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ANOTACE

Tato diserta¢ni prace je rozdélena do tfech zakladnich kapitol, a to podle typu
popisovaného ligandu vytvafejiciho pfislusny komplex s atomem lithia. Prvnim
popisovanym typem ligandii jsou nesymetrické amidinaty, které nemaji zddnou osu ani
bod symetrie. U téchto amidinatd je centralni N-C-N skelet substituovan na jedné strané
trimethylsilyl skupinou a na stran€ druhé aromatickym, nebo alifatickym substituentem.
Pozornost je zde kladena predevSim na substituenty, které se 1iS§i svou sterickou
naroc¢nosti.

Druhou skupinou popisovanych ligandii jsou disymetrické amidinaty, které nemaji
zadnou osu symetrie, ale lze u nich najit stied symetrie. Tyto disymetrické amidinaty
byly pfipraveny z 1,3- , nebo 1,4-dikyanobenzenu, a podle toho u nich Ize pozorovat
linearni, nebo lomeny tvar molekuly. Zaroven ma typ vychoziho dikyanobenzenu
zasadni vliv na sterickou naro¢nost celé molekuly a z toho vyplyvajici reakéni rychlost.

Tretim typem piipravenych ligandi jsou nesymetrické amidinaty, u nichz se opét
vychazi z 1,3- a 1,4-dikyanobenzenu jako zdkladniho stavebniho kamene, ale kazda
Z CN skupin zékladniho skeletu je podrobena reakci s jinym amidem, coz vede ke
vzniku kompletné nesymetrickych struktur.

Poslednim typem pfipravenych a popsanych struktur jsou nesymetrické
diiminoisoindoly, které vznikaji reakci 1,2-dikyanobenzenu s pfislusnym amidem
lithnym.

KLICOVA SLOVA

N-chelatujici ligand; amidinat; diiminoisoindol; lithium; struktura; amid; NMR;
XRD



ANNOTATION

This Ph.D. thesis is divided into three main chapters. Each chapter is focused on
different group of substituents coordinating lithium atom. First type of ligand described
in this thesis is nonsymmetrical amidinate which has no point or axis of symmetry. In
these compounds central N-C-N group carries trimethylsilyl substituent on one nitrogen
and aromatic or aliphatic substituent on the other nitrogen. Special attention was paid to
ligands with different steric demands.

Second described group of ligands are dissymmetrical bisamidinates with no axis
of symmetry but with a point of symmetry and to asymmetrical bisamidinates with no
point or axis of symmetry.

Last type of prepared compounds are based on 1,2-dicyanobenzene. Reaction of
1,2-dicyanobenzene with corresponding amide gives nonsymmetrical lithium

diiminoisoindole.

KEYWORDS

N-chelating ligand; amidinate; diiminoisoindole; lithium; amide; NMR; XRD;

structure
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Uvod

Chemie organokovovych a koordinacnich sloucenin kovii v nizSich oxida¢nich
stavech doznala v poslednich n¢kolika dekadach zna¢ného rozvoje, konkrétné v oblasti
ligandti, které svymi sterickymi a elektron-donornimi schopnostmi maji moznost
stabilizovat prvky ptechodné i nepiechodné.

Amidinaty, formaln¢ derivaty karboxylovych kyselin, obecného vzorce
[R'INC(R)NR?] (R, R® ~ C, Si substituent, R* ~ C substituent, nebo H; Obréazek 1)
jsou ligandy s formalnim nabojem 1-. Diky svym vazebnym moznostem nalezly
uplatnéni jako monodentatni (A), bidentatni (B), miistkové (C), n':x? bimetalické (D) a
K% bimetalické (E) ligandy (Obrazek 2)." Diky moznosti snadno volit viechny
substituenty vazané na amidinatovém skeletu, a tim modifikovat sterické a elektronové

vlastnosti, doglo v poslednich letech k masivnimu rozvoji v chemii t&chto slougenin.?

RZ
3 1
R L _r
\N/_\N/

Obrazek 1: Obecné schéma amidinatu

R - R
R?’—NJ\\N 3 )\ 2 R"j‘_NJ\\N_RZ
L, RN eNTR Lo

M R’ M
M M
A . B R2 C
R \
)\ N\<\M
3 2 1 $
R-NZN—R R—<<
~u RN
M N-1M
3
D R E

Obrazek 2: Vazebné moznosti amidinatu

Kromé téchto zékladnich vazebnych moZznosti, mohou nastat i specialni ptipady.
Naptiklad v pfitomnosti arylové skupiny muize dojit ke koordinaci aromatického kruhu

na kov®, nebo ke vzniku klastri*(Obrazek 3).
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Obrazek 3: Dalsi vazebné moznosti amidinatu

Ackoliv prvni zminka o vazb¢ amidinat — kov pochazi z roku 1951, kdy Bradley a
Leete piipravili prvni komplex formamidinatu s mé&di,” hlubsi z4jem o amidinaty se
projevil az poté, co byla objevena moznost nahradit timto ligandem, diky jeho
vlastnostem, cyklopentadienyl.®

Amidinaty jsou ligandy isoelektronové s napi. karboxylaty, nebo allylovymi

anionty, a proto se obc¢as fadi mezi pseudoallyly (Obrazek 4).

A =B =CR; allyl
B—A = . = . A
Vaw A=0;B=CR; karbIO)fyI?t
A A = NR; B = CR; amidinat
A = NR; B = N; triazen

Obrazek 4: Pseudoallyly

V porovnani s allylovym aniontem dava amidinat pfednost bidentdtnimu
vazebnému usporaddni pfed vazbou pomoci m-systému. Vysledky publikované
Kilnerem’ a Vriezem® poukazuji na podobnost amidinatu spiSe s karboxylatovou
skupinou nez s allylem. Obdobnych vysledkti dosahl Cotton, ktery amidinaty vyuzival

jako ligandy vhodné pro stabilizaci vazbeb kov-kov (Obrazek 5.
1

o M N/

H\ i [|] >—=
o M——N
\R3

Obrazek 5: Stabilizace vazby kov-kov amidinatem a karboxylatem

4

V ptipadech koordinace amidinatu k pfechodnym koviim je mozna i koordinace

dvou riiznych kovi, ktera vede ke stabilizaci vazby kov-kov (Obréazek 6).%°
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Obrazek 6: Vazba amidinatu na vabu kov-kov dvou riiznych kovi

C: symetrické amidinaty obecného vzorce M[R'NC(R)NR®] tvofi nejastsji

Styfelenné metalacykly s k*-vazanym kovem v N-C-N roving (Obrazek 7).

Obrazek 7: Nejcastejsi vazebné uspotfadani amidinatu ke kovu.

Sterickd narocnost substituenti na N a C atomech ovliviiuje vlastnosti celé
molekuly. Zatimco substituenty na atomech dusiku ovliviiuji sterické vlastnosti v roviné
amidinatového ligandu, substituenty vdzané na atomu uhliku amidinatového skeletu
poskytuji branici efekt nad a pod rovinou amidinatového ligandu.ll’12

V ramci této prace jsou mezi C; symetrické amidinaty zafazené i C, symetrické
bisamidinaty (napt. bisamidinat zobrazeny na obr. 8). Ackoliv je tento typ amidinatu
jako celek C, symetricky (v ptikladu na obr. 8 z pohledu centralniho uhliku
propylenové skupiny), samotny amidinatovy ipso-uhlik fadi tento typ sloucenin, diky

rozdilnym substituentim na atomech dusiku mezi C; symetrické amidinaty.

Ca G,
N

1
2

N
L/ N o
LAY \\ //7“

|
R R?

LAPY

Obrazek 8:C, symetricky nesymetricky amidinat.

Cilem této dizertacni prace je studium piipravy a vlastnosti nesymetrickych

amidinath lithnych z amida lithnych a nitrilti jakoZto prekurzorti pro komplexaci dalSich
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kovli pomoci transmetalacnich reakci. Pozornost bude zejména upfena na vzajemné
porovnani parametri NMR spekter v roztocich i tuhé fazi a také strukturnich typi

urcenych pomoci rentgenostrukturnich technik.
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1 Teoreticka cast

1.1 N-chelatujici slouceniny

1.11 pB-diketiminaty

Prvnim z fady NN-chelatujicich ligandu jsou B-diketiminaty (Obr. 9 A). Vzhledem
k jejich struktufe maji podstatné Sir§i spektrum vazebnych moznosti nez amidinaty, jak
je vidét na obrazku 9 (z divodu vyssi prehlednosti nejsou v bodech B-J zobrazeny
substituenty RY, R¢ a R*).2

R R
N/ /M N
o <] O
R M N~ ~
/ / "N
/ =" Q.
\ 3 N M
R” 5 R \
B N
_M
C e v R W
N N H \=—N N
D E F 1 G
R CH,
\N //
/
M\ / R’
/
Rl R"
H I J

Obrazek 9: Vazebné moznosti B-diketiminati

Ve vazebném uspotfadani A tvoii kov s ligandem planarni Sesti¢lenny kruh a -
diketiminat vystupuje jako bidentatni N,N‘-chelatujici ligand. V piipadé konformacni
varianty B lze pozorovat Sesticlenny kruh v lodi¢kové, nebo lomené formé, kterd miize
piejit (v pripadé, ze ma kov vakantni orbitaly vhodné symetrie) az do n°-vazebného
modu. Charakteristickym rysem vazebného modu C je, Ze se jednd o dinuklearni

komplex, ve kterém je jeden zatomu dusiku c¢tyikoordinovany a plni funkci jak

15



chelatujici, tak mustkovou, zatimco druhy atom dusiku plni pouze chelatujici funkci.
Variantou k vazebnému modu C je D, kde se opét jedna o dinuklearni komplex, v némz
jsou oba dusikové atomy B-diketiminétu chelatujici a zaroven miistkové. Typ vazby E je
zndmy pouze v jednom piipadé [Ge(C(C(Me)N(Dipp))2)Cls].* Vazebna varianta
zobrazena v obr. 9 F neni pfesnym vyjadienim realné situace. Jedna se o bis(iminovy)
komplex, vnémz je jiz implementovana vazba uhlik-kov. Tento typ sloucenin ma
potencial jako katalyzator pfi polymeraci olefint. ™ Typ vazby zobrazeny v bod¢ G je
variantou D (ob¢ varianty jsou celkem vzacné).

V soucasné dob¢ se k pripravé B-diketiminatt vyuziva predevsim dvou postupti.
V obou piipadech se jednd o kondenzaéni reakce. Prvni znich je kondenzace
pentan-2,4-dionu s aminem. Tuto reakci je potieba vhodné katalyzovat, aby nedoslo
K jejimu zastaveni po vzniku enaminoketonu (Schéma 3). Reakce vychazejici z

pentan-2,4-dionu je nejcast&ji katalyzovana pomoci [EtsO][BF4],*® nebo ethan-1,2-

diolem.Y’
R' R™ NH, Rl R R [Et Ol[BF,] R"  NH Rl
6 o /\1Et0 78 CEt/o _N
-
1 v m m
NH,R R R NaOMe R
—— )
Et,0 LN N MEOH NH HN__
R \H' \ l
Schéma 1
-
\|)\|/R (CH,OH), \)>< 2 AcCH,NH, R L
— |
N.. _N
ArCH; TH” T CHLAr
Schéma 2
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EtO OFEt 1. EtOH X
+ ANH, HCl ———————> ||
2. NaOH(aq)
'

OEt OEt
Ar H Ar

Schéma 3

1.1.2 Guanidinaty

Je-1i substituentem véazanym na centralnim uhliku amidinatového skeletu atom
dusiku ve form¢ aminu, popi. amidu, ziskdme strukturu nazyvanou guanidinat.
Formalni zdménou atomu uhliku za dusik se zvySuje bazicita ligandu (roste elektronova

hustota na kovu).*®

2 2
R%. R R, R R, R R’ R R, R R, R
N - N - N P — N - 'TI - N
)\\ 1 = .41 = -4 )j\ . _C. )\
RN SN—R* R—=N7 N—R*R=NT SN—R* RENT ON=R RENT ONLRY RENFIN—R?

