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SAR Study, Synthesis, and Biological Activity of

Lurasidone Hydrochloride :

A New Drug for Treating Schizophrenia

Dainippon Sumitomo Pharma Co., Ltd.
Chemistry Research Laboratories
Megumi MARUYAMA
Pharmacology Research Laboratories
Tomoko Horisawa

Lurasidone hydrochloride received approval by the FDA in 2010 for the treatment of schizophrenia. Lurasidone
is a full antagonist at dopamine D2 and serotonin 5-HT2aA receptors, properties shared by most second-generation
antipsychotics. Lurasidone also has high affinity for serotonin 5-HT7 and is a partial agonist at 5-HT1A receptors;
it is believed that these properties could be potentially related to effects on cognition and mood .

Of particular note is that lurasidone has minimal affinities for receptors that might induce adverse events. The
low affinity for alpha-1 noradrenergic receptors predicts a lower risk for orthostatic hypotension. Moreover the
minimal affinity for 5-HT2c receptors and histamine Hi1 receptors predicts lower liability for weight gain as well.
The lack of affinity for cholinergic M1 receptors predicts a low propensity for anticholinergic side effects. Our at-
tempts to reduce adverse events had enabled us to obtain lurasidone with better tolerability and efficacy?. Here,
we report the synthesis, structure and activity relationships and pharmacological profiles of lurasidone.

L BHIC

FRA I X — AT ORI % 12 FERE§ 2 K el
BO—D2Th5, FEFBHEOFEICL D L. AL
PRERBEBUIT95 TINIZDIE S, ABt a4 2 HEERE
Buz18.7 AN, MokiBEERIZ6.6 TATH S (20084)3),
e R FAE DN AR R EN T —JKIZEL T D,
PREIZ K B2 - BREN 2 BROBEEN S L 78 -
TW3,

A LIVED T AIERE LT, OBFERER (HLF,
K, ZRa L), @QBMER (AR, st
K, AESVEOICT 2 &) . @rBABSRER T (R RCE
ﬁ%\¥ﬁﬁﬁﬁ%&8)#ﬁ6h\79-$%&&
DRFEREEZWRET S Z RT3 (Fig. 1),

A JCHE DB BRI, OFMRE, @ v v
VEROREMRE, @) T - 3 VR

*1 Blffld : a—FKLr—b-a3a=r—va Vil
*2 BUTIE A5 WEHEMESD

{FRAEE 2013

T T LEOHZHRERERH D 5T IEYR
EREEOHLE LS5 T0S, LALENS, WES
'%Fxﬁ—fAﬁ%%éhf%Bf WEAF DGR

F S RIEEGIRA R E N 5720 BER O
#6@%%¢M%é%% G kb5 EMES 20,

* Low efficacy by
existing therapy

Negative Symptom \. critical determinant

flat affect, apathy of QOL for patient

* existing therapy can

deletion of sociality
work well relatively Depression, Anxiety
* remission rate15%
« refractory patient 30% v

Cognitive
Impairment

attention and memory deficit
performance deficit

Positive Symptom
delution, hallucination

BEEEM Main symptoms of schizophrenia
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tandospirone
Anxiolytic, 5-HT1A agonist

.m Structure of tandospirone
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PEEEN Binding model of compound 12 to the D2
receptor

A OS2 D2 IR DS A IS
35 (Fig. 4).

7 ) =L OREEZ I K D D2ds K US5-HTeAZ AR
MW EN LA A EBEIUS L2228, Thb D

WHTH 122 L eh

{FRAEE 2013

N-NH
10 N >—<\:t: 92 86
N-O
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surface of D2 pocket
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H
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compound 12 N-.g

tandospirone

B Binding model of compound 12 and Tandospirone to the D2 receptors

1L Effect of imide groups

binding inhibition (%)

No. structure
D2 5-HT2a
(0]
13 A 15 64
H
[6]
14 N— 54 55
(0]
H
15 Oj)\% 25 64
H

16 CQN- 36 61
0]
0

17 CQW 39 59
0

WaRLTWBZLaRTHREL ST, TNEDH
g, (LA eo 4 I FEART v b E T 5255
AL TS (Fig. 4).
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N-g
No structure binding inhibition (%)
Dz 5-HT2a
(6]
18 O)LN/ 7 o
H
HO
19 %’ 81 80
H
H O
20 57 a1
H o
H O
21 m‘ 55 64
H O
HO

