227 . .
*’ ScienceDirect
Mendeleev Commun., 2016, 26, 431-433

Available online at www.sciencedirect.com

Mendeleev
Communications

Hydrolysis of (Z2)-2-alkoxy-3-arylpropenals as a short-cut to benzylglyoxals

NataliaA. Keiko,* Nadezhda V. Vchidlo, Ekaterina A. Verochkina, Yurii A. Chuvashev and Lyudmilal. Larina

A. E. Favorsky Irkutsk Institute of Chemistry, Sberian Branch of the Russian Academy of Sciences,
664033 Irkutsk, Russian Federation. Fax: +7 3952 419 346; e-mail: keiko@irioch.irk.ru

DOI: 10.1016/j.mencom.2016.09.023

Hydrolysis of the C=C bond in 2-alkoxy-3-aryl(hetaryl)-
propenals, depending upon substituents in the molecule,
can proceed according to Markovnikov or Michael rule or
with heterolytic opening of the cycle (in the case of 2-alkoxy-
3-furylpropenal). Hydrolysis of 3-phenyl substituted alkoxy-
propenals bearing electron-withdrawing substituents (Cl, NO,)
in the p-position has allowed a method for the preparation of
corresponding benzylglyoxals (stable in enol form) to be
developed.

2-Alkoxy (aryloxy)propenals represent a poorly studied, but struc-
turally diverse family of secondary metabolites of plants'(@-(®)
and animals.X© Unlike acrolein, 2-alkoxypropenals 1 (R = R?= H)
are capable of adding water molecule according to Markovnikov
rule leading finally to methylglyoxal (2-oxopropanal) (Scheme 1).2
In 1965, it was shown that similar hydrolysis is inherent in -aryl
substituted a-methoxy-a,-unsaturated ketones and acids 1
(see Scheme 1, R, RZ = H).2 However, it remains unclear
whether the corresponding B-arylaldehydes (R = Ar, R? = H)

tolerate this reaction.
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Earlier we reported* that, contrary to compounds 1, 2-ethoxy-
3-phenylpropenal 2 undergoes hydrolysis in acidic medium
according to Michael rule (1,4-addition). Subsequent retro-
aldol decomposition of the intermediate A gives benzaldehyde
(*H NMR), whose content in the reaction mixture grows in
time (Scheme 2). Similar direction of the C=C bond hydrolysis
was observed while attempting to convert 2-methoxy-3-(2-pyridyl)-
propenal into its 2,4-dinitrophenylhydrazone in the presence of
acids.* Eventually, pyridine-3-carbaldehyde hydrazone was
obtained in 65% yield. Apparently, the direction of hydration for
these reactants is explained by the formation of all-in-one
conjugation system between the aliphatic chain and aromatic or
heteroaromatic cycle.

The aim of this work was to study the direction of hydrolysis
of hitherto unknown 2-alkoxy-3-aryl(hetaryl)propenals in acidic
medium as well as to elucidate a possibility to access benzyl-
glyoxals or furylmethylglyoxals by the reaction of the C=C bond
hydrolysis according to Markovnikov rule (Schemes 3 and 4).

Unlike well-studied arylglyoxals,® the reports on benzyl-
glyoxals, rather promising compounds, remain sporadic.5-°
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For example, condensation of 3-(4-acetoxyphenyl)-2-oxo-
propanal with a pyrazine derivative, coelenteramine, affords
coelentrazine, bioluminescent imidazopyrazine.® The reaction of
benzylglyoxals with a pyridine derivative delivers imidazo-
[1,2-a]pyridines.?

