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SYNTHESIS OF 2,5-BIS(2-AMINOTHIAZOL-5-YL)- 

3 ,6-DICHLORO-I,4-BENZOQUINONES 

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

,4 series Of 2-(2-aminothiazol-5-vl)-3, 6-dichloro-5-dieth.vlaminoethen.vl- I. 4-henzoquinones was 
svnthesi=ed /i'om 2-(2-amimJthiuzol-5-vl)-3.5.6-trichloro-l,4-henzoquinones using acelahlehvde and 
diethvlamine in toluene solution. Rq,[htxing these compounds with substituted thioztrea.s" in acetonitrile in 
the presence qf  hv~h'ochhn'ic acid gives the corre.womling 2.5-his(2-aminothiazol-5-vl)-3.6- 
dichlorolt.wb'oqztinones which can he oxidized to the tat2~et products with /~,rric chloride in aqueous DMF. 

Keywords:  2-(2-aminothiazol-5-yl)-3,6-dichloro-5-diethylaminocthcnyl-l,4-bcnzoquinoncs, 2-(2-aminothiazol- 
5-yl)-3,5,6-trichloro-l,4-benzoquinoncs, 1,4-bcnzoquinoncs, 2,5-bis(2-aminothiazol-5-yl)-3,6-dichloro-l,4- 
benzoquinoncs, thiazolc, intramolccular charge transfer. 

The aim of this work is the synthcsis of 2,5-dihctaryl-l,4-bcnzoquinoncs frorn trichloro-l,4- 
bcnzoquinonylthiazolcs. These cornpounds arc of intcrcst in conncction with thc prcscncc in the molecule of a 
strong intrarnolccular charge transfcr bctwccn the electron acccptor quinonc fragmcnt and the electron donor 
l'ragmcnts of  thc thiazolc. 

Extcnding the work [ I-3] with a study of thc possiblc usc of thc prcviously dcvclopcd rncthod[ 1 ] for thc 
synthesis o f  2,5-dihctaryl-substitutcd 1,4-bcnzoquinoncs showed that, in the case of  thiazolc derivatives, thc three 
component condensation reaction of trichloro-1,4-bcnzoquinonylthiazolcs (I) with acctaldchydc and dicthylaminc 
in tolucnc givcs thc 5-N,N-dicthylaminocthcnyl dcrivativcs (2a-e). 

Compounds 2a-e arc dccply colorcd, crystalline materials (thc yiclds in this rcaction being in thc rangc 
32-96%). It was lbund that satisfactory rcsults wcrc obtained in thc casc whcrc the amino group protons in thc 
thiazolc 2 position (compound I) arc substituted. The use of  ma6mcsium sulfate in the course of  thc reaction 
increases the yield of the final product. 

In the rncthod used for prcparation of monohctaryl-substitutcd trichloro-l,4-bcnzoquinoncs [i ,  3, 4], the 
subscqucnt step was the synthesis of 3,4,6,7-tctrachloro-2,5-dihydroxy-2,3-dihydrobcnzo[h] furan from 3,5,6-trichloro-2- 
(N,N-dicthylaminoethcnyl)- 1,4-bcnzoquinonc. Howcvcr, the separation of its 6-(2-arninothiazol-5-yl)-substituted 
analog when heating compounds 2a-e with hydrochloric was not successful in our hands. This lowcrs thc yields of 
thc final product and complicates thc use of thc givcn mcthod for constructing other hctcrocyclcs. 

