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levads

IEVADS

Promocijas darba maleinskabes izoimidi (MII) pétiti kd savienojumi, no kuriem
viegli sintez& polimerizéties sp&jigas virsmaktivas vielas - virsmaktivus
maleinskabes diamidus un amidesterus. Polimerizéties sp€jigas virsmaktivas vielas
arvien pladak izmanto polimerizacijai emulsija, kas misdienas ir kjuvusi par vienu no
poliméru iegti§anas pamatprocesiem.

Polimerizacijai emulsija, ja to salidzina ar citam poliméru iegtiSanas metodeém, ir
vairakas prieksrocibas [1]:

v" Polimerizacijas vide ir tidens, tad&} poliméru iegiiSana biitiski nekaitg videi.

v Polimérs tiek iegiits emulsijas veida, kas daudzos gadijumos ir izmantojama

bez papildu apstrades.

v Poliméru emulsijas fideni ir dro$ak un &értdk lietojamas gan riipnieciba, gan

sadzive neka poliméru Skidumi organiskos $kidinatajos.
Diemz€l poliméru emulsijas ne vienmeér ir pietiekami stabilas — laika gaita vai
nelabveéligos apstaklos polimérs var nogulsnéties. Tade] Ipasi svariga paslaik ir
polim&ru emulsiju stabilitdtes paaugstina$ana, ko panak, izmantojot polimerizéties
spejigas virsmaktivas vielas. Tas iev€rojami papildina minétas priekdrocibas, kas ir
raksturigas polimerizacijai emulsija [2]:

v" Polimerizéties spéjigas virsmaktivas vielas veido kovalentu saiti ar poliméra

virsmu un padara iegilito emulsiju Tpasi stabilu.

v" Tas nenonak apkarteja vide, jo ciedi saistas ar poliméru.

v" Polimerizacijai vajag tikai nedaudz virsmaktivas vielas, jo visa viela saistas ar

poliméra dajigu virsmu.

Jau tagad ir pieejama virkne polimerizéties sp€jigu virsmaktivo vielu, tomér tikai
daZzas no tim dod iesp§ju sekmigi veikt polimeriziciju emulsija. Svarigi, lai
virsmaktiva viela lidz pat polimerizacijas beigam saglabatu spgju stabilizét emulsiju.
Tade] polimerizacijai emulsija nav piemérotas virsmaktivas vielas, kas veido
homopolimérus vai iesaistas poliméra virkné jau reakcijas sakuma. Starp vielam, kas
polimeéru emulsiju stabiliz€3anai piemérotas vislabak, ir arf maleinskdbes atvasinajumi
[3.4].

Darba aktualitate. 1idz $im virsmaktivus maleinskabes atvasindjumus
polimerizacijai emulsija bija iespejams izmantot saméra reti, jo nebija pieejamas labas
to sint€zes metodes un vairaki no iegiitajiem savienojumiem polimerizacijas apstak|os
nebija stabili. Paslaik polimerizacijai emulsija parsvard izmanto maleinskabes esteru
atvasinajumus [3,5,6]. Polimerizicijas apstak]os tie var pakapeniski hidrolizéties un
zaudet virsmas aktivitati [7,8]. Daudzi maleinskabes esteri ir parak hidrofobi, un to
virsmas aktivitate ir nepietickama. Tade] aktuals ir jautdjums par jaunu virsmaktivu
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malenskabes atvasinajumu sintézi, kas bitu stabilaki pret hidrolizi un hidrofilaki neka
maleinskabes esteri. Siem noteikumiem vislabak atbilst maleinskabes amidi.

Maleinskabes esteri pedé€ja laika ir plasi pétiti, turpretim par maleinskabes amidu
sint€zes metodém zinams visai maz. Mekl§jot jaunas maleinskdabes amidu sint€zes
metodes, uzmanibas loka nondk MII. Vispusigu pétijumu par MII nav, arT to struktura
nav pilnigi noskaidrota, un organiskaja sinte€z€ MII gandriz nav izmantoti. Tomeér
aprakstitas MII 1pasibas un reakciju pieméri lieck domat, ka MII varétu but derigi
daudzu maleinskabes atvasindjumu iegti$anai.

Darba merkis. Promocijas darba mérkis bija izpétit MII struktliru un reagétspéju,
ka arT apliecinat MII daudzpusigas praktiskas izmanto$anas iesp&jas organiskaja
sintéz€. Tadg] pétjjums nav tikai praktisks, bet tas raksturo MII ka savienojumu klasi.
Merka sasnieg8anai izvirziti un paveikti vairaki uzdevumi:

v' Pilnveidotas MII sintézes metodes.

v’ MII struktira pétita ar spektroskopiskdm metodém. Veicot MII
rentgenstruktiranalizi, viennozimigi pieradita MII struktiira kristaliska
stavokli.

v Noteikti pieméroti apstak]i MII reakcijam ar nukleofiliem reagentiem un
panakta reakciju pilniga norise. legiiti virsmaktivi maleinskabes diamidi un
amidesteri.

v' Pieradits iegito maleinskabes diamidu un amidesteru derigums polimerizacijai
emulsija.

Katra veikta uzdevuma risinajums nosaka darba novitati.

Darba praktiska nozime. Polimerizéties sp€jigas virsmaktivas vielas, ko izmanto
paslaik, ne vienmér dod iesp&ju iegiit kvalitativus lateksus. Ja polimerizacijai lieto
promocijas darba ieglitdis un péfitas virsmaktivas vielas, lateksu kvalitati var
paaugstinit. legiitos lateksus var izmantot, lai izgatavotu gan krdsas, gan citus
parklasanas materialus.

Atzistot virsmaktivu maleinskdbes atvasindjumu pétjjumu nozimigumu, tiem
finansialu atbalstu sniegusi Eiropas Komisija (Iligums BRPR CT 97 0525) un Eiropas
Socialais Fonds (ligums 2004/0001/VPD1/ESF/PIAA/04/NP/3.2.3.1/0001/0063).
Butiskakie darba rezultati apspriesti trijas starptautiskas konferences un ietverti sesas
publikacijas.
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1.1. Maleinskdbes izoimidu sintéze

1. LITERATURAS APSKATS
1.1. MALEINSKABES IZOIMIDU SINTEZE

MII (1) parasti ieglist no maleinskabes pusamidiem, tos dehidratgjot reakcijas
kinétiskas kontroles apstaklos. MII (1) iegt$anai ir pieméroti tikai pasi
reagétspéjigakie dehidrat€josie reagenti, kas Jauj dehidraté$anu veikt temperatiira, kas
neparsniedz 20 °C. Augstaka temperatira lielaka daja MII (1) izomeriz&jas par
termodinamiski stabilakajiem maleinskabes imidiem (2).

Visplasak MII (1) sint€zei izmanto dicikloheksilkarbodiimidu (DCC) [9-19].
Maleinskabes pusamidu reakcija ar DCC notiek trijos posmos [20]:

1) pusamids protongé DCC,

2) karboksilats pievienojas imonija jonam,

3) O-acilizourinviela notiek nukleofila aizvietoSana.

Cr e OO — O

O = OO —

_..¢——<é O/'E\O (1.1
Y

o
Maleinskabes pusamidu reakcija ar DCC viegli notiek istabas temperatiira. Reakcija
rodas tikai MII (1). Maleinskabes imidu (2) ra$ands nav novérota. Tomér DCC ir
parak dargs reagents MII (1) ieguanai lielos daudzumos, tade] ir atrasta virkne citu
reagentu, kas dod iesp&ju no maleinskabes pusamidiem ar labu iznakumu ijegit
MII (1).
MIl (1) sintézei ir izmantoti karbonskabju anhidridi (etikskabes anhidrids,

trifluoretikskabes anhidrids) [9-11,21-23] un karbonskabju hloridi (acetilhlorids)
[11,14,23]. Lielakaja dala gadfjumu reakcijas maistjumam nepieciesams pievienot

—O

tre$€jo aminu, lai no maleinskabes pusamida rastos anjons. Domajams, maleinskébes



1. 1. Maleinskabes izoimidu sintéze

pusamida anjons reagé ar karbonskabju anhidridiem un hloridiem, veidojot jauktos
anhidridus [21]. Jauktajos anhidridos ir iespgjama iek$molekuldra acilésana pie
skabekla atoma, kas noved pie MII (1) raanas, vai arl iek$molekulara acilé$ana pie
slapekla atoma, kas noved pie maleinskabes imidu (2) raSanas. Lielaks ladina blivums
maleinskabes pusamidos ir skabek]a atomam, tapéc reakcijas kin&tiskas kontroles
apstaklos acilé$ana notiek tie$i pie skabekla atoma. lek$molekulara aciléSana pie
slapek]a atoma notiek reakcijas termodinamiskas kontroles apstak]os.

(0] 0
- . :
| OH NE, O 'NHEt, _R!COCI
NHR NHR
0] o

Kinetiska

— o o ] kontrole l
JJ\ | / (
— | I‘:HR R ) (12)
L (])/ \

—  Termodinamiska l NR 2
kontrole

0]

Energijas maipa reakcijas gaita shematiski paradita 1.1.att. Etikskabes anhidridu
natrija acetata klatiené izmanto, lai iegitu maleinskabes arilizoimidus ar
elektrondonoriem aizvietotajiem arilgrupa. Sadi MII (1) ir saméra stabili, tad€]
reakciju iespejams veikt pat paaugstinata temperatiira [9].

Maleinskabes pusamidus var parvérst MII (1) arT izmantojot hlorog]skabes esterus
[10,14,24]. Reakcijas mehanisms ir 11dzigs ka maleinskabes pusamidu reakcijam ar
karbonskabju hloridiem.

Jauns reagents maleinskabes pusamidu parvér$anai MII (1) ir 2-hlor-1,3-dimetil-
imidazolinija hlorids [25-28]. Ta reakcijas ar maleinskabes pusamidiem trietilamina
klatieng rodas MII (1) un 1,3-dimetilimidazolin-2-ons:

Q 0
Cl ! O
O ~ )\ ~ + 2NE, —= 0 + N )J\ ~ + 2EyNH* Cr (I
NHR N N N N
\_/ cr _/
0 NR

1

10

~

.J

)



Termodinamiska kontrole Kinétiska kontrole

Y

+ R-COOH

Reakcijas koordinata

1.1. a, '.Malelnskabes izoimidu (1) un maleinskabes imidu (2) veidoSanas reakciju energijas projils



1.2. Maleinskabes izoimidu reakcijas ar nukleofilajiem reagentiem

P&c reakcijas iegtto 1,3-dimetilimidazolin-2-onu var parvérst atpaka] par 2-hlor-
1,3-dimetilimidazolinija hloridu, izmantojot hlorog]skabes trihlormetilesteri vai
oksalilhloridu [29]. Tadgjadi var panakt, ka reakcija praktiski nerodas nevajadzigi
blakusprodukti.

Tomeér kopuma nav atrastas vai nav pilnveidotas metodes, kas biitu piemérotas
Jebkura MII (1) iegiianai. Pétiti galvenokart reagenti un to lieto3anas iespéjas, bet
maz veribas pieversts atdkirigu MII (1) iegti8anai, MII (1) iznadkumam un tiribai.

1.2. MALEINSKABES 1ZOIMIDU REAKCIJAS AR
NUKLEOFILAJIEM REAGENTIEM

MII (1) reagétspéjas zipa ir lidzigi maleinskabes anhidridam. Atskiriba no
maleinskabes imidiem (2), tie viegli reagé ar nukleofilajiem reagentiem. Lielakaja
daja reakciju atveras izoimida cikls un rodas maleinskabes atvasinajumi. Turpretim
maleinskabes imidu (2) reakcijas ar nukleofilajiem reagentiem vienmér notiek
nukleofila reagenta pievienoSanas C=C dubultsaitei un cikliska struktiira saglabajas.
Tade] MII (1) var izmantot virsmaktivu maleinskabes atvasindgjumu sintézei, bet
maleinskabes imidus (2) — nevar.

MII (1) ir Cetri elektrofilie centri — visi izoimida cikla oglekla atomi.
Karbonilgrupas un iminogrupas oglek]a atomi ir saméra ,cieti” elektrofili, savukart
C=C dubultsaiti veidojosie oglek]a atomi — ,,miksti” elektrofili. Karbonilgrupa oglek]a
atomam ir lielaks pozitivais da]ladip$ neka iminogrupa, tade] ,,cieti” nukleofili (amini
un spirti) saistas ar karbonilgrupas oglek]a atomu. No oglekla atomiem, kas veido
C=C dubultsaiti, liclaks pozitivais da]ladips ir cikla 3. vietas oglekla atomam, jo ta
pozitivo ladipu palielina karbonilgrupa. Tadg] ,,miksti” nukleofili (tioli un fosfini)
saistas ar 3o oglek]a atomu. MII (1) reakcijas ar ,,mikstiem” nukleofiliem vienlaicigi
notiek izoimidu 1 pargrupé$anas par imidiem 2. Tadg| tajas rodas sukcinimida
atvasindjumi tapat ka atbilsto$ajas maleinskdbes imidu (2) reakcijas. Reakcijas pie
iminogrupas slapek]a atoma parasti nenotiek.

N nukleofilie reagenti. MIl (1) reakcijas ar pirmgjiem aminiem rodas
maleinskabes diamidi (3) [21 ,30],:

0 0
NHR!
O + RWNH, — ™= (1.4)
NHR
NR 0
1 3



1.2. Maleinskabes izoimidu reakcijas ar nukleofilujiem reagentiem

Lidzigi ka maleinskabes anhidrida reakcijas ar aminiem, MII (1) reakcijas viegli
notiek istabas temperatiira vai pat dzes€jot. Tomer preparativi MII (1) reakcijas ar
pirméjiem aminiem lidz $im ir izmantotas tikai poliméru iegiiSanai [17,18,24,30-36].
No MII (1) ar diviem izoimida cikliem molekuld un diaminiem iegiiti maleinskabes
poliamidi:

SN SYEVEY () SRRV G 15
‘—[_ H H H H_]:* (15
(O I ¢) OO

Tiem ir Iidzigas mehaniskas Tpasibas ka poliuretaniem [24]. Maleinskabes poliamidu
legtSana ir videi labvéligaks un dro3aks process par poliuretanu iegtSanu, kurai
nepiecie§ams izmantot izocianatus.

MII (1) reakcijas ar otréjiem aminiem, piemé&ram, ar dimetilaminu, maleinskabes
diamidi rodas tikai zema temperatiira (-60 °C). Ja reakciju veic augstaka temperatiira,
gaidito maleinskabes diamidu vieta rodas fumarskabes diamidi. Fumarskabes diamidu
rafanos skaidro ar dimetilamina apgriezenisku pievieno$anos C=C dubultsaitei
maleinskabes diamida, kas rodas reakcijas sakuma [37].

0 (o)
R'RIN 2
NRIR? R!R2NH NR'R
| o + RN — NHR . _NHR
NR 0 OH
0
1
RRZN NRIRZ NR'R2
- - - - | (1.6)
RHN_ =~ - R'IRZNH RHNj
OH (0]

O nukleofilie reagenti. MII (1) reakcijas ar spirtiem rodas maleinskabes amid-
esteri (4):

(1.7)

1 4

Ar spirtiem MII (1) reageé daudz griitak neka ar aminiem. Reakciju veiksmigai norisei
nepieciefams katalizators. Par katalizatoriem ir izmantotas bazes. Natrija etoksida
klatieng MII (1) reakcijas ar spirtiem notiek Joti strauji pat pazeminata temperatiira un
ir novérojama reakcijas maisijuma dalgja sasvekosanas [20], par labaku katalizatoru

13



1.2. Maleinskabes izoimidu reakcijas ar nukleofilajiem reagentiem

uzskata 2-hidroksipiridinu [38]. Skabju klatiené gaiditdas amidesteru 4 veido3anas
vieta novérota MII (1) izomeriz€3anas par imidiem 2 [20].

S un P nukleofilie reagenti. S un P nukleofilie reagenti (atbilstosi tioli un fosfini),
kas ir daudz ,,mikstaki” nukleofili par aminiem un spirtiem, pievienojas MII (1) C=C

dubultsaitei:
) o o
O + RISH — NR (1.8)
R'S
O

NR
1

0O

O + Ph,p —™ NR (1.9)

Ph,P
NR

1

Vienlaicigi notiek izoimidu 1 pargrup&$anas par imidiem 2, tad€| $ajas reakcijas rodas
sukcinimida atvasinajumi [39-41]. Ar fosfora ilidiem, kas rodas MII (1) reakcijas ar
trifenilfosfinu, talak iesp&jams veikt visas ilidiem raksturigas reakcijas, pieméram,
reakcijas ar karbonilsavienojumiem [40,41]:

0 O 0
Jfémi . é — NR (1.10)
Ph,p " Fhs Z
(0] (0]

Ambidenti nukleofilie reagenti. Pazistamas vairakas MII (1) reakcijas ar

savienojumiem, kuros ir gan nukleofils slapek]a atoms, gan nukleofils séra atoms.
Reakcija sakas ar slapekja atoma saisti¥anos ar izoimida 1 karbonilgrupu un izoimida
cikla atverSanos. Rodas maleinskabes diamids, kura ir iesp&jama iekSmolekulara séra
atoma pievieno3anas C=C dubultsaitei, kas noved pie heterocikla saslégSanas. MII (1)
reakcijas ar 2-aminotiofenolu rodas 2H-1,4-benzotiazin-3(4H)-ona atvasinajumi [42],
savukart MII (1) reakcijas ar tiourinvielu rodas tiazolidina atvasinajumi [43]:

14



1.2. Maleinskabes izoimidu reakcijas ar nukleofilajiem reagentiem

6) SH ; NH ; NH
HN SH o S o
o + —_— | — (1.1D)
]/NHR NHR
NR o)

i

NH,
)\ HN,
o sZ “NH >\-—NH
S S
0 0
o + HZNJ\NH2 | NHR NHR (1.12)
NR 0 (1)/

Apkopojot literatiru par MII (1) reakcijam ar nukleofiliem reagentiem, kjust
skaidrs, ka ta ir sporadiska un fragmentara. Literatiira aprakstitas atseviSkas MII (1)
Ipasibas, ta¢u tas pieminétas galvenokart sakara ar citam problémam. Nav aptvero3u
petijumu tiesi par MII (1), kas viestu skaidribu par to reagétsp&ju. EsoSos pétijjumus
vajag apkopot un visparinat, ka ari turpinat, lai apliecinatu MII (1) plasas
izmanto3anas iesp€jas organisko savienojumu sint€zg.

15



2.1. Maleinskabes izvimidu sintéze

2. REZULTATI UN TO IZVERTEJUMS
2.1. MALEINSKABES IZOIMIDU SINTEZE

MII (1) promocijas darba sinteze€ti, -lai no tiem talak iegutu virsmaktivus
maleinskdbes atvasinajumus. Sintezéti vairaki MII (1) ar at3kirigdim hidrofobam
grupam pie slapek]a atoma. Atkariba no §is grupas hidrofobuma MII (1) reakcijas ar
hidrofiliem aminiem un spirtiem talak ieguti maleinskabes atvasinajumi ar lielaku vai
mazaku $kidibu tideni, ar lielaku vai mazaku virsmas aktivitati. Sintezéti ar1 vairaki
MII (1), péc kuru struktiiras var spriest par MIl (1) kopuma - ka par savienojumu
klasi.

MII (1) sintezei salidzinatas divas metodes — maleinskabes pusamidu reakcija ar
DCC un maleinskabes pusamidu reakcija ar etilhlorformiatu un trietilaminu.
Literatiira aprakstitas metodes pilnveidotas, lai ar labu iznakumu iegiitu MII (1), kas
nesatur piemaistjumus. Tikai tad MII (1) ir pietiekami stabili, lai tos vargtu glabat un
izmantot struktiiras pétijumiem. Piemaisfjumi var ne tikai reaget ar MII (1), bet ari
katalizét MII (1) parvér3anos maleinskabes imidos (2) vai MII (1) hidrolizi. Tikai
pilnigi tirus MII (1) var sekmigi izmantot virsmaktivu maleinskabes atvasindjumu
sintézei, jo nakamajas sintézes pakapés ieglistamos virsmaktivos savienojumus attirit
ir gruti. Gan MII (1) sintézes iznakumu, gan ieglito MII (1) tiribu visbitiskak ietekmé
reakcijas temperatiira, reakcijas laiks, $§kidinatajs un reagentu daudzumu attieciba.

Maleinskabes pusamidu reakciju ar DCC veic -10 °C temperatird, lai taja rastos
reakcijas kinétiskas kontroles produkti — MII (1). Divpadsmit stundu laika
maleinskabes pusamidi pilnigi parversas MII (1).

0
(5 O 23
+ N=C=N —
NHR
(8]
0
No N
. o + g 2.1
(¢}
NR

R - C;H; (1a), n-C;Hs (1b), otr-C4Hy (1¢), tres-C4Ho (1d).
CH,C(CH;); (1e), CiaHas (1), CH,CHs (1g),
Ce¢Hs (1h), 4-CH;OCH, (1i), 4-CICsH, (1)

Maleinskabes pusamidu reakcija ar DCC rodas dicikloheksilurinviela. No vienas
Puses, reakcijai vajag izvéléties $kidinataju, kurd dicikloheksilurinvielas $kidiba ir péc
iespgjas mazaka, lai péc reakcijas to varétu atdalit filtrejot. No otras puses, reakcijas
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veiksmigai norisei ir nepiecieSams, lai atbilstoSais maleinskabes pusamids pietiekami
labi Skistu izvélétaja Skidinataja. MIl (1) labi Skist lielakaja dala plasi lietoto
organisko Skidinataju, tapéc MIl (1) paliek Skiduma, no kura Skidinataju atdestilé.
Lielakaja dala gadijumu reakciju var veikt dihlormetana. Tomér, ja maleinskabes
pusamida Skidiba dihlormetana ir parak maza, reakcija nenotiek. Pieméram, treS-butil-
izoimidu (ld) un neopentilizoimidu (le) neizdodas iegat dihlormetana Skiduma, tadel
diwormetana vieta izmanto tetrahidrofuranu. T& k& dicikloheksilurinvielai nedaudz
Skist diWormetana, iegatos MIl (1) attira no tas, Mil (1) izSkidinot dietilétert un
filtréjot. Veicot maleinskabes pusamidu reakciju ar DCC, nepiecieSams izvairities no
DCC parakuma, Kkuru péc reakcijas ir grati atdalit. Ja iegdst malemnskabes
alkilizoirradus, optimalais DCC daudzums ir 0,95 moli vienam molam atbilstosa
maleinskabes pusamida. Sadi iegats dodecilizoirnids If péc gazu hromatografijas
datiem nesatur nekadus piemaistjumus. Ka kristalisku vielu iespéjams ieglt pat
benzilizoimidu 19, kas literatira aprakstits ka nestabila ella [14]. Dicikloheksil-
karbodiimidu ieteicams izmantot TpaSi nestabilu MIl (1) iegOSanai vai tad, ja
nepiecieSams iegat loti tirus MII (1), pieméram, MII (1) struktdras péttjumiem.

Lai no rnaleinskdbes  pusamidiern iegitu  izoirrddus (1), izmantojot
etilhlorformiatu, maleinskabes pusamidus sakuma parvérs atbilstoSajos trietilamonija
salos. Maleinskabes pusamidu anjoni ir ievérojarni labaki nukleofili par maleinskabes
pusamidiem, un to reakcija ar etilhlorformiatu notiek jau -10°C temperatdra. Sajos
apstaklos veidojas maleinskabes un oglskabes jauktais anhidrids, kas istabas
ternperatdra sadalas par MIT (1) un oglekla(lV) oksidu.

0]

{OH I’O-'NHEt, (2'2)
~(NHR ~NHR
o 0]
(0}
rO-'NHEt, -10 -C
~NHR ) (23)
o
25 + CO, + EOH (24)

2
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2.1. Maleinskabes izoimidu sintéze

Ka blakusprodukti bez oglek]a(IV) oksida reakcija rodas trietilamonija hlorids un
etanols. Reakcijas maisjjumu no tiem attira, skalojot ar tideni. Lai butu iesp&jams
iegit MII (1), reakcijas maisjjumam nedrikst pievienot tideni, pirms viss jauktais
anhidrids ir parverties MII (1). Istabas temperatira tam vajadziga vismaz viena
stunda. MII (1) neizdodas iegtt arT tad, ja reakcijas laiku palielina. Strikti ievérojot
reakcijas temperatiiru, péc iesp€jas samazinot reakcijas maisijuma skalo$anas laiku un
reakcijas produkta Skidumu nekav€joties Zavgjot, MII (1) iespgjams ieglt ar
iznakumu, kas tuvs kvantitativam. Ta ka etilhlorformiats ir ievérojami letaks par
DCC, %0 metodi var izmantot samera stabilu MII (1) iegtSanai liela daudzuma.
Dodecilizoimidu 1f, kas talak izmantots virsmaktivu maleinskabes atvasindjumu
sintézei, var ieght ar iznakumu 88%. legutais dodecilizoimids 1f nesatur gazu
hromatografijas apstak]os gaistoSus piemaisfjumus, tomér tas pamazam sadalas,
pretstata izoimidam 1f, kas iegiits, izmantojot DCC. Nestabilakie MII (1), pieméram,
zemakie alkilizoimidi 1a-e, reakcijas maisijuma skalo$anas laika nereti hidrolizgjas,
tade] to iegiianai $T metode nav piemérota.

lIegiitie MII (1) ir skidrumi ar augstu vir§anas temperatiiru vai cietas vielas ar
zemu kuSanas temperatiiru. Tos attirit ir sameéra gruti, jo paaugstinata temperatiira tie
izomeriz€jas par atbilstoSajiem maleinskabes imidiem (2) vai sadalas. Lielaka daja
MII (1) labi 3kist nepolaros organiskos $kidinatdjos, pieméram, heksana, benzola,
&terl, turpretim piemaisfjumi, kurus satur MII (1), tajos nedkist. Ipadi svarigi, ka
nepolaros $kidinatajos neskist arm maleinskabes pusamidi, ko izmanto par izejvielam
MII (1) sintézé. Tapec MII (1) var attirit, tos iz3kidinot kdda no minétajiem
Skidinatajiem, filtrgjot un $kidinatdju atdestil§jot. Zemakie alkilizoimidi la-e nav
stabili pat pazeminata temperatiir, tade] talakam sintézém tos vajag izmantot tiilit péc
iegliSanas. Tomér virsmakiivu maleinskabes atvasindjumu sintézei izmantojamos
MII (1), pieméram, dodecilizoimidu 1f, ar pilnveidotajam sintézes metodém var iegit
ka stabilas, kristaliskas vielas, kuras sausuma 0 °C temperatiira var glabat vairakus
meéneSus. Ta ir batiska prieksrociba MII (1) izmanto$anai virsmaktivu maleinskabes
atvasinajumu sintézei, ja to salidzina ar jaukto anhidridu vai aktivéto esteru metodi.

Sintezéto MII (1) ieguSanas apstak]i, iznakums un elementanalizes rezultati
apkopoti 1. pielikuma 1.tabuld. Par neopentilizoimidu le un dodecilizoimidu 1f
literatlira datu nav, tapéc domdjams, ka tas ir jaunas vielas. Abas MII (1) sintézes
metodes atzistamas par labam — tas dod iespéju iegit lielako daju MII (1) ar labu
izndkumu un praktiski bez piemaistjumiem. Tikai MII (1) sintézes pagémienu
pilnveide ir Javusi parskatit aplamo priek3statu, ka visi MII (1) ir Ipasi nestabili
savienojumi, kas atri sadalas.



22, Maleinskiibes izoimidu analize un struktfiras pélljumi

2.2. MALEINSKABES 1ZOIMIDU ANALIZE UN
STRUKTURAS PETIJUMI

MIl (1) analizéti, izmantojot gazu hromatografiju. legato MIl (1) struktdra
pieradita, izmantojot redzamas un UV gaismas spektroskopiju, 1S spektroskopiju,
KMR spektroskopiju, ka ar rentgenstruktdranalizes metodes.

MII (1) ir iespéjama izomérija ap C=N dubultsaiti, tatad MII (1) ir iespé&jami Z un

E izoméri [44]:
(0] (0]
ON'..R ,No

R
(2)-1 (E)-1

2.1. att. Maleinskabes izoimidu (1) Z un E izoméri

Visas izmantotas struktdras pétisanas metodes tieSi vai netieSi norada uz MIl (1) Z
izoméra klatieni gan Skiduma, gan kristalisk.aveida. Tikai KMR spektroskopijas dati
pierada, ka Skiduma atrodas arT E izomérs.

MIl (1) gazu hromatografija. Ka galvena metode iegato MII (1) tinoas parbaudei
izmantota gazu hromatografija. Noteikti pieméroti apstakli MIl (1) atdaliS8anai no
atbilstoSajiem imidiem 2, kas MIl (1) ieglSanas reakcijas nereti rodas ka
blakusprodukti. MIIl (1) analizei izmantots gazu hromatografs ar masas detektoru.
Lietota kapilarkolonna ar polaru nekustigo fazi, kas veidota no dimetilpolisiloksana,
kurd -50% metilgrupu aizstatas ar fenilgruparn. MIl (1) pilniga atdaliSanas no
atbilstoSajiem imidiem 2 panakta temperatlras gradienta apstaklos ar kolonnas
sakuma temperatru 60°C un temperatdras gradientu 10°C minaté.

Mil (1) un maleinskabes imidu 2 izdali$anas laiki un Kovaca indeksi 1apkopoti
1.pielikuma 2.tabula. Kovaca indeksus 1 aprékina, salidzinot analizéjamo vielu
izdaliSanas laikus ar n-alkanu izdaliSanas laikiem. Aprékinos izmanto Sadu sakaribu:

1=100z+100 19%rx -lg tr@ (2.5)
1 IgtR'(z+l)  -IgtR,(2)'

kur Ry - analizéjamas vielas korigétais izdaliSanas laiks, min.;
wr(2) - korigétais izdaliSanas laiks n-alkanam ar z oglekla atomiem rnolekula, min.;
tR'(Zj) - korigétais izdaliSanas laiks n-alkdnam ar z+ 1 oglekla atomu rnolekula, min.

n-Alkanus izvélas ta, lai r@z+» tRx» tr(z). Teorétiski Kovaca indeksi 1ir atkarigi
tikai no temperatdras un nekustigas fazes, bet nav atkarigi no citiem instrumentu un
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eksperimentalajiem parametriem [45], tadel tie lieti der MII (1) un maleinskabes
imidu (2) izdali8anas laiku novértéSanai dazados analizes apstak|os.

Polara nekustiga faze sekmé MIl (1) atdaliSanos no maleinskabes imidiem (2)
specifiskas mijiedarbibas dél. MIl (1) ir izteikti lielaki Kovaca indeksi 1 neka
atbilstoSajiem imidiem 2. lespéjams, MII (1) ir lielaks dipolmoments un tie stiprak
mijiedarbojas ar polaru nekustigo fazi. Ne MIl (1), ne maleinskabes imidu (2)
hromatografijas joslu paplaSinaSanas vai sapliSana nav novérota, tatad MIl (1)
termiska izomerizacija par imidiem 2 gazu hromatografijas apstaklos nenotiek.
MII (1) pilnigi atdalas no maleinskabes imidiem (2) (skat. 2.2. att.).

100
t?
o 1l
280 .
'L
B 60
> 40 '
539. 21

20 |

0 )

16 17 18 19 20
Laiks, min.

2.2. att. Maleinskabes dodecilizoimida (1f, 1.josla) un dodecilimida (2f, 2.josla)
maisijuma gazu hromatogramma

Tapéc, izmantojot gazu hromatografiju, var ne tikai viegli parbaudit Mil (1) tirtbu, bet
art sekot MIl (1) iegUSanas reakciju gaitai.

MIl (1) redzamos un UV gaismas spektroskopija. Maleinskabes alkilizoimidi ir
bezkrasaini, fenilizoimids Ih ir loti vaji dzeltens, turpretim (4-metoksifenil)izoimids
li un (4-hlorfenil)izoimids 1j ir spilgti dzelteni. (4-Metoksifenil)izoimida li gaismas
absorbcijas maksimums acetonitrila Skiduma atbilst gaismai ar vilna garumu 366 nm
(absorbcijas koeficients 10400 L'mol'l-cm™), bet (4-hlorfenil)izoimida 1j absorbcijas
maksimums - gaismai ar vilpa garumu 339run (absorbcijas koeficients
3400 Lrnoll-cm™).  MII (1) konjugéto dubultsaiSu virkne ir parak isa, lai krasaino
MIl (1) gaismas absorbcijas maksimumu varétu noteikt ;r---+;r* elektronu pareja
Tatad (4-metoksifenil)izoimida li un (4-hlorfenil)izoimida 1j gaismas absorbcijas
maksimumu nosaka atbilstosi metoksigrupas skabekla atoma un hlora atoma nedalito
elektronu paru iesaistiSanas konjugacija (n -+ ;r* elektronu pareja). Ta ka skabeklis
atrodas viena perioda ar oglekli, skabekla atoma nedalito paru orbitales labak
parklajas ar oglekla atoma orbitaléem, tapéc (4-metoksifenil)izoimida li konjugacija
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2.2. Maleinskabes izoimidu analize un struktiiras pétijumi

starp izoimida ciklu un benzola gredzenu izpauZas lielakda méra un molekulas
ierosinaSana var notikt lielaka vilpa garuma gaismas iedarbiba (ar mazaku energiju)
neka (4-hlorfenil)izoimidam 1j. Abos gadijumos molekulas ierosinaSanai ir vajadziga
mazaka energija neka 7 — 7* elektronu parejai, un molekulu ierosina jau redzama
gaisma. Tas nozimé, ka (4-metoksifenil)izoimida 1i un (4-hlorfenil)izoimida 1j
struktiira batisks ieguldijums ir $3dam mezomeérajam formam:

:(.):_ :6:
ié iﬁ
o o
Sy -
N N=
=q' ol
CH,
1i 1j

2.3. ant. Viena no maleinskabes (4-metoksifenil)izoimida (1i) un (4-hlorfenil)izoimida (1j)

mezomeérajam formam

Verts atzimét, ka izoimida cikls $ajas mezomérajas formas ir aromatisks, jo ir izpilditi
visi aromatiskuma nosacijumi [46]:

v" Ciklu veidojoSie atomi novietoti viena plakné.

v Katram no tiem ir p orbitile, kas novietota perpendikulari cikla plaknei.

V' p orbiti]u sistéma ir sesi © elektroni (&etri C=C dubultsaidu n elektroni un divi

cikla skabek]a atoma 7t elektroni), kas atbilst Hike]a likumam.

