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Summary

Nineteen kinds of sodium thiohydroxamate (I) were synthesized from hydroxylamine
and esters of thionic acids or dithioacids in the presence of sodium methylate with
about 4094 yields for the aliphatic compounds and above 709§ yields for the aromatic
ones with some exceptions. A number of sodium O-methylthiohydroxamate (II) were
also obtained by the analogous method using O-methylhydroxylamine. On long
standing, I were apt to rearrange to the 1,3-disubstituted thiourea while I were very
stable. Some crystalline thiohydroxamic acid and O-methylthiohydroxamic acids were
prepared from I and I ‘
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For hydroxamic acids which are capable of tautomeric changes (la, b) it has been
established™* that the keto-form exists predominantly both in the solid state and in
solution, whereas there is no such reports of the structures and thiolthione tautomerisms
of thiohydroxamic acids (Ia, b). In this paper some thiohydroxamic acids and O-methy!
thiohydroxamic acids (Ila, b) which are reported in Part I*' were examined by physical
methods and their probable structures were discussed.
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A) Infrared Spectra

Some typical infrared spectra of II are shown in Fig. 1. No marked differences of
the spectra are found between in carbon tetrachloride solution and in the solid or as
the liquid film. The SH stretching frequencies at 2578+8cm™' are in a satisfactory
agreement with those found for ordinary thiol group, 2600~2550cm™, so that any
hydrogen-bonding associated with thiol group is less likely. Furthermore, NH stretch-
ing bands are not found under any circumstances in the region 3400~3550 cm™
(monomer) or 3300~3140cm™ (dimeric), in which those of secondary thioamides or

*1 Part I: This Bulletin, 14, 1249 (1966).
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N-substituted thioureas®® appear. These observations lead us to the conclusion that
Il exists in the only one structure, namely in thiol-form (IIb), in the solid or liquid
and in the solution. ,

On the contrary, the infrared spectrum of I in solution differ from those in solid
as shown in Fig. 2. In the solution, SH stretching vibration appears and furthermore
three bands exist in the high frequency region over 3200cm™. All these three bands
move on deuteration to smaller wave-numbers at which the wave-number ratio are near
1.40, and the intensity of the broad band at 3220~3230 cm™!, among the three bands, is
reduced with dilution of the carbon
tetrachloride solution while the inten-
sities of the other two sharp bands at
35805 cm™ and 3405415 cm™ are in-
creased slightly, so that the former is
due to the intermolecularly associated
bonds and the latter two bands result
from non-associated vibrations. Al-
though the appearance of the SH band
shows the existence of the thiol isomer
(Ib), it is improbable that two non-
associated bands occur from only the
] thiol isomer, because the oxime group
%R: e e should give only one non-associated

T band in the region 3500~3650 cm 10~

— — These observations can be elucidated:
v only by assuming the presence of both
thiol and thione tautomers in equili-
brium in the solution. Then SH
stretching vibration is due to the thiol-
form, and the two non-associated
bands at 3580+5cm™ and 3405+15cm™!
should be assigned respectively to the

(b) (cCl)

1 ! ! : 1 L

(e}

B R=w—NO,—C,H, OH and the NH stretching vibration
L, wBl L which result from the -NHOH group
‘ in Ia and the =NOH group in Ib.
m \v These frequencies are in fair agree-
‘ 3 - .

2 \ ' ment with the OH frequencies in

(9 (el oximes or amidoximes™ (3610~3650

3605 3200 2500 2400 2000 T900 TR0 1700 R0 00 400 300 Tt T To 00~ 900 B0 oy cm™) and the NH frequencies in secon-
SH. dary amides (3400~3460 cm™)® or the

