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In N-heterocyclic carbene (NHCs) catalyzed nucleophilic

Note

In our laboratory, the NHCs have been employed as catalysts
for benzoin condensatidf,retro-benzoin condensatidhnu-
cleophilic substitution$?~1> asymmetric acylation® and cy-
anosilylations’” The NHCs catalyze the nucleophilic substitution
of electron-deficient haloheteroarerdé-phenylimidoyl chlo-
rides!® and fluorobenzenes bearing electron-withdrawing grétips.
In this nucleophilic substitution, the halogen substituents of these
compounds are replaced by aroyl groups originating from

(6) For selected examples of transesterification and amidation, see: (a)
Grasa, G. A;; Kissling, R. M.; Nolan, S. @rg. Lett.2002 4, 3583. (b)
Nyce, G. W.; Lamboy, J. A.; Connor, E. F.; Waymouth, R. M.; Hedrick, J.
L. Org. Lett. 2002 4, 3587. (c) Grasa, G. A.; Singh, R.; Nolan, S. P.
Synthesi®004 971. (d) Kano, T.; Sasaki, K.; Maruoka, Rrg. Lett 2005
7, 1347. (e) Movassaghi, M.; Schmidt, M. rg. Lett.2005 7, 2453.

(7) For selected examples of living ring-opening polymerization, see:
(a) Connor, E. F.; Nyce, G. W.; Myers, M.; Mk, A.; Hedrick, J. L.J.

Am. Chem. So@002 124, 914. (b) Coulembier, O.; Dove, A. P.; Pratt, R.
C.; Sentman, A. C.; Culkin, D. A.; Mespouille, L.; Dubois, P.; Waymouth,
R. M.; Hedrick, J. L.Angew. Chem., Int. EQ005 44, 4964.

(8) For selected examples of homoenolate reaction, see: (a) Orduna, A.;
Zepeda, L. G.; Tamariz, Bynthesisl993 375. (b) Collins, 1.J. Chem.
Soc., Perkin Trans. 1998 1869. (c) Burstein, C.; Glorius, Angew. Chem.,

Int. Ed. 2004 43, 6205. (d) Sohn, S. S.; Rosen, E. L.; Bode, J.JNVAmM.
Chem. Soc2004 126, 14370. (e) Fisher, C.; Smith, S. W.; Powel, D. A;;

substitution of fluorobenzenes, fluoro groups are replaced Fy, G. C.J. Am. Chem. So@006 128 1472. (f) Nair, V.; Vellalath, S.;

by aroyl groups, which are derived from aromatic aldehydes.
1,3,4,5-Tetramethylimidazol-2-ylidene is found to be an

efficient catalyst. The catalyst loading can be reduced to 1

mol % without a significant decrease in the product yields.
Polysubstituted benzophenones are synthesized from fluo

Poonoth, M.; Suresh, B.. Am. Chem. So2006 128 8736. (g) Nair, V.;
Poonoth, M.; Vellalath, S.; Suresh, E.; Thirumalai, 8.Am. Chem. Soc.
2006 128 8964.

(9) For other examples, see: (a) Reynolds, N.; Read de Alaniz, J.; Rovis,
T.J. Am. Chem. So@004 126 9518. (b) Song, J. J.; Tan, Z.; Reeves, J.
T.; Gallou, F.; Yee, N. K; Senanayake, C. Birg. Lett.2005 7, 2193. (c)
"Song, J. J.; Gallou, F.; Reeves, J. T.; Tan, Z.; Yee, N. K; Senanayake, C.

robenzenes and benzaldehydes by the NHC-catalyzed aroyH. J. Org. Chem2006 71, 1273. (d) Fukuda, Y.; Maeda, Y.; Ishii, S.;

lation.

