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5-Methoxy-3-benzo[b]thiopheneacetic Acid (Vllb). -To 225 
ml of 20% H_>S04 (prepared by adding 39 ml of coned acid to 2(17 
ml of EUO) was added 0.926 g (4.55 mmoles) of Yl>. The mixture 
was I'efluxed with stirring for 48 hr after which time all of the 
nitrile had gone into solution. The solution was cooled and 
extracted with Et-O (fraction A). The ECO was washed (.10'', 
XaIIC03) and the aq phase carefully acidified ( H O ) and ex­
tracted (ECO-fraction B). The Et>(> fractions Were dried sep­
arately (XajSOj) and evapd. No material was found in frac­
tion A. Fraction B gave 0.735 g (TV,) of off-white crystals. 
Sublimation afforded analytical material, nip 150•- 153°. Anal. 
(CnHnASjC , H,() . 

A .V-Dimethyl-5-methoxy-3-benzo[(;] thienylacetamide (Vlld). 
To 40 ml of dry C J I s containing 0.835 g (3.70 mmoles) of 

\'1I1> (not completely in solution) was added 2 g (15.7 mmoles i 
of oxalyl chloride and the greenish-yellow mixture was swirled 
and warmed to 55°. Within 00 min all material had gone into 
solution. The acid chloride remained as an oil after all volatile 
material had been removed under reduced pressure. I'pon 
addition of 10 ml of CBTF and then excess MeaNH an exothermic 
reaction occurred. The Cells was then removed under reduced 
pressure and the residue dissolved in Eb>(), washed (H>(>), and 
dried (.\IgS!)j). Evauoration gave OX) g (95% ) of amide which 
was purified via distillation at 140° (0.03 mm). The analytical 
material had nip .s:!-s5°. Anal. (CmHi.-.XO.S) C, H, S. 

A ,A-Dimethyl-5-hydroxy-3-benzol6| thienylacetamide (VIIc i. 
This material was made similarly to Vlld. The analytical 

material (SS% j was recr\'std from ('Jl,:, mp 163.5 105°. Anal. 
((,r.Hi:,N()»S) C, H, S. 

A,.V-Diethyl-5-methoxy-3-benzol6J thienylacetamide (Vile i. 
This material was made similarly to Vlld. The analytical 

material (Sl% ) was distilled (130° 0.03 mm) to give a light yellow 
oil. A mil. (0,.-,C,„X()-.S)C, H, S. 

A -Methyl-5-methoxy-3-benzo [b I thienylacetamide (Villi. 
This material was made similarly to Vlld. The analytical 
material 194% i was sublimed (125°. 0.03 mm) to give white 
crystals, mp 137.5 139°; mol wt I(.',.,HI.,N().JS) calcd. 235.0(i(i7: 
found imass spec), 235.0040. 

5-Hydroxy-3-(fi-A ,.Y-dimethylaminoethyl)benzo[hl thiophene-
HC1 (Villa ). -To 0.79 g (3.35 mmoles) of VIIc in 175 ml of T H F 
was added 0.54 g (14 mmoles) of LAH and the mixture was 
allowed to stir at 25° for 3.5 hr and then at reflux for 0.5 hr. 
Excess LAH was carefully destroyed (ILO) and then 100 ml of 
dil acid was added to pll 5. T H F was removed under reduced 
pressure and the solution was extracted (Ht2Oi at pll 5, 8, 10, 
12. and 14. The extracts were combined, dried (MgSOi). and 
then saturated with HC1 gas. Evaporation gave 0.73 g (85 r , ! 

of a light, yellow glass which was purified ria distillation I.1N.V", 
0.01 mm). The material remained as a glass after purification. 
Anal. (0,,H,6ClNOS)C, H, CI, S. A picrate was made by dis­
solving Vi l la in AleOH, adding a few drops of XH;, and then 
boiling it with a saturated picric acid solution. Cooling afforded 
orange needles which were recrvstd from MeOII, mp 199-209°. 
Anal". I(.%H,,X4()S.SK', II, X, S.' 

5-Methoxy-3-(fJ-A..V-dimethylaminoethyl)benzo[/(]thiophene-
HC1 (VHIb). To 1.54 g (0.2 mmoles) of Vlld in UiO ml of 
dry Fit2() was added 4.5 g (12 .1/I of I.AH and the mixture was 
allowed to reflux with stirring for 20 hr. Excess LAH wa.s de­
stroyed carefully tlFO.i and then 100 nil of O.ti .V XaOH was 
added. The whole mixture was filtered ria suction and the 
trapped white salts wcri' copiously washed with Et.O. The 
XaOH solution was extracted lEtA); and all the extracts were 
then pooled, dried (MgSOj), and said with dry HC1. Initially 
the solution turned cloudy but as the HC'l addition continued 
it became clear. Evaporation afforded 1.04 g (00''; ) of product. 
Sublimation (100s, 0.01 nun! gave 0.5)5 g of analytical material, 
mp 174 175°, white crystals. A mil. ( C J U C I X O S ) C, II, S. 

5-Methoxy-3-( d-A .A -diethylaminoethyl )benzo[/>] thiophene 
HC1 (VIIIc). -This material was made similarly to Vi l l a except 
Et.O was used as the solvent. Sublimation (100°, 0.01 mm) of 
the crude produci gave 0.55 g <8,V ,' i of white crystals, mp 1S7 
1*9°. Anal. i(",.,H,,('lN< >S) C. 11, CI, S. 

