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Synthesis and some transformations of 5-isoxazolylsulfonyl
chlorides

The effect of the structure of 5-(benzylthio)isoxazoles on selectivity of the synthesis of 5-(chlorosulfonyl)
isoxazoles has been determined. The chemical behavior in relation to amines has been described.

Aim. To develop the methods for the synthesis of 5-(chlorosulfonyl)- isoxazoles and 4-chloro-5-(chlorosulfonyl)
isoxazoles as promising reagents for construction of prospective bioactive compounds.

Results and discussion. The number of 5-(benzylthio)isoxazoles was obtained by cyclocondensation of
N-hydroxyimidoy! chlorides or 2-chloro-2-(hydroxyimino) acetates with benzylethynylsulfide. Their oxidative chlo-
rination with gaseous chlorine led to formation of the mixture of isoxazole-5-sulfonyl chlorides and 4-chloroisoxa-
zole-5-sulfonyl chlorides. The ratio between these products in the mixture depended on the nature of the sub-
stitution group in position 3 of the isoxazole ring. For the synthesis of 4-chloro-5-(chlorosulfonyl)isoxazoles with
acceptable yields the approach of an advance chlorination of 5-benzylthioisoxazoles by N-chlorosuccinimide
with further oxidative chlorination was used.

Experimental part. The synthesis of the starting and target compounds was performed in classic prepara-
tive conditions; flesh-chromatography; elemental analysis; LCMS; 'H and *C NMR-spectroscopy were used.

Conclusions. The reaction of oxidative chlorination of 5-(benzylthio)-3-isoxazoles has been studied. The
synthetic approach for the previously unknown representatives of isoxazole-5-sulfonylchlorides has been developed.

Key words: N-hydroxyimidoyl chlorides; benzylethynyl sulfide; 5-(benzylthio)-3-isoxazoles; oxidative chlo-
rination; isoxazole-5-sulfonylchlorides

M. C. Nlebepb, A. O. Tonmauyos, k0. O. 3y6uyk, O. M. Boiiko, M. B. BoBk

CuHTe3 Ta Aesiki nepeTBOPEHHA 5-i3oKkcasonincynbgoHinxnopuais

BcraHoBneHo BNNMB CTPYKTYpU 5-6eH3nNTiOI30KCa30rmiB Ha CeNeKTUBHICTb YTBOPEHHST 5-i3okca3onincynb-
doHinxnopuais Ta 3'sscoBaHa xiMiyHa NoBefiHKa OCTaHHIX NO BigHOLIEHHIO 0 aMiHiB.

MeTa po60Tu — CTBOPEHHSA METOAIB CUHTE3Y 5-i30Kcasonin- Ta 4-xnopo-5-idokcasonincynbgoHinxnopuais
SIK NEPCNEKTUBHUX peareHTiB Ansi KOHCTPYIOBAHHS MNOTEHLIAHO 6i0aKTUBHUX PEYOBUH.

PesynkraTtu Ta ix obroBopeHHs. LinknokoHaeHcauieto N-rigpokciimigoinxnopuais abo 2-xnopo-2-(rigpokciimiHo)
aueraris i3 6eH3MNTIOALETUNEHOM CUHTE30BaHO HU3KY 5-BeH3UNTIOI30KCa30miB. X OKMCHIOBArbHE XMOPYBaHHS Npu-
BOOWTL [0 YTBOPEHHS CyMillli 5-i3okcasonincynb@oHinxnopuais 1a 4-xnopo-5-izokcasonincynbgoHinxnopuais,
CMiBBIAHOLLEHHSA MiX SKUMW 3aneXunTb Bi XapakTepy 3aMiCHUKIB Yy NOMOXEHHI 3 i30KCa30nbHOro LMkny. [ns cuHTe-
3y 4-xnopo-5-izokcasonincynboHiNxnopuais i3 3a40BiNbHUMU BUXOAaMU BUKOPUCTaHO BapiaHT NonepeaHboro
XnopyBaHHs siapa 5-6eH3unTioizokcasonis N-XxnopocyKLUMHIMIAOM i3 noganbLIMM OKUCHIOBANbHUM XITOPYBaHHSIM.

ExkcnepuMeHTanbHa YyacTuHa. CUHTE3 BUXIQHMX Ta LiNbOBKX CMOMNYK Y KNACUYHUX NpenapaTMBHUX YMOBaX;
mMeToan dorieL-xpomMaTtorpadii, eneMeHTHOro aHaniay, xpomatomac-cnektpometpii, AMP 'H Ta '*C-cnekTtpockonii.

BucHoBku. [locnigxeHa peakLuisi OKMCHIOBANbHOIO XiopyBaHHs 5-6eH3nnTioisokcasonis Ta po3pobneHo
CYHTETUYHUI NiOXiA A0 paHille HEBIAOMUX NpeAcTaBHUKIB 5-i30Kkcasonincynb@oHInxnopuais.

