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New Routes to Enaminones and Dienaminones from Benzotriazole Derivatives
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A new method has been developed for the regioselective preparation
of enaminones and dienaminones starting from N-[1-(4-methylphe-
nylamino)ethyl]benzotriazole employing mild conditions. Thus,
1-substituted 3-(4-methylphenylamino)-2-propen-1-ones, 1-(4-me-
thylphenylamino)-1-hexen-3-one, ethyl 3-(4-methylphenylamino)-
2-propenoate, 1-cyclohexyl-5-(phenylamino)-2,4-pentadien-1-one
and ethyl 5-(arylamino)-2,4-pentadienoates are prepared in good
yields.

The reactivities of enaminones and dienaminones make
them attractive intermediates for the preparation of
heterocycles. Oxazoles, pyridinones, quinolines, dibenzo-
diazepines, tetrahydrobenzoxazines, tetronic acids, tetra-
hydrophenanthridines and aza steroids have all been
made from enaminones.' ~* New syntheses of pyranones
and pyridine derivatives have recently been developed.*
Enaminones are also valuable in other synthetic procedu-
res. For example, a recently published method allows the
carbon chain of a 1,3-dione to be extended by the
alkylation of the dianion of a derived enaminone.>

Enaminones are commonly prepared from amines and
1,3-diketones, a successful procedure both for symmetri-
cal 1,3-diketones® and for compounds containing two
carbonyl groups exhibiting substantially different reactiv-
ity;”® otherwise, mixtures are obtained which are often
difficult to separate. Other methods of preparation inclu-
de the addition of amines to acetylenic ketones,® reactions
between formamide dimethylacetals and ketones,'® 12
f-chlorovinyl ketones and amines,'® f-dialkoxy ketones
and amines,'* and ring-opening of isoxazoles with sama-
rium diiodide. '* Also, a number of f-amino ketones have
been dehydrogenated under the influence of palladium
chloride to give enaminones.'® More recently reported
preparations include the reaction of imine anions with
esters'” and the heating of triethyl orthoformate, a ketone
and a secondary amine under pressure.!® However, all
these methods have limitations with respect to the
availability of the starting materials, the involvement of
several steps and, in the last example, the prolonged use of
high temperatures.

Dienaminones like 5-aminopentadienoic esters are poten-
tially valuable for the synthesis of 2-pyridinones. A
number of such esters have been reported, but most are
derived from malonic esters, acetoacetic esters or other
active methylene compounds via aldol condensa-
tions.**2° The only unbranched example found resulted
from the conjugate addition of diethylamine to ethyl
2-penten-4-ynoate.?! Also, S-acetyl-2-pyranone and ani-
line have been reacted to give 4-acetyl-5-(phenylami-
no)-2,4-pentadienoic acid.??

It has been reported that metalated imines are alkylated
at the f-carbon by alkyl halides?3~26 and acylated by
esters to yield enaminones.'” The high reactivity of
a-metalated imines?” and a recent report of their prepara-
tion in situ by a base-catalyzed displacement of cyanide

from an a-aminonitrile?® stimulated us to examine the
value of benzotriazole intermediates as a route to enamin-
ones via a one-pot procedure. Previous work in our group
has shown that N-(arylaminoalkyl)benzotriazoles can be
generated successfully in high yields from the condensa-
tion of benzotriazole, aldehydes and aromatic amines.?’
We have applied this methodology to the synthesis of
N-[1-(4-methylphenylamino)ethyljbenzotriazole 1),
which exists in solution as a mixture of the 1-benzotriazol-
yl and 2-benzotriazol-yl isomers as evidenced by its 'H
and 1*CNMR spectra.

