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thiazolecarboxaldehydes arid preliminary data on their 
antidotal activity are reported. 
Chemistry-Isothiazole-3-carboxaldehyde  vas ob- 

tained from 3-methylisothia~ole,~ via the hydrolysis 
of :3-dibromometllylisothiazole.~ Reaction of the alde- 
hyde with SH,OH in neutral aq solution gave iso- 
t hiazole-3-carboxaldoxime(la), configurationally pure 
according to its rimr spectrum. Since the original 
oxime was recovered in SOY0 yield from the alkaline 
hydrolysis of benzoylated la ,  the E configurationfi 
could be assigned' to la .  This assignment was con- 
firmed by the presence of a sharp band at  3562 cm-l 
(CHCI,) in the ir spectrum of la ,  indicating an OH 
group which is not associated with the neighboring 
ring S.8 Attempts to isomerize @)-la under t'he in- 
fluence of heat, uv radiation,Y and concd aq HClio 
failed. AIethylation of @)-la proved to be difficult, 
probably due to the weakly basic character of the ring 
S (compare isothiazole," pKa -0.55). The least 
unsatisfactory result was obtained by treating (E)-la 
with methyl tosylate,'* which led to 3-liydroxyimino- 
met 1 7  yl-2-met hj,lisot 13 iazolium t osylat e (2a) in a 9.5% 
yield. 

Oxidation of -l-metl!ylisotliiazole with CrOa gave 
isothiazole-4-carboxylic acid, which was converted into 
isothiazole-4-carboxaldehyde by a Reissert reac t io~i .~  
Reaction of the aldehyde with S H z O H  in neutral aq 
solution led to a mixture of the geometric isomers of 
isot hiazole-4-carboxaldoxime ( lb) .  One of these iso- 
mers (mp 116') was isolated from the mixture by 
dry column chromatographyi3 on silica gel. The low- 
melting isomer (mp 82") was obtained from react,ion 
of the aldehyde with S H 2 0 H  in strongly alkaline 
medium.I4 On comparing the nmr spectra of the 
two isomers (Table I), it was noted that the OH 
signals and those of the ring protons ortho to the 
hydroxyiminomethyl group were downfield for the high- 
melting isomer of lb,  whereas the reverse effect was 
found for the C H  of the hydroxyiminomethyl group. 
These chemical shift differences are characteristic for 
geometric isomerism in aromatic oximesi5 arid allow 
the assignment of the 2 configuration to the high- 
melting isomer of lb.  Treatment of either (E)-  or 
(Z)-lb wit11 i~ variety of methylating agents gave un- 
identified decompositioii products instead of the 
desired 4-h ydroxyiminomet h yl-2-met 11 ylisot hiazolium 
salt. Attempts to prepare the latter compound via 
methylation of 4-( 1,3-dioxolan-2-yl)isothiazole, followed 
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by hydrolysis arid reaction with SH20H,16 were also 
unsuccessful. 

Isothiazole-5-carboxaldeliyde, prepared from iso- 
thiazol-3-y1 Li and D I E ,  l7 afforded isothiazole-3-car- 
boxaldoxime (IC) after treatment with SH2OH in 
neutral aq solution. The nmr spectrum of IC revealed 
the presence of the 2 and E isomers in a ratio of 9 : l  
(see Table I, compare l b  for the assignment of con- 
figuration). Dry column chromatography on silica 
gel yielded the pure 2 isomer of IC. Apparently. 
(E)-lc is rather unstable since the attempted isolation 
of this isomer resulted in an incomplete but rapid 
isomerisation. Reaction of (Z)-lc with methyl tosylatp 
gave 5-hydroxyiminomet hyl-2-methylisothiazolium tos- 
ylate (2c, 8.6y0 yield), characterized by its elemental 
analysis, uv, and nmr spectra.I8 

