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H, 8.82; C1, 23.85. Found: C, 56.50; H, 8.71; C1, 23.94. 9 (X = 
I): IR (CC14) 2980,2920,1725,1370,1110 cm-'; NMR (CCl,) 6 
1.90 (8, 6 H), 1.47-2.00 (m, 2 H), 2.13 (s,3 H), 2.43-2.83 (m, 2 H); 

(X = Br): IR ( C Q )  2970,1750, 1250, 1160 cm-'; NMR (CC14) 
6 1.50-2.70 (m, 7 H), 3.43 (d, J = 5.0 Hz, 2 H); 13C NMR (CDC13) 
6 28.0,37.0,38.4,38.9,43.7, 216.9; mass spectrum, mle 175.98327, 
177.981 40 (calcd for CBHgOBr 175.98367,177.98163). 11 (X = 
Cl): IR (CC,) 1755 cm-'; NMR (CC4) 6 1.50-2.96 (m, 7 H), 3.68 
(m, 2 H); 13C NMR (CDC1,) 6 26.9, 38.2, 39.0, 42.5, 48.0, 217.1. 
12: IR (CClJ 2950,2240,1430 cm-'; N M R  (CC4) 6 1.80-2.67 (m, 
4 H), 3.27 (t, J = 6.0 Hz, 2 H). 13: IR (CC14) 3600-2400 (v br), 
1700,1420,1210 cm-'; NMR (CCL) 6 1.97-2.67 (m, 4 H), 3.23 (t, 
J = 6.0 Hz, 2 H), 10.90 (8, 1 H). 
5-(Phenylsulfenyl)-2-pentanone. Aluminum chloride (2.5 

mL, 1.4 M solution of AlC13 in acetonitrile, 3.5 mmol) was added 
via syringe to a solution containing 0.195 g (2.31 mmol) of 1 and 
10 mL of acetonitrile under nitrogen. Thiophenol(O.48 mL, 4.63 
mmol) was added via syringe, and the solution was heated at 55 
O C  for 15 h, cooled to room temperature, poured into 10% 
NaHC03, and extraded with ether. The organic phase was washed 
with water and brine and dried over magnesium sulfate. Removal 
of solvent in vacuo gave 0.688 g of a yellow oil. Purification by 
TLC (silica gel, 1000 pm; CH2C12) gave pure &(phenyl- 
sulfenyl)-2-pentanone: 0.1169 g (28% yield);; IR (CCW 3060,2930, 
1718,1590,745,695 cm-'; NMR (CC14) 8 1.40-2.07 (m, 2 H), 2.00 
(a, 3 H), 2.43 (t, J = 6.5 Hz, 2 H), 2.83 (t, J = 7.0 Hz, 2 H), 6.78-7.20 
(m, 5 HI. 
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In the thiophene and bithienyl series, metalation and 
especially halogen-metal exchange with organolithium 
derivatives followed by the reaction of the thienyllithium 
derivatives with suitable electrophiles offers a most con- 
venient route to many However, no con- 

(1) Gronowitz, s. in "Organic Sulphur Chemistry, Structure, Mecha- 
nism and Synthesis"; Stirling, C. J. M., Ed.; Butterworths: London, 1975; 
p 203. 
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Chart I 

venient direct transformation of organolithium derivatives 
to amino derivatives is available. Recently, Trost3 intro- 
duced azidomethyl phenyl sulfide as a synthon for NH2+. 
The reaction of Grignard reagents prepared directly or by 
the reaction of organolithium derivatives with magnesium 
bromide gave triazenes with azidomethyl phenyl sulfide 
which upon hydrolysis with strong alkali gave the amino 
derivatives in good yield. However, according to Trost this 
route fails with heteroaromatic organometallic reagents. 

We have for some time been interested in developing 
mild methods for the preparation of ortho-substituted 
aminobithienyls in connection with our interest in boron- 
containing aromatic heterocycles such as borazarobenzo- 
d i th i~phenes .~  Also other interesting tricyclic systems 
could be prepared from orthesubstituted aminobithienyls, 
which like simple aminothiophenes are expected to be 
rather unstable. 2-Amino-3,3'-bithienyl has previously 
been obtained as the stannic chloride double salt by re- 
duction of the nitro derivative, and the free amine was 
considered too unstable to be i s ~ l a t e d . ~ * ~  

In a previous paper we reported a convenient method 
for the synthesis of azidothiophenes by reaction of the 
corresponding thienyllithium derivative with p-toluene- 
sulfonyl azide followed by fragmentation of the resulting 
triazene salts? As azidothiophenes can be reduced almost 
quantitatively to aminothiophenes by hydrogen sulfidea 
or lithium aluminum hydride, we investigated this twestep 
procedure to ortho-substituted aminobithienyls. The or- 
tho-substituted azido derivatives themselves are interesting 
intermediates for the synthesis of hitherto unknown di- 
thienopyrroles, which should be available by thermal de- 
composition. 

