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Pummerer reaction of the sulfoxides 5 of N-acyl-N-(aryl)methyl-2-(phenylthio)ethylamines (4) on treatment
with trifluoroacetic anhydride (TFAA) effectively caused intramolecular cyclization under a mild condition to give
N-acyl-4-phenylthio-1,2,3,4-tetrahydroisoquinolines (TIQs) (7). The reaction of the N-formyl sulfoxide S¢ without
a methoxy group in the benzene ring using a formyl group for N-protection is particularly efficient. Treatment of
the N-formyl sulfoxide 5f with TFAA did not give any TIQ, but a sequential treatment using TFAA and BF;-Et,0
afforded N-formyl-4-phenylthio-TIQ (7f) in quantitative yield. The efficiency of this method of preparing TIQs was
demonstrated in the synthesis of 1,4-dideuterio-TIQ (10D) and its N-methyl derivative (11D).
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Isoquinoline alkaloids, which are widely distributed in
the plant and animal kingdoms, have received much
attention because of their important biological activities."
For example, 1,2,3,4-tetrahydroisoquinolines (TIQs) such
as 10b and 11b present in mammalian brain are known
to induce Parkinson’s disease.” Although there are
well-known methods of preparing isoquinolines® such as
the Pictet-Spengler reaction, Bischler—Napieralski reac-
tion and Pomeranz—Fritsch synthesis, it is still difficult to
synthesize isoquinolines which lack electron-donating
groups in the benzene ring. Recently, Takano et al¥
developed a route to TIQs which utilized a sulfoxide-
mediated electrophilic cyclization reaction (Pummerer
reaction).” This route is very attractive for preparing
substrates to use in biological studies since isotope-labeling
at the C-4 position is possible by reductive elimination of
the phenylthio group. In this paper we describe an
improvement and extention of Takano’s TIQ synthesis.

Results and Discussion

N-Acyl sulfoxides 5 were prepared from aromatic al-
dehydes 1 and 2-phenythioethylamine (2)® according to
the known method® with some modifications. Condensa-
tion of 1 with 2 in EtOH in the presence of acetic acid
followed by sodium borohydride reduction of the result-
ing imine gave N-(aryl)methyl-2-(phenylthio)ethylamines
3 in good yields. The free amines 3 were protected by
acetylation, benzyloxycarbonylation, or formylation, and
the resulting N-acyl derivatives 4 were oxidized with
sodium metaperiodate in aqueous methanol to give the
sulfoxides 5 in good yields. In most cases, the sulfones 6
were also generated as a by-product in yields of a few
percent. The products were well characterized by MS, IR,
and "H-NMR spectral data (see Experimental).

Our preliminary experiments revealed that the in-
tramolecular cyclization of 5 by Pummerer reaction
proceeded under a very mild condition in contrast with
Takano’s condition.*” For example, the N-acetyl sulf-
oxide Sa, on treatment with trifluoroacetic anhydride

* To whom correspondence should be addressed.

(TFAA) in benzene at room temperature for 18h, gave
N-acetyl-4-phenylthio-TIQ (5a) in 68% yield. The yield
was similar to that reported by Takano et al.® This
cyclization is markedly affected by the solvents used.
N-Benzyloxycarbonyl sulfoxide Sb, on treatment with
TFAA in benzene at room temperature, gave N-benzyl-
oxycarbonyl-4-phenylthio-TIQ (7b) in 64% yield. How-
ever, the reaction of 5b in CH,Cl, gave only a complex
mixture of uncharacterizable products. On the other hand,
the treatment in Et,O or tetrahydrofuran (THF) caused
the expected ring closure to give 7b, though in lesser yields
(49% in Et,0 and 42% in THF). Benzene seems to be the
most suitable solvent for this reaction. Next, we found
that suitable selection of the N-protecting group is critical
for this intramolecular cyclization. The N-formyl sulfoxide
5¢, on treatment with TFAA in benzene for 20h at room
temperature, gave N-formyl-4-phenylthio-TIQ (7¢) in
97% yield. The results are summarized in Table 1. The
N-acyl-4-phenylthio-TIQs 7 were isolated in a pure form
by flash chromatography over SiO, and fully characterized
by MS, IR, and NMR examinations (see Experimental),
although they gradually deteriorated on storage even in a
refrigerator.

Next, we applied this reaction to the sulfoxides 5d—f
which lack the methoxy group in the benzene ring. Con-
trary to our expectation, the results were very disap-
pointing (Chart 2). For example, reaction of the N-
acetyl sulfoxide 5d with TFAA in benzene at room tem-
perature did not give the expected product, but an ox-
azepine 14 in 21% yield. The oxazepine structure of 14
was readily deduced from the 'H- and 3C-NMR spectral
data together with the mass spectrum, which indicated
the presence of benzyl, SPh, and trifluoromethyl moieties,
but the absence of an acetyl methyl group. The formation
of 14 can be rationalized in terms of dehydrative
intramolecular ring closure between the acetyl methyl and
the trifluoroacetyl carbonyl in the intermediary trifluor-
oacetate 12.

The reaction of the N-benzyloxycarbonyl sulfoxide Se
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Table 1. Pummerer Reaction of N-Acyl Sulfoxides 5
Sulfoxides (5) Conditions Yield (%)
Run
N-Acyl Reagent® Solvent Time (h) Temp. PhSTIQ (7) Others
1 Sa COMe A Benzene 18 r.t. (7Ta) 68 —
2 5b COOCH,Ph A Benzene 3 r.t. (7b) 56 —
3 5b COOCH,Ph A Benzene 16 r.t. (7b) 64 -
4 5b COOCH,Ph A CH,(Cl, 3 r.t. —b e
5 5b COOCH,Ph A Et,0 3 r.t. (7b) 49 —
6 5b COOCH,Ph A THF 3 r.t. (Tv) 42 —
7 5¢ CHO A Benzene 20 r.t. (Te) 97 —
8 5d COMe A Benzene 18 r.t. — 14) 21
9 5e COOCH,Ph A Benzene 16 r.t. — 15) 62
10 5f CHO A Benzene 18 r.t. 9 —
11 5t CHO B Benzene 2.5 r.t. @n 99 —
12 5d COMe B Benzene 3 r.t. 7d) 2 —
13 Se COOCH,Ph B Benzene 3 I.t. (7e) 15 (15) 67
14 5D CHO B Benzene 3 r.t. 98 e

(7D)

a) A: TFAA only. B: TFAA-BF;-Et,0. b) An intractable mixture.

under a similar condition gave an oxazolidine 15 in 62%
yield, but no TIQ. The product 15 should be formed by
the attack of benzyloxycarbonyl oxygen on the sulfenium
cation 13.

On the other hand, when the N-formyl sulfoxide 5f
was treated with TFAA in benzene for 30 min at room
temperature, a less polar product appeared on TLC as
a single spot. However, this product was found to
decompose rapidly and completely during working-up
procedures to give only an intractable mixture. We as-
sumed that the product may be a f-phenylthio-enamine
16, which should be very labile to air oxidation and
hydrolysis. The results are shown in Table 1.

The desired intramolecular cyclization of the N-formyl
sulfoxide 5f was achieved by using TFAA and BF;-Et,0.
A solution of 5f in benzene was treated with TFAA for
30 min at room temperature, then BF;-Et,O was added

r.t.=room temp.

and the mixture was allowed to react for a further 2h,
giving N-formyl-4-phenylthio-TIQ (7f) in 99% yield. The
use of the formyl group for N-protection (R* =H) seems
to be essential for this cyclization, since other N-acyl
derivatives 5d and Se gave poor results; 5d gave N-
acetyl-4-phenylthio-TIQ (7d) in only 2% vyield, and Se
gave N-benzyloxycarbonyl-4-phenylthio-TIQ (7e) in 15%
yield, together with 15 (67%).

