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ABSTRACT
Four new 1,5-benzothiazepines were synthesized by reaction of o-aminothiophenol with curcumin and cur- | Keywords:
cwminoid B-diketones, in methanol and in acetic acid. The mechanism involves a Michael addition on the
(C double bond affording a benzothiazepine with two pendant groups, an aryl group adjacent to the sulfur | Curcumin

atom and a 1-phenylethanone adjacent to the NH of the seven membered ring. 1D and 2D multinucear | (3-Dikefones

NMR ('H, 3C, N, "°F) in solution and "*C and "N NMR in solid state proved fo be essential to elucidate the | Aminothiophenol
structures of these benzothiazepines, in particular their tautomerism. A secondary product has been identified | 1,5Benzothiozepines
that has the structure of a benzothiazole.

Palabras Clove:
RESUMEN curcumina
Se han sintetizado cvatro nuevas 1,5-henzotiazepinas por reaccion del o-aminotiofenol con curcumina y B Dicefoncs
B-dicetonas curcuminoides, en metanol y en deido acéfico. E mecanismo implica una adicion de Michael | . e
sobre el doble enlace CC que conduce a una benzotiazepina con dos sustituyentes, un grupo arilo adyacente | 5-Benzofiozepins

al dtomo de azufre y una I-feniletanona adyacente al NH del anillo de siete miembros. RMN multinuclear
1Dy 2D ("H, 13C, N, F) en disolucién y RMN °C y N en estado sélido han demostrado ser esenciales
para dilucidar las estructuras de estas benzotiazepinas, en particular su tautomeria. Se ha identificado un
producto secundario que tiene la estructura de un benzotiazol.
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1. INTRODUCCION

Benzothiazepines are structures that present a large pro-
jection at the pharmacological level. Although there is currently only
one benzothiazepine structure marketed as a medicine, there are
numerous scientific studies proposing new possible applications of
very different benzothiazepine derivatives (1). Recently, five papers
reporting the synthesis of 2,4-diaryl-1,5-benzothiazepines have
been published (2,3,4,5,6) as well as a review (7). In these papers
are reported some structures of representative drugs, in clinical use
or undergoing dlinical rials (Figure 1). Therefore, it seems appro-
priate to search for simple, efficient and reproducible synthesis of
benzothiazepines.

On the other hand, curcumin is a widely studied com-
pound, and its accessibility and chemical properties make it an easily
manipulated structure, with no health risks and little environmental
contamination. Likewise, it has defined and studied pharmacological
properties, and obtaining new curcumin derivatives could lead to
new structures with the same or other pharmacological properties

(8).

The reactivity of curcumin and curcuminoid derivatives
with o-aminothiophenol analyzed in this work generates benzo-
thiazepines as final structures. Although reaction of o-aminothio-
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phenol with ot 3 -ethylenic ketones, in particular chalcones, is much
more common than with (3-diketones, these last compounds have
also been studied (9,10,11,12). The compounds that we are going
to study in the present work have both functionalities making them
interesting. In addition, the use of different reaction conditions is
important when determining which route is best suited for future
applications.

The objectives of the present work can be summarized in
the following three points:

1. Preparation of the starting curcuminoid derivatives, 3-dike-
tones, represented in Figure 2 as the major existing keto-enol
tautomer (13).

2. Synthesis of benzothiazepine derivatives by reaction of the [3-
diketones with o-aminothiophenol. If curcuminoid diketones
react as o3 -unsaturated ketones (chalcones) isomers A and B
will be formed, but if they do so as 1,3-dicarbonyl compounds
pair of isomers C and D could result (Figure 3).

3. Establish the structure of all compounds obtained by 'H, 1*C,
5N and "F NMR in solution, as well as in solid state by '*C and
5N CPMAS.
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Figure 1. Some structures of representative drugs with a 1,5-benzothiazepine skeleton

OH O
HE.

A

Figure 2. Curcuminoid diketones for use as starting compounds
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Figure 3. Possible benzothiazepines that can be obtained in the proposed reactions

2. RESULTS AND DISCUSSION

2.1. Synthesis of B-diketones

The synthesis of the starting dikefones has been carried
out following the Pabon method (14) and the procedure pre-
viously used in our research group (13,15,16,17). First, a dicar-
bonyl compound, in our case 1-phenyl-1,3-butanedione, is
complexed with boron oxide. Next, a disubstituted benzaldehyde
is added, which reacts with the terminal methyl group of the di-
ketone, and n-butylamine is added dropwise. As a result of the

condensation of benzaldehyde and boron complex, water is for-
med, so n-tributyl borate is used to remove it. Finally, hydrochloric
acid is added, thus creating an acid medium in which the boron
complex dissociates from the curcuminoid derivatives.

Using 1-phenyl-1,3-butanedione as initial compound
and the benzaldehydes selected for this work: 4-hydroxy-3-me-
thoxybenzaldehyde (vanillin) (1), 3-fluoro-4-hydroxybenzal-
dehyde (2) and 4-fluoro-3-methoxybenzaldehyde (3),
curcuminoid diketones (4-6) are obtained with acceptable yields,
50-60% (Scheme 1).

