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Prolonged reaction of some ketones with benzylamine at reflux converts them into C C -  benzyl derivatives 
by a route involving Aldol condensation of the related ketimine with benzaldimine followed by exclusive 
reduction of the resultant C-C double bond. Reduction does not occur when pure benzylamine is used 
under oxygen-free nitrogen, however the inclusion of a trace of benzaldehyde restores the efficiency of 
the reaction. Treatment of several ketones in this manner established the scope of the process. When the 
reaction was extended to the reduction of x,p-unsaturated enones again using benzylamine, reaction 
times were shorter and the product yield greater. The possibility that the reductive step was an 
intramolecular 1,5- hydrogen transfer was studied. 

During a study of the novel aza-di-n-methane reaction of the 
imine ( I )  the synthesis of a variety of these compounds was 
carried out. Benzylamine was used for the synthesis of 
benzylimines from ketones and normally, with short reaction 
times, the reaction was completely successful. However with 
longer reaction times x-benzylation of the ketone took place 
without affecting the P,y-unsaturation. The process appeared to 
be specific. The results have been published in a preliminary 
form’ and the present paper gives details of the reaction and 
also of experiments designed to establish the scope of the process. 

Results and Discussion 
A typical reaction of the above type is the synthesis in high yield 
of the imine (2) by reaction of the enone (3) with benzylamine 
for 3 h. With a longer reaction time ( 2 4 0  h) and chromato- 
graphic separation a new ketone (47‘:;) yield) was isolated. The 
spectroscopic details of this new product suggested that the 
enone (3) had unexpectedly undergone m-benzylation to yield 
the substituted hex-5-en-3-one (4). Final proof of structure was 
achieved by independent synthesis involving benzylation of the 
enone (3) with benzyl ~ h l o r i d e . ~  

Clearly. the formation of the enone (4) by reaction of the 
enone (3) with benzylamine cannot arise by attack of the anion 
( 5 )  on benrylaniine. A possible route involves condensation of 
the imine (2) with benzaldimine, formed by aerial oxidation of 
benzylamine, to yield the azadiene (6), the carbon-carbon 
double bond in conjugation with the imine entity of this then 
undergoes iti situ regioselective reduction. There is no evidence 
for reduction of the other C-C double bond. The feasibility of 
this step was substantiated by conversion of the enone (7), 
preformed by condensation of the enone (3) with ben~aldehyde,~ 
in refluxing benzylamine into (4). 

It seemed likely that the purity of the benzylamine could 
be critical to the success of the reaction. In order to verify this 
point the reactivity of the imine (8) towards benzylamine 
was examined. Normally this was converted into the doubly 
benzylated ketone (9) in low (10’6) yield. Although the imine (8) 
when heated under reflux with pure redistilled benzylamine for 
20 h under nitrogen gave no products of ~-ben7ylation, addition 
of a little benzaldehyde gave rise to the ketone (9) (34%). 
Since the species involved in the Aldol-like condensation will 
be the imine (10) formed by reaction of benzaldehyde with 
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benzylamine, it seems clear that benzaldimine is involved in the 
a-benzylation of the imines (2) and (8) and that aerial oxidation 
of benzylamine to give this is a key step in the process. Con- 
densation of the imine (2) with benzaldimine would yield the 
imine (6), which upon reduction (see later) would then give 
benzylated product (4). 
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Since the process described above appears to have some 
generality, the reactivity of some simple ketones (11) as their 
benzylimines ( 1  2), has also been studied. Both single and double 
benzylation occurs to  give the ketones (13)-(16) in variable 
yields. Steric factors appear to influence the reactivity observed 
with the Aldol condensation reaction5 

/Ph 

(lla), (12a) R'  = Ph, R2 = Me 
(llb), (12b) R '  = Pr', R2 = Me 
(llc), (12c) R' = But, R 2  = Me 
(lld), (12d) R' = R 2  = (CH,), 

