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ANOTACUA

Promocijas darbs veltits dazu farmaceitiski aktivo vielu (FAV) kristalisko formu
iegliSanas, struktiiras un ipaSibu izpé€tei. Promocijas darba pétijuma izklasts veido tris
nodalas.

Darba pirmaja nodala analizéta literatiira par FAV kristalisko formu (polimorfo,
pseidopolimorfo formu un kokristalu) ieg@iSanu, strukturaliem aspektiem, termodinamiku
un raksturo$anu. Dots pétito FAV (ftorafiira, droperidola, sigetina, atipamezola un ksilazina
hidrohlorida) un biologiski aktivo vielu ka FAV modelvielu (nikotinamida un 1,10-
fenantrolina) raksturojums, ka ar1 aplukoti monokristala rentgenstruktiranalizes
pamatprincipi. .

Otraja nodala dots darba izmantoto eksperimentalo metozu apraksts.

Darba tre$a nodala veltita iegiito rezultatu izvért§jumam. Analizeta ftoraftra
polimorfo formu iegii$ana, ¢ polimorfas formas kristaliska struktiira, ka arT noskaidroti
ftorafiira polimorfisma c€loni. Aprakstita ksilazina hidrohlorida monohidrata, droperidola
hemihidrata un sigetina dihidrata kristaliska struktiira, noskaidrotas likumsakaribas starp
hidrata kristalisko struktiiru un ipasibam. Konstru€ta sigetina faZzu diagramma un noteikti
sigetina dihidrata/bezudens formas termodinamiskas stabilitates apgabali. leguti un
aprakstiti 1,10-fenantrolina-hidrohinona un nikotrnamida—fumarskabes kokristali ar dazadu
stehiometriju. Noteikta kristaliska struktira atipamezolam un atipamezola hidrohloridam,
ka ar1 veikti abu savienojumu polimorfo un pseidopolimorfo formu mekl€jumi.

Promocijas darba galvenie rezultati ir atspoguloti 7 zinatniskajas publikacijas un ir
prezentéti 2 starptautiskajas konferences.

Promocijas darbs satur 170 lpp., 83 att€lus, 26 tabulas, 27 pielikumus, 169

literaturas avotus.



ABSTRACT

The doctor’s dissertation presents a study of the synthesis, structure, and properties
of some active pharmaceutical ingredients (APIs). The dissertation is structured in three
chapters.

In the first chapter of the dissertation the literature about synthesis, structural aspect,
thermodynamic and characterization of APIs is analyZed. A review of studied the APIs
(ftorafur, droperidol, sygethin, atipamezole and xylazine hydrochloride) and biologically
active compounds such as the APIs model compound (nicotinamide and 1,10-
phenanthroline) is presented. Fundamentals of single crystal X-ray structure analysis are
discussed.

In the second chapter the applied experimental methods are described.

The third chapter presents the experimental results and a discussion of the results.
Syntheses of polymorphic forms of ftorafur are described, the crystal structure of the &
polymorphic form was analyzed, and the cause of ftorafur polymorphism is suggested. The
crystal structures of xylazine hydrochloride monohydrate, droperidol hemihydrate and
sygethin dehydrate are described, relationships between hydrates and their properties were
established. The phase diagram of sygethin is constructed and the regions of the
thermodynamic stability of sygethin dihydrate/anhydrous sygethin are determined. 1,10-
Phenanthroline-hydroquinone and nicotinamide—fumaric acid cocrystals with different
stoichiometry were obtained and described. The crystal structures of atipamezole and
atipamezole hydrochloride have been determined and screening for polymorphic and
pseudopolymorphic forms of both compounds was performed.

The main results of the dissertation have been published in seven publications and
presented at two international conferences.

The doctor’s dissertation contains 170 pages, 83 figures, 26 tables, 27 appendixes

and 169 literature references.
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IEVADS

Lielaka dala arstniecisko lidzek]u tiek raZota peroralo formu (tabletes, kapsulas)
veida, kuru sastava eso$ds farmaceitiski aktivas vielas (FAV) ir cietd stavokli. Sadam FAV
ir vairakas priekSrocibas: kristaliz€jot tas viegli izdalit no reakcijas vides un atbrivot no
piemaisijumiem; cietvielam ir laba fizikali kimiska stabilitate. Problémas, kas rodas,
izmantojot cietas FAV arstniecisko lidzeklu razoSana, parasti tiek saistitas ar sliktu $kidibu,
biopieejamibu, ka ar1 sp€ju pastavét vairakas kristaliskas formas. PieveérSanas FAV
kristalisko formu pétijumiem galvenokart ir saistita ar nemitigo prasibu palielinaSanos
farmacijas uzgp€émumu produkcijai (zalém un zalu vielam). Apméram pirms 20 vai vairak
gadiem daudzam FAV patent€Sanas bridi vispar netika izvirzitas nekadas prasibas par
polimorfismu. Tagad $adas prasibas pastdv un javeic papildus pétjjumi patentbrivajam
FAV, lai uzsaktu razoSanu un veiktu to registraciju. Citu kristalisko formu mekl&jumi tiek
veikti, lai uzlabotu zaJu biopieejamibu, kas var izpausties gan ka nepiecieSamiba palielinat
FAV skidibu, gan gluZi otradi — to samazinat. Tapat dazadam kristaliskajam formam piemit
atSkirigas tehnologiskas ipaSibas (saberSanas blivums, sapres€jamiba), kas ir svarigas
tableSu izgatavoSanai un iepildiSanai kapsulas.

FAV tradicionali iz8kir tris kristaliskas formas: salus, polimorfas un
pseidopolimorfas formas. Kristalu inZenierijas sniegtas iesp€jas konstruét molekularas
cietvielas kluva par attistibas iemeslu ceturtajai kristaliskai formai — kokristaliem
(molekulariem kompleksiem). Vairakums FAV ir sarezgitas uzblives molekularas vielas,
kas satur dazadas funkcionalas grupas. Funkcionalo grupu esamiba FAV molekula nosaka
ne tikai biologisko aktivitati, bet arT spéju molekulam saistities supramolekularas strukttiras
pasam ar sevi, ar §kidinataja molekulam vai ar citu cietvielu molekulam, tad€jadi veidojot
daZadas polimorfas, pseidopolimorfas formas un kokristalus. Lidz ar to rodas jautdjums par
likumsakaribam starp FAV kristalisko struktiru un fizikali kimiskajam ipa$ibam, izejot no
starpmolekularo saisu, ka ar1 molekulu konformacijas veida §ajas struktiiras.

Promocijas darba meérkis ir izpétit daZzu FAV (ftorafiira, droperidola, sigetina,
atipamezola un ksilazina hidrohlorida) un biologiski aktivo vielu ka FAV modelvielu
(nikottnamida un 1,10-fenantrolina) kristalisko formu veido$anos iespg&jamibu un fizikali

kimiskas 1paSibas saistiba ar to kristalisko struktiiru.



Ka darba uzdevumi tika izvirziti:

1. iegut un novertet iegusanas apstaklus ftorafiira polimorfajam formam, noteikt kristalisko
un molekularo struktiru ftorafira e polimorfajai formai, ka ar1 noteikt ftorafiira
polimorfisma c€lonus;

2. iegiit ksilazina hidrohlorida, droperidola un sigetina pseidopolimorfas formas (hidratus),
noteikt tam kristalisko un molekularo struktiiru, rast likumsakaribas starp savienojuma
kristalisko struktiiru un fizikali ktmiskajam 1pasibam;

3. konstruet sigetina fazu diagrammu un noteikt sigetina dihidrata/beziidens formas
termodinamiskas stabilitates apgabalus;

4. veikt nikotinamida un 1,10-fenantrolina kokristalu mekl€jumus, noteikt kristalisko
struktiiru un fizikali kmiskas 1paSibas iegiitajiem savienojumiem;

5. noteikt atipamezola un atipamezola hidrohlorida kristalisko un molekularo strukttru,
veikt abu savienojumu polimorfo un pseidopolimorfo formu mekl&jumus.

Darba zinatniska novitate. Saja darba ir aprakstitas lidz $Tm nezinamas ftorafiira &
formas, droperidola hemihidrata, sigetita dihidrata, ksilazina hidrohlorida monohidrata,
atipamezola, atipamezola hidrohlorida, 1,10-fenantrolina-hidrohinona, nikotinamida—
fumarskabes ar stehiometriju 1:1 un 2:1 kristaliskas un molekularas struktiras.
Savienojumu kristalografiskie dati ir registréti KembridZas kristalografisko datu centra un
ieklauti Kembridzas struktiru datubazé (KSD). Kristalografiskiem datiem ir liela
fundamentala nozime, jo tie satur informaciju par iekSmolekularo geometriju,
iek§molekularam un starpmolekularam mijiedarbibam, kas lauj tos izmantot, lai skaidrotu
vielas fizikalas, kimiskas un biologiskas ipasibas. Pirmo reizi ir iegiita un aprakstita
ftorafura ¢ polimorfa forma. Izvirzita hipotéze, kas skaidro ftoraftra ¢ un f§ polimorfo formu
selektivo kristalizaciju, ka ari noskaidroti ftorafiira polimorfisma c€lopi. Izmantojot iegiitos
datus par ksilazina hidrohlorida, droperidola un sigetina hidratu kristaliskas struktiiras un
starpmolekularo mijiedarbibu ipatnibam, rasts skaidrojums to fizikali kimiskajam 1pasibam.
Ir iegiiti jauni un lidz $im neaprakstiti nikotinamida—fumarskabes kokristali ar dazadu
stehiometriju un at8kirigu fumarskabes konformaciju, ka ari 1,10-fenantrolina—hidrohinona
kokristals ar stehiometriju 2:1. Paradita vienlidz efektiva FAV relativas masas un fazu
parejas atrumu izmantoSanas iesp&ja hidrata/bezudens formas stabilitates apgabalu

noteik$ana.



Darba praktiska nozime. Jaunu FAV kristalisko formu iegiiSana paplaSina zalu
razotdja izve€les iespgjas, vadoties peéc labakam fizikali kimiskam un farmaceitiskam
IpaStbam.

Savlaiciga ¢ formas iegiiSana un izpéte ir devusi iesp€ju to atri un veiksmigi
identificét ka neve€lamo piemaisjjumu uzpémuma produkcija un izdarit korekcijas
tehnologiskaja reglamenta, nosakot ka nepielaujamu kristalizacijas procesa ilgstosu
partraukSanu bez reaktora satura apmaisiSanas.

Uz ksilazina hidrohlorida, droperidola, sigetina un atipamezola hidrohlorida
noteikto kristalisko struktiru pamata veikta pulvera rengendifraktogrammu datorsimulacija
dod iesp€ju viennozimigi interpretét eksperimentali iegiitas pulvera rentgendifrakcijas
ainas, izslédzot piemaisTjumu vai citu polimorfo vai pseidopolimorfo formu refleksus. Sie
rezultati tiek izmantoti uzg€émumu produkcijas kvalitates kontrole un kontroles metozu
1zstrade.

Veicot maisijumu kvantitativo rentgenfazu analizi ar pilna profila (Ritvelda)
metodi, FAV kristaliskas struktiiras dati ir nepiecieSami, lai izslegtu kristalu domingjosas
orientacijas, parauga caurspidiguma u.c. klidas. 7

Sigetina un ta dihidrata stabilitates apstak]u noteikSana dod iesp€ju precizak noteikt

So formu glabaSanas apstaklus bez fazu parejas riska.



1. LITERATURAS APSKATS

1.1. Polimorfas formas

Polimorfisms ir vielas spéja kristalizéties vairak nekd viena kristaliskaja forma ar
atdkirigu molekulu sakartojumu un/vai konformaciju. STs at3kirigas kristaliskas formas sauc

par polimorfajam formam [1].

1.1.1. Polimorfo formu termodinamika

Cietvielu polimorfo formu relativo termodinamisko stabilitati konstanta temperatara
un spiediena raksturo Gibsa energijas izmaina:
11G = MI -TtO, (1.1)
kur entalpijas izmaina starp divam formam Mi atspogulo kristalrezga energijas izmainu,
bet entropijas izmaina !'1S - struktdras nesakartotibu un kristalrezga vibracijas. Gibsa
energijas izmaina var bit:
1. negativa (11G<O), kas norada uz patvaligo fazu parejas iespéjarnibu;
2. pozitiva (11G>0), kas nosaka, ka dotajos apstaklos fazu parejas patvaliga norise nav
iespéjama;
3. vienada ar nulli (11G=0), kad sistéma atrodas termodinamiska Itdzsvara stavoklt [2].
Pamatojoties uz atSkirtbam termodinamiskajas TpaSibas, polimorfo formu sistémas
iedala enantiotropas un monotropas atkariba no ta, vai dota polimorfa forma spégj
atgriezeniski pariet cita forma, vai né. AtSkirtbu starp enantiotropo un monotropo polimorfo
formu sisttmam var izskaidrot, izmantojot Kkatras fazes Iidzsvara tvaika spiediena ITknes

atkartbu no temperatiras (1.1. att.).
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Tvaika spiediens
Tvaika spiediens

Tpr_ Tkué.ll Tkus.l Tkus.ll Tku§.| Tf,p. (formala)
Temperatira Temperatira

1.1. att. Tvaika spiediena — temperatiiras diagramma enantiotropai (a) un monotropai (b)
sist€émai (ar lauzto liniju attéloti apgabali, kuros dota polimorfa forma nav termodinamiski

stabila) [3]

Enantiotropaja sistéma tvaika spiediena liknu krustoSanas punkts atradisies zem
divu polimorfo formu kuSanas temperatiiras Tyyz; un Ty punktiem (1.1.a. att.). Turpretim
monotropas sist€mas gadijuma (1.1.b. att.) abu polimorfo formu tvaika spiediena ltknes
krustosies virs to kuSanas temperatiiras punktiem [2—4]. Abu ltknu krustoSanas punkts
atbilst polimorfo formu faZzu parejas temperatirai Trp. Tad€jadi atSkiribu starp $im divam
sisttmam nosaka kuSanas un faZu parejas temperatiras punktu atrasanas vieta.
Enantiotropaja sisttma divas polimorfas formas fazu parejas temperatiiras punkta atrodas
lidzsvara un fa7u pareja var norisinaties abos virzienos, t.i., atgriezeniski atkariba no
temperatiiras (1.1.a. att.). Monotropas sist€mas gadijuma fazu parejas temperatiras punkts
ir formals. Lai gan termodinamiski nosakams, parasti $is punkts eksperimentali nav
konstat€jams, jo atrodas virs abu polimorfo formu kuSanas temperatiram. Rezultata
polimorfo formu fazu pareja var notikt tikai viena virziena no termodinamiski nestabilas uz
stabilo formu (1.1.5. att.).

Lai labak izprastu polimorfo formu termodinamiskas stabilitates kopsakaribas, ir
lietderTgak apskatit enantiotropas un monotropas sistémas energijas—temperatiiras
diagrammu (1.2. att.). Ta atspogulo vismaz divu cietvielu (polimorfo formu) un Skidruma
Gibsa energijas G un entalpijas H izobaru savstarp€jo atkaribu. Noteikta temperatiira

termodinamiski stabilai polimorfajai formai biis viszemaka Gibsa energija [3].
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1.2. att. Energijas—temperatiiras diagramma enantiotropai (a) un monotropai (b) sistémai [5]

1.2.a. att€la ir paradita polimorfo formu I un II enantiotropa sistéma. Ka redzams,
fazu parejas temperatiiras punkta Tt, 1 abam formam ir vienada Gibsa energija (Gi=Gu),
proti, tas atrodas termodinamiska lidzsvara. Apgabala no 0 K l1dz fazu parejas temperaturai
stabila bus forma II, jo tai Gibsa energija ir zemaka neka formai I. Rezultata $aja
termperatiiras intervala polimorfa forma I var spontani un eksotermiski pariet polimorfaja
forma I1. Apgabala virs faZu parejas temperatiiras termodinamiski stabila biis forma I, kurai
Gibsa energija ir zemaka. Lidz ar to $aja temperatliras intervala ir iesp&jama polimorfas
formas II spontani endotermiska pareja polimorfaja forma I.

Monotropaja sisteéma (1.2.b. att.) formas I Gibsa energija bus zemaka par formas II
Gibsa energiju temperatiiras intervala no 0 K lidz formas I kuSanas temperatiirai Ty .
Tadegjadi polimorfa forma II var spontani un eksotermiski pariet polimorfaja forma I un §1
pareja ir 1esp€jama jebkurd temperatiira un ta nav atgriezeniska. Neskatoties uz to,
cietviela—cietviela fazu pareja kinétisku apsvérumu dé| var ari nenotikt. Ta ir iespgjama
tikai tada temperatiira, kas nodro$ina sist€mu ar pietiekoSu daudzumu siltumenergijas, lai
parvarétu aktivacijas energijas barjeru [1].

Lai noteiktu polimorfo formu relativo termodinamisko stabilitati, ka art So formu
piederibu pie enantiotropas vai monotropas sist€mas, 1979. gada Burgers (Burger) un
Rambergs (Ramberg) formuléja vairakus likumus, no kuriem svarigaki ir tris: fazu parejas,

kuSanas siltuma un blivuma likumi.
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Fazu parejas likums.

Ja endotermiska fazu pareja starp divam polimorfajim formam notiek kada noteikta
temperattra (eksperimentala vai kinétiska fazu parejas temperatiira), tad termodinamiskais
fazu parejas punkts atrodas zem $iIs temperatiras, un dotas polimorfas formas ir
enantiotropas. Gadijuma, kad eksotermiska fazu pareja ir novérota kada temperatira
(eksperimentala vai kinétiska fazu parejas temperatiira), tad termodinamiskais fazu parejas
punkts neatrodas zem §1s temperatliras un sistema var bilt gan monotropa, gan enantiotropa,
t.i., atkariba no ta vai termodinamiskais fazu péarejas punkts atradisies virs vai zem abu
polimorfo formu kuSanas temperattram [1, 2].

Likuma pielietojumu enantiotropai sist€mai labi apraksta sulfamerazina (4-amino-
N-(metilpirimidin-2-il)benzosulfonamids, C;;H;2N4O,S) [6] gadijums. Sulfamerazinam ir
zinamas divas polimorfas formas: forma I un forma II. Stabilitates petijumos tika noteikts
termodinamiskas fazu parejas punkts (51-54 °C), bet abu formu fazu pareja II—1I noris 175
°C (AH;p=3,12kJ mol ™). Atbilstosi fazu parejas likumam sulfamerazina polimorfas formas
Ir enantiotropi saistitas.

KuSanas siltuma likums.

BieZi vien polimorfo formu fazu parejas atrums ir tik niecigs, ka precizi parejas
siltumu izmérit nav iesp&jams. Tada gadijuma polimorfas sist€émas raksturoSanai izmanto
kuSanas siltuma likumu. Enantiotropaja sistéma polimorfajai formai ar augstako kuSanas
temperattru biis mazakais kuSanas siltums, bet monotropaja sistéma polimorfajai formai ar
augstako kuSanas temperatiru kuSanas siltums biis lielaks. Ja polimorfo formu kuSanas
temperatiira atSkiras vairak neka par 30 °C, $is likums var arT nebiit speka un enantiotropaja
sisttma forma ar augstako kuSanas temperataru bas ar lielako kusanas siltumu [1, 2].

Likumu var ilustrét, apliikojot atomoksetina hidrohloridu ((3R)-N-metil-3-(2-
metilfenoksi)-3-fenilpropan-1-amina hlorids, C,7H;;NO), kur§ pastav divu polimorfo formu
veida. Saskana ar Stefensona (Stephenson) un Lianga (Liang) datiem [7] augstak kiistoSai
formai I (167,98 °C) tika konstatéts lielakais izdalitais siltums (38,9 kJ mol™") salidzingdjuma
ar formu II, kurai kusanas temperatura ir 164,38 °C un kusanas entalpija 36,8 kJ mol™". Lidz
ar to atbilstosi kuSanas siltuma likumam polimorfa forma I ir stabilaka par formu II jebkura

lemperatura, t.1., 1 sist€ma ir monotropa.
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Blivuma likums.

Organiskajas cietvielas molekulas parasti sakartojas ta, lai to savstarp&ja starpmolekulara
mijiedarbiba biitu maksimali izdeviga. Blivuma likums, kas pamatojas uz Kitajgorodska
(Kitaigorodsky) principu par molekularo kristalu blivo sakartojumu [8], nosaka, ka
Gdenraza saiSu neveidojosa sisttma O K temperatira stabilakai polimorfajai formai bis
vislielakais blivums stipro starpmolekularo van der Valsa saiSu dél. Tadejadi kristaliskajai
struktirai ar blivako sakartojumu piemit zemaka Gibsa energija [1, 2]. Pieméram,
flurbiprofénam ((RS)-2-(2-fluorbifenil-4-il)propanskabe, CsH3FO,) [3] ir zinamas divas
polimorfas formas I un II, kuru blivums ir attiecigi 1,279 un 1,231 g cm™. Balstoties uz %0
likumu, forma II ar mazako blivumu ir termodinamiski nestabilaka par blivako formu I
Tomer $is likums ne vienme@r piemérojams, jo, neskaitot van der Valsa saites, daudzas
organiskajas cietvielas pastav art starpmolekularas tdegraza saites. Gadijumos, kad
starpmolekularas 0depraZa saites ir energétiski izdevigakas par van der Valsa saitém,
stabilakas var bat polimorfas formas ar zemako blivumu [1]. To apliecina ritonavira ((1,3-
tiazol-5-ilmetil-N-[(2S,3S,5S)-3-hidroksi-5-[(2S)-3-metil-2-{[metil({[2-propan-2-il)-1,3-
tiazol-4-il]metil } )karbamoil Jamino } butanamido]-1,6-difenilheksan-2-ilJkarbamats),
C37H48NgOsS,) [9] un piroksikama ((8E)-8-[hidroksi-(piridin-2-ilamino)metildien]-9-metil-
10,10-diokso- 10ké—tia—9—azabiciklo[4.4.0]deka— 1,3,5-trien-7-ons, CsH3N304S) [10]
petijumi, kuru metastabilas polimorfas formas starpmolekularo tidepraza saiu dé| ir ar

blivaku sakartojumu un attiecigi lielaku blivumu.

1.1.2. Polimorfo formu strukturalie aspekti

Organisko savienojumu polimorfo formu dazadibas c€lonis ir strukturalas atSkirtbas
kristaliskaja rezgl un lidz ar to var izSkirt divu veidu polimorfismu: sakartojuma un
konformacijas. Sakartojuma polimorfisms ir veids, ka nemainigas konformacijas molekulas
var sakartoties dazadas trisdimensiju struktiiras. Konformacijas polimorfisms ir veids, ka
konformacionali elastigas molekulas, pateicoties to sp€jai piepemt at3kirigus apveidus,
izveido dazadas trisdimensiju struktiiras. Lai gan §ads polimorfisma iedalijums pastav,
tomér lielakoties atSkiribas starp sakartojumu un konformacijas polimorfismu nav skaidri

lezimgtas. Ir zinami tikai dazi konformacijas polimorfisma pieméri, kad molekulas pastav
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dazadas konformacijas, saglabajot nemainigu kristalrezgi  vai sakartojumu [1]. Viens no
tiem ir virazols (I-[(2R,3R,4R,5R)-3,4-dihidroksi-5-(hidroksimetil)oksolan-2-il]-1,2,4-

triazol-3-karboksamids), CgH12N4Us)[11]. Virazolam ir zinamas divas polimorfas formas:
VI un V2, kuras kristalizéjas ortorombiska P2;2,2; telpiska grupa. Konforméacijas zina

abam formam ir batiskas atSkirtbas, kuras nosaka torsijas lenkis ap C-N saiti (1.3. att.).

eC

QIN

GO
oH

1.3. att. Virazola VI (pa kreisi) un V2 (pa labi) polimorfo formu konformacija, izmantojot

KSD [12] datus

Polimorfas formas VI gadijuma S8is torsijas lenkis ir 10,4°, bet V2 gadijuma tas ir 119,0°.
Lidzigi ir ar sakartojuma polimorfismu: tadu organisko savienojumu, kur molekulu
sakartojuma veids atSkiras, bet to konformacija paliek nemainiga, ir diezgan maz. Ka
pieméru var minét hlordiazepoksidu (7-hloro-2-metilamino-5-fenil-3H-I,4-benzodiazepin-

4-oksids, CI6HI4CIN30), kuram ir zinamas divas polimorfas formas: 1[13] un Il [14]. Cieta
kristaliska stavokll &1 savienojuma abas formas pastav diméru veida. Polimorfas formas 1

gadijuma divu diméru pari ir novietoti paraléli viens otram (1.4. att.).

ecC
1i0
CGiN
9 cI

1.4, att. Hlordiazepoksida polimorfa.s formas 1 molekularas struktdras sakartojums,

izmantojot KSD [12] datus
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Turpretim polimorfai formai II viens diméru paris ir nobidits uz augSu par aptuveni ¥2 daju
attieciba pret otru diméru pari. Abu polimorfo formu konformacijas analize neuzrada vera
nemamas atSkiribas.

Kopuma atskiribas sakartojuma praktiski vienmér ietekmés molekulu geometriju,
bet ta savukart gandriz vienmeér iespaidos molekulu sakartojumu telpa. Rezultata lielakai
dalai organisko savienojumu polimorfismam ir jaukts raksturs un tas apvieno sevi atSkiribas

gan molekulu konformacija, gan to sakartojuma [1].

1.1.3. Polimorfo formu mekléjumi un prognozéSana

Polimorfo formu mekl€jumus var veikt gan eksperimentali [15, 16], gan ar
skaitloSanas metozu palidzibu [17, 18].
Lai eksperimentdli noteiktu FAV spgju pastavét vairakas polimorfas formas,

visbiezak izmanto dazadas kristalizacijas metodes (1.1. tab.).

1.1. tabula
FAYV polimorfo formu kristalizacijas metodes [1]

Metode Brivibas pakapes {
Kristalizacija, dzesgjot Skidinatajs vai $kidinataju maisijuma veids, dzeséSanas
Skidumu apstakli, sakuma temperatiira, beigu temperatira,

koncentracija

Skidinataja iztvaicg3ana | Skidinatajs vai $kidinataju maisijuma veids, sakotné&ja
koncentracija, iztvaic€$anas atrums, temperatiira, spiediens,
apkartesoSais relativais mitrums, iztvaic€S$anai lietota trauka
virsmas laukums

Izgulsnésana (8kidinataja | Skidinatajs, pretskidinatajs, pievieno$anas atrums,

mainas metode) maisiSanas atrums, temperatiira

Tvaika difuzija Skidinatajs, diftizijas atrums un lielums, temperatiira,
koncentracija

Suspendésana Skidinatajs vai $kidinataju maisijuma veids, temperatira,

$kidinataja daudzuma attieciba pret cietvielu, Skidiba,
sajaukSanas atrums, nogaidiSanas laiks

Kristalizacija caur Temperatiira (minimala, maksimala, gradients)
kuSanu
Siltuma izraisitas Temperatiiras apstakli
| parvertibas
Sublimacija Aukstas puses temperatiira, karstas puses temperatira,
L temperatiiras gradients, spiediens, virsmas veids
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1.1. tabulas turpinajums

Metode Brivibas pakapes
Solvatu desolvacija a) sausa atmosféra: temperatiira, spiediens;
b) suspensija: $kidinatajs vai §kidinataju maisijuma veids,
temperatiira, $kidinatdja daudzuma attieciba pret cietvielu,
Skidiba, sajauk3anas atrums, nogaidiSanas laiks

[zsaliSana Sals veids, daudzums un pievienoS$anas atrums, temperatura,
Skidinatajs vai $kidinatdju maisijuma veids, koncentracija

pH maina Temperatiira, pH mainas atrums, skabes/bazes attieciba,
skabes/bazes pievienoSana ka Skidrumu vai gazveida

Liofilizacija Skidinatajs, sakotngja koncentracija, temperatiira, spiediens

Ja kristalizacija tiek izmantots $kidinatajs, ir svarigi izvéleties nevis vienu noteiktu
S$kidinataju, bet gan daZadu $kidinataju grupu. Ir noverots [19-21], ka noteikta polimorfa
forma kristalizg€jas tikai no noteikta $kidinataja vai Skidinatdju maisijuma, it seviski, ja
netiek veikta kristalu pievienosana. So fenomenu var skaidrot ar kontroléto $kidinataja—

polimorfo formu pareju skidinataja klatiené. Pie tam polimorfo formu raSanos un
kristalizacijas kinetiku var iespaidot Skidinataja—izSkidinatas vielas mijiedarbiba
molekularaja limen1 un paSa $kidinataja fizikali kimiskas ipaSibas (viskozitate, virsmas
spraigums u.c.) [16]. Tadgjadi, veicot kristalizaciju ar atkirigas dabas $kidinatdjiem, ir
lesp€jams daudz atrak un efektivak noteikt vielas speju kristalizéties vairak neka viena
polimorfa forma.

Skidinataju Ipasibas var aprakstit, izmantojot gan to molekularo raksturojumu
(UdenraZa saiSu protonu donoru vai akceptoras sp€jas), gan fizikali kimiskas ipaSibas.
Parasti vielas $kidiba ir Joti atkariga no izveéleta Skidinataja. Tradicionali tiek uzskatits, ka
lidzigs $kist l11dziga, un izdala tris galvenas $kidinataju grupas. Pirma grupa ir $kidinataji ar
izteiktam GdenraZa saiSu protonu donoru 1pa$ibam, pieméram, Gdens, etanols un citi polarie
$kidinataji. Sis grupas $kidinatajus apzimé par dipoldriem protoniem 3kidinatajiem. Otro
grupu veido dipolarie aprotonie $kidinataji, kas ir polari, bet neveido udenraza saites,
pieméram, acetonitrils, nitrobenzols. P&d&ja grupa ir apkopoti nepolarie (aprotonie)
Skidinatdji ka benzols un heksans [22]. Gu (Gu) un lidzautori [16] analiz&ja 96 daZadus
Skidinatajus, pamatojoties uz to GdenraZa saiSu protonu donoru vai akceptoram spéjam,

polaritati/dipolaritati, dipoilmomentu, dielektrisko konstanti, viskozitati, virsmas spraigumu,
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saistiSanas energijas blivumu (vienads ar Hildebranda—Skota (Hildebrand-Scott) $kidibas
parametru kvadrata) un sadalija tos vel 15 grupas. Sads dalifjums grupas, péc autoru
mekl&jumos.

Polimorfo formu meklgjumi ar skaitlofanas programmu palidzibu parsvara balstas
uz metodém, kas nepem véra entropijas ietekmi un molekulas svarstibas (0 K temperatiira).
Bez tam visstabilakajai polimorfai formai jaatrodas elementarSiinas globalaja energijas
minimuma, bet metastabilai formai — lokalaja minimuma [17, 18]. Izmantojot $adu pieeju,
ir iesp€jams apstiprinat jau eso$o polimorfo formu pastavéSanu [23-26], gan to varbutéjo
veido$anas iesp€jamibu [27].

Alternativa iespé€ja, ka meklét FAV polimorfas formas ar skaitloSanas programmu
palidzibu, ir konformacijas pielagoSana. Tas pamata ir pienémums, ka atseviSkas molekulas
izejas konformacija nav ideala un model€Sanas procesa rezultata iegiist tuvako optimalo
struktiras geometriju. Par molekulas izejas konformaciju visbiezak lieto jau zinamu
(kristalografiski noteiktu) polimorfas formas konformaciju [17]. Salidzinot iegtito modeli ar
kristalografiski ieglitajiem datiem (ja tadi ir), var art bt atSkiribas, jo parasti modeléSanu
veic gazes faze, kur molekulai nav mijiedarbibas ar citam molekulam. Konformacionali
elastigam molekulam salidzindjuma ar konformacionali nemainigam (stabilam) molekulam
brivibas pakapju skaits ir daudz lielaks, kas buitiski palielina polimorfo formu raSanas

iesp&jamibu.

1.1.4. Polimorfo formu pétiSanas metodes

Ta ka polimorfo formu atSkirtbas kristaliskaja un molekularaja struktira nosaka
fizikalo un kimisko ipasibu atSkiribas, tad, lai raksturotu $o formu ipatnibas un lidzibas, var
tikt lietota jebkura cietvielu pétisanas metode.

Ja tiek atklata FAV jauna kristaliska forma, to piederibu pie polimorfas formas var
noteikt ar dazadam analitiskajam metodeém. Visapraksto§akd no tam ir monokristala
rentgendifraktometrija, jo ta spe konstatét atSkiribas molekulu konformacija un
sakartojuma. Turklat metode dod izsmeloSo informéciju par savienojuma molekularo un

kristalisko struktiru - saiSu garumiem, lenkiem, starpmolekularam, intramolekularam
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mijiedarbibam un tiek uzskatita par visprecizako struktiiras noteikSanas metodi [28].
Metodes trikums ir iesp€jamas grutibas iegit labas kvalitates un piemeérota izméra
monokristalu. Sada gadfjuma var noderét pulvera rentgendifraktometriska analize (PRDA),
kas lauj noteikt savienojuma molekularo un kristalisko struktiru no pulvera
rentgendifrakcijas datiem, iepriek§ precizi zinot vielas sastavu un strukturformulu [29-31].
Lidztekus FAV polimorfo formu kvalitativai raksturo$anai metodi plaSi izmanto arl
kvantitativaja analize€ [32-36] un kristaliskuma pakapes noteik3ana [37]. Izmantojot PRDA
polimorfo formu analiz€, uzmaniba japieverS paraugu sagatavoSanai. Lielako problému
paraugu sagatavosana sagada domin€jo$a orientacija (tekstura). Lai no tas izvairitos,
paraugu preséSanai iesaka izmantot nedaudz raupju virsmu.

Lai gan rentgendifraktometrija ir visizplatitaka polimorfo formu pétiSanas metode,
svarstibu spektroskopija klust arvien popularaka, pateicoties analizes atrumam, paraugu
sagatavoSanas vienkar§ibai un piemérotibai lietoSanai tieSsaist€ (internetd). Svarstibu
spektroskopija ieklauj sevt infrasarkano spektroskopiju (IS), Ramana spektroskopiju, ka ari
teraherca impulsa spektroskopiju. IS var iedalit tala (100-400 cm™), vid&ja (400-4000 cm'')
un tuva (4000-14000 cm™). FAV polimorfo formu kvalitativaja un kvantitativaja analizé
izmanto vidgja [38—40] un tuva [41-43] apgabala IS. Tuva apgabala IS salidzinajuma ar
vid€ja apgabala IS ir vairak trikumu. Spektra absorbcijas joslas ir platas un bieZi parklajas,
maz absorbcijas joslu ,pirkstu nospiedumu” apgabala. Ramana spektroskopija (10-400
cm'') nodroina lidzigas analizes iesp€jas [40, 44—46] ka IS, bet Ramana spektroskopijas
biitiska priekSrociba ir m&rijumu veik3ana gan cietvielai, gan §kidumam vai suspensijai [2].
Pedejo gadu laika strauji attistijas cita svarstibu spektroskopijas metode — teraherca impulsa
spektroskopija (3,3-100 cm’'). Metodes izmanto3anas lietderibu FAV polimorfo formu
analizeé lieliski demonstré Strac¢anas (Strachan) un lidzautoru pétijums [47]. P&tfjuma uz
karbamazepina (5H-dibenzo[b,f]azipin-5-karboksamids, C;sH1,N,O), enalaprila maleata
((S)-1-[N-[1-(etoksikarbonil)-3-fenilpropil-L-alanil]-L-prolina maleats, C4H3:N,Og) un
indometacina (2-{1-[(4-hlorfenil)karbonil]-5-metoksi-2-metil- 1 H-indol-3-il } etikskabe,
Ci19H6CINO,) pieméra tika paradita iespéja, lietojot polimorfo formu at3kirigus teraherca
spektrus, noteikt to kvantitativo sastavu maisijuma, ka arT parauga kristaliskuma pakapi

amorfo vielu gadijuma. Ta ka metode ir jauna, gritibas var sagadat rezultatu interpretacija.
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Lidztekus svarstibu spektroskopijai lielu nozimi polimorfo formu pétiSana iepem
cietvielu kodolu magnétiskas rezonanses (cKMR) spektroskopija. Ar cKMR spektroskopiju
var ne tikai atSkirt dazadas kristaliskas formas, bet arl pietiekosi siki izpétit katras formas
strukturalos aspektus. Tas ir seviski svarigi tadam FAV, kas neveido monokristala
rentgenstruktiranalizei piemérotus monokristalus [38]. Metode ir visefektivaka
konformacionala polimorfisma strukturalo Ipatnibu pétijumos. Visbiezak polimorfo formu
analizé izmanto "°C [38, 39, 48, 49] un >N [50, 51] cKMR spektroskopiju. Salidzinajuma
ar iepriekSminetam spektroskopijas metodém, cKMR nereti izmanto savienojuma ar citam
analitiskajam metodém. Harpers (Harper) un lidzautori sava p@tijuma [52] zipoja par
veiksmigu cKMR izmantoSanu kopa ar PRDA, kas lava noskaidrot paklitaksela
(2a,40,5B,78,10p,130)-4,10-bis(acetiloksi)-13-{[(2R,3S5)-3-(benzoilamino)-2-hidroksi-3-
fenilpropanoiljoksi}-1,7-dihidroksi-9-okso-5,20-epoksitaks-11-én-2-ilbenzoats,
C47Hs5/NO\4) stabilas polimorfas formas kristala reZga uzbiives detalas. Dazas publikacijas
[48, 53] ir aprakstita °C cKMR lieto§ana FAV polimorfo formu kvantitativaja analize. Lai
panaktu spektra labako izSkirtsp&ju, kas ir loti batiski kvalitativaja analize€, izmanto
Skérspolarizacijas/grieSanas zem magiska lepka (cross polarization/magic angle spinning)
metodi [54].

Pie popularam polimorfo formu pétiSanas metodém var pieskaitit ar1 termisko
analizi, kas tradicionali sevi ietver diferencidlo termisko analizi (DTA), diferencialo
skengjoso kalorimetriju (DSK) un termogravimetriju (TG). Analizes pamata ir procesa
izdalita vai patéréta siltuma mérijumi, kas lauj noteikt savienojuma fizikalas un kimiskas
ipaSibas. DTA balstas uz temperatiiras starpibas mérjjumiem starp paraugu un references
materialu ka funkciju no laika vai temperattras. Parasti So mérijjumu merkis ir entalpijas
(siltuma) izmaigas noteik$ana, bet vairaku parametru aprékinaSanas grutibu dé] ar DTA
bieZi vien nevar iegiit precizus entalpijas datus. Metodi parasti izmanto tikai FAV
polimorfo formu kvalitativaja analizé [55]. Daudz precizak entalpijas mérijjumus ir
iespgjams veikt ar DSK metodi, nosakot siltuma daudzuma starpibu starp paraugu un
references materialu ka funkciju no laika (temperataras). No ieglitiem datiem var ari spriest
par savienojuma kusanas temperatiiru, kuSanas siltumu, siltumietilpibu, savienojuma tiribu,
ka arf polimorfo formu fazu parejam, ja §s faZu parejas notiek zem polimorfo formu

kuSanas temperatiiram. DSK ir pamatmetode FAV polimorfo formu savstarpgjo stabilitates
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saistibu raksturoSanai balstoties uz Burgera un Ramberga fazu parejas un ku$anas siltuma
likumiem [3, 56]. Tomér DSK var arl maldinat, seviski, ja ir novérota parauga sadaliSanas
sildiSanas laika. SadaliSanas produkti var rekristaliz€ties vai ietekmét tira savienojuma
ku$anas temperatiiru. Sada gadijuma lietderigak bitu izmantot TG, kas pamatojas uz
parauga masas meérfjumiem atkariba no temperatiiras. Ar TG var daudz efektivak noteikt
parauga sadaliSanos, kura notiek ar gaistoSo produktu iztvaikoSanu, tadgjadi padarot So

metodi bitisku un plasi izplatitu savienojuma sadali$anas iespgjamibas novértésanai [2].
1.2. Pseidopolimorfas formas (hidrati)

1.2.1. Pseidopolimorfo formu (hidratu) termodinamika

Ir izpétits, ka aptuveni 1/3 no visam FAV var kristalizéties hidratu forma. Udens
molekulas sava maza izméra dé| viegli aizpilda strukturalos (starpmolekulu) tuk§umus, ka
ar1 pateicoties sp€jai veidot plaSu idepraZa saiSu tiklu, viegli saista daudzas FAV molekulas
stabilaja kristaliskaja struktiira. Neskatoties uz to, idens klatbatne kristalizacijas procesa ne
vienmér garant€ hidratu veido$anos, pat ja viela ir Gdeni $kistoSa. Termodinamiski stabila
hidrata veido$ana noteico$a loma ir Gdens aktivitatei [2, 4].

Lidzsvaru starp FAV hidratu forma FAV-mH,0 un FAV bezidens formu (vai dal&ji
hidratétu) FAV var aprakstit ar sekojo$o sakaribu (1.2):

FAV(c)+mH,0 <% FAV -mH,0(c) (1.2)
kur, K, — hidratacijas lidzsvara konstante.

Lidzsvara apstaklos pastav noteikta Gdens kritiska aktivitate (a, ,, ), kad hidratam

un bezitdens formai ir vienada termodinamiska stabilitate (1.5. att.). Ja tidens aktivitdte

Ay, Ir lielaka par a,, , , , izveidojas termodinamiski stabila hidrata forma un otradi [57].
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Kristaliska
forma

Hidrats j

Udens kritiska
) aktivitate (aH,'o, )
Bezidens

forma

0 (0%) 1 (100%)
Udens aktivitate (a,, o) vai relativais mitrums
2

1.5. att. Hidrata termodinamiskas stabilitates fazu diagramma [57]

Hidratu veidoSanos var ietekmét ari kineétiskie apstakl]i. Pieméram, daZiem
savrupiem hidratiem hidratacijas process var bt loti [éns, pat ja Gidens aktivitate ir virs tas
hidrata veidoSanas kritiskas robezas. To var izskaidrot ar §aja procesa iesaistito aktivacijas
energiju, kas $o hidratu veidoSanas gadijuma varétu bit ievérojami lielaka neka
dehidratacijas procesa aktivacijas energija. Aktivacijas energijas lielums var bt atkarigs no

daudziem faktoriem: savienojumu tiribas, kristaldiglu esamibas u.c. [58].

1.2.2. Pseidopolimorfo formu (hidratu) strukturalie aspekti

Visus hidratus var iedalit divas lielas grupas: stehiometriskos un nestehiometriskos
hidratos. Stehiometriskie hidrati satur noteiktu Gdens daudzumu kristaliskaja struktira un
tos var uzskatit ka molekularos savienojumus. Nestehiometriskie hidrati ir iesleéguma tipa
savienojumi ar mainigu tdens daudzumu bez ievérojamam izmainam kristaliskaja
struktira. Udens daudzums nestehiometriskos savienojumos ir atkarigs no udens tvaika
parciala spiediena (relativa mitruma) un temperattras [1].

Hidratus, balstoties uz to kristaliskas struktiiras ipatnibam, iedala trijas grupas [2, 4,
591

1. savrupie hidrati;
2. kanalveida hidrati;

3. jonu koordinacijas hidrati.
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Savrupie hidrati ir hidrati, kuros FAV molekulas noskir 0dens molekulas no tieSas
Udenraza saites veidoSanas ar citu ddens molekulu [4]. Pieméram, flukonazolam (2-(2,4-
difluorfenil)-1,3-bis(1H-1 ,2,4-triazol-l-il)propan-2-ols, CI3HI2F2N60) ir zinamas vairakas
pseidopolimorfas formas, no kuram viena ir monohidrats [60]. Veiktd monokristala
rentgenstruktdranalize rada, kd flukonazola monohidrata struktira katra Gdens molekula ar
starpmolekularam  Odenraza saitém saista tris flukonazola molekulas. Rezultata ddens
molekulas nonadk izoléta vietd (isakais 0---0 attalums ir 5,48 A) (1.6. att.).

QC
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i"F
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1.6. att. Starpmolekularo Gdenraza saiSu veidoSanas starp Odens un flukonazola molekulam

flukonazola monohidrata kristaliskaja struktdra, izmantojot KSD [12] datus

Hidrati, kuros ddens molekula ir noSkirta ar FAV molekulu no tieSas ddenraZza saites
veidoSanas ar citu Gdens molekulu, ir stehiometriski.

Kanalveida hidratos atSkirtha no savrupiem hidratiem Gdens molekulas atrodas
blakus viena otrai kanalos, kuri stiepjas visas kristalografiskdas ass garuma [4]. Kanala
diametrs parasti svarstas no 5 Iidz 10 A [61]. Udens molekulas var bat gan lokalizétas
(saistitas ar Odenraza saittm ar FAV molekulu) [62], gan nesakartotas [63]. Kanalveida
hidratu raksturigdka T1paStbha ir no temperatiras un spiediena atkariga atgriezeniska
hidratacija--dehidratacija, saglabajoties kristaliskajai struktdrai. Tas norada uz kanalveida
hidratu piederibu pie nestehiometriskiem savienojumiem [61]. Pétot S$ada tipa hidratus,
Alkvists (Ahlgvist) un Teilors (Taylor) [64] mégindja atrast likumsakaribas starp Gdens
molekulu kustigumu kanalu iek8iené un strukturaliem parametriem. Par pétijjuma objektiem
tika izvéléti sekojoSie kanalveida hidrati - teofilina (1,3-dimetil-7H-purin-2,6-dions,

C7HgN402) monohidrats un kofelna (1,3,7 -trimetil-1 H-purin-2,6(3H, 7H)-dions,
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CgHjoN4O,) 4/5 hidrats. Izmantojot Udenraza/deiterija (H/D) apmaipas analizes metodi,
autori konstatgja, ka H/D apmainas atrums abos hidratos ir loti atkarigs no kanalu
izmériem. Pie tam H/D apmainas atrums teofilina monohidrata ir daudz lendks, neka
kofetna 4/5 hidrata, kas ir skaidrojams ar ta kanalu mazo izmeéru attieciba pret Gdens

molekulas izméru (1.7. att.).

y=36A

2.4A

1.7. att. Teofilina monohidrata (pa kreisi) un kofeina 4/5 hidrata (pa labi) kristaliska

struktiira ar iezim&tu iekSiene kanalu un tidens molekulu ta salidzinasanai [64]

Jonu koordinacijas hidrati ir hidrati, kuros metéla jons ir koordinéts ar udens
molekulu [4]. Tie var biit gan stehiometriski [65], gan nestehiometriski [65, 66]. Udens
stehiometrijas loma to strukturalas atSkiribas ir apskatita Stefensona (Stephensos) un
Disirouda (Diseroad) pétijuma [65] par kromolina (5-[3-(2-karboksi-4-oksohromén-6-
il)oksi-2-hidroksipropoksi]-4-oksohromén-2-karbonskabe, Cy3H6011), cefazolina
((6R,7R)-3-{[(5-metil-1,3,4-tiadiazol-2-i])tio]metil } -8-0kso-7-[ (1 H-tetrazol-1-
ilacetil)amino]-5-tia-1-azabiciklo[4.2.0]okt-2-&én-2-karbonskabe, C14H14Ng04S5) un
fenoproféna (2-(3-fenoksifenil)propanskabe, C;sH;4O;) natrija salu hidratiem. Natrija
kromolina heptahidrata un natrija cefazolina pentahidrata dala tdens molekulu veido
koordinativo saiti ar natrija jonu, bet dala atrodas lielos eliptiskas formas kanalos, noradot
uz abu savienojumu piederibu pie nestehiometriskiem hidratiem. Natrija fenoproféna

dihidrata gadijuma abas udens molekulas veido cieSo starpmolekularo Gdenraza saiti ar
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fenoprofena molekulu un koordinativo saiti ar natrija jonu, ka rezultata savienojums ir

stehiometrisks.

