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Chemistry of Thienopyridines. 111, Syntheses of the Thieno[2,3-b]- 
and Thieno[3,2-b]pyridine Systems. Direct Substitution into the Former Sy~tern"'~'~  
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Condensation-cyclization reactions of 2- and 3-thienylammonium hexachlorostannates were med in practical 
syntheses of thieno [2,3-b] pyridine (I) ,  thieno [3,2-b] pyridine iZ ) ,  and their derivatives. Malondialde- 
hyde tetraethyl acetal (MDTA) reacted writh these salts to give 1 and 2 (44 and 777 ,  yields, respective- 
ly). Acetoacetaldehyde dimethyl acetal reacted (with attendant loss of acetone) to form monoacetyl de- 
rivatives, wherein the substituent is located p to the nitrogen atom. Methyl vinyl ketone led to mised ( a  and 
y) monomethyl compounds. Some 1,3-diketones and 1,3-ketoaldehydes also reacted. Structures of the mono- 
methyl deriva.tives were established by direct comparison with the products of reaction of vinylmethylpyridines 
and methylethylpyridines with hydrogen sulfide at 630". The salts of 4- and 5-amino-2-acetylthiophene also 
reacted with NDTA to form 2-acetyl derivatives of 1 and 2.  Nmr data are reported and correlated with struc- 
tures of the various thienopyridine compounds. Bromination of 1 gave the 2,a-dibromo derivative, while reac- 
tion of 1 with deuteriosulfuric acid gave fastest D-H exchange at C-3 and slower exchange a t  C-2. Reaction of 
1 with methyllithium led to products expected from lithiation at C-2 and from addition to the C=N moiety. 
These results are consistent with calculated reactivity indices and expectations as based on data for the quinoline 
and benzo [b] thiophene systems. 

Of t,he six theor'etically possible parent thieno- 
pyridine compounds, 1-6, only 1 4  have been pre- 
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1 2 3 
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viously synthesized, albeit in low yields (14% from 
available starting materials) .3--7 Chemical interest 
in the thienopyridine system arises from the fact that a 
thiophene ring (susceptible to facile electrophilic sub- 
stitution, but resistant to nucleophilic substitution)8 
is fused to a pyridine ring (susceptible to facile nucleo- 
philic substitution, but resistant to electrophilic sub- 
stitution) .9,10 Pharmacological interest in these sys- 
tems stems from their isosterism with quinoline and 
isoquinoline rings. 'The present paper is concerned 
with syntheses of systems 1 and 2 and direct substitu- 
tion into the former system. 

In  the extensive studies of Steinkopf and coworkers 

(1) (a) This investigation was supported by research grant No. CA-5969 
from the National Cancer Institute and by research contract KO. DA-49-193- 
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Research Assistant, 1963-1965; NDEA Predoctoral Fellow, 1965-1966. (c) 
NATO Postdoctoral Fellow, 1966-1967; Research Associate, 1967. (d) Re- 
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69, 2569 (1941). 

(3) L. H. Klemm and D. FLeed, J .  Org .  Chem., 26, 1816 (1960). 
(4) W. Steinkopf and G. L,iltzkendorf, Ann., 403, 4,5 (1914). 
(5) David R.  McCoy, unpublished results from this laboratory. 
(6 )  C. Hansch, W. Carpenter, and J. Todd, J .  Org .  Ckem., 23, 1924 (1958). 
(7)  W. Herz and L. Tsai, J. Amer. Chem. Soc., T S ,  5122 (1953). 
(8) S. Gronomitz, Aduan. Ifeterocgcl. Chem., 1, 43, 69 (1963). 
(9) R.  A. Barnes, "Pyridine and I t s  Derivatives," Par t  1, E .  Klingsherg, 

Ed. ,  Interscience Publishers, Ken, York, N. Y., 1960, pp 12-29. 
(10) H. D. Hartough and S. L. Meisel, "Compounds with Condensed 

Thiophene Rings," Interscience Publishers, New York, S.  Y., 1954, pp 427- 
432. 

on the reactions of thiophene" i t  was discovered that 
the mononitrothiophenes can be readily reduced to the 
corresponding aminothiophenes, but these reduction 
products are exceptionally ea.sily oxidized and/or 
polymerized by a,ir. Fortunately, they found that 
the aminothiophenes can be handled and stored as the 
relatively stable crystalline salts of hexachlorostan- 
nic(1V) acid.'* As noted in an earlier paper2 the low 
yield of 1 from Skraup reaction on the amine salt 
(under oxidizing conditions) is, thus, not surprising 
and leads one to investigate the possibilities of forma- 
tion of the pyridinoid ring under nonoxidative condi- 
tions-in particular, under dehydrative conditions. 
Thus Emerson, Holly and I<lemm2 found that acetyl- 
acetone reacts with the 2-thienylammonium salt in the 
presence of concentrat'ed sulfuric acid at room tempera- 
ture to give IC. Similar condensations wit'h other p- 
diketones and /3-ketoaldehydes were not successful in 
their hands, however. Nore recently, Zhiryakov and 
Abramenko reported reactions of both aminothiophene 
salts with methyl vinyl ketone (1IVK) in the presence 
of ethanolic ferric chloride-zinc chloride13 and with 
acetoacetaldehyde diethyl acet'al (ADEA) in t'he pres- 
ence of ethanolic zinc ch10ride.l~ They assigned 
monomethylthienopyridine structures to their isolated 
products, but without experimental verification of 
such  structure^.'^ We have reinvestigated these re- 
actions and extended and modified them so as t'o provide 
the first practical syntheses for the parent compounds 
1 and 2, as well as generally applicable syntheses for 
derivatives (of proven structures) of t'hem.'"' 

(11) W. Steinkopf, "Die Chemie des Thiophens," Theodor Pteinkopff, 

(12) W. Steinkopf and G. Liltzkendorf, Ann., 403, 17 (1914). 
(13) V. G. Zhiryakov and P.  I. hhramenko, Zii. Vaea. Khirn. Obshchesto[r 

im. D .  I .  Mendeleeua, I, 707 (1960); Chem. Abstr., 66, 11416 (1961). 
(14) V. G. Zhiryakov and P .  I. Abramenko. Khitn. Grterotsikl. Soediri.,  

Akad .  Nauk Latu. S S R ,  334 (1965); Chem. Absfr. ,  63, 13231 (1965); Clrern. 
Weierocgcl. Compound8 ( U S S R ) ,  1, 219 (1905). The n1irtr;ict and the English 
translation of thin article are inconsistent in ninny detiiilr. I t  is p r e s ~ ~ l ~ l e d  
that  the authors did not use the Pb  double snlt (sllch ns i'. reuorted in llle 
:ihstract). 

(15) As noted later, it  appears that  ref 13 and 14 rontain several erroneous 
structural assignments. 

( l j a )  NOTE ADDED I N  ~ R o o F . - ~ r a c t i c n ~  syntheses of 2 and 3 fronl 2- a n d  
4-vinylpyridines, respectively, have recently been achirved: I.. 11. 1<1ewm. 
J. Shabtai, D. R. McCoy, and W. I<. T. Kiang, .I .  Heierocwl .  Chefri., in press. 

Leipaig, Germany, 1941. 
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Thiophene was nitrated directly to 2-nitrothio- 
phene16 (which contained 15% of the 3 isomer) and was 
also converted into 3-nitrothiophene (which contained 
5% of the 2 isomer) by a previously reported multistep 
pro~edure. l '*~~ Each nitro product was reduced with 
tin and hydrochloric acid to the corresponding bis- 
(thienylammonium) hexachl~rostannate(IV),~ readily 
convertible into a thienopyridine mixture (44% in 
the former case, 77% in the latter) by treatment in 
si tu  with ethanol, zinc chloride, and malondialdehyde 
tetraethyl acetal (IIDTA) a t  55". The ease of direct 
nitration of thiophene makes the synthesis of thieno- 
[2,3-b]pyridine (1) by this method experimentally 
facile. On the other hand, despite the higher yield of 
thieno [3,2-b]pyridine (2) in the JIDTA reaction, the 
arduous synthesis of 3-nitrothiophene by the reported 
method makes the over-all production of 2 experimen- 
tally difficult. It is better perhaps, especially if one is 
interested in both isomers, to separate 2 from the 
product mixture which results from the synthesis of 
1. Thus isomer 1 is easily freed from 2 by extraction 
of the mixture v i th  a limited excess of 0.05 11 HC1, in 
which 2 is considerably more s~ lub le . ' ~  The 2-en- 
riched extract is then separable by liquid-solid chro- 
matography with alumina onto which 2 is more strongly 
adsorbedeZ0 

In  analogous fashion the isomeric products from 
nitration of 2-acetylthiophene, i.e., 4-nitro-2-acetyl- 
thiophene (7) and 5-nitro-Zacetylthiophene (8),21,22 
were reduced and cyclized to 2c and li, respectively, 
in over-all yields of ca. 10% each. Jlixtures of l i  and 
2c were also separable by acid extraction and chro- 
matography on alumina, wherein the [3,2-b] isomer 
again showed a higher basicity. 

