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ABSTRAKT

Derivaty i1sochromanonu pfedstavuji vyznamné, avSak doposud malo
prozkoumané, slouceniny s prokazatelnymi funkcemi zejména v rostlinném
metabolismu. V literatufe je popsdno pomérné malo syntetickych postupti
vedoucich k témto zajimavym latkdm. Jednou z moZnosti, kde latky
s isochroman-1-onovym skeletem vznikaji, jsou reakce acylchlorida
S benzylmagnesium halogenidy. Cilem této prace bylo detailné prozkoumat
uvedenou reakci a pokusit se o vysvétleni zplisobu vzniku derivath
isochromanonu. Byl zjistovan vliv reakénich podminek — pocatecni koncentrace
vychozich latek, délka reakéni doby, pouzité rozpoustédlo a ptitomnost dalSich
latek v reakéni smési. Zaroven byla zkoumana role dalSich latek nalezenych v
surovych produktech reakci, tedy hypotetickych intermediati, které by za
danych podminek mély poskytovat derivat isochromanonu, tak jako pfi reakci
puvodnich vychozich latek. JelikoZ vySe uvedené pokusy neptispély k odhaleni
zpusobu vzniku isochromanonovych derivat, byla pozornost zaméfena na
sledovani distribuce selektivniho isotopového znaCeni vychozich latek.
Sledovanim distribuce isotopu °O z vychoziho [‘*OJadamantan-1-
karbonylchloridu pomoci hmotnostni spektrometrie bylo prokazano, Ze pouze
jeden z kyslikl laktonového kruhu isochromanonu pochazi z uvedené vychozi
latky. V pfipadé¢ péti izolovanych isochromanont se podatilo pfipravit
monokrystaly vhodné pro difrakéni RTG analyzu. Bylo zjisténo, Ze tyto derivaty
mohou v pevné fazi zauymout dvé zcela odlisSné konformace. U jednoho derivatu
se podatilo piipravit krystaly obou polymorfi. Mimo isochromanonovych
derivati byla studovana struktura piislusnych 1,2,3-trisubstituovanych 1,3-
diont, které jsou rovnéz produkty studované reakce. Pomoci instrumentalnich
metod (RTG, IR, NMR a Ramanovy spektroskopie) bylo prokazano, ze tyto
derivaty s objemnymi substituenty ve vSech tfech zminénych polohach existuji v

pevné fazi i v roztoku vyhradné ve svych dioxo forméach.
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ABSTRACT

Isochroman-1-one derivatives represent an important class of compounds with
various functions, especially in plant metabolism. Nevertheless, they are little
explored. Recent literature describes only a small number of synthetic
procedures that lead to these interesting substances. One possible way for
formation of compounds with isochromanone skeleton is reaction of acyl
chlorides with benzylmagnesiumhalogenides, which was reported in 2006. The
aim of this work was to examine the reaction in detail and to suggest a way of
iIsochroman-1-one derivatives formation. The influence of reaction conditions,
I.e., initial concentrations of starting compounds, reaction times, different
solvents and some additional components in the reaction mixture were
investigated. The role of other substances, which were isolated from the crude
reaction products along with the isochromanones, was also investigated. These
compounds were treated under the conditions of original reaction to reveal
whether they can produce the desired isochromanone. Particular attention was
paid to track the distribution of selective isotope labeling of starting compounds,
as the above experiments did not bring new insight into mechanism of
isochromanone derivatives formation. It was clearly shown by means of tracking
the distribution of O isotope from the starting [**0] adamantane-1-carbonyl
chloride using mass spectrometry that only one oxygen atom of the lactone ring
of isochromanone comes from the starting acylchloride. Within the work on
isochromanone formation experiments, monocrystals suitable for diffraction X-
ray analysis were prepared in the case of five isolated isochromanones. It has
been found that these derivatives can adopt two distinct conformations in the
solid state. The crystals of both polymorphs were prepared in the case of one
derivative. In addition to isochromanone derivatives, the structure of the
corresponding 1,2,3-trisubstituted 1,3-diones, which are also products of the
studied reaction, was investigated. It has been demonstrated using instrumental

methods, i.e., RTG, IR, NMR and Raman spectroscopy, that these compounds,
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with bulky substituents in all above mentioned positions, exit exclusively in the

in dioxo forms both in the solid state and in the solution.
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1. UVOD

Ptedlozend prace pojednava o studiu mechanismu vzniku isochromanonovych
derivati vznikajicich pfi reakci acylchloridd s benzylmagnesium halogenidy.
Tyto isochromanonové derivaty ptedstavuji dilezitou skupinu organickych
sloucenin ptirozené se vyskytujicich v riiznych organismech, véetné hub, rostlin
a hmyzu.[l] I ptesto, ze vyskyt téchto isochromanonti v pfirodé je, v porovnani
S jinymi izomery dihydrokumarinu, vzacnéj$i, umoziiuje rozmanitd substituce

v jejich zdkladnim skeletu Siroké spektrum biologické aktivity.

Prestoze byl vznik derivatu isochroman-1-onu pfti reakci acylchloridu,
konkrétné¢ adamantan-1-karbonylchloridu, s benzylmagnesium halogenidy
zdokumentovan jiz v roce 2006,[2] mechanismus vzniku isochromanonového
skeletu neni doposud zcela jasny. Na zaklad¢ této skuteCnosti byly provedeny

série reakci s cilem roziesit mechanismus vzniku zminéné struktury.

V prvni podkapitole teoretické Casti jsou popsdny struktury a vlastnosti
isochromanonovych derivath pfedstavujicich zajimavé slouceniny s laktonovym
skeletem, ktera pokracuje podkapitolou vénovan¢ syntézam isochromanonovych
derivatd popisovanych v literarnich zdrojich. Teoretickd ¢ast je uzaviena

piehledem reakci benzylovych Grignardovych €inidel.

Po jasné stanovenych cilech disertacni prace jsou ve ctyfech podkapitolach
diskutovany vysledky a komentaie k vydanym publikacim. V zavéru jsou

ptilozeny publikované ¢lanky v odpornych periodikach jako ptilohy I-V.

12
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2. TEORETICKA CAST

2.1.  Struktura a vlastnosti isochromanonovych derivati

Mezi zékladni skelety latek bézné se vyskytujicich v pfirodnich materiadlech
odvozené od benzooxanu, patii isochroman (1), isochroman-1-on (2) a chromen-
2-on (kumarin) (3). VSechny vySe uvedené derivaty, zejména kumarin, se
vyskytuji v rostlindch, naproti tomu derivaty isochromanu byly V poslednich
letech  izolovany piedeviim z  bakterii  Penicilliumcorylophilum,?!
Aspergillusustus,” Penicilliumsp.,”! z houby Phomopsissp.”! nebo z kvéti

Trolliuschinensis.™

solNveRN oot

Zv1astni  skupinu isokumarinlt  pfedstavuji pravé isochroman-1-onoveé
derivaty, které jsou formalné analogy isokumarinu s nasycenou vazbou mezi C3
a C4 (jinak téz nazyvané 3,4-dihydroisokumariny). OH
Prvni zprava o izolaci 1sochroman-1-onového O
derivatu se datuje do roku 1916, kdy byl ziskéan O 0
z kvéta Hydrangea hortensia hydrangenol (4) OH o 4
vykazujici synergni uéinky s gibereliny.®¥! Derivaty
isochroman-1-onu jsou =zajimavou a dulezitou hydrangenol
skupinou organickych sloucenin, které se pfirozené

vyskytuji v riiznych organismech, véetné hub, rostlin ¢i hmyzu. V poslednich

13
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letech bylo také velké mnozstvi isochroman-1-onovych derivati vykazujicich

biologickou aktivitu izolovano z motskych organismil, predev§im motskych

hub.®!

Jak jiz bylo zminéno v Gvodu, diky pfitomnosti rozli¢nych substituentl ve své
struktufe vykazuji isochroman-l-ony S$iroké spektrum biologické aktivity.

Mohou tak projevovat zajimavé farmakologické a biologické vlastnosti, jako

jsou naptiklad G&inky fungicidni,"** antimikrobialni,"Jantituberkulozni,*
antimalarické,[13’14] ale také insekticidni,[ls] antialergenni,[16’17]
antikarcinogenni,®**! mohou inhibovat®?! & naopak stimulovat®?! rast

[26-29] [30,31]

rostlin, nebo mit fytotoxickou a antioxida¢ni aktivitu.

Kromé téchto vlastnosti pfitahuji isochroman-1-ony pozornost diky své
sladké!®*4 nebo hotké chuti.P>** Jelikoz nékteré ztdchto derivati maji

vysokou sladivost, uvazuje se o nich jako o potencidlnich nekalorickych

sladidlech.

MizZeme ovSem nalézt 1 tfadu vysoce toxickych isochroman-1-onovych
derivati jako jsou mykotoxiny a pfibuzné slouceniny, které byly izolovany a
intenzivn¢ studovany pro jejich karcinogenitu, hepatotoxicitu, alergenni a

[3738] V nize uvedeném souhrnu lze nalézt

nckteré dalSi nezddouci ucinky.
zajimavé piiklady isochroman-1-onovych derivati izolovanych z rtiznych

rostlin, zivocichu ¢i hub.

2.1.1 Derivaty ovliviiujici rist

Po roce 1916, kdy byl v hortensiich objeven hydrangenol, jakoZto prvni
piirodni derivat isochroman-1-onu, zamétili se védci na tuto skupinu latek, coz
vedlo k izolaci celé ftady dalSich derivatd. Jednim =z piikladd je

(+)-6-hydroxymellein (5) izolovany z kvétt stromu Cassia siamea, piipadné z

14
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houby Aspergillus fischeri,*? ktery byl testovan jako inhibitor kli¢eni na bazi
ptirodniho metabolitu rostlinného pavodu.* Stejna latka byla rovnéz ziskana
z houby Daldinia concentrica, pfi¢emz v této studii byla prokazana mirna
cytotoxicita proti ¢tyfem druhim nadorovych bunék (lidsky epidermalni
karcinom, karcinom prsu, plic a hepatocelularni karcinom).[*”! Latka 6 izolovana
z houby Sclerotinia sclerotiorum Vv zavislosti na koncentraci inhibuje ¢i
stimuluje aktivitu enzymu podilejicich se na dozravani a pigmentaci hub rodu

sclerotia,’?? rist sko&ce obecného, sazenic ryze & fazoli druhu mungo.!*!

Me Me
HO Me
Me O
o}
o}
Me
OH O
OH O
5
6
(+)-6-hydroxymellein sclerin

2.1.2 Derivaty majici antioxidacni a protinadorové tucinky

Latka 7, jez se pouziva v tradi¢ni ¢inské medicing, byla izolovana z trvalky
Agrimonia pilosa. Moderni farmakologické studie ukazuji, ze kofeny obsahujici
derivat agrimonolid (7) maji antioxida¢ni a protinadorové ucinky, pouzivaji se
pii 1é¢b& hemoroidalnich onemocnéni &i jako hepatoprotektiva.***?! Podobné
jako latka 7 i slouceniny 8 a 9 izolované z kvét stromu Kigelia pinnata byly
zkoumany na inhibi¢ni aktivitu proti lidskym melanomovym buiikam."® Latka
9 je, mimo jiné, aktivni slozkou kosmetickych piipravki a pletovych vod.""
Derivat annulatomarin (10) izolovany znadzemni casti rostliny Hypericum
annulatum, vykazuje inhibi¢ni aktivitu in vitro proti lidské chronické myeloidni

rox: [4 . v v vro 7 o1 r PRI TS PN
leukémii.*®¥ Rostlina se rovnéZ pouzivéa v bulharské lidové medicing pii 1éGeni

15
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zalude¢nich a jaternich onemocnéni.*? Dalsi derivat 11 testovany na

cytotoxicitu lidskych nadorovych bunck izoloval Lin a spol. zjatrovky

Heteroscyphus coalitus.?”

OMe
HO Me MeO Me
HO

MeO MeO

OH O OH O
OH (6] 8 9

agrimonolid demethylkigelin kigelin

annulatomarin (R)-heteroscyphid

2.1.3 Derivaty vyznacujici se sladkou nebo horkou chuti

Dalsi zajimava latka (R)-(+)-phyllodulcin (12) izolovana z kvéta rostliny
Hydrangea macrophylla®! upoutala pozornost diky vysoké sladivosti, 600—
800x vy3si nez u sachardzy.® V soudasnosti jsou zpracované listy této rostliny
pouzivany jako pfirodni 1€k ¢i jako ustni chladival® obsaZena v napojich a
cukrovinkach. Bohuzel, nizkd rozpustnost ve vod¢, nizka stabilita nebo
organoleptické vlastnosti latky 12 zna¢n€ omezuji vyhlidky tohoto ptirodniho
produktu jako potencialniho sladidla pro diabetiky.”™ Mimo vyse uvedené
vlastnosti vykazuje phyllodulcin Sirokou S$kalu biologické aktivity od

antialergennich a&inkal po inhibici mikrosomalni peroxidace lipidi

16
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indukované NADPH.F Oproti tomu derivat isokumarinu
4’-demethylmacrophyllol (13), rovnéz izolovany z Hydrangea macrophylla,

14 v r 57
nema adnou chut’.>”]

Jednim  zdalSich  pfikladd  isochroman-l-onovych  derivatu  je
6-methoxymellein (14), jenz profesor Sondheimer izoloval z mrkve. V praskové
form¢ je tento derivat tidajné bez chuti, naopak v ethanolickém roztoku ma
velmi hotkou chut. Latka 14 je spojena s hotkosti vznikajici v namozenych
mrkvich pii skladovani a je cCastecné¢ zodpovédnd za senzorickou kvalitu

mrkye [35.36:58-61]

Mnozstvi nahromadéného derivatu 14 vyskytujiciho se
Vv namozenych mrkvich ovlivituje fada faktorti, jako koncentrace ethylenovych
par, ultrafialové zafeni, kolisani teplot béhem manipulace, zvySena teplota pii
skladovéani nebo mnozstvi kysliku.[®? V roce 1992 Speranza a spol. izolovali
novy derivat isochroman-1-onu feralolid (15) z komer¢niho vzorku aloe
kapské.[63] Aloe je dobie znama pro své 1écebné vlastnosti a dodani hotké chuti

v alkoholickych napojich.

OMe
OMe OH
O O MeO Me
OMe W
(0] (@]
OH O 4,
OH (0] 13

o
I

(R)-(+)-phyllodulcin 4’-demethylmacrophyllol 6-methoxymellein
HO OH
L
Ac
OH O oH 15
feralolid
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2.1.4 Derivaty majici fungicidni a antimikrobialni G¢inky

Velmi pocetnou skupinu isochroman-1-ont tvoii latky izolované z rGznych
druhtt hub. Prvnim derivatem izolovanym z kultury hub byl mellein (16),
metabolicky produkt druhu Aspergillus melleus, soucasné¢ izolovany
z eukaryotického organismu Pezicula sp., jenz se nachazi uvniti pletiv
jehli¢natych a listnatych stromi.'® Tato sloucenina tvori zakladni skelet mnoha
dalsich derivati izolovanych z rozmanitych kultur hub majicich fungicidni a
herbicidni ﬁéinky.[65] Latka byla spolu s dal$imi volnymi a vazanymi t€kavymi
slozkami nalezena v ovoci Theobroma grandiflora pochazejiciho z oblasti
destnych pralesii Amazonie.[® Kromé vyskytu v houbéch a rostlinné isi lze
mellein (16) nalézt také v fi8i zivocisné. Jednim z ptikladt jsou mravenci druhu
Camponotus herculeanus, kteti produkovali zlazami umisténymi v dolni celisti
pravé mellein (16) pro prilakani samidek v obdobi pareni.l® Kokubun a spol.[™!
ukazali, Zze n¢které derivaty isochroman-1-onu izolované z kultury Cytospora
eucalypticola tlumi plisnové projevy a vykazuji antibakterialni ucinky vici
grampositivnim bakteriim. Slouc¢enina 5-hydroxymethylmellein (17) vykazovala
mirnou antifidantni aktivitu vaéi larvam rodu Spodoptera littoralis. Studie
z roku 2011 popisuje izolaci a biologickou aktivitu nové latky 18 z houby rodu
Xylaria, a dvou, jiz znamych dihydroisokumarind, (S)-7-hydroxymelleinu (19) a
(3S,4S)-4,7-hydroxymelleinu (20) z hub rodu Penicillium. Vsechny tyto latky
vykazuji fungicidni aktivitu, a tudiz se jevi jako slibné slou€eniny ve vyvoji
novych agrochemikalii. VyS$e uvedené isochroman-1l-onové derivaty (18-20)
byly zéaroven studovany jako inhibitory acetylcholinesterasy majici vliv na
centralni nervovy systém a tudiz se o nich da uvazovat pii vyvoji 1€kl proti

Alzheimerové chorobé. [

Vroce 2012 nové izolovany isochroman-1-on
pojmenovany botryoisocoumarin A (21), ziskany =z fermenta¢ni kultury

Botryosphaeria sp. vykazuje krom¢ antimikrobialni také protinadorovou aktivitu

18



Disertacni prace Eva Babjakova, 2018

in vitro.® Antimikrobialni aktivitu vykazovala také latka 22 izolovana jako
sekundarni metabolit kultury Talaromyces verruculosus.l’” Isochroman-1-onové
derivaty 23 a 24 byly testovany in Vvitro na antibakterialni aktivitu
grampozitivnich a gramnegativnich bakterii za pouziti levofloxacinu

(sirokospektralni antibiotikum) jako referenéniho vzorku.!™

OH
Ve Me
o o}
OH O 16 OH o 17
(3S,49)-3,4-dihydro-4,6-dihydroxy-3-
(R)-mellein 5-hydroxymethylmellein methyl-1-oxo-1H-isochromen-5-
karboxylova kyselina
OH
~Me : OMe
" ~_~Me
o} o
HO o}
HO
OH O g oMo OH O 9

20

(S)-7-hydroxymellein (3S,4S)-4,7-hydroxymellein  botryoisokumarin A

Me

OH O 22 OH o

23 RI=R2=H
24 Rl= OH, R2 = Me

(-)-8-hydroxy-3-(4-hydroxypentyl)-3,4- Ptirodni typharin a jeho
dihydroisokumarin 6-hydroxy-7-methyl analog
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2.1.5 Derivaty majici rizné farmakologické funkce

Béhem vyzkumu alergennich ucinkd vytazkti ze stromu Ginkgo biloba, byla
identifikovana fada opticky aktivnich 8-hydroxy-3-alkyl-3,4-
dihydroisokumarini 25-27. V ptedeslych letech byla hlaSena alergicka
kontaktni dermatitida, ke které dochéazelo pfi styku s nezralym osemenim tohoto
stromu." Dalsi zajimava latka 28 byla izolovana z kefd rodu Ononis spolu
s dalSimi znamymi sloueninami majici antirevmatické a antibiotické vlastnosti.
U téchto latek byly také zjiStény inhibi¢ni UCinky vi¢i mekkySim, tzv.
moluscidy. Kofeny rostliny Ononisnatrix jsou pouzivany v 1é¢bé mocovych
cest.™ Derivat isochroman-1-onu 29 byl izolovan zendemické rostliny
Scorzonera cretica, jez se pouziva v tradi¢ni krétské kuchyni jako ptisada do
pikantnich jidel" Jedna z chemickych slozek rostliny Bergenia ciliata,
bergenin (30), se vyznacCuje Sirokou Skalou biologickych ucéinkt od
hepatoprotektivnich, antioxida¢nich, protizanétlivych az po pusobeni proti
malarii.” Latka 31 byla poprvé ziskéna z kvetouci rostliny Catunaregam
spinosa, jez se pouziva jako lidovy 1ék proti kie¢im, pii 1é¢b¢ uplavice a
soutasné ma také protizandtlivé uinky.l"® Novy isochroman-1-on 32 byl
izolovan z kapradiny Onychium japonicum, ktera je pouzivana pii 1é¢bé
enteritidy, Zloutenky, chfipky a chronické gastritidy v tradi¢ni Cinské
medicing." Kamisuki a spol. se ve své studii zabyvali novymi specifickymi
inhibitory lidské DNA polymerazy A izolovanymi z houby Nodulisporium sp.
Tti nové derivaty isochroman-1-onu 33-35, spolu s derivatem 16 selektivné
inhibovaly DNA polymerazu A, pficemz derivat 35 byl nejsilnéjSim z téchto
[78]

inhibitor?. Zvlastni  skupinu isochroman-l-onovych derivatl zaujimaji

pfirodni amikumariny 36, které se vyznaCuji protizanétlivymi vlastnostmi a

I v . s 1 . 7 w7 v s 7 so. 7
zéaroven antibakterialni, antiulcerogenni, pfipadné protinddorovou aktivitou.™
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OH O

25 R=C ;H,,
26 R=C H,
27 R=C;H;,

8-hydroxy-3-alkyl-3,4-dihydro-

isokumariny

scorzocreticin

OH
OH

3-(3’,4’-dihydroxyfenyl)-3,4-
dihydroisokumarin

Eva Babjakova, 2018

MeO Me

OH o 28

8-hydroxy-6-methoxy-3-undecyl-3,4-dihydro-

isokumarin

Me

MeO

OH o}

HO 31

3-(2-hydroxypropyl)-8-hydro-xyl-

bergenin

3,4-dihydroisokumarin

R
Me
O
oR ©
33 R'=H,R2=Me
34 R1=CHO,R2=H
35 R1=Me, RZ=Me
16 Rl'=H,R2=H
3-methyl-8-methoxy-3,4-dihydroisokumarin,
5-formyl-8-hydroxy-3-methyl-3,4-dihydroisokumarin,
3,5-dimethyl-8-methoxy-3,4-dihydroisokumarin,
mellein
Me
Me 0}
A
o H
(0] 36
amikumarin
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2.2 Syntéza isochroman-1-onovych derivati

Jak jiz bylo v pfedchozich odstavcich zminéno, isochroman-1-ony se
pomérné Casto vyskytuji v pfirodé, at’ uz jako sekunddrni metabolity rostlin,
mikroorganismt, moftskych zivo€ichli nebo jako hmyzi feromony C¢i jedy.
Kromé¢ izolace zuvedené¢ho pfirodniho materidlu lze isochroman-1-ony
syntetizovat n€kolika rliznymi cestami. Tyto syntézy byly provadény at’ uz za
ucelem potvrzeni nove struktury ¢i za acelem syntézy isochroman-l-onovych
derivati pro biochemické a farmaceutické ucely. Mezi polohové isomery
iIsochromanonu patii isochroman-1-on, isochroman-3-on a isochroman-4-on.
VSechny zminéné isomery patii do skupiny laktond, pfi¢emz zminky o
iIsochroman-1-onu nejsou tak casté jako o isochroman-3-onu a isochroman-4-
onu, které jsou podrobné&ji popsany v literatufe a to jak jejich syntéza, tak i

vlastnosti ptislusnych derivati.

Jednou z moznosti jak pfipravit isochroman-1-ony je prosta intramolekularni
esterifikace.'2*88#] Takovou esterifikaci (viz Schéma 1) byla zakondena
totalni syntéza metabolitu houby Periconia macrospinosa™® vykazujiciho

antimikrobialni aktivitu.

