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An efficient, mild, and general method for the C-arylation of
provides a facile and direct access to a variety of substituted aromatic

p-enamino esters and ketones with arynes has been developed. This methodology
p-enamino compounds in moderate to excellent yield.

With the development of a mild and general method for the
generation of arynes fronortho-silyl aryltriflates and a

Typical examples for the insertion of arynes into a
heteroatom—hydrogen bond include amines, sulfonamides,

fluoride aniont the use of aryne has seen a growing interest carbamates, phenols, and carboxylic aéitlewever, when

in the field of organic synthesfs® Because of its electro-
philicity, a wide variety of anionic and uncharged nucleo-

active methylene compounds suchfaseto ester§ malonate
esters, and a-cyanocarbonyl compountiare used as the

philes add readily to arynes which represent a direct approachnucleophile, the net result is insertion of the aryne between

to access substituted arefe$n most cases, when an
electrophile is tethered to the nucleophile, the initially formed

zwitterion (Figure 1) undergoes a subsequent intramolecular

NU“E® Nu
Qe we— 0" — (X
E

Figure 1. Insertion of benzyne into a nucleophilelectrophile
o-bond (Nu—E).

reaction with the electrophile leading to the formal insertion
of the aryne into the Nu—k-bond.
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the a-methylene and the carbonyl group to geneatbo-
disubstituted arenes.

Because amino groups are known to react with benZ{ne,
we attempted N-arylation g¥-enamino ester2a with the
benzyne precursasrtho-silyl aryltriflate 1 in the presence
of CsF in CHCN at 80°C (Table 1, entry 1). Interestingly,
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K.; Ebner, D. C.; Stoltz, B. MJ. Am. Chem. So2006 128 11752~
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43, 2436—2440.
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2005,46, 6729—6731.

(8) (a) Liu, Z. J.; Larock, R. COrg. Lett.2003,5, 4673—4675. (b) Liu,
Z.J.; Larock, R. COrg. Lett.2004,6, 3739—3741. (c) Liu, Z. J.; Larock,
R. C.J. Am. Chem. Soc2005, 127, 13112—13113. (d) Yoshida, H.;
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Table 1. Optimization of Reaction ConditioAs

pF-Ph. PE -Ph.

Table 2. C-Arylation of f-Enamino Esters with Benzyfe

R. R.

™S NH O £© NH O @ETMS . NH O CsF (2.5 equiv), NH O
CEOTf ' ~"“pEt Conditions N okt oTt RYTN"NoR? CHgC;r\:; o R oR?
1 2a 3a Ph 1 2 _ 3Ph
Entry S-Enamino Ester Product Yield (%)°
F® source triflate temp time yield R\NH o R‘NH o)
entry solvent (equiv) (equiv) (°C) (h) (%) ot N ot
1  CH3CN CsF (2.5) 1.25 80 2 71 Ph
2 CH,CN CsF (2.5) 125 60 4 86 1 R=pF-Ph 22 3a 87
3 CH;CN CsF (25 125 50 5 84 2 R=Ph » ® 87°
4  CHiCN CsF(2.5) 1.25 40 6 82 Ryl O Rewd o
5 CH;CN CsF (2.5) 1.25 rt 7 87 “~ ~
6 CH;CN CsF (1.5) 1.25 t 8 77 MeO,C OMe MeO.C OMe
7 CH;CN CsF(1.1) 125 rt 9 75 Ph
8 THF  TBAF (2.5) 1.25 rt 2 64 3 RenBu ‘@5 2 3¢ 500
9 THF KF/18-C-6 (1.5) 1.5 rt 3 26
4 R=iPr 2d 3d 58°
aReaction conditions: 0.4 mmol of th&enamino esteRa in 0.2 M
solvent in a sealed vial? Isolated yield.
NH, O NH, O
R1J\/U\R2 R! A RrR2
no N-arylation product was isolated and instead reaction ) , Ph .
occurred at ther-carbon to generate the C-arylation product 5 RI=Me, RT=0Me 2 % 7
3a in 71% vyield. Moreover, although an ester group is 6 R'=pCFs;-Ph,R*=0Me 2f 3f 84
present, no insertion of the benzyne into thearbon and R'=pF.Ph, RE=OFt  2g 39 91°
carbonylo-bond was observed as is the case witketo $
esters, malonate estefsanda-cyanocarbonyl compounds. 8 R1=Oj JRE=OEt 2n 3h 71

