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REACTION OF ARYLMETHYLENEMALONALDEHYDES
WITH SOME NUCLEOPHILES
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Reaction of arylmethylenemalonaldehydes with tributylphosphine and tertiary amines affords
compounds of dipolar structure whereas reaction with primary and secondary amines leads to
1,4-addition products. Salts of nucleophilic inorganic anions add to arylmethylenemalonaldehydes
under formation of salts of substituted malonaldehydes.

Arylmethylenemalonaldehydes! =3 I can be regarded as the so-called organic Lewis
acids* characterized by the presence of a C=C double bond, activated in the posi-
tion 1 by two geminal strongly electron-accepting groups capable of electron de-
localization. Compounds of this type, mainly derivatives of 2,2-dimethyl-1,3-dioxane-
-4,6-dione (Meldrum acids) II, have been studied in detail by Polanski and his co-

-workers*.
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The electron-acceptor character of organic Lewis acids manifests itself particularly
in their reaction with nucleophiles. One of the characteristic transformations of these
compounds is the formation of dipolar structures on addition of tertiary bases®
(Scheme 1).
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A similar reactivity could also be assumed in the case of arylmethylenemalonal-
dehydes. Some reactions typical for organic Lewis acids, e.g. their reaction with
water and alcohols, have been observed with arylmethylenemalonaldehydes already
earlier®®, In this communication we describe reactions of arylmethylenemalonal-
dehydes with phosphines, primary, secondary and tertiary amines, and potassium
salts of nucleophilic inorganic anions. The substituents on the benzene nucleus
were chosen so as to represent both electron acceptors (Ar = 4-NO,—phenyl, 4-Cl—
—phenyl) and electron donors (Ar = 4-CH,O—phenyl, 4-(CH;),N—phenyl).
Thienylidene derivatives were also included as representatives of heteroaromatic
methylenemalonaldehydes.

As expected, arylmethylenemalonaldehydes reacted with tributylphosphine to give
dipolar products I'V. The structure of these compounds follows unequivocally from

CH—0 JCH=0
Ar—CH—C { © L-CI—CGH;—CH——C\( o
cH—0 . CH=0
“P(n-C,H,), PP(N(C,H),),
IVa, Ar = 4-NO;—CgH, v

Vb, Ar = 4-Cl—C.H,

Ve, At = 4-CH,0—C.H,
Ivd, Ar = 4~ (CH,),N—C.H,
IV e, Ar = 2-thienyl

the spectral parameters. Their 'H NMR spectra exhibit one signal for both formyl
protons (6 = 8:63—892) and a doublet due to the Ar—CH—P* proton at § =
= 4-62—5-02 (*J(*H, 3'P) = 15-5—17-0) depending on the substituent on the aro-
matic nucleus. Ultraviolet spectra display an absorption band at A = 270 nm, charac-
teristic of a malonaldehyde anion. Similarly to tributylphosphine, tris(diethylamino)-
phosphine reacted smoothly with 4-chlorophenylmethylenemalonaldehyde to give
the dipolar adduct V. No reaction of arylmethylenemalonaldehydes with triphenyl-
phosphine was observed.

According to the literature data’8, the reaction of organic Lewis acids with ter-
tiary phosphines is to a considerable extent reverse. Thus, e.g. in diluté solutions,
adducts of substituted phenylmethylenemalononitriles with tributylphosphine are
almost completely dissociated into their components even in the presence of strongly
activating substituents such as nitro group in position 4 of the benzene nucleus’.
With our compounds, we observed partial dissociation only in the case of 4-di-
methylamino group. This fact shows unequivocally that arylmethylenemalonal-
dehydes belong to strong organic Lewis acids such as 5-arylmethylene-2,2-dimethyl-
-1,3-dioxane-4,6-diones which do not undergo any reverse dissociation. This con-
clusion agrees with the results of pK, measurements. The pK, values® for 4-chloro-
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phenylmethylene- and 4-methoxyphenylmethylenemalonaldehyde in water are 459
and 4-91, respectively; the values are comparable with those for 5-arylmethylene-2,2-
-dimethyl-1,3-dioxane-4,6-diones?. (According to a recent study, using the stopped-
-flow method, phenylmethylenemalonaldehyde is even somewhat stronger organic
Lewis acid than the corresponding derivative of 2,2-dimethyl-1,3-dioxane-4,6-diones.)

