BENZENOID — QUINONOID TAUTOMERISM OF
AZOMETHINES AND THEIR STRUCTURAL ANALOGS
IX.* SYNTHESIS AND STRUCTURE OF 2-FORMYL-3-

. HYDROXYBENZO [b]THIOPHENE ANILS

V. A. Bren', V. 1. Usacheva, UDC 547.735'867.4:541.,623
and V. I, Minkin ~

A number of 2-formyl-3-hydroxybenzo[b]thiophene anils and their derivatives, which are
models of the individual tautomeric forms, were synthesized. The keto-amine structure
was assigned to the anils as a result of a study of the electronic, vibrational, and NMR
spectra. 2-Formyl-3-hydroxybenzo[bjthiophene exists in the hydroxy form.

o-Hydroxy- and o-mercaptoazomethines of the aromatic series have been the subjects of detailed in-
vestigations [2-4] in connection with the detection of their photochromic, thermochromie, and luminescence
properties as well as their ability to form metal chelate complexes. A prototropic benzenoid— quinonoid
equilibrium, which is sensitive to changes in the structures of the azomethines and the polarity of the medi-
um, exists in solutions of the indicated compounds. In the heterocyclic series, rather detailed information
regarding the structures of the vicinal hydroxy- and mercaptoazomethines is available for furan [5], thio-
phene [6,7], and pyrazole [8] derivatives.

In the present communication, we describe the synthesis of a series of azomethines from 2-formyl-
3-hydroxybenzo[b]thiophene, the structures of which in solution can be represented as a complex tautomeric
equilibrium Ia = Ic, as well as their derivatives of the II and III type, which serve as models for one of the

tautomeric forms.
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Information on the character of the tautomeric equilibrium Ia = Ic was obtamed by means of data on
the electronic, vibrational, and NMR spectra of I-III.

The electronic and vibrational spectra of azomethines I in the characteristic region are practically
insensitive to changes in the polarity of the solvent (Fig. 1), temperature, and structure of substituent R
(Table 1). This indicates that azomethines I exist primarily as one of the three possible tautomeric forms.
Since the spectra of azomethines I and II differ substantially from one another (Fig. 2), it is clear that
formIais not the most stable tautomeric structure. Evidence against Ib is the absence in the NMR spec-
trum of the characteristic AB pattern of splitting of the protons of the ~CH—CH=N group (Fig. 3). At the
same time, the electronic spectra of I are similar to the spectrum of III, the structure of wh1ch models
form Ic (Fig. 2).

*See [1] for communication VIII,
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Fig. 1. Electronic absorption spectra of 2-formyl-3-hydroxybenzo [bJthiophene anil: 1) in car-
bon tetrachloride; 2) in pyridine; 3) in dimethyl sulfoxide; 4) in acetonitrile.

Fig. 2. Electronic absorption spectra: 1) 2-formyl-3-hydroxybenzo[bJthiophene anil {, R =
C¢Hs); 2) 2-formyl-3-methoxybenzo[bjthiophene anil (I, R' = CHy, R = CgHg); 3) 3-thionaph-
thenone-2-morpholinomethide (II) ; 4) 2-formyl-3-hydroxybenzo[b]thiophenebenzylimine (I, R =
CH,C¢Hs) (methanol). '
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Fig. 3. NMR spectra of I R = CgH;) in dimethyl sulfoxide: 1) undeuterated; 2) deuterated.

Fig. 4. NMR spectrum of 2-formyl-3-hydroxybenzoblthiophene (IV) in methylene chloride,

Fig. 5. Electronic absorption spectra in methanol: 1) 2-formy!-3-hydroxybenzo[b]thiophenes {V); 2) sodi-
um salt of IV; 3) 2~formyl-3-methoxybenzo[b]thiophene (V).

TABLE 1, Spectral Characteristics of the Azomethines

Comp. No.
(see Table 2)

IR spectra in mineral

: : -3
UV spectra in methanol, A .., nm (e «107°) ofl, v, vm-t

I
1 | 265 (13,7); 340 (16,0); 445 (26.4) 1595, 1660
3 970 (11,5); 345 (12,0); 450 (24.4) 1585, 1610, 1655
7 270 (9,5); 340 (15.6); 445 (19,2) 1595, 1660
1 979 (9,0): 358 (12.7); 460 (17.3) 1610, 1670
12 965 (13,1); 291 (12,3): 318 (17.,5); 427 (19,2) 1600, 1655
13 263 (8,5); 312 (183); 340 (22,0) 1560, 1630
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TABLE 2

OR’