Izoimida cikla aromatiskums $ajas mezomerajas formas varétu ievérojami palielinat
to nozimi. Sadas formas ir iespéjamas tikai MII (1) Z izoméram, jo MII (1) E izomera
izoimida cikla un benzola gredzena atra$anis viena plakné nav iespgjama abu ciklu
Udepraza atomu telpiskas atgriiSanas de]. Tada gadijuma viena plakné butu
Janovietojas septipiem atomiem, starp kuriem visu sai$u lepki ir ~120°, t.i., izoimida
cikla 4. vietas tidepraZa atomam un benzola gredzena 2. vietas idepraZa atomam bitu
Jaatrodas viena punkta (skat. 2.4. att.). Tatad arilizoimidu li-j redzamas un UV
gaismas spektru dati lick domat, ka vismaz dala MII (1) acetonitrila $kiduma pastav Z

izoméra forma. ’
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2.4. all. Telpiska mijiedarbiba starp maleinskabes arilizoimidu E izoméru
benzola gredzena 2. vietas Gdenraza atomu un izoimida cikla 4. vietas 0Odenraza atomu

MJJ (1) IS spektroskopija: Zemako maleinskabes alkilizoimidu la-e IS spektros
viegli identificejamas Kkatrai grupai atbilstoSas joslas. lzoimida cikla 3. un 4. vietas
oglekla atomu veidoto C-H saiSu valences svarstibam atbilst divas absorbcijas joslas
ar vilnu skaitli -3160 cm" un 3100 cm". Karbonilgrupai atbilst absorbcijas josla ar
vilnu skaitli -1800 crn', iminogrupai - absorbcijasjosla ar vilnu skaitli -1695 cm-lo
Iminogrupas absorbcijas joslu atraSanas vietu neliela méra ietekmé aizvietotajs pie
slapekla atoma Arilizoimidos Ib-j iminogrupas joslas vilnu skaitlis ir par 10-20 cm-\
mazaks nekad alkilizoimidos la-f. Tatad maleinskabes arilizoimidos C=N dubultsaite
ir konjugéta ar benzola gredzenu, kas norada, ka izoimida cikls atrodas viena plakné
ar benzola gredzenu. Ka jau minéts, tas ir iespéjams tikai MIl (1) Z izoméros. Zemako
alkilizoimidu la-e IS spektros ir divas raksturigas absorbcijas joslas ar vilnu skaitli
-1085 cm" un 890-910 cm-lo Domajams, ka fu atbilst izoimida cikla C-O vienkar$o
saiSu valences svarstibam. Nereti fu ir paSas intensivakas joslas visa spektra. Diernzeél
augstako n-alkilizoimidu (dodecilizoimida 1f) un arilizoimidu 1b-j spektros S$aja
apgabala atrodas vairakas joslas, tapéc ir grati noteikt, kuras no tam atbilst C-O

vienkarso saiSu valences svarsttbam. MIl (1) IS spektru dati apkopoti 1. pielikuma
3_tabula.

MJJ (1) IR KMR spektroskopija:  Raksturigdkos signalus MIl (1) IH KMR
spektros dod tas grupas protoni, kas tieSi saistita ar slapekla atomu, ka arT -CH=CH-
grupas protoni (skat 1.piel. 4.tab.). MIl (1) 1HKMR spektros skaidri redzams, ka
MIl (1) Skiduma vienmér pastav divu izoméru veida. Ta ka viena izoméra signalu
intensitate visos gadijumos ir neliela, izoméru daudzumu attiecibu var noteikt tikai
pilnigi tiriem MIl (1). KMR laika skala izoméru savstarpéja parvérSanas istabas
temperatlra notiek pietiekami 1éni, lai katram izoméram spektra atbilstu savi signali.
Signali ar mazako intensitati neatbilst piernaisijumiern, ka sakotnéji varétu dornat, jo
intensivako un mazak intensivo signalu intensitaSu attieetha ir atkariga gan no
Skidinataja, gan no temperatlras, turklat Skidinatdja vai temperatlras raditas izmainas
ir apgriezeniskas.
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2.2. Maleinskabes izoimidu analize un struktiras pétijumi

O 6]
k
[1?0 —kL [ﬁo (2.6)
\ N \
/N.'
R

N-p

(2x1 (Ex1

Starp MII (1) Z un E izomériem $kiduma atri (laboratorijas laika skala) iestdjas
dinamisks Iidzsvars (2.6. vien.). P&c temperatiiras mainas iegitais spektrs atSkiras no
sakotngja péc izoméru signalu intensitasu attiecibas un laika gaita nemainas.

Viena izoméra parveér$anas otra izoméra var notikt divos veidos — ka pagrieSanas
par 180° ap C=N saiti vai ka planara inversija [47, p. 178]. Ja notiek pagrieSanas ap
C=N saiti, slapek|a atoma hibridizacija parejas stavokli nemainas. C=N 7 saites
elektroni nonak pie elektronegativaka atoma — slapekla. Izoimida cikla 5. vietas
oglek]a atoma pozitivo ladipu var stabilizét viens no cikla skabekla atoma
nedalitajiem elektronu pariem. Aizvietotajs pie slapekla atoma un viens no sldpek]a
atoma nedalitajiem elektronu pariem atrodas sp® hibridajas orbitales, kas ir
perpendikularas izoimida ciklam. Otrs slapek]a atoma nedalitais elektronu paris
atrodas slapek]a p orbitale, viena plakné ar izoimida ciklu:

0 0 o |} 0
| o | S-— o | =— [ p Q.7
N - \ N
-N-r ’ 3 A
0 o X
(21 - o (Ey1

Ja notiek planara inversija, slapek}a atoma hibridizacija mainas no sp® uz sp. Parejas
stavoklt izoimida cikla 5. vietas oglek]a atoms, slapek]a atoms un aizvietotajs pie
slapek]a atoma atrodas uz vienas taisnes. Slapek]a atomam paliek viena p orbitale, kas
atrodas viena plakné ar izoimida ciklu un kura atrodas nedalitais elektronu paris:

0 o |} 0
| o | o | =—= [ o 2.8)
\ \
N~r oN® \N
R R
(21 - o (B)-1

Arilizoimidos parejas stavokll ir iespgjama slapek]a atoma nedalitd elektronu para
konjugacija ar benzola gredzena 7 elektronu sistému, kas varétu atvieglot planaru
nversiju.
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PagrieSanas ap C=N saiti parasti prasa augstaku aktivacijas energiju neka planara
inversija. Lielakajai dalai slapekla savienojumu raksturiga ir planara inversija, pat
gadijumos, ja ir iespéjama Iidziga pagrieSanas parejas stavokla stabilizacija ka MIl (J)
[47, p.221.]. Uzskata, ka an MIl (1) Z un E izoméru savstarpéja parvérSanas notiek ka
planara inversija [44]. Tomér parliecinoSi pieradit, vai MIl (1) izomerizacija notiek
péc pagrieSanas mehanisma vai péc planaras inversijas mehanisma, var tikai tad, ja ir
plasa termodinamisko datu kopa. Parasti tennodinamiskos datus iegast, izmantojot
KMR spektroskopijas metodes.

No MIl (1) Kodolu Overhauzera Efekta (KOE) magnétiskas rezonanses spektriem
izriet, ka Skidwna mazakuma vienmér ir E izomérs. Dodecilizoimida If KOE spektra
de-DMSO 3Skiduma, no diagonales atvirzitie signali liecina, ka mazakuma eso3aja
izoméra notiek telpiska rnijiedarbiba starp izoimida cikla 4. vietas protonu un ar
slapekla atomu saistitas metiléngrupas protoniem (skat. 2.5. att). Tas ir iespéjarns
tikai E izornéra.

2.5. all. Maleinskabes dodecilizoimida (1f) KOE spektrs ds,-DMSO Skiduma {atziméti no
diagonales atvirzitie signali, kas liecina par telpisku mijiedarbibu starp athilstoSajiem
protoniem)

Sadu signalu nav (4-metoksifenil)izoimida |li KOE spektra dg-DMSO $kiduma, lai
gan spektra ir skaidri novérojami abi izoimida [li izornéri. Tas vedina dornat, ka
arilizoimidu E izoméros izoimida gredzens ir ievérojami pagriezts attiectbd pret
benzola gredzenu, tadeél izoimida cikla un benzola gredzena protoni atrodas parak talu
viens no otra, lai KOE spektrs noraditu uz telpisku mijiedarbibu starp tiem. Abu ciklu
novietojums vérd nemama lenkl vienam pret otru, protams, samazina konjugaciju
starp tiem, kas varétu vél vairak mazinat arilizoimidu E izoméru stabilitati.
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2.2. Maleinskdbes izoimidu analize un struktiiras pétijumi

MII (1) izoméru identitati apliecina ari netie$as norades. MII (1) izomérus var
identificét, apsverot likumsakaribas izoimida cikla protonu kimiskajas nobides.
Vienam no izoimida cikla protoniem abos izomeéros kimiska nobide ir ievérojami
mazaka neka otram. Domajams, ka mazaka nobide ir izoimida cikla 3. protonam, jo
slapek]a elektronegativitate ir mazaka par skabekla elektronegativitati, tadg]
mezomeérajam formam S ir lielaks ieguldijums MII (1) struktira neka mezomeérajam

formam 6:
o o)
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+ =~
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2.6. att. Divas no maleinskabes izoimidu (1) mezomérajam formam

Vairak ekranéta izoimida cikla protona kimiskd nobide abos MII (1) izoméros ir
praktiski vienada, turpretim mazak ekranéta protona kimiska nobide bitiski atSkiras.
Tas apstiprina domu, ka vairdk ekranéts ir izoimida cikla 3. vietas protons, jo ta
mijiedarbiba ar aizvietotdju pie slapek]a atoma ir nieciga, tade] nav gaidams, ka 3.
vietas protona kimisko nobidi vargtu ietekmét slapek]a stereokimija. Alkil-
izoimidiem 1a-f un benzilizoimidam 1g mazikuma eso$ajam izoméram 4. vietas
protona kimiska nobide ir par 0,2-0,4 m.d. lielaka nekd otra izoméra atbilsto$ajam
protonam, turpretim arilizoimidiem 1i-j ta ir par ~0,2 m.d. mazaka. [zoimida cikla 4.
vietas protona kimiskas nobides atkariba no aizvietotdja pie slapekla atoma ir gaidama
tikai E izom&ram, kura notiek tieSa telpiska mijiedarbiba starp 4. vietas protonu un
aizvietotaju pie slapek]a atoma. Tatad no KMR spektru datiem izriet, ka mazakuma
$kiduma atrodas E izomérs. E izoméra izoimida cikla 4. vietas protona palielinato
Kimisko nobidi alkilizoimidos varétu skaidrot ar telpisku saspiesanos, ko izraisa
aizvietotajs pie slapek]a atoma. Savukart palielinito kimisko nobidi arilizoimidos — ar
benzola gredzena anizotropijas konusa iedarbibu. Ta ki domdjams, ka MII (1) E
1zomera izoimida cikls ir pagriezts attieciba pret benzola gredzenu, tad izoimida cikla
4. vietas protons atrodas benzola gredzena anizotropijas konusa ekrangjosaja dala.



2.2. Maleinskabes izoimidu analize un struktiiras pétijumi

E izoméra 4. vietas protona kimiska nobide ir vidgji par 0,15 m.d. mazaka neka
atbilsto$a protona nobide Z izoméra. Z izom€ram izoimida cikla protonu kimiskas
nobide nevarétu biit stipri atkariga no slapek]a stereokimijas.

Pretstata literattira apgalvotajam [44] izom&ru daudzumu attieciba ir stipri atkariga
no Skidinataja. Hloroforma $kiduma E izomeéra moldaja ir Joti maza (ta daudzumu ir
gruti noteikt, izmantojot KMR spektroskopijas metodes), acetonitrila $kiduma ta ir
ievérojami lielaka, bet vislielaka - dimetilsulfoksida $kiduma. Tatad E izoméra
moldala palielinas Iidz ar $kidinatdja polaritati. MII (1) Z un E izoméru lidzsvara
konstanti parasti var aprékinat péc atbilstofo signalu intensitates 'HKMR spektra.
Lidzsvara konstante atkariba no $kidinataja paradita 2.1. tabula.

2.1, tabula
Maleinskabes izoimidu (1) Z un E izoméru
lidzsvara konstante atkariba no skidinataja’

Viela| K(CD;CN) | K (ds-DMSO)
la 0,10 0,18
1b 0,09 0,20
1c 0,12 0,25
1d 0 0
le 0,11 0,18
1f 0,10 0,18
1g 0,09 0,23
1h 2 0,17
1i 2 0,12’
1j 0,09 0,12
' Pec 'H KMR spektru datiem, ja nav noradits citadi.
2 Nav datu.

3 P&c *C KMR spektra datiem.

No Z un E izoméru uzbiives izriet, ka tiem ir atSkirigi dipolmomenti — E izomera
kopgjais dipolmoments ir lielaks (skat. 2.7.att.). Polari Skidinataji stabilize
konformerus ar lielako dipolmomentu gan tos solvatgjot, gan mazinot elektrostatisko
atgriisanos starp dipoliem [48,49]. Polari $kidinataji solvaté izoimida ciklu, notiekot
dipolu-dipolu mijiedarbibai. Lidz ar to E izomérs ar lielako dipolmomentu k}ust
termodinamiski izdevigaks neka nepolaros $kidinatajos.
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2.7. att. Maleinskabes izoimidu (1) Zun E izoméru molekulas fragmenta dipolmomentu
grafisks novénéjums (kopéja dipolmomenta vektors ieziméts sarkans)

Ka redzams 2.]. tabula, E izoméra moldalu praktiski neietekmé aizvietotajs pie
slapekla atoma Tikai tad, ja alkilizoimida ar slapekla atomu ir tieSi saistits tre$ejais
oglekla atoms (treS-butilizoimida Id), E izoméra praktiski nav. To nosaka telpiska
mijiedarbiba starp aizvietotaiu, kas saistits ar slapekla atomu. un izoimida cikla
4. vietas Udenraza atomu (skat 2.8. att.). Pargjos alkilizoirnidos lielakajai no gruparn
ar slapekla atomu saistitaja aizvietotaja ir iespéjams pagriezties prom no izoimida
cikla. tadé| telpiska saspiestiba nav novérojama un E izoméra moldala nesamazinas.
Ta ka arilizoimidu E izoméra nevarétu bt iespéjama sekmiga konjugacija starp
izoimida ciklu un benzola gredzenu. tiem E izomérs varétu bt vé1mazak stabils neka
alkilizoimidiem. Uzskatams piemérs $ai zina ir (4-metoksifernl)izoimids i
Konjugacija starp izoimida ciklu un benzola gredzenu (4-metoksifernl)izoimida Ji ir
Tpasi izdeviga, jo ar elektroniem bagatinatais benzola gredzens var mijiedarboties ar
izoimida ciklu. kura elektronus atvelkoSo aizvietotaju del elektronu blivums ir
samazinats. Tapée (4-metoksifenil)izoimidam 1i Z izomérs varétu bat stabilaks neka
citiem MIl (1). PatieSsam, Iidzsvara konstante starp Z un E izomériem
dimetilsulfeksida Skiduma (4-metoksifenil)izoimidam li ir ievérojarni zemaka neka
citiem izoimidiem - tikai 0.] 2.

(E}d

2.8. att. Telpiska mijiedarbioo starp nwleinskiibes tre$-butilizomdda (I1d)
E izoméro tTd--butilgrvpurm izoimlda ci.lda 4. vielas OdenroZa atomu

MII (1) 1H KMR spektri, kas uznemti vairakas temperataras.jauj novértét Mll (J)
Z vo E izoméru tennodinamiskas konstantes, ka aln aktivacijas energiju izomeéru
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savstarpéjai parejai. Tomér tas iespéjams tikai atseviskiem MII (1), kurus izdodas
pilnigi attirit no piemaisijumiem un kas kaut Tsu bridi ir stabili paaugstinata
temperatlra. Vislabak Siem nosactjumiem atbilst dodecilizoimids  1f. Lidzsvara
konstante starp Z un E izomériem atkartbd no temperatiras dodecilizoimidam  If
paradita 2. pielikuma 1.tabula. DiemZél Iidzsvara konstante ir neliela un,
paaugstinoties temperatdrai, samazinas tikai nedaudz, tadél dodecilizoimidu 1f nakas
sildit ITdz pat 110 °C temperatirai. Lidzigi dati iegati ari benzilizoimidam 19 (skat.
2. piel. 1.tab.). Tam Iidzsvara konstante starp Z un E izomériem, paaugstinoties
temperatdrai, mainas straujak. TaCu benzilizoimids 19 ir ievérojami nestabilaks par
dodecilizoimidu 1f, turklat paaugstinata temperatira kimiskas apmainas dé| (chemical
exchange) novérojama benzola gredzena protonu signala stipra paplaSindSanas un
parklasanas ar izoimida cikla protonu signaliem, tadel temperatlra, kas parsniedz
70°C, ieglto datu precizitite samazinds. Lidzsvara konstante ir tieSi saistita ar
reakcijas entalpiju [50, p. 236]:

d(InK) Ml
= (2.9)
dT RT
kur K - ITdzsvara konstante;
T - temperatura, K;
M- reakcijas entalpija, J'mol’;
R - gazu universala konstante, 8,314 J'rnoll-K".
2.9. vienadojumu ir izdevigi parveidot integréjot:
11
InK :——hg+(_|;onst (2.10)

Ja grafiski ataino Itdzsvara konstantes naturalo logaritmu InK atkariba no |iT, ieglst
taisni, kuras virziena koeficients ir -Mi/R. Dodecilizoimidam If ieglta taisne paradita
2. pielikuma 1. attéla, benzilizoimidam 19 ieglta taisne - 2. pielikuma 2. attéla. No
taiSnu virziena koeficientiem aprékinatas reakcijas entalpijas Z izoméra parejai E
izoméra paraditas 2.2. tabulda. (pienemts, ka entalpijas maina eksperimenta apstaklos
nav atkariga no temperatiras. Te un turpmak rezultatu klida aprékinata ticamibas
varbatibai P 0,95.)

Ja 2.10. vienddojumu parveido, tad no ieglto taiSnu vienadojumiem var aprékinat
ari entropiju Z izoméra parejai E izomérd. Entalpija ir saistita ar Gibsa brivo energiju
un entropiju [49, p. 236] (2.11. vien.), savukart Gibsa briva energija nosaka lidzsvara
konstanti [49, p. 230] (2.12. vien.):
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2.2. Maleinskabes izoimidu analize un struktiiras pétijumi

AH = AG+TAS (2.1
AG =-RTInK (2.12)
kur AH — reakcijas entalpija, J'mol™;
AG ~ reakcijas Gibsa briva energija, J-mol™;
AS ~ reakcijas entropija, J'mol!-K™;
K —reakcijas lidzsvara konstante.

Ja §is sakaribas ievieto 2.10. vienadojuma, iegiist, ka tai$nu vienadojumos, kas parada

lidzsvara konstantes atkaribu no temperatiras, brivais loceklis ir vienads ar AS/R:

InK = —M-L+const (2.13)
R T
nK = - —RTIMK+TAS 1 st (2.14)
R T
an=1nK—éR§+const (2.15)
£=c0nst (2.16)
R

Pec taiSnu vienadojumiem aprékinatds reakcijas entropijas Z izomeéra parejai E
izoméra paraditas 2.2. tabula.

2.2. tabula
Reakcijas termodinamiskds funkcijas
maleinskabes dodecilizoimida (1f) un benzilizoimida (1g)
Z izoméra parejai E izomeéra

Viela | AH°, kJ-mol” AS°, Jmol’-K AG®, ki-mofi™
If | «60:10) “(3413) 42514
1g (1021) (474) 34517

Abiem izoimidiem aprekinatie termodinamiskie lielumi ir tuvi. Izomerizacijas
entalpija ir maza. Tatad telpiska mijiedarbiba starp aizvietotaju pie slapek]a atoma un
izoimida cikla 4. vietas ddepraza atomu pamatstavokli ir neliela vai ari 3 ir
salidzinama ar mijiedarbibu starp aizvietotdju pie slapek]a atoma un izoimida cikla
skabek]a atoma nedalitajiem elektronu pariem. Jau minéts, ka butiska mijiedarbiba
biitu gaidama vienigi alkilizoimidos, kuros ar slapek]a atomu ir tiedi saistits tres€jais
oglek]a atoms, un arilizoimidos. Parakuma eso83 Z izoméra pareja mazakuma eso$aja
E izomera ir nedaudz eksotermiska. To varétu skaidrot ar E izoméra energijas
Pazeminasanos polaros $kidinatajos dipolu-dipolu mijiedarbibas d€]. Aprékinata



entalpijas maina, kas athilst Z izoméra parejai E izoméra, ir tuva polaru molekulu
solvatacijas entalpijai, kas parasti ir vismaz 13 kl-mel" [49].

Tatad Z izoméra parakumu istabas temperatdra liela mérad nosaka entropija, kas Z
izoméram ir augstaka, Tas varétu bat saistits ar brivu rotaciju ap C-N vienkarSo saiti,
kas E izoméra ir apgrdtinata telpiskas mijiedarbtbas dél ar izoimida cikla
4. vietas Odenraza atomu. Tapéc E izoméra aizvietotajs pie slapekla atoma visticamak
ir spiests atrasties viena noteikta konformacija, kura mijiedarbtba ar izoimida cikla
4. vietas Odenraza atomu ir vismazaka.

No ieglOtajiem datiem péc 2.11. un 2.12. vienadojumiem iespéjams aprékinat
ITdzsvara konstanti starp izomériem jebkura temperatdra, ja vien pienem, ka izoméru
savstarpéjas  parejas entalpija un entropija nav atkarigas no temperatdras.
Dodecilizoimidam  1f temperatira, kas zemaka par -97°C, parakuma bdtu E izomérs.
Benzilizoimidam Ig E izomérs batu parakuma jau temperatlrd, kas zemaka par
-48 °C. Protams, par to parliecinaties nav iespéjams gan dimetilsulfoksida augstas
kuSanas temperatiras déJ (+18,4°C), gan MII (1) 3kidibas sarnazinaSanas dél zema
temperatdra.

legitos termodinamiskos  datus nevarétu attiecinat uz arilizoimidiem,  kuru
molekulas uzblvé batiska ir konjugacija. Arilizoimidu Ih-j IH KMR spektros benzola
gredzena protonu signali parklajas ar izoimida cikla protonu signaliem, tade]
arilizoimidu  Ih-j izoméru termodinamisko lielumu novértéSanai izoimidiem If-g
lietota metode neder. Janem véra, ka iegdtie dati attiecas uz MIl (1) Skidumiem
dimetilsulfoksida, Lai gan dimetilsulfoksids ir vispiemérotakais Skidinatajs MIl (1)
izoméru lidzsvara pétljumiem, minéto ievérojamo solvatacijas efektu dél citos

Aktivacijas energiju MIl (1) viena izoméra parejai otra izoméra var novertét péc
signalu formas izmainam MIl (1) IH KMR spektros atkaribd no temperatdras. To
nosaka péc signalu platuma pusaugstuma. Kimiskas apmainas dél, vienam izoméram
parejot otra, notiek joslu paplaSindSanas. Ta ir novérojama saméra Saurd temperatdras
intervala, kura attdlums starp izoméru signaliem (hercos) ir tuvs izoméru savstarpéj as
ParvérSanas atruma konstantém",

Pirmkart, katram signalam IH KMR spektra ir raksturigs platums apstaklos, kad
kimiskda apmaina nenotiek. Otrkart, kimiskds apmainas dél signals noteikta
temperatlras intervala paplaSinas. Lai noskaidrotu Kirniskas apmainas ietekmi, nosaka
signala raksturigo platumu temperatara, kad Kimiska apmaina vél ir nebdtiska. Signala
papladinaSaDas Kkimiskas apmainas dél ir tieSi proporciondla apmainas atruma
konstantei [51]:

.lzoméru savstarpéja pareja ir pinnas pakapes reakcija, tadel tas atruma konstantes mérvienibas ir s’
(jeb Hz) un atruma konstanti var labi salidzinat ar attdlumu starp signaliem KMR spektra.
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121 Maldnskabes izoimi un simlag

LI= 4+ Am® (2)7)
K = 11 L1epm (2.)8)

kur LI- signala platums pusaugstuma. ja notiek kimiska apmaina, Hz;
Llw signala rnkstmigais platums pusaugstuma. ja Kimiskd apmaina nenotiek. Hz;
LI'p. - signéla paplaSinaSanas kimiskas apmainas dél, Hz;
k - kimiskas apmainas atnuna konstante. s.I.

Noteikt signala platumu pusaugstmna ir iespéjams tikai signaliern, kas neparklajas un
ir pietickami lieli. Dodecilizoimidam 1l ticamus datus dod Z izoméra izoimida cikla
4. vietas protona signala platuma mértjumi. Signala paplaSinaSanas  kimiskas
apmainas dél oovérojama tikai temperatira virs 70 °C, ka paradits 2.9. attéla.

(@)-If (E)-1f
D B A nu-c
__________ 1l C 70"C
1 ! y I ’ i [
8,00 7,80 7,60 7,40 7,20 7.00 6,80 O, IlLd

2.9. all. Signalu paplCISina.faniis kimiskas apmainas dél maleinskabes dodecilizoimida {If)
JH KMR spektra doDMSO $kiduma

Tadéel 70 "C temperatdra dodecilizoimidarn  If noteikts Z izoméra izoimida cikla
4. vietas protona signala rakstmigais platums pusaugstuma. Dati par signala
paplaSinaSanos augstaka temperatdra un aprékinatds atruma konstantes apkopotas
2. pielikuma 2. tabula

Lidzsvara konstante MIl (J) Z izoméra parejai E izomérd ir vienada ar tieas
reakcijas un pretreakcijas atruma konstansu dalijwnu [52, p. 47]:

(2.19)

kur K - lidzsvara konstanl.eZ izoméra parejai E izoméra;
ku - 3llmOakonstanle Z izomérn parejai E izoméra, su;
ka - atruma kenstante E izoméra parejai Z izoméra, s.I.

Jaoenem v&Ji sigoala paplalinaboos  JJagDétiSl.a lauka nebomogenitates dél.
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2.2. Maleinskabes izoimidu analize un struktiras pétijumi

Ja paaugstina temperatiiru, abas atruma konstantes palielinas. Ta ka Z izomers
vienmer ir parakuma, tad Z izomeéra parvér§anas F izoméra notiek ar mazaku atruma
konstanti neka atbilsto$a pretreakcija. Tad€] atruma konstante Z izomeéra parejai £
izomerd attalumu starp signaliem sasniedz augstaka temperatira neka atbilstosas
pretreakcijas atruma konstante, un lielako Z izomeéra signalu paplasinasanas ir
novérojama augstaka temperatiira neka mazako E izomeéra signalu paplaSinasanas._
Tomeér E izoméra izoimida cikla 4. vietas protona signals dodecilizoimidam 1f nav
pietickami intensivs, lai ta platuma mérfjjumus izmantotu atruma konstantes
noteik$anai E izoméra parejai Z izoméra. Toties aprékinos var izmantot lidzsvara
konstanti dodecilizoimida 1f Z izomeéra parejai £ izoméra un zinamo atruma konstanti
Z1zoméra parejai E izoméra:

(2.20)

Aprékinatas atruma konstantes atkariba no temperatiiras ietvertas 2. pielikuma
2. tabula (aprekinos izmantotas lidzsvara konstantes skat. 2. piel. 1. tab.).

Benzilizoimida 1g 'H KMR spektra signalu paplasinasanas kimiskas apmaipas dé]
ir novérojama temperatiira virs 40 °C, tap&c 3aja temperatira var noteikt signalu
raksturigo platumu pusaugstuma. Benzilizoimids 1g paaugstinatd temperatira ir
mazak stabils neka dodecilizoimids 1f, tadé] signalu platumu precizi iesp&jams noteikt
tikai temperatiira zem 80 °C, kad signalu platuma pieaugums ir neliels. Z izoméra
1zoimida cikla 4. vietas protona signala platuma noteik$anu apgritina ta daléja
parklalanas ar benzola gredzena protonu signaliem, kas arl papladinas kimiskas
apmaipas dg]. Tapéc benzilizoimidam 1g atruma konstantes noteikSanai nakas
izmantot E izoméra izoimida cikla 4. vietas protona signalus, kas ir visai nelieli.
MeérTjumi un aprékini, kas ir lidzigi ka dodecilizoimidam 1f, sniedz iesp&ju aprekinat
atruma konstanti E izoméra parejai Z izomeéra. Pretreakcijas atruma konstantes
aprékinam atkal iesp€jams izmantot lidzsvara konstanti starp Z un E izmériem (skat.
2. piel. 2. tab.). Minéto griitibu dé] iegiitie dati nav tik precizi ka dodecilizoimidam 1f.

Izomerizacijas atruma konstantes atkaribu no temperatiiras un atruma konstantes
saistibu ar izomerizicijas aktivacijas energiju izsaka Aréniusa vienadojums [50,
p. 730]:

E
k=A —— 2.21
exp( RT) (2.21)

Kur & - atruma konstante, s™';
4 - pirmseksponencialais reizinatajs, s
E, — aktivacijas energija, J-mol”;
R - gazu universila konstante, 8,314 J-mol"-K'l;
T - temperatiira, K.

32



2.2. Maletnskabes izoimidu analize un struktiiras pétijumi

Ertak izmantot Aréniusa vienadojuma logaritméto formu:

nk=-2e. L ma (2.22)
R T

Ja naturalo logaritmu no izomerizacijas atruma konstantes grafiski ataino atkariba no
1/T, iegust taisni ar virziena koeficientu —E,/R. Dodecilizoimidam 1f iegiitas taisnes Z
izoméra parejai F izoméra un otradi paraditas atbilsto$i 2. pielikuma 3. att€la un
4. attela. Benzilizoimidam 1g - atbilstosi 2. pielikuma 5. att€la un 6. attéla. Péc taiSnu
virziena koeficientiem aprékinatas aktivacijas energijas paraditas 2.3. tabula.

2.3. tabula
Aktivacijas energija maleinskabes dodecilizoimida (1f) un benzilizoimida (1g)

Z un E izoméru savstarpéjai parejai

. E,, kJ-mol
Viela
Z—FE E—2Z7
1f 101+6 1107
1g 68+7 7618

Plasaku datu kopu var iegit, izmantojot parejas stavokla teoriju. Tas
pamatvienadojums (2.23) izsaka reakcijas atruma konstanti atkariba no temperaturas

un parada atruma konstantes saistibu ar reakcijas aktivacijas entropiju un aktivacijas

b 1
kBTexp A5% ex _AAT (2.23)
h R R

kur k — reakcijas atruma konstante, s

entalpiju:

k=«

k — transmisijas koeficients;

ks — Bolcmana konstante, 1,381 102 3K

T — temperatira, K;

h — Planka konstante, 6,626:10™ J-s;

AS* - aktivacijas entropija, J-mol*-K™';

R — gazu universala konstante, 8,314 J-mol-K™;

AH - aktivacijas entalpija, J-mol™.

Parasti piepem, ka transmisijas koeficients x ir vienads ar 1 [52, p. 156]. Parejas

stavok|a teorijas pamatvienadojumu (2.23) izmanto logaritméta forma:

! b4
1{&] =In k_B +.Ai_ﬂ (2.24)
T h R RT
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2.2. Maleinskabes izoimidu analize un struktiras pétijumi

Naturalo logaritmu no reakcijas atruma konstantes dalfjuma ar temperaturu grafiski
atainojot atkariba no 1/T, iegiist taisni ar virziena koeficientu —AH*/R. Savukart no
briva locek]a taisnes vienadojuma atpemot izteiksmes In(kg/h) veértibu, iegiist —AS*/R.
Dodecilizoimidam 1f iegutas taisnes paraditas 2. pielikuma 7. un 8. attéla, bet
benzilizoimidam 1g iegiitas taisnes — 2. pielikuma 9. un 10. att€la. Aprékinatas
aktivacijas termodinamiskds funkcijas apkopotas 2.4.tabula. Ta ka aktivacijas
entropiju aprekina ka starpibu, tad tai médz bit ievérojama kluda [52, p. 168]. Lai
paaugstinatu precizitati, merijumus vajadzEtu veikt plasaka temperatiras intervala,
kas MII (1) diemz€l nav iesp&jams. Dodecilizoimidam 1f aktivacijas entropija Z
izoméra parejai E izomeéra ir pozitiva, turpretim benzilizoimidam 1g ta ir negativa.
Varétu domat, ka benzilizoimidam 1g viena izoméra pareju otra kataliz€ maleinskabes
benzilpusamids, ko izoimids 1g parasti satur kaut vai nieciga daudzuma. Vielas ar
skabes 1pasibam veicina izomerizaciju ap C=N dubultsaiti, protongjot slapek]a atomu
[47, p. 178]. Tomér izoméru savstarpéja pareja tad bitu bimolekulars process, kura
aktivacijas entropijai vajadz&tu parsniegt -84 JmolK! [47, p.184]. Turklat
izoimidiem 1f un 1g aprékinatas izomerizacijas aktivacijas entalpijas un aktivacijas
Gibsa brivas energijas vértibas ir tuvas. Tatad abu MII izomerizacija notiek péc viena
mehanisma. levérojama ir aprékinato aktivacijas termodinamisko funkciju atbilstiba
iepriek$ iegiitajiem datiem, proti, aktivacijas termodinamisko funkciju starpiba ir
vienada ar atbilsto$ajam reakcijas termodinamiskajam funkcijam Z izoméra parejai E
izomeéra (skat. 2.2. tab.). Tas apstiprina datu pareizibu.

Lidzigi ka ieprieks iegutie dati dod iesp&u aprékinat lidzsvara konstanti starp
MII (1) izomériem jebkura temperatiir, ta aktivacijas termodinamiskas funkcijas ar
Jau minétajiem nosacijumiem dod iesp&ju aprékinat izoméru savstarpgjas parejas
atrumu jebkura temperatiira. Reakcijas Gibsa briva energija parejai starp izomériem ir
izteikti atkariga no $kidinataja. Turpretim aktivacijas Gibsa brivo energiju
(izomerizacijas barjeru) galvenokart nosaka molekulas uzblve. Ta ka
dimetilsulfoksida $kiduma daja MII (1) pastdv E izoméra veida un dimetilsulfoksids
nav paistoSs, tad $aja $kidinatdja ir izdevigi noteikt aktivacijas termodinamiskas
funkcijas izoméru savstarp&jai parejai. Tomér iegiitos datus var visparinat un izmantot
MII (1) salidzinasanai ar citiem savienojumiem, kuros ir iespéjama izomerizicija ap
C=N dubultsaiti. Izoimidiem 1f un 1g aprékinata aktivacijas Gibsa briva energija
(izomerizacijas barjera) ir praktiski vienida ar literatira noradito izomerizacijas
barjeru imidatiem [47, p.221]. Tadé] domajams, ka MII (1) izom&ru savstarp&ja
Pareja notiek péc planaras inversijas mehanisma, tapat ka imidatiem.



2.2. Maleinskabes izoimidu analize un struktiras pétijumi

Aktivacijas termodinamiskas funkcijas
maleinskabes dodecilizoimida (1f) un benzilizoimida (1g)

Z un E izomeéru savstarpejai parejai

2.4. tabula

Viela AH, kJ-mol™ AS*, J-mol’-K AG*, kJ-mol™
Z—E E—Z7 Z— E EFE—Z Z—>E E—2Z7
1f 98+6 10727 | 31x16 | 72+18 89+7 8549
1g 65+7 73+8 | (56+22) ! 82+10 :

" legitie dati nav pietiekami precizi.

