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Sulfur-controlled 6-exo aryl radical cyclisation of N-ethenyl-2-
(2-bromophenyl)acetamides: synthesis of (±)-tetrahydropalmatine and
saulatine

Hiroyuki Ishibashi,*,a Hirotaka Kawanami,b Hiroko Nakagawa b and
Masazumi Ikeda*,b

a Faculty of Pharmaceutical Sciences, Kanazawa University, Takara-machi, Kanazawa 920,
Japan
b Kyoto Pharmaceutical University, Misasagi, Yamashina, Kyoto 607, Japan

Bu3SnH-mediated aryl radical cyclisation of  2-(2-bromophenyl)-N-[2,2-bis(phenylsulfanyl)ethenyl]-
acetamide 7 takes place in a 6-exo-trig manner to give the isoquinolinone 9. The method has been applied
to the synthesis of  (±)-tetrahydropalmatine 16 and saulatine 24.

Introduction
Previous reports from our laboratory 1 have described that
treatment of the 2-bromobenzamides 1a, having two phenyl-

sulfanyl groups at the terminus of the N-ethenyl group, with
tributyltin hydride (Bu3SnH; 3.3 mol equiv.) in the presence of
azo(cyclohexanecarbonitrile) (ACN) gave, in good yields (49–
66%), the isoindolones 4a as a result of the partial desulfuris-
ation of the initially formed 5-exo aryl radical cyclisation prod-
ucts 3a. The sulfur substituent incorporated into the products
4a served as a handle for the elaboration of the functionality
required for the synthesis of isoindolobenzazepine alkaloids
chilenine and lennoxamine. As an extension of the method, we
turned our attention to the homologous systems 1b and found
that the cyclisation of 1b occurred smoothly in a 6-exo-trig
manner to give the isoquinolinones 4b via 3b. The present paper
describes an application of this method to the synthesis of a
protoberberine alkaloid (±)-tetrahydropalmatine 16 and an
isoquinobenzazepine alkaloid saulatine 24.

Results and discussion
The enamide 7 was prepared by condensation of bis(phenyl-
sulfanyl)acetaldehyde 5 2 and benzylamine followed by N-acyl-
ation of the resulting enamine 6 with 2-(2-bromophenyl)acetyl
chloride. When the enamide 7 was treated with Bu3SnH (3.3
mol equiv.) in the presence of ACN in boiling toluene, the
expected partially desulfurised 6-exo cyclisation product 9
was obtained (58%). The structure of 9 was assigned on the
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basis of its 1H NMR spectrum which revealed an ABX pattern
due to the PhSCH2CH system similar to that observed for the
isoindolones 4a.1

In order to clarify the role of the phenylsulfanyl groups in the
cyclisation of the enamide 7, the reaction of 10 having no sulfur
substituent on the N-ethenyl group was examined. Surprisingly,
no cyclisation product was formed from 10 when treated with
Bu3SnH (2.2 mol equiv.) in the presence of ACN in boiling
toluene; the reduction product 11 and an unidentified product
were obtained. It has been well recognised that, since aryl rad-
icals are very reactive species the product distribution of the
aryl radical reactions reflects the rotamer population of the
starting amides.3 It appears, however, that there is little differ-
ence in the geometry between the enamides 7 and 10. Therefore,

we assume that the effectiveness of formation of 8 from 7 is
ascribed to the high stability of the intermediate sulfur-substi-
tuted radical 2b.

Scheme 1 Reagents and conditions: i, PhCH2NH2, MgSO4, Et2O, room
temp.; ii, 2-(2-bromophenyl)acetyl chloride, PhNEt2, toluene, reflux; iii,
Bu3SnH, ACN, toluene, reflux
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Encouraged by the success of the 6-exo aryl radical cyclis-
ation of the enamide 7, we then applied this method to the
synthesis of a protoberberine alkaloid (±)-tetrahydropalmatine
16 4 and an isoquinobenzazepine alkaloid saulatine 24 5,6 iso-
lated from Abuta bullata.

