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The addition of H-X bonds (X= N, O, and S) to arynes to  Scheme 1

construct a new carberheteroatom bond is well-knowrRecently, H O+_CF;
the Pd-catalyzed insertion of arynes into-Si2 Sn—Sn32 and N\n,CF3 .12 ™S ZMOe(c:iJF H
C—Snt bonds has been reported. While there are examples of the @ o ’ oT —RT.
transition-metal-free insertion of arynes inte-C,> S—Sf and Te- 1a 77 9
Te” bonds, there is only one example of the transition-metal-free ’
insertion of an aryne into a polarized heteroatom-containing bond, Table 1. C—N Addition of Amides to Arynes?
namgl_y, the &N o-bpnd of ured&. Herein, we report a novel, entry amide aryne product % yieldP
transition-metal-free, intermolecular-@® addition of amides and o o, ™S
S—N_qddltlon of sulfinamides to arynes under very mild reaction 4 @( ‘g’ @(OV ©, é 77
conditions. 1a

During our work on theéN-arylation of amines and sulfonamidés, R o 1 86
we allowedN-phenyltrifluoroacetamide to react with 1.5 equiv of 2 /@' ‘g’ ) a
2-(trimethylsilyl)phenyl triflate {a) and 3.0 equiv of CsF for 20 ° "
h. The interesting €N insertion product 2,2,2-trifluoro-1-[2- 3 @NECF’ 1a O é 78
(phenylamino)phenyllethanone was isolated in a 78% yield. and H,CO H.CO
only a trace of theN-arylated product was detected. After N or
optimization, we observed that as little as 1.2 equiv of the silylaryl 4 Emc,(j I 1a O é 60
triflate 1a and 2 equiv of CsF afforded the insertion product in a ’ o Et0,C
77% yield after on} 4 h (Scheme 1). ; Hopom Sy

A variety of functionally substitutedN-aryltrifluoroacetamides 5 he P 1a é 69
undergoes this chemistry and affords good yields of the insertion o
products (Table 1). Substrates with both electron-donating and @ e ™S n]gjw
electron-withdrawing groups afford good yields. Even the sterically or O 88
hindered substrate shown in entry 5 affords the corresponding 1b

insertion product in a 69% yield. Besides the simple benzyne
precursor 1a, the 3-MeO-substituted silylaryl triflatelb also
afforded excellent yields of a single regioisomer (entries 6 and 7).
In a similar manner, the substituted aryne precurdarand 1d

also gave good to excellent yields of the corresponding insertion
products (entries 8 and 9). Because the reaction does not involve
a transition metal, halides are readily tolerated under our reaction

@ 1b @ E} 87°

0. _CF,

. . . . . . . . . H,C T™S n
conditions. This insertion reaction is not limited to trifluoroaceta- O HBC]E%[OT' " O &cm 58
[e]

H,co]i:ETms
oo Fron ch@ oo 70

1c OCH,

mides; 2-chloro-2,2-difluorg-methylacetanilide reacts with the He

aryne precursolb to afford a good yield of the desired product L CFo CF.Cl

(entry 10). When aryne precurste was employed, two isomers 1b ljj 66

were obtained in a 1:1.1 ratio (entry 11). However, acetanilides

bearing less electron-withdrawing halogens, suchNgshenyl-

trichloroacetamide, failed to undergo insertion. Interestingly, when me OE:(TMS @ & @ (: 1 1)

N,N'-1,4-phenylenebis(2,2,2-trifluoroacetamide) was employed, we

obtained only the double insertion product in moderate yield (entry NHCOCF, °

12). When simples-lactams, such as 2-azetidinone and 2-pyrroli- 45 @ 1 @,Né

. L a
done or 3,3-difluoro-4-phenyl-2-azetidinone, were employed, no F,CCONH N
insertion products were detected.
After examining the €N addition of amides to arynes, we

focused on trifluoromethanesulfinamideschich can be readil a8 Reaction conditions: 0.5 mmol of amide, 1.2 equiv of aryne precursor,
® Yy and 2.0 equiv of CsF in 5.0 mL of MeCN at room temperature for 4 h.

