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Heteroaromatic Rings as Substituents. Part 5.' Evaluation of a and 
Q- Constants of 2-Selenienyl and 2-Tellurienyl Groups 
By Francesco Fringuelli,' Bernardino Serena, and Aldo Taticchi, Dipartimento di Chimica, UniversitA di 

Perugia, Via Eke di Sotto 10, 061 00 Perugia, Italy 

p- and rn-2-selenienyl- and 2-tellurienyl-anisoles, p- and m-2-selenienyl- and 2-tellurienyl-phenols, and four 2,5- 
disubstituted tellurophens were synthesized and their structures established by *H n.m.r. and mass spectra. The 
a- and a constants for p- and m-2-selenienyl and p- and rn-2-tellurienyl were determined by the ionization reaction 
of monosubstituted phenols in 30% ethanol-water at 25 "C, by chemical shifts of the hydroxy-protons of phenols 
in DMSO, and by solvent chemical shifts of the methoxy-protons of anisoles. The 2-senenienyl and 2-tellurienyl 
groups are weakly, inductively electron-withdrawing and show greater ability to delocalize a negative charge by 
mesomeric effects. The results were compared with the substituent effects of 2-fury1 and 2-thienyl. 

CONTINUING our studies on tellurophen chemistry and following this procedure were unsuccessful. 9- and m- 
heteroaromatic rings as substituents 1 3  we were in- 2-selenienylanisoles (XI) and (XII) were prepared first 
terested in evaluating the ability of 2-selenienyl and 2- by a modified Ullmann reaction between 2-selenienyl- 
tellurienyl groups to withdraw or release electrons copper (VII) and 9- or m-iodoanisole (X; Y = p -  or 
according to the type of reaction. This effect is suitably m-OMe) respectively in pyridine. The reaction yield is 
measured by the three substituent constants, a, a-, and lower (15%) than that with 2-thienylcopper (55%) and 
a+. it is further reduced by using the bromoanisoles. 

Y = O M e  

Qc, t z a  Y 

(I) Y = p - O M e  (ID). X = T e ,  Y =4'-OMe 
(n )  Y = m - O M e  ( m )  X = Te, Y = 3'-OMe 

t 
- 

Y 
H02C 

(XI) X = Se, Y =  4/ -OMe (XI71 X = Se, Y = 3 / - O M e  

(XV) X = Te, Y = L I - O M e  (XYI)  X = Te, Y =3'-OMe 
(XIII) X = Se, Y = 4 ' - O H  (XN) X = Se, Y = 3'-OH 

( X Y I I )  X = Te, Y = 4 ' - O H  ( X Y E I )  X = Te, Y =3'-OH 
SCHEME Reagents : a, POC1,-DMF; b, BrCH,CO,Et-Na,Te ; c, KOH-H+ ; d, copper chromite-quinoline; e,  pyridine 

The present paper reports the electronic effects of the 
p -  and m-2-selenienyl and p -  and m-2-tellurienyl groups 
for reactions in which there is not an important inter- 
action between the substituent and the reaction site (a 
constant) and for reactions in which the substituent 
interacts with a developing negative charge (a- constant). 

that the silylated 
reagents (IX and X;  Y = 9- or m-OSiMe,) react with 2- 
furyl- and 2-thienyl-copper under Ullmann conditions to 
give aryl-heteroaryl compounds which may be easily 
desilylated to give the five hydroxy-containing products 
without isolation of intermediates. Attempts to pre- 
pare p -  and m-2-selenienylphenols (XIII) and (XIV) 

Syntheses.-It has been reported 

A by-product of the reaction is 2,2'-diselenienyl (from 
' dimerization ' of 2-selenienylcopper) which was recog- 
nized by lH n.m.r. and mass spectra. The n.m.r. 
spectrum shows a double doublet at 6 7.60 (a-protons) 
and a multiplet a t  7.05 (P-protons) respectively with 
Jo 5.0 and J m  1.7 Hz. The mass spectrum shows a 
molecular ion (base peak), which can be easily computer- 
simulated using the stable isotopes of selenium, and an 
M - Se ion as the most important fragments. 

Demethylation of (XI) and (XII) with sodium thio- 
ethoxide (molar ratio methoxy-derivative : sodium 
thioethoxide 1 : 3) in dimethylformamide (DMF) at 130" 
gives the phenols (XIII) and (XIV) in high yield. 
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TABLE 

lH N.m.r. chemical shifts (6 )  and coupling constants ( J )  
Compound H-3 H-4 H- 5 H-2' H-3' 

(111) 7.65 (cl) 8.35 (d) 7.35 (d) 6.77 (d) 

(IV) 7.68 (d) 8.27 (d) 6.90 (m) 

(V) 7.69 (d) 8.25 (d) 7.36 (d) 6.75 (d) 