"]
BN CH==N
s @R
Comp. mp, ¢ | Empirical Found, % | Cale., % | &
No. | K R P formula 5 &l
clul s clu| s |E a8
AR
1| H H 179 | CisH,NOS 71,0| 4,31 12,6] 71,1| 4,4] 12,7) A |85
708! 4,5/ 12,2 B 5|71
2| H p-N(CHy), |[244—245| C,oHiNoOS | 687(5,4|10,7}68,9]54{10,8] A |73
3| H p-OCH3 178 | CieHsNO,S | 67,6/4,8/11,0{67,8|14,6{11,3] A |83
41 H m-CHs 168—169 | C,gH,;3NOS 71,9/ 5,1 11,8{71,9) 4,9{12,0] B 159
5| H p-CH; 199 | CiHysNOS 71.8/5,1111,9] 71,9 4,9] 12,0} A {79
72,4 4,8/ 11,9 B |49
6| H m-Cl 209—210| C;sH,CINOS |62,5!3,8|10,6]62,6]35 11,1] A |75
7| H p-Cl 222 | C;sHCINOS | 62,9!3,6/10,8/62,6]3,5|11,1| B {63
8| H p-Br 208—209 | C,sHioBrNOS |54,53,2] 9,7/54.2|3,0] 9,6| B |64
9! H p-COOC,H; |229—230 | C,sH;sNOsS | 66,24,7] 9.7/66:4)4,6] 9,8/ B |55
10 H m-NO, 212 | C;sHpoN2OsS | 60,6(3,5(10,5]60,4| 3,4/ 10,8] A [81
11|y H p-NO, 273 | CisHioN205S  160.7|3,5] 10,6, 60,4 3,41 10,8) A |85
12] H * 119—120| C,¢HsNOS 71,7i4,6/ 11,8 71,91 4,9/ 12,0| A |55
13] CH; | H 70 | CisHisNOS 71,6/5,1] 12,0/ 71,9149/ 12,0] A |85
14| CH, | p-OCH, 109—110]| C,7H;sNO,S  {68,6]5,21 10.6{68,7|5,1{ 10,8 A |83
15| CHs | p-Cl 114—115| C,sH,CINOS |63,4|4,0,10.4|63,7| 4,0| 10,6] A |83
16| CH; | p-CHs 119—120 | CH;sNOS - [72,3(5,4] 11,3]72,6{5.4{ 11.4] A |92
17 | COCH,| m-Cl 134—135 | C7H,;CINO,S |61,8'39| 9,6{61,9/3,7] 97| A |77
18 | COCHs| m-NOg 168 Ci7HioN:O,S  ]59,8,37] 9,4/60,0]3,6] 94] A |81
191 COCHs| p-NO, 212 | CyHuN,0sS | 60.3)38| 97|60.0|36] 9.4 A |71

*A benzyl group is attached to the nitrogen in place of an aryl ring.

The data from the NMR spectra in dimethyl sulfoxide provide distinct proof of the preferahleness of
the quinonoid structure. Asseenfrom Fig, 3, two spin doublets of the CH— and NH~ protons with J = 14 Hz,
which coincides in magnitude with the analogous constant observed in the spectra of quinonoid tautomers of
mercapto and hydroxy aldehydes of furan and thiophene [5-7], are present in the spectrum of I R = C.H;).
The spectrum of I at 8.70 ppm in the vicinity of the CH doublet of tautomer Ic contains a singlet that is re-
tained on deuteration (repeated recrystallization from deuteroethanol) and is probably affiliated with trans
isomer Ib, in which the intramolecular hydrogen bond is absent, and rapid exchange of protons in dimethyl
sulfoxide leads to elimination of the spin splitting.

The data from IR spectroscopy (Table 1) confirm the conclusion of a keto-amine structure for 2-
formyl-3-hydroxybenzo[b]jthiophene anils (). The spectra of compounds of the I type contain an intense
band of the ring carbonyl group at ~1660 cm™!, which appears at 1645 cm™ for III, and a band at 1590-1600
cm™!, which corresponds to the vibrations of the exocyclic C =C bond. As should have been expected, the
absorption at ~1660 cm™! is absent for azomethines of the III type, which have a fixed imine structure, but
the spectra do contain bands at 1620-1630 cm™, which are characteristic for the C =N bond [9]. A car-
bonyl absorption band with an unusually high frequency (1770-1780 cm™), which is characteristic for vinyl
esters of aliphatic acids [10], is present along with a band of stretching vibrations of the C =N bond in the
spectra of azomethines II R' = COCH;). This indicates the extremely high degree of double bond character
of the C=C bond of the thiophene ring in II.

In addition to a study of the structure of anils I, it seemed of interest to carry out a more detailed
examination of the structure of the starting 2-formyl-3-hydroxybenzothiophene (IV).

