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General

All commercially available chemicals used in this project were purchased either from
SigmaAldrich or Merck in South Africa. With the exception of DMF and MeOH, which
were purchased as anhydrous solventssalllents used were purified andriedd as
described in literature [1]Reactions were monitored by thin layer chromatography

(TLC) using Merck Es4 aluminiumbacked silica gel 60 coated plates. Detectiothef
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spots vas eitherdone using the naked eyespeailly for the highly coloured isatin
derivative$ or by ultraviolet light (254 nn366 nm). Column chromatography and
preparative layer chromatography were carried out on silica gel (Merck Kieselgel 60) and
used in the purification of samples.

Proton nuclar magnetic resonancH NMR) spectra were recorded in CRCCD;OD

or (CD;5)>,SO on a Varian Gemini (300 MHz) or Varian Unity Spectrometer (400 MHz)
with tetramethylsilane (TMS) as internal standard. Carb®8 nuclear magnetic
resonance{C NMR) spectra re recorded on the same instruments at 75 MHz or 100
MHz. Melting points were determined using a Reicldertg Thermovar hot stage
microscope and are uncorrected. Infrared (IR) spectra were recorded on a Thermo
Nicolette FTIR instrument in the 3800 £900 cm® range as chloroform solutions,

KBr pellets or on NaCl plates. Microanalyses were performed on a Fisons EA 1108
CHNS-O instrument. High resolution mass spectrometry (HRMS) was performed on a
VG70-SEQ (in El and ESI mode) at the University of Watersrand (SA).

X-ray single crystaintensity data were collected on a Nonius KafyzD diffractometer
using graphite monochromated MakKradiation. Temperature was controlled by an
Oxford Cryostream cooling system (Oxford Cryostat). The strategy fer dita
collections was evaluated using theuBer Nonius'Collect' program. Data were scaled
and reduced using DENZOSMN software [2]. Absorption correction was made
empirically by utilizing SADABS prograni{3]. The structure was solved by direct
methods ad refined employing fullnatrix leastsquares with the program SHELXQ7

[4] refining on E. Packing diagrams were produced using the program PovRay and

graphic interface >eed5].

Experimental procedures

4-Hydroxy -3,5-dimethylthiophen-2(5H)-one, 5

A 10% KOH solution (1.4 g, 25.6 mmol, 2.0ug was added to a
stirred solution ofthioester(2.8 g, 12.8 mmol, 1.0 ey) in 16 mL

ethanol at 0C. The reaction mixture was stirred at room temperature for 4 h. The solvent
was then evaporated under wedd pressure, and the residue taken up in water. The

resulting mixture was extracted with diethyl ether and the ether layer discarded. The
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aqueous layer was acidified to pH 1 with 10% HCI and extracted with EtOAc. The
combined organic layer was washed hwisaturated brine solution and dried over
anhydrous Nz50,. Evaporation of the solvent under reduced pressure gave a crude
product mixture. Recrystallization from DCM gave the thiolactone as awlofé solid

(1.7 g, 60%);Rs (EtOAc:Hex 1:10) 0.36; mp 13231 C (lit. mp 128130 C)[6]; dy
(300MHz, CXOD) 4.12 (1H, qJ 7.1, H5), 1.66 (3H, s, H),1.56 (3H, dJ) 7.1, H6); dc

(75 MHz, CB,0OD) 198.6, 181.2, 110.9, 44.1, 19.6, 7.6



A. General procedure for the synthesis of Milkylated isatin/5-substituted isatin
intermediates 6

Sodium hydride, 60% suspended in mineral bibEequiv) was added to commercially
available isatin/Ssubstituted isatirf1.0 equiv) in 10 mL of anhydrous DMF @&t C. The
dibromoalkane4.0 equiv) was addegdthe resulting mixtureslowly warmed to 25 C and
stirred for 1 h at this temperature. The temperature was then increased © &td the
reaction mixture stirredof 24 h at this temperature. lemld water was added to the
orange coloured reaction mixture and the precipitate franed was filtered, washed

with water and recrystallized from MeOH.

B. General procedurefor the synthesis of compounds 33 and 4ai c

The appropriateN-alkylated 5substituted isatin/isati (4.11 mmol, 1.5equiv) and
potassium salt 05 (2.74 mmol,1.0 equiy) was dissolved in 3 ml anhydrous DMF. The
resulting mixture was stirred at 6Q for 48h under a N atmosphere. When the reaction
was completed, iceold water was added to the dark red product mixture. The precipitate
so obtained was filteredyashed with water and purified using column chromatography
(eluent EtOAc:Hex 3:2). When no precipitate formed upon the addition-gbidewater,

the product mixture was extracted with EtOAc. The combined organic layer was then
washed with deionized watéo remove DMF and subsequently dried over anhydrous
NaSO,. Concentration under reduced pressure afforded the crude product mixture which
was subjected toepeatedcolumn chromatographyo yield the pure producafter

recrystallization.

