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Abstract: Reaction of benzyl (2,2-diphenyl-4,5-hexadienyl)carbamate (4) with a catalytic 1:1 mixture of
AU[P(t-Bu)2(o-biphenyl)]CI (2) and AgOTf (5 mol %) in dioxane at 25 °C for 45 min led to isolation of benzyl
4,4-diphenyl-2-vinylpyrrolidine-1-carboxylate (5) in 95% vyield. The Au(l)-catalyzed intramolecular hydroami-
nation of N-allenyl carbamates tolerated substitution at the alkyl and allenyl carbon atoms and was effective
for the formation of piperidine derivatives. y-Hydroxy and 6-hydroxy allenes also underwent Au-catalyzed
intramolecular hydroalkoxylation within minutes at room temperature to form the corresponding oxygen
heterocycles in good yield with high exo-selectivity. 2-Allenyl indoles underwent Au-catalyzed intramolecular
hydroarylation within minutes at room temperature to form 4-vinyl tetrahydrocarbazoles in good yield. Au-
catalyzed cyclization of N-allenyl carbamates, allenyl alcohols, and 2-allenyl indoles that possessed an
axially chiral allenyl moiety occurred with transfer of chirality from the allenyl moiety to the newly formed
stereogenic tetrahedral carbon atom.

Introduction the transition metal-catalyzed hydrofunctionalization of allenes

Nitrogert and oxyged heterocycles are common structural with carbon and heteroatom nucleophiles has been investigated

compon_ents of a wide range of naturally occurring and biologi- (4) (a) Tan, K. L; Bergman, R. G.; Ellman, J. 4. Am. Chem. So@001,
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is of central importance in organic synthesisn attractive and 8ragﬁmetalgcsA19888 7, 936A(?3 Ta?.' K.ZL(.);0 g%suzdle:;/fn(’f)A\'(; Bergén%\r}, R.
H H . H . man, J. A.; Souers, A. Org. Lett. s . oun, S. W.;
atom-economical route to the synthesis of functionalized Pastine, S. J.; Sames, Drg. Lett. 2004 6, 581, (q) Yao, X.; Li, C.-JJ.

heterocycles is via the transition metal-catalyzed addition of the Am. Chem. SoQ004 126, 6384.

. . (5) (a) Widenhoefer, R. APure Appl. Chem2004 76, 671, and references
X—H bond of a carbon, nitrogen, or oxygen nucleophile across therein. (b) Liu, C.; Han, X.; Wang, X.; Widenhoefer, R. A.Am. Chem.

the G=C bond of a pendant alkene (hydrofunctionalization). Soc.2004 126 3700. (c) Han, X.; Wang, X,; Pei, T.; Widenhoefer, R. A.
. . . Chem. Eur J2004 10, 6343. (d) Qian, H.; Pei, T.; Widenhoefer, R. A.
Unfortunately, due to a number of factors including the high Organometallic2005 24, 287. (e) Liu, C.; Widenhoefer, R. Aetrahedron
i ili - i Lett. 2005 46, 285.
thermOdy.n.armC S'[al?lllty of most>H o bon.ds and th.e. inherent (6) (a) Beller, M.; Tillack, A.; Seauyad, J. ifransition Metals for Organic
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of unactivated alkenes with @3 N-,6-9 or O-nucleophile¥ Hong, S.; Marks, T. JAcc. Chem. Re004 37, 673. (d) Michael, F. E.;
remain scarce Cochran, B. MJ. Am. Chem. SQQOOG 128 4246. (e) Riegert, D.; Collin,

' . J.; Meddour, A.; Schulz, E.; Trifonov, Al. Org. Chem200§ 71, 2514.
The G=C n-bond of an allene is~10 kcal/mol less stable (f) Gribkov, D. V.; Hultzsch, K. C.; Hampel, K. Am. Chem. So@006
than is the &C z-bond of a simple alken® For this reason, 128 3748. (g) Kim, J. v.; Livinghouse, TOrg. Lett.2005 7, 4391. ()
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J. Chem. Soc., Perkin Trans2D0Q 2862. (c) Liddell, J. RNat Prod. 2042. (k) Zulys, A.; Dochnahl, M.; Hollmann, D.;'bowitz, K.; Herrmann,
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C.; Williams, E.J. Chem. So¢Perkin Trans. 12001, 2303. (c) Alali, F. (8) (a) Bender, C. F.; Widenhoefer, R. A.Am. Chem. So2005 127, 1070.
Q.; Liu, X. X.; McLaughlin, J. L.J. Nat. Prod.1999 62, 504. (d) Boivin, (b) Wang, X.; Widenhoefer, R. AOrganometallics2004 23, 1649. (c)
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as a means to circumvent some of the difficulties associated gold-catalyzed intramoleculaxchydroamination oN-alkenyl

with catalytic alkene hydrofunctionalizatiédHowever, whereas
Ag(l), Au(lll), and Cu(l) complexes catalyze tlendchydro-
functionalization of allenes with N¥ O-1516and S’ nucleo-
philes, theexahydrofunctionalization of allenes with carbon

carbamate&27-33 As an example of this protocol, treatment of
the N-5-hexenyl carbamat#& with a catalytic 1:1 mixture of
AuU[P(t-Bu)y(o-biphenyl)]CI @) and AgOTf (5 mol %) in
dioxane at 60C for 18 h led to isolation of protected pyrrolidine

and heteroatom nucleophiles remains problematic. Although the3 in 97% vyield (eq 1). Employment of the sterically hindered

Ag(l)-catalyzedexohydroaminatio#® andexchydroalkoxyla-
tion®® of allenes and the Pd(ll)-catalyzedohydroaminatioff-2!
andexchydroalkylatio!-22of allenes have been reported, these
protocols suffer from a number of shortcomings including
limited substrate scope, low reactivity, and/or modest turnover
numbers324 Similarly, d°lanthanide complexes are active
catalysts for theexahydroamination ofy- and é-amino al-
lenes?526 but the synthetic utility of these protocols is com-
promised by the poor functional group compatibility and
excessive air- and moisture-sensitivity of the oxophilic catalyst.
As part of a program directed toward the development of
new catalytic methods for the transition metal-catalyzed hy-
drofunctionalization of unactivated alkenes with carbami;
trogen®? and oxygefi! nucleophiles, we recently reported the

(11) Qian, H,; Han, X.; Widenhoefer, R. A. Am. Chem. So2004 126, 9536.

