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Various 1,2-isothiazolidine-1,1-dioxide (y-sultam) derivatives containing an antioxidant moiety, 2,6-di-fert-butyl-
phenol substituent, were prepared. Some compounds that have a lower alkyl group at the 2-position of the y-sultam
skeleton showed potent inhibitory effects on both cyclooxygenase (COX)-2 and 5-lipoxygenase (5-LO), as well as
production of interleukin-1 (IL-1) in in vitro assays. They also proved to be effective in several animal arthritic models
without any ulcerogenic activities. Among these compounds, (E)-(5)-(3,5-di-tert-butyl-4-hydroxybenzylidene) -2-
ethyl-1,2-isothiazolidine-1,1-dioxide (S-2474) was selected as an antiarthritic drug candidate. The structure-activity
relationships examined and some pharmacological evaluations are described. Furthermore, we have developed an
efficient and E-selective synthesis of S-2474, in which a-methoxy-p-quinone methide is used as a key intermediate. a-
Methoxy-p-quinone methide was revealed to be equivalent to a p-hydroxy-protected benzaldehyde. It reacts smoothly
with a-sulfonyl carbanion to give 1,6-addition intermediates, which can be further processed to provide S-2474 directly
in the presence of a base. This procedure gives S-2474 as an almost single isomer on the benzylidene double bond in ex-
cellent yield and thus is a very practical method adaptable to large-scale synthesis. The detailed mechanistic aspects are

studied and discussed.
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OIZHERICEL TIEHLODEENKNETHS EIN
T3,

PRI T OFIENE R OSEARFE OB SN S,
5121% RA B2 D QOL [A] LD 7= 1213 NSAID K
" DMARD OEH ZHfE RS, UL BEIEHO X
D DIEWFIRIEEDOHBNEEN TN D,

PLEDZ EmGFH4ld COX-2, 5-LO UMY 1 b
A PR ZHET 2 FEFNIBEA O NSAID K0 #
NEBRBIRDHHETE S EE X2, KMEA4,
E-5110, BF-389 % U} CI-1004 D 3:5@ i/ ki TdH %
Vil b Efe, di-tert-butylphenol £ IZZEH L, Al
R ZED AER, HEREESRREELLT
y- IS LEKERT S S-2474(1) (Fig. 1) 2R/
HeZ&EMTERE D

2. {LEWERIDRRE

Scheme 112 S-2474 A& F & U TR G RIEIC
DNWTHMA L, 2XK0HN Y IVTERS & y-
YINE L6 EDT I R=IVT A T DG Kt % 1T
W, RONTHIRE, BIKRIRICED, X22PUF>
FHEARL §ANEEBENE ZOMOFEHRIZONT
BT ZOWFITHEL TER L=, Mo & L,
FHHIZDOWTIREHL 2SS N0, oAk
W3 E, Z- (ROl 5035 5015 7= HH D SAR JE R
WL 72HDTHo 7=

WA 7)== 70, inviro7 vt 1 &L
T, 7v MBI IL-18 #i%iC X % PGE, 4L
W, Z v MEFEMIE O A23187 HlFIZ X % LTB,
PEAEMIE, KUk k THP-1 #ifZ D LPS #liic k2
IL-18 MEAEMIHINEME 238 @i L 7z (Table 1). 2315
OIHNEEDORINTITIRENITE > T, 2 MM
NSRRI S TRiE AL, BREEEIL S BIR, N> E Y

B OB tert-butyl s L < (fllZ i-Pr,
Me, OMe 73 E &A=, RIEL), 2EMEEI

CMe, BILTIZE, ZRICENRWZ ENHBHLE, &5
S-2474 (1) IZEEENBMN S =D DIZDWT in vivo DT v
Fig. 1 YAELT, Iy NASHFZUERBROT P aN

Table 1. In Vitro Inhibitory Effects on Production of PGE,, LTB,, and IL-1 and In Vivo Antiinflammatory Effects of y-Sultam
Derivatives and Ulcerogenic Activity

