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Abetraot - The reaction of thlophene and 2.5~dlmothylthlophene 
with ieothlooyanatee in the premznnoe of aluminum chloride in 
nltromethano gave rlee to the formation of the I&.ubstltuted 
carbothloamidee of thlophene-2-oarboxyllo and 2, Fdlmethyl- 
Wo 

aph 
ene-3-aarbox 110 aald, reopectlrely. Under elmllar 

aon tionr, 2-ethy thlo-S-methylthlo hene was attaoked by the f 
rea,gent at the oarbon atom adjaeat P o the ethylthlo group, 
whereas 2-phenyl-5-methylthiophene yielded a mixture of the 3- 
and 4-carbothioamldes. 

examples hate been reported a8 yet on the direct, Lewis acid catalyzed 
1.9 

substitution of aromatia oompounds with the amide or thloamlde groups. Leuakart”’ 

w(u) the first to use aluminum ahlorlde am the catalyst in the reaation of an 
irocyanate with aromatla hydroaarbonr and thlophene. However, thlophene was mortly 

decompoeed and the oorremponding anlllde was obtained In low yield. In 1929, Karrer 
and Welse’ reported on thiooarbamoylatlon of reeorofnol with phenyl 1aOthlOOjsnate. 

A detailed study of nroh reaotiona was prerented by Bffenberger and Qlelter4 who 

dlsauueeed aleo some meohanlstlc aspeote of the Frledel-Orafte reaction of 

leocyanatee with aromatlo hydrooarbons. 
Although aertalnly of potential preparative interest, reaction8 Of thie type 

hare not found 80 far any rider use in the heteroaromatlo aymtsa. The known 
example6 am llmlted to the above-mentioned reactlonr oarrled out by Leucka~%‘*~ 

and to the eyntheeis of thlophene-2-aarbothloamlde and thlophene-2-carbethoxyamlde 
reported by Papadopoulos5 who employed tin tetrachlorlde a8 the oatalyat. 

Following our earlier reaearoh on a related topic6 we preeent now a study aimed 
at developing a aonvenlent preparative route to thlophenecarbothloamldee in the 

Lewis-aold oatalysed reaction of thlophene and aubetltuted thiophules with 

laothlocyanate. 
RESUXTS AND DISCaSSIOB 

Many liewle aold were found inapplicable aa oatalyste of the reaatlon under 

study; these lnalude: boron trlfluorlde dlothyl ether and acetic acid oomplexe~, 
zlno chloride, titanium and tin totraohlorldw and antimony pentachloride. Beat 
reaultr wlth both aromatlo and allphatlo lsothlooyanatre were obtalnod when 
aluminum ahlorlde In a nitroeethane eolotlon was used ao the catalyet. 

In the 0880 of thlophene lteelf, the substitution invariably ooourred at the 
(Y-position to yield the approprlate Lsubbtltuted thlophene-2-oarbothloamldes l-9 
(Table 1). 
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table 1. Thlophum-2-carbothio~du 

Co8pouad 

1 87-89 
R . MO 82.0 (homebenron.) 

2 50-52 
RI Kt b 76.0 

(am)) 

3 127-129 
R 78.0 - oyolohuyl (UE300H-H20 3: 1) 

4 
92.0 

94-95 'H-m16.87.6(Shioph~.,Ph,B) 
(BR r).Flsr219(11 )(SS);lW~~ 

E . Ph (CH3oM20 3: 1) 127~w-~rR~)(100);110(~-~)(23 

5 95.0 143-145 

R = 4-ClPh (CE301i-H20 3rl) 

6 137-139 
98.0 

R-4-BrPIl (ayxi-H20 3x1) 

7 124-126 
90.0 

R - I-l.Ph (cE30a-H*o 3: 1) 

8 129-130.5 
89.0 

R- 4-HoOPh (fm4) 

9 163-164.5 

R - CX-naphthyl” 
9.5 

(cc14) 

l ) ‘H-m: 6p,- in l 0.ton.46 -R¶SO-d6 6:). IIS: m/s (fi I_). b) The omde prOhOt 

ru dlrtlllod under nduaod prwmro and mbaquu~tly rwrmtrllisod. 0) Thm 0-a 

produot _ purifird on l rllioa gil column ulth oHO13 md then r.or~mtil1iS.d. 