Anti-Tremorine Test. The compounds were administered a> 
suspensions in gum tragacanth at 100 mg/kg sc to groups ol 5 
male Evans albino mice. Thirty minutes later Tremorine tar­
trate (30 mg/kg i was given ip. After a further 20 min the mice 
were placed individually in the tremor recording chamber which 
is a circular "Perspex" box (11.25 cm diameter X 11-25 cm high ). 
mounted on a thin strip of foam rubber on a metal stand. The 
box was divided diametrically so that the mice were restricted to 
one-half of the box. A Devices dynamometer type ITT was 
positioned underneath ihe edge of the box so that the vertical 
sensing lever was applied with a force of 30y. The dynamometer 
output was recorded ria a 1 )C2C preamplifier (range 2 5 m\ j 
on a Devices recorder. Tremor was recorded for a period of 30 
sec and anti-Tremoriiie activity expressed as a per cent ol the 
tremor activity of a group of mice treated with Tremorine only. 

Antinicotine Test. Th i s test was also carried out in groups of 
5 male Evans mice. The test compound was administered sc 
suspended in gum tragacanth, and the control groups received 
equiv vols of saline. Thirty minutes later the mice were given a 
further injection of 1 mg/kg of nicotine base iv (as a solution in 
saline of the bitartrate ' The number of mice showing clear 
clonic convulsions w it hin 1 min of inject ion were recorded. 
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The reaction of Me tosylate with (A,)-isothiazole-3-i'arboxaldoxime (la, pA',t = 9.8) and with (Z)-isothiazole-
5-carboxaldoxime (lc, p/% = 8.6) led to the corresponding hydroxyiminomethyl-2-methylisothiazolium tosylates 
2a (p/% = 7.6) and 2c (pA% = 2.6), respectively. Oxidation of 4-methylisothiazole with CrO;1 produced isothia-
zole-4-carboxylic acid, which was converted into isothiazole-4-carboxaldehyde by a I'ieissert reaction. The E and 
'/. isomers of isothiazole-4-carboxaldo.xime ( lb, pA'„ = 10.3 and 10.9, respectively! failed to give a 4-hydroxy-
iininomethyl-2-methylisothiazolium salt- w-ith a variety of methylating agents. In combination with atropine 
sulfate, the oximes lZ)-\c and 2a are therapeutically active against, poisoning with Sarin in mice, whereas 2a is 
also active against Paraoxon. Both {Z)-\c and 2a are less toxic than 2-hydroxyiminomethyl-l-methyIpyridmium 
inethanesulfonate (P2S) in mice. 

Oxime.s are potent reactivators of esteratic enzymes, 
inhibited by organophosphorus compounds.1 Among 
these oximes, 2-hydroxyiminomethyl-l-methylpyridi-
nium methanesulfonate (PoS) and l,l'-trimethylenebis-
(4-hydroxyiminomethylpyridinium) dibromide (TAIBj) 

* To whom cor respondence should in1 addressed . 
it ) H . I . Ellin a n d J. II. Wills. ./. l'hnrm. Sri.. S3, !)«', (196-1). 

were found to be particularly effective, both in vitro and 
in. vivo.1-2 The isosterism of the pyridine and isothia-
zole ring systems3 suggested a study of the antidotal 
activity of hydroxyiminomethyl-2-methylisothiazolium 
salts. The preparation of these compounds from iso-

Vli It, I, Ellin and J. H. Wills, ibid., S3, 1143 (1964), 
nil H , ( " . Lonssuet-HisKins. Tran*. Faraday Soc, 45 , 173 (194!)), 
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thiazolecarboxaldehydes and preliminary data on their 
antidotal activity are reported. 

Chemistry.—Isothiazole-3-carboxaldehyde was ob­
tained from 3-metbylisothiazole,4 via the hydrolysis 
of 3-dibromomethylisothiazole.;i Reaction of the alde­
hyde with XH-.OH in neutral aq solution gave iso-
thiazole-3-carboxaldoxime(la), configurationally pure 
according to its nmr spectrum. Since the original 
oxime was recovered in 80% yield from the alkaline 
hydrolysis of benzoylated la, the E configuration6 

could be assigned7 to la. This assignment was con­
firmed by the presence of a sharp band at 3562 cm""1 

(CHCI3) in the ir spectrum of la, indicating an OH 
group which is not associated with the neighboring 
ring X.8 Attempts to isomerize (E)-la under the in­
fluence of heat, uv radiation,9 and coned aq HC110 

failed. Methylation of (JE')-la proved to be difficult, 
probably due to the weakly basic character of the ring 
X (compare isothiazole,11 pifa —0.55). The least 
unsatisfactory result was obtained by treating (E)-la 
with methyl tosylate,12 which led to 3-hydroxyimino-
metbyl-2-methylisothiazolium tosylate(2a) in a 9.5% 
yield. 