The mechanism of the NDTA reaction has not been 
investigated. Formally it may be visualized as a 
combination of stepwise hydrolysis of JIDTA (eff ec- 
tively to malondialdehyde) plus a sequence of Schiff's 
base formation with the amine salt (1: l )  and then 
cyclodehydrative substitution (SE reaction) into the 
thiophene ring. 

Treatment of the 2-amine salt with acetylacetone and 
zinc chloride in dioxane at  90" gave IC (45% yield). 
Similarly, Id (327' yield) and 5,6,7,8-tetrahydro- 
thieno [2,3-b]quinoline (lh, 5% yield) were obtained by 
reactions of 3-methylpentane-2,4-dione and 2-hydroxy- 
methylenecyclohexanone, respectively, with the 2- 
amine salt. Also, reaction of acetylacetone with the 
salt of 2-amino-&acetylthiophene gave l k  (42%). 

Comparison of the nmr spectra of 1 and 2 with the 
spectral characteristics for the heteroring protons of 

(16) V. S. Babasinian, "Organic Syntheses," Coll. Vol. 11, .John Wiley ,k 

(17) W. Steinkopf and T. Hopner, Ann.,  501, 174 (1933). 
(18) H.  Burton and TV. A. D a w ,  J .  Chem. Soc., 525 (1948). 
(19) Compare 2-methylmercaptopyridine, pK, 3.62, with 3-methylmer- 

captopyridine, pKB. 4.45: A. Albert, "Physical Methods in Heterocyclic 
Chemistry," Vol. 1 ,  .i. R. Katritzky, Ed., Academic Press, New York, N .  Y., 
1963, Chapter 1. 

(20) L. H. Klemm, C. E. Klopfenstein, and H.  P. Kelly, J .  Chromafog. ,  29, 
428 (1966). 

(21) 1. J.  Rinckes, Rec. !/'mu. Chim. 52, 538 (1933). 
(22) T h e  structure of 8 follows from its synthesis21 from 8-nitro-2-lhienoic 

acid, which (in turn) produces 2-nitrothiopliene on decarboxylation [I. J. 
Rinckes, i b i L ,  61, 1134 (1932)l. Similar interconversions*l show that  7 is in 
i l i e  3-nitrothiophene series and, hence, miist lie either 3-nitro-2-acetyl- or  
~l-nitru-2-acetylthiophene. The  small coupling constant (.I = 1.6 Hz) for 
ilie aromatic . iB system in 7 is consistent ivith the  ntructural assignment as  
given (metu protons present). 

Sons, Inc., Kew Tork, N .  T., 1943, p 466. 

quinoline and benzo[b]thiophene shows that it is pos- 
sible to ascribe, on a reasonable basis, a particular part 
of the total spectrum to each of the five protons present 
in either 1 or 2. These assignments for the parent 
compounds are corroborated by spectral data for vari- 
ous derivatives for which structures are clearly estab- 
lished by their methods of synthesis. Complete data 
on chemical shifts and coupling constants for all thieno- 
pyridine compounds reported in this paper are given in 
Tables I and 11. No long-range splitting effects are 
apparent in the spectrum of 1, but the spectrum of 2 
shows long-range coupling between H-2 and H-6 and 
also between H-3 and H-7. 

Repetition of the studies of Zhiryakov and Abram- 
enko gave results inconsistent with many of their 
reports. Thus, in our study, reaction of the 2-amine 
salt with lIVK13 gave two products, l a  (as reported) 
in 15% yield and lb  (not reported) in 10% yield. These 
isomers were readily separable by vpc on Carbowax 
2011, on which la (less steric hindrance to H bonding 
from the stationary phase) shows higher retentivity (cf. 
tlc data on alumina).20 Tentative assignments of our 
structures, as based on microanalyses and chromato- 
graphic results, were corrborated by nmr spectra 
wherein l a  shows signals a t  6 > 8.2 (present also in the 
spectrum of 1, but not in that of lb) ascribable to the 
presence of an aromatic proton CY to the pyridinoid N 
atom. Confirmation of these structural assignments 
was provided by high-temperature (630") reactions of 
hydrogen sulfide with substituted pyridines in a flow 
system. Thus 3-ethyl-4-methylpyridine plus H2S gave 
a lorn yield (1%) of l a  (only thienopyridine found) 
while 2-methyl-5-vinylpyridine or 2-methyl-5-ethyl- 
pyridine gave the expected isomeric pair of methyl- 
thienopyridiries l b  (2%, by preferential cyclization 
into the 6 position of the pyridine ring) and 4a (0.3%, 
by cyclization into the 4 position of the pyridine 
ring).23 Also obtained from the latter reaction were 
small amounts of the parent compounds (from de- 
m e t h y l a t i ~ n ) ~ ~  l (0.57') and 4 (0.1%).25 

Reaction of the 3-amine salt with 1IVK gave 2a 
(9%, not reported by Zhiryakov and Abramenko)13 
and 2b (4lY0, previously r e p ~ r t e d ) . ' ~  Structures were 
assigned by the same methods as used in the 1 series. 
Thus 2b showed greater retentivity than 2a in vpc and 
tlc,20,26 2b and 2 (but not 2a) showed nmr signals a t  
6 > 8.2, and 2a (0.9%) plus 2 (0.47,) were also ob- 
tained from reaction of 2-methyl-6-vinylpyridine with 
HzS. The melting point of our 2b picrate was 12" 
higher than that reported by the Russian workers. 
Iloreover, me found no evidence for the formation of 
the 7-methyl derivative of 5 ,  reported by them.I3 
It might be noted that the methylthienopyridine iso- 
mer which forms in the larger amount (from either the 
2- or the 3-amine salt) results (at least in a formal 
sense) from initial Michael addition of the amino group 
to the a-vinylketo system rather than from Schiff's 
base formation. 

(23) C. Hansoh and W. Carpenter, J .  O w ,  Ciiem., 22, 936 (1957). 
(24) C.  D. Hurd and J. I. Simon [ J .  Amer. Ckem. Soc., 84, 4519 (1962)l 

found that  picolines undergo some demethylation a t  700° but do not give 
methyl migration a t  that  temperature. 

(25) Compound 4 is more readily obtained from H& and 3-vinylpyridine.' 
(26) As expected in t lc  on alumina the R f  value of P lies between that  of 

Pa and that  of 2b.20 
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TABLE I 
SUCLE.4R MAQNETIC RESONANCE DATA FOR THIENO [2,%b]PYRIDINESa 

-----Chemical shift, 8 . -Coupling constant, Hs- 
Compd Substituent(s1 H-2 H-3 H-4 H-5 H-6 J Z , S  J d , s  J 4 , S  JS,S Other signals 

1 Tone 7.40 7 .08  7 .85  7.10 8.46 5 . 9  8 .1  1 . 6  4 . 5  
l a  4-Me 7.37 7.12 6.86b 8 .34  6 . 0  4 . 5  2.35 (9, CH3)b 
Ib 6-Me 7 .33  7.10 7.80 7.12 6 . 0  8 .0  2.60 (s, CH3) 
IC 4,6-DiMe 7.27 7 .08  6.77 6 . 0  2.39, 2.510 
Id 4,5,6-TriMe 7.16 6.97 6 . 0  2.10, 2.30, 2.44d 
le 2-Et 6.82 7.78 7.12 8 .53  8 . 1  1 . 7  4 . 5  1 .30  (t, J = 7.6, CHzCH8)' 
If &Et' 7.41 7.10 7.79 8 . 3 8  6 . 0  1 . 8  1.22 (t,  J = 7.5 ,  CH2CHs)g 

6 . 0  8 . 2  0.92 [t, J = 6, (CHz)aCHs]h Ig 6-WBU 7.27 7 .03  7.76 6 .98  
l h  5,6-(CHz)( 7.23 6 .92  7.43 6 . 0  1.5-2.1 [m, -CH~CHZCHZCHZ-]~ 
l i  2-Ac 7.84 8.17 7.36 8.79 8 . 2  1 . 8  4 . 5  2 . 6 0 ( ~ ,  CH3CO) 
l j  5-Ad 7.60 7.35 8.58 9 .10  6 . 0  1 . 9  2.69 (s, CHPCO) 
l k  4,6-DiMe-2-Ac/ 7 .89  7.03 2.63 (s, CH&O, 2CHa)i 
11 2-D 7.11 7.90 7.12 8 .45  8 .0  1 . 7  4 .6  
l m  3-D 7.41 7.92 7.14 8.46 8 .0  1 . 7  4 . 6  
In 2,3-DiD 7.90 7.14 8.45 8 .0  1 . 7  4 . 6  
l o  2,3-DiBr 7.86 7 .23  8.46 8 .0  1 . 8  4 .6  
a Unless otherwise indicated the solvent is CCl,. Integrated areas of the signals were consistent with structural assignments. The 

mult,iplicity in the spectral pattern for each aromatic proton is 2", where n is the number of spin-spin couplings indicated for that pro- 
ton. d Singlets, 
3CH3, probably a t  C-5, C-4, and C-6, respectively. Q Also 2.68 (9, J = 7.5, 
CH2CH1). Also 2.5-3.2 (m, -CHZCHZCHZCH*-). 
i Slightly split singlet'. 

b Slightly split by coupling ( J  = 0.8 Hz) of H-5 with CH3. c Singlets, 2CH3, probably a t  C-4 and C-6, respectively. 
e Also 2.86 (4, J = 7.6, CHtCHs). f Solvent CDCla. 

h Also 1.1-2.0 (m, CH2CH~CH2CH3) and 2.83 (t, J = 7.5, CHZCHZCHZCH~). 

