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The (E}-I-hetaryl-2-propen-I-ones 3 and 4 are preparedby condensation of
2-acetylthiophenes (1a,1c:.ld)or 2-acetylfuran (Ib) with aldehydes. The Mi
chael addUC\S 5/6 areobtainedfrom3/4 by reactionwith malononitrile/1..DA
in TIIF at -78OC. or in OMSOwith NaH at room temp.Reactionof 3/4 with
malononitrile and methylate in methanol yielded the substituted nicotinoni
triles7/8. Fromterephthalaldehyde. the diketones 9 are prepared,whichyield
with malononitrile the phenylene-bis[(thienyVfuryl)nicotinonitrilel derivati
ves 10 undersimiliarconditions. StruetUrat and spectraldata arediscussed.

2-Acetylated thiophenesand furans 1 are versatile starting materials for
many classes of heterocyclesi', We are especially interested in the con
struction of highly substituted pyridines and related heterocycles starting
from 1,4-pentadien-3-ones and other substituted C1,~unsaturated ketones
by Michaeland similiar reactions3). Here, we report about the reactions of
1 with aromaticaldehydes2 and malononitrile.

Referring to a prescription given by Murphy and Watta·
nasin4) la was reacted with the aldehydes 2a-i in absol.
methanol in the presence of NaOH. The (l,l3-unsaturated
ketones 3a-i (Scheme 1) were obtained in yields between 80
and 90%5). 3y was prepared from Ic, and 3z from Id, By a
similiar procedure, from Ib the unsaturated ketones 4a-i
were obtained.

According to spectroscopic data, all compounds 3/4 exist
in the E-configuration. Their IR-spectra show a strong car
bonyl absorption around 1640 em", and the C=C absorption
appears between 1590 and 1600 em", The out-of-plane vi
bration bond at 980 cm' is a characteristic of transalkenes.
Additionally, the coupling constants of the olefinic proton
signals in the IH-NMR spectra vary between 14 and 18

l,4-Pentandlen-J.one, 32. MltL: Zur Reaktlon von 2.Acetylthlophen und
2·Ac:etylfuran mit Malondlnitrll und Aldehyden, sowle Synthese und
E1gensc:haften von Phenylen.bls[(thlenyIlfuryl)nlc:otInonltrlll·Derivaten

Die (E)-1-Hetaryl-2-propen-l-one 3 und 4 werden durch Kondensation der
2-Acetylthiophene la.lc:.ld oder des 2-Acetylfurans Ib mit Aldehyden er
halten. OurchMichael-Reaktion mit Malondinitril in 1lIF bei _78°C in Ge
genwart von LOA oder in OMSO bei Raumtemp.mit NaH werden daraus
die Addukte 5/6 dargestellt, Ourch anatoge Reaktionen in Methanol mit
Methylat werdendie Nicotinonitril-Derivate 7/8 gewonnen.AusTerephthal
a1dehyd werden unter llhnlichen Bedingungen die Oiketone 9 synthetisien.
BUSdenendie Phenylen-bis[(thienyVfuryl)nicotinonitrill-Derivate 10 zugllng
Iichsind.Strukturelle und spektraleDatenwerdendiskntien,

Hz6>. 2-Acetylthiophene (la) prefers the s-trans conforma
tion, 2-acetylfuran (lb) on the other hand, normally exists
as an equilibrium of equal amounts of s-cis and s-trans
form", a.13-Unsaturated ketones with E-configuration
usually prefer the s-trans conformatlonv", As the prope
nones 3 and 4 contain the l,4-pentadien-3-one system - one
double bond of the system is included in the heteroaromatic
ring - it might be of interest to know, whether these com
pounds exist in different conformers as shown in Scheme 2.
The system is flexible, and, therefore. an equilibrium of at
least four conformations should be possible in solution, and
it was of special interest to see if 3 and 4 even prefer one
conformation. Perhaps, the i.r, spectra suggest a preferred
sods conformation as indicated by the ratio Ico/Ic-e, and
by the difference of 50-60 em" between both bands. Using
the ASIS effectlO) (deuterochloroforrn/deuterobenzene), we
demonstrated that the s-transls-cis conformation A is the
preferred one in solution. The differences in the shifts of the
l3-protons, Sc6D6 - SCDC13' vary between +0.05 and +0.3
ppmll ) (Table 1).

Table I: ASISeffecton propenones3 and 4 (valuesppm)

Nr. 0[\3-11 (CDCl,,)] o[I3-H(C"D.)l Difference
----_._---- --- - ._--.-- ... _--- ----_ .. _.._-------------------- -----------

3a
3d
4a
4d

7.90
7.75
7.90
7.90

7.95
8.05
8.00
8.10

0.05
0.30
0.10

0.30
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Table 2: UV spectra. of7 ·10

No. wavelength nm labsorption E)
---- ---- ---- --- - -- .... - - - -- - - - - - --- ----- --_... -_. --- --- - --- -- -- ---- ---

7a 346 10.583) • 264 10.422) • 224 10.153)
7b 352 10.(10) • 272 10.408) • 224 10.386)
7e 350 10.635) . 236 10.269) • 22'1 10.13·n
7d 350 (0.615) • 286 10.350) • 265 (0.338) • 224 10.405)
7e 380 (0.293) • 348 (0.460) • 304 (0.3911. 224 (0.382)
7f 358 (0.5411 . 288 (0.484) • 224 (0.387)
7g 360 (0.550) • 294 (0.409) • 224 (0.223)
7h 358 (0.465) • 3-10 (0.468) • 301 (0.558) • 222 10.165)
7y 338 (0.347) 268 10.553) • 22 J (0.265)
7z 34·1 10.132) . 268 10.509) • 231 10.204)

8a 340 (0.470) • 256 10.389) • 224 10.155)
8b 352 10.B7) • 262 (0.277) • 224 (0.272)
8e 350 (0.462) • 284 (0.2711. 224 (0.158 )
8d 352 (0.448) • 280 (0.236) • 260 (0.236) • 228 (0.264)
8e 382 (0.273) • J·14 (0.443) • 294 10.345) • 224 (0.272)
8f 354 (0.388) • 288 (0.312) • 224 (0.2611
8g 358 (0.399) • 292 (0.348) • 220 (0.209)
8h 358 (0.353) • 325 10.156) • 299 10.576) • 225 (0.266)

lOa 348 (0.799) • 276 10.7411. 224 (0.245)
lOb 360 (0.907) • 235 (0.255)
lOy 348 (0.794) • 278 (1. 087) • 234 (0.544)
lOz 345 10.876) . 283 (1.033) • 23·J (0.428)

• Allspectraweretaken in 2-1O"molarsolutionin dichloromethane

o

y
R

3 X = S

3a - 3f Y .. H

a R '" H
b R - 4-CI
e R - 4-0130
d R '" 3.4-dI0l3O

• R .. 4-(H3C)aN

f R .. 4-NO a
31 Y .. H R .. 2-Bt'
3y Y .. Bt' R .. 4-CI

3z Y .. Cl R .. 4-Cl

4 X .. 0 Y .. H

• R .. H

b R - 4-CI

e R .. 4-0130
d R .. 3.4-<11013°
• R .. 4-(H3C)aN

f R - 4-NO a
1 R .. 2-Bt'

NaOO

2a-l

3h X '" S

4h X = 0

o

o

3g X = S
4g X =0

o

O!'CH,
y

la X .. S Y=H
Ib X", ° Y '" H
Ie X", S Y .. Bt'
Id X =S Y =Cl

Scheme 1
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1a +
"-Bull THF

-78· C

Nil" DHSO

r.t.

