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90-92 OC; IR 1716 (s, C=O) cm-*; NMR 8 0.86, 1.13, 1.20 (8 ,  3 
each, Me), 2.46 (8, 3, aromatic Me), 3.40 (8, 3, OMe), 4.16 (dd, 1, 
J = 14,6 Hz, H-2), 4.36 (4-line AB, 2, J = 11 Hz, OCH2), 7.40, 
7.80 (d, 2 each, J = 9 Hz, aromatic Hs). 

Anal. Calcd for C&3sO&3: C, 69.11; H, 7.87. Found C, 69.16; 
H, 7.76. 

Ketone 8. A solution of 80 mg of ketone 7 in 10 mL of benzene 
was added over a 15-min period to a stirring suspension of 48 mg 
of potassium tert-butoxide in 5 mL of benzene under nitrogen 
at 60 O C  and the mixture stirred at this temperature for an 
additional 30 min. It was poured into ice water and extracted 
with chloroform. The extract was washed with water, dried, and 
evaporated. Chromatography of the residue (60 mg) over neutral 
alumina and elution with 501 benzene-ethyl acetate yielded 48 
mg of semisolid ketone 8: IR 1768 (8 ,  C=O) cm-l; NMR S 0.90, 
1.10, 1.26 (s,3 each, Me), 2.65 (4-line AB, 2, J = 18 Hz, COCHz), 
3.43 (s, 3, OMe), 5.48 (m, 1, H-7). 

Anal. Calcd for C21H9002: C, 80.21; H, 9.62. Found: C, 80.32; 
H, 9.56. 

Treatment of 70 mg of the ketone 8 with 2 mL of 2 N sodium 
deuteroxide in deuterium oxide and 1 mL of dioxane at 70 "C 
under nitrogen for 27 h, followed by the usual workup, yielded 
60 mg of dideuterio 8, whose 'H NMR spectrum had lost its 
two-proton multiplet at 2.65 ppm.1° 

Ketone 9. A mixture of 40 mg of ketone 8 and 200 mg of silica 
gel in 5 mL of benzene was stirred at room temperature for 6 h 
and then filtered. Evaporation of the filtrate gave 40 mg of 
residue, whose crystallization from ether yielded crystalline ketone 
9: mp 86-88 "C; IR 1768 (s, C 4 )  cm-'; NMR 6 0.83, 0.87, 1.26 
(s, 3 each, Me), 2.87 (4-line AB, 2, J = 18 Hz, COCH2), 3.50 (8 ,  
3, OMe), 5.48 (m, 1, H-7). 

Anal. Calcd for C21H9002: C, 80.21; H, 9.62. Found C, 80.15; 
H, 9.71. 

Deuterium exchange on ketone 9 by the procedure used for the 
cyclobutanone 8 (vide supra) yielded a dideuterio derivative whose 
'H NMR spectrum showed the loss of the two-proton multiplet 
at 2.87 ppm.1° 
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carbon center. Examples of these reagents include Me3SiI, 
Me,AlSPh, and MeS-%Me3 in which the silicon and alu- 
minum atoms are hard acids and the iodine and sulfur 
atoms are soft bases. Transformations such as epoxide ring 
openings (Me3SiI,2 Me3SiCN3 ), nucleophilic acyl substi- 
tutions (Me2A1SPh,4 Me2A1SePh5 ), and dealkylation of 
esters (Me3SiI,2 A1Br3/PhSH,' Me3SiC1/NaI/CH3CN8 ), 
acetals (Me3Si12), and methyl and benzyl ethers 
(Me3SiSR0) illustrate successful applications of these 
reagents. The above reactions suggested the possibility 
of adding various nucleophiles to cyclopropanes containing 
an electron-withdrawing substituent under very mild re- 
action conditions (eq 1). The well-known parallel between 

0-E 
OPE 
I I  

U 

cyclopropane and olefin chemistry'O would also suggest a 
soft #?-carbon in a cyclopropyl carbonyl compound in 
analogy with a,#?-unsaturated carbonyl compounds. We 
have examined nine reagent combinations and three 
functional group substituents to explore the scope of this 
homologous Michael1' addition procedure. 