Reductive removal of the phenylthio group of 7 readily
proceeded on treatment with NiCl,-NaBH,” in MeOH~
THF to give N-acyl-TIQs 8 in good yields, though
1,2-dihydroisoquinolines 9 were produced as a by-product
in some cases. Deprotection of the N-acyl group was
readily achieved by conventional methods. Alkaline hy-
drolysis of 8 gave TIQs 10. Reduction of 8 with LiAlH,
gave N-alkyl-TIQs 11 in good yields. The results are
indicated in Table 2.
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Table 2. Preparation of TIQs 10 and N-Alkyl-TIQs 11

Reduction of 79 Hydrolysis of 8% Reduction of 8
Yield (%) Yield (%) Yield (%)
N-Acyl 8 9 N-Acyl 10 11
Ta COMe (8a) 76 e 8a COMe (10a) 78 8a (11c) 88
b COOCH,Ph (8) 59 9b) 5 8b  COOCH,Ph (102) 89 8b (11a) 95
Te CHO 8c) 74 — 8c CHO (10a) 100 8c (11a) 87
7 CHO @n 71 — 8 CHO (10b) 96 8  (11b) 91
7D CHO (8D) 86 (9D) 2 8D CHO (10D) 92 8D (11D) %
a) NaBH,-NiCl,. b) NaOH. ¢) LiAlH,. d) NaBD,~NiCl,.
SPh S(0),Ph
O\ i 2 HCOOH- HCOOH-Ac;0 K‘ NalO, \
CHO ii) NaBD, in MeOD NecHo
D
1b 5D: n=1
6D: n=2
Pummerer SPh D
reaction NiCl,-NaBD,
5D + l
N‘CHo N‘CHO N‘CHO
D D
7D 8D 9D
D
NaOH LiAlH,
8D
N.
N‘H Me
D D
10D 11D
Chart 3

This method was applied to the synthesis of deuterium-
labeled derivatives of 10b and 11b, which were identified
as inducers of Parkinson’s disease.? The 1-deuterio-N-
formyl sulfoxide 5D, on treatment with TFAA and BF;-
EtZO gave N-formyl-1-deuterio-4-phenylthio-TIQ (7D)
in 98% yield. Reductive desulfurization of 7D with NiCl,-
NaBD,” gave N-formyl-1,4-dideuterio-TIQ (8D) in

86% yield. Hydrolysis and reduction of 8D gave 1,4-
dideuterio-TIQ (10D) and N-methyl-TIQ (11D), respec-
tively. Incorporation of deuterium into the C-4 position is
practically complete as revealed by the mass and 'H-NMR
spectra, although the compound is a diastereomeric mix-
ture with respect to the stereochemistry of deuterium at
C-1 and C-4.
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In summary, the Pummerer reaction of the sulfoxides
5 of N-acyl-N-(aryl)methyl-2-(phenythio)ethylamines (4)
resulted in intramolecular carbon-carbon bond forma-
tion under very mild conditions to produce 4-phenylthio-
TIQs (7). The reaction using formamide as an N-protect-
ing group gives an excellent result. The route produced
6,7-dimethoxy-TIQ (10a) in 62% overall yield from 1la.
In particular, it was proved that Pummerer reaction under
a modified condition using TFAA and BF;-Et,0 is ap-
plicable to the synthesis of TIQ derivatives which lack
an electron-donating group in the benzene ring, when the
formamide was used for N-protection. Thus, TIQ (10b)
and its 1,4-dideuterio-TIQ (10D) were synthesized from
benzaldehyde 1b in 57 and 60% overall yields, respective-
ly. The deuterio-TIQs should be of great value for meta-
bolic studies.

Experimental

General Notes  Unless otherwise noted, the following procedures were
adopted. Melting points were taken on a Yanagimoto SP-M1 hot-stage
melting point apparatus and are uncorrected. IR spectra were obtained
as films for oils and gums, and KBr disks for solids with a JASCO
FT/IR-5000 spectrometer, and are given in cm™!'. NMR spectra were
measured on a JEOL JNM-EX 90 (*H, 90 MHz) or a JEOL JNM-A
500 ('H, S00MHz; '3C, 125MHz) spectrometer in CDCl; with
tetramethylsilane as an internal standard at room temperature or at
80°C, and the chemical shifts are given in ¢ values. Unless otherwise
noted, spectral data measured at 90 MHz at room temperature are shown.
The following abbreviations arc used; s=singlet, d =doublet, t=triplet,
q=quartet, dd=double doublet, m=multiplet, and br=broad. Low
resolution MS (LRMS) and high resolution MS (HRMS) were taken
on a JEOL JMS-AX 50SH spectrometer at 70eV (electron impact MS
(EIMS)) or at 270eV (chemical ionization MS (CIMS), reactant gas:
iso-butane) using direct or GC/MS inlet systems. Thin-layer chromato-
graphy (TLC) was performed on Merck precoated Silica gel 60 F,q,
plates (Merck). Column chromatography was carried out with silica gel
(Wakogel C-200). The organic extract from each reaction mixture was
washed with brine, dried over anhydrous Na,SO,, and concentrated in
vacuo to dryness. The known TIQs were also characterized by MS, IR,
and 'H-NMR examinations. The *H-NMR spectra indicated that all
N-acetyl- (4a, 4d, 5a, and 5d), and N-formyl derivatives (4c, 4f, 5S¢, and
5f) and also N-acetyl- (7a, 7d, and 8a), and N-formyl-TIQs (7¢, 7f, 8¢
and 8f) are present in CDCl; as a mixture of two rotational isomers of
the N-CO bond.¥

General Procedure for the Preparation of Sulfoxides (5) Preparation
of N-(Aryl)methyl-2-(phenylthio)ethylamines (3a,b): A solution of 1a or
1b (5g), 2-phenylthioethylamine (2)® (1.5molar eq), and acetic acid
(1.5molar eq) in EtOH (100 ml) was refluxed for 18-—20h under an Ar
atmosphere. The reaction mixture was concentrated in vacuo, then the
residue was dissolved in MeOH (100ml). To this solution, NaBH,
(1 molar eq) was added in small portions under ice-cooling. The reaction
mixture was stirred at room temperature for 1 h, concentrated in vacuo,
diluted with water, and extracted with CHCI;. The crude product was
dissolved in Et,O (ca. 300 ml) and extracted with 0% HCIH,O. The
aqueous layer was basified with 10% NaOH--H,O, and extracted with
CHCl;. The products (3a and 3b) were purified by column chro-
matography.

N-(3,4-Dimethoxyphenyl)methyl-2-(phenylthio)ethylamine (3a):
Eluent for column chromatography: AcOEt. Yield: 92%. Pale yellow
oil. IR: 1593, 1516, 1265. 'H-NMR: 2.77—2.93 (2H, m, -SCH,-),
3.02—3.18 (2H, m, -CH,NH-), 3.73, (1H, s, ArCH,N=), 3.86, 3.87
(each 3H, s, 2 x -OCHy,), 6.80, 6.81, 6.86 (each 1H, s, Ar-H), 7.20—7.35
(SH, m, Ar-H). EIMS m/z: 303 (M™), 151 (base peak). HRMS: Calcd
for C,,H,{NO,S : 303.1293. Found: 303.1314.

