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Abstract

A three-step pathway has been designed for the preparation of symmetrically substituted 1,4-bis(cinnamyl)piperazines starting
from B-amino ketones. The approach comprises the bis-N-alkylation of piperazine with hydrochlorides of dimethylamine-based
ketone Mannich bases, reduction of the resulting piperazine-containing amino ketones with NaBH., and subsequent acid-cata-
lyzed dehydration of the intermediate secondary y-amino alcohols. The proposed method for obtaining the title piperazines has
been validated through the synthesis of four analogs having either phenyl, or 4-chlorophenyl, or 4-bromophenyl or 2-naphtha-
lenyl moieties as the aromatic part of the cinnamyl fragment.

Keywords: Mannich bases; Reduction; Amino alcohols; Dehydration
Resumen

Un enfoque sintético para la obtencién de 1,4-bis(cinamil)piperazinas sustituidas simétricamente. Se ha disefiado una via
de tres pasos para la preparacion de 1,4-bis(cinamil)piperazinas sustituidas simétricamente a partir de 3-aminocetonas. El enfo-
que comprende la bis-N-alquilacion de piperazina con clorhidratos de bases de Mannich de cetonas basadas en dimetilamina, la
reduccién de las aminocetonas resultantes que contienen piperazina con NaBH4 y la posterior deshidratacion catalizada por
acido de los y-aminoalcoholes secundarios intermedios. EI método propuesto para obtener las piperazinas del titulo se ha vali-
dado mediante la sintesis de cuatro analogos que tienen restos fenilo, 4-clorofenilo, 4-bromofenilo o 2-naftalenilo como parte

aromatica del fragmento cinamilo.
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Introduction

An important number of synthetic substances feature pipera-
zine as part of their molecular structure, and piperazine deriva-
tives are essential components of many industrial products
(such as plastics, resins, pesticides, components for brake flu-
ids, etc.). Many synthetic piperazine-containing compounds
exhibit important pharmacological properties*. Piperazine is
the core structure in currently marketed drugs for the treatment
of angina pectoris (ranolazine, trimetazidine), allergic rhinitis
(levocetirizine), nausea, vomiting, and dizziness caused by mo-
tion sickness (meclizine, cinnarizine), erectile disfunction
(sildenafil, vardenafil), or various types of cancer (imatinib). In
addition, several in-use antibiotics belonging to fluoroquin-
olones (ciprofloxacin, norfloxacin), along with macrocyclic an-
tibiotics rifampicine and rifapentine, or oxazolidinone antibi-
otic ranbezolid present a piperazine moiety in their structure.
More importantly, piperazine-containing drugs are used for the
treatment of mental and neuropsychological disorders such as
major depressive disorder, anxiety disorders or addiction (e.g.,
buspirone, trazodone, vortioxetine), or in medication primarily

used to manage psychosis (aripiprazole, olanzapine, pro-
chlorperazine). While nowadays research directed to the dis-
covery of novel antipsychotics and antidepressants still places
piperazine highly amongst the scaffolds to be incorporated into
the structures of drug candidates®’, piperazines have emerged
as molecular fragments in a number of drug candidates devel-
oped as substances with antibiabetic activity®, molecules with
analgesic and anti-inflammatory action®, antivirals and HIV-in-
hibitors®!, anticancer agents'?*3, trypanomicide compounds®,
hybrids with anti-mycobacterial activity™ or antioxidant prop-
erties'®. Amongst these drug candidates that feature a broad
molecular diversity, examples of several N-cinnamylpipera-
zines can be encountered in libraries developed for the inhibi-
tion of proliferation of pancreatic cancer cells®, in a collection
of compounds with anti-convulsant activity'®, as substances
that could be incorporated as tyrosinase and melanin inhibitors
in depigmentation drugs with minimum side effects’®, as GPR4
receptor modulators for treating angiogenesis, pain, autoim-
mune and inflammatory diseases®, in a series of antibacterial
compounds that inhibit the formation of biofilms?, in a study
aiming at developing derivatives of Incentrom A (1-(9H-carba-
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z0l-9-yl)-3-(4-cinnamylpiperazin-1-yl)propan-2-ol) as small
molecules that perturb the normal functioning of centromere (a
specialized chromosomal structure responsible for accurate
chromosome segregation) in Saccharomyces cerevisiag?, in li-
braries of derivatives of bile acid capable of inducing pro-apop-
totic processes in several cancer cell lines?, or as potential can-
didates for the reversal of P-gp-dependent multidrug resistance
in cancer chemotherapy?*. On the other hand, piperazine-con-
taining compounds have been repurposed from less effective
anti-depressant agents or opioid analgesics to designer drugs
meant to evade the legal restrictions of the well-known drugs
of abuse®. As part of the last decade’s surge in synthetic non-
fentanyl opioid psychoactive substances, several novel recrea-
tional drugs that have an N-cinnamylpiperazine fragment have
been found on the illicit drug market recently. From a structural
point of view, they all appear to be close analogs of bucinnazine
(1-butyryl-4-cinnamylpiperazine, (E)-1-(4-cinnamylpiperazin-
1-yD)-butan-1-one) that have at least one additional methyl
group in their structure compared to the prototypical com-
pound?6:?,

