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Ab&act-2-Acc1am~do-3~1hiophcnccarboxylic acid elyl es1crs I have been healed m HMPT IO rcflux Iempcra1urc 
IO produce 4.6bisJdime1hylamino)rhkno(2.3-b]pyndincs 7 Subsri1ucn1s in the 4 posifion of lhc Ihiophcne ring were 
found IO exert skric hrndrance on Abe rcacImn. Only a mulIisIcp mechanism can accounl for rhc produc1 7. The 
mIerrnediaIes 2-S were also isolated in Ihe reaction of II wth HMPT. 

In earlier investigations it was shown that Z&bis(di- 

methylamino)quinolines could be obtained directly by 
IWO different ring closure reactions. They were prepared 

in 2F3VZ yield simply by heating an appropriate aniline 
in ethyl malonate and HMPT’ (Scheme I). 

The alternative procedure was IO heat N-acctyl- 

anthranilic esters in HMPT to reflux temperature.’ Even 

though the yields were rather small in the first reaction, it 

seems nevertheless to be superior to the latter. because 
substituted N-acctyhnthr~nilic esters in many cases are 

not easily availahk. 

However. the two synthetic meth& arc corn. 
plementary to one another. For syntheses of thieno[2,3- 

blpyridincs simple 2-aminothiophencs arc unsuitable star- 

ting materials as they arc quoted to be very unstable.’ On 

the other hand ethyl ?-acetamido-3-thiophenccarboxylatcs 
are easily available from the corresponding aminocom- 
pounds. which can be synthesized directly from sulphur 

and ethyl cyanoacctate’ (Eq. I). 

4.bBis(dimethylamino)thien~2,3-blpyridincs were 
produced by heating ethyl 2-acetamido-3- 
thiophencarboxylates in HMPT IO reflux tcmperaturc 
(Table I). 35-M% Yields were obtained for starting 
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Tahk I 

SIarIing 
material R R’ R: Product 5% 

Is H H CHI 71 48 

lb H H CH,CH, 7b 35 
IC H H CH(CH,b lc 31 
Id H H C*H, 76 39 
It H CeH, H lt 0 
If H 4’H,-<‘H,-(‘II,- 71 6 

h H CH, CH, 7g IO 

9 CH$H, H (‘H, IO 24 

materials substituted with an alkyl or a phcnyl group in 

the S-position (In-Id). For substitution in the 4position 

with methylene or methyl groups (If and 10) the yields 
dramatically decreased to less than lot/c. which probably 

was due to steric hindrance. With a phcnyl group in the 

Cposition of the thiophene ring (le) this effect was even 

more pronounced as the corresponding thieno(2.3-bjpy- 

ridine could not bc isolated. 
In order to isolate the intermediates in the reaction of 

Is with HMPT. the temperature was lowered from 

-235” to 207-V and the thienol[2.3-b)pyridine 7r could 
not then be isolated. The 3thiophcnccarboxylic acid 2 

was isolated in 2% yield. the 3-thiophenccarboxamide 3 

scnsnt I 

?om 



E. B. Pmras:ms~li and D. CARLXS 

70 6 

wwlW2 

in 1% yield, the amidine 5 in I% yield. These in- 
termediates suggest a multistep reaction pathway, which 
is like the one found for reaction of 2-acetamido- 
benzoates with HMPT, whereby 2,4-bis- 
dimethyhminoquinolines were formed’ (Scheme 2). In 
the first step, the starting material 1 is dealkylated to 

produce the carboxylic acid 2. which is transformed into 

the carboxyamide 3. The latter step is very likely, as the 

synthesis of N,Ndimethylcarboxamides by heating the 
corresponding carboxylic acids in HMPT is well 
known.‘” Also it is known that N.Ndimethylamidines 

are produced when secondary carboxamides are heated 

in HMPT.” Therefore, it may be assumed that the 
amidine 6 is formed in the next step by reaction of the 
amide 3 with HMPT. The Idim- 

cthylamino)ethyleneamino group is then believed to 
tautomerize to a reactive enamine, which may be in- 

tramolecularly acylated by the carbamoyl group to give 

the dhydroxythieno[Z.Eb]pyridine 6. The fast step is 
then replacement of the OH group with a dimethylamino 
group. Also this transformation is very likely as HMPT 

has been shown to replace OH groups of heterocyclic 

aromatics with dimethylamino groups at elevated tem- 
pcraturc.’ In the reaction of the thiophene la with 