Oxidation of 4-methylisothiazole with Cr03 gave 
isothiazole-4-carboxylic acid, which was converted into 
isothiazole-4-carboxaldehyde by a Reissert reaction.4 

Reaction of the aldehyde with XTH2OH in neutral aq 
solution led to a mixture of the geometric isomers of 
isothiazole-4-carboxaldoxime (lb). One of these iso­
mers (mp 116°) was isolated from the mixture by 
dry column chromatography13 on silica gel. The low-
melting isomer (mp 82°) was obtained from reaction 
of the aldehyde with X"H2OH in strongly alkaline 
medium.14 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 
bydroxyiminomethyl group were downfleld for the high-
melting isomer of lb, whereas the reverse effect was 
found for the CH of the hydroxyiminomethyl group. 
These chemical shift differences are characteristic for 
geometric isomerism in aromatic oximes15 and allow 
the assignment of the Z configuration to the high-
melting isomer of lb. Treatment of either (E)- or 
(Z)-lb with a variety of methylating agents gave un­
identified decomposition products instead of the 
desired 4-hydroxyiminomethyl-2-methylisothiazolium 
salt. Attempts to prepare the latter compound via 
methylation of 4-(l,3-dioxolan-2-yl)isothiazole, followed 

(4) D. Buttimore, D. H. Jones, R. Slack, and K. R. H. Wooldridge, J. 
Chem.Soc, 2032 (1963). 

(5) D. H. Jones, R. Slack, and K. R. H. Wooldridge, ibid., 3114 (1964). 
(6) The (E-Z) system of nomenclature for double-bond stereoisomers is 

used in this paper. See J. E. Rlacku-ood, C. L. Gladys, K. L. Loening, 
A.E. Petrarca.and J. E. Rush, ./. Amer. Chem.Soc, 90, 509 (196S). 

(7) S.Ginsburgandl. B. Wilson, ibid.,79, 481 (1957). 
(8) E. J.Poziomekand L.G. Vaughan, J. Pharm. Sci.,54, 811 (1965). 
(9) E. J. Poziomek, ibid., 64, 333 (1964). 
(10) G. Vermillion and C. R. Hauser, J. Amer. Chem. Soc, 62, 2939 

(1940). 
(11) Determined spectrophotometrically at 256 mn. 
(12) P. Chaplen, R. Slack, and K, R. H. Wooldridge, J. Chem. Soc., 

4577 (1965); J. M. Landesberg and R. A. Olofson, Tetrahedron, 22, 213.5 
(1966). 

(13) B. LoevandM. M.Goodman, Chem.Ind. (London), 2026 (1967). 
(14) O. L. Brady and R. F. Goldstein, J. Chem. Soc, 1959 (1926); H. 

GoldschmidtandE.Zinoli, Chem. Ber.. 26, 2573 (1892). 
(15) I. Pejkovic-Tadic, M. Hranisavljvic-Jakovljevic, S. Nesic, C. Pascual, 

and W. Simon, Helv. Chim. Acta, 48, 1157 (1965); E. J. Poziomek, D. X. 
Kramer, W. A. Mosher, and H. O. Michel, J. Amer. Chem. Soc, 83, 3916 
(1961); S. E. Forman, J. Org. Chem., 29, 3323 (1964); G. G. Kleinspehn, 
J. R. Jung, and G. A, Studmiarz, ibid.,32, 460 (1967). 
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by hydrolysis and reaction with X"H2OH,16 were also 
unsuccessful. 

Isothiazole-5-carboxaldehyde, prepared from iso-
thiazol-5-yl Li and DMF,17 afforded isothiazole-5-car-
boxaldoxime (lc) after treatment with XH2OH in 
neutral aq solution. The nmr spectrum of lc revealed 
the presence of the Z and E isomers in a ratio of 9:1 
(see Table I, compare lb for the assignment of con­
figuration). Dry column chromatography on silica 
gel yielded the pure Z isomer of lc. Apparently, 
(E)-\c is rather unstable since the attempted isolation 
of this isomer resulted in an incomplete but rapid 
isomerisation. Reaction of (Z)-lc with methyl tosylate 
gave 5-hydroxyiminomethyl-2-methylisothiazolium tos­
ylate (2c, 8.6% yield), characterized by its elemental 
analysis, uv, and nmr spectra.18 

Enzymology.—The reactivating potency of the oximes 
listed in Table I was evaluated on bovine erythrocyte 
acetylcholinesterase (EC 3.1.1.7) inhibited withisopro-
pyl methylphosphonofluoridate (Sarin). After removal 
of the excess of inhibitor, the reactivation of the enzyme 
by a 10 - 3 M solution of the oxime was followed for 20 
hr at pH 7.5 (25°). Figure 1 shows that 3-hydroxy-

0 j > — " " " I 1 I 1 I I 1 1 1 ! 
0 i 8 12 16 20 

Time ( hr) 

Figure 1.—•Reactivation at pH 7.5 (25°) of AChE, inhibited 
with isopropyl methylphosphonofluoridate (Sarin). Reactiva­
tors (10~3 M): (O ) 2-hydroxyiminomethyl-l-methylpyri-
dinium methanesulfonate (PsS); (A ) 3-hydroxyiminomethyl-
2-methylisothiazolium tosylate (2a); ( • ) (Z)-isothiazole-o-
carboxaldoxime (Z-lc). 

iminomethyl-2-methylisothiazolium tosylate (2a) re­
stores the enzyme activity almost as fast and to the same 

(16) B. E. Hackley, E. J. Poziomek, G. M. Steinberg, and W. A. Mosher, 
ibid.,27, 4220 (1962). 

(17) M. P. L. Caton, D. H. Jones, R. Slack, and K. R. H. Wooldridge, 
J. Chem. Soc.,446 (1964). 