1.2.3. Pseidopolimorfo formu (hidratu) iegiiSanas metodes

Lielaka dala hidratu galvenokart tiek iegiita netisi, t.i., kristaliz€jot savienojumus no
idens vai to saturofiem organiskajiem S$kidinatjiem, attirot izejvielas vai izdalot
monokristalus kristaliskas struktiiras noteikSanai. Musdienas FAV pétijjumos hidrata, ka
alternativas kristaliskas formas iegtiSana lauj risinat problemas, kuras saistitas ar stabilitati,
skidibu un zalu vielu formulésanu.

Hidratu ieguSanai izmanto gan tradicionalas polimorfo formu ieguSanas metodes
(kristalizacija no $kidinataja, kristalizacija, izmantojot pretSkidinataju, suspendéSana
uden1), gan metodes, kas der tikai hidratu gadijuma, piem&ram, dinamisko tdens tvaika
sorbciju/desorbciju.

Suspendé€sana udenT ir viens no visplasak pielietotiem veidiem ka tiek parbaudita
FAV hidratu veido$anas. Vairuma gadijumu beziidens vielas iz$kist, veidojot piesatinatu
tdens Skidumu. Hidrats no piesatinata Skiduma varés izgulsnéties tikai tad, ja ta $kidiba
Gident biis mazaka neka izejvielai. ST metode ir seviski deriga adent 8kistoso savienojumu
hidratu iegiiSanai. Udeni maz3kistoSiem savienojumiem 1&na $kiSanas kinétika var kavét
beziidens forma—hidrats fazu parejas procesu un hidratu veidoSanas var arl nenotikt.
Palielinat fazu parejas atrumu var palidz€t metode, kur neskisto$a savienojuma tdens
suspensiju silda un tad dzese, atkartojot sildiSanas—dzes€Sanas ciklus vairakas reizes.

Cita pieeja hidratu iegiiSanai ir kristalizacija, izmantojot $kidinataja mainas metodi.
Metodes pamata ir savstarp€ji neierobezoti $kistoSo $kidinataju para atlase, kur viena
Skidinataja dota beziidens forma 3kist, bet otra — neskist. Metode ir vairak piemérota udeni
neskisto§o savienojumu hidratu iegt$anai. Savienojumiem ar lielu $kidibu udeni udens
aktivitate $kiduma var biit parak maza, lai izveidotos stabils hidrats.

Pédeja laika populara ir dinamiska tidens tvaika sorbcijas/desorbcijas metode, kura
balstas uz sorbcijas/desorbcijas izotermas noteik§anu savienojumam atkariba no relativa

mitruma. Metode ir vienkar$a un neprasa daudz laika, lai gan lidzsvara laiks, kas atvelets
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katram relativa mitruma posmam ir samé&ra mazs (parasti mazak par 3 stundam) un var

izradities nepietiekoss pilnigai fazu parejai [1, 58].

1.2.4. Pseidopolimorfo formu (hidratu) pétiSanas metodes

Hidrati, ka FAV kristaliska forma, ir loti izplatiti savas stabilitates dél, bet,
neskatoties uz to, ir svarigi novértét ari beziidens formu vai citas hidratacijas pakapes
hidratu rasanas iesp€jamibu un to stabilitati. NeapSaubami beziidens forma-hidrats fazu
parejas ir |oti nozimigas FAV raZoSanas posma no izejvielas lidz tabletei, jo fazu parejas
batiski var ietekmet gatava produkta kvalitati [67].

Hidratu raksturoSanai izmanto vairakas analitiskas metodes, piemeram,
rentgendifraktometriju struktiras noteik$anai, termalo analizi termodinamisko parametru
aprékinasanai, sorbcijas—desorbcijas izotermas hidratacijas/dehidratacijas merjjumos un
citas metodes. Salidzinajuma ar polimorfo formu analizi, hidratu gadijjuma biezi ir
nepieciefams izmantot plasako metoZu klastu, ka arl nestandarta apstaklus (sausu
atmosferu, noteiktu relativo mitrumu, augstu vai zemu temperatiru), jo dehidratacija var
bt iesp&jama ari parastos apstak]os.

Rentgendifraktometriskas analizes metodes izmanto hidratu kristaliskas un
molekularas struktiiras noteiks$ana. legttas zinaSanas par iidens lomu savienojumu struktira
palidz daudz labak izprast fizikali kimiskas ipasibas, seviSki nestehiometrisko hidratu
gadijuma3 [65, 66, 68]. PRDA lieto hidratu stabilitates [69] un hidratacijas/dehidratacijas
kin€tikas pétfjumos [70-72]. lespgja izmantot ar reguléjamas temperatiras kameram
aprikotus rentgendifraktometrus Kkrietni atvieglo mérjjumu veikSanu un uzlabo rezultatu
kvalitati, ipa$i loti higroskopisku savienojumu gadijuma.

Nereti hidratu petijjumos izmanto spektroskopiskas analizes metodes: IS un cKMR
spektroskopiju. Kristalizacijas tdeni var noteikt infrasarkanaja spektra O-H grupas
svarstibu rajond, ka Sauru joslu pie lielakas absorbcijas neka O-H funkcionalas grupas
gadijuma [38, 39]. Ar cKMR spektroskopiju hidratu raksturo$ana ir iesp&jama, jo Udenraza
saites veidoSanas starp FAV un Gdens molekulu ietekmé kodolam apkartesosus elektronus,

kas savukart iespaido kimisko nobidi. Tas lauj metodi izmantot hidratu strukturalos
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pétijumos [61, 73, 74], seviski, ja nav iespéjams noteikt pétamo vielu struktlru ar
monokristala rentgendifraktometrisko analizi.

Hidratacijas/dehidratacijas  pétijumi tiek veikti, izmantojot sorbcijas un desorbcijas
izotermu mértjumus. FAV hidratu sorbcijas izotermu termodinamika sikak tiek apskatita
Autelina (Authelin) [59] un Saceti (Sacchetti) [75] publikacijas. Atkariba no ta, vai hidrats
ir vai nav stehiometrisks, 0dens var sorbéties/desorbéties ar vai bez fazu izmainam.
Stehiometriskiem  hidratiem Gdens sorbcija noteiktda 0Odens tvaika parcidlaja spiediena
(relativa mitruma) norit diezgan strauji (1.8.a att.), kas ir sagaidams pie pirma veida fazu

parejas [76].

Udens tvaika parcialais spiediens Udens tvaika parcialais spiediens Udens tvaika parcialais spiediens

1.8. att. Sorbcijas izotermu veidi stehiometriskiem (a) un nestehiometriskiem (b), (c)

hidratiem [59]

Nestehiometriskiem  hidratiem Gdens sorbcija, pieaugot 0Odens tvaika parcialam
spiedienam (relativam mitrumam), notiek pakapeniski (1.8.b un c¢) un bez bitiskam fazu
izmainam [76]. lzotermu veids var bat dazads (1, Il, Ill, V) un to nosaka virsmas poru
izmérs, adsorbcijas siltums un citi apstakli. Ja hidratacijas un dehidratacijas kinétika ir
dazada, novéro histerézi. Histeréze tiek saistita ar kapilaro kondensaciju virsmas poras:
kapilara iztvaikoSana norit zemaka relativa spiediena nekad kapilara kondensacija [77]. FAV
hidratu pétijumos sorbcijas izotermas var sniegt informaciju par iespéjamam fazu parejam
un termodinamisko stabilitati atkariba no relativa mitruma un temperatlras. Pateicoties
natrija naprokséna  (natrija  (+)-(S)- 2-(6-metoksinaftalen- 2-il)propanats, C 14HL3NaU3)
bezidens formas sorbcijas pétijumam [78], bez jau zinama dihidrata, tika atklata
savienojuma jauna hidratéta forma - tetrahidrats. Tetrahidratu iegust, izturot natrija

naprokséna bezadens formu relativa mitruma lielaka par 75%. PRDA dati rada, ka gan
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dihidrats, gan tetrahidrats ir stabili istabas un 43 °C temperatird. FAV hidratu sorbcijas un
desorbcijas izotermu meérfjumu pielietoSana stabilitates un kinétikas petijumos ir apskatita
ari citas publikacijas [61, 62, 77,79, 80].

Hidratu pétijjumos izmanto arl termiskas analizes metodés: DSK un TG. Hidrata
tipiska DSK aina ietilpst sevi endotermisko signalu, kas atbilst Gidens zudumam un tam
sekojoSu endotermisko signalu vél augstaka temperatiira, kas liecina par bezudens formas
kusanu. Temperatira, kura notiek Gdens zudums atkariba no hidrata veida, var ievérojami
atskirties. Savrupiem hidratiem dehidratacijas temperatiira ir relativi augsta. Dehidratéjoties
kanalveida hidrati vienmer zaudé {ideni zemaka temperatira neka savrupie hidrati.
Visaugstaka dehidratacijas temperatiira parasti ir jonu koordinacijas hidratiem, jo starp
metala jonu un Gdens molekulu pastav stipras koordinativas saites. Ja DSK galvenokart
izmanto hidratu dehidratacijas kvalitativai raksturoSanai (dehidratacijas temperatira,
siltums), tad TG lieto, lai So procesu raksturotu kvantitativi, proti, cik daudz tdens tiek
zaudéts. TG metode lauj noteikt hidrata stehiometriju un kvantitativo sastavu divu fazu
maisijuma [81].

Gan hidrata, gan beziidens formas stabilitate ir atkariga no temperatiras un adens
tvaika parciala spiediena (relativa mitruma), tapéc abu kristalisko formu noteikSanai un
raksturoSanai ir lietderigi izmantot fazu robezas diagrammu. Tas konstruéSanai visbiezak
izmanto fazu parejas kingtikas datus ka funkciju no tdens tvaika parciala spiediena un
temperatiiras. Fazu parejas kinétikas datus var iegut ar dazadam analitiskam metodém
pieméram, PRDA [71] un tuvo IS [82].

Analiz€jot gan pseidopolimorfas, gan polimorfas formas, ir ieteicams izmantot
vismaz divas analitiskas metodes, lai iegitais rezultats bitu ticams. Tas bieZi vien prasa
daudz laika un papildus vielas daudzumus. Izeja var biit tadu analizes metoZu radiSana un
izmanto$ana, Kuras viena mérjjuma laika dot divus vai vairakus atSkirigus analitiskus

signalus.
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1.3. Kokristali

FAV kristaliskas formas tradicionali aprobeZojas ar saliem, polimorfam un
pseidopolimorfam (hidrati, solvati) formam. Katrai no tam ir savas priekSrocibas, ko
nosaka at$kiribas fizikali kimiskajas Ipasibas un iegiiSanas metodes.

Strauj§ progress kristalu inZenierija un supramolekularaja kimija motiveja
zinatniekus no jauna pieverst savu uzmanibu citai, ne tik plasi atzitai, kristaliskajai formai —
kokristalam [83-85].

Literatiira nav vienpratibas par kokristala definiciju [86-88]. Tomer lielakoties par
kokristaliem definé kristaliskas vielas, kuras sastav no divu vai vairaku normalos apstaklos
cietu vielu neitralam molekulam un kuras sava starpa nav saistitas ar kovalentam sait€m
[89-91].

FAV kokristali veidojas, FAV kristaliz€joties ar kadu citu kristalisko vielu, ko
parasti sauc par kokristala veidotaju. Ja FAV kokristali tiek iegiiti ka potencialas
arstnieciskas vielas, par kokristala veidotaju izv€las nekaitigas vielas, kuras ir apkopotas

plasi atzitas ka droSas” (Generally Recognized as Safe) vai 1idziga saraksta [89].

1.3.1. Kokristalu termodinamika

Lidzsvaru starp FAV, kokristala veidotaju KV un kokristalu K var aprakstit ar
sekojoso sakaribu (1.3):

FAV(c)+nKV «%X5 K(c) (1.3)
kur, K, — kokristala veidoSanas lidzsvara konstante.

Lidzsvara apstak|os starp FAV un kokristalu pastav tada kokristala veidotaja

kritiska aktivitate (ay, ,), kad abam kristaliskim formam ir vienada termodinamiska
stabilitate. Ja kokristala veidotaja aktivitate a,, ir lielaka par a,, , , izveidotais kokristals

ir termodinamiski stabilaks par FAV un otradi, ja a,, <ay, , , tad termodinamiski stabila

biis FAV (1.9.q att.).
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a  Kristaliska b Kristaliska
forma forma
FAV stabilitates Kokristala stabilitates . . . X .
apgabals apgabals Kokristala veidotdja i Kokristala stabilittes
it bal bal
KOkﬁStaIS . stabilitates apgabals apgabais
Kokristals
Kokristala veidotaja FAV kritiska
kritiska aktivitate (a, ,) aktivitate (a_,, )
yd Kokristala
FAV veidotajs

0

1

Kokristaia veidotaja aktivitate (a,)

FAV aktivitate (a

FAV )

1.9. att. Kokristala termodinamiskas stabilitates fazu diagramma attieciba pret kokristala

veidotaja (a) un FAV (b) aktivitati [57]

a,, ir vienada ar kokristala veidotdja koncentraciju $kiduma attieciba pret to Skidibu, vai
art ar tvaika spiedienu attieciba pret piesatinata tvaika spiedienu. Lidziga veida kokristala
termodinamisko stabilitati var apskatit attieciba pret tiras FAV aktivitati a,,, (1.9.5 att.)
[57].

Rodrigez-Hornedo (Rodriguez-Hornedo) un Ilidzstradnieki [82-94]

stabilitates noteik$anai starp FAV un kokristalu izmantot fazes diagrammu (1.10. att.), kura

piedava

sastav no tiras FAV un kokristala $kidibas liknes, ka art &etriem apgabaliem (I, II, III, IV),
kuri att€lo kinétiskas un termodinamiskas kontroles apgabalus par fazu $kiSanu vai

kristalizaciju.

FAV koncentracija (C;,,), mol/l

Kokristala veidotaja
koncentracija (Cy, ), mol/l

1.10. att. Kokristala (sarkana nepartraukta Iinija) un tiras FAV (zila partraukta Iinija)
$kidibas diagramma [94]
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Fazes diagrammas apgabala 1 Skidums ir parsatinats attieciba pret FAV un
nepiesatinats attieciba pret kokristalu. Gan FAV, gan kokristdla Skidumi ir parsatinati
apgabala Il un neparsatinati apgabala 11l. Turpretim apgabala IV Skidums ir parsatinats
attieciba pret kokristalu un nepiesatinats attiectba pret FAV. FAV un kokristala Skidibas
Iiknes krustojas punkta c, (parejas koncentracija), kura abu fazu (FAV un Kokristala)
Skidiba ir vienada. Sada fazes diagramma lauj noteikt kokristalu termodinamiskas
stabilitates apgabalus, kas ir svarigi, lai izstradatu kokristalu kristalizéSanas metodes un

kontrolétu kristalizacijas procesu.

1.3.2. Kokristalu strukturalie aspekti

Lielaka dala FAV ir heterocikliskie savienojumi. Lidz ar to FAV kokristali tiek
iegati, veidojoties 0Odenraza saitei starp karbonskabi un slapekli saturoSo heterociklisko
savienojumu ka akceptoru [84, 95, 96]. Pastav iespéja, ka reakcija var notikt protona

parnese no skabes uz bazi un rezultatd izveidojas sals (1.11. att.).

1.11. att. Sals (pa kreisi) un kokristals (pa labi) [97]

Savienojuma neitralo Val Jonu struktdras dabu parasti pierada ar monokristala
rentgenstruktdranalizi, nemot véra protona atraSanas vietu Furjé starpibas karté. Ja protona
atraSanas vieta ir neskaidra, tad nav iespéjams viennozimigi pateikt, vai iegutais
savienojums ir kokristals vai sals. Sadus gadijumus bieZi novéro, ja molekulara struktdra
konstaté protona nesakartotibu ar daléjo izvietojumu. Nesakartotibas rezultatda protons ir
Jzsrnéréts" vai delokalizéts telpa un nevar parliecinoSi noteikt to piederibu skabei vai bazei
[98]. Cita pieeja kristaliskas formas noskaidroSanai no monokristala rentgenstruktlranalizes
datiem balstds uz funkcionalo grupu saiSu garumu un lenku vértibam atkaritba no

savienojuma jonizacijas pakapes. Pieméram, ir novérots, ka piridina gredzenu saturo$as
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neitralas molekulas C-N-C lepka veértiba svarstas no 117,7 lidz 118,5°, bet protonétas
molekulas gadijuma §1 lepka vertiba parsniedz 120° [97].

Protona pareju vai Udenpraza saites izveidoSanos var ari noteikt, izmantojot
spektroskopiskas metodes. Sim mérkim visbiezak lieto IS un cKMR spektroskopiju. Akeroj
(Akerdy) un lidzautori [96] izmantojot IS, veica slapekli saturoSo bazu un skabju
kokristalizacijas produktu raksturo3anu. Platu absorbcijas joslu esamiba 2500 un 1900 cm™
rajona, kas raksturo O-H--N udenpraZza saiti, tika uzskatita par kokristala ieguSanas
pieradijumu. Slapekli saturoSas heterocikliskas FAV protonu parejas iespéjamibu nosaka ar
cKMR, izmantojot PN kimisko nobidi. Pétot FAV mijiedarbibu ar dikarbonskabém, Li (Li)
un lidzautori [95] konstat€ja, ka, ja neprotonétam heterocikliskam slapeklim signals
nobidas uz stiprakiem laukiem (80 vai vairak m.d.), ir notikusi protonu pareja no skabes uz
bazi, savukart nobide no 20 lidz 40 m.d. liecina par starpmolekularas tidepraza saites
izveido$anos starp skabi un bazi. Autoru secindjums ir: jo lielaka signala nobide uz
stiprakiem laukiem, jo stipraka ir 0denraZa saite. AtSkiribas >N kimiskajas nobidés Joti labi

korel€ ar rentgendifraktometriski noteiktajiem tidenraZa saiSu parametriem.

1.3.3. Kokristalu konstruésana un iegiSanas metodes

Kokristalu iegisana izskir divas dazadas pieejas: empiriska (méginajumu un kladu)
pieeja un kokristalu konstruéSana. Empiriska pieeja balstas uz kokristalizaciju, izmantojot
dazadas kokristalu veidotaju kombinacijas. Tacu $ada pieeja nav seviski racionala. Ta ir
darbietilpiga, jo veikto eksperimentu skaits ir liels plasa potencialo kokristalu veidotaju un
iegiiSanas metoZzu klasta dé]. Daudz lietderigaka ir musdienas izmantota pieeja — kokristalu
konstruésana [90, 99-101]. Tas pamata ir kokristala veidotaju molekulu atlase, izmantojot
katra komponenta molekulas strukturalas patnibas. Strukturalas ipatnibas nosaka denraza
saiSu veido$ana iesaistito molekulu funkcionalo grupu veids, to skaits un izvietojums, ka ari
paSu molekulu sp&ja pastavét dazadas konformacijas (konformacionalais elastigums).

Analizg€jot Gidepraza saiSu veidus daudzam organiskajam vielam, kuram ir zinama
kristaliska struktira, Etere (Etter) [102] piedavdja sekojo3as vadlinijas, kas atvieglo saiSu
prognozé&sanu cietvields:

1) Gdenraza saiSu veido$ana piedalas visi stiprie protonu donori un akceptori (1.12. att.);
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stipraka skabe ... labakais akceptors

(0] I \? H-O~

~N ~ o-HN- | \ i "7 NMe:
~- N-Hy--O
~ \ '<
b}
NO2 otrs labakais akceptors ... véjaka skabe

1.12. att Udenraza saiSu veidoSanas triskomponentu sistéma

2) iekSmolekularas Gdenraza saites seSloceklu gredzens ir izdevigaks neka starpmolekularas

UdenraZza saites (1.13. att.);

R

/

o
~ < ~

izdevigaks neka N iQ_HHQQN _(_ )_

I 0
R /
R

1.13. att. lekSmolekulara (pa kreisi) un starpmolekularas (pa labi) OdenraZza saites
3) visi atlikuSie stiprie protonu donori un akceptori piedalas starpmolekularo Odenraza saisu
veido3ana.

Ja apskata vielas kristalisko struktlru kopuma, tad protonu donoru un akceptoru

mijiedarbibas rezultata izveidojas Odenraza saiSu motivs - supramolekularais sintons (1.14.

att.).
~— n 2

supramolekularals sintons

1.14. att. Supramolekularais sintons
Petot KembridZzas struktlru datubazé (Cambridge Structural Database, KSD)

atrodamas organisko vielu kristaliskas struktdras, Allens (Allen) un Iidzautori [103] atrada

75 dazadaveidu N-H---N, N-H---O, 0-H---N un U-H---0 sintonu veido3anas iespéjamibu
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starp divam molekulam. Novérots, ka starp savienojumiem ar dazada veida funkcionalam
grupam (pieméram, 1,3,5-triazin-2,4,6-triamins—barbitals I, skabe—piridins II) (1.15.a att.)
sintonu veidoSanas iespgja ir daudz lielaka neka starp viena veida savienojumiem ar

identiskam funkcionalam grupam (pieméram, skabes dimeri III, amida dimeri 1V) (1.15.6

att.).
a b

4<hJ_H'--'O>\— o""H O....H_d \N—H..o

N\ 4 / \ \

2R ‘<0—H"'N>: 4<O—H----O>— *\<O----H-N>_
:<N_H....O>/7 N \

/

| Il Il v

1.15. att. Supramolekularo sintonu veidoSanos starp skabém un bazem:
a) heterosintons, ka fidenraza saiSu motivs starp skabi un bazi;

b) homosintons, ka GdenraZa saiSu motivs starp skabi un skabi, vai bazi un bazi

Ab initio aprékini ari apstiprina pétjjuma rezultatus, proti, I veida sintons ir energétiski
izdevigaks neka III veida sintons [104]. Visi novérojumi ir nozimigi kokristalu
konstruésanai, jo sp€ja prognozét supramolekularo sintonu veidoSanos ir saméra dro$s un
racionals veids cela uz kokristalu iegtisanu.

Kokristalu iegtiSanas metodes nedaudz atSkiras no metodém, kuras izmanto citu
kristalisko formu, pieméram, polimorfo formu iegiiSanai. Kokristalu veidoSana ir saistita ar
divu vai vairaku savienojumu piedaliSanos kokristalizacijas procesa, kura jagem véra katra
savienojuma Tpasibas.

Viena no plasi izplatitajam kokristalu iegtiSanas metodém ir attiecigo komponentu
saturoSa Skiduma iztvaic€S$ana vai dzes€Sana lidz izveidojas kristaliskas nogulsnes. Lai §i
metode dotu vélamo rezultatu, visam kokristalu veidojosam vielam vienlidz labi jaSkist
1zvel&taja $kidinataja. Ja kokristalu iegiist 3kidinataja iztvaic€Sanas cela, ir loti svarigi
levérot izejvielu stehiometriju. Kokristalus sintezgjot, $kidumu dzes€Sanas celd, §T prasiba
nav tik biuitiska [89]. Neskatoties uz to, ka $kidumu dzes€$ana un/vai iztvaicé€Sana ir viena
no laikietilpigakam metodém, tai ir butiskas prieksrocibas. Kristalizacija no §kiduma médz
dod pareizas formas monokristalus, kuriem ir iesp&jams veikt morfologisko analizi, bet

galvenais — ir iesp&jams precizi noteikt iegiita savienojuma kristalisko un molekularo
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struktiiru. Bez tam kristalizacija vienlaikus var tikt izmantota ka efektiva iegiitas vielas
attiriSanas metode [105].

Vairaki pétijumi [105-107] pieradija, ka kokristalus iesp€jams iegut, izejvielas
saberZzot. Tas nozimé, ka griti kontrol€jamais Skidinataja efekts un kokristalizacijas
apstak]i neietekmeé UdepraZa saiSu sp€ju izveidot stabilu sintonu. Tomeér ir noveroti
izpémumi. Piemé€ram, veicot imidu kokristalizaciju ar dazadam kokristala veidotaja
molekulam, tika novérots, ka viena dala kokristalu bija iegﬁta gan no Skiduma, gan
saberSanas rezultata, bet tadi kokristali ka diacetamids (N-acetilacetamids, C4H;NO;) ar
acetamidu (etanamids, C;HsNO), benzamidu (C;H;NO) un 3,4-dinitrobenzoskabe
(C7H4N;Og) stehiometriska attieciba 1:1 tika iegiti tikai saberZot. Atkartotie méginajumi
deva identiskus rezultatus. Turpretim 9-etilguanina (2-amino-9-etil-3H-purin-6-ons,
C7HoNsO) un 1-metilcitozina (4-amino-1-metilpirimidin-2-ons, CsH;N3O) kokristals
veidojas tikai Skidinataja iztvaicgSanas rezultata [89]. Griitibas iegit kokristalu ar
saberSanas palidzibu ir iespg€jams skaidrot ar nesp€ju vielu molekulam izveidot stabilu
sintonu. Ja kokristalu sekmigi izdodas sintezét, iztvaic€jot Skidinataju nevis saberzot, tas
var noradit arT uz iesp&jamo $kidinataja molekulas klatieni kristaliskaja rezgi, kas stabilize
legiito savienojumu. SaberSanas metodes galvena priekSrociba ir atteikSanas no Skidinataja
izmantoSanas kokristalu iegiiSanas procesa, kas padara So kokristalu sint€zes metodi
atbilstoSu ,,zalas” kimijas prastbam.

Pédéjo gadu laika arvien popularaka klust kokristalu iegtiSanas metode, kuras
pamati ir izejvielu saber$ana neliela $kidinataja daudzuma klatieng [105, 108-111]. Sai
metodei ir vairakas bitiskds priekSrocibas salidzinajuma ar citam kokristalu iegiSanas
metodém. Pamatojoties uz Sana (Shan) un Iidzautoru pétijumu [108], kokristalizacija
Skidinataja klatien€ noris daudz atrak neka bez ta. To apliecina arT Basavoju (Basavoju) un
lidzautoru [110] indometacina—saharina kokristala pétijumi. Autoru rezultati norada, ka
berZot istabas temperatiirda indometacina un saharina (1,1-diokso-1.2-benzotiazol-3-ons,
C7HsNOsS) stehiometriskus daudzumus 15 min, pilnigu izejvielu kokristalizaciju novéro
tikai péc 1 stundas. Turpretim piepilinot $kidinataju, kura viens kokristala komponents vai
abi ir 8kistosi, pilniga kokristalizacija notiek 15 min laika. Sis apstaklis Jauj iegisanas
metodi izmantot ka ekspresmetodi kokristalu veido$anas iesp&€jamibas novértéSanai. Bez

tam izejvielu saberSana $kidinataja klatiené Jauj ari kontrolét kokristalu polimorfo formu
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raSanas lesp€jamibu [112]. Metodes priekSrocibas papildina vél viena biitiska — izvairiSanas
no liela $kidinatdja daudzuma izmantoSanas sint€zes gaita. Tapat ka saberSanu bez
skidinataja klatienes, saberSana Skidinataja klatiené var uzskatit par videi draudzigu un

,,zalas” kimijas prasibam atbilsto$u iegiSanas metodi [113].
1.4. Monokristala rentgenstruktiiranalize

Monokristala rentgenstruktiranalize ir viena no svarigakam kristalisko vielu
strukturas pétiSanas metodém. Ta sniedz plaSu informaciju par vielas telpisko uzbivi,
leskaitot atomu izvietojumu telpa, saiSu garumu, valences lepku lielumu, molekulu
konformaciju, ka art informaciju par starpmolekularam mijiedarbtbam. Turklat no
monokristala rentgenstrukturanalizes datiem var spriest par savienojuma stehiometriju,
blivumu, simetriju un trisdimensionalo atomu sakartojumu telpa.

Ideals kristaliskas organiskas vielas monokristals sastav no liela skaita vienadam
molekulam. Molekulas ir izvietotas stingri noteikta geometriska seciba, kas atkartojas visos
virzienos, veidojot sakartotu struktiiru — kristalrezgi. Kristalrezga mazakais telpiskais
uzblives elements jeb vieniba ir elementarStnas. Katru elementarSinu raksturo sesi
parametri: tris elementarStinas Skautnu garumi jeb Isakas translacijas a, b un c, kas atbilst
trisasu koordinacijas sist€mas attiecigi x, y un z asu virzieniem, un tiTs lepki a, f un y starp
Stm $kautném. Balstoties uz punktsimetrijas elementu kombinacijam kristaliskas vielas var
sadalit 32 simetrijas klas€s jeb punktgrupas. Katras punktgrupas monokristala
elementar$una raksturojas ar dazadiem lineariem un lepkiskiem parametriem. Rezultata
iegiist 7 kristaliskas sisteémas jeb singonijas (triklino, monoklino, ortorombisko, tetragonalo,
kubisko, trigonalo un heksagonalo). Nemot véra kristalreZga translacijas simetriju un
punktgrupas simetriju, kristaliskas vielas var sadalit vel sitkak — 230 kombinacijas jeb
telpiskas grupas [114, 115].

Ja monohromatiskais rentgenstaru kilis ar vilpa garumu 4 (apméram 1 A) krit uz
monokristala atomu plakném un atstarojoties staru intensitates summeéjas, veidojas
difrakcijas refleksi, kas apmierina Brega (Bragg) vienadojumu (1.4):

n =2 d sind, (1.4)

kur A — rentgenstaru vijnu garums, A;
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# — difrakcija lenpkis,
d — atomu starpplaknu attalums, A;
n — atstaroSanas karta.

Katram difrakcijas refleksam var pieskirt Millera indeksu (Akl) — triju veselu skaitlu
kombinaciju. Millera indekss (hkl) raksturo kristala atomu plaknes orientaciju attieciba pret
izvéleto koordinatu sistému. Ta ka katrai kristala atomu plaknei atbilst attiecigi difrakcijas
refleksi, refleksu apzimeéSanai piepemts izmantot tos paSus Millera indeksus (hkl).

Jebkuras vielas rentgendifrakcijas aina atSkiras ne tikai ar difrakcijas refleksu
skaitu, bet arT ar to intensitatem. Faktiski, tikai difrakcijas refleksu intensitasu analize dod
iespeju pilnigi noteikt vielas kristalisko un molekularo struktiiru.

Visu elementarSiinas atomu ieguldijumu katra refleksa kop€ja intensitaté apraksta

struktarfaktors Fiy:
27 vk, +z,)
Fyo=2 fe ’ , (1.5)

kur n — atomu skaits $iina;
fj—j atoma izkliedes faktors;
hkl — Millera indekss;
xX;, yj, Zj —j atoma koordinates.

Ja elementarStinu uzskata ka nepartrauktu elektronu blivuma sadalijjumu, tad
summeéSanu vienadojuma (1.5) var nomainit uz integréSanu pa visu elementarSunas
tilpumu, bet atoma izkliedes faktoru f; — uz blivuma izkliedes faktoru bezgaligi maza
tilpuma 4V. Ta ka strukturfaktoru izsaka elektronu vienibas, ta lielums ir vienads ar

p(x,y,2)dV, kur p(x,y,z) ir elektronu blivums punkta x, y, z. Rezultata iegiist vienadojumu
(1.6):

F, = '[p(x, y’z)eZId(Iu'+ky+lz)dv (1.6)
\%
Vienadojumu (1.6) var parvérst, izmantojot Furjé sintézi. Sim noliikam jaatceras, ka

elektrona blivuma sadalijums atkartojas katra elementarStina visas trijas dimensijas. L1dz ar

to Furjé sintéze izskatisies triskar§as Furjé€ rindas veida:
1 =2x(hy+ky+lz
,D(X,y,Z)=VZZZFWe i (1.7)
h k1

kur V — elementarianas tilpums, A°.
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Ja ir zinami visi izkliedeto rentgenstaru intensitdaSu struktirfaktori, tad jebkura
elementarSinas punkta ir iesp&jams atrast elektronu blivuma vértibu un lidz ar to arT
elektronu blivuma sadalijumu visa elementarSiina. Tacu strukturfaktors ieklauj sevT ar1 fazi
Pkl
Fyy = ‘Fhuiei%“ , (1.8)
kur |Fpu| — struktiirfaktora amplituda;
@nu — struktiirfaktora faze, °.

Rezultata elektronu biivuma izversta formula iegiist $adu izskatu:

p(x, v, Z) — %ZZZ|Fhk]|ei¢7,,k,e—i2n(h\'+1\y+[z) , (19)
h ko

vai arT nemot véra Fridela (Friedel) likumu (7, = I ):

p(xyz) = %ZZZ\FMJcos[zn(hﬁ ky +1z)— @] (1.10)

No eksperimentaliem datiem mé&s varam iegtt tikai struktrfaktoru amplitiidas |Fj/|
vertibas, bet ne fazes ¢py vertibas. Fazes ¢y vertibas organiskajam vielam parasti nosaka ar
tieSo metodi. Ar tieSo metodi struktiirfaktoru fazes iegust tie$i no novérotam amplitidam,
izmantojot matematiskas likumsakaribas. 1952. gada Sejrs (Sayer) un vélak ar1 Karls (Karl)
un Hauptmans (Hauptmann) izveda vienadojumu (1.11), kas jebkura struktiira saista kopa

visu refleksu struktiirfaktorus Fj;:
Fui = P ZZ Z Fre By i s> (1.11)
T

kur ¢,,, — méroga faktors.

Parasti strukttirfaktoru fazes g, ir atkarigas no koordinatu sakumpunkta izvéles, bet
Ir iesp&jamas arl tadas fazu kombinacijas, kuras no ta nav atkarigas. Tos sauc par fazu
Invariantiem. Starp visiem faZu invariantiem visnozimigakie ir triju spécigu refleksu fazu
summas jeb tripleti @s. Ja tripleta refleksi ir spécigi, tad ir liela varbiitiba, ka faZzu summa

&3 bis vienada ar nulli [114, 115]:
(D}:(Ph, @, P, =0 (1.12)

Saja gadijuma Sejra vienadojumu (1.11) var uzrakstit ka:
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Spy & Sh'k’l’Sh—h’.k—k‘,l—{' ) (1.13)
kur Sh 1r attieciga strukttrfaktora zime.

Vienadojums (1.13) ir seviski noderigs centrosimetriskas struktiiras gadijuma, jo tad
fazém var bt tikai divas vertibas: 0 vai 180° (n), kas attiecigi atbilst strukttirfaktoru zimém:
Sua="+" val Spy="-". Kad fazes ir pieSkirtas, ar Furjé sintézes palidzibu tiek aprékinata

elektronu blivuma karte, lai parbauditu iegiita mode]a ticamibu.

Ta ka eksperimentalas struktirfaktoru vértibas ir atkarigas no izkliedes lenka 6,

struktiirfaktoru Fpy, vieta tieSa metodé izmanto normétos struktirfaktorus Epy:

2
U hkl

2 _
Ehkl = 2
Akl

(1.14)

Ar Upy vienadojuma (1.14) apzime vienoto struktiirfaktoru, ko definé ka:

F, hkl

Upe = (1.15)

n

2.7,

j
Praks€ normetos struktiirfaktorus Eyy, aprékina péc vienadojuma (1.16):
F2
E}, =—"%—, (1.16)

n

ngjz

kur ¢ - vesels skaitlis (visbiezak 1), kas atkarigs no telpiskas grupas.

Daudz komplicétaka ir tieS§8 metode necentrosimetriskam  strukturam.
Necentrosimetriskam struktiram fazu vértibas var bit diapazona no O Iidz 360°. Lai
aprekinatu fazes, izmanto tangensa pieeju. Sakuma lidzigi ka centrosimetriskas strukturas

gadijuma izvelas triju spécigu refleksu fazu summas @;:
Prt + Puwcr + Py spica—rr = P3 =0 (1.17)

Tad fazes tiek precizétas, izmantojot vienadojumu (1.18):
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ZiEhkl - Eh-h',k-k',l-z"sm(%kl Pyt

18 P ~ <
Z|Ehkl - Eh-h',k—k',1—1'|cos(¢’hkl + O kit
hkl

, (1.18)

Kad struktiira ir atrisindta, ir japarbauda vai visi neudenraza atomi ir atrasti.
Turpmakais solis ir visu nelidepraZa atomu atraanas vietu preciz€$ana, tidenraza atomu

atraSanas vietu noteikSana un siltumkustibu veidoSana kristala [115, 116, 117].

Visizplatitaka metode triikstoSo atomu atraSanai balstas uz AF sintézi:

1 )
ap ==Y 33 (F
V h k {

)21'%,,, g~ therky ) (1.19)

_ apr
lF hkl

eksp
kur ‘F Wkl

— eksperimentali noteikta struktirfaktora amplitiida;

apr
} F hkl

— teorétiski aprékinata strukturfaktora amplitida.

Iegutas struktiiras precizéSanu veic, izmantojot mazako kvadratu metodi. Metodes
pamata ir funkcijas (1.20) minimizéS$ana, lai iegltu vislabako sakritibu starp teorétiski
aprekinatam struktiirfaktoru amplitidam un eksperimentali noteiktajam struktiirfaktoru

amplitidam:

0= wFgr f = min, (1.20)

hkl

apr
- iF hki

kur w — svars, ko pieskir katram difrakcijas refleksam.

Svarigs jautajums, kas rodas preciz€jot struktliru, ir iegiita modela pareiziba. Lai to

novertetu, izmanto sakritibas faktoru R (R indekss):
_ |F apr

; NF hz;(l;xp Akl ]
= (1.21)
> |Far

hkl

Faktora skaitliska vértiba norada uz sakritibas lielumu starp teorétiski aprékinato
modeli un eksperimentali noteiktu. R indeksa lielums ir atkarigs no difrakcijas refleksu
intensitau kvalitates un atrisindtas struktiiras modela piemérotibu. Struktiirai ar labas

kvalitates refleksu intensitatém un bez sevi§kam strukturalas dabas problémam R indekss ir

mazaks par 0,05.
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Cits iegutas struktiras kvalitates novérteéSanas kritérijs ir atbilstibas raditajs GooF:

S w e —|Fr |
GooF =™ (1.22)
m-—-n

kur m — kopgjais refleksu skaits, ko izmanto struktiiras precizéSanai;
n — preciz€jamo parametru skaits.

Pareizi atrisinatai struktiirai tam jabt tuvu 1. Ja atbilstibas raditajs GooF ir lielaks
par 1, tad tas liecina par eksperimenta sistematiskam klidam, kas palielina starpibu

Foor — Fai (115, 117].

Ta ka monokristala rentgenstruktiranalizes aprékini ir sarezgiti un darbietilpigi, to
veikSanai plaSi izmanto skaitloSanas programmas: SHELX [118], CRYSTALS [119], SIR
[120-123].

1.5. Ftorafira, droperidola, sigetina, atipamezola, ksilazina
hidrohlorida monohidrata, nikotinamida, 1,10-fenantrolina un to

kristalisko formu visparigais raksturojums

1.5.1. Droperidols

Droperidols (1-(1-(3-p-fluorbenzoil)propil)-1,2,3,6-tetrahidro-4-piridil)-2-
benzimidazolinons, CyH2oFN3O03) (1.16. att.) ir balta vai gais$i dzeltenbriina kristaliska

viela ar izteiktu neiroleptisko iedarbibu.

0]

X
F—@—H-CHZ—CHZ—CHZ—NQ—N NH

1.16. att. Droperidola struktirformula
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Savienojuma IS, '"H KMR, UV un masspekitri ir aprakstiti literatiiras avota [124].

Droperidolam ir pazistamas tr1s polimorfas formas: I, II, IIT [125], ka arT dihidrats
[125, 126] un etanola kristalsolvats [127]. I, II un III formu kuSanas temperatiiras ir
atbilstodi 151, 145 un 124 °C. So triju polimorfo formu pulvera rentgendifrakcijas ainu

apraksts ir dots 1.2. tabula [125].

1.2. tabula
Droperidola I, II, III polimorfo formu un dihidrata pulvera rentgendifrakcijas ainas apraksts
Polimorfa forma I | Polimorfa forma II | Polimorfa forma III Dihidrats
d, A Il d, A Il d, A Il d, A I/,
9,30 8 9,93 23 9,93 23 10,09 21
8,44 26 7,02 44 7,02 44 9,56 53
8,13 19 6,47 73 6,47 73 9,33 36
6,25 28 6,37 86 6,37 86 8,09 33
5,52 66 5,66 36 5,66 36 7,19 5
5,34 16 5,88 17 5,88 17 7,09 7
4,94 21 5,78 35 5,78 35 6,06 14
4,76 75 5,62 58 5,62 58 5,71 18
4,56 50 5,07 36 5,07 36 5,49 78
4,48 35 4,97 10 4,97 10 5,43 18
4,36 18 4,61 100 4,61 100 5,07 38
4,01 100 4,47 19 4,47 19 4,78 100
3,96 19 4,20 68 4,20 68 4,72 81
3,90 11 3,96 23 3,96 23 4,66 81
3,57 40 3,81 55 3,81 55 4,60 74
3,34 56 3,74 77 3,74 77 4,49 48
3,11 7 3,69 49 3,69 49 443 45
3,03 27 3,60 30 3,60 30 4,36 32
2,98 28 3,51 60 3,51 60 4,22 77
2,89 12 3,42 8 3,42 8 4,13 65
- - 3,35 62 3,35 62 4,04 37
- - 3,29 36 3,29 36 3,88 44
- - 3,24 29 3,24 29 3,79 32
- - 3,16 29 3,16 29 3,70 69
- - 3,08 12 3,08 12 3,49 63
- - 3,02 34 3,02 34 3,45 25
- - 2,94 10 2,94 10 3,41 32
- - 2,82 5 2,82 5 3,32 61
- - 2,73 18 2,73 18 3,24 23
- - 2,69 10 2,69 10 3,19 41
| - - - - - - 3,14 59
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1.2. tabulas turpinajums

Polimorfa forma I | Polimorfa forma II | Polimorfa forma III Dihidrats
d,A Il d, A Il d, A Il d, A Il
- - - - - - 3,10 39
- - - - - - 3,05 16
- - - - - - 2,94 43
- - - - - - 2,89 30
- - - - - - 2,85 20
- - - - - - 2,76 29
- - - - - - 2,69 25
- - - - - - 2,47 22
- - - - - - 2,39 20
- - - - - - 2,14 34
No visam cetram pazistamajam droperidola kristaliskajam formam kristaliska

struktira ir noteikta un publicéta tikai droperidola dihidratam [126] un etanola
kristalsolvatam [127]. To kristalografiskie dati doti 1.3. tabula.
1.3. tabula
Droperidola dihidrata un etanola kristalsolvata kristalografiskie dati
Raksturojums Droperidola dihidrats | Droperidola etanola
kristalsolvats
EmpTriské formula C22H22FN30‘2'2H20 C22H22FN302-C3H6O
Formulas masa, g mol~ 41545 426,3
Singonija Monoklina Triklina
Telpiska grupa P2y/n Pi
ReZga parametri:
a, A 9,693(2) 6,083(3)
b, A 10,811(3( 10,296(1)
¢, A 20,442(5) 16,018(2)
a,® 90 100,93(1)
B,° 76,16(2) 97,72(2)
Y, ° 90 96,27(2)
Elementarsiinas tilpums, V, A’ 2104(1) 976,7
Molekulu skaits elementarsina, Z 4 2
Blivums, d, g cm™ 1,31 1,45
Izmantotais starojums CuK, (}=1,5418 A) | Mo K, (2=0,71073 A)
Linearais absorbcijas koeficients, x 0,82 mm" 097 cm™’
R indekss 0,062 0,046
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Abu savienojumu molekulara struktiira ir Itdziga, bet ir noveérotas nelielas atSkiribas

tetrahidropiridila gredzena un oksobutilvirknes torsijas lepkos (1.17. att.).

1.17. att. Droperidola etanola kristalsolvata molekulara struktiira (molekula ar baltam

saitém) salidzinajuma ar droperidola dihidrata struktiiru (molekula ar melnam sait€m) [127]

Benzimidazola gredzens droperidola dihidrata un etanola kristalsolvata ir planars un
veido ar iedomajamo tetrahidropiridila gredzena plakni attiecigi 48,1 un 52,8° lepki.

Droperidola etanola kristalsolvatam ir raksturiga tikai divu N-H--O
starpmolekularo tidegraza saiSu veido$anas starp divam droperidola molekulam. Turpretim
droperidola dihidrata kristalisko struktiru stabiliz€ plass GidenraZa saiSu tikls. Pirmas tidens
molekulas skabekla atoms, veidojot tdenraza saiti, izturas gan ka donors (iidenraza saite
starp karbonilgrupas skabekli un starp otras droperidola molekulas slapekli), gan ka
akceptors (udenraZza saite starp otras Gdens molekulas skabekli un starp benzimidazola
gredzena slapekli). Otra iidens molekula veido Gidenraza saiti ar pirmas molekulas skabekli

un ar benzimidazola gredzena skabekli.
1.5.2. Ksilazina hidrohlorida monohidrats
Ksilazina hidrohlorida monohidrats ((N-(2,6-dimetilfenil)-5,6-dihidro-4H-1,3-

tiazin-2-amina hidrohlorida monohidrats, C;,H;oN>OSCl) (1.18. att.) ir balta kristaliska

viela ar izteiktam sedativam un pretsapju ipaSibam.



1.18. Ksilazina hidrohlorida monohidrata strukttrformula

Lidz Sim literatara ir aprakstits ksilazins (baze) [128] un ksilazina fosfats [129], kas
atSkirtba no ksilazina hidrohlorida nav hidratéts.

Ksilazina struktira sastav no divam neatkarigam molekulam: A un B. Abas
molekulas atSkiras ar konformaciju. Ksilazina B molekula tiazina gredzenam ir puskrésla
konformacija, bet A molekula - tvista-krésla konformacija. Cietd kristaliska stavokli
ksilazina A un B molekulas savstarpéji saistitas ar N-H"'N starpmolekularam 0denraza

saitém, veidojot dimérus (1.19. att.).

