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ABSTRACT: The structure of the main product of the reaction when aniline is
added to pyruvic acid is the tetrahydroquinoline lactone (2), When the
reaction is carried out by adding the acid to aniline, a crystalline
substance {s obtained whose methyl ester has probadbly the structure (8).
This methyl ester on acid treatment cyclized to 2,4-dimethoxycarbonyl-2-
wethyldihydroquinoline (10).

Recently we have been interested in pyruvic acid as a synthon to build up useful organic
molecules. Our idea was to cbtain the lithium dianion of this product in order to condense it with
proper electrophiles. Despite the easy formation of dianions of acetic acidn, we only qot a-yhite
80114 when pyruvic acid was treated with LDA in THP and we were not able to bring it into reaction
with electrophiles. Even when other cations than lithium were used, highly unsoluble materials
were cobtained. In order to deal with a more soluble material we turned our attention to the
pyruvic acid anil, 1. We expscted the dianion of this product to be much more soluble in THF
because of its non-polar aromatic ring.

In fact this is the case; when pyruvic acid is allowed to react with sniline in ether and the
crystalline product is treated with LDA followed by an electrophile such as methyl benzoats, the
expacted condensation product 1b was obtained (308 after chrosatography).
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Howaver in spite of the above result, it is not clear if the imine I is the product obtained
in the reaction of pyruvic acid and aniline.

T. Wieland et 9_]:.2) reported that the crystalline product of the reaction do not fit the
properties of imine 1, because the reaction of diazomethane did not led to the expected pyrazo-
line, nor did the condensation reaction with thiocacetic acid produce the cysteine derivative.

The structure of the reaction product between pyruvic acid and aniline.

Bdttinger had already carried out this reaction in 1877 by adding aniline on pyruvic acid and

isolating the crystalline product.” !..toxj Wieland et sl, deduced tha presence of a y-lactone

ring in the product from its IR absorption band st 5.6, and proposed the structure @ for this
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crystalline compound. These authors also described that treatment of the crystalline solid with
diazomethane transformed the “inner salt™ I into the unsaturated compound II. We found thie
reaction surprising because it would be expected that treatment of II with diazomethane not to
produce the elimination of aniline, but only the methylation of the carboxylate to give IIX.
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The aniline elimination made us suspicious of the structure I, encouraging us to reexamine the
spectroecopic properties of this substance.

The lH-wm spectrum of the crystalline subetance showed the presence of a methyl group (1.47,
130 em
spectrus wvas more clarifying. DEPT experiment only showed 7 aromatic CR signals; this means that

3B, ), a methylene group (2.34, 2H, s) and a complex aromatic system around 7ppm. The

one of the aromatic rings has lost symmetry and it seems to be now disubstituted. Treatment of I
with mzlzlltzo, gives the methyl ester IXI whose mass spectrum displayed a M at 247 consistent
with a wmolecular formula Cy3H N0, The lH-WR showed definitively the presence of a
disubstituted aramatic ring: two triplets centered at 7.17 and 6.72 ppm and two doublets centered
at 6.95 and 6.6}, Purthermore, the Gz Appears as an AP system centered at 2.55 and 2.39 ppm.
According to these data, we propose for products I and II the structures 2 and 3 respectively .

A simple acid-base reaction between 2 and diazomethane, let us explain the loss of aniline
and the formation of the methyl ester 3.
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As it was already )movn,z) reaction of 2 with CH N, in MeOH induoed the hydrolysis of the
lactone ring and a dimethyl ester was obtained whose IR, ln-m and 13
agreement with the tetrahydroquinoline structure 4. The 2D long range &N/4C NMR spectrum of 4
showed the following significant correlations: a) between methyl protons (51.50) and one of the C-
carboxyl groups; b) between the methylene protons and the quaternary carbon bonded to the OH
group; c) between this last carbon and the aromatic H-6 (6.89). These correlations confirm the
conectivities shown in the structure 4.

The mass spectrum of 4 showed a molecular ion M* at m/z 279 (108 )and a base peak at 202 that

C-NMR spectra are all in

can easily be explained through the loss of one methoxycarbonyl group and H,0 to give a quinoline.
The aromatization of 2 on treatment with sulfuric acid to give 2-methylquinoline-4-carboxylic acid
S, was described by L. simon®) and now can easily be explained on the basis of the proposed
structure.

The high tendency of pyruvic acid to undergo ult-oondonution”

could probably explain the
formation of lactone 2. Two acid molecules can react to give the Michael acceptor 6; this in the
presence of aniline gives the addition compound 7, which on further reaction say be transformed
into 2.