We have found that hydrolysis of 2-alkoxy-3-arylpropenals
3a—d, bearing electron-withdrawing groups in the p-position of
the aromatic ring, under appropriate conditions (pH 2-3,
50-60°C, 4-8 h) proceeds in the desired direction giving rise to
substituted benzylglyoxals 5a,b in 56-62% yields.” Notably,

T The H, 13C and >N NMR spectra were recorded in DMSO-d, and
CDCl; at room temperature on Bruker DPX-400 and AV-400 spectro-
meters (400.13, 100.61 and 40.56 Hz, respectively). Chemical shifts were
referred to TMS (*H, 13C) and nitromethane (**N). GC-MS analysis was
performed on an Agilent Technologies 5975C (El, 70 eV, mass-selective
detector), AT-6890N chromatograph, Ultra-2 column (5% phenylmethyl-
silicone), injector temperature 260°C, column thermostat temperature
70-280°C, temperature rasing 20 K min=L, IR spectra were recorded on a
Bruker IFS25 spectrophotometer. Melting points were determined on a
Micro-Hot-Stage Poly Term A instrument. Elemental analysis was per-
formed on a Thermo Finnigan 1112ser analyzer. Column chromatography
was carried out on silica gel 60 (70-200 mesh; Merck).

Hydrolysis of (Z)-2-alkoxy-3-(4-chlorophenyl)propenals 3a,b (general
procedure). To a solution of compound 3a (1.5 mmol) in 1.5 ml MeCN,
H,0 (1.5 mmol) and 28.6% hydrochloric acid (0.55 mmol) (pH 3) were
added. The solution was stirred at 50-60°C for 8 h. The residue was
filtered and washed with diethyl ether.
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Scheme 3 Reagents and conditions: i, H*/H,0, MeCN, 50-60°C, 4-8 h;
i, H*, 2,4-(0O,N),CsHsNHNH,.

the precipitated crystals of the compounds do not require
additional purification. The *H NMR study (in CDCl; and
DMSO-dg) has revealed that the compounds exist in enol form,
which is retained even in iminium derivatives 6a and 6b obtained
from enol aldehydes 5.%

Stability of the enol forms is likely due to the formation of
strong hydrogen bonding and the prevailing dative effect of the
OH group, which is in agreement with electron-withdrawing
influence of the Cl and NO, substituents.

(2)-3-(4-Chlorophenyl)-2-hydroxypropenal 5a: yield 59%, mp 161°C
(cf. ref. 10). IR (v/cm™): 3192, 1643, 1586, 1489, 1417, 1360, 1289, 1158,
925, 858, 724. 'H NMR (CDCls) 6: 6.10 (s, 1H, =CH), 6.72 (s, 1H, OH),
7.36 (d, 2H, H3, H5 J8.2 Hz), 7.75 (d, 2H, H?, H?, J8.2 HZ), 9.24 (s, 1H,
CHO). 3C NMR (CDCly) 6: 121.2 (=C), 129.1 (C8, C5), 131.7 (C?, C5),
132.15 (CY), 135.3 (C%), 149.0 (COH), 188.0 (CHO). GC-MS, mVz (%):
182 (47) [M]*, 165 (2) [M—OH]*, 147 (23) [M-CI]*, 125 (100), 89 (36)
[CeH4CH]. Found (%): C, 59.43; H, 3.81; ClI, 19.35. Calc. for CgH,CIO,
(%): C, 59.20; H, 3.86; Cl, 19.41.

Hydrolysis of (Z)-2-butoxy-3-(4-chlorophenyl)propenal 3b was carried
out as above, the same product 5a was obtained in 62% yield.

Hydrolysis of (Z)-2-methoxy-3-(4-nitrophenyl)propenal 3c was carried
out similarly, but reaction time was 4 h. (2)-2-Hydroxy-3-(4-nitrophenyl)-
propenal 5b was obtained in 56% yield, mp 175°C (cf. ref. 10). IR
(vlem™): 3074, 2919, 1676, 1594, 1515, 1344, 1160, 1105, 926, 865,
693. 'H NMR (CDClIg) 6: 6.20 (s, 1H, =CH), 7.95 (d, 2H, H?, HE, J 8.8 Hz),
8.24 (d, 2H, H3, H®, J 8.8 Hz), 9.33 (s, 1H, CHO). 3C NMR (CDCly) 6:
119.2 (=C), 123.55 (C?, C%), 130.4 (C?, C"), 140.5 (CY), 146.7 (C*), 152.0
(COH), 188.6 (CHO). 5N NMR (CDCl3) 6: -10.0. GC-MS, mVz (%): 193
(100) [M]*, 176 (45) [M—OH]*, 164 (55) [M-CHQ]*, 147 (34) [M—-NO,]*,
136 (86), 118 (38) [M—NO,-CHOQO]*, 89 (72) [CsH,CH]. Found (%):
C, 55.81; H, 3.72; N, 6.98. Calc. for C4H;NO, (%): C, 55.96; H, 3.65;
N, 7.25.

