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Abstract—The elaboration of 1-alkylthio- and 1-arylthio-tetrahydroisoquinolines by means of the activated Pictet–Spengler
reaction of N-sulfonyl-�-phenethylamines with thioorthoesters as electrophiles, and their use as sulfonyl iminium ion precursors
for carbon�carbon bond formation, leading to 1-substituted tetrahydroisoquinoline derivatives, is reported.
© 2003 Elsevier Ltd. All rights reserved.

The controlled formation of new carbon�carbon bonds
is of great importance in organic chemistry and thus it
constitutes a major area of research. In this respect, the
generation of N-acyliminium and N-sulfonyliminium
ions from suitable precursors, as reactive intermediates
towards carbon nucleophiles, has become an attractive
approach to this problem. This is amply documented
by the unusually high number of natural product syn-
theses reported involving such strategy, which allows
building structural complexity under mild and conve-
nient conditions.1

The condensation of N-acyl or N-sulfonyl �-phenethyl-
amines with aldehydes, known as the activated Pictet–
Spengler reaction, is a well established procedure for
the elaboration of tetrahydroisoquinolines.2 In spite of
the fact that alternative mechanisms may account for
its outcome,3a the transformation probably proceeds by
intramolecular nucleophilic attack of the aromatic ring
to an iminium-type intermediate, formed by reaction of
the aldehyde with the activated nitrogen moiety, under
Lewis acid promotion.

The original strategy has been modified and recently
extended to the use of masked aldehydes and aldehyde

equivalents, such as acetals and enol ethers,4

chloro(methylthio)acetate3 and various �-chloro-�-
phenylchalcogeno carbonyls,5 as electrophilic
components.

The participation of thioorthoester derivatives as nucle-
ophiles is well documented in the chemical literature;
they are valuable synthetic tools for the introduction of
masked carbonyl functions.6 On the contrary, the use of
thioorthoesters as precursors of electrophilic species has
only few and scattered precedents.7

Scheme 1. Activated Pictet–Spengler with thioorthoesters.
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Here, we wish to report the synthesis of 1-arylthio- and
1-alkylthio-tetrahydroisoquinoline derivatives (2) by
reaction of N-sulfonyl-�-phenethylamines (1) with
thioorthoesters as electrophiles, under Lewis acid pro-
motion, in a new modification of the activated Pictet–
Spengler type cyclization process. We also disclose the
use of the resulting 1-heterosubstituted tetra-
hydroisoquinoline intermediates as sulfonyliminium ion
precursors for the elaboration of 1-substituted tetra-
hydroisoquinolines (3) upon the reaction of 2 with
suitable carbon nucleophiles (Scheme 1), under Lewis
acid assistance.

Thioorthoester-stabilized carbocations have not been
explored to date as electrophilic partners in the acti-
vated Pictet–Spengler reaction. A close analogy to this
is the use of ethyl orthoformate under tosic acid cataly-
sis for the synthesis of quinazolino-tetrahydro-�-carbo-
lines;8 in principle, this could improve the scope of the
cyclization and lead to new classes of products. In
addition, the enhanced stability of the cyclizing inter-
mediate due to the presence of a second heteroatom in
the carbenium ion may facilitate its formation, leading
to cyclized products in better yield.

To begin the study, tris(ethylthio)- and tris(phenylthio)-
methane were synthesized by the known boron trifl-
uoride etherate-catalyzed reaction of ethyl
orthoformate with ethyl mercaptan and thiophenol,
respectively.9 Then, they were reacted with various N-
sulfonyl-�-phenethylamines, bearing different sub-
stituents and substitution patterns under tin(IV)
chloride catalysis, smoothly affording cyclized products

after 5–48 h.10 The results, consigned in Table 1,
revealed that unactivated tetrahydroisoquinoline pre-
cursors (entries 1–3) were unreactive even when submit-
ted to reaction in refluxing 1,2-dichloroethane, while
aromatics carrying the oxygenated substitution patterns
most commonly found in natural products, furnished
the expected products in moderate to good yields.

Interestingly, comparison between analogous
dimethoxy and methylenedioxy substituted substrates
(entries 6 and 10) evidenced the poor performance of
the latter, while examination of the results obtained
using HC(SPh)3 and HC(SEt)3 indicated that the for-
mer was more efficient, requiring milder conditions and
shorter reaction times.

These results could be ascribed to the better charge
stabilization ability of the phenylthio moiety, vis-à-vis
its ethylthio congener. The group of Hevesi, while
studying methyl and phenyl selenoorthoesters, previ-
ously noted a similar but less evident trend.7a

Noteworthy, the more rigorous conditions required for
cyclization with tris(ethylthio)-methane brought about
the selective demethylation of the ortho-disubstituted
methyl ether function of the starting material in the
experiment of entry 12, probably as a consequence of
the formation of a type of Lewis acid-thiol ether cleav-
ing reagent.11

The synthesis of optically active intermediates was also
pursued with both tested thioorthoesters, employing a
chiral �-phenethyl sulfonamide derivative (mp 109.5–

Table 1. Activated Pictet–Spengler synthesis of 1-thiosubstituted tetrahydroisoquinolines (2) employing thioorthoesters as
electrophiles