A clue to explain such mechanism can be obtained when the reaction is carried out by adding
slowly pyruvic acid on an excess of aniline. Under these conditions a crystalline weolid
precipitated but it is unstable and difficult to purify. However, after treatment with CH N, we
could arrive to a pure substance which displays a molecular ion M* at m/z 354 consistent with the

formula Czo“zz"zor Based on the MS, IR, la-m data and according to the presence of 6 CH
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arcmatic signals in its Lcowr spectrim, corresponding to two monosubstituted sromatic rings, we
proposa for this material the structure 8. This is the expected compound whan the intermediate 7
would react with an excess of aniline. Thims anil is not a very stable compound and on treatment
with a small amount of pTeOH cyclized to the tetrahydroquinoline 9 which could be readily purified
by chromatography.
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The wmethyl group of 9 must be equatorial in agreesent with the Boojmr absorption at 28 ppm,
The conformer with the axial methyl will absord at higher field (above 20 ppm). The IR absorption
bands of one of the ester groups {1720 cu”l) and that of one of the N-H (1370 ca'x). suggested us
the pressnce of an intramolecular hydrogen bond. On the base of thess data, the trans confi-
guration shown for 9 is tentatively proposed.

When CFiC00H is used instead of p-TsOH, 8 undergoes cyclization and aniline elimination to
give the dihydroquinoline 10, which displays a new olefinic proton at 6.8 ppm.

Another way to stabilize the imine 8 is the reduction with LiAlH,. The material so obtained is
an epimeric mixture vhose spectroscopic properties are fully consistent with the structure 11.

EXPERINRERNTAL

Pyruvic acid (Merck) and aniline (Probus) were used immediatly after distillation. Mp were
measured in a Xofler hot stage microscope and are uncorreted. IR spectra were recorded in a
Backman Acculab II. XKNR were recorded in a Brucker WP 200 SY {200 MHz 'H, 50.3 muz 13¢). 2
programs were supplied by Brucker, Experiment delays for HCCORR: Dy 18; Dy 0.00375s {one bond} or
0.04s (long range): D, 0.0018s (one bond)} or 0.02s (long range}. MS were obtained in a VG-TS250
spectrometer (70 eV} by direct insertion probde.

Anilinium salt 2 .- A solution of pyruvic acid (17.6 g) and aniline (38.6 g) in ether (100 ml)
were mixed at r.t. The crystalline product (20 g) showed mp 125°C dec, (lit. 2) 122°C dec.). IR
(Nujol) v: 3320, 1750, 1600, 740, 680 cn"l. lp-er (acetone-dg) é: 7.2-6.5(90, m), 2.3(28, s),
1.5(34, o). dc-r & 176(s), 172(s), 165(s), 143(s), 131(d), 130(d, 2C), 126(d), 122(d), 121(s),
118(d), 117(d, 2C), 115(4), 84(s), 58(s), 40(t), 18(q).

Lactone 3 .- Was obtained by treatment of 3 with CH,N,/Et,0 as described in 2). Rp.129°C dec.
(1it. 128°C dec.) IR(Nujol)s 3300, 1750, 1610, 740ca™. lp-me (cncly 6 7.2-6.6(an, =),
3,9(38, 8), 2.6-2.3(2H, AB, Jpa=128z), 1.5(3H, s). 3c-mm  :173(s), 168(s), 141(s), 131(a),
125(4), 120(s), 118(d), 115(4), 82(s), 58(s), S53(q), 40(t), 19(q). MS(w/z, 8): 247 (¥*, 10,
186(100), 160(S55), 144(18), 115(19), 77{(18).
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Hydroxyester 4 .- Mas obtained by reaction of 1 with Cﬂzﬂz/m as described in 1). Mp. 173-175%%
(1it. 173°%C). IR(Nujol)v: 3460, 3340, 1720, 1610, 750, cm™l. lu-MMR (CDC1;) 4: 7.0-6.6(4H, m),
3.703H, 8), 3.6(3H, s), 2.6-2.3(2H, AB, Jyg= 14 Hr), 1.5(3H, s). ‘3c-t0r &1 176(s), 175(s),
143(s), 130 (d), 127(d), 120(s), 118(d), 115(d), 73(s), S5(s), $3(q), S52(q), 42(t), 27(q).
MS(m/z, V) 279(M*, 10), 235(10), 220(35), 202(100), 160(90), 143(15)}, 77(14), S9(42).