Thc reaction of compounds 2a-e with the corrcsponding thiourcas in thc prcscncc of  an excess of 
conccntrated hydrochloric acid lcads to Ibnnation of  the hydroquinoncs 3. The best solvcnt Ibr this rcaction provcd 
to bc acctonitrilc since carrying out thc rcaction in dioxanc give an oily precipitatc which was not susceptible to 
purification. The hydroquinoncs arc cxtrcmcly difficult to separate in the pure state sincc thcy arc readily oxidizcd 
in air to thc corrcsponding 1,4-benzoquinoncs. This is indicated by thc prcscncc in thc IR spcctra of  compounds 3a 
and 3b of  absorption bands tbr the OH of the hydroquinonc (3000, 3200 cm t )  and the C-O group band of tb, c 
1,4-bcnzoquinonc (1640, 1630 cm -t rcspcctivcly). Thc prcscncc in thc UV spcctrum of  compound 3b of an 
absorption band typical of hctaryl substitutcd 1,4-bcnzoquinoncs (582 nm) confinncd this proposition. Because thc 
final target is the prcparation of  1,4-bcnzoquinoncs, thc synthcsizcd hydroquinoncs wcrc irnnlcdiatcly oxidizcd. 
Oxidation with t~zrric chloridc in aqucous DMF solution occurrcd rcadily and in good yiclds. 
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2,5-Bis(2-aminothiazol-5-yl)-3,B-dichloro-l,4-benzoquinones (4a-f) arc intensely bluc colored, are poorly 
soluble in organic solvents, and give deeply colored solutions at low concentration. When heated above 250o( ̀  
they gradually decompose. Use of this method permits tile preparation of only one of two regioisomers 
[ 2,5-dihetaryl-3,6-dichloro- and 2,6-dihetaryl-3,5-dichloro- 1,4-benzoquinones) - 2,5-bis( 2-aminothiazol-5-yl )-3,6- 
dichloro-l,4-benzoquinonc. This was confirmed by the '~C NMR spectrum of 2,5-bis(2-piperidinothiazol-5-yl)-3,6- 
dichloro-l,4-bcnzoquinonc {4e) which, as expected, showed nine ~'C signals (in the spectrum of  its 
2,6-rcgioisomcr ten non-equivalent ~C atom signals would be seen). When comparing the '~C NMR spectra of 4a 
and 2-(2-arninothiazol-5-yl)-3,5,6-trichloro-l,4-benzoquinonc [2] with the spectrum of chloranil there is obscrved a 
common low field shift o1"7-<'4 ppm for the t"CL4, signal. Assignment of  the signals for the remaining IXC sibmals in 
the spectrum of  compound 4e was made according to the data in [2] for 2-(2-N.N-dimcthylaminothiazol-5-yl/- 
3,5,6-trichloro-l,4-benzoquinone and its 5-substituted derivatives. Obtaining '~C NMR spectra for other 
compounds in this series was dill]cult because of their low solubility. There had recently appeared a report [5] 
concerning the nucleophilic substitution reaction of two bromines in the bromanil molecule for 
2-(3-methylbuty[)indol-3-yl residues in which there was described the tbrmation of a mixture ( I:1 ) o f  both the 2,5- 
and 2,6-substituted regioisomers. However, it is known [6, 7] that the predominant direction o f  nucleophilic 
substitution o f  two halogen atoms in the chloranil molecule is 2,5-disubstitution. 
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TABLE I. Electronic Spectroscopic Characteristic Ibr Compounds 2a-d and 
4a-f in Ethanol 

(',,mlpotlnd 

2a 

-.b 

2c 

2d 

4a  

4b* :  

4e 

4 d  

4e 

4F*" 

)-.Ll'. fllll 

351. 55" 

~52. ~t,3 

352. 5bb 

363.4oo+ 610. 743 

364. {',01. 718 {sh)* 

35'.). 563.71X {sh) 

352.61;4" 

347. 562 

35X. 5X7 

36 . 5'-13 

It+,-' ). 

4.5:4.45 

4 . 5 8 : 4 4 8  

4.33:4.2 I 

4 4 8 : 4 . 3 7  

3.X9: 3.85: 

4 4 1 : 4 . 1 4 :  

4 2 I: 3.'4,3 

3.5U: 3.22 

4 3 0 : 4  18 

3.,v,2:3.84 

3.xl 

In the UV spectra of  compounds 4a-f (Table 1) the absorption band in the'region 562-610 nm is due to 
charge transfer in the molecule and is more intense when compared with trichloro-1,4-benzoquinonylthiazoles [I]. 
When compared with 2-amino-5-(3+5,6-trichloro-l,4-benzoquinonyl)thiazoles, the UV spectra or" 2,5-bis(2-N,N- 

dimethylaminothiazol-5-yl)-3,6-dichloro-t,4-benzoquinone (4a) and 2-(2-aminothiazol-5-yl)-5-(2-piperidino- 
thiazol-5-yl)-3,6-dichloro-l,4-benzoquinonc [4b) show a thrthcr absorption maximum at 743 and 718 nm 
respectively. For compound 4a, an intramolecular charge transfer can exist in the mcsomeric 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 - O  stretching band at 162X cm ~ whereas in the case of  unsymmetrical substitutents the stretching band 
is lbund at 1643 cm ~, similarly to 2-amino-5-( 3,5,6-trichloro-1,4-benzoquinonyl)thiazole. 

