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Abstract: A palladium-catalyzed oxidative acylation
of O-phenyl carbamates with a-oxocarboxylic acids
via selective aromatic C—H bond activation is de-
scribed. This protocol represents the first ortho-acy-
lation of phenol derivatives, and a catalytic amount
of triflic acid additive is crucial for this transforma-
tion.
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Transition metal-catalyzed cross-coupling reactions
with aryl metal reagents and aryl halides are one of
the most reliable tools for the synthesis of natural
products and medically relevant molecules."! Recent-
ly, transition metal-catalyzed decarboxylative cross-
coupling reactions using arylcarboxylic acids or aryl-
carboxylates as aryl surrogates have emerged as pow-
erful alternatives'” since these methods avoid the for-
mation of toxic metal wastes generated from stoichio-
metric organometallic reagents, thus providing new
protocols for Mirozoki-Heck type reactions,”! oxida-
tive arylation,*! redox-neutral biaryl synthesis,” and
allylation.[!

The ortho-acylphenols are important structural
motifs in natural products,” and are known to be im-
portant synthetic intermediates in organic synthesis."!
Friedel-Crafts acylation” and anionic Fries rear-
rangement!"”! are common methods for the prepara-
tion of ortho-acylphenols. However, these methods
present intrinsic drawbacks including the use of haz-
ardous Lewis acids, the deficiency of regioselectivity,
and the prefunctionalization of coupling partners.
Therefore, the development of truly catalytic alterna-
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tives is highly desired to minimize synthetic steps and
to avoid waste formation.

Transition metal-catalyzed oxidative acylation of ar-
omatic compounds with various directing groups,!!l
e.g., arylpyridines,'” oxime,'¥ acetanilides,™ and
indole,™ with aldehydes or alcohols were described.
However, decarboxylative C—H bond acylations using
a-oxocarboxylic acids as acyl anion equivalents were
relatively unexplored. GooBen first reported the Pd-
catalyzed decarboxylative cross-coupling reaction of
aryl bromides with a-oxocarboxylate salts as acyl
sources to provide unsymmetrical diaryl ketones.!'®l
Later, Ge described elegant studies on Pd-catalyzed
decarboxylative ortho-acylation of acetanilides and
phenylpyridines with a-oxocarboxylic acids via C—H
bond activation.'” Guo and Duan demonstrated de-
carboxylative acylation of cyclic enamides with a-oxo-
carboxylic acids to afford p-acylenamides via a cyclic
vinylpalladated intermediate.'¥! Recently, we reported
a Pd-catalyzed decarboxylative acylation of O-methyl-
ketoximes with a-keto acids.!"”!

Catalytic C—H bond functionalization of O-phenyl
carbamates is a promising synthetic strategy for sub-
stituted phenol derivatives.”” Inspired by our recent
studies on transition metal-catalyzed oxidative acyla-
tion of benzamides®" with aldehydes, we herein pres-
ent the palladium-catalyzed oxidative ortho-acylation
of O-phenyl carbamates with a-oxocarboxylic acids
via C—H bond activation (Scheme 1).

Our initial study started from the coupling of
phenyl dimethylcarbamate (1a) with phenylglyoxylic
acid (2a), according to the reaction conditions used in
the coupling of acetanilides with a-oxocarboxylic
acids!'” (Table 1, entry 1). However, the combination
of Pd(TFA), and (NH,),S,0;5 in diglyme solvent did
not promote the coupling of 1a and 2a. After exten-
sive examination for optimal reaction conditions, we
found the use of a catalytic amount of triflic acid
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Scheme 1. Pd-catalyzed oxidative acylation of O-phenyl car-
bamates with a-oxocarboxylic acids.

(TfOH) additive in DCE solvent is very crucial for
this transformation, producing monoacylated product
3a and bisacylated product 3aa in 75% combined
yield with a 3:1 ratio, as shown in entries 2 and 3.

Fu and Liu reported the isolation and X-ray analy-
sis of the O-phenyl carbamate palladacycle generated

Table 1. Selected optimization of reaction conditions.”!