N-Benzyl-2-(phenylthio)ethylamine (3b): Eluent for column chroma-
tography: AcOEt-n-hexane (2:1). Yield: 94%. Colorless oil. IR: 1591,
1516, 1265. '"H-NMR: 2.75—2.90 (2H, m, -SCH,-), 2.95—3.15 (2H, m,
-CH,NH-), 3.76 (2H, s, ArCH,N =), 7.10—7.30 (10H, m, Ar-H). EIMS
m/z: 243 (M), 91 (base peak). HRMS: Calcd for C,sH,,NS: 243.1082.
Found: 243.1046.
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Acetylation of 3a and 3b:A solution of 3a (1.5g) or 3b (1.9g), and
acetic anhydride (Sml) in dry pyridine (10ml) was stirred at room
temperature for 16 h. The reaction mixture was poured into ice-water,
extracted with CH,Cl,, and washed with 5% HCI-H,0, 5%
NaOH-H,0, and brine. The products (4a and 4d) were purified by
column chromatography.

N-Acetyl-N-(3,4-dimethoxyphenyl)methyl-2-(phenylthio)ethylamine
(4a): Eluent for column chromatography: AcOEt. Yield: 96%. Pale
yellow gum. IR: 1647, 1518, 1417, 1265. '"H-NMR: 2.05, 2.11 (total 3H,
each s, ~COCHj;), 2.85--3.20 (2H, m, -SCH,-), 3.30—3.70 (2H, m,
~CH,N=), 3.83, 3.86 (each 3H, s, 2 x -OCH,), 4.47 (2H, s, ArCH,N =),
6.59—6.80 (3H, m, Ar-H), 7.10—7.40 (5H, m, Ar-H). EIMS m/z: 345
(M*), 151 (base peak). HRMS : Caled for C,4H,;NO;S: 345.1399.
Found: 345.1358.

N-Acetyl-N-benzyl-2-(phenylthio)ethylamine (4d): Eluent for column
chromatography: CH,Cl,. Yield: 89%. Colorless gum. IR: 1649, 1439,
1421. "H-NMR: 2.05, 2.07 (total 3H, each s, -COCH}), 2.85-3.20 (2H,
m, -SCH,—), 3.30—3.65 2H, m, -CH,N =), 4.51, 4.55 (total 2H, each
s, ArCH,N =), 7.05—7.40 (10H, br m, Ar-H). EIMS m/z: 285 (M ™),
136 (base peak). HRMS: Caled for C,,H;,NOS: 285.1188. Found:
285.1156.

Benzyloxycarbonylation of 3a and 3b: A solution of benzyl chloro-
formate (I.1molar eq) in dry benzene (20 ml) was added dropwise to a
solution of 3a (5g) or 3b (10g), and triethylamine (1.5molar eq) in
dry benzene (80ml) and the mixture was stirred at room temperature
for 2h. After removal of precipitates by filtration, the filtrate was
extracted with benzene. The products (4a and 4e) were purified by column
chromatography.

N-Benzyloxycarbonyl-N-(3,4-dimethoxyphenyl)methyl-2-(phenyl-
thio)-ethylamine (4a): Eluent for column chromatography: CH,Cl,.
Yield: 89%. Pale yellow oil. IR: 1694, 1518, 1417, 1265. 'H-NMR:
2.80—3.20 (2H, brm, ~-SCH,~), 3.30—3.55 (2H, brm, -CH,N=),
3.60—3.80 (3H, brm, -OCH,;), 3.85 (3H, s, -OCH,), 4.43 (2H, s,
ArCH,N =), 5.19 (2H, s, - OCH,Ar), 6.60—6.80 (3H, brs, Ar-H), 7.18
(5H, s, Ar-H), 7.34 (5H, s, Ar-H). EIMS m/z: 437 (M *), 151 (base peak).
HRMS: Caled for C,5H,,NO,S: 437.1662. Found: 437.1620.

N-Benzyloxycarbonyl- N-benzyl-2-(phenylthio)ethylamine (4e): Eluent
for column chromatography: CH,Cl,. Yield: 85%. Colorless oil. IR:
1702, 1584, 1421, 1232. '"H-NMR: 2.90--3.20 (2H, brm, -SCH,-),
3.30—3.60 (2H, brm, ~-CH,N =), 4.51 (2H, s, ArCH,N=), 5.19 (2H, s,
~OCH,Ar), 7.10—7.40 (15H, m, Ar-H). EIMS m/z: 377 (M), 91 (base
peak). HRMS: Caled for C,3H,3NO,S: 377.1450. Found: 377.1439.

Formylation of 3a and 3b A mixture of 3a,b (each 1g), 98—100%
formic acid (40 molar eq) and acetic anhydride (10 molar eq) was heated
at 70 °C for | h, then concentrated in vacuo, and the residue was extracted
with CHCl;. The products (4c and 4f) were purified by column
chromatography.

N-Formyl-N-(3,4-dimethoxyphenyl)methyl-2-(phenylthio)ethylamine
(4¢): Eluent for column chromatography: AcOEt-n-hexane (3:1). Yield:
98%. Colorless gum. TR: 1669, 1593, 1518, 1265. '"H-NMR: 2.90—3.18
(2H, m, -SCH,-), 3.25—3.55 (2H, m, -CH,N =), 3.82, 3.83, 3.86, 3.87
(total 6H, each s, 2 x —-OCH3), 4.35, 4.44 (total 2H, each s, ArCH,N =),
6.60—6.90 (3H, m, Ar-H), 7.10—7.40 (SH, m, Ar-H), 8.11, 8.28 (total
IH, each s, = N-CHO). EIMS m/z: 331 (M™*), 195 (base peak). HRMS:
Caled for CgH,;NO,S: 331.1242. Found: 331.1312.

N-Benzyl-N-formyl-2-(phenylthio)ethylamine (4f): Eluent for column
chromatography: AcOEt-n-hexane (1:1). Yield: 97%. Colorless oil. IR:
1673, 1584, 1439, 1398. 'H-NMR: 2.85—3.10 (2H, m, -SCH,-),
3.25—3.55 2H, m, -CH,N =), 4.41, 4.50 (total 2H, each s, ArCH,N =),
7.05—7.45 (10H, m, Ar-H), 8.13, 8.28 (total 1H, each s, =N-CHO).
EIMS m/z: 271 (M), 136 (base peak). HRMS: Caled for C, H,,NOS:
271.1031. Found: 271.1015.

Oxidation of 4a—f with NalO, A solution of sodium metaperiodate
(1.5molar eq) in H,O (10ml) was added to a solution of 4a—f (each
2 g) in MeOH (80 ml), and the mixture was stirred at room temperature
for 15—20h. After removal of precipitated inorganic materials by
filtration, the filtrate was concentrated in vacuo. The residue was dissolved
in CHCl;. The products (5a—f) and the by-products (6a—f) were
separated by column chromatography.

N-Acetyl-N-(3,4-dimethoxyphenyl)methyl-2-(phenylsulfinyl)ethyl-
amine (5a): Eluent for column chromatography: AcOEt-MeOH (95:5).
Yield: 93%. Colorless gum. IR: 1649, 1518, 1417, 1265, 1029. 'H-NMR:
2.11, 2.15 (total 3H, each s, -COCHj), 2.60-—3.90 (total 4H, m,
~SOCH,CH,N =), 3.85, 3.87 (total 6H, each s, 2 x-OCH,), 4.46, 4.55

NII-Electronic Library Service



May 1997

(total 2H, each s, ArCH,N=), 6.65—6.90 (3H, m, Ar-H), 7.45—7.65
(SH, m, Ar-H). CIMS m/z: 362 (MH™, base peak).

N-Acetyl-N-(3,4-dimethoxyphenyl)methy!-2-(phenylsulfonyl)ethyl-
amine (6a): Eluent for column chromatography: AcOEt-MeOH (95:5).
Yield: 3.2%. Colorless gum. IR: 1649, 1518, 1419, 1265. 'H-NMR:
2.07 (3H, s, ~COCHj;), 3.05—3.50, 3.55—3.80 (each 2H, m, -SO,-
CH,CH,N=), 3.84, 3.87, 3.88 (total 6H, each s, 2 x-OCH3), 4.43, 4.52
(total 2H, each s, ArCH,N=), 6.60—6.90 (3H, m, Ar-H), 7.50—7.95
(SH, m, Ar-H). EIMS m/z: 377 (M™*), 334 (base peak). HRMS: Calcd
for C,oH,3NO;S : 377.1297. Found: 377.1271.

