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A NOVEL ENTRY INTO THE BENZO[b]TIOPHENE SERIES 

THE REACTION OF 5,5-DIPHENYL-4-IMIDAZOLIDINETHIONES AND 
2,2-DIPHENYLGLYCINETHIOAMIDES WITH ALUMINIUM TRICHLORIDE 

GY. DoMANV, J. NYITRAI and K. LEMPER? 

Department of Organic Chemistry, Technical University, H-1521 Budapest, Hungary 

(Receivedin UK 9 February 1976;Acceptedforpublication 11 May 1976) 

Abstract-S,S-Diphenyl-t-imidazolidinethiones (5) are converted by AICI, into 2-amino-3-phenylbenzofblthiophene 8 
and/or Schiff’s bases 7 derived from the latter. 2.2~Diarylglycinethioamides furnish only type 8 products. On the basis 

of a crossing experiment, a mechanism is suggested for the above rearrangements. 

4,4 - Diary1 - 2 - imidazoline - 5 - thiones (1)’ as well as $5 - 
diary1 - 2 - imidazoline - 4 - thiones (3)’ are converted by 
AICI, in aromatic solvents into 4.5diarylimidazoles (2). In 
order to establish whether the C(2) atom has to be sp* 
hybridized for the above rearrangement to take place, the 
related 5,5 - diphenyl - 4 - imidazolidinethiones (S), 
obtained by reacting 2,2-diphenylglycinethioamide (4)’ 
with 0x0 compounds, were treated with AICI,. No 
rearranged imidazole derivatives 6 were obtained in either 
case. Instead, depending on the nature of R” and of the 
conditions of the work-up, SchitI’s bases 7 derived from 
2-amino-3-phenylbenzo[b]thiophene 8, or the amine 8, or 
mixtures of these two types of products were obtained in 
moderate to good yields (see Table 2). The non-crystalline 
amine 8 was isolated either as the hydrochloride or as a 
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diacetyl derivative which has been assigned the isoimide 
structure 11 (see below). The aldehyde condensation 
products 5a-d tend to yield type 7 products while the 
ketone condensation products Sf and g furnished only 8. 
Similarly, only 8aHCl could be isolated in the e series, 
presumably because the reagent effected partial O- 
demethylation leading to the formation of tarry products. 
No crystalline product was obtained on AICI, treatment of 
2 - (4 - chlorophenyl) - 5 - (I - naphthyl) - 5 - phenyl - 4 - 
imidazolidinethione (1Od). 

The formation of compounds 7 and 8 apparently takes 
place under elimination of N( 1) of the starting compounds 
5, but does not require migration of a phenyl group. The 
presence of an sp’ hybridized C(2) atom appears, thus, to 
be a necessary condition of the aryl migration with 
concomitant elimination of sulfur. 

Since, during formation of 8, the C(2) atom of the 
starting compounds 5 is lost, we were next interested in 
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days and evaporated to dryness. The residue was triturated with 
light petroleum to yield 10.7 g (84%) of the colourless crystals of 

9a, m.p. 112-113” from benzene. (Found: C, 70.04; H, 6.52: N. 

10.80; S, 12.24. Calc. for C,,H,,N,S (256.37): C, 70.27; H, 6.29; N, 

10.92: S, 12.24%). 
(b) Compound 9b, m.p. 203” (dec; from nitromethane), was 

similarly obtained in 54% yield, but the mixture was kept at 
50-6CP during the introduction of the H,S. (Found: C, 73.78; H, 
5.34; N, 9.47; S. 10.99. Calc. for C,,H,,N,S (292.40): C, 73.93; H, 
5.51; N, 9.58; S, IO.%%). 

(c) N-Benzyldiphenylmethanimime did not react under these 

conditions with H,S. 