©/ \n,NMeg

Pd(OAc),
oxndant

OCONMe,
OCONMe,
+
addltlve
(0]

solvent

HO\n)L on

from Pd(OAc), and TfOH.”™ In this paper, the tri-
flate anion can tune the electrophilicity of the Pd(II)
center and improve the the insertion of Pd(II) into
the aromatic C—H bonds of phenol esters. Screening
of solvents showed that DCE was the most effective
solvent in this coupling reaction (Table 1, entries 4-6).
Further study revealed that TfOH is unique in its
ability to facilitate high levels of conversion (Table 1,
entries 7 and 8). Other oxidants such as K,S,04, Ag,0O
and AgCO; under otherwise identical conditions were
far less effective (Table 1, entries 9-11). Logically, it
was thought that the ratio of 3a and 3aa can be con-
trolled by the amounts of a-oxocarboxylic acid and
oxidant (Table 1, entries 12 and 13). Indeed, upon use
of 1.5 equiv. of (NH,),S,04 under otherwise identical
conditions, the formation of monoacylated product 3a
was found to improve substantially (12:1) in good
yield (68%). Also, the combination of 1.5 equiv. of 2a
and 1.2 equiv. of (NH,),S,0z provided a significantly
increased formation of 3a (>20:1) in moderate yield
(58%). However, a reduction (1.2 equiv.) in the load-

3aa Ph

0
2a

Entry Oxidant (equiv.) Additive (mol%) Solvent Yield [%]®! (3a:3aa)!

114 (NH,),S,05 (2) diglyme N.R.

2 (NH,),S,05 (2) TfOH (20) DCE 75 (3:1)

3 (NH,),S,05 (2) DCE N.R.

4 (NH,),S,05 (2) TfOH (20) diglyme NR.

5 (NH,),S,05 (2) TfOH (20) THF trace

6 (NH,),S,05 (2) TfOH (20) DMF 8

7 (NH,),S,05 (2) AcOH (50) DCE N.R.

8 (NH,),S,05 (2) TFA (20) DCE trace

9 K,S,05 (2) TfOH (20) DCE 26 (5:1)

10 Ag,0 (2) TfOH (20) DCE N.R.

11 Ag,CO; (2) TfOH (20) DCE N.R.

12 (NH,),S,05 (1.5) TfOH (20) DCE 68 (12:1)

130 (NH,),S,04 (1.2) TfOH (20) DCE 58 (>20:1)

1410 (NH,),S,054 (1.5) TfOH (20) DCE 46 (15:1)

151! (NH,),S,05 (3) TfOH (20) DCE 41 (1:1)

[} Reaction conditions: 1a (0.3 mmol), 2a (0.6 mmol), Pd(OAc), (5mol%), oxidant (quantity noted), additive (quantity
noted), solvent (2 mL) at room temperature for 20 h in pressure tubes.

[l Combined isolated yields of 3a and 3aa.

[l Ratio of 3a and 3aa was determined by crude "H NMR analysis.

4 PA(TFA), (5 mol%).

1 2a (0.45 mmol, 1.5 equiv.).
@ 2a (0.36 mmol, 1.2 equiv.).
el 2a (0.9 mmol, 3 equiv.).
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Table 2. Scope of O-phenyl carbamates.[?!

MeNOCO o MesNOCO O
\H  HO PA(OAC)2, (NHq),S505 AN
R + > o
Z 0 TfOH, DCE, r.t., 20 h Z
1a-j 2a 3a-j, %! (m:b)lc]
Me;NOCO O Me;NOCO O
Me,NOCO O |
OMe R

3a, 68% (12:1)

3b, 41% (>20:1)

3¢, 69% (>20:1, R = F)
3d, 66% (>20:1, R = Cl)

Me,NOCO O MeaNOCO O Me;NOCO O
3e, 62% 3f, 40% 39, 56%
Me;NOCO O
Me:NOCO O 2 Me;NOCO O
#O @ AT 0
Me E
cl (0] Z Me
3h, 64% 3i, 74% 3j, 54% (2:1)
[l Reaction conditions: 1a-j (0.3 mmol), 2a (0.6 mmol), Pd(OAc), (5mol%),

(NH,),S,0; (0.45 mmol), TfOH (20 mol% ), DCE (2 mL) in pressure tubes.