o, .0
Meac . ) :N_R . . .. .
PGE,? LTB, [L-10 Anti-edema? Anti-arthritis® Ulcer 1n<'iex (mm)”/
HO (carrageenin) (adjuvant) (dose; mg/kg)
CMEg
R E/Z I1Cso (um) ED3(mg/kg)
H E 0.030 >100 >100 >30 >10
Me E 0.0091 2.8 28 5.4 0.64 26.8+4.92(400)
Et E 0.0095 2.5 10 3.5 0.76 1.6+0.41(400)
Pr E 0.013 1.9 19 >30 >10
cyclo-Pr E 0.0025 3.2 9.0 11.9 1.7 0.7£0.28 (400)
4-Cl-Ph E <0.0010 21 >100 >30 —
2-pyridyl E 1.0 3.0 19 >30 >10
CH,CH,0H E 0.24 2.48 27 >30 —
OMe E <0.0010 3.0 >100 34.7 2.4
OH E 0.010 9.5 90 >30 >10
Me zZ <0.0010 1.8 2.9 >30 —
Et Z 0.0021 2.5 10 >30 >10
OMe V4 0.0025 1.5 20 >30 >10
Indomethacin 0.0029 >100 >100 0.8 0.06 19.5+2.38(30)

a) Concentration (um) required for 50% inhibition of PGE, formation in rat synovial cells. b),¢) Concentration (um) required for 50% inhibition of LTB,
formation in rat peritoneal cells and IL-1 formation in human THP-1 cells. d) The dose (mg/kg) required for 30% inhibition of carrageenin-induced edema. e)
The dose (mg/kg) required for 30% inhibition of adjuvant-induced arthritis. f) Lengths of bleeding ulcer of drug-administrated group, 6 animals/group.
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> MEAHIAE T )V TR L 7= (Table 1). Z {Kidif
HIBEMN LM SN, invivo TEZITH - -
DIZEERTH D, 2HMEIIAMF, AF), T
FIKRO7aryae )V ki EIZRs k. Bt
AEMITONT, v hTOEBEEERZERNZHAN
(Table 1), S HICHKHOE KM OKE RN S
S-2474 (1) ZHFEMME L TEEL . BITIT,
GG OFE R (Fig. 2) 2XEOTRLE.

3. SR

3-1. Invitro 5 R FF Ml  S-2474 & E R B
COX-2 [HE# Tdh % NS-398, 20 Celecoxib?) g TrNIE
BRI COX HEHE DA > RAY 2 > % 5HHEEEIC
COX-1 KTX COX-2 HEIEMHIC DWW T L=, B
FETRERRMEOWMWIENTRZ S 2RI
B ENHENTNS =D, Hald Kawai 512&
DEIFE I N7z, b b & /R 2 D 7 AR
fi %2 CTOMER?P TRHML 7=, T DR, S-2474
@ COX-2 ZEIRMEIL Celecoxib [ OF NS-398 & [A] %%
THoHIENHBIL /- (Table 2).

3-2. Invivo §R&FM  COX-1, COX-2 fHF
1EMED in vivo 125 2 2 %% % Futaki 5 D 529
ERHWTHMLUZ., LPSUEL~ZT v bR LPS
WHEZE LUisino7=5y MY IF K2 (AA) %
FEAL, ThZEnolmiEsd PGE, BEZHIE L /-

invitro, E = 2
R'=tBu>>0OMe> i-Pr, invivo,E>>Z

Me, H
% ﬁ %S,:,O R?= Me, Et, c-Pr >

Rl
=3 —R2 oM H ridyl,
N—R C—)> OMe>H > pyridyl
4 X CHZCH,0OH etc.
R 5

X =-CHz- > -CH30-, -CH,CHz-

Fig. 2

(k LPSHI% 9 % Z &1L D COX2 nNisExh
AA DR ZZITTPGE, NEEMIND). £D
FRLPSUME LT v bD (COX-2 NB5EL )
PGE, j£ /£ % S-2474 [ T NS-398 13 )Z IR I HET
LM, 4 RAFZINTHNDOT Yy RO
(COX-1 & COX-2 B 5 L7z) PGE, 4% B
BETLIEN Mo, ZOTENED, S-2474
IR COX2 HEH TH D Z ENZFFI N
4. HEim