E X P E R I M E N T A L  

IR spectra were recorded on a Specord M-g0 instrument for suspensions in nujol (in the range 
1900-1500 cm ~, NaCI prisrn) or in hexachlorobutadiene (3800-2000 cm ~, LiF prism). UV spectra were taken on a 
Spccord M-40 instrument for solutions in ethanol or chloroform {concentration 2.5 • 104 tool/l). ~H NMR spectra 
were obtained on a Bruker WH-90/DS instrument using CDCI~ or DMSO-d,, as solvent and TMS as internal 
standard. ~3C NMR spectra were takcn on a Varian Mercury BB 200 (50.3 MHz) instrurnent for CDCh solutions. The 
purity o f  the compounds was monitored by TLC on Silutbl UV-254 covered silica gel plates, cluent acetone-hcxane, 
UV light detection. 

2-(2-N,N-Dialkylaminotbiazol-5-yl}-3,5,6-trichlorobenzoquinones la-d were prepared according to 
method [ I ]. 

General  Method for Preparing 2-(2-Aminothiazol-5-yl)-5-N,N-diethylaminoethenyl-3,6-diehloro-l ,4-  
henzoquinones  (2a-e). Compound I (3 mmol) was dissolved in toluene (30-60 ml). magnesium sulfate added, then 
acetaldehyde (3 retool), and finally diethylamine (6 retool) was slowly added dropwise. The product was further 
stirred at room temperature for 30 rain and the ma~mcsium sulfate filtered o1"1". The toluene solution was evaporated 
to half volume, hcxane [21)-40 ml) was added, and after 48 I1, the precipitate separated. Compounds 2a-d could be 
rccrystallized from ethanol and 2e from ethyl acetate: rnp > 250~ {decomp.). 

3,6-Dichloro-S-N,N-diethylaminoethenyl-2-(2-N,N-dimethylaminothiazol-fi-yl)-  1,4-benzoquinone (2a). 
Yield 32%. IR spectrum (thin layer): 2924 (C H), 1636 { C - O k  1570 cna ~ {C=('). ~t-I NMR spectrum (CDCh): 
8.71 (IH, s, 4-H thiazole): 8.38 (114, d, ',1 = 14 Hz, N-C(H)=C),  5.58 {IH, d, ' , I  - 14 Hz, C=C-H):  3.35 (4H, q, 
('H~(_'H,); 3.17 (6H, s, N-CHO; 1.23 ppm (6H, t+ CH~CH_~). Found, %: CI 18.03, S 8.40. CI~H,~CI_,N302S. 
Calculated, %: ('1 17.72: S 8.0. 

735 



3~6-Dich~r~-~N~N-diethy~amin~e~heny~-2-(2-pyrr~idin~thiaz~-5-y~)-~4-benz~quin~ne (2b). Yield 34'!,0. 
IR spectrum (thin layer): 3008 (C-H),  1633 (C=O), 1579 (C=C), 1553 (C=C N), 1511 crn -~. tH NMR spectrum 
(CDCh): 8.78 ( IH,  s, 4-H thiazolc): 8.40 (1H. d, 3 . / :  13 Hz, N C(H):C):  5.60 (IH, d, ~.l = 13 Hz, C=C H): 3.51 
141-1, t. N--CH_, pyrrolidine): 3.37 141-1, q, CH~C_HH_,); 2.07 (4H, rn, CHz): 1.24 ppm (6H, t, C__U_H-CH2). Found,'!i,: 
CI 16.55: S 7.40. Ci<,[-1ziCI,_N~OzS. Calculated, %: CI 16.25: S 7.35. 