[b]
[e]
ysis.

4 40°C.

ing of 2a with 1.5 equiv. of (NH,),S,0; was found to
decrease the generation of acylated products 3a and
3aa, albeit resulting in a high level of monoselectivity
(15:1), as shown in entry 14. In contrast, by increasing
the amounts of 2a and (NH,),S,0s, the formation of
3a and 3aa was significantly decreased (Table 1,
entry 15).

To evaluate the substrate scope of this process,
a range of O-phenyl carbamates was subjected under
the optimal reaction conditions (Table 2). The cou-
pling of phenylglyoxylic acid (2a) and symmetrical O-
phenyl carbamates 1b-1d with an electron-donating
group (OMe) and halogen groups (F and Cl) at the
para-position were found to be favored in the acyla-
tion reaction to afford the corresponding products
3b-3d with excellent levels of monoselectivities (>
20:1), whereas substrates with electron-withdrawing
groups (e.g., NO, and CO,Et) at the para-position
failed to deliver the acylation products under our op-
timal reaction conditions. The ortho-substituted O-
phenyl carbamates le-1g were also found to be fa-
vored in this catalyst system. In addition, the acyla-
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Yield isolated by column chromatography.
Ratio of monoacylated and bisacylated products determined by crude 'H NMR anal-

tion of meta-substituted O-phenyl carbamates 1h and
1i preferentially occurred at the more sterically acces-
sible position to afford the corresponding product 3h
and 3i as a single regioisomer. These data suggest that
steric effects of the substrate strongly interfere with
the formation of the cyclopalladated intermediate or
the proximity of a-oxocarboxylic acid 2a into the cy-
clopalladated intermediate. However, fluoro-substitut-
ed O-phenyl carbamate 1j at the meta-position deliv-
ered a separable mixture of monoacylated and bisacy-
lated compounds in 54% combined yield with a low
level of monoselectivity (2:1) under the current cata-
lyst system.

To further explore the substrate scope and limita-
tions, a range of a-oxocarboxylic acids was screened
under optimal reaction conditions, as shown in
Table 3. Electron-rich and electron-deficient phenyl-
glyoxylic acids 2b—2f substituted at either the para- or
meta-positions proved to be good substrates for this
transformation, affording the corresponding products
4b—4f. The halogen moieties on phenylglyoxylic acids
2g-2j were all tolerated under these reaction condi-
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Table 3. Scope of a-oxocarboxylic acids.

MeoNOCO o Me,NOCO O
H HO N Pd(OAC)2, (NH)2S208 i >
* o) - n - > Z
OH, DCE, r.t., 20 h
Cl Cl
1d 2b-1 4b-1, %M
Me,NOCO O Me,NOCO O MeoNOCO O
OA® SACHE SACH
OMe
Cl Cl Cl
4b, 50% 4c, 40% 4d, 55%
Me,NOCO O Me,NOCO O Me,NOCO O
SA® SACH O
CF3
Cl Cl Cl
de, 73% 4f, 62% 49, 76%
MeoNOCO O Me,NOCO O MeoNOCO O
7z
SA® e (J
R
Cl Cl Cl
4h, 69% (R =F) 4K, 45% 41, 38%

4i, 68% (R = Cl)
4j, 65% (R = Br)

[l Reaction conditions: 1d (0.3 mmol), 2b-1 (0.6 mmol), Pd(OAc), (5mol%), (NH,),S,04
(0.45 mmol), TEOH (20 mol% ), DCE (2 mL) in pressure tubes.
1 Yield of product isolated by column chromatography.

tions. Notably, the chloro and bromo groups offer ver-
satile synthetic functionality for further manipulations
using other cross-coupling reactions. In addition, 2-
(naphthalen-2-yl)-2-oxoacetic acid (2k) and 2-oxo-2-
(thiophen-2-yl)acetic acid (2I) were also found to be
favored in the reaction to afford the desired products
4k and 41 with a slightly decreased reactivity.