0 CHO
eHs_~_CHsT" R g OH O
0 0 B0, ' R ‘ N ‘
_— “B- - -
HZCMCEHS 0”0 ;{ gﬁi“’a R
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1, R*= OMe, R* = OH 4 R*=0Me R*=0H
2. R*=F R*=0H 5 R*=F, R*=0H
3 R*=0OMe R*=F 6 R*=0OMe R*=F
Scheme 1. Synthesis of the starting diketones
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Scheme 2. Reactivity of styrenic diketones with ethylenediamine
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Scheme 3. Benzothiazepines obtained by reaction of curcumin and curcuminoid diketones with o-aminothiophenol in methanol

2.2. Study of the reactivity of B-diketones with o-ami- 2.2.1. Reactivity in methanol
nothiophenol The reaction of diketones 4-6 and curcumin 7 with of
In previous works carried in out laboratory (18,19), the  g-aminothiophenol, in methanol, leads only to benzothiazepines
reaction of curcuminoid diketones with ethylenediamine has shown 8-11 by a Michael-type reaction, in which the SH group attacks to
a double readivity depending on the reaction medium (Scheme 2), e doyble bond, accompanied in all cases by the disulfide 12 formed

gi\lllinlg ris;to d.ifferent (:(iu;eﬁinehstrludures. (S(h';f"; 2)|. h:i?‘fthu;"’l' by oxidation of o-aminothiophenol (Scheme 3). Structures 8-10 co-
ethylenediamine attacked the chalcone via a Michael aadition tor- rrespond fo fype A of Figure 3.

ming a diazepine analogue to A (Figure 3) with a (=0 group The evolution of the reactions has been followed by 'H

hydrogen bonded to the enamine NH stabilizing the struciure. Ho- NMR, since in our hands thin layer chromatography has not alloved

wever, when the reaction medium was acetic acid, ethylenediamine U . .

attacked both keto carbons, generating another diazepine, related fo dlscrlmlr!ute befween ﬂ.]e diketone and the benzoihluzeplne_, de-

to C (Figure 3) without altering the double bond of the initial dike- urly ol?servmg the formation of the ABX system of the benzothiaze-
pine ring (~2.70, ~2.95 and —4.85 ppm), and the presence of a

fone.
new double bond. As shown in the case of diketone 4 (Figure 4) the
enamine double bond appears as a singlet at 5.9-6 ppm, more shiel-

ded than that belonging to the enol form of the diketone; at the
end of the reaction (six h) the diketone/benzothiazepine ratio is

Therefore, we have analyzed the reactivity of curcumin
and curcuminoid dikefones with o-aminothiophenol, both in me-
thanol and in acetic acid, to see if similar results will be obtained.

OCH,
Benzothiazepine
MeOH

OCHs
Diketone

Double bond

Benzothiazepine
Diketone
ABX system

ABX system
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Figure 4. Enlargement of the 'H-NMR spectrum in CDCl3 of the reaction crude of diketone 4 with o-aminothiophenol
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Scheme 4. Reactivity of curcuminoid diketone 6 with o-aminothiophenol in acetic acid

1/2.5-4.1, which means a yield of 71-80%. This proportion is not
modified by leaving the reaction longer or adding more quantity of
o-aminothiophenol.

The isolation of the products is very difficult because ben-
zothiazepine and diketone have the same Rf in the solvents used:
mixtures in different proportions of Cl,CH,/EtOH and hexane/AcOEt.
For this reason, it has been necessary to carry out several chroma-
tographies, in order fo isolate the final product pure, with fair yields.
The o-aminothiophenol dimer 12 has also been isolated, and its
structure confirmed by NMR (see Supporting Information figures S-
36-539).

2.2.2. Reactivity in acetic acid

Curcumin and the aforementioned curcuminoid derivatives
were also reacted in glacial acetic acid with o-aminothiophenol. Al-
though the sume benzothiazepines 8-11 are formed as those gene-
rated in methanol (Scheme 3), dimer 12 is not obtained, and on
the other hand the reaction is quantitatively complete in 2 h. In this
case, the problem was that when removing the acetic acid in the ro-
tary evaporator, the benzothiazepine decomposes due to the tem-
perature effect forming benzothiazoles (Figure 5). In this way, it
has been possible fo isolate and characterize a new structure, the
2-(4-fluoro-3-methoxystyryl)benzo[ d]thiazole 13, a solid with mp
= 127°C. (Scheme 4).

Since the formation of benzothiazole 13 was unexpected,
we will discuss in detail the characterization of its structure, clearly
different from that of the rest of the isolated compounds, which are
described in section 2.3. To number the compound, the benzothia-
zole ring has been prioritized, then the double bond, and finally
the substituted phenyl (Figure 6).

The "H-NMR (Figure 5) and ™*C-NMR spectra of this deri-
vative are simpler than those of benzothiazepines, taking into ac-
count that this derivative lacks the signals corresponding to the ABX
system. From the 'H-"H-COSY specirum (Figure 7) we observe that
the sequence of the H of the benzo part is: 8.00 (ddd, */,; = 8.2,
Yy = 12,5, = 07, H4), 7.48 (ddd, y, = 85, 4y = 7.2, 4,
= 1.3,H5).7.38 (ddd, 24, = 8.0, %4 = 7.2, "4, = 1.2, H6), 7.86
(ddd, %4 = 8.0, 5= 1.3, 4, = 0.6, H7); the double bond sig-
nals, 7.46 (d, 4, = 16.3,H2),7.32 (d,*4,' = 16.3 HT') and those
belonging to the fluorinated ring 7.19 (d, / = 9, H2"), 7.11 (m,
H5", H6"), 3.95 (s, OMe).

To assign the quaternary carbons we have used the corre-
|ations observed in the 'H-"*C HMBC correlation spectrum (Table 1).
The rest of the carbons can be assigned using the correlations in the
TH-1C HMQC spectrum, as well as the C-F couplings in the 4-fluoro-
3-methoxyphenyl ring, of carbons (4" (' = 250.5), (5" (% =
18.8), (3" (2 = 11.3), C6" (* = 7.5), 2" () = 25), (" (*4%

o
AN W

Reaction crude

Compound 10

Compound 13

Reaction crude concentrated

‘ 1

I

828.1807.9787.7767.574737.27.17.06968 6.7 6665646362 6160595857 56555453525150494847

Figure 5. 'H NMR spectrum in CDCly of the reaction crude together with the isolated products
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Figure 6. Compound 13 [(E)-2-fluoro-3-methoxystyryl)benzo[ d]thiazole

=38),2 (4 =1.9)and C1' (% = 3.1), with coupling constants
from one fo six bonds away. The values of the chemical shifts and
coupling constants C-F are similar to those described for the al-
dehyde 3 and the starting diketone 6 (16,20).

