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Facile Synthesis ofN-SubstitutedIsothiazol-3(2H)-ones Using a
Hypervalent lodine(lll)Reagent
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Treat ment of N-substi tuted( 2)-3-(benzyl sulfanyl) propenamides (4) with phenyliodine(l11) bis(trifluoro-
acetate) containing trifluoroacetic acid re sulted inaninter rupted Pummerer-typereactionto give N-sub sti-
tuted isothiazol-3(2H)-ones (5) rather than the nor mal Pummerer-type prod ucts.

INTRODUCTION

The Pummerer re ac tion of sulfoxides nor mally pro-
ceeds viaan acti vated sulfoxide (1) and then a thionium ion
(2) which re actswith anucleophile at car bon to af ford an
u-substi tutedsul fide." Inaninter rupted Pummerer reaction,
thetricoordinatesul furinter medi ate(1) under goesreaction
with anucleophileat sul fur lead ing to un ex pected prod uct
(Schemel)?
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I sothiazol-3(2H)-ones have found arange of in dustrial
appli cationsand arewidely usedasantimicrobial and algicidal
additives.® Themeth odsused for their synthesisinvolvethe
cyclization of cis-3-thiocyanoacrylamides by treat ment with
acid,” oxi dativeannel ation of 3,3"-dithiopropionamides us-
ing ei ther chlorineor sulfuryl chlorideasox i dant,” nucleo-
philicdisplace ment of N-sub sti tuted of 5-aroyl-3(2H)- iso-
thiazolones by treat ment with base,® and cyclization of sul-
foxidesubstratesactingassul fenyl halideequiv alents.”

Re cently, hyperval ent io dinere agents have been used
extensivelyinorganicsynthesisduetotheir lowtoxicity,

ready avail abil ity and easy han dling.® Asacontinuation of
our studiesconcerninghypervalentiodine(l11) chemistry, we
havereported aPummerer-typereactionthat providesavery
sim pleand convenient procedurefor theprep aration of 4H-
pyrrolo[2,1-c][1,4]benzothiazines by treat ment of w-acyl
sul fideswith phenyliodine(l11) bis(trifluoroacetate) (PIFA).°
Wereport hereaninter rupted Pummerer-typereaction of suk
fidesusing PIFA hasbeen ap pliedto pre pare N-substituted
isothiazol-3(2H)-ones viaintramolecular N-S bond for ma
tion.

RESULTS AND DISCUSSION

Therequi siteamides(4) werereadily pre pared from
(2)-3-benzylsulfanylpropenoic acid (3) with PhyP/CCl,-com-
plex fol lowed by treat ment with ap pro pri ateamines.™ Thus,
treat ment of 4 with PIFA containing trifluoroacetic acid
(TFA) in CH:CI, caused cyclization to give N-substituted
isothiazol-3(2H)-ones (5) inmod er ateyields. Un der these
condi tionsno sulfoxidesor nor mal Pummerer-typeprod ucts
wereobtained (Schemell). Theyieldsaresummarizedin Ta:
blel.
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Table 1. Preparation of Amides 4 and N-Substituted | sothiazol-

3(2H)-ones 5

Isolated Yidd (%)
Product R 4 5
a Pr_n 70 71
b Pr' 72 65
c BU' 71 67
d Ph 75 72
e 4-MeOCgH, 74 65
f 4-CIGH, 70 60

A mechanisticsequencefor 1,2-benzisothiazol - 3(2H)-
onering for mation using PIFA isshownin Schemelll. The
cyclization from 4 to 5isassumed to pro ceed throughinter-
rupted Pummerer-typereactioninter medi ate(7) which would
beformed by at tack of PIFA onthesul fur atom of4, fol lowed
by si mul taneouselimi nation of theiodobenzeneand trifluo-
roaceticacid fromtheresul tant sul fonium salt (6). Ap par-
ently, with out the elec tron with draw ing group on the car bon
al phato the sul fide group, trifluoroacetateionisnot basic
enoughtogener atethethioniumion.
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Insummary, our resultsherein dem on stratethat the use
of acom bined re agent PIFA-TFA in CH,Cl,isaconvenient
and use ful method for thein ter rupted Pummerer-typereac-
tion of sul fidesto pre pare N-substi tutedisothiazol-3(2H)-
ones.

EXPERIMENTALSECTION

All melting pointsareun cor rected. Thel R spectrawere
recorded on a Shimadzu IR-27 G spectrophotometer. *H
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NMR and **C NMR spec trawerere corded on aVarian Gem-
ini-200 or Varian Unity Plus400 MHz. Chemi cal shiftswere
measuredinppm (&) withrespectto TMS. MSwere ob tained
onaJEOL JMSD-300in stru ment.

General Procedure for the Prep aration of Amides4a-4f

Triphenylphosphine (315 mg, 1.2 mmol) was added
portionwise over 5 min to a solution of (Z)-3-benzyl suk
fanylpropenoic acid (3) (194 mg, 1 mmol), CCl, (308 mg, 2
mmol), and the req ui site amine (2.1 mmol) in MeCN (25
mL). Theresulting mix turewasheated at 80=Cfor 2 h. Af ter
removal of thesol vent, theresi duewasex tracted with CH.Clz.
The organic layer was washed with brine and dried over
MgSO;,. Thesol vent wasevap o rated off and theresi duewas
chromatographed on sil icagel with n-hexane:ethyl acetate
(2:1) to givethe prod ucts4a-4f.