Hydrolysis of (2)-2-butoxy-3-(4-nitrophenyl)propenal 3d was carried
out as described for 3c, the product 5b was obtained in 56% yield.

* (2)-3-(4-Chlorophenyl)-2-hydroxypropenal 2,4-dinitrophenylhydrazone
6a. To a solution of compound 3a (0.38 g, 1.93 mmol) in 2 ml of MeCN,
H,0 (0.035 g, 1.93 mmol) and 28.6% HCI (0.072 g, 0.56 mmol) (pH 3)
were added. The solution was stirred at 50-60°C for 8 h. Then
2,4-dinitrophenylhydrazine (0.35 g, 1.76 mmol) dissolved in ethanol was
added, the solution was stirred at room temperature for 1 h. Compound
6a (0.4 g, 63%) was obtained after recrystallization from ethanol, mp
186°C. IR (KBr, v/cm™): 3404, 3373, 3250, 1619, 1594, 1521, 1502,
1414,1343, 1319, 1280, 1213, 1135. 'H NMR (DMSO-dg) 8: 5.75 (s, 1H,
=CH), 7.40 (d, 2H, H?, H®, J8.6 Hz), 7.80 (d, 2H, H?, HS, J 8.6 Hz), 8.29
(s, 1H, HC=N), 8.36 (dd, 1H, H%, 33 9.6 Hz, 4] 2.4 Hz), 8.50 (d, 1H, HS,
3J9.6 Hz), 8.85 (d, 1H, H¥, 4J 2.4 Hz), 9.53 (s, 1H, OH), 11.71 (s, 1H,
NH). 13C NMR (DMSO) 6: 112.6 (C=), 118.4 (C%), 123.3 (C?), 128.7

Scheme 4 Reagents and conditions: i, H;O"; ii, 2,4-(0,N),C¢H3NHNH,,
HCI, H,0, pH 3, 20°C, 10 min, 75%; iii, H;0*, MeCN, 55°C, 6 h, then
2,4-(0,N),CgH3NHNH,, 20°C, 24 h, 29%; iv, H;0*, pH 3, 60°C.

In contrast to 2-alkoxypropenals 1, which are quantitatively
transformed to methylglyoxal in acidic medium for 1 h at 50-60°C,?
2-ethoxy-3-furylpropenal 7 is more resistant to hydrolysis at
heating under acidic aqueous (H,O/MeCN) conditions at 55°C
for > 6 h that is confirmed by consequent formation of hydrazone
8 (Scheme 4).5 Note that alkenal 7 also does not decompose to
furfural and ethoxyacetic aldehyde for 10 min as it is observed

(C=N), 128.9 (C3, C5), 130.8 (C?, C), 131.3 (CY), 132.1 (C5), 135.4 (C%),
137.8 (C?), 144.8 (C¥), 146.7 (CY), 149.2 (COH). 15N NMR (DMSO) §:
-11.2 (p-NO,), —28.4 (0-NO,), -67.1 (C=N), —222.8 (NH). Found (%):
C,49.74; H, 3.07; N, 15.70; Cl, 9.61. Calc. for C;sH,;N,CIO; (%): C, 49.67;
H, 3.06; N, 15.45; CI, 9.77.