(VI) 8.05 (d) 8.37 (d) 7.15 (m) 
(XI) 7.13 (m) 7.13 (m) 7.65 (dd) 7.33 (d) 6.70 (d) 

(XII) 7.10 (m) 7.10 (m) 7.65 (dd) 7.10 (m) 

(XIII)  7.23 (m) 7.23 (m) 7.76 (dd) 7.35 (d) 6.73 (d) 

(XIV) 7.15 (m) 7.15 (m) 7.78 (dd) 7.15 (m) 

(XV) 7.55 (m) 7.55 (m) 8.50 (dd) 7.25 (d) 6.70 (d) 

(XVII) 7.60 (m) 7.60 (m) 8.64 (dd) 7.30 (d) 6.75 (d) 
(XVI) 7.65 (m) 7.65 (m) 8.60 (m) 6.90 (m) 

(XVIII) 7.73 (m) 7.73 (m) 8.75 (m) 7.05 (in) 

J.C.S. Perkin I1 
l a  

of selenienyl- and tellurienyl-phenols and -anisoles 
H-4' H-5' H-6' Additional data 

6.77 (d) 7.35 (d) OMe (3.77, s); CH, 
(4.25, 9 ) ;  Me (1.35, 

6.90 (m) 6.90 (m) 

6.75 (d) 

6.90 (m) 

7.36 (d) 

t); J 3 , ; ' 4 . 2 ;  j 2 . 3  8.0; 
J c H , . M ~  6.0 

(4.25, 9); Me (1.32, 

OMe (3.77, s);  J 3 , 4  4.2; 

OMe (3.72, s); CH, 

t ) ;  J c H ~ . M ~  6.2 

J z .  3 8.0 
7.15 (m) 7.15 (m) 7.15 (m) OMe (3.80, s);  J 3 , 4  4.2 

6.70 (d) 7.33 (d) OMe (3.75, s) ; J 4 , 5  5.5; 

6.60 (m) 7.10 (m) 7.10 (m) OMe (3.78, s ) ;  J 4 , 5  5.5; 
J 3 . 5  1.5; J 2 . 3  8.0  

J 3 . 5  1.5 

J 3 . 5  1-5; J z , ~  8.0 

J 3 . 5  1.5 

J 3 . 5  1.4; J 2 , 3  8.0 

6.73 (d) 7.35 (d) OH (4.95, s); J 4 , 5  5.5;  

6.65 (m) 7.15 (m) 7.15 (m) OH (5.27, s); J 4 , 5  5.5; 

6.70 (d) 7.25 (d) OMe (3.75, s); J4,5 6.9; 

6.75 (d) 7.30 (d) OH (5.45, s); J g m 5  6.8; 
6.90 (m) 6.90 (m) 6.90 (m) OMe (3.77, s) 

7.05 (in) 7.05 (m) 7.05 (m) OH (5.40, s)  
J 3 . 5  1.4; J 2 . 3  8.0 

v 

double doublet; t = triplet; q = quartet; m = multiplet. 

The preparation of 9- and m-2-tellurienylanisoles (XV) 
and (XVI) via tellurienylcopper derivatives failed, so that 
the synthesis of these compounds was achieved by the 
Cagniant' procedure, based on the condensation of a 
p-halogenocinnamaldehyde with sodium telluride and 
a-halogenoes ters. 

p-Chlorocinnamaldehydes (I) and (11) were obtained 
in good yield by Vilsmeier-Haack chloroformylation * 
of 9- and m-methoxyacetophenone. The temperature of 
the reaction and the pH of the subsequent process of 
decomposition in ice-water must be carefully controlled. 
p-C,hlorocinnamaldehydes (I) and (11) retain water which 
must be eliminated before condensation, but in the dry 
state they are quite unstable. The lH n.m.r. spectra 
(see Experimental section) are consistent with the 
structures and the chemical shifts of protons of formyl 
groups, 6 9.65 for (I) and 10.04 €or (11), suggest a 
(C1,CHO)-cis config~ration.~ 

Condensation of (I) and (11) with sodium telluride and 
a-bromoethyl acetate in DMF gives 2-(p-niethoxyphenyl)- 
5-carboxyethyltellurophen (111) and 2-(m-methoxy- 
phen yl) -5-carboxyethyltellurophen (IV) , respectively. 

The ethyl esters (111) and (IV) were then hydrolysed 
to the corresponding acids (V) and (VI) which were de- 
carboxylated with copper cliromite in quinoline to p -  
and nz-2-tellurienylanisole (XV) and (XVI) . 

The demethylation of (XV) and (XVI) to the corre- 
sponding phenols (XVII) and (XVIII) was a very dif- 
ficult reaction. Compound (XVII) was obtained in 
20% yield by treating (XV) with sodium thioethoxide in 
DMF with a molar ratio (XVII) : sodium thioethoxide of 
1 : 8. The demethylation of (XVI) was achieved, after 
many attempts, by using, in large excess, boron tri- 
fluoride lo in dichloroethane at  -40 "C. 

