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SYNTHESIS OF ISOTHIAZOLES 

THE TRANSFORMATION OF ISOXAZOLES INTO ISOTHIAZOLES 
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Abmfrmi-A method has been devised whereby a substituted isoxazole (I) can be efficiently converted to 
an isothiazole (III) with a similar substitution pattern. The isoxazole ring is opened by reduction with 
Raney nickel, and the resulting enamino ketone (II) is treated with phosphorus pentasuhide and chloranil 
to give the corresponding isothiazole derivative. Thus, by taking advantage of the relatively numerous 
and reliable routes available for the preparation of variously substituted isoxazoles, it is now possible to 
obtain readily many isotbiazole derivatives which were previously available only with great difficulty. 

ACTIVE investigation of the chemistry of the isothiazole ring system and its derivatives, 
apart from the benzisothiazoles, has come only in recent years.’ During this time, 
a number of routes have been devised for the preparation of variously substituted 
isothiazoles, notably the oxidative cyclization of imino thioamides of Adams and 
Slack2 and Goerdeler,’ and of imino thioketones of Crenshaw,4 the treatment of 
olefms with sulfur dioxide and ammonia according to Hubenett,‘b the Wille’ sequence 
starting with an acetylenic aldehyde or ketone, the dithiolium salt method of Leaver 
and Robertson6 the Williams mercapto nitrile route,’ and a number of others.* 
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We now wish to report a general synthesis of isothiazoles which employs an isox- 
azole of the corresponding substitution pattern as the precursor. The sequence 
consists of the reductive ring opening of the isoxazole, I, to the enamino ketone, II, 
followed by treatment with phosphorus pentasulfide and an oxidizing agent to give 
the isothiazole, III. 

The availability of the isoxazole precursors (I) will depend upon the substitution 
pattern desired. Unlike the isothiazoles, the isoxazoles have been studied extensively 
for many years? and a number of fairly general synthetic schemes are available. 
More recent work, in addition to clearing some of the contusion which existed in the 
older literature,10 has confirmed the utility of these schemes in the preparation of a 
wide range of variously substituted isoxazoles.’ ‘* r2 

The reductive ring-opening of isoxazoles of the type I to an enamino ketone of the 
type II has been known for some time” and has been shown to apply to isoxazoles 
with a wide range of substitution pattems.‘4 In our experience, the reduction pro- 
ceeded cleanly and selectively with commercial Raney nickel and the products, which 
are shown in the enamino ketone tautomeric form,* showed a considerable stability 
to hydrolytic and cleavage conditions. 

TAB= 1. ENANIM K~ONES (II) 

Analysis 

Compound Mp. “C Yield, % Formula Raquirad % Found, % 

C H N C H N 

IIb 
IIC 
IId 
IIC 
IIf 

IIg 
IIj 
IIm 
110 

81-82 54b 
167 88‘ 
231-232 44’ 
145-147 
155-156.5 2 

226-228 58 5 
83-84 53’ 
97 8ob 

6693 648 600 66.79 6.57 6.02 
52-49 392 6G9 52.53 4.02 5.96 
51.79 316 1098 51.57 3.19 lo.85 
48.18 3.31 5.11 48.30 3.29 4.93 
5002 3.85 4.86- 5012 3.86 4.78 
48.37 3.69 1026 4840 3.88 1@26 
59.30 5.88 6.28 59.22 5.89 6.22 
6574 598 6.39 6542 600 648 
53.51 7.12 891 53.43 7.01 9.02 

a Recryatalhzed fiorn acetoncwater. 
b Recrystallixd from Skellyaolve B. 
’ Recrystallized from ethyl acetat&kellysolvc B. 
’ Recrystallixd from toluenc. 
l Recrystallizd from 2-propanoCwater. 