Knrovoei cnoea: N-rigpokciimigoinxnopuan; 6eHsunTioauetuneH; 5-6eH3unTioisokcasonu; oKUCHIOBarbHe
XNOpyBaHHs; 5-i3okcasonincynbgoHin-xnopunam

M. C. llebepb, A. A. Tonmauos, 0. A. 3y6uyk, A. H. Bonko, M. B. BoBk

CuHTe3 1 HeKoTOopble NpeBpaLeHust 5-u3okcasonuncynbgoxnopuaos

OnpepeneHo BNuUsiHNE CTPYKTYpbl 5-6€H3NNTMON30KCA30M0B Ha CENEKTUBHOCTL 0Opa3oBaHus 5-n3okcaso-
NMNCyNbGOHNUNXIIOPUAOB U BbISBIIEHO XMMUYECKOE NOBeAEHME NOCMNEAHNX MO OTHOLLEHMIO K aMUHaM.

Lenb paboTbl — co3gaHue MeTofoB CMHTe3a 5-130Kca3onun- 1 4-xnop-5-M3okcasonuncynbhOHNIXNTOPUO0B
KaK MepcrneKTUBHbIX peareHToB 4151 KOHCTPYMPOBaHMSA NOTEHLMANbHO GMOaKTUBHbBIX BELLECTB.

Pe3ynbTatbl u ux obcyxaeHue. LinknokoHaeHcaumen N-rugpoKCUMMULOoUnXIIOpMaAOB U 2-xmopo-2-
(rmapokcUMMUHO)aLeTaToB M3 HGEH3MNTMOALETUNEHOM CUHTE3NPOBAaHO psg 5-6eH3nnTronsokcasonos. Mx okumc-
NUTENbHOE XITOPMpOBaHMe NPMBOAUT K 06pa3oBaHMo cMeck 5-M30KcasonuncynbOHUNXIOPMA0B U 4-Xrop-5-
N30KCa30MMICyNbOHUIXNOPNAO0B, COOTHOLLEHNE MeXAY KOTOPbIMU 3aBUCUT OT XapakTepa 3aMecTuTenen B
nonoXxeHnn 3 N3okcasonbHOro Luukna. Ons cuHtesa 4-xnop-5-13okcaszonuncynb@OHUIXITOPUAOB C YOOBNETBO-
pUTENbHBLIMY BbIXO4AMM UCMONBb30BaH BapuaHT NpeaBapuTENbHOMO XNIOpUpoBaHns siapa 5-6eH3nnTrnomsokcaso-
noB N-XMOpCYKUMHUMUOOM C JATNbHENLLIMM OKUCITUTENbHbLIM XITOPUPOBAHNEM.

OkcnepumMeHTanbHas YacTb. CYHTE3 MCXOOHBIX U LENEBbIX COEANHEHMI B KNACCUYECKUX NpenapaTuBHbIX
YCNoBUSAX; METOAbI dreLl-xpomaTorpadun, aNemMeHTHOro aHanmaa, xpomatoMacc-cnekrpomerpun, AMP H un
8C-cnekTpockonumu.

BbiBoAbl. ViccnenoBaHa peakumsi OKUCIIUTENBHOIO XIopupoBaHust 5-6eH3nnTMonsokcasonos 1 paspabo-
TaH CUHTETUYECKMIA NOOXOA K paHee HEeU3BECTHbIM NPeACcTaBUTENAM 5-130KCa30nNmnNCynbOHUIXNOPUaOB.

Knroyesnie cnoea: N-rugpokcnnmmnaonnxnopuabl; 6eH3nnTuoaueTuneH; 5-6eH3mnTmon3okcasonsl; OKUC-
NUTENbHOE XNOPUPOBaHKE; 5-M30KCa30nuUN-CcynbOHUNXTOPUAbI
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The heterocyclic system of isoxazole is an impor-
tant representative of azoles known for their wide
use in modern organic synthesis [1-3] and biomedi-
cal chemistry [4]. The isoxazole core is the key phar-
macophore in a number of biologically active com-
pounds: oxygenase inhibitor 2-Parecoxib, antagonist
of GABA Sulfamethoxazole, antibiotic Oxacillin, her-
bicide Isoxaflutole, and the drug for rheumatoid arth-
ritis Leflunomide [5]. The most recent investigations
are focused on 5-subtitued isoxazoles [6, 7] where
isoxazole-5-sulfonamides have been found as active
nematocidal sulfonamides [8], agents for the treat-
ment of atherosclerosis [9], hydroxy steroid dehydro-
genaze inhibitors [10], and protein kinase inhibitors
[11]. Such sulfonamides are usually synthesized by
the modification of basic amino compounds of isoxa-
zolyl-5-pentafluorophenyl sulfonates (I) or 5-chloro-
sulfonylisoxazoles (II) (Scheme 1).