The structures of all compounds were established by 
lH n.m.r. and mass spectra. The signals (Table 1) were 

(I For numbering system see Scheme. 
Concentration was ca. 60-100 mg ml-l. 

CDC1, was used as solvent except for carboxylic acids whose spectra were recorded in DMSO. 
Multiplicity: s = singlet; d = doublet; dd = 6 Values from internal Me4Si. J in Hz. 

assigned by reference to previous data.ll The main ions 
in the mass spectra contain the heteroatom and are 
readily identified due to the presence of a series of peaks 
with characteristic ratios due to the many stable iso- 
topes of selenium or tellurium.12 The following com- 
ments may be made: (i) the molecular ion is always the 
base peak; (ii) only for (XI) among the anisoles is there 
a significant presence of the M - CH, ion; (iii) the 
ethyl esters (111) and (IV) show a variety of ions in 
agreement with the fragmentation of aryl esters; l3 

(iv) the main fragment in both carboxylic acids (V) and 
(VI) is the ion M - OH. 

The c Coutstants.-'rhe most correct approach in 
determining the c and 0- constants is the ionization 
reaction of monosubstituted benzoic acids and phenols 
a t  25 "C. Spectroscopic data were also used, but in this 
case a critical check is necessary before comparing the cs 
values with those from ionization reactions. 

The ionization constants of 2-selenienyl- and 2-tel- 
lurienyl-phenols were determined (Table 2) at 25 "C in 
30% ethanol-water (v/v). A reliable p value for this 
reaction in this solvent is available 3a and cs- constants 
for 2-selenienyl and 2-tellurienyl groups were calculated 
(Table 4) using the Hammett equation. 

TABLE 2 
pK, Values of selenienyl- and tellurienyl-phenols in 

ethanol-water (3  : 7 v/v) 
No. of Average Maximum 

Phenol determinations pK, deviations 
p-2-Selenienylphcnol 3 10.10 0.02 

m-2-Selenienylphenol 2 10.26 0.02 
(XIII)  

3 10.04 0.02 p-2- rellurienylphenol 

WL-2-Tcllurienylphcnol 3 10.40 0.03 

( X W  

(XVII) 

(XVIII) 
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TABLE 3 a 

Chemical shifts (8) of hydroxy-protons in DMSO and 
methoxy-protons in CC1, and C,H, of phenols and anisoles 

Substituent 

p-2-Fury1 
m-2-Fury1 
p-2-Thienyl 
m-2-Thien yl 
p-2-Selenien yl 
m-2-Selenienyl 
p-2-Tellurienyl 
m-2-Tellurienyl 
p-3-Thien yl 
m-3-Thienyl 

Phenol 

9.54 
9.43 
9.50 
9.43 
9.52 
9.45 
9.54 
9.41 
9.40 
9.36 

Anisole 

3.76 
3.81 
3.76 
3.78 
3.75 
3.78 
3.75 
3.78 
3.80 
3.81 

(CC1,) 
Anisole 

3.30 
3.31 
3.29 
3.29 
3.28 
3.30 
3.29 
3.30 
3.36 
3.35 

(C6H6) 

a Values from internal Me,Si. 

TABLE 4 

o and o- constants for 2-furyl, 2-thienyl, 2-selenienyl, 
and 2-tellurienyl groups from ionization and spectro- 
scopic data 

Ionization 1H n.m.r. 
r------h--7 - 

Substituent d 0- Q (I- 

p-2-Fury1 0.02 0.21 0.03 0.21 
m-2-Fury1 0.06 5 0.11 0.09 0.13 
F-2-Thienyl 0.05 0.19 0.04 0.18 
m-2-Thienyl 0.09 0.11 0.08 0.13 

m-2-Selenienyl 0.16 0.06 0.15 
p-2-Selenienyl 0.22 0.04 0.20 

p-2-Tellurienyl 0.25 0.03 0.21 
m-2-Tellurienyl 0.10 0.06 0.12 
p-3-Thien yl -0.02 0.13 0.00 0.11 
m-3-Thien yl 0.03 0.07 0.03 0.09 

a Ref. 3b. b Ref. 3a. Calculated by equations (1) and (2) ; 
the uncertainty is A0.02 a t  a confidence level of 0.99. 

Several authors l4 have observed that the chemical 
shifts of the hydroxy-protons of meta- and para-substi- 
tuted phenols in DMSO can be correlated with the 
Hammett G- values. 

An excellent linear correlation is observed (confidence 
level >0.999) and the equation (1) is obtained * by 
plotting reliable om,p- values from the ionization of 
phenols (see Experimental section) 'uersu.s recent l5 
chemical shifts of the hydroxy-protons of 43 mono- 
substituted phenols in DMSO. 