Of the six possible ortho-substituted bromobithienyls, 
four have already been described in the literature, and the 
two hitherto unknown ones, viz., 4'-bromo-2,3'-bithienyl 
(1) and 2'-bromo-2,3'-bithienyl (2), were prepared by 
coupling reactions of (2-thieny1)copper with 3-bromo-4- 
iodothiophene and 2-brome3-iodothiophene, respectively? 

(2-Thieny1)copper reacts with 3-brome4-iodothiophene, 
prepared from 3,4-dibromothiophene by halogen-metal 
exchange and reaction with iodine, in pyridineTMEDA 

(2) (a) Hhkansson, R.; Wiklund, E. Ark. Kemi 1969, 31, 101. (b) 

(3) Trost, B. M.; Pearson, W. H. J. Am. Chem. SOC. 1981,103, 2483. 
(4) Gronowitz, S.; Ander, I. Chem. Scr. 1980, 15, 23. 
(5)  Klemm, L. H.; Hsin, W. J. J. Heterocyd. Chem. 1975, 12, 1183. 
(6) (a) Robba, H.; Cugnon de Sevricourt, M. BdZ. SOC. Chim. Fi. 1976, 

761. (b) Wudl, F.; Zellers, E. T. J.  Am. Chem. SOC. 1980, 102, 4283. 
(7) Spagnolo, P.; Zanirato, P. J. Org. Chem. 1978, 43, 3639. 
(8) Gronowitz, S.; Westerlund, C.; HBmfeldt, A.-B. Acta Chem. 

Scand., Ser. B 1975, B29, 224. 
(9) For preparation and synthetic utility of (2-thienyl)copper, see: (a) 

Nilseon, M.; Ullenius, C. Acta Chem. Scand. 1970,24, 2379. (b) Gro- 
nowitz, S.; Gj0s, N. Zbid. 1971, 25, 2596. 

Wiklund, E.; Hhkansson, R. Chem. Scr. 1974, 6, 174. 
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Table I. Yields and Physical and IR and Mass Spectral Data" of Azidothiophenes 3-8 

compd yield, % mp or bp (mm), "C IR (NJ,  cm-' MS, m l e  

3-azido-2,2'-bithienyl (3)  72 11 0-1 12 2090 207 (M+),  179 
2-azido-3,3'-bithienyl (4)  41 b 2100 207 (M+) ,  178 
4-azido-3,3'-bithienyl (5)  77 56-57 2100 207 (M+), 179 
3-azido-2,3'-bithienyl (6)  73 92-95 (0.5)  2095 207 ( M + ) ,  179 
4-azido-2',3-bithienyl (7  ) 75 118-120 (0.5)  2110 207 (M+) ,  179 
2-azido-2',3-bithienyl (8)  33 b 2090 207 (M+) ,  178 

" Satisfactory elemental analyses were obtained for compounds 3 and 5-7. These were obtained at low temperature as 
a light yellow solid ( 4 )  and a yellow oil (8) whose physical and analytical data could not be determined due to their 
decomposition at room temperature. 

Table 11. Yields and Physical and IR and Mass Spectral Data" of Aminothiophenes 9-14 
compd yield, % mp or bp (mm), "C IR(NH,),  cm-' MS, mle 

3-amino-2,2'-bithienyl (9)  92 150-152 (0.5)  3430-3360 181 (M+), 136 
2-amino-3,3'-bithienyl (10) 87 120-122 (0.5)  3430-3350 181 (M+), 153,136 
4-amino-3,3'-bithienyl (1  1)  91 36-38 3440-3360 181 (M+),  136 
3-amino-2,3'-bithienyl (12) 93 108-1 10 (0 .5)  3440-3360 181 (M+) ,  136 
4-amino-2',3-bithienyl (1 3) 95 97-98 (0.01)  3450-3360 181 (M+), 136 
2-amino-2',3-bithienyl (14)  71 b 3430-3350 181 (M+) ,  153,136 

" Satisfactory elemental analyses were obtained for compounds 9-13. This was obtained as yellow oil, unstable at 
room temperature, whose physical and analytical data were determined from the acetylamino derivative. 

solution to give 1 (Chart I) in 55% yield based on the aryl 
iodide. (2-Thieny1)copper also reacted faster with the 
&positioned iodine than the a-positioned bromine of 2- 
bromo-3-iodothiophene to give 2 in 53% yield. 