TABLE I1 
KCCLEAR MAGNETIC RESONANCE DATA FOR THIENO [3,2-b]PYRIDINESa 

7-----Chemical shift, 6 . -  Coupling constant, He- 
Compd Substituent H-2 H-3 H-5 H-6 H-7 Jz,s Jz,s J8.r Jr .8  J r , 7  

2 Xone 7.68 7.51 8.64 7.12 8.08 6 . 1  0 . 4  0 .8  4 . 8  1 .6  
2a 5-Me 7 .59  7.41 6.98 7.92 5 . 8  0.5 0 . 7  
2b 7-Me 7.60 7.48 8 .45  6.88b 5 .6  0 .4  5.0 
2~ 2-Acc 8.22 8.88 7.45 8 .33  <1 4 . 5  1 . 5  
2d 6-AcC 7.97 7 .58  9 .22  8.70 5 . 8  0 . 9  2 .1  
2e 6-Et 7.59& 7.59' 8.60 7.86 e <1 2 

a See footnote a, Table I .  c Solvent CDCl3. * Slightly split by coupling ( J  = 0.8 Hz) of H-6 with CH3. 
falls at 6 2.67. e Unresolved singlet. f 2.62 (4, J = 7.5 Hz, CHsCHz), 1.16 (t, J = 7.5 Hz, CHsCHz). 

When the 2- or &amine salt was heated with excess 
acetoacetaldehyde dimethyl acetal (ADMA) in etha- 
nolic hydrochloric acid, acetone was evolvedand 1 j (32%) 
or 2d (54%), respectively, mas isolated. The struc- 
tures of these products mere established by ir and nmr 
spectra. Assignment$; mere reinforced by compari- 
sons with the nmr spectra of the previously described 
2-acetylthienopyridines li, lk, and 2c (structures known 
from the method of E,ynthesis). A further check was 
also made by comparison of spectra of the isomeric 
ethylthienopyridines le, If ,  and 2e derived in fair yields 
from Wolff-Xishner reduction of l i  (admixed with Zc), 
l j ,  and 2d, respectively. Scheme I shows a possible 
pathway for the formation of l j .  It is assumed that 
ADMA is first converted effectively into free aceto- 
acetaldehyde, which condenses with the 2-amine salt 
to form the Schiff's base 9. Condensation of 9 (which 
contains an active methylene group) with a second 
molecule of acetoacetaldehyde should give keto1 10. 
Acid-catalyzed dehydration-cyclization to 11 followed 
by a reverse Michael reaction would then lead to l j .27 

In  one run the mother liquors from isolation of l j  
were examined carefully for the presence of by-products. 
Identified were small yields (2-57$) of the monomethyl- 
thienopyridiries la and Ib. In  reaction of the 2-amine 

(27) I n  a separate experiment with A D N A  and 5-naphthylamine the 
molar raLio of products vas  acetone-acetylbeneoquinoline 1 : 1. 

- Methyl signals, 
J S , ?  6 

8.8 
8 . 4  2 .61  (9, CHs) 

2 .  45b 
7 . 8  2.72 (s, CHsC0)d 

2.69 (s, CHsCO) 
f 

d I n  CClr the acetyl singlet 

SCHEME I 

0 
II HCI + CH3CCH2CH(OMe)2 

ADMA 

9 
0 

10 

11 a li 

salt with acetoacetaldehyde tetraethyl acetal (ADEA) 
Zhiryakov and AbramenkoI4 reported the isolation of 
only l b  (20% yield). The melting point (211") of the 
picrate of their product,28 however, is more nearly like 

(28) Zhiryakov and Abramenko" attempted to prove the structure of 
their product by an  independent synthesis involving (as the  first step) con- 
densation of a-cyanothioacetamide with acetoacetaldehyde. Such pro0888 
could, however, yield l a  as well as lb. 
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that (218') of our l a  rather than that (171') of our lb .  
Similarly, from the 3-amine salt the Russian workers 
report a 53'3 yield of 2a, but again of unproved struc- 
ture. 29 

I n  Table I11 are presented quantum chemical re- 

TABLE I11 
QU.4NTUM CHEMICAL REACTIVITY INDICES'" 

FOR THIENO[2,3-b]PYRIDINE (1) 
Position r 4r &P.k  , y u o l  

1 (S) 1.32 3.10 0.49 
2 1.09 1.20 0.78 
3 1.21 2.21 0.54 
3a 1.08 1.02 0.60 
4 0.94 0.96 1.19 
5 1.06 1.13 0.71 
6 0.93 0.92 1.15 
7 (N)  1.32 1.59 0.94 
7a 1.05 1.18 0.76 

a S, is given in units of pc-1: L. Salem, "Molecular Orbital 
Theory of Conjugated Systems," W. A. Benjamin, Inc., New 
York, N. Y., 1966, pp 326-332. Superscripts elec and nucl refer 
to electrophilic attack and nucleophilic attack, respectively. 
Spd for free radical attack is readily calculated from the relation- 
ship S p d  = 1;2(Srelec + S p l ) .  

activity indices 4. (7r-electron density) and S, (exact 
superdelocalizabilities for electrophilic and nucleo- 
philic attack) for direct substitution into 1. Data 
were obtained by the use of simple Hiickel molecular 
orbital theory and the parametric equations a~ = 
ac + 0.5Pc-c1 as = act Pc-N = OWc-c, Pc-s = 
0.8Pc- c. These equations neglect d-orbital inter- 
action by the sulfur atom30~31 and inductive effects of 
heteroatoms a t  distances beyond contiguous carbon 
at0ms.~2 Observation of this table indicates that elec- 
trophilic substitution into 1 should occur predonii- 
nantly in the thiophenoid ring with a strong prefer- 
ence for position C-3 over that of C-2 (analogous to 
observations for benzo [blthiophene) . 3 3  Nucleophilic 
substitution, on the other hand, should occur predomi- 
nantly in the pyridinoid ring with preference shown for 
positions C-4 and C-6 ( y  and a positions, respectively, 
with regard to S). Positional preference for nucleo- 
philic substitution is thus predicted to be analogous to 
that which one finds in q u i n ~ l i n e . ~ ~ ~ ~ ~  

Limited investigations of electrophilic and nucleo- 
philic substitutions into 1 have qualitatively confirmed 
the preceding predictions. Treatment of 1 with bro- 
mine in carbon tetrachloride gave 2,3-dibromothieno- 
[2,3-b]pyridine in 17% yield. Reaction of 1 with 
deuteriosulfuric acid at 98.5" gave fastest deuterio- 
deprotonation a t  C-3 and slower exchange at  C-2, as 
indicated by nmr studies (changes in the thiophenoid 
aromatic AB quartet) of samples withdrawn periodi- 
cally. 

(29) Our picrates of l a  and lb plus those reported by the  Russian 
norkersla+14 have melting points in the range of 18&20io, but  are otherwise 
inconsistent. 
(30) R. Gerdil and E. A. C. Lucken, J. Amer. Chem. Sac., 87, 213 (1965). 
(31) R. Gerdil and  E. A. C. Lucken, ibid. ,  88, 733 (1966). 
(32) The model used here is a combination of those suggested for thio- 

phene by R. Zahradnik (cf. models B2 and B3) and for pyridine by R. 
Zahradnik and J. Kouteoky, Advan.  Heterocycb Chem., 6 ,  2 ,  70 (1965). 

(33)  R. AI. .ieheson, "An Introduction t o  the Chemistry of Heterocyclic 
Compounds," 2nd ed, Interscience Publishers, New York, N. Y., 1961, pp 
181-183. 
(34) See ref 32, p 110. 
(35) See ref 33 pp 249, 265. 

Treatment of 1 with n-butyllithium at  25-35' 
gave, on addition of water, a yellow liquid (possibly 
containing 6-n-butyl-6,7-dihydrothieno [2,3-b]pyridine) 
which was converted into l g  (47'%, separated from 
recovered 1 by chromatography on alumina) on 
stirring with carbon disulfide. Assignment of the n- 
butyl group to  the 6 position was made on the basis 
of the chromatographic elution order20 (Ig before 1) 
and nmr analysis (absence of signal a t  6 > 8.0). Repeti- 
tion of this procedure with methyllithium (instead of 
n-butyllithium) gave a crude liquid containing ca. 
25% of l b  and 75% of 1. With a reaction tempera- 
ture of -25" and hydrolysis first with deuterium oxide 
and then with water, methyllithium gave a mixture of 
l b  (11%) and deuterated 1 (containing ca. 50% of 2- 
deuteriothieno [2,3-b]pyridine, 11). Product 11 ap- 
parently arises via metalation in a position ortho to 
the sulfur atom (cf. results for benzo [ b l t h i ~ p h e n e ) , ~ ~  
a process which competes with addition to the pyr- 
idinoid carbon-nitrogen double bond. 

