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 OcHoBaH B 1957 rogy ans
KOMMMNEKCHOW pa3paboTKnM HOBbIX
MeOULMHCKUX npenapaToB

* B HacTtoswee Bpemsa B IHCTUTyTE
paboTaeT ~ 300 coTpyaHNUKOB B TOM
yucne 110 QOKTOPOB HayK

* NHcTuTyT pacnonaraet 5000 m?
Hay4HO-uUccneagoBaTeNbCKUX
nabopaTopHbIX MOMELLEHUN.
[OeHexHbin obopoT B 2016 roay
npesbicun 15 MMNNIMOHOB €BPO

« 3a 60 net B UHCTUTYTE OTKPLITO U
1915-1975 BHeapeHo 18 opurnHanbHbIX 1 bonee
/0 pecuHTE3NPOBAHHbLIX NPenapaToB..
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MaBHble 4OCTUXEHUSA B CO3QaHUn
2014:
OpUrnHanbHbIX NpepapaToB GX-EG -

cardioprotective drug
candidate

Early 2000’s:
Belinostat (PXD 101) —
anticancer drug authorised
by FDA in 2014
Early 80’s:
Meldonium —
cardioprotective drug

December, 1964
first synthesis of Tegafur —
anticancer drug
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MpuHuMnNuanbHan cxema pa3paboTkn HOBbIX NEKAPCTBEHHbIX

BewecTs, peanusyemasn B UOC
|dentification of
drug targets

In-silico design

Screening Structural biology
l lMedicinal chemistry

pounds

Pharmacology

te clinicalitnals

PK & metabolism 4
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1991

1. Pacnag CCCP.

2. BocctaHoBneHue rocyaapcTBeHHOM
He3aBMcuMMocCTU JlatBUNCKOU
Pecnyonukn.

3. PyHOaAMEeHTaNnbHbIE NepeMeHbl B
9KOHOMMUKe, 0Opa3oBaHUU U HayKe.
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CuHTeE3 n ononornvyeckKkume
CBOCTBa NPOU3BOAHbIX
B-naktamMoB
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Peaknus Illtayaunarepa (1919. g.)
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J. Am. Chem. Soc., 1949, 71, 2129-2131
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Sir Ernst Boris Chain '
Howard Walter Florey, Baron Florey
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Photograph courtesy of Merck Archives, ©@Merck & Co. Inc.

Do el R IR R AT RS Upper part of fermentors (tanks) used to produce penicillin and wtamin B12.

Photograph courtesy of Merck Archives, @Merck & Co. Inc.
@Merck & Co. Inc.

: : ; Fermentation unit used in punfying penicillin in 1945
Refrigeration equipment for large B P

fermentation unit at Cherokee Plant,
Danville, PA.
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Lend-Lease (Public Law 77-11) was the name of the program
under which the U.S. supplied the UK, USSR, China, France
and other Allied nations with vast amounts of war material
between 1941 and 1945.

A total of $50.1 billion (equivalent to $759 billion at 2008
prices) worth of supplies were shipped:

$31.4 billion to Britain,

$11.3 billion to the Soviet Union

$3.2 billion to France

$1.6 billion to China.

There was no debt; the U.S. did not charge for aid supplied
under this legislation.

Lend-Lease program included the transfer of Penicillin
technology and technological equipment in following USSR
towns: Moscow, Riga, Saransk, Penza, Kurgan.

Riga Peniclillin factory started production of antibiotic in
1945.

®
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JAMHaMHKa CMEPTHOCTHOT MH(EKUMOHHBLIX 3a00J/IeBAHUI 10 U IOCJE
BHEJAPEHUSA AHTUOMOTHKB B MeTULIUHY

Cmetnocth Ha 100000 xuTesien
3a0oJieBaHue
1920. g 1930.g | 1940.g | 1950.9 | 1960.¢9
Bce popmbl 113 71 46 22 6
Ty0epKyJe3a
JIn3eHTepusn 4 28 2 0.6 0.2
15 5 1 0.3 Her
Hedprepus
JTAHHBIX
Koxromn 12 5 2 0.7 0.1
MeEeHHHIOKOKKOBLIE 11.6 3.6 0.5 0.6 0.3
HH(peKIUun
ITneBsmonus 207 102 70 31 36
AHruHA 9 3 0.5 0.3 0.2
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The mechanism of penicillin action on molecular level