(12) Padwa, A.; Filipkowski, M. A.; Meske, M.; Murphree, S. S.; Watterson,
S, H.; Ni, Z.J. Org. Chem1994 59, 588.

(23) Bates R. W.; Satcharoen, €hem. Soc. Re 2002 31, 12.

(14) (a) Lee, P. H.; Kim, H.; Lee, K.; Kim, M.; Noh, K.; Kim, H.; Seomoon,
D. Angew. Chem. Int. E®005 44, 1840. (b) Ohno, H.; Toda, A.; Miwa,
Y.; Taga, T.; Osawa, E.; Yamaoka, Y.; Fujii, N.; Ibuka,J.Org. Chem.
1999 64, 2992. (c) Dieter, R. K.; Yu, HOrg. Lett. 2001, 3, 3855. (d)
Morita, N.; Krause, NOrg. Lett.2004 6, 4121. (e) Prasad, J. S.; Liebeskind,
L. S. Tetrahedron Lett1988 29, 4253. (f) Claesson, A.; Sahlberg, C.;
Luthman, K.Acta Chem. Scand.979 309.

(15) (a) Ma, S.; Yu, Z.; Wu, STetrahedron2001, 57, 1585. (b) Hoffmann-
Roder, A,; Krause NOrg Lett. 2001, 3, 2537. (¢) Young, J.-j.; Jung,
L.j.; Cheng K.-m Tetrahedron Lett200Q 41, 3411. (d) Young, J.-j.; Jung,

L.—j.; Cheng, K.-m.Tetrahedron Lett200Q 41, 3415. (e) Marshall, J. A;;

Wang, X.J. Org. Chem1991, 56, 4913. (f) Marshall, J. A.; Pinney, K. G.

J. Org. Chem1993 58, 7180. (g) Marshall, J. A.; Bartley, G. 8. Org.

Chem.1994 59, 7169. (h) Olsson, L.-I.; Claesson, 8ynthesid4979 743.

(i) Nikam, S. S.; Chu, K.-H.; Wang, K. KJ. Org. Chem1986 51, 745.

() Walkup, R. D.; Park, GTetrahedron Lett1987 28, 1023. (k) VanBrunt,

M. P.; Standaert, R. FOrg. Lett.200Q 2, 705. () Lepage, O.; Kattnig, E

Furstner A.J. Am. Chem. So@004 126, 15970. (m) Marshall J.

Wolf, M. A.; Wallace, E. M.J. Org. Chem1997, 62, 367.

For examples of the catalytic cyclization of allenyl ketones see: (a) Hashmi,

A. S. K.; Schwarz, L.; Choi, J.-H.; Frost, T. MAingew. Chem. Int. Ed.

200Q 39, 2285. (b) Hashmi, A. S. K.; Ruppert, T. L.; Knofel, T.; Bats, J.

W. J. Org. Chem1997, 62, 7295. (c) Marshall, J. A.; Robinson, E. D.

Org. Chem.199Q 55, 3450. (d) Marshall, J. A.; Wang, X.. Org. Chem.

1991, 56, 960. (e) Marshall, J. A.; Wang, X. Org. Chem1992 57, 3387.

(f) Marshall, J. A.; Wallace, E. M.; Coan, P. $. Org. Chem1995 60,

796. (g) Marshall, J. A.; Sehon, C. A. Org. Chem1995 60, 5966. (h)

Sromek, A. W.; Rubina, M.; Gevorgyan, . Am. Chem. So2005 127,

10500.

Morita, N.; Krause, NAngew. Chem. Int. En@00§ 45, 1897.

(a) Huby, N. J. S.; Kinsman, R. G.; Lathbury, D.; Vernon, P. G.; Gallagher,

T.J. Chem. Soc., Perkin Trans.1B91 145. (b) Gallagher, T.; Jones, S.

W.; Mahon, M. F.; Molloy, K. C.J. Chem. Soc., Perkin Trans.199],

2193. (c) Arseniyadis, S.; Sartoretti, Detrahedron Lett1985 26, 729.

(d) Fox, D. N. A.; Lathbury, D.; Mahon, M. F.; Molloy, K. C.; Gallagher,

T.J. Chem. Soc., Chem. Comma@89 1073. (e) Ha, J. D.; Cha, J. K.

Am. Chem. S0d.999 121, 10012. (f) Kinsman, R.; Lathbury, D.; Vernon,

P.; Gallagher, TJ. Chem. Soc., Chem. Comm@887, 243. (g) Lathbury,

D.; Gallagher, TJ. Chem. Soc., Chem. Comm@886 114. (h) Lathbury,

D. C.; Shaw, R. W.; Bates, P. A.; Hursthouse, M. B.; Gallagher).T.

Chem. Soc., Perkin Trans.1989 2415.

(19) (a) Gallagher, TJ. Chem. Soc., Chem. Commuadfa84 1554. (b) Audin,
P.; Doutheau, A.; Ruest, L.; Gore, Bull. Chem. Soc. Fr1981, 313. (c)
Audin, P.; Doutheau, A.; Gore, Bull. Chem. Soc. Fr1984 297. (d) Audin,
P.; Dutheau, A.; Gore, Jletrahedron Lett1982 23, 4337. (e) Chilot,
J.-J.; Doutheau, A.; Gore, Bull. Chem. Soc. Fr1984 307.

(20) Meguro, M.; Yamamoto, YTetrahedron Lett1998 39, 5421.

(21) (a) Ma, S.Chem. Re. 2005 105 2829. (b) Zimmer, R.; Dinesh, C. U.;
Nandanan, E.; Khan, F. AChem. Re. 200Q 100, 3067. (c) Yamamoto,
Y.; Radhakrishnan, UChem. Soc. Re 1999 28, 199.

(22) (a) Meguro, M.; Kamijo, S.; Yamamoto, Yetrahedron Lett1996 37,
7453, (b) Trost, B. M.; Michellys, P.-Y.; Gerusz, V.Angew. Chem., Int.
Ed. Engl.1997, 36, 1750.

(23) High activity in the Pd-catalyzed hydrofunctionalization is realized only
in the cases of allenes activated by an aryl group or a heteroatom. (a)
Kamijo, S.; Yamamoto, YTetrahedron Lett1999 40, 1747. (b) Trost, B.
M.; J&kel, C.; Plietker, BJ. Am. Chem. So003 125, 4438.