Obrazek 10: Mezni rezonanéni  struktury  guanidindtového ligandu

(monoanionicka forma)

R2 RZ R2 R2 R2

| | | |

|N - N - N - 'Tl
1 )\ ' 1 )\\ 1 1 /)\ - 1 -/C_\ )\k
R—N N—R R—N N—R R—N N—R R—N R N N— R

Obrazek 11: Mezni rezonan¢ni struktury guanidinatového ligandu (dianionicka

forma)

Ptiprava guanidinatovych ligandli je téméf totoznd jako piiprava amidinati.
Nejjednodussi zplsob je deprotonace volného guanidinu pomoci organolithné
slouceniny. Obsahuje-li volny guanidin dva vodikové atomy, 1ze provést deprotonaci do

druhého stupné a ziskat tak napf. dilithnou slougeninu.™
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R R R
! RLi \ RLj \
J\ RH J\ ‘RH J\
RN ON—R RN SN—R' RN SN—R'
o . o
R’ R’
o i
Rl—}'\l)\N—Rl Rl—}‘\l)\\l\:l—Rl
!
Schéma 4

1.1.3 Amidinaty
1.1.3.1 Lithné amidinaty
1.1.3.1.1 Obecné metody piipravy amidindtii

1.1.3.1.1.1 Piiprava z volného amidinu

Ptiprava asymetrickych amidinati s-prvkt z volného amidinu je spiSe vzacnosti.
Volny amidin a z n¢j lithny komplex pfipravil Hill a kol., kdy autofi vychazeli z 1,2-
diaminocyklohexanu. Ten byl reakci s chloridem kyseliny 2,2-dimethylpropanové
pfeveden na sekundarni bis(amin) (Schéma 5 A). Takto pfipraveny amin reagoval
s chloridem fosfore¢nym za vzniku imydoylchloridu (Schéma 5 B). Aby bylo dosazeno
vytézku alespon 86% byla reakéni doba prodlouzena na 6 dni. Pozadovany amidin byl
pfipraven reakci pfislusného anilinu s imidoylchloridem (Schéma 5 C) v horkém

toluenu. Reak¢ni doba této reakce byla 2-3 dny v zavislosti na pouzitém anilinu.?
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t
o CI Bu Bu

Ar
-/
NH, N
BuCOCI 2 PCl, ANH, NH
_—
NH, CH,CI, toluen
NH
228 ="
(0] Bu CI Bu t Ar
Bu
A B C
t t
Bu Ar Bu A
NH 2 "BuLi N
uLl \ H
B C
THF Rt
NH IV
N NN
- N
t Ar t >/ Ar
Bu Bu
Schéma 5

Podobny zptisob ptipravy vychoziho volného amidinu popsali 1 Quian a kol., ktefi
vychazeli z anilinu, ktery reagoval s benzoylchloridem v zasaditém prostiedi za vzniku
sekundarniho aminu. Ten byl pomoci thionylchloridu pfeveden na chlorid. Takto

pfipraveny chlorid reagoval s anilinem za vzniku poZadovaného amidinu (Schéma 5.4
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o CH,
o NH
NH, NaOH 10% / H,0 |
CH,

CHj3 o
socl,
H4C CH, NH, CH,
NH
-
N NEt,, toluen @
R CH; ¢
R=Me, Cl, F, H
Schéma 6

1.1.3.1.1.2 Priprava reakci nesymetrického karbodiimidu

Ptipravou nesymetrickych karbodiimidt se zabyval jiz v roce 1960 Sheehan a
kol., jimiz byla popsana piiprava série 1-alkyl-3-dimethylaminopropyl karbodiimidd.
Jejich ptiprava byla zaloZena na dehydrataci ptislusné mocoviny, poptipadé odstranéni
H2S z odpovidajici thiornoc“:oviny.22 Z jejich postupti pozdéji vysli Barry a kol., ktefi
vyuzili N-bromosukcinimid k ptevedeni thiomocoviny na pozadovany karbodiimid.
Takto pfipraveny karbodiimid byl nésledné reakci s organolithnou slouceninou

preveden na amidinat lithny (Schéma 7). 23
1

R
2
HNR _—0
1 2 - RLi \
R'NH,+R°NCS — s—( + — R'NCNRP——» R <
R4 N NMe,Et
@] Br
R
Schéma 7

1.1.3.1.1.3 Piiparava reakci trimethylsilyl- substituovaného amidu lithného s

nitrilem

Inserci nitrilové skupiny do vazby Si-N amidu dochazi ke vzniku asymetrického

lithného komplexu amidinatu.**®
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R
Si(CH2)s 2 )\ .

)/ 1 R Si(CH )

— > \N N N/ 3/3

E /
t,0 \Li

Schéma 8

Typickym ptikladem ptipravy téchto amidinatt je ptiprava N-trimethylsilyl-N<-
2,6-(dimethyl)fenylbenzamidinatu lithného. Ten byl pfipraven reakci substituovaného

anilidu s benzonitrilem (Schéma 9).24

s|(c:H 3)3 —nN F’h

/\

H,C

,_, N/CH3 o
CH i A CHs
¥ N HsC—N N\CH

H3C 3~/ \ '3

CHs HyC CHj

Schéma 9

Timto zpiisobem se daji pfipravit i nesymetrické amidinaty s dalSi koordinujici
skupinou. Ptikladem je piiprava N-2(dimethyl)ethyl-N’trimethylsilylbenzamidinatu

lithného popsana Brandsmem a kol. (Schéma 10).

A <: :>7 CH,
H3C\ I

o “Si(CH3)4 Et,0 g SN XN ASICHa)3
N

Schéma 10

Reakei tris(trimethylsilyl)methyllithia s jednim ekvivalentem benzonitrilu byl
skupinou Lapperta piipraven 1-azaallyl lithny komplex (Schéma 11 A). Ten byl reakci
S druhym ekvivalentem benzonitrilu pfeveden na piisluSny nesymetricky amidinat

(Schéma 11).%

21



Ph Ph  CH,

PhCN >:C(Si(CH 332 ppen (H3C)5Si_ N
LIC(SI(CH 3)3)3(THF) , ——=(H3C)sSI—N — N\/\/N C(Si(CH 3)3),
Li Li
/
THF
A
Schéma 11

1.1.3.2 Reaktivita amidinati lithnych
Vzhledem K tomu, Ze pfiprava amidinata p-, d- a f-prvkt probihd pievazné
zaménou kovu z lithnych komplexd, jejichz ptiprava je popsana v kapitole 2.1, je jejich

priprava shrnuta do jedné kapitoly. Pokud je vychozi slouceninou halogenid kovu, je

. < e s x 1, oy e 23272
hnaci silou t&chto reakei prevazné nizké rozpustnost halogenidu lithného.?3?"%

1.1.3.2.1 Priprava amidinatit p-prvkii
Ptipravou C; symetrickych amidinati p-prvkad se zabyvala prevazné skupina
Lapperta. Byla pfipravena série amidinatd (kde v [R*'NC(R)NR®]” R* je SiMes, R? je 4-
MeCgsH,4 nebo Ph a R® je Ph) (Schéma 12).% Viechny vychozi nesymetrické amidinaty
byly ptipraveny metodou popsanou v kapitole 1.1.3.1.
(Hsc)gsl SI(CHs)s

4< >—<< CH,
(H5C)sSi MeAICl
\ _ MeAlC,
EL,0
s @
N

(H3C)3Si Si(CH3)3
e O p O
EtO

Schéma 12
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Stejnou skupinou byl pfipraven amidinat [N(SiMe3)C(Ph)N((CH)sNMey)]™ a byl
vyuzit jako tridentatni ligand v chemii hliniku a gallia. V ptipad¢ reakce lithného
komplexu s MCl; (M=Al, Ga) vpoméru 1:1 byly ziskany monomerni komplexy
dichlorohlinitého amidinatu (Schéma 13).%

H4C)3Si
(H3C)s I\N/'\

N
y \AI/ )
. —
(H3C)3S|\N PN g0 CI7 /N

2

N Cl / \
N\ / > HyC  CHa
Li
N G
/

&
HyC  CHy 6‘50
(H3C)3Si
/\N
\ /
Cl—=Ga
AN
Cl /N\
HsC CHj,
Schéma 13

Obdobny ligand vyuzili v chemii p-prvka i Chen a kol., ktefi pfipravili aminoimid
kyseliny Stavelové, a ten nésledné reagovali s trimethylhlinikem. Misto ocekavaného
amidindtu s bidentdtnim typem vazby byl ziskan amidinat stypem vazby n2 2
zobrazeny ve schématu 142

CHj

H,C
\ O, CH3

o ) (A
/ / 2 Me,Al @
NH

T .

Q toluen @, /
O

\
CHj3

c o

3

H3C ?
CH,

Schéma 14
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Sérii asymetrickych benzamidinatti [PhC(NR”)(NR*)]AIR; (kde R je Me, Et; R’ je
2,6-diisopropylfenyl, 2,6-dimethylfenyl; R” je substituovany fenyl, t-butyl)
koordinovanych na alkylhlinik pfipravili Quian a kol. VSechny jejich komplexy byly
pripraveny reakci amidinu s trisalkylhlinikem. Rentgenostrukturni analyza krystala
potvrdila ocekavanou geometrii deformovaného tetraedru v okoli centralniho atomu

hliniku s bidentatn& vazanym amidinatem (Schéma 15).*

e

i-Pr
N N
©_< (CH)A ©_< N\ wCHy
= </A|'
N N \CH
4

H
3
1
3
2 A R3
R

Schéma 15

i-Pr i-Pr

Amidinat jehoZz ptiprava je popséana ve Schématu 16 byl nasledné podroben reakci
S chloridem cinatym a to v poméru 2:1 a 1:1. V obou ptipadech byly vyslednymi
produkty ocekdvané amidinaty. Pokus o redukci heteroleptického amidinitu pomoci

KCsg vedl na draselny amidinat (Schéma 16).
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Ph  CH,
Schéma 16

1.1.3.2.2 PFiprava amidinadtii d-prvkii

Typickym ptikladem pfipravy nesymetrickych amidinatd d-prvkd je reakce

provedena Tongem a kol., ktefi pfipravili monolithny komplex bisamidinu a nechali ho
reagovat s chloridem zirkoniéitym (Schéma 17).

(H3C)2N /CH3 Ph

ZrCl 4 N/\ -

E K TH /K -
/ \ (CH3)2 . /H t,0, rekryst v THF I ZrCI3

—N&— N | N N— THF
Ph Y \?i/ Y Ph Ph

Schéma 17

Netypickym ptikladem pfipravy nesymetrickych amidinatd d-prvka je reakce

volného amidinu s amidy kovi M(N(SiMes),), za vzniku pfislusného amidinatu, napt

reakce provedené Che a kol. (Schéma 18).%! Ve stejném ¢lanku se autofi vénuji i reakei

volného amidinu s komplexem tantalu ([Ta(NEt,).Cls(py)]).
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'Th |Bu l|3h |t Bu
N NH .
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| | NH N N(Si(CH 3)3)»
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t
Th |Bu Ph tBu
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>\ < [Ta(NEt ,),Cl3(py)l] \ N.Cl NEt,
I}IH \'TI toluen : \N/Cl cl
t
Bu Ph Bu
Schéma 18

Dal$i zajimavou reakci je reakce bisamidinatu s tetrabenzyl titanem. Naslednou

redukei vodikem se podaftilo ziskat titanaty komplex bisamidinatu s n6 koordinovanym

%MQ@ “@v«g»v@f

SO ©é @Q

Ol O

toluenem (Schéma 19).%

Schéma 19

Reakcemi benzamidinatd lithnych Li[PhC(NSiMe3)N(CH,),NMe;] (n je 2, nebo
3) s komplexem™® [TiCly(py)-] (R je ‘Bu, 2,6-Me,CeHs, 2,6-'Pr,CsHs) byly pripraveny
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komplexy® [Ti(PhC(NSiMes)N(CH;),NMe,)CI], v nichz je centralni atom titanu
pétinasobné koordinovany (tvar tetragonalni pyramidy; schéma 20).%*

Reakce [Ti(N'Bu)(PhC(NSiMes)N(CH,)3sNMe,)CI] s CsFsNH, vedla k eliminaci
'BuNH; a vzniku piisluiného komplexu (Schéma 20).34

Z duvodu ovéteni stabilizacniho efektu donorové NMe, skupiny byl ptipraven
stericky obdobné naro¢ny ligand [PhC(NSiMe3)N(CH2).CHs]". Struktura komplexu
byla navrzena pomoci *H NMR spektroskopie a pozici donorové NMe, skupiny zaujimé
molekula pyridinu (Schéma 22). Oproti ostatnim komplextim dochazi k rozkladu jiz za

laboratorni teploty.

|tBu ||?
N SiCH) N SICHI)s
cl, | N Cl,,, | N
T >—Ph i >>7Ph
HC_ 7 M RNH, HCL 7 M
N N > /N N

R= 2,6'Me 206H3’ C6F5

Schéma 20
Ph
H4C) 4 Si )\
QT :
| i | si(CHy)
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py” | el ° * H3C\/\: Ph
py NN
Ha
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T
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N
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. HiC CHg
LN Si(CHa)g

t i
Cl, || « R='Bu; 2,6-Me ,CqHs; 2,6- PrCqH,

N

"'Ti'> Ph
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Schéma 21
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py |\C| py \N

py ‘\\

CHj
Schéma 22

V roce 1998 publikovali Eisen a kol. C; symetricky amidinat, ve kterém byl
jednim ze substituentti trimethylsilyl a druhym myrtanyl. Vychozi amidinat lithny
reagoval v THF s chloridem titani¢itym za vzniku pozadovaného titani¢itého komplexu.
Rentgenostrukturni analyzou byla odhalena struktura deformovaného oktaedru v okoli
atomu Ti, kdy v ekvatorialni poloze je bidentatné vazany amidinat a dva atomy chloru a
Vv axialni poloze je vazany chlor a koordinovany atom kysliku z molekuly THF. Reakci
tii ekvivalentti amidinatu lithného s chloridem zirkoni€itym byl pfipraven tris(amidinat)
zirkonicity (zobrazeny ve schématu 23), v némz jsou vSechny tfi amidinatové fragmenty
vazany bidentatné tak, ze vSechny tii trimethylsilylové substituenty jsou v poloze syn

vzhledem k atomu chléru (Schéma 23).%
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Schéma 23

DalSim piikladem pfipravy nesymetrickych amidinatd muze byt reakce
acetylacetonatu  zeleznatého komplexu s N-t-butyl-N’-ethylamidinatem lithnym
(Schéma 24).%

t t

Bu !