The diversity of the titled reagents is limited, while
methods of synthesis are not perfect. For example,
for the synthesis of sulfonates I the cyclocondensa-
tion of a-bromopentafluorophenylvinyl sulfonate with
aryl N-hydroxyimidoyl chlorides was suggested [6],
and for the synthesis of sulfonyl chlorides II the oxida-
tive chlorination of bis(isoxazol-5-yl)disulfides was
proposed [12]. Thus, we have focused our attention
on development of the preparative method of the syn-
thesis of 5-isoxazolylsulfonyl chlorides that are uni-
versal reagents for sulfonylation.

The method of the synthesis of aromatic and he-
teroaromatic sulfonyl chlorides based on oxidative
chlorination benzylaryl- or benzylheteroaryl sulfides
was published [13-15]. We used such approach for
synthesis of a number of 5-(chlorosulfonyl)isoxazo-
les. With the above goal and considering the results
of the previous work [16] the cyclocondensation of
N-hydroxyimidoyl chlorides 1a-d [17] or 2-chloro-
2-(hydroxyimino)acetates 1h,i [18] with benzylethy-
nylsulfide 2 [19] was performed. It was found that
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compounds 1a-i after treatment with triethylamine
gave the corresponding nitrile oxides which in mild
conditions had inclination to [3+2]-cycloaddition with
acetylene derivative 2 with formation of 5-(benzyl-
thio)- isoxazoles 3a-i with the yield of 71-95 %. The
abovementioned had an exception with compound
3b with 2,2,2-trifluoroethyl substitution group for
which yield was not more than 43 % (Tab. 1, 2).

Solutions of 3a-i in the mixture of water and chloro-
form were chlorinated with gaseous chlorine at 5-10 °C.
The conversion of these mixtures finished in 3 h.
The resulting mixtures were resoluted by column
flesh-chromatography to obtain isoxazole-5-sulfonyl
chlorides 4a-i and 4-chloroisoxazole-5-sulfonyl chlo-
rides 5a,c-e (method g, Tab. 1, 2). The ratio between
these products in the mixture depended on the na-
ture of the substitution group in position 3 of the iso-
xazole ring. Compounds with electron donating alkyl
and phenyl groups in 3 formed the corresponding pro-
ducts 4a,c-e with the yield of 5-20 %, while compounds
with electron withdrawing groups formed the corres-
ponding products 4b,f-i with the yield of 38-63 %. At
the same time, the isolated yields of 4-chloroisoxa-
zole-5-sulfonyl chlorides 5a,c-e were 16-39 %. We
suppose that the sulfonyl chloride group deactivate
the mobility of position 4 of the isoxazole ring. Thus,
the increase of the chlorination period from 3 h up
to 5 h did not affect the overall yield of products 5
(Scheme 2).

The problem of a direct process towards forma-
tion of sulfonyl chlorides 5a,c-e was solved by advan-
ce chlorination of compounds 3a,c-e with N-chloro
succinimide. This allowed obtaining 4-chloro substi-
tuted derivatives 6a-d used for further oxidative chlo-
rination with gaseous chlorine without additional pu-
rification. Such approach allowed obtaining the tar-
get compounds 5a,c-e with the yield of 46-68 %
(method b, Tab. 1, 2, Scheme 3).

To display the synthetic potential of the deriva-
tives obtained the bifunctional derivative 4h was se-
lected as a convenient representative. Compound 4h
is an interesting scaffold for design of new promising
bioactive structures. It reacted with aqueous ammo-
nia at -40 °C with formation of sulfonamide 7a. The
same transformation with the ammonia excess at 0 °C
finalized with carboxamide 8a. The reaction of 4h with
morpholine at 0 °C led to compound 7b. Compounds
7a,b could be easily transformed into diamides 8a-c

R R Cl
cl,
0
LN S U ¥
o jya Nl e
4a-iO 5a,c-e o

1, 3-5, R = Me (a), CF,CH, (b), cyclo-C,H; (c), t-Bu (d), Ph (e), p-CF;-C¢H, (f), 4-O,N-CsH, (g), CO,Me (h), CO,t-Bu (i)