Experimental Sectionas 

2-Nitrothiophene.-Nitration of thiophene was conducted in 
acetic acid-acetic anhydride according to published directions.16 
Nmr analysis (CC14) of the product (mp 44-45"! showed that i t  
consisted of an isomeric mixture containing 85% 2-nitrothiophene 
(6  7.S-8.0, multiplet for H-3) and 157, 3-nitrothiophene (6  8.1- 
8.3, multiplet for H-2).39 T7arying the reaction temperature over 
the range lC-30" did not alter the isomeric ratio. A reaction 
temperature of 25" is preferred since i t  gives the lightest colored 
product. Efforts to separate isomers by fractional crystallization 
and column chromatography were unsuccessful. The mixture 
was used directly in further reactions. 

3-Nitrothiophene was prepared from thiophene in ea. 40yo yield 
by the five-step procedure of previous workers .17,18 Nmr analysis 
of the product (mp 7 4 7 5 " )  showed that i t  contained 57, of the 
isomeric 2-nitrothiophene. It was used without further purifica- 
tion. 

Thieno[2,3-b] pyridine (l).-To a vigorously stirred mixture 
(maintained a t  30') of 13 g (0.1 mol) of the preceding 2-nitro- 
thiophene and 195 ml of concentrated hydrochloric acid was 
added, in 5-g batches, a total quantity of 25 g of granular tin. 
After most of the tin had dissolved, 70 ml of EtOH and 6 g of 
anhydrous ZnCls were added and the mixture was heated to 85". 
A solution of 17.2 g (0.078 mol) of malondialdehyde tetraethyl 
acetal (Aldrich Chemical Co.) in 30 ml of EtOH was added all 
a t  once. The mixture was maintained a t  85' for 1 hr and then 
poured onto 100 g of ice. The aqueous mixture was basified 
with concentrated aqueous NHI and extracted with three 75-1111 
portions of CCl,. Distillation of combined extracts yielded 4.6 g 
(44%) of light yellow liquid, bp 61-62" (0.2 mm), found to con- 
tain about 6% of isomeric thieno [3,2-b] pyridine as determined by 
nmr analysis. 

In  a run conducted on five times the preceding scale the re- 
action mixture was basified with 407, aqueous NaOR and the 
resultant slurry was steam distilled. Continuous extraction for 
16 hr with ether of the first 5 1. of distillate yielded 26.3 g (50%) 
of product. 

For further purification 10.4 g (77 mmol) of mixed thieno- 
pyridine product was stirred for 1 hr with 15.3 ml of 131' (15.3 
mmol) hydrochloric acid and 300 ml of water. Extraction of 

(36) D. A. Shirley and M. D. Cameron, J. Amer. Cliem. Sac., 71, 2788 

(37) H. Gilman and J. W. Morton, Ore. Reactions, 8 ,  212 (1954). 
(38) Microanalyses vere  performed by Micro-Tech Laboratories, Skokie 

Ill. Infrared spectra mere determined by means of a Beckman IR-5 instru- 
ment and nmr spectra b y  means of a Varian ,440 spectrometer and tetra- 
methylsilane as an  internal standard. Vapor phase chromatography mas 
carried out with an  F & M Model 202 gas chromatograph. Stationary phase 
A was 10% Apiezon JJ on Chromosorb P ;  B mas 15% Carbowax 20hI on fire- 
brick. For many chromatograms relative retention volumes (rv) of coin- 
ponents are reported in terms of a selected internal standard (rv = 1.0). 

(1950). 

(39) R. A. Hoffman and S. Gronowitz, Arkiu Remi, 16, 515 (1960). 
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the acidic mixture with ether gave 9.4 g of pure (as adjudged by 
nmr) 1. Basification of the aqueous layer and extraction thereof 
with ether produced 0.58 g of mixed thienopyridines-enriched 
in 2. 

Liquid-solid column chromatography of 3.6 g of 2-enriched 
thienopyridines was conducted with 108 g of Alcoa F-20 alumina. 
Elution with cyclohexane-benzene (3: 2 by volume) gave 1.09 g 
of pure 1 in the first 400 ml of effluent and 0.51 g of mixed isomers 
in the next 300 ml of effluent. Changing the eluent to benzene 
alone then yielded 1.5 g of pure 2 in 1 1. of effluent. 

The methiodide of 1 formed cream-colored prisms from abso- 
lute EtOH, mp 202-203' dec. 

Anal. Calcd for C8H81NS: C, 34.67; H,  2.91; I ,  45.79; N,  
5.05; 6 ,  11.57. Found: C, 34.52; H, 3.05; I ,  46.08; N,  5.06; 
8, 11.82. 

Nmr spectral data for 1 are given in Table I. I n  analogy to 
q ~ i i n o l i n e , ~ , ~ ~  a doublet of doublets a t  lowest field (6  8.46) in 
the spectrum is assignemd to H-6 (a to the heterocyclic N-at,om) 
and a doublet of doublets a t  next higher field (6  7.85) is assigned 
to H-4 ( y  to the nitrogen)-J5.6 = 4.5, J4,a = 1.6, Jc,j = 8.1 Hz 
(cf. corresponding values for the heteroring of q u i n o l i n e  
J2,S = 4.1, J2,4 = 1.8, J3,4 = 8.5 Ha, respectively). The high- 
field portion of the spectrum consists of two overlapping sets of 
doublet,s of doublets which correspond to H-5 (8 to the nitrogen, 
centered a t  6 7.10, coupling constants as noted above) and to the 
thiophenoid AB proton system H-2 and H-3 (centered at 6 7.24, 
J2,3 = 5.9 Hz; cf. J2.3 := 5.6 as measured for benzo[b]thiophene 
in CCla). The lower field doublet of the latter set is ascribed to 
H-2, in accordance with previous observations on the methyl- 
benzo[b]thiophenes42 and with the absence of this doublet in 
authentic 2-ethylthieno [2,3-b] pyridine ( le ,  vide infra).  

Thieno[3,2-b]pyridine (2).-The synthetic procedure was es- 
sentially the same as thlat for 1, except that preceding 3-nitro- 
thiophene (2.6 g) was used instead of its isomer and heating 
was conducted for 1.5 hr a t  SO" ,  yield 2.1 g (77%) of crude prod- 
uct from evaporation of combined CCb extracts. The nmr 
spectrum of this crude product was identical with that of a sample 
of 2 prepared from 2-vinylpyridine and hydrogen sulfide by the 
vapor phase process of :Klemm and Reed.3 Also picrates of the 
two samples were identical, as based on melting points alone and 
after admixture. 

An analytical sample of 2 was obtained as a faintly yellow- 
green liquid from vpc on  A at 150". 

Anal. Calcd for C7HsNS: C, G2.19; H,  3.73; N,  10.X; R, 
23.72. Found: C ,  62.20; H,  4.08; N ,  10.36; S, 23.34. 

The nmr spectrum of 2 (Table 11) shows inore lines t'han t,hat 
of 1 due to the presence of long-range coupling between H-2 and 
H-6 ( J  = 0.4 He) and between 11-3 and H-7 ( J  = 0.8 Hz). 
The order of appearanc'e in the spectrum of signals for the pyri- 
clinoid ring protons is tht2 same as before, L e . ,  01, y ,  p ( d h  respect 
to nitrogen) for increasing field strength, but, signals for the 
thiophenoid ring protons are shifted downfield sufficiently that, 
they fall cleanly between those for they and p protons (first-order 
spectrum). Only 11-5 5:hows an uumodified doublet of doublets 
(J5.6 = 4.8 ISz, Jj.7 = 1.6). All other spectral patterns (J6,7 = 
8.8, J2,a = 6.1) are again doitbled by long-range spin-spin coupling 
constants which are consistent with observations on benzo[bl- 
thiophene (J2.6 not observed, J3,7 = 0.7)42 and on 5,7-dichloro- 
quinoline and 5,7-dimethylquinoline (J4,8 = 0.8, analogous to 
J3,7 in 2).43 Based on the consistency of these coupling constant's 
one can again ascribe the lower half of the thiophenoid AB 
system in 2 to the proton a t  C-2. Although the geometry of 
thieno [3,2-6]pyrrole is considerably modified from that  of 2, i t  
is noteworthy that long-range couplings between two sets of 
aromatic protons have also been observed in this thienopyrrole 
system .44 

Bis(2- and 3-thienylammonium) Hexachlorostannates(IV).- 
These mixed salts were isolated in crystalline form from reduction 

(40) J. W. Ernsley, J. E'eeney, and L. II. Sutcliffe, "High Resolution 
Nuclear Magnetic Resonance Spectroscopy," Vol. 2,  Pergamon Press, New 
York, N.  Y., 1966, pp 798-802. 

(41) H. Suhr, "Anwendungen der Kernmagnetisohen Resonanz in der 
Organischen Chemie," Springer-Verlag, Berlin, Germany, 1965, pp 232, 233. 

(42) K. Takahashi, T. Kanda, and Y. Matsuki, Bull. Chem. Soc. Jap. ,  87, 
768 (1964). 
(43) F. A. L. Anet, J .  Chem. Phys., 82, 1274 (1960). 
(44) R .  J. Tuite, H. R. Snyder, A.  L. Porte, and H. S .  Gutowsky, J .  Pkya. 