p-Enamino esters are interesting motifs as they can be
reduced asymmetrically and transformed into chraimino
acids? To the best of our knowledge, no direct intermolecular
arylation of f-enamino esters involving arynes has been
reported, although some examples of arylation employing

a8 Reaction conditions: 1.25 equiv oftho-silyl aryltriflate 1, 1 equiv
(0.4 mmol) of theB-enamino este?, 2.5 equiv of CsF, 0.2 M C§CN in
a sealed vial at room temperaturélsolated yield. ¢ Configuration of the
double bond was determined by NOE.

transition-metal and radical-mediated reactions have been

published!® Herein, we report an efficient and facile
intermolecular C-arylation gf-enamino esters and ketones
with arynes under mild conditions.

We first examined the effect of temperature on the
arylation of thef-enamino esteRa and found that a lower
temperature is more favorable (Table 1, entries 2—5),
although a longer reaction time is needed. However, using
less CsF (entries 6 and 7) lowered the yield slightly and using

tion on the nitrogen are tolerated 2#a—d. However, when
ay-ester group is present Bt and2d, the yield is moderate
presumably due to the decreased nucleophilicity of the
enamine. Interestingly, a free amino group is well tolerated
in 2e—h and no N-arylation product was observed. In
addition, a furan derivative, which is known to undergo
Diels—Alder cycloaddition with benzyng,is tolerated as
well (entry 8), affording mainly the C-arylation produgty

other reported sources of fluoride for generating aryne suchin good yield. It should be noted that the configuration of
as TBAF and KF/18-Crown-66 had a deleterious effect on the double bond is retained in the reaction and that only the
the yield (entries 8 and 9). Because TBAF and KF/18- Z-isomer was produced as determined by an NOE experiment
Crown-6 generate benzyne much faster due to the higherfor representative compounds.

concentration of fluoride anions, it seems that the slow With the encouraging results obtained, our next approach

formation of aryne under the heterogeneous condition of CsF/
CH3CN at room temperature is more conducive for this
reaction. With the optimal conditions set, we began inves-
tigating the substrate scope with a varietypegnamino esters
2a—h. As shown in Table 2, aromatic and aliphatic substitu-

(9) (a) Hsiao, Y.; Rivera, N. R.; Rosner, T.; Krska, S. W.; Njolito, E.;
Wang, F.; Sun, Y.; Armstrong, J. D.; Grabowski, E. J. J.; Tillyer, R. D.;
Spindler, F.; Malan, CJ. Am. Chem. So2004, 126, 9918—-9919. (b)
Elaridi, J.; Thaqi, A.; Prosser, A.; Jackson, W. R.; Robinson, A. J.
Tetrahedron: Asymmetr005,16, 1309—1319.

(10) (a) Sakamoto, T.; Nagano, T.; Kondo, Y.; YamanakaS¥hthesis
1990, 215-218. (b) Majumdar, K. C.; Sarkar, Synth. Commur2004,
34, 2873—-2883. (c) Tseng, C.-M.; Wu, Y.-L.; Chuang, CFetrahedron
2004,60, 12249—12260.
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was to extend the substrate scope to incl@denamino
ketones. As illustrated in Table B;enamino ketoneda—j
work as well affording moderate to high yields of the
corresponding arylatef-enamino ketoneSa—j. Function-
alities such as olefidc and alcoholdd are well tolerated,
affording high yields of the desired arylated produstand