1.19. att. Starpmolekularo Gdenraza saiSu veido$anas ksilazina, izmantojot KSD [12] datus

Ksilazina fosfatam tiazina gredzena konformacija tapat kad ksilazina B molekula ir
puskrésla. Fosfatjonam piemit spéja bat gan protona donoram, gan protona akceptoram,
tapéc ksilazina fosfata struktdrda izveidojas plaSs starpmolekularo 0denraza saiSu tikls (1.20.

att.).
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1.20. att. Starpmolekularo dde nraZza saiSu veidoSanas ksilazina fosfata, izmantojot KSD

[12] datus
1.5.3. Sigetins
Sigetins (dikalija 4-[4-( 4-sulfonatofenil)heksan-3-il]Jbenzosulfonats, CIgH20K2U6S2)

(1.21. att) ir balta kristaliska viela, ar estrogénam Iidzigu struktdru, Kkurai nepiemit

estrogéniem Iidziga iedarbiba.

1.21. att. Sigetina struktarformula

Savienojums var pastavét divas kristaliskas formas: bezldens un dihidrata.
Saskaroties ar mitru gaisu, sigetina bezlidens forma 20-30 stundu laikd pievieno divas

ddens molekulas un veido dihidratu. Sigetins labi Skist karstd Gdent, bet neSkist acetona,

éterT un spirtos [130].

1.5.4. Ftoraftrs

Ftorafirs jeb tegaftrs (I-(2-tetrahidrofuril)-5- fluoruracils, CgH9FN2U3)(1.22. att.) ir

balta nehigroskopiska kristaliska viela, kas pieder pie antimetabolitisko pretvéza preparatu
grupas.
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1.22. att. Ftorafura strukturformula

Savienojuma UV un 'H KMR spektru dati doti literattras avota [131].
Ftorafuram ir pazistamas Cetras polimorfas formas: a, f, y un J [132]. To blivuma,

kuSanas temperatiiras dati un pulvera rentgendifrakcijas ainas ir dotas attiecigi 1.4. tabula

un 1.23. attela.

1.4. tabula
Ftorafiira polimorfo formu blivums un kuSanas temperatiira
Polimorfa Blivums, KusSanas
forma g/lem’ temperatura, °C
o 1,52 162
17 1,54 115
y 1,52 175
o 1,53 165
a C

b d
10 20 20 10 20 w0
20" 26,"

1.23. att. Ftorafiira a polimorfas formas (a), B polimorfas formas (b), y polimorfas formas

(c) un ¢ polimorfas formas (d) pulvera rentgendifrakcijas aina
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No visam Cetram pazistamajam ftoraftra polimorfajam formam kristaliska strukttira

ir noteikta tikai divam: a [133] un g [134] formam. Abu polimorfo formu kristalografiskie

dati doti 1.5. tabula.

1.5. tabula
Ftorafiira a un f polimorfo formu kristalografiskie dati
Raksturojums a polimorfa forma | S polimorfa forma
Empiriska formula CsHoFN,0O3
Formulas masa, g mol™ 200,17
Singonija Triklina Monoklina
Telpiska grupa P1 P2,/c
ReZga parametri:
a, A 8,994 11,891
b, A 16,612 14,556
c, A 5,981 5,062
a,® 86,40 90,00
B, ° 94,06 99,05
P, ° 80,29 90,00
Elementariinas tilpums, V, A’ 876,0 865,3
Molekulu skaits elementarsiina, Z 4 4
Blivums, d, g cm™ 1,51 1,54
Izmantotais starojums CuK, (A=1,5418 ;\) Mo K, (A=0,7107 A)
Linearais absorbcijas koeficients, 4, cm™ 11,52 1,43
R indekss 0,056 0,055

Ftorafura a polimorfas formas struktiira sastav no divam neatkarigam molekulam (A

un B), turpretim f polimorfas formas struktiiru veido tikai viena veida molekulas. Abam «a

polimorfas formas ftoraftira molekulam ir atSkiriga konformacija, kuru galvenokart nosaka

torsjjas lepkis C4-N1-C5-03 ap C—N saiti (51 saite savieno abus molekulas gredzenus),

kas A molekulas gadijuma ir 52,6° un B molekulas gadijuma ta vértiba ir —17,3°. Ftorafura 8

polimorfas formas konformacija ir lidziga « formas B molekulas konformacijai (C4-N1-

C5-03 torsijas legka vértiba ir —20,0°).

Cieta kristaliska stavoklt abi savienojumi pastav diméru veida, ko nodro$ina

starpmolekularo tGdenraza saiSu veidoSanas starp ftoraftira molekulam ar vienadu

konformaciju. Udepraza saiu garums, ka arT veidoSanas vieta o un # formam ir atikirigas

(1.24. att.) un rezultata arf atSkiras molekulu izvietojums kristaliskaja struktira.
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1.24. att. Starpmolekularo Odenraza saiSu veidoSanas starp a polimorfas formas molekulam

(@) un starp ] polimorfas formas molekulam (b), izmantojot KSD [12] datus
1.5.5. Atipamezols

Atipamezols  (4-(2-etil-2,3-dihidro-IH-indén-2-il)-IH-imidazols, C14H16N2) (1.25.

att.) ir specifisks alfa-2 adrenoceptoru antagonists.

1.25. att. Atipamezola struktirformula

Atipamezolam bazes forma $kidiba Gdent ir loti maza. Ka aktivo vielu medicina

plasi izmanto ta sali - atipamezola hidrohloridu.
Atipamezola hidrohlorids ir balta kristaliska viela ar labu Skiditbu ddent, etanola un
metanola. Savienojuma fizikali Kirniskas TpaSibas, ka ari pulvera rentgendifrakcijas ainas

apraksts (1.26. att.) ir apskatitas Laines (Laine) un Itdzautoru pétijjuma [135].
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1.26. att. Atipamezola hidrohlorida pulvera rentgendifrakcijas aina

Petfjuma ir konstatéts, ka savienojums pastav tikai viena kristaliskaja forma.

1.5.6. Nikotinamids

Nikotinamids (piridin-3-karboksamids, C¢HgN,O) (1.27. att.) ir balta kristaliska
viela, kas pieder pie B grupas vitaminiem.

0

NN NH
| 2

7

1.27. att. Nikotinamida struktirformula

Nikotinamidam ir noteiktas [136] cetras polimorfas formas: I, II, III un IV ar
kuSanas temperatiiru attiecigi 126-128, 112-117, 107-111 un 101-103 °C. Visstabilaka ir
polimorfa forma I, kuru sildot un parkristaliz&jot, ta parveér$as par metastabilam formam II,
[Tun 1V,

Kristaliska un molekulara struktiira ir noteikta tikai visstabilakajai polimorfai
formai I [137]. Rentgenstruktiiranalizes dati rada, ka nikotinamida molekulas ir saistitas

slanos ar N—H---O un N-H---N starpmolekularam fidegraZa saitém.
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Literatura nikotinamida izmantoSana ka kokristala veidotaju ir plasi apskatita [100,
138-140]. Nikottnamida molekuld esoSas protonu donoras un akceptoras vietas

savienojumam lauj veidot daZzadus heterosintonus gan ar bazém, gan ar skabem.

1.5.7. 1,10-Fenantrolins

1,10-Fenantrolins (C;,HgN>) (1.28. att.) ir balta kristaliska viela, kas labi pazistama

ka bidentats ligands koordinacijas kimija.

1.28. att. 1,10-Fenantrolina struktGrformula

Ped€jo gadu laika petnieki pievérsas 1,10-fenantrolina un to komplekso
savienojumu izmantoSanai daZadu slimibu arstéSanai. Ir pieradita 1,10-fenantrolina un to
komplekso savienojumu in vitro pretvéza aktivitate, izmantojot cilvéka véza Sinas [141],
ka ar1 pretséniSu aktivitate, izmantojot Candida albicans séniti [142].

1,10-Fenantrolina UV un 'H KMR spektru dati doti literatiiras avota [143], bet
kristaliska un molekulara struktira ir aprakstita literatliras avota [144].

No kristaliskam formam 1,10-fenantrolinam ir zinama viena pseidopolimorfa forma
- monohidrats [145] un kokristali ar karbonskabém [146, 147], 5,5-dietilbarbiturskabi
[148], 1,3,5-trinitrobenzolu [149] un fenoliem [150, 151]. Kokristalu daudzveidibu nosaka
slapekla atoma spé€ja iesaistities GdenraZa saites veidoSana ar dazada veida akceptoram

grupam.
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2. EKSPERIMENTALA DALA

2.1. FAYV kristalisko formu iegiisana

Lai iegitu vielu kokristalus, polimorfas un pseidopolimorfas formas un tas fizikali
kimiski raksturotu, ir izmantoti a/s “Grindeks” raZoti sigetina dihidrats, ksilazina
hidrohlorida monohidrats, droperidola z polimorfa forma (atbilst literatara [125] minétajai
formai II), ftorafura a polimorfa forma, ftorafiira S polimorfa forma, pimobendans,
piroksikams, sulpirids un atipamezola hidrohlorids. Nikotinamids (98% tirs), fenazins (98%
tirs) un citozins (99% tirs) ir iegadati no Sigma-Aldrich. Paracetamols un fumarskabe ir
parkristaliz€ti no tdens. Hidrohinons un 1,10-fenantrolins ir parkristaliz€ti no etanola.
Darba izmantotie $kidinataji: etanols, propanols, butanols, heptanols, acetons, acetonitrils,

hloroforms un DMF ir analitiski tiri.

Sigetina kristalisko formu iegiisana

Sigetina beziidens formu iegist, dihidratu kars€jot gaisa termostata 30 min 100 °C
temperatura. Lai iegutu sigetina dihidrata monokristalus, ta pulveri $kidina 60 °C karsta
udeni I1dz izveidojas piesatinats $kidums. To nofiltré un filtratam pievieno vél Gdeni: 1/2
dalu no sakotn&ja tilpuma. Iegtto Skidumu ielej Petri traucipa un iztvaicé gaisa 20 °C

temperatura.

Ksilazina hidrohlorida kristalisko formu iegiiSana

Ka izejvielu izmanto ksilazina hidrohlorida monohidrata pulveri. Lai iegitu
bezidens formu, monohidratu karsé gaisa termostata 2 stundas 120 °C temperatira.
Ksilazina hidrohlorida monohidrata monokristalus iegist, iztvaic&jot ta nepiesatinatu

etanola Skidumu gaisa 20 °C temperatiira.
Atipamezola hidrohlorida kristalisko formu iegiisana

Lai iegutu atipamezola hidrohlorida monokristalus, gaisa 20 °C temperatura iztvaicé

1a nepiesatinatu etanola $kidumu.
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Iesp€jamo polimorfo un pseidopolimorfo formu meklgjumus veic atipamezola
hidrohloridu parkristaliz&jot no dazadiem $kidinatdjiem (izmanto $kidinataja iztvaic&Sanas
mitrumos. Parkristaliz€jot ar $kidinataja iztvaic€Sanas metodi, no atipamezola hidrohlorida
pagatavo neplesatinatu iidens, metanola vai DMF §kidumu un iztvaicé gaisa 5, 20 un 50 °C
temperatura. Izmantojot $kidinatdja maipas metodi, ieprickSminétajos $kidinatajos izskidina
izejvielu 11dz izveidojas piesatinats Skidums. To nofiltrg, pieVieno acetonu attieciba 1:1 un
kristalizé slégta trauka 5, 20 un 50 °C temperatura. Atipamezola hidrohlorida
pseidopolimorfo (hidratu un solvatu) formu veido$anas tika parbaudita savienojumu
saberZot Skidinataja (iidens, propanola, butanola, heptanola) klatien€. Saber§anu veic ahata
piesta ar tadu $kidinatdja daudzumu, lai izveidotos pasta. Tad liekajam Skidinatajam lauj
iztvaikot un procesu atkarto veélreiz. M&ginajumi iegit polimorfas un pseidopolimorfas
formas tika veikti, izturot atipamezola hidrohlorida pulveri 7 dienas 11, 29, 51, 58, 69, 79

un 90% relativa mitruma 20 °C temperatira.

Atipamezola kristalisko formu iegiisana

Atipamezolu iegist, nepartraukti maisot atipamezola hidrohlorida tidens Skidumu
un lénam pievienojot 1M NaOH Skidumu lidz izveidojas nogulsnes. legiitas nogulsnes
mazgi ar udeni 11dz filtrata pH=7. Monokristalu ieguiSanai atipamezolu 20 °C temperatiira
1z8kidina etanola lidz izveidojas piesatinats Skidums, tad to nofiltré un pielej klat tdeni
attiectba 1:1. Ieglto Skidumu ielej kolba ar aizbazni un atstaj gaisa termostata 5 °C
temperattira 1idz izveidojas gari blokveida kristali.

Lai iegutu iesp€jamas atipamezola polimorfas un pseidopolimorfas, veic to
parkristalizaciju no etanola, acetona, DMF un hloroforma. Pagatavo savienojuma

nepiesatinato $kidumu un iztvaicg 5, 20 un 50 °C temperatira.

Droperidola kristalisko formu iegiisana

Droperidola hemihidratu iegiist, izmantojot $kidinataja maipas metodi. Droperidola
Z modifikaciju 20 °C temperatira iz8kidina acetona lidz izveidojas piesatinats Skidums.
Skidumu nofiltré un pielej klat udeni attieciba 1:1. leguto Skidumu kristalizg slégta trauka

gaisa termostata 50 °C temperatiira lidz izveidojas prizmveida kristali.
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Ftorafara kristalisko formu iegiisana

Iesp€jamo ftorafiira polimorfo formu iegiiSanai savienojuma parkristalizaciju veic
no etanola, acetona, acetonitrila un udens. Pagatavo dota savienojuma nepiesatinato
§kidumu un iztvaic€ 5 un 20 °C temperatura.

Ftorafiira e polimorfas formas monokristalus iegist no a formas, 20 °C temperatiira
pagatavojot piesatinatu idens Skidumu, to nofiltréjot un filtratam pievienojot vel 1/10 dalu
idens no sakotngja tilpuma. Iegiito §kidumu ielej Petri trahcirgos 0,3 cm bieza slani un
iztvaicg gaisa termostata 5 °C temperatiira.

Ftorafiira y polimorfo formu iegust, kars§jot f formu gaisa termostata 140 °C

temperatura 15 min.

Nikotinamida kokristalu iegiiSana

Lai iegutu nikotinamida—fumarskabes kokristalu monokristalus, izmanto divas
metodes: kristalizaciju no $kiduma, to dzes€jot, vai Skidumu pilnigi iztvaic€jot.

Nikotinamida—fumarskabes monokristalu iegiiSana, ar skiduma dzesésanas
panemienu. Nikotinamida—fumarskabes (1:1) monokristalus iegiist iz8kidinot 0,122 g
(1,000 mmol) nikotinamida un 0,116 g (1,000 mmol) fumarskabes 5 ml virsto$a etanola,
tad nofiltréjot un kristaliz€jot 5 un 20 °C temperatura. Nikotinamida—fumarskabes (2:1)
monokristalus iegust, iz§kidinot 0,244 g (2,000 mmol) nikotinamida un 0,116 g (1,000
mmol) fumarskabes 5 ml virsto$a etanold. Skidumu nofiltré un kristalizé 5 un 20 °C
lemperattira.

Nikotinamida—fumarskabes monokristalu iegisana, ar Skidinataja pilnigas
iztvaicesanas panémienu. Nikotinamida-fumarskabes (1:1) monokristalus ieglst 20 °C
temperatiira, izSkidinot 20 ml etanold 0,041 g (0,336 mmol) nikotinamida un 0,039 g (0,336
mmol) fumarskabes, tad nofiltréjot un iztvaicgjot S un 20 °C temperatiira. Nikotinamida—
fumarskabi (2:1) iegist, izSkidinot 0,070 g (0,573 mmol) nikotinamida un 0,033 g (0,284
mmol) fumarskabes 20 ml etanola, 20 °C temperatira. legiito $kidumu nofiltré un iztvaicg 5
un 20 °C temperatira.

Nikotinamida—fumarskabes kokristalu iegiisana ar sabersSanas metodi skidinataja
klatiene. Nikotinamida un fumarskabes spéja veidot kokristalus tika parbaudita ar

saberSanas metodi $kidinataja klatiené. Izejvielu stehiometriskus daudzumus saberZ ahata
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Jauj iztvaikot un saberSanu etanola klatiené atkarto vélreiz.
Tika veikta arT nikotinamida kokristalizacija ar citozinu, fenazinu, piroksikamu,
pimobendanu, atipamezolu, droperidolu, paracetamolu un sulpiridu, izmantojot Skiduma

dzeséSanas panémienu (sintézes detalas ir dotas 2.1. tabuld).

2.1. tabula
Nikotinamida kokristalu iegdSana un raksturoSana ar PRDA
Nr. Izejvielas Skidinatajs Izejvielu un Fazu sastavs
Skidinataja daudzums | (noteikts ar PRDA)
L. | Nikotinamids un Etanols 0,0319:0,083¢g un | Piroksikama
piroksikams [ Oml polimorfa forma 1l
2. | Nikotinamids un | Etanols 0,041g:0,111g un | Pimobendans
pimobendans I0ml
3. | Nikotinarruds un Etanols 0,0619:0,106g un | Atipamezols
atipamezols 15mi
4. | Nikotinamids un | Acetons 0,0209:0,063g un | Maisijums
droperidols 15ml
5. | Nikotinamids un | EtanolsIHO (I: 1) | 0,0619:0,056¢ un | Citozins
citozins 1Oml
6. | Nikotinamids un | Etanols 0,122g:0,151g un 5ml | Paracetamols
paracetamols
7. | Nikotinamids un Etanols 0,061 ¢:0,090¢g un | Fenazins
fenazins IOml
8. | Nikotinamids un | Etanols 0,0319:0,085¢g un | Sulpilids
sulpirids I0ml

Visu uzraditu 2.1. tabula kristalisko nogulSnu PRDA neapstiprindja kokristalu

iegusanu.

1,10-Fenantrolina kokristalu iegGsana

I.Ltr-Fenantrolina-hidrohinona (2:1) monokristalu iegisana, ar  Skiduma
dzeséSanas panémienu. Savienojuma monokristalus iegust, izSkidinot 0,396 g (1,998 mmol)
1,10-fenantrolina  monohidrata un 0,110 g (1,000 mmol) hidrohinona 10 ml virsto$a
etanola. Skidumu nofiltré un kristalizé 5 un 20 D€ temperatara. Lai iegtu 10-fenantrolina-

hidrohinona kokristalus ar stehiometriju  1:1, 0,198 g (0,999 mmol) 1,10-fenantrolina
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monohidrata un 0,110 g (1,000 mmol) hidrohinona iz8kidina 5 ml virstoSa etanola.
Skidumu nofiltré un kristalizé 5 un 20 “C temperatira.

LI O-Fenantrolina-hidrohinona kokristdlu  ieglSana ar saberSanas  metodi
Skidinataja  klatiené. 1,10-Fenantrolina-hidrohinona  kokristal u veidoSanas tika parbaudrta
ar saberSanas metodi Skidinataja klatiené. lzejvielu stehiometriskus daudzumus saberZ ahata
jauj iztvaikot un saberSanu etanola klatiené atkarto vélreiz.

Tika veikta ari 1,10-fenantrolina kokristalu iegdSana ar piroksikamu, pimobendanu,
atipamezolu, droperidolu,  ftorafiru un sulpiridu, izmantojot Skiduma dzeséSanas

panémienu (sintézes detalas ir dotas 22. tabula).

2.2. tabula
1,10-Fenantrolina kokristalu iegtSana un raksturoSana ar PRDA
Nr. Izejvielas Skidinatajs Izejvielu un FaZu sastavs
Skidinataja (noteikts ar PRDA)
daudzums
L 1,10-fenantrolins Etanols 0,0509:0,083 ¢ Piroksikama
monohidrats un piroksikams un 10ml polimorfa forma Il
2. 1,10-fenantrolins Etanols 0,0579:0,111g Pimobendéans
monohidrats un pimobendans un 10ml
3. | 1,10-fenantrolins Etanols 0,0509:0,085¢ Sulpirids
monohidrats un sulpirids un 10ml
4, 1,10-fenantrolins Etanols 0,099g:0, 1069 Atipamezols
monohidrats un atipamezols un 20ml
5. 1,10-fenantrolins Acetons 0,0339:0,063g Maistjums
monohidrats un droperidols un 15ml
6. 1,10-fenantrolins Etanols 0,099g:0, 100g Maistjums
monohidrats un ftorafdrs un 20ml

Visu uzraditu 2.2. tabula kristalisko nogulSnu PRDA neapstiprinaja  kokristalu

iegusanu.

2.2. FAV kristalisko formu kristaliskas struktiras noteikSana

Kristaliskas  struktdras noteikSanai ar rentgendifraktometrisko  metodi izmanto

attiecigas vielas monokristalu ar izmériem, kas ir noraditi 2.3. tabula.
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2.3. tabula
Rentgenstruktdranalizei izmantota monokristdla  izmérs, mérijumu veikSanas temperatira

un savienojuma  kristalografisko  datu registracijas numurs

Savienojums Monokristala Temperatdra, CCDC

izmérs, mm K numurs

Ftorafira € forma 0,42x0,40x0,06 298 239891
Droperidola  hemihidrats 0,20x0,20x0,20 298 608110
Sigetita dihidrats 0,27x0,19x0,14 298 676310
Ksilazina hidrohlorida  monohidrats 0,44x0,25x0,14 100 667774
Atipamezols 0,30x0,20x0, 10 123 689590
Atipamezola hidrohlorids 0,30x0,20x0,20 198 689589
1,10- Fenantrolins-hidrohinons 0,18x0,25x0,29 293 726893
N ikotTnamids-fumarskabe (1: 1) 0,30x0,20x0,20 293 689435
Nikotinamids-fumarskabe (2:1) 0,22x0,22x0,07 295 686162

Savienojumu difrakcijas refleksu intensitaSu mérTjumi tika veikti istabas temperatira (293-
298 K), iznemot ksilazina hidrohlorida  monohidratu  un atipamezolu, kuriem mérfjumi tika
veikti attiecigi 100 un 123 K (2.3. tab.). Tas saistits ar So vielu atomu lielam termiskarn
svarstibam  (nesakartotibu)  temperatras ietekmé, kas nelauj precizét atomu atraSanas vietu.
Lai novérstu So paradibu, difrakcijas refleksu intensitaSu mérfjumus veic zema temperatdra.
Ftorafira € formas, droperidola  hemihidrata, sigetita  dihidrata, ksilazina  hidrohlorida
monohidrata, atipamezola, atipamezola hidrohlorida, 1,10-fenantrolina-hidrohinona,
nikotinamida-fumarskabes ar stehiometriju 1:1 un 2:1 kristalografiskie dati ir registréti
KembridZzas kristalografisko  datu centrd. Registracijas numuri CCDC ir doti 2.3. tabula.
Difrakcijas  refleksu intensitaSu  mérfjumi ftoraflira € formai un sigetina dihidratam
tika veikti sadarbibd ar Latvijas Organiskas sintézes instititu (Dr. phys. S. Belakovs) ar
automatisko  monokristala  rentgendifraktometru Bruker Nonius KappaCCD (Mo K,
starojums, 1..=0,71073 A, 60 kV un 30 mA @ un o skenéSanas reZims). Datu apstradei
lietota DENZO/SCALEPACK  [152] datorprogramma. Difrakcijas  refleksu intensitatém
veica korekciju ar Lorenca un polarizacijas  faktoriem. Ftorafira € formas un sigetina
dihidrata struktira noteikta ar tieSo metodi. Ftorafira gadijuma izmantoja skaitloSanas
programmu  SIR97 [121], bet sigetina dihidrata gadijuma - SIR92 [120] skaitlo$anas
programmu.  Abu savienojumu struktira  precizéta péc mazako kvadratu  metodes ar
skaitloSanas  programmu  SHELXL97 [118] (ftorafira e formai) un CRYSTALS [119]

(sigetina dihidratam)  palidzibu.
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Ksilazina hidrohlorida monohidrata difrakcijas refleksu intensitates tika meéritas
sadarbiba ar Oxford Diffraction Ltd. ar automatisko monokristala rentgendifraktometru
Oxford Diffraction Xcalibur Nova (Cu K, starojums, A=1,5418 A, 50kV un 25 mA, ¢ un w
skenéSanas rezims). Datu apstradi veica ar CrysAlis RED [154] datorprogrammu.
Difrakcijas refleksu intensitates tika korigétas ar Lorenca un polarizacijas faktoriem.
Savienojuma struktiras atrisinata ar tieSo metodi, izmantojot SIR92 [120] datorprogrammu
un precizéta ar mazako kvadratu metodi ar datorprogrammu CRYSTALS [119] palidzibu.

Difrakcijas refleksu intensitaSu mérjjumi, lai noteiktu atipamezola kristalisko
struktliru, tika veikti sadarbiba ar Helsinku Universitati (Ph.D. 1. Mutikainen) ar
automatisko monokristala rentgendifraktometru Bruker Nonius KappaCCD (Mo K,
starojums, A=0,71073 A, ¢ un o skendSanas re7ims). Datu apstradei izmantoja
COLLECT/EVAL [155] datorprogrammu. Difrakcijas refleksu intensitates tika korigétas ar
Lorenca un polarizacijas faktoriem, ka ari uz absorbciju (multi-sken€Sanas metode,
SADABS [156] skaitloSanas programma). Savienojuma struktira atrisinata ar tieSo metodi,
1zmantojot SHELXS86 [118] datorprogrammu un preciz&ta ar mazako kvadratu metodi ar
datorprogrammu CRYSTALS [119] palidzibu.

Droperidola hemihidrata, atipamezola hidrohlorida, 1,10-fenantrolina-hidrohinona,
nikotinamida—fumarskabes ar stehiometriju 1:1 un 2:1 difrakcijas refleksu intensitaSu
mérjjumi  tika veikti LU Kimijas fakultat€ ar automatisko monokristala
rentgendifraktometru Enraf Nonius CAD4 (Cu K, starojums, A=1,5418 A, 45kV un 20 mA,
©-26 skengsanas rezims). So savienojumu elementarsiinas parametrus aprékinaja ar mazako
kvadratu metodi. Droperidola hemihidrata elementar$iinas parametru aprékinos, izmantoja
23 refleksus, bet atipamezola hidrohlorida, 1,10-fenantrolina-hidrohinona, nikotinamida—
fumarskabes ar stehiometriju 1:1 un 2:1 gadijjuma izmantoja 25 refleksus. Katra
savienojuma difrakcijas intensitaSu meériSanas laika diviem izvéletiem kontrolrefleksiem
bitiskas izmainas intensitaté netika konstatétas. Datu apstradei lietota XCAD4 [153]
datorprogramma. Difrakcijas refleksu intensitatém veica korekciju ar Lorenca un
polarizacijas faktoriem. Doto savienojumu struktiira atrisinata ar tie§o metodi. STm mérkim
izmantoja sekojoSas datorprogrammas: SIR2002 [122] (droperidola hemihidratam),
SHELXS86 [118] (atipamezola hidrohloridam) un SIR2004 [123] (1,10-fenantrolina—

hidrohinonam, nikotinamida—fumarskabei ar stehiometriju 1:1 un 2:1). legutais struktiras
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modelis tika precizéts ar mazako kvadratu metodi ar datorprogrammas CRYSTALS [119]
palidzibu.
FAV kristalisko formu kristaliskas un molekularas struktiiras grafisku materialu

sagatavoSanal izmantotas ORTEP-3 [157] un Mercury [158] datorprogrammas.
2.3. FAYV Kkristalisko formu fizikali kimiska raksturoSana

FAYV kristalisko formu termiska analize

DTA/TG analize veikta LU Kimijas fakultaté ar Seiko Exstar6000 TG/DTA6300
aparatiru. Vielas paraugs ar masu 5-10 mg sildits gaisa atmosféra ar atrumu 10 ° min™".
Noteica sekojoSus parametrus: kuSanas temperatiiru un masas zudumus.

DSK analize veikta sadarbiba ar a/s ,Grindeks” ar Mettler Toledo DSC 823e
aparatiiru. Vielas paraugu ar masu 2-5 mg silda gaisa atmosféra ar atrumu 10 ° min™'.

Noteica sekojoSus parametrus: dehidratacijas, kuSanas temperatiiru, kusanas un fazu parejas

siltumu.

FAY kristalisko formu PRDA

PRDA veikta LU Kimijas fakultate ar rentgendifraktometru Bruker AXS D8
Advance (Cu K, starojums, A=1,5418 A, 40 kV un 40 mA, Brega-Brentano geometrija,
difrakcijas refleksu pozicijas precizitate + 0,001°). Rentgendifrakcijas ainas uzpemtas
istabas temperatiira ar goniometra grieSanas atrumu 0,5 un 1 sekundes uz soli un soli 0,02°.

FAV kristalisko formu teorétiska pulvera rentgendifrakcijas aina tika simuléta no

monokristala rentgenstruktiiranalizes datiem ar Mercury [158] datorprogrammas palidzibu.

Nikotinamida—fumarskabes kokristalu stabilitates noteikSana

Nikotinamida—fumarskabes kokristalu stabilitate tika noteikta 25 °C temperatura.
Saberztus paraugus iepreséja stikla kivet&s un ievietoja eksikatoros ar 6 un 90% relativo
mitrumu. Relativd mitruma nodro§inaSanai izmantoti attiecigi LiBr-2H,O un BaCl,"2H,0
piesatinatie $kidumi. Viena méneSa laika paraugi tika periodiski parbauditi ar pulvera

rentgendifraktometrisko metodi.
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FAV beziidens formas/hidrata tidens tvaika sorbcijas/desorbcijas izotermu
noteikSana

Udens tvaika sorbcijas/desorbcijas izotermas tika noteiktas sigetina dihidratam,
ksilazina hidrohlorida monohidratam un droperidola hemihidratam 25 °C temperatura. Tas
uzpemsanai iepriekS saberzto paraugu (beziidens formu/hidratu) iesver uz analitiskiem
svariem (Boeco, precizitate +0,0001 g) sverglazites apméram 200 mg porcijas un ievieto
eksikatoros ar noteiktu relativo mirumu. Paraugi tika periodiéki sverti lidz svars nemainijas.

Noteikta relativa mitruma nodroSinaSanai izmantoti piesatinatie salu Skidumi (2.4. tab.).

2.4. tabula
Izmantotie relativie mitrumi Gdens tvaika sorbcijas/desorbcija izotermu uzpemsanai [159]

Sals Relattvais mitrums, %
LiBr2H,O 6
LiClI'-H,O 11
CH;COOK 22
CaCl,6H,0 29
Nal-2H,0O 38
Ca(N03)2'4H20 51
NaBr-2H,0 58
KI 69
NH,Cl] 79
BaCl,2H,0 90

Sigetina fazu diagrammas noteikSana

Lai noteiktu fazu lidzsvara apstaklus, tika pagatavots sigetina dihidrata un beziidens
formu maisijums attieciba 1:1 jau no iepriek§ saberztajam formam. Pagatavoto maistjumu
vélreiz 1 min berZ ahata piesta, tad sadala porcijas apméram pa 180 mg. legitos paraugus
levieto ieprieks nosvértds sverglazités ar vacinu. Visas sverglazites ar paraugiem nosver uz
analitiskiem svariem (Boeco, precizitate +0,0001 g) un vienlaicigi ievieto eksikatoros ar
daZadu gaisa mitrumu un temperatiru. Sverglazites ar paraugiem ik péc noteikta laika
nosver. SvérSanu turpina lidz konstantas masas sasniegSanai. Eksperimenti veikti 10, 20 un
30 °C temperatiira. Lai nodroSinatu noteiktu gaisa mitrumu, izmantoti daZadas

koncentrécijas sérskabes Skidumi [160] (2.5. tab.).
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2.5. tabula

Sigetina fazes robeZas noteik$anas eksperimentu apstakli

H,SO, Relativais mitrums, %
koncentracija, Temperatura, °C

% 10 20 30
54,8 - - 26,3
55,4 22,8 243 25,0
56,3 21,3 22,6 23,5
57,2 19,7 21,0 21,8
58,2 18,1 19,2 -
60,0 15,2 - —

Lai procentuali noteiktu masas izmaipas atkariba no izturéSanas laika katra relativa
mitruma, izmanto vienadojumu (2.1):

(my, —m,)

Am = 100, 2.1)

m
kur: Am — relativas masas izmainas, %;
m — sigetina maisijuma iesvars, g;
m) — sverglazites masa kopa ar maisijuma iesvaru pirms ievieto$anas eksikatora, g;
my — sverglazites masa kopa ar maisijuma iesvaru péc noteikta laika, g.
Ja faZu pareja notiek beziidens formas virziend, tad Am<0, bet ja dihidrata virziena,
tad Am>0.

2.4. Ftorafura kvantu kimiskie aprékini

Ftorafiira kvantu kimiskie aprékini tika veikti ar HyperChem [161] datorprogrammu
pakotni, kas satur molekularas mehanikas, daéji empiriskas (AM1, PM3), ab initio un
blivuma funkciju modelésanas metodes.

Ftorafura molekulas pilna geometrija optimiz€ta, izmantojot dal&ji empiriskas AM1
un PM3 metodes [161]. Geometrijas optimizacija veikta, izmantojot Polak-Ribiere
algoritmu Iidz RMS gradienta (vidéja kvadratiska gradienta) vértiba ir mazaka par 0,001

keal A™' mol™'. RMS gradients norada uz aprékinata modela novirzém no optimalas

geometrijas.
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Ftorafiira molekulas C6-N1-C1'-O5’ torsijas lepka relativas energijas likne tika
aprekinata ar ab initio metodi, 1izmantojot vid€jo (RHF/6-31G*) bazes komplektu [161].
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3. REZULTATI UN TO IZVERTEJUMS

Eiropas farmakopejas analize [162] uzrada, ka vairak neka 59% no taja ieklautajiem
FAV pastav vairakas kristaliskajas formas. No tam 38% FAV veido polimorfas formas,
30% — hidratus un 12% - solvatus. Kokristali atSkiriba no iepriekSminétajam kristaliskajam
formam paSlaik atrodas attistibas stadija un ir tikai dazi veiksmigi piemeri [163, 164] to
iesp&jamai izmantoSanai arstniecisko lidzek]u razo$ana. Ta ké FAYV klasts ir Joti pla3s, tika
izv€letas vielas (ftorafiirs, droperidols, sigetins, ksilazina hidrohlorids), kuram jau ieprieks
tika konstat€ta polimorfo vai pseidopolimorfo formu veidoSanas, ka arl tadas FAV
(atipamezols un atipamezola hidrohlorids), kuram ieprieks netika konstatéta augstak miné€to
kristalisko formu veidoSana. Kokristala ka alternativas kristaliskas formas izmanto$anas
iesp&ja tika apskatita, pétot tadas biologiski aktivas vielas (FAV mode]vielas) ka

nikotinamids un 1,10-fenantrolins.
3.1. Ftorafira polimorfisms

3.1.1. Ftorafiira polimorfo formu iegiiSana

Ftorafiiru kristaliz€jot istabas temperatira, atkariba no izveléta $kidinataja, parasti
leglst a vai f polimorfo formu. Darba ir novérots, ka a formai ir tiecksme kristaliz&ties no
dipolariem aprotoniem $kidinatdjiem — acetona, acetonitrila, bet § formai — no dipolariem
protoniem $kidinatdjiem (metanols, etanols). Ja ftorafliru istabas temperatura kristaliz€ no
udens, kas biitiba arf ir dipolarais protonais $kidinatajs, sagaidamas termodinamiski stabilas
B polimorfas formas vieta biezi vien iegiist ¢ formu ar maziem £ un y piemaisijumiem. Tiru
¢ polimorfo formu ir iesp&jams iegiit, iztvaicgjot ftoraftira idens skidumu 5 °C temperatiira.
Noteikts, ka tiras ¢ formas iegiiSana ir atkariga no ftorafira $kiduma slapa biezuma, jo
kristalu raSanas notiek uz fazes $kidums—gaiss robezvirsmas. Optimalais $kiduma slana
biezums ir 0,3 cm.

Ja piepem, ka struktiiras veido$anas ir supramolekularas kopas izveide, ir iesp€jams

s vt =t —

molekularas agregacijas procesu. Skidinatija molekulu ietekmé vielas molekulas,
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izmantojot starpmolekularas GOdenraza saites, var saistities dazados diméros, kateméros, ta
veidojot atSkirigas struktdras.

Izmantojot Sadu pieeju ftorafitram, ir izveidots uz starpmolekularo Gdenraza saiSu
pamata balstits paSorganizéSanas hipotétiskais parejas stavoklis, kristalizéjot izejvielu no

etanola un ddens (3.1. att.).

a ftorafdra 1) pollrnorfa forma

ftorafira € polirnoria forma

3.1. att. Uz starpmolekularo 0de nraza saiSu pamata balstits paSorganizéSanas hipotétiskais

parejas stavoklis, kristalizéjot ftorafiiru no etanola (a) un ddens (b)

Abos hipotétiska parejas stavokla gadijumos etanola un ddens molekulas
iesaistiSanas starpmolekulardas  OdenraZza saites veidoSana starp ftorafilra molekulam
stabilizé solvatéto starpstavokli, lai izveidotos noturigs dimérs. Udens molekulai at3kiriba
no etanola molekulas ir divi Gdenraza atomi, kuri var piedalities jauno OdenraZza saiSu
veidoSana arm ar citu ftorafira molekulu pari. Rezultata iegdst divus daZzadus
supramolekularus dimérus.

Ftorafiiram pastav arl Vlena augsttemperatiras polimorfa forma y, ko iegast, fl
formu karséjot virs 120°C temperatOras. Teorétiski tiru y polimorfo formu ir iespéjams
iegut arT no a formas, bet praktiski to realizét ir saméra grati, jo a—+y fazu parejas
temperatlra (167 "C) atrodas loti tuvu y formas kuSanas temperatirai (174 "C). legstot So

polimorfo formu nof3 formas, f3-ry fazu parejas temperatira (116 °C) atrodas krietni zem y
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formas kuSanas temperatiras (174 °C). Tas Jauj érti visad plaSaja temperatlras intervala,

iegat y polimorfo formu.

3.1.2. Ftoraftra e polimorfas formas kristaliska un molekulara struktara

Ftorafira ¢ polimorfa forma kristalizéjas monoklinaja P2i/c telpiskaja grupa ar

divam kristalografiski neatkarigam molekulam (a un b) asimetriskaja vientba (3.2. att.).

3.2. att. Ftorafiira ¢ polimorfas formas molekulara struktra (pa kreisi) un kristaliskas

struktdras pakojums (pa labi)

Paréjie kristalografiskie dati doti 3.1. tabuld, bet atomu koordinates, saiSu garumi un

lenku veértibas ir dotas 1.,2. un 3. pielikuma.

3.1. tabula

Ftorafit.rac polimorfas formas kristalografiskie dati un struktlras precizéSanas parametri

Raksturoj ums Vértiba
Empiriska formula C8HsFN-203
Formulas masa, g mol" 200,17
Singonija Monoklina
Telpiska grupa P2i/c
ElementarSinas parametri:
a,A 16,0305(5)
b,A 5,7361(2)
C,A 21,2969(7)
fl, o 119,1741(14)
Elementar$inas tilpums, Vv, A’ 1709 ,88( 10)
Molekulu skaits elementarsiinad, Z 8
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3.1. tabulas turpinajums

Raksturojums Veértiba
Blivums, d, g cm™ 1,555
Linearais absorbcijas koeficients, y, cm’ 1,34
F(000) 832
Izmeérito refleksu skaits 7230
Neatkarigo refleksu skaits 4724
Refleksu skaits ar intensitati I>20([) 2925
Precizeto parametru skaits 325
GooF 1,05
R1 indekss [I>20(1)] 0,0619
R1 indekss (visiem datiem) 0,1117

Abam savienojuma molekulam tetrahidrofurana gredzenam ir aploksnes
konformacija. Pie tam a molekulai aploksnes atloks, ko veido C2°, C3” un C4~ atomi, ir
pacelts augstaks attieciba pret paSas aploksnes (C2°, C17, O5” un C4~ atomi) plakni, neka b
molekulas gadijuma. Sis atSkiribas var skaidrot ar dazadam C2°—C3°-C4°—05" un Cl1'-
C2°-C3"—C4" torsijas lepka vertibam (3.2. tab.).

3.2. tabula
Ftorafora € polimorfas formas a un » molekulu tetrahidrofurana gredzena torsijas lenku
vertibas
Torsijas lenkis Veértiba, °
a molekula b molekula
C2°—C3°-C4"-05’ 29,40 -14,68
C1-C2-C3—C4” -3541 10,88

Apskatot ftoraftira molekularo struktiiru, ir redzams, ka ap N1-C1" saiti var notikt
rotacija, kuras rezultata abi molekulas cikli var brivi pagriezties viens attiectba pret otru.
Florafiira a [133] un § [ 134] polimorfo formu dati liecina, ka torsijas lenka C6-N1-C1'-O5'
skaitliskas vértibas var bitiski atskirties. a formai @ molekulai 31 torsijas lenka vértiba ir
52,6° bet b molekulai ir —17,3°. B formas gadijuma 3T vértiba ir -20,0°. Miisu rezultati rada,
ka starp @ un b molekulam at3kiriba no a formas literatiiras datiem, lielas starpibas starp
C6-N1-C1'-05' torsijas lepka vértibam nepastav: —21,65° (a molekulai) un -19.10° (b
molekulai). C6-N1-C1'-O5' torsijas lenka vértibas ¢ formai ir diezgan tuvu S formai,

turpretim batiski atSkiras no a formas datiem.
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Cieta kristaliska stavoklt ftorafira ¢ polimorfa forma pastav divu diméru veida (3.3.

att.), ko nodroSina N-H---Q starpmolekularas OdenraZza saites.

a b

3.3. att. Starpmolekularo Gdenraza saiSu veidoSanas ftorafra ¢ polimorfaja forma starp

divam a molekulam (a) un starp divam b molekulam (b)

Udenrazu saiSu veidoSanas vieta a un b molekulu gadijuma atskiras. a molekulas $o
saiti izveido starp N3 un skabekla atomu 02, Kkas atrodas orto pozicija attieciba pret N 1
atomu. Turpretim b molekulas veido Odenraza saiti starp N3 un skabekla atomu 04, kas
atrodas para pozicija attiectha pret N1 atomu. Salidzinot S$os rezultatus ar jau literatOra
aprakstito o. [133] unfJ [134] polimorfo formu 0OdenraZza saiSu datiem, var secinat, ka starp a
molekulam saiSu veidoSanas veids ir raksturigs ftorafara o. polimorfajai formai, bet stapri b
molekulam 0OdenraZa saites pastav ftorafiira f] polimorfaja forma. Rezultatd ¢ polimorfa
forma apvieno sevi gan o. polimorfas formas, gan fl polimorfas formas UOdenraza saiSu
veidoSanas veidu. Ftorafirra e polimorfas formas a un b molekulu starpmolekularas

UdenraZa saites parametri ir apkopoti 3.3. tabula.

3.3. tabula
Ftorafiira ¢ polirnorfas formas a un b molekulu starpmolekularas 0Odenraza saites parametri
Udenraza saite Garums, A Lenkis,"
D-H-"A D-H H..-A D"-A D-H..-A
N3a-H3a" '02a 0,85(3) 2,03(3) 2,870(2) 173(2)
N3b-H3b- ..04b 0,81(3) 2,08(3) 2,890(2) 175(3)

IzveidojuSies a un b molekulu diméri cieta kristaliska stavokli veido slanveida
struktdru (3.4. att.), kas sastav no atseviskiem a un b molekulu slaniem, nesaistitiem ar

ddenraZa saitém.
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b molekulu slanis

a molekulu slanis

3.4. att. Ftorafara e polimorfas formas kristaliskas struktlras sakartojums, skatoties uz ac

plakni

3.1.3. Ftorafira molekulas geometrijas unkonformacijas kvantu Kimiska

analize

Lai salidzinatu eksperimentali noteikto ftorafira e polimorfas formas molekularo
struktlru ar teorétiski aprékinato struktdru, savienojuma molekulas geometrija tika
optimizéta ar daléji empiriskam AMI un PM3 metodém [161]. Ka redzams 3.5. attéla,
eksperimentali noteiktie un teorétiski aprékinatie saiSu garumu un lenku vértibas atkariba

no pielietotas metodes korelé atskirigi.
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3.5. att. Eksperimentali noteiktu ftoraftira € polimorfas formas sai§u garumu un legku

vertibu salidzinajums ar teorétiski aprékinatam vertibam

Vislabaka korelacija ir sasniegta, izmantojot AM1 metodi. Nelielas atskiribas, kas

pastav, salidzinot eksperimentalus un teorétiskus datus, var skaidrot ar dal€ji empirisko

aprékinu veik3anu gazes faze, nenemot véra starpmolekularas mijiedarbibas.
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Ta ka ftorafit.ra molekula ap C-N saiti, kas savieno abus gredzenus, ir iespéjama
rotacija, tika veikta C6-N1-el'-05' torsijas lenka relativas energijas Iiknes aprékinasana.
Sim meérkim izmantota ab initio metode, jo ta dod precizakus rezultatus neka dalgji
empiriskas metodes. Ka redzams, relativas energijas ITkné (3.6. att.) energijas globalais

minimums atrodas intervala ap 0 o, savukart lielakd potencialas energijas barjera vérojama

pie 60 o lenka.
140
120
e
.§1oo
it
ro, 80
Zell
(,l 60 1 a formas a molekula
(rl()) 0 I a formas b molekula
> I p forma
éi 20 I £ formas a molekula
0:: 0 e formas b molekula

-20
-200  -150 -100 -50 0 50 100 150 200
C6-N1-C1 '-05' torsijas lenkis, o

3.6. att. C6-N 1-e 1'-05' torsijas lenka relativas energijas Ikne

No relativas energijas Iknes datiem var secinat, ka abi molekulas gredzeni var brivi
pagriezties viens attieciba pret otru maksimali par 90-100 o.

Ftorafit.ra a formas b molekulas, f] formas, ¢ formas a un b molekulu konformacijas
atraSanas tuvu globalajam energétiskajam minimumam norada, ka savienojumi ar $adu

konformaciju ir daudz stabilaki neka savienojumi ar a formas a molekulas konformaciju.

3.1.4. Ftorafara polimorfo formu raksturojums

PRDA lauj atSkirt Cetras ftorafil.ra polimorfas formas (3.7. att.) un péc vairakiem
refleksiemidentificét katras formas klatieni citas formas maisijuma. Ftorafit.ra a polimorfas
formas identificéSanai izmanto raksturigakos rentgendifrakcijas refleksus ar lenkiem 2(}=
10,79; 15,45; 17,27 un 27,46 o, bet f] polimorfas formas identificéSanai - ar lenkiem 2(}=
9,60; 14,23; 15,01 un 28,21 o. ¢ formai raksturigakie rentgendifrakcijas refleksi atrodas pie
lenkiem 2(}= 6,29; 8,41; 9,45 un 12,64°, bet y formai - pie lenkiem 2(}= 10,04; 10,23 un
11,5%1..
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3.7. att. Ftorafra a polimorfas formas (a), lJ polimorfas formas (b), y polimorfas formas (c)

un e polimorfas formas (d) pulvera rentgendifrakcijas aina

Ftorafira a,|J un y polimorfo formu rentgendifrakcijas ainas sakrit ar jau literatlra
[132] aprakstitam So formu difrakcijas aindam. e polimorfajai  formai pulvera
rentgendifrakcijas aina atbilst aprékinatai, izmantojot monokristala datus.

