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SYNTHESIS OF 2,5-BIS(2-AMINOTHIAZOL-5-YL)-
3,6-DICHLORO-1.4-BENZOQUINONES

N. G. Batenko, R. Valters, and G. Karlivans

A series  of  2-(2-aminothiazol-5-vl)-3,6-dichloro-5-diethvlaminoethenyvi-1. 4-benzoquinones  was
svathesized  from  2-(2-aminothiazol-5-v1)-3,5,6-trichloro-1 4-benzoquinones  using  acetaldehvde  and
diethvlamine in toluene solution. Refluxing these compounds with substituted thioureas in acetonitrile in
the  presence  of  Ihvdrochloric  acid  gives  the  corresponding 2, 5-bis(2-aminothiazol-5-v1)-3,6-
dichlorohydroquinones which can be oxidized to the target products with ferric chloride in aqueous DMF.

Keywords: 2-(2-aminothiazol-5-yD)-3.6-dichloro-S-diethylaminocthenyl-1.4-benzoquinones, 2-(2-aminothiazol-
5-y1)-3.5.6-trichloro-1,4-benzoquinoncs, 1.4-benzoquinones, 2.5-bis(2-aminothiazol-5-y1)-3.6-dichloro-1,4-
benzoquinonces, thiazole, intramolecular charge transfer.

The aim of this work is the synthesis of 2.5-dihetaryl-1.4-benzoquinones trom  trichloro-1,4-
benzoquinonylthiazoles. These compounds are of interest in connection with the presence in the molecule of a
strong intramolecular charge transfer between the clectron acceptor quinone fragment and the clectron donor
{ragments of the thiazole.

Extending the work [1-3] with a study of the possiblc usc of the previously developed method [1] for the
synthesis of 2.5-dihctaryl-substituted 1.4-benzoquinones showed that, in the case of thiazole derivatives, the three
component condensation reaction of trichloro-1.4-benzoquinonylthiazoles (1) with acctaldchyde and diethylamine
in tolucne  gives the 3-N, N-dicthylaminocthenyl derivatives (2a-e).

Compounds 2a-e arc deeply colored, crystalline materials (the yiclds in this rcaction being in the range
32-96%). It was found that satisfactory results were obtained in the case where the amino group protons in the
thiazole 2 position (compound 1) arc substituted. The use of magnesium sulfate in the course of the rcaction
increcascs the yield of the final product.

In the method used for preparation of monohetaryl-substituted trichloro-1,4-benzoguinonces [1, 3. 4], the
subscquent step was the synthesis of 3.4.6,7-tetrachloro-2,5-dihydroxy-2,3-dihydrobenzo[ »]furan from 3,5,6-trichloro-2-
(N.N-dicthylaminoethenyl)-1.4-benzoquinone. However, the separation of its 6-(2-aminothiazol-5-yi)-substituted
analog when heating compounds 2a-e with hydrochloric was not successful in our hands. This lowers the yields of
the final product and complicates the usc of the given method for constructing other heterocycles.

The reaction of compounds 2a-e with the corresponding thiourcas in the presence of an excess of
concentrated hydrochloric acid leads to formation of the hydroquinones 3. The best solvent for this rcaction proved
to be acctonitrile since carrying out the reaction in dioxanc give an oily precipitate which was not susceptible to
purification. The hydroquinoncs arc extremely difficult to scparate in the pure state since they arc readily oxidized
in air to the corresponding 1,4-benzoquinones. This is indicated by the presence in the IR spectra of compounds 3a
and 3b of absorption bands for the OH of the hydroquinone (3000, 3200 cm™') and the C=O group band of the
| 4-benzoquinone (1640, 1630 cm’' respectively). The presence in the UV spectrum of compound 3b of an
absorption band typical of hetaryl substituted 1.4-benzoquinones (582 nm) contirmed this proposition. Because the
final target is the preparation of 1. 4-benzoquinones, the synthesized hydroquinones were immediately oxidized.
Oxidation with ferric chloride in aqucous DMF solution occurred readily and in good yiclds.
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2.5-Bis(2-aminothiazol-5-yl)-3.6-dichloro-1.4-benzoquinones (4a-f) are intenscly blue colored. are poorly
solublc in organic solvents. and give deeply colored solutions at low concentration. When heated above 250°C
they gradually decompose. Use of this method permits the preparation of only one of two regioisomers
(2.5-dihctaryl-3.6-dichloro- and 2.6-dihetaryl-3,5-dichloro-1.4-benzoquinones) - 2.5-bis(2-aminothiazol-3-yi)-3.6-
dichloro-1.4-benzoquinone. This was confirmed by the "C NMR spectrum of 2,5-bis(2-piperidinothiazol-5-yl)-3.6-
dichloro-1.4-benzoquinone  (4e) which, as expected, showed nine "'C signals (in the spectrum of its
2.6-regioisomer ten non-cquivalent "C atom signals would be seen). When comparing the ""C NMR spectra of 4a
and 2-(2-aminothiazol-5-yl)-3.5.6-trichloro-1 4-benzoquinone | 2] with the spectrum of chloranil there is obscerved a
common low ficld shift of 7-8 ppm tor the "Coa signal. Assignment of the signals for the remaining ''C signals in
the spectrum ot compound 4¢ was made according to the data in [2] for 2-(2-N.N-dimcthylaminothiazol-S-y!)-
3.5.6-trichloro-1 4-benzoquinone and its S-substituted  derivatives. Obtaining "'C NMR  spectra for  other
compounds in this scrics was difticult because of their low solubility. There had recently appeared a report [3]
concerning  the  nuclcophilic  substitution  rcaction of two  bromines in  the bromanil molecule  for
2-(3-mcthylbutyl)indol-3-y! residues in which there was described the formation of a mixture (1:1) of both the 2.5-
and 2.6-substituted regioisomers. However, it 1s known |6, 7] that the predominant direction of nucleophilic
substitution of two halogen atoms in the chloranil molecule is 2,5-disubstitution.
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TABLE 1. Electronic Spectroscopic Characteristic for Compounds 2a-d and
4a-f in Ethanol