Scheme 2
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Table 1
Yields, T. mp., MS spectra and elemental analysis data for compounds 3a-i, 4a-i, 5a,c-e
Compound |  Yield, % T.mp., °C (eluent) [M+1]* c Foun:, % N Thefoerrruﬁigcal Ealcula:led, %N
3a 74 oil (hexane) 206 |64.55|551|690| C,H,NOS |6436]540] 6.82
3b 43 oil (MTBE-hexane, 5%) | 274 |52.85|3.76 | 5.16 | C,HF,NOS | 52.74 | 3.69 | 5.3
3¢ 71 60-62 232 |67.39]5.78|6.00| C,H,NOS |67.50 566 ] 6.06
3d 71 oil (MTBE-hexane, 5 %) | 248 |68.11|7.04|569| C,H,NOS |67.98]693] 566
3e 78 94-96 268 |71.99|498|5.17| C,H,NOS | 7188|490 524
3f 76 118-120 336 |60.76|3.69 | 422 | CH,F,NOS | 60.89 | 3.61 | 4.18
3g 76 127-128 313 |61.66|3.94] 9.06| C,H,N0S |61.53]387]897
3h 95 ol 250 |58.00|4.40|554| C,H,NOS |57.82]445] 562
3i ) il 6171|579 476| C,.H,NOS |61.83]588] 481
4a 15 oil (CHCl,-hexane, 35 %) 2661|207 7.78 | CH,CINO,S | 2646 | 222 | 7.71
ab 45 oil (MTBE-hexane, 5 %) 2420 1.13 | 568 | C.H,CIF,NO,S | 24.06 | 1.21 | 5.61
4c 5 oil (hexane) 34.64(299|6.71 | CHLCINO,S |34.71 291 6.75
ad 12 3840 (CHCI,-hexane, 5 %) 3772|462 632 | CH,CINO,S |37.59 | 451 | 6.26
de 20 CHCI3—:e7>-<2r816£,10%) 4452|259 |586| CHCINO,S |44.36 248|575
af 63 85-86 38.66 | 1.71 | 4.5 | C,,H.CIF,NOS | 38.54 | 1.62 | 4.49
(MTBE-hexane, 15 %) 100 =T3S
49 82 116-117 (CHCl,) 37.56|1.78 | 9.80 | C,H.CIN,0,S |37.45 | 1.75 | 9.70
ah 41 oil (MTBE-hexane, 15 %) 2651189 | 6.14 | CH,CINO,S | 2662 | 1.79 | 6.21
4 38 52-53 (MTBE-hexane, 5 %) 3598383 | 529 | C,H,CINO.S | 3590 |3.77 | 5.23
5a lgﬁmgiﬂggg il (CHCl,-hexane, 35 %) 2233(1.52| 660 | CH,CLNO,S | 2224 | 1.40 | 6.48
5c | 16(methoda) oil (hexane) 2086|213 | 5.88 | CH,CI,NO,S | 29.77 | 2.08 | 5.79
57 (method b) 652

5d 2252?2833 oil (CHCl,-hexane, 5 %) 3268359 | 550 | CH,CL,NO,S | 3257 |3.51 | 543
Se gégmgmggg; oil (hexane) 3874|187 509 | CH.CL,NO,S | 3887|181 5.04

by the reaction with amines or ammonia. The car-
boxylic function in 7a,b could be transformed into
synthetic promising derivatives with hydroxymethyl
(compounds 9a,b) or bromomethyl (compounds 10a,b)
group (Scheme 4).

Experimental Part

All chemicals and solvents were obtained from
Enamine Ltd. and used without further purification.
NMR spectra were recorded on a Bruker Advance 400
spectrometer (*H NMR at 399.98 MHz and 3C NMR

/
o)
Scheme 3
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at 125.7 MHz) in CDCl, [for compounds 7a,b, 9a,b,
10a,b in DMSO-d,; for compounds 4a,b in C,D,]. LC/MS
spectra were recorded on an Agilent 1100 LCMSD SL
instrument, column Zorbax SB C18 1.8 um 4.6 x 15 mm,
solvent DMSO, ionization at atmospheric pressure
(70 eV). The melting points were measured with a Koh-
ler melting point apparatus and were not corrected.

5-(Benzylthio)-3-substitutedisoxazoles(3a-i).
To the mixture of N-hydroxyimidoyl chlorides 1a-i
(40 mmol, 1 equiv) and benzylethynyl sulfide 2 (5.92 g,
40 mmol, 1 equiv) in ethyl acetate (150 mL) add drop-

