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A new and general synthetic methodology for the prepara-
tion of functionalized 1,2,3,4-tetrahydroisoquinoline-3-carb-
oxylic acid derivatives by a cycloaddition strategy is de-
scribed. The synthesis of various enyne building blocks 12,
13, 21, and 22 containing an α-amino acid moiety using Schiff
base 8 as a glycine equivalent has been achieved under mild
reaction conditions. These building blocks have been utilized
in the synthesis of inner-outer ring dienes 23 and 24 and ex-

Introduction

Peptides are the natural messengers of the body and com-
pounds of this type are expected to lead to very specific
drugs with few side effects. However, unfavorable pharma-
cological properties such as metabolic instability and poor
bioavailability of peptides often preclude their use as
drugs.[1,2] Generally adopted methods for the development
of peptide drugs involve the synthesis of restricted ana-
logues that imitate the receptor-bound conformation of the
endogenous ligands as closely as possible.[3] There are sev-
eral other possibilities for the synthesis of conformationally
restricted and metabolically stable peptides at the amino
acid level.[4,5] One strategy involves the systematic replace-
ment of individual amino acids with unusual amino acids
bearing sterically demanding side chains. In this regard,
1,2,3,4-tetrahydroisoquinoline-3-carboxylic acid (Tic, 1) is
an interesting constrained analogue of phenylalanine (Phe),
in which a six-membered ring is formed by bridging with a
methylene group ortho to the C atom of the phenyl ring and
the peptide N atom (Figure 1). The insertion of Tic in the
second chain position of several opioid peptides was found
to have dramatic consequences with regard to their activity
and selectivity.[6] Tic has also been use to replace Phe in
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ocyclic dienes 26 and 29, the key steps being an enyne meta-
thesis reaction and cycloisomerization. Various topographic-
ally constrained Tic derivatives have been synthesized using
dienes containing an α-amino acid moiety through
Diels−Alder reactions. For the first time, [2+2+2] cyclo-
trimerization, as promoted by Wilkinson’s and Vollhardt’s
catalysts, has been used for the synthesis of various highly
functionalized Tic derivatives.

Figure 1. Farnesyl transferase inhibitor containing Tic

farnesyl inhibitors, thereby generating selective and potent
peptides.[7]

The availability of synthetic methods for the preparation
of various Tic derivatives with varying degrees of steric/elec-
tronic and hydrophobic properties would be useful for re-
ceptor mapping and in designing meaningful QSAR stud-
ies.[8] However, known synthetic methods[9211] for the pre-
paration of Tic derivatives start with a preformed aryl ring
synthon bearing electron-neutral or electron-rich substitu-
ents and provide very little opportunity for the introduction
of additional functionalities.

Strategy

With regard to our interest in the development of new
methodologies for cyclic α-amino acids (AAAs) by a build-
ing block approach,[12] we considered the possibility of util-
izing a cycloaddition reaction as the key step. Whereas the
known methods for Tic preparation start with preformed
benzene derivatives, the present methodology involves gen-
eration of the benzenoid ring by a cycloaddition reaction.
Consequently, the present methodology provides a unique
opportunity for preparing otherwise inaccessible Tic deriv-
atives by appropriate selection of the reacting partners. A
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Figure 2. Retrosynthetic analysis for Tic derivatives

retrosynthetic analysis for Tic based on a cycloaddition
strategy is shown in Figure 2.

Path a in Figure 2 involves a [21212] cycloaddition reac-
tion as the key step. This strategy involves co-trimerization
of diyne 4 with a suitable monoyne to deliver the substi-
tuted Tic derivatives. Paths b2d are based on a [412] cyclo-
addition reaction as the key step. Pathways b and d require
inner-outer ring dienes 3 and 5 containing an AAA moiety
and lead to angularly substituted Tic derivatives. The re-
quisite precursors may easily be prepared from enyne build-
ing blocks 2 and 6. Path c requires exocyclic diene 7, which
can be prepared by cycloisomerization of enyne building
blocks 2 and 6. Diels2Alder reactions of 7 with suitable
dienophiles followed by oxidation yield the linearly substi-
tuted Tic derivatives.

Results and Discussion

Initially, our attention was focused on the synthesis of
enyne building blocks 2 and 6. For this purpose, ethyl N-
(diphenylmethylene)glycinate (8)[13] was chosen as a glycine
equivalent. Treatment of the Schiff base 8 with allyl brom-
ide in the presence of K2CO3 in refluxing acetonitrile gave
the allylated product 9 in 82% yield (Scheme 1). Hydrolysis
of 9 with 1  HCl in diethyl ether gave amino ester 10 in
85% yield.

Scheme 1. Reagents: (i) allyl bromide, K2CO3, CH3CN/reflux, 82%;
(ii) 1  HCl, diethyl ether, 85%; (iii) TsCl, Et3N, CH2Cl2, 78%; (iv)
3-bromo-1-trimethylsilyl-1-propyne (14), K2CO3/CH3CN

Protection of the amino group in 10 with p-toluenesul-
fonyl chloride in the presence of triethylamine in CH2Cl2 at
room temp. gave the tosylated derivative 11 in 78% isolated
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yield (m.p. 43244 °C). Reaction of 11 with propargyl brom-
ide in the presence of K2CO3 gave the enyne building block
12 in quantitative yield. The enyne building block 13 was
synthesized in 90% yield by treating 11 with 3-bromo-1-
trimethylsilyl-1-propyne (14) under similar conditions
(Scheme 1).

For the preparation of the enyne building block corres-
ponding to 2, compound 8 was treated with propargyl
bromide in the presence of K2CO3 in acetonitrile to give 15
(Scheme 2). Hydrolysis of 15 with 1  HCl in diethyl ether
gave amino ester 17 (88%).[12g] Subsequent protection of 17
with p-toluenesulfonyl chloride in the presence of triethyla-
mine gave compound 19 in 78% yield. Treatment of com-
pound 19 with allyl bromide in the presence of K2CO3 gave
the enyne building block 21 in quantitative yield.

Scheme 2. Reagents: (i) 14, K2CO3/CH3CN; (ii) 1  HCl, diethyl
ether; (iii) TsCl, Et3N/CH2Cl2; (iv) allyl bromide, K2CO3/CH3CN

In order to prepare 22, compound 8 was treated with
bromo acetylene 14 in the presence of K2CO3 to give acetyl-
ene derivative 16 (88%; Scheme 2). During the hydrolysis of
compound 16, a minor amount of desilylated product 17
(11%) was formed, which was separated after the protection
sequence. The required compound 20 was obtained in 77%
yield after protection. Allylation of compound 20 using al-
lyl bromide in the presence of K2CO3 gave 22 (Scheme 2).

Having accomplished a high-yielding synthesis of enyne
building blocks 12, 13, 21, and 22, we turned our attention
to the preparation of inner-outer ring dienes 3 and 5. Thus,
treatment of 12 with Grubbs’ ruthenium catalyst
[Cl2(PCy3)2Ru5CHPh][14] in refluxing toluene gave 23 in
65% isolated yield after column chromatography
(Scheme 3).