The reaction of 4-chlorophenylmethylenemalonaldehyde with tertiary amines was
studied using 1,4-diazabicyclo[2,2,2]octane which had been suitable also with
substituted 5-methylene-2,2-dimethyl-1,3-dioxane-4,6-diones®. As expected, also in
this case the reaction afforded the dipolar adduct VI. However, the adduct was
unstable, hygroscopic and retained nonstoichiometric amount of solvent that could
not be removed even by prolonged drying in vacuo. Similarly to the parent aldehyde,
the adduct forms yellow solutions indicating a great extent of dissociation to the
starting components.

The position of the equilibrium depends considerably on solvent polarity and can
be followed by NMR spectroscopy. Proton NMR spectrum of the adduct VI in
C?HCI, exhibits one signal of both protons at & = 9-88; this value is not too different
from those of formyl proton signals for the starting 4-chlorophenylmethylenemalonal-
dehyde (6 = 1018 d, 1 H (J = 0-5); 10-02 s, 1 H). Also the'Ar—CH proton signal is
shifted only slightly (from & 8-03 to 7-60). This evidence indicates an almost complete
dissociation of the adduct VI. On the other hand, the spectrum measured in (C*H,),.
.SO shows that in this strongly polar medium the adduct predominates. The formyl
protons appear as a singlet at & = 8:92, the CH protons as a singlet at é = 5-75,
the values being similar to those for the adduct of 4-chlorophenylmethylenemalonal-
dehyde with tributylphosphine (6 = 8-90 and 4-89). An attempted preparation of
analogous adduct with triethylamine was unsuccessful.

CH-—0 FH—OH
L-Cl—CGHA—CH—C\(\ ) Ar—CH—C_
o o LR‘ oo GH=0

[ }j Vila, Ar = 4-Cl—C.H,; R R’= (CH,),0(CH,),

N Vil b, Ar =4-CH,0—CH,; R\ R’z (CH,),0(CH,),
vi Vile, Ar = 2-thienyl; R'R=(CH,),0(CH,),
Vlid, Ar = 4-Cl—CH,; R\ R’z CH,
Vile, Ar = 4-CH,0—CH,; R R’ CH,
Vi, Ar = 3-thienyl; R'=(CH,),C; R=H
Vilg, Ar = 3-thienyl, R'=4-NO, C¢H,; R=H

Primary and secondary amines react easily with arylmethylenemalonaldehydes
to give substituted malonaldehydes VII as 1,4-addition products. This reaction is
reverse and in dilute solutions the adducts are significantly dissociated into the
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starting components. Thus, e.g. UV spectrum of the adduct VIla in cyclohexane
(¢ =5.10"5moll™") shows an about 32% dissociation. On acidification, the
adduct VII liberated the starting dialdehyde in almost quantitative yield.

Reichardt!® described formation of aminoacrolein IX by reaction of phenyl-
methylenemalonaldehyde with 4-nitroaniline in methanol. In this case methanol
was added primarily and the formed adduct VIII reacted with 4-nitroaniline under
formation of the final product IX (Scheme 2). However, reaction of 3-thienyl-
methylenemalonaldehyde with 4-nitroaniline in tert-butyl alcohol, which does not
react with methylenemalonaldehydes, led to the product Vilg.