\ U /B
N\ N\ /N

2 Me4<< Li + Fe(acac), — Me4<< Fe >>*Me
/ Et,0 2N

N N N

/ / \

Et Et Et
Schéma 24

Reakci LiN(Cy)SiMes v Et,0 za ptitomnosti Lewisovské baze (THF, TMEDA) s
benzonitrilem vznikl solvatovany asymetricky amidinat. Ten byl podroben reakci
s chloridem méd’nym, resp. s chloridem zirkonicitym v poméru 1:1, resp. 3:1 za vzniku

piislugnych amidinati (Schéma 25).%
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Schéma 25

Reaktivitu silylovym mustkem spojené¢ho bisamidinatu s chloridem zirkoni¢itym

ve stechiometrickych pomérech 2:1, 1:1 a 1:2 studoval Bai a kol.®

Struktura vSech ti
produktli byla potvrzena rentgenostrukturni analyzou. V pfipadé reakce v poméru 2:1
vznikl ocekavany amidindt (Schéma 26A), pifi poméru 1:1 doSlo ke vzniku
tris(amidinatu) zirkoni¢it¢tho (Schéma 26B) a pifi pouziti nadbytku chloridu

zirkonicitého doslo ke vzniku imino-amidinatu zirkonic¢ité¢ho (Schéma 26C).
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Schéma 26

Reakce amidinatu lithného zobrazeného ve schématu 27 s dichloro-
diisopropanolatem titanic¢itym vede ke vzniku komplexu A. Zajimavosti je zachovani
vazeb Ti-O a N-H. Reakce dilithného amidinatu vede ke vzniku ocekavaného

titani¢itého komplexu (Schéma 27B).*
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Schéma 27
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1.1.3.2.3 Priprava nesymetrickych amidinatii f-prvki a yttria

Vyuziti potencionalné terdentatnich amidinatd [PhC(NSiMes)N(CH2),NMe;]
(kde n je 2, nebo 3) vchemii f-prvkd se vénovali Bambirra a kol. Reakce YCl3 s
Li[PhC(NSiMe3)N(CH,)sNMe,] a nasledna reakce s bis(trimethylsilyl)methyllithiem
vedla ke vzniku komplexu yttria, v némz je amidinatovy ligand vdzan meridionalné
(Schéma 28 A). Pokusy o pfipravu analogickych komplexti s ligandem
[PhC(NSiMe3)N(CH;),NMe;] vedly ke vzniku bimetalickych komplexti (Schéma 28
B).40

YCl,; Li[CH(Si(CH,),),]

H3C)Si 2 (H30)4Si
(H3C)3Si_ AN ,(3)3\N\/\/N
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HC CHa HOST [ . c cH,
(H3C)3Si
Ph
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N/ \ )\ _Si(CH3);
YCl,; MCH,R H,C—N NZSN
(H3C)3Si . ) > N,/ \Y//CHzR
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\ / M je Li; R je Si(CH,),) /N 7\ eHR
Li H;C—N NI N\ _
N . C/ \( Si(CHs)s
/N s Ph
HsC CHg 5
Schéma 28
Reakci bisamidinatu spojen¢ho propylenovym mustkem

[Me3SINC(Ph)N(CH2)sNC(Ph)NSiMez]”  schloridem  ytterbitym v THF v
molarnim poméru 1:1 byl ziskdn monomerni komplex ytterbia, ktery byl rekrystalizaci
Z hexanu pfeveden na dimerni komplex, v némZ jsou atomy ytterbia spojeny dvéma

chloridovymi mastky (Schéma 29).*
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Schéma 29

V roce 2013 publikovali Krasnopolski a kol. C; symetricky amidinat gadolinia,
[EtNC(Me)N'Bu]sGd. Vychozi lithny amidinat ziskali reakei piislusného karbodiimidu
s methyllithiem. Naslednou reakci tii ekvivalentli amidinatu s jednim ekvivalentem

chloridu gadolinitého ziskali pfislusny amidinat (Schéma 30).%

t
)\ Bu
)\ tB \ / CH3
u
H3C/\N N N/ GdC|3 tBU cd J
N/ > SN— /N N

/N

Schéma 30

Mononuklearnim lanthanidovym bisamidinatovym komplextim [LnLy(THF)],
kde L je PhC(NSiMe3)(N(2,6-'Pr)CsHs); Ln je Sm, X je 2; Ln je Eu, X je 2; Ln je Yb, x
je 1 se vénoval Yao a kol. Dale byly provedeny reakce s difenyldichalkogenidy PhEEPh
(kde E je Se a Te). Ty vedly ke vzniku Ln(IIl) dimernich komplexi typu [LnLy(u-
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EPh)], (Ln je Sm, Eu; E je Se, Te) a monomerniho komplexu YbL(SePh)(THF)
(Schéma 30).*
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Zajimavy vysledek ziskali Skvortsov a kol., ktefi pfipravili silylovym miistkem

spojeny bisamidinat lithny a z néj reakci s chloridem yttritym pfipravili pozadovany

komplex yttria (Schéma 32).44
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Schéma 32
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Dalsim zajimavym ligandem vyuzitym v amidinatové chemii f-prvka je

bisamidinatovy ligand spojeny 1,8-naftylem. Reakce jeho lithného komplexu s LnCls

(Ln=Y, Nd, Sm) dava v pfipad¢ yttria monomerni bisamidindtovy komplex, zatimco

s vétsimi lanthanoidy vede ke vzniku bimetalickych komplexi (Schéma 33).%°
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Schéma 33

1.1.3.3 Vyuziti amidinata v katalyze

Acyklické amidinatové ligandy vyuzité v katalyze jsou shrnuty v Obrazku 10.
Prvni zminka je z roku 1980, kdy Bruner vyuzival C;-symetricky amidinat jako ligand
pfi Rh-katalyzovanych hydrogenacich olefini.®® Dalsi Cistd acyklické asymetrické
amidinaty, jejichZ slouceniny byly pouzity v katalyze, pfipravili Eisen,®® Arnold,*

Huang™® a Togni.*®
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Obrazek 12: Vybrané amidinatové ligandy vyuZité v katalyze.

Pii stereospecifické polymerizaci propylenu komplexem
[MeZr(N(SiMe3)C(Ph)NMy)s] byl ziskan pouze isotakticky polypropylen. Oproti
metalocenovym komplextim ¢tvrté skupiny zvySovani poméru MAO vede ke snizeni
aktivity katalyzatoru a délky fetézch polypropylenu. NejlepSich vysledkl bylo dosaZzeno
pfi poméru Zr:Al 1:600. Predpokladany mechanismus vzniku chirdlniho kationtu je

mechanismem k* — nl presmyku (Schéma 34).35
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Schéma 34

Amidinat popsany Arnoldovou z roku 1998 vyuZili pro ptfipravu komplexit Wang
a kol. Ti pfipravili amidinat zobrazeny na obrazku 13, ktery nasledné testovali jako

katalyzator pro polymeraci e-kaprolaktonu.*’
(H3C)3Si Sl(CH3)3

)

C

N\\Y{ S
PhkN/ I\ll))\Ph
(ch)séi Si(CH3)3

Obrazek 13: Komplex vyuzity Wangem a kol.

Roku 1980 publikovali Brunner a Agrifoglio vyuziti nesymetrického amidinatu
zobrazeného v obrazku 14 jako katalyzdtoru pro hydrogenaci (Z)-o[N-

acetamino]skoficové kyseliny. Katalyzator pfipravovali reakci volného amidinu
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s komplexem rhodia in situ. Molarni pomér rhodium:kyselina byl 1:80 pti tlaku H,
110 kPa.*®

Obrazek 14: Komplex publikovany dvojici Brunner a Agrifoglio

1.1.4 Diiminoisoindoly

Posledni vybranou skupinou N-chelatujicich ligandt jsou

1,3-bis(alkylimino)isoindolidy.

Obrazek 15: 1,3-bis(alkylimino)isoindoly

Syntéza této skupiny latek je zaloZena na chemii nitrildi kyseliny ftalové. Piiprava
1,3-diiminoisoindolu byla poprvé publikovéana v roce 1950.° Slougeniny odvozené od
diiminoisoindolii vykazuji Siroké vazebné moZnosti a diky svym vlastnostem nasly
uplatnéni jak v pramyslu, tak v medicing. %

Prvni slou¢eniny diiminoisoindolii byly objeveny a publikovany skupinou

Linsteada.***

Ve vSech téchto pracich se hovoii pfevazné o symetrickych 1,3-
bis(iminoaryl)- nebo 1,3-bis(iminoalkyl)- substituovanych isoindolech.

Nesymetrické di-(alkylimino)isoindoly, nebo di-(arylimino)isoindoly jako takové
se V literatuie témet nevyskytuji. Jedind zminka o pfesné charakterizaci nesymetrickych
diiminoisoindoli pochazi z roku 2013.%° V této praci Tamagho a kol. popsali strukturu
dvou nesymetrickych isoindoli 1-cyclopropylimino-3-iminoisoindolinu a 1-a-
naftylimino-3-iminoisoindolinu (Obrazek 16).
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Obrazek 16: Nesymetrické isoindoly

V primyslu jsou komplexy diiminoisoindolli nejcastéji vyuzivany jako barviva.
Jako piiklad lze uvést komplex meso-tetraaryltetrabenzoporfyrinu, ktery vznika reakci
3-benzylidenisoindolinonu s benzoatem zine¢natym.”

Vhodné substituované komplexy methini a azomethini isoindolinonii Ize pomoci
(kovem) fizené reakce pievést na chelatujici ligandy, viz schéma 35. Kondenzac¢ni
reakci mezi keto- a amino- skupinou obou reaktantll 1ze usnadnit, pouzijeme-li misto
alkoholu zobrazeného ve schématu 35 jiz predpfipraveny alkoholat (popt. adukt) kovu.

Vysledné koordina¢ni slouceniny jsou pigmety, které¢ jsou dle pouzitych substituentti

7luté az modré.>

/;) CH;3 CHy
N HaN /)\/CHa M>* / N /N\N/
|/ NH + N — / / CHs
~ M SN
R \ //Y HO™ CH, \ Mo
\\ X /Y CH3
CHs X=C,N; Y=0,S,N; \(
M= Ni, Zn, Cu, Pd CHj
Schéma 35

DalSim piikladem vyuziti komplext, které obsahuji diiminoisoindolovy skelet
jsou medicinalni ucely. Jednad se piedev§sim o fotosenzitivni porfyrinové komplexy,
které nalezly uplatnéni pii fotodynamické terapii nadorovych onemocnéni. DileZitou
vlastnosti téchto latek je jejich minimalni toxicita v zakladnim stavu a schopnost
excitovat se pomoci zafeni o definované vlnové délce (pfiblizn€¢ 700 nm). Tato
excitovana forma pfedava energii do svého okoli, coz vede k tvorbé volnych radikald,
které zptsobi destrukci buiiky. Jako jeden z ptikladl 1ze uvést komplex zobrazeny ve

schématu 36.%
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SO3Na
N
NaO 3S / SN
< | X
| N———AITN s SO 5Na
A \ Yo YPNF
N /N —N
\ %SOgNa
Schéma 36
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2 Experimentalni ¢ast

Vsechny reakce popsané v experimentalni casti byly provedeny v inertni
atmosféte argonu (argon 5.0, Linde Gas, a. s.) a bylo pfi nich vyuZito standardni
techniky banck, sept a kanyl. Inertni plyn byl déle dosusovan kolonou SULPECO
(Supelpure-oxygen/moisture trap, Sigma-Aldrich spol. s.r.0.). Vychozi slouceniny byly
ziskany z komer¢nich zdroju (Sigma-Aldrich spol. s.r.o., ABCR GmbH &Co. KG) a
pouzity bez dalSich uprav, nebo podle potieby ¢iStény destilaci, resp. sublimaci (PhNH>,
DmpNH,, DippNH,, 1,3-dikyanobenzen). Pouzita rozpoustédla, zakoupena nejcastéji
od firmy Sigma-Aldrich spol.s.r.o., byla susena na zatizeni Pure-SolvMD7 (Innovative
Technology, Inc.) odplynéna a skladovana v Youngovych zasobnicich nad sodikovym,

popt. draslikovym zrcatkem.