Scheme 3

The structure of diene 23 was deduced from its spectro-
scopic data. Under similar reaction conditions, diene 24 was
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Scheme 4

prepared in 70% isolated yield from enyne 21 (Scheme 4)
and its structure was also established by spectroscopic
methods.

Despite the large number of literature reports concerning
the synthesis of carbocycles, very few nitrogen-containing
heterocycles have been prepared by isomerization methodo-
logies. In this regard, Krafft and co-workers have reported
the thermolysis of the hexacarbonyldicobalt complex of a
1,7-enyne to yield a monocyclic 1,3-diene.[15] Having pre-
pared the dienes 23 and 24, we turned our attention to the
preparation of silylated exocyclic dienes. To this end, enyne
13 was treated with octacarbonyldicobalt in diethyl ether to
give compound 25 (83%, Scheme 5).[16] Likewise, a cobalt
complex of enyne 28 was prepared from enyne 22 in 85%
yield (Scheme 6).

Scheme 5. (i) Co2(CO)8, diethyl ether, room temp., 83%; (ii) tolu-
ene, reflux, ∆T

Scheme 6. (i) Co2(CO)8, diethyl ether, room temp., 85%; (ii)
toluene, reflux, 4-methylmorpholine N-oxide, CHCl3

Refluxing a solution of enyne 25 in toluene followed by
oxidative decomposition with 4-methylmorpholine N-oxide
yielded the 4,5-dimethylenepipecolinic acid derivative 26 in
51% yield along with a minor amount of the
Pauson2Khand product 27 (11%; Scheme 5).[17] The other
diene 29 was obtained under similar conditions in 78%
yield, accompanied by some bicyclic enone 30 (Scheme 6).
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The 13-line 13C NMR spectrum of 29 with diagnostic
resonances at δ 5 0.3 (TMS) and δ 5 142.3/150.0 (exo-
methylene carbon atoms) confirmed the structure of 29.
The structure of the Pauson2Khand product 30 was estab-
lished by comparing the spectroscopic data with those of
27. It is worth mentioning here that compound 30 repres-
ents a useful precursor for tecomanine-type alkaloids (Fig-
ure 3).[18]

Figure 3. Tecomanine

Having prepared the dienes 23, 24, 26, and 29, their parti-
cipation in the Diels2Alder (DA) reaction was examined
with readily available dienophiles (Table 1). The reaction of
diene 23 with dimethyl acetylenedicarboxylate (DMAD)
gave the DA adduct along with the oxidized product
(Scheme 7). In view of this, no attempt was made to isolate
the DA product, and further oxidation of the DA adduct
with DDQ was carried out to give the aromatized product
31.

Similarly, other dienophiles such as naphthoquinone un-
derwent [412] cycloaddition reactions and subsequent ox-
idation with DDQ to give the corresponding Tic derivatives.
The Diels2Alder reaction of diene 24 with DMAD and
naphthoquinone gave the [412] cycloaddition product.
Subsequent oxidation of the DA adducts with DDQ gave
various topographically oriented Tic derivatives. The reac-
tion of exocyclic dienes 26 and 29 with DMAD followed by
dehydrogenation in the presence of DDQ gave the desilyl-
ated product 35 (Table 1).

In continuation of our efforts towards the synthesis of
Tic derivatives, a catalytic [21212] cycloaddition reaction
was also explored (Scheme 8). Recently, [21212] cycloaddi-
tion reactions have been shown to offer one of the most
efficient means of constructing various polycyclic ring sys-
tems. This reaction has been extensively studied using a
variety of metal catalysts.[19226]

Due to the simple nature of the reaction conditions, Wil-
kinson’s catalyst was chosen to effect the co-cyclotrimeriz-
ation reaction. For the synthesis of the diyne building
blocks related to 4 required for the trimerization leading to
Tic derivatives, the reaction of 15 with propargyl bromide
in the presence of K2CO3 and acetonitrile gave the diyne
building block 36. Along similar lines, the reaction of 15
with bromide 14 in the presence of K2CO3 in acetonitrile at
room temperature gave 37 (98%; Scheme 9).

The feasibility of the [21212] cyclotrimerization reaction
with various acetylenic moieties using Wilkinson’s catalyst
(WC) was examined. Thus, the reaction of diyne 36 with
2-butyne-1,4-diol in refluxing ethanol in the presence of
Wilkinson’s catalyst gave the co-trimerized product 38 in
53% isolated yield (Scheme 10).
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Table 1. Synthesis of Tic derivatives by a [412] cycloaddition strat-
egy with dienes 23, 24, 26, and 29

[a] a 5 DMAD, b 5 1,4-naphthoquinone. 2 [b] Yields refer to com-
bined isolated yields for both the Diels2Alder reaction and DDQ
oxidation.

Scheme 7

Scheme 8

In order to establish the generality and scope of this strat-
egy, diyne 36 was treated with other monoynes in the pres-
ence of WC to give the co-trimerized products. The results
are summarized in Scheme 10. Compounds 40242 were ob-
tained as 1:1 regioisomeric mixtures, as confirmed by 1H
and 13C NMR spectroscopic data.
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Scheme 9. Reagents: (i) 14 or propargyl bromide/K2CO3

Scheme 10

Later efforts were focused on the co-trimerization reac-
tions of diyne 37. Attempted reactions of diyne 37 with 2-
butyne-1,4-diol and DMAD in the presence of WC were
unsuccessful. Thus, co-trimerization of diyne 37 with vari-
ous monoynes was explored using alternative catalysts. In
this regard, Vollhardt’s catalyst (VC), CpCo(CO)2, was se-
lected for study since it has proved to be useful when trime-
thylsilyl groups are present in either of the reacting partners.
The major objective behind the selection of this catalyst was
the introduction of a TMS group in the Tic derivatives,
which, in turn, would allow us to exploit the excellent leav-
ing group abilities of trialkylsilyl groups in electrophilic aro-
matic substitution reactions.[27] Trialkylsilyl groups are also
known for having non-polar, hydrophobic properties appro-
priate for biological activity.[28] In this regard, many silicon-
containing AAAs have been reported in the literature.[29]

Peptides containing silicon residues in place of natural
AAAs may exhibit enhanced biological activities, tissue ab-
sorbance properties, and proteolytic stabilities due to the
hydrophobicity and large spatial requirements of the trialk-
ylsilyl side chains.

High-dilution conditions and the use of excess monoyne
proved to be essential for the success of this reaction. Thus,
slow addition of the monoyne bis(trimethylsilyl)acetylene
(BTMSA) containing the catalyst CoCp(CO)2 to a refluxing
solution of diyne 36 in BTMSA also containing the catalyst
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under inert conditions gave the required product 43
(Scheme 10).

