the same transformation, that is, the direct cleavage of %Al reactions were performed with olefin (1 equiv), Oxone (4 equiv),
olefins without the intermediacy of 1,2-dicl#\lso, a notable issue and 0sQ (0.01 equiv) in DMF fo 3 h at it.2 Isolated yieldss GC yield.
with ozonolysis is the major concern for safety; serious accidents methyl oleate 11) provided a clean conversion to nonanoic acid
due to explosions have been reportédternatively, the Lemieux (8a) and nonanedioic acid monomethyl estei ).
Johnson reaction and its variants are widely used for the oxidative A number of monosubstituted, 1,1-disubstituted, 1,2-disubstituted,
cleavage of 1,2-diols and can be coupled to the dihydroxylation of trisubstituted, and tetra-substituted olefins containing a variety of
olefins with Os, Mn, Ru, and W oxidéDirect oxidation of olefins functional groups were also subjected to the oxidative cleavage
with OsQ, without the intermediacy of 1,2-diols, has been (Table 2). In most cases a yield of 80% or greater of the desired
suggested by using either hydrogen peroxidedrbutyl hydrogen ketone or carboxylic acid was obtained.
peroxide as co-oxidants, albeit in low yielti$lerein, we report Hydroxyalkenel2 reacted smoothly to provide the carboxylic
initial observations on a mild, organometallic alternative to ozon- acid12ain 85% yield. Similarly, the corresponding acet&8awas
olysis using Oxone as the co-oxidant for oxidative cleavage of also cleanly oxidized in high yields.—)-Isopulegol (4) was
olefins with OsQ proceeding without the intermediacy of 1,2-diols.  oxidized to furnish the desired ketoalcohiBla and formatel4b

Our interest in this area stemmed from previous work in the in 78% total yield. The same reaction was performed#DMF
oxidative cyclization of 1,4-dienes, in which Og@nd various co- but resulted in no incorporation of labeled formate. This suggests
oxidants were used to promote the cyclization pathiagw yields that the nearby terminal olefinic carbon that was oxidized during
of cyclized products were attributed to a substantial amount of over- the cleavage was transferred intramolecularly, resulting in the
oxidized products resulting from an oxidative cleavage of the olefin observed formyl group. The formate could be easily hydrolyzed
functionality. Further investigation into the nature of the over- with base; therefore, it is clear that the alcohol functionality is
oxidized products and optimization of the reaction has led to a immune to oxidation. The benzyl-protected isopulef®provided
selective oxidative cleavage of olefins to yield carboxylic acids 80% of the desired ketontsa Substituted stilbened,6 and 17,

using catalytic Os@and Oxone in DMF (Scheme 1). were also cleanly converted into the corresponding acid products,
16aand17a without difficulty in 91 and 95% vyield, respectively.
Scheme 1 Interestingly,a-methyl cinammic acidX9) and 1-methyl cyclo-
—_ ey hexene 20) (examples of trisubstituted olefins) did not deliver the
R R "oy anrr G0 + RCOM desired product in high yields under standard conditions. Seemingly,

the hydrolysis of the osmate intermediate leads to the formation of
Initially, we investigated the oxidative cleavage of olefins in the observed diol side product, presumably as a result of the acidity

Simp|e a|ky| and aromatic Compounds (Tab|e 1) Bots and of Oxone. HOWeVer, addition of solid NaHQOO the reaction
trans-stilbene ( and2) cleanly provided 2 equiv of benzoic acid ~ substantially improved the cleavage Iff and 20, leading to high

(1a) in 95% yield.trans-Cinnamic acid ), styrene 4), and methyl yields of the oxidatively cleaved products. Cleavage of the
Cinnamate&) were also eas”y converted Imin 97, 94, and 96% tetrasubstituted olefir21 in the presence of NaHCQOwas also
yields, respectively. Cyclohexen8)(@nd cyclooctene?) provided successful in yielding acetophenorlg).

the corresponding adipic aciéd) and suberic acid7@) in good a,B-Unsaturated systems pose an interesting case since their

yields. Additionally, simple alkyl olefins such as 1-decei, ( cleavage would yield an-dicarbonyl functionality. Oxidation of
1-noneneg), andtrans2-nonene 10), all provided the appropriate ~ 2-cyclohexenone (Table 2, entry 6) provided pentanedioic acid, most
alkyl carboxylic acids in 93, 90, and 93%, respectively. Similarly, Probably via theo-dicarbonyl intermediate which decarboxylates
under the oxidative conditions. BaeyeYilliger-like oxidative

* To whom correspondence should be addressed. E-mail: borhan@cem.msu.educleavage of-dicarbonyls has been reported previously with peroxy
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Table 2. OsO4/Oxone Promoted Oxidative Cleavage?

