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Abstract— Phenyl-substituted 1,5-diketones are converted by t-buty! chlonde and aluminium chlonde
into pyrylium salts, in which the y-pheny) group has been t-butylated.
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IN A previous communication,? the dehydrogenation of 1,5-diketones to pyrylium
salts (III - IV) was described, with t-butyl chloride-aluminium chloride (I)* or the
conjugate acid of chalcone (11)* as hydride ion acceptors in place of the more frequently
used triphenylmethyl perchlorate.®® 2,6-Diphenyl-, and 24,6-triphenyl-pyrylium
cations (IX) were thus obtained. However, in the attempted preparation of the 2.4-
diphenyl-5,6,7,8-tetrahydrobenzopyrylium cation (VIII) quite different results were
found by the use of the dehydrogenating agents I and 11. The perchlorate with the
expected structure VIII was obtained exclusively with I1. However, in the presence of
I, the major product was 2-phenyl-4-p-t-butylphenyl-5,6,7.8-tetrahydrobenzopyrylium
perchlorate (VI), and the corresponding di-t-butylated pyrylium salt (V) was also
formed.

Applications of Proton Resonance Spectroscopy. Part XXVI. For Part XXV sec H.-B. Schrdter.

D. Neuman, A. R. Katritzky and F. J. Swinbourne, Tetrakedron 22, 2895 (1966).

* A.T. Balaban, C.R. Acad. Sci.. Paris. 286, 4239 (1963).

> D. Bryce-Smith and N. A. Perkins. J Chem. Soc. 2320 (1961).

* A yellow, crystalline, hygroscopic perchlorate of chalcone (11°ClO, ). m.p. 98-100° (from dichloro-
methane-ligroin) has been prepared (cf Ref. 5).

* P. Pleiffer and H. Kleu, Ber. Dtsch. Chem. Ges. 66. 1058 (1933).

* M. Siemiatyck: and R Fugnitto. Bull. Soc. Chim. Fr. 538 (1961).
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Similarly, treatment of 1,3,5-triphenyl-1.5-pentanedione (XI) with aluminium
chloride in t-butyl chloride gave, in addition to 2,4,6-triphenylpyrylium perchlorate
(IX) [the only product formed using trityl perchlorate® or the chalcone cation 11,
the t-butylphenylpyrylium perchlorate (X). The pyrylium perchlorates (V, VI, VIII
and X) were all converted by aqueous ammonia to the corresponding pyridines
(or tetrahydroquinolines), which were characterized as picrates.

The structures of compounds V, VI and V11 {ollow from (a) elementary analyses
of the perchlorates and the derived pyridines, (b) permanganate oxidations which
yielded benzoic acid (from VIII) and benzoic and p-t-butylbenzoic acid (from VI),
and (c) the spectral data discussed below.

1t is known that the nitration of 2,4,6-triphenylpyrylium perchlorate results in the
meta-substitution of the 2- and 6-phenyl groups, but in the para-substitution of the
4-phenyl ring;”* similarly in benzopyrylium salts a 3-phenyl group is nitrated in the
para-, and a 2-phenyl in the meta- position.” Experiments were therefore designed to
ascertain whether the t-butylations occurred before or after the dehydrogenation and
cyclization of the 1,5-diketones to the pyrylium cations. The pyrylium cation VIII
is not t-butylated to VI on treatment with I, which indicates that the diketone VII
is t-butylated at the non-deactivated pheny! group before cyclization to VIIL

T «C. G. Le Févre and R. Le Févre, J. Chem Soc. 2894 {19321, * R L. Shriner and R. B. Moffetr. J. Am.
Chem. Soc. 61, 1474 (1939).
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4004 t-Butylation reactions in the conversion of phenyl-substituted 1,5-diketones to pyrylium salts

DISCUSSION OF SPECTRA
The NMR spectra of the compounds of types XII and XIII are recorded in Table 1,

cRmEAtea A s mez ol o

and the spectra of the pyridines are shown in Figs 1-3. Integrations were carried out
for all spectra and the areas so determined.

2 3 7 8 9

Fic 1. The NMR spectrum at 60 Mcs ol 2-phenyl-4-4 -t-butylphenyl)-5.6.7.8-tetra-
hydroquinohine in CDCl,

For all the compounds containing a fused cyclohexeno-ring, the ring methylene
groups were found at characteristic positions. The 8-CH, group absorbed at lowest
field (6:54-6-55 1 for the pyrylium salts, 6:85-6-88 z for the pyridines), and disclosed a
triplet structure due to coupling with the adjacent 7-methylene group. The S-position
methylene, likewise a triplet, absorbed at 6:93-6:98 t for the pyrylium salts and at
7-29-7-31 t for the pyridines. The 6- and 7-methylenes formed unresolved multiplets
centred near 79 t for the pyrylium salts and 81 t for the pyridines.
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2 3 7 8 9
FiG 2 The NMR spectrum at 60 Mc s of 2-phenyl443".5'-di-t-butyl)-5.6.7.8-tetrahydro-
quinoline in CDCl,.