5-Bromo-1-[2-(2 4-dimethyl-5-0x0-2,5-dihydro -thiophen-3-yloxy)ethyl]-indole-2,3
dione, (3a)

20| Orange solid (97.7 mg, 9%), m.p. 1889 C; R (EtOAc:Hex 1:1)

27 | 0.28; IRmad(KBr)/cm't 1748 (G=0), 1624 (G 50), 1603 (G=0); dy

iiao (400MHz, CDCk) 7.73 (2H, m, H4 and H6), 6.95 (1H, dJ 7.5, H7),
7 | 457 (@AH, mH-2 6 3 A4.46 (1H, mH-2 6 3488 BH, m O and H

16276 (BH,dJ1.6, H70) , 1. 468, tEd (1adDVHz,
CDClg) 194.5, 182.0, 176.4, 157.7, 149.5, 140.5, 128.5, 118.8, 117.1, 115.3, 112.0, 68.2,

41.7, 40.5, 19.79.1; HRMS(EI) foundm/z 394.98277 for GH140,NSBr, requires




394.98269; Anal. Calc. for H140sNSBr: C, 48.50%; H, 3.56%; N, 3.53%; S, 8.09%.
Fourd: C, 48.40%; H, 3.45%; N, 3.70%; S, 7.70%.

5-Chloro-1-[2-(2,4-dimethyl-5-0x0-2,5-dihydro -thiophen-3-yloxy)-ethyl]-1H-indole-

2,3-dione, (3b)
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Orange solid (125 mg, 13%); mp 2472 C; R (EtOAc:Hex 1:1)
0.23; IRMma(KBr)/cm'* 1743 (G=0), 1633 (G 50), 1610 (G=0); dy
(400MHz, CDC}) 7.58 (2H, m, H6 and H4), 7.00 (1H, dJ 8.0, H7),

456 (1H,mHo6al/ b) ,

4266/ (b)H, 4n®8Ha{n3IH ,H m,

1623.76 (3H, d,J 1.2, H7 0 1.25 (3H, d,J 7.2, H6 & Y (L00OMHz, CDCl3) 195.1,

181.5, 176.4, 157.8, 149.1, 137.7, 130.1, 125.6, 118.4, 115.3, 111.7, 68.2, 41.7, 40.5,
19.7, 9.1; HRMS(EI) founan/z 350.99468, &H1404NSCI, requires 351.03321; Anal.
Calc. for GeH1404NSCI: C, 54.62%; H, 4.01%:; N, 3.98%; S, 9.11%. Foun®441%;

H, 3.88; N, 3.80%; S, 8.89%.

1-[2-(2,4-Dimethyl-5-ox0-2,5-dihydro -thiophen-3-yloxy)-ethyl]-5-fluoro-1H-indole-

2,3-dione, (3c)
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Orange solid (129 mg, 14%), mp 1333 C; R (EtOAc:Hex 1:1) 0.19;
IRNmax(KBr)/cm'* 1740 (G=0), 1641 (G§O0), 1620 (G=0); dy
(400MHz, CDC}) 7.34 (2H, m, H4 and H6), 7.02 (1H, ddJ 4.0 and

9.6, H7), 457 (1H,m, M2 6 a/ b)) ,

50

4266/ 0OIH, 4m09H ( 3 H
a-4 69.78 (3H, dJ 1.2, H7 § 1.49 (3H, d,J 6.8, H6 § Jc

(100MHz, CDC$) 195.1, 181.9, 176.5, 160.7, 158.2, 146.8, 124.7, 118.3, 115.3, 112.7,
111.6, 68.2, 41.7, 40.5, 19.7, 9.0; HRMS(EI) fountz 335.06248for Ci6H1404NSF,
requires 335.06276; Anal. Calc. fond:,0:NF: C, 57.30%; H, 4.21%; N, 4.18%; S,
9.56%.Found: C, 57.13%; H, 4.06%; N, 3.72%; S, 9.22%.



1-[2-(2,4-Dimethyl-5-0x0-2,5-dihydro -thiophen-3-yloxy)-ethyl]-5-iodo-1H-indole-2,3-
dione, (3d)

20| Orange solid (121 mg, 10%); mp 19€; R (EtOAc:Hex 1:1) 0.26;
IRNma(KBr)/cm'* 1740 (G=0), 1623 (G7O), 1600 (G=0):; dy

520 (400MHz, CDC}) 7.92 (2H, m, H4 and H6), 6.84 (1H, d,J 8.8, H7),

oS | 456 (AH,mH26a/ b)), 4-24%/(b)H, 4m5®8HalnTH,H m,
163.77 (3H, d,J 1.2, H7 0 ).49 (3H, dJ 7.2, H6 § dc (LOOMHz,

CDCls) 195.1, 182.5, 178.4, 169.2, 157.4, 150.1, 146.3, 134.2, 119.1, 112.4, 86.4, 68.2,
41.7, 40.4, 19.7, 9.1; HRMS(EI) foundn/z 442.97039, &H1404NSI, requires
442.96883; Anal. Calc. for H1404NSI: C, 43.35%; H, 3.18%; N, 3.16%; S, 7.23%.

