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Abstract: Benzenesulfonyl radical can be generated from sodium benzenesulfinate in aqueous acetic acid

or formic acid. A benzenesulfonyl radical induced radical reaction of w-allylsulfonylalkyl substituted

aromatic and heteroaromatic derivatives is described. Alkyl radicals can be generated efficiently from

allylsulfones. This sulfonyl radical induced reaction provides a synthetically useful method for the

synthesis of polycyclic aromatic and heteroaromatic derivatives. © 1999 Elsevier Science Ltd. All rights reserved.
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free radical reaction of w-allylsulfonylalkyl s bsmuted omatic and heteroaromatic derivatives with sodium
benzenesulfinate/copper(Il) acetate.

Scheme |

RESULTS AND DISCUSSION

We began our studies by examining the reaction behaviour of 1a (Eq. 1). Thus, treatment of 1a with
sodium benzenesuifinate (10 eq) and copper(Il) acetate (2 eq) in 80% aqueous acetic acid at 90 °C gave 2a in
89% yield. This free radical addition-cyclization reaction most likely proceeded via the mechanism shown in

Scheme 2. Initiation occurs by benzenesulfonyl radical addition to 1a, followed by the elimination of

allvlenifanvlhanzane ta o I radical Aa ich ic ennvartad inta 8a hy tha avimicinn of culfur dinvide
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5a undergoes Ar,6 cyclization and subsequent oxidation of radical intermediate 6a to give tetrahydronaphthalene
2a. The scope of this reaction is illustrated in Table 1. No product derived from Ar,5 cyclization can be detected.
Similar preference for Ar,6 cyclization has been reported previously.**” We also performed this reaction in 80%
aqueous formic acid. In formic acid, this reaction proceeded much faster. This can be rationalized by the higher
acidity of formic acid and therefore a hig'ner concentration of benzenesulfinic acid is present in the reaction

mixture Uy almung um cquumrduun Ul Scheme 1 to the I'lgﬂl The u‘:trdnyurondpmncucne derivatives can be

formed effectively by this sulfonyl radical induced reaction. We also studied the posmbﬂmes of Ar,5 cychzatlons

with Th When 1h wags treated with sodium benzenesulfinate and conner(ID
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obtained in 28% yield, which derived from the hydrogen

cyclization product 2h was observed. These results ho
processes. Similar results have been reported by Citterio.’
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Table 1: Free Radical Reactions of w-Allylsulfonylalkyl Substituted Aromatic Derivatives

Entry Substrate Solvent Time Product (Yield)
E R, R, R, R, n
a la COPr H H H H | acetic acid 24h 2a (89%)
formic acid 4h 2a (92%)
b ib COZPr" H H Me H i acetic acid 24h 2b (90%)
formic acid 4h 2b (94%)
c 1c¢ COZPH H H Cl H 1 acetic acid 24h 2¢ (93%)
formic acid 4h 2¢c (90%)
d 1d CO,pr H H Br H 1 acetic acid 24h 2d (90%)
formic acid 4h 2d (90%)
e le COMe H H OMe H 1 formic acid 24h e (81%)
formic acid 4h 2e (85%)
f 1f COMe OMe H H OMe 1 formic acid 4h 2f (59%)
g lg COMe OMe Me Me OMe 1 formic acid 4h 2g (60%)
h 1h H H H H H 0 formic acid 4h 7 (28%)

The free radical cyclization reactions of carbon centered radicals onto heterocyclic rings have been studied
by several groups.® In order to extend this study to the formation of heteroaromatic derivatives, we also studied
this benzenesulfonyl radical initiated with 8a (Eq. 2). The reaction of 8a with sodium benzenesulfinate (10 eq)

A.f\f\f’ﬂ - ,___4 ’)

and copperul) acetate (2 eq) in 80% aqueous acetic acid at 9 L gave ya in /5 y eld. This reaction pxu«.ccucu
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much faster in formic acid. This free radical addition-cyciization reaction most likely proceeded via the radical
intermediate 10a. The scope of this reaction is illustrated in Table 2 (entries a - g). With =CQO,Et or SO,Ph,

this reaction proceeded in good yields (entries a - e). On the other hand, with R,=H, the reaction yields are rather
noor (entries f and o) ca recnlte nracimahly can he acorihad ta tha ctahility of the radicnl infarmadiota 10
PV AVALEYS L Rl B 21RO AV0UILS PLWOWIILAULY Ldll UL asVLIULU WU til Swduliity Ut uic fallc HilGi 1iIcuidic 1v,
With radical stabilizing erouns. i 2. R =CO.Ft and SO.Ph radical intarmedinta 10 can be ganerated much more
AVRPIVEL GIMALLLLANES pEVVPY)y BT STkt QLM D91 1, AGAIL G LUILVIHIHIVULALL AV LAl U B0 alvll I L] 1IULC
efficiently. We then studied the possibilitics of Ar,5S and Ar,7 cyclizations. When 8h (n=0) was treated with
sodium benzenesulfinate and copper(Il) acetate, the five-membered ring product 9h derived from the Ar,5
R, Ry R,
/——A C /__M
/ ' /L'so Allyl cul N (Eq.2)
N J
¢ YN [ 2Ally Cu(OAc), C NN
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Table 2: Free Radical Reactions of w-Allylsulfonylalky! Substituted Heteroaromatic Derivatives
Entry Substrate Solvent Time  Product (Yield)
a B8a R=COMe R,=CO,Et n=1 acetic acid 24h 9a (73%)
formic acid 3h 9a (94%)
b 8b R,=COMe R,=S0,Ph =1 acetic acid 24h 9b (80%)
formic acid 3h 9b (79%)
c 8 R=CN R,=CO,Et n=1 formic acid 3h 9¢ (84%)
d 8 R=CN R,=S0O,Ph  n=l aceticacid ~ 24h 9d (77%)
formic acid 3h 9d (86%)
e 8e R=CO,Me R,=CO,Et n=1 acetic acid 39h" 9e (87%)
formic acid 3h 9% (87%)
f 8f R=COMe R,=H n=1 aceticacid 48R’ 9f (50%)
formic acid 5hP 9 (33%)
g 8g R=COMe R,=H n=1 acetic acid 330 9g (45%)
formic acid 4h g (25%)
h 8h R=COMe R,=CO,Et = formic acid 3h 9h (52%)
i 8i R=COMe R=COEt  n=2 formic acid 4h 9i (42%) 11a (17%)
i 8j R=COMe R,=CO,Et n=2 formic acid 3h 9§ (43%) 11b (18%)
k 8k R,=CN R,=COEt  n= formicacid  2h 9k (40%) 1lc (15%)
I 12a R=CO,Et formicacid  6h° 15a (71%)
m iZb R=SO,Ph formic acid 4h 15b (64%)
n 13a R=CG,Et formic acid 2h 16a (66%)
o 13b R=SO,Ph formic acid 2h 16b (79%)
p 14 R=CO,Et E=CO,Me formic acid 2h 17  (88%)

