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YCKJAJJHEHUX AMIHIB Y PEAKIII YIT
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BusiBiIeHO CHHTETHYHI OOMEKEHHS peakiii YTi Moo CTEPUYHO YCKIAJIHCHHX aMiHiB.
[lokazano, M0 BBeACHHS mpem-OyTHIaMiHy B PEakKLilo YTi MOXe MPHU3BECTH IO albTEPHATHBHOTO
[UIAXY PeaKiii 3 YTBOPEHHAM aMiIiB KapOOHOBHUX KHCIIOT.
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1. Beryn

MynbTHKOMIIOHEHTHI peakiii € MOTy)KHUMH CHHTETHYHUMH IHCTPYMEHTAMHU, y KX
Oijplie JBOX BHXIZHUX KOMIIOHEHTIB pearyioTh OIUH 3 OJHHUM, YTBOPIOIOYH
Oarato(yHKI[IOHaJIbHI CIOJYyKH B OJHIH eKCIIepUMEHTalbHId mnponenypi. Hunui e
BUHATKOBA CTpaTerist JUId CHUHTe3y Oararbox (apManeBTHYHHUX Ta JIKAPCHKUX CIIOJIYK
3aBIKU IXHI €KOHOMii aTOMiB, BHCOKiil e(eKTHBHOCTI Ta MPOCTii eKCIePUMEHTANbHIN
mporenypi. MyJIbTHKOMIIOHCHTHI peakiii Ha OCHOBI i30HITPHJIB TPHBEPHYIH YBary
XIMIiKiB-OpraHikiB micis mepmoi po3pooku Mapio ITaccepini B 1921 pori [1], sika Bimoma sk
TPUKOMIIOHEHTHa peakiiss [laccepiHi, e B3aeMonis MK albAeTiioM, KapOOHOBOIO
KHCJIOTOIO Ta 130HITPHIIOM JIa€ o-aIiiiokcukapookcamin. Y 1959 pormi modanacs HOBa epa B
XiMii 130HITpHIY, Koimu IBap VYri BHMSABUB, 10 peakiis MK TEpBUHHUM aMiHOM,
KapOOHUIBHOIO CIIOJNYKOH (aybieriqoM abo KeTOHOM), KapOOHOBOI KHCIOTOK Ta
I30HITPUIIOM ~ YTBOPIOE BHCOKO3aMillleHi —o-aMiHoammiaMinu [2]. Peakmis VYri €
€K30TEePMIYHOIO 1 3a3BHYAl 3aBEPIIYETHCS NPOTATOM JEKUIBKOX XBHJIMH TICHS JOAaBaHHS
i30HITpUITy. BOHa Mae yHiKajbHI IIepeBaru B OPIEHTOBAHOMY Ha PI3HOMAaHITHICTh CHHTE31
JUISL KOHCTPYIOBAaHHS BEJIMKOI KUIBKOCTI CKJIQIHUX MOJICKYJSIPHUX CTPYKTYp. MOXKIHMBICTD
MMOEHAHHS peakiii Yri y TaHAeMH 3 IHIIMMH XIMIYHAMH TIE€PETBOPEHHIMH BiJKPHBA€E
MPOCTHH IIISIX IO CTBOPEHHS 0i0mioTeK crosryk uist OionorigHoro ckpuHiHTy [3]. Kpim
TOTO, peakiliss YTi cTae Bce OUIbII eheKTUBHOK Y CHHTE31 0araTh0X MPUPOIHUX PEUOBHUH 1
MaKpOLMKIIYHUX MOJieKy [4, 5].