Further investigations for the monoacylation and
bisacylation reactions of biscarbamate analogues were
conducted (Scheme 2). As expected, biscarbamate 5a
was converted to the monoacylated product 6a in
50% yield under optimal reaction conditions. Also, bi-
phenyl compound Sb containing two carbamate di-
recting groups provided exclusively bisacylated prod-
uct 6b in 61% yield using two times of the reaction
conditions used for monoacylation.

The postulated mechanism is outlined in Scheme 3.
First, a coordination of the O atom of 1a to Pd(II)
and the subsequent directed cyclopalladation provides
a 6-membered palladacycle L2 At this stage, OTf
anion may remarkably improve the electrophilicity of
the Pd center, in comparison with acetate anion, en-
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hancing the rate of electrophilic metalation.”®! Thus
the palladacycle I can react with 2a to afford the in-
termediate II, which can undergo decarboxylation fol-

OCONMe, OCONMe;
Me,NOCO Me,NOCO

DCE
Ph
5a r.t., 20 h 63, 50%
Me,NOCO
28
_»
DCE
OCONMe, rt,20h
5b 6b, 61%

Reaction conditions:

[a] 5a (0.3 mmol), 2a (2 equiv.), Pd(OAc), (5 mol%), (NH4)2S20g
(1.5 equiv.), TFOH (20 mol%).

[b] 5b (0.3 mmol), 2a (4 equiv.), Pd(OAc), (10 mol%), (NH4)2S20g
(8 equiv.), TfOH (40 mol%)

Scheme 2. Monoacylation and bisacylation of biscarbamate
analogues.

Adv. Synth. Catal. 2013, 355, 667-672


http://asc.wiley-vch.de

Palladium-Catalyzed Decarboxylative Acylation of O-Phenyl Carbamates

Advanced
Synthesis &
Catalysis

Pd(OAc), + 2HOTf

|
| o k.
2HOTf>A d(OTH), @[H O 1a

HOTf

o—\<

i 3a Ph

o \
C( .
HO\n)L on
o

O Ph HOTf

Scheme 3. Postulated mechanism.

lowed by reductive elimination to give our desired
product 3a, and regenerate Pd(0) catalyst. Finally,
Pd(0) can be reoxidized to active Pd(II) catalyst with
(NH),S,05. Although the alternative mechanistic
pathways involving Pd(I/II)?* and/or PA(I/IV)Z!
catalytic cycles are reasonable to consider, we favor
the reaction mechanism based on the Pd(0/IT) catalyt-
ic cycle.

In conclusion, we have described an efficient
method for Pd-catalyzed oxidative ortho-acylation of
O-phenyl carbamates with oa-oxocarboxylic acids in
the presence of a catalytic amount of triflic acid
under ammonium persulfate as a convenient oxidant
via C—H bond activation. Our ongoing works seek to
expand the scope to the acylation of sp> C—H bonds
without directing groups and unactivated sp® C—H
bonds.

Experimental Section

Typical Procedure for the Acylation of O-Phenyl
Carbamates

To an oven-dried sealed tube charged with 4-chlorophenyl
dimethylcarbamate (1d) (59.9, 0.3 mmol, 1.0equiv.),
Pd(OAc), (3.3mg, 0.015mmol, 5mol%), (NH,),S,04
(102.6 mg, 0.45 mmol, 1.5 equiv.), and phenylglyoxylic acid
(2a) (90.6 mg, 0.6 mmol, 2 equiv.) in DCE (2 mL) was added
TfOH (5 pL, 20 mol%). The reaction mixture was allowed
to stir at room temperature for 20 h. Then the reaction mix-
ture was diluted with EtOAc (5 mL) and washed with a satu-
rated solution of Na,COj;. The aqueous layer was extracted

Adv. Synth. Catal. 2013, 355, 667 -672
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with EtOAc (10 mL x 3). The combined organic layer was
dried over Mg,SO, and concentrated under vacuum. The
residue was purified by silica gel column chromatography
(n-hexanes/EtOAc=10:1) to afford 3; yield: 60.2 mg (66% ).