Fig. 1. Infrared Spectra of R—C< (M) secondary thioamides or N-substituted
NOCHs thioureas (3350~3430 cm™).*%
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On the one hand, the absence of SH band in the solid state suggests

that the

-structures of the crystalline thiohydroxamic acids may be the thione-form (Ia).
Additional supports for this probable structures are obtained by investigating the
:spectral changes with deuteration summarized as follows: (i) in the high-frequency
region the associated NH and OH stretching vibrations move to lower frequencies at
‘which wave-number ratio are near 1.40, (ii) five bands at 1550420, 142510, 134030,
1085-=5 and 680+10cm™ disappear or decrease their intensity remarkably and new
four bands appear at 1470410, 1135410, 103545, 945+15cm™ after deuteration, (iii) a
band at near 970cm™ is sensitive to deuteration, though it is obscure in some cases.
It may be mentioned here that somewhat similar results have been obtained for
thioamides or thioureas. Rao' has recently suggested that the compounds including

14) C.N.R. Rao, R. Venkataraghavan : Spectrochim. Acta, 18, 541 (1962).
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() R=p~CH,0~CeH,
(KBr)
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-N-C-=S group show consistently char-
acteristic “bands which were tenta-
tively designated by him as the “N-
C=S I, I and Il bands” in the region.
1395~1570, 1260~1420 and 940~1140:
cm™, and these bands are probably
due to the strongly coupled vibration
among the C-N and C=S stretching
and NH deformation vibration. Then
these characteristic bands must be
more or less affected by deuteration.

Fig. 3. Infrared Spectra of RNH~C-NH-R because of the large shift of the NH
& deformation mode to lower frequen-
simple —— -~~~ deuterated cies. For example the spectra of
Taste I. Band Assignments for Tautomers of Thiohydroxamic Acid
8 SH
R-C (Ia) == R-C (Ib)
[ <NHOH 0 <NOH
YoH YNH YoH» YNH 5
R (monomer)  (monomer) (dimer-) VsH OH
cm™ cm™t  Rati
cm™! Ratio cm™! Ratio cm™ Ratio atio
H-Comp. 3585 3415 3258 1426
p-Cl-CgH, D-Comp. 2640 1.36 2520 1.36 2335 1.40 2580 1029w 1.39
H-Comp. 3558 3390 3190 1434
m-Cl-CgH, D-Comp. 2646 1.34 25% 1.34 2330 1.37 2575 1023w 1. 40.
H-Comp. 3587 3420 3215 1424
p-CH3;0CH, D-Comp. 2635 1.36 9523 1. 36 92370 1. 36 2560 ni
H-Comp. 3575 3393 3205 1422
m-NOo-CgHy D-Comp. 2629 1.36 2505 1.35 2380 1.35 2565 1030w 1.38
H-Comp. 3580 3408 3203 1415
YN-C=S band (cm™) Iyu
R ar;d/or
OH
I I il (cm™1)
H-Comp. 1572 — 1367 — 1078 —_— 964 — 674
p-Cl-CoH, D-Comp.  —— 1480 — 1142w — 983 — 928 —
H-Comp. 1531 — 1327 — 1085br — 986sp — n.i
m-Cl-CoHy D-Comp.  —— 1461 —— 1143w 1077sp 994br,s — 949
H-Comp. 1574 —— 1365 — 1079 — 961 — 692
-CHsOCoHs D-Comp.  —— 1470 — 1138w — 977 — 933 —
H-Comp. 1555 —— 1312 — 1079 —_ 999sp — 685
m-NOy-CoHa D-Comp.  —— 1463 —— 1ld4w —— 1002br,s — 959 —
H-Comp. 1552 —— 1324 — 1090 —_— 986 -~ 688
B-CroHly D-Comp. — 1467 — 1126w —— 999  — 947 —

vom, vxu and vez bands were obtained in CHCls (R=p-Cl-C¢Hy; in CCl), and other bands in KBr disks.
H-Comp., D-Comp.; simple and deuterated thiohydroxamic acid

w: weak s: strong sps sharp

br: broad n,

i.¢ not investigated
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some 1,3-disubstituted-2-thioureas and their deuterated compounds prepared by authors
are shown in Fig. 3. Similar spectra have been recorded for the secondary thioamides®
and N-methylthioformamide.”? Since there is no doubt that as a whole the spectra of
solid I are closely analogous to those of these compounds including -N-C=S group, the
above mentioned three bands of I, at about 1550, 1340, and 1085 cm™, which move after
deuteration must be assigned to the ‘“~N-C=S I, I, Il bands,’’ respectively.