Z OH N o 0 Z OCH,
M I Il co = fl
" g~ “CHO s7h $ NCHOH X §~ “CHO
va b Ve v

The NMR spectrum of aldehyde IV (Fig. 4) contains a distinct singlet (6 9.66 ppm) of the proton of
the aldehyde group and a broad signal (10.3 ppm) of the proton of the OH group, which vanishes after
deuteration of the compound by the addition of deuterium oxide. This spectrum excludes structure IVb and
corresponds to IVa, since the aldehyde proton might have appeared as a doublet in the case of IVc. It is
easy to choose between tautomers IVa and IVc on the basis of the IR and UV spectra. Absorption bands at
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1625 and 1630 cm™!, respectively, which correspond to the stretching vibrations of the aldehyde carbonyl
group in IVa and are substantially lower than the vibrations of the ring carbonyl group in structures of the
IVe type, appear in the IR spectra of IV and V, The UV spectra of aldehydes IV and V (Fig. 5) are com-
pletely analogous, except for the weak absorption of IV at 400 nm, It is clear from a comparison with the
spectrum of aldehyde IV in alkaline media that this absorption is caused by partial ionization of the hydroxy
aldehyde. Thus, in contrast to the anils formed by it, aldehyde IV exists in hydroxy aldehyde form IVa.

EXPERIMENTAL

2-Formyl-3-~-hydroxybenzofbjthiophene (IV). This compound was obtained by the method in [11] from
thiosalicylic acid and bromoacetal, It was purified by sublimation to give colorless crystals with mp 110°

2~Formyl-3-methoxybenzo [bjthiophene (V). This compound was obtained via the method in [12] in
80% yield and had mp 85°.

2-Formyl-3-acetoxybenzobjthiophene Diacetate. A 4-ml sample of acetic anhydride was added to a
solution of 1 g (0.06 mole) of 2-formyl-3-hydroxybenzofblthiophene in 2 ml of pyridine, and the mixture was
allowed to stand overnight. It was then poured over ice, and the solid precipitate was removed by filtration,
washed with water, and recrystallized from ethanol to give colorless plates with mp 107°. Found: C 56.3;
H 4.2;8 9.5%. Cy5H;30,8. Calculated: C 56.1; H 4.1; S 10.0%.

The NMR spectrum (@in methylene chloride) contains signals of the methyl protons of the diacetate
group (6 2.05 ppm), the 3-acetoxy group (2.37 ppm), and the methylidyne proton (8.01 ppm).

Azomethines (). A. Equimolecular amounts of 2-formyl-3-hydroxybenzo[b]thiophene and the ap-
propriate amine were condensed in ethanol with subsequent crystallization from a suitable solvent (ethanol,
butanol, or pyridine). Crude aldehyde IV, obtained by cyclization of S- (formylmethyl)thiosalicylic acid in
acetic anhydride [11], probably contains a considerable amount of 3-acetoxy-2-formylbenzo[b]thiophene di-
acetate. A mixture of O-acetylated azomethine and the corresponding anil 1 is therefore formed in the re-
action of the crude aldehyde with arylamines of low basicity.

B. The corresponding N,N'-diarylformamidines, synthesized in accordance with [14, 15], were con-
densed with 3-hydroxybenzo[blthiophene. The resulting azomethines were recrystallized from alcohol or
50% aqueous pyridine. As a rule, the products were yellow-green, crystalline compounds (see Table 2).

Azomethines (I). These were obtained by condensation of 2-formyl-3-methoxybenzo[b]thiophene (V)
and 3-acetoxy-2-formylbenzo [b]thiophene diacetate with amines in alcohol. The azomethines were recrystal-
lized from ethanol to give yellow-green crystalline compounds, :

3-Thionaphthenone-2-morpholinomethide (III). A mixture of 0.5 g (0.03 mole) of aldehyde IV and
0.24 g (0.03 mole) of morpholine was refluxed for 3 h in 25 ml of toluene, The solvent was removed by
vacuum distillation, and the residue was recrystallized from alcohol with clarification by activated char-
coal to give 0.4 g (58%) of light-green prisms with mp 193-194°, Found: C 63.4; H 5.5; S 12.8%. C3H;3NO,S.
Calculated: C 63.1; H 5.3; S 13.0%.

The electronic absorption spectra were recorded with a VSU-2P spectrophotometer. The IR spectra
were obtained with a UR-20 spectrometer, The NMR spectra of 15% solutions of the compounds were ob-
tained with an RYa-2305 spectrometer (60 MHz) with tetramethylsilane as the internal standard.
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