Enzymology.-The reactivating potency of the oximes 
listed in Table I was evaluated on bovine erythrocyte 
acetylcholinesterase (EC 3.1.1.7) inhibited n ith isopro- 
pyl methylphosphonofluoridate (Sarin). After removal 
of the exce5s of inhibitor, the reactivation of the enzyme 
by a J l  solution of the oxime was followed for 20 
1ir at pH 7.5 (23").  Figure 1 shows that %hydroxy- 
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Figure l.-lieactivatioii a t  pl-1 7.5 (25 ' )  of AChE, iiihibited 
with isopropyl methylphosphoiiofl~ioridate (Sarin). Reactiva- 
tors (10-3 3.1): (0- - -) 2-hydroxyimiiiomethyl-1-methylpyri- 
dinium methanewifonate (PgS) : (a- - -) 3-hydroxyiminornethyl- 
2-methylisothiazolium tosylate (2a); (0- - -) (Z)-isothiazole-5- 
carboxaldoxime ( K - l c ) .  

ininomethyl-2-methylisothiazolium tosylate (2a) re- 
stores the enzyme activity almost as fast and to the same 
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were visualized with IIV light and by spraying with alcoholic 
FeC13 solution.23 Dry column c h r ~ m a t o g a p h y ~ ~  was carried 
out on a nylon column filled with silica gel F254 (100 9). The 
positions of the products on the column were located with uv 
light (254 mp). Where analyses are indicated only by the sym- 
bols of the elements, aiialytical results obtained for those ele- 
ments were within -Ir 0.47, of the theoreticalvalues. 

Isothiazole-3-carboxaldehyde.-The aldehyde was prepared 
from 3-methy1isothiazoleJ4 via the hydrolysis of 3-dibromomethyl- 
isothiazole:6 bp 46-48' (0.7 mm) [ l k 5  bp 62-63' (9 mm)].  
Anal. (C4H3NOS) C, H, N, S. 

(E)-Isothiazole-3-carboxaldoxime (E-  la).-Isothiazole-3-car- 
boxaldehyde (6.7 g, 59.2 mmoles) was added to a neutralized aq 
solution of T\'K2OH.HC1 (4.2 g, 60.4 mmoles). The mixture was 
homogenized wit,h EtOH and heated for 30 min at  80". After 
cooling to -go", the product was filtered off and recrystallized 
from C6H6, which gave 6.7 g (8Yyo) of pure @)-la: mp 76-77"; 
A,,, 269 mp; 0.1 X NaOH, A,,, 330 mp; v E E ~ ~ ~  3562 cm-l. Nmr 
spectroscopy and tlc showed t,hat the product was isomerically 
pure. 

(E)-O-Benzoylisothiazole-3-carboxaldoxime.-(E)-la was beii- 
zoylated according to  the method of Vermillion and Hauser,l0 
mp 111-112". Anal. (ClIH,N2O2S) C, H, N, S. The benzoylated 
product (100 mg) was hydrolyzed in 2 S aq NaOH at' room t,em- 
perature in the courseof 12 hr. -4fter adjustment t o  pH 6.8, the 
reaction mixture was extracted with EbO. The combined ex- 
tracts were evaporated after drying (lIgSO4). Recrystalliza- 
t i on  of the residue from C6H6 gave (E)-la (44 mg, SO%), mp 73- 
74". Nmr and ir spectroscopy showed that the oxime was 
identical with the product obtained from t'he reaction of iso- 
thiazole-3-carboxaldehyde with NH2OH. 
3-Hydroxyiminomethyl-2-methylisothiazolium Tosylate (2a).- 

A niixture of (E)-la(215 mg, 1.68 mmoles) aiid methyl tosylate12 
(322 mg, 1.73 mmoles) was heated for 10 min at  115-120'. Aft'er 
rapid ctooling to  room temperature, the viscous reaction mixtiire 
was treated a-ith l1e:CO ( 3  ml). The crude reaction product, 
crystallizing from the originally homogeneous solution after 
trituration, was filtered off and was further purified by recrystal- 
lization from lIeOH-lIerCO; yield 50.2 mg (9.5%) of 2a: mp 
191-192'; Am,, 290 mp; 0.1 AY NaOH, A,,, 330 mp; purity 96.4% 
(pot'entiometric titration). 