Chem., 68, 187 (1961). 

of the corresponding 2- and 3-nitrothiophenes according to the 
procedure of Steinkopf and Li i t~kendorf .~ Partial separation of 
mixed isomers could be achieved by fractional precipitation. 
Thus the initially isolated (by filtration at room temperature) 
salt was enriched in the 2 isomer. Cooling the filtrate to -10" 
caused precipitation of salt enriched in the 3 isomer. In  snb- 
sequent reactions the crude salts were nsed without isonierir 
enrichment. 

Reaction of 2-Thienylammonium Salt with Methyl Vinyl 
Ketone.-Reaction of bis(2-thienylammonium) hexachlorostan- 
nate(1V) with methyl vinyl ketone (MTK) was conducted in a 
manner similar to that previously described.13 To a warm (60') 
mixture of 20 g of amine salt, 22.1 g of anhydrous FeC13 and 0.5 g 
of anhydrous ZnCl2 in 50 ml of absolute EtOH in a nitrogen 
atmosphere were added dropwise (over n period of 1 hr) a solu- 
tion of 2.9 g of MVK in 25 ml of absolute EtOH. The mixture 
was then heated a t  80' for 2 hr, cooled, poured onto 500 g of ice, 
basified with 40yc aqueous NaOH and continuously extracted 
with ether for 1 day. The dried (MgS04) ether extract was dis- 
tilled to yield 1.5 g (25Yc) of light yellow liquid, bp 75-85" (2 
mm). Vpc of this distillate on B a t  200' gave two liquid products 
6-methylthieno[2,3-b]pyridine ( Ib ,  40%, rv = 1.0) and 4- 
methylthieno[2,3-b]pyridine ( la ,  SO%, rv  = 1.4). 

AnaE. Calcd for CBH~NS: N,  9.39. Found for l a :  N,  9.80. 
Found for lb :  N, 9.55. 

Picrates of the chromatographically separated fractions 
crystallized from absolute ethanol: mp 217-218' for l a  picrate, 
canary yellow needles (lit.Ia mp 213-215'), mp 169-171.5' for 
l b  picrate, yellow prisms. 

Anal. Calcd for C14H,oNLSO7: C, 44.44; H,  2.66; N, 14.81; 
S, 8.48. Found for l a  picrate: C,  44.29; H, 2.60; N,  14.68; 
S, 8.56. Found for I b  picrate: C, 44.71; H, 2.75; N ,  14.73; 
S, 8.42. 

Reaction of 3-Thienylammonium Salt with Methyl Vinyl 
Ketone.-This reaction was conducted in the preceding manner 
to give 3 g (50%) of light yellow liquid. T'pc of this distillate 
gave two liquid products, 5-methylthieno [3,2-b] pyridine (2a, 
17Yc, rv = 1.0) and 7-methylthieno[3,2-b]pyridine (2b, 83%, 
rv = 1.2). 

The picrate of 2b formed yellow needles from EtOII, nip 206- 
207" (lit.ls mp 193-195°).a8 

Anal. Calcd for ClaH&&O.i: C, 44.44; 11, 2.66; N, 14.81; 
R ,  8.48. Found: C, 44.78; H, 2.72; N,  14.61; S, 8.50. 

Reaction of 6-Methyl-2-vinylpyridine with H2S.--In an ap- 
paratus similar to that described pr~vious ly ,~  35 g oi fre.hly dis- 
tilled 6-methyl-2-vinylpyridine (K & K Laboratories) was added 
a t  a rate of 20 drops/min to a vertical Pyrex tiibe (2 cni i.d.) 
packed to a height of 24 cm with chromia-aliimina (ITnrshaw 
Chem. Co., Cr-OlOlT, I/s  in. pellets) a t  630' in a stream of 
FI2S (molar ratio 4: 1 Hk3:substrate). Iiquid efftuent was 
combined with Ihe residue from evaporation of acetone extract\ 
of the cooled tube packing. This ciude niixture was analyzed 
by vpc on stationary phase A a t  150'. Identified by comparison 
of retention time5 with those of authentic sampes were 2-picoline, 
2,6-lutidine, starting material, 2-methyl-6-ethylpyridine (all 
with rv  < 0.2), 2 (0.4%, rv = l.O), and 2a (0.9%, rv = 1.4). 

For isolation of 2a, low-boiling components of the crude mix- 
ture were removed by distillation up to 150' (25 mm). A benzene 
solution of the residue was percolated through alumina (50 g) and 
evaporated. The residue was triturated with acetona (20 ml) to 
leave undissolved sulfur. The filtrate of this mixture was 
evaporated and chromatographed on stationary phase +4 at 125'. 
The 2a isolated was identical with that obtained from the 3- 
hexachlorostannate salt in the preceding section, as based on 
nmr. It formed a picrate, mp 195-196' (lit.I4 mp 188-189°).28 

Reaction of 2-Methyl-5-vinylpyridine with H2S .-In the pre- 
ceding manner 50 g of freshly distilled 2-methyl-5-vinylpyridine 
(Phillips Petroleum Co.) was treated with HzS (molar ratio 
5 : l  H1S:substrate) a t  630' in a flow apparatus. Identified, in 
the crude mixed product, by comparison of retention times (in 
vpc on A a t  125') with those of authentic samples (though not 
for 4a) were 2-methyl-5-ethylpyridine (1870, rv = 0.2), 1 (0.5%, 
rv = l.O), l b  (2.2%, rv = 1.5), and B-methyIthieno[3,2-c]- 
pyridine (4a, 0.3%, rv = 1.9). Also identified in the mixture by 
comparative nmr analyses were 2,5-lutidine (8yc) and thieno- 
[3,2-c]pyridine26 (4, O.lyc). A parallel run using 40 g of 2- 
methyl-5-ethylpyridine (Distillation Products) as substrate gave 
almost identical results except that there was more starting 
material (53% recovery) and some 2-methyl-5-vinylpyridine (6%) 
in the total product. 
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For isolation of thienopyridine components the residue from 
distillation of the crude mixture up to 190' (0.5 mm) was chro- 
matographed 011 a column of alumina (100 9) .  Elution with 
cyclohexane gave first l b  (identified by the melting point of the 
picrate and its mixture melting point with product from the MVK 
reaction of the 2-thienylammonium salt) and then 1 (identified 
by comparison with preceding synthetic product). Further 
elution with CHCla-benzene 1 : l  gave a mixtiire which was 
separated by sublimation a t  60" (0.25 mm) to yield 4a, mp 72.5- 
74", picrate mp 224-226.5", methiodide mp 241.5-242.5" (l i tez3 
nip 71.5-72.5, 222-224, and 240-242", respectively). 

Reaction of 3-Ethyl-4-methylpyridine with HkL-In the pre- 
ceding mariner there was obtained from 35 g of 3-ethyl-4-methyl- 
pyridine (Aldrich) a crude product which showed two main com- 
ponents (identified by comparison of retention times with au- 
thentic samples:! by vpc analysis on A a t  125", starting material 
(34% recovery, TV = 1.0) and l a  (1%, TV = 3.3). 
4,5,6-Trimethylthieno[2,3-b] pyridine (ld).-A mixture of 9 g 

(0.017 mol) of bis(2-thienylammonium) hexachlorostannate(IV), 
3.3 g (0.020 mol) of 3-methyl~entane-2,4-dione,~~ 2 g of anhy- 
drous ZnClz, and 30 nil of dioxane was refluxed for 4 hr and then 
poured into absolute EtOH. To  the black residue from evapora- 
tion Cn vacuo of nearly all of the solvent were added ice and 20 ml 
of concentrated aqueous "3. A CC14 extract of this mixture 
was chromatographed by  means of 30 g of neutral Rrinkman 
alumina with benzene-cyclohexane (1 :3) and then CIIC13 as 
eluents. The brown solid obtained from the CHC13 effluent was 
sublimed at  100" (2 mm) and combined with product from evapo- 
ration of the hjdrocarbon eifiuent, iota1 yield 1.65 g (32%) of 
white needles, mp 9s-99'; IIV max (95yo EtOI-I) 234 mp (e 
29,400), 272 155!)0), 285 (4190), 291 (4190), 297 (3090), 302 
(3710); iiv mas (0557 EtOH + HC1) 242 mp (e 30,800), 306 
(7430). 

Anal. Calcd for ClaH1lK'S: C, 67.76; H, 6.26; N ,  7.90; 
S, 18.09. Found: C ,  67.68; €1, 6.42; N ,  7.64; S, 17.86. 