5a R = H

CH(CN)2

CH(CN) 2

Scheme3a

Na t1eOH

r.t.

5b

The addition of malononitrile to 3 or 4 in methanol did not
result in the formation of the Michael adducts 5 or 6. On the
other hand. the adducts 5a. 5d. and 6d became available
(Scheme 3). when the reactions were done in tetrahydrofuran
at -78°C in the presence of LDA or BuLi. Another possi
bility is given by the reaction in dimethyl sulfoxide with
NaB at room temp.• which was successfully used for the syn
thesis of 5b. 6b. and 6e. 6a was prepared in dry ether with
cutted sodium at room temp. and the addition of methyl
cyanoacetate yielding 5c and 6c was best performed in metha
nol with sodium. Some compounds 5 and 6 probably exist as
mixtures of diastereomers if their structures contain two
(vicinal) chiral atoms. but we did not try to separate them.

When the propenones 3 were refluxed in an appropriate
alcohol with malononitrile and catalytic amounts of sodium
(method a) we did not find either mono addition products of
type 5 or 6. or double addition products as known from

Arch. Pharm. (Weinheim) 324. 563·572 (/991)

reactions between dibenzalacetone or related systems with
malononitrile. Instead. we obtained the highly substituted
pyridines 7a-h and 'lx-z, and from 4 we found the pyridines
8a-h on the same route.

The pyridines 7 and 8 also were obtained by treatment of
the parent 5 or 6 with sodium alcoholate at room temp.
(method b). Finally. a third route (method c) starts with
2-acetylthiophene (I) or -furan (Ib), from which the py
ridines 7a. 7d. and 8b are formed by reaction with arylid
enemalononitriles. In all ways. the yields of 7 or 8 vary
between 20 and 50%. in no case we were successful in
increasing the yield to more than 50%.

The results encourage us to propose the following way of fonnation
(Scheme 4). although we were not able to isolateintermedlatea- except5
and 6 - as we did in former experimentsl21

• In all casesS or 6 ;1'1' the first
products fonnedeither by Michael reaction between 3/4 and malononltrile
or between 1 andarylidenemalononitrile. Enolisation of the carbonyl group
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Cl

R

CH(CN)2

NaH DI1S0 ..

or NaOH HeOH

r.t.

6b R = 4-N02 6f R = 2-8,.

N4H DMSO

r , t.

Scheme3b

CH(CN)2

6.

in 5/6. attack of the hydroxyl group to one cyano group. and tautomerisa
tion resultsin the fonnationof the4H·pyrans(P). Theseare transformed by
a Dimrothrearrangementl3) to 1.4-dihydropyridines (D). which may either
be oxidizedor transfonned by disproponionation with aromatisation into
thepyridines 7 and 8. Referingto the yields lower than 50%. we believein
the dlsproponionadon mechanism. althoughwe could not detect any tetra
hydropyridine derivatives.

From terephthalaldehyde (Scheme 5), we synthesized the
diketones 9a-d. Their reactionwith malononitrile in metha
nol and sodium methylate yielded the corresponding phe
nylene-bis-[(thienyVfuryl)nicotinonitrile] derivatiyes lOa-d.

Structuresof all compounds are establishedby elementary analysis.I.R.
and IH-NMR-spectra. The lH-NMRspectraof 7 and 8 are not verycharac
teristic. They contain a separated signal of the metboxy group around
4 ppm, a buickof aromaticprotonsignalsbetween7 and 8 ppm.and in the
furan serle the characteristic signal of the proton at C-4 at about 6.5 ppm.
The 13C.NMR.spectra of7d and 8d clearlysupportthe structure.

7 and 8 are examplesof meta-eonneeted ringassembliesfrom3 different
building blocks.Their UV·speetra (Table 2) show 3 maxima. one around
350 run, one between260 and 300 run.and a third one about 224 run.The
dirnethylamino substituted 7elSe have one more maximum at 380 om. the
dirnethoxy compounds 7d/8d one more at 286/280nm, and the styryl sub-

stitutedcompounds 7h/8b show additional maximaat 340/325nm. 1.3-Di
phenylbenzcne shows maxima at ca. 400 and 250 nm depending on the
solventt4). In accordance with other phenylene derivativesl4). the u.v.-spec
tra of the heterocyclic pentaarylenes 10 do not show any significant ba
thochromic shift when compared to the spectra of the triarylenic com
pounds7 or 8. Probably.this is causedby the meta-substitution interrupting
theconjugation of the system.

Financial support provided by the "Fond der Chemischen Indusme".
Franfkurt a. Main, is greatly appreciated. We thank Farbweru Hoechst
AG. Frankfurta. Main, for a generous grant of chemicals.and we thank
stud. pharm.Verena Siefte forengagedcooperation.

Experimental Part

M.p. (uncorrected); LinstrOm apparatus.- IR (KBr. em"): Perkin-Elmer
IR 1310, Beckman IR 4240.- IH_NMR: Varian T 60. Bruker WP 80. or
Bruker WP 250; 8 (ppm). &rMs = 0.00; temp. 37°C; 8 values if not other
wise noted from 80 MHz spectra. solventCDCI3'- I3C-NMR:BrukerWH
90 (22.63 MHz):8 (ppm).8nts = 0.00. solventCDClv MS: Finnigan GC
MS 4000.- Elementary analyses:Phannazeulisehes Institutor Chemisches
Laboratorium der Universitllt Freiburg.- Solventswere dried accordingto
IiLprocedures> Abbreviations: THF= tetrahydrofuran: DMSO=dimethyl
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."thad •
3 I 4 + CH2(CN)2 ------•

• "thod c

7 X = S

a Y =R =H R'. CH 3
b Y =H R = 4-Cl R'= CH3
c Y =H R = 4-CH30 R'= CH3
d Y - H R - 3.4-dlCH30 R'- CH3
• Y = H R = 4-(H3C)2N R'= CH3
f Y =HR. 4-N02 R'= CH3
h Y. H R = CsH5-CH=CH R'. CH3
X Y = H R = 3.4-dlCH30 R'. C2H5
Y y. Br R = 4-Cl R'= CH3
z Y = Cl R. 4-Cl R': CH3

7g

89 X = 0

R

7 I 8

8 X. 0

a Y =R = H R'= CH3
b Y =H R =4-Cl R'. CH3
c Y = H R = 4-CH30 R'= CH3
d Y - H R = 3.4-dlCH30 R'. CH 3
• y. H R = 4-(H3C)2N R'. CH3
f Y .. H R = 4-N02 R'. CH3
h y. H R .. C

SH 5-CH=CH
R'. CH

3
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Scheme3c

sulfoxide: DoU = n-butyl lithium, 15%in hexane: LOA=lithium diisopro
pylamide, freshly prepared by mixing equimolar amounts of DuLi and
diisopropylamine: MDN.. maJononitrile.