Found: C, 2.95%; H, 3.29%; N, 2.82%; S, 6.70%.

1-[2-(2,4-Dimethyl-5-ox0-2,5-dihydro -thiophen-3-yloxy)-ethyl]-5-methyl-1H-indole-
2,3-dione, (3e)

2 Orange solid (236 mg, 26%), mp 130; R (EtOAc:Hex 1:1) 0.23;

7 IRNma(KBr)/cm'* 1740 (G=0), 1643 (G7O), 1619 (G=0); dy

,0 (400MHz, CDC}) 7.41 (2H, m, H6 and H4), 6.91 (1H, dJ 8.0, H

Sy \3"7., 7), 456 (1H, m,k d6a/ b)), 4 .-246a/(b)H, 4m3006/H ( 3 H,
andH16), 2. 3-8),1.7633H, dJ4.6, HH O ).48 (3H, dJ

6.8,H-6 Q Jic (LOOMHz, CDC}) 195.3, 182.8, 176.6, 158.6, 148.6, 138.7, 134.1, 126.0,

117.6, 115.0, 110.1, 68.2, 41.7, 40.3, 20.6, 19.6, 9.0; HRMS(EI) foua@31.08822 for
C17H1704NS requires 331.08783; Anal. Calc. for78,70:NS: C, 61.61%; H, 5.17%; N,

423%; S, 9.68%. Found: C, 61.51%; H, 5.20%; N, 4.04%; S, 9.35%.




1-[2-(2,4-Dimethyl-5-ox0-2,5-dihydro -thiophen-3-yloxy)-ethyl]-1H-indole-2,3-dione,
(3f)

Orange solid (258 mg, 36%); mp 5€; R (EtOAc:Hex 1:1) 0.18;

+ | IRNma(KBr)fem't 1740 (G=0), 1644 (G50O), 1611 (G=O); dy

o (400MHz, CDC}) 7.62 (2H, m, H4 and H6), 7.16 (1H, td,J 0.9 and

7.8, H5), 7.03 (1H,d) 7.8, H7), 458 (A1H, m,F2 6 a/ b)), 4. 47
o " | H206al/b), 4-5000 a-h3aH.7H (3h, dIH.5, H7 0 ).48

(3H, d,J 6.6, H6 0 Yc;(L0OOMHz, CDC}) 195.2, 182.5, 176.6, 158.4, 150.8, 138.3,
125.7, 124.2, 117.6, 115.1, 110.3, 68.2, 41.8, 40.3, 19.6, 9.0; HRMS(EI) folmd
317.0722 for @H1504NS requires 317.07218; Anal Calc. foigB1504NS: C, 60.55%;

H, 4.760; N, 4.41%; S, 10.10%-ound: C, 60.38%; H, 4.75%; N, 4.01%; S, 9.73%.

1-[3-(2,4-Dimethyl-5-ox0-2,5-dihydro -thiophen-3-yloxy)-propyl] -1H-indole-2,3-
dione, (39)

: 24 Orange solid (161 mg, 18%);p50/ 151 C; R (EtOAc:Hex 1:1)
0.24; IRMma(KBr/cm'* 1736 (G=0), 1663 (G 50), 1612 (G=0);
dy (400MHz, CDCY) 7.62 (2H, m, H6 and H4), 7.15 (1H, td,J 0.9

(1H, m, H3 6 a 4.16)1H, qdJ 1.2 and 7.2, kb 0 3.93 (2H, t,J 6.8, H1 ) 2.18 (2H,

m, H-2 61.82 (3H, d,J 1.2, H7 0 1.57 (3H, d,J 7.2, H6 § Jic (100MHz, CDC})

195.5, 183.0, 177.3, 158.4, 150.6, 138.5, 125.7, 124.0, 117.7, 114.8, 109.7, 68.3, 41.9,
37.0, 28.0, 19.8, 9.0; HRMS(EI) founth/z 331.08695 for &H1;0,NS requres
331.08783; Anal Calc. for £H1;704NS: C, 61.67%; H, 5.17%; N, 4.23%; S, 9.68%.
Found: C, 61.63%; H, 5.05%; N, 3.99%; S, 9.19%.

1-[4-(2,4-Dimethyl-5-0x0-2,5-dihydro -thiophen-3-yloxy)-butyl] -1H-indole-2,3-dione,
(3h)

Orange solid (91.6 mg, 10%); ni®8 C; R (EtOAc:Hex 1:1)
0.18; IRma(KBr)/cm'* 1733 (G=0), 1639 (G50), 1606
(C,=0); dy (300MHz, CDC}) 7.60 (2H, m, H6 and H4), 7.13

S7

and 7.6, H5), 6.92 (1H, dJ 7.6, H7), 439 (1H,m,-B 6 a/ b) , 4.

