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The 
replacement of phenyl groups in the Jphenyliodonium cation by 2-thienyl groups increases the ease of electroreduction and 
the susceptibility t o  nucleophilic attack. 

2,2'-Dithienyl- and phenyl-2-thien liodonium salts have been prepared, and their structures have been proved. 

Synthesis.-Previous papers have reported the 
synthesis2 of diphenyliodonium salts, their reac- 
t i o n ~ ~ - ~  and their electro-reduction.6 In the pres- 
ent work it has been shown that thiophene? can 
be converted to 2,2'-dithienyliodonium salts in 
two ways. The first was treatment with an iodate 
in acetic acid-acetic anhydride-sulfuric acid. 2 , 3  

2ArH + 1 0 3 -  + 2HtSO4 + 2Act0 + 

Ar?Ar + 2HSOn- + 4AcOH + [O]  (A) 
The yield here was 28%,  to  be compared with a 
yield of 63y0 for diphenyliodonium chloride in a 
similar r e a ~ t i o n . ~  

The second method, which is new, is the reaction 
of thiophene? with iodine(II1) trifluoroacetate,8 pre- 
pared by the general method of Fichter and Stern. 

0 
II 

212 + 12FaCCOOH --+ 4I(OCCF3)3 + 18AcOH + 9Acz0 + 6HN03 + 3N203 (B) 
0 
II AcsO + 

2ArH + I(OCCFa)3 ---+ ArIAr 4- F3CCOt- 
AcOH + PFaCCOOH (C) 

One convenience of this sequence is that a t  the end 
of the reaction solvent may be removed, leaving 
the iodonium trifluoroacetate, soluble in organic 
solvents and easily convertible to other, less soluble 
salts. The iodide was obtained in 677, yield. 

That  the thiophene rings were indeed attached 
through the 2-positions was shown by the decom- 
position of the dithienyliodonium iodide to the 
known 2-iodothiophene, characterized by infrared 
spectrum and conversion to 2-thienoic acid. 

A r z  --+ 2ArI + 2ArMgI + 2ArCOOH (D) 
The phenyl-2-thienyliodonium salts were first 

prepared by the condensation of iodosobenzene 
with thiophene? in acetic acid-acetic anhydride- 
sulfuric acid. 
PhIO + ArfI + H2S04 + AcnO + 

4 

PhIAr + HS04- + 2AcOH (E) 
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phenyl group. 

This procedure gave the chloride and bromide salts 
in a combined yield of 49y0. 

More recently the condensation of iodosoben- 
zene diacetate with thiophene4 in acetic acid- 
acetic anhydride-trifluoroacetic acid gave phenyl- 
2-thienyliodonium trifluoroacetate in 93% yield. 
PhI(0Ac)z + ArH + FsCCOOH --+ 

PhfAr + F&COt- + 2AcOH ( F )  
Pyrolysis of the corresponding iodide gave a 1:l 
mixture of iodobenzene and 2-iodothiophene, 
shown by the identity of the infrared spectrum of 

PhTArj  + PhI  + ArI (G) 
this mixture with a synthetic mixture of authentic 
materials. 

Thus in accord with other substitution reactions 
of thiophene, electrophilic attack occurred on the 
2-position of thiophene in the cases here reported 
and more readily than on benzene.2 

Nucleophilic Displacement.-The reaction of the 
diphenyliodonium cation with sulfite ion to give 
the benzenesulfonate ion already has been re- 

P h i P h  + SOa- --+ PhS03- + PhI  

ported3 Now by a direct competitive reaction of 
diphenyliodonium and dithienyliodonium ions with 
an insufficiency of sulfite ion it has been shown (by 

(H) 

AAAr 4- Sos- + ArS08- 4- ArI (1) 
analysis of the iodobenzene-iodothiophene mix- 
ture) that  the dithienyliodonium ion is more re- 
active by a ratio of 2:1. Also, when the unsym- 
metrical phenyliodonium cation was cleaved by 
sulfite ion in water,9 the ratio of attack on the thio- 
phene ring to that on the benzene ring (determined 

Ph!Ar + so,- -+ PhSO3- + ArI - ArS03- + PhI 
(J)  

as the ratio PhIIA4rI) was 2 : l .  The free energy of 
activation is thus slightly lower for the former reac- 
tion (about 700 cal. mole-' deg.-'). 