Several general synthetic approaches have been consistently re-
ported in the literature for the installment of the cinnamyl frag-
ment in the structure of N-cinnamylpiperazines 1 (Fig. 1). They
rely on the alkylation of piperazine derivatives with cinnamyl
halides®*?%-%, on the reductive amination of piperazines with
cinnamaldehydes?®3234 and on the reduction of piperazine-
containing carboxamides®*". Because piperazine itself may
act as a bifunctional substrate in these reactions, the previously
mentioned approaches for the synthesis of mono-substituted
cinnamylpiperazines often use a piperazine derivative substi-
tuted at one nitrogen atom with a protective group (e.g., t-
butoxycarbonyl, formyl) which can be easily removed once the
cinnamyl moiety is in place. In contrast to the wealth of infor-
mation on N-cinnamylpiperazines and their derivatives,
bis(N,N’-cinnamyl)piperazines 2 (either symmetrically or un-
symmetrically substituted, Fig. 1) are under-represented in sci-
entific literature, as demonstrated by a search that showed that
only three distinct compounds 2 (Ar = Ar; = CeHs; Ar = Ary =
2-H3sCOCsH4; Ar = CgHs, Ari = 2-02NCgHa4) with this structure
can be found in five sources (three articles and two patents).

AFMIG"*R A’ME\Q\NA”
1 2

Fig. 1: General structures of N-cinnamylpiperazines 1 and bis(N,N’-
cinnamyl)piperazines 2.

On the other hand, in the century that has passed since the first
report on the aminomethylation of aryl methyl ketones, a rich
and diversified chemistry that relates to the Mannich reaction
and its products generally known as Mannich bases has become
accessible for the synthesis of compounds that could be other-
wise difficult to obtain®°. The use of piperazines as amine re-
agents in the Mannich reaction has been reported scarcely, and
not always in journals that are readily available. Starting from

piperazine-containing ketone bis-Mannich bases, the present
study aims at reporting a hitherto unemployed synthetic ap-
proach for the preparation of several symmetrically substituted
piperazines 2, and to structurally characterize these compounds
that belong to a scarcely known class of compounds.

Experimental
Materials and methods

Piperazine, NaBH., glacial acetic acid, ag. 36% HCI and the
solvents used for the synthesis and purification of intermediates
and final products were purchased from Merck-Sigma—Al-
drich and were used without prior purification. Direct ami-
nomethylation of the corresponding aryl methyl ketones with
paraformaldehyde and dimethylamine hydrochloride using a
method that was previously reported* provided the starting ke-
tone Mannich base hydrochlorides 3-6, whose analysis using
NMR spectroscopy confirmed their structure and purity. NMR
spectra were recorded on a Bruker Avance NEO spectrometer
at 400 MHz, with a 5 mm probe for direct detection of H, C, F,
Si. The residual signals of the deuterated solvents were used as
internal standard (DMSO-ds: 6 = 2.51 ppm for H and ¢ = 39.47
ppm for $*C; CDCls: § = 7.26 ppm for *H and 6 = 77.0 ppm for
B3C). The assignment of the signals in the *H and *C NMR
spectra was based on additional 2D homo- and hetero-nuclear
correlation experiments (H,H-COSY, H,C-HSQC and H,C-
HMBC). For NMR analysis purposes, the numbering of the
carbon atoms in the structure of the compounds reported in this
study is given in Scheme 1. Melting points were taken on a Mel
Temp |l apparatus and are uncorrected. Elemental analysis was
performed on a Vario EL 111 CHNS analyzer.

Synthesis of piperazine-containing amino ketones 7-10

A solution of piperazine (344 mg, 4 mmol) in distilled water
(10 mL) was added in one portion to the efficiently stirred so-
lution of the ketone Mannich base hydrochloride 3-6 (8 mmaol)
in distilled water (50 mL). The resulting mixture was stirred at
room temperature for 24 h, then the solid material was filtered,
thoroughly washed with distilled water, air-dried, and recrys-
tallized from the appropriate solvent.