2.1 Metody strukturniho vyzkumu

Identita a Ccistota pfipravenych sloucenin byla nejCastéji stanovena pomoci
multinukledrni NMR spektroskopie v roztoku, nebo pomoci CP-MAS NMR. Dale byly
latky definovany pomoci hmotnostni spektrometrie a v nékterych pfipadech

prostfednictvim rentgenostrukturni analyzy monokrystalického materidlu.

2.1.1 Multinuklearni NMR spektroskopie

NMR spektra piipravenych slou¢enin byla méfena v deuterovanych
rozpoustédlech (THF-d8 a benzen-d6) v 5 mm kyvetach pfi teploté¢ 295 K na piistroji
Bruker Advance 500 vV pulznim modu s vyuzitim Furierovy transformace pfi
rezonanénich frekvencich 'H (500,14 MHz), ‘Li{*H} (125,76 MHz), “C{’H}
(125,76 MHz) v pétimilimetrovych  Sirokopasmych  laditelnych  sondach  se
Z gradientem. Hodnoty 'H chemickych posunti byly vztaZeny k inertnimu standardu
tetramethylsilanu  (8(*H) = 0,00 ppm), nebo K rezidualnim signalim benzenu
(8(*H) = 7,16 ppm), nebo THF (8(*H) = 3,58 ppm). Chemické posuny 'Li byly vztazeny
k externimu standardu 1M roztok LiCl v D,O (5('Li) = 0,00 ppm). Hodnoty 13C
chemickych posunti byly vztazeny vici signalu CgDg (6(13C) = 128,39 ppm), nebo THF
(8(**C) = 67,21 ppm). Kladné hodnoty chemickych posuni oznatuji posun k niz§imu
poli vzhledem ke standardu. Interakéni konstanty byly odecteny z ptislusnych spekter
méfenych s digitalnim rozliSenim lepSim nez 0,5 Hz/bod. Roztoky vhodné k méfeni
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byly pfipraveny rozpusténim cca 30mg jednotlivych sloucenin v 0,5 ml deuterovaného
rozpoustédla a zataveny do kyvet za vakua. Deuterovand rozpoustédla byla susSena
refluxem nad slitinou Na/K, zfiltrovana, nasledné za snizeného tlaku destilovana
(vakuum transfer) a skladovéna v zasobniku s Youngovym kohoutem nad sodikovym,

nebo draslikovym zrcatkem.

2.1.2 NMR spektroskopie v pevné fazi

NMR Spektroskopie v pevné fazi byla métena technikou CP/MAS NMR na
spektrometru Bruker Avance 500 vybavenym 4 mm sondou s dvojitou rezonanci
pracujici pfi frekvenci 125,78 MHz pro jadra **C. Hodnoty chemickych posuni byly

kalibrovany na externi standard v podobé& adamantanu (8(**C) = 37,85 ppm).

2.1.3 Elementarni analyza

Elementarni analyzy sloucCenin byly naméfeny na automatickém analyzétoru

EA 1108 firmy FISONS pod inertni atmosférou argonu.

2.1.4 Bod tani

Body tani byly naméteny na stolnim bodotavku Boethius (NAGEMA) a nebyly

nijak korigovany. Na vzduchu nestabilni slou¢eniny byly méteny v perfluoralkyletheru.

2.1.5 Rentgenostrukturni analyza

Krystalograficka data byla naméfena na difraktometru Nonius KappaCCD
s plosnym detektorem, MoK\a zdrojem a grafitovym monochromatorem, a to na
sklenéném vlakné v inertnim oleji, pfi vlnové délce 0,71073A a 150 K. Struktury byly
vyfeSeny pfimymi metodami (SIR9252). Pfi uptesiiovani pomoci metody SHELXL97%
(F? metodou nejmensich &tvercil) byly pouzity viechny reflexe. T&zké atomy byly
urCeny anizotropicky. Vodikové atomy byly vétSinou lokalizovany na diferen¢ni
Fourierové map¢, avSak pro pifesné vyreSeni krystalové struktury byly vSechny
vodikové atomy piepocitany do idedlnich pozic (riding model) podle pfifazenych

teplotnich faktori Hiso(H) = 1,2 Ueq pro arylové skupiny a Hiso(H) = 1,5Ueq pro
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alifatické skupiny. Korekce na absorpci byly provedeny za pouziti Gaussovské
integrace™ z tvaru krystalu.

Detaily krystalografickych méfeni jsou uvedeny v tabulkach 1-6.

2.2 Nesymetrické amidindty

2.2.1 Obecny zpiisob pripravy nesymetrickych amidinati

Zvoleny anilin byl rozpustén (rozsuspendovan) v hexanu a ptipraveny roztok byl
ochlazen na -50°C. K tomuto roztoku byl ptidan roztok butyllithia. Po pozvolném ohfati
na laboratorni teplotu byl k suspenzi anilidu lithného pfidan trimethylsilylchlorid.
Reak¢éni smés byla michdna pfes noc a nasledné zfiltrovdna. K ziskanému
N-(trimethylsilyl)anilinu byl pfidan dalSi podil buthyllithia pii -50°C. Ziskany N-
(trimethylsilyl)anilid lithny byl promyt hexanem a dosusen za snizen¢ho tlaku. Ziskany
anilid byl rozpustén v THF, vznikly roztok byl ochlazen na -50°C a byl k nému po
kapkach pfidan zvoleny nitril. Po ukonceni reakce byl produkt odpafen do sucha,

promyt hexanem a v piipadé potieby rekrystalizovan z THF, nebo Et,0.

2.2.1.1 Piiprava slouceniny 1([PhNC(Ph)NSiMe;)LiOEt;],)

N
J |

| h THF o)
N L |
Ph Sl(CH3)3 -50 OC, 12 h N

(H5C)3Si

2,516 g PhN(SiMe3)Li (14,69 mmol) bylo rozpusténo v 80 ml THF. K tomuto
roztoku bylo pomalu ptfidéno 1,50 ml (14,64 mmol) benzonitrilu. Bylo ziskédno 4,108 g
(66,5%) bilého prasku. *H NMR (ppm, THF-d8) 8:7,03 (m, 5H); 6,73 (dd, 2H); 6,39 (m,
3H); -0,27 (s, 9H). **C NMR (ppm, THF-d8) §:173,5 (C%); 154,0 (C1°); 144,2 (C1);
128,4 (C2°); 127,9 (C2); 127,7(C3); 126,6 (C4); 124,2 (C37); 118,2 (C4’); 3,0 (CSi YJsi.
c = 56,6 Hz). Li NMR (ppm, THF-d8) &: 1,48. Elementarni analyza C4oHsgLioN4O5Si,
(%): zjisténo C(68,9) H(8,6) N(7,9) vypocteno C(68,93) H(8,39) N(8,04).
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2.2.1.2 P¥iprava slouceniny 2(DmpNC(Ph)NSiMe3)Li THF,)

o
o) |

Li N\ \ N
| N THF o/"'j
/N\ . + _— |
Dmp Si(CH3)3 .50 °C, 12 h N
(H3C)3Si

2,404 g DmpN(SiMe3)Li (12,06 mmol) bylo rozpusténo v 80 ml THF. K tomuto
roztoku bylo pomalu ptidéno 1,26 ml (12,30 mmol) benzonitrilu. Bylo ziskédno 4,110 g
(76,3%) bilého prasku. *H NMR (ppm, THF-d8) &: 7,02 (d, C2H, 2H); 6,93 (m,
C(2,3)H, 3H); 6,61 (d, C3’H, 2H); 6,38 (t, C4’H, 1H); 2,09 (s, C3’H, 6H); -0,27 (s,
SiCH, 9H). '*C NMR (ppm, THF-d8) &: 172,4 (C%); 152,0 (C1°); 144,9 (C1); 130,9
(C2); 127,4(C2); 127,08(C3%); 127,07(C3); 126,5 (C4); 120,0 (C4’); 19,6 (C5’); 3,2
(SiC Ysic = 60,6 Hz). 'Li NMR (ppm, THF-d8) &: -0,34. Elementarni analyza
Ca6H39LiIN202Si (%): zjisténo C(70,2) H(8,9) N(7,4) vypocteno C(70,18) H(8,83)
N(7,44).

2.2.1.3 Priprava slouceniny 3(DippNC(Ph)NSiMe3)Li THF,)

Li N -

| S THF o)
. /N\ . + _— |
Dipp Si(CH3)3 50 °C, 12 h N

(H3C)3Si

3,061 g DippN(SiMe3)Li (11,99 mmol) bylo rozpusténo v 80 ml THF. K tomuto
roztoku bylo pomalu pfidédno 1,23 ml (12,01 mmol) benzonitrilu. Bylo ziskéno 3,170 g
(52,61%) bilého prasku. 'H NMR (ppm, THF-d8) &: 6,95 (m, C2H C3H, 4H); 6,90 (t,
C4H, 1H); 6,69 (d, C3’H, 2H); 6,56 (t, C4’H, 1H); 3,40 (m, C5’H, 2H); 1,02 (d, C6’H,
6H) 1,00 (d, C6’H, 6H); -0,26 (s, SiCH, 9H). **C NMR (ppm, THF-d8) &: 172,3 (C%);
148,8 (C1”); 144,0 (C1); 141,3 (C2%); 127,8(C2); 127,1 (C3); 126,4 (C4); 122,2 (C3’);
121,2 (C4%); 28,3 (C57); 22,7 (C6”); 3,3 (SiC YJsic = 55,5 Hz). "Li NMR (ppm, THF-d8)
d: 1,55. Elementarni analyza CgoHa7LiN2O2Si (%): zjisténo C(71,0) H(10,3) N(5,4)
vypocteno C(71,10) H(10,14) N(5,53).
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2.2.1.4 Piiprava slouceniny 4 (PhNC(n-Bu)NSiMe3z)Li THF,)

: @ i
_ X
I|_I L|
NS + THF o J\/\/
Ph Si(CH3)3

50°C. 121 °C, 12 h
CH, (H30)3s|

2,625 g PhN(SiMe3)Li (15,33 mmol) bylo rozpusténo v 80 ml THF. K tomuto
roztoku bylo pomalu pfidano 1,6 ml (15,30 mmol) valeronitrilu. Bylo ziskano 1,283 g
(21,88%) prapodivné tuhé zelatiny. Méfeni NMR spekter je vzhledem k rychlé
vyméné/rovnovaze komplikované. Vzdy ziskdna neidentifikovatelnd smés produkti.
Krystalizaci snizenim teploty na -20°C byly ziskany dva druhy krystalti (hranoly4 a
hroudy4a). Krystaly maji bod tani niz§i nez 5°C. Elementarni analyza (%): zji$téno
C(65,8) H(10,3) N(8,4) vypocteno C(65,81) H(10,13) N(8,53).

2.2.1.5 Piiprava slouceniny 5 (DmpNC(n-Bu)NSiMe3)Li THF,)

AN O TP
Li
| _THE /'-'
/N\ + j
Dmp Si(CH3)5

50°C. 12h °C, 12 h
CHg (H3C)3S|

2,592 g DmpN(SiMe3)Li (13,01 mmol) bylo rozpusténo v 80 ml THF. K tomuto
roztoku bylo pomalu ptiddano 1,36 ml (13,00 mmol) valeronitrilu. Bylo ziskdno 1,598 g
(28,80%) svétle ervené olejovité latky. *H NMR (ppm, THF-d8) &: 6,81 (d, C3’H, 2H);
6,54 (t, C4’H, 1H); 2,05 (s, C5’H, 6H); 1,93 (m, CaH, 2H); 1,30 (qui, CB, 2H); 1,07
(sxt, CyH, 2H); 0,67 (t, C3H, 3H); 0,02 (s, SiCH, 9H). *C NMR (ppm, THF-d8) &:
174,4 (C%; 152,8 (C17); 131,1(C2%); 128,1 (C3%); 120,2 (C4’); 36,5 (Ca); 31,5 (CB);
24.2 (Cy); 19,6 (C5°); 14,4 (C8); 4,0 (SiC; Ysi.c= 54,9 Hz). "Li NMR (ppm, THF-d8) &:
0,80. Elementarni analyza Cj4H43LiN2O,Si(%): zjisténo C(67,4) H(10,5) N(7,8)
vypocteno C(67,37) H(10,46) N(7,86).
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2.2.1.6 Piiprava slouceniny 6 (DippNC(n-Bu)NSiMes3)Li THF,)

_ A
&' \
_THE ok
/N\ + J\/\/
Dipp Si(CHz)5

50°C, 12h °C, 12 h
CH, (H3C)3S|
3,230 g DippN(SiMe3)Li (12,65 mmol) bylo rozpusténo v 80 ml THF. K tomuto
roztoku bylo pomalu ptidédno 1,32 ml (12,62 mmol) valeronitrilu. Bylo ziskdno 5,411 g
(88,63%) bilého prasku. *H NMR (ppm, THF-d8) &: 6,88 (d, C3°H, 2H); 6,72 (t, C4’H,
1H); 3,24 (m, C5’H, 2H); 1,96 (m, CaH, 2H); 1,32 (m, CB, 2H); 1,18 (d, C6’H, 6H);
1,05 (m, CyH, 2H); 0,99 (d, C6’H, 6H); 0,66 (t, CoH, 3H); 0,02 (s, SiCH, 9H).
NMR (ppm, THF-d8) &: 174,6 (C?); 149,3 (C1°); 141,2(C2°); 122,5 (C3’); 120,9 (C4*);
36,0 (Ca); 30,9 (CP); 28,2 (C5°); 23,9 (Cy); 22,8 (C6”); 14,0 (C8); 3,7 (SiC; si.c= 55,5
Hz). ‘Li NMR (ppm, THF-d8) &: 1,37. Elementarni analyza (%): nalezeno C(69,0)
H(11,5) N(5,7) vypocteno C(69,09) H(11,39) N(5,75).

