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Abstract Cinacalcet hydrochloride is the only approved drug acting as
calcimimetic, a new class of compounds used in the therapy of second-
ary hyperparathyroidism and parathyroid carcinoma. Several generic
drug manufacturers and research groups from academia have reported
alternative approaches to this molecule, mainly from (R)-(+)-1-(1-naph-
thyl)ethylamine. There are mainly three strategies that have been used
to couple this readily accessible enantiopure amine to the other part of
the molecule: amide formation followed by reduction, reaction with an
aldehyde and reduction of the resulting imine, and nucleophilic substi-
tution with a suitable partner that carries a leaving group. More exotic
approaches have also been disclosed. In the present review all of them
are discussed.
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1 Introduction

Cinacalcet (1), discovered by NPS Pharmaceuticals
twenty years ago,2 is the first drug in a new class of thera-
peutic agents (calcimimetics), which increase the sensitivi-
ty of calcium-sensing receptors (CaR) to the extracellular
calcium ions, thus lowering the parathyroid hormone (PTH)
production and release (Figure 1). This process results in a
simultaneous decrease of serum calcium and phosphorus
levels.3 The drug was approved by the FDA and the EMA in
2004 for the treatment of secondary hyperparathyroidism
in adult patients with chronic kidney disease on dialysis
and hypercalcemia in patients with parathyroid carcino-
ma.4 Currently it is marketed by Amgen as Sensipar® (USA,
Australia) and Mimpara® (Europe), and by Kyowa Kirin as
Regpara® (Asia). Tablets are formulated in strengths of 30,
60 and 90 mg of cinacalcet as the free base equivalent (33,
66 and 99 mg as the hydrochloride salt, respectively). Ci-
nacalcet hydrochloride (1·HCl) is a white to off-white, crys-
talline solid that is soluble in methanol or 95% ethanol and
slightly soluble in water. It has one chiral center, having an
R-absolute configuration. Its chemical name is N-[(R)-1-(1-
naphthyl)ethyl]-3-[3-(trifluoromethyl)phenyl]propan-1-amine
hydrochloride.

Figure 1  Structure of cinacalcet (1)

Given that cinacalcet a first-in-class drug, it is not a sur-
prise that several academic groups and generic drug manu-
facturers have searched for alternative synthetic proce-
dures. In fact, cinacalcet provides an excellent example of
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how a blockbuster drug is severely scrutinized by generic
manufacturers looking for the best synthetic route. So far,
however, all but one synthesis of cinacalcet revolve around
the use of (R)-(+)-1-(1-naphthyl)ethylamine (4) as the
source of chirality (see Scheme 24). This enantiopure amine
is readily accessed through classical or enzymatic resolu-
tion of the racemic precursor,5 and it is coupled to the other

part of the molecule mainly by three strategies: formation
of an amide followed by reduction, reaction with an alde-
hyde followed by reduction of the resulting imine, or, final-
ly, nucleophilic substitution with a suitably substituted
partner that carries a leaving group. More exotic approach-
es have also been disclosed. These synthetic strategies are
discussed in detail below.
Biographical Sketches
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2 Synthetic Approaches Involving the Syn-
thesis of an Amide Followed by Its Reduction

In addition to (R)-(+)-1-(1-naphthyl)ethylamine (4), the
key reagent for the synthesis of cinacalcet using an amide
intermediate is the 3-(trifluoromethyl)cinnamic acid (6),6
easily available from 3-trifluoromethylbenzaldehyde by
Perkin condensation with acetic anhydride and sodium
acetate,7 or by Knoevenagel–Doebner condensation with
malonate, acetic acid, and piperidine.8 A Heck reaction of a
3-(trifluoromethyl)aryl halide with acrylic acid has also
been used for the synthesis of 6.9

From these two precursors, in order to accomplish ci-
nacalcet synthesis, three transformations are required: cat-
alytic hydrogenation of unsaturated acid 6 to acid 3, amide
formation, and, finally, amide reduction. Alternatively,
acrylamide 5 can be synthesized from amine 4 and unsatu-
rated acid 6, followed by catalytic hydrogenation of the car-
bon–carbon double bond to amide 2 and amide reduction
(Scheme 1). Amgen, Boehringer Ingelheim, Dr Reddy’s, Ind-
Swift, MacLeods, Sandoz and Evans and co-workers have all
disclosed processes, which are assessed next, involving am-
ides 2 or 5. Alternative processes involving other amides,
developed by Amgen, Optimus and Beller and co-workers,
are considered separately.

Scheme 1  Retrosynthetic analysis of cinacalcet from cinnamic acid de-
rivative 6 and amine 4

2.1 Approaches Involving Saturated Amide 2 from 
Acid 3

Process chemists from Amgen have reported a safe,
practical, atom-economical and highly efficient approach to
cinacalcet. The procedure involves only three synthetic
steps with an overall yield of 85%.10

They first studied the catalytic hydrogenation of 3-(tri-
fluoromethyl)cinnamic acid (6) in the presence of palladi-
um hydroxide (20 wt% on carbon) under moderate hydro-
gen pressure (3–4 atm). A solvent survey concluded that
rapid conversions (2 h at r.t.) were observed with primary
alcohols (MeOH or EtOH), however alkyl ester by-products
were formed. This side reaction was suppressed by using
isopropanol as solvent, which decreased the reaction rate
(>12 h for full conversion). Ultimately, toluene was chosen
as an ideal solvent for this hydrogenation, as it allowed for
an increase in the reaction temperature which compensat-
ed for the decrease in the reaction rate. The complete con-
version was accomplished at 50 °C within 1–3 hours. After
catalyst filtration the crude product was used directly in
the next step (Scheme 2).

Scheme 2  Retrosynthetic analysis of cinacalcet from cinnamic acid de-
rivative 6 and amine 4

The coupling was successfully performed by heating an
equimolar mixture of (R)-1-(1-naphthyl)ethylamine (4) and
3-[(3-trifluoromethyl)phenyl]propionic acid (3), in the ab-
sence of solvent, to 140–150 °C. The water formed was re-
moved by continuous distillation. According to the authors,
the key to this reaction is that the amide 2 remains liquid
throughout the condensation. A clean reaction profile was
observed despite the rather forcing conditions employed.
After extractive removal of low residual starting materials
by aqueous basic and acidic washes, the crude amide (95%
solution yield, >99% HPLC purity) was used directly in the
subsequent reaction. However, taking into account that the
free amine is sensitive to oxidation, and that carbonate for-
mation occurs when exposed to air,10 amine 4 was used in
its hydrochloride form. This alternative form of the starting
material is a stable, crystalline, non-hygroscopic salt, and
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can be conveniently converted, in quantitative yield, into
the free base by treatment of a toluene solution with aque-
ous 20% sodium hydroxide. A solution of the amine is then
mixed with a solution of the propionic acid. Removal of the
toluene by distillation is followed by direct condensation to
amide 2 (Scheme 2).