OcraHHIME ~ pOKaMH  KIiTBKICTh HAYKOBHX  MyONiKamiid, M0 TPUCBSYCHI
BUKOPHCTAHHIO peakuii YTIi B OpraHidHOMY CHHTE3i, pi3KO 3pOCTa€, IpO IO CBigYaTh
HemromaBHi oy [3, 6-9]. B peaxkiiito BBeEHO MMPOKE PI3HOMAHITTS IPEKYPCOPIB pi3HOT
npupoau. BapTo 3ayBaxkuTH, Imo [esKi JOBOJI TPOCTI PEareHTH Majo OINHCAaHI y IiH
BHCOKOE(PEKTHUBHIN peakiii. 30kpema, YCIINIHe 3aCTOCYBaHHS mpem-0yTHIaMiHy 3rayloTh
JIHIIE B KTBKOX TyOumikarisx (tabm. 1).
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V mpami [11] 3a3HadeHo, MmO 3aCTOCYBAaHHS CTEPUUYHO YCKIAIHCHUX mpem-
OyTHiaMiHy Ta OpTO-3aMIICHUX AHIIIHIB MOTIPIIye BHUXOIW MPOAYKTIB peakmii. YMOBH
BiTOMHX TIPUKJIA/IIB TIPOXOKCHHS peakiii Vri 3a ydacTi
mpem-0yTHIaMiHy KJIaCH4Hi: NMEpeBaKHO Peakilis BifOyBa€eThCsi B METaHOJI 3a KIMHATHOI
Temmeparypu mnporsirom 24-48 rom [10,11], mpoTe BHUKOPHCTAHHS TBEPIUX
TeTEePOLMKIIIYHUX 130HITPHUIIB NoTpedye HarpiBanHs [12, 13]. V Bunaaky, KOJIU i30HITPUI
reHepyroTh iNn Situ 3 BigmoimHoro ¢opmaminy [14], edeKTHBHUM € 3acCTOCYBaHHS
JUXJIOPMETaHy SK PO3YMHHHKA. Takui MiJIXiJ ycyBae TPYIHOIII, SIKi BUHUKAIOTH IiJ] Yac
BHIJICHHS T4 BUKOPUCTAHHS 130HITPHIIIB. YBEJICHHSA B PEAKIif0 OPOMOLTOBOI KHUCIOTH 32
HAsBHOCTI KapOOHATY IEe3i0 SIK OCHOBH BeJle O TaHAECMHOI peakmii YTi Ta HyKIeopiTbHOL
WUKIT3aIii 3 YTBOPEHHSIM  a3eTHAMHOBHX  moxiguux  [15].  3acrtocyBanHs
3-(2-bopmindenin)-1H-iHm0m-2-kapOOHOBUX KHUCIIOT, SIKi MICTSTh OJJHOYACHO KapOOKCHIBHY Ta
KapOOHIJIbHY TPYITH, PUBEIO 0 yTBOPEeHHs OeH30(5,6]a3eniHo|3,4-b]inmononis [16].

Maa KUTBKICTh MPUKIIAIB BOANIOTO 3aCTOCYBAHHS TPECTHHHUX aMiHIB Ta TPHUBaJHA
Yyac KOHBepCii CBiM4aTh Mpo 0OMEXKEHHs iX BUKOPUCTAaHHs B peakuii Yri. Y wiit crarti Mu
310paJii MPHKJIAIN NEPEeTBOPEHb, Y SKUX BUKOPHUCTAHHS TPETHHHHUX aMiHIB HE NPUBOAUTH
J0 YOTHPUKOMIIOHEHTHOI B3a€MOJIi 3 YyTBOPEHHSAM OYIKyBaHUX aIyKTiB Yri, a
3aBEpUIYETHCS YTBOPSHHSIM aMiJ[iB KAPOOHOBUX KUCIIOT.

Tabnuys 1
Bukopucranus mpem-0yTuiaminy B peakimii YTi
Table 1
Use of tert-butylamine in the Ugi reaction
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2. Pe3ysbTaTH A0CTiTKEeHb Ta iX 00r0BOpEeHHA