RCONH

RCONH \J>/CH3
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0" O ': 3

3 N CH, COOH
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COOH

DD-transpeptidase Inaktivated enzyme
active centre

Peptidoglycan chain
degrades, cell wall bursts

The mechanism of penicillin inactivation by bacterial
B-lactamase
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Inaktivated penicillin 14
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Semi-synthetic penicillins
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1970-1991
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Products of the hydrolytic degradation of amidine analog

penicillins
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G. Veinberg, Y. Belevich, Antibiotics, 1978, Ne7, 593-598 (Rus).
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Preparation of amoxicilloinic acid
H,O, pH 7.5, 30°C
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f1 1
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14

(4S,2R)-2-[[[(2R)-2-amino-2-(4-hydroxyphenyl)acetyllamino]-
carboxymethyl]-5,5-dimethylthiazolidine-4-carboxylic acid ammonium salt
dihydrate

(amoxicilloic acid)

Molecular formula: C16H25N40gS
Molecular weight: 436,50

Elemental analysis:
Found: C 44.65; H 6.30; N 12.92
Calculated: C 44.03; H6.47; N 12.84

Identity:

'H NMR spectrum: (Varian 400 MHz) (D-O, TMS) &: 0.96 (3H, s, 5-CHs); 1.01
(3H, s, 5-CHj3); 2.93 (1H, s, 4-H); 4.10 (1H, d, 6-H); 4.90 (1H, d, 2-H);
4.97 (1H, s, 9-H); 6.80 (2H, d, 12-H, 14-H); 7.26 (2H, d, 11-H, 15-H).

13C NMR spectrum: (Varian 400 MHz) (D,O, TMS) &: 23.54 (5-CHs); 23.96 (5-
CHs); 54. 2 (9-C); 56. 4 (5-C); 57. 5 (6-C); 63.5 (2-C); 73.2 (4-C); 114.4
(12-C); 122.0 (10-C); 127.9 (11-C); 155.0 (13-C); 166.8 (8-C); 173.13 (7-C);
173.54 (7-C).

ESI-MS (MeCN) for amoxicilloic acid (C16H21N306S, M.w. 383.43): 384 [MH"].
Single Mass analysis (elemental composition report): 384.1296

M. Vorona, G. Veinberg, E. Liepinsh, H. Kazoka, G. Andreeva, E. Lukevic,
Chemistry of Heterocyclic Compounds, 2009, 936-938.
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HZN\ RO, O\\ 0
ml = o7
7 NSA\_OAc 7N\ _OAc
0 o)
COOH COOBu -t
7-ACA
1Cso, uM
R HLE | PPE | a-Chy- Cathep- Trypsin | Plasmin | Thrombin
motryp- sin G
sin
Me 0.5 | <01 7-8 >50 >50 >> 20 6
Et 1.5 0.5 10 >> 20 >> 20 >> 20 >> 20
Ph 0.8 5 5 >> 20 >> 20 20 1

Doherty, J.B., Ashe, B.M., Argenbright, L.W., Barker, P.L., Bonney, R.J.,
Chandler, G.O., Dahlgren, M.E., Dorn, Jr C.P., Finke, P.E., Firestone,
R.A., Fletcher, D., Hagmann, W.K., Mumford, R., O’Grady, L., Maycock,