Isothiazole-4-carboxylic Acid.--An 80-g sample of 4-methyl- 
isothiaxole24 (0.81 mole) was added dropwise with stirring to coiicd 
H2SO4 (1.44 l.), maintaining the temperature below 30'. Pow- 
dered Cr03 (208 g, 2.06 moles) was added portionwise to  the 
stirred solution at' 30' ill the course of 6 hr, the stirring being 
continued for a further 12 hr. The reaction mixture was poured 
011 t o  ice and extracted continuously (24 hr) with EtnO. The 
extract was dried (hIgSO4) and evaporated to  dryness under vac- 
uum. The residue was recrystallized twice from H20, which 
gave the pure acid (37.9 g, 35.3 %); mp 162-163" (lit.25 mp 162- 
164'). The material was iden- 
tical wit.h that prepared by hydrolysis of 4-~yanoisothiazole.~j 

2-Cyano-l,2-dihydro-l -(isothiazole-4-carbonyl)quinoline.- 
Isothiazole-4-carbonyl chloride (25 g, 0.1 7 mole, obtained25 
from 23.1 g of isothiazole-4-carboxylic acid with SOCln) was added 
dropwise with vigorous stirring to  a mixt,ure of quinoline (22.0 
g, 0.17 mole), KCK (19.2 g, 0.29 mole), CH2C12 (185 ml), and 
HzO (90 ml) in the course of 3 hr. The mixture was additionally 
stirred a t  room temperature for 12 hr. After separation, the 
organic layer was washed successively &h H20,  2 N aq 
HC1, HzO, 2 S aq NaOH, and H20. Finally, the organic layer 
was dried (lIgSO4) and evaporated under vacuum, yielding the 
crude Reissert compound (24.0 g)  as a brownish, semisolid sub- 
stance. An analytical sample was obtained by recrystallizatioii 
from cyclohexane-EtOH mp 124-126'. dnal.  (C1J19N30S) C, 
H, N,  S. 

Isothiazole-4-carboxaldehyde.-A solut,ioii of the crride Iteis- 
rert compomid (23 g)  in 9 S aq HzW4 was steam distilled. After 
saturation with SaC1, the distillate (ca. 1.8 1) was extracted 
with Et2O. The combined extracts were washed with aq Na2C03, 
dried (MgS04), and evaporated under vacuum. Recrystalliza- 
tion of the residue from petroleum ether (bp 40-6Oo)-Et20 ( 2 :  1, 
v/v)  gave 4.7 g (247,, based on isothiazole-4-carbonyl chloride) 

9nal.  (C&NO,S) C, H, N, S. 
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of the pure aldehyde, mp 58-60' (lit.26 nip 58"). Anal. (C4H3- 
NOS) C, H, N, S. 
4-(1,3-Dioxolan-2-yl)isothiazole.-The acetal was prepared 

from isothiazole-4-carboxaldehyde and ethylene glycol by the 
met,hod of Bradsher aiid Parham,27 yield 76%: bp 108-110" (2.3 
m m ) ;  n Z 5 ~  1.5387. Anal.  (C6H7NO2S) C, H, N, S. 

(Z)-Is0thiazole-4-carboxaldoxime (2-lb).-Isothiazole-&car- 
boxaldehyde (2.0 g, 17.7 mmoles) was added to a neutralized aq 
solution of NH20H.HC1 (1.4 g, 20.1 mmoles). hft,er heating for 
30 min a t  80", the reaction mixture was concentrated and ex- 
tracted with Et2O. The combined extract,s were dried (hIgSO4) 
and evaporated, which left 1.7 g (75.1%) of l b ,  melting range 
.50-90". Anal. (C4HaN20S) C, H, N, S. The nmr spectrum 
of the product (see Table I)  indicated a ratio of 3: 2 for the E and 
Z isomers, respectively. The mixture (246 mg) was separated 
by means of dry column chromatographyJ13 using C5HC-Et20- 
( l : l ,  v/v)  as a developing solvent. The Z isomer (lower Rr 
value) was cut out and extracted from the column with EtrO. 
After evaporat,ion of t'he solvent, the residue was recrystallized 
from CCl,, giving (2)-lb(72 mg), mp 115-116". Bot'h tlc and 
nmr showed the complete absence of the E isomer. 
(E)-Isothiazole-4-carboxaldoxime (E- 1 b).-Isothiazole - 4- car- 