2.2.1.7 Priprava aduktu 7

Li N CH Dmp\N/Si(CH3)3 CHs
| X, CHs  hexan 3 / N =
N * ——— HC —N-- N= CHs
Dmp Si(CH.) . 3 \ a
p 3/3 20°C, 24 h
Hed s CH CHs
3 3 Dmp S|(CH3)3

2,560 g DmpN(SiMes)Li (12,85 mmol) bylo rozpusténo v 80 ml hexanu.
K tomuto roztoku bylo pomalu pfidéno 1,42 ml (12,85 mmol) trimethylacetonitrilu.
Roztok byl michan 48 hodin a néaslednou krystalizaci sniZzenim teploty na -20°C byly
ziskany bezbarvé krystaly slouceniny 7. NMR spetra odpovidaji vychozimu
DmpN(TMS)Li.
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Tabulka 1: Vybrané krystalografické udaje pro slouceniny 1-4

Sloucenina ¢. 1 3 4
Sumarni vzorec C40H58Li2N4OZSi2 C30H51LiN2028i C36H66Li2N4OZSi2
Mr (g/mol) 696,96 506,75 656,98
Krystalova miizka jednoklonna trojklonna trojklonna
a[A] 17,3671(15) 9,9270(8) 9,3130(3)
b[A] 12,1891(9) 10,4160(10) 10,5959(10)
c[A] 20,170(2) 16,5881(14) 10,9921(7)
o[°] 90 99,564(7) 104,092(6)
LL°] 102,958(9) 95,568(6) 94,045(4)
y[°] 90 103,048(7) 97,670(4)
Objem buﬁky[A3] 4161,0(6) 1631,5(3) 1036,63(13)
Prostorova grupa P2i/c P-1 P-1
Pocet jednotek v buiice, Z 4 2 1
Absorp¢ni koeficient, 0,122 0,097 0,118
ulmm’?
Pocet métenych reflexi 29350 28007 20226
Pocet nezavislych reflexi 29276 27901 20132
Rint” 0,0435 0,0731 0,0431
Ripro hodnoty (1> 24(1)) 0,0746 0,0775 0,0443
WR(F?) pro hodnoty (1> 0,1651 0,1777 0,1048
20(1))”
S faktor © 1,138 1,117 1,101
Rint = Y |Fo> - Fomean’l / Y, Fo’; PVahové schéma: w = [6*(FY) + (WiP)* + w,P]?, kdeP =

[max(F,?) + 2F:’], R(F) = X [IFol - IFdll / X [Fol, WR(F?) = [L(W(Fo” - FA)?) / (SW(F))]™9S = [L(w(Fo” -

FCZ)Z) / (NdiffrA - Nparam.)]‘/Z
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Tabulka 2: Vybrané krystalografické udaje pro slouceniny 4a-7

Sloucenina ¢. 4a 6 7
Sumarni vVzorec C46H79Li3NGOSi3 ngHsﬂ.iNzOzSi C32H54Li2N4Si2
Mr (g/mol) 837,24 482,74 564,85
Krystalova miizka jednoklonna trojklonna jednoklonna
a[A] 11,4389(6) 10,7251(8) 24,703(3)
b[A] 16,7941(12) 10,9200(7) 29,516(7)
c[A] 14,5200(8) 14,8350(7) 20,465(4)
al®] 90 72,058(4) 90
Sl°] 109,741(5) 75,192(5) 95,414(12)
y[°] 90 70,579(5) 90
Objem buiiky[A’] 2625,5(3) 1536,02(18) 14855(5)
Prostorova grupa P2, P-1 P21/c
Pocet jednotek v burice, 2 2 16
VA
Absorp¢ni koeficient, 0,127 0,100 0,119
plmm’™t
Pocet métenych reflexi 28859 32441 40912
Pocet nezavislych reflexi 28839 32324 40838
Rin 0,0591 0,0739 0,0377
R1 pro hodnoty (1> 24(1)) 0,0595 0,0723 0,0741
WR(F?) pro hodnoty (1> 0,0954 0,1455 0,1510
20(1))
S faktor © 1,204 1,132 1,112

Rint = Y [Fo? - Fomeandl / Y Fo% PVahové schéma: w = [6%(F,2) + (WiP)? + WoP]™, kde P =
[max(Fo?) + 2F:], R(F) = X [IFol - IFdll / 3 IFol, WR(F?) = [S(W(Fo” - FA)?) / (EW(Fo)A)]™ 9S = [S(W(Fo” -
Fcz)z) / (Ndiffr. - Nparam.)]l/2
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2.3 Disymetrické bisamidindty

2.3.1 Priprava dissymetrickych amidinata

Zvoleny anilin byl rozpustén (rozsuspendovan) v hexanu a pfipraveny roztok byl
ochlazen na -50°C. K tomuto roztoku byl ptidan roztok n-BuLi v hexanu. Po pozvolném
ohtati na laboratorni teplotu byl k suspenzi anilidu lithného ptidan trimethylsilylchlorid.
Reakéni smés byla michdna pfes noc a nasledné zfiltrovana. K ziskanému
N-(trimethylsilyl)anilinu byl pfidan dal§i podil buthyllithia pti -50°C. Ziskany
N-(trimethylsilyl)anilid lithny byl promyt hexanem a dosusen pomoci vakua. Ziskany
anilid byl rozpustén v THF, vznikly roztok byl ochalzen na -50°C a byl k nému pomalu
pridan zvoleny dikyanobenzen. Po dokonceni reakce (1-40 dni) byl produkt odpaten

pomoci vakua, promyt hexanem a v ptipad¢ potieby rekrystalizovan v THF.

2.3.1.1 Priprava slouceniny 8 ({{1, 3-[C(NPh)(NSiMe3)].CsH4}(LI THF)2}n)

O Ph (H3C)3S| @

’ h AN ; / Ij k I \ /
Ph Sl(CHs)s °C 12 h

(H3C)3S|

4,607 g PhN(SiMes)Li (26,90 mmol) bylo rozpuiténo v 80 ml THF. K tomuto
roztoku byl pomalu pfidan nasyceny roztok 1,724 g (13,46 mmol) 1,3-dicyanobenzenu
v THF. Bylo ziskéno 6,534 g (64,0%) bilého prasku. *H NMR (ppm, THF-d8) &: 7,01
(s, H2, 1H), 6,79 (m, H4-6, 3H), 6,73 (dd, H3’, 4H), 6,35 (t, H4’, 2H), 6,25 (d, H2’,
4H), -0,26 (s, SiCH3, 18H). *C NMR (ppm, THF-d8) &: 173,2 (C*™"Y 1546 (C1),
143,0 (C(1,3)), 129,1 (C2), 128,5 (C2’), 127,9 (C(4,6)), 126,8 (C5), 124,6 (C3’), 118,1
(C4), 4,0 (CSi). 'Li NMR (ppm, THF-d8) &: -0,47. Elemtarni analyza
C3aHasLizN4O,Siz (%): nalezeno C(66,9) H(8,7) N(7,2) vypocteno C(66,46) H(8,50)
N(7,38).
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2.3.1.2 Piiprava slouceniny 9 ({1, 3-[C(NDmp)(N'SiMe3)],CsHs}(Li THF,),)

O Dmp (H3C)3Si O
N |

\
2 C : /LIJ LI\ : ;
Dmp”” \S'(CH3)3 -50 °C 24 h

(ch)3s|

3,710 g DmpN(SiMe3)Li (18,62 mmol) bylo rozpusténo v 80 ml THF. K tomuto
roztoku byl pomalu pfidan nasyceny roztok 1,193 g (9,31 mmol) 1,3-dicyanobenzenu
v THE. Bylo ziskano 6,702 g (91,9%) bilého prasku. *H NMR (ppm, THF-d8) 8:7,02 (d,
H4,6, 2H), 6,84 (t, HS, 1H), 6,57 (d, H3’, 4H), 6,40 (s, H2, 1H), 6,34 (t, H4’, 2H), 1,93
(s, H5°, 12H), -0,39 (s, SiCHs, 18H). **C NMR (ppm, THF-d8) &: 172,0 (C*™dna),
151,9 (C1), 143,0 (C(1,3)), 130,5 (C2%), 127,7 (C3”), 126,9 (C(4,6)), 126,0 (C2), 125,6
(C5), 119,5 (C4%), 19,9 (C5°), 3,6 (SiC). 'Li NMR (ppm, THF-d8) &: 1,15. Elementarni
analyza CysH7,2Li12N4O4Si> (%): nalezeno C(67,9) H(9,2) N(6,7) vypocéteno C(67,78)
H(8,90) N(6,87).

2.3.1.3 Piiprava slouceniny 10 ({1, 3-[C(NDipp)(NSiMe3)].CsHs}(Li THF,),)

O Dlpp (H3C)3Si @
N |

i
2 < , /L'J L'\ Y
Dipp”~ SI(CH3)3 -50 °C, 42 dni

(H3C)3S| D|pp

5,015 g DippN(SiMes)Li (19,64 mmol) bylo rozpusténo v 80 ml THF. K tomuto
roztoku byl pomalu pfidan nasyceny roztok 1,258 g (9,82 mmol) 1,3-dicyanobenzenu v
THEF. Bylo ziskano 3,646 g (40,0%) bilého prasku. *H NMR (ppm, THF-d8) &: 6,84 (br,
H4-6, 3H), 6,66 (d, H3’, 4H), 6,50 (t, H4’, 2H), 6,48 (s, H2, 1H), 3,45 (m, H5’, 4H),
1,13 (d, H6’, 12H), 0,95 (d, H6’, 12H), -0,70 (s, SiCH3, 18H). *C NMR (ppm, THF-d8)
§: 172,4 (C3™dinaty 1148 7 (C1°), 143,3 (C(1, 3)), 141,1 (C2°), 126,2 (C(4,6)), 125,6 (C5),
123,2 (C2), 122,6 (C37), 121,2 (C4), 28,1 (C57), 25,5 (C6”), 23,3 (C6), 3,6 (CSi ; "(Si,
C) = 555 Hz). ‘Li NMR (ppm, THF-d8) &: -0,62. Elementarni analyza

o1



Cs4HggLiazN4O4Si; (%): nalezeno C(70,0) H(9,7) N(6.0) vypoéteno C(69,94) H(9,56)
N(6,04).

2.3.1.4 Piiprava slouceniny 11 ({1, 4-[C(NCgsHe)(NSiMe3)],CsHs}(Li THF),)

Li N\
5 N THF
/N\ —_— >

+
Ph Si(CH3), -50°C,4h A AN _/> ]
N ph A
Y d N \ |
D Si(CHy);

4,459 g PhN(SiMe3)Li (26,04 mmol) bylo rozpusténo v 80 ml THF. K tomuto

1
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roztoku byl pomalu pfidan nasyceny roztok 1,668 g (13,02 mmol) 1,4-dicyanobenzenu
v THF. Bylo ziskano 6,823 g (90,1%) bilého prasku. *C NMR (ppm, CP-MAS, 15000
Hz, Obr. 33) &: 174,8 (C*™"%) 1513 (C1”), 141,6 (C1), 128,3 (C2, C2°), 124,1 (C3"),
118,3 (C4’), 68,8 (THF), 26,0 (THF), 3,1 (SiC). ‘Li NMR (ppm, CP-MAS, 15000 Hz)
d: -0,66. Elementarni analyza C34HssLioN4O,Si, (%): nalezeno C(66,5) H(8,6) N(7,4)
vypocteno C(66,46) H(8,50) N(7,38).