3,3'-(Piperazine-1,4-diyl)bis(1-phenylpropan-1-one) 7. Color-
less crystals from 96% ethanol (1.15 g, 82%), mp 146-147 °C
(literature mp 141 °C*; literature mp 141.5-144 °C*). H
NMR (CDCls, 400.1 MHz): 6 2.56 (br s, 8H, H1), 2.84 (t, J =
7.6 Hz, 4H, H2), 3.19 (t, J = 7.6 Hz, 4H, H3), 7.42-7.49 (m,
4H, H7), 7.52-7.59 (m, 2H, H8), 7.95 (dd, J = 1.2 and 8.0 Hz,
4H, H6). **C NMR (CDCls, 100.6 MHz): ¢ 36.3 (C3), 53.1
(C2), 53.2 (C1), 128.0 (C6), 128.6 (C7), 133.1 (C8), 137.0
(C5), 199.1 (C4).

3,3'-(Piperazine-1,4-diylbis[1-(4-chlorophenyl)propan-1-one]
8. Colorless crystals from 96% ethanol (1.29 g, 77%), mp 168
169 °C.*H NMR (CDCls, 400.1 MHz): 6 2.55 (br s, 8H, H1),
2.82 (t, J=7.6 Hz, 4H, H2), 3.14 (t, J = 7.6 Hz, 4H, H3), 7.43
(d, J=8.8 Hz, 4H, H7), 7.89 (d, J = 8.8 Hz, 4H, H6). °C NMR
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(CDCl;, 100.6 MHz): 9 36.3 (C3), 53.0 (C2), 53.2 (C1), 129.0
(C7), 129.4 (C6), 135.2 (C5), 139.6 (C8), 197.8 (C4).

3.3'-(Piperazine-1,4-diyl)bis[1-(4-bromophenyl)propan-1-one]
9. Colorless crystals from 96% ethanol (1.42 g, 70%), mp 159—
160 °C. 'H NMR (CDCls, 400.1 MHz): & 2.54 (br s, 8H, H1),
2.82 (t,J=7.2Hz, 4H, H2), 3.14 (t, J = 7.2 Hz, 4H, H3), 7.60
(d,J=8.4Hz, 4H, H7),7.81 (d, J = 8.4 Hz, 4H, H6). ®°C NMR
(CDClIs, 100.6 MHz): 6 36.3 (C3), 53.0 (C2), 53.2 (C1), 128.3
(C8), 129.5 (C6), 132.0 (C7), 135.6 (C5), 198.0 (C4).

3,3'-(Piperazine-1,4-diyl)bis[1-(naphthalen-2-yl)propan-1-
one] 10. Colorless crystals from 96% ethanol-chloroform 1:1
viv (1.12 g, 62%), mp 184-185 °C. 'H NMR (CDCls, 400.1
MHz): 6 2.62 (br s, 8H, H1), 2.92 (t, J = 7.2 Hz, 4H, H2), 3.33
(t,J=7.2 Hz, 4H, H3), 7.52-7.64 (m, 4H, H10, H11), 7.89 (MM
4H, H7, H9), 7.96 (d, J = 8.0 Hz, 2H, H12), 8.03 (dd, J = 2.0
and 8.4 Hz, 2H, H6), 8.48 (s, 2H, H14). °C NMR (CDClIs,
100.6 MHz): ¢ 36.3 (C3), 53.2 (C1), 53.3 (C2), 123.8 (C6),
126.8 (C11), 127.8 (C9), 1285 (C7, C10), 129.6 (C12), 129.7
(C14),132.5(C13), 134.2 (C5), 135.6 (C8), 199.1 (C4).

Reduction of piperazine-containing amino ketones 7-10

Small portions of NaBH, (380 mg, 10 mmol) were added to the
suspension of a ketone Mannich base 7—10 (2 mmol) in meth-
anol (20 mL), and the resulting mixture was stirred in a stop-
pered flask at room temperature overnight. The solvent was re-
moved under reduced pressure, water (50 mL) was then added
to the solid material, the suspension was further stirred at room
temperature for 30 min, then the solid material was filtered,
washed thoroughly with water, air-dried, and recrystallized
from an appropriate solvent.

3,3'-(Piperazine-1,4-diyl)bis(1-phenylpropan-1-ol) 11. Color-
less crystals from 96% ethanol (460 mg, 65%), mp 153-155 °C
(literature mp 158-161 °C*). *H NMR (CDCls, 400.1 MHz): 6
1.83-1.97 (m, 4H, H3), 1.95-3.67 (M, 12 H, H1, H2), 4.96 (dd,
J=44and 6.8 Hz, 2H, H4), 6.59 (s, 2H, OH), 7.24-7.31 (m,
2H, H8), 7.33-7.43 (m, 8H, H6, H7). *C NMR (CDCls, 100.6
MHz): 6 33.6 (C3), 53.2 (br, C1), 56.9 (C2), 75.6 (C4), 125.5
(C6), 127.0 (C8), 128.2 (C7), 144.7 (C5).