Similarly, the diyne building block 37 was co-trimerized
with DMAD in the presence of the cobalt catalyst to give
co-trimerized product 44 (Scheme 10). To assess the gener-
ality of the methodology, building blocks 36 and 37 were
co-trimerized with various monoynes in the presence of the
cobalt catalyst; the results are summarized in Scheme 10.

Conclusions

A new and general synthetic methodology has been de-
veloped for the synthesis of functionalized Tic derivatives
based on [412] and [21212] cycloaddition strategies. Us-
ing AAA-containing dienes such as 23, 24, 26, and 29, we
have synthesized various topographically constrained Tic
derivatives which are inaccessible by known methods. For
the first time, [21212] cyclotrimerizations promoted by
Wilkinson’s and Vollhardt’s catalysts have been used for the
synthesis of various highly funtionalized Tic derivatives. We
have also demonstrated the utility of the enyne metathesis
reaction in the preparation of heterocyclic dienes.

Experimental Section

General Remarks: A Razel A-99 syringe pump was used in all high-
dilution reactions. Dry toluene and n-octane were obtained by dis-
tillation from sodium. N,N-Diisopropylamine and trimethylsilyl
chloride were freshly distilled from CaH2. p-Toluenesulfonyl chlor-
ide (TsCl) was purified prior to use by washing a solution in diethyl
ether with 20% aq. NaOH and water, followed by crystallization
from diethyl ether. Wilkinson’s catalyst, 2-butyne-1,4-diol, phenyl-
acetylene, and trimethylsilylacetylene were purchased from Aldrich
Chemical Co. The catalyst CpCo(CO)2 was purchased from Strem
Chemicals Inc. 3-Butyn-1-ol and bis(trimethylsilyl)acetylene were
obtained from Lancaster Synthesis.

Ethyl 2-[(4-Methylphenyl)sulfonyl]aminopent-4-enoate (11): To a so-
lution of amino ester 10 (200 mg, 2.05 mmol) and triethylamine
(630 mg, 6.2 mmol) in CH2Cl2 (15 mL), TsCl was added por-
tionwise. The reaction mixture was stirred at room temp. for 6 h
and then concentrated to dryness. The residue was taken up in ethyl
acetate (100 mL) and the resulting solution was washed with 1 

HCl (10 mL), water, and brine, and dried with MgSO4. Evapora-
tion of the solvent left the crude product, which was purified by
flash column chromatography (silica gel; ethyl acetate/hexane, 1:20)
to give 11 as a white solid (455 mg, 75%); m.p. 43244 °C. 2 IR
(neat): ν̃ 5 3278, 1737, 1650, 1599 cm21. 2 1H NMR (300 MHz,
CDCl3): δ 5 1.12 (t, J 5 6.1 Hz, 3 H), 2.42 (s, 3 H), 2.47 (m, 2 H),
3.95 (q, J 5 6.3 Hz, 2 H), 5.0425.10 (m, 2 H), 5.29 (m, 1 H),
5.5925.70 (m, 1 H), 7.26 (d, J 5 7.8 Hz, 2 H), 7.70 (d, J 5 8.4 Hz,
2 H). 2 13C NMR (75.43 MHz, CDCl3): δ 5 14.0, 21.5, 37.7, 55.2,
61.4, 119.5, 127.4, 129.5, 131.5, 137.4, 143.1, 170.7. 2 MS: m/z 5

297 [M1].

Ethyl 2-{[(4-Methylphenyl)sulfonyl](prop-2-ynyl)amino}pent-4-eno-
ate (12): To a solution of the tosyl derivative 11 (75 mg, 0.25 mmol)
in CH3CN (10 mL) were added K2CO3 (105 mg, 0.75 mmol) and
propargyl bromide (90 mg, 0.75 mmol). The resulting heterogen-
eous mixture was heated at 60 °C for 5 h. It was then filtered and
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concentrated. The residue was taken up in diethyl ether (100 mL)
and the resulting solution was washed with water and brine and
dried with MgSO4. Evaporation of the solvent left the crude prod-
uct, which was purified by column chromatography (silica gel; ethyl
acetate/hexane, 1:20) to give 12 as a colorless liquid (83 mg, 98%).
2 IR (neat): ν̃ 5 3278, 2122, 1737 1650, 1598 cm21. 2 1H NMR
(300 MHz, CDCl3): δ 5 1.11 (t, J 5 6.9 Hz, 3 H), 2.15 (t, J 5

2.4 Hz, 1 H), 2.39 (s, 3 H), 2.5422.70 (m, 2 H), 3.9624.02 (m, 2
H), 4.17 (t, J 5 2.7 Hz, 2 H), 4.53 (t, J 5 8.7 Hz, 1 H), 5.0225.14
(m, 2 H), 5.6825.74 (m, 1 H), 7.24 (d, J 5 8.1 Hz, 2 H), 7.74 (d,
J 5 8.4 Hz, 2 H). 2 13C NMR (75.43 MHz, CDCl3): δ 5 13.8,
21.5, 34.0, 34.4, 59.1, 61.3, 72.6, 79.0, 118.5, 127.6, 129.3, 133.0,
136.8, 143.5, 170.2. 2 HRMS (EI): m/z for C14H18NO4S [M 2

CH2C;CH]: calcd. 295.0946; found 295.0833.

Ethyl 2-{[(4-Methylphenyl)sulfonyl](3-trimethylsilylprop-2-ynyl)-
amino}pent-4-enoate (13): To a solution of the tosyl derivative 11
(410 mg, 1.38 mmol) in CH3CN (15 mL) were added 3-bromo-1-
(trimethylsilyl)-1-propyne (14) (263 mg, 1.38 mmol) and K2CO3

(571 mg, 9.14 mmol). The resulting reaction mixture was heated at
65 °C for 5 h. It was then filtered and the filtrate was concentrated.
The residue was taken up in diethyl ether (150 mL) and the re-
sulting solution was washed with water and brine and dried with
MgSO4. Evaporation of the solvent left the crude product, which
was purified by flash column chromatography (silica gel; ethyl acet-
ate/hexane, 1:20) to give 13 as a colorless liquid (506 mg, 90%). 2

IR (neat): ν̃ 5 3278, 2179, 1739, 1650, 1598 cm21. 2 1H NMR
(300 MHz, CDCl3): δ 5 0.1 (s, 9 H), 1.08 (t, J 5 7.5 Hz, 3 H), 2.33
(s, 3 H), 2.4922.60 (m, 2 H), 3.9223.99 (m, 2 H), 4.04 (1/2 ABq,
J 5 19.2 Hz, 1 H), 4.23 (1/2 ABq, J 5 18.6 Hz, 1 H), 4.45 (dd, J 5

6.6, 8.7 Hz, 1 H), 4.9325.07 (m, 2 H), 5.6025.69 (m, 1 H), 7.20
(d, J 5 7.8 Hz, 2 H), 7.72 (d, J 5 8.1 Hz, 2 H). 2 13C NMR
(75.43 MHz, CDCl3): δ 5 0.4, 14.8, 22.4, 35.2, 35.9, 60.2, 62.1,
90.3, 101.4, 119.1, 128.6, 130.1, 134.1, 138.1, 144.2, 171.0. 2

HRMS (EI): m/z for C19H26NO4SSi [M 2 CH3]: calcd. 392.13518;
found 392.13357.