The requisite enamide 12 was prepared from 2,3-dimethoxy-

benzylamine according to a procedure similar to that described
for 7. The compound 12, upon treatment with Bu3SnH (3.3
equiv.)/ACN (catalytic amount) in boiling toluene, gave the
isoquinolinone 13 (67%). Oxidation of 13 with MCPBA in
dichloromethane at 230 8C followed by treatment of the result-
ing sulfoxide with trifluoroacetic anhydride (TFAA) in dichloro-
methane at room temperature gave, in 65% overall yield, a dia-
stereoisomeric mixture of the tetracyclic compounds 14a,b as a
result of the intramolecular electrophilic aromatic substitution
of the Pummerer rearrangement intermediate (α-thiocarbo-
cation).7 The mixture could be separated by column chrom-
atography on silica gel, and the stereochemistry of 14a,b was
assigned on the basis of the coupling constants between 13-H
and 13a-H: J 10.1 Hz for 14a and J 1.8 Hz for 14b. Each of the
sulfides 14a,b was desulfurised with Bu3SnH–ACN to give the
same lactam 15, reduction of which with BH3?THF complex
furnished (±)-tetrahydropalmatine 16, whose spectroscopic
data were identical with the reported values.†,8

Radical cyclisation of the enamide 17 gave the isoquinol-
inone 18 (66%). Repetition of the same sequence with 18 as
that used for the preparation of 14a,b from 13 afforded the
tetracyclic compound 19 (36%; based on 18) as a single stereo-
isomer, although the exact stereochemistry is unknown. Oxid-
ation of 19 with MCPBA followed by treatment of the resulting
sulfoxide 20 with TFAA in dichloromethane gave the trifluoro-
acetate 22 (νmax/cm21 1780). The formation of 22 may be ration-
alised by assuming a cationic intermediate 21 which arises by
elimination of the sulfenic acid derivative from 20.9 A sub-
sequent attack of trifluoroacetate ion on the cation 21 gives 22.
The trifluoroacetate 22 was then hydrolysed with potassium
carbonate in dichloromethane–methanol to give the alcohol 23
as a single stereoisomer in 56% overall yield from 20. Finally,
Swern oxidation of the alcohol 23 gave saulatine 24 (73%),

Scheme 2 Reagents and conditions: i, Bu3SnH, ACN, toluene, reflux; ii,
MCPBA, CH2Cl2, 230 8C; iii, TFAA, CH2Cl2, 0 8C and then room
temp.; iv, Bu3SnH, AIBN, toluene, reflux; v, BH3-THF
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† The authors thank Professor M. Hanaoka (Kanazawa University) for
providing spectra of compound 16.

whose melting point and 1H NMR spectral data were in accord
with the reported values.10

In summary, we have found that the sulfur-substituents at the
terminus of the N-ethenyl group of the enamide 7 play a crucial
role in effecting the Bu3SnH-mediated 6-exo aryl radical cyclis-
ation due to the high stability of the intermediate radical
to give the isoquinolinone 9 in good yield. With the establish-
ment of the use of the sulfur-substituent incorporated into the
products, (±)-tetrahydropalmatine 16 and saulatine 24 have
been synthesized.

Experimental
Mps were measured on a Yanako MP-J3 micro-melting point
apparatus and are uncorrected. IR spectra were recorded on
a JASCO-IR-A-100 spectrophotometer. 1H NMR (60 and 300
MHz) spectra were measured on a JEOL-JNM-PMX 60 or a
Varian XL-300 spectrometer for solutions in CDCl3. δ-Values
quoted are relative to tetramethylsilane, and J-values quoted
are given in Hz. Exact mass determinations (EI and FAB
mass spectra) were obtained on a JEOL-SX 102A instrument.
Column chromatography was performed on silica gel 60 PF254 

(Nacalai Tesque) under pressure.