2 3 7 8 9
FiG 3. The NMR spectrum at 60 Mc s of 2.4-diphenyl-5.6.7.8-tetrahydroquinohine in CS;.
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The t-butyl groups showed as singlets in the range 8-54-8-66 1 for all the compounds.
The singlet structure for the derivatives containing two t-butyl groups indicates that

these groups are similarly placed.

The aromatic proton region is frequently complex, but several interesting features
could be discerned therein. All the compounds disclosed a two-proton multiplet at
low field, which was assigned to the ortho-protons of the 2-phenyl group. The general
shape of the spin-coupling within this multiplet did not alter throughout the series,
indicating the no t-butyl groups were substituted in the 2-phenyl ring. For the pyrylium
salts, the singlet due to the 3-position hetero-ring proton was superimposed on this
multiplet (cf. Ref. 8); for the pyridines this proton was found as a singlet at 2-5-2-6 ¢
(cf. for pyridine itself, the B-proton is quoted® at 24 7).

The remaining protons of the 2-phenyl group, and the protons of the 4-phenyl
group generally formed a more or less complex multiplet, centred at ca. 22 t for
the pyrylium salts and ca. 2-5  for the pyridines. However, in the di-t-butyl derivatives
two-proton doublets were found at 2-45 1 (J = 1-8 ¢/s) and 2-74 t (J = 1-6 ¢/s) for the
pyrylium salt and the pyridine respectively. This can only be explained by 3, §'-
substitution of the 4-phenyl group by t-butyl groups: the up-field chemical shift for
the 2'- and 6'-protons is a consequence of the t-butyl group para to each of them, as
found by Bovey et al.'®

IR maxima for the pyrylium perchlorates are recorded in Table 2. The pyrylium
ring bands are in agreement with those previously found.!! The benzene ring vibrations
indicate (a) the presence of a mono-substituted benzene ring in all cases and (b) the
presence of a para-substituted benzene ring in compound VIIIL

UV spectra (Table 3) confirm that the pyrylium salts (V, VI and VIII) all have the
same chromophoric system as that of 2.4-diphenyl-6-methylpyrylium perchlorate.

EXPERIMENTAL

M.ps are uncorrected. The IR spectra were recorded with a Jena UR-10, apparatus, UV and visible
spectra with an Optica CF4 instrument, and NMR spectra with a Perkin-Elmer permanent magnet
instrument operating at 60 Mc:s.

Dehydrogenation and t-butylation of 3-(2-oxocyclohexyly1.3-diphenylpropane-1-one'? (V1) with t-butyl
chloride and aluminium chloride. Powdcred AICI, (25 g) was added with stirring at 0 10" to a suspension
of the diketone (18 g) in dry t-butyl chloride (150 ml} Stirnng was then continued for 4 hr (evolution of
HC1) and the clear soln kept overnight EtOH (50 ml) was cautiously added, and the mixture was extracted
with cold 29, HClaq (3 x 70 ml). The combined aqueous extracts were treated with excess perchloric
acid 1o yield an orange ppt of pyrylium perchlorates (12 g). m.p. 190-195°. Recrystallization from hot
EtOH (50 ml) gave 2-phenyl-444'-t-butylphenyl)-5.6,7 8-tetrahydrobenzopyrylium perchlorate as pale yellow
prisms (7 g). m.p. 221°, by filtration after 15- 20 min. (Found: C, 676; H, 63 C;,H,,CIO, requires:
C.677.H.61%)

The filtrate from the above recrystallization deposited, on longer standing and scratching. (3 g) which
separated from EtOH as orange needles, m.p. 244°. This compound was characterized as the quinoline.
sec below.

2-Phenyl-444'-t-butylphenyl})-5.6,1.8-tetrahydroquinoline. The pyrylium salt (0-5 g) was treated with
ether (10 ml) and N NH,OH (8 ml). After complete dissolution. the cthereal soln was extracted with

® A T Balaban. G R Bedford and A R Katnitzky. J Chem Suc 1646 (1964)

® Varian Spectra Catalogue 1. No 96

‘Y F A Bovey. F P. Hood. Ill. E Pier and H £ Weaver. J. Am.Lhem Soc. 87. 2060 (1965).
‘' A. T Balaban. G. D. Mateescu and M. Elian. Tetrahedron. 18. 1083 (1962).