3~6-Dichl~r~-5-N~N-die~hy~amin~e~hen.v~-2-(2-piperidin~thiaz~l-5-yl)-~A-benz~quin~ne (2c). Yield 96%. 
IH NMR spectrum (DMSO-d,,): 8.59 (1H, s, 4-H thiazolc): 8.36 (1H, d, ~.l = 13 Hz, N-C(H)=C); 5.56 (IH,  d, 
".I = 13 Hz, C=C-H) :  3.60 (4H, t. N-CH, piper)dine): 2.9 (4H. q, CH~CFI:); 1.65 16H, in, CH_, piper)dine): 
1.57 ppm (6H, t, __CH~CHz). fbund, %',. CI 16.43: S 7.46. C,,H,~CI,N~O,S,_ . . . .  Calculated, '!i.: Cl 16.1 "~'., S. 7.28. 

3~6-Dichl~r~-5-N.N-diethylamin~e~henyl-2-(2-perhydr~azepin~hiaz~l-5-yl)-~`4-b~nz~quin~ne (2d). 
Yield 89'Vo. IR spectrum (thin layer): 2932 (C-H), 1636 (C=O), 1584 (C=C), 1512 cm -~. ~H NMR spectrum 
(CDCI-): 8.81 (1H, s, 4-H thiazolc); 8.44 (1H, d, ',1 = 14 Hz, N-C(H)=C): 5.64 (1H, d, ~./= 14 Hz, C : C - H I :  3.64 
(4H, t, N-CH,_ perhydroazepinc); 3.33 (4H. q, CH~CH,): 1.80 14t-1, m, ( 'H, perhydroazepinc), 1,58 (4H, m, 
CHz pcrhydroazcpinc); 1.20 ppm (6H, t, CH&'H,). Found, '%: CI 15.32: S 7.59. Cz~H,_~CIzN,,O,_S. Calculated, "i,: 
CI 15.6 I" S. 7.06. 

3~6-Dich~r~-5-N~N-di~thy~amin~etheny~-2-(2-m~rph~in~hiaz~-5-y~F~`4-~enz~quin~ne (2e). Yield 65"i,, 
after rccrystallization ~5"~ IR spectrum (thin layer): 2900 ((" H), 1676, 1640 (C=O): 1'~86 (C=(') ,  15 "~'~ cm ~ 
~HNMR spcctruln (('DCI3): 8.69 (IH, s, 4-H thiazolc): 8.40 (IH, d, 3.1 ~ 14 Hz, N-C(I-t)=C); 5.57 111-1, d, 
3.1 = 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, CH3CHz). 

t ,,z Ft~und, %: CI 17.3; S 7.4. CI,M_,ICI_,N30~S. Calcula cd, ,,~: CI 16.(1_~; S 7.25. 
General Method for Preparing 2,5-Bis(2-aminothiazol-5-yi)-3,6-dichloro-l,4-benzoquinones (4a-f). 

Compound 2 (3 retool) was dissok, cd in acctonitrilc 120-411 ml), concentrated hydrochloric acid (4.5 rnl) was added 
slowly dropwisc, then the corresponding thiourca (3 retool) was added, and the product was rclluxcd for 1.5 h. The 
precipitate lbrmcd was filtered off. If thc precipitate did not form immediately the solution was allowed to stand 
overnight in a fridgc. Thc precipitatc was then dissolved in DMF 110-30 rnl). an aqueous solution of  ferric chloride 
( '~ '"  50 roll was added, and the whole was shaken for 1.5 h. The precipitate obtained ,,','as filtered off  and washed 
thoroughly on the filter with water: mp > 250~ (decomp.). 