CH=0 CH—OH CH—NH —@—NO
/ CH,OH / y 2
CeHeCH=C( = CGHS—?H—C\ —— cHeeH—,

CH=0 CH=0 | “ch=0
OCH, OCH,

vill X

SCHEME 2

On treatment with inorganic salts of some nucleophilic anions (CN~, NCO~, N3),
solutions of 4-chlorophenylmethylenemalonaldehyde in N,N-dimethylformamide
lose their original characteristic yellow colour, indicating addition of the anion to
the double bond in the starting dialdehyde (Scheme 3). Actually, this type of addition
was confirmed by isolation of the methoxyacrolein derivative XIa from the reaction
with KCN followed by alkylation.

/CH=° KX //'H::O (#)
4-Cl—CH~CH=C T==  4-C—CH—CH—C{® K
CH=0 4 chZo

Xa, X =CN Xb, X =NCO
Xe, X=N, Xd, X =SCN

FH—OCH,
4-Cl—CH—CH—C
CN CH=0

SCHEME 3
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When the reaction with potassium salts of the mentioned anions was carried out
in tert-butyl alcohol, the salts X precipitated as white solids, strongly contaminated
‘with the starting inorganic salt and the solvent. Since attempts to purify the salts A
by crystallization or reprecipitation were unsuccessful, they could not be charac-
terized by elemental analysis. However, 'H NMR spectra of these compounds in
(C2H3)280 confirmed unequivocally the structure X. They exhibit a characteristic
two-proton signal of malonaldehyde anion in the region 6 = 8-:25—8-33 and a one-
-proton signal of the CH—X group at & = 6-41 (Xa), 549 (Xb), 5:47 (Xc) or 5:47
(Xd). Whereas 4-chlorophenylmethylenemalonaldehyde did not react with KSCN
in N,N-dimethylformamide, the reaction mixture in tert-butyl alcohol gradually
deposited the salt Xd, the reaction equilibrium being favourably influenced by its
insolubility.

The equilibrium character of the reaction of arylmethylenemalonaldehydes with
inorganic salts can be demonstrated by reaction of 4-methoxyphenylmethylene-
malonaldehyde with excess of potassium azide in an aqueous solution. The dialdehyde
dissolved easily to form a yellow solution, although in pure water it was practically
insoluble. Extraction of this solution with benzene afforded almost quantitatively
the free dialdehyde.

Quite recently, a similar addition of KCN to 2-arylidene-1,3-diketones has been
described and utilized in the synthesis of heterocyclic compounds!!.

Our findings confirm the expected high reactivity of the C=C double bond in
methylenemalonaldehydes towards nucleophilic reagents, comparable with other
organic Lewis acids, e.g. 2,2-dimethyl-1,3-dioxane-4,6-dione. However, if the nucleo-
philic species contains a mobile hydrogen atom (primary and secondary amines),
this atom is transferred during the reaction to the oxygen atom of the malonaldehyde
grouping to form a malonaldehyde derivative. Also addition reactions of aryl-
methylenemalonaldehydes with inorganic salts, leading to salts of substituted malo-
naldehydes X, reflect high activation of the C=C double bond.

EXPERIMENTAL

Melting points were determined on a Kofler block. Analytical samples were dried over phos-
phorus pentoxide at 25°C/25 Pa for 24 h. Infrared spectra were recorded on a Zeiss UR 20
spectrometer, 1H NMR spectra on Tesla B 467 (60 MHz) and Varian XL 200 (200 MHz) instru-
ments. UV spectra were obtained with a Specord UV VIS spectrometer, mass spectra with an
AEI MS-902 instrument.

Adducts with Tributylphosphine IV

Tributylphosphine (0-3 ml) was added to the arylmethylenemalonaldehyde (1 mmol) in benzene
(2 ml) or dichloromethane (used for IVa and IVd, sparingly soluble in benzene). The solution
warmed spontaneously and its yellow colour rapidly disappeared. After standing for several
minutes, light petroleum was added until the turbidity persisted. The mixture was warmed to get
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a clear solution and allowed to crystallize at room temperature. The separated product was
collected on filter, washed with light petroleum and crystallized from benzene-light petroleum.
Yields, melting points, analytical and spectral data are given in Tables I—IV. Mass spectra of
these compounds exhibited no molecular ions but only ions corresponding to tributylphosphine
and the dialdehydes.