Schéma 1

OMe OMe O OMe O
C
Cli

OMe OMe
OOH COOH COOH
[ o NaOH, H,0, H* o) Na[BH,] OH Ac,0 o
—— . e, — 2 .
COOH ¥
MeO MeO Me MeO Me MeO Me MeO Me
Cl Cl Cl

C
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Mimo esterifikace je mozné pfipravit isochroman-1-ony reesterifikaci. [84-87]

Nasledujici piiklad vzniku isochroman-1-onového derivatu popsali Bouisseau a
spol. pfi syntéze ochratoxinu A, ktery byl vroce 1965 izolovan z
jihoafrické kultury Aspergillus ochraceu. Kondenzace vychoziho diethylesteru s
acetaldehydem vedla ke vzniku zminovaného derivatu ve vysokém vytézku

84 %, jak je zndzorné€no na Schématu 2 18]

Schéema 2

FPuL® o ® OH OH

EtO,C CO,Et EtO,C coEt HC EtO,C EtO,C EtO,C
oA _CH,COOH _ o
® a6l - CH,COOLi
gH Li

\e ®

O/ Li

Vysoké vytézky isochroman-1-onu Ize dale ziskat oxidaci atomu uhliku
V poloze 1 pftislusného isochromanu.®®®°Y Na Schématu 3 je zobrazen postup,
pii némz byl jako oxidaéni <¢inidlo pouzit oxid chromovy spolu
s pentahydrogenjodistou kyselinou za vzniku odpovidajiciho isochroman-1-onu

ve vytézku 99 %. 1%

Schema 3

©\A)o Cro, / H O, o
—_—

V literatute 1ze nalézt 1 dalsi ptiklady tohoto postupu zalozeného na selektivni
oxidaci jedné a-methylenové pozice.'®**1 Naptiklad Shishido a spol.l*”

popsali konverzi 4,4-disubstituovaného isochroman-3-onu podle postupu
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uvedeného na Schématu 4. Pii tomto postupu byl nejprve redukovan laktonovy
karbonyl v poloze 3 a poté byl vznikly isochroman selektivn¢ oxidovan MnO,
V poloze jedna. Je tfeba podotknout, Ze tento postup nefesi syntézu samotného

benzooxanového kruhu.

Schéma 4
CH
Me au Me /CH2
MeO o MeO
1) LiAIH,
—_—
o 2) MnO, ¢)

Dalsi z tradicnich metod ptipravy heterocyklické ¢asti isochroman-1-onovych
derivat je intramolekularni elektrofilni substituce vhodnych prekurzort
nasledovana selektivni oxidaci (Schéma 5). Vytézky cyklizacniho kroku se jevi

byt zavisle na substituentech ptfitomnych na aromatickém kruhu.*!

Schéma 5

Me Me Me

: ﬁ \ )

o— o— o—\
MeoMQ H H
o
OMe Y
Mo/ OMe 7 sncCl, CHCl, Yy _Cs H
_ NaH, DMF o} o} Py o}
-, MeO MeO MeO

Dalsi schéma znazoriiuje syntézu isochroman-1-onovych derivatd z kyseliny
2-(2-methylfenyl)propanové. Redukci karboxylové kyseliny v prvnim kroku
tetrahydridohlinitanem lithnym byl ziskéan ptislusny alkohol ve 100 % vytézku a

ten byl nasledn¢  preveden na  odpovidajici  ether  reakci
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s chlor(methoxy)methanem. V ptedposlednim kroku doslo k cyklizaci, ¢imz byl
ziskan benzopyranovy skelet. Smés sestavajici se z manganistanu draselného
imobilizovaného na aluminé byla pouzita jako vhodné cinidlo pro oxidaci

benzopyranového kruhu, jak ukazuje Schéma 6.5

Schema 6
Me Me Me Me Me Me
(0]
LiAIH, MeOCH,CI
EEEE— —_—

OH  THF, reflux OH EtPr,N, CH,Cl, (o

OMe

TiCl,

CH,Cl,, 0°C
Me Me Me Me

KMnO,, alumina
1) CH,Cl,, 25°C )

Na nize uvedeném Schématu 7 je zndzornéna syntéza isochroman-1-onovych
derivati v pfirodé hojn¢ zastoupenych isochroman-1,3-dionti s aldehydy.
Bogdanov a Palamavera®” ziskali odpovidajici diastereomery cis a trans

1sochromanonovych derivatu ve vytézcich 30 % a 70 %.

Schema 7

¢ COOH
O
H BF,-Et,0
+ _—
o} CHCI,, 5 h, rt o)

@) @)

cis + trans isomery
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Zvlastnim pifipadem je syntéza za vyuziti enzymatického aparatu
mikroorganizmu E. Coli. Reakéni smés, obsahujici buiiky E.Coli/ADH-A
rehydratované TRIS-HCI pufrem, isopropylalkohol, hexan, Et;N, NADH a
odpovidajici keton, byla michana 72 h. Poté byla pfiddna HCI a reak¢ni smés
byla michéna ptes noc pfti teplot¢ 30 °C. Naslednym ptecisténim na sloupcoveé

chromatografii byly ziskany odpovidajici laktony (viz Schéma 8).[98]

Schéma 8

Et,N, NADH o
CN E.coli/ADH-A CN Me 2-propanol, hexan HCI, 24h, COOH
TRIS-HCI pufr (pH 7,5) o~ 72 h, 250 rpm 30°C OH 250 rpm 30 °C OH (o)
_ = .
NS
[e] [e]
Me Me Me

Me

Isochroman-1-ony vznikaji rovnéz z benzocyklobutenonu reakci s aldehydy
za pusobeni silné baze.'® Jednou ze syntéz vychazejicich z benzocyklobutanolu
popisuji Fitzgerald a spol. ptfi syntéze hydrangenolu Schéma 9.[100] Klicovym
krokem této syntézy je otevieni cyklobutanového kruhu u¢inkem LTMP. Reakci
vzniklého intermedidtu s para-substituovanym benzaldehydem a naslednou

parcialni oxidaci pomoci PCC dochézi ke vzniku derivatu isochroman-1-onu.

Schéma 9

[o] )
/\ H OMe| OMe OMe

— /o

CH,
LTMPITHF MeO H0, Pcc
—_— . —> —_—
-78°C/25°C H 10l °© °
OH RS

OMe OMe O ome 4O OMe OH OMe O
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V jednom z publikovanych postupi (Schéma 10) byl benzocyklopentanon
transformovan  ve  vysokych  vytézcich  enzymem  Baeyer-Villiger

monooxygenasou na isochroman-1-on.*%!

Schema 10

O

BVMOs, pufr 0o
G6P/G6PDH/NADPH

72 h

Siroké spektrum biologickych aktivit, jez vykazuji isochroman-1-onové
derivaty vedlo Shahzada™@ se spoluautory k syntéze t&chto derivatd
substituovanych zejména v poloze 3. Jak je vidét na Schématu 11, katalyticky
cyklus, jehoZz produktem je poZadovany isochromanon, je zahajen oxidaci
difenyldiselenidu s pfislusnym cinidlem za vzniku fenylselenyltrifluoracetatu,
ktery reakci s 2-styrylbenzoovou kyselinou da vzniknout odpovidajicimu

isochroman-1-onu ve 47 % vytézku.

Schéema 11

PhSeSePh

l PhI(OCOCF,),

Ph\le%ePh o) O/H
| \\\\\ “ _ )

(ococg o Ph
PhI(OCOCF,),

27



Disertacni prace Eva Babjakova, 2018

Dalsi zpiisob piipravy isochroman-1l-ont spocival v cyklizaci lithnych
intermediatd substituovanych amidii kyseliny benzoové (Schéma 12).1%%
Nejprve uinkem BuLi nastala deprotonace methylové skupiny piipojené
k benzenovému kruhu N-methylbenzamidu v poloze 2 za vzniku karbaniontu,
ktery v dals$im kroku reagoval satomem uhliku karbonylové skupiny
ptislusného ketonu. Vysledkem byl vznik terciarniho alkoxidového iontu, u

kterého béhem 48 h pii 105 °C v 1,2-dichlorbenzenu nastala intramolekulérni

cyklizace. Izolovany vytéZek isochroman-1-onového derivatu byl 42 %.M1%4

Schema 12

o

(o] O @
—_— + CHZNH Li
CH,

Jedna z mozZnosti konstrukce laktonového kruhu spociva ve vyuziti Heckovy-
Matsudovy cyklizace."® Schéma 13 znazortiuje piipravu isochroman-1-onu
svyuzitim  bromidu  médného  jako katalyzatoru  pfi reakci
o-methoxykarbonylbenzendiazonium  bromidu. Klicovy krok zahrnuje
intramolekularni cyklizaci za vzniku pozadovaného derivatu ve vytézku

56 9,10

Schéma 13

_Me
CuBr Me Me CO/H,0, r.t.
HBT MeOH
N
N
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Zvlastni postup ptipravy 3-substituovanych 3,4-dihydroisokumarinovych
derivati spocivajici v reakci substituovanych oxirani s redukénimi nebo
Grignardovymi Cinidly publikoval Chena spol.[107] Utinkem NaBH, doglo
k otevieni epoxidového kruhu za vzniku alkoxidového aniontu, ktery napada
sousedni nitrilovou skupinu za vzniku iminobenzopyranu. Naslednou
hydrolyzou byla ziskana série substituovanych 3-alkyl-3,4-dihydroisokumarini
(Schéma 14).

Schema 14

OR OR
N BH, MeO Me MeO Me
al
Isovamllln > o H@ o
ﬂ‘o_/}‘ /‘

':\\9\@
QY
p
OO O — T O

‘NHz H

V roce 2015 uvetejnil Zhen Wang spolu s dalSimi autory zpiisob piipravy
derivatu isochroman-1-onu pomoci katalyzy pfechodnymi kovy. Reakci mezi
C—H vazbou aromatickych slouéenin, v tomto piipadé N-methoxybenzamidu a
atomem uhliku v oxiranovém kruhu a naslednou intramolekularni cyklizaci,
dochazelo ke vzniku 3-substituovanych isochroman-l-oni az v75 %

V}'Itéicich.[mg] Tato jednokrokova reakce je zndzornéna na Schématu 15.
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Schéema 15
o)
_OMe |
N o) Pd(OAC), (10 mol%) o)
+
%O\ HFIP/ACOH (8:2) o
Me Ph 25°C, 36 h Me ~ph

Dalsi palladiem katalyzovanou reakci vedouci k isochroman-l-onovym

derivatim vyvinuli Lu a spol. (Schéma 16).'! Tato jednokrokova syntéza
odstranuje potiebu prvotni funkcionalizace vychozich arylhalogenidl a vyuziva

oxid uhelnaty jako prekurzor karbonylové skupiny.

Schéma 16

Me CO (1 atm) DMC, Me
Pd(OAc (10 mol%) 8 °C, 48 h
o H(Li)
AgOAc (3,0 ekviv.) ~
Li,CO; (1,0ekviv.) SH(L) “H(L) Pd

[Pdg

Antibiotika Al-77s izolovana zrodu Bacillus pumilus reprezentuji velkou
skupinu latek majicich Sirokou Skalu biologickych U¢inki. Hlavni zastupce této
skupiny Al-77-B vykazoval antiurcelogenni aktivitu u potkani bez jakychkoliv
anticholinergnich, antihistaminickych nebo centralnich tlumivych ucinki. Tento
isochroman-1-on byl ptipraven v n€kolika nasledujicich krocich. Nejprve doslo
k reakci  vychoziho  N,N-diethyl-2-methoxybenzamidu s BuLi/TMEDA
v poméru 1:111 za nizké teploty.Meziprodukt5-methylhex-2-en-1-yl byl ziskan
ve vysokém vytézku 81 % po transmetalaci CuCN-LiCl a nasledné reakci s
(E)-1-brom-5-methyl-2-hexenem. Tento meziprodukt byl pfeveden katalytickou
dihydroxylaci na pfisluSny diol. K tvorbé laktonu doslo v poslednim
cyklizaénim kroku ve vytézku 80 %. Popsany postup je zndzornén na

Schématu 17.11
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Me

Me

DHQ-PHN, K,0s0,(OH),
t-BUOH/H,O (1:1), K;Fe(CN),,
K,CO, 0°C, 12 h

r
Schema 17
OMe s-BuLi/TMEDA, THF, -78 °C, 30 min OMe
CONEt CuCN-LiCl, -78 °C, 45 min CONEt
2 (E)-1-brom-5-methylhex-2-en, -78 °C/ r.t., 4 h 2
NS
OMe O OMe O OMe

50% NaOH(aq)/EtOH
o < [e) (1:1)
I -
NH, B — OH reflux, 36 h
H H
Me Me
Me

Latky 26-28 izolované z Ginkgo biloba lze rovnéz pfipravit syntetickou

cestou, jak je znazornéno na Schématu 18.I"4 Reakci piislusneho epoxidu s

N-methyl-2-methoxybenzamidem lithiovaném v ortho poloze doslo ke vzniku

odpovidajiciho alkoholu v 70 % vytézku. Po nasledné hydrolyze a neutralizaci

zminéného alkoholu doslo k cyklizaci laktonového kruhu a isochroman-1-onovy

derivat byl ziskan ve vytézku 98 %.

Schema 18

C,H
Li O\7<H\ 127124 CysHyy »
BuLi NaOH
H —_— —
N OH EtOH
Me CONLiMe| CONHMe

OMe O OMe OMe
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OMe O

Dalsi zajimavy ptiklad konstrukce laktonového kruhu je popsan v praci

Kecka a spol.'*Y a stru¢né naznaden na Schématu 19. V prvnim kroku dochazi
p p

ke vzniku aryllithia reakci BuLi a C—Br vazb¢ piislusného esteru, nasleduje

rutheniem zprostfedkovany pienos acylové skupiny za vzniku odpovidajiciho
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aldehydu. Po odstranéni chranici TBS skupiny dochézi k intramolekularni adici
na C=0 vazbu aldehydu a vznikly hemiacetal je v poslednim kroku oxidovéan na

esterovou skupinu.

Schéma 19

(0] (0]

O )k/R . o) R
I o - n-BuLli, -98°C/-78°C . HF-Py
diol —— < : — ,< :
> OTBS TPAP, NMO oTBs Dess-Martin
o Br o) oxidace o

CHO

Dalsi vznik isochroman-l-onového derivatu, uvedeny na Schématu 20, je
zavisly na mnozstvi pfidané vychozi latky k Boc-leucinalu. Pfi provadéni této
adi¢ni reakce bylo obtizné dosahnout vysokych vytézka s reprodukovatelnou
stereoselektivitou. Nicméné anion generovany z vychozi latky reakci s LDA byl
ponechan reagovat s etheratem bromidu hofecnatého a tento studeny roztok byl
pfidan k aldehydu. Naslednym okyselenim a separaci pomoci sloupcové

chromatografie byly ziskany dva diastereomerni laktony v poméru 2,2:1.11%

Schéma 20

OMe O OMe OEt

Ln
T
OHC NHBoc NBoc
OEt LDA, THF, -78°C o H
+ —_— B + —_—
Me MgBr,.OEt, MgLn Me
Me
Me

Me

OMe O

NHBoc

Me

Dalsi z ptikladnych syntéz laktonového kruhu zaloZzend na desilylaci
2-(trimethylsilylmethy1)benzoylchloridu je znizornéna na Schématu 21.1*%
2-Methoxy-6-methylbenzoova kyselina byla ponechana reagovat s LDA v THF.
Po pfidani trimethylsilylchloridu do reakéni smési vznikla odpovidajici kyselina,

ktera se bez dalsiho ¢isténi varila pod zpétnym chladi¢em s SOCI, v benzenu za
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vzniku jiz zminovaného 2-(trimethylsilylmethyl)benzoylchloridu.

K cyklizacnimu kroku dos$lo diky silnému reaktivnimu dienofilu chloralu a

vysledny isochroman-1-onovy derivat byl ziskdn ve vysokém vytézku 90 %.

J
Schema 21
€]
Me . CH, CCl,
BumLi SiMe; | sOcCl, SiMe, CCl,CHO
— oo | —> — 3 . It bl
OH Me,SiCl ol cl cly-Cl N o
s
~o
OMe O OMe O OMe O OMe O OMe OMe O

Na zavér této kapitoly uvadim ojedinély ptipad vystavby benzenového kruhu
isochromanonu (Schéma 22). Roux a spol. popsali vznik substituovaného
isochroman-1-onového derivatu aromatizaci dvou bicyklickych laktond, které
ptipravili v poméru 9:1 cyklizaci vychozi latky. Pii prichodu smési téchto dvou
latek sloupcem silikagelu byl ziskan substituovany isochroman-1-on ve
vytezku 65 9%. M4

Schema 22

0 Ho P o Ph Ph
Ph TMSTS + Si0,
—_— —_—
0 0 0 o
Me
°© a1 © ©

0]
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2.3 Prehled nejdulezitéjsich reakci Grignardovych ¢inidel

2.3.1 Obecné vlastnosti Grignardovych ¢inidel

Organohofecnaté slouceniny jsou neodmyslitelné spjaty se jménem
francouzského chemika Victora Grignarda (1871-1935), ktery byl za pfinos
organické syntéze spocivajici v objevu nové metody vytvareni vazby C—C
ocenén vroce 1912 Nobelovou cenou za chemii. Prvni potvrzeni struktury
Grignardova cCinidla pomoci difrakce Rontgenova zafeni, konkrétné
Mg (Ph)(Et,0),Br, se datuje do roku 1963.1*° Ptesto jsou Grignardova ¢&inidla
jiz dlouhou dobu pfedmétem spekulaci, a mnohé studie ukazuji, ze jejich
struktura je zavisld na povaze organickych skupin koordinovanych na atom
hot¢iku. Obecné plati, Zze existuji dva preparativni postupy pro piipravu
Grignardovych slouc¢enin. V prvni fad¢ se jedna o pfimou interakci alkyl- nebo
aryl- halogenidu skovovym hoi¢ikem v nepolarnim rozpoustédle (suchy
diethylether, tetrahydrofuran). Ve druhé dochazi kvyméné jedné
elektronegativni ~ Gasti  molekuly ~ Grignardova ¢&inidla za  jinou.™®
Organohotecnaté slouceniny vykazuji vynikajici reaktivitu smérem k Siroké
Skale elektrofilli a snadno podléhaji transmetalaci, za vzniku jinych, zejména
organoméd’natych a organokovovych slou€enin. Jelikoz je elektropozitivni a
vazba uhlik-hoi¢ik je nejslabsi z vazeb uhlik-kov, jsou organohotecnaté
slouCeniny povazovany za jedny z nejreaktivnéj$i. Lze rozeznat tfi mechanismy
Vv zavislosti na substratu a Grignardové ¢inidle - Sy2 mechanismus nukleofilni
substituce, Sy1 mechanismus s ionizaci na karbokationtové meziprodukty a SET

mechanismus.

Ptiprava Grignardovych cCinidel je heterogenni reakci, jez z velké Casti zavisi

na né€kolika faktorech, zejména vSak na Cistoté kovového hotciku, rozpoustédle
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ve kterém je reakce provadéna, povaze halogenderivatu a organického zbytku.

Obecné schéma ptipravy je uvedeno na Schématu 23 a 24.

Schema 23

DEE (THF)
RX+Mg —————> RMgX (X=Cl, Br, I)

Schema 24

DEE (THF)
R—MgX +R,X, ———> R;MgX + RX, (X = Cl, Br, I)
Struktura Grignardovych Ccinidel v etherickém roztoku je vSak mnohem
komplikovanéj$i, nez obvykle zndzoriiuje obecné psany vzorec RMgX.
Pterozd€leni substituentii probihd dle tzv. Schlenkovy rovnovahy, jak je

znazornéno na Schématu 25.171

Schéema 25

2RMgX R,Mg + MgX, (X=ClI, Br, I)

Dietmar Seyferth ve své studii™®

popisuje asociaci riznych Grignardovych
¢inidel v THF a DEE, ptipadné asociaci n€kolika alkyl- a arylhotfecnatych
bromidil, jodidii a ptibuznych hote¢natych sloucenin v DEE. V ptedeslych
letech byla struktura Grignardovych ¢inidel zkoumana v pevném stavu pomoci

difrakce RTG zafeni, ptficemz struktury byly rozdéleny na monomery, dimery a

oligomery.
Br Et
N/ ELN, Bl .Et
Mg /Mg /Mg\
."' \
£,0 oEt, Et Br NEt,

Obrazek 1- Priklad monomeru a dimeru Grignardova cinidla
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2.3.2 Priklady modernich funkciolizovanych Grignardovych ¢inidel

S ohledem na rostouci vyznam heterocyklickych sloucenin v oblasti genetiky,
pfirodnich 1é¢iv ¢i materialového inzenyrstvi byla v poslednich letech zna¢na
¢ast pozornosti zaméfena na tzv. funkcionalizované heteroarylhofecnaté

sloueniny. Ila a spol.***!

popsali vroce 2006 ptehled shrnujici aplikace
funkcionalizovanych heteroaryl- a arylhotecnatych slouc¢enin nesoucich funk¢ni
skupiny, jako je ester, nitril, imin, nitro a hydroxy- skupiny pro regiospecifickou

syntézu Siroke Skaly funkcionalizovanych péti- a Sesti¢lennych heterocykl.

Ptipravou vysoce funkcionalizovanych organohofe¢natych Ccinidel (viz

Obrazek 2), prostfednictvim vymeény halogen-Mg, se jiz n€kolik let zabyva

[120]

vyzkumna skupina profesora Knochela. U téchto reakci je zapotiebi

dodrzovat nizké teploty k zajisténi vysoké tolerance funkéni skupiny.

MgCl NO, o)
R MgCl
CO,Et CN
Me N/Me
B
N MeﬁiBr
I MgBr EtO,C MgCl
CO,Et

Obrazek 2- Vlysoce funkcionalizovana organohorecnata cinidla
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Funkcionalizovana heterocyklickd Grignardova ¢inidla mohou byt pfipravena
za pouziti I/Mg nebo Br/Mg vyménnych reakci, pficemz elektronova povaha

heterocyklu ovlivituje rychlost vymeény.

Sapountzis a spol.l'*!

pozorovali kompletni vyménu I/Mg béhem 5 min
(pomoci GC analyzy jednotlivych reakénich podilil). K této vymeéné doSlo na
2-jodnitrobenzenu pfti reakci s fenylmagnesium chloridem v THF pii —40 °C za

vzniku nitro-substituovaného Grignardova ¢inidla (Schéma 26).

Schema 26

MgCl

|
NO, NO,
PhMgCI
THF, -40--80 °C
30-300 s
R R

R = NO,, CO,Et, CN

Jednim z dalSich ptikladi jsou meta a para substituované jodnitroareny, u
nichZ je mozna I/Mg vyména pouze v piipadé sterického branéni nitroskupiny.
Na Schématu 27 je znazornéna reakce dijodnitrobenzenového derivatu s

fenylmagnesium chloridem v THF, pti —40 °C po dobu 10 min.

Schema 27

NO, NO,
Me Me Me Me
PhMgCI
THF, -40 °C, 10 min
| | | MgCl

Skupina profesora Knochela se rovnéz zabyvala ptipravou polyfunkénich

diarylamint,™ jak je patrné ze Schématu 28. Funkcionalizovana arylhofe¢nata
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¢inidla reagujici s riznymi nitroareny za vzniku polyfunkénich diarylamind ve

vytézcich v rozsahu 63-86 %.

Schema 28

MgCl
oy q
O,N s | N s
/> -20°C, 2 h />
N FeCl,/NaBH, [ N

Tato reakce muze byt pouzita pro celou fadu funkcionalizovanych
arylhofecnatych ¢inidel nesoucich kyanovou skupinu, methoxy skupinu, ester
nebo jod. Rovnéz nitroaren muiZze nést elektronakceptorni skupiny (CN, CO,Et)
nebo elektrondonorni skupiny (Br, OMe). Meziprodukt diarylhydroxylamin
vS8ak neni stabilni na vzduchu, rychle se oxiduje a je proto nutné redukcni
zpracovani reakéni smési. Pro Uuplnou konverzi je nutny piebytek
arylhote¢natého Cinidla, jak vyplyva z mechanismu znazornéného nize (Schéma

29).

Schema 29
1
1 1
2 /,O Ar—MgCl 2 /OAr 2 //O Ar—MgCl A N/OMQCI FeCl, H
A—N & ————— > A—N —_— A—N ———— A— ——2 > , N
RN \ - Nt NaBH, H,0 Ar~ “ar
o 0—Mmgcl  Ar—OMgCl Ar 1 Hy
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2.3.3 Reakce benzylovych Grignardovych ¢inidel

Prvni pfipad reakce benzylového Grignardova cCinidla se datuje do roku 1903,
kdy autofi popsali reakci s formaldehydem za vzniku o-tolylmethanolu misto

o&ekavaného benzylmethanolu.#!