2.3.1.5 Priprava slouceniny 12 ({1, 4-[C(NDmp)(NSiMe3)].CsHs} (LI THF)2)
O
O\L./N
_Li
Li N\\ O IJ
> | THF \ / N

+
" Nea - > .
Si(CH3)3 -50°C, 12 h (H3C)3Si

N
|
\\N CLI\O
N
Dmp

3,710 g DmpN(SiMes)Li (18,62 mmol) bylo rozpuiténo v 80 ml THF. K tomuto

Dmp

roztoku byl pomalu pfidan nasyceny roztok 1,193 g (9,31 mmol) 1,4-dicyanobenzenu v
THF. Bylo ziskano 6,702 g (64,0%) bilého prasku. *H NMR (ppm, THF-d8) &: 6,74 (s,
H2, 4H), 6,67 (d, H3’, 4H), 6,47 (t, H4’, 2H), 2,04 (s, H5’, 12H), 0,25 (s, SiCH3, 18H).
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BC NMR (ppm, THF-d8) &: 172,8 (C*™d"Y 152,1 (C1°), 142,4 (C1), 130,7 (C2),
127,5 (C2), 125,7 (C3°), 119,8 (C4), 19,6 (C5°), 3,5 (CSi). 'Li NMR (ppm, THF-d8) &:
1,51. Elementarni analyza CaH72LioN4O4Sio (%): nalezeno C(68,0) H(9,4) N(6,6)
vypo&teno C(67,78) H(8,90) N(6,87).

2.3.1.6 Piiprava slouceniny 13 ({1, 4-[C(NDipp)(NSiMe3)].CsHs}Li THF,),)

(o
0
\L,/N
Li N\\ O/|IJ
2 | THF \ / N

N N | Si(CH.)
. N — . 3/3
Dipp Si(CH3)3 -50°C, 24 h (H3C)3Si Ng

|
h NCL\'\"Q
L

6,879 g of DippN(SiMe3)Li (26,93 mmol) bylo rozpusténo v 80 ml THF.
K tomuto roztoku byl pomalu pfidan nasyceny roztok 1,726 g (13,47 mmol) 1,4-
dikyanobenzenu v THF. Bylo ziskano 6,76 g (54,1%) bilého prasku. *H NMR (ppm,
THF-d8) 6:6,64 (s, H2, 4H), 6,60 (d, H3’, 4H), 6,51 (t, H4’, 2H), 3,29 (m, H5’, 4H),
0,93 (d, H6’, 24H), -0,37 (s, SiCH3, 18H). *C NMR (ppm, THF-d8) &: 172,9 (Ca™dinat)
148,9 (C1"), 141,6 (C(1)), 141,0 (C2°), 125,9 (C2), 122,2 (C3’), 121,2 (C4’), 28,3 (C5’),
22,6 (C6%), 3,6 (CSi). 'Li NMR (ppm, THF-d8) & 1,27. Elementarni analyza
Cs4HgsLizN4O4Si, (%): nalezeno C(74,2) H(9,0) N(6,0) vypocteno C(69,94) H(9,56)
N(6,04).

2.3.1.7 Priprava slouceniny 14 ({3-(C=N)CsH,C(NDipp)(NSiMe3)}Li THF,)

oF"

\ /LI N
< / J Z
Dipp”~ SI(CH3)3 -50 °C, 24 hod

(H3C)3S|
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5,845 g DippN(SiMe3)Li (22,89 mmol) bylo rozpusténo v 80 ml THF. K tomuto
roztoku byl pomalu pfidan nasyceny roztok 2,932 g (22,88 mmol) 1,3-dicyanobenzenu
v THF. Bylo ziskéno 7,097 g (58,8%) bilého prasku. 'H NMR (ppm, THF-d8) &: 7,24
(m, ArH, 2H), 7,15 (d, ArH, 1H), 7,10 (dd, H5, 1H), 6,69 (d, H3’, 2H), 6,58 (t, H4,
1H), 3,31 (m, H5", 2H), 1,03 (d, H6’, 6H), 0,98 (d, H6’, 6H), -0,28 (s, SiCHs, 9H). 13C
NMR (ppm, THF-d8) &: 169,6 (C*™4" 148,3 (C1°), 145,1 (C1), 141,6 (C2°), 131,8
(C6), 131,5 (C5), 130,2 (C2), 128,5 (C4), 122,6 (C3°), 122,0 (C4’), 119,1 (C3), 112,0
(C7), 28,7 (C5°), 25,5 (C6”), 22,62 (C6”), 3,40 (CSi). 'Li NMR (ppm, THF-d8) &: 1,49.
Elementarni analyza Cgz1H46LIN3O,Si (%): nalezeno C(70,6) H(8,8) N(7.9) vypoéteno
C(70,55) H(8,79) N(7,96).

2.3.1.8 Priprava slouceniny 15 ({4-(C=N)CsH,C(Dipp)(NSiMes3)}Li THFy)

oR"

_ N |
¥ A o N
| THF _Li
N T Mot
Dipp Si(CH3)3 -50 °C, 12 h N
X |
XN (H3C)3Si “
XN

4,388 g DippN(SiMe3)Li (17,18 mmol) bylo rozpusténo v 80 ml THF. K tomuto
roztoku byl pomalu pfidan nasyceny roztok 2,201 g (17,18 mmol) 1,4-dicyanobenzenu
v THF. Bylo ziskano 5,108 g (56,3%) bilého prasku. *H NMR (ppm, THF-d8) &: 7,34
(d, H2, 2H), 7,08 (d, H3, 2H), 6,71 (d, 3’H, 2H), 6,60 (t, 4’H, 1H) 3,34 (m, 5’H, 2H),
1,05 (d, 6’H, 6H), 1,00 (d, 6H, 6H), -0,26 (s, SiCHs, 9H). *C NMR (ppm, THF-d8) §;
169,8 (C*™dindty 148 5 (C1°), 148,0 (C1), 141,3 (C2°), 131,2 (C2), 128,3 (C3), 122,3
(C3%), 121,7 (C4°), 119,1 (C4), 110,5 (C7), 28,4 (C5°), 22,4 (C6”), 3,2 (CSi). "Li NMR
(ppm, THF-d8) &: 1,21. Elementarni analyza Csz;HssLiN3O,Si (%): nalezeno C(70,5)
H(8,7) N(7.9) vypoéteno C(70,55) H(8,79) N(7,96).
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2.3.1.9 Piiprava slouceniny 16 ({3-(C=N)CgH,C(NDmp)(NSiMe3)}Li THF,)

O

L| N
g g’ Z
Dmp S'(CH3)3 -50 °C, 24 hod

(H3C)3S'

3,352 g DmpN(SiMes)Li (18,82 mmol) bylo rozpusténo v 80 ml THF. K tomuto
roztoku byl pomalu pfidan nasyceny roztok 2,155 g (16,82 mmol) 1,3-dicyanobenzenu
v THF. Bylo ziskano 5,406 g (60,9%) bilého prasku. *H NMR (ppm, THF-d8) &: 7,35
(s, H2, 1H), 7,29 (d, H6, 1H), 7,24 (d, H4, 1H), 7,12 (dd, H5, 1H), 6,66 (d, H3’, 2H),
6,43 (t, H4’, 1H), 2,09 (s, H5", 6H), -0,26 (s, SiCH3, 9H). *C NMR (ppm, THF-d8) &:
169,8 (C*™dny 51,7 (C17), 146,2 (C1), 131,4 (C6), 131,2 (C2°), 131,0 (C5), 130,5
(C2), 128,8 (C4), 128,0 (C3°) , 121,1 (C4°), 119,4 (C3), 112,1 (C7), 19,9 (C5°), 3.5
(CSi; 1(Si, C) = 556 Hz). 'Li NMR (ppm, THF-d8) & 1,46. Elementarni
analyzaC,7H3sLiN3O,Si (%): nalezeno C(68,9) H(8,2) N(8,8) vypocteno C(68,76)
H(8,12) N(8,91).

2.3.1.10 Piiprava slouceniny 17 ({4-(C=N)CsH,C(NDmMp)(NSiMe3)}Li THF,)

O
Li NX.
| N L|
/
N J
Dmp Si(CH3)3 50 °C, 12 h

\N (H3C)3S|
N

2,902 g DMpN(SiMes)Li (14,56 mmol) bylo rozpusténo v 80 ml THF. K tomuto
roztoku byl pomalu pfidan nasyceny roztok1,866 g (14,56 mmol) 1,4-dicyanobenzenu v
THF. Bylo ziskano 5,25 g (76,5%) bilého prasku. 'H NMR (ppm, THF-d8) &: 7,31 (d,
2H), 7,15 (d, 2H), 6,65 (d, H3’, 2H), 6,43 (t, H4’, 1H), 2,08 (s, H5", 6H), -0,27 (s,
SiCHs, 9H). *C NMR (ppm, THF-d8) &: 170,0 (C3™4") ' 151,5(C1°), 149,7 (C1), 131,2
(C27), 128,0 (C2, C4), 127,8 (C3), 120,9 (C3°), 119,4 (C4’), 110,8 (C7), 19,8 (C5°), 3,3
(CSi). "Li NMR (ppm, THF-d8) &: 1,09. Elementéarni analyza Cp7HssLiN3O,Si (%):
nalezeno C(68,9) H(8,3) N(9,0) vypoéteno C(68,76) H(8,12) N(8,91).
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2.3.1.11 P¥iprava slouceniny 18
({1-[C(NPh)(N'SiMe3)]-3-[C(NDipp)(N'SiMes)]CsHa} (LI THF,),)

. (H3C)4Si
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Ph™ TSi(CHj)3 \ -50 °C, 42.dni N Dipp

Dipp \
/ O

3,735 g slouceniny (14) (7,08 mmol) bylo rozpusténo v 40 ml THF. K tomuto
roztoku byl pomalu pfidan roztok 1,212 g (7,08 mmol) PhN(SiMesz)Li v THF. Bylo
ziskano 4,267 g (71,5%) bilého prasku. 'H NMR (ppm, THF-d8) &: 7,24 (d, H6, 1H),
6,77 (m, ArH, 4H), 6,59 (m, ArH, 3H), 6,46 (d, H4, 1H), 6,27 (t, H4”, 1H), 5,75 (d,
H2’, 2H), 3,40 (m, H5”, 2H), 1,05 (d, H6, 3H), 0,99 (d, H6”, 9H), -0,18 (s, SiCHa,
9H), -0,30 (s, SiCH3, 9H). °C NMR (ppm, THF-d8) &: 173,8 (C3™dnat 171 6 (Camdinat),
153,9 (C17), 149,1 (C1™), 142,1 (C3), 142,0 (C1), 141,0 (C27), 128,6 (C2), 128,0 (C3"),
127,6 (C4), 126,6 (C6), 125,9 (C5), 124,1 (C27), 122,5 (C3"), 120,9 (C4™), 1175 (C4),
28,2 (C5™), 25,2 (C6™), 23,2 (C6™), 4,1 (CSi), 3,5 (CSi). "Li NMR (ppm, THF-d8) &:
1,53, 1,41. Elementarni analyza CsgH76Li,N4O4Si, (%): nalezeno C(68,8) H(9,5) N(6,4)
vypocteno C(68,37) H(9,08) N(6,64).
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2.3.1.12 P¥iprava slouceniny 19
({3-[C(NDmp)(NSiMes)]-1-[C(NDipp)(NSiMes)]CeHa}(LITHF;)2)

(H0)sS{ Q
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2,389 g slouceniny (14) (4,53 mmol) bylo rozpusténo v 40 ml THF. K tomuto
roztoku byl pomalu ptfidan roztok 0,902 g (4,53 mmol) DmpN(TMS)Li v THF. Bylo
ziskano 3,015 g (75,9%) bilého prasku. *H NMR (ppm, THF-d8) &: 6,99 (d, H6, 1H),
6,72 (dd, H5, 1H), 6,66 (d, H3”, 1H, H3”), 6,62 (s, H2, 4, 2H), 6,53 (t, H4”, 1H), 6,46
(d, H3’, 2H), 6,26 (t, H4’, 1H), 3,35 (m, H5’, 2H), 1,76 (s, H5”, 6H), 0,94 (dd, H6’,
12H), -0,44 (s, SiCHs, 9H), -0,46 (s, SiCHs, 9H). *C NMR (ppm, THF-d8) &: 172,6
(camidinaty “971 9 (CaMdinay 151.8 (C1°), 148,5 (C17), 143,3 (C3), 142,8 (C1), 140,7
(C2”), 130,8 (C2’), 127,5 (C3”), 127,3 (C2), 125,7 (C4), 125,6 (C6), 125,4 (CS), 122,6
(C37), 120,9 (C4”), 119,7 (C4°), 28,1 (C57), 25,4 (C6”), 23,4 (C6™), 19,7 (C5’), 3,6
(CSi), 35 (CSi). 'Li NMR (ppm, THF-d8) & 146. Elementarni analyza
CsoHsoLi2N4O4Siy (%): nalezeno C(68,9) H(9,3) N(6,4) vypocteno C(68,93) H(9,26)
N(6,43).
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2.3.1.13 Priprava slouceniny 20
({4-[C(NPh)(NSiMe3)]-1-[C(NDipp)(NSiMe3)|CsHs} (LI THF,)2)

N on
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1,514 g slouceniny (15) (2,87 mmol) bylo rozpusténo v 40 ml THF. K tomuto
roztoku byl pomalu pfidan roztok 0,491 g PhN(TMS)Li (2,87 mmol) v THF. Bylo
ziskano 1,983 g (81,4 %) bilého prasku. *"H NMR (ppm, THF-d8) &: 6,76 (d, H2, 2H),
6,71 (d, H3, 2H), 6,67 (t, H3’, 2H), 6,65 (d, H3”, 2H), 6,53 (t, H4”, 1H), 6,34 (t, H4’,
1H), 6,25 (d, H2’, 2H), 3,37 (m, H5”, 2H), 1,06 (d, C6”H, 6H), 0,96 (d, C6”H, 6H), -
0,26 (s, SiCH3, 9H), -0,43 (s, SiCH3, 9H). *C NMR (ppm, THF-d8) &: 174,3 (C3midinaty,
173,1 (C3™dinaty 11541 (C1°), 149,3 (C17), 142,4 (C4), 141,9 (C1), 141,4 (C27), 129,7
(C2%), 128,5 (C3”), 127,1 (C3;5), 126,8 (C2;6), 124,4 (C4’), 122,4 (C3”), 121,5 (C4”),
28,7 (C57), 25,8 (C6”), 22,8 (C6™), 4,0 (SiC), 3,6 (SiC). 'Li NMR (ppm, THF-d8) &:
1,44. Elementarni analyza CsgH76LiaN4O4Siy (%): nalezeno C(68,5) H(9,3) N(6,5)
vypocteno C(68,37) H(9,08) N(6,64).

