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Abdmct-Acyl derivnllvcs of 4-phcnyl-but-3cnylammc on trtxtmcnt with phosphor);1 chloride gave 
good yields of pyrrolrncs. Pyridtnc dcrivatlvcs ucrc not obtained. 

IN Part 1’ the Dischlcr-Napicralski reaction was applied to the cyclisation of acyl 
c.t&hcxa-I :4dicnylamines yielding isoquinoline derivatives. The reaction has now 
been extended to the cyclisation of acyl derivatives of J-phenyl-but-3enylaminc (I). 
Thus bcnz4phcnyl-but-3-enylamidc (11) cyclists to ~1-2-phenyl-3-benzal-pyrrolinc 
(III) the structure of which was proved by exhaustive mcthylation. The ultra-violet 
spsctrurs shovvcd the prcscnce of a fairly extended conjugated system. The infra-red 
spectrum showed (at a concentration of 7 “,; in carbon tctrachloridc)strong absorption 

at 3098 and 3048 cm * due to aromatic C-.)I stretching vibrations and absorption 
of equal intensity at 2945 and 2879 cm 1 due to aliphatic C ,.H stretching vibrations. 

Absorption due to C, C and C N stretching vibrations was observed at 1636 (it,) 

and 1563 cm-i respectively. No absorption was observed in the region corresponding 
to the N -H stretchin_e vibration. The mcthiodidc of (III) was reduced catalytically to 
the N-methyl-tetrahydro-base (IV) which was converted through the mcthiodidc to 
the hydroxide. (IV) was rccovcrcd when the latter was subjrwted to the Hofmann 
degradation but a modified Emdc degradation* gave a dihydromcthinc bax 

(V) the mcthiodidc of which on Hofmann degradation gave 3-bcn~yl4phcnyl-but- I - 
cnc (VI), and this on oxidation gave dibcnrylacetic acid (VII). Similarly. acct-4- 
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phcnyl-but-3-enylamidc cyclists to give A -_ l 7-methyl-3-benzal-pyrrolinc. The structure 

was proved by a similar degradation process and the final product. $-bcnlylbutric acid, 

identified as the anilide. 
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The possibility that cyclisation of (II) might yield 5:6-diphenyl-2:3-dihydro- 
pyridine (VIII) was invcstigatcd. 5:6-diphenyl-3:4dihydro-pyrid-2-one (IX)3 was 

reduced and methylatcd to I-methyl-5:6-diphcnylpiperidinc (X) and the quaternary 
iodide of the latter when subjected to Emdc and Hofmann degradations gives 4:5- 
diphenyl-pent-l-ene (XI) tihich on oxidation yields ij :y-diphenylbutyric acid (XII) 

(m.p. 93”) identical with an authentic specimen of the acid, and a mixed m.p. with 
dibcnzylacctic acid (m.p. 93:‘) showed a depression. 
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EXPERIMENTAL 

2-P~~en~~l-3-hen:alp~~rroline (III). 4-Phenyl-3-butcnylamine (I) obtained by catalytic 
reduction of cinnamyl cyanide4 was bcnzoylated giving bcnz4phenyl-but-3-cnylamidc 
(II). The latter (5 8) was cycliscd by refluxing (3 hr) with benzene (30 cc) and phos- 
phoryl chloride (25 CC). The yellow reaction mixture was distilled in IIJCUO to remove 
benzene and excess phosphoryl chloride, then treated with ice and the acid solution 
neutral&cd with potassium carbonate. The oil which separated was extracted with 

benzene and the basic product extracted from the benzene solution with 3 0,; HCI. The 
crude base (4.35 g, 93.5 P/I;) obtained from the acid solution in the usual way crystallised 
from hexane as colourless needles, m.p. 1 l&l 1 I”. (Found: C, 87.0; H, 6.5; N, 6.1; 

