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Abstract. p-Toluenesulfonyl radical can be generated from sodium p-toluenesulfinate i

acid or formic acid. Sulfonyl! radical mediating reaction of 5-aryl sbustituted alkenes with sodium p-
toluencsulfinate/copper(Il) acetate gave p-toluenesulfonylmethyl substituted naphthalence and isoquinoline
derivatives. This reaction proceeded much faster in aqueous formic acid than in agueous acetic acid. The
cyclization mode (Ar,-6 vs Ar;-5) of the 5-phenyl-1-butly radical is strongly dependent on the geometry
of the tether of the radical intermediate. © 1999 Elsevier Science Ltd. All rights reserved.

INTRODUCTION

Recently there has been a growing interest in the application of free radical reactions in organic synthesis.'
Free radical reactions mediated by suifonyi radicais have been noted by several groups.>* The intramolecular
cyclization of the carbon radical onto the benzene ring offers an attractive route to naphthaiene derivatives.**** p-
Toluenesulfonyl radical can be generated from sodium p-toluenesulfinate in aqueous acetic acid and sodium p-
toluenesulfinate is used as a p-toluenesuifonyl radical precursor in suifonyl radical mediating reactions.*’ This
report dcscribea‘ t'ne results of free radical reaction of 5-aryl substituted alkenes with sodium p-

We began our studies by examining the behavior of 1a. Thus, treatment of 1a with sodium p-
toluenesulﬁnate/copper(II) acetate in 80% aqueous acetic acid at 90 0C for 72 h gave 2a in 72% yield (Scheme
1). This free radical cyclization reaction most likely proceeded by the mechanism shown in Scheme 1. Initiation
occurs by p-toluenesulfony! radical addition to 1a, followed by Ar,-6 cyclization of 3a and subsequent oxidation
of radical intermediate 4a to give tetrahydronaphthalene 2a. No product derived from Ar,-5 cyclization was
observed. Similar preference of Ar,-6 cyclization has been reported previously.™*¢ Other examples of this
reaction are shown in eq. 1 and Table 1 (Method A). The yields for this reaction are good but reaction is slow
(48-72 h). It is known that the Thrope-Ingold effect will increase the reaction rate of cyclization.® To increase the

reaction rate, we also performed this reaction of 1 with E=CO,"Pr. Indeed, the reaction time is much shorter
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Table 1: Free Radical Reactions of 5-Aryl-1-pentenes 1.
Entry Substrate Method* Time (h) Product (Yield)
a la R=H E=COMe A 72 2a 72%
B 9 89%
b 1b R=H E=CO,’Pr A 48 2b 91%
B 10 2%
c l¢ R=Me E=COMe A 72 2¢ 92%
B 10 91%
d 1d R=Me E=CO,Pr A 48 2d 90%
B i0 94%
€ ie R=Ci E=CO,Me A 72 Ze 87%
B 10 84%
f 1f R=Cl E=CO,’Pr A 48 2f 90%
B 9 82%
g Ig R=Br E=COMe A 72 2g 82%
B 10 84%
h 1h R=Br E=CO,Pr A 48 2h 98%
B 10 92%
i li R=OMe E=COMe A 48 2i 79%
B 8 89%
J 1j R=OMe E=CO,Pr A 48 2j 93%
B 8 86%
k 1k R=CN E=COMe A 43 2k 35%
B 8 91%
1 11 R=CN E=CO,/'Pr A 34 21 53%
B 8 88%

a. Method A: The reaction was carried out in 80% aqueous acetic acid.

Method B: The reaction was carried out in 80% aqueous formic acid.

i TYNT, YT TT ANYTY N XY . ﬁ\?&
TsNa + HX ®————= TsH + NaX ArRLOH, LH3LL, (eg. 2)
m
\ )
TsH==—=> ||l + H,O —» [TsSe¢] —» — % TsSTol + TsOH  Tol: p-tolyl
TsSTol -
Scheme 2
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results are also summarized in Table 1 (Method B). This can be rationalized by the higher acidity of formic acid

and higher concentration of p-toluenesulfinic acid is
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toluenesulfonyl radical initiated reaction with 5e (R=H, E=Ms). The reaction of 5e with sodium p-
. . ar ..

toluenesulfinate/copper(1l) acetate in aqueous acetic acid under similar condition resulted in the formation of 6e
(60%) and 7e (14%) (eq. 3). The formation of 6e presumably occurs vig a similar reaction route to that shown
in Scheme 1 and 7e was produced via the mechanism shown in Scheme 3. Initiation occurs by p-toluenesulfonyl

-

radical addition to Se followed by Ar,-5 cyclization of 8e to give cyclohexadienyl radical 9e, whnch is converted
into 10e by B-elimination. 10e undergoes oxidation by copper(Il) acetate, followed by addition of water and
hydrolysis to produce 7e. Results for this radical reaction are shown in Table 2 (Method A) and in most cases 6
is the major product. The reaction rate is faster with E=Mes. This can be rationalized by the bulkiness of Mes
group, thus restricting the conformational freedom of radical intermediate 8, so that the benzene ring and the
carbon radical center of 8 are forced into proximity.' This reaction also proceeds with shorter reaction time in
formic acid (Table 2, Method B). In several cases, for unknown reasons, the reaction does not reach completion.
As indicated in Table 2, the product distribution of this reaction is strongly dependent on the substituents of the
benzene ring. With electron donating groups on the benzene ring, it gives lower 6/7 ratios (Table 2, entries a -
d) on the other hand, with electron thhdrawmg groups on the benzene ring, it gwes much hjgher 6/7 ratios
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Table 2: Free Radical Reactions of N-Allyl-N-benzylsulfonamides 5.

Entry Substrate Method Time (h) Product (Yield)

a Sa R=0OMe E=Ms 72 6a 40% Ta 40%
g 45% 42%

b S R=OMe E=Mes 48 6b 37% 7b 42%
9 32% 37%

c S¢  R=Me E=Ms 72 6c 46% T¢ 40%
10 49% 31%

d 5d R=Me E=Mes 48 6d 41% 7d 40%
9 40% 33%

e S5e R=H E=Ms 72 6e 60% 7e 14%
9 51% 40%

f 5f =H E=Mes 72 6f 45% 7f 11%
9 38% 27%

g S5g R=Br E=Ms 96 6g 2% T7g 0%
i4 75% i2%

h 5h R=Br E=Mes 48 6h 4% 7h 0%
12 40% 4%

96 6i 83% 7i 0%

12 T7% 10%°
i 55 R=Cl  E=Mes 48 6j 55% 7j 0%
12 55% 9%
k Sk R=F =Ms 72 6k 87% 7k 0%
12 86% 4%
] 51 R=F =Mes 48 6l 51% 71 0%
12 53% 0%
m 5m R=COEt E=Ms 96 6m68% 7Tm 7%°

a. Method A: The reaction was carried out in 80% aqueous acetic acid.
Method B: The reaction was carried out in 80% aqueous formic acid.

b. Based on 84% conversion of 5g. ¢. Based on 83% conversion of 5i.

d. Based on 78% conversion of Sm. e. Based on 78% conversion of Sm.

f. Based on 76% conversion of Sn.

Rl
)
f(\ | |
. J\‘/ (, LTsNa, CalOA), — p WTS . ® J\/ (eq 4)
/ .\ A T T T

— A

2.MesCl, Et;N N I's
- % N 3 O-AN) E ’ |
1 | H
E 9 E
13 E = Mes 1 7

mesitylsulfonyl chloride and triethylamine was added to convert 15a into 7d, the yields of 7d and 14a being
53% and 16% respectively. 14a was formed presumably via a similar reaction route to that shown in Scheme 1.
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7d and 15a were produced via the mechanism shown in Scheme 4. Initiation occurs by p-toluenesulfonyl

radical addition to 13a, followed by Ar,-5 cyclization of 16a to give cyclohexadienyl radical 17a, which is

converted into 18a by -elimination. 18a undergoes either B-climination to give isocyanate 19a, followed by

addmon of water and decarboxylation to produce 15a (path 1) or oxidation by copper(II) acetate, followed by

¢ and decarboxylation to produce 7d (path :) Th d fferent reacnon behavior between 10a and
t / i nverung 18a into 21a
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mtcrmedlate will effect the mode (Ar,-6 vs Ar-5) for the mtramolecular radlcal cychzatlo
the benzene ring.

Table 3: Free Radical Reactions of N-Allylbenzamides 13.

Entry Substrate Time (h) Product (Yield)
a 13a R'=Me R’=H 6 14a  16% 7d  53%
1 1230 nl_r n2 rr P PRV aYs 2 -~ Ay
D 100 K'=U} KR=n o] 14D Y% ’} 497
¢ 13c¢ R'=Cl R%=Cl 8 14c 0% 70 58%
d 13d Rl=CO Me R2-.H Q 144 oY A Tn SN0,
e A AN \./UzLVA\' AN PUS (8] Aw\r e U { P U /U
e 13¢ R'=H R’=Me 8 14e 0% 79 53%
CONCLUSION

p-Toluenesulfonyl radical can be generated effectively from sodium p-toluenesulfinate. This sodium p-
toluenesulfinate/copper(Il) acetate reaction provides a novel route to give p-toluenesulfonylmethyl substituted
naphthalene and isoquinoline derivatives. This reaction proceeded much faster in aqueous formic acid than in
aqueous acetic acid. The cyclization mode (Ar,-6 vs Ar,-5) is strongly dependent on the geometry of the tether of
the radical intermediate.

.
EXPERIMENTAL
Maltina nnainte wara talban unth a Thamae HAanvar cranillams malting naint anmaratite and ara ninanrrantad
ViCINg points WEIt taken wiiil a4 1 n0Mias nooVer Capiualy meiting point apparatus ana are uncorreciea.
Infrared snectra were taken with Hitachi 260-30 spectrometer. Nuclear maonetic resonance spectra were recorded
inirared spectra were taxen with Hitachy 20U-2U spectromeler. suciear magnetic resonance specira were recoraed

-200 or AMX-400 spectrometer. Elemental analyses were performed with a Heraeus CHN-Rapid
Analyzer. Mass spectra were recorded with Jeol IMS-SX/SX 102A mass spectrometer. All reactions were
carried out under an atmosphere of nitrogen. Analytical thin-layer chromatography was performed by precoated
silica gel 60 F-254 plates (0.25 mum thick) of EM Laboratories. The reaction mixture was purified by column
chromatography over EM Laboratories silica gel (230-400 mesh) using ethy] acetate-hexane mixture as eluent.