3,3"-(Piperazine-1,4-diyl)bis[1-(4-chlorophenyl)propan-1-ol]
12. Colorless crystals from 96% ethanol (675 mg, 80%), mp
179-181 °C. 'H NMR (CDCls, 400.1 MHz): 6 1.72-1.92 (m,
4H, H3), 1.77-3.61 (m, 12 H, H1, H2), 4.91 (dd, J=4.0 and 7.6
Hz, 2H, H4), 6.65 (s, 2H, OH), 7.30 (s, 8H, H6, H7). °C NMR
(CDCls, 100.6 MHz): 6 33.6 (C3), 53.1 (br, C1), 56.9 (C2), 75.0
(C4),126.9 (C6), 128.4 (C7), 132.6 (C8), 143.3 (C5).

3.3-(Piperazine-1,4-diyDbis[1-(4-bromophenyl)propan-1-ol]
13. Colorless crystals from 96% ethanol-DMF (625 mg, 61%),
mp 211-213 °C. *H NMR (CDCls, 400.1 MHz): § 1.69-1.93
(m, 4H, H3), 1.80-3.60 (m, 12 H, H1, H2), 4.89 (dd, J = 3.6 and
7.2 Hz, 2H, H4), 6.66 (s, 2H, OH), 7.24 (d, J = 8.4 Hz, 4H, H6),
7.46 (d, J=8.0 Hz, 4H, H7). °C NMR (CDCls, 100.6 MHz): 6
33.5(C3),53.2 (br, C1),56.9 (C2), 75.0 (C4), 120.7 (C8), 127.3
(C6), 131.3 (C7), 143.8 (C5).

3.3'-(Piperazine-1,4-diyDbis[1-(naphthalen-2-yl)propan-1-ol]
14. Colorless crystals from 96% ethanol-DMF (700 mg, 77%),
mp 206-207 °C. 'H NMR (CDCls, 400.1 MHz): 6 1.88-2.07
(m, 4H, H3), 1.95-3.55 (m, 12H, H1, H2), 5.12 (dd, J = 4.0 and
6.8 Hz, 2H, H4), 6.71 (br s, 2H, OH), 7.38-7.53 (m, 6H, aro-
matic protons), 7.77-7.94 (m, 8H, aromatic protons). 13C
NMR (CDCI3, 100.6 MHz): & 33.6 (C3), 53.2 (br, C1), 57.0
(C2),75.6 (C4),123.9,124.0,125.5,126.0, 127.6, 127.9 (2 car-
bon atoms), 132.7, 133.4, 142.2 (C5).

Dehydration of piperazine-containing amino alcohols 11-14

A mixture of an amino alcohol 11-14 (1 mmol), glacial acetic
acid (5 mL) and aqg. 36% HCI (3 mL) was heated at reflux tem-
perature for 3 h. The mixture was allowed to reach room tem-
perature and was then diluted under efficient stirring with water
(50 mL). The solid material was filtered and washed thoroughly
with water. Its suspension in 96% ethanol (10 mL) was treated
with ag. 25% ammonia (0.5 mL) and stirred in a stoppered flask
at room temperature for 3 h. The mixture was gradually diluted
with water (20 mL), the solid was filtered, washed thoroughly
with water, air-dried, and recrystallized from an appropriate
solvent.

trans-1,4-Bis[3-(phenyl)prop-2-en-1-yl]piperazine 15. Color-
less crystals from 96% ethanol (165 mg, 52%), mp 122-123 °C
(literature mp 126-127 °C*) 'H NMR (CDCls, 400.1 MHz): 6
2.56 (br s, 8H, H1), 3.20 (d, J = 6.8 Hz, 4H, H2), 6.29 (dt, J =
6.9 and 15.9 Hz 2H, H3), 6.48 (d, J = 16.0 Hz, 2H, H4), 7.23
(t, J=7.2Hz, 2H, H8), 7.31 (t, J = 7.5 Hz, 4H, H7), 7.38 (d, J
=7.8 Hz, 4H, H6). *C NMR (CDCls, 100.6 MHz): 6 53.0 (C1),
61.0 (C2), 126.2 (C3), 126.3 (C6), 127.5 (C8), 128.6 (C7),
133.3 (C4), 136.8 (C5). Anal. Calc. for CHzN2: C, 82.97; H,
8.23; N, 8.80. Found: C, 82.68; H, 8.05; N, 8.94.