C,,H,,N requires: C, 87.5; H. 6.4; 6.0:J. The picrate formed yellow needles m.p. 
192.5-193.5” from ethanol (Found: C, 59.5; H. 3.7; N, 11.8; C,,H,,O,N, requires: 
C, 59.7; H, 3.9; N, 12-l :A). Infra-red: 1636 cm l (w. C C), 1563 cm l (s. C=N). 
No absorption in the region of the Nit stretching vibration. Ultra-violet: 248 m/r 
(log f .-= 4.05). 254 m/l (log F 4.05). 293 rnp (log f 4.37). An attempt to 
dchydrogenatc (III) by heating (5 hr) with palladium carbon in /+cymcnc and ethyl 
cinnamate at 190” gave a scarlet compound m.p. 205” the analysis of which indicated 
a trimer of dchydrogcnatcd (III). (Found: C. 88.7; H. 5.85; N. 5.4; mol. wt. 
694; (C,,H,,N), requires: C. 88.3; H. 5.7; N, 6-I 7,). 

1 -~Met.~~l-2-phen.~~l-3-be~:~~lp~~rroli~fine (IV). ‘I‘hc base (III) when treated with 
methanolic mcthyliodide gave a mcthiodide m.p. 169.5 .170.5” (dccomp). The latter 
(4.4 g) converted to the chloride &as reduced in ethanol over Adam’s platinum until 
2 molar equivalents of hydrogen were absorbed yielding (IV, 3.01 g, SST,) m.p. 71”. 

a A. I). C’ampbcll and I. I). R. SWVC~S. J. Chrm. Ser. 959. (1956). 
4 D. Barnard and L. Bakcmnn. 1. Chcm. Sue. 926 (1950). 



(f’ound: C. 86.05; H, 8.1; N, 5.5: C,,H,,N rquircs: C, 86.0; H. 8.4; 56”,,). The 
picrure formed yellow necdlcs m.p. 200.5-201~5’ from ethanol. (Found: C. 60.0: 
II, 4.6; N, 11.3; C,,H,,O,N, requires: C. 60.0; II, 5.0; N, I I.7 “,,). The ntefhiodidc 
separated in colourless needles m.p. 192” from methanol-ether. (fcound: C, 58.1 ; 
II, 6.0; N. 3.45; C,,H,,NI requires: C, 58.0; H. 6.15; N, 3.6 “,,,). I-.Mer/r.r/-2- 
plrefl,~~l-3-hen~alp~~~rrolidinc. When the hydrogenation of the chloride was stopped after 
uptake of 1 molar equivalent of hydrogen the dihydro-compound was obtained. 
This is a low-melting base charactcrised as its nrethiodide m.p. 226” (decomp) from 
methanol. (Found: C, 58.2; H, 5.7; N, 3.3; C,,H,,NI requires C, 58.3; H, 5.7; 
N. 3.60,). 

N:N-Dinrerl!,,l-3-ben~~~~-phen~,~~u~~,~u~?line (V). The methiodide of (IV) (I.1 g) 
converted to the corresponding chloride was dissolved in aqueous sodium hydroxide 
(20 cc, 20”/;,), and Raney nickel alloy (0.5 g) added in portions at 20 25” with stirring 
(2 hr). The metal was filtered off, the base extracted with benzene, washed with satu- 
rated sodium chloride solution, dried and the solvent removed. The residue distilled 
at 171-l 75”/3*5 mm to give the pure amine in nearly quantitative yield. The amine 
reacted exothermically with methyl iodide to form the methiodidc which crystalliscd 
from methanol-ether in white scales m.p. l65.-167’. (Found: C, 58.9; H, 7.0: N, 
3.3; C,H,NI requires: C. 58.8 ; H, 6.9; N, 3.4 9:). The picme separated in yellow 
rhombic crystals m.p. 125-125.5” from methanol-ether. (Found: C, 60.6; H, 5.7; 
N, 11.4; C,,H,O,N, requires: C, 607; H, 5.3; N, ll.3”,). 