(6 9'10) 

the reaction of enone (17a) with benzylamine, was heated under 
reflux in mesitylene under nitrogen for 3 h, in the absence of 
beniylamine. The n.m.r. spectrum of the crude material showed 
only the presence of (17a) and (18a) in a ratio of 3: 7 in a total 
yield of 907;). Interestingly the dideuterio analogue (20b) failed 
to isomerise under the same conditions giving instead, a 
complex mixture of products in which none of the expected 
isomeric ketones could be detected. The failure of this reaction 
could be due to a high deuterium isotope effect * inhibiting the 
1,5-migration and permitting the operation of other reaction 
paths. It is clear from the experiment with (20a) that the 
intramolecular 13-H migration can be operative. This will 
involve the transfer of a hydrogen from the benzyl imine group 
to the terminal carbon of the 1-azadiene system. This results in 
the formation of the isomeric 2-azadiene (21) which as a result of 
hydrolysis during work-up yields the reduced ketone (18a) (see 
Scheme). This path is preferred to the alternative base-induced 
isomerisation described by others.' Although it seems likely 

Me Me 

(1 5) (16) 
(6 3'10) (5 8%) 

The described reaction should be applicable to the reduction 
of conjugated enones since these, or their corresponding imines, 
are intermediates in thc reductive sequence. Although there are 
literature precedents for the reduction of such compounds using 
benzylamine in the presence of t-butoxide as b a ~ e , ~ . ~  we believe 
that the conditions used in the present work are novel. 
Reduction of the enone (17a) with benzylamine under these 
conditions gave after conventional work-up, the ketone (18a) 
(5%)  and the x-benzylatedlreduced product (19) ( 1  673. The 
poor yields of products were attributed to the prolonged period 
under reflux and the vigorous isolation procedure. A shorter 
reflux time (3 h) and an improved method of hydrolysis and 
isolation gives a higher yield (3673 of the sole product (18a). 
Similarly the enones (17b), (17c), and (17d) gave the ketones 
(18b), (14), and (15) in improved yields (16.5 - 27.5";,,), 
(14 - 45'9, and (49 -- 59:~~) respectively. 

n 0 

P h  Ph  

(17) (1 8 )  
(17a), (18a) R = Me 
(17b), (18b) R = Et. 
(17c), (14) R = Pr' 
(17d), (15) R = But 

ph7-YPh 0 

(19) 

Of several possible mechanisms one involving intramolecular 
1,5-hydrogen migration was considered seriously. Such a 
migration is supported by the work of Aue and Thomas,' who 
demonstrated that 2-azadienes obtained from the vacuum 
thermolysis of 1 -azetines isomerized cleanly by 1,5-hydrogen 
migration into 1 - or 2-azadienes. To test the feasibility of the 1,5- 
hydrogen migration the imine (20a), prepared independently by 

(Zla) 

M e  
0 I 

Ph pNH2 + PhCHO 
Ph' 

Scheme. 

that the base induced process can account for the formation of 
the reduced mono-benzylated products, it is difficult to explain 
how this reductive path can lead to the bis-benzylated products. 
Thus, in cases where bis-benzylation occurs an alternative 
mechanism such as a Sommelet reaction could be operative in 
which reduction occurs by intermolecular hydride transfer from 
an amine such as benzylamine to the imine system such as (20a). 

Experimental 
M.p.s were determined on a Buchi 510D apparatus in open 
capillaries and are uncorrected. 1.r. spectra were recorded on a 
Perkin-Elmer 257 spectrophotometer and band positions are 
reported in wavcnumbers. 'H  N.m.r. spectra were recorded on 
a Varian T-60A and 13C n.m.r. spectra on a Varian FT 80A 
spectrometer. Chemical shifts (6) are reported in p.p.m. 
downfield from Me,% as internal standard. Mass spectra were 
determined on a Varian MAT-7 1 1 spectrometer. Elemental 
analyses were performed by the Consejo Superior de 
Tnves tigaciones Cien t ificas, Madrid. 