(1
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(1H, td,J 0.9 and 7.8, ), 6.90 (1H, d) 7.8, H7),435(1H, m, M da/ b)), 4.22 (1
H-4 6 a 4. D) 1H, qdJ0.9and 6.9, k56 63.81 (2H,tJ6.9, H16) , 1. 8®@®6( 4H, m
and H3 01.80 (3H, dJ0.9, H7 0 3.55 (3H, dJ 6.9, H6 3 dc (75MHz, CDC}) 195.7,

183.2, 177.7, 158.3, 150.6, 138.3, 125.6, 123.9, 117.6, 114.5, 109.9, 70.2, 41.9, 39.5,

27.1, 23.6 19.8, 9.0; HRMS(EI) foundm/z 345.1029 for GH1004NS requires

345.10348; Anal Calc. for gH1004NS: C, 62.59%; H, 5.54%; N, 4.06%; S, 9.28%.

Found: C, 62.20%; H, 5.52%; N, 4.27%:; S, 8.96%.

1-[5-(2,4-Dimethyl-5-ox0-2,5-dihydro -thiophen-3-yloxy)-pentyl]-1H-indole-2,3-
dione, (3i)

Orange solid (217 mg, 22%); mpi7® C; R (EtOAc:Hex 1:1)

0.36; IRma(KBr/cm't 1732 (G=0), 1670 (G50), 1620

(C2=0); dy (400MHz, CDC}) 7.59 (2H, m, H6 and H4), 7.12

(1H, td,J 0.9 and 7.6, ¥b), 6.89 (1H, d,J 8, H7), 4.30 (1H, m,

H-56a/ b), 4 .-5163/(b23H&n dm, B . HF772,H 2H, t,
1063%80(7TH,m,H7 0 ,-206H a-4d)58 B5H M H60 and

H-3 6 f§ic;(100MHz, CDC}) 195.4, 183.3, 177.9, 158.2, 150.8, 138.3, 125.6, 123.8,

117.6, 114.3, 110.0, 70.8, 4130.8, 29.4, 26.9, 23.1, 19.8, 9.0; HRMS(EI) fountz

359.11842 for gH2;04NS requires 359.11913; Anal Calc. forgB,:04NS: C, 63.49%;

H, 5.89%; N, 3.90%; S, 8.92%ound: C, 63.43%; H, 5.94%; N, 3.40%; S, 7.86%.

1-[6-(2,4-Dimethyl-5-ox0-2,5-dihydro -thiophen-3-yloxy)-hexyl]-1H-indole-2,3-dione,
(3)

Orange oil (154 mg, 15%); (R (EtOAc:Hex 1:1) 0.3,
IRNma{CHCL)/cm' * 1739 (G=0), 1675 (G 50), 1611 (G=0O); dx
(300MHz, CDC}) 7.57 (2H, m, H4 and H6), 7.09 (1H, td,J 0.9 and

7.4, H5), 6.88 (1H, dJ 7.8, H7), 4.27(1H, m, H6 6 a 4.18)2H, m,
H66a/ b-5apnd B.JIJ75 HLDH, 1, JOO, H7DH, d,
1.761.68 (4H, m, H2 6  a-B @l1).5#M3H, d,J 6.6, H6 0 3.41-1.50

(4H, m, H3 6 a-A ddc H5MHz, CDC}) 195.7, 183.4, 178.0,58.1, 150.8, 138.2,

125.4, 123.6, 117.5, 114.0, 110.0, 71.0, 41.9, 39.9, 29.7, 27.1, 26.4, 25.3, 19.8, 9.0;




HRMS(EI) found m/z 373.1346 for GoH2304NS requires 373.13478; Anal. Calc. for
Co0H2304NS: C, 64.32%; H, 6.21%; N, 3.75%; S, 8.59%. Found: C,488;6H, 6.46%;
N, 3.65%; S, 7.24%.

The conditions employed for the preparation of compodaie are those described in
general procedure B. However, the reactione for compounds4di p was increased

from 48h to 120h.

Compound 4 (R=H, n=23)

Yellow crystalline solid (333 mg, 35%); mp 1885 C; R
(EtOAc:Hex 1:1) 0.29; IRma(KBr)/cm'! 3311 (OH), 1700 (&0),
1620 (G 50), 1468 (Ar C=C)dy (400MHz, CDC}) 7.80 (1H, dd)J
l2and 76, H 6), 7. 282and8&D, 60y, 6. 968anhd7b, FboOY,
6.78 (1H,dJ80,H76), 4. 594 0@1H), m4 -1B0% B(BA tH, m, i+, H
40al/b), 31388nd44UH1 o a B.85)(1H, s, OH), 2.08.86(4H, m, H2 0
and H3 0 1.99 (3H, s, H7), 1.60 (3H, s, Fb); dc (100MHz, CDC}) 195.3, 176.3,
175.4, 141.7, 130.3, 127.5, 125.8, 122.5, 110.9, 108.4, 78.8, 74143664, 28.3, 26.7,
19.5, 9.3; HRMS(EI) foundn/z 345.1030 for GgH190O4NS requires 345.10348; Anal
Calc. for GgH1004NS: C, 62.59%; H, 5.54%; N, 4.06%; S, 9.28%. Found: C, 62.48%; H,
5.09%; N, 3.70%; S, 9.01%.