N-heterocyclic carbenes (NHCs) have become an indispen-

Kondo, K.; Aoyama, T Synthesis2006 589. (e) Fukuda, Y.; Maeda, Y.;
Kondo, K.; Aoyama, TChem. Pharm. Bull2006 54, 397. (f) Fukuda, Y.;
Maeda, Y.; S.; Kondo, K.; Aoyama, Bynthesi2006 1937. (g) Kano, T.;
Sasaki, K.; Konishi, T.; Mii, H.; Maruoka, KTetrahedron Lett2006 47,
4615. (h) Chan, A.; Scheidt, K. Al. Am. Chem. So2006 128 4558. (i)

sable class of ligands for transition-metal catalysis because ofWu, J.; Sun, X.; Ye, S.; Sun, Wretrahedron Lett2006 47, 4813. (j)

their characteristic similarities and superiority to ubiquitous
phosphine ligands? In addition to functioning as ligands, the

Zeitler, K. Org. Lett.2006 8, 637. (k) Sohn, S. S.; Bode, J. \Bngew.
Chem., Int. Ed2006 44, 6021. () He, M.; Struble, J. R.; Bode, J. W
Am. Chem. SoQ006 128 8418. (m) Thomson, J. E.; Rix, K.; Smith, A.

NHCs play an important role as organocatalysts in a number D.; Org. Lett 2006 8, 3785. (n) He, J.; Zheng, J.; Liu, J.; She, X.; Pan, X.;

of reactions:3 Besides the widely known benzoin condensdtion
and Stetter reactionthe use of the NHCs as organocatalysts

Org. Lett 2006 8, 4637. (0) Maki, B. E.; Chan, A.; Phillips, E. M.; Scheidt,
K. A.; Org. Lett 2007, 9, 371. (p) Song, J. J.; Tan, Z.; Reeves, J. T.; Yee,
N. K.; Senanayake, C. HOrg. Lett.2007, 9, 1013.

has recently been extended to a variety of reactions such as (10) Miyashita, A.; Suzuki, Y.; Kobayashi, M.; Kuriyama, N.; Higashino,

transesterification/amidation, living ring-opening polymerization,
and homoenolate reactién?
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SCHEME 1. Nucleophilic Aroylation of 1 Previously SCHEME 2. Plausible Mechanism for Aroylation of
Reported by Our Group 4-Fluoronitrobenzene 1
!Vle ’\Ile
N+ I~ N OH 1
ArCHO —
Ly o ' L=
F OHC N (30 mol%) N Ar
O i
o-
OoN NaHDMF  O,N Breslow
2 1 2a OE!C, Th 2 4a 57% N!VIe intermediate Me _ N o
[ S N+ OH
TABLE 1. Benzoylation of 1 Using 3a-f as NHC Precursors N [ 2
\ F
- M N ar
1 + 2a L 4a NHC Me ;Vle
NaH/DMF
2h o NaH ﬁ
+ -
entry cat. (mol %) conditioh yield (%) 2 H '\Iﬂi oH N-o F
N
1 3a(30) A 66 Ar [ \
2 3b (30) A 45 o} N Al
3 3c(30) A 70 \
4 3d (30) A 76 ©
5 3e(30) A 75 . .
6 37 (30) A quant CHART 1. Imidazolium Salts 3b—f
7 3f(10) B 81 //\ MeSO; —\ X~
8 3f(1) B 79 ~N__NZ ~N__NL
9 3f(0.5) B 39 Me \3/b Me Me 3\(;;/x=| n-Bu
aA: —15°C to rt. B: —15°C, 10 min, and then te-5 to 0°C. 3d: X=Br
Me Me
. ) /\ B = N
aldehydes to obtain keto compounds. For example, the reaction Me—N N0kt Me~ Nz N Me
of 1 with benzaldehyd@a using 30 mol % of the NHC derived 3e 3f
from 3aat 0°C for 1 h in DMF affords 4-nitrobenzophenone
4ain 57% vyield (Scheme 1) As shown in Scheme 2, it is In this study, we have examined the aroylation of fluoroben-
considered that the reaction pathway includes the “Breslow zenes using imidazolium salts with various substituents as NHC
intermediate,* as in the benzoin and Stetter reactions. precursors to improve the yields and reduce catalyst loading.
TABLE 2. Aroylation of Benzene Derivatives 1, 5-7
o}
3f (10 mol %) [
A'—L + OHC—AR? ———> N
1
NaH/DMF A A
entry Ar' L al((/i:rli):)ie condition® product yield (%)
|G :
1 1 o A O O 64
2b O,N Cl 4p
1% I
2¢ ON OMe 4¢
OMe o
\©/ OMe
3 1 A O O 70
2d ON ad
F o)
4 phco/©/ 2a B O O 53
5 PhCO 8
cl
5 OzN/©/ 2a A 4a 8
6