Typical experimental procedure for the sulfonyl radical reaction with 80% aqueous acetic acid
as solvent (Method A): To a solution of 112 mg (0.43 mmol) of 1a in 10 ml of 80% aqueous acetic acid
heated in a 90 °C oil bath was added 2.29 g (12.9 mmol) of sodium p—toluenesulfinate and 522 mg (2.61 mmol)
opper(II) acetate in three portions for ev ery 24 h period. After heated for 72 h, the reaction mixture was
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with three 50-mL portions of aqueous saturated sodium bicarbonate,
T h
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over 20 g of silica gel (eluted with ethyl acetate-hexane, 1:5) to give 128 mg (72%) of 2a as a single product.

Typical experimental procedure for the sulfonyl radical reaction with 80% aqueous formic
acid as solvent (Method B): A solution of 107 mg (0.41 mmol) of 1a, 732 g (4.11 mmol) of sodium p-

ioluenesulfinate and 171 mg (0.86 mmol) of copper(i) acetate in 10 mi of 80% aqueous formic acid was heated
by the addition of 367 mg (2.06 mmoi) of sodium p-toiuenesuifinate and 83
~ Lo

. ue reaction mixture was heated for another 3 h and then diluted with 50 ml
of ethyl acetate, washed with three 50-mL portions of aqueous saturated sodium bicarbonate, three 25-mL
D()ﬂiQD of water. dried (N -SO)) and concentrated in vacuo. The residu
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el (eluted with ethyl acetate-hexane, 1:5) to give 151 mg (89%) of 2a as a single product.
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Scheme 4
3,4-Dihydro-2,2-dimethoxycarbonyl-4-(p-toluenesulfonylmethyl)-1H-naphthalene 2a: white
crystals; mp 140-141°C; IR (CHCl,) 3030, 2955, 2925, 1730, 1600, 1320, 1300, 1270, 1235 cm™; 'H NMR
(CDCl,, 400 MHz) & 2.11 (dd, J= 14.0, 9.6 Hz, IH, CH), 2.46 (s, 3H, CH,), 2.97 (ddd, J= 14.0, 6.8, 2.0
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Hz, 1H, CH), 3.19 (d, J= 16.0 Hz, 1H, CH), 3.26-3.33 (m, 2H, CH), 3.49-3.58 (m, 1H, CH), 3.60 (dd, J=
14.9, 2.6 Hz, 1H, CH), 3.62 (s, 3H, OCH,), 3.75 (s, 3H, OCH,), 7.00-7.05 (m, 1H, ArH), 7.05-7.16 (m,

3H, ArH), 7.39 (d, J= 8.2 Hz, 2H, ArH), 7.86 (d, J= 8.2 Hz, 2H, ArH); *C NMR (CDCl,, 50.3 MHz) &
21.5(q), 31.2(d), 34,7(1), 35.0(t), 52.6(q), 52.8(q), 53.4(s), 63.3(t), 126.8(d), 126.9(d), 127.9(d), 129.2(d),

\J

132 N7 144 O7 P 22 W04

2
2.

129.5(d), 133.7(s), 135.1(s), 136.3(s), 144.8(s), 170.5(s), 171.6(s); Anal. Caicd for C,,H,,0,S: C, 63.45; H,
S R1 Faund:- " &2 851. O &£ an

JO1. PUULIU. O, UJOLJL, 11, J.OVU.
3,4-Dihydro-2,2-diisepropoxycarbony!-4-(p-toluenesulfonylmethyl)-1H -naphthalene 2b: white
crystals; mp 110-111°C; IR (CHCl,) 3025, 2985, 2925, 1725, 1600, 1455, 1315, 1300, 1230, 1150 cm™; 'H
NMR (CDCl;, 400 MHz) & 1.07 (d, J= 6.2 Hz, 3H, CH,), 1.18 (d, J= 6.2 Hz, 3H, CH,), 1.23 (d, J= 6.2 Hz,
3H, CH;), 1.24 (d, J= 6.2 Hz, 3H, CH;), 2.04 (dd, J= 14.0, 9.2 Hz 1H, CH), 2.45 (s, 3H, CH,), 2.9 (ddd,
J=14.0,7.0, 1.9 Hz, 1H, CH), 3.13 (d, J= 159 Hz, IH, CH), 3.25 (dd, J= 15.9, 1.9 Hz, 1H, CH), 3.33

N«

I = . )
(dd, J=14.9, 9.6 Hz, 1H, CH), 3.56-3.67 (i, 2H, CH), 4.91 (septet, J= 6.2 Hz, 1H, CH),
6.2 Hz, 1H, CH), 6.98-7.05 (m, 1H, ArH), 7.05-7.15 (m, 3H, ArH), 7.38 (d, J= 8.2 H

111 Il L1 W23 2 4.2 (LYY

J=8.2 Hz, 2H, ArH); "C NMR (CDCl,, 50.3 MHz) & 21.2(q), 21.3(q), 21.4(q),
35.1(t), 53.6(s), 63.7(t), 68.7(d), 69. l(d) 126.6(d), 126.8(d), 127.0(d), 127.9(d), 129.1
134.1(s), 135.5(s), 136.6(s), 144.7(s), 169.5(s), 170.8(s); Anal. Calcd for C,H,,0.5: C, 66.
Found: C, 66.04; H, 6.83.
3,4-Dihydro-2,2-dimethoxycarbonyl-6-methyl-4-(p-toluenesulfonylmethyl)-1H-naphthalene
2c¢: white crystals; mp 120-121°C; IR (CHCL,) 3015, 2950, 1730, 1300, 1270, 1230, 1145 cm™; 'H NMR
(CDCl;, 400 MHz) & 2.09 (dd, J= 13.9, 9.5 Hz, 1H, CH), 2.21 (s, 3H, CH,), 2.46 (s, 3H, CH,), 2.94 (ddd,
J=139, 6.9, 2.0 Hz, 1H, CH), 3.14 (d, J= 15.9 Hz, 1H, CH), 3.26 (dd, J= 15.9, 2.0 Hz, 1H, CH), 3.29
(dd, J= 14.8, 9.2 Hz, 1H, CH), 3.47-3.56 (m, 1H, CH), 3.60 (dd, J= 14.8, 2.6 Hz, 1H, CH), 3.62 (s, 3H,
OCH,), 3.74 (s, 3H, OCH,), 6.77 (s, 1H, ArH), 6.91 (d, J= 7.6 Hz, IH, ArH), 6.97 (d, J= 7.6 Hz, 1H,
ArH), 7.38 (d, J= 8.4 Hz, 2H, ArH), 7.85 (d, J= 8.4 Hz, 2H, ArH); C NMR (CDCl,, 50.3 MHz) 6 21.0(q),
(q), 31.3(d ) 34, 7(t) 52 6(q) 52 8(q) 5? S(s) 63. 4(t) 127 5(d) 127 7(d) 128 O(d) 129 1(d)

-~ a I T W 4

S5, LI

3H, (’H) 2.87 (d_H,Jz 13.6
Hz, 1H, CH), 3.32 (dd, J= 49 9.
CH), 5.03 (septet, /= 6.2 Hz, IH, C 76
Hz, 1H, ArH), 7.37 (d, /= 8.2 Hz, 2H, A_rH) T ) 3
21.0(g), 21.25(q), 21.32(q), 21.4(q), 21.5(q), 31 3 d) 34 7(t) 34 9([) 53 6(5) 63 (t) 68 6(d) 69 O(d)
127.5(d), 127.9(d), 128.9(d), 129.9(d), 131.0(s), 135.2(s), 136.3(s), 136.7(s), 144.6(s), 169.6(s), 170.8(s);
Anal. Caled for C,;H,,0,S: C, 66.64; H, 7.04. Found: C, 66.63; H, 7.03.
6-Chloro-3,4-dihydro-2,2-dimethoxycarbonyl-4-(p-toluenesulfonylmethyl)-1H-naphthalene
2e: white crystals; mp 137-138°C; IR (CHCI,) 3025, 2955, 2925, 1730, 1600, 1320, 1300, 1270, 1210 cm’;
'H NMR (CDCl,, 400 MHz) 8 2.15 (dd, J= 14.0, 9.4 Hz, 1H, CH), 2.46 (s, 3H, CH,), 2.96 (ddd, J= 14.0,
6.7, 2.0 Hz, H, CH), 3.14 (d, J= 16.1 Hz, 1H, CH), 3.27 (dd, J= 16.1, 2.0 Hz, 1H, CH), 3.31 (dd, J=
14.9, 9.4 Hz, 1H, CH), 3.50-3.59 (m, 2H, CH), 3.64 (s, 3H, OCH,), 3.75 (s, 3H, OCH,), 6.94 (d, J= 1.7
Hz, 1H, ArH), 7.02 (d, J= 8.4 Hz, 1H, ArH), 7.08 (dd, J= 8.4, 1.7 Hz, 1H, ArH), 7.38 (d, J= 8.2 Hz, 2H,
ArH), 7.83 (d, J= 8.2 Hz, 2H, ArH); "C NMR (CDCl,, 50.3 MHz) & 21.6(q), 31.4(d), 34.4(t), 34.6(1),
52.8(q), 53.0(q), 53.4(s), 62.9(v), 127.09(d), 127.11(d), 128.0(d), 130.1(d), 130.5(d), 132.4(s), 132.5(s),
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136.3(s), 137.0(s), 145.0(s), 170.4(s), 171.4(s); Anal. Calcd for C,,H,;C10,S: C, 58.60; H, 5.14. Found: C,
O £M. 1IT I
206.04, 11, J.
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6-Chloro-3,4-dihydro-2,2-diisopropoxycarbonyl-4-(p-toluenesulfonylmethyl)-1H-
naphthalene 2f: white crystals; mp 87-88°C; IR (CHCL,) 3025, 2985, 2930, 1725, 1600, 1490, 1300, 1270,
1240, 1145, 1100 cm™; 'TH NMR (CDCl,, 400 MHz) § 1.09 (d, J= 6.2 Hz, 3H, CH,), 1.19 (d, J= 6.2 Hz, 3H,
CH,), 1.23 (d, J= 6.2 Hz, 3H, CH,), 1.24 (d, J= 6.2 Hz, 3H, CH,), 2.07 (dd, J= 14.0, 9.4 Hz, 1H, CH),
2.46 (s, 3H, CH,), 2.89 (ddd, J= 14.0, 7.0, 1.8 Hz, 1H, CH), 3.08 (d, J= 16.0 Hz, 1H, CH), 3.23 (dd, J=

o rr T PR [

16.0, 1.8 Hz, iH, CH), 3.34 (dd, J= 14.6, 8.7 Hz, 1H, CH), 3.52 (dd, J= 14.6, 2.9 Hz, 1H, CH), 3.54-3.67
(m, 1H, CH) 4.93 (septet, J= 6.2 Hz, 1H, CH) 5.03 (septet J=6.2 Hz, 1H, CH), 6.93 (d, J= 1.9 Hz, 1H,