Adduct V

Tris(diethylamino)phosphine (0-258 g; 1-04 mmol) was added to a solution of 4-chlorophenyl-
methylenemalonaldehyde (0-195 g; 1 mmol) in toluene (2 ml). The mixture warmed spontaneously
and the yellow colour rapidly disappeared. After cooling with ice, the crystallized product was
collected and washed with cold toluene; yield 0:367 g (83%), m.p. 98— 103°C. An analytical
sample was obtained by crystallization from toluene. For C,,H;,CIN;O,P (442-0) calculated:
8:02% Cl, 9-51% N, 7-01% P; found: 817% Cl, 9-58% N, 7-50% P. 'H NMR (C2HCl,): 885,
2H (—CHO); 7-05—7-57Tm, 4 H (aromatic H); 5-53d, 1 H (CH—P, 2J(PH) = 22); 2-82 to
3-48 m, 12 H(N—CH,CH,); 1-12t, 18 H (N—CH,CH,, 3J(CH2, CH,)= 7). IR spectrum
(KBr), cm™1: 2 718 (C—H in CH=0); 1 632 m, 1 565 s, br (C=C and C==0); 1493 m, 1 590 m,
sh (C—C arom.),

Adduct of 4-Chlorophenylmethylenemalonaldehyde with 1,4-Bicyclo{2,2,2]octane VI

A solution of 1,4-diazabicyclo[2,2,2]octane (0-112 g) in ether (2 ml) was added to a solution of
4-chlorophenylmethylenemalonaldehyde (0:195 g; 1 mmol) in ether (5 ml). The precipitate was
filtered and washed with ether under exclusion of moisture to give 0-212 g (69%) of white product,

TABLE I
Adducts IV
Compound Yield, % Formula Calculated/found
un
m.p., °C 1. wt.
(m.p., °C) (mol. wt.) o P o X
IVa 92 C,,H;,NO,P 762 344°
(152—154) (407-5) 7-92 352
Ivb 98 C,,H,,CIO,P 7-82 8-95°
(153—154-5) (3969 7-46 8-87
Ve 91:6 C,3H;,0,P 792 -
(136—137) (392-5) 7-75 -
1vd 93-2 C,4H, oNO,P 7-65 3-46°
(124—126) (405-6) 7-60 344
IVe 97-8 C;0H;30,PS 8-42 8-70°
(85—87 (368:5) 8-29 9:23

CX=N;’X=CL°X=S5.

Collection Czechoslovak Chem. C [Vol. 52] {1987]



Arylmethylenemalonaldehydes

2705

TaBLE 11

Proton NMR spectra of adducts IV (60 MHz, C2HCl;)

H-arom.

(n-C4Hyg),

Compound CH—O PY—CH

Iva 892s,2H 502d,1 H

2KPH) = 17

Vb 8-90s,2 H 489d,1H
2/PH) = 163

Ive 890s,2H 485d,1H

2J(PH) = 16

va° 863s,2H 462d,1H
2JPH) = 165

IVe 890s, 1 H 531d,1H
2 J(PH) = 155

7-55—7-85m,2 H
800—830m,2H

727—7-52m,4 H

667—698m,2 H
7-28—757Tm,2H

642—673m,2 H
7-05—-7-35m,2 H

6:82—7-45m, 3 H

0-58—2:62m, 27 H

0:68—2-67m, 27 H

063—2-57Tm, 27H

0-50—2:50 m, 27 H

0-57—2:57m, 27T H

% (C*H,),SO0.