l The 0th~ tautomcric form, the imino enoh carmot be excluded. In the cases of II where R’ = CO,Me 
and R” = Me, thcac protons were usually aeon in the NMR (CD&) as singlets at about d 3.3 and d 2.3 
respectively. Some preparation contained small (< 10%) amounts of a component in which these peaks 
came at 6 2.15 and 6 3.8, while the Me of IIg always appeared aa two peaks at S 1.5 and 6 2.2 (in DMSO-d,) 
It was felt that these apparent mixtures could be ascribed to dilTerencea in hydrogen bonding. In the case 
of 110, the Me peaks came at 6 3.75.6 2.27 and d 2.23. For Iim, the Me’s appea& aa double peaks at d 
3.39 and 6 3.27, and 6 2.29 and 6 293 ; this may represent a mixture of tautomeric forms. The IR spectra 
were consistent with a conjugated CO at ca. 17oOcm-’ and a hydrogen bonded CO at ca. 16oocm-‘. 
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Table 1 lists the physical data for some of the enamino ketones prepared during 
these studies. It is noteworthy that other investigators have also recognixed the 
synthetic utility of a readily available cnamino ketone ~ystem.‘~* is 

The conversion of the enamino ketones to isothiaxoles was approached t?om the 
point of view of an initial conversion of the ketone to a thioketone and then, in an 
oxidation step, closure of the ring. Many of the known methods for converting ketones 
to thioketones16 were tried.* In most cases, either no reaction was obtained, or the 
cnamino ketone was degraded in some specilict or non-specific way. It was found, 
however, that phosphorus pentasulfide$ in conjunction with an oxidizing agent was 
successful in effecting the desired conversion to the isothiazole. A limited attempt was 
made to find the optimum reaction conditions, with the following results : (a) Two 
molar equivalents of fresh phosphorus pentasulfide are preferred. Lower yields were 
obtained with one equivalent ; three equivalents gave the same yields as two (Table 2, 

TABLET. PREFWATIONOFTHEISUTHLUOLEESITR IIIf 

No. 
MOkS MOlCS Moles Tie, Yielc, 

PISS chloranil S min % 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

0.03” 
0.03’ 
003’ 

- 003’ 
- 03 
- OQ3 
- M3 

ON - 
001 - 
001 - 
001 - 
002 - 
1 - 

10 38 
30 31 
w 37 
15 43 
15 53 
15 61 
15 61 
15 50 
15 37 
15 33 

’ Old PIS, used. 
b Fresh P,S, used. 
’ Run at loo” instead of reflux. 
’ O+Ol mole of 2,3dichloro-5,6dicyaoo-l&benzoquinonc. 

Nos. 6-g). Assuming two “available” atoms of sulfur per mole of P,S5, this corresponds 
to a 4fold excess ; (b) Using IIf as a standard substrate, one equivalent of chloranil 
was the best oxidizing system found. This was superior to two equivalents of chloranil, 
one equivalent of 2,3dichloro-S$-dicyano-l,&enxoquinone, three equivalents of 
sulfur, or subsequent treatment with iodine. Of considerable interest was the obser- 
vation that, when no additional oxidizing agent was added, an appreciable amount of 
isothiaxole was stiII obtained ; (c) Toluene, which seemed to combine favorable 
solvent properties, inertness, and reflux temperature, was used as the reaction medium. 
The reaction failed in refluxing pyridine ; (d) Time and temperature for the reaction 
have depended on the substrate. In most cases, r&ixing in toluene for 15 min has 

* During the exploratory phases of this investigation, IIb was used as substra~ and reaction mixtures 
were aualysed for the presence of IIIb by GLPC. 

t For example, IIf, on treatment with HCI and H,S in alcohol solution, was deacctylated to the 
gamino&ulamate derivative. 

$ In this report, the common term “phosphorus pentasulf&” and the formula P,S, for molar 
calculations have been used, even though the molecular formula has been shown to be P&.17 
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been adequate. In the case of IId, however, almost three hours under reflux were 
required. Lowering the reaction temperature to loo” did not affect the yield (Table 2, 
Nos. 2 and 3). In one of the attempts to convert IIe to IIIe, a reaction was run for one 
week at 25” using 2,3-dichloro-5,6dicyano-1,4benxoquinone as the oxidant, and a 
small yield of 111~ was obtained. Thus, it Would appear that the temperature of the 
reaction could be lowered considerably as long as the time was increased sufficiently. 
This may be important when attempting to apply the method to sensitive systems. 

