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Mild and efficient AuCk/AgOTf-catalyzed PictetSpengler
reactions were developed to afford in good yields a variety
of tetrahydroisoquinoline and tetrahydfecarboline ring

systems, which constitute important motifs in biologically
active natural and synthetic organic compounds.

The Pictet-Spengler reactidnhas been shown to be useful
and important for the synthesis of tetrahydroisoquinoline and

TABLE 1. Optimization Studies for the Pictet—Spengler Reaction

of 1a2
MeO MeO
m e, NH
MeO (/ MeO
1a CO5Et 2a COoEt
entry catalyst additive yield (%)
1 PdCh - -
2 AgOTf 20
3 AuCl - <10
4 AgOTf trace
5 AuCl; - 20
6 AgOTf 40
7 AgOTf 30
8 AgSbk 20
9 AgBF, -
10 AgCIOy -
11 Ag(O:CCRy) 20
12 AuBr3 AgOTf 20
13 Sc(OTf - 20
14 AICl3 - 15
15 CeC-7H,0 - 15
16 AgOTf trace
17 ZnCh - <5
18 AgOTf <20

a All reactions were carried out with catalyst (10 mol %) and additive
(20 mol %) in CICHCH,CI (0.02 M) at 60°C for 24 h, unless otherwise
noted.P Determined by!H NMR using trichloroethylene as an internal
standard® Using 30 mol % of AgOTHf.

Spengler reaction. Herein we report the efficient Pie&pengler
reaction catalyzed by AugAgOTf.

At the outset of the studies, a broad spectrum of potential
metal salts and complexes were tested in the cyclizatidraof

tetrahydrog-carboline ring systems, which are present in and the effects of silver salt additives were determined (Table
numerous natural and synthetic organic compounds possessing for complete data, see Supporting Information). With the

various biological activitie$.Strong Brensted aciéisre most
commonly employed to promote the Pict&pengler reaction,
involving the cyclization of an electron-rich aromatic ring onto
an imine. The few recent examples of Lewis acid catalyzed
Pictet-Spengler reaction involved highly reactive species such
as nitron€’, or ionic liquid and microwave irradiation to enhance
the reactivity3c> Recently, golfl has been shown to catalyze a
variety of C—C bond-forming reactions. In the quest to develop
a mild and practical protocol, we envisioned the potential
application of such a catalytic system for the desired Pictet
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exception of AuCd, Sc(OTfy, AlCl3, and Ce7H,O, most

of the metal complexes examined did not show the ability to
produce the desired produ2a. Analysis of the crude reaction
mixture by!H NMR showed that nearly all of the complexes
tested induced some degree of imine hydrolysis. In an attempt
to increase the electrophilicity at the metal centers by giving
the weakly coordinating counterions, reactions were run in the
presence of silver salt additives. As a general trend, it was found
that the conversion dfaincreased upon the addition of silver
salt; however, the amount of imine hydrolysis also increased.
Among them AgOTf showed outstanding effects, and a control
experiment has shown that AgOTf itself is not responsible for
the catalytic activation (see Supporting Information).

We were delighted to identify an exciting lead, which
unambiguously stood out in the array of experiments. The
combination of AuCG{ and AgOTf was optimal in this reaction
system to producain 40% vyield (Table 1, entry 6). Decreasing
the amount of catalyst and reaction temperature caused lower
yields. To boost the reactivity, TMSE was added to the
reaction mixture; however, the addition of TMSCI (0.1 equiv)
had only a marginal effect.

Product2a could be obtained in the presence of 10 mol %
AuCl; and 20 mol % AgOTf at 80C in 34% isolated yield,
whereas no desired products were produced with the substrates
derived from benzaldehydél§) andp-nitrobenzaldehydelg),
even with the addition of stoichiometric amount of TMSCI along
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SCHEME 1. Pictet-Spengler Reactions Catalyzed by

AuCI3/AgOTf
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TABLE 2. Optimization for the Acyl-Pictet —Spengler Reaction of
la Using AuCk/AgOTf2

MeO

N
MeO 7 AgOTI
COzEt C02Et
1a s (R Ac)

yield (%)
entry acylating agent solvent 2a 6a
1 AcCl CICH,CH:CI trace 62
2 AcO CICH,CH.CI 14 45
3 CICOEL CICH,CH:CI 27 4¢
4 AcCl toluene 20 50
5 AcCl CHsCN 16 74
6 AcCl 1,4-dioxane 19 71
7 AcCl THF 11 43
8 AcCl CH,Cl, 20 60
9 AcCl THF/CHCI, (1:4) 8 50
104 AcCl CHsCN <10 87(81)

aAll reactions were carried out with Aug10 mol %), AgOTf (20
mol %), and acylating agent (1 equiv) in solvent (0.02 M) at room
temperature for 24 h, unless otherwise notedields were determined by
IH NMR using trichloroethylene as an internal standard; isolated yield is
given in parenthese8R = CO,Et. 9 Performed with 1 mol % AuGland
2 mol % AgOTf.

with complete hydrolysis (Scheme 1). The similar reactions of
3a and 3c gave the corresponding-carbolines,5, which
precursor 4a) is known to be very unstablfeand 4c, respec-
tively, whereas once agaiBb showed very low reactivity to
give only a trace amount afb (Scheme 1).