N-Benzyloxycarbonyl-N-(3,4-dimethoxyphenyl)methyl-2-(phenyl-
sulfinyl)ethylamine (5b): Eluent for column chromatography: CHCI,.
Yield: 93%. Colorless gum. [R: 1700, 1518, 1417, 1267, 1044. 'H-NMR:
2.70—3.20, 3.50—3.75 (each 2H, brm, -SOCH,CH,N =), 3.75 (3H, brs,
-OCHj;), 3.86 (3H, s, -OCH,), 4.33, 4.59 (each 1H, d, J=15Hz,
ArCH,N=), 5.17 (2H, s, -OCH,Ar), 6.77 (3H, s, Ar-H), 7.34 (SH, s,
Ar-H), 7.48 (5H, brs, Ar-H). CIMS m/z: 454 (MH™, base peak).

N-Benzyloxycarbonyl-N-(3,4-dimethoxyphenyl)methyl-2-(phenyl-
sulfonyl)ethylamine (6b): Eluent for column chromatography: CHCI,.
Yield: 1.8%. Colorless gum. IR: 1702, 1593, 1518, 1145. '"H-NMR:
3.00—3.70 (4H, br, -SO,CH,CH,N=), 3.75 (3H, brs, ~-OCH,), 3.86
(3H, s, -OCHj,), 4.40 (2H, s, ArCH,N =), 5.11 (2H, s, -OCH,Ar), 6.74
(3H, brs, Ar-H), 7.32 (SH, m, Ar-H), 7.50—7.90 (5H, m, Ar-H). EIMS
mfz: 469 (M*), 335 (base peak). HRMS: Caled for C,5H,,NO,S:
469.1587. Found: 469.1536.

N-Formyl-N-(3,4-dimethoxyphenyl)methyl-2-(phenylsulfinyl)ethyl-
amine (5c): Eluent for column chromatography: AcOEt-MeOH (95 5).
Yield: 96%. Colorless gum. IR: 1671, 1518, 1265, 1042. 'H-NMR:
2.70—3.80 (4H, m, -SOCH,CH,N =), 3.85, 3.87, 3.88 (total 6H, each
s, 2x-OCHj;), 4.30—4.60 (2H, m, ArCH,N=), 6.70—6.85 (3H, m,
Ar-H), 7.45—7.60 (SH, m, Ar-H), 8.24, 8.28 (total 1H, each s,
=N-CHO). CIMS m/z: 348 (MH™), 332 (base peak).

N-Formyl-N-(3,4-dimethoxyphenyl)methyl-2-(phenylsulfonyl)ethyl-
amine (6¢): Eluent for column chromatography: AcOEt-MeOH (95 : 5).
Yield: 2.3%. Colorless gum. IR: 1671, 1518, 1265, 1151, 1027. 'H-NMR:
3.15—3.40, 3.50—3.70 (each 2H, m,-SO,CH,CH,N =), 3.83, 3.86, 3.87,
3.89 (total 6H, each s, 2x-OCHj,), 4.35, 4.10 (total 2H, cach s,
ArCH,N =), 6.65—6.90 (3H, m, Ar-H), 7.45—7.95 (5H, m, Ar-H), 8.16,
8.21 (total 1H, each s, =N-CHO). EIMS m/z: 363 (M*), 334 (base
peak). HRMS: Caled for C 4H,,0,S: 363.1141. Found: 363.1163.

N-Acetyl-N-benzyl-2-(phenylsulfinyl)ethylamine (5d): Eluent for col-
umn chromatography: AcOEt. Yield: 88%. Colorless gum. IR: 1649,
1479, 1444, 1044, '"H-NMR: 2.09, 2.17 (total 3H, each s, -COCH,),
2.60—3.30, 3.30—3.90 (each 2H, m, -SOCH,CH,N =), 4.53, 4.60 (total
2H, each s, ArCH,N =), 7.10—7.70 (10H, Ar-H), CIMS m/z: 302 (MH*,
base peak).

N-Acetyl-N-benzyl-2-(phenylsulfonyl)ethylamine (6d): Eluent for
column chromatography: AcOEt. Yield: 4.1%. Colorless gum. IR: 1649,
1448, 1305, 1151. "H-NMR: 2.05, 2.10 (total 3H, each s, -COCHy,),
3.10—3.50, 3.55—3.80 (each 2H, m,-SO,CH,CH,N =), 4.48, 4.58 (total
2H, each s, ArCH,N=), 7.10—7.95 (10H, m, Ar-H). EIMS m/z: 317
(M™), 274 (base peak). CIMS m/z: 318 (MH™, base peak).

N-Benzyloxycarbonyl-N-benzyl-2-(phenylsulfinyl)ethylamine (Se):
Eluent for column chromatography: Benzene-AcOEt (3 : 1). Yield: 94%.
Colorless gum. IR: 1702, 1423, 1234, 1046. '"H-NMR: 2.70—3.20, 3.62
(each 2H, br m and t, J=7Hz, -SOCH,CH,N =), 4.40, 4.65 (each 1H,
d, J=15Hz, ArCH,N =), 5.16 (2H, s, -OCH,Ar), 7.10—7.70 (15H, m,
Ar-H). CIMS mj/z: 394 (MH™*, base peak).

N-Benzyloxycarbonyl-N-benzyl-2-(phenylsulfonyl)ethylamine (6e):
Eluent for column chromatography: benzene-AcOFEt (3: 1). Yield: 4.2%.
Colorless gum. IR: 1702, 1475, 1307, 1149. 'H-NMR: 3.00—3.70 (4H,
brm, -8O,CH,CH,N=), 446 (2H, s, ArCH,N=), 510 (2H, s,
—OCH,Ar), 7.00—8.00 (15H, m, Ar-H). EIMS m/z: 274 (base peak).
CIMS m/z: 410 (MH™*, base peak).

N-Benzyl- N-formyl-2-(phenylsulfinyl)ethylamine (5f): Eluent for col-
umn chromatography: AcOEt. Yield: 93%. Colorless gum. IR: 1671,
1444, 1041, '"H-NMR: 2.60—3.35, 3.35—4.00 (each 2H, m, -SOCH,-
CH,N=), 448, 4.56 (total 2H, each s, ArCH,N=), 7.10—7.70
(10H, m, Ar-H), 8.26, 8.28 (total 1H, each s, =N-CHO). CIMS m/z:
288 (MH™, base peak).

N-Benzyl-N-formyl-2-(phenylsulfonyl)ethylamine (6f): Eluent for
column chromatography: AcOEt. Yield: 1.6%. Colorless gum. IR: 1667,
1307, 1152, 1087. 'H-NMR: 3.05—3.40, 3.48—3.70 (each 2H, m,
-50,CH,CH,N=),4.39, 4.46 (total 2H, each s, ArCH,N =), 7.10—8.00
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(10H, m, Ar-H), 8.18, 8.21 (total 1H, each s, =N-CHO. EIMS m/z: 303
(M"), 274 (base peak). HRMS: Caled for C,4H,,NO,S: 303.0929.
Found: 303.0965.

General Procedure for the Pummerer Cyclization of Sulfoxides 5
Method A: TFAA (5molar eq) was added to a solution of a sulfoxide
Sa—f (each 500 mg) in appropriate solvents (40 ml) at room temperature,
and the mixture was stirred for several hours. The reaction mixture was
concentrated in vacuo, and the products (7a—c, 14 and 15) were purified
by column chromatography.