S-2474 1%, ERDLER NSAID TH 51 > B A
I ERITD, COX2 ERMENE L, /-,
5LO S SITIIRIEEY A M1 > OEEE BHE
TE2LAMTHD, “IWVFT7 o a MOHHE
FiRIGHEER S U CHIR I, FREBRICHED 5z
5. WERMEBCEDRFR

S-2474 OIEEIIYIRLLE HEHE TdH S di-tert-butyl-
phenol (£ &, K#z y- IV Y LIRMN SR I N
TWb., S24TAHFED=HITIE, TiZie Lzamk
FETIITEMRBETOAREICIIRE SN <, FRY
IRELEROBRENMBETH o /2. R EMA T

- ANFIF I OAFREp-EROFIRTY
T ROEMikE U THWERIERNR S-2474 O
BREY 2 AT Z STk L.

6. REBRAEERUHER

W HA& k% (Scheme 1) TiE, 1) 7JILFERS
DEMIIBEIEREZET S, 2) BEEOHD D
MOMCI W%, 3) Bifri#&, B/KRISIZHENT
Z- BVER (8) DREIEZBT DI EMNTERNVWARE
DOREENSH - =, —#IIZ, di-fert-butylphenol
FI T DT = ) — VKBRS S W EREL T E
NTWBE0IZ, BHOEETIE Y IVFIER EXK
FBTAIEDRIENEITLICS W, NIMLIZTIVTE
RWEETHHEITE, F/AFR-Z/F—h

Table 2. COX-1/-2 Inhibitory Activities In Vitro and In Vivo

COX-1 COX-2 COX-1/-2 ED;,(mg/kg)®
TXB,(um)@ PGE,(um)? ratio COX-1(a) COX-2(b)
S-2474 27 0.011 2500 >30 3.19
NS-398¢) 6.8 0.0019 3600 >30 1.00
Celecoxib 19 0.0079 2400 — —
Indomethacin 0.0058 0.0046 1.3 0.37 0.15

a) Concentration (um) required for 50% inhibition of TXB, production in human platelet cells. ») Concentration (um) required for 50% inhibition of PGE,
production in human IL-1p stimulated synovial cells. ¢) EDs, values required for 50% inhibition of increase in plasma PGE, level after arachidonic acid (AA)

injection into non-LPS treated rats (a) and LPS-treated rats (b).
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DHNEETH D, BAIT2ZEEARNFIAFIV
k922 tz2idH-ET 5, Scheme 1 1279 LD
IZF AT E (QM) KR 3INAERKRL, ZHUIRBRAL
HThADRE2ZTERO2ICRED, 525528
WXTERN o, TITHMEZERBL, £/ 2AF
RiFEAZ 7T R 5 D&%ffifkeE L TRIFT S Z
ET, ERED,2) OMERZE —FITHRLED &
EZlz. BADHIDED, QM % p- £ ROF X
XTI TE ROZEfARE L THHAIN TV BT
72<, ZORMAZAERLERICHEEEND D TH
2.

BAKMIZIE, QM & U TCRRIBEAI® @ a- A b F
SFIAFR 9 Ey-HII L (6) &ENG
I, IR 10 28T, 1ANEFELLDSEND
HDOTH5D. QMIWETITER2ZIVAFINT L

Z—IVE Utk BT LHIETINERSEGHRT
Efz. 9L 6DRRIE, —T8CHHTTLDA &6
MSHAEI L= WIIVNZF 29 = NA 5 2 & THE
ICHETTL, HETAAME 10 2G5 2 &nTE
=M, FHLnwZ &g, —HAY J —=IVEIGE
THEATWDE ZENgholz. LhdbENWLEI L
2, UL Z- B 8 i e<EEN TV ER
1DATHBIEHNHEAL /= (Scheme 2 and entry 1
in Table 3).

T DEBERITTR LT S-2474 KRESRIEHTO
EODOREREN2HEATI N 11, 0K
10 (I EFNCHFEHET D LDA 2L, MeOLi 78
JHEET 2 FICKDAER L EE AT (Scheme 3).