™ o~ NnTY R U L - R -

rH) = 8.0, 1.9 Hz, 1H, ArH), 7.38 (d, J= 8.2 Hz, 2H, ArH),
z) 6 21.2(q), 21.3(q), 21.4(q), 21.5(g), 31.3(d),

N 1AM Of IR YaWavs P Y U V4 1A~

0( d), 127.8(d), 130.0(d), 130.3(d), 132.3(s),
; Anal. Caled for C,;H;,CIO,S: C, 61.59; H, 6.16.
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Found: C, 61.55; H, 6.22.
6-Bromo-3,4-dihydro-2,2-dimethoxycarbonyl- 4-(p-tn!ue..esu!.e..y!methy!)-L. -naphthalene
2g: white crystals; mp 150-151°C; IR (CHCL,) 3010, 2955, 1730, 1600, 13203 1300, 1270, 1230 cm™; 'H

NMR (CDCl;, 400 MHz) & 2.15 (dd, J= 14.1, 9.4 Hz, 1H, CH), 2.46 (s, 3H, CH,), 2.95 (ddd, J= 14.1, 6.8,
1.9 Hz, 1H, CH), 3.12 (d, J= 16.2 Hz, 1H, CH), 3.25 (dd, J= 16.2, 1.9 Hz, 1H, CH), 3.31 (dd, J= 14.8, 9.3
Hz, 1H, CH), 3.52 (dd, J= 14.8, 2.6 Hz, 1H, CH) 3.50-3.58 (m, 1H, CH), 3.64 (s, 3H, OCH,), 3.75 (s, 3H,
OCH,), 6.96 (d, J= 8.1 Hz, 1H, ArH), 7.07 (d, J= 1.6 Hz, 1H, ArH), 7.22 (dd, J= 8.1, 1.6 Hz, 1H, ArH),
7.38 (d, J= 8.2 Hz, 2H, ArH), 7.82 (d, J= 8.2 Hz, 2H, ArH); "C NMR (CDCl,, 50.3 MHz) § 21.6(q),
31.3(d), 34.3(t), 34.5(1), 52.7(q), 52.9(q), 53.3(s), 62.7(t), 120.5(s), 127.9(d), 129.9(d), 130.0(d), 130.8(d),
132.9(s), 136.2(s), 137.3(s), 145.0(s), 170.3(s), 171.3(s); Anal. Calcd for C,,H,,BrOS: C, 53.34; H, 4.68.
Found: C, 53.36; H, 4.68.
6-Bromo-3,4-dihydro-2,2-diisopropoxycarbonyl-4-(p-toluenesulfonylmethyl)-1H-naphthalene
2h: white crystals; mp 78-79°C; IR (CHCI,) 3025, 2985, 2925, 1725, 1600, 1300, 1270, 1230, 1145 cm™; 'H
NMR (CDCl,, 400 MHz) 6 1.09 (d, /= 6.3 Hz, 3H, CH,), 1.20 (d, J= 6.3 Hz, 3H, CH,), 1.23 (d, J= 6.3 Hz,
3H, CH,), 1.24 (d, J= 6.3 Hz, 3H, CH,), 2.08 (dd, J= 14.0, 9.6 Hz, 1H, CH), 2.46 (s, 3H, CH,), 2.88 (ddd,
J=14.0,7.0, 1.9 Hz, IH, CH), 3.06 (d, J= 16.0 Hz, 1H, CH), 3.21 (dd, J= 16.0, 1.9 Hz, 1H, CH), 3.34
(dd, J= 14.6, 8.7 Hz, 1H, CH), 3.51 (dd, J= 14.6, 2.9 Hz, 1H, CH), 3.54-3.64 (m, 1H, CH), 4.93 (septet, J=
6.3 Hz, 1H, CH), 5.03 (septet, J= 6.3 Hz, 1H, CH), 6.96 (d, /= 8.1 Hz, 1H, ArH), 7.05 (d, J= 1.6 Hz, 1H,

ArH), 7.21 (dd, /= 8.1, 1.6 Hz, 1H, ArH), 7.38 (d, J= 8.2 Hz, 2H, ArH), 7.82 (a J= 8.2 Hz, 2H, ArH); *°
NMR (CDCl,, 50.3 MHz) S 21.27(q), 21. q), 31.3(d), 3 (t), 34, S(t) 53 4(s),
1 (d) ), 1

nn
Uiay Yi- A1

2i: white crystals p 13 CHCl, 3015 2650,
NMR (CDCl,, 400 MHz) 0 2.08 (dd, J= 14.0, 9.2 Hz, |H, CH), 2.46 (s, 3H, CH,), 2.93 (ddd, J= 14.0, 6.8,
1.7 Hz, 1H, CH), 3.11 (d, J= 15.9 Hz, IH, CH), 3.24 (dd, J= 15.9, 1.7 Hz, 1H, CH), 3.30 (dd, J= 14.3, 8.8
Hz, 1H, CH), 3.50-3.53 (m, 1H, CH), 3.58 (dd, J= 14.3, 2.6 Hz, 1H, CH), 3.62 (s, 3H, OCH,), 3.71 (s,
3H, OCH,), 3.74 (s, 3H, OCH,), 6.54 (d, J= 2.4 Hz, 1H, ArH), 6.68 (dd, J= 8.4, 2.4 Hz, 1H, ArH), 7.00 (d,
J=8.4 Hz, 1H, ArH), 7.38 (d, J= 8.2 Hz, 2H, ArH), 7.84 (d, J= 8.2 Hz, 2H, ArH); *C NMR (CDCl,, 50.3
MHz) § 21.5(q), 31.5(d), 34.3(t), 34.7(1), 52.6(q), 52.8(q), 53.6(s), 55.1(q), 63.4(t), 112.3(d), 112.7(d),
125.8(s), 128.0(d), 129.9(d), 130.1(d), 136.27(s), 136.3(s), 144.8(s), 158.4(s), 170.6(s), 171.7(s); Anal.
Caled for C73H760 S: C 61.87; H, 5.87. Found: C, 61.83; H, 5.95.

o B~ AN SN T EYataTs

naphthalene Z.J Wmte crystalq mp i05-106°C; IR (LHLI;) 3020

N e o Ve A w

1300, 1290, 1230 cm’'; '"H NMR (CDCl,, 400 MHz) & 1.08 (d, j= , 6
CHS) 1.22 (d, J= 6.2 Hz, 3H, CH3) 1.24 (d J= 6.2 Hz, 3H, CH,), 2.01 (dd, J= 13.9, 9.2 Hz, IH, CH),
3.05(@d 5.6 9
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"H), 3.33 (dd, J= 14.9, 9.3 Hz, 1H, CH), 3.57 (dd, J= 14.9, 2.6 Hz, 1H, CH), 3.54-3.65

s, 3H, OCH,), 4.91 (septet, J= 6.2 Hz, 1H, CH), 5.03 (septet, J= 6.2 Hz, IH, CH), 6.53
ArH), 6.67 (dd, J= 8.4, 2.5 Hz, 1H, ArH), 6.99 (d, J= 8.4 Hz, 1H, ArH), 7.37 (d, J= 8.1
d,

Zk white crvstals mp 1341 S"C; IR 1) 3020
1275, 1250 cm™; '"H NMR (CDCl,, 400 M z) (S 2‘ :

Z22 &y Lal

11, Allly, 111, /1 2

(d), 36 2(5) 136 8(8)
5.25; N, 3.17. Found: C,

53. O(q), 53. l(s), 5% 7(q) 62. 4(t) 11() 9(s), 118 4(s), 1”7 9(d) 130 2(d) 131
139.8(s), 145.3(s), 170.2(s), 171.7(s); Anal. Calcd for C,;H,,NO,S: C, 62.57; }
62.58; H, 5.20; N, 3.17.
6-Cyano-3,4-dihydro-2,2-diisopropoxycarbonyl-4-(p-toluenesulfonylmethyl)-1H-naphthalene
21: white crystals; mp 135-136°C; IR (CHCL,) 3010, 2985, 2925, 2850, 2230, 1725, 1600, 1465, 1455, 1275,
1250, 1210, 1145, 1105 cm™; '"H NMR (CDCl,, 400 MHz) § 1.11 (d, J= 6.2 Hz, 3H, CH,), 1.22 (d, J=6.2
Hz, 3H, CH,), 1.25 (d, /= 6.2 Hz, 3H, CH,), 1.26 (d, J= 6.2 Hz, 3H, CH,), 2.17 (dd, J= 14.0, 9.6 Hz, 1H,
CH), 2.48 (s, 3H, CH;), 2.93 (ddd, J= 14.0, 6.9, 1.6 Hz, IH, CH), 3.18 (d, J= 16.6 Hz, 1H, CH), 3.33 (dd,
= 16.6, 1.6 Hz, 1H, CH), 3.37 (dd, J= 14.6, 8.1 Hz, 1H, CH), 3.49 (dd, J= 14.6, 3.2 Hz, 1H, CH), 3.59-
.69 (m, 1H, CH), 4.95 (septet, J= 6.2 Hz, 1H, CH), 5.05 (septet, J= 6.2 Hz, 1H, CH), 7.22 (d, J= 8.0 Hz,
H, ArH), 7.27 (d, J-8OHz IH, ArH), 7.39 (s, 1H, ArH), 7.40 (d, J= 8.0 Hz, 2H, ArH), 7.83 (d, J= 8.0

- 1~ ‘
12

z, 2H, ArH); "C NMR (CDCl,, 50.3 MHz) & 21.3(g), 21.38(q), 21.43(q), 21.6(q), 31.2(d), 34.5(t), 35.2(1),
i o

...a..,-\l_.