(16)

(17)
(18

=

o-biphenyl ligand was crucial for high activity; cyclization of
1 catalyzed by a 1:1 mixture of Au(PBI and AgOTf (5 mol
%) reached only 75% conversion after 24 h at 2@ The
high activity of the2/AgOTf catalyst system with respect to
theexchydroamination ofN-alkenyl carbamates suggested that
2/AgOTf might also catalyze thexohydroamination ofN-
allenyl carbamates under mild conditions. Indeed, here we report
that a 1:1 mixture of2 and AgX (X = OTf, OTs) is an
exceptionally active catalyst system for #ses-hydroamination

of N-allenyl carbamates and also for theo-hydroalkoxylation

of allenyl alcohols and theexahydroarylation of 2-allenyl
indoles.

Au[P(#-Bu)o(o-biphenyl)]CI
(2; 5 mol%)
AgOTf (5 mol%)
dioxane, 60 °C, 18 h
97%

1 eq1
Cbz a

N _Me

Ph 3

NHCbz

PhJ/\/\

Ph

Results and Discussion

exo-Hydroamination of N-Allenyl Carbamates. Mixtures
of 2 and AgOTf in dioxane catalyzed tlexohydroamination
of 4,5-hexadienyl carbamates within minutes at room temper-
ature. For example, reaction bdFallenyl carbamatel with a

(24) For examples of the Pd(ll)-catalyzed intermolecular hydrofunctionalization
of allenes with carbon and heteroatom nucleophiles see: (a) Al-Masum,
M.; Yamamoto, Y.J. Am. Chem. Sod.998 120, 3809. (b) Yamamoto,
Y.; Al-Masum, M.; Asao, NJ. Am. Chem. Sod994 116, 6019. (c) Trost,

B. M.; Gerusz, V. JJ. Am. Chem. Sod.995 117, 5156. (d) Zhao, C.-Q.;
Han, L.-B.; Tanaka, MOrganometallic200Q 19, 4196. (e) Yamamoto,
Y.; Al-Masum, M.; Fujiwara, N.; Asao, NTetrahedron Lett1995 36,
2811. (f) Ogawa, A.; Kudo, A.; Hirao, Tretrahedron Lett1998 39, 5213.
(g) Kamijo, S.; Al-Masum, M.; Yamamoto, YTetrahedron Lett1998
39, 691. (h) Al-Masum, M.; Meguro, M.; Yamamoto, Yetrahedron Lett.
1997, 38, 6071. (i) Besson, L.; Gord.; Cazes, BTetrahedron Lett1995
36, 3853-3857.

(25) (a) Arredondo, V. M.; McDonald, F. E.; Marks, T.J.Am. Chem. Soc.
1998 120, 4871. (b) Arredondo, V. M.; McDonald, F. E.; Marks, T. J.
Organometallics1999 18, 1949. (c) Hong, S.; Kawaoka, A. M.; Marks,
T. J.J. Am. Chem. So®Q003 125, 15878.

(26) For the Ti(lV)-catalyzed hydroamination of allenylamines to form cyclic
imines see: (a) Ackermann, L.; Bergman, R.@g. Lett.2002 4, 1475.

(b) Ackermann, L.; Bergman, R. G.; Loy, R. N. Am. Chem. So2003
125 11956. (c) Hoover, J. M.; Petersen, J. R.; Pikul, J. H.; Johnson, A. R.
Organometallics2004 23, 4614.

(27) Examples of the Au(l) catalyzed hydrofunctionalization of alkynes with
C% 29N30, and G 32nucleophiles have appeared recently.

(28) Kennedy-Smlth J. J.; Staben, S. T.; Toste, FJ.DAm. Chem. So004
126, 4526.

(29) (a) Ferrer, C.; Echavarren, A. Mngew. Chem. Int. EQR006 45, 1105.

(b) Staben, S. T.; Kennedy-Smith, J. J.; Toste, FADgew. Chem. Int.
Ed.2004 43, 5350. (c) Zhang, L.; Kozmin, S. Al. Am. Chem. So2005
127, 6962.

(30) (a) Mizushima, E.; Hayashi, T.; Tanaka, Mrg. Lett.2003 5, 3349. (b)
Gorin, D. J.; Davis, N. R.; Toste, F. . Am. Chem. So®005 127,
11260.

(31) (a) Genin, E.; Toullec, P. Y.; Antoniotti, S.; Brancour, C.; Genet, J.-P;
Michelet, V.J. Am. Chem. So2006 128 3112. (b) Buzas, A.; Gagosz,
F. Org. Lett.2006 8, 515. (c) Mizushima, E.; Sato, K.; Hayashi, T.; Tanaka,
M. Angew. Chem. Int. EQR002 41, 4563. (d) Casado, R.; Contel, M.;
Laguna, M.; Romero, P.; Sanz, $. Am. Chem. SoQ003 125 11925.

(e) Roembke, P.; Schmidvaur, H.; Cronje, S.; Raubenheimed, Mlol.
Catal. A2004 212 35.
(32) Liu, Y,; Song, F.; Song, Z.; Liu, M.; Yan, BOrg. Lett.2005 7, 5409.
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catalytic 1:1 mixture oR and AgOTf (5 mol %) in dioxane at Table 1. Intramolecular Hydroamination of N-Allenyl Carbamates
; ; ; i Catalyzed by a 1:1 Mixture of Au[P(#-Bu)(o-biphenyl)]CI (2) and

room _tt_ampe_rature fc_)r 45 min led to |sqlat|on of 2-vinyl AgOTf in Dioxane at 25 °C for 5—180 min

pyrrolidine 5 in 95% yield (eq 2). In comparison, treatment of oy allonvl carbamate hetemcycle oy

4 with a catalytic amount of AgOTf (5 mol %) at room Y Y 4 -

temperature for 2 days led to no detectable consumptidrPbf
NHCbz 2 (5 mol%) e 41/\ QA

