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Retinoidal Dienamides and Related Aromatic Amides. Replacement of the
9-Ene Structure of Retinoic Acid with a trans- or cis-Amide Group
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Several retinoid candidates which possess an amide bond at the position corresponding to the 9-ene part of
retinoic acid (1) were synthesized and their conformations and biological activities were investigated. N-(Methoxy-
carbonyl)dienamines, prepared by the rearrangement of dienoic acid azides trapped by methanol, were condensed
with acid chlorides, followed by removal of the methoxycarbonyl group and hydrolysis of the ester group to afford
the secondary dienamides, N-(2,6,6-trimethyl-1-cyclohexen-1-yl)muconamic acid (7a), 5-[[3-(2,6,6-trimethyl-1-
cyclohexen-1-yl)-2-propenoyl]amino]-2,4-pentadienoic acid (8a), and 4-[/V-[2-(2,6,6-trimethyl-1-cyclohexen-1-
yl)ethenyl]carbamoyl]benzoic acid (26a). The tertiary amide derivatives were also prepared by N-methylation of the
secondary amides. NMR studies indicated that the secondary dienamides exist predominantly in frans-amide form
in solution, like the potent retinoidal aromatic amide, 4-[(5,6,7,8-tetrahydro-5,5,8,8-tetramethyl-2-naphthalenyl)-
carbamoyl]benzoic acid (Am80). N-Methylation of the secondary amides resulted in cis-amide preference in solution.
The biological activities of these amides were examined in terms of the differentiation-inducing activity towards

human promyelocytic leukemia cell line HL-60.

Keywords

Retinoic acid (all-trans, 1) and its biological isosters,
so-called retinoids, are involved in the control of cellular
differentiation and proliferation,!?) and also in embryonic
development.® A wide variety of biological responses of
retinoids result from binding with specific retinoic acid
receptors (RARs),*> which belong to the steroid/thy-
roid nuclear receptor superfamily.®’ Binding abilities of
retinoic acid (1) and synthetic retinoids to RARs cor-
relate well with their physiological activities, and the
complexes regulate gene expressions.” Recently, another
set of nuclear receptors for retinoids, RXRs, was re-
ported.® Although RXRs cannot bind to retinoic acid
(1) and some potent synthetic analogs, they bind to
9-cis-retinoic acid (2), and their complexes have also
been proved to participate in the regulation of gene
transcriptions.
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The physiological effects of retinoids have led to their
utilization for chemotherapy in the fields of dermatology
and oncology. Some of them, such as retinoic acid (1) or
etretinate, have been recognized to be useful for the
treatment of leukemia® or psoriasis,’® although they
have significant side effects, due in part to their high
hydrophobicity. We have reported potent retinoidal
activities of various benzoic acid derivatives, named
retinobenzoic acids.'® Among them, two types of aro-
matic amides, 4-[(5,6,7,8-tetrahydro-5,5,8,8-tetramethyl-
2-naphthalenyl)carbamoyl]benzoic acid (Am80, 3) and 4-
[(5,6,7,8—tetrahydro-5,5,8,8-tetramethyl-2-naphthalenyl)-
carboxamido]benzoic acid (AmS580, 4), exhibited higher
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activities than retinoic acid (1) in various assay sys-
tems.'? ' Furthermore, these amide compounds have
several unique features as retinoids. First, Am80 (3) binds
strongly to two subtypes of RARs, RARa and RARS,
but not to RARy.15:19 Retinoids that can bind selective-
ly to the receptor subtypes should be useful as tools for
the elucidation of retinoidal actions and also for clinical
applications, because they should exhibit only a part
of the wide variety of the biological responses of reti-
noids.!>~ 17 Second, they seem to possess better ther-
apeutic indexes (higher activity and lower toxicity) than
conventional retinoids because of the receptor selectiv-
ity.'® Am80 (3) and Am580 (4) possess a polar amide
group as the linking group between the two aromatic
moieties and therefore are expected to exhibit different
physicochemical properties from those of the hydrophobic
retinoids. Indeed, the clearance of Am80 from animals
was much faster than that of some hydrophobic retinoids.
Third, introduction of an N-methyl group into the amide
group of 3 and 4 (yielding 5 and 6, respectively), caused
a dramatic disappearance of the retinoidal activities due
to the conformational change of the amide group.!® Thus,
the secondary aromatic amides 3 and 4 have a trans-amide
bond and their whole structures are elongated, while the
tertiary aromatic amides 5 and 6 have a cis-amide bond
and the two benzene rings are folded face to face.2?
Structurally, the position of the amide group of 3 and 4
corresponds to the 9-ene part of retinoic acid (1). These
results suggested that introduction of a trans- or cis-amide
bond into the 9,10-position of retinoic acid (1) affording
the dienamides 7a—10a might yield analogs of 1 or its
9-cis isomer (2) with properties like those of retinoidal
aromatic amides. Here we describe the syntheses, con-
formational analyses and biological activities of several
dienamides and related aromatic amides.

Synthesis Replacement of the central olefinic bond of
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the pentaene system of retinoic acid (1) with an amide
group would afford compounds 7a—10a, which have
dienyl moieties on both sides of the amide bond. As
dienamides are generally useful precursors for inter- and
intramolecular Diels—Alder reactions?''?2? which have
been applied to the synthesis of natural products,?® several
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synthetic methods for dienamides or enamides have been
developed,*® such as acylation of conjugated imines,2®
elimination of «- or B-carbamidosulfones,2%2” and a-
alkenylation by modified Peterson®® or Horner—Wittig
reactions.?® However, these methods are applicable only
to a limited range of dienamides, such as tertiary amides
or aromatic ring-conjugated systems. Furthermore, con-
formational properties of such dienamides have rarely
been investigated.

