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Ultraviolet Spectral Study of P-Amino-enones 

By Choji Kashima, Makoto Yamamoto, and Noboru Sugiyama, Department of Chemistry, Tokyo Kyoiku 
University, Otsuka, Tokyo, Japan 

The U.V. spectra of @-amino-enones with trans-s-trans, cis-s-trans, and cis-s-cis structures are discussed. In 
the case of the s-trans-enone chromophore, the bathochromic shifts of P-amino-groups in the cis-position are 
80-90 nm., and those of @-amino-groups in the trans-position are 60-70 nm. @-Monoalkylamino-enones show 
solvent effects which suggest the existence of tautomerism. 

IN the p-amino-enone system four geometric isomers, 
tvans-s-trans, trans-s-cis, cis-s-trans, and cis-s-cis, are 
possible (Scheme 1). In  the case of P-amino-enone 

t rans-s -  trans c i s  - s-tra ns trans-s -cis c is -s -  cis 

SCHEME 1 

derived from acetylacetone and a primary amine, the 
cis-s-cis structure is fixed by intramolecular hydrogen 
bonding between the carbonyl and the amino-group. 
Azeotropic distillation of dimedone with primary or 
secondary amines gives 3-amino-5,5-dimethylcyclohex- 
2-enone derivatives which have the trans-s-trans struc- 
ture. However, the compounds of cis-s-trans and 
tvans-s-cis structures have never been described, except 
in the case of benzoquino1izines.l Recently we reported 
the synthesis of 2,3-dihydro-4-pyridones by the con- 
densation of p-diketones with Schiff These 
compounds possess the cis-s-trans structure. 

Although the i.r. and n.m.r. spectra of p-amino- 
enones have been studied,*>5 little is known about their 
U.V. spectra. Cromwel16 has reported the U.V. spectra 
of compounds derived from acetylacetone and benzoyl- 
acetone, but no U.V. study that distinguishes the four 
different geometrical structures has been reported. We 
discuss here the bathochromic effect of the amino-group 
and solvent effects for twenty-two p-amino-enones cis- 
s-cis, trans-s-trans, and cis-s-trans types. The spectra 
of acetylacetone, 3-ethoxy-5,5-dimethylcyclohex-2- 
enone, and 2,3-dihydro-2,6-dimethylpyrone were used 
for comparisons. 

RESULTS AND DISCUSSION 

I t  has been reported that 4-aminopent-3-en-2-ones 
exist in both trans-s-cis and cis-s-cis structures in 
solution, and that trans-s-cis compounds are slowly 
converted into cis-s-cis compo~nds .~  The cis-s-cis 
structures are stabilised and held in a plane by intra- 

1 M. von Strandtmann, M. P. Cohen, and J. Shavel, jun., 

2 N. Sugiyama, M. Yamamoto, and C. Kashima, Bull. Chem. 

3 C. Kashima, M. Yamamoto, and N. Sugiyama, Bull. Chem. 

J .  Org. Chem., 1966, 31, 797. 

SOC. Japax, 1969, 42, 1357. 

SOC. Japan, in the press. 

molecular hydrogen bonding between carbonyl and NH 
groups, as demonstrated by NH proton n.m.r. signals 
a t  6 9-0-15-0 p.p.m. The n.m.r. spectra of the 4- 
aminopent-3-en-2-ones (3), (4), and (5) show N H  proton 
signals at 6 9.6, 11.2, and 12-5 p.p.m., respectively, thus 
confirming their cis-s-cis structures. 

However, the NH proton signals of 3-benzylamino- 
5,5-dimethylcyclohex-2-enone (10) and 2,3-dihydro- 
6-methyl-2-phenyl-4( 1 H)-pyridone (1 2) appeared at 
6 6.8 and 5.9 p.p.m., respectively, suggesting that neither 
trans-s-trans nor cis-s-trans p-amino-enones show intra- 
molecular hydrogen bonding. 

In the n.m.r. spectrum of 2,3-dihydro-6-methyl- 
1,2-dipheny1-4-pyridone (25), the ABX-type signals a t  
6 2-91 and 4.92 p.p.m. are assigned to the C-3 methylene 
protons and the C-2 methine proton. Since the coupling 
constants, JAB,  J A X ,  and J ~ x  are 16.5, 6.4, and 6.4 Hz, 
respectively, the dihedral angles of N-C(2)-C(3)-C(4) 
can be calculated to be 60". If these dihedral angles 
are fixed at  60" in a Dreiding model, the C=O and C=C 
double bonds and the amino-group are coplanar. The 
olefinic proton signal of (25) appeared at 6 5.19 p.p.m., 
and that of 3-N-benzylanilino-5,5-dimethylcyclohex- 
2-enone (24) at 6 5.34 p.p.m. In view of this small 
difference and the conformations of Dreiding models we 
suggest that the p-amino-enone groups of 3-amino- 
5,5-dimethylcyclohex-2-enones and 2,3-dihydro-4-pyr- 
idones are fixed in planar trans-s-trans and cis-s-trans 
conformations, respectively. 