Cl
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Table 2
'H and *C NMR data for compounds 3a-i, 4a-i, 5a,c-e
Compound '"H NMR spectra, §, ppm 13C NMR spectra, 6, ppm
3a 2.24 5 (3H, CH,), 4.21 s (2H, CH,), 5.90 s (TH, H%), 11.5 (CH,), 37.7 (CH,), 105.6 (C*), 127.7,128.7,
7.22-7.35m (5H,H,) 128.8,136.3 (C,), 160.5 (C?), 165.0 (C°)
a 31.8 q (CH,, J.; = 32.0 Hz), 37.8 (CH,), 105.0 (C*),
3b (31",:5 34()2? =] (()54HH;)’ )4 215 (2H,CH), 6085 155 5 q(CF.y ). = 275.0 Hz), 128.8,128.8, 135.9
P esn r A (C,), 155.1 q(C3, J.; = 4.0 Hz), 167.0(C%)
s |S5e-083m ﬁ: g:;” 4Oi960;1(§45 '(T:‘Fﬁz)”é%'gzg'“ i e, |74(CH), 8.0 (CHy), 37.8 (CHY), 1025 (C), 1277,
K . 7 y T 12 2/r 2 7 ’ 3 5
720737 m (5H. H,) 128.7,128.9,136.3 (C,), 164.7 (C3), 167.1(C°)
3d 1.29 5 (9H, CH,), 4.21 5 (2H, CH,), 5.95 s (TH, H%), 29.3 (CH,), 32.1 (CH), 37.9 (CH,), 103.4 (C%), 127.7,
7.26-7.33m (5H,H,) 128.6,128.9,136.4 (C,), 164.3 (C3), 172.7 (C°)
3e 4295 (2H, CH,), 6.39 s (1H, H%), 7.26-7.37 m (5H, H,)), |37.9 (CH,), 103.2 (C%, 126.7,127.85, 128.7, 128.8,
7.43-7.48 m (3H,H,), 7.73-7.78 m (2H, H,) 128.9,128.9,130.1,136.3 (C,), 163.0 (C?), 165.8(C°)
4 —
4285 (2H, CH,), 637 s (TH, HY), 7.24-7.34 m (5H, H,), |72 (CH) 103.0(C), 123.8 4(CF5, e = 271.0 Hz),
3f 768d QH. H. ) = 8.4 Hz), 7.83 dOH H. J = 8.4 He 1259 CayJer =40H2),127.1,127.9,128.8, 1288,
: 1l = ST L Al ke 131.8,132.1,136.1 (C,), 161.9 (C3), 166.8(C°)
3 4325 (2H,CH,), 6.43 s (1H, H%), 7.26-7.39 m (5H,H,), |37.9 (CH,), 102.9 (C*), 124.2,127.6,128.0, 128.8,
9 7.92d(2H,H,, ) =8.5Hz),831d (2H,H,, J=85Hz) |128.8,134.8,135.9,148.7 (C,), 161.2 (C3), 167.4(C°)
3h 3.935(3H, CH,), 4.24 s (2H, CH,), 6.45 s (1H, H), 38.0 (CH,), 52.9 (CH,), 105.3 (C%), 128.0, 128.8,
7.24-7.32m (5H,H,) 128.8,135.6, 156.6 (C,,), 160.0 (C3), 168.2(C°)
3 1.56 s (9H, CH,), 4.22 s (2H, CH,), 6.38 s (1H, H%), 28.0 (CH,), 37.9 (CH,), 83.8 (CH), 105.3 (C*), 127.9,
7.15-7.34m (5H,H,) 128.8,135.8,158.1 (C,), 158.6 (C3), 167.5 (C°)
4a 1.46 s (3H, CH,), 5.57 s (1H, H*) 10.4 (CH,), 109.2 (C*), 160.2 (C3), 164.7 (C°)
30.8 q(CH,, J. = 33.0 Hz), 108.5(C*), 123.9 q(CF,,
— 4 21 2C-F 3
4b 2.62q (2H, CH,, J=10.0 Hz), 6.09 s (1H, H*) Jes = 277.0 Hz), 155.2 (C?), 166.2 (C?)
0.82-0.98 m (2H, CH,), 1.07-1.29 m (2H, CH,), . , S
4c 1.97-2.11 m (1H. CH), 6.72 s (1H, HY 7.5 (CH), 9.0 (CH,), 107.0 (C%, 165.0 (C3), 167.4 (C°)
ad 1.36 5(9H, CH.), 6.94 s (1H, H%) 29.2 (CH,), 32.9 (CH), 107.3(C%), 165.1(C3), 172.8(C°)
4e 7.245(1H, H%), 7.44-7.56 m (3H,H, ), 7.74-7.85 m (2H, H,) | 107.2 (C*), 1264, 1294, 131.6 (C,), 163.1(C3), 165.9 (C°)
. _ 107.0 (C*), 123.5 q (CF,, ). = 270.0 Hz), 126.4 q
af (72";9 ;(1 T’_HS);&‘S d(2H, Hy,) =8.4 Hz), 7.95 d (s =4.0Hz),127.4,129.8,133.3 q(C,,
ol =S Jo;=33.0Hz), 161.9(C3), 166.5 (C°)
4 7.44 s (1H, H%,8.03d (2H, ) = 8.4 Hz), 8.37 d 107.1 (C%),124.6,128.1, 132.3, 149.6(C, ), 161.3(C3),
9 (J=84Hz) 166.8 (C°)
4h 4.00's (3H, CH,), 7.41 s (1H, H* 53.7 (CH,), 1094 (C%), 156.6 (C3), 157.9 (CO), 166.8 (C°)
. 27.9 (CH,), 85.6 (CH), 109.4 (C%), 156.5 (C3), 157.9
4 3
4 1.59's (9H, CH,), 7.33 s (1H, H*) (€0), 166.5 ()
5a 2.40s (3H, CH,) 10.0 (CH,), 115.0 (C*), 159.7 (C3), 160.7 (C°)
5¢ 1.13-1.20 m (4H, CH,), 1.87-1.95 m (1H, CH) 5.8 (CH), 8.8 (CH,), 115.0 (C%), 159.6 (C3), 165.5 (C5)
5d 1.46 s (9H, CH,) 27.4(CH,),34.2 (CH), 113.3(C*), 160.8 (C3), 168.9 (C°)
i B 113.4(C%), 124.7,128.1,129.1,131.5 (C,)), 160.8
5e 7.51-7.65m (3H,H,), 7.87 d (2H, H, J = 7.0 Hz) (©). 1613 ()