Our synthetic strategy for the secondary dienamides 7a
and 8a was the conversion of a conjugated dienoic acid
into N-acylamino-1,3-dienes by means of modified Curtius

3 (Amego) 4 (Am580) rearrangements,>® followed by acylation. The synthetic
route to 7a is shown in Chart 1. 8-Ionone (11) was oxi-
GHs 0 dized by basic bromine to give 3-(2,6,6-trimethyl-1-cyclo-
N_.O .CH3 . : ;
N hexen-1-yl)-2-propenoic acid (12), which was converted to
@ @J‘\ the acid azide 14. Then 14 was heated in the presence
of methanol at reflux to give a carbamate 15 as a stable
crystalline solid in quantitative yield. From the 'H-NMR
3 COOH 8 cooH spectrum, 15 has a trans-olefinic bond (J= 15 Hz) like the
starting acid azide 14. Condensation of the anion
H COoH Q COOH generated from 15 with muconic acid monqmethyl ester
= TR XN chloride (16) gave the N-acylated product 17 in 79% yield.
o ij:\)L H The methoxycarbonyl group was removed by refluxing
7a sa with one equivalent of lithium iodide in N,N-di-
methylformamide (DMF) to give a secondary dienamide
CHs o) 7b in 86% yield, and its terminal ester was hydrolyzed
Eji\/ﬁl o Ej:§))\ .CHs under a basic condition to afford 7a. Similarly, another
secondary dienamide 8a was synthesized starting from the
= ~ acid azide (19) of muconic acid monomethyl ester (18) and
A X 13 as shown in Chart 2.
COOH COOH N-Methylations of the secondary dienamides, 7b and
%a 10a 8b, with NaH/CH,I in dry DMF gave the tertiary
é(\/Lo ) Bro/NaOH Eji\)kx AICH;OH/CHe ij(\/ OC"‘S 1) NaH/DMF
2) SOC'Q 2) CICOCH=CHCH=CHCOOCHj,
3) NaN, (16)
11 12 X = OH
13X =Cl
14 X = N3
COOCH;
MCOOCHB 1) Lil2H,ODMF \n/\/\/COOR
2) NaOH/CH,OH
7b R = CHj,
7aR=H
Chart 1
(0]
HOOG X\ ~CO0CH; 1SC2 XOC XX ~COOCH,;  ACH;OH/oxylene CHSOJ\N’\/\/COOCH:*
2) NaNj/acetone H
18 16 X =Cl 20
19X =N;
o) (o]
NaH/DMF; 13 ij(\ANWCOOCM 1) Lil-2H,O/DMF WNWCOOR
E00CH, 2) NaOH/CH;OH H
2 mazgh
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1) NaH/DMF; CHjl
2) Na,CO3/CH3zOH

1) NaH/DMF; CHjl
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Chart 3

dienamides 9b and 10b, respectively (Chart 3). Since the
stability of secondary and tertiary dienamides under basic
conditions is very different, ester hydrolysis of 9b was
carefully performed with Na,COj, in methanol to give 9a.
However, the reaction of 10b with various basic reagents
such as lithium carbonate resulted in the cleavage of the
amide bond. Treatment of 10b with lithium iodide caused
cleavage of the enamine C-N bond. The terz-butyl ester
of 10a was prepared from 8a by esterification followed by
N-methylation, but attempts to remove the terz-butyl
group under various conditions (thermal, acidic, and other
ester cleavage reagents) resulted in decomposition of the
dienamide structure.

Previously, we reported the synthesis and the differ-
entiation-inducing activities of two retinoidal dienoic
anilides, 22a and 23a, which are structural hybrid
compounds between retinoic acid (1) and Am80 (3) or
Am580 (4).13:1 These compounds also possess the amide
group at the position corresponding to the 9-ene structure
of 1. In order to clarify the relationship between the
conformations of amide bonds and the biological activities,
N-methyl analogs of 22a and 23a were synthesized.
N-Methylation of the secondary amides 22b and 23b
followed by hydrolysis afforded the tertiary amides 24a
and 25a, respectively. The dienamide 26a, an isomer
of 23a, was prepared by condensation of the carbamate
15 with terephthalic acid monomethyl ester chloride,
followed by hydrolysis as described above. Although

R
Nwra§/q§/COOH
o}

22aR=H,R =H
22bR=H, R = CH,
24aR=CH, R =H
24b R = CHy, R = CH,

oot

26aR=H,R =H
26b R =H, R'= CH,
27 R=CHg, R' = CH,

COOR' COOR'

Sea ol

23aR=H,R'=H
23b R=H, R = CH,
25a R = CHy, R' = H
25b R = CHa, R' = CH,

N-methylation of 26b afforded a tertiary dienamide 27,
the terminal ester could not be removed under basic
conditions without decomposition of the dienamide
skeleton.

Conformational Studies NMR spectroscopic and X-
ray crystallographic studies have shown that the reti-
noidally active aromatic anilides, Am80 (3) and Am580
(4), have a trans-amide bond, and their whole structures
are elongated. N-Methylation of these amides caused a
dramatic change of the amide stereochemistry (cis-
preference in tertiary amides) and the disappearance of
retinoidal activities.'®>2® Such preference of cis form is
general among simple aromatic anilides.*” Thus, N-
methylbenzanilide has a cis-amide bond in the crystal, and
exists predominantly in cis-form (99%) in CDCl;.3?
N-Acyl-N-methylanilines also exist in cis-amide forms
irrespective of the acyl moiety.*® In order to clarify the
relationship between the amide stereochemistry and the
retinoidal activities of the dienamides or dienoic anilides
synthesized here, their conformations were studied by
NMR spectroscopy at various temperatures. Since es-
terification of the terminal carboxyl group did not affect
the conformation of the amide group in each case (i.e.,
there is little or no change in chemical shifts between the
acid and the ester), NMR studies were performed on the
methyl ester derivatives in CDCl;.