trans-1,4-Bis[3-(4-chlorophenyl)prop-2-en-1-yl]piperazine 16.
Colorless crystals from 96% ethanol (250 mg, 64%), mp 139-
140 °C.*™H NMR (CDCls, 400.1 MHz): 6 22.60 (br s, 8H, H1),
3.16 (d, J =6.4 Hz, 4H, H2), 6.19-6.30 (m, 2H, H3), 6.54 (d, J
= 16.0 Hz, 2H, H4), 7.25-7.30 (m, 8H, H6, H7, overlapped
with solvent residual peak). *C NMR (CDCl;, 100.6 MHz): §
53.2(C1),60.9 (C2), 127.3(C3), 127.5(C7), 128.7 (C6), 131.8
(C4), 133.1 (C8), 135.4 (C5). Anal. Calc. for CH24CI2N,: C,
68.22; H, 6.25; N, 7.23. Found: C, 67.96; H, 6.41; N, 7.08.

Hydrochloride 16-HCI. Yield 77%. Colorless solid, mp >280
°C. 'H NMR (DMSO-ds, 400.1 MHz): & 3.26 (br s, 8H, H1),
3.85(d, J = 6.8 Hz, 4H, H2), 6.25 (dt, J = 6.8 Hz and 15.9 Hz,
2H, H3), 6.86 (d, J = 16.0 Hz, 2H, H4), 7.44 (d, J = 8.8 Hz, 4H,
H7), 7.52 (d, J = 8.4 Hz, 4H, H6). *C NMR (DMSO-ds, 100.6
MHz): 6§ 47.7 (C1), 56.8 (C2), 119.7 (C3), 128.1 (C6), 128.4
(C7),132.7 (C8), 134.3 (C5), 136.5 (C4).

trans-1,4-Bis[3-(4-bromophenyl)prop-2-en-1-yl]piperazine

17. Colorless crystals from 96% ethanol (325 mg, 68%), mp
163-164 °C. 'H NMR (CDCls, 400.1 MHz): 6 2.56 (br s, 8H,
H1),3.15(d, J= 6.8 Hz, 4H, H2), 6.21-6.32 (m, 2H, H3), 6.46
(d, J=15.6 Hz, 2H, H4), 7.22 (d, J = 8.4 Hz, 4H, H6), 7.42 (d,
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J = 8.4 Hz, 4H, H7). 3C NMR (CDCls, 100.6 MHz): d 53.2
(C1), 60.9 (C2), 121.2 (C8), 127.4 (C3), 127.8 (C6), 131.6
(C7), 131.9 (C4), 135.8 (C5). Anal. Calc. for Cz2H24Br2Nz: C,
55.48; H, 5.08; N, 5.88. Found: C, 55.73; H, 4.98; N, 6.03.

trans-1,4-Bis[3-(naphthalen-2-yl)prop-2-en-1-yl]piperazine
18. Colorless crystals from 96% ethanol-chloroform (225 mg,
54%), mp 189-190 °C. *H NMR (CDClIs, 400.1 MHz): 6 2.63
(br s, 8H, H1), 3.25 (d, J = 6.8 Hz, 4H, H2), 6.42 (dt, J = 6.8
Hz and 15.6 Hz, 2H, H3), 6.70 (d, J = 15.6 Hz, 2H, H4), 7.38—
7.49 (m, 4H, H10, H11), 7.61 (dd, J = 1.6 and 8.8 Hz, 2H, H6),
7.72 (s, 2H, H14), 7.74-7.83 (m, 6H, H7, H9, H12). *C NMR
(CDClIs, 100.6 MHz): 6 53.3 (C1), 61.1 (C2), 123.5 (C6), 125.8
(either C10 or C11), 126.1 (either C10 or C11), 126.2 (C14),
127.0 (C3), 127.6 (C7 or C9), 127.9 (C12), 128.2 (C9 or C7),
132.9 (C8), 133.2 (C4), 133.6 (C13), 134.4 (C5). Anal. Calc.
for CsoHsoN2: C, 86.08; H, 7.22; N, 6.69. Found: C, 85.79; H,
7.01; N, 6.47.