Panmime wmm 3’sicyBanmm, 1m0 2-a3umo-3-apWiIlpONaHOBI  KHCIOTH — I
BHCOKOpEaKIiHHO3MaTHI TpeKypcopu B peakmii Yri [17]. 30kpema, 3aCTOCOBYIOUH SIK
aMIHOKOMIIOHEHTY TpOmNaprijaMiH, TaHJIEMHEe MOE€THAHHS peakuii YTri 3 MUKIizamieo
X’ro3rHa Ja€ 3Mory oTpuMmyBatu 3amimieHi 4,5-murinpo[l,2,3]rpuazono[l,5-a]nipa3un-
6(7H)-onu 3 BHCOKMMH BHXOJaMH. BapTo 3asHayuTH, [0 HUKTi3ais X 03rHa
npornapriiamigis 2-a3ua0-3-apuinponaHoBUX KHCIOT 3 yTBopeHHsM [1,2,3]tpuazono[1,5-
aJmipas3un-6(7H)-oHiB BinOyBaeThcs 3 HU3bKUMHK BuxoaaMu [ 18], Ha BiaMiHy Bij HMKTi3amii
anykTiB VYri. Posmmproroun me MOCTIIKEHHS, MH CIPOOYBalW BBECTH B PEAKINIO YTi 3
2-a3u0-3-apIIMPONIAHOBIMH ~ KUCIIOTaMH  2-METHIIOYT-3-MH-2-aMiH K  CTePHYHO
YCKIagHEHWH aHaior mpomaprimamidy. Ilpore mig dYac HarpiBaHHI B METaHOINI
eKBIMOJISIpHOI cymimi 2-a3uAonporaHoBoi kuciotu l1a, 2-metwnOyT-3-mMH-2-aMiHy 2,
o-6pombensanbaeriny 3 ta mpem-Oytwiizonitpuay 4 npu 50 °C nporsrom 24 rog
BHIUIATH 3 pEakIiiiHOI CyMIiIm OdWiKyBaHWH amyKT YTi HaM He BHAJOCh; HATOMICTB
OCHOBHHM TPOJYKTOM peakiiii OyB amin 5 3 momipauM Buxoqom (cxema 1).
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Cl la 2
(0]
z NC 50°C Br
Br eMe g, o H e
Me M Cl M
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al N; I\I/\[/l Me
€
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Cxema 1. CunTes aminy 5
Scheme 1. Synthesis of amide 5

V wiii camiit crarti [17] My mokasaiu, 1o AJisl aTbTEPHATUBHOTO KOHCTPYIOBaHHS S-
auriapo[1,2,3]tpuazono[ 1,5-a]mipasun-6(7H)-0HOBOT cucTeMu B posti MOMEPEHUKA ATKIHY
s nuiorizamii X'ro3rHa B peakmii Yri Moxke OyTu 3actocoBaHmii  (Z)-2-6pomo-3-
Gbeninakponein 7. V Bunmaaky koMmOiHamii peareHTiB — 2-a3umo-3-(4-etuideHina)nponaHosa
kucnora  1b,  mpem-6ytumamin 6, (2)-2-6pomo-3-denimakponein 7 Ta
LUKJIOTEKCUITI3OHITPWI 8 — OTpUMaTH WIJIBOBHH anykT YTi He Baasiock. [lepeminryBaHHs
peakuiinoi cymimi nporsrom 24 rox npu 50 °C Takok NPUMBOIMIO J0 YTBOPEHHS aMiny 9 3
MOMIpHUM BUXOJIOM (Cxema 2).
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Cxema 2. Cunres amigy 9
Scheme 2. Synthesis of amide 9
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[NoniOHMit pe3yapTaT MU TAKOXK CIIOCTEPIraid, BBIBIIU B PEaKIlilo YTi eKBIMOIAPHY
cymimn 2-(2-6pomodenim)mukionpornad-1-kapoonosoi kuciaotu 10, mpem-Gytunaminy 6,
n-MeTokcuOeH3anpaeriny 11 ta mpem-0oytunizonitpuiry 4. OCHOBHUM TIPOAYKTOM PEaKIii
OyB BigmoBixuuii amig 12 (cxema 3).