The amide 24b with the N-acyl- N-methylaniline skeleton
shows the proton absorption of two aromatic protons
ortho to the amide group shifted to higher field (46
0.5ppm) than those in 22b, which is characteristic of
cis-anilides. The «-olefinic proton to the amide-carbonyl
group of 24b also shifted to higher field than the
corresponding proton in 22b due to the anisotropic effect
of the aromatic ring. Nuclear Overhauser effect (NOE)
enhancement from the a-proton to the aromatic protons
(2—3% for both ortho-protons) supported the cis con-
formation for 24b. Essentially a single isomer is present
in solution because only one set of proton signals was
observed for 24b even at —60°C. On the other hand, the
NMR spectrum of the secondary anilide 22b clearly shows
the presence of a minor component (ca. 1%) at —60°C.
This suggests that 22b exists in equilibrium between
trans- (99%) and cis-amide forms (1%) in CDCl,;, since
the NMR absorptions of the minor conformer are virtually
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superposable on those of 24b. Similar results were obtained
in the case of another pair of N-acyldienoic anilides, 23b
and 25b. Both compounds exhibited proton absorptions
consistent with the presence of a single conformer even at
—60°C. The chemical shift differences between 23b and
25b correlate well with those between 22b and 24b.
Furthermore, NOE enhancement (20%) was observed
between the amide proton and olefinic a-proton to the
amide-carbonyl group in 22b. Thus, 22b exists in trans
form, and 24b exists in cis form in CDCI,.

The secondary dienamide 26b exhibited only one set of
proton absorptions in CDCl; even at —60°C, and NOE
enhancement (16%) between the amide proton and
aromatic protons ortho to the amide carbonyl revealed
that 26b exists in the trans conformation. On the other
hand, the N-methylated dienamide 27 exists in equilibrium
between two conformers (4.6:1 at 20°C) in CDCl;. The
olefinic proton adjacent to the amide nitrogen of the major
conformer was observed at higher field (6.25ppm) than
that of the minor conformer (7.37 ppm). Considering the
anisotropic effect of the aromatic ring and the amide
carbonyl group, the major conformer is in the cis-amide
form, whereas the minor conformer is in the trans-amide
form.

The conformational tendencies of the dienoyl diena-
mides 7b and 9b are similar to those of 26b and 27. The
secondary dienamides 7b and 8b exist in trans-amide form
in CDCl,, as deduced from NOE experiments. Large NOE
enhancements were observed from the amide proton to
H; (16%) and H;; (22%) of 7b (Chart 4). NMR spectra
of the tertiary dienamides 9b and 10b at —40°C showed
that both compounds exist in equilibrium between trans
and cis conformers. The trans/cis ratio is 1:2.7 for 9b,
and 1:1.7 for 10b. Their chemical shift differences are less
than those of the aromatic amide compounds, only the
olefinic proton adjacent to the amide nitrogen (i.e., Hg for
9b, and H,, for 10b) being clearly distinguishable between
the two conformers, owing to the anisotropy of the amide
carbonyl group. The proton absorption of Hg in the major
conformer of 9b (6.57 ppm) was observed at higher field
than that in the minor conformer (7.29 ppm). There was
also a chemical shift difference (46 0.1 ppm) at H,,
(a-proton to the amide carbonyl) between the conformers.
Furthermore, NOE enhancement (10%) was observed
between Hg and H;, of 9b at —40°C. Thus, the major

16% 22%
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and the minor conformers of 9b were assigned as the
cis- and the frans-amide forms, respectively. Similarly,
the major conformer of 10b was determined to be the
cis-amide, in which the H, , proton was observed at higher
field (7.52 ppm) than that of the minor zrans-conformer
(7.99 ppm). Thus, N-methylation of secondary dienamides
resulted in cis-preference, as observed in many N-methyl
amides. In contrast to the predominancy of cis confor-
mation in N-methylbenzanilide or N-methylacylanilides,
the stabilities of the trans- and cis-conformers of these
tertiary dienamides are comparable. Although the origin
of cis-preference of tertiary N-methylamides is not well
understood at present, it may be general that an N-phenyl
group in N-methylamides tends to favor the trans position
to the carbonyl oxygen much more than an N-vinyl group
does.

Biological Activities Retinoidal activities of the amide
derivatives were evaluated in terms of the ability to induce
differentiation of human promyelocytic leukemia cell line
HL-60 to mature granulocytes.>*3* This activity of
retinoids correlates well with other retinoidal activities. 11
The morphological changes were examined by microscopy
after Wright—Giemsa staining, and the differentiation state
was also determined by means of nitro blue tetrazolium

TasLE 1. Differentiation-Inducing Activities of Aromatic and Polyene
Amides

Rel. act.”

Compd. EC;0? (M)
Retinoic acid (1) 24x10°° 1009
9-cis-Retinoic acid (2) 22x107°
Am80 (3) 7.9%10710 3509
Am580 (4) 34x10710 7209
Am90 (5) >10"6 <10729
Am590 (6) >107° <10729
Ta 7.2x1077 0.43
8a 43x1077 0.73
9a Inactive
22a 40x10"8 4.49
23a 33x1078 4.99
24a Inactive
25a Inactive
26a

23x1078 14

a) ECj, values of active compounds were calculated from NBT reduction assay
data. b) The ratio of ECs, (retinoic acid) to ECs, (test compound), both values
having been obtained in concurrent experiments. ¢) The values were reported
previously (refs. 14 and 37).

7 H 1
X N \[]/WCOOCH:;
(o)

7b
CHs CH
N._ O RET!
X
RIS - 8 0o
10%
AN
COOCH;
9b
Chart 4
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(NBT) reduction assay as a functional marker of
differentiation.®® These two indexes of differentiation
correlated well each other.'?!3 The EC;,, values evaluated
from NBT reduction assay are listed in Table 1.

All the active compounds induced the differentiation of
HL-60 cells into mature granulocytes, like retinoic acid
(1). Two secondary dienamides 7a and 8a exhibited the
differentiation-inducing activity at concentrations above
10~ 7M. Replacement of the N-dienyl group of 7a and 8a
with an aromatic ring, yielding 22a and 23a, respectively,
increased the activity (ECsqs of 3—4 x 10~ 8 M). Replace-
ment of the N-acyl group with a benzoyl moiety also
caused increased activity. Thus, the dienamide 26a is as
active as its isomer 23a with a reversed amide bond.
Structurally, Am80 and Am580 are derivatives of 7a and
8a with two aromatic rings instead of two diene moieties,
respectively and are more active than the dienamides.
Thus, the activity increased by one or two orders of
magnitude when each dienyl component of the dienamides
was replaced with an aromatic ring.