These results led us to explore more reactive variants of the
Pictet-Spengler reaction. The challenge of the Pie@®pengler
reaction appears to be associated with the low reactivity of the .
imine substrate. Therefore, strong Brensted &bighly reactive
substrate$ high reaction temperature, or microwave irradiafén
have been employed to promote the reaction. Meanwhile, a
general strategy to enhance the reactivity of imine involves
generation of the correspondimgracyliminium ion$? due to
the electron-withdrawing effect of thid-acyl group, and this

(7) Tietze, L. F.; Zhou, Y.; Tpken, E.Eur. J. Org. Chem200Q 2247
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TABLE 3. Acyl-Pictet—Spengler Reactions Catalyzed by
AuClz/AgOT?

entry substrate product yield (%)°
MeOm MeO
MeO N Meoﬁi;\j “Ac
R R
1 1a (R = CO,Et)° 6a 81
2 1b(R=Ph) 6b 73
3 1¢(R=p-NOCgHy) 6c 78
4 1d (R =p-MeOCgH,) 6d 82
5 1e (R = 2-(5-methylfuran-2-yl) 6e 66
6 1f (R = 2-(6-methylpyridin-2-yl) of 56
7 1g(R= cinnamyl) Gg 74
8 1h (R = n-Pent)® 35
9 3a(R= COzEt)C 7a 61
10 3b(R=Ph) 7b 65
11 3c (R=p-NO,CgHy) 7c 66
12 3d (R = p-MeOCgHgy4) 7d 63
13 3e (R = 2-(5-methylfuran-2-yl) 7e 73
14 3f (R = 2-(6-methylpyridin-2-yl) 7t 48
15 39 (R = cinnamyl) 79 77
16 3h (R = n-Pent) 7h 55

a All reactions were carried out with Aug({1 mol %), AgOTf (2 mol
%), AcCl (1 equiv), and 2,6-lutidine (1 equiv) in GBIN (0.02 M) at room
temperature for 12 h, unless otherwise noteldolated yields¢ Performed
without 2,6-lutidine.

methodology has been reported to promote the Pi@pengler
reactionsab-c

With the preliminary results of the PicteSpengler reaction
in the presence of AuglAgOTf, we set out to explore the scope
of acyl-Pictet-Spengler reactions. Compouriéx underwent
cyclization in the presence of acetyl chloride and Ag&HOTf
in 1,2-dichloroethane at room temperature to proGda 62%
yield (Table 2, entry 1). On the other hand, acetic anhydride
and ethyl chloroformate were less effective (Table 2, entries 2
and 3). Interestingly, it was also found that any base such as
NEts, pyridine, 2,6-lutidine, etc. afforded only trace amount of
desired produddaalong with decomposition. Various solvents
were examined, and GEN appeared preferable. Gratifyingly,
the reaction also provided an excellent yield even when the
amount of AuC{/AgOTf was reduced to 1 mol % (Table 2,
entry 10).

We proceeded to examine the substrate scope of AuCl
AgOTf-catalyzed acyl-PictetSpengler reactions. In some pre-
vious reports, only special imines, such as an aliphatic iffine
and N-protected tryptamine derivativi, were successful.
Waldman#P reported that several days are required for aromatic
imines and the reaction did not proceed witlff-unsaturated
imine. In contrast, in our reaction system various imines obtained
by condensation of 3,4-dimethoxyphenethylamine or tryptamine
with aldehydes were used without further purification, and yields
were equally good with both electron-deficient and electron-
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rich aromatic imines as well as aliphatic imines (Table 3). evaporated, and the residue was purified by column chromatography

Heteroaromatic imines (Table 3, entries 5, 6, 13, and d4), on silica gel (EtOAat-hexanes= 1:1 to EtOAc only) to give the
unsaturated imines (Table 3, entries 7 and 15), and free (NH) corresponding produc®é, 4c, 5).
indole-derived imines (Table 3, entries 96) were all successful General Procedure for Acyl-Pictet-Spengler Reactions Using

in this reaction. It should be noted that a base such as 2,6-lutidineAuCl/AgOTf. A mixture of 1 mol % AuC} and 2 mol % AgOTf
was required for optimal conversion in most cases, except for in CH;CN was stirred vigorously for 1 h. To a resulting solution
1a 1h, and3a was added the imine substratiet-h or 3a—h) dissolved in CH-

In summary, we have developed the Piet8pengler reaction ~ CN (0.02 M), AcCl (1 equiv), and 2,6-lutidine (if required, 1 equiv)
catalyzed by AuGJAgOTf. To enhance the reactivity of imine, ~ Successively at room temperature. After 12 h, the solvent was
an acylating agent was involved. It is likely that this reaction €vaporated, and the residue was purified by column chromatography
proceeds an electrophilic pathway involving imine activation ©n Silica gel (EtOAat-hexanes= 3:1 to EtOAc only) to give the
by coordinating gold(lll) complex. The process is mild and C0'résponding producBé—h or 7a—h).
efficient and can be used to synthesize a variety of tetrahy-
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