Compound ! P NI _ log 7.
2a 351557 45445
2h 332,363 458448
2 ‘ 333, 503 433421
2d 352,560 148437
4a 363,400, 610, 743 3RUIIRSI 3NN
' 364, 601, 718 (shy* 441443
4b*? ! 359, 563, 71X (shy
ic ‘ 352, 604* 421:3.93
1d 347,562 3500322
4e 358,387 4300408
412 360, 5393

In the UV spectra of compounds 4a-f (Table 1) the absorption band in the region 562-610 nm is duc to
charge transfer in the molecule and is more intense when compared with trichloro-1.4-benzoquinonylthiazoles [1].
When compared with 2-amino-5-(3.5.6-trichloro-1 . 4-benzoquinonyl)thiazoles, the UV spectra of 2.5-bis(2-N.N-
dimethylaminothiazol-5-y1)-3 6-dichloro-1,4-benzoquinone  (4a)  and  2-(2-aminothiazol-5-yl)-5-2-piperidino-
thiazol-5-yl)-3,6-dichloro-1.4-benzoquinone  (4b) show a further absorption maximum at 743 and 718 nm
respectively. For compound 4a, an intramolecular charge transfer can cexist in the mesomeric form 5.

In the IR spectra of identically substituted amino groups in the 2 position of the thiazole ring there is found
a strong C=0 stretching band at 1628 em™" whereas in the case of unsymmetrical substitutents the stretching band
is found at 1643 cm’'. similarly to 2-amino-5-(3.5.0-trichloro-1 4-benzoguinonylthiazole.

EXPERIMENTAL

IR spectra were recorded on a Specord M-80 instrument for suspensions in nujol (in the range
1900-1500 cm’'. NaCl prism) or in hexachlorobutadiene (3800-2000 cm’’, LiF prism). UV spectra were taken on a
Specord M-40 instrument for solutions in cthanol or chloroform (concentration 2.5 x 107" mol/l). '"H NMR spcctra
were obtained on a Bruker WH-90/DS instrument using CDCl: or DMSO-d, as solvent and TMS as internal
standard. *C NMR spectra were taken on a Varian Mercury BB 200 (50.3 MHz) instrument for CDCl; solutions. The
purity of the compounds was monitored by TLC on Silufol UV-254 covered silica gel plates, cluent acctone-hexane,
UV light dctection.

2-(2-N,N-Dialkylaminothiazol-5-y1)-3.5 6-trichlorobenzoquinones  la-d were prepared according  to
method [1].

General Method for Preparing 2-(2-Aminothiazol-5-y1)-5-N,N-dicthvlaminoethenyl-3,6-dichloro-1.4-
benzoquinones (2a-¢). Compound 1 (3 mmol) was dissolved in tolucne (30-60 ml). magnesium sulfate added. then
acctaldchyde (3 mmol), and finally dicthylamine (6 mmol) was slowly added dropwise. The product was further
stirred at room temperature for 30 min and the magnesium sulfate filtered oft. The toluene solution was evaporated
to half volume, hexance (20-40 ml) was added, and after 48 h, the precipitate separated. Compounds 2a-d could be
recrystallized from cthanol and 2e from cthyl acctate: mp > 250°C (decomp. ).