53.2(s), 62.7(1), 69.3(d), 69.6(d), 110.7(s), 118.5(s), 127.9(d), 130.0(d), 130.1(d), 131.0(d), 136.4(s),
137.2(s), 140.2(s), 145.2(s), 169.2(s), 170.2(s); Anal. Calcd for C,,H, NOS: C, 65.17; H, 6.28; N, 2.81
Found: C, 64.91 .85

3 2

cm’; '"H NMR Hy (¢
m, J= 95HZ, lH CH) 373 (dd J- 138 95Hz, lH, CH)
3. 78 (s, 3H OCII ) 408 (d J- 146Hz lH CH), 4.26 (d, /= 11.9 Hz, 1H, CH), 4.61 (d, J= 14.6 Hz, 1H,
CH), 6.68 (d, J= 2.5 Hz, 1H, ArH), 6.78 (dd, J= 8.5, 2.5 Hz, 1H, ArH), 6.97 (d, J= 8.5 Hz, 1H, ArH), 7.37
(d, J= 8.1 Hz, 2H, ArH), 7.86 (d, J= 8.1 Hz, 2H, ArH); "C NMR (CDCl,, 50.3 MHz) & 21.6(q), 33.6(d),
35.4(q), 46.7(t), 46.8(1), 55.4(q), 60.2(t), 113.1(d), 114.3(d), 123.6(s), 127.6(d), 128.0(d), 130.0(d),
135.9(s), 136.6(s), 144.9(s), 158.9(s); Anal. Caled for C,;H,;NO,S,: C, 55.73; H, 5.66; N, 3.42. Found: C,
55.75; H, 5.74; N, 3.47.
2-(2,4,6-Mesitylenesulfonyl)-6-methoxy-1,2,3,4-tetrahydro-4-(p-toluenesulfonylmethyl)-
isoquinoline 6b: white crystals; mp 194-195 °C; IR (CHCI,) 3010, 1605, 1320, 1155, 1035 cm™; 'H NMR
(CDCl,, 400 MHz) & 2.36 (s, 3H, CH,), 2.45 (s, 3H, CH,), 2.62 (s, 6H, CH,), 2.97 (d, J= 14.3 Hz, 1H,
CH), 3.10 (dd, J= 14.3, 9.2 Hz, 1H, CH), 3.15 (dd, J= 12.9, 2.8 Hz, 1H, CH), 3.49 (dm, J=9.2 Hz, 1H,
CH), 3.74 (s, 3H, OCH,), 3.80 (d, J= 12.9 Hz, IH, CH), 4.17 (d, J= 14.9 Hz, 1H, CH), 4.61 (d, J= 14.9
Hz, 1H, CH), 6.55 (d, J= 2.3 Hz, 1H, ArH), 6.76 (dd, J= 8.5, 2.3 Hz, 1H, ArH), 6.99 (d, J= 8.5 Hz, 1H,
ArH), 7.01 (s, 2H, ArH), 7.32 (d, J= 8.0 Hz, 2H, ArH), 7.57 (d, J= 8.0 Hz, 2H, ArH); *C NMR (CDCl,,

50.3 MHz) 6 21.0(q), 21.5(q), 22.9(q), 33.3(d), 45.0(t), 46.2(t), 55.3(q), 60.2(t), 112.9(d), 114.0(d),
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124.0(s), 127.8(d), 129.8(d), 131.3(s), 132.1(d), 135.8(s), 136.1(s), 140.4(s), 142.9(s), 144.8(s), 158.7(s);
Anal. Calced for C,;H, NO,S,: C, 63.13; H, 6.08; N, 2.73. Found: C, 63.02; H, 6.08; N, 2.81.
2-Methanesulfonyl-6-methyl-1,2,3,4-tetrahydro-4-(p-toluenesulfonylmethyl)-isoquinoline 6c:

£ 1ANnn 1MAas T1EN tAnn NN -1 dew

thm erotalas - 1&8& 18£ TD /7/TTIA W 2 £ ANAL 1NN 11N
WIHIE CTYSIals; mp 150-100 'C) IK {LI‘IL13) IULD, LYLD, 10UV, 155], 15, | JU, 113U, 1OY0, Y/0cm ', 'H
ANIRAD T ANN RATI N S N N0 7o ALY MEIT N M AL 7. ALY MAIT Y A NN ATT NEY N A e = 7 ATTY
VIR (LDU LG, U0 VINZ) 0 2,47 (5, O, UHL), £.40 (S5, o1, L), £.94 (8, 31, UH,), 3.U0-3.10 (I, ZH,
MY\ 2 £&8 71 I O & YT~ 1IY MEIIN N 717N 734 T 177 O £ YY_ 1YIT 1Y A 1N 73 T 1A O Y TY /TTN
I1,), .00 (4, /= F.0 64, 1, LY, 3.74\04, y= 13.7, Y0 114, i, L), 4.10 (4, J= 4.8 HZ, iH, L),
4.26 (d, J= 12.0 Hz, 1H, CH), 4.63 (d, J= 14.8 Hz, 1H, CH), 6.94 (d, J= 7.9 Hz, 1H, ArH), 6.96 (s, 1H,
A+IIN TN /A T— 7T Q 0 1LY ALIITY 727 /A T "7Q IIex NET AT\ " QL 74 T. 7 Q IT.. ALY A_TT\. 13~ araam
Alll), 7.9e \U, J= /.7 L, 111, ANy, 7.07 (U, J= /.0 I1L, &I, AlIL), /.00 (U, J= /.0 IL, 4F1, AITl), U INNMK
(M1 ESN 2 MUY S INQ7AY D1 AfaY 22 20AY 28 AfAY A& Qe A& QfsY £0 7+ 194 2/ AN 197 QAN
(bl JULD IVIILL) U LV (Y ), &41.0 ), 22.01U), 2J.94(Y), 40.0(1), 40.7 (1), DU.L(1), 1£0.0(0), 14£/7.7(U),
128 A(rﬂ 128 ﬁ(e\ 129 (AY 13000AY 134 S(e) 136 AlcY 1237 Afq) 144 <Y Anal Calad far O T NO €
LLC. T\, LLUW\S )y AL Ay VN, LITU ), 1JULURS ), 1J7.9(5), 277010/, ANdial, vdllu 1UL Vgl )30V 3y
C, 57.99; H, 5.89; N, 3.56. Found: C, 57.91; H, 5.88; N, 3.49.

2-(2,4,6-Mesitylenesulfonyl)-6-methyl-1,2,3,4-tetrahydro-4-(p-toluenesulfonylmethyl)-
isoquinoline 6d: white crystals; mp 195-196 °C; IR (CHCI,) 3015, 2925, 1605, 1465, 1320, 1230, 1155,
1090, 960 cm™'; '"H NMR (CDCl,, 400 MHz) & 2.27 (s, 3H, CH,), 2.36 (s, 3H, CH,), 2.45 (s, 3H, CH,),
2.63 (s, 6H, CH,), 2.95 (dm, J= 14.2 Hz, 1H, CH), 3.10 (dd, J= 14.2, 9.4 Hz, 1H, CH), 3.16 (ddm, J=
12.9, 3.4 Hz, 1H, CH), 3.52 (dm, J= 9.4 Hz, 1H, CH), 3.80 (dm, J= 12.9 Hz, 1H, CH), 4.20 (d, J= 15.2
Hz, 1H, CH), 4.64 (d, J= 15.2 Hz, 1H, CH), 6.87 (s, 1H, ArH), 6.97 (d, J= 7.9 Hz, 1H, ArH), 6.99-7.05
(m, 1H, ArH), 7.01 (s, 2H, ArH), 7.31 (d, J= 8.2 Hz, 2H, ArH), 7.57 (d, J= 8.2 Hz, 2H, ArH); "'C NMR
(CDCl,, 50.3 MHz) 6 20.9(q), 21.0(q), 21.6(q), 22.9(q), 33.0(d), 45.3(t), 46.3(t), 60.4(t), 126.6(d),
127.8(d), 128.2(d), 129.0(s), 129.1(d), 129.8(d), 131.5(s), 132.1(d), 134.5(s), 136.3(s), 137.3(s), 140.5(s),
142.9(s), 144.8(s); Anal. Calcd for C,;H,; NO,S,: C, 65.16; H, 6.28; N, 2.81. Found: C, 65.09; H, 6.27; N,
2.82.

2-Methanesulfonyl-1,2,3,4-tetrahydro-4-(p-toluenesulfonylmethyl)-isoquinoline 6e: white
crystals; mp 148-149 °C; IR (CHCL,) 3025, 1600, 1340, 1215, 1150, 970 cm™'; 'H NMR (CDCl,, 400 MHz) &
2.45 (s, 3H, CH,), 2.94 (s, 3H, CH3), 3,10 (d, J= 12.8 Hz, 1H, CH), 3.16 (dm, J= 12.4 Hz, 1H, CH), 3.68

(dm, J=9.7 Hz, 1H, CH), 3.73 (dd, J= 12.8, 9.7 Hz, 1H, CH), 4.15 (d, J= 15.1 Hz, 1H, CH), 4.28 (dm, J=
12.4 Hz, 1H, CH), 4.67 (d, /= 15.1 Hz, 1H, CH), 7.02-7.08 (m, 1H, ArH), 7.14-7.26 (m, 3H, ArH), 7.37

(d, /= 8.2 Hz, 2H, ArH), 7.85 (d, J= 8.2 Hz, 2H, ArH); "C NMR (CDCl,, 50.3 MHz) 6 21.6(q), 33.4(d),

NE AL N AL OcraN AT N LM NN 1AL =7 3N E e T B -4 AN 1M 77 3N 1M~ O3y 170 N/ AN 13N NsIN 121 “J7..\
33.4(Qq), 40.5(1), 4/.U(1), OU.L(L), 120.0(a), 1£/7.0(Q), 1£4/.06(q), 147.9(q), 129.U0(d), 150.0(Q), 151./(8),

124 TicY 124 KioY 144 QOFcYs Anal Mulad Ffar M I NN CQC .M SAQ0T7T- T S8 N 2A0 Eannd- Y S84 QA4 1Y
L1O%./\5), 130.015), 144.7(5), Alldl. CdiCU 10T U el INU 0, L, U7/, 11, 0.J6, 1IN, J.U7, FUUld. L, JO.7%, 11,
5.59; N, 3.67.