The reduction was investigated with lithium aluminum
hydride or borane as reducing agents. Dr. Reddy’s and aca-
demic researchers from the University College Dublin have
independently reported yields of up to 80% using lithium
aluminum hydride,11,12 while Amgen’s chemists found that
cleaner reactions (<1% starting material, no impurity >0.5%)
were usually observed with borane. Initially the borane was
generated in situ from sodium borohydride in the presence
of sulfuric acid, but this protocol led to the formation of im-
purities 7 and 8 in low quantities (Figure 2).

Figure 2  Impurities detected during Amgen’s process

Fortuitously, these side products were not observed
when boron trifluoride was used under anhydrous condi-
tions. In the optimized process, the reaction was carried out
by the addition of boron trifluoride–tetrahydrofuran to so-
dium borohydride in a mixture of diglyme and tetrahydro-
furan at 45–60 °C. After hydrolysis of the amine–borane
complex and subsequent treatment of the crude reaction
mixture, the product was isolated as its hydrochloride salt.
The latter was recrystallized from aqueous methanol to fur-
nish material of a very high purity (>99.5%). Prior to the re-
crystallization, impurities 9 and 10 (Figure 2), arising from
reduction of the naphthalene ring, were observed in low
levels (<0.1%).10 Both structures were established by inde-
pendent synthesis.13

Alternative procedures seem to be less efficient. For ex-
ample, Dr. Reddy’s has reported the formation of amide 2 by
condensation of acid 3 with amine 4 in the presence of
N,N′-dicyclohexylcarbodiimide (DCC) and hydroxyben-
zotriazole (HOBt) in 83% yield. Without HOBt the yield was
slightly lower (73.5%).11 Geoghegan et al. have used 1-ethyl-
3-(3-dimethylaminopropyl)carbodiimide (EDCI) in the
presence of N,N-diisopropylethylamine (DIPEA) in dichloro-
methane for the coupling.12 The amide has also been syn-
thesized by previous activation of acid 3 with ethyl chloro-
formate, as reported by scientists at Sandoz.14 Reaction of

acid 3 with ethyl chloroformate in ethyl acetate at 0–5 °C in
the presence of triethylamine, followed by addition of the
enantiopure amine 4 at this temperature and subsequent
work-up, led to the saturated amide 2 in 76% yield. Amide 2
has also been synthesized by conversion of acid 3 into its
corresponding acyl chloride with thionyl chloride in tolu-
ene, followed by reaction with the enantiopure amine in di-
chloromethane in the presence of triethylamine. Both Ind-
Swift and McLeods have reported very high yields for this
transformation.15,16 Finally, a direct conversion of acid 3
into amide 2 has been claimed by Ind-Swift by using a cata-
lytic amount of boric acid in toluene at reflux and with
azeotropic distillation of water. According to the work from
this company, amide 2 is obtained in quantitative yield
(Scheme 3).15

Scheme 3  Alternative syntheses of amide 2 from propionic acid 3

Regarding the reduction of the amide to cinacalcet, in
addition to the aforementioned Amgen procedure, several
conditions and reagents have been explored. For example,
alternative sources for borane have been investigated by
Ind-Swift, leading to the disclosure of a quantitative reduc-
tion using BH3·Me2S complex in refluxing tetrahydrofu-
ran.15 The Macleods procedure, using a mixture of sodium
borohydride and molecular iodine in tetrahydrofuran at re-
flux, led to 90% yield and with a purity higher than 99.9%.16

Recently, Boehringer Ingelheim’s process chemists have
reported a new method for the reduction of primary, sec-
ondary and tertiary amides to amines using catalytic triru-
thenium dodecacarbonyl and 1,1,3,3-tetramethyldisiloxane
(TMDS). In this context, reduction of the amide 2 using
Ru3(CO)12 (1% mol) and TMDS in toluene at 50 °C for 18
hours, followed by the addition of hydrochloric acid, gave
cinacalcet hydrochloride in 93% yield.17

2.2 Approaches Involving Acrylamide 5

As already discussed, it is possible to carry out first the
coupling between unsaturated acid 6 and the amine 4, fol-
lowed by the stepwise reduction of the carbon–carbon dou-
ble bond and the amide.
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    2. 4, CH2Cl2, 
        Et3N, 94%
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Dr. Reddy’s has reported the condensation of 3-(trifluo-
romethyl)cinnamic acid (6), with (R)-(+)-1-(1-naphth-
yl)ethylamine (4) in the presence of DCC in dichlorometh-
ane, obtaining 76% yield and an HPLC purity of 97%.11 As al-
ready mentioned, it is possible to activate the propionic
acid derivative 3 with ethyl chloroformate or through its
conversion into the corresponding acyl chloride. Both possi-
bilities have been also explored with unsaturated acid 6.
Reaction of 6 with ethyl chloroformate in ethyl acetate at 0–
5 °C, followed by addition of the enantiopure amine 4 at
this temperature, led to the acrylamide derivative 5 in 73%
yield.14 When the acid was activated as its acyl chloride and
the coupling was carried out in toluene in the presence of
triethylamine, the acrylamide derivative was obtained in
82% yield.18 A similar yield (88%) were reported by Ind-
Swifts who used tert-butyl methyl ether and sodium car-
bonate (Scheme 4).15 Finally, the activation of 6 with 1,1′-
carbonyldiimidazole in ethyl acetate at room temperature
for three hours furnished 5 in only 14% yield.18

Scheme 4  Alternative syntheses of amide 5 from acid 6 and reduction 
to amide 2

The acrylamide 5 was hydrogenated (5 atm H2, MeOH)
using either Pd/C or Raney nickel as catalyst, to furnish the
saturated amide 2 in 95 or 88% yield, respectively (Scheme
4).11,14 The reduction of amide 2 to cinacalcet has already
been discussed in the previous section.

The earlier attempts to reduce 5 directly to cinacalcet
using either lithium aluminum hydride in tetrahydrofuran,
Vitride® in toluene or diisobutylaluminum hydride in tolu-

ene–dichloromethane, furnished 49, 39 and 60% yields, re-
spectively.11,18 More recently, Amgen achieved a 93% yield
for this transformation using borane generated in situ from
borane–dimethylsulfide complex (Scheme 5).18

In summary, Amgen has developed both the shortest
and the highest overall yielding sequences for the synthesis
of 1.