The following twenty-two p-amino-enones may be 
grouped into three types: cis-s-cis (3, 4, and 5), trans- 
s-trans (10, 11, 17, 18, 23, and 24), and cis-s-trans (12, 13, 
14, 15, 16, 19, 20, 21, 22, 25, 26, 27, and 28). Further- 
more, the compounds of trans-s-trans and cis-s-trans 
structure may also be grouped, according to the nature 
of the amino-group, into three types : P-monoalkylamino- 
enones (10, 12, 13, 14, 15, and 16), p-dialkylamino- 
enones (17, 18, 19, 20, 21, and 22), and P-(phenylalkyl- 
amino)-enones (23, 24, 25, 26, 27, and 2s). 

The U.V. spectral data for these compounds in ethanol 
are listed in Table 1. The p-monoalkylamino-enones 
having the cis-s-cis structure (12, 13, and 14) show 
maxima at  315-31s nm. whereas the trans-s-trans 
compound (10) shows a maximum at 292 nm. The 

4 G. 0. Dudek, J .  Org. Chem., 1965, 30, 548. 
5 H. E. A. Kramer, Annalen, 1966, 696, 15. 

N. H. Cromwell and W. R. Watson, J .  Org. Chem., 1949, 

J. Dabrowski and U. Dabrowska, Chem. Bev., 1968, 101, 
14, 411. 
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shift (A,) from trans-s-trans compounds to cis-s-trans is 
thus 23-26 nm. 

The U.V. maxima of (17) and (18) appear a t  303 nm. 
and those of (19), (20), and (21) a t  319 nm. The shift 

0 

(2) x = 0 
(3) X = NH 
(4) X = NCH2Ph (10) X = NHCH2Ph 
( 5 )  X = NPh (11) X = NHPh 

(7) X = OH 
(8) X = OEt 

(17) X = N a  

(18) X = N-0 

(23) X =  N-Me 
\J 

0 

I 
Ph 

(24) X = N-CH2Ph 
1 
hh 

(9) X = 0, R1 = R4 = Me, 

(12) X = NH, R1 = Me, 

(13) X = NH, R1 = Me, 

R2 = R3 = H 

R2 = R3 = H, R4 = ph 

R2 = H, R3 = CH2Ph, 
R4 = Ph 

(14) X = NH, R1 = CH2CH2Ph, 
R2 = R3 = H. R4 = Ph 

R3 (15) 

(16) 

X = NH, R1 = R4 = Ph, 

X = NH, R1 = R4 = Ph, 
R2 = R3 = H 

R2 = Me, R3 = H 
R 4  (25) X = NPh, R1 = Me, 

(26) X = NPh, R1 = Me, 

R' 
R2 = R3 = H, R4 = Ph 

R20 
R2 = H, R3 = CH2Ph, 
R4 = Ph 

(27) X = NPh, Rf = CH2CH2Ph, 

(28) 
R2 = 333 = H, R4 = Ph 
X = NPh, R1 = R4 = Ph, 
R2 = R3 = H 

(19) R1= Me, R2 = R3 = H 
(20) R1 = Me, R2 = H, R3 = OMe 
(21) Rf = Me, R2 = R3 = OMe 
(22) R1= Ph, R2 = R3 = OMe A' 

SCHEME 2 

(A,) for (3-dialkylamino-enones is thus 16 nm. Among 
the (3-(phenylalky1amino)-enones, the maxima of (23) 
and (24) are at 303-305 nm. and those of (25) , (26) , and 
(27) at 327-333 nm.; the shift (Al) is thus 22-28 nm. 

For all the trans-s-trans structures, the extinction 
coefficients are 30,000-35,000 1. mole.-l cm.-l, but 
those of cis-s-trans compounds are 14,000--18,000 1. 
mole-l cm.-l. 

The absorption maximum of 3-etho~y-5~5-dimethyl- 
cyclohexenone (8) , a trans-s-trans p-alkoxy-enone , appears 
at 251 nm. (E 16,300). That of 2,3-dihydro-2,6-di- 
methylpyrone (9), a cis-s-trans p-alkoxy-enone , is a t  

8 P. Yates and D. J. MacGregor, Tetrahedron Letters, 1969, 
453. 

263 nm. (E 14,000).8 The shift (A,) for p-alkoxy-enones 
is thus 12 nm. 