Ethyl 2-{[(4-Methylphenyl)sulfonyl]amino}pent-4-ynoate (19): To a
solution of amino ester 17 (150 mg, 1.06 mmol) and triethylamine
(203 mg, 2.0 mmol) in CH2Cl2 (10 mL), TsCl was added por-
tionwise. The reaction mixture was stirred at room temp. for 6 h
and then concentrated to dryness. The residue was taken up in ethyl
acetate (100 mL) and the resulting solution was washed with 1 

HCl, water, and brine, and dried with MgSO4. Evaporation of the
solvent left the crude product, which was purified by flash column
chromatography (silica gel; ethyl acetate/hexane, 1:20) to give 19 as
a white crystalline solid (240 mg, 78%); m.p. 48249 °C. 2 IR
(neat): ν̃ 5 3283, 2123, 1738, 1598 cm21. 2 1H NMR (200 MHz,
CDCl3): δ 5 1.12 (t, J 5 6.9 Hz, 3 H), 1.95 (t, J 5 2.7 Hz, 1 H),
2.41 (s, 3 H), 2.6122.71 (m, 2 H), 3.9924.12 (m, 3 H), 5.40 (d, J 5

6.0 Hz, 1 H), 7.35 (d, J 5 8.1 Hz, 2 H), 7.77 (d, J 5 8.1 Hz, 2 H).
2 13C NMR (75.43 MHz, CDCl3): δ 5 14.0, 21.4, 24.0, 54.0, 62.0,
72.1, 77.6, 127.2, 129.4, 137.2, 143.2, 169.3. 2 MS: m/z 5 295
[M1].

Ethyl 2-{[(4-Methylphenyl)sulfonyl](prop-2-enyl)amino}pent-4-yno-
ate (21): To a solution of the tosyl derivative 19 (100 mg,
0.33 mmol) in CH3CN (10 mL) were added allyl bromide (100 mg,
1.0 mmol) and K2CO3 (150 mg, 1.0 mmol). The resulting reaction
mixture was stirred for 12 h at room temp. It was then filtered and
concentrated. The residue was taken up in diethyl ether (100 mL)
and the resulting solution was washed with water and brine and
dried with MgSO4. Evaporation of the solvent left the crude prod-
uct, which was purified by flash column chromatography (silica gel;
ethyl acetate/hexane, 1:20) to give 21 as a colorless liquid (112 mg,
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quantitative yield). 2 IR (neat): ν̃ 5 3284, 2123, 1739, 1642,
1598 cm21. 2 1H NMR (300 MHz, CDCl3): δ 5 1.14 (t, J 5

7.2 Hz, 3 H), 1.96 (t, J 5 2.4 Hz, 1 H), 2.39 (s, 3 H), 2.67 (dd, 1/2
ABq, J 5 3.0, 8.7, 17.1 Hz, 1 H), 2.84 (dd, 1/2 ABq, J 5 3.0, 6.4,
16.9 Hz, 1 H), 3.86 (dq, J 5 9.9, 16.2 Hz, 2 H), 4.04 (q, J 5 7.2 Hz,
2 H), 4.67 (dd, J 5 6.0, 9.0 Hz, 1 H), 5.0625.20 (m, 1 H),
5.7325.84 (m, 2 H), 7.25 (d, J 5 8.1 Hz, 2 H), 7.73 (d, J 5 8.4 Hz,
2 H). 2 13C NMR (75.43 MHz, CDCl3): δ 5 14.0, 20.9, 21.4, 48.7,
58.4, 61.6, 71.3, 79.4, 118.1, 127.6, 129.3, 134.4, 137.1, 143.4, 169.3.
2 HRMS (EI): m/z for C14H18NO4S [M 2 CH2C;CH]: calcd.
296.0956; found 295.0956.

Ethyl 2-{[(4-Methylphenyl)sulfonyl](5-trimethylsilylprop-2-enyl)-
amino}pent-4-ynoate (22): To a solution of the tosyl derivative 20
(70 mg, 0.19 mmol) in CH3CN (5 mL) were added allyl bromide
(46 mg, 0.38 mmol) and K2CO3 (52 mg, 0.38 mmol). The resulting
heterogeneous reaction mixture was stirred at room temp. for 6 h.
It was then filtered and concentrated. The residue was taken up in
diethyl ether (100 mL) and the resulting solution was washed with
water and brine and dried with MgSO4. Evaporation of the solvent
left the crude product, which was purified by flash column chroma-
tography (silica gel; ethyl acetate/hexane, 1:20) to give 22 as a color-
less liquid (75 mg, 98%). 2 IR (neat): ν̃ 5 2179, 1739, 1598 cm21.
2 1H NMR (300 MHz, CDCl3): δ 5 0.01 (s, 9 H), 1.08 (t, J 5

7.2 Hz, 3 H), 2.30 (s, 3 H), 2.74 (dq, J 5 6.3, 17.4 Hz, 2 H), 3.83
(dq, J 5 6.6, 16.5 Hz, 2 H), 3.96 (q, J 5 7.2 Hz, 2 H), 4.52 (dd,
J 5 8.4, 6.0 Hz, 1 H), 4.9725.13 (m, 2 H), 5.6725.73 (m, 1 H),
7.16 (d, J 5 7.8 Hz, 2 H), 7.65 (d, J 5 8.4 Hz, 2 H). 2 13C NMR
(75.43 MHz, CDCl3): δ 5 0.2, 13.9, 21.4, 22.4, 49.1, 58.6, 61.5,
88.0, 101.8, 117.9, 127.5, 129.3, 134.7, 137.3, 143.3, 169.4. 2

HRMS (EI): m/z for C19H26NO4SSi [M 2 CH3]: calcd. 392.1351;
found 392.1344.

Preparation of Cobalt Complex 25: To a solution of Co2(CO)8

(212 mg, 0.62 mmol) in dry diethyl ether (35 mL) was added the
enyne building block 13 (252 mg, 0.62 mmol). The brown solution
thus obtained was stirred at room temp. for 10 h under argon. A
suspension was produced, which was filtered through a sintered
glass crucible. The filtrate was concentrated and the crude product
was purified by flash column chromatography (silica gel; ethyl acet-
ate/hexane, 1:20) to give 25 as a sticky solid (357 mg, 83%). 2 IR
(neat): ν̃ 5 2088, 2051, 2032, 1737 cm21. 2 1H NMR (300 MHz,
CDCl3): δ 5 0.37 (s, 9 H), 1.10 (t, J 5 7.5 Hz, 3 H), 2.42 (s, 3 H),
2.65 (t, J 5 7.2 Hz, 2 H), 3.7123.93 (m, 2 H), 4.44 (t, J 5 7.8 Hz,
1 H), 4.83 (s, 2 H), 5.0725.15 (m, 1 H), 5.6825.82 (m, 2 H), 7.29
(d, J 5 8.1 Hz, 2 H), 7.71 (d, J 5 8.1 Hz, 2 H).