* In sigmatropic 1,5-hydrogen migrations thcrc is a large primary 
isotope effect k l , ' k D  = 12.2 at 25 "C. T. H. Lowry and K. S. Richardson, 
'Mechanism and Theory in Organic Chemistry,' Harper and Row, N.Y.. 
1976, p. 664. 
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GeticuuI Pt.ocmlim for. the Sjwtliesis of Iiiiines (21, (8), und 
( 12).-3,4,4-Trtmethyl- 1.6,6-tripheny1-2-azahexa-2,5-diene (2) 
was synthesized by the method previously described. l o  The 
others (8) and (12) were synthesized by the following procedure. 
Equimolar proportions of benzylamine and the corresponding 
ketone together with zinc chloride (ca. 50 mg) were refluxed in 
benLene or toluene with azeotropic removal of water aiu a Dean 
and Stark trap. The mixture was then cooled, the catalyst was 
filtered off, and the solution evaporated under reduced pressure 
to yield the imine. This was purified by distillation in cricuo; 
isolated yields after purification are indicated. 

The imines (8 )  and (12) are moisture sensitive and were 
synthesized and used without further purification. The imines 
(12a) and (12d) have been recorded in the literature and the 
imines (8), (12b), and (12c) were characterized on the basis of 
spectroscopic properties. The n.m.r. of the crude mixtures 
showed that the conversion into imine was quantitative in each 
case. 

3-Mcthj31- 1 -phei~!~l-2-riicipent-2-t.nc (8). Butanone (10.1 g, 140 
mmol), and benzylamine (1  5 g, 140 mmol) in benzene (1 20 ml) 
were refluxed for 1 h to yield imine (8) (21.4 g, 96%); b.p. 

CH,), 2.30 (2 H, q. CH,), 4.40 (2 H, s, CH,), and 7.1@-7.35 (5 
H, m. ArH); v,,,, (film) 1 665 cm-'. 

1,3-DipIi~~t7j~1-2-~r~LlhUt-2-~~~it~ (12a). Acetophenone (1 la)  (10 g, 
83 mmol), and benzylamine (8.9 g, 83 mmol) in toluene (100 ml) 
were refluxed for 7 h to yield (12a) (15.3 g, 8873; b.p. 118- 
1 19 "C, 0.05 mmHg (lit,,' m.p. 43-44 "C); 6,(CC1,) 2.1 5 (3 H, s, 
CH,). 4.60 (2 H, s. CH,), 7.0--7.4 (8 H, s, ArH), and 7.60-7.90 
(2 H, m, o-ArH); v,,,(film) 1 635 cm *.  

3,4-Diiiietlij.I- 1 -/1/ietz!.I-2-ci;cipent-2-ene (1  2b). 3-Methyl butan- 
2-one ( 1  1 b) ( 1  2.04 g, 140 mmol) and benzylamine (14.98 g, 140 
mmol) in benzene (30 ml) were refluxed for 6 h to yield (12b) 
(10.7 g, 44",,): b.p. 55- 56 "Cj0.5 mmHg; 6H(cC1,) 1.30 (6 H, d, 
2 x CH,), 1.90 (3 H, s, CH,), 2.60 (1 H, m, CH), 4.50 (2 H, s, 
CIH,), and 7.3 ( 5  H, m, ArH); v,,, (film) 1 660 cm-'. 

3,4,4- Trinwtlij-I- 1 -plirri.i~l-2-uiuprrit-2-enr (12c). 3,3-Dimethyl- 
butan-2-one ( l l c )  ( 5  g, 50 mmol) and benzylamine (5.35 g, 50 
mmol) in  benzene (50 ml) were refluxed for 2 h to yield (12c) (2.0 
g, 22",,): b.p. 65 "Cj0.04 mmHg; 6H(Ccl,) 1.15 (9 H, s, 3 x CH,), 
4.40 (2 H, s, CH,N), and 7.10-7.30 ( 5  H, m, ArH); v,',~ (film) 
1655 cm-'. 

N- B e r i r ~ ~ l ~ ~ ~ ~ c . l o / i ~ ~ . . \ ~ ~ ~ n i t ~ ~ i n ~  ( 12d). Cyclohexanone ( I  Id) (14.25 
g ,  142 mmol), and benzylamine (15.25 g, 142 mmol) in toluene 
F25 ml) were refluxed for 5 h to yield (12d) (22 g, 817"); b.p. 
102-103 "Ci0.03 mmHg (lit.,', b.p. 125-128 "Cjl mmHg); 
GH(CDCI,) 1.50-1.80 (6 H, m, 3 x CH,), 2.15-2.50 (4 H, m, 
2 x CH,), 4.55 (2 H, br s, CH,N), and 7.15--7.30 (5 H, m, 
aryl-H): v,,,, (film) 1 665 cm-'. 