A °o
PH 25°C, 45min  Ph 2 R = Fmoo 88
4 95% Ph 5 Ph._ _NHCbz Cbz
N .
Gold-catalyze@xchydroamination was also effective for Boc 8 P O/\ 80 (16:1)
and Fmoc-substituteN-allenyl carbamates (Table 1, entries 1 NHCbz
and 2). The protocol tolerated substitution at the C(1) or C(3)
position of the 4,5-hexadienyl chain with modest to good levels 4 [{\ Q/\ 90 (4:1)
of diastereoselectivity (Table 1, entries 3 and 4). The protocol
tolerated substitution at the internal and terminal allenyl carbon NHCbz Cbz
atoms and was also effective for the formation of piperidine 5 Me @(\ 97
derivatives via cyclization of protecteidamino allenes (Table Me
1, entries 5-10). N-Allenyl carbamates, 8, and 12, which NHCbz Cbz
possessed an_aX|_aIIy chiral allenyl moiety, underwent Au- (/\ (b/\/ﬁ
catalyzed cyclization to form heterocycles 9, and 13 R
respectively, with selectivex(50:1) formation of thee-alkene 6 R =Me (6) 7 92 (250°1)
(Table 1, entries 6, 7, and 10). Noteworthy was that the Au- 7 R = n-Pr (8) 98 (250:1)
catalyzed intramolecular hydroamination 1 to form pyrro- NHCbz
lidine 11 was run under ambient atmosphere without any 8 (/\/
. - N\—Me 96
apparent decrease in rate or efficiency (Table 1, entry 8). m
Although relatively high catalyst loadings (5 mol %) were 10 e
employed in the preparative-scale reactions described above,
efficient hydroamination was realized with significantly lower NHCbz Ph NCbz
catalyst loading. In one experiment, a concentrated solution of ° AQ\ A(;K/ 92 (7.0:1)°
N-allenyl carbamatelO (0.64 mmol, 1.3 M) in dioxane was
treated with a catalytic 1:1 mixture @and AgOTf (1 mol %) NHCh
and stirred for 25 min at room temperature. GC analysis revealed 10 z O\‘z’z/\ 96 (250:1)
complete consumption di0to form 11 as the exclusive product. e

13

A second portion ofL0 (0.64 mmol) was added, the reaction

mixture was stirred for 25 min at room temperature, and
subsequent GC analysis again revealed complete consumption 2lsolated material of95% purity.” Reaction run at 25C for 22 h.
of 10 with formation .Ofll gs the exclu_swe perUCt' Ch.roma- Table 2. Intramolecular Hydroalkoxylation of 14 as a Function of

tography of the reaction mixture gaté in 96% isolated yield. Catalyst

Likewise, reaction ofL0 (0.5 M) with a catalytic 1:1 mixture

of 2 and AgOTTf (0.5 mol %) at room temperature for 14 h led catalyst (5 moi%)
to isolation of11in 96% yield. h Ttoluene, 25°C P Ph

exo-Hydroalkoxylation of Allenyl Alcohols. In contrast to
the hydroamination of 4,5-hexadienyl carbamates, the hy-

entry catalyst time conv. yield 152 yield 162

(33) For recent examples of the Au(l)-catalyzed cyclization of enynes and related 1 2/AgOTf 5 min >99% 48% 37%
substrates see: (a) Nieto-Oberhuber, C.; Lopez, S.; Echavarren, A. M. 2 2/AgOTs 3min  >99% 96% <1%
Am. Chem. So@005 127, 6178. (b) Luzung, M. R.; Markham, J. P.; Toste, 0, 0 0,

F. D.J. Am. Chem. SoQ004 126, 10858. (c) Mamane, V.; Gress, T.; 2 ﬁgg% ];16821 12{; 14% 0%
Krause, H.; Furstner, AJ. Am. Chem. So@004 126, 8654. (d) Nieto- g _ . o 0 o o
Oberhuber, C.: Munoz, M. P.: Bunuel, E.; Nevado, C.; Cardenas, D. J.; 9 [PICI(H,C=CHp)]s/ 5min  >99% 0% 49%

Echavarren, A. MAngew. Chem. Int. E®004 43, 2402. (e) Sherry, B. P(CHsCRs)3
D.; Toste, F. D.J. Am. Chem. SoQ004 126, 15978. (f) Faza, O. N.;
Lopez, C. S.; Alvarez, R.; de Lera, A. R. Am. Chem. So@006 128
2434. (g) Mezailles, N.; Ricard, L.; Gagosz, ®rg. Lett.2005 7, 4133.
(h) Gagosz, FOrg. Lett.2005 7, 4129. (i) Suhre, M. H.; Reif, M.; Kirsch, . .
S.F.Org. Lett.2005 7, 3925. (j) Shi, X.; Gorin, D. J.; Toste. F. D. Am. droalkoxylation of 4,5-hexadienyl alcohols catalyzedig-
Chem. So0c2005 127, 5802. (k) Zhang, L.; Wang, 5. Am. Chem. Soc.  OTf occurred rapidly but with poor regioselectivity. For

2006 128 1442. (I) Ma, S,; Yu, S.; GWZ. Angew. Chem. Int. EQ200 . : .
45, Soo& () Ma U, S: GLZ. Angew. Chem. In 8 example, reaction of 2,2-diphenyl-4,5-hexadierid) catalyzed

(34) The presence of significant acid-catalyzed background reactions in the Au- by a 1:1 mixture of2 and AgOTf at room temperature for 5
catalyzed exahydrofunctionalization of allenes was ruled out by the . . . .
following control experiments: Treatment @f with a catalytic amount min led to complete consumption # to form a 1.3:1 mixture
of HOTf (5 mol %) in dioxane at room temperaturer 2 h led to no i i 0 i
detectable formation ofl. Treatment ofl4 with a catalytic amount of o,f tetrahydmfurams and dlhydropyraril6 in 85% combined i
HOTSs (10 mol %) in toluene at room temperatureXd led fo no detectable ~ yield by GC (Table 2, entry 1). However, subsequent experi-
formation of 15. Treatment of21 with a catalytic amount of HOTf (10 ; ; i _
mol %) in dioxane at room temperaturerf@ h led to no detectable mentation revgaled that the regioselectivity of Au-catalyzed
formation of22. hydroalkoxylation depended strongly on the nature of the

aYield determined by GC analysis vs internal standard.
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Table 3. Intramolecular Hydroalkoxylation of Allenyl Alcohols
Catalyzed by a 1:1 Mixture of Au[P(#-Bu)z(o-biphenyl)]CI (2) and
AgOTs in Toluene at 25 °C for 5—75 min

entry allenyl alcohol heterocycle yield (%)?
OH 0.
! Ph p/\ 91
pH Ph
14 Ph 15
OH O\
2 gsb
OH O,
N 98
8 Ph Ph
PH Ph
OH O AN
4 75
Ph.__OH PhQ©
5 (J/\ 96 (7.2:1)
OH O\
6 96 (5.6:1)
Ph Ph i
PH Me PH y
Me Me
OH 0.
7 Me Met)/\ 97°
Me
O. Me
OH Me S
8 Ph Me 96
Ph PH
Ph
OH 0.
N\ R2
;
R R R
R! R!