2-Acetylthiophene (Ia). Janssen Nr. 10.272.87
2-Acetylfuran (Ib). Janssen Nr. 10.255.70
2-Acetyl.3-bromothlophent (Ie)I')

100g (0.75 mol) of AICI3 are given to 400 ml of dichloromethane, the
mixture is cooled to O"C. and 51 mI (713 mmol) of acetyl chloride are
added. 70 ml (712 mmol) of 3-bromothiophene are added dropwise, the
temp.maynotexceed 20"C. Afterstirringfor 3 h, the mixture is hydrolized
with 400 mI cold dil. HCt. the aqueous layer is separated and twice ex.
tracted with 50 ml of dichloromethane. The dichloromethane layers are
washed three timeswith300 m1 water.once with300 mI 2% NaOH, once
morewithwater.driedwithK2C030andconcentrated in vacuo. The residue
is distilled, yield 135 g (88%), light green liquid, b.p, 104°C/4 Torr.· IR
(film): 1650(CO).-IH-NMR: a..2.SS (s, 3H,CH3),7.20(d, J. 6 Hz. IH).
7.55 (d. J .. 6 Hz. IH).- 13C_NMR: a..28.82(CH3), 114.12 (C.3). 132.35
and 133.40(C-4. C·S), 138.39 (C·2), 189.10(CO).- ~H,BrOS (20S.1)
Calcd.C 3S.1 H 2.46Br 39.0S 15.6FoundC 3S.0 H 2.40Sr. 38.8S IS.S.

Arch.Pharm. (Wefnhelm) 324.563·572 (1991)

2.Acetyl.3-chforothlophtnt (ld)16)

From SI ml (713 mmol) of acetyl chloride and 66 mI (712 mmol) of
3-chlorothiophene as described for Ie, yield 103 g (90%). yelloworange
liquid, b.p. 9soC12 Torn- IR (film): 1660(CO).' tH-NMR:a• 2.6S (s,
3H. CH3)' 7.05 (d. J II 5 Hz. IH). 7.55 (d, J • S Hz, IH).· G,H,CIOS
(160.6).

Preparation o/unsaturated kttones3 und4, Gtneralprocedure

10mmol of 2·acetylthiophene or -furanand theequimolar amountof the
appropriate aldehyde are stirred In 20 ml methanol until the solids are
dissolved. somepelletsof solid NaOH, or 5 ml of a 20% NaOH are added,
and the mixture is stirredfor 10-120 min.1be predpitate is collected and

recrystallized.

3-Phenyl·]-(2-thienyf).2.propen.l-one(3a)$e)

Yield80%.colorless crystals. m.p,83°C(methanol).

3-(4·Chlorophenyl·]·(2-thienyl)·2·proptn·]·ont(3b)'I)

Yield 8S%, colorless crystals, m.p. 133°C (methanol).
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a

R

R_J-3/4

R R R

Scheme 4
(P) (0) 7/8

0 CHO a

0{CH' + ¢ ~

y

CHO a
9

a X - S Y - H
b x-a Y - H
c X - S Y - Br

+ CH2(CN)2 d X - S Y - Cl

NaOCH3 / H3 COH

Scheme 5

3.(4-Melhoxyphenyl).J-(2-lhienyl)-2.propen-J-one(3c)5h)

Yield83%,lightyellowcrystals,m.p, 85°C(methanol).

3-(3,4-Dimelhoxyphenyl)-/.(2-lhienyl)-2-propen-J_one(Jd)5b)

Yield80%,yellowcrystals,m.p.9O"C (methanol), liL J()6°C.

J,j-Bis(2-1hienyl)·2.propen·J-one(3&lSc)

Yield70%,yellowcrystals,m.p,95°C (methanol).

5-Phenyl-J-(2-lhienyl)-2,4-pentadien·J-one(3h)5b)

Yield70%.yellowcrystals,m.p.94°C (methanol).IiL lOO"C.

3-(4-Dimelhyiaminophenyl)-J-(2-lhienyl)-2-propen-J-one(3e)5a)

Yield65%,red crystals,m.p, 114°C(methanol).

3-(4-Nilrophenyl-J-(2-thienyl)·2-propen-/-one(305b)

Yield86%,colorlesscrystals,m.p.203°C(methanol),liL 220"C.

3.(2-Bromphenyl)-J-(2-thienyl)-2-propen-/ ·one(31)

from 1.25g (10 mmol) of 2-acetylthiophene and 1.85 g (10 mmol) of
2-bromobenza\dehyde, 2.4 g (82%), oily liquid.- IR (film): 1650 (C-D);

1595 (arom.); 970 (lrans C~): 7.50 (I,2-disubst. arom.).- IH·NMR (60
MHz):a. 6.95-8.35(m, 9H).-C13H9BrOS (293.2).

Arch. Pharm.(Weinhfim) 324. 563-572 (/991)
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1-{2-(J-BromothienYI.I).J-(4-chlorophenyl)-2-propen-l-one(3y)

From 2.05 g (10 mmol) of 2-acetyl-3-bromothiophene (Ie) and 1.41 g
4-chlorobenzaldehyde, 2.7 g (82%), colorless crystals, m.p, 97°C (metha
nol).- IR: 1640 (C=O); 1585 (arom.); 980 (trans C=C); 820 (I,4-disubst.
arom.).- lH-NMR (60 MHz): 8 = 7.25-8.00 (m, 8H, arom. H).
C13HsBrCIOS (327.6)Calcd.C 47.7 H 2.46 Br 24.4 CI 10.8S 9.8 FoundC
47.9 H 2.56 Br24.7 CllO.9 S 9.9.

J·(4 -Chlorophenyl)-1-[2-(J-chlorothienyl)).2-propen-J-one(3z)

From 1.61 g (10 mmol) of 2-acetyl.3-chlorothiophene (ld) and 1.41 g
4-chlorobenzaldehyde, 2.4 g (85%), light yellow crystals, m.p, 131°C
(methanol).-IR: 1635(C=O); 1580(arom.); 985 (trans C=C); 820 (I.4-di
subst. arom.).- IH_NMR (60 MHz); 8 = 6.95-7.80 (m, 8H, arom. H).
C13HsCI~S (283.2)Calcd. C 55.1 H 2.85 CI 25.0 S 11.3 FoundC 55.0 H
2.94 CI 25.0S 11.5.

1-(2·Furyl)-J-phenyl-2·propen-J-one(4a)sO

Yield88%.colorlesscrystals.m.p.89°C(methanol).

3-(4·Chlorophenyl)-J-(2-furyl)-2-propen-l-one (4b)Sh)

Yield73%.colorlesscrystals.m.p. 127°C(methanol).

1-(2-Furyl)-J·(4-methoxyphenyl)-2-propen-1-one(4c)Si)

Yield63%. light yellowcrystals.m.p,80°C(methanol).