From the examples described here, some indication of the scope and limitations 
of the thiation and ring closure reaction can be obtained : (a) Substituents in the l- 
position of II (R) have been alkyl and aryl ; (b) In the 3-position of II (R”), alkyl and 
aryl groups have also been successful ; (c) In the 2-position of II (R’), hydrogen, 
cyano, carboxamide (or thiocarboxamide), carbomethoxy, and carbethoxy have been 
successful ; (d) Some substituents have not been stable under the conditions of this 
method. A carboxylic acid group in the 2-position was lost by decarboxylation 
(IIe yields 111~). The carboxamide group in the 2-position (IIg) suffered both dehydra- 
tion to the nitrile (IIId) and thiation to the thioamide (IIIh); the possible side product, 
5-amino-3-(2,~dichlorophenyl)4-thioacetylisothiazole, was not found. It is note- 
worthy that esters and sensitive heterocycles such as furan are stable. 

The work-up of these reaction mixtures was conveniently carried out by filtration, 
replacement of the solvent with benzene and passage through a column of alumina. 
This procedure removed most of the colored contaminants produced during the 
reaction. 

Table 3 lists the physical data for some ofthe isothiazoles obtained by these methods. 
These have, in general, shown the properties expected of compounds of this type.* 

TABLE 3.Iso~~uzot.r~ (III) 

Allalysis 

Compound Mp. “C Formula Requi@ % Found, % 

C H N C H N 

IIIa 153-155’ CIIHPNOZS 6040 4.14 6.40 6022 4.24 652 
IIIC 67 C,,H,GNS 49.20 2.88 5,73 4894 2.88 554 
IIId 120-lUb CiiH&l,N,S 49.08 2.24 10.41 4869 2.28 1014 
IIIe 21Sc Ci ,H,GNOzS 682 2.43 4.84 4654 2.45 4.72 
IIIf 82-85 CI~HP~~NO~S 47.70 3a 464 47,85 3.05 446 
IIIh 221-224 C,,H,‘&N2S, 4356 2.65 9.24 43.56 3.07 9.36 
IHi 168 C,H,NO,S 51.75 3.41 6-70 51.57 3.34 666 
IIIk 186187 C, iH,NOzS 60.25 4.14 6.39 60.27 434 6.33 
IIIn 180-200 subl.’ C,H,NO,S 45.85 4.47 8.92 4493 463 8.81 
1110 32 C,H,NO,S 4915 5.29 8.19 49% 5.50 8.03 

Lit.4 m.p. 151-153’. 
Lit.4 m.p. 125-126”. 
Lit.4 m.p. 2135-215”. 
Lit. m.p. 186-188”. M. S. Grant, D. L. Pain and R. Slack, J. Chem. Sot. 3842 (1965). 
Lit. m.p. 184-189”. M. P. L. Caton, D. H. Jones, R. Slack and K. R. H. Wooldtidge, Ibid. 446 (1964). 

l In the cases of III where R” = Me, these protons are neen in the NMR as a singlet at d 26s2.85. 
For IIIn, the ring Me’s come at 6 262 and 6 2.73 ; for 1110, at 6 2.59 and b 2.70. The ring hydrogen in 111~ 
comes at 6 70. 
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EXPERIMENTAL 

M.ps are uncorrected. IR spectra were obtained on a Beckman IR-9 spectrophotometcr as ICBr disks. 
NMR spectra were obtained on a Varian A-60 spectrometer in CDCI, containing sufficient DMSOd6 
to 13~43 ~0lubility (unk othcnvi3c spccilicd). Peak positions are reported in ppm (6) relative to internal 
TMS. GLPC was carried out with an F and M Model 500 gas chromatograph, equipped with a thermal 
conductivity detector and a mixed cohunn of 10 parts of Carbowax 2OM-terephthali~ acid 9 parts of 
diethylene glycol succinate, and 1 part of SE-30 on Gas Cbrom Z. 