(2)-3-(Benzylsulfanyl)-N-propylpropenamide (4a)

Col or lessneedles, mp 107-108 =C (lit.,” 108-109 “C).
IR (neat) u: 3310, 1625, 1580 cm™; *H NMR (CDCls, 400
MHz) &: 0.90 (t,J=7.6 Hz, 3H), 1.52 (tg, J = 7.6 and 7.2 Hz,
2H), 3.25(dt,J=7.2and 5.6 Hz, 2H), 3.90 (s, 2H), 5.50 (br s,
1H), 5.71 (d,J =10.0 Hz, 1H), 6.78 (d,J = 10.0 Hz, 1H), 7.30
(m, 5H); EI-MS m/z (relative intensity) 235(M*, 5), 144
(100), 91 (52), 65 (9).

(2)-3-(Benzylsulfanyl)-N-isopr opylpr openamide (4b)

Col or lessneedles; mp120-122 =C (lit.,” 120-121 =C).
IR (neat) u: 3275, 1645, 1575, 1545 cm'™; "H NMR (CDCl5,
400 MHz) &: 1.16 (d, J = 6.6 Hz, 6H), 3.91 (s, 2H), 4.13 (m,
1H), 5.66 (d, J = 9.9 Hz, 1H), 6.78 (d, J = 9.9 Hz, 1H),
7.24-7.36 (m, 5H); EI-MS myz (rel ativeintensity) 235(M*,
12), 144 (100), 102 (39), 91 (57), 65 (11).

(2)-3-(Benzylsulfanyl)-N-tert-butylpropenamide (4c)

Col or lessneedles; mp 100-101°C (lit.,” 99-100=C). IR
(neat) w: 3300, 1635, 1575 cm'®; *H NMR (CDCl 3, 400 MHz)
&:1.37 (s, 9H), 3.90 (s, 2H), 5.21 (br s, 1H), 5.63 (d, J = 10.0
Hz, 1H), 6.74 (d, J = 10.0 Hz, 1H), 7.30 (m, 5H); EI-MS m/z
(rel ativeintensity) 249(M*, 3), 158 (90), 102 (100), 91 (66),
65 (9).

(2)-3-(Benzylsulfanyl)-N-phenylpropenamide (4d)

Col or lessneedles; mp 166-167 “C (lit.,” 167-169 “C).
IR (neat) u: 3225, 1635, 1590, 1565 cm*; *H NMR (CDCl ,
400 MHz) 8: 3.95 (s, 2H), 5.88 (d, J = 10.0 Hz, 1H), 6.98 (d, J
= 10.0 Hz, 1H), 7.06-7.37 (m, 8H), 7.18 (br s, 1H), 7.56 (m,
2H); EI-MS m/z (rel ativeintensity) 269(M *, 5), 178 (80), 93
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(44), 91 (100), 65 (15).

(2)-3-(Benzylsulfanyl)-N-(4-methoxyphenyl)pr openamide
(4e)

Col or lessneedles; mp 110-112°C (lit.,” 111-112=C).
IR (neat) u: 3275, 1635, 1565, 1510 cm®; *H NMR (CDCl
200 MHz) &: 3.78 (s, 3H), 3.95 (s, 2H), 5.84 (d, J = 10.0 Hz,
1H), 6.83 (m, 2H), 6.95 (d, J = 10.0 Hz, 1H), 7.04 (br s, 1H),
7.25-7.35 (m, 7H), 7.47 (m, 2H); EI-MS nVz (rel ativeinten
sity) 299 (M*, 2), 208 (26), 123 (100), 91 (80).

(2)-3-(Benzylsulfanyl)-N-(4-chlor ophenyl)pr openamide
(46)

Col or lessneedles, mp 129-130°C. IR (neat) w: 3375,
1650, 1565, 1510 cm™: *H NMR (CDCls, 400 MHz) &: 3.96
(s, 2H), 5.85 (d, J = 10.0 Hz, 1H), 7.02 (d, J = 10.0 Hz, 1H),
7.09 (br s, 1H), 7.22-7.36 (m, 7H), 7.52 (m, 2H); EI-MSm/z
(rel ativeintensity) 303(M*, 2), 212 (18), 177 (31), 127 (26),
91 (100), 65 (10). Anal. Calcd. for C16H;4CINOS: C, 4.60; H,
63.30; N, 4.60. Found: C, 4.59; H, 63.17; N, 4.61.

