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CUHTES | CTPYKTYPHA XAPAKTEPU3ALLIA
(TPUTONINCTAHIITIO)(TPUPEHINICTAHIT)METUN TPUDEHINICTAHAHKAPEOOUTIOATY

(Tpumonincmaudinmio)(mpugbeHincmaxin)memun mpugenincmaHaHkap6odumioam 6ye i3o/noboeaHull, 8 SKOCMi 2071086 HO20 NPOAyKMy, npu
cnpob6i ankinyeaHHss mpugeHincaHaHkap6odumioamy nimiro xnopudoM mpumosiinonoea e mempaziopogpypaHi, i oxapakmepu3soeaHuli 3a dorno-
mozoro SIMP cnekmpockonii ma enemeHmHo20 aHanisy. Poxeei kpucmanu ompumaHoi criosyku 6y/10 eUpoOW,eHoO 3 PO34YUHY 8 CyMiwi neHmaHy ma
duxnopomemaHy. Kpucmaniusa cmpykmypa 6ysia ecmaHoesieHa 3a 00roMo2010 PeHM2eHOCMPYKMypPHO20 aHai3y.
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CUHTE3 U CTPYKTYPHAA XAPAKTEPU3ALIUA
(TPUTONUNCTAHUNTUNO)(TPUDEHUNICTAHUIT)METUN TPUPEHUIICTAHAHKAPEOONTUOATA

(TpumonuncmaHunmuo)(mpudgeHuncmaHun)Memun mpugeHurcmaHaHkap6ooumuoam 6bi/1 U30/1UPOBAH, 8 Ka4yecmee 2/71ag@H020 MPodykma,
npu nonbimke ankuiuposaHusi mpugeHusicaHaHkap6odumuoama siumusi xnopudom mpumonusnosioea e TI®, u oxapakmepu3zoeaH npu MOMousu
SIMP cnekmpocKonuu u 351eMeEHMHO20 aHanu3a. Po3oeble Kpucmansnsi nosy4eHo20 eeujecmea 6bi/lu ebipaujeHbl U3 pacimeopa 8 cMecu neHmaHa
u duxnopomemara. Kpucmannudeckasi cmpykmypa 6bis1a ycmaHo8Js1eHa ¢ NoMOWLI0 PEHM2EHOCMPYKMYPHO20 aHau3a.
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SYNTHESIS OF NEW B/S-MICHAEL ADDUCTS AND REARRANGED MICHAEL-DIELS-ALDER
ADDUCTS OF THE SECOND TYPE BY REACTION OF 1-AMINOISOINDOLE
WITH FUNCTIONALIZED MALEIMIDES

Optimal method for synthesis of the corresponding maleimides found. Six maleimides with necessary aliphatic chains, ester
fragments and aminoacid residues were obtained. By the reaction of functionalized maleimides with 1-aminoisoindole new bis-Michael
adducts were acquired. Through interaction of the bis-Michael adducts with acetylacetone in the acetic acid, saturated with hydrogen
chloride, new rearranged adducts of the second type were obtained. Structure of all compounds was proved by spectral data.

Keywords: synthesis, Michael reaction, Diels-Alder reaction, cycloaddition, 1-aminoisoindole, functionalized maleimides.

Introduction. Until recently, chemistry of isoindole
could be divided into two almost independent sections:
1) isoindoles with isoindole major tautomer form, main
reaction is [4+2] cycloaddition; 2) isoindoles with
isoindoline tautomer form and thus don't have o-quinoide
structure and should not participate in [4+2] cycloaddition
[1, 2, 3]. Reaction of [4+2] cycloaddition was methodically
studied in our scientific group, among other results we
discovered three new rearrangements, each is unique
method of synthesis of the rearranged Michael-Diels-Alder
adducts of the first [4], second [5] and third [6] type for con-
densed isoindoles. Also it was shown that some
condensed isoindoles can give adducts of the first and of

the third type [7]. The last scientific experiments of our
group proved Curtin-Hammett principle for the reactivity of
1-aminoisoindole [8]. For it Michael bis-adducts were
obtained with 1:2 composition and reaction mechanism
was proved. Also was shown that 1-aminoisoindole, as well
as pirimidoisoindole, can form rearranged adducts of the
second type [8, 9].