3.6-Dichloro-5-N.N-dicthvlaminocthenyl-2-(2-N N-dimethylaminothiazol-5-yl)-1,4-benzoquinone (2a).
Yicld 32%. IR spectrum (thin layer): 2924 (C-H). 1636 (C=0), 1570 cm” (C=C). 'H NMR spectrum (CDCly):
8.71 (1H, s, 4-H thiazole): 8.38 (1H. d. °J = 14 Hz. N-C(H)=C): 5.58 (1H, d, J = 14 Hz, C=C-H): 3.35 (4H, q.
CH:CH-»); 3.17 (6H, s. N-CH:); 1.23 ppm (6H. . CH:CH-). Found. %: CI 18.03;: S 8.40. C-H,CI-N:0-S.
Calculated, *6: C117.72: S 8.0.
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3,6-Dichloro-5-N,N-dicthylaminocthenyl-2-(2-pyrrolidinothiazol-5-yl)-1,4-benzoquinone (2b). Yicld 34%,.
IR spectrum (thin layer): 3008 (C—-H), 1633 (C=0), 1579 (C=C), 1553 (C=C-N), 1511 cm’. '"H NMR spectrum
(CDCly): 8.78 (1H. s. 4-H thiazole): 8.40 (1H. d. *J = 13 Hz. N-C(H)=C): 5.60 (1H. d, '/ = 13 Hz. C=C-H): 3.51
(4H, t. N--CH, pyrrolidinc): 3.37 (4H, q. CH:CH.): 2.07 (4H, m, CH:): 1.24 ppm (6H. t, CH:CH.). Found.%s:
C116.55: S 7.40. CoH-CI:N:O:S. Calculated. %: C1 16.25: S 7.35.

3.6-Dichloro-5-N,N-dicthylaminocthenyl-2-(2-piperidinothiazol- Q-vl)-l .4-benzoquinone (2¢). Yicld 96%.

H NMR spectrum (DMSO-d.): 8.59 (1H, s, 4-H thiazole): 8.36 (1H, d. '/ = 13 Hz, N-C(H)=C): 5.56 (1H, d,
/=13 Hz. C=C- H): 3.60 (4H, t. N-CH, pipendine): 2.9 (4H. q. CH:CH:): 1.65 (6H, m, CH: piperidine):

1.57 ppm (6H, 1, CH:CH>). found, %: C1 16.43: S 7.46. CyH::C1:N:0O,S, Calculated, "o: C116.12: S, 7.28.

3.6-Dichloro-5-N.N-dicthylaminoethenyl-2-(2-perhvdroazepinothiazol-5-yi)-1.4-benzoquinone  (2d).
Yicld 89%. IR spectrum (thin layer): 2932 (C-H), 1636 (C=0). 1584 (C=C), 1512 em”. 'H NMR spectrum
(CDCls): 8.81 (1H. s, 4-H thiazole); 8.44 (1H. d. *J = 14 Hz. N-C(H)=C): 5.64 (1H. d. '/ = 14 Hz, C=C-H): 3.04
(4H, t, N-CHa. perhydroazepine): 3.33 (4H. g, CH:CH.): 1.80 (4H, m, CH. perhydroazepine): 1.58 (4H. m
CHs perhydroazepine); 1.20 ppm (6H, t. CH:CH:). Found. %: CI 15.32: S 7.59. C2;H2:C1:N;O.S. Calculated, "o
Cl15.61:S. 7.06.

3,6-Dichloro-5-N.N-dicthvlaminocthenyl-2-(2-morpholinothiazol-5-y1)-1.4-benzoquinone (2¢). Yicld (ﬁ"u.

aflcr recrystallization 45%. IR spectrum (thin layer): 2900 (C-H). I676 1640 (C=0): 1586 (C=C), 1522 cm".
'H NMR spectrum (CDCl): 8.69 (1H, s, 4-H thiazole): 8.40 (1H. d. */ = 14 Hz, N-C(H)=C); 5.57 (IH. d.
] = 14 Hz, C=C—H): 3.80 (4H. t, O—~CH:): 3.64 (4H. t, N-CH:): 3.36 (4H, q. CH:CH.): 1.24 ppm (6H, t, CH;CH-).
Found, %0: C1 17.3: S 7.4. C4H» CI:N;OsS. Caleulated, %: C116.03; S 7.25.