6 o 2a A 4a 81

7
aA: —15°C, 10 min, and then to 6C, 2 h. B: 0°C, 10 min, rt, 30 min, and then to 8, 1.5 h.” 8 was obtained in 10% yield.
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We have also examined the synthesis of polysubstituted SCHEME 3.

Synthesis of Xanthones and Acridones via

benzophenones from fluorobenzenes and aldehydes using théNHC-Catalyzed Nucleophilic Aroylation

NHC-catalyzed aroylation.

The nucleophilic aryolation of was examined using various
imidazolium salt3a—f as the NHC precursors (Chart 1), while
3a has been used as the NHC precursor in the nucleophilic
aroylation of fluorobenzenes in the previous repétts.

The reaction witt2a was carried out using 30 mol % 8&
as the NHC precursor and sodium hydride-ét5 °C up to
room temperature in DMF (Table 1, entry 1). The NHC was
generated in situ and catalyzed the reaction to oltain 66%
yield. The reactions using the other imidazolium salts were also
examined under the same reaction conditions. While 1,3-
dimethylimidazolium methanesulfonab afforded a lower

F
R
F OHC | S
+ ¥z
O,N F

NHC-catalyzed
nucleophilic aryolation

F (o] o
R R
DS cyclization 4
| = | =
O,N F 0N X

xanthone: X=O
acridone: X=N-R'

product yield (entry 2), the use of liquid unsymmetrical

imidazolium salts3c—e increased the product yields to 70 in 79% yield under the same condition (entry 8). However, the
76% (entries 35). It was expected that the electron-donating Use of 0.5 mol % oBf lowered the product yield (entry 9).
effect of the methyl groups at C-4 and C-5 of imidazol-2-ylidene ~ The aroylation ofl with the other aldehydezb—d was also
would increase the nucleophilicity of the carbene center and carried out with 10 mol % of3f at —15 °C up to room
accelerate the reaction. In fact, the reaction in the presence oftemperature in DMF, and the benzophenodés-d were

the NHC derived from 1,3,4,5-tetramethylimidazolium iodide obtained in good yields (Table 2, entriesd). The benzoylation

3f yielded4a quantitatively (entry 6). When the catalyst loading of 4-fluorobenzophenongwith 2aat 80°C afforded8 in 53%

was decreased to 10 mol %, the reaction u@ihgroceeded in  Yield (entry 4).

81% product yield (entry 7). Even with 1 mol % &f, the Chlorobenzenes are far less susceptive to the nucleophilic
product yield did not drop significantly, argh was obtained aroylation as compared to fluorobenzenes. In the case of

TABLE 3. Synthesis of Polysubstituted Benzophenones 53

o)
3 I}
A'—F 4+ OHC—A? ——— > N
NaH/DMF AT AR
1 aldehyde” Cat. - yield
entry Ar F ( Ar2,= ) (mol%) condition product %)
F F (o]
F 0Bn OBn
-15°Ctor.t.
1 o w w0 2
ON 2e overnight ON W
F 9 F 11e
-15°C, 10 min
2 9 2e 10° and then 11e 58
to—5°C,2.5h
F O
—-15°C, 10 min
s s O W , oo n
F 2 and thentor.t,2h ON F
F 11f
F O
F F
-15°C,1h
O , Y ) 5
F 20 and thentor.t,2h ON F
F 11g
F F O F
—15°C, 10 min
> ? 10 andthentor.t.,2h O O 72
O,N
OMe 2h F OMe 11h
r F O F
F
6 /@[ 2h 10 0°C, 50 min O O 89
OzN F 10 02N F