The addition of nucleophiles to cyclopropanes conju- 
gated with electron-withdrawing substituents is well pre- 
cedented" and represents a reactivity umpolung proce- 
dure12 that has been actively investigated in recent years. 
The ring cleavage of electron-deficient cyclopropanes can 
be effected under nucleophilic conditions1' or assisted by 
the presence of powerful electrophiles. The nucleophilic 
ring-opening reactions are generally limited to diactivated 
and highly strained monoactivated cyclopropanes unless 
very powerful nucleophiles are emp10yed.l~ Lewis and 
Br0nsted acids have been utilized in electrophilicly assisted 
ring-opening reactions of cyclopropyl ketones but often 
require vigorous reaction conditions that may result in poor 
regioselective ~1eavage.l~ Recent reports describing 
cleavage of cyclopropyl ketones with trimethylsilyl iodide15 
and acetyl methanesulfonate16 under mild conditions 
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Recent developments in organoheteroatom (e.g., alu- 
minum, silicon, sulfur, and selenium) chemistry have in- 
volved reagents in whieh a hard acid is bound to a soft 
base. Application of the hard and soft acids and bases 
principle (HSAB)l predicts that the weak hard-soft in- 
teraction in the reagent should facilitate reaction pathways 
involving complementary hard-hard/softaoft interactions 
between reagent and substrate. The use of reagents com- 
bining nucleophiles with potent oxygenophiles (hard acids) 
has led to several extremely mild procedures involving the 
formal addition of a nucleophile to an electron-deficient 
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Table I. Ring-Opening Reactions of Eiectrophilic Cyclopropanes 
rctn conditions, 

solvent/ time, 
entry substrate reagentsa h/temp, "C X producys) (% yield)b refC 

1 

2 
3 
4 
5 
6 
7 
8 
9 
10  
11 

1 2  
1 3  

14  

1 5  

1 6  
17 

18 

19 

20 

21 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

XK 2 

b 3 

& 4 

2 
2 

4 
4 

F C = N  

5 

5 

SOH 
6 

6 

Me ,SiCl-NaI 

Me ,S iC1-NaBr 
Me,SiCl-LiC1 

AlCl, -Me,SiSPh 

Me,SiCl-KCN 
Me,SiCl-ZnC1,-KCN 
Me,SiCl-ZnC1,-NaSPh 
Me,SiCl-NaI 

AlC1,-NaI 

AlCl, -P hSH 

Me,SiCl-NaC1 
Me,SiCl-NaI 

Me,SiCl-NaI 

Me,SiCl-NaBr 
Me , S iC1-N aC 1 

Me,SiCl-NaI 

Me,SiI 

Me ,S iC1-NaI 

HI (4.0 equiv) 

CH,CN/ 12/ 25 

CH,C1,/30/25 
CH,CN/ 50/25 
CH,CN/26/55 
CH,CN/ 15/25 
CH,CN/2 f /25 
CH,CN/15/55 
CH,CN/45/55 
CH,CN/ 24/25 
CH,CN/24/25 
CH,CN/ 12/25 

CH,C1,/12/25 
CH,CN/24/55 

CH,CN/44/25 

CH,CN/44/25 

CH,CN/60/25 
CH,CN/48/55 

CH,CN/ 30/25 

CH,C1,/30/25 

CH,CN/54/25 

CH,CN/60/25 

Id  

I 
Br 
c1 
I 
PhS 
PhS 
c1 
c1 
c 1  

I 

I 
c1 

Id 

Br 
Cld 

8 (47)e 9 (33)e 

11 (92) 

11 (96)  
11 (91)  

1 5  

17 
18 

19 

15 ,14a  

1 5  

20 
14c 

21 I-CN 

12 (100) 

12 (97) 

22 1d01- 
13 (90) 

18 (0) 

Two equivalents of reagent was employed. All yields are based upon crude products which were >95% pure by NMR 
This compound unless otherwise noted. 

gave spectroscopic data.identical with those reported in the literature. e Yields were determined by NMR. f Days. 
For previous preparation(s) of these products, see the indicated reference(s). 

prompt us to detail our observations on electrophile-as- 
sisted ring-opening reactions of cyclopropyl ketones, acids, 
and nitriles with nine reagent combinations. 

We began our initial investigation with cyclopropyl 
methyl ketone (1) and examined a variety of electro- 
phile-nucleophile combinations. The use of chlorotri- 
methylsilane in combination with alkali metal halides 
afforded excellent yields (entries 1-4, Table I) of the 
corresponding y-halo ketones. Longer reaction times or 
higher temperatures were required for the less nucleophilic 
bromide and chloride combinations. The combination of 
chlorotrimethylsilane with potassium cyanide (entries 8 
and 9) or sodium thiophenoxide (entry 10) was ineffective 
in promoting a homo-Michael addition of cyanide or 

(20) The enol acetate of 11 (X = Br) has been prepared by cleavage 
of 4 with acetyl methanesulfonate in the presence of tetramethyl- 
ammonium bromide. See reference 16. 