HMPT. the amidine 4 also was isolated in 14% yield. 
This indicates an alternative pathway to the product 7. 
The amidine may be formed from the starting material. 
The ester 4 is then supposed to undergo a dealkylation 
reaction. The acid formed by that. is transformed into 
the carboxamide 5 and the reaction proceeds further 
forward as above. Alternatively the amidine 4 may un- 

dergo a direct ring closure reaction to the 4 

hydroxyquinoline 6. which then as above is assumed to 
undergo further reaction. 

As mentioned above substitution at the Cposition 
caused steric hindrance to the formation of the thieno- 
[2,3-blpyridines. In the reaction of the carboxamide 
Ic in HMPT at reflux temperature only the amidine 8 
could be isolated in 47% yield and 4,6bis(dimethyl- 

amino)_Ephenyl-thienoo[2,3-blpyridine couki not be 
detected in any fraction obtained by chromatography of 
the reaction mixture. By comparison with Scheme 2 it is 
seen that the amidine 8 is the intermediate which should 
undergo the ring closure reaction, if the thieno[2.3- 
blpyridine was formed. However, as the reaction stop- 
ped at g it may be concluded that it is the very ring 
closure reaction which can be sterically detained by 
substitution on the Cposition of the thiophene ring. 

In compound 9, where the acetyl group of la is rc- 
placed by butyryl. the corresponding thieno(2,3- 
blpyridine 10 was produced in 24% yield, Scheme 3. The 
dithinodiazocine II also was isolated in that reaction 
and it may be assumed that this ring system is formed 
from two molecules of 2-amino-S-methyl-3 
thiophenecarboxylic acid ethyl ester, which may be for- 
med by deacylation of the starting material. 

ExrERt..AL 

In ail experiments comuwclal HMPT (Prerretiuc-Auby) was 
used. 

2-Amino~2-fLophnrcarboxvlic CSIWS were prepared as der- 
crikd by Gcwatd n al.’ 

2-Amino-5-iropropyl-3-lhioph~ntcarboxylic acid ethyl ester. To 
ethyl cyanoacetate (6.30) and S (12.8g) m DMF @Oml). 

;2i 
N= -W, 
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ticthylamioc (.Wml) was added under stirring. To this soln 

3.mcthylbuusnal (34..Cg). was added dropwiv and rhe temp. 

Increased IO 55’. Af1er stirrmg I hr. ~hc mixture was poured tnlo 
600 ml HrO. whrch was extracted with e1bcr. The c&r phase was 

dried over K,CO,. Usbllation lobI lU’/O.Ofl gave 34.4g (40%) of 
the 1itJc compound; n,,” = I.5507 SMR 6 (CDCI,): 1.25 (d. 

J = 6 7 Hz. 6H). I 35 (I. J = 7.0 Hz. 3H). 2.87 (h. d. J = 6.7 Hz and 
J = I.2 Hr. IH). 4.26 (q, J 7 7.0 Hr. !H) 6.00 (broad s. 2H). 6.61 (d. 

J - I ! HJ. IH). IR ((‘Cl.) cm ‘: 3490 (NH). 3320 (NH). and l6?5 
fC = 0). UV (96% ErOH): A,. - 22s nm (log e = 4.51). A,. - 
261 nm flog e = 3.70). A,. = 305nm (log t - 3.79) (Found: C. 

56300; H.7.ll:N.6.5I.S. 14Pd.~~,,H,,NO$requ~es:C.M.32:H. 
7.09; N. 6.57. S. I.c.ocMc). 

2-Acclamido-3-thiophenecarboxyhc acid ethyl esters (General 

procedure). ‘Ihex were prepared by refluxmg UK corresponding 
amino compound with excess AcrO in anhyd AcDH for I hr. The 
mit1urc was poured inlo wa1cr and the product was collec~cd by 

fihrabon. washed wuh water and recrystallized from EIOH-H,D. 
Correct analyses were obtained in ah cases. 