2.3.1.14 Ptiprava slouceniny 21
({4-[C(NDmp)(NSiMe3)]-1-[C(NDipp)(NSiMe3)]CsHa}(Li THF>),)
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5,302 g slouceniny (15) (10,05 mmol) bylo rozpusténo v 40 ml THF. K tomuto
roztoku byl pomalu pfidan roztok 2,002 g DmpN(TMS)Li v THF. Bylo ziskano 6,537 g
(74,1 %) bilého prasku. *H NMR (ppm, THF-d8) &: 6,67 (d, H3, 2H), 6,62 (d, H3’, 2H),
6,60 (d, H2, 2H), 6,55 (d, H3”, 2H), 6,51 (t, H4*, 1H), 6,34 (t, H4”, 1H), 3,31 (m, H5’,
2H), 1,94 (s, H5”, 6H), 0,99 (d, H6, 6H), 0,94 (d, H6’, 6H), -0,38 (s, SiCH3, 9H), -0,40
(s, SICHs, 9H). °C NMR (ppm, THF-d8) &: 173,4 (C*™dinay 1730 (C*™dinay 152 3
(C17), 149,5 (C1°), 142,6 (C1), 142,2 (C4), 141,5 (C2), 130,9 (C2”), 128,0 (C3”),
126,2 (C2), 126,1 (C3), 122,4 (C3°), 121,4 (C4), 120,2 (C4”), 28,7 (C5°), 25,9 (C6),
22,9 (C6%), 20,0 (C57), 3,9 (SiC). 'Li NMR (ppm, THF-d8) &: 1,51. Elementarni
analyza CsoHgoLi2N4O4Siz (%): nalezeno C(69,0) H(9,4) N(6,4) vypocteno C(68,93)
H(9,26) N(6,43).

2.3.1.15 Priprava slouceniny 22
({4-[C(NPh)(NSiMes)]-1-[C(NDmp)(NSiMe3)|CsHs}(Li THF,),)

: o,
A | o |
?' (CH3)3 O/LQ
N \ a
| THF N

Li )
| fLi/ — = | Si(CHs)5
_ + NEEN 50 °C, 12 h  (H3C)3Si N

Ph”" Si(CH,)s | O . |L
Dmp N \'\O
Dmp/ o

4,805 g slou¢eniny (17) (10,21 mmol) bylo rozpusténo v 40 ml THF. K tomuto
roztoku byl pomalu pfidan roztok 1,748 (10,21 mmol) PhN(TMS)Li v THF. Bylo
ziskano 4,274 g (52,8%) bilého prasku. 'H NMR (ppm, THF-d8) &: 6,80 (d, H2, 2H),
6,67 (m, H3, H3’, 4H), 6,58 (d, H3”, 2H), 6,34 (m, H4*, H4”, 2H), 6,23 (d, H2’, 2H),
1,99 (s, H5”, 6H), -0,26 (s, SiCHs, 9H), -0,40 (s, SiCH3, 9H). *C NMR (ppm, THF-d8)
§: 174,3 (Ca™dnaty 172 8 (C¥Mdinaty 154,11 (C17), 125,3 (C17), 143,0 (C4), 142,2 (C1),
131,0 (C27), 129,7 (C2’), 128,3 (C3’), 127,9 (C3”), 127,1 (C3, 5), 126,9 (C2, 6), 124,4
(C4%), 120,2 (C4”), 20,0 (C5”), 3,9 (CSi), 3,5 (CSi). "Li NMR (ppm, THF-d8) &: 1,44.
Elementarni analyza Cy4HgsLi2N4O4Si, (%): nalezeno C(67,0) H(8,6) N(7,2) vypocteno

C(67,14) H(8,71) N(7,12).
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Tabulka 3: Vybrané krystalografické udaje pro slou¢eniny 10, 10a a 11

Sloucenina €. 10 10a 11
Sumarni vzorec 3(C54H88Li2N4O4Si C54H95Li2N4O4Si2 C17H24LiN20
2), 2(C4Hs0) Siy, 0.5(C4Hg0)
Krystalova mtizka jednoklonna jednoklonna jednoklonna
Prostorova grupa C2lc P2,/c P2,/c
a(A) 42,5472(4) 21,618(3) 10,4001(5)
b (A) 18,7820(2) 10,4040(8) 18,0008(14)
c(A) 29,3123(6) 27,000(3) 10,7010(7)
a(®) 90 90 90
B(°) 129,722(5) 91,457(8) 93,338(5)
7 (°) 90 90 90
z 4 4 4
Objem elem. buiiky (A%) 18016,7(14) 6070,7(12) 1999,9(2)
Hustota (g cm™) 1,079 1,023 1,114
Velikost krystalu (mm) 0,49x0,48x0,35 0,73x0,53x0,50 0,39x0,35x0,24
w (mm™) 0,104 0,100 0,181
F(000) 6392 2056 716
h; k; I (min./max.) -51, 49; -22, 22; - -23,19;-12,9;-32, -13,13;-23, 22; -
34, 35 32 13,13
®min-m&lx (0) 2,17 - 25,28 1- 25,50 2,96 - 27,50
Pocet méfenych reflexi 49856 7683 19186
- Z toho nezé)vislych 16054 (0,0749) 4702 (0,0456) 4561 (0,0301)
(Rint)a
- pozorovatelnych 10011 1985 3753
[1>20(1)]
Pocet uptesiiovanych 863 675 199
parametrQ
Max/min t (eA™®) 0,553 /-0,646 0,655/-0,975 0,529 /-0,250
GOF"” 1,086 2,074 1,040
RY/wR? 0,0920/0,2008  0,1907/0,4775  0,0461/0,1160

a Rint = Z | I:02 - Fo,mean2 | /ZF021 ° S = [z:(W(l:o2 = Fcz)z)/(Ndiffrs - Nparams)]I2 y CVéhOVé
schéma: w = [6(Fo’) + (WiP)* + W,P] ™, kde P = [max(F,?) + 2F’], R(F) =X | | Fo | -
| Fe| /2] Fol, WR(F?) = [ZW(Fo’ - Fe)*)/(Zw(Fo)*)]”
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Tabulka 4: Vybrané krystalografické udaje pro slouceniny 12, 13a a 13a

Sloucenina ¢. 12 13 13a
Sumarni vzorec C46H72Li2N4O4 C54H88Li2N4O4 C54H95Li2N4O4
Si, Si,, 2(C4Hg0) Si,
Krystalova mtizka jednoklonna jednoklonna jednoklonna
Prostorova grupa P2,/c P2,/c P2,/c
a(A) 11,8380(11) 10,0110(7) 9,8490(11)
b (A) 40,156(3) 12,8340(11) 21,904(2)
c(A) 17,8330(13) 27,292(2) 15,1340(8)
a (°) 90 90 90
B (°) 119,421(7) 110,921(6) 111,156(8)
7 (©) 90 90 90
Z 6 2 2
Objem e{gn. buriky 7383,9(11) 3275,3(5) 3044,9(5)
(AY)
Hustota (g cm™) 1,087 1,020
Velikost krystalu (mm) 0,58x0,48x0,44 0,59x0.42x0.37 0,57x0,55x0,38
w (mm™) 1,100 0,102 0,099
F(000) 2652 1172 1028
h; k; | (min./max.) -14, 13: -34, 49; -14, -12,12;-16, 15; -35, -10, 12: -28, 28: -19,
22 34 19
Omin-max (°) 1-23,30 2,58 — 26,80 2,85-27,15
Pocet métenych 10443 23658 22192
reflexi
- Z toho nezé)vislych 6001 (0,0374) 6969 (0,0542) 6624 (0,0599)
(Rint)a
- pozorovatelnych 4320 5395 5428
[>20(D)]
Pocet uptesiiovanych 839 343 298
parametrQ
Max/min t (eA'3) 0,275/-0,183 0,387 /-0,345 0,860 /-0,716
GOF 1,074 1,118 1,094
RY/wR ® 0,0718 /0,1427 0,0636 / 0,1435 0,0767 / 0,1804

"Rin=2 | Fo’ - Fomean” | /ZFo"," S = [EW(Fo" - Fc®)*)/(Naitrs - Nparams)] *, “Véhové
schéma: w = [6°(Fo’) + (WiP)* + w,P]™, kde P = [max(Fo%) + 2F], R(F) =2 | | Fo | -
|Fe| [ /2] Fol. WR(F?) = [E(W(Fo - F&)2)/(Ew(Fo2))]”
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Tabulka 5: Vybrané krystalografické udaje pro slouceniny 14, 15 a 22

Sloucenina €. 14 15 22
Sumarni vzorec C31H46LiN3OZSi C31H45LiN3OgSi C50H80Li2N4O4
Si,
Krystalova mtizka trojklonna jednoklonna trojklonna
Prostorova grupa P-1 P2,/n P-1
a(A) 10,6250(7) 10,537(2) 10,2089(7)
b (A) 11,1490(7) 28,209(6) 12,9391(12)
c(A) 15,4301(12) 10,668(2) 20,190(2)
a(®) 80,587(6) 90 87,144(8)
B () 77,318(6) 90,01(3) 83,507(8)
7 (°) 64,861(5) 90 85,658(7)
z 2 4 2
Objem e{ggn. bunky 1609,2(2) 3170,9(11) 2640,0(4)
(A%)
Hustota (g cm'3) 1,089 1,105 1,096
Velikost krystalu (mm) 0,49x0,45x0,41 0,59x0,55x0,25 0,51x0,29x0,19
u (mm™) 0,102 0,104 0,110
F(000) 572 1144 948
h; k; I (min./max.) -13,13; -13, 14; -20,  -12,13;-35,29; - -12, 12;-16, 16; -25,
20 13,12 25
®min—max (0) 2,34 — 27,30 1 = 25 2,63 - 26,70
Pocet métenych 30491 12968 45566
reflexi
- Z toho nezé)vislych 7111 (0,0289) 5194 (0,0614) 10960 (0,0506)
(Rint)a
- pozorovatelnych 6067 4277 7438
[1>20(1)]
Pocet uptesiiovanych 343 371 559
parametrQ
Max/min T (eA™) 0,410/ -0,404 0,382 /-0,265 0,492 / -0,340
GOF"” 1,074 1,097 1,116
R®/wR® 0,0441/0,1081  0,0571/0,1251 0,0702 /0,1486

2 Rint=2% | I:02 - I:o,meanz | /ZF021 ° S= [Z(W(Fo2 - Fcz)z)/(Ndiﬁrs - Nparams)]lz, “Vahové
schéma: w = [6°(Fo’) + (WiP)* + w,P]™, kde P = [max(Fo%) + 2F’], R(F) =2 | | Fo | -
|Fe| [ /2] Fol . WR(F?) = [E(W(FS - F&)2)(Ew(Fo)))]”
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2.3.2 Obecny zpusob pripravy nesymetrickych diiminoisoindoli

Roztok zvoleného anilinu byl ochlazen na -50°C. K tomuto roztoku bylo pfidano
ekvimolarni mnozstvi roztoku n-BuLi v hexanu. K takto pfipravenému anilidu byl
pridan trimethylsilyl chlorid. Reak¢ni smés byla michdana 12 hodin. Poté byl roztok
zfiltrovan a opét podroben reaci s n-BuLi. Pripraveny N-(trimethylsilyl)anilid byl
nasledné promyt hexanem a za pomoci vakua vysusen. Pfipraveny anilid byl nésledné
rozpustén v THF, ochlazen na -50°C a ktomuto roztoku byl pfidan roztok
1,2-dikyanobenzenu. Poté, co byla reakce dokoncena, bylo THF odpafeno pomoci

vakua a ziskany produkt byl rekrystalizovan ve smési THF:petrol-ether, nebo v toluenu.