Absorption bands due to the OH linkage of the -NHOH group are also expected be-
sides -N-C=S bands for Ia. The bands at 1425-+10 and 1030-+5 cm™ which have a wave-

number ratio of near 1.40 may be ascribed to the OH and OD deformation mode
respectively, because these bands had

not been found in secondary thio- ~NOCH,
amides by Had%.® The appropriate- () T™S
ness of this assignment is confirmed
by the facts that the OH deformation benzene proton —~SH
band for oximes is within the range Y R N :
1300~1500 cm™,*»:1%9 and some 6 1 2 3 4 5 6, 7 8 9 10
derivatives of I give it at 1430=+10
c¢m™ as shown in Part IL.** The —NOCH,| |{—OCH; NS
characteristic bands of I were finally (b)
summarized in Table I. benzens profon ok

In the oily thiohydroxamic acids M

such as benzothiohydroxamic acid ¢ 1 2 3 4 5 6 7 & 9 10

both thione and thiol tautomers may * penzene

exist, because the SH band, even proton

though so weak, is found as liquid ‘ (c) T™S
film and the spectra in carbon tetra- ~NHOH J
chloride solution scarcely differ from ‘ .,

those of liquid film as shown in Fig. & o9 0

2f. It has been well known that

both tautomers exist in the liquid TMS

for acetylacetone'” and ethylbenzoyl- @ -

acetate.'®

B) Nuclear Magnetic Resonance 8 9 10
Spectrt}m Fig. 4. Nuclear Magnetic Resonance Spectra of
The difference of structures be- Thiohydroxamic Acid (I) and O-Methylthio-

tween I and I in solution are also hydroxamic Aicd (I)

observed in the nuclear magnetic

SH
(a) m—NOz—C6H4~C<
resonance spectra.

NOCH;

A signal with the magnitude of SH
one proton was found at 4.8~5.1¢ in (b) # —CH“’O_C“H*'C<NOCH3
I as shown in Fig. 4a, b, and it S
disappears by addition of heavy (¢) P‘CI‘CGH4‘C<NHOH
water, This signal is probably ascrib- g
ed to the proton of SH group, (d) p—CHsO—CeHrC<
because it is no doubt that II exists NEOH

*3 Part Il : This Bulletin, 14, 1263 (1966).

15) A. Palm, H. Werbin: Can. J. Chem., 32, 585 (1954).

16) D. HadZi: J. Chem. Soc., 1956, 2725.

17) L.W. Reeves : Can. J. Chem., 85, 1351 (1957).

18) Z. Reyes, R. M. Silverstein: J. Am. Chem. Soc., 80, 6367 (1958).
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in thiol-form and the SH group is not associated as mentioned in section (A). This
position is reasonable for non-associated SH proton which are shielded strongly by the
large sulfur atom.

In I, a broad absorption band with the magnitude of about two protons was
observed at very low field as shown in Fig. 4c, d, and this band also disappears by
addition of heavy water. This band is likely to result from the proton of -NHOH
group in Ia. Although the comparing of the signal pattern with that of I was
impossible because of the insolubility of Il in deutero chloroform, such a broad band
at the low field has been found for tautomers of ethylacetoacetate.!® The absence of
SH signal in nuclear magnetic resonance spectra is incompatible with the appearance:
of the SH band besides NH and OH stretching bands in infrared spectra as shown in
section (A), but this fact may be interpreted on the assumption that the thione and
thiol tautomers are interconverted rapidly in I, or the concentration of the thiol-form
is too low to show the SH signal in nuclear magnetic resonance spectra even though
the concentration is enough to show the SH band in the infrared spectra. '