General Method for Preparing 2,5-Bis(2-aminothiazol-5-yi)-3.6~-dichloro-1,4-benzoquinonces (4a-f).
Compound 2 (3 mmol) was dissolved in acctonitnle (20-40 ml), concentrated hydrochloric acid (4.5 ml) was added
slowly dropwise, then the corresponding thiourca (3 mmol) was added, and the product was refluxed for 1.5 h. The
precipitate forimed was filtered off. If the precipitate did not form immediately the solution was allowed to stand
overnight in a fridge. The precipitate was then dissolved in DMF (10-30 ml). an aqucous solution of ferric chloride
(25%, 50 ml) was addcd. and the whole was shaken for 1.5 h. The precipitate obtained was filtered oft and washed
thoroughly on the filter with water: mp > 250°C (decomp.).

2,5-Bis(2-N,N-dimethylaminothiazol-5-vI)-3,6-dichloro-1 4-benzoquinonc (4a). Yicld 653%. IR spectrum
(thin layer): 2926 (C-H). 1628 (C=0), 1572 (C=C), 1510 cm". 'H NMR spectrum (CDCly): 8.71 (2H. s.
4-H thiazole); 3.20 ppm (12H. s, N-CH;). Found, "o: C1 16.13; S 15.20. C2yH4C1-N,OS.. Calculated, %: C1 16.51:;
S 14.90

2-(2-Aminothiazol-5-yl)-3,6-dichloro-5-(2-piperidinothiazol-5-yl)-1.4-benzoquinene (4b). Yicld 45%.
IR spectrum (thin layer): 3368 (NH»), 2936 (C-H), 1643 (C=0), 1540 (C=C), 1505 em’. 'H NMR spectrum
(DMSO-d.): 8.48 (1H. s. 4-H thiazolc): 8.37 (1 H. s. 4-H thiazole); 8.10 (2H. br. s, NH-); 3.58 (4H. br. s, N-CH-);
1.59 ppm (6H, br. s, CH:). Found, %: C1 16.61: S 14.19. C{7H4CL:N4O-Ss. Caleulated, %4: C1 16.07; S 14.54.

3.6-Dichloro-2-(2-piperidinothiazol-5-yl)-5-2-pyrrolidinothiazol-5-vl)-1,4-benzoquinone (4¢). Yicld 52%.
IR spectrum (thin layer): 2924 (C-H), 1630 (C=0). 1545 (C=C), 1502 cm”. 'H NMR spectrum (CDClx): 8.80 (1H,
s. 4-H thiazole): 8.69 (1H. s. 4-H thiazole): 3.68 (4H. br. s, N-CH-): 3.55 (4H, br. s, N-CH>); 2.14 (4H. s,
CH: pyrrolidine); 1.69 ppm (6H, br. s, CH. piperidine). Found, %: Cl 14.83; S 12.84. C3H>,ClNLO,Ss.
Calculated, %: C1 14.31:S. 12,94,

2,5-Bis(2-morpholinothiazol-5-yl)-3,6-dichloro-1.4-benzoquinone (4d). Yicld 47%. 'H NMR spectrum
(CDCl:): 8.67 (2H, s. 4-H thiazole): 3.77 (8H. s. (O—CH:): 3.64 ppm (8H. br. s, N-CH,). round %: Cl 13.96;
S 12.94. CyHxC1:NLO,Ss. Caleulated, %o: C113.81, S 12.49.

2,5-Bis(2-piperidinothiazol-5-y1)-3,6-dichloro-1,4- benzoqumonc (4¢). Yicld 74%. IR spectrum (thin
Iavu) 2596 (C- H), 2512 (C-H), 1628 C=0), 1546 (C=C), 1505 cm™'. '"H NMR spectrum (200 MHz, CDCly): 8.76
(2H. s. 4-H thiazole): 3.67 (8H. br. s. N=CH»): 1.69 ppm (I12H. br. s. CH:). '"'C NMR spectrum: 23.97
((‘u,plpcrldlm.). 25.28 (Cs piperidine); 49.63 (Cizq piperidine) @ 11619 (C»5, benzoquinone); 127.12
{C1o benzoquinone), 134.68 (Cy, thiazole); 152.80 (Cs, thiazole): 177.03 and 177.46 ppm (C;) thiazole and/or
C.1.5 benzoquinonce). Found, "a: C1 14.06: S 12.96. C2:H2C1N4O-S,. Caleulated, %: C113.92: S 12.59.
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2,5-Bis(2-perhydroazepinothiazol-5-yI)-3,6-dichloro-1,4-benzoquinone (4f). Yicld, 57%. IR spectrum

(thin layer): 2932 (C-H). 1638 (C=0). 1544 (C=C), 1504 em'. '"H NMR spectrum (CDCIL): 871 (2H. s,
4-H thiazole). 3.77 (8H. t, N-CH:): 1.84 (8H. m, CH:); 1.56 ppm (8H. m, CH:). Found. %: Cl 13.88: S 12.46.
C-H20CENLOsS-. Caleulated, ®o: Cl1 13.55: S 12.25.
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