5d, respectively. Here again, although alkereesd hydroxyt
groups are known to react with benzyne, no reaction with
these functionalities was observed. Of particular interest are
the cyclic f-enamino ketonedg—j which can be arylated

(11) Pena, D.; Cobas, A.; Perez, D.; Guitian 3ynthesi2002, 1454—
1458.
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Table 3. C-Arylation of f-Enamino Ketones with Benzyhe Table 4. C-Arylation of f-Enamino Esters and Ketones with
Substituted Benzyrie

™S Ry o CsF 25equiv),. TNH O »
AL « NH, O R1=OMe, 2e 2

OTf RINOR? CH3CN, rt, R’ R? Lo on /R)Lm R' = Me, 4e | o]
™S CsF (2.5 equiv), CH5CN, = R’
Entry  -Enamino Ketone Product Yield (%)° 6 n,5-8h 7
R. R. NH O Entry  o-Silyl Aryltrifalte Product Yield (%)°
NH O NH,
)\)J\ N 0 oTf O]ij:[fo R'=OMe,7a 86
Ph 1 < :@[ 1=
1 R =Ph 4a 5a 82 0 ™S <O R R'=Me, 7b 91
6a
2 = Q/\rf" 4b 5b 87 NH,
oTf | o R'=OMe7c 69
3 R= \/\r,g 4c 5¢ 88 2 <I:[
™S R! R' = Me, 7d 80
4 R= HO\/\T# ad 5d 90 6b
NH,
NH, O NH, O FD:OTf . | o R'=0Me 7e 77
3
NR? MRZ F ™S R R" = Me, 7f 87
Ph 6c F
5 R?= Me de Se 92¢ NH;
6 R2=Ph af 5 93¢ A ot o R'=OMe.7g 92
™S R' R'=Me, 7h 96
Ph 6d
NH,

o R' = OMe, 7i 91°

Ph ™S O R! R'=Me, 7j 91°
8 4h 5h 87 O 6e
NH, NH,
1% 9 a8 Reaction conditions: 1.25 equiv oftho-silyl aryltriflate 6, 1 equiv
Ph (0.4 mmol) of theB-enamino estePe or ketonede, 2.5 equiv of CsF, 0.2
9 4i 5i 77 M CH:CN in a sealed vial at room temperaturé.lsolated yield.
NP Nl ¢ Configuration of the double bond was determined by NOE.
H H
fe) (0]
Ph . . . .
10 4 >ij[ 5§ 58 ring of 3e and 5e, respectively. In a separate experiment,
N N the acidic protons of thg-enamino esteRa and ketonete
H H were exchanged for deuterium by stirring in deuterated

aReaction conditions: 1.25 equiv oftho-silyl aryltriflate 1, 1 equiv
(0.4 mmol) of thes-enamino ketond, 2.5 equiv of CsF, 0.2 M C4¥CN in
a sealed vial at room temperaturélsolated yield. ¢ Configuration of the Scheme 1. Deuterium Labeling Experiments
double bond was determined by NOE.

i) CsF (2.5 equiv), NH, ©
oTf . %f CH4CN, rt xR
in a similar manner to generate interesting C-arylated @ETMS de 6-7 h
products5g—j in moderate to high yield. 1 ii) D,O quench
The C-arylation of thgg-enamino esters and ketones could _ . R=OMe. 3e-75%
also be extended to substituted arynes. As depicted in Table [No deutorium incorporation] g Z e g 909
4, arynes with electron-donating groua, electron- ~  ~77TTTTTTTTTTTTTTTTTTToTTmTTommoommmmomm e n e
withdrawing groupéc, sterically crowdedsd, and bulky NH, O MeOD, 50°C NDz O
arynesework efficiently to afford good to excellent yields NR MR
of the C-arylated productga—j. 15 h, quant. D
On the basis of the fact that no insertion of aryne into the Ej ageieze E: 322:_?:3
o-carbon and carbonyl-bond of the enamines was observed,
we hypothesize that the anion of the initially formed i) CsF (2.5 equiv), NH; O
zwitterionic species is rapidly protonated, presumably via oTf 2e-d; ' CH.CN, rt xR
an intramolecular proton transfer. To further substantiate this @[ * 4e°_rd s6h D
hypothesis, we conducted deuterium labeling experiments. 1 ™S ’ i) H-20 quench
When the reaction gf-enamino este2eand ketonetewith
ortho-silyl aryltriflate 1 (Scheme 1) was quenched with@ [Deuterium incorporation at the ortho position] - R = e, 3ecd - 807