Regarding ™N, the chemical shift is —75.7 ppm, a typical
value of a nitrogen atom with sp? hybridization (19), as it corres-
ponds to the one (N3) present in the benzothiazole structure. In ad-
dition, it is coupled o H1' (7.32) as observed in the 'H-"N HMBC
spectrum in DMSO-d,.

On the other hand, there is in the "F NMR spectrum in
DMSO-d, (Figure 8), where we observe that the signal obtained, at
—132.9, is a ddd, with two coupling constants *J with H,' and H,,
‘o =83 and *Jy' = 6.4, and a®Jwith ' 3= 8.4.

2.3. NMR structural characterization

In this section, we will show that the benzothiazepine
structure formed in the reaction corresponds to type A (Figure 3).
The isomeric type B, which also presents an ABX system, has been
ruled out on the basis of the N chemical shift value, as discussed
later in section 2.3.3.

The four benzothiazepines obtained 8-11 have been an-
alyzed by 'H, 1°C, N and "*F NMR spectroscopies and the values of
the chemical shifts are gathered in Tables 2 and 3. The assignments
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are based on the multiplicity of the signals and the "H-"*C correla-
tions encountered in the HMQC and HMBC correlation spectra.
DMSO-d; has been used as solvent for the NMR analysis in all cases,
and also CDCl; in compounds 8 and 10. For the sake of clarity, when
numbering the compounds rather than following IUPAC nomencla-
ture, priority has been given to the benzothiazepine nucleus, then
to the chalcone, and finally to the pendant aryl groups (Figure 9).

2.3.1. 'HNMR

Regarding the 'H NMR data (Table 2), note the presence
of the ABX system (Figure 10), in the four benzothiazepine isomers
8-11. The protons at position 3 are anisochronous (diastereofopic)
because 2 is chiral; note that all our compounds are racemic.

In Figure 10, corresponding to the ABX system of the
'H NMR spectrum of compound 8, we observe a dd at 4.86 ppm,
which corresponds to nucleus X, which is coupled to two neighboring
hydrogens (A and B), with different coupling constants 3/ = 10.6
and ®J = 5.5 Hz. On the other hand, the protons of position 3 that
form the AB part, resonate at 2.71 and 2.94 ppm coupled with HX,
and a geminal constant Jyg = 13.1 Hz.

The analysis of the spectrum of compound 9 (Figure 11)
shows the following features: the ABX system between 2.6 and 4.9
ppm; a singlet at 6.27 ppm, which corresponds to the proton in po-
sition 1"'; H6 and H9 appear as doublets with a /= 7 Hz, and in
all cases SHY (~7.6) > SH6 (~7.3). The signals of H7 and H8
are triplets, H8 being more shielded than H7, and H7 coming out
together with H and H,, .

Concerning the aryl group that comes from the alde-
hyde, in the fluorinated compounds 9 and 10 it has been possible

He H7

—A

HS" and He"

2
coc
HI'

He

=

H2 and HS =

=

=
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N
(

810 ' 800 780 78 7.0 780

Figure 7. H-"H-COSY spectrum in DMSO-d, of compound 13
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Table 1. °C chemical shifts and correlations observed in the HMQC and HMBC spectra of compound 13 in DMSO-d, as well as N and "°F data

F] HMQC HMBC Sscc assignment
1667 746 (H2),7.32 (H1) Q
153.7 7.86 (H7),7.48 (H5) C3a
153.2 7.19 (H2") Jp= 12505 "
1481 7.9 (H2'), 3.95 (OMe) y=113 @
1367 746 (H2) 7.32(H1),7.19 (H2") =19 @

1J=156.2
1343 8.00 (H4), 7.38 (H6) Ua
1321 7.32 (H1'),7.11 (H5") =38 a
1264 7.48 (H5) 7.86 (H7) =161 G
3=179
1255 7.38 (H6) 8.00 (H4) =167 %
/=180
123.0 8.00 (H4) 7.38 (H6) 1J=1628 4
/=280
1219 7.32(H1) 7.46 (H2) Yp=31 a
1J=161.6
1214 7.86 (H7) 7.48 (H5) 1= 1642 a
5J=185
1208 7.1 (H6') 7.46 (H2),7.19 (H2') Y=75 "
=162.6
116.5 7.11 (H5") =188 "
1J=1633
1116 719 (H2') 7.46 (H2), 7.11(H6") =25 Q@
1J=157.8
56.2 3.95 (OMe) 1J=1448 OMe
757 7.32(H1) N3
-1329 =184 F4
=83
=64

to measure all the H-F couplings (Table 2). The signal of the NH
proton appears at 12.57 ppm, due to the fact that it forms a hy-
drogen bond with CO. Finally, the signals of the protons of the lat-
eral phenyl group are: H ~ 7.9 ppm and H , and H,J ~1574
ppm. It should be noted that the OH signal in the 4" position has
only been observed in DMSO-d; at around 9 ppm.