boxaldehyde (1.0 g, 8.8 mmoles) was added dropwise with stirring 
to a solution of SH2OH.HC1 (0.75 g, 10.8 mmoles) in 5.5 S 
aq NaOH(4 ml) at, -5 t o  - 10" in the course of 30 min." After 
additional stirring at, -5' for 1 hr, t,he reaction mixture was neu- 
tralized with a saturated aq solut,ion of SH4C116 ml) at, - 5 " .  
The product was filtered off rapidly from the cold solution, dried 
under vacuum (PZO:) and purified by two recrystallizations from 
heptane-Et20 (2: 1, v'v), which gave 174 mg of (E)-lb,  mp 81- 
82'. Both tlc and nmr showed the complete absence of the Z 
isomer. 
Isothiazole-5-carboxaldehyde.-The aldehyde was prepared 

from isothiazole,28 via the reaction of isothiazol-5-yl Li with 
lIlIFJ1' bp 28-29' (0.003 mm) [ M I 6  bp 95-98' (32 mm)].  Anal. 

iZ)-Isothiazole-5-carboxaldoxime (Z-lc).-Isothiazole-5-car- 
boxaldehyde (1.0 g, 8.8 mmoles) was added to a neutralized aq 
solution of KH2OH.HCl (0.75 g, 10.8 mmoles). The mixture 
was homogenized with EtOH and heated for 30 min at  80". 
After cooling to OD, the product was filtered off and recrystallized 
from H2O and CSHS, respectively, giving 1.0 g (88.6%) of IC, 
mp 12.5-128". The nmr spectrum (see Table I )  indicated t,he 
presence of (Z)-lc aiid (E)-lc in a ratio of 9 : l .  The isomeric 
mixture (500 mg) was separated by dry column chromatography13 
wit,h C~Hs-~Ie?CO-EtOAc-coiicd r\TH40H (6:8: 2: 0.3, v /v )  as a 
developing solvent. This procedure gave (Z)-le (17X mg), mp 
133-134'; A,,,,, 263 nip; 0.1 S NaOH, A,,, 300 mp. Both tlc and 
nmr showed the complete absence of (E)-lc. 
5-Hydroxyiminomethyl-2-methylisothiazolium Tosylate (2c).- 

A solution of 2-isothiazole-Scarboxaldoxiine (1.0 g, 8.8 mnioles) 
and methyl tosylate12 (1.6 g, mmolevj in C,H6 ( 3  ml) was 
heat'ed for 1 hr at a bath temperat,ure of 90". The reaction 
product, which separated as a heavy oil, was dispersed in the 
solution with a stream of Ns during the reaction. Sext ,  the oil 
was separated from the reaction mixture and dissolved in lIerCO 
(4 ml). Overnight, the product crystallized from the solution. 
A final purification was obtained by dissolving the product in a 
minimum of DlISO, followed by reprecipitation with lIe&O, 
which gave 2c (211 mg, 8.6%); mp 174-176'; 0.1 AY H2S04 A,,, 
306 mp; 0.1 S NaOH, A,,, 330 mp; purity 97.5y0 (potentio- 
metric titrat,ion). 

Pyrazole-3(5)-carboxaldoxime (le).-Pgrazole-3(5)-carboxal- 
dehyde (1.Y g, 19.8 mmoles, prepared accordiiig to Bredereck, 
ct ~ 1 . ~ ~ )  was added to a neutralized solution of NHOH.HC1 
(l..j g, 21.6 ninioles) il l  H2O (SO ml). After heating for SO miii a t  
SO", the reactioii mixture was concentrated under vacuum to 
10 ml. Upon cooling, the oxime crystallized and was filtered off. 
The product was purified by recrystallization from l\IeOH-C6&, 
which gave 330 mg of l e ,  mp 107-109'. Both iimr and tlc showed 
that the product, was configurationally pure. 

Kinetic Experiments. A. Reactivation of Inhibited Acetyl- 
cholinesterase (AChE).-Bovine erythrocyte acetylcholinesterase 
(EC 3.1.1.i, Winthrop Labor., Iiic.) was completely phosphonyl- 
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