no deuterium incorporation was observed on the benzene
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methanol to afford the trideuterated substr&es} and4e- zwitterionic intermediatel2. The iminium group ofl2 is
ds;, respectively (Scheme 1). Upon treatment of substratespredisposed to transfer its proton to the aryl anion generating
2e-& and 4e-& with the benzyne precursdk, we were the intermediatd 0 which after tautomerization would afford
pleased to find that there was quantitative incorporation of the desired produdtl. In addition, because a fluoride anion
deuterium at theortho position of the respective products is a weak base, a pathway involving deprotonation of the
3e-dand4e-d This proves that protonation of the zwitterionic N—H proton of 9 to generate the corresponding enamine
anion is carried out by thg-enamino substrate and not by anion cannot be ruled out.
water during quenching. In summary, we have developed a mild, efficient, and
On the basis of the deuterium labeling results, we proposegeneral method for the C-arylation gfenamino esters and
two possible mechanistic pathways for the C-arylation of ketones with arynes. The reaction tolerates a variety of
theS-enamino compounds, a concerted (path A) or a stepwisesubstitutions and functionalities and provides arylated prod-
(path B) pathway (Scheme 2). The initial step involves ucts in moderate to excellent yield. Moreover, functionalities

Scheme 2. Plausible Mechanisms for the C-Arylation of
B-Enamino Esters and Ketones with Aryne

‘: H
X, -R
H SN
F
Path B

Path A

/ R o 10
@v g % %
R0 12 R0 11

generation of the benzyr@in the presence of a fluoride
anion. In path A, the benzyr&can react with thg-enamino
carbonyl compound through a concerted aza-éheype
reaction to produce the imine intermedid@which subse-
quently tautomerizes to the more stable isorhgr On the
other hand, in path B, th@-enamino carbonyd can undergo
a direct nucleophilic attack on the benzyd® generate the
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that are known to react with arynes such as amino, alcohol,
alkene, and furan are well tolerated. This methodology
provides a facile and direct access to a variety of substituted
aromatic-enamino esters that could potentially be trans-
formed into chiralS-amino acidS. Further studies on the
substrate scope with oth¢l-enamino compounds are in
progress and will be reported in due course.

Acknowledgment. The authors gratefully acknowledge
Chun Sing Li, Cameron Black, and Nicolas Lachance for
their technical support and helpful discussions. We also thank
Dan Sorensen and Laird Trimble (Merck Frosst) for NMR
experiments.

Supporting Information Available: Experimental details
and characterization data for all new compounds. This
material is available free of charge via the Internet at
http://pubs.acs.org.

OL063057K

(12) (a) Borzilleri, R. M.; Weinreb, S. MSynthesid 995, 347—-360. (b)
Zhang, J.-H.; Wang, M.-X.; Huang, Z.-Tetrahedron Lett1998 39, 9237
9240. (c) For ene reaction of arynes with alkynes, see: Jayanth, T. T.;
Jeganmohan, M.; Cheng, M.-J.; Chu, S.-Y.; Cheng, CXHAm. Chem.
S0c.2006,128, 2232—2233.

Org. Lett, Vol. 9, No. 6, 2007