J -(J.4 -Dimethoxyphenyt}.J·(2-furyl)-2-propen-1-one(4d)Si)

Yield 60%, yellow crystals. m.p, lOOOC (methanol).- IR: 1645 (C--D);

1590 (arom.); 1260; 1040 (ar-O-C); 970 (transC=C); 810 (I,3.4-trisubst.
arom.j> IH-NMR (60 MHz):a= 4.00 (s, 6H. OCH3),6.70 (m, IH, furyl
H-4).6.9~8.15 (m, 7H, arom. H).

J-(4-Dimethylaminophenyl)-1-(2-fury1)-2-propen-J-one(4e)Sh)

Yield55%, red crystals.m.p,79°C(methanol),lit. 94°C.

1-(2-Puryl)-3-(4-nitrophenyl)-2-propen-J-one(4f)'k)

Yield 85%. light yellow crystals, m.p, 218°C (methanol).- IR: 1650
(C=O); 1610 (arom.); 1360; 1055 (NOz); 975 (trans C=C); 770 (I.4-di
subst.arom.).

1-(2-Furyl)-J-(2-thienyl)-2-propen-J-one(4g)Se)

Yield 76%. yellow crystals. m.p. 62°C (methanol). lit. 81°C (petroleum
ether/benzene).

1-(2-Furyl)-5-phenyl-2.4-pentadien-J-one(4h)Sb)

Yield49%. yellow crystals,m.p. 99°C (ethanol).·IR; 1640(C=O); 1580
(arom.); 1005(transC=C); 760 (arom.).- lH-NMR(60 MHz):8 = 6.55 (m,
IH, furyl H-4),6.8~7.90 (m, IIH, arom. H).

J ·(2-Bromophenyl)-1-(2-furyl)-2-propen-1-one(41)

From 1.10g (10 mmol)oUb and 1.85g (10 mmol)of2-bromobenzalde
hyde. yield 2.3 g (88%), light oily liquid.- IR (film): 1650 (C=O); 1600
(arom.);965 (transC=C);735 (I,2-disubsLarom.).- lH_NMR (60 MHz): 8
= 6.70 (m, IH, furyl, H-4), 7.25-8.60 (m, 8H, arom. H).· C13H9BIOz
(277.3).

2-Cyano.5-oxo-J-phenyl-S-(2-thienyl)valeronitrile(Sa)17)

2.5 g of 2-acetylthiophene are added to a stirred solution of 2.20 g (20
mmol)ofdiisopropylarnineand 13.8ml ofn-BuLi at -78°C under Nz in dry

Arch. Pharm. (Weinheim) 324. 563-572 (1991)
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THF, and after 10min, a solution00.0 g 2-cyano-3-phenylacrylonitrile in
THF is added dropwise. After 30 min. the mixture is extracted with a
weakly acidic solution of NaCl, three times washed with cold water, and

the org. layer is dried (MgS04).The solvent is evaporated in vacuo,and a
dichioromethaneICC4 mixture is added to the remaining residue, where
upon the product crystalizes: yield 2.35 g (42%). colorless crystals. m.p.
122°C,lit. 144°C.- IR: 2260, 2220 (CN); 1660(C=O); 775, 725 (phenyl).
IH_NMR: 8 =3.55 (d, J =6 Hz, 2H, CHz). 3.85 (m, IH, H-3), 4.55 (d, J ..
5 Hz, IH, H-2), 7.05-7.80(m, 8H, arorn.H).- CI6HIZNzOS (280.4) Calcd.
C68.5H4.32N 10.0S I1.4FoundC68.4H4.34N9.9S 1l.5.

2-Cyano-S-oxo-J,S-bis(2-thienyl)valeronitrile(Sb)

0.25 g (11 mmol)of NaHare added to 0.7 g (II mmol)of MDN in 10ml
DMSO at room temp. with stirring; when the formationof Hz is finished.
2.2 g of 3g dissolvedin a few ml of DMSO areadded dropwise.Stirring is
continued for 2 h. the mixture is carefully neutralized with dil. HCI, ex
tracted with chloroform, washed with water, and dried with NaZS04' The
solvent is evaporated i. vac., a few mI of a chloroformlCC4 mixture (1:1)
is added. and after 24 h at -IO"C, the crystals are separated; yield 1.5 g
(56%), colorless crystals, m.p, II IOC._ IR: 2250 (CN); 1660 (C=O).- IH•
NMR: 1I =3.60 (d. J =6 Hz, 2H. CHz), 4.25 (m, 1H, H-3). 4.65 (d, J ..
5 Hz. IH. H-2),6.95-7.80(m, 6H. arom. H).- CI4HIONzOSz (286.4) Calcd.
C 58.7 H 3.52 N 9.8 S 22.4 FoundC 58.9 H 3.37 N 9.7 S 22.5.

Methyl 2-cyano-S·oxo·J·phenyl-S-(2-thienyl)valerianoate (Se)

From 1.0g (II mmol)of methylcyanoacetate.0.25 g of sodiumin 10ml
methanol,and 2.14 g (10 mrnol)of 3a at room temp.; yield 0.85 g (32%).
colorless crystals. m.p. 104°C (methanol).- IR: 2240 (CN); 1735
(COOCH3); 1655(C=O); 740; 700 (phenyl).- IH-NMR: 8 = 3.45 (d. J .. 6
Hz, 2H. H-4). 3.60 (5, 3H. OCH3), 4.05 (m, m, H-3). 4.30 (d. J • 5 Hz,
lH, H-2).7.05·7.80 (m, 8H. arorn.H).- C17HISN03S(313.4)Calcd. C 65.2
H 4.82 N 4.5 S 10.2FoundC 65.1 H 4.89 N 4.4 S 10.3.

2-Cyano-J-(3,4-dimethoxyphenyl)-S-oxo-5·(2-thienyl)valeronitrile(Sd)

From 2.6 g (20 mrnol)of 2-acetylthiophene and 4.3 g of 2-cyano-3-(3.4
dimethoxyphenyl)acrylonitrile with n-BuLi in THF. 30 min -78°C: yield
4.1 g (60%), oily solid.- IR: 2230 (CN); 1625 (C=O); 810 (I.3.4-trisubsL
arom.).- IH-NMR: a.. 3.3 (m, 3H, H-3, H-4. H-4·). 3.90 (5, 6H. OCH3).
4.15 (d, J = 5 Hz, IH. H-2). 6.7-7.8 (m, 6H, arom. H).- ClsHI(,N~3S
(340.4).

2-Cyano-S-(2-furyl)-S-oxo-B-phenylvaleronitrlle«(ia)

To 0.25 g (11 mmol)ofsodium in pieces in 50 ml of dry ether 0.66 g (10
mmol) of MDN are added, and the mixture is stirred at room temp. until
the sodium is dissolved; than, 2.00 g (10 mmol) of 4a, dissolved in the
appropriateamount of ether, areadded dropwise. After 8 h the mixture is
hydrolyzed with dilut HCt. washed three times with cold water. and the
org. layer is dried (CaClz)' The solvent is removed i. vac.. and the oily
residue is chromatographed by CC with ether/hexane 3:1; yield 0.85 g
(32%), m.p. I1000C (etherlhexane).- IR: 2250 (CN); 1660 (C=O); 1565
(arom.); 780: 720 (phenyl).- lH_NMR: 8.3.50 (d. J • 6 Hz. 2H. CHz).
3.90 (m, IH, H-3). 4.55 (d. J .. 5 Hz, tH, H-2), 6.55 (m, IH, furyl H-4),
7.20-7.65(m, 7H, arom. H).- CI6HIZNzOz (264.3)Calcd. C 72.7 H 4.58 N
10.6FoundC 72.6 H 4.78 N 10.4.

