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Abstract: Photolysis of alkyl cobaloximes with maleic anhydnide and PhSSPh proceeds via radical
alkene addition and subsequent PhSSPh trapping. The product frans 3-phenylthio 4-alky! succinic
anhydrides can be converted by oxidation and thermal syn elimination into 3-substituted maleic
anhydrides, which are known to be regioselectively and chemoselectively reduced to produce y-
hydroxybutenolides or butenolides

Cobalt-mediated radrcal alkyl-alkenyl cross couplings have been shown to be synthetically useful
reactions.? These reactions are non-reductive. Regeneration of the alkene functionality in the products can be
exploited for further synthetic elaboration or can be used to form an alkene 1n a target molecule. An attractive
application of this chemustry, shown in the scheme on the next page, is a cobalt-mediated approach to the
synthesss of substituted maleic anhydrides, which can then be converted to maleimides, y-hydroxybutenolides,
or butenolides 3 These moieties are widespread in Nature and are included in biologically active molecules
such as the anticancer antibiotic showdomycin (1),4 the anti-mflammatory phospholipase A mbhibitor
manoalide (2),3 and the cardiotonic drug digitoximn (3).6
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The results of a model study using decyl cobaloxime 47 and maleic anhydride were disappointing; 4 was
slowly consumed but none of the desired cross coupling product could be detected. This was an unusual
result. Rate constants for the addition of nucleophilic alkyl radicals to maleic anhydnide are approximately
107 M-! 1.8 which are 102 tumes faster than for other activated alkenes which smoothly undergo cobalt
mediated radical cross coupling under similar conditions. The decyl radical must be adding to the maleic
anhydride but -H elimination may be unfavorable due to ring strain n the maleic anhydnde mosety, allowing
oligomerization and other side reactions to become dominant,
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Since the rate of addition of nucleophilic alkyl i hv

radicals to maleic anhydnde s so fast and radical R-Co(dmgH)zpy - Re  +Co(dmgH)zpy
polymerization of maleic anhydride is so slow,? 1o
conditions were devised to trap the alkyl radical

with a maleic anhydride moiety followed by lifo
capture of the resulting radical with PhSSPh. o
Anaerobic visible light photolysis10 of a CH3CN

solution of 4 (20 mM), maleic anhydnde (200 A H O hv R H O

mM, 10 equiv), and PhSSPh (20 mM, 1 equiv) for 5 = jj:o

24 hr at 1520 °C led to 12 (yield not |y o - H7S
determined)!! and a 64% yield of 8. Only a single H

diastereomer of 8, which proved to be the trans *Co{dmgH).py
1somer shown, could be detected by 1H NMR. o unfavorable
Examination of the production of 8 vs time of ﬂ *l B-H
photolysis using the concentrations of reactants o/ elmination
indicated above provided the following results: O

reaction time in hours (% yield +5%); 1 (14%), 2 . R

Q21%), 3 (33%), 4 (31%), 5 (31%), 7 (46%), 10 °'gomer H)i‘(o

(56%), 20 (60%), 30 (78%), 41 (77%). Several polymer [e)
variables were tested in an attempt to raise the HCo(dmgH)py

yield of 8 and/or reduce the reaction time, Using

two 300 W light bulbs instead of one for 11 hours of photolysis at 20 °C raised the yield of 8 to 68%.
Changing from acetonitrile to benzene as the solvent and lowering the concentration of 4 from 20 mM to 10
mM each resulted 1n a lower yield of 8 (11 h of photolysis, two 300 W bulbs, 20 °C, 56% and 58% yields,
respectively). Addition of 20 equiv (400 mM) of maleic anhydnde, in the presence of 1.05 equiv of PhSSPh,
increased the yield of 8 to 80-85% after only 10 hrs of photolysis (20 °C, two 300 W bulbs). These optimized
conditions were used for the remainder of the study.

Reaction of 5 under the same conditions provided 12 and a 78% yield of 9.12 A 1:1 muxture of
diastereomers of 9 at the -CH(CH3){CH3)sCH3 center was observed but only the trans isomer on the succinc
anhydride ring could be detected by !H NMR. Reaction of 6 under the same conditions provided an 81%
yield of 10. A 6:4 mixture of diastereomers of 10 at the -CH(OAc)CH,CH(CH3), center was observed but
only the trans isomer on the succimc anhydride ring could be detected by TH NMR. Reaction of 7 under the
same conditions provided 12 and a 41% isolated yield of 11. No reaction of the «CH(CH3)CN radical with
maleic anhydride could be detected. This result can be explained by considering that the reaction of maleic
anhydride, a very electrophilic alkene, with an electrophulic radical such as «CH(CH3)CN will be much slower
than with nucleophilic alky! radicals formed from 4, § and 6.

hv
000  OxOp0
_F \’_T oR R-SPh  + PhSCo(dmgH)zpy
R- Co(dmgH),py ——————t= $
PhSSPh R  SPh
4 R=(CHy)oCHs 8 R =(CHy)sCHs 11 R =CH(CH;)CN 12
5 R =CH(CH3}(CHy)sCHy 8 R = CH(CHg){CHy)gCHjy

6 R = CH(OAC)CH,CH(CH)z 10 R = CH(OAG)CH,CH(CH o),
7 R=CH(CHy)CN
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Treatment of 8 with meta-chloroperoxybenzoic acid followed by syn elimmation at 0 °C (or during
work-up at ambient temperature) produced 13 in 81% yield.13.14 Treatment of 10 with meta-chloroperoxy-
benzoic acid followed by thermal syn elimination at 0 °C produced 14 in essentially quantitative yield
Conditions are known for the regioselective reduction of 3-substituted maleic anhydrides to the corresponding
v-hydroxybutenolides!5 or to the corresponding butenolides, 16

O
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Radical reactions can be performed under mild conditions and are compatible with a wide range of
functional groups Primary and secondary cobaloximes can be readily prepared from the corresponding alkyl
bromudes, 10dides or alcohol sulfonate esters. The method described here should be very useful for the
introduction of the maleic anhydride, butenolide and y-hydroxybutenolide moieties into natural products and
their synthetic analogs. For example, the sequence of reactions 6 to 10 to 14 is a model for an approach to the
synthesis of manoalide and analogs.1?
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