R1 R2 R3 R4 R5 R6
a Solvent Temperature Time (h) Yield (%)Entry no

H H H H1 Ts RefluxPh ClCH2CH2Cl –8
ClCH2CH2ClPhTsHClHH2 8Reflux –

H H Me H Ts3 Ph ClCH2CH2Cl Reflux 8 –
4 6H 54OMe H H Ts Ph CH2Cl2 −78°C�rt

CH2Cl2 −78°C�rt 6 44OMe5 HOMe H Ts Ph
6 5H 82OMe OMe H Ts Ph CH2Cl2 −78°C�rt
7 4720RefluxClCH2CH2ClEtTsHOMeOMeH

5−78°C�rtCH2Cl2PhCs 93bHOMeOMeH8
H Reflux 20 53cOMe OMe H Cs Et9 ClCH2CH2Cl
H -OCH2O- H Ts10 Ph CH2Cl2 −78°C�rt 6 29

11 −78°C�rtH OMe OMe OMe Ts Ph CH2Cl2 656
TsOMeOMedOMeH 2512 48RefluxClCH2CH2ClEt

H OMe OMe H Ts Ph CH2Cl2 −78°C�rt 6 –e13

a Ts: toluene-p-sulfonyl; Cs: (1S)-10-camphorsulfonyl (see text).
b Diastereoisomeric ratio=2:1.
c Diastereoisomeric ratio �1:1.
d The mono demethylated product (R3=OH) was obtained.
e Tris(phenylseleno)methane was employed, resulting in a complex mixture of inseparable products.
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111.0°C, [� ]D=+25.3, c=0.93, CHCl3) derived from
(1S)-10-camphorsulfonyl chloride (entries 8 and 9). Not
unexpectedly, however, poor diastereoisomeric product
ratios were obtained,5 being 2:1 that recorded when
tris(phenylthio)-methane was employed, while forma-
tion of an equimolecular amount of diastereoisomers
was observed when tris(ethylthio)-methane was used.
This outcome is probably a result of both, the ability of
tris(phenylthio)-methane to produce cyclized products
at lower temperature and the bulk of the phenylthio
moiety.

Unfortunately, attempts to prepare related 1-phenylse-
lenyl tetrahydroisoquinoline derivatives employing
tris(phenylseleno)-methane (prepared from phenylse-
lenol, ethyl orthoformate and boron trifluoride ether-
ate)9 under similar conditions met with failure, resulting
in a complex mixture of inseparable products (entry
13).

Interestingly, the 1-phenylthio-tetrahydroisoquinolines
obtained by the reported activated Pictet–Spengler
cyclization with tris(phenylthio)-methane can be
regarded as sulfur analogs of 1-benzyl-tetra-
hydroisoquinolines. The latter have been intensive
targets for organic synthesis because they constitute an
important and widespread family of natural products,
with many of its members displaying interesting physio-
logical and pharmacological actions.12

Although very few cases are documented in the litera-
ture, N,S-acetals can be useful carbon�carbon bond
forming precursors. We have recently shown that 3-het-
erosubstituted tetrahydroisoquinolines bearing N,O-
and N,S-sulfonylacetal moieties are capable of generat-
ing N-tosyliminium ions under Lewis acid promotion13

which, in turn, can react with a variety of carbon
nucleophiles, offering convenient entries to polyfunc-
tionalized simple tetrahydroisoquinolines. In addition,
the participation of phenylsulfanyllactams in car-
bon�carbon bond formation via radical chemistry has
been reported a few years ago.14

Therefore, in order to examine the synthetic utility of
the new N,S-sulfonylacetals as sulfonyliminium ion
precursors for the preparation of 1-subtituted tetra-
hydroisoquinolines, the 1-phenylthio tetra-
hydroisoquinoline 2a, obtained as shown in entry 6 of
Table 1, was reacted with the silyl enol ethers derived
from pinacolone and acetophenone, as well as with allyl
trimethylsilane (Scheme 2). Under Lewis acids assis-
tance, these reactions furnished 90% of the expected
allyl derivative 3a,15 as well as ketones 3b and 3c in
yields of 58 and 67%, respectively.16 Phenethyl iso-
quinoline 3c is reminiscent of several natural products,
some of them isolated from Colchicum szovitsii and C.
ritchii.17

The iminium ion-based elaboration of C-1 substituted
tetrahydroisoquinolines has been previously accom-
plished by Grignard addition to iminium, acyliminium
and tosyliminium intermediates;18 however, the use of
silyl derivatives for the same purpose has only a few

Scheme 2. Synthesis of 1-substituted tetrahydroisoquinolines.

precedents.15 This successful C-1 functionalization of
the tetrahydroisoquinoline nucleus is also of impor-
tance because in spite that iminium-ion mediated car-
bon�carbon bond formation has become part of the
current arsenal of efficient synthetic organic transfor-
mations, examples of the preparation and use of N,S-
sulfonylacetals as iminium ion precursors are still
rare.19

In conclusion, we have developed a new variation of
the activated Pictet–Spengler tetrahydroisoquinoline
synthesis, in which alkyl and aryl thioorthoesters were
employed as electrophiles for the preparation of 1-het-
erosubstituted tetrahydroisoquinolines. In turn, these
were used as convenient substrates for the elaboration
of 1-substituted tetrahydroisoquinoline derivatives by
carbon�carbon bond formation via sulfonyliminium
ions. Application of this strategy to the synthesis of
natural products is under study and will be reported in
due time.
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