Analizéjot ftorafira polimorfas formas ar DSK analizi (3.8. att), ir redzams, ka

karsejot, tas pariet par augsttemperatiras y formu, kas izkast 174°C temperatdira.
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3.8. att. Ftorafiira DSK likne a) a polimorfajai formai (a), f polimorfajai formai (b), y

polimorfajai formai (¢) un ¢ polimorfajai formai (d)
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Ftorafura a formas kusana ar fazu pareju a—y notiek 167-168 °C temperatiira
(AHgp=-2,92 kI mol_'), turpretim £ forma kiist daudz zemaka temperatira (116-120 °C,
AHp=-7,92 kJ mol™") ar fazu pareju f—y. legitas kuSanas un faZu parejas temperatiiras
labi atbilst U¢ida (Uchida) un lidzautoru pétijjuma [132] datiem. lepriekS literattra
neaprakstitas ftorafiira ¢ formas DSK Iikné ir redzamas divas endotermas, neskaitot y
formas kuSanu 174 °C temperatura. Pirma endoterma temperatiras apgabala no 80 l1dz 115
°C ir ar loti mazu siltumu, ko praktiski nevar€ja kvantitativi izmérit, un atbilst ¢ formas
kuSanai ar faZu pareju e—a. Lai parliecinatos, ka dota fazu pareja liecina par e—a pareju, ¢
forma tika karséta 115 °C temperatira 30 min. Karsétd parauga uzpemtaja
rentgendifrakcijas aind novero rentgendifrakcijas refleksus, kuri atbilst @ formai. Otra
endoterma 165-167 °C temperatiira norada uz a formas ku$anu ar fazu pareju a—y.

Atskirigas ftorafura polimorfo formu DSK liknes lauj So metodi, tapat ka PRDA,

1izmantot kristalisko formu kvalitativajai noteikSanai.
3.2. Ksilazina hidrohlorida, droperidola un sigetina pseidopolimorfisms

Kristaliz€jot FAV no tdens vai to saturoSajiem organiskajiem Skidinatdjiem, ir
lesp€jama pseidopolimorfo formu (hidratu) veidosanas. Ta kristaliz€jot sigetinu no tidens
20 °C temperatiira, veidojas sigetina dihidrats. Ksilazina hidrohlorida kristalizacijas procesa
no 95% etanola 20 °C temperattra, var iegit ksilazina hidrohlorida monohidratu. Ja 50 °C
temperatira no Odens un acetona maisfjuma attieciba 1:1 kristaliz€ droperidolu, tad

izveidojas droperidola hemihidrats.

3.2.1. Ksilazina hidrohlorida monohidrata, droperidola hemihidrata un

sigetina dihidrata Kkristaliska un molekulara struktiira

Ksilazina hidrohlorida monohidrata kristaliska un molekulara struktara
Ksilazina hidrohlorida monohidrats kristaliz€jas monoklinaja P2/c telpiskaja

simetrijas grupa ar ¢etram molekulam elementar$ana (3.9. att.).
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3.9. att. Ksilazina hidrohlorida monohidrata molekulara struktira (pa kreisi) un kristaliskas

struktdras sakartojums (pa labi)

Paréjie kristalografiskie dati doti 3.4. tabula, bet atomu koordinates, saiSu garumi un

lenku vértibas ir dotas 4.,5. un 6. pielikuma.

3.4. tabula
Ksilazina hidrohlorida monohidrata kristalografiskie dati un struktdras precizéSanas
parametri

Raksturoj ums Veértiba
Empiriska formula C12H17N2SCL1-H O
Formulas masa, g mol' 274,81
Singonija Monoklina
Telpiska grupa P2ilc
ElementarSinas parametri:
a, A 13,4546(2)
b,A 8,6547(1)
c, A 12,7732(2)
13, o 109,210(2)
Elementarsinas tilpums, v, A’ 1404,56(4)
Molekulu skaits elementarsina, Z 4
Blivums, d,gcm 1,300
Linearais absorbcijas koeficients, U, mm 3,69
F(000) 584
28 intensitaSu rnérisanas intervals, o 3,5-74,6
Izmeérito refleksu skaits 19046
Neatkarigo refleksu skaits 2747
Refleksu skaits ar intensitati 1>2a(l) 2509
Precizéto parametru skaits 154
GooF 1,01
RI indekss [1>2a())] 0,0325
Rl indekss (visiem datiem) 0,0347
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Savienojuma molekuld tiazina gredzenam ir puskrésla konformacija. Dimetilfenila
gredzens ir planars un veido ar iedomajamo tiazina gredzena SI, C6 un N5 atomu plakni
83,24(14)0 lenki. Izmantojot Q-H-"CI, N-H™O un N-H"CI starpmolekularo Gdenraza
saiSu veidoSanos, cieta kristaliska stavokli ksilazina hidrohlorida monohidrats pastav ka

centrosimetrisks seSkomponentu klasteris (3.10. att.).

3.10. att. Starpmolekularo Gdenraza saiSu veido3anas ksilazina hidrohlorida monohidrata

Klastera centrala dala divi Wora joni un divas Gdens molekulas ar Q-H---Cl
udenraZa saiSu palidzibu izveido pareizu paralelogramu, kas shiedz izveidotajam klasteram

papildus stabilitati. Starpmolekularo Gde nraza saiSu parametri ir doti 3.5. tabula.

3.5. tabula
Ksilazina hidrohlorida monohidrata starpmolekularas Gdenraza saiSu parametri
UdenraZza saite Garums, A Lenkis;"

D-H"A D-H H-.A D"A D-H ..-A
N5-H5"0OI17 0,87 1,97 2,815(2) 163
017-HI71C116' 0,82 2,36 3,158(1) 164
N7-H7" C116' 0,87 2,37 3,204(1) 162
017-HI172"C116" 0,83 2,35 3,171(1) 173

Simetrijas kods: (i) -x+ 1,y+~, -z+r2; (ii) x+ 1, -y+r2, z-~.

Droperidola hemihidrata kristaliska un molekulara struktira
Droperidola hemihidrats  kristalizéjas  triklinaja PT telpiskaja grupa ar divam

P

molekulam elementarsona (3.11. att.).
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3.11. att. Droperidola hemihidrata molekulara struktdra (pa kreisi) un kristaliskas struktdras

sakartojums (pa labi)

Paréjie kristalografiskie dati doti 3.6. tabuld, bet atomu koordinates, saiSu garumi un
lenkU vértibas ir dotas 7., 8. un 9. pielikuma.
3.6. tabula

Droperidola hemihidrata kristalografiskie dati un struktlras precizéSanas parametri

Raksturojums Vertiba
Empiriska formula C22H22FN302-0,5H20
Formulas masa, g mol" 388,44
Singonija Trikltna
Telpiska grupa p1
Raksturojums Veértiba
ElementarSunas parametri:
a,A 6,2842(15)
b, A 10,1473(8)
C,A 16,1850(2)
a o 102,554(9)
M, o 91,917(14)
y0 99,316(12)
Elementardinas tilpums, V,Al 991,6(3)
Molekulu skaits elementarsuna, Z 2
Blivums, d, g cm-* 1,300
Linearais absorbcijas koeficients, u, mm ' 0,76
F(000) 408
28 intensitaSu menSanas intervals, o 4,5-66,9
Izmerito refleksu skaits 3577
Neatkango refleksu skaits 3434
Refleksu skaits ar intensitati 1>2(J(1) 2007
Precizeto parametru skaits 263
GooF 1,10
RI indekss [I>2a(l)] 0,0509
RI indekss (visiem datiem) ,0,1171
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Savienojuma molekula benzimidazola gredzens ir planars un tas veido ar
iedomajamo tetrahidropiridila  gredzena plakni 50,8° lenki. Droperidola dihidratam un
etanola solvatam lenkis ir atbilstoSi 48,1 [126] un 52,8° [127]. Cieta kristaliskd stavokl1i
savienojumam ir raksturiga N-H-"O starpmolekularas (denraza saites veidoSanads starp

divam droperidola molekulam (3.12. att.).

3.12. att. Starpmolekularo GdenraZza saiSu veidoSanas starp divam droperidola molekulam

droperidola hemihidrata struktdra

Udenraza saites atbilstoSie raksturlielumi ir N8---01 2,812(3) A, N8-H 0,89(3) A,
01---H1,94(3) A, N8-H™01 167,8°. Lidziga veida OdenraZa saites veido3anas ir novérota
arT droperidola etanola solvata [127], bet dihidrata [126] gadijuma S$ada saite starp divam
droperidola molekulam nepastav. Bez tam talaka droperidola hemihidrata struktlras izpéte
atklaja iespéjamo 0---0---0---0 {Odenraza saiti, kas saista divas droperidola molekulas ar

divu Gdens molekulu starpniecibu (3.13. att.).

3.13.att. Starpmolekularo 0Odenraza saiSu veidoSanas starp droperidola un Gdens molekulam

droperidola hemihidrata struktdra

Droperidols-idens  0---0 un 0dens-Odens 0---0 GdenraZza saites garums attiecigi ir

2,85 un 2,76 A, bet droperidols-tidens-idens 0..-0---0 lenkis ir 110,86°. Droperidola
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hemihidrata kristaliskaja struktira 0dens molekulas atrodas kanalos, kas stiepjas visas
kristalografiskas bass garuma. Kanali ir aplveida formas ar izmériem 6,3x6,6 A. Lidziga
kanalveida struktdra ir droperidola etanola solvatam [127], kur lokalizéto Gdens molekulu

vieta kanalus aizpilda nesakartotas etanola molekulas (3.14. att.).

3.14. att. Droperidola etanola solvata kristaliskas struktdras sakartojums, izmantojot KSD

[12] datus

Etanola molekulas lielaka izméra dél salidzinajuma ar Gdens molekulu, droperidola
etanola solvata kanali ir eliptiskas formas ar izmériem 6,2x7,1 A. Droperidola hemihidrata
strukturala Ihdziba ar droperidola etanola solvatu nordada wuz iespéju, ka abas

pseidopolimorfas formas ir izostrukturalas.

Sigetina dihidrata kristaliska un molekulara struktdra
Sigetina dihidrats pieder pie triklinas PT telpiskas grupas. ElementarSina satur vienu

sigetina anjonu (CIsH20U6S2t, kas atrodas simetrijas centra, divus kalija katjonus un divas

ddens molekulas (3.15. att.).

3.15. att. Sigetina dihidrata molekulara struktdra (pa kreisi) un kristaliskas struktdras

sakartojums (pa labi)
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lepku vertibas ir dotas 10., 11. un 12. pielikuma.

Pargjie kristalografiskie dati doti 3.7. tabula, bet atomu koordinates, saiSu garumi un

3.7. tabula

Sigetina dihidrata kristalografiskie dati un struktiiras precizé$anas parametri

Raksturojums Vertiba
Empiriska formula C3H0K,0¢S,:2H,0
Formulas masa, g mol ™! 255,36
Singonija Triklina
Telpiska grupa P1
Elementarsunas parametri:
a, A 5,8741(5)
b, A 6,5684(5)
¢, A 15,2335(14)
a, ° 84.272(4)
B, ° 83,768(5)
y, © 76,522(6)
Elementar$inas tilpums, V, A’ 566,51(8)
Molekulu skaits elementarsuna, Z 1
Blivums, p., g cm” 1,497
Linearais absorbcijas koeficients, u, mm’ 0,64
F(000) 266
20 intensitasu merisanas intervals, © 1,4-274
Izmeérto refleksu skaits 4330
Neatkarigo refleksu skaits 2576
Refleksu skaits ar intensitati I>20(1) 1918
Precizeto parametru skaits 137
GooF 0,89
R1 indekss [[>20(1)] 0,0513
R1 indekss (visiem datiem) 0,0720

Savienojuma kalija katjons koordinéts ar 8 skabekla atomiem, t.i., ar diviem viena
molekulara anjona skabekla atomiem, ar diviem otra molekulara anjona skabekla atomiem
un ar vienu tre$a un ceturta molekulara anjona skabek]a atomu, ka ari ar divu tdens
molekulu skabek]a atomiem (3.15. att.)). Rezultata kalijam ir deforméta kubiskas

koordinacijas geometrija. K—O saites garumi ir doti 3.8. tabula.
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K-D saites garumi sigetina dihidrata molekula

3.8. tabula

Saite Garums, A Saite Garums, A
Kl14-09' 2,733(3) K14-09 2,934(3)
Kli4-07+ 2,736(3) Kli4-015 (ddens) 2,937(3)
K14-015"  (udens) 2,816(3) K14-08" 2,970(3)
Kli4-07% 2,834(3) Kl14-07 3,211(3)

Simetrijas kods: (i) -x+ 1, -y+1, -z+ 1; (ii) -x+ 1, -y, -z+ 1; (iii) x+ 1y, z.

Sigetina K-D saites garumu véribas tika salidzinatas ar KSD eso$o struktiru K-D

saites garumu Vvértibam, SalidzinaSanu veica

izmantojot MOGUL [165] datorprogrammu.
atseviSki saitei starp kaliju un Gdens molekulas skabekli un saitei starp kaliju un molekulara

anjona skabekli. Ar MOGUL

atrasta K-O saites (Odens) vidéja vértiba ir 2,866 A
(0=0,168A, 54 struktdras), bet K-D saites (molekularais anjons) vidéja vértiba - 2,861 A
(0=0,170 A, 61 struktdra). Salidzinot iegdtos rezultatus no datubdzes ar sigetina datiem 3.8.

tabula, nav novérojamas batiskas novirzes.
Sigetina molekularais anjons ar divam Gdens molekulam veido art 015-H5"'08
starpmolekularo Gdenraza saiti (3.16. att) ar sekojoSiem parametriem:

H5...010 2,00 A, 015---08 2,790(2) A, 015-H5™08

015-H5 0,84 A,
156°.

3.16. att. Koordinativas un 0OdenraZza saites veidoSanas sigetina dihidrata molekula
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3.2.2. Ksilazina hidrohlorida monohidrata, droperidola hemihidrata un

sigetina dihidrata struktdras saistiba ar fizikali Kimiskajam TpaSibam

Ksilazina hidrohlorida monohidrata, droperidola hemihidrata un sigetina
dihidrata raksturoSana ar Odens tvaika sorbcijas un desorbcijas izotermam, termisko
analizi un PRDA

Hidratu raksturoSana ar sorbcijas/desorbcijas  izotermam ir metode, ar kuru ir
iespéjams noteikt ne tikai hidratu stehiometriju un citu hidratu veidoSanas iespéjamibu, bet
ari izprast adens lomu kristaliskaja struktdra, papildus izmantojot rentgenstruktaranalizes
datus.

Ksilazina hidrohlorida monohidrata un sigetina dihidrata izotermam ir stavs Iéciens
(3.17. un 3.18. att.), kas raksturo atru fazu pareju no bezidens formas uz hidratéto formu
sorbcijas gadijuma un no hidratétdas formas uz bezldens formu desorbcijas gadijuma.

RelalTvais mitrums, %

0 20 40 60 80 100
1,00

-1,00

-5.00

-7,00
sorbcija _ desorbcija

3.17. att. Ksilazina hidrohlorida monohidrata GOdens tvaika sorbcijas/desorbcijas izoterma
25°C temperatura
Relativais mitrums, %
0 20 40 60 80 100
1.00

#  -1,00

S 23,00

i -7.00

-9.00
sorbcija _ desorbcija

3.18. att. Sigetina dihidrata Gdens tvaika sorbcijas/desorbcijas izoterma 25°C temperatlra
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Rezultata abus savienojumus var uzskatit ka stehiometriskos hidratus.
Ksilazina hidrohlorida monohidratam 0dens molekula atrodas savrupd pozicija un

neveido tieSo OdenraZza saiti ar citu Gdens molekulu (3.19. att.).

3.19. att. Udens molekulu izvietojums ksilazina hidrohlorida monohidrata kristaliskaja

struktdra

Savienojumu var pieskaittt savrupiem hidratiem un tie vienmér ir stehiometriski.
Sigetina dihidratam katra Gdens molekula veido cieSo saiti ar sigetina molekulu un
kalijajonu (3.20. att.). Sads sakartojums apstiprina savienojuma piederibu stehiometriskiem

jonu koordinacijas hidratiem.

3.20. att. Udens molekulu izvietojums sigetina dihidrata kristaliskaja struktdra

Izmantojot Gdens tvaika sorbcijas/desorbcijas  izotermas, Ir iespgjarns noveértét
savienojumu stabilitati plaSa relativa mitruma apgabala. 25°C  temperatdra ksilazina
hidrohlorida monohidratarn  Gdens saturs praktiski nemainas no 40 Iidz 90% relativa

mitruma. Savienojuma pilniga dehidratacija notiek zem 10% relativa mitruma.
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Sigetina dihidrats pe€c @idens tvaika sorbcijas/desorbcijas izotermas datiem uzrada
stabilitati virs 30% relativa mitruma. Savienojuma dehidratacija noris zem 15-20% relativa
mitruma. Rezultata var secinat, ka 25 °C temperatira gan ksilazina hidrohlorida
monohidrats, gan sigetina dihidrats ir stabili. ST stabilitates novértésanas metode nav tik
preciza, ka fazu diagrammas noteikSanas metode, bet tomér dod ieskatu, lai spriestu par
kristaliskas formas stabilitati. }

Droperidolam hemihidratam noteikta tikai desorbcijas izoterma (3.21. att.), bet tas ir

pietickami, lai So hidratu raksturotu ka nestehiometrisku.

Relativais mitrums, %
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3.21. att. Droperidola hemihidrata tidens tvaika desorbcijas izoterma 25 °C temperattira

Atskiriba no ksilazina hidrohlorida monohidrata un sigetina dihidrata desorbcijas
izotermas, droperidola hemihidratam izotermas likne ir daudz lézenaka. Tas norada ne tikai
uz pakapenisko Udens masas zaud&€$anu, bet arl uz masas pieaugumu dotaja relativa
mitruma intervala. Pieaugot relativam mitrumam, sakot ar 40%, droperidola hemihidrats
pakapeniski uzpem tdeni un 90% relativa mitruma parvérSas par monohidratu. Papildus
droperidola hemihidrata piederibu pie nestehiometriskiem hidratiem apstiprina arT PRDA.
Atidenota un hidratéta hemihidrata difrakcijas ainas ir lidzigas un at3kiras tikai ar nelielu

refleksu nobidi (3.22. att.).
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m  Droperidola nemlrncrats

i Droperidola bezidens forma
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3.22. att. Droperidola hernihidrata un ta bezidens formas pulvera rentgendifrakcijas aina

Difrakcijas refleksi nobidas gan uz mazakiem, gan uz lielakiem lenkiem, kas attiecigi
norada uz nelielu starpplaknu attalurnu palielinaSanos un samazinaSanos  kristaliskaja
struktdra. Ka jau iepriek§ bija noradits (skat. 3.2.1. apakSnodalu), 0dens molekulas
droperidola hemihidrata  atrodas aplveida formas kanalos, kas izstiepuSies visas
kristalografiskas bass garuma. Dazaddu apkartéjas vides apstaklu (relativa mitruma,
temperatdras) déJ ddens molekulas var brivi parvietoties no kanala iekSienes uz arpusi vai
ari otradi bez bdtiskarn izrnainarn kristaliskaja struktlra. Tas arT rada nestehiometrijas
efektu, kas ir raksturigs kanalveida tipa hidratiem.

Ksilazina hidrohlorida monohidratu un sigetina dihidratu raksturojo$as pulvera
rentgendifrakcijas ainas ir dotas 3.23. attélad, savukart droperidola hemihidrata pulvera

rengendifrakcijas aina ir apskatita iepriek§ 3.22. attéla.
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3.23. att. Sigetina dihidrata (a) un ksilazina hidrohlorida monohidrata (b) pulvera

rentgendifrakcijas aina

Saltdzinot savienojumu pulvera rentgendifrakcijas amu ar difrakcijas amu iegdtu no

monokristala datiem, nav konstatétas batiskas atSkiribas.

Analizéjot dotas FAV ar termalas analizes metodém (DTA/TG, DSK), liela
uzmaniba tika pievérsta dehidratacijas procesam.

Ksilazina hidrohloridam monohidratam un sigetina dihidratam dehidratéjoties ar TG
noteiktie masas zudumi 6,5 un 7,1% atbilst teorétiskajam Gdens daudzumam attiecigi 6,5 un
7,1%, tadejadi apstiprinot, ka ksilazina hidrohlorida hidrats satur vienu Gdens molekulu, bet
sigetina hidrats satur divas Odens molekulas.

Ksilazina hidrohlorida monohidrata DSK analize uzrdada divas endotermiskas

parejas (3.24. att.).

Temperatara, -C

3.24. att. Ksilazina hidrohlorida monohidrata DSK Itkne
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Pirma pareja ar temperatiras maksimumu 93,2 °C atbilst dehidratacijai. Procesa
entalpija ir diezgan liela (47,02 kJ mol™), kas liecina par saméra stipram
starpmolekularam udepraza saitém (N-H:--O 2,807 ;\; O-H--Cl 3,148 ;\) savienojuma.
Otra endotermiska pareja ar temperatiiras maksimumu 168,3 °C attiecas uz dehidratéta
ksilazina hidrohlorida kusanu. Ku$anas procesa entalpija ir —19,99 kJ mol™.

Sigetina dihidratam ka jonu koordinacijas hidratam saskapa ar DSK datiem (3.25.
att.) dehidratacija noris augstaka temperatiira (temperatiiras fnaksimums ir 113,7 °C) neka

ksilazina hidrohlorida monohidratam.

;
.\
&
13
g o
37 I
z,:)
(o]
<
[\
50 100 150 200 250

Temperatara, °C

3.25. att. Sigetina dihidrata DSK likne

Stipras koordinativas saites, kas pastav starp kalija jonu un fidens molekulam, ciesi
saista Udens molekulas. Stipro saiSu rezultata sigetins dehidrat§jas virs 100 °C
temperatliras. Abu sigetina dihidrata tdens molekulu zaud&$ana noris viena stadija. So
novérojumu iesp&jams skaidrot, izmantojot kristalisko struktiru. Sigetina dihidrata Gdens
molekulas atrodas simetriski saistitajas pozicijas (3.20. att.), kas dehidratacijas gadijuma
nesniedz priekSroku vienai vai otrai molekulai. Dehidratéto sigetinu turpinot sildit, 450 °C
lmperatira novéro eksotermu, kas liecina par iesp&jamo kimisko reakciju.

Droperidola hemihidratam, kas pieder pie kanalveida hidratiem, dehidratacijas
endoterma nav tik krasi izteikta (3.26. att.) ka ksilazina hidrohlorida monohidrata un

Sigetina dihidrata gadijuma.
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3.26. att. Droperidola hemihidrata DTAITG Iikne

Droperidola hemihidrata dehidratacija notiek tiklidz sak karséSanu (20°C) un
turpinas Itdz 100°C temperatdrai. Lielakais dOdens zudums novérots 40-70 DC temperatlras
robezas.

Sigetina fazu diagramma

Sigetins var pastavéet divas kristaliskajas formas: dihidrata un bezddens forma.
Jebkuras divfazu hidratalbezidens formas sistémas termodinamiskas stabilitates apgabalu
noteikSana pamatojas uz $1s sisttmas fazu diagrammas konstruéSanu, kas izsaka sistémas
stavokla atkartbu no apkartéjas vides apstakliem (spiediena, temperatdras). Lai konstruétu
faZu diagrammu, ir jazina sistémas starpfitZzu Itdzsvara apstakli (Odens tvaika spiediens un
temperatdra). Lidzsvara apstdklu noskaidroSana noteiktd temperatlra balstas uz fazu pareju
atrumu noteikSanu dazados relativos mitrumos. Lidzsvara apstaklos fazu pareju atrums ir
nulle.

Veicot eksperimentus abu formu Iidzsvara apstaklu noteikS8anai 10 DC temperatdra
(3.27. att.), ir konstatéts, ka fazu pareja bezldens formas virziena norisinas 18,1 un 15,2%
relativa mitruma, bet dihidrata virziend 22,8 un 21,3% relativa mitrumd. Abu formu

stavoklis, kas atrodas tuvu lidzsvaram tika sasniegts 19,7% relativa mitruma.
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3.27. att. Sigetina dihidrata un beziidens formas pareju kinétiskas liknes 10 °C temperatira

pie dazadiem relativiem mitrumiem

Petijumos 20 °C temperatiira (3.28. att.) 19,2% relativa mitruma konstatéta fazu
pareja beztuidens formas virziend, bet 22,6 un 24,3% relativa mitruma fazu pareja ir

dihidrata virziena. 21,0% relativa mitruma abas fazes atrodas tuvu lidzsvara stavoklim.
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3.28. att. Sigetina dihidrata un beztdens formas pareju kinétiskas liknes 20 °C temperatiira

pie dazadiem relativiem mitrumiem

30 °C temperatiira (3.29. att.) 21,8 un 23,5% relativa mitruma parvertibas notiek
bezlidens formas virziena, bet 26,3% relativa mitruma — dihidrata virziena. 25,0% relativa

mitruma bitiskas masas izmainas netika novérotas, kas liecina par atraanos tuvu

[ldzsvaram.
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3.29. att. Sigetina dihidrata un beziidens formas pareju kinétiskas liknes 30 °C temperatiira

pie daZadiem relattviem mitrumiem

Sigetina vienas formas parejas kiné€tika par otro formu izvélétajas temperatiiras
dazados relativos mitrumos ir dazada (3.27., 3.28. un 3.29. att.) un So pareju kinétiskas
liknes var aprakstit ar eksponentfunkciju (3.1):

Am=W —W -W,)e™, (3.1)
kur: Am — relativas masas izmainas, %;
W — relativa masa, kad sistéma atrodas tuvu lidzsvara stavoklim;
W, — relativa masa, kad 1=0;
k — koeficients, kas raksturo fazu parejas atrumu, h"l;
t - laiks, h.

Izmantojot Excel Solver datorprogrammu, kuras pamata ir mazako kvadratu metode,
tika nodro$inata teorétisko relativas masas izmainu atbilstiba eksperimentalam relativas
masas izmaipam, veicot optimizaciju mérkfunkcijai (3.2):

§?= (Am,,, —Am,,, )? (3.2)

Risinot S0 optimizacijas uzdevumu, tika noteikti k, W, ka ar1 Wy vertibas. kK un W
skaitliskas vertibas talak izmanto fazu parejas atruma konstantes k~ aprékinasanai 10, 20 un
30 °C temperatiira péc vienadojuma (3.3):

k'=k(W-W,), 3.3)

Wo tika noteikts, lai konstatétu iespgjama sakumstavokla izmaipas paraugu
SagatavoSanas gaita.

Sigetina stavok]a diagrammas konstrué$anai ir nepiecieSams zinat relativa mitruma

skaitliskas vértibas atbilstosas temperatiiras, pie kuram divas sistémas fazes ir lidzsvara.
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Saja gadijuma skaitliskas vertibas var noteikt divéjadi, t.i., izmantojot vielas relativas masas

izmainas (3.30. att.) vai faZu parejas atrumu (3.3 1. att.) atkaribu no relativa mitruma.
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3.30. att. Lidzsvara relativa mitruma noteik$ana trijas temperatiiras, izmantojot sigetina

relativas masas izmainas
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3.31. att. Lidzsvara relativa mitruma noteikSana trijas temperatiiras, izmantojot sigetina

fazu parejas atrumus (k")

Sigetina fazu diagramma, kas iegiita, izmantojot grafiski noteiktus lidzsvara

relativos mitrumus abos gadijumos ir redzama 3.32. attéla.
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3.32. att. Sigetina stavokla diagramma ka temperatiras atkariba no relativa mitruma

Vielas relativas masas izmainas un fazu parejas atrumu izmantoSana Iidzsvara
relativa mitruma noteik3anai dod Iidzigus rezultatus. Sads rezultats norada par rezultatu
pareizibu, ka arT par abu panémienu lietojamibu. legata fazes robeZas Iltkne skaidri parada
relativd mitruma vaju atkartbu no temperatras. Lai labak izprastu sigetina abu formu
stabilitates kopsakaribas, noderigdk bdtu izmantot fazu diagrammu Gdens tvaika parciala

spiediena-temperatiras koordinatés (3.3 3. att.).
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3.33.att. Sigetina stavokla diagramma ka temperatiras atkartba no Odens tvaika parciala

spiediena (P)

Sajas koordinatés ieguto fazes robezas Iikni var aprakstit ar vienadojumu (3.4):
Po = Ae™ (34)

kur:Pa - lidzsvara ddens tvaika parcidlais spiediens, mm Hg staba;
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A — pirmseksponentes reizinatajs, mm Hg staba;
o — konstante, K™
T - temperatura, K.
Augsta korelacija ar eksponentfunkciju lauj ar piesardzibu izdarit ekstrapolaciju ari
arpus eksperimenta apstak]iem.

No sigetina stavokla diagrammas var secinat, ka temperatiras intervala no 10 lidz

mazaka, neka temperatiras intervala no 20 lidz 30 °C. Stavokla diagramma apstak|os virs
fazes robeZas linijas termodinamiski stabils biis sigetina dihidrats, bet zem tas — bezudens
forma. Sigetina hidratéta forma ir stabila 25 °C temperatiird un parvérSas par bezidens

formu pie relativa mitruma zemaka par 20%.
3.3. Nikotinamida un 1,10-fenantrolina kokristali

FAV kokristalu iegiiSana balstas uz supramolekulara sintona un kristalu inZenierijas
koncepcijas izmanto$anu, kas nosaka, ka tidepraza saiSu veidoSana piedalas visi stiprie
protonu donori un akceptori. lzvéloties kokristdla veidotaja molekulu ar dazadam
funkciondlajam grupam, kas batiba ir protonu donori vai akceptori, ir iespgjams veidot
vélamo savienojumu ar atbilsto§am ipasibam. Lai paraditu §1s koncepcijas lietojamibu, tika

1zvéletas tadas biologiski aktivas vielas (FAV modelvielas) ka nikotinamids un 1,10-

fenantrolins.

3.3.1. Nikotinamida—fumarskabes kokristali

Karboksilgrupa, amidgrupa un piridina gredzens ir tris no visplaSak izmantotam
funkcionalam grupam kristalu inZenierija, jo tas sp&j veidot stabilas supramolekularas
strukttiras ar O-H:--O un N-H:--O starpmolekularo Gidenraza saisu palidzibu. Ka rada KDS
(versija 5.30.) [166] esoSo struktiiru analize, skabe—piridins heterosintonu satur 49%
Struktiiru, bet skdbe—amids heterosintonu — 48% struktiru. Nikotinamida—karbonskabes
molekularaja sistema O-H--O un N-H--O starpmolekularo fdegraza saisu daZada

kOmbine'lcija var sekmét vismaz Cetru dazada veida sintonu veidoSanos (3.34. att.).
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3.34. att. Iesp€jamo supramolekularo sintonu (I — skébe—sk'ébe; IT — am1ds—amids; III —

skabe—piridins; IV — skabe—amids) veido$anas nikotinamida—karbonskabe

Sakartojot $os sintonus, sakot ar energétiski visizdevigako (pamatojoties uz ab initio
aprekiniem [104]), iegist $adu rindu: skabe-piridins (III) > skabe-amids (IV) > amids—
amids (II) > skabe—skabe (I). Tomer $ada seciba var arl nebiit speka. PaSu molekulu
strukturalas 1patnibas (konformacionalais elastigums), stériskie faktori, kristalizacijas
apstak]i, ka arT mazas starpibas udepraza saiSu energija var but par iemeslu S$is rindas
kartibas mainai, kuras deél energ€tiski mazak izdevigakais sintons var bt stabilas
supramolekularas struktiiras pamata.

Ta ka nikotinamida—fumarskabe molekularaja sisteéma ir iesp&€jama dazada veida
sintonu  veidoSanas kombinacija, veicot kokristalizaciju, izejvielas (nikotinamidu un
fumarskabi) izmantoja divas stehiometriskas attiecibas: 1:1 un 2:1. Mainot kristalizacijas
metodi un apstak]us, ieguva divus jaunus savienojumus, kuri sava starpa atSkiras gan
morfologiski, gan strukturali. Nikotinamida-fumarskabes (1:1) kristaliem ir kolonveida
prizmu forma, turpretim nikotinamida-fumarskdbe (2:1) kristalizéjas plak$nveida prizmu
forma. Atskiribas pulvera rentgendifrakcijas aina (3.35. att.) norada uz kokristalu iegiiSanu

ar dazadu kristalisko struktiiru.
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3.35. att. Nikotinamlda-fumarskabes  (I: 1) kokristala (a), nikotinamida-furnarskabes  (2:1)

kokristala (b), nikotihamida (c) un fumarskabes (d) pulvera rentgendifrakcijas aina

Nikotinamidam, fumarskabei vai vienam no kok:ristaliem nepiederoSu difrakcijas
refleksuesamiba norada uz jauna savienojuma nevis vielu maisijuma iegdsanu.

Sintezéjot nikotinamida-fumarskabes kokristalus ar dazadu stehiometriju, liela
nozime ir kristalizacijas apstakliem. Kokristals ar stehiometriju 1:1 veidojas, to k:ristalizéjot
no Skiduma (etanola) Iidz rodas kristali, ka arT Skidumu pilntba iztvaicéjot divas dazadas
temperatiras: 5 un 20°C. Meginot ieglt nikotinarnida-fumarskabes  (2: 1) kok:ristalu ar
tadam paSam metodém, iznemot Skiduma pilnigu iztvaicéSanu 5 °C temperatdra, ta vieta
kristalizéjas kok:ristals ar stehiometriju 1:1. Tikai Skiduma pilniga iztvaicésana 5 °C
temperatira deva abu savienojumu  k:ristdilu maistjumu.  Pateicoties  nikotinamida-
fumarskabes kokristalu izteiktajam morfologiskajam  atSkirtbam, tie tika atlasiti un
sagrupéti talakajai izpétei. Prioritara nikotinamida-furnarskabes  (1: 1) k:ristalizacija (seviski
20°C temperatdra) var bat skaidrojama ar relativi atru iztvaikoSanu, Iidz ar to arT 3kidibas
samazinaSanos, ka dél tiek sasniegta lielaka parsatinajuma pakape. Rezultatda noteico$a bas
kokristala kristaldiglu veidoSanads ar vismazako stehiometrisko attiectou (1:1). Abu
kokristalu matsijurna  iegGSanas gadijuma iespéjams iz8kiroSais faktors bija tada
koncentracijas apgabala sasniegSana 5 °C temperatdrd, kura vienlaicigi var augt abu
savienojumu k:ristali. Pastav varbdtiba, ka, pazeminot temperatdru, koncentracijai

samazinoties, iespéjams iegat tikai nikotinarnida-fumarskabes  kristalus ar stehiometriju
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2:1. Gratibas iegut kokristalu ar stehiometriju 2:1var arl bat saistitas ar energétiski mazak
izdevigu sintonu veidoSanos salidzinajuma ar kokristalu, kura stehiometrija ir 1:1.

Tapat tika izméginata cita kokristdlu iegiSanas metode, kas balstds uz
stehiometrisko izejvielu daudzumu saberSanu  Skidinatdja (etanola) klatiené.  Abos
gadijumos saberzot nikotinamidu un fumarskabi attiectbd 1:1 un 2:1, tika iegati sagaidarni
savienojumi, ko apstiprinaja pulvera rentgendifrakcijas dati.

NikotTnamida-fumarskabes kokristali ar stehiometriju 1:1 un 2:1 Kkristalizéjas
monoklinaja telpiskaja grupa attiecigi P2i/c un P2/n (3.36. att.).

a
02

017

3.36. att. Molekulara struktdra (pa kreisi) un kristaliskas struktdras sakartojums (pa labi)

nikotinamida-fumarskabes  kokristalam ar stehiometriju 1:1 (a) un 2: 1 (b)

Paréjie kristalografiskie dati doti 3.9. tabula, bet atomu koordinates, saiSu garumi un

lenku veértibas ir dotas 13., 14., 15. un 16., 17., 18. pielikuma.
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Nikotinamida-fumarskabes

struktdiras precizéSanas parametri

3.9. tabula

kokristalu ar stehiometriju 1:1un 2:1 kristalografiskie dati un

Raksturojums Nikotinamids- Nikotinamids-
fumarskabe (1:1) fumarskabe (2:1)

Emprriska formula CIOHION2Us CgHgN,U3
Formulas masa, g mol' 238,20 180,16
Singonija Monoklina Monoklina
Telpiska grupa P2ilc P2i/n
ElementarSinas parametri:
a,A 5,550(1) 5,592(3)
b,A 13,792(1) 12,044(1)
c, A 14,360(2) 13,131(5)
1, o 93,41(1) 96,00(5)
ElementarSinas tilpums, V, A’ 1097,2(3) 879,5(6)
Molekulu skaits elementarSina, Z 4 4
Blivums, pc, g cm™ 1,442 1,361
Linearais absorbcijas koeficients, n, mm™" 1,010 0,902
F(0O00) 496 376
28 intensitaSu mériSanas intervals, o 4,4-67,9 5,0-67,9
Izmértto refleksu skaits 2247 1604
Neatkarigo refleksu skaits 1931 1587
Refleksu skaits ar intensitati [>3(J(J) 1634 1386
Precizéto parametru skaits 155 119
GooF 1,05 1,10
R1 indekss [I>313(J)] 0,0329 0,0527
R1 indekss (visiem datiem) 0,0394 0,0580

Abu savienojumu kristalografiska

analize neuzrada protona pareju no fumarskabes

karboksilgrupas uz nikotinamida piridina gredzena slapekli, nemot véra GdenraZza atraSanas

vietu Furjé starpibas karté. Piridina gredzena C-N-C
fumarskabei (1:1)) un 118,56° (nikotinamida-fumarskabei
protonéSanu. LT1dz ar to var uzskatit, ka iegltie savienojumi

Atskiribas kokristalu stehiometrija nenoliedzami

lenka vértiba 118,36 (nikotinamida-
(2: 1)) arT neliecina uz iespéjamo
ir kokristali.

ietekmé arT molekulu sakartojumu

kristaliskaja struktdrd. Rezultata (3.37. att.) izveidojas divi rinkveida Odenraza saiSu motivi:

amida-skabes heterosintons

homosintons nikotinamida-fumarskabes

nikotinamida-fumarskabes
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- ==

arnids-skabe heterosintons amids-amids homosintons

SO

3.37. att. Supramolekulara sintona veidoSanas nikotinarnida-fumarskabes  (1:1) kokristala

(@) un nikotinamida-fumarskabes  (2:1) kokristala (b)

NikotTnamida-furnarskabes (1: 1) amida-skabes heterosintonu veidoSana piedalas
N-H---Qun G-H---Q UOdenraza saites ar attiecigi sekojoSiem parametriem: N..-Q 2,882(2)
A N-H 0,87 A, Q"H 2,02 A, N-H ..-Q 170 °un Q...Q2,618(2) A, G-H 0,86 A, Q"H 1,77
A O-H ..-Q 171 o. Kristaliskaja strukttra rinkVeida heterosintoni sava starpa ir saistiti ar N-
H..O (N..Q 2,590(2) A, N-H 0,87 A, Q"H 1,73 A, N-H ..-Q 171 0) Gdenraza saiti, kas
rodas starp nikotinamida piridina gredzena slapekli un fumarskabes karboksilgrupu. Tada
veidapéc kartas mainoties skabes un amida molekulai, izveidojas garas zigzagveida kédes.
Kédérsaistoties kopa ar N-H---Q (N...Q 3,049(2) A, N-H 1,00 A, Q™H 2,08 A, N-H ..-Q

163°) Odenraza saitém, molekulas tiek sakartotas slanveida struktdra (3.38. att.).
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3.38. att. Nikotinamida-fumarskabes (I :1) kristaliskas struktdras sakartojums, skatoties uz

ac plakni

Slanu saistiSanas sava starpa ar starpmolekularam GdenraZza saitém nav novérota.
Attalums starp slaniem ir 3,081 A.

NikotTnamida-furnarskabes (2:1) kristaliskas struktlras pamata ir amida-amida
homosintona veido$anas ar $adiem N-H---Q 0Odenraza saites parametriem: N---Q2,885(3)
A,/ N-H 0,90 A Q"H 1,99 A, N-H---Q 172°. Bez tam amida-amida homosintons ar apkart
tam esoSam cCetram fumarskabes molekulam veido divas O-H---N un divas N-H---Q
(denraZa saites ar attiecigi sekojosiem parametriem: Q™N 2,561(2) A, 0-H 0,88 A, N---H
1,70 A, 0-H---N 165 °un Q™N 2,940(2) A, N-H 0,90 A, Q"H 2,06 A, N-H---Q 165 o.
Atskiriba no nikotinamida-fumarskabes (I :1) Saja savienojuma molekulas sakartotas nevis

slanveida, bet krusteniski (3.39. att.).

3.39. att. Nikotinamida-fumarskabes  (2:1) kristaliskas struktdras sakartojums, skatoties uz

ab plakni
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Abu kokristalu gadijuma fumarskabes molekulai ir atSkiriga konformacija. Kopuma
fumarskabei ir iespéjamas tris konformacijas [167, 168] ar relativi mazu konformacijas
energiju (11E<5 kI mol). Konformacijas sava starpa atSkiras ar abu karboksilgrupu

orientaciju attiectba pret C=C saiti (3.40. att.).

S-cisIS-cis S-cisIS-trans S-trans|S-trans

3.40. att. lespéjamas fumarskabes konformacijas [167]

Ka rada aprékini [167], ar s-trans C=C-C=0 izvietojuma skaitu pieaugumu
molekulda katra konforméra energija palielinas par 2,3 kl mol-. Visstabilakajai
fumarskabes molekulai bds S-cis/S-cis konformacija, bet visnestabilakajai fumarskabes
molekulai bls S-trans/S-trans konforméacija. Abu ieglto kokristalu gadijuma fumarskabes
molekulai ir divas stabilakas konformacijas: nikotinamida-fumarskabé  (1:1) fumarskabes
molekulai ir S-cis/S-trans konformacija, savukart nikotinamida-furnarskabé (2:1) tai ir S-
cis/S-cis konformacija. Pamatojoties uz Siem novérojumiem, var secinat, ka konformacijas
maina ir viens no pamatiemesliem dazada veida sintonu izveidei, ka rezultata ir iespéjams
iegat nikotinamida-fumarskabes  kokristalus ar atSkirigu stehiometriju.

Abos savienojumos nikotinamida konformacija arT ir novérojama neliela at3kiriba,
Nikotinamida-fumarskabé  (1:1) NI-C3-C4-C5 torsijas lenka vérttba ir 176,39 o bet
kokristala ar stehiometriju 2:1 « lenka vértiba atbilst -165,27 ". Analizéjot dota torsijas
lenka datus ar KSD pieejamadm nikotinamida un to kokristalu struktdru datiem (3.10.
tabula), ir novérojama tendence nikotinamidam ar torsijas lenka vértibam apméram no 155
lidz 152° kristaliska stavokli veidot dimeérus.

3.10. tabula
N-C-e-e torsijas lenka vértiba nikotinamida un to kokristalos, kuru kristaliska struktdra ir

pieejama KSD

Savienojums KSD kods | N-C-C-C torsijas Dimeéru

lenka vértiba, o veidoSana

Nikotinamids-benzo-18-krauns CIPHAL 10,08 neveido
~ ikotmamlds-margarinskabe FIFLAI 155,05 veido
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3.10. tabulas turpindjums

Savienojums KSDkods N-C-C-C torsijas Diméru
lenka vértiba, ° veido$ana
Nikotinamids-indol- 3-etikskabe IACNCA 152,01 veido
NikotTnamids-palmitinskabe JEMDIP 154,32 veido
Nikotinamids-D- mandelskabe JILZOU 143,03 veido
NikotTnamids NICOAM 25,51 neveido
NikotTnamids-stearinskabe PEQBES 155,03 veido
Nikotinamids-laurskabe UCOTUC 154,44 veido
NikotTnamids-karbamazepins UNEZES 25,86 neveido
Nikottnamids-celekoksibs VIGDAR 16,51 veido
Nikotinamids- 3,5-dinitrobenzoskabe- XAQPUB -167,48 neveido
3-(dimetilamino )-benzoskabe
Nikotinamids- 3-hidroksibenzoskabe XAQQIQ 9,58 veido

Nikottnamida molekulai, kas neiesaistds diméru veidoSana ar citu nikotinamida molekulu,
N-C-C-C torsijas lenka vértiba lielakoties ir krietni mazaka - apméram no 10 lidz 26°.
Masu gadijuma abu kokristdlu nikotinamida molekulas dotais torsijas lenkis atSkiras no
KSD datiem. To var skaidrot ar fumarskabes un tas konformacionala elastiguma noteicosas
lomas supramolekularas struktdras stabilitaté.

Nikotinamida-fumarskabes  kokristalu raksturoSanai izmantotas vairdkas analitiskas
metodes, pirmkart PRDA. Abu savienojumu strukturdlas atSkiribas ir iemesls atSkirtham
difrakcijas aina (3.35. att.). Tapéc So analitisko metodi var izmantot kokristalu ar dazadu
stehiometriju kvalitativai raksturoSanai, ka ari, lai parliecinatos par kokristala iegdSanu ar
vajadzigo stehiometriju.

Mainoties kokristala stehiometrijai, mainds an ta kristaliska struktdra, kas rezultata
var ietekmét savienojuma fizikali kimiskas TpaSibas. No DTAITG datiem ir noteikts, ka
nikotinamida-fumarskabes  (1:1) kuSanas temperatira (175-177 °C) ir augstaka par
nikotinamida-fumarskabes  (2: 1) kuSanas temperatiru (169-171 °C).

KuSanas temperatiras atSkirtbas var skaidrot ar daudz stabilakd amida-skabes
heterosintona veidoSanos. Sis secindjums saskan an ar ab initio aprékiniem [104], kas rada,
ka amida-skabes heterosintons ir energétiski  izdevigaks nekd amida-amida homosintons.
Abukokristalu DT A!fG dati arT norada, ka iegltie savienojumi nav solvatéti.

Abu nikotinamtda-furnarskabes kokristalu  stabilitaite tika parbaudita, izturot

paraugus vienu meénesi 6 un 90% relativa mitruma 25°C temperatdra. lzturéSanas laika
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netika noverota polimorfo vai pseidopolimorfo formu veidoSanos, vai savienojuma

sadaliSanas. Dotajos apstaklos abi kokristali ir stabili.
3.3.2. 1,10-Fenantrolina—hidrohinona kokristali
Konstrugjot 1,10-fenantrolina un hidrohinona supramolekularo sistému, ir

iesp€jama vismaz divu sintonu veidoSanas: hidroksilgrupa—piridins (I) un hidroksilgrupa—

hidroksilgrupa (II) (3.41. att.).