52-53 "C,0.5 mmHg; 6H(CC1,) 1.10 ( 3  H, t. CH,), 1.75 (3 H, S, 

Rcur fion of 3,3-~inletl i j~I-5,5-~ipl~et~j~lpent-4-en-2-one (3) \i'itli 
Bcii~j ' l~~t i i i tze .~~ A mixture of (3) (4.0 g, 15.1 mmol) and 
benzylamine (16.1 nil, 151 mmol) was refluxed for 43 h. The 
benzylamine was distilled off under reduced pressure and the 
residual colourless oil was chromatographed on silica gel with 
hexane-ethyl acetate (99.5 : 0.5) as eluant yielding 4,4-ditil?zetlzj~l- 
1.6,6-tr.ipliei~!~Ilir\--4-en-3-otie (4) (2.7 g, 47%) as a white 
crystalline solid that was identified by independent synthesis 
(5ee below) and from spectroscopic data; m.p. 75-76 "C (from 
ethanol-water); G,(CDCI,) 1.15 (6 H, s, 2 x CH,), 2.65 (4 H, s, 
2 x CH,), 6.00 ( 1  H, s, vinyl-H), and 7.00-7.35 ( 1  5 H, m, ArH); 
6,25.8 (CH,), 26.51 (CH,), 50.28 (CH,), 127.19, 127.52, 127.67, 
127.92, 128.07, 129.97, 133.91, 139.35, 142.94, 143.30, and 209.77 
(C=O); V,,~,,(KB~) 1 695 C=O cm-'; m / z  354 ( M ' ,  lx), 307 (2), 
221 (loo), 191 (4), 165 (4), 143 (43), 128 (8), 105 (34), 93 (31), and 
77 ( 5 )  (Found: C, 88.3; H, 7.5. C,,H,,O requires C, 88.10; H, 

Independent syizthcsis of (4). This was carried out by the 
7.35""). 

method described by Hill cf a/., for similar compounds. 3,3- 
Dimethyl-5,5-diphenylpent-4-en-2-one (3) (5.3 g, 20 mmol) in 
ethanol (20 ml) was added dropwise over 1 h to  finely ground 
sodaniide (0.8 g, 20 mmol) with stirring. The mixture was then 
refluxed for 3.5 h and benzyl chloride (2.5 g, 19.7 mmol) was 
added. After the mixture had been refluxed for an additional 17 
h, diethyl ether (50 ml) a d w a t e r  (10 ml) were added. The 
organic layer was separated, washed with dilute hydrochloric 
acid, dried (CaCl,), and evaporated under reduced pressure. 
The residual oil was distilled in uuc.uo to yield the ketone 
compound (4) (1.99 g, 28%); b.p. 158-160 "C "Cj0.l mmHg. 
The physical data were identical to those reported above. 

Sj~titliesis o f  4,4-Dinicth~d- 1,6,6-triplien?lIit~sn- 1,5-tlit~i-3-0r~ 
(7).- This compound was synthesized following a general 
method described for similar  compound^.^ A solution of 3,3- 
dimethyl-5,5-diphenylpent-4-en-2-one (3) (300 mg, 0.9 mmol) 
and sodium hydroxide (0.75 g) in a mixture of water (6 ml) and 
ethanol (2 ml, 95;") was cooled in ice, benzaldehyde (105 mg, 0.3 
mmol) was added and the reaction mixture was stirred for 24 h. 
After work-up the crude product was chromatographed on 
silica gel and with benzene as eluant yielded (7)  (280 mg, 70%) as 
a colourless oil; b.p. 148-151 "C/0.08 mmHg; 6H(cC1,) 1.3 
(6 H, s, 2 x CH,), 6.2 (1 H, s, 5-H), and 6.9--7.5 (17 H, m, ArH 
and 2- and 3-H); v,,,, (KBr) 1 665 cm-' (Found: C, 88.4; H, 6.6. 
C26H,,0 requires C, 88.64; H, 6.82%). 