B

a. After heati _ng far 24 h, another 10 eq of sodium benzenesulfinate and 2 eq of copner(Il) acetate were add

b. After heating for 4 h, another 10 eq of sodium benzenesulfinate and 2 eq of copper(Il) acctate were added.
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cyclization of radical intermediate 10h was obtained in poorer yield (entry h) than the corresponding six-
membered ring product 9e (entry e). With n=2, the seven-membered ring product 9 derived from the Ar,7
cychization of radical intermediate 10 was isolated along with the reduction product 11 (entries i - k). This
demonstrates that the Ar,6 cyclizations of indole derivatives are easier than the Ar,5 cyclizations and these, i

turm, are easier than the Ar,7 cyclizations. With 12, under similar reaction conditions, tetranyarocarbazm s 5
~an nlz-n Tha frmuad famtriac 1 and v Thic wadinnl e limabd o ooioel o S0 Vo 200 elon £ o B o1 ab L
Laii did0 OC 100G (CIRTICS | and Iii). 11018 1aqical CyCLZation r¢aciion is aiso €frecuive 1or YITOI€ ana niopnene
dnri\mrivec WIth 13?. 1 and 14 the rarrocnanding nunlizatinn nradinate 1&a 1Lk anAd 17 wrava semdirnad $n
BCAIY s VS, Y s AR QiR XTF, LUV LULIUSPUNIVLLE LYULLIZAUULL PIUUULLY ivE, 1V alliid 27 wlic ULULCu 11l
good yields (entries n - p)
1 n 1 n
B S
N\ ) N\ 3\
— < /n o / T /n
10a-k 1la-¢
R E
O~ & PN ~~L
8 1\ o SO Aol /] E
u » \ < DU, ALLYL (/ " I
N SO,Ally! \ N_ g \I/R
i = 1
Ts MeO,C SO,Allyl
12a-b 13a-b 14

PN
G S =S R

Ts MeO,C R
15a-b 16a-b 17
CONCLUSION
Alky! radicals can be generated efficiently from allylsulfones. This sodium benzenesulfinate/copper(Il)

acetate reaction provides a synthetically useful method for the synthesis of polycyclic aromatic and heteroaromatic
derivatives. The Ar,6 cyclizations are more facile than those of the Ar,5 and Ar,7 processes. This reaction
proceeded much faster in aqueous formic acid than in a.queous acetic acid.

EXPERIMENTAL

Melting points were taken on a Thomas Hoover capillary melting point apparatus and are uncorrected.
Infrared spectra were taken with a Hitachi 260-30 spectrometer. Nuclear magnetic resonance spectra were
recorded on a Bruker AC-200 or AMX-400 spectrometer. Elemental analyses were performed with a Heraeus
CHN-Rapid Analyzer. Mass spectra were recorded with a Jeol IMS-SX/SX 102A mass spectrometer. All
reactions were carried out under an atmosphere of nitrogen. Analytical thin-layer chromatography was performed

/nr-np,a 17 aNa V-4 TR T

on pI’CCO&[CG silica ge 0U I-204 pla[CS (U 40 mm [ﬂlCK) of EM Laboratories. Column cnromatogrdpny was

Avaria mmiviiiea ao alivans

acetate-hexane mixture as eluent.

Typical experimental procedure for sulfonyl radical reaction: A solution of 151 mg (0.31 mmol) of
1a, 520 mg (3.17 mmol) of sodium benzenesulfinate and 106 mg (0.66 mmol) of copper(Il) acetate in 10 ml of

LIIREIY) VAIUIL ULIIZLAL L iild 11U J1J

80% aqueous formic acid was heated in a 90 °C oil bath for 4 h. The reaction mixture was diluted with 50 ml of
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ethyl acetate, washed with three 50-mL portions of aqueous saturated sodium bicarbonate, three 25-mL portions
of water, dried (Na,SO,) and concentrated in vacuo. The residue was chromatographed over 20 g of silica gel
(eluted with ethyl acetate-hexane, 1:3) to give 109 mg (92%) of 2a as a single product.

4-Dihydro-3,3-diisopropoxycarbonyi-1-ethoxycarbonyl-1H -naphthalene 2a: white crystals; mp
1

, 1105 cm™'; "H NMR (CDCl, , 400 MHz) 3
25 (d, J= 6.3 Hz, 6H, CH,), 1.28 (1, J= 7.2
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2,4-Dihydro-3,3-diisopropoxycarbonyl-1-ethoxycarbonyl-7-methyl-1H-naphthalene 2b: white
crystals; mp 56-57 °C; IR (CHCI,) 2985, 1730, 1375, 1305, 1270, 1240, 1180, 1105 ¢cm™; '"H NMR (CDCl, ,
400 MHz) & 1.06 (d, J= 6.3 Hz, 3H, CH,), 1.18 (d, J= 6.3 Hz, 3H, CH,), 1.25 (d, J= 6.3 Hz, 6H, CH,),
1.29 (t, J= 6.3 Hz, 3H, CH,), 2.26 (s, 3H, CH,), 2.37 (dd, J= 13.5, 10.7 Hz, 1H, CH), 2.73 (ddd, J= 13.5,
6.8, 2.3 Hz, 1H, CH), 3.14 (d, J= 15.9 Hz, IH, CH), 3.30 (dd, J= 15.9, 2.3 Hz, 1H, CH), 3.96 (dd, J=
10.7, 6.8 Hz, 1H, CH), 4.15-4.29 (m, 2H, CH,), 4.92 (septet, J= 6.3 Hz, 1H, CH), 5.07 (septet, J= 6.3 Hz,
1H, CH), 6.95-7.02 (m, 3H, ArH); "C NMR (CDCl,, 50.3 MHz) & 14.2(q), 21.1(q), 21.35(q), 21.43(q),
21.5(q), 31.4(t), 34.5(t), 43.4(d), 53.4(s), 61.0(t), 68.7(d), 69.2(d), 128.0(d), 128.2(d), 129.0(d), 130.8(s),
131.7(s) 136.0(s), 169.7(s), 170.9(s), 174.2(s); Anal. Calcd for C,,H,,0: C, 67.67; H, 7.74. Found: C,
6/./73; H, /.72,
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1H, ArH); "C NMR (CDC
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720(d, J=19H

3 L

. R 1 1.4(
31.0(t), 34.3(1), 43.1(d), 53.2(s), 61.3(t), 69.0(d), 69.4(d), 127.3(d), 127.9(d)
1

1
3 & A q bl A 3
130.4(d), 132.1(s), 132.5(s),

~ = ~AE 3 LML

133.7(s), 169.4(s), 170.5(s), 173.4(s); Anal. Calcd for C,H,,CIO;: C, 61.39; H, 6.62. Found: C, 61.37; H,
6.72.