The results in Table 2 show that the absorption 
maxima of p-amino- and p-alkoxy-enones with cis-s-trans 
structures occur at longer wavelength than those of the 
trans-s-trans compounds , and that the extinction co- 
efficients of the cis-s-trans compounds are ca. 10,000 1. 
mole-, cm.-l smaller than those of the trans-s-trans 
compounds. 

T A B L E  1 
U .v. spectral data for p-amino-enones 

Amax. 
Com- (EtOH) 

Am,,. 

E (nm.). (nm.)a (nni.) 
A, A2 (CHC1,) 

11,500 
10,500 d 52 
16,200 79 
16,700 91 
18,700 103 
12,930 
12,600 25 
16,300 16 
14,000 12 28 
31,200 57 284 

14,500 23 80 303 
14,100 26 83 307 
14,400 26 83 306 
12,200 47 104 329 

9500 53 110 
35,OOOf 68 
32,000 f 68 
17,2009 16 84 
16,OOOg 16 84 

13,500s 28 96 
30,000 68 301 
29,000 70 303 
18,000 22 92 324 
16,900 28 98 330 
17,600 24 94 327 
21,500 48 118 356 

20,300 75 305 

16,6009 16 a4 

& 

25,700 
19,800 
13,400 
12,000 
14,000 
12,200 

28,500 
28,900 
16,600 
20,900 
17,300 
14,300 

A3 
(nm.) e 

8 
5 

12 
11 
12 
10 

2 
2 
3 
3 
2 

-3 
a h(Et0H) (cis-s-trans) - A(Et0H) (trans-s-trans). 

b A(EtOH) (p-amino-enones) - A(Et0H) (enones). c h(E t0W)  
- A(CHC1,). d P .  Grossman, 2. phys. Chern., 1924, 109, 305. 
e E. R. Bloat, V. W. Eager, and D. C. Silverman, J .  Amev. 
Chem. SOL, 1946, 68, 566. f G. H. -41t and A. J. Speziale, 
J .  Oyg. Chem., 1965, 30, 1407. g Ref, 1. 

TABLE 2 

Bathochromic shifts due to auxochrornes at the p- 
positions of enones 

Auxochrome cis-s-cis trans-s-trans cis-s-trans 
OR 52 nm. 16-20 nm. 28 nm. 
NHR 79 57 80-83 

%h 103 68-70 92-98 
91 68 84 

3-Amino-5,5-dimethylcyclohex-2-enones and 2,3-di- 
hydro-4-pyridones contain an enone chromophore with 
an amino-group auxochrome ; thus bathochromic and 
hyperchromic effects of p-amino-groups may be measured 
by comparison with the spectrum of 3-methylcyclohex- 
2-enone (6) [h,,,. 235 nm. (E 12,930) 9]. In the trans- 
s-trans structure, in which the auxochrome is attached 

9 L. K. Evans and A. E. Gillam, J .  Chem. Soc., 1941, 815; 
J. Meinwald and R. F. Grossman, J .  Arnev. Chem. SOC., 1956, 78, 
992. 
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to the trans-@-position of the s-trans enone chromophore, 
the bathochromic shifts (A,) of the monoalkylamino- 
group is 57 nm., that of the dialkylamino-group is 68 
nm., and those of the phenylalkylamino-group and the 
alkoxy-group are 68-70 and 16 nm., respectively. 
The hyperchromic effect of the amino-group is ca. 
20,000 1. mole-l cm.-l, whereas that of the alkoxy-group 
is 3000 1. mole-1 cm.-l. In the case of the cis-s-trans 
structure, with the auxochrome at the cis-p-position of 
the s-trans enone chromophore, the bathochromic shifts 
(A,) of monoalkylamino-, dialkylamino-, phenylalkyl- 
amino-, and alkoxy-groups are 80-83, 84, 92-94, and 
28 nm., respectively, and the hyperchromic effects are 
1000, 3500, 5000, and 1000 1. mole-l cm.-l, respectively. 

Comparison with the absorption maximum of pent- 
3-en-2-one (1) [221 nm. ( E  11,500) lo] shows that for the 
cis-s-cis compounds the bathochromic shifts due to 
amino-groups are 80-100 nm. and that the hyper- 
chromic shifts are 5000-7000 1. mole-l cm.-l, whereas 
the bathochromic effect of the hydroxy-group is 52 nm. 