wise the solution of TEA (4.45 g, 44 mmol, 1.1 equiv)
in ethyl acetate (100 mL) within subsequent 10-12 h
at 0 °C. When addition is completed, stir the resulting
reaction mixture for 15 h at room temperature. Then
dilute it with water (150 mL), wash with brine (100 mL).
Dry the organic layer separated over sodium sulfate
and concentrate under reduced pressure. Re-crystal-
lize compounds 3c¢,e,f,g from 2-propanol, purify com-

pounds 3a,b,d by flash chromatography, and obtain
compounds 3h,i without purification.
3-Substituted isoxazole-5-sulfonyl chlorides
(4a-i) and 4-chloro-3-substituted isoxazole-5-sul-
fonyl chlorides (5a,c-e) (method a). Place the mix-
ture of compounds 3a-i (75 mmol) in dichloromethane
(800 mL) and water (300 mL) in a glass flask. Then
cool it with ice, and pass gaseous chlorine carefully
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through the mixture while stirring vigorously for over
the next 3 h, keeping the temperature of the reaction
mixture below 10 ¢C. Add crushed ice (500 g), then
Na,S0, till discoloration of the organic layer keeping
the temperature of the reaction below 10 2C. Sepa-
rate the organic layer, and wash the aqueous layer
with dichloromethane (1 x 200 mL). Dry the com-
bined organic layers over sodium sulfate and con-
centrate under reduced pressure on a water bath at
the temperature of not more than 35 °C. Purify the
residue by flash chromatography.
4-Chloro-3-substituted isoxazole-5-sulfonyl chlo-
rides (5a,c-e) (method b). To the solution of com-
pounds 3a,c-e (16 mmol, 1 equiv.) in the appropri-
ate solvent (CH,CN (30 ml) for 3a,c,e or DMF (30 ml)
for 3d add N-chlorosuccinimide (2.38 g, 18 mmo],
1.1 equiv), and stir the resulting mixture overnight at
room temperature. Then dilute it with water (120 mL)
and extract with ethyl acetate (2 x 70 ml). Wash the
combined organic phases with brine (100 ml), dry
over sodium sulfate, and concentrate under vacuum
to obtain compounds 6a-d used without purification.
Place the mixture of compounds 6a-d (75 mmol) in
dichloromethane (800 mL) and water (300 mL) in
a glass flask. Then cool it with ice, and pass gaseous
chlorine carefully through the mixture while stirring
vigorously for over the next 3 h, keeping the tempe-
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rature of the reaction mixture below 10 °C. Add cru-
shed ice (500 g), then Na,SO, till discoloration of the
organic layer keeping the temperature of the reaction
below 10 °C. Separate the organic layer, and wash the
aqueous layer with dichloromethane (1 x 200 mL).
Dry the combined organic layers over sodium sulfate
and concentrate under reduced pressure on a water
bath at the temperature of not more than 35 °C. Pu-
rify the residue by flash chromatography.