A.L., Pisano, J.M., Shah, S.K., Thompson, K.R., Zimmerman, M. Nature,
1986, 322, 192-194.
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The mechanism of Porcine Pancreatic Eelastase inhibition by tert-butyl
7a-chlorocephalosporanate sulfone *
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* Shah, S.K., Brause, K.A., Chandler, G.O., Finke, P.E., Ashe, B.M,,
Weston, H., Knight, W.B., Maycock, A.L., Doherty, J.B. J. Med.
Chem. 1990, 33, 2529-2535.
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Latvian Taiho Fond Project: Dual Action Anti-inflammatory Cephalosporis (1994 -
1996).
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02
H.N S AcOBu-t, BF, - Et,0 H.N. S H,0,, NapgWO,  H,N S
2 \—|’ ahort o2 e MeCN, 24 h, 0°C \—(
0¢—N . 90 % 07—N . 74% O¢—N P
COOH CO,Bu-t CO,Bu-t
0
-PrONO (s),z X s< NBS, hv
i-Pr Njx :
CHCly 1hrt 2N HCI/EtOAc, 1 h, rt. N| PhH, 30 min, 80°C
90% o N or MeOH, BF, - Et,0, 07 N 85-90%
24 h, r.t. -
CO,Bu-t CO,Bu-t
4 5 X=Cl (61%); 6 X=MeO (25%)
0, 0,
x.._,_I/S Aspirin, EtN, 24 h,rt. X-..,,_(s
A4—N Br or Diclofenac, Et3N, 24 h, r.t. A4—N o) R
CO,Bu-t @[OAC NH—@ CO,Bu-t O
8 X=MeO N .CH2C02H 10 X = MeO; R = 2-AcOCgH, (36%)
Aspirin Diclofenac 11 X = Cl; R = 2-(2,6-Cl,CgHgNH)CgH,CH, (20%)

12 X = MeQ; R = 2-(2,6-Cl,CgHsNH)CsH,CH,, (16%)
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Hydrolytic stability and PPE inhibitory properties of cephalosporanate sulfones

\\ /,

o L, T,

COOBu -t COOBu -t COOBu -t
2
X R Hydrolysis at pH 7.3 1Cs0, uM*
and 37°C, ty2 (hours)
Cl 2-AcOCsH4 (Aspirin) 23 0.20+0.03
Cl 2-(2,6-Cl2CsHsNH)CsH4CH: 73 0.21+0.02
(Diclofenac)
OMe 2-AcOCeH4 19 0.10+0.02
OMe 2-(2,6-Cl2CsH3NH)CsHa4 60 0.10+0.04
Cl Ac - 0.18+0.03**
1 35+1.1
2 73+1.5

oncentration causing 50% reduction of Porcine pancreatic elastase
**Reference substance

G. Veinberg, et al., Synthesis and Evaluation of Dual Action
Cephalosporins as Elastase Inhibitors. Bioorganic & Medicinal
Chemistry Letters, 1997, vol.7, No 7, 843-846.
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The synthesis of doxorubicin-cephalosporin prodrugs
R & 92 | CF,cOONH,, 02
Rj;rs NBS, hv S 2. H,0 S CIOCOCGH,-NOy4
EtsN

o) Nj)\cm N\g\CHzBr N\g\CHQOH ’

COOBu-¢ COOBu-t¢ COOBu-t¢

2a,b 3a,b 4a,b

O OH O

OH
“OH
Rj gz DOXOTUBICIN O‘O

—>Rj;r - H;,CO O OH 0
N~
o CH,0COOCH,-NO,-4 R gz Hy,c7 0
COOBu-t RaZ .
Sy N._A_ o Nt
’ 0 h¢

aR=H,R!=Cl, CGOOE ut 0
b R and R! = (2)t-BuUOCOCH= a,

G. Veinberg, |. Shestakova, M. Vorona, |I. Kanepe, I. Domrachova, E. Lukevics,
Doxorubicin Prodrug on the Base of tert-Butyl Cephalosporanate Sulfones , Bioorg. Med.
Chem. Letters, 2004, vol. 14, No 1, 147-150.
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Latvian Taiho Fond Project: Dual Antitumor S-Lactams (1998 -1999).

The concept of elastase mediated splitting of doxorubicin-
cephalosporin prodrug

R §l S
+ C02
J N
Doxorubicin 0" o
1 ok CoR?
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O OH O
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>
MeO O OHO

: el D ;\ MeZ707
er - H
%\l)l' = O\[(HN
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.