N-propylisothiazole-3(2H)-ones (5a)

A solutionof (2)-3-(benzylsulfanyl)- N-propylpropen-
amide (4a) (235 mg, 1 mmol) in CH,CI, (5 mL) was added
dropwiseto aso lu tion of the mix ture of PIFA (538 mg, 1.25
mmol) and TFA (228 mg, 2 mmol) in CH,Cl. at 0=C and the
mix turewasstirred at the sametem per aturefor 1 h. Thenthe
mix turewasrefluxedfor 2htocompletethereaction. There-
sul tant mix turewas quenched with water and ex tracted with
CH2Cl,. The mix ture was dried (MgSO4) and concentrated
under reduced pressureandtheresi duewaspuri fied by chro-
matography onasil icagel col umn, elutingwithethyl acetate
to give 102 mg (71%) of 5a asan ail. IR (neat) w: 3100, 1620,
1460 cm™; *H NMR (CDCl3, 400 MHz) &: 0.97 (t,J = 7.6 Hz,
3H), 1.75(dt,J=7.6 and 7.2 Hz, 2H), 3.76 (t, J= 7.2 Hz, 2H),
6.28 (d, J = 6.4 Hz, 1H), 8.06 (d, J = 6.4 Hz, 1H); ®*C-NMR
(100 MHz, CDCl,): & 11.0, 23.1, 45.4, 114.7, 138.5, 168.9;
EI-MSm/z (rel ativeintensity) 143(M*, 44), 114 (27), 101
(100), 87 (23), 58 (14). HRMS m/z Calcd for CsHgNOS:
143.0404. Found: 143.0404.

N-Isopropylisothiazol-3(2H)-one (5b)

By usingaproceduresimi lar tothat describedfor 5a,
4b gave 5b (65%) as an ail. IR (neat) v: 2970, 1620, 1460
cm’; *H NMR (CDCl 5, 200 MHz): 1.38 (d, J = 6.8 Hz, 6H),
4.80 (m, 1H), 6.26 (d, J= 6.4 Hz, 1H), 8.04 (d, J= 6.4 Hz,
1H); *C-NMR (50 MHz, CDCl,): & 22.5, 46.1, 115.2, 138.4,
168.5; EI-MS m/z (relative intensity) 143 (M*, 33), 101
(100), 87 (9), 73 (12), 58 (10). HRMS m/z Calcd for
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CeHoNOS: 143.0404. Found: 143.0404.

N-tert-Butylisothiazol-3(2H)-one (5c)

By usingaproceduresimi lartothat describedfor 5a, 4c
gave 5¢c (67%); mp 84-85 =C (lit.,> 85-86 “C). IR (neat) u:
2960, 2920, 1725, 1620 cm*; *H NMR (CDCls, 200 MHz) &:
1.36 (s, 9H), 6.20 (d, J=6.3Hz, 1H), 7.92 (d, J= 6.3 Hz, 1H);
BC-NMR (50 MHz, CDCl5): 28.9, 58.6, 128.7, 130.8, 167.7;
EI-MS m/z (rel ativeintensity) 157 (M*, 40), 102 (100), 73

(7), 57 (33).

N-Phenylisothiazol-3(2H)-one (5d)

By usingaproceduresimi lar tothat describedfor5a,
4d gave5d (72%); mp 91-92=C (lit.> 91-92=C). IR (neat) :
3255, 3080, 1640, 1490 cm™; *H NMR (CDCls, 200 MHz) &:
6.34 (d, J = 6.4Hz, 1H), 7.33-7.60 (m, 5H), 8.17 (d, J=6.4
Hz, 1H); ®*C-NMR (50 MHz, CDCls): i 120.2, 124.3, 129.3,
129.7, 130.2, 144.0, 167.7; EI-MSm/z (rel ativeintensity)
177 (M*, 100), 104 (21), 77 (16), 58 (8).

N-(4-M ethoxyphenyl)isothiazol-3(2H)-one (5€)

By usingaproceduresimilartothat describedfor 5a, 4e
gave 5e (65%); mp 92-93 =C (lit.,” 92-93 =C). IR (neat) u:
3070, 1645, 1610 cm™; *H NMR (CDCls;, 200 MHz) &: 3.83
(s, 3H), 6.33 (d, J = 6.4 Hz, 1H), 6.97 (m, 2H), 7.44 (m, 2H),
8.15 (d,J = 6.4 Hz, 1H): **C-NMR (50 MHz, CDCl53): i 55.5,
114.5, 114.6, 126.9, 128.9, 139.3, 159.0, 167.8; EI-MSm/z
(rel ativeintensity) 207 (M, 100), 192 (25), 164 (21), 134
(38), 121 (21), 106 (16).

N-(4-Chlor ophenyl)isothiazol-3(2H)-one (5f)

By usingaproceduresimi lartothat describedfor 5a, 4f
gave 5f (60%); mp 141-142°C (lit.’ 142-144°C). IR (neat)
u: 3070, 1640, 1490 cm™; 'H NMR (CDCls, 400 MHz) &:
6.34 (d,J =6.4Hz, 1H), 7.42 (m, 2H), 7.56 (m, 2H), 8.15 (d,J
= 6.4 Hz); ®C-NMR (100 MHz, CDCl3): & 114.9, 125.7,
129.4,132.9, 135.0, 139.5, 167.4; EI-MS m/z(rel ativeinten
sity) 211 (M*, 100), 148 (40), 138 (32), 111 (12), 90 (16), 58
(12).
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