Acknowledgements

This work was supported by National Research Foundation
of Korea (No. 2010-0002465) funded by the Ministry of Edu-
cation, Science and Technology.

References

[1] a) J. Magano, J. R. Dunetz, Chem. Rev. 2011, 111, 2177,
b) A. de Meijere, F. Diederich, in: Metal-Catalyzed
Cross-Coupling  Reactions, Wiley-VCH, Weinheim,
2004; c) N. Miyaura, in: Cross-Coupling Reactions: A
Practical Guide, Springer, Berlin, 2004.

[2] For recent reviews, see: a) J. Cornella, I. Larrosa, Syn-
thesis 2012, 44, 653; b) N. Rodriguez, L.J. GooBen,
Chem. Soc. Rev. 2011, 40, 5030.

[3] For selected examples, see: a) Z. Fu, S. Huang, W. Su,
M. Hong, Org. Lert. 2010, 12, 4992; b) P. Forgione,
M. C. Brochu, M. St-Onge, K. H. Thesen, M. D. Bailey,
F. Bilodeau, J. Am. Chem. Soc. 2006, 128, 11350;
c) A. G. Myers, D. Tanaka, M. R. Mannion, J. Am.
Chem. Soc. 2002, 124, 11250.

[4] For selected examples, see: a) F. Zhang, M. F. Greaney,
Angew. Chem. 2010, 122, 2828; Angew. Chem. Int. Ed.
2010, 49, 2768; b) C. Wang, 1. Piel, F. Glorius, J. Am.
Chem. Soc. 2009, 131, 4194.

[5] For selected examples, see: a) L. J. GooBen, N. Rodri-
guez, C. Linder, J. Am. Chem. Soc. 2008, 130, 15248;
b) L.J. GooBen, G. Deng, L. M. Levy, Science 2006,
313, 662.

[6] J. Wang, Z. Cui, Y. Zhang, H. Li, L.-M. Wu, Z. Liu,
Org. Biomol. Chem. 2011, 9, 663.

[7] A. Maia, 1. Schmitz-Afonso, M. T. Martin, K. Awang,
O. Laprévote, F. Guéritte, M. Litaudon, Planta Med.
2008, 74, 1457, and references cited therein.

[8] For recent examples, see: a) M. J. Moure, R. SanMar-
tin, E. Dominguez, Angew. Chem. 2012, 124, 3274;
Angew. Chem. Int. Ed. 2012, 51, 3220; b) F. Schevenels,
I. E. Marké, Org. Lett. 2012, 14, 1298; c) D. Tsvelikhov-
sky, S.L. Buchwald, J. Am. Chem. Soc. 2011, 133,
14228.

[9] G. Sartori, R. Maggi, in: Advances in Friedel-Crafts
Acylation Reactions, CRC Press, Boca Raton, FL, 2010.

[10] For a review, see: V. Snieckus, Chem. Rev. 1990, 90,
879.

[11] For a recent review on catalytic acylation of sp* C—H
bonds, see: C. Pan, X. Jia, J. Cheng, Synthesis 2012, 44,
677.

[12] a) X. Jia, S. Zhang, W. Wang, F. Luo, J. Cheng, Org.
Lett. 2009, 11, 3120; b) O. Baslé, J. Bidange, Q. Shuai,
C.-J. Li, Adv. Synth. Catal. 2010, 352, 1145; c) F. Xiao,
Q. Shuai, F. Zhao, O. Baslé, G. Deng, C.-J. Li, Org.
Lett. 2011, 13, 1614.

asc.wiley-vch.de 671


http://asc.wiley-vch.de

COMMUNICATIONS

Satyasheel Sharma et al.