N-Benzyl-2-(2-bromophenyl)-N-[2,2-bis(phenylsulfanyl)-
ethenyl]acetamide 7
Benzylamine (622 mg, 5.8 mmol) and magnesium sulfate (10 g)
were added to a solution of bis(phenylsulfanyl)acetaldehyde 5 2

(1.51 g, 5.8 mmol) in diethyl ether (30 cm3) and the mixture was
stirred at room temperature for 3 h. Magnesium sulfate was
removed by filtration of the mixture and the filtrate was concen-
trated in vacuo, and the resulting crude enamine 6 was dissolved
in toluene (50 cm3). N,N-Diethylaniline (1.30 g, 8.7 mmol) and
2-(2-bromophenyl)acetyl chloride (1.99 g, 8.7 mmol) were suc-
cessively added to the refluxing solution and the whole was
refluxed for 2 h. The reaction mixture was washed with 10% aq.
HCl, saturated aq. NaHCO3, and brine, dried (MgSO4) and
concentrated. The residue was chromatographed on silica gel
[hexane–AcOEt (15 :1)] to give 7 (3.17 g, 90%) as an oil [Found:
(M 1 H)1, 546.0569. C29H25

79BrNOS2 requires m/z, 546.0561];
νmax(CCl4)/cm21 1660; δH(60 MHz) 3.85 (2 H, s, NCOCH2), 4.90
(2 H, s, NCH2Ph) and 6.7–7.6 (20 H, m, olefinic H and ArH).

Radical cyclisation of compound 7
General procedure. A solution of Bu3SnH (1.01 g, 3.47 mmol)

and ACN (76 mg, 0.31 mmol) in toluene (150 cm3) was added
dropwise to a solution of 7 (596 mg, 1.09 mmol) in boiling
toluene (100 cm3) via a syringe during 3 h, and the mixture was
refluxed for 5 h. After concentration of the mixture by removal
of the solvent, diethyl ether (50 cm3) and 8% KF (50 cm3) were
added to the residue, and the whole was vigorously stirred at
room temperature for 30 min. The organic layer was separated,
dried (MgSO4) and concentrated. The residue was chromato-
graphed on silica gel [hexane–AcOEt (3 :1)] to give 2-benzyl-
1,4-dihydro-1-(phenylsulfanylmethyl)isoquinolin-3(2H)-one 9
(228 mg, 58%) as an oil (Found: M1, 359.1331. C23H21NOS
requires M, 359.1344); νmax(CCl4)/cm21 1655; δH(300 MHz) 3.16
(1 H, dd, J 13.8 and 7.8, one of CH2SPh), 3.31 (1 H, dd, J 13.8
and 4.5, one of CH2SPh), 3.70 (1 H, d, J 19.2, one of 4-H2),
3.90 (1 H, d, J 19.2, one of 4-H2), 4.14 (1 H, d, J 15.3, one of
CH2Ph), 4.45 (1 H, dd, J 7.8 and 4.5, 1-H), 5.32 (1 H, d, J 15.3,
one of CH2Ph) and 7.03–7.30 (14 H, m, ArH).

N-Ethenyl-2-(2-iodophenyl)-N-(4-methoxybenzyl)acetamide 10
Following a procedure similar to that described for the prepar-
ation of 7, the imine, prepared from 4-methoxybenzylamine
(760 mg, 7 mmol) and acetaldehyde (790 mg, 18 mmol), was
treated with 2-(2-iodophenyl)acetyl chloride (2.24 g, 8 mmol) to
give 10 (284 mg, 10%) as an oil, whose 1H NMR spectrum
showed the presence of two rotamers in a ratio of ca. 4 : 1
[Found: (M 1 H)1, 408.0469. C18H19INO2 requires m/z,
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Scheme 3 Reagents and conditions: i, Bu3SnH, ACN, toluene, reflux; ii, MCPBA, CH2Cl2, 220 8C; iii, TFAA, CH2Cl2, 0 8C and then room temp.; iv,
MCPBA, CH2Cl2, 220 8C; v, TFAA, CH2Cl2, 0 8C and then room temp.; vi, K2CO3]CH2Cl2, MeOH; vii, (COCl)2, DMSO, Et3N, CH2Cl2
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408.0460]; νmax(CCl4)/cm21 1670 and 1625; δH(300 MHz) for the
major rotamer 3.78 (3 H, s, OMe), 4.02 (2 H, s, COCH2), 4.39 (1
H, d, J 9.1, one of C=CH2), 4.57 (1 H, d, J 14.9, one of C=CH2),
4.87 (2 H, s, NCH2Ar), 6.8–7.05 (4 H, m, NCH= and ArH),
7.1–7.4 (4 H, m, ArH) and 7.86 (1 H, d, J 7.8, ArH).