4,6-Dimethylthieno [2 ,3-b]  pyridine (IC) was prepared from 
bis(2-thienylanimonium) hexachlorostannate(1V) and acetyl- 
acetone in a manner similar to that used for Id, except that  the 
product was extracted into benzene and purified by distillation 
(instead of chromatography) to give a light yellow liquid [45% 
yield, bp 100-105' (3 mm)] which slowly darkened in air [lit.2 
bp io3-ios0 (4 m m ) ~ .  
5.6.7.8-Tetrahvdrothieno [2,3-b1 quinoline (Ih).-A mixture of 

0.5'g'of anhydro& ZnC12, i5'ml.o; dioxane, 3 g (0.0057 mol) of 
bis(2-thienylammoniuni) hexachlorostannate(1V) and 1.3 g 
(0.01 mol) of 2-hydroxymethylenecyc10hexanone~~ was stirred 
at  100" for 2 hr. The mixture was concentrated to a smallvolume 
and treated with 60 ml of 5Yc aqueous NH8. The black product 
from the hydrolysate was extracted into CHC13, transferred to 
a benzene solution, passed through a column of Brinkman alu- 
mina, and evaporatively distilled in vacuo to yield 0.1 g (5%) of 
colorless liquid. This liquid formed a picrate, mp 188-189", 
obtained as yellow plates from EtOIT. 

Anal. Calcd for CliHI4N4O7S: C, 48.80; IT, 3.37; N, 13.30; 
R, 7.66. Found: C, 48.95; 11, 3.66; N ,  13.70; 8,  7.52. 

Nitration of 2-Acetylthiophene .-2-Acetylthiopheiie (Wiiithiop 
Labs., S e w  York, S .  Y.) was nitrated i i i  the same manner as 
l id for thiophene it.elf'6 t o  give R mixture of solid products 
(37 -625; ) ,  shown by iimr analysis to contain ca. equal parts of 
4-nitro-2-acetylthiophene (7) and 5-nitro-2-acetylthiophene ( 8 ) .  
ltepeatecl cryrtallizatioii from EtOII21 gave 7, mp 123-126' 
(lit.21 nip 125-126'), and then 8, nlp 100-110' (lit.21 mp 106- 
lO7"j; iimr (CDCl,) for 7, 6 2.62 (8, 3, CHaCO), 8.55 (&), 
S.(il (FT:, AH system, 2 ,  J = 1.6 IIz); iimr (CDC13) for 8 ,  6 
2 .62  (n, 3 ,  CHICK)), 7.61 ( IL) ,  7.91 (H4, AB system, 2 ,  J = 4.3 
112) .  Oiie of the authors developed a severe case of dermatitis 
(itchiiig, bwelliiig, and blistering) of the hands from handling 
these nitro compounds. Extreme care should be exercised in 
rtvoidance of coiitact with the skin. 

The oxime of 8 was obtained as light yellow needles from EtOII: 
mp 187-188" (lit.21 nip 189'); iimr (acetone) 6 7.25 (Ha), 7.96 
(H4, AB system, ,I = 4.5 Hz). 

(.6) Prepared by stirring 2.4 g of sodium acetylacetonate [R. G. Charles, 
"Organic Syntheses," Coll. Val. I V ,  John Wiley C Sons, Inc., New York, 
N.  Y . ,  196:i, p 8691 with 5.3 g of Me1 in 10 ml of CHaCN for  13 hr, and then 
filtration and distillation of the reaction mixture, yield 2 L (89%), bp  80-85'. 

(46) C .  .linsn.orsli, "Organic Syntheses," Coll. Vol. IV,  John Wiley & 
Sons, Inc., S e w  York,  K. Y . ,  1903, p 536. 

Bis [ 2- (5-acetylthienyl)ammonium] Hexachlorostannate (IV) 
(12).-To a vigorously stirred mixture of 10 g (0.058 mol) of 8, 
150 ml of concentrated hydrochloric acid, and 50 ml of EtOH 
was added 21 g (0.18 mol) of granular tin a t  such a rate as to 
maintain the reaction mixture at  30-34' while the reaction flask 
was cooled in a bath of tap water. After nearly all of the tin 
had dissolved the mixture was refrigerated at  -10" for 10 hr 
and filtered to yield 6.6 g (37%) of 12, dried in vacuo, used with- 
out further purification. 

S-Acetylthieno[2,3-b]pyridine (lj).-To a stirred mixture of 9 
g (0.017 mol) of bis(2-thienylammonium) hexachlorostannate- 
(IV), 10 ml of concentrated hydrochloric acid, and 30 ml of 
Et013 in an atmosphere of purified nitrogen was added 12 g 
(0.09 mol) of acetoacetaldehyde dimethyl acetal (Aldrich Chemi- 
cal c ~ . ) . * ~  The mixture was heated a t  75" for S hr (during which 
time acetone-detected by means of 2,4-dinitrophenylhydrazine 
reagent-was evolved) and then poured into sufficient excess 
8% aqueous NaOH (175 ml) to basify the mixture and to dis- 
solve most of the resultant precipitate. CCla extracts of the 
hydrolysate were dried and evaporated to leave a residue which 
was sublimed a t  120' (0.04 mm). Crystallization of the subli- 
mate from cyclohexane gave needles: mp 116-117"; yield 1.9 g 
(32%); ir (CClr) 1690 cm-I (C=O); IN max (05% EtOH) 
247 mp (e 40,800), 275 (5910). The nmr spectrum show-ed 
a three-proton singlet at  6 2.69 for the acetyl group and coupling 
ascribed to protons at. positions 2, 3, 4 and 6 but showed no 
evidence for coupling by a proton a t  C-5 ( c f .  Table I) .  

Anal. Calcd for CoHiNOS: C, 60.90; H, 3.98; N,  7.90; 
S, 18.09. Found: C, 61.33; H ,  4.10; N,  7.89; 8, 15.11. 

In a larger run (0.5 mol of amine salt) evaporation of the mother 
liquor from crystallization of 1j  gave 11.8 g of black liquid. 
Chromatography of this liquid with 250 g of Alcoa F-20 alumina 
and successive eluents of cyclohexane-benzene (19 : 1 ), benzene, 
and CHCl3 gave the following minor products iiii order of elu- 
t i ~ n ) : ~ ~ ~ ~ *  Ib  (2.5yo over-all yield), l a  (4.6Yc), 2a (1, <0.5yc), 
additional l j  (2%), and 2d (1.2%, based on 3-amine salt in the 
starting material). No 2b was detected. 

6-Acetylthieno [3,2-b] pyridine (2d).-In the preceding manner 
9 g of a mixture of his(2- and -3-thienylamnionium) hexachloro- 
stannates(1V) (shown by nmr analysis to contain 40Yc of the 
3 isomer) was allowed to react with acetoacetaldehyde dimethyl 
acetal (but a t  reflux conditions for 24 h r j  and then processed 
further. The sublimate (3.4 g, 5674, analyzed by iimr by means 
of relative areas of the signals a t  6 7.3 and 7.6, respectively) was 
found to contain equimolar amounts of I j  and 2d. Three re- 
crystallizations of the sublimate from benzene-cyclohexane 
(1: 1) gave 1.3 g (54976, based on 3 isomer only) of pure (by iimr 
analysis) 2d: mp 134-135"; obtained as cream-colored crystals 
on sublimation a t  90" (0.4 mm); ir (CHC13j 1690 cm-' ( C - 0 ) ;  
uv max (95% EtOH) 246 mp (e 23,400), 202 (10,900); uv max 
(95% EtOH + HC1) 252 mp (e 24,900), 307 (6030), 325 (5150). 
The nmr spectrum showed a three-proton singlet a t  6 2.60 for 
the acetyl group and coupling ascribed to protons at  posiiioiis 
2, 3, 5, and 7 but  not at  6 (cf. Table 11). 

Anal. Calcd for C91T7NOS: C, 60.09; I f ,  3.!)8; S ,  7.90; S, 
18.09. Found: C, 60.76; H ,  4.05; N,  8.04; H, 18.22. 
2-Acetylthieno[2,3-b]pyridine (li).-A mixture of 3 g (0.005 

mol) of hexachlorostannate salt 12, 2 g (0.0'3 mol) of l IDTA,  2 
g of anhydrous ZnC12, 15 ml of EtOH, aiid 5 nil of concentrated 
hydrochloric acid was refluxed for 3 hr aiid the mixture was 
processed further as for its isomer l j :  yield 0.55 g (300.;) of 
product from sublimation a t  100" (10 nrni); mp 124-126". An 
additional sublimation gave light yellow needles: nip 122-123"; 
uv max (95% EtOH) 241 m p  (E 14,000), 292 (17,300); iiv max 
(95Yc EtOH + HC1) 248 mp (e l7,700), 294 (14,500). 

Anal. Calcd for CgH,NOS: C, 60.99; 11, 3.98; N ,  7.90; 
S, 18.09. Found: C,60.92; IT, 3.86; S ,  7.79; S, 18.30. 

2-Acetyl-4,6-dimethylthieno [2,3-b] pyridine (lk).-In the 
maimer used for preparation of Id  (except that  the reaction was 

(47) For other syntheses with acetoacetaldehyde see W. Franke, R. Kraf t ,  
and K. Kosswig in "Newer Methods of Preparative Organic Chemistry," 
Vol. 2,  W. Foerst, Ed. ,  Academic Press, New York, K. Y., 1963, pp 1-30. 