7-Brome-2,4-dihydro-3,3-diisopropoxycarbonyl-1-ethoxycarbonyl-1H -naphthalene 2d: white
crystals; mp 77-78 °C; IR (CHCl,) 2985, 1730, 1375, 1300, 1270, 1240, 1195, 1105 cm™'; 'H NMR (CDCl,,
400 MHz) & 1.07 (d, J= 6.3 Hz, 3H, CH,), 1.18 (d, J= 6.3 Hz, 3H, CH,), 1.251 (d, J= 6.3 Hz, 3H, CH,),
1.252 (d, J= 6.3 Hz, 3H, CH,), 1.30 (t, J= 7.1 Hz, 3H, CH,), 2.37 (dd, J= 13.5, 10.7 Hz, 1H, CH), 2.74
(ddd, J= 13.7, 6.9, 2.3 Hz, 1H, CH), 3.11 (d, J= 16.2 Hz, 1H, CH), 3.29 (dd, J= 16.2, 2.3 Hz, 1H, CH),
3.96 (dd, J= 10.4, 6.9 Hz, 1H, CH), 4.16-4.30 (m, 2H, OCH,), 4.93 (septet, J= 6.3 Hz, 1H, OCH), 5.07
(septet, J= 6.3 Hz, 1H, OCH), 7.01 (d, J= 8.2 Hz, 1H, ArH), 7.29 (ddm, J= 8.2, 1.8 Hz, 1H, ArH), 7.33-
7.36 (m, 1H, ArH); ¥C NMR (CDCl,, 50.3 MHz) 8 14.1(q), 21.3(q), 21.35(q), 21.43(q), 31.0(t), 34.4(v),
43.0(d), 53.1(s), 61.3(1), 68.9(d), 69.3(d), 120.1(d), 130.2(d), 130.6(d), 130.8(s), 133.0(s) 134.i(s),
169.4(s), 170.4(s), 173.3(s); Anal. Calcd for C, H,,BrO¢ C, 55.39; H, 5.98. Found: C, 55.35; H, 6.02.
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2,4-Dihydro-3,3-dimethoxycarbonyl-1-ethoxycarbonyl-7-methoxy-1H-naphthalene 2e: white
crystals; mp 86-87 °C; IR (CHCI,) 3005, 2955, 1730, 1615, 1435, 1270, 1235, 1085, 1040 cm’'; '"H NMR
(CDCl,, 400 MHz) 8 1.30 (t, J= 7.1 Hz, 3H, CH,), 2.45 (dd, J= 13.6, 10.4 Hz, 1H, CH), 2.75 (ddd, J= 13.6,

6.7, 2.1 Hz, iH, CH), 3.18 (d, J= 15.9 Hz, 1H, CH), 3.32 (dd, J= 15.9, 2.1 Hz, 1H, CH), 3.64 (s, 3H,
OCH,), 3.74 (s, 3H, OCH,), 3.76 (s, 3H, OCH,), 3.96 (dd, J= 10.4, 6.7 Hz, 1H, CH), 4.15-4.29 (m, 2H,
ALY N £ 7T £ 71 . MEY AT MY A 73X O 1 E¥. 11X A TN, 13/ nraan T I - Vae 30 W 3 & PR A NS
WL I, ), U.74~0. 77 UL, 410, AL, 709 (0, J= 8.1 1L, 1N, AT}, U NMIK (LU, 0U.0 MIlZ) 0 i4. A(q),
31.2(1), 34.1(1), 43.4(d), 52.8(q), 52.9(q), 53.4(s), 55.2(q), 61.2(1), 112.6(d), 113.6(d), 125.5(s), 130.1(d),
132.6(g), 158.2(s), 170.8(s), 171.6(s), 1737}, Anal, Caled for C . H. Q.. C, 61.71: H, 633 Found: C

Siy sVl » NI\ Jy AT ANy LT e A7y 432100, QI AV S ghEnaNrge Moy Vil by dky Vool 4 VWSS oy
61.66; H, 6.37

2,4-Dihydro-5,8-dimethoxy-3,3-dimethoxycarbonyl-1-ethoxycarbonyl-1H-naphthalene 2f:
white crystals; mp 103-104 °C; IR (CHCI,) 3005, 2955, 1730, 1480, 1465, 1435, 1295, 1260, 1180, 1110,
1090, 1075 cm™'; 'H NMR (CDCl,, 400 MHz) § 1.25 (t, J= 7.1 Hz, 3H, CH,), 2.30 (dd, J= 13.4, 9.9 Hz, 1H,
CH), 2.76 (ddd, J= 134, 6.9, 1.6 Hz, 1H, CH), 2.99 (d, J= 17.1 Hz, 1H, CH), 3.45 (d, J= 17.1 Hz, 1H,
CH), 3.68 (s, 3H, OCH,), 3.70 (s, 3H, OCH,), 3.73 (s, 3H, OCH,), 3.79 (s, 3H, OCH,), 3.78-3.85 (m, 1H,
CH), 4.16 (q, J= 7.1 Hz, 2H, OCH,), 6.63 (d, J= 8.8 Hz, 1H, ArH), 6.71 (d, J= 8.8 Hz, 1H, ArH); *C NMR
(CDCl,, 50.3 MHz) § 14.2(q), 28.8(t), 31.2(1), 39.6(d), 52.3(s), 52.79(q), 52.83(q), 55.5(q), 55.7(q),
60.6(t), 107.8(d), 108.8(d), 122.4(s), 124.3(s), 151.0(s), 151.1(s), 170.7(s), 171.5(s), 174.7(s); Anal. Calcd
for C,,H,,0,: C, 59.99; H, 6.36. Found: C, 59.90; H, 6.34.