Radical cyclisation of compound 10
Following the general procedure, compound 10 (276 mg, 0.68
mmol) was treated with Bu3SnH (433 mg, 1.49 mmol) and ACN
(33 mg, 0.14 mmol) in toluene (34 cm3) and the crude material
was chromatographed on silica gel [hexane–AcOEt (1 :1)]. The
first eluent gave N-ethenyl-N-(4-methoxybenzyl)-2-phenyl-
acetamide 11 (43 mg, 22%) as an oil, whose 1H NMR spectrum
showed the presence of two rotamers in a ratio of ca. 4 : 1
[Found: (M 1 H)1, 282.1501. C18H20NO2 requires m/z,
282.1494]; νmax(CCl4)/cm21 1670 and 1625; δH(300 MHz) for the
major rotamer 3.77 (3 H, s, OMe), 3.93 (2 H, s, COCH2), 4.30 (1
H, d, J 9.0, one of C=CH2), 4.49 (1H, d, J 15.4, one of C=CH2),
4.84 (2 H, s, NCH2Ar) and 6.8–7.4 (10 H, m, NCH= and ArH).
The second eluent gave an unidentified product (34 mg).

2-(6-Bromo-3,4-dimethoxyphenyl)-N-(2,3-dimethoxybenzyl)-N-
[2,2-bis(phenylsulfanyl)ethenyl]acetamide 12
Following a procedure similar to that described for the prepar-
ation of 7, the enamine, prepared from 2,3-dimethoxybenzyl-
amine (1.26 g, 7.5 mmol) and the aldehyde 5 (1.96 g, 7.5
mmol), was treated with 2-(6-bromo-3,4-dimethoxyphenyl)-
acetyl chloride 11 (4.41 g, 15.0 mmol) to give 12 (3.39 g, 68%) as
an oil (Found: C, 59.9; H, 5.05; N, 2.0. C33H32BrNO5S2 requires
C, 59.5; H, 4.8; N, 2.1%); νmax(CCl4)/cm21 1660; δH(60 MHz)
3.7–3.9 (14 H, m, 4 × OMe, NCOCH2), 4.99 (2 H, s, NCH2Ar)
and 6.7–7.3 (16 H, m, alkenic H and ArH).

Radical cyclisation of compound 12
Following the general procedure, compound 12 (705 mg, 1.06
mmol) was treated with Bu3SnH (1.02 g, 3.49 mmol) and ACN
(77 mg, 0.14 mmol) in toluene (53 cm3) and the crude material
was chromatographed on silica gel [hexane–AcOEt (1 :1)]
to give 1,4-dihydro-6,7-dimethoxy-2-(2,3-dimethoxybenzyl)-1-
[(phenylsulfanyl)methyl]isoquinolin-3(2H)-one 13 (341 mg, 67%),
mp 108–109 8C (from hexane–AcOEt) [Found: (M 1 H)1,
480.1855. C27H29NO5S requires m/z, 480.1845]; νmax(CCl4)/cm21