MII (1) *C KMR spektroskopija. MII (1) *C KMR spektros ir viennozimigi
identificEjami visu &etru izoimida cikla oglek]a atomu signali (skat. 1. piel. 5. tab.).
Alkilizoimidu 1a-f *C KMR spektros iespgjams skaidri noteikt, kurs signals atbilst ar
slapekli saistitajam oglek]a atomam alkilgrupa. Arilizoimidu 1h-j *C KMR spektros
ar slapekja atoma saistita oglek]a atoma signdlam ir maza intensitite un tas atrodas
starp citiem benzola gredzena oglekla atomu signaliem, tadé] to viennozimigi
identificét ir griiti. Spektros, kas uzpemti ds-DMSO 3kiduma, ir skaidri redzami abu
MII (1) izoméru signdli. Arilizoimidiem, pieméram, (4-metoksifenil)izoimidam 1i,
péc abu izoméru signalu intensitatém var aprékinat izoméru daudzumu attiecibu (skat.
2.1.tab.), ko nav iesp&jams izdarit, izmantojot 'H KMR spektru datus, jo '"H KMR
spektra abu izomeéru signali parklajas gan sava starpa, gan ar benzola gredzena
protonu signaliem.

MII (1) rentgenstruktiranalize. Ja KMR spektroskopija sniedz tikai netie3us
pieradijumus MII (1) struktiirai $kiduma, tad rentgenstruktiiranalize ir vieniga metode,
kas tie§i un viennozimigi pierada MII (1) struktiiru kristaliska stavokli. Lidz §im
MII (1) rentgenstruktiiranalize nebija veikta. Acimredzot ta netika izmantota MII (1)
piedévétas nepietickamas stabilitates d&]. Tomer, léni sausa argona pliisma ietvaicgjot
benzilizoimida 1g un (4-hlorfenil)izoimida 1j $kidumus dietiléteri, izdodas iegit to
monokristalus, kuru pétisanai var izmantot rentgenstruktiiranalizes metodes.

Benzilizoimida 1j bezkrasainais monokristils gaisa 1éni sadalijas, ko pierada
refleksu intensitates samazina$anas. Tadg], lai veiktu rentgenstruktiiranalizi, kristals
tika pilnigi parklats ar 3ellaku. Kristalam tika noteikta 3560 refleksu intensitate
(293K temperatira). Kristals pieder pie telpiskas grupas P.. ElementarSunas
Parametri: @=5,5917(3) A, b=7,30104) A, c=11,7894(6) A, a=86,180(4)°,
B= 80,117(4)°, y=78,944(2)°. Elementariiinas tilpums: 465,08(4) A’. Péc rentgen-
Struktliranalizes datiem noteikta benzilizoimida 1j molekulformula ir C;;HoNOy,

relativi molekulmasa - 187,198. Aprékinatais blivums atbilsto§i divam molekulam
elementarsiina ir 1,337 g-cm™.
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2.2. Maleinskabes izoimidu analize un struktiiras pétijumi

(4-Hlorfenil)izoimida 1j dzeltenajam monokristalam tika noteikta 1559 refleksu
intensitate (298 K temperatara). Kristals pieder pie telpiskas grupas P 2;22,.
Elementar$tinas parametri: a=3,8600(3) A, b=11,3149(8) A, c¢=21,180(2) A,
a=90,00°, S=90,00°, y=90,00°. Elementar§inas tilpums: 925,05(13) A’. Pec
rentgenstruktiranalizes datiem noteiktd (4-hlorfenil)izoimida 1j molekulformula ir
CioH¢CINO,, relativa molekulmasa — 207,616. Blivums aprékinats atbilstosi 4
molekulam elementarsina, tas ir 1,491 g-cm'3 .

Benzilizoimida 1g struktiira paradita 1. pielikuma 1. attéla, savukart (4-hlorfenil)-
izoimida 1j struktiira — 2. att€la. SaiSu garumi un sai$u lepki apkopoti 1. pielikuma
6.-9. tabula. Benzilizoimida 1g izoimida cikla skabek]a atoms atrodas cis stavoklt
attieciba pret benzilgrupu, 1idzigi (4-hlorfenil)izoimida 1j izoimida cikla skabekla
atoms atrodas cis stavokli pret (4-hlorfenil)grupu. Tatad kristaliska stavoklT izoimidi
lg un 1j pastav Z izoméra veida. Neviena gadijuma kristdliska stavokli nav E
izomera.

Pétito MII (1) struktirda saskatamas tris planaras grupas — izoimida cikls
(plakne o), >C=N-R grupa (plakne B) un benzola gredzens (plakne 7). Divplaknu
kakta lepki starp §im grupam benzilizoimidd 1g un (4-hlorfenil)izoimida 1j paraditi
2.5. tabula. Benzilizoimids 1g ir gandriz planars — divplakqu kakta lepki taja ir tuvi 0°,
turpretim divplaknu kakta lepki (4-hlorfenil)izoimida 1j butiski at§kiras no 0°. Tas ir
negaiditi, jo (4-hlorfenil)izoimida 1j abu gredzenu novietojums viena plakné veicinatu
konjugaciju, turpretim benzilizoimida 1g $adu elektronu efektu nav. Ka redzams,
benzilizoimida 1g planaritati nosaka tikai speki, kas darbojas kristala.

2.5. tabula
Divplaknu kakta lenki
maleinskabes benzilizoimida (1g) molekula un
(4-hlorfenil)izoimida (1j) molekula
Viela | a-fB o—y By
1g 1,69 6,87 6,46
1j 1,23 | 23,91 | 22,81

Benzilizoimida 1g starp molekulam kristala novérojama izteikta 7 mijiedarbiba.
Benzola gredzeni, kuros ir paaugstinats elektronu blivums, novietoti starp izoimida
cikliem, kuros elektronu blivums ir jevérojami mazaks (skat. 1. piel. 3. att.). Isakais
attalums starp molekulam ir 3,377 A (starp C(2) un C’(10)). Tas ir nedaudz mazaks
Par divu oglek}a atomu van der Valsa radiusu summu, kas ir aptuveni 3,40 A [53]. Lai
gan ari (4-hlorfenil)izoimida 1j kristala molekulas ir novietotas viena virs otras (skat.
1. piel. 4. att.), Tsakais attalums starp tam ir 3,605 A (starp C(2) un N’(5)). Tas
ievérojami parsniedz atbilstogo van der Valsa radiusu summu, kas ir aptuveni
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3,25 A [53]. Tapéc var uzskatit, ka m mijiedarbiba nav novérojama. To ir viegli
izskaidrot, pemot véra, ka (4-hlorfenil)izoimida 1j benzola gredzena hlora atoms
samazina elektronu blivumu. Lidz ar to benzola gredzens nevar but m donors un

mijiedarbiba ar izoimida ciklu nenotiek.

Aplikotas pétiSanas metodes dod iesp€ju gan viennozimigi pieradit MII (1) , gan
veikt MII (1) kvantitativo analizi. Tas pierada MII (1) struktiru gan $kiduma, gan
kristaliska stavokli. Noteikts, ka $kiduma MII (1) pastav galvenokart Z izomera veida.
Kristaliska stavokli MII (1) pastav tikai un vienigi Z izome€ra veida. Aprekinatas
reakcijas un aktivacijas termodinamiskas funkcijas var izmantot, lai novértetu MII (1)
1zomeru lidzsvaru citos apstaklos un lai tos salidzinatu ar citiem savienojumiem.
Aprekinata izomerizacijas barjera norada, ka MIl (1) Z un F izoméru pareja
visticamak notiek péc planaras inversijas mehanisma.

2.3. MALEINSKABES DIAMIDU SINTEZE
NO MALEINSKABES 1ZOIMIDIEM

MII (1) struktira ir lidziga maleinskabes anhidrida struktiirai, tad€] ir pamats
domat, ka lidziga varétu bt ari o0 savienojumu reagétspéja. Maleinskabes anhidrida
reakcijas ar nukleofilajiem reagentiem ir labi izpétitas. Tas notiek [oti viegli, un tas
tiek plasi izmantotas. Turpretim par MII (1) reakcijam ar nukleofilajiem reagentiem ir
zindgms sameéra maz, un organiskaja sintézé tas tikpat ki netiek lietotas.

Lidzigi ka maleinskabes anhidrida reakcijas ar aminiem notiek anhidrida cikla
atvérSanas un veidojas maleinskabes pusamidi, ta MII (1) reakcijas ar aminiem
atveras izoimida cikls un rodas maleinskabes diamidi (3). Atskiriba no daudziem
citiem maleinskabes atvasindjumiem par maleinskabes diamidiem (3) ar at3kirigiem
aizvietotajiem pie amidgrupu slapek]a atomiem ir zinims saméra maz. lesp&jams, to
nosaka labu sintézes papémienu triikums.

MII (1) reakcijas ar aminiem promocijas darba pétitas ar noliku iegut
virsmaktivus maleinskabes diamidus (3), kurus varétu izmantot polimerizacijai
emulsija. Diamidi (3) varétu biit labas polimerizéties spéjigas virsmaktivas vielas, jo
amidi ir stabilaki pret hidrolizi polimerizacijas apstak]os neka lidz $im lietotie esteri.
Lai to noskaidrotu, iegtta virkne diamidu 3 ar dazadiem aizvietotajiem pie slapekja
atomiem:
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o 0
NHR'
0 .R} — 2.25
+ HN-R ¢NHR ( )
NR 0
1 3
R — Cp,Has, R - otr-C4Ho, R' — CH,CH,0H (3cc).
R' — CH,C¢H; (3fa*), R — tres-C,Hs, R' - CH,CH,0H (3dc).
CH,CH,OCH; (3fb), R — CH,C(CH;),, R' - CH,CH,0H (3ec).
CH,CH,0H (3fc), R — 4-CIC4H,, R' - CH,CH,OH (3je).
(CH,CH,0),H (3fd), R — CH,CeHs, R' — CH,CH,N(CH,), (3g).
2-dezoksi-2-D-glikozil (3fe),
CH,CH,N(CH;), (31).

Sintézes apstak]u noskaidroSanai pirma reakcija veikta ar dodecilizoimidu 1f un
benzilaminu. Par $kidinataju sintézei izraudzits dimetilformamids — polars aprotons
Skidinatajs, kas varétu veicinat reakciju ar polaru parejas stavokli. Reakcija veiksmigi
noris jau -5°C temperatira, apliecinot MII (1) augsto reagétspeju. legitais
diamids 3fa ir kristaliska hidrofoba viela, ko viegli attirt parkristaliz&jot un par kuras
struktiru viegli parliecinaties ar parastajam spektroskopiskajam metodém. Tas pilnigi
apstiprina, ka reakcija tie3am atveras izoimida cikls un rodas vajadziga viela. Lai gan
ir iespéjama amina pievieno$anas izoimida 1 vai diamida 3 C=C dubultsaitei,
pietickami zema temperatiira no tas ir iespg&jams izvairities. Ja amins un $kidinatajs ir
pilnigi sausi, nenotiek arf izoimida 1 hidrolize.

Diamida 3fa IS spektra novérojama N-H valences svarstibam raksturiga
absorbcijas josla ar vilpu skaitli ap 3300 cm™ un abas amidu absorbcijas joslas.
Amida I josla ir saskelta — novérojami divi maksimumi ar vijpu skaitli 1635 cm™ un
1620 cm™. Amida 11 joslas vilpu skaitlis ir 1540 cm™ (skat. 3.piel. 2.tab.).
Diamida 3fa 'H KMR spektra raksturigakos signalus dod -CH=CH- grupas protoni
un ar slapekla atomiem tiesi saistito grupu protoni. -CH=CH- grupas protonu kimiska
nobide ir 6,09 m.d. Ta ka ar abiem slapek]a atomiem tie$i saistitas ir metiléngrupas,
molekulas struktiiras atkiribas abu —CH=CH- grupas protonu tie§d tuvuma ir
niecigas. Tadé] abu protonu kimiska nobide ir vienada un signals ir singlets. Ar
slapek]a atomu saistitaja dodecilgrupa raksturigu dubulttripletu dod pirmas
metiléngrupas protoni. Ta kimiska nobide ir 3,27 m.d. Savukart ar otru slapek]a atomu
saistitas metiléngrupas protonu signals ir dublets ar kimisko nobidi 4,55 m.d. (skat.
3. piel. 3. tab.).

Pargjos iegiitajos diamidos 3 ar vienu slapek|a atomu saistita grupa ir hidrofoba,
Otra ~ hidrofila. MII (1), kuriem hidrofobaja grupa ir 4-5 oglek]a atomi, reakcijas ar
aminiem izmantoti tid&], lai parliecinatos par kopsakaribam MII (1) TpaSibas.

‘ .1 a1 . - . . . . - . - - . -
Apzimgjumos pirmais burts atbilst izoimidam 1, no kura i¢giits diamids 3, bet otrs burts - izmantotajam aminam.
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Virsmaktivi diamidi 3 iegiti no dodecilizoimida 1f un benzilizoimida 1g. Ar otru
slapek]a atomu saistitas grupas hidrofilumu nodrogina hidroksilgrupas, alkoksigrupas
un aminogrupas.

Lai gan dimetilformamids sekmé MII (1) reakcijas ar aminiem, virsmaktivu
diamidu 3 iegidanai tas nav piemérots 3kidinatdjs, jo reakcijas produktu ir griti
izdalit. Paaugstinatd temperatiira var notikt maleinskabes diamidu (3) izomerizacija
par termodinamiski stabilakajiem fumarskabes diamidiem. Pievienot reakcijas
maisijjumam tideni nav vélams, jo virsmaktivas vielas veido stabilas emulsijas. Tomer
MII (1) ir pietickami reagétspéjigi, lai to reakciju ar aminiem biitu iespgjams veikt ar
$kidinatdjos, kas mazak polari par dimetilformamidu. Ipadi érti ir izmantot
dihlormetanu — tas ir pietickami polars, taja labi 3kist izejvielas un péc reakcijas to ir
viegli atdestilét pazeminata spiediena. Reakciju var veikt Iidzigi ka dimetilformamida
Skiduma -5 °C temperatiira. Iznakums var pat paaugstinaties, jo samazinas zudumi
diamida 3 izdaliSanas gaitd (skat. 3. piel. 1.tab.). Tomeér dimetilformamidu nakas
izmantot gadijumos, ja reakcija notiek griitak neka parasti un vajag paaugstinat
temperatiiru, pieméram, lai veiktu dodecilizoimida 1f reakciju ar D-glikozaminu. Ta
ka D-glikozamins slikti 8kist organiskajos $kidinatajos un aminogrupas reakcijas ir
telpiski apgritinatas, temperatiiru vajag paaugstinat lidz pat 80 °C. Lai gan v€lama
reakcija notiek un diamidu 3fe ir iesp&jams izdalit no reakcijas maisijuma un pilnigi
attirit no piemaisijumiem, iznakums ir tikai 20%.

MII (1) reakcijas ar aminospirtiem mingtajos apstak]os rodas tikai diamidi 3, bet
maleinskabes amidesteru (4) raSanas nav novérojama. Tatad reakcija ir selektiva,
amini ir daudz reagétspéjigaki par spirtiem.

Tegito diamidu 3 elementanalizes dati apkopoti 3. pielikuma 1. tabula, IS spektru
dati - 2. tabula, bet KMR spektru dati — 3. un 4. tabula. Spektru galvenas iezimes ir
lidzigas ka diamidam 3fa, tis minétas ieprieks.

Diamidi 3, kas iegiiti no dodecilizoimida 1f vai benzilizoimida 1g un satur
hidrofilas grupas, ir nejonogénas virsmaktivas vielas. Pirmkart, to apliecina 30
savienojumu spéja veidot putas atSkaidita idens $kiduma. Tomér tie 3kist idenT tikai
tad, ja to molekulas ir vairakas hidrofilas grupas, pieméram, adent skist diamids 3fe,
kas jegiits no dodecilizoimida 3f un D-glikozamina. Tatad lielaka daja iegito
diamidu 3 ir parak hidrofobi. Savienojumi ar izteiktakam virsmaktivu vielu 1paSibam
ieghti no diamidiem 3ff un 3gf, kas satur tre$gjo aminogrupu. Saudzigos apstaklos tos
lesp&jams kvaternizét. Piemérotakais reagents kvaternizesanai ir 1,3-propansultons.
Diamidu 3ff un 3fg reakcijas ar 1,3-propansultonu rodas cviterjonu tipa virsmaktivas
vielas, atbilstosi 7fa un 7fb:
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0 0
NHCH,CH,N(CH,), / \O | NHCH,CH,N (CH,),(CH,),SO; (2.26)
NHR >s? NHR
0 O ]/
0 0
3 (R - C,H,0) 7fa (R - C;;H,;)

3gf(R - CH,CH,)

7ga (R - CH,CH,)

Ta ka reakcijas parejas stavokli noris jonu veido$anas, pieméroti atkal ir polarie
aprotonie $kidinataji. Vislabak der acetonitrils, jo no ta p&c reakcijas ir viegli
atbrivoties. Reakcija ir nedaudz eksotermiska, un ta notiek jau istabas temperatira.
Lai reakcija notiktu 11dz galam, reakcijas maisijumu neilgi kars€ acetonitrila virSanas
temperatira (80 °C). Tomer ilgstosa karséSana pat $aja temperatira nav vélama, jo
iesp€jama kvaternizéto maleinskabes diamidu (7) izomerizacija par atbilstoSajiem
fumarskabes atvasinajumiem [8, p.69], turklat paaugstinata temperatira parasti
veldojas blakusprodukti, kas kavé reakcijas produkta kristalizaciju. Ja minctos
nosactjumus ievéro, kvatermizétos diamidus 7 iegust ka baltas pulverveida vielas, kas
ir arkartigi higroskopiskas. Pat Gidens zimes kada no izejvielam vai §kidinataja izraisa
Skidrumos. So
higroskopiskums stipri apgriitina to attiriSanu, tadé] svarigi panakt, lai izejvielas

kvaternizéto diamidu 7 parvérsanos viskozos savienojumu
nesatur€tu piemaisijumus un lai reakcija notiktu lidz galam. Kvaterniz&€to diamidu 7
higroskopiskums  biitiski

elementanalizi, lai gan lielakaja daja gadijumu iesp&jams ieglit apmierinoSus datus

ietekmé ari kuSanas temperatiiras noteikSanu un

(skat. 4. piel. 1.tab.). Kvaterniz&jot diamidus 3ff un 3gf ar metiltozilatu, iegiist
katjonu tipa virsmaktivas vielas, atbilstosi 7fb un 7gb. Diamidu 3ff un 3gf reakciju ar
metiltozilatu ir iesp&jams veikt lidz galam pat istabas temperatiira, lai gan tas pilnigai
norisei vajadzigas vairdkas dienas.

0
0
NHCH,CHN(CH,), + H.C g—ocu _—
NHR } g ’
o)
3ff (R - C,H,,)
3gf (R - CH,C,H,)
0
NHCH,CH,N"(CH,) |(|)
—_— . ¥ ne S—0~ (2.27)
NHR g
0
7 (R - C,,H,,)

7gb (R - CH,CH,)
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Tacu virsmaktivas vielas ar saméra hidrofobiem organiskiem anjoniem ne
vienmér der polimerizacijai emulsija. Organiski anjoni var adsorbéties uz poliméra
dalinu virsmas un izraisit to nogulsnésanos [K. Greija, 54]. Tad€] diamidu 3ff un 3gf
kvaternizéSanai izmantots ari alilhlorids un benzilhlorids. legitajos kvaternizgtajos
diamidos 7 anjons ir hloridjons:

0

| NHCH,CH,N(CH,),
NHR

]/

0]

A~ —

3T(R - C,,H,)
3gf (R - CH,CH,)

0
| NHCH,CH,N (CH,),CH,CH=CH, ClI (2.28)
NHR
0
7fe (R - C,,H,)
7ge (R - CH,CH,)
0
NHCH,CHN(CHy), anzcx —
NH
o)

3gf
0
NHCHZCH7N+(CH3)2C'+2_© cr (2.29)
NH |
0

Ted

Alkilbromidi un alkiljodidi, kas ir reagétsp&jigaki par hloridiem, neder polimerizéties
Sp&jigu virsmaktivu vielu sintézei, jo bromidjoni un jodidjoni daZos gadijumos traucé
Polimerizacijai [7, p. 89]. Kvaternizétie diamidi 7fc un 7gc satur divas polimerizéties
Sp€jigas dubultsaites, kas var&tu batiski ietekmét saistibu ar poliméru.

Kvaternizéto diamidu IS spektru dati apkopoti 4. pielikuma 2.tabula, KMR
Spekiru dati — 3. un 4. tabula. IS spektra aina ir lidziga ka diamidiem 3, tomér spektri
nav ik viegli parskatami, jo kvaternizéto diamidu 7 molekulas ir vairak funkcionalo
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grupu. Lai izdarTtu secinajumus par absorbcijas joslu atbilsttbu noteiktai funkcionalai
grupai, jasalidzina vairaku vielu spektri. Tadas paSas griitibas rodas, analiz€jot
kvaternizéto diamidu 7 'H KMR spektrus. Kvaternizétajos diamidos 7 vairakas
metiléngrupas ir tie§i saistitas ar skabekla vai slapekla atomu. So metiléngrupu
protonu signaliem ir lidzigas kimiskas nobides, un bez papildu pé&tijjumiem nav
iespgjams noteikt, kur$ signals atbilst kurai grupai. Ta kd metiléngrupas atdala
skabek]a vai slapek]a atomi, tad signalu atbilstibu nevar noteikt ari péc spinu-spinu
sadarbibas konstantém. Tomér spektros ir skaidri at§kirami -CH=CH- grupas protonu
signali. Spektra izcel]as ari to metilgrupu protonu singlets, kas tie$i saistitas ar
kvaterniz&to slapek]a atomu. Ta kimiska nobide visu kvaternizéto diamidu 7 spektros
ir 3,1-3,2 m.d. Sie signali pierada, ka kvaternizéana bijusi veiksmiga. Kvaternizéto
diamidu 7 analizei vértigaki ir "?C KMR spektri, kuros kimiskas nobides skala ir
plasaka. Tomeér ari tajos signalu atbilstibu noteiktiem oglek]a atomiem var pieradit
tikai tad, ja salidzina daudzu vielu spektrus. Ta ka vielu klasts ir pietickami plass,
izdodas veikt gandriz pilnigu spektru analizi. Raksturigdkos signalus dod abu
karbonilgrupu oglek]a atomi (kimiskd nobide 166-168 m.d.), C=C dubultsaites
oglekla atomi (130-134 m.d.), ar amidgrupu slapek]a atomiem saistito metiléngrupu
oglekla atomi (63-70 m.d.) un ar kvaternizéto slapekla atomu saistito metilgrupu
oglekla atomi (51-54 m.d.). Tatad kvaternizéto diamidu 7 3C KMR spektri pilnigi
pierada to struktiiru.

Tatad MII (1) reakcija ar aminiem ir vispariga metode tadu maleinskabes
diamidu (3) iegi3anai, kuri satur atSkirigus aizvietotajus pie amidgrupu slapek]a
atomiem. Reakcija notieck ar labu iznakumu -5°C temperatiira, pieméram,
dihlormetana $kiduma. P&titajos apstak]os reakcija ir selektiva, proti, MII (1) reakcijas
ar aminospirtiem rodas tikai diamidi 3, bet nerodas amidesteri 4.

Merktiecigi izvéloties MII (1) un amina struktiiru, var iegiit diamidus 3, kuriem
piemit nejonogénu virsmaktivu vielu ipasibas. Ja diamidi 3 satur tre$&jo aminogrupu,

to var kvaternizét, lai iegiitu cviterjonu tipa un katjonu tipa virsmaktivas vielas.

2.4. MALEINSKABES AMIDESTERU SINTEZE
NO MALEINSKABES IZOIMIDIEM

Lidz $im polimerizacijai emulsija vispla3ak lietoti maleinskabes esteri un
amidesteri (4), kuros esteris veidots no hidrofoba spirta. Tos biitu pamats salidzinat ar
tadiem maleinskabes amidesteriem (4), kuros esteris veidots no hidrofila spirta,
savukart amidgrupas slapek]a atoms saistits ar hidrofobu grupu. Sadus amidesterus 4
vargtu iegiit MII (1) reakcijas ar hidrofiliem spirtiem.
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MII (1) reakcijas ar spirtiem notiek ievérojami grutak neka reakcijas ar aminiem,
jo spirti ir vajaki nukleofili. Literatirda praktiski nav datu par apstakliem, kadi butu
piemeroti reakcijai, vien atsevi$kas norades par amidesteru 4 veido$anos. Skabju
iedarbiba MII (1) veido izoimidija salus, kas ir ievérojami reagétsp&jigaki par pasiem
MII (1). Visvairak zinams par izoimidija perhloratiem (8) [55-57]. Promocijas darba
perhlorats 8f ieglits gan dodecilizoimida 1f reakcija ar perhlorskabi ledus etikskabes
Skiduma, gan tie$i no maleinskabes dodecilpusamida, to dehidrat&jot ar etikskabes
anhidridu perhlorskabes kiatiené:

0 0
| o + wuao, —= I::EO (2.30)
.NC,H,; +*NHC,H,, CIO,
if 8f
Q o)
OH
+ —_ (0] 2 CH.CO 2.31
NHC,H,, (CH,C0),0 + HCIO, |::§ + 2 CH,COOH ( )
0 *NHC,H,, ClO,

8f

Reakcijai nepiecie3ams izmantot beziidens perhlorskabes $kidumu ledus etikskabé.
Reakcija ir stipri eksotermiska. To kontrole, dzesgjot reakcijas maisijumu ledii. Péc
reakcijas perhloratu 8f skalo ar sausu &teri. Ta ka beziudens perhlorskabe un organisko
vielu perhlorati ir spridzienbistami, reakcija ir piemérota tikai darbam ar
pusmikrodaudzumiem. Perhlorata 8f iznakums abos gadijumos ir tuvs kvantitativam.
Perhlorats 8f ir balta kristaliska viela, kas Joti viegli reagé ar gaisa mitrumu, tomér
sausa atmosfera -20 °C temperatiira to iesp&jams ilgstosi glabat.

Perhlorats 8f ir Joti reagétsp&jigs, jo ta elektrofilitate ir daudz lieldka par izoimida
If elektrofilitati. Tadu promocijas darba pétitas perhlorita 8f reakcijas ar spirtiem
notiek pie karbonilgrupas oglek]a atoma, nevis pie protonétas iminogrupas oglekja
atoma. Domajams, perhlorata 8f stabiliz€$ana iesaistas izoimida cikla skabek]a atoms

ar vienu no saviem nedalitajiem elektronu pariem, tadé] paaugstinas karbonilgrupas
elektrofilitate:

0 0
&t
0 - /o? Clo;
*NHC,,H,, CIO] NHC,,H,,
8f

2.9. aut. Divas no maleinskabes dodecilizoimidija perhlorata (8f)

mezomérajam formam
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Perhlorats 8f reag€ ar spirtiem jau istabas temperatira. Reakcijas apstik]u
noskaidros$anai pirma reakcija veikta ar 2-hloretanolu, jo iegiitajam amidesterim 4fa
nepiemit virsmaktivas vielas ipasibas un to ir viegli izdalit un attirit. Lai reakcija
notiktu lidz galam un taja neveidotos blakusprodukti, spirtu vélams pievienot vismaz
divkar§a parakuma. Viens no retajiem $kidinatajiem, kuros perhlorats 8f kaut nedaudz
skist, ir dihlormetans. Tas ir labi piemérots reakcijas veik$anai. Reakcija notiek
praktiski lidz galam 24 stundu laika. Péc reakcijas nosléguma no perhlorskabes
atbrivojas, reakcijas maisijumu apstradajot ar natrija hidrogénkarbonata $kidumu.
Skabe var izraisit gan maleinskabes amidesteru 4 hidrolizi, gan to izomerizaciju par
termodinamiski stabilako fumarskabes amidesteri.

[ I

OR
| o + RoOH — | (2.32)
- HCl0, ]/NHCIZH’ZS
*NHC, H, C104_ O
8f 4af

R - CH,CH,ClI (4fa*)
R - CH,CH,OH (41b)
R — (CH,CH,O0),H (4fc)

Amidestera 4fa struktiiru pierada gan IS, gan KMR spektri. Amidestera 4fa
spektra novérojama amidgrupas N-H valences svarstibu absorbcijas josla ar vilgu
skaitli ap 3300 cm™, estergrupas C=0 valences svarstibu absorbcijas josla ar vijpu
skaitli 1742 cm™, ka arf abas amida absorbcijas joslas. Amida I josla ir saskelta, tas
maksimumiem atbilst vijpu skaitlis 1655 cm™ un 1635 cm™, amida II joslas vilpu
skaitlis ir 1556 cm™. C-O valences svarstibam estergrupa atbilst absorbcijas josla ar
vilpu skaitli 1171 cm™. Ta ka amidestera 4fa molekulas uzbiive ir vienkarSa, ari ta
'HKMR spektros iesp€jams pazit praktiski visu protonu signalus. Amidesteri 4fa ar
C=C dubultsaiti ir saistitas divas butiski at¥kirigas grupas, tadé] -CH=CH- grupas
protonu signaliem ir at8kiriga kimiska nobide (6,35 m.d. un 6,14 m.d.) un tie ir
dubleti. Ar skabek]a atomu saistitas metiléngrupas protoni dod tripletu ar kimisko
nobidi 4,42 m.d., bet ar slapek]a atomu saistitas metiléngrupas protoni ~ dubulttripletu
ar kimisko nobidi 3,30 m.d. Tad€] nav Saubu, ka perhloratu 8 reakcija ar spirtiem
rodas tie$i amidesteri 4. Nenotiek nedz skabju klatiené iespgjama MII (1)
1zomerizacija par imidiem 2, nedz spirta parakuma pievieno$anas C=C dubultsaitei.

Perhlorata 8f reakciju ar etilénglikolu un dietilénglikolu veic lidzigi ka ar
2-hloretanolu. Lai ar perhloratu 8f reagétu tikai viena no diola hidroksilgrupam,
rikojas pret&ji ierastajam — perhloratu 8f pievieno diolam, turklat diolu pem

* Apzim&jumos pirmais burts attiecas uz izmantoto izoimidu 1, bet otrs — uz izmantoto spirtu.
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pieckartiga lidz desmitkartiga molara parakuma. Tada veida izdodas panakt, ka
reakcijas sakuma diola parakums ir 1pasi liels. Amidesteri 4fb un 4fc ir nejonogénas
virsmaktivas vielas, tad€] péc reakcijas no diola parakuma ir griiti atbrivoties. Ja
reakcijas maisijumu skalo ar Gdeni, veidojas stabilas emulsijas. To stabilitati var
mazinat, tas piesatinot ar natrija hloridu. Tomér %0 metodi bitu griiti izmantot, lai
iegiitu amidesterus 4, kas ir vél hidrofilaki par amidesteri 4fc.

Perhloratu 8 augsto reagétsp€ju diemZel nevar izmantot ari reakcijas ar spirtiem,
kas ir jutigi pret skabém vai kas ir baziski. Bazu iedarbiba perhlorati 8 deprotonéjas,
veidojot izoimidus 1, kas bez katalizatora nereag€ ar spirtiem. Ta¢u MII (1) reakcijas
ar spirtiem sp&j katalizet arT bazes. Seviski erti veikt MII (1) reakcijas ar spirtiem, kuri
satur tre§€jo aminogrupu - tad katalizators jau ietverts spirta struktiira. Aminogrupas
novietojumam spirta molekula nav lielas nozimes. Reakcija notieck gan ar
2-(dimetilamino)etanolu, gan ar 2-[2’-(dimetilamino)etoksi]etanolu. Reakcija ir
iespgjama acetonitrila $kiduma -15 °C temperatiira. Citos $kidinatdjos, ka ar1 augstaka
temperattira veidojas spilgti krasaini savienojumi, no kuriem reakcijas produktu
neizdodas izdalit.

o 0
O—R—N(CH,),
O + HO-R-N(CH,) (2.33)
2 NHCIZHZS
NC,,Hy, (0]
iIf 41d (R - CH,CH,)

4fe (R - CH,CH,0CH,CH,)

Amidesteru 4f elementanalizes dati apkopoti 5. pielikuma 1. tabula, IS spektru dati —
2. tabula, bet KMR spektru dati — 3. tabula. Kopgjas likumsakaribas ir tadas padas ka
amidesterim 4fa, kas jau ir aprakstits.

Amidesteriem 4fd un 4fe virsmaktivu vielu TpaSibas nav izteiktas, jo tie ir parak
hidrofobi. Tacu tie satur tre3&jo aminogrupu, tapéc tos iespéjams parverst ceturtgjos
amonija salos, kas ir daudz hidrofilaki. Veicot amidesteru 4fd un 4fe reakcijas ar
1,3-propansultonu, iegiitas cviterjonu tipa virsmaktivas vielas, atbilstosi 9da un 9ea.
Ja amidesterus 4fd un 4fe kvaternizé ar metiltozilatu vai dimetilsulfatu, iegiist katjonu
tipa virsmaktivas vielas (skat. 2.34.-2.36. vien.). Reakcijas veic lidzigos apstak]os ka
diamidu 3ff un 3gf kvaternizésanu.
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I
ﬁ O—R~—N"(CH,),CH,CH,CH,S0; 2.34)
0

| O—R—N(CH)), / \O
+
NHC,,H,, >SS NHC,,H,
g 0”0
0
4fd (R - CH,CH,) 9da* (R - CH,CH,)
4fe (R - CH,CH,0CH,CH,) 9ea (R - CH,CH,0CH,CH,)
0
O—R—N(CH i
| ©H), HjC—©~S—OCH3 —
]/NHClZHZS g
0
4fd (R - CH,CH,)
dfe (R - CH,CH,0CH,CH,)
0
J\O—R—NYCHa) 0
— |l > HC S—0~ (2.35)
NHC12H25 "
0
0
9db(R - CH,CH,)
9eb (R - CH,CH,0CH,CH,)
0 0
O0—R~—N(C 0—R—N"(CH,), CH,0S0; :
(CHy), (CH,0),50, . (CH,); CH,0S0, (2.36)
NHC, H,, NHC,,H,
0
4fd (R - CH,CH,) 9de (R - CH,CH,)
4fe (R - CH,CH,0CH,CH)) 9ec (R - CH,CH,0CH,CH,)

Kvaternizéto amidesteru 9 analizes dati sniegti 6. pielikuma. Ta ka kvaternizétie
amidesteri 9 satur vél vairak dazadu funkcionalo grupu neka kvaternizétie diamidi 7,
tad to IS spektri ir saméra griti parskatami. Tos var izmantot tikai vielas
salidzina$anai ar zinamu paraugu. Ari kvaternizéto amidesteru 9 'H KMR spektros
Verojami vairaki signali ar 1idzigu kimisko nobidi. Tomér spektri pierada, ka reakcijas
netiek skarta C=C dubultsaite. Spektros viegli nosakami ~CH=CH- grupas protonu
signali (kimiska nobide 6,2-6,4 m.d.). Raksturigu tripletu dod ar estergrupas skabek]a
atomu saistitas metiléngrupas protoni. Ja salidzina visus ar sp’ hibridizétu oglekla
atomu saistitu protonu signalus, tam parasti ir vislielaka kimiska nobide
(4,3-4,6 m.d.). Turklat spektros izce]as ar kvaternizéto slapek]a atomu saistito
metilgrupu protonu singlets (3,2 m.d.). Tas ]Jauj secinat, ka kvaternizé3ana bijusi

Apziméjumos pirmais burts attiecas uz spirtu, kas izmantots amidestera 4 sintézg, bet otrs — uz kvaternizgjo%o
Teagenty,
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veiksmiga. Ari *C KMR spektru analize kvaternizétajiem amidesteriem 9 nav tik
vienkar$a ka kvaterniz€tajiem diamidiem 7. NeSaubigi nosakami ir vien abu
karbonilgrupu oglek]a atomu signali (166-168 m.d.), C=C dubultsaites oglek]a atomu
signali (128-135 m.d.) un ar kvaternizéto slapekla atomu saistito metilgrupu oglek]a
atomu signali (52-55 m.d.).