\ /T \ \
O—H---N O—H O—H
N

3.41. att. Iespg€jamo supramolekularo sintonu (I — hidroksilgrupa—piridins; II —

hidroksilgrupa-hidroksilgrupa) veido$anas 1,10-fenantrolina—hidrohinona

Parbaudot KSD (versija 5.30.), ir atrasts, ka hidroksilgrupa—piridina heterosintonu
veido 49% struktiiru, bet hidroksilgrupa—hidroksilgrupa homosintona veidoSana ir
raksturiga 24% struktiiru. No ta izriet, ka piridina gredzenu un hidroksilgrupu saturo$a
supramolekulara sistéma hidroksilgrupa—piridina heterosintona veidoSana ir izdevigaka par
hidroksilgrupa-hidroksilgrupa homosintonu.

Veicot kokristalizaciju, 1,10-fenantrolinu un hidrohinonu izmantoja divas
stehiometriskas attiectbas: 1:1 un 2:1. Kokristalizéjot stehiometriska attieciba 1:1, tika
pielauts, ka kristaliska stavokli savienojuma struktiira sastavés no garam supramolekularam
keédém, abam izejvielu molekuldam mijoties viena ar otru. Turpretim pemot izejvielas
stethiometriska attieciba 2:1, kokristala struktiira varétu sastavet no centrosimetriska triméra
- 1,10-fenantrolins-hidrohinons—1,10-fenantrolins. Tomér PRDA un monokristala
rentgenstrukturanalize parada, ka kokristalizéjot 1,10-fenantrolinu un hidrohinonu
stehiometriskas attiecibas 1:1 un 2:1 5 un 20 °C temperatiira, abos gadijumos veidojas
kokristals ar stehiometriju 2:1. SaberZot 1,10-fenantrolinu un hidrohinonu attieciba 2:1
tlanola klatieng, novérota 1,10-fenantrolina-hidrohinona (2:1) kokristdla veido$anis. To

dpstiprina PRDA dati (3.42. att.), kas ari atbilst rentgendifrakcijas ainai simulétai no

Mmonokristala datiem.
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il 1,10-fenantrolins-hidrohinons  (1:1)

Il 1,10-fenantrolins-hidrohinons  (2:1)

5 10 15 20 25 30
280

3.42. att. Pulvera rentgendifrakcijas aina, saberzot 1,10-fenantrolinu un hidrohinonu

attiectba 1:1un 2:1etanola klatiené

Ja 1,10-fenantrolinu un hidrohinonu saberZ stehiometriska attiectba 1:1, pulvera
rentgendifrakcijas aina (3.42. att.) novéro jaunas fazes difrakcijas refleksus pie lenkiem 28
- 8,47; 13,63; 14,83; 17,00; 23,81; 25,59; 26,78 o. Difrakcijas refleksi nepieder izejvielam
un 1,I0-fenantrolina-hidrohinona  (2:1) kokristalam. lespéjams, ka jauna faze ir 1,10-
fenantroltna-hidrohinona  kokristals ar stehiometriju 1:1.

1,10-Fenantrolina-hidrohinons  (2:1) (3.43. att.) kristalizéjas triklinaja Pi telpiskaja

grupa.

3.43 att. 1,10-Fenantrolina-hidrohinona  (2:1) molekularad struktdra (pa kreisi) un

kristaliskas struktiras sakartojums (pa labi)
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Savienojuma asimetriska vieniba satur vienu 1,10-fenantrolina molekulu un pusi
hidrohinona molekulas. Hidrohinona molekula atrodas simetrijas centra. Savienojuma
galvenie kristalografiskie dati doti 3.11. tabula, bet atomu koordinates, saiSu garumi un

lenku vertibas ir dotas 19., 20. un 21. pielikuma.

3.11. tabula

1,10-Fenantrolina-hidrohinona (2:1) kristalografiskie dati un struktiiras precizé$anas

parametri

Raksturojums Vértiba
Empiriska formula C5H1N,O
Formulas masa, g mol™ 235,27
Singonija Triklina
Telpiska grupa P1
ElementarSiinas parametri:
a, A 7,489(2)
b, A 8,943(3)
c, A 9,382(2)
a,’ 92,47(3)
b, ° 111,54(2)
y, © 98,92(3)
ElementarSinas tilpums, V, A’ 574,0(3)
Molekulu skaits elementarSiina, Z 2
Blivums, p., g cm™ 1,362
Linearais absorbcijas koeficients, 4, mm™' 0,699
F(000) 246
20 intensitasu mérisanas intervals, ° 5,04-67,98
Izmeérto refleksu skaits 2251
Neatkarigo refleksu skaits 2081
Refleksu skaits ar intensitati />30(]) 1855
Precizeto parametru skaits 164
GooF 0,92
R1 indekss [[>30(])] 0,0357
R1 indekss (visiem datiem) 0,0386

Savienojuma kristalografiska analize neuzrada protona pareju no hidrohinona
hidroksilgrupas uz 1,10-fenantrolina piridina gredzenu slapekli, nemot véra udenraza
dlraSanas vietu Furjé starpibas karté. Piridina gredzena C-N-C lepka vértiba 117,70 un
117,38 ° arf neliecina uz iespg€jamo proton€Sanu. No iegutiem rezultatiem var uzskatit, ka

1.10-fenantrolina-hidrohinons (2:1) ir kokristals.
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Cieta stavoklt savienojums pastav ka centrosimetriskais trimérs: divas 1,10-
fenantrolina molekulas ar starpmolekularo (-H---N GdenraZa saiti saista vienu hidrohinona

molekulu (3.44. att.).

3.44. att. Starpmolekularo 0denraza saiSu veido$anas 1,l0-fenantrolina-hidrohinona  (2:1)

i-H---N Odenraza saites parametri: O---N 2,796(2) A, ti-H 0,86 A, N---H 1,98 A,
O-H---N 158 o.
Kokristalam Ir raksturiga slanaina struktdra. Slanainu struktdru veido 1,10-

fenantroltna un hidrohinona molekulu slani (3.45. att.).

3.45. att. LI O-Fenantrolina-hidrohinona  (2:1) kristaliskas struktdras sakartojums, skatoties

uz ab plakni

1,10-Fenantrolina slant starp molekulam pastav te-te mijiedarbiba. 1,10-Fenantrolina
molekulas izvietotas ar gredzeniem viena pret otru un attdlums starp gredzeniem ir 3,642 A.
No 1,10-fenantrolina-hidrohinona  (2: 1) kristaliskas struktlras datiem var secinat,
ka savienojuma kristalizéSanas ar stehiometriju 2:1 ir izdevigakda neka 1:1, jo struktdru

stabilizé ne tikai starpmolekulard 0GdenraZa saite starp vienu hidrohinona un divam 1,10-
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fenantrolina molekulam, bet ari cieSa 7z—z mijiedarbiba. Ja 1,10-fenantrolina—hidrohinons
kristaliz€tos ar stehiometriju 1:1, tad noteicoSa mijiedarbiba iesp€jams buitu plasa tdenraza
saidu tikla veida. Ta ka 1,10-fenantrolinam ir liela dipola polarizejamiba (23,56 A’ [169]),
tas sekmé cieSu 7—r mijiedarbibu. Lidz ar to delokalizeto elektronu mijiedarbibai varetu but
energétiski lielaka priekS§rociba par tidepraza saiteém. lesp&jams tade] kristalizéjot 1,10-
fenantrolina—hidrohinonu, iegiist savienojumu ar stehiometrisko attiecibu 2:1.

Iespejamo 1,10-fenantrolina—hidrohinona iegtifanu ar stehiometriju 1:1, berZot
skidinataja klatiené var skaidrot ar to, ka $aja gadijuma reakcijas atrums uz fazu sadalijuma
robezas ir daudz lielaks par izSkidinatu izejvielu reakcijas atrumu Skiduma. Mehaniski
apstradajot heterogeno sist€mu, uz radusas fazu sadalijuma robeZas izveidojas apstakli, kas
atvieglo masas apmainu starp izejvielu dalipam. Rezultata ir iesp&jams iegit savienojumus,

kuri neveidojas klasiskas kristalizacijas procesa.
3.4. Atipamezols un atipamezola hidrohlorids

3.4.1. Atipamezola un atipamezola hidrohlorida kristalisko formu

mekléjumi

Neskatoties uz Laines un lidzautoru pétijuma [135] apgalvoto, ka atipamezola
hidrohlorids pastav tikai viena kristaliskaja forma, novérotas atskiribas starp $aja darba un
petijuma autoru aprakstito pulvera rentgendifrakcijas aina ierosinaja veikt dota savienojuma
polimorfo formu mekl&jumus.

Kristaliz€jot atipamezola hidrohloridu, ka ar1 atipamezolu no dazadiem
Skidinatajiem dazadas temperatiiras, netika konstatéta polimorfo un pseidopolimorfo formu
raSanas. Lidzigu rezultatu deva ari atipamezola hidrohlorida izturé3ana istabas temperatiira
(20 °C) dazados relativos mitrumos. Neskatoties uz iesp&jamo saites rotaciju, kas savieno
imidazola un 2,3-dihidroindéna grupu, eksperimentalie dati rada, ka abi savienojumi ir

konformacionali stabili un neveido polimorfas un pseidopolimorfas formas.
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3.4.2. Atipamezola un atipamezola hidrohlorida Kkristaliska un

molekulara struktdra

Atipamezola kristaliska un molekulara struktdra
Atipamezols kristalizéjas monoklinaja P21 telpiskaja grupa ar trim kristalografiski

neatkarigam molekulam (a, b un c¢) asimetriskaja vienma (3.46. att.).

3.46. att. Atipamezola molekulara struktira (pa kreisi; skaidribas labad Odenraza atomi nav

attéloti) un kristaliskas struktdras sakartojums (pa labi)

Atipamezola b molekulda novérotas nesakartotibas dél abi etilgrupas oglekla atomi
sadaliti, izmantojot CRYSTALS [119] datorprogrammu un katrai atomu dalai (C310, C311,
C320 un C321) pieskirts aizpildljuma faktors 0,5.

Paréjie kristalografiskie dati doti 3.12. tabuld, bet atomu koordinates, saiSu garumi

unlenku vértibas ir dotas 22., 23. un 24. pielikuma.

3.12. tabula

Atipamezola kristalografiskie dati un struktdras precizéSanas parametri

Raksturojums Veértiba
Empiriska formula CuuH1sN2
Formulas masa, g mol-* 212,30
Singonija Monoklina
Telpiska grupa P21
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3.12. tabulas turpindjums

Raksturojums Vertiba
ElementarSunas parametri:
a,A 13,238(4)
b,A 9,747(4)
e, A 14,609(5)
p,° 107,75(4)
ElementarSunas tilpums, V,A] 1795,3(1)
Molekulu skaits elementarSina, Z 6
Bhvums, Pc, g cm - 1,169
Linearais absorbcijas koeficients, u, mm . 0,070
F(000) 674
2() intensitaSu men3anas intervals, ° 2,49-27,58
Izmeértto refleksu skaits 33125
Neatkarigo refleksu skaits 8139
Refleksu skaits ar intensitati 1>2a{l) 5135
Precizéto parametru skaits 452
GooF 0,98
Rl indekss [1>2a{l)] 0,0543
Rl indekss (visiem datiem) 0,0938

Atipamezola molekulas imidazola gredzens ir planaras, savukart ciklopentana
gredzenam ir tipiska aploksnes veida konformacija. Torsijas lenkis starp imidazola un 2,3-
dihidroindéna grupu plakném (C-e saite) visu triju kristalografiski neatkarigu molekulu
gadijuma ir bez véra nemamam atSkirtbam: a molekulai - 83,89 o, b - 84,72 °un e - 88,04°.

Cieta kristaliska stavoklT atipamezola molekulas veido slanainu strukttru (3.47. att.).

1L, slanls

} 2. slanis

3.47. att. Atipamezola kristaliskas struktdras sakartojums, skatoties uz be plakni (skaidribas

labad Gdenraza atomi nav attéloti)
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Kristaliskaja struktira molekulas sakartotas divos dazados slanos (3.44. att.). Pirmo
slani veido atipamezola a un b molekulas, bet otro slani - tikai ¢ molekulas. Ar Odenraza

saitérn sava starpa slani nav saistiti, bet katra slanT esoSas viena veida kristalografiski

neatkarigas molekulas ar starpmolekularo N-H™N  0Odenraza saiSu palidzibu veido

supramolekularas linearas kédes (3.48. att.).

3.48. att. Starpmolekularo GdenraZa saiSu veidoSanas atipamezola

Starpmolekularo Gdenraza saiSu parametri ir doti 3.13. tabula.

3.13. tabula
Atipamezola starpmolekularas Gdenraza saites parametri
Molekula UdenraZza saite Garums, A Lenkis;"
D-H---A DH | H-A | D"A D-H---A
a NI-HII"N2 0,88 | 2,02 | 2,888(2) 167
b NI8-HI8"'NI7 0,88 2,01 2,881(2) 167
c N34-H34l---N33 0,89 1,96 2,823(2) 164

Atipamezola struktdras analize noradija armT uz iekSmolekulards 0OdenraZza saites

esamibu starp ciklopentana gredzena oglekla atomu un imidazola gredzena slapekli (3.14.
tab.).

3.14. tabula
Atipamezola iekSmolekularas 0OdenraZza saites parametri
Molekula | Udenraza saite Garums, A Lenkis;"
DH..-A DH | H-A p*a | DH.-A
a C8-H8I"'N2 0,99 | 2,47 2,989(2) 112
CI9-H40"'N17 0,99 2,49 2,989(2) 110
C37-H19"'N33 0,99 2,58 3,,026(2) 108
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Atipamezola hidrohlorida kristaliska un molekulara struktdra
Atipamezola hidrohlorids kristalizéjas monoklinaja Cc telpiskaja grupa ar Cetram

kristalografiski neatkarigam molekulam (a, b, c un d) asimetriskaja vientba (3.49. att.).

ce

3.49. att. Atipamezola hidrohlorida molekulara struktdra (pa kreisi; skaidribas labad

ddenraza atomi nav attéloti) un kristaliskas struktiras sakartojums (pa labi)

Paréjie kristalografiskie dati doti 3.15. tabula, bet atomu koordinates, saiSu garumi
un lenku vértibas ir dotas 25., 26. un 27. pielikuma.

3.15. tabula

Atipamezola hidrohlorida kristalografiskie dati un struktlras precizéSanas parametri

Raksturojums Vértiba
Empiriska formula CI4HI6CIN2
Formulas masa, g mol 41 248,76
Singonija Monoklina
Telpiska grupa Cc
ElementarSinas parametri:
a, A 12,052(1)
b, A 32,561(9)
c, A 13,668(5)
fl, o 102,64(1)
Elementarsunas tilpums, Vv, A’ 5233(2)
Molekulu skaits elementarsina, Z 16
Blivums, pc, g crn:’ 1,263
Linearais absorbcijas koeficients, u, mm" 2,402
F(000) 2112
20 intensitaSu mérsanas intervals, o 2,71-67,95
Izmértto refleksu skaits 10021
Neatkarigo refleksu skaits . 5013
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3.15. tabulas turpindjums

Raksturojums Vertiba
Refleksu skaits ar intensitati 1>30"(1) 4433
Precizéto parametru skaits 614
Go oF 0,99
R1 indekss [1>30"(1)] 0,0302
R1 indekss (visiem datiem) 0,0330

Tapat ka atipamezola gadijuma atipamezola hidrohloridam imidazola gredzens ir
planaras, bet ciklopentana gredzenam ir aploksnes veida konforméacija. Torsijas lenkis starp
imidazola un 2,3-dihidroindéna grupu plakném (C-e saite) visu Cetru kristalografiski
neatkarigu molekulu gadijuma salidzinajuma ar atipamezola datiem bdatiski neatSkiras: a
molekulai - 84,95°, b - 86,12 o, C- 85,77 °un d- 87,79 o

Atipamezola hidrohlorida struktlras analize uzrada starpmolekularo Odenraza saiSu
veidoSanos savienojuma kristaliskaja struktird. Garas supramolekularas kédes veidojas,
pateicoties N-H---Cl {denraza saitém, kas saista divas d molekulas un hlora jonu (3.50.

att.).

3.50. att. Supramolekularas linedras kédes veida Gdenraza saiSu motivs atipamezola

hidrohlorida struktdra starp d molekulam un hlora jonu

Turpretim a, b, ¢ molekulas un hlora joni saistoties ar N-H---Cl (denraza saiSu

palidzibu, izveido cita veida garas linearas kédes (3.51. att.).

3.51.att. Supramolekularas linearas kédes Ode nraza saiSu motivs atipamezola hidrohlorida

struktdra starp a, b, ¢ molekulam un hlora jonu
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Starpmolekularo 0denraZza saiSu parametri ir doti 3.16. tabula.

3.16. tabula
Atipamezola hidrohlorida starpmolekularo 0Odenraza saiSu parametri
Molekula Udenraza saite Garums, A Lenkis,."
D-H-"A D-H H---A D"A D-H"A
a N15-H15"CI1 0,86 2,20. 3,061(2) 173
N17-H17"C135 0,87 2,29 3,136(2) 164
b N32-H32"'Cl1 0,88 2,15 3,025(2) 173
N34-H34. ..C18 0,86 2,26 3,104(2) 171
o N49-H49"'C 18° 0,86 2,20 3,056(2) 169
N51-H51"'C35™ 0,84 2,33 3,144(2) 164
d N66-H66"-CI52" 0,86 2,24 3,082(2) 167
N68-H68"C152 0,87 2,20 3,054(2) 169

Simetrijas kods: (i) ~+x, ~z-y, ~+z; (ii) 1+x,y, 1+z; (iii) 1+x,y, z; (iv) X, -y, -1I12+z
Cietam savienojumam ir slanaina struktira, kas sastav no atseviSkiem atipamezola

molekulu un hlora jonu slaniem. Slani sava starpa saistiti ar N-H-"CI starpmolekularam

Udenraza saitem (3.52. att.).

3.52. att. Atipamezola hidrohlorida kristaliskas struktiras sakartojums, skatoties uz be

plakni (skaidribas labad Odenraza atomi nav attéloti)

3.4.3. Atipamezola un atipamezola hidrohlorida raksturo$ana

Atipamezola un atipamezola hidrohlorida pulvera rentgendifrakcijas aina ir dota
3.53.attéla.
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3.53. att. Atipamezola (a) un atipamezola hidrohlorida (b) pulvera rentgendifrakcijas aina

Abu savienojumu pulvera rentgendifrakcijas aina atbilst teorétiskai difrakcijas ainai,
kuru iegast no monokristala datiem. No Sim vielam literatira [135] ir aprakstita tikai
atipamezola hidrohlorida pulvera rentgendifrakcijas aina. Salidzinot literatdra aprakstito
(1.26. att.) ar darba ietvaros iegltiem difrakcijas datiem, ir novérojamas nesakritibas. Tika
pielauts, ka literatdrda dotajam atipamezola hidrohlorida paraugam atSkirtbas datos varéja
rasties paraugu nepilnigas saberSanas rezultata vai kadas vielas piemaistjuma dél.

Atipamezola un atipamezola hidrohlorida DSK dati (3.54. un 3.55. att.) neliecina

par fazu parejam, kas noraditu uz polimorfo formu esarnibu.

MEY0I T
o —

00 |
e

60 80 100 120 140 160 180 200 220
Temperatara, oC

3.54. att. Atipamezola hidrohlorida DSK likne
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Siltuma plasma
10 mW
ekso —

40 60 80 100 120 140 160 180
Temperatdra, °C

3.55. att. Atipamezola DSK likne

Atipamezola hidrohlorida kuSanas temperatiira (219,16 °C), atbilstoSi jonu tipa
savienojumam, ir augstaka neka atipamezolam (127,83 °C). Attiecigi kusanas siltums salij
ir lielaks (—40,00 kJ mol_'), salidzinot ar bazes kuSanas siltumu (=19,74 kJ mol™). Var
atzimét, ka atipamezola hidrohlorida kuSanas temperatiira labi sakrit ar literatira {135]
noradito temperatiiru (219,8 °C).

Tadejadi veiktais petijums parada cik dazadas var bt FAV kristaliskas formas, to
iegiSana, struktira un 1pasibas. Dzilas zinaSanas $2)a joma laus ne tikai samazinat $im
petijumiem pat€réto laiku, bet jau ari spert pirmos solus FAV termodinamisko, kingtisko un

strukturalo Tpatnibu prognozéSanai.
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SECINAJUMI

Ftorafura polimorfismu nosaka molekulas konformacionalais elastigums un
sakartojuma atSkiribas, kuru pamata ir divi starpmolekularo tidenraza saiSu veido$anas
veidi. Ab initio aprékini rada, ka stabilaka ir ftorafiira a formas b molekulas, £ formas, ¢
formas a un b molekulu konformacija, kuras atrodas tuvu globalajam energétiskajam
minimumam. Izvirzita hipotéze par parejas stavokla veidoSanos divos $kidinatajos —
etanola un tident, kas sekme attiecigi ftorafiira # un ¢ polimorfo formu kristalizaciju.
Ksilazina hidrohlorida monohidrats pieder pie savrupo hidratu grupas. Savienojuma
kristalisko struktiru veido centrosimetrisks seSkomponentu klasteris, kas pieskir
savienojumam stabilitati. Ksilazina hidrohlorida monohidrats 25 °C temperatiira
dehidratgjas relativa mitruma mazaka par 10%.

Droperidola hemihidrats ir nestehiometriskais kanalveida hidrats, kura struktiira tdens
molekulas atrodas aplveida kanalos paraléli b kristalografiskajai asij. Udens saturs
droperidola ir atkarigs no gaisa relativa mitruma.

Sigetins pastav divas kristaliskajas formas: bezidens un stehiometriskaja dihidrata, kas
pieder pie jonu koordinacijas hidratu grupas. Abu sigetina formu faZu savstarpgjas
parejas atrums ir atkarigs no temperatiiras un relativa mitruma, un Sis parejas kinetiskas
liknes apraksta eksponentfunkcija. Konstruéta fazu diagramma parada, ka 25 °C
temperatura sigetina dihidrats ir stabils un dehidrat€jas zem 20% relativa mitruma, kas
skaidrojams ar stipram koordinativam sait€m starp kalija jonu un tdens molekulam.
Kokristaliz&jot nikotinamidu ar fumarskabi, ir iespéjams iegiit kokristalus ar dazadu
stehiometriju. AtSkiribas stehiometrija nosaka amida—skabes heterosintona veido$anas
nikotinamida—fumarskabes (1:1) kokristald un amida-amida homosintona veidoSanas
kokristala ar stehiometriju 2:1, ka arT daZada fumarskabes konformacija savienojumos.
Kokristals ar stehiometriju 1:1 ir termiski stabilaks, jo struktiiras pamata energétiski
izdevigdkais amida—skabes heterosintons.

1,10-Fenantrolina un hidrohinona kokristalizacijas rezultata iegits 1,10-fenantrolina—
hidrohinona kokristals ar stehiometriju 2:1, kas kristaliska stavokll pastav

centrosimetriska triméra veida. Saberzot 1,10-fenantrolinu un hidrohinonu attieciba 1:1
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etanola klatiené, ir noverota jaunas fazes veidoSanas, kas iesp&jams var but 1,10-
fenantrolina—hidrohinona kokristals ar stehiometriju 1:1.
7. Gan atipamezols, gan atipamezole hidrohlorids pastav viena kristaliskaja forma. Abiem

savienojumiem ir raksturiga slanpveida kristaliska struktura, kurd molekulas saistitas

supramolekularas linearas k&des.
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PIELIKUMI
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1. pielikums

Ftorafiira ¢ polimorfas formas atomu (iznemot udegraZza atomus) koordinates (x, y, z) un

ekvivalentais izotropiskais temperatarfaktors (Ueq)

Atoms X y Z Ueq, A’
Nla -0,0240(1) 0,1691(3) 0,8580(1) 0,038(1)
C2a -0,0144(1) 0,3082(4) 0,9138(1) 0,039(1)
02a -0,0621(1) 0,4859(3) 0,9036(1) 0,049(1)
N3a 0,0521(1) 0,2346(3) 0,9812(1) 0,041(1)
C4a 0,1064(1) 0,0329(4) 0,9993(1) 0,041(1)
O4a 0,1605(1) -0,0182(3) 1,0618(1) 0,059(1)
C5a 0,0905(2) -0,0981(3) 0,9372(1) 0,040(D)
F5a 0,1412(1) -0,2975(2) 0,9492(1) 0,057(1)
Cé6a 0,0286(2) -0,03204) 0,8706(1) 0,039(1)
Cla -0,0983(2) 0,2381(4) 0,7831(1) 0,042(1)
C2’a -0,1973(2) 0,1619(5) 0,7664(1) 0,053(1)
C3a -,02029(2) -0,0820(5) 0,7372(1) 0,054(1)
Cd7a -0,1478(2) -0,0584(4) 0,6974(1) 0,049(1)
O57a -0,0771(1) 0,1238(3) 0,7343(1) 0,045(1)
N1b 0,4223(1) 0,1013(4) 1,0733(1) 0,053(1)
C2b 0,4917(2) -0,0675(4) 1,0923(1) 0,053(1)
O2b 0,5618(1) -0,0774(4) 1,1512(1) 0,077(1) |
N3b 0,4765(1) -0,2246(4) 1,0389(1) 0,046(1)
C4b 0,3978(2) -0,24154) 0,9717(1) 0,045(1)
0O4b 0,3888(1) -0,3995(3) 0,9299(1) 0,060(1)
C5b 0,3312(2) -0,0551(4) 0,9576(1) 0,048(1)
F5b 0,2538(1) -0,0475(3) 0,8913(1) 0,067(1)
Cé6b 0,3437(2) 0,1053(5) 1,0061(1) 0,053(1)
Clb 0,4360(2) 0,2823(6) 1,1281(2) 0,065(1)
C2D 0,4022(6) 0,2021(9) 1,1809(3) 0,107(2)
C3D 0,3305(3) 0,3727(11) 1,1735(2) 0,105(2)
C4Db 0,3086(4) 0,5099(8) 1,1143(3) 0.112(2)
05D 0,3794(2) 0,4756(3) 1,0939(1) 0,078(1)
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Ftorafira € polimorfas formas saiSu garumi

2. pielikums

Saite Garums, A Saite Garums, A
Nla - Cé6a 1,375(3) - N1b - C6b 1,371(3)
Nla-C2a 1,376(2) N1b-C2b 1,378(3)
Nla-Cl'a 1,507(2) N1b-C1D 1,497(3)
C2a-02a 1,228(2) C2b - 02b 1,211(3)
C2a - N3a 1,372(3) C2b - N3b 1,376(3)
N3a - C4a 1,385(3) N3b - C4b 1,375(3)
N3a - H3a 0,84(3) N3b - H3b 0,81(3)
C4a-04a 1,219(2) C4b - O4b 1,228(3)
Cd4a—-C5a 1,432(3) C4b - C5b 1,436(3)
CS5a-Cé6a 1,330(3) C5b - Céb 1,323(3)
C5a-Fj5a 1,353(2) C5b - F5b 1,352(2)
Co6a — Hb6a 0,95(2) C6b — H6b 0,99(2)
Cl'a-0O5a 1,402(2) Clb-05Db 1,393(4)
Cl'a-C2a 1,512(3) Ci'b-C2b 1,537(6)
Cl'a—Hla 0,99(2) C1'b—-Hilb 0,89(3)
C2a-C3"a 1,515(4) C2b-C3b 1,458(7)
C2'a—H2la 0,94(2) C2'a—H21b 0,72(5)
C2'a— H22a 0,96(3) C2b - H22b 0,84(2)
C3a-C4a 1,497(3) C3b-C4b 1,379(6)
C3'a—H3la 0,99(3) C3b-H31b 0,82(5)
C3'a— H32a 0,90(3) C3'b - H32b 1,22(7)
C4'a-05a 1,458(3) C4d - 05D 1,414(4)
C4'a—H41la 0,97(3) C4Db - H41b 1,89(5)
C4'a— H42a 1,01(3) C4b - H42b 1,28(10)
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Ftoraflra e polimorfas formas saiSu lenki

3. pielikums

Lenkis Veértiba." Lenkis VEértiba,"
C6a - Nla - C2a 121,24(17) C6b - N1b - C2b 121,2(2)
C6a - Nla - Cla 121,30(16) Céb - N1b-Cl'b 120,9(2)
C2a - Nla - Cla 117,37(16) C2b - N1b - C1'b 117,9(2)
02a - C2a - Naa 122,61(18) | 02b - C2b - N3b 1231(2)
02a - C2a - Nla 122,10(18) 02b - C2b - N1b 121,8(2)
N3a - C2a - Nla 115,29(18) N3b - C2b - N1b 115,1(2)
C2a - N3a - C4a 127,63(18) C2b - N3b - C4b 127,5(2)
Coa - N3a - H3a 116,6(17) C2b - N3b - H3b 115,69(19)
Cla - N3a - Haa 115,7(17) Cab - N3b - H3b 116,6(19)
04a - Cda - N3a 121,4(2) 04b - C4b - N3b 122,0(2)
04a - Cda - Cha 126,5(2) 04b - C4b - C5b 125,8(2)
N3a - Cda - Cba 112,11(17) | N3b - C4b - C5b 112,1(2)
C6a - Cha - Fba 120,64(18) C6b - C5b - F5b 120,4(2)
Céa - Cb5a - Cda 122.66(19) | Cob - C5b - Cdb 122,7(2)
F5a - C5a - Cda 116,69(17) | F5b - C5b - CAb 116,9(2)
C5a - C6a - Nia 120,98(19) | C5b - Céb - N1b 121,002)
Ch5a - Cba - Hb6a 121,4(13) C5b - C6b - H6b 123,5(14)
Nla - C6a - H6a 117,6(13) N1b - C6b - H6b 115,4(14)
05'a - Cl'a- Nla 108,03(16) 05b - ClI'b- N1b 109,5(2)
05'a - Cla- C2a 107,22(18) 05b - Clb - C2b 104,4(3)
Nla - Cl'a - C2a 111,73(17) N1b - C1b - C2'b 113,1(3)
05'a - Cla - Hla 109,5(13) 05b - Cl'b- Hib 114(2)
Nla - Cl'a - Hla 106,8(13) N1b - C1'b - HIb 102,5(19)
C2'a-Cl'a- Hla 113,4(13) C2b-Clb-Hlb 113,1(19)
Cl'a- C2a- C3a 102,05(19) Cl'b- C2b - C3b 105,1(3)
Cl'a - C2a - H2la 106,5(14) Cl'b- C2b - H21b 102(4)
C3'a - C2a - H2la 111,5(15) C3b - C2'b - H21b 112(4)
Cla - C2'a - H22a 112,5(16) Clb - C2'b - H22b 134,1(18)
C3'a - C2a - H22a 114,4(16) C3b - C2'b - H22b 96(2)
H21la - C2a -H22a 110(2) H21b - C2'b -H22b 107(4)
C4'a - C3'a- C24a 102,4(2) C4b - C3b - C2b 108,5(3)
C4'a - C3'a - H31a 109,8(14) C4'b - C3'b - H31b 121(3)
C2'a - C3'a - H3la 111,3(15) C2'b- C3'b - H31b 126(4)
C4'a - C3'a - H32a 111,7(18) C4b - C3b - H32b 97(3)
C2'a - C3a - H32a 111,8(18) C2b - C3'b - H32b 108(3)
H3la - C3a - H32a | 110(2) H31b - C3b - H32b | 88(4)
05'a - C4'a - C3a 106,12(18) 05b - C4'b - C3b 108,5(4)
05'a - C4'a - H41la 107,1(14) 05'b - C4'b - H41b 125(3)
C3'a - C4'a - H4la 112,6(15) C3'b - C4'b - H41b 113(3)
05'a - C4'a - H42a 106,5(15) 05'b - C4'b - H42b 98(4)
C3'a - C4'a - H42a 112,9(14) C3'b - C4'b - H42b 112(4)
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3. pielikuma turpinajums

Lenkis Veértiba, ° Lenkis Veértiba, °

H4la-C4'a—H42a | 111(2) H41b — C4'b — H42b | 99(5)

Cl'a—-0O5'a—C4'a 109,20(16) Cl'b-05b-C4d 111,4(3)
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4. pielikums

Ksilazina hidrohlorida monohidrata atomu (izpemot denraza atomus) koordinates (x, y, 7)

un ekvivalentais izotropiskais temperatiirfaktors (Ueq)

Atoms X y Z Ueq, A’
S1 0,72343(3) 0,06408(5) 0,19253(3) 0,0234
C2 0,79732(14) | -0,11421(19) | 0,19970(14) | 0,0244
C3 0,90751(14) | -0,0827(2) 0,19854(14) | 0,0252
C4 0,90283(13) | -0,0099(2) 0,08935(14) | 0,0244
N5 0,84522(11) |0,13793(17) | 0,06888(12) | 0,0225
C6 0,76970(12) | 0,17936(19) | 0,10687(13) | 0,0199
N7 0,72435(11) | 0,31807(16) | 0,08222(11) | 0,0217
C8 0,65460(13) | 0,37922(18) | 0,13689(14) | 0,0210
C9 0,69975(13) | 0,4718(2) 0,23077(14) | 0,0224
C10 0,63438(14) | 0,5346(2) 0,28445(15) | 0,0278
Cl11 0,52719(15) | 0,5046(2) 0,24466(17) | 0,0319
C12 0,48404(14) | 0,4128(2) 0,15214(17) | 0,0300
C13 0,54694(13) | 0,3482(2) 0,09525(15) | 0,255
Cl4 0,49879(15) | 0,2481(2) -0,00495(16) | 0,0319
Cl15 0,81647(13) | 0,4980(2) 0,27462(14) | 0,0249
Cl16 0,18401(3) 0,10294(5) 0,51765(3) 0,0238
017 0,94136(9) 0,31268(14) | -0,05720(10) | 0,0272
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Ksilazina hidrohlorida monohidrata saiSu garumi

Saite Garums, A
S1-C2 1,8215(17)
S1-C6 1,7403(16)
C2-C3 1,512(2)
C2-H21 0,959
C2-H22 0,964
C3-C4 1,513(2)
C3-H31 0,971
C3-H32 0,952
C4-NS 1,474(2)
C4-H41 0,977
C4-H42 0,961
N5-C6 1,312(2)
N5-HS5 0,866
C6-N7 1,336(2)
N7-C8 1,442(2)
N7-C7 0,870
C8-C9 1,404(2)
C8-C13 1,395(2)
C9-C10 1,391(2)
C9-C15 1,501(2)
C10-C11 1,387(3)
C10-H10 0,936
Cl11-C12 1,383(3)
Cl11-H11 0,950
C12-C13 1,401(3)
C12-H12 0,942
C13-Cl14 1,504(3)
Cl14-H141 0,964
C14-H142 0,961
C14-H143 0,966
C15-H151 0,963
C15-H152 0,957
C15-H153 0,967
0O17-H171 0,825
O17-H172 0,829
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5. pielikums



Ksilazina hidrohlorida monohidrata saiSu lenki

6. pielikums

Lenkis Vértiba, ° Lenkis Veértiba, °
C2-S1-Co 102,42(8) C9-C8-C13 122,61(15)
S1-C2-C3 111,57(12) C8-C9-C10 118,55(16)
S1-C2-H21 107,2 C8-C9-C15 120,71(15)
C3-C2-H21 109,3 C10-C9-Cl15 120,71(16)
S1-C2-H22 109,2 C9-C10-C11 119,76(17)
C3-C2-H22 109,9 C9-C10-H10 1194
H21-C2-H22 109,7 C11-C10-H10 120,8
C2-C3-C4 109,91(14) C10-C11-C12 120,93(16)
C2-C3-H31 108.,6 C10-Cl11-H11 118,6
C4-C3-H31 108,9 C12-C11-H11 120,5
C2-C3-H32 110,3 C11-C12-C13 121,14(16)
C4-C3-H32 109,0 C11-C12-H12 1204
H31-C3-H32 110,2 C13-C12-H12 118,5
C3—-C4-N5 112,65(13) C12-C13-C8 117,01(16)
C3-C4-H41 108.,4 C12-C13-C14 120,45(16)
N5-C4-H41 108,0 C8-C13-C14 122,53(16)
C3-C4-H42 109,2 C13-C14-H141 110,2
N5—-C4-H42 109,1 C13-C14-H142 112,1
H41-C4-H42 109,3 H141-C14-H142 108,5
C4-N5-C6 126,70(14) C13-C14-H143 109,2
C4-NS-H5 116,2 H141-C14-H143 108,5
C6-N5-H5 116,9 H142-C14-H143 1083
S1-C6-N5 123,83(13) C9-C15-H151 109,9
S1-C6-N7 115,66(12) C9-C15-H152 110,8
N5—-C6-N7 120,50(15) H151-C15-H152 108,8
C6-N7-C8 122,35(13) C9-C15-H153 109,3
C6-N7-H7 118,9 H151-C15-H153 108,8
C8-N7-H7 117,6 H152-C15-H153 109,3
N7-C8-C9 117,10(14) H171-017-H172 106,9
N7-C8-C13 120,28(15)
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7. pielikums

Droperidola hemihidrata atomu (izpemot fidenraZa atomus) koordinates (x, y, z) un

ekvivalentais izotropiskais temperatirfaktors (Ueq)

Atoms X y Z Ueq, A’
0Ol 0,0068(3) 0,18289(18) | 0,56232(12) 0,0622
C2 -0,1583(4) 0,1158(3) 0,58191(17) 0,0514
N3 -0,3081(3) 0,1689(2) 0,63432(13) 0,0498
C4 -0,6623(4) 0,0610(3) 0,68120(17) 0,0588
G5 -0,7938(5) -0,0658(3) 0,6734(2) 0,0704
Cé -0,7386(5) -0,1837(3) 0,6255(2) 0,0746
Cc7 -0,5531(5) -0,1821(3) 0,58347(19) 0,0658
N8 -0,2280(4) -0,0209(2) 0,55705(14) 0,0574
Co -0,4763(4) 0,0623(2) 0,63937(15) 0,0498
C10 -0,4222(4) -0,0576(3) 0,59054(17) 0,0533
C11 -0,2944(4) 0,3113(2) 0,67257(16) 0,0459
C12 -0,4554(4) 0,3747(3) 0,66006(17) 0,0567
C13 -0,4557(4) 0,5209(3) 0,7013(2) 0,0627
N14 -0,2890(3) 0,57558(19) | 0,77030(14) 0,0492
C15 -0,0832(4) 0,5356(3) 0,7459(2) 0,0604
C16 -0,0980(4) 0,3816(2) 0,72823(18) 0,0558
C17 -0,2658(4) 0,7250(2) 0,79675(19) 0,0571
C18 -0,4620(4) 0,7717(2) 0,83863(18) 0,0547
C19 -0,4409(4) 0,9260(2) 0,85970(17) 0,0517
C20 -0,6291(4) 0,9770(3) 0,90207(16) 0,0506
021 -0,7633(3) 0,89842(19) | 0,92830(15) 0,0775
C22 -0,6557(4) 1,1229(2) 0,91161(15) 0,0479
C23 -0,5081(5) 1,2200(3) 0,88623(18) 0,0581
C24 -0,5422(5) 1,3528(3) 0,89261(19) 0,0653
C25 -0,7269(5) 1,3860(3) 0,92627(19) 0,0633
C26 -0,8775(5) 1,2957(3) 0,9341(2) 0,0692
C27 -0,8409(4) 1,1638(3) 0,94631(18) 0,0600
F28 -0,7657(3) 1,51557(17) | 0,93118(13) 0,0923
029 0,1675(13) 0,4380(6) 0,5208(5) 0,1491
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Droperidola hemihidrata saiSu garumi

8. pielikums

e —

Saite Garums, A Saite Garums, A
01-C2 1,236(3) N8—C10 1,380(3)
N14-C17 1,465(3) N8-HS8 0,864
N14-C15 1,459(3) C23-C24 1,380(4)
N14-C13 1,455(3) C23-H23 0,939
N3-C11 1,431(3) Co-C10 1,398(3)
N3-C2 1,384(3) Cco-C4 1,370(4)
N3-C9 1,402(3) C12-C13 1,489(3)
C20-C22 1,493(4) C12-H12 0,940
C20-C19 1,495(3) C15-H151 0,978
C20-C21 1,216(3) C15-H152 0,985
C18-C18 1,511(3) C13-H132 0,979
C18-C17 1,520(3) C13-H131 0,970
C18-H182 0,981 C10-C7 1,372(4)
C18-Hi81 0,974 C4-C5 1,391(4)
F28-C25 1,362(3) C4-H4 0,952
C22-C23 1,380(3) C25-C26 1,366(4)
C22-C27 1,393(4) C25-C24 1,359(4)
C19-H191 0,978 C7-Cé6 1,369(4)
C19-H192 0,962 C7-H7 0,936
C17-H171 0,968 C26-C27 1,374(4)
C17-H172 0,994 C26-H26 0,939
C11-C16 1,485(4) C24-H24 0,949
C11-C12 1,315(4) C27-H27 0,952
C16-C15 1,513(4) C5-C6 1,379(4)
C16-H161 0,977 C5-H5 0,943
C16-H162 0,972 C6-H6 0,942
N8—-C2 1,352(3)
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Droperidola hemihidrata saiSu lepki

9. pielikums

Lenkis Veértiba, ° Lenkis Veértiba, °
C17-N14-C15 110,6(2) C24-C23-H23 118,9
C17-N14-C13 111,0(2) N3-C9-C10 106,3(2)
C15-N14-C13 110,8(2) N3-C9-C4 132,0(2)
C11-N3-C2 124,2(2) C10-C9-C4 121,7(2)
C11-N3-C9 126,68(19) C11-C12-C13 122,7(2)
C2-N3-C9 109,00(19) C11-C12-H12 119,1
C22-C2-C19 120,7(2) C13-C12-H12 118,2
C22-C20-021 119,6(2) C16-C15-N14 111,2(2)
C19-C20-021 119,7(2) C16-C15-H151 110,8
C19-C18-C17 111,9(2) N14-C15-H151 108,9
C19-C18-H182 109,0 C16-C15-H152 109,1
C17-C18-H182 108,6 N14-C15-H152 107.,6
C19-C18-H181 108,9 H151-C15-H152 109,1
C17-C18-H181 109,4 C12-C13-N14 113,1(2)
H182-C18-H181 108.,9 C12-C13-H132 109,5
C20-C22-C23 123,5(2) N14-C13-H132 109,2
C20-C22-C27 118,7(2) C12—C13-H131 108,8
C23-C22-C27 117,7(2) N14-C13-H131 107,0
C18-C19-C20 113,9(2) H132-C13H131 109,2
C18-C19-H191 110,1 C9-C10-N8 107,2(2)
C20-C19-H191 107,8 C9-C10-C7 121,03)
C18-C19-H192 110,5 N8-C10-C7 131,8(2)
C20-C19-H192 107,8 C9-C4-C5 116,7(3)
H191-C19-H192 106,5 C9-C4-H4 121,1
C18-C17-N14 112,9(2) C5-C4-H4 122,3
C18-C17-H171 108,8 F28-C25-C26 118,2(3)
N14-C17-H171 108,7 F28-C25-C24 118,2(3)
C18-C17-H172 108,7 C26-C25-C24 123,5(3)
N14-C17-H172 109,8 C10-C7-Cé6 117,3(3)
H171-C17-H172 107,8 C10-C7-H7 120,8
N3-C11-C16 117,7(2) C6-C7-H7 1219
N3-C11-C12 120,1(2) C25-C26-C27 117,9(3)
Cl16-C11-C12 122,2(2) C25-C26-H26 120,6
C11-C16-C15 110,8(2) C27-C26-H26 121,4
Cl1-Cl6-H161 109,7 C23-C24-C25 117,4(3)
C15-C16-H161 108,4 C23-C24-H24 121,5
C11-C16-H162 109,1 C25-C24-H24 121,1
C15-C16-H162 109,0 C22-C27-C26 121,3(3)
H161-C16-H162 109,8 C22-C27-H27 118.,8
C2-N8—C10 110,5(2) C26-C27-H27 119,9
C2-N8-H8 125,4 C4-C5-Cé6 121,2(3)
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9. pielikuma turpinajums

Lenkis Vertiba, °© Lenkis Veértiba, °
C10-N8-H8 124,1 C4-C5-H5 118,5
N3-C2-N8 107,0(2) C6—C5-HS5 120,3
N3-C2-01 125,5(2) C5-C6-C7 122,003)
N8-C2-0O1 127,5(2) C5-C6-Ho6 118,2
C22-C23-C24 122,0(3) C7-C6-H6 119,7
C22-C23-H23 119,0
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10. pielikums

Sigetina dihidrata atomu (izpemot GidegraZa atomus) koordinates (x, y, z) un ekvivalentais

izotropiskais temperaturfaktors (Ueq)

Atoms X y Z Ueq, A’
Cl 0,5804(7) -0,0364(6) 0,0370(2) 0,0454
C2 0,4756(6) 0,0667(5) 0,1221(2) 0,0398
C3 0,5685(7) 0,2183(5) 0,1527(2) 0,0455
C4 0,4714(7) 0,3172(5) 0,2292(2) 0,0431
C5 0,2797(5) 0,2595(5) 0,27676(19) 0,0324
S6 0,15644(14) | 0,37197(12) | 0,37713(5) 0,0329
07 0,1593(5) 0,1938(4) 0,44237(15) 0,0503
08 -0,0830(4) 0,4813(4) 0,36269(17) 0,0476
09 0,3068(5) 0,5041(5) 0,39615(18) 0,0554
C10 0,1865(7) 0,1054(7) 0,2483(2) 0,0490
Cl1 0,2858(7) 0,0092(8) 0,1721(3) 0,0564
Cl12 0,6723(9) -0,2695(7) 0,0533(3) 0,0589
C13 0,8749(8) -0,3309(7) 0,114003) 0,0603
K14 0,67561(14) | 0,20792(11) | 0,48854(5) 0,0427
015 0,3244(5) 0,1011(4) 0,62693(19) 0,0594
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Sigetina dihidrata saiSu garumi

Saite Garums, A
C1-Cl 1,518(7)
C1-C2 1,525(4)
C1-Cl12 1,505(6)
C1-H11 0,993
C2-C3 1,382(5)
C2-Cl1 1,386(5)
C3-C4 1,393(4)
C3-H31 0,938
C4-C5 1,380(5)
C4-H41 0,961
C5-S6 1,773(3)
C5-C10 1,382(5)
S6-07 1,456(3)
S6-08 1,452(2)
S6-09 1,442(3)
C10-C11 1,383(5)
C10-H101 0,952
C11-H111 0,952
C12-C13 1,542(6)
C12-H121 0,980
C12-H122 0,982
C13-H131 0,975
C13-H132 0,972
C13-H133 0,971
0O15-H5 0,844
O15-H13 0,832
K14-09 2,733(3)
K14-07 2,736(3)
K14-015 2,816(3)
K14-07 2,834(3)
K14-09 2,934(3)
K14-015 2,937(3)
K14-08 2,970(3)
K14-07 3211(3)
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11. pielikums