P,S, and chloranil were practical grades from Eastman. Raney Ni was Grace No. 38 Raney Active Nickel 
Catalyst in water and was used without washing Alumina chromatography was carried out on Merck 
reagent aluminum oxide. Skellysolve B is a petroleum solvent, essentially n-hexane, b.p. 60-68”. 

Sturting isoxaxoles. The isoxaxoles Ia,i” Ib,” It,“‘, If,ll’Ig,rl’ Ii,“‘, Ik,” and In’* are described in the 
literature. The acids Ii, Ik, and In were converted to their methyl esters (Ij, Im, and IO respectively) either 
via the acid chloride (ii the case of Ii) or with MeOH-H,SO,. In most cases, these esters were used directly 
for subsequent reactions after their structure and purity were confiied by infrared and/or NMR spectra. 

4_Cymu)-3~56PichIorophenyl)-5_methylisox~o~e (Id). A mixture of 26 g (WXi mole) of Ig, 36 ml (@26 
mole) of Et,N, and 2C0 ml of POCI, was refluxed for 2 hr. Alter removal of the volatile components of the 
reaction mixture under reduced press, the residue was dissolved in CHCI, and added to ice. The aqueous 
layer was made basic with Na&O,, and the layers were separated. The organic layer was washed with water, 
dried over MgSOI, then concentrated under reduced press to a solid. Recrystallixation from 2-propsnol- 
water gave 19.4 g (W/,) of crystals, m.p. 99-100”. (Found: C, 5203; H, 254; N, 1@81. C,,H&l,N,O 
requires: C, 52.19; H, 2.19; N, 11.07%). 

General proceduresfor the reabctioe ring-opening ofthe isoxuzole deriuatices (I). The isoxaxole derivative 
was dissolved in sufficient MeOH or EtOH to form approximately a loo/, soln. Raney Ni (about 60 g per 
mole of substrate) was then added, and the reduction was carried out at 50 psig in a Parr apparatus. 
When one equivalent of H, had been absorbed, the reduction was stopped and the catalyst was removed by 
filtration through diatomaceous earth. The solvent was removed from the filtrate under reduced press 
leaving a residue which, upon slurrying with Skellysolve B, usually crystallixed spontaneously and could be 
recrystallii as indicated in Table 1. In most cases, recrystaBixation did not appear ncassary for synthetic 

PUrpos= 
In the casea of the isoxaxolecarboxylic acids, the reduction solvent was water containing an equivalent of 

NaOH, and the products were isolated by acidification after removal of the catalyst. The reduction of Ia 
led to a mixture of IIa and the decarboxylated product Reduction of Ie led to the relatively stable acid IIe 
led to the relatively stable acid IIe which could bc decarboxylated to IIc by heating at 164” for 5 min. 

3-(2,6Dicklorophenyb5-methy[-4-isothiazo~ic ccid (IIIe) and the methyl ester (1111). Iodine 
oxidant. To 23.2 g (0.18 mole) of III in 400 ml toluene was added 53.3 g (0.24 mole) P,S,, and the mixture 
was refiuxed with efficient stirring for 30 min. After cooling to 25”. the mixture was filtered and the filtrate 
was concentrated under reduced press to 34.6 g of a red-brown oiL A 20-g sample (5.8%) of this oil was 
removed for further study (see No added oxidant). The remainder was treated with 400 ml benzene, filtered, 
and lli) g (008 mole) of K&O, and a soln of 20.3 g (008 mole) I, in 50 ml benzene was added. After 
stirring 55 min at 25”, the reaction mixture was washed with 200 ml 10% NaHSOxaq. dried over MgSO,, 
then concentrated under reduced press to 20.2 g of a brown oil which spontaneously crystallized. This 
was purified by passage over a 3% x 17-cm colnmn of alumina in benxene soln, followed by recrystal- 
lization from MeOH-water to yield l@l g (42”/,) of crystals. A soln of this ester in a mixture of 108 ml 
MeOH and 54 ml water containing 2.56 g NaOH was refluxed for 2 hr. After cooling to 25”, the MeOH was 
largely removed under reduced press and the aqueous residue was washed with 20 ml EtOAc, then acidified 
with 65 ml 1N HCI. The ppt was removed by filtration, washed with water and dried to give 5.75 g crystalline 
IIIe, m.p. 215”. An additional 2.85 g was obtained from the EtOAc extract, giving a hydrolysis yield of 91% 
and an overall yield of 38%. 