Tatad MII (1) reagétspéju ar nukleofilajiem reagentiem veicina slapekla atoma
protonésana. Perhloratu 8 reakcijas ar spirtiem rodas amidesteri 4. MII (1) spéj reageét
ar spirtiem ari bazu klatiené, 1pa$i efektiva ir iek8molekulara katalize. MII (1)
reakcijas ar spirtiem, kuros ir tre$€ja aminogrupa, veidojas atbilstoie amidesteri 4.
Tapéc, sintézei izveloties piemérotus apstakjus, no MII (1) var iegut virsmaktivus
amidesterus 4 un kvaternizétos amidesterus 9 ar vélamo struktiiru.

2.5. VIRSMAKTIVU MALEINSKABES ATVASINAJUMU
IZMANTOSANA POLIMERIZACIJAI EMULSIJA

Virsmaktivu vielu izmanto§anas pamata ir to sp&ja samazinat virsmas spraigumu.
Kvantitativi to parasti raksturo ar micellu veidoSanas kritisko koncentraciju (KMK)
un Skiduma virsmas spraigumu, kas atbilst $ai koncentracijai. KMK nosaka zemako
slieksni virsmaktivas vielas koncentrdcijai polimerizacijas vidé. Vairakumam
sintez&€o virsmaktivo maleinskabes atvasindgjumu noteikta KMK un parbauditas
iespéjas tos izmantot polimerizacijai emulsija [4. Gijo, K. Greija, I. Uzulina, 54,58].

Lielaka daja nejonogéno diamidu 3 sameéra slikti $kist Gideni, un to KMK ir zema —
ta neparsniedz 0,1 mmol-L™. Lidziga KMK ir ari nejonogenajiem amidesteriem 4. Lai
gan parasti vielas, kas Joti slikti Skist Gdeni, nespéj labi stabilizét emulsijas, zema
KMK lauj ievérojami samazinat polimerizacijai vajadzigas virsmaktivas vielas
daudzumu. Skiduma virsmas spraigums, kas atbilst KMK, ir 25-50 mN-m"'. Natrija
dodecilsulfata $kiduma tik zems virsmas spraigums atbilst aptuveni 100 reizes lielakai
koncentracijai [59,60]. Tatad nejonogénie maleinskabes atvasindjumi ir efektivas
virsmaktivas vielas. Tomér tie var pietiekami labi stabilizét emulsijas tikai tad, ja tos
izmanto kopa ar kadu anjonaktivu vielu, kas ar var biit maleinskabes atvasinajums.
Anjonaktiva viela saistds ar poliméra dalipu virsmu, pieSkir poliméra da]inam
negativu ladigu un elektrostatiski stabiliz€ emulsiju. Tas nebiit nemazina nejonogénas
vielas nozimi, jo ta ne tikai nodro$ina emulsijas stabilitati, bet arT ietekmé poliméra
da)igu veidoZanos.

Cviterjonu tipa diamidiem (7fa, 7ga) un amidesteriem (9da, 9ea) ir lielaka 3kidiba
Udeni un lidz ar to nedaudz augstaka KMK neka nejonogénajiem maleinskabes
atvasinajumiem. Cviterjonu tipa maleinskabes atvasinajumi samazina $kiduma
virsmas spraigumu tikpat efektivi ka nejonogénie. Tomér molekula ir ietverti divi

47



2.5. Virsmaktivu maleinskabes atvasinajumu izmantoSana polimerizacijai emulsija

pret&ji ladini, tade] art §is virsmaktivas vielas nespéj elektrostatiski stabilizét poliméra
emulsiju.

Katjonu tipa diamidu (7fb, 7gb, 7fc, 7gc, 7gd) un amidesteru (9db, 9eb, 9dc, Yec)
raksturlielumi batiski neat$kiras no iepriek§ min€tajiem, tomér katjonu tipa
virsmaktivas vielas pilnigi nodro§ina poliméra emulsiju stabilitati. Tade] vislielaka
vériba pieversta tiesi katjonu tipa maleinskabes atvasinajumu sintézei.

Visu apliikoto veidu virsmaktivie maleinskabes atvasindjumi lietoti stirola
polimerizacijai emulsija. Vislabak piem&roti polimerizacijai emulsija ir maleinskabes
atvasinajumi, kuru hidrofobo daju veido dodecilgrupa. Tie dod iesp&ju pilniba veikt
polimerizaciju 3-4 stundu laika, pie tam tikai nieciga daja poliméra veido nogulsnes.
Péc polimerizacijas $kiduma virsmas spraigums ir tuvs tidens virsmas spraigumam,
tatad virsmaktiva viela pilnigi saistdas ar poliméru. legiito poliméra dalipu vidgjais
diametrs 80-200 nm, kas ir tuvs véElamajam. legita poliméra emulsija ir
monodispersa, tas nozime, ka dajipas ir praktiski vienadas. Monodispersas emulsijas
ir stabilakas, un parklajumi, kas no tam veidoti, ir kvalitativaki.

Nejonogénie maleinskabes amidesteri, kuros hidrofoba grupa piesaistita
amidgrupas slapekla atomam, polimerizacijas vidé ir stabilaki par amidesteriem,
kuros t3 saistita ar estergrupas skabek]a atomu. To pierdda polimerizacijas gaita un
iegttas poliméra emulsijas ipasibas, kas pirmaja gadijuma ir ievérojami labakas
[4. Gijo, K. Greija, 54].

Tatad virsmaktivos maleinskabes atvasinajumus, kas iegliti no maleinskabes
dodecilizoimida (1f), var sekmigi lietot polimerizacijai emulsija. Polimerizacijas
apstakjos tie ir stabili. Tie pilniba noturigi saistas ar poliméra dajinam un stabilizé
poliméra emulsiju gan tas iegiifanas gaitd, gan ari péc tam. Poliméra dajigpu izmérs
emulsiji ir tuvs vélamajam lateksu industrijai, un emulsija ir praktiski monodispersa.
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Secingjumi

SECINAJUMI

. Malemskabes izoimidus var iegut, dehidratgjot maleiskabes pusamidus reakcijas
kinétiskas kontroles apstakjos. Stabilako maleinskabes izoimidu, pieméram,
dodecilizoimida, iegt$anai ieteicams izmantot etilhlorformiatu trietilamina
klatiené. Mazak stabilu vai Ipa$i tiru maleinskabes izoimidu sint€zei ieteicams
izmantot dicikloheksilkarbodiimidu. Optimalos apstak]os var iegut maleinskabes
izoimidus, kas praktiski nesatur piemaisijumus, un maleinskabes izoimidu
izndakums ir tuvs kvantitativam.

Maleinskabes izoimidi spéj pastavét Z un E izoméru veida. Skiduma starp abiem
izomériem pastav dinamisks lidzsvars, kas ir stipri atkarigs no S$kidinataja
moldala palielinas. Kristaliska stavokli maleinskabes izoimidi pastav tikai un
viemgi Z izoméra forma. Reakcijas entalpija parejai no Z izoméra E izoméra ir ap
-10 kJ-mol™, tatad ta ir tuva solvatacijas entalpijai. Tas nozimé, ka Z izomeéra
parakumu bitiski ietekmé entropija.lzomerizacijas barjera ap C=N dubultsaiti
maleinskabes izoimidos ir ap 80 kJ-mol”. Tatad izomerizacija visticamak notiek
péc planaras inversijas mehanisma.

. Maleinskabes izoimidu reakcijas ar aminiem rodas maleinskabes diamidi.
Reakcija notiek selektivi, proti, reakcijas ar aminospirtiem rodas tikai
maleinskabes diamidi, bet ne maleinskabes amidesteri. Ja iegiitie maleinskabes
diamidi satur tre$€jo aminogrupu, reakcijas ar spécigiem alkilétajiem no tiem var
iegiit cviterjonu tipa un katjonu tipa virsmaktivas vielas.

. Maleinskabes izoimidu reakcijam ar spirtiem vajadzigs katalizators. Maleinskabes
izoimidu karbonilgrupas elektrofilitati palielina iminogrupas protoné$ana.
Izoimidija saju reakcijas ar spirtiem noris jau istabas temperatiira. Tajas rodas
maleinskabes amidesteri. Maleinskabes izoimidu reakcijas ar spirtiem ir
iespejamas ar1 bazu klatieng, TpasSi efektiva ir iekSmolekulara katalize. Ja
maleinskabes amidesteros ir tre$&ja aminogrupa, tos var kvaternizét ar spécigiem
alkiletajiem. legltie savienojumi ir cviterjonu tipa vai katjonu tipa virsmaktivas
vielas.

Sintez&étie maleinskabes atvasinajumi ir efektivas virsmaktivas vielas, ko var
sekmigi izmantot polimerizacijai emulsija. Tie dod iesp€ju veikt polimerizaciju 1s&
laika ar augstu iznakumu. legitaja poliméra emulsija dalipu izmeérs ir tuvs
vélamajam, un ta ir monodispersa. Virsmaktiva viela pilniba noturigi saistas ar
poliméra dajigu virsmu, un emulsija ir stabila.
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1. PIELIKUMS

MALEINSKABES 1ZOIMIDU ANALIZES DATI
R-~H5 (la), n-Cql-4 (I b), olr-C4Hy (I c), tres-Cyl-4 (1d),
CH,C(CH3N (le), CioHas (11), CH,Cc.H5(lg),
Cc.H5(lb), 4-CH30C~ (1), 4-cic~  (lIj).
1. tabula
Maleinskabes izoimidu (1) raksturojums
Elementanalize, «
ug Vai tviri,°C
Viela [ Iznakums, 9% noteikts C H N Formula
lit. noteikts | noteikts | noteikts
aprék. aprék. aprek.
56,40 5,27 10,87
la 65 (DCC ' ’ ' CesH;NO
(bce) Ella 56,69 5,55 11,02 srNu2
Ella 62,98 7,22 9,25
Ib 60 (DCC "
(bce) 62/1 mm Hg [14] 62,73 7,24 9,14 CsHNO2
62,89 7,01 9,36
le 85 (DCC) Ella CsH1NO2
60/1 mm Hg [14] 62,73 7,24 9,14
30-32,5 63,00 7,09 9,41
Id 97 (OCC ' ' ' ' CsH11NO
(0cc) 45/0,5 mm Hg [14] 62,73 7,24 9,14 srulNB2
63,85 8,08 8,80 .
le 45-46,5 ' ' ' ~HI3NU
87 (bCC) 65,44 7,93 8,48 ]
88 (OCC) 72,12 10,03 5,28
If 42-44 ~
88 (EtOCOCI) 72,41 10,26 5,28 Cl~27No2
91 (DCC) 49,5-50 70,05 4,75 7,41
19 C11HoNO2
79 (EtOCOCI) | 112/0,05 mm Hg [13] 70,58 4,85 7,48
6]-62 69,61 4,17 8,27 .
Ih 75 (DCC) ] CloH,NU]
61 [14] 69,36 4,08 8,09
. 77-79 64,8] 4,26 6,75
li 72 (OCC) C1HgNO3
73-74 [5] 65,02 4,47 6,89
T 85 (DCC) 95-97 57,66 2,87 6,61 CIO-NO2C1
] 98 (EtOCOCI) 96-98 [13] 57,85 2,91 6,75

1 lekavas noriidits sintézei izmantotais reagents,
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1. pielikums. Maleinskabes izoimidu analizes dati

2. tabula
Maleinskabes izoimidu (1) un maleinskabes imidu (2)
gazu hromatografijas dati

Izdali$anas laiks, I
Viela| B izoimids
imids imids
1a 6,04 1233
1ib 8,91 1440
1c 7,68 1359
1d 6,72 1302
le 8,53 1412
1f 18,39 2294
2f 17,99 2249
1g 16,80 2121
1h 14,92 1938
2h 14,44 1894
1i 18,59 2316
2i 18,06 2256
1j 17,79 2226
2j 17,26 2169
3. tabula
Maleinskabes izoimidu (1) IS spektru dati
Viela | Skidinatdjs | vecy, cm™ | ve—o, cm™ | veen, em™ | veoc, cm™
1a Nujols 3180, 3110 1800 1700 1085, 910
1b CHCl, 3160, 3110 1800 1690 1085, 910
1c CHCl, 3160, 3110 1800 1690 1085, 905
1d Filma 3160, 3100 1815 1690 1080, 890
le Nujols | 3160, 3100 1800 1695 1085, 890
1f Nujols | 3160, 3105 1800 1700 !
1g Nujols | 3165,3100 | 1790 1700 :
1h Nujols 3150, 3100 1785 1670 !
1i Nujols | 3150, 3100 1800 1680 !
1j Nujols 3140, 3100 1790 1670 :

1 . . e e
Joslas nav viennozimigi identificéjamas.
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1. pielikums. Maleinskabes izoimidu analizes dati

4. tabula
Maleinskabes izoimidu (1) 'H KMR spektru dati’

=CH-C(=NR)- =CH-C(=0)-
(Z)-1zomers | (E)-Izomérs | (Z)-1zomers | (E)-Izomérs
1a 7,21 (& 7,44 (@) 6,61 (d) 6,69 (d) 3,66

Viela =N-CH<

b | 723(d) 7,42 (d) 6,61 (d) 6,68 (d) 3,63
e | 7,22(d) 7,41 (d) 6,61 (d) 6,68 (d) 3,94
d | 7,13(d) - 6,53 (d) - -

le 7,25 (d) 7,35 (@) 6,62 (d) 6,63 (d) 3,39
1if 7,21 (d) 7,42 (d) 6,61 (d) 6,68 (d) 3,61
1g 7,26 (d) 7,49 (d) 6,63 (d) 6,72 (d) 4,81
1h 3 6,62 (d) 6,72 (d) -
1i 7,37 (d) 7,30 (d) 6,62 (d) 6,72 (d) -
1j 7,36 (d) 7,19 (d) 6,67 (d) 6,74 (d) -

'8, m. d. (CDCL).

? petitajiem MII (1) -CH=CH- grupas protonu spinu-spinu sadarbibas konstante ir no

5,4-6,2 Hz.
? Parklajas ar fenilgrupas protonu multipietu.

5. tabula
Maleinskabes izoimidu (1) "C KMR spektru dati"?

Viela | -C(=0)- | -C(=NR)- | =CH-C(=NR)- | =CH-C(=0)- | =N-C=
1a 167,21 151,59 142,62 129,04 43,47
1b 166,75 151,57 141,93 128,22 49,23
1c 166,78 150,62 142,05 128,15 55,92
id 167,61 148,29 143,36 127,04 56,64
le 167,01 151,50 141,97 128,30 61,49
1f 167,92 152,69 143,07 129,35 50,84
ig 166,60 152,23 142,24 127,22 53,50
1b’* 167,44 151,21 143,20 129,22 143,97
1i 167,73 149,38 143,61 127,79 136,44
1j 166,73 150,34 143,03 127,94 141,87

'8, m. d. (CDC),).

2 Noraditi Z izoméra signali. Ta ka E izoméra moldaja CDC; 3kiduma ir niecigi maza, tad E
izoméram atbilsto3ie signili *C KMR spektros nav viennozimigi identific&jami.
* dg-DMSO.
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0(2)

J. att. Maleinskabes benzilizoimida [lg) struktlra

6. tabula
SaiSu gan/mi maleinskabes benzilizoimida (Ig)

Saite 1A Saite 1A Saite LA
N(6)-C(5) 1,260(3) | C(8)-C(13) | 1,389(4) | C(13)-C(12) 11,380(4)
N(6}C(7) 1,455(4) | c(8}C(7) 1,513(4) | cyoycdly  11,379(4)
0(1)-C(5) | 1,3903) | C(5}C(4) 1,458(4) C(2}C(3) 1,462(5)
O()-C2) | 1.394(3) | 0(2}C(2) 1,200(4) | c@i}c(2) | 1.373(5)
C(8)-C(9) | 1,381(4) | C(9)-C(Q0) | 1,391(4) C(3)-C(4) 1,3]0(4)

7. tabula
SaiSu lenki maleinskabes benzilizoimida {lg)

Lenkis 0), deg Lenkis 0), deg
C(5)-N(6)-C(7) | 118,9(3) | C(9)-C(1 O}C(ll) | 120,0(3)
C(5)-0( )-C(2) | 107,2(2) | O(1)-C(2-0(2) 120,3(3)
C(9)-C(8)-C(13) | 118,4(2) | 0(1}C(2}C(3) 107,9(3)
C(9)-C(8)-C(7) | 122.1(3) | 0(2)-C(2)-C(3) 131,8(3)

. C(13)-C(8)-C(7) | 119,5(3) | c(10)-C(11)-C(12) | 1]9,8(3)
N(6)-C(5)-0( 1) | 124,6(3) | N(6)-C(7)-C(8) 1]2,1(2)
N(6)-C(5)-C( 4) | 127,6(3) | C(2)-C(3)-C(4) 108,2(3)
0(1)-C(5)-C(4) | 107,8(2) | C(5)-C(4)-C(3) 109,0(3) .
C(8)-C(9)-C(10) | 120,6(3) |*C(13)-C(12)-C(11) | 120,1(3)
C(8)-C( 13)-C(12)| 121,1(3)
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o(1)

2. att. Moleinskabes (4-hlorfenil)izoimida (lj) struktira

8. tabula
SaiSu gan/mi maleinskabes (4-hlorfenil)izoimida (lj)

Bond 1,A Bond LA Bond 1,A

CI()-C(13) | 1,741(5) | C@)-NG) | 1,416(5) | c(7)-C(12) 1,383(6)

C(2-03) | 1401(5) | c@-cm | 1392(6) | C(8)-C(11) 1,467(7)

C(2-NG) | 1,249(5) | C(4)-c(10) | 1,380(6) | C(8)-0(14) 1,183(6)

C(2-c9) | 14577y | C(6)-C(10) | 1,391(7) | C(9)-C(11) 1,313(7)

0@3)-C8) | 1,402(6) | C(6)-C(13) | 1,372(6) | c(12)-c(13) | 1,381(6)

9. tabula
SaisSu lenki maleinskabes (4--hJorfenil)izoimida (1j)
Lenkis o, deg Lenkis 0y, deg
0(3)-C(2)-N(5) 125,7(4) 0(3)-C(8)-C(11) 107,0(4)
0(3)-C(2)-C(9) 107,0(4) 0(3 )-c(8 )-O( 14) 120,1(4)

N(5)-C(2)-C(9) 127,3(4) | C(11)-C(8)-O(14) 132,9(5)
C(2)-0(3)-C(8) | 107,93) | C(2-C(9)-C( 11>  109,5(4)
N(5)-C(4)-C(7) 125,5(4) C(4)-C(10)-C(6) 121,0(4)
N(5)-C(4)-C(IO) 115,2(4) |  C(8)-C(11)-C(9) 108,6(4)
C(7)-C(4)-C(10) 119,2(4) | C(7)-C(12)-C(13)  119,5(4)
C(2)-N(5)-C( 4) 126,6(4) CI(I')-C(13)-e(6) 119,2(4)
c(1 0)-C(6)-C( 13) | 118,8(4) | CI(1)-C(13)-C(12) , 119,5(4)
c(4 )-C(7)-C(12) 120,1(4) | C(6)-C(13)-C(12) 121,3(4)
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3. all. nmijiedarbiba starp molekulam maleinskabes benzilizoimida (lg) kristala xz plakné

4. an. Molekulu savstarpéjais novietojums maleinskabes (-I-hlorftnil)izoimida (lj)
kristala pa fu osi
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2. pielikums. Maleinskabes izoimidu Z un E izoméru lidzsvara termodinamikas un kinétikas raksturojums

kur K — Z un E izoméru [idzsvara konstante;

2. PIELIKUMS
MALEINSKABES 1ZOIMIDU Z UN E IZOMERU LIDZSVARA
TERMODINAMIKAS UN KINETIKAS RAKSTUROJUMS

0
ﬁéo
\
N~gr

@1

K LB

[E] - E izoméra koncentracija, mol-L";

[Z] - Z izomera koncentracija, mol-L;
k; — atruma konstante Z izoméra parejai E izoméra, s'';

7
k,

2]

0O
[ﬁo
\

’ N.'
R

(B)r1

L

k_,

k.; — atruma konstante E izoméra parejai Z izoméra, s

Malemnskabes dodecilizoimida (1f) un benzilizoimida (1g)

Z un E izomeru lidzsvara konstante atkariba no temperatiras

1. tabula

1f 1g

t,°C K t,°C K
30 0,173 30 0,231
40 0,165 35 0,216
50 0,162 40 0,209
60 0,142 45 0,197
70 0,134 50 0,182
80 0,130 55 0,168
90 0,126 60 0,155
100 0,115 65 0,150
110 0,103 70 0,148
75 0,146
80 0,144

M

(2)
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2. pielikums. Maleinskabes izoimidu Z un E izoméru lidzsvara termodinamikas un kinétikas raksturojums

-1,6 1
In K = (720/T) - 4,1
18 1 R*=0962
% 20
22 4
_2,4 T T T T 1

24 26 28 30 32 34
1000/T, K

1. att. Maleinskabes dodecilizoimida (1f) Z un E izoméru

lidzsvara konstantes atkariba no temperatiras

-1,4
In K =(1260/T) - 5,6
RY=0983

1,6 -
N
£

-1,8 -

2,0 . .

28 3,0 32 3,4

1000/, K

2. att. Maleinskabes benzilizoimida (1g) Z un E izoméru
lidzsvara konstantes atkartba no temperatiiras
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2. pielikums. Maleinskabes izoimidu Z un E izoméru lidzsvara termodinamikas un kinétikas raksturojums

Signalu paplasinasanas

2. tabula

maleinskabes dodecilizoimida (1f) un benzilizoimida (1g) 'H KMR spektros dg-DMSO skiduma un

Z un E izoméru parejas atruma konstantes atkariba no temperatiras’

if 1g
,°C | A Hz | ApmHz | ks | ky,s™ ,°C | & Hz | AgmHz | ks | ks
80 1,68 027 | 0,840 | 6,46 45 1,57 023 | 0,145 | 0,734
90 | 2,13 0,72 227 | 18,0 50 1,74 0,40 | 0,232 | 1,28
100 | 3,10 1,69 530 | 46,1 55 2,05 0,71 | 0,377 | 2,24
110 | 5,47 4,06 12,7 | 124 60 2,48 1,14 | 0,557 | 3,59
65 2,60 1,26 | 0,596 | 3,97
70 3,58 2,24 1,04 | 7,03
75 4,55 3,21 1,47 | 10,1
80 5,59 4,25 1,92 | 133

' Spektri uzpemti ar Bruker 400 MHz spektrometru un apstradati, izmantojot datorprogrammu MESTREC. Aprekinos
izmantotas 1. tabula noraditas Iidzsvara konstantes un 2.17.-2.20. vienadojumi.

* 7 izoméra izoimida cikla 4. vietas protona signala platums (4 = 1,41 Hz).

? E izoméra izoimida cikla 4. vietas protona signala platums (4 = 1,34 Hz).
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2 pielikums. Maletnskabes izoimidu Z un E izoméru lidzsvara termodinamikas un kinétikas raksturojums

40 -
In k1 =(-12200/T) + 34
3,0 1 2
R’ =0,9997
~ 201
i
=
1,0 -
0,0 -
-1,0 T T T 1
25 26 27 28 29
1000/7, K"

3. att. Atruma konstante atkariba no temperatiiras
maleinskabes dodecilizoimida (1f) Z izoméra parejai E izomeéra

6,0 W
In k-1 =(-13200/T)+ 39
5,0 2
R" =0,9996
- 401
-~
£
3,0
2,0 1
1,0 T T T .
25 2,6 2,7 28 2,9

1000/T, K

4. att. Atruma konstante atkariba no temperatiras

maleinskabes dodecilizoimida (1f) E izoméra parejai Z izomeéra
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2. pielikums. Maleinskabes izoimidu Z un E izoméru lidzsvara termodinamikas un kinétikas raksturojums

20 W
In k1 = (-8200/T) + 24
R’ = 0,9886

1,0 1

0,0

Ink1

-1,0 1

2,0

27 28 29 30 31 32 33
1000/T, K

5. att. Atruma konstante atkariba no temperatiiras
maleinskabes benzilizoimida (1g) Z izoméra parejai E izoméra

3,0 ¢ In k-1 =(-9200/T) + 29
R’ =0,9881
2,0 1
E 1,0
0,0 -
-],0 T T T T T 1
27 28 29 30 31 32 33

1000/T, K™

6. att. Atruma konstante atkariba no temperatiiras
maleinskabes benzilizoimida (1g) E izoméra parejai Z izoméra
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2. pielikums. Maleinskabes izoimidu Z un E izoméru lidzsvara termodinamikas un kinétikas raksturojums

In (k 1/T)=(-11800/T) +27

3,0 s
R’ = 0,999
4,0 1
&
< 501
£
6,0 -
70 - : : .
25 26 2,7 28 29

1000/T, K

7. att. Atruma konstante atkariba no temperatiiras
maleinskabes dodecilizoimida (1f) Z izoméra parejai E izoméra

In (k-1/T) = (-12900/T) + 32

R® = 0,999

-1,0
S 20
=
.E -3,0 T

40 -

-5’0 T T T ]

2,5 26 2.7 2.8 29

1000/7, K

8. att. Atruma konstante atkariba no temperatiras
maleinskabes dodecilizoimida (1f) E izoméra parejai Z izoméra



2. pielikums. Maleinskabes izoimidu Z un E izoméru lidzsvara termodinamikas un kinétikas raksturojums

In (k VT) = (-7800/T) + 17
R’ =0,9876

In k 1/T)

-9,0 T T -1
2,7 2,9 3,1 33

1000/T, K

9. att. Atruma konstante atkariba no temperatiiras

maleinskabes benzilizoimida (1g) Z izoméra parejai E izoméra

In (k -1/T) = (-8800/T) + 22
R =0,9871

In (k1/T)

-7’0 T T 1
2,7 29 3,1 33

1000/7, K

10. att. Atruma konstante atkariba no temperatiiras
maleinskabes benzilizoimida (1g) E izoméra parejai Z izomera
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3. pielikums. Maleinskabes diamidu analizes dati

3. PIELIKUMS
MALEINSKABES DIAMIDU ANALIZES DATI
0
NHR'
NHR
R - C12H25, R- O""Cqu, Rl - CHchon (300).
R' - CH,C¢H; (3fa’), R — tre3-C H,, R' — CH,CH,OH (3dc).
CH,CH,OCH, (3fb), R — CH,C(CH,), R' — CH,CH,OH (3ec).
CH,CH,OH (3fc), R - 4-CIC¢H,, R' — CH,CH,O0H (3jc).
(CH,CH,0),H (3fd), R — CH,C¢Hs, R' — CH,CH,N(CH;), (3gf).
2-dezoksi-2-D-glikozil (3fe),
CH,CH,N(CH;), (3ff).

1. tabula
Maleinskabes diamidu (3) raksturojums

Elementanalize, %

Viela| Iz, %' tes, °C C H N Formula

noteikts | noteikts | noteikts
aprék. | aprek. | aprék.

73,85 | 10,00 | 7,44
3fa | 52 (DMF) 67-69 7415 | 974 | 752 | CotlNiO:

67,13 | 10,66 | 8,07
3fb | 31 (DMF) 62-64 6702 | 1066 | 823 | CrofaN:Os

62 (DMF), 66,40 | 10,68 | 8,52

fi 88-89 C1sH3N,0

e | g4 (CH;Cl,) 6622 | 1050 | 858 1T
43 (DMF), 64,52 | 10,63 | 7,52

4 C20H3N;0

3o (CH,Cl,) 6-48 64,83 | 1034 | 756 20T RET
59,24 | 9,31 6,20

3fe | 20 (DMF) 1102 C22HaoN2O;

59,44 9,07 6,30

67,87 11,24 11,71
3ff | 80 (CH,Cl,) 40-42 67.95 1112 11.89 C10H39N30;

’ Apzim&jumos pirmais burts atbilst izoimidam 1, no kura iegiits diamids 3, bet otrs burts - izmantotajam aminam.
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3. pielikums. Maleinskabes diamidu analizes dati

1. tabulas turpingjums

Elementanalize, %
Viela| Iz, %' b, °C C H N Formula
noteikts | noteikts | noteikts
aprek. | apréek. | aprék.
3ce | 76 (E;O) Elja _552"7)(; 2:377 ;_2{2‘; C1oH1sN;05
3dc | 50 (Et;0) 103-105 22’22 2’3(7) }.33,337 CioHsN, 05
3ec | 91 (CH,Cl) | 92-93,5 277’34; Z’Z; ;2’32’27 C11HyN;0;
3jc | 62 (Et,0) 131-133 ii’g j’g; }3’2 C12H,3N;05Cl
! Iekavas noradits sintéze izmantotais $kidinatajs.
? Kstot sadalas.
2. tabula
Maleinskabes diamidu (3) IS spektru dati
- Vc=0 ven + 8enn
Viela | Skidinatdjs | vyy,cm™” | (amidaljosla), | (amidall josla),
cm’’ cm’
3fa Nujols 3310 1635, 1620 1540
3fb Nujols 3280 1670, 1620 1545
3fc Nujols 3280 1680, 1630 1550
3fd Filma 3270 1660, 1620 1550
e KBr 2 1655, 1618 1560, 1542
3 Nujols 3290 1630 1565, 1550
3ce Filma 3270 1670, 1620 1550
3dc Nujols 3390 1650, 1620 1565
3ec CHCl; 3280 1670, 1620 1565
3jc Nujols 3270 1640, 1615 1560
! Aizsedz nujola absorbcijas josla.

% Aizsedz hidroksilgrupu absorbcijas josla.
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3. pielikums. Maleinskabes diamidu analizes dati

3. tabula
Maleinskabes diamidu (3) 'H KMR spektru dati’
Viela | Aizvietotdji pie N -NH- -CH=CH- | -NH-CH,-
3fa? CioHys 8,62 (plats s) 6,09 (5) 3,27 (dt)
CH,C4Hs 7,87 (plats s) 4,55 (d)
b Ci2Has 9,46 (1) 6,13 (5) 3,11 (dt)
CH,CH,0OCH; 9,33 (t) ~3,3¢
e CiaHas 9,23 (1) 6,14 (d°) 3,10 (dt)
CH,CH,OH 9,18 (1) 6,08 (d) 3,19 (dt)
3fd C12H25 9,55 (t) 6,16 (S) 3’13 (dl)
(CH,CH,0),H 9,40 (1) 3,33 (dt)
CioHas ~3,1°
6,19 (d)
-2-D-glikozil ’
36F Ciz2Has 9,28 (t) 6,13 (d) 3,10 (dt)
CH,CH,N(CH;), 9,20 (t) 6,10 (d) 3,24 (dt)
3ec otr-C4H, 8,25 (d) 6,14(d) | 3,87 (m)
CH,CH,OH 8,85 (1) 6,09 (d) 3,46 (dt)
3de tres-C,;Ho 8,26 (s) 6,09 (d) -
CH,CH,0H 8,73 (t) 6,03 (d) 3,45 (dt)
3ec CH,C(CH,); 9,50 (1) 6,18 (d) 2,96 (d)
CH,CH,OH 9,09 (t) 6,13 (d) 3,20 (dt)
CH,CH,OH 6,28 (d) 3,39 (1)
18, m. d. (d-DMSO, ja nav noradts cits $kidinatajs).
2 CDCl,.
? CD;0D.

4 CD,0D $kiduma signali nav novérojami.

3 Petitajiem maleinskabes diamidiem (3) -CH=CH- grupas protonu spinu-spinu sadarbibas
konstante ir no 13-14 Hz.

¢ parklajas ar citiem signaliem.

’—CH-.
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4, tabula
Maleinskabes diamidu (3) 13c KMR spektru dati
Viela | Aizvietotaji pie N >C=0 -CH=CH- -NH-C=
fa2 CioHzs 39,93
3fa 164,93, 164,83 | 132,73, 132,36
CH,CeHs 43,67
b CioHzs
3t 164,53, 164,26 | 132,06, 131,37 | 38,61, 38,49
CH,CH,0CH;
CioHzs 38,72
3fc 164,82, 164,32 | 131,78, 131,72
CH,CH,0H 41,69
CioHzs
3fd 164,72, 164,51 | 132,14,131,84 39,00, 38,89
(CH,CH,OhH
" CioHos 38,59
3 164,61, 164,26 | 131,81, 131,50
CH,CH,N(CH:h 36,59
otr-C,H, 47,20
3cc 166,07, 164,24 | 132,44, 132,39
CH,CH,0H 42,70
2 tres-C,H, 51,46
3dc 166,23, 164,34 | 134,04, 131,20
CH,CH,0H 42,47
CHzC(CHg)S 50,04
3ec 164,96, 164,35 | 132,55, 131,17
CH,CH,0H 41,68
- 4-CIC~ 138,35
3jc 167,94, 16514 | 133,35, 133,14
CH,CH,0H 43,15
15, m. d. (~-DMSO, ja nav noradits cits 3kidinatajs)
2 CDCl
1 CD,0D.
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4. pielikums. Kvaternizéto maleinskabes diamidu analizes dati

4. PIELIKUMS

KVATERNIZETO MALEINSKABES DIAMIDU ANALIZES DATI

| NHCH,CH,N"(CH,),(CH,),SO;

NHR

7fa* R - C ,H,)
7ga(R - CH,CH,)

0

| NHCH,CH,N"(CH,),CH,CH=CH, CI

NHR

@)
e (R -C,H,)

0

i NHCH,CH,N"(CH,), H
NHR

7 R - C,,H,)
7gb (R - CH,CH,)

0

| NHCHZCH2N+(CH3)2CPl7—© clr

NH

¢

7ge (R - CH,C,H,)

7ed

1. tabula
Kvaternizéto maleinskabes diamidu (7) raksturojums
Elementanalize, %
Viela Izn., %' b, °C C H N Formula
noteikts | noteikts | noteikts
apreék. apreék. aprek.
81 (CH;,CN) | 220- 58,45 9,41 8.62
M| 8 @EL0) | 222 | 5807 | 954 g3 | CoHasNOsS
148- 54,61 7,14 10,43
g2 | 2RO | sy | ose39 | e85 | 1057 | MO
230- 61,41 9,17 7,87
7fb | 82 (CH;CN) 232 62,31 915 779 C2sHygN305S
59,15 6,73 9,13
7gb 70 (Et,0) 90-91 59,04 6.53 939 C2,HN3OsS
108- 62,00 10,59 9,95
C Cl
Me | 62(CHCN) |\ 1o | g3 | 1031 | 977 |CHals0:

* Apziméjumos pirmais burts attiecas uz sakotngjo izoimidu 1, bet otrs burts — uz izmantoto kvaternizéjo3o reagentu.
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4. pielikums. Kvaternizéto maleinskabes diamidu analizes dati

1. tabulas turpinajums

Elementanalize, %

Viela Izn., %' lws, °C C H N Formula

noteikts | noteikts | noteikts
aprek. aprék. aprék.