Dihenz~hxetic mid. The mcthiodidc (2.87 g) of the amine (V) was converted to the 
hydroxide which was subjected to crack-distillation in tmuo yielding a fraction (b.p. 
160”/3 mm) consisting of unchanged amine and a non-basic product. The letter 
(O-95 g, 64*8”/,) was freed from the amine by treatment with HCI. The ultra-violet 
spectrum, 259 m/l (log f ::: 2.53). indicated the absence of a double bond conju- 

gating with the phenyl nucleus. The infra-red, observed in a ccl1 (0.15 mm thickness) 
I641 cm-* (s. C==-C), 994, 910 cm .i (s. C--H out of plane deformation vibration of 
vinyl group). It is presumed that the non-basic product is 3-benzyl4phenyl-but-l- 
ene (VI). The latter (70 mg) was oxidiscd in acetone by addition of KMnO, (140 mg) 
in acetone (I4 cc) at room temp. with stirring. MnO, was removed by filtration, 
washed with water and the washings added to the acctonc filtrate. The acetone was 
removed in L’UCW and the aqueous solution shaken with benzcnc, scparatcd and 
acidified with HCI, when dibcnzylacetic acid was deposited as an oil, which solidified 
and crystalliscd from n-hcxanc as colourless crystals m.p. 92-93” (Found: C. 80.2 
H, 6.4. Calc. for C,,H,,O,: C, 80.0; H, 6.7:;). The acid was identified with an 
authentic specimen of debcnzylacetic acid. 

5:6-D1j~hen,$3:4-dih~drop_~rid-2-on~ (IX). A solution of b-oxo-y:&diphenyl- 
valcronitrile (20 g) in rerr.-butanol was rclluxcd with mcthanolic potassium hydroxide 
solution (30%). mixed with [err.-butanol(4oOcc) for IO hr during which the pyridonc 
(IX) separated as a solid (13.7 g, 68.43,) and crystallised from ethanol as colourlcss 
prisms m.p. 215” (Found: C, 81.85; H, 6.1. Calc. forC,,H,,ON: C, 81.9; H. 6.1 I:,,). 
Infra-red (Nujol) 3220, 3110 cm-i. (N-. H), 1665 cm ,* (lactam C=O), 1638 cm ’ 

(C 0 
5:6-IAphen,+piperid-2-one. The pyridonc (IX, I.6 g) methanol-dioxanc (7 : 5) on 

hydrogenation at 50” over Adams platinum cataylst, absorbed a molar equivalent of 
hydrogen in 2 hr. The crude product was purified from ethanol (I.15 g, 73 :,;) as 
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colourless fine needles m.p. 183.5-184.5” (Found: C, 81.0; H, 7.0; N. 55. C,,H,,ON 
requires: C, 81.2; H, 6.8; N, 5.67”). The band at 1638 cm-r had disappeared. 

2 :3- Diphenylpiperidine. To an ether solution of lithium aluminium hydride (0.1 g) 

the above piperidonc (0.58 g) in dioxane was added and refluxed for 3 hr. Wet ether 
was added to decompose the adduct and the solvents rcmovcd in UKUO. The residue 
a mixture of unchanged piperidone and 2:3-diphen~lpiperidone was distilled, yielding 
the pure piperidinc which on rccrystallisation from ethanol gives colourless prisms 
m.p. 86.5-87.5” (Found: C, 85.9; H, 8.2; N, 6.0. Cr,H,,N requires C, 86.0; H, 8.1; 
N, 5.9 y/,). On treatment with formic acid and aqueous form aldchyde the piperidinc 
gave I-meth,+5:6-diphenylpiperidine (X) which was purified by distillation b.p. 159.- 
l6OO’,/l~S mm. The picrate m.p. 149-150.5” and the methiudide colourless cubes m.p. 
254” decomp. from ethanol (Found: C, 57.7; H, 6.3; N, 3.5. C,,H,,NI requires: 
C, 58-O; H, 6.15; N, 3.67;) were not identical with those of (IV). The mcthiodidc, 
subjected to the Emde degradation with sodium amalgam (5:(,) under the usual 
conditions, gave N :N :4:5 diphcnylpentylaminc, b.p. 165”/2 -2.5 mm (64 “4). The 
picrate formed yellow scales, m.p. 121 122’. from ether-methanol (Found: C. 