.
.
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Antitumor effect of doxorubicin and prodrugs in vivo against
Sarcoma S-180

O OH 0 O OH 0O

OH OH
HyCO O OH O H,CO O OH O
L o2 Hzm (2)t-BUOCOHC o2 Hsm
HO HO
o:l/jNr = CHZOCONH 0>Nr = CH20CO'NH
COOBu-¢ COOBu-¢
6a 6b
Com- Dosage, Administrati Tumor growth
pound* mg/kg/day on inhibition G1% on
schedule, fixed date (%)
days
5 7 9
Doxorubicin 5.0 1,2,3,4,7 50 35 37
6a 5.0 1,2,3,4,5 -8 72 30
6b 5.0 1,2,3,4,7 -20 -10 22
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Physiologic changes in cardiomyocytes after the treatment of
male JRC mice with doxorubicin and prodrugs

Dosage* Physiologic changes in cardiomyocytes *
Compound mg/kg/day Healthy Mice with
mice** transplanted Sarcoma
180**
MTT MTT

Doxorubicin 1.5 40+1 114410
6a (R=CI) 1.5 8546 225%12
6b (R=t-BUuOCOCH=) 1.5 5416 270+12
Doxorubicin 5.0 39+4 130£10
6a (R=CI) 5.0 87+4 230121
6b (R=t-BUOCOCH=) 5.0 10247 360+12

*Administration schedule: 1, 2, 3, 4, 7 days
**Cells isolated on the 9" day of experiment
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The usage of an effective HLE inhibitor tert-butyl 7a-chloro-3-methyl-1,1-dioxo-ceph-3-
em-4-carboxylate as a template for the preparation of new antitumor cephalosporin

derivatives. o o,
Cl, 25" Cl, 2 s
H Oz
R, = N
Y, =S = Z
N~ COOBu-t COOBu-t
o CHs n=0,1 R=F, Cl, Br, OH, NCS,
COOBu-t 1 P(CgHs)3Br H Os
R=H, Br, | 20 S =s
12 \ /
N o_ _R
RaM, H 2 d
3 =
%25 c, H gz COOBut O
N ’«7 =1 R=0OCH,CCl3, OCH,CH,Br,
CHyX 8 N54/3 OCgH4-NO,-p
COOBu-t o CHs 19
MR3=SiEt3, SlMeZBut COOBut H
SiMe,Ph un t.t.; ?

XHOAC

. \\

CoocHp h2 C,/
14

ﬂ 2

N % / R
0 H
COOBu-t

R= 402NCGH4(C|S)
4- OZNCGH4(trans)

COOBu-t
16

Chem. Heterocycl. Comp. 1998, Vol. 34, Nr. 11, 1276.
Chem. Heterocycl. Comp, 2000, vol. 36, Nr.10, 1424.
Chem. Heterocycl. Comp, 2004, vol. 40, Nr. 6, 949.
Chem. Heterocycl. Comp, 2007, vol. 44, Nr. 2, 259.
Chem. Heterocycl. Comp, 2007, vol. 44, Nr. 12, 1849.

/J;( NMe, R
R=H, COOH
7 17

/{CJ

COOBut
R=R" OH vai OAc

IIII

/ CH3

Chem. Heterocycl. Comp, 2000, vol. 36, Nr. 6, 744.

Chem. Heterocycl. Comp, 2003, vol. 39, Nr. 5, 680.
Chem. Heterocycl. Comp, 2005, vol. 42, Nr. 5, 673.
Chem. Heterocycl. Comp, 2007, vol. 44, Nr. 5, 769.
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Cytotoxic properties and LDsg values for 7a|-‘cﬁ'f¥|igpemgwé%erﬂa%r%iﬁe%%%wesiS