(18) To our knowledge, 2c represents the most acidic oxime (pK& 2.6, see 
Table I) which has been reported in the literature. The extremely large 
decrease in the pKg. of (Z)-lc on methylation (ApA'a 6.0, see Table I) will 
be the subject of a forthcoming paper, which will include molecular orbital 
calculations of the methylated isothiazole ring system. Methylation of 
the N or O of the hydroxyimino group of (Z)-lc with methyl tosylate can be 
excluded, since the condensation products of isothiazole-5-carboxaldehyde 
with Ar-methylhydroxylamine and with O-methylhydroxylamine have pKA 

values 0.5 and —0.8, respectively. See also F.. J. Poziomek, R. H. Poirier, 
R. D. Morin, and T. F. Page, J. Org. Chem.,28, 1411 (1963) and ref 16. 
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IsOTIIIAZOI.KCARBOXAI.DOXIMKS ( 1 , X 
T A B U - ; 1 

S), .MK'I 'HVI.ATKD D K R I V ATIVKS (2), AND 1! I : I . \ I CoMl'OI'ND.s ( 1 , X t), N i l ) 

X-. 

»np.l 

la 
l b 
lb 
lc 
lc 
Id 
le 
2a 
2c 

X 

s 
s 
s 
s 
s 
() 
Nil 

Deriv 

3 - C H = X O H 
4 - C H = X O H 
4 -CH=XOH 
:>-CH=NOH 
,-,-CH=XOFL 
.-,-CH=XOH» 
3(."i)-CH=XOH 
3-CH=NOH 
,">-CH=XOH 

HITU ra­
tion 

1-: 
i; 
7, 
Z 
t: 

Alp, CC 

76-77 
S1-S2 

ll."i-116 
133-134 

121-123 
107-109 
191 192 
174-176 

\>K., 
9.S'' 

10.3 
10.9 
S.6 

9.3 
10..1 
7.6 
2.6 

Ha 

1 .25 
1.0.-) 
1 .40' 
1.40' 
1.31* 
2.29' 

1.0.")' 

11. 
2.30 d 

2.29 
2.49 
3.20' 
3..">1 
2.29*' 
2.2") 

s m r absu 

11:, 
0.92 
0. S7 
0.46 

0.S6 

pt iun" 

It, 
1 .69 

1 . 7.") 

2 . 3 3 

1,79 

1 ,.") 1 

1.67 

1 ,92 

1 . .">3 

1. 12 

r) ' 
O i l 

- 1 ,79 

- 1 . 2o 

- L S I 

- 2 . 9 7 

- l . S N 

- 2 . 0 2 

r i b . 

.").S0 

5.92 

f o r m u l a 

CHiN.OS 
C4H4N0OS 
OJI.N.OS 
( ; 4 H 4 N,OS 
C 4 H 4 N 2 O S 

C:4H4N2O,: 
C4H.-,N30 
C:,,H,4N2C)4S, 

C , 2 H,4X20^2 

Anal 

c, 11, 
0, II, 
C, H, 
C H, 

C, H, 

C, H, 

C, H, 

c , 11, 

'.SI'S ' 

X, S 

x, s 
X, S 
X, S 

X 
N 
X, S 
X, S 

" The nmr spectra were measured in l)M.SO-</r, (Me48i). The investigations of .Staab and Mannschreck [Chcm. Her., 98, 1111 (196."i)j 
were used for interpretation of the nmr data. ' All compounds analyzed correctly for the elements indicated within ± 0 . 4 ' / of the the­
oretical values. r The acid dissociation constants were determined potentiometrically in 0.1 M aqueous KC1, 25°. d Coupling constant 
'•'••U.:, = 4.8 cps, 4./4,:l = 0.35 cps, 5,/,,,., = 0.7."i cps. ''Coupling constant ''J-.n = l.S cps. 'Present as a minor amount lea. 10'//) in 
(Z)-lc, evidenced by the nmr absorptions at positions noted in this Table. '•> Prepared according to A. Hicca and (1. (iaudiano [Alii 
Amid. Xaz. Lined Rend. CI. Sci. Fin. Mat. Xal., 26, 240 (1959);. * Coupling constant ':J,A = 2.4 cps, SJ3,,, = 0.4 cps. ' (Coupling con­
stant Vt,j = 0.4 cps. ' Coupling constant J:„-t).t = 2.2 cps. The assignment of Hi(;i, is tentative, owing to the prototropy of l e . * Cou­
pling constant ;i./4„-, = 6.0 cps. ' Coupling constant :i,/:t,4 = 3.0 cps. 

extent as the isosteric 2-hydroxyiminomethyl-l-methyl-
pyridinium methanesulfonate (P2S). Isothiazole-o-car-
boxaldoxime ((Z)-lc) reactivates the enzyme slowly but 
to a significant extent (ca. 60%), whereas the remaining 
compounds from Table I give less than lo% reactiva­
tion in the course of 20 hr. 

Since the decomposition of the inhibitor by oximes 
might contribute to their antidotal activity in vivo,'9--" 
the rates of hydrolysis of Sarin (10~:i .1/) in the pres­
ence of a tenfold excess of the oximes (Z)-lc, 2a, and 
P,S were measured in 0.1 .1/ aq KC1 at 25°, pH 7.6. 
The observed rate constants (min~') were 0.37, 0.22, 
and 0.35 for the oximes (Z)-lc, 2a, and P2S, respec­
tively. These results indicate that (Z)-le and P2S 
are equally effective for the breakdown of Sarin, 
whereas 2a is slightly less active in this respect. 

Pharmacology.—In view of the /// vitro results, 
(Z)-lc and 2a were selected lor the investigation of 
their antidotal activity against poisoning with Sarin 
and Paraoxon. The data were compared with those 
for P2S, which has been generally accepted as an antidote 
against poisoning with several organophosphorous com­
pounds.- The acute ip toxicities of the oximes in 
mice were as follows (compound, LD50 read after 24 
hr, 95% confidence limits): (Z)-lc, 295 (264-330) mg/ 
kg; 2a, 377 (369-384) mg/kg; P2S, 227 (214-245) 
mg/kg. Hence, (Z)-lc and 2a are less toxic than 
P2S both on a weight and on a molar basis. 