prepared from the corresponding anilines and trifluoromethane- ®isolated yield* X-ray crystallography data for this compound are available

sulfinate saltd® Because the highly electrophilic nature of the sulfur in the SfUPpomng Informatiorfl Employed with 2.4 equiv ofia and 4.0

atom is enhanced by the gRnoiety, we expected that these ~©dulv of CsF.

sulfinamides should also underge-N addition to arynes. Indeed,  with triflate 1aunder our standard reaction conditions, the product
when we allowedN-phenyltrifluoromethanesulfinamide to react of S—N addition was obtained in a 40% yield. By usindBus;NF
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Table 2. S—N Addition of Sulfinamides to Arynes? Scheme 2
entry  sulfimide aryne product % vield? Path I:MS
N cr H NI @ ik
1 g 1a N 80 OTf coc,
@ o @ @ ‘> - Ny c CF Pt
Oy _,CFs NHCOCF, © @/

H CF. H "COCF,
2 w 1a g 81 @ o8
! o |’© @ T HF
H

HF A E
Path B:

O 1a ©N© 91 @I) ©_ Q H ‘¢’
0, _ Boe s
o Q_s\/\ ZH(:;F: +N.9.CF3 — ©/"L,C§) —_
4 He SO ° 75 @ ob
5 \EN\ S oF, a he NH E E
s Is\>_©
H

Oxg-CF Scheme 3
i 0 CF
72 Ph 3
° Te BrO ©\0on N'COCF 1.0 n-BuLi @ H
3 THF
HO\\OC,HC:Fs ©E| 78°C-RT. ©/ N-cocr, —=_,
N - B 45%
6 55
w o 0,
CH: o produce intermediat8. IntermediateB can then undergo intra-
Heoct: ' molecular nucleophilic attack on the carbonyl carbon (or sulfinyl
7 @ 1a O ‘@ 5804 group) to generate the unstable four-membered ring intermediate
FLGCONH F{CCONH o\\ cF C, which readily undergoes ring opening and protonation to afford
,'s\ ne the final C—N insertion product.
8 @” o 1a @ 41 To obtain further evidence to support our mechanism, we allowed

. ] ~ . ] N-(2-iodophenyl)N-phenyltrifluoroacetamide to react withBuLi
Reaction conditions: 0.5 mmol of sulfinamide, 1.5 equiv of aryne at a low temperature to generate intermediBte Subsequent
precursor, and 1.8 equiv of TBAF in 5.0 mL of THF at room temperature -
for 30 min. ® Isolated yield.c Employed with 1.0 equiv ofa.  The reaction rearrangement should afford the anticipated ketone. Indeed, we
is messy when CsF was employed as the base in MeCN. obtained the desired ketone in a 45% yield (Scheme 3).
In summary, we have developed an efficient, mild, transition-

(TBAF) as the fluoride source, instead of CsF, and THF as the yata)-free method for the intermolecular-® addition of amides

solvent, we were able to obtain the desired insertion product in an and S-N addition of sulfinamides to arynes. Insertion products,

80% yield in 30 min at room temperature (Table 2, entry 1). such as those produced herein, should prove useful in the prepara-
The scope of this chemistry has been examined (Table 2). All 5 of Efavirenz derivative and for the molecular recognition

trifluoromethanesulfinamides work well with our standard aryne ¢ snionst2 A variety of functional groups are compatible with the

precursors to afford the corresponding$ insertion products in- e4ction conditions. Further studies on the reaction mechanism and
high yields. Again, substrates with electron-donating or electron- 4 scope of this process are in progress.

