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uchuusuuv£h <putuuuu PLNREUSPME

Uzfluwwmwuph wpnhwlwunpyniup: Opguuwlywu phdhwih wnwowwnwp b
owwn  nwnwuwuppynn  Gnintiphg £ htinbpnghYylph phdhwt:  <wyntp
ntnwujniebinh, hwybwunyetiph, pniuwphdhluuwntbiph, ulilunwjht
hwybGwunetph W wy  wpunwnpuywt  Juplnp - bywbwynieintu niubignn
phdhwywu dhwgnipjniuutiph dadwdwuunigyntup hwunhuwunwd Gu
htwnbpnghYyhYy dhwgneniuutipp: Wn puly wywwdwnny wju ninpunnd jumnwpynn
hwmwgnunyeniutbpp donwwbu wpnhwlwi Gu:

Swippbip htwnbtpnghyhYy dhwgnieyniuubnh uphtebigh U nwnwiuwuhpniejwu
hwdwp Ywplnp £ unp dnnbignuiubiph U upupebgh dwdwuwlwyhg dbennubph
dowynwip L npwig owyunhdwjwgnuwp: Hwug dowlydwu dwdwtwly Ywplnp |
nwnpnien nwpdubp dbpnnubph wpryniiwybunngeyuiup, dwwnskijhnygjuup L
wuywnwugnypjuup, hbnubind dhowqgguiht punnujwd  swhwuhoubpht L
unpdbipht:

Lnp nbnwdhongubiph uwnbnénuwip phdhwih L nbnwugnpénuejwu, huswbu
uwl pdoynipjuu hhduwywu qupgwgnn ninnnyeniuttiphg dbyu £ Wn ninpuinh
hhduwywu fuunhpubphg dGyu £ unp, wpryniowygbn W thnpp pniiwlwunypywdp
oduinjwd YEuuwpwunptu wlnhy dhwgnieyniubph upupbgp:

<bwinbpnghlyhy  dhwgnyeniutph owppnid  Ywplnpwgnyt - funwdp  Gu
Yuwqgund wphwgnjubpp, npnug wdwugywiubiphg 2wwnbpp gnigwptpnud Gu pwpdp
nbnwpwuwywu wyinhynipiniu: 1,2,4-inphwgnih npn2 wdwugjuiubp gnigwpbpniud
GUu hwlwpnppnpwjht, hwwpwywnbphwy, hwlwyhpnwwihtu, hwwhhwbpunnupl,
wuwbwwnhly, hwlwnbwypbuwunm b wy hwnnyeniuubp: <wpnth B twb
phipwpbpwwtdwhly  nbnwdhengubp, npnup  wwpniwymd o 1,2,4-
wphwagnuyhti ghyg:

dwdwuwlwlhhg pdoYynpjwt dbe jwjunpbu  oquwgnpdynud Gu 1,2,4-
wphwanwihti onwl wwpnitwynn nbinwdhgngutbin, huswhuhp Gu $inynuwgnp,
nhpwyhphtp, wpwqunnup b wyu: Uh owpp 1,2,4-nphwgnjuihtt wdwugjuubp
pdolwlwt wpwlwhluwinw ogunugnpdynid Bu npwbiu utuht hudblyghwubiph
(intyntiwgny,  hnpwynuwagnp,  wbpynuwgn)),  Jhpnwwhtu - hudblyghwubiph
(nwpwyphppu, dwqughgnu), hngbhwu  fuwuqupnwubph  (LWpwgnnnt,
ubduwgnnnu, wihpwgnud, nphwgnpud, ppanhgniwd) Ypdpwgbindh punglitinh
(lhnpngn),  wuwuwnpngnp), upnwtnpwihu  hwdwlwpgh  hhywunniyeiniuubph
(whnwnphwaniht, Ywpnhniphy, ipwwhrhy) pniddwi hwdwp:

Uoluwwnwuph twyuwmwlp: Unblwjunuwlwt wojuwwwuph hhduwlwu
Uwwwnwlu k upupbqgb) 1,2,4-nphwgniubph unp wdwugjwubp, drwlyb| npuug
uhuptigh  owwhdw] wwpdwuubp, pwgwhwjnt] wwppbp  wwjdwuubph
wqgnbigniiniup npwtg uptpligh ntwlghwubiph pupwgph Ypw, huswbu Lwl
upupbgwd  Jdhwgnieyniuubph pwppnd pwgwhwpnkp  YEuuwpwuwlwu
wywnhynipniu niukignnubinhu:

Ghunwlwu  unpnyep: UUM uwblupwp wndjwijubph, huswbu  uwl
nbungbu-funngywdpwht wuwjhgh hhdwtu Jpw wwwgnigty £, np 1,2,4
wphwan-3-phnuttiph wdwugjwiubpp, Ywfudwd blupndhih Gunnigywsphg,
wnwowgunwd Eu N- Jud S-nbnulwws wdwugjuiubp: Uwutwynpuwtu,
ninnpnywd gnignpnnid ntibgnn C=C Juuw wwpnitwynn Eiunpndhjubph hbun
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wnweowgunwd U dhwju N-nbnwlwpywsd  wdwugyuubp, huly  hwingbu
wuwpniuwlynn bielunpndhjubph han' S-nbnulwdws wdwugjwiubn:

N-wipy 1,2, 4-nphwanip-upnuwiwpepedh tupbinutiph, — onh - dnunpny
hhnpwghunihgh wpryniupnud wwipgyty £, np pugh hhduwywt® fupbipuht fudpp
hhnpwghunihgh gnpdpupwghg, pupwund b wlb wihjwihu judph Yepwlwugund’
dhusle wpnwhih, puy prwdth pugwlwinyeyuu nbwpnid, nfwlghwt pupwund
E dhwju hhnpwghunihgh ninnnuyejudp:

Uwwgngyt) L, np wgbnhjwgbunnuh  thnfuwgnbgnyeniup - uptupbiqud
1,2,4-nphwgnihi-wpnwhnupg hhnpwghnubiph htin pupwunu £ ng pwpén Gipkpnd,
husp wwjdwtwynpyws £ upwuny, np nbwlghwih wpryniupnid - wnwgwgnn
whpwanwihtt hwdwywnpgh Ywppnthy fudpht dhugyws wannh U Yuppnthuht
fudph dhol gnignpnnwip gpbipt pwgwlywind k£, nph wwwdwnny hwdwlwpgnud
wnyw Eewtnp hwpdwyyn £ 1,2,4-nphwgninuhpwgnih Ywppntihy fudph ypw’
ptiptiiny hwdwwwwwufuwt Ephlbupbph wnwowgdwu U whpwgnuihu onwlyh
htnwgdwu:

Snyg £ wndb, np wihjwht funwp wwpniiwynn 1,2,4-nphwgnihjupn-
wwuwpryh b npw wdwugjuutph dnn wihjwht fudph ppndwgdwt wpryniupnud
wnbinh § niubunwd ghynd' phwanjught ghlih wnwgwgdwdp:

S8nyg Lt wpdt, np o 1,2 4-nphwgnuhu oonwl  wwpniiwlnn
Yuppnuwppeniubph wdwugjwutpp hwunhuwund Gu jwy Gubnyebp’ wphwgnin-
wphwaniubph,  nphwgnpopuwnhwqniutiph,  wphwaninwhpwaniubph L
wphwgnjwiht onwl wwpnitwynn whwwnpnubph uhuptigh hwdwn:

huswbiu in silico, wjuwbu k in vivo dbennubph Yhpwndwdp wwywgmgyb k,
np uhtpbqwd 1,2,4-nphwgnwiht onwl wwpniiwynn wbwuinhnubphg npnaubipp
odnjwd tu gwlwgnynn, ubdwwnnwiht, ubdwgnnhwihtu U hwlwutlwihu
hwuwnlynipjniuubinny:

Qnpsuwlu vpwuwlnyeyniup: Uwldbp Gu 1,2,4-nphwgnjutiph unp
wdwlgjwubph uhupbkgh dbennubp, npnup wwwhnynd Gu  JGpowujnyebiph
pwnpdp Gpbp L d6d ubtywhyngyniu: Uswldwsd dbpnnutipp Ywpnn Gu hhdp
Swnwjtip Udwuwwhw wy  hbnbpnghyhy hwdwlwpgbph  twpwgddwu L
Yunnigdwt hwdwp, huswybiu bwlb wjn dbpnnutiph 2unphhy Jupnn Gu uhupbqyt)
YGuuwpwuwnpbu  wlhwhy  unp  dhwgnyeniuutip:  Upupbqwd  npny
dhwgngnitubp Yupnn BU (hub] fununnwduwp wnpnp® hwlwunghgbwunhy,
ubdwwnnnuwiht W hwlwutlwihu unp wgbunubph hwjntwgnpddwu hwdwp:

Uojuwwnwuph  thnpdwplndp: UnbUwlunuwwu  wyfuwwnmwuph
hhduwywu npnypubpp ubiplwjwgyb) Bu 3 dhowqguiht ghunwdnnnyutipnid (The
4th International Scientific Conference of Young Researchers, «The bromination
reaction of 1,3-disubstituted 4-allyl-1H-1,2,4-triazole-5(4H)-thiones» (September 28-
30, 2017, Yerevan, Armenia); 5th Conference of the Armenian Chemical Society,
«CuHTE3 M HekoTopble npespalleHne N-npoussopHbix B-ananuHa» (October 3-7,
2017, Yerevan, Armenia); Second Panarmenian Scientific Forum, «Synthesis of new
bis-1,2,4-triazoles with ethylene bridge» (November 5-8, 2017, Yerevan, Armenia)),
huswtiu twle << N2 3445 A wpunnuwgpnwd (21.01.2021):

Lpwunwpwljjws wuwmnnpyniuubpp: Unbiwjunuwlut woluwnwuph
hpduwlwt  pnjwunulynienitt . wpunwgnywsé £ pdnd 8  ghunwlwl
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hnnwdubpnd, 1 wpwnuwgpnud b 3 dhowqquiht  ghwnwdnnnyubpht
ubipywjwgywsd gYynygubiph nbiupny:

UWjuwwnwuph  Yunmgwépp:  UnbUwfunuwlwl  wojuwwnmwipp
owpwnpywd £ hwdwlwpgswiht owpdwéph 133 boh Jdpw b Yugddws &
ubpwénipiniuhg, gnwlwu wyuwpyhg, wpryniupubph ptuwpynwihg, thnpduwywu
dwuhg, bgpwlwgnipniuubphg, ogquwgnpdjwsd gpwlwuniygjwu gwulhg (159
hnnud):

uchuusuuLh <hUtLuuut PNYULTUUNRIBNRLE

1,2,4-nphwgnjubph  wdwugjuiubph uptpbgh hwdwp, npwbu dwnsbh
Glwujnye puwpdty Bu 4,5-Gpyubnuywyws-2,4-nhhhnpn-3H-1,2,4-nphwqgny-3-
phnuubtipp (1-19), npnup uhtpbtqyb) Gu gpulwunyeiniunid hwjnth Bnutwyny,
hwdwwwuwuluwt Yuppnuwpeniubph tupbpubphg' hwdwéwiu unnpl pepdwd
ufubdwyh (ufutidw 1):

AB(E Y- D> 1 NO
2+ =

1 2
1. R'=0-MeCeHs, Ra=Ph; 2. R'= m-MeCsH4, R?%=Ph; 3. R'= p-MeCsH4, R>=Ph; 4. R'= Bn, R>=Ph;,
5. R'= Ph, R%=Ph; 6. R'= PhOCHa, R*%=Ph; 7. R'=Ph, R2=p-MeCsH4; 8. R'= m-MeCsHa, R2=All;
9. R'= p-MeCsHs, R2=All; 10. R'=Bn, R%=All; 11. R'=n-Bu, R%= bniphjdbph; 12. R'=
HOCH2CH2CHa,, R?=Ph; 13. R'= p-BrCeHs, R?=Ph; 14. R'= Pyridine-3-yl, R>=Ph; 15. R'= o-
MeOCsH4, R2= Ph; 16. R'= 0-MeOCeH4, R%= All; 17. R'= p-MeOCsH4, R?= All; 18. R'= Fu, R?=
Ph; 19. R'= Bu, R%= Ph;

Pwgwnnipyniu Gu  Yuqind  y-opuhwypnwhp wbnulwihs  wwpniiwlynn
wphwgnjubpp (12), npnug unmwgdwt bnwuwyh hphdpnd puywd Bu wwppbp
nhpptipnud wbnwlwihs wwpniiwynn (Guwd wnwig wnbnulwihsubph) nbunpw-
hhnpndnipwu-2-ubiphg  unwgywd  y-opuppnipwuwpeniubiph  hhnpwghnubipp
(ufubidw 2):

f2 2 D RASCN

Utubiiw 2

Wu Yunnigywsdph 1,2,4-inphwgnjubiph unwgdwu tnwuwyp Gquyh k, npp
dawli b 5M<h opquiiwlyw phihwih wdphnuh wafuwwnwlhglbiph Ynndhg:



1. 1,2,4-inphwiqn|-3-phnubkph thnfuwgnbgnipyniup kiGYwmpn$hjutph htwn

1,2,4-nphwgn-3-phnutubpp ~ (1-11)  $nilghnuwjugubint - twywwnwlyny
thnfuwgnbignipywi dbig Bu npyti nwppbip nhwh LiElnpndhubph htin:

1,2,4-nphwgn|-3-phnuutipnud  (1-11) wnlw £ phnwdhn-hdhunphnjwihu
wmwnwnndbiphw, W npwug thnfuwgnbgnieniut flYunpndhiubph hbin Jwpnn |
pbipt| huswbu S-nbnuijupwsd, wjiuwybu b N-inbnwwwsé dhwgnipniiubph
wnwowgdwt: Wu nbwlghwubph ninnnigyntup Yupnn £ ywidwiwynpdwd |hub;
hugwbu  biiynpndhih - punyphg,  wjuwbu b ntwlghwih  hpwywtwgdw
wwjdwuubiphg:

Nwnutwuppdp £ 1-11 dhwgnyeniutph Juppp  gnignpnyuid,
wlwhdugywd  Ebhuopndhutph”  dEphwlphwwh L whphinuhnphh - bt
Uhpwklh dhwgdwt nbwyghwih wwjdwuubpnwd, nph wpryniupnd utnnwgynud Gu
B-wjwuhuph  wdwuwlubp, huy Jbpohtubpu  JdGS  Yhpwnnieinie nibu
Ytuuwpwunpbu whnphy hwybindjubpnud: Cunpwsd Guunebpp ywwnwhwlwu
sku, pwuh np dh Ynndhg pniuyghnuwjwgyws Hu, dnw Ynndhg niubu inphwgniw-
jhu onwynuwl  wbknwlwihsubiph  wwpwihnfudwu 46§ huwpwynpnyeniu, husp
htnwquind  pny; juw  Juwuwpl] unwgwd  Uniepbph  hwanyngyniiutph
hwdbdwuinwlwt  nwnwWtwuppnygniuubp’ jwiujws  wbnwlwihsh nhpphg L

punyhg:
N—N

R1/<N »\s/\/ e
|
R2

N—NH Z  ewe
, /( )§ EWG
R S -
N EWG = COOMe, CN \ N_N/\'
R? /
1-11 R"QN%S
|
Uputiduw 3 R2  20-39

Uryniuwy 1

Ne EWG R! R? Ne EWG R R?

20 | COOMe Ph Ph |30 |COOMe| nBu Snuphy UGpH|

21 COOMe | o-MeCsH4 Ph 31 CN o-MeCsH4 Ph

22 | COOMe | m-MeCeHs Ph 32 CN m-MeCeHa4 Ph

23 | COOMe | p-MeCsH4 Ph 33 CN p-MeCsH4 Ph

24 | COOMe Bn Ph 34 CN PhOCH: Ph

25 | COOMe| PhOCH: Ph 35 CN m-MeCsH4 All

26 | COOMe Ph p-MeCeH4 § 36 CN p-MeCsH4 All

27 | COOMe | m-MeCsH4 All 37 CN Bn All

28 | COOMe | p-MeCsH4 All 38 CN n-Bu Sniphi-dbphy

29 | COOMe Bn All 39 CN Bn Ph

Munqybi k, np 1-11 dhwgniggniiutiph thnfuwgnbignieniup dephwlyphjwnh
L wyphinupwnphih hbwn  pupwund b pwjwlwuht  dbnd  wwjdwuubpnud'
wgbwnnupwnphih dhowduwypnud, 10 dnp % uwwphndh dbphwwnp ubplugnigjudp’
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(nShsh Bndwt wwjdwuubipnd: FHw wpryniupnd EiEYunpndhih dpw hwpdwynwin
wbinh £ niubund wnphwgnih wnweoht nhpph wgnuning' pbpbiny pwpép Gpbpny
hwdwwwunwufuwuwpwp dbeh) 3-nbnuluyws ypnwwiunwwubph (20-30) b 3-
nbtinujwywsd ypnwwiuwpepdh thunphubph (31-39) unwgdwt (ufubidw 3):