0p.m- = 0.6776 - 6.250 (Y 0.988, s 0.062, 43) (1) 
Tables 3 and 4 show the hydroxy chemical shifts of 

2-furyl-, 2- and 3-thienyl-, 2-selenienyl-, and 2-tel- 
lurienyl-phenols in DMSO and the op, nL- values calculated 
by equation (1). The uncertainty of op,m- is h0.02 at  
0.99 confidence level and the agreement with op,m- values 
calculated by ionization constants is remarkably good. 

As mentioned above the best approach in calculating 
the op,m constants is the ' classic ' ionization reaction of 
substituted benzoic acids but a t  the present time there 
are difficulties in the synthesis of 2-selenienyl- and 2- 
tellurienyl-benzoic acids. 

* Previous equations were calculated using both a small number 
of substituents and some bisubstituted phenols ; however the 
slope is not greatly different from that calculated in this study: 

ref. 14b slope 0.650 (Y 0.989, s 0.065, n 14) 
ref. 146 slope 0.710 (Y 0.997, s 0.031, n 22) 
ref. 14a slope 0.700 (Y 0.965, s 0.128, n 36) 

For the data used in this study see Experimental section. 

It is known that benzene causes upfield shifts of the 
methoxy-resonances (relative to CCl, as solvent) in 
anisoles and the solvent shifts (A8 = 8 ~ ~ 1 ,  - Bc,H,) are 
in correlation with the Hammett op,m values. When 
literature data l6 for 28 meta- and para-monosubstituted 
anisoles are plotted against Hammett op,m values from 
ionization of benzoic acids, a very good linear correlation 
is observed (confidence level >0.999) and the equation 
(2) is obtained.7 

opSm = 1.655A6 - 0.733 (r 0.987, s 0.047, n 28) 
Tables 3 and 4 give the methoxy-shifts in CC1, and 

benzene for 2-furyl-, 2- and 3-thienyl-, 2-selenienyl-, and 
2-tellurienyl-anisoles and the opSm values calculated by 
equation (2). The uncertainty is k0.02 at  the 0.99 
confidence level. A comparison (Table 4) with the o ~ , ~  

values of the 2-fury1 and 2- and 3-thienyl groups cal- 
culated from the ionization reaction of benzoic acids is in 
good agreement, supporting the G ~ , ~  values of 2-selenienyl 
and 2-tellurienyl. Our op value for 2-selenienyl is in 
agreement, within experimental error, with that ( op 0.01) 
derived l7 from ionization of 5-substituted selenophen-2- 
carboxylic acids in 50% butylcellosolve-water (v/v) a t  
20 "C, but it is quite different from the value (op -0.04) 
derived l8 from the i.r. stretching frequencies. 

From the op,* and oPsm- values in this study and from a 
comparison with the corresponding o values of the 2- 
fury1 and 2-thienyl groups (Table 4) we conclude that: 
(i) 2-selenienyl and 2-tellurienyl are as weakly, in- 
ductively electron-withdrawing (positive om) as 2-fury1 
and 2-thienyl but this is not essentially a polar effect of 
the heteroatom, because the effect of 2-fury1 should be 
stronger than is observed; (ii) in the absence of im- 
portant resonance interactions between the substituent 
and the reaction site, all four groups show an electron- 
releasing effect from the para-position as shown by the 
negative sign of (op - om) difference; (iii) op-, (op- - OJ 

and (op- - op) show that 2-selenienyl and 2-tellurienyl 
easily delocalize a negative charge and the latter appears 
to show a higher ability than 2-fury1 and 2-thienyl. 
These are the first reported data on the ability of the 
tellurophen ring to delocalize a negative charge. 

(2) 

EXPERIMENTAL 

B.p.s and m.p.s are uncorrected. Light petroleum refers 
to the fraction with b.p. 40-60 "C and ligroin to that with 
b.p. 100-120 "C. lH N.m.r. spectra were recorded on a 
JEOL JNM-60 HI instrument. Mass spectra were recorded 
on a Varian MAT-31 1-A spectrometer; fragments contain- 
ing selenium or tellurium are the main ions and are readily 
identified l2 due to the presence of a series of peaks with 
characteristic ratios due to the many stable isotopes of these 
elements; to simplify, only the base peak and yoC,, of the 
main ions containing the heteroatom are reported. At 
nz/e <70 there are no significant peaks. 