Naproti tomu, v praci autori Whitmora a Sloatal*!

je popsan vznik
ot¢ekavanych produkti pii reakci benzylovych Grignardovych ¢&inidel
S acetonitrilem, acetamidem, acetaldehydem, ethylacetditem, ptipadné
benzylchloridem, pouzitymi jako substrat pro nukleofilni adici. Pouze v ptipadé

reakce s acetylchloridem byl pozorovan vznik o-tolylmethyl ketonu.

Nukleofilni adice na dvojnou vazbu

JelikoZ jsou Grignardova cCinidla silnymi nukleofily, reaguji s celou Skélou
elektrofilnich latek (aldehydy, ketony, estery, kyseliny a chloridy kyselin), jak je
vidét na Obrazku 3. Tyto reakce maji rozsédhlé uplatnéni v organické chemii za
tvorby C—C vazby, pficemz Grignardovo cinidlo mize byt charakteru
alifatického, aromatického nebo heteroaromatického. Nize uvedené priiklady
reakci se tykaji organohoteCnatych ¢inidel odvozenych od halogenida

benzylového typu.
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o e : ” Nu
Bn-e«———— [ Bn—Mg-Br | ——
= NO -
OH Co,
Bn/\/OH Bn o

BnOH

Obrazek 3- Priklady reakci benzylovych Grignardovych cinidel

Reakce s aldehydy a ketony — vznik alkoholii

Moorthye a Samantal*?*!

vyuzili reakci Grignardova ¢inidla, v tomto piipadé
benzylmagnesiumbromidu, pifi zkoumdni fotochemie rozsdhlého souboru
ketond. Jednim z krokil pfi syntéze téchto ketonu je adice na dvojnou vazbu

vychoziho aldehydu na ptislusny alkohol (Schéma 30).
Schéma 30

Me

o~ o MgBr THF, 0°C, N, atm.
+
r,2h
Me Me
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Benzylova Grignardova ¢inidla byla rovnéz pouzita pii syntéze nové tfady
benzopyrani, a to bc¢hem transformace cyklobutanonu na odpovidajici

cyklobutanol (Schéma 31).0%

Schema 31

o OH
MgBr
+ —_—
(0] (0]
Me

Me

Reakce Grignardovych Cinidel s CO,

Adice organohotecnatych sloucenin na oxid uhli¢ity nabizi moZnost pfipravy
karboxylovych kyseliny. Pfi této reakci vnika nejprve sul kyseliny, kterd reaguje
v roztoku ¢inidla za tvorby ketonu a nasledné za vzniku pozadované kyseliny.
Takovym ptikladem mize byt reakce benzylmagnesiumchloridu s **CO, pfi

syntéze fenolkarboxylovych kyselin, jeZ je znazorndna na Schématu 32.1%7)

Schema 32

13 _OH A)@
©/\MQCI _-10°C, 30min_ m
3Co, +
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2.3.4 Dalsi priklady reakci benzylovych Grignardovych ¢inidel

Fang a spol.'®! se zaméfili na piipravu vhodného intermediatu, ktery
nasledné slouzil pro piipravu série novych estrogenovych receptorii. Na
Schématu 33 je uvedena syntéza tohoto intermediatu, pii které autofi nechali
reagovat  N,O-dimethylhydroxyamid, znamy jako Weinrebiv amid
s benzylmagnesiumchloridem v THF a pozadovany produkt izolovali v
78 % vytézku.

Schema 33

I I O
(0]
-
~ ©/\Mgcl THF, 0 °C O
+ —_—
X

Bu Bu

/=

Benzylmagnesiumbromid byl rovnézZ pouzit pii reakci vedouci ke vzniku série
substituovanych N-Pmc thioamidii dle Flemera a spol.*?? Adice Grignardova
¢inidla na dvojnou vazbu C=N Pmc isokyanatu vedla k pozadovanému produktu

(Schéma 34).

Schéma 34
5
[l
i
CH H o) CH
3 3
N\S// C/N\S//
[ MgBr THF, 0°C N7
(o] + E IS (@]
CH, 1-3h CH,
H,C o CH, H,C o CH,
CH3 CHz

42



Disertacni prace Eva Babjakova, 2018

Jak je z vySe uvedenych fadku patrné, bylo zjisténo, Ze reakce benzylovych
Grignardovych c¢inidel s pfisluSnymi acylchloridy, vedouci k tvorbé laktonového
kruhu je ojedinély ptipad reakce a vhodnym ptikladem wvyuziti téchto

organokovovych sloucenin k piipravé isochroman-1-onovych derivati.

Jednou z vlastnosti benzylovych Grignardovych cinidel, kterou se vyznamné
odlisuji od strukturné odlisSnych cCinidel, je migrace substituentu do polohy 2 na

puvodnim aromatickém kruhu.

Suga a spol.*® pozorovali migraci substituentu pfi reakei elektrofildi na bazi
iminiovych kationti s BnMgCl. Jak je vidét na Schématu 35, doSlo ke vzniku tti
1somernich produkti. Kromé& migrace do polohy 2, byla v mnohem vys$si mite

pozorovana i migrace do polohy 4.

14
Schema 35
Me
Co,Me CO,Me MgCl coMe Co,Me CoMe
+
N 6.4+ NS IDEE N N N
—_— + +
; / -72°C \ / -72°C, 20 min M
e
66 : 20 : 14

Od roku 1903 kdy byla provedena prvni reakce benzylového Grignardova

Cinidla, uplynulo jiz vice nez 100 let a presto je tato reakce stale pfedmétem

diskuzi. Autofi Benkeser a spol.**!!

se zabyvali studiem reakénich podminek
reakce benzylmagnesiumchloridu s formaldehydem vedouci ke vzniku 2-
fenylethanolu, 2-methylbenzyl alkoholu a 2-(2-hydroxyethyl)benzyl alkoholu
vV rizném poméru (Schéma 36). Stejné¢ jako v predeslém piipadé¢ i1 autofi

[132]

Bernardon a Deberly*** navrhli ve své studii mechanismus vzniku diolt pfi

reakci benzylovych Grignardovych ¢inidel s aldehydy.
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Schéma 36

o OH
+ c - = + +
H” H
Me OH

25% 0,5% 20,5 %

(33 publikovali podrobnou studii reakce

O ti1 roky pozdéji Benkeser a spol.
benzylmagnesiumchloridu s formaldehydem. Zména metody méla za nasledek
mnohem lepsi hmotnostni bilanci vznikajicich produktti (viz Schéma 37). Tato
metoda spocivala ve zméné& techniky pro titraci Grignardova ¢inidla a pfidavani
formaldehydu. V predchozich vyzkumech dochéazelo k uniku znaéného mnozstvi
nezreagovaného formaldehydu ze systému, proto nebylo moZno provadét
jakékoliv kvantitativni studie téchto reakci. Tato obtiZ byla odstranéna za pouziti
THF, jako rozpoustédla pro ptipravu benzylovych Grignardovych cinidel a
specialné upravené trubice s Sirokym hrdlem pro zavedeni poZadovaného

mnozstvi formaldehydu. Ten byl zaveden proudem dusiku pfimo pod hladinu

Grignardova Cinidla a nedochazelo tak k jeho vétSimu uniku.

Schéma 37
(l:l
Mg, M
cl qﬁ OMgCl oH
CH
CH,0 2 H*
— — —
H,0
?I
Mg

Me Me
omgcl H* OH
o THO
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Autofi Bella a spol. se zabyvali syntézou alkohola pfi reakci Grignardovych
¢inidel s cukernymi aldehydy. Na zdkladé NMR spekter izolovanych produkti
adi¢ni reakce aldehydu s benzylmagnesiumchloridem byl potvrzen vznik smési
obsahujici (R),(S) o-tolyl derivaty, spolu s (R) a (S) benzyl derivaty v poméru
piiblizné 3:1, coz naznacuje podstatnou pievahu benzyl—o0-tolyl pfesmyku. Za
ucelem potlaceni vzniku ptfesmyknutych o-tolyl derivati provedli autofi
priazkum reak¢nich podminek (teplota, pomér reakcnich slozek, rozpoustédlo,
potadi davkovani jednotlivych komponent) na pribeh této reakce. Na Schématu
38 je uveden navrZeny mechanismus reakce benzylového Grignardova Cinidla

s aldehydy navazanymi na cukerné sloZce vedouci ke vzniku pozadovaného

alkoholu.[*34

Schema 38

MgCl o _MgcCl
OHC .. OMe CH, O (CHQ QH Me QH
(0] (0] [¢]
" . OM . OM
\g_z - OMe \.Cl, H,0 ot OME ot OME
+ O><O _— H B H —_
Me Me O><O O><O O><O
Me Me Me Me Me Me

cis + trans isomery
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3. CILE DISERTACNI PRACE

Cile disertacni prace jsou shrnuty v nasledujicich bodech:

- Provést literarni reSersi zptisobil pripravy a biologickych tc¢inkli isochroman-
1-onovych derivati.

- Na zdkladé¢ literarni reSerSe navrhnout moZzny zpusob vzniku
isochromanonovych derivati pii reakci acylchloridi
s benzylmagnesium halogenidy.

- Studovat vliv podminek reakci na vytéZky isochromanonti a sloZeni suroveho
produktu s cilem objasnit zplisob vzniku isochromanonovych derivata.

- Izolovat komponenty surovych reakénich smési a pokusit se urcit, které z
nich jsou intermediaty isochromanonovych derivati.

- Ur¢it pivod a zplsob inkorporace kyslikovych atomt laktonové skupiny ve
struktufe isochromanonu.

- Charakterizovat v§echny izolované latky pomoci vhodnych instrumentéalnich
metod (NMR, ESI-MS, GC-MS, IR, RTG difrakéni analyza, EA).

- Poznatky ziskané po dobu védecko-vyzkumné ¢innosti  publikovat

v odbornych periodicich a prezentovat na védeckych konferencich.
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4. KOMENTAR PUBLIKACNICH VYSTUPU A
VYSLEDKU DISERTACNI PRACE

Vroce 2006 byla publikovana reakce adamantan-1-karbonylchloridu
s benzylmagnesiumbromidem,™ p#i niz vznikal jako minoritni produkt derivat
isochromanontt (Schéma 39). Tato slouCenina byla neocekavana, predev§im
Z diivodu nejasného ptvodu laktonového karbonylu ve struktute. Jediny ziejmy
zdroj kyslikového atomu piedstavoval vychozi acylchlorid. Podnétem ke studiu
zpusobu vzniku derivatli isochromanonu byl tedy fakt, Ze autorim se v piivodni
praci nepodatilo uspokojivé vysvétlit, jak v reakéni smési isochromanonovy
skelet vznikd. Krom¢& toho se mezi isochromanony nachédzi fada zéstupcii
vykazujicich zajimavou biologickou aktivitu, které by bylo mozné touto cestou
piipravit. Rovnéz se v této skupiné organickych sloufenin nachazi velké
mnozstvi biologicky aktivnich zastupci, jejichz pfitomnost miize byt
potencidlné nebezpecnd, naptiklad ve farmaceutickych produktech. Znalost
mechanismu vzniku isochromanonovych derivatli, by mohla umozZnit snizit
jejich mnozstvi v surovych produktech, naptiklad optimalizovanim reakcnich

podminek.

Schéema 39

+ 5 latek

cl . MgBr DEE
‘ 48h, 25°C
6]

Kromé nédvaznosti na vySe zmitlovanou publikaci, vychazi tato disertacni

prace z vyzkumu shrnutého v mé diplomové praci,** kde byla zkoumana
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obecnost reakce vzhledem ke struktuie Grignardovych cinidel, pfi¢emz jako
acylchlorid byl vzdy pouzivan adamantan-1-karbonylchlorid. Dale byly
piedbézné studovany obmény reakénich podminek a jejich vliv na vytézky
sledovanych isochromanoni. Tyto reakce byly provadény s ekvimolarnim
pomérem acylchloridu a Grignardova ¢inidla v pfitomnosti dodatecnych latek
(TEA, BF;3, AICI; CO,) v reakéni smési. Rovnéz byl studovan vliv reak¢éni doby
na vytézky isochromanonovych derivatii. Posledni série pokust byla zaméiena
na sledovani vlivu koncentrace rizného poméru reakénich komponent.
Analyzami na GC-MS bylo zjisténo, Ze tyto podminky neovliviiuji pribéh
reakce ani v pozitivnim ani v negativnim smyslu. Nicméné¢, tyto experimenty
byly v rdmci disertacni prace zopakovany za piesnéji definovanych podminek a

doplnény.

Tato prace je usporadana jako soubor tematicky souvisejicich uvetejnénych
praci s privodnim textem.! V komentafi jsem se zaméfila na popis experimentt,
kterymi jsem se snazila objasnit zptisob vzniku isochromanonovych derivati pfi
reakci acylchloridii s Grgnardovymi ¢inidly. Publikované vysledky strukturnich

studii jsou komentovany jen stru¢né.

Publikace |-V tvorici podstatu této disertacni prace jsou doprovazeny
dopliujicimi materialy. Tyto doplniujici materialy jsou ulozeny na CD, kter¢ je
soucasti této prace. Spolu s témito dopliujicimi materidly se na ptilozeném CD
nachazi dalsi dvé publikace, na jejichz vzniku jsem se vyznamné podilela, ale

nesouvisi s tématem prace.

'Studijni a zkusebni ¥ad Univerzity Tomase Bati ve Zlin& ze dne 22. dubna 2016, Dil 3 Disertacni
prace a jeji obhajoba, ¢lanek 47 Disertacni prace, odstavec 1b.
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4.1 Studium obecnosti reakce — vliv struktury acylchloridu

Jak jiz bylo zminéno vyse, slozeni smési produktl reakce neni prili§ zavislé
na substituentech na benzenovém jadie Grignardova ¢inidla. Byla pfipravena a
v reakcich s adamantan-1-karbonylchloridem pouzita ¢inidla s benzenovym
jadrem substituovanym methylovou skupinou v polohach -ortho, -meta, -para,
ptipadné nesubstituovanym, jak je znazornéno na Schématu 40. Byl proveden i
experiment s Grignardovym cinidlem substituovanym methoxy skupinou v
poloze para. Spektrum produktti bylo opét obdobné, ale smés nebylo mozné

rozdélit tak jako v pfipadé methylem substituovanych ¢inidel.

V ramci disertacni prace byl zkoumdan vliv struktury acylchloridu na pribéh
reakce a zejména na slozeni surového produktu. Jako prvni alternativni
acylchlorid byl testovan pivaloylchlorid. Pi1 analyze reak¢ni smési ptipravené
reakci acylchloridu 37b a latky 38c byly detekovany pomoci GC-MS
analogické produkty jako v piipadé pouziti acylchloridu 37a. Protoze v ptipad¢
acylchloridu 37b bylo mozné vSechny komponenty smési analyzovat pomoci
GC-MS jiz béhem 25 min (oproti vice nez 100 min v ptipadé acylchloridu 37a),
byl nadéle pouZivan pivaloylchlorid pro studium vlivu podminek reakce na
slozeni produktu (viz kapitola 4.2). Kromé pivaloylchloridu byl dale testovan
chlorid kyseliny cyklohexankarboxylové. I v tomto piipadé¢ byl v surovém
produktu pomoci GC-MS detekovan odpovidajici isochromanon, ale jednotlivé
komponenty surového produktu nebylo mozné izolovat. Proto jsme se timto
acylchloridem dale nezabyvali. Nicméné vySe popsan¢ vysledky ukazuji na to,
ze vznik isochromanonu je obecny jev nezavisejici na jedné konkrétni strukture

acylchloridu.
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Schema 40
R4
Rs
R;
MgCl Ry Ry
Ra o} o]
R _Cl + __48h
T - DEE, 25°C H
s} ! R, 0O
Ry
37 38
Ry Ry Ry
W/ Ry R; Ry
o o Rs
42 43 44 45
Tabulka 1
Rl R2 R3 R4
37a Ad - - -
37b t-but - - -
38a - H H H
38b - Me H H
38¢ - H Me H
38d - H H Me
39a-45a Ad H H
39b-45b Ad Me
39c-45¢ Ad H Me
39d-45d Ad H H Me
39e-45e t-but H H H
39f45f t-but Me
39g-45¢g t-but H Me H
39h—-45h t-but H H Me
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4.2 Studium vlivu podminek reakce na sloZeni surového

produktu

Nejprve byl studovan vliv reakénich podminek na zastoupeni jednotlivych
slozek produktu, zejména pak na vytézek isochromanonu. Jak jiz bylo zminéno,
spektrum produktl je do znané miry nezavislé na volbé jak Grignardova
Cinidla, tak i acylchloridu. Reakce za pouziti latky 37a vyzadovala velmi dlouhé
Casy analyz pomoci GC-MS (Obrazek 4), proto byla pro modelové reakce
pouzita  latka  37b.  Jako  Grignardovo  ¢inidlo byl = vybran
3-methylbenzylmagnesiumchlorid (38c), protoze byl jiz dfive nejéastéji

pouzivan a znali jsme tedy retencni Casy Sirokého spektra komponent reakéni

v .
SIMCESI1.
o CgHy
N 105.07
o
(<]
C4H &
4y’ 0
161 57.0704 o
C10H902'
105 217 161.06
57
173
Cy3H170;
° 265123
105
7993 l
AJ.,JLJLJL_J____.___.,_,._>.~ iy 50 100 150 200 250 300 350 400
50 100 150 _ 200 250 300 m/z
mlz
T T T T 1 r T T T T T 1
60 70 80 90 100 10 12 14 16 18 20 22

Retenc¢ni ¢as [min] Retencni ¢as [min]

Obrazek 4- Chromatogramy a EI-MS spektra isochromanonovych derivatii

Obsah isochromanonu v surové reakéni smési byl analyzovan kvantitativné
V roztoku zpracované reakéni smési, aby byly vylouceny pravdépodobné velké

chyby zplisobené izolaci mnohdy relativné velmi malych mnoZstvi sledovaného
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iIsochromanonu. Ke konstrukci kalibracni kiivky byl pouzit nezavisle
pfipraveny pfislusny isochromanon a jako interni standard byl pouzivan
benzofenon. Reak¢éni smési byly zpracovavany s analytickou ptesnosti a chyba

reprodukovatelnosti experimentli nepifesahovala chybu stanoveni metodou

GC-MS, tedy 5 %.

Na Obrazku 5 jsou znazornény vytézky isochromanonu (absolutné¢ v mg)
Vv zavislosti na proménnych podminkéach studované reakce. NejvySsi dosazeny
vytézek v dané sérii je zvyraznén Cervené. Kazda ze sérii reakci uvedend na
Obrazku 5 byla provadéna s jinou Sarzi Grignardova cCinidla, proto se zde

mohou objevovat jiné hodnoty vytézki i pro jinak stejné podminky.

Prvnim studovanym parametrem reakce byl stechiometricky pomér dvou
hlavnich komponent, tedy Grignardova ¢inidla 38c a acylchloridu 37b. Tento
pomér mize ovlivnit mnoZstvi nékterych komponent ve smési. Pokud by tyto
komponenty byly intermediaty isochromanonu, mohlo by jejich vy$§i mnozstvi
ve smési vést 1 ke zvySeni vytézkl sledovanych isochromanonii. Napiiklad je
ziejmé, ze pro vznik terciarniho alkoholu 40 jsou zapotiebi dva ekvivalenty
Grignardova cinidla a jeden ekvivalent acylchloridu. Rovnéz molekula
isochromanonu obsahuje dvé benzenova jadra, proto je velmi pravdépodobné,
Ze se na jeho vzniku podileji nejméné dvé molekuly Grignardova Cinidla. Pocet
nezbytné¢ nutnych molekul acylchloridu 37 je diskutabilngj$i. Ziejma je
naptiklad nutnd participace dvou molekul acylchloridu pii vzniku dioxo
derivati 41. Na druhou stranu, pocet molekul acylchloridu nutnych pro vznik
sledovanych isochromanont byl od pocatku jednou z klicovych otazek této
prace. Aby bylo mozno posoudit vliv nadbytku nékteré z reakénich komponent,
byly provedeny modelové reakce s riaznymi poméry Grignardova ¢inidla a
S riznymi vychozimi koncentracemi chloridu kyseliny. Vzhledem k technickym
omezenim provadéni reakce nemaji tyto dva piistupy vzajemny vztah, nebot’

Vv prvnim ptipadé bylo k pevné danému mnozstvi acylchloridu 37b v 5 cm®
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rozpoustédla pfidavano rizné mnozstvi roztoku Grignardova Cinidla o znamé
koncentraci (v kazdé reakéni smési byla tedy nutné jina koncentrace
acylchloridu), zatimco ve druhé sérii reakci byla proménna pouze vychozi
koncentrace acylchloridu 37b a mnozstvi, stejné jako koncentrace Grignardova
¢inidla bylo vzdy stejné. Zména poméru Grignardova cinidla (Obrazek 5a)
neméla na vytézek isochromanonu prakticky Zadny vliv, zatimco pfiblizné
Ctyinasobny piebytek acylchloridu 37b (Obrazek 5c¢) znatelné podpofil tvorbu

pozadovaného produktu.
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—
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Ruzné podminky Razna rozpoustédla

Obrazek 5 - \ytezky isochromanonu (absolutné v mg) v zavislosti na

promeénnych podminkdch studované reakce

Dale byl studovan vliv pfidavku riznych potencialnich katalyzatora reakce
(TEA, Et,0-BF3, AICI3) ¢i mozného zdroje karbonylu (CO,), nicméné zadny
vyznamny pozitivni vliv se neprojevil (Obrazek 5d). ProtoZe je znamo, Ze se
rozpoustédlo podili na vzniku nékterych komponent reakéni smési (naptiklad
rozkladem diethyletheru plisobenim acylchloridu vznika ptislusny ethylester)
byla provedena reakce v rtiznych kombinacich rozpoustédel (Obrazek S5e).
Grignardovo  ¢inidlo se nicméné musi pfipravovat v rozpoustédle

s elektrondonornimi atomy (ethery, piipadnd terciarni aminy)? z &ehoz
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pramenilo zékladni omezeni vybéru vhodnych rozpoustédel. Pro reakce, jejichz
vysledky jsou zndzornény na Obrazku Sviii—xii bylo Grignardovo Ccinidlo
pfipraveno V diethyletheru. V piipad¢ reakci, jejichz vysledky jsou zobrazeny
na Obrazku 5xiii—xvii bylo Grignardovo ¢inidlo pfipraveno v tetrahydrofuranu
a poté ptidavano do roztoku chloridu kyseliny o znamé koncentraci, rozpusténé
V odpovidajicim rozpoustédle, jak je uvedeno ve vysvétlivce grafu na Obrazku
Se. Jako zajimavy, i kdyz dosud ne zcela uspokojivé vysvétleny, se ukazal byt
ptipad, kdy bylo Grignardovo ¢inidlo pfipraveno konven¢né v diethyletheru a
tento roztok byl ponechan reagovat s latkou 37b rozpusténou v suchém toluenu

(Obrazek 5Se, reakce xii).

Vyse popsané zmény podminek nevedly k jednoznaénému ureni komponent
smési klicovych pro vznik sledovaného isochromanonu. Ocekavali jsme
naptiklad, ze za urcitych okolnosti bude vytézek isochromanonu vyrazné vyssi
nebo naopak, Ze isochromanon nebude vznikat viibec. Jak ale vyplyva z vyse
uveden¢ho, vytézky isochromanonu byly ve vSech sériich reakci, az na
ojedinélé a nepftili§ vyrazné vyjimky piiblizn€ stejné. Jedinym relevantnim
naznakem by mohl byt trend evidentni na Obrazku 5c, tedy zZe urcity prebytek
acylchloridu v reakéni smési zvySuje vytézek isochromanonu. Je opravnéné
predpokladat, ze nékteré komponenty surového produktu pifitomné v reakéni
smési by se mohly podilet na vzniku sledovaného isochromanonu. Proto byla
pozornost zaméfena na izolaci, pfipadné nezéavislou syntézu standardi

reakénich komponent a studium jejich role v reakéni smési.
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4.3 Priprava standardu komponent reakcéni smési

a hypotetickych intermediata

Protoze studium slozeni produktu v zavislosti na podminkach reakce
nepiineslo zdsadni poznatky k objasnéni mechanismu vzniku isochromanond,
bylo pfistoupeno k jiné strategii, ktera spocivala v nezavislé ptipravé €1 izolaci
hypotetickych intermedidtl ze surovych reakénich smési a podrobeni téchto
latek obdobnym podminkdm, které panuji v origindlni studované reakci s cilem
posoudit vliv takto obohacené reakéni smeési na vytéZek hledaného

isochromanonu.