Compound b (R=H, n=4)

Light yellow crystalline solid (85.3 mg, 9%); mp 21215 C; R

(EtOAC:Hex 1:1) 0.38; IRmax(KBr)/cm' ! 3380 (OH), 1695 (&0),

1622 (G 50), 1471 (Ar C=C)ghy (400MHz, CDC}) 7.80 (1H, dd,]

12and 7.6, H1 6 ) , 7td,d82and8D, F60O), 6. 96.8aulE, H50Y,
6.78(1H,dJ80,H76), 4.5B0@1H) , m4 -1%0% B3)@H, m,m, H

50 a B.p9)(1H, br. s, OH), 3.26 (1Hit, J3.2 and 140, H o6 a/ b), 1:796 ( 3 H,
1.97511.72(4H, m,H2 06 a-Ad) H 1. 6-6),1.483(2H, m-3 g Jd(1L00MHz,

CDCly) 195.7, 176.3, 175.2, 142.3, 130.5, 127.8, 125.4, 122.9, 110.8, 107.9, 78.3, 67.7,
66.0, 40.8, 28.5, 23.2, 19.7, 19.5, 9.7; HRMS(EI) found m/z 359.1186,bk0ONS




requires 359.11913; Anal Calc. fondH2;04NS: C, 63.49%; H, 89%; N, 3.90%; S,
8.92%. Found: C, 63.02%; H, 6.08%; N, 2.98%; S, 9.05%.

Compound &£ (R=H,n=5)

Yellow crystalline solid (61.4 mg, 6%); 98 C; R (EtOAc:Hex

1:1) 0.40; IRna(KBr)/cm'! 3412 (OH), 1697 (&0), 1630 (G30),

1471 (Ar C=C);dy (300MHz, CDCkL) 7.86 (1H, ddJ 1.5 and 7.8, H

46), 7.382andAB, K606, 6. I089%9andAB, HHOY, 6.83 (1H,
78,H76) ,-4.10 (3R,6nH-1 0 aahdbH6 0 ) , 3. 28 0(@IWH,) , M3 .H8 (1H
OH), 2.04 (3H, s, H7), 1.981.81 (BH, m,H2 6 a/ b -5a€1.67 (3H, s, H6), 1.62

1.30 (5H, mH-2 0 alA-B o a-4 d Jdc K¥5MHz, CDC}) 195.6, 176.2, 175.2, 144.0,

130.5, 127.2, 125.1, 122.6, 111.7, 108.4, 77.4, 72.5, 65.4, 39.2, 26.0, 24.1, 23.8, 22.6,
21.2, 9.7; HRMS(EI) foundn/z 373.1341 for GoH2304NS requires 373.13478; Anal

Calc. for GoH2304NS: C, 64.32%; H, 6.21%; N, 3.75%; S, 8.59%. Found: C, 64.31%; H,

6.13%; N, 3.70%; S, 8.66%.

Compound 4d (R =Br,n=3)

Off-white amorphous powder (158 mg, 14%); mpilE& C;

Rr (EtOAc:Hex, 1:1) 0.27; IRma{KBr)/cm'! 3416 (OH), 1705

(ester C=0), 1618 (amidic C=0), 1482 (Ar C=@);(400MHz,

CDCl;) 7.93 (1H, dJ) 1.8, H4 6 ) , (1H, dd4 3.1 and 8.4, H

66), 6.584 H/DA63(AH, M HL 0 QAR (IH MHLOAa/ b), 3.59 (1
H-40a/ b) ,,d3)3.6&nd 144,HL 0 3, 8.8 (1H, br. s, OH)2.08 1.87(4H, m,

H-2 0 a-8d) HQR s, 6tD), 1.68 (3H, s, F6); dc (100MHz, CDC}) 194.4, 185.1,

175.0, 156.0, 133.2, 129.4, 129.2, 115.2, 111.1, 109.7, 78.7, 74.5, 65.9, 39.5, 28.3, 26.7,
19.8, 9.5 HRMS(ESI) found m/z 424.02123 [M+H] for CigH:1s04NSBr requires
423.01399; Anal Calc. for gH1s0,NSBr: C, 50.95%; H, 4.28%; N, 3.30%; S, 7.56%.
Found: C, 50.36%; H, 4.45%; N, 2.96%; S, 7.77%.
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Compound 4e (R =1,n = 3)