p-2-Selenienyylanisole (XI) .-A 20% solution of n-butyl- 
lithium (7.5 ml) in dry ether (25 ml) was added under 
nitrogen to a stirred solution of selenophen (2.95 g) in dry 

t Only qualitative observations have been reported for restric- 
ted numbers of substituents (ref. 16a, n 14 and 10; ref. 16b, n 13) 
and no least-squares computed equation was reported. For the 
data used in this study see the Experimental section. 
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ether (18.5 ml) a t  0 "C. The mixture was left a t  room 
temperature for 1 h, diluted with dry ether (17 ml), and 
added dropwise and under nitrogen to a suspension of CuI 
(2.85 g) in dry ether (37 ml) a t  - 10 "C. The suspension was 
stirred for 1 h at room temperature, the ether was distilled 
off, and pyridine (37 ml) and p-iodoanisole (3.5 g) were 
added. The mixture was stirred a t  115 "C for 7 h, at room 
temperature for 10 h, and then diluted with water and 
extracted with ether. The extracts were washed with 10% 
HCl and water, dried (Na,SO,), and evaporated. The 
resulting oil was chromatographed on a column (silica gel) 
eluting with a gradient of light petroleum-ether (from 99 : 1 
to 95 : 5). The first fraction gave 2,2'-diselenienyl (0.4 g), 
m.p. 45-46 "C (lit.,l@ 49 "C); 6 (CDCl,) 7.05 (4 H, m, P-H), 
7.60 (2 H, dd, a-H, J4,5 5.0, J 3 . 5  1.7 Hz);  m/e 262 (C,H,- 
80Se2 + C8H,78Se82Se, 1 0 0 ~ o ) ,  %Z70 M +  (46.8%), M f  - Se 
(1 1 .60y0). 

The final fractions furnished pure compound (XI) (0.6 g), 
m.p. 108-109 "C, from light petroleum-chloroform (9 : 1); 
for lH n.m.r. see Table 1; m/e 238 (CllHlo80Se, looyo), 
%Z70 M +  (37.2%), M+ - Me (21.3%). 

m-2-Selenienylanisole (XII) .-Using the procedure for the 
preparation of (XI), we obtained a mixture of 2,2-diseleni- 
enyl and (XII) from which compound (XII) was easily 
separated by column chromatography in 20% yield, b.p. 
115 "C a t  0.2 mmHg; for lH n.ni.r. see Table 1; m/e 238 
(CllHlo80Se, loo%), %C7,, M +  (42.2%). 

p-2-Selenienylphenol (XIII) .-A solution of (XI) (0.375 g) 
in DMF (1 1 ml) was added over 30 min and under nitrogen 
to  a stirred solution of sodium ethoxide (4.74 mmol) 
in dimethylformamide (DMF) (16.8 nil) and the mixture 
heated at 130 "C for 24 h. After cooling, the mixture was 
diluted with water and extracted with ether. The mother- 
liquors were acidified with 10% HC1, extracted with ether, 
and the extracts dried (Na,SO,) and concentrated in VUGUO. 

The crude residue was chromatographed on a column 
(silica gel) eluting with light petroleum-ether (4 : 1) to give 
pure compound (XIII) (0.280 g), m.p. 133-134 "C [from 
ligroin-chloroform (1  : l)], for lH n.m.r. see Table 1;  m/e 
224 (CloH,080Se, loo%), %Z70 M +  (63.4%) (Found C, 53.9; 
H, 3.8. CloH80Se requires C, 53.8; H, 3.6%). 

m-2-Selenienylphenol (XIV) .-Compound (XIV) was 
obtained in 80% yield using the procedure described for the 
para-isomer, m.p. 83-84 "C [from ligroin-chloroform 
(1 : l)], for lH n.m.r. see Table 2 ;  m/e 224 (ClOH,OBoSe, 
loo%), o/oC,, M+ (55.0%) (Found C, 53.8; H, 3.55. CloH8- 
OSe requires C, 53.8; H, 3.6%). 

l-Formy2-2-chlor0-2-(p-methoxyphenyl)ethylene (I) .- 
DMF (115 g) was added dropwise to POCl, (198 g) a t  
5-8 "C. The mixture was stirred for 1 h and p-methoxy- 
acetophenone (40 g), dissolved in a very small quantity of 
DMF, was added slowly a t  0 "C. The mixture was stirred 
at 0 "C for 1 h, a t  room temperature for 30 min, and was 
then heated to 50-60 "C for 2 h. After cooling, the mixture 
was poured into a solution of ice-water and sodium acetate 
at pH 6. The pH must be kept constant during the de- 
composition. The yellow precipitate was filtered off, dried 
at room temperature under vacuum, and dissolved in 
benzene. The solution was concentrated in VUGUO after 
removing water to give compound (I) (37 g), m.p. 60-62 "C 
(lit.,20 59-60 "C), 6 (CDC1,) 3.74 (3 H ,  s, OMe), 6.44 ( 1  H, d, 
C=CH, JH,cH0 6.5 Hz), 6.70 (2 H, d, m - H ,  J m , o  8.1 Hz), 7.50 

Hz). Compound (I) is not very stable after treatment with 
benzene and must be used as soon as possible. 

(2 H, d, O-H, J o m m  8.1  Hz), 9.65 (1 H, d,  CHO, J C H 0 . H  6.5 

1-Formyl-2-chZoro-2-(m-methoxyphenyZ)ethylene (11) .- 
The procedure described for the para-isomer was used, 
giving the product in 71% yield, m.p. 40 "C, 6 (CDCl,) 3.76 
(~H,S,OM~),~.~O(~H,~,C=CH,JH,CHO~.~HZ),~.OO(~H, 
m, ArH), and 10.04 (1 H, d, CHO, JcH0.H 6.5 Hz). 