9 R'=H,R2=n-Pr(17a) 18a 97 (5.3:1)P
10 R'=Ph, R2= n-pentyl (17b) 18b 90 (5.5:1)
11 R'=Ph, R?=Me (17¢) 18¢c 93 (6.1:1)

o]
12 99 (20:1)

Ph

T
=2
2:\%
us)
3
- 3
:r.?
:
)

N
o

R = n-pentyl (19)

alsolated material of>95% purity.® H NMR yield; reaction run in
dioxaneds.

counterion. In an optimized procedure, reactionldfwith a
catalytic 1:1 mixture of2 and AgOTs in toluene at room
temperature for 3 min led to complete consumptionléfto
form 15 in 96% vyield (GC) without formation of significant
amounts £19%) of 16 (Table 2, entry 2). Subsequent chroma-
tography gavel5in 91% isolated yield (Table 3, entry 1).

In contrast to mixtures o2 and AgOTs, Ag(l) salts alone
displayed little activity for theexahydroalkoxylation ofl14.
Reaction of14 with a catalytic amount of AgN@at room
temperature led to only 17% conversion after 16 h to fd5n
in 14% yield (Table 2, entry 3). Treatment b4 with a catalytic
amount of AgOTs led to no detectable consumptioddéfter
48 h at room temperature (Table 2, entry 4). Reactiol4f
with a catalytic 1:1 mixture of [PtCI(lC=CH,)], and P(GHs-
CRs)s, previously employed as a catalyst for the intramolecular
hydroalkoxylation of alkenyl alcohols,led to rapid consump-

ARTICLES
Table 4. Intramolecular Hydroarylation of 21 as a Function of
Catalyst
/ E catalyst (5 mol %) / E 4 / E
E dioxane, 25 °C
3 E E
- vond
21 (E = CO,Me) 22 23
conversion yield 22 yield 23
entry catalyst time (h) (%)? (%)? (%)?
1 2/AgOTf 0.25 >99 >99 0
2 AgBF4 2 0 0 0
3 PdCh(MeCNY), 2 19 0 0
4 Pd(OAc)» 2 15 0 0
5 Pd(OAc)/dppb 2 17 0 0
6 [Pd(allyl)Cl]/dppf 2 14 0 0
7 PtChb 2 20 10 14
8 PtCl 2 92 44 26
9 AuCly/AgOTf 2 68 40 15
10 AuCI/AgOTf 2 >99 25 56

a Conversion and yield determined by GC analysis vs internal standard.

tion of 14 to form 16 in 49% vyield without formation of
detectable amounts df5 (Table 2, entry 53

5,6-Heptadien-1-ols also underwent efficiemt-hydroalkox-
ylation within minutes at room temperature in the presence of
catalytic amount of2/AgOTs to form the corresponding
2-alkenyl tetrahydropyran derivatives in good yield (Table 3,
entries 2-12). Gold-catalyzed hydroalkoxylation tolerated
substitution at the C(1), C(2), or C(4) position of the 5,6-
heptadienyl chain and was effective for the cyclization of
unsubstituted 5,6-heptadienol (Table 3, entries7R 5,6-
Heptadien-1-ols that possessed a single substituent at either the
C(1) or C(4) position underwent Au-catalyzed hydroalkoxylation
with good diastereoselectivity (Table 3, entries 5 and 6).
Furthermore, both the &xo hydroalkoxylation ofy-hydroxy
allenes and the &xo hydroalkoxylation ofdo-hydroxy allenes
tolerated substitution at the terminal allenyl carbon atom (Table
3, entries 812). Noteworthy was that the gold-catalyzed
hydroalkoxylation of the axially chirgl-hydroxy allened 7a—c
formed tetrahydrofuran&8a—c, respectively, in>90% yield
with =5.3:1E:Z selectivity (Table 3, entries-911). Likewise,
gold-catalyzed hydroalkoxylation of the axially chitahydroxy
allene 19 formed tetrahydropyra0 in 99% yield with 20:1
E:Z selectivity (Table 3, entry 12).

exo-Hydroarylation of Allenyl Indoles. Mixtures of 2 and
AgOTf catalyzed the room-temperature intramolecuac
hydroarylation of 2-allenyl indoles to form functionalized
tetrahydrocarbazoles. As an example, treatment of the 2-(4,5-
hexadienyl)indole21 with a catalytic 1:1 mixture o2 and
AgOTf in dioxane at 25°C for 15 min led to complete
consumption of21 to form tetrahydrocarbazol22 in >99%
yield by GC analysis of the crude reaction mixture (Table 4,
entry 1). A number of complexes were screened as catalysts
for the conversion o021 to 22, but none proved as active or as
selective as was the catalyst generated feand AgOTf (Table
4). Silver(l) and Pd(ll) complexes displayed no catalytic activity
with respect to the conversion 1 to 22 (Table 4, entries 26).
Platinum dichloride, which catalyzes the hydroarylation of 2-
and 3-alkenyl indole® displayed little catalytic activity for the
intramolecular hydroarylation &1 (Table 4, entry 7). Neutral
Pt(IV) complexes and cationic, “ligandless” Au(lll) and Au(l)
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complexes displayed considerably greater catalytic activity than Table 5. Intramolecular Hydroarylation of 2-Allenyl Indoles

did PtCh but also displayed poor regioselectivity for hydroary-
lation (Table 4, entries-810)34
Gold-catalyzed hydroarylation was effective for allenyl

indoles that possessed either an electron-donating or an electron-

withdrawing group on the indole moiety and the protocol
tolerated substitution at either the internal or terminal allenyl
carbon atom (Table 5, entries—B). From this group of
examples, several points are worth noting. First, the axially chiral
2-allenylindole24 underwent Au-catalyzed cyclization to form
tetrahydrocarbazol@5 with exclusive & 50:1) formation of
theE-alkene (Table 5, entry 5). Second, allenyl ind®& which
possessed a single carbomethoxy group at the C(2) position of
the 4,5-hexadienyl chain, cyclized in good yield to form
tetrahydrocarbazol27 as a 5:1 mixture of cis:trans diastereo-
mers (Table 5, entry 7). Third, reaction of the bis(hydroxy-
methyl) substituted indol@8 with a catalytic 1:1 mixture of
2/AgOTf led to formation of tetrahydrocarbazd?® via 6-exo
hydroarylation without formation of detectable amounts of the
corresponding tetrahydrofuran via e€xo hydroalkoxylation
(Table 5, entry 8). The 2-(5,6-heptadienyl) ind8underwent
Au-catalyzed cyclization at room temperature to form the seven-
membered ring derivativ8l in good yield, although longer
reaction time was required (Table 5, entry 9). In comparison,
allenyl carboxamid&2 underwent gold-catalyzed hydroarylation
at 60°C to form a~1:1 mixture of dihydro3-carbolinone33

and dihydroazepinoindolor@ in 72% combined yield (Table

5, entry 10).