2_Cyano-5-(2·furyl)-J.(4·nitrophenyl)-S·oxovaleronitrile«(ib)

0.70 g (11 mmol) of MDN, dissolved in 10 ml DMSO. 0.40 g of NaH,
and 2.40 g (10 mmol)of 4rare stirredat room temp. for 10min; yield 2.8 g
(90%). colorless crystals, m.p, 111°C (chloroformlCCl4 3:1).- IR: 2250;
2220 (CN); 1660 (C=O); 1600 (arom.); 1340; 1030 (NOz); 8S0 (I.4-di-
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subst. arom.).- IH-NMR: l) = 3.65 (d. J = 7 Hz. 2H. CH2). 4.20 (m, IH.
H-3). 4.75 (d, J = 5 Hz. IH, H-2), 6.65 (m, tH, furyl H-4). 7.30-8.50 (m,

6H. arom. H).- CI~\IN304 (309.3) Calcd. C 62.1 H 3.59 N 13.6 Found C
62.3 H 3.64 N 13.5.

Methyl 3-(4-chlorophenyl)-2-cyano-S-(2-furyl)-S-oxovalerianoate (6c)

From 1.0 g (II mmol) of methyl cyanoacetate, 0.12 g of sodium in
methanol. and 2.33 g (10 mmol) of 4b. I h reflux; yield 1.25 g (38%).
colorless crystals. m.p. 81°C (ethanol).- IR: 2250 (CN); 1740 (COOCH3);
1670 (C=O); 1565 (arom.); 830 (I,4-disubst. arom.).- IH-NMR: l) =3.40
(d. J = 6 Hz, 2H, CH2),3.60 (s, 3H. OCH3),3.95 (m, tH, H-3). 4.25 (d. J =
5 Hz, IH. H-2). 6.50 (m, tH. furyl H-4). 7.15-7.60 (m, 7H. arom. H).
C1,HI4CIN04 (331.8) Calcd. C 61.5 H 4.25 CI 10.7 N 4.2 Found C 61.6 H
4.34 C110.8 N 4.1.

J -(4-Chlorophenyl)-2-cyano-s·(2-fury!)-S-oxovaleronltrilet;6d)

From 1.20 g (10 mmol) of Ib and 1.50 g (10 mmol)of 3-(4-chloropOO
nyl)-2-cyanoacrylonitrile in TIiF with LOA at -78°C under N2; yield 2.6 g
(83%). red-brown oily liquid> IR (film): 3110 (CH); 2200 (CN); 1630
(C=O); 800 (I,4-disubst. arom.).- IH-NMR (60 MHz): s =3.30 (dd, J =6
and 16 Hz, 2H. CHl>.3.85 (m, tH. H-3), 4.55 (d, J =5 Hz, IH, H-2), 6.45
(m, IH. furyl H-4),6.8-7.8 (m, 6H. arom. H).- CI~\ICIN20S (315.8).

2.Cyan:o-5-(2-furyl)-S-oxo-3-(2-thienyl)valeronitrile(6e)

From 0.70 g (II mmol) of MON and 2.04 g (10 mmol) of 4g in OMSO
with NaH; yield 1.9 g (70%). dark reddish liquid- IR (film): 2250; 2205
(CN); 1670 (C--Q).- I H-NMR (60 MHz):s = 3.55 (m, 2H. CH2).4.30 (m,

IH. H-3). 4.70 (d. J =5 Hz, ut, H-2), 6.55 (m, nt, furyl H-4). 6.80-7.95
(m, 5H. arom. H).- CI4HIIN202S(270.4).

J -(2-Bromophenyl)-2-cyano-S·(2-furyl)-S-oxovaleronitrile(60

From 0.70 g (11 mmol) of MON and 2.77 g (10 mmol) of 41 in 20 ml of
methanol with 5 ml of 20% NaOH at room temp.. IS min; yield 1.90 g
(55%). colorless crystals. m.p. 1200C (ethanol).- IR: 2260 (CN); 1660
(C=O); 1570(arom.); 770 (I,2-disubst. arom.).- IH·NMR: l) = 3.55 (m, 2H.
CH2),4.60 (m, 2H. H-2, H-3). 6.70 (m, IH. furyl H-4), 7.25-7.95 (m, 6H.
arom. H).- 13C-NMR: l) = 27.50 (C-2). 39.18 (C-3), 39.57 (C-4), 111.36
and 112.93 (CN), 118.32 (furyl C-5), 125.03 (furyl C-4). 125.02 (phen,

C·2). 128.11. 128.51, 130.51. 134.00 and 135.56 (phen. C). 147.30 (furyl
C·5). 152.00 (furyl C-2), 184.80(C=O).- Cl~l1BrN202 (343.2) Calcd. C
56.0 H 3.23 Br 23.3 N 8.2 FoundC 56.1 H 3.26 Br 23.2 N 8.3.

Nicotinonitriles 7 and 8. GeneralProcedures

a. 0.25 g (II mmol) of sodium are dissolved in the appropriate alcohol
(20 ml),and 0.7 g (II mmol)of MON are added. A solution of the a,p-un
saturated ketone (10 mmol) in alcohol is added. and the mixture is stirred
(if noted with refluxing) until a precipitate is formed. After cooling to room
temp.• the precipitate is separated. and washed with cold alcohol.

b. 0.25 g (II mmol) of sodium are dissolved in the appropriate alcohol
(20 mmo\); the solution is given to a stirred solution of 10 mmol 2-aryl-l
cyan0-4-heteroaryl-4-0xovaleronitrile (5/6) in the same alcohol. and stirred
at room temp. Work-up.as described for methoda.

Co0.25 g (11 mmol)of sodium are dissolved in the appropriate alcohol
(20 ml), and 10 mmol of 1 are added. The mixture is stirred for 15 min.,
and than given to a stirred solution of the arylidenemalononitrile (10 mmol)
in alcohol. Work-up as a.1f not otherwise noted. methoda was used.

2-Methoxy-4-phenyl-6-(2.thienyl)nicotinonitrile(7a)

Method a: From 4.28 g (20 mmol) of 3a and 1.30 g (20 mmol) of MON.
2 h reflux; yield 2.80 g (48%); method b: From 2.8 g (10 mmol) of 5a, 2 h

Greiner-Bechen and ono

reflux; yield 1.3 g (43%); method c:: From 2.5 g (20 mmol)of la and 3.1 g
(20 mmol) of benzylidenmalononitrile, 2 h reflux; yield 2.6 g (45%); light
yellow crystals, m.p. 151°C (methanol).- IR: 2210 (CN); 1580 (arom.);
1240 (ar-O-C); 755; 690 (phenyl).- IH_NMR: 1\ = 4.10 (s, 3H, OCH3).
7.00-7.75 (m, 9H. arom. H).- C1,HI2N20S (292.4) Calcd. C 69.8 H 4.14 N
9.6 SIl.O Found C 69.7 H 4.20 N 9.7 S 10.9.