0.
Clé’ g
/J;H o
o \TJ\CHS

a
Clé’ g
jug
o

H
2 NMe
#_,r 2z
s
CH.
2

cl,

/f
N
/ T;L
H

0:
5

COOR COOR
1 3
Cytotoxic activity in vitro, TDsp against tumor and normal cells, pg/ml LDso,
R HT-1080 MG-22A B16 Neuro2A NIH3T3 mg/kg
CV MTT CV |[MTT| CV [ MTT CV MTT NR
1
t-Bu 6 2 6 6 3 2 2 2 226 1162
Me 23 1 1 0,2 19 1 2 8 15 236
Et 3 19 4 4 13 27 11 16 35 490
i-Pr 11 12 4 3 8 20 20 22 52 600
NF 2 3 3 0.2 3 4 11 21 58 626
-~ 15 27 5 1 13 27 22 14 31 495
/\C} 53 | >100 | 03 | 2 [ 15 | 11 7 0.8 55 659
2
t-Bu 18 32 18 21 22 19 2 1.1 96 878
@x 4 5 [04]03] 12| 26 | 32 | 21 n.t. n.t.
3 2 2 1 2 2 2 2 2 11 252

n. t. — not tested

TDso CV - Concentrations (ug/ml) providing 50% of Tumor Death effect using CV coloration.
TDso MTT- Concentrations (ug/ml) providing 50% of Tumor Death effect effect using MTT coloration.
TDso NR- Concentrations (ug/ml) providing 50% of Tumor Death effect effect using NR coloration.

log LDso(mg kg™?) = 0.435-1ogL.Cs0 (mmol L) + 0.625
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Cytotoxic properties and LDsy values for 7a-chlorocephalosporanate sulfone amides

0 0
cl, G- cl, G- e,
o7 T;Lc“a 0’ 7
CONRR' CONRR'
4 5
Cytotoxic activity in vitro, TDsp against tumor and normal cells, pg/mi
NRR! HT-1080 MG-22A B16 Neuro2A NIH3T3 L Dso,
CV |MTT| cVv MTT CV |MTT| cVv MTT NR mg/kg
4

NHC(CHs)3 1 2 2 3 2 2 2 3 49 597
N(CHz)2 2 2 11 7 6 1.4 | >10 >10 105 790
N(C2Hs)2 6 12 2 2 nt. | nt. | n.t n.t. 30 481
N: > 3 3 0.4 0.2 35 11 4 7 40 559
NCO 28 9 0.4 0.6 20 30 | >100 | >100 316 1376
©/°” 8 3 1 0.2 10 | 25 | 45 | 100 63 718

NHCH(CsHs)2 | 0.36 | 0.64 2 2 19 7 1 2 21 487

5

NHC(CHa)s 6 6 3 7 26 18 5 5 179 1146

NHCH(CgHs)z 3 2 3 2 23 17 2 3 14 438
N 17 18 9 19 110 | 124 13 1.1 157 1138
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Cytotoxic properties and LDsg values for 7a-chloro-1,1-dioxo-3-methylcephem-4-ketones

o_.,0
a, AP ca, N
- RMgBr
—_—
V, 7 4 Z
O Me O Me
COCl COR
R=i-Pr, t-Bu, Ph, @_
S
Cytotoxic activity in vitro, TDsy against tumor and normal cells, ug/mi LDso,
R HT-1080 MG-22A B16 Neuro2A BHK-21 NIH3T3 | mg/kg
CV | MTT CV MTT | CV | MTT | CV | MTT CV MTT NR
CH(CHa), 2 3 3 3 39 26 0.8 2 3 4 12 671
C(CHa)s 3 5 3 3 19 6 1 9 34 28 277 1235
_© 14 35 4 9 18 12 13 35 n.t. n.t. 65 854
ﬂ 6 10 4 4 25 29 2 10 37 47 287 1313
s
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The inhibiting effect in vivo towards Sarcoma tumor transplanted in mice

a, 9347° ca, 9352

L SN =
(0] Bu -t o
1 6
Administra Total | Tumor growth
Com- | Tumor tion Dosage, dosage inhibition, %
pound | type schedule mg/kg/day | mg/kg (in 9 days)
(days)
Sarcoma| 1,2,3,4.. 1 7
1 (S-180) 7,8,9 50 (p=0.329)
6 Sarcoma
(5-180) |1,2,34...7.8 10 60 76 (p=0.393)
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Preparation of 7-alkylidenechlorophalosporanate sulfone esters