Axial to Tetrahedral Chirality Transfer. Transfer of
chirality from an axially chiral allenyl moiety to a tetrahedral
stereogenic carbon atom has been observed for a number of
catalytic and noncatalytic reactions including the intramolecular
[4+2] cycloaddition of allenyl propargyl alcoho#8 the inter-
molecular [4+-2] cycloaddition of allene-1,3-dicarboxylatés,
the [2+2] cycloaddition of allenylsilane¥, the Nazarov-type
cyclization of allenyl alkene® the Mo- and Zr-mediated
carbonylative bicyclization of ynallené®,the Ni-catalyzed
coupling of an allene, aldehyde, and a sil&hdéhe Rh(l)-
catalyzed cycloisomerization of allenyl cyclopropylalkefies,
the iodohydroxylation of allenylsulfoxide/, and the meth-
oxymercuration and halogenation of 1,3-dimethylalletfes.
Because the Au-catalyzed hydroamination of axially chiral
N-allenyl carbamate®, 8, and 12 occurred with exclusive
formation of theE-alkene, we considered that the Au-catalyzed
hydroamination oN-allenyl carbamates might also occur with
transfer of chirality from the allenyl moiety to the newly formed
stereogenic carbon atom. Indeed, treatment of the enantiomeri-
cally enrichedN-allenyl carbamateS)-8 (<84% ee}* with a
catalytic 1:1 mixture o and AgOTf led to isolation of§)-9
in 96% yield with 74% ee (eq 3). Gold-catalyzed hydroarylation

(35) Gibbs, R. A,; Bartels, K.; Lee, R. W. K.; Okamura, W. H.Am. Chem.
Soc.1989 111, 3717.

(36) Ikeda, I.; Honda, K.; Osawa, E.; Shiro, M.; Aso, M.; Kanematsu,JK.
Org. Chem.1996 61, 2031.

(37) Shepard, M. S.; Carreira, E. M. Am. Chem. Sod.997 119 2597.

(38) Hu, H.; Smith, D.; Cramer, R. E.; Tius, M. A. Am. Chem. Sod.999
121, 9895.

(39) Brummond, K. M.; Kerekes, A. D.; Wan, H. Org. Chem2002 67, 5156.

Catalyzed by a 1:1 Mixture of Au[P(#-Bu)(o-biphenyl)]CI (2) and
AgOTf in Dioxane at 25 °C for 30 min

entry

allenyl indole?

product yield (%)°
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aE = COMe. " Isolated material of~95% purity.¢ Reaction run for

(40) (a) Ng, S.-S.; Jamison, T. B. Am. Chem. So005 127, 7320. (b) Ng, !
22 h.9Reaction run at 60C for 1 h.

S.-S.; Jamison, T. Fletrahedron2005 61, 11405.

(41) Wender, P. A,; Glorius, F.; Husfeld, C. O.; Langkopf, E.; Love, JJA.
Am. Chem. Sod999 121, 5348.

(42) Ma, S.; Ren, H.; Wei, Q1. Am. Chem. So2003 125, 4817.

(43) Waters, W. L.; Linn, W. S.; Caserio, M. G. Am. Chem. So0d.968 90,
6741.

of axially chiral allenyl indoles also occurred with transfer of
chirality from the allenyl moiety to the newly formed stereogenic
carbon atom. For example, reaction of enantiomerically enriched
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(R)-24 (52% ee) with a catalytic 1:1 mixture @& and AgOTf
led to isolation of25 in 86% yield with 52% ee (eq 4).

NHCbz 2 (5 mol%)
AgOTf (5 mol%)
dioxane, 25 °C
o 96%
eq3
(5)-8 (=84% ee) Mo
Cbz
N ¢H/ Me
(R)-9 (74% ee)
Me
N 2 (5 mol%)
/ g AgOTf (5 mol%)
E 25 °C, 20 min
86 %
eq4
n-pentypim Me
(R)-24 (52% ee) N
/ E
E
n-pentyl 25 (52% ee)

In contrast to Au-catalyzed hydroarylation and hydroamina-
tion, the Au-catalyzed hydroalkoxylation of axially chiral allenyl

alcoholsl7 formed mixtures o andZ-alkenes (Table 3, entries

9—11). Nevertheless, the Au-catalyzed hydroalkoxylation of

mixture of enantiomerically enrichedE)-18b and @)-18b
formed 2n-heptyl-4,4-diphenyltetrahydrofuraBs) in 86% yield
with 67% ee (er= 5.1:1).

An additional experiment was performed to assign the
absolute stereochemistry to tReandZ-isomers formed via the
gold-catalyzed hydroalkoxylation of an axially chrial allenyl
alcohol. To this end, reaction of the enantiomerically enriched
allenyl alcohol §-17a(84% ee) with a catalytic 1:1 mixture
of 2 and AgOTs led to formation of a 5.3:1 mixture &)((E)-
18a(81% ee) and9),(2)-18a(84% ee) in 87% combined yield
by 'H NMR analysis (eq 5). The absolute stereochemistry of
(R),(E)-18aand ©),(2)-18awas assigned by comparison to an
authentic sample of a 25:1 mixture d®)((2)-18aand R),(E)-
18asynthesized in two steps from commercially availalbe (
2-hydroxymethyltetrahydrofurafs.