2.3 Alternative Approaches Involving Amides

Amgen has claimed in a patent several alternative ap-
proaches to cinacalcet. Most of them have limited industrial
interest as expensive reagents and/or low yields are in-
volved.18

In their first approach, (R)-1-(1-naphthyl)ethylamine
reacted with acryloyl chloride to give acrylamide 11 in 79%
yield. The key step of the process is a metal-catalyzed cross-
coupling reaction between acrylamide 11 and 1-bromo-3-
(trifluoromethyl)benzene, using palladium(II) acetate (5%
catalyst) and tri-o-tolylphosphine (10% catalyst) in acetoni-
trile; amide 5 was isolated in 79% yield. Of note, when 3-
(trifluoromethyl)phenylboronic acid was used instead of
the bromo derivative, the yield was much lower (only 9%).
An alternative approach to acrylamide 5, using a metathesis
reaction of acrylamide 11 with 3-(trifluoromethyl)styrene
in the presence of the Grubbs second-generation catalyst
(15% mol), furnished amide 5 in a mere 7%. The last step is
the reduction of amide 5 to cinacalcet in 93% yield using bo-
rane generated from borane–dimethylsulfide complex
(Scheme 6).18

In the same patent, Amgen also disclosed the synthesis
of cinacalcet from a propynamide.18 First, 1-ethynyl-3-(tri-
fluoromethyl)benzene is deprotonated with n-butyllithi-
um, and added to a solution of (R)-1-(1-isocyanatoeth-
yl)naphthalene (12; synthesis not described) to give pro-
pynamide 13 in 89% yield. In this case, the direct reduction
of the propynamide with borane led to cinacalcet in only
22% yield. However, catalytic hydrogenation of the alkyne
(Pd/C, MeOH) yielded the saturated amide in quantitative
yield. The reduction of the amide is not described in this
patent, but give the yield (90%) claimed by Amgen in refer-
ence 10 (see above), we can estimate a roughly 80% overall
yield for this approach (Scheme 7).

H
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6
a) DCC, 4, CH2Cl2, 76%
    or
b) 1. SOCl2, toluene;
    2. 4, t-BuOMe, 
        Na2CO3, 88%
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         EtOAc, Et3N;
    2. 4, 0–5 °C, 73%
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Scheme 5  Direct reduction of amide 5 to cinacalcet
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a) LiAlH4, THF, 49%
    or
b) Vitride, toluene, 39%
    or
c) DIBAL-H, toluene, 60%
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d) BH3·Me2S, THF, toluene,
    50 °C, 3h, 93%
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Scheme 7  Synthesis of cinacalcet through propynamide 13

A third approach disclosed by Amgen revolves around a
rhodium-catalyzed hydroformylation reaction between (R)-
1-(1-naphthyl)ethylamine (4) and 3-(trifluoromethyl)sty-
rene. The amide 2 is isolated in only 54% yield (Scheme 8).18

Scheme 8  Synthesis of 2 by a rhodium-catalyzed hydroformylation

Optimus has applied for an Indian patent with a four-
step synthesis of cinacalcet from 6 (Scheme 9). Bromination
of 6 in acetic acid led to its dibromo derivative 14 in 81%
yield which, after coupling with enantiopure amine 4 in di-
chloromethane using HOBt and DCC, furnished amide 15 in
78% yield. Catalytic hydrogenation (5 atm, Pd/C, KOH) of a

methanolic solution of amide 15 gave crude saturated am-
ide 2 that, without further purification, was reduced to ci-
nacalcet by borane generated from sodium borohydride
and boron trifluoride–diethyl ether complex in anhydrous
tetrahydrofuran. After the work-up, cinacalcet hydrochlo-
ride was isolated in 56% yield (from 15) and 99.8% purity.19

Scheme 9  Synthesis of cinacalcet through dibromo derivatives 14 and 
15

Recently, Beller and co-workers developed a straightfor-
ward process for the N-alkylation of amines from readily
available carboxylic acids and using silanes as the hydride
source. The reaction proceeds through the direct condensa-
tion of the amine with the carboxylic acid to produce a car-
boxamide, followed by in situ reduction.20 The reaction of
the enantioenriched 4 (88% ee) and acid 3 with phenylsi-
lane in the presence of an in situ formed platinum catalyst,
generated from commercially available Karstedt’s catalyst
and 1,2-bis(diphenylphosphino)ethane (dppe), afforded
1·HCl in 74% isolated yield without any observed racemiza-
tion. This process is the first one-pot catalytic synthesis of
cinacalcet (Scheme 10). Shortly thereafter, Fu and co-work-
ers reported a metal-free alternative that involves a boron-
based catalyst, tris(pentafluorophenyl)borane, that furnish-
es cinacalcet in 87% yield.21

Scheme 6  Synthesis of cinacalcet through acrylamide 11

5

NH2

acryloyl chloride

Et3N, toluene
 79%

H
N

O

  3-F3CC6H4Br

Pd(OAc)2, (o-tolyl)3P,
MeCN, Et3N

F3C

H
N

O

BH3·Me2S, 
THF

toluene, 
50 °C, 3 h

79%

F3C

H
N

93% 58% overall

4
11

1

F3CN

F3C H
N

O

H2, Pd/C (10%), 1 h

MeOH, r.t., 1 atm F3C

H
N

100%

C
O

n-BuLi, THF, –78 °C

89%

1) NaBH4, BF3·THF,
   THF/diglyme, 45–60 °C

2) Toluene, HCl
3) Recrystallization (MeOH/H2O) F3C

H
N

·HCl

O

90%
80% overall

12

13

2

1·HCl

4 2

F3C

NH2

F3C

H
N

40 atm SynGas (CO/H2)

O
54%

[Rh(COD2)]BF4, Xantphos

OH

O

OH

O 14

CF3
CF3

6

H
N

CF3

2 h, r.t., 81%

Br

Br

H
N

O 15

CF3

Br

Br

     3–4 h, r.t., 78%

1) KOH, Pd/C, 
    5 atm, H2,
    MeOH

2) NaBH4, 
    BF3·OEt2, 
    5 h, 45 °C
3) 10% aq HCl 1·HCl

HCl

Br2, CH3CO2H
4, HOBt, 
DCC, CH2Cl2
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Scheme 10  One-pot catalytic syntheses of cinacalcet from acid 3 and amine 4

3 Synthetic Approaches Involving a Reduc-
tive Amination

In these approaches, (R)-(+)-1-(1-naphthyl)ethylamine
reacts with either 3-(trifluoromethyl)cinnamaldehyde (18)
or 3-[3-(trifluoromethyl)phenyl]propanal (20), both avail-
able in bulk quantities. Actavis, Aurobindo, Erregierre and
Shasun have applied for patents involving aldehyde 18,
while Dipharma, DrReddy’s, Heterodrugs, Jubilant, Medi-
chem, MacLeods, NPS, Piramal, Teva, Torrent, Tyche and
Wockhardt have all disclosed procedures involving alde-
hyde 20. First, we will briefly discuss the reported proce-
dures for the synthesis of aldehydes 18 and 20. Next, we
will focus on the synthesis of cinacalcet from them.

