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Thieno[2,3b]pyridine (1) was warmed at 45 + 7° with diazotized 4-nitroanili@g ((nolar ratiol:2 =
3.6:1) in buffered (sodium acetate-acetic acid) aqueous solution until gas evolution ceased. The reaction
mixture was separated into these fractions: (a) water-soluble (discarded), (b) acetone-soluble (tars), (c) ether-
soluble, and (d) ether- and chloroform-soluble, but acetone-insoluble (rust-colored¥ali?% yield as
4-nitrophenyld isomers 3). Fractional evaporative distillations of (b) and (c) gave recove(é8%) and
yellow-red sublimatesZ, 20% vyield a8). Y andZ were handled separately for isolation and identification
of isomers [2]. Three general methods for predicting the isomeric rat®svbich one should obtain are
presentedyiz. (1) an amalgamation of reported free-radical phenylation results for quinoline and
benzop]thiophene, (2) calculations of Frontier Radical Densities for positions 2-6 only, and (3) Molecular
Orbital calculations for electron densities and superdelocalizabilities for free-radical attack at positions 1-7,
as modified by a proposed rearrangement of the attacking group from the heteroatomic N and S positions to
adjacent alpha positions.
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Over a period of years Klemm and coworkers haveof 4 (28%) > 3 (21%) =2 > 7 (18%) > 5 plus 6 (12%) i[€],
investigated orientation rules for electrophilic and42% substitution into the thiophene ring or a ratio of 1.2:1 for
nucleophilic substitution into thieno[23pyridine 1). In  free-radical substitution into rings A/B expectedlin
general it was found that electrophilic substitution occurdAddition of 2,4-dinitrobenzenediazonium bisulfate to an
in the thiophene ring, predominantly at the 3-position.equimolar amount d in glacial acetic acid, plus stirring at
Contrariwise, nucleophilic substitution (as exemplified by0° for 52 hours produced crystalline mono- (26%) and bis-
reaction with alkyllithiums) occurs in the pyridine ring at (14%) 2,4-dinitrophenyb derivatives, suggested to result
the 6-position by a process of addition-elimination.from 2- and 2,3-substitution, respectively, but without exper-
However, lithiation also takes place at the 2-position in thémental verification. In addition, 48% of unreactgédvas
thiophene ring [3]. These results and others led to theecovered [8]. Irl, positions corresponding to 7 and &in
interpretation thafl exhibits a substitution pattern which and 7 in5 are not available for substitution. From analogy
one would expect for an amalgamation of the patterns fowith the other preceding data, one would expect free-radical
quinoline @) and benzd{Jthiophene ) [3,4]. We now  4-nitrophenylation ofl to occur in the order 3,4>>2,5,6.
report the results of our studies on 4-nitrophenylatioh of Klemm and Dorsey studied competitive free radical
to see if this concept of amalgamation of substitutiom-nitrophenylation of pyridine and thiophene under
patterns extends to free radical reactions also. conditions somewhat more acidic than those used in the
present study [9]. They found that thiophene is more
reactive than pyridine (in a ratio of 1.3:1) and, in agreement

Apparently neither quinoline nor benkfihiophene has with reports from other workers [10], that substitution
been subjected to free radical 4-nitrophenylation. Howeveglpha to the heteroatom predominates in both rings. Klemm
phenylations of both compounds have been described and
2,4-dinitrophenylation ob has also been investigated. The
most definitive results on the isomeric ratio of phenyl- No S N _S

quinolines formed from reaction @f were reported by (e | & |2 OZNO—NHz A @Noz
Vernin, Dou and Metzger who thermally decomposec ? X
1

Predictions on Free radical Substitution ifito

benzoyl peroxide in excess quinoline at 110° and analyze 2 3

the product mixture by gas chromatography plus comparisc a: 2-isomer, b: 3-isomer
of effluent fractions withbona fideisomerically pure ¢ 4-isomer, d: 5-isomer
reference samples [5,6]. The isomeric ratio found was ! e: G-isomer