H 2 (5 mol%)
AgOTs (5 mol%)

toluene-dg, 25 °C,2 h
87% ("H NMR)

wPr

(S)-17a (84% ee)

n-Pr
(R).(E)-18a (8),(2-18a
(81% ee) (84% ee)
5.3:1

Mechanism. Both inner-spher€ and outer-spherg6a28.32

axially chiral allenyl alcohols also occurred with transfer of mechanisms have been suggested for the gold-catalyzed addition
chirality from the allenyl moiety to the newly formed stereogenic of C-, N-, and O-nucleophiles to alkenes and alkynes. However,
carbon atom. For example, treatment of the enantiomerically stereochemical analysis of the Au(l)-catalyzed hydroalkylation

enriched allenyl alcohoR)-17b (94%+ 3% ee) with a catalytic

1:1 mixture of2 and AgOTs led to isolation of a 5.5:1 mixture

of (E)-18b (=90% ee) and4)-18b (=90% ee) in 92% combined
yield (Scheme 1}° Noteworthy was thatE)-18b and ¢)-18b

Scheme 1
H
© 2 (5 mol%)
Ph AgOTs (5 mol%)
PH toluene, 25 °C, 5 min

92%
(R)-17b (94% ee) fpenty

0 o)
mn-pentyl + m
Ph Ph n-pentyl

Ph

Ph
(E)-18b (=90% ee) (2)-18b (=90% ee)
55:1

o}
H,, Pd/C

MeOH
86% Ph

n-pentyl

Ph 35 (67% ee)

carbon atom. Catalytic hydrogenation of the aforementioned

of 4-pentynylS-keto esterd® the hydroamination of 4-pentenyl
sulfonamideg,and the hydroalkoxylation of)-2-en-4-yne-1-
ols*2in each case established the anti-addition of the nucleophile
and Au atom across the-€C multiple bond, consistent with
outer-sphere €X bond formation. Similarly, the stereospecific
conversion of §-8 to (R)-9 (eq 3) directly implicates a
mechanism involving nucleophilic anti-attack of the carbamate
nitrogen atom on the Au-complexed allene of intermediate

to form the ammonium intermediate (Scheme 2). Deproto-

Scheme 2
NHCbz
NHCbz
[/\ \\AuL
(S)-8 (R=n-Pr) \
Clsl
NHCbz Cbz H
z Aul® S H
LAu

@ trans-l
possessed opposite stereochemistry at the stereogenic C(2) ’¥ (b\(\ /<

(44) (a) We were unable to determine directly the enantiomeric purit@es.(
Rather, the enantiomeric purity d)(9-(tetrahydropyran-2-yloxy)-5-nonyn-
4-ol [(9-36] was determined (84% ee) b{PF NMR analysis of the
corresponding Mosher ester. CompourB}l36 was deprotected to give
(9-17a which was then converted t&)2-(3,4-octadienyloxy)tetrahydro-
pyran employing the method of Myéf8 and subsequently converted to

(9-8 without further manipulation of the chiral allenyl moiety (See

Supporting Information). (b) Myers, A. G.; Zheng, B. Am. Chem. Soc.
1996 118 4492.

(45) Determination of the enantiomeric purity dE){18b and ¢)-18b was
complicated by coelution of one enantiomer Bj-(8b with one enantiomer
of (Z2)-18b on HPLC (see Supporting Information).

(R)-9

nation ofll followed by protonolysis of the At4C bond® of
the neutral gold alkenyl compleldl with retention of stereo-

(46) (a) Bianchi, P.; Roda, G.; Riva, S.; Danieli, B.; Zabelinskaja-Mackova,
A.; Griengl, H.Tetrahedror2001, 57, 2213. (b) Cominetti, F.; Deagostino,
A.; Prandi, C.; Venturello, PTetrahedron1998 54, 14603.

(47) Teles, J. H.; Brode, S.; Chabanas, Ahgew. Chem. Int. EdL998 37,
1415.
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Scheme 3
\\\A — @i(\ﬁ $ \
H Z wn-Pr -Pr
cis-la (R),(E)-18a
\\‘\\n-Pr S
(8)-17a N )
—_— \
W-Pr
trans-la (S), (Z) -18a

chemistry® would release R)-9 with regeneration of the
catalytically active cationic gold phosphine compféx.

Formation of theE-alkene moiety of R)-9 requires selective
cyclization of gold-allene intermediatgs-1, in which the gold
atom is cis to the proximah-propyl group, in preference to
cyclization oftrans, in which the gold atom is trans to the
proximaln-propyl group (Scheme 2). Because it appears likely
thatcis-| is less stable than tsans|, Au-catalyzed conversion
of (9-8 to (R)-9 presumably involves rapid and reversible
formation oftrans| followed by irreversible cyclization dfis-I
to form Il (Scheme 2). It follows that the transition state for
C—N bond formation is destabilized to a greater extent by a
cis arrangement of the carbamate moiety angropyl group
(trans| — 1) than by a cis arrangement of the Auff®u),-
(o-biphenyl)] moiety and the-propyl group ¢is-l — II).

The high selectivity for transfer of chirality and the high
diastereoselectivity of the Au-catalyzed hydroarylation of allenyl
indole (R)-24 strongly suggest that conversion &){24 to 25

sion of (§-8 to (R)-9 supported a mechanism for the gold-
catalyzed hydroamination dfl-allenyl carbamates involving
outer-sphere, anti-attack of the carbamate nitrogen atom on the
allenyl group of a gold allene complex in which the gold atom
is complexed to the allene-face cis to the proximal allenyl
substituent.

Experimental Section

Benzyl 4,4-diphenyl-2-vinylpyrrolidine-1-carboxylate (5).A sus-
pension of4 (96 mg, 0.25 mmol)2 (6.9 mg, 1.3x 1072 mmol), and
AgOTf (3.3 mg, 1.3x 1072 mmol) in dioxane (2.00 mL) was stirred
at 25°C for 45 min. The crude reaction mixture was chromatographed
(SiO,; hexanesEtOAc = 4:1) to give5 (91 mg, 95%) as a viscous,
colorless oil. TLC (Si@, hexanes EtOAc= 4:1): R = 0.34.'H NMR
(2:1 ratio of rotamers):0 7.46-7.11 (m, 15 H), 5.8#5.70 (m, 1 H),
5.37-4.99 (m, 4 H), [4.77 (dJ = 11.6 Hz), 4.61 (dJ = 11.3 Hz),
1:1, 1 H], 4.24-4.02 (m, 1 H), 3.71 (dd) = 7.3, 11.5 Hz, 1 H), 2.90
2.79 (m, 1 H), 2.532.38 (m, 1 H).*3C{*H} NMR (1:1 ratio of
rotamers): 6 155.6, 154.8, 145.4, 144.8, 139.2, 138.5, 137.1, 136.9,

also occurs via outer-sphere attack of the indole moiety on a 128.7, 128.6, 128.4, 128.2, 128.1, 127.8, 127.6, 126.9, 126.7, 126.5,

cis Au-allene complex. In comparison, Au-catalyzed hy-
droalkoxylation of the axially chiral allenyl alcohoBy-17a
formed a 5.3:1 mixture ofR),(E)-18a and §),(2)-18a This
result is in accord with a mechanism involving competitive

outer-sphere attack of the hydroxyl group on the diastereomeric

gold allene complexesis-la andtransla to formlla andlib,
respectively (Scheme 3). Deprotonation/protonolysidafand

IIb would then form tetrahydrofuran®),(E)-18aand §),(2)-
183 respectively (Scheme 3). Destabilization of the transition
state for conversion dfansla — Ilb is presumably attenuated
relative to the corresponding processes involvirghCor C—C
bond formation due to the smaller size of the hydroxyl group
relative to a carbamate or indole group.