2.3.2. CNMR
In the *C NMR specira (Table 3), the chemical shifts of
the carbons have similar values in the four benzothiazepines 8-11,
facilitating their assignment once the pattern of the different signals
has been established by 1D and 2D experiments.
For the side chain we have the signal corresponding to
(1" (it can be seen attached to H1"” in HMQC) at ~94 ppm, very

different from (2, which bonded to an oxygen nucleus, gives a sig-
nal at 188 ppm. For the phenyl group, C;H;, in diazepines 8, 9, and
10 the signals of C; ~127, C;;, ~128 and (p ~131 ppm are ob-
served, with coupling constants /= 3/ =7 Hzin C;and C, and 3/
= 75 Hzin C;. C;appears at ~139 ppm. In all three benzoth-
iazepines, 6(; > 5(,, > Ol > (.

At ~54 ppm we find a signal corresponding to (2, and
at ~40 ppm there is the signal of (3, both carbons belonging to
the nuclei of seven membered ring. The (4 signal appears at ~161
ppm as it is sp? hybridized and bound to a nitrogen. The rest of the
carbons of the benzothiazepine show shifts 5C5a (~142) > 509
(~135) > 57 (~130) > 5C8 (~126) > 5C9a (~126) >5C6
(~123), as occurs in related benzothiazepines (21), the assignment
of the carbons that appear at ~126 ppm does not present problems
since they are a CH and a quaternary carbon.
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Table 2. "H NMR parameters (S in ppm and Jin Hz) of benzothiazepines 8-11
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|

Atom 8 9 10 n
(D0l DMSO-dj DMSO-d (Dl DMSO-d DMSO-d
" 478 (dd) 486 (dd) 489 (dd) 4.78 (dd) 4.96 (dd) 481 (dd)
3J=9.1,3=57 3=10.6, /=55 Y=110,9=54  9=94,%=5] 3=110,3=55 %=10.1=56
276 (dd) 271 (dd) 269 (dd) 276 (dd) 274 (dd) 265 (dd)
e 2=133,9=9.1 2=13,%=107 Y=131,9=111  U=134,9=93 Y=132,9=110 Y=133,=101
288 (dd) 294 (dd) 293(dd) 2.88 (dd) 297 (dd) 281 (dd)
2=133,3=58 2=13.1,/=56 Y=131,4=54  Y=134=58 Y=132,3=55 2=133%=56
" 7.24 (dd) 7.38 (dd) 738 (dd) 7.24 (dd) 7.39 (dd) 7.08 (dd)
3J=8.0, =14 3=80,4/=14 Y=80,4=14  Y=719,U=14 Y=80,Y=14 Y=82,4=19
H7 751-7.40 (m) 757-747 (m) 7.55-7.47 (m) 752-741(m) 757747 (m) 747 (m)
" 719 (td) 7.25 (td) 7.25 (1d) 7.20 (td) 7.26 (td) 7.22(td)
3J=15,4=14 3Y=75,4/=15 Y=754=15  Y=754=14 Y=154=15 3=754=14
o 7.63 (dd) 761 (dd) 757 (dd) 7.63 (dd) 7.62 (dd) 759 (dd)
3=17,4=15 Y=17,4=15 Y=T44=15  Y=I7,4U=16 Y=17,4Y=16 Y=114=15
" 6.95 (d) 692 (d) 711(d) 7.04 (d) 7.5 (d) 692 (d)
4=20 =20 Yp=124,4=22  Up=82,4=25 ‘f=84,4=22 4=20
s 6.86 (d) 670 (d) 6.89 (d) 7.02(d) 735 (d) 6.69 (d)
3J=8.] 3=8.] U=92,U=83  U=112,Y=83 Y%=115=83 Y=g
6.82 (dd) 6.76 (dd) 699 (dd) 6.85 (ddd) 6.9 (ddd) 6,74 (dd)
" 582,420 3J=83,4=21 TR Vi ey e D ST
HI 591 (br) 626 (5) 627(s) 593 (s) 629 (s) 5.645)
- T . e 678 (d)
=159
« I = 741(d)
3=159
H, 792 (m) 7.96 (m) 7.96 (m) 7.92(m) 79 (m) e
Hiy 7.517.40 (m) 757747 (m) 755747 (m) 752-741(m)  757747(m) = o
Hy 7.517.40 (m) 757747 (m) 755747 (m) 752-741(m)  757-747(m) = e
727 (d
o FENEEEEEEE E o
679 (d
o ISR o
7.08 (dd)
A a0 3Y=82,4=19
NH 12.79 (br) 1261 (5) 1257 5) 1278 (5) 1258 (5) 12,60 (5)
OMe 3 380(s) 368() e 381(s) 377(s) 370(s)
OH4' n.o. 8.97 (s) 987(s) e e 8.97(s)
OMe3" - e e 3.82(s)
OH4™ 946 (s)
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Figure 8. ’F NMR spectrum in DMSO-d, of compound 13

Next, we find the signals of the *C spectrum of the sub- The following connections arise from the correlations ob-
stituted phenyl: all of them show the same pattern as the precursor ~ served in the 'H-"H COSY spectrum (Figure 12).
diketones and aldehydes (16,20) both in chemical shifts and in C-F * 6.69 (H5') <6.74 (H6') < 6.92 (H2') 4-hydroxy-3-
coupling constants. Finally, the 3' OMe carbon signal for 8, 10 and methoxyphenyl, thiazepine side
11 appears around 56 ppm. * 7.41 (H4") 6.78 (H3") double bond

We will discuss in more detail the assignments in * 6.79 (H5") < 7.08 (H6") < 7.27 (H2") 4-hydroxy-3-
[4-(4-hydroxy-3-methoxy-phenyl)-1-(2-(4-hydroxy-3- methoxyphenyl, styrene side
methoxyphenyl)-2,3-dihydrobenzo[b ][1,4]thiazepin-4(5H)-yli- * 7.59 (H9) <7.22 (H8) < 7.47 (H7)<> 7.31 (H6) benzo
dene)but-3-en-2-one] 11, which presents different 'H and ™*C signals moiety.
for the two 4-hydroxy-3-methoxyphenyl groups. From the connections observed in the HMQC spectrum

all pairs of CH signals are found (see Supplementary material). On

Figure 9. Atom numbering of compounds 8-11

496 492 488 484 480 476 3.00 2,95 2.90 2.85 2.80 2.75 2.70 2,65 2.60
(ppm) (ppm)