61,10 7,20 12,06
61,44 7,45 11,94

176- 65,93 7,28 10,56

Tge | 68 (CH,CN) | Ejja C15H2eN;0,Cl

' lekavas noradits sintéz€ izmantotais 3kidinatajs.
2. tabula
Kvaternizéto maleinskabes diamidu (7) IS spektru dati’
v V=0 ven + Ocnu
Viela CN"I', (amida I josla), (amida II Citas nozimigas joslas
m cm’ josla), cm’
7fa? | 3250 1645 1555 1040 (V)
7ga | 3275 1637 1544 1041 (vgg))
7 | 3240 | 1670, 1620 1560 1030 un 1010 ( v§"“oz )
7gb | 3270 1660, 1630 1545 1030 un 1010 (Véjmd2 )
Tfc | 3220 | 1650, 1620 1550
7ge | 3280 1670, 1630 1560
7gd | 3220 1660, 1630 1545
Y CHCl,, ja nav noradits citadi.

2 Nujola.
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4. pielikums. Kvaternizéto maleinskabes diamidu analizes dati

3. tabula
Kvaternizéto maleinskabes diamidu (7) KMR spektru dati’
'"H KMR BC KMR
Viela -CONH-
-HC=CH- | N'(CHy), | >C=0 | -HC=CH- | -CH,N'= | N'(CH3) | "oy
“CH,-
6,23 (&) 168,72 133,02 64,41 40,59
1.81
M 620@) | PO | 16665 131,94 63,18 o1.8 34,39
168,81 133,40 64.41 44,17
7
ga | 628(5) | 3140) | jecce 131,58 63,16 51,76 34,40
168,75 133,10 40,56
M| 6216 | BI8E) | ol 13180 65,54 54,04 g
165,67 132,48 4218
7 2 H ) »
g | 62360 | 3096) | e 12999 63,60 52,46 3305
168,84 133,18 68,09 40,58
Me | 6I8() | 3090 | 5600 | 131,76 63,03 S1.19 34,39
168,81 133,44 68.12 44,29
ge | 628() | 3100 | e | 13155 63,05 S1L18 34,40
168,96 133,67 69,60 44.17
7 b b ’ b
gd | 629(5) | 307() | g6ss 131,29 63,67 50,70 34,52
'8, m. d. (CD,0D, ja nav noradits cits $krdinatajs).
2 d-DMSO.

* Spinu-spinu sadarbibas konstante 12,4 Hz.
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5. pielikums, Ma/emskabes  amidestery anarlUs dati

5. PIELIKUMS
MALEINSKABES AMIDESTERU ANALIZES DATI

fOR

~NHCI2~

0]

4f

R - CH2CH2CI (4f8%);

CH2CH20H (4fb);
(CH2CH20nH  (4fc);

CH2CH2N(CHsh  (4fd).

1. tabula
Maleinslcabes amidesteru (4) raksturojums
Elementanalize, %
Viela | 1zn.% | ticureC C H N Formula
noteikts | noteikts | noteikts
aprek. aprék. aprék.
4fa 81 67-68 62,50 9,33 4,05 C1SH32N03ClI
65,80 10,31 4,14
59-60 ' ' '
4fb 57 66,02 10,16 4,28 CIsH33N04
64,51 10,27 3,49
4fc 61 46-50 ' ' ’
6466 | 1004 | 377 | CPOMNG
67,67 10,98 7,72
76 47-48 ' ' ’
4fd 67,76 10,80 7.90 C20H3SN203

* Apziméjumos pirmais burts aniecas uz izmantoto izoimidu 1, bet otrs - uz izmantoto spirtu.
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2. tabula
Malelnslcabes amidesteru (4) IS spektru dau’
_ VC=0 VC-N + bCNH
Viela | ynH cm™ | ve=o” cm™ | (amida ljosla), | (amida Iljosla), | veo, cm™
lel cmll
4fa 3294 1742 1655, 1635 1556 1171
4fb 33113 1724 1657, 1620 1550 1179
4fc 3292° 1730 1660, 1632 1552 1179
4fd* 3300 1727 1678, 1640 1550 1189
1 CHCI,, ja nav noradits citadi.
2 Estergrupa,
3 Park1ajas ar vo-u.
4 Nujola,
3. tabula
Maleinslcabes amidesteru (4) KMR spektru dati
JHKMR 13CKMR
VR N | con=en | 9907 | kcH 5c=0 | -CH=CH- | 9% NH-C=
-CH, : -CH2- )
6,35 (d2 165,78 138,73
4fa i (d2) 4,42 (t) 3,30 (dt) 64,85 39,84
(plats s) 6,14 (d) 163,86 124,49
6,26 (d 166,43 134,53
4fy 737 @@ | 327 @ 66,96 39,89
(plats s) 6,15 (d) 164,42 127,34
6,30 (d 166,20 137,61
afc 779 @ 1 43 0 | 328 (@ 68,66 39,83
(plats s) 6,12 (d) 164,12 125,35
8,09 6,26 (d) 166,18 138,64
4fd ' ' 4,28 (t 3,25 (dt 62,81 39,67
(plats s) 6,090 (d) ® (d) 163,74 124,76
10, m. d. (CDCl,.

2 Pétitajiem maleinskabes amidesteriem (4) -eH=CH- grupas protonu spinu-spinu sadarbibas konstante ir -13

Hz.
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6. pielikums. Kvaternizéto maleinskabes amidesteru analizes dati

6. PIELIKUMS
KVATERNIZETO MALEINSKABES AMIDESTERU
ANALIZES DATI

0 0

| 0—R—N"(CH,),CH,CH,CH,SO; | 0—R—N"(CH,), He @_
rNHCqus ]/NHCIZHZS
0 0
9da* (R - CH,CH,) 9db(R - CH,CH,)

9ea (R - CH,CH,0CH,CH,) 9¢b (R - CH,CH,0CH,CH,)

| O—R—N"(CH,), CH,080;
]/NHCIZHZS

9dc(R - CH,CH,)
9ec (R - CH,CH,0CH,CH,)

1. tabula
Kvaternizéto maleinskabes amidesteru (9) raksturojums

Elementanaltze, %

Viela | ., % | ts, °C C H N Formula
noteikts | noteikts | noteikts
apreék. aprék. aprék.
60,13 9,62 555
5795 930 5,88

119- 57,89 9,08 5,12

9da 82! 78-81 Cy5HasN,O;S

2
9ea 42 121 | 5767 9,29 s53g | CreHMe0sS
! 122- | 62,31 9,14 4,96
%b | 72 123 | 6219 | 895 | sig | CotlelN0sS
6130 | 922 4,53
9¢b 53? 65-67 C30Hs5:N,0,S

61,62 8,96 4,79

* Apzim&jumos pirmais burts attiecas uz spirtu, kas izmantots kvaterniz&ta amidestera 9 sintézg, bet otrs — uz
kvaternizgjoSo reagentu.
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6. pielikums. Kvaternizéto maleinskabes amidesteru analizes dati

1. tabulas turpinajums
Elementanalize, %
Viela | Izn., % | fs, °C C H N Formula
noteikts | noteikts | noteikts
aprék. aprék. aprek.
54,70 9.47 5,98
ode | 60 5497 | 923 sg3 | CutluN:OS
2 129- 54,66 9,50 5,21
Sec | 62 131 | 5494 | 922 534 | CoeHasN2OsS
! Kvaternizéanas iznakums.
2 Iznakums no izoimida 1.
3 Vaskaina viela.
2. tabula
Kvaternizéto maleinskabes amidesteru (9) ' H KMR spektru dati’
Viela | -HC=CH- | -COO-CH,- | -N'(CH:), n | -(CHy), CH;
9da 6,34 (s) 4,62 (1) 3,18 (s) 2 0,89 (t)
6,38 (d)
4
9ea 622 (d) 4,34 (1) 3,15(s) 2 0,89 (t)
9db 6,32 (s) 4,62 (1) 3,19 (s) 3 0,92 (t)
6,37 (d)
4 0,89 (t
9eb 6.18 (d) ,32 (1) 3,15(s) 3 ,89 (1)

'8, m. d. (CD;0D).
? Petitajiem kvaternizétajiem maleinskabes amidesteriem —CH=CH- grupas protonu spinu-spinu
sadarbibas konstante ir ~12 Hz.

3. tabula
Kvaternizéto maleinskabes amidesteru (9) °C KMR spektru dati’

Viela >C=0 -HC=CH- -N'(CH;), | -CONH-C= | n
167,48 132,92

9da 166,43 129,35 52,07 40,56 2
167,51 134,92

Oea 167,18 128,14 52,47 40,51 2
167,52 132,61

9db 166.36 129,44 54,44 40,52 3
167,48 134,81

9eb 167.08 128,08 54,70 40,49 3

'8, m. d. (CD,0D).
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7. PIELIKUMS
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7. pielikums. Publikacijas
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A. Zicmanis', P. Mekss', I. Klimenkovs', A. Guyor’
A NEW WAY FOR SYNTHESIS OF MALEIC AMIDESTERS

"University of Latvia
*CNRS-LCPP, France

Maleic acid derivatives are widely used in polymer chemistry [1]. Maleic amidesters
(AE) containing hydrophilic and hydrophobic parts in molecule have proved to be efficient
polymerizable surfactants (surfmers) for improving quality of polystyrene. polyv-(butyl meth-
acrylate) a.o. latexes [2—4]. The surfmers are covalently bound to latexes during synthesis of the
latter by co-polymerization reactions. Activated C=C double bond conveniently enter only co-
polymerization reactions with monomers and refuse to enter the homo-polymerization reactions
(31
Described AE are prepared from the corresponding maleic acid hemiesters (HE). after
activation of their carboxylic group. in the form ol mixed anhydrides or activated esters.
Activated HE react readily with amines. resulting in formation ot surlmers AE [3]. The activated
forms of HE are extremely reactive, and usually it is ditticult to separate them lrom the reaction

0 n|\’-R lo
NHR 000G, (TN nosl, (7 NHR
0O-R' N(CH), catalyst O-R'
| R =a)4-CIC,H,; b) n-C,H,;
0, 2 0 3 RGN

mixture. purity and analyze. Even “one-pot” preparation method leads to AL contaminated with
starting materials and side products. addition to the C=C double bond and isomerization into
fumaric acid derivatives being the main side reactions in the described syvnthesis of AE [5].
Maleic hemiamides (HA. 1). to our knowledge. are not used for mialeic amidester syntheses,

We would like to signal here an alternative possibility for obtaining new maleic amidesters
(3). with opposite distribution of hydrophilic and hydrophobic groups. in comparison with the
described ones. Maleic isoimides (MII. 2) are proposed as precursors for their syntheses. Malcic
isoimides are more stable than other possible activated forms of HA. In fact. one can isolate.
purity by crystallization and analyze maleic isoimides. gas chromatography serving lor quanti-
tative analysis of the latter.

Reactions ot MII with alcohols were chosen tor obtaining AE (3). These reactions were
carried out in dry diethyl ether at low temperatures (from —10 to =20 "C). cawalysts — strong
organic acids or Lewis acids — being necessary for running the reactions and reaching high
vields of amidesters. Trifluoroacetic acid. tritluoromethanesullonic acid. and boron trifluoride
diethyl etherate have served as efficient catalysts for synthesis of Mil in our laboratory. Most
likely. in the beginning MII form the corresponding immonium salts. the latter being much more
reactive than MII themsslves. Yields of maleic amidesters obtained by the proposed method are
high enough to consider the method as preparative.

_ N-(4-Chlorophenyl) maleic isoimide (2a) was prepared according to [6] with 83%
vield,

N-(n-Dodecyl) maleic isoimide (2 b). Ethyl chloroformate (0.96 ml. 10 mmol) was
added at once to suspension of maleic N-(n-dodecyvl)hemiamide (2.83 g: 10 mmol) in dry CH.Cl,
(20 ml) and the suspension was cooled to =10 °C. Triethylamine (1.38 ml. 10 mmol) in dry
CH.CI. (10 ml) was added dropwise to the stirred and cooled suspension. Stirring was continued
A —-10°C for additional 1 h. then the mixture was allowed to warm up gradually to room
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temperature and was stirred at room temperature for I h. The solution (that usually contains some
precipitated triethylammonium chloride) was washed successively with water, 3% solution of
NaHCO;. again with water. and then with saturated solution of NaCl. The organic phase was
dried with molecular sieves 4 A for 0.5 h, and the solvent was evaporated in vacro. White powder
of compound 2b (2.83 g: 88%) was obtained; m.p. 42—44 °C. Found. %: C 72.30; H 10.35; N
5.48. C, H.;NOa. Calculated. %: C 72.41; H 10.26: N 5.28. IR spectrum (nujol. v. cm™): 3180
(m. =C-H-): 3110 (m. =C-H): 1800 (s, C=0); 1700 (m, C=N): 1580 (m. C=C). 'H NMR
spectrum (CDCl;. 200 MHz. 8. ppm): 0.87 (3H. t. —CH;): 1.25 (18H, m. «{CH.)e—): 1.66 (2H, m.
-CH.-): 3.61 (2H. t. N—CH»-); 6.60 (IH.d. J=5.6 Hz. ~-HC=CH-): 7.21 (1H,d, J=35.6 Hz.
-HC=CH-).

GC analysis of maleic imides (1) and isoimides (2). GC analyses were performed on a
HEWLETT PACKARD 35890 instrument equipped with the quadrupole-type mass selective
detector {model 5970) and 30 m x 0.25 mm capillary column DB-17 MS ((50% phenyl)methyl
polysiioxane. /& H" Scientific). Separation of imides and isoimides was achieved using linear
temperature gradient from 60 until 300 °C with the temperature elevation rate of 10 */min.
Samples were dissolved in acetonitrile with concentration of ~ 1.0 mg/ml. Split/splitless injector
was operated at 300 °C. High purity helium was used as carrier gas. flow rate being 1 ml/min.
sample volume was 1 pl. Separation of imides from isoimides was achieved under the above-
mentioned conditions. the resolution factor Rg amounting to 1.

Ethyl N-(4-chlorophenyl)maleamate (32). Boron trifluoride etherate (0.53 ml, 4.3
mmol} solution in dry ether (3 ml) was added dropwise over 0.5 h to N-(p-chloropheny!)
maleisoimide and anhydrous ethanol (0.25 ml. 4.3 mmol) in dry ether (7 ml). cooled to — 20 °C.
The mixture was stirred at this temperature for additional 1 h and allowed to stand at —10 °C for
24 h. Potassium fluoride dihyvdrate (0.40 g. 4.3 mmol) was added to the solution. and the mixture
was stirred for 1 h. The formed potassium tetrafluoroborate was filtered otf. The solution was
washed with 10% solution of potassium hydrogen carbonate, water. and saturated solution of
sodium chloride. The organic phase was dried for 0.5 h with molecular sieves 4 A. and the solvent
was distilled off én vacuo to yield yvellowish powder of the compound 3 (0.67 g. 66%). m.p.
71.5—72.5 °C. Found. %: C 57.07: H 4.68: N 5.60. C,,H-NO;Cl. Calculated. %: C 56.82:
I14.77: N 3.52. 'H NMR spectrum (d,-DMSO. 200 MHz. 8. ppm): 1.16 (3H. t. —CH;); 4.12 (2H.
g. O~CH-=). 6.37 (1H. d. J=12.2 Hz -CH=CH-): 6.52 (IH. d. J=12.2 Hz. -CH=CH-): 7.37
(211, dt. =C-H arom.): 7.64 (2H. dt. =C-H arom.): 10.39 (1H, s. —-NH-).

Ethyl N-dodecyl maleamate (3b). Trifluoromethanesulfonic acid (6.6 ml. 7.5 mmol)
in dry cther (5 ml) was added dropwise over 0.5 h to N-dodecyl maleisoimide and anhydrous
cthanol (4.4 ml. 7.5 mmol} in dry ether (10 ml). cooled to —20 °C. The mixture was stirred at this
temperature for additional 1 h and allowed to stand at ~10 °C for 24 h. The solution was filtered
and washed with 10% solution of potassium hydrogen carbonate. water, and saturated solution of
sodium chloride. The organic phase was dried for 0.5 h with molecular sieves 4 A. and the solvent
was distilled ofl i vacuo to vield white powder of the compound 3b (1.71 g. 74%): m.p. 55.5—
57 *C. Found. %: C 69.45: H 10.82: N 4.68. C,sH;;NO;. Calculated, %: C 69.41; H 10.68: N
4.50. 'H NMR spectrum (dg-DMSO. 200 MHz. 8. ppmy): 0.85 (3H. t. =CH;); 1.20 (3H. t, -CH;):
1.24 (18H. m. {CH.)~): 1.41 (2H. m. -CH,-): 3.07 (2H. dt. N-CH,-): 4.10 (2H, q, O—-CH,-):
6.18 (11.d.J=11.8 Hz. -CH=CH-): 6.20 (IH. d. J=11.8 Hz. -CH=CH-): 8.13 (1H. t. -NH-).
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Maleimides 1 are well-described and widely used organic reagents and
monomers. The corresponding isoimides 2 have not received so much attention,
probably because of lower stability. Notwithstanding some problems with their
preparation and stability, isoimides have found application in organic synthesis
as very reactive intermediates. Recently they have been used successfully for
polyaddition reactions producing novel polyamides [1—4] with mechanical
properties similar to those of polyurethans [5].

O O
N-R - O
N-R
1 2

Maleisoimides (MII, 2) might be regarded also as activated forms of maleic
hemiamides (HA) when it 1s necessary to convert HA into other maleic acid
derivatives — maleic amidesters and maleic diamides. Recently some of maleic
diesters and amidesters with hydrophobic and hydrophilic groups (surfmers)
have found new applications. They were used in the preparation of latexes for
paints, paper coatings, etc. Surfmers allow increasing stability of these latexes
by covalent bounding of these polymerizable surfactants to the surface of
latexes [6—10]. Styrene, butyl methacrylate, a.o. latexes were stabilized in such
a way. Regardless promising results obtained in improving quahty of the above-
mentioned latexes, preparation methods of the various maleic acid derivatives
are far from perfect for the time being. Isomerization and other side reactions
usually accompany surfmer preparation.

To avoid this drawback, new surfmers and their preparation methods are
investigated by our group. MII might be regarded as promising intermediates
for new surfmer preparations. Therefore, synthesis and characterization of some
maleic isoimides bringing various substituents at nitrogen atom are closely
discussed in this communication, their further conversions being the subject of
the following papers.

RESULTS AND DISCUSSION

Cyclization reaction of maleic hemiamides (HA, 3) is recognized as the
best way for the synthesis of maleic isoimides (MII, 2). HA are well-described
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reagents, and they can be easily prepared by acylation of primary amines or
ammonia with maleic anhydride 4 in solution or melt [11, 12]. Yields of HA use
to be high (90—97%), and simple recrystallization from an organic solvent al-
lows to obtain HA pure enough for further conversions.

0 R>N
Dehydrating
NH-R reaoenl I o
OH
O 3 O
2 (Z) 2 (E)

Dehydrating reagents:

DCC: AR = CH OR = e
CICOOC,H/N(C,Hy), ) 2Ms ) 12H2s

b) R =n-C,H,g g) R = CH,CgH,

¢) R=sec-C,Hyq h) R = CgH,

d) R = tert-C,H, i) R = 4-CIC¢H,

e) R = neo-CsHj, j) R =4-(CH;0)C¢H,

MII 2 can be obtained in kinetics-controlled cyclization reaction of the
corresponding HA 3. Various carboxyl group activating and dehydrating
reagents are proposed for this purpose in literature: dicyclohexyl carbodiimide
(DCC,), alkyl chloroformates together with triethylamine, trifluoroacetic an-
hydride, a.o. [11—19]. In our laboratory, DCC and ethyl chloroformate in
dichloromethane were recognized as the most efficient reagents for the above-
mentioned cyclization reactions, albeit other reagent systems were also checked
for comparison. Application of both DCC and ethyl chloroformate is of equal
worth, the last process being less time consuming. Various MII 2 were prepared
with different N-substituents in this way (Table 1), starting from ethyl maleiso-
imide 2a and finishing with N-dodecyl maleisoimide 2f. Conditions of syn-
theses and characteristics of MII 2 are summarized in Table 1.

Maleisoimides 2 are colourless to slightly yellow solids or heavy oils. Only
N-aryl derivatives are deep yellow substances. All isoimides 2 are sensitive to
moisture, especially while not completely dry. It is possible to make them in
sufficiently pure state in high yields, and usually there is no need for their
further purification, recrystallization from dry organic solvent serving well for
the last purpose.

MII 2 were characterized by NMR and IR spectra, as well as by data of
elemental analysis. The most characteristic resonance signals are those of
protons at C=C double bond (8 6.6—7.4 ppm) in 'H NMR spectra, and carbon
atom resonance signals from C=N (& ~ 150) and C=0 (8§ ~ 167 ppm ) groups in
C NMR spectra. Main absorption bands in IR spectra of MII are those of C=0
and C=N double bonds (v at ~ 1800 and 1700 cm™' correspondingly). The most
important spectral information of MII is collected in Table 2.
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Table |

Synthesis and characteristics of maleisoimides  (2)
. Found, % Empirieal Calculated, %
Com-  Yield, m.p., formula
pound % °C
C N C H N
2a 65°  oil 56.40 5.27 10.87 Ce6H7NOz 56.69 5.55 1\.02
2b 60° oW 62.98 7.22 9.25  CSH11NOz 62.73 7.24 9.14
2c 85°  oil 62.89 7.01 9.36 CsH11NOz 62.73 7.24 9.14
2d o7®  3(}-325 63.00 7.09 9.41 CSH11NOz 62.73 7.24 9.14
2e 87°  45-46.5 63.85 8.08 8.80 CoH\3NOz 65.44 7.93 8.48
2f 88 42-44 7212 10.03 547  C16Hz7NOz 7241 1026  5.28
87°
29 79 49.5-50 70.05 4.75 7.41 CuHigNOz 70.58 4.85 7.48
91°
2h 75°  61-62¢ 69.61 4.17 8.27 C1oH7NOz 69.36 4.08 8.09
_’1' 98 96-97' 57.66 2.87 6.61 CioH6CINOz 57.85 291 6.75
8s°
5 72 7779 6481  4.26 6.75  C11H9NO3 65.02 4.46 6.89
Not e s: a from ethyl ehloroformate and triethylamine in CHzCl, at -10°C; b from DCC in
CH,Cl, at-5°C; cbp. 62 °CN mm Hg [17]; am.p. 61°C [17]; em.p. 96-98  °C [15]; rm.p. 75-
77 °C [20].
Table 2
Spectroscopic  characteristics ~ of the maleisoirnldes  (2)'
IH NMR  spectrurn, \3C NMR specrrurn, IR speetrum,
Com- S. ppm S, ppm v, cm"”
pound I"jic=cH [ -HC | r=0 | r=NR -CS | = =N-T c=0 | c=N
=NR -C=NR -C=0
2a 6.61 3.66 167.21 151.59 142.62 129.04 43.47
7.21
2b 6.61 3.63 166.75 151.57 141.93 128.22 49.23 1800 1690
7.23
2c 6.61 3.94 166.78 150.62 142.05 128.15 55.92 1800 1690
7.22
2d 6.53 167.61 148.29 143.36 127.04 56.64 1800 1695
7.13
2e 6.62 3.39 167.01 151.50 141.97 128.30 61.49 1800 1700
7.25
2f 6.61 3.61 167.92 152.69 143.07 129.35 50.84 1800 1700
7.21
29 6.63 4.81 166.60 152.23 142.24 127.22 53.50 1790 1700
7.26
2h b 6.68 167.44 151.21 143.97 129.22 143.97
2i 6.67 166.73 150.34 143.03 127.94 141.87 1800 1680
7.36
:J'b 6.62 167.73 149.38 143.61 127.79 136.44 1790 1670
7.37
Not es: aNMR specrra in CDCIl; IR speetra - in nujol; b NMR speetra - in d6-DMSO;

c signal partly overlapped by that of phenyl group.
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MII 2 exist in two rapidly interconverting forms: Z- and E-forms cor-
respondingly in solutions [21]. The equilibrium between these forms was
calculated by us from data of their 'H NMR spectra. Z-Isomer (2-Z) has
characteristic signals of C=C double bond protons at ~ 7.6 and 7.0 ppm
(J~ 5.6 Hz) while the E-isomer (2-F) — at ~ 8.0 and 7.0 ppm with J ~ 5.8 Hz.
The equilibrium constant for conversion of MII Z-form to E-form decreases
sharply if nitrogen atom is directly bound to a tertiary carbon atom, as in tert-
butyl derivative 2d. Z-Isomer (2-Z) is clearly dominating in all investigated
solutions, and this dominance 1s somehow less pronounced in polar solvents,
such as acetonitrile or dimethyl sulfoxide. It indicates that the position of
equilibrium can not be explained only by steric influence of the substituent at
nitrogen atom (Table 3).

Table 3
Conversion equilibrium constants of some Z-maleisoimides (2-2)
into E-maleisoimides (2-E)
Compound Substituent at nitrogen atom Solvent
in 1soimide dg-DMSO CD,CN

2a Ethyl ' 0.16 0.08
2b n-Butyl 0.15 0.09
2c sec-Butyl 0.17 0.10
2d teri-Butyl 0 0
le neo-Pentyl 0.16 0.09
2f n-Dodeeyl 0.15 0.04
2h Phenvl 0.17 0.06
2j 4-Methoxyphenyi 0.11 0.08

Conditions of MII 2 preparation reaction may cause side reactions —
formation of maleimides 1, isomerization around the C=C double bond, etc.
Therefore rapid and truthful method is necessary for evaluation of MII quality,
at least before their further application. GC method was developed for this
purpose in our laboratory. Individual substances and mixtures of MII 2 and the
corresponding maleimides 1 were analyzed. Separation of MII from their iso-
mers — maleimides 1 is good enough using capillary column. Retention times
of both 1somers differ sufficiently to make possible analysis of their mixtures.
Calculated Kovats’ indices (Table 4) show that N-substituent in MII 2 causes
essential changes in their chromatographic behaviour, hydrophobic aliphatic
and aromatic substituents increasing the retention time significantly.

Kovats’ indices indicate the decrease of retention parameters for isoimides
with branched alkyl chains at nitrogen atom in comparison with linear ones, the
retention of isomers distributing as follows: n-butyl (2b) > sec-butyl (2¢) > tert-
butyl (2d) derivatives. As follows from the index values of n-butyl- and n-do-
decyl derivatives, the contribution of the isoimide ring to the retention process
should be about 1040—1050 1.u. provided that the increment of every —CH,-
group is ~ 100 i.u. Substitution of alkyl group by the aryl one with the same
number of carbon atoms considerably increases the mentioned index values.
Introduction of benzy! group as substituent in isoimide molecules increases the
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index value for 1080 1.u. that corresponds to 153 i.u. for each carbon atom. It is
very much in comparison with the common increments of carbon atoms 1in alkyl
groups and indicates the strong intermolecular © — m interaction of the aromatic
substituents in isoimide molecules with phenyl groups of the used stationary
phase DB-17. Introduction of electron-releasing substituents as methoxy group
or chlorine atom in the aromatic rings of N-aryl isoimides causes the further
increase of the retention index values of these isoimides for the same reasons.
Therefore, GC method may be considered as a convenient quality control
method for MII 2 both immediately after preparation and after the purification
procedure.

Table 4
Kovats’ retention indices of examined maleisoimides (2) and some imides (1)

Com- Substituent Retention time, Kovats’ index,
pound at N atom min iu.

2a Ethyl 6.04 1233

2b n-Butyl 8.91 1440

2c sec-Butyl 7.68 1359

2d ters-Butyl 6.72 1302

2e neo-Pentyl 8.53 1412

2f n-Dodecyl 17.99 2249

2g Benzyl 16.80 2121

2h Phenyl 14.92 1939

2i 4-Chlorophenyl 17.79 2226

2j 4-Methoxyphenyl 18.59 2316

1f n-Dodecyl 18.05 2256

1h Phenyl 14.44 1892

1i 4-Chloropheny! 17.26 2169

1j 4-Methoxypheny! 18.06 2256

EXPERIMENTAL

Reagents and materials. Dicyclohexyl carbodiimide (DCC), ethy! chloroformate, and
triethylamine were obtained from Aldrich. Solvents (from Aldrich) were further purified before
use: dichloromethane and diethyl ether were dried on molecular sieves (4A, beads, 8—12 mesh,
from Aldrich) and distilled before use.

NMR spectra were obtained on a Mercury 200 (Varian) instrument, IR spectra — on a Perkin
Elmer 580 B instrument.

GC analyses were performed on a Hewlet Packard 5890 model instrument equipped with
quadrupole type mass selective detector (model 5970) and capillary column DB-17 MS (with
(50% phenyl)methyl polysiloxane, /& W Scientific) of 30 m length and 0.25 mm I.D.

N-(n-Dodecyl) maleic hemiamide (3 f). Dodecylamine (92.7 g; 0.50 mol) in chloro-
form (150 ml) was added dropwise to the stirred boiling solution of maleic anhydride (53.9 g;
0.55 mo}) in chloroform (50 ml). After stirring and boiling for one extra h, the mixture was cooled
to room temperature. The precipitate was separated, dried, and recrystallized from methanol.
White crystals of HA 3 f (106.2 g; 72 %) were obtained; m.p. 92—93 °C (m.p. 92—94 °C in
[22]). 'H NMR spectrum (ds - DMSO, 200 MHz, §, ppm): 0.85 (1, 3H, J = 6 Hz); 1.24 (m, 18H);
1.46 (m, 2H); 3.16 (dt, 2H, J=7 Hz); 6.24 (d, 1H, /= 13 Hz); 6.40 (d, I1H, /=13 Hz); 9.14 (,
IH, /= =6 Hz). 'H NMR spectrum (CDCl;, 90 MHz, §, ppm): 0.86 (t, 3H, S =5 Hz); 1.25 (m,
18H), 1.57 (m, 2H); 3.35 (dt, 2H, /=6 Hz); 6.30 (d, |H, /= 13 Hz); 6.42(d, I1H,/= 12 Hz); 7.52
(wide s, TH). “C NMR spectrum (dg - DMSO, 50 MHz, &, ppm): 13.94; 22.13; 26.38; 28.31;
28.68; 28.75; 28.98; 29.03; 29.05; 29.08; 31.33; 39.21; 131.72; 133.26; 165.27; 165.37.

Other maleic hermiarnides 3 were prepared in a similar way in 41—78% yields.
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N-(n-Dodecyl) maleic isoimide (2 ). Method A. Maleic N-(n-dodecyl)hemiamide
(1.98 g; 7 mmol) in CH:Cl; (20 ml) was cooled 1o -5 °C. DCC (1.44 g; 7 mmol) in CH,Cl:
(20 ml) was added slowly keeping temperature at -5 °C. The mixture was stirred at -5 °C for one
more h, and then left at this temperature for 24 h and at room temperature for 2 h. The precipitate
was separated, and the filtrate evaporated in vacuo to 2 ml volume. Dry ether (10 ml) was added.
The precipitate was separated once more. The solvent was evaporated in vacuo once more. White
powder of isoimide 2 f was obtained (1.62 g; §7%); m.p. 42—44 °C.

Method B. Ethyl chloroformate (0.96 ml, 10 mmol) was added at once to a suspension of
maleic N-(n-dodecyl)hemiamide (2.83 g; 10 mmol) in dry CH,ClI, (20 ml) and the suspension was
cooled to —10 °C. Triethylamine (1.38 ml, 10 mmq!) in dry CH.Cl, (10 ml) was added dropwise
to the stirred and cooled suspension. Stirring was continued at this temperature for additional 1 h,
the mixture was allowed to warm up gradually to room temperature and was stirred at room
temperature for 1 h. The solution (that usually contains some precipitated triethylammonium
chloride) was washed successively with water, 5% solution of NaHCQ,, again water, and
saturated solution of NaCl. The organic phase was dried with molecular sieves for % h, and the
solvent was evaporated in vacuo. White powder of compound 2f (2.33 g; 88%) was obtained;
m.p. 42—44 °C.

IR spectrum (nujol, v, cm™): 3180 (m, =C-C); 3110 (m, =C-H), 1800 (s, C=0); 1700(m,
C=N); 1580 (m, C=C). '"H NMR spectrum (CDCl,, 200 MHz, §. ppm): 0.87 (t, 3H, J = 7 Hz);
1.25 (m, 18H); 1.66 (m, 2H); 3.61 (1, 2H, J = 7 Hz); 6.60 (d, 1H, /=6 Hz); 7.21 (d, 1H, /=6 Hz).
BC NMR spectrum (CDCl;, 50 MHz. 8, ppm): 15.10; 23.66; 30.32; 30.54; 30.57; 30.60; 30.67;
31.37.32.89; 50.84; 129.35; 143.07; 152.69; 167.92.

Mass spectrum (m/z, a. m. u. (intensity, %)): 41.10 (100); 82.05 (42); 110.10 (79); 111.10 (52);
124.05 (15); 138.10 (15); 152.15 (11); 166.15 (0.5); 180.10 (0.4); 194.15 (0.3); 208.20 (0.2);
265.25 (3.0).

Other MII (2) were prepared in a stmilar way, their characteristics being presented in Table 1.

GC analysis of maleic imides (1) and isoimides (2). Separation of imides and
isoimides was achieved using linear temperature gradient, increasing from 60 to 300 °C with the
temperature clevation rate of 10 °/min. Samples (concentration ~ 1.0 mg/ml) were dissolved in
acetonitrile. Splitsplitless injector at 300 °C was used for evaporation. High purity helium was
used as a carrier gas with flow rate of 1 ml/min. Sample volume was 1 pl. Separation of imides
from isoimides (resolution factor Rg ~ 1) was achieved under the above-mentioned conditions.
Retention times were measured with precision of = 0.5 seconds. Calculated Kovats’ retention
indices for investigated products are presented in Table 4.

Conclusions. Cyclization of maleic hemiamides into the corresponding
1soimides is possible in preparative scale by using alkyl chloroformates or
carbodiimides as cyclization reagents. Quality of 1soimides can be efficiently
controlled by the GC method. Isoimides exist in solutions as a mixture of Z- and
E-isomers, excess of Z-isomer being observed in all solvents.
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A. Zicmanis, I. Klimenkoys, P. Mek3s, A. Gijo

MALEIZOIMIDU SINTEZE UN RAKSTUROSANA

KOPSAVILKUMS

Iegiita rinda maleizoimidu, kurus tdlak izmanto maletnskabes diamidu
un amidesteru izgatavosanai. Izoimidu kvalitates kontrolei izstradata gaz-
hromatografiska analizes metode, bet izoimidu struktliras noskaidro$anai un

vinu E-/Z-izoméru attiecibas noveértésanai Skidumos izmantota KMR spektro-
skopija.