3.1 Processes for the Synthesis of 3-(Trifluoro-
methyl)cinnamaldehyde (18), and 3-[3-(Trifluoro-
methyl)phenyl]propanal (20)

3-(Trifluoromethyl)cinnamaldehyde (18) is easily avail-
able by reduction of a suitable derivative of 3-(trifluoro-
methyl)cinnamic acid (6). For example, Aurobindo has dis-

closed that activation of the acid with ethyl chloroformate
followed by reduction with sodium borohydride led to the
allylic alcohol 17 in 90% yield. Oxidation of the alcohol with
sodium hypochlorite/TEMPO, DDQ or manganese(IV) oxide
furnished the required aldehyde in 88, 90 and 77% yields,
respectively.22 Alternatively, treatment of the carboxylic
acid with thionyl chloride followed by reaction of the acyl
chloride with piperidine led to amide 16 that was reduced
with Vitride® in toluene to the aldehyde 18 in 64% overall
yield. Also, reaction of the carboxylic acid with carbonyl-
diimidazole followed by reduction with Vitride® in toluene
led to aldehyde 18 in 59% yield (Scheme 11).23

There are several methods for the synthesis of 3-[3-(tri-
fluoromethyl)phenyl]propanal (20). Most of these proce-
dures involve the oxidation of 3-[3-(trifluoromethyl)phe-
nyl]propanol (25). However, there is also one example re-
porting the catalytic hydrogenation of 18 to 20 in 77%
yield,23 and several low-yielding procedures dealing with
the direct reduction of suitable derivatives (e.g., ester
22,24,25 amide 2123) of acid 3 (Scheme 12).

H
N

·HCl

1·HCl

OH

O

CF3

3
Karstedt's catalyst: [Pt(CH2=CHSiMe2)2O]

1) 4, Karstedt's catalyst (0.5 mol%) 
    dppe (0.5 mol%), PhSiH3 (4 equiv),
    n-Bu2O, 120 °C, 18 h

H
N

1
OH

O

CF3

3

1) 4, B(C6F5)3 (1 mol%)
    PhSiH3 (4 equiv), n-Bu2O, 
    120 °C, 20 h

2) work-up, column chromatography
             87% yield overall

CF3

CF3

2) work-up, column chromatography
3) HCl 
                74% yield overall

Scheme 11  Syntheses of aldehyde 18 from acid 6
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F3C1) SOCl2, 2 h
2) piperidine
    toluene

1,1'-carbonyl bis[1H-imidazole]
        THF, 1 h, r.t.

N

O

F3C
N

Vitride, toluene
59% overall

OH

O

H

O

1) ClCO2Et, 
Et3N, toluene

2) NaBH4, 
   dioxane
90% overall

OH

DDQ or MnO2
 or

TEMPO/NaOCl

77–90%

CF3

CF3
CF3

Vitride, toluene
64% overall

6
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Scheme 12  Syntheses of aldehyde 20 from aldehyde 18 or derivatives of acid 3

Scheme 13 collects several approaches to alcohol 25.
Actelion Pharmaceuticals has disclosed that reduction of
the acid 3 with borane led to alcohol 25 in 94% yield.26 The
same transformation has also been described in higher
yield (up to 98%) using lithium aluminum hydride in tetra-
hydrofuran.11 In another process, Unichem has disclosed
the direct reduction of ethyl 3-(trifluoromethyl)cinnamate
(24) to the saturated alcohol in nearly quantitative yield us-
ing cobalt chloride hexahydrate and sodium borohydride in
tetrahydrofuran, in the presence of a catalytic amount of di-

isopropylamine.27 Alternatively, both Dipharma and Medi-
chem have reported very similar procedures for the synthe-
sis of alcohol 25. First, 1-bromo-3-(trifluoromethyl)ben-
zene reacts with propargyl alcohol in the presence of a base
and a catalytic mixture of copper(I) iodide, triphenylphos-
phine and a source of palladium (PdCl2 or Pd/C) to give
alkyne 23. Dipharma does not mention the yield of the cou-
pling, as they reduced 23 directly to the saturated alcohol
25 in 87% overall yield.28 Medichem reports an 83% yield for
the coupling and a 71% yield for the hydrogenation.29

Scheme 13  Syntheses of saturated alcohol 25

H

O
18

Pd/C, EtOH
H

O

F3C

77%

F3C

20

N

O

F3C
1) SOCl2, 2 h
2) piperidine
    toluene

OH

O

H

O

OMe

CF3 CF3 CF3

Vitride, toluene
          44%

3
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2022

74%

H2SO4, 1 h
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DIBAL-H, toluene
–75 °C, 96% or

Vitride, toluene
N-methylpiperazine
61%
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MeOH, Δ
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CF3
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OH

CF3
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CoCl2·6H2O

THF, NaBH4

EtOH, Δ

H2SO4
OEt

O91%

BH3·THF, r.t., 24 h, 94% or

24

CF3

97%
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BrF3C

OH

BrF3C

cat: CuI, Pd/C, (C6H5)3P, Et3N

H2, Pd/C, 1 atm
MeOH, r.t., 
3 d

H2, Pd/C, 5 atm, 45 °C

                MeOH, 5 h
87%
overall

83%

71%

CF3

CF3
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 CCH2OH, H2O, 100 °C

cat: CuI, PdCl2, (C6H5)3P, Et3N

LiAlH4, THF, Δ, 98%
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From alcohol 25, several oxidation procedures have
been reported (Scheme 14). While the oxidation of the al-
cohol to the aldehyde with PCC worked only in moderated
yield,26 both Dipharma and Medichem have reported quan-
titative yields using either dimethyl sulfoxide and phospho-
rus pentoxide at room temperature or a TEMPO-catalyzed
process using bleach as stoichiometric oxidant.28,29 Tyche
has reported an 88% yield using the Corey–Kim oxidation
(DMS, Et3N, and NCS in toluene at –10 °C).30

Scheme 14  Oxidation of alcohol 25 to aldehyde 20

Finally, Scheme 15 collects two alternative approaches
to aldehyde 20. Jubilant has synthesized aldehyde 20 from
3-trifluoromethylaniline and acrolein via a diazonium salt,
although the yield was not disclosed.31

Scheme 15  Alternative syntheses of aldehyde 20

The first reported synthesis of aldehyde 20 involved a
four-step approach from allylmagnesium bromide and 3-
(trifluoromethyl)benzyl chloride in 26% overall yield. Epoxi-
dation with hydrogen peroxide and trifluoroacetic anhy-
dride led to epoxide 28 which was converted into 20 by for-
mation of glycol 29 and cleavage with lead(IV) acetate.32

3.2 Processes Involving 18

All these processes involve a reductive amination of 3-
(trifluoromethyl)cinnamaldehyde (18) with (R)-(+)-1-(1-
naphthyl)ethylamine (4). Each process differs with respect
to the reductive agent used, the purification conditions, and
wether the imine is isolated before the reduction. After the
reductive amination, a hydrogenation furnishes cinacalcet.