0 
I \ 

RN-C-S 
F 

s 
ALCL,-MeNO, 

l-9 
Their ylalda wore hlghrrt vhon the thlopham-l8othlooyuMe4\ninw ohlorldo 

mtio wu 1.2:1:2 and thr taprnturo of thr raotion mixtan, 0-5’c 8t th@ 

bgbuil~y, was al1or.d to gxmdually lnonue to mom taporrture. mJ f--tYl 
lrothlooyumte Nlrd to reaot under maoh oondltiolu. 

Bully on the Jiold of the oubatUoamld.m l-9 mad on obauvation@ mado rhil. 

monitorlag the resotlon oouxmo by TIB, the rwatltlty of lrothloo~fm dooM@d 

in the followln& ordorr p-braopheayl >p-ohlomphayl >phonyl>p-tolrl a 

paetoxyphenyl > methyl > oyolohuyl > ethyl > 1 -mphtyl > laoWoo_to. 

In 8ooord with 8a omllor l oohmlrtlo oonoept3, the rmotlon UP lmOl~@ m 

intoaedlatr Solution of thlooarbmo~l chlorldo. It 1)ea8, however, DO= 1lkaLy 
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that a&i~&~on of the ieothlooyanate moleoule dependa on the formation Of an AlCl3 

complex on the nitrogen or eulfur atom. Similar oonoepts hare been advanced for 

ieocyanatw.4s’ In our oaee, the IR apeotrum of methyl lrothlocyanate recorded in 

aitromethane reveals two absorption banda attributable to Vg_CIs: at 2112 and 2190 
am”, reepectively. lhoee bands do not shift on addition of AX13 though their 

intensity decreaeee to quite a oonaidensble extent. As no VC_B absorption brnde 
appear in the epectrus, the eulfur atom eeeme to be not the mite of the oomplex 
formation. Consequently, the activation of ieothiocyanete may be ooneldered ae 
being due to the formation of an AM13 oomplex on-the nitrogen atom. 

-+lc13 F.3 
R- N-C-S - R-N-C-S 

+ + 

The complete unreactlvity of A-butyl iaothiocyanate, in which eteria faCtOre mske 

nitrogen oomplexing hardly poeeible, exactly corresponds with that mochanUn. 

Infrared and ultraviolet apeofroecopy revealed that thiophene-2-carbothloamides 
are not planar and that their predominant’ confonuatlon ie trane(Z)-e-trane.8 

An analogous reaotion with ieocyanatee gave thlophene-2-aarboxamidea in poor 
sielde. It aeeme that alternation of the aatalytfc oonditione should be neceesary 
In that ease. 

2,5-Mmethylthiophene reacted with leothiocyanatee under exactly the came 
ConditiOna aa applied with thiophene although the N-subetituted 

2,5-diaethylthiophene-~-carbothioamides (10-i 5) were obtained in lower yielde 
(Table 2). 

/T * 

10-15 

A part of the etarting 2,Fdimethylthiophene is here preeumbly deactivated by 
faming a+aomplex in the result of&protonation. A similar phen6faenOn was 
observed in the case of 2,5-dimethylthiophene aoylation in the preeence of aluminum 
chloride.’ 

The reaction of 2,5-dlmethylthlophene with phenyl ieocyanate was more complex. 
In addition to the expected N-phenyl-2,5-dlmethylthiopheneoarboemide, another 
produot wae isolated. Ite elemental analyeia and maee-epectrometric molecular male 

determination were coneistent with the concept of ieooyanate addition to three 
moleoulee of the thiophene. Studies on the reactiona of this type are in progrese. 