H,N S N O o)
\—I/ i-PrONO ? S A %-—rs
2N 2 E N2 Rh,(OAc), L—N_Z E
o (o —
o7 CH,R! o CH,R: - % o7 CH,R?
COOBu-t COOBuU-t COOBuU-t
H R
Row. = R+ (832 H+ (832
RCH=PPh, \_I/ MCPBA N — N —
> SNz > N 2 * N .2
o7 CH,R! o7 CH,R! % CH,R?
COOBuU-t COOBu-t COOBu-t
E-isomer Z-isomer

R = t-BuOCO, MeOCO, MeCO, Ph, 4-0,N-CgH,4, 4-Pyridyl, 2-Furyl
R1=H, OCOCHj,
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(0) N
Me NH //OV e
(S)z Al'/\ol : Ar - (S)Z
H™N N
o
N Z N A
(0] Me [6) Me
COOBu+ COOBu+

Ar=Ph, 2-BrCH,, 3-BrCH,, 4-BrC H,, 2-CICH,, 2-FC H,, 2-CF,CH,, 2,6-CL,C H.,
3,4-CL,CH,, 3-Py, 4-Py

Ar
o~
-~N N
//O \—~Me N\ _Me
[Me §—CHCI]CI- ATy A\ H
2 \
- NMe2 B
N N
(0) (0)
. COOBu-+ COOBu-t
sin-1somer anti-isomer

Ar=Ph, 2-BrC H,, 3-BrC H,, 4-BrC H,, 2-CIC H ,2-FC H,

1. Bioorg. Med. Chem., 2000, Vol. 8, Nr 5, 1033-1040.
2. Chem. Heterocycl. Comp., 2008, vol. 44, Nr. 4, 618.
3. Chem. Heterocycl. Comp., 2008, vol. 44, Nr. 6, 918.
3. Chem. Heterocycl. Comp., 2009, vol. 45, Nr. 2, 284.
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Cytotoxic properties in vitro of tert-butyl 1,1-dioxo-7-alkylidenedeacetoxycephalospOranates

Ar
P CH,
07
Os
H N % N(CH,),
N~
) Me
(0) OBu-? (9) OBu-?
sin-isomer anti-isomer
Compound Cytotoxic activity in vitro, TDsp, pg/ml
Tumor cells Normal cells
Ar HT-1080 MG-22A NIH3T3 LDso
CV MTT CcV MTT NR mg/kg
syn CsHsCH>» 3 3 3 2 12 417
anti CgHsCH> 3 3 2 2 87 1003
syn 4-Br-CsH4CH; 3 3 2 2 151 1335
anti 4-Br-C¢HsCH> 3 3 1 2 30 639
syn 3-Br-CgH4CH> 10 11 2 2 920 2961
anti 3-Br-C¢H4CH> 10 10 3 3 100 1161
anti 2-Br-C¢H4CH; 90 37 3 3 534 2380

®
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CuHTE3 KN
ouonornyeckue cBoCTBa
NPOU3BOAHbIX
Y-flaKTaMoOB
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GABA molecule in linear and cyclic 1!6rm serves as p arr%acop%ore IN
following nootropic and psychotropic drugs

2 4

i -H,0 4 3

/V\ 2 o
HOOC NH, — = 0
+H,0 }NI

4-Aminobutyric acid Pyrrolidin-2-one

X
HOOC/\|*/\NH2 \E>:0
2 NR

R =CH; Phenibut R =CH,CONH,; X=H Piracetam
R=4-CIC(H; Baclofen R =CH(Et)CONH,; X =H Levetiracetam
R =i-Bu Pregabalin R =CH,CONH,; X=0H Oksiracetam
R =-(CH,);- Gabapentin R = CH,CONH,; X = C;H; Phenotropil
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R-Phenibut