TasLE I
Infrared spectra of adducts IV (KBr, cm™ 1)

Compound vC—H) in CH—O v(O=CH=C=CH=0)
IVa 2732w,2802w 1629 w, br,1565s,1558s, sh
IVh 2743 m,2780w,2813 w 1622 m, 1 575 vs, sh, 1 565 vs, 1 558 vs, sh
IVe 2747 m, br, 2 780 vw, 2 815 vw 1611 m,1566vs,1557s,sh
1vd 2730 w, br 1612m,1567s,1557s,sh
Ve 2726w, 2789 w 1628 w, 1 565s,1557s,sh
TABLE IV

Ultraviolet spectra of adducts IV in cyclohexane

Compound 4, nm & Reverse dissociation, %
IWa 270 19 500 0
Ve 273 22070 0
1vd 269 36 360 27-6
(¢=5.10"%mol1™")
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m.p. 39—43°C, which liquefied rapidly on exposure to air. Its !H NMR spectrum contained
strong signals of ether which could not be removed even on prolonged drying in vacuo (oil pump).
Similarly, the reaction in benzene afforded a product, containing benzene. 1H NMR spectrum
(c? HCl,): 988 s, 2 H (—CHO); 7°60s, 1 H (CH); 7-34—7-80 m, 4 H (aromatic H); 2:85s, 12 H
(1,4-diazabicyclooctane); 1H NMR spectrum (Csz)ZSO: 8:92s, 2H (CHO); 575s, 1 H (CH);
7-83— 813 m, 2 H (aromatic H); 7-30— 7-58 m, 2 H (aromatic H); 3-00s, 12 H (1,4-diazabicyclo-
octane).

Adducts of Arylmethylenemalonaldehydes with Amines Vila—/f

The arylmethylenemalonaldehyde (1 mmol) was dissolved in dry ether (10 ml; solubility of the
2-thienyl derivative was increased by adding 2 ml of dichloromethane) and the amine (1 mmol;
dimethylamine as a 33 mol1~! solution in ether) was added. The precipitated product was
washed with ether and dried. Yields, melting points, analytical and spectral data are given in
Tables V—VII. UV spectrum of VIla (cyclobexane): A, = 230 nm; 245 nm, sh. From the
absorption (D = 0-28) at 4, of 4-chlorophenylmethylenemalonaldehyde (308 nm, & = 18 300),
32-6% dissociation was calculated at concentration 4-7. 10~ > mol 11,

Recovery of 4-chlorophenylmethylenemalonaldehyde: The adduct VIla (0-430 g; 1-53 mmol)
was stirred with dilute (1:5) hydrochloric acid (25 ml) and dichloromethane (15 ml). After
20 min the organic layer was separated and the aqueous one extracted twice with dichloromethane

TABLE V
Adducts VII

com ) Yield, Formula Calculated/found
ompoun m.p., °C mol. wt.
(m.p., °C) ( wt.) o C % H UN o X
Vila 86-9 C,4H (CINO; 59-78 5-69 498  12:61°
(96— 100) (281-7) 60-14 5:80 494  12:39
viib 89-2 CisH yNO, 6497 691 5:05 -
(76—179) (277-3) 64-51 688 4-87 -
Vile 84:2 C;,H;sNO;S 5699 594 554  12-63°
(82—87) (253-3) 5698 601 530 1247
viid 93:6 C,,H ,CINO, 6020 5-84 584  14-82°
(114—117-5) (239D 60-30 585 559 1503
Vile 852 C3H,,NO; 6636 7-28 595 -
(105—108'5) (235:3) 66-09 724 578 -
vif 92:0 C,H;,NO,S 6021 7-16 585  13-39°
(83—84-5) (239-4) 60-45 715 71 1293
vilg 350 Ci4H;,NO,S 5725 397 920  10-53°

(150-5—155) (304:4) 57-30 4-09 9:32 9-83

SX=CL?’X=S.
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(15 ml). The combined extracts were dried over magnesium sulfate and the solvent was evaporated
to give 0-286 g (96%) of chromatographically pure 4-chlorophenylmethylenemalonaldehyde.