N-Methylation of the secondary amides always resulted
in the disappearance of the activity. All the tertiary amide
derivatives examined were completely inactive at con-
centrations below 10~ ¢ m. This result is interesting for two
reasons. First, some of the compounds, especially the
tertiary dienamides, exist in equilibrium between trans-
and cis-amide form. These compounds were expected to
have differentiation-inducing activity to some extent,
since the conformations of their trans forms sould be
similar to those of the corresponding secondary amides
and therefore to that of all-frans-retinoic acid at the
receptor binding site. Second, 9-cis-retinoic acid (2) itself
is potent differentiation-inducer of HL-60,>” and the
structural features of the N-methyl amides appear to
resemble those of 2. In spite of the similarity, all the
compounds having the cis-amide bond were inactive. The
cis-olefinic bond of 2 seems not to be replacable with a
cis-amide bond without loss of retinoidal activity.
Alternatively, N-methyl amides may bind with RXR, but
not RAR, and only binding with RAR may be responsible
for the HL-60 differentiation. 9-cis-Retinoic acid (2) can
bind and activate RXRs as well as RARs. The tertiary
dienamide 9a exhibited only weak binding potency
(approximately 103-fold weaker than that of 2) to a protein
containing the ligand-binding domain of RXRp, which
was expressed using pMAL-c2 (NEB) and purified over
amylose resin (data not shown). Recently, Dawson et al.
reported the retinoidal activities of aromatic retinoids
having a trans-, cis-olefinic bond, or a phenyl group (i.e.
cis-restricted linking group) at the position corresponding
to the 9-ene structure of retinoic acid.3® In this case, the
cis-isomers exhibited weak potencies to bind both specific
receptors, RARs and RXRa. The cis-linking group seems
to be not effective in aromatic retinoids. Elementary
investigations on the structural requirements of a RXR
ligand seem to be necessary for further progress.

In conclusion, we synthesized several dienamides and
related amide compounds, structurally based upon reti-
noic acid and retinobenzoic acids. The compounds with
a trans-amide bond, which are regarded as analogs of
all-frans-retinoic acid (1), showed differentiation-inducing
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activity on HL-60 cells. Ene-amide structures can replace
the ene group of all-trans-retinoic acid. Although the
amide group decreased the activity, compared with reti-
noic acid or retinobenzoic acids, these amide compounds
should exhibit pharmacological properties different from
those of retinoic acid and other hydrophobic retinoids,
and may be useful for clinical application, since they are
expected to have favorable pharmacokinetics in vivo.
Investigations on the pharmacological behavior and other
biological activities, including receptor-binding abilities of
the active and inactive amides, are in progress.

Experimental

General Melting points were determined by using a Yanagimoto
hot-stage melting point apparatus and are uncorrected. Elemental
analyses were carried out in the Microanalytical Laboratory, Faculty of
Pharmaceutical Sciences, University of Tokyo, and were within +0.3%
of the theoretical values. 'H-NMR spectra were recorded on a JEOL
JNM-GX400 (400 MHz) spectrometer. Chemical shifts are expressed in
ppm relative to tetramethylsilane. IR spectra were taken with a Shimadzu
IR-408 infrared spectrometer and are expressed in cm ™!, Preparations
and physical properties of 22a—23b were reported previously.!®
Muconic acid was prepared from adipic acid in three steps according to
the literature.3®

3-(2,6,6-Trimethyl-1-cyclohexen-1-yl)-2-propenoic Acid (12) Bromine
(6.95 g, 43.5 mmol) was added to 50 ml of 2.5N NaOH, and the mixture
was stirred at — 5 °Cfor 1 h. A solution of f-ionone (11, 2.89 g, 15.0 mmol)
in 25ml of tetrahydrofuran (THF) was added dropwise to the mixture
below —5°C. The reaction mixture was vigorously stirred at —5°C for
2h and at room temperature for 4.5h, and then poured into 50 ml of
ice water. After acidification with 5% sulfuric acid, the mixture was
extracted with ether. The organic layer was washed with brine and dried
over Na,SO,. After evaporation, the crude product was recrystallized
from AcOEt/n-hexane to give 12 (82%). 12: colorless prisms (AcOEt/
n-hexane), mp 108—109 °C. 'H-NMR (CDCl;) 6: 1.08 (6H, s), 1.49 (2H,
m), 1.62 (2H, m), 1.79 (3H, s), 2.10 2H, m), 5.87 (1H, d, J=15Hz),
7.57 (1H, d, J=15Hz). Anal. Calcd for C,,H,40,: C, 74.19; H, 9.34.
Found: C, 74.02; H, 9.31.

Methyl (E)-2-(2,6,6-Trimethyl-1-cyclohexen-1-yl)ethenecarbamate (15)
SOCI, (20ml) was added to a solution of 12 (5.60 g, 28.8 mmol) in dry
benzene (150ml), and the mixture was stirred for 6h with protection
from light. After removal of the solvent and excess SOCI,, the residue
(crude 13) was dissolved in 100 ml of acetone, and a solution of NaN,
(2.50 g, 34.6 mmol) in 5ml of water and 100 ml of acetone was added at
—10°C over 30min. The mixture was stirred for 4h with protection
from light, and then poured into saturated aqueous NaHCO,, and
extracted with benzene. The organic layer was washed with water and
brine, dried over MgSO,, and concentrated to 300 ml. Methanol (300 ml)
was added to the crude solution of 14 in benzene, and the mixture was
heated gradually. After refluxing for 3h, the mixture was evaporated
and the residue was purified by recrystallization from AcOEt/n-hexane
to give 15 (80%). 15: colorless prisms (AcOEt/n-hexane), mp 118.5—
119.5°C. *H-NMR (CDCl,) 4: 1.00 (6H, s), 1.48 (2H, m), 1.62 (2H, m),
1.78 (3H, s), 2.10 (2H, m), 3.78 (3H, s), 5.87 (1H, d, J=15Hz), 7.30
(1H, s), 7.57 (14, d, J=15Hz). IR (KBr): 1620cm™'. 4nal. Caled for
C;3H,;NO,: C, 69.91; H, 9.48; N, 6.27. Found: C, 69.89; H, 9.59; N,
6.31.

