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ABSTRACT: The first cobalt-catalyzed decarboxylative ace- i Co(OAC);4H;0 R
toxylation reaction was accomplished. This methodology is g2“>~cooq + Phl(OAc), R’J\OAc
applicable to a wide range of amino acids and arylacetic acids. air, 100-120 °C
*» amino acid * low cost
* arylacetic acid * mild conditions
T ransition-metal-catalyzed decarboxylative couplings have Table 1. Optimization of the Reaction Conditions”
emerged as a versatile approach in organic synthesis.' This 0 o
method employs inexpensive and benchtop stable carboxylic ©:lé Ph M Ph
acids as substrate, without the need for preformed organo- N—< + Phl(OAc);, ——— N—<
metallic reagents, thus providing an attractive alternative to COCH solvent.t OAc
traditional cross-couplings. Moreover, the decarboxylative © 0
coupling strategy is likely promising for regiospecific function- 1a 2 3a
alization and only provides nontoxic carbon dioxide as a entry M solvent  temp (°C)  yield” (%)
byproduct. 1 Co(OAc),-4H,0 DCE 120 86
Until now, transition-metal-catalyzed decarboxylative cou- 2 CoClL-6H,0 DCE 120 51
plings have relied heavily on usin§ late and noble transition 3 Co(acac), DCE 120 74
metals including pallaclium,2 silver,” and rhodium complexes.4 4 CoC,0,2H,0 DCE 120 35
Although naturally abundant first-row transition metals, such as s FeCl, DCE 120 14
Cu® and Ni° have recently witnessed considerable attention, 6 Cu(OTf), DCE 120 16
the development of a low cost, low toxicity catalyst system for 7 Ag,CO; DCE 120 21
decarboxylative coupling still represents a challenging task. 8 DCE 120 13
Whereas significant progress has been made toward the 9 Co(OAc),-4H,0 CHCl, 120 67
decarboxylative C—C bond formations, the decarboxylative 10 Co(OAc),-4H,0 Tol 120 37
C—O couplings are rather limited.” Given the fact that C—O 11 Co(OAc),-4H,0 dioxane 120 trace
moieties are ubiquitous in both natural products and 12 Co(OAc),-4H,0 EtOH 120 23
pharmaceuticals, developing efficient decarboxylative strategies 13 Co(0Ac),-4H,0 DCE 130 79
for construction of a C—O bond is highly desired.® Herein, we 14 Co(0OAc),-4H,0 DCE 100 83
report our recent efforts on cobalt-catalyzed decarboxylative “Reaction conditions: 1a (0.5 mmol), 2 (0.75 mmol), catalyst (0.05
acetoxylation of amino acids and arylacetic acids.” This method mmol), solvent (2 mL), 8 h. “Isolated yield.

represents a new type of decarboxylative coupling reaction
catalyzed by earth-abundant, inexpensive first-row transition
metals."’

Our investigation began with the reaction of phthalimide

protected phenylglycine 1a and iodosobenzene diacetate 2 in ed /1€
the presence of a catalytic amount of cobalt complexes (Table Under the optimized conditions, the substrate scope of

1). A screen of catalysts was first conducted with 1,2- amino acid was investigated. As shown in Figure 1, this
dicholoroethane (DCE) as the solvent. The results showed protocol is s.uccess.ful with a large Yariety of phthalimide-
that Co(OAc),4H,0 was the most effective catalyst for this PrOteCt.ed amino acids. The. electron—mthflrawn group on the
reaction, whereas CoCl,-6H,0, Co(acac),, and CoC,0, all aromatic ring led to a shght?y lower Ylelfi (3a vs 3b—.e).
gave lower yields (entries 1 vs 2—4); other Lewis acids such as Compared'mth the substrate wn'th g{ara—substltuents{ those with
FeCl,, Cu(OTf),, and Ag,CO; gave inferior results (entries S— meta-substituents on the aro'matlc ring gave b'etter yields (3d vs
7). Control experiment revealed that the cobalt catalyst was 3b, 3e vs 3c). Substrates with an alkyl substituent group were

essential for this transformation as only 13% yield was obtained

providing higher yield than other commonly used solvents
(entry 1 vs 9—12). Both increasing and decreasing the
temperature resulted in lower yields (entries 13 and 14).

