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REACTIVITY OF HETEROAROMATIC ALDEHYDES WITIH LOW VALENT
TITANIUM
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Santiago de Composicia, Spain

Absiract- Behaviour of various aromatic heterocycles under dicarbenylic coupling
with fow valent titanium was studied. The results showed that the electron donating
properties of the ring affect the degree of oxidation of the coupled compound.

In the course of a study on total synthesis of natural products we became interested in the preparation cof
azastilbenes. To camry our this synthesis, we chose the same methodology as used before for the synthesis of
other stilbenes, mixed dicarbonylic coupling with low valent titanium;! this methodology has been extensively
used for preparation of alkyi- and arylalkenes.2 When we wied the synthesis of 4-azastilbenes by mixed coupling
of 4-pyridinecarbaldehyde and benzaldehyde, we obtained a secondary product, 1,2-bis(4-pysridyljethane (1),
due 1o the symmetrical coupling of two 4-pyridinecarbaldehyde units with a further reduction. When the 4.4'-
diazastilbene was reacted with low valent titanium, reduced product was obtained after 1 h in 70% yield, this fast
reduction of the stilbenic double bound agrees with the fact that no 4,4'-diazastitbene could be isolated from the
coupling reaction, This result prompted us to study how heteroaromatic rings, with differing electron donaring
properties, behave under these reaction conditions. In the present paper we report the results obtained in the
dicarbonylic coupling of the aromatic aldehydes shown in the Table 1. The structures of all compeunds. known
and new, were established from spectroscopic and analytical data, and comparison with the Hteratore (Trble 2%
The resulis obrained show that in pyridinecarbaldehydes the position of the nitrogen atom affects the reactivity of
the compound in such 2 way as to determine the oxidation degree of the products, Thus when 4-
pyridinecarbaldehyde was used, we obtained exciusively the reduced compound (1); with 3-
pyridinecarbaldehyde no totally reduced compound, but a mixture of the glycol (2) and diazastilbene (3); and
with 2-pyridinecarbaldehyde, a mixture of the glicol (4) and the reduced compound (5).

Of the five member heterocyclic nuclei investigated, only N-methylimidazoie reacted like pyridyl nucleus: pyrrole,
N-methyipyrrole and unsubstituted imidazolecarbaldehydes afforded complex mixtures and all the others gave the
expected double-bonded coupled compound. However when the nitrogen atom was protected as urethane or
acetamide ¥ no reduction was observed. We hypothesized that only compounds with low electron density at the
benzylic position give reducted products.

The fact that dicarbonylic coupling by means of low valent titaninm works ror the heteroaromatic compounds
means that it may be possible 1o apply this methodology to the preparatien of a number of pharmacologically
active compounds with heteroaromatic rings in their swucture.

EXPERIMENTAL PART

All melting points are uncorrected and were recorded on a Kofler- Thermogerite apparatus. [H-Nmr spectra were
recorded on 2 Bruker WM-230 (250MHz) spectrometer; chemical shifts are reported in ppm relative o MesgSi
(5 =0 ppm), and coupling constants are in Hertz. Mass spectra (EL, 70 e V) were obtained on a Kratos MS-30
instrument. Flash chromatography was perfomed using Merck 230-400 mesh silica gel. All comercial aldehydes

and 3-bromopyridine were purchased from Aldrich Chemicz] Co. Titanium trichloride and lithinm aluminum
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Table 2.