The structures of 1 and 2 followed from their 'H NMR'O 
and mass spectra. 

By halogen-metal exchange a t  low temperature the 
ortho-substituted bromobithienyls were converted to the 
corresponding lithium derivatives. Treatment of these 
derivatives with p-toluenesulfonyl azide and subsequent 
fragmentation of the intermediate triazene-lithium salts 
gave the azides 3-8. The 3-azido derivatives (3,5-7), ob- 
tained in good yields, q e  stable compounds, but 2-azido- 
3,3'-bithienyl(4) and 2-azido-2',3-bithienyl(8), obtained 
in 30-40% yields, are somewhat unstable a t  room tem- 
perature but can be stored at  -20 "C for extended periods. 
The instability observed with 2-azido compounds and the 
nature of the decomposition products are under investi- 
gation." All ortho-substituted azidobithienyls were 
characterized by spectra and the 3-azido compounds by 
elemental analysis as well. Yields and physical and IR data 
are collected in Table I. IR spectra of all azido compounds 
showed the expected N3 asymmetric stretching absorption 
in the region 2090-2110 cm-'. 

The structures of the azides 3-8 were confirmed by 
proton NMR spectra, which in all cases showed two su- 
perimposed systems due to the two and the three nuclei 
interacting in the di- and monosubstituted rings. The 
thiophene ring carrying an azido group gives rise to a 
characteristic AI3 system, with coupling constants in the 
range J4,5 = 5.4-5.7 Hz for 3, 4,6, and 8, and J2,5 = 3.4 Hz 
for 5 and 7. The chemical shifts between the hydrogens 
in the azido-substituted groups are small, and certain as- 
signment is difficult. However, on the basis of the elec- 
tron-donating properties of the azido group,12 the high-field 

(10) For proton NMR spectra of several monosubstituted and disub- 
stituted thiophenes, see: (a) Hoffman, R. A.; Gronowitz, S. Ark. Kemi 
1960,16,615,539. (b) Kellogg, R. M.; Wynberg, H. J. Am. Chem. SOC. 
1967,89,3495. 

(11) The thermal decomposition of ortho-substituted azidobithienyls 
aa possible source of dithienopyrroles is under investigation. Zanirato, 
P., unpublished results. 

(12) Electronic effects of the azido group in benzene systems are re- 
ported Treinin, A. In "The Chemistry of the Azido Group"; Patai, s., 
Ed.; Interscience: New York, 1971. 

doublets in 5 and 7 are assigned to the ortho hydrogens 
in the 5-positions. On similar grounds, but less certain, 
is the assignment of the high-field doublets to hydrogen 
4 in 3 and 6 and to hydrogen 5 in 4 and 8. The mono- 
substituted thiophene ring of 3 and 5 gave very strongly 
coupled spectra, while the ABX spectra of 4 and 6-8 allow 
complete assignments to be carried out. 

Of the various methods available for the reduction of 
azides to amines, we found treatment with hydrogen 
sulfide or with lithium aluminum hydride to be superior 
ones for the transformation of azides 3-8 into ortho-sub- 
stituted aminobithienyls 9-14 (Table The conversion 
was effected in nearly quantitative yields for the azides 
3-7. No sign of decomposition was found for the amines 
9-13, which are inert compounds and can be stored in- 
definitely in the refrigerator. Compound 14 (conversion 
yield 71%) is slightly labile but can be stored for a long 
time at  -20 "C. 

The structures of the less stable amines 10 and 14 were 
also confirmed by preparing their acetylamino derivatives, 
15 and 16, respectively, which are stable, solid compounds. 
Yield and physical and spectral (IR, MS, NMR) data of 
the 2-(acetylamino)-3,3'-bithienyl(l5) were identical with 
those reported in the literature. Yield and physical and 
analytical data of hitherto unknown 2-(acetylamino)-2',3- 
bithienyl (16) are reported in the Experimental Section. 