Figure 10. "H NMR spectrum in DMSO-dj, the ABX system of benzothiazepine 8
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Figure 11. "H NMR spectrum of benzothiazepine 9

the other hand, the "H-"3C HMBC correlation spectrum also provides
useful information, especially about the quaternary carbons, we ob-
serve that the OH signal that appears at 8.97 ppm is correlated with
the carbons at 147.3 ((3'), 146.0 (C4') and 115.2 (C5') (Figure 13).
The 146.0 signal shows long distance correlation (/) with 6.92 (H2')
and 6.74 (H6') and the 147.3 signal (C3') shows crossing peaks with
3.70 (OMe’) and 6.69 (H5), so we know the signals that belong to
each 4-hydroxy-3-methoxyphenyl ring (Figure 13); to know which
side they are on we rely on the correlation that the signal of 139.0
(C4") presents with 7.08 (H6"") and 7.27 ppm (H2""") (see Supple-
mentary material).

Finally, the ™3C solid-state NMR specira of the four ben-
zothiazepines were also recorded and the assignment of the signals
achieved by analogy with the data obtained in solution.

2.3.3. "N and *F NMR

The benzothiazepines studied in this work can exist as two
tautomers: the keto-enamine and the imino-enol forms (Figure 14).

From the N chemical shift value, observed at —255.0 in
solution and —251.2 ppm in solid state for 8; —255.1 in solution and
—246.2in solid state for 9 (Figure 15); —255.2 in solution and —253.3
in solid state for 10, and —257.6 in solution and —245.7 in solid state
for 11, it can be deduced that the tautomer that predominates is the
keto-enamine, since in the imino-enol form the chemical shift should
be in the order of 70 to —100 ppm (22).

The specira of ’F NMR have also been recorded for benzoth-
iazepines 9 and 10 in DMSO-d, determining both the chemical shifts
and the "H-"F coupling constants, which agree with the values ob-
tained from the 'H NMR spectra. In compound 9, the chemical shift is

W W HE R

L HI"
HS Hs'
e HZ

67
68
69
7.0

71

(ppm)

T2

73

74

76

765760755 7507457407357307257207157.107.057.006.95 690685 6.806.756.70 6.65

Figure 12. "H-'H COSY NMR spectrum of compound 11 in DMSO-d,
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5= —135.8 and the signal corresponds to a doublet of doublets
due to the coupling of fluorine with the hydrogens in H2' and H5',
3y =125, %} = 9.2 Hz (Figure 16) In the solid-state it appears
at —127.7/-130.7. In compound 10, the chemical shift is 5 = —
136.7 (ddd, *Jysr = 12.1, %4, 1= 8.4, )y = 4.2 Hz) (Figure 17).
In the solid-state it appears at —136.7.

3. CONCLUSIONS

From the present work the following condlusions can be
driven:

i) Benzothiazepines can be synthesized by reaction of o-
aminothiophenol with curcumin and curcuminoid (3-diketones, in
methanol and in acetic acid.

ii) Both in methanol and in acetic acid, the 3 -diketones
react as o, 3 -unsaturated ketones through a Michael addition, of-
fording the same structural type, a benzothiazepine with two pen-
dant groups, an aryl group adjacent to the sulfur atom and a
1-phenylethanone adjacent o the NH of the seven membered ring.

iii) Reaction times, yields and isolation of the compounds
depend on the reaction media. Long reaction times and easy iso-
[ation of the final compound occur in methanol; conversely, short
reaction times and difficult purification of the benzothiazepines,
plus the formation in some cases of benzothiazoles, take place in
acetic acid.

iv) 1D and 2D Multinuclear NMR ('H, ™*C, *N, "°F) in so-
[ution and 1*C NMR in solid state have proved to be essential to
elucidate the structures and tautomerism of the benzothiazepines
and benzothiazoles.

4. EXPERIMENTAL PART

4.1. General remarks

All reagents cited in the experimental procedure are
commercial compounds. For thin-layer chromatography, Merck
Kiesegel 60F254 chromatofoils with a fluorescence indicator on alu-
minum and a layer thickness of 0.2 mm were used. For column chro-
matography, Merck silica gel 60 (70-230 mesh) was used with the
eluent indicated in each case. Melting points have been determined
in capillary tube on a Gallekamp apparatus and are uncorrected.

4.2. NMR

Solution NMR spectra were recorded on a 9.4 Tesla
Bruker specirometer (400.13 MHz for 'H, 376.50 MHz for F, 100.62
MHz for *C and 40.54 MHz for ™*N) at 300 K with a 5-mm inverse
detection H-X probe equipped with a z-gradient coil, or with a QNP
5 mm probe ("°F). Chemical shifts (& in ppm) are given from internal
solvents: CDCl, 7.26 for H and 77.0 for '*C, DMSO-d,2.49 for 'H
and 39.5 for ™°C. External references were used for N and "°F, ni-
tromethane and CFCl;. Coupling constants (Jin Hz) are accurate to
+0.2 Hz for 'H, 0.8 Hz for "°F and 0.6 Hz for "°C.