For the compounds (15), (16), (22), and (28), which 
contain the phenyl group at  the p-position of cis-s-trans 
p-amino-enones, the bathochromic effect of the p- 
phenyl group is ca. 20 nm. 

p-Amino-enones may be expected to exist also as 
p-imino-enols. The tautomeric equilibrium can be 
influenced by change in solvent,lf and the changes can 
be followed by U.V. spectroscopy.12 We have measured 
the U.V. spectra of compounds (lo), (12), and (25) in n- 
hexane, chloroform, and ethanol [dielectric constants 
1.890, 4.806, and 24.30, respectively]. Table 3 shows 

TABLE 3 
Solvent effects in the U.V. spectra of p-amino-enones 

, 

Amax. Amax. Amax. 
Com- (EtOH) (CHCI,) A, (hexane) A4 

pound (nm.) (nm.) (nm.) Q (nm.) (nm.) b 

292 284 8 27 1 21 
303 12 290 25 

(la) (25) 327 324 3 31 1 16 
(lo) 315 

b h(Et0H) - A(hexane). 0 A(Et0H) - A(CHC1,). 

that the solvent shifts of (10) and (12) are larger than 
those of (25). The U.V. spectra of various p-mono- 
alkylamino- and p-(phenylalky1amino)-enones in chloro- 
form were also measured; the shifts (A3) with respect 
to solutions in ethanol are presented in Table 1. For 
p-(phenylalky1amino)-enones the shifts are 0-3 nm., 
whereas the p-monoalkylamino-enones show shifts of 
8-12 nm. The results indicate that the latter exist 
in the tautomeric state with p-imino-enols, whereas the 
phenylalkylamino-enones do not. 

EXPERIMENTAL 

U.V. spectra were measured with a Hitachi EPS-3T 
spectrometer for solutions in 95% ethanol or chloroform. 

10 G. W. Cannon, A, A. Santilli, and P. Shenian, J .  Amer. 

11 W. Schroth and G. W. Fischer, Chem. Bey., 1969, 102, 575. 
Chem. SOC., 1969, 81, 1660. 

N.m.r. spectra were measured with a Hitachi H-60 high 
resolution spectrometer for solutions in deuteriochloroform 
with tetramethylsilane as internal standard. 

4-Aminopent-3-en-2-ones were prepared from acetyl- 
acetone and ammonia or amines : 4-aminopent- 3-en-2-one 
(3), b.p. 203-210" (lit.,13 209"), 6 1.90 (s, 3H), 1-99 (s, 3H), 
4.97 (s, lH) ,  6.4 (s, lH), and 9.6 (s, 1H) p.p.m.; 4-benzyl- 
aminopent-3-en-2-one (4), b.p. 180-184"/17 mm. (lit.,14 
183-183-5"/17 mm.), 6 1.80 (s, 3H), 1.97 (s, 3H), 4.29 
(d, 2H), 4.97 (s, lH) ,  7-18 (m, 5H), and 11.1 (s, 1H) p.p.m.; 
4-anilinopent-3-en-2-one (5), b.p. 153-158"/18 mm., m.p. 
51" (lit.,15 51-53'), 6 1.98 (s, 3H), 2.08 (s, 3H), 5.14 (s, lH), 
6.9-7.5 (m, 5H), and 12.5 (s, 1H) p.p.m. 
3-Ethoxy-5,5-dimethylcyclohex-2-enone (8) was prepared 

from dimedone and ethanol according to the procedure of 
Beringer;lG m.p. 62" (1it.,l6 60-61"). 

3-Amino-5,5-dimethylcyclohex-2-enones were prepared 
from dimedone and amines in the presence of sulphuric acid 
by azeotropic distillation : 3-benzylamino-5,5-dimethylcyclo- 
hex-2-enone (lo), m.p. 129" (lit.,17 129-130"), 6 1-01 (s, 

6.8 (s, lH) ,  and 7.21 (s, 5H) p.p.m.; 3-anilino-5,ti-dimethyl- 
cyclohex-2-enone (11), m.p. 181" (lit.,17 177"), 8 1.03 (s, 
6H), 2.13 (s, 2H), 2.32 (s, 2H), 5.48 (s, lH), 6-0-7.3 (m, 
5H), and 7-8  (s, 1H) p.p.m. 

5,5-Dinzethyl-3-methylanilinocyclohex- 2-enone (23) was pre- 
pared from N-methylaniline and dimedone as white needles, 
m.p. 84" (from n-hexane), 8 1.01 (s, BH), 2.07 (s, 2H), 
2-16 (s, 2H), 3-24 (s, 3H), 5-29 (s, lH), and 7.0-7.5 (m, 
5H) p.p.m. (Found: C, 78.55; H, 8 .5 ;  N, 6.0. Cl,H19N0 
requires C, 78.55; H,  8.35; N, 6.1%). 