12 @;iwf 95 85
H O
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BHEAR U2, 720 AL 74 VEEALLAEY
T, Y21k (24) &+ 52 24k (25) THH S 2 23D
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1R Effect of linker groups (1)

binding inhibition (%)

No. structure
D2 5-HT2a
22 NN 11 61
12 NN 95 85
P N

23 N N 48 77
24 N >—""N 21 27
25 NN 80 75

ENBOOENTZ, ZFLT, TFLY) Y H =T L AF
LFEAEA UK, 2 OBARMELIZ & - Tl
RELEHTS L0 AR BTSN/ (26,27, 28,29)
FHMEICE OIS I BT, v Y T BB
ARG K O IREOEE R A SN D Z &3 IR
REL . NSO T BB TDes KO
5-HTASZ HARAE GBI C b B EME T Y 7 4 X —
g VHMHET B RS R X 7,

2. Q12EEEEHIMEOTER

WEAF OPURE AR SE D % < 138 0k MK I D
BERZA L T30, ZhudaZBARED T ER I
KT 2LEZLENTODE, FEEI, arZBEERADEN
WEABAMEEA T 2FHRIEL <. AW s
WA BEREEBAEE A L Tz (Table 4),
D2R°5-HTAZZ RIS A BN 2 3 2 LA Widon
ZERANOE S EAEABAE L HHAHbE TS —
AL L, FEAFEAHLL T B Z A HEE S h 5,

LIS Major existing drugs and compound 12
affinities (Ki; nM)

risperidone  haloperidol aripiprazole compound 12

D2 4.9 2.0 0.9 0.2
5-HTea 0.2 53 8.7 0.3
a1 5.0 12 25 1.6

3. U2H—hRADIREA
D&, BEH 2RI < a2 B HAE SR
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el X 5 Z LIIEARHEOBUNE A 5 RS TIEn L
ENTE -,

)V H—EOZEHIZ X > TTable 3D & 5 AR 414
A&, wU A VA — OB X 5> TD2X5-
HTAZ BRANORES B A AL 203 Y 7 +
A= g VIZHIETE UL, arszERIZ AN TD2R5-
HTeaZ BRI 28 A AfRicim ETcx 5, D
FDFENORAEVFEITE 57245 LE % 7=,

FWMICE L T ORI EE LT, AT TFL
)V —OhIUCEEAIA L. T etkoay
TH A=V g va[ET KA T, ¥ 2B &
VL7 v 2BD12-v 7 anFH o)L, vy oraxy
AYDAN, YraTr YDA N, vraTasy Y
AN E, FlikDOERWEEZEA L, D2k K U5-HT2a%
BAHRIE 3§ % a2 BRI OBl % Mk L
7z (Table 5), Z¥. RHOWHMAE (Ki) (32 B AR
VY RIS AEERTH D, e hXnEe
WA AR LTS,

Table 5IZ7R L7z &k D12, U Vo —HhAOBED
AL, BRMEE A XL BB T ICars A REME
KT AR AR L2 ((bA130-33) . Z DFE. Dz
R5HTAZARBAELES < R ST TH D, W2%E
OB A ECTE WA S, k., RIZIER
LTWAWR, 2V FAYT VERK AL ko
FEXNTEZINE DA, 5-HT1aZ AR
eSS < REFL T 5,

AT ZEBEOVAREMEICBI L TR, b7 v 2k
DJ5 73Dz, 5-HToaAZ I 6 & Z 26568 1 % fddi
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IR Effect of linker groups (2)

binding affinity Ki (nM)

No. structure
D2 5-HT2a a1
12 NN a3 0.32 1.60
H H
1, o
30 N %} N 528 139 129
H H
= RSN
31 NW' No179 036 129
H H
N G RS
32 ﬁ N 0.80 1.52 5.69

33 N w\N 068 048 133

BdHotz, XHIZ, BATIERMENKEL 551065
T ZERBEAEMCIR S 2 A A 6 h, v o
FHVUANEEAL LA (35) IZDeZ BABAIE &
DOFRENRNIEAE L 572, DDNT, FT X Ik
(35) D NZNORZFE AR E AL T Z DR %
NR7=& T A, RRIE (37) D5 »S,Stk (36) & iz L T
D2, K US-HTAZE RIS T 2 BAEA 2 hZhb &
Z20f5. RUB X ZS0f5EmNZ &G o7, Vv
H —EBNDBIREE DA 5 KON R BEPERORE T 5 £
IV T A= g VOMIEFHIEIZL D, D, 5-HTA%

