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Abstract.  Highly efficient reductive decarboxylation of N-(acyloxy)phthalimides
which are readily prepared from carboxylic acids was achieved by visible light
irradiation using Ru(bpy)3Cl2 as a sensitizer in the presence of BNAH and 7-BuSH via
radical chain mechanism.

Reductive decarboxylation of carboxylic acid derivatives leading to alkanes is
synthetically useful reaction. Hitherto, several methods have been reported.l,2a,3
Among them, the method developed by Barton and co-workers using radical addition
to O-ester of thiohydroxamic acid derivatives is reported to proceed thermally and
photochemically via radical chain mechanism,l although the quantum yield of the
photochemical version has not been reported. We have reported a photosensitized
decarboxylation of N-(acyloxy)phthalimides which can be easily prepared from
carboxylic acids in high yields.2 The quantum yield of 1,6-bis(dimethylamino)-
pyrene-sensitized reaction was about 0.1.22  In order to improve the reaction
efficiency, we examined several redox systems and found that the redox combination
of Ru(bpy)3Cl24 and 1-benzyl-1,4-dihydronicotinamide (BNAH)S is useful for a
decarboxylative Michael addition in which the quantum yield is a little over unity.2C
At that time, we thought that the reductive decarboxylation which may be carried out
in the presence of hydrogen donor such as 7-BuSH would not proceed in high
efficiency: The decarboxylated radical would mainly abstract hydrogen from r-BuSH
and not from BNAH; therefore radical chain mechanism would not be expected.
However, in contrast to our thought, the reaction efficiency considerably increased in
the presence of r-BuSH. We now report a highly efficient reductive decarboxylation in
which the quantum yield reaches 15; in relation to the mechanism, AIBN-initiated
thermal decarboxylation reaction is also reported.

Irradiation of a THF-water (7:3, 40 ml)® solution of Ru(bpy)3Cl2 (10 mg), N-
(acyloxy)phthalimide (la, 200 mg), BNAH (117 mg, 1 equiv) and ¢-BuSH (0.1 ml, 1.6
equiv) with visible light (>460 nm from a 500-W Xenon lamp) for 30 min under a
nitrogen atmosphere produced the decarboxylated alkane (2a) in 82% yield. Under
the conditions, incident light is absorbed only by Ru(bpy)3Cl2. The reaction is general
for various primary, secondary, and tertiary carboxylic acid derivatives (Table 1).
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Table 1. Reductive Photodecarboxylation of N-(Acyloxy)phthalimides via Redox-
Initiated Radical Chain Mechanism

o hv (>460 nm) o
cat. Ru(bpy);Cl,
RCON » RH + CO, + HN
BNAH (1 equiv)
0 1 2 o
t-BuSH (1.4-2.0 equiv)
aqueous solvent
30 min
R = a : p-t-BuCgH,(CH,),- b : (PhCH,),CH- ¢ : 1-adamantyl
d H n'C15H31" €: ‘ f:
Y
9: CO(CHy),- h : 8-triptycyl

compound solvent (7:3) t-BuSH (equiv) yield of 2 (%) quantum yield

la THF-H0 1.6 82 2.2
la CH3CN-H20 1.6 74 4.6
1a CH3CN-H20 0 37 -a
1b THF-H20 1.7 93 7.0
1b CH3CN-H20 1.7 92 15.3
1b CH3CN-H20 0 40 3.9
lc THF-H20 1.4 86 0.9
1c CH3CN-H20 1.4 88 1.5
1d THF-H20 1.8 90 .a
le THF-H20 1.8 78 .a
1f THF-H20 2.0 81 -a
1g THF-H20 1.7 71 -a
1h THF-H20 2.0 60 -a

2 not determined
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These reactions are very clean. The decarboxylated product is easily separated from
the sensitizer and the produced phthalimide by extraction or by using short path
chromatography.  Although the reaction proceeds in the absence of z-BuSH, the
chemical and quantum yields are considerably lowered. Table 1 also shows the
quantum yields for the selected compounds under the conditions ([substrate] = 10
mM, [BNAH] = 50 mM, [Ru(bpy)3CI2] = 4.5 mM, [+-BuSH] = 44 mM in a degassed
sealed cell).” The quantum yield in aqueous acetonitrile is higher than that in
aqueous THF, and in both solvents the value increases in the order of secondary >
primary > tertiary carboxylic acid derivatives. The maximum value (15.3) is observed
in the case of 1b in aqueous acetonitrile. These results clearly indicate participation
of radical chain processes. Scheme 1 represents a possible mechanism. The initial
step of the reaction would involve the electron transfer from BNAH to the excited
state of the Ru-complex to produce Ru(bpy)3* and BNA radical,2¢.8 both of which
reduce 1 to finally give the decarboxylated radical according to our previous
studies.28.C A key step proposed in Scheme 1 is the hydrogen abstraction of r-BuS
radical from BNAH to reproduce BNA radical; thus the radical chain process is
accomplished. The electron transfer from BNA radical to 1 is a little endothermic by
3-6 kcal/mol;2¢.9 however the process would be feasible under the conditions (at high
concentration of 1 at room temperature).

Scheme 1
+
H' + BNA-<€—BNAH - BNAH

om Ru(t) Ru(ll)}”
RCON
02C) )hv t-BuS
1 Ru(lh) RH XBNAH

BNA- Y
RCOzN:© vncqum —Tno t-BusH BNA-

co,+ HN
0

BNAY

From Scheme 1, one may expect that if BNA radical is produced in suitably polar
solvents by other procedures, the similar reaction should occur. Thus, AIBN-initiated
thermal reaction of 1la, 1b or 1lc in acetonitrile [at refluxed temperature under a
nitrogen atmosphere in the presence of AIBN (0.25 equiv), BNAH (1 equiv) and ¢-
BuSH (5-10 equiv)] gave 2a (61%), 2b (80%), 2c¢ (37%), respectively. In this reaction,
the produced cyanopropyl radical may abstract hydrogen from :-BuSH or BNAH. Both
processes would finally produce BNA radical. Although the procedure of this reaction
is simple, the yield is poorer than that of the photochemical reaction. This is partly
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due to the thermal instability of BNA radical which decomposes to nicotinamide and
benzyl radical.10

In sum, the reductive decarboxylation of carboxylic acids is now effectively carried

out through N-(acyloxy)phthalimides with the combination of BNA radical. Since the
photochemical reaction proceeds with high efficiency, it is possible to employ several
light sources [e.g. projector lamp, halogen lamp, or even sunlight (ca. 6 h)].
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