2.3.2.1 Priprava slouceniny 23

N\ /N

: Ph ; E Si(CH,)

Li N v 3/3
~

N + — \ ./N /
Ph”” Si(CHy), -50 °C, 12 h Co—/u\ L0
~—~ N Se—

N N

/

(HsC)Si Ph

1,908 g PhN(SiMe3)Li (11,14 mmol) bylo rozpusténo v 80 ml of THF. K tomuto
roztoku byl pomalu pfidan nasyceny roztok 1,428 g (11,14 mmol) 1,2-dikyanobenzenu
v THF. Bylo ziskano 2,852 g (68,9%) bilého prasku. *H NMR (ppm, THF-d8) &: 7,80
(m, C(6)H, 1H), 7,61 (m, C(3)H, 1H), 7,38 (m, C(4,5)H, 2H), 7,13 (m, C(2’, 3")H, 4H),
6,81 (t, C4’H, 1H), 0,25 (s, SiCH, 9H). *C NMR (ppm, THF-d8) &: 177.9 (C8), 165,1
(C7), 154,7 (C1°), 145,0 (C1), 137,3 (C2), 129,4 (C6), 128,8 (C3), 128,1 (C2’), 124,4
(C3%), 122,0 (CS), 121,6 (C4), 121,2 (C4’), 2,6 (SiC). 'Li NMR (ppm, THF-d8)
0. -0,85. Elementarni analyza (%): nalezeno C(68,1) H(7,3) N(11,1) vypocteno
C(67,90) H(7,05) N(11,31).
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2.3.2.2 Priprava slouceniny 24

N\ /N
- Dmp ; E Si(CH,)
| THF N /\/N

N\
N e 1o N N
Dmp”” Si(CHa)g -50 °C, 12 h Co—/u\ /LI\—o
No_

N N

/

(HsC)Si “Dmp

+

2,675 g DmpN(SiMe3)Li (13,42 mmol) bylo rozpusténo v 80 ml THF. K tomuto
roztoku byl pomalu pfidan nasyceny roztok 1,720 g (13,43 mmol) 1,2-dikyanobenzenu
v THF. Bylo ziskéno 0,583 g (10,9%) bezbarvych krystald. *H NMR (ppm, THF-d8) &:
7,86 (m, C(6)H, 1H), 7,61 (m, C(3)H, 1H), 7,38 (m, C(4,5)H, 2H), 6,87 (d, C(3")H,
4H), 6,66 (t, C4’H, 1H), 2,04 (s, C(5’)H, 6H), 0,24 (s, SiCH, 9H). *C NMR (ppm,
THF-d8) &:177,2 (C8), 163,4 (C7), 152,9 (C17), 144,0 (C1), 137,8 (C2), 129,5 (C6),
128,8 (C3), 128,5 (C2’), 127,2 (C3”), 122,0 (C5), 121,6 (C4), 120,8 (C4’), 18,8 (C5’),
2,7 (SiC). 'Li NMR (ppm, THF-d8) 8:0,77. Elementarni analyza (%): nalezeno C(69,5)
H(7,7) N(10,3) vypocitano C(69,14) H(7,57) N(10,52).

2.3.2.3 Priprava slouceniny 25

N\ /N

) Dipp i i Si(CHy)
L| AN / 3/3
| THF NZN /\/N

N + X > N\ N
Dipp” Si(CHy)s -50°C, 48h QO_/L'\N/L'\_O

N ~— Se— N
s N
(H3C)5Si E é Dipp

2,979 g DippN(SiMe3)Li (11,66 mmol) bylo rozpusténo v 80 ml THF. K tomuto
roztoku byl pomalu piidan nasyceny roztok 1,494 g (11,66 mmol) 1,2-dikyanobenzenu
v THF. Bylo ziskano 3,548 g (66,8%) bezbarvych krystali. *"H NMR (ppm, THF-d8)
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8:7,84 (m, C(6)H, 1H), 7,58 (m, C(3)H, 7,37 (m, C(4,5)H, 2H), 6,93 (d, C(3")H, 2H),
6,77 (t, C(4")H, 1H), 3,01 (m, C(5")H, 2H, 1,16, 1,09 (d, C(6")H, 6H) 0,20 (s, SiCH,
9H). ¥*C NMR (ppm, THF-d8) &: 177,5 (C8), 163,4 (C7), 150,7 (C1’), 144,1 (C1),
138,4 (C27), 137,7 (C2), 129,5 (C6), 128,8 (C3), 122,0 (C5), 121,9 (C3”), 121,6 (C4),
121,3 (C4), 29,0 (C5°), 23,3 (C6’), 22,9 (C6), 2,7 (SiC). 'Li NMR (ppm, THF-d8)
0: 1,68. Elementarni analyza (%): nalezeno C(71,6) H(8,8) N(8,9) vypocitano C(71,17)
H(8,41) N(9,22).

2.3.2.4 Priprava slouceniny 26

N\ /N

- Bn ; E Si(CHa)

Li N v 3/3
~

NN N Lo
Bn Si(CHg)3 -50°C, 12 h O_/LI\N/ |\
~— S

N N

/

(HsC) S “Bn

Z
+

2,261 g BnN(SiMe3)Li (12,20 mmol) bylo rozpusténo 80 ml v THF. K tomuto
roztoku byl pomalu pfidan nasyceny roztok 1,614 g (12,20 mmol) 1,2-dikyanobenzenu
v THF. Bylo ziskano 3,024 g (64,3%) tmavého prasku. "H NMR (ppm, THF-d8) &: 7,80
(m, C(6)H, 1H), 7,58 (m, C(3)H, 1H), 7,30 (m, C(2,6,2’)H, 4H), 7,12 (t, C(3*)H, 4H),
7,03 (t, C4’H, 1H), 4,81 (s, C5’H, 2H), 0,22 (s, SiCH, 9H). **C NMR (ppm, THF-d8)
8:176,8 (C8), 167,6 (C7), 144,5 (C1”), 144,2 (C1), 138,1 (C2), 129,2 (C6), 128,4 (C3),
128,1 (C(2°,3%), 125,7 (C4’), 122,0 (C5), 121,3 (C4), 54,1 (C6), 2,9 (SiC). "Li NMR
(ppm, THF-d8) 6:1,95. Elementarni analyza (%): nalezeno C(68,7) H(7,5) N(10,9)
vypocteno C(68,54) H(7,32) N(10,90).
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2.3.2.5 Priprava slouceniny 27

Ph\ i i /Si (CH3)5
N=—™.,,~-—N
~ /

N
o_\,_i/ Li—O H,0
7 >N ™  Ph

N N — /

, N N

(HsC) Si Ph N NH

0,3 g slou¢eniny (23) bylo rozpusténo v acetonu. Po odpafeni acetonu volnym
odpafovanim bylo ziskdno n&kolik bezbarvych krystald. 'H NMR (ppm, THF-d8)
6:7,89 (d, C(6)H, 1H), 7,65 (d, C(3)H, 1H), 7,52 (t, C(2/6)H, 1H), 7,48 (t, C(2/6)H, 1H),
7,33 (d, C(2’)H, 2H), 7,25 (t, C(3’)H, 2H), 7,00 (t, C(4’)H, 1H), 3,88 (s, NH, 2H).
BC NMR (ppm, THF-d8) &:171,6 (C8), 163,7 (C7), 151,5 (C1°), 142,1 (C2), 135,8
(C1), 131,5 (C6), 130,6 (C3), 128,8 (C2’), 125,3 (C3’), 124,2 (C4), 122,8 (C9),
120,7 (C4’). Elementarni analyza (%): nalezeno C(76,1) H(5,1) N(18,8) vypocteno
C(76,00) H(5,01) N(18,99).
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Tabulka 6: Krystalografické udaje pro slouceniny 24, 25 a 27

Sloucenina ¢. 24 25 27
Sumarni vzorec C50H68Li2N603Si2 C54H76Li2NGOZSi2 C14H11N3
Krystalova miizka monoclinic monoclinic tetragonal
Prostorova grupa C2lc P 2i/c P4;2,2
a(A) 19,3302(3) 11,1510(8) 9,4560(5)
b (A) 10,7540(2) 18,3171(14) 9,4560(5)
c(A) 24,7234(5) 15,0970(14) 25,8131(17)
o (°) 90 90 90
B () 100,382(4) 117,678(7) 90
v (°) 90 90 90
Z 4 2 8
Objem ‘}1/;?)“ buiiky 5055,28(17) 2730,8(4) 2308,1(3)
Hustota (g cm™) 1,145 1,108 17273
Velikost krystalu (mm) 0,48x0,46x0,35 0,50x0,33x0,22 0,48x0,29x0,25
u (mm™) 0,115 0,108 0.079
F(000) 1872 084 928
h; k; | (min./max.) -25,25; -13,13; - -13,14;-23,23;-19, -12, 11; -11, 10; -33,
32,32 19 25
®min-max (o) 2,14 - 27,50 2,06 - 27,48 2,29- 27,43
Poet méfenjch 33545 36004 11145
reflexi
"z tOh‘EF?etZ)i)V islych 5754 (0,0723) 6137 (0,0531) 2530 (0,0410)
n
- pozorovatelnych
(1>26(D)] 4908 4355 2140
Pocet upresnoxianych 266 299 154
parametru
Max/min t (eA™) 0,584 / -0,404 0,629 / -0,543 0,157 /-0,213
GOF " 1,070 1,035 1,155
R®/wR? 0,0570/0,1403 0,0617 / 0,1441 0,0448 / 0,0912

"Rin =2 | Fo’ - Fomean” | /ZFo", " S = [EW(Fo~ - Fc?)?)/(Naitfrs - Nparams)] *, “Véhové
schéma: w = [6*(Fo’) + (W1P)? + W,P] ™, kdeP = [max(Fo%) + 2F’], R(F) =2 | | Fo| -
|Fe| |72 Fo |, WR(F?) = [ZW(Fo? - F&)*)(Ew(FoH))]*
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3 Diskuze

3.1 Syntéza a charakterizace vychozich anilidi

Vychozi aminy byly deprotonovany n-butyllithiem za vzniku lithnych anilidd.
Tyto anilidy byly dale podrobeny reakci s trimethylsilylchloridem za vzniku ptisluSnych
N-(trimethylsilyl)anilini. Takto pfipravené slouceniny byly podruhé deprotononany
n-butyllithiem za vzniku piislusnych N-(trimethylsilyl)anilidd. Cistota viech produkti
jednotlivych reakci byla ov&fena pomoci *H, *C a 'Li NMR spektroskopie. V piipads
2,6-(dimethyl)fenyl substituentu byl pozorovan vyrazny posun signdlu methyl skupiny
anilinu z 2,25 ppm pro RN(SiMe3z)H na 2,16 ppm pro RN(SiMe3)Li. Jesté vyraznéji byl
pozorovan vliv substituentu na posun vodiki CHj skupiny benzylaminu, kde u
vychoziho benzylaminu byl pozorovan posun CH; skupiny 2,58 ppm, zatimco u
N-(trimethylsilyl)benzylaminu bylo pozorovano rozstépeni signalu na doublet
s posunem 3,32 ppm. V N-(trimethylsilyl)benzylamidu lithném byl pozorovan posun
signalu CH; skupiny 4,01 ppm.

3.2 Syntéza a charakterizace nesymetrickych amidinatii

V ramci syntézy lithnych amidinati byla pfipravena série rizné¢ solvatovanych
lithnych amidinati reakci nitrilu s trimethylsilyl substituovanym anilidem. VSechny
popsané reakce dosahovaly primérnych vytézkt (1-6; 30-70%; viz Schéma 35).
Vzhledem k nizké teplotni stabilit¢ vychozich latek (u nékterych vychozich anilidu
dochazi k rozkladu v koordinujicim rozpoustédle pii zvySeni teploty nad 30°C) byl
vytézek reakei, obzvlasté v ptipadé vysoce stericky branénych slou€enin, zvySovan

prodlouzenim reakéni doby.
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Schéma 37

Pokus o vyuziti jinych substituentd nez trimethylsilyl byl netispé$ny. Pfi vyuziti
triethylsilyl-, trifenylsilyl-, nebo trifenylgermyl substituentu nebyla pozorovana migrace
této skupiny na dusik pridaného nitrilu. Reakci muze taktéz zabranit vysoké sterické
branéni funk¢ni skupiny zvoleného nitrilu, jak bylo dokazino reakci t-BuCN se

zvolenymi amidy.

Tabulka 7: Prehled pripravenych asymetrickych amidinatd

Slou¢enina R" substituent R? substituent
R'C=N R?(SiMe;)NLi
1 Ph Ph
2