(2)-2-Hydroxy-3-(4-nitrophenyl)propenal  2,4-dinitrophenylhydrazone 6b
was prepared as above. Yield 0.24 g, 51%, mp 191°C (ethanol). 'H NMR
(DMSO-dg) 6: 5.91 (s, 1H, =CH), 8.01 (d, 2H, H2, H6, J 8.8 Hz), 8.21
(d, 2H, H3, H®, J8.8 Hz), 8.33 (s, 1H, HC=N), 8.38 (dd, 1H, H%, 3] 9.7 Hz,
432.5 Hz), 8.52 (d, 1H, HE, 39.7 Hz), 8.86 (d, 1H, H¥, 4] 2.5 Hz), 10.12
(s, 1H, OH), 11.78 (s, 1H, NH). 13C NMR (DMSO-dg) &: 111.8 (C=),
117.3 (C%), 121.2 (C®), 128.4 (C=N), 127.9 (C?, C®), 130.3 (C?, C5), 129.6
(Ch), 132.31 (C¥), 137.8 (C?), 144.8 (C*), 145.4 (C*), 146.8 (CY), 151.4
(COH). 5N NMR (DMSO-dg) 6: =10.3 (PhNO,), —12.3 (p-NO,), —27.8
(0-NO,), —61.4 (C=N), —224.6 (NH). Found (%): C, 48.06; H, 2.98;
N, 18.41. Calc. for C;gH;NsO; (%): C, 48.26; H, 2.97; N, 18.77.

§ 2-Ethoxy-3-(2-furyl)propenal 2,4-dinitrophenylhydrazone 8 was
obtained from 2-ethoxy-3-(2-furyl)propenal 7.

Method A. To a mixture of aldehyde 7 (0.2 g, 1.2 mmol), H,O (1.7 ml)
and DMF (6 ml), conc. HCI was slowly added (pH 3). Then, 2,4-dinitro-
phenylhydrazine (0.22 g, 1.1 mmol) in EtOH was added within 10 min.
The solution was stirred at room temperature for 24 h to give 0.31 g
(75%) of compound 8, mp 210°C (EtOH). 'H NMR (CDCl,) 8: 1.47 (t,
3H, Me, J7.0Hz),4.28 (q, 2H, OCH,, J 7.0 Hz), 6.27 (s, 1H, =CH), 6.51
(dd, 1H, H#, 33 3.4 Hz, 43 1.7 Hz), 6.97 (d, 1H, H3, 3J 3.4 Hz), 7.45 (d,
1H, H5, 43 1.7 Hz), 7.64 (s, 1H, HC=N), 7.92 (d, 1H, H®' 33 9.6 Hz), 8.33
(dd, 1H, H¥,3J 9.6 Hz, 43 2.4 Hz), 9.12 (d, 1H, H¥, 4] 2.4 Hz), 11.24 (s,
1H, NH). 13C NMR (DMSO-dg) 6: 16.2 (Me), 67.5 (OCH,), 104.4 (=CH),
108.7 (C%), 113.1 (C#), 117.1 (CB), 124.1 (C?), 128.1 (C=N), 132.6 (C%),
136.1 (C?), 138.8 (C*), 146.8 (C"), 148.7 (CY), 149.2 (C?), 150.1 (COH).
Found (%): C, 51.73; H, 4.06; N, 16.01. Calc. for C;sH;,N,O¢ (%):
C,52.02; H, 4.05; N, 16.18.

Method B. The solution of aldehyde 7 (0.1 g, 0.6 mmol) in 1 ml of MeCN,
H,0 (0.01 g, 0.6 mmol) and HCI (0.021 g, 0.16 mmol) (pH 3) was
heated on stirring at 50-60°C for 6 h. Then 2,4-dinitropenylhydrazine
(0.12 g, 0.6 mmol) in EtOH was added and the mixture was left at
room temperature for 24 h. Product 8 (0.06 g, 29%) was obtained. In
addition, black powder 9, insoluble in water and organic solvents, was
also formed. IR (KBr, v/cm™1): 3434, 2922, 1708, 1628, 1393, 1236,
1089. Hourly monitoring of the liquid phase of the reaction mixture
(*H NMR) confirms the increase of dimer 9 concentration (up to 1:4
molar ratio for 7:9, CH,Br, as internal standard). *H NMR (CDCl,) 6:
4.11 (s, 2H, CHy), 5.1 (d, 1H, H3, J10.5 Hz), 5.23 (d, 1H, H%, J 17.1 Hz),
5.98 (m, 1H, H?), 6.65 (s, 1H, CH). Found (%): C, 53.66; H, 5.32.
Calc. for C;HgO, (%): C, 53.85; H, 5.13.