entry substrate product yield (%}
12R=H 12a, (R=H) 85
1 RO IERR rROTMTooH % §H=Ac) 93
- < >_< 14a, (R=H) 44
2 4 14 <:>—<J 14b, (R=CHO) 34
OH OR
3 " <:>—< 15 O‘{) 15a, 80
©Bn “OBn

g HO,
10 _ 2 zc\/\é/\cozu

recovered 24
12 v A N 7 06%)

16a, 91

17a,95

18a,92°

1a, 82 (90)>°

20a, 80 (85)%°

21a, 85°

22a, 67°

23a, 807

Scheme 2
f
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26, which is subsequently attacked by the same to yield intermediate
27. Fragmentation of27 regenerates OsQOand produces two
aldehydes, which can undergo further oxidation to yield carboxylic
acids (Scheme 2). We believe that the nucleophilicity of Oxone,
and the fact that it contains an excellent leaving group (i.e.,
bisulfate) drives the reaction forward. On the other hand, as
compared to other routinely used co-oxidants such as Nai@d

Cr oxides, Oxone does not oxidize alcohols or diols independ&ntly.

To highlight the utility of this reaction, the oxidative cleavage
of 2 was successfully scaled to 50 mmol (9 g), and the amount of
0OsQ, required was greatly reduced from 1 to 0.02 mol % (5000
turnovers). The isolated yield of this reaction remains high at 95%
(88% after crystallization from chloroform).

During the course of our investigation we have been able to show
that a simple, mild, and efficient oxidative cleavage of olefins takes
place with Os@Q and Oxone in DMF, to provide ketones or
carboxylic acids. Modification of the reaction to deliver aldehydes
exclusively is in progress. This reaction can be considered as an
alternate to ozonolysis.
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compounds and is likely the operative route in the latter oxid&tion. free of charge via the Internet at http://pubs.acs.org.

1,2-Cyclohexanedione, subjected to the same reaction conditions

(without OsQ) was also oxidized to adipic acid (see Supporting References

Information), thus demonstrating the lability of tleedicarbonyl (1) Shing, T. K. M. InComprehensie Organic SynthesjsTrost, B. M.,
. . .. . . Flemming, I., Eds.; Pergamon Press: Oxford, 1991; Vol. 7, pp—703
functionality. In a similar fashion,)-pulegone 22) yielded the 716.
dicarboxylic acid22avia the intermediacy of an-diketone. ) (ag Bailey, P.dSCherIn. Re. 1958 58, 925—(1?10. (b)kCriegee, RAngew.
. i " Chem. Int. Ed. Engl1975 14, 745-752. (c) Larock, R. C. IrCompre-
Treatment of _nootkatoné.’B) containing dISS'ImllaI’ olefins u_n(_jer hensie Organic Transformations2nd ed.. Wiley VCH: New York,
standard conditions furnished keto28a showing that selectivity 1999; pp 1213-1215.
i H i H i H (3) (a) Kaneda, K.; Haruna, S.; Imanaka, T.; Kawamoto,JKChem. Soc.,
in oxidation is also. .Obta.'mable' Lant, alkyﬁé_was SUbJeCte.d to. Chem. Commun199Q 1467-1468. (b) Albarella, L.; Giordano, F.;
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a) Dorofeev, S. B.; Eletskii, A. V.; Smirnov, B. g
for alkenes versus alkynes. . 596. (b) Koike, K.; Inoue, G.; Fukuda, T. Chem. Eng. Jpr1999 32,
Oxone, a monopotassium peroxysulfate salt, is known to be an 53512239.1 ég) Ogle, R. A.; Schumacher, J. Process Saf. Progl99§
_effectlve OX|dan_t for numerous _transformatlons. For |nsta_nce, Oxone ®) (a)' Brooks. C. D.: Huang, L. C.: McCarron, M.: Johnstone, R. A. W.
is well-known in the preparation of sulfones or sulfoxides from Chem. Commuri999 37—38. (b) Antonelli, E.; D’Aloisio, R.; Gambaro,
i 9 Avi i 1 M.; Fiorani, T.; Venturello, CJ. Org. Chem1998 63, 7190-7206. (c)
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alde ydes 0 ca _bO ylie a.c d.% e be .e e that t S.S.ySte 1978 43, 1532-1536. (f) Henry, J. R.; Weinreb, S. M. Org. Chem.
Oxone functions in three distinct oxidizing roles: (1) oxidizes the 1993 58, 4745-4745.

initially formed osmate back to Os(VIIl), (2) promotes the oxidative  (6) (ag Milas, N. A.; Trepagnier, J.bH.; rl:lolaln, 3T, Ilippullosh,MJl-Am.
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