without cobalt salts (entry 8). Further assessment of the solvent Received: July 24, 2015
effect indicated that DCE was the best solvent for this reaction, Published: September 2, 2015
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R Co(OAc), 4H,0 R
N + Phi(OAC), ——————= PhthN—(
COOH DCE,100 °C OAc
o]
1 2 3
F cl F
PhthN—j ?/: :; ?>:
oac  PhthN PhthN PhthN
OAc OAc OAc
3a,86%" 3b, 67%® 3¢, 57%P 3ad, 73%
cl
H CHy n-CzH;
PhthN—é PhthNE PhthN—(  PhthN—(  PhthN—(
OAc OAc QAc OAc OAc
3e, 62%° 3f, 59%° 3g, 72% 3h, 71% 3.71%
CHs
. HaC C,Hs HsC
PhthN—(n i CHa CHa
oac  PhihN PhthN PhthN
OAc OAc OAc
3j, 67% 3k, 63% 31, 56% 3m, 54%

Figure 1. Substrate scope of N-protected amino acids. (a) Reaction
conditions: 1 (0.5 mmol), 2 (0.75 mmol), Co(OAc),-4H,0 (0.05
mmol), DCE (2 mL), 10 h. (b) The reaction temperature was 120 °C,
8 h.

also tolerable where the steric hindrance had a profound effect.
While linear groups provided the desired products with similar
level of yields, the bulky alkyl groups led to a sharp decrease of
the yields (3h—j vs 3k—m). Finally, N-phthaloylglycine was
successfully employed as the substrate, giving the correspond-
ing acetate 3g in 72% yield.

To further establish the general utility of this transformation,
we next sought to examine other types of aliphatic carboxylic
acids. As shown in Figure 2, a series of primary and secondary
acids were all good reaction partners with a minor modification
of the standard reaction conditions. With CoCl,-6H,0O as the

1 CoCly-6H,0 1
R? +  PhI(OAc); = R?
COOH DCE,100 °C OAc
4 2 5
OAc OAc
o Q..
5a, 88% yield 5b, 87% yield
Qhc
@D:I/OAC /@/\ OAc
0] HaC
5c, 63% yield 5d, 61% yield 5e, 64% vyield

Figure 2. Substrate scope of other types of aliphatic carboxylic acids.
(a) Reaction conditions: 4 (0.5 mmol), 2 (0.75 mmol), CoCl,-6H,0
(0.05 mmol), DCE (2 mL), 10 h.
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catalyst, diaryl-substituted acids could give excellent yields
(5a,b); however, only moderate yield was obtained when 2-
phenylbutyric acid and 1,4-benzodioxane-2-carboxylic acid were
employed as the substrates (Sc,d). It is noteworthy that primary
carboxylic acid, such as 4-methylphenylacetic acid, was also well
tolerated in this transformation, thus affording the correspond-
ing product Se in 64% yield."' However, n-hexanoic acid, pivalic
acid, and phenylpropionic acid were unreactive.

To probe the nature of this decarboxylative coupling, the
radical-trapping reagent (TEMPO) was added into the reaction
of 1a and 2 (Scheme 1). It was shown that the formation of
product 3a was completely prohibited, suggesting a radical
process was involved."

Scheme 1. Control Experiment

0
Ph Co(OAc); 4H,0 R
N+ PhI(OAC), ——— = PhthiN—(
cOoH TEMPO (1 equiv) oA
o DCE, 120 °C
1a 2 3a, 0% yield

On the basis of the control experiment, a plausible reaction
mechanism was proposed as shown in Scheme 2. Initially,

Scheme 2. Plausible Mechanism for This Reaction

NPhth  Co(OAc), HOAc NNPhth PhI(OAc), Phl+Co(OAc)s

Ph” “COOH ——% Ph COOCo(QAc) —ti
1a 6
NPhth NPhth ~ CO(OAcks  Co(OAc),
Ph/l\COO' TR F’h) e { &
4 c0: 8 “OAc
NPhth  OAc NP
P Ph” "OAc
9 3a

amino acid la coordinated with Co(OAc), to give cobalt
carboxylate 6, which could then be oxidized by PhI(OAc), to
form radical 7 and one molecule of Co(OAc);. Next, radical 7
could be converted into intermediate 8 with the extrusion of
CO,. Under the catalysis of Co(OAc);, radical 8 undergoes an
oxidation process to give cation 9 while releasing one molecule
of acetate anion. Finally, nucleophilic attack of cation 9 by
acetate anion affords the desired product 3a.

In conclusion, we have developed the first example of a
cobalt-catalyzed decarboxylative C—O bond-forming reaction.
The reaction is tolerable to a wide range of amino acids and
arylacetic acids, giving the corresponding acetates in moderate
to good yields. The ready availability and low cost of the
catalyst and the mild reaction conditions render this method of
practical value in the construction of C—O bonds. Efforts to
expand the synthetic applications, as well as further mechanistic
studies, are currently underway.
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