2 Acefomido - 5 methyl - 3 rhiophenecar6oxylic acid ethyl 
ester II. Yield 78%: m.n. 75-6”. NMR d ~CDCII): 1.40 (I. J = 

7.5 Hr. 3H). 2.30 (s. 3Hj. 2 40 fd. J I I2 Hr. 3H) 4.34 (q: J = 

7.5 Hz. 2H). 6.87 (q. J = I.2 Hz. IH). 
2 - Acdamido - ? iso pmpyl - 3 . rhiophenecarboxylic acid 

erhyl ester (Ic). Yield 89%; m.p. 54-5’. SMR GfCDCIs): 1.30 fd. 
J - 6.9Hz. 6H). I.36 (I. J = 7.0Hz. 3H). 2.25 (s. 3H). 3.04 fh. 

J - 6.9 Hr. IH). 4 31 (q. J = 7.0 Hz. ZH). 6.79 fd. J = I.0 Hz. IH). 

10.80 (broad s. IH). 
2 Acdamido 5 . phenyl . 3 thiopheneca*lorylic acid ethyl 

ester (Id) Yrcld RI%; m.o. IOM” NMR &ClXI,): 1.41 (1. 
J = 7 Hr. 3H). 2 32 fs. 3H). 4.39 (q. J = 7 Hr. 2H) 7 2-7.8 (m. 6H). 

II.0 (broad s. IH) 
2 Aceramido 4.S . trimethylene . 3 - thlophenecar6oxylic 

acid ethyl esfer (10. Yield 89%; m.p. ‘X+9”. NMR 6(CDCI,). I.uI 

(I. J = 7.3 Hz. 3H) 2.30 (s. 3H). 2 2-2.6 (m. 2H). 245-3 0 (m. 4H) 
4.30 (q. J = 7.3 Hc. 2H). II.0 (broad s. IH). 

2 Butvmmido 5 . methyl . 3 rhiophenecarboxylic acid ethyl 
ester (O).‘! . Amino - S . methyl . 3 - thiopbcnecarboxybc acid 

ethyl ester (32 g), bury+ anhydride (34 g). and bmyric acid f.(O ml) 
were heated IO 110” for I hr. The reaction mixture was poured inro 

waler and exbackd with ether. The ether phase was washed with 
3 x 100 ml 2 M SaOH. I)lsGJlatron 1344VO.06 mm gave 408 W356) 
of IRK talk compound; m.p. 33’ (petroleum ether). NMR 
&CDCl,): I.01 (I. J = 7 Hz. 3H). I.36 (I. 7.1 Hz. 3H). I.80 (scxre~. 

J 2 7 Hr. 2H). 2.38 (d. J - I.2 Hr. 3H). 2.48 (I. J = 7 Hr. 2H). 4.30 
(q. J = 7.1. 2H) 6.77 (q. J = I.2 Hr. IH). IO.77 (broad s. IH). 

4.6 BIs(dimethylamino) 2 - merhybhreno]2.3-blpyridine (fr). 
la (IO g) and HMPT (50 ml) were heated in a distillalan flask on 
a silicone oil bath. 250”. for 3 hr. The mixrun. which was allowed 
to cool IO IW, was then poured Mao ice and Xl ml 2 M NaOH. 
and extracted 3 x IO0 ml ether The ether phase was exkac~cd 
with 4 M HCI The waler phase was then made alkaline with 2 M 

NaDH and extracted with ether. The orgamc phase was dried 

over KrCO, and the e&r WBS stripped ol?. Sublimation of 

0.05mm Hg gave 5.00 (4#F) 71. mp IW (petroleum ether 

6UO’-CCl,). NMR gfCDCl,): 2.68 fd. J = 1.3 Hz. 3H). 3.00 fs. 
6H). 3.06 (I. 6H). 5.73 (I. IH). 6.86 (q. J = I.3 Hz. IH). IR (CCL) 

cm ‘: 1575 (strong). 15643 (shoulder). 1530 fslrong). 1400 (strong). 
11413 (strong), 740 (strong). UV (WC ErOH): A,. 2 213nm flog 
e = 4.24). r _ - 265 nm- (loge = 4.44). A,, = 293 nm flog c = 

4.21). (Found: C. 61.15; H. 7.11: N. 17.70; S. 13.67. C,,H,,NS 
req&&: C. 61.25; H. 7.28; N. 17.86: S. 13.60%). .- ‘. 