Br O
Br [0} ‘ NH
NH —> )<Me
OH /|< e 12 Me Me
Me Me MeOH OMe
10 6

N NC 0,

o e
MecO Me” “Me 24D Br Q H
N

Cxema 3. Cuntes aminy 12
Scheme 3. Synthesis of amide 12

[Hmmm npukinagom orpumanHs N-mpem-OyTunaminy B ymoBax peakuii YTi craia
B3aeMonis 1-okco-1H-i3oTioxpomen-3-kapoonoBoi kuciotu 13, mpem-Oytunaminy 6,
n-metribensanpaeriny 14 ta n-tomimizonitpuny 15 (cxema 4). YTBopeHHs aaykTy Yri MU
TaKOX HE CIIOCTEpIraiy; HaTOMICTh 3 PEaKIiiHOI CyMillll BAanocs BUAIIUTH amin 16.
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Cxema 4. Cunres aminy 16
Scheme 4. Synthesis of amide 16

VYTBOpeHHs1 aMiJiB SK OCHOBHHUX HPOJYKTIB peakiii NpOCTEeKyBaloOCh IiJl 4ac
YBEICHHS y peakiiro YTi KapOOHOBUX KHCIJIOT, allbJETiiB Ta i30HITPWIIIB Pi3HOI XiMI4HOL
MPUPOAY, IO CBIAYUTH MPO BHPIMNATBHY pPOIb CTEPHYHO YCKIAJHEHOTO AamiHy B
IBTepPHATHBHOMY TIepeOdiry peaxiiii.

3. BucHOBKH
OpnepkaHi pe3yNbTaTH JAIOTh MOXIIHMBICTh MPHITYCTUTH, MO CTEPUYHI (PaKTOpH

aMIHOKOMITOHEHTH B peaklii YTi MOKXYTh YTPYAHIOBATH ii MPOXO/PKEHHS Ta CIIPHATHMYTh
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AIBTEpPHATHBHOMY Tepebiry mporecy peakiii 3 yTBOPEHHSIM aMifiB, SKi, OYEBHIHO, €
mpoaykTtamu B3aemofil mpoMikHHX OcHOB Illupda 3 xapbonoBmmm kucmoramu. Lli
pe3yIbTaTH HE JIHUIIE PO3KPUBAIOTh CHHTETHYHI 0OMEXeHHS peakuii YTi, a f MOXYTh OyTH
BUKOPHCTaHI JJIsl pO3pOOKN CHHTETUYHOTO IMiAXO0AY 10 OTPUMAaHHS aMijliB 6e31ocepeHbo 3
KapOOHOBUX KHCJIOT Y M’SIKMX YMOBaXx.

4. MarepiaJii Ta METOTUKA eKCIIEPUMEHTY

Cnexrpu SIMP 3amucyBanu Ha npuiani Bruker 3 po6odoro wacroroto 400 MI' Ta
500 MI't ms 'H i 100 MI'r ta 125 MI'n mosa 13C, po3unnHuk JIMCO-ds. Ximiuni
sMitneHHs (0, M. 4.) HaBeieHO crocoBHO curHany TMC. Mac-cekTpu 3ammcaHo Ha
npunaai Agilent 1100 cepii LC/MSD 3 pesxxumowm ionizarii API-ES/APCI.

3arajbHa MeTOAMKA O/ep:KaHHs amiais 5, 9, 12, 16

Po3zunH BiANOBiAHOI Kap6OHOBOI kuciotu (2 MMONB), aMmiHy (2 MMOIIB),
anpzeriny (2 MMomnb) Ta i30HiTpMIy (2 MMONB) B MeTaHONI (5 MII) mepeMimyloTh 3a
temneparypu 50 °C mporsrom 24 roxa. Ilicis 4oro 3 peakuifiHoi CyMmiln ymaproroTh
PO3YHMHHUK, a CYXUH 3aJIMIIOK EPEKPUCTANI30BYIOTh 3 CyMillli rekcaH—auxiaopmetan (1:1),
OTPUMYIOUH OiTy KpUCTAIIIYHY PEYOBHHY.

2-A3uno-3-(3,4-quxsiopdenin)-N-(2-mernndyr-3-un-2-in)nponanamin 5.