Treatment of benzotriazole derivative 1 with 2.5 equiva-
lents of lithium diisopropylamide (LDA) in tetrahydrofu-
ran (THF) at — 78 °C for 0.5 hours followed by reaction
with esters 3a—e at — 78°C for 3 hours, gave the derived
enaminones 4 in high to moderate yield (84-47%). We
envisage the reaction proceeding as shown in Scheme 1.
Deprotonation of the secondary amine 1, with concomi-
tant elimination of benzotriazole, followed by further
deprotonation gives the N-metalated imine 2. Addition
of esters 3 furnishes the mesomerically stabilized enami-
nones 4. The enaminone structures of compounds 4 were
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Table 1. Enaminones 4 Prepared
Prod- Yield*(%) mp (°C) Molecular 'HNMR (CDCl,/TMS) 4, J (Hz)
uct bp (°C) Torr Formula
or Lit. mp (°C)
4a 84 156-158° 157-160%3 2.31(s,3H),598 (d,1H,J =7.8),6.99(d,2H,J =84),7.13(d,2H, /= 8.4),7.13
(d, 2H, J = 8.4), 7.43-7.51 (m, 4H), 7.93 (d, 2H, J = 7.9)
4 75 110/0.2 Cp,H,sNO2S  130(t, 3H, 7 =7.0),2.30(s, 3H,4.20(q, 2 H, J = 7.0), 480 (d, 1 H, J = 8.3), 6.80
(205.1) (d,2H,J=8.4),7.10(d,2H, J = 8.4),7.20 (dd, 1 H, J = 12.8,8.3),9.90 (br, 1 H)
4c 65 130-132° C,¢H,;;NO* 1.26-1.84 (m, 11 H), 2.28 (s, 3H), 5.28 (d, 1 H,J = 7.8),6.89 (d, 2 H, J = 8.1), 7.09
(243.1) (243.1) (d,2H, J =8.5), 7.25(d, 1 H, J =7.8), 11.70 (br, 1 H)
4d 47 98/0.2 C,sH,,NO* 0.96 (t, 3H, J = 7.8), 1.66 (m, 2H), 2.28 (s, 3H), 2.36 (t, 3H, / = 7.8),5.25(d, 1 H,
(203.1) J=17.8),6.89(d,2H,J=8.1),7.09(d,2H, J=8.1),7.18 (dd, 1 H, / = 12.9, 7.8),
11.65 (br, 1 H)
4e 64 136-138° C,oH,,NO*° 233 (s, 3H), 5.78 (4, 1H, J=17.8), 7.03 (d, 2H, J = 8.1), 716 (d, 2H, J = 8.1),
(287.1) 7.45-7.55(m, 4H), 7.72(d, 1 H, J = 7.1), 7.85-7.91 (t, 2H, J = 8.1), 8.52 (d, 1 H,

J=9.2), 12.20 (br, 1H)

® Yield of isolated product 4 based on 1.
® From MeOH.
¢ Satisfactory microanalyses obtained: C £0.17, H + 0.14, N £ 0.07.
4 Compounds are oils; characterized by HRMS.

Table 2. Enaminones 4 Prepared, **CNMR (CDCl,) o

Product C=0 C-2 C-3 Others

4a 190.7 93.2 145.3 20.7, 116.3, 127.2, 128.3, 130.2, 131.4, 133.4, 1377, 139.2

4b 170.4 86.5 143.4 14.4, 20.5, 59.1, 115.3, 129.8, 129.9, 130.0

de 204.8 95.2 144.0 20.7, 25.7, 259, 29.6, 29.7, 50.3, 115.9, 130.1, 132.9, 137.9

4d 201.6 96.4 143.3 139, 18.8, 20.6, 44.3, 96.4, 115.9, 130.1, 132.8, 137.9

de 195.0 97.9 145.0 20.8, 116.4, 124.7, 125.8, 125.9, 126.0, 126.8, 128.2, 130.17, 130.24, 130.5, 133.5, 133.8,
137.7, 139.1

Table 3. Dienaminones 8 Prepared

Prod- Yield®* Molecular !HNMR (CDCl,/TMS) 4, J (Hz)

uct (%) Formula

8a 61 C,,H,;sNO, 1.19(t,3H,J=17.0),4.19(q, 2H, J = 7.0),4.83 (m, 2 H, 5.08 (m, 1 H), 6.32 (m, 1 H), 7.17 (m, 2H), 7.41 (m,
(217.1) 4H)

8b 67 C, H,,NO, 1.20(t,3H,J=7.0),4.81 (m, 2H), 5.10 (m, 1 H), 6.30 (m, 1 H), 7.03(d, 2H,J = 8.0),7.23(d,2H,J = 8.0),
(231.1) 7.42 (d, 1H, J = 14.0)

8c 58 C,sH,,NO, 1.18(t,3H,J="7.0),2.08(, 3H), 2.35 (s, 3H), 4.20 (g, 2H, J = 7.0), 4.80 (m, 2 H), 4.96 (m, 1 H), 6.32 (m,
(245.1) 1H), 7.10 (m, 3H), 7.40 (br, 1 H)

8d 63 CH,;-NO; 1.20(t,3H,J=17.0),3.84(, 3H),4.20(q, 2H, J = 7.0),4.85 (m, 2H), 5.08 (m, 1 H), 6.32 (m, 1H), 6.95 (d,
(247.1) 2H,J=9.0),7.10(d, 2H, J=9.0), 7.40 (d, 1H, J = 14.0)

8e 62 C,sH,,NO, 1.26(t,3H,J=17.0),1.42 (d,3H,J =1.2),1.77(dd, 3H,J = 6.5, 6.6), 4.22(q,2H,J =1.0), 5.68 (m, 1 H),
(245.1) 6.14 (d, br, 1H, J = 14.0), 6.36 (s, 1 H), 7.14-7.26 (m, 6 H)

8f 45 C,,H,,NO° 0.90-1.68 (m, 11 H), 5.02(dd, 1H,J =14.2,10.7),6.35(m, 1H), 7.18 (4, 2H,J = 7.8),7.51(m,3H),7.71 (d,
(255.2) 1H,J=134)

2 Yield of isolated product 8 based on 5

® Compounds are oils; characterised by HRMS. _
¢ Yellow crystals, mp 95-97°C (dec). Some decomposition of product pbserved during chromatography; characterized by HRMS.