Results and Discussion

The reaction sequence that has been devised to gain access to
the target compounds involves three steps and employs ketone
Mannich bases hydrochlorides 3-6 as starting materials
(Scheme 1). The first step enables the incorporation of the pi-
perazine ring in the structure of amino ketones 7-10. Similar
piperazine-containing amino ketones have been usually ob-
tained through a direct Mannich reaction between aryl methyl
ketones, paraformaldehyde and piperazine dihydrochloride,
followed by the conversion of the piperazine-containing ketone
Mannich base dihydrochlorides into the corresponding free ba-
ses by treatment with a base*?#3, This report presents the amine
exchange of dimethylamine in ketone Mannich base hydro-
chlorides 3-6 with piperazine as an alternative way for the
preparation of amino ketones 7-10. The reaction was con-
ducted at room temperature in water, a solvent in which both
compounds 3-6 and piperazine are soluble, whereas the prod-
ucts 7-10 are not, thus allowing their easy separation from the
reaction mixture by filtration. Piperazine should be added to the
solution of the ketone Mannich base hydrochloride in the form
of aqueous solution; addition of solid piperazine to the reaction
mixture may results in its slow dissolution owing to the coating
of the piperazine flakes with reaction product, as it was ob-
served in an early attempt toward the synthesis of amino ketone
8. The reaction products normally begin to precipitate from the
reaction mixture in a matter of minutes after piperazine has
been added. Nonetheless, complete conversion was not reached
in preliminary runs toward the synthesis of amino ketone 7 for
which the reaction time was short (1 h, 4 h, or 8 h), as further
amounts of piperazine-containing Mannich base continue to
separate from the clear filtrate separated after the isolation of
the amino ketone that had formed so far. Because only minute
amounts of insoluble material could still be observed in the fil-
trate from one of these initial runs after one day, the reaction
time was finally set for 24 h. The investigated amine exchange
reaction most likely proceeds through a combination of two

mechanisms. The first mechanism involves the nucleophilic
substitution of the easily leaving dimethylamino group (in the
form of dimethylamine hydrochloride) by piperazine, while
the second mechanism entails the slow elimination of dime-
thylamine hydrochloride from the Mannich base hydrochlo-
ride and subsequent fast addition of piperazine to the resulting
reactive vinyl ketone. The crude products isolated from this
reaction presented high purity (according to their proton NMR
spectra), with the exception of the material derived from 3-
dimethylamino-1-(naphthalen-2-yl)propan-1-one hydrochlo-
ride 6, whose proton NMR spectra showed signals that were
assigned to the free base of compound 6 (based on the pres-
ence a singlet at 2.32 ppm that correspond to the protons in
the two methyl groups of the dimethylamino moiety, and on
the presence of two triplets that appear in the spectrum close
and partially superimposed over the triplets associated with
protons in the methylene groups of reaction products 10). This
finding suggests that, at least in this case, side reactions also
occur during amine exchange. A plausible way for the for-
mation of the free base of compound 6 is a process in which
piperazine removes hydrochloric acid from the hydrochloride
of Mannich base 6, although the addition of dimethylamine
(formed through the extrusion by piperazine of HCI from di-
methylamine hydrochloride — the secondary product in the
amine exchange) to the aforementioned reactive intermediate
vinyl ketone could not be ruled out. The conversion of ketone
Mannich base hydrochlorides 3-6 into amino ketones 7-10
proceeds with good to excellent yields, but the yields of the
pure products are lowered to the values mentioned in Experi-
mental through loss incurred during recrystallization. While
amino ketone 7 could be recrystallized easily from 96% etha-
nol, recrystallization of amino ketone 8 required a rather large
volume of the same solvent. Given the high purity of crude
amino ketone 9 (that makes the product suitable for direct use
in the next step of the reaction sequence), only a small amount
(200 mg) required for analysis was recrystallized, and even
this quantity necessitated a significant volume of 96% etha-
nol. It was found out that crude amino ketone 10 could be re-
crystallized without significant loss from a reasonable volume
of a mixture of chloroform and ethanol, which also ensured
the removal of the free base of compound 6 present as a minor
impurity (approximately 8%) in the crude material isolated
from the synthesis. NMR analysis of pure amino ketones 7—
10 confirmed their structure through the presence in the pro-
ton spectra of these compounds of a broad singlet at approxi-
mately 2.5-2.6 ppm that integrates for eight protons and was
assigned to the hydrogen atoms in the piperazine ring. Addi-
tionally, two triplets centered at approximately 2.8-2.9 ppm
and 3.1-3.3 ppm that each integrate for four protons could be
observed in the proton spectra of compounds 7-10, and these
signals were associated with the protons in the methylene
groups in the oxopropyl fragment that links piperazine with
the aryl moieties in the structure of these compounds. Three
peaks, one at approximately 36 ppm and two close to one an-
other and having a chemical shift of approximately 53 ppm,
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were identified in the aliphatic region of the carbon spectra of
amino ketones 7-10 as the signals corresponding to the car-

bon atom from the methylene group adjacent to the carbonyl
group and to the two magnetically similar carbon atoms from
the two distinct types of methylene groups (in the oxopropyl
bridge and in the piperazine ring) adjacent to the nitrogen atom,
respectively. The carbon atom of the carbonyl group was as-
signed the peak close to 200 ppm. The correct number of aro-
matic protons and aromatic carbon atoms was identified in the
NMR spectra of each amino ketone 7-10.