(32%) > 5 (22%) > 4 (18%) > 2 (11%) > 3 (6%% (17 [5],

i.e. 35% substitution into the pyridine ring. Treatment of an . s s
equimolar mixture ob and benzene (both in excess) with | s 6®2 OENO—N:NOAC
N-nitrosoacetanilide at 40° for 50 hours plus product analysi R s ’

as before gave isomeric ratios for phenylbenidapphenes 4 5 6



186 L. H. Klemm and K. Miller Vol. 38

Scheme 1
Workup of reaction mixture
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and Dorsey proposed that attack by an electron-seeking freamd coworkers [14] had employed Hiickel MO reactivity
radical (such as 4-nitrophenyl) will occur preferentially atcalculations for predicting free-radical attack at these 7
the heteroatom (S or N), where electrons are readilpositions, as based on eitfreelectron density or superdelo-
available, but that a rearrangement of the free radical wiltalizability, Sradical To obtain quantitative predictions for the
occur to an alpha positiana a three-center reaction mech- isomeric ratios to be found, we assume here that only direct
anism [9,11]. Since the sulfur atom of thiophene should fursubstitutions occur at positions 3,4, and 5, while those at
nish an electron more readily than the nitrogen atom opositions 2 and 6 are additive as based on direct attacks there
pyridine one can rationalize the greater reactivity offlus rearrangements from attacks at positions 1 and 7,
thiophene. Extending the Klemm-Dorsey concept td€spectively. These quantitative data are shown in the last
compoundl leads to the prediction that 2-(4-nitrophenyl)- three columns of Table 1.
(3a) should be the isomer obtained in highest yield. Observation of Table 1 shows four separate
Holland and Skancke [12] calculated Frontier Radicadistributions of yields, which should be experimentally
Densities (FRD) for positions 2-6 by means of CNDO ~ distinguishable from one anothesiz. (1) FRD which
Molecular Orbital theory. If one assumes that the isomeri@redicts the order of isomeric yiel@6 > 3a> 3e> 3c >
yield for each position decreases linearly with its FRD3d, (2) Huckel, essentially identical for eithey(m) or
value, then one predicts the quantitative substitutior'adical where one ha3a>3e>> 3b > 3c = 3d, (3) PPP
pattern of 3 (32%) > 2 (26%) > 6 (20%) > 4 (15%) > 50r CNDO for q(m), where3a>> 3e>>3b = 3c= 3d, and
(6%), as shown in Table 1 [13]. (4) CNDO for g(o), or g(o + 1), where3a = 3e>3b =
Additionally, Holland and Skancke used Pariser-Parr-Popl8c = 3d. These orders all differ from the prediction3if,
(PPP) and CNDO MO calculations for predicting free-radicaBc >> 3a, 3d, 3e for amalgamation of the results from
attack orl at positions 1-7, as based on thand/orc-elec- phenylation of quinoline and benzgfhiophene
tron densities, gwherer is the position ord. Earlier, Klemm  conducted under reaction conditions considerably
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Table 1

Predicted Distribution of Isomeric Mono(4-nitrophenyl)
Derivatives of Thieno[2,®]pyridine (1) from Free-radical Substitution

Isomeric Distribution (%) as Based on the

Positionr Product method of calculation [a]

inl formed FRD [b] Huckel [c] g [d] q(o+m) [e]
2 3a 26 32-34 37-38 31-32
3 3b 32 16-17 12 13
4 3c 15 12-13 12-13 13
5 3d 6 11-14 12-13 13
6 3e 20 25-26 25 29-30

[a] See text for process of calculation. [b] Frontier Radical Density from CNDO (Complete Neglect of Differential Ovenldgtjaadc See references
[12,13]. [c] From Hiickel MO calculation for eithey @) or § radical See reference [14]. [d] From data presented by Holland and Skancke for either
CNDO or PPP (Pariser-Parr-Pople) methods. See reference [12]. [e] From CNDO data presented by Holland and Skancke(for aither ay

g,(o + ). See reference [12].