Method B: TFAA (5molar eq) was added to a solution of a sulfoxide
5d—f (500 mg) in dry benzene (40ml) at room temperature, and the
mixture was stirred for 0.5—1 h. BF;-Et,O (3 molar eq) was added and
stirring was continued at the same temperature for 2h. The reaction
mixture was washed with 5% NaOH-H,0. The products (7e, f, and 15)
were purified by column chromatography. The reaction conditions and
yields are summarized in Table 1.

1,2,3,4-Tetrahydro-2-acetyl-6,7-dimethoxy-4-phenylthioisoquinoline
(7a): Eluent for column chromatography: AcOEt-benzene (I:1).
Colorless needles, mp 139-—~141°C (from AcOEt-n-hexane). IR: 1636,
1520, 1450, 1265, 1226, 1125. "H-NMR (500 MHz, room temp): 2.04,
2.13 (total 3H, each s, -COCH,), 3.46, 3.68, 3.97, 4.50 (total 2H, each
dd, J=3.5, 13.5Hz, -CH,N =), 3.82, 3.85, 3.86, 3.87 (total 6H, each s,
2x-0CH;), 4.32, 4.53 (total 1H, each t, J=3Hz, -SCH=), 4.29, 4.47,
4.61, 5.08 (total 2H, each d, J=16.5Hz, ArCH,N=), 6.56, 6.60, 6.76,
6.85 (total 2H, each s, Ar-H), 7.26—7.53 (SH, m, Ar-H). '3 C-NMR
(500 MHz, room temp.): 21.3, 21.9 (total 1C, q, =NCO-), 43.3, 43.6
(total 1C, t, Cl or C3), 46.8, 47.1 (total 1C, d, C4), 47.4, 47.7 (total 1C,
t,Clor C3), 55.9(1C, q, OCH3;), 56.0 (1C, q, OCH,), 108.3, 108.9 (total
1C,d, C5 or CR), 111.6, 111.9 (total 1C, d, C5 or CB), 124.3, 124.7 (total
1C, s, C4a or C8a), 125.9, 126.2 (total 1C, s, C4a or C8a), 127.5, 128.0
(total 1C, d, Ar), 128.9, 131.5 (total 2C, d, Ar), 129.3, 134.1 (total 2C,
d, Ar), 133.8, 134.7 (total 1C, s, Ar), 147.7, 148.0 (total IC, s, C6 or
C7), 148.8, 149.0 (total 1C, s, C6 or C7), 169.9, 170.2 (total I1C, s, —~CO-).
EIMS m/z: 343 (M), 192 (base peak). CIMS m/z: 344 (MH ), 234 (base
peak). Anal. Caled for C,4,H,,NO,S: C, 66.45; H, 6.16; N, 4.08. Found:
C, 66.53; H, 6.28; N, 4.02.

1,2,3,4-Tetrahydro-2-benzyloxycarbonyl-6,7-dimethoxy-4-phenyl-
thioisoquinoline (7b): Eluent for column chromatography: n-hexane—
AcOEt (2:1). Pale yellow gum. IR: 1702, 1518, 1255, 1224.
"H-NMR: 3.83, 385 (each 3H, s, 2x-OCH,), 3.40—5.10 (m,
-SCHCH,N=, ArCH,N =), 5.18 (2H, brs, -OCH,Ar), 6.56, 6.81 (each
IH, brs, Ar-H), 7.10—7.60 (10H, brs, Ar-H). 'H-NMR (500 MHz,
80°C): 3.36 (1H, dd, J=3, 13.5Hz, =CHN=), 4.13 (1H, dd, J=4,
13.5Hz, =CHN =), 3.79, 3.83 (each 3H, each s, 2 x-OCHj), 4.32 (1H,
t, J=4Hz, -SCH=), 442, 472 (each 1H, each d, J=16.5Hz,
ArCH,N=), 5.16, 5.19 (each 1H, each d, /=12.5Hz, -OCH,Ar), 6.56,
6.83 (each IH, each s, Ar-H), 7.15—7.40 (10H, m, Ar-H). *C-NMR
(500 MHz, room temp.): 45.1 (2C, t, Cl and C3), 46.8, 47.3 (total 1C,
d, C4), 55.7 (2C, q, 2x OCHy), 67.1 (1C, t, -OCH,-), 108.3, 108.5 total
1C, d, C50r C8), 111.8 (1C, d, C5 or C8), 124.7, 125.2 (total 1C, s, Cda
or C8a), 125.3, 125.6 (total 1C, s, C4a or C8a), 127.3 (1C, d, Ar), 127.8
(3C, d, Ar), 128.3(1C, d, Ar), 128.8 (3C, d, Ar), 132.5 (1C, d, Ar), 133.9
(1C, d, Ar), 133.8, 134.4 (total 1C, s, Ar), 136.2, 136.5 (total 1C, s, Ar),
147.5 (1C, s, C6 or C7), 148.6, 148.7 (total 1C, s, C6 or C7), 155.4, 155.5
(total 1C, s, =NCO-), EIMS m/z: 435 (M *), 91 (base peak). CIMS mjz:
436 (MH™), 326 (base peak).