Perfonance of Be aboce nocrion at decreased temperarun. 
Ir (10.76) rtml HMPT (50 ml) were heated in a dis1iJlation ilask 
on a silicone oil baL. 230’ (reaction temp. 207-v) for 3 hr. The 

mixture. which was allowed IO cool lo loo”. was then poured into 

ice and 200 ml 2 M NaOH. and extracted with 3 x 100 ml ether 
Tbc organic phase was washed with SOmJ HrD. dried over 

KICO,. and the efhcr was stipped off. The resdue was treated 
wilh pcrrdeum ether and 4.5 g (42%) of the srarring maletiol la 
preclpitatcd. The mother liquor was subrcred IO preparative 
TLC. Using silka gel as supporting material ad elhcr for 
clubon: (a) 0.15 g (2%) 2 amino - 5 methyl - 3 fhiophenecar- 
boxylic acid ethyl ester R, = 0.78. (b) 0 6g (6%) Ir. R, = 0.69; (c) 
I.70 (14%) 2. II’ - (dimethyIamino)ethy/ideneamino] - 5 . merhyl 
. 3 . thiophenecarboxyltc acid ahyl ester 4. R, = 0.49. b.p. 

l2710.08; no” = 1.5744. NMR IfCDCI,): I.25 (I. J = 7.2 Hz. 3H). 
1.95 (s. 3H). 2.30 (d. J - I.?Hr. 3H). 3.07 Is. 6H) 4.15 (q. 
J = 7 2 Hr. 2H). 6.76 (q. J = 1.2 Hz. IH). IR (CU.) cm ‘: 1700 
(strong). 1595 (strong), 1395 (strong). 1235 (strong). I I50 (3trongh 

UV (96% &OH): A,,,, = 22s nm (log t = 4 49). Aa. = 3@!3 nm (kg 

c = 3.88). MS. m/e (96): M’ zS4 (100). 209 001. 208 04). Is? (35). 

164 (20). 152 (21). 140 (31). 1311 (24). 70 (23). 56 (76); fd) O.IJg 
(1%) N.N - dimethyl . 2 . aceramido 5 . methyl 3 . thio- 
phenecorfwxamide 3. R, = 0.26. m.p. 147-8”. NMR 6fCDCIr): 
2.20 (3. 3H). 2.40 (d. J - 1.2 Hz. 3H). !.I! (2. 6H). 6% (q. 
J = I.2 Hr. IH) 10.78 (broad 3. IH) IR (CCL) cm ‘I: 16% (strong). 
1605 Wrong). 1560 (mcdmm). 1525 (strong). 1390 (strong). 1 I50 
(strong). L’V (96% EIOH): ??I nm (log e = 4.22). 294 nm (Jog t = 
3.91). MS m/r f%): M’ 226 (52). I84 in). I41 (IS). I40 CIOO,. 139 
(78). I I2 (12). 72 (17). 46 (23). 44 (21). 43 148). (e) 0.14 P 11%) N.N 
- dimethyl 21 I’ - dimefhybminoMhv/ld~amino’] . 5 %eth$ . j 
rhiophenecarhoxamide 5 (liqmd). R, OO! NMR &CDC’I,). 
2.00 fs. 3H). 2.33 (d. J = l.OHr. 3H). 300 fs. 6H). 3.07 (s. 6H). 
6.48 (q. J - I.OHr. IH) MS M’ = 253.1262 C,,H,*N,OS 
requires M’ - 253.1249. The water phase. which above was cx- 
tracted w101 ether. was then cxtracred with 3 x SOml CHCII. 
CDcIr was stripped off. and HMPT subsequently disblkd otf at 
-M/O.1 mm. Ry trcatmtnr of rhc residuum wnh ether further 
0.460 (496) of crystalline 3 was obtamcd. The water phase. whrcch 
was extracted above with CDCI,. was acdificd. and exfracrcd 
wiLh ether. Evaporarron of rhc ether yielded 0.15~ (s) of 2 
acefamido 5 . methyl 3 thiophenerarboxylic acid 2 m.p. 
194-6 (H$ILEtOH). NMR (CDCl,-MeOD): 2.?7 (s. 3H). 2.38 (d. 