1645; δH(300 MHz) 3.37 (2 H, d, J 6.1, CH2SPh), 3.59 (1 H, d, J
19.8, one of 4-H2), 3.78, 3.79 (3 H each, both s, 2 × OMe), 3.85
(6 H, s, 2 × OMe), 3.89 (1 H, d, J 19.8, one of 4-H2), 4.29 (1 H,
d, J 15.3, one of NCH2), 4.55 (1 H, t, J 6.1, 1-H), 5.28 (1 H, d, J

15.3, one of NCH2), 6.53 (1 H, s, ArH), 6.58 (1 H, s, ArH), 6.71
(1 H, dd, J 7.8 and 1.5, ArH), 6.80 (1 H, dd, J 8.1 and 1.5,
ArH), 6.92 (1 H, dd, J 8.1 and 7.8, ArH) and 7.12–7.27 (5 H, m,
SPh).

5,6,13,13a-Tetrahydro-2,3,9,10-tetramethoxy-13-phenylsulfanyl-
8H-dibenzo[a,g]quinolizin-6-ones 14a,b
To a solution of 13 (217 mg, 0.44 mmol) in dichloromethane
(40 cm3) was added dropwise a solution of MCPBA (95 mg,
0.44 mmol) in dichloromethane (20 cm3) at 230 8C during 1 h,
after which the mixture was washed with saturated aq.
NaHCO3 and brine, dried (MgSO4) and concentrated. The
residue was chromatographed on silica gel [hexane–AcOEt
(1 :3)] to give the sulfoxide (168 mg, 75%) as an oily mixture of
two diastereoisomers, which was used immediately in the next
step.

TFAA (143 mg, 0.68 mmol) was added to a solution of the
crude sulfoxide (113 mg, 0.23 mmol) in dichloromethane (8
cm3) at 0 8C and the mixture was stirred for 3 d at room tem-
perature. The mixture was concentrated by evaporation of the
solvent and the residue was chromatographed on silica gel
[hexane–AcOEt (1 :1)]. The first fraction gave 14a (36 mg,
33%), mp 212–213 8C (from AcOEt) [Found: (M 1 H)1,
478.1704. C27H28NO5S requires m/z, 478.1688]; νmax(CHCl3)/
cm21 1640; δH(300 MHz) 3.59 (2 H, s, 5-H2), 3.82, 3.87 (3 H
each, both s, 2 × OMe), 3.88 (1 H, d, J 16.4, one of 8-H2), 3.89,
3.91 (3 H each, both s, 2 × OMe), 4.35 (1 H, d, J 10.1, 13-H),
4.77 (1 H, d, J 10.1, 13a-H), 5.82 (1 H, d, J 16.4, one of 8-H2),
6.59 (1 H, s, ArH), 6.87 (1 H, d, J 8.4, ArH), 6.95–7.00 (2 H, m,
ArH), 7.07 (1 H, s, ArH), 7.11–7.14 (3 H, m, ArH) and 7.55 (1
H, d, J 8.4, ArH). The second fraction gave 14b (59 mg, 54%),
mp 247–248 8C (from AcOEt) [Found: (M 1 H)1, 478.1682.
C27H28NO5S requires m/z, 478.1688]; νmax(CHCl3)/cm21 1630;
δH(300 MHz) 3.65 (3 H, s, OMe), 3.66 (1 H, d, J 20.5, one of
5-H2), 3.88 (6 H, s, 2 × OMe), 3.90 (3 H, s, OMe), 4.06–4.15 (2
H, m, one of 5-H2 and 8-H2), 4.70 (1 H, d, J 1.8, 13-H), 5.02 (1
H, d, J 1.8, 13a-H), 5.83 (1 H, d, J 18.3, one of 8-H2), 6.35 (1 H,
s, ArH), 6.55 (1 H, s, ArH), 6.85 (1 H, d, J 8.7, ArH) and 6.98–
7.13 (6 H, m, ArH).