2+ A ML __. 20 21 _ _+0L . _._. 3 2 X2 _ L . .-k} £ M 2 ____ 4L ;01 1 4L ... L. .___.1 17rrY
Ly =L HIYUIU=0,0-~UIINHCLIOVXY -0, 0~UiIIICLNIUXYCarvonyi-o,/~uimeinyi-i-eitnoxycarnuonyi=-11z1 -
nmanhthalana Vg whita ~rructale: mn 72374 90 TR (CLICT Y 208 D0QKS 172N 1488 1200 1745 1210 120M)
uayutua:cuc "E' VWililn bljbla.lb, lllJ:J 747 oy LIN \\./ll\.’l:;) SULTy LZI00, LTIV, 1HJIJ, FOUU, 1LoTJ a1y, 1oy,
1180, 1085 cm™'; '"H NMR (CDCl,, 400 MHz) § 1.28 (1, J= 7.1 Hz, 3H, CH,), 2.13 (s, 3H, CH,), 2.17 (s,
2H CHN) 2726 (dd T=124 1I00H> 1H CHY 27 (4dAd T=124 A0 17 Hz 1H CHY 201 (4 J= 187
Jll’ \4113’, st 0 et \T \uu, o - lJ._T’ L. lll7 l.ll-, \_/ll}, oo | \uuu, o - LJ._T’ U-_I, 1.7 llb, lll’ \Jll/, OV \u, of L\J. 7
7 1 CHY 38337344 =167 17 2 ITH CHY 38R (¢ 3 OCH 2AR (¢ 3 H OCHNY 1370 (¢ IH
A Adsy LAAy \-/ll}, - vt ot \\JU’ o AN f gy L ALiiy LAy \/LL,’ PEREVAS ) \;‘)’ Ay \.I\./LA.J}, IS A VA § \O, A4y V\./AL3,3 e I\ \J, - ARy
OCH.). 3.77 (s. 3H. QCH.). 387 (dd. J= 10.0. 6.9 Hz 1H. CH). 4.11-4.27 (m. 2H. OCH ): *C NMR
NSNr223), Ay JREy NSeR Ry LT (U, T AV Vel ARbydAiy Nhijy Ted ATTL T \Ridy &ddy NSNrRy ), L FL S S AN
(CDCl,, 50.3 MHz) § 12.66(q), 12.74(g), 14.2(q), 29.1(t), 31.7(t), 39.7(d), 52.71 (), 52.75(d), 52.9 (q),
59.7 (q), 60.0 (@), 60.7(t), 123.9(s), 125.3(s), 128.6(s), 130.0(s), 151.9(s), 152.3(s), 170.7(s), 171.6(s),

174.7(s); Anal. Caled for C,H,,0,: C, 61.75; H, 6.91. Found: C, 61.65; H, 6.80.

10-Acetyl-9-ethoxylcarbonyl-6,7,8,9-tetrahydropyrido|1,2-a Jindole 9a: white crystals; mp 81-83
°C; IR (CHCI,) 3005, 1730, 1635, 1510, 1460, 1435, 1320, 1180, 1155 cm™; 'H NMR (CDCl,, 400 MHz) &
1.29 (t, J= 7.1 Hz, 3H, CH,), 2.07-2.22 (m, 3H, CH and CH,), 2.30-2.38 (m, 1H, CH), 2.69 (s, 3H, CH,),
3.93-4.03 (m, 1H, CH), 4.21 (q, J= 7.1 Hz, 2H, OCH,), 4.29 (dt, J= 12.4, 4.2 Hz, 1H, NCH), 4.55-4.61
(m, 1H, NCH), 7.27-7.34 (m, 2H, ArH), 7.37 (dm, J= 7.0 Hz, 1H, ArH), 7.91 (dm, J= 7.0 Hz, 1H, ArH);
*C NMR (CDCl,, 50.3 MHz) & 14.2(q), 19.5(t), 24.1(1), 30.9(q), 41.6(d), 42.3(t), 61.0(1), 109.8(d),
113.7(s), 120.4(d), 122.0(d), 122.4(d), 125.8(s), 136.1(s), 141.9(s), 172.3(s), 193.8(s); Anal. Calcd for
C,;H,NO;: C, 71.56; H, 6.71; N, 4.91. Found: C, 71.55; H, 6.69; N, 4.99.

- e ¥ P B O 1 Y 1 3 h § r< = 1 § | : ] AaE_ < 1 ~ 855 ‘.'..l,._= ama am 1 AN
1v-Acetyl-y-penzenesuiionyi-o,/,3,7-tetranyaropyriao 1, 2-a jinaoie ¥p. willc Crystais, mp 147-
1EA 0. T /T Y INNE 1£AS 1E10 1TAZN 1AM 1278 1248 121N 1148 109N ~- Lo 1T NIMDR (O]
POV O, I \\,n\,|3) SUUD, 1040, 101U, 140U, 1440, 10/0, 1099, 101U, 1194J, 1UOU L1 , 11 INIVIIN (LA .,
ANN RMLIZY R 2901 D 12 7+ T LI D 12.99Q (- 1 I D QAN.AN0A fen DT O ANA (Add T= 126
S4UV IVI1L) O 2. UL-£4.10 \1, 11, UIl), 4.10-4.40 (111, 111, UI1), £.JVU-0.US (ill, 411, 01y, T.UU (UUM, U= 14U,
8.6, 6.0 Hz, 1H, NCH), 4.42-4.51 (m, 1H, NCH), 5.95-6.01 (m, 1H, CH), 7.31 (td, J= 7.3, 1.3 Hz, 1H,
AelIN 728 /¢t T="772 12U 1 AelIN\ 7A8 /7t I=77 Ho 27 ArHY 7AR (dm J=T7 3 Hs 1 ArHD
LAMER)y .00 (W, J= [.J,y 1,J 114, 11k, ML)y F.77J \ly J— (a/ L1y Lliy FMLIL), 7570 (Ui, o ieod ARldey LRRy £3313),
TEI(t =TT He 1H ArHY 7723(d J=T77Hz 74 ArH) 783(dm J—73Hz 1 ArHY: BC NM

P00 \Qy J— J.0 LML,y FXdy PXNLAL )y TodJ Uy J= .7 114y &Lily £2MEL)y iU (Ml & Fod Rady 3iky ia2da), e aNaVadx
(CDCL S0 MHEZA & 18 7¢1) 10 07tY 1 17a). 41 5(1) 57 9(d). 110.3(d). 115.7(s). 120.7(d). 122.5(d).
AN krfdyy SV UVALAL] U AU TV A7 )y YR\ My TEId L)y C A M)y LAV M), DAL IR S, e A~y \~=73
123.0(d), 125.5(s), 128.6(d), 129.4(d), 133.6(d), 133.9(s), 137.0(s), 137.7(s), 193.8(s); Anal. Calcd for
C,,H,;NO,S: C, 67.97; H, 5.42; N, 3.96. Found: C, 67.90; H, 5.44; N, 3.86
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10-Cyano-9-ethoxycarbonyl-6,7,8,9-tetrahydropyrido[1,2-aJindole 9¢: pale yellow liquid; IR

(CHCl,) 3005, 2965, 2215, 1730, 1480, 1455, 1435, 1360, 1320, 1265, 1250, 1180 cm™; '"H NMR (CDCl,,
400 MHz) 6 1.31 (t, J= 7.1 Hz, 3H, CH,), 2.03-2.16 (m, 2H, CH,), 2.19-2.33 (m, |H, CH), 2.35-2.44 (m,

iH, CH), 3.91-4.00 (m, iH, CH), 4.16-4.31 (m, 4H, NCH, and OCHQ), 7.23-7.36 (m 3H ArH), 7.66-7.71
(m, 1H, ArH); *C NMR ( (CDCl,, 50.3 MHz) 6 13. 9(q), 19.7(1), 23.5(0), 39.7(d)
1
1