Lwpnuh  E, np 1,2,4-wnphwgni-3-phnuutipp - hhdph  ubipyunyejudp
hwonnnipjudp  thnfjuwgnnud  Gu - pbughl- U pbugnphjhwingbupnubph  htin,
wnwowgubiin S-nbnuiwywsd hwdwlwpgbp: Ubp Ynndhg nwnufuwuppdb) Gu
1,2,4-nphwgn|-3-phnutbiph thnfuwgnbignipinituu Erehipinpwgbitnwnh,
dbphipginpdnpdpwnp b dephi3-ppndypnywunwnnh hbwn: UUME H, BC L Nyl
wuwhgh  wnywutpny  hwunwndbp 5 np Ephpppugbuwnp L
dbphpinpdnpdhwwnp nbiwypnwd unwgynw Gu S-h wwndh unwyindhp gpnhdw
wpgwuhpubip (40, 42-52), unyu wwpdwutbpn  3-ppndwpnwhnuweeyh
dbphtupbpny wiyhjwgdwu nbwpnd unwgynd £ Gpynt upnyebph spwdwuynn
fuwnUnipn (24 U 41):

Ubtp Ywpdhpny udwu bGplunypp Ywpbih § pwgwwpbp upwunyd, np
nbwlghwih wwydwuubpnu wnbnh £ niuGund dbphp 3-ppndwypnwyhntwwp  dh
dwuh nthhnpnhwingbuwgnud, nph wpryniupnd wnwowund £ dGghjwyphjwn:
dbpshuu thnfuwgnbiiny 4 dhwgnipjuu htin pbpnd £ N-undytndhp YEunpnup
hwpdwldwu  wpryniupnd® Uppwybh dhwgdwt  wpgquwuhph' 24 dhwgnigjwi
wnwowgdwup, hul 41 nphwgnp wnwowunwd k dbeh 3-ppndypnwhntwnh ypw
4 dhwgnigjwu S-untytindh| YEunpntuh hwpdwlynud wpryniupnid (ufubidw 4):

o]

)]\ ;“T j\\ Unyntuwly 2
Cl OMe Bn/kN)\s OMe

|

h

Ne R R2
Ph 40 42. | HOCH.CH.CH, | Ph
Q 43. p-BrCsHa Ph
44. Ph Ph

B O _
N—NH rk/u\ /2 5\%\)\\0'\“ 45. Pyridine-3-yl Ph
/( ! OMq Bn N S 46. 0-MeOCeH4 Ph
R! N s ] | 47. m-MeCeHa4 Ph
,';z Fh 24, 41 48. 0-MeOCsH4 Al
49. 0-MeCeH4 Ph
1,2,4,5,12-19 . - . =0 Yy o
I ) /\( 51. Fu Ph
CI\)I\OEt R1AN)\S OEt 52. Bu Ph

’ Ve

Uhubdw 4 42-52

Uuwsdh wwwgnyg b hwiunhuwund unwgdws fuwnunipnh UUME H
uytiupnud nhwynn dddph b wqnunh dnin gutynn  dbphituwht  fudpbph
nphytn wgnwuswuubph nhppbpp' 3.31 (SCHy) L 4.43 (NCHy) Jd.d{Llwp 1),
npnup - Ybpwgndtp  Gu - twhuyhund dbphwbphwnh hnfuwgntignusgudp
unwgywsd 24 dhwgnigjwt b YU wuwhgny hwunwndwd S-inbnuijwyws 42
dhwgnipjwt uybtlwputiph hwdwnpdwdp:



Liwp1: 24 b 41
dhwgnipniutiiph
fuwnunipnh UUN'H
uytlywphg hwnydwd:

Wu wdbuhg Yuwpbh £ Gupwnpb, np o unytndhp  wnbnuywpdwu
ntwlghwubph wwpwqwind hwpdwynwip wnbnh £ nibund 1,2,4-nphwqni-3-
phnuh S-unwytinbhy YGuwnpnuny, huly wynhjwgyws gnignpnywd wytuubiph
nbwpnd untyingh| dhwgnudp wbnh E niubunad N-unwytindhy Yeunpnuny:

Ldwu bpunypp Yunbih £ pwgunpby nbuwlghwih pupwgph dbfuwuhqdh
wwppbpnipjwdp, huswbu bwl EiaYunpndhy Yeunpnuh £$blnhy npulwu (hgph L
uniym®hih (hgph funnipiu swthny:

2. Uhupbqwé bupbkputph hhnpwqhunihgh nwuniduwuppnieyniu

Upupbiqqwé bupbpubpp hwunhuwund Bu jwy Gluyngebp' wgniubpp
uhuptigh hwdwp, wn wywwbwnny hpwlwuwgyt) b uhupbqusé Lupbpubph
hhnpwghun|hq' fpwunnw, hhnpwgpuh 1,5 £y, 50-60°C obpdwuwnpwunid: 40
dhwgniejw hhnpwghtnihgh wpmyniupnud nhinygt) £ phnbupbpuwht’ C-S Yuwh
fugnud, wy| ng b dbpopuh fudph htinwgnid, nph wpryniupnut unwgyby b Glughu' 4
wphwgn U dephihhnpughunywppopupjwn: Mthwlyghwih wjuwhuh pupwgpp
Yuwpbih £ pwgwuwpty upwuny, np C-S Ywwh Gplwpnigyniup wybiih d6é , pwu C-
O Ywuwhup, wyn hul wwwébwnny unwytinbh| hwpdwydwu wpryntupnid Gtinpynid
E wytiih phs Ywwh Eubipghw niutignn C-S Yuiwp:

12-17 L 42-52 dhwgnipniuutiph hhnpwghunjhgp pupwund £ wypulwynn
ninnnipjwdp’  pbpbind  pwpdp  Gpbpnd  hwdwwwwnwufuwu  hhnpwghnubph
unwgdwl (utubidw 5):

avi6 4+ NI
N—N
- % 3-63
42-52 53-
[~ \
N N 00V16
Ufutiw 5 669



Unynuwly 3

Ne R R? Ne R! R?
53. HOCH2CHJ.CH: Ph 62. o-MeCsHa4 All
54. p-BrCsHs4 Ph 63. Fu Ph
55. Ph Ph 64. 0-MeCsHa4 Ph
56. Pyridine-3-yl Ph 65. m-MeCsH4 Ph
57. 0-MeOCsH4 Ph 66. p-MeCsH4 Ph
58. 0-MeOCeH4 All 67. Bn Ph
59. o-MeCsHa Ph 68. Ph Ph
60. m-MeCsHa4 Ph 69. PhOCH> Ph
61. Bu Ph

Unwgyws 27-29  Lupbtpubph  nbwpnw, UUM-h  wprynwpubph
nwnultwuppnipjudp wwngytp E, np uwnwgdl] Gu juwnunipnubp, npnup
huwpwynp sh bGnbkp pwdwub] dhdjwughg ns  YGpwpnipbnugdwt, ns g
wonmwpwlwiht  ppndwwngpwdhwih  dhongny: UUTEH  hGwmwgnunnyggnitubinp
wnjwiubpp gnyg nytght, np unwgywd fuwnunipnp wwpniuwynd £ huswtu N-
wihpnbnuywws (70-72), wjuwybu b N-ypnuyhpunbnwwupyws (73-75) 1,2,4-
wphwgnih  woéwugjwiubn: Unwgwd 73-75 dhwgniyeniuubph  wnweowgnuip
Ywpbih £ hptwynplp  unwgywd  70-72  dhwgnienuutph dwutwlyh
Yytpwlwugudwdp:

A. NgHy Ha0, Air

| COOMe a l 9
/\/ N /\)k /\)k NHz
R1’£_L NH, xH;0 R1~</Nl R1—<//g -

R S
" al S 7072 o/ 73-75
Al 27-29
| NoHy xH20, Na2803 B. NaH4 xH,0, Air
Utubidw 6 Unynuwly 4
Ne R R? Ne R! R?
70. m-MeCeHa All 73. m-MeCeH4 Pr
71. p-MeCeHa4 All 74. p-MeCeH4 Pr
72. Bn All 75. Bn Pr