- 432 -



Mendeleev Commun., 2016, 26, 431-433

in the case of 2-methoxy-3-(2-pyridyl)propenal (cf. ref. 4).
The prolongation of the reaction or raising the temperature to
70°C in the case of aldehyde 7 results in precipitation of black
powder insoluble in water and organic solvents. The structure of
its dimer or oligomer with chemical composition (C;HgO,4),, may
be assigned to product 9 according to data of elemental analysis,
mass spectrometry ([M*—1] = 311) and 'H NMR spectroscopy.

In conclusion, we have found that hydrolysis of 2-alkoxy-
3-aryl(hetaryl)propenals is substrate dependent and is affected
by the nature of substituents in the aromatic ring as well as
structure of the 3-positioned heteroaromatic moiety. Combina-
tion of capto-dative effect of the substituents in 2-alkoxy-
3-phenylpropenals with electron-withdrawing substituents
(Cl, NO,) promotes hydration of the C=C bond according to
Markovnikov rule. This effect allows hydrolysis of these
aldehydes to be considered as a convenient access to the
corresponding benzylglyoxals.

The main results were obtained using the equipment of Baikal
Analytical Center of Collective Use of the Siberian Branch of the
Russian Academy of Sciences.
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Supplementary data associated with this article can be found
in the online version at doi:10.1016/j.mencom.2016.09.023.

References

1 (a) L. K. Sy and G. D. Brown, Phytochemistry, 1999, 50, 781; (b) H. Kim,
J.Ralph, F. Lu, S. A. Ralph, A.-M. Boudet, J. J. MacKay, R. R. Sederoff,
T. Ito, S. Kawai, H. Ohashi and T. Higuchi, Org. Biomol. Chem., 2003,
1, 268; (c) A. J. Grant and L. M. Lerner, Biochemistry, 1979, 18, 2838.

2 T. N. Mamashvili, N. A. Keiko, G. I. Sarapulova and M. G. Voronkov,
Russ. Chem. Bull., 1998, 47, 2465 (Izv. Akad. Nauk, Ser. Khim., 1998,
2547).

3 E. Zbiral, Tetrahedron Lett., 1965, 20, 1483.

4 N. A. Keiko, L. G. Stepanova, E. A. Verochkina and L. I. Larina,
ARKIVOC, 2010, (ii), 49.

5 B. Eftekhari-Sis, M. Zirak and A. Akbari, Chem. Rev., 2013, 113, 2958.

6 (a) L. G. Frohlich, P. Kotsonis, H. Traub, S. Taghavi-Moghadam,
N. Al-Masoudi, H. Hofmann, H. Strobel, H. Matter, W. Pfleiderer and
H. H. H. W. Schmidt, J. Med. Chem,, 1999, 42, 4108; (b) N. N. Girotra,
A. A. Patchett, S. B. Zimmerman, D. L. Achimov and N. L. Wendler,
J. Med. Chem., 1980, 23, 209.

7 P. Molina, P. M. Fresneda and G.-Z. Sagrario, Tetrahedron Lett., 1996,
37, 9353.

8 M. Mosrin, T. Bresser and P. Knochel, Org. Lett., 2009, 11, 3406.

9 Y. Lu, R.Hendra, A. J. Oakley and P. A. Keller, Tetrahedron Lett., 2014,
55, 6212.

10 K. Layachi, M. Ariés-Gautron, M. Guerro and A. Robert, Tetrahedron,

1992, 48, 1585.

Received: 10th February 2016; Com. 16/4841

— 433 -



	23_4841