2,5-Bis(2-N,N-dimethylaminothiazol-5-yi)-3,6-dichioro-i,4-benzoquinone (4a). Yicld 65%. 1R spectrum 
[thin laycr): 2926 (C-H), 1628 (C=O), 1572 (C=Ct, 1510 cm ~. ~H NMR spectrum ICDf-'l~l: 8.71 121t, s, 
4-H thiazolc); 3.20 ppm (I 2H, s, N-CH3). Found, %: CI 16.13; S 15.20. C_,..H h.~CIzN40_,Sz. Calculated, '%: CI 16.51: 
S 14.90 

2-(2-Amin•ihiaz••-5-y•)-3•6-dich••r•-5-(2-pip•ridin•thiaz••-5-y••-••4-b•nz•quin•ne (4b). Yield 45'!i,. 
IR spcctrum (thin layer): 3368 (NH_,), 2936 (C-H), 1643 (C=O), 1540 (C:C), 1505 cm -~. ~H NMR spectrum 
(DMSO-d,,): 8.48 (IH,  s, 4-H thiazolc): 8.37 (IH, s, 4-11 thiazolc); 8.10 (2H. br. s, NIt:): 3.58 (4H. br. s, N-CHz}; 
1.59 ppm (6H, br. s, CH_,). Found, %: CI 16.61, S 14.19. C~THI4CI_,N40_-S_, Calculated, 9",: C1 16.07; S t4.54. 

3~6-Di~h~r~-2-(2-pip~ridin~thiaz~-5-y~-5-~2-pyrr~idin~hiaz~-5-y~)-~,4-~enz~quin~ne (4e). Y i c l d ,  2 ,o. 
IR spcctrum (thin layer): 2924 (C-H), 1630 IC=O), 1545 (C=C), 1502 tin l .  ~H NMR spectrum (CDCI3I: 8.80 (1H, 
s, 4-1-t thiazolc): 8.69 (IH, s, 4-H thiazolc); 3.68 (4H, br. s, N CH_,): 3.55 14H, br. s, N-CHz); 2.14 (4H. s, 
CHzpyrrolidine); 1.69 ppm (6H, br. s, CHz piper)dine). Found, %: CI 14.83, S 12.84. C,IH_,~CIzN40_,S_,. 
Calculated, %: C1 14.31" S. 12.94. 

2,5-Bis(2-morpholinothiazol-5-yl)-3,6-dichloro-l,4-benzoqninone (4d). Yield 47%. ~H NMR spectrum 
(('DCI)I: 8.67 (2H, s, 4-H thiazolc): 3.77 18H, s, (O-CHz): 3.64 ppm (SH, br. s, N-CH:).  Found, %: CI 13.96: 
S 12.94. C,,H i,C1,N~O~S:. Caleulatcd, %: C1 13.81, S 12.49. 

2,5-Bis(2-piperidinothiazol-5-yl)-3,6-diehloro-l,4-benzoquinone (4e). Yield 74'~i,. IR spectrum (thin 
laycr): 2596 (C- H), 2512 IC-H), 1628 C=O), 1546 (C=C), 1505 cm -~. Jl-1 NMR spectrum (200 MHz, CDCI,): 8.76 
(2H, s, 4-H thiazolc): 3.67 (8H, br. s. N-CH,): 1.69 ppm (12H, br. s, CHz). I'C NMR spectrum: 23.97 
(C,a~pipcridinc): 25.28 tC~.5 pipcridinc), 49.63 (('~z.~,~ pipcridinc) " 116.19 (C._,.s~ bcnzoquinone): 127.12 
(C,,..,. bcnzoquinonc), 134.68 1Cr thiazolc); 152.80 IC~s~ thiazolc): 177.03 and 177.46 ppln (C~_,l thiazolc and/or 

II ~ "1 . . . . . . . .  _~.9_: 2.59. Ci ~, bcnzoquinone). Found, ";,: CI 14.06: S 12.96. C,,H,,CI,N~O,S,. Calculated, ,i,: CI I S I 
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2,5-Bis(2-perhydroazepinolhiazol-5-yl)-3 ,6-dichloro-l ,4-benzoquinone (4t'). Yield, 57'?/0. IR spectrum 
(thin layer): 2932 (C H), 1638 (C:O) ,  1544 (C:C),  1504 cm -I. 'H NMR spectrum (CDCI~): 8.71 (2H, s, 
4-H thiazolc): 3.77 (,",r t, N-CH_,): 1.84 (SH, m, CH_,); 1.56 ppm (SH, m, CH_,). Found, %: CI 13.88 S 12.46. 
C,_IH,_,.('I,_N40,_S,_. Calculated, '!i~: CI 13.55: S 12.25. 
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