In a first approach, Erregierre disclosed a synthesis of ci-
nacalcet hydrochloride that involves the amination of alde-
hyde 18 with amine 4 in methanol to give a non-isolated
imino intermediate, 30, that is reduced in situ with sodium
borohydride to the corresponding allylic amine, 31, in 93.5%
yield (Scheme 16). After purification of the amine through-
out its oxalate salt, catalytic hydrogenation leads to cinacal-
cet free base in 79% yield; the latter is dissolved in ethyl
acetate and treated with hydrogen chloride gas, leading to
cinacalcet hydrochloride in 91% yield.33

Scheme 16  Erregierre’s method for the synthesis of cinacalcet

Actavis has reported a one-pot three-step synthesis of
cinacalcet base from 18 with 4. The reaction is carried out
in methanol, at 5–10 °C under hydrogen (3 atm) and in the
presence of palladium hydroxide. After an extractive work-
up, a 60% yield of cinacalcet base with a purity of 91% is ob-
tained (Scheme 17).34
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Scheme 17  Alternative methods for the synthesis of cinacalcet from 
aldehyde 18

Alternatively, the two reductive steps can be carried out
separately. In this vein, Aurobindo has disclosed a process
that involves a reductive amination of aldehyde 18 with
amine 4 using sodium triacetoxyborohydride in tetrahydro-
furan. The allylic amine obtained was further reduced by
catalytic hydrogenation to furnish cinacalcet hydrochloride.
The overall yield from the aldehyde to cinacalcet hydrochlo-
ride is 60% and the product is isolated with a purity of 99.9%
(Scheme 17).22 The reductive amination can also be carried
out in the presence of Ti(iPrO)4 to give an intermediate that,
without isolation, is hydrogenated to give cinacalcet in 44%
overall yield. In a very similar fashion, Shasun Pharmaceuti-
cals has disclosed the use of sodium borohydride for the re-
duction of the imine. In this process, the imine is formed
first and directly reduced to the allyl amine that is isolated
as its corresponding phosphate. Further reduction by cata-
lytic hydrogenation led to cinacalcet. Unfortunately, as it is
often encountered in the patent literature, the yields for
this process have not been reported (Scheme 17).35

3.3 Processes Involving 20

The discovery synthesis route for cinacalcet and its con-
geners by NPS Pharmaceuticals relied on two reductive am-
ination approaches (Scheme 18).36 Without giving any spe-
cific example, the first patent described a general route for
all the congeners that, for cinacalcet, would involve the con-
densation of methyl 1-(naphthyl) ketone with 3-[(3-trifluo-
romethyl)phenyl]propyl-1-amine (32) in the presence of ti-
tanium(IV) isopropoxide to give imine 33 that, by reduction
with sodium cyanoborohydride would lead to racemic ci-
nacalcet, that itself would be resolved by chiral HPLC. Alter-
natively, the same patent reports that condensation of alde-
hyde 20 with enantiopure amine 4 followed by reduction of
the enantiopure imine 34 with sodium cyanoborohydride
would afford enantiopure cinacalcet. This second approach
was experimentally accomplished later on by researchers at
Heterodrugs, who reported a 65% yield for the reductive
amination of aldehyde 20 by amine 4 in the presence of ti-
tanium(IV) isopropoxide.25 Unichem has reported that, af-
ter the titanium-induced coupling, the imine 34, without
isolation, can alternatively be reduced with sodium borohy-
dride in tetrahydrofuran to give cinacalcet base in 91%
yield.27

Alternatively, according to a procedure disclosed by
Piramal, the imine 34 can be obtained using sulfuric acid as
the catalyst in dichloromethane at 0–5 °C for one hour.
Without isolation, imine 34 can be reduced to cinacalcet us-
ing sodium borohydride in methanol. After work-up, the
hydrochloride salt of cinacalcet is obtained in 86% yield and
95% purity.37

In 2012, DrReddy’s reported a direct reductive amina-
tion of aldehyde 20 with amine 4 in dichloromethane–
methanol with sodium borohydride in the presence of a
catalytic amount (1% mol) of iron(III) triflate. The reaction
was very fast (about 5 minutes) and furnished cinacalcet
base in 80% yield.38
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1) stir together for 3 h, 
    5 °C, MeOH
2) Pd(OH)2, H2, 3 atm, 
    r.t., MeOH
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Scheme 18  Firsts approaches to cinacalcet (1)
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The same year, Wockhardt disclosed a reductive alkyla-
tion of amine 4 with aldehyde 20 in the presence of zinc
chloride and formic acid in methanol, using sodium cyano-
borohydride as the reducing agent. The process gave 95%
yield of cinacalcet base.39

More recently, Zhong and co-workers reported that the
reaction of aldehyde 20 with amine 4 in the presence of ti-
tanium(IV) chloride and 4 Å molecular sieves in toluene at
room temperature gave the expected imine in 85% yield.
Metal-free catalytic hydrogenation at 20 atmospheres using
a [2.2]paracyclophane-derived frustrated Lewis pair cata-
lyst afforded cinacalcet in 80% yield.40

Although the previous examples used a catalyst for the
imine formation, according to several reports, there is no
need for such a catalyst. Several generic manufacturers
have reported procedures revolving around the direct con-
densation of amine 4 and aldehyde 20 without any catalyst.
The imine, without isolation, has been reduced under sev-
eral conditions (Table 1).24,28,41–44

Table 1  Reduction of Imine Generated in Situ from 4 and 20

It should be noted that the oily nature of aldehyde 20
limits its purification. For this reason, very recently we have
developed a process for the synthesis of cinacalcet from the
sodium bisulfite adduct of aldehyde 20. The aldehyde was
first converted into its bisulfite adduct, 35, by reaction with
sodium bisulfite (1 equiv) in ethanol–water in 93% yield. Of
note, the reductive alkylation was carried out directly from
35 with the hydrochloride of amine 4 (0.9 equiv) in metha-
nol at room temperature, using sodium cyanoborohydride
as the reducing agent. After work-up, the hydrochloride of
cinacalcet was obtained in 90% yield (Scheme 19).45

Scheme 19  Synthesis of cinacalcet from 4·HCl and the bisulfite adduct 
of aldehyde 20

Another way to circumvent the purification and stabili-
ty issues related to aldehyde 20 (e.g., oxidation) and imine
34 (e.g., hydrolysis) was recently reported by Cossy and co-
workers. Their process involves a one-pot oxidation, imine–
iminium formation, and reduction from alcohol 25: the oxi-
dation of alcohol 25 with [bis(acetoxy)iodo]benzene (BAIB),
in the presence of a catalytic amount of 2,2,6,6-tetrameth-
yl-1-piperidinyloxyl (TEMPO) in dichloromethane, is fol-
lowed by the simultaneous addition of amine 4 and sodium
triacetoxyborohydride. Although the reaction has unques-
tionable academic interest and the overall yield is 84%,
some issues should be addressed before it can be applied in
an industrial setting: cost of the stoichiometric oxidant, use
of an excess of amine 4 (2 equiv) and use of column chro-
matography for final purification of cinacalcet (Scheme
20).46

Scheme 20  Synthesis of cinacalcet from alcohol 25

4 Synthetic Approaches Involving a Substi-
tution Reaction

Cinacalcet has also been synthesized by nucleophilic
substitution reactions. In these approaches, (R)-(+)-1-(1-
naphthyl)ethylamine (4) reacts with either an activated
(mesylate, tosylate, etc.) derivative of 3-[3-(trifluorometh-
yl)phenyl]propan-1-ol, the mesylate derivative of 3-[3-(tri-
fluoromethyl)phenyl]prop-2-yn-1-ol, or an allyl halide or
pseudohalide. Cipla, Dipharma, Dr. Reddy's, Ind-Swift,
Ranbaxy and Teva have all applied for patents involving a
substitution reaction.