So far ae 2-phenyl-5-methylthiophene ie concerned, the acylatlon reaction 
providea a good piece of evidence of the eignificanoe of polar and eteric 
effeote.10 Even if one does not aoneider the difference in the phenyl and methyl 

g+roup volume, the poeitlon 3 aeeme to be ooet vulnerable to an electrophilic attaok 
eince delocalieatlon of the positive charge in the 3uoomplex ie apparently 

favored a8 compared with the isomeric structure, i.e., the 4+complex. According 

to experimental ret3uLtei0, however, bulky acylating reagent8 attacked preferably 
C-4, the oarbon atom adjacent to that bearing the methyl eubetituent. 

According to our reuUlte, eteric factore were of no essential importance in the 
reaction of 2-phenyl-5-methylthiophene with ieothiooyanates in a nitromethane 
solution of aluminum ohloride. In general, the yields were rather low and the 
reaction products invariably oontalned two ieomeric oompounde (16 and 17). 

~??ue, in the reaotion with methyl leothioayanate, 16a and 17a were famed in 
the 1:1 ratio ae eetj.mated by ‘H-NMR epectroeaopy; and in the reaction with phenY1 

8nd p-bromophenyl ieothiocyanatee, 16b.o and 17b.c were fozmed in the 7:3 ratio. 
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Table 2. 2,5-Mmethylthiophene-3-carbothioamidea 

Compound Yield (%) M.P. (OC) 

(eolvent) 
spectral dataa 

10 

R - We 
48.0 

97-98.5 

(CC14-hexane) 

11 114-115 
79.0 

R I cyclohexyl (hexane) 

12 
R-Ph 

92-93.5 61.0 IR:3380,3354sh(HH 1 (4.11);400.2(2.70 . H-NMR:2.3(CH J .jrV:261.6(4.07)*311. [5),e s 
(hexene) 1(;&kJi;;J(M !(72);214(M-S&100); 

2.4(CH (2),br.s);$ 77(H(4),br.s) 7.1-7.8 

13 

R - 4-BrPh 
68.0 

134-i 35 

(CC14-hexane) 

14 

R - 4-ClPh 
66.5 

142-l 44 

(CC14-hexane) 

15 

R = 4-MeOPh 

92-93 IRr3390,3370eh(NH).W:259.leh(4.09); 
81.0 

(CC14-hexane) 
+03.8(4rO6)$312.~(4 06);400.2eh(2.86). 
H-NMRt2.3(CH (5 ,&2.4 (CH (2),e)*3.55 

(OCH a);6 5-$.65(arom.m ~8.~7(RH,s~ MS: 
S;‘l$) (54f;244(M-SH)(83 3 ;155(M-Ar& 

a) IR spectra taken in CEC13, o - 0.03 mole/dm3; W spectra in ethanol: A,, nm 

(lg&); ‘H-l@lR* 6 pp~ in CDC13; 13s: m/s (% I_). 

S S S 

Me 

The 

1:l 

16 17 18 

a) R=Me b) R=Ph cl R= 4-BrPh 
ieomene were eeparated by oolumn chromatography on eilica gel with CHC13-CC14 

ae the mobile phase. It seeme noteworthy that the proportion8 of the ieolated 
thioamides 16a-a and 17a-a were by far inaonslstent with the RHR analye data 

(Table 3) for crude produat mirturer. In the aaee of 16b,c and 17b,C r0ugh.U equal 
emounte of the isomers were isolated, whereae the 16a-to-17a by weight ratio was 
1:2.3. If one depends, therefore, only on the leolable output the SE reaction 
orientation may be easily mieeetimated. 