'2 C_F H Allen and H. R. Sallans. Canad. J. Research. 9. 574 (1933).
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109, HClaq. The aqueous layer was treated with NaOH aq and the ppt recrystallized 1o yield the quinoline
(687;) as long rods, m p. 139° (from aqueous EtOH). (Found: C, 88-2; H, 8-2; N. 4-1. C,,H,,N requires:
C. 879; H, 80; N, 4:15,) The picrate formed needles, m.p. 189° (from dilute EtOH). (Found: C. 654
H, 53, N, 10-1. Cy;H,,N,O, requires: C,653; H. 53; N. 989, ) '

2-Phenyl-44(3'5"-di-t-butylphenyl)-5.6,7 8-1etrahydroquinoline was prepared similarly as prisms. m.p.
195-197° (from EtOH). (Found: C, 870.87-6; H,87; N, 3-4. C,,H,sN requires: C.87:6; H.89; N, 3-5%

24-Diphenyl-5.6.7.8-tetrahydroquinoline. Compound V11 (3-2 g) and chalcone (22 g) were heated with
H,;SO, (4 ml) at 100° for 1 hr with stirring. then EtOH (10 ml) was added, lollowed by excess of perchloric
acid. Ether (25 ml) was added to complete the precipitation, and the sparingly soluble orange-coloured
VIII was recrystallized from EtOH as needles, m p. 222° (lit..'? 214”). (Found: C, 655; H. 50. Cal.
for C; H,4ClO,: C, 652; H. 50%,) This perchlorate on trecatment with ammonia as above afforded the
quinoline as short prisms. m.p 106 107° (from MeOH). (Found : C,88-3; H,69; N, 48. C,,H, (N requires:
C. 884, H. 67, N, 499,) The picrate formed rhombic plates with diagonal ribs, m.p. 200°. (Found:
C.632;,H.46; N, 11'l. C;,H,;;N,O, requires: C-630; H.43: N. 109°,)

Oxidation of 2.4-diaryl-5.6.7.8-tetrahydrobenzopyrylium perchlorates. KMnQ, (4 g) in water (100 mi)
was refluxed with stirring with 2-phenyl-4-1-butylphenyl-5.6,7.8-tetrabydrobenzopyrylium perchlorate
(05 g) for 2 hr. EtOH was added to destroy excess KMnO,, and the filtered soln was acidified with HC!
1o ywld p-t-butylbenzoic acid, m.p. 164- 166 (from n-heptane) (lit,'? 163 165°). (Found: C, 74-4; H. 81
Calc for C,H,,0,: C. 74:1; H, 7:9°,) The NMR spectrum (in CCl,) showed the CMec, band at 867 1.
the COOH peak at - 265 1. and the AA'BB' quadruplet of the four aromatic protons at 198, 260 1
(J=8cs)

Similar oxidation of 2.4-diphenyi-5.6,7.8-tetrahydrobenzopyrylium perchlorate gave only benzoic acid
(m.p. and mixed m.p.) on acidification of the aqueous soln and extraction with ether.

Attempted t-butylation of 2.4-diphenyl-5.6.7.8-tetrahydrobenzopyrylium perchlorate. Powdered AICl, (6 g)
was slowly added to a suspension of the perchlorate (3 g) in t-butyl chloride (60 ml). HQl was evolved. and
the perchlorate mostly dissolved to a red soln. After heating at 100° for 3 hr, EtOH was added with cooling.
and the filtered soln ether-extracted. Treatment of the aquecous-ethanolic layer with perchloric acid gave
only the starting perchlorate.

Dehydrogenation and t-butylation of 1.3,5-triphenyl-1.5-pentane dione.'* Powdered AICI, (6 g) was added
to a suspension of diketone (7 g) in t-butyl chloride (60 ml) with stirring and cooling. An insoluble complex
formed. The mixture was refluxed (water-bath) with a stirring for 2 hr, then EtOH (60 ml) was introduced
and the mixture was again refluxed till a clear soln resulted Ether (100 ml) was then added and the whole
cxtracted with 29, HClaq (2 x 30 ml). The combined aqucous layers were treated with perchloric acid.
and the oily ppt was recrystallized successively from EtOH and AcOH. yielding 2.6-dipheny!-4-t-butyl-
phenylpyrylium perchlorate which formed yellow needles, m.p. 245°. (Found: C, 696; H, 5-5. C;,H,,C10,
requires: C, 69-8: H, 549,)

Reaction with aqueous ammoma and cther converted this perchlorate into 2.6-diphenyl-444'-1-butyl-
phenyl)pyridine which was characterized as a picrate, yellow conglomerates. m.p. 178° (Found: C. 668 ;
H.49;N.97 C,;,H,;yNO: requires: C, 669; H. 48, N.9-5°,)
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