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The study of transition metal-catalyzed addition reactions of Scheme 1

alkenes and alkynes, particularly those involving amino function- cl
alities, has been an important topic in organic chemistry because ™ (‘JHz
these reactions can convert common unsaturated petroleum productg,——=———_cy, + BsNCl, PA(OAc), (10 mol%) >:<
into chemically and biologically important precursérd.Unfor- CH5CN, 80 °C a NHBs

tunately, a multiple-site activation of alkynes by using amino and
halogen moieties has not been discovered thus far. Over the pastrable 1. Results of the Regio- and Stereoselective Reaction of
few years, we have been actively involved in the development of BSNCl2 with arylalkynes®

i i jaminati i CH,Cl
newgmlnohalogenatlon anql dlamlnat.|on regctllons of alkenes. These A i, + BaNG, PAOAG) (10 mol% A CH
reactions have resulted in versatile building blocks such as CH;CN, 80 °C "Cl> <NHBS
haloamines,o.,-differentiated diamines and imidazoline this
communication, we report our preliminary results on the regiose- enny substrates product® mp (°C) yield (%)
lective activation of nonsymmetric alkynes and simultaneous
halogenation on their adjacent alkyl position (Schemé& 1) To P CHyCI

g ) y P ( ) 1 Ph—=—CH, h>=( : u 117-120 61

the best of our knowledge, this reaction serves as the first example a NHBs
of a three-site activation of alkynes with important amine/halogen . cHCl
functionalities. y amm—==—cn, =2 145147 7

CI NHBs
The reaction takes place only in nitrile-containing solvents such

as acetonitrile and propionitrile. Several palladium catalysts such 3  4rpn CH; 4'F'>zl>—(— ;:C[ 3 99-101 66
. S

as Pd(PP¥),, Pd(dba), and Pd(OAc) were found to be effective
for this catalytic reactio2® Among these catalysts, palladium ;e =cu, "=
acetate gave the best yields. It is crucial to generate palladium (0) o7 NHBs ol %
prior to the reaction by mixing the palladium acetate with the alkyne 4-Csfy P cmal
in acetonitrile over 1 h. During this period the reaction mixture 5 4CsHuPh—==—CH, <l:>=(mms 8 67-70 %
turned black, which indicates the in situ reduction of palladium

. . 3-CIP} CH,Cl
(1) to palladium (0). However, other palladium (Il) salts such as 6 3.cir—==—cH, ;>=(NHBS 1 118-120 55
PdCL and Pd(CECOOQ), failed to give any products, which is
probably due to the fact that they cannot be easily reduced to the 7 5.cpppe=—cn, 3'CF3P">#CH2C1 1 99-100 37
palladium (0) state under the current condition. ¢ NHBs

Thg reactlon was carried out by stlrrlpg the.pretreated solution Into a dry vial was added (4-bromophenyl)-1-propyne (97.5 mg, 0.50
containing the catalyst and alkyne witk,N-dichlorobenzene-  mmol) and freshly distilled acetonitrile (0.80 mL). The mixture was stirred
sulfonamide at 82C over a period of 24 h. The crude product and then loaded with palladium acetate (11.2 mg, 10 mol %) to give a

; i At i homogeneous brownish solution. This solution was stirred at room
Wf"‘s subjected _to purification via flash °°'”mr.‘ chromatography temperature fol h until the brownish color changed to black beforg\-
without quenching. Among the three halogen/nitrogen sources We gichiorobenzenesulfonamide (124 mg, 0.55 mmol, 1.1 equiv) was added.
examinedN,N-dichlorobenzenesulfonamidi,N-dichloro{p-tolu- The resulting mixture was heated to-882 °C and stirred at this temperature

enesu|fonamide’ anN,N_dibromo.p_t0|uenesu”onamide, the first for 24 h. It was then cooled to room temperature, and the solvent was

. . evaporated at reduced pressure. The crude residue was directly purified by
one gave the best yields. A slight excess amountNoR- flash column chromatography using ethyl acetate in hexane as the eluent

dichlorobenzenesulfonamide (1.1 equiv) was necessary to achieve(hexane_/EtOAc, 4:1) to give produ2ias a white solid (148 mg, 70% yield).
optimal yields. Interestingly, increasing the amount of halogen/ b_No regio- and stereominor isomers were detectaftields after purification
nitrogen source led to lower yields due to tNechlorination of via column chromatography.X-ray structure of the product was obtained

the product which decomposes on silica gel during column (Figure 1).