Dz receptor | N . lurasidone
VAW -1\ / \

Extracellular ‘\‘ N

Intracellular \ ;'?f ‘ ':I- ) 'ni ‘
- ;& -l . &5
," ™ &
C Li :..- “x T4 ,""T".T
L ¢V

B Binding model of lurasidone to D2 receptor
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binding affinity Ki (nM)

No structure
D2 5-HT2A ai
H H
34 N7 @ SN 0.87 2.16 36.2
H H
N 0.51 1.02 414
racemic
HH
1, B
36(5,5 N *tf N 799 231 343
H H

RPN TN 0.32 0.47 479
lurasidone

RS BANEOR R LK 2 2 ) — = 7R T100f5 LA
FOarERBANE L O EEK L, T LT
VRUBRMEINZOTH 5,

Favs v Ry ofiltith, LIy Ry BXOEAMI2
DORERET AL, ) v —EBAOBEARN R A
MFEEL 7 (Fig.5)9. 4 I FEET7 U —Eon» X
WRBEIZ L BHEA Ry v P OLBGIFRIZMA T, Vv
H—=EANDY raNFH DA REEDZEAIZ L 5T,
MRy NEZ X SIZL 52D ERBEL TS
ZENRTENS,

lurasidone hydrochloride N~s" L Hal
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CO2H L1AIH4 OH MsCl, NEt3 OMs
O/ T omrE CHCI: Of
‘COz2H “—OH “—OMs
H 0
N N L :
N~ Na2C0s3 O/\N+ N—Q H o K2CO3
i/ N/ ~S
MeCN N toluene
MsO~
H H
' . H
O
HCl H H
—_—
0
| |
lurasidone (37) N~g lurasidone hydrochloride N~g .HCl

SR Synthetic scheme of lurasidone (example)

A Z LIS, ZoEEbikiEED 2 5 2
7 x 2 b &0 A D HEARIEREIE R HoR R
FEF & DEAFSE & IO U CIRREIZHTN Z & b h 5 722,
51T, Thoo) vr—fBfi BREA) 1. FUL<L
BIFER S5 4 — 2 & LTHIG M B HIR M1z &k & F1F
H (D2, 5-HTeAZAME) & OTEHEIC @ WHE 58 R AN
FZEMN, BOBRIETHE LB >TND,

4, BREE

ZZIZ, LT Y P VDR F — L O—fil % BIigE T
/~Y (Scheme ),

WEEED (RR) -V 7 aA~FHv12-YF LR Vg
EREILLTOA—ILEL, A4V 2T r =Lz
TRV VL= INEEWT S, ZHULRYITAL I F
T =L ERT DY EER & THRBIRT H 5 IUARE
FHAF L. DO EHMSIIMETan s B4 I FEME
HEE3LL72 8y @7 »MEohs, TLUT, g
HALICk LT v R UIERBIE A2 )L — L OBITH 5,

3DODT XY bR I, AEREEKED
LAz E b T, BRZF— 2B LORIBEFD
REIZ K0 BAEIEIER ISRh RN 2 T LB E O
AL T 5,

oo R OEEZRHE

1. SEREERSS

@y, vs v FUgERRE N Loy kv
L0 13D AR & 5-HTeAS AR I [RIFRRE O i il
BHAEEH U, SHT1aRZ B RN OFEABUHIE % F
Lz E . a2 BRI 2 55Q BRI 2 K% L 721
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BYTH B, TDHRDOMFEN L ZERNDOREETEED
BETORER, L5 v FVIESHTRER, 7 KL I
Yo BERIC G mOREA BRI A A L. 5 H2eRE
EADFES ML L, ¥ 24 I VHIZBEKRR L A
BV YMIZERITR L TEE A EBAME 2R BN
EWEFR X N7z (Table 6) s & 512, in vitro COREHRE
FEHMiIZ BT, L5 Y R ESHTASARICH LTk
o fEE#E (Emax=33%) To 0. S-HTAERISK
LCEEHERTHE PS> TWVBY,

1LY Receptor binding profile of lurasidone

Receptor Preparation Kivalue (nM)
Dopamine D2 Rat Striatum 1.68 + 0.09
5-HTia Rat Hippocampus 6.75 +0.97
5-HT2a Rat Cortex 2.03 +0.46
5-HT2c Pig Choroid Plexus 415 + 81
5-HT7 Human Recombinant 0.495 + 0.09
a1 Rat Cortex 479+78
aza Human Recombinant 40.7 7.7
azc Human Recombinant 10.8 + 0.64
Histamine Hi1 Guinea Pig whole brain >10002
Muscarine M1 Human Recombinant >10002

Quoted from the reference 2 MEDCHEM NEWS Vol. 20, No.1,
page 23).