4-lmidazolidinethiones 5 and 1Od 
(a) Compound 4’ (0.1 mole) was refluxed with the appropriate 

0x0 compounds (0.1 l-O.3 mole) in AcOH (20 ml) for 1 hr. The hot 
mixtures were filtered to yield the colourless crystals of 5 on 

cooling (see Table I). 
(b) A mixture of 9h (2.9g; IO mmole). p-chlorobenzaldehyde 

(1.8 g; I3 mmole) and AcOH (20 ml) was refluxed for I hr and 
allowed to cool. Water (60 ml) was added. The resulting product 
was filtered off, thoroughly washed with water and taken up in 
toluene (IOOml). The water was removed by distillation in an 

apparatus equipped with a water separator. The soln was 
evaporated to dryness to yield 3.8Og (92%) of ltkl, m.p. 220-221” 
from nitromethane. (Found: Cl, 8.53; 8.53; N, 6.75; S, 7.92. Calc. 

for C,,H,,CIN,S (414.%): Cl, 8.54: N, 6.75; S. 7.73%). 
(c) NMR spectra (CDCI,, reference: TMS, S scale). 5a: 9.6, bs, 

IH, 3-H: 8.0. m, 2H, two o-H’s of the Iwo 5-Ph groups; 7.5-7.3, m, 
l3H, other ArH’s; 5.6, s. IH, 2-H; 2.65, bs, IH, I-H. SC: 9.7. bs, IH. 
3-H; 8.0. m, two o-H’s of the two 5-Ph groups; 7.5-7.2, m, l2H. 

other ArH’s; 5.55, s, 1H. 2-H: 2.8, bs, IH, I-H; 2.35, s. 3H, p-Me. 
Sd: 9.6, bs, IH, 3-H; 7.95, m, 2H. two o-H’s of the 5-Ph groups; 

7.55-7.3, m, l2H, other ArH’s; 5.65, s, IH. 2-H; 2.7, bs, IH, I-H. 
Se: 9.5, bs. IH, 3-H; 8.0, m, 2H. two o-H’s of the two 5-Ph groups; 
7.47 and 6.97, both d, J,. = 9.5 Hz, 2H, each, AA’BB’ spectrum of 
the Z-(4-MeO&H,) group; 7.5-7.3, m, 8H, other ArH’s; 5.6, s, IH, 
2-H; 3.85, s, 3H, p-MeO; 2.75, bs, IH, I-H. 

Reactions of the Cimidazolinethiones 5a-g with AICI, 
A mixture of the Cimidazolinethiones (IO mmole). anhyd AICI, 

(50 mmole) and dry toluene (70 ml) was refluxed for 2 hrt and, 

+Work-up of an aliquot as described below, and TLC of the 

benzene solution (Kieselgel F2,., Merck; solvent: benzene; 
detection: UV light or I2 vapour) at this point demonstrated that 
the starting compound was completely used up. 

SOnly tarry products were obtained when the above mixture 

was refluxed for 2 hr. 

after cooling, poured into ice-water (100 ml). The resulting mixture 

was stirred until decomposition of the AICI, complexes was 

complete. The aqueous layer was separated and washed with 

benzene (two portions, 50 ml, each). The combined organic solns 
were dried (MgSO,) and evaporated to dryness. The residue was 

dissolved in ether (50 ml). Ether, saturated with HCI (IO0 ml) was 
added to precipitate %.HCI which was filtered off and washed with 
ether. The combined filtrate and washings were evaporated to 
dryness and triturated with EtOH to yield the Schiff’s bases 7a-d. 
Only tarry material was obtained at this point in the e series, and 
no Schiff bases were formed in the f and g series. For the yields, 

etc. see Table 2. 
NMR specrra (CDCI,, reference: TMS, 6 scale). 7b: 12.3, s. IH, 

OH; 8.6, s, JH, N=CH; 7.8-6.9, m, l3H, ArH’s. 7c: 8.65, s. IH, 
N=CH; 7.85 and 7.3, both d, JAB=9.5Hz, 2H, each, AA’BB’ 

spectrum of p-tolyl group; partially merged with the m, 9H, at 
8.0-7.35 of the other ArH’s; 2.4, s, 3H, Me. ‘Id: 8.45, s. IH. N=CH: 

7.85-7.15, m. l3H. ArH’s. 
Mass spectrum of 7d (AEI-MS902, 70eV, 140”. direct 

insertion): m/e 349 (34%, i); 347 (100%. M”); 346 (21%). 31 I 
(1.8%). 310 (5.5%). 270 (0.45, [M-Ph]‘); 236 (45%. [M- 

C,H,“CI]‘); 208 (4.7%); 190 (4.2%); 173.5 (9.7%, M’*); 155.5 

(8.2%, 3ll*‘); I55 (7.9%. 3lp’). 