OMe 12

aA 1 equiv portion of2e—g was used in entries-15, and 1.5 equiv o2h was used in entries 5 and '83f was used instead &fa.
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4-chloronitrobenzené instead ofl, the yield of4a was only (FriedetCrafts reaction). We believe that we have broadened
8% and 1,4-dibenzoylbenzeBeavas produced in 10% yield by  the scope of accessible benzophenones. The applications of this
the substitution of the nitro group df (entry 5). On the other  reaction to the syntheses of natural products containing a

hand, in the reaction of 1,4-dinitrobenzenwiith 2a, the nitro xanthone nucleus are currently underway in our laboratories.
group underwent a smooth substitution to ob#arin 81% yield
(entry 6). Experimental Section

The synthesis of the polysubstituted benzophenones was . o )
examined. Benzophenones are versatile building blocks. For 4TVB'C§| Prodedure for Arﬁylatl%rz).o/4-N0|It.robehnzdo%helnon.le 160
example, we have reported the synthesis of heterocyclic( a). Under an argon atmosphere, 6 sodium hydride in oil (

. mg, 4 mmol) was added to a mixture of 4-fluoronitrobenzéne
compounds such as xanthones and acridones frotvdl2o- (141 mg, 1 mmol), benzaldehyd (106 mg, 1 mmol), and 1,3-

robenzophenones that were prepared by aroylation (Schethe 3). gimethylimidazolium iodid@a (22 mg, 0.1 mmol) in DMF (7 mL).
The fluoride9 was subjected to aroylation with the aldehydes The mixture was stirred at15 °C for 15 min; then, the reaction

2e—h (Table 3). Sinceais more readily available thasf, 3a temperature was allowed to rise t66 °C, and the mixture was
(30 mol % or 10 mol %) was used as the catalyst precursor continually stirred fo 2 h altogether. After the reaction, the mixture
(entries 1,3-6). The reactions were carried out-ai5 °C up was poured into ice water. The products were extracted with ethyl

to the ambient temperature to obtain the p0|ysubstituted acetate. The organic layer was washed with water and brine, dried
benzophenonekle-h in 52—72% yields (entries 1;35). When over NaSQ,, and concentrated. The residue was purified by silica
3f (10 mol %) was used instead 8 (30 mol %) in the reaction ~ 9€! column chromatographynexane/ethyl acetate) to obtain

of 9and2e 11ewas obtained in the slightly higher yield (entry benzophenonda. The recrystallization of the crude product from

. X . . methanol yielded the crystals d&in the form of slightly orange
2). The aroylation oflO with 2h (1.5 equiv) using 10 mol % of needles: mp 136137 °C (lit.8 136-138 °C); IR (KBr): 1643

3aoccurred at 0C for 50 min to obtairl2in good yield (89%, (CO), 1508, 1354 (N@ cm 2. IH NMR (270 MHz, CDCh): o
entry 6). 7.53 (2H, t,J = 8 Hz), 7.66 (1H, tJ = 8 Hz), 7.81 (2H, dJ =8

In conclusion, we have demonstrated that the NHC derived Hz), 7.94 (2H, dJ = 9 Hz), 8.35 (2H, dJ = 9 Hz).
from 1,3,4,5-tetramethylimidazolium iodide is a powerful
catalyst for the nucleophilic aroylation. The catalyst loading can ~ Supporting Information Available: Compound characterization
be reduced to 1 mol % without a significant drop in the product data and copies of spectra and chromatograms. This material is
yield of the reaction betweeh and 2a. We have also shown available free of charge via the Internet at http://pubs.acs.org.
that this aroylation is useful for the synthesis of polysubstituted 307023569
benzophenones. This organocatalytic aroylation enables us to

synthesize the ben;ophgnones (sgclzld;Sllg, 11h,. f"md 12) . (18) Beilstein Handbook of Organic Chemistrgpringer: Heidelberg,
that are not accessible via conventional electrophilic aroylation Germany, 1925; Vol. 7, 426.
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