Methyl N-Methoxycarbonyl-/N-[2-(2,6,6-trimethyl-1-cyclohexen-1-yl)-
ethenylJmuconamate (17) NaH (60%, 480 mg, 12.0 mmol) was added
to a solution of 15 (2.23 g, 10.0 mmol) in 100 ml of dry DMF at 0°C.
Then, a solution of 2.0 g (12.0 mmol) of muconic acid monomethyl ester
chloride (16, see the section on 20) in S0ml of benzene was added to
the yellow reaction mixture at 0°C, and the whole was stirred for 1h.
After removal of the solvent, the residue was diluted with AcOEt and
saturated aqueous NaHCO,. The organic layer was dried over Na,SO,
and evaporated. The residue was chromatographed on silica gel to give
17 (79%) and the demethoxycarbonylated compound 7b (15%). 17: pale
yellow prisms (AcOEt/n-hexane), mp 113—114°C. "H-NMR (CDCl;)
8: 1.05 (6H, s), 1.48 (2H, m), 1.62 (2H, m), 1.78 (3H, s), 2.05 (2H, m),
3.79 (3H, s), 3.86 (3H, s), 6.02 (2H, s), 6.20 (1H, m), 7.10 (1H, m), 7.39
(2H, m). IR (KBr): 1720, 1600cm ™. Anal. Caled for C,oH,,NOs: C,
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66.45; H, 7.53; N, 3.88. Found: C, 66.45; H, 7.65; N, 4.16.

Methyl N-[2-(2,6,6-Trimethyl-1-cyclohexen-1-yl)ethenylJmuconamate
(7b) Lil-2H,0 (1.13 g, 5.9 mmol) was added to a solution of 17 (2.10 g,
5.8mmol) in 50ml of dry DMF, and the mixture was refluxed for 8h.
After removal of the solvent, the residue was diluted with AcOFEt and
saturated aqueous NaHCOj;. The organic layer was washed with brine
and dried over Na,SO,. After evaporation, the residue was chroma-
tographed on silica gel to give 7b (86%). 7b: pale yellow prisms (AcOEt/
n-hexane), mp 168 °C. 'H-NMR (CDCl,) &: 0.98 (6H, s), 1.46 (2H, m),
1.59 (2H, m), 1.71 (3H, s), 2.00 (2H, m), 3.80 (3H, s), 5.72 (1H, d,
J=15Hz), 6.20 (2H, m), 6.81 (IH, dd, J=15, 12Hz), 7.37 (2H, m),
7.52 (IH, d, J=12Hz). IR (KBr): 1715, 1610cm~'. Anal. Caled for
-C;gH,5NO;: C, 71.26; H, 8.31; N, 4.62. Found: C, 71.00; H, 8.41; N, 4.78.

N-[2-(2,6,6-Trimethyl-1-cyclohexen-1-yl)ethenyl Jmuconamic Acid (7a)
A solution of 2N NaOH (4ml) was added to solution of 18 (100 mg,
0.33 mmol) in 20 ml of methanol. After 12 h, the mixture was poured into
IN hydrochloric acid, and extracted with AcOEt. The organic layer
was dried over Na,SO, and evaporated. The residue was purified by
recrystallization from AcOEt/n-hexane to give 7a (72%). Ta: pale yellow
prisms (AcOEt/n-hexane), mp 226—228 °C. *H-NMR (CD,0D) §: 1.01
(6H, ), 1.49 (2H, m), 1.61 (2H, m), 1.72 (3H, s), 2.03 (2H, s), 5.82 (1H,
d, J=15Hz), 6.21 (1H, d, J=15Hz), 6.37 (IH, d, J=15Hz), 6.72 (1H,
d, /=15Hz), 7.31 (2H, m). IR (KBr): 1725, 1630cm ™. 4nal. Calcd for
C;,H,3NO;: C, 70.55; H, 8.02; N, 4.84. Found: C, 70.26; H, 8.10; N,
4.82.

Methyl 5-(Methoxycarbonylamino)-2,4-pentadienoate (20) Sulfuric
acid (25 ml) was added to a solution of muconic acid (10.0 g, 70.3 mmol)
in 500ml of methanol, and the mixture was refluxed for 3h. After
evaporation, the residue was diluted with AcOEt and water. The organic
layer was washed with water and dried over Na,SO,. After-evaporation,
the crude product was recrystallized from methanol to give dimethyl
muconate (83%, mp 158—158.5°C). A solution of KOH (1.94 g) in 20 ml
of methanol and 5ml of water was added dropwise to a solution of
dimethyl muconate (5.0g, 29.4 mmol) in 300m! of methanol at 60°C
over 2h, and the mixture was stirred for 2h. After evaporation, the
residue was diluted with AcOEt and saturated aqueous NaHCO,. The
aqueous layer was acidified with 2N HCI and extracted with AcOEt.
The organic layer was dried over Na,SO, and evaporated. The crude
product was recrystallized from benzene to give 18 (69%). 18: colorless
plates (benzene), mp 163—164°C. *H-NMR (CDCl;) §: 3.78 (3H, s),
6.23 (2H, m), 7.37 (2H, m). IR (KBr): 1700, 1640, 1610cm ™. Anal.
Caled for C;HgO,: C, 53.85; H, 5.16. Found: C, 53.66; H, 5.12. A
solution of 18 (4.0 g, 25.6 mmol) in 20ml of SOCI, was heated at 60 °C
with protection from light for 3h. Removal of excess SOCl, gave a
residue (crude 16), which was dissolved in 50ml of dry acetone, and a
suspension of 1.99 g (27.6 mmol) of NaNy (90%) in 100 m] of dry acetone
was added dropwise to the solution at —10°C. After 4h, the mixture
was poured into 400 ml of o-xylene. The organic layer was washed with
saturated aqueous NaHCO,, water and brine, and dried over MgSO,.
After filtration under vacuum, the solution was concentrated to 200 ml.
Dry methanol (400ml) was added to a solution of the crude 19 in o-
xylene, and the mixture was heated gradually, then refluxed for 3 h. After
removal of the solvent, the residue was recrystallized from AcOEt/n-
hexane to give 20 (72%). 20: pale yellow prisms (AcOEt/n-hexane), mp
176—178 °C. '"H-NMR (CDCl,) §: 3.73 (3H, s), 3.79 (3H, s), 5.78 (1H,
d, /=15Hz), 5.80 (1H, brt, J=11Hz), 6.84 (1H, brd, /=11 Hz), 7.09
(IH, brt, J=11Hz), 7.29 (1H, dd, J=11, 15Hz). IR (KBr): 1720,
1620cm ™. Anal. Caled for CgH,,NO,: C, 51.87; H, 5.99; N, 7.56.
Found: C, 51.69; H, 5.89; N, 7.49.