IR spectra showed two expected peaks in the region 
3360-3430 cm-l for all amino compounds. In no case could 
the proton NMR spectra of these amines be interpreted 
as being due to the imino form. The spectra showed two 
adjacent systems due to the two and three interacting 
nuclei, characterized by J4,5 = 5.3-5.7 Hz for 9, 10, 12, and 
14 and by J2,5 = 3.35 Hz for 11 and 13 for the AB part. 

Due to the strong electron-donating effect of the amino 
group, assignment of the doublets in all compounds (9-14) 
is straightforward in the disubstituted thiophene part (cf. 
ref loa). Only in the monosubstituted part of 12-14 were 
the chemical shift differences large enough to allow as- 
signments. 

We thus conclude from our results that the route ArLi - ArN3 - ArNHz is a very satisfactory alternative to the 

(13) Sheradsky, T. In 'The Chemistry of the Azido Group"; Patai, S., 
Ed.; Interscience: New York, 1971. 
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J(4’,5’) = 5.0 Hz, 5(3’,4’) = 3.5 Hz, J(3’,5’) = 1.1 Hz; mass 
spectrum, m/e 246 and 244 (M’), 165. Anal. Calcd for C~H~BES~: 
C, 39.19; H, 2.05; S, 26.15. Found; C, 39.22; H, 2.01; S, 26.10. 

General Procedure for the Preparation of Ortho-Sub- 
stituted Azidobithienyls 3-8. A solution of the appropriate 
ortho-substituted bromobithienyls (12.2 g, 0.05 mol) in 50 mL 
of dry ether was added dropwise with stirring at -70 OC to n- 
butyllithium (32 mL, 1.6 N in n-hexane). The reaction mixture 
was stirred for 45 min at -70 “C, after which an ethereal solution 
of p-toluenesulfonyl azide (10 g, 0.055 mol) was added dropwise. 
After the addition was complete, the resulting mixture was stirred 
for 5 h at -70 OC. When the temperature had reached -10 OC, 
the resulting triazene salt was rapidly filtered off and washed with 
dry ether. The solid material was then suspended in 150 mL of 
ether and treated with a solution of 13.3 g (0.05 mol) of tetra- 
sodium pyrophosphate in 200 mL of water. After the mixture 
was stirred overnight at 5 “C, the organic layer was separated, 
and the aqueous solution was extracted twice with ether. 

The combined organic layers were washed with water and dried. 
The solvent was evaporated and the residue chromatographed 
on a Florisil column with n-pentane as an eluant. 

2-Azido-3,3’-bithienyl(4) and 2-azido-2’,3-bithienyl(8) were 
prepared by the same procedure except that the fragmentation 
with sodium pyrophosphate was carried out with a precooled 
suspension (at -70 OC) of the triazene salt in n-pentane. 

During the addition of the aqueous solution the temperature 
of the mixture increased. When it had reached 0 O C ,  the mixture 
was stirred for a few minutes and then iced at -20 OC. After one 
night at this temperature the upper organic phase was collected 
and dried, and the solvent was removed under vacuum at low 
temperature. 

Almost pure azides 4 (as yellow solid) and 8 (as yellow oil) were 
recovered and stored at -20 “C. Yields and physical and IR data 
are collected in Table I. 

3-Azido-2,2’-bithieny1 (3): NMR 6 7.34-7.22 (m, 2, H-3’, H-59, 

5.2 Hz; mass spectrum, mle 207 (M’), 179,127. Anal. Calcd for 
C8H5N3S2: C, 46.35; H, 2.43; N, 20.27; S, 30.94. Found C, 46.30; 
H, 2.41; N, 20.12; S, 30.80. 

2-Azido-3,3’-bithienyl(4): NMR 6 7.52 (q,1, H-2’),7.44-7.26 
(m, 2, H-4’, H-59, 7.02 (d, 1, H-4), 6,88 (d, 1, H-5); J(4,5) = 5.7 
Hz; mass spectrum, m / e  207 (M’), 178, 166. 

4-Azido-3,3’-bithienyl (5): NMR 6 7.47 (t, 1, H-29, 7.29 (d, 

mass spectrum, m/e 207 (M’), 179, 108. Anal. Calcd for 

H, 2.45; N, 20.33; S, 30.82. 
3-Azido-2,3‘-bithienyl(6): NMR 6 7.55 (q, 1, H-2’),7.37-7.19 

(m, 2, H-4/, H-5/), 7.09 (d, 1, H-5), 6.88 (d, 1, H-4); 5(4,5) = 5.4 
Hz; mass spectrum, m/e 207 (M’), 179, 127. Anal. Calcd for 
C8H5N3S$ C, 46.35; H, 2.43; N, 20.27; S, 30.94. Found C, 46.34; 
H, 2.47; N, 20.30; S, 30.91. 

