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Abstract-Oxidation of Qdihydrolcpidine to lepidine using a few oxidizing agents has been studied in 
ethanolic solution at 65”. 1.2~Dihydrolcpidme is easily autoxidized forming kpidine and hydrogen per- 
oxide, while in the prcsenoc of HCI, it disproportionata to give lepidine and 1,2,3,44etrahydrolepidine. 
1fDihydrolepidine is oxidized by bcnzaldchyde, N-benxylidencanihne or methyl vinyl ketcme to give 
lepidine and the corresponding alcohol, imine or ketone, reqxztively, but added HCI inhibits the oxidation 
in preference of the disproportionation. lJ-Dihydrolepidine is not oxidized by 4-anilinobutan-2-one, 
bthoxyethyl methyl ketone, methyl ethyl ketone and nitrobenzene. Oxidizing agents arc effective in the 
order: FeCl, * 1,2dihydrolepidim+HCl (disproportionation) + O2 > PhCHO 5 PhCH=NPh > 
CH&OCH==CH,. 

1,2-DIHYDROQUINOLINES are generally considered to be intermediates in the Doebner- 
Miller and Skraup syntheses of quinolines, 2* 3 although they have not been isolated 
because of their instability. 1,2-Dihydroquinoline may be oxidized with various 
oxidants, but little information is available. 

The present study was undertaken to obtain information on the mechanism of the 
Doebner-Miller synthesis. The supposed intermediate, l&dihydrolepidine, was 
oxidixed by a number of weak oxidizing agents (IQ. 1). In some cases, disproportion- 
ation to lepidine and 1,2,3,44etrahydrolepidine, i.e. oxidation by itself, was observed. 

Q-JpqfJ 
H 

(1) 

Following is a summary of our data concerning the structure of oxidants, acidity of 
reaction mixture as well as the products formed. 

RESULTS AND DISCUSSION 

Oxidation in air. An alcoholic solution of l&dihydrolepidine is readily oxidized 
by air at 65”. The data are shown in Fig. 1. Hydrogen peroxide was detected, which 
is expected to be formed during autoxidation of 1,2-dihydrolepidine (Eq. 2). Under 
nitrogen atmosphere, consumption of l&dihydrolepidine was unappreciable at 65”. 

(2) 
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Disproportion&ion. In ethanolic HCl, 1,2_dihydrolepidine gives a mixture of 
lepidine and 1,2,3,4+etrahydrolepidine by disproportionation which was often 
observed even in the presence of some weak oxidants. No hydrogen gas was evolved. 
The rates of lepidine formation are shown in Fig. 1. Curve A (0-02M HCI alone) in 
Fig. 1 differs from the others; i.e. the rate is fast until 4045% conversion, but then 

Time min 

FIG. 1 Conversion curve for the oxidation of 1Jdihydrolepidine (0.05 M) in ethanol at 65”. 
Oxidant: 0 HCI (0.02M); x Methyl vinyl ketone (O.O5M)-HCl (0.02M); A Under air; 
l Benzaldehyde (O.OSM); @ Lbmzylidencauiline (O-OSM); @ Methyl vinyl ketone (O.OSM). 

drops sharply. GLC analysis of the products shows that substantially equimolar 
amounts of 1,2,3,4-tetrahydrolepidine (47%) and lepidine (54%) are formed during 
this conversion. These facts suggest that one molecule of 1,2dihydrolepidine abstracts 
hydrogen from a second molecule. The disproportionation may involve an acid- 
catalysed intermolecular hydride shift, since the reaction is inhibited in the absence 
of acid. 

(34 
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The protonation on a -bon atom of l&dihydrolepidine produces a tertiary 
carbonium ion (Eq. 3a), which may be stabilized by resonance with benzene ring 
and o-amino group. The carbonium ion may abstract a hydride ion from another 
1,2dihydrolepidine rather easily, since it gives stable protonated lepidine and 
1,2,3,4_tetrahydrolepidine. In other words, 1,2dihydrolepidine is an effective hydride 
donor or a reducing agent. Addition of acid to the reaction system results in not 
only the protonation at the f&carbon atom (Eq. 3a), but also the protonation at the 
nitrogen atom of 12dihydrolepidine which inhibits the hydride donation in Eq. 3b. 
In fact, the rate of oxidation is reduced with increasing concentration of HCl. 

Oxidation by the other organic oxidants. 1,2-Dihydrolepidine in ethanol is also 
oxidized by aldehyde, imine and a&unsaturated ketone to lepidine. These oxidizing 
agents were converted to alcohol, amine and saturated ketone, respectively. The 
reaction also seems to involve the intermolecular hydride abstraction from 1,2- 
dihydrolepidine by carbonyl, imine and a&unsaturated carbonyl group (Eqs. 4, 5 
and 6, res&ctively). 