4.3.1 Nové latky izolované primo z reak¢nich smési

Smési produktt ziskané reakci acylchloridii s Grignardovymi Cinidly byly
velmi komplikované a ne vzdy se dafilo vSechny latky z dané reakce izolovat
Cisté. Proto bylo nutné pro jejich identifikaci kombinovat metody GC-MS, NMR
a RTG, nicméné kombinaci vysledki ze vSech detailné studovanych reakci
(riizné acylchloridy a rGznd Grignardova ¢inidla) se podafilo sloZit pestrou
mozaiku latek pfitomnych v surovém produktu. RovnéZ se podatilo latky
konkrétniho typu identifikovat v chromatogramech i téch reak¢nich smési, kde
se je podafilo separovat. K tomu byla vyuZita analogie zaloZena na sledovani

charakteristickych fragmenti v MS spektrech a reten¢niho ¢asu.

Diketony

Ze surové smési ziskané reakci acylchloridu 37b a Grignardova ¢inidla 38b se

podafilo izolovat dalsi, dosud neznamy a nutno pfiznat i neocekavany produkt
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reakce. Tato latka 45f, podle *C NMR spektroskopic se dvéma

neekvivalentnimi oxo skupinami, byla ziskana ve form¢é monokrystalu a jeji

struktura tak byla potvrzena pomoci RTG difrak¢ni analyzy (Obrazek 6).

Obrazek 6- ORTEP diagram latky 45f

Analogicka latka byla izolovana a identifikovana pomoci NMR 1 z reakce
latky 38b s 37a. Zda se tedy, Ze tyto slou¢eniny jsou opét obecnym produktem
vznikajicim ve vSech studovanych reakcich. Na Schématu 41 je zndzornén

mozny mechanismus vzniku této neo¢ekavane latky.

Schema 41

OHO)

R )R
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4.3.2 Priprava standardi a intermediati a jejich vyuziti pfi studiu

mechanismu

Odhaleni pfitomnosti a potvrzeni struktury dosud nezndmé komponenty
smési, vySe popsané latky 45f, nas pfivedlo k prozkoumani mozné pfemény této
latky na isochromanon reakci s odpovidajicim Grignardovym ¢inidlem. Pro tyto
ucely bylo nutné piipravit vétsi mnozstvi této latky z predpokladaného
prekurzoru (latky 41f), ktery se jevil jako nejracionalngjsi ptredchazejici

mezistupen.

Pro piipravu latky 41f byl navrzen sled reakci zobrazeny na Schématu 42.
Jediny v literatufe popsany postup vedouci k pozadovanému dionu 41f, zahrnuje
reakci pfislusné diazoniové soli s 2,2,6,6-tetramethyl-3,5-heptadionovym
komplexem dvojmocné médi za katalyzy médi elementarni.!®® Diazoniové sil
byla  pfipravena  dle  literarntho  postupu  reakci o-toluidinu,
terc-butyl-nitritu a BF;- Et,O v prostfedi THF a ziskana ve vyt&zku 67%.13"
Rovnéz bez probléml byl pfipraven obecné znamou reakci komeréné
dostupného 2,2,6,6-tetramethylheptan-3,5-dionu s octanem méd’natym piislusny
médnaty komplex, jehoz struktura byla potvrzena RTG difrakéni analyzou
(ORTEP diagram je vlozen ve Schématu 42). V poslednim kroku zamysSlené
syntézy vSak pozadovany produkt 41f nevznikl ani pii opakovani reakce za
jinych teplot. Pomoci GC-MS analyz se nepodatilo pozadovany dion detekovat.

Tento negativni vysledek je mozno vysvétlit fyzikdlni podobou pouzité

elementarni médi.
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Schema 42

_NO

L,
BF,ELO, THF

w o
Cu{0Ac),-H,O
Cu2+
H,Q, MeOH, NaDAc M Cu, CH,CI,

25°C, 72hod

41f

Smalym mnozstvim diketonu 45f izolovanym z reakce piislusného
acylchloridu a Grignardova ¢inidla byl proveden experiment, kdy byl diketon
45f ponechan reagovat s Grignardovym ¢inidlem 38b (Schéma 43). Pokud by
diketon byl prekurzorem isochromanonu, dal by se pfi této reakci ocekavat jeho
vznik. V reakéni smési se vSak 1 po dlouhé dob¢ vyskytoval pouze nezreagovany
diketon, coz byl necekany vysledek vzhledem k ptitomnosti dvou oxo skupin.
Nicméné tuto reakci nebylo mozné opakovat z divodu velmi malého mnozstvi

dostupného diketonu 45f.
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Schéema 43
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Estery

Jak jiz bylo zminéno vySe, jednou mozZnosti pii studiu reakéniho mechanismu
je postupna syntéza jednotlivych ptedpokladanych intermediatt, které by pak za
danych podminek reakce mély poskytovat stejny produkt, jako ptivodni vychozi
latky. Jiz béhem diplomové prace byly pfipraveny isomerni estery 46—48 a byla
studovana jejich pfitomnost v reak¢éni smési. Estery znazornéné na Obrazku 7

byly pfipraveny reakci piislusného acylchloridu s alkoholem za pfitomnosti

pyridinu.
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Obrazek 7 — Porovnani chromatogramu pripravenych esterii a surového

produktu studované reakce

Estery 47 a 48 nebyly prikazné v reakéni smési ptfitomné, jak dokladaji

59



Disertacni prace Eva Babjakova, 2018

porovnané chromatogramy standardl se selektivné zesilenym signdlem m/z 284
(molekulovy pik hledanych esterti). Naproti tomu piitomnost esteru 46 byla

potvrzena jednoznacng.

Ketony

I pfes ne zcela uspokojivé poznatky ziskané z modelovych reakci s vyse
uvedenymi estery, se jevila jako dalSi moznost prozkoumat obdobnym
zpusobem roli ketonu 44 jakozto velmi pravdépodobného intermedidtu pfi
vzniku isochromanonovych derivatl. Ketony 44 vznikaji pii reakci acylchloridii
s Grignardovymi ¢inidly jako jedny z hlavnich produkti a lze je obvykle
Z téchto smési i1zolovat. Nezdvisle lze ketony 44 pfipravit s vyuzitim jiz
zminénych vychozich latek za katalyzy méd'nymi a hlinitymi solemi, jak je
znazornéno na Schématu 44.M! Tato reakce je relativné rychla a pozadovany

keton nedoprovazi nezadouci vedlejsi produkty.

Schéema 44

>H(C. + ©\AMQC| 10, o, A
o THF, 20°C, Ar o

Nasledné bylo provedeno nékolik modelovych reakci (Schéma 45), které
mély za ucel odhalit chovani ketonu 44f za simulovanych podminek ptvodni
reakce. Nejprve byla vyzkouSena reakce ketonu 44f s Grignardovym ¢inidlem
38b za klasickych podminek reakce (THF, laboratorni teplota). Jelikoz nebyla
prokdzana 7zadnd souvislost mezi reakénimi podminkami a vznikem
o¢ekavaného isochromanoni 39f, byla reakce provedena v piitomnosti AICls,
ktery muze nahradit MgCl, in situ vznikajici v klasické reakéni smési. U reakci
provedenych v pfitomnosti Grignardova ¢inidla doslo ke vzniku ocekavaného

alkoholu 40f a dalSich minoritnich latek, ov§em pozadovany isochromanon 39f
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ani dion 41f nebyl v reakéni smési pomoci analyzy GC-MS identifikovan (pro
analytické ucely k dispozici byl autenticky standard isochromanonti izolovany

Zzreakénich smési a identifikovany pomoci instrumentalnich metod).

Schema 45
Reakce 1
i . MaCl %é— 39f, 41
THF, 25°C ’
Reakce 2
0 . MgCl ﬂ% 30f, 41f
THF, 25°C
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i . MgCl ﬁw 39f, 41f
J\(CI THF, - 25° ’
I
e}
Reakce 4
0 MgCl AlCI,
| Cl Wé 391, 41f
e}
Reakce 5
Q NaH
. o %{— 39f, 41f
DEE, - 25°C
(e}
Reakce 6
o t-BuOK v
+ cl —_— 274 -
| DEE: 25°C 50 100 150 200 250 300 \. n l Ao | 1
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e / A_ /
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Nasledné byl postup modifikovan. Grignardovo ¢inidlo bylo pfidano do roztoku

ketonu 44f, poté byl ptidan acylchlorid 37b a byla reakce ponechana michat pii
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laboratorni teploté. Pomoci GC-MS byl v surovém produktu zjistén opét vyskyt
alkoholu 40f a nebyla potvrzena piitomnost hledané¢ho isochromanonu. Stejnych
vysledkli bylo dosaZeno pii provedeni reakce za laboratorni teploty. U dalSich
dvou reakci byl ponechan reagovat keton 44f s acylchloridem 37b v pritomnosti
NaH a t-BuOK. Jako prvni z téchto dvou reakci byla provedena reakce s NaH.
Na zékladé¢ GC-MS analyzy nebyl prokazan vznik ani jedné z ocekavanych
latek. V ptfipad¢ reakce provadéné v pfitomnosti t-BuOK, byl zaznamenan
vyskyt dvou latek, jejichz hmotnostni spektrum naznacovalo, Ze by mohlo jit 0
dion 41f. Pro identifikaci byl pouzit standard dionu 41f izolovany ze surové

reakcni smési reakce acylchloridu 37b a Grignardovym ¢inidlem 38b.

Isochromanony

Jak jiz vyplynulo z pfedchoziho textu, sledované isochromanony vznikaly pfi
vSech studovanych reakcich acylchloridii s Grignardovymi ¢inidly. V ptripadé
isochromanonti izolovanych z reakci AdCOCI a t-BuCOCI se tfemi raznymi
Grigardovymi ¢inidly 38a—C (viz Schéma 40) byly pfipraveny monokrystaly
vhodné pro RTG difrakéni analyzu. Kromé potvrzeni molekularni struktury
téchto latek byla zkoumana jejich konformace, pfedevsim ve spojeni s poznatky
publikovanymi v originlni publikaci z roku 2006.”1 Diky flexibilite
oxanonového kruhu mohou molekuly isochromanonli zaujimat dvé vyrazné
odlisné konformace, ve kterych jsou roviny proloZzené benzenovymi kruhy
benzylu a isochromanonového skeletu vzajemné ptiblizné rovnobézné (uzaviena

konformace) nebo na sebe kolmé (oteviena konformace).

' nesubstituovaného isochromanonu 39a, autofi

V publikované struktuie!?
popisuji pfitomnost obou konformert, pfiéemz kazda z nich tvofi vlastni vrstvu
se zastoupenim obou enantiomerd. Oproti tomu v Krystalu isochromanonu 39c

zaujimaji vSechny molekuly uzavienou konformaci a v krystalu isochromanonu
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39b naopak konformaci otevienou. VSechny pozorované formy jsou i s
hodnotami velikosti thlu mezi zminénymi rovinami uvedeny v Tabulce 2.
PtestoZe v otevieném konformeru lze vnimat umisténi objemného adamantanu
Vv axialni poloze a v uzavieném konformeru jakoby v ekvatoridlni poloze, zda se,
7e Vtomto piipadé nebude analogie se substituovanym cyklohexanem zcela
platna, nebot’ na oxanonovém kruhu je pouze jediny dal$i uhlik v hybridnim
stavu sp°. Hlavnimi silami uréujicimi konformaéni chovéani isochromanonovych
derivatl v krystalu budou patrné n-m interakce mezi aromatickymi kruhy.
Zejména s ohledem na biologickou aktivitu derivatl isochromanonu je tato
existence dvou stabilnich, vyrazné¢ geometricky odliSnych, konformeri

zajimava.

V pfipad¢ latky 39e se podatilo ziskat dva polymorfy v zavislosti na
podminkéach krystalizace. Polymorf s molekulami v uzaviené¢ konformaci
zobrazeny na Obrazku 8 vlevo, byl pfipraven krystalizaci z hexanu za niZsi
teploty (—30 °C) zatimco polymorf s otevienou konformaci, zobrazen na

Obrazku 8 vpravo, krystalizoval opét z hexanu, ale pifi pokojovée teploté.

Obrazek 8- ORTEP diagramy dvou polymorfii latky 39e
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Protoze snahy o objasnéni mechanismu vzniku téchto derivati dlouho nevedly k
rozumnym a publikovatelnym vysledkiim, bylo rozhodnuto konformacni studii
isochromanonovych derivatd publikovat v ¢asopisu Journal of Molecular

Structure v ¢isle vénovaném polymorfii. (PUBLIKACE I)

Tabulka 2
iIsochromanon orrT
oteviena forma uzaviena forma
39a 88,47 24,05
39 87,33 -
39c - 21,32
3% - 22,91
3% 88,89 -
39f - 36,07
399 - 21,67

% ihel mezi rovinami prolozenymi uhlikovymi atomy aromatického kruhu benzylu a isochromanonu

Diony

Jednou ze skupin produktii, které vzdy vznikaly pii reakci benzylovych
Grignardovych ¢inidel spolu s acylchloridy, byly latky 41 obsahujici
1,3-dionovy systém (oznacované v této praci jako diony). U téchto latek byla
podrobnéji studovana struktura v pevné fazi 1 v roztoku. Obecné pro latky tohoto
typu, jsou brany v uvahu tii formy — 1,3-dioxo, Z-oxo-enol a E-oxo-enol forma

znazornéné na Obrazku 9.
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1,3-dioxo forma

Substituenty v polohach 1, 2 a 3 pak silné ovliviiuji posun rovnovahy k té ¢i
on¢ formé. Z-keto-enol forma je upfednostiiovana, jestlize jsou navazany
nepiili§ objemné substituenty nebo atom vodiku. Objemné substituenty pak
brani planarnimu uspofadani této keto-enol formy. Studie 1,3-dioni pomoci
neutronove difrakce potvrdila, Ze tyto struktury jsou 1 v pevne fazi pfinejmensim
castecné enolyzované.[138] Tento poznatek se rozchazi s naSim zjisténim
ziskanym pii studiu 1,3-di(1-adamantyl)propan-1,3-dionti pomoci vibrac¢ni

spektroskopie, RTG a NMR. Diony 41a, 41c a 41d izolované z reakci chloridu

kyseliny 37a

Vv pevném stavu vyhradné v dioxo formé. Tato série byla obohacena o latky

ziskané nitraci dionu 41a (Schéma 46), pfiCemz u obou ziskanych regioisomert

Eva Babjakova, 2018

|

3 R R R R (0]
= | Z
0 0 .0 0 R
\H .- H/
Z-0xo-enol E-oxo-enol

Obrazek 9- Tri mozné formy 1,3-dionového systemu

a prislusnych Grignarovych ¢inidel 38a, 38c a 38d existuji

byla opét pozorovana pouze dioxo forma.

Schema 46

4la

NO,
NO,
AcONO, o
Ac,0 o + 0
30 min, -15°C
(0] (e}
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Tato pozorovani mohou byt vysvétlena pravé sterickym branénim objemnych
adamantylovych substituentl, které znemoznuji vznik rovinného uspotadani
0Xxo0-enol formy. Pomoci NMR bylo potvrzeno, Ze i1 v roztoku se vyskytuji
exklusivné dioxo formy. Cela tato studie tykajici se struktury latek s 1,3-dioxo
systémem byla publikovana v ¢asopise Journal of Molecular Structure a je
zahrnuta v této praci jako PUBLIKACE I1.

Béhem provadéni modelovych rekci byla izolovana tada komponent
reak¢nich smési, z nichZ u relativné velkého mnozstvi byly GspéSné piipraveny
monokrystaly vhodné pro RTG difrak¢éni analyzu. Struktury nékterych méné
dalezitych latek, u nichz nebylo ptedpokladano uvedeni v jiném typu publikace,
byly publikovany formou kratkého sdéleni v krystalografickém periodiku
(PUBLIKACE I11-V).

4.4 Sledovani distribuce selektivniho isotopového znaceni

vychozich latek

Jak vyplyva z ptedchozi kapitoly, pokusy o izolaci komponent reakéni smési
a jejich vyuziti k objasnéni zpisobu vzniku sledovanych isochromanont
neposkytly uspokojivé vysledky. Jako posledni moznost tedy bylo vyuZzito
sledovani distribuce izotopického znaceni vychozich latek pomoci NMR ¢i MS.
Na zéklad¢ jednoho 2z moZnych mechanismli vzniku isochromanonu
(Schéma 47) byla navrZzena moZznost sledovéani inkorporace kyslikového atomu
pomoci *°0 znageného acylchloridu a moznost sledovani distribuce **C znageni

karbonylové skupiny acylchloridu.
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Schema 47

Jak jiz bylo zjisténo, reakce je do zna¢né miry nezavisld na volbé
acylchloridu. Proto byla navrzena a rozpracovana moznost sledovani distribuce
3C uhliku karbonylové skupiny acylchloridu. Jediny komeréné dostupny takto
znageny chlorid kyseliny je [“°C1]-acetylchlorid. Protoze ale dosud nebyl
acetylchlorid, ani jiny podobny stericky nebranény acylchlorid, ve studované
reakci s Grignardovymi Cinidly pouzit, bylo nutné, pted provedenim samotné
reakce s jiz obohacenym [**C1]-acetylchloridem, nejprve zjistit, zda i pii této
reakci vznika detekovatelné mnozstvi ptislusného isochromanonu. Proto byla
provedena reakce acetylchloridu s Grignardovym ¢inidlem 38a, ktera byla po
zpracovani analyzovana pomoci GC-MS. Byla zjiSténa pfitomnost velkého
mnozstvi produktli, z nichz ¢tyfi mohly byt, podle vyskytu charakteristického
fragmentu m/z=161, hledanym isochromanonem (Obrazek 10).

67



Disertacni prace Eva Babjakova, 2018

!
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oo

Retencéni ¢as [min]
Obrazek 10 — Chromatogram surové smési po reakci acetylchloridu

s Grignardovym cinidlem 38a. Sipky vyznacuji piky s charakteristickou

hodnotou pro hledany isochromanon m/z = 161

Koncentrace téchto latek vSak neumoZnovala jejich separaci ze smési a
identifikaci, proto bylo ptikro¢eno k nezavislé syntéze autentického vzorku
pozadovaného  isochromanonu, potencidln¢  vznikajiciho pfi  reakci
acetylchloridu s Grignardovym ¢&inidlem 38a. Dle publikovanych postupa™?14%!

byla navrZena syntéza zobrazena na Schématu 48.

Schema 48

0.

o ~N
BF N2
NO (20eq)
Et O-BF,, THF KOAC (1eq), Cu(OAc) (0.2eq), 55-60°C 0o

¢ HO (211)
MgCl CuCl, LiCl
THF, 0-5°C

-MeOH
-—

O. O OH O
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V prvnim kroku byla pfipravena diazoniova sul z methylesteru kyseliny
anthranilové.® Izolace této diazoniové soli nebyla obtizna a tato latka byla

ziskéna ve vytézcich v rozmezi 65-80%. Identifikace byla provedena pomoci

NMR

V nasledujicim kroku byla diazoniova stl ponechana reagovat s propen-2-yl-
acetatem.’” Prestoze méla tato reakce dle literatury prob&hnout hladce za
vzniku pozadovaného methyl-2-(2-oxopropyl)benzoatu, analyza surové reakéni
smési pomoci GC-MS (Obrazek 11), ukizala kromé poZzadované latky, pét
dalsich produktl v relativnim zastoupeni (NZ1 — 12%, NZ2 — 8%, NZ3 — 4%,

Eva Babjakova, 2018

NZ4 —6 %, pozadovany ester 19% a majoritni latka 51 %).
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Obrazek 11 — Chromatogram produktu reakce diazoniové soli s propen-2-yl-

acetatem

Reakéni smés byla rozd€lena na pét frakci pomoci sloupcové chromatografie

a jednotlivé frakce byly identifikovany pomoci NMR. V piipadé¢ majoritniho
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produktu se podatilo vypéstovat monokrystal a pomoci RTG difrakéni analyzy
potvrdit strukturu tohoto nezddouciho vedlej$iho produktu navrzenou na zékladé
NMR spektra (Obrazek 11). Je nutné poznamenat, Ze v piivodni publikaci
nebyla o zddném takovém vedlejSim produktu zminka. Reakce byla opakovana
za stejnych podminek, ovSem slozeni surového produktu bylo obdobné jako

V prvnim piipadé.

Po tomto zjisténi byla, s cilem zvysit vytézek pozadované latky, metoda
modifikovdna prodlouZzenim reakéni doby nebo pouZzitim acetonitrilu, misto
acetonu. Ani jedna z téchto obmeén nepfispéla k uspokojivému vytézku methyl-
2-(2-oxopropyl)benzoatu. Proto bylo pfistoupeno k dalsim pokusim s cilem
ziskat potfebny intermedidt v uspokojivém vytézku. Béhem prvni reakce byla
smes octanil (KOAc a Cu(OAc)) ptikapavana do reakéni smési pii pokojove
teploté, coz opét nevedlo k dostateéné¢ vysokému vytézku poZadovaného
benzoatu. Stejna situace nastala 1 v pfipadé, kdy reakéni smés béhem pridavani
smési octanil byla ochlazovana. Obrat nastal béhem reakce, pii které byla smés
uvedenych octanll ddvkovana do reak¢ni smési za varu. I pfes prvotni neuspéch,
se po optimalizaci podminek, podafilo pfipravit benzoatovy intermediat ve

vytézku 45 %.

V poslednim kroku byl benzoatovy intermediat ponechdn reagovat
s benzylmagnesiumchloridem za ptfitomnosti ekvimoldrniho mnozstvi CuCl a
LiCl v THF pii teploté 0—5 °C. Isochromanon v reakéni smési detekovan nebyl.
Proto byla reakce modifikovdna a provedena bez ptidavku CuCl a LiCl v DEE.
V této reakéni smési byl pozadovany isochromanon detekovan pomoci GC-MS.
Vzhledem k nizké koncentraci jej vSak nebylo mozné izolovat a jednoznacné
identifikovat. Za takto nejistych okolnosti nebyla reakce s relativné drahym

[**C1]acetylchloridem provedena.

Jak jiZ bylo zminéno vySe, vyuzit jediny komeréné dostupny acylchlorid,

tedy[**C1]-acetylchlorid, k detekci distribuce znageni karbonylového uhliku do
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struktury isochromanonu se nepodatilo. Proto byla navrzena mozZnost sledovani
distribuce *C uhliku karbonylové skupiny pivaloylchloridu. JelikoZ znadeny
[**C1]-pivaloylchlorid neni komerén& dostupny, byl vypracovan postup syntézy,

vedouci k jeho ptipravé (Schéma 49).