Goal of this work is study of the possibility for directed
synthesis of compounds with preset properties on the
example of 1-aminoisoindole by the introduction of aliphatic
chains and aminoacid residues into corresponding 1:2 bis-
Michael adducts and rearranged adducts of the second
type. This is important from both theoretical and practical
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approaches. Cycloaddition is currently the only known
method for the obtaining of the rearranged adducts of the
second type, which possess interesting fluorescent
properties and therefore are promising fluorescent markers
for biological compounds [5, 8]. In addition, pirolidin-2.5-
dione fragment creates possibility of the application in the
drug design [10, 11]. Realization of above-mentioned tasks

o)

/]

| o+ HN—R

{

CHCl,

(o)
H;C H,C
NH COOMe
(o)

required deliberate synthesis of corresponding maleimides
with aliphatic chains and aminoacid residues.

Results and discussion. Thoroughful analysis of
literature data gave possibility to find most adequate
synthetic approach for corresponding maleimides [12, 13]
In this way, six maleimides with aliphatic chains, ester
fragments and aminoacid residues were obtained
(scheme 1). Structure was proved by H'-NMR.
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Scheme 1

On the second stage, we conducted reaction of 1-
aminoisoindole with above-mentioned maleimides. Reaction
between 1-aminoisondole bromide 1 and maleimides 2 was

NH,- HBr

\

1 2

performed with 1:2 ratio in the methanol in the presence of
trimethylamine at r.t. (25 °C). Corresponding 1:2 bis-Michael
adducts 3 were obtained (scheme 2).

R = CH,COOH (a), p-CH3C00-C¢H, (b), C¢HsCsH13 (C)
Scheme 2

The yields strongly vary depending on the substituent R.
Aromatic fragments demonstrated the best results. In case
of some maleimides, final product was not obtained at all.

Structure of 1:2 bis-Michael adducts was proved by
the casual 'H NMR. Main characteristic aspects here are
two succinic fragments, linked through C3 atom of the
1-aminoisoindole fragment. Succinimide protons are at 1.2-
1.4 (J=6.0,18.8 Hz); 2.4-2.8 (9.2, 18.8 Hz) and 4.6-4.8 (6.0,

9.2 Hz) for protons H, H, and H, respectively. For
comparison, for rearranged adducts of the second type
characteristic signals of protons in succinimide are at 2.8-3.4
J=72,17.6 Hz; J = 9.2, 17.6 Hz) and 5.2-5.4 (7.2, 9.2 Hz).
At 7-7.8 ppm we have signals for the aromatic isoindole protons
and at 6.59 ppm we have signals from the amino group [14].
Most probable that formation of bis-Michael adducts
undergoes no through Michael addition, but via Diels-Alder
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reaction, similar to our other work [8]. In favor of this,
reaction of  1-aminoisoindole  with 3-methyl-N-
phenylmaleimide was unsuccessful. This can be easily
explained by steric hindrance, which would disable
synchronous [4+2] cycloaddition.

Next step of our work has been synthesis of the
corresponding adducts of the second type. Our group has
established that treatment of bis-Michael adducts 3 with
acetylacetone in the acetic acid saturated with hydrogen
chloride leads to the precipitation of the corresponding

adduct of the second type. By this approach we obtained 2
new rearranged adducts of the second type (scheme 3).

Reaction goes in this manner: first goes
condensation of the 1-aminoisoindole fragment with
acetylacetone with formation of pyrimidine ring and
cleavage one maleimide fragment. Then maleimide
reacts again by Diels-Alder cycloaddition with further
rearrangement and cleavage of the corresponding
fragment. Cleavage of the maleimide was proved by its
presence on the TLC of the reaction mixture.

R = p-CH3C00-C¢H, (b), C¢HsCeH13 (c)
Scheme 3

Structure of the corresponding adducts of the second
type was proved by spectral data.

Conclusions. Optimal method for synthesis of the
corresponding maleimides found. Six maleimides with
necessary aliphatic chains, ester fragments and aminoacid
residues were obtained. By the reaction of functionalized
maleimides with 1-aminoisoindole new bis-Michael adducts
were acquired. Through interaction of the bis-Michael
adducts with acetylacetone in the acetic acid, saturated
with hydrogen chloride, new rearranged adducts of the
second type were obtained. Structure of all compounds
was proved by spectral data.