+ PhCH=NPh -. 

+ PhCH,-O- 

PhCH,OH (4) 

+ PhCH,-RPh 

+ was,-NHW (5) 

(42%) (41%) 

+ CH,COCH=CH2 - + CH,COt?H-CH, 
- 
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Analogous reactions which involve the hydride shift are known, e.g. CanniParo 
reaction,4 Meerwein-Ponndorf reduction’ and Sommelet reaction6 However, 
4-anihnobutan-2-one, g-ethoxyethyl methyl ketone, methyl ethyl ketone, and nitro- 
benzene cannot oxidize 1,2dihydrolepidine at all in ethanol at 65”. Wahrin has 
shown by means of an isotopic labelling that nitrobenxene does not act as an oxi- 
dizing agent but as a moderator in the Doebner-Miller synthesis.’ 

Oxidation in the presence ofHCl. In the presence of HCl, organic oxidants such as 
benxaldehyde, gethoxyethyl methyl ketone and methyl vinyl ketone do not oxidize 
1,2dihydrolepidine, instead, disproportionation occurs under these conditions, since 
equimolar amounts of lepidine and tetrahydrolepidine are formed. Therefore, the 
rate of disproportionation of l&lihydrolepidine, i.e. oxidation by g-protonated 
dihydrolepidine, is much higher than the rate of oxidation by the other organic 
oxidants in the presence of acid. The disproportionation under similar conditions 
has been postulated for the formation of quinoline derivatives.*-lo 

TABLB 1. HCI-CATALYSBD DLWROPORTlONA’I1ON OP I,&DIHYDROLEPlD~ (@OSM) TO LEPDIN@ AND 1,2,3,4- 
TeTRAHyDROLRPIDINR IN THE PRRSENCR OF CARBONYL COMPOUNDS IN EIIIANOL AT 65” FOR 3 HR 

Additive 
Yield (%) 

Lepidine THL’ 

PhCHO (005M)-HCl (DlOM) 21Q 
CH,=CHCOCH, (OQSM)-HCI (BlOM) 260 
EtOCH2CH&OCH, (005M)-HCI (@02M) 42.1 
HCI (02M) 53.5 

21.0 No PhCH,OH 
25.0 No CH,CH&OCH, 
41.5 No EtOCH&H,CHOHCH, 
46.5 

’ 1,2,3.4-tetmhydrolepidine. 

Oxidation by fmric ion. The oxidation rate of l&dihydrolepidine with FeCl, to 
give lepidine and Fe& is too rapid to measure. Even in very dilute solutions such 
as a mixture of 5 x 10e5M FeCl, and 5 x 10m5M l&lihydrolepidine in ethanol, 
i.e. the concentration of both reactants are l/1000 of those under ordinary conditions, 
lepidine is formed instantaneously. The qa’dipyridyl test indicates that this reaction 
proceeds via ferric-ferrous redox mechanism. 1,2,3+Tetrahydrolepidine cannot be 
oxidized even with FeCl,. 

+F:+ - (7) 

In conclusion, the relative reactivities of these oxidants are as follows: Fe(III) 9 
1,2dihydrolepidine-HCl (disproportionation) % 0, > PhCHO w PhCH=NPh > 
CHJCOCH=CH,. 

Therefore, exclusive disproportionation should occur in the presence of HCl 
except for the case of FeCl, as an oxidant. 
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EXPERIMENTAL 

Muter&da FeCl,.6HsO used was of guaranteed reagent grade. Benxaldehyde, b.p. 90’ (44mm), and 
Ncthylaniline, b.p. 107.5” (3Omm), were distilled under reduced N, atm Benxylidenaniline was pre- 
pared from benxaldehyde and aniline and recrystalhxed from MeOH, mp. 52” (lit.” 51”). 8-Ethoxyethyl 
methyl ketone. b.p. 64-y (3Omm) [lit” 57-58” (2Omm)] was prepared from methyl vinyl ketone and 
EtOH.” Methyl vinyl ketone, b.p. 82” (lit.‘” 82”) and 4-anilinobutan-2one. mp. 34.5” (lit” 34.5”). were 
prepared according to our previous report-i3 Lepidine was prepared from 4-anilinobutan-2-one by Murata’s 
procedure, ” b.p. 102” (5 mm) [lit’*; 95” (3 mm)], # 16175 (lit” 16185); picratc mp. 213” (lit” 212- 
213”). The IR spec~um of kpidine was identical with that reported.is 1,2-Dihydrokpidine was prepared by 
LAH reduction of lepidine,i6 puritkd by distillation under N,, b.p. 86” (1 mm), and stored in a sealed 
tube under N, in a re.Rigerator. 1,2,3,4-Tetrahydrolepidine was prepared by reduction of lepidine” or 
by treatment of 4-anilinobutan-2-ol with cone H2S04. ‘s The IR spectra of these products obtained by 
different procedures were identical. The IR spectra were measured by a Perkin-Elmer grating IR spectra 
photometer Model 337. 