The reaction of 2-phenyl-5-methylthlophene with ieothioayanatee appeare, 
therefore, to be aontrolled meetly by ztabillzatlon of the O-complex* Steric 

factore seem to be of no muoh importance a8 the nitrogen-attached group it?. quite 
free in taking ite position beyond the thloamide plane. Nonplanarity of the 
thiophene-2-aarbothioamide derivatives hae been demonstrated by epeCt~OoOpio 
methode. 8 
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Table 3. CarbothIoamIdse 16a-c and I%-e 

Compound Yield ($)a H*p* (Oc) 
(solvent) 

spectral datab 

16a 

R m Me 
13r5 

~ 

103.5”104.5 ~R:3408(~H).Wt258.7(4;19) 270sh($i&.F 

(hexane) 
H-NMR:2.35(CH (5) s)j2.93tN-CH 

7,42(arom m).M&24j(M )(89)*246&R)(iOO); 
217(M-RNR) (17);214(M-SH) (40) 

f7a 

R - Me 
3i;o 

101-102 

(hexane) 

16b 92-93 
10.0 

R=Ph (hexaue) 

1-D) 136-l 37 
10.0 

BrPh (hexane-CC14) 

16a 23.0 142.5-i 43.5 IR:3374 NH).W*265.3(4.33);32C.O(4 
#JO;lsh 2.82).'H-HMR:2,37(CE I 

21); 
(5),+.87- 

R I 4-BrPh fhexane) 7.6 arom.m)*8,35 NH br~s).~~387(M j(26); 
389 I Mi2) f27f ~217 I M&H?) (100) 

i7c 166-l 67.5 
23.0 

IR:3388,3358eh NH).W~268.7(4.51)~295.Osh 
(4.38);400.lsh 2. t 
e);7.1-7.7(arom.m ‘3 

7). H-RMR”2.5(CH 
R I 4-BrPh (hexane-CC14) MSr387(M1)(40)* 

(45);354(IuI-SH)(100ji217(M-Ar~)(96 

a) Yields refer to parlfied products Isolated by oolumn chromatography. b) IR 
epeotra t&en In CHC13, o - 0.03 mole/dm3; CV speotra In ethanol: km, IJBI (lg&); 
‘H-NM& 6ppm In CDc13; MS: m/s (% Imax). 

High selectivity 7: the eleotrophilic substitution was reported for P-alkyl-5- 
-al.kylthIothIophener, No aterIc effeate were observed- there and unlike In the 

former reactions, the reagent attacked almost exalusIvelg the C-4 carbon atom. 

According to other reports’ 2t 1 3t activation of the adjauent oarbon atom by an 
alkylthio group was also much more effective than that by the methyl gmUPo This 

may be explained, so as It was In the oaee of 2-phenyl-S-methylthIophene, In terms 

of greater stability of the 4-(Fcomplex, In which the cationic center ie localised 
close to the subetituent with a dIatInct +M effect as compared with the complex 

fanned on protonation at C-3. 
The reaction of 5-methyl-2-ethylthiothiophene with phenyl IsothIocyanate In a 

nitromethane solution of aluminum chloride gave only one product. This was 

N-phenyl-5-methyl-2-ethylt~othiophene-3-carbothioamIde (I 8). 
The yield was rather low as quite a part of the starting heterocycle deeompoeed 

under the reaction conditiona, Our reaction has to be OarrIed out at 0-5’C and it 
Is known’ that aluminum ohloride Induces decomposttion of alkylthlothiophenee at 

temperatures above -3O’C owing to thermal Instability of the corresponding 
G-complex. 

Because of relative eimpliclty the reactlone Under study may be recommended for 

preparative purposee. They may be also adapted to the synthesis of carbothIoamIde8 
In other heterocyclic systems. 