Methyl 5-[ N-(Methoxycarbonyl)-N-[3-(2,6,6-trimethyl-1-cyclohexen-
1-yl)-2-propenoyljamino]-2,4-pentadienoate (21) NaH (60%, 480 mg,
12.0mmol) was added to a solution of 20 (1.85g, 10.0 mmol) in 50 ml
of dry DMF at 0°C. Then, a solution of 2.0 g (12.0mmol) of 13 (see
above) in 50 ml of benzene was added to the yellow reaction mixture at
0°C, and the whole was stirred for 1 h. After removal of the solvent,the
residue was diluted with AcOEt and saturated aqueous NaHCO,. The
organic layer was dried over Na,SO, and evaporated. The residue was
chromatographed on silica gel to give 21 (61%) and the demethoxy-
carbonylated compound 8b (4%). 21: colorless prisms (AcOEt/n-
hexane), mp 61—63.5°C. '"H-NMR (CDCl,) é: 1.07 (6H, s), 1.48 (2H,
m), 1.62 (2H, m), 1.82 (3H, s), 2.10 (2H, m), 3.74 (3H, s), 3.89 (3H, s),
5.86 (1H, d, J=15Hz), 6.29 (1H, d, J=14Hz), 6.37 (1H, dd, J=11,
14Hz), 7.11 (1H, d, J=14Hz), 7.31 (1H, dd, J=11, 14Hz), 7.59 (IH,
d, J=16Hz). IR (KBr): 1720, 1605cm ™. Anal. Calcd for C,oH,,NO,:
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C, 66.45; H, 7.53; N, 3.88. Found: C, 66.79; H, 7.61; N, 4.11.

Methyl 5-[[3-(2,6,6-Trimethyl-1-cyclohexen-1-yl)-2-propenoyl Jamino]-
2,4-pentadienoate (8b) Lil-2H,0 (0.94g, 5.53 mmol) was added to
a solution of 21 (2.0g, 5.53mmol) in 70ml of dry DMF, and the
mixture was refluxed for 8h. After removal of the solvent, the resi-
due was diluted with AcOEt and saturated aqueous NaHCOj;. The
organic layer was washed with brine and dried over Na,S0,. After
evaporation, the residue was chromatographed on silica gel to give 8b
(67%). 8b: pale yellow needles (AcOEt/n-hexane), mp 128—128.5°C.
'H-NMR (CDCl,) é: 1.05 (6H, s), 1.46 (2H, m), 1.59 (2H, m), 1.75 (3H,
d), 2.08 (2H, m), 3.74 (3H, s), 5.75 (1H, d, J=15Hz), 5.85 (IH, d,
J=15Hz), 593 (1H, dd, J=11, 15Hz), 7.34 (1H, dd, J=11, 15Hz), 7.48
(1H, t, J=11Hz), 7.52 (1H, d, J=15Hz), 7.81 (1H, brd, J=11Hz). IR
(KBr): 1715, 1610ecm ™. Anal. Caled for C,gH,sNO,: C, 71.26; H, 8.31;
N, 4.62. Found: C, 71.02; H, 8.23; N, 4.72.

5-[[3-(2,6,6-Trimethyl-1-cyclohexen-1-yl)-2-propenoyl]Jamino]-2,4-
pentadienoic Acid (8a) A solution of 2N NaOH (4ml) was added to a
solution of 8b (107 mg, 0.35 mmol) in 10 ml of methanol, and the mixture
was stirred overnight, poured into 30ml of I N hydrochloric acid, and
extracted with AcOEt. The organic layer was dried over Na,SO,, and
evaporated. The residue was recrystallized from AcOEt/n-hexane to give
8a (67%). 8a: pale yellow prisms (AcOEt/n-hexane), mp 221.5—223°C.
'H-NMR (CD,0D) é: 1.10 (6H, s), 1.52 (2H, m), 1.66 (2H, m), 1.81
(3H, s), 2.13 (2H, m), 5.76 (1H, d, J=15Hz), 6.02 (1H, d, J=15Hz),
6.21 (1H, dd, J=11, 15Hz), 7.32 (1H, dd, J=11, 15Hz), 7.42 (1H, d,
J=11Hz), 748 (1H, d, J=15Hz). IR (KBr): 1720cm~!. Anal. Calcd
for C,;H,;NO;: C, 70.55; H, 8.02; N, 4.84. Found: C, 70.31; H, 8.24;
N, 5.06.

Methyl N-Methyl-N-[2-(2,6,6-trimethyl-1-cyclohexen-1-yl)ethenyl]-
muconamate (9b) NaH (60%, 45mg, 1.10 mmol) was added to a solu-
tion of 7b (303 mg, 1.0 mmol) in 20 ml of dry DMF at 0°C. After 5min,
2ml of methyl iodide was added to the red reaction mixture. The whole
was stirred at 0°C for 1h, and then the solvent was removed under
vacuum. The residue was poured into water, and extracted with AcOEt.
The organic layer was dried over Na,SO, and evaporated. The residue
was chromatographed on silica gel to give 9b (91%). 9b: pale yellow
needles (AcOEt/n-hexane), mp 105—106 °C. '"H-NMR (CDCl,, —40°C)
4:0.97 (6H, 5), 1.42 (2H, m), 1.58 (2H, m), 1.70 (3H, s), 1.98 (2H, m), 3.24
(2.25H, ), 3.28 (0.75H, 5), 3.77 (2.25H, s), 3.78 (0.75H, s), 5.53 (1H, d,
J=15Hz), 6.20 (1H, m), 6.57 (0.75H, d, J=15Hz), 6.73 (0.75H, d,
J=15Hz), 6.82 (0.25H, m), 7.46—7.25 (2.25H, m). IR (KBr): 1720,
1600cm™"'. Anal. Caled for C,oH,,NO,: C, 71.89; H, 8.58; N, 4.41.
Found: C, 72.04; H, 8.71; N, 4.50.