Spwlywuneniund uywpwgnpywd £, np wéfuwsdhtu-wdfuwsdhu Ynlyuwyh
wwp Ywpbh £ Ybpwlwuqubp  hhnpwghuhpnpwwnny’ - oguwgnpdtiing
hwdwwwunwufuwt  Juwnwhquunnpubp, b pplwduny: <bnhuwlubph Ynndhg
ubpyuywgywsd £, np depp ywpwgpdws  gnpdpupugp wwjdwuwdnpyws §
hhnpwghuh opuphnwgnuing' dhusl hwiwwwwnwutuwu  nhhdhnh, npp hGwnw-
qund Ybpwlwoqund £ wdfuwdhu-wstuwdht Ypluwlhh Yuwp: Gplnyph thnp-
dwpwpwlwt wwwgnigdwt hwdwp Ybpgyt £ 70 L 73 upnebph fuwnunipnp,
huswbu uwl Jbpohtubpu wuhwwwwbu thnfuwpyyb G hhnpwghuhhnpwunp
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htiwn' pRYwduh hnuph wwjdwuttipnw: <wuwnwwnyt £, np 70 ujnyeh Gplwpwnl
wmwpwgdwu wpryniupnw wju ybpwlwuguynwd £ dphusle 73: Wn wwinwnny
Juwwwpdbght  hbnwgnungeynivubp' 70-72 L 73-75  ujnipbph wnwushu
uhupbguwt huwpwynp Gnwuwlubph dwuny: 73-75 hhnpwghnubph unwgdwu
hwdwp punpdtp 50 owwhdw]  wwydwuubp'  wih fudph  wdpnnowlwu
Yytpwlwugqudwt hwdwp, npnup pipdwd Gu wnnwiwly 5-nud:

Puswbu btpund b hinpdwpwpwlwt  wndjuiubphg’  hhnpwghunhgh b
dhwdwdwuwlw shwgbgwd Ywwh wdpnnowljwt  YGpwlwugdwu  hwdwp
nbwlghwt Yuwwwpynwd § 27-29 Lupbipubph b hhnpwghthhnpwnh 1:10 dnjwhtu
hwpwpbpnyjwdp, onh hnuph wwjdwutbpnd, 80°C gbpdwuwnhdwunu 12 dwd
fuwnubind:  Uu nbwpnd  wwwhndmd £ dphuse  80-93%  Liptp'  73-75
hhnpwahnubiph hwdwn:

Unyntuwly 5
£ |q =
P~ g | F 3 _o Upquuhpubiph 33 s
3 3 = tec) | €53 hwpwpbpnipnin | 3 S 4
< o™ T 3 ) . £ 38
2|3 5 70:73 FE5
EtOH On 1.5 50 8 1.2:1 89
EtOH On 3 25 24 1:1 91
EtOH On 3 60 8 1:6 90
EtOH On 10 80 12 0:1 93

27-29 ujnpebtph hhnpughunhgh dwdwuwly wih) fudph  wwhwwudwu
hwdwp rbwlghwt wwpdb) b wwppbp wwydwuubpnu? wgnnp dhowdwjpnud,
quynwnwind, prYwdht  Ywunn wgbuntubph  tbpyuwnpwdp UL wwppbp
obpdwuwmhdwutbpnd  (Unjnwwly 6):

Unjnwiwy 6
3 Upqwiu 2
2 5 hwybnusubp g %e n‘l"hhg T
e El (8| %) TS t(C) | Z3 | hwpwpkp 5 &
£ e e £ npjnlt | S 5
= z 2 72:75 &g
EtOH | On-EFpwun; - 1.5 50 8* 1.2:1 85
MeOH [ Jwyninud - 1.2 25 | 727 8.3:1 91
EtOH Jwyninwd - 1.5 70 | 10* 8.6:1 87
MeGOH N2 - 1.1 25 | 5% 10 : 1 87
EtOH | Jwynind - 1.5 25 | 727 11.2:1 90
MeOH | Jwlyntnd - 1.5 25 | 48* 1:1 93
MeOH [ Jwyninud Na2S203,10 1.5 25 | 48* 9:1 94
MeOH [ Jwyninud Na;S0s,10 1.5 25 | 48* 10 : 1 92
MeOH | Jwyninud Na»S0s, 150 1.5 25 [ 24¥ 1:1 92
MeOH | On-Ltpwunp [ NaSOs 50 2 25 | 48* 153 :1 93
EtOH Epwun| Na;S0s™ 20 | 10 25 | 5% 1:0 91

¥ fuwnudwu  pwgwywinieiniu,  **  juwnubine wwidwutbpnd, %Y dwppnuip
hpwlwuwgynid £ NaxSOs-h nidnypeny
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Unjnwiwl 7-hg Gpunud £, np wihp fludph ywhwywudwy hwdwp juywgnyt
wwpdwu b hwunhuwund  27-29  unebph hphnwghunihgh  nbwlyghwh
hpwlwuwgnuit bpwunih dhowywnnid, prywduh (onh) dninph pugwlwnipjwu
wwpwgwjnw, 20 dn; % NaxSOs-h ubpYuwynieywdp, hhnpwghuhhnpwwh 10
wugwd wybtigniyh nbwpnu, ubujwlwiht sbpdwuwmhéwund, nph wpryniupnid
pwpép Gpbpnd (91-97%) unwgynud U hwdwwwunwufuwt  wihjwihu  funwp
wwnniuwlynn hhnpwghnubpp 70-72:

3. Phndbphituwhtu b Ephbuwhu Yuwdppwynd Yuwwydws 1,2,4-nphwgnin-
1,2,4-mphwgnpuyphu,  1,2,4-mphwqnin-1,3,4-opuwnhwgnpught - b 1,2,4-
wnphwgnn-yhpwgnpuyht hwdwlwpgbph uhupbqp b npwug hElmwgnunudp

Enyhbuinbpnghyhy hwdwlwpgbinpu hptug nbnwpwuwlywu L
YEuuwpwlwwt nbuwuyntuhg d6d hbwwppppnigintu B ubplwjwugunid, hush
hwdwp d&Gp Ynndhg hpwywuwgyby £ vdwuwwhwy hwdwlwpgbph upuebg, dbp
Ynnuhg uhtupbtiqyud 53-69, 73-75 hhnpwghnutiph htuph Ypw:

1,2,4-nphwgnin-1,2,4-nphwgnwiht - hwdwlwpgh  YJunnigdwt  hwdwp
hpwywuwgyty £ uptpbqjws hhnpwahnubiph  thnfuwgnbignuggniit wih- Ywd
dGUhhgnehnghwuwwubph htw, nph wpryniupnd pwpép Giptipny unwgyty Bu
phndbphluwhu U Ephfuwhu  Yuwdpowly wwpniiwlynn  hwdwwwwnwutuwi
rphnubdhlwppwghnubipp 78-97 (117, 139, 140, 150]:

[o]
H H
S\)l\ N N
/NY H/ \"/ “R3
\ N
Nr2

3]
76, 77 R3—-NCS 5363 N>/ !
i 78-83
0

N /\/lk H H\

3 - . 1 N - 3

76,77 __FNCS 6469,7375 R/ YR

IN S S
Utubdw 7 R? 84-97

Unynuwly 7
Ne R! R? R3 Ne R! R? R3
78 HOCH>CH2CH: Ph Ph 88 p-MeCsH4 Ph Ph
79 p-BrCeH4 Ph Ph 89 PhOCH» Ph Ph
80 Fu Ph Ph 90 0-MeCsH4 Ph All
81 Pyridine-3-yl Ph Ph 91 m-MeCsHa Ph All
82 m-MeCsH4 Ph Ph 92 p-MeCsH4 Ph All
83 Bu Ph Ph 93 m-MeCsH4 Pr Ph
84 Bn Ph Ph 94 p-MeCsH4 Pr Ph
85 Ph Ph Ph 95 Bn Pr Ph
86 0-MeCeH4 Ph Ph 96 m-MeCsH4 Pr All
87 m-MeCsH4 Ph Ph 97 p-MeCsHa4 Pr All
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Uhupbiqud  phnubdhlwppwghnubpp  Gupwpydbp U hhduwghu
ubipdniynywjht ghydwt’ Ywihnuwih hhnpopuhnh Ywd twinphnuh hhapopuhnh
10%-wung nwnypeny, nph  wpryniupnd pwpdpp Gpbpnd unwgylp  Gu
hwdwwwunwufuwu phndbphEuwiht b khiGuwht Yuwdpowlutpnd Juwwygwsd
1,2,4-nphwgnin-1,2,4-inphwgn|ubp 98-117:

‘C( Qk' eSS
N N \"/ \ / R R2 R3

78-83 S 98-103
1.0H

2.H*

/\\\ g / \\(/"\/4)\

s Uputidw 8
84-97 104- 117
Unjnuwy 8
Ne R R2 | R® | Ne R R? R?
98 HOCH2CH.CH: Ph | Ph §108]| o-MeCsH4 Ph All
99 p-BrCeHs Ph | Ph 1109 m-MeCsH4 Ph All
100 Fu Ph | Ph 10| p-MeCsHs Ph All

101 Pyridine-3-yl Ph | Ph J 111 | m-MeCeHa Pr Ph
102 m-MeCsHa4 Ph | Ph 112 [ p-MeCsHa Pr Ph

103 Bu Ph | Ph | 113 Bn Pr Ph
104 o-MeCsHa Ph | Ph 1 114 [ m-MeCsH4 Pr All
105 m-MeCsHa Ph | Ph § 115 | p-MeCsH4 Pr All
106 p-MeCeH4 Ph | Ph ] 116 Bn Ph Ph
107 PhOCH2 Ph | Ph | 117 Ph Ph Ph

Swpniwwlbiny  unp  htwnbpnghyhy  hwdwlwpgbph  upupbgp L
hhnpwghnubpp (64-69, 73-75) uhupbwhy huwpwynpnieniuutiph
hwmwgnunyeniup,  hpwlwtwgybp U Jbpohutbphu  hnjuwgnbgnieniup
SSupwdtuwduh htin' Yuihnwh hhnpopuhnh ubplwynygjwdp, W wgbnhjwugbnnup
htwn' pryw;hu dhowywpnid:

Snyg Lt wpdb, np Erwunh dhowduypnd  66dpwdtuwdth  hbun
thnfjuwgnbgnipniut - pupwund £ hwpe' pwpdp  Gpbpnd  wnwowgubing
hwidwwwuwufuwu 1,2,4-nphwgnin-1,3,4-opuwnhwgnjutp 118-124 (ujubdw 9,
wnjnwwy 9):
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y <, 64-69

2) 73-75
AT
11~/ .o X , 11
& Il V-me
Me
Utubidw 9 125-127
Unynuwly 9
Ne R1 R2 Ne R1 R2

118  oMeCH: Ph 123  mMeCsHs  Pr_
N9  m-MeCHs Ph 124 p-MeCeHa Pr
120 pMeCsHs Ph 125 oMeCeHs  Ph

121 Bn Ph_ 126  pMeCHs Ph_
122 Bn Pr 127 PhOCH,  Ph

119 dhwgnipjut nbwpnud htwpwynp £ bnk| wébgub] dnunpjnipbn b
nwntwuhpbp npw funnigywdpp NHtHU dbennh oqunigjudp (Uywp.2, 3):

8nyg Lt wpyt), np wgbwnhugbnnuh  thnfuwgnbgnyeniup  uhuebqywsd
hhnpwghnubph htwn pupwund £ ns winpwt hwppe, U pwjwpwp Gpbpny
unwgynwd U hwdwwwwwufuwu 1,2 4-nphwgnnuhpwgniutp — (125-127):
MNtwlghwih ng pwndp Gptpny  pupwuwp  wwydwuwynpyws £ ntwlghwih
wpryniupnu wnwewgnn whpwgnjwihu hwdwlwpgh Yuppnuh) fudphtu dhwgywd
wgnuh b Yuppnuhpwipt fudph dholt gnignpnudp gpbipb pwgwljuynud £, nph
wwwbwnny hwdwlwpgnd wnlw tpwunp hwpdwyynd £ 1,2,4-nphwugnin-
whpwanth  Ywppnuhp fudph  Jpw’ pbpGing  hwdwwwwnwufuwt - Eehituptiph
wnwewgdwu U whpwgnjwihtu onwyh hbnwgdwu (Ufubidw 10):

2: 119 : 3: 119

50% ( t2-,

13



10

4. 1, 1- -

Lwyinuph £, np o= L B- wywuhuubph YEuuwpwuwlywu wynpynyeniup L
pniuwpwiwlwy swihwuhgubpp eny; Bu wwihu npwip Yhpwnb) npwbu
Yuuuwpwunpbu  whnhy hwybwungebp: Uu  wnnwdnd phb’ upupbunhy, pb
Yhpwnwlwt wnbuwlbnhg dGd hbGunwppppnyginin Bu ubipluywgunud 128-132
dhwgnipniuibpp, npnup Yuwpbh E nhunwpyb) B-wjwuhuh wéwugywiubp, npnug
dniynind NHa-fundpp thntuwphuygwd b nphwgniwiht onuiyny:

Wn  dhwgnieniuubph uptpbigh  hwdwp  hpwlwuwgdl  Gu
hwdwwwunwufuwu bupbpubph b uhnphiutph hhnpnihgh nbwyghwubpp, npnug
wpryniupnud utnwgylp  Bu wphwgnwiht onwly  wwpniwlnn - Unp
dhwgnipnuttip: Snyg k wpdti, np 13-22 dhwgnyeniutiph hhnpnihgp (A ninh)
pupwund t  Uwwphnwh  hhnpopuhnh  40%-wung  [nwnyenul,  Epwunih
ubpyuynigyuidp,  80-90°C  wwpwgdwtu  wwydwuubpnd, hul 26, 29
dhwgnipyniuutiph hhnpnihgn (B ninh)  hpwywuwgyb) § 75%-wung d&dpwlwu
pRrYnY, 160°C otipdwunhbwuntd, wnwowgubiiny 128-137 peniubpp (ufubdw 11):
LoJwd dbennubphg wnwyb) tywwwlwhwpdwp £ 128-137 ppenwbtpp uhupbqb)
A ninny, pwuh np nbwlghwt pupwund £ wybkih dbnd wwjwuubpnd b wnwyt
puwndp Gptnny (wnynwwy 10):

UswlyJwsd dbpnnp uwnbindnd £ jwju  htwpwydnpnigyniuubp  B-wjwuhup
wdwlgjwubph  uhtptiqiwu  hwdwp, npnup  huwpwynp £ unwuwp  wy
dwuwwwphny:  Wn  woéwuguiutpp Ywpnn &u  oguwgnpdybp  wwppbip
puwquyuwnubpnd, huswbu Unipp opquuwlwl  uhUphqubpnd, wjuwbu
nbnugnpdnipjwl b pdoynipyut ninpuinid:

N—N COMe A 7—-N COH B N—N CN
1/& )§S R >§ S 1/& )§s
R ;\{ h‘l R r\{
®2 1397 =7 128-137
1
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Urynuwy 10

Ne R' R? |[Nbwl. | Ne R R? NLwly.

128 | o-MeCsHs4 Ph | A 135 | Bn All A

129 | m-MeCsHa4 Ph A 136 | n-Bu $niphpdbigh | A, B
130 | p-MeCeHa4 Ph | A 137 | Ph p-MeCeHa4 A

131 PhOCH, Ph | A/B 134 | p-MeCeHa | All A

132 Bn Ph | A 135 | Bn All A

133 | m-MeCsHs All A 136 | n-Bu $niphpdbigh | A B
134 | p-MeCeHa4 All A

4.1. Sphwgnpuyht onwiynud wihpuyhtt junudp ywpniawlnn N,N-GpYnk-
nulyuwpwé B-wjwuhuh wéwbgywjubph ppndwgdwt nEwghwyh nunwiuwup-
pnipyniup: N N-tpYunbnuywyws f-wjwuhuh wowugjw|ubpp, npnugnul
wphwgnjwiht onulht dJhwgywd E wih| funwdp, niughntiwjwgubiint hwdwp
nwnwitwuhpyb Gu ybpshuubiphu ppndwgdwt nbwlghwubipp:

8nyg £ wpyb), np nbwlghwih wpryniupnd wnwswunw 5u gpwind dhw-
gniniuubp, npnug opwihu nwnypnd  hwpntwpbpytp £ ppndhn hnup  (Ag*
hnuubph dhongny): 139 dhwgnipjwu UUN H uwblunpnud hwynuwpbpdb) Gu 4.15
(nn. J =10.3, 5.6 £g, 'H*, CHa), 4.23 (nn, J =10.3, 7.5 <g, 'H>, CH?) L 5.45 (d, 'H,
CH), huy UUTM 3C uwtiywpnd 34.9 (CHz) b 60.0 (CH) dd.Yjwunwiubpp, npnup
Jyuwynd Bu ghyh hwldwu Jwupt' CH:Br fudph wnwowgdwdp: Uwbklupubph
udwuwwnhy ndwiutn h hwpn Gu qwihu twl 140-147 dhwgnieniutbph
nbwpnud:

Wuwhuny, ppndwgdwt  dwdwuwly unyuhuy phnwdhn-hdhunphnwiht
wmwnunndtiphwih wpgbjwynwip phnwdhnh Ypw sh funsunnunud 5-tlgn ghydwp,
wjuhtupt phwgnih unwgnuwip pEpdnnhuwdhynpbu b Yhubnhynpbt swn wybijh
swhwybwn k, pwt nhppnd wéwugjwiubph (138) wnwowgnuip (Utubidw 12):

EWG

N—N

AN,
/_/ ﬁL’ H/\Br 138

N—N Br2

A D=

Rl N — EWG

Br
| /J
All

19-21, 27-29, 133-135 N’N
>\s Br

2

L . J

R N
Uhubidw 12

Br

139-147
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Urynwawly 11

Ne R1 EWG Ne R1 EWG
138 m-MeCesHs | _COOCHSs 143 Bn CN
139 p-MeCeHs | _COOCH: 144 m-MeCeHs | ___COOH
140 Bn COOCH: 145 p-MeCsHa COOH
141 m-MeCeHs CN 146 Bn COOH
142 p-MeCsHs CN

4.2. NN-Gpyubnulhuwpwé B-wjwuhuh wéwugyujubph hbuph Ypw
nhybwywpnubph upuptq L YELuwpwiwlwu wlwmpyneyjut nunduwuhp-
pnpyniu: - <wynth Bu pdolulywu  wpwlnpywind Yhpwnynn - pwgdwphy
nbnwdheongubin, npnug hwdwnp hnwpwiht pwqu Gu dwnwind nhwbwwhnubipp,
dwutwynpwwbu, hbnbpnghlwiht  wdhunppeniubph  hGuph Jpw  unbndwsd
wdwugywiubpp: Wn swppht 5 wwunlwund wyhwdhinup' N-uhynnhup-y-wdh-
unjwpwgwppnu, npp Yphpwnynd £ npybu wunpwiht b unnunpnw dhgng'
gunintnnud wpjwt opowtwnnipjwu fuwfunnuubph dwdwuwl b Ebwwwphp'
(2S)-1-[(2S)-2-[(2S)-1-Eropup-1-opun-4-SEUh|pnipwU-2-hJwdhun]-
wpnwwunhwhpnihnhtu-2-fwppnuwppenit, npp hwunhuwund £ wughnpbught
thnfuwnynn $tipdtunh huhhphinnp W hhwnptiughy nbnudhong:

Uwlwyu hbwmbpnghyinnhwybwwunhnubph owppnwd hwjnuh Gu uwywy pyny
1,2,4-nphwgninnhwybywhnutp: 4wpnn  Gup  hppwwwlb  dhwj B-
wphwgnnwwuhtubpp, npnup  gnigwpbpnid - U pny; wpnwhwjndws
hwlwutuYwiht hwwnynigyniu:

Cwpdh wnubny wju hwugwdwupp, np uhUpbnhy wdhunppeniubph
hwdwnpnuip  ptwlwt  wdhunpeniubph hbn nhybwynhnubph  unwgdw
dwdwuwl wnwyb] hGnwulwpwhtu £ (pwuh np Uwywuwnnd U opquuhqgdh
Ynnuhg jnipwgdwip, wpninugugdwup W wyu), nwwnh 129, 130, 133-135, 137
prntubph htuph Jpw uhtpbqyb| Gu hwdwwwunwufuwl nhybwwhnubp, npwbu
Puwlwl wihtwppeyh wnpynip oquiwgnpdtiny qihghtp, L-ywihup, L-tightp, L-
rehpnghup U L-nphwunpwp:

Npwbu nhybwwnhnubph unwgdwt dbenn punpyt] Gu gpulywuneniunid
Uywpwgnpdwd Gnwuwlubpp, npnup pnyp GU wwhu wnwiug Ynudbhgnipughnu
nwpéh  unwuw] hwdwwywwnwuuwt  puwlwu  wdhunpeyYyp  hwnywdnud
unbipbinyGunpnup  Wwhwwuwd  nhybwwpnubp:  Npwbu  Ywppopuh  fudph
wlwhdwinnp  oquwgnpdyly £ dbphytehppinp$npdhwnp b npwbu  hhdp'
wphbphjwdhup:

8nyg L wpyt, np nbwlyghwih wprynipnud pwdwpwp Gpbpng (wnnwwly
12) unwgynud 6u pyYny 21 nhybiwunhnubp (148-168):

16



R3

o OH

COOH H

~ RS (° o /\>‘ o
N—N )I\

I )§ o ome N
R1/LN s HaA oh - > R1’< )§S
éz THF, Et;N )
R2
129, 130, 133-135, 137 148-168
Utubidw 13
Unjnwiwly 12
Ne R R? R3 o] Ne R R2 RHO
HzN>_<OH H,N OH

148 | p-MeCeH4 Ph L-Val 157 [ m-MeCsH4 Ph Gly
149 | p-MeCsHs4 Ph L-Tyr 158 Ph p-MeCesHa L-Val
150 | p-MeCeH4 Ph L-Leu 159 Ph p-MeCsH4 L-Tyr
151 | p-MeCsH4 Ph L-Trp 160 | p-MeCsHq All L-Val
152 | p-MeCeH4 Ph Gly 161 | p-MeCeHs All L-Tyr
153 | m-MeCeHa Ph L-Val 162 | p-MeCeHa All L-Trp
154 [ m-MeCsH4 Ph L-Tyr 163 | m-MeCsH4 All L-Leu
155 | m-MeCsH4 Ph L-Leu 164 Bn All L-Leu
156 | m-MeCsH4 Ph L-Trp

5. Uhuuwpwuwlw hEnmwgnunipyniuubph wpynmupubpp putwpynd

Ybluwpwuwlwu  hGnwgnuneniuubnt ppwlwuwgyly Bu GMPL
dwpdwghwh  wdppnund b SbpdwUpwh  nwounyewu  Rwwppwunh
hwdwpuwpwuh  Yauuwphdhwih  wdpphnund: EMRL-nid hpwlwiuwgwd
nwnuUwuppnugyniubnp’ huswbu in silico, wjuwbu by in vive thnpdwpynidubiph
wpryniupnwd pwgwhwpnytp  Gu 148-164 nhwybwwhnubph  guwdwgpynn
wgnbtgnieniup: Cun nnijhugh wpryniupnid unwgywd nyjwijutiph wnwuduwgyby
Gu hhug dhwgniegniu (151, 152, 154, 156 L 157) npnup thnpdwplyl) Gu wnubinp
wnsh  pwodwl  phuwmnud:  Upryniupnd Gpbph  dnn unwgqwd  ndywijutipp
hwuwnwwnby Gu, np 154, 156 L 157 dhwgnieniuubpp gnigwpbipnid Gu Jwn
wpnwhwjndwd  hwlwunghgbwwhy  wagnbgnyeymit b Jwpnn  Gu hub)
funuwnnuiuwih wnpjnp hwlwunuphgbwwnhy unp wgbunubph hwdwp:

Ruwnnjwunnd  Yhuwpwiwlwu  nwnwtwuhpngyniwubph hwdwp
punpws £ tnt ynghwnhy, ns wwpengbiu, Steinernema feltiae ubdwwnnnp: LyJwd
nwnwuwuppnienituph hwdwp punpdtp Gu 98-101 L 93, 106, 107, 109
wphwgninnphwgnjubipp: <wuwnwndb] B, np Updwd  dhwgnuggniuubph dnn
Yufujws wphwanuyht onwljubph nhpptinhg Ywpnn Gu nwppbp wanbgnignit
ntublw| UEdwinnnubph Yhuuwgnpéniubinyew Jpw:

Qbpdwuwgh dwupbwpwuubiph Ynnihg nwnwitwuhpdb) Gu 93, 106, 107,
109 U 98-100 dhwgnypniuutiph hwywuulwiht hwinyniegniuubpp: <wunwunyby
E, np 93, 106, 107, 109 Jhwgnyeniuubpp gripll U hwlwutluwiht
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hwwyniyeniiubphg,  huy  98-100  dhwgnyeniubipp odnywd  Gu  Jwn
wpunwhwnyws hwywutyuwihu hwnynyeniiutinny:

GRrUYUsnhre3nNhLLGN

1. 1,2,4-nphwgn-3-phnutbpp,  Ywhujws  EEYupndhh  Yunnigywdphg,
wnwowgunid Gu N- Yud S-inbnuijuwsd wdwugywutip:
Uwutwynpwwbiu, nipnnpnwé — gnignpnnud niuignn C=C Juwy
wwpniuwlynn  EGywpngpiubph - hGnn - wnwowgund  Gu dhwju N-
nbnujwywsd wdwugjwutp, huy hwingtt wwpniwynn EEYunpndhubph
htinn wnwowgunwd Gu S-nbnuluwd wswugjuiubp:

2. Uhwyht funidp wwpniswynn 1,2, 4-nphwagnihwpnywuwpeeyh bupbnubpp
onh wnujnipjudp hhnpwaghunipgh Gupwplybihu pwgh fupbpwht fudph
hhnpwghtnihghg wbnh £ niubund bwb wihjwiht fudph Jepwlwogunad'
dhusl wipnwhih, huly pRYwsuh pugwlwinipjuu nhupnd nbwlghwl
pupwunw & dhwju hhnpwghunihgh ninnnyejwdp:

3. Whwyht funidp wwpniiwlynn 1,2,4-nphwgnipypnywiwepdh b npw
wdwugjwubph dnun whwht fudph ppndwgdwl wpryniupnud nbinh |
niubund ghyjwgnd' phwgnjwiht ghyih wnwewgdwdp:

4. 1,2,4-nphwgnjuiht onwly wwpnibwlynn Juppnuwpeniubph  wdwugjw|-
ubpp  hwunpuwund B jwy  Guunebp'  wphwgninunphwgniubph,
wphwaninopuwnhwgniubiph, - wphwaninwhpwgniutph U wphwgniwjht
onwy wwpniuwynn whwwhnubph upuebgh hwdwn:

3. huswbiu in silico, wjuwbiu k£ in vivo depennubph Yhpwndwdp wwywgnmgyb k,
np uhupbqywsd 1,2,4-nphwgnjwiht onwl wwnpniuwynn npny wdwugywiubp
odinwé LU gwywgpynn, ubdwwnnwihtu, ubdwnnghnuihu o L
hwlwutulwiht hwwnynieyniuubipny:
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$PPAHIAH BAPATEC PYBUKOBUY
HOBbIE NPEBPALLEHUA 4,5-0U3AMELLLEHHbIX-4H-1,2,4-TPUA30J1-3-TUOJIOB

PE3IOME

[IuccepraymonHan pabota  mocBAlleHa  uM3yyeHuto  cBoiicte  4,5-
ausameltieHHbix-4H-1,2,4-Tpuaszon-3-TMonoB, CUMHTE3y HOBbIX Mpou3BOfHbIX N- 1 S-
3aMeLLeHHbIX UCXOAHBIX TPWUasonoB, paHee HeomucaHHbIX B nuTepatype. C uenbto
pyHKLUMOHaNM3aLMUK 1,2,4-Tpnason-3-TMOHOB nocnegxve BBEAEHbI BO
B3aUMOpeiCTBMe C 3MieKTpochunamm pasinyHoro Tuna.

B vacTHOCTH, uccnepoBaHo noeefeHue 4,5-ausameltieHHbix-,2,4-auruppo-3H-
Tpuason-3-TMOHOB B peakLMKu NpUCoefMHEHHUA no Mwuxasnto. YcTaHoBneHo, 4To
peakumMA NpoTeKaeT B MATKUX YCNOBUAX, B CPefe aueTtoHuTpuna, B npucytcreumn 10
MoNb/% MeTunata HaTpuA. B ykasaHHbIX ycnoBuAX 3NeKTPOUI aTakyeTca aTomMoMm
asoTa B MepBOM MOJOKEHWM TPUA3ONBbHOTO KoMblia ¢ obpasoBaHMeM 3-3aMeLLeHHbIX
MPOMUOHATOB  WNM  HWTPUIOB  COOTBETCTBYIOLLMX  FeTepPOLMKIO3aMELLEHHbIX
MPOMMUOHOBbLIX KUCNOT. YCTAHOBMEHO TaKMe, YTO 3aMECTUTENM B TPUA3ONbHOM LUKNE
He BNMAIOT Ha HarnpaeneHne XoAa peakLuu.

B kauectBe HykneohuioB ObIMM  NpUMEHeHbl Takike 3ITUIXIOpaLeTart,
metunxnopcopmuat u metun-3-6pomnponuonar. Janubimn AMP H, 3C u PCA
JOKa3aHOo,4TO B MepBbIX ABYX Cnyqaax obpasytoTca NpomyKTbl HyKNeobUnbHON aTaku
aToma cepbl, a B TpeTbeM cilydae obpasyeTca HepasjendeMan CMECh ABYX MPOLYKTOB.
BepoaTHee Bcero, B ycnoBuAx peakumu NpoOUCXOANT AernapobpomuposaHue metun-3-
6pomnponuoHara, nony4aeTca METUNAKPUNAT, KOTopbIil obpasyeT N-npoussogHoe.

Ha ocHoBe TpuasononponaHoBbIX KUCNOT paspabotaH cnocod nonydyeHus
JAMNENTUAOB HOBOrO CTPOEHWA, COAEPHKALLUMX OCTATKU MPUPOAHBIX U CUHTETUYECKMX
aMUHOKUCIOT.
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Uccnenosana peKuma rmapasuHonusa CNOMHbBIX acmpos B-
TPMUa30NONpPONaHoBbIX KUCMOT, YCTAHOBMEHO YTO TMAPAasMHONM3 NpoTeKaeT MagKo,
6€3 OCNOMHEHWI, OJHAKO MPU HASIMYUM HEHACBILLEHHBIX PAIUKAN0B B TPUA30IbHOM
KonbLe obpasyeTcA CMecb HepasfensemMblx NPOAYKToB. B yacTHocTw, B ciyvae meTn-
NOBBIX(3TUNOBBLIX)  3MpPoB  3-3aMeLLeHHbIX-4-aNNMANPONaHoBbIX  KUCIOT — nocne
ruapasuHonuisa B cMecu obHapymeHbl Kak 4-annun-1,2,4-Tpuason, Tak W MpoOAyKT
BOCTaHoBNeHWA nocnegHux - 4-nponun-1,2,4-tpuason. Paspabotanbl  ycnosus
NpoBejeHUA MONHOTO TMAPONM3a W 3aBepLUeHWA BOCCTAHOBIEHUA KpaTHON CBA3M,
TaKXe YCNoBUA 3aBepLUEHUA TMAPA3MHONMU3A U COXPaHEHUA allIMNIbHOW rpynmbl.

Ha ocHOBe CUHTE3MpOBaHHbBIX rMAPA3MA0B MOMyYeHbl OUreTepoLMKInYecKne
COeAMHEHNA - TPMa3ONOTPUasosbl, OKCOAVA30N0TPUA3ONbl U MUPa3oNoTPUasobI.
Mpv nonyyeHMU nepBbIX ABYX CUCTEM peaKkLUW MpPOTEKAOT MMajKo W KOHEYHble
NPOAYKTbl MONYYAKOTCA C BbICOKMMU BbIxopgamu. B oTiuume oT HUX Bbixobl
NMPasonoTpuasonos Huskue. [NpuunMHOW 3TOro ABNEHWA, NO-BUAMMOMY, ABNAETCA
MoYTK MONIHOE OTCYTCTBUE COMPANKEHWA MeKAy aTOMOM asoTa U KapDOHWIbHBIM
KUCTOPOJOM B NupasoibHOM uukne. [loj BosgelicTBMeM 3TaHOMa npoTeKaeT
PacKpbITUE MUPA30ABHOMO LKA ¢ 0Bpa3oBaHMEM UCXOLHOTO COXHOIO adhmpa.

Ona  dpyHkuproHanuzaumn N ,N-au3amelLieHHbIX  NPOU3BOAHBIX  B-anaHuHa
uccnepoBaHa peakuma 6pomuposaHus  N-anavnnpovsBOAHbBIX CNOMKHBIX  3CIMPOB,
HUTPUIOB U COOTBETCTBYIOLLMX MPOMUOHOBbLIX KWCNOT. YCTaHOBNEHO, 4TO B
pesynbTate peakuuu obpasyroTca coeauHeHua B cnektpax AMP 'H n C kotopbix
obHapyeHbl CUrHasbl, CBUAETENBCTBYIOWME O BHYTPUMONEKYNAPHOW LUKIU3aLMK C
0bpa3oBaHNEM TMA30NIBHOMO LIMKNA.