Reaction of 4,4- ~ i i ~ ~ t ~ t h j ~ I - 1 , 6 , 6 - t r i p l z e n ~ ~ l h t ~ . ~ a -  1,5-dien-3-onc. 
( 7 )  \i.itIi Bcwzj~l~irninr.-A mixture of (7 )  (0.1 g, 0.3 mmol) and 
benzylamine (4.5 ml, 41 mmol) was refluxed for 24 h. The 
benzylamine was distilled off under reduced pressure and the 
residual colourless oil was chromatographed on silica gel with 
hexane--ethyl acetate (99.5:0.5) as eluant to yield the ketone (4) 
(71 mg, 70j':J as a white crystalline solid. The physical data were 
identical to those detailed above. 

Rtw L' tioti of 3 - Met li jd- I -plieny/- 2 -aiupeii t - 2 - e ~ ~  (8) in Benzj>l- 
uni i r i c .  A mixture of (8) (3.3 g, 20.5 mmol) and benzylamine 
(22 ml, 20.1 mmol) was refluxed for 20 h. The excess amine was 
distilled off under reduced pressure and the oily residue was 
chromatographed on silica gel with benzene as eluant yielding 
2-methyl- 1,5-diphenylpentan-3-one (9) (520 mg, 10o/o); b.p. 

(3 H, m, CH,), 2.4-3.0 (7 H, m, aliphatic H), and 7 . k 7 . 3  (10 
H, m, ArH); v,,, (KBr) 1 710 cm-I. 

Rcnctioii of 3-mctlij~l- 1 -phen~~l-2-a;ciperzt-2-etie (8) witli 
betzzj~lciminc rtt r .~~flux under nitrogen. The reaction was carried 
out using the same quantities and conditions as above but under 
an atmosphere of nitrogen. After work-up butanone was 
recovered in 100oi;, yield. 

Retiction of 3-nzethyI- 1 -plirn~l-2-azapc.nt-2-ene (8) \iTith 
henzj~lutnitic (it rt$u.u under nitrogen in the presence of 
ber~ialdelij~de. The reaction was carried out under the same 
conditions as above but with the addition of benmldehyde (1.06 
mg). After work-up 2-methyl- 1,5-diphenylpentan-3-one (9) was 
isolated (1.76 g, 34"/,,). 

145 "C/0.5 mmHg m.p. 47-48 "c); 6,(CDC13) 0.9-1.2 

General Procedure for Benzjdution qf Imines (12).-A solution 
of the imine (24 mmol) in benzylamine (26 ml, 240 mmol) was 
refluxed for 20 h. The benzylamine was distilled off under 
reduced pressure, the crude reaction product was hydrolysed 
using 5"/, sulphuric acid (10 ml) in tetrahydrofuran (THF) (40 
ml) with stirring for 30 min at room temperature. The reaction 
mixture was extracted with ether (50 ml), and the extract 
washed with 100/;; aqueous sodium hydrogen carbonate (20 ml), 
dried (MgSO,), and the solvent evaporated under reduced 
pressure. The residual colourless oil was chromatographed on 
silica gel to yield the corresponding benzylated product. 
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BeizqVcition of the imiiie (1 2a). Chromatography with benzene 
as eluant gave a colourless oil which crystallized from ethanol to 
give the benzylated product (13) (2  g, 69"{,) as a white solid; this 
was identified by independent synthesis and from spectroscopic 
data; m.p. 75- -76 "C (lit.,', 75-76 "C); 6,(CC14) 2.55-3.30 
(4 H,  m, 2 x CH,), 3.80 (1 H, m, CH), 6.95-7.30 (13 H, m, 
ArH), and 7 . 5 s  7.70 (2 H, m, ArH); v,,, (KBr) 1 655 cm-'. 

Beniylutior? of the inzine (12b). Chromatography with hexane- 
ethyl acetate (99.5 :0.5) as eluant gave the benzylated product 
(14) (1.53 g, 42.4':,,) as a colourless oil, which was identified by 
independent synthesis and from spectroscopic data; b.p. 90- 
100 "C'0.5 mmHg (lit..' b.p. 142-144 "C/20 mmHg); 6,(CCl,) 
1.10 (6 H, d, 2 x CH,), 2.60 (1 H, m, CH), 2.90 (4 H, 2 t, 
2 x CH,), and 7.20 ( 5  H, s, ArH); vcnax,(film) 1 660 em-'. 