2-(p-Methoxy~henyl)-5-ethoxycarbonyltelluro~lzen (111) .- 
Compound (I) (27 g) in DMF (100 ml) was added dropwise 
to stirred and cooled (0 "C) Na,Te [from Na (7.5 g) and Te 
(18 g)] 21 in DMF (150 ml). The mixture was stirred at 
0 "C for 1 h and a t  room temperature for 45 min. a-Bromo- 
ethyl acetate (24 g) in DMF (50 ml) was then added dropwise 
at 0 "C and under stirring. The mixture was stirred a t  0 "C 
for 1.5 h and a t  room temperature for 1 h. The mixture 
was poured into a solution of ice-water and sodium acetate 
(pH 6) and extracted with ether. The solvent was removed 
in VUGUO and the residue extracted with hot light petroleum 
and ligroin. The residue, after elimination of the solvent, 
was crystallized from ethanol to give pure compound (111) 
(6 g), m.p. 115-116 "C, for lH n.m.r. see Table 1, m/e 360 
(C14H1403130Te, loo%), %C70 M+ (33.6%), M +  - C,H4 
(3.1%), M+ - OEt (20.0%), and M+ - CO, - C2H4 
(3.6%) (Found C, 46.8; H, 4.05. Cl,Hl,O,Te requires C, 
47.0; H,  3.95%). 

2- (m-Methoxyphenyl) -5-ethoxycarbonylte llurophen (IV) - 
The procedure described for (111) was used, giving the 
product in 10% yield, m.p. 46-47 "C (from ethanol), for 
lH n.m.r. see Table 1, m / e  360 (Cl,Hl,0,130Te, looyo), y0C7, 
M +  (12.2%), M +  - C2H4 (0.6%), M' - OEt (12.1%), and 
M +  L CO, - C2H4 (2.8%) (Found C, 46.96; H, 3.9. 
Cl,Hl,O,Te requires C, 47.0; H, 3.95%). 

2- (p-Methoxyphenyl)tellurophen-5-carboxylic Acid (V) .- 
A solution of (111) (6 g) in ethanol (150 ml), water (50 ml), 
and NaOH (0.744 g) was refluxed for 2.5 h. After cooling 
the mixture was extracted with ether, acidified with 10% 
H2S0,, and extracted again with ether. The extracts from 
the acid solution were washed with saturated brine, dried 
(Na,SO,), and evaporated to give (V) (3.0 g), m.p. 233- 
235 "C (from ethanol), for lH n.m.r. see Table 1, m/e 332 
(Cl,Hlo0,130Te, loo%), %C70 M +  (43.8%) and M f  - OH 

2-( m-Methoxyphenyl) tellurophen-5-carboxylic A cid (VI) .- 
The procedure described for (V) was used, giving the product 
in 87% yield, m.p. 159-160 "C (from ethanol), for lH n.m.r. 
see Table 1, m/e 332 (C12Hlo0,130Te, loo%), %C7, M +  
(40.7%) and M+ - OH (18.8%). 

p-2-Tellurienylanisole (XV) .-A mixture of (V) (2.7 g) and 
copper chromite catalyst (0.1 g) in quinoline (16 ml) was 
refluxed for 3 h and after cooling filtered through a short 
column filled with neutral alumina. The solvent was 
evaporated under reduced pressure to give (XV) (1.9 g )  , 
m.p. 111-112 "C (from ligroin), for 'H n.m.r. see Table 1 ,  
m/e 288 (C11Hlo0130Te, loo%), %C70 M+ (47.4%). 

m-2-Tellurienylanisole (XVI) .-The procedure described 
for the para-isomer gave (XVI) in SOYo yield, m.p. 38- 
39 "C (from light petroleum), for lH n.1n.r. see Table 1; m/e 
288 (Cl,Hl,0130Te, loo%),  %C,, Mf (31.90/;). 

p-2-Tellurienylphenol (XVII) .-Compound (XV) (0.4 g) 
in DMF (9  ml) was added under nitrogen to a stirred solu- 
tion of sodium thioethoxide (1 1 mmol) in DhlF (9  ml) and 
the mixture heated a t  80 "C for 14 h. After cooling, the 
mixture was diluted with water and extracted with ether. 
The mother-liquor was acidified (10% HCl), extracted with 
ether, and the extracts dried (Na,SO,) and concentrated in 
vacuo. The residue was chromatographed on a column 
(silica gel) eluting with light petroleum-diethyl ether (4 : 1) 