Schema 49

Na,'CO+H,50, —='*CO,+H,0+Na,SO,

e >

J\ Mg, I2 J\ OH & Cl - s
Cl  DEE, reflux MgCl f‘ toluen DEE, rt, 48hod

° 60-65°C o O_13

\
o}

V prvnim kroku bylo pfipraveno Grignardovo &inidlo z terc-butylchloridu.’
Paralelng stouto reakci byl vyvijen znadeny *CO, rozkladem komeréné
dostupného Na,*CO; kyselinou sirovou a jiman do tlakové tlustosténné
zkumavky chlazené kapalnym dusikem. Nasledné bylo Grignardovo cinidlo
prevedeno k °CO, do tlustosténné zkumavky proudem dusiku pii teploté
—90°C. Po pfidani Grignardova ¢inidla k pevnému *CO, byla tlustosténna
zkumavka uzaviena, sm¢s byla pomalu ohfivana az na pokojovou teplotu a
ponechana michat 48 h. Reakce byla ukoncena nalitim smési na led a
okyselenim 1M HCI. Po zpracovéani smési byla ziskana znacena kyselina ve
vytézku 60 %. Chlorid kyseliny byl poté pfipraven reakci s SOCI, v toluenu ve
vytézku 49 %. Znaceny chlorid byl ponechan reagovat s Grignardovym cinidlem
38b za podminek studované reakce. Surova reakéni smés byla rozdélena na pét
frakci pomoci sloupcové chromatografie a jednotlivé frakce byly analyzovéany

pomoci NMR (Obrazek 12).

? Protoze ptiprava Grrignardova &inidla z 1-bromadamantanu &i 1-chloradamantanu je jen obtizné
reprodukovatelna a vytézky jsou nizké, byla pozornost vénovana prave t-butylovym derivatim.
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PtestoZe jednotlivé frakce obsahovaly smési produktii, byla jejich identifikace
provedena s pomoci neznacenych komponent smési nezévisle izolovanych
Z ptedchozich reakci (Obrazek 12). Na zadkladé kvalitativniho porovnani
relativnich intenzit signalti se domnivame, Ze v obou pozicich, tedy e i f ve
struktufe isochromanond, je patrné obohaceni isotopem *C a oba uhlikové

atomy tedy pochazi z vychoziho pivaloylchloridu.
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o
(1]
o,
87.4248=

211.6027+

163.7531@

168.0577

214.0006 o
88.2120

208.2081

T T T T T T T T T T T I T I T I T I T I T T
208 200 192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72
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Obrizek 12 — C NMR spektrum frakce obsahujici  sledovany
isochromanon ziskané  separaci  surového  produktu — reakce — [FC1]-

pivaloylchloridu s 38b

Jiz béhem diplomoveé prace bylo zjisténo, za pouziti ptfipraveného adamantan-
1-karbonylchloridu znageného na karbonylovém kysliku izotopem '*0 (viz
Schéma 50), Ze pouze jeden kyslikovy atom ve struktufe isochromanonu

pochazi z vychoziho chloridu kyseliny.
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Pro pfipravu znaceného adamantan-1-karbonylchloridu byl jako vhodny a
dostupny prekurzor zvolen adamantan-1-karbonyl chlorid, ktery byl
hydrolyzovan znac¢enou vodou za vzniku karboxylové kyseliny, ktera byla opét
pievedena na acylchlorid reakci s SOCIl,. Mira izotopového znaceni byla
sledovana pomoci hmotnostni spektrometrie, ovSem z divodu riznych vlastnosti
analyzovanych latek byla hmotnostni spektra ziskdna pro kazdou latku jinou
metodou. Aby bylo mozné ur€it miru znaceni vzniklého acylchloridu, byl
pfeveden na piisluSny methylester reakci s absolutnim methanolem (vznikajici
HCI byl neutralizovan CaCOs). Kromé toho, Ze reaktivni acylchlorid 1ze jen
obtizné stanovit pomoci GC-MS, neposkytuje ve spektru pti EI ionizaci zadny
fragment obsahujici kyslikovy atom. Vysledny isochromanon byl po reakci
s Grignardovym ¢inidlem 38c analyzovan pomoci ESI-MS. Cely postup a

ziskana MS spektra jsou znazornéna na Schématu 50.

Schéema 50
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Zjisténi, ze ve vysledném isochromanonu pochazi z acylchloridu pouze jeden

kyslikovy atom, bylo ponékud ptekvapivé. Pokud by totiz platil predpokladany
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zpusob vzniku isochromanonii zobrazeny na Schématu 47, musely by
z acylchloridu pochazet oba kyslikové atomy. Jako mozné zkresleni vysledku
tohoto experimentu se jevila ztrdta znaCeni na atomech kysliku pfi separaci
isochromanonu z reakéni smési pomoci sloupcové chromatografie. Laktonovy
kruh isochromanonu se mtize teoreticky pisobenim vody obsazené na povrchu
silikagelu otevtit a znacena OH skupina karboxylové kyseliny vymeénit za
neznac¢enou OH z vody. Abychom tuto eventualitu vyloucili, byla vypracovana
metoda pro ziskany MS spektra isochromanonu piimo ze surové smési. Prestoze
v tomto modifikovaném postupu nepiisla reakéni smés do styku s vodou (reakce
byla ukoncéena ptidanim roztoku HCIl v suchém MeOH), zji§téna mira znaceni
byla stejné jako v piivodnim ptipad¢€. Je tedy velmi pravdépodobné, ze skutecné
pouze jeden kyslikovy atom ve struktuie isochromanonu pochazi z vychoziho

acylchloridu.

Jako doplnék k ptedchozim experimentiim jsme provedli reakci adamantan-
1-karbonylchloridu s perdeuterovanym Grignardovym c¢inidlem 38a. Motivaci
k provedeni tohoto experimentu byl fakt, Ze ve studovanych reakénich smésich
byl vzdy pozorovan vyskyt adamantanu (AdH) a adamantan-1-olu. Zejména
v ptipadé¢ AdH je mozné, ze vodikovy atom, ktery nahrazuje plvodni
karbonylchloridovy substituent, pochdzi ze struktury Grignardova c¢inidla a
v produktu reakce by se mél vyskytovat AdD (viz Schéma 51). Nicméng,
v reakéni smési za pouziti perdeuterovaného ¢inidla byl nalezen pouze AdH a
lze tedy konstatovat, zZe vodikovy atom ve struktute AdH nepochazi z

Grignardova ¢inidla.
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Schéema 51
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5. ZAVER

Na zakladé¢ stanovenych cilii byla provedena tada reakci, za uclelem

vysvétleni zplisobu vzniku isochromanonovych derivatu.

Ziskané vysledky ukézaly, Ze vznik derivatl isochromanonu ve studovaném
reakénim systému je obecny jev nezavisejici na jedné konkrétni struktuie
acylchloridu. Odpovidajici derivaty isochromanonu byly detekovany v ptipadé
pouziti adamantan-1-karbonylchloridu, pivaloylchloridu i chloridu kyseliny
cyklohexankarboxylové. Rovnéz substituce aromatického kruhu Grignardova
¢inidla (methylova ¢i methoxy skupina v polohach -ortho, -meta, -para) zasadné
neovliviiuje mnoZstvi pozorovaného isochromanonu ve smési. Je ovSem

nezbytné, aby Grignardovo ¢inidlo obsahovalo benzylovy skelet.

R o
presm vk
R
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Schéma 52
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Pivodni navrzeny zplsob vzniku isochromanonového derivatu piedstavuje
cesta A znazornéna na Schématu 52. Reakci latky 37a a 38c vznika ocekavany
keton 44, ktery byl v reakéni smési spolehlivé prokazan. V druhém kroku
reaguje keton 44 sdalsi molekulou benzylmagnesiumchloridu za vzniku
alkoholu 40 (rovnéz ve smési prokazany). Alkohol 40 mtize teoreticky reagovat
s dalsi molekulou acylchloridu 37 za vzniku odpovidajiciho esteru. Nasledné
odStépeni adamantanu a cyklizace by mohla poskytnout sledovany
isochromanonovy derivat. Jakkoliv je tento zpusob vzniku isochromanonu
intuitivni ze strukturniho hlediska, md dvé hlavni slabiny. Prvni souvisi s
nejasnym zpusobem odS$tépeni adamantanu (mél by odstupovat jako karbanion)
a druhy problém spociva v nesouladu s provedenou analyzou distribuce kysliku
0 z vychoziho acylchloridu, ktera ukazala, e jen jeden kyslikovy atom
pochazi z acylchloridu. Cestou A by ovSem z acylchloridu mély pochéazet oba
kyslikové atomy. I druhy mozny zplsob (Schéma 52 B) spocivajici v reakci
karbaniontu vzniklého z ketonu 43, produktu presmyku ketonu 44, s dalsi
molekulou nezizomerovaného ketonu 43 a nasledné cyklizaci za odStépeni
adamantanu a vzniku isochromanonového derivatu trpi stejnymi nedostatky jako
zpisob A, tedy neodpovidajici distribuci isotopu 'O a nepravdépodobnym

odstoupenim adamantanového aniontu.

Alternativni zplsob vzniku isochromanonu zohlednujici vysledky sledovani
distribuce **0 a *C z acylchloridu musi pogitat pouze s jednim atomem kysliku,
ale se dvéma atomy uhliku potencidlné pochazejicimi ze dvou molekul
acylchloridu. Zdrojem kysliku mimo acylchlorid mize byt ¢astecné oxidované
Grignardovo ¢inidlo. Pfislusny alkoxid by poté mohl reagovat s acylchloridem
na ester 46, ktery byl v reakéni smési nalezen a potvrzen pomoci nezavisle
ptipravené¢ho a identifikovaného standardu. Dalsi transformace tohoto esteru
hypoteticky vedouci ke sledovanému isochromanonu je ale opét nejasna, nebot’

izomerni estery 47 a 48 vreakéni smési nebyly detekovany. Pies vSechny
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pochybnosti se vSak jevi plivod jednoho z kyslikovych atomili isochromanonu v
oxidovaném Grignardové Cinidle jako nejpravdépodobnéjsi. Pokusy se
zédmérnou kontaminaci reakéni smési plynnym kyslikem ovSem nevedly ke
vzniku sledovaného isochromanonu nebot’ Grignardovo ¢inidlo bylo velmi
rychle kvantitativné pievedeno na zminény alkoxid. Zda se tedy, Ze pro vznik
isochromanonu je kliCové spravné nastaveni koncentraci oxidovaného ¢inidla
(zdroj kysliku), intaktniho Ccinidla (bdze a zdroj aromatickych kruhll) a
acylchloridu (zdroj karbonylu a alkylového substituentu v poloze 3
isochromanonového skeletu). Jiny mozny zdroj kysliku, tedy atmosféricky CO,
(Schéma 52 D), byl spolehlivé vyvracen provedenim reakce v atmosfeéfe COp,
kdy nebyl pozorovan zadny vliv pfitomného CO, na mnozstvi isochromanonu v

surovém produktu.

Reakce acylchloridu s Grignardovym c¢inidlem poskytovala rovnéz dalsi
zajimavé produkty, které byly zkoumany jako mozné intermediaty studovanych
isochromanonovych derivati. Mezi tyto produkty jednoznaéné prokazané v
reakénich smésich patii slouCeniny 41 s 1,3-dionovym systémem, latky 45 se
dvéma neekvivalentnimi oxo skupinami (Schéma 52 E) nebo jiz zminéné¢ ketony
43 a 44. Vyuziti téchto latek v reakcich s acylchloridy a/nebo Grignardovymi

¢inidly v8ak nevedlo k detekci sledovanych isochromanontl.

Kromé vySe uvedenych poznatkii o zplsobu vzniku isochromanonovych
derivati se podatilo pfipravit monokrystaly latek 2-(1-adamantyl)-1,3difenyl-
propan-2-ol (40a) a 1-adamantyl-2-methylfenylketon (43a), potvrdit jejich
strukturu pomoci RTG difrakéni analyzy a publikovat tyto vysledky
Vv krystalografickych periodikach.

Déle bylo popsano zajimavé konformacni chovani u péti izolovanych
isochromanont. Bylo zjiSténo, Ze tyto derivaty mohou v pevné fazi zaujmout

dvé zcela odlisné konformace, ve kterych jsou roviny proloZzené benzenovymi
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kruhy benzylu a isochromanonového skeletu vzajemné ptiblizné¢ rovnobézné
(uzaviena konformace) nebo na sebe kolmé (oteviend konformace). V ptipadé
isochromanonu 39e se podafilo pfipravit krystaly dvou polymorfi, jeden
s molekulami v oteviené a druhy s molekulami v uzaviené konformaci. Zejména
s ohledem na biologickou aktivitu derivatii isochromanonu je tato existence

dvou stabilnich, vyrazné geometricky odliSnych, konformerti zajimava.

V neposledni fadé byla provedena detailni strukturni analyza 1,3-dioxo
derivati 41 prokazujici exklusivni existenci dioxoformy téchto latek a to jak

v pevné fazi, tak v roztoku.
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« New isochroman-1-one derivatives
were prepared and characterized by
IR, MS and NMR.

« All of the new compounds were
described using single crystal X-ray
diffraction.

« X-ray diffraction geometric
parameters were compared with the
theoretical data.

« Weak C-H. - .0 interactions stabilize
the crystal structure,

« Two distinct conformers of
compound 4 can crystallize

a-polymorph B-polymorph

separately. 1
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were prepared by the reaction of benzyl-derived Grignard reagents with acyl chlorides. All of the pre-
pared compounds were characterized using single-crystal X-ray diffraction as well as FT-IR, NMR and
MS lechniques. Single crystal X-ray diffraction analysis revealed (hat Lhe isochromanones can adopt
two distinct conformations in the solid state. For one of the compounds, two polymorphs with unique
Adamantane forms crystallized separately under different temperatures, The packing of all of the examined crystals
Isochroman-1-one derivatives is stabilized via weak intramolecular C-H.-.m andfor C-H-.. -0 interactions. Although the closed con-
Conformational polymorph former was predominantly found in the actual crystals, the open conformer is thermochemically more
stable for all of the examined compounds according to DFT calculations,

© 2014 Elsevier B.V, All rights reserved.

Keywords:

Introduction compounds that naturally occur in many different organisms [1],
including fungi, plants and insects. Although isochroman-1-ones

Isochroman-1-one derivatives (alternatively called 3,4- are not as commonly occurring as their dihydrecoumarin isomers,
dihydroisocoumarins) represent an important class of organic various substitutions in their basic skeleton enable a broad spec-

trum of biological activity. Accordingly, isochroman-1-ones display
important pharmacological and biological properties, such as anti-
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poncing ’ . fungal |2], antimicrobial |3, antimalarial [4], antituberculous [4a],
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insecticidal [5], antiallergic [G], anticancer | 7], vegetative growth
inhibition [8] or promotion [9], phytotoxic [10] and antioxidant
|11] activity. In addition, some isochroman-1-ones are of particular
interest due to their bitter | 12| or sweet | 13| taste, where the latter
leads to potential as a non-caloric sweetening agent. In contrast,
highly toxic isochroman-1-one derivatives also exist; the myco-
toxin ochratoxin and related compounds were isolated and exten-
sively studied for their carcinogenicity, hepatotoxicity and other
adverse effects |14]. In addition to isolation from natural sources
[2a,3-5,11a,12,13,15], isochroman-1-one derivatives can be pre-
pared through several methods, including intramolecular esterifi-
cation [2b,7a,2c,16] or reesterification |[17], regioselective
oxidation of a--methylene in corresponding isochromanes [6a,18],
regioselective reduction of isochroman-1,3-dione [19], mediated
transformations using intact microorganisms [20], tandem [1,3]-
sigmatropic rearrangement [18a], benzobutanone ring expansion
[21], in vitro Baeyer-Villiger monooxygenase oxidation [22],
diselenide- or disulfide-mediated cyclization [23], cyclization of
lithiated intermediates [24], Heck-Matsuda cyclization [25],
bromocyclization of styrene-type carboxylic acids [26] and palla-
dium-mediated carbonylation followed by ring closure [27]. Sur-
prisingly, we isolated an unexpected isochroman-1-one from the
complex product mixture from the reaction of adamantane-1-car-
bonyl chleride with benzylmagnesium chloride [28]. Although the
mechanism for the formation of isochroman-1-ones is not com-
pletely understood, we successively used adamantane-1-carbonyl
chloride or 2,2-dimethylpropanoyl chloride and various benzyl-
magnesium chlorides to isolate several isochroman-1-one deriva-
tives and determine their solid-state structures by employing
single crystal X-ray diffraction analysis. In this paper, we describe
interesting structural properties of the aforementioned com-
pounds, i.e., the preference for two significantly different conform-
ers in the solid state, which can be present in one crystal
simultaneously or that can crystallize independently depending
on the particular structure.

Experimental
General

Unless otherwise stated, all starting materials, reagents and sol-
vents were purchased from commercial sources and were used
without further purification. Adamantane-1-carbonyl chloride
was prepared according to a previously published procedure [29].
We previously reported on the preparation and structural analyses
of compounds 1 and 3 [28,30]. Diethyl ether was freshly distilled
over sodium metal. Melting points (mp) were determined using a
Kofler block and are uncorrected. FT-IR spectra were recorded in
the range of 4000-400 cm™' using a Mattson 3000 spectrometer
with the samples dispersed in KBr pellets. 'H and '*C NMR spectra
were recorded using a BRUKER AVANCE 500 spectrometer at fre-
quencies of 500.11 and 125.77 MHz, respectively. The samples
were dissolved in CDCls, and the 'H and '3C spectra were calibrated
to 7.27 ppm (residual CHCl;) and 77.23 ppm (CDCls), respectively.
For signals assignment based on HMBC and HSQC experiments, see
Supplementary data. The mass spectra of the isochromanone
derivatives were measured using a Shimadzu GC-MS QP2010 with
a Supelco SLB-5ms (30 m x 0.25 mm x 0.2 um) or an Equity-1
(30 m x 0.32 mm x 1.0 um) column. Helium was used as the car-
rier gas in the constant linear flow mode {52.4 cm s'); the column
was held at 100°C for 7 min and then heated at 25 °C/min to
250 °C before holding for the required time. Only MS peaks with
relative abundances exceeding 5% were listed. Elemental analyses
(C, H) were performed with a Thermo Fisher Scientific Flash EA
1112
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General procedure for the preparation of isochroman-1-ones

Isochroman-1-one derivatives were prepared by the reaction of
a Grignard reagent with an appropriate acyl chloride in diethyl
ether [28] as depicted in Scheme 1. A solution of a Grignard reagent
(1 eq) in diethyl ether (typical concentration of 0.7-1.5 mol dm~%)
was added into a well-stirred solution of acyl chloride (1 eq) in dry
diethyl ether (1 cm? per 0.5 mmol of acyl chloride) at 0°C. The
mixture was stirred for 48 h at room temperature and the reaction
mixture was quenched with 15 cm?® of HCI (1 M). After an addi-
tional 15 min of vigorous stirring, the aqueous layer was separated
and extracted with 3 x 15 cm® of diethyl ether. Combined organic
layers were washed with K;CO3 (1.16 M), dried over Na;SO4 and
evaporated in vacuo. The corresponding isochromanone was iso-
lated from the complex crude mixture using column chromatogra-
phy (silica gel; petroleum ether/ethyl acetate, v/u, 16/1 or 8/1).

3-(1-adamantyl)-5-methyl-3-(2-methylbenzyl)isochroman-1-one (2)

The reaction was carried out using 15.7 cm? (0.7995 mol dm )
of the Grignard reagent solution and 2.5 g {0.0126 mol) of adaman-
tane-1-carbonyl chloride to yield 53 mg (2%) of colorless needles.
Mp 169-173 °C, anal. calcd. for Co3H3,0, (400.24): C, 83.96%; H,
8.05%; found C, 83.71% H 8.12% IR KBr (cm™') 3076(w),
3063(w), 30111(w), 2907(s), 2847(s), 1702(s), 1603(m), 1473(m),
1453(w), 1381(w), 1345(w), 1326(m), 1301(s), 1206{w), 1165(w),
1129(s), 1079(m), 993(m), 752(s), 740(s), 719(w), 617(w). 'H
NMR (CDCls, 500 MHz, ppm): & 1.74(m, 6H, Ad-CH.); 1.89(m, 6H,
Ad-CHy); 2.11(bs, 3H, Ad-CH); 2.21(s, 3H, CH3); 2.31(s, 3H, CH3);
2.84(d, J=17.2 Hz, 1H, CH*H®); 2.88(d, /= 143 Hz, 1H, CH"H");
3.20(d, J=17.2 Hz, 1H, CH*H®); 3.41(d, J= 14.3 Hz, 1H, CH*H);
6.74(t, J=7.3Hz, 1H, CH); 6.84(t, J=7.4Hz, 1H, CH); 6.90(d,
J=7.5Hz, 1H, CH); 6.94(d, ] =7.6 Hz, 1H, CH); 6.95(t, J=7.7, 1H,
CH); 7.11(d, J=7.5Hz, 1H, CH); 7.59(d, /= 7.8 Hz, 1H, CH). '*C
NMR (CDCls, 126 MHz, ppm): & 19.1(CHs); 20.4(CHa); 26.6(CH,);
28.8(Ad-CH); 36.5(Ad-CH,); 37.1(Ad-CH,); 37.7(CH,); 41.9(Ad-C);
88.7(C); 124.7(C); 125.6(CH); 125.9(CH); 126.8(CH); 127.0{CH);
130.5(CH); 131.7(CH); 134.2(C); 134.5(CH); 135.4(C); 137.0(C);
137.3(C); 165.1(CO). MS (EL, 70 eV): 77(5), 79(14), 93(12), 104(5),
105(16), 107(6), 132(5), 135 (Ad, 100), 136(11), 269(7), 295(33)
m/z (%). The crystals used for data collection were grown by spon-
taneous evaporation from deuterochloroform at room
temperature.

3-(1-adamantyl)-6-methyl-3-(3-methylbenzyl)isochroman-1-one (3)
The reaction was carried out using 8.4 cm? (0.5308 mol dm3)
of the Grignard reagent solution and 0.8858 g {0.004 mol) of

compound R’ R*

1 Ad H H
2 Ad  Me H
3 Ad H Me
4 f-Bu H H
5 t-Bu Me H
6 +Bu H Me

Scheme 1. Preparation and structures of the isochroman-1-ones discussed in this
work.
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adamantane-1-carbonyl chloride to yield 100 mg (12%) of colorless
needles, Mp 172-174°C, anal. calcd for CygH3,0, (400.24): C,
83.96%; H, 8.05%; found C, 83.65%; H 8.02%. IR KBr(cm™")
2904(s), 2883(s), 2854(m), 1703(s), 1614(m), 1448(w), 1292(m),
1227(w), 1159(w), 1136(w), 1086(m), 1057(m), 1036(w), 993(w),
880(w), 831(w), 781(w), 746(w), 704(m), 688(w), 669(w),
592(w). "H NMR (CDCls, 500 MHz, ppm): & 1.71{m, 6H, Ad-CH);
1.83(m, GH, Ad-CHy); 2.07(bs, 3H, Ad-CH); 2.14(s, 3H, CHa);
2.28(s, 3H, CHs); 2.80(d, J=14.0Hz, 1H, CH*H®); 2.89(d,
J=169Hz, 1H, CH"H"); 3.26(d, J=14.0, 1H, CH*H®); 3.31(d,
J=16.9, 1H, CH®H"); 6.74(s, 1H, CH); 6.78(d, J=7.5, 1H, CH);
6.82(s, 1H, CH); 6.86(d, J=7.8, 1H, CH); 6.89(d, ] =7.9, 1H, CH);
6.92(t,]=7.5, 1H, CH); 7.66(d, J = 7.8 Hz, 1H, CH). "*C NMR (CDCls,
126 MHz, ppm): & 21.4(CH4); 21.8(CH5); 28.8(Ad-CH); 29.5(CHa3);
36.5(Ad-CHz); 37.1(Ad-CHa); 40.8(CHa); 41.4(C); 88.5(C)
122.6(C);  127.2(CH);  127.4{(CH); 127.8(CH); 128.0(CH)
128.2(CH); 129.4(CH); 132.1(CH); 136.9(C); 137.5(C); 138.8(C)
144,0(C); 165.3(CO). MS (El, 70eV): 67(5), 79(11), 93(11),
105(16), 107(6), 132(5), 135(100), 136(11), 294(7), 295(43),
296(10) mjz (%). The crystals used for data collection were grown
by spontaneous evaporation from deuterochloroform at room
temperature.