Bcviz)kition of the iriiinc (12c). Chromatography with hexane- 
ethyl acetate (99.5 : 0.5) as eluant gave the benzylated product 
(15) (0.9 g, 63"J as a colourless oil, b.p. 65 "CjO.04 mmHg (lit.,, 

(4  H, t, 2 x CH,), and 7.10-7.25 ( 5  H, m, ArH); v,,,,, (film) 
1 700 cm-' . 

Bcvzzjqlrrtion of tlw iminc. (1 2d). Chromatography with hexane- 
ethyl acetate (99.5:O.j) as eluant gave a colourless oil that 
crystallized from ethanol to give the benzylated product (16) 
(5.1 g, 58":)) as a pale yellow solid; this was identified from 
spectroscopic data; m.p. 11 3-1 14 "C (lit.," m.p. 114 "C); 
li,(CDCI,) 1.3- 3.5 (12 H, m, 6 x CH,), and 7.1-7.4 ( I  0 H, m, 
ArH); v,,,, (KBr) 1 680 cm-'. 

b.p. 153 "Ci40 mmHg): 6H(Cc14) 1.05 (9 H, S, 3 x CH,), 2.80 

G'enerul Renction Corzditions for  Reduction of the x,P- 
Unscitiircited Ketones (1 7a-d).-The enone (10 mmol) in 
benzylamine (10.9 ml, 100 mmol) was refluxed for 3 h. The 
benzy lamine was removed by extraction with 10% hydrochloric 
acid and the reaction mixture was extracted with ether (50 ml). 
The extract was washed with lo?() aqueous sodium hydrogen- 
carbonate (20 ml), dried (MgSO,), and evaporated under 
reduced pressure and the residual colourless oil was flash- 
chromatographed on silica gel to yield the corresponding 
reduced product. In all cases the reduced compound was 
identified by its spectroscopic data and by comparison with 
authentic samples obtained by catalytic reduction of the 
co r re s p o n d i n g X, p - unsaturated en o n e . 

Rchct ion of the c'nonc' (17a). Chromatography with hexane- 
ethyl acetate (95: 5 )  as eluant gave a colourless oil (0.53 g, 36"/,) 
which was identified as the reduced product (18a) from 
spectroscopic data; b.p. 8 0 8 2  "C/0.5 mmHg (Iit.,l6 b.p. 117- 

2 x CHI), and 7.3 ( 5  H, s, ArH); vma,.(film) 1 700 cm-'. 
Rrtlm.tion of tlie ketone (17b). Chromatography with hexme-- 

ethyl acetate (95 : 5) as eluant gave a colourless oil (0.45 g, 2804) 
which wac; identified as the reduced product (18b) from 
spectroscopic data; b.p. 90-100 "C/0.5 mmHg (lit.,' b.p. 
128 "C, 17 mmHg); 6,(CC1,) 0.8 (3 H,  t, CH,). 2.2 (2 H, q, CH,), 
2.60 (4 H, m, 2 x CH,), and 7.0 ( 5  H, s, ArH); v,,,, (film) 1 690 
cm-' . 

Rcckuctioii of the hetone (17c). Chromatography with hexane- 
ethyl acetate (9.5 : 5 )  as eluant gave a colourless oil (0.79 g, 45'>,,) 
which was identified as the reduced product (14) from 
spectroscopic data; b.p. 90-100 "Cj0.5 mmHg (lit.,' b.p. 

( 1  H, m, CH), 2.90 (4 H, 2 t, 2 x CH,), and 7.20 ( 5  H. s, ArH); 
v,,,,,,(filni) 1 660 cm-'. 