Typical parameters for 'H NMR spectra were spectral
width 3000-6000 Hz and pulse width 9.5 pus at an attenuation level
of 0 dB. Typical parameters for *C NMR specira were specral widih
21 kHz, pulse width 10.6 s at an attenuation level of —6 dB and
relaxation delay 2 s. WALTZ 16 was used for broadband proton de-
coupling; the FIDs were multiplied by an exponential weighting (Ib
= 2 Hz) before Fourier transformation. Typical parameters for '*F-
NMR specira were spectral width 55 kHz, pulse width 13.75 s at
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Figure 13. H-"*C HMBC NMR spectrum enhancement of compound 11 in DMSO-d,
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Figure 14. Ketoenamine-iminoenol tautomerism of synthesized benzothiazepines

J_Jma__L

(ppm)

Il 256

80787674727.068 66646260
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an attenuation level of —6 dB and relaxation delay 1 s. In some
cases, for resolution enhancement processing a gaussian multipli-
cation of the FID prior to Fourier fransformation was applied.

2D ('H-'H) gs-COSY, ('H-"3C) gs-HMQC, ('H-C) gs-
HMBC, ("H-"N) gs-HMQC and ("H-"*N) gs-HMBC, were acquired and
processed using standard Bruker NMR software and in non-phase-
sensitive mode. Gradient selection was achieved through a 5% sine
truncated shaped pulse gradient of 1 ms.

Selected parameters for ('H-'*C) gs-HMQC and gs-HMBC
spectra were: spectral width 3000-6000 Hz for 'H and 20 kHz for
13C, 1024 x 256 data set, number of scans 2 (HMQC) or 4 (HMBC)
and relaxation delay Ts. In the gs-HMQC experiments GARP mod-
ulation of "C was used for decoupling. The FIDs were processed

using zero filling in the F1 domain and a sine-bell window function
in both dimensions was applied prior to Fourier fransformation.
Selected parameters for ("H-""N) gs-HMQC and gs-HMBC
spectra were: speciral width 3000-6000 Hz for 'H and 15 kHz for
5N, 1024 x 1024 data set, number of scans 4, relaxation delay Ts.
In the gs-HMBC delays of 27-200 ms for the evolution of the '"N-'H
long-range coupling were used. The FIDs were processed using zero
filling in the F1 domain and a sine-bell window function in both
dimensions was applied prior to Fourier transformation.
Solid-state*C (100.73 MHz) and "N (40.60 MHz) CPMAS
NMR spectra have been obtained on a 9.4 Tesla Bruker spectrometer
at 300 K (100.73 MHz for 3C and 40.60 MHz for "*N) using a 4 mm
DVT probehead. Samples were carefully packed in a 4-mm diameter

F3 (dd)
135,83

12.51
9.17

13668 4370 %78

13580
(ppm)

13585 13590 13595

Figure 16. °F NMR in DMS0-d6 of compound 9. The signal corresponds to a dd due to the coupling of fluorine with the hydrogens in H2' and H5' (%), = 12.5,4)ys' =

9.2 Hz

Reactividad de la curcumina y de las B-dicetonas curcuminoides con el

362 o-aminotiofenol: sintesis de 1,5-benzotiazepinas
Carlos A. Martinez, Dionisia Sanz, Rosa M. Claramunt, José Elguero



IANAlES I

RANF

lwww.analesranf.cnm

cylindrical zirconia rotor with Kel-F end-caps. Operating conditions
involved 2.9 s 90° 'H pulses and decoupling SPINAL 64 sequence.
13C spectra were originally referenced to a glycine sample and then
the chemical shifts were recalculated to the Me,Si (for the carbonyl
atom (glycine) 5 = 176.1 ppm) and ™N specira to *NH,Cl and then
converted to nitromethane scale using the relationship: "N (ni-
tromethane) = 8N (ammonium chloride) — 338.1 ppm.
Typical acquisition parameters for *C-CPMAS were: spec-
tral width, 40 kHz; recycle delay, 5-60 s; acquisition time, 30 ms;
contact time, 4 ms; and spin rate, 12 kHz. In order to distinguish
protonated and unprotonated carbon atoms, the NQS (Non-Qua-
ternary Suppression) experiment by conventional cross-polarization
was recorded; before the acquisition the decoupler is switched off
for a very short time of 25 us (23,24,25). For "N, CPMAS were:

spectral width, 40 kHz; recycle delay, 5-60 s; acquisition time,
35 ms; contact time, 7 ms; and spin rate, 6 kHz.

Solid-state "°F (376.94 MHz) NMR spectra have been
obtained on a 9.4 Tesla using a MAS DVT BL2.5 X/F/H double res-
onance probehead. Samples were carefully packed in 2.5 mm di-
ameter cylindrical zirconia rotors with Kel-F end-caps. Samples
were spun at the magic angle at rates of 25 kHz and the experi-
ments were carried out at ambient probe temperature.

The typical acquisition parameters F {'H} MAS were:
spectral width, 75 kHz; recycle delay, 10's; acquisition time, 25 ms;
pulse width, 2.5 us and proton decoupling field strength of 100
kHz by SPINAL-64 sequence; 128 scans. The "°F spectra were ref-
erenced to ammonium trifluoroacetate sample and then the chem-