Table II shows that (Z)-lc gives a significant ther­
apeutic effect against Sarin in mice, although less 
than P2S, whereas (Z)-lc is not active against poisoning 
with Paraoxon. On the other hand, (Z)-lc is equally 
effective as P2S against Sarin in rats: the same ex­
periments as described in Table II for mice lead to 
LD5I) (sc) values of Sarin in rats of 1.52 (1.40-1.66) 
mg/kg and 1.62 (1.45-1.81) mg/kg for the oximes 
(Z)-lc and P2S, respectively, in combination with 

(19) \V. I). Erdmann, Xauinfu-Schmiedebtry'... Arch. Exp. 1'atkol. 1'kurma-
Aoi .263 , 61 < I 9 6 0 ) . 

(20) J. II. Blanch, ,/. Chem. tioc.B, 1172 (1969). 

T A B U : II 

ANTIDOTAL ACTIVITY or 

(Z)-Is<>THIAZOLi;-.">-l'ARBOXALDOXIMK (Z-lC) AM) OK 

3 - H Y D K ( ) X Y I M I . N ' ( ) M I ; T H Y L - 2 - M I : T H Y I . I S O T , H I A Z O L H M 

TosYi.ATi: (2a) AOAixsT S A R I N AND P A R A O X O N IX M I C I ; 

- --L\)J' (mg kg) - -
Treatment'' 

Xone 
Atropine sulfate 
(Z)-lc + atropine sulfate 
2a + atropine sulfate 

Paraoxon 

0 . S ( 0 . 7 - 0 . 9 ) 

3..") (3 .0-4 . . " ) ! 

3 . 2 ( 2 . S 3 . 6 ) 

9 . 7 ( S . 1 1 1 . 3 ; 

a t r o p i n e sulfate 9 .S ( s . 1 I I . X j 

sarin 
O.2.") (0.24-0.26) 
0.30 (0.2.V-0.32) 
0.4.") (0.42-0.4S)'' 
O.06 (0..52-0.61) 
0.4.1 (0.3.V0.."i())« 

0.64 (0..")4-0.76) 
" Atropine sulfate (37.o mg kg) and the oximes (Z-lc, S6.0 

mg kg; 2a, 63.6 mg kg; PS, 47.2 mg kg) were administered 
ip, 1..") min after intoxication. 'Sar in and Paraoxon were ad­
ministered subcutaneously in the neck. LD50 values were read 
after 24 hr, unless otherwise stated. Values in parentheses 
refer to 9 5 % confidence limits. r After 48 hr. 

atropine sulfate.-1 Hence, the therapeutic activity of 
(Z)-lc is markedly dependent on the type of anticholin­
esterase used and on the animal species. Since limited 
quantities of the methylated oxime 2a were available, 
this compound was only tested in mice. As shown 
in Table II, 2a is not significantly less active than 
P2S against Sarin, when reading the results after 24 
hr. When comparing results after 48 hr, however, 
P2S is found to be more active than 2a. Finally, 2a 
is equally active its P2S against Paraoxon, this result 
being unchanged after 48 hr. 

Experimental Section 

Melting points were determined on a Monoscop (Hans Bock, 
Frankfurt an der Main, West Germany) and are uncorrected. 
Nmr spectra were recorded on a Jeol C-60H spectrometer, using 
DMSO-ds as a solvent (Me4Si). Ir spectra were obtained with a 
(irubb-Parsons OS 4 spectrometer. Uv spectra were recorded 
by means of a Zeiss l iPQ 20A spectrometer in aqueous solution. 
Tic was carried out on silica gel F254 (E. Merck) with C6H9-
.Me.CO-EtOAc-concd XH4OH (6:S:2:0.3, v/v);2 a the oximes 

(21) An LDoo (sc) value of 0.56 (0.39-0.91) mg/kg was found for Sarin, 
when the rats were only treated with atropine sulfate (37.o mg/kg). 

(22) 15. Unterhalt, Arch. Pharm., 300, 38 (1967). 



IsOTHIAZOLE OxlMES IN O H G A N O P H O S P H O R U S POISONING 

were visualized with uv light and by spraying with alcoholic 
FeCU solution.23 Dry column chromatography13 was carried 
out on a nylon column filled with silica gel F254 (100 g). The 
positions of the products on the column were located with uv 
light (254 irni). Where analyses are indicated only by the sym­
bols of the elements, analytical results obtained for those ele­
ments were within ± 0.4% of the theoretical values. 

Isothiazole-3-carboxaldehyde.—The aldehyde was prepared 
from 3-methylisothiazole,4 via the hydrolysis of 3-dibromomethyl-
isothiazole:5 bp 46-48°' (0.7 mm) [lit'.5 bp 62-65° (9 mm")]. 
Anal. (C4H3NOS) C, H, N, S. 

CE)-IsothiazoIe-3-carboxaIdoxime (E- la).—Isothiazole-3-car-
boxaldehyde (6.7 g, 59.2 mmoles) was added to a neutralized aq 
solution of NH 2 OH-HCl (4.2 g, 60.4 mmoles). The mixture was 
homogenized with EtOH and heated for 30 min at 80°. After 
cooling to —60°, the product was filtered off and recrystallized 
from C6H6, which gave 6.7 g (88%) of pure (E)-la: mp 76-77°; 
Xmax 269 mM; 0.1 A' NaOH, Xmax 330 imi; J-OT'3 3562 cm-1 . Nmr 
spectroscopy and tic showed that the product was isomerically 
pure. 