1,2,3,4-Tetrahydro-2-formyl-6,7-dimethoxy-4-phenylthioisoquinoline
(Tc): Eluent for column chromatography: AcOEt-n-hexane (2:1).
Colorless prism, mp 131—133°C (from AcOFEt-n-hexane). IR: 1665,
1518, 1441, 1265, 1116. 'H-NMR: 3.84, 3.85 (each 3H, s, 2 x-OCHy,),
3.30—4.70 (m,-SCHCH,N =, ArCH,N =), 4.17, 5.09 (¢ach d, /= 17 Hz,
ArCH,N=), 6.56, 6.59, 6.79, 6.88 (total 2H, each s, Ar-H), 7.20—7.60
(5H, m, Ar-H), 8.05, 8.33 (total 1H, each s, =N-CHO). 'H-NMR
(500 MHz, 80°C): 3.63, 3.65, 3.69, 4.18 (total 2H, each dd, J=3.5,
13.5Hz, -CH,N =), 3.81, 3.82, 3.84, 3.85 (total 6H, each s, 2 x -OCH,),
4.34, 4.39 (total 1H, each t, J=3.5Hz, -SCH =), 4.22, 4.40, 4.52, 4.99
(total 2H, each d, J=17Hz, ArCH,N=), 6.55, 6.59, 6.79, 6.91 (total
2H, each s, Ar-H), 7.25—7.55 (5H, m, Ar-H), 8.05, 8.29 (total 1H, each
s, =N-CHO). '3C-NMR (500 MHz, room temp.): 41.8, 41.9 (total 1C,
t, Cl or C3), 46.8, 46.8 (total 1C, t, C1 or C3), 46.8 (1C, d, C4), 55.9
(2C, q, 2xOCH,;), 108.1, 108.8 (total 1C, d, C5 or C8), 112.1, 1124
(total 1C, d, C5 or CB), 124.2, 124.5 (total 1C, s, C4a or C8a), 124.6,
125.6 (total IC, s, C4a or C8a), 128.0, 128.2 (total 1C, d, Ar), 129.1,
129.3 (total 1C, d, Ar), 132.7 (2C, d, Ar), 133.7, 133.9 (total 1C, s, Ar),
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134 (1C, d, Ar), 147.9, 148.1 (1C, s, C6 or C7), 148.9, 149.2 (1C, s, C6
or C7), 161.6, 162.2 (1C, s, -CO-). EIMS m/z: 329 (M ™), 220 (base
peak). CIMS mj/z: 330 (MH'), 220 (base peak). Anal. Calcd for
C;sH4NO;S: C, 65.63; H, 5.81; N, 4.25. Found: C, 65.77; H, 5.92; N,
4.03.
2,3-Dihydro-4-benzyl-2-phenylthio-7-trifluoromethyl-1,4-oxazepin-5-
one (14): Eluent for column chromatography: CHCIl;. Colorless gum.
IR: 1638, 1576, 1427, 1191, 1149. 'H-NMR (500 MHz, room temp.):
3.66 (1H, dd, J=8.5,12.5Hz, =CHN =), 4.09 (1H, dd, /=9.5, 12.5 Hz,
=CHN=), 442 (2H, s, ArCH,N=), 6.07 (1H, dd, /=8.5, 9.5Hz,
-SCH=), 7.22—7.48 (11H, m, olefinic-1H and Ar-H). !3C-NMR: 52.5
(1C, t, C3), 53.5 (1C, t, ArCH,N=), 88.5 (1C, d, C2), 116.8 (1C, q,
J=291Hz, —CF;), 128.7 (3C, d, Ar), 129.3 (lc, d, Ar), 129.6 (1C, d, Ar),
129.7 (2C, d, Ar), 129.8 (3C, d, Ar), 131.4 (1C, s, Ar), 133.1 (2C, d, Ar),
172.5 (1C, s, CS, ~CO-), 172.3 (1C, q, J=35Hz, C6, =CCF,). EIMS
m/z: 379 (M™*), 136 (base peak). CIMS m/z: 380 (MH*, base peak).
2-Phenylthio-4-benzyl-1,4-0xazolin-5-one (15): Eluent for column
chromatography: CHCl;. Colorless needles, mp 53—55°C (from Et,O-
n-hexane). IR: 1760, 1493, 1437, 1253. "H-NMR (500 MHz, room temp.):
3.27 (1H, dd, J=5.5, 10Hz, =CHN=), 3.75 (1H, dd, J=9, 10Hz,
=CHN=), 4.32 (IH, d, J=15Hz, ArCH,N=), 5.73 (1H, dd, J=5.5,
9Hz, -SCH =), 7.13—7.56 (10H, m, Ar-H). }3C-NMR (500 MHz, room
temp.): 48.0 (1C, t, ArCH,N =), 49.3 (1C, t, C3), 79.9 (1C, d, C2), 127.9
(2C, d, Ar), 128.0 (1C, d, Ar), 128.8 (2C, d, Ar), 128.9 (1C, d, Ar), 129.3
(2C, d, Ar), 130.6 (1C, s, Ar), 133.5(2C, d, Ar), 135.1 (1C, s, Ar), 156.63
(1C, s, C5, —-CO-). EIMS m/z: 285 (M*), 91 (base peak). HRMS: Calcd
for C,;¢H,sNO,S: 285.0824. Found: 285.0890.
1,2,3,4-Tetrahydro-2-acetyl-4-phenylthioisoquinoline (7d): Eluent for
column chromatography: n-hexane-AcOEt (2:1). Colorless gum. IR:
1649, 1584, 1439, 1272, 1238. 'H-NMR (500 MHz, room temp.): 2.02,
2.19 (total 3H, each s, -COCH,;), 3.45, 3.68, 3.96, 4.51 (total 2H, each
dd, J=3, 13.5Hz, -CH,N=), 4.38, 4.59 (total 1H, each t, J=3Hz,
-SCH =), 4.39, 4.59, 4.69, 5.12 (total 2H, each d, J=17 Hz), 7.08—7.54
(9H, m, Ar-H). 13C-NMR (500 MHz, room temp.): 21.3, 21.9 (total 1C,
q, -CH;), 21.3, 21.9 (total 1C, t, C1 or C3), 43.2, 44.0 (total 1C, d, C4),
47.5, 47.7 (total 1C, t, C1 or C3), 126.0, 126.6 (total 1C, d, Ar), 126.8,
127.0 (total 1C, d, Ar), 127.5, 127.7 (total 1C, d, Ar), 128.0, 128.1 (total
1C, d, Ar), 128.9, 129.3 (total 1C, d, Ar), 129.2, 129.7 (total 1C, d, Ar),
131.6 (2C, 4, Ar), 132.6 (1C, s, Ar), 133.5, 133.6 (total 1C, s, Ar), 134.1
(1C, d, Ar), 134.2, 134.5 (total 1C, Ar), 169.9, 170.2 (total 1C, s, -CO-).
EIMS m/z: 283 (M%), 132 (base peak). CIMS mj/z: 284 (M*, base
peak).
1,2,3,4-Tetrahydro-2-benzyloxycarbonyl-4-phenylthioisoquinoline
(7e): Eluent for column chromatography: CHCl;. Pale yellow gum. IR:
1702, 1584, 1433, 1232. '"H-NMR: 3.56 (1H, dd, /=3, 13Hz,-CH,N =),
4.10—4.50 (m, -SCHCH,N=, ArCH,N=), 4.47, 490 (each d,
J=17.5Hz, ArCH,N =), 5.20 (2H, s,~OCH,Ar), 7.00—7.60 (14H, brm,
Ar-H). '"H-NMR (500 MHz, 80°C): 3.64 (1H, dd, J=3.5, 13.5Hz,
=CHN=),4.15(1H, dd, J=4,13.5Hz, =CHN=),4.38 (1H, t, /=4 Hz,
-SCH =), 4.51, 4.80 (each lH, each d, J=16.5Hz, ArCH,N=), 5.16,
5.20 (each 1H, each d, J=12.5Hz, —-OCH,Ar), 7.05—7.45 (14H, m,
Ar-H). 3C-NMR (500 MHz, room temp.): 45.3, 45.6 (total 1C, t, Cl
or C3), 47.4, 47.8 (total 1C, d, C4), 67.4 (1C, t, ~OCH,-), 126.3, 126.5
(total 1C, d, Ar), 126.7 (1C, d, Ar), 127.6, 127.7 (total 1C, d, Ar), 127.8,
128.1 (total 1C, d, Ar), 128.0 (2C, d, Ar), 128.5 (2C, d, Ar), 129.0 (3C,
d, Ar), 129.6, 129.8 (total 1C, d, Ar), 132.9 (1C, d, Ar), 133.1, 133.2
(total 1C, s, Ar), 133.6, 133.8 (total 1C, s, Ar), 133.9, 134.4 (total 1C,
s, Ar), 134.2 (1C, d, Ar), 136.5, 136.7 (total 1C, s, Ar), 155.6, 155.8 (1C,
s, -CO-). EIMS m/z: 375 (M™*), 91 (base peak). CIMS m/z: 376 (MH*,
base peak).
1,2,3,4-Tetrahydro-2-formyl-4-phenylthioisoquinoline (7f): Eluent for
column chromatography: benzene-AcOEt (2:1). Colorless gum. IR:
1671, 1582, 1481, 1437. 'H-NMR: 3.67 (d, J=3Hz, -CH,N=),
3.40—4.70 (m, -SCHCH,N=, ArCH,N=), 4.26, 5.16 (each d,
J=17.5Hz, ArCH,N=), 7.10—7.70 (9H, m, Ar-H), 8.05, 9.34 (total
1H, each s, =N-CHO). 'H-NMR (500 MHz, 80°C): 3.64, 3.66, 3.71,
4.21 (total 2H, each dd, J=3.5, 13.5Hz, -CH,N=), 4.40, 4.46 (total
1H, each t, J=3.5Hz, ~-SCH=), 4.30, 4.48, 4.61, 5.06 (total 2H, each
d, J=17Hz, ArCH,N=), 7.05—7.55 (9H, m, Ar-H), 8.06, 8.30 (total
IH, each s, =N-CHO). 3C-NMR (500 MHz, room temp.): 41.8, 42.1
(total 1C, t, Cl or C3), 46.6, 47.0 (total IC, t, Cl or C3), 47.1 (1C, d,
C4), 125.9, 126.7 (total 1C, d, Ar), 126.9, 127.3 (total 1C, d, Ar), 127.9,
128.1 (total 1C, d, Ar), 128.2, 128.3 (total 1C, d, Ar), 129.1, 129.3 (total
2C, d, Ar), 130.0, 130.4 (total 1C, d, Ar), 132.3, 132.4 (total 1C, s, Ar),
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132.5, 133.6 (total 1C, s, Ar), 132.9, 134.2 (total 2C, s, Ar), 133.6, 133.7
(total 1C, s, Ar), 161.6, 162.3 (total 1C, s, ~CO-). EIMS m/z: 269 (M™*),
159 (base peak). CIMS m/z: 270 (MH™, base peak).