Reaction of 3-Thienylidenemalonaldehyde with 4-Nitroaniline in Tert-butyl Alcohol

4-Nitroaniline (0-138 g; 1 mmol) was dissolved at 60°C in tert-butyl alcohol (3 ml) and 3-thienylide-
nemalonaldehyde (0-166 g; 1 mmol) was added with stirring. The stirred solution was allowed
to cool and the product VIIg was collected on filter and washed with tert-butyl alcohol. The
yield, melting point and spectral data are given in Tables V— VII.

Adducts of Inorganic Salts with 4-Chlorophenylmethylenemalonaldehyde X

A mixture of 4-chlorophenylmethylenemalonaldehyde (1 mmol), the corresponding potassium
salt (1 mmol) and tert-butyl alcohol (2 ml) was stirred until the yellow coloration disappeared
(several hours). Dry ether (5 ml) was added, the product was filtered, washed several times with
ether with exclusion of moisture and dried in vacuo. Yields and melting points: Xa, 42%, 220°C
(decomp.), Xb, 51%, 215°C (decomp.); Xc, 38%, 230°C (decomp.); Xd, 45%, 190—216°C. The
1 NMR spectra are given in Table VIII.

TABLE VII
Infrared spectra of adducts VII (Nujol, cm™1)

Compound Vv(CH) in CH=0 vW(C=C—C=C) v(OH) (chelate)

Viia 2730 w 1670 m, 1567s 2600—3 100

1 410] 2725w 1620w, 1561 m 2 600—3 100
VIIe 2722 1627 m, 1567 vs 2 600—3 100
viid — 1619m,1565s center about 2 900
Vile — 1624 w,1561s center about 2 900
viif — 1615 w,br,sh,1556s —

Vilg — 1660m, 1584s, br -

TaBLE VIII

Proton NMR spectra of adducts X (200 MHz, (C*H,),S0)

Compound CH—O H-arom. CH—X
Xa 8:33bl,2 H 716 m,2H; 7705m,2H 641bs,1 H
Xb 829bs,2H 7-19m,2H; 706 m,2H 549bs,1 H
Xc 825bs,2H 718m,2H; 7704 m,2H 547bs,1 H
Xd 833bs,2H 718m,2H; 7705m,2H 547bs 1 H

Collection Czechoslovak Chem. Commun. [Vol. 52] [1987]
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Methoxyacrolein XI

A mixture of 4-chlorophenylmethylenemalonaldehyde (1 mmol) and potassium cyanide (1 mmol)
was stirred at room temperature in dimethylformamide (2 ml). After disappearance of the yellow
colour (several minutes), methyl iodide (0-1 ml) was added. The mixture was stirred for 2 h and
partitioned between ether and 19 aqueous potassium carbonate. The ethereal layer was washed
with 1% potassium carbonate solution and dried over solid potassium carbonate. Evaporation
gave 0-142 g (60%) of the product which was practically pure according to TLC. Crystallization
from light petroleum-ethyl acetate afforded an analytical sample, m.p. 80— 81-5°C. For C;,H,.
.CINO, (235'7) calculated: 61-16%; C, 4-28%; H, 15-04%; Cl, 5:94%; N; found: 61-33%, C, 423, H,
15:06% Cl, 6-06% N. 'H NMR spectrum (C?HCl,): 9-23d, 1H (CHO, J= 0:3 Hz); 7095,
1H (CH—OCH,;); 56—739m, 4 H (aromatic H); 524d, 1 H (—CH—CN, J= 0:3 Hz);
4:08 s, 3 H (OCHj,;). IR spectrum (CHCl,), em~ 112745 w (CH in CH=0); 2 832 w, sh (v,(CHj;)
in OCH,); 2 250 w (C==N); 1 695 w, sh, 1 678 m, 1 648 s, 1 633 m, sh (C=0 and C—C).
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