N-Methyl-N-[2-(2,6,6-trimethyl-1-cyclohexen-1-yl)ethenyl Jmuconamic
Acid (92) A solution of 2N aqueous Na,CO; (4ml) was added to a
solution of 9b (57 mg, 0.18 mmol) in 10 ml of methanol, and the mixture
was stirred for 8 d, poured into 1 N hydrochloric acid, and extracted with
AcOE:t. The organic layer was dried over Na,SO, and evaporated. The
residue was chromatographed on silica gel to give 9a (39%). 9a: pale
yellow prisms (aqueous methanol), mp 71.5—73 °C. 'H-NMR (CD,0D)
6: 1.05 (6H, s), 1.51 (2H, m), 1.66 (2H, m), 1.71 (3H, d), 2.05 (2H, m),
3.25(1.8H, s), 3.30 (1.2H, s), 5.71 (1H, d, J=15Hz), 6.21 (1H, m), 6.72
(0.6H, d, J=15Hz), 6.91 (0.6H, d, /J=15Hz), 7.05 (0.4H, d, J=15Hz),
7.28-7.48 (2.4H, m). IR (KBr): 1720, 1605cm™!. Anal. Calcd for
C,sH,5NO; - 1/4H,0: C, 71.26; H, 8.31; N, 4.62. Found: C, 70.20; H,
8.29; N, 4.46.

Methyl 5-[N-Methyl-N-[3-(2,6,6-trimethyl-cyclohexen-1-yl)-2-pro-
penoyl]amino]-2,4-pentadienoate (10b) NaH (60%, 83 mg, 2.10 mmol)
was added to a solution of 8b (560 mg, 1.85 mmol) in 50 ml of dry DMF
at 0°C. After 10 min, 2 ml of methyl iodide was added and the mixture
was stirred at room temperature for 2h. The solvent and excess methyl
iodide was removed under vacuum, and AcOEt and water were added
to the residue. The organic layer was dried over Na,SO, and evaporated.
The residue was chromatographed on silica gel to give 10b (85%). 10b:
pale yellow oil. '"H-NMR (CDCl;, —40°C) 8: 1.03 (6H, s), 1.44 (2H, m),
1.59 (2H, m), 1.76 (3H, s), 2.05 (2H, m), 3.25 (2.1H, s), 3.27 (0.9H, s),
3.73 (3H, 5), 5.90—5.75 (2H, m), 6.33 (1H, d, J= 15 Hz), 7.30—7.50 (2H,
m), 7.52 (0.4H, d, J=15Hz), 7.99 (0.6H, d, J=15Hz). IR (KBr):
1715cm™ 1.

N—Methyl-N-(5,6,7,8—tetrahydr0-5,5,8,8-tetramethyl-Z-naphthalenyl)-
muconamic Acid (24a) NaH (60%, 80 mg, 2.0 mmol) was added to a
solution of 22b'¥ (500 mg, 1.46 mmol) in 20ml of dry DMF at 0°C.
After 5 min, 2mi of methyl iodide was added and the mixture was stirred
at 0°C for 1 h. The solvent and excess methy! iodide were removed under
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vacuum, and AcOEt and water were added to the residue. The organic
layer was dried over Na,SO,, and evaporated. The residue was
recrystallized from methanol to give 24b (66%). 24b: colorless prisms
(methanol), mp 172—174°C. 'H-NMR (CDCly) é: 1.25 (6H, s), 1.31
(6H, s), 1.72 (4H, s), 6.13 (1H, d, J=15Hz), 6.18 (1H, d, /J=15Hz),
6.91 (1H, dd, J=2, 8 Hz), 7.04 (1H, d, J=2Hz), 7.16 (1H, dd, J=11,
15Hz), 7.31 (1H, dd, J=11, 15Hz), 7.33 (1H, d, J=8Hz). IR (KBr):
1715, 1680em™!. Anal. Caled for C,,H,,NO;: C, 74.33; H, 8.22; N,
3.94. Found: C, 74.21; H, 8.29; N, 4.06. A solution of 2N NaOH (5ml)
was added to a solution of 24b (100 mg, 0.44 mmol) in 30 m! of metha-
nol, and the mixture was stirred overnight. After acidification with 2N
hydrochloric acid, the mixture was extracted with AcOEt. The organic
layer was dried over Na,SO,, and evaporated. The residue was
recrystallized from CH,Cl,/n-hexane to give 24a (68%). 24a: pale yellow
prisms (CH,Cl,/n-hexane), mp 194—195°C. 'H-NMR (CD;0D) é: 1.27
(6H, s), 1.31 (6H, s), 1.72 (4H, s), 6.16 (1H, d, J=15Hz), 6.17 (1H, d,
J=15Hz), 7.02 (1H, dd, /J=2.8 Hz), 7.10 (1H, dd, /=11, 15Hz), 7.17
(1H, d, J=2Hz), 7.24 (1H, dd, /=11, 15Hz), 7.44 (1H, d, /=8 Hz). IR
(KBr): 1715, 1690cm ™~ 1. Anal. Caled for C,,H,,NOj;: C, 73.87; H, 7.97;
N, 4.10. Found: C, 73.58; H, 7.95; N, 4.24.