5,6,13,13a-Tetrahydro-2,3,9,10-tetramethoxy-8H-dibenzo[a,g]-

quinolizin-6-one 15
From 14a. A solution of Bu3SnH (37 mg, 0.13 mmol) and

ACN (0.013 mmol) in toluene (10 cm3) was added all at once to
a solution of 14a (30 mg, 0.063 mmol) in boiling toluene (5 cm3)
and the mixture was refluxed for 22 h. Work-up and purification
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by column chromatography on silica gel [hexane–AcOEt (1 :1)]
gave 15 (13 mg, 57%), mp 216–217 8C (from AcOEt) [Found:
(M 1 H)1, 370.1664. C21H24NO5 requires m/z, 370.1654];
νmax(CHCl3)/cm21 1625; δH(300 MHz) 2.89 (1 H, dd, J 15.6 and
12.3, one of 13-H2), 3.10 (1 H, dd, J 15.6 and 3.5, one of 13-H2),
3.66 (2 H, s, 5-H2), 3.87 (3 H, s, OMe), 3.90 (6 H, s, 2 × OMe),
3.91 (3 H, s, OMe), 4.14 (1 H, d, J 18.3, one of 8-H2), 4.63–4.71
(1 H, m, 13a-H), 5.84 (1 H, d, J 18.3, one of 8-H2), 6.63 (1 H, s,
ArH), 6.71 (1 H, s, ArH), 6.81 (1 H, d, J 8.6, ArH) and 6.85 (1
H, d, J 8.6, ArH).

From 14b. Similar treatment of 14b (35 mg, 0.073 mmol) with
Bu3SnH/ACN gave 15 (19 mg, 70%).

(±)-Tetrahydropalmatine 16
To a solution of 15 (46 mg, 0.12 mmol) in THF (15 cm3) was
added dropwise a BH3?THF solution (a 1 mol dm23 solution in
THF; 1 cm3, 1.0 mmol) and the mixture was stirred at room
temperature for 15 min and then refluxed for 1.5 h. After this,
the reaction mixture was diluted with water and concentrated.
The residue was dissolved in AcOEt and the organic layer was
washed with brine, dried (MgSO4) and concentrated. The resi-
due was purified by chromatography on silica gel [hexane–
AcOEt (1 :1)] and the product was recrystallised from methanol
to give 16 (23 mg, 52%), mp 147–148 8C (lit.,8a mp 151–151.5 8C;
lit.,8b mp 147 8C; lit.,8d mp 146–148 8C and lit.,8e mp 150–
152 8C); δH(300 MHz) 2.62–2.73 (2 H, m), 2.84 (1 H, dd, J 15.5
and 12.0, one of 13-H2), 3.09–3.23 (2 H, m), 3.28 (1 H, dd, J
15.9 and 3.6, one of 13-H2), 3.53–3.58 (2 H, m), 3.86 (6 H, s,
2 × OMe), 3.88, 3.90 (3 H each, both s, 2 × OMe), 4.26 (1 H, d,
J 15.9, one of 8-H2), 6.63 (1 H, s, ArH), 6.74 (1 H, s, ArH), 6.79
(1 H, d, J 8.3, ArH) and 6.89 (1 H, d, J 8.3, ArH).

2-(6-Bromo-2,3-dimethoxyphenyl)-N-[2-(3,4-dimethoxyphenyl)-
ethyl]-N-[2,2-bis(phenylsulfanyl)ethenyl]acetamide 17
Following a procedure similar to that described for the prepar-
ation of 7, the enamine, prepared from 2-(3,4-dimethoxy-
phenyl)ethylamine (632 mg, 3.5 mmol) and the aldehyde 5 (908
mg, 3.5 mmol), was treated with 2-(6-bromo-2,3-dimethoxy-
phenyl)acetyl chloride 12 (2.80 g, 9.5 mmol) to give 17 (1.34 g,
61%) as an oil (Found: C, 60.2; H, 5.2; N, 2.0. C34H34BrNO5S2

requires C, 60.0; H, 5.0; N, 2.1%); νmax(CCl4)/cm21 1660; δH(300
MHz) 2.87–2.84 (2 H, m, NCH2CH2), 3.80 (3 H, s, OMe), 3.81
(3 H, s, OMe), 3.85 (6 H, s, 2 × OMe), 3.90 (2 H, s, COCH2),
3.9–4.0 (2 H, m, NCH2), 6.7–6.8 (4 H, m, ArH), 6.96 (1 H, br s,
alkenic H) and 7.2–7.35 (11 H, m, ArH).