Reactions of the imidazolidinethione 5a and of the 
benzo[b]fhiophene 7n with AICI, in the presence of N,N’ - (p - 

methylbenrylidene) - bis(p - merhylbenzylideneamine) 
(a) A mixture of 5n (1.65 g; 5 mmole). AICI, (3.3 g; 25 mmole) 

and anhyd toluene (35 ml) was refluxed for 2 hr and allowed to 

cool. N,N’ - @ - Methylbenzylidene) - bis(p - methylben- 
zylideneamine) (5. I g; I5 mmole) was added. The mixture was 
allowed to stand for 10min and poured into ice-water. The 

non-acidic organic material was extracted with benzene (two 
portions, 25 ml, each) and chromatographed over Kieselgel (60 g; 

solvent: benzene) IO yield I.Og (0%) of almost pure 7c. m.p. 
I IS”, as shown by the intensity ratio of the Me and N=CH signals 
in the CCL NMR spectrum. 

(b) A mixture of ‘la (I.6 g; 5 mmole), AICI, (3.3 g; 25 mmole) and 
anhyd toluene (35 ml) was refluxed for a few min until the AICI, 

was dissolved almost complete1y.S The mixture was allowed to 

cool. N,N’ - (p - Methylbenzylidene) - bis(p - methylben- 
zylideneamine) (5.1 g; I5 mmole) was added. The mixture was 
allowed to stand for IO min and worked up as described above to 

yield I g of a mixture of 7~ and 7c, m.p. 124-126” which, as 
derived from the intensity ratio of the Me and N=CH signals in the 

Ccl, NMR spectrum, contained about 10% of 7c. 

Reactions of the thioamides 4 and 9a with AICI, 
(a) The reactions and work-ups of the mixtures were performed 

as described above for the analogous reactions of 5, taking into 

Table I. Synthesis of the 4-imidazolidinethiones 5 

Excess 

of 0x0 Yield 

Product compound % 

M.p., “C 
recryst. from 

Formula 
Mol. wt 

Calc./found 

C% H% N% S% 

25% 91 162-163 GH,,N,S 76.33 5.49 8.48 9.70 sa 
EtOAc-light petroleum 330.43 76.10 5.70 8.20 9.75 

84 210 C,,H,.N,OS 72.81 5.23 8.08 9.25 Sb IO% 
EtOH 346.45 72.71 5.15 7.87 9.15 

se 10% 82 142-143 CXH,N,S 76.71 5.85 8.13 9.30 

gasoline 344.48 76.40 5.84 8.14 9.07 

sdl 10% 66 153-154 C,,H,,ClN,S 69.13 4.69 7.67 8.78 

EtOH 364.89 68.87 5.01 7.42 8.56 

se 10% 61 I48 C,H,N,OS 73.30 5.59 7.77 9.07 

EtOAc-light petroleum 368.48 73.01 5.89 7.73 8.73 

51 20% 71 195-l% C,,H,~NZS 72.30 6.42 9.92 II.36 

EtOH 282.30 72. I4 6.56 9.75 10.00 
sn 200% 93 224-225 C,H,,N,S 74.49 6.88 8.69 9.94 

n-BuOH 322.47 74.28 6.64 8.63 9.94 

$The product separated when the reaction mixture. was diluted with water. 
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Table 2. Products obtained in the reactions of the 4-imidazolidinethiones 5 with AICI, 

SchitT’s base 7 8.HCl 

C&./found Calc./foundP 
Starting Yield M.P. Formula Yield Formula 

compound % recryst. from Mol. wt C% H% N% S% % M.P.8 Mol. wt Cl% S% 

Sa 

sb 

se 

sd 

se 
51 

sp 

64 136137” 
i-PrOH 

t $ 

30 154” C,,H,,NOS 76.57 4.61 4.25 9.73 

E!OH 329,42 76:70 4,68 4,42 9.5? 

2. 