Reductive Desulfurization of 2-Acyl-d4-phenylthio-TIQs (7) NaBH,
(10.5molar eq) was added in small portions to a stirred solution of one
of 7a—c and 7e,f (each 400mg) with NiCl, -6H,0 (3.5molar eq) in
MeOH-THEF (3: 1) (40 ml) under ice-cooling. After the addition, stirring
was continued at room temperature for 30 min. The reaction mixture
was filtered and the filtrate was concentrated in vacuo. The residue was
suspended in water, acidified with 5% HCI-H,O, and extracted with
CHCI;. The products (8a,b, 8e,f and 9b) were isolated by column
chromatography and the product (8¢) was purified by recrystallization.

1,2,3,4-Tetrahydro-2-acetyl-6,7-dimethoxyisoquinoline (8a): Eluent
for column chromatography: AcOEt. Yield: 76%. Colorless prism, mp
105—107 °C (from AcOEt-n-hexane) (lit.,”’ mp 94—95°C).

1,2,3,4-Tetrahydro-2-benzyloxycarbonyl-6,7-dimethoxyisoquino-
line (8b): Eluent for column chromatography: n-hexane-AcOEt (2:1).
Yield: 59%. Colorless gum. IR: 1702, 1613, 1520, 1226. '"H-NMR: 2.77
(2H, t, J=6Hz, ArCH,-), 3.12 (2H, t, J=6Hz, -CH,N =), 3.84, 3.85
(each 3H, each s, 2x-OCHj,), 4.57 (2H, s, ArCH,N=), 5.18 (2H, s,
~OCH,Ar), 6.85, 6.61 (each 1H, each s, Ar-H), 7.36 (5H, s, Ar-H). EIMS
m/z:327(M™), 236 (base peak). HRMS: Calcd for C, H,;NO,: 327.1470.
Found: 327.1440.
1,2-Dihydro-2-benzyloxycarbonyl-6,7-dimethoxyisoquinoline (9b):
This compound was obtained during desulfurization of 7b as a
by-product. Eluent for column chromatography: n-hexane-AcOEt (2: 1).
Yield: 4.7%. Colorless gum. IR: 1711, 1640, 1520, 1348, 1226. 'H-NMR:
3.85 (6H, s, 2x-OCH,;), 4.82 (2H, s, ArCH,N=), 523 (2H, s,
-OCH,Ar), 5.67 (1H, d, J=7.5Hz, ArCH=), 6.55, 6.59 (each 1H, s,
Ar-H), 6.82 (1H, d, /=7.5Hz, =CHN=), 7.37 (5H, s, Ar-H). EIMS
m/z: 325 (M ™), 91 (base peak). HRMS: Calcd for C;oH,NO,: 325.1314.
Found: 325.1351.
1,2,3,4-Tetrahydro-2-formyl-6,7-dimethoxyisoquinoline (8¢): Eluent
for column chromatography: AcOEt. Yield: 74%. Colorless needles, mp
128—131°C (from AcOEY), (lit.,'® mp 129—130°C).
1,2,3,4-Tetrahydro-2-benzyloxycarbonylisoquinoline (8e): Eluent for
column chromatography: n-hexane-AcOEt (3:1). Yield: 57%. Colorless
oil. IR: 1702, 1431, 1228. *H-NMR: 2.84 (2H, t, /=6 Hz, ArCH,-), 3.73
(2H, t, J=6Hz, -CH,N=), 4.65 (2H, s, ArCH,N=), 5.18 (2H, s,
-OCH,Ar), 7.14 (4H, s, Ar-H), 7.36 (5H, s, Ar-H). EIMS m/z: 267 (M ™),
176 (base peak). CIMS m/z: 268 (MH ™", base peak).
1,2,3,4-Tetrahydro-2-formylisoquinoline (8f): Eluent for column
chromatography: AcOEt. Yield: 71%. Colorless o0il.!®

Hydrolysis of 2-Acyl-TIQs (8) A 10% NaOH solution (2ml) was
added to a solution of one of the 2-acyl-TIQs 8a—c and 8e,f (each
200 mg) in EtOH (10 ml), and the mixture was stirred at room temperature
for 3-—4h (for 8¢ and 8f) or refluxed for 16—18h (for 8a,b and 8e). The
reaction mixture was concentrated in vacuo, and the residue was diluted
with water, then extracted with CHCl;. The products (10a and 10b) were
purified by column chromatography. The yields are shown in Table 2.

1,2,3,4-Tetrahydro-6,7-dimethoxyisoquinoline (10a): Eluent for col-
umn chromatography: CHCl;-MeOH (8:2). Colorless gum, mp
268—270°C (HCl salt) (lit.’?, mp 262 °C; lit.'?, mp 255—256 °C; lit.'®
mp 248 °C, HCI salt).

1,2,3,4-Tetrahydroisoquinoline (10b): Eluent for column chromatog-
raphy: CHCL;-MeOH (8 : 2). Pale yellow oil, mp 203—207 °C (HCl salt)
(lit.,' mp 196—197°C; lit.'*, mp 195—197°C, HCI salt).

LiAlH, Reduction of 2-Acyl-TIQs (8) LiAlH, (2 molar eq) was added
to a solution of one of 8a—¢ and 8e, f (each 300 mg) in dry THF (20 ml)
under ice-cooling, and refluxed for 1—2h. Et,0, saturated with water,
was added to the reaction mixture and insoluble material was filtered
off. The product was purified by column chromatography to give 11a—c.
Yields are shown in Table 2.

1,2,3,4-Tetrahydro-2-methyl-6,7-dimethoxyisoquinoline (11a): Eluent
for column chromatography: CHCl;-MeOH (95:5). Colorless oil, mp
215—223°C (HCI salt) (lit.'>, 210°C, HCl salt).

1,2,3,4-Tetrahydro-2-methylisoquinoline (11b): Eluent for column
chromatography: CHCl;-MeOH (95:5). Colorless oil, mp 217—229°C
(HCl salt) (lit.'», mp 227°C, HCI salt).

1,2,3,4-Tetrahydro-2-ethyl-6,7-dimethoxyisoquinoline (11c): Eluent
for column chromatography: CHCl;-MeOH (95:5). Colorless oil, mp
235—245°C (HCl salt) (lit.!®, mp 246 °C, HCI salt).

N-(Phenyl)-[*H, ]-methyl-2-(phenylthio)ethylamine (3D) A solution
of 1b (3 g, 28.30 mmol), 2-phenylthioethylamine (2)® (6.5 g, 42.48 mmol)
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and acetic acid (2.6 g, 43.33 mmol) in EtOD (25 ml) was refluxed for 20 h
under an Ar atmosphere. The reaction mixture was concentrated in vacuo.
The residue was taken up in MeOD (25ml), then NaBD, (l.2g,
21.71mmol) was added in small portions under ice-cooling, and the
mixture was stirred at room temperature for 1 h, It was worked up as
described above, and purified by column chromatography (AcOEt: n-
hexane=2:1) to give 3D (6.12g, 89%), as a pale yellow oil. IR: 1584,
1481, 1439. "H-NMR: 2.75—2.95 (2H, m, -SCH,-), 3.00—3.20 (2H, m,
-CH,N=), 3.77 (1H, t, J=2Hz, ArtCHDN=), 7.15—7.35 (10H, m,
Ar-H). EIMS mfz: 244 (M*), 92 (base peak). HRMS: Caled for
C,sH;4sDNS: 244.1141. Found: 244.1120.