2-(2,4,6-Mesitylenesulfonyl)-1,2,3 4-tetrahydro-4-(p-toluenesulfonylmethyl)-isoquinoline
6f: white crystals; mp 172-173 °C; IR (CHCI,) 3025, 2925, 1600, 1455, 1320, 1215, 1155, 1090, 955 cm': 'H

NMR (CDCl,, 400 MHz) & 2.36 (s, 3H, CH,;), 2.45 (s, 3H, CH,), 2.63 (s, 6H, CH;), 2.95 (d, J= 14.3 Hz,
lH, CH), 3.10 (dd, J= 14.3, 9.4 Hz, 1H, CH), 3.19 (dd, J= 12.9, 2.5 Hz, 1H, CH), 3.54 (dm, J= 9.4 Hz,
1H, CH), 3.85 (d, J= 12.9 Hz, 1H, CH), 4.24 (d, J= 15.4 Hz, 1H, CH), 4.69 (d, /= 15.4 Hz, 1H, CH), 7.02
(s, 2H, ArH), 7.04-7.11 (m, 2H, ArH), 7.15-7.23 (m, 2H, ArH), 7.32 (d, J= 8.1 Hz, 2H, ArH), 7.57 (d, J=
8.1 Hz, 2H, ArH); "C NMR (CDCl,, 50.3 MHz) § 21.1(q), 21.6(q), 23.0(q), 33.1(d), 45.5(1), 46.3(1),
60.3(1), 126.7(d), 127.3(d), 127.6(d), 127.8(d), 128.8(d), 129.9(d), 131.4(s), 132.1(s), 132.2(d), 134.8(s),
136.3(s), 140.6(s), 143.0(s), 144.8(s); Anal. Calcd for C,;H,,NO,S,: C, 64.57; H, 6.04; N, 2.90. Found: C,
64.59; H, 6.08; N, 2.94.
6-Bromo-2-methanesulfonyl-1,2,3,4-tetrahydro-4-(p-toluenesulfonylmethyl)-isoquinoline 6g:
white crystals; mp 174-175 °C; IR (CHCL,) 3025, 1600, 1340, 1300, 1225, 1085, 970 cm™; '"H NMR (CDCl,,
400 MHz) & 2.45 (s, 3H, CH,), 2.93 (s, 3H, CH,), 3.07 (d, J= 13.4 Hz, 1H, CH), 3.13 (dm, J= 12.3 Hz,
1H, CH), 3.65 (dm, J= 9.3 Hz, 1H, CH), 3.70 (dd, J= 13.4, 9.3 Hz, 1H, CH), 4.07 (d, J= 15.3 Hz, 1H,
CH), 4.27 (d, J= 12.3 Hz, 1H, CH), 4.62 (d, J= 15.3 Hz, 1H, CH), 6.93 (d, J= 8.2 Hz, 1H, ArH), 7.28 (bs,
1H, ArH), 7.32 (dm, J= 8.2 Hz, 1H, ArH), 7.37 (d, J= 7.5 Hz, 2H, ArH), 7.84 (d, J= 7.5 Hz, 2H, ArH); "°C

PP _,\A T~ o~

NMR (CDCl,, 50.3 MHz) 8 21.6(q), 33.2(d), 35.8(q), 46.6(t), 46.7(1), 59.9(1), 121.1(s), 128.0(d), 128.1(d),
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130.1(d), 130.7(d), 131.8(d), 136.3(s), 136.9(s), 145.1(s); Anal. Caled for CH,,BrNO,S,: C, 47.17; H,
4.40; N, 3.06. Found: C, 47.11; H, 4.37; N, 2.98.
6-Bromo-2-(2,4,6-mesityienesuifonyl)-1,2,3,4-tetrahydro-4- -(p-toluenesulfonylmethyl)-
1soqumolme 6h: white crystals; mp 186-187 °C; IR (CHCI,) 3020, 2925, 1600, 1325, 1300, 1225, 1155,
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1085, ; ' H NMR (CDCl,, 400 MHz) § 2.37 (s, 3H, CH,), 2.46 (s, 3H, CH,), 2.63 (s, 6H, CH,),
292 (d, J= 14.2 Hz, 1H, CH), 3.09 (dd, J= 14.2, 9.3 Hz, 1H "H), 3.16 (dd, J= 13.1, 2.7 Hz, 1H, CH),
3.53 {dm, J=9.3 Hz, 1H, CH), 3.85 (d, J= 13.1 Hz, iH, C' ), 4.17 (d, J= 15.6 Hz, I1H, CH), 4.64 (d, J=
15.6 Hz, 1H, CH), 6.97 (d, J= 8.3 Hz, 1H, ArH), 7.02 (s, 2H, ArH), 7.18 (d, J= 1.7 Hz, 1H, ArH), 7.30-
7.35 (m, 3H, ArH), 7.58 (d, J= 8.2 Hz, 2H, ArH); "C NMR (CDCl,, 100.6 MHz) & 21.1(q), 21.7(q),
23.0(g), 33.0(d), 45.3(1), 46.2(1), 60.2(1),121.1(s), 127.9(d), 128.4(d), 130.0(d), 130.6(d), 131.2(s),
131.6(d), 132.3(d), 136.2(s), 137.1(s), 140.6(s), 143.2(s), 145.0(s); Anal. Calcd for C,H,BINO,S,: C,

55.51; H, 5.02; N, 2.49. Found: C, 55.42; H, 5.05; N, 2.54.
6-Chloro-2-methanesulfonyl-1,2,3,4-tetrahydro-4-(p-toluenesulfonylmethyl)-isoquinoline 6i:
white crystals; mp 159-160 °C; IR (CHCL,) 3025, 1600, 1340, 1300, 1230, 1150, 1090, 970 cm™'; '"H NMR
(CDCl,, 400 MHz) 8 2.46 (s, 3H, CH,), 2.94 (s, 3H, CH,), 3.08 (d, J= 13.0 Hz, 1H, CH), 3.14 (dd, J=
12.6, 2.8 Hz, 1H, CH), 3.66 (dm, J= 9.7 Hz, |H, CH), 3.71 (dd, J= 13.0, 9.7 Hz, 1H, CH), 4.10 (d, J=
15.2 Hz, 1H, CH), 4.29 (d, J= 12.6 Hz, 1H, CH), 4.65 (d, J= 15.2 Hz, 1H, CH), 7.00 (d, J= 8.3 Hz, 1H,
ArH), 7.15 (d, J= 1.9 Hz, 1H, ArH), 7.19 (dd, J= 8.3, 1.9 Hz, 1H, ArH), 7.38 (d, J= 8.2 Hz, 2H, ArH),
7.85 (d, J= 8.2 Hz, 2H, ArH); "C NMR (CDCl,, 50.3 MHz) & 21.6(q), 33.3(d), 35.6(q), 46.6(t), 46.7(1),
59.9(1), 127.8(d), 127.9(d), 128.0(d), 128.9(d), 130.1(d), 130.2(s), 133.2(s), 136.3(s), 136.6(s), 145.1(s);
Anal. Caled for C, H,,CINO,S,: C, 52.23; H, 4.87; N, 3.38. Found: C, 52.21; H, 4.93; N, 3.38.
6-Chloro-2-(2,4,6-mesitylenesulfonyl)-1,2,3,4-tetrahydro-4-(p-toluenesulfonylmethyl)-
isoquinoiine 6j: white crystals; mp 178-179 °C; IR (CHCI,) 3025, 2925, 1600, 1325, 1210, 1155, 1090

cm™; 'H NMR (CDCl,, 400 MHz) & 2.37 (s, 3H, CH,), 2.46 (s, 3H, CH,), 2.63 (s, 6H, CH,), 2.92 (d, J=
2H7 1H, CH), 3.08 (dd, J= 14.2, 9.3 Hz, 1H, CH), 3.16 (ddm, J= 13.0, 3.3 Hz, 1H, CH), 3.52 (dm, J=

Hz, 11-1 CH), 3.85 (d, /= 13.0 Hez, 1H, CH), 4.20 (d, J= 15.6 Hz, 1H, CH), 4.66 (d, J= 15.6 Hz, 1H,

~YT A SN AT R

H, Arn), 7.00-7.06 (m, 2H, ArH), 7.18 (dd, J= 8.3, 2.0 Hz, 1H, ArH), 7.33 (d, J= 8.2 Hz,

amnTrT ~rY N 13~ nTr rv A o oEww ~r o~

2 Hz, 2H, ArH); *C NMR (u)u;, 100.6 an) & 21.1(q), 21.7(q), 23.0(q),
60.1 27. 7(d), 127.9(d 8.7(d), 129.9(d), 130.7(s), 131.3(s),

MNalad fAe LT f‘l\T{\ Q .
Lalll TUL gl gl LNV O, \,,

O -
o P 3

nln(-\nv&nlfnnvlmpthvn I\ﬂ(lllll‘lﬂlln(-‘ 6k:

\l"“_- e

sulfo
white crystals; mp 78-79 °C; R (CHCL,) 3030 162 600 1505, 1340, 1230, 1150 cm' 'H NMR (CDCl,,
400 MHz) 6 2.45 (s, 3H, CH,), 2.94 (s, 3H, CH,), 3.08 (d, J= 13.3 Hz, 1H, CH), 3.15 (dm, J= 12.5 Hz,
IH, CH), 3.66 (dm, /= 9.5 Hz, 1H, CH), 3.71 (dd, J= 13.3, 9.5 Hz, 1H, CH), 4.11 (d, J= 14.9 Hz, 1H,
CH), 4.26 (d, J= 12.5 Hz, 1H, CH), 4.64 (d, J= 14.9 Hz, I1H, CH), 6.88 (dd, J= 9.1, 2.5 Hz, 1H, ArH),
6.94 (td, J= 8.4, 2.5 Hz, 1H, ArH), 7.04 (dd, J= 8.4, 5.5 Hz, 1H, ArH), 7.37 (d, J= 8.2 Hz, 2H, ArH), 7.85
(d, J= 8.2 Hz, 2H, ArH); "C NMR (CDCl,, 50.3 MHz) § 21.6(q), 33.4(d), 35.5(q), 46.5(t), 46.6(t), 60.0(t),
115.0(dd, J. = 21.8 Hz), 115.3(dd, J- = 21.5 Hz), 127.3(d, J. = 3.1 Hz), 127.9(d), 128.2(dd, J. = 8.2
Hz), 130.0(d), 136.3(s), 136.8(d, J.= 7.1 Hz), 145.1(s), 161.6(d, J. = 247.3 Hz); Anal. Calcd for
CH,,FNQ,S,: C, 54.39; H, 5.07; N, 3.52. Found: C, 54.27; H, 5.00; N, 3.46.
6-Fluoro-2-(2,4,6-mesitylenesulfonyl)-1,2,3,4-tetrahydro-4-(p-toluenesulfonylmethyl)-
isoquinoline 61: white crystals; mp 164-165 °C; IR (CHCI;) 3030, 2925, 1600, 1505, 1325, 1150 cm’; 'H
NMR (CDCl,, 400 MHz) & 2.36 (s, 3H, CH,), 2.46 (s, 3H, CH,), 2.63 (s, 6H, CH,), 2.92 (d, /= 14.2 Hz,
1H, CH), 3.09 (dd, J= 14.2, 9.2 Hz, 1H, CH), 3.17 (dd, J= 12.9, 3.3 Hz, 1H, CH), 3.51 (dm, J= 9.2 Hz,

1H, CH), 3.83 (d, J= 12.9 Hz, 1H, CH), 4.19 (d, J= 15.2 Hz, 1H, ArH), 4.66 (d, J= 15.2 Hz, 1H, CH), 6.76