4-(4·Chlorophenyl)-2-methoxy-6-(2-thienyl)nicotinonilrile(7b)

From 4.98 g (20 mmol) of 3b and 1.30 g (20 mmol) of MON. 30 min
reflux; yield 2.80 g (48%), light yellow crystals, m.p, 253°C (methanol).
IR: 2210 (CN); 1580 (arom.); 1240 (ar-O-C); 825 (I.4-disubst. arom.l>
CI,HI1ClN20S (326.8) Calcd. C 62.5 H 3.39 CI 10.9 N 8.6 S 9.8 Found C
62.6 H 3.48 CIlLO N 8.4 S 9.7.

2-Methoxy-4-(4.methoxyphenyl)-6-(2.thienyl)nicotinonitrile(7c)

From 4.82 g (20 mmol) of 3c: and 1.30 g (20 mmol) of MON. I h reflux;
yield 3.0 g (49%). colorless crystals. m.p, 138°C (methanol).- IR: 2210
(CN); 1580 (arom.); 1250 (ar-D-C); 830 (I.4-disubst. arom.).- IH-NMR:s
=3.75 (s, 3H. phenyl-OCH3)' 4.05 (s, 3H. pyr-OCH3), 6.90-7.75 (m, 8H.
arom. H).- CIsHI4N202S(322.4) Calcd. C 67.1 H 4.37 N 8.7 S 10.0 Found

C 66.8 H 4.41 N 8.6 S 9.9.

4-(3.4_Dimethoxyphenyl)-2-methoxy-6-(2-thienyl)nicotinonitrile(7d)

Method a: From 5.50 g (20 mmol) of 3d and 1.5 g (23 mmol) of MON,
2 h reflux; yield 3.52 g (50%); method b: From 1.7 g (5 mmol) of 5d, 2 h
reflux; yield 0.85 g (48%); method c:: From 2.5 g (20 mmol) of la and 3.3 g
(20 mmol) of 3,4-dimethoxybenzylidenemalononitrile. 2 h reflox: yield 3.2
g (45%); colorless crystals. m.p. 135°C (glacial acetic acid).- IR: 2200
(CN); 1580 (arom.); 1250 (ar-O-C); 840 (l,3,4-trisubsl. arom.I> IH-NMR:
s = 3.95 (5. 6H. phen-OCH3)' 4.15 (s, 3H, pyr-OCH3), 6.90-7.75 (m, 7H,
arom, H).- I3C-NMR: l) =54.71 (Pyr-OCH3), 56.13 (phen-OCH3), 111.62
(phen C-2. C-5. C-6). 115.98 (CN), 121.46 (pyr C-5), 127.03 (thien C-5),
128.51 (thien C-3), 129.88 (thien C-4), 143.46 (pyr C-4), 149.30 and
150.86 (phen C-3, C-4), 153.04 (thien C-2), 156.26(pyr C-2), 165.22(pyr
C-6).- C19HI~203S (352.4) Calcd. C 64.7 H 4.58 N 8.0 S 9.1 Found C
64.9 H 4.54 N 7.9 S 9.2.

2-Methoxy-4-{(4-dimethylamino)phenylj-6-(2-thienyl)nicotinonitrile
(7e)

From 2.57 g (10 mmol) of 3eand 0.7 g (II mmol) of MON. 2 h reflux;
yield 1.51 g (45%), light yellow crystals. m.p, 186°C(methanol).- IR: 2210
(CN); 1580 (arom.); 1240 (ar-D-C); 840 O.4-disubsL arom.).- IH-NMR: l)
=3.05 [s, 6H, N(CH3hl. 4.20 (s, 3H. OCH3). 6.75 (m, 8H. arom. H).
CI9H17N30S (335.4) Calcd. C 68.0 H 5.11 N 12.5 S 9.6 Found C 68.0 H
5.09 N 12.4S 9.7.

2-Methoxy-4-(4-nitrophenyl)-6-(2.thienyl)nicotinonitrile(7f)

From 5.20 g (20 mmol) of 3rand 1.35 g (21 mmol) of MON, 2 h room
temp.; yield 2.6 g (40%). light yellow crystals, m.p, 2100C(methanol).· IR:
2205 (CN); 1595 (arom.); 1540; 1350 (N0l>; 850 (I,4-disubst. amm.).
IH-NMR: l) =4.20 (s, 3H. OCH3),7.10 (m, 8H. arom, H).- C17H\lN303S

(337.4) Calcd. C 60.5 H 3.29 N 12.5 S 9.5 Found C 60.8 H 3.39 N 12.3 S
9.7.

4,6·Bis(2-thienyl)·2-methoxynicotinonitrile(7g)

From 2.20 g (10 mmol) of 3a and 0.7 g (11 mmol) of MON, 2 h room
temp.; yield 1.12 g (37%), colorless crystals, m.p. 10SOC (methanol).· IR;
2200 (CN); 1580 (arom.); 1250 (ar-O-C).- IH•NMR: & = 4.05 (s, 3H,
OCH3). 7.00-7.95 (m, 7H. arom, H).- CI5HION20~ (298.4) Calcd. C 60.4
H 3.38 N 9.4 S 21.5 Found C 60.1 H 3.30 N 9.3 S 21.6.
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2-Methoxy-4-styryl-6-(2-thienyl)nicotinonitrile (7h)

From 2.70 g (10 mmo\) of 3h and 0.75 g (11.5 mmol) of MON. 2 h

reflux; the solvent is evaporated i.vac.. glacial acetic acid is added to the
residue. and after 24 h the crystals are separated. yield 1.05 g (33%). light
yellow crystals, m.p. 163°C (glacial acetic acid).- IR: 2210 (CN); 1580
(arom.); 1240 (ar-O-C); 750; 690 (arom.).- IH_NMR: II =4.20 (s, 3H.

DCH3). 7.10-8.10 (m, IIH. arom. H).- CI9HI4N20S (318.4) Calcd. C 71.7
H 4.43 N 8.8 S 10.1 Found C 71.4 H 4.35 N 9.0 S 10.0.

2-Ethoxy-4-(3,4-dimethoxyphenyl)-6·(Z-thienyl)nicotinonitrile(7x)

From 5.40 g (20 mmo\) of3d and 1.5 g (23 mmo\) of MON; I h reflux in
ethanol, yield 3.00 g (41%). colorless crystals, m.p, 127°C (ethanol).» IR:
2220 (CN); 1580 (arom.); 1265 (ar-O-C); 840 (1,3.4-trisubst. arom.).- I H_

NMR: II = 1.50 (t. J =7 Hz, 3H. CH3). 3.95 (s, 6H. DCH3). 4.60 (q. J = 7
Hz, 2H, CH2). 6.90-7.75 (m, 7H. arom. H).- C2oHlSN203S (366.4) Calcd.
C 65.6 H 4.95 N 7.7 S 8.8 Found C 65.6 H 4.95 N 7.7 S 8.7.