Radical cyclisation of 17
Following the general procedure, compound 17 (1.14 g, 1.67
mmol) was treated with Bu3SnH (1.61 g, 5.52 mmol) and ACN
(122 mg, 0.50 mmol) in toluene (250 cm3) and the crude
material was chromatographed on silica gel [hexane–AcOEt
(1 :2)] to give 1,4-dihydro-5,6-dimethoxy-2-[2-(3,4-dimethoxy-
phenyl)ethyl]-1-[(phenylsulfanyl)methyl]isoquinolin-3(2H)-one 18
(543 mg, 66%), mp 108–109 8C (hexane–AcOEt) (Found: C,
68.0; H, 6.4; N, 2.7. C28H31NO5S requires C, 68.1; H, 6.3; N,
2.8%); νmax(CCl4)/cm21 1630; δH(300 MHz) 2.73 (2 H, t, J 6.8,
NCH2CH2), 2.93–3.03 (1 H, m, one of NCH2), 3.02 (1 H, dd, J
13.7 and 7.5, one of CH2SPh), 3.22 (1 H, dd, J 13.7 and 4.8, one
of CH2SPh), 3.47 (1 H, d, J 19.8, one of 4-H2), 3.50, 3.81, 3.83,
3.85 (3H each, all s, 4 × OMe), 3.93 (1 H, d, J 19.8, one of
4-H2), 3.94 (1 H, dd, J 7.5 and 4.8, 1-H), 4.30 (1 H, dt, J 13.2
and 6.0, one of NCH2), 6.41 (1 H, d, J 1.5, ArH), 6.54 (1 H, dd,
J 8.4 and 1.5, ArH), 6.58 (1 H, d, J 8.4, ArH), 6.66 (1 H, d,
J 8.4, ArH), 6.74 (1 H, d, J 8.4, ArH) and 7.18–7.30 (5 H, m,
ArH).

5,6,8,9,14,14a-Hexahydro-3,4,11,12-tetramethoxy-14-phenyl-
sulfanylisoquino[1,2-b][3]benzazepin-6-one 19
Following a procedure similar to that described for the prepar-
ation of 14a,b, compound 18 (302 mg, 0.61 mmol) was oxidised

with MCPBA (132 mg, 0.61 mmol) to give the crude sulfoxide
as a diastereoisomeric mixture, which was used immediately in
the next step.

The crude sulfoxide was treated with TFAA (1.49 g, 7.08
mmol) in dichloromethane (15 cm3) and work-up gave 19 (107
mg, 36%) as a single isomer, mp 203–204 8C (from hexane–
AcOEt) (Found: M1, 491.1760. C28H29NO5S requires M,
491.1767); νmax(CHCl3)/cm21 1630; δH(300 MHz) 2.75 (1 H, t, J
12.3, one of 8-H2), 2.83 (1 H, dd, J 15.5 and 5.4, one of 9-H2),
3.49–3.58 (1 H, m, one of 9-H2), 3.64 (3 H, s, OMe), 3.8–4.0 (2
H, overlapped with the following three singlets due to OMe),
3.82, 3.89, 3.91 (3 H each, all s, 3 × OMe), 4.28 (1 H, s, 14-H),
5.04 (1 H, s, 14a-H), 5.07–5.15 (1 H, m, one of 8-H2), 6.19 (1 H,
s, ArH), 6.71 (1 H, s, ArH) and 6.84–7.13 (6 H, m, ArH).

