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Summary: Anaerobic photolysis of aqueous ethanol solutions of alkyl cobaloximes

RColl (dmgH) ,py (dmgH = dimethylglyoxime monoanion) and nitroalkyl anions caused cross coupling
in which an H a to the nitro was replaced with R.

In previous studies we found that the success of cobaloxime-mediated radical alkyl-alkenylz’3
and alkyl-heteroaromatic4 cross couplings depended upon (1) having a cross coupling partner
which is highly reactive with nucleophilic alkyl radicals and (2) having a concentration of the
cross coupling partner high enough to provide a sufficient radical-trapping flux (rate constant
x concentration) to efficiently trap alkyl radicals in competition with other side reactions.
Nitroalkylanions are extraordinarily reactive with nucleophilic alkyl radicals.’ For example,
the rate of addition of HyC-CH(CHy)3CHy" to (CHy),C=NO,™ (2.5 x 10° M 1s™} ac 40 °¢),® wich
two alkyl substituents at the site of radical attack, is faster than addition of
HyC=CH(CHp)3CH," to H,C=CHPh (~8.7 x 10% M71s™1 ac 45 c),6 with no alkyl substituents at the
site of radical attack. The relative rates of addition of (CH3)3C' to (CH3)2C=N02_, CH4CH=NO,,
and H2C=N02_ at 35 °C are 1:6:35, respectively.Sa Since we have successfully cross coupled
H,C=CHPh with RCoIH(dmgH)?_py,2 we decided to examine cobaloxime-mediated alkyl-nitroalkylanion
cross coupling.

We found that anaerobic visible light photolyses7 of CH3(CH2)BCHZ—COIII(dmgH)Zpy (1) with
HZC'NOZ_ Nat (3) or CH3CHZCH-N02_ Na* (4) led to cross coupling.8’9’10 Cross couplings using
secondary alkyl CH3(CH2)BCH(CH3)COIII(dmgH)2py (2) were also successful but consistently led to
somewhat lower yields than with primary 1 under comparable conditions.8:9:10 The yields of 5,
6, 7, and 8 were linear with nitroalkylanion concentration at low to moderate concentrations of

nitroalkylanions and reached a maximum plateau at higher concentrations of nitroalkylanions.
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RCoIII(dmgH)zpya Nitroalkylanion (concn, mM) Solvent Product (% Yield)b’c
1 3 (20) 95% EtOH/H,0 5 (16)
1 3 (40) 95% EtOH/H,0 5 (25)
1 3 (60) 95% EtOH/H,0 5 (48)
1 3 (100) 95% EtOH/H,0 5 (80)
1 3 (200) 95% EtOH/H,0 5 (85)
1 3 (400) 95% EtOH/H,0 5 (81)
1 4 (20) 95% EtOH/H,0 6 (25)
1 4 (40) 95% EtOH/H,0 6 (45)
1 4 (60) 95% EtOH/H,0 6 (70)
1 4 (80) 95% EtOH/H,0 6 (72)
1 4 (100) 95% EtOH/H,0 6 (77)
1 4 (200) 95% EtOH/H,0 6 (83)
1 4 (400) 95% EtOH/H,0 6 (83)
2 3 (60) 95% EtOH/H,0 7 (28)
2 3 (100) 80% EtOH/H,0 7 (37)
2 3 (200) 80% EtOH/H,0 7 (58)
2 3 (400) 80% EtOH/H,0 7 (58)
2 4 (20) 95% EtOH/H,0 8 (5)
2 4 (60) 95% EtOH/H,0 8 (28)
2 4 (100) 80% EtOH/H,0 8 (27)
2 4 (200) 80% EtOH/H,0 8 (56)
2 4 (400) 80% EtOH/H,0 8 (62)

aRCoIII(dmgH)zpy concn was 20 mM for all reactions. PReactions were run at ~15 °C.
®Reaction times were ~30 h in all cases.
Since the nitro functional group can be converted into the important ketone or aldehyde

groups under mild conditions (anaerobic aqueous TiC13),11

we have formally developed an
equivalent to carbanion-carbonyl addition that is compatible with hydroxylic solvents and
should be compatible with common organic functional groups. As an illustration of that point,
the completely aqueous-compatible sequence of reactions, CH3(CH2)8CH2Br to 1 (91% average
isolated yield) then 1 to 6 (83% isolated yield using 5 equiv of 4) then 6 to 9 (85% isolated
yi_eld),12 in 64% overall isolated yield for three steps (86% average for each step), is
equivalent to aqueous-incompatible standard carbanion-carbonyl couplings such as carbanion-

aldehyde addition followed by alcohol to ketone oxidation or cross coupling of organocadmiuml3

or organomanganese14 reagents with acid halides.
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NO,
1) KOH/H,0 o
CH CH,(CH,)sCHg 2) TiCly/H,0
3CH; H pH ~ 6 CH;CH; CH2(CH,)sCH3
6 85%

Reasonable non-chain and chain mechanisms can be formulated to rationalize our results. The
non-chain model shown below is analogous to ones we have proposed for a11<y1~alkenyl2 and alkyl-
heteroaromatic* cross couplings. The chain mechanisms that could be written are analogous to
SrNl cross coupling of alkylmercuric halides with nitroalkylanions.5 We strongly favor the
non-chain mechanism for this and all cobaloxime-mediated cross couplings for fundamental
reasons which have been discussed in detail elsewhere.4 In brief here, a consideration of one
electron reduction potentials of 'CoII(dmgH)zpy versus RCoIII(dmgH)zpy leads to the conclusion
that 'CoII(dmgH) 9Py should act as a chain-terminating radical scavenger, diverting the reaction

flux away from a chain reaction and into the non-chain pathway shown below.
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