chromatography. propynes we examined except for entry 7 where a low yield was
The structure of the product of Table 1) was unambiguously obtained. Different substituents on aromatic rings have no effect

determined by X-ray structural analysis (Figure 1). The crystals ON both regio- and stereoselectivity. Two terminal extended

were obtained by slow evaporation of a methanol solution of the Substrates, 1-phenyl-1-hexyne and 1-(4-nitrophenyl)-1-hexyne, have

pure productL. The results of this new reaction are listed in Table Peen examined. Interestingly, the reaction was found to stop at the

1. A good scope was observed for the phenyl-substituted aromaticStage of 1,2-addition adducts which are also very useful in organic

synthesis. Much work is needed to search for new conditions,

* Department of Chemistry and Biochemistry, Brigham Young University, Provo, catalysts, a,nd hal(.)gen/_mtmge.n S.OUI’CQS to improve yields and the
UT 84602-5700. scope of this multiple-site activation.
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Figure 1. X-ray structure of product.

Scheme 2
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Aryl alkyne substrates (entries-Z of Table 1) were synthesized
by the Sonogashira couplitfghetween propyne gas and aromatic
iodides or bromides in piperidine or triethylamine in the presence
of catalytic amounts of Pd(PBh (1.0 mol %), triphenylphosphine
(2.0 mol %), and copper (I) iodide (1.0 mol %). With aromatic

iodides, the reaction proceeds smoothly at room temperature, but

with bromides the optimal temperature was found to be atG0
For this preparation, the addition of triphenylphosphine was
important to ensure that the palladium does not precipitate out of
the reaction mixture.

The mechanism hypothesis is described in Scheme 2 which is
inspired by similar mechanisms proposed by Trost and Yama-
moto’-15 The first step involves the formation gf-halovinyl
palladium speciesX). This intermediate could be attributed to the
reaction of alkyne andN-chloroN-(chloropalladium)benzene-
sulfonamide or to the oxidative addition of palladium (0) into an
initially formed 5-chloroenamine by the reaction of the alkyne with
N,N-dichlorobenzenesulfonamide. Intermedigi¢ (ndergoeg-hy-
dride elimination to give the following two species, an arylallene
(B) and Pd(H)NCIBs €). Intermediate €) is converted into Pd-
(CI)NHBs (D) prior to the addition onto phenylallenB)to result
in as-allylpalladium speciesH). This complex finally decomposes
to give the product and to regenerate the Pd(0) catalyst.

This mechanism can explain the observation that both the
chlorines ofN,N-dichlorobenzenesulfonamide are consumed during
the reaction process. Our preliminadd NMR experiments
indicated the presence d¢f-chloroenamine intermediate in the
catalytic process. The further study of mechanism will be conducted
in our laboratories. More importantly, the use of carbamates to
replace sulfonamides for this reaction has been proven to be
promising. The first application of this reaction for the synthesis

of methyleneaziridine derivativ€ds currently being studied in our
laboratories.

In summary, a novel catalytic stereo- and regioselective multiple-
site activation of alkynes has been discovered. A new mechanism
was proposed which involves the novel formationsefialovinyl
palladium ands-allylpalladium species. The resulting multiple
functionalized haloenamines will find extensive applications in
organic chemistry.

Acknowledgment. We gratefully acknowledge financial support
from NIH (CA 99995-1) and the Robert A. Welch Foundation
(Grant No. D-1361, D-1460). We thank Professor John Marx, Mr.
David Chen, and Mr. Cody Timmons for helpful discussions and
assistance. Its contents are solely the responsibility of the authors
and do not necessarily represent the official views of the National
Cancer Institute.

Supporting Information Available: Typical procedure, X-ray data,
H and**C NMR spectra of all pure products and CIF datafol his
material is available free of charge via the Internet at http:/pubs.acs.org.

References

(1) (a) Collman, J. P.; Hegedus, L. S.; Norton, J. R.; Finke, RPi@ciples
and Applications of Organotransition Metal Chemistkyniversity Sci-
ences Books: Mill Valley, 1987; Chapters 7.4 and 17.1. (b) Trost, B. M.;
Verhoeven, T. R. IComprehensie Organometallic ChemistyyVilkin-
son, G., Stone, F. G. A., Abel, E. W., Eds.; Pergamon: Oxford, 1982;
Vol. 8, pp 892-895.

(2) (a) Hegedus, L. S. I€omprehensie Organic SynthesisTrost, B. M.,
Fleming, I., Eds.; Pergamon: Oxford, Vol. 4, 1991; pp. 55%0. (b)
Larock, R., InComprehensie Organic Synthesigrost, B. M., Fleming,

I., Eds.; Pergamon: Oxford, 1991; Vol. 4, pp 29897. (c) Wipf, P.;
Jahn, H.Tetrahedron1996 52, 12853-12910.