C) Dissociation Constant

Dissociation constants of I and I were determined as shown in Table I by titrating
the aqueous solution of their sodium salts with 0.1N hydrochloric acid. It is clearly
pointed out that both series of T and Il have
nearly the same pKa values and I are
the more strong acid as II because it has
been reported that the pKa values of aceto-
and benzo-hydroxamic acid are 9.40 and
8.89, respectively.?® These observations
show that I exist in thiol-form in aque-
ous solution, as observed for 1. Fur-
thermore, it is interesting to note that
linear relationships have been found be-
—03702-01 001 02 0.3 0.4 0.5 06 07 tween the pKa values and the Hammet’s

5.0

pKa

. o ovale , o constants in a series of the aromatic
Fig. 5. Soéf;::tt::g of pKa with Hammet’s compounds as shown in Fig. 5, and the
R sH correlation coefficients are about 1.0 which.
o X - are the same value for carboxylic acids.
® ® C
N\ . . o

NOH These facts are likely to indicate that
pKa=—0.980+4.67 the effects of substituted groups in I are
s R%—*-———>_C <SH similar to them in carboxylic acid, so that
NOCH; the analogous mesomeric structures, (c)

pKa=—1.00¢+4.41 and (d), may be proposed.

R S o~ O —
/ / /)
@ C\\Né;OH © <§> C\oa—-
D) Ultraviolet Spectra

The UV spectra of I and T in ethanol are given in Fig. 6. These spectral features
are scarcely different from those in cyclohexane. Recent literatures by Jassen™ have
indicated that the aliphatic compounds including -N-C=S group display a n-z* transition

19) J.D. Roberts: ‘ Nuclear Magnetic Resonance, Applications to Organic Chemistry,”” 67 (1959), McGraw-
Hill Book Co., Inc., New York.

20) W.M. Wise, W.W. Brandt: J. Am. Chem. Soc., 77, 1058 (1955).

21) M.J. Janssen : Rec. trav. chim., 79, 454, 464 (1960).
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TaesLe II. Acid Dissociation Constants of Thiohydroxamic Acid (T)
and O-Methylthiohydroxamic Acid (II)

R p-CHs0- p-CHo- (g p-Cl- m-Cl- m-NO»~ g o 4\ . H,0 0-CiHsS CHs

CeHs CeH, CeHy  CeHy CeH,
SH
R~ C< 4.94 4,81 4.73 4.41 4.24 4.01 4,64 4,45 4,21 5.58
NOH
pKa
SH
R—C< 4.65 — 445 — —  3.69 — — — —
NOCH;
Hammet’s ¢
constant —0.268 —0.170 0 +0.227 +0.373 +0.710 — — — —_—

band at wave-lengths between 280 and 365 mp. Therefore, in the case of aromatic
thiohydroxamic acids the n-z* bands due to the -N-C=S group of the thione tautomer,
even if it exists, must be overlapped by the more strong benzenoid bands. On the
one hand, the pure aliphatic ones were not obtained because of their instability.
Hence the UV spectra are not informative to estimate the structure of I in the solution.

200 300 00300 mg

Fig. 6. Ultraviolet Absorption Spectra (in EtOH)
SH SH
R—C< R—C<

NOH NOCH,
O——0 R=C¢Hs O——0 R=C¢Hs
@®----@ R=p-Cl-CeH, A————A R=p-CHy-CeH,
[O——-T0 R=p-CHzO-CeHs X w——x R=m~NOs-CeH;
X X R=m~NQOg-CeHa