6-(3-Bromo-Z-thienyl)-4-(4-chlorophenyl)·Z-methoxynicotinonitrile(7y)

From 6.56 g (20 mmol) of 3y and 0.70 g (22 mmol) of MON. 1 h reflux.
yield 1.5 g (37%), colorless crystals, m.p. 193°C (methanol).- IR: 2210
(CN); 1580 (arom.); 850 (I.4-disubst. arom.) .• 'H-NMR: II = 4.15 (s, 3H,

DCH3). 6.75-8.10 (m, 7H, arom. H).- C17H IOBrCIN20S (405.7) Calcd. C
50.3 H 2.48 Br 19.7 C18.7 N 6.9 S 7.9 Found C 50.1 H 2.51 Br 20.0 C18.8

N 6.8 S 7.9.

4·(4-Chlorophenyl)-6-(3-chloro-T-thienyl)·Z-methoxynicottnonhrile
(7z)

From 5.66 g (20 mmol) of 3z and 1.30 g (22 mmol) of MDN; 1 h room

temp., yield 1.70 g (47%). colorless crystals. m.p. 203°C (glacial acetic
acid).- IR: 3100; 3005; 2980; 2940; 2860 (CH); 2220 (CN); 1580 (arom.);
850 (I.4-disubsL arom.).- IH_NMR: II = 4.15 (5. 3H, OCH3), 6.9-8.0 (m,

7H. arom. H).- CI,HIOCI2N20S (361.3)CaIcd. C 56.5 H 2.79 C119.6 N 7.8
S 8.9 Found C 56.4 H 2.86 C119.8 N 7.7 S 8.8.

6-(2-Furyl)·Z·methoxy-4·phenyInicotinonitrile (sa)

Methoda: 3.96 g (20 mmol) of 4a and 1.30 g (20 mmol) of MON. 2 h
reflux; yield 1.99 g (36%); method b: From 2.6 g (10 mmol) of 6a. I h
reflux; yield 1.2 g (42%); light yellow crystals, m.p. 132°C (methano\).
IR: 2210 (CN); 1600 (arom.); 1265 (ar-O-C); 760; 700 (phenyl).- IH•NMR:

II = 4.20 (s, 3H, DCH3), 6.50 (m, IH. furyl H-4). 7.15-7.75 (m, 8H. arom.

H).- CI7HI2N2~ (276.3) Calcd. C 73.9 H 4.38 N 10.1 Found C 73.8 H

4.43N 10.2.

4-(4-Chlorophenyl)-6-(Z{uryl)-Z-methoxynicotinonitrile(8b)

Methoda: 4.60 g (20 mmol) of 4b and 1.50 g (23 mmo\) of MON. 2 h
room temp.; yield 1.30 g (21%); methodc: From 1.1 g (10 mmol) oflb and

1.9 g of 4-chlorobenzylidenemalononitrile. 1 h room temp.; yield 1.5 g

(48%); colorless crystals, m.p. 216°C (glacial acetic acid).-IR: 2210 (CN);

1590 (arom.); 1090 (C-O-C); 840 (I,4-disubst. arom.).- IH-NMR: II= 4.15

(5. 3H, DCH3)' 6.55 (m, IH, furyl H-4). 7.20-7.65 (m, 7H. arom. H).

C1,HIICIN202 (310.7) Calcd. C 65.7 H 3.57 CI 11.4 N 9.0 Found C 65.4 H

3.63 CI 11.2 N 9.2.

6-(2-Furyl)-Z-methoxy-4-(4-methoxyphenyl)nicotinonitrile(8c)

From 4.50 g (20 mmo!) of 4c and 1.30 g (20 mmol) of MDN, 1 h reflux;

yield 2.52 g (50%), colorless crystals, m.p. 162°C (methanol).- IR: 2210

(CN); 1580 (arom.); 1250 (ar-Q-C); 830 (l,4-disubst. arom.).- IH-NMR: II
.3.95 (5. 3H. phen-OCH3), 4.15 (5. 3H. Pyr-OCH3), 6.50 (m, IH. furyl

H-4), 6.90-7.75 (m, 7H. arom. H).- CIsHI4N203 (306.3) Calcd. C 70.6 H
4.60 N 9.1 Found C 70.4 H 4.51 N 9.2.
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6-(Z-Furyl)-4-(3,4-dlmetboxyphenyl)-2-methoxynicotinonitrile(8d)

From 3.90 g (IS mmol) of 4d and 1.0 g (IS mmo\) of MON. I h reflux;

yield 2.52 g (50%). colorless crystals, m.p, 1200C (methanol).- IR: 2220
(CN); 1600 (arorn.): 1260 (ar-O-e); 850 (I,3.4-trisubst. arom.).- IH-NMR:

II = 3.95 (5, 6H. OCH3), 4.15 (5, 3H, DCH3). 6.50 (m, IH. furyl H-4).
6.90-7.75 (m, 6H. arom. H).- 13C_NMR: II = 54.53 (pyr-OCH3). 56.04 and

56.19 (phen-DCH3)' 111.19. 111.45. 111.62. 112.06, 112.60 (pllen C-2.
C-5-. C-6. fur C-3. C-4). 116.06 (pyr C-3). 121.54 (pyr C-5). 128.62 (CN).

144.77 (fur C-5. pyr C-4). 149.22 and 150.78 (phen C-3. C-4), 152.72 (fur
C-2). 156.25 (pyr C-2). 165.30 (pyr C-6).- CI9HI6N204 (336.3) Calcd. C
67.9 H 4.80 N 8.3 Found C 67.6 H 4_68 N 8.4.

6-(Z-Furylj-4-/4-(Dimethylamino)phenylj·Z·methoxynicotinonitrile
(8e)

From 5.10 g (20 mmol) of 4e and 1.35 g (21 mmol) of MON. I h reflux;
yield 2.75 g (43%). light yellow crystals, m.p. 178°C (methano!).- IR: 2205
(CN); 1595 (arom.); 1265 (ar-O-C); 815 (I.4-disubst. arom.).- IH_NMR: II
= 3.00 (5. 6H. CH3). 4.10 (5, 3H, DCH3), 6.50 (m, IH, furyl H-4), 6.7D-7.0

(m, 7H, arom. H).- CI9H17N302 (319.4) Calcd. C 71.5 H 5.37 N 13.2
Found C 71.2 H 5.30 N 13.3.

6-(2·Furyl)-Z-methoxy-4-(4-nitrophenyl)nicotinonitrile(80

From 5.20 g (20 mmol) of 4r and 1.35 g (21 mmo\) of MON, I h reflux;

yield 2.6 g (40%). light yellow crystals. m.p. 216°C (methano\).- IR: 2205

(CN); 1595 (arom.); 1265 (ar-O-C); 850 (I,4-dlsubst. arom.).- IH-NMR: II
= 4.20 (s, 3H, DCH3), 6.50 (m, IH. furyl H-4), 6.75 (m, 7H. arom, H).

C1,HIIN304 (321.3) Calcd. C 63.6 H 3.45 N 13.1 Found C 63.3 H 3.49 N

13.0.