N-Formyl-N-(phenyl)-[*H, ]-methyl-2-(phenylthio)ethylamine (4D) A
mixture of 3D (5g, 20.49mmol), 98—100% formic acid (28.2g,
600—613 mmol) and acetic anhydride (20.9 g, 205 mmol) was heated at
70°C for 1h. The reaction mixture was worked up as described above,
and purified by column chromatography (AcOEt:n-hexane=1:1) to
give 4D (5.37 g, 96%), as a colorless gum. IR: 1671, 1584, 1425, 1282.
'H-NMR: 2.82—3.10 (2H, m, -SCH,-), 3.25—3.55 (2H, m, -CH,N =),
4.40, 4.48 (total 1H, each br m, ArCHDN =), 7.05—7.40 (10H, m, Ar-H),
8.13, 8.28 (total 1H, each s, =N-CHO). EIMS m/z: 272 (M *), 136 (base
peak). HRMS: Calcd for C,¢H,(DNOS: 272.1093. Found: 272.1148.

N-Formyl-N-(phenyl)-[2H, ]-methyl-2-(phenylsulfinyl)ethylamine (5D)
A solution of sodium metaperiodate (5.9 g, 27.58 mmol) in water (40 ml)
was added to a solution of 4D (5 g, 18.38 mmol) in MeOH (200 ml). The
reaction mixture was stirred at room temperature for 16 h, then worked
up as described above, and the residue was purified by column
chromatography (AcOEt) to give 5D (4.76 g, 90%), as a colorless gum,
and N-formyl-N-(phenyl)-[*H, J-methyl-2-(phenylsulfonyl)ethylamine
6D (0.39 g, 7%), as a colorless gum. 5D: IR: 1671, 1446, 1282, 1044.
"H-NMR: 2.60—3.35, 3.40—4.00 (each 2H, m, ~-SOCH,CH,N =), 4.49,
4.59 (total 1H, each br m, ArCHDN =), 7.10—7.40, 7.40—7.60 (each
5H, m, Ar-H), 8.26, 8.28 (total 1H, each s, =N-CHO). CIMS m/z: 289
(MH™, base peak). 6D: IR: 1671, 1448, 1307, 1152. 'H-NMR: 3.10—3.40,
3.45—3.70 (each 2H, m, ~SO,CH,CH,N =), 4.37, 4.45 (total 1H, each
brs, ArCHDN =), 7.10—7.90 (10H, m, Ar-H), 8.17, 8.21 (total 1H, each
s, =N-CHO). EIMS m/z: 304 (M*), 275 (base peak). HRMS: Calcd
for C;sH,sDNO;S: 304. 0991. Found: 304.0948.

1,2,3,4-Tetrahydro-4-phenylthio-[ 1-2H, ]-isoquinoline (7D) TFAA
(7.33 g, 34.76 mmol) was added to a solution of 5D (2g, 6.94 mmol) in
dry benzene (50ml) at room temperature. The reaction mixture was
stirred for 1h, then BF;-Et,O (3 g, 21.14 mmol) was added, and the
whole was further stirred at the same temperature for 2 h. It was worked
up as described above, and purified by column chromatography
(AcOEt: n-hexane=1:1) to give 7D (1.83 g, 98%), as a colorless gum.
IR: 1667, 1582, 1437. *H-NMR (500 MHz, room temp.): 3.50, 3.52, 3.65,
3.69, 4.29, 431 (total 2H, each dd, J=3.5, 13.5Hz, -CH,N =), 441,
4.51 (total 1H, each t, J=3.5Hz, -SCH =), 4.25, 4.50, 4.63, 5.13 (total
2H, each s, ArCHDN =), 7.10—7.60 (9H, m, Ar-H), 8.05, 8.34 (total
1H, each s, =N-CHO). EIMS m/z: 270 (M*), 160 (base peak). HRMS:
Calcd for C,4H,,DNOS: 270.0936. Found: 270.0913.

1,2,3,4-Tetrahydro-2-formyl-[1,4-H, ]-isoquinoline (8D) NaBD,
(3.25g, 77.75mmol) was added in small portions to a stirred solution
of 7D (2g, 7.41mmol) and NiCl, 6H,0 (6.16g, 25.92mmol) in
MeOD-THF (3:1) (120 ml) under ice-cooling. After the addition, stir-
ring was continued at room temperature for 30 min. The reaction mix-
ture was worked up as described above, and purified by column
chromatography to give 8D (1.04g, 86%), as a colorless oil, and
1,2-dihydro-2-formyl-[1-*H, J-isoquinoline 9D (23mg, 1.94%), as a
colorless oil. 8D: IR: 1669, 1437, 1400. 'H-NMR: 2.75—3.00 (1H, brm,
ArCHD-), 3.55—3.85 (2H, m, ~-CH,N =), 4.51, 4.64 (total 1H, each t,
J=2.5Hz, ArCHDN =), 7.00—7.30 (4H, m, Ar-H), 8.19, 8.24 (total 1H,
each s, =N-CHO). EIMS m/z: 163 (M*, base peak). HRMS: Caled for
C1oHyD,NO: 163.0966. Found: 163.0962. 9D: IR: 1686, 1634, 1574.
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'H-NMR: 4.71, 4.89 (total 1H, t, J=2.5Hz, ArCHDN=), 5.82, 6.07
(total 1H, d, J=8Hz and dd, -CH=N=), 6.57 (0.75H, d, J=8Hz,
ArCH=), 6.95—7.85 (4.25H, m, Ar-H and ArCH=), 8.18, 8.31 (total
1H, each s, =N-CHO). EIMS m/z: 160 (M "), 131 (base peak). HRMS:
Caled for C;HgDNO: 160.0747. Found: 160.0700.

1,2,3,4-Tetrahydro-[1,4-2H, ]-isoquinoline (10D) A 10% NaOH solu-
tion (4 ml) was added to a solution of 8D (410 mg, 2.52 mmol) in EtOH
(10ml), and the mixture was stirred at room temperature for 4 h. It was
worked up as described above, and purified by column chromatography
(CHCl;: MeOH =8:2) to give 10D (312mg, 92%), as a pale yellow oil,
mp 200—203 °C (HCl salt). IR: 3300, 1493, 1454, *H-NMR: 2.60—2.90
(1H, brm, ArCHD-), 3.00—3.20 (2H, m, -CH,N =), 3.97 (1H, brt,
J=1.5Hz, ArtCHDN=), 6.95—7.20 (4H, m, Ar-H). EIMS m/z: 135
(M), 106 (base peak). HRMS: Caled for CoHoD,N: 135.1017. Found:
135.0997.

1,2,3,4-Tetrahydro-2-methyl-[1,4-H, ]-isoquinoline (11D) LiAlH,
(196 mg, 5.16 mmol) was added to a solution of 8D (420 mg, 2.58 mmol)
in dry THF (20 ml) under ice-cooling. The reaction mixture was refluxed
for 1h, then worked up as described above, and the residue was purified
by column chromatography to give 11D (346 mg, 90%), as a pale yellow
oil. IR: 1497, 1456. 'H-NMR: 2.45 (3H, s, =N-CH,), 2.55—3.00 (3H,
m, ArCHDCH,N=),3.54 (1H, brt, J=1.5Hz, ArCHDN =), 6.95—7.15
(4H, m, Ar-H). EIMS m/z: 149 (M™"), 148 (base peak). HRMS: Calcd
for C;,H,;ND,: 149.1172. Found: 149.1164.
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