57 l15-116° C,,H,,NS 80.69 5.23 4.28 9.79 173-174” C,,H,,CINS 13.54 12.24 

EtOH 327.43 80.41 5.22 4.21 9.70 

$ 

(dec.) 261.78 13.80 12.01 

16 147-148” C?,H,EINS 72.51 4.05 4.02 
n-BuOH 347.87 72.57 3.% 4.21 

$ 

9 23 
- 60 

- 76 

Qdentical (IR spectra, m. m.p.) with an authentic sample,’ lit. m.p. 137-140”. 
STraces, detected by TLC. 

OCrude product. We were unable to recrystallize this compound. 
!lOnly tarry products were obtained. 

account that no type 7 Schiff-bases could be formed in these 

cases. 
54% of 8,HCI, m.p. 170-174” (dec.) was obtained from the 

thioamide 4,t and f#% of a monomethyl derivative of S.HCI, m.p. 

178” (crude producti), which was characterized in form its 
condensation product with p-chlorobenzaldehyde (see below), 
was obtained from 9a. According to the MS of the latter (see 
below), the Me group in the main product of the rearrangement is 

attached to C(6) of the benzo[b]thiophene ring rather than to the 
p-position of the 3-Ph group. 

(b) The reaction of 4 with AICI, was performed as above but the 

crude gummy 8, obtained on evaporation of its benzene soln, was 
refluxed for 2 hr with Ac,O (2 mllmmole of the starting thioamide). 
The soln was evaporated to dryness, and the residue was 

triturated with EtOH to yield 32% of 11, m.p. ll6ll70 (from 
EtOH), identical (m.p., m.m.p.. IR) with an authentic sample 

obtained as described below. 

Reactions of compound 8.HCI and its &methyl derivatiue 

(a) The soln of 8.HCl (l.Og 3.8 mmole) in EtOH (IOml) was 
treated with PhCHO (0.46 ml. 20% excess). The yellow crystals of 

7a (0.95g; 80%). m.p. 134-135” (identical, according to IR and 
TLC, with the sample obtained by AICI, treatment of 5s) 
immediately started to separate. 

(b) The soln of 8.HCI (0.86g; 3.3 mmole) in EtOH (IO ml) was 

treated with N,N’-benzylidenebis(benzylideneamine) (0.4g; 
1.3 mmole) to yield 0.9g (87%) of 7a, m.p. 134-136”. 

(c) The warm ethanolic (20 ml) soln of bmethyl-&HCI (0.60 g; 
2.3 mmole) was treated with p-chlorobenzaldehyde (0.42 g; 
3 mmole). The yellow needles of the product (0.6g; 650/c), m.p. 

162-163” (from EtOH) immediately started to separate. (Found: 
Cl. 9.75; N, 4.05; S, 8.64. Calc. for C&H&INS (361.89): Cl, 9.88; 

N, 3.90: S. 8.93%). NMR (CDCI,, reference: TMS. 6 scale): 8.6, s, 
IH, N=CH; 7.8 and 7.45, both d, J,, = 10.5 Hz, 2H. each, AA’BB’ 
spectrum of p-Cl&H, group; partially merged with the m, 8H, at 
7.85-7.6 of the other ArH’s; 2.5, s. 3H, Me. MS(AEI-MS-902, 
70eV. direct insertion, 140”): m/e 363 (34%. i); 361 (100%. M”); 
360 (15%); 324 (2.7%); 284 (0.55%. [M-Ph]‘); 270 (0.01%. 
[M-p-Me&H,]+); 250 (26%. [M-C&“CI]‘); 180.5 (9.3%. M*+). 
The presence of the [M-Ph]* ion in the MS (cf. with the MS of 7d 

tThis result contrasts with an earlier statement of ours, 
according to which compound 4 is insensitive to AICI,. However, 
the reactions were now performed at higher temperature (in 
refluxing toluene, rather than benzene). 

*Similarly to S.HCI, this methyl derivative resisted all attempts 
of rccrvstalli7ation. , ----------.- 

below) proves the Me group to be attached to C(6); the presence 
and abundance of the [M-p-MeC&]+ ion, on the other hand, 

may indicate that, in contrast to the results of the TLC studies, the 
main component is contaminated with about 2% the 3-@-tolyl) 
analog of ‘Id. 