Experimental part. Maleimides were obtained by the
method, described in [12,13]. Melting points were
measured on the Tile apparatus. 'H NMR spectra were
made with Varian UNITYplus 400 (400 MHz). Internal
standard TMS, chemical shifts in ppm, J in Hz.

1.1-bis-(R-pyrrolidine-2.5-dione)-3-amino-1H-isoindole
3 (R = CH,COOH (a), p-CH3COO-CsH4 (b), p-CeH13-CsHa
(c)): dissolve 2 mmol of 1-aminoisondole hydrobromide and
4.2 mmol of corresponding maleimide in the 5 ml of
absolute methanol under heating. Then add 1 ml of
tryethylamine and close flask tightly. After some time white
lamellar crystals, begin to precipitate. Resulting precipitate
is filtered and washed with methanol. Solution may be left
for some more time til color is changed from dark-red to the
brown. Then additional precipitate is again filtrated and
washed with methanol.

(a) Yield 30%. "H NMR (400 MHz, DMSO-d6 + CCly) &:
1.37 (dd, J = 6.0, 18.8 Hz, 2H), 2.72 (dd, J = 9.2, 18.8 Hz,

1H), 3.93 (d, J = 3.2, 6 Hz, 4H), 4.64 (dd, J = 6.0, 9.2 Hz,
1H), 4.82 (dd, J = 6.0, 9.2 Hz, 1H), 7.63 (t, J = 3.0, 1.2 Hz,
1H), 7.73 (t, J = 1.2, 7.6 Hz, 1H), 7.75 (s, NH2), 7.71 (d, J =
3.0, 1.2 Hz, 2H).

(b) Yield 50%. "H NMR (400 MHz, DMSO-d6 + CCl,) &:
1.25 (d, J = 3.0, 16 Hz, 1H), 1.34 (d, J = 3.0, 16 Hz, 1H),
2.71 (dd, J = 3, 18.8 Hz, 1H), 3.9 (s, 6H), 4.62 (dd,
J=6.0,9.2 Hz, 2H), 4.78 (dd, J = 6.0, 9.2 Hz, 2H), 6.94 (s,
NH2), 7.29 (dd, J = 2.0, 8.4 Hz, 2H) 7.34 (d, J = 2.0, 8.4 Hz,
2H), 7.49 (d, J = 2.0, 8.4 Hz, 2H), 7.49 (1, J = 3.0, 8.4 Hz,
1H), 7.51 (t, J = 3.0, 8.4 Hz, 1H), 7.9 (d, = 1.8, 7.2 Hz, 1H),
8.08 (d, J = 1.5, 6 Hz, 2H), 8.08 (d, J = 3.0, 11 Hz, 2H).

(c) Yield 60%."H NMR (400 MHz, DMSO-d6 + CCls) &:
0.92 (c, 6H) 1.20 (d, Jd = 3.0, 16 Hz, 1H), 1.35 (t, J = 2.0, 16
Hz,11H), 1.45 (dd, J = 3, 18.8 Hz, 1H), 1.76 (dd, J = 3.0, 16
Hz, 1H), 2.32 (dd, J = 6.0, 9.2 Hz, 2H), 2.62 (dd, J = 6.0,
9.2 Hz, 2H), 3.97 (dd, J = 6.0, 9.2 Hz, 4H), 4.58 (dd,
J =6.0, 9.2 Hz, 1H), 4.77 (dd, J = 6.0, 9.2 Hz, 1H), 6.89-
7.03 (m, 9H), 7.18 (d, J = 2.0, 16.8 Hz, 2H), 7.31 (d, J =
1.8, 14.4 Hz, 1H), 7.45-7.50 (m, 2H).

4-amino-9-(2,5-dioxotetrahydro-1R-3-pirolil)-2,3-dihydro-
1R-benzofflisoindolo-1,3-dione 4. 1g 1,1-bis-(R-pyrro-
lidine-2,5-dione)-3-amino-1H-isoindole and 1.5 ml
acetylacetone in 5 ml acetic acid, saturated with hydrogen
chloride, boiled for 15 hr. After cooling to the r.t. precipitate
is filtrated and washed with methanol. Product forms with
100% purity.