different from those used in the present study. Aghat this intermediate undergoes thermal dissociation

indicated later [2], distributions (2) and (3)e. according to equation 1. As indicated by the isolated

calculations of gm) plus rearrangements from positions products, the overall free-radical substitution is then

1 and 7, lie closest to experimental observations. represented by Equation 2, whereby the acetoxy eitity

serves to abstract a hydrogen atom fiband the 4-nitro-

phenyl group replaces a hydrogen on the ring. The yield of
The experimental procedure was a variation on th& was 35% as based on the amoun? afed and 32% as

Gomberg-Bachmann-Hey diazoacetate method for synthedimsed on that df used. No side products were isolated.

of a biaryl [15-17]. As used by Hey and coworkers [16], an

acidic aqueous solution of an aromatic diazonium chloride

General Experimental Procedure

was mixed with the aromatic reactaetd. benzene or a 6 A, 02N©-+N2+-0Ac
monosubstituted benzene, used in excess) and then the m

ture was slowly basified by dropwise addition of an aqueou 7 8
solution of sodium acetate at a reaction temperature of 5-25 Equation 1

In our procedure a cold, aqueous solution of 4-nitrobenzent

diazonium chloride in excess hydrochloric acid was adde

slowly to a stirred mixture (originally at room temperature) of 6+1— 3+N,+ HOAc

excess thieno[2,B}pyridine (1) (a liquid) and anhydrous

sodium acetate (2 moles per mole of acid used) [18]. The ra

of addition of the diazonium solution was controlled so that

the reaction mixture remained near 45°, while nitrogen gas Processing of the reaction mixture is described in the

was evolved at a convenient rate. In contrast to the Hefgxperimental section and outlined in Scheme 1.

method the concentration of water was kept low during the

4-nitrophenylation of, so as to limit a possible side reaction EXPERIMENTAL

of phenol formation, and the reaction mixture remained basic

or buffered (expected final pH 4-5) throughout the process, . . . -

Thus, at no time should reactah{pK, 2.75 [19]) have 4-Nitrophenylation of Thieno[2,Blpyridine (L).

existed in a protonated form during the free-radical arylation. A solution of 4-nitrobenzenediazonium chloride was

In an effort to avoid the formation of bis-(4-nitrophertyl)- prepared from 14.2 g (0.103 mole) of 4-nitroaniligg @0 ml

products, compountl was used in 260% molar excess over(0.24 mole) of concentrated hydrochloric acid, 7.1 g

that of 4-nitroaniline 2), the source of the diazonium (0-103 mole) of sodium nitrite, and 20 ml of water at 0°

chloride. That this goal was achieved was established by @llowing a standard procedure [22]. This cold solution was
. .  added slowly (over 35 minutes) to a mechanically stirred

mass spectrum on a crude, mixed reaction product whic

Lo . ixture of 50 g (0.37 mole) of distilled thieno ridine
indicated that less than 2 mole % of the mixture could b%l) and 39.6 g E0-48 m0|e)) of anhydrous So[ﬁy acetate at

disubstituted. _ _ ‘such a rate that the reaction temperature spontaneously
It is generally proposed that the active arylating agent ifiemained at 38-51°. Thereafter, external heat was applied to

the Hey procedure is an aryldiazoacetate, 4-nitro-  maintain a temperature of 40° for 2 hours. These conditions

phenyldiazoacetates) in our reaction, [15,16,20,21] and caused controlled evolution of nitrogen gas. The mixture