(21) S. Wolfe and M. G. Jokinen, Con. J. Chem., 57, 1388 (1979). 
(22) H. Oelschlaeger, P. Schmersahl, and W. Toporski, Arch. Pharm., 

294, 488 (1961); Chem. Abstr., 56, 3343c (1962). 

thiophenol to 1. The only product isolated in these ex- 
periments was 5-chloro-2-pentanone. Modest yields of 
5-(phenylsulfenyl)-2-pentanone, however, could be pre- 
pared by reaction of 1 with (pheny1thio)trimethylsilane or 
thiophenol (entries 6 and 7, respectively) in the presence 
of aluminum chloride. These very modest yields are in 
marked contrast to the clean and efficient cleavage of 1 
with an A1C13-NaI (entry 5) combination. 

We next examined cyclopropyl ketones 2-4 in order to 
explore the regioselectivity of these ring-opening reactions. 
Reaction of 2,2-dimethylcyclopropyl methyl ketone (2) 
with Me3SiC1-NaI (entry 11) in acetonitrile afforded a 
nearly equimolar mixture of the two possible structural 
isomers 8 (X = I) and 9 (X = I). The structures of 8 (X 
= I) and 9 (X = I) were rigorously established by con- 
version to 4,4-dimethyl-2-pentanone and 5-methyl-2-hex- 
anone, respectively, by reductive dehalogenation with 
tri-n-butyltin hydride. A concerted S N 2  reaction process 
would explain the formation of 8 (X = I) while 9 (X = I) 
would be expected to arise via a reaction pathway having 
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considerable carbenium ion character in the transition 
state. The use of weaker nucleophiles (e.g., C1-, entry 13) 
or less polar solvents that disfavor solvent-separated ion 
pairs (entry 12) led to regioselective ring opening favoring 
the pathway that has considerable carbenium ion character 
in the transition state. The fused cyclopropyl ketones 3 
and 4 also undergo regioselective ring-opening reactions 
with chlorotrimethylsilane and allrali metal halides (entries 
14-17) to afford the corresponding P-(halomethy1)cyclo- 
alkanones in excellent yields. Cyclopropyl ketones 2-4 
could not, however, be cleanly and efficiently cleaved with 
AlC1,-PhSH or  MezAlSPh.z3 

The combination of Me3SiC1-NaI was also effective in 
cleaving the less reactive cyclopropyl cyanide (5, entry 18) 
and cyclopropanecarboxylic acid (6, entry 20) although it 
could not be extended to the corresponding alkyl or aryl 
carboxylic esters. Interestingly, Me3SiC1-NaI efficiently 
cleaved cyclopropanecarboxylic acid while 4 equiv of HI 
were completely ineffective (entry 21). 

Finally, it should be noted that the Me,SiCl-NaI couple 
appears to be equivalent to the reagent Me3SiI in effecting 
cyclopropane ring cleavage (entries 18 and 19). Similarly, 
the Me3SiC1-NaI-promoted ring cleavages of cyclopropyl 
ketones 1, 3, and 4 are equivalent in yield and regiose- 
lectivity to the Me3SiI-promoted cleavages recently re- 
ported by Miller and McKean.15 The expense and sen- 
sitivity of iodotrimethylsilane to light, moisture, and air 
makes the chlorotrimethylsilane-sodium iodide combina- 
tion a very convenient and economical alternative. In 
addition, the procedure can be readily extended to the 
preparation of alkyl bromides and chlorides by use of so- 
dium bromide or sodium chloride. Similarly, the thio- 
phenol-aluminum chloride couple appears equivalent to 
(phenylthio) trimethylsilane in the presence of aluminum 
chloride (entries 7 and 6). 

