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Introdustion

Conjugated rings such as benzene, thiophene and pyridine
wlth conjugated aldehydes such as j=alkoxypropenals azttached
in various rositions have proven to be ubigquitous syntretic
inteymediates, being useful in a variety of applications
includine natural preducts synt*esis, as components in some
industrial fragrances {1} and in wittle condensations to
yield conjugated polyenes (2}, which may be synthesized wit
specific heterocyclic chain terminators (3}. A great many
procedures currently exist for obtaining these molecules,
ronging from distilling them from naturally occuring oils,
as in the case of p-methoxycinnamaldehyde from estragonal oil
(4} for an anticipated miserly yield of 0.6%, to oxidizing
propylene derivativea with Sal, {5) or transition metal
oxides (6), as well as condensation reactions {7), for better
yields, Yielde as high as 70% have been achieved (&), although
higter yields generally seem to correapond to tedious proce-
dures, limiting their practicality, especially for producing
appreciable amounts of these compounds.

Cf tre molecules whoss synthesis is described, the sub—
stituted cinnamaldehydes have been most extensively studied,
and a vast body of literature exists deseribing various
syntretic methods for ackieving these aldehydes {9,10,11).
mhe substituted heterceyelie molecules, though, have onme
into vogue relatively recently, and the literature lists only

2 few synthetic methods (3,17), wpich are arain elther tedious
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or inefficient,

For these reasons, then, it wis undertaken to devise an
efficient preparation of aultituted cinnamaldehydes and hetero-
cyclliec compounds by adapting work done earlier in the 3Jpengler
laboratory on conjugated and nonconjugated substituted dienals
{13) to the particular needs of these molecules, The procedurs
invelved formation of a Grirnard reagent with brominated
heterocywlics and subsatituted bhenzenes followed by addition of
either 2-methyl-3-ethoxypropenal {14) or 3-ethoxypropenal,
prepared by treating malonalidehyde bis{diethyl acetal) (14)
with p=toluenesulfonic acid Lvrough a series of four vacume
distillations (15), The acrolein or cinnamaldehyde was then
formed by hydrolyzation, using saturated HH4cl for the nitrogen=
containing eompounds and 34 Bl as well, for the others,
The preduct was then isolated in a variety of ways. Altkough
this method anpears to hhve general utility, time constraipts
permitted the successful gnthesis of only five tyrpes of
molecules: 2-methyl-3-(p-methoxyrhenyl)propanal, 2-methyl=
3-{p~11, P=deme thylphenyl) provanal, n-di methylamiﬁoc innamaldehyde,
Z=thippheneacrolein and 2-pyridineacrdlein, but these are
indicative of the method's usefullness and efficiency, and
it is expected to be erually apnliecable to MANy more ring
systems,
“ethods/iesults

4 typieal procedure involved Torming a Grignsrd rearent

with C.10 mole of the brominaterd substituted henrene or




heterooyclic in 190 ml tetvabhylre Turan {7} heineg =dded
dropwize to 0,11 mole Mg in 2% ml TIF at voom temperature.

A few mg crystalline I2 were alded to all the reactions
involving substituted benzencs, hut not to thoese involving
heteroeyclics., If the reaction failed to initiate, as
evidenced by heat evolution, 1 ml 1,2=dibromoethane was addec.
"ollowing addition, the mixture wis gently refluxed Tor an
average of twenty minutes and then cooled to 0*¢, upom which
0.08 mole of either 3-ethoxyprepanal in 50 ml anhydrous ether
or ?-methyl-3-ehoxypropanal in 50 ml THF was added dropwise.