A. 3uumannc, H. Knuvmenxos, I1. Mexu, A. I'uiio

CHHTE3 H XAPAKTEPHCTHKA MAJTEH3OHMHAOB
PE3IOME

IlonyueH psan Mal€H30MMHAOB C LEMbIO HMX AalbHEHLIEro Hcnonb3o-
BaHHA [ CHHTEe3a AMaMHI0B H aMHAIPHPOB MaIEHMHOBOH KHCMOTHI. Pa3pa-
6oTaH MeToa razoBoH XpoMaTorpaguy ANs KOHTPOSS KayecTBa pacCMOTPEHHBIX
H30MMHAOB, a cnexkTtpockonHa SMP wucnonb3oBaHa O YCTAHOBNEHHA HX
CTPYKTYPbl H OLIEHKH COOTHOWEHHSA E-/Z-U30MEPOB B PaCTBOPaX H3OUMHIOB.
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Abstract

A series ofnew polymerizable non-ionic and ionic surfactants (surfmers) with amides groups on both sides of the C=C double
bonds have been prepared upon reaction of maleic isoimide carrying a long alkyl chain (or a benzyl group) with a hydrophilic
amine derivative. Their critical micellar concentration (CMC) was measured with a surface tensiorneter, They have been engaged
inbatch emulsion polymerization of styrene, and serni-batch seeded copolymerization of styrene and butyl acrylate. giving stable
larexes during the polyrnerization process. and upon extraction with ethanol. showing a high rate of incorporation at the particle
surface. However these surfmers do nol confer good steric stabilization properties, which may be expected from the use of
non-ionic surfactants. To cite this article: 1. Klimenkovs et aL, C. R. Chimie 6 (2003).

© 2003 Acadérnie des sciences. Published by Editions scientifiques et rnédicales Elsevier'SAS. All rights reserved.
i

Une série de nouveaux tensioactifs non-ioniques et ioniques polyrnérisables (surfrnéres) de type diamide, avec des groupes
amides de chaque coté d'une double liaison. a &t préparée. Leur synthése implique la réaction dune iso-irnide rnaléique sur une
amine cornportant des groupes hydrophiles. tandis que Jiso-imide de départ comporte un groupe hydrophobe (benzyle. alJkyle li
longue chaine). Leur concentration micellaire critique (CMC) a é déterrninée par la mesure de la tension superficielle. lls ont
ete engagés dans la polyrnérisation en érnulsion du styréne en réacteur fermé, et dans la copolyrnérisation  ensernencée du styréne
etde Jacrylate de butyle. avec addition semi-continue des monoméres, Les latex obtenus sont stables durant la polyrnérisation ou
letest d' extraction par I' éthanol, ce qui révéle un haut degré d'incorporation lila surface des particules. Toutefois, ces tensioacti fs
ne conferem pas aux. latex les propriétés de stabilisation stérique habituellement observées avec les érnulsifiants non-ioniques,
Pour citer cet article : 1. Klimenkovs et aL, C. R. Chimie 6 (2003).

© 2003 Acadérnie des sciences. Published by Editions scientifiques et médicales Elsevier SAS. All rights reserved.
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1. Introduction

In the synthesis of latexes, useful in the production
of waterborne coatings (paints, adhesives, textile seiz-
ers, binders for paper coatings, etc.), the use of reactive
surfactants, and especially of polymerizable surfac-
tants (surfmers) allows a certain number of benefits, in
terms of latex stability and behaviour of the films when
exposed to water or moisture (less water rebound,
dimensional stability, maintenance of adhesive proper-
ties) [1-3]. Among these surfmers, maleic acid deriva-
tives have been shown to be rather close to the opti-
mum behaviour [4]. For that reason, our group has
engaged a rather systematic study of the chemistry of
maleic surfactant synthesis, together with their appli-
cation in emulsion polymerization, for the preparation
of polystyrene latexes and film-forming copolymers
[5-10]. This work has been reviewed recently [11].

The present paper is a continuation of this study,
using maleic diamide surfactants derived from the
chemistry of isoimides [12]. Recently, a family of
maleic acid diesters with hydrophilic and hydrophobic
groups has been successfully used as surfmers for
preparation of in-such-a-way stabilized latexes [5-10].
Replacement of maleic diesters by diamides seems to
be a promising goal because of the increased stability
of amide bonds against hydrolysis and increased hy-
drophilicity of amides by comparison with the corre-
sponding esters.

Conversion of maleic hemiamides (HA) into the
corresponding diamides demands an activation of the
carboxylic group before the amide bond formation.
The problem is similar to that in peptide synthesis.
Maleic isoimides (1, MII) might be regarded as an
alternative activated form to well-known mixed anhy-
drides, activated esters, and other popular intermedi-
ates for amide synthesis from their precursors — HA.
They might facilitate very much conversion of HA into
the desired diamides (3).

MII (1) are easy to prepare by cyclization reactions
of HA in the presence of water-consuming and activat-
ing reagents —dicyclohexyl carbodiimide (DCC), ethyl
chloroformate — triethyl amine, etc. Methods for pre-
Parative syntheses of MII with variable substituents at
nitrogen atom have become available recently [12].
Exploitation of MII in preparations of different maleic
acid diamides would permit to avoid or minimize un-
desirable side reactions — addition to C=C double
bond, isomerization to the corresponding fumaric acid

derivatives, etc. Therefore conversion of MII into new
maleic surfmers is discussed more closely in this paper.
The paper describes the synthesis of a number of such
diamides, with a variety of hydrophobic groups, as
well with a variety of hydrophilic groups. It can be
considered that this is a new and easier way to obtain
reactive maleic surfactants, the behaviour of which is
not far from the optimal, as shown by Schoonbrood
and Asua [4]. Some of these compounds have been
engaged in emulsion polymerization, after having
characterized their colloidal properties (CMC).

2. Experimental
2.1. Surfactant synthesis

2.1.1. N-Dodecy!l-N’-(2-hydroxyethyl)-maleic
diamide (3c)

Method A. 2-Aminoethanol (0.24 g, 4 mmol) in
DMFA (5 ml) was added drop by drop to the stirred and
cooled (-5...0 °C) solution of N-dodecyl maleic isoim-
ide (1a) (1.06 g, 4 mmol) in DMFA (10 ml). After
stirming at —5 °C for two more hours, the stirred mixture
was brought to room temperature and stirred for addi-
tional 2 h. DMFA was distilled off in vacuo, the residue
was recrystallized from acetonitrile. White crystals
(0.8 g, 62%) of 3¢ with m.p. 8889 °C were obtained
after drying in vacuo.

Method B. 2-Aminoethanol (1.83 g, 30 mmol) in
CH,CIl, (10 ml) was added drop by drop to the stirred
and cooled (-5..0 °C) solution of N-dodecyl ma-
leisoimide (1a) (7.96 g, 30 mmol) in CH,Cl, (20 ml).
After addition, the mixture was allowed to warm up to
room temperature and stirred for additional 2 h. Pre-
cipitate was separated and recrystallized from acetoni-
trile. White crystals (8.2 g, 84%) of 3¢ with m.p.
88-89 °C were obtained after drying in vacuo.

Other maleic diamides (3a-1) were prepared in a
similar way. Their chemical characterization is pre-
sented in Table 1, and their spectroscopic data in
Tables 2 and 3. Sugar derivative (3f) is prepared from
amino sugar salt in slightly different way, as described
below.

2.1.2. N-Dodecyl-N’-(2-dezoxy-2-D-glucosyl)-maleic
diamide (3f)

Method C. AN-Dodecyl maleic isoimide (la)
(2.65 g, 10.0 mmol) was added to a fine suspension of
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Table 1

Characterisation of the maleic diamides (3)

Compound Yield (%) m.p. (°C) Found (%) Formula Calc. (%)

3a 53¢ 67-69 73.85 10.00 7.4 CoHyN.O- 74.15 9.74 752

3b 31* 62-64 67.13 10.66 8.07 CoHuN2O; 67.02 1066 823

3¢ 62* 84=* 88-89 66.40 10.68 8.52 C,sHy,N.O, 66.22 10.50 8.58

3d 432 71 46438 64.52 10.63 7.52 C.oH,,N,0, 64.83 1034 756

3e 80** 4042 67.87 11.24 1171 CooHyyN,0, 67.95 112 11.89

3 20% 1o* 59.24 9.31 6.20 C,.HN.O, 59.44 9.07 6.30

3 9|* 92-93.5 57.54 891 1232 C,,H.pN-0, 57.87 8.83 12.27

3h - oil 55.70 8.67 1294  C,oH,,N.O, 56.06 8.47 13.07

Ji 50%oe* 103-105 55.89 8.70 13.03 C,oH,4N-O, 56.06 8.47 13.07

3k 62x%x 131-133 5347 4,93 10.33 C,-H,,CIN.O, 53.64 4.88 10.43

Notes: * in DMFA solution: ** in CH.Cl, solution; *** in diethyl ether solution: * with decomposition.

Table 2

NMR spectroscopic characteristics of the maleic diamides (3)

Compound  Solvent 13C NMR. & (ppm) 'HNMR. S (ppm)
Cc=0 C=C CONH-C CH,-O/CH,-N HC=CH HN-CH, NH-CH,

3a CDCl, 164.93 132.73 43.67 - 6.09* 8.62+ 3.27
164.83 132.36 39.93 7.87*% 4.55(Bz)

3b d,-DMSO 164.53 132.06 38.61 70.20 6.13* 9.46(1) 311
164.26 131.37 38.49 9.33(1) ~33

3 d,-DMSO 164.82 131.78 41.69 59.54 6.14 9,23 3.10
164.32 131.72 38.72 6.08 3.19

3d d,-DMSO 163.72 132,14 39.00 68.79 6.16* 9.55() 3.13
164.51 131.84 38.89 9.40(1) 3.33

3e d,-DMSO 164.61 131.81 38.59 57.60 6.13 9.28(1) 3.10
164.26 131.50 36.59 6.10 9.20(1) 3.24

3 de-DMSO+D,0  164.98 132.09 54.64 masked 6.19 ~9.15 3.09
164.64 131.95 6.11 32-38

3g d,-DMSO 164.96 13255 50.04 59.41 6.18 9.50(1) 296
164.35 131.17 41.68 6.13 9.09(1) 3.20

3h coal, 166.07 132.44 47.20 61.60 6.14 8.85() 3.87
164.24 132.39 42.70 6.09 8.25(d) 346

3 cDdl, 166.23 134.04 51.46 61.21 6.09 8.73(t) -3.45
164.34 131.20 4247 6.03 8.26(s)

I CD,0D 167.94 133.35 138.35 61.33 6.32 - -3.39
165.14 133.14 43.15 6.28

Notes: * as g broad singlet; ** as 2 overlapping triplets.

D-glucosamine hydrochloride (2.16 g, 10.0 mmol) in
dry dimethylformamide, cooled in ice bath. Triethyl
amine (1.4 ml, 10 mmol) was slowly added to the
Teaction mixture. The mixture was allowed to warm up
10 room temperature, and stirred 24 h at room tempera-
tre, then 5 h at 80 °C. Dimethylformamide was dis-
tlled off in vacuo to leave a dark viscous residue,
Which was recrystallized three times from acetonitrile-
tetrahydrofurane (with addition of charcoal) to yield
white-off powder of 3f (0.89 g, 20%) (Tables 1-3).

2.1.3. N-Dodecy!-N’-[2-(N-allyl-N,N-dimethy!-
ammonio)ethyl]-maleic diamide chloride (5a)

Solution of maleic diamide 3e (2.96 g, 8.7 mmol)
and allyl chloride (0.71 ml, 8.7 mmol) in acetonitrile
(15 ml) was kept at room temperature for two days and
then refluxed for 1 h. The hot solution was filtered and
the solvent was distilled off in vacuo. The residue was
triturated with dry ether to yield white-off powder of
5a(2.30 g, 62%). Compound Sb was obtained as sticky
oil in a similar way (Tables 4-6).
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Table 3
IR specrroscopic  characteristics ~ of the maleic diarnides (3)
Compound  Solvent IRS. V (cm™)
N-H =C-H amide 1 amide 1l
3a nujol 3310 covered 1635 1540
by nujol 1620
3b nujol 3280 3060 1670 1545
1620
3< nujol 3280 3060 1680 1550
3250 1630
3d film 3270 3060 1660 1550
1620
3e nujol 3290 3070 1630 1565
3090 1550
39 CHCI .« 3280 3060 1670 1565
1620
3h film 3270 3060 1670 1550
1620
3i nujol 3390 3060 1650 1565
3240 1620
3k nujol 3270 3080 1640 1560
1615

2.J.4. N-Ben7.yl-N' -{2-(N-ben7.yl-N,N-dimethyl-
ammonioietnyll-maleic ~ diamide chloride (Se)

Solution ofmaleic diamide 31(6.88 g, 25 mmol) and
benzyl chloride (3.0 mi, 25 mmol) in acetonitrile
(20 mi) was kept at room temperature for two days and
then refluxed for 1.5h, and left at room temperature for
one day. The solvent was distilled off in vacuo. The
residue was triturated with dry ether to yield white-off
powder of Se (6.25 g, 61 %), (Tables 4-6).

2.J.5. N-Dodeeyl-N' -(2-(N ,N,N -trimethylammonio)
ethyl}-maleie diamide 4-methyl benzene sulphonate

N
9.95
12.06
10.56
7.87
9.13
8.62

(5d)

Solution of maleic diamide 3e (3.1 g, 13.1 mmol)
and methyl 4-methyl benzene sulphonate (2.4 g,
Table 4
wpar clerislion of - . ) ki diides. (5. 2
Compound Yield m.p. (-C) _Fo_und (_h)

fis] c H
Sa 62" 10&-110 62.00 10.59
5b 68" oil 61.10 720
s 61" 17~177 65.93 7.28
5d 82" 230-232 6111 017
s 70" 90-91 59.15 6.73
ra 81" 220-222 58.45 9.41

82"
b 2% 14&-150 5.161 7.1

10.43

1. Klimenkovs et ai. I C. R. Chimie 6 (2003 | 1295-130-1

13.1 mmol) in acetonitrile (20 mi) was kept at room
temperature for seven days. The solvent was distilled
off in vacuo. The residue was carefully ground with
dry ether to yield, after drying in vaeuo, white-off
powder of Srl (5.8 g, 829'c) (Tables 4-6).

2.J.6. N-Benzyl-N" -[2-(N,N,N -trirnethylammonio)
ethyl|-maleic  diamide 4-methyl benzene sulphonate
(Se)

This compound was prepared in a similar way as Srl.

2.J.7. N-Dodecyl-N' -(2-{N,N-dimethyl-N-(  3-sulfo-
propyl) ammoniolethyll-maleic diamide (7a)

Solution of diamide isoimide 3e (1.0 g, 2.8 mmol)
and 1,3-propane sultone (0.3 g, 2.8 mrnol) in acetoni-
trile (8 mi) was refluxed for 2 h, cooled and kept at
-5°C for 24 h. A precipitate of 7a was obtained (I.I g,
819%). The compound 7b was obtained in asimilar way
(Tables 4-6).

The other reactive surfactant (dodecylmaleamide),
was prepared from maleic anhydride and linear C12
primary amine. according to [9].

2.2. Other materials

Most of the compounds used in the polyrnerization
were commercial products (Aldrich) used as received.
The monomers, styrene and butyl acrylate were dis-
tilled under vacuum and stored, before use, under ni-
trogen atmosphere. Non-reactive surfactants were ei-
ther sodium dodecyl sulphate (SDS) or ceryl trimethyl
ammonium bromide (CTAB). The initiators were. ei-
ther potassium persulphate (KPS) or the cationic 2.2'-
azobis (2-amidinopropane)dihydrochloride (AIBA).

2.3. Colloidal properties of the surfactants

(CMC) were
tension measurements by the

The critical micellar concentrations
determined from surface

_ Formula Calc. (%)
c H N
C=.,H.~.N,0=CI 6.1.23 10.31 9.77
C,.H=.NP=C1 611" 7.5 11.9.1
C==H=.N,0=C1 65.7.] 7.02 10.15
C;:7HaN)O,S 61.68 9.01 7.99
C==H""NP,S 59.04 6.53 9.39
C=)H.NP,S 58.07 9.5 8.83
C"H=7N,0,S 5.1.39 6.85 10.57

NOles:e in acetonitrile solution. al reflux ternperature during 2 h; u in dry diethyl ether solution al room ternperature during 2-1 h.
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Table 5

NMR spectroscopic characteristics of maleic diamides with quatemary ammonium groups (3, 7)

Compound  Solvent 13C NMR. 4 (ppm) 'H NMR, § (ppm)
C=0 c=C CONH-C CH, N HC=CH N*(CH),

Sa CD,OD 168.84 133.18 40.58 63.03 6.18 (s) 3.09(s)
166.62 131.76 34.39

5b CD,OD 168.81 133.44 44.29 63.05 6.28 (s) 3.10(s)
166.62 131.55 34.40

S¢ CD,0D 168.96 133.67 41.17 63.67 6.29 (s) 3.07(s)
166.55 131.29 34.52

5d CD,0D 168.75 133.10 40.56 65.64 6.21 (s) 318 ()
166.60 131.80 34.71

Se d,-DMSO 165.67 13248 4218 63.60 6.23 (s) 3.09(s)
164.22 129.99 33.05

7a CD,0D 168.72 133.02 40.59 64.31 6.23 3.17(s)
166.65 131.94 34.39 63.18 6.20

7b CcD,0D 168.81 133.40 417 64.41 6.28 (s) 3.14(s)
166.68 131.58 34.40 63.16

Table 6

IR spectroscopic characteristics of maleic diamides with quaternary
ammonium groups (5, 7)

Compound Solvent  IRS. v{cm™)
N-H =C-H amide I  amide 1

Sa CHCl, 3220 3030 1650 1550
1620

5b CHCl, 3280 3030 1670 1560
1630

Sc CHCl, 3220 3030 1660 1545
1630

Sd nujol 3240 3040 1670 1560
1620

Se CHCl, 3270 3030 1655 1545
1625

7a nujol 3250 3040 1645 1555

Wilhelmy plate method, using a KRUSS K 12 proces-
SOr tensiometer.

2.4. Styrene batch polymerization

In a typical experiment, the polymerization was
performed under nitrogen atmosphere at 70 °C in a
glass reactor equipped with a stirrer rotating at
315 rpm. The reactor was fed with water (160 g) and
Surfactant (0.4 g), and left for degassing for 30 min at
70 °C. Then styrene (40 g) was added, and the poly-
Merization was started upon introduction of 0.15 g of
_K:SZOS in 5 g of water. Samples were taken at time
Mtervals to determine the conversion by gravimetry
and follow the changes in particle size. In most cases,
the conversion of the monomer was completed after

5 h, and then the polymer was collected for further
characterization.

2.5. Core-shell latexes preparation

A seed of polystyrene latex was prepared at 70 °C,
under nitrogen atmosphere, in a 1-] reactor equipped
with a stirrer rotating at 250 rpm. It was fed with 900 m|
of deionized water containing 1.5 g of SDS and 1 g of
NaHCO,;, and 100 g of distilled styrene. The polymer-
ization was started upon the addition of 0.75 g of KPS
dissolved in 5 g of water. The conversion was com-
pleted in 20 h. The seed latex was then washed by
passing two times through ion-exchange resins. The
particle size of that monodisperse seed latex was 98 nm.

A similar seed with a particle diameter of 87 nm was
prepared using the cationic surfactant CTAB and the
cationic initiator AIBA.

About 0.5 g of surfmer dissolved in 75 g of deion-
ized water at 70°C were introduced in the reactor of
250 ml. 50 g of the seed latex was added. After degas-
sing under nitrogen, 2 g of a mixture of styrene and
butyl acrylate was added and the system was left over-
night at room temperature. After that swelling step, a
solution of surfmer and initiator was added, and the
temperature allowed to reach 70 °C, and the polymer-
ization was started by simultaneous addition of the
monomer mixture (2.4 ml min~') and a solution of the
remaining surfactant with 0.15 g of initiator. The addi-
tion was completed after 5 h. and then another portion
of initiator was added and the polymerization was
completed after 8 to 20 h. The amount of monomers
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added is calculated so that the targeted final size is
150 nm. Aliquot samples were taken from time to time
in order to follow the process, and the conversion was
determined by gravimetry.

At the end of the polymerization, the surface tension
of the latex was measured, using the same equipment
as that for the CMC analysis of the surfactants.

2.6. Polymer characterization

The amount of coagulum was determined upon fil-
tration of the latex using a sintered glass filter, and after
washing the reactor with tetrahydrofurane (THF); both
the THF solution and the product collected on the filter
were dried and the sum of the solids was taken as the
amount of coagulum.

Particle-size measurements were carried out by dy-
namic light scattering with Autosizer LO-C (Malvern
Instrument) giving the average size and the particle
size distribution. In a few cases, TEM micrographs
were also used.

Molecular weights were measured by Size Exclu-
sion Chromatography (SEC), using a Waters instru-
ment, Porapack gel filled columns, and polystyrene
calibration standards.

2.7. Latex stability tests

The latexes were tested for their stability versus
addition of electrolytes, addition of ethanol and versus
freeze-thawing cycles.

To 1 g of latex, 1 g of 0.1 M NaCl solution was
added. Flocculation was observed immediately if a
higher concentration of salt was used.

The ethanol test consists in adding to a volume of
latex an equal volume of ethanol, allowing desorbing
the organic species not firmly adsorbed or anchored
onto the surface of the particles. After this treatment,
the latex is diluted and the particle size is measured,
except if flocculation was observed.

For a freeze-thawing test, a small amount of latex
(1-2 ml) was kept at —20 °C for one day, and after
another day at room temperature the. flocculation was
observed, and, if not, the particle size was measured
and compared with the initial particle size of the laiex.

3. Results and discussion

3.1. Surfactants synthesis

Maleic isoimides (MI1. 1) are highly reactive interme-
diates in syntheses of various maleic acid derivatives.

Reactions of MII (1) with nucleophilic reagents -
amines or amino alcohols (2) would allow preparing a
set of corresponding maleic diamides (MD, 3) with
highly hydrophilic substituents at one of the amide
groups. MII (1) with hydrophobic substituents at nitro-
gen atom were used (Scheme 1) in order to introduce
hydrophobic part at the second amide group in the
planned surfmers — MD (3). These MD (3) represent a
new group of potential surfmers with variable
hydrophobic/hydrophilic balance caused by different
substituents at both nitrogen atoms. They are very
much more resistant against hydrolysis by comparison
with earlier described surfmers — maleic acid diesters
in alkaline media —, which is essential for copolymer-
ization reactions.

Reactions of MII with amines were carried out in
polar solvents, best of all DMFA or dichloromethane.
Low reaction temperatures (~0 -5 °C) are necessary to
avold undesirable side reactions (addition to the C=C
double bond, isomerization into fumaric acid deriva-
tives, etc.). Usually amines are added to maleisoimides
(1) solutions, but amines also can be generated in situ
from their salts, as 1t is demonstrated in case of prepa-
ration of an amino sugar derivative (3f) from its salt.

N-R
k HN-R' NH-R
o —5— e
2 NH-R
1 0 3
a) R=CHis  R'=CH,CH,
b)R=CH,s  R'=CH,CH,OCH,

¢ R=CyHy  R'=CH,CH,0H

O R=CiHys R = (CH,CH,0),H
e)R=C,H,;  R'=CH,CH,N(CH,),

f R=C,,H,;  R'= 2-dezoxy-2-D-glucosy!
9)R =neo-C,H,, R' = CH,CH,0H
h)R = sec-C,H, R'= CH,CH,OH
i R=ter-C,H, R'= CH,CH,OH
k)R = p-CIC;H, R'= CH,CH,OH
) R=CH,C¢Hs R’ = CH,CH,N(CH,),

Scheme |
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The obtained MD (3) have particular structure — both
their hydrophilic NH groups are placed next to poly-
merizable C=C double bond. It means that the C=C
double bond might be placed on phase surface or even
in water phase during the exploitation in polymeriza-
tion of these surfmers. Albeit yields of MD (3) are
variable (30-90 %), the method seems to be among the
best ones for large-scale preparation of maleic sur-
fmers, mainly due to higher stability of starting mate-
rials (MII) by comparison with other activated forms of
HA. Conditions of synthesis and characteristics of the
obtained MD are collected in Table 1.

Structures of synthesized MD (3) were conformed
by their NMR and IR spectra. Signals of protons at the
C=C double bond (J ~ 6.0...6.2), amide NH protons (6
~8.3...9.5), and those of CH,-N groups (6 ~ 3.1...3.4
ppm) differ substantially from the starting materials
(isoimides, 1). Coupling constants of protons at the
C=C double bond (J = 8...12 Hz) confirm the fact that
isomerization to the corresponding fumaric derivatives
has not taken place during their synthesis, provided
that reactions (Scheme 2) were performed on sufficient
cooling. In '*C NMR spectra of MD (3), the most

X-R'
HR e
NH-(CH,),-N(CH,), 4—\

séo
3 \
© 6

5a) R = C,Hy R'=

5b) R=CH,CiHy R'=

5¢) R= CHCH; R'= CH,CH,
5d) R = C,;H, R' = CH,

5e) R=CH,CH, R'- CH,

7a) R = C,Hy
7b) R=CH,C.H;

characteristic resonance signals are those of carbon
atoms in C=C double bond (131-134 ppm) and C=0
groups (164—168 ppm). IR spectra of diamides (3)
have the most characteristic intensive absorption bands
at 1615~1670 (amide I), 1540-1560 (amide II), 3250-
3310 (vy_) and 3060-3080 (v_c_y) em™. Spectral
characteristics of the MD are summarized in
Tables 2 and 3.

Investigated MD (3) contain short-chain alkyl
groups (R' in 3) with increased hydrophilicity, due to
the presence of extra hydroxyl-, ether- or amino-
groups in R'. Selection of the right group allows ob-
taining predictable balance between hydrophobic and
hydrophilic part of the surfmer molecule, which, in
turn, influences total surface activity of the surfmer.

Further increase of the hydrophilicity of some MD
(3) was achieved by N-alkylation of MD, provided that
they contain external amino group (3e, 31). Alkylation
with alkyl halides or sulphonates (4) leads to the cor-
responding ammonium salts (5) — cationic surfmers -,
while alkylation with 1,3-propane sultone (6) allows
preparing aminosulfonic acids — zwitterionic surfmers
(7). All alkylation reactions proceed in polar aprotic

0

NH-R
NH-(CH,),-N(CH),R' X

o 3
0
NH-R @
NH-(CH,),-N(CH,),-(CH,),-SO,
fo) 7

CHyCH=CH, X =Cl
CHyCH=CH, X=Cl

X = Cl
X = p-CH,C,H,SO,
X = p-CH,C,H,SO,

Scheme 2



1302 I Klimenkovs et al. / C. R. Chimie 6 (2003) 1295-130+4

solvents at 20...80 °C, and yields of the mentioned
ammonium salts (5, 7) are high enough for preparation
of these surfactants in preparative scale (Table 4).

Once more, prepared ionic surfactants (5, 7) were
characterized by NMR and IR spectra. Apart from
resonance signals of parent molecule protons (at C=C
double bond, of the group NH-CH,, etc.), '"H NMR
spectra of the ammonium salts (5) contain characteris-
tic triplet of CH,—~CH,—NR; group at ~3.4 ppm, but
zwitterionic derivatives (7) — signals at ~ 3.2 and ~
2.9 ppm of protons next to N and S correspondingly in
=N*"—(CH,);-S0;" group.'*C NMR spectra of 5 and 7
apart from resonance signais of C atoms in double
bonds have other characteristic signals of C atoms next
1o quaternary ammonium groups (~ 65 ppm). IR spec-
tra of the compounds (5) and (7) have strong character-
istic absorption bands of amide groups at 1620-1670
(amide I), 1545-1560 (amide IT) cm™', as well as those
of N-H bonds at 3220-3270 and =C-H bonds at 3030~
3040 cm™. Unfortunately, it is not easy to find some-
thing particular for the introduced hydrophilic groups
of 5 and 7 in these spectra. The most characteristic
spectral data of these ionic surfmers are collected in
Tables 5 and 6.

All examined maleic diamides (3, 5, 7) are efficient
surfactants indeed, and they also contain activated (by
Iwo amide groups) polymerizable C=C double bonds.

3.2. Colloidal properties

The CMC of the three classes of surfmers are re-
ported in Table 7, together with the values of the
surface tension at the CMC. The values of these CMC
are rather small, in between 1 and 10 x 107> mol I"%.
Such values are in the range of common non-ionic
surfactants, but they indicate a rather poor hydrophilic-
ity of the molecules, possibly because the hydrophilic
Moieties are rather short. However, the surface tension
values at the CMC, in between 25 and 50 mN m™'
indicate rather good surface activity.

Table 7

Colloidal properties of maleic diamide surfmers

Surfmer CcMC CcMC T y at CMC
(pmol ") (mgl™) (°C) (mNm™)

3d 82 278 2 287

K3 43 133 21 482

3 93 41 361

Ta 150 705 21 305

Sa 86 37 » 327

5d 130 99 2 447

80

70 |
60
50
40
30

20

surface tension, mN/m

10

0

3 25 -2 -1,5
loge

Fig. 1. Surface tension versus log ¢, for water solutions of the
non-ionic diamide surfmer 3d at 22.5 °C.

An example of determination of the CMC is shown
in Fig. 1.

3.3. Batch emulsion polymerization of stvrene

When applied in batch emulsion polymerization of
styrene. the non-ionic surfmers used alone without
co-surfactant are unable to cause high conversion of
the monomer in small polymer particles. In fact, they
are not able to provide a successful nucleation step in
the polymerization process. So it is needed to associate
with them an anionic surfactant such as SDS. As soon
as the surfactant system does include SDS, very good
results can be obtained: high conversion in a rather
limited time, with a narrow population of small par-
ticles and very little amount of coagulum. Most of the
surfactants remain attached or at least strongly ad-
sorbed onto the particle surface, as shown by the mea-
surement of the surface tension of the final latex, close
to the value of pure water. The replacement of SDS
with the reactive anionic surfactant HA12 gives the
same result. High molecular weight was obtained with
a broad distribution, as usual in emulsion polymeriza-
tion. These data are reported in Table 8, while a few
conversion curves are shown in Fig. 2.

Further data about the cationic surfactants (3) and the
zwitterionic surfmers (7) are also reported in Table 8. In
these cases, the ionic nature of the surfactants allows to
obtain an efficient nucleation, so that there is no need for
a co-surfactant. However. with the compounds Se and
7b, poor polymerization yields are obtained. The larger
particle sizes are an indication that the nucleation is
less efficient, but it seems that the main cause of these
poor results has to be found in the benzylic structure of
the hydrophobic part. It is well known that the benzylic
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Fig.2. Conversion versus time for barch ernulsion polymeriz:uion of
styrene, using the non-ionic diamide surfrner 3d alone (IKb4-2) or
together with SOS (\Kb4-3) or HAI:! (IKb4-4) as anionic co-
surfactants at 70°C.

groups are very sensitive, in radical polymerization to
transfer reactions, leading to delocalized radicals (in
the benzene ring) with low reactivity [13]. Otherwise,
when the hydrophobic part is an alkyl group, as in the
case of the previous non-ionic surfmers, the results of
the polymerization are very good, chiefly in the case of
the cationic surfmers, leading to even smaller particle
sizes. However the molecular weights are very smallin
the case of the cationic surfmers, most probably due to
the counterions. The zwitterionic compound 7a leads
to somewhat slower polymerization with larger par-
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ticle size, but again with high molecular
usual polydispersity.

weight and

3.4. Core-shell semi-batch seeded polymerization

A smaller number of surfmers with only alkyJ hy-
drophobic moiety were engaged in a seeded semi-
batch copolymerization. The corresponding results are
reported in Table 9.

In all cases, monodisperse particles with convenient
sizes have been obtained. The conversion is almost
complete, with very small amounts of flock. At the end
of the polymerization, it remains a significant arnount
of surface active compounds. This feature may be
surprising, because the conversions reach high values
in all cases. Most probably, because the reactivity of
styrene is somewhat higher than that of butyl acrylate.
the very surface of the partic les is composed chiefly of
butyl acrylate units, which have adsorption properties
quite different from polystyrene. This remark involves
idea that the contribution of the grafting of the surfmer
units should be limited as compared 10 the adsorption
of these surfmers. Such behaviour was already ob-
served in the case of surfmers derived from maleic
hemiesters [7]. Again, the molecular weights measured
in the case of the cationic surfmers are much lower and
polydisperse than of other polymers.

Table 8

Batch emulsion polyrnerization  of styrene (surfactant: 0.3 g, co-surfactant: 0.1 g. styrene/water: 20~. T=70°C, KPS: 0.15 g)
Surfaclam Co-surfactant D(N m) PDI Conv. (%) Coag. (1)  y(mN m- time (min) M'(x  10-)  mjm"
3d SOs 215 0.05 90.5 2A 723 300 275 37
Jd S0S 140 0.06 100 18 74 210

3d HAI2 141 0.08 100 14 728 180 352 3.2
3 SDS 179 0.06 100 2.2 73.6 240 723 51
3 SOS 128 0.07 94.5 0.9 747 210 1318 42
39 SOS 82 0.08 100 18 73.3 180 259 4.7
5d 95 0.04 99.7 16 72.6 170 8.8 17.4
e 178 037 76 300 56 24.6

Sa 88 0.06 99.7 13 736 180

7 199 0.05 99.9 18 73.8 270 200 38
b >W0 10 % 390

Table 9

=ded _ semi-batch ernulsion copolymerization of ai: | rnixture of styrene and butyl acrylate

=fmer D(Nm) PDI Conv.(~) Coag. (9'c) Surface tension (MN m-% M,,(x 10-) M.IM"
3d 152 0.04 97.8 0.8 64.9 198 U

% 149 0.04 94.7 2.1 64.7 140 48

5d 175 0.06 95.9 13 60.1 167 238
5a 170 0.05 97.9 16 60.1 9.7 43

7 149 0.05 99.3 0 65.1 161 46
—



1304 1. Klimenkovs et al. / C. R. Chimie 6 (2003) 12951304

°\°,. 80 1 - = a2t
5 | ¢ N
w 60+ . " & conv,glob
o . . .
% 40 - B conv, inst
© 204 o

0 -

0 2 4 6
time, h

Fig. 3. Core-shell seeded emulsion copolymerization of styrene/
butylacrylate (1:1) using the zwitterionic surfmer 7a: conversions at
70 °C (instantaneous and global) versus time.

Fig. 3 shows an example of conversion curves (both
instantaneous and global) in the semi-batch copoly-
merization process.

3.5. Latex stability

All the latexes remain stable upon addition of 0.1 N
solutions of NaCl, but floculate if higher concentra-
tions of electrolytes are used. They also resist to the
addition of ethanol. However freeze-thawing tests
cause floculation in all cases. In our previous work [9],
using derivatives of hemiesters, similar results were
obtained, except in one case in which a zwitterionic
surfmer was shown to pass successfully the freeze-
thawing test.