(48) The enhanced adsorbability of the acetyl derivatives over the methyl 
derivative is ascribed t o  strong anchoring by the carbonyl group (as well as 
by the pyridinoid nitrogen atom);20 L. R. Snyder, "Chromatography," 
E. Heftmsnn, Ed., 2nd ed, Reinhold Publishing Corp., Kew York, N. Y . ,  
1967, pp 63-66. 
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quenched with aqueou:, EtOH, and benzene was used as chro- 
matographic eluent) there was obtained (from 1.9 g of amine 
salt 12 and 2 g of acetylacetone) 0.56 g (427,) of lk ,  mp 168-171" 
(after one crystallization from EtOH). Recrystallizations from 
Et,OH and then sublimation at' 120' (0.2 mm) gave light yellow 
needles: mp 168.5-169.5'; ir (CHCl3) 1670 cm-' (C=O). 

A n a l .  Calcd for CIIHIIKOS: C, 64.36; H, 5.40; Ir;, 6.82; 
S, 15.62. Foiind: C,  64.53; H ,  5.45; N ,  6.69; S, 15.71. 

Conversion of Mixed Nitro-2-acetylthiophenes to 2-Acetyl- 
thienopyridines.--4n iwnierir mixtare (mp 79-93') of 7 (45%, 
by nmr analysis) and 8 (555) was reduced as in the preparation 
of 12. The red-black solution m-as evaporated nearly to dryness 
and the crude mixi iire Of aniiiio-2-acetylthiophene hexachloro- 
staiinaie salts (0.46 mol) vias treated with 1.4 1. of EtOH, 0.45 1. 
of concentrated hydrochloric acid, 150 g of anhydrous ZnCI,, 
and 150 g of 111)TA. The mixture was refluxed in a nitrogen 
atmosphere for 5 . 5  Iir, evaporated nearly to  dryness, and ex- 
tracted with 2 TTC1 iuitil the extract was no longer colored. 
Combined noid extract3 were treated drop%-ise with 4 0 5  aqueous 
KaOII iiritil a deiise, dark precipitate coagiilated ipH ca. 0.8). 
The filtrate of the mixtiire was brought to pH 1.5 and extracted 
with benzene. Evapoiatioii of beiizene extracts gave a dark 
tarry residiie which TT-aj siiblimed at  110-145' (1 mm) t o  give 
27 g ( 1'iyc) of yellow rals of mixed 2-acetylthienopyridines- 
nearlv eqiial parts Of id of 2-acetylthieiio[3,2-b] pyridine (2c) 
as dett:rmined by iiitegration of the acetyl proton singlets 
observed in  the iimr >pectruni taken in CCla, cf. Table I and 11. 

0 1 1  a 100-mg srale these isomers were separable by preparative 
tlc by means of $1 20 x 4tO-cm plate coated to a thickness of 1 mm 
with Brinkman aliirniirn (3 (activated at 110') and elution with 
benzeiie-CHCla (9: 1 b:r. volume) for 20 hr while the solvent 
overran the plate he visually apparent yellow band ap- 
proached the top  I- Spraying oiilg the edges of the plate 
with llragendorfi's l i t z 0  revealed the presence of an upper 
band (from which 32 mg of piire l i  \vas obtained), an intermediate 
zone iniised isomers), a'id a lower band (Zc, free of li but not of 
other impurities). 

On a larger scale the i:;onierc ncre separable by acid extraction. 
A soliit,ion of the crgstalliiie mixed isomers in slightly more than 
the minimiim qiiaiitity of benzene iras stirred vigorously with 
four times the voliinic of 1 *Y HC1 for 15-30 min. Layers were 
separated. Evaporalion of the benzene layer gave l i ,  free of 
2c but not of other impiu'ities. 

The :rqueniis layer wa:: basified with 40% aqueous XaOH and 
extracted with berizeiir. iintil the extract remained colorless. 
Combii iecl t>eiizeiie ex t rx ts  were evaporated nearly to satiiratioii 
and the entire extraction process was repeated a t  least three 
more times, biit with O.l.LO.2 S HCI instead of 12YHC1. For the 
final time, combiiid tieilzeiie extracts were evaporated to dryness 
to give Zc, free of l i  biii iiot of other impurities. 

Extraneoiis impiirit iei iii preceding fractions were removed by 
siiblimation at  80' (0.1 mm) for 3-4 hr. Two additional sublima- 
tions gave an analytically piire sample of 2c, obtained as pale 
yellow prilmr: nip l56--l5io; i i ,  ICHCI8) 1675 sm-l ( C - 0 ) .  

A n a l .  Calcd for C,lTjSOS: C,  60.99; H,  3.98; N ,  7.00; S, 
18.09. F o ~ ~ i d :  C ' ,  61.:!0; IT, 4.16; N,  7.75; S, 17.94. 

2-Ethylthieno [2,3-b] pyridine (le).-A mixture (1 g)  of isomeric 
2-acetylthienopyl.idiiie~ l i  aiid 2c (SOYo each), NaOH pellets 
(0.9 g), hydraziiie hydrate (0.9 nil), and diethylene glycol (14 ml) 
waj refirixed fur 1.5 hr, distilled to bp lY5', and then refluxed 
for 3 111. longer. Idditicm of water to the cooled mixture, extrac- 
tioii with benzene, aiid evaporatioii of the ertract gave 0.68 g 
(547,) of mixed 2-etli~lthieiiopyridiiies ( l e  aiid its [3,2-b]isomer, 
2:  1 by vpc and iimr analysis). T'pc with 10% Beritone 34- 
silicone oil separated l e  a:: a colorless liquid. 

A n d .  Calcd for  Co1lBTY: C, 66.22; H, 5.56. Found: C, 
66.38; 11, 5.80. 

The picrate was obtained as canary yellow plates from absolute 
EtOII, mp 205-209". 

6, S.17. 
5-Ethylthieno[2,3-b] pyridine (If)  and 6-Ethylthieno[3,2-b] pyr- 

idine (2e).-In the preceding manner l j  was reduced to If; and 
2d to 2e. The respective ethyl derivatives were isolated as the 
picrate:, ( 6 5 5 ,  mp 188-190" ; 83%, mp 238-239") and recrys- 
tallized from EtOR 1.0 give bright yellow needles (mp 192-193 
and 238.5-239.5", respectively). 

A n a l .  Calcd for Cl&[,2N407S: C, 45.92; H, 3.08; N,  14.28; 
S, 8.17. Found for If picrate: C, 45.94; H, 3.14; H, 14.07; 

AWL?. Calcd for CijITiJV40iS: C, 45.92; H, 3.08; N,  14.28; 
Found: C,  45.77; IT, 3.16; N, 14.07; S, 8.02. 

S, 7.88. Found for 2e picrate: C, 45.74; H, 3.07; S, 14.36; 
S, 8.13. 

Dissociation of the picrates with chloroform and alumina 
gave the purified ethyl derivatives as light brown liquids, used 
for nmr characterization. 

B-n-Butylthieno[2,3-b] pyridine (Ig).-To a solution of 1.37 g 
(0.01 mol) of 1 in 20 ml of anhydrous ether in an atmosphere of 
nitrogen was added (over a period of 10 mini 13 ml (0.02 mol) of 
1.5 M n-BuLi in ether. The mixture refluxcd gently diiring the 
addition. Thereafter, it was stirred at room temperature for 
30 min, while it acquired a deep red color. Water (10 ml) was 
added and the mixture was extracted with ether. Evaporation 
of the ether extract left 1.7 g of light yelloiv liquid (which turned 
dark slowly when neat, became black and giimmy iii CCL, but 
seemed fairly stable in ether). Addition of 20 ml of CS2 gave a 
deep red solution and caused the evoliitioii of TI?S-as evideiiced 
by a test with lead acetate paper. The sdirtioii wah stirred for 
30 min and evaporated. The residiial liquid wah chromato- 
graphed by means of 40 g of Briiikmaii neutral aliiniiiia atid 
eluents of cyclohexane (200 nil) and (theii) 1)enzeiie-cyclohesaiie 
(300 nil, 1 : 1 by volume). The first effliieiil yielded 0.9 g (475;) 
of liquid Ig, while a later effluent gave 0.5 g of light yellow 
liquid-shown by nmr analysis to consist largely (ca.  905; ) of 
recovered 1. Ypc of the former liquid with a biationary phase 
of Apiezon L on firebrick gave an analytically pure ..ample. 

A n a l .  Calcd for C1l€€l~NS: C, 69.07; €1,  6.85; 5 ,  7 . 3 2 ;  8, 
16.76. Found: C, 69.23; H ,  6.97; 3 ,  7.14; S, 1B.1!1. 

A picrate was obtained as yellow needle. from I<rOlT, mp 112- 
113". 

Anal. Calcd for Cl7HI6N40,S: C, 45.57; 11, 3.54; S ,  13.33; 
S, 7.63. Fouiid: C,  48.87; €1, 3.!)4; N, 13.47; S, 7.56. 

Reaction of Thieno [2,3-b] pyridine with Methyllithium. A .  At 
Room Temperature.-Following exactly the preceding directions, 
except that IIeLi was used (in place of n-BuLi), the reaction 
mixture was stirred for 90 min a t  room temperature, and the 
CY2 solution was stirred for 3 hr, there was obtained 1.2 g of 
crude, red liquid. Nmr analysis iiidicated that this liquid con- 
tained ca. 255% of l b  and 75% of recovered 1. 