Prxd- Yield®  mp("C) Molecular Lilwent 13.nmr {CDCE/TMS) ms (BL): miz (%) Microanalyses
uct (%) {solvent) formula or ppry, T (Uz)
lit. mp (°C}
1 25 oil 3 - El0Ac: [exane 2.93(z, 21, CI3); 7.06{d, J=5.9, 21, H-3and 1I-5): 184(M*, 65), 106(100)
1:1 8.47(d, J=5.9, 211 H-2 2nd 11-6)
2 16(24) 169-170 Cpail1aN202  CHClp:MeOH 3.90(br 5, 11, OIIx% 4,75(s, 111, FJCOLI); 7.22(m, 1M, Axli); 21T(M*-H1, 10}, Cale: C 66.70; H 5.55; N 12.96
(€111 95:5 7.53(m, 1F, Arll); 8.25(d, I=1.4, 1H, H-2); 8.38(m, 111, §I-6) 149(19}, 108(23) Foumd : C 66.93; 11 5.41; N 13.05
3028 T 50 4 CH3Cly:MeOII 7.15(s, 11, NC=C); 7.33(m, 111, ArII}; 7.87(m, I, Arll); 182(M*, 160), 181(90),
{ClaClp) 95:5 8.53(ckl, J=6.4 and 1.6, 111, 11-6); 8.75(d, J=1.8, 111, 1-2) 154(32)
4 10{35) 95 92.93 5 CHzClp:MeOI1 5.16(s, 111, HCOL1); 5.44(br 5, 113, Ol1); 7.14{m, 1H, Asll); 217(M*+1, 100),
(Cli;Clp) 95:5 7.65(m, 111, Atll); 7.48(d, J=7.9, 113, H-3); 8.44{m. 11}, H-6) 134(79), 137(b1)
5 24(26) il § CHzCl2:M0H 3.24(s, 211, CHa), 7.11(m, 211, AsHL); 7.55(dd, J=7.7 and 7.6, 184(M*,50), 106(100)
955 LEE, ArH); 8.55(m, 1H, 1-6)
6 30 oil CyaljpBrpNg  EQAc:lcxane 3.05¢s, 211, Cllz); 7.08(d, J=4.9, 11}, H-5); 342(M*, 21}, 1820100}, Cale; C42.10; 1 292; N 8.19
1:1 8.40(d, J=4.9, 111, H-6); 8.70(s, 111, H-2) 171015} Found: C42.13; 1§ 3.10; N 758
7 91 130-132 120-1317 crystallization 6.97-7.04(m, 211, 11-3 and H-4); 7.05(s, 11, HC=C); 19UM*,100), 191(56)
(ClaCEl) 717, =500, 11, LE-5)
g 93 133-135 148-150 crystallizadon 6.97(s, 111, HC=C); 7.22(m, 111, H-4}, 7.2%(m, 21}, iI-5 182(M™*,93), 191(100)
(CHzClp) and 11-2)
9 45 174 136-139 8 Hexane £.59(m, 1M, -4} 6.67(s, 113, HC=C) 7.38(m, 11§, H-5) 160(M*, 133, 131(94),
(O 7.47(m, 111, 11-2) 100
10 {42) 164 CiroH1aNg CllpClp:McOil 3.17(s 211, ClIz); 3.46(s, 3E. Me); 6.78(d, I=1.2, 1H, AdT); 190(M*,54), 175(77), Cale : C 63.16; 11 737, N 26.47
(Cil;C1p 95:5 6.93(d. J=1.2, 1H, ArH) 95(100) Found: C 63.29; 11 7.37; N 29.40
11 30 105 Cipll1sNz04  EtOAc]lexane 1.39(, 1=7.1, 311 Cliz); 4.42(q, $=7.1, 2H, ClIz) 302(M*,100), 157(93) Calc: C 63.58; 11 5.96; N 9.27
EOAS) 13 6.15(t, J=3.5, 11, 11-3); 6.55(dd, J=1.6 and 3.5, 111, 11-4); Tound: C 63.10; 1i 6.20; N 9.52
7.28(dd, J=1.6 and 3.3, 111, E-5); 7.57(s, 1}, HC=C)
12 %0 187 Ci4H4N202  EiQAc:Hexane 2.56(s, 31, Cila): 6.24(1, J=3.4, 111, H-3); 6.57(dd, J=1.4 24UM,76), 158(74}, Cale ; € 62.42; [1 578 N 11.57
(E0AC) 1:3 and 3.4, 11, H-4); 7.08(dd, J=1.4 and 2.3, JH, H-5); 7.60(s, 15701000 Found: C 69.90; H 5,76, N 11.73
11, HC=C)
a

Yield using method A. Yield with method B is shown in brackets.
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hydride were purchased from Fluka Chemical Co. Lithium and dimethoxyethane were purchased from Merck-
Schuchardt. 3-Bromo-4-pyridinecarbaldehyde was obtained from 3-bromopyridine.!0 Solvents were dried by
distillation from sodium benzophenone ketyl prior to use.

General progedure for carbonvl coupling

Method A. Te a slurry of TiClz (1.6 g, 11 mmol, 4 eq.) under an argon atmosphere in dry DME (20 ml) in 2
dried round-bottomed flask equipped with a magnetic stirrer and a refluxing condenser, lithium pieces {262 mg,
38 mmol, 14 eq.) are added and the mixture is refluxed for 2 h. A solution of the carbonyl compound (2.7 mumo!,
1 eq.) in DME (10 mi) is added. The mixture is refluxed for 15 h. After coeling to 1oom temperature, the mixture
is filtered, a saturated aqueous solution of K2CO3 (50 ml) was added, the organic layer was separated and the
aqueous layer was exwracted with chloroform (5 x 40 ml). The combined organic phases are dried over NazS04
and the solvent was evaporated to afford the crude product. This is purified either on a silica gel flash column
using the eluents listed in the Table 2, or by crystallization.

Method B. A dried round-bottomed flask equipped with a magnetic stirrer and a refluxing condenser is loaded
with TiCl3 (1.7 g, 11 mmol, 4 eq.) and dried THF (30 m!). The mixture is cooled to 0°C and LiAlHg (1.7 g, 44
mmol, 16 eq.) is added. The mixture is then refluxed for 1 h, the carbonyl compound (2.75 mmol, 1 eq.) is
added, and the reflux is continued for 15 h. After the mixture was ccoled to room temperature, a saturaed
aqueous solution of K2C03 (50 m) is added and the mixture is extracted with chioroform (5 x 50 ml). The
combined organic layers are dried over Na;SQ4 and concentrated under vacoum 1o afford the crude product,
which is purified by flash chromatography using the eluents listed in the Table 2.
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