Light yellow solid (188 mg, 15% mp 205206 C; R
(EtOAc:Hex 1:1) 0.29; IRma{KBr)/cm'! 3439 (OH), 1715
(C,=0), 1631 (G350O), 1480 (Ar C=C);dy (400MHz, CDC})
8.09 (1H, dJ2.0,H4 6 ) , 7. 6J2.0 @d 8.4, H6d&d), ,
6.58 (1H,dJ84,H76), 4. 620@1H), maH-1R7a /(b)H, 3m 55 ( 1H,
4 0 a B.4B)(1LH, br. s, OH)3.36 (1H, dtJ3.2 and 14.8,H 0 a / b1)1.84(4H,nQ A
20 a8d) H 1. 9-7), 168 (BH, s, $B); dc-HLOOMHz, CDC}) 194.4, 175.8,
175.1, 141.4, 139.1, 134.6, 129.8, 111.1, 110.3, 89, 74.5, 65.9, 39.5, 28.3, 26.7,
19.8, 9.5; HRMS(ESI) foundm/z 472.00759 [M+H] for CigH:1s04NSI requires
471.00013; Anal Calc. for gH1s0sNSI: C, 45.87%; H, 3.85%; N, 2.97%; S, 6.80%.
Found: C, 4%2%; H,3.34%; N, 2.06%; S, 6.66%.

Compound4f (R=F,n=23)

Light yellow solid (95.2 mg, 10%); mp 15T; R (EtOAc:Hex

1:1) 0.26; IRma(KBr)cm'' 3306 (OH), 1701 (&0), 1625

(C.50), 1489 (Ar C=C)dy (400MHz, CDC}) 7.59 (1H, ddJ
28and80,H 6), 7. 0124(8bHEHndB8.8 WD), 6. 73
(1H,dd,J40and84,H76) , 4. 6-d30@l1H), m4 -18la/(b)H, 3m,57H (1
H-4 6 a B.45)(1H, br. s, OH)3.39 (1H, dtJ 3.2 and 14.4, H 6 a 2.08)1.83(4H, m,

H20 a-8d) H 1. 9-B), 168(BH, s, i), dc (100MHz, CDC}) 1%4.4, 177.2,

175.1, 159.8, 147.1, 137.6, 116.7, 114.6, 111.0, 108.9, 78.8, 74.5, 66.0, 39.6, 28.4, 26.7,
19.7, 9.4; HRMS(ESI) foundm/z 364.10153 [M+H] for CigH1g0:NSF requires
363.09406; Anal Calc. for H1s0sNSF: C, 59.49%; H, 4.99%; N, 3.85%; S, 8.82%.
Found: C, 9.37% H, 4.88%; N, 21%; S, 8.72%.
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Compound 4g (R = Cl,n =3)

Light yellow solid (151 mg, 14%); mp 20810 C; R
(EtOAc:Hex 1:1) 0.24; IRna(KBr)/cm'* 3415 (OH), 1707
(C,=0), 1618 (G50), 1484 (Ar C=C)idy (400MHz, DMSQO

ds) 754 (1H,dJ24,H46) , 7. 3244nd&B,64 Y,
7.04 (1H,dJ84,H76), 6.86 ( 1H, br J4.3Gand 10.6L H, 0 a4/ .b6)5 ( 1
407 (AH, mHLo0a/ b), 3 .-4503a/(bl)H, 3m]l406& /(RENH9 (4Hnm, H
H-20 af8d) H 1 s,89), 158 B3H, s, 6); dc (LOOMHz, DMSQdg) 193.8,

175.8, 175.1, 140.6, 130.3, 129.6, 125.1, 124.8, 110.2, 109.8, 77.7, 74.7, 65.6, 48.5, 27.8,
25.9, 19.8, 8.8; HRMS(ESI) founah/z 380.07214 [M+H] for CigH1504NSCI requires
379.06451; Anal Calc. fo€1gH1s04NSCI: C, 56.91%; H, 4.78%; N, 3.69%; S, 8.44%.
Found: C, 5.91%; H, 4.68%; N,3.4%%; S, 837%.

Compound 4 (R =NO,, n=3)

Light yellow crystalline solid (83.5 mg, 8%); mp 2147

“C; R (EtOAc:Hex 1:1) 0.14; IRma(KBr)/cm'* 3293 (OH),

1739 (C,=0), 1605 (G50O), 1523 (Ar C=C), 1335/1523
(Asym./sym.NO; str.); d4y (400MHz, DMSQdg) 7.54 (1H, d,
J24,H406), 7. 33244nd8B, 660, 7 .08 H7BY, &, 86 ( 1H,
OH), 4.65 (1H, m, 4 da/ b)) , 4 -1007a / (bl)HH, m3m4503&i/(b ) , 3. 46 (1
H-10 aRbyyH1 4H m H0O6 a8d) H 1. 89), 158 BH, s,s+b); dH

(100MHz, DMSQOde) 193.4, 175.9, 175.3, 148.0, 141.3, 129.1, 127.0, 119.6, 109.9,
109.1, 77.2, 74.8, 65.5, 39.3, 27.8, 26.0, 19.8, 8.8; HREB(found m/z 391.09609

[M+H] " for CigH1506N,S requires 390.08856; Anal Calc. forgB:1506N,S: C, 55.38%;