The mixture was again gently refluxed for twenty minutes, then

3=

hydrolyzed with, for nitrogen-containing comvounds, PH4Cl/ice/H?C,

apd also witk 100 ml 2Y [IC1 for the others, The wroduet was
axtracted with ether which wag dried over anhydrous MgSOd.
Tf an emulsion or polymer formed during extractien, hoth the
mixture and ether solutions were washed with brine, TI tre
dispersion or polymer persisted, ther were filterad from the
ether layer and saved for analysis. Follewing rotary evapor=
ation of the ether, the product was lsolated and reerystallized
in a varisty of ways, determingd hy trial and error:
?-methyl=-3-{p~methoxyohenylrrorsnsl.
a
—0O—=0 f‘(
+

This product came eut of the reaction mixture nnd inte ether
eleanly without dispersion or polymer formation, and #93 a
reddish 0il after astrivring off the ether. Tads nil was
distilled under vacume to give o lirht yvellsw rrotdust with »

Woiling noint of 106 = 116% under Q0,10 mp ¢ znt ar index
of refraction of 1.8220, The yield was 657, und the 2,4-
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dintrephenyl derivative of the 1iquid had a melting peint
of 236 -~ 239 €., A proton nmr scan further suhstantiated the
product's identity (Fig. ).

o
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Tig. 1. Proton nmr sc¢an of 2-methy1—3-(p-meﬁ1oxyphenyl)propanal.

2-methyl-3-{U-N,N-dimethylphenyl)propanal.

S

P H
Since the fTirst ether wash of the reaction mirzture containing
thig compound aprarently did not cellect muech of the compound
{no color was gained by the eiher), the agqueous layer wils
basified with 2N NaOF, when successfully efstracted with ether,
The initial ether fraction was extracted with saturated aoyeous
bicarbonate, resulting in a Tink Aoueons layer and 2 yellow
organic later. The ether fractions were combined and dried
with anhydvous ~g3C,, tre the zolvent was cvaporated o mive
a ereeniszh solid which wag recrystallized in hexane/toluene
tr give rount yellow cryctals »ith a meltine noint of 94 =
9¢ C, 'The yield of this compound was £204, and a proton nmr




revealed that the product wac indeed the one desired {™ie. Z).

Fig., 2.
Troton nmr scan of Z-methyl-3-(p=If,M-dimethylphenyl)rropanal.

v~ dimethylaminocinnamaldehyde.

NN

~ +H
The reaction mixture containing this product was simultaneously
aextracted with ether and brine, hut an ugly dispersion which had
formed could only be slightly attenuated, Congeauently, tre
dispersion layer was combined with the etver fractionc, thon
tiltered, and the slimy solid mitter was extrached with ether,
then saved, The combined ether layers were then dried aver
anhydrous Fgil,. A dark red oil, achieved hy evinorating the
solvent, was dissolved in 9%'% etranecl, filtcred und stored
avernight at 10°C to give an uringe-red, roundish crystsl
with a4 melting point of 136 = 135°0U, The yicld o tris
product was only 46.4%; an unknown umount was lout in tre
dispersion, & proton nmr scan confirmed the structure of
the product.
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2= thionheneacrolein.

<?-?>\¢¢7\5{/’H
5

When formineg tH¥s product, the reaction mixture was refluxed
only 10 min to form the Grignard and only stirred in warm
water after addition of i-gthoxypropanal, The product appears
5 bte sensitive to oxidation by the air, as it turned pro=-
greselvely darker, from yellow to dark red within 5 min of
opening the reaction flask, Tho effeect of air oxidation was
also noticed on a portion of ‘“d
drying, then set asidej within 10 'min it turned from white

to cink to purple to blue to hizek, This occcured on the zide

of ihe chunk directly exposed to atmesphers, but not on that
next to the pyrex flask. The effect of oxidation was apparently
to polymerize the produck, as & black polymer formed during
extraction which partially adhered to the pyrex extraction
vessel, and was minimally scluble in acetone. sfter drying

the organic layer with anhydrous M0, and evacorating the
solvent, the dark red oil left was wafihed out of tre evap-
oratirn flask with a minimal smount of 95% ethancl, then stored
overnight at =30 C to give a hlackish liquid over a asmall

amount of black polymer strongly adhering %o the flask, which
was slightly soluble in acetone and reasonably soluble in
chloroform. It was dissolved and combined with the mother
liguor, which was then vacume Aiatilled into a reciever cooled
with dry ice to give a thermochromic ligquid boiling at 58 €
under O.10 mm Hg; it changed coler from bright orange at

=30 C to brilltant green In dry ice to clear vellow at roon
temperature to bright dlue under & heat gun, & proton nmr STec-
trum of the vroduct confirmed tkat it has the atructure of
2-thjiopheneacrolein.