RXPRRIMRNTAL PART 

CHC1+ 
Anal Ical. Infrared speatra wgre taken with a UnIcsm IR IICC Instrument In 

so u one (c = 0.03 mole dm ). A S eoord-M4C 
the ‘ultraviolet measurements carried ou P 

% 0 
eCtro8oopIC measurements were performed on a Tesla RS-487 
orofonn-d 02’ II 6r3 mf.xtUre Of acetoned and med6 with RMaSO as the Internal 
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standard. Mars epeotra were taken with a LKB-2901 inrfrument with dlreot inlet 
(lonlsotlon potential 70 l V). Satisfactory analitioal data (20.3 X for 0,&S) were 
reported for all oompounds l-l 0. 

Thlouhene-2-oarbothioamidor l-9. General Urooedure 
A t oroughly cooled (0-5’0) solution of al~mlnum ohloride (28.6 

220 om 3 nitromethane war treated dro wise Under oonetant 
ieothloc 
nitromet E 

te and next with lo;0 g P 0.12 mole) ghiophene 
8. Stirring use oontinued 1 hr at O-5 C and then sereral hoam at room 

tenperatUre (alternatively, the reaction mixture wae left oveznight tithout 
stirring). The reaction progreee was controlled by thin-layer ohromatography 
(eilioa gel, CHCl ). The reaction mixture was finally poured into ioe-water, the 
product extraoted3wlth ethyl acetate and the organio layer repeatedly uarhed (H20) 
and dried &SO ). Upon eoaporatlon of the eolveat under reduced relsure the 
residue was either reoryetellised direotly from a euitable aoloen ! (Table 1) or 
additionally pudfled by dlseolving in CECl and filteri 
Al 03. 
WI F 

When a CH 
;I 

OR-H 
h aotlvated o 

0 mixture (3: 1) was used for recrya 
trough a IO-cm layer of 

rboneae 
%l liaation a treatment 

found of advantage. 
Thiooarbamoylation of 2.5-dimethylthlouhone (comoounde 10-I 5) and 

2-uhenyl-5-methylthiouhene (oomuonnds 16a-o and i7a-0). Gene- urooedure 
The reactions were oa 

anhydroua AlCl in 30 om 
ed out eeeentially ao abate with the use of 0.04 mole 

appropriate th?ophene in 
ethane, 0.01 mole leothlooyanate and 0.012 mole 
nltromethane. Upon mixing the reegente stirring 

was oontlnaed 30 mln at 0-5’C and then 2 hr at room temperature. The orude 
products were purified as follows: in the oaae of oom ounds 
residue was dieaolved in ohlorofonn, the eolution fil P 

IO-I 5 the eolid 
ered through a IO-om layer 

zo:POa’ 
the filtrate waporated to dryneee and the product left reoryetallised 

uitable solvent (Table 2); in the case of oompounde 16+0 and l’la-o, the 
crude produote were separated on a eilica gel column with CHC13-CC14 1 :l a6 the 
eluent and then r&qrtallised (Table 3). 

myl-5-meth31-2-ethylthiothiophene-3-oarbothioamide 18 
The reaction of anhydroue AlC13 

ate ( 
(5.33 g, 0.04 mole) in 30 cm3 nitromethane, 

$?6p;;&?::ft’,~o~ 5 
.7 g, 0.02 mole) and 2-methyl-S-&h lthiothiophene 

n 20 cm nitromethane was oarried out eeaen h ally a8 abore at 
0 C (1 hr) and then at 15’C (2 hr). The orude prodnot was parifled on a silica gel 
column; oonteminante were elated finat with CC14 and then 18 with CRO13. The 
prodnot (0.59 10 % yield) m; 75-6.5’C. 

IR: 3220, 3 70 (RR). IJVz 264.6 (4.16); 316.9 (4’03); 400.1 oh (2.7 9’ 
1.1-1.37 (CH ,t); 2.35 (CH3(2],S)i 2.62-2.7 (CR , I; 7.0-7.82 

‘R-m: 

(RR,br.B). M& 293 (M ) (3.72 ; 264 (100.0 ; 23? (111.79). 
IO.77 
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