H, 4.86%; N, 7.18%; S, 8.21%. Found: G,A%; H, 4.86%; N, 9%, S,8.45%.
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Compound 4 (R=Cl,n=4)

Light yellow solid (57.8 mg, 5%); mp 200201 C; R
(EtOAc:Hex 2:3) 0.32; IRma{KBr)/cm'! 3287 (OH), 1701
(C,=0), 1607 (Gs0), 1482 (Ar C=C);d4 (300MHz, CDC})
7.85(1H, d,J 2.1, H4 6 ) , 7 dd2J2.4 @rid 8.4, 6 6 )
6.74 (1H,dJ81,H706), 4.55H0@1H), ma -18O7a B(BA@H, mm, H
50a/b) 3. 3CH), 826 dH,dthJ3.0and 141, Hoa/ b) , 1:798 ( 3H,
196i171(4H, m,H2 0 a-Ad) H 1. 6-8),143(AH, m,s43 g & (75MHz,
CDCls) 194.9, 175.7, 174.8, 140.9, 130.4, 129.4, 128.4, 126.0, 112.1, 108.7, 78.2, 67.8,
65.8, 41.0, 28.4, 23.1,918, 19.5, 9.8; HRMS(ESI) founoh/z 394.08725 [M+H] for
C10H20NO4SCI requires 393.08016; Anal Calc. forsB,0NO,SCI: C, 57.94%; H, 5.12%;

N, 3.56%; S, 8.14%. Found: C, 57.45%; H, 5.10%; N, 3.39%; S, 8.04%.

Compound 4j (R =Br,n=4)

Light yellow sdid (88.6 mg, 7%); mp 208205 C; R
(EtOAc:Hex 2:3) 0.34; IRma(KBr)/lcm'! 3321 (OH), 1706
(C=0), 1604 (G350), 1476 (Ar C=C);dy (300MHz, CDC})
7.98(1H, d,J 2.4, H4 6 ) , 7 ddaM1.8 @andiB.1, 6 6 ) ,
6.69 (1H,dJ8.1, H76) , 4. 5 01445 (1HhmM, HHO a B.86)3.54 (2H,
m,H5 0 a/ OH)a3®R8 (1Hdt,J3.0and 140,H 6a/ b) , 1-7)IAB5 173 H, s,
4H, mH20 adAd) H 1. 6&), 1(48 @H, msH3 g B (75MHz, CDC})
194.8, 175.9, 174.8, 141.4, 133.3, 129.28.6, 115.5, 112.1, 109.2, 78.2, 67.8, 65.8,
40.9, 28.4, 23.1, 19.8, 19.5, 9.8; HRMS(ESI) foumdz 438.03618 [M+H] for
C19H20NO4SBr requires 437.02964; Anal Calc. forg8,0NO,SBr: C, 52.06%; H, 4.60%;
N, 3.20%; S, 7.32%. Found; 61.8%; H, 4.11%; N, d1%; S, 7.22%.
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Compound 4k (R =1,n=4)

Light yellow solid (47.8 mg, 4%); mp 180192 C; R

(EtOAc:Hex 2:3) 0.35; IRma(KBr)/cm'! 3378 (OH), 1709

(C,=0), 1601 (G350O), 1482 (Ar C=C)dy (300MHz, DMSQO

ds) 790 (1H,dJ1.8,H4 6 ) , 7dd41.8and 8L, 606 ) ,

6.41 (1H,dJ84, H76), 6.17 (1H, br-5068a/bPH)3.-863(11H]
10aBB)@H MH50a/ b)), di3J204nd 44HL 0 a/ b) , 1-782 (3H,
1.80155(4H, m,H20 aAd) H 1. 4-8),123@H, m, $+3 q ¥ (75MHz,

DMSO-dg) 195.0, 175.2, 174.8, 141.7, 138.2, 133.5, 130.6, 111.3, 109.2, 83.9, 78.6, 67.3,
65.7, 40.1, 27.9, 22.6, 19.6, 19.0, 9.3; HRMS(ESI) foomd 486.02280 [M+H] for

C19H20NO4SI requires 485.01577; Anal Calc. forgl,0NO4SI: C, 47.02%; H, 4.15%; N,

2.89%; S, 6.61%. Found: C, 98%; H, 397%; N, 2.57%; S, 6.22%.