ZORETIE 8 NBRERIELZADIEIARHATSH >
=M, ZORGRIZEDE, 248D LDA KRS
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Table 3. Reactions of Quinone Methide and a-Sulfonylcarbanion (1)%
conditions
946 ——— 1+2+10
Temp. Product (ratio) Yield of 1

Entry Base “c) Solvent 1:2(:10) (%)

1 LDA —178 THF 26:2(:72)0 (25)0

2 LDA —-78 THF 9:19 619 (88)¢

3 LDA 0 THF complex mixture —

4 LHMDS 0 THF 1.8:1» 359

5 NaHMDS 0 THF 1:12 —

6 KHMDS 0 THF 1:29 —

7 LHMDS 0 tol. slaggy

8 LHMDS 0 tol.-THF (2 : 3) 94 : 6Y

9 LHMDS 0 tol.-THF(5 : 1) 98.6 : 1.49 804

a) All reactions were carried out in THF with 9 : 6 : base=1 : 1.2 : 2.4 except for entry 1 (the ratio of 9 : 6 : base=1: 1 : 1.2) for 1-2 h. b) Ratio or yield
determined by NMR analysis of the crude reaction mixture. ¢) Ratio or yield determined by HPLC analysis of the crude reaction mixture. d) Isolated yield from
single crystallization of the crude reaction mixture. e) Isolated yield after separation by chromatography on silica gel.

MeQ }+Q O
S.
LDA MesC N—Et 1
9 + 6 H ~
LiO L
CMe,  Base MeOLi
Scheme 3

BEZAh, THEO1DONENKIBIZHM L
(entry 2 in Table 3). RICZFHRIL TR SR D=
D, WK RS 2 BB E U W OSASFERRIC ST
THMEME L~ (entry 3—9in Table 3) 7%, Mk
ICLDA ZflWe & ZABMMBEAMZ 5 A CLE
o /e, HHEZE S THTHMZER DD > 72 HMDS
DO&BEBICAET L/-EZ A, Lita Na, K & i
LTEWHEHREE 527207 (entry 3—6 in Table 3),
WTHNOHEEFICH2ORIEZMES . ZHIF
HMDS 7 =F > QM 9 Il , #LEEThnk
REZVTT2ANEEBMINTZHDOEE X, FEE
IZQM 93 KHMDS &xnl, Y/ 7k®5—)b
MERL, MKIMEZITT2ARDLILEE
dg-THF % iy 7z NMR OB BEITHEL =, ZOH|
St % VT % 7= DRI R vE B DR RIT D W TR &4
Bt LD, T—FIIROBEKTIE2NEEL, X
72 MV 278 ERALKFERDIEBE T SIBN A T v
F— Lo THBITHET LW E, HEERE R O
BThol, LOrLiwmdd I eI 5ITHRFTER
G L-kES, ML I >—THF QR SAB R TRIG

MHWICETTT 2 2 L2 R0k, §iZ, Ml
> /THF QY 4 DL DK IC REFIssE Rz 5 2 727
», MIVIZ>—THF O% 5 1ICEELT, |
B, ORINRE, RO QM O EE 2, MBS
D HEkZ i A& 7/- (Table 4). S fh1d Table
4Dentry 1 IZRLZHDT, 12 —EOHKRLE
fEIZ& D, HPLC #iJ%>99.8%, I 80% TH:5
ZEMMTEL.

QM 9 TR D 2 KXV 89% DINE THEFHEL T
53, y-sultam 6 1% 13 O T ik @ 3-chloropro-
panesulfonyl chloride &K ¥, k)L I > H one pot X
INTAIN T )V 7 2 Rk, BRIEZTTWL, I5ICHE
HIZEKD 0% DNETHERTHIENTES. UL
|, Scheme 4 1279 XD ITHD T TR, SIH
TS24T4 255N ENTZARIEEZHLT S &
INTE.