Preparation of Cobalt Complex 28: To a stirred solution of
Co2(CO)8 (168 mg, 0.49 mmol) in dry diethyl ether (25 mL) was
added the enyne building block 22 (200 mg, 0.49 mmol). The brown
solution thus obtained was stirred at room temp. for 12 h under
argon. A suspension was produced, which was filtered through a
sintered glass crucible. The filtrate was concentrated and the res-
idue was purified by flash column chromatography (silica gel; ethyl
acetate/hexane, 1:20) to give 28 (288 mg, 85%) as a dark-brown
gummy solid. 2 IR (neat): ν̃ 5 2088, 2051, 2034, 1741 cm21.

Ethyl N-[(4-Methylphenyl)sulfonyl)-5-vinyl-1,2,3,6-tetrahydropyrid-
ine-2-carboxylate (23): To a solution of the enyne building block
12 (100 mg, 0.29 mmol) in toluene was added Grubbs’ catalyst
[Cl2(PCy3)2Ru5CHPh] (20 mol%) and the reaction mixture was
refluxed under argon for 36 h. The solvents were then evaporated
to leave the crude product, which was purified by flash column
chromatography (silica gel; ethyl acetate/hexane, 1:10) to give the
diene 23 as a colorless liquid (65 mg, 65%). 2 IR (neat): ν̃ 5 1736
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cm21. 2 1H NMR (200 MHz, CDCl3): δ 5 1.08 (t, J 5 6.8 Hz, 3
H), 2.42 (s, 3 H), 2.64 (m, 2 H), 3.8324.06 (m, 3 H), 4.25 (1/2 ABq,
J 5 15.2 Hz, 1 H), 4.86 (t, J 5 6.3 Hz, 1 H), 5.02 (dd J 5 6.6, 15.6
Hz, 2 H), 5.71 (s, 1 H), 6.23 (dd, J 5 11.0, 18.4 Hz, 1 H), 7.29 (d,
J 5 8.2 Hz, 2 H), 7.70 (d, J 5 8.0 Hz, 2 H). 2 HRMS (EI): m/z
for C14H18NO4S [M 2 C3H3N]: calcd. 278.0850; found 278.0854

Ethyl N-[(4-Methylphenyl)sulfonyl]-4-vinyl-1,2,3,6-tetrahydropyrid-
ine-2-carboxylate (24): To a solution of the enyne building block
21 (210 mg, 0.62 mmol) in toluene was added Grubbs’ catalyst
[Cl2(PCy3)2Ru5CHPh] (20 mol%) and the reaction mixture was
refluxed under argon for 36 h. It was then concentrated and the
crude product was purified by flash column chromatography (silica
gel; ethyl acetate/hexane, 1:10) to give the diene 24 as a colorless
liquid (150 mg, 70%). 2 IR (neat): ν̃ 5 1736, 1645 cm21. 2 1H
NMR (300 MHz, CDCl3): δ 5 0.9 (t, J 5 6.9 Hz, 3 H), 2.3 (s, 3
H), 2.4 (1/2 ABq, J 5 17.0 Hz, 1 H), 2.7 (1/2 ABq, J 5 17.1 Hz, 1
H), 3.723.9 (m, 3 H), 4.1 (1/2 ABq, J 5 18.0 Hz, 1 H), 4.88 (d,
J 5 5.7 Hz, 1 H), 4.925.0 (m, 2 H), 5.5 (s, 1 H), 6.23 (dd, J 5

10.8, 17.4 Hz, 1 H), 7.21 (d, J 5 8.1 Hz, 2 H), 7.62 (d, J 5 8.1 Hz,
2 H). 2 13C NMR (75.43 MHz, CDCl3): δ 5 13.8, 21.4, 26.8, 42.2,
52.7, 61.2, 112.4, 123.1, 127.2, 129.4, 131.8, 136.2, 137.4, 143.3,
170.0 (C5O). 2 HRMS (EI): m/z for C14H18NO4S [M 2 C3H3N]:
calcd. 278.0850; found 278.0854.

Preparation of Compounds 26 and 27: A solution of dicobalt com-
plex 25 (275 mg, 0.39 mmol) in toluene (95 mL) was added drop-
wise to refluxing toluene (50 mL) under argon over a period of 25
min. The resulting suspension was refluxed for a further 30 min
and was then allowed to cool to ambient temperature, whereupon
a solution of 4-methylmorpholine N-oxide (140 mg, 1.1 mmol) in
CHCl3 (10 mL) was added. The reaction mixture was filtered, the
filtrate was concentrated, and the residue obtained was purified by
flash column chromatography (silica gel; ethyl acetate/hexane, 1:20)
to give diene 26 (85 mg, 51%). 2 IR (neat): ν̃ 5 1737 cm21. 2 1H
NMR (200 MHz, CDCl3): δ 5 0.02 (s, 9 H), 1.16 (t, J 5 7.2 Hz, 3
H), 2.40 (s, 3 H), 2.46 (d, 1/2 ABq, J 5 6.6, 9.0 Hz, 1 H), 2.68 (1/2
ABq, J 5 2.4, 13.5 Hz, 1 H), 3.9624.10 (m, 3 H), 4.24 (1/2 ABq,
J 5 14.0 Hz, 1 H), 4.81 (dd, J 5 3.3, 6.6 Hz, 1 H), 4.85 (d, J 5

22.0 Hz, 2 H), 5.36 (s, 1 H), 7.24 (d, J 5 8.4 Hz, 2 H), 7.66 (d, J 5

8.1 Hz, 2 H). 2 13C NMR (75.43 MHz, CDCl3): δ 5 0.24, 14.1,
21.6, 37.0, 53.4, 56.5, 61.2, 114.5, 127.4, 127.5, 129.5, 137.2, 142.2,
143.2, 149.7, 169.6. 2 HRMS (EI): m/z for C19H26NO4S [M 2

CH3]: calcd. 392.1351; found 392.1348. 2 Further elution of the
column with ethyl acetate/hexane (1:10) gave the Pauson2Khand
product 27 as a crystalline material (20 mg, 11%); m.p. 1102111
°C. 2 1H NMR (300 MHz, CDCl3): δ 5 0.22 (s, 9 H), 1.21 (t, J 5

7.5 Hz, 3 H), 1.5421.65 (m, 1 H), 1.92 (dd, J 5 3.3, 18.3 Hz, 1 H),
2.42 (s, 3 H), 2.4722.69 (m, 2 H), 2.6922.73 (m, 1 H), 4.0224.16
(m, 3 H), 4.8624.93 (m, 2 H), 7.29 (d, J 5 8.1 Hz, 2 H), 7.67 (d,
J 5 8.4 Hz, 2 H). 2 13C NMR (75.43 MHz, CDCl3): δ 5 0.7, 14.1,
21.5, 34.7, 37.5, 41.4, 44.1, 54.6, 61.5, 127.3, 129.6, 136.6, 139.8,
143.5, 170.0, 177.6, 210.5. 2 HRMS (EI): m/z for C20H26NO4SSi
[M 2 CH3]: calcd. 420.13009; found 420.1304.