3-(tert-butyl)-3-benzylisochroman-1-one (4)

The reaction was carried out using 16.7 cm® {1.4892 mol dm~?)
of the Grignard reagent solution and 3.0 g (0.0249 mol) of pivaloyl
chloride to yield 115 mg (3%) of colorless needles.

Polymorph o was acquired by crystallization from hexane at
25°C. Mp 111-113.5°C, anal. caled for CyoH2,0. (294.39): C,
81.60%; H, 7.53%; found C, 81.35%; H 7.67% IR KBr (cm™!)

3061(w), 3030(w), 2977(m), 2948(w), 2873(w), 1715(s),
1604(m), 1491(m). 1477(m). 1458(m), 1426(m). 1396(w),
1369(w), 1348(w), 1328(m), 1302(s), 1290(m), 1272(m),
1228(m), 1197(w), 1156(w), 1123(s), 1092(m), 1077(m),

1031(m), 1001(m), 960(w), 924(w), 912(w), 897(w), 845(w),
797(w), 766(m), 751(m), 731(m), 701(s), 653(w), 598(m).

Polymorph B was acquired by crystallization from hexane at
—30°C. Mp 115-117.5°C, anal. calcd for CyoH,0, (294.39): C,
81.60%; H, 7.53%; found C, 81.78% H 7.59%. IR KBr (cm™')
3061(w), 3029(w), 2977(m), 2948(w), 2874(w), 1715(s),
1604(m), 1492(m), 1477(m), 1458(m), 1427(m), 1397(w),
1370(w), 1349(w), 1327(m), 1303(s), 1291(m), 1272(m),
1228(m), 1197(w), 1157(w), 1124(s), 1099(m), 1077(m),
1031(m), 1000(m), 935(w), 912(w), 845(w), 797(w), 751(s),
732(m), 701(s), 686{w), 653(w), 610(m), 598(m).

'H NMR (CDCls, 500 MHz, ppm): & 1.16(s, 9H, CHa); 2.91(d,
J=14.2Hz, 1H, CH*H®); 3.04(d, J=17.1 Hz, 1H, CHEHF); 3.30(d,
J=14.0Hz, 1H, CH*H®); 3.39(d, J=17.1 Hz, 1H, CH"H'); 6.97-
7.05(m, 6H, CH); 7.10(t, J= 7.6 Hz, 1H, CH); 7.31(td, 4/ = 7.5 Hz,
4/ = 1.1 Hz, 1H, CH); 7.75(d, J = 7.6 Hz, 1H, CH). *C NMR (CDCls,
126 MHz, ppm): & 25.9(CHs); 30.8(CH.); 39.9(C); 42.0(CH.);
88.5(C); 125.2(C); 126.7(2 = CH); 127.4(CH); 128.2(CH);
129.5(CH); 131.0(CH); 133.4(CH); 136.8(C); 138.4(C); 165.0(CO).
MS (EI, 70eV): 41(27), 43(7), 57(83), 65(12), 89(15), 90(24),
91(100), 92(8), 115(5), 117(24), 118(18), 131(5), 147(75), 148(8),
159(33), 160(5), 202(12), 203(69), 204(10), 237(6) m/z (%).

3-(tert-butyl)-5-methyl-3-(2-methylbenzyl)isochroman-1-one (5)
The reaction was carried out using 15.7 cm?® (0.7995 mol dm )
of Grignard reagent solution and 3.5 g (0.0290 mol) of pivaloyl
chloride to yield 109 mg (2%) of colorless needles. Mp 125-
129°C, anal. calcd for CaaHaz602 (322.19): C, 81.95%; H, 8.13%;
found C, 82.22%; H 7.98% IR KBr (cm') 3018(w), 2972(s),
2954(s), 2913(m), 2876(w), 1698(s), 1603(m), 1496(w), 1473(m),
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1384(w), 1321(s), 1301(s), 1264{w), 1243(w), 1212(w), 1166(w),
1130(s), 1080(m), 1065(m), 1012(w), 994(m), 759(m), 743(s),
722(w), 618(w). '"H NMR (CDCls, 500 MHz, ppm): & 1.22(s, 9H,
CH3); 2.22(s, 3H, CH3); 2.31(s, 3H, CHy); 2.91(d, J=14.2 Hz, 1H,
CH*H®); 2.95(d, = 17.4Hz, 1H, CH®H); 3.19(d, J=17.4 Hz, 1H,
CHEHY); 3.42(d, =143 Hz, 1H, CH*H®); 6.70(t, J=7.3Hz, 1H,
CH); 6.82(t, J]=7.3 Hz, 1H, CH); 6.87-6.90(overlapped doublets,
2H, CH); 6.94(t, J=7.6Hz, 1H, CH); 7.11{d, J=7.3 Hz, 1H, CH);
7.54(d, /=7.8 Hz, 1H, CH). ™C NMR (CDCl;, 126 MHz, ppm): &
19.0(CH3); 20.3(CH3); 25.8(CH3); 28.0(CHy); 38.9(CH,); 40.4(C);
88.6(C); 124.7(C); 125.6(CH); 126.0(CH); 126.9(CH); 127.0(CH);
130.5(CH); 131.5(CH); 134.1(C); 134.5(CH); 135.2(C); 136.7(C);
137.2(C); 165.0(CO). MS (EI, 70eV): 41(20), 57(63), 77(16),
78(13), 79(12), 91(6), 103(18), 104(17), 105(71), 106(7), 115(5),
131(25), 132(16), 161(100), 162(11), 173(49), 174(8), 216(20),
217(74),218(12) m{z(%). The crystals used for data collection were
grown by spontaneous evaporation from hexane at room
temperature.

3-(tert-butyl)-6-methyl-3-(3-methylbenzylisochroman-1-one (6)

The reaction was carried out using 50.0 cm® (0.6904 mol dm =)
of the Grignard reagent solution and 4.2 g (0.0349 mol) of pivaloyl
chloride to yield 121 mg (2%) of colorless needles. Mp 141-143 °C,
anal. calcd for CypHps0, (322.19): C, 81.95%; H, 8.13%; found C,
81.73%; H 8.06% IR KBr {cm™') 3026(w), 2960(s), 2916(m),
2875(w), 1703(s), 1616(m), 1481(w), 1396(w), 1369(w),
1294(m), 1228(m), 1163(w), 1134(m), 1113(w), 1088(m),
1066(m), 993(w), 881(w), 829(w), 781(m), 746(m), 704(m),
687(m), 592(w). '"H NMR (CDCls, 500 MHz, ppm): & 1.14(s, 9H,
CH3); 2.13(s, 3H, CH3); 2.29(s, 3H, CHy); 2.86(d, J = 14.0 Hz, 1H,
CHAH®); 2.97(d, /=16.9 Hz, 1H, CH®H"); 3.24(d, /=14.0 Hz, 1H,
CHH®); 3.32(d, ] = 16.9 Hz, 1H, CH®HF); 6.76-6.78(overlapped sin-
glet and doublet, 2H, CH); 6.80(s, 1H, CH); 6.85(d, /= 7.6 Hz, 1H,
CH); 6.89(d, 1H, CH); 6.91(t, /] = 7.6 Hz, 1H, CH); 7.63(d, /= 7.9 Hz,
1H, CH). ™C NMR (CDCl;, 126 MHz, ppm); & 21.4(CH3);
21.7(CH3); 25.9(CH3); 30.8(CHz); 39.9(C); 41.9(CHy);, 88.4(C);
122.6(C); 127.2(CH); 127.5(CH); 127.8(CH);  128.0(CH);
128.0(CH); 129.4(CH); 131.9(CH); 136.7(C); 137.5(C); 138.6(C);
144.0(C); 165.2(CO). MS (EI, 70 eV): 41(21), 43(6), 57(69), 77(14),
78(11), 79(11), 91(5), 103(19), 104(22), 105(91), 106(8), 131(30),
132(20), 145(7), 161(92), 162(10), 173(71), 174(11), 216(32),
217(100), 218(15), 265(6) m/z (%). The crystals used for data col-
lection were grown by spontaneous evaporation from hexane at
room temperature.

X-ray data collection, structure solution and refinements

Single crystals suitable for diffraction analyses were obtained
either by slow evaporation of the solvent at room temperature (if
not mentioned otherwise) or by slow cooling of the hot saturated
solution. Details for specific compounds are given in the previous
section. Diffraction data were collected on a KUMA KM-4 k-axis
CCD diffractometer with graphite-monochromated Mo (K;) radia-
tion (» = 0.71073 A) at 120(2) K, The structures were solved by di-
rect methods and refined by full-matrix least-squares techniques
using anisotropic thermal parameters for the non-H atoms. The
crystal data and the details concerning the data collection and
structure refinement are given in Table 1. The crystallographic data
in the CIF form are available as Electronic Supplementary Informa-
tion from the Cambridge Crystallographic Database Centre (for the
particular CCDC codes, see Table 1). The software packages used
were the Xcalibur CCD system for the data collection/reduction
[31], ShelXTL for structure solution and refinement [32] and OR-
TEP-3 and Mercury for drawing preparation [33].
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Table 4

Computed energies for both closed and open arrangements of molecules and their differences .

Compound Ectosed (Kl mol™") Eopen (Kl mol 1) AE = Eatosed—Eopen (K mol ")
syn anti syn anti syn anti

1 304078295 3040787.08° 2.09

2 —3247238.57 —3247241.75 —3247243.36° —3247243.84 4.79 2.09

3 —3247254.03% —3247255.28 —3247257.03 —3247257.92 3.0 2.64

4 —2430934.76" —2430936.744" 1.98

5 —2637389.07 —2637392.69° —2637392.75 —2637394.47 3.68 1.77

6 —2637405.43" —2637405.64 —2637407.18 —2637407.75 1.75 an

@ Initial structures for geometry optimization taken from X-ray crystallography.

anti-closed-5

anti-open-5
Fig. 3. Representative illustration of the HOMO for compound 5.

phenyl ring. A representative illustration of a typical HOMO delo-
calization is depicted in Fig. 3 for both the open and closed forms
of compound 5. It is reasonable to presume that the closed con-
formers are therefore subjected to higher steric tension because
the electrons on both the phenyl and isochromanone portion cause
internal repulsive interactions that lead to a higher total energy.
However, the differences between the open and closed forms do
not exceed 5 k] mol™" (in fact, the median value is 2.1 k] mol™")
to allow both conformers to be considerably populated in a ther-
modynamic equilibrium in solution. In addition, the conversion
motion from the open to closed form and vice versa invelves the
flipping of the lactone ring, where no insuperable energetic barrier
can be expected at room temperature, Accordingly, we hypothesize
that the occurrence of a particular conformer in the solid state is
driven by weak intermolecular interactions, which can stabilize
geometries with higher than minimal energy. It should be noted
that all of the calculated closed arrangements are more opened
than was found in the actual crystals. Typically, the median dihe-
dral angle between benzene and isochromanone aromatic rings is
approximately 23° for the actual closed geometries in contrast to
39° for the optimized structures. We hypothesized that the higher
proximity of these aromatic rings is facilitated by the electron-
withdrawing effects of the adjacent carbonyl, which are increased
by the redistribution of the electron density in terms of the inter-
molecular interactions. In the structure of the methylated com-
pounds 2, 3, 5 and 6, the methyl substituents on the benzene
and isochromanone rings can be oriented either to the same side
of the molecule (designated as syn) or to the opposite side (desig-
nated as arnti). As can be easily calculated from the data in Table 3,
the anti-orientation is beneficial for all structures by energies up to
3.6 k] mol ", In concert with the supposed steric hindrance nature
of this phenomenen, the highest energetic difference was calcu-
lated for the closed forms of the ortho-substituted compounds 2
and 5. In addition, a density potential map revealed charge
distribution, which also supports this conformational behavior. Be-
cause methyl groups contain a positive partial charge and ester
groups contain a negative partial charge, the interaction of the
methyl and carbonyl of the ester group in the anti-conformation
is more favorable and leads to lower energies than in the case of
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the syn conformers. Thus, according to the DFT calculations, the
most stable forms of all of the examined isochromanone deriva-
tives are anti-open arrangements, The replacing of the 1-adaman-
tyl with the tert-butyl substituent appears to have no substantial
influence on the HOMO delocalization, charge distribution and to-
tal energy of the molecule, as both of these moieties are composed
of sp* carbon atoms.

Conclusion

A series of new isochroman-1-ones have been prepared and
characterized using EI-MS, FT-IR and "H and "*C NMR techniques.
The structures of all of the prepared compounds have been deter-
mined by X-ray diffraction. It was found that the two distinct con-
formers differed significantly in their geometries in the solid state.
According to the shape of the basic skeleton, these conformers
were assigned as open and closed. In the case of compound 1, both
of the conformers were simultaneously present in the crystal,
whereas compounds 3, 5 and 6 were crystallized in their closed
forms. Compound 2 was the only isochromanone that crystallized
solely in the open conformer, Finally, in the case of compound 4,
both conformers crystallized separately. In contrast to the actual
structures, the DFT calculations revealed that the open form was
beneficial for all compounds examined. Thus, we demonstrated
that isochroman-1-one bearing two bulky substituents at position
3 {according to conventional numbering) can occur in the solid
state in two distinct conformers depending on additional stabiliza-
tion of the crystal packing via intramolecular C-H---0 and C-H---nt
interactions. The occurrence of the particular forms is difficult to
predict via DFT calculations in vacuum,
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Table 3
Summary of the observed C-H. - -x, m-- - and C-H- - -0 interactions.
D-H---A DH (A) HA (A) DA (A) DHA (®) Symmetry code of A
Compound 1
C7A-H7A- - -Cgl 095 2.76 3.679(2) 163 1-x1-y,1-z
Cg2. --Cg3 na na 3.6015(6) na 1-x1-y,1-z
C5A-H5A. - -Cg4 095 2.78 3.705(2) 165 ¥z
C10-H10A---01A 0.99 2.59 3.537(2) 161 1-x —05+y, 1.5-z
C3-H3B---01 0499 2.60 3.532(2) 158 % 0.5-y, ~05+z
C16-H16---01 0.95 2.62 3.529(2) 161 x, 05—y, —05+z
Compound 2
C14-H14-.-01 095 2.68 3.315(3) 124 1-x1-y, -z
C15-H15---01 095 2.69 3.531(3) 148 1+X ¥, 2
Compound 3
C3-H3B.--01 0.99 2.29 3.206(3) 156 X, —1+y,z
C16-H16..-01 095 2.66 3.547(3) 157 X —1+y,2
Compound f-4 (closed)
C3A-H3D.--01 0499 2.67 3.595(2) 155 X ¥z
C10A-H10C. - -01 0.99 2.52 3411(2) 150 X Wz
C16A-H16A. --01 095 2.69 3.526(3) 147 vz
C10-H10A---O1A 0.99 2.48 3.460(2) 168 X, —1+yz
C6-H6---01A 095 2.61 3.483(2) 154 1+x, -1+y.z
C14-H14- - (g5 095 3.28 3.846(2) 120 —x, 1-y, -z
Compound «-4 (open)
C7-H7.--Cgb 095 2.74 3.6632(13) 164 T-x1-y2-2
(g7 --Cg8 na na 3.6463(1) na 1-x1-y,2-z
C8-H8.--01 095 245 3.2809(15) 147 —x, 1-y,2-z
C3-H3A---01 0.99 245 3.2692(16) 139 1+xy,2
Compound 5
C3-H3A.-.01 0.99 2.46 3.4333(18) 166 x, 1.5—y, —05+z
Compound 6
C16-H16.--01 0.95 2.64 3.539(3) 158 x-1,y2
C3-H3B..-01 0.99 2.30 3.236(2) 157 x-1,y,2

Centers of gravity: Cgl = C11A-C16A; (g2, Cg3 and Cgh = C4A-CIA; Cg4, (g7 and (g8 = C4-(9; (g6 = C11-C16.

group PT. In the crystal of the -4, an arrangement similar to that
in the layers of the open conformer of compound 1 can be ab-
served. Centrosymmetric dimers are stabilized via the offset 7.7
and C-H--.m interactions, and further weak C-H- . -O-type interac-
tions link the molecules into chains along the a-axis. The asymmet-
ric unit of p-4 consists of two molecules that insignificantly differ
with their geometrical parameters, which are connected by three
weak C-H-:-.O interactions. Further interactions of the C-H---O
type extend the basic motif into chains along the b-axis. These
chains are cross-linked via additional C-H.--O and C-H..--m
interactions into a three-dimensional framework. Molecules of
compound 5 adopt the anti-closed form, and only one weak inter-
molecular interaction of the C-H.- -0 type was observed to stabi-
lize the crystal packing by the formation of chains of molecules
along the c-axis. It should be noted that in this case, the molecular
“tweezers" represented by two aromatic rings have a slightly
wider opening with a centroid-to-centroid distance of ~4 A in
contrast to the usual 3.6 A, as the adjacent H-atoms H7 and H8
(1-x,2-y,1-z) are slightly buried between the aromatic rings. Fi-
nally, the molecules of 6 are arranged into a syn-closed geometry
to form chains along the a-axis linked via the coupling of weak
C-H.--0 interactions. All of the observed intermolecular interac-
tions are summarized in Table 3. We can conclude that the most
common arrangement of our isochromanones is, in contrast to
the expectations, the closed form. There is only one compound
(namely 2) that was crystallized exclusively in the open form, Fur-
thermore, the weak intramolecular interactions of the C-H---O
type play the most crucial role in the stabilization of the crystals.

The bond lengths of the basic isochromanone skeleton in 1-6
are very similar to the previously published X-ray structure data
of the isochromanone derivatives |21,35|. Significant variation is
apparent in the planarity of the isochromanone skeleton. In
agreement with the published data, an important deviation from
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the C4-C9 best plane was observed for C2 and 02 atoms for all
of the title compounds. The maximal absclute value of the ob-
served distance for the C2 and 02 from the C4-C9 plane is
0.7364(18) A (compound 3) and 0.3050(13) A {compound 6),
respectively. These deviations most likely result from the steric ef-
fects of the substituents at the C2 atoms. On the other hand, a min-
imal distance of 02 was observed in the structure of p-4
(0.0865(12) A), which corresponds to the least bulky substituents
(benzyl and tert-butyl groups).

Computational analysis

The molecular energy computed with the DFT/B3LYP model
with the 6-31G* basis set was taken for comparison of the intrinsic
conformational stability and favourability of particular isochroma-
none derivatives. The comparison of relative stability of crystals is
possible to perform via solid-state DFT calculations using plane-
wave expansion methods [36]. However, as we had actual crystals
of two forms only for one of the prepared compounds, we decided
to employ DFT optimization of isolated molecules. The comparison
of the selected geometric parameters of the computed and actual
structures is given in Table $22. Table 4 displays the energies of
all considered conformations justified by X-ray diffraction
analyses.

As previously mentioned, the closed conformation dominates in
the majority of the cases that were found in the actual crystals.
However, the computations indicate that the conformations of
the open arrangement are energetically more favorable (see Ta-
ble 4). When the shape of the highest occupied molecular orbital
(HOMO) is examined, it can be observed that the electron density
is delocalized on both the benzyl and the aromatic portion of the
isochromane in the case of closed conformers. On the other hand,
the HOMO of the open conformers is solely delocalized on the
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Fig. 1. ORTEP drawings of the asymmetric units in the seven crystals under consideration. Anisotropic thermal ellipsoids have been drawn at the 50% probability level. H
atoms have been omitted for clarity.

90 = X-ray diffraction ali descx:ibed structures, see Fig. 1). The asymmetric u{lits Vand crys-
x  computed tal packing of a‘11 of the dlsc‘us.sed crystals are shovv"n in Figs. 1 fmd
80 N . S1-57, respectively, Two distinct mutual orientations of the iso-
70 ] open chromanone and benzene rings were found in the solid-state struc-
tures of 1-6, which significantly differed in the values of the
60 conformers dihedral angle @ between the best planes of both aromatic rings.
o[ As shown in Fig, 2, the structures of the prepared isochromanones
501 "closed" can be divided into two separate groups according to the plot of 6
40 4 against the centroid-to-centroid distance d. We hereinafter refer to
these two preferred respective forms as “open” and “closed”. The
2054 values of @ and d for all examined structures are summarized in
20 Table 2.
T T T T T T g The asymmetric unit of compound 1 contains both open and
35 4.0 45 50 55 6.0 6.5 closed forms, which are stabilized via weak intramolecular C-
Aot o 1A H.. .7 interactions (For details of the intermolecular interactions,
see Table 3). Each conformer forms a layer parallel to the ac plane.
Fig. 2. Plot of dihedral angle ¢ against centroid-lo-centroid distance d. Whereas the open conformers are stabilized via offset - and C-

H - -m interactions to form dimers around an inversion center, the
molecules of the closed form are linked via weak C-H-- O interac-
tions into chains along the c-axis. The crystal obtained for com-
pound 2 was solely built-up from the open conformers linked by
C-H-- O interactions into the three-dimensional framework. It

Table 2
Selected experimental and calculated lengths and dihedral angles.