Values are means + SEM of three or more separate experiments.
a]Cs0 value

2. mEMRER

BEAFOIBFRSEOYIEHRIER L. D22k Pife R
ESHTAZAEREEDIEIC L D Biich b L EZa26h
T30, 22T, LIY FYODZEEEHIEH &
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1A Antipsychotic actions of lurasidone and other antipsychotics

EDso (mg/kg, 95% Confidence limits)

MAP-induced APO-induced climbing TRY-induced clonic p-CAMP-induced
Drugs hyperactivity in rats behavior in mice seizure in rats hyperthermia in mice
Lurasidone 2.3 (0.89-6.1) 4.1 (2.0-8.4) 5.6 (3.4-9.3) 3.0 (1.5-5.8)
Risperidone 1.8 (0.86-3.6) 0.14 (0.047-0.40) 0.16 (0.044-0.62) 0.098 (0.039-0.25)
Olanzapine 3.3(1.5-7.3) 1.1 (0.35-3.2) 1.4 (0.59-3.3) 0.62 (0.31-1.2)
Clozapine 65 (29-140) 5.1 (2.6-10) 5.0 (2.7-9.5)
Haloperidol 0.88 (0.42-1.8) 0.44 (0.20-1.0) 14 (6.8-27) >30

Quoted from the reference 1.

MAP: methamphetamine, APO: apomorphine, TRY: tryptamine, p-CAMP: para-chloroamphetamine
EDso values and 95% confidence limits in parenthesis were obtained 1 hr after drug administration.

S-HTeAZ BAFENIEHIZOWT T v b B LU~ 2 %
O TRl & 17y, BEAF O PR RIR 38 & Tl L 7=
(Table 7). D2 BARFEHUERIE A 4 v 7 = 4 I VERFE
HETE LS KO T RELE XGEHK 2 74 IV T8 OH
FHERNC K DRI L. L5 ¥ F v OWIFIEH DOEDsofiE
132Nt h2.3 mg/kg, p.o. L U4.1mg/kg, p.o.TH -
720 VT ¥ F Y ODRZERITT 2 FEPUEH O IT
B ARRPUERIEDO Y 2R F U ReAr S UV L
FIEFRIFE T, zudrer ko &<, B—HAPE
RN T XY F= LI D3 -7z, 51T, T
FDX & T 2 83 VEERETTUEIC T3 S EIEH
IZBWT, L7 ¥ F o5, 2,4, 8K % TDEDso
iz zh7h2.3,0.87, 1.6,5.0 mg/kg, p.o. TH O, LI
¥ F v OERNESIER DL Fipe35 2 L pMifEad S /=D,
F72. SHDARZFEEREEPERIZ M) 74 I VEER Y
WhAk XSS raouryy 7243y (p-CAMP)
AR AT S HIHERNIC K DB L, LT v
K > OMIHIEF OEDsofid & 7 112 415.6 mg/kg, p.o. ¥
K UB.0mg/kg, po. TH o7z, LT ¥ FVD5HTA%
BRI T 2 HEPEROME I 7 v vy L IXIEFRRE
T, nhaX) F=L XD Em<, YAXRY Pt
TV E DI 5T,
IN6DRRNS, LT Y F Y ADZEEIEYIEH
ESHTAZABREYIER 2 L. B & [ARRIC TR
MRTERZ2 A2 Z LR Ehiz,

3. [EREEEREEA

AL 5 DREIRIZIZ5-HTIAZ AR R 5-HTr 32 B A A
BIG-L TR Z ENREINTHARID 1D, LY Y
35-HTASZ BRI R U CE o fEESE & L T, 5-HT 2
RTINS E LTl 25, PIANRIEN - B
IOEHAR TS Z LnliffEhiz, 22T Ak
fERIZOWT S v F &FWTVogelfla v 7 1) 7 b iR
ER M A TE BRI K D EHI L7z, Vogella v 7)
2 VRBRTCIE. LT Y F V1303 - 30 me/keDH EIZH
W, ARBTG5 v 2 BERML, 2 DR/
BRI EIZ10 mg/kgTH 72 (Fig. 6A) . tLESMALT
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**
*%

No. of shocks received (3 min)

0 0.3 1 3 10 30
Lurasidone (mg/kg, p.o.)