4-[ N-Methyl-2-(2,6,6-trimethyl-1-cyclohexen-1-yl)ethylenecarbox-
amido]benzoic Acid (25a) NaH (60%, 14 mg, 0.35 mmol) was added to
a solution of 23b** (110mg, 0.34 mmol) in 10ml of dry DMF at 0°C.
After 30min, 2ml of methyl iodide was added and the mixture was
stirred at room temperature for 1h. The solvent and excess methyl
iodide were removed under vacuum. AcOEt and water were added to
the residue. The organic layer was dried over Na,SO,, and evaporated
to give 25b (97%). 25b: colorless oil. 'H-NMR (CDCl;) d: 0.95 (6H, s),
1.41 (2H, m), 1.56 (2H, m), 1.60 (3H, s), 1.97 (2H, m), 3.41 (3H, s), 3.95
(3H, s), 5.71 (1H, d, J=15.5Hz), 7.28 (2H, d, J=8Hz), 7.40 (1H, d,
J=15.5Hz), 8.08 (2H, d, J=8 Hz). IR (KBr): 1720cm ™ '. A solution of
1N NaOH (4ml) was added to a solution of 25b (90 mg, 0.26 mmol) in
20 ml of methanol, and the mixture was stirred for 12 h. After acidifica-
tion with I N hydrochloric acid, the mixture was extracted with AcOEt.
The organic layer was dried over Na,SO, and evaporated. The residue
was recrystallized from AcOEt/n-hexane to give 25a (67%). 25a: color-
less prisms (AcOEt/n-hexane), mp 190—191 °C. 'H-NMR (CD,0D) ¢:
0.95 (6H, s), 1.42 (2H, m), 1.58 (2H, m), 1.60 (3H, s), 2.00 (2H, m), 3.38
(3H, s), 5.71 (1H, 4, J=15.5Hz), 7.34 (1H, d, J=15.5Hz), 7.38 (d, 2H,
J=8Hz),8.09 2H, d, J=8 Hz). IR (KBr): 1710, 1635cm ™. 4nal. Caled
for C,oH,sNOj: C, 73.37; H, 7.70; N, 4.28. Found: C, 73.56; H, 7.84;
N, 4.15.

4-[N-[2-(2,6,6-Trimethyl-1-cyclohexen-1-yl)ethenyl]Jcarbamoyl]ben-
zoic Acid (26a) NaH (60%, 45mg, 1.12 mmol) was added to a solution
of 15 (200 mg, 0.86 mmol) in 10ml of dry DMF at 0°C. A solution of
terephthalic acid monomethyl ester chloride (188 mg, 0.95 mmol) in [0ml
of dry benzene was added to the mixture, and the whole was stirred
at room temperature for 1h. After removal of the solvent, the residue
was poured into AcOEt and water. The organic layer was dried over
Na,SO, and evaporated. The crude mixture was chromatographed on
silica gel to give methyl 4-[ N-methoxycarbonyl-N-[2-(2,6,6-trimethyl-1-
cyclohexen-1-yl)ethenyl]carbamoyl]benzoate (89%, mp 74—75.5°C).
The diacylated compound (240 mg, 0.62 mmol) and Lil - 2H,0 (500 mg,
2.7mmol) were dissolved in 10ml of DMF, and the mixture was
heated at reflux for 3 h. After removal of the solvent under vacuum, the
residue was poured into 30ml of 0.1 N hydrochloric acid, and extracted
with AcOEt. The organic layer was washed with brine and dried over
Na,SO,. After evaporation, the residue was chromatographed on silica
gel to give 26b (89%). 26b: colorless needles (AcOEt/n-hexane), mp
191-192°C. 'TH-NMR (CDCl,) é: 0.98 (6H, s), 1.47 (2H, m), 1.62 (2H,
m), 1.74 (3H, s), 2.00 (2H, m), 3.95 (3H, s), 5.81 (1H, d, J=15Hz2),
6.92 (1H, dd, J=12, 15Hz), 7.90 (2H, d, J=8Hz), 8.00 (1H, 4, J=
12Hz), 8.10 (2H, d, J=8 Hz). IR (KBr): 1715, 1610cm ™. Anal. Calcd
for C,o,H,sNO5: C, 73.37; H, 7.70; N, 4.28. Found: C, 73.41; H, 7.67,
N, 4.31. A solution of 2N NaOH (4 ml) was added to a solution of 26b
(100 mg, 0.31 mmol) in 20ml of methanol, and the mixture was stirred
for 12h. The mixture was poured into 1N hydrochloric acid, and
extracted with AcOEt. The organic layer was dried over Na,SO, and
evaporated. The residue was recrystallized from AcOEt/n-hexane
to give 26a (72%). 26a: colorless prisms (AcOEt/n-hexane), mp 227—
228.5°C. 'H-NMR (CD;0D) §: 1.03 (6H, s), 1.51 (2H, m), 1.65 (2H, m),
1.78 (3H, s), 2.03 (2H, m), 6.04 (1H, d, J=15Hz), 6.85 (1H, d, J=
15Hz), 7.99 (2H, d, /=8Hz), 8.12 (2H, d, J=8Hz). Anal. Calcd for
C,,H,;NO;: C, 72.82; H, 7.40; N, 4.47. Found: C, 72.99; H, 7.37; N,
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4-[ N-Methyl-N-[2-(2,6,6-trimethyl-1-cyclohexen-1-yl)ethenyl]car-
bamoyl]benzoic Acid (27) NaH (60%, 10.7 mg, 0.27 mmol) was added
to a solution of 26a (80 mg, 0.25mmol) in 10ml of dry DMF at 0°C.
After 30min, 2ml of methyl iodide was added and the mixture was
stirred for 1h. After removal of the solvent and excess methyl iodide,
the residue was poured into water, and extracted with AcOEt. The
organic layer was dried over Na,SO,, and evaporated to give 27 as a
colorless oil. 27: *H-NMR (CDCl,) §: 0.91 (6H, s), [.41 (2H, m), 1.49
(2H, m), 1.51 (3H, s), 1.86 (2H, m), 3.10 (0.5H, brs), 3.32 (2.5H, s), 3.90
(3H, s), 5.51 (0.8H, d, J=15Hz), 5.55 (0.2H, br), 6.25 (0.8H, d, J=
15Hz), 7.36 (0.2H, br), 7.52 (2H, d, J=8Hz), 8.07 (2H, d, /=8 Hz).
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