(dd, J= 9.2, 2.4 Hz, 1H, ArH), 6.91 (td, J= 8.4, 2.4 Hz, 1H, ArH), 7.02 (s, 2H, ArH), 7.06 (dd, J= 8.4, 5.6
Hz, 1H, ArH), 7.33 (d, J= 8.1 Hz, 2H, ArH), 7.58 (d, J= 8.1 Hz, 2H, ArH); “C NMR (CDCl,, 50.3 MHz) §
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20.9(q), 21.4(q), 22.7(q), 33.0(d), 45.0(t), 45.9(t), 59.9(1), 114.7(dd, Jeg=21.8 Hz), 114.9(dd, J_ = 21.4

Hz), 127.6(d), 128.3(dd, J. .= 8.2 Hz), 129.8(d), 131.1(s), 132.0(d), 135.9(s), 136.6(d, Je=7.1 Hz),
140.3(s), 142.9(s), 144.8(s), 161.5(d, J. = 246.7 Hz); Anal. Calcd for C,H,,FNO,S,: C, 62.25; H, 5.63; N,
.79. Found: C, 62.14; H, 5.71; N, 2.87.
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Found: C, 55.81; H, 5.62; N, 3.15.
6-Ethoxycarbonyl-2-(2,4,6-mesitylenesulfonyl)-1,2,3,4-tetrahydro-4-(p-
toluenesulfonylmethyl)-isoquinoline 6n: white crystals; mp 82-83 °C; IR (CHCl,) 3030, 2980, 1710,
1605, 1335, 1285, 1160 cm™; '"H NMR (CDCl,, 400 MHz) & 1.38 (t, J= 7.1 Hz, 3H, CH,), 2.37 (s, 3H,
CH,), 2.45 (s, 3H, CH,), 2.64 (s, 6H, CH,), 2.97 (d, J= 14.1 Hz, IH, CH), 3.13 (dd, J= 14.1, 9.9 Hz, 1H,
CH), 3.21 (dd, J= 13.0, 2.7 Hz, 1H, CH), 3.61 (dm, J= 9.9 Hz, 1H, CH), 3.97 (d, J= 13.0 Hz, 1H, CH),
4.29 (d, J= 16.2 Hz, 1H, CH), 4.29-4.44 (m, 2H, OCH,), 4.75 (d, J= 16.2 Hz, 1H, CH), 7.03 (s, 2H, ArH),
7.17 (d, J= 8.1 Hz, 1H, ArH), 7.33 (d, J= 8.1 Hz, 2H, ArH), 7.59 (d, J= 8.1 Hz, 2H, ArH), 7.73 (s, 1H,
ArH), 7.86 (d, J= 8.1 Hz, 1H, ArH); "C NMR (CDCl,, 100.6 MHz) § 14.3(q), 21.1(q), 21.6(q), 23.0(q),
33.2(d), 45.8(t), 46.0(t), 59.9(t), 61.2(t), 127.0(d), 127.9(d), 128.3(d), 129.9(d), 130.0(s), 130.1(d),
131.3(s), 132.2(d), 135.1(s), 136.3(s), 137.2(s), 140.6(s), 143.1(s), 144.9(s), 165.8(s); Anal. Calcd for
C,,H;;NO,S,: C, 62.68; H, 5.99; N, 2.52. Found: C, 62.66; H, 6.04; N, 2.45.

2-(p- -3-(p-toluenesulfonyl)-propyl]-methanesulfonamide 7a: white crystals; mp 129-

<

|~ 3
2

=

N’

120 9% TR (OO 2INE AN1E 102N 1418 1810 1410 1220 17990 11N 100N 1028 0N ~mache TIT ATRMAD
15U UL IR (Ll ) JO3UD, JULD, 250U, 1019, 101U, 141U, 153U, 122U, 110U, 1UYU, 1US3), /0 Cill ', I INVIR
(CTYCT AN MUY R 247 /¢ 2L O Y 2 QA fe 2L OLTY 2129 2 AQ fme ALY LY 2 &N .1 £72 (0 AT LI
VU, UV IINLZ ) U 4.2 45, O1, Iy j, £.09 {8, J11, LIy, 3.04-5.40 \ili, 201, L), J2.0U-3.0J5 {ill, <11, L 1),
276 (¢ AT OO Y ASAAAS (m 1H NHY £7Q /4 J— QA& s AT ALY 70N (A T— Q & LT NIT A LT
IS,y T, TNy, . JUST. 00 i, LI, 1NML), ULJ0 (4, v= 0.0 IRZ, 411, Ady, 1.0uU (G, v= 0.0 14, L1, Alry,

) 1 .
7.28 (d, J= 8.4 Hz, 2H, ArH), 7.68 (d, J= 8.4 Hz, 2H, ArH); C NMR (CDCl,, 50.3 MHz) é 21.6(q),
00 9(dY, 40 5(0), 47 (1Y 55 3(a). 539 0(t)Y 114 4(dY 127 (Y 128 7¢(d) 120 R(3A) 130 7(<) 136 2(<)
29.914), 40.0(q), 4/.8(1), 22.2(q), 2F.0(1), 114.4(4), 12/.2(Q), 128.7(d), 123.8 (g), 130.7(s), 130.4(8),
144.7(s), 159.0(s); Anal. Calcd for C(H,,NO,S,: C, 54.39; H, 5.83; N, 3.52. Found: C, 54.36; H, 5.84; N
3.47.

N-[2-(p-Anisyl)-3-(p-toluenesulfonyl)-propyl]-2,4,6-mesitylenesulfonamide 7b: white crystals;
mp 134-135 °C; IR (CHCl,) 3370, 3010, 2935, 1605, 1510, 1405, 1325, 1250, 1215, 1155, 1090 cm; 'H
NMR (CDCl,, 400 MHz) & 2.29 (s, 3H, CH,), 2.40 (s, 3H, CH,), 2.52 (s, 6H, CH,), 3.02-3.11 (m, 1H,
CH), 3.24-3.38 (m, 3H, CH), 3.39-3.48 (m, 1H, CH), 3.75 (s, 3H, OCH,), 4.69-4.79 (m, 1H, NH), 6.72 (d,
J= 8.5 Hz, 2H, ArH), 6.87 (d, J= 8.5 Hz, 2H, ArH), 6.92 (s, 2H, ArH), 7.24 (d, J= 8.1 Hz, 2H, ArH), 7.61
(d, J= 8.1 Hz, 2H, ArH); "C NMR (CDCl,, 50.3 MHz) 8 20.9(g), 21.5(q), 22.8(g), 39.3(d), 47.0(1), 55.2(q).
59.2(t), 114.3(d), 127.8(d), 128.4(d), 129.7(d), 130.7(s), 131.9(d), 133.3(s), 136.2(s), 138.9(s), 142.2(s),
144.6(s), 159.0(s); Anal. Calcd for C,;H,,NO,S,: C, 62.25; H, 6.23; N, 2.79. Found: C, 62.11; H, 6.25; N,
2.67.

N-[3-(p-Toluenesulfonyl)-2-(p-tolyl)-propyl]-methanesulfonamide 7c¢: white crystals; mp 173-174
O, TR /DR 2AAC ANLEN NOTN 1508 1 AN 127N 170& 114N 1128 TNON QLN Ayl 1Ly NIAAD 7T ANN
U, IN {IAND1) 3940, 240V, 27/, 1070, 144V, 104V, 1400, 110V, 1100, 1UZY, JUU LD, I1 INIVIN (LU, FUU
AT X D YQ e ALY MIT Y D A2 /o 2ALT OLT Y QA /e AL LI 227 744 T— 127 8 A A > 10 O 2 27
MzZ) 0 £.27 (8, on, LI,), £.45 (8, o6, UIy), £.04 (S, o511, Ly, 5.5/ (04, v= 15.5, 4.0 nZ, i1, Liij, 5.9/
TEN (v 2T LY 2 &N_2VAK (v DT O A AN A K8 fen TH NHY AQ7 74 J—7Q W DT ALY 707 (A4
3.0V {Iil, 211, K1), 53.JU-3.0J (\Ill, 411, i), 44U~ 00 (Iil, 111, IN11), U.7/ \U, v= /.7 11L, &1, 0OAlX1), .07\,

.13
J=1.9 Hz, 2H, ArH), 7.29 (d, J= 8.1 Hz, 2H, ArH), 7.70 (d, J= 8.1 Hz, 2H, ArH); “C NMR (CDCl,, 50.3
MUY 821 0/aY 21 &aY AN 176AY AN KiAY AT At SR QY 127 8/AY 198 0/AY 1720 &¢AY 120 Qrd)Y 135 R(<)
lVlllb} v L-l.\l\\i}, L-I.U\\i}, -T\J.l\u}’ "fU-J\Li}, -l'l~\l\\.}, JU-/\L}, Lai J\ul, LAUWW Uy L 7:U M)y L sa /M)y LU



S.-F. Wang et al. / Tetrahedron 55 (1999) ) 2273-2288 2285

136.2(s), 137.7(s), 144.9(s); Anal. Calcd for C;H,,NO,S,: C, 56.67; H, 6.08; N, 3.67. Found: C, 56.68; H,
6.09; N, 3.67.