(d) S.HCI (1.3 g; 5 mmole) was retluxed with cyclohexanone 

(IO ml) in an apparatus equipped with a water separator. The 
mixture was evaporated to dryness. The residue was dissolved in 
benzene and chromatographed through a silica column. The oily 
residue of the main fraction was triturated with light petroleum 
until it turned crystalline, and recrystallized from EtOAc to yield 

0.1 g (IO%) of bis(3 - phenyl - 2 - benzo[b]thienyl)amine, m.p. 
1%191” dec. (Found: C, 77.29; H, 4.13; N, 3.31; S, 14.29. Calc. 

for C,H,,NS, (433.59): C, 77.56; H, 4.41; N, 3.23; S. 14.7%). 

(e) PhCOCl (0.57 ml; 5 mmole) was added to the soln of 8.HCl 
(1.3 g; 5 mmole) in pyridine (5 ml). The mixture was allowed to 

stand overnight. Water (50 ml) was added, and the insoluble, 
partly crystalline product was triturated with a small amount of 
MeOH to yield 0.7g (43%) of N-benzoyl-8, m.p. 149” (from 

MeOH). identical (m.p., IR) with the product described in 
literature.’ 

(f) A mixture of 8.HCI (I.3 g; 5 mmole), pyridine (3 ml) and 
Ac,O (1 ml) was allowed to stand overnight. Water (50 ml) was 

added to yield l.2Og (90%) of N-acetyl-8, m.p. 209-210” from 
EtOH. (Found: C, 71.87; H, 4.77; N, 5.54; S, 11.83. Calc. for 
C,nH,,NOS (267.35): C, 71.88; H, 4.90; N, 5.23; S, ll.90%). IR 
(KBr): 3270, vNH; 1660, vC=O. 

(s) N-Acetyl-8 0.5 g; I.8 mmole) was refluxed with Ac,O (5 ml) 

for I hr. The mixture was evaporated to dryness in V~CIIO, and the 
residue which, according to TLC (Kieselgel F,,, Merck; solvent 

benzene; detection: UV light) contained but traces of the starting 
substance, was recrystallized from EtOH to yield 0.30 g (52%) of 

the isoimide 11, m.p. 116-l IP. (Found: C, 69.80; H. 4.83; N, 4.49. 

Calc. for C,,H,INO,S (309.39): C, 69.88; H. 4.89; N, 4.52%). IR 
(KBr): 1730, vC=O and 1680, sh, vC=N, which favourably 
compare with the literature”.’ data for related compounds. NMR 
(DMSOd,. reference: DMSOdr, 6 scale): 8.3-7.4, m, 9H, ArH’s; 
2.2, s, 6H, two Me groups. 

Acknowledgemenrs-The authors thank Dr. P. Kolonits and staff 
for the IR and NMR spectra, Dr. I. Balogh-Batta and staff for the 

microanalyses.andMrs.J.HegedBs-Vajdaforthemassspecba. 

REEeRENCEs 

‘J. Nyitrai and K. Lempert Tetrahedron 25, 4265 (1%9). 
‘J. Nyitrai and K. Lempert, Acta Chim. Budapest 73: 43 (1972). 



A novel entry into the benzo(b]thiophene series 2425 

‘C. Moureu and G. Mignonac, CR. Acad Sci. 156, 1801 “Kyuji Abe, 1. Chem. Sci. Japan 67. 1 I1 (1946); Chem. Absrr. 45. 
(1913). 611~ (1951). 

‘A. Hantzsch and E. V. Hornbostel, Ber. Dtsch. Chem. Ges. 30. ‘E. Koltai. J. Nyitrai, K. L-empert, Gy. Howith, A. Kdlman and 
3007 (1897). Gy. Argay, Tetrahedron 29, 2783 (1973). 

‘F. Asinger, W. Schftfer, H. Meisel, H. Kersten and A. Saus, MI. ‘D. Y. Curtin and L. L. Miller, Tetrahedron Letters I869 (l%S). 

Chem. 98, 338 (1%7). ‘J. S. P. Schwarz, 1. Org. Chem. 37. 2906 (1972). 