[0}
o I A
AI'J\/\N(CHa)Z piperazine A 3 K/N A
_ T . \/W

“HCI water, rt, 24 h o
62-82%
36 7-10

NaBH,
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OH
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Scheme 1: Three-step synthetic approach to 1,4-bis(cinnamyl)piper-
azines from ketone Mannich bases.

Hydrogenation of the carbonyl group in amino ketones (either
as free bases or as hydrochlorides) has been usually conducted
using sodium borohydride in low molecular weight alcohols as
solvents®, although lithium aluminum hydride*#’ or molecular
hydrogen (very often in conjunction with catalysts designed to
induce stereoselectivity)®®° have been also employed as re-
ducing agents in this type of process. As both the stereoselec-
tivity of the process and the configuration of the resulting sec-
ondary amino alcohols were not critical for the next stage of the
reaction sequence leading to bis(cinnamyl)piperazines, reduc-
tion of piperazine-containing ketone Mannich bases 7-10 was
conducted using an excess of sodium borohydride as reducing
agent in methanol as solvent (Scheme 1). Given the low solu-
bility of these specific amino ketones in cold methanol, the sus-
pension of these Mannich bases was gradually treated with por-
tions of the reducing agent over one hour. As reduction pro-
ceeded, the suspension of compound 7 gradually turned into a
clear solution, whereas a solid material was present in the reac-
tion flask throughout the reaction in the case of compounds 8-
10, indicating that the amino alcohols 1214 are less soluble in
methanol than analog 11. In order to guarantee that the trans-
formation of the substrate is complete, reduction was allowed
to take place overnight in flask that was well-stoppered, with a
view to facilitate the persistence of hydrogen in the reaction

mixture. Removal of the solvent at the end of the reaction time
was preferred as the more general approach toward the isolation
of the crude reaction product, although direct dilution of the re-
action mixture with a five-fold volume of water and filtration
of the solid also allowed the isolation of amino alcohols 13 and
14 in amounts that were comparable to those recorded for the
same compounds in runs in which removal of methanol was
done prior to addition of water. The yields of the crude amino
alcohols 11-14 are very good (95% to 85%), but recrystalliza-
tion of compound 11 from 96% ethanol and of compound 13
from a mixture of DMF and 96% ethanol could not be accom-
plished without moderate loss of material. On the other hand, a
large volume of 96% ethanol was required to recrystallize the
crude sample of amino alcohol 12. The structure analysis of
amino alcohols 11-14 by NMR spectroscopy revealed several
significant changes in the proton spectra of these compounds
compared to the proton spectra of the parent amino ketones 7—
10. First, the peak corresponding to the protons in piperazine
ring in the spectra of amino ketones 7-10 (which was already
broad) becomes nearly flat in the spectra of amino alcohols 11—
14. This very broad peak superimposes the two multiplets as-
sociated with the diastereotopic protons of the methylene group
in the hydroxypropyl fragment adjacent to the secondary alco-
hol group, while the multiplet assigned to the protons of the
methylene group in the hydroxypropyl fragment neighboring
piperazine’s nitrogen atom shifts up-field compared to the po-
sition of the corresponding triplet associated with the same pro-
tons in the *H NMR spectra of amino ketones 7—-10. The proton
at the carbon atom of the secondary alcohol function appears as
a doublet of doublets at approximately 4.9 ppm in amino alco-
hols 11-13, while the deshielding effect of the naphthalene
moiety in compound 14 brings the value of this signal at 5.1
ppm. The use of CDCIz as NMR solvent for the spectroscopic
analysis of these compounds also allowed the identification of
the hydroxyl proton as a broad signal at approximately 6.6-6.7
ppm. As for *C NMR spectra of amino alcohols 11-14, both
the absence of any peak above 145 ppm and the presence of a
signal at approximately 75 ppm confirm the transformation of
the carbonyl group in amino ketones 7-10 into the secondary
alcohol function in the aforementioned amino alcohols. Be-
cause the peaks in the aromatic region of the *H and 2D NMR
spectra of compound 14 overlap one another to a large extent,
the exact assignment of the protons and carbons from the naph-
thalene moiety could not be done.