£ Lr.y 110 nz.: Y B AN 1Y N 3N 1M

05.8(d), 115.6(s), 118.9(d), 122.3(d), 123.05(d), 127.2(8), 135.1(s), 141} 2(% s 6(8); §
(relative intensity) 268(M”, 23), 239(1), 211(1), 195(100), 140(9); exact mass calcd for CmHléNZOZ: m/e
268.1212, found m/e 268.1207.
9-Benzenesulfonyl-10-cyano-6,7,8,9-tetrahydropyrido[1,2-alindole 9d: white crystals; mp 205-
206 °C; IR (CHCI,) 3010, 2960, 2220, 1480, 1450, 1430, 1360, 1320, 1310, 1290, 1150 cm™; '"H NMR
(CDCl,, 400 MHz) 6 2.10-2.28 (m, 2H, CH,), 2.87-3.13 (m, 2H, CH,), 3.95-4.08 (m, 1H, CH), 4.41-4.54
(m, 1H, NCH), 4.75-4.86 (m, 1H, NCH), 7.30 (t, J= 7.6 Hz, IH, ArH), 7.37 (t, J= 7.6 Hz, 1H, ArH), 7.42
(d, J= 7.6 Hz, 1H, ArH), 7.60 (t, J= 7.6 Hz, 2H, ArH), 7.65 (d, J= 7.6 Hz, 1H, ArH), 7.76 (t, J= 7.6 Hz,
1H, ArH), 7.80 (d, J= 7.6 Hz, 1H, ArH); *C NMR (CDCl,, 50.3 MHz) & 18.4(t), 20.5(t), 42.0(t), 58.9(d),
87.7(s), 110.4(d), 113.9(s), 119.6(d), 122.8(d), 124.3(d), 127.0(s), 129.3(d), 129.8(d), 134.8(d), 136.4(s),
136.6(s); Anal. Calcd for C,;H,(N,0,S: C, 67.84; H, 4.79; N, 8.33. Found: C, 67.87; H, 4.84; N, 8.34.

9-Ethoxycarbonyl-10-methoxycarbonyl-6,7,8,9-tetrahydropyrido[1,2-a]indole 9e: white
crystals; mp 114-115 °C; IR (CHCl,) 3005, 2950, 1730, 1670, 1480, 1460, 1440, 1280, 1185, 1155, 1120
em’'; '"H NMR (CDCl,, 400 MHz) 8 1.25 (t, J= 7.1 Hz, 3H, CH,), 2.05-2.30 (m, 3H, CH and CH,), 2.34-
MAA (v 1LY LIN 2 QOMN /0 AL NI Y 200 A NT (v T OLIN A 1& A 28 fivy ALY NIMLY a0 d NOLY Y 4 AN
L9 UL, 1), R, 2.0V D, DI, VLT, 2.007%.U7 (L, L, WHL), S oS00 L, 21, INGTL dlid UL L, ), F. 00U
4.68 (m, 1H, NCH), 7.22-7.37 (m, 3H, ArH), 8.12-8.20 (m, 1H, ArH); "C NMR (CDCl,, 50.3 MHz) §
14.1(a). 19.6(1). 24.2(t). 40.8(d). 42.2(1). 50.6(a). 61.0(1). 104.0(s). 109 1(d). 121.3(d). 122.09(d)
14.1(q), 19.6(1), 24.2(t), 40.8(d), 42.2(t), 50.6(q), 61.0(t), 104.0(s), 109.1(d), 121.3(d), 122.09(d),
122.13(d), 126.3(s), 135.8(s), 141.1(s), 165.6(s), 172.4(s); Anal. Calcd for C,;H,;NO_: C, 67.76; H, 6.35

10-Methoxycarbonyl-6,7,8,9-tetrahydropyrido[1,2-aJindole 9f. white crystals; mp 105-106 °C; IR
(CHCl,) 3010, 2950, 1690, 1530, 1460, 1445, 1155, 1145, 1115 cm'; '"H NMR (CDCl,, 400 MHz) § 1.91-
1.99 (m, 2H, CH,), 2.06-2.15 (m, 2H, CH,), 3.34 (t, J= 6.4 Hz, 2H, CH,), 3.91 (s, 3H, OCH,), 4.09 (1, J=
6.1 Hz, 2H, NCH,), 7.19-7.31 (m, 3H, ArH), 8.09-8.13 (m, 1H, ArH); “C NMR (CDCY,, 50.3 MHz) 8
20.0(t), 22.5(1), 24.5(1), 42.4(t), 50.6(q), 102.3(s), 108.8(d), 121.1(d), 121.6(d), 121.9(d), 126.5(s),
135.9(s), 145.9(s), 166.3(s); Anal. Calcd for C,,H,.NO,: C, 73.34; H, 6.59; N, 6.11. Found: C, 73.44; H,
6.58; N, 6.03.

10-Acetyl-6,7,8,9-tetrahydropyrido[1 2-a]mdole 9g: white crystals; mp 135-136 °C; IR (CHCL,)
ANNE ANESES NOFA 1£A0 1ZNE 1TANN 1AL 1AAN0 1A3N 173N 1180 - 1. 127 ATRAD 7T ANN RALT.Y S
3005, 2955, 2870, 1630, 1505, 1490, 1460, 1440, 1420, 1320, 1150 cm™; 'H NMR (CD(l,, 400 Mnz) o
1 NA A" NNn s ALY IT N N NT N 1L £ ALY MTIT N Y IN 7 ALY MIT N 2 3 74 T £ A 1Y ALY MIT Y A 1N F¢
1.74-2Z.0U (INl, AI1, 2}y 4.0 /=4.10 (1N, 211, L‘nz), Z.7U (5, 0, LI, ), 5,00 (L, J= U4 114, 410, LI,), &1V L,
3

J= 6.1 Hz, 2H, NCH,), 7.22-7.36 (m, 3H, ArH), 7.97-8.03 (m, 1H, ArH); "C NMR (CDCl,, 50.3 MHz) &
1Q Qe I Ay DK At 2T DAY AD Riey 100 2AY 117 07/¢Y 190 AAY 1721 QAN 172 AcdY 172/ )
17.7\1), 24,211}, &JU\L], JL. UL L0, LUZ.OWUJy, 114.7\D), 1&U.U(M], 1&1.0U), LLLT (W), 1&VU.I\5)
136.2(s). 146.6(s). 193.9¢(s): Anal. Caled for C, . H. NO: C, 78.84: H, 7.09: N, 6.57. Found: C, 78.81; H

e D fy LTVULDJy LA e P D)y 42 LRIV IV S e R gi T ey T ULUT, 2 dy ST AN, VAT 2R )
7.00; N, 6.53.