4.1 Substitutions Involving Alkyl Halides or 
Pseudohalides

In this area, several leaving groups have been explored.
The reaction of the hydroxy group of alcohol 25 with 48%
aqueous hydrobromic acid led to 1-(3-bromopropyl)-3-(tri-
fluoromethyl)benzene (36) in 81% yield. However, reaction
of this bromo derivative with the enantiopure amine 4 led
to cinacalcet hydrochloride in only 34% yield (Scheme 21).11

Reagent Conditions Yield Manufacturer Ref.

NaBH(OAc)3 i-BuOAc 64% Medichem 41,42

NaBH(OAc)3 MeOH 72% Dipharma 28

NaBH4 toluene–MeOH, 
2–3 °C

96% Torrent Pharma 24

NaBH4, H3BO3 no solvent 85% Tyche 43

H2 (2–4 atm), 
Raney Ni

MeOH not reported Cadila Health-
care

44

H

O20

CF3

30–35 °C, 16 h
then 5 °C for 4 h

SO3Na

OH35

CF3
4·HCl, 

NaCNBH3
1

NaHSO3
EtOH, H2O

MeOH, 
20 h, r.t.

OH

25

CF3

BAIB, 
TEMPO

H

O20

CF3

4, NaCNBH3
1

CH2Cl2, r.t. 84%
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Scheme 21  Synthesis of cinacalcet from bromoalkyl derivative 36

Teva and Cipla have obtained much better yields (>85%)
in the substitution reaction, using the corresponding
mesylate 37 as the leaving group.46b,47–50 The reaction of al-
cohol 25 with mesyl chloride in toluene at 25 °C in the pres-
ence of triethylamine gave 37 as an oil in 93% yield. Several
alternative conditions (solvents, bases, etc.) for this substi-
tution reaction were studied. Toluene seemed to be the sol-
vent of choice, while potassium carbonate gave higher
yields than other bases. Of note, in several experimental
protocols, the carbamate 38 appeared as an important im-
purity (typically around 3%, but up to 40% working under
phase-transfer conditions).46b As usual, cinacalcet base was
purified through crystallization of its hydrochloride salt.
The overall yield from the mesylate to cinacalcet hydrochlo-
ride is about 62–70% (Scheme 22).

Scheme 22  Synthesis of cinacalcet from mesylate 37 and structure of 
carbamate 38

Ind-Swift has disclosed a variation of the previous ap-
proaches using two protected derivatives of 4, the N-Boc
derivative 40 or the p-nitrobenzene sulfonamide derivative
43.51 The alcohol is activated either as the mesylate or as
the tosylate. The protection of 4 works very well as the N-
Boc carbamate, however the sulfonamide is obtained in
only 80% yield. Both approaches presented some problems:
the reaction of the N-Boc carbamate 40 with the mesylate
gave N-Boc cinacalcet derivate 41 in a very high yield, but
containing impurity 42 in about 5%, which remains in ci-
nacalcet after the deprotection of the amine. The attack of
some adventitious alcohol 25 either to the starting carba-
mate 40 followed by N-alkylation with 37, or to the final
carbamate 41, may account for the formation of impurity
42. Several crystallizations must be done in order to assure
a good-quality product (Scheme 23). In the second ap-
proach, the reaction of the sulfonamide 43 with the tosylate
39 in toluene using triethylbenzylammonium chloride as a
catalyst gave, after purification, the p-nitrobenzene sulfon-
amide of cinacalcet, 44, in 74% yield. This product was
transformed into cinacalcet hydrochloride in 82% yield by
reaction with an excess of thiophenol in dimethyl sulfoxide,
in the presence of potassium carbonate and a catalytic
amount of triethylbenzylammonium chloride (Scheme 23).

Interestingly, in a very different approach, chemists at
Suven Life Sciences reported a novel route for the asymmet-
ric synthesis of cinacalcet hydrochloride. It consists in the
application of (R)-tert-butanesulfinamide (45) and the regio-
selective N-alkylation of the naphthylethyl sulfinamide in-
termediate.52 The uniqueness of this approach is that
prochiral 1-acetylnaphthalene (46) is used as starting ma-
terial, instead of (R)-(+)-1-(1-naphthyl)ethylamine (4).
First, the enantiopure 2-methylpropane-2-sulfinic acid 1-
(1-naphthyl)ethylamide (48) is prepared with a diastereo-
meric ratio of 73:27, and by recrystallization of the crude,
48 is obtained in 99.94% ee in 68% yield. The reaction of this
intermediate with 1-(3-bromopropyl)-3-(trifluorometh-
yl)benzene and lithium hexamethyldisilazide in N,N-di-
methylformamide leads to the expected alkylated product,
49, in 70% yield. A similar yield was obtained starting from
intermediate 48 with 1-(3-iodopropyl)-3-(trifluorometh-
yl)benzene. As a last step, hydrolysis in tert-butyl methyl
ether with concentrated hydrochloric acid at room tem-
perature furnishes pure cinacalcet hydrochloride in 91%
yield and 99.9% ee (Scheme 24).
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Scheme 24  Synthesis of cinacalcet from ketone 26 and (R)-tert-bu-
tanesulfinamide (45)

Finally, it should be mentioned that, as an example of a
novel copper-catalyzed oxidative trifluoromethylation of
aryl boronic acids, Qing and co-workers have reported a

formal synthesis of cinacalcet which has academic interest
(Scheme 25).53 The synthesis parallels the previously dis-
cussed approaches but with a chlorine atom instead of the
trifluoromethyl group. After incorporating the basic scaf-
fold of cinacalcet in the N-Boc-protected analogue 51, the
trifluoromethyl group was introduced using the novel pro-
tocol developed by the authors, leading to N-Boc derivative
41, the conversion of which to cinacalcet was already
known (Scheme 23).

4.2 Substitutions Involving Allyl Halides or Pseudo-
halides

Amgen has disclosed two approaches to cinacalcet that
involve substitution reactions (Scheme 26).18 In a first ap-
proach, amine 4 reacts with allyl acetate 54 in the presence
of palladium(0) to give 31 in 83% yield. Alternatively, amine
4 reacts with 1-[3-(trifluoromethyl)phenyl]prop-2-en-1-ol
(56) in the presence of a platinum catalyst to give unsatu-
rated amine 31 in 44% yield. We have already seen that 31
can be easily reduced to cinacalcet by catalytic hydrogena-
tion (see Schemes 16 and 17).