Rcdircriotz of tlw h e t o n c ~  (17d). Chromatography with hexane- 
ethyl acetate (95 : 5 )  as eluant gave a colourless oil (0.93 g, 590,,,) 
which was identified as the reduced product (15) from 
spectroscopic data; b.p. 80 -90 "Ci0.5 mmHg (lit.,, b.p. 
153 "C/40 mmHg); 6,(CC1,) 1.05 (9 H, s, 3 x CH,), 2.80 
(4 H, t, 2 x CH,), and 7.10 ( 5  H, m, ArH); vmJ,,(fi1m) 1700 
cm-'. 

118 "C,8 mmHg); 6H(CC1,) 2.0 (3 H, s, CH,), 2.7 (4 H, in, 

142 -144 OC'20 mmHg); 6H(cc1,) 1.10 (6 H, d, 2 X CH,), 2.60 

Sy n t lz r s  is of 3 - Me I li J ) I  - 1 .5 -dip lz en?> I- 2 - uxipeii ta - 2,4 - die ti t~ 

(20a).-A mixture of benzylamine (840 mg, 7.8 mmol), benzyl- 
ideneacetone (17a) (1.14 g, 7.8 mmol), and zinc chloride (m. 50 
mg) as catalyst in benzene (25 ml) was refluxed for 4 h with 
azeotropic removal of water i'iLi a Dean and Stark trap. The 
mixture was then cooled and the catalyst filtered off. The 
solution was concentrated under reduced pressure to yield a 
pale yellow crystalline solid which recrystallized from hexane to 
give irninr (20a) (1.8 g, 98""); m.p. 60-61 "C; GH(CDCI,) 2.2 and 
2.4 (3 H, 2 s, CH,), 4.7 (2 H, s, CH,), and 7.0 ~ 7.5 (12 H, m, vinyl 
H and ArH); vmdX,(film) 1 655 cm-' (Found: C, 86.7: H, 7.6; N, 
5.7. C,,H,,N requires C, 86.81: H, 7.23; N, 5.95'3. 

Tlierniul Isoim>rizutioiz of 3- Methj~l- 1,5-diphc~r~j~l-2-a~nperz ta- 
2,4-dieize (20a).-3-Methyl- 1,5-diphenyl-2-azapenta-2,4-diene 
(20a) (0.80 g, 3.4 mmol) in mesitylene ( 5  ml) was refluxed under 
nitrogen for 3 h. The reaction mixture was then cooled and 
concentrated under reduced pressure. The crude reaction 
product was hydrolysed using 5"<, sulphuric acid (1 5 ml) in T H F  
(40 ml) with stirring for 30 min at room temperature. The 
reaction mixture was extracted with ether (50 ml), and the 
extract washed with a lo",, aqueous sodium hydrogencarbonate 
(20 ml), dried (MgSO,), and evaporated at reduced pressure. 
The ' H  n.m.r. spectrum of the residual colourless oil (0.41 g, 
90",,) showed the presence of the ketones (17a) and (18a) in a 
ratio of 3:7. 

SjwtlieAiA of the Irnine (2Ob).-Benzonitrile (0.52 g, 5 mmol) 
was treated with LiAID, (0.50 g, 5 mmol) in dry ether (50 ml) at 
reflux for 4 h." Conventional work-up gave 1,l-dideuterio- 
benzylamine (0.33 g, 63*/,,) as a colourless oil; GH(CDC1,) 1.55 (2 
H, s, NH,) and 7.25 ( 5  H, s, ArH). The dideuteriobenzylamine 
(0.30 g, 2.7 mmol) was treated with benzylideneacetone (0.40 g, 
2.7 mmol) in the presence of zinc chloride (50 mg) in benzene at 
reflux for 4 h.  Work-up similar to that described above for the 
inline (20a) gave the ]mine (20b) (0.56 g, 867,,); &,(CDCI3) 2.1 
and 2.3 (3 H, s, CH,), and 6.60-7.40 (12 H, m, vinyl H and 
ArH); vmdx,(fiIni) 1 670 cm-'. 

Tlwnicil Rcwction of' the Iminr (20b).-The thermal reaction 
was carried out in a fashion identical with that for the imine 
(20a) using the imine (20b) (0.50 g) in mesitylene (3.5 ml) for 3 h 
at reflux under nitrogen. Work-up gave a complex mixture of 
products which was neither separated nor identified. 
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