4-Azido-2/,3-bithienyl(7): NMR 6 7.34-7.27 (q,1, H-3’),7.22 

1, H-5); J(2,5) = 3.4 Hz; mass spectrum, m/e 207 (M+), 179,108. 
Anal. Calcd for C8H5N3S2: C, 46.35; H, 2.43; N, 20.27; S, 30.94. 
Found: C, 46.32; H, 2.41; N, 20.28; S, 30.88. 

2-Azido-2’f-bithienyl (8): NMR 6 7.40-7.18 (m, 2, H-3’, H-59, 

7.15 (d, 1, H-5), 7.07-6.96 (q, 1, H-4’), 6.91 (d, 1, H-4); J(4,5) = 

1, H-2), 7.18 (d, 2, H-4’, H-5’),6.91 (d, 1, H-5); J(2,5) 3.3 Hz; 

CSH5N3S2: C, 46.35; H, 2.43; N, 20.27; S, 30.94. Found: C, 46.38; 

(d, 1, H-2), 7.19-7.11 (4, 1, H-59, 7.01-6.90 (4, 1, H-4’),6.76 (d, 

7.12-7.01 (4, 1, H-4’), 7.19 (d, 1, H-4), 6.94 (d, 1, H-5); J(4,5) = 
5.6 Hz; mass spectrum, m/e 207 (M’), 178, 166. 

General Procedure for the Transformation of Azides 3-8 
into Amino Derivatives 9-14. Reduction with Hydrogen 
Sulfide. The reductions of the azides 3-8 were carried out under 
the general conditions for hydrogen sulfide reduction described 
in ref 8. In each case, hydrogen sulfide was bubbled at 0 OC 
through a methanolic solution (20 mL) of azides (5 mmol) con- 
taining cr few drops of piperidine. After 40 min the solution was 
allowed to warm to 20 “C, and the stream of hydrogen sulfide 
was continued at this temperature until TLC showed the absence 
of the starting material. The mixture was cooled to 0 OC and the 
precipitated sulfur was filtered off. The solvent was eliminated 
under vacuum and the residue chromatographed on an aluminum 
oxide column (Fluka Type 5016 A) with n-hexane as an eluant. 

2-Amino-3,3‘-bithienyl (10) and 2-amino-2/,3-bithienyl (14) 
were prepared by the same procedure except that the hydrogen 
sulfide was bubbled through the methanolic solution at -30 OC 

direct amination of ArM and is superior for heterocycles. 

Experimental Section 
Materials. 3,4-Dibromothiophene,14 2,3-dibromothiophene,15 

2-bromo-3-iodothiophene,16 4-bromo-3,3’-bithieny1,l7 2-bromo- 
3,3/-bithien~l,’~ 3-brom0-2,3’-bithienyl,’~ 3-brom0-2,2’-bithienyl~~ 
and p-toluenesulfonyl azidel9 were prepared as described in the 
literature. 

Copper(1) bromide, from BDH, finely powdered, was stored 
at 110 “C. n-Butyllithium is a commercial product (Metallge- 
sellschaft AG, 1.6 N in n-hexane). Diethyl ether, pyridine, and 
TMEDA were dried and stored under nitrogen. 

Spectra. Infrared spectra, recorded with a Perkin-Elmer 
Model 257 instrument, are for solutions in carbon disulfide. ‘H 
NMR spectra were recorded on a JEOL NH-MH 100 in deu- 
teriochloroform unless otherwise stated using MelSi as internal 
standard. Mass spectra were recorded on a Finnigan Model 4021 
instrument. 

GLC Analysis. GLC analyses were performed with a Varian 
Model 3700 instrument with a FID detedor and with a ss column 
50 cm X in. filled with 5% OV 101 on Chromosorb G-HP. 