Experimental Calculated should be noted that the two methyl substituents are present on

Compound a0y d (A)P (%) d (A) the benzene rings and molecules can be theoretically arranged as

1 Open 88.47(6) 6.0347(12) §8.72 5979 either syn or anti conformers (for graphical explanation of this

1 Closed 24.05(6) 3.6100{6) 38.91 4.145 denotation, see Fig. S8). In the case of compound 2, the methy! sub-

2 Open 87.33(5) 6.0307(5) 87.68 5.951 stituents are syn oriented. In the crystal structure of compound 3,

i_%"g;:n ;;;552 ;g:zig; :g:;: :_;;3 syn-closed conformers were observed. Crystal packing is stabilized

p-4 Closed a 23.01(5) 3.6555(2) 39.36 4163 by the coupling of weak C-H- - -0 interactions to arrange molecules

f-4 Closed b 23.94(5) 3.6564(2) into chains along the h-axis. In the case of compound 4, we suc-

5 Closed 36.07(4) 3.9751(2) 36.62 4138 ceeded in growing two different crystals depending on the crystal-

6 Closed 2167(6) 3.6331(3) 3857 4133 lization conditions, In addition, crystals of the « and B polymorphs

@ Dihedral angle between the benzene best planes P1(C4-C9) and P2(C11-C18). consisted of the open and closed conformers, respectively. Both of
® Distance between benzene ring centroids. the aforementioned polymorphs crystallize in the same space
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Table 1
Crystal data and structure refinement for all of the examined compounds.
Compound 1 2 3 -4 p-4 5 6
CCDC code 973410 973411 973412 973414 973413 973415 973416
Empirical formula  CagHas02 CogHa204 CasH3205 CapH2204 CopHu204 Co5H3502 Ca5H3502
Formula weight 37248 400.55 400.55 294.38 29438 32243 32243
(gmol ™)
Colar; shape Colorless; block Colorless; block Colorless; block Colorless; black Colorless; block Colorless; block Colorless; block
Crystal size 0.60 < 0.60 x 0.40 0.30 <020 <020 0.50 x 040 < 040 050 =050 <015 040 x030x020 050040 <040 0.50x0.30 <030
Measured 120(2) 120 (2) 120 (2) 120 (2) 120(2) 120 (2) 120 (2)
temperature (K)
Crystal system Monoclinic Triclinic Monoclinic Triclinic Triclinic Monoclinic Triclinic
Space group P2,fc P-1 C2fc P-1 P-1 P 2,/c P-1
Unit cell a=12337(2) a=9.8368(9) a=25.691(5) a=62933(2) a=8.9921(4) a=7.7910(4) a=6.89750(10)
dimensions
(A2)
b =24.007(4) b=10.5246(9) b=6.8474(14) b=10.1059(3) b=12.3067(6) b =16.5342(10) b=10.4612(10)
c=13.661(2) = 10.7034(9) ¢=24.465(5) c=13.6352(4) c=15.0747(7) c=14.2703(8) c=13.3752(7)
o =90.00 o =97.957(7) o =90.00 o =104.184(2) o =92.966(4) o =90.00 o=95.4900(10)
f=106.655(15)  fi=95.786(7) =9562(3) £=99.306(3) = 106.996(4) f=99.558(5) = 104.488(10)
7 =90.00 7 =105.883(8) 7=90.00 1 =107.020(2) 7 =91.438(4) 7=90.00 1=101.8290(10)
Volume (A*) 3876.3(12) 1044.29(16) 4283.1(15) 778.03(4) 1591.80(13) 1812.75(18) 903.50(10)
z 8 2 8 2 4 4 2
D (gem™) 1.277 1.274 1242 1.257 1.228 1.181 1.185
p{mm") 0.079 0.078 0.076 0.079 0.078 0.074 0.074
Absorption 0.954-0.969 0.977-1.000 0.928-0.976 0.959-1.000 0.955-1.000 0.959 to 1.000 0.967 to 1.000
correction
F(000) 1600 432 1728 316 632 696 348
# Range (°) 2.77-25.00 3.05-25.00 3.08-25.00 3.10-25.00 2.83-24.99 3.06-25.00 3.10-25.00
Completeness 0.998 0.996 0.999 0.996 0.995 0.997 0.997
to 8 (%)
k1 -14<h<14 -11<h<11 —26<h<30 -6<h<? -10<h<10 -5<h<9 -8<h<8
-28<k<28 k< 8<k<8§ -12<k<1 -14< k<12 -1 <k<19 “12< k<12
-13<1<16 < ~29<i<29 -15<i<16 -17<1<16 -16<i<16 -15<1<15
Reflections 20851 7840 24394 7859 15931 7179 6060
collected
Reflections unique 6810 3677 3768 2734 5579 3179 3181
|R(int) = 0.0449| |R(int) = 0.0144] |R(int) = 0.0251] |R(int} = 0.0100] |R(int) = 0.0276] |R(int) = 0.0211] |R(int) = 0.0137]
Unique reflections 5779 2452 2791 2368 3965 2057 2287
with I = 24(I)
Number of 506 273 273 202 403 222 222
parameters
Goodness-of-fiton  1.202 0.924 1.080 1.079 1.001 0.888 1.134
F.E
Final R indices Ri=0.0588, Ry =0.0346, Ry =0.0475, Ry =0.0304, Ry =0.0475, Ry = 0.0357, Ry =0.0464,
[F = 2a(D)] wR; =0.1460 wR; =0.0768 wRy=0.1295 wR2=0.0817 wRy=0.1325 wR3 = 00755 wRy =0.1369
R indices (all data) R, =0.0730, R, =0.0581, R, =0.0708, R, =0.0351, R, =0.0657, R, = 0.0647, R, =0.0648,
WR; = 0.1657 wR; = 0.0806 WRy =0.1512 wR, =0.0833 wR; =0.1373 wR; = 0.0801 wR, =0.1421
Residual highest 0677 and -0.878 0.287 and -0.170 0.736and -0.299 0.238and -0.204 0322 and -0.238 0.181 and -0.165 0.629 and -0.249
pealk and
deepest hole
(eA™)

Computational methods

Spartan 08 software was used to perform quantum chemical
computations with the isochromanone derivatives. The geometries
were optimized using density functional theory (DFT) with the
B3LYP hybrid model and 6-31G« polarization basis set [34]. No
angles were constrained in the calculations and all molecules
were virtually treated in vacuo. For further details, see the
Supplementary material,

Results and discussion
Chemistry

The title isochroman-1-ones were isolated using column chro-
matography from the complex mixture that was obtained from
the reaction of the corresponding Grignard reagent with adaman-

tane-1-carbonyl chloride or pivaloyl chloride, as depicted in
Scheme 1. The isolated yields are not high (within the range of
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2-12%) because the reaction conditions were not optimized. The
mechanism for the formation of the isochromanones is not fully
understood; however, the structure of the isochromanones sug-
gests that two molecules of the Grignard reagent are incorporated,
Therefore, the yields are calculated relative to the Grignard reagent
considering a 2:1 reaction stoichiometry. Despite the demon-
strated ability of the title isochromanones to form conformational
polymorphs, we did not observe any spectral evidence supporting
their formation. This result is not surprising because the rapid flip-
ping of the lactone ring causes averaging of signals in NMR spec-
troscopy; however, we did not observe any significant differences
in the IR spectra of individual polymorphs, whose presence was
confirmed from the single crystal X-ray diffraction analyses.

X-ray diffraction analysis

The molecules of the title compounds 1-6 consist of the
isochromanone framework bearing benzyl and 1-adamantyl or
tert-butyl substituents at the C2 position (for autonomous atom
numbering, which is used to allow for consistent referencing for
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synthetic fields. A series of new 1,3-bis(1-adamantyl)propan-1,3-diones with a variably substituted phe-
nyl ring al the C2 posilion was prepared either by Lhe reaclion ol an appropriale Grignard reagenl with
adamatane-1-carbonyl chloride or by SgAr on the unsubstituted 1,3-bis{1-adamantyl)-2-phenylpropan-

1,3-dione. [n addition to the single crystal X-ray diffraction analysis of three ol the prepared compounds,

Keywords:
1-Adamanty!
1,3-Diones

Vibration spectroscopy
X-ray

DFT calculations

the experimental 'H and "*C NMR, IR and Raman spectroscopic data were assigned and compared to
those obtained by DFT computations. [n the solid state, the syn-dioxo forms were exclusively observed,
which are shown to also predominate in CHCly solutions. The analysis of the Hirshfeld surface revealed
that H-..H and O- . ‘H contacts dominate the intermolecular interactions in the solid state, whereas . . .
stacking plays a marginal role.

© 2015 Elsevier B.V. All rights reserved.

Introduction

The 1,3-dioxo family of compounds has attracted the attention of
chemists, especially for their synthetic versatility [ 1]. There are two
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main abilities important for synthetic purposes. In addition to the
sequential nucleophilic addition of an appropriate partner on the
C-atom of the carbonyl groups, leading to formation of diverse kinds
of heterocyclic skeletons, 1,3-dioxo compounds with at least one H-
atom in the ao-position are prone to be activated as C-nucleophiles
under basic conditions. Lastly, corresponding enolates have been
widely used as chelating ligands in various types of metal
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complexes | 2]. Therefore, it is not surprising, that the oxo-enol tau-
tomerism of many 1,3-diones has been extensively studied |3].

Considering the conformational and tautomeric behavior of
symmetrically substituted 1,3-diones, four distinct forms should
be taken into account, as depicted in Fig. 1. The dioxo-form can
adopt two principal arrangements with the carbonyls oriented
syn or anti. It should be noted that the O---O distance, which is
frequently used to describe the geometry [3f4], is not fully
descriptive for distinguishing between the syn and anti form. The
geometries with the shortest as well as the longest O-- -0 distance
have CO groups in the syn orientation. In contrast, the numerical
value of the dihedral angle of the two carbonyl groups
{0—C.-.C—0) clearly defines the syn or anti geometry being within
the range of 0-90° or 90-180° respectively (see Fig. S31).
Nevertheless, the shortening of the O..-0 distance indicates the
transformation of the dioxo-form to the oxo-enol-form. In contrast
the six-membered ring of the Z oxo-enol-form can be markedly
stabilized in terms of the resonance assisted H-bond [5], the E
oxo-enol-form lacks such intramolecular stabilization. The ability
of particular 1,3-diones to adopt some of these geometries is
strongly influenced by not just the electronic effects but primarily
by the sterical hindrance of substituents on the 1,3-dioxo back-
bone. It has been demonstrated by Bertolasi and co-workers [4]
that, in particular, the bulkiness of a substituent at C2 is responsi-
ble for a certain arrangement being predominant. Thus, the mole-
cules of compounds with no substituent at C2 exhibit almost
exclusively an oxo-enol-form, as has been determined for many
examples {e.g., benzoylacetone [6], dibenzoylmethane [7], and
bipivaloylmethane [8]). Rarely, some very bulky substituents
{e.g., bearing PPhs) linked at both ends of the 1,3-dioxo backbone
disable the ability of the molecule to adopt a planar oxo-enol
geometry [9]. Additionally, compounds with a substituent at C2
linked by a sp? carbon atom predominantly form the oxo-enol tau-
tomer. In the case of moderately bulky substituents at C1 and C3,
the bulkiness of the substituent at C2 seems to be the driving force
towards a predominant geometry. For instance, 3-cyano-2,2,55-
tetramethylhepta-3 5-dione adopts an oxo-enol-form, whereas 3-
acetyl-2,2,5,5-tetramethylhepta-3,5-dione adopts dioxo-form.

A group of compounds with the C2 substituent connected with
a sp® carbon contains the greatest number of compounds adopting
the dioxo-form, even if the C1 and C3 substituents are Me (see Ref.
[10]) or C2 is Me or Et and C1 and C3 are Ph (see Ref. [11]). Only
curcumin derivatives represent an exception in this group as they
predominantly adopt the oxo-enol-form in the solid state. This
most likely originates from an additional resonance stabilization

—_—a

H. H
o~ ‘lo o” R
AN /I\/g
R/l\/kR = NS S
Z E

oxo-enol-form

Fig. 1. Distinct forms of symmetrically substituted 1,3-diones considered in this
waork.
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of the enol group by an adjacent vinyl substituent [12]. In addition,
in the literature, only a few examples of C2 substituted 1,3-diones
adopting the anti-dioxo geometry can be found [13].

In this study, we provide a spectroscopic and structural analysis
of six 1,2,3-trisubstituted propan-1,3-diones with bulky adaman-
tane substituents at positions 1 and 3 and variable substituted
phenyls at position 2.

Experimental
Synthesis

1,3-Bis( 1-adamanty!)-2-phenylpropane-1,3-dione, 1,3-bis
(T-adamantyl)-2-(4-methylphenyl)propane-1,3-dione, 1,3-bis
(1-adamantyl)-2-(3-methylphenyl)propane-1,3-dione, and 1,3-bis
(1-adamanty!)-2-(2-methylphenyl)propane-1,3-dione (1-4)
Compounds 1-4 were prepared according to the procedure
described previously [14]. The required diones were separated
from the crude mixture by column chromatography using Silica
gel 60 (0.063-0.200 mm, Merck) and a petroleum etherfethyl ace-
tate (8/1, v/v) mixture as the mobile phase, Given Ry values were
obtained using a mixture of ether/ethyl acetate, 16/1, v/v.

1,3-Bis( 1-adamantyl)-2-phenylpropane-1,3-dione  (1). Mp: 185-
188°C (crystallized from diethyl ether), R{A)=10.23, MS (70 eV,
Tis = 200°C): 79(11), 93(11), 107(5), 135(100), 136(11), 163(6) m/
z(%). The single crystal for X-ray diffraction analysis was grown
from chloroform at 25°C, Anal. calc. for CygH360, (416.59). C
83.61, H8.71; found: C 83.48, H 8.75.

1,3-Bis( 1-adamantyl)-2-(4-methylphenyl)Jpropane-1,3-dione (2). Mp:
195-197 °C (crystallized from hexane), R{A)=0.21, MS (70eV,
Tis=200°C): 67(5), 79(10), 93(7), 107(6), 135(100), 136(11)
163(6) m/z(%). The single crystal for X-ray diffraction analysis
was grown from hexane at 25°C. Anal. calc. for CapgH330;
(430.62): C 83.67, H 8.89; found: C 83.39, H 8.95.

1,3-Bis( 1-adamantyl)-2-(3-methylphenyl)propane-1,3-dione (3). Mp:
197-201 °C {crystallized from hexane), R{A)=0.19, MS (70eV,
Tis =200°C): 79(9), 93(10), 107(5), 135(100), 136{11), 163(6) m/
z(%). Anal. calc. for C3oHz2502 (430.62): C 83.67, H 8.89; found: C
83.81, H 8.92.

1,3-Bis(1-adamantyl)-2-(2-methyiphenyl)propane-1,3-dione (4). Mp:
146-150°C (crystallized from hexane), R{A)=0.21, MS (70eV,
Tis = 200°C); 79(13), 93(11), 107(6), 135(100), 136(11), 163(5) m/
2(%). Anal. calc. for CygH330, (430.62): C 83.67, H 8.89; found: C
83.55, H 8.83.

1,3-Bis( 1-adamantyl)-2-(4-nitropheny!)propane-1,3-dione and 1,3-
bis( 1-adamantyl)-2-(2-nitrophenyl)propane- 1,3-dione (5, &)

The nitro compounds 5 and 6 were isolated by column chroma-
tography with Silica gel 60, {0.063-0.200 mm, Merck) and a n-hex-
ane/chloroform (2/1, v{v) mixture as the mobile phase from the
crude product obtained by the nitration of 1 using acetyl nitrate
in acetic anhydride. The procedure has been previously described
in details [15]. The given Ry values were obtained using the same
mobile phase as for separation on the column.

1,3-Bis( 1-adamanty!)-2-(4-nitrophenyl)propane-1,3-dione (5). Mp:
209-213 °C (crystallized from hexane), R{B)=0.07, MS (70eV,
Tis=200°C): 41(6), 44(7), 55(5), 67(7), 77(6), 79(18), 91(7),
93(15), 107(7), 135(100), 136(12) mfz(%). Anal. calc. for
CagH3sNOy {461.59): C 7546, H 7.64, N 3.03; found: C 75.22, H
7.68, N 3.31.
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1,3-Bis( 1-adamantyl)-2-(2-nitrophenyl)propane-1,3-dione  (6). Mp:
152-155°C (crystallized from hexane), R(B)=0.18, MS (70 eV,
Tis =200°C): 41(4), 67(7), 77(5), 79(16), 81(5), 90(6), 91(28),
93(15), 107(7), 118(6), 135(100), 136(11), 281(30), 282(6) m/z(%).
The single crystal for X-ray diffraction analysis was grown from
hexane at 25°C. Anal. calc. for CogHisNO4 (461.59): C 75.46, H
7.64, N 3.03; found: C 75.28, H 7.58, N 3.12.

Single crystal X-ray diffraction measurements and analysis

Single crystals suitable for diffraction analyses were obtained
by the slow evaporation of chloroform at room temperature for
compounds 1, 2 and 6. The diffraction data were collected on a
KUMA KM-4 k-axis CCD diffractometer with a graphite-monochro-
mator and Mo (K,) radiation (4 = 0.71073 A) at 120(2) K. The struc-
tures were solved by direct methods and refined by a full-matrix
least-squares technique using anisotropic thermal parameters for
the non-H atoms. The crystal data and the details concerning the
data collections and structural refinements are given in Table 1.
The crystallographic data in the CIF form are available as Electronic
Supplementary Information from the Cambridge Crystallographic
Database Centre {for the particular CCDC codes, see Table 1). The
software packages used were the Xcalibur CCD system for the data
collectionsfreductions [16], ShelXTL for the structural solutions
and refinements [17] and ORTEP-3 and Mercury for preparation of
the drawings [18].

Computational methods

Geometries of all of the 1,3-diones were optimized using den-
sity functional theory (DFT) with the B3LYP [19] model and the
6-31G~ basis set provided by Spartan 08 software [20] {Wavefunc-
tion, Inc.). The atomic coordinates of the optimized geometries are
given in Tables S15-521 in the Supplementary Material.
Vibrational frequencies and the '*C and 'H NMR spectra were
obtained using the same level of theory and basis set. All of the

geometries were optimized with no constrained parts, and the
molecules were calculated as isolated structures in a vacuum envi-
ronment. *C NMR shifts were empirically corrected for the local
environment using the correction provided by the Spartan 08 soft-
ware. Furthermore, an investigation of the '*C and 'H shifts was
also performed with a SM8 solvation model with chloroform to
obtain similar conditions as in the experimental measurements.

FTIR, Raman and NMR spectra

FTIR spectra were recorded in KBr pellets on a Nicolet Avatar
380 spectrometer. Each spectrum was accumulated in the range
of 400-4000 cm ™! by the acquisition of 32 scans with a resolution
of 2cm ™.

Raman spectra were acquired using an InVia Basis Raman micro-
scope. A diode NIR laser that emits at a wavelength of 785 nm with
a maximum output power of 300 mW was used as the light source.
A Leica DM 2500 confocal microscope with resolution up to 2 pm
was coupled to the Raman spectrometer. The measurements were
collected at 50x magnification with a 2 s exposure time and 10
accumulations in the ranges of 100-2000cm ' and 1660-
3200 cm ', Measurements were also collected with a 10 s exposure
time and 4 accumulations in the range of 100-3200 cm'. All of the
spectra were acquired in the absence of room lights to avoid any
interference.

NMR spectra were recorded on a Bruker Avance 1l spectrometer
operating at 300,13 MHz and 75.77 MHz for 'H and '*C, respec-
tively. The 'H and '>C shifts were measured in CDCl; and were ref-
erenced to the solvent signal ('H: &(residual CHCls)=7.27 ppm,
13C: 3(CDCl3) = 77.23 ppm). The signals were assigned by HMBC
and SHQC experiments.

Elemental analysis and mass spectrometry

Elemental analyses (C, H, N) were performed on a Thermo
Fisher Scientific Flash EA 1112 using N-phenylacetamide as a

Table 1
Crystal data and structural refinements for compounds 1, 2 and 6.
Compound 1 Compound 2 Compound 6
CCDC code 1,023,755 1,023,756 1,023,757
Empirical formula CagHi602 CagH3304 CagH3sNO,
Formula weight 41658 430.60 461.58
Temperature (K) 120(2) 120(2) 120(2)
Wavelength (nm) 0.071073 0.071073 0.071073
Crystal system Orthorhombic Triclinic Triclinic
Space group Pbca P P
Unit-cell dimensions (A, *) a 11.394(2) 6.4393(7) 10.4669(5)
b 17.872(4) 11.3604(15) 10.9940(6)
¢ 21.918(4) 16.940(2) 11.9657(7)
o 90 107.389(12) 85.145(5)
I 90 92.803(11) 65.611(6)
Y 0 100.873(11) 70.722(5)
Cell volume (A%) 4463.3(16) 1154.0(3) 1181.60(11)
Z 8 2 2
Calculated density (g.cm ) 1.240 1.239 1.297
Absorption coefficient (mm™") 0.075 0.074 0.085
F000) 1808 468 496
Crystal size (mm) 0.50 =< 0.50 x 0.40 0.40 < 0.20 < 0.10 0.20 = 0.10 x 0.10
Data collection range (°) 3.04-25.00 3.34-25.00 3.39-25.00
Max/min indices h, k, | -13<h<10 -4<h<7? -12<h<m
-21<k<20 -13<k<13 -13<k<11
=25=1<20 -20<1<20 ~“14=i{<14
Reflections collected/unique 24,266/3908 13,225/4059 11,188/4143
Refinement method Full-matrix least squares on F2
Datajrestrains/parameters 3908/0/280 4059/0j290 4143/371/365
Goodness-of-fit on F* 1.197 0.952 0.718
Final R indices (I > 2¢1) Ry fwR, 0.1296/0.3181 0.0502/ 0.1291 0.0367/ 0.0586
R indices (all data) R, jwR, 0.1341/0.3213 0.1171/0.1502 0.1014/0.0651

Largest diff. peak and hole (e A=)

1.175 and —0.419

0.256 and —0.230

0.163 and —0.150
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standard. The GC-MS analyses were conducted on a Shimadzu QP-
2010 instrument using a Supelco SLB-5 ms (30 m, 0.25 mm) col-
umn. Helium was used as the carrier gas in the constant linear flow
mode (38 cms™!); the column was held at 100 °C for 7 min and
then heated at 25 °C/min to 250 °C before holding for the required
time. Only peaks with relative abundances exceeding 5% were
listed.

Results and discussion
Chemistry

Title diones 1-4 were isolated from the previously described
reaction |14] of adamantane-1-carbonyl chloride with the corre-
sponding Grignard reagent (Scheme 1). The «-hydrogen in the mol-
ecule of the primarily appearing 1-adamantyl benzyl ketone is
released by the basic Grignard reagent, and a carbanion is generated.
The carbanion attacks another molecule of adamantane-1-carbonyl
chloride to yield the title dione and a chloride anion. This mecha-
nism was supported by dione formation when an authentic sample
of ketone intermediate was treated with adamantyl carbonyl chlo-
ride in the presence of -BuOK in THF. Accordingly, the addition of
triethylamine into the original reaction mixture can slightly
increase the dione yield. Although the reaction offers a complex
mixture of products, the diones were readily isolated by column
chromatography inyields up to 40% {considering the 2:2 stoichiom-
etry of starting AACOC] and Grignard reagent).

Nitro derivatives 5 and 6 were obtained via nitration of dione 1
and then separation of the regioisomers on the column. The mild
nitration agent acetyl nitrate in acetyl anhydride was employed
at —15°C. Under these conditions, mononitration proceeded
smoothly and quantitatively within 30 min. Two regioisomers,
ortho and para with the an ofp ratio of 0.30, were detected in the
reaction mixture using 'H NMR and were subsequently separated
via column chromatography.

Crystal structures of compound 1, 2 and 6

As we succeeded in growing single crystals by the slow evapo-
ration of CHCl; solutions of three of our 1,3-diones, we were able to
analyze the solid-state geometries and crystal packing for com-
pounds 1, 2 and 6 in the terms of X-ray diffraction analyses. The
molecular structures of all of the examined compounds are shown
in Fig. 2. The crystal data and structural refinement parameters are
given in Table 1. Compounds 2 and 6 crystallize in a triclinic space
group, and unsubstituted 1 crystallizes in an orthorhombic centro-
symmetric space group. The bond lengths of the C1—C2—C3 back-

bone (see Table 2) suggest that all three of the compounds occur in
the dioxo-form in the solid state. As can be clearly seen in Table 2,
the value of the 01—C1...C3—02 torsion angle is within the range
of 49°-657, i.e., lower than 90°, and the geometries of all three of
the examined diones can be qualified as syn. Dione 6 exhibits rota-
tional disorder of one adamantane moiety {(C14-C23) and posi-
tional disorder of the nitro group. As the rigid adamantane cage
has a sphere-like shape, the overall effect of its rotation around
the local threefold axis is negligible. Nevertheless, in the minor
conformer {0.352(2)), the carbonyl group is almost eclipsed with
the C—C bond of the adamantane cage with a torsion angle for
02—C13—C14—C21b of 13.9(3)°, whereas the major conformer
adopts the gauge orientation of the carbonyl group and the ada-
mantane cage with an 02—C13—C14—(22a angle of —49.7(3)".
On the other hand, the intramolecular short contacts significantly
differ for the O-atom of the major and minor arrangement of the
NO, group. Whereas minor 04b has a much tighter contact with
H2 than major O4a (2.035A and 2.262 A, respectively), major
04a has closer contacts with the adamantane H-atoms H15d,
H15c and H15a. In both arrangements, the best plane of 03—N—04
is markedly distorted from the benzene ring (C24—C29) best plane
with interplanar angles between the benzene plane and the major
and minor nitro group planes of 27.7(5)° and -23.7(11)°,
respectively.

The intermolecular contacts in the crystal packing were ana-
lyzed in the terms of the Hirshfeld surface [21] using the CrystalEx-
plorer software [22]. As the most considerable structure motifs are
the adamantane cages in all of the examined molecules, it is not
surprising that the major contribution to the Hirshfeld surface
was found for H.--H contacts. A minor, but still significant contri-
bution is related to the contacts between the carbonyl oxygen
atoms and adjacent H-atoms {mostly located at the benzene ring).
On the other hand, C- --C contacts related to the 7- - -7 stacking are
completely missed in the structure of 1, and in the structures of 2
and 6, they contribute only with 0.9% and 1.3%, respectively. The
outlines of the quantitative contributions of particular contacts
are given in Fig, 3.