Our studies have shown that the homologous Michael 
reaction of conjugated cyclopropanes can, in some in- 
stances, be effected under relatively mild conditions when 
a hard acid is used in combination with a soft base. Nu- 
cleophiles such as cyanide, azide, and acetate were inef- 
fective in promoting cyclopropane ring cleavage, and the 
procedure appears limited to halide and sulfur nucleo- 
philes. It is interesting to note that the 1,2-addition of 
trimethylsilyl azidez4 and trimethylsilyl cyanidez5 to ke- 
tones is well precedented. The Lewis acid mediated con- 
jugate addition of trimethylsilyl cyanide to a,fl-unsaturated 
ketones, however, has only recently been reported.% The 
inability of cyanide and thiophenoxide anions to compete 
with chloride (entries 8-10) suggests that factors other then 
the relative softness of the nucleophile may also be in- 
volved in these reactions. In summary, the regioselectivity 
and mildness of these procedures makes them the method 
of choice for introducing iodide, bromide, or chloride 
substituents by cleavage of conjugated cyclopropanes. 

Experimental  Section 
Proton NMR spectra were recorded on a Varian EM-360L or 

JEOL FX-9OQ spectrometer. Chemical shifts are reported as 6 

Notes 

(23) The reaction of cyclopropyl phenyl ketone with trimethyl- 
aluminum in the presence of nickel acetylacetonate to afford I-phenyl- 
pentan-I-one has been reported L. Bagnell, A. Meisters, and T. Mole, 
A u t .  J. Chem., 28,821 (1975). Here zerovalent nickel is postulated to 
be the catalytically active species. 

(24) H. Vorbriiggen and K. Krolikiewicz, Synthesis, 35 (1979). 
(25) D. A. Evans, G. L. Carroll, and L. K. Truesdale, J. Org. Chem., 

39,914 (1974); D. A. Evans, J. M. Hoffman, and L. K. Truesdale, J. Am. 
Chem. SOC., 95,5822 (1973); K. Deuchert, U. Hertenstein, and S. HGnig, 
Synthesis, 777 (1973). 

(26) K. Utimoto, M. Obayashi, Y. Shishiyama, M. Inoue, and H. No- 
zaki, Tetrahedron Lett., 3389 (1980). 

values in parts per million relative to tetramethylsilane as internal 
standard. Carbon NMR spectra were recorded on a JEOL FX- 
9OQ spectrometer. The 6 values are in parts per million downfield 
from Me4Si and are referenced with respect to internal CDC13. 
Infrared spectra were recorded on either a Perkin-Elmer 710 B 
or 1310 grating spectrophotometer. Vapor-phase chromatography 
was done by using a Varian Aerograph Model 90-P or 920 with 
a 10 ft X 3/s in. 24.5% Carbowax 20M (absorbed on Chromasorb 
P) column. The oven was operated at  160 OC, and the helium 
carrier gas flow rate was 50-100 mL/min. Elemental analyses 
were determined by Galbraith Laboratories, Inc., Knoxville, TN. 

Acetonitrile and dichloromethane were distilled from CaH, and 
stored over 3-A molecular sieves. Cyclopropyl methyl ketone, 
cyclopropyl cyanide, and cyclopropanecarboxylic acid were ob- 
tained from Aldrich and used without further purification. Cy- 
clopropyl ketones 2,n 3,% and 429 are known compounds and were 
prepared by an established literature procedure.30 

Sodium Iodide-Trimethylsilyl Chloride Mediated Cleav- 
age of 2,2-Dimethylcyclopropyl Methyl Ketone (2). Tri- 
methylsilyl chloride (0.527 mL, 4.14 mmol) was added via syringe 
at  room temperature to a solution containing 10 mL of dry ace- 
tonitrile, 0.231 g (2.07 mmol) of 2, and 0.310 g (4.13 mmol) of 
sodium iodide under nitrogen. A white precipitate formed im- 
mediately, and the solution gradually turned a reddish orange 
and was stirred at  room temperature for 14 h. The reaction 
mixture was poured into 25 mL of 5% Na2S03 saturated with KF 
and extracted with ether. The organic extracts were washed with 
water and brine and dried over magnesium sulfate. Removal of 
solvent in vacuo gave 0.390 g (79% yield) of a red oil containing 
two regioisomers 8 (X = I) and 9 (X = I) by NMR. Attempted 
purification by TLC (silica gel, loo0 wm; CHzClz) afforded as the 
only isolated product pure 4,4-dimethyl-5-iodo-2-pentanone (8, 
X = I): 0.115 g (23% yield); IR (CCh) 2960,1710,1360 cm-'; NMR 
(CC,) 6 1.13 (s, 6 H), 2.07 (s, 3 H), 2.45 (s, 2 H), 3.35 (s, 2 H); 
mass spectrum, m / e  181.96049 (M' - C3H60) (calcd for C4H,I, 
181.95943) for the fragment ion arising from a McLafferty 
f r agmen ta t i~n .~~  