At -25".--,4s before, 1 was treated with 31eLi in ether 
solution biit the reaction temperature was rnaintaiiied at  -25"  
and the time of stirring was 4 hr. To this ( Id ether soliitioii was 
added 2 ml (excess) of D20 (99.8 atom ( 1)). The resultant 
slurry was allowed to  warm (with stirring) to room temperatiire 
and treated with 10 ml of Rater. The ether layer, combined with 
ether extracts of the aqiieous phase, was dried fnTa2904), evnpo- 
rated, arid stirred with CS, for 2 hr. Evaporation gave 1.2 F: of 
yellow liqiiid iThich was chromatographed as before. From the 
cyclohexane eiflueiit (50 nil) was obtaiiied 15s nig ( l l % j  of 
liqiiid l b ,  identified by  nmr. From the IJciizeiie-cyclohexane 
eilliient (200 nil) ~ r a s  obtained 1.1 g (SOr,' ) of a light yellow 
liquid, identified as ca. a 1: 1 mixture of Z-deuteriothien0[2,3-b]- 
pyridine (11) aiid recovered 1. The iimr parameter> fiJr 11, 
as determined 011 this mixture, are giveii i l l  Tablc I .  

Reaction of Thieno [2,3-b] pyridine with Deuteriosulfuric Acid. 
--A wliition of 1 (0.5 g)  iii deiiteriosulf\iric acid (15 g, S5Yc 
solution i n  deuterium oxide) was heated a t  ! )S.3 '  while aliquots 
were removed periodically. Each aliquot poi,tioii was poured iiito 
water, basified with aqueous NasCOa, extracted iiito CC1, 
(dried), and analyzed by nnir for deiiteriiim iiicorporation. It, 
was assumed that no deuterium exchange occiirred in the pyridi- 
noid ring. The signal at 6 co. 7.1 (aziigneti to 133) disappeared 
much more rapidly than did that at 6 ca. 7 . 4  (asYigned to 112). 
After 10 hr the former signal had decreased by >9OCo TThile the 
latter had decreased ca. 10%. The nnir parameters for 3- 
deuteriothieno [2,3-b] pyridine ( l m )  aiid 2,3-dideuteriothieno- 
[2,3-b]pyridine (In) ,  as determined on these loliitioiis, are given 
in Table I. 
2,3-Dibromothieno[2,3-b]pyridine (lo] .--A mixture of 2.7 g 

(0.02 mol) of 1, 9.6 g (0.06 mol) of bromine, 1 0  nil of CClr, and 
50 ml of water was stirred a t  room temperature for 3 hr and then 
was evaporated. The residue w ~ s  stirred with excess Na-SOa 
and concentrated aqueous NH3. A CIIC13 extract of this mixtiire 
was evaporated and the residue therefrom was chromatographed 
by means of 20 g of neutral Brinkman alumilia and petroleum 
ether. From the first liter of effluent xas  obtained 1 g (175,) of 
needles: nip 96-97'; uv max (955;; EtOII j  236 niF (E : ; l ,OOO), 
282 (11,200), 258 (10,700), 299 (7860). 

A n a l .  Calcd for CTH3BrQNS: C, 28.70; €1, 1.03; BY, 54.55; 
N, 4.78; 8, 10.94. Found: C ,  2S.67; 1 1 ,  1.17; BY, 54.54; 

B.  

s, 4.53; S, 10.83. 
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Determination of the Absolute Configuration of a Spiro Quaternary iimmonium Salt 
via Stevens 
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The levorotatory isomer of 4,4‘-dimethoxy-l,l’,3,3’-tetrahydrospiro[i~oindole-2,2‘-isoindoli~im] bromide (2b) 
underwent Stevens rearrangement to  give ( - )-4,8-dimethoxy-5,7,12,12a-tetrahydroisoindolo[2,l-b] isoquinoline 
(5a). The absolute configuration of the latter substance was shown to be S by ozonolytic degradation to a de- 
rivative (6) of (S)-aspartic acid. The distribution of methoxy groups in 5a was determined by nmr spectroscopy. 
These results permit an assignment of the R configuration to the levorotatory spiro salt, in accord with Lowe’s 
nile, the helis conductor model and the Eyring-Jones model of optical activity. It is pointed out that a seeming 
failure of these rules and models in another substance might be due to swamping by other long-range effects. 

LO\+ has pointed out that allenes having the ab- 
solute configuration 1 are dextrorotatory at the sodium 
D line when A is more polarizable than B and X is more 
polarizable than k’. This rule, like the “conformational 
dissymmetry rule,”j can be arrived a t  by use of a 
helical conductor model of optical activity.2a Lon-e3 
suggested further that this rule may be applicable to 
other axially dissymmetric series of compounds, as the 
spirans, but doubt on this latter point has been raised 
by the recent work of Krow and Hill.5 We wish to 
report our assignment of the R configuration to the 
levorotatory isomer of the spiro quaternary salt 2b, 
consistent with LoIve’s rule3 and with the Jones- 
Eyririg model of optical activity6 and to suggest n 
reason for the seeming failure of Lowe’s rule for the 
compound of Iirow and Hill. 

1 

2a, % = H  3 
b, Z=OC” 
c,  z= KO) 

4 

Racemic 2b was prepared from 3-methoxyphthalic 
anhydride’ via reduction with lithium aluminum hy- 

(1) IX. A Useful Model of Optical Acitivity. 
(2) (a) VIII: J. H. Brewster, “Topics in Stereochemistry,’’ Vol. 2, K. L. 

Allinger and E.  L. Eliel, Ed.,  Interscienoe Publishers, New York, N. Y . ,  1967, 
p 1. (b) VII: J. H. Brewster and J. G. Buta, J .  Amer. Chem. SOC., 88, 2233 
(1966). 
(3) G. Lowe, Chem. Commun., 411 (1965). 
(4) J. H. Bremster, J .  Bmer. Chem. Soc., 81, 5475 (1959). 
(5) G. Iirow and R. li. Hill, Chem. Commun., 4x0 (1968). 
(6) L L. Jones and H. Eyring, Tetrahedron, 18, 235 (1961); J. Chem. 

(7) J. E. Leffler snd B. M. Graybill, J .  Phus. Chem., 68, 1457 (1959). 
Educ., 88, 601 (1861). 

dride,s treatment of the diol with phosphorus tri- 
bromide and reaction of the crude dibromide with 
ammonia. I ts  nmr spectrum xias comparable n i th  
that of a sample of the unsubstituted spiro salt 2a 
prepared by reaction of o-xylylene dibromide with 
a m m ~ n i a . ~  The quaternary hydroxide, formed by re- 
action with silver oxide, gave a salt with d-camphor- 
a-sulfonic acid that could be resolved by crystallization 
from acetone-methanol mixtures. The less soluble 
diastereomer gave the levorotatory spiro bromide, 
[MID -41”, on treatment with hydrogen bromide in 
methanol. The rotation varied only slightly M ith 
concentration but could be more than doubled by the 
addition of several equivalents of lithium bromide, 
indicating that the counterion also plays a role in 
determining the rotatory properties of this substance. 
The ORD curve of a dilute solution in methanol showed 
a relatively small negative Cotton effect, amplitudelo 
[a = -14 (270-250 mA)] on a strong negative back- 
ground, [nl],,, - 10,600. 

The unsubstituted spiro quaternarv salt 2a has been 
shown by Wittig” to undergo a Stevens rearrange- 
ment12 with strong bases to form 3 (necessarily racemic). 
Optically active bases of the series 3 contain an asym- 
metric center that might, in analogy with the work of 
Corrodi and HardeggeF with alkaloids containing 
the tetrahydroprotoberberine nucleus, 4, be related to 
that of a derivative (6)14 of aspartic acid (7), the con- 
figuration of which is known.15 I t  is to be expected, 
on the basis of earlier ~ 0 r k , 1 * ~ 1 6 ~ ~ ~  that the bond-break- 

(8) E .  L. Schumann, hf G. Van Campen, JI  , and C.  H Tilford, J .  Ow. 

(9) M. Soholz, Ber , 24, 2402 (1891). 
(10) C. Djerassi and W. Klyne, J .  Chem. Soc.,  4929 (1962) 
(11) G. Wittig, H .  Tenhaeff, W. Schock, and G .  Iioenig, Ann. ,  672, 1 

(12) T .  S. Stevens, Progr. Org. Chem., Vol. 7, J. W. Cook and W. Car- 

(13) H. Corrodi and E. Hardegger, H e l v .  Chzm. Acta, 89, 889 (1956). 
(14) S. Korman and H. T .  Clarke, J .  Bzol. Chem., 221, 113 (1956). 
(15) J. P. Greenstem, Aduan. Protezn Chem., 9, 184 (1954). 
(16) J. H. Rreilster and M .  W, Kline, J .  Amer. Chem. S O P ,  74, 5159 

(17) R. K Hill and T. H. Chan, zbzd., 88, 866 (1966) 

Chem.,  28, 763 (1958). 

(1951). 

ruthers, Ed.,  Plenum Press, N e w  York, Ii. Y , 1968, p 48 

(1952). 