Takum obpasom npu OpomMUpOBaHWM, Jaxe TUOAMUA-MMWUHOTUONOBOE
TayTOMEPHOE  COCTOAHWE He  MewaeT  5-aksoumknusauuu.  CneposaTenbHO,
obpaszoBaHve THasona M TEPMOANHAMUYECKM, U KMHETUYECKN HAMHOTO BbIFOHEE YeM
obpasosaHue JUOPOMIPON3BOAHbIX.

YacTb aunenTtupos nccneposaHa Ha kacbeppe bapmakonorun EpesaHckoro
roCyAapCTBEHHOrO MEAWLIMHCKOrO YHMBEPCWTETa, a HeKoTopble OUreTepoLMKIN-
yeckue coeguHenna B [epmaHun (yHusepcetnt 3aapnaHga, kacdeapa buoxumum, 3as.
kacbeppoii npocp. A.Knayc).

Lna  BbiABNEHMA OMONOrMYeckMX CBOWCTB AMNENTUAOB  WCCIEeAOBaHWA
npoeejeHbl Kak in silico, Tak W in vivo. MoneKynApHbI JOKWHI COeAUHEHWI
npoeegeH kak B aKktueHom UeHTpe (nAChR (PDB ID: 2WNC)), T1ak u
annoctepudeckom LeHTpe (PDB ID: 7EKT) ¢ nomowbto nporpammel GOLD 2020.2.0.
JKCnepuMeHTabHO  JOKa3aHo, 4YTO BHOBb CKOHCTPYKTMPOBaHHble COEIUHEHUS
M&JIOTOKCUYHbBI 1 NPOABNAOT 06€360NNBaIOLLYI aKTUBHOCTb.

C uenblo U3yyeHUA B3aMMHOMO BAMAHWA (PYHKLMOHAMbHBIX Ipynn Ha
BO3MOMHble Ouonornyeckue ceoiicTea Obin paspabotaH cnocob nonyyenva 1,2,4-
Tpuasono-1,2,4-Tpuasonos, COMMacHO KOTOPOMY [fBa FeTepouukna CBA3aHbl C
TomeTuneHoBbiM (-S-CHx-) mMocTkom, B OTnMuMe npeaplayLilero CTpoeHuA, B
KOTOPOM TpWasolibHble UMKIbI CBA3aHbl MeTuneHoebiMu rpynnamu  (-CHaCHa-).
lMokasaHo, YTO B MEPBOM CrlyYae W3OMEPHble COEAVHEHUA MPOABNAIOT HEMATOAHYIO
aKTMBHOCTb (MHULMPYIOLLME MU3HEAEATENbHOCTL Hematop Ha 3-5%), a BO BTOpOM
HeMATOLMHYIO aKTUBHOCTb (MHIMBVPYIOT Mu3HeaeATenbHOCTb Hematop, Ha 30-40%).
Mcxopa U3 paHHBIX UCCNEfoBaHUI Ha 3proTMEHOHe MPUYMHOW Takoro noeeAeHuA
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ABNAETCA COCTOAHME aToMa Cepbl B UCCIEAYEMbIX MONEKYNax: B OFHOM ClydYae aTom
cepbl MonHocTbto 3abnokuposaH (-S-CHz), a BO BTOpOM THOHOBaA opma(=S),
KoTopaA obnafaet aHTMOKCUAHTHOM aKTUBHOCTBIO.

W3yuena npotusorpubkosas aktusHocTb 1,2,4-Tpuasono-1,2,4-tpuaszonos. Yc-
TaHOBNEHO, YTO YyKasaHHble OUreTepOLMKIMYECKWNE COEAMHEHMA MPOABIAIOT Bbipa-
}EHHYI NPOTUBOTPUBKOBYHO aKTUBHOCTb, €CIU B MOJIEKYNe UMEETCA TMonoBas hopma
aToma cepbl.

FRANGYAN VARDGES RUBIK
NEW TRANSFORMATIONS OF 4,5-DISUBSTITUTED-4H-1,2,4-TRIAZOLE-3-
THIOLS

SUMMARY

The dissertation work is devoted to the study of the properties of 4,5-
disubstituted-4H-1,2,4-triazole-3-thiols, the synthesis of new derivatives of N- and S-
substituted initial triazoles, previously undescribed in the literature. In order to
functionalize 1,2,4-triazole-3-thions, the reactions with various electrophiles were
utilized.

In particular, the behavior of 4,5-disubstituted-,2,4-dihydro-3H-triazole-3-
thions in the Michael addition reaction was investigated. The finding was that the
reaction proceeds in mild conditions, using acetonitrile as the solvent, with 10 mol/%
of sodium methylate. Under these conditions, the electrophile is attacked by a
nitrogen atom in the first position of the triazole ring with the formation of 3-
substituted propionates or nitriles of the corresponding heterocyclosubstituted
propionic acids. At the same time, it was also shown that the substituents in the
triazole cycle do not affect the direction of the reaction.

Ethyl chloroacetate, methyl chloroformate, and methyl-3-bromopropionate
were used as nucleophiles. The data obtained from the NMR 'H, *C, and X-ray
analysis showed that in the first two cases, the products of the nucleophilic attack of
the sulfur atom are formed, and in the third case, an inseparable mixture of the two
products is formed. Most likely, under the conditions mentioned above,
dehydrobromination of methyl-3-bromopropionate occurs, and methylacrylate is
formed, which forms an N-derivative.

Based on triazolopropanoic acids, a method for obtaining novel dipeptides
containing natural and synthetic amino acid residues has been developed.

The reaction of hydrazinolysis of B-triazolopropanoic acid esters was
investigated, and it was found that hydrazinolysis proceeds without complications;
however, in the case of the presence of unsaturated radicals in the triazole ring, a
mixture of inseparable products is formed. In particular, in the case of methyl (ethyl)
esters of 3-substituted-4-allylpropanoic acids after hydrazinolysis, both 4-allyl-1,2,4-
triazole and the reduction product of the 4-propyl-1,2,4-triazole were found in the
mixture. Conditions for the complete hydrolysis and completion of the reduction of
the multiple bonds, as well as conditions for the completion of hydrazinolysis and the
preservation of the allyl group, have been developed.
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Biheterocyclic compounds triazolotriazoles  oxodiazolotriazoles  and
pyrazolotriazoles  were synthesized based on obtained hydrazides. In the case of
obtaining the first two systems, the reactions proceed without complications and with
high yields. In contrast, the yields of pyrazolotriazoles are low. This phenomenon is
caused by the nearly complete absence of contact between nitrogen and carbonyl
oxygen atoms in the pyrazole cycle which when attacked with ethanol, opens the
cycle with the formation of the initial ester.

The bromination reaction of N-allyl derivatives of esters, nitriles, and
corresponding propionic acids was studied to functionalize N-d substituted 13
alanine derivatives. The 1H and 13 NMR spectra of obtained compounds showed
findings corresponding to the intramolecular cyclization with the formation of a
thiazole cycle.

Thus, even the thioamide-iminothiol tautomeric state during bromination does
not interfere with 5 exocyclization Consequently, thiazole formation both
thermodynamically and kinetically much more advantageous than the formation of
dibromic derivatives.

Some dipeptides were studied at the Department of Pharmacology of Yerevan
State Medical University, and some biheterocyclic compounds in Germany (Saarland
University, Department of Biochemistry, Head of the Department Prof. Y. Klaus).

In silico and in vivo studies were conducted to identify the biological activity of
dipeptides. Molecular docking of compounds was carried out both in the active site
(nAChR (PDB ID: 2WNC)) and the allosteric site (PDB ID: 7EKT), using the GOLD
2020.2.0 software was experimentally proved that the synthesized novel
compounds exhibit analgesic activity and have low toxicity.

new method was developed to examine the dependence of the potential
biological activity and the nature of the bridge, which connects two heterocycles,
allowing the synthesis of 1,2,4~triazolo 1,2,4~triazoles linked with thiomethylene (-S-
CH2-) linker instead of methylene CH2CH2-) bridge. The study showed that isomers
containing  (-S-CH2- bridge demonstrate nematicidal activity by decreasing the
viability of nematodes by 30-40% contrast with isomers containing -CH2CH2-
linker, which increase the viability of nematodes by 3-5% The effect mentioned
above can be explained by the fact that the sulfur atom, blocked in the thiomethylene
bridge, cannot form additiona interaction with target contrast to somers
containing thione (=S) groups, demonstrating antioxidant activity

The same research center also investigated the antifungal activity of 1,2,4
triazolo-1,2,4-triazoles and found that these bi-heterocyclic compounds exhibit
significant antifungal properties when the molecule contains a sulfur atom in the thiol
form.
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