Preparation of 3-Bromo-kiodothiophene. To a dry ethereal 
solution of 24.2 g (0.1 mol) of 3,4-dibromothiophene, cooled to 
-70 OC, was added 66 mL (0.1 mol) of n-butyllithium in n-hexane 
under nitrogen. After being stirred for 40 min at -60 “C, the 
reaction mixture was transferred with nitrogen into a dry ethereal 
solution of iodine (25.4 g, 0.1 mol). The reaction mixture was 
stirred for 5 h and, when the temperature reached -10 OC, hy- 
drolyzed with water. After extraction with ether the combined 
organic layers were washed with water and dried over Na2S04. 
The elimination of the solvent left a red oil which was chroma- 
tographed on aluminum oxide (Fluka Type 5016 A) column with 
petroleum ether (bp 30-60 “C) as an eluant. Finally, the colorless 
oil was distilled: bp 66-68 OC (0.5 mm); 22 g (76% yield); NMR 
6 6.95 (2, q, J = 3.4 Hz); mass spectrum, mle 290,288. And Calcd 
for C4H2BrIS: C, 16.62; H, 0.69; S, 11.09. Found: C, 16.60; H, 
0.65; S, 11.00. 

General Procedure for the Preparation of Ortho-Sub- 
stituted Bromobithienyls 1 and 2. To a dry pyridine solution 
(80 mL) of (2-thienyl)copper, prepared according to ref 6a from 
thiophene (0.12 mol), n-butyllithium (0.1 mol), and copper(1) 
bromide (14.3 g, 0.1 mol), was added a solution of the appropriate 
iodothiophenes (30.0 g, 0.1 mol) in 10 mL of dry TMEDA. The 
mixture was refluxed, and the progress of the reaction was followed 
by GLC (flow rate of carrier 30 mL/min; temperature = 50-200 
“C at 10 OC/min). When the ratio of iodoarenes/monobromo- 
bithienyls was constant (ca. 3-4 h), the mixture was cooled, and 
200 mL of cold water was added. The solid halogen-copper 
compound was filtered off, and the solution was extracted three 
times with ether. The combined extracts were washed twice with 
cold 0.5 N HC1 to remove the pyridine, with 10% NazC03 solution, 
and with water and dried over NaZSO4. 

The crude reaction product was chromatographed on silica gel 
column with petroleum ether (bp 30-60 “C) as an eluant. 

Unreacted iodothiophene derivatives were recovered first (ca. 
3.0 9). A second fraction consisting mainly of ortho-substituted 
monobromobithienyls was distilled under vacuum. 

4-Bromo-2/,3-bithienyl(l) was obtained as a colorless oil: 55% 
yield; bp 98-100 “C (0.5 mm); NMR 6 7.50 (q, 1, H-39, 7.20 (s, 

J(3’,4’) = 3.5 Hz, 5(3/,5’) = 1.2 Hz; mass spectrum, m/e 246 and 
244 (M’), 165. Anal. Calcd for C8H5BrSz: C, 39.19; H, 2.05; S, 
26.15. Found: C, 39.22; H, 2.00; S, 26.02. 

2-Bromo-2/,3-bithienyl(2) was obtained as a colorless oil: 53% 
yield; bp 110-112 OC (0.5 mm); NMR 6 7.38 (9, 1, H-39, 7.20 (4, 

2, H-2, H-5), 7.18 (4, 1, H-5’), 6.97 (4, 1, H-4’); J(4/,5’) = 5.1 Hz, 

1, H-59, 7.05 (4, 2, H-4, H-5), 6.98 (9, 1, H-4’); J(4,5) = 5.70 Hz, 

(14) Gronowitz, S.; Moses, P.; Hikansson, R. Ark. Kemi 1960,16,267. 
(15) Gronowitz, S.; Dahlgren, K. Ark. Kemi 1964,21,201. 
(16) Gronowitz, S.; Holm, B. Acta Chem. Scand. 1969, 23, 2207. 
(17) Wynberg, H.; Heeres, G. J.; Jordens, P.; Sinnige, H. J. M. Red. 

(18) Gronowitz, S.; Skramstad, J. E.; Eriksson, B. Ark. Kemi 1967,28, 

(19) Doering, W. v. E.; dePuy, C. H. J.  Am. Chem. SOC. 1963,75,5955. 

Trau. Chim. Pays-Bas 1970,89, 545. 

99. 



3180 J. Org. Chem. 1982,47, 3180-3183 

for 4 h. The solvent was removed under vacuum at low tem- 
perature, and the oily residue, consisting of a mixture of sulfur 
and amino derivatives, was purified through a Florid column with 
n-pentane as an eluant. 