Methyl 5-(aminosulfonyl)isoxazole-3-carboxy-
late (7a). To the solution of NH,0H (25 % 0.41 g, 2.6 mmol,
2.2 equiv.) in THF (15 ml) add dropwise the solution
of compound 4h (0.3 g, 1.2 mmol, 1 equiv.) in THF
(10 ml) while stirring at - 40 °C. When addition is
completed, stir the resulting mixture for 10 min, and
add hydrochloric acid (10 M) to the mixture to adjust
pH 2. Then concentrate it, and dissolve the residue
in water (30 ml). Extract the resulting solution with
ethyl acetate (2 x 30 ml). Dry the combined organic
layers over sodium sulfate, and concentrate under re-
duced pressure to obtain the target compound. Yield -
0.2g(72%).M.p.-133-136 °C'HNMR, 6, ppm: 3.93 s
(3H,CH,), 7.32 s (1H, H*),8.51 br s (2H, NH,). 3C NMR,
S, ppm: 53.7 (CH,), 106.1 (C*),156.8 (C?), 159.1 (C5),
171.1 (CO). LC-MS (APCI): m/z [M+H]*207.0. Anal.
Calcd for C;H(N,O.S: C 29.13,H 2.93, N 13.59. Found:
C29.31,H 3.01, N 13.65.
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Methyl 5-(morpholin-4-ylsulfonyl)isoxazole-3-
carboxylate (7b). To the solution of morpholine (0.63 g,
7.2 mmol, 2 equiv.) in THF (20 ml) add dropwise the
solution of compound 4h (0.81 g, 3.6 mmol, 1 equiv.)
in THF (10 ml) while stirring at 0 °C. When addition
is completed, stir the resulting mixture for 30 min.
After that concentrate it, and dissolve the residue in
water (30 ml). Extract the resulting solution with ethyl
acetate (2 x 30 ml). Dry the combined organic layers
over sodium sulfate, and concentrate under reduced
pressure to obtain the target compound. Yield - 0.88 g
(89%).M.p.-115-117°C.'HNMR, §, ppm: 3.27-3.32 m
(4H, CH,), 3.75-3.81 m (4H, CH,), 4.02 s (3H, CH,),
7.16 s (1H, H*). ®*CNMR, §, ppm: 46.0 (CH,), 53.7 (CH,),
65.7 (CH,), 109.7 (C*, 157.1 (C?), 159.0 (C°), 165.0
(CO).LC-MS (APCI): m/z [M+H]*277.0. Anal. Calcd for
C4H,,N,0,S: €39.13,H 4.38, N 10.14. Found: C 39.29,
H 4.43,N 10.22.

5-(Aminosulfonyl)isoxazole-3-carboxamide (8a).
To the solution of NH,OH (25 %, 0.66 g, 9.7 mmol,
4 equiv.) in THF (15 ml) add dropwise the solution
of compound 7a (1.09 g, 4.85 mmol, 1 equiv.) in THF
(15 ml) while stirring at 0 °C. In 30 min concentrate
the solvent under vacuum and add water (10 ml) to
the residue. Extract the water solution with ethyl ace-
tate (3 x 20 ml). Combine organic layers, dry with
sodium sulfate and concentrate under vacuum pro-
viding a pure product. Yield - 0.73 g (79 %). M. p. -
175-176 °C.'H NMR, §, ppm: 7.21 s (1H, H*), 8.03 s
(1H,NH), 8.34 s (1H, NH), 8.42 br s (2H, NH,). *C NMR,
8, ppm: 105.3 (C*), 159.3 (C?), 159.5 (C®), 170.4 (CO).
LC-MS (APCI): m/z[M-H] 190.0. Anal. Calcd for C,H;N,0,S:
C25.13,H2.64,N 21.98. Found: C 24.98,H 2.73,N 22.07.

N-Alkyl-5-(morpholin-4-ylsulfonyl)isoxazo-
le-3-carboxamides (8b,c). To the solution 7b (0.2 g,
0.72 mmol, 1 eq) in CH,CN (10 ml) add the correspon-
ding amine (0.79 mmol, 1.1 eq), and reflux the re-
sulting mixture for over 8 h. Then concentrate it, and
re-crystallize the residue from 2-propanol to obtain
a target compound.

N-Benzyl-5-(morpholin-4-ylsulfonyl)isoxazo-
le-3-carboxamide(8b). Yield - 0.17 g (68 %). M. p. -
138-141 °C.'H NMR,§, ppm: 3.20-3.34 m (4H, CH,),
3.66-3.83 m (4H, CH,), 4.61-4.66 m (2H, CH,), 7.16-7.41 m
(6H,H,). *CNMR, §, ppm: 43.7 (CH,), 45.8 (CH,), 66.0
(CH,), 108.28 (C*), 127.9, 128.0, 128.9, 136.9 (C,,),
157.0 (C?), 158.5 (C%), 165.7 (CO). LC-MS(APCI): m/z
[M+H]*352.0. Anal. Calcd for C,;H,;,N,0.S: C 51.27,
H 4.88, N 11.96. Found: C 51.42, H 4.97, N 12.06.

4-{[3-(Pyrrolidin-1-ylcarbonyl)isoxazol-5-yl]
sulfonyl}morpholine (8c). Yield-0.18 g (79 %). M. p. -
131-134 °C. 'H NMR, §, ppm: 1.92-2.02 m (4H, CH,),
3.21-3.35m (4H, CH,), 3.60-3.69 m (2H, CH,), 3.71-3.80 m
(4H, CH,), 3.81-3.89 m (2H, CH,), 7.15 s (1H, H*).
BCNMR, §, ppm: 23.9,26.2,45.8,47.2,48.7,66.0 (CH,),
109.9 (C%), 156.7 (C?), 159.8 (C®), 164.3 (CO). LC-MS