withdrawing groups afford high yields (entries 2 and 3). An
interesting thiazole derivative also afforded a high yield of aryne
insertion product (entry 4). Once again, these sulfinamides react
with the aryne precursorksc and1d to produce the corresponding
insertion products in good yields (entries 5 and 6). More interest-
ingly, the reaction of a substrate bearing both a trifluoroacetamide
and a trifluoromethanesulfinamide group afforded only theNS
insertion product in a good yield, leaving the trifluoroacetamide References

group untouched (entry 7). AN-alkyl sulfinamide has also been (1) (a) Kessar, S. V. IrComprehensie Organic SynthesisTrost, B. M.,

shown to undergo this insertion chemistry, although the yield is a Fleming, 1., Eds.; Pergamon Press: New York, 1991; Vol. 4, pp483
little lower (entry 8) 515. (b) Liu, Z.; Larock, R. COrg. Lett 2003 5, 4673-4675. (c) Liu,
Y o). Z.; Larock, R. C.Org. Lett 2004 6, 99—102.

Acknowledgment. We gratefully acknowledge the National
Science Foundation for support of this research.

Supporting Information Available: Detailed experimental pro-
cedure, and X-ray diffraction and characterization data for all previously
unknown products. This material is available free of charge via the
Internet at http://pubs.acs.org.

As part of our mechanistic studies, we allowebhenylacet- (2) Yoshida, H.; Ikadai, J.; Shudo, M.; Ohshita, J.; KunaiJAAmM. Chem.
i N i ; R ; i} Soc 2003 125, 6638-6639.
aml.de, N phenyltrlchloroacetamldgN phenyltrlchloromethang (3) Yoshida H.. Tanino, K.- Ohshita, J.: Kunai, Angew. Chem., Int. Ed
sulfinamide, andN-methyliN-phenyltrifluoroacetamide to react with 2004 43, 5052-5055. _ _
the benzyne precursdra and CsF. No insertion products were 4 Iggg'_df‘é;f Honda, Y.; Shirakawa, E.; HiyamaChem. Commur2001,
detected in any of these reactions, even when adding an additional (5) During the F')reparation of our manuscript, Stoltz published th€ ®ond
base, such as DBU. The presence of the @®iety is clearly addition of 3-keto esters to arynes. See: Tambar, U. K.; Stoltz, BJM.

- T . . Am. Chem. So005 127, 5340-5341.
critical to the success of this insertion chemistry, presumably (6) Nakayama, J.. Taijiri, T.; Hoshino, MBull. Chem. Soc. Jpr.986 59,

because this strong electron-withdrawing group increases the acidity 2907-2908.

. . - (7) Petragnani, N.; Toscano, V. @hem. Ber197Q 103 1652-1653.
of the amide and also increases the electrophilicity of the carbonyl (8) Yoshida, H.: Shirakawa, E.; Honda, Y.; Hiyama,Ahgew. Chem., Int

carbon of the amide and the sulfinyl sulfur atom of the sulfinamide. Ed. 2002 41, 3247-3249.

On the basis of our results, we propose the reaction mechanism (% igg';_”fgg%* Billard, T.; Langlois, B. RTetrahedron Lett2003 44,

shown in Path A (Scheme 2), although we cannot rule out Path B. (10) Billard, T.; Greiner, A.; Langlois, B. Rietrahedron999 55, 7243-7247.

; ; 1 ; 1 (11) Jonckheere, H.; Arind.; De Clercq, EMed. Res. Re 200Q 20, 129-154.
Fluoride anion can both react with silylary! triflafea to generate (12) Kim. Y. K. Lee, Y.-H.. Lee, H.-Y - Kim. M. K. Cha, G. S.: Ahn, K. H.
benzyne and also act as a base to abstract the hydrogen on the Org. Lett 2003 5, 4003-4006.

amide nitrogen to afford aniofA, which can attack the benzyne to JA054079P

J. AM. CHEM. SOC. = VOL. 127, NO. 38, 2005 13113