Preparation of Compounds 29 and 30: A solution of the hexacar-
bonyldicobalt complex of enyne 28 (250 mg, 0.36 mmol) in toluene
(85 mL) was added dropwise to refluxing toluene (45 mL) under
argon over a period of 25 min. The resulting suspension was re-
fluxed for a further 30 min and was then allowed to cool to ambient
temperature, whereupon a solution of 4-methylmorpholine N-oxide
(140 mg, 1.1 mmol) in CHCl3 (10 mL) was added. The reaction
mixture was filtered, the filtrate was concentrated, and the residue
obtained was purified by flash column chromatography (silica gel;
ethyl acetate/hexane, 1:20) to give the diene 29 as a viscous liquid
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(115 mg, 78%). 2 IR (neat): ν̃ 5 1742 cm21. 2 1H NMR
(300 MHz, CDCl3): δ 5 0.02 (s, 9 H), 1.11 (t, J 5 6.9 Hz, 3 H),
2.40 (s, 3 H), 2.64 (d, J 5 3.6 Hz, 2 H), 3.9323.99 (m, 3 H), 4.28
(1/2 ABq, J 5 5.4 Hz, 1 H), 4.79 (t, J 5 3.9 Hz, 1 H), 4.97 (s, 2 H),
5.30 (s, 1 H), 7.25 (d, J 5 7.8 Hz, 2 H), 7.65 (d, J 5 8.1 Hz, 2 H).
2 13C NMR (75.43 MHz, CDCl3): δ 5 0.3, 14.2, 21.5, 42.1, 49.6,
56.7, 61.0, 113.2, 127.1, 129.1, 129.4, 136.8, 142.3, 143.1, 150.0,
169.5. 2 HRMS (EI): m/z for C19H26NO4S [M 2 CH3]: calcd.
392.1351; found 392.1347. 2 Further elution of the column with
ethyl acetate/hexane (1:10) gave the Pauson2Khand product 30 as
a gummy solid (10 mg, 7%). 2 1H NMR (300 MHz, CDCl3): δ 5

0.17 (s, 9 H), 1.13 (t, J 5 6.9 Hz, 3 H), 1.84 (d, J 5 18.6 Hz, 2 H),
2.46 (s, 3 H), 2.6922.76 (m, 1 H), 2.8922.93 (m, 2 H), 3.44 (1/2
ABq, J 5 13.8 Hz, 1 H), 3.8524.07 (m, 2 H), 4.13 (1/2 ABq, J 5

6.9 Hz), 5.02 (d, J 5 3.9 Hz, 1 H), 7.29 (d, J 5 8.1 Hz, 2 H), 7.77
(d, J 5 8.1 Hz, 2 H). 2 13C NMR (75.43 MHz, CDCl3): δ 5 0.12,
14.7, 22.2, 33.5, 39.4, 42.2, 49.5, 56.2, 62.2, 127.9, 130.2, 137.5,
141.8, 144.2, 169.6, 181.0, 210.9. 2 HRMS (EI): m/z for
C20H26NO4SSi [M 2 CH3]: calcd. 420.13009; found 420.1304.

Preparation of Compound 31: A solution of diene 23 (45 mg,
0.134 mmol), DMAD (32 mg, 0.099 mmol), and a catalytic amount
of hydroquinone in dry toluene (3.5 mL) was placed in a thick-
walled tube. The tube was then sealed and the reaction mixture was
refluxed at 160 °C for 3 d. After opening the tube, the contents
were concentrated and the residue was purified by flash column
chromatography (silica gel; ethyl acetate/hexane, 1:4) to give the
Diels2Alder adduct as a colorless liquid (43 mg, 96%). Sub-
sequently, a mixture of the DA adduct (25 mg, 0.052 mmol) and
DDQ (11.8 mg, 0.082 mmol) in toluene (3.5 mL) was refluxed for
48 h. This mixture was then concentrated and the residue obtained
was purified by flash column chromatography (silica gel; ethyl acet-
ate/hexane, 1:4) to give the aromatized product 31 as a viscous solid
(24 mg, 97%). 2 IR (neat): ν̃ 5 1736 cm21. 2 UV (CHCl3): λmax

(ε 21 cm21) 5 244 (34.01 3 103). 2 1H NMR (300 MHz, CDCl3):
δ 5 1.02 (t, J 5 7.2 Hz, 3 H), 2.41 (s, 3 H), 3.23 (d, J 5 3.6 Hz, 2
H), 3.88 (s, 6 H), 3.8023.98 (m, 2 H), 4.52 (1/2 ABq, J 5 16.5 Hz,
1 H), 4.79 (1/2 ABq, J 5 16.2 Hz, 1 H), 5.05 (dd, J 5 3.6, 5.1 Hz,
1 H), 7.29 (d, J 5 8.1 Hz, 2 H), 7.44 (d, J 5 7.5 Hz, 2 H), 7.71 (d,
J 5 8.4 Hz, 2 H). 2 HRMS (EI): m/z for C21H20NO8S [M 2

CH2CH3]: calcd. 446.1180; found 446.10749.