6@7; H, 5.7; N, 11.5. CesHosO,N, requires: C. 60.7; H, 5.3; N, Il.3:<). The 
methiodide was obtained in quantitative yield as plates m.p. 164165” from methanol- 
ether (Found: C, 58.6; H. 6.9; N, 3.7. C,H,,NI requires C, 58.7; H, 6-9, N, 
3.4”,;,). The methiodide converted to the methohydroxide (0.5 g) submitted to crack- 
distillation in racuo, gave A14:5-diphenylpenrene (XI) b.p. l&146” (0.16 g, 59) 
and the latter on oxidation gave @:ydiphenylbutyric acid (XII), as colourless cubes 
from hexane m.p. 93O (Found: C, 79.6; H, 6.7. Calc. for C,,H,,O,: C, 80.0; H, 
6.70,:). Mixed with dibenzylacetic acid (VII) m.p. 93”. the mixture melted over a 
range 70-77”. (XII) was found to be identical with a specimen synthesised by conden- 
sation of dcsoxybenzoin with ethyl cyanacetate according to C~pe.~ The synthetic 
acid crystallized as colourlcss prisms m.p. 94-95.5” (Found: C, 79.7; H, 6.8. Calc. 

for CIeH,(L04; C, 80.0; H, 6.7 “/o). Mixed with (XII) there was no depression. Infra- 
red spectra of the two acids were also identical over the whole range. 

AceM-phenyl-hut-3-enylamide. Acetylation of 4-penyl-but-3tnylamine (2.42 g) 

with acetic anhydride (5 cc) on .a steam-bath gave the acetyl compound in good yield 
which crystallised from n-hexane in colourless plates m.p. 73-74O (Found: C, 76-l; 

H, 8-l ; N, 7.5; Calc. for C,,H,,ON: C, 76.15; H, 8.0; N, 7*4:$. Treatment of the 
acetyl compound with phosphoryl chloride in boiling benzene gave Al-2-methyl-3- 
henzalp~voline (90:,;) which crystallised from n-hexane in prisms m.p. 61-63”. 
The @rare formed yellow needles m.p. 224” (decomp.) from ethanol. (Found: C, 
54.1; H, 4.4; N, 14.3; C,,H,,O,N, requires: C, 54.0; H, 4.0; N, 14*0”,:). The 
merhiodide formed colourlcss. needles m.p. 266.5” (dccomp.) from methanol-ether 
(Found: C, 49.7; H. 5.3; N, 4.8; C,,Hi,sNI requires: C. 49.9; H, 5.15; N, 4.53;). 
Reduction of the methiodidc with Adams platinum catalyst absorbed 2 molar equiva- 
lents of hydrogen and gave I :2-dimethJ*l-3-henz~lpyrrolidine b.p. 109-l 12”/2.5-3 mm 
the merhiodide of which crystallised from methanol-ether in needles m.p. 212-213” 
(dccomp.) (Found: C, 50.6; H. 6.9; N, 4.0; Ci,H,,NI requires: C, 50.8; H, 6.7; 
N. 4.206). The mcthiodide (I.07 g) on treatment with Rancy nickel (in the presence 
of alkali) gave N:N dimcthyl 3benzylpentylaminc. (the mcthiodidc of which formed) 
colourlcss plates from methanol-ether m.p. 115.5. 116.5” (Found: C, 51%; H, 7.4; 

) L. Phalnikar and S. K. Karynd. J. Unlr. lb&y. 3, 1849 (1939); Chcm. Abe. 34, 2819 (IWO) 
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N, 4.0. C,,H,,NI requires: C, 51.9; H, 755; N, 4.0%). On exhaustive 
methylation (Hofmann) the methiodide (0.42 g) gave a nitrogen free compound 
(0.08 g. 41%). The latter (60 mg) oxidised by KMnO, in acetone gave cr-benzyl- 
butyric acid (40 mg) which was converted to the anilide, colourless needles from 
hexane m.p. 90” (Found: C, 80.3; H, 7.7; N, 5.5; Calc. for C,,H,,ON: C, 80.6; 
H, 7.6; N, 5.5 %). It was identical with an authentic specimen prepared from 
a-benzylbutyric acid, obtained from benzylethylmalonic acid. 
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