CAnilinobutan-2-01 was prepared by a new method Na metal (3 g) was added to a soln of Canilino 
butan-2-one (3.2 g) in EtOH (20 ml) and the soln was refluxed for 5 hr. The soln was poured into water 
and extracted with ether. The extract was washed with water, dried over Na,SO, and distilled. 4Anilino- 
butan-2-ol, 28g (87%), m.p. 58” (lit. i* 61). The IR spectrum was identical with that by Bringi.“’ vyH 
(34OOcm-‘)andvc,,,(29OOcm-‘1 

Analysis. Identification of 1,Edihydrolepidine was done as follows. On addition of one drop of 1,2- 
dihydrolepidine to an ethanolic soln of 2,Wichlorophenolindophenol, the pink colour of the soln im- 
mediately disappeared, whereas kpidine and tetrahydrolepidine were unreactive with this reagent. This 
phenomenon indicates the much more reactive nature of the H atoms of 1,2dihydrokpidine as compared 
with those of 1,2,3,4-tetrahydrolepidine. 

Lepidine, 1Jdihydrolepidine and 1,2,3,4-tetrahydrokpidine were estimated by GLC employing a 
Yanagimoto gas chromatograph Model GCG-550 with a @75 m x 4 mm column packed with PEG 
20M (30 wt”/,) on celite 545 of 80-100 mesh, using N, as carrier gas Specific retention times were 100 for 
1,2,3,4-tetrahydrolepidirm, 195 for 1.2~dihydrolepidine and 1.10 for kpidine. The concentration of lepidine 
was also measured by the absorption at 233 mu (A,) in @lN HClaq, where 1,2dihydrolepidine and 
1,2,3+tetrahydrokpidine have no appreciable absorption. UV spectra were measured by a Shimadxu 
automatic spectrophotometer Model SV 50A. 

H,Os, which is supposed to be an autoxidation product of 1,2dihydrokpidine, was identified by lead 
sulfide test,‘9 i.e. an ethanolic soln of 1,2dihydrolepidine kept for 5 min at room temp can elkct a colour 
change of brown PbS into white PbS04, which indicates the presence of H,O,. It was confirmed that the 
colour change occurred immediately in the presence of over 1.1 x lo-‘M H,O,. Under the stream of 
N,, no change in colour was observed. 

The ferrous ion formed in the reaction of Qdihydrolepidinc with FeCl, was detected as follows: A 
mixture of FeCl, (5 x lo-‘M) and 1,2dibydrolepidine (5 x 10-‘M) (1Oml) in EtOH were mixed in a 
flask under N, atm_ When one drop of 2”/. ethanolic addipyridyl soln was added to the so4 the colourlcss 
soln was immediately changed to pink, which shows the pmsena of ferrous ion. A blank test with ethanohc 
1,2dihydrokpidine alone or ethanolic FeCl, alone showed no change in colour. Ferrous ion was also 
detectable by a mixture of 1% dimethylglyoxime and NH, in EtOH which gave a ppt of ferrous complex. 

The oxidatioa sf 1,2-dihydrolepidine. Exapt for the c89t of autoxidation, the reaction was carried out 
under N, atm, A typical experiment was as follows : An ethanolic sobr of 005M 1 Jdihydrolepidine (10 ml), 
and an ethanolic soln of OOSM benzaldehyde (loml), which had reached thermal equilibrium, were 
mixed in a glass-stoppered flask under Ns atm. Aliquots (1 ml) were pipetted out at regular intervals and 
diluted loo0 fold with 01N HClaq to stop the reaction. The concentration of resulting lepidine was 
estimated by the measurement of absorbana at 233 mu. 

Attempted oxidation of 1,2,3,4-tetrahydrolepidiae. A soln of 1,2,3,4_tetrahydrolepidine (014g) and 
FeCl, (@27 g) in EtOH (20 ml) was heated for 3 hr at 65” under Ns atm. The reaction mixture was analysed 
by GLC. Neither 1,2dihydrolcpidine nor lcpidine was detected. 

’ Contribution No. 125. 
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