Table 4. Dienaminones 8 Prepared, **CNMR (CDCly), é

Product CH,CH, CH,CH, C-2/C-4 C-3/C-5 C=0 Arl-C Others

8a 14.2 62.3
8b 14.3 62.3
8¢ 14.4 62.2
8d 14.3 62.4
8¢ 14.4 62.0
8f

112.8, 113.3  132.7,1346 1534 127.9, 128.4 (2C), 129.2 (2C), 137.9

112.8, 1132  132.9,1346 1536 128.2 (2C), 130.0 (2C), 135.2, 137.8 211
112.1, 1131 133.9, 1348  153.7 127.7, 1283, 131,7, 132.0, 135.6, 138.1  17.0. 21.0
1127, 1132, 1332,1348 1537 114.5 (2C), 129.5 (2C), 130.6, 159.0 55.3
1243, 1252  130.0,1322 1546 125.6 (2C), 127.0, 128.5 (2C), 141.9 12.3, 18.2

1142 1149 1287,1321 1747 1288 (2C), 1289 (20), 1350, 1389 253,254 (2C), 29.3
(2C), 42.2
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confirmed by "HNMR spectrometry. The size of the
coupling constant Joy. oy (7.8—8.3 Hz) suggests the cis
configuration, as shown.

This general method was also applied to the generation of
some dienaminone derivatives. Previous work in our
group has demonstrated that dienamines can be gen-
erated®® using methodology similar to that applied to
enamines.*! Benzotriazole (2.0 equivalents), an «,f-unsa-
turated aldehyde (1.0 equivalent) and a primary arylami-
ne (1.0 equivalent) gave the 1,3-bis(benzotriazolyl) substi-
tuted arylamines § as isomer mixtures of diastereomers
and the various 1- and 2-benzotriazolyl derivatives so that
the NMR was complex and impossible to assign.?? The
products were too unstable to be recrystallized for
elemental analysis and lost the benzotriazole groups too
readily in the mass spectrometer to allow accurate mass
measurements of the parent ions. However, they could be
isolated and kept for a few weeks at 5°C. Treatment of the
bis-substituted benzotriazole derivatives 5 with 3.0 equi-
valents of LDA in THF at — 78°C followed by reaction
with esters 3b,c, gave the derived dienones 8 in respect-
able yields (67-45 %). We envisage the reaction pathway
proceeding as shown in Scheme 2. Compounds 5 have a
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tendency towards facile ionization in solution to form
intermediates 6 which can be deprotonated sequentially
giving access to the lithiated dienamines 7, which in turn
react with the electrophilic esters to provide dienamino-
nes 8.

In summary, we have described a novel method for the
preparation of enaminones and dienaminones. In view of
the readily accessible starting materials and very easy
manipulation of the reaction, this method is a viable
alternative to previously reported procedures.

Melting points were determined with a Kofler hot-stage microscope
and are uncorrected. *H NMR (300 MHz) spectra were recorded on
a Varian VXR 300 spectrometer in CDCl; solutions with TMS as
internal standard. !3C NMR (75 MHz) spectra were recorded on the
same instrument with CDCl; (6 = 77.0) as reference. Microanalyses
were obtained using a Carlo Erba 1106 elemental analyzer at the
University of Florida. High resolution mass spectra were recorded
on an AEI MS 30 mass spectrometer. Esters 3a—e were purchased
commercially and were distilled prior to use. LDA was purchased
from Aldrich as a 1.5M solution in cyclohexane or as a 2.0 M
solution in heptane/THF/ethylbenzene. THF was distilled from
sodium benzophenone ketyl under N, prior to use. All moisture
sensitive reactions were carried out in a dry Ar atmosphere.