(APCI): m/z [M+H]*316.0. Anal. Calcd for C;,H,,N,0.S:
C45.71,H5.43,N 13.32. Found: C45.59,H 5.32, N 13.24.
3-(Hydroxymethyl)isoxazole-5-sulfonamides
(9a,b). To the solution of compounds 7a,b ( 1.8 mmol,
1 equiv.) in ethanol (25 ml) add the powdered NaBH,
(0.14 g, 3.6 mmol, 2 equiv.) in several portions while
stirring and cooling with an ice bath. When addition
is completed, stir the resulting mixture overnight at
room temperature, then concentrate it under redu-
ced pressure on a water bath at a temperature of not
more than 35 °C. Suspend the residue in water (4 ml),
and then extract with EtOAc (3 x 10 ml). Dry the com-
bined organic layers over sodium sulfate and con-
centrate under vacuum. Re-crystallize the residue from
2-propanol to obtain a target compound.
3-(Hydroxymethyl)isoxazole-5-sulfonamide
(9a). Yield - 0.24 g (76 %). M. p. - 89-91 °C. 'H NMR,
S, ppm: 4.55 s (2H, CH,), 5.65 brs (1H, OH), 6.9 s (1H,
H*),8.31 brs (2H, NH,). ®*C NMR, §, ppm: 55.2 (CH,),
105.3 (C*), 169.0 (C3), 165.5 (C°). LC-MS (APCI): m/z
[M+H]*179.2. Anal. Calcd for C,H,N,0,S: C 26.97, H
3.39,N 15.72. Found: C 27.11, H 3.49, N 15.63.
[5-(Morpholin-4-ylsulfonyl)isoxazol-3-yljme-
thanol (9b). Yield - 0.23 g (51 %). M. p.- 98-100 °C. 'H
NMR, §, ppm: 3.09-3.18 m (4H, CH,), 3.61-3.68 m (4H,
CH,),4.59d (2H,CH,,] =5.6 Hz),5.75 br s (1H, OH), 7.20
s (1H, H*). BCNMR, §, ppm: 46.1 (CH,), 55.2 (CH,), 65.7
(CH,), 109.0 (C%), 162.8 (C*), 165.9 (C°). LC-MS (APCI):
m/z [M+H]* 249.2. Anal. Calcd for CH,,N,0.S: C 38.71,
H 4.87, N 11.28. Found: C 38.54, H 4.99, N 11.37.
3-(Bromomethyl)isoxazole-5-sulfonamide
(10a,b). To the solution of the corresponding com-
pounds 9a,b (1.2 mmol, 1 equiv.) in CH,Cl, (15 ml)
add dropwise the solution of PBr; (0.16 g, 0.6 mmol],
2 equiv.) in CH,Cl, (5 ml) while stirring at 0 °C. When
addition is completed, stir the resulting mixture over-
night. Then dilute it with crushed ice (40 g), and add
sodium bicarbonate to adjust pH 7. Extract the resul-
ting mixture with CH,Cl, (2 x 30 ml). Dry the com-
bined organic layers over sodium sulfate and con-
centrate under vacuum.
3-(Bromomethyl)isoxazole-5-sulfonamide
(10a). Yield - 0.13 g (46 %). M. p. - 92-93 °C. 'H NMR,
S, ppm: 4.72 s (2H, CH,), 7.1 s (1H, H*), 8.40 s (2H,
NH,). ®C NMR, §, ppm: 21.1 (CH,), 106.3 (C*), 162.3
(C*),169.8 (C°). LC-MS (APCI): m/z [M+H]*242.8. Anal.
Calcd for C,H,BrN,0,S: C19.93,H 2.09, N 11.62. Found:
C20.09,H 2.21,N 11.72.
4-{[3-(Bromomethyl)isoxazol-5-yl]sulfonyl}
morpholine (10b). Yield - 0.25 g (68 %). 'H NMR,
S, ppm: 3.24-3.31 m (4H,CH,), 3.72-3.78 m (4H, CH,),
4.42 s (2H, CH,), 6.86 s (1H, H*). *C NMR, §, ppm:
19.3 (CH,), 45.8 (CH,), 66.0 (CH,), 108.6 (C*), 161.3
(C?), 165.0 (C*). LC-MS (APCI): m/z [M+H]* 314.0.
Anal. Calcd for C,H,BrN,0,S: C 30.88, H 3.56, N 9.00.
Found: C 30.66, H 3.68, N 8.88.
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Conclusions 2. The synthetic potential of the resulting com-

pounds has been demonstrated by the examples of the

1. The reaction of oxidative chlorination of 5-(ben-  interaction of 5-(chlorosulfonyl)isoxazole-3-carboxy-

zylthio)-3-isoxazoles has been studied. The data late with amines. The above products are reduced and
obtained has been efficiently used for the synthe- brominated with formation of sulfonamides.

sis of the previously unknown isoxazole-5-sulfonyl Conflicts of Interests: authors have no coflict of
chlorides. interests to declare.
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