Equation 2
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(volume 210 ml) was then allowed to stand for two days at [6] Less definitive studies using benzoyl peroxide were described
room temperature and poured into 1.2 L of water and 300 mity H. J. M. Dou and B. M. Lynci]. R. Hebd. Seances Acad. 3262C,
of ether. The two liquid layers and the black, gooey tar whicht537 (1966)Bull. Soc. Chim. Fr 3815 (1966)], D. H. Hey and E. W.
formed were separated. The tar, which clung tenaciously t§/@lker B. Chem. Soc2213 (1948)], and K. H. Pausackexugt. J.
the glassware, was dissolved in acetonield infra). The hem, 11, 200 (1958)]. ) .
. [7] P. Spagnolo, M. Tiecco, A. Tundo and G. Martelli,Chem.
aqueous layer was extracted with more ether and theB,. "perkin 1556 (1972).
disc_arded. Combined ether Iayt_ers_ were evaporated at water ’[8] M. Bartle, S. T. Gore, R. M. Mackie and J. M. Tedder,
aspirator pressure and then distilled to recover unreactednhem. Soc., Perkin 1636 (1976).
thienopyridine, bp 68-70° (0.1 mm), yield (after combination [9] L.H. Klemm and J. Dorseyi. Heterocyclic Chem28, 1153
with small purified amounts from processing of acetone(1991).
solutions) 34.5 g (0.256 mole, 69%). The black residue from [10] See references given in [9]. o _
this distillation was triturated with acetone to leave 3.52 g of _ [11] Bartieetal proposed a similar three-center reaction involving
rust-colored solid, of which 3.42 g (designa¥dvas soluble initial attack of an ArN cation on the sulfu_r atom in thiophene as "a Pew
in chloroform (0.10 g discarded). The solvent was remove ype of aromatic [alpha] _substltutlon which has no exact parallel” [8].
\ . . oss of a proton and of nitrogen gas then follow.
from the comblned_ acetone_ solutlon_s at water aspirator Prés-"115] 'A. Holland and P. N. Skanckécta Chem. Scand26, 2601
sure and the residue which remained was evaporatlvelylgn).
distilled at 0.3 mm to give impuré at temperatures below [13] FRD values for the corresponding positions are 0.27, 0.22,
100° and a yellow-red sublimate (designa#®d5.81 g, mp  0.17, 0.13, and 0.05. Note that no involvement of heteroatoms N and S is
170-185°) at 100-205°; total yield of solids 9.23 g, indicatedassumed in this case.
by a mass spectrum [23] to be almost exclusivg&ly35% [14] L. H.Klemm, C. E. Klopfenstein, R. Zell, D. R, McCoy and
yield, based o2 used; or 32%, based on non-recovelid " A[lg]lemvr\.rl]JE Ol'jrgcr?r:;nf:n?; (:/Lk%li))'ffman in Organic Reactions
Thin-I r chrom raph ili hloroform or . o ’ '
Ch|OrOfO?r):ﬁet(f:Iylgceatlgc:g-?'pl)yogarclg;?r%ﬂ:c;tec:j Otf?at foour Vol. 2, R. Adams, ed-in-chief, John Wiley, New York, 1944, pp 224-261.
) . . [16] J. Elks, J. W. Haworth and D. H. Hey, Chem. So¢.1284
(or more) components were present in each portion. The tot 1940).
amounts ofY andZ were fractionated by column chromatography [17] A.W. Johnson). Chem. Soc895 (1946).
(silica gel/chloroform) with an average 93% recovery by weight  [18] Compare the procedures of S. H. Korzeniowski, L. Blum and
of crystalline solids. Liquid and tarry fractions were discarded.G. W. Gokel [Tetrahedron Lett.1871 (1977)] and of J. R. Beadle, S. H.
Identical fractions, as based on appearangealRies, and mp, Korzeniowski, D. E. Rosenberg, B. C. Garcia-Slanga and G. W. Gbkel [
were combined and either recrystallized to analytical purity ofrg. Chem.49, 1594 (1984)]. In an earlier experiment in our laboratory
separated further by thick-layer chromatography. Structural'e reacted dry 4-n|trobenzened|azo_n|umtetraﬂuoroborate [E. B. Starkey,
identification and properties of three analytically pure productsrd: SYn- Coll. Vol. 2, 225 (1943)] with a 2-molar amount of anhydrous
. . potassium acetate and excégsliluted with 7 volume % of acetonitrile)
are presented in a following paper [2]. in the manner described in the second of these references. However, the
procedure was abandoned when it was found that the products from the
REEERENCES AND NOTES reaction showed extraneous nmr signals, perhaps due to the presence of
fluorine therein.
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