Polarographic Reduction.-It has been previ- 
ously reporteds that the three waves in the polaro- 
graphic reduction of the diphenyliodoiiium cation 
correspond to the steps 

Wave I: P d P h  + 2e-I-- I'hiPli 

\Vave 11: P h i P h  4- 2e- + H +  --f Phi1 -1 Yli l  

IVVave 111: P I ~ ~ I P I ~  + 4e + I I +  --+ pilTr + PI]- 4 T -  
slow 

fast 
Ph-  + H +  __f PhH 

(9) Cleavage of unsymmetrically substituted diphenyliodonium 
salts are reported in ref. 3 and by R. B. Sandin, hl. Kulka and R. 
McCready, THIS JOURNAL, 59, 2014 (1937). 
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It was naturally of interest to determine the 
effect on the half-wave potentials of changing the 
aryl groups of the iodonium cation from phenyl to 
thienyl. Thiophene itself is not reduced polaro- 
graphically. Published reports on the polarogra- 
phy of substituted thiophenes'" treat the thienyl 
group as a non-reducible substituent in a compound 
containing other reducible groups and mention 
oiily its influence 011 the half-wave potential of the 
reducible group. 

Values for the half-wave potentials of the di- 
plienyliodonium, phenyl-2-thieny-liodonium and 2 , -  
2'-dithienyliodoniuin cations, for 2-iodothiophene 
and for 2-thienylmercuric chloride are given in 
'Table 1. 

TABLE I 
irAI.F-\VAVE I'OTESTIALS OF TEE PHENPL-2-THIENYL- AND 

? , L " - ~ ) I E T H I E N Y l , I o D o S I u M  C A T I O S S  A S D  RELATED COM- 

POL- XI>S'[ 

Half-wave potentials, v .  
Substance U ' d V e  I TVave I1 Wave 111 

L)ipheiiq.liodoiiiuxn cation - 0 .  193 - 1 . 142 - 1 ,645 
I'l~eiiyl-3-tliieiiyli~~~i)iiiuxii - . 138 -0.92 - 1 . 14 

catiiiii - 1 65 
2,2'- I~itiiieiiyli(J(~()iiiuiii 

ratiiiii - . I 1  - .Mi  -1 .13 
%-I[,dothiopliene -1 .14  
2-Thienylniercuric chluride - .07 - .x1  

111 I : 1 ethaiiol--water with 0.4 mA1f iodonium salt arid 
I). 1 .li tetract1iq.lammoniuin phosphate supporting electro- 
lyte of :ipparent PH 8.6. 

Ul'ave 111 for the dithienyliodonium cation is 
identical to that for 2-iodothiophene, while wave 
I11 for the phenyl-"thienyliodonium cation is 
divided into waves for iodobenzene and 2-iodothio- 
pheiie i n  the ratio 55:45. This indicates almost 
random rupture of the iodonium ion. 

h s e d  on half-wave potentials fur 2-thienyl- 
inercuric chloride, i t  is probable that the reduction 
111' the iodonium cation does not go by way of the 
Inercury derivatives." 

Still unexplained is the observation that the 
half-wavc potentials for both 177av-e~ I and I1 de- 
crease in the order': Ph21+ > PhI+=lr > Br21+ 
One would be tempted to attribute the effect to 
resonance interaction between the iodine and the 
aromatic ring (it1 the starting material, the prod- 
uct or both) were it not for the fact that  waves I 
and I1 are not significantly affected by the intro- 
ductioii o f  electron-attracting or withdrawing 
groups i i i  the diphenyliodoniurn cation.6 A4 re- 
iiiaiiiiiig possibility is that the phenyl and 2 -  
thienyl groups have different electronegativities, 
affecting the strength of  the carbon-iodine bond and 
its charge distributioii. 
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Experimental 
Analyses and Measurements.---Analytical procedures 

and the determination of melting puints were those de- 
scribed in reference ?.  T h e  polarograms lwre run as tie- 
scribed iti reference 6. 