N-[3-(p-Toluenesuifonyl)-2-(p-tolyl)-propyl]-2,4,6-mesitylenesulfonamide 7d: white crystals;
mp 142-143 °C; IR (CHCI,) 3365, 3015, 2925, 1600, 1405, 1320, 1220, 1155, 1090 cm™'; '"H NMR (CDCl,,

T¥ 7T N AN g arv YT F\"

400 MHz) & 2.29 (s, 3H, CH,), 2.31 (s, 3H, C 3),444 (s, 3H, CH,), 2.53 (s, 6H, CH,), 3.04-3.15 (m, IH,
£EIIN 2 YA 2P EN . ALT /I A £ /L. 1YY ATTYY or s - Ty ~rw A wws o~

Cn), 5.24-3.50 (m, 4H, CH), 4.63 (bs, 1H, NH), 6.85 (d, /= 7.8 Hz, 2H, ArH), 6.93 (s, 2H, ArH), 7.02 (d,
JT_ 7 Q 1J. LY A LLIN "7 NL 7.1 7 O N Y¥— ALY A_JYN = £ 4 71 ¥ onry ~ATY & U St U o

J= /.0 117, 211, AlN), /.20 (Q, = 6.V Nz, 411, Arnj, /.04 (q, J= 8.0 Hz, Z2H, Arn), C NMK (LL)L13, 50.3
MHz) & 20.9(q), 21.0(q), 21.6(q), 22.8(q), 39.7(d), 46.9(t), 59.1(1), 127.3(d), 127.9(d), 129 J7(d), 129.8(d),
132 0(AdY 132 27¢) 128 Qi) 126 D0y 1T &y 12Q N7y 1A V7Y 1TAA Trode Amal Oalad £ 0 LT NN Q
LV&VM)y LOJ.I\ D), 1JJ.0NS ), LJULLLS ), LI T.080), 1IT. S, 13£.218), 144./(5), Alldl. LadICd 10r © 26113 N3 O50
C, 64.30; H, 6.43; N, 2.88. Found: C, 64.27; H, 6.51; N, 2.93
N-[2-Phenyl-3-(p-toluenesulfonyl)-propyll-methanesulfonamide 7e: white crystals; mp 175-176 °C,
IR (KBr) 3445, 3250, 3025, 2970, 15935, 1430, 1325, 1285, 1160, 1095, 965 cm™’; 'H NMR (CDCl,, 400

MHz) § 2.43 (s, 3H, CHl), 2.84 (s, 3H, CH,), 3.39 (dd, J= 13.6, 4.2 Hz, 1H, CH), 3.44-3.69 (m, 4H, CH),
4.49 (1, J= 5.8 Hz, 1H, NH), 7.10 (d, J= 6.6 Hz, 2H, ArH), 7.20-7.33 (m, 3H, ArH), 7.29 (d, J= 8.2 Hz,
2H, ArH), 7.72 (d, J= 8.2 Hz, 2H, ArH); "C NMR (CDCl,, 100.6 MHz) & 21.6(q), 40.5(d), 40.6(q), 47.6(1),
58.8(1), 127.6(d), 127.9(d), 128.0(d), 129.2(d), 130.0(d), 136.3(s), 139.1(s), 145.0(s); Anal. Calcd for
C;H,NO,S,: C, 55.56; H, 5.76; N, 3.81. Found: C, 55.39; H, 5.82; N, 3.63.
N-[2-Phenyl-3-(p-toluenesulfonyl)-propyl]-2,4,6-mesitylenesulfonamide 7f: white crystals; mp
131-132 °C; IR (CHCl,) 3410, 3020, 2940, 1600, 1455, 1320, 1155, 1090 cm™; 'H NMR (CDCl,, 400 MHz)
8 2.30 (s, 3H, CH,), 2.42 (s, 3H, CH,), 2.53 (s, 6H, CH,), 3.07-3.19 (m, 1H, CH), 3.26-3.52 (m, 4H, CH),
4.62-4.70 (m, 1H, NH), 6.93 (s, 2H, ArH), 6.95-7.00 (m, 2H, ArH), 7.17-7.24 (m, 3H, ArH), 7.26 (d, J=
8.1 Hz, 2H, ArH), 7.65 (d, J= 8.1 Hz, 2H, ArH); “C NMR (CDCl,, 100.6 MHz) § 20.9(q), 21.5(q), 22.7(q),

40.1(d), 46.9(t), 59.0(1), 127.4(d), 127.7(d), 127.9(d), 129.0(d), 129.8(d), 132.0(d), 133.3(s), 136.2(s),
138.9(s), 139.0(s), 142.2(s), 144.7(s); Anal. Calcd for C,;H,,NO,S,: C, 63.67; H, 6.20; N, 2.97. Found: C,
63.56; H, 6.14; N, 2.98.

A IYn . Bramanhanv\_ I (m tahranagulfanyll nreany Il mrathamacss Iamamida Too wayhita Argctalee saaa
INFl &S \WE L UIMUPJIIC Y 1 =0 = 'LUIUCIICD“IAUII]I}'PI upyIJ-uu:ulaucauuuuauuuc 15. WwWilllle blybldlb, i 1})
183-184 °C; IR (KBr) 3360, 3275, 3020, 2930, 1595, 1490, 1410, 1315, 1285, 1140, 1065, 975 cm™; 'H
NMR (CDCl,, 400 MHz) & 2.44 (s, 3H, CH,), 2.88 (s, 3H, CH,), 3.31-3.42 (i, IH, CH), 3.42-3.62 (in, 4H,
CH), 4.54 (bs, 1H, NH), 6.98 (d, J= 8.1 Hz, 2H, ArH), 7.29 (d, J= 8.0 Hz, 2H, ArH), 7.38 (d, J= 8.1 Hz,
2H, ArH), 7.67 (d, J= 8.0 Hz, 2H, ArH); "C NMR (DMSO-d,, 50.3 MHz) § 21.3(q), 39.6(d), 40.9(q),
47.6(t), 57.3(t), 120.2(s), 127.8(d), 129.7(d), 130.6(d), 131.1(d), 136.6(s), 139.0(s), 144.3(s); Anal. Calcd

N-[2- (p Bromophenyl) 3- (p toluenesulfonyl)-propyl] 2 4 ,6- mesntylenequlfonamide 7h: white
crystals; mp 149-150 °C; IR (CHCL,) 3315, 3025, 2940, 1600, 1490, 1410, 1320, 1220, 1155, 1085, 1010
cm’'; '"H NMR (CDCl,, 400 MHz) § 2.30 (s, 3H, CH,), 2.42 (s, 3H, CH,), 2.52 (s, 6H, CH,), 3.07-3.18 (m,
1H, CH), 3.25-3.40 (m, 3H, CH, CH,), 3.48 (dd, J= 13.6, 5.7 Hz, 1H, CH), 4.79-4.87 (m, 1H, NH), 6.83
(d, J= 8.4 Hz, 2H, ArH), 6.92 (s, 2H, ArH), 7.24 (d, J= 8.2 Hz, 2H, ArH), 7.27 (d, J= 8.4 Hz, 2H, ArH),
7.60 (d, J= 8.2 Hz, 2H, ArH); *C NMR (CDCl,, 50.3 MHz) 8 20.9(q), 21.6(q), 22.8(q), 39.9(d), 46.9(v),
58.7(t), 121.6(s), 127.8(d), 129.2(d), 129.8(d), 131.9(d), 132.0(d), 133.3(s), 136.1(s), 137.9(s), 138.9(s),
142 4(5) 144.9(s); Anal. Calcd for C,;H,,BrNO,S,: C, 54.54; H, 5.13; N, 2.54. Found: C, 54.41; H, 5.15; N,
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N-[2-(p-Chiorophenyi)-3-(p- toiuene Ifonyl)-
crystals; mp 137-138 °C; IR (CHC13) 33

NMR (CDCl,, 400 MHz)
CH) 3.24-3.42 (m,

-propyl]-2,4,6-mesitylenesulfonamide 7j: white
, 3030, 2930, 16 5, 1450, 1325, 1215, 1155, 1085, 1015 cm’! 'H
), 2

Chs), 2.53 (s, 6H, CH,), 3.08-3.20 (m, IH,
5 (bs, 1H, NH), 6.90 (d, J= 7 7 Hz, 2H,
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7. Found C 5938 H, 560 N 275

py] -2, 4 6-mesitvlenesulfonamide 7k: white

LRI AR AL RIS T3 LE Rt

crvstals mp 12 °C IR (KBr) 3445 3250 3025 2925 1605 1510, 1325, 1285, 1175, 1160, 1135, 960,
835 cm’'; 'H NMR (CDCl,, 400 MHz) 6 2.44 (s, 3H, CH,), 2.88 (s, 3H, CH,), 3.35 (dd, J= 12.8, 3.9 Hz,
1H, CH), 3.42-3.64 (m, 4H, CH, CH,), 4.40-4.48 (m, 1H, NH), 6.97 (t, J= 8.6 Hz, 2H, ArH), 7.09 (dd, J=
8.6, 5.2 Hz, 2H, ArH), 7.31 (d, J= 8.2 Hz, 2H, ArH), 7.71 (d, J= 8.2 Hz, 2H, ArH); C NMR (DMSO-d,,
50.3 MHz) & 21.0(q), 39.4(q), 40.4(d), 47.7(1), 57.4(t), 124.8(dd, J. ;= 21.2 Hz), 127.6(d), 129.6(d),
130.0(dd, J. = 8.1 Hz), 135.7(d, J.,= 3.0 Hz), 136.6(s), 144.0(s), 161.2(d, J. ;= 242.3 Hz); Anal. Calcd
for C,,H,,;FNO,S,: C, 52.97; H, 5.23; N, 3.63. Found: C, 52.96; H, 5.24; N, 3.66.
N-[2-(p-Ethoxycarbonylphenyl)-3-(p-toluenesulfonyl)-propyl]-methanesulfonamide 7m: white
crystals; mp 169-170 °C; IR (KBr) 3300, 2975, 2930, 1710, 1610, 1425, 1325, 1280, 1135, 1105, 970 cm’™’;
'‘H NMR (CDCl,, 400 MHz) & 1.39 (t, J= 7.1 Hz, 3H, CH,), 2.42 (s, 3H, CH,), 2.87 (s, 3H, CH,), 3.34-
3.45 (m, 1H, CH), 3.46-3.66 (m, 4H, CH), 4.37 (q, J= 7.1 Hz, 2H, OCH,), 4.46-4.54 (m, 1H, NH), 7.18
(d, J= 8.3 Hz, 2H, ArH), 7.29 (d, J= 8.2 Hz, 2H, ArH), 7.70 (d, J= 8.2 Hz, 2H, ArH), 7.94 (d, J= 8.3 Hz,
2H, ArH); C NMR (CDCl,, 50.3 MHz) & 14.3(q), 21.6(q), 40.6(d), 40.7(q), 47.4(t), 58.3(t), 61.1(1),
127.7(d), 127.9(d), 130.0 (d), 130.1(s), 130.3(d), 136.0(s), 143.9(s), 145.1(s), 165.9(s); mass spectrum
(FAB, positive), m/e (relative intensity) 440 (M+1, 23), 394 (28), 307 (25), 289 (17), 154 (100), 136 (73);
exact mass calcd for CQOHZGNO S, m/e 440.1202, found m/e 440.1192.
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AT T2 /9 A Tl bl e - o B R e I T ¢ R R S s L 14 M AL srnnciterlasmnces IfPrsmmamniidan Ly PN
[V"lé'\é,‘l'l}l jiniigg put: 1) I)=o={Z=tOIuciICOUNUNY"PDIUP Y [=&,4,0~IIITDdILYICHTd ULLULIAIIIUC AN
white ervsrale: mn 156-157 °C: TR (CHCIL) 3320 3030 2040 1600 1475 1405. 1325, 1290, 1150, 1000
WL C1YStdls, P 1JUTLJ7 oy LN (LTl ] JJLV, JUJV, 477V, LUV, 177J, 1TVJ, 1J4J, 147V, 11JV, 1VJV
em™s 'TH NMR (CDCl.. 400 MH2z) 8 2.30 (s. 3H. CH.). 2.42 (s. 3H. CH.). 2.54 (s. 6H. CH.), 3.23-3.42 (m
1L E] 11 LNIViAN \\._4!_1\413’ TUWYU l'l,ll.Lr} UV iU \D’ ALy \_/1.13/’ T =1 \J, Cek T \_-113}, et vt T \O’ Vild, \/113/, e hwnt wd e Tk (A .
3H, CH), 3.53 (dd, J= 14.5, 6.5 Hz, |H, CH), 3.83 (quintet, J= 6.5 Hz, 1H, CH), 4.98 (t, /= 7.0 Hz, 1H,
H). 6.90 (s. 2H. ArH). 6.96 (d. J= 8.4 Hz. |H. ArH). 7.02 (dd. J=8.4. 1.9 Hz. 1H. ArH). 721 (d. J= 19
LINELJy U IV \Jy &ddy $2dAhfy VeZ¥W \Mg v U5 114, 143y £3121), /0 (AU, U O.59, 2.7 22diy 2283y Faaiiy, 40 B S L PR 7
Hz, 1H, ArH), 7.26 (d, J= 7.7 Hz, 2H, ArH), 7.64 (d, J= 7.7 Hz, 2H, ArH); "C NMR (CDCl,, 50.3 MHz) §
20.8(q), 21.4(q), 22.7(q), 36.9(d), 45.2(1), 57.0(t), 127.1(d), 127.7(d), 129.3(d), 129.6(d), 129.7(d),
131.8(d), 133.1(s), 133.5(s), 134.0(s), 134.4(s), 135.6(s), 138.7(s), 142.1(s), 144.7(s); Anal. Calcd for