R,S-Phenibut S-Phenibut

R,S-Phenotropil

R-Phenotropil S-Phenotropil

2922 2999
[ ] [ ] [ ] [ ] 41



Latvian Institute of Organic Synthesis @

%
EtOOC/Y\NHZ

Ph
% CAL, BCL, MUCOR, COOEt
HOOC/Y\NHCOCHZPh CRL, LPP, PS, PAP, CTR ph o A
(0]
Ph \P(iA
N
R H
HOO C/\‘/\NHZ . CAL. BCL.
PGA -  Penicillin-G-acylase Ph \ COOH 1&;}52};’},
CAL - Candida antarctica lipase : PS P, AP ’
LPP - Porcine pancreatic lipase Ph g o C"l:R ’
BCL - Burkholderia cepacia lipase
MUCOR - Mucor miehei lipase N -~
CRL - Candida rugosa lipase H
PS - Amano lipase
PAP - Papain proteinase
CTR - o-Chymotrypsine proteinase
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leiz a-Chymo-
trypsin

R = Et, n-Pr, i-Pr, n-Bu,

CH,=CHCH,, C;H,,

X =H (Phenibut)
X = ClI (Baclofen)

97-99%

ROOC NH,

H,0
pH 2

l HCl

R S
HOOC” 7I/ "NH,  Hooc” Y “NH,
X X

G. Veinberg, M. Vorona, A. Lebedevs, A. Chernobrovijs, I. Kalvinsh, Enzymatic
resolution of racemic 3-aryl-4-aminobutyric acids, LR Pat. 13635, (2006).
W02007096314 - 2007-08-30
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Effective dosages (mg/kg) providing similar activity of racemic
phenibut and its R- un S-enantiomers

Test Phenibut R- Phenibut | S- Phenibut
EDso* EDs EDs

Rectal

temperature 312 £ 99 117 £ 24 >500

Analgesic

effect 59 + 32 47 £10 >500

Cylinder test 338 + 160 157 + 69 >500

Traction 312 £ 62 129 +£ 16 >500

Rotarod test 536 + 139 123 +12 >500

* Effective dosage, mg/kg
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The preparation of R- and S-phenotropil
HNa

on. R BrCH,CO,Et Ph R
o NH,OH
HOOC/Y\NHZ
N
Ph H
A
pH.7
J n-BuOH

sO,Cl, -
n-Bu00C” N “NH
CTR

Ph
n-BuOOC/Y\NHZ
HNa
Ph BrCH,CO,Et Ph-., S
Ph"n.sgo NH OH

N J\
H
(0)

NH

2

G. Veinberg, M. Vorona, M. Dambrova, L. Karina, L. Zvejniece, A. Chernobrovijs,
I. Kalvinsh, Method of preparation and use of pharmacologically active N-carbamoylmethyl-
4(R)-phenyl-2-pyrrolidinone, LR Pat. 13630 (2006). WO2007104780 - 2007-09-20

G. Veinberg, M. Vorona, A. Lebedev, A. Chernobrovijs, I. Kalvinsh, Manufacturing
method of N-carbamoylmethyl-4(R)-phenyl-2-pyrrolidinone, LR Pat. 13631 (2006).
W0O2007104781 - 2007-09-20 45
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Activity of R- and S-phenotropil in cylinder, traction and rota-rod tests
(Dunham et.al., 1957)

EDso (mg/kg) *
Tested
Muscle relaxant activity
substance
Cylinder | Traction Rota-rod
R-Phenotropil | 199+38 | 4561122 193126
S-Phenotropil | 286178 | 548175 459187

* Compounds were administered i.p. at doses of 50, 100, 250 and 500 mg/kg. The effects were observed
30, 60, 120 and 180 min after drug administration.

46



Latvian Institute of Organic Synthesis @

Antidepressant properties tested in Porsolt (Porsolt et.al., 1977) forced swim test

200 +

1
., 150 1 L * gy
Z2 4
.‘__2
£ 100 A L
£
]
5
= 50 - *
o
>
D i

0
10 | 50 |100 10 | 50 |100 10 | 50 |100
Saline Phenotropil R-phenotropil S-phenotropil

Effects of racemic, R- and S- phenotropil in the forced swim test. The compounds were
administered i.p. 30 min prior to the experiment at doses of 5, 10, 50 and 100 mg/kg. Each
column represents the mean * S.E.M. of 10 animals. *p > 0.05 vs. saline-treated group, #p >
0.05 vs. the respective dose of R-phenotropil.
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Berestovitskaya et al., International Conference on the Synthesis of Nitrogen Heterocycles, Moscov,
Oct. 9-12, 2001, 1, 229