3-BenzyEanilino-5,5-dimethylcyclohex-2-enone (24) was pre- 
pared from N-benzylaniline and dimedone as colourless 
needles, m.p. 111-111~5°, 6 1.02 (s, 6H), 2.17 (s, 4H), 4-80 
(s, 2H), 5.34 (s, lH), and 6.9-7.4 (m, 10H) p.p.m. (Found: 
C, 82.4; €3, 7.8; N, 4-5. C,,H,,NO requires C, 82.6; 
H, 7.6; N, 4.5%). 

2,3-Dihydro-4-pyridones were prepared by procedures 
previously described : 2* 39 l8 

2,3-Dihydro-6-methyl-2-phenyl-4( 1H)-pyridone (12), m.p. 
160-161", 6 2-01 (s, 3H), 2.1-2-8 (m, 2H), 4.66 (4, lH) ,  
4-93 (s, lH) ,  5.9 (m, lH) ,  and 7.37 (s, 5H) p.p.m.; 3- 
benzyl-2,3-dihydro-6-methyl-4( 1H)-pyridone ( 13), m.p. 
159-160", 6 2-00 (s, 3H), 2.7-3.0 (m, 3H), 4.2-4-4 (m, 
lH) ,  4.95 (s, lH), 5.3 (s, lH) ,  and 6-9-7.3 (m, 10H) p.p.m.; 
2,3-dihydro-6-phenethyl-2-phenyl-4( 1H)-pyridone (14), m.p. 
124-126", 8 2.2-3-1 (m, 6H), 5.48 (4, lH) ,  4-92 ( s ,  IH),  
5.6 ( s ,  IH), and 7-0-7-4 (m, 10H) p.p.m.; 2,3-dihydro- 
2,6-diphenyl-4( 1H)-pyridone (15), m.p. 149-150°, 8 2.4- 
3.1 (m, ZH), 4.88 (9, lH), 5.46 (s, ZH), and 7.2-7.7 (m, 
10H) p.p.m. ; 2,3-dihydro-5-methyl-2,3-diphenyl-4( 1H)- 
pyridone (16), 8 1-98 (s, 3H), 2-93 (m, 2H), 3.38 (s, IH), 
4.82 (t, lH) ,  and 6.8-7-4 (m, 10H) p.p.m.; 2,3-dihydro- 
6-methyl-1,2-diphenyl-4-pyridone (25), m.p. 84-85", 8 

6H), 2.06 (s ,  2H), 2.27 (s, 2H), 4.18 (d, 2H), 5.03 (s, lH),  

12 J. V. Greenhill, J. Chem. SOC. ( B ) ,  1969, 299. 
13 A. Combes and C. Combes, Bull. SOC. chim. France, 1892, [3], 

14 G. 0. Dudek and R. H. Holm, J .  Amer. Chem. SOC., 1962, 

15 W. Koenigs and A. Mengel, Ber., 1904, 37, 1322. 
l6 M. Beringer and I. Kuntz, J .  Amer. Chem. SOC., 1951, 73, 

l7 K. Kotera, J .  Pharm. SOC. Japan, 1960, 80, 1275. 
18 C. Kashima, M. Yamamoto, Y .  Sato, and N. Sugiyama, Bull. 

7, 779. 

84, 2691. 

364. 

Chem. SOC. Japan, in the press. 
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1.80 (s ,  3H), 2.4-3.1 (ABXm, ZH), 4.90 (t, lH) ,  5.04 (s, 6.9-7.4 (m, 15H) p.p.m.; 2,3-dihydro-1,2,6-triphenyl- 
lH) ,  and 7.1-7-2 (m, 10H) p.p.m. ; 3-benzyl-2,3-dihydro- 4-pyridone (28), m.p. 149-151", 6 2-7-3.6 (ABXm, 2H), 
6-methyl-l,2-diphenyl-4-pyridone (26), m.p. 179-180°, 6 5-30 (t, lH), 5.58 (s, lH) ,  and 6.8-7.6 (m, 15H) p.p.m. 
2-02 (s, 3H), 2.8-3.4 (m, 4H), 4.55 (s, IH),  5.22 (s, lH), 

1,2-diphenyl-4-pyridone (27), m.p. 99-loo", 6 2-3-2.9 
(m, 4H), 2.72 (ABXm, ZH), 4.90 (t, lH) ,  5.34 (s, lH) ,  and 

and 6.9-7.4 (m, 15H) P . P . ~ . ;  2,3-dihydro-6-phenethyl- We thank K* Furuhashi for the n*m.r. 'pectra and 

[9/1318 Received, August 4th, 19691 
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