1-Ethoxycarbonyl-8-methoxycarbonyl-2,3-dihydro-1H-3a-azacyclopentala]indene 9h: white
crystals; mp 108-109 °C; IR (CHCI,) 3005, 2950, 1735, 1695, 1560, 1450, 1440, 1380, 1300, 1265, 1180,

1155, 1130, 1110 cm™; '"H NMR (CDCl,, 400 MHz) 3§ 1.25 (t, J= 7.1 Hz, 3H, CH,), 2.75-2.85 (m, 1H, CH),

2.92-3.03 (m, 1H, CH), 3.86 (s, 3H, OCH,), 4.10-4.15 (m, 1H, NCH), 4.19 (q, J= 7.1 Hz, 2H, OCH,),
4.24-4.32 (m, 1H, NCH), 4.40 (dd, J= 9.2, 4.5 Hz, 1H, CH), 7.21-7.32 (m, 3H, ArH), 8.02-8.08 (m, 1H,
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ArH); 3C NMR (CDCIS, 50.3 MHz) & 14.1(q), 32.4(t), 43.9(1), 44.3(d), 50.7(q), 61.3(1), 100.3(s), 110.1(d),
121.8(d), 121.9(d), 122.3(d), 136.0(s), 132.6(s), 148.3(s), 165.0(s), 171.7(s); Anal. Calcd for C,(H,NO: C,
66.89; H, 5.96; N, 4.88. Found: C, 66.86; H, 6.01; N, 4.90.
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122 O(d) 122 4(d) 126 O(s) 2(&) 146 3(8) 166 6(5) 1 (s) Anal. Calcd for C,H, NO,: C,
6.71; N, 4.44. Found: C, 68.61, H, 6.70; N, 4.22.

11-Acetyl-10-ethoxycarbonyl-7,8,9,10-tetrahydro-6H-azepino[1,2-a]indole 9j: white crystals;
mp 78-79 °C; IR (CHCl,) 3010, 2935, 1725, 1640, 1510, 1460, 1445, 1420, 1375, 1345, 1205, 1165, 1120,
1020 em™; 'H NMR (CDCl, , 400 MHz) 8 1.26 (t, J= 7.1 Hz, 3H, CH,) 1.42-1.55 (m, LH, CH),1.61-1.71
(m, 1H, CH), 1.73-1.86 (m, 1H, CH), 1.95-2.13 (m, 2H, CH), 2.56-2.65 (m, 1H, CH), 2.73 (s, 3H, CH,),
3.94 (dd, J= 14.6, 11.9 Hz, 1H, NCH), 4.21 (q, J= 7.1 Hz, 2H, OCH,), 4.55 (dd, J= 14.6, 5.5 Hz, 1H,
NCH), 602 (dd, J= 5.7, 3.0 Hz, 1H, CH), 7.23-7.31 (m, 2H, ArH), 7.36-7.42 (m, 1H, ArH), 7.87-7.93 (m,
1H, ArH); *C NMR (CDCl,, 50.3 MHz) 8§ 14.3(q), 26.4(t), 27.8(t), 28.8(t), 32.1(q), 41.3(d), 44.9(1),
61.1(t), 109.9(d), 114.3(s), 120.9(d), 121.7(d), 122.3(d), 125.9(s), 136.4(s), 146.1(s), 171.7(s) 195.6(s);

MIT N TN I TN A L0 IOl Y TIY YA XY T 1AL NT A T2
ﬂudl \,(.m.u J.Ul gl INU,L L, 74, ZZy, Il, /.U/, IN, .00, FOUNAI U, /4.9, I, /.14, IN, 4./,

11-Cyane-10-ethoxycarbonyl-7,8,9,10-tetrahydro-6H - azenir!o{l,z-ajmd.elv 9k: white crystals;
mp 108-109 °C; IR (CHCL,) 3010, 2935, 2215, 1730, 1475, 1460, 1425, 1365, 1190, 1165 cm‘ 'H NMR

(CDCl, , 400 MHz) § 1.29 (t, J= 7.1 Hz, 3H, CH,) 1.45-1.61 (m, IH, CH), 1.71-1.84 (m, 2H, CH), 1.98-
2.14 (m, 2H, CH), 2.53-2.66 (m, H, CH), 4.04 (ddd, J= 14.7, 11.9, 0.8 Hz, 1H, NCH), 4.24 (q, J= 7.1 Hz,
2H, OCH,), 4.50-4.59 (m, 2H, CH and NH), 7.23-7.28 (m, 1H, ArH), 7.29-7.34 (m, 1H, ArH), 7.38 (dm,
J=1.9 1H, ArH), 7.70 (dm, J= 7.9 1H, ArH); ’C NMR (CDCl,, 50.3 MHz) & 14.2(q), 26.4(1), 28.2(1),
29.6(t), 43.7(d), 45.5(1), 61.7(t), 86.6(s), 110.0(d), 116.2(s), 119.5(d), 121.9(d), 123.5(d), 126.8(s),
136.4(s), 146.6(s), 170.2(s); Anal. Calcd for C;H;(N,0,: C, 72.32; H, 6.43; N, 9.92. Found: C, 72.29; H,
6.51; N, 9.90.

1-(5-Ethoxycarbonyl)pentyl-3-methoxycarbonylindole 11a: white crystals; mp 42-43 °C; IR (CHCI,)

3010, 2950, 1695, 1530, 1470, 1380, 1270, 1220, 1155, 1100 cm™; 'H NMR (CDC1, , 400 MHz) 6 1.23 (4,

- T —~rr N - TT

J=7.1 Hz, 3H, LH;), 1.30-1.40 (m, 2H, Lﬂz), 1.66 (qumtet J=17.5 Hz, 2H, CH,), i.89 (qumte[ J=17.3 Hz,

2H, CH,), 2.28 (t, J= 7.5 Hz, 2H, CH,), 3.91 (s, 3H, OCH,), 4.11 (q, /= 7.1 Hz, 2H, CH,), 4.15 (t, J= 73

ALYT ATAIT N T A an s AYY A AN a7 M7 0 /s 111 ALTIYV T O1 s 1IT A_TTY Q 1& O N1 1LY
Hz, 2H, NCH,), 7.24-7.32 (m, 2H, ArH), 7.33-7.39 (m, 1H, ArH), 7.81 (s, 1H, ArH), 8.15-6.21 (m, 1H,
ATy, 13 TR ATY s SN RATI N S 14 M. NA Arayx VYL ey D &N 2A NN AL Ty &1 N~ £0 206N
AIn); C INNMIRK (LU\.—I;, AU vinlz) O l‘f’.ékq), L94.4(1), £0.0(L), £7.0(1), O4.U(L), 40./(1), V1.U ), VU.OL),
1NL Qe 1NQ QAN 171 7874y 191 Q0 AY 199 T6AY 1264 Tl 124 Ay 114 AleY 1AS SicY 172 4(¢) Anal
TUUZW), 1UT. 7 U), 121.70(U), LL1.0UWU), 1&as./\U), 1LU. 7 D), LIT.L1UJ, LJIUSTDJy TUJIDJ, LTI.500)y Saild.
Caled for CgH,;NO,: C, 68.12; H, 7.30; N, 4.41. Found: C, 68.16; H, 7.41; N, 4.30