(EO-O-Benzoylisothiazole-3-carboxaldoxime.—(E)-la was ben-
zovlated according to the method of Vermillion and Hauser,10 

mp 111-112°. Anal. (Ci,H8N202S) C, H, N, S. The benzoylated 
product (100 mg) was hydrolyzed in 2 N aq NaOH at room tem­
perature in the course of 12 hr. After adjustment to pH 6.8, the 
reaction mixture was extracted with E t 2 0 . The combined ex­
tracts were evaporated after drying (MgS04). Recrystalliza-
tion of the residue from CeH6 gave (Z?)-la (44 mg, 80%), mp 73 -
74°. Nmr and ir spectroscopy showed that the oxime was 
identical with the product obtained from the reaction of iso-
thiazole-3-carboxaldehyde with NH2OH. 

3-Hydroxyiminomethyl-2-methyIisothiazolium Tosylate (2a).— 
A mixture of (i?)-la(215 mg, 1.68 mmoles) and methyl tosylate12 

(322 mg, 1.73 mmoles) was heated for 10 min at 115-120°. " After 
rapid cooling to room temperature, the viscous reaction mixture 
was treated with Me2CO (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 MeOH-Me2CO; yield 50.2 mg (9.5%) of 2a: mp 
191-192°; Xmax290mM; 0.1 .V NaOH, Xmax 330 mM; purity 96.4% 
(potentiometric titration). 

IsothiazoIe-4-carboxylic Acid.—An 80-g sample of 4-methyl-
isothiazole24 (0.81 mole) was added dropwise with stirring to coned 
H2S04 (1.44 1.), maintaining the temperature below 30°. Pow­
dered Cr0 3 (208 g, 2.06 moles) was added portionwise to the 
stirred solution at 30° in the course of 6 hr, the stirring being 
continued for a further 12 hr. The reaction mixture was poured 
on to ice and extracted continuously (24 hr) with E t 2 0 . The 
extract was dried (MgS04) and evaporated to dryness under vac­
uum. The residue was recrystallized twice from H 20, which 
gave the pure acid (57.9 g, 55.3 % ) ; mp 162-163° (lit.25 mp 162-
164°). Anal. (C^jNOaS) C, H, N, S. The material was iden­
tical with that prepared by hydrolysis of 4-cyanoisothiazole.25 

2-Cyano-l,2-dihydro-l-(isothiazoIe-4-carbonyl)quinoline.— 
Isothiazole-4-carbonyl chloride (25 g, 0.17 mole, obtained25 

from 23.1 g of isothiazole-4-carboxylic acid with SOCl2) was added 
dropwise with vigorous stirring to a mixture of quinoline (22.0 
g, 0.17 mole), KCN (19.2 g, 0.29 mole), CH2C12 (185 ml), and 
H 2 0 (90 ml) in the course of 3 hr. The mixture was additionally 
stirred at room temperature for 12 hr. After separation, the 
organic layer was washed successively with H20, 2 N aq 
HC1, H 2 0, 2 N aq NaOH, and H 2 0. Finally, the organic layer 
was dried (MgS04) and evaporated under vacuum, yielding the 
crude Reissert compound (24.0 g) as a brownish, semisolid sub­
stance. An analytical sample was obtained bv recrystallization 
from cyclohexane-EtOH mp 124-126°. Anal. (C,4H9N3OS) C, 
H, N, S. 

Isothiazole-4-carboxaldehyde.—A solution of the crude Reas­
sert compound (23 g) in 9 A' aq H2SO4 was steam distilled. After 
saturation with NaCl, the distillate (ca. 1.8 1) was extracted 
with E t 2 0 . The combined extracts were washed with aq Na2C03 , 
dried (MgS04), and evaporated under vacuum. Recrystalliza­
tion of the residue from petroleum ether (bp 40-60° )-Et 20 (2:1, 
v /v ) gave 4.7 g (24%, based on isothiazole-4-carbonyl chloride) 

(23) M. Hranisavljevic-Jakovlivic, 1. Pejkovi6-Tadic, and A. Stojiljkovi6, 
J. Chromatogi., 12, 70 (1963). 

(24) Hans J. Zimmer Verfahrenstechnik (W. Germany), French Patent 
1,343,769 (1963). 

(25) R . R a a p a n d R . G.Micetich, J. Med. Chem.,11, 70 (1968). 
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of the pure aldehyde, mp 58-60° (lit,26 mp 58°). Anal. (C4H3-
NOS) C, H, N, S. 

4-(l,3-Dioxolan-2-yl)isothiazole.—The acetal was prepared 
from isothiazole-4-carboxaldehyde and ethylene glycol by the 
method of Bradsher and Parham,27 yield 76%: bp 108-110° (2.5 
mm); n26D 1.5387. Anal. (C6H,N02S) C, H, N, S. 