(1 1 .OY0). 
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t o  give pure (XVII) (0.1 g), m.p. 158-160 "C [from ligroin- 
chloroform (1  : l)], for lH n.m.r. see Table 1;  m/e 274 
(CloH80130Te, loo%), %C7, M+ (33.4%) (Found C, 44.25; 
H, 3.05. CloH80Te requires C, 44.2; H,  2.95%). 

m-2-TeZZurienyZphenoZ (XVIII) .-A solution of BBr, 
(0.525 g) in dichloroethane (5 ml) was added to a solution of 
(XVI) (0.5 g) in dichloroethane (10 ml) cooled a t  -40 "C. 
A further amount of BBr, (0.315 g) in dichloroethane (3  ml) 
was added after 30 min at -440 "C. The mixture was 
allowed to  stand a t  room temperature for 10 h and then 
diluted with water and extracted with ether. The extracts 
were washed with NaHCO, solution, dried (Na,SO,), and 
evaporated to give (XVIII) (0.050 g) which was purified by 
column chromatography (silica gel) eluting with light 
petroleum-ethyl ether (4 : 1); m.p. 78-80 "C [from 
ligroin-chloroform (1  : l)], for 1H n.m.r. see Table 1;  m/e 
274 (CloH80130Te, looyo), %Z70 M+ (28.5%) (Found C, 
44.1 ; H, 3.1. Cl,H80Te requires C, 44.2; H, 2.95%). 

Ionization Constants.-The apparatus and the procedure 
were those previously d e ~ c r i b e d . ~ ~  The pK, values are non- 
thermodynamic (apparent) dissociation constants and are the 
average of 2-3 independent determinations. 

1H N.M.R. Spectva.-The chemical shifts of hydrosy- and 
methoxy-protons were recorded as described l5n9 and the 
values (Table 3) were reproducible to  k 0 . 6  Hz. Additional 
data used to calculate equation (2) were : m-bromoanisole 
6 (CC1,) 3.76, 6 (C,H,) 3.11; m-iodoanisole 6 (CC1,) 3.82, 
6 (C,H,) 3.17. 

Linear Regression.-Equation ( 1) was calculated using the 
following substituents: p,m-NO,, p,m-CN, p,m-Br, p,m-Cl, 
p,m-I, p,m-F, P,m-SMe,22 p,m-CONH,, p,m-CF3,23 p,m-Bu t ,  

p-S0,Me,24 m-SO,Me, p-COMe, m-COMe,16* p-CO,Me, 
m-C0,Me,15* m-Me, p-OMe, m-OMe,15* $-OH, p-NH,, p- 
CH0,25 m-CHO, $J-C,H,,~' p-C,H,, p-N=NC,H,, p,m- 
OC,H5, p-COC,H5,27 m-COC,&, p-C0,Et,24 m-CO,Et, H. 
The chemical shifts of hydroxy-protons were taken from 
ref. 15 and ts constants from ref. 28 except for those sub- 
stituents for which more recent and reliable values (reference 
in parentheses) are available. 

Equation (2) was calculated using the following sub- 
stituents : p,m-NO,, p,m-CO,H, p,m-CHO, p,m-Br, p,m-I, 
p,m-Cl, p,m-SMe, p,m-OMe, p,m-Me, p,m-NH,, p-SH, 
p-C,H5, p-NMe,, p-OH, p-But, p-CN, m-CH,OH, H. The 
chemical shifts of methoxyl protons were taken from refs. 
16a and b except for m-Br and m-I (this study). The G 

constants were taken from ref. 28. For p-OCH,, fi-NH,, 
p-NMe,, and p-OH, tspn 25 instead of tsp values were used 
because i t  is known 29 tha t  when strong resonance donors 
are not able to resonance directly with the side chain, they 
depart from a correlation involving tsp,,n values because the 
ts scale is defined using the ionization of benzoic acids in 
which the so-called ' through conjugation ' is present. 
In  our case direct resonance between the hydrogens of 
methyl group and the phenyl ring is ruled out because of the 
insulating effect of the carbon atom. 

[9/1084 Received, l l l h  JuZy, 19791 

REFERENCES 

Perkin 11, 1972, 158. 

Chem., 1977, 21, 119. 

(B), 1970, 1595; (b) 1971, 2302; (c) 1971, 2304. 

1 Part  4, F. Fringuelli, G. Marino, and A. Taticchi, J.C.S. 

2 F. Fringuelli, G. Marino, and A. Taticchi, Adv. Heterocyclic 

3 (a) F. Fringuelli, G. Marino, and A. Taticchi, J. Chem. Soc. 

5 M. Nilsson and C. Ullenius, Acta Chem. Scand., 1970, 24, 
2379. 

6 (a) G. I. Feutrill and R. N. Mirrington, Tetrahedron Letters, 
1970, 1327; (b) G. I .  Feutrill, R. N. Mirrington, and R.  C. 
Nichols, Austral. J. Chem., 1973, 26, 354; (c) G. I. Feutrill, R. N. 
Mirrington. Org. Synth., 1973, 53, 90. 