7. EXR

COEBRIROFEMIIOVWTEREZNA. Kb
B TEILIESE, 1,2 &PRE 108550
=, 10 3—HDPT7 AT LA —10a DATH
D, B3 —HDPT7ATL AT —10b 1LV EL 1
NEBPINTVWD ZEDRBEINZ. DT &%
Wl 272012 10a (X HEEEMTED LKL
& kE), 10b 2 5l& &k U (Scheme 5) ,
LHMDS &GS B/2E& 25, 10b (3 T4 D 12
RNMZIANEEHINZA, 10213 10b I2HEXT1
NOEMEL, FEVTHNOHAICS Z1K 813
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Table 4. Reactions of Quinone Methide and a-Sulfonylcarbanion (2)%

Me,C
3 ZLG
6, Base
G - 14+2+8+10
toluene : THF(5:1
CMe; (5:1)

Entry LG Base T(grcn)p Prlo d112cts 8<fa1t:)0> S((}%l;i
1 OMe LHMDS 0 97.3:1.4:1.3:0.1Y 80
2 OMe LHMDS -15 97 : —:—:39
3 OMe LHMDS 23 9% :— :4:—9
4 OMe NaHMDS 0 10:1: 1 —0
5 OMe KHMDS 0 complex mixture
6 OMe LDA 0 slaggy
7 OEt LHMDS 0 50
8 Cl LHMDS 0 38

a) All reactions were carried out with QMs : 6 : base=1: 1.2 : 2.4 in toluene-THF (5 : 1) for 2-4 h. b) Ratio determined by
HPLC analysis of the crude reaction mixture. ¢) Ratio determined by NMR analysis of the crude reaction mixture.

Me,C CHO Me,C Z>OMe
HOEQ/ —_— o]j;/\ 1) LIHMDS, 0 °C Q.0
_ toluene-THF(5:1 S.
y. 89% o CMe, —I (5:1) Me,C

2 CMeg HPLC Yield 97.3% Xy N-Et
o 2) Recrystallization  HO
DENH, P CMes  s.2474
o ™" s0,cI Il N—Et - '
2) K;CO3 6 Isolated Yield 80% (>99.9% purity)
y. 90%
Scheme 4
9.0
Me,C = \\S” MeO Q\ .f;o
OMe ( “N— N
N Et M93C —Et Me;c N—Et
o] 7 L 1+2+
CMe;  LiHMDS, 15min HO HO 106
9 CMEg
erythro
LIHMDS
MesC CHo 1)8,LDA 10a
3 2) HCI/ MeOH threo Slow
MOM 3) separation on SiO; 1
CMe .
erythro
v Fast

Scheme 5
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Fig. 3 Mechanistic Proposal of E-selectivity

FEAEEK LIRS T2

INSOEBRMERERE A, E-KNBRRWICE
SNTLKBHEHIZONWTERLEZ. ORI SO,
—Li—OMe F L — a > Lz 6 BEROWVWT RO
ST F A= a3 iBNT, AFTROY OFMN
HEErk-> THET T2 EZEZA LN, ZOMRHIC
WS ETY FOK10b S IENAMICERS WY
U—)VENT A N 7L % 58D 7= 2 E 1B IR g
ERHKTAHIU ROPTY A BORERT S, —
F10ans/ond LAY 42T, AR
FRNY OFREET B 7201237 Y —IIVENTY F
XML ERDS A EREH LTI RS RN, Z
K8 ZHEZXBAHIZBBIREA XD, RbEESV
TU—INENIHNYTIVELIZH D A D WRE
THhO, IHIRNEREZES TRESB ANER
HALT2HNERTH S EHITED. TORE,
10a 705 1 ANOZEHFEEIL 10b IR TENH OO,
10a, 10b WTNN S HEBEBBRIREB 2RMH T2 &
IZXD E-EBRNIZERMZGZATZDDEE AT
(Fig. 3).

8. ¥&H

Bexld, YA MAA EAMGNEY, 5-LO kU
B COX2 HEEMEE AT 5, HBRBEERE
W TH 2 S-2474 2 AL, THHETHHEEA
RERETROGRIEZMLT DI ENTER, 35

12, FORBIRERTICTONT, 6 BEEBEBIRE
HI DM EEZIRIEL, FOZYMEZBH SN bf_.

BE AR R R S O RIZERF,
HrEERE R OVEERAN ST O < D F 4 D& &
TR VERINRRTHO, LROEHBL
£9. £/, COX-2/COX-1 DHEFMZFHML T
BHEEXLEESY Y CFEKN - HRRERE L >
& — DR EGE I, Mgt IR £
El
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