Preparation of Compound 32: A solution of diene 23 (50 mg,
0.149 mmol), 1,4-naphthoquinone (60 mg, 0.37 mmol), and a cata-
lytic amount of hydroquinone in dry toluene (3.5 mL) was placed in
a thick-walled glass tube. The tube was then sealed and the reaction
mixture was refluxed at 160 °C for 3.5 d. After opening the tube,
the contents were concentrated and the residue was chromato-
graphed on a silica gel column eluting with ethyl acetate/hexane
(1:4) to give the DA adduct as a colorless liquid (56 mg, 77%).
Subsequently, a mixture of the DA adduct (36 mg, 0.073 mmol)
and DDQ (36 mg, 0.15 mmol) in toluene (3.5 mL) was refluxed for
72 h. The reaction mixture was then concentrated and the residue
obtained was purified by flash column chromatography (silica gel;
ethyl acetate/hexane, 1:4) to give the aromatized product 32 as a
yellow sticky material (24 mg, 67%). 2 IR (neat): ν̃ 5 1736 cm21.
2 UV (CHCl3): λmax (ε 21 cm21) 5 255 (46.030 3 103), 334 (7.80
3 103). 2 1H NMR (300 MHz, CDCl3): δ 5 1.02 (t, J 5 7.2 Hz,
3 H), 2.40 (s, 3 H), 3.64 (dd, J 5 6.9, 8.4 Hz, 1 H), 3.8523.95 (m,
2 H), 4.17 (1/2 AXq, J 5 18.3 Hz, 1 H), 4.70 (1/2 ABq, J 5 16.2 Hz,
1 H), 4.83 (1/2 ABq, J 5 15.9 Hz, 1 H), 5.06 (dd, J 5 1.8, 2.1,
7.2 Hz, 1 H), 7.77 (d, J 5 8.1 Hz, 2 H), 7.47 (d, J 5 8.1 Hz, 1
H), 7.7427.82 (m, 4 H), 8.23 (d, J 5 6.0 Hz, 3 H). 2 13C NMR
(75.43 MHz, CDCl3): δ 5 13.9, 21.6, 22.7, 31.2, 45.0, 53.0, 61.3,
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126.1, 126.7, 127.3, 129.6, 131.6, 132.6, 133.7, 133.9, 134.2, 134.4,
134.7, 135.9, 139.6, 143.6, 170.0, 182.7, 184.9. 2 HRMS (EI): m/z
for C27H23NO6S: calcd. 489.1230; found 489.1246.

Preparation of Compound 33: A solution of diene 24 (45 mg,
0.13 mmol), DMAD (38 mg, 0.26 mmol), and a catalytic amount
of hydroquinone in dry toluene (3.5 mL) was placed in a thick-
walled glass tube. The tube was then sealed and the reaction mix-
ture was refluxed at 160 °C for 3 d. After opening the tube, the
contents were concentrated and the residue was chromatographed
on a silica gel column eluting with ethyl acetate/hexane (1:4) to give
the DA adduct (60 mg, 95%) as a colorless liquid. Subsequently, a
mixture of the DA adduct (58 mg, 0.121 mmol) and DDQ (37 mg,
0.145 mmol) in toluene (3.5 mL) was refluxed for 48 h. The reac-
tion mixture was then concentrated and the residue obtained was
purified by flash column chromatography (silica gel; ethyl acetate/
hexane, 1:4) to give the aromatized product 33 as a gummy material
(50 mg, 87%). 2 IR (neat): ν̃ 5 1736 cm21. 2 UV (CHCl3): λmax

(ε 21 cm21) 5 246.3 (24.035 3 103). 2 1H NMR (300 MHz,
CDCl3): δ 5 0.99 (t, J 5 7.2 Hz, 3 H), 2.40 (s, 3 H), 3.22 (d, J 5

6.0 Hz, 2 H), 3.8123.98 (m, 2 H), 3.92 (s, 3 H), 3.94 (s, 3 H), 4.39
(1/2 ABq, J 5 16.2 Hz, 1 H), 4.74 (1/2 ABq, J 5 16.2 Hz, 1 H), 4.97
(dd, J 5 3.3, 6.0 Hz, 1 H), 7.19 (d, J 5 8.1 Hz, 1 H), 7.27 (d, J 5

8.1 Hz, 2 H), 7.69 (d, J 5 8.4 Hz, 1 H), 7.75 (d, J 5 8.1 Hz, 2 H).
2 13C NMR (75.43 MHz, CDCl3): δ 5 13.8, 21.5, 32.1, 42.1, 52.4,
52.7, 53.1, 61.4, 126.8, 127.3, 128.1, 129.5, 129.6, 129.9, 133.1,
136.0, 136.5, 143.5, 165.6, 168.1, 169.5. 2 HRMS (EI): m/z for
C21H20NO8S: calcd. 446.1129; found 446.1074.

Preparation of Compound 34: A solution of diene 24 (52 mg,
0.155 mmol), naphthoquinone (48 mg, 0.31 mmol), and a catalytic
amount of hydroquinone in dry toluene (3.5 mL) was placed in a
thick-walled glass tube. The tube was then sealed and the reaction
mixture was refluxed at 160 °C for 3.5 d. After opening the tube,
the contents were concentrated and the residue was chromato-
graphed on a silica gel column eluting with ethyl acetate/hexane
(1:4) to give the DA adduct (53 mg, 70%) as a colorless liquid.
Subsequently, a mixture of the DA adduct (32 mg, 0.065 mmol)
and DDQ (14.7 mg, 0.065 mmol) in toluene (3.5 mL) was refluxed
for 48 h. The reaction mixture was then concentrated and the res-
idue obtained was purified by flash column chromatography (silica
gel; ethyl acetate/hexane, 1:4) to give 34 as a yellow sticky material
(20 mg, 64%). 2 IR (neat): ν̃ 5 1736 cm21. 2 UV (CHCl3): λmax

(ε 21 cm21) 5 258 (45.029 3 103), 335 (7.64 3 103). 2 1H NMR
(300 MHz, CDCl3): δ 5 1.00 (t, J 5 7.8 Hz, 3 H), 2.39 (s, 3 H),
3.3123.34 (m, 2 H), 3.8423.97 (m, 2 H), 4.85 (1/2 ABq, J 5

18.9 Hz, 1 H), 5.10 (dd, J 5 2.7, 6.3 Hz, 1 H), 5.61 (1/2 ABq, J 5

18.6 Hz, 1 H), 7.27 (d, J 5 9.0 Hz, 2 H), 7.54 (d, J 5 8.1 Hz, 2 H),
7.7227.76 (m, 2 H), 7.79 (d, J 5 8.4 Hz, 2 H), 8.1928.24 (m, 2
H). 2 13C NMR (75.43 MHz, CDCl3): δ 5 13.8, 21.5, 33.1, 44.8,
52.7, 61.5, 126.2, 126.7, 127.3, 127.5, 129.5, 129.7, 132.3, 133.6,
133.8, 134.3, 134.4, 134.6, 135.2, 136.0, 139.1, 143.5, 169.7, 182.9,
184.8. 2 HRMS (EI): m/z for C27H23NO6S: calcd. 489.1238;
found 489.12461.