Starting Materials :- -Coriirnercial grades of thiophene anti 
iodobenzene were distilled before use. Iodosoben~ene'~ and 
iodosoberizene diacetate" were prepared by standard proce- 
dures. Iodine(II1) trifluoroacetate was prepared by an 
adaptation of the method o f  Fichter and Stern& as follows. 
To 7 nil. of acetic anhydride a t  -20" there was added drop- 
wise and with stirring 2.7 nil. of fuming nitric acid (density 
1.51), 2.5  g. (10 mmoles) of iodine and 4.7 ml. (61 mmoles) 
of trifluoroacetic acid. The cooling bath \\-as removed, and 
the  reaction mixture 1 illowed to warm to room tempera- 
ture. After about 30 minutes, during which nitrogen ox- 
ides were evolved, the iodine had dissolved completely. 
Solvent was removed by evaporation at 1-2 nim., the pot 
temperature never exceeding 50". The residue of iodine- 
(111) trifluoroacetate (20 mmoles) w a s  used directly in syn- 
theses. 

2,2'-Dithienyliodonium Salts. Reaction A.~- -To  a well- 
stirred mixture of 130 ml. of acetic acid, 40 ml. of acetic an- 
hydride, 20 g. (93.5 mmoles) of potassium iodate and 58 g. 
(345 mmoles) of thiophene kept below 10" there was added 
over one hour a chilled mixture of 30 ml. of acetic acid and 
24 ml. of sulfuric acid. After having been stirred a t  rooin 
temperature overnight, the reaction mixture was diluted 
with 200 ml. of xs-ater, extracted with benzene and then with 
ether until color was no longer removed and treated with ac- 
tivated carboti. .iddition of 15 g. of potassium iodide in 
water gave a colorless precipitate, which was collected, 
washed with water anti dried to yield 10.85 g. (25.8 mmoles, 
28"; ) of 2,2'-dithienyliodonium iodide, m.p. 128-129"; 
see also under reaction C.  From similar reaction mixtures 
tliere were also obtai~led 2,2'-dithienyliodonium bromide, 
11i.p. 215-219', anti 2.2'-dithienyliodonium chloride, 1n.p. 
229-330". The solubilities of these salts are quite similar 
to those of the corresponding diphenyliodonium halides. 

;Incil. Calcti. for CJfeBrIS?: Hr- ,  21.42'. Found: U r  -, 
81.15. Calcd. for C,&CIIS!: ClP, 10.79. Found: el-, 
10.84, 

Reaction C .---The crude iodine( 111) trifluoroacetate, 
prepared as described above, was treated a t  20' with 15 nil. 
o f  acetic anhydride and a t  -10" with a solution of 6.3 ml. 
of thiophene (80 iriinoles), 35 ml. of acetic anhydride and 5 
ml. of trifluoroacetic acid. The reaction mixture was kept 
:it 0' for 12 hours and at rimm temperature for two days.  
Removal of solvent at reduced pressure left a residue, frolli 
which 4 g. of brown-black crystals was obtained by stirring 
with 200 nil. of anh-drous ether and cooling to 0". The 
solid was crystallized from 200 ml. of benzene (activatetl 
carbon) to give 3.2 g .  (7.9 mnioles, -iOSl,) of tan 2,2'-di- 
thienyliodonium trifluoroacetate. Repeated crystalliza- 
tions gave colorless crystals of m.p. 148-148" dec. 

Anal. Calcd. for CiaH~O~FaISa: e,  29.57; H, 1.14. 
Found: C, 29.41; H,  1.66. 