3-Acetyl-1-(5-ethoxycarbonyl)pentylindole 11b: pale yellow liquid; IR (CHCl,) 3005, 2940, 1725,

1640, 1615, 1525, 1465, 1390, 1185, 1155 cm™'; '"H NMR (CDCl, , 400 MHz) & 1.23 (t, J= 7.2 Hz, 3H, CH,)
1.33-1.43 (m, 2H, CH,), 1.68 (quintet, J= 7.5 Hz, 2H, CH,), 1.91 (quintet, /= 7.3 Hz, 2H, CH,), 2.29 (t, J=
7.5 Hz, 2H, CH,), 2.53 (s, 3H, CH,), 4.11 (q, J= 7.2 Hz, 2H, OCH,), 4.16 (t, J= 7.3 Hz, 2H, NCH,), 7.25-



S.-F. Wung et al. / Tetrahedron 55 (1999) 61

‘D
‘0
O\
P
ey
0
l=))

7.38 (m, 3H, ArH), 7.75 (s, 1H, ArH), 8.34-8.41 (m, 1H, ArH); *C NMR (CDCl,, 50.3 MHz) 8 14.2(q),
24.3(v), 26.2(1), 27.6(q), 29.5(1), 33.9(1), 46.8(1), 60.3(t), 109.7(d), 116.9(s), 122.5(d), 122.6(d), 123.2(d),
126.3(s), 134.8(d), 136.7(s), 173.3(s), 193.0(s); mass spectrum, m/e (relative intensity) 301(M*, 81),

ML YN MAE P 1o Vi o i oy

286(100), 256(19), 172(27), 130(i7); exact mass calcd for C,H,;NO, m/e 301.1678, found m/e 301.1686.

2Nvann 1 (R athavenashanellnantulisndala 1140 mala valla lianid. TR /OLHIE Y Q40 ININ 17798
JTRLJSIHUT R JTCLHVAYLGE FULY I PCHLYIIIIUUIC 110, paly yuiiUw ligquly, 1IN \bll\alBI LTS, LbeNIy LT LT,y
1530, 1465, 1390, 1375, 1335, 1230, 1180, 1025 cm™; 'H NMR (CDCl,, 400 MHz) 8 1.23 (t, J= 7.1 Hz, 3H,
CHY 131141 (m 2 CH Y 1 87 (anintet :’7(”?7 2 CH Y 1 Q (guintat Je= 72 Hz 7 (& 3 720
Noddyjy beJATRSTA (LM, Lfly NXEgf, LU (JfuUlliive, o fend 134y L1315 Redlg), 1.07 \YUiki, = 7.0 836, &ily Vdigf, Lok’
(# I=75Hz. 2H CH) 411 (g J= 7.1 7z 2H OQCHN) 4 17 (¢t J=72 Hz 2H CH)Y 720 (tm J=76
by v Tend A2by dddy NEig)s Tedi \Yy v Fed LR&y £dly NN Al )y LT AL, 0 faod Ldy &LXBy INNAAdg}y §0&d \Liddy o 1.9
Hz, 1H ArH) 734 (td J=76,1.1 Hz. 1 ArH). 740 (dm. J=7.6 Hz. 1TH. ArH). 7.60 (5. 1 ArH). 7.76
22, 183, fx3dR), 1.05 (Wi, v 7.0y 1.2 ARduy 43Ry L3121, TU \Miily v e Li&y L3y TRMAALJy 10UV \O3y 1XRy i3RKi), v
(dm, J= 7.6 Hz, 1H, ArH); "C NMR (CDCl,, 50.3 MHz) 8 14.2(q), 24.3(t), 26.2(t), 29.5(t), 33.9(v), 47.0(1),

60.4(1), 85.6(s), 110.4(d), 115.9(s), 120.0(d), 122.1(d), 123.7(d), 127.9(s), 134.6(d), 135.2(s), 173.3(s);

mass spectrum, m/e (relative intensity) 284(M”, 100), 239(23), 210(10), 155(74), 142(15); exact mass calcd for
C,H,,N,O, m/e 284.1525, found m/e 284.1530.

1-Ethoxycarbonyl-9-(p-toluenesulfonyl)-2,3,4,9-tetrahydrocarbazole 15a: white crystals; mp 131-
132 °C; IR (CHCY,) 3010, 2940, 1730, 1455, 1370, 1295, 1265, 1170, 1140, 1090 cm™'; 'H NMR (CDCl,,
400 MHz) & 1.28 (t, J= 7.1 Hz, 3H, CH,), 1.76-1.94 (m, 2H, CH,), 1.97-2.09 (m, 1H, CH), 2.24-2.35 (m,
1H, CH), 2.32 (s, 3H, CH,), 2.51-2.62 (m, 1H, CH), 2.73-2.83 (m, 1H, CH), 4.13-4.27 (m, 2H, OCH,),
4.27-4.33 (m, 1H, CH), 7.17 (d, J= 8.3 Hz, 2H, ArH), 7.15-7.28 (m, 2H, ArH), 7.39 (dm, J= 7.6 Hz, 1H,
ArH), 7.68 (d, J= 8.3 Hz, 2H, ArH), 7.94 (dm, J= 7.6 Hz, 1H, ArH); *C NMR (CDCl,, 50.3 MHz) )

14.2(q), 19.1(v), 21.1(v), 21.5(q), 28.1i(t), 41.1(d), 61.0(), 114.3(d), 118.6(d), 120.6(s), 123.1(d), 124.5(d),
126.7(d), 129.7(d), 132.2(s), 136.1(s), 136.2(s), 144.5(s), 173.3(s); Anal. Calcd for C,,H,;NO,S: C, 66.48;