2=pyridineacrolein.
O H
~N

This compound Also appeared to he alr sensitive; a great deal
of @ brown=hlack molymer sinsluble in all the usual osrEanic
splvents but soluble in 3F ¥, and stronely adherent to tre pyrex
extraction vessel, was formed during extraction, 1t was
filtered out of the etrer, which w2s dried over anhydrons
Tal0, and then evaporated, lesvins a blackish oil, Orwstal-
llu.%ion was attempted in teluens, hut repeatedly resulted in
t e hlack polymer heing formed on the flask, which wns ine
soluble in boiling toluene. “epeuted arystallixion attemets
resultes in nothing but "polymer" formation, so the toluene
wag fipally extracted with 3N 01 and the pulymer isgnlved
wit 3 EZl. The HI1 fractions were combined and neuntrelized




wit™ NacH, resulting in a smull mount of tan rreciplitate
becoming suspended in the bli.ck solution, accompanied hy re-
formetion of the polymer. it this point it was decided an
entirely different approach to fthe problem was rvequired.

The organic contents of the neutrallized agueous solution
were extracted wit- ether which was consequently evanarated
to give the blaek 9il. A proton nmr spectrum of this oil
indicated that, beaides a grent deal of impurlities, the
E-pyridineacrolein appeared to be preaent in small amounts;
the majority of it apparently was lost to gradual oolymer
formution over the course of nukempted recrysta]lizations,

1% i3 anticinated that djstitlatirn of thiz il immediately
upon forming will result in high yields, Aas was the cosé with
2=-thiopheneacrolein, which also formed a black polymer in thre
mother liguor, but was literated in pure form by vacume
distillation.

Discussion

In =zddition t< these successfull syntheses, a few attempts
were mezﬁgll fate, Although twice attempted & Grign- rd resgent
could not be formed with p=bromenitrobenzene. Perhaps harsher
reaction conditions or pretreating the Mg in an acid bath will
yield the Girignavd. Attempted synthesis of p-methoxycinnamaldehyde
an' p-dinethylaminocinnamaldehyde also resulted in faillure,
once for both compounds. Although the reactions for trese
products appeared to be praceding normally, a vroton nmr
agcan of the results indicated that they were not the dezired
aldehydes. Investigation into just what they are =nd wrAt
what went wrong is continuing.

s mentioned previously, it was necessary to make the
renptant Seethoxyproponsl [ron ri:lonnldehyile pig(iiet rlneetall,
"he methnd used renorted & vield of 284 (18}, Thic was inerezsesn
to 49 % simrly by extroetine the Nu”003 ugerd to neutrrline the
1ast T8 . additionm with etter =nd ocombinine the gtrryr froctions

prior to the last distillstion.
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In summary, the metiod ipseribed here for the efflcient
preparation of substituted cinnamildenydes ond neterocyeclic
acroleins is a significant improvemcnt over previausly pub-
lighed methods for obialning these molecules, and is exvected
to have general utility for o varietly of systems, as will
he shown later.

The orimary interest with theoe molecules in thic jar-
tigular laboratory is in producing linear polyenen of o
apecific lengthy terminated Ly snecifle suhstituted henzenes
ar heterocyclic moleculaes, raining exciting nessibilities
crncerning organic conduction technology. T[%t ix noted thotl the
molecules synthesized by thio procedure, having & single
carbonecarbon douhle bond {n=1), may be lenzthened considerable
with s chain extension method whereby two ethylenic bonds
are serially added by Grignard addition without isolation
of intermediates (6). Using this method, 15—p=me thoxyrhenyl-
nentadeca—z,4,6,8,10,12,14-hentmena1 has besn isolated as
red prisms (6}. The methods described here, in conjunction with
forthcoming methods to make nolyenes with these malecules,
are sure to provide a foundation for a great deal of exciting

and enlig+-tening research.
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