Treatment of an aqueous solutio11 of this salt with aqueous 
potassium iodide gave 2,2'-dithienyIiodonium iodide, m.p. 
1:35-.-1:36' dec. If inhtead o f  isolating the product first as 
the trifluoro:rcetate, the residue after solvent retnoval \vas 
dissolved it1 water and the solution was treated wit11 acti- 
vated carbon and then with aqueous potassium icitiitfe, a 
67: yield o f  2,2'-dithienyliodonium iodide was obt;tinetl 
directly. 

Proof of Structure. - - ~ A  sinall sample o f  2,2'-dithienyl- 
iodoniurri iodide \vas decomposed to 2-iodothiopherie by 
heating briefly to  120'. The product was converted to the 
Grignard reagent and carbonated16 to  give 2-thienoic acid, 
n1.p. 127-129.5' after recrystallization from water; no de- 

(12) Emil J .  Geering, Doctoral Dissertation, Polytechnic Institute of 
Brooklyn, 1954. 

( 1 3 )  H. P. Lucas, E.  R.  Kennedy and hL. W Formo, "Organic Syn- 
theses," Cnll. T'ol TIT. John Wile). and Sons, Inc . ,  New Y o r k ,  N. V I  
I?r ;3 ,  1, 4%. 
(14) R.  M. P a u s x k e r ,  J .  c  her,^ .Soc , 107 (1933). 
, 1.5) I). A.  Shirley, "Preparation of Organic Intermediates," 

Ji,hn \Viley and Sons, Inc., Sew Y o r k ,  S .  Y . ,  19R1, p.  982 .  
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pression of m.p. on admixture with a sample prepared from 
2-a~etyl thiophene.~~ 

Another sample of 2,2'-dithienyliodonium iodide, which 
had liquefied on prolonged standing, was distilled to give 2- 
iodothiophene, whose infrared spectrum was identical to that  
of authentic material. 

Phenyl-2-thienyliodonium Salts. Reaction E.-To a 
well-stirred mixture of 100 ml. of acetic acid, 25 ml. of acetic 
anhydride, 11 g. (50 nimoles) of iodosobenzene and 7.4 g. 
(88 inmoles) of thiophene kept below 20" 5 tnl. of sulfuric 
acid was added dropwise. After 15 minutes (negative 
starch-iodide test) 200 ml. of water was added. Two ex- 
tractions with 50-ml. portions of benzene followed by two 
treatments with activated carbon produced an almost color- 
less solution, which was treated with 20 g. of ammonium 
chloride in 30 ml. of water and refrigerated overnight. The 
crystals were collected and crystallized from water to give 
2.6 g. (8 mmoles, loS7c) of phenyl-2-thienyliodonium chlo- 
ride, m.p. 202-204 . A second crystallization raised the 
1n.p. to 217-219". 

Anal. Calcd. for CloHsCIIS: C1-, 10.99. Found: C1-, 
10.75. 

To the filtrate was added a solution of 30 g.  of sodium 
bromide in 45 ml. of water. The chilled solution gave a 
precipitate that  was crystallized from water to give 6.6 g.  
(16.3 mmoles, 33 %) of phenyl-2-thienyliodonium bromide, 
m.p. 160-165'. -4 second crystallization raised the m.p. 
to 170-174°. 

Anal. Calcd. for CioHsBrIS: Br-, 21.74. Found: 
Br-, 21.46. 

The combined yield of iodoniuin salts in this case was 49YI. 
From another reaction mixture phenyl-2-thienyliodonium 
bromide, m.p.  165-170°, was obtained in 615% yield. Re- 
crystallization from water raised the m.p. to 170-174°. 
From the filtrates there was obtained 5 ' 3  of phenyl-2- 
thienyliodonium iodide, m.p.  129-132", unclimged by re- 
crystallization from water; see below under reaction F. 
These salts are somewhat inure soluble than the correspond- 
ing 2,2'-dithienyliodonium halides. Thus the chloride is 
mluble, inter al ia ,  in hot ethanol and hot chloroform, and the 
iodide is soluble in hot acetone, methanol and ethanol. 