After a first fraction, consisting of sulfur, 10% of diethyl ether 
in n-pentane was used as an eluant. The collected oil was com- 
posed of almost pure amino derivatives, and for compound 10 
a distillation under vacuum was possible. 

The acetylamino derivatives were prepared in a well-stirred 
diethyl ether mixture of acetyl chloride (1 equiv) and solid K2C03 
(1.5 equiv). After 4 h (TLC showed the absence of starting 
material), and the reaction mixture afforded a solid compound, 
which was crystallized from ligroin (bp 80-100 “C). 
2-(Acetylamino)-3,3’-bithienyl(l5) was obtained in 85% yield 

as a white solid, mp 113-115 “C (lit.4 mp 110-115 “C). 
2-(Acetylamino)-2’,3-bithienyl(l6) was obtained in 83% yield 

as a white solid: mp 104-106 OC; NMR 6 8.04 (br s, 1, NH), 
7.37-7.07 (m, 3, H-3’, H-4’, H-3’), 6.97 (d, 1, H-4 or H-5), 6.89 (d, 
1, H-5 or H-4), 2.19 (s, 3, CH,); J(4,5) = 5.7 Hz; IR 3400 (NH), 
1700 ( X O )  cm-*; mass spectrum, mle 223 (M’), 181. Anal. Calcd 
for Cl,,H9NOS2: C, 53.8; H, 4.06, S, 28.7. Found C, 53.2; H, 4.24; 
S, 27.9. 

General Procedure for the Transformation of Azides 3-8 
into Amino Derivatives 9-14. Reduction with Lithium 
Aluminum Hydride. A suspension of hydride (1 g, 25 mmol) 
in dry ether (30 mL) was cooled to 0 OC, and the azidobithienyl 
(1 g, 5 mmol) in dry ether (20 mL) was added dropwise, main- 
taining the same temperature. The solution was stirred for 2 h 
after which it was allowed to warm to room temperature and was 
stirred at  this temperature for 4 h (until TLC showed that no 
starting material was left). The mixture was cooled, and wet ether 
was added to destroy the excess of lithium aluminum hydride 
followed by cold distilled water to break up the complex. The 
resulting white solid was filtered off, and the filtrate was extracted 
with ether. The combined extracts were washed with water and 
dried, and the solvent was removed under vacuum. The oily 
residue was distilled under vacuum. 

Yields and physical and IR data are collected in Table 11. 
2-Amino-3,3’-bithienyl (10) was prepared by the same pro- 

cedure except that the suspension of hydride was cooled to 0 OC 
during the addition of a cooled (-20 OC) ethereal solution of azides. 
The reaction mixture was kept at  this temperature for 2 h. The 
mixture was then allowed to warm slowly to room temperature 
and was stirred for an additional 2 h. 

An attempt to reduce the 2-azido-2’,3-bithienyl(8) by the same 
procedure gave the corresponding amino compounds in low yield 
(32%). 

3-Amino-2,2’-bithieny1(9): NMR 6 7.19 (m, 1, H-5’),7.11-6.97 
(m, 2, H-3’, H-4’), 7.00 (d, 1, H-5), 6.57 (d, 1, H-4), 3.79 (br s, 2, 
NH2);5(4,5) = 5.3 Hz; mass spectrum, mle 181 (M’), 136. Anal. 
Calcd for C8H7NS2: C, 53.00; H, 3.89; N, 7.72; S, 35.38. Found: 
C, 52.93; H, 3.86; N, 7.64; S, 35.28. 

2-Amino-3,3’-bithienyl (10): NMR 6 7.37-7.19 (m, 3, H-2’, 
H-4’, H-59, 6.82 (d, 1, H-4),6.47 (d, 1, H 4 ,  3.88 (br s, 2, NH,); 
J(4,5) = 5.4 Hz; mass spectrum, mle 181 (M’), 153, 136. Anal. 
Calcd for C8H7NS2: C, 53.00; H, 3.89; N, 7.72; S, 35.38. Found: 
C, 52.98; H, 3.86; N, 7.69; S, 35.16. 

4-Amino-3,3’-bithienyl (11): NMR 6 7.40-7.18 (m, 3, H-2’, 
H-4’, H-59, 7.09 (d, 1, H-5), 6.19 (d, 1, H-2), 3.80 (br s, 2, NH,); 
J(2,5) = 3.6 Hz; mass spectrum, m/e 181 (M+), 136. Anal. Calcd 
for CaH7NSe: C, 53.00; H, 3.89; N, 7.72; S, 35.38. Found C, 53.22; 
H, 3.951 N,?.58; S, 35.12. 