Buxix 42 %. Bimnii mopomok. T, = 116-118 °C. Crektp 'H SIMP (500 M,
DMSO-dg) & 7.53 — 7.45 (M, 2H, 2H™), 7.22 (1, J = 8.3 I'y, 1H, 1H™), 3.86 (1, J = 8.8,
4.8 T'y, 1H, CH), 3.50 (¢, 1H, CH®), 3.02 (an, J = 14.1, 4.7 T, 1H, CHH), 2.82 (ux,
J=14.1,8.7 I'n, 1H, CHH), 1.46 (c, 6H, 2Me). Criextp **C SIMP (126 MI'i, JIMCO-dg), 5,
M. u.: 171.63 (CO), 140.43, 131.55, 130.99, 130.56, 130.09, 129.25, 74.63 (C%), 64.68
(CH™), 51.04 (C), 46.56 (C), 37.11 (CHy,), 28.74 (Me), 27.64 (Me). Mac-cnektp (CI), m/z:
325 [M+H]. 3maiineno, %: C, 51.63; H, 4.44; N, 17.14. C14,H.CI,N,O. O6unucneno, C,
51.71; H, 4.34; N, 17.23.

2-A3uno-N-(mpem-6yTui)-3-(4-erundenin)nponanamin 9.

Buxin 63 %. Bimnii mopomok. T, = 149-151 °C. Cnektp 'H SIMP (500 ML,
DMSO-dg) & 8.17 (¢, 1H, NH), 7.14-7.02 (m, 4H, 4H""), 3.65 (ax, J = 9.8, 4.2 'y, 1H, CH),
3.02 (mm, J = 14.1, 4.3 T'y, 1H, CHH), 2.72 (an, J = 14.0, 9.7 I'u, 1H, CHH), 2.54 (xs,
J =169, 63 I'y, 2H, CH,CHj3), 1.23 (c, 9H, t-Bu), 1.14 (1, J = 7.6 I'y, 3H, CH,CHjy).
Crextp C SIMP (101 MI'n, IMCO-dg), 8, M. w@.: 163.36 (CO), 136.54, 129.41 (2C),
128.01 (2C), 115.68, 65.79 (CH), 51.12 (C), 37.88 (CH,), 28.28 (CH,CHj), 27.69 (3C,
t-Bu), 16.18 (CH,CHs). Mac-cniektp (CI), m/z: 275 [M+H"]. 3maiineno, %: C, 65.55; H,
8.17; N, 20.29. C15H,N40. O6uucrneno, C, 65.67; H, 8.08; N, 20.42.

2-(2-Bpomodenin)-N-(mpem-oyTuin)uuxionponan-1-kapgoxcamin 12.

Buxix 61 %. Bimnii mopomok. T,, = 146-148 °C. Cnektp 'H SIMP (400 ML,
DMSO-dg) & 7.55 (ur.c, 1H, HY), 7.25 (u.c, 1H HA), 7.09 (m.c, 1H H™), 6.97 (ur.c, 1H
HAY, 2.42 (m.c, 2H, CH,), 1.55 (mmc, 1H, CH), 1.22 (c, 9H, 3Me), 1.00 (urc, 1H, CH).
Crextp *C SIMP (126 MI'n, JIMCO-dg), 8, m. u.: 175.25 (CO), 141.13, 132.07, 127.74,
127.38, 126.31, 124.63, 49.67 (t-Bu), 27.89 (3C t-Bu), 27.06 (mmkmiompormin), 23.94
(mmxronpomin), 15.50 (mukmomnporin). Mac-criexktp (CI), m/z: 296 [M+H]. 3naitneno, %:
C, 56.63; H, 6.24; N, 4.60. C;4H1sBrNO. O6uucrneno, C, 56.77; H, 6.13; N, 4.73.

N-(mpem-6yTi)-1-okco-1H-izorioxpomen-3-kapéokcamin 16.