4. Conclusion

A series of polymerizable surfactants derived from
the reaction of maleic isoimides containing a hydropho-
bic group (alky! or benzyl) have been prepared. Maleic
isoimides can be regarded as activated forms of maleic
acid hemiamides useful for conversion of the last into
maleic diamides — polymerizable surfactants (sur-
fmers). Application of amines with different hydrophi-
licity allows varying the ratio between hydrophilic and
hydrophobic parts of the surfmers. Hydrophilicity of
maleic diamides can be further amplified by alkylation
of external amino groups of the aminoalkyl diamides
with alkyl halides, alkyl tosylates or 1.3-propane sul-
tone. They belong to the classes of non-ionic, cationic
Or zwitterionic surfactants. Selection of them is deter-
mined by their colloidal properties, in view to be en-
2aged in emulsion polymerization experiments. Their
CMC is within the usual range of many usual surfac-

tants. When the hydrophobic group is a long-chain
alkyl group, good results are obtained, as well in batch
polymerization of styrene, as in core-shell-seeded
semi-batch copolymerization of styrene and butyl acry-
late. Almost complete conversions are obtained in con-
venient times (few hours), with production of rather
monodisperse particles of diameter in the range 80—
200 nm, and very few, if any, coagulum. In batch poly-
merization of styrene, all the surfmers are either grafted
or strongly adsorbed onto the particle surface. This
adsorption is somewhat more limited in the case of
core-shell copolymers, because the very surface of the
corresponding particles is believed to include chiefly
butyl acrylate units. The resistance of all these latexes
to the main stability tests is rather disappointing.
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Surface-active substances (SAS) capable to polymerize are of interest
due to their ability to bind covalently with the particles of dispersed phase. Such
a binding is realized easily at copolymerization of vinyl and acryl monomers
with surfactants containing C=C double bonds capable to polymerization.
Added surfactants cause the increase of the surface tension between the
particles of polymer and solvent and form emulsions stable to influence of the
polymerization medium — of temperature, acidic and basic solutions, etc. From
such a point of view. maleic acid derivatives — diamides and amidesters —
seem to be perspective SAS. These derivatives are produced using the cor-
responding maleic isoimides which can be considered as an activated form of
hemiamides containing different substituents at the nitrogen atom [1, 2]. So
elaboration of analytical methods are of current interest along with synthesis of
the above compounds. One of the most perspective analytical methods 1s high-
performance liquid chromatography (HPLC). The study of HPLC behavior of
recently synthesized compounds belonging to the mentioned class is not carried
out till now. In [3. 4] the conditions of chromatographic analysis of simple
maleic acid derivatives are considered and similar compounds are analyzed on
functional groups [3]. ’

The classical surfactants possess a diphilic nature: one part of the molecule
consists of hydrophobic and non-polar alkyl groups, the other — of polar
functional groups. Such compounds are better chromatographed in the reverse-
phase system applyving silica with chemically bonded alkyl groups as the
sorbent. It is worth to mention that the molecules of investigated SAS also
contain chemically bonded alkyl groups. Separation of the adsorbed compounds
under the HPLC conditions is possible if their hydrophobic activity is different.

The present work concerns determination of sorption characteristics and
general regularities of maleic diamides in which molecules one nitrogen atom is
bonded to a polar group, but the other — to a non-polar alkyl group. Measu-
rements of sorption characteristics have been performed using Nova-Pak C18
and Nucleosil 100-5 C18 columns that contain octadecylsilica, and aqueous
solutions of methanol, acetonitrile and tetrahydrofuran of various concentrations
have been used as the mobile phases.

EXPERIMENTAL

Chromatographic analyses have been performed on the liquid chromatograph Yanaco L
20002L including the pump PN-101, manual sample introduction system R/eodjne (dosage loop
volume 100 pl) and detector — UV/VIS spectrometer UV-123. [socratic clution system was uscd.
Measurcments were performed using the Yanaco data handling system System-1000 with YR-201

in
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recorder. The reverse-phase column Nova-Pak C18 (4.6x150mm) loaded with octadecylsilica
{particle diameter S5pm) was used.

The analogous measurements were made applying a reversc-phase column Nucleosil 100-3
C18 (4.0x125 mm) with the equipment described in [6].

Chromatographically pure solvents: methanol, acetonitrile, tetrahvdrofuran and water solutions
of them (concentration range 50—90%5) were used as mobile phascs. Degasification was realized
using an ultrasound bath SOLUX. The chromatographic bands were dctected with an UV detector
at wavelength of 254.0:0.1 nm, mobile phase flow rate was 1.00£0.05 ml/min through the
Nucleosil C18 column and 0.50£0.05 ml/min through the Nova-Pak Ci§ column. Sample volume
was 10 pl (concentration of sorbate solution in the mobile phase amounted to 0.1—1.0% by
mass). The maximum error for retention time determination did not exceed £0.1 min, that for
capacity factor £0.05. Capacity factors ¥’ were calculated according to the formula:

K=(tg— to)/to

where t; stands for retention time of the analyte, 1, — retention time of non-sorbing compound
(KNO3).

RESULTS AND DISCUSSION

All compounds (formulas see below) were synthesized in the Latvian
University and their composition was confirmed by the H' NMR spectroscopy

[7].
0 0O

| NHC ,H,q | NHCH,CH,OH
I NH-R 11 NH-R

O O
IR 1 —CH;CH:OH. 2 —CH:CH:OCH:CH:OH, 3 —_CH;CH_’OCHJ; 4 —C(CHzOH)J. 5 —CH:CgHj;
6 ~CH;CH:N"(CH3):(CH:)S057;
HR 7 -CHiCl; 8 -CH(CH;)CH.CH,.

Capacity factors of the investigated substances obtained using the mobile
phase of different composition are presented in Tables 1, 2, 4. Their values indi-
cate that large values of X’ are characteristic of the most of the studied compounds
if the methanol concentration in the mobile phase falls under 80%. The interval
of 10>£>1 is optimal for analytical purposes and this is why the mobile phase
containing high per cent of organic additive is necessary for elution of the
studied sorbates. The elution order of compounds from the Nova-Pak C18
column with aqueous methanol solution does not depend on the composition of
the mobile phase; considerable changes of it are observed only if the water
content in the mobile phase is small, particularly in the case of diamides 7 and
4. The maximum K’ values are characteristic of diamide 5 that contains highly
hydrophobic substituents — dodecyl and benzyl groups — due to interaction of
adsorbate molecules with non-polar adsorbent. When hydrophobic carbon chain
Ci2 is replaced by hydroxyethyl group, retention time decreases jumpwise
evidently due to intensification of interaction with molecules of the eluent. This
is why diamides containing more polar and less or non-polar substituents pos-
sess small &’ values. If CH;0H content exceeds 80%, in the series of dodecyl-
diamides the sorbate 4 is eluted first. It contains three hydroxyl groups and is
less hydrophobic by comparison with the other substances. Surface activity of
maleic diamide salts could be larger than that of maleic diamides themselves be-
cause they contain non-polar as well as very polar groups. Possibly this is the
reason why diamide salt 6 is eluted from the column before compound 4.
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Table |

Capacity factors &’ of maleic diamides, measured on columns with Nova-Pak C18 (A)
and Nucleosil 100-5 C18 (B); mobile phase — methanol-water solutions

Content of methanol in mobile phase, ¢ (% vol.)

Sorbate 50 60 70 80 90
A B A B A B A B A B
1 - - 77.8 209 7.38 4.79 4.08 1.91 1.75 1.00
2 - - 374 18.2 7.54 6.31 4.57 2.19 1.76 1.10
3 - - 145.0 363 31.00 10.70 6.16 2.51 235 1.00
4 - - 316 12.3 1090 5.13 3.07  4.11 1.46 2.29

5 - - - - §8.10 21.40 25.30 4.57 3.47 3.89
6 - 49.0 303 14.5 3.88 5.50 231 2.45 1.36 1.86
7 1.83 1.66 1.02 1.10 0.68 1.00 0.29 0.85 0.27 0.66
8 1.29 .02 035 0.65 0.22 0.62 0.16 0.54 0.23 0.51
Table 2
Capacity factors &', measured on column with Nucleosil 100-5 C18,
and acetonitrile-water solutions as mobile phases
Content of acetonitrile in mobile phase, ¢ (% vol.)
Sorbate
40 43 50 55 60 70 &0 %0

1 20.0 12.0 6.46 5.89 4.07 2.88 275 2.29
2 275 13.8 10.0 6.61 4.17 3.31 2.63 1.66
3 288 157 15.1 11.80 6.76 3.98 2.69 1.95
4 11.0 6.61 4.79 3.63 251 1.95 .74 1.66
5 63.1 39.8 43.7 -26.30 13.50 6.46 5.01 2.19
6 10.0 5.25 3.89 3.24 2.57 2.40 2.04 1.58
7 115 115 0.95 0.89 0.83 0.81 0.65 0.63
8

0.79 0.74 072 072 0.72 0.71 0.69 0.60

Similar behavior of diamides is observed with the Nucleosil 100-5 C18
column in CH;CN / H,O. The mentioned order of elution of compounds is
preserved when CH;CN concentration is 55% and higher. Yet at 90% content of
CH;CN compound 4 is eluted after compound 8, possibly due to the longer
alkyl group that causes stronger interactions with the hydrophobic part of the
sorbent. In this concentration range, the maximum retention time is charac-
teristic of dodecyldiamide 1 followed by diamides 5, 3 and 4, 2.

The observed linear relations (see Fig. 1) between lg &' and lg @cy,en (vo-
lume fraction) and their slopes indicate very different sorption of analytes in the
organic (hydrophobic) part of stationary phase. The lg &’ values tend to decrease
linearly along with the increase of content of organic additive in the mobile
phase at ¢ = 40—100% for maleic diamides 1, 2, 4, and 6, and this fact in-
dicates the decrease of interactions with bonded organic phase of the sorbent.
Capacity factors of compound 7 and particularly 8 do not depend on the con-
centration of organic additive in the mobile phase, in contrast with capacity
factors of other compounds. Such a behavior of compounds 7 and 8 allows us to
assume that at @cu,cx > 70% these substances are sorbed equally poorly regard-
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less on CH;CN concentration in the mobile phase. consequently they behave in
a different way than usually in conditions of HPLC.

Maleic diamide existing in the form of salt (6) is sorbed more difficultly in
the organic (hydrophobic) part of sorbent when acetonitrile is used as organic
additive. It seems that a buffer solution could be used for analysis of such

maleic diamides.
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Fig. 1. Dependence of capacity factors (lg &') on content of acctonitrile (Ig Ocp;cex) for investiga-

ted derivatives of diamides of maleic acid. Maleic dodecyl diamides: / — 2-hydroxyethyl,
2 — 2-(2’-hydroxyethoxy)ethyl, 3 — 2-micthoxyethyl, 4 — tris(hydroxymethyl)methyl, 5 — ben-
zyl, 6 — 2-[N,N-dimethyl-N-(3-sulfopropyl) ammonio]ethyl; maleic 2-hvdroxyeihyl dizmides:

7 — p-chlorophenyl, & — sec-buty]
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Fig. 2. Dependence of capacity factors (Ig ") on concentration of methanol (Ig ©cg,on) in mobile
phase for investigated derivatives of maleic acid. Maleic dodecyl diamides: / — 2-hydroxvethyl,
? — 2-(2'-hydroxyethoxy)ethyl, 3 — 2-methoxyethyl, 4 — tris(hydroxymethyl)methyl,

5 — benzyl, 6 — 2-[N,N-dimethyl-N-(3-sulfopropyl) ammonio]ethyl; maleic 2-hydroxvethyl
diamides: 7 — p-chlorophenyl, 8§ — sec-butyl

With Nucleosil 100-5 C1S column and system methanol-water as a mobile
phase the retention pattern is different, and the capacity factor values are
reduced, in the case of diamides 1—+ 1n particular. Values of lg & decrease
most rapidly in the case of diamides 2 and 6. in turn the least slope of the
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relation graph is characteristic of compounds 7 and 8 (Fig. 2). The obtained
results show that with mobile phases containing acetonitrile as well as metha-
nol, maleic diamides containing longer alkyl chains fit better to relation usually
observed in conditions of reverse-phase chromatography. Linear correlation
coefficients and coefficients of linear equation Ig X’ = a ¢ + b depending on ace-
tonitrile and methanol content in the mobile phase are arranged in Table 3.

Table 3

Characteristics of linear equation Ig &' = a ¢+b, determined on column

with Nucleosil 100-5 C18 and solutions of acetonitrile and methanol

in water as mobile phases

a b r
Sorbate TN | CH,OH | CHCN | CH,0H | CHCN | CHOH

1 -2.601 ~7.747 5.333 15.06 093 0.990
2 -3.259 -7.342 6.347 14.34 0.97 0.994
3 -3.592 -9.418 7.272 18.36 0.99 0.991
4 -2.354 -3.291 4.701 6.957 0.93 0.491
5 —4.188 -7.400 §.592 14.92 0.96 0.976
6 -1.977 -5.876 4.017 11.64 0.90 0.990
7 -0.788 -1.469 1.332 2.698 0.95 0.960
8 -0.239 -1.131 0.274 1.886 0.76 0.876

When methanol is used as organic additive to the mobile phase, the & values
of the analyte are optimal at 60—70% methanol content. In turn, when
concentration of methanol in eluent is reduced to 40—50%, &’ values are con-
siderably increased and this fact makes difficult the analysis of maleic diamides.

Regarding the column efticiency for analyzed compounds, the higher effi-
ciency can be reached replacing methanol by acetonitrile. When acetonitrile is
used instead of methanol and flow rate is elevated up to 1 ml/min, the &’ values
are considerably decreased and chromatographic bands are simultaneously nar-
rowed. Methanol content of 60—70% corresponds to 50—60% of acetonitrile
content.

Practically the smallest &’ values are characteristic of diamides 7 and 8 with
short substituent chains in all the mobile phases studied. Short alkyl chains
enable strong interactions with the polar mobile phase. Besides, these diamides
contain less hydrophobic substituents — chlorophenyl or isopropyl groups in
contrast to the other analytes.

Dependence of capacity factors of maleic diamides on tetrahydrofuran con-
tent in the mobile phase (Table 4) shows that this organic additive to eluent 1s
not convenient for analysis of maleic diamides because poorer separation of the
main compound from admixtures was observed with it. When comparing the
results obtained for various compounds, a relation can be observed between the
capacity factor values and concentration of tetrahydrofuran in the mobile phase
bearing evidence of sorption of maleic diamides in the organic (hydrophobic)
part of stationary phase. Capacity factor values of diamides 2, 3, 7 decrease
along with the increase of content of organic additive in eluent. Such a relation
allows to assume that these analytes follow the common sorption regularities
characteristic of reverse-phase HPLC also when tetrahydrofuran is used as
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organic additive to the mobile phase. Exceptions are compounds 7 and 8. Their
capacity factors depend on tetrahydrofuran content in the mobile phase only
slightly. Maleic diamides containing hydroxy group in the side chain are sorbed
better, and they follow to the reverse-phase chromatographic sorption rule —
capacity factor values increase on the decrease of content of organic additive in

the eluent.

Table 4
Capacity factors k', measured on column with Nucleosit 100-5 C18 and
solutions of tetrahydrofuran in water as mobile phase
Content of tetrahydrofuran in mobile phase, ¢ (vol. %)
Sorbate
60 70 80 90

2 0.98 0.79 0.69 0.62

3 0.85 0.85 0.72 0.62

7 0.79 0.60 0.60 0.62

8 0.66 0.62 0.62 0.63

Efficiency of the Nucleosil 100-5 C18 column was studied and characterized
by the theoretical plate number depending on the amount of organic additives in
the mobile phase under equal conditions of chromatographic analysis (content
of organic additives in eluent, temperature, flow rate). In general the CH,CN-
containing eluent provides more efficient analysis and higher theoretical plate
number N (Fig. 3). In the case of analysis of diamide 6 the column theoretical
plate number increases along with the increase of content of organic additive in
the mobile phase. The opposite relations are observed for analyses of com-
pounds 4 and 8: the theoretical plate number of column decreases with elevation
of acetonitrile content in the eluent from 40 to 60%; it reaches the minimum
value with respect to compounds 2, 4 in the concentration range Qcy,cn = 60—
80%. For compound 8 the column efficiency does not depend on the acetonitile
volume fraction in the eluent and amounts to 900—1100 theoretical plates.

If content of organic additive in the eluent 1s maximal (¢cy,en = 80—100%)
the column efficiency with respect to compound 6 rapidly decreases (Fig. 3).
The column theoretical plate number with respect to compound 3 is of mini-
mum value at 70% content of acetonitrile in eluent. The efficiency of column
decreases in the case of analysis of diamides 1, 2 with the increase of aceto-

"nitrile content in eluent (chromatographic bonds are broadened).

Similar regularities are observed with methanol as additive to the eluent
(Figure 4). For diamides 7 and 8 the theoretical plate number is increased only
slightly with the increase of methanol content in the eluent. For compound 1 at
QOcron = 55—60% N remains unchanged but at @cp,on = 60—70% it rapidly
increases and reaches the maximum value at @cu,on = 65—75%. In tum, for
diamides 6, 1, 3, 4 N reaches the maximum value at @cy,on = 60%.

In general the following relationship is observed: the column theoretical pla-
te number decreases with the increase of methanol content in the mobile phase.
As the theoretical plate number is characteristic of column efficiency, one can
conclude that the column efficiency is maximal in the @cu,on range of 60—
70%. The efficiency of the octadecylsilica column is considerably lower with
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respect to maleic diamides (1000—2000 theoretical plates) than the corres-
ponding values obtained with the test mixture (toluene, benzanilide, 4-bromo-
acetanilide) amounting to 10000 theoretical plates.

4000

O L] L} T R L]
40 50 60 70 80 c0

QCHCON

Fig. 3. Dependence of efficiency (number of theoretical plates) of column with Nucleosil 100-3
CI1S on content of acctonitrile in mobile phase. Maleic dodecyl diamides: /—- 2-hydroxyethyl,
2 — 2-(2’-hydroxvethoxyicthyl. 3 — 2-methoxvethvl, + — tris(thydroxymethyl)methyl,
J — benzyl, 6 — 2-[N.N-dimethvl-N-(3-sulfopropyl) ammonio]cthyl; maleic 2-hydroxvethyl
diamides: 7 — p-chlorophenyl. § — see-butvl

20C0

1500
1000 A
500 4
‘>\H'—q——l
0 T T T T T ,
60 63 70 75 &0 83 90

PcH;y0H

Fig. 4. Dependence of number of theoretical plates on column with Nucleosil 100-5 C18 on
content of mcthanol in mobile phase for investigated diamides of maleic acid. Maleic dodecyl
diamides: / — 2-hvdroxycthyl, 2 — 2-(2’-hydroxyethoxy)ethyl, 3 — 2-methoxyethyl,
4 — tristhydroxymethyl)methyl, 5 — benzyl, 6 — 2-[N,N-dimethyl-N-(3-sulfopropyt)
ammonio]ethvl: maleic 2-hydroxyethyl diamides: 7 — p-chlorophenyl, 8 — sec-butyl

Comparison of &' values obtained with reverse-phase columns for various
maleic diamides shows that each of them ts characterized by slightly differing
sorption properties. This phenomenon is possibly related to the different organic
phase content and various concentrations of the free silanol groups in the
studied sorbents.
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Conclusions. 1. Reverse-phase  high-performance hiquid chromato-
graphy with octadecylsilica as sorbent and water solutions of methanol and
acetonitrile as mobile phase can be used for analysis of polymerization-capable
surface-active maleic diamides.

2. Large values of & are characteristic of sorption of substances under study.
Capacity factor values depend on the ratio of polar and hvdrophobic groups in
the maleic diamide molecules. For successful analysis of the latter high con-
centrations (>380%) of organic additives are necessary.

3. The efficiency of the studied reverse-phase columns depends on the
properties and concentration of organic additive. The system efficiency is con-
siderably lowered with respect to maleic diamides (500—3000 theoretical
plates) when comipared with that for the test substances (10000 theoretical
plates).

4. Various octadecylsilica-containing columns can be of ditferent selectivity
with respect to polar maleic diamides containing several —OH groups. The
quaternized maleic diamides possess the sorption characteristics like those of
neutral ones — their sorption parameters depend on the volume fraction of
organic addiuve in the mobile phase.
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J. Kviesis, P. dMekSs, A. Zicmanis,
- I. Klimenkovs, J. Leicinaite, J. Amelina
MALEINSKABES DIAMIDU SORBCIJAS PETIJUMI

APGRIEZTAS FAZES AUGSTEFEKTIVAS SKIDRUMU
HROMATOGRAFIJAS APSTAKLOS

KOPSAVILKUNMS

Darbs velitts tidu maleInskibes diamidu sorbeijas raksturlielumu no-
teik3anai un to vispargjo likumsakaribu izpétei, kuros viens no slipekla ato-
miem Ir saistlis ar poliru grupu, bet otrs — ar nepoldru alxilgrupu. Sorbeijas
raksturlielumu mérfjumit veiktt ar oktacdecilsilikagelu saturo3Zm kolonnam
Nova-Pak C18 un Nucleosil 100-3 CI8. par kustigdm t3izém 1zmaniojot dazida
sastiva meianoela. acetonitrila un tetranidrofurina Gdens skidumus.
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H. Ksnecuic, I'l. Mertue, A. 3ituataniic,
. Kauastenrosc, E. Jleityynaiite, HO. Astennna

H3YYEHHE COPBLIHU AHAMILAOB MAJEHHOBOI KHCI0THI B
YCJ/IOBISIN OGPALWLEHHO-®A30BOI BLICOKO3OOEKTIHBHOM
KIHIKOCTHOI1 XPOMATOIPA®IIN

PE3IOME

OnpeaeneHbl XapaKTEpHCTUKH CcOpOUMH M M3yueHbl WX obuue
3JAKOHOMEPHOCTH A1 AHAMMIOB Majl€HHOBOH KHC/IOTBI, COAep:KALUMX [1014p-
Hble FPYMNbI y OJHOrO aTOMa a30Ta M HeronspHble afiKHIbHbIE TPYNMbl — Y
apyroro. UssepeHiis yaepiknBaHHA nposeleHsl Ha KonoHkax Nova- Pak C18 u
Nucleosil 100-5 C 18. coxepaalunX oKTaIeUHACHIHKAre b, NpHYeM B KauecTse
NOABHKHOM (pa3bl HCMOIb30BAHBI BOIHbIE PACTBOPbI METAHONA, aLETOHWTPH A
H TeTpariapodyvpana.

lesniegts 16.10.2003
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Reactions of Maleisomides with Alcohols
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ABSTRACT

New surfactants (surfmers) with various amide and ester groups next to C=C double
bonds have been obtained. Maleic acid amidesters (AE) with different hydrophobic
groups at the nitrogen atom and hydrophilic substituents at oxygen atoms were
synthesized starting with maleic isoimides. "H KMR and IR spectra were used for
their characterization. Some were further characterized for their critical micellar
concentration (CMC). A few cationic and zwitterionic surfmers were also prepared
from isoimide precursors and characterized. All these surfmers were applied in batch
emulsion polymerization of styrene, and in core-shell seeded copolymerization of
styrene and butylacrylate to give latexes with better stability than analogous

compounds prepared from hemiesters (HE) of maleic acid.

Key Words: Surfmers: Maleic acid; Amidesters; Surfactants; Emulsion polymeriz-
ation; Styrene; Butylacrylate; Batch, core-shell.

INTRODUCTION

Polymerizable surfactants (surfmers) have been pro-
Posed for improved stabilization of latexes by covalent
binding onto the latexes bead surfaces. This binding
'esults in increased resistance against extreme con-
ditions.!' ~* Maleic acid diesters and amidesters (AE)
have been recently examined for this purpose, because
Qf their preference for entering co-polymerization reac-
lons with monomers instead of homo-polymerization.
AS the result, better distributions of surfmers in

-

co-polymer chains and on polymer bead surfaces is
achieved.!! 19

Promising results obtained in the stabilization of
latexes have encouraged us to examine new AE candi-
dates wherein the hydrophilic and hydrophobic parts
are connected to the maleic moiety oppositely to those
described earlier. AE obtained from maleic hemiesters
(HE) have a hydrophilic tail at the amide nitrogen
atom, while compounds proposed in this paper, contain
a hydrophobic tail at the amide nitrogen. Hydrophilicity
is imparted via a hydrophilic ester group.

'Correspondence: A. Guyot, CNRS-LCPP. CPE-LYON. BP 2077, 69616. Villeurbanne. France; E-mail: aguyot@lcpp.cpe.fr.
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Conversion of HE into the corresponding AE
demands an activation of the carboxylic group before
ester bond formation. Activated compounds are very
reactive and therefore sensitive towards temperature,
moisture, etc. Conversion of maileic acid hemiamides
(1) into the corresponding maleisoimides (2.MII) is
facilitated by several reagents (see Sch. 1). These MII

Klimenkovs et al.

(2) are more stable compounds by comparison with cor-
responding activated esters and. therefore, might be used
as an alternative activated form for mixed anhydrides,
activated esters, etc.

MII (2) are readily available precursors for syntheses
of various maleic acid derivatives. cyclization reactions
of maleic acid hemiamides provide preparative yields

H-N-R X
NH-R _
Route 1: | _HX _HO-R'__ | NH-R  R=C,Hy;
OH O-R' 4a) R!=CH,CH,
4b) R!=CH,CH,0H
O, 3 4 4c) R!=CH,CH,0CH,CH,0H
) 0
J\NH-R k HO-R!-N(CH,). NH-R
Route 2: | _— ‘ — ‘
OH K) O'R 'N(CH_';_):
1 © 2 O 4
4d) R!=CH,CH,
0 4e) R'=CH,CH,0CH.CH,
NH-R
+
O-R-N(CH)), X~
0
0 -
NH-R 5
O-R'-N(CH,), \
(..° 0
SO
O 2
4
= | NH-R
O-RI-N(CH,),(CH,),S0;
O 6
R=C,.H, R=C,,Hy;
X = H5c~®—503 X = CH,0S0,
ad). Sa), 6a) R'=CH,CH, 5¢) R!=CH,CH,

de), 5b), 6b) R! = CH.CH,0CH,CH,

5d) R'=CH,CH,0CH.CH.

Scheme [.
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of MIL" Therefore, conversion of M1l into new surf-
mers—AE is discussed more closely in this paper, as
well as applications of a few of them in emulsion poly-
merization. Their performance in such applications is
compared with similar products obtained after activation
of HE by more conventional methods.!*!

EXPERIMENTAL
Reagents and Materials

Dicyclohexyl carbodiimide (DCC), ethyl chlorofor-
mate, and triethyl amine were obtained from Aldrich.
Solvents (from Aldrich) were further purified before
use. Dichloromethane and diethyl] ether were dried on
molecular sieves (4 A beads. 8~-12 mesh, from Aldrich)
and distilled before use.

NMR spectra were obtained on a Mercury 200
{Varian) instrument. IR spectra were recorded on Perkin
Elmer 580 B.

Ethy] V-Dodecy] Maleamate (4a)
Method A

Trifluoromethanesulfonic acid (6.6 mL. 7.5 mmol}
in dry ether (5mL) was added dropwise over half an
hour to N-dodecyl maleisoimide and anhydrous ethanol
(4.4 mL. 7.5 mmol) in dry ether (10 mL). and cooled to
~20°C. The mixture was stirred at this temperature for
an additional hour and allowed to stand at —10°C for
24hr. The solution was filtered off and washed with a
10% solution of potassium hydrogen carbonate, water.
and a saturated solution of sodium chloride. The organic
phase was dried for half an hour with 4A molecular
sieves. and the solvent was distilled off in vacuo to
vield a white powder of 4a (1.71 g. 74%) with m.p.
35.5-57°C. '"H NMR (d,-DMSO, 200 MHz. 8, ppm):
0.85 (. 3H. CH;): 1.20 (1. 3H. CHi): 1.24 (m, IS8H. -
(CHa)g~): 1.41 (m. 2H. —=CH-): 3.07 (dt. 2H. N-
CHy-): 4.10 (g. 2H. O-CH.-): 6.18 (d. IH.
J=118Hz. -CH=CH-): 620 (d. IH, J=
1.8 Hz. ~-CH=CH-): 8.13 (1. IH. -NH-).

Method B

The only difference from Method A is that trifluor-
Oweetic acid was used in place of trifluoromethane sulfo-
e aeid.

N-Dodecyl Maleisoimidium
Perchlorate (3a)

A solution of 70% perchloric acid (5.6mL.
63mimol) in acetic anhydride (9 mL) was added over
half an hour with cooling to a slurry of N-dodecyl maleic
hemiamide (10.1g. 36mmol) in acetic anhydride
(25 mL). The solution was stirred in an ice-water bath
for an additional half an hour. The precipitate was filtered
oft, washed thoroughly with dry ether and dried in vacuo
to yield white powder of 3a (11.0 g. 85%) with m.p. 92—
93°C. It was used immediately for the syntheses of AE
without further purification.

2-Hydroxyethyl N-Dodecyl
Maleamate (d4b)

Method C

N-Dodecyl maleisoimidium perchlorate (8.0¢.
22mmol) in dry dichloromethane (~60mL. the per-
chlorate failed to dissolve completely) was added over
1 hr to anhydrous ethylene glyvcol {13.6¢. 220 mmol) in
dry dichioromethane {20 mL). This solution was stirred
tfor 24 hr and washed with 79% NaHCO;. water, and satu-
rated NaCl solution. The organic phase was dried with
4 A molecular sieve for 24 hr, and the solvent was evap-
orated in vacuo. The residue was recrystallized from
acetonitrile to yield a white powder of 4b (4.1 g. 57%).
m.p. 59- 60°C.

2-(2’-Hydroxyethoxy)ethyl N-Dodecy!
Maleamate (d¢)

Method C

N-Dodecyl maleisoimidium perchlorate (8.0¢.
22mmol) in dry dichloromethane (~60mL. the per-
chlorate failed to dissolve completely) was added over
1 hr 1o anhydrous diethylene glycol (15 g. 141 mmol) in
dry dichloromethane (20 mL). The reaction was contin-
ved as described above for 4b. except that three extrac-
tions with water were carried out instead of one. The
isolated substance was recrystallized trom acetonitrile
to yield a white powder of 4c (5.0g. 61%). m.p. 46-
50°C.

2-(NV',iv'-Dimethylamino)ethyl V-Dodecyl
Maleamate (4d)

A solution of 2-(.V.V-dimethylaminojethanol (2.18 g.
24mmol) in acetonitrile (13mL) was added drop-



wiseat - 15°C to - IO~C to a stirred suspension of
Y -dodecylmaleisoimide (6.50 g, 24 mmol) in acetonitrile
(50 mL). The reaction mixture was a\lowed to warm
gradually to room temperature, and stirring was continued
for48hr. The solution was filtered and extracted twice
withhexane (10 rnl.). The acetonitrile solution was evap-
oratedin vacuo to dryness, and the residue was dissolved
in dichloromethane (20 mL). The solution was washed
fouttimes with water and dried for 24 hr with 4 A molecu-
larsieves. Dichloromethane was evaporated in vacuo to
yield a reddish powder of 4d (6.60g, 76%). m.p. 47-
48C.

Reaction of N-dodecyl maleisoirnide  with 2-[2-
(N.N-dimethyl-amino)ethoxy]ethanol was carried out
similarly, and the compound obtained was quaternized
withoutprecursor isolation.

2-(N' .N'.N' -Trimethylammonio )ethyl
N-Dodeeyl Maleamate  4-Methylbenzene
Sulfonate (Sa)

Methyl4-methylbenzene  sulfonate (1.05 g, 5.6 mmol)
wasadded to a stirred solution of arnidester 4d (2.00 z.
56mmol) in acetonitrile (IO mL). The reaction mixtu;e
wasstirred for 24 hr at room ternperature, refluxed for
Ihr, and cooled. The precipitate was filtered off and
qlriedin vacuo to yield a white powder of Sa (2.20 g.
19¢), m.p. 122-123°C. Compound 5b was prepared
\Imilarly, except that the acetonitrile solurion at the end
ofreaclion was evaporated in vacuo to dryness and the
residuewas triturated with dry ether.

Compounds Se and 5d were prepared in a sirnilar
>lay lo compound 5b, except that an equimolar arnount

of dimethylsulfale was used for the quaternization
reaclion.

Klirnenkovs et al.

2-[N' .N'-Dimethyl-N" -(3-sulfopropyl)
Arnrnoniolethyl ~ N-Dodecyl
Maleamate  (6a)

1,3-Propane sultone (0.69 g, 5.6 mmol) was added
to a stirred solution of arnidester 4d (2.00 g, 5.6 mmol)
in acetonitrile (10O rnl.), and stirring was continued for
96 hr. The precipitate was filtered off and dried in
vacuo to yield white powder of 6a (2.20 g, 82%), m.p.
78- 81°C. the compound is very hygroscopic. Compound
6b was prepared similarly.

The other materials are all commercially available
from Aldrich, including the anionic maleic surfrner
HEI2. The other anionic surfactant SDS, and the initiator
of emulsion polyrnerization ~KPS(potassium  persulfate),
were used as received. The monomers, styrene and buty-
lacrylate were disti\led under vacuum and stored under
nitrogen atmosphere, and in a refrigerator before use.

Colloidal Properties of the Surfactants

The CMC were determined from surfaee tension
measurements by the Wilohelmy plate rnethod, using a
Kruss k 12 processor tensiorneter.

Polymerization ~ Experiments

All the experirnental conditions have been reported
in Ref. [~I. Therefore, we just report the recipes of the

two kinds of polyrnerization in Tables 1and 2.

RESULTS AND DISCUSSION

Recently maleie isoimides (MIl. 2) have proved to
be highly reactive intermediates in syntheses of maleic
acid diarnides." 121 At the same tirne, they are quite stable

Tab/e I.  Comparison  of nonionic AE in batch emulsion polyrnerization  of styrene.

-m CMC Conv. Coaz On Time
-

Hydrophilic side (rng/L) (%) (olc) (nm) POI (min)
Noamide OCH~CH~OH 253 99.8 12 161 0.09 110
OCH~CH~OCH~CH20H .30.6 99.1 OA 117 0.05 180
_ OCH~CH~OCH~CH20H' 30.6 100 1.1 131 0.05 180
Hemiester NHCH~CH20H 318 100 1.0 181 0.07 400
N(CH~CH~OHh 371 98.7 0.9 188 0.06 150

Tljule: Recipe for a rcactor of 250 mL: deionized ~watcr. 160!!; stvrene, 40!!: initiutor (KPS). 0.15 u:surfrer. 0.3 g: cosurfuctunt (SDS I.

. g: Jncl ternperarure.

e (gl\"cn bv the Licht Scatteriné apparatus).
‘E12 as coSU-~raclant.- -

70 C. SDS. sodiurn dodecyl sulfute and KPS, potassiurn  persultate.  On. particle diarnetcr.  POI. polydispcrsuy
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Tab/e 2. Data of sernibatch core-shell copolyrnerization.
Conv. Coag. On
From Hydrophilic ~ side %) (*lo) (nm) PDI y(mN/m)
Isoarnide OCH;CH>0H 93.3 17 150 0.07 62.4
OCH2CH10CH2CH20H 98.7 14 184 0.04 60.6
Herniester NHCH1CH10H 99.3 125 199 0.06 63.0
N(CH2CH10Hh 93-4 14 189 0.04 62.2

NUle: Recipe: Swelling step. Deionized water, 75 g; seed, 50 g of polystyrene latex (The seed is a polystyrene latex with 670 solids and
a particle size of 98 nm in diarneter. 1l was washed several times on ion-exchange resins, before use), surfrner, 0.5 g: styrene, 1g:
and butylacrylate, 1g. Feeding step. Strearn of 1/ | monomer rnixture of styrene and butylacrylate: 2.4 mL/min for 5h. Aqueous sol-
ution added ai tirne 0: water, 70 g, KPS, 0.15 g; and surfrner, 1.5 g. Polyrnerization ternperature, 70°C and polyrnerization duration,

8-20 hr.

andcan be handled without special precaution. Reactions
of MIl (2) with nucleophilic reagents such as alcohols
allow for the preparation of a set of maleic AE (rnalea-
mutes 4) with highly hydrophilic  substituents (in the
ester group) and hydrophobic  moeties attached to the
amide group. MIl (2) with hydrophobic substituents at
the nitrogen atorn were used as precursors in order to
maintain the hydrophobic part in the surfmers. Alcohols
withhigh hydrophility were connected via ester linkages.
The chosen AE (4) represent a new group of surfmers
with variable hydrophobicjhydrophilic balance.