Sigetina dihidrata saiSu lepki

12. pielikums

Lenkis Veértiba, °© Lenkis Vertiba, °
C1-C1-C2 111,4(4) 07-S6-09 112,47(18)
C1-C1-C12 116,9(4) 08-S6-09 114,94(17)
C2-C1-C12 112,1(3) C5-C10-C11 119,9(3)
C1-C1-H11 104,1 C5-C10-H101 119,6
C2-C1-H11 104,9 C11-C10-H101 120,5
C12-C1-H11 106,2 C2-C11-C10 121,4(3)
C1-C2-C3 121,3(3) C2-Cl11-H111 119,0
Cl1-C2-C11 121,1(3) C10-C11-H111 119,6
C3-C2-C11 117,6(3) C1-C12-C13 114,2(4)
C2-C3-C4 121,9(3) C1-C12-H121 109,5
C2-C3-H31 117,9 C13-C12-H121 108,1
C4-C3-H31 120,2 C1-C12-H122 106,9
C3-C4-C5 119,1(3) C13-C12-H122 107,6
C3-C4-H41 121,1 H121-C12-H122 110,5
C5-C4-H41 119,8 C12-C13-H131 106,9
C4-C5-S6 121,1(2) C12-C13-H132 109,2
C4-C5-C10 120,0(3) H131-C13-H132 109.,6
S6-C5-C10 118,9(3) C12-C13-H133 1094
C5-S6-07 104,86(14) H131-C13-H133 1114
C5-S6-08 106,39(14) H132-C13-H133 1104
07-S6-08 110,82(17) H5-015-H13 106,5
C5-S6-09 106,55(15)
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13. pielikums

Nikotinamida—fumarskabes (1:1) atomu (iznemot GidenraZza atomus) koordinates (x, y, z) un

ekvivalentais izotropiskais temperattrfaktors (Ueq)

Atoms X y z Ueq, A’
N1 -0,4225(3) 1,00610(10) | 0,63409(10) 0,0506
02 -0,3150(2) 0,85973(7) 0,69005(9) 0,0496
C3 -0,2788(3) 0,94805(11) | 0,68502(10) 0,0370
C4 -0,0681(3) 0,99211(10) | 0,73919(10) 0,0351
Cs 0,0913(3) 0,93145(11) | 0,78856(11) 0,0399
N6 0,2834(2) 0,96426(9) 0,83971(9) 0,0434
C7 0,3227(3) 1,05956(12) | 0,84267(12) 0,0465
C8 0,1742(3) 1,12509(11) | 0,79597(13) 0,0497
Co -0,0255(3) 1,09084(11) | 0,74334(12) 0,0444
017 1,3306(2) 0,73961(8) 1,10821(9) 0,0554
011 0,4328(2) 0,72704(8) 0,87189(9) 0,0532
C12 0,5996(3) 0,76769(11) | 0,91452(11) 0,0398
C13 0,7997(3) 0,71157(12) | 0,96203(12) 0,0437
Cl4 0,9865(3) 0,75074(11) | 1,00742(11) 0,0413
C15 1,1737(3) 0,68893(12) | 1,05573(11) 0,0411
016 1,1796(2) 0,60219(9) 1,04808(9) 0,0574
010 0,6197(2) 0,86101(8) 0,92398(9) 0,0517
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Nikottnamida—fumarskabes (1:1) saiSu garumi

Saite Garums, A
N1-C3 1,3200(19)
N1-H1 1,000
02-C3 1,2374(18)
C3-C4 1,495(2)
C4-C5 1,382(2)
C4-C9 1,383(2)
C5-N6 1,3369(19)
C5-H5 0,966
N6-C7 1,333(2)
C7-C8 1,371(2)
C8-C9 1,387(2)
017-Cl15 1,3177(19)
011-C12 1,2163(18)
Cl12-C13 1,486(2)
C12-010 1,2983(19)
C13-Cl14 1,308(2)
Cl14-C15 1,484(2)
C15-016 1,2020(19)
H2-N1 0,874
H7-C7 0,947
H8-C8 0,936
H9-C9 0,954
H17-017 0,857
H13-C13 0,937
H14-C14 0,928
H10-010 0,870
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Nikotinamida—fumarskabes (1:1) saisu lenki

Lenkis Vértiba, °
H2-N1-C3 117,0

H2 N1-HI 121,4
C3-N1-Hi 1216
N1-C3-02 122,31(14)
N1-C3-C4 118,04(13)
02-C3-C4 119,64(13)
C3-C4-C5 118,56(13)
C3-C4—C9 123,32(14)
C5-C4—C9 118,12(14)
C4-C5-N6 122,83(14)
C4-C5-HS 120,2
N6-C5-H5 117,0
C5-N6-C7 118,36(13)
H7-C7-N6 116,0
H7-C7—C8 1212
N6-C7-C8 122,83(14)
H8-C8-C7 120,2
H8-C8—C9 121,1
C7-C8—C9 118,66(14)
H9-C9—C8 119,7
H9-C9_C4 121,1
C8-C9_C4 119,21(14)
H17-017-C15 111,1
011-C12—C13 121,13(15)
011-C12-010 124,57(15)
C13-C12-010 114,29(13)
C12-C13-H13 119,2
C12-C13-C14 124.21(15)
HI13-C13Cl4 116,6
H14C14C13 122,1
H14-C14—C15 117,3
C13-C14-C15 120,53(14)
C14-C15-017 112,53(13)
C14-C15-016 123,44(14)
017-C15-016 124,03(15)
H10-010-C12 110,4
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16. pielikums

Nikotinamida-fumarskabes (2:1) atomu (iznpemot GdenraZa atomus) koordinates (x, y, z) un

ekvivalentais izotropiskais temperatiirfaktors (Ueq)

Atoms X y Z Ueqg, A’
011 0,2701(2) 0,05773(10) | 0,64942(8) 0,0599
010 0,0734(2) 0,13499(10) | 0,51146(8) 0,0610
02 -0,7515(2) 0,41112(11) | 0,48895(9) 0,0680
N6 -0,1955(2) 0,23210(11) | 0,63037(10) 0,0546
N1 -0,8444(3) 0,49175(13) | 0,63406(11) 0,0636
C4 -0,5293(3) 0,35315(11) | 0,64177(11) 0,0460
C9 -0,5167(3) 0,33311(13) | 0,74646(11) 0,0537
C3 -0,7178(3) 0,42192(12) | 0,58239(11) 0,0517
C13 0,4022(3) 0,02650(13) | 0,48485(11) 0,0518
C7 -0,1867(3) 0,21269(13) | 0,73081(13) 0,0568
C12 0,2426(3) 0,07389(12) | 0,55789(11) 0,0473
Cs -0,3625(3) 0,30083(13) | 0,58767(11) 0,0521
C8 -0,3439(3) 0,26141(14) | 0,79134(12) 0,0593
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17. pielikums

Nikotinamida—fumarskabes (2:1) saiSu garumi

Saite Garums, A
011-C12 1,2114(18)
010-C12 1,2993(18)
010-H10 0,880
02-C3 1,2286(19)
N6-C7 1,335(2)
N6-C5 1,327(2)
N1-C3 1,330(2)
N1-H1 0,899
N1-H2 0,898
C4-C9 1,390(2)
C4-C3 1,495(2)
C4-C5 1,382(2)
C9-C8 1,381(2)
C9-H9 0.949
C13-C13 1,293(3)
C13-Ci12 1,490(2)
C13-H13 0,969
C7-C8 1,377(3)
C7-H7 0,957
C5-H5 0,965
C8-HS8 0,966
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Nikotinamida—-fumarskabes (2:1) saiSu lenki

Lenkis Vértiba, °
C12-010-H10 104,38
C7-N6-C5 118,56(13)
C3-NI-H1 119,8
C3-N1-H2 117,7
HI-NI-H2 1224
C9—C4C3 124,90(14)
C9—C4C5 117,51(14)
C3-C4-C5 117,50(14)
C4—C9C8 119,44(14)
C4—C9-H9 120,8
C8-C9-H9 119,38
C4—C3-N1 117,92(14)
C4—C3-02 119,23(14)
N1-C3-02 122,84(14)
C13-C13-C12 122,37(18)
C13—C13-H13 118,6
C12-CI3-H13 119,0
N6-C7-C8 122,39(15)
N6—C7-H7 117.,5
C8—C7-H7 120,1
C13-C12-010 111,76(13)
C13-C12-011 123,67(14)
010-C12-011 124,57(14)
C4—C5-N6 123,37(14)
C4—_C5-H5 116,9
N6-C5-H5 119,8
C9-C8-C7 118,73(15)
C9_C8-H8 120,2
C7—C8-H8 121,0
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18. pielikums



19. pielikums

1,10-Fenantrolina-hidrohinona (2:1) atomu (iznemot lidenraza atomus) koordinates (x, y, 7)

un ekvivalentais izotropiskais temperatiirfaktors (Ueg)

Atoms x y z Ueq, A’
01 0,20088(12) 0,35640(9) 0,85707(10) 0,0569
N5 -0,04083(13) | 0,08039(10) 0,70472(10) 0,0462
C18 -0,17885(14) | 0,02101(12) 0,56566(12) 0,0412
C9 -0,25778(17) | -0,13594(13) | 0,53180(14) 0,0486
N16 -0,16832(15) | 0,27313(11) 0,48382(11) 0,0531
C2 0,09851(15) 0,42698(11) 0,92557(12) 0,0427
C12 -0,38891(16) | 0,06087(15) 0,30376(13) 0,0513
C17 -0,24576(16) | 0,12218(12) 0,44910(12) 0,0438
C4 -0,10352(16) | 0,40602(11) 0,86474(12) 0,0455
C3 0,20111(16) 0,52238(12) 1,06075(12) 0,0470
Cé6 0,01675(18) -0,01384(14) | 0,81021(14) 0,0540
C7 -0,0537(2) -0,17025(15) | 0,78774(16) 0,0605
C8 -0,19072(19) | -0,23044(14) | 0,64783(16) 0,0583
C13 -0,45072(18) | 0,16241(18) 0,19295(15) 0,0643
Cl4 -0,3717(2) 0,31313(18) 0,22798(16) 0,0669
C10 -0,40075(19) | -0,19246(15) | 0,38190(15) 0,0609
C15 -0,2314(2) 0,36295(15) 0,37474(16) 0,0631
Cl1 -0,46310(18) | -0,09924(16) | 0,27373(15) 0,0627
H41 -0,1760 0,3438 0,7704 0,0498
H31 0,3409 0,5375 1,1064 0,0508
H61 0,1163 0,0337 0,9075 0,0624
H71 -0,0043 -0,2305 0,8712 0,0727
HS81 -0,2395 -0,3394 0,6302 0,0716
H131 |-0,5482 0,1220 0,0960 0,0752
H141 |-0,4108 0,3858 0,1534 0,0789
H101 | -0,4505 -0,2985 0,3601 0,0677
H151 |-0,1730 0,4714 0,4009 0,0761
H111 |-0,5599 -0,1413 0,1755 0,0685
H11 0,1218 0,2841 0,7887 0,0782
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1,10-Fenantrolina-hidrohinona (2:1) saiSu garumi

Saite Garums, A
01-C2 1,3695(12)
Ol1-Hl11 0,864
N5-C18 1,3535(14)
N5-C6 1,3213(15)
C18-C9 1,4092(16)
C18-C17 1,4450(16)
C9-C8 1,4000(17)
C9-C10 1,4298(17)
N16-C17 1,3580(15)
N16-C15 1,3222(16)
Cc2-C4 1,3854(16)
C2-C3 1,3834(15)
C12-C17 1,4102(16)
C12-C13 1,4061(18)
C12-Cl11 1,4285(18)
C4-C3 1,3835(15)
C4-H41 0,948
C3-H31 0,959
C6-C7 1,3937(18)
C6-He61 0,968
C7-C8 1,3578(19)
C7-H71 0,962
C8-H81 0,970
C13-C14 1,359(2)
C13-H131 0,945
C14-C15 1,392(2)
C14-H141 0,972
C10-C11 1,3371(19)
C10-H101 0,947
C15-H151 0,980
Cl11-H111 0,955
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20. pielikums



21. pielikums

1,10-Fenantrolina-hidrohinona (2:1) saiSu lepki

Lenkis Vertiba, ° Lenkis Vértiba, °
C2-0O1-H11 109,3 N5-C6-C7 124,51(11)
C18-N5-C6 117,71(10) N5-C6-H61 114,7
N5-C18-C9 121,86(10) C7-C6-H61 120,7
N5-C18-C17 118,68(9) C6—C7-C8 117,93(11)
C9—-C18-C17 119,46(10) C6—C7-H71 119,1
C18-C9-C8 117,92(11) C8-C7-H71 1230
C18-C9-C10 119,34(11) C9-C8-C7 120,06(11)
C8-C9-C10 122,74(11) C9-C8-H81 121,2
C17-N16-C15 117,38(11) C7-C8-H81 118,8
01-C2-C4 122,46(9) C12-C13-C14 119,83(12)
01-C2-C3 118,62(9) C12-C13-H131 117,7
C4-C2-C3 118,93(10) C14-C13-H131 122,4
C17-C12-C13 117,49(12) C13-C14-C15 118,49(12)
C17-C12-Cl11 119,74(11) C13-C14-H141 121,6
C13-C12-C11 122,76(11) C15-C14-H141 119,9
C18-C17-C12 118,93(10) C9-C10-C11 121,39(11)
C18—C17-N16 118,65(10) C9-C10-H101 1184
C12—C17-N16 122,41(11) C11-C10-H101 120,2
C2-C4-C3 120,50(10) C14-C15-N16 124,40(13)
C2-C4-H41 120,1 C14-C15-H151 119,1
C3-C4-H41 1194 N16-C15-H151 116,5
C4-C3-C2 120,56(10) C12-C11-C10 121,12(11)
C4-C3-H31 118,7 C12-C11-H111 120,1
C2—C3-H31 120,7 C10-C11-H111 118,8
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22. pielikums

Atipamezola atomu (iznemot Odenraza atomus) koordinates (x,y, z) un ekvivalentais

izotropiskais temperatlrfaktors (Ueg)

Atoms X y 7 U, Al
N1 -0,50424(19) | -0,4365(3) -0,03728(18) 0,0258
N2 -0,47354(18) | -0,6606(2) -0,02643( 17)  |0,0205
C3 -0,5078(2) -0,5549(3) 0,0111(2) 0,0230
C4 -0,4243(3) -0,9431(4) -0,2154(2) 0,0304
c5 -0,4647(2) -0,4719(3) -0,1114(2) 0,0279
C6 -0,2543(3) -1,0430(4) -0,1308(3) 0,0351
C7 -0,3238(2) -0,9325(3) -0,1487(2) 0,0230
C8 -0,3105(2) -0,7945(4) -0,1003(2) 0,0255
C9 -0,4450(2) -0,6097(4) -0,1041(2) 0,0219
ClO -0,4014(2) -0,7066(3) -0,1649(2) 0,0265
Cll -0,4558(3) -1,0664(4) -0,2648(2) 0,0347
C12 -0,3856(3) -1,1761(4) -0,2476(3) 0,0421
C13 -0,2858(3) -1,1638(4) -0,1810(3) 0,0389
Cl4 -0,4858(3) -0,8141(4) -0,2180(2) 0,0324
C15 -0,2739(4) -0,5433(5) -0,2139(3) 0,0593
C16 -0,3682(3) -0,6298(5) -0,2434(3) 0,0453
N17 -0,9717(2) -0,1434(3) -0,0256(2) 0,0276
N18 -0,9975(2) -0,3674(3) -0,0314(2) 0,0313
C19 -0,7959(2) -0,0091(3) -0,0810(2) 0,0277
C20 -0,7440(2) 0,2404(4) -0,1119(3) 0,0356
c21 -0,8088(2) 0,1273(4) -0,1319(2) 0,0273
C22 -1,0101(3) -0,2503(4) 0,0099(3) 0,0322
C23 -0,9314(2) -0,1994(4) -0,0936(2) 0,0241
C24 -0,9468(2) -0,3368(4) -0,0977(3) 0,0322
C25 -0,9342(3) 0,2503(4) -0,2595(2) 0,0380
C26 -0,8798(2) -0,1071(4) -0,1499(2) 0,0326
C27 -0,7740(3) 0,3601(4) -0,1650(3) 0,0384
C28 -0,9039(3) 0,1325(3) -0,2070(2) 0,0288
C29 -0,8686(3) 0,3654(4) -0,2382(2) 0,0336
C30 -0,9616(3) -0,0050(4) -0,2128(3) 0,0459
N33 -0,53993( 18) | -0,4077(3) -0,49183(17) 0,0246
N34 -0,52013(17) | -0,1831(3) -0,49767( 17) | 0,0240
C35 -0,7881(2) -0,6564(3) -0,5639(2) 0,0247
C36 -0,6344(2) -0,3442(3) -0,4945(2) 0,0217
C37 -0,7062(2) -0,5394(3) -0,4162(2) 0,0258
C38 -0,75546(19) | -0,6697(3) -0,4641(2) 0,0233
C39 -0,7637(2) -0,5156(4) -0,5933(2) 0,0258
C40 -0,4744(2) -0,3064(3) -0,4942(2) 0,0241
c41 -0,7662(2) -0,7952(4) -0,4213(2) 0,0308
C42 -0,6220(2) -0,2069(3) -0,4980(2) 0,0262
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22. pielikuma turpinajums

Atoms X y Z Ueq, A’
C43 -0,7301(2) -0,4292(3) -0,4982(2) 0,0222
C44 -0,8312(2) -0,7679(3) -0,6222(2) 0,0307
C45 -0,9237(2) -0,4036(4) -0,4950(2) 0,0362
C46 -0,8419(2) -0,8930(3) -0,5798(3) 0,0353
Cc47 -0,8198(2) -0,3337(4) -0,4932(2) 0,0301
C48 -0,8093(2) -0,9070(4) -0,4807(3) 0,0366
C320 -0,7537(6) -0,2610(8) -0,1963(5) 0,0354
C321 -0,7459(6) -0,1323(7) -0,2486(4) 0,0351
C310 -0,8494(7) -0,1711(9) -0,2359(5) 0,0330
C311 -0,8140(6) -0,2082(7) -0,1944(5) 0,0206
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Atipamezola saiSu garumi

23. pielikums

Saite Garums, A Saite Garums, A Saite Garums, A
N1-C3 1,361(4) N17-C22 1,3314) C35-C38 1,395(4)
N1-C5 1,382(4) N17-C23 1,376(4) C35-C39 1,502(5)
N1-H11 0,885 N18-C22 1,325(4) C35-C44 1,391(4)
N2-C3 1,311(4) N18-C24 1,369(4) C36-C42 1,351(4)
N2—-C9 1,392(4) N18-H181 | 0,862 | C36-C43 1,500(4)
C3-H31 0,942 C19-C21 1,507(5) C37-C38 1,500(4)
C4-C7 1,393(5) C19-C26 1,573(4) C37-C43 1,568(4)
C4-C11 1,398(5) C19-H192 | 0,970 C37-H19 0,965
C4-C14 1,493(5) C19-H40 0,985 C37-HS7 0,969
C5-C9 1,366(5) C20-C21 1,372(5) C38-C41 1,400(5)
C5-H482 0,939 C20-C27 1,391(5) C39-C43 1,568(4)
Cc6-C7 1,388(5) C20-H201 | 0,944 C39-H391 0,968
C6-Cl13 1,383(5) C21-C28 1,396(4) C39-H392 0,974
C6-H61 0,946 C22-H221 | 0,943 C40-H401 0,932
C7-C8 1,505(5) C23-C24 1,353(5) C41-C48 1,401(5)
C8-C10 1,544(4) C23-C26 1,515(5) C41-H411 0,940
C8-H81 0,986 C24-H241 | 0,937 C42-H421 0,940
C8-H82 0,984 C25-C28 1,371(5) C43-C47 1,527(4)
C9-C10 1,526(4) C25-C29 1,394(5) C44-C46 1,394(5)
C10-C14 1,555(5) C25-H251 | 0,918 C44-H441 0,934
C10-C16 1,541(5) C26-C30 1,550(6) C45-C47 1,529(4)
C11-C12 1,387(5) C26—C310 | 1,562(8) C45-H451 0,977
Cl11-H111 | 0,937 C26—C311 | 1,580(8) C45-H452 0,970
C12-C13 1,387(6) C27-C29 1,377(5) C45-H453 0,974
C12-H121 | 0,953 C27-H271 | 0,940 C46—C48 1,386(5)
C13-H131 | 0,968 C28-C30 1,532(5) C46-H461 0,922
C14-H141 | 0,967 C29-H291 | 0,941 C47-H471 0,977
Cl14-H142 | 0,991 C30-H301 | 0,992 C47-H472 0,970
Ci15-Cl16 1,458(7) C30-H302 | 0,983 C48-H481 0,935
C15-H151 | 1,003 N33-C36 1,385(4) C320-C321 1,489(10)
CI15-H152 | 0,981 N33-C40 1,321(4) C320-C310 | 1,503(11)
CI15-H153 | 0,994 N34-C40 1,339(4) C320-C311 | 0,957(9)
C16-H161 | 0,996 N34—-C42 1,367(4) C321-C310 1,486(10)

| C16-H162 | 0,980 N34-H341 | 0,850 C321-C311 1,556(8)

143




Atipamezola saiSu lenki

24. pielikums

Lenkis Veérriba." Lenkis Veértiba."
C3-N1-C5 106,1(3) C6-C 13-H 131 120,1
C3-N1-H1i1 127,0 Clu--Cl4-C4 104,6(3)
C5-N1-H1l 126,8 C10-C14-H141 109,2
C3-N2-C9 106,0(3) C4-Cl4-H141 110,9
N1-C3-N2 112,2(3) C10-C14-H142 111,0
N1-C3-H31 123,3 C4-C 14-H 142 111,4
N2-C3-H31 124,4 H141-Cl4-H142 109,7
C7-C4-C11 119,7(3) Cl6-C15-H151 111,9
C7-C4-Cl14 110,6(3) C16-C15-H152 108,3
C11-C4-C 14 129,6(3) H151-C15-H152 108,6
N1-C5-C9 107,0(3) Cl6-C15-H153 108,9
N1-C5-H482 124,4 H151-C15-H153 1115
C9-C5-H482 128,6 H152-C15-H153 107,6
C7-C6-C13 119,0(3) Cl1i--C16-C15 118,3(4)
C7-C6-H61 121,3 Cl1u--Cl6-H161 107,8
C13-C6-H61 119,7 C15-C16-H161 102,8
C4-C7-C6 120,7(3) C1i--Cl6-H162 109,2
C4-C7-C8 110,2(3) C15-C16-H162 107,3
C6-C7-C8 128,9(3) H161-C16-H162 111,3
C7-C8-CIO 104,5(2) C22-N17-C23 104,4(3)
C7-C8-H81 110,1 C22-N18-C24 107,0(3)
C10-C8-H81 109,7 C22-N18-H181 127,2
C7-C8-H82 112,9 C24-N18-H181 125,8
ClO-C8-H82 110,8 C21-C 19-C26 105,6(3)
H81-C8-H82 108,7 C21-C19-H192 1113
N2-C9-C5 108,7(3) C26-C 19-H 192 1104
N2-C9-C10 119,9(3) C21-C19-H40 110,0
C5-C9-C10 131,3(3) C26-C 19-H40 108,9
C8-C10-C9 110,5(3) H192-C19-H40 110,6
C8-C10-C14 103,8(3) C21-C2i--C27 120,1(3)
C9-C10-C14 111,4(2) C21C20-H201 120,0
C8-C10-C16 112,2(3) C27-C20--H201 119,9
C9-C10-C16 112,1(3) C19-C21-C20 129,4(3)
Cl4-C10-C16 106,3(3) C19-C21-C28 111,0(3)
C4-C11-C12 119,4(3) C20--C21-C28 119,6(3)
C4-C11-H111 121,9 N17-C22-N18 112,4(3)
C12-C11-Hi11 118,7 N17-C22-H221 123,2
C11-C12-C13 120,1(4) N18-C22-H221 124,4
C11-C12-Hi21 119,5 N17-C23-C24 109,8(3)
C13-C12-Hi21 120,4 N17-C23-C26 119,6(3)
C12-C13-C6 121,0(3) C24-C23-C26 130,6(3)
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24, pielikuma turpindjums

Lenpkis Vertiba, ° Lenkis Vértiba, °
C12-C13-H131 |1189 N18-C24-C23 106,5(3)
N18-C24-H241 | 124,6 C43-C37-H57 110,7
C23-C24-H241 | 1289 H19-C37-H57 108,7
C28-C25-C29 119,5(3) C37-C38-C35 111,2(3)
C28-C25-H251 | 1193 C37-C38-C41 128,3(3)
C29-C25-H251 121,2 C35-C38-C41 120,4(3)
C23-C26-C19 111,2(3) C35-C39-C43 105,4(2)
C23-C26—C30 110,(3) C35-C39-H391 112,1
C19-C26—C30 102,6(3) C43-C39-H391 111,0
C23-C26-C310 | 118,0(4) C35-C39-H392 109,6
C19-C26-C310 | 116,9(4) C43-C39-H392 111,1
C30-C26-C310 | 94,8(4) H391-C39-H392 107,6
C23-C26—C311 104,5(4) N34-C40-N33 112,3(2)
C19-C26-C311 105,8(3) N34-C40-H401 123,2
C30-C26-C311 121,9(4) N33-C40-H401 124,6
C310-C26-C311 | 27,1(3) C38-C41-C48 118,7(3)
C20-C27-C29 120,1(3) C38-C41-H411 119,9
C20-C27-H271 | 119,9 C48-C41-H411 1214
C29-C27-H271 | 120,0 N34-C42-C36 107,4(3)
C21-C28-C25 120,6(3) N34-C42-H421 123,4
C21-C28-C30 109,0(3) C36-C42-H421 129,2
C25-C28-C30 130,3(3) C39-C43-C37 104,2(2)
C25-C29-C27 120,1(4) C39-C43-C36 109,7(2)
C25-C29-H291 119,9 C37-C43-C36 112,3(2)
C27-C29-H291 | 120,1 C39-C43-C47 110,8(2)
C28-C30-C26 106,4(3) C37-C43-C47 111,1(2)
C28-C30-H301 109,7 C36-C43-C47 108,8(2)
C26-C30-H301 | 109,9 C35-C44-C46 119,3(3)
C28-C30-H302 | 110,7 C35-C44-H441 119,6
C26-C30-H302 | 108,8 C46-C44-H441 121,1
H301-C30-H302 | 111,3 C47-C45-H451 110,5
C36-N33-C40 105,1(2) C47-C45-H452 109,8
C40-N34-C42 106,4(2) H451-C45-H452 109,2
C40-N34-H341 |127,1 C47-C45-H453 1104
C42-N34-H341 | 126,5 H451-C45-H453 110,1
C38-C35-C39 111,0(3) H452-C45-H453 106,8
C38-C35-C44 120,4(3) C44-C46-C48 120,6(3)
C39-C35-C44 128,5(3) C44-C46-H461 119,0
N33-C36-C42 108,9(3) C48-C46-H461 1204
N33-C36-C43 120,0(3) C45-C47-C43 115,9(3)
C42-C36-C43 131,0(3) C45-C47-H471 110,2
C38-C37-C43 105,4(2) C43-C47-H471 109,0
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24. pielikuma turpindjums

Lenkis Vértiba, °© Lenkis Veértiba, °
C38-C37-H19 109,3 C45-C47-H472 107,5
C43-C37-H19 110,6 C43-C47-H472 107,7
C38-C37-H57 112,1 H471-C47-H472 105,9
C41-C48-C46 120,6(3) C310-C321C311 27,9(3)
C41-C48-H481 120,3 C26-C310-C320 108.,4(6)
C46-C48-H481 119,2 C26-C310-C321 118,2(6)
C321-C320C310 | 59,6(5) C320-€C310C321 59,8(5)
C321-C320C311 | 75,6(7) C321-C311-C26 113,0(5)
C310-C320C311 | 23,9(5) C321-C311C320 67,9(6)
C320-C321C310 | 60,7(5) C26-C311-C320 156,4(8)
C320-C321C311 | 36,5(4)
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25. pielikums

Atipamezola hidrohlorida atomu (izpemot GdenraZza atomus) koordinates (x, y, z) un

ekvivalentais izotropiskais temperattirfaktors (Ueq)

Atoms x y Z Ue, A’
Cll1 0,83937(8) 0,18712(3) 0,66854(7) 0,0438
CI35 0,37819(8) 0,18844(3) 0,66166(7) 0,0438
C2 0,5569(2) 0,26453(9) 0,9904(2) 0,0333
C3 0,5620(3) 0,31189(9) 1,0001(2) 0,0374
C4 0,4906(2) 0,32666(9) 0,9025(2) 0,0352
C5 0,4875(3) 0,36446(11) | 0,8558(3) 0,0442
Cé6 0,4126(3) 0,37074(12) | 0,7646(3) 0,0505
C7 0,3415(3) 0,33954(12) | 0,7204(3) 0,0509
C8 0,3442(3) 0,30157(12) | 0,7664(3) 0,0458
C9 0,4188(2) 0,29501(10) | 0,8573(2) 0,0366
C10 0,4384(3) 0,25720(10) | 0,9216(2) 0,0391
Cl11 0,5701(3) 0,24340(11) | 1,0928(2) 0,0449
C12 0,5569(4) 0,19710(13) | 1,0857(3) 0,0631
C13 0,6481(2) 0,24984(9) 0,9387(2) 0,0295
Cl4 0,6439(3) 0,22953(10) | 0,8514(2) 0,0359
N15 0,7541(2) 0,22298(8) 0,84312(19) 0,0399
Cl16 0,8237(3) 0,23878(11) | 0,9220(2) 0,0410
N17 0,7626(2) 0,25519(8) 0,98098(18) 0,0369
Cl18 0,61428(8) 0,07344(2) 0,15902(6) 0,0431
C19 0,3981(3) 0,11420(9) 0,3351(2) 0,0336
C20 0,3123(3) 0,11892(10) | 0,4035(2) 0,0391
C21 0,3245(3) 0,07971(10) | 0,4626(2) 0,0375
C22 0,2933(3) 0,07082(12) | 0,5516(3) 0,0455
C23 0,3134(3) 0,03186(12) | 0,5925(3) 0,0512
C24 0,3651(3) 0,00238(12) | 0,5460(3) 0,0499
C25 0,3957(3) 0,01066(11) | 0,4560(3) 0,0444
C26 0,3751(2) 0,04957(9) 0,4144(2) 0,0352
C27 0,4010(3) 0,06666(10) | 0,3191(2) 0,0366
C28 0,3623(3) 0,13762(11) | 0,2352(2) 0,0430
C29 0,3525(4) 0,18366(12) | 0,2488(3) 0,0621
C30 0,5142(2) 0,12799(9) 0,3903(2) 0,0297
C31 0,5519(3) 0,14654(10) | 0,4798(2) 0,0356
N32 0,6675(2) 0,15252(8) 0,49174(18) 0,0382
C33 0,6990(3) 0,13811(10) | 0,4124(2) 0,0396
N34 0,6092(2) 0,12323(8) 0,34989(18) 0,0344
C36 1,1501(3) 0,13821(9) 0,8358(2) 0,0319
C37 1,1445(3) 0,18574(9) 0,8282(2) 0,0351
C38 1,1201(3) 0,19861(9) 0,9276(2) 0,0343
C39 1,1349(3) 0,23627(10) | 0,9756(3) 0,0444
C40 1,1046(3) 0,24064(12) | 1,0674(3) 0,0503
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25. ptelikuma turpinajums

Atoms X y F4 Uegy A’
C41 1,0599(3) 0,20777(13) | 1,1101(3) 0,0546
C42 1,0465(3) 0,16959(12) | 1,0630(2) 0,0459
C43 1,0761(3) 0,16546(10) | 0,9717(2) 0,0362
C44 1,0682(3) 0,12839(9) 0,9052(2) 0,0369
C45 1,1149(3) 0,11748(10) | 0,7323(2) 0,0402
C46 1,1110(4¢) 0,07104(12) | 0,7385(3) 0,0574
C47 1,2697(2) 0,12545(9) 0,8865(2) 0,0300
C48 1,3124(3) 0,10606(10) | 0,9736(2) 0,0388
N49 1,4281(2) 0,10179(8) 0,98210(19) 0,0406
C50 1.4546(3) 0,11807(11) | 0,9021(3) 0,0440
NS51 1,3611(2) 0,13233(8) 0,84304(19) 0,0378
Cl152 0,11315(8) 0,05555(3) 0,14952(6) 0,0432
C53 -0,1850(3) 0,00820(10) | -0,0211(2) 0,0327
C54 -0,3041(3) -0,00042(10) | -0,0879(3) 0,0408
C55 -0,3283(3) 0,03700(10) | -0,1531(2) 0,0385
C56 -0,4059(3) 0,04242(13) | -0,2434(3) 0,0507
C57 -0,4134(4) 0,08042(14) | -0,2893(3) 0,0587
C58 -0,3454(3) 0,11257(13) | -0,2474(3) 0,0545
C59 -0,2680(3) 0,10741(11) | -0,1573(3) 0,0468
C60 -0,2595(3) 0,06983(10) | -0,1099(2) 0,0362
Ce1 -0,1842(3) 0,05574(10) | -0,0123(2) 0,0372
C62 -0,1671(3) -0,01307(12) | 0,0817(2) 0,0427
C63 -0,1771(4) -0,05909(14) | 0,0764(3) 0,0628
Co4 -0,0948(2) -0,00466(9) | -0,0752(2) 0,0303
C65 -0,0991(3) -0,02331(10) | -0,1638(2) 0,0382
N66 0,0111(2) -0,02684(8) | -0,17667(18) | 0,0393
Ce67 0,0806(3) -0,01092(10) | -0,0975(2) 0,0406
N68 0,0195(2) 0,00260(8) -0,03565(19) | 0,0367
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Atipamezola hidrohlorida saiSu garumi

26. pielikums

Saite Garums, A Saite Garums, A
H49-N49 0,865 H282-C28 0,962
H65-C65 0,942 H271-C27 0,968
H66-N66 0,857 H272-C27 0,967
H67-C67 0,931 H22-C22 0,937
H68-N68 0,866 H23-C23 0,956
H631-C63 0,962 H24-C24 0,931
H632-C63 0,973 H25-C25 0,940
H633-C63 0,980 H201-C20 0,980
H621-C62 0,974 H202-C20 0,976
H622-C62 0,974 HI4-C14 0,945
H611-C61 0,960 H15-N15 0,863
H612-C61 0,965 HI6-C16 0,933
H56-C56 0,924 H17-N17 0,871
H57-C57 0,952 H121-C12 0,963
H58-C58 0,925 H122-C12 0,970
H59-C59 0,941 H123-C12 0,976
H541-C54 0,972 HII1-Cll 0,956
H542-C54 0,989 H112-Cll 0,973
H48-C48 0,941 HI10I-CIO 0,985
H50-C50 0,925 H102-C10 0,976
H51-N51 0,842 H5-C5 0,941
H461-C46 0,982 H6-C6 0,934
H462-C46 0,978 H7-C7 0,945
H463-C46 0,970 H8-C8 0,937
H451-C45 0,975 H630-C3 0,974
H452-C45 0,982 H634-C3 0,959
H441-C44 0,975 C2-C3 1,548(4)
H442-C44 0,981 C2-Clo 1,546(4)
H39-C39 0,947 C2-Cll 1,537(4)
H40--C40 0,934 C2-C13 1,508(4)
H41-C41 0,950 C3-C4 1,499(4)
H42-C42 0,949 C4-C5 1,383(5)
H371-C37 0,971 C4-C9 1,400(4)
H372-C37 0,959 C5-C6 1,385(5)
H31-C31 0,948 C6-C7 1,381(6)
H32-N32 0,878 C7-C8 1,384(5)
H33-C33 0,929 C8-C9 1,381(4)
H34-N34 0,857 C9-Clo 1,501(4)
H291-C29 0,954 Cll-C12 1,517(5)
H292-C29 0,971 C13-C14 1,355(4)
H293-C29 0,974 C13-N17 1,386(4)
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26. pielikuma turpinajums

Saite Garums, A Saite Garums, A
H281-C28 0,979 C14-N15 1,374(4)
N15-C16 1,317(4) C40-C41 1,383(6)
C16-N17 1,318(4) C41-C42 1,393(5)
C19-C20 1,546(4) C42-C43 1,377(4)
C19-C27 1,565(4) C43-C44 1,501(4)
C19-C28 1,540(4) C45-C46 1,516(5)
C19-C30 1,506(4) C47-C48 1,346(4)
C20-C21 1,501(5) C47-N51 1,380(4)
C21-C22 1,380(4) C48-N49 1,381(4)
C21-C26 1,395(4) N49-C50 1,316(4)
C22-C23 1,386(5) C50-N51 1,319(4)
C23-C24 1,374(6) C53-C54 1,549(4)
C24-C25 1,385(5) C53-C61 1,552(4)
C25-C26 1,389(5) C53-C62 1,539(4)
C26-C27 1,510(4) C53-Co4 1,501(4)
C28-C29 1,518(6) C54-C55 1,500(4)
C30-C31 1,350(4) C55-C56 1,386(5)
C30-N34 1,384(4) C55-C60 1,402(4)
C31-N32 1,381(4) C56-C57 1,381(6)
N32-C33 1,311(4) C57-C58 1,374(6)
C33-N34 1,316(4) C58-C59 1,383(5)
C36-C37 1,552(4) C59-C60 1,378(5)
C36-C44 1,545(4) C60-Co61 1,511(4)
C36-C45 1,541(4) C62-C63 1,504(6)
C36-C47 1,514(4) C64-C65 1,346(4)
C37-C38 1,511(4) C64-N68 1,386(4)
C38-C39 1,383(5) C65-N66 1,382(4)
C38-C43 1,397(4) N66-C67 1,321(4)
C39-C40 1,390(5) C67-N68 1,312(4)
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Atipamezola hidrohlorida saiSu lenki

27. pielikums

Lenkis Vertiba, ° Lenkis Vertiba, °
C3-C2-C10 102,7(2) C11-C12-H123 109,3
C3-C2-C11 111,93) Cl11-C12-H122 109,2
C10-C2-C11 112,5(3) H123-C12-H122 108,9
C3-C2-C13 109,7(2) Cl11-C12-H121 108.,6
C10-C2-C13 109,7(2) H123-C12-H121 110,7
C11-C2-C13 110,1(3) H122-C12-H121 110,1
C2-C3-H630 110,1 C2-C13-C14 132,6(3)
C2-C3-H634 109,0 C2-C13-N17 121,7(2)
H630-C3-H634 108,8 C14-C13-N17 105,7(3)
C2-C3-C4 103,8(2) H14-C14-C13 127,4
H630-C3-C4 111,6 H14-C14-N15 125,3
H634-C3-C4 1134 C13-C14-N15 107,3(3)
C3-C4-C5 130,4(3) Cl14-N15-H15 125,3
C3-C4-C9 109,6(3) Cl4-N15-Cl6 109,0(3)
C5-C4-C9 120,0(3) H15-N15-C16 125,6
H5-C5-C4 120,9 H16-C16-N15 1249
H5-C5-C6 1196 H16—C16-N17 126,6
C4-C5-C6 119,53) N15-C16-N17 108,5(3)
C5-C6-H6 120,0 C13-N17-H17 1254
C5-C6-C7 120,4(3) C13-N17-C16 109,4(3)
H6-C6-C7 119,6 H17-N17-C16 125,2
H7-C7-C6 118,7 C20-C19-C27 102,7(2)
H7-C7-C8 120,8 C20-C19-C28 113,1(3)
C6-C7-C8 120,5(3) C27-C19-C28 112,2(2)
H8-C8-C7 119,0 C20-C19-C30 109,8(2)
H8-C8-C9 1214 C27-C19-C30 108,6(2)
C7-C8-C9 119,6(3) C28-C19-C30 110,3(3)
C4-C9-C8 120,1(3) C19—C20-H201 111,2
C4-Co9-C10 110,0(3) C19-C20-H202 109,4
C8-C9-C10 129,9(3) H201-C20-H202 109,3
C2-C10-C9 103,6(2) C19-C20-C21 104,0(2)
C2-C10-H101 108.,9 H201-C20-C21 1119
C9-C10-H101 112,7 H202-C20-C21 111,0
C2-C10-H102 110,3 C20-C21-C22 129,7(3)
C9-C10-H102 112,5 C20-C21-C26 110,2(3)
H101-C10-H102 108.,6 C22-C21-C26 120,0(3)
C2-Cl11-H112 108,7 H22-C22-C21 120,0
C2-C11-H111 106,5 H22-C22-C23 120,6
H112-C11-H111 108,9 C21-C22-C23 119,3(3)
C2-C11-C12 113,4(3) H23-C23-C22 120,2
H112-C11-Cl12 110,5 H23-C23-C24 119,1
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27. pielikuma turpinajums

Lenkis Vertiba, © Lenkis Vertiba, °©
H111-C11-C12 108,7 C22-C23-C24 120,7(3)
H24-C24-C23 119,2 C44-C36-C45 112,9(3)
H24-C24-C25 120,1 C37-C36-C47 109,1(2)
C23-C24-C25 120,7(4) C44-C36-C47 109,6(2)
H25-C25-C24 120,0 C45-C36-C47 110,1(2)
H25-C25-C26 121,2 C36—C37-H371 108,6
C24-C25-C26 118,9(3) C36-C37-H372 109,8
C21-C26-C25 120,4(3) H371-C37-H372 110,5
C21-C26-C27 110,0(3) C36-C37-C38 103,3(2)
C25-C26-C27 129,6(3) H371-C37-C38 113,0
C19-C27-C26 103,3(2) H372-C37-C38 111,3
C19-C27-H271 109,1 C37-C38-C39 129,9(3)
C26-C27-H271 1123 C37-C38-C43 109,9(3)
C19-C27-H272 109,4 C39-C38-C43 120,2(3)
C26—-C27-H272 111,5 H39-C39-C38 120,2
H271-C27-H272 111,0 H39-C39-C40 120,6
C19-C28-H281 109,5 C38-C39-C40 119,1(3)
C19-C28-H282 107,1 C39-C40-H40 119,8
H281-C28-H282 108,2 C39-C40-C41 120,4(3)
C19-C28-C29 113,2(3) H40-C40-C41 119,9
H281-C28-C29 109,7 H41-C41-C40 119,8
H282-C28-C29 109,0 H41-C41-C42 1194
C28-C29-H293 108,7 C40-C41-C42 120,8(3)
C28-C29-H292 110,2 H42-C42-C41 121,0
H293-C29-H292 108,2 H42-C42-C43 120,3
C28-C29-H291 110,5 C41-C42-C43 118,7(3)
H293-C29-H291 109,5 C38-C43-C42 120,9(3)
H292-C29-H291 109,8 C38-C43-C44 109,9(3)
C19-C30-C31 132,7(3) C42-C43-C44 129,2(3)
C19-C30-N34 121,7(2) C36-C44-C43 103,9(2)
C31-C30-N34 105,5(3) C36-C44-H442 109,1
H31-C31-C30 128,6 C43-C44-H442 111,7
H31-C31-N32 123,9 C36-C44-H441 110,8
C30-C31-N32 107,5(3) C43-C44-H441 112,0
C31-N32-H32 125,5 H442-C44-H441 109,3
C31-N32-C33 108,6(3) C36-C45-H452 109,8
H32-N32-C33 125,8 C36-C45-H451 107,0
H33-C33-N32 125,1 H452-C45-H451 109,2
H33-C33-N34 126,1 C36-C45-C46 113,1(3)
N32-C33-N34 108,8(3) H452-C45-C46 110,3
C30-N34-C33 109,5(2) H451-C45-C46 1074
C30-N34-H34 124.5 C45-C46-H461 107,5
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27. pielikuma turpinijums

Lenkis Veértiba, ° Lenkis Vertiba, °©
C33-N34-H34 1259 C45-C46-H462 108,6
C37-C36-C44 102,9(2) H461-C46-H462 110,1
C37-C36-C45 112,1(2) C45-C46-H463 110,2
H461-C46-H463 109,9 C57-C58-C59 120,2(4)
H462-C46-H463 1104 H59-C59-C58 119,5
C36-C47-C48 132,4(3) H59-C59-C60 121,0
C36-C47-N51 121,9(2) C58-C59-C60 119,5(3)
C48-C47-N51 105,7(3) C55-C60-C59 120,2(3)
H48-C48-C47 126,8 C55-C60-C61 109,0(3)
H48-C48-N49 1253 C59-C60-Co1 130,8(3)
C47-C48-N49 107,8(3) C53-C61-C60 104,0(2)
C48-N49-H49 125,0 C53-C61-H612 107,7
C48-N49-C50 108,3(3) C60—C61-H612 113,5
H49-N49-C50 126,7 C53-C61-H611 109,2
H50-C50-N49 126,0 C60—C61-H611 111,2
H50-C50-NS51 1254 H612-C61-H611 111,0
N49-C50-N51 108,7(3) C53-C62-H621 108,3
C47-N51-C50 109,6(3) C53-C62-H622 107,1
C47-N51-HS51 1254 H621-C62-H622 108,1
C50-N51-HS51 125,0 C53-C62-C63 114,3(3)
C54-C53-C61 102,4(2) H621-C62—C63 109,6
C54-C53-C62 112,5(3) H622-C62—C63 109,3
C61-C53-C62 112,4(2) C62-C63-H633 109,5
C54-C53-C64 109,7(2) C62-C63-H632 110,0
C61-C53-C64 108,9(2) H633-C63-H632 108,1
C62-C53-C64 110,6(3) C62-C63-H631 110,4
C53-C54-H542 108,7 H633-C63-H631 109,4
C53-C54-H541 110,7 H632-C63-H631 109,4
H542-C54-H541 109,6 C53-C64-C65 132,8(3)
C53-C54-C55 103,7(3) C53-C64-N68 121,7(2)
H542-C54-C55 111,8 C65-C64-N68 105,5(3)
H541-C54-C55 112,1 H65-C65-C64 127,7
C54-C55-C56 129,6(3) H65-C65-N66 124,6
C54-C55-C60 110,4(3) C64-C65-N66 107,7(3)
C56-C55-C60 120,0(3) C65-N66-H66 125,3
C55-C56-H56 120,8 C65-N66-C67 108,5(3)
C55-C56-C57 118,8(4) H66-N66-C67 126,1
H56-C56-C57 1204 H67-C67-N66 125,6
H57-C57-C56 119,3 H67-C67-N68 126,1
H57-C57-C58 1194 N66-C67-N68 108,3(3)
C56-C57-C58 121,3(4) C64-N68-H68 125,1
H58-C58-C57 119,8 C64-N68-C67 110,0(3)
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27. pielikuma turpinajums

Lenkis Vertiba, ° Lenkis Vertiba, ©

HSS—CSS,—’CS9 120,1 H68-N68-C67 1249
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The anticancer pharmaceutical Tegafur (also known as {torafury —
S-fhuoro-1-(tetrahydro-2-furyvluracil, CgHoFN2Os, 1s known since 1967 [1] Its
four possible racemic mixtures have been identified [2]. The crystal structures
of two modifications have been reported [3, 4]. We have investipated crystal-
lization of Tegafur from aqueous solution at temperatures below 20°C. The
crystallization of a novel polymorph — the e-modification — was observed.