Imine ester 8 .- To a soln. of aniline (6 ml) in Et,0 (5m1) at room temperature, pyruvic acid
(2.4 ml) in Et,0 (135 ml) was slowly added. The crystalline solid obtained was filtered and dried
(4.59). This imine acid has to be stored in a refrigerator.

The foregoing imine acid (2g9) was treated with an excess of du:o.othnno/ztzo and the crude
product purified by chrosatography. The product, a syn-anti mixture, was further chromatographed
and crystallized. Mp, 100°C(Bt20) (dec.). IR (Nujol) v: 3360, 1740, 1720, 1660, 1610, 780, 740,
690 ca”l. lH-MMr (acatone dg) &: 7.1-6.5(10H, m), 3.7(3H, 8), 3.2(3H, ), 3.4-2.6(2H, AB, Jyp=
14Hz), 1.5(3H, ). 13C-MR &: 176(s), 174(s), 147(s), 146(s), 130(4, 2C), 129(4, 2C), 128(4d),
120(s), 118(d, 2C), 116(d), 115(d, 2C), 56(s), 53(q), 52(q), 38(t), 28(q). M.S (m/z, %): 354(n*,
30), 322(12), 295(19), 263(48), 202(20), 177(42), 118(100), 77(5%5).

2,4-Dimethoxycarbonyl-2-methyl-4-phenylaainotetrahydroquinoline, 9 .- The preceding imine mixture

8 (164 mg) in benzene (10 ml) was treated with a trace of pTsOH acid at room temperature. After
one hour the reaction was worked up and the product was chromatographed to yield compound 9
(60%). Mp, 125°C (Hexane/Ether). IR (Nujol) v: 3400, 3370, 1720, 1600, 750, 690 en”l,
(CDC14)  4: 6.4-7.3(9H, m®), 3.7(3H, s), 3.6(3H, 8), 2.7-2.6(2H, AB, Jap™ 14Hz), 1.4(3H, s).
NMR &: 176(s) 174(s), 144(s), 143(s), 129(4, 2C), 127(4, 2C), 120(s), 119(d), 117(d, 2C), 115(4,
2c), 59(s), S57(s), 53(q), 52(q), 36(t), 29(q). MS(m/z, %): 354(M*, 35), 295(80), 262(40), 235(35),
202(100), 118(93), 93(30), 59(30).

Lyoaur
13._

2,4-Dimethoxycarbonyl-2-methyl-1-dihydroquinoline, 10 .- The imine 8 (270 =mg) in chloroform

(10 m1) was treated with trifluroacetic acid (0.5 ml). After 30 min. the reaction was quenched
with aquous sodium carbonate and extracted with ether. Chromathography of the crude product
ylelded crystalline 10 (70 §):Mp, 75°C (MeOH-H,0) . IR (Kujol) v: 3330, 1720, 1600, 770, 735 L,
ly-rar (CDCly) : 6.5-7.7(4H, m), 6.8(1H, ), 3.B(3H, s), 3.7(3H, ®), 1.5(3H, s). Do 41
174(s), 166(s), 143(s), 132 (d), 129(d), 128(s), 126(d), 118(d), 116(s), 115(d), 58(s), 52(d),
52(q), 27(q). Ms(m/z, W%): 261(M*, 15), 203(S8), 202(100), 201(83), 186(16), 170(3S), 143(61),

142(57), 115(21), 101(22), 93(12), 75(16).

Condensation of the pyruvic acid anil with methyl benzoate.- The crude salt mixture obtained in
the reaction of pyruvic acid and aniline (8, 200 mg) in THP (6 ml) was added on a LDA solution
prepared at 0°C under Ny by mixing diisopropylamine (0.3 ml) and BuLi in hexane (1.5 ml, 1.6 M),
After a few minutes, 0.2 ml of methyl benzoate were added. 30 minutes later the reaction was
worked up with water and ether. The water layer was carefully acidified, washed with ether and the
crude product (120 mg) was esterified with 042N2/Bt20 and chromatographed. Pure 1b (65 mqg) was
isolated as an oil. IR v: 3100, 1750, 1600, 760, 700 m-l. l-om (CDC13) &t 8.0-7.0(5H, m),
6.4(1H, 8), 3.7(3H, ). 13c-MMR 6: 191(s), 165(s), 150(s), 140(s), 139(s), 132(d), 129(d, 20),
128(d4, 2C), 127(4, 2C), 125(4), 122(d4, 2C), 97(d), S3(q). M.S (m/z, ¥): 281("’, 50), 222(100),
194(10), 145(30), 106(50), 78(20), 60(40).
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