Table 3. °C NMR parameters (O in ppm and J in Hz) of benzothiazepines 8-11

8 9 10 n
Aom CDC|3 DMSO-d6 CPMAS DMSO-dé CPMAS CD(|3 DMSO-dé CPMAS DMSO-dd CPMAS
Q@ 554 . o8 55.1 336 55.2 59 539 54.0 53 53.6
J= 1445 1J=147.0 J=1439 J=1448 1J=1453
[&] 4.0 . 39 421 39.5 426 08 39.4 342 39.8 39.2
J=1325 40.3 1J=132.1
4 161.3 161.65 163.1 1614 164.1 160.8 1614 163.7 160.2 165.1
(5a 1421 141.6 141.1 141.6 141.0 142.1 1417 141.0 1418 1417
1237 1238 1238 1238 1235
(6 1238 1J=162.7 1243 1/=162.3 1225 1J=1837  'J=1625 126.1 1J=163.9 1713
8J=8.0 J=80 8j=186 =79 5J=19
1303 1304 1303 1305 130.3
a 130.1 1J=161.5 128.8 1/=162.2 131.0 1J=1630 'J=163.0 1295 1J=163.7 1305
8Jj=85 5J=85 3J=8.1 J=84 $J=92
126.2 1263 126.1 1263 125.9
(€] 126.1 1J=1624 126.0 1/=1624 1271 1J=1609 'J=1624 126.1 1J=1614 128.1
=15 =18 3J=183 3J=79 $J=19
135.1 135.1 135.3 135.2 135.0
(¢ 135.3 1J=164.0 1334 1J=1639 1354 J=1624  /=163.8 136.1 1J=163.1 137.8
/=80 $J=817 3J=85 =78 $J=15
% 126.8 1257 127.1 1252 1254 126.4 125.2 126.1 125.6 1257
ae 94.0 . 4 93.7 3.3 95.4 94.0 4 94.0 %0 100.1
J=162.8 1/=163.3 1J=1624 1J=163.9
" 189.6 188.2 191.7 188.3 ::;: 189.8 188.3 1924 187.4 186.5
1253
e 1/=156.0 1257
. 139.0
4" e e e e e 1535 1417
‘ 1349 1354 139.7 140.8
a 1353 o, 137.3 =54 136.9 =39 =15 141.0 134.8 1358
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ical shifts were recalculated to the CFCl, (SCF,C0,—NH,* =
—72.0 ppm).

General procedure for the synthesis of curcuminoid
[3-diketones.

First 20 mmol of 1-phenylbutane-1,3-dione, and then
20 mmol of boric anhydride, were dissolved in 20 ml anhydrous
ethyl acetate in a three-neck round-bottom flask equipped with a
reflux condenser and magnetic stirring; the mixture being stirred
for 90 min at room temperature (25°C).

Thereafter, using an addition funnel, a mixture formed
by 20 mmol of the corresponding starting aldehyde [vanillin (1) for
the diketone 4, 3-fluoro-4-hydroxybenzaldehyde (2) for the diketone
5, and 4-fluoro-3-methoxybenzaldehyde (3) for the diketone 6] and
40 mmol of tributylborate dissolved in anhydrous ethyl acetate (30
Reactividad de la curcumina y de las B-dicetonas curcuminoides con el

o-aminotiofenol: sintesis de 1,5-benzotiazepinas
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ml) was added and left stirring at room temperature for 60 min.
Then, 2 ml of n-butylamine were added dropwise over 5 min and
the resulting mixture was stirred at room temperature for 20 h. To
hydrolyze the formed boron complex, 30 ml of 0.4 M HCl were added
to the reaction mixture previously heated to 80 °C, and continuous
stirring at such temperature was maintained for 60 min. After cool-
ing for 30 min, the organic phase was separated from the aqueous
phase. The aqueous phase was extracted with (3 x 15 ml) of ethyl
acetate and the organic phases washed with (2 x 10 ml) of water
and dried over anhydrous Na,S0,. The solvent was evaporated
under reduced pressure, using a rotary evaporator, and the crude
purified by column chromatography and/or crystallization.
5-(4-Hydroxy-3-methoxyphenyl)-1-phenyl-4-penten-
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Figure 17."F NMR of compound 10 in DMSO-d;: & = -136.74 (ddd, %Js' = 12.1, ")y, '= 8.4, Yy’ = 4.2 Hz)

1,3-dione (4). The reaction crude was treated with 100 ml of 2M
HCI, forming a precipitate that was filtered; the solid obtained was
recrystallized using hot methanol with a few drops of
dichloromethane. In this way compound 4 with a yield of 45% was
obtained. M.p. (MeOH): 195.8°C[lit. 198 °C (16)].

5-(3-Fluoro-4-hydroxyphenyl)-1-phenyl-4-penten-1,3-
dione (5). The reaction crude was treated with 100 ml of 2M Hl,
forming a precipitate that was filtered; the solid obtained was re-
crystallized using hot methanol with a few drops of chloroform. Com-
pound 5 was obtained as an orange crystalline solid, with a yield of
62.2%. M.p. (MeOH): 192.8°C [lit. 193.3 °C (16)].

5-(4-Fluoro-3-methoxyphenyl)-1-phenyl-4-penten-1,3-
dione (6). The reaction crude was purified by column chromatogra-
phy, eluting with CH,Cl,/EtOH (99:1). Further purification was
achieved using hot methanol and chloroform to give a light orange
crystalline solid, 6, in 32.4% yield. M.p. (MeOH): 126.5°C [lit. 127.2
°C (16)].

General procedure for the reaction of curcuminoid dike-
tones with o-aminothiophenol in methanol.

2 Mmol of the corresponding dikefone was dissolved in
30 ml of methanol, and subsequently a solution of 4 mmol of
o-aminothiophenol in 5 ml of methanol (b.p. 64.7 °C) was slowly
added. The reaction was heated under reflux with magnetic stirring
for 5.5 h. After that time, heating was stopped and the stirring was
continued for another 15 h at room temperature (25 °C). We con-
centrated under reduced pressure using a rotary evaporator. The
crude product was purified by means of one or more chromato-
graphic columns, and subsequent recrystallization.