Preparation of Compound 35: A solution of diene 26 (26 mg,
0.063 mmol), DMAD (18 mg, 0.127 mmol), and a catalytic amount
of hydroquinone in dry toluene (3.5 mL) was placed in a thick-
walled glass tube. The tube was then sealed and the reaction mix-
ture was refluxed at 150 °C for 48 h. After opening the tube, the
contents were concentrated and the residue was chromatographed
on a silica gel column eluting with ethyl acetate/hexane (1:4) to give
the DA adduct (26 mg, 76%) as a colorless liquid. Subsequently, a
mixture of the DA adduct (25 mg, 0.045 mmol) and DDQ
(10.3 mg, 0.082 mmol) in toluene (3.5 mL) was refluxed for 48 h.
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The reaction mixture was then concentrated and the residue ob-
tained was purified by flash column chromatography (silica gel;
ethyl acetate/hexane, 1:4) to give the desilylated aromatized product
35 as a viscous liquid (19 mg, 90%). 2 IR (neat): ν̃ 5 1736 cm21.
2 UV (CHCl3): λmax (ε 21 cm21) 5 245 (10.766 3 103). 2 1H
NMR (300 MHz, CDCl3): δ 5 1.02 (t, J 5 6.9 Hz, 3 H), 2.41 (s, 3
H), 3.23 (d, J 5 3.3 Hz, 2 H), 3.8123.98 (m, 2 H), 3.88 (s, 6 H),
4.52 (1/2 ABq, J 5 16.2 Hz, 1 H), 4.72 (1/2 ABq, J 5 15.9 Hz, 1
H), 5.05 (dd, J 5 3.2, 5.3 Hz, 1 H), 7.28 (d, J 5 8.1 Hz, 2 H), 7.44
(d, J 5 7.2 Hz, 2 H), 7.71 (d, J 5 8.4 Hz, 2 H). 2 13C NMR
(75.43 MHz, CDCl3): δ 5 14.0, 21.6, 31.9, 44.1, 52.3, 53.0, 61.4,
129.1, 129.5, 129.6, 130.5, 130.6, 134.3, 134.9, 136.2, 143.4, 167.0,
169.2, 169.3. 2 HRMS (EI): m/z for C21H20NO8S [M 2 C2H5]:
calcd. 446.1074; found 446.1148.

Ethyl 2-{[(4-Methylphenyl)sulfonyl](prop-2-ynyl)amino}pent-4-yno-
ate (36): To a solution of the tosyl derivative 19 (250 mg,
0.84 mmol) in CH3CN (15 mL) were added propargyl bromide
(150 mg, 1.27 mmol) and K2CO3 (350 mg, 2.5 mmol). The resulting
heterogeneous reaction mixture was heated at 60 °C for 2 h. It was
then filtered and concentrated. The residue was taken up in diethyl
ether (100 mL) and the resulting solution was washed with water
and brine and dried with MgSO4. Evaporation of the solvent left
the crude product, which was purified by flash column chromato-
graphy (silica gel; ethyl acetate/hexane, 1:19) to give 36 as a white
crystalline solid (231 mg, quantitative); m.p. 59260 °C. 2 IR
(neat): ν̃ 5 3283, 2123, 1738 cm21. 2 1H NMR (300 MHz, CDCl3):
δ 5 1.05 (t, J 5 6.9 Hz, 3 H), 1.88 (t, J 5 2.7 Hz, 1 H), 2.06 (t,
J 5 2.4 Hz, 1 H), 2.30 (s, 3 H), 2.67 (d, 1/2 ABq, J 5 2.7, 7.8,
9.9 Hz, 1 H), 2.80 (d, 1/2 ABq, J 5 3.9, 8.7, 9.9 Hz, 1 H), 3.9324.04
(m, 2 H), 4.09 (d, J 5 7.8 Hz, 2 H), 4.63 (t, J 5 7.8 Hz, 1 H), 7.16
(d, J 5 9.6 Hz, 2 H), 7.68 (d, J 5 8.4, 2 H). 2 13C NMR
(75.43 MHz, CDCl3): δ 5 13.8, 20.7, 21.4, 34.3, 58.0, 61.7, 71.5,
73.0, 78.3, 78.9, 127.7, 129.3, 136.7, 143.7, 169.0. 2 MS: m/z 5

333 [M1].

Ethyl 2-{[(4-Methylphenyl)sulfonyl](3-trimethylsilylprop-2-ynyl)-
amino}pent-4-ynoate (37): To a solution of the tosyl derivative 19
(150 mg, 0.5 mmol) in CH3CN (10 mL) were added 3-bromo-1-
trimethylsilyl-1-propyne (115 mg, 0.6 mmol) and K2CO3 (200 mg,
1.5 mmol). The resulting heterogeneous mixture was heated at 60
°C for 3 h. It was then concentrated, the residue was taken up in
diethyl ether (100 mL), the resulting solution was washed with
water and brine, and dried with MgSO4. Evaporation of the solvent
left the crude product, which was purified by flash column chroma-
tography (silica gel; ethyl acetate/hexane, 1:30) to give 37 as a color-
less liquid (198 mg, 98%). 2 IR (neat): ν̃ 5 3283, 2179, 1738 cm21.
2 1H NMR (300 MHz, CDCl3): δ 5 0.07 (s, 9 H), 1.19 (t, J 5

7.2 Hz, 3 H), 1.95 (t, J 5 2.7 Hz, 1 H), 2.42 (s, 3 H), 2.75 (1/2 ABq,
J 5 2.7, 8.1, 17.1 Hz, 1 H), 2.93 (1/2 ABq, J 5 2.7, 6.6, 17.4 Hz, 1
H), 4.0524.17 (m, 2 H), 4.21 (1/2 ABq, J 5 17.8 Hz, 1 H), 4.27
(1/2 ABq, J 5 18.6 Hz, 1 H), 4.75 (t, J 5 6.9 Hz, 1 H), 7.27 (d, J 5

7.8 Hz, 2 H), 7.83 (d, J 5 8.4 Hz, 2 H). 2 13C NMR (75.43 MHz,
CDCl3): δ 5 0.03, 14.3, 21.1, 21.9, 35.8, 58.7, 62.1, 71.7, 79.7, 99.3,
100.2, 128.3, 129.7, 137.6, 143.9, 169.4. 2 HRMS (EI): m/z for
C19H26NO4SSi [M 2 CH3]: calcd. 392.13518; found 392.1335.

Synthesis of 1,2,3,4-Tetrahydroisoquinoline-3-carboxylic Acid Deriv-
atives by Co-trimerization Reactions

General Procedure for [21212] Cycloaddition Reactions Using Wil-
kinson’s Catalyst: A solution of the diyne building block (1 mmol)
and the monoyne (528 mmol) in absolute ethanol (20 mL) was
degassed by bubbling argon through it for 30 min. Wilkinson’s cata-
lyst (223 mol%) was then added and the resulting clear red solu-
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tion was refluxed under argon until all the diyne had been con-
sumed (TLC monitoring). The solvent was then evaporated and the
brown residue obtained was purified by column chromatography
on silica gel eluting with ethyl acetate/hexane mixtures.

General Procedure for [21212] Cycloaddition Reactions Using
Vollhardt’s Catalyst (VC): To a refluxing solution of the diyne
building block (0.1 mmol) in toluene/octane containing
CpCo(CO)2 (0.3 µL), a solution of the monoyne in the same solv-
ent, also containing CpCo(CO)2, was added under nitrogen over a
period of 6210 h (syringe pump). The reaction flask was connected
to a vacuum distillation set-up and all volatiles were subsequently
distilled off to leave the crude product. The dark oily residue was
chromatographed on a silica gel column eluting with petroloeum
ether/ethyl acetate mixtures to give the co-trimerized product.
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