6-(Z-Furyl)·2·methoxy-4-(2-thienyl)nicotinonitrile(8&>

Methoda: From 2.04 g (10 mmo\) of 4g and 0.7 g (II mmol) of MON. 1
h reflux; yield 1.0 g (37%); method b: From 2.70 g (10 mmol) of 6e, yield

1.2 g (42%), colorless crystals. m.p. 127°C (methanol).· IR: 2205 (CN);
1595 (arom.).- IH-NMR: II = 4.10 (5. 3H. OCH3), 6.50 (m, IH, furyl H-4),

7.00-7.95 (m, 6H. arom. H).- CisHION202S (282.3) Calcd. C 63.8 H 3.57

N 9.9 S 11.4 Found C63.7 H 3.61 N 10.0 S 11.3.

6-(2-Furyl)-2·methoxy-4-styrylnicotinonitrile(8h)

From 2.55 g (10 mmol) of 4h and 0.75 g (11.5 mmol) of MON. 2 h

reflux; yield 1.05 g (33%), light yellow crystals, m.p. 157°C (methanol).

IR; 2205 (CN); 1585 (arom.); 1260 (ar-O-C); 765; 690 (arom.).- IH-NMR:

II= 4.05 (s, 3H, DCH3), 6.50 (m, IH, furyl H-4), 7.1D-7.70 (m, IOH, arom.

H).- CI9HI4N202 (302.3) Calcd. C 75.5 H 4.66 N 9.3 Found C 75.2 H 4.60

N9,4.

3J'-(1.4·Phenylene)bis// .(Z-thienyl)-Z-propen-l-one/(9a)so

From 2.5 g (20 mmol) of 1a and 1.35 g (10 mmol) of 1.4-benzenedicar
baldehyde; yield 2.3 g (65%), m.p. 223°C (methanol).- IR: 1640 (C=O);

1590 (arom.); 970 (CCC); 820 (I,4-disubsL arom.).- IH-NMR; ll. 7.2D

8.30 (m, 14H, arom. H).- C2oH1402S2 (350.4) Calcd. C 68.5 H 4.03 S 18.3

Found C 68.5 H 4.11 S 18.2.

3J'-(1,4.Phenylene)bis/I-(2-/uryl)-Z.propen.l-one/(9b)so

From 2.2 g (20 mmo!) of Ib and 1.35 g (10 mmol) of 1,4-benzenedicar

baldehyde; yield 1.9 g (60%), colorless crystals, m.p. 229°C (methanol).IiL

229°C.- lR: 1650 (C==O); 1590 (arom.); 1050 (C·O-e); 1005 (trans C=C);

820 (I.4-disubst. arom.).- IH·NMR (60 MHz): 6.50 tm, 2H. furyl H-4),

6.85-7.65 (m, 12H. arom. H).- C2oH1404 (318.3) Calcd. C 75.S H 4.43

Found C 75.3 H 4.53.
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3J'-(/ ,4-Phenylene)bis[/ -(3-bromo-2-thienyl)-2-propen- /-one](ge)

From 4.1 g (20 mmo\) of Ie and 1.35 g (10 mmol)of 1.4-benzenedicar
baldehyde; yield 4.8 g (95%). yellow crystals. m.p, 165°C (methano\).-IR:
1640 (C=O); 1590 (arom.); 975 (trans C=C); 815 (1,4-disubsL arom.).

IH_NMR (60 MHz): 6 = 7.30-8.20 (1'0. 12H. arom. H).- CwH12Br202S2
(508.3) Calcd. C 47.3 H 2.38 Br 31.4 S 12.6 Found C 47.2 H 2.40 Br 31.6
S 12.7.

3J'-(/ ,4-Phenylene)bis[/ -(3-chloro-2-thienyl)-2-propen. /-ont](9d)

From 3.2 g (20 mmol) of Id and 1.35 g (10 mmol) of 1.4-benzenedicar
baldehyde; yield 4.0 g (95%). yellow crystals. m.p, 195°C (glacial acetic
acid).- 1R: 1640 (C=O); 1585 (arom.); 975 (trans C=C); 820 (1.4-disubsL

arom.).- I H•NMR (60 MHz): S = 7.20-8.15 (m, 12H, arom. H).

CwH 12CI202S2 (419.3) Calcd. C 57.3 H 2.89 C116.9 S 15.3 Found C 57.1
H2.820 17.0S 15.2.

4,4'-(/ ,4.Phenylene)bis[6-(2-thienyl).2.mtthoxynicotinonitrile](l Oa)

From 3.50 g (10 mmol) of 9a and 1.4 g (22 1'01'001) of MDN. 2 h room

temp.; yield 2.0 g (40%). colorless crystals. m.p. 2400C dec.- IR: 2210
(CN); 1580 (arom.); 1240 (ar-a-C); 830 (1,4-disubst. arom. H).- I H-NMR:

6 =4.10 (s, 3H. OCH 3). 4.20 ts, 3H. OCH 3). 6.8-7.8 (m, 12H. arom.).

C28HI8N402S2 (506.6) Calcd. C 66.4 H 3.58 N 11.1 S 12.7 Found C 66.2 H
3.69 N 11.0 S 12.5.

4,4'.(/ .4-Phenylene)bis[6-(2-/uryl)-2.methoxynicotinonitrile](IOb)

From 3.18 g (10 mmol) of9b and 1.4 g (22 mmol) of MDN. 2 h room
temp.; yield 2.4 g (47%). yellow crystals. m.p, 3000C dec. (glacial acetic
acid).- 1R: 2210 (CN); 1595 (arom.); 830 (1,4-disubsL arom.).

C28HISN404(474.5) Calcd. C 70.9 H 3.82 N 11.8 Found C 70.8 H 3.92 N
12.0.

4,4'.(/ .4-Pheny/ene)bis[6.(3-bromo-2-thienyl)-2-methoxynicotinonitrile]
(10e)

From 5.08 g (10 mmol) of ge and 1.4 g (22 mmol) of MDN. 2 h room
temp.; yield 2.5 g (38%). light brown crystals. m.p. 192°C dec. (metba
nOI)" IR: 2210 (CN); 1585 (arom.): 1210 (ar-O-C); 835 (1.4-disubsL

arom.).- C28HI6Br2N402S2 (664.4) Calcd, C 50.6 H 2.43 Br 24.1 N 8.4 S
9.7 Found C SO.7 H 2.59 Br 24.3 N 8.3 S 9.5.

4,4' -(/ ,4.Phenylene)bis[6-(3.chloro-2.thienyl)-2.methoxynicotinonitrile]
(IOd)

From 4,20 g (10 mmol) of 9d and 1.4 g (22 mol) of MDN. 2 h room
temp.; yield 2.6 g (45%). light yellow crystals. m.p, 2750C dec. (metha-

Greiner-Bechert and Otto

nol).- 1R: 2220 (CN); 1580 (arom.); 1210 (ar-Q-C); 830 (1,4-disubsL

arom.).- C28H16ChN402S2 (575.5) Calcd. C 58.4 H 2.80 CI 12.3 N 9.7 S
11.1 Found C 58.3 H 2.95 CI 12.4 N 9,6 S 11.0.
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