2-[2-(4-Hydroxy-3-methoxyphenyl)-2,3-dihydrobenzo
[b][1,4]thiazepin-4(5H)-ylidene)-1-phenylethanone (8). The reac-
tion crude is successively chromatographed, eluting with CHClo/EtOH
95:5; to isolate the product which is purified by recrystallization

from hot methanol, obtaining a light yellow crystalline solid (yield
43%). M.p. (MeOH): 163.1 °C. Anal. Calc. for C,,H,NO,S: C, 71.44;
H,5.25; N, 3.47. Found: C, 71.52; H, 5.50; N, 3.18.

2-[2-(3-Fluoro-4-hydroxyphenyl)-2,3-dihydrobenzo
[b][1,4]thiazepin-4(5H)-ylidene)-1-phenylethanone (9). The reac-
tion crude is successively chromatographed, eluting with Hex/AcOEt
9:3; finally we recrystallized in hot methanol and chloroform (yield.
52%). M.p. (MeOH): 196.3 °C. Anal. Calc. for C,4H,,FNO,S: C, 70.57;
H,4.63; N, 3.58. Found: C,70.49; H, 4.61; N, 3.70. Found: C, 70.79;
H, 4.29; N, 3.58.

2-[2-(4-Fluoro-3-methoxyphenyl)-2,3-dihydrobenzo
[b][1,4]thiazepin-4(5H)-ylidene)-1-phenylethanone (10). The re-
action crude is successively chromatographed eluting with Hex/AcOEt
9:3 and recrystallized from hot methanol (yield 69.4%). M.p.
(MeOH): 163.4 °C. Anal. Calc. for C,HyFNO,S: C, 71.09; H, 4.97;
N, 3.45. Found: C, 70.88; H, 5.02; N, 3.44.

4-(4-hydroxy-3-methoxyphenyl)-1-(2-(4-hydroxy-3-
methoxyphenyl)-2,3-dihydrobenzo[b][1,4]thiazepin-4(5 H)-yli-
dene)but-3-en-2-one (11). The crude is purified after several
chromatographic columns eluted with CH,C,/EtOH in different pro-
portions (9:1, 95:5 and 9:3), and the final product is recrystallized
from hot methanol and chloroform (yield 53.9%). M.p. (MeOH):
181.5 °C. Anal. Calc. for C,;H,sNOSS: C, 68.19; H, 5.30; N, 2.95.
Found: C, 68.23; H, 5.22; N, 3.01.

General procedure for the reaction of curcuminoid dike-
tones with o-aminothiophenol in acetic acid.

In a three-neck flask equipped with a reflux condenser
and magnetic stirring, 1 mmol of the corresponding diketone was
dissolved in 12 ml of commercial glacial acetic acid. Then a solution
of 2 mmol of o-aminothiophenol in 1 ml of glacial acetic acid was
slowly added. The reaction mixture was heated at 80 °C with mag-
netic stirring for 2 h. After this time, the reaction was stopped, either
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allowing it to cool to room temperature and concentrating using a
rotary evaporator, or pouring the crude oil onto ice and afterwards
extracting or filtering. Other attempts with longer reaction times af-
forded lower yields in all cases.
2-[2-(4-Hydroxy-3-methoxyphenyl)-2,3-dihydrobenzo
[b][1,4]thiazepin-4(5H)-ylidene)-1-phenylethanone (8). Starting
from diketone 4, the reaction crude poured onfo ice, extracted with
CH,Cl,, and then column chromatographed with CH,Cl,. Finally, ben-
zothiazepine 8 was recrystallized from methanol (43% yield). M.p.
(MeOH): 163.1°C.
2-[2-(3-Fluoro-4-hydroxyphenyl)-2,3-dihydrobenzo
[b][1,4]thiazepin-4(5H)-ylidene)-1-phenylethanone (9). Starting
from diketone 5, the reaction crude poured onto ice. The solid ob-
tained was filtered and purified by column chromatography using
hexane/AcOEt (9:3) as eluent. Finally, benzothiazepine 9 was re-
crystallized from methanol (40% yield). M.p. (MeOH): 196.3 °C.
2-[2-(4-Fluoro-3-methoxyphenyl)-2,3-dihydrobenzo
[b][1,4]thiazepin-4(5H)-ylidene)-1-phenylethanone (10). Starting
diketone 6, the reaction was stopped pouring the crude onto ice,
then extracted with CH,Cl,, concentrated on a rotary evaporator and
recrystallized from methanol, benzothiazepine 10 (48% yield) was
obtained. M.p. (MeOH): 163.4 °C. Anal. Calc for C;;H,,FNOS C,
67.35; H, 4.24; N, 4.91. Found: C, 67.22; H,4.31; N, 4.88.
4-(4-hydroxy-3-methoxyphenyl)-1-(2-(4-hydroxy-3-
methoxyphenyl)-2,3-dihydrobenzo[ b][1,4]thiazepin-4(5 H)-yli-
dene)but-3-en-2-one (11). Starting from diketone 7, the reaction
crude was poured onto ice, extracted with CH,Cl, and concentrated
on a rotary evaporator. It was purified by column chromatography
using CH,Cl,/EtOH (95:5) as eluent and recrystallized from methanol
(21% yield). M.p. (MeOH): 181.5 °C.
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Figure S45: 'H-"N HMBC NMR specirum in CDCl;

Figure S46: "F NMR spectrum in (DCl;

2. NMR spectra in Solid state
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Figure S47: C-CPMAS NMR spectrum
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Figure 548: “N-CPMAS NMR spectrum
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Figure 549: “C-CPMAS NMR spectrum
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Figure S50: “N-CPMAS NMR spectrum
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Figure S51:  F-MAS NMR spectrum
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Figure $52: “C-CPMAS NMR spectrum
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Figure S53: °N-CPMAS NMR spectrum
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Figure S54: ""F-MAS NMR spectrum
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Figure S55: ™C-CPMAS NMR spectrum
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Figure S56: “N-CPMAS NMR spectrum
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