3-Amino-2,3’-bithienyl (12): NMR 6 7.40-7.20 (m, 3, H-2’, 
H-4’. H-5’). 7.01 (d. 1. H-5). 6.59 (d. 1. H-4). 3.53 (br s. 2. NH,): 
J(4,5) = 5.3 Hz; ma& spectr’um, mje 181 (M+), 136: kal. ‘  Calld 
for C&NS2: C, 53.00, H, 3.89; N, 7.72; S, 35.38. Found C, 52.91; 
H, 3.88; N, 7.69; S, 35.20. 

4-Amino-2’,3-bithienyl (13): NMR 6 7.30-6.97 (m, 3, H-2’, 
H-4’, H-59, 7.15 (d, 1, H-5), 6.19 (d, 1, H-2), 3.65 (br s, 2, NH,); 
J(4’,5’) = 5.0 Hz, J(3’,4’) = 3.6 Hz, J(3’,5’) = 1.2 Hz, J(2,5) = 3.3 
Hz; mass spectrum, mle 181 (M+), 136. Anal. Calcd for C&17NS2: 
C, 53.00; H, 3.89; N, 7.72; S, 35.38. Found: C, 52.90; H, 3.85; N, 
7.74; S, 35.16. 

2-Amino-2’,3-bithienyl (14): NMR 6 7.27-6.90 (m, 3, H-2’, 
H-4’, H-5’), 6.85 (d, 1, H-4),6.49 (d, 1, H-51, 3.90 (br 8, 2, NH2). 
J(4,5) = 5.6 Hz; mass spectrum, m/e 181 (M’) 153, 136. 
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Recently, we1 and others2% have demonstrated that aryl 
carbocations will undergo an electrophilic substitution 
reaction with protons or deuterons in a nonaqueous acid 
medium. It occurred to us that aryl radicals should un- 

H” 
/ A  

dergo a similar exchange reaction even more easily in these 
media. Clearly there are criteria which must be fulfilled 
before these reactions can be easily studied, especially by 
electron spin resonance (ESR) spectroscopy. First of all, 
the radical should be either long-lived (persistent) or, 
preferably, have an infinite lifetime. Secondly, the radical 
should be completely monomeric. If the radical were in 
equilibrium with a diamagnetic dimer, it would be difficult 
to tell which species is undergoing the substitution reac- 
tion. Finally, as many of the acids which are likely to be 
used in such a study are excellent oxidizing agents and 
many free radicals are easily oxidized, one must carefully 
match the radical with the acid. 

We report a t  this time our work in this area on the 
radical N-p-anisyl-N-tert-butylnitroxide (1) which was 

- R--3. t Hf 
‘D 

RH. t D’ R 

c H ~ G  -(J - c c H j3 - 
3 6  

1 

chosen for study because it possesses several desirable 
features. The nitroxide is monomeric and has an infinite 
lifetime.4 The tert-butyl hydrogens yield a small or zero 

(1) Pagni, R. M.; Smith, R. J. J. Am. Chem. SOC. 1979,101, 506. (b) 
Smith. R. J.: Panni. R. M Ibid. 1979.101.4769. (c) Pami, R. M.: Smith, 
R. J.; Moore, T, Burnett, M. N. I&. J.  ‘Chem. 1980, %-308. 

(2) For reversible protonation of aryl cations, see: (a) Weiss, R.; 
Priesner, C. Angew. Chem., Int. Ed. Engl. 1978, 17,445. (b) Weiss, R.; 
Priesner, C.; Wolf, H. Ibid. 1978,17,446. (c) Olah, G. A.; Prakash, G. K. 
S.; Liang, G.; Westerman, P. W.; Kunde, K.; Chandrasekhar, J.; Scheyler, 
P. v. R. J. Am. Chem. SOC. 1980,102,4485. (d) Barltrop, J. A.; Barrett, 
J. C.; Carder, R. W.; Day, A. C.; Hading, J. R.; Long, W. E.; Samuel, C. 
J. Ibid. 1979, 101, 7510 and references cited therein. 

(3) For irreversible protonation of carbocations, see: (a) Lammertama, 
K.; Cerfontain, H. J. Am. Chem. SOC. 1980,102,3257. (b) Lammertama, 
K. Ibid. 1981,103, 1062. 
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