(Z)-Isothiazole-4-carboxaldoxime (2Mb).—Isothiazole-4-car-
boxaldehyde (2.0 g, 17.7 mmoles) was added to a neutralized aq 
solution of NH2OH.HCl (1.4 g, 20.1 mmoles). After heating for 
30 min at 80°, the reaction mixture was concentrated and ex­
tracted with Et 2 0. The combined extracts were dried (MgS04) 
and evaporated, which left 1.7 g (75.1%) of lb, melting range 
50-90°. Anal. (C4H4N2OS) 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 chromatography,13 using C6H6-Et20-
(1:1, v /v ) as a developing solvent. The Z isomer (lower Rt 
value) was cut out and extracted from the column with E t 2 0 . 
After evaporation of the solvent, the residue was recrystallized 
from CCh, giving (Z)-lb(72 mg), mp 115-116°. Both tic and 
nmr showed the complete absence of the E isomer. 

CE'Hsothiazole-l-carboxaldoxiine {E-lb).—Isothiazole-4-car-
boxaldehyde (1.0 g, 8.8 mmoles) was added dropwise with stirring 
to a solution of XH 2 OH.HCl (0.75 g, 10.8 mmoles) in 5.5 A7 

aq NaOH(4 ml) at —5 to —10° in the course of 30 min.14 After 
additional stirring at —5° for 1 hr, the reaction mixture was neu­
tralized with a saturated aq solution of NH4C1(6 ml) at —5°. 
The product was filtered off rapidly from the cold solution, dried 
under vacuum (P20») and purified by two recrystallizations from 
heptane-Et 20 (2:1, v /v) , which gave 174 mg of (E)-lb, mp 8 1 -
82°. Both tic 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 
DMF, 1 ' bp 28-29° (0.005 mm) [lit.16 bp 95-98° f,32 mm)]. Anal. 
(C4H„NOS) N, S. 

(2*)-Isothiazole-5-carboxaldoxime (Z-lc).—Isothiazole-5-ear-
boxaldehyde (1.0 g, 8.8 mmoles) was added to a neutralized aq 
solution of NH 2 OH.HCl (0.75 g, 10.8 mmoles). The mixture 
was homogenized with EtOH and heated for 30 min at 80°. 
After cooling to 0°, the product was filtered off and recrystallized 
from H 2 0 and C6H6, respectively, giving 1.0 g (88.6%) of lc, 
mp 125-128°. The nmr spectrum (see Table I) indicated the 
presence of (Z)-lc and {E)-\c in a ratio of 9 :1 . The isomeric 
mixture (500 mg) was separated by drv column chromatographv13 

with C6H6-Me2CO-EtOAc-concd NH4OH (6:8:2:0.3, v /v ) as a 
developing solvent, This procedure gave (Z)-lc (178 mg), mp 
133-134°; Xmax 265 rmi; 0.1 AT NaOH, Xmax 300 mM. Both tic and 
nmr showed the complete absence of (E)-lc. 

5-Hydroxyiminomethyl-2-methylisothiazolium Tosylate (2c).— 
A solution of Z-isothiazole-5-earboxaldoxime (1.0 g, 8.8 mmoles) 
and methyl tosylate12 (1.6 g, 8.S mmoles) in C6H6 (5 ml) was 
heated for 1 hr at a bath temperature of 90°. The reaction 
product, which separated as a heavy oil, was dispersed in the 
solution with a stream of N2 during the reaction. Next, the oil 
was separated from the reaction mixture and dissolved in Me2CO 
(4 ml). Overnight, the product crystallized from the solution. 
A final purification was obtained by dissolving the product in a 
minimum of DMSO, followed by reprecipitation with Me2CO, 
which gave 2c (211 mg, 8.6%); mp 174-176°; 0.1 N H2S04 Xmax 

306 m^; 0.1 N NaOH, Xmax 330 m,u; purity 97.5% (potentio­
metric ti tration). 

Pyrazole-3(5)-carboxaldoxime (le).—Pyrazole-3(5)-carboxal-
dehyde (1.9 g, 19.8 mmoles, prepared according to Bredereck, 
et al.M) was added to a neutralized solution of NH 2OH-HCl 
(1.5 g, 21.6 mmoles) in H 2 0 (80 ml). After heating for 30 min at 
80°, the reaction mixture was concentrated under vacuum to 
10 ml. Upon cooling, the oxime crystallized and was filtered off. 
The product was purified by recrystallization from MeOH-CcHe, 
which gave 350 mg of le , mp 107-109°. Both nmr and tic showed 
that the product was configurationally pure. 

Kinetic Experiments. A. Reactivation of Inhibited Acetyl­
cholinesterase (AChE).—Bovine erythrocyte acetylcholinesterase 
(EC 3.1.1.7, Winthrop Labor., Inc.) was completely phosphonyl-

(26) F. Hubenett, F. H. Flock, W. Hansel, H. Heinze, and HD. Hofmann, 
Angew. Chem., IB, 1189 (1963). 

(27) C. K. Bradsher and J. C. Parham, J. Org. Chem.,28, 83 (1963). 
(28) R. Raap, Can. J. Chem., 44, 1324 (1966). 
(29) H. Bredereck, R. Sell, and F. Effenberger, Chem. Ber., 97, 3407 

(1964). 
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ated by incubation of a 25-ml solution, containing 1.5 nig of 
enzyme preparation ml, with 25 ml of a 2 X 10~5 M solution of 
Sarin in a 6.6 X K)"3 M barbital-Na4" butler at 0° (pH 9.01 
for 1 min. The excess of Sarin was removed by three extractions 
with SO-ml portions of ether (saturated wilh water). Reactiva­
tion was started by incubation of 40 ml of the remaining solution 
with 10 ml of a ."> X 10":i .1/ solution of the oxime in a 4 X 10~-
.1/ phosphate buffer at 25° (pH 7.5). Enzyme activity was deter­
mined at hourly intervals, in 2-ml samples, by means of an auto­
mated pH-Stat procedure3" using :i X 10_:i .1/ acetylcholine 
chloride as a substrate. Blanks for enzyme, enzyme with oxime, 
and inhibited enzyme were run simultaneously. 