J = 1.2 Hz. 3Wk 5.82 fq, I f I*2 Hz, 1H)‘ IR (K&f cm-‘: 25&L 
3500 (medium) 1670 (strong), I640 Wang), 1250 (strong). UV 
L%?& IEtOIe 222 nm (kq t = r.n,. 301. am c E = 3,%). MS m/r 
~tkfr M‘ 199 (3fk 157 (545* Iill 16). 140 fl I), WKO, 1 I I (12), 84 
0). 59 (8). 72 (6). 43 (4040). 

4.6 * ~~~~~i~~~~~~~~~~ - 2 * efh 
Ib ~~~~~~I’ and HHPI” ~5~rn~~ were 
on a silicone oil bath, 2X$, for 3hr. The mixture, which w 
allowed 10 cool to loo0, was then paord info ice and ,BO ml 2M 
SaOH. aad extract with 3 x MO ml ttbcr. The combbed s 
phases were dried over K.&Y&. Distillation l3617WO.08 mn 

~~~~t hy using ether-pttrtlkum ether Ii :4) for tlutian. 
2.7g (35%) ?b WCfC ob ; b p- ~~~*~~~. 15 m, 
P&tit &,CBct~): 1.31 ft. 3 =?.5 Ht. 3W), 2.83 (4, J = 7.5 Hz and 
J - I.2 Hz. XL 3.02 (s, SHE, 3.10 (5, 6Hf, 5.74 fs, IHE, 6.84 (t, 
J = l.:!Hz, IH). IR (CCI,)cm ‘: 1575 (strong). I560 tshouider), 
IQ5 (SCONE)” 1400 ASTOR), 1130 (strong). uv (%% EfBH): 
il = 215 nm t = 4.23). A,, = 285 nm ( 
a??!‘,, (loge = 4.23). (Found: C, 62.85; H, 6.80; h’, 16.92; S, 

es: C. 63.F4; N, &x3; K, 15.93; s, 12.~~~~ 

7.1 Hz, 6HE, 2.93 (s, 6Hr, 2.99 (s, WE, 
0.9 Hz, IH). IR (CCl,) cm-‘: 1575 
1520 ~~~~, l4Mi W.rcqf, 1135 

(%s EtQH): A- = 213 nm (Iage = 
c = 4.45), A,, = 293 

C”, 63.85; H, 3,04; N, 15.96; S, 12.159&). 
4,6 - ~~s(dim~~y~urni~) - 2 - p~y~r~[2~ - blpyridinr 7d 

3, 14.13; S, I&76$&). 
4.6 ~~(d~~~~lu~~#) - 2.3 - 

~d~~~ Tt was o 

1: 2.2-2.7 fm, ZH), 2-T-3.2 (m, 4H), 2.87 
(5. 6H), 5.99 (s, IH). IR (CCL] cm ‘: 1575 (~tr~~~l, 
er). 1520 (stf0rig). 1395 Won&. i MO (libel. UV 

=218nm(lup~=4.20),X,=~onm(logr~ 
4,401, A,. = burn (loge = 4.t7t. ~~~~d: C. 64.00; H, f.18; ?4;, 
15.19; S. 12.2). C&IqN$ rcquucs; C, Icrc.34; H, 7.33; N, 16.08: 
s. f2.2W3 

4.6 - ~is~d~~~~~~rn~) - 23 - 

cribed for 7b. yield 1 ,I g (10%): m-p. 95-P (ptrokum ether 
50-70”). NMR 6 0X.X$): 2.34 (s, 3X), 2-41 (5, 3HS, 2.96 (s, 6H), 
3.@9 1%. SW!, 6.00 ts, I H). IR (CCl,) cm-‘: 1575 (safe). 1550 
(Wang). I5 I5 (strong). 1390 (strong). II40 (Won&). 970 (strospc). 