Buxin 54 %. bimmit mopomok. T, = 189-191 °C. Crnektp 'H amp (400 MTn,
DMSO-dg) 6 8.28 (¢, 1H, NH), 8.13 (1, J = 8.1 ', 1H), 7.89 (ur.c, 2H), 7.82 (1, J=7.7 I'yy,
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1H), 7.64 (1, J = 7.7 Ty, 1H), 1.28 (c, 9H, t-Bu). Criextp **C SIMP (126 MI'ry, IMCO-dg),
3, M. uw.: 188.86 (COS), 163.74 (CO), 140.64, 137.57, 133.97, 131.46, 129.18, 127.91,
124.76, 122.07, 50.62 (CMe;), 27.20 (3Me). Mac-cuextp (CI), m/z: 262 [M+H'].
3uaiineno, %: C, 64.26; H, 5.90; N, 5.22. C14H;sNO,S. O6uucneno, C, 64.34; H, 5.79;
N, 5.36.
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SOME SYNTHETIC LIMITATIONS IN THE USE
OF STERICALLY HINDERED AMINES IN THE UGI REACTION

V. Klymenko, I. Piontkovskyy, M. Tupychak*, N. Pokhodylo

Ivan Franko National University of Lviv,
Kyryla i Mefodiya Str., 6, 79005 Lviv, Ukraine
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Multicomponent reactions are powerful synthetic methods where multiple starting
components combine to form multifunctional compounds in a single procedure. The four-component
Ugi reaction, which includes a primary amine, carbonyl compound, carboxylic acid, and isonitrile,
yields highly substituted a-aminoacyl amides, offering unique advantages for diversity-oriented
synthesis. Recently, the literature on the Ugi reaction in organic synthesis has expanded significantly,
introducing a variety of precursors. However, some simple reagents, like tert-butylamine, are
underrepresented in studies, indicating limitations in their application. This article presents examples
where tertiary amines fail to yield the expected Ugi adducts, instead forming carboxylic acid amides.


https://doi.org/10.1016/j.ejmech.2020.112241
http://dx.doi.org/10.1016/j.ejmech.2014.01.038
https://doi.org/10.1021/acs.orglett.5b00759
https://doi.org/10.1016/j.tet.2014.04.033
https://doi.org/10.1002/ejoc.200800643
https://dx.doi.org/10.1055/s-0042-1751382
http://dx.doi.org/10.30970/vch.6301.217

B. KnumeHko, I. MioHTkoBCbKMI, M. Tynuyak, H. Moxoanno
ISSN 2078-5615. BicHuik JIbBiBCbKOro yHiBepcuteTy. Cepis ximiyHa. 2025. Bunyck 66 223

Previously, we established that 2-azido-3-arylpropanoic acids are highly reactive precursors in
the Ugi reaction. However, attempts to introduce sterically hindered 2-methylbut-3-yn-2-amine and
tert-butylamine into the Ugi reaction with 2-azido-3-arylpropanoic acids did not result in the
formation of Ugi adducts; instead, the main product of the reaction was the corresponding amides
with moderate yields.

We also observed similar results when introducing an equimolar mixture of
2-(2-bromophenyl)cyclopropan-1-carboxylic  acid, tert-butylamine, p-methoxybenzaldehyde, and
tert-butylisonitrile into the Ugi reaction. The main product of the reaction was an amide. Another example
of obtaining N-tert-butylamide under Ugi reaction conditions was the interaction of
1-oxo-1H-isothiophen-3-carboxylic acid, tert-butylamine, p-methylbenzaldehyde, and p-tolyl isonitrile.

The obtained results suggest that the steric factors of the amine component in the Ugi reaction
may hinder its progression and promote an alternative reaction pathway resulting in amides, which are
apparently the products of the interaction of Schiff base intermediates with carboxylic acids. These
results not only reveal synthetic limitations of the Ugi reaction but may also be applied to develop a
synthetic approach for obtaining amides directly from carboxylic acids under mild conditions.

Keywords: Ugi reaction, tert-butylamine, amides, steric factor.
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