Ph
E>=O p 132 O
N NH Me” N NH,
O O
Piracetam e 1 (racemate) .
‘ 'l “ ‘

, \ y \
Ph Ph Ph,,

L= | =0
Me N Me™ N Me™ N

NH»

o) o) o) o)
e ythro-(4R,58)—2a) threo-(4R,5R)-2b eythro-(4S,5R)-2¢c threo-(4S,5S)-2d
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Me,  _NO, Ho O HOX.,O Me__NO,
& _COOEt @ftEN MgNm NO QC-V " : COOEt
W 2 H / \ H
Ph - Hl 7y H - PP, —> Me —» Ph
COOEt Me™ XX Me = COOEt
R-6 S-6
eritro:treo=3:1 L _ 3 . eritro:treo=3:1
Yield 87% Yield 83%
Optical purity 94% Optical purity 95%
@[;/COOMe
Me, _NO, NO, PhY
—> 3R,4S-8a (60%)
op & ~COOE a2t pr ~\~COOH h@ COOMe
COOEt o
R-6 op* S\ COOMe
3R 4AR-8b (14%)
Me NO, L
COOMe
0,
Ph cooet el I/COOH PhI/COOMe <: 3S,4R-8¢ (59%)
COOEt
8'6 8'7
,LL/COOMe

33 45-8d (13%)

Reagents and conditions: (a) 36% HCI and CH;COOH mixture (1:3), reflux, 18 hours
(b) MeOH, SOCI, (cat) 20 hours, reflux; (c) chromatographic separation on silica gel.
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Hy, NaH,
Me NO Ni R Ph O Ph O Ph O
2 i Raney BrCH,COQEt NH,OH
ﬁ
L Y XX, =% Y
Bh COOMe 5-10 atm
8a-d 9a-d 10a-d 2a-d

2,8,9,10 a = erythro-4R,5S; b= threo-4R,5R; c= erythro-4S,5R;d = threo-4S,5S

Table 1. Angles of optical rotation for 2-(5-methyl-2-oxo0-4-phenyl-pyrrolidin-1-yl)-
acetamide (2) stereoisomers

Compound [a]p®® Solvent, concentration
4R,55-2a -96.7° ¢ =0.05, MeOH
4R,5R-2b +22.9° ¢ =0.05, MeOH
4S5,5R-2c +94.1° ¢ =0.05, MeOH
4S,55-2d -26.0° ¢ =0.05, MeOH

Veinberg, G.; Vorona, M.; Zvejniece, L.; Vilskersts, R.; Vavers, E.; Liepinsh, E.; Kazoka, H.;
Belyakov, S.; Mishnev, A.; Kuznecovs, J.; Vikainis, S.; Orlova, N.; Lebedev, A.; Ponomaryov Yu.;
Dambrova, M. Bioorg. Med. Chem. 2013, 21, 2764.
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Nr 5/ DumomniazMmarnyecKui
PYTHKYJIYM

Kpucrajimyeckasi CTpyKTypa
Curma-1 peuenropa

Cytosolic side

Nature, 2016 letter research >4
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Allosteric
binding site

Orthosteric
binding site

l

Response
Orthosteric inhibition Allosteric modulation
: i 1 Orthosteric Affinity modulator
. Ligand trap
Response
{ Y Orhostere Efficacy modulator

/

Structural
change

¥
Altered response
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Pe3ynbTaTbl AOKITMHUYECKUX UCMbITAHUN

dapmakonornyeckas apdekTnesHoCcTh E1R:
— YnyduweHHasa KOrHUTUBHAA 3(PPEKTUBHOCTb

— CHMXeHne KOrHUTUBHbLIX A4edPULUNTOB, Bbi3BaHHbIX
XOJIMHEPrnyeckon ANcayHKUNeEN

— AHTI/IKOHByJ'IbCI/IBHaS:l dKTUBHOCTb t
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bJaaroaapro 3a BHUMaHue!