Social interaction (seconds)

0 0.1 0.3 1 3 6

Lurasidone (mg/kg, p.o.)

A) Effect on the number of shocks in Vogel’s test. Each column
shows mean + SEM of 11 to 22 rats.

B) Effect on social interaction in Lister hooded rats. Each column
represents mean +SEM of 10 pairs of rats.

*P<0.05; **P<0.01: significantly different from vehicle group
(Dunnett’s test).
Quoted from the reference 1.

BT Anxiolytic-like activities of lurasidone in the
Vogel conflict test (A) and social interaction

test (B).

BB TIE, LT Y F i3l 5L 3mg/kglzd T
VIR G L O U TR ELAT ) 247 5 We & A I HY
L7 (Fig. 6B).

72, PO OFBAE L LT, BEREEH S v LA
FEEBTUHEIZ 3 B I ER A2 5l L7z, L5 2 F v
3mg/kg Z2HEME G ¢35 L2k, ZOMEBTE
FAERECHR Nz (Fig. 7).
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#itH *kk

average number of line cross
(number / 5 min)

50
0

Vehicle Lurasidone Vehicle Lurasidone

Sham-ope rat OB rat

Repeated treatment of lurasidone (3 mg/kg/day p.o., 2 weeks)
significantly reduced olfactory bulbectomy(OB)-induced
hyperactivity, but did not affect the activity in sham-operated rats.
Each column represents mean+SEM of 10 to 14 rats.

##P<().001: significantly different from vehicle treatment in
sham-operated rat (Student’s t test).

***P<(.001: significantly different from vehicle treatment in
olfactory bulbectomy rat (Student’s t test).
Quoted from the reference 1.

Effect of lurasidone on olfactory
bulbectomy (OB)-induced hyperactivity.

INSOFEP S VT ¥ F PR REH % %
9 2 HEMIZIZBWTHAR - §i5 DRIEN 2 H§
5 Z LRk Ehiz,

4., REFBICHT HER

NMDAZ A& HD 7 = V44 2 1) Y v (PCP)
R4 IV BRARREREIR AT 52 25,
VEFE-NMDASZ BARORERENS T 238 & JHAE O Fe A 12 B
LT3 TR AEVWNEZELZSNTNEY, ZDOIR
Bl S L12, NMDAZ B KREPIHE TH 2 MK-801%
PCPIC & ) ARAMERED 1 DT h B icllpd A s L 7=
Ty MIHTEILT Y F Y OERERELRERE £
L7 (Table 8).

=2 @) i 0] B K IS R BR 12 550 T, MK-801 (0.05
mg/kg, s.c.) 12X D5 ZHZ I hzalEFE It
LT, LTy F YRS AUSE R 2R L7219, [T
T & W CSHTAZ HE RSP B X O5-HT32 51k
FEHSENSEEH AR L7226, LT Y F Yol
FAERNZ 2N 6 OZEERMBEG LT gt rn+E x

1L Effects of lurasidone on rat cognition model

SEN7=W), [HRRIZ, B ZARIKKERERER R BURHR K S
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I h7zielE s ShadE I o U TEEEEH 2R L 7219,

* 7=, FrarikaRERE I BT, PCP (2mg/ke,
i.p. twice/day, 7 days) 12 & D #E¥ S Wzl
ISHLTENLT Y FURSERER- AR L2218, X5
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FH % 54 L 72655, L5 > F 2131000 mg/kg, p.o. £ T
T ER S 5720, F72, PHIHIER & LTAF
VLY X — LB SRR AR E L Aot AR (o
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FEFIRIE R X580 - 72,

IS

4 v R 2¥8 Y OMERFIC TE b 72 R HH
WD UL IRIAOEER) & @4 et 2 -6 b
KIVERIRIRL 5 ¥ F v ERBEOAIELRID L 72,
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ESHARFROIEVUEH A #7215 C& 222 &,
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DAV Tr A= g vEGRL, BHER YT 2 =420
el (2R, Hi ik, M ak) &3l L 7
Z &3, HRENEERHRE A R U 7= B3RS O B D5 &

Task Model Lurasidone MED Reference
. . Normal Not impaired 14
Passive avoidance
Acute MK-801 3 mg/kg, p.o.
Morris water maze Acute MK-801 1 mg/kg, p.o. 16
Radial f 1 kg, p.o. 16
adial arm maze (re er?nce memory) Acute MK-801 . mg/kg, p.o
(working memory) improvement tendency
Novel object recognition Subchronic PCP 0.1 mg/kg, i.p. 17,18
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