Conclusions

We have found that Au[RBu)(o-biphenyl)]CI ) activated
by either AgOTf or AgOTs is a highly active and highly
selective precatalyst for the intramolecuteac-hydroamination
of N-allenyl carbamates, the intramolecutohydroalkoxy-
lation of allenyl alcohols, and the intramolecuéhydroary-
lation of 2-allenyl indoles.N-Allenyl carbamates, allenyl

alcohols, and allenyl indoles that possessed an axially chiral

allenyl moiety underwent cyclization with transfer of chirality

from the allene to the newly formed stereogenic carbon atom

with selective formation of th&-alkene. The selective conver-

(48) (a) Mitchell, C. M.; Stone, F. G. Al. Chem. Soc. Dalton Tran4972
102. (b) Johnson, A.; Pudephatt, RJJChem. Soc. Dalton Tran$977,
1384.

(49) Johnson, A.; Pudephatt, R.JJ.Chem. Soc. Dalton Tran&978 980.

(50) An analogous mechanism involving intermolecular protonolysis of-&CPt
bond has been established for the Pt-catalyzed hydroamination of
alkenylamineg2
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115.8, 115.2, 66.9, 59.5, 59.1, 56.2, 53.1, 52.8, 45.7, 44.7. IR (neat,
cm™Y): 3060, 3030, 2976, 2881, 1698, 1598, 1493, 1446, 1408, 1353,
1313, 1202, 1105, 979, 918, 750, 697. Anal. calcd. (found) fatr&s-

NO,: C, 81.43 (81.18); H, 6.57 (6.54); N, 3.65 (3.66).

The remaining nitrogen heterocycles derivatives depicted in Table
1 were synthesized employing a procedure similar to that used to
synthesizes.

4,4-Diphenyl-2-vinyltetrahydrofuran (15). A mixture of 2 (3.3 mg,
6.25x 10°3 mmol) and AgOTs (1.7 mg, 6.2%5 10~ mmol) in toluene
(0.4 mL) was stirred at room temperature for 10 min and then treated
with a solution 0f14 (31.3 mg, 0.125 mmol) in toluene (0.6 mL). The
resulting suspension was stirred at room temperature for 3 min and
then chromatographed (Sithexanes EtOAc = 50:1— 20:1) to give
15(28.4 mg, 91%) as a colorless oil. TLC (hexan&OAc = 5:1):

R = 0.57."H NMR: 6 7.34-7.17 (m, 10 H), 5.90 (ddd]l = 6.8, 10.0,

17.2 Hz, 1 H), 5.24 (dJ = 16.8 Hz, 1 H), 5.10 (dJ = 10.0 Hz, 1 H),

4.67 (d,J = 8.4 Hz, 1 H), 4.43 (tdJ) = 6.4, 10.0 Hz, 1 H), 4.15 (d]

= 8.4 Hz, 1 H), 2.66 (ddd) = 0.8, 6.0, 12.4 Hz, 1 H), 2.44 (dd,=

9.6, 12.0 Hz, 1 H)®C{1H} NMR: ¢ 146.2, 145.8, 139.0, 128.7, 128.6,
127.4, 127.3, 126.7, 126.5, 116.1, 79.9, 56.4, 45.3. IR (neat!)cm
3056, 2973, 2866, 1650, 1499, 1445, 1056, 926, 757, 699. Anal. Calcd
(found) for GgH1sNO4: C, 86.53 (86.36); H, 7.18 (7.25).

The remaining oxygen heterocycles depicted in Table 3 were
synthesized employing a procedure similar to that used to synthesize
15.

2,2-Dicarbomethoxy-9-methyl-4-vinyl-2,3,4,9-tetrahydrocarba-
zole (22).A mixture of 2 (6.6 mg, 1.3x 1072 mmol) and AgOTf (3.2
mg, 1.3x 1072 mmol) in dioxane (0.1 mL) was stirred for 10 min at
room temperature. To this, a solution 1 (82 mg, 0.25 mmol) in
dioxane (0.4 mL) was added and the resulting solution was stirred for
30 min. Column chromatography of the reaction mixture ¢SiO
hexanesEtOAc= 10:1— 5:1) gave22 (71 mg, 87%) as a pale yellow
0il. TLC (SiO; hexanes-EtOAc= 2:1): Rr= 0.56."H NMR: 9 7.53
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(d,J=8.0Hz, 1 H), 7.24 (dJ = 8.0 Hz, 1 H), 7.14 (t) = 7.6 Hz, Acknowledgment. We thank the NSF (CHE-0304994 and

1H),7.00(tJ=7.2Hz, 1 H), 583 (dddJ=8.0,9.6,17.6 Hz, 1 H), = CHE-0555425), the PRF (43636-AC1), administered by the
5.30-5.14 (m, 2 H), 3.76 (s, 3 H), 3.713.69 (m, 1 H), 3.69 (s, 3H),  American Chemical Society, the Camille and Henry Dreyfus
3.66 (s, 3 H), 3.45 (d) = 8.0 Hz, 1 H), 3.15 (ddJ = 2.0, 8.0 Hz, 1 Foundation, and GlaxoSmithKline for support of this research.

H), 2.65 (ddd,J = 0.8, 6.0, 13.2 Hz, 1 H), 2.05 (dd,= 10.0,13.2 e thank Mr. Robert Jones for performing some initial
Hz, 1 H).“C{'H} NMR: 0 172.2, 1711, 1418, 137.8, 1330, 126.9, experiments.

121.2,119.9, 119.1, 115.8, 109.2, 109.0, 54.5, 53.3, 36.7, 36.3, 29.6,

28.3. IR (neat, cm): 2952, 1731, 1469, 1373, 1319, 1289, 1250, 1083, Supportinglnformation A\{ailable: Experimental procedures, .
916, 743. Anal. Calcd. (found) for@H»NO;: C, 69.71 (69.50): H, analytical and spectroscopic data for new compounds, and copies
6.47 (6.55). of pertinent spectra. This material is available free of charge

The remaining tricyclic indoles depicted in Table 5 were synthesized via the Internet at http://pubs.acs.org.

employing a procedure similar to that used to synthegze JA062045R
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