EXPERIMENTAL
Preparation of single crystal of the e-medification of Tegafur. Stugle crystals were
obtained from an agueous selution of the a~modification of Tegafur supplied by the Company
Grindex. Salurated solution of the material was filtered and diluted with 10% of water. The
resulting solution was poured into Petrie dishes to depth of 3 tnm and allowed 1o crystallize a
4°C, From the various crystalline forms obtained platelet and chain-like crysials were sele:
turther study.

X-ray powder diffraction. {nitial analvsis was carried out using
Part of the sample selected was fincly ground and investigated usi
diffractometer.

the powder method

a DRON-3

=

In order to study the thermodynamic stability of the e-modification as compared with the
a-modification, 1:1 powder paste of the two modifications in wuter was prepared. A powder
diffraction pattern was recorded. The mixture was then moistened with water, dried and powder
dilfraction pattern was. recorded again. This procedure was repeated a number of times and the
changes in the relationship between madifications were evaluated from changes in diffraction
peak intensities.

X-ray single crystal diffraction. The molecular and crystal structur
solid-state modification were determined. Data were collected with a Nonius KappaCCD diifra
tometer, MoK, radiation (A = 0.71073 A). The crystals were monoclinic. space group P2,/
cell parameters: & = 16.0305(5) A, 6= 5.7361(2) A. ¢ = 21.2969%(7) A: = 119.174(14)°. |
= 1709.88¢10) A, Z = 8, poae = .55 plem’. Total 4724 reflections were measured. Reflectivng
with 7 > 2.00 o{f): 2925. R = 0.0691 {7 > 2.00 a(H}: R, (on F5) = 01240 [/ > 2.00 o(/j| All
diagrams were obtained and calculations were performed using maXus complex of programs
(Bruker Nonius, Delft & MacScience, Japan) [5, 6}

RESULTS AND DISCUSSION
The structure consists of two independent molecules, Figure 1 gives the
perspective view of the molecules using thermal ellipsoids. For convenience the
molecules have been arbitrarily designated as molecule A, and molecule B.
The bond lengths and bond angles are within acceptable limits and then
values are comparable with those reported by Nakai et af [3]. Table | and 2 lists
the bond length and bond angle values for the two molecules.
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Fig. |.The asymmetric unit ofthe structure showing the atorn labeling scheme

Tabie J Table 2

Selected hond lengths (A) Bond angles (0)

for molecules A and B for molecules A and B

Bond Molecule Angle 1 Molecule
B ‘| B

N(1}-C(2) 1.376(2) 1.378(3) C(6}-N( 1)--C(2) 121.2(2) 1212(2)
N()-C(6l 1375(3) 1.371(3) c( 6}--C(l }-C(1) 121.3(2) 120.9(21
N<.D-C(1)  1.507(2) 1.497(3) C2)-N()-(:(1" 117.4(2) 117.92)
Cc(2}-0(2) 1228(2) 1211(3) N(1)-C(2)-N(3) 115.3(2) 115.1(2)
C(2)-N@3) 13723 )  1376(3) N( 1)-C(2)--0(2) 122.1(2) 123.1(2)
N--C(4) 1385(3 ) 1.375(3) 0 (2)-C(2}--N (3) 122.6(2) 1218(2)
C(4)-uf4) 1.219(2) 1228(3) C(2)-N3 )-(:( 4) 127.6~2) 127.5(2)
C(4)--e(5) 1432(3) 1.436(3) N(3)-C(4}--0(4) 121.4(2) 1220(2)
C(5)-F(5) 1.353(2) 1352(2) N(3}-C(4}--Cf5 | 1121 (2) 112.1(2)
C(5}-C(6) 1.330(3) 1323(3) 0(4)-C(4)-(;(5) 126.5(2) 1258(2)
c(l )-c(2)  1512(3) 1537(6) C(4)--e( 5)--F(5) 1167(2) 1169(2)
CO1-0(5) 1402(2) 1.393(4) ¢( 43--C(5)--C(6) 1227(2) 122.7ell
c~{2/)-CI31)  1.515(4) 1.458(7) [.(5)-C(5\-C( 1) 1206(2) 120.4(2)
cE)-c( 4)  1.497(3) 1.379(6) C(5)-C(6)-N(1) 1210(2) 1210(2)
C(4)-0(5) 1458(3) 14i4(4) N( 1}--C(1)--C(2) L7 113.1(3)

N(l }-C(1)--015")  1011.0(2) 109.5(2)
C(2)--C( 1)-0(5" 107.2(2) 1044(3)
¢( 1)--C(2)--0(3)  1020(2) 1051(3)
C@2)--(:(')-0 (4)  1024(2) 1n8.5(3)
C(3)--c( 4)-0( 5)  1061(2) 1085(4)
c(4)-e(ST-O( 1)  109.2(2) 1L1 4(3)
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Fig. 2. The arrangernent ofrnoleculcs in the crystai structure.

Figure 2 shows the packing diagram viewed along the j-axis direction. The
hydrogen bonding for molecule A corresponds to that for the o-form [3} where
bonding takes place between the enantiorners of molecule A; specifically bet-
ween the nitrogen atom in position 3 (N(3)a) and the oxygen atom (OlI2)a) in
ortho position in relation to N(1)a atorn. In molecule B hydrogen bondiug
between the enantiomers is observed between the nitrogen atom in posiuon 3
(N(3)b) and oxygen (O(4)b) atom that is in para posirion in relation to N(I)b
atom as observed for the ~-form by Nakai et c: [J]. Table 3 lists the values
of the pertinent hydrogen bonds between enantiorners of rnclecule A and tHo-
lecule B.

Hydrogen hond parameters
for rnolecules A and B

Hydrogen N--O N-H bond O ---Hhond N-H'O
bridge length, Iengih, angte,

i i deg,

N(3 la-H(3)a--0{2)a 2 870(2) 085(3 ) 2.03{3i 173(2)
K!'3)b-H(3Jb'O(4)b 2890(2) 081(3) 2.08()) 175(3)

The torsion angles at the C-O bond of each molecule arnount to 108.60)"
respectively For [N()a-e(1)a-o(5)a '-C(4)a'] and 1]5.7(3)° for rN(1)b-Cr 1)b*-
O(5)-C(4)].

The powder diffraction patterrt of the s-modificarion  is shown in Figure 3.

The characteristic diffraction peaks which distinguish the s-modificauon 01
Tegafur frorn the other modifications are at 28 values of 6.3°, 8.4' and 126"

The instability of [he e-rnodification was established b) preparing a paste e
the (x- and E.-modifications in water. The e-rncdification transition to the 11-mo-
dification was observed.
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Fig. 3. The powder diffraction pattern of the g-meodification of Tegatur

Conclusions. Taking into account the observed differences in the
hydrogen bonding scheme and the different conformation from previcusly
reported [3, 4], we conclude that the g-modification studied i:. a novel modi-
fication of 5-fluoro-1-(tetrahydro-2-furyluracil, CiHoFN;Os. The e-modifica-
tion is metastable and the transition to c-modification is observed.
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A. Actiné, S. Belakovs, L. Orala, MLV, Veidis

TEGATTURA JAUNAS MODIFIKACIJAS MOLEKULARA TN
KRISTALISKA STRUKTURA

KOPSAVILEUMS

Kristalizéjot tegafira o modifikaciju no tidens Skiduma 4 “C tempe-
ratird, iegita € mndmkacga. Tas uzblve noteikta ar rentgenstruktiranalizes
metodi (automitiskais difraktometrs Nonius kur:w( CD, MoK, -izstarojums
(A= 0.71073 A). 2925 neatkarigie refleksi ar / > 2,00 o(/), R = 0,0691. R,

0,1240) Visi aprékini izdariti, izmantojot \}xdlﬂd\d a8 programmu Lun‘l;wk{u

mMa w“fv.

Kristali pieder pie monoklinds singontjas; to reZga parametri: a = 16 (Wfﬁt 3} \
h=75.7361(2) A. ¢ =212969(7) A: p = 119,1741(14)", V= 1709,88(10) A’:
e 1,55 g/em’; telp. gr. P2i/c

Krsulisko struktara veido di'vﬁs neatkartgas molekulas: molekula A un mo-
lekula B. Molekulas sava starpd atSkiras ar pieclocek]u cikla torsijas legka



N(1 )-C(I)-O(5")--C( 4 vertibharn. A molekulas gadijuma i ir 108,6(2.)", bet il
molekulai ta ir 115,7(3)".

Cieta krisraliska stavokll E rnodifikacija  pastav ka divi dazadi dirnéri, kas
veidoti no A un B molekulu enantiornériern. Diméru veidoSanos  nodroSina
starpmolekularas Gdenraza saites. A molekulas diméros tas realizéjas starp

N(@3)a-H un 0(2)a atomiem, bet B molekulas dirnéros - starp N(3)b--H wun
O(4)b atomiem.

A. Arrrastu, C. iseu:kos, Vi) Opena, M.B. Beff)~HC

MOJIEKYJUIPHAM |i KPHCTAJLJUPIECKAJlI  CTP)YKTYPA [-JOJIm{
MO.IUIWHKAIJ:HU TEr A<1>YPA

PE3 10ME

KPHCTall:m3aQHdj fi-Moda.rHpHKdt.mi  Teract;ypa In BonHoio  paCTBopa
npa 4°C, nOJly-leHa E-MoJJ.HcpHKal.,H5l. CTpOeHJJe €-M0.D,H4JHK3UOIi  ONpeneneno ¢
novorusio  PearrenoCrpyXxrypuoro ananasa (auTOMaTIl-leCK1-m  JJ.Mrppal<TO\leTp
Nonius KappaCCD, MoKo-H3Jly'lcHIZe (A = 0,71073 A). 2925 ffe3aUHCHM t.iX
O1'Pa)J(emdi eJ> 2,00 cr(l), R = 0,0691, R~,= O,!240). Bce pac-rérsr 13bmom-leHbf
C HCnOJTh30BamleM xoxinnexca nporpaser maxXus.

KpMcTa.nJibl npauan .1CmaT K MOHOKJmMHHO~ CHHT'OIHHL a = 16,0305(5) A, b .
=57361(2) A c=21,20697) A; ~= 119,1741( I{r V= 1709,88(0) A-lz= 8
ppac< = 1,55 rlcM3; np. rp. P2/c.

KPHCT<L1JIW-ICCKaJ:Etrpyxrypa 110CTpOCHa  H3 nayx  HC3aP,HC}1]MbL'(  MOJreli:j-j1.
Moncxynbl A il Monckynbl  B. ~vioiickiulbl Me}KJJY c06011 OTIWWI[OTC51 TOPCH(lj-I-
Hoim yrnou N(I )-C(1}---O(53--C(45 B wiTi{-UCHHOM inucne B ciTy4&e MO(.ry-
nLI A TroT yron p3BCH 108,6(2)", a B MoneKyJiIC B 115.7(3)".

B TBep):oM  KpilCT3JL1I--ICCKOM  COC.TOJIHHH E-MO;(I1(jmKalLHH Cyl1(:;CTBYt, B
BE.lle L\MMepOB, KOTOpbIC 06pa.10BaBbl ~f33Hal-frnOMepoR MOJICKyJl A li R 06pa-
30p,aHm~;1liMepOt\  06eCne’-N\BaJoT MC)KMONCKYJ1.HpUble bOLIOP())\HhiCCBI13H. 13
MlIM:epax  Mon:eKyn A ORH BO3HHKalOT \1elK)J:Y' clIToMaMu N(3)a-li H O(2)a. a b
JIHMepaxX Mo:lek)ijl B - Me)gw atomamH NO )b--H H O(4)b,
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Abstract  CrystaJs of two crystal modifications of droperi-
jo\: a hemihydrate (1) and the z polymorph (2), have been
isolated and their structure determined using X-ray diffraction
methods. Droperidol  hemihydrate crystaJlized in the triclinic
spacegroup P - 1, with unit cell parameters a = 6.2842(15),
il = 10.]473(8), c = 16.1850(2) A; o = 102.5549); 3 =
1)1917(14); = 99.3]6(12)°; V= 991.6(3) }.3, and Z = 2.
The droperidol z polymorph crystallized in the monoclinic
'pace group P2[/c, with unit cel] parameters a = 20.0406(8),
= 7.4955(4), ¢ = 12.9733(5) A, |1=98.089(2t; V=
1929.39(15) A", and Z = 4. In 1 and 2 two molecules of
droperidol are joined by two N-H---O hydrogen bonds. The
-tructure of 1 shows a possible additional hydrogen bond
Lilkingthe two droperidol molecules via the water molecule.

Keywords  Dropelidol-
Crysral strucrure

Polymorph
. Hernihydrate

. Pseudo-polymorph
. Hydrogen bonding
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of the same
properties

S:ICC  polymorphs  and pscudo-polymorphs
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solubility and stability,
the development
subject
(1.

The neuroJeptic pharmaceutical  droperidol,  J-! 1-[4-(4-
Fluorophenyl  t-t-oxobutvl J-J, 2,3,6-tet rahydro-4-pyridvl  J-
1,3-dihydro-2H-benz.imidawl-2-one is known to crystallize
in a number of polymorphs and pseudo-polymorpns 121
This study reports the structures of the pseudo-poJymorph
of droperidol  hemihydrate of dro-
peridol (2). The structures and the ethanol
sol vate of this pharmaceutical have been
reported  [3, 4].

During the study of the properties
two previously  reported polymorphs 121 were
isolated. The polymorphs have been arbitrarily defined as
the x (1) and the z (2) modification. of the
published  powder that ] corre-
sponds to Form Il [21. In
order for the two
observed,

the study of polyrnorphism
of pharmaceuticals is
of poJymorphism

during
important.  The

has been extensively reviewed

(1) and a polymorph
of the dihydrate
neuroleptic

of the title compound.
crystalline

Comparison
diffraction  data indicares
Il and 2 corresponds
to determine
distinctly  different

single crystal

to Form
differences

modifications

were undertaken.

the structural
crystalline

structure analyses

Experimental

The rnaterial studied was a fine powder of2 supplied by AS
Grindeks.

Crystals of 1 were obtained by preparing 3 saturared
solution in acetone at arnbient temperature (20 DC) u-ing
the powder of polymorph 2. After filtration, water was

added (1:1) and the closed flask kept at 50°C
shaped crystals formed. Elernental anaiysis: calculated for
C22HR/F\il02' 0.5H20: C 68.20, H 5.98 \: 10.85: found:
C 67.69, H 597, N .0.61 %.

until rrlsm
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Suitable crystals of 2 were obtained
.aturated acetone
was filtering

by preparing a
solution of the powder form. The solution
and allowed to crystallize in a Petri dish at
ambient temperature. Elemental  analysis: calcuJated for
C2HNFNP2:  C 69.64, H 584, N 11.08; found: C 68.78,
H 578, N ]10.92%.
We have observed
content of the acetone

that d1will be formed when the water
is above 4% by weight.

X-Ray Crystallography

x-ray diffraction 1 were measured
using an Enraf-Nonius ~ CAD-4 diffractometer ~ with Cu-K"
radiation. The unit cell parameters were obtained from the
serting angles of 23 reftections calculated by a least squares
ntting algorithm. were performed

data of the polymorph

Intensity  measurements

using the w - 28 scan technique. During the data collection
ine three reference reftections showed no significant inten-
-uy change. The data were corrected for Lorentz and

polarization effects, The structure was
solved by direct methods employing the WinGX [5] program
package, which includes SHELX, SIR92, and CRYSTALS.
lhe CRYST ALS program was used for structure refinement.
During least squares

but not for absorption.

refinement it became apparent that
molecule in the unit cell,
occupancy factor of 0.5 was assigned to the oxygen atom.

X-ray diffraction  data of 2 were collected using a
-ionius Kappa CCD diffractometer ~ with Mo-K" radiation.
Data reduction were performed with the maXus complex of
programs (Bruker Nonius, Delft & MacScience, Japan) [6],
but for structure soJution the WinGX [5] program package
Was employed.

Table 1 gives a summary
rf~Iction experiments.

.here was one water and an

of the crystallographic  dif-

Results and Discussion
Frgure | shows moJecule 1 and the scheme used to number
the atoms.
Utilizing the same atom numbering
the molecular  structure of 2 is illustrated in Fig. 2.
Bond lengths and bond angles of the non-hydrogen
I"Dmsfor both structures are given in Table 2.

scheme applied to 1,

1 has been
investigation
viz., a hemihy-

data modification
[2]. The present
Indicates that this is a pseudo-poJymorph,
drate, as seen in Fig. 1.

From powder diffraction
reported to be a polymorph

The packing diagram of 1 is shown in Fig. 3.
bonding between two

of 1 and in the structure

Figure 4 illustrates

droperidol entities
2.

the hydrogen
in the structure

'J Springer

J Chem Crysrallogr (2008) 3~: 16"!-174

Table 1 X-ray crystallographic data for compounds 1 and 2
Crystal data 1 2

CCDC no. 608110 626885
Chemical formula C22H22FN,0, . 0.5H,0 C'2H2.,FN,02
Formula weight (g/mol) 388,44 379.43

Temperature  (K) 298 298

Crystal system Triclinic Monoclinic

Space group P-I P2,/c

a (A) 62842(15) 20.0406(8)

b (A) 10.1473(8) 7.4955(4)

¢ (A) 16.1850(2) 12.9733(5)

1) 102.554(9) 9

P o 91.9/7(14) 98.089(21

y ~0) 99.316( 12) 9

V(A) 991.6(3) 1929.39( 1:)

z 2 4

De (g cm™") 1.300 uo6

R 0.0509 0.0453

wR 0.0540 0.0297
Figure 5 shows hydrogen bonds observed in 1. These

bonds are formed by the water molecule linking droperidol
molecules via an 01 ..-029 ..-029 .. 01 linkage.

Hydrogen bonding appears to be very irnportant in the
crystalline  forms of 1 and 2. In 1 and 2, there are two
hydrogen  bonds linking the
through the N8-H-01 atoms. The respcctive bond lengths
and bond angles are: [N8--01: 2.812(3),.\: NK-H:
0893) A Ol ..H: 1.943) A N8-H .OI: 1678 "). and
N8-H .01 {N8H: 1.1033) A; Ol .-H: 1.800(3) A; N8-
H..-O]: 163(2)0}. The hydrogen bonding betwcen the
benzimidazole entities is very sirnilar in 1 and 2. The
presence of two hydrogen bonds linking two droperidol
molecules indicates that in the solid state
material exists as a dimer when it crystallizes
Further examination of 1
0] --029 ..-029--0] hydrogen bond. The 01.-029 and
029---029 interatomic ~ distances are 2.85 and 276 A
respectively, and the 01 . 029 ..029 bond angle is
110.86° Utilizing the water oxygen, 029 to link the 0 I of
two droperidol  entities it appears that 01 links two dro-
peridol entities through two distinct hydrogen bonds.

In the reported structure of the ethanol solvate 141, the
ethanol OH group links the droperidol through
hydrogen bonds. In the reported structure for the droperidol
dihydrate [3] two water molecules participate in hydrogen
bonding and thus link two droperidol  molecules. The
results of this study show that in 1 and 2 two droperidol
molecules
droperidol

benzimidazoJe terminals

the parent
as 1 oras 2.
indicates a  probable

entities

are held together by intermolecular

bonds, and in

dropericlol-

hydrogen the c-i1sc of the
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fig. 1 The molecular structure
o modification 1 with
displacement ellipsoids ~ drawn
1 50% probability level o1
Fig. 2 The molecular structure o1
:1' 2 with displacernent
/~lipsoids drawn at 50%
pi,.r'abiliry level
Tahle 2 Bond lengths (A) and bond angles (0) of the non-hydrogen atoms for compounds
Bond lengths (A) 2 Bond angles co) 2
01-C2 1.236(3) 1.231(2) 0I-C2-N8 127.5(2) InS(.~1
C2-N8 1352(3) 1358(2) 0OI-C2-N3 1255(2) 125.4())
€2 N< 1.384(3) 1389(3) N8-C2-N3 1070(2) 10i()(21
\3-e9 1.402(3) 1.404(2) C2-N3-C9 109.0(2) 1090(2)
\3-Cll 1.431 (3) 1.438(2) C2-N3-Cll 124.2(2) 12.34(21
C..-c9 1.370(4) 1.382(3) C9-N3-Cll 1267(2) 1212(2)
c--C5 1.391(4) 1.384(3 ) C9-C4-C5 116.7(3) 1170(21
(5-C6 1.379(4) 1.387(3 ) C4-C5-C6 121.2(3) 121.6\21
Lr~C7 1.369(4) 1.380(3) C7-C6-C5 1220(3) 121.3121
Ci-ClO 1.372(41 1.380(3) C6-C7-C10 1173(3) 117.4(2)
\\-ClO 1.380(3) 1.394(31 C2-N8-CIO 1105(2) 1111.102)
I, .cio 1.398(3) 1393(3) C4--C9-C10 1217(2) 121..1(21
lni-ci2 1.315(4) 1320(3) C4--C9-N3 1320(2) 132.1(21
(11-(16 1.485(4) 1.498(3) ClO-C9-N3 106.3(2) 11107(21
\12-C13 1.489(3) 1.496(3) c7-Cc 10 XS 1 1.8(2) 131.5(2)
t13-N14 1.'155(3) 1.464(3) C7-CIO-C9 1210(3) 121.3(21
\l;-—-e 15 1.459(3) 1.458(3 ) N8-C10-C9 1072(2) 1072(2)
\1-1--e17 1465(3) 1.464(2) CI2-CIIN3 120.1(2) 121 1(2)
1t<-Cl6 1.513(4) 1.517(3) Cl2-ClI-16 122.2(2) 1225(2)
("--eJ 8 1.520(3) 1.518(3) N3-CII-C16 1177(2) 116.3(21

I} Sp,-inger
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Table 2 continued

B()nd lengths (A) 2 Bond angles (0) 2
C18-C19 1511 (3) 1.522(3) ClI-C12-13 122.7(21 1220(2)
CIN-C20 1.495(3) 1512(3) NI14-C13-C12 113.1(2) 112.+(2)
CO-C)2lI 1.216(3) 1.220(2) CI5-N14-C17 110.6(2) 112.2(2)
C20--C22 1.493(4) 1.483(3) CI5-N14-C13 110.8(2) 1095(2)
C2-C23 1.380(3) 1.382(3) CI7-NI4-CI3 1110(2) 1095(2)
C22-C27 1.393(4) 1.389(3) NI14--CI5-C16 111.2(2) 110.6(2)
(23-Cc24 1.380(4) 1.388(3) ClI-C16--C15 110.8(2) 110.5(21
(2.-C25 1.359(4) 1.380(3) NI14--CI7-C18 112.9(2) 113.9(2)
C5-F28 1.362(3) 1.367(2) Cl17-C18-C19 1119(2) 110.2(2)
\25-C26 1.366(4) 1.350(3) C20-C19-C18 113.9(2) 1139(2)
C26-C27 1.374(4) 1.379(3) 021-C20--C22 1196(2) 1205(21
021-C20--C 19 1197(2) 1207(2)
C22-C20--CI9 1207(2) 118.8(2)
C23-C22-C27 117.7(2) 118.1(21
C23-C22-C20 123.5(2) 123.2(21
C27-C22-C20 1187(2) 11i"5.g(21
C22-C23-C24 1220(3) 121.-1(2,1
C25-C24--C23 117-1(3) 1Ino)
C24-C2S-F28 118.2(3) 11723)
C24-C2S-C26 1235(3) 123.11.1)
F28-C25-C26 1182(3) 1196(21
C25-C26--C27 1179(3) 118.3(2)
C26--C2 7-C22 121.3(3) 121.5(2)

Fig. 3 The packing diagram of 1

hemihydrate, there is a possible hydrogen bonding scheme
involving the water molecule.

The packing diagrarn for 2, the droperidol
uon, is illustrated in Fig. 6.

Polymorphism in the studied compounds
as differences angles.
Jifl'erences in the conformation  geometry of polymorphs
and pseudo-polyrnorphs, their values have been calculated
and are included in Table 3.

z modifica-

manifests itself

in torsion Torsion angles express

~ Springer

Fig. 4 The hydrogen bonding of 1 and 2

The benzimidazole group of the droperidol
as well as the benzimidazole group of the ~modification of
droperidol, is essentially planar and the torsion angles have
been calculated separately. The torsion angles between the
benzimidazole  group and the mean plane of the tetrahy-
dropyridyl ~ group are. respectively, 50.8° and 54.5° for 1
and 2. For droperidol dihydrate and for droperidol ethanol
solvate this value is, respectively, 48.1° and 52.8° [3, .IL

hernihydrate,
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Fig. 5 Hydrogen bond-, forrned by the water molecule ‘lnking
droperidol molecules via an 01---029 --029---0l  linkage

There appears to be a small, but significant difference in
the vaJues of the torsion angles of the four distinct
conformations.

Table 3 presents the observed torsion angles in this
study, as welJl as previously reported torsion angles, that
describe the conformation  of the oxobutyl chains of four
["I'ms of droperidol:  the dihydrate [3], the hemihydrate, the
eihanol solvate [4], and the z modification. From the tor-
w011 angles, it may be inferred that droperidol crystallizes
Ir, different conformations The torsion angle differences
derining the polymorphs are probably due to packing forces
and the polymorphs are the result of changes in of crystal
packing forces on the benzimidazole group and the tetra-
indropyridyl ~ group of each rnolecule. The particular
«mformation,  polyrnorph  or pseudo-polymcrph, formed
-cerns to depend on the specific conditions during the
crystallization  process and differences in crystal packing
regllirements upon crystallization.

Fig. 6 The molecular packing diagram of 2

Supplementary Material

X-ray  crystallographic data reported in this paper is
deposited  with the Cambridge Crystallographic Data Cen-
ter as supplementary  publication nurnbers CCDC 6081] 0
(compound 1) and CCDC 626885 (compound 2). Copies of
available  material can be obtained, free of charge, on
application to the Director, CCDC, 12 Union Road, Carn-
bridge CB21EZ, UK.

lable 3 Torsion J;lgk, (-) et [he oxobutyl sidc chuins of four droperidol fonns

Dihydrate [3] Hernihydrate Ethanol  solvate [<N : modif .a.ion
02: -C20-C  19--C 18 1.0 112 9.9 B
\2'1--( 19-C 18-C 17 - 169.5 179.7 180.0 1758
CI--( 18--( 17-N 14 - 1673 - 1762 _ 1754 1644
ri8-C17-N14-C13 - 593 - 168.9 171.2 167.1
C'l8-—(17-N 14-C15 179.7 683 66.8 70.7

~ Springer
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\ linoic;Ifnrf':  singlc-crystal X-ray srcdy: T ~ 10Ci K: mcnn a(e-eJ = (lrn.1 A,

urnr 0.0.13; WR factor = 0.0H9; data-ro-pararncrcr rauo ", n.l

In the title compound, alternatively called xylazine hydro-

.hloride monohydrate, C12H17NzS+-Cl--H,0, the  six-
illcmbered thiazine ring is in a half-chair conformation. In
lhe crystal structure, six component centrosymmetric  clusters
Jr<:formed via intennolecular ~ O-H--  -CI,N-H-- -Oand N-

I.. -Cl hydrogen bonds involving xylazine cations, chloride
m;,)nsand water molecules.

Related literature

Fui related literature Kalman et al.

1In7).

sce: Carpy et al. (1979);

hperimental
[ -\n1 dala

(il--"i,5--C1--HoO V ~ 140456 (4) A’

V274 i - Z =4
\h'nndinie, P2,le Cu Ka radiation
Jussh (2) A n 369 mm-t
- 111547 (1) A T= 10 K
, 121732 (2) A 044 x n25 x 0.14 mm

1+ IIN."10 (2)

Dara collection

Oxford Diffraetion ~ Xcalibur 19046 rne asured reticctions
diffractornctcr 2747 indcpende  nr o retlections
Ahsorption  corrcction:  numerical 25119 reflections  wit h / . :'0(1)

(de Meulcnacr & Tompa , 1965)
Toni" = 0.30. Ton" = 0.61

R, = 11.1129

Refinemenr
R[F" > 20(F)] = 0.033 154 paramctcrs
wR(F) = 0.0Rii Il-utom  paramcters construincd
s = Lol 6Prn,, = OA3 ¢ A-'_
2509 rcflections 61", =-1)33 c A '
Table 1
Hydrogen-bond  geometry (A, ).
D-H- A D-H H-A D--A N Ho
N5- H5017 2-1"% (1) Loy
OI7-HJ71-- -CI16' 3.150 (1) I
N7-H7-  .C116 :1.204 (1) Tt~
OlI7-HI72-  -ClI16" ~171 (1 17
Svnimcuy  codes: (i) -x + 1Y 45" ot A+~ (i) - 1ooa +—.ci- L

Data collection: CrysAlis CCD (Oxford Diffraction, 20(7): cell
refinernent:  Crys Alis RED (Oxford Diffraction. 2007): dala rcduc-
tion: CrysAlis RED; program(s) used to solve structurc: Sl R92
(Altomare et ai.. 1994); program(s) used 10 refinc structurc: CRYS-
TALS (Betteridge et al., 20(3): molecular graphics: OR7Ef-3 for
Windows  (Farrugia, 1997): software uscd to prepare matcrial for
publication:  CRYST A LS.

We thank Oxford Diffraction
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Cooperation  of the University

of Cincinnati Crystallography  Centre and the Latvia Institute
of Organic  Synthesis is ack nowledged. Financial aid was
provided by Latvia Science Council grant 05.1737.
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IUCr electronic  archives  (Reference: LH2620).
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Acta Cryst. (2008). E64, 01062 [doi: 10.1107/S 16005368080 1372X ]
N-(2,6- Dimetbylanilino )-5,6-di bydro-4H-I ,3-thiazin-3-i um chlorid e monohyd rate

M. V. Veidis, L. Orola and R. Arajs

Comment

Xylazine hydrochloride rnonohydrate is a pharmaceutical used in veterinary rnedicine as an anesthetic. The substance is an
alpha2-agonist  with sedative, analgesic, and muscle relaxing properties,

The crystal structure of the tille cornpound has been determined at 100 K. The structure is depictcd in Fig. |. The phenyl
ring forms a dihedral angle of 83.24 (14)0 with the plane defined by SI. C6 and N5 of [he thiazine ring. The six-rncrnber
thiazine ring assumes the half-chair conformation.

Hydrogen atoms are bonded to both nitrogen atoms forming a cation. Both hydrogen atoms participate in hydrogen
bonding. The two xylazine moieties are held together through an extended H-bond network involving the nitrogen. oxygcn.
and chlorine anions. In the crystal structure, centrosymmetric clusters are formed by N-f-1 ..-(}--f-1---C1-"H-N hyJrogen
bond sequence between the two xylazine moieties.

There are H-bonds which do not join the xylazine moities between oxygen and chlorine (Fig. 2). These rnay irnpart
additional rigidity in the cluster. As a result ofCI"H--D  hydrogen bonding a parallelogram s forrned bythe Cl---i1---O---O
atoms.

Thc hydrogen bond lengths are given in the Table 1.

Experimental

The title cornpound was supplied by Grindeks Company. For crystal structure determination suitablc crystals were grU\W n
by slow evaporation of an ethanol (96%) solution at room temperature.

Refinement

Ihe hydrogen atoms were located hy difference Fourier method. During refinement hydrogen atoms were costraincd to the
riding mode. Uiso(f-I)=xUeq(c.y.0).  where the average values ofx are 1.15 for H atoms bonded to the thiazine ring. 1.48

lor methyi H atoms. 1.16 for benzene ring H atoms. 1.17 tot the H atoms bonded to the nitrogcn atoms and 1.44 lor the
Il atoms of the water rnolecule.

Figures

Fig. 1. The moJecular structure of the title compound with thermal ellipsoids drawn at the
50% probability level.

sup-1
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r Fig. 2. Intermolecular

N-(2,6-Oimethylanilino)-5,6-dihydro-4H-I

Crystal data

C 12HI7N2S+C!-"H2ii
li,=2748 |

Monoclinic, P2j/c

Hall syrbol: -P 2ybc
o= 134546 (2) A
b= 8.6547 (1) A
c=127732(2)A
~=109210(2)0

V= 140456(4)A3
2"=4

Data collection

Oxford Diffraction Xcalibur
diffractorneter

Radialion source: Enhance (Cu) X-ray Source
Monochromator: ~ graphite

T= 100 K

® and us scans

Absorption  co; rcction:  nurnerical
tde vleulenacr & Tornpa. 1965)

7:11111: 0:‘0- I~0" = Cibl

1046 mcasured reilections

Refinement

Retinement on pl
|.east-squares  rnatr ix: ful
R[F> 2a(P'JJ = 0033
wRUO;L) = DD88

y= 102

250'1 reflections

154 pararneters

sup-2

hydrogen bond formation (dashed lines) in the title compound.

,3-thiazin-3-ium chloride monohydrate

FOOD = 584
D; = 1300 Mg m-3

Cu Ka radiation

),=15418A

Cell pararneters from 19046 reflections
S = 35-746°

fl=3.69 mm-'
T= 100 K
Prism, white

0.44 x 0.25 i 014 mm

2747 independent reflections

2509 retlections with! > 20a(!)
RiJIl = 0.029

Smax = 74.6°

Smin = 3.5°

k= -1 0->10
1=-15->15

H-atom paramcters constrained
W = [weight][l-(oFI6af)2]2
(6la)ymax = 00003

Pmax = 043 ¢ A-3

1pmio = -033 e A-3

Extinction correction: none
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Fractional alomic coordinates and isotropic or equivalent isotropic displacement parameters ({~

X y z Li;50 '/Ueq
S| 072343  (3) 0.06408 (5) 0 19253 (3) 0.0234
c2 0.79732 (14) -01/421  (19) 0./9970(14) 0.0244
c3 0.90751 (14) -0.0827 (2 0./9854(14) 0.0252
c4 0.90283 (13) -0.0099 (2 0.08935 (14) 0.0244
N5 084522 (11 0.13793 (17) 0.06888 (12) 00225
c6 076970  (12) 0.17936 (19) 010687  (13) 0.0199
N7 072435(11) 031807(16) 008222 (II) 0.0217
cs 0.65460 (13) 0.37922 (18) 0.13689 (14) 0.0210
c9 0.69975 (13) 04718 (2) 023077  (14) 0.0224
clo 063438  (14) 0.5346 (2) 028445  (15) 00278
cil 0.52719 (15) 05046  (2) 0.24466 (17) 00319
CI2 048404  (14) 04128 (2) 0.15214 (17) 00300
ci3 0.54694 (13) 0.3482 (2) 009525  (15) 00255
Cl4 049879  (15) 0.2481 21 -000495  (16) 0.0319
CIs 081647 (1J) 04980 (2) 0.27462 (14) 0.0249
(116 0 18401 (3) 0.10294 (5) 0.51765 (3) 0.0238
a7 0.94136(9) 031268 (14) -0.05720  (10) 0.0272
H21 08012 0 1644 02678 00280'
H31 0.9450 -0 1803 0.2067 00276'
H32 0.9432 -00145 0.2573 00277
H41 0.9748 00101 0.0908 00289'
H42 0.8694 -00804 0.0300 0.0289'
H141 0.4312 02885 -00488 0.0475'
H142 05426 0.2414 -00510 00467*
11143 0.4889 0 1450 00189 0.0475*
11151 08332 0.5724 03339 00357*
11152 0.8415 0.5357 0.2174 00356*
11153 08515 04017 03030 0.0359*
;1171 0.9124 0.3966 -00570 0.0391*
11172 1.0056 03286 -0.0335 00395*
1122 07604 -0.1794 0 1379 0.0278'
i15 0.8667 02066 0.0318 00267
H7 07466 0.3812 0.0417 0 0250
HIO 0.6635 0.5960 0.3474 00320'
1-111 0.4838 05483 0.2825 00362*
1112 04111 0.3933 0 1255 0.0341 *

.uomic displace ment porameters (42)

Ldl 2 13 12 u cD

sl 0U236(2) 0.0216 (2) 00306 (2) 0U0450 1,151 00/642(17) 0.00271 (141
Ci 0.0292 I'l) 00208 (8) 00269 (8) 0.0023 (6) 00143(7) ODDSS (6)
3 0.0257 (8) 00265 (8) 0.0251 (8) -00001  (7) 00109 (71 0uos,) 17.
C4 0.0227 (8) 00262 (9) 00274 (8) -0.0012  (7) 0.0127 (7) 0.0037(6)

sup-3
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\15 0.0227 (7) 0.0222 (T) 0.0268 (7) 0.0015 (5" 0.()13715, 000()4 (5)
Cs, 00186 (T) 00218 (8) 0.0203 (7) -00012  (6) 0.007666 ) -0.0019  (6)
N7 0.0137 (7) 0.0206 (7) 0.0245 (7) 00018(5) 00130161 0.0002 (5)
e8 0.0203 (7) 00193  (8) 0.0258 (81 0.0046 (6) 0.0107 (6) 0.0032 (6)
co 0.0225 (8) 0.0204 (8) 0.0258 (8) 00035  (6) 0.0103 (7) 0.0035 (6)
clo 0.0297 (9) 0.0274 (8) 0.0296 (9) ~0.0003 (7) 0011'40 (7) 0.0043 (1)
cil 00274 (9) 00319  (10) 00432  (110) 00024 (8) 00209 i8) 000(517)
CI2 00181  (8) 0.0290 (9) 00442 (I 0.0072 (8) 0.0121 (7) 0.0020 (7)
cI3 00221 (8) 0.0218 (8) 0.0319 (9) 0.0052 (T) 0.0078 (7) 0.001)8 (6)
Cl4 0.0264 (8) 00263 (9) 0.0382 (10) 0.0001 (8) 00042  (7) 00029 (71
Cls 0.0224 (8) 0.0254 (9) 0.0259 (81 0.0012 (7) 0.0065 171 0000716;
Cll 0.0232 (2) 0.0239 (2) 0.0266 (2) 0.00033 (14) 0.01150 (16) 0.00127 (14)
Di 7 00244  ~6) 0.0248 (6) 0.0351 (71 00025  (5) 00135 (51 -0.0028 (Sl

Geometric parameters (A, 0)

S1--C2 18215117\ C9=---Z'1() 131 ()
Si--C6 17403 (16) ('9--(15 1501 (21
Cc2-C3 1512 (2) clo-~ClI 1387 ci)
C2--H21 0959 CI()--110 11.936
C2--1122 0964 Cll--CI2 1383 (3)
C3--C4 1513 (2) Cll--1111 0.150
C3--mll 0.971 Ccl2—(, 13 IAOI (3)
C3-1132 0.952 C! 2--1112 0.942
C4-N5 1474 (2) CI3--(, 14 1501 (3)
I'4--}141 0.977 CJ~11141 0.964
1'4--1142 0961 C1-1--11 142 ove1
N5---C6 1312 (2) (14--11143 09(.6
"'--H'5 0.866 C15-1 1151 0963
C6-N7 111336 (2) CI5--1-1152 u.957
i\7--Cil IH2 (2) e15--11153 067
\J7--H7 0870 017-H 171 0.825
C8-C9 1.404 (2) Ol7-H 172 11829
cs-\. 13 1.395 (2)

I'2--S 1--('6 102.42(8) C9-C8---{"13 12261 (15)
~1-C2--C3 11157(12) (,8-CY---C 10 11:U51101
~1-(2-H21 1072: c8-('9--(" 15 120711 (L)
(3-C~--1121 103 Cl (3--C9--('15 12il.71 i [6)
S 1--C2--H22 1092 Co---{' 10--(~INl 17 (1t
C3-~C2--H22 1IN.9 C9--(" 10111 0 119/
1121-C2--1 122 109.7 Cll-C 113--H 10 120 S
C2--C3--C4 10991 (141 (10--Cll--C12 12093 (161
I2-C3~i 131 108.6 C10-( I-H 1111 Il 8.6
(-~'3~113 1 108t Ca2—-(lI~H 1l 120!
C2---C3-J 132 1103 Cl1-(1 2--CI 3 121 14 (1o
11---C3-1132 101)(j C11-(; 12--1-112 11204
131-C3-1 M )12 C13—( 12-1-112

C3--C4--N15 112.65 (13) Cl12-( 138 11711 1 116)

(3—(4-1141 IIOR4 C 12--(13--(14 120.45(16)
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N5-C4-H41 108.0 C8--C 13-C 14 122.53(16)
C3-C4-H42 109.2 C13--C 14-H 141 110.2
N5-C4-H42 1091 C13--C14-H142 1121
H41-C4-H42 1093 H141--C14-H142 1085
C4-N5-C6 12670 (14) C13--C14-H143 1092
C4-N5-H5 116.2 H141--C14-H143 108.5
C6-N5-H5 1169 H142--C 14-H 143 108.3
SI-C6-N5 123.83(13) C9--C15-H151 109.9
SI-C6-N7 11566 (12) C9-C 15-H 152 110.8
N5-C6-N7 12050 (15) HJ51--C15-HJ52 108.8
C6-N7-C8 122.35(13) C9-C15-HI53 109.3
C6-N7-H7 1189 H151--C15-H 153 1088
C8-N7-H7 1176 H152--C 15-H 153 109.3
N7-C8-C9 117.10(14) H171--017-H 172 1069
N7-C8-C13 12028 (15)

Hydrogen-bond geometry (1. 0)

D-H--A D-H H..-A D...A D-l-1--.~
N5-H5"0I7 087 197 2.815(2) 163
OI7-HI71--.ClI6' 0.82 2.36 3158 (1) 164
N7-H7"C116' 0.87 2.37 3.204 (1) 162
OI7-HI72-"CI16" 0.83 2.35 3.171 (1) 173

Syrnmetry codes (i) -x+ 1,y+1/2, -.:+ 112; (i) X+1,-y+1/2, .:-1/2
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Dipotassium  4,4'-(hexane-3,4-diyl)bis-
(benzenesulfonate)  dihydrate

LianaOrola,” Mikelis V. Veidis.?" Sergey Belvakov" and
Andris  Actins”
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X-rilY study; T = 298 K: mean a(C-C) = 0,005 A;
«J1Emr = 0.052; WR factor = 0.122; dara-ro-paramctcr rato = 14.0.

\ .ndicators:  singlc-crysral

The anion of the title compound, also
liliydrate, 2K+,C1SH2006S22- ,2H,0, has crystallographic
nversion syrnrnetry. The K+ cation is surrounded by eight 0
norns in a distorted cubic coordination  geometry, forming
extended K-O-S networks. There are also O-H---O

hrJrogen bonds.

called sygethin

Related literature

Furthe synthesis, see: Torf & Khromov-Borisov ~ (1961). For
~"neral background, see: Svergun (1979). For a related
ii,ucture, see: Weeks et dl (1973).

oo 1)

—F 2k*
\
(o 2 H,0
hperimental
-vstal data
1;'C, ff,,0;,5,2--2H,0 y =762 (6)
U= 25536 v =,6651 (1) A
~lltinic. P z =
'1>741 (5) A MO Ka radiation
614 (i) A i . Ofi4 mm:
-12.335 (14) A T= 2% K
" X4.272 (4) .27 x 119 x I.14 mm
" B37fiR (S)

Cryt. (2008). E64, ml027

do;:101107"S1600536iJ0802120X

metal-organic compounds

Dala collection

Nonius KappaCCD diffractornctcr 2576 independent  rcttcctions

Absorption  corrcction:  nonc 1911>reflcctions  with 1> 2"(1)
4330 measured  reflections RM = 11.127

Refinement

RrF" > 2a(F)1 = 0.05! 137 paramctcrs

WR(F) =0.122 ‘|-l-atom pararnctcrs constraincd
5 =0R9 trnm = 149 ¢ A-/

1918 rcficctions nemn - Q.42 L AL

labie 1

Selected bond lengths (A),

K14-09! 2733 (3) K14-09 ansy Pl
K14-07" 273, (3) K14-01S -2.Q37V)
K14-01S¥ 281(, (3) KI4-0R~" L~71] 131
K14-0i¥ 2834 (3) K14-07 30l (M

Symmetry  codes: {i) -X+ 1 -y+ L -z 1 (i) v 1o-an - F oL (jix+ 1\ ~

labie 2
Hydrogen-hond  geornetry (A. ).
D-H
OIS-HS-:-08": t]1>4 2.00 2.7~0 (2) 156
Symmetry ccde: (iv) -x. -y +1 -+
Data collection:  CGLLECT (Nonius.  2001): cell refinement:
DENZGISCALEPACK (Otwinowski & Minor , 1997): data reduc-

tion: DENZGISCALEPACK;
SIR92  (AJtomare

program(s) used to solve structure:
et al.. 1994): pragram(s) used to refine structurc:

CRYSTALS (Betteridge  er al., 2003); molecular graphics: GR7E?-3
for Windows (Farrugia, 1997); software used to prepare rnaterial lor
publication:  CRYSTALS.

Financial aid was provided by Latvia Science Council graut
05.1 737.

Supplementary
IUCr electronic archives (Reference:

data and figurcs for this paper are available norn ihc
CF2208).
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Acta Cryst. (2008). E64, mlo27  [doi:10.1107/S1600S3680802J20X]
Dipotassium 4,4 '-(hexane-3,4-diyl)bis(benzenesuJfonate)  dihydrate

L. Orola, M. V. Veid is, S. Belyakov and A. Actins

Comment

The synthesis has been described by Torf & Khromov-Borisov ~ (1961). Replacement of the two OH groups of the estro-

gen hexestrol molecule with two KS03 groups results in the formation of the dipotassium salt of 4,4'-( 1.z-diethyl-1 2-

ethanediy I)bis(benzenesulfonic  acid), also known as sygethin. Although the placement of carbon atoms in sygethin is very

similar to hexestrol (Weeks et al., 1973) sygethin does not show estrogen-type activity (Svergun, 1(79).

The crystal structure of the title compound has been determined. Fig. 1 illustrates the structure, The anion is located on

a center of symmetry. The unit cell contains one sygethin anion, two potassium cations and two water molecules.

The packing diagram, Fig. 2, indicates that there are eight oxygen atoms coordinated to the potassium ian in a very
distorted cubic geometry: six oxygen atoms are from four sygethin SO03 ions and two oxygen atoms are frorn the two water

molecules. A hydrogen bond is formed by each water rnolecule and sygethin.