P.  Cagniant, R. Close, G. Kirsch, D. Cagniant, Compt. rend., 
1975, C281, 187. 

8 (a) S. S. Pizey, ' Synthetic Reagents,' Wiley. New York, 
1974, vol. 1, pp. 63-67; (b) 2. Arnold and J. Zemlicka, Coll. 
Czech. Chem. Comm., 1959, 24, 2378, 2385; 1959, 27, 2886. 

9 (a) R. R. Fraser, Canad. J. Chem., 1960, 38, 549; (b) N. S. 
Bhacca and D. H.  Williams, 'Application of N.M.R. Spectroscopy 
in Organic Chemistry,' Holden Day, San Francisco, 1960, p. 110. 

10 A. Fraser, S. J. Clark, and H.  Woitiz, J. Org. Chem., 1976,170. 
l1 (a) F. Fringuelli and A. Taticchi, J.C.S. Perkin I, 1972, 199; 

(b) F.  Fringuelli, S. Gronowitz, A. B. Hornfeldt, I. Johnson, and 
A. Taticchi, Acta Chem. Scand., 1974, B28, 175; 1976, B30. 605. 

l2 F. Fringuelli and A. Taticchi, J. Heterocyclic Chem., 1978, 
137. 

13 H. Budzikiewicz, C. Djerassi, and D. H. Williams, ' Mass 
Spectrometry of Organic Compounds,' Holden Day, San Fran- 
cisco, 1967, pp. 198, 620, 630. 

J.Amer. Chem. SOC. ,  
1969,91, 379; (b) J. G. Traynham and G. A. Knesel, J .  Org. Chem., 
1966,31, 3550; (c) R. J. Oulette, Canad. J. Chem., 1965, 43, 707; 
(d) G. Socrates, Trans. Faraday Soc., 1970, 66, 1052. 

l5 (a) Y. Tsuno, M. Fujio, Y. Takoi, and Y. Yukawa, Bull. 
Chem. SOC. Japan, 1972, 45, 1519; (b) M. Fujio, M. Mishima, Y. 
Tsuno, Y. Yukawa. and Y. Takai, ibid., 1975, 48, 2127. 

l6 (a) J .  H. Bowie, J Ronayne, and D. H. Williams, J. Chem. 
SOC. (B), 1966, 785; 1967, 535; (b) T. Matsuo, T.  Yoshida, and 0. 
Higuchi, Bull. Chem. SOC. Japan, 1967, 40, 2526; (c) Soon Ng, 
Austral. J. Chem., 1973, 26, 2303. 

l7 C. Dell'Erba, D. Spinelli, and G. Garbarino, Gazzetta, 1970, 
777. 

S. V. Tsukerman, Yu. N. Surov, and V. F. Larrushin, Zhur. 
obshchei Khim., 1967, 37, 364. 

L. Chierici, C. Dell'Erba, A. Guareschi, and D. Spinelli, 
Ricerca Sci., 1965, 1537. 

20 (a) 2. Arnold and J .  Zemlicka, Proc. Chem. SOC., 1958, 227; 
(b) K. Bodenfor and R. Mayer, Chem. Ber., 1965, 98, 3554; (c) M. 
Weissenfels, H. Schurig, and G. Huehsam, Chem. Abs., 1967, 68, 
55177. 

2 1  F. Fringuelli and A. Taticchi,Ann. Chim. (Italy), 1972,62.777. 
22 F. G. Bordwell and D. Cooper, J. Amer. Chem. SOC., 1952,74, 

z3 C. L. Liotta and D. F. Smith, Chem. Comm., 1968, 416. 
24 B. B. Jarvis, R. L. Harper, and W. P. Tong, J .  Org. Chem., 

1975, 40, 3778. 
25 A. J. Hoefnagel and B. M. Wepster, J. Amer. Chem. SOC., 

1973; 95, 5357. 
26 A. Fischer, G. J. Leary, R. D. Topson, and J. Vaughan, J. 

Chem. SOC. (B), 1967, 846. 
27 A. P. Kreshkov, N. Sh. Aldarova, A. I. Tarassov, V. A. 

Yasnyev, S. V. Vinogradova, M. V. Slavgorodskaya, T. I.  
Mitaishvili, and V. V. Korshak, Org. Reactivity (U.S.S.R.), 1970, 
23, 279. 

28 0. Exner, 'Advances in Linear Free Energy Relationships,' 
eds. N. B. Chapman and J.  Shorter, 1972, pp. 28-32. 

C. D. Johnson ' The Hammett Equation,' Cambridge Uni- 
versity Press, Cambridge, 1973, pp. 17-20. 

F. D. King and D. R. M. Walton, Synthesis, 1976, 40. 

l4 (a) M. T. Tribble and J.  G. Traynham, 

See also ref. 17, p. 787. 

1058. 