No added oxidmt. The 2Og sample from iodine oxidaur was puritied by chromatography on a 2- x 11 cm 
wlumn of alumina. Eluates of benxene, benzene-EtOAc, EtOAc, and acetone were combined and wn- 
centrated under reduced press to a crystalline residue. This was recrystalhxed from MeOH-water to yield 
0403 g (30% yield from the starting amino ketone) of crystalline IIIf, m.p. 82-85”. 

Sulfur oxidant. To 2.88 g (001 mole) of IIf in 50 ml toluene was added 096 g (003 mole) !I, 2 g sand and 
666 g (003 mole) P,S,, and the mixture. was refluxed with efficient stirring for 30 min. After cooling to 
25”. the mixture was filtered and the toluene was removed under reduced press. The residue was taken up 
to 75 ml benzene, filtered, and placed on a 2- x 14-cm column of ahunina. The benxene eluate was collected 



394 D. N. McGax~~a, U. COIUIIN, J. E. Sw~cto~ and L. C. CHJ!N@Y 

and the solvent removed under reduced press. The residue was treated with 30 ml MeOH, fiitered (!I), 
and concentrated under reduced press to 1.5 g of a crystalline residue. This material was dissolved in 
a mixture of 2 ml MeOH and 10 ml water containing @55 g NaOH. Alter re!lux for 2 hr the MeOH was 
removed under reduced press, 5 ml water was added and the soln was washed with 15- and l&ml portions 
EtOAc. Acidification with I5 ml 1N HCI gave a pptwhich was removed by filtration, washed with water, 
and dried to yield 1.29 g (45% overall) crystals of IIIe, m.p. 208-210”. 

Chloranil oxidant. To 2.88 g (OQl mole) of IIf in 50 ml toluene was added 2.45 g (001 mole) chloranil, 
then 666 g (W3 mole) P,S, and, with efIicient stirring, the mixture was refluxed for 15 min in an oil bath 
held at 120”. After cooling to 25”, the mixture was fitered and the fdtrate was concentrated under reduced 
press to a mixture of oil and solid. This residue was treated with 50 ml benxetm, filtered, and concentrated 
under reduced press to a volume of about 20 ml. This soln was placed on a l- x 29cm column of alumina 
and eluted with 250 ml benzene. The eluate was concentrated under reduced press to a solid which, on 
crystallixation from MeOH-water, yielded 1.6 g (53%) of IIIf, mp. 81-84”. 

Modification o~comfitions. Using a standard work-up procedure, various sets of conditions for this re- 
action were evaluated (Table 3). A mixture of 2.88 g (001 mole) of IIf, 50 ml toluene. and the other reactants 
was refluxed with stirring as outlined on Table 3. The reacted mixture, after cooling to about 25” and stirring 
for 30 min, was filtered and the toluene was removed under reduced press. The residue was taken up to 
75ml of benzene, fiitered and concentrated to a volume of 2Oml, which was placed on a l- x 29-cm 
column of alumina and eluted with 250 ml benzene. The solvent was removed from the eluate under 
reduced press and the residue was crystallized from 20 ml MeOH and 60 ml water. 

5-Methyl-3-phenyi4isothiazolecurboxylic ocid(IIIa). IIb(2.33 go01 mole),666 g PzS,, 2.45 g(OQ1 mole) 
chloranil, 50 ml toluene. and a reflux time of 15 min gave 1.3 g of IIIb as an oil. Basic hydrolysis (as in IIIf to 
111~) and recrystallization of the acid from toluene afforded 070 g of IIIa in 33% overall yield. 