(b) Yield 77%. mp = 273 °C. 'H NMR (400 MHz,
DMSO-d6) &: 2.88 (dd, J = 7.2, 17.6 Hz, 1H), 2.95 (dd, J =
9.2, 17.6 Hz, 1H), 3.34 (dd, J = 7.2, 9.2 Hz, 1H), 3.90 (s,
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6H), 5.39 (dd, J =9.2, 17.6 Hz, 1H), 6.94 (t, J = 7.2, 9.2 Hz,
2H), 7.31-7.53 (m, 7H) 7.91-8.01 (m, 5H)

(c) Yield 40%. mp = 265 °C. '"H NMR (400 MHz,
DMSO-d6) &: 2.04 (s, 6H), 3.01-3.24 (m, 4H) 3.58-3.74 (m
2H), 4.15-4.23 (m, 2H), 4.86-5.08 (m, 2H), 7.27-8.11 (m
26H), 10.16 (d, J = 1.8, 14.4 Hz, 1H).
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CUHTE3 HOBUX BIC-AOAYKTIB MIXAENSA TA NEPErPYNOBAHUX AQAYKTIB MIXAENA-OUTECA-ANbOEPA
AOPYIoro tTuny y PEAKLUII 1-AMIHOI3OIHAOOIY 3 ®YHKUIOHANI3OBAHUMU MAJEIHIMIAAMU

HocnidxeHo Mmoxnueocmi HanpaeneHo20 cuHMe3y crosykK i3 3adaHuUMu efnlacmueocmsiMu Ha npuknadi peakyil 1-amiHoi3o0iHOony 3 yHKyio-
HanizoeaHumu maneiHimidamu. Takum 4uHoMm 6ynu eeedeHi anighamuyHi naHyro2u ma 3anuwku amiHokucsiom Ao cknady gionoeidHux 6ic-addykmis
Mixaensi cknady 1:2 ma nepezspynoeaHux addykmie Apyzozo muny. JemansHuli aHani3 nimepamypHux daHux do3eosiue 3Halimu onmumasnbHi
memoduku Onsi cuHme3sy 8idnoegioHuUx maneiHimioie, 3a skumu 6yno cuHmesoeaHo wicmb ManeiHimidie 3 HeoGXIaHUMu anighamuyHumu naHyro2a-
Mu, eghipHUMU 3anuwKamu ma 3anuwKamu amiHokucnom, 6ydosy sikux dosedeHo 3a doromozoto criekmpie 'H SIMP. IMpu e3aemodii 6pomidy
1-aMlH013omaony 3 ManelmM:aamu 6ynu odepxaHi mpu eidnoeioHi Hoei 6ic-adykmu Mixaensi cknady 1:2, 6ydoey sikux doeedeHO 3a GONOMO20t0
crekmpie H AMP. Cnexkmpu 'H sSIMP ompumaHux crosnyk eidnoeidaromsb ¢hopmyni, y sikili dea cykyuHinamioHux ¢ppazMeHma noe'sa3aHi 3 eionosi-
OHuMm amomom Kap6oHy 1-amiHoi30iHOonbHO20 hpazmeHmy. Llinsixom e3aemodii 6ic-addykmy Mixaens 3 ayemunayemoHoM y oymoasili Kucsomi,
HacuyeHili xsioposodHeMm, 6ys10 cuHme3oe8aHo 0ea HoguUX nepezpynosaHux adykmie opy2020 muny. Peakyisi id6yeaembcsi makum YUHOM: crioya-
MKy npoxodums KoHOeHcayisi 1-amiH0i30iHO0/IbHO20 hpacMeHMy 3 ayemusiayemoHOM 3 ymeOopPeHHSsIM NipumMiOuHO8020 Kinbys ma eiduensieHHIM
maneiHiMidy, nomim maneiHimid 3Hoe npuedHyemsbcs 3a [inbcom-AnbOepom i eidbyeaembcsi nepezpynyeaHHsl 3 sidujensieHHsIM €idnoeioHo20
¢ppacmenmy. ®akm eidwenneHHsi-npuedHaHHs ManeiHimidy 6ye doeeaeuuu pikcayiero maneiHimidy e peakuyiliHili cymiwi 3a donomozoro TLUX.
Bydoey cuHme3soeaHux criosiyk 6yno doeedeHo 3a donomozoro criekmpie 'H SIMP, siki gidnosidatoms KpumepisM, ecmaHoeneHum paxiwe Ans
cnekmpie nepezapynosaHux addykmie dpy2o020 muny.