Scheme 23  Synthesis of cinacalcet from mesylate 37 or tosylate 39 and structure of carbamate 42
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Scheme 26  Synthesis of cinacalcet involving a substitution reaction in 
an allyl derivative

The use of an allyl chloride has also been reported.
Ranbaxy has shown that unsaturated amine 31 can be syn-
thesized in high yields by reaction of 4 with either 1-(1-
chloroallyl)-3-(trifluoromethyl)benzene (58) or 1-(3-chlo-
roprop-1-en-1-yl)-3-(trifluoromethyl)benzene (59). Both
electrophilic partners can be synthesized, in very high
yield, from 3-(trifluoromethyl)benzaldehyde (55), as shown
in Scheme 27.54 Also, 31 is easily synthesized from mesylate

60, which in turn is easily prepared from alcohol 57. The re-
ported yield obtained for the substitution reaction using
mesylate 60 is lower (55%) than that using 59 (86%).22b,d

Scheme 27  Syntheses of 31 involving a substitution reaction in allyl 
derivatives 58–60

In a more original approach, Ranbaxy reported a syn-
thesis of cinacalcet involving a carbon–carbon bond forma-
tion in a process catalyzed by an iron acetylacetonate–
1-methyl-2-pyrrolidinone (NMP) complex. Reaction of 1,3-
dichloropropene with amine 4 in toluene/water led to
3-chloro-N-[(1R)-1-(1-naphthyl)ethyl]prop-2-en-1-amine
(61). Next, amine 61 was coupled with in situ prepared 3-
(trifluoromethyl)phenylmagnesium bromide in tetrahydro-
furan at –50 °C in the presence of a catalytic amount of iron
acetylacetonate/NMP to give a mixture of cis and trans un-
saturated cinacalcet in a 1:10 ratio. The trans isomer, 31,
was isolated as its hydrochloride in 99% purity with 1% of
the cis isomer. Finally, catalytic hydrogenation with Pd/C in

Scheme 25  Late introduction of the trifluoromethyl group in a synthe-
sis of N-Boc-protected cinacalcet, 41
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ethyl acetate and water at moderate pressure furnished ci-
nacalcet hydrochloride in 56% overall yield from 4 (Scheme
28).55

Scheme 28  Synthesis of cinacalcet from 1,3-dichloropropene and 
amine 4

4.3 Substitution Involving a Propynyl Mesylate

We have already seen that Dipharma has disclosed a
procedure for the synthesis of 3-[3-(trifluoromethyl)phe-
nyl]prop-2-yn-1-ol (23) from 1-bromo-3-(trifluorometh-
yl)benzene (Scheme 13).28 The reaction of 23 with mesyl
chloride in toluene in the presence of DIPEA furnished the
corresponding mesylate, 62, in 90% yield. Alternatively, the
synthesis of 62 can be carried out without isolating 23 with
the same overall yield.

The reaction of 62 with 4 in acetonitrile in the presence
of potassium carbonate led, after work-up and addition of
hydrochloric acid, to the hydrochloride of the alkyne, 63,
which contains the cinacalcet skeleton, in 75% yield. Finally,
catalytic hydrogenation of 63 furnished cinacalcet hydro-
chloride in 90% yield and in a purity higher than 99.5%
(Scheme 29).56

4.4 Direct Substitution without Activating the Hy-
droxyl Group

Zentiva has disclosed a method that involves the direct
coupling of (R)-(+)-1-(1-naphthyl)ethylamine (4) with 3-[3-
(trifluoromethyl)phenyl]propan-1-ol (25) in the presence
of the iridium catalyst [dichloro(pentamethylcyclopentadi-
enyl)iridium(III) dimer] (64) in refluxing toluene to give ci-
nacalcet hydrochloride in 75% yield and 99.5% purity
(Scheme 30). The product was recrystallized from ethyl
acetate. This reaction can also be catalyzed by [Ru(p-cy-
mene)Cl2]2, although this lowers the yield to 60%.57

Scheme 30  Zentiva’s approach to cinacalcet hydrochloride from alco-
hol 25

5 Miscellaneous Synthetic Approaches

In this section we summarize some alternative ap-
proaches that do not fall into any of the previous synthetic
approximations to cinacalcet. While most of them are of
questionable industrial interest, there are some procedures
worthy of being highlighted.

In 2014, a Brazilian group reported an approach to ci-
nacalcet that revolved around a Heck reaction. They started
with the allylation of 4 with allyl bromide, which led to (R)-
N-[1-(1-naphthyl)ethyl]allylamine (65) in 85% yield. After
protection of the amine as the corresponding formamide
(in 90% yield), a Heck–Matsuda reaction with 3-(trifluoro-
methyl)benzene diazonium salt in the presence of a catalyt-
ic amount (4 mol%) of Pd2(dba)3 led to amide 67 that was
converted into cinacalcet hydrochloride by catalytic hydro-
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Scheme 29  Synthesis of cinacalcet hydrochloride through propynyl 
mesylate 62
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genation followed by deprotection and salt formation.
Overall, the authors reported a 75% yield for the five steps
from amine 4 (Scheme 31).58

Scheme 31  Syntheses of cinacalcet hydrochloride involving Heck reac-
tions

It should be mentioned that, previously, Teva disclosed a
very similar procedure involving the Heck reaction of 1-
bromo-3-(trifluoromethyl)benzene with amine 65 in the
presence of a catalytic amount of Pd/C in NMP.59 Unfortu-
nately, no yields were reported for this procedure (Scheme
31).

NPS disclosed a very interesting synthesis involving a
one-pot reduction–transimination–reduction protocol.36

The reaction of nitrile 68 with diisobutylaluminum hydride,
followed by treatment of the resultant aluminum–imine
complex 69 with 4, gave an imine that, on further reduction
with ethanolic sodium cyanoborohydride, led to cinacalcet.
Unfortunately, neither the yields nor experimental details
were reported (Scheme 32).

Scheme 32  Synthesis of cinacalcet from nitrile 68

In another reductive approach, Hitchcock and co-work-
ers reported a two-step, one-pot synthesis of cinacalcet by
way of an acyl succinimide. The coupling of acid 3 with suc-
cinimide furnished acyl succinimide 70, as a crystalline sol-
id. The one-pot coupling of 70 with amine 4 followed by re-
duction with lithium aluminum hydride (2 M in THF) pro-
vided cinacalcet in 57% yield (Scheme 33).60

Scheme 33  Synthesis of cinacalcet through acyl succinimide 70

Zach has filed several patents disclosing an original ap-
proach to cinacalcet that revolves around a Mannich reac-
tion of 3-(trifluoromethyl)acetophenone (71), paraformal-
dehyde and amine 4.61 Alternatively, the β-amino ketone 72
can also be obtained by Mannich reaction of 71, with para-
formaldehyde and dimethylamine followed by methylation
of 73 to give the ammonium salt 74. The trimethylammoni-
um group is finally substituted by 4. According to the au-
thors, the last reaction gave the β-amino ketone 72 in quan-
titative yield before purification (Scheme 34).
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Scheme 34  Syntheses of β-amino ketone 72

From the Mannich adduct, several possibilities have
been explored. One of them is to reduce the carbonyl group
of β-amino ketone 72 to a diastereomeric mixture of alco-
hols 75 that can be substituted by chlorine. In the reported
procedures, mixtures of 75 and 76 are isolated. However,
this is not a problem as catalytic hydrogenation of these
mixtures followed by acidic work-up leads to cinacalcet hy-
drochloride. Interestingly, it is possible to carry out the re-
duction of the ketone and the introduction of the chlorine
atom in a two-step one-pot procedure (Scheme 35).