Experimental

The title cornpound was supplied by Grindeks Company. To grow crystals suitable for single-crystal diffraction study, the
powder form of sygethin dihydrate was dissolved in water at 333 K to obtain a saturated solution. After filtration. the
saturated solution was diluted with approximately 50% more water and allowed to crystallize in a petri dish at ambient

ternperature.

Refinement

The hydrogen atoms were all located in a difference Fourier map. Hydrogen atoms attached to carbon atoms were reposi-

tioned goemetrically.  During refinernent, hydrogen atoms were constrained to the riding mode. Uiso(H)=x{-c1.j(C.O). where

the average values of x are 1.66 for H atoms of the methyl group, 1.2 to 1.29 for H atoms attached to the remaining C atorn.

and 141 for the l-latoms of the water molecule.

Figures

. Fig. 1. The structure of the title cornpound. with displacernent ellipsoids at the SO% probabil-
ity level. [Symmetry code for unlabeled atoms: I-x. -y.-z.]

's. Fig. 2. Packing diagrarn of the title cornpound.

sup-1
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Dipotassium 4,4'-(hexane-3,4-diyDbis(benzenesulfonate) dihydrate

Crystal data

2K*-C 1gH20065,27-2H,0
M,=255.36

Triclinic, PT

Hall symbol: -P |
a=58741 (5) A
b=65684(5) A
c=152335(14) A
o =84.272 (4)°
B=83768 (5
y=76.522 (6)°
V=566.51 (8) A>

Data collection

Nonius KappaCCD

diffractometer

Radiation source: Enhance (Mo) X-ray Source
Monochromator: graphite

I'=298 K

¢ and ® scans

Absorption correction: none

4339 measured reflections

2576 independent reflections

Refinement

Refinement on 2

Least-squares matrix: full

RIF% > 26(F%)] = 0.051
WRUFHY=0.122
$=0.89

1918 reflections

{37 parameters

Z=1

Foop =266
Dy=1497Mgm™
Dp=Mgm™

Dy, measured by ?

Mo Ka radiation
L=071073 A

Cell parameters from 2576 reflections
8=14-274°

u=0.64 mm”’
7=298K

Prism, colourless

0.27 x 0.19 x 0.14 mm

1918 reflections with / > 26(/)

Rine = 0.027
B = 27.4°
Opminy = 1.4°
h=-7—-7
k=-8—8
[=-18—19

H-atom parameters constrained

w = [1(Fy-Fe 23667 H[53.8To(x) + 84 3T ((x) +
SLETH(x) + 20.0T5(x) + 5.48T4(x)]
where T; are Chebychev polynomials and x = F./

Fma\'

(DG max = 0.0003
Apmax = 1.49 ¢ A7
Appin=—042 e A7

Extinction correction: nonge
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Fractional atomic coordinates and isotropie or equivalen/ isotropic displacemen/ parameters (AZ)

X y B Uiso */Ueq
Cl 0.5804 (7) -0.0364 (6) 0.0370 (2) 0.0454
c2 0.4756 (6) 0.0667 (5) 0.1221(2) 0.0398
e3 0.5685 (7) 0.2183 (5) 01527 (2) 0.0455
c4 0.4714 (7) 03172 (5) 02292 (2) 0.0431
c5 0.2797 (5) 0.2595 (5) 0.27676 (19) 00324
S6 0.15644 (14) 0.37197 (12) 037713 (5) 0.0329
07 01593 (5) 0.1938(4) 0.44237 (15) 0.0503
08 -0.0830 (4) 0.4813 (4) 0.36269 (17) 0.0476
09 0.3068 (5) 0.5041 (5) 039615 (18) 0.0554
Clo 0 1865 (7) 0.1054 (7) 02483 (2) 00490
Cil 02858 (7) 0.0092 (8) 0.1721 (3) 00564
CI2 0.6723 (9) -0.2695 (7) 0.0533 (3) 0.0589
ci3 0.8749 (8) -03309  (7) 0.1140(3) 0.0603
Kl4 067561  (14) 0.20792 (11) 0.48854 (5) 0.0427
015 0.3244 (5) 0.1011 (4) 0.62693 (19) 0.0594
1111 0.7195 00235 0.0172 0.0592*
1-131 07003 0.2542 0 1201 00587*
1-141 05361 0.4240 0.2493 00543*
1-1101 0.0552 0.0653 02817 0.0628*
1-1111 02199 -0.0957 0 1524 00748*
1-1121 0 7280 -03309 -0.0033 0.0684*
HI22 0.5410 -0.3272 00825 0.0689*
1-1131 0.9207 -0.4839 0.1192 0.0894*
1-1132 1.0067 -0.2743 0.0867 0.0891 *
H 133 08213 -0.2757 0.1713 0.0894*
H5 0.2249 0.2110 06406 00828*
HI3 0.4165 00717 0.6665 00829*

Atomic displaccment parameters (42)

Ul U2 LP' (d2 Ut un

Cl 0.053 (2) 0.050 (2) 0.0306 (16) 00163  (14) 0.0018 (14) -0.0036  (16)
c2 0.0498 (19) 0.0414 (18) 0.0251 (14) -0.0110  (13) -00015  (12) -0.0038 (151
cs3 0.066 (2) 0.0375 (17) 00340  (16) 00099 (13) 00122  (15) 00186 (17)
C4 0.062 (2) 0.0350 (16) 0.0350 (16) -0.0118  (13) 0.0071 (15) 00172 \16)
C5 0.0360 (15) 0.0:>42 (151 0.0247 (13) -0.0073 (1) -0.0044  (I1) -0.0006 (13)
S6 0.0364 (4) 00328 (4) 00272 (4) -00097  (3) -0.0024  (3) 00000 (3)
07 0.0666 (I 7) 00453 (1 4) 0.0291 (12) -00015  (10) 00008(11) 0.0045(13)
08 00413 (14) 00446 (14) 0.0498(14) -00112 (1) -00066 (11 00089(11)
09 0.0584 (17) 00668  (18) 0.0492(15) -00335  (13) 00058  (12) -0.0235  (14)
cio 0.0441 (19) 0.06192) 00424(18) 00273 (17) 00078(15) 00226 (18)
cil 0.053 (2) 0080(3) 0.049 (2) -0.039 (2 0.0069(16) 0.032  (2)
ci2 0.073 (3) 0.055 (2) 0.049 i2) -0.0125  (18) 0.0002 (19) 0014 (2
ci3 0.062 (3) 0054 (2) 0.066 (3) -0.005  (2) -0016(2) -0010(2)

sup-3



supplementary materials

K14 0.0488 (5) 0.0328 (4)
015 0.0713 (19) 0.0425 (14)

Geomeltric parameters (4, )

cl—cr 1.518 (7)
C1—C2 1.525 (4)
Cl—C12 1.505 (6)
Cl—HI1 0.993
(2—C3 1.382 (5)
Co—ClI 1.386 (5)
C3—C4 1.393 (4)
C3—H3I 0.938
C4—C5 1.380 (5)
C4—H41 0.961
C5—S6 1.773 (3)
C5—C10 1.382 (5)
$6—07 1.456 (3)
56—08 1.452 (2)
S6—09 1442 (3)
C10—Cl1 1.383 (5)
C10—HI101 0.952
cli—cl1—c2 111.4(4)
cli—cl1—ci2 116.9 (4)
C2—Cl1—C12 2.1 (3)
Cl'—CI1—H11 104.1
C2—Cl—H11 104.9
Cl2—Cl—H]11 106.2
Cl—C2—C3 121.3 (3)
Cl—C2—C11 121.1 (3)
3—C2—Cl1 117.6 (3)
C2—C3—C4 121.9 (3)
C2—C3—H31 117.9
C4—C3—H31 120.2
(3—C4—Cs 1191 (3)
(3—Cd—H41 121.1
(5—C4—H41 119.8
(4—C5—S6 121.1 (2)
C4—C5—C10 120.0 (33
S6—C5-—C10 118.9 (3)
C5—86—07 104.86 (14)
(5-—S6—08 106.39 (14)
07—S6—08 110.82 (17)
(5—86-—09 106.55 (15)

Symmutry codes: (i) =x+1, =y, ==, (i) =x+ 1. —p+ 1 —z+ 10 (i) —x+ b~y =o+ ] (V) x+ 1y o

0.0463 (4)
0.0553 (16)

CIll—HI111
Cl12—CI3
Cl12—HI121
Cl12—HI122
CI3—HI131
C13—HI32
CI13—H133
O15—HS5
O15—H13

K 14—09"
K14—07"
K14—015'
K14—07"

K 14—09
K14—O15
K14—08"
K14—07
07—S86—09
08—S6—09
C5—C10—Cl1
C5—CI10—HI0I
C11—C10—H10!
C2—C11—C10
C2—ClI—HI11
CI0—Cl1—HI11
Cl—C12—C13
Cl—CI12—H121
Cl13—C12—H121
Cl—Cl2—HI22

Ci3—C12—H122
HI21—C12—H122

C12—CI13—HI131

C12—C13—H132
HI31—CI3—H132
Cl12—CI13—HI133
HI31—CI3—HI33
HI132—C13—H133

H5—O15—H13

~0.0084 (3)
—0.0111 (12)

—0.0041 (3) —0.0066 (3)
—0.0175 (14) 0.0138 (13)

0.952
1.542 (6)
0.980
0.982
0.975
0972
0.971
0.844
0.832
2733 (3)
2.736 (3)
2816 (3)
2.834 (3)
2.934 (3)
2937 (3)
2.970 (3)
3.211 (3)
112.47 (18)
114.94 (17)
119.9 (3)
119.6
120.5
1214 (3)
119.0
119.6
114.2 (4)
109.3
108.1
106.9
107.6
110.5
106.9
109.2
109.6
109.4
114
110.4
106.5
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Hydrogen-bond geometry (A, °)
D—H-4

O15—H35--08"

Symmetry codes: (v) —x, —y+1, —=+1.

DA D—H-4
0.84 2.00 2790 (2) 156
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Fig. 2
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Fizikala Kimija
L Orola, AtV. Veidis, A. Actins

STUDY OF THE PHASE DIAGRAM OF SYGETHIN

University of Latvia

According to Morris et al, [IJ during processing the active phar-
maceutical ingredient may undergo phase changes. An important phase
transition is the solid-solid transition between anhydrous material and hydrate
in humid environrnent.

The transition [rom the anhydrous form to hydrate and vice versa can in-
fluence production during the powder mixing and the compacting process and
also affect the quality of the final product. Knowledge of the transition process
can ensure selection of the best conditions for compacting and storage of the
target product to maintain its pharmaceutical effectiveness, Therefore a study of
behaviour and stability continues to be an active field of research [2, 3].

When considering an anhydrous state - hydrate system, transition berween
phases may depend on the temperature and partial pressure of water vapour, i.e.
relative hurnidity. Attainment of equilibriurn of the transition is a function of
tirne, and the hydration - dehydration process at a given temperature and
hurnidity is rate-dependent, As a general rule, the content of hydrated form in
the sample decreases along with the increase of the temperature, but it increases
along with the increase of the partial pressure of water vapour. To exercise
control over the process, ideally the phase diagram of the sarnple constituents is
required. However, because conditions of the working environment are limited,
the phase boundary diagram at rnoderate ternperatures and relative humidity
rnay be sufficienr.

Krzyzaniak et al. [4] have offered a method to deterrnine the phase boundary
utilizing near infrared spectrometry.

In the present study, a relatively sirnple, but effective method for the derer-
minarion of the phase diagram has been applied. The method uses gravimetric
determinations of the mass change as a function of time at set ternperature and
relative humidity (RJ:I).

Sygethin was selected for this investigation because it has been reported to
crystallize in two distinct crystalline forms: anhydrous fonn and dihydrate. The
anhydrous forrn will form the dihydrate on exposure to the atmosphere within
20 to 30 hours [5]. Sygethin (4,4'-(1,2-diethyl-l,2-ethanediyl)bisbenzene-
sulfonic acid dipotassium salt) is a pharrnaceutically active substance analogous

o _ y2HS 0
K+ 0:'QQ'~I~ ~- -~|g:l--|y|-ﬁ K+

C,Hs

to estrogen hexestrol, but sygethin apparently does not exhibit estrogen-like
biological activity [6].



EXPERIMENTAL

Materials. Sygethin dihydrate, supplied by the company AS Grindex, was used in this

investigation. Anhydrous sygethin was prepared by heating the dibydrate form at 100 °C fo

30 min in an air oven. The integrity of both forms, the anhydrous and the dihydrate, was checked
using X-ray powder diffraction.

The rate of transition between the anhydrous form and the dihydrate form was measured at
iven RH and temperature. Various concentrations of sulfuric acid were used to control bunidity.
Sulfuric acid (Y8%, reagent grade) wes diluted to concentrations for which the relative hwndw
(RH) values are known. RH was checked with thermohygrometer.

Characterization of sygethin forms. X-ray powder diffraction (XRPD) patterns of
sveethun dihydrate and anhydrous sygethin were determined using a Bruker AXS D8 Advance
powder diffractometer with Cu K, radiation (A = 1.5418 A). Data were collected at toom
temperanire from 20 = 3° 10 40°, with a step of 0.02° and scan speed of 1 “/nun,

Thermogravimetric analysis (TGA) was performed using Seiko Exsrar 6000 TG/DTAG300
cquipment. The sample (approximately 6 mg) was heated in open aluminum pans at rale ol
10 °C/min in air.

Differential scanning calorimetry (DSC) was carried out on a Mefiler Toledo DSC 823¢
instrument. Approximately § mg of the sample were heated at rate of 10 °C/min in air.

Determination of the phase diagram. For a two-component system the determination
of the stability region can be based on a diagram which relates the components such as RH and
temperature, to the environment of the system.

In order 1o determine the phase boundary where the anhydrous and the hydrated crystal forms

in equilibrium, 111 (by mass) mixture of the two forms of sygethin was repar from the
po‘mu samples. To ensure the thorough mixing, the sample was ground for 1 minuie using a
mortar and pestle, The mixture was divided in 180 mg (approximately) portions Mm.h were
placed in tared weighing bottles and weighed. The camples were simultaneously placed in
desiceators which served as humidity chambers, ai temperatures of 10, 20, and 30 °C Constant
ity was maintained by charging the desiccators with selected concentrations of sulfuric
acid. To follow the chaonges in compositdon, the samples were weighed at set time intervals
Weighing was discontinued when the mass of the material was constant

RESULTS AND DISCUSSION

Figure | is the TGA result of sygethin dihydrate. From the diagram it
may be concluded that the inaterial loses 7.1 per cent of its mass on heating and is
dihydrate. The theoretical mass of water in dihydrate is 7.05 per cent.

f‘d

\\
580~ \
\
&
£ 960r
=
f‘;";—

Temperature, °C

Fig. 1. TGA plot of sygethin dihydrate.

The smooth DSC plot (Fig. 2) and the smooth TGA plot indicate that
sygethin dihydrate has lost probably the two water molecules in one step.

Figure 3 shows the observed powder diffraction patterns of the anhvdrous
form of sygethin and dihydrate. The differences in 20 values suggest that the
samples are distinct compounds and there is a change in crystal packing as a
result of hydration or dehydration. Crystal properties of the material appear to
be maintained when dihydrate is dehydrated by the loss of two water m

lecules.

112
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Fig. 2. DSC plet of sygcrhin dihydrate.
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Fig, 3. The powder diflraction partera of sygethin.

To construct the phase diagram, it is necessary to deterrninc the conditions
for equilibriurn between phases. Equilibrium conditions may be deterrnined
from the rate of phase transition at a definite ternperature and RH. When the
system is at equilibriurn, the phase transition rate is zero and there is no ehange
in the sarnple mass.

The phase transitions of sygethin were investigared using the sarnple mass
change as a function of time the sample was held at constant ternperature and
constant RH. 'Equation (I ) was used to calculate the mass change (q!:»:

full = (m2 - mJ 100, (1)
m
>'lhere Sm is the relative ehange in mass (%);
In s rnass (g) of sygethin mixture in the sarnple:
mlis  initial mass (g) of weighing bottle and sygethin rnixture:
In: isrnass (g) of weighing bottle and sygethin rnixture after fixed time
at constant RH and ternperature
When !Im<O the transition is a dehydration process, When ,0.111>0.hydration
takes place.
Changes in the sample mass (%) as a function of tirne at various values of
RE and fixed temperature are presented in Figure 4, S.and 6
As can be seen from Figure 4, at 10°C and RH of 18,1 and 15,2% the phase
transition lays in the direction of the anhydrous sygethin, but at RH of 22,8 and
21.3(X~the transition is in the direction of dihydrare. At RH of 19.7% the two
phases appear to he close to equilibrium.
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Fig. 4. Plet of per cent mass change as a funcrion of ticic, at 10°C-
t-22.8%RH. A-2U'70RH. )!(-19.7%RH, -18.1%RH, .-15.24{;RFI

At 20 "C (Fig. 5), the phase transition from the dihydrate to the anhydrous
sygerhin takes place at RH value of 192%. Hydrarion process was observed to
proceed at RE of 22.6% and 24.3%. The anhydrous sygethin and dihydrate are
close to equiliborium at RH of 21.0%. and at this RH further significant

interchange takes place over tirne,

100 150 200 250
Time, h
Fig. 5 PJot of pel cent mass change as a functiou of urne, at 20 ne:
.--243'kRH, &.-22.6%RH.  )I(-210'i":.RH .» -192%RH

From Figure 6 it can be deduced that at 30 N€ and RE of 21.8% and 23.5%:.
the transition from dihydrate form to the anhydrous form rakes place.At: RI] of
26.31i() hydration takes place. No significant changesin  the rnass of the sarnple
were observed at RH of 25.0%, and equilibrium has been established appa-

rently.

150
-1.00 o . e
050
0.00
[ ]

-100 A

| X . °
-1.50 -

0 W ~ 00 00 100 IwW 1~

Tirne, b

Fig 6. Plet of per cent mass changeas a function of ume, at 30 "C:
+-263% RE. iig- 25.0% RH, &. - 235% RH, « - 218% RJ1.
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As can he seen from the curves (Figure 4, 5, and 6), the kinetics of transition
differs at various RH The mass change-time curve can be best described by an
exponential  function of the form (2):

fun =W - (W - Wo)e « @

where 11m is the relative change in mass, °A);

W is the mass change (relative to the initial mass m, 7'l:.Jwhen the
system has attained a steady state, i.e. the curve s essentiall y a
horizonta] line;

k is the rate coefficienr, h-%
is the time, h;

Wp is the mass change of the initial mass (Wo at t = 0, %). Ir no
conversion takes place, Wy = 0.0% is expected. Our data show that
there is approximately  0.02 per cent conversion at t =0O.

The least squares curve fitting procedure from the Microsoft Lxccl Solver

program was utilized to optirnize the function 52 ::2.:(2vng,, -lNith~nr/ , and to

calculate values of tv, Wpand k, at variaus ternperatures and RH.

The obtained nurnerical values were then used to determine the rare of phase
transition, k' at 10,20, and 30°C wusing the following equation (3):

k'=:k(W-Wp)' )

To construct the phase diagrarn, the RH values at each ternperature  seuing
were determined  when the system was at equilibrium. In this case two
approaches  were employed to accomplish this.

The first approach uses the relative change in rnass, W, as a function of RIJ
at the selected temperature as illustrated in Figure 7. The second approach uses
the rate of phase transition, k', plotted against the RH as illustrated in Figure 8.
The curves in Figure 7 and Figure 8 were obtained by least squares method

Two phase diagrams were consrructed. The first diagram wads constructed by
plotting RH values at equilibrium as a function of the rate of phase transition
(k'j from Figure 8. The second diagrarn was constructed by plotting the RU
values at equilibrium as function of mass change (%) frorn Figure 7. In the both
instances the data may be fitted to a second order polynornial.

19 21 23 25 27
Relative humidity. %

Fig. 8, Deterrninarion of the RH ai equilibriurn  based on relati ve mass chaDg~,'
+-10"C.e --20°C; =+ - 30"C.
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Fig. 8. Deterrniuation of the RH at equilibriurn based on the rate of phase transition:
+-10°C, .-20"C; ...-30"C

The close resemblance of the two curves (Fig. 9) indicates that either
approach may be used to deterrnine the phase diagrarn.

30-°1 )j~o0.0li-0.15x+ 20.3

4. 25.0 Jl ""mc,~

o 20.0 ~
E
”1) 150 y =0.01'16,2 - 0.18~'k' 20.1
2 1 (trern raze of ph3:ie tr.ansition)
rj lgo
" 50 |

00 . J—.———————————

0 10 20 30 40

Tcmperature, -C

Fig. 9. The relationship bctween RH and ternperatureat the phase diagrarn
+- from rate ofphase ftransition, ,,;- [rom mass change %.

The relationship between ternperature and mcisture at the phase diagram is
better illustrated by plotting the partial pressure of water vapour (Pn) against
temperature at equilibrium as shown in Figure 10,

10.00 I y = 2E_0geC07-5'
R’= 0.9999 1
oy i 1 (from mass change %) .o
£
; /
g 4.00
. ~y = 'IE_Ogei)-0747x
200 r - / R? = 0.9996
(from rate of phase transit ion)
000 +—————— 3T T T T, T T T T, T 7
270 280 290 300 310

Tcmper arure, K

Fig. 10. The relationship berween the pamat pressure of water and temperature .
e - nom rate of phase transition, ti- from mass change %.

The curve in Figure 10 may be described by the expression (4):
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Po =Ae“t, )

where  Po is the partial pressure of water vapour, mm Hg;
A is a constant, mm Hg;
@ is aeonstant, K-\
T is temperature, K.

Cautious  extrapolation ~ of the curve past the experimentally deterrnined
limits may be done to extend the phase diagram.

10.00 _
y = 2E_0geo0.0?35X

P (B~ %"

W 6.00

[:. i N _/' 1 = 1E_Ogeol0747r

200 -~ R?=0.9896
(from rate of phase transition)
r

270 280 290 300 310
Ternperature, K

Fig. 10.The relationship between the partial pressure of water and temperaturc:
« - from rate of phase transition, ~ - from rnass change, %.

As follows from the phase diagrarn (Fig. 10), the effect of the partial pres-
snre of water vapour is smaller in the 10° to 20 "C ternperature range compared
to the 20° to 30°€ region. These observations indicate that as the ternperature
iucreases, so does the effect of the partial pressure of water vapour. As rnay be
concluded from the phase diagram , in the area above the curve (Fig. 10) the
dihydrate form is stable, Below this curve the anhydrous fonn is stable.

The crystal structure of sygethin dihydrate has been determined 17]- Sygethin
dihydrate crystallizes in the triclinic space group P 1 with aoe molecule per unit
cell. The potassium ion is coordinated by eight oxygen atoms from sygethin
ions and water molecules.

ejctl water molecule forms one hydrogen bond with the sygethin unit. Due
:0 the hydrogen bonds formed by the water molecule between  sygethin
molecules and coordination of potassium ions by the water molecules, the
dihydrate is relatively stable, but converts to the anhydrous state below 20 per
cent relative hurnidity at room ternperature.

Conclusions. A relatively  simple effective method for the determina-
tiem of the phase diagram of pharmaceutical anhydrous  sygethin/sygethiu
dthydrate system has been srudied. Comparison of the results at 10, 20 and 30
°C indicates that the rate of phase transition increases along with ternperarure
inerease.

The phase diagram of sygethin has been deterrnined. The stability of
sygethin anhydrous form and dihydrate depends on the ternperarurc and on the
partial pressure of water especially in the 20-30 "C rernperature region, The data
of the phase diagram show, that sygetnin dihydrate at room temperature is quite
stable and transforms to anhydrous form when relative hurnidity is below 20g;:.
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From the crystallographic study [7] it may be concluded that the water
rnolecules are located in equivalent bonding environrnents and rernoval of one
water molecule in preference  of another symmetricully rclated molJecule s
unlikely. Hence both water molecules are probably removed simultaneously.

The structure results [7] considered in conjunction with the smooth DSC and
TGA. data plots for the dihydrate indicate an one-srep dehydration process.

Acknowledgement.  This work was supported bv a grant from the Latvia
Science Council, grant 05.1735.

REI"ERENCES
1 Manis K.R, Griesser u.i, Eckhardt CJ., Stowell 1.G. Adv Drug Dcliv. Rev. ZOO\ 48, i.
91.

Airaksinen S., Karjaiainen M., Sbhevchenko k, Wes,ermarck 5., Leppanen E, Rantanen |I.
YinUisi J. J. Pharm, SE€., 2005,94,10.2147.

3. Cuguta C Meekes H, Gelder de R. J. Pharrn, Biorncd Anal., 2007. 46. 4, 617.
4. Kr7puniak J F., Williams G. R, Ni N.J. Pharm, Sei, 2007,96, 5.1270.

5. litelkpcerryoill-He<.HcKHe  TeXHW-leCKrl~  YC1I0BHJIHa Ji(KapC-nitHIUe  cpeucrsa llozr. pen A H
060ilWIKOBOU.  MC;3ni3.  tvl.. 1963,295-297.

6. Svergu!'l V. T. Dull Exp. Bia!l. \-100., 1979,87,2, 151.
i Orola L, Yeidis M.V, Actins A Ada Crystallogr., 2008, J<::ti4,027

L. Orola, M.V. Veidis, A. Actind

SIGETINA FAZU DIAGRAMMAS NOTEIKSANA

KUPSAVILKUMS

Izmantojot  gravimetrisko ~ metodi, noteikta sigetina fazes diagramma.
Atrasts, ka sigetina bezidens formas un dihidrata fazu savstarpgjas  parejas
kinétika ir atkariga no temperatlras un relativa mitruma. un S§is parejas
kinetiskas  liknes var apraksrit ar eksponentfunkciju. Masas relative izrnaipu un
fazu parejas atrumu izmantoSana  lidzsvara relativa mitruma noteikSanai  dod
Iidzigus rezultatus, kas uordda uz abu panémienu lietojamibu.

JI. Opo.na, M.B. BeH,IIMC, A. AUTHHbIU

HCCJIE)(OBAHHE )],I1AfPA.I'VmIhl <PA30Boro PABHOBECIUI
chrETUHA

F E 310 vl [;

HCfl0..'1b3j}j  rpaBHMeTpW-leCKJ-i MeTO;.I" onpeneneua  .n:VJarpaMMa [paao-
soro paBHOSCCWI Cli['eT11l-la. Y CTaHOBJ1eHO, -ITO KI-IHeTHKa B3mnmoro epa30BOro
nepexozra  6e3B0)J,HOH <j:JOPMbIC!1reTI1Ha 11ero  X\HnUJ.paTa aanncirr  0'1' 'rexmepa-
Typbl 11 OTHOCI1Tell:&HoH B.fIIDKHOCTI1, li ero  KI-IHeTl-jLIeCKI1C KpHBble MO>KHO
ornrcars  nOKa3aTC.IlbHOH epYHKIILHeH. Tlo OTHOCIK-ITenbHOMY W3MeHeHHKI MaCCLJ yl
no CKOpOCT!lcja3oBoro nepexona  n0J1Y4eHbl cxq;i<i-le peaym-raru  paBHoBeCHOH
OTHOCI-1TCnbHOH BJ!()KHOCTH, '11'0 yxaasrsaer Ha npl-IMCHHMOCTb 00e!lX MCT0JI.0B.

lesniegts 250920{)8
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Syuthesis of nieotinamide and fumarie aeid supramoleeular eoc-
'ystals with 1: 1and 2 : 1 amide to aeid stoichiometries results in
'he formation of an amide--aeid heterosynthon (1 : 1 stoiehiometry)
md an amide--arnide homosynthon (2: 1 stoichiometry) and
lifferent eonformations of the fumarie acid moieries.

Ilhas been suggested that cocrystal formation between organic bases
md organic acids™" presents an opportunity to change the physical
eroperties of participating compounds, design new cornpounds,” to
ivestigate host-guest” and NLO' chernistry. To prepare cocrystals
arious methods have been described such as slow evaporation of
-olutions and solvent-drop grinding.":" Cocrystal synthesis may be
.chieved using stoichiometric amounts of the cocrystal formers.
Producing a cocrystal with two ar more different stoichiornetries is
.ossible. but not cornmon.P:"!

The study of nicotinamide (nie, Scheme 1) and furnaric acid (fa,
xhernc 1) cocrystals with two different stoichiometries was under-
aken to determine possibJe ditTerences in the resulting structures.

Tlie-fa (1 . 1) cocrystals were obtained by slow evaporation of an

: 1nicfa ethanol solution at room temperature as colorless needles.
sic-fa(2 : 1)cocrystals were crystallized by slow cvaporation ofa?2: 1
.ihanol solution at low temperarure (5°C) as colorless lath shaped
-risrns. Both cocrystals were isolated and characterized by X-ray
.owder diiTraction (PXRD) and DTAfTG. PXRD (Fig. 1) shows
hat nic-fa (1: 1) and nic-fa (2: 1) have each a unique powder
,attem, which Cal, be used fiir qualitative characterization and to
.ssure that fcrrnation of cocrysials with appropriate stoichiometries
las occurred.

Single crystal X-ray diffraction studies of nie-fa (1 : 1) and nie-fa
2. 1)cocrystals saow that they crystallize in the rnonoclinic space
.roups P?,/C and P2Jn. respectively.; fig. 2 shows the nurnbering
cherne used for the nic-fa (1 : 1) and nic-fa (2: 1).

The structures of nic-fa (I : 1) and nic-fa (2 : 1) do not show that
TrotO!! transfer from the carboxylic acid group to nitrogen of nico-
inamide occurs and the compounds are cocrystals. As a result of the
.bserved diflerences in stoichiometry, thcre is a variation of the
irrangernent of molecules in the crystal structures (Fig. 3).

Frorn Fig. 3itcan be seen that hydrogen bonding is responsible for
-ymhon forrnation and depending on the stoichiometry of the coc-
)'staL there are two diflerent hydrogen-bonded ring motifs betwcen

“acult: of Chemistry iniversitv nf Latvia. Kr. Valdemari ad, Riga, Latvia.
IY-Iul3  Ennail: \'cidis@//l.lv:Fax. +37167378736: Tel: +37/6730' 8.'18
Electronic supplementary information (ESI) available: PXRD pattern
'f ethanol solvent-drop grinding results and DTA/TG cUf\'CSor nie-fa
I . 1)and nic-fa (2. I). eeDe reference nurnbers 686162 and 689435.
lor ESI and crvstaltographic data in CIF or other electronic format
ee DOr 10.1039/bS186679

‘111%inurnili e

The RLYyfll So6e,~ cf Cl,cmi,fry 2009

Www.rsc.org/crystengcornrn |CrystEngComm
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(0] 0
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@
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Fig. 1 XPRD pattems of (a) nie-fa (1. 1)and (b) nie-fa (2 ;.

nic-fa (1'1)

nic-fa (21)

Fig. 2 The molecular structure of nie-fa (1: 1)and nie-fa (2 1) wirh
displacernent ellipsoids  drawn at Srt<, probability  lcvel.
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CY

(b)

lig.3  Arrangement of molecules in the crystal structure of (a) nie-fa
1: 1)and (b) nic-fa (20 1)

ucotinarnide and fumaric acid rnolecules, The hydrogen bonds are
-urnmarized in Table 1.

nic-fa (1 1) fonns a suprarmnolecular ~ heterosynthon  beiween nic
.nd fa involving O-H---O and N H™O hydrogen bonds between
nic and fa moieties. In nic-fa (1 1) cocrystal the molecules are

-rranged in planar layers and the layers are not connected by
~'lydrogen bonds. The distance between layers is 3.081 A. In each layer
he rnolecules form a continuous-sheet hydrogen-bonded nen. sork.
This sheet consists of zigzag chains, which are connected through
) ..H-N hydrogen bonds.
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Fig. 4 The packing diagrarn of nie-fa (2 : 1)along the C axis.

The structure of nic-fa (2 : 1) shows supramolecular homosynthon
ormation between two nic moieties by N-H---O hydrogen bonding.
The fa moiety lies on an inversion center. The structure of nic-fa
2. 1) exhibits a cross-linked arrangernent of nic and fa molecules
Fig. 4): there are hydrogen bonds between nicotinamide dimer
Homosynthons and the furnaric acid moieties.

The fa moiety in each compound has a diJferent conformation: in
ne-fa (1 : 1) furnaric acid is in the S-cis/S-trans, while in nic-fa (2 : 1)
umaric acid has the S-cis/S-cis conformation. Packing requirements
" ditTerent stoichiometries and differences between homosynthon
nd heterosynthon hydrogen bonding requirements may result in the
Jifference of the confonnation of the dicarboxylic acid.

As a result of differences in crystal packing and the formation of
.crerosynthons or homosynthons, cocrystals with different stoichi-
umetrics can have different physical peoperties. For example, the
rnelting point of nic-fa (1 : 1) is higher than nic-fa (2 : 1.§ Frorn the
nsults of ab initio calculations" an acid-amide heterosynthon is
mergetically favored over acid-acid homosynthon and the nie-fa
". 1 1) heterosynthon would be expected to be thermaUy more stable.

usJournal i~ The Royal SOC.i~lY of (hernistj 2009

Cornparing the PXRD results with the powder patterns generated
using the single crystal data confirms that preparation of nic-fa (1 1)
and nic-fa (2 : 1) by ethanol solvent-drop grinding produced the
expected stoichiornetric forms. DT AfTG confirms that cocrystals are
not solvated.

This work was supported by a Latvia Science Council grant
05.1735.
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'‘Abstract  Crystal structures of alpha--adrenergic antago-
nist atipamezole base (1) and its hydrochloric acid salt (2)
have been dererrnined using X-ray diffraction methods.
Atiparnezole base crystallized in the monoclinic  space
group P2" with unit cell parameters a = 13.238(4), b =
19.747~~), e = 14.609(5) Af3 = 107.75(4)°, v = 1,795.3
112) A and Z =6 (three independent molecules of 1).
Atiparnezole hydrochloride  crystallized in the rnonoclinic
'pace group Ce, with unit cell parameters a = 12.052(1),
1;= 32561 (9), ¢ = 13.668(5) A, (3= 10264(1)°, Vv =
15,233(2) A®and Z = 16 (four independent molecules of 2).
bach of the three atipamezole moieties in 1 has an intra-
Imolecular C-H ..-N H-bond. In both structures the rnole-
Icules are H-bonded to form extended chains.

IKe)wOrds  Atipamezole'
Hydrogen hbonding

Crystal structure

Introduction

I\tipameZOle  (4-(2-ethyl-1.3-dihydroinden-2-yl)-3H-imid-

azole, Fig. 1) ;, a selective and specific alphayadrenergic
antagoniSI. It is able to antagonize the sedative, hypother-
mic and neurochcmical  effects of two potent alpha--ago-
nists. detomidine and medetomidine  [1). Compared with
other alpha--adrenergic  antagonists, such as yohimbine and
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idazoxan it is more specific and alpha--selective  121-
Physical and chemical properties of atipamezole hydro-
chloride have been studied. The reported powder X-ray
diffraction  results and differential  scanning calorimeter
measurements indicate that it exists only as one crystalline
modification [3]. In the present study the crystal structures
of the free base (1) and the hydrochloride (2) were deter-
mined by X-ray diffraction.

Experimental

Compound 2 was supplied by AS Grindeks.
structure  determination

For crystal
suitable crystals of 2 were grown
by slow evaporation of an ethanol solution at 20°C.

Compound 1 was prepared by alkalizing an aqueous
solution of 2 with | M NaOH. The product was dissolved
in ethanol and an equal volume of water added to this
solution. The solution was kept in a closed flask at 5 "C
until large block-shaped crystals formed.

X-Ray diffraction data of 1 were collected using a No-
nius Kappa CCD diffractorneter with Mo-K, radiation
(071073 A). In order 10 avoid unacceptable  disorder
observed at room ternperature, data were coliected at
123 K. Data reduction was performed with the COLLECTI
EVAL program [4]. The intensity data were corrected for
Lorentz and polarization effects. Multi-scan  absorption
correction was applied using the SADABS program IS].

X-Ray diffraction data of 2 were measured using an
Enraf-Nonius CAD-4 diffractometer with Cu-K, radiation
(1.54184 A) at room temperature. The unit cell parameters
were obtained from the setting angles of 25 reflections
calculated by a least squares fitting algorithm. Intensity
measurernents ~ were performed  using the ,-2U scan
technique. Data reduction was carried out by the XCAD4
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Table 1 X-Ray crystallographic data for compounds 1 and 2

CrystaJ data 2
CCDC no. 689590 689589
Chemical formula C'4HgN> C'4H+7C1N;
Formula weight (glmol) 212.30 248.76
Temperature  (K) 123 298
Crystal system Monoclinic Monoclinic
Space group P21 Cc
a (A) 13.238(4) 12.052( 1)
b (A) 9.747(4) 32561 (9)
¢ (A) 14.609(5) 13.668(5)
o e) 90 90
Fig. 1 Chemical structure of 1 and 2 [N]g] 107.75(4) 102.64( 1)
y 0 90 90
V (A)3 1,795.3(1 ) 5,233(2)
program [6]. The data were corrected for Lorentz and z 6 16
olarization effects but not for absorption.
P h ved pb di hod De (rng/rn*) 1.169 1.263
B|Ot- struct:]turesW. GV\)/fre 7so ve y |r(:(ct met ;])Sh I (m-) 0070 2402
ernployin the in rogram ackage,  whic
ermploying [71 prog packag F(000) 674 2112
includes SHELXS, SIR92, and CRYSTALS. The CRYS-
df ‘i Theta range for data 2.49-27.58 2.71--67.95
TALS program was used for structure refinement. . . collection €
T-able 1 glyes a summary of the crysta\lographic dif- Reflections  collected 33.125 10,021
traction  experiments. Jndependent  reftections 8,139 5,013
Observed reftections 5135 [/ > 2a(!)] 4,433 [/ > 3(J("1
R It d Di . Refinement method Full-matrix ~ least-squures on F?
esults an IScussion
Data/restrai nts/parameters 5,135/1/452 4,433/2/614
) Goodness-of- fit on F? 0.9835 0.9891
Figure 2 shows 1and the scheme used to number the atoms ) .. )
o i . o Final R indices (observation) R, = 0.0543 R, = 0.0302
and distinguish  the atipamezole rnoieties. _
) . wR: = 0.1075 wR; = 0.0829
Figure 3 illustrates 2 and the scheme used to number the o
N . L R indices (all data) R, = 0.0938 R, = 0.0330
atoms and distinguish the atipamezole moieties.
. . .. wR; = 0.1208 WR, = 0.0855
Compound 1 crystallizes in the monoclinic space group
. . . Largest diff. peak and hole 092 and -0.47 0.44 and -0.24
P2, with three crystallographically independent  molecules ©/P)

in the asymmetric  unit. As a result of disorder of the ethy 1
carbon atoms of molecule Ib the two carbon atoms were
divided using CRYST ALS and each part (C 310, C3]],
C320 and C321) was assigned an occupancy factor of 0.5.
Compound 2 crystallizes in the monoclinic space group Cc
with four crystallcgraphically independent molecules in the
usyrnmetric  unit.

The angles between the least square planes of the
irnidazole ring and the 2,3-dihydroindene entity of the
molecule at the C-C bond joining the rings of 1 are:
moJecule a, 83.89°; molecule b, 84.72°; rnolecule c 88.04°.
The angles of 2 are: molecule a, 84.95"; molecule b,
86.12"; molecule ¢, 85.77"; molecule d 87.79".

The atiparnezole entities in land 2 are held in place by
hydrogen bonds.

c27

The packing diagram of 1 indicates that there are
hydrogen bonds between the imidazoJe rings of respective

. . . . Fig. 2 The assyrnerric unit of 1 with displacernenr ellipsoids drawn
crystallographically independent atiparnezole rnoieties

at 50% probability level (hydrogen atoms omitted for clarity): a, b,
lorming an extended chain as iJlustrated in Fig. 4. and c identify the three atipamizole moiccules of the assymetric unit

~ Springer
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Fig. 3 The assyrnetric uni! of 2
with displacernent  ellipsoids
drawn at 50% probability level
(hydrogen atoms omitted for
clarity); a, b, e and d identify

[he four atiparnizole molecules a
of the assymetric uni!
G1S
C40
Fig. 4 Extended chain

hydrogen bonding motif in the
strucrure of 1

Table 2 Hydrogen bonding

D-H-A
geometry (A, -) for 1
Molecule
la NI-HIT---N2'
Ib N18-H181 --NIif
le N34-H341-N33'"
Intramolecular
la C8-H81:--N2
Symmetry codes: (i) - |- x, Ib C19-H40  -N17
vy ) 2 - 1y, le C37-H19N33
(i) -1 - x U, fy, 1-12
Fig. 5 Lincar chain H-bonding
notif in the structure  of 2
rvolving a ariparnezole  cations
and chloride anions -

The N-H--N  bond lengths are given in Table 2.

An intrarnolecular  hydrogen bond from the carbon on
the cyclopentane  ring to the nitrogen on the imidazole ring
of each atipamezole moiety is also observed (Table 2).

The packing diagram of 2 shows two different hydrogen

oonding schemes. The H-bonding schemes are linear chain

when looking down the b axis, A linear chain (Fig. 5) is

|d Springer

J Chem Crystallogr (2010) 40:302-305

GS
~C135 cs8
C29 b
C20
21
C22
C236
Cl52
f) c25
clis
N66
d(D-H) d(HA) d(DA) «DHA)
0.88 2.02 2.888(2) 167
0.88 2.01 2.881 (2) 167
0.89 1.96 2.823(2) 164
099 2.47 2989(2) 1\2
0.99 249 2.989(2) 110
0.99 2.58 3.026(2) 108
- }
) 1
formed between two 2d cations and one chloride 1on

.-CI52 and N66-H ..-C152 atoms.
bond lengths are given in Table 3.

through N68-H
The respective

A linear H-bond chain (Fig. 6) is formed by 2a, 2b.
and 2c atipamezole cations and chloride anions via
intermolecular ~ N-H ..-C1 hydrogen bonds as indicated in

Table 3.
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lable 3 Hydrogen bonding

Moleeule
.eometry (A, 1) for 2

2a

2b

2c

svmmetry codes: (i) 'l, +x,
sy L F ) Xy, 2d
L+ z @iy 1+ x 0y z(iv) X

fig. 6 Linear chain H-bonding
notif in the structure of 2
oonding b, c, and d atiparnezole
:ations and ehloride anions

Fig. 7 The packing diagram of 1 along the a axis (hydrogen

omitted for clarity)

D-H-A
NI5-HJ5  -ClI
N17-H17  -C135'
N32-H32 -ClI
N34-H34- .CI8
N49-H49 .CI8"
N51-H51- -C35%;
N66-H66  'CI5i"
N68-H68  C152
atoms

Fig. 8 The pacxing diagram of 2 along the a axis (hydrogen atoms

ornirted for clarity)

305
d(D-H) d(H-A) d(D-,A) «DHA)
0.86 2.20 3.061(2) 173
0.87 229 3.136(2) 164
0.88 2.15 3.025(2) 173
086 2.26 3.104(2) 171
0.86 2.20 3.056(2) 169
0.84 2.33 3.144(2) 164
0.86 2.24 3.082(2) 167
0.87 2.20 3,054(2) 169

b

The crystal structures of both 1 and 2 show that the
molecules form layered structures in the soJid state. In 1 the
molecules are arranged in two different layers (Fig. 7): le
molecules form the first layer, but the second layer consists
of la and Ib molecules. There is no hydrogen bonding
between the layers.

Crystal structure of 2 shows altemate layers of atipa-
mezole  moieties and chloride ions (Fig. 8). N-H--C1
hydrogen bonds connect both layers.
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The crystal and molecular structure of a pseudo-polymorph of
droperidol

Andris Actin$, Reinis Ardjs, Liana Orola and Mikelis V. Veidis*
University of Latvia, Faculty of Chemistry, Kr. \fa/demara 48, Riga Latvia L\1-1013
"e-mei! address yveidis(a.)/u.fv

During the study of the properties of the neuroleptic pharmaceutical  Droperidol, 1-! 1-/4-
Fluorophenyl )-4-oxobutyl}-1. 2,3.ti-terrahydro-e-pyridvi}-l,  3-dihydro- 2.H-benzimidazol- :1-Gii',
two previously reportedcrystalline  pseudo-polymorphs  were isolated, a dihydrate ' and an ethanol
solvate.

Recrystallizing  the parent material using a solvent exchange method (acetone/watcr).  suitablc
crystals for diffraction study were isolated. The polymorph obtained was arbitrarily defines as the
X modification. Comparison of the published and measured powder diffraction data suggest that x

corresponds to Form IlIl 3. A single crystal structure analysis was undertaken in order to
determine the structure of the x modification.

From the structure analysis we conclude that the x modification is a monohydrate: a pseudo-
polymorph ofthe parent compound.

The structure indicates that the x modification crystallizes as a dimmer hydrogen-bonded via the
imidazole ring groups (Fig. 1).

Figure 1. The hydrogen bonding of the droperidolx modification.

References:
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A STUDY Of THE PHASE BOUNDARY OF SYGETHIN

Liana Orola, Mikells veidis, Andris Aetins, Reinis Arajs

Faculty of Chemistry, University of Latvia} Riga} Latvia

Approximately one third of all pharmaceutically active substances apparently crystalli-
ze as hydrates, Even though the hydrated forrns are stable entities, it is advantageous Lo
he able to detcrmlne the possibility of less of moisture and the lormation of the anhy-
drous form of the substance as well as the stability of the hydrate at varying ternperature
and humidity.The phase transition from hydrate to the anhydrous forrn and the reverse
of this process is quite important in-the manufacture of the final product when it is
cornpacted into pill forrn. The change from one fonu to the other can in some cases
essentially affect the quality of the product. Because the stability of the anhydrous and
hydrou$ phases are temperature and humidity dependant the phase boundary at suita-
ble temperatures and relativehumidity, or partial pressure of water vapour, cau bc used
to determine optima! manufacturing condition [I, 2]. In this study the gravimetric ap-
proach has heen used t0 determine the equilibrium between hydrate and anhydrous
torrn at various temperatures (10, 20 3(J'C) and relative hurnidity. It was determined
that the Kinetics of phase transition can differ and may be described by an exponential
function. Sygerhin (dipotassium salt of 4,4'-(1 .Z-diethyl-1 ,2-erhanedi-y1)bishenzenesul-
fonie acid) is an analogue of hexestrol devoid of estrogenic effect, can exist as an anhy-
dride of a dihydrare, and was therefore selected for this investigation.A diagrarn of the
phase houndary for sygethin was deterruined. The phase boundary diagram of sygethin
was construcred by plotting partial pressure of water at equilibriurn (s a funcrion of
rate of transformarion, as well as the partial pressure of water at equilibriurn as tunc
tiem of mass change. The phase boundarydiagrarn indicates that the effect of the partial
pressure of water at equilibrium dcpend on the ternperature of the system.
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