1 S Q2% N T1T8) EFonnd- C &6 49- L1 £ Q7 N. 3.59
i, J.03, 1N, J.JL. ruulild. ., UU.A44L, 1, J.UI iNg .07,

1-Benzenesulfonyl-9-(p-toluenesulfonyl)-2,3,4,9-tetrahydrocarbazole 15b: white crystals; mp
137-138 °C IR (CHCl,) 3030, 2950, 1600, 1450, 1370, 1310, 1170, 1140, 1080 cm’'; '"H NMR (CDCl,, 400
MHz) 6 1.86-1.98 (m, 1H, CH), 1.98-2.10 (m, 1H, CH), 2.24 (s, 3H, CH,), 2.53-2.70 (m, 2H, CH,), 2.78-
2.97 (m, 2H, CH,), 5.33-5.40 (m, 1H, CH), 7.03 (d, J= 8.3 Hz, 2H, ArH), 7.23 (tm, J= 8.0 Hz, 1H, ArH),
7.28-7.34 (m, 1H, ArH), 7.32 (d, J= 8.3 Hz, 2H, ArH), 7.36 (dm, J= 8.0 Hz, 1H, ArH), 7.55 (t, J= 7.8 Hz,
2H, ArH), 7.68 (tm, J="7.8 Hz, 1H, ArH), 7.91 (dm, J= 7.8 Hz, 2H, ArH). 7.94 (dm, J= 8.0 Hz, 1H, ArH);
C NMR (CDCl,, 50.3 MHz) & 16.9(t), 19.9(t), 21.5(q), 24.5(t), 59.7(d), 116.2(d), 119.2(d), 124.2(d),
125.7(d), 126.3(d), 126.8(s), 127.9(s), 128.8(d), 129.3(d), 129.5(d), 130.6(s), 133.7(d), 134.0(s), 137.9(s),
139.1(s), 144.5(s); Anal. Caled for C,;H,,NO,S,: C, 64.49; H, 4.98; N, 3.01. Found: C, 64.30; H, 5.02; N,
3.02.

8-Ethoxycarbonyl-3-methoxycarbonyl-5,6,7,8-tetrahydroindolizine 16a: white crystals; mp 51-52
e Pall mANA - o - 110N | Iry nTh A 7
°C; IR (CHCIl,) 2990, 2955, 1730, 1695, 1490, 1470, 1435, 1355, 1240, 1180, 1150 cm™; 'H NMR (CDCl,,
400 MHz) 6 1.28 (t, /= 7.2 Hz, 3H, CH,), 1.84-1.98 (m, 1H, CH), 1.98-2.21 (m, 3H, CH and CH,), 3.78 (s,
AYY MN/TIT N N OF 7 £ £ T¥,.. 1T £ ITIN A 17 A NL ATT MNATIT Y AT A A 71— ALY NIMIT N £ N7 /A T
3, vtn,), 3.80 u, J= 6.6 Hz, 1H, CH), 4.12-4.26 (m, 2H, uln,), 4.2/-4.45 (M, <0, NLI1,), O.U/ (4, J=
AN LT 1Lf ALYT\ £ 07 /4 T_ AN TIT- 11T A I 134 NINAD 7T EN 2 NI K 1ANMAY D1 176y D2 148N
4.U 1z, 10, Arn), 0.52 (4, J= 4.U 0Z, 10, ATA); U NVIR (LDULG, JUD MINZ) O 140, £1.111), £3.111),
AN LAY AR 106N &N Tl &1 DY 1T0VT ACAY 11T AAY 191 Vel 12D Al 1AL Afey 179 1(¢) Anal Caled for
FUOU), FI0L), JULALY ), VIEILURL), LU/ .57 W), T3 (U), T4l.and)y, 17460807, 1V a7, LT&a15), L3k, eadvid e
C,;H,NO,: C, 62.14; H, 6.82; N, 5.57. Found: C, 62.07; H, 6.77; N, 5.53.

8-Benzenesulfonyl-3-methoxycarbonyl-5,6,7,8-tetrahydroindolizine 16b: white crystals; mp 118-
119 °C; IR (CHCl,) 3010, 2950, 1700, 1485, 1470, 1450, 1435, 1355, 1310, 1290, 1240, 1145, 1085 cm’';
'H NMR (CDCl,, 400 MHz) § 1.76-1.87 (m, 1H, CH), 2.07-2.24 (m, 2H, CH,), 2.35-2.47 (m, 1H, CH),
3.79 (s, 3H, OCH,), 4.11-4.23 (m, 1H, NCH), 4.26-4.36 (m, 1H, NCH), 4.49-4.57 (m, 1H, CH), 6.05 (d,

p—
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J=4.1 Hz, 1H, ArH), 6.89 (d, J= 4.1 Hz, 1H, ArH), 7.51 (1, J= 7.6 Hz, 2H, ArH), 7.66 (tm, J= 7.6 Hz, 1H,
ArH), 7.73 (dm, J= 7.6 Hz, 2H, ArH); "C NMR (CDCl,, 50.3 MHz) § 20.1(t), 21.0(t), 44.7(t), 51.1(q),
60.1(d), 111.2(d), 117.2(d), 123.1(s), 126.1(s), 129.0(d), 129.3(d), 134. 0(5) 137.0(s), 161.3(s); Anal. Calcd
for C,(H,;NO,S: C, 60.17; H, 5.36; N, 4.39. Found: C, 60.15; H, 5.47; N, 4.42.

E £ n:-‘.n“n ...................... ] m 3y X . ATY L. FLTAL % L ____ - JUPIE P PR
Sy LAMICINUA YAl uunyl-lﬂuuvxyl.dl uuuyl ,I-ulll Qro-47-penzojog jinwpaene 1/. COIOTICSS
liquid; IR (CHCL,) 3010, 2955, 1735, 1450, 1435, 1290, 1255, 1180 cm™'; '"H NMR (CDCl,, 400 MHz) & 1.34
ft T—"T7T1 He 2 O D AT (A4 T 12 4 1N Q LI 1LY /A 7D Q2 7411 T 12 £ £0N NN LY. 1LY MIT)
by v 7.1 LB&, JiE, WRl3), L4597 \UU, J~= 10U, 1V.0 114, 113, 11), £.00 (UL, J= 10.0, UV, 4.V 114, 111, UI1),
205 (44 T= 16727 70Uy 1H (LN 24074 T= 16497 2 1T O 240 /¢ 2T NCLT Y 14779 7o 20T

JUT U, U ULy 4.V 114, LI, K1), JTL (U U= 1ULL T4, 1T, WXL, J.UT S, 06, VAT, DL 7 \8, 01,
OCHY 1QR.4ND8 (m 1 CHY AR AV (m 2H OO Y A17 (4 T— K1 - 1LY LIV AR /A F— &1
NN Ly )y S SUTHLID AREy 1Ry k1 FOLOTTLIL UL LXLy, WNLEg )y, VLD Uy I Jed XL, BRLy SR, VL TO Uy I Tl
Hz, 1H, ArH); '*C NMR (CDCl,, 50.3 MHz) § 14.1(q), 31.2(1), 31.3(1), 40.1(d), 52.9(q), 53.0(g), 53.7(s),
61.5(t), 124.9(d), 126.9(d), 130.1(s), 133.6(s), 170.5(s), 171.4(s), 172.0(s); mass spectrum, m/e (relative
intensity) 326(M*, 11), 280(100), 267(14), 253(12), 235(9), 207(11), 193(63), 161(32), 135(55); exact mass

caled for C,(H,;O.S m/e 326.0824, found m/e 326.0829.
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