Compound 41 (R =Cl ,n=5)

Yellow crystalline solid (65.5 mg, 6%); mp 21215 C; R
(EtOAc:Hex 1:1) 0.48; IRna(KBr)cm'! 3367 (OH), 1699

(C,=0), 1611 (Gz0), 1478 (Ar C=C);dy (400MHz, CDC})

787 (1H,dJ24,H406) , 7. Jd84apd8H#, 6 dY, 6. 78
(1H,d,J 84, H76) ,i14WMBA,MH-10ashcdoH60), 3.30 (1H, br.
(IH,m,Hl1o0a/ b), 2-70H818BH, msH2 0 d /dH-5a€10.74 (3H, s,

H-6), 1.641.30(5H, m,H-2 6 alH-B 0 a-A @ Jc KLOOMHz, CDC}) 194.8, 175.9,

175.0, 142.6, 130.5, 128.9, 125.7, 125.0, 112.0, 109.3, 77.4, 72.6, 65.2, 39.5, 26.0, 24.1,
23.7, 22.6, 21.5, 9.8; HRMS(EI) founah/z 407.09528 for &H.,O,CINS requires
407.09581; Anal Calc. for £H2,0,4CINS: C, 58.89%; H, 5.44%; N, 3.43%; S, 7.86%.

Found: C, 585%; H,5.426; N, 3.38%; S7.89%
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Compound 4m (R = F,n =5)

Light yellow crystalline solid (74.5 mg, 7%); ngl12 213 C;

Rr (EtOAc:Hex 1:1)0.45; IRma(KBr)/lcm'* 3358 (OH), 1699

(C,=0), 1614 (G3s0O), 1491 (Ar C=C);dy (400MHz, CDC})

7.40 (1H,ddJ28and 88, H1 6 ) , 6. 7 82.8(8l4tnd ddd,
88,H606), 6. 3940gnd8&#, H 4¥ ,13.9¥@3MA,,H-10aahdH60), 3. 06
(AH,m,H1 6 a/ b)) H, br2s, GH), 1.8913H, s,H), 178166(BH, M H2d6a/ b and
H-5 0 1.54 (3H, s, H6), 1.881124 (5H, m,H-2 6 aH-B O a-#d @ JcHIO00MHz,

CDCls) 195.5, 176.3, 175.0, 159.4, 157.0, 139.9, 129.8, 116.0, 113.2, 111.2, 108.4, 76.5,
72.2, 65.4, 39.0, 28, 23.7, 23.5, 22.4, 21.6, 9.7; HRMS(EI) founmdz 391.12484 for
Co0H2204FNS requires 391.12536; Anal Calc. fos8,,0,FNS: C, 61.36%; H, 5.66%;

N, 3.58%; S, 8.19%. Found: C, 60.92%; H, 5.74%; N, 3.24%; S%.98

Compound 4n (R = Br,n =5)

Yellow crystalline solid (68.9 mg, 6%); mp 211C;, R
(EtOAc:Hex 1:1) 0.55; IRma{KBr)lcm'! 3370 (OH), 1698

(C,=0), 1609 (Gz0), 1478 (Ar C=C);dy (400MHz, CDC})
8.00(1H,d,J20,H406) , 7. 4204qnd8&#4¥, 664, 6. 73
(1H, br.dJ84,H7 06 ) ,14EBA,MH-10aahdH60) , 3. 27 0@2M, amd H
OH), 2.05 (3H, s, H7), 1.961.85(3H, m,H2 0 a/ b -5a13.@d5 (3H, s, H6), 163

131(5H, m,H-2 & al-D§ a-A d dc HOOMHz, CDC}) 194.7, 175.8, 174.8, 143.1,

133.4, 129.2, 128.4, 115.3,240, 109.8, 76.7, 72.6, 65.2, 39.4, 26.0, 24.1, 23.7, 22.6,

21.5, 9.9; HRMS(EI) founan/z451.04475 for gH2,0O4FNS requires 451.04529; Anal

Calc. for GgH2,04BrNS: C, 53.10%: H, 4.90%: N, 3.10%:; S, 7.09%. Founb319%:

H, 4.89%0; N,2.94%; S, 6.97%.




Compound 40 (R =1,n=5)

Yellow crystalline solid (90.8 mg, 7%); m@g14i215C; R

o °, I'l (EtOAc:Hex 1:1) 0.45; IRma(KBr)cm'* 3365 (OH), 1697
5%N 7o (C,=0), 1604 (Gs0O), 1481 (Ar C=C);dy (400MHz, CDC})

v 799 (1H,dJ1.6,H4 6) , 7. 4804nd&D,H66d, 6. 49
(1H, d,3 8.0, H7 6 )15402(3H, m,H-1 0 aahcbH6 0 ) , 3. 161 0(al H,) , m,2.H O
(1H, br. s, OH), 1.94 (3H, s,-A), 1.841.70(3H, m,H2 6 a/ b-5a .61 (3H, s, H

6), 1.811.15 (5H, m,H-2 0 a H-B O a#d d YycH100MHz, CDCY) 1951, 176.0,

174.4, 1435, 138.5, 133.5, 130.2, 111.2, 109.8, 83.9, 76.2, 72.1, 65.2, 38.8, 25.6, 23.7,
23.3, 22.2, 21.3, 9.5; HRMS(EI) foundh/z 499.03088 for GH.,04INS requires
499.03142; Anal Calc. for H2,04NS: C, 48.10%; H, 4.44%; N, 2.80%; S, 6.42%

Found C, 48.14%; H, 4.50%; N2.69%; S, 6.2%6.
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