Knro4oei cnosa: cunmes, peakuis Mixaens, peakyis finbca-Anbdepa, YuknonpuedHaHHs, 1-aMiHOi30iHOoN, hyHKyioHani3oeaHi maneiHimiou.
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CUHTES3 HOBbIX BUC-AOQAYKTOB MUXA3NA U NEPETPYNMNUPOBAHHbBIX AOAYKTOB
MUXAINA-ANNIbCA-ANBAEPA BTOPOI'O TUMNA B PEAKLUUU 1-AMUHON3OUHAOOJNA
C ®YHKUMOHAITU3UPOBAHHLIMU MANTEMHUMUOAMU

UccnedoeaHo eo3moxxHOCMU HanpaesieHHO20 cUHmMe3a coeduHeHull ¢ 3adaHHbIMU ceolicmeaMu Ha npumMepe peakyuli 1-amuHou3zouHdona c
byHKYUOHanu308aHHbIMU ManeuHumudamu. Takum o6pa3om 6binu eeedeHbl anughamuyeckue Yenoyku U 0cmamku aMuHOKUCIIOm 8 cocimae coo-
meemcmeyrouyux 6uc-addykmoe Muxaansi cocmaea 1:2 u nepezpynnupoeaHHbix addykmoe emopoz2o muna. TujamenbHbIl aHanu3 aumepamyp-
HbIX GaHHbIX N03807U Halimu onmuMasbHbie MemoduKu O CUHMe3a coomeemcmeayrujux MaseuHumMudos, No KOmopbIM 6bI10 CUHMe3UpPo8a-
HO wecmb ManeuHumudoe ¢ Heo6x00UMbIMU anud)amuqecxumu uernoykamu, 3¢hUpPHBLIMU OCMamkKaMu U ocmamkaMu amMUHOKUCJIOM, CMpoeHue
Komopbix 6b10 0OKa3aHO C MOMOWbLIO CMIEKMpPo8 H SmP. Cnekmpsbi 'H SIMP nosny4eHHbIx coeduHeHull omee4aom ¢hopmyrsie, 8 Komopol dsa
CYKYUHUNaMuOHbIX ghpacMeHma cesizaHbl C COoMmeemcmeyrujuM amomMom yarepoda 1-aMuHOU30UHAOIbHO20 ppazmeHma. lymem e3aumodelic-
meus 6uc-addykma Muxaansi ¢ ayemunayemoHOM 8 YKCycHoU Kucsiome, HacbiuweHHOU X/10po8000podoM, 6b1/10 CUHMe3upo8aHo d8a HOBbLIX re-
peapynnupoeaHHbIx addykma emopoz2o muna. Peakyusi npoucxodum makum o6pa3om: eHa4asie npoxodum KoHOeHcayusi 1-aMuHoOU30uUHA0IbHO20
¢pacmeHma c ayemunayemoHoM ¢ o6pazoeaHuUeM NUPUMUAUHOB020 KOJbya U omujensieHueM masneuHumuda, 3amemM ManeuHuMud eHo8b Npuco-
eduHsiemcs no Qunbcy-Ansdepy u npoucxodum nepezpynnupoeka ¢ omujensieHueM coomeemcmeyouwe2o ppacmeHma. ®akm npucoeduUHeHUs -
omuwenneHusi maneuHumuda 6bin dokasaH ¢pukcayueli ManeuHumuda e peakyuoHHoOU cmecu ¢ nomowibio TCX. CmpoeHue cuHmMe3upo8aHHbIX
coeduHeHuli 661110 doKa3aHo ¢ noMouikio criekmpoe 'H SIMP, komophie omeeyaiom KpUmepusaM, yCMaHOB IGHHLIM paHee Oisi CrIeKmpoe nepezpy-
nnupoeaHHbix a@dykmoe emopo2o muna.

Knrodeenie cnosa: cunmes, peakyus Muxaans, peakyusi Qunbca-Anbdepa, yuknonpucoeduHeHue, 1-aMuHOU30UHAOJ, (hYHKUUOHaIU3UPOB8aH-
Hble MasleuHUMUOGhbI.