[13] C.-W. Chan, Z. Zhou, A.S. C. Chan, W.-Y. Yu, Org.
Lett. 2010, 12, 3926.

[14] a) Y. Wu, B. Li, F. Mao, X. Li, F. Y. Kwong, Org. Lett.
2011, 73, 3258; b) C.-W. Chan, Z. Zhou, W.-Y. Yu, Adv.
Synth. Catal. 2011, 353, 2999; c¢) C. Li, L. Wang, P. Li,
W. Zhou, Chem. Eur. J. 2011, 17, 10208.

[15] B. Zhou, Y. Yang, Y. Li, Chem. Commun. 2012, 48,
5163.

[16] L.J. GooBen, F. Rudolphi, C. Oppel, N. Rodriguez,
Angew. Chem. 2008, 120, 3085; Angew. Chem. Int. Ed.
2008, 47, 3043.

[17] a) P. Fang, M. Li, H. Ge, J. Am. Chem. Soc. 2010, 132,
11898; b) M. Li, H. Ge, Org. Lett. 2010, 12, 3464.

[18] H. Wang, L.-N. Guo, X.-H. Duan, Org. Lett. 2012, 14,
4358.

[19] M. Kim, J. Park, S. Sharma, A. Kim, E. Park, J. H.
Kwak, Y. H. Jung, I. S. Kim, Chem. Commun. 2013, 49,
925.

[20] For examples on catalytic functionalization of O-phe-
nylcarbamates, see: a) C. Feng, T.-P. Loh, Chem.
Commun. 2011, 47, 10458; b) T.-J. Gong, B. Xiao, Z.-J.
Liu, J. Wan, J. Xu, D.-F. Luo, Y. Fu, L. Liu, Org. Lett.
2011, 13, 3235; ¢) X. Zhao, C. S. Yeung, V. M. Dong, J.

[22]

(23]

Am. Chem. Soc. 2010, 132, 5837; d) B. Xiao, Y. Fu, I.
Xu, T.-J. Gong, J.-J. Dai, J. Yi, L. Liu, J. Am. Chem.
Soc. 2010, 132, 468; ¢) R. B. Bedford, R. L. Webster,
C. J. Mitchell, Org. Biomol. Chem. 2009, 7, 4853.

a) J. Park, E. Park, A. Kim, Y. Lee, K.-W. Chi, J. H.
Kwak, Y. H. Jung, 1. S. Kim, Org. Lett. 2011, 13, 4390;
b) S. Sharma, E. Park, J. Park, I.S. Kim, Org. Lett.
2012, 14, 906; c) S. Sharma, J. Park, E. Park, A. Kim,
M. Kim, J. H. Kwak, Y. H. Jung, I. S. Kim, Adv. Synth.
Catal. 2013, 355, 332-336.

For a review on palladacycles, see: J. Dupont, C.S.
Consorti, J. Spencer, Chem. Rev. 2005, 105, 2527.

a) C. Jia, D. Piao, J. Oyamada, W. Lu, T. Kitamura, Y.
Fujiwara, Science 2000, 287, 1992; b) C. Jia, W. Lu, J.
Oyamada, T. Kitamura, K. Matsuda, M. Irie, Y. Fuji-
wara, J. Am. Chem. Soc. 2000, 122, 7252; c) R. Li, L.
Jiang, W. Lu, Organometallics 2006, 25, 5973.

D. C. Powers, M. A.L. Geibel, J. E. M. N. Klein, T.
Ritter, J. Am. Chem. Soc. 2009, 131, 17050.

a) C. F. Rosewall, P. A. Sibbald, D. V. Liskin, F. E. Mi-
chael, J. Am. Chem. Soc. 2009, 131, 9488; b) P. A. Sib-
bald, C.F. Rosewall, R. D. Swartz, F. E. Michael, J.
Am. Chem. Soc. 2009, 131, 15945.

672 asc.wiley-vch.de

© 2013 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

Adv. Synth. Catal. 2013, 355, 667-672


http://asc.wiley-vch.de

