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Ruthenium(ll) porphyrin-catalyzed amidation of aromatic heterocycles with iminoiodanes under mild conditions (CH.Cl,, 4 A molecular sieves,
ultrasound, 40 °C) was achieved in moderate to good yields (up to 84%) and conversions (up to 99%). Only the N,N-ditosylamidated product
was obtained for reactions involving heteroarenes, where X = O, S, or NTs. N-Alkyl- and N-aryl-substituted pyrroles, on the other hand, were
shown to give the 3,4-diaminated adduct.

Transition metal-catalyzed nitrene insertion intel€bonds advances, examples of amidation of aromatic &{sjbonds

is increasingly attractive as a-® bond formation strategy® are sparse in the literature. A recent notable achievement is
Innovative works by BreslowMdiller,® and Du Boié showed that of Pérez and co-workers showing that copper(l)
that dirhodium(ll,I) complexes with bridging carboxylate homoscorpionate complexes can effect benzene amidation
ligands and derivatives are effective catalysts for amidation by PhI=NTs in moderate yieldsIn the present work, we

of saturated C(sp-H bonds usingN-(p-toluenesulfonyl)-  describe amidation of C(3pH bonds of heteroarenes such
imino-phenyliodinane (PhI=NTs) or “PhI(OAcH NH- as furan, pyrrole and thiophene using ruthenium(ll) porphyrin
SGR” (usually R= Ar) as a nitrogen source. Studies in  as a catalyst and PRNTSs as a nitrogen source. Although
our laboratory demonstrated that highly enantioselective reactions of these heterocycles with metallocarbenoids to give
amidation of saturated C—H bonds can be aCCOmp|iShed Cyc|0propanes are kno\/\]rexamp|es of protoco|s for cata-
using chiral ruthenium porphyrin cataly$t©espite these  |ytic amidation of heteroarenes have limited precedent in the
literature. It is well-known that amino-functionalized het-
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erocycles are prevalent in many natural and therapeutic

products of biological significance.
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Figure 1. Perspective view of. Selected bond lengths (A) and
At the outset of this study, we found that ultrasound i‘lr(‘%'ef égg% 8%%(38()2)1-;343;(43()4)'\'((:1(*2?(2( 31)-41025137)(,5)5(18‘)(1)
treatment of furan (1 eqw'v) with 10 mol % [RATP)(CO)] N(1)—é(2) 122’_7(1), C(2}C(1')—N(1)’128.9(3), 0(13}0(2)—'0(3)
[Ho(TTP) = meso-tetrakis(tolyl)porphyrin] and PhI=NTs 103.1(3)4
(1.5 equiv) in CHCI, containing 4 A molecular sievésit
40 °C gaveN,N-ditosylamido-2-furan (1) in 73% isolated
yield (Table 1, entry 1j? The molecular structure dfhas  the monotosylated amide (i.&;furan-2-yl-tolylsulfonamide)
was not detected.

s The reason for formation of th&l,N-ditosylamidated

Table 1. Optimization of Reaction Conditiofs product remains ill understood. However, attempts to obtain
| the putative monotosylated compound were futile. For
[RU(TTP)(CO)] example, conducting the above catalytic reaction in the
/N AN
0 Phi=NR o~ "NRz presence of a proton source such as TsOH (1.5 equiv) led to
1,R=Ts compoundl in a trace amount (<5%), and é-furan-2-
2,R=Ns yl-tolylsulfonamide was found.
temp  catalyst loading It is noteworthy that employment of both the ultrasound
entry (C) (mol %) product % yield® and Ru catalyst for the amidation reaction was essential. As
. shown in Table 1, conducting the reactions without ultra-
1 40 10 1 73 X .
2 40 10 1 M sound treatment affordetlin lower yields of 41 and 43%
3ed 40 10 1 10 (entries 2 and 5)No conversion of furan was obse&d in
4¢ 40 2 1 40 the absence of ruthenium(ll) porphyrin catalysea though
5 40 2 1 43 ultrasound treatment was employedlower product yield
6 65 2 1 45 (36%) was obtained on changing the [RTUTP)(CO)]
[ 40 10 2 63 catalyst to [RU(F.-TPP)(CO)] [H(F2o-TPP) = mese
aAll reactions were performed in Gl for 2 h with a catalyst: tetrakis(pentafluorophenyl)porphyrin] at a lower catalyst
heteroarene:PHINTS ratio of 1:1:5 in the absence of ultrasoufdsolated loading of 5 mol %. In addition, reaction with excess £hl
yield based on the amount of heteroarene consufiedaction conducted . ) ’ . .
with ultrasound treatment.Reaction conducted with 5 equiv of PANTS. NTs (5 equiv) was found to be detrimental to product yield,
¢ Reaction conducted with PH#NNs. with 1 being obtained in only 10% yield (entry 3). Furan

amidation withN-(p-nitrophenylsulfonyl)imino-phenyliodi-
nane (PhI=NNSs) as a nitrene source and'[{TP)(CO)]
been established by X-ray crystal analysis (Figuré'l). as a catalyst (10 mol %) can also be accomplished, furnishing
Analysis of the crude reaction mixture Big NMR spec-  sulfonamide2 in 63% vyield (entry 7). The analogous
troscopy and mass spectrometry revealeditvaas the sole  ultrasound-assisted reaction of furan with PhI=NTs and
product. Under our experimental conditions, formation of [Rhy(CHsCO,),] as a catalyst gavé in only 21% yield in

. our hands. Trace quantities &fwere obtained when the
(b)@ef,ﬁleoﬁt;dfﬁ"giffért(g‘r)]‘"A'P?_?t\z/bgéf%‘?”g r;%ﬁgﬁ%ggfgg [Rhy(CHsCO,)4]-catalyzed reaction was performed without
2128. (c) Bossio, R.; Marcaccini, S.; Pepino, R.; Torrobal. Org. Chem. ultrasound.
1996,61, 2202. (d) Marcotte, F.-A.; Rombouts, F. J. R.; Lubell, W.JD. In this work, catalytic amidation reactions of some

Org. Chem.2003,68, 6984. . . .
(9) Amount of 4 A molecular sieves employed is equivalent to the amount Substituted aromatic heterocycles have also been examined.

(by mass) of Pr+NTs used. ) ) The results are summarized in Table 2.
(10) See Supporting Information for full experimental details. .
(11) See Supporting Information. Also, CCDC 2197249720 contain Subjecting methyl 2-furoate and benzofuran to the protocol

thl;e s_upgl?mentfaryh crystallographic gata for thisk;/Japer./The_se_ datha c?r(1 be‘ultrasound+ [RU"(TTP)(CO)] (10 mol %)+ 1.2 equiv of
obtained free of charge via www.ccdc.cam.ac.uk/conts/retrieving.html (or _ ° ; i}
from the CCDC, 12 Union Road, Cambridge CB2 1EZ, UK; fak44 P_hl NTS_ in CHCl, at 40 C gaYe the correspondirig,N

1223 336033; e-mail: deposit@ccdc.cam.ac.uk). ditosylamides3 and 4 in low yields (<20%). However,
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s furnishing5 in 57% yield based on 56% substrate conversion,

Table 2. [RU'(TTP)(CO)]-Catalyzed Amidation of Aromatic ar)d 6 in trace amounts for the analogous reaction with
Heterocycles with PhiI=NTPs thiophene.
entry cubstrate product % yield/ Treatment ofN-phenylimidazole under the conditions
(conversion) “ultrasound+ [RU'(TTP)(CO)] (10 mol %)+ 1.5 equiv of

" @ /o\ NTs, 73 (99) PhI=NTs"” in CH,Cl, at 40°C, gave rise to a ylide product

0 1 8in 91% vyield (entry 8 of Table 2); no amidation product

2 /@\ 34 (50) was observed byH NMR analysis of the crude reaction

5 MeOZC’Q MeO,C 3‘o NTs, 1065) mixture. Structural determination 8fwas made on the basis

of *H and3C NMR spectroscopy and X-ray crystal analysis

4 N o\ NTs; 58 (50) (see Supporting Informatior).
© 4 Under the conditions [RYTTP)(CO)] (10 mol %),
3 EI\\?/NHTS PhE=NTs (5 equiv), CHCI,, 40 °C and ultrasound, catalytic
5 NE N 64 (99 amidation ofN-alkyl- and N-aryl-substituted pyrroles was
N ) ©9) . - an .
Ph :_h achieved and 3,4-diaminated pyrros 15 were obtained
in good to excellent yields (up to 87%) and conversions
p @ Q\NTSZ 33.(56) (Table 3, entries 7). In a few cases, reactions conducted
6
] { 3, o
7 N ) 80 (22) Table 3. [RU'(TTP)(CO)]-Catalyzed Amidation of
Ts Ts . N-Substituted Pyrroles with PRINTs?
N i’NTs TSN, NHTS
® I\ 1 3
¢ () {3 o1 0 [} wameor
bn bh & Phi=NTs, CHxCl N
3 R
9-15

aReactions were performed in GEl, under ultrasound with 4 A b o -
molecular sieves at 46C for 2 h with a [RU(TTP)(CO)]:heteroarene: entry R product % yield % conversion
PhI=NTs ratio of 1:10:50°Isolated yield based on the amount of

heteroarene consumedvalues in parentheses denote substrate conversion 1 Me 9 68 99
determined by GC analysi$Reaction conducted with 1.2 equiv of 2 CeHs 10 82 99
PhI=NTs.¢ Reaction conducted with [R(F,c-TTP)(CO)] (5 mol %) as a 3 (0-Me)CeH4 11 60 99
catalyst.f Obtained along with 1-phenylisatin in 9% yiefiReaction 4 (p-Me)CeHa 12 84 99
conducted with 1.5 equiv of PHINTSs. 5 (p-OMe)CsHa 13 a1 99

6 (p-F)CsHa 14 50 99

7 (p-NO2)CeHa 15 87 60

increasing the amount of PhI=NTs to 5 equiv was found to _ _ .

. . aReactions were performed in GEl, under ultrasound with 4 A
afford 3 and4 in moderate to good substrate yields (Up t0 molecular sieves at 4T for 2 h with a [Rii(TTP)(CO)]:pyrrole:Pi=NTs
58%) and substrate conversions (entries 2 and 4)_ Forratio of 1:10:50P Isolated yield based on the amount of heteroarene
amidation of methyl 2-furoate, when [FQ(lleo-TPP)(CO)] consumed¢ Substrate conversion determined by GC analysis.

(5 mol %) was employed as a cataly3twas obtained in
40% vyield with 65% substrate conversion (entry 3). In
comparison, amidation of methyl 2-furoate with JRBH;-
CO,)4 as a catalyst gav8® in trace quantities, and the

analogous reaction of benzofuran affordeih 14% yield fluorophenylpyrrole with [RE(CHsCO,),] as a catalyst
and 61% substrate conversion. afforded9 and14in 64 and 30% yields, respectively. Under
With N-phenylindole as a substrate, the Ru-catalyzed our experimental conditions, formation of either the 3-monoa-
amidation with 1.5 equiv of PrNTs affordedN-monoto-  midated orN,N-tosylamidated products were not detected
sylamide5 as a 1: 1 mixture of 2- and 3-regioisomers in by 'H and 3C NMR analysis. Moreover, amidation of
64% yield (entry 5 of Table 2). The same reaction treated N-phenylpyrrole with an equimolar amount of BN Ts was
with 5 equiv of PhI=NTs, however, preferentially gave found to givel0 exclusively in 21% yield based on 40%
1-phenylisatin in 77% yield. Reaction of thiophene under substrate conversion.
these conditions, on the other hand, furnished-ditosyl- In this work, we have also examined the “MNF$ +
amide6 in 33% yield with 56% substrate conversion (entry PhI(OAc)” protocol for catalytic amidation of heteroarenes.
6). Similarly, reaction oiN-tosylpyrrole was found to give  Treatment of methyl 2-furoate with [R(I'TP)(CO)] (1.5
the N,N-ditosylamide7 in 80% yield but with a lower  mol %), NH;Ts (1 equiv), and PhI(OAg)1 equiv) in 1,2-
substrate conversion of 22% (entry 7). Analogous to the dichloroethane at 65C without ultrasoundwas found to
findings described in earlier sections, fREBH;CO;)4] was give ditosylamide3 as the sole product in 60% yield with
found to be less effective for amidation Nfphenylindole, 15% substrate conversion. With MRk as a nitrogen source,

with no Ru catalyst showed that diaminopyrrogslland
14 could also be obtained, albeit in lower yields of-18
54%. In this work, amidation ofN-methyl- and N-p-
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s tometry under a variety of conditions, no amidation product

Table 4. [Ru'(TTP)(CO)]-Catalyzed Amidation of was detected byH NMR anc_i T_I_C.analyses of _the crude
Heteroarenes with Niis and Phi(OAGH mixtures!2 On the basis of this finding, we surmise that the
% yield7 involvement of a bis(imido)ruthenium(VI) species as a
entry substrate product (conversion) reactive intermediate in the catalytic reactions is insufficient
S oo Cﬂ\NNS to instigate insertion of “NTs” or “NNs” into the aromatic
! 07 "CO:Me  MeO; 12 Z 76.(50) C—H bond and that amidation could have occurred via an
\ in situ substrate activation step. In addition, the near
> @[% mNHNS 50 (80) quantitative recovery ofl7 (97%) from its reaction with
°© 17 “NH,Ns + PhI(OAc)” in the presence of [RTTP)(CO)]
v U ©\NN52 000 suggests that formation of tié,N-ditosylamidated product

is unlikely to come from consecutive tosylation of a
monosulfonamide species.
a All reactions were carried out in 1,2-dichloroethane with 4 Amolecular [N summary, we describe the first metalloporphyrin-

sieves at 65°C.PIsolated yield based on the amount of heteroarene catalyzed amidation of aromatic heterocycles under mild
consumed¢ Values in parentheses denote substrate conversion determined diti Eff | d . h
by GC analysis? [Rul(TTP)(CO)J:heteroarene:Niis:PhI(OAC) = conditions. Efforts are currently underway to examine the

1.5:100:100:100, 12 I.As described in footnote d but with 250 equiv of  scope of the present amidation protocol with respect to other

NHafls and FhiCA "[RU'(TTP)(CO)]:heteroarene:Niis:Phi(OAc) = heteroarene substrates and the possible reaction mechanism.
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To probe the mechanism of the catalytic reactions, we o 9492323
examined the stoichiometric amidation of furan aNe
phenylpyrrole with [RY' (TMP)(NTs)] (H2(TMP) = meso- (12) Reactions conducted in the presence of Phi(@édpenyz| peroxide
tetrakis(2,4,6-trimethylphenyl)porphyrin). While reduction of as an additive were found to give similar outcomes (i.e., reduction of

3 Ru(VI) to Ru(lV) with no amidation product detected). Also, see Supporting
Ru(VI) to Ru(IV) could be observed by UV/vis spectropho- Information for experimental details.
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