The molecules of compound 1 are arranged into chains along
the g-axis and stabilized viz multiple C(Ph)—H---O interactions.
These chains are cross-linked by further weak C(Ad)—H---O inter-
actions (see Figs. S25 and S26). A similar chain arrangement can be
observed in the packing of 2 (Fig. S27). However, in this case,
C(Me)}—H---O contacts also participate in the stabilization of the
3D framework, in addition to those of the C{Ph)—H---0O type. As
can be seen in Fig. S28, the benzene rings within the centrosym-
metric dimers have a face-to-face orientation. The centroid-to-cen-
troid distance of 4.2411(7) A and interplanar distance of 3.5496 A
are conclusive for the interaction to be considered as weak m-- -1

R1
MgCl R?
R1
R® o
Ad cl ether 1) base R*
\[( + —_ , —————>
o g MG Ad R" 2)adcocl Ad Ad
R 3
1 R
R comp. R* R R o o
1 H H H 1-4
2 Me H H
2 i Ms H ACONO,, Ac,0
=Ad 4 H H Me {—————> 56
§ NO, H H 30 min, -15°C
6§ H H NoO

Scheme 1. Synthetic approach towards the compounds discussed in this work.
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Fig. 2. The molecular structure of compounds 1, 2 and 6. Thermal ellipsoids are drawn at the 50% probability level. H-atoms and minor disordered atoms in the structure of 6

are omitted for clarity.

Table 2
Selected geometrical paramelers [or compounds 1, 2 and 6.

Distance (A) Compound 1 Compound 2 Compound 6
angle (%) exp. cale.  exp. cale.  exp. calc.
01-C1 1210(6) 1210 1.214(3) 1214 1223(3) 1222
12 1540(6) 1.540 1.529(3) 1528 1.534(2) 1534
3 1.529(7) 1.529 1.527(5) 1.526 1.539(3) 1.339
302 1216(6) 1216 1.218(4) 1218 1.2206(18) 1221
01..-02 3.179(5) 3.179 3.224(3) 3.224 3.1703(19) 3.17¢
01—C1--C3—02 49.3(5) 493 57.8(3) 578 6541(18) 654
01—C1—2—C3  93.5(5) 935 1021(3) 1021 95.3(2) 953
02—C3—C2—C1  —303(6) -303 -24.8(4) —248 —11.7(3) —11.7

stacking. Similarly, the molecules of 6 are linked into centrosym-
metric dimers by off-set - - -1 interactions (Fig. S29). The distance
between the best planes of adjacent benzene rings is 3.3616 A, and
the centroid-to-centroid distance is 3.7672(2) A (—x, —y, —z+1).
Some further C—H---O interactions stabilize the crystal structure
as can be seen in Fig. $30. The crystal packing of compounds 1, 2
and 6 is shown in Figs. S25-530. The parameters of the intermolec-
ular contacts are summarized in Table 3,

Vibrational spectra and assignments

Experimental IR and Raman spectra (Figs. S13-S24) of the title
compounds 1-6 were compared with those calculated at the
B3LYP/6-31G" level (isolated molecule approximation). The geo-
metrical optimization was performed for an isolated molecule in
the ground state using the DFI {B3LYP) method with the 6-31G"
basis set in all cases. All of the optimized molecules 1-6 belong
to the point group C;. The total number of computed fundamental
vibrations corresponds to the degrees of freedom in the relevant
molecule (e.g., 195 fundamental vibrations for 1). The calculated
wavenumber values were corrected by applying the appropriate

compound 1
compound 2

compound 6

N NS SRS o [RE] 4,

Fig. 3. Histograms of the contributions [%] of various intermolecular contacts to the
Hirshfeld surface areas for compounds 1, 2 and 6.
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linear scaling equation [23] or using scaling factor [24] according
to the approaches described in literature (Table 4 and 5$3-58).

The low symmetry of the molecules 1-6 (C;) resulted in an affil-
iation of all of the vibration motions to one irreducible representa-
tion (A). It leads to highly complex Raman spectra, which, along
with different intensities of identical vibrational bands in the IR/
Raman spectra, complicate the assignment of vibrational motions.
Since the IR spectra were of better quality, the scaling parameters
were found using the IR data. The bands in Raman spectra were
consequently assigned according to those in IR spectra. It can be
concluded that vibrational bands, such as v(ad) and v(CO), or the
positions of vibrational bands in the fingerprint region of the
Raman spectra correspond to the bands in the relevant IR spectra,
Complete IR and Raman spectra are available in Supplementary
Material Figs. S13-524. Selected vibrational bands, their assign-
ment to the experimental frequencies and their dominant vibra-
tional motions are given in Table 4 (compound 1) and Tables S3-
S8. Experimental and theoretical vibrational spectra of the com-
pound 1 are depicted in an illustration in Fig. 4.

The general structure of the adamantyl-1,3-diones is comprised
of two parts. The fundamental framework is composed of a 1,3-
bis(1-adamantyl}propane-1,3-dione. A phenyl, methyl or nitro-
phenyl group is bonded to the C2 atom, which is a part of the fun-
damental skeleton. The assignment of the vibrational bands is
discussed below.

v(C—H) vibrations: The most intense bands in the region of
3100-2800 cm~" were assigned to the following three kinds of
symmetric and antisymmetric C—H valence vibrations: v(CH)
arom,, V{CH;) and v{CHs) in the case of methyl derivatives {2-4).
Some bands with low intensities {vw) appear in the region
between 2690 and 2600 cm !, which are unpredicted in the har-
monic approach used in this work. After comparison with litera-
ture data [24], we propose that these vibrational bands could be
associated to combinations of the C—H and C—C stretching normal
modes in the adamantyl moieties. Scissoring vibrations of the CH;,
groups were assigned in range of 1421-1514cm ', A number of
different types of deformation C—H vibrational motions were also
assigned to the experimental values in the fingerprint region (see
Table 4 and S3-S8).

v(CO) vibrations: The presence of characteristic vibrational
bands at approximately 1700 cm™" is a typical sign that carbonyl
groups are incorporated into the molecule. The splitting between
the v(CO) in-phase vibrational band and the v(CQ) out-of-phase
vibrational band was calculated to be about 36 cm™! for all of the
molecules, which corresponds with the values from the experi-
mental spectra {from 15 cm ™! for 6 to 43 cm ™ for 3). The intensity
ratio of these bands corresponds to the usual situation in IR spec-
tra, i.e., the vibrational motion in-phase has a higher intensity.
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Table 3
Weak interactions detected in the crystal packing of compounds 1, 2 and 6.
D—H--A DH (A) HA (A) DA (A) DHA () Symmetry code of A
Compound 1
C6—H6---01 1.00 2.67 3.320(7) 123 —X, —05+y,15-z
C28—H28A-.-O1 0.95 251 3.118(7) 121 ~05+xy,1.5-2
C29—H29A---01 0.95 2.56 3.145(7) 120 05+xy 1.5-2
C29—H29A. .02 0.95 2.59 3.454(7) 152 —05+xy 1.5-z
Compound 2
(29—H29-..02 0.95 2.65 3.603(4) 179 T+xy 2
C26—H26---01 0.95 2.58 3.438(4) 150 1-x2-y -z
C30—H30A.--01 0.98 2.66 3.448(4) 138 1-x2-y -2
C30—H30B---01 0.98 2.63 3.594(4) 168 2-x2-y, -z
Compound 6
€28—H28.-.01 0.95 2.57 3.206(3) 124 —X,-y1-z
Cgl---Cgl na na 3.7664(2) na —X, -y 1-z
€25—H25---02 0.95 245 3.311(2) 151 X1-y1-z
C12—H12B.--02 0.99 2.62 3.3657(19) 132 X 1-y1-z
C2—H2---04A 1.00 2.26 2.764(3) 110 Xz
C2—H2-..04B 1.00 2.04 2.822(3) 134 Wz
C5—H5B-- -04A 0.99 249 3.377(3) 148 1-x-y1-z
C5—H5B---04B 0.99 2.60 3.521(5) 154 1-x,-y1-z
Table 4
Selected observed and calculated vibrational wavenumbers () of compound 1.
V(IR )exp.” V(Raman)ep * V(IR )cqic. (IR )scated” VIR )scated” Proposed assignment”
3068 vw 3072 m 3208 3050 3073 Vv(CH) arom.
3060 sh 3196 3039 3062 Vv(CH) arom.
2929 s 3086 2935 2957 vas(CH,)
29295 3070 2920 2941 v,o(CH,)
2902 s 2902 sh 3049 2900 2920 vi(CH3)
2888 sh 2892 sh 3049 2900 2920 vs(CHa)
2850s 2851m 3027 2880 2900 vy(CH2)
2677 vw - - - Combination vibrations (ad) [25]
2655 vw - - - Combination vibrations (ad)
17155 1716 vw 1811 1737 1735 v(CO) ip
1677 m 1680 vw 1775 1703 1701 v(CO) op
1495 w 1543 1485 1478 8(CHz): p(arom. ring)
1453 m 1522 1465 1458 8(CH.); p(arom. ring)
1432 sh 1438 vw 1502 1446 1439 V(CC) arom.
1366 vw 1412 1362 1353 o(CH,); T(CHa)
1343 vw 1387 1338 1329 ®(CHz); 1(CH2)
1323 vw 1319 vw 1358 1311 1301 @(CHz); ©(CH;)
1315 sh 1367 1319 1310 o(CH,); 1(CH3)
1280 w 1279 sh 1340 1294 1284 T(CHa); B+ 7(CH)
1268 sh 1266 vw 1305 1261 1250 T(CHa); B+ v(CH)
1258 vw 1254 vw 1295 1252 1241 T(CH,); B+ 7(CH)
1237 vw 1239 sh 1276 1234 1222 T(CHa); B+v(CH)
1192 vw 1192 w 1227 1188 1176 T(CHy; B + ¥(CH)
1182 vw 1182w 1224 1185 1173 T(CH;); B+ v(CH)
1144 vw 1145 vw 1162 1139 1126 T(CH,); B+ v(CH)
1151 sh 1175 1127 1113 8(CH) arom.
1104 vw 1103 vw 1124 1091 1077 p(CHa)
1049 vw 1047 vw 1066 1037 1021 T(CH,); v(CH,y)
1014 sh 1027 1000 984 (CH3)
1010 m 1009 vw 1021 994 978 P(CHa); P+ (CC) ad
981 vw 997 972 955 P(CH,): B+ v(CC) ad
972 vw 984 959 943 P{CH,); p+¥(CC) ad
964 vw 980 956 939 B+ v(CC) ad
813 vw 816 vw 836 820 801 B+ y(CC) ad
800 vw 801 vw 825 810 790 B+ (CC)ad
719 m 720 vw 735 725 704 B(CH) arom. ip
G698 w 712 704 682 [{CH) arom.
681 vw 682 w 692 685 663 B+ v(CC) ad
669 vw 672 sh 688 681 659 B+v(CC) ad
598 vw 600 vw 608 606 582 B+y(CC) ad
555 vw 556 vw 557 558 534 B+y(CC) ad
498 vw 507 511 486 4(CC) arom. op
Standard deviation of ¥(IR)scatea — V(IR)exp 12 19
Median of ¥(IR)scaied — V(IR)exp -3 -14

@ Intensity: s-strong, m-medium, w-weak, vw-very weak, sh-shoulder.

b Scaling equation: WIR ey = 34.506 + 0.9400Vcq. (r=0.9997) calculated by linear regression of /IR )y, plotted against Vegc.

© Scaling factor: 0.9581 calculated as 3 (V(IR).,p, i*w;c.)fz(i‘m? )

4 y—stretching, 5-scissoring, p-rocking, m-wagging, T-twisting, f-in-plane bending, y—out-of-plane bending, ip-in phase, op-out of phase, arom.—aromatic, ad-adamantyl.
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Fig. 4. Experimental (IR(exp.)) and non-scaled theovetical IR (IR(calc.)) spectra of compound 1 represented by lower-blue and upper-red lines, respectively. (For
interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

V(CC) and &CC) vibrations: Stretching CC vibrations of the
adamantyl groups were identified as dominant motions for only
1 and 2 in the range from 813 to 669 cm . In other cases, v(CC)
are strongly mixed with the remaining vibrational modes {1240-
1010cm ). v(CC) of the phenyl groups were mainly found at
1050, 1230 and 1450 cm™ ' as dominant vibrational motions,
Valence vibrations v(CC) mixed with v(NO) are a dominant vibra-
tional motion and are situated from 1614 to 1522 cm ' The
remaining & CC) and v(CC) vibrational bands were found to be in
agreement with the literature and were in usual zones of the
fingerprint region [24,26,27].

v(NO) vibrations: Despite a dominant contribution, the NO
stretchings are mixed with other vibrational motions, particularly
with v({CC) (see Supplementary Material), in all of the calculated
spectra. However, the experimental values are in accordance with
the values in the literature and the theoretical data [28].

Discussion of the NMR data

Astheshielding of the H-atom involved in the oxo-encl equilibria
is strongly diverse in the respective oxo- and enol-form, the '"H NMR
technique is widely used to supply evidence of a particular form or
even for the determination of the equilibrium ratio [29]. The signal
of CO—CH(Ph)—CO in the dioxo-form usually occurred within the
range of 5-7 ppm, whereas the signal of strongly deshielded
C(OH}—C(Ph)—CO can be found at >15 ppm. In the '"H NMR spectra
of all of the discussed compounds 1-6, the signal of a single H-atom
was observed in the range of 5.72(for 2 and 3)-6.41(for 6) ppm (see
Supplementary Material), whereas there are no signals at >10 ppm.
This observation allows us to state that the dioxo-form of all of the
examined compounds strongly predominates in a CDCls solution.

"H and "¥C chemical shifts were computed for each compound
{1-6) from the model of one isolated molecule (in vacuum) and
the resulting values of 3., are given relative to the chemical shifts
of tetramethylsilane as a standard for both nuclei. For compounds
3 and 4, a possible existence of two distinct rotamers (the position
of the methyl group on the phenyl in relation to the carbonyl
groups) was taken into consideration. These rotamers are labeled
as 3a, 3b and 4a, 4b, respectively (see Table S1a, b in the Supple-
mentary Materials).

The calculated "C chemical shifts were empirically corrected to
account for a local environment using linear regression according
to the number and kinds of directly-bonded atoms (8 cor))- AN
agreement between d.q.. obtained from B3LYP/6-31G" and deyp. in
the '3C NMR spectra correspond to results mentioned by the
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authors of the computational program Spartan’08 [30]. The maxi-
mum difference between frﬂp(”-[) and Sec("H), Adpax, Was
obtained for atom H12A in all of the compounds (1-6)
{A8x = 1.06 ppm for 6), and the maximum differences between
the experimental and calculated chemical shifts in the *C NMR
spectra were observed for the phenyl atoms (Ady,, = 10.6 ppm
for 3, 6.3 ppm for 4, 15.7 ppm for 5, 20.2 ppm for 6, median
Abarom.) (Pexparom.) — dcate(arom)) = 1.9 ppm for 1-6). The median
As of all of the '3C nuclei (1-6) is 0.7 ppm.

We also attempted to include the empirical SM8 solvation
model [31] into a calculation of the 'H and "*C chemical shifts with
the aim of achieving better agreement of é.q. With d.xp, especially
in the case of the H12A atoms in 1-6 (see Supplementary Material),
Therefore, the implementation of SM8 to the B3LYP/l-31G* was
performed for 3, and chloroform was used for the correction as
the solvent in accordance with the experimental conditions,
Although the application of the SM8 solvation model yielded the
expected improvement in the case of atom H12A, on the contrary,
itled to the a significant decrease in the agreement of dey, ("H) with
S.aie{'H) in other cases {especially for the H2 atom or some ada-
mantyl hydrogen atoms, see Supplementary Material, Table S1a).
The values of §.,i.("*C) are, in general, very similar for both calcu-
lation methods {B3LYP/6-31G* with/without SM8), and the median
A8, AS = (Sexp. — Ocatc.h TOSE from 0.8/0.7 ppm for 3a/3b to 0.9 ppm
for both rotamers. The implementation of the SM8 solvation model
to the computational method used did not produce considerable
improvement; therefore, SM8 was not applied in the case of the
remaining compounds. The computed 'H and '3C chemical shifts
of 3 with the SM8 solvation model, 3.4 (SM8), are listed in the Sup-
plementary Material (Table S1a, b and Table S2a, b).

Conclusion

A series of new 1,3-bis{1-adamantyl)propane-1,3-diones with a
variably substituted phenyl ring at the C2 position has been
prepared and characterized using EI-MS, NMR, FT-IR and Raman
techniques. Single crystals of three of these compounds have been
examined by X-ray diffraction analysis, It was shown that all three
of the compeounds adopt a syn-dioxo geometry in the solid state.
The syn denotation implies that the numeric value of the
0—C--.C—0 torsion angle is lower than 90°, In our particular cases,
this value was within the range of 49.3(5)-65.41{18)". In addition,
the NMR data suggest the essentially exclusive occurrence of the
dioxo-form for all of the studied compounds in chloroform
solution,
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In the title compound, C,3H;,0,, the oxanone ring adopts
distorted half-boat conformation with the following Cremer
and Pople puckering parameters: Q = 0.619 (2) A,0=075 (19)
and ¢ = 172 (13)°. The dihedral angle betwen two benzene
rings is 21.32 (7)°. The adamantane unit consists of three fused
cyclohexane rings in classical chair conformations, with
absolute values of C—C—C—C torsion angles in the range
57.5(2)-60.9 (2)°. Weak interactions of the type C—H.--O
link molecules of each enantiomer into chains parallel to the b
axis and lying about inversion centers. The crystal packing is
also stabilized by intermolecular m-7 stacking interactions
[centroid-centroid distance of 3.8566 (11) A]

Related literature

For related structure and the preparation method, see: Vicha
et al. (2006). For the biological activity of related compounds,
see: Buntin ef al. (2008); Bianchi et al. (2004). For puckering
parameters, see: Cremer & Pople (1975).

Experimental

Crystal data
C"J\‘H'!ZO'),

M, = 400.54

Monoclinic, (,‘2{(: Z=8

a=25691(5) A Mo Ke radiation
b=6.8474 (14) A = 0.08 mm™*

¢ =24465 (5) A T=120K

B =9562 (3)° 0.50 x 0.40 x 0.40 mm
v =42831 (15) A®

Data collection

Kuma KM-4-CCD diffractometer
Absorption correction: multi-scan
(CrysAlis RED; Oxford
Diffraction, 2006)
Tin = 0,928, T, = 0,976

24394 measured reflections
3768 independent reflections
2791 reflections with [ > 2a(f)
Ry = 0.025

Refinement

RIF?* > 20(F*)] = 0.048
wR(F?) = 0.151
5=109

3768 reflections

273 parameters

H-atom parameters constrained
Apmax =074 A3

Apgin = —030 e A3

Table 1

Hydrogen-bond geometry (A, ).

D—H:--A D—H H---A DA D—H---A
C23—H23A.--02' 0.95 2.63 3548 (3) 157
Cl2—HI12B---02 0.99 2.28 3.206 (2) 156

Symmetry code: (i) x,y — 1, z.

Data collection: CrysAlis CCD (Oxford Diffraction, 2006); cell
refinement: CrysAlis RED (Oxford Diffraction, 2006); data reduc-
tion: CrysAlis RED; program(s) used to solve structure: SHEL X897
(Sheldrick, 2008); program(s) used to refine structure: SIHELXL97
(Sheldrick, 2008); molecular graphics: ORTEP-3 (Farrugia, 1997) and
Mercury (Macrae er al., 2008); software used to prepare material for
publication: SHELXL97.

The financial support of this work by the Czech Ministry of
Education (project No. MSM 7088352101) is gratefully
acknowledged.

Supplementary data and figures for this paper are available from the
IUCr electronic archives (Reference: PV2152).
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R factor = 0.033; wR factor = 0.080; data-to-parameter ratio = 14.0.

In the title compound, C;5H3,0, the adamantane cage consists
of three fused cyclohexane rings in classical chair conforma-
tions, with C—C—C angles in the range 107.15(9)-
111.55 (9)°. The dihedral angle between the benzene rings is
4691 (4)° and the conformation is stabilized by a weak
intramolecular C—H- - -7 interaction.

Related literature

For the preparation and spectroscopic properties of the title
compound, see: Vicha et al. (2006). For related structures, see:
Vaissermann & Lomas (1997); Vicha & Necéas (2010).
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Experimental

Crystal data

CasH30 b=63978 (2) A _
M, = 34649 ¢ = 252555 (14) A
Monoclinic, C2/c_ = 106.183 (5)°

a = 242808 (10) A V= 3767.8 (3) A®

Z=8
Mo Ke radiation
= 0.07 mm

Data collection

Oxford Diffraction Xcalibur
diffractomeler with a Sapphire2
(large Be window) detector

Absorption correction: multi-scan
(CrysAlis RED; Oxford

Refinement

R[F? > 20(F%)] = 0.033
wR(F?) = 0.080

§ =09

3315 reflections

T=120K
0.40 x 0.30 x 0.20 mm

Diffraction, 2009)

Toin = 0.965, Ty = 1.000
17425 measured reflections
3315 independent reflections
2381 reflections with I > 2a(])
Ry = 0.024

236 parameters

H-atom parameters constrained
Apax = 0206 AT

Appin = —021 ¢ A7

Table 1 .
Hydrogen-bond geometry (A, °).

Cgl is the centroid of C20-C25 ring.

D—H---A p—H H A DA D—H---A

Cl4—H14--.Cgl 0.95 2.70 3.3172 (13) 123

Data collection: CrysAlis CCD (Oxford Diffraction, 2009); cell
refinement: CrysAlis RED (Oxford Diffraction, 2009); data reduc-
tion: CrysAlis RED; program(s) used to solve structure: SHELXS97
(Sheldrick, 2008); program(s) used to refine structure: SHELXL97
(Sheldrick, 2008); molecular graphics: ORTEP-3 (Farrugia, 1997) and
Mercury (Macrae et al., 2008); software used to prepare material for
publication: SHELXL97.

Financial support of this work by the Internal Founding
Agency of Tomas Bata University in Zlin, project No. IGA/7/
FT/10/D, is gratefully acknowledged.

Supplementary data and figures for this paper are available from the
IUCr electronic archives (Reference: ZL2292).
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Key indicators: single-crystal X-ray study; T = 120 K; mean o(C-C) = 0.002 A
R factor = 0.037; wR factor = 0.084; data-to-parameter ratio = 14.0.

In the title compound, C;gH3,0, the dihedral angle between
the carbonyl and benzene planes is 69.11 (6)°. In the
adamantyl group, the three fused cyclohexane rings have
almost ideal chair conformations, with C—C—C angles in the
range 108.14 (11)-110.50 (11)°. No specific intermolecular
interactions (other than van der Waals interactions) are
present in the crystal,

Related literature

For background to the synthesis, see: Vicha et al. (2006);
Austin & Johnson (1932). For an alternative method for the
preparation of the title compound, see: Lo Fiego ef al. (2009).

Monoclinic, P2, /¢ Z=4

a = 6.6988 (4) A Mo Ke radiation
b=122971 (6) A =007 mm*
¢ =16.7670 (T) A T=120K

B=02244 (4
V= 1380.14 (12) A*

(.40 x 0.40 x 0.30 mm

Data collection

Oxford Diffraction Xcalibur
diffractometer with a Sapphire2
detector

Absorption correction: multi-scan
(CrysAlis RED; Oxford

Diffraction, 2009)

Tonin = 0.974, Tae = 1.000
8111 measured reflections
2414 independent reflections
1673 reflections with I > 2o(J)
R, =0.029

Refinement

R[F* > 20(F*)] = 0.037
wR(F?) = 0.084
§=09

2414 reflections

173 parameters

H-atom parameters constrained
AP =017Te A7

Appin = —019e A

Data collection: CrysAlis CCD (Oxford Diffraction, 2009); cell
refinement: CrysAlis RED (Oxford Diffraction, 2009); data reduc-
tion: CrysAlis RED; program(s) used to solve structure: SHELXS97
(Sheldrick, 2008); program(s) used to refine structure: SHELXL97
(Sheldrick, 2008); molecular graphics: ORTEP-3 (Farrugia, 1997) and
Mercury (Macrae ef al., 2008); software used to prepare material for
publication: SHELXL97.

The financial support of this work by internal grant of TBU
in Zlin No. IGA/7/FT/10/D funded from the resources of
specific university research is gratefully acknowledged.

Supplementary data and figures for this paper are available from the
TUCr electronic archives {Reference: PK2284).
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