5,6,8,9,14,14a-Hexahydro-14-hydroxy-3,4,11,12-tetramethoxy-
isoquino[1,2-b][3]benzazepin-6-one 23
Following a procedure similar to that described for the prepar-
ation of 14a,b, the compound 19 (71 mg, 0.14 mmol) was oxi-
dised with MCPBA (31 mg, 0.14 mmol) to give the crude
sulfoxide 20 as a diastereoisomeric mixture, which was used
immediately in the next step.

The crude sulfoxide 20 was treated with TFAA (89 mg,
0.42 mmol) in dichloromethane (10 cm3) and work-up gave
14-trifluoroacetoxy-5,6,8,9,14,14a-hexahydro-3,4,11,12-tetra-
methoxyisoquino[1,2-b][3]benzazepin-6-one 22 (107 mg, 36%)
as an oil (Found: M1, 495.1506. C24H24NO7F3 requires M,
495.1505); νmax(CHCl3)/cm21 1780 and 1640.

Potassium carbonate (55 mg) was added to a solution of 22
(37 mg, 0.08 mmol) in dichloromethane (3.5 cm3) and methanol
(3.5 cm3) and the mixture was stirred at room temperature for
30 min. After this, the reaction mixture was concentrated, the
residue was dissolved in AcOEt, and the solution was washed
with brine, dried (MgSO4) and concentrated. The residue was
chromatographed on silica gel [hexane–AcOEt (1 :2)] to give 23
(32 mg, 56%), mp 261–263 8C (from AcOEt) (Found: M1,
399.1687. C22H25NO6 requires M, 399.1682); νmax(CHCl3)/cm21

3400 and 1630; δH(300 MHz) 1.77 (1 H, br, OH), 2.69 (1 H, dd,
J 15.3 and 5.4, one of 9-H2), 2.83 (1 H, t, J 12.3, one of 8-H2),
3.45–3.56 (1 H, m), 3.72 (1 H, d, J 20.7, one of 5-H2), 3.82 (1 H,
d, J 20.7, one of 5-H2), 3.84 (3 H, s, OMe), 3.88 (6 H, s,
2 × OMe), 3.89 (3 H, s, OMe), 4.70 (1 H, s), 4.72 (1 H, s), 4.88–
4.96 (1 H, m), 6.70 (1 H, s, ArH), 6.74 (1 H, s, ArH), 6.87 (1 H,
d, J 8.6, ArH) and 6.97 (1 H, d, J 8.6, ArH).

Saulatine 24
Dimethyl sulfoxide (55 mg, 0.70 mmol) was added to a solution
of oxalyl chloride (48 mg, 0.38 mmol) in dry dichloromethane
(1 cm3) at 278 8C over a period of 10 min and the mixture was
stirred for 10 min. After this, a solution of 23 (15 mg, 0.034
mmol) in dry dichloromethane (1 cm3) was added to the mix-
ture at 278 8C, and the whole was stirred at the same tem-
perature for 1 h. After addition of triethylamine (108 mg, 1.08
mmol) to the mixture, it was allowed to warm to room tem-
perature. After 2 h, the mixture was diluted with water (5 cm3)
and extracted with ethyl acetate. The extract was dried (MgSO4)
and concentrated and the residue was chromatographed on sil-
ica gel [hexane–AcOEt (1 :2)] to give 24 (11 mg, 73%), mp 224–
225 8C (from MeOH) (lit.,5 mp 226–228 8C; lit.,10 mp 227–
228 8C); νmax(CHCl3)/cm21 1645; δH(300 MHz) 3.02–3.10 (1 H,
m), 3.04 (1 H, d, J 19.3, one of 5-H2), 3.29–3.42 (2 H, m), 3.8–
4.0 (1 H, overlapped with the following four singlets due to
OMe), 3.82, 3.86, 3.90, 3.96 (3 H each, all s, 4 × OMe), 4.54–
4.66 (1 H, m), 5.21 (1 H, s, 14a-H), 6.74 (1 H, s, ArH), 6.91 (1 H,
d, J 8.3, ArH), 7.06 (1 H, d, J 8.3, ArH) and 7.36 (1 H, s, ArH).
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