Scheme 35  Synthesis of cinacalcet from β-amino ketone 72

Alternatively, the alcohol 75 can be dehydrated via sul-
fate 77 which, after elimination, gives 31. Hydrogenation of
the latter furnishes cinacalcet (Scheme 36).

Scheme 36  Alternative synthesis of cinacalcet from β-amino ketone 
72

Megafine has reported an impressive one-pot synthesis
of cinacalcet hydrochloride from 4, benzaldehyde and sub-
stituted benzene 36 (Scheme 37),62 which itself is prepared
in high yield from 3-[3-(trifluoromethyl)phenyl]propan-1-
ol (25) and aqueous hydrobromic acid as described in
Scheme 21.

In this procedure the synthesis of cinacalcet hydrochlo-
ride was first carried out step by step, in order to identify
and characterize impurities and to establish the reaction
parameters at each step. The reaction of 4 with benzalde-
hyde was initially conducted in ethanol at reflux for five to
six hours. The Schiff base 78 precipitated out and was iso-
lated as a white crystalline solid by filtration of the reaction
mass. The solid obtained was used directly in the next step
without further purification. Although 78 was found to be
unstable upon storage for a longer period in the presence of
moisture, dried samples, stored under inert atmosphere, re-
mained stable for longer periods. The reaction of the Schiff
base 78 with bromoalkyl derivative 36 in NMP at 130–135
°C provided the iminium salt 79, which upon treatment
with water or an aqueous acid at room temperature, fol-
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lowed by usual workup procedure, furnished cinacalcet hy-
drochloride. After additional purification and recrystalliza-
tion, cinacalcet hydrochloride was obtained as a white crys-
talline solid with 99.9% purity by HPLC and with an overall
yield of 60%. The use of a catalyst or a phase-transfer cata-
lyst provided no enhancements to the established process.
The original Forster reaction does not use any solvent for
the formation of the iminium salt, but in this case, many
impurities were formed when the reaction was performed
without solvent.

After optimizing both reactions independently, a one-
pot process was established by telescoping both reactions.
While telescoping and setting up the one-pot process, the
formation of the Schiff base was achieved at 25 °C within
one to two hours without using any solvent. NMP was add-
ed to the reaction mass containing the Schiff base, followed
by 36, and the rest of the operations were performed in the
same manner as described above to obtain the cinacalcet
hydrochloride in one pot. Moreover, five potential impuri-
ties (Figure 3) were identified, synthesized, and character-
ized by LC-MS.

In a different approach to cinacalcet, French researchers
disclosed a new synthesis that relies on the Horner–
Wadsworth–Emmons olefination of vinyl phosphonate 85,
which is readily available from diethyl (2-oxoethyl)phos-
phonate (84) and amine 4, with 3-(trifluoromethyl)benzal-
dehyde. It gives 30 in quantitative yield (Scheme 38). As
previously mentioned, catalytic hydrogenation of imino in-
termediate 30 gives cinacalcet that is further processed to
its hydrochloride.63

Scheme 38  Synthesis of cinacalcet from phosphonate 85

It should be noted that Angem has mentioned the possi-
bility of preparing cinacalcet using a C–O to C–N rearrange-
ment,18 starting from the allyl alcohol 56 and (R)-1-(1-iso-
cyanatoethyl)naphthalene (86). The carbamate 87 can be
admixed with a metal catalyst to allow the C–O to C–N rear-
rangement to an unsaturated cinacalcet precursor, allylic
amine 31, the hydrogenation of which is known to give ci-
nacalcet (Scheme 39). However, this patent application did
not give experimental details for this approximation.

Finally, it is worth mentioning that O’Hagan and co-
workers synthesized three novel analogues of cinacalcet.50

Two of them, (2R,1′R)-91 and its (2S,1′R) diastereoisomer
(not shown) were synthesized from aldehyde 20 following
the synthetic sequence shown in Scheme 40. A MacMillan
asymmetric fluorination reaction of aldehyde 20 with N-

Scheme 37  Synthesis of cinacalcet from benzaldehyde, 4 and 36 using 
a Forster reaction
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Figure 3  Impurities detected during Megafine’s process
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fluorobenzenesulfonimide (NFSI) and (R)-92 as organocata-
lyst led to the monofluorinated aldehyde (R)-88, reduction
of which with lithium aluminum hydride furnished alcohol
(R)-89 in 80% yield. Reaction of this alcohol with trifluoro-
methanesulfonic anhydride yielded triflate (R)-90. Finally,
its reaction with enantiopure amine 4 furnished (2R,1′R)-
91 in high yield. In the same way, starting from aldehyde 20
and using organocatalyst (S)-92 the corresponding (2S,1′R)-
91 diastereoisomer was obtained.

Scheme 40  Synthesis of fluorinated cinacalcet analogue (2R,1′R)-91

The synthesis of the pentafluorosulfanyl analogue 97
was started from known benzyl bromide 93.64 Nucleophilic
substitution with diethyl malonate followed by hydrolysis
and decarboxylation furnished acid 94 in moderate yield.
Reduction of acid 94 with lithium aluminum hydride fol-
lowed by Dess–Martin oxidation of alcohol 95 gave alde-
hyde 96 in 91% yield. Finally, reductive amination of alde-
hyde 96 with enantiopure 4 gave 97 in 90% yield (Scheme
41).50

Scheme 41  Synthesis of pentafluorosulfanyl cinacalcet analogue 97

6 Conclusions

In this review, we have compiled an overview of the dif-
ferent procedures that have been reported for the synthesis
of cinacalcet. Although there is significant diversity among
the methods used to synthesize this drug, most the ap-
proaches that have industrial applicability can be placed
into one or another of these three categories: processes in-
volving the reduction of an amide, those featuring a reduc-
tive amination, and those involving a substitution reaction.
As one might expect, the majority of the alternatives are
found in the first two groups.

Although most of the relevant information arises from
the patent literature, which makes yield comparison more
difficult, and setting aside the purity of the final product
between different approaches, it is probable that the two
reductive approaches developed by Amgen (Schemes 2, 4
and 5) and the one-pot procedure disclosed by Megafine
(Scheme 37) are the best alternatives. Also, several of the
academic routes, albeit elegant, have not been fully opti-
mized, so they cannot be compared with those developed in
industry. Notwithstanding these caveats, the present re-
view constitutes an instructive example of how generic
manufacturers search for novel, non-infringing approaches
to an API of interest. Hopefully, new reactions and novel
imaginative ideas will provide further approaches to this
drug in the coming years.

Scheme 39  Synthesis of cinacalcet using a C–O to C–N rearrangement
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