Dehydration of amino alcohols obtained from ketone Mannich
bases has been investigated only for a small number of sub-
strates, and our best endeavor has identified mostly individual
examples of dehydration of secondary y-amino alcohols that
are scattered over several isolated studies®8. These processes
take place in the presence of strong acids (HCI, HBr, H2SO4),
except for one report in which anhydrous CuSO4 was employed
as dehydrating agent®. An initial attempt at the dehydration of
piperazine-containing amino alcohol 12 was conducted in 48%
HBr according to a procedure that was used for the preparation
of 3-(dimethylamino)-1-(4-fluorophenyl)propene®. Rapid for-
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mation of a copious amount of the insoluble dihydrobromide of
the starting amino alcohol produced a solid mass that could no
longer be rendered homogenous through stirring, and succes-
sive addition of small volumes of 48% HBr up to 5 mL did not
improve the situation significantly. After workup, the crude
product that was isolated was analyzed by thin layer chroma-
tography and by proton NMR spectroscopy. Both investiga-
tions showed that the viscous oil that was isolated contained the
desired compound, along with some starting material and at
least two unknown impurities. Purification by crystallization
with 96% ethanol and subsequent recrystallization of the ob-
tained solid from 2-propanol allowed the isolation of the ex-
pected bis(cinnamyl)piperazine 16 in low yield (14%). To ad-
dress the solubility issue during synthesis, a second attempt at
obtaining compound 16 was performed in a mixture of acetic
acid and 36% HCI, according to a previously reported proce-
dure for the dehydration of tertiary amino alcohols*® (Scheme
1). The solid substrate dissolved readily in the mixture of sol-
vents, and reaction mixture remained homogenous for two
hours, when a solid started to separate. More solid precipitated
from the reaction mixture at the end of the reaction time when
the mixture was slowly allowed to reach room temperature.
Workup of the reaction mixture gave a solid, whose analysis by
NMR proved that it was the pure dihydrochloride of the target
bis(cinnamyl)piperazine 16 (yield 77%). Given its low solubil-
ity in DMSO-ds, the dihydrochloride was converted into the
free base by treatment of its suspension in ethanol with 25%
aqueous ammonia. The procedure allowed a 94% recovery of
the pure free base, whose structure was confirmed by recording
its NMR spectra in CDCls.The same approach was then used
to prepare the remaining bis(cinnamyl)piperazines 15, 17 and
18 with high purity and in good yields (ranging from 70% to
91% for the crude product), which were further reduced by re-
crystallization that was performed in order to obtain the analyt-
ical samples of each compound. Analysis of their structure by
proton NMR showed that the protons in the piperazine ring give
a broad singlet (like the signal of the same protons in amino
ketones 7-10) at approximately 2.6 ppm, while the signal asso-
ciated with the protons in the methylene group of the allyl frag-
ment appears as a doublet close to 3.2 ppm. The signal assigned
to the vinylic proton at the carbon adjacent to the methylene
group presents as a partially superimposed doublet of triplets
approximately in the range of 6.2—6.3 ppm (the signal is slightly
deshielded in the case of naphthalene-containing derivative
18). The remaining vinylic proton gives a doublet with a large
value of the coupling constant (16 ppm), which indicates that
the configuration at the double bond in these compounds is
trans. The aliphatic region of the carbon NMR spectra of
bis(cinnamyl)piperazines 15-18 presents only two peaks (one
for the magnetically equivalent carbon atoms in the piperazine
ring, and the second for the carbon atom of the methylene group
in the allyl fragment), while correlation spectroscopy experi-
ments allowed the identification of the two carbon atoms of the
double bond at 126-127 ppm and 131-133 ppm, as well as the

correct assignment of the peaks for the aromatic carbon atoms
in the structure of each target bis(cinnamy!l)piperazine.

Conclusions

This study is proof-of-concept that the designed approach to-
ward symmetrically substituted 1,4-bis(cinnamyl)piperazines
allows the preparation of these compounds. The required inter-
mediates can be obtained in a facile manner, and very often suf-
ficiently pure to be used as such in the next step. Nonetheless,
the intermediate compounds in the devised reaction sequence
can be purified using recrystallization from organic solvents,
without any need for chromatographic separation, although pu-
rification results in reduction of yields. Because of this, even
though the yields for each of the three steps are good to very
good, the total yield (calculated by considering the purification
process) for a specific 1,4-bis(cinnamyl)piperazine described in
this report is modest (in the range of 25% to 40%). However,
this approach could be a viable alternative for the synthesis of
such compounds in those cases when the appropriately substi-
tuted cinnamyl halide required for the direct alkylation of pi-
perazine is neither available nor easily accessible through syn-
thesis. Furthermore, the use of ketone Mannich bases derived
from propiophenone and its analogs, or from benzofused cyclic
ketones such as a-tetralone and similar compounds according
to this approach could allow the preparation of piperazines that
would be otherwise obtained only in a difficult manner.
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