- - R=-CyoHy

Conclusion and Discussion

It is evident from the investigations of the infrared spectra that thiohydroxamic
acids (I) exist in thione-form (Ia) in the solid state, but thiol and thione tautomers are
present in equilibrium in the liquid state or in the solution, whereas O-methyl thio-
hydroxamic acids (II) occur almost exclusively in the thiol form (IIb) in all the states.
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Although the iodimetric titrations were carried out for the estimation of the equili-
brium concentrations of the thiol-thione tautomers of I in various solvents, no fair
results have been obtained, because I are too unstable, especially in polar solvents,
and their reactions with iodine in non-polar solvents are too slow to determine the
end-points clearly and to titrate without any side-reactions. It is likely, however, that
the increase of the dielectric constants and polarity of solvents favor the thiol-form,
because the pKa-values of I were nearly the same as those of II in aqueous solution
and a signal of the proton of thiol group was not found in deutero chloroform solution.
Although this trend is apparently opposite to that for the keto-enol tautomerism in
which the enol-form is more favored in non-polar solvents, this discrepancy may be
interpreted by the consideration that the tautomerism occurs between the C=N and the
thiol group in the case of I so that the thione tautomers of I still include the polar
group, NH group, while in the case of keto-enol tautomerism the keto-form dose not

include any polar group.
Experimental

All substances used in this study were prepared by previously reported procedures in Part I,*!' and
recrystallized immediately before use. Since liquid thiohydroxamic acids (I) and O-methylthiohydroxamic
acids () could not be refined by distillation, they were prepared as follows : After addition of diluted
hydrochloric acid to aqueous solution of the pure sodium salts of I or I, the separated oil were extracted
with ether and washed with water. The extract was dried rapidly over anhydrous Na,SQy followed by addition
of a small quantity of P;0Os, and decanted.  After entire evaporation of ether at reduced pressure, the
resulting liquid were used for the following experiments.

Deuteration of I was performed as follows : After addition of heavy water to a soluiton of I in a small
quantity of dioxane, the mixtures were allowed to stand in a desiccator over P;0s; in an air-conditioning
room of below 0° and the solvent was evaporated slowly at reduced pressure. The resulting crystals were
collected by filtration and washed with a small quantity of anhydrous petroleum ether and dried for 3 hr.
over P,0; at room temperature iz vacwo. The simple materials used as references were recrystallized in
the same manner as deuterated materials by using water in place of heavy water. Although I was somewhat
unstable in polar solvent generally, any appreciable decomposition or spectral change which was caused by
this procedure were not observed.

The infrared spectra were recorded with a Nippon Bunko double-beam spectrometer, model DS 201-B.
The NMR spectra were obtained on a Varian A-60 spectrometer at 60 Mc.p.s., in CDCls, with use of (CHj),Si
as an internal standard. The ultraviolet spectra were determined by using a Hitachi spectrophotometer
model EPS-2U.

The dissociation constants of I and II were determined by conventional potentiometric method from the
pH of half titration point which was obtained by titrating the solution of about 0.0005 mole of pure sodium
salt in 25 ml. water with standardized 0.1N HCL. The titrations were carried out in a closed vessel under
a nitrogen atmosphere, with a Yanagimoto potentiometric titrimeter, model KY-6. In the case of 3-naphtho-
thiohydroxamic acid and O-methyl-m-nitrobenzothiohydroxamic acid, more diluted solution of the sodium salts
(0.00025 mole/50 ml. water) was used because the dissociated acid was apt to precipitate before half titration
point.

The authors wish to thank Dr. Y. Matsui and Dr. K. Tori of this laboratory for their iltuminating
discussion on the interpretation of infrared and NMR spectra, and Mr. M. Takasuka and K. Aono for a help
in part of the measurement.

Summary

The infrared spectra of some thiohydroxamic acids (I) and their deuterated com-
pounds were investigated and compared with those of some O-methylthiohydroxamic
acids (). It was concluded that I exist in thione-form in the solid state but the both
of thiol and thione tautomers exist in the liquid or in the solution, in which state polar
solvents favor the former tautomer, whereas II occur in thiol-form in all the states.
These facts were more positively confirmed by the NMR spectra and by the determina-
tions of the pKa values. The “N-C=S bands’ of the thione-form of I were assigned

to the regions 1550-+20, 1340-+30 and 1085=+5cm™.
(Received March 15, 1966)
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