Anal. Calcd. for C~OH&S: I-, 30.64. Found: I-, 
30.94. 

Reaction F.-To a solution of 50 r i l l .  of acetic anhydride, 
15 ml. of trifluoroacetic acid and 16.2 g. (50.4 mmoles) of 
iodosobenzene diacetate a t  -20" there was added dropwise 
and with stirring a solution of 8.1 ml. (103 mmoles) of thio- 

(16) H. D. Hartoiiyh, "Thiophene and  its Derivatires," Intersci- 
ence Publishers, Inc., New I'ork, N .  Y., 1952. p 50,;. 

phene in 60 ml. of acetic anhydride. The temperature was 
held below -10". After two hours a t  - lo" ,  the reaction 
mixture was kept at 0" for about 15 hours. Solvent removal 
a t  1-2 mm. (pot temperature below 70')  left a residue, 
which was stirred w*ell with ether and cooled in ice. The 
crystals of crude phenyl-2-thienyliodonium trifluoroacetate 
weighed 18.6 g. (92%). Two crystallizations from benzene 
gave crystals of 1n.p. 160.5-162°, while four crystallizations 
gave material of m.p. 162-163.5'. After drying in ' JUCUO 
for two hours, the crystals still held benzene, possibly as 

.4nai. Calcd. for C12HsF310&: C, 36.01; H, 2.01. 
Calcd. for C I ~ H ~ F ~ I ~ ~ S . ~ / ~ C & :  c ,  41.01; H, 2.ri2. Found: 
C, 41.56; H, 2.93. 

Treatment of an aqueous solution of the above iodonium 
salt with excess aqueous potassium iodide gave a quantita- 
tive yield of phenyl-2-thienyliodonium iodide, m.p. 140- 
141'; see above under reaction E. 

Thermal decomposition of this iodide a t  145-160' gave 
ail oil shown by its infrared spectrum to be 1: 1 mixture of 
iodobenzene and 2-iodothiophene. 

Cleavage with Sulfite Ion.-Boiling a solution of 1.5 g. 
(3.4 mmoles) of phenyl-2-thienyliodonium trifluoroacetate 
and 1.7 g. (13.6 mnioles) of sodium sulfite in 25 ml. of water 
gave about 0.5 nil. of a dense oil in a Dean-Stark trap.  
The oil was cullected, dried and distilled to give 0.4 g. of 
product, b.p. 180--190", containing 5.057< sulfur. On the 
basis that  the decomposition proceeded according to equa- 
tion J and that the fraction of b.p. 180-190" is a mixture of 
iodobenzene and 2-iodothiophene, the mixture has the com- 
position 6 i %  iodobenzene, 33% 2-iodothiophene. Thus, 
the relative reactivity of the thienyl and phenyl rings to 
attack by the sulfite ion is 67/33 or about 2: 1. 

I n  a similar manner, reaction of a mixture of diphenyl- 
iodonium nitrate'? (0.52 g., 1.5 mmoles) and 2,2'-dithienyl- 
iodonium trifluoroacetate (0.59 g., 1.5 inmoles) with 
aqueous sodium sulfite (0.125 g . ,  1.0 mniole) gave a mixture 
of iodobenzene and 2-iodothiophene in the Ileati-Stark trap. 
The oil was collecte:, dried and distilled to give 0.16 g. of 
oil of b.p. 180-190 , containing 9.90yG sulfur and corre- 
sponding to 65% 2-iodothiophene and 3570 iodobenzene. 
Calculation of the relative reactivities, T ,  of the 2,2'-di- 
thienyl- and diphenyliodonium cations is 

lOg(l - 0.65/1.5) - -0.247 
log(1 - 0.35/1 5 )  r =  2:  1 -0.129 - 
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