1- and 2-]1-(4-Methylphenylamino)ethyljbenzotriazole (1):
This new compound was prepared according to the literature
procedure.?® The product obtained after trituration with Et,0, was
pure by 'H NMR, and used as such in further reactions; yield: 91 %.
An analytical sample was obtained after recrystallization from
EtOH, white plates; mp 96-97°C.
CisHigN, cale. C7143 H 635 N22.22

found 71.28 6.29 22.54
MS: m/z (%) = 252 (M ™, not seen); 133 (65); 118 (65); 91 (100); 65
(35).
'HNMR (CDCl,/TMS); (a mixture of 1- and 2-benzotriazolyl
isomers): 6 = 1.92(d, / = 7.0 Hz); 1.95(d, J = 7.0 Hz); 2.14 (s); 2.16
(s); 470 (d, J = 10.5 Hz); 4.98 (d, J = 7.9 Hz); 6.52 (m); 6.60 (d,
J = 8.5 Hz); 6.68 (d, J = 8.5 Hz); 6.92 (m); 7.31-7.44 (m); 7.72 (d,
J =18.3Hz); 7.83 (m); 8.04 (d, J = 8.3 Hz).
CNMR (CDCl,): § = 20.3, 20.4, 22.3, 22.9, 67.5, 72.5, 110.3,
113.9, 114.2, 118.2, 120.1, 123.9, 126.2, 127.2, 129.0, 129.8, 131.3,
141.8, 142.0, 143.9, 146.5

1-Substituted 3-(4-Methylphenylamino)-2-propen-1-ones (4a,c,e),
1-(4-methylphenylamino)-1-hexen-3-one (4d) and Ethyl 3-(4-Methyl-
phenylamino)-2-propenoate (4b); General Procedure:

LDA (25mL, 5mmol) was added dropwise to a solution of
N-[1-(4-methylphenylamino)ethyl]benzotriazole (1; 0.50 g, 2 mmol)
in THF (30 mL) at — 78°C and stirred at this temperature for 0.5 h.
A solution of the ester 3 (2 mmol) in THF (2 mL) was added and
stirring continued at — 78°C for 3 h and the reaction allowed to
warm to r.t. and stand overnight (12 h). The solvent was removed in
vacuo, the residue taken up in EtOAc (30 mL) and washed with
NaOH (10 % w/w, 3 x 15 mL), H,0 (2 x 15 mL), brine (15 mL), and
dried (MgSO,). The solvent was removed to yield the crude products
which were purified by vacuum distillation for 4b—d, or by
trituration with hexane for 4a,e (Tables 1 and 2).

N-{1,3-bis(benzotriazolyl)alkyl]jarylamines 5: General Procedure:32
A mixture of the «,f-unsaturated aldehyde (20 mmol) and benzotri-
azole (4.76 g, 40 mmol) in Et,O (40 mL) was stirred at r.t for 24 h.
The arylamine (20 mmol) followed by anhydr. Na,S0, (6.0 g) was
added and stirring continued for 48 h. The mixture was filtered and
the solvent evaporated in vacuo to give the product 5 as a solid,
which was washed with Et,0 (40 mL), and used without further
purification.
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Ethyl 5-(Arylamino)-2,4-pentadienoates 8 a—e: General Procedure:
LDA (7.8 mmol) was added dropwise to a stirred solution of the
N-[1,3-bis(benzotriazolyl)alkyllarylamine 5 (2.6 mmol) in THF
(30 mL) at — 78°C. After 2 min, diethyl carbonate (2.6 mmol) was
added and the solution allowed to warm to r.t. and stirred for a
further 6 h. The solvent was removed in vauco and the residue
partitioned between H,0 (20 mL) and CH,Cl, (20 mL). The organic
layer was washed with Na,CO, (10% w/w, 20mL) and H,O
(20 mL) and dried (K,CO,). The solvent was removed in vacuo to
give the crude product which was purified on a silica gel column
(20 cm x 2 cm; 230-400 mesh) using CH,Cl, as eluant (Tables 3
and 4).

1-Cyclohexyl-5-(phenylamino)-2,4-pentadien-1-one (8f):

LDA (4.6 mmol) was added dropwise to a stirred solution of
N-[1,3-bis(benzotriazolyl)butyl]phenylamine (0.50 g, 1.3 mmol) in
THF (15mL) at — 78°C. The mixture was stirred at — 78°C for
0.5 h and methyl cyclohexanecarboxylate (0.18 g, 1.30 mmol) was
added dropwise. Stirring was continued at — 78°Cfor3hand atr.t.
for a further 12 h. The solvent was removed in vacuo and the residue
taken up into EtOAc (40 mL), washed with NaOH (8% w/w,
3x15mL), H,0 (2 x 15 mL) and dried (MgSO,). The solvent was
removed in vacuo and the crude product purified by flash column
chromatography using alumina (neutral, activity 1, 80—200 mesh)
and hexane/EtOAc (4:1) as eluant, to give yellow crystals (Tables 3
and 4).
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