3-(2-Ftuyi)-5-methyl4isothiozolecmboxylic acid @Ii). A mixture of 7Q g (0031 mole) of IIj, 20g 
(@lo9 mole) PzS,, 7.55 g (0031 mole) chloranil and 150 ml toluene (amin retlux period) gave, after two 
recrystallizations of the product from EtOH-water, 2.15 g (34%) of IIIj. Basic hydrolysis afforded l-85 g 
(92%) of IIIi. Recrystallization from toluene gave an analytical sample. 

In another run, Ii was converted via the methyl ester to IIIi in 11% overall yield 
3,5-Dimethyl-4-isothiofecarboxylic acid (IIIn) and methyl ester (1110). A mixture of 4.0 g (0025 mole) 

of 110.16.6 g (0075 mole) PzS,. 6.1 g (0025 mole) chloranil, and 100 ml toluene was refluxed with vigorous 
stirring for 10 min. The alumina column was eluted with 1: 1 benzen*EtOAc to give 1.25 g (30%) of 1110, 
m.p. 32”. Recrystallization Skelly-solve B gave an analytical sample. m.p. 32”. Basic hydrolysis of 0.5 g of 
I110 afforded 0.4 8 of IIIn, m.p. 180-200” with sublimation. 

3-(2,6-Dichloropheny&S-methylisothiozole (111~). A mixture of 2.3 g (Ml mole) of IIc, 666 g @03 mole) 
P&,092 g(OG3 mole)Sand5Omltoluenegave 1.25 g(5l%)crystallineIIIc.RecrystalhxationfromMeOH- 
water gave an analytical sample, m.p. 67’. 

A mixture of 2.74 g (Ml mole) of IIe, 666 g @03 mole) PzS,, 2.45 g (OGl mole) chloranil and 50 ml 
toluene was relluxed for 10 min. The mixture was cooled, filtered, and the solvent was removed under 
reduced press. The residue was taken up in 50 ml benxene, filtered, and extracted with 50 ml 2% NaOH. 
No carboxylic acid could be isolated from this basic extract. The benxene layer yielded @6 g (25%) of 111~. 

Various attempts were made to obtain IIIe by this route, using reaction conditions which were milder 
with respect to time and temperature, but only 111~ was isolated. 

4-Cyono-3-(2,6&chloropheny~%nethyksothiuzole (IIId). A mixture of 3+) g (0012 mole) of IId, 8 g 
(W36 mole) PzS,, 1.15 g (0036 mole) S and 80 ml toluene was refluxed for 3 hr (note that, after 30 min 
reflux, no isothiazole and a 57% recovery of starting material was obtained). The mixture was fitera! while 
hot, then cooled in ice and filtered again. The toluene was removed under reduced press, and the residue 
was taken up in EtOAc, filtered, then concentrated under reduced press to a solid. Two recrystallizations 
of this solid from 95% EtOH yielded la5 g (33%) of crystals, m.p. 12&122”. 

Attempted prepmotion of 3-(2,6dichloroph.enyl)-5-methyl4isothiazolecorboxmnide (IIIg). A mixture of 
8.19 g (OQ3 mole) of IIg, 20 g (OQ9 mole) PzS,, 2.88 g (009 mole) S, and 150 ml toluene was refluxed for 
30 min. After cooling to about 25”, the mixture was filtered, and the toluene was removed under reduced 
press from the filtrate. The residue was dissolved in about 100 ml of EtOAc, filtered, concentrated to a 
volume of about 30 ml, tiltered again, then concentrated to an oil. When subjected to alumina chromato- 
graphy, this oil gave 1.6 g of IIId (eluted with benzene) and 1.6 g of 1114 m.p. 221-224” (eluted with 1 :l 
benzene-EtOAc). Acid hydrolysis of both IIId and IIIh gave the carboxylic acid, IIIe. 

3-Methyl-5-phenyl4isothiozolecorboxylic ucid (IIIk). A mixture of 6.3 g (0029 mole) of IIm, 20 g (009 
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mole) P,S,, 7.5 g (003 mole) chloranil and 120 ml toluenc gave 205 g of IIlm as an oil. Basic hydrolysis 
followed by recrysta&ation from toluenc gave 1.3 g (21% overall) of IIlk. 
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