B. Hydrolysis of Sarin in the Presence of Oximes. Into 
5 ml of a 10~2 .1/ solution of oxime in aq 0.1 .1/ KC1, equilibrated 
at pH 7.0 and 25°, was introduced 5.5 /A of a solution of Sarin in 
/-PrOn. The final concentration of Sarin was approximately 
10 - 3 M. The reaction rates were determined from the uptake 
of standard alkali by the reaction mixture, maintained at pH 7.0 
by means of a Radiometer Autotitralor. A sufficient excess of 
oxime was used in order to provide first-order kinetics. Plots 
of log ! 1', — V',) rs. time gave the pseudo-first-order rate con­
stants. V, and \',x are the amounts of alkali taken up at time / 
and after complete hydrolysis (after at least X half-lives), re­
spectively. The rate of spontaneous hydrolysis of Sarin is neg­
ligible compared with the rate of reaction. 

Pharmacological Procedures.- Female !•', generation mice 
from a strain of our Laboratory, weighing IS- 22 g, and female 
albino rats (Wistar), weighing 150-170 g. were used. Sarin and 

CIO) .1. II . Keijer, Aiml. Biochem.. in pies.- i 11170/. 

Carbonyl derivatives of o-membei'ed heterocyclic 
rings, substituted with strong electron-withdrawing 
groups, have been the subject of numerous publications. ' 
Usually the electron-withdrawing entity has been I\0L>. 
but compounds containing other electron-withdrawing 
substituent.s have also been studied. Recently Bam-
bury, et al.,- have prepared a series of furfural deriva­
tives containing the CF 3 group, and have found some 
anticoccidial activity in chickens. 

As a result of our interest in this field, and considera­
tion of unpublished work done in our own laboratories. : i 

we came to the conclusion tha t the heterocyclic ring in 
such systems might not always be necessary, and that 
certain biological activity might be obtained in com­
pounds where the electron-withdrawing group was 
directly at tached to the carbonyl group. 

The first series of such compounds investigated was 
the perfluoroalkyl aldehydes, such as trifluoroacetalde-

* ' t o whom co r r e spondence should be addres sed . 
I 1) For references see 1.. D o u b , Anna. Rep. Med. Chem., 1967, 106 (1968). 
(2) H. E . B a m b u r y , H. K. Y a k t i n a n d K. K. WyckotT., ./. Heterocyd. 

Chem.. S, 95 (19(58). 
()t) M r . H. Sherlock of this Research Cen t r e , is t h a n k e d for mak ing 

ava i lab le his unpub l i shed resul ts . 

C i lAXK. H\1{1) I . \ 0 , W I l S z i . N A I 

l'araoxon were administered subculaneously in aq solution (mice. 
10 ml/kg of body weight; rats,2.5 ml/kg of bodv weight). Atropine 
sulfate was administered ip, 1.5 min after intoxication, 
in aq solution (mice. 10 ml/kg of body weight: rats. I ml 
kg of body weight ). The oximes were also administered 
ip. immediately after atropine sulfate. Due to the low 
solubility of (Z)-lc in iljO, this oxime was administered in 1 M )-
DMSO [mice. 10 ml/kg. (>' , iv.'v) DMSO; rats, 2 ml, kg, IK)', 
iv v) DMSO]. The oxime 2a was administered in aq <uluti<>n 
to mice (10 ml kg). See Table II (footnote a) for the adminis­
tered doses of atropine sulfate, (Z)-lc, and 2a. LD„, values 
were determined on (i groups of S animals each and were calcu­
lated according to the method of Litchfield and Wilcox on.-1 
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hyde. Most of the compounds described here are 
novel, and have been found to have unusual chemical 
and biological properties. However, we have included 
a few known compounds also, because these too have 
shown interesting biological activities which, to our 
knowledge, have not been described elsewhere. 

The primary objective was to investigate the biologi­
cal effects of the free CO compounds; however, the 
polar nature of these molecules (usually present as hy­
drates) could impair their absorption, and transport in 
the body to possible active sites. We felt that it was 
necessary to improve the biological transport of these 
compounds by masking the polarity of the CO group. 
Presumably this would increase fat solubility at the 
same time. It was also considered important that such 
derivatives should be of limited chemical stability so 
that they could be expected to revert to the free CO 
compounds under physiological conditions. These 
considerations led us to synthesize acetals and hemi-
acetals, Scruff bases, imidazolidines, thiazolidines. 
oxazolidines, and similar ring systems. 

We were also interested in the biological effects of 
perfluoroalkyl carboxylic acids. The free acids, which 
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As part of a search for biological activity in compounds containing strong electron-withdrawing groups directly 
attached to C = ( ) , a series of derivatives of perfluoroalkj'l aldehydes and perfluoroalkyl acids were subjected to 
biological evaluation. Interesting and diverse activities were found in derivatives of trifluoroacet aldehyde: 
in contrast, derivatives of longer chain fluorinated aldehydes and acids showed little activity. The active com­
pounds which, it is suggested, may act by releasing CF3CHO in the body of the test animal have effects on the 
endocrine glands and the CXS and reduce inflammation induced by carrageenin. Some of these show potent, 
but temporary, antifertility activity in male rats. 