C25H27C12N0452. C, 55.55; H, 5.03; N, 2.59. Found: C, 55.40; H, 5.03; N, 2.60.
N-[2-(p-Methoxycarbonylphenyl)-3-(p-toluenesulfonyl)-propyl]-2,4,6-mesitylenesulfonamide
7p: white crystals; mp 190-191 °C; IR (CHCL,) 3675, 3025, 2950, 1720, 1605, 1440, 1315, 1285, 1220, 1155
c¢m’'; 'H NMR (CDCI,, 400 MHz) § 2.29 (s, 3H, CH,), 2.40 (s, 3H, CH;), 2.52 (s, 6H, CH,), 3.18 (quintet,
J= 6.6 Hz, 1H, CH), 3.28-3.57 (m, 4H, CH,), 3.90 (s, 3H, OCHj;), 4.91 (bs, 1H, NH), 6.91 (s, 2H, ArH),
7.04 (d, J= 7.8 Hz, 2H, ArH), 7.24 (d, J= 7.9 Hz, 2H, ArH), 7.62 (d, J= 7.9 Hz, 2H, ArH), 7.83 (d, J=7.8
Hz, 2H, ArH); >C NMR (CDCl,, 50.3 MHz) 8 20.9(q), 21.6(q), 22.8(q), 40.2(d), 46.9(t), 52.2(q), 58.6(1),
127.6(d), 127.9(d), 129.5(s), 129.9(d), 130.2(d), 132.0(d), 133.3(s), 136.1(s), 138.9(s), 142.4(s), 144.2(s),
145.0(s), 166.4(s); Anal. Calcd for C,,H; NO,S,: C, 61.23; H, 5.90; N, 2.64. Found: C, 61.03; H, 5.93; N,

271

ay rAa m R | [ 0 Y - 11 A A 7 PR P ¥ TR PN Lo PN S P P
N-l4&-(0-101Yyl)-3-{p-toluenesulionyl)-propyij-2,4,0-mesityicnesuiionamia /4. Wilie Crysiais,
L 1AL 17T 0. TR (OIIOT Y 2ES ANIN N0AN TANN 1ANE 1290 179€ 1180 1N2K ~mc-le T NNMR (O
Mp 120-14/7 U, i (LOVIL) 3330, JUITU, L7940, 10UV, 14UJ, 104U, 1240, L1JU, TUGJ LI, 11 NIV A1y,
400 MHz) 4 2.13 (s, 3H, CH,), 2.30 (s, 3H, CH,), 2.42 (s, 3H, CH;), 2.55 (s, 6H, CH,), 3.08-3.19 (m, 1H,
ALY 192 /A4 T—1d 46 A2, 1 O 227240 (m O2H CHY 2AKA5.275 (m 1H CHY 468 (A3 T=
LI, VLD (U, U= L1TRU, SrL0 HLL, L1, L), J.D T (L &ldy Nl )y JOUJTUL T UL, L RL, Rl gy VD (M, v

1271 75 H, 1H NHY Q7 /(4 =74 H7z 1TH ArHY 604 (¢ 27H ArHY 701-7.12 im. 3H. ArH). 7.28 (d
100y 70J L1L, 11k, 1NLIL), V.07 \Uy = /.77 L&, 133y £2AL], V.77 \ Oy Ll ALLLj, AL 1 \AKEy TR ay Aiaayy i3\ MAy
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iz, 2H ArH), 7 67 (d J— 8 2 HZ 2H, ArH); I’C NMR (CDCIB, 50 MHZ) 5 19 3(q) 20. 9(q)

—N)

1
2H, . ArH), .3 Hz, 2H, ArH), 7
Hz lH ArH) 7 86 (d J— 8 3 H,;, 2H ArH), I3C NMR (CDC13, 50.3 MHz) 8 21 .0(q), 21.6(q), 2 7(q)
22.6(q), 33.0(d), 47.7(1), 58.1(1), 125.1(s), 127.6(d), 127.9(d), 129.3(d), 129.4(d), 130.1(d), 131.9(d),
134.0(s), 136.4(s), 140.1(s), 140.4(s), 143.3(s), 145.1(s), 145.2(s), 163.3(s); Anal. Calcd for C,,H,,NO,S,:
C, 63.38; H, 5.71; N, 2.74. Found: C, 63.11; H, 5.76; N, 2.75.
6-Chloro-3,4-dihydro-2-(2,4,6-mesitylenesulfonyl)-4-(p-toluenesulfonylmethyl)-2-
isoquinolin-1-one 14b: white crystals; mp 255-256 °C; IR (KBr) 2975, 1690, 1590, 1345, 1295, 1165,
1150, 1090 cm™'; "H NMR (CDCl,, 400 MHz) 8 2.31 (s, 3H, CH,), 2.46 (s, 3H, CH,), 2.64 (s, 6H, CH,),
3.22 (dd, J= 14.3, 4.2 Hz, 1H, CH), 3.61 (dd, J= 14.3, 7.8 Hz, 1H, CH), 3.82-3.89 (m, 1H, CH), 4.03 (dd,
J=13.4,3.2 Hz, 1H, CH), 4.88 (dd, J= 13.4, 3.2 Hz, 1H, CH), 6.99 (s, 2H, ArH), 7.32 (dd, J= 8.8, 2.0 Hz,
1H, ArH), 7.33 (s, 1H, ArH), 7.38 (d, J= 8.0 Hz, 2H, ArH), 7.81-7.88 (m, 3H, ArH); "C NMR (CD(l,,
50.3 MHz) 8 21.1(q), 21.7(q), 22.6(q), 33.0(d), 47.8(t), 57.9(1), 126.3(s), 127.4(d), 128.0(d), 129.0(d),
130.2¢d), 130.9(d), 132.0(d), 133.6(s), 136.2(s), 140.3(s), 140.4(s), 142.0(s), 143.6(s), 145.4(s), 162.5(s),
Anal. Caled for C,(H,,CINO,S,: C, 58.69; H, 4.93; N, 2.63. Found: C, 58.71; H, 4.97; N, 2.60.
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3,4-Dihydro-2-(2,4,6-mesitylenesulfonyl)-6-m ethoxycarbonyl-4 (p-toluenesulfonylmethyl)-
Viicnnmninalin_ 1 _nma 144 whita ~evetale: min 227212 o TR (TR 1718 1400 12485 170N 11AS
ﬁ'lDUl‘ulllUllll'.l'UllC AU, WIIILL o _ybl‘llb, lllk} bt [T d O Ny RIN L INA21) L .) y 11O, 1UTVU, 1JUTJ, 1L, 1 1VJ,
1180 1110 1088 pre-ls TH NMR (DT AN MHEAY R 221 /e 2 CH )Y 2 45 (¢ 2H Y 27A8 (¢ A
LIJV, 111U, 1UJJ VI, 11 INIVUN (L, TUU IVMILZ) U &0 1 (9, JELy W5 , &0 Oy J11, Wil3), LU Dy UL,
CH,), 3.25 (dd, J= 14.2, 3.9 Hz, 1H, CH), 3.62 (dd, J= 14.2, 8.2 Hz, 1H, CH), 3.92-4.00 (m, 1H, CH),
3.95 (s, 3H. OCH.). 4.08 (dd. J= 13.4. 3.2 Hz. 1H. CH). 4.92 (dd. J= 13.4. 3.3 Hz. 1H. CH). 6.99 (s, 2H
. 9, Jil, WAoriy), TUO \GL, U Lo/ Ty Jek LAL, 1AE, NoARf, TTLIL WU, U 1.5y J.d Lhly L1ky Ndlfy U.FT (5, &ia,
ArH). 7.38 (d. J= 8.2 Hz. 2H. ArH). 7.86 (d. J= 8.2 Hz, 2H. ArH). 7.99 (s, 2H. ArH). 8.00 (s, 1H, ArH):

), 7.38 (d, J= 8.2 Hz, 2H, ArH), 7.86 (d, J= 8.2 Hz, 2H, ArH} 7.99 (s, 2H, ArH), 8.00 (s, 1H, ArH);
BC NMR (CDCL.. 50.3 MHz) 8 21.1(a). 21.7¢q). 22.7(a). 33.1(d). 47.6(t). 52.7(q). 57.8(t). 128.0(d)

NMR (CDCl,, 50.3 MHz) 6 21.1(q), 21.7(q), 22.7(q), 33.1(d), 47.6(t), 52.7(q), 57.8(1), 128.0 (d),

128.4(d), 129.3(d), 129.6(d), 130.2(d), 131.4(s), 132.1(d), 133.5(s), 134.8(s), 136.3(s), 140.4(s), 140.5(s),
143.7(s), 145.4(s), 162.5(s), 165.6(s); mass spectrum (FAB, positive), m/e (relative intensity) 556(M+1, 19),
307(22), 289 (18), 154 (100), 136 (76); exact mass calcd for C,gH,\NO.S, m/e 556.1463, found m/e 556.1464.

Acknowledgment: We are grateful to the National Science Council, R.O.C. for financial support. (NSC-85-
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