Reactions of MIl (2) with alcohols were studied in
order to obtain the chosen AE (4). Alcohols are very
rnuch weaker nucleophilic  reagents than earlier des-
cribedarnines, and the presence of a catalyst is necessary
inthis case for conversion of MIl into the corresponding
AE (4).

Reactions of MIlI with alcohols usually were carried
autin diethyl ether solution with cooling. The absence of
propercooling causes undesirable side reactions with for-
rnation of deeply colored products. The presence of
Strong organic acids  (trifluoroacetic  acid, trifluoro-
rnethane sulfonic acid) or some Lewis acids (boron tri-
Muorideetherate) have been success ful in increasing the
reactivity of MIl towards alcohols, rnost likely as a result
of immonium salt forrnation in the reaction medium.
~ields of AE (4) prepared by this method are variable
1)0-90%), but the rnethod seems to be general and con-
\enlent for large-scale preparation of AE (4). Character-
ISIIGH the AE (4) obtained are collected in Table 3. A
SIrT1pleaction with ethanol was chosen for the elabor-
'lion of optirnal reaction conditions. No substantial
IITerencewas observed between perforrnances of three
c:1t~\ystsxarnined. and it looks like all sufficientlv stronz
I,cidSmight be usefui in the reaction, provided that reac~
"IQns are run in completely dry solvents (Table 3). There-
'Ureone might ussurne that equilibrium concentrations of
~"l~isoimidium salts (3.>forrn with catulysts apriori to
'~Jct funher  with alcohols.

To prove this hypothesis, a rnaleisoirnidiurn salt (3)
was prepared and isolated wusing perchloric acid. The
mentioned salt (3) forms from rnaleic herniarnide (1)
and HCIO.| in acetic anhydride medium. This salt is a
low melting solid but sensitive towards moisture,
demanding precaution in handling. The vyield of salt (3)
is almost quantitative. and it might be used for
AE (4) preparations without any purification procedure
(Table 3).

Reactions both of MIl (2) or maleisoirnidiurn  per-
chlorates (3) with nucleophilic alcohols give rise to the
intended AE (4). Reactions with ethylene glycol and
diethylene glycol lead to polymerizable surfactants (surf-
mers)-AE  (4). Reactions of MIl (2) with alcohols were
found to proceed successfully also in basic media-
with amino alcohols. Dodecylmaleisoimide (2) reacted
smoothly with 2-(N,N-dimethy\amino)ethanol and with
2-[2-(N,N-dimethyl-amino)ethoxy]ethanol to yield the
expected AE (4). As in the case with acid catalysts, the
reaction had to be run at low ternperature (- 15'C to
-10:C) to avoid tar forrnation, The AE (4) obtained
bearing a tertiary amino group is unstable and decom-
pose gradually on storing, even under refrigerating.
Therefore, they were converted to the corresponding qua-
temary arnrnoniurn salts with rnethyl 4-methylbenzene
sulfonate, with dimethyl sulfate or with 1,3-propane
sultone. In contrast to the starting AE (4), the quaternary
ammonium salts (5) and zwitterionic  surfrners (6), res-
pectively. were perfectly stable solids possessing con-
siderable surface activity.

Structures of AE (4) synthesized and ammonium salts
(5 and 6) were confirmed by NMR and IR spectra, Signals
of protons at the C=C double bond (D " 6.2-6.5 ppm).
amide NH protons (D" 8.3-9.5 pprn), and those of
Cli~-O groups (.., 4.1-4.2 ppm) differ substantially
from the starting rnaterials-e-isoimides  (2). Coupling
constants of protons at the C=C double bond (1= 12-
13Hz) confirrn the fact that isornerization to the corre-
sponding furnaric derivatives has not taken place during
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da

4b
4c
4d
5a
5b
Sc
Sd
6a
6b

'With catalyst CFJSO.,H.

"Wilh  catalvst CF,COOH.

"Using perchlorate.

dQualemiz:nion  yield.

'Total yield starting from isoimide |,

their synthesis.  provided that reactions were performed
with sufficient  cooling. IR spectra of AE (4) and
emmoniurn  sal 1s (5 and 6) have characteristic  intensive
absorptior; bands at "™ 1710 (C=0O. ester), 1660. 1635
(amide 1). and at 1545 (arnide Illcm-'.  These spectral
characlerisrics  are surnrnarized in Table .L

These surfrners were also characterized  for their inter-
facial properties. ~ The critical  micellar  concentration
(CMC) of the nonionic (AE) with hydrophobic  chains on
the amide side were observed to be very close to rhe values
found for the corresponding  products with the hydrophobic
chain on the ester side and reported in Ref.~l. New mea-
surements are reported in Table 5 for the cationic and zwit-
‘erionlc  surfrners.  Results of sirmilar products having the
hydrophobic  chain at the ester group are also ziven from
Ref.[' . As shown by the rather low values of the surface
lension at the CMC, these charged surfactarns are all
quile surface active, even if their CMC are rather low,

All exarnined AE (4) and ammonium salts (5 and 6)
have proved to be efficient surfactanis. and they contain
activated (by ester and amide groups) poiyrnerizable
C=C double bonds. Their application of in ernulsion
polymeriz:ltion  looks quite promising.

Applicatlon in Emulsion Polymerizations

Dala comparing the behavior of the wo classes of
nonionic muleic AE surfrners are rcported in Tuole 1. It
n to be observed  first lhat ihere is a larue ditfcrence
betletn the two classes of cornpounds. The CNIC of

the products  derived frorn the HE having the hydro-
phobic group on the amide side art' much more hydrophi-
lie, with a CMC 1110rt'than 10 times higher than those of
the other class. derived from the isoirnides.  However,
these surfactants  have been engaged in batch emu Isian
polyrnerization of styrene with arnounts much hig her
than the CMC (in between 4 and 45 tinies), Both classes
of surfactants  need the use of a small arnount of anionic
surfactant ~ [rnost often sodium  dodecyl sulfate (SOS>] in
order to produce a monodisperse population  of srnall
polymer  particles with high monorner  conversion,  The
anionic surfuctunt rnay also be a polymerizable surfac-
tam, such as the HE of maleic acid obtained upon con-
densation  of the rnaleic anhydride  with a long chain
alcohol, Using the recipe indicated in Table S. designed
to obtain alata  dispersion of 20t7c sol ids. all these non-
ionic  surfuctants are efficient  in prornoring alrnost
cornplete conversion to rather monodisperse polyrner
particles in the 100-300 run range and yielded only lim-
ited arnounts of noc. It seems clear that the surfrners
deri ved from the isoirnide are more efficieru, leading to
high conversion  in shorter times and producing srnaller
purticles.

The same surfrners have ulso been engaged in core-
shell seeded copolvmerizunon of styrene and butylucry-
late. and the correspending  dala are reported in Table 2.
togerher with rexults for similur surfuctants deri ved trom
the HE. Aguin the resulrs are a little bit beuer with the
compounds  Irom the ixoi mides than 111()st'trom the HE.
The particle si/l.es are closer 1o the targetco size of

150 nm, with comp.rrable polydixpcr-iry und amounts



Table 4. Spectroscopic characteristics ol the maleic AL (4-6).

"'C NMR (CDCl,, 8, ppm)

"I NMR (CDCly, 8, ppm)

IR (CHCly, v, em™h

SJOYOI Y Y114t SIPIUIOSIA L[4 JO SUOIIITIY

Amide Amide Veany
Compound =0 HC=Cl COO-Cll, NI~CH, HN-CH, HC=CH COO-CHa NH~CHa I 1" (ester)
da" 165.95 13208 59.82 38.37 8.13 6.27 4.10 3.07 1660 1,545 1,720
163,56 127.30 6.18 1635
dh 16643 134.53 66.96 39.89 7.37 6.26 40 127 1657 1,550 1,724
16:.42 127.34 6.15 1620
Je 166.20 137.61 68.66 39.83 7.79 6.20 4.33 3.28 1650 1,552 1,730
16:.12 135.35 6.12 1632
ddd 166,18 138.64 62.81 309.67 8.00 6.32 4.33 3.30 1652 1,551 1,728
163.74 124.76 6.15 1635
'C NMR (CD;0D, &, ppm) "1 NMR (CD;0D, 8, ppm)
C=0 HC=CH NH-CH, NT(CH,), HC=CH COO-CH» N*(CH.), (CHa),,CH;
5 167.52 132.61 40.52 28.09 6.32" 4.62 319 0.89
166.36 129.44
3h 167.48 134.81 40.49 28.10 6.17 4.3 315 0.89
167.08 128.08 6.18
(1 16748 132.92 40.56 28.11 6.34" 4.62 318 0.89
166.43 129.35
6h 167.51 134.92 40.51 28,11 638 434 3.15 0.89
16718 128.14 622

"NMR in d,-DMSO solution and IR in nujol,

[} .
"Observed as o singlet; n =2 or 3,
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Table 5. CMC of cationic and zwitterionic surfactants.

Reference Counterion CMC (mg/L) yat CMC (mN/m)
Sa Cationic, CH3C¢H,S0,4 34 41
5b Cationic, CH3CH,S0; 17 38
Sc Cationic, CH,0SO;4 43 49
5d Cationic, CH;0S0; 25 43
6a Zwiter. 6.8 35
6b Zwiter. 5.7 39
7a128 Cationic, I 22 32
7128 Cationic, Br 6 29
12ct® Zwiter. 26 34

of floc. The surface tensions of the residual sera are also
quite comparable.

It can be concluded that the isoamide synthesis route
for the maleic amidester surfmers leads to results slightly
better, both in the case of batch emulsion styrene poly-
merization of styrene and for core-shell copolymeriza-
lion, than obtained using HE. It is suggested that the
feason lies in the resistance of the corresponding surf-
mers to hydrolysis during the polymerization. Indeed, it
has been shown,!'! that the amide bond is less sensitive
0 hydrolysis than the ester bond. Then, upon hydrolysis,
in the case of the isoimide route, the hydrophobic alkyl
group will remain attached to the reactive double bond
of the surfmer, and will not be released to the water
phase. Further, the product of the hydrolysis of the
hydrophilic moiety will be an acid group still attached
0 the double bond, and this provides the surfactant
‘ome further stability. On the other hand, in the HE
foute, the hydrophilic part will be water-soluble and
e hydrophobic part will be a fatty alcohol. Such a
fatty alcohol species is expected to be less surface-active,
ind even if it remains adsorbed onto the latex particle
Surface, it is expected to have poor stabilizing properties.

In a second step, the cationic (5) and zwitterionic (6)
‘ufmers have been engaged in both styrene emulsion
POIYmerization in batch, and in core shell copolymeriza-
on of styrene and butylacrylate in a seeded semi-batch
Process, with polystyrene seeds. When it was possible,
the results have been compared with the data reported
b Abele et al.””! from the HE route for similar cationic
*d 2witterionic surfactants.

) The influence of the charges in the zwitterionic sur-
‘_ﬂ_Ctams tend to compensate each other, so that the beha-
\'Or_ of these surfmers should be rather close to that of the
"onionic ones. The polymerization of styrene in batch at
Iaa[S:“ds contents of 20%, using 6a or 6b lead to stable
mx\es with p_amcl-c sizes, rFspec(I\'e]y, of 165 and
|\lé\:]1] and conversions reuchl‘ng 98 and 84%. respect-

Y. These zwitterionic surfactants have also becn

engaged in core-shell copolymerization of styrene and
butylacrylate (1/1 w/w) with a polystyrene seed of
94nm in diameter, with an initial particle number of
12 x 10'"°/L. The final particle sizes were 136 and
137 nm and the conversions 82% and 86%, respectively.
The only noticeable difference was in the particle
numbers, which were, respectively, 9 x 10'°> and
13 x 10'°. It seems that in the case of 6a, there was
slightly limited flocculation for unknown reasons. The
particle size distribution remained narrow in both
cases. Similar results have been observed with the
zwitterionic surfmer having the hydrophobic chain on
the ester side.®!

Two sets of cationic surfactants have been prepared
in which the counterions are different. In 5a and 3b, the
counterion was a tosyl, CH3C¢H,SOj5 , while for 5S¢ and
5d the counter ion was simply CH;0SOj with no aro-
matic character. The styrene polymerizations in batch
were carried out in conditions similar to those quoted
in Table 1, except that a cationic azo initiator (V30)
was used with the surfmers alone without SDS. Similar
results have been observed for 5a and Sc, with final par-
ticle sizes of 110 and 117 nm, respectively. at 20% solids
content. Some retardation effect was observed in the case
of 5d as compared with 5b, as shown in Fig. 1(a) and
1(b). The final particle sizes for these experiments
were, respectively, 96 nm for 5b (95% conversion) and
220 nm for 5d (conversion 40%).

Core-shell copolymerizations of styrene and buty-
lacrylate were carried out using a cationic seed of
polystyrene with a particle size of 72nm. which was
stabilized using CTAB as surtactant. This seed was posi-
tively charged, the zeta potential being. after washing by
ion-exchange resins, at +17.8 mV. When an aromatic
counterion is used (3a. 3b). as soon as the cationic
initiator has been added. one observes some destabiliza-
tion followed by progressively complete flocculation
before the end of the feeding period. 1f more surlmer
has been added. the Hocculation is more rapid. It has
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Figure 1. (a) Batch polymerization of styrene with surfmer
3b and (b) batch polymerization of styrene with surfmer 5d.

been observed as well that, upon addition of the surfmer,
the zeta potential was decreased from +17.8 to +3mV.
lt can be concluded that the surfmer itself is not adsorbed
onto the seed; at variance it is the aromatic counterion,
which is adsorbed, being more hydrophobic than the
surfmer itself. For that reason. another set of surfmers
has been prepared in which the counterions have been
thanged to a more hydrophilic one. CH;0SO3 . Then,
In both cases, the zeta potential remains highly positive,
"o flocculation is observed, and the particle number
'mains quite stable during the monomer conversion.
However, after 7 hr at 70°C, these conversions were lim-
ted to 61 and 59%, with particle sizes of 86 and 87 nm,
Tespectively, for 5¢ and 3d.

CONCLUSIONS

Maleic iso-imides in the presence of acids can be
"tgarded as activated forms of maleic hemiamides useful
or conversion of the last into maleic AE—polymerizable
‘Urfactants (surfmers) upon reaction with alcohols.
pplication of alcohols with ditferent hydrophility
flows one to vary the ratio between hydrophilic and
“¥drophobic parts of the surfmers. in which the hydro-
*hobic part is linked to the maleic double bond by an
mide bond. and the hvdrophilic part. on the other side
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of the double bond, is linked through an ester bond.
These surfmers, when used in emulsion polymerization
experiments seem to give results slightly better than
similar AE derived from the activated reaction of the car-
boxylic group of a HE with hydrophilic amines. It is
believed that the reason of this better behavior lies in
the better resistance to hydrolysis under polymerization
conditions (70°C, several hours) of the amide bond as
compared to the ester bond.

These maleic iso-imides also provide a good route
for the preparation of cationic and zwitterionic reac-
tive surfactants leading, when used in emulsion
polymerization, to stable latexes with good control
of particle size, either in batch or in semi-batch
processes.
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The chemistry of maleisoimides (MII, 1) is an area of rapidly growing
interest. Recently typical MII compounds as alternative activated forms of
maleic hemiamides have been successfully exploited to synthesize maleic amid-
esters [1] and diamides [2]. These maleic acid derivatives were proposed as po-
lymerizable surfactants (surfmers) for copolymerization reactions with styrene,
butyl acrylate and similar monomers in preparation of novel polyamides with
outstanding characteristics, mainly for formulation of stabilized latexes [3, 4].

Unfortunately, chemical properties and especially structures of MII have
received surprisingly little attention. MII have been known for some time and
may exist in two isomeric (£ and Z) forms, yet only a tentative assignment of
the NMR peaks of each form has been given [5]. Recently we reported pre-
valence of the Z-isomer in solution, though it was less pronounced in polar
solvents like dimethyl sulfoxide [6]. No information is available of the crystal
structure of MII (1). This problem is tackled more deeply in this paper.

0] O
| 0 | o  1a R=4-chlorophenyl
| | 1b R = benzyl
N, N
R R

(@1 (£)-1

Typically, MII are prepared from the corresponding maleic hemiamides with
help of either alkyl chloroformate or dicyclohexylcarbodiimide [7]. Usually they
are low-melting, temperature- and moisture-sensitive solids. The most stable
representatives of investigated MII are N-(4-chlorophenyl) MII (1a) and N-
benzyl MII (1b). The mentioned MII (1a, 1b) are stable crystalline substances.
They can be prepared in high yields by procedures described above [6], and
they can be stored in dry atmosphere at —4 °C for a long time, which is rarely
the case with isoimides.

The crystal and molecular structures of 4-chlorophenyl MII (1a) and benzyl
MII (1b) were determined crystallographically. Solutions of compounds 1a and
1b in diethyl ether were evaporated slowly in the stream of dry argon to yield
crystals suitable for crystallographic analysis.

A total of 1559 intensities were measured for the yellow monocrystal of
isiomide l1a at 298 K. The unit cell parameters for compound la are: a =
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=3.8600(3) A, b=11.3149(8) A, c¢=21.180(2) A; c¢i=90.00°, ~=90.00°,
y =90.00°; V= 925.05(13) A% the space group is identified as P 2:2,2\. The
chemical formula is CIQH,CINO, with a formula weight 207.616, and the
calculated density for 4 formula units per unit cell is 1.491 g/crrr'. Least-squares
refinement on F,> for 1046 reflections with 1>3cr gives R = 0.040, wR = 0.146
(for all reflections R =0.063, wR = 0.151); goodness of fit 0.979, and the wei-
ghing scheme isw = 1/ [or’(Foh + 0.10000 x F3.

The colorless monocrystal of isoimide 1b decomposed slowly on exposure
to air, as evidenced by decreasing signal intensity. Hence, the crystal had to be
completely coated with shellac before analysis. A total of 3560 intensities were
measured for the monocrystal of compound 1b at 293 K. Its unit cell parameters
are: a =5.5917(3) A, b=7.3010(4) A, c= 11.7894(6) A; ci=86.180(4t, ~ =
= 80.117(4)°, y = 78.944(2)°; V= 465.08(4) A3 space group Pi. The chemical

formula is CyHsNO. with a formula weight 187.198, and the calculated density
for 2 formula units per unit cell is 1.337 g/crrr'. Least squares refinement on F,?
for 1104 reflections with 1>3cr gave R = 0.046, wR = 0.134 (for all reflections

R=0.112, wR=0.143); goodness of fit0.841, and the weighing scheme is
w =1/ [eo*(FH +0.10000 x F3.

Fig. 1. The molecular structure ofN-(4-chlorophenyl)maleisoimide la

Fig. 2. The molecular structure ofN-benzylmaleisoimide Ib
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The structure of the molecules is shown in Fig. | and in Fig. 2, respectively.
The bond length and bond angle values are as expected. They are presented in
Tables 1—4.

Table |
Bond lengths in N-(4-chlorophenyl)maleisoimide 1a
Bod | LA | Bond | LA ] Bond | LA
CI(1)-C(13) 1.741(5) C(4)-N(5) 1.416(5) C(7C(12) 1.383(6)
C(2)-0(3) 1.401(5) C(4)-C(7) 1.392(6) C(8»-C(11) 1.467(7)
C(2)-N(5) 1.249(5) C(4)y-C(10) 1.380(6) C(8)-0O(14) 1.183(6)
C2yC9) 1.457(7) C(6)-C(10) 1.391(7) COOrC(11) 1.313(7)
O3)-C(8) 1.402(6) C(6)-C(13) 1.372(6) C(12)-C(13) 1.381(0)
Table 2
Bond angles in N-(4-chlorophenyl)maleisoimide 1a
Angle o, deg Angle w, deg
O(3)-C(2)-N(5) 125.7(4) O(3)-C(8)y-C(11) 107.0(4)
O(3)-C(2)-C(9) 107.0(4) O(3)-C(8)-0O(14) 120.1(4)
N(YC(2)-C(9) 127.3(4) C(11)-C(8)y0(14) 132.9(5)
C(2)-0(3)-C(8) 107.9(3) C2)y-CoO»C(11) 109.5(4)
N(5)>C@4)»-C(7) 125.5(4) C(4)-C(10)-C(6) 121.0(4)
N(5)>C(4)-C(10) 115.2(4) C(8)-C(11)-C(9) 108.6(4)
C(7»-C(4)»-C(10) 119.2(4) C(7y-C(12)-C(13) 119.5(4)
C(2)-N(5)-C(4) 126.6(4) CI(1)»-C(13)-C(6) 119.2(4)
C(10)-C(6)-C(13) 118.8(4) CI(1)-C(13)-C(12) 119.5(4)
C@)-C(MC(12) 120.1(4) C(6)-C(13)-C(12) 121.3(4)
Table 3
Bond lengths in N-benzylmaleisoimide 1b
Bod | LA | Bond | LA | Bond | LA
N(6)-C(5) 1.260(3) C(8)-C(13) 1.389(4) C(13)-C(12) 1.380(4)
N(6)-C(7) 1.455(4) C(8)»-C(7) 1.513(4) CoyCcan 1.379(4)
O(1)-C(5) 1.390(3) C(5)-C(4) 1.458(4) C(2)y-C(3) 1.462(5)
O(1)-C(2) 1.394(3) O2)y-C(2) 1.200(4) C(11)-C(12) 1.373(5)
C(8)-C(® 1.381(4) C(9)»-C(10) 1.391(4) C(3)-C@4) 1.310(4)
Table 4
Bond angles in N-benzylmaleisoimide 1b
Angle o, deg Angle o, deg
C(5)-N(6)-C(7) 118.9(3) C(O-C0y-C(11) 120.0(3)
C(5)>-0O(1)-C(2) 107.2(2) O(1)-C(2)-0(2) 120.3(3)
C(9)-C(8)-C(13) 118.4(2) Oo(1)-C(2)-C(@3) 107.9(3)
C(O)-C(8)C(7) 122.1(3) O(2)-C(2)-C(3) 131.8(3)
C(13)-C(8)»-C(7) 119.5(3) C(10)-C(11)-C(12) 119.8(3)
N(6)-C(5>-O(1) 124.6(3) N(6)-C(7)-C(8) 112.1(2)
N(6)-C(5)-C(4) 127.6(3) C(2y-C(3)y-C4) 108.2(3)
O(1)-C(5)-C(4) 107.8(2) C(5)-C(4)y-C(3) 109.0(3)
C(8)-C(9)-C(10) 120.6(3) C(13)-C(12)-C(11) 120.1(3)

C(8)-C(13)-C(12) 121.1(3)
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The 4-chlorophenyl moiety in isoimide 1a is cis with respect to the isoimide
ring oxygen atom, indicating that in the solid form the Z-isomer is preferred.
The same is true for isoimide 1b where the benzyl group is cis with respect to
the isoimide ring oxygen atom. The E-isomer is not detected in the crystalline
state. This may be explained in terms of unfavorable steric interaction in the E-
isomer between the isoimide ring hydrogen atom and the group directly atta-
ched to nitrogen atom. As we have reported recently, some quantity of E-isomer
is usually present in solutions of MII in polar solvents [6]. This may be because
of solvation of the isoimide ring oxygen atom that creates some crowding also
in the Z-1somer, making both isomers more similar in energy.

Three planar groups can be discerned in these MII: the isoimide ring (plane
a), the >C=N-R group (plane B), and the benzene ring (plane y). Dihedral
angles between these fragments in compounds 1a and 1b are presented in
Table 5. Isoimide 1b is nearly planar, the angles being close to 0°, while the
angles in isoimide 1a deviate significantly from this value. This may seem so-
mewhat surprising, since in compound 1a planarity would enhance conjugation,

while in 1b this is not so. Apparently, isoimide 1b is rendered planar only by
crystal packing requirements.

Table 5
Dihedral angles between
planar fragments in maleisoimides 1a and 1b

la 1b
Angle ®, deg Angle ®, deg
a—B 1.23 o—p 1.69
a-y 2391 a—y 6.87
B-y 22.81 By 6.46

In isoimide 1b stacking interaction is observed between molecules (see
Fig. 3). Electron-donating benzene rings are placed between electron-deficient
isoimide rings. The distance of closest approach between molecules is 3.377 A
(distance between C(2) and C(1Q) atoms). This is slightly less than the sum of
two van der Waals radii for carbon atom, about 3.40 A [8]. Though in isoimide
1a the molecules are also placed one over other (see Fig. 4), the distance of
closest approach between them is 3.605 A (distance between C(2) and N(5)
atoms). This exceeds significantly the sum of corresponding van der Waals
radii, about 3.25 A [8], and indicates little or no stacking interaction. A possible
explanation for the observed lack of stacking interaction in compound 1a may
be that the benzene ring in this molecule contains an electron-withdrawing
chlorine atom that prevents efficient interaction with the isoimide ring.

Fig. 3. Stacking interactions in N-benzylmaleisoimide 1b (plane xz)
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Fig. 4. Arrangement of molecules in the crystal of N-(4-chlorophenyl)maleisoimide 1a (viewed
along Ox axis)

EXPERIMENTAL

Reagents and materials. Maleic anhydride, 4-chloroaniline, benzylamine, dicyclo-
hexylcarbodiimide and 4 A molecular sieves were purchased from Aldrich. Dichloromethane
(Merck) was dried over 4 A molecular sieves prior to use. Diethyl ether (Merck) was dried over
sodium and distilled.

N-(4-Chlorophenyl) maleic hemiamide and N-benzyl maleic hemiamide were prepared using
published procedure [6], recrystallized twice from methanol and dried in vacuo over 4 A
molecular sieves.

Crystallographic analysis was performed using Nonius Kappa CCD diffractometer and MoK,
radiation (A = 0.71073A). The structure was solved using direct methods [9] and the maXus pro-
grams from Bruker Nonius, Delft & MacScience, Japan [10].

N-(4-Chlorophenyl)maleisoimide (1a). N-(4-Chlorophenyl) maleic hemiamide (2.00 g,
8.86 mmol) was suspended in dichloromethane (20 ml) and cooled to -5 °C. Solution of dicyclo-
hexylcarbodiimide (1.74 g, 8.42 mmol) in dichloromethane (20 ml) was added to the suspension
over 0.5 h with stirring, while keeping the solution at —5 °C. The solution was stirred at -5 °C for
1 h, allowed to warm up to +5 °C, and left at this temperature for 12 h. The solution was filtered
and the solvent was removed in vacuo. The solid residue was dissolved in diethyl ether (50 ml),
the obtained solution was filtered and the solvent was removed by passing a very slow stream of
dry argon over it. Yellow crystals of compound 1a were obtained (1.57 g, 90%); m.p. 96—97 °C.

Other MII (1) were prepared in the same way.

Conclusions. From the X-ray structures it may be concluded that in the
solid state maleisoimides exist solely in the Z-form, when the nitrogen atom is
bonded to 4-chlorophenyl or benzyl group. Stacking interaction is observed bet-
ween the molecules of maleisoimides, if they contain an electron-donating
aromatic ring capable of interaction with the electron-deficient isoimide ring.
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I. Klimenkovs, M.V. Veidis, A. Zicmanis,

S. Belakovs,
MALEIZOIMIDU SIKSTRUKTURA

KOPSAVILKUMS

Maleizoimidu struktiiras Tpatnibas kristaliska stavoklT pétitas ar krista-

lografijas analizes palidzibu. Noskaidrots, ka maleizoimidi kristaliska stavoklt
pastav tikai Z-forma un ka 3o vielu elektrondonorie aromatiskie gredzeni stipri
starpmolekulari sadarbojas ar elektronakceptoriem izoimida gredzeniem, veido-
jot telpa sakartoti orientétas molekulu kaudzites.

H. Knumenkos, M.B. Beiianc, A. 3numanuc,

C. beaskos, A. Kemme

TOHKAA CTPYKTYPA MAJIEU30UMHI0B
PE3IOME

Tonkas CTPYKTYpa Mal€H30HMHIOOB H3y4HY€Ha METOAOM KpHCTaJlorpa-

¢uueckoro aHanu3a. BhIACHEHO, YTO MaNeH30MMMABI CYMIECTBYIOT HCKIIIOYH-
TEJBbHO B Z-OpME W UYTO 3NEKTPOHOLOHOPHBIE APOMATHYECKHE KOJbLIA ITHX
BEWECTB CHIILHO MEXMOJIEKYJIIPHO B3aWMOAEHCTBYIOT C 3JIEKTPOHOAKLIENTOp-
HbIMU H30MMHAHBIMH KOJIbLIaMH, 06pa3ys ynopAAo4eHHO OPHEHTHPOBAHHbLIE B
MPOCTPAHCTBE CTOMKH MOJIEKYJI.

lesniegts 16.06.2004

374



Maleisoimides in the Synthesis of New Polymerizable Surfactants

Igors Klimenkovs, Alain Guyot, Andris Zicmanis*

Faculty of Chemistry, University of Latvia
Rainis Blvd. 19, LV-1586 Riga, Latvia

Maleisoimides (2) are versatile precursors in the synthesis of various derivatives of maleic
acid, including surface active diamides (3) and amide esters (5), useful as polymerizable
surfactants (surfmers). Maleisoimides (2) are easily obtained in preparative yield by
cyclodehydration of maleic hemiamides (1) under kinetically controlled reaction conditions.
The high reactivity of maleisoimides (2) allows converting them easily into maleic diamides
(3) in reactions with amines, or into maleic amide esters (5) in reactions with alcohols. A
proper choice of the hydrophobic group incorporated into the maleisoimide and the
hydrophilic group o fthe reacting amine or alcohol provides s traightforward control o fthe
surface activity of the desired surfmer. The surface activity of maleic amide esters (5)
carrying a terminal tertiary amino group is considerably increased by converting them into
quaternary ammonium salts (6,7). A series of non-ionic, cationic, and zwitter-ionic surfmers
has been obtained this way and used for emulsion polymerization.

| J\NH R ¢ H,0c00, N(C, _CHOCOCLNCHY, NH-R
NH R'
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HNRC]O

NH-R (cH’co) 0. HCIO, \f’%
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O-R-N(CH D X
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O-R'-N N(CH,),(CH,),S0;

Figure 1: Reactions of maleisoimides with amines and alcohols.
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The CMC of maleic diamides (3) and amide esters (5,6,7) is within the range of many
usual surfactants. Good results are obtained as well as in batch polymerization of styrene, as
in core-shell seeded semi-batch copolymerization of styrene and butyl acrylate. Cationic and
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zwitter-ionic surfmers allow attaining efficient nucleation, so that there is no need for a co-
surfactant. Almost complete conversion is obtained in convenient time (a few hours) with
production o f rather m onodisperse p articles o f diameter in the range 8 0-200 nm, and very
little, if any, coagulum. In batch polymerization of styrene all the surfmer is either grafted or
strongly adsorbed onto the particle surface, as shown by the measurement of the surface
tension of the final latex, close to the value of pure water. This adsorption is somewhat more

limited in the case of core-shell copolymers, because the very surface of the corresponding
particles is believed to include chiefly butyl acrylate units.

All the latexes obtained this way remain stable upon addition of 0.1 N solutions of sodium
chloride, but floculate if higher concentrations of electrolytes are used. They also resist to the
addition of ethanol. However, freeze-thaw tests show floculation.

Latexes stabilized by derivatives of maleic acid are now being tested for use in paints and
paper coatings.
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REACTIONS OF MALEISOIMIDES WITH AMINES AND
ALCOHOLS

A.Zicmanis®, I.Klimenkovs®, P.Mekss?, ] Kviesis?, A.Guyot®

 University of Latvia, 19 Rainis Blvd, LV-1586, RIGA, Latvia; e-mail: zicmanis@latnet.lv
® CNRS-LCPP, BP 2077, 69616 VILLEURBANNE, France; e-mail: aguyot@lcpp.cpe.fr

Maleisoimides (MII, 1) are easily available precursors for syntheses of various maleic acid
derivatives, cyclisation reactions of maleic acid hemiamides (HA, 2) in presence of
dehydrating reagents and at reduced temperature providing preparative yields of 1. MII (1)
are quite stable substances to be handled without special precaution. Their structures
confirm NMR, IR and MS data. GC method can be successfully used for MII analyses.
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MII form corresponding maleisoimidium salts (3) with acids, the salts with strong acids
(perchloric acid, trifluoroacetic acid, a.0.) being stable solids. These salts can be obtained
also from HA and acids in the presence of dehydrating agents, e.g., with HCIOj; in acetic
anhyvdride medinm,

Reactions of MII (1) with nucleophilic reagents - amines or alcohols - allow preparing a set
of corresponding maleic diamides (MD, 4) or amidesters (AE, maleamates, 5). Because of
high reactivity, MII (1) or their salts (3) can be even regarded as activated forms of HA (2).
Reactions of MII with amines take place without any catalyst, but reactions with alcohols
need acid catalysis or exploitation of MII saits (3). Yields of 4 and S are high, and these
maleic acid derivatives are mainly stable solids. They contain hydrophobic substitutes (R)
at nitrogen, hydrophilic substitutes (R') at other nitrogen or in the ester group, and easily
polymerizable C=C double bond. The last allows exploitation of 4 and S in
copolymerization reactions with acrylic or vinyl monomers to obtain copolymers modified
with surfactants, e.g., styrene or butyl methacrylate latexes with covalently bond
surfactants on their surface.
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THE STRUCTURE OF MALEISOIMIDES
Zicmanis A.', Klimenkovs 1., Mekss P.!. Veidis MV.!, Guyot A’

! University of Latvia, 19 Rainis Blvd, LV-1586, RIGA, Larvia
e-mail: zicmanis@latnet.lv.
? CNRS-LCPP, BP 2077, 69616 VILLEURBANNE, France

Maleisoimides (MI1, 1) are not sufficiently investigated reactive five
member heterocyclic compounds. They differ from their well-known isomers —
maleimides (2) by remarkably greater reactivity. Both 1 and 2 can be prepared
from maleic hemiamides (3) using diverse reaction conditions, dehydrating

reagents and reduced temperature favouring formation of MII (1).

2
M1l (1) might be reoarded as act1vated forms of HA (3), and they may be

used for easy conversion of HA (3) into maleic diamides or amidesters —
monomers for copolymer syntheses. GC using capillary column serves as a rapid
method for evaluation of the quality of MII. Obtained Kovats’ indexes show that
N-substitute in M1l (1) causes essential changes in their chromatographic
behaviour, hydrophobic aliphatic and aromatic substitutes increasing the
retention time significantly.

MII (2) exist in two rapidly inter-converting Z- and E- forms in solutions,
the equilibrium between them being easily calculated from 'H NMR data. Z-
Isomer (2-Z) is clearly dominating in all investigated solutions, the dominance
being less pronounced in polar solvents (acetonitrile, DMSO). X-ray analysis

confirms only presence of Z-isomer form for MII in crystalline state.
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