The presence of the two regioisomers 8 (X = I) and 9 (X = I) 
was confirmed by reductive dehalogenation of the crude reaction 
mixture. Tri-n-butyltin hydride (0.38 mL, 1.45 "01) was added 
via syringe to a red solution containing 0.5 mL of absolute benzene 
and 0.317 g (1.32 "01) of the above crude reaction mixture. The 
solution was stirred at  25 OC for 0.5 h. Preparative gas chro- 
matography of the crude solution afforded two components in 
a 59:41 ratio. Fraction A gave pure 4,4-dimethyl-2-pentanone: 
IR (CCl,) 2970, 1720, 1370, 920 cm-'; NMR (CCl,) 6 1.00 (s,9 H), 
2.08 (8, 3 H), 2.27 (8, 2 H). Fraction B gave pure 5-methyl-2- 
hexanone: IR (CCl,) 2940, 1710, 1350,1160 cm-'; NMR (CCl,) 
6 0.88 (d, J = 6.0 Hz, 6 H), 1.23-1.71 (m, 3 H), 2.12 (s, 3 H), 2.40 
(t, J = 7.0 Hz, 2 H). 

Cyclopropanes 1-6 listed in Table I were efficiently cleaved 
with trimethylsilyl chloride in combination with NaI, NaBr, or 
NaCl according to the above general procedure and the specific 
reaction conditions listed in Table I 7  (X = Br): IR (CCl,) 2950, 
1710, 1360 cm-l; NMR (CCl,) 6 1.77-2.27 (m, 2 H), 2.10 (s, 3 H), 
2.22 (t, J = 6.5 Hz, 2 H), 3.38 (t, J = 6.0 Hz, 2 H). 7 (X = Cl): 
IR (CCl,) 2950, 1710,1360 cm-'; NMR (CCl,) 6 1.67-2.17 (m, 2 
H), 2.10 (s, 3 H), 2.53 (t, J = 6.5 Hz, 2 H), 3.50 (t, J = 6.0 Hz, 
2 H). 9 (X = Cl): IR (CCl,) 2970,2925,1710,1390,1375,1350, 
1155, 1115 cm-'; NMR (CClJ 6 1.50 (s,6 H), 2.07 (s,3 H), 1.67-2.17 
(m, 2 H), 2.33-2.80 (m, 2 H); 13C NMR (CDC1,) 6 29.8, 32.3 (2 
C), 38.8, 39.5, 69.8, 207.5. Anal. Calcd for C7H13C10: C, 56.56; 

(27) C. Agami, C. Prevost, and J. Aubouet, Bull. SOC. Chim. Fr., 2299 
(1967). 

(28) H. 0. House, A. V. Prabhu, J. M. Wilkind, and L. F. Lee, J. Org. 
Chem., 41, 3067 (1976). 

(29) J. C. Limasset, P. Amice, and J. M. Conia, Bull. SOC. Chim. Fr., 
3981 (1969). 

(30) E. J. Corey and M. Chaykovsky, J. Am. Chem. SOC., 87, 1353 
(1 965). 

(31) This compound was very unstable toward the usual purification 
procedures and did not give a satisfactory combustion analysis. 

(32) Recent experiments have revealed that cyclopropyl ketone 4 un- 
dergoes a nonregioselective ring cleavage when treated with trimethylsilyl 
chloride and sodium bromide or sodium chloride in acetonitrile at tem- 
peratures higher than those indicated in Table I (entries 16-17). In these 
recent experiments the solutions were heated at reflux. 
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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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ZnC12, 7646-85-7; Me3SiI, 16029-98-4; NaCl, 7647-14-5; 4,4-di- 
methyl-2-pentanone, 590-50-1; 5-methyl-2-hexanone, 110-12-3. 
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General Route for the Facile Transformation of 
Ortho-Substituted Lithiobithienyls into Amino 

Derivatives 

P. Spagnolo and P. Zanirato* 
Istituto di Chimica Organica dell'Universit6, 

40136 Bologna, Italy 

S .  Gronowitz 

Division of Organic Chemistry 1, Chemical Center, 
University of Lund, S-220 07 Lund, Sweden 

Received February 12, 1982 

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- 
dithi~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. 

0 1982 American Chemical Society 