(3) (a) Negishi, E.-i. ICatalytic Asymmetric Synthesi®jima, I., Ed.; VCH
Publishers: New York, 2000; Chapter 4. (b) Pfaltz, A.; Lautens, M. In
Comprehesie Asymmetric Catalysidacobsen, E. N., Pfaltz, A., Yama-
moto, H., Eds.; Springer-Verlag: Heidelberg, 1999; Vol. Il, Chapter 24.

(4) (a) Muller, T. E.; Beller, M.Chem. Re. 1998 98, 675-703. (b) Ricci,

A. Modern Amination MethodsWiley VCH: Weinheim, 2000. (c)
Yamamoto, Y.; Radhakrishnan, Chem. Soc. Re 1999 28, 199-207.
(d) Pohlki, F.; Doye, SChem. Soc. Re 2003 32, 104-114.

(5) (a) Li, G.; Wei, H.-X.; Kim, S. H.; Neighbors, MOrg. Lett.1999 1,
395-397. (b) Li, G.; Wei, H.-X.; Kim, S. HOrg. Lett.200Q 2. 2249~
2252. (c) Wei, H.-X.; Kim, S. H.; Li, GTetrahedron2001, 57, 3869~
3973.

(6) (a) Li, G.; Wei, H.-X.; Kim, S. H.; Carducci, M. DAngew. Chem., Int.
Ed. 2001, 40, 4277-4280. (b) Wei, H.-X.; Kim, S. H.; Li, GJ. Org.
Chem 2002 67, 47774781. (c) Wei, H.-X.; Siruta, S.; Li, Gletrahedron
Lett 2002 43, 3809-3812. (d) Chen, D.; Timmons, C.; Wei, H.-X.; Li,
G. J. Org. Chem2003 68, 5742-5745.

(7) For catalytic hydroamination of alkynes see refslZ.

(8) (a) Kadota, I.; Shibuya, A.; Gyoung, Y. S.; Yamamoto,JYAm. Chem.
Soc.1998 120, 10262-63. (b) Kadota, I.; Shibuya, A.; Lutete, L. M;
Yamamoto, Y.J. Org. Chem1999 64, 4570-4571.

(9) (a) Johson, J.; Bergman, R. G. Am. Chem. So2001, 123 2923~
2924. (b) Ackermann, L.; Bergman, R. @rg. Lett. 2002 4, 1475~
1478.

(10) (a) Ryu, J. S.; Marks, T. J.; McDonald, F. @rg. Lett.2001, 3, 3091
3094. (b) Li, T.; Marks, T. JJ. Am. Chem. Sod.998 120, 0, 1757
1771. (c) Li, Y. W.; Marks, T. JOrganometallicsl996 15, 3770-3772.

(d) Douglass, M. R.; Ogasawara, M.; Hong, S.; Metz, M. V.; Marks, T.
J. Organometallics2002 21, 283-292.

(11) (a) Kim, Y. K.; Livinghouse, TTetrahedron Lett2001, 42, 2933-2935.

(b) Fairfax, D.; Stein, M.; Livinghouse, T.; Jensen, ®rganometallics
1997 16, 1523-1525.

(12) (a) Haak, E.; Bytschkov, I.; Doye, 8ngew. Chem., Int. EAL999 38,
3389-3391. (b) Heutling, A.; Doye, S. J. Org. Chem2002 67, 1961~
1964.

(13) For palladium-catalyzed amination see: (a) Nettekoven, U.; Hartwig, J.
F.J. Am. Chem. So2002 124, 1166-1167. (b) Kawatsuma, M.; Hartwig,
J. F.J. Am. Chem. So@00Q 122, 9546-9547.

(14) (a) Trost, B. M.Acc. Chem. Redl996 29, 355-364. (b) Wolfe, J. P.;
Wagaw, S.; Marcoux, J.-F.; Buchwald, S.Acc. Chem. Red.998 31,
805—-818. (c) Hartwig, J. FAcc. Chem. Re4998 31, 852-860.

(15) Sonogashira, K.; Tohda, Y.; Hagihara, Retrahedron Lett1975 16,
4467-4470.

(16) Trost, B. M.; Brieden, W.; Baringhaus, K. Angew. Chem., Int. Ed
Engl. 1992 31, 1335-1336.

(17) Hayes, J. F.; Shipman, M.; Slawin, A. M. Z.; Twin, Heterocycle2002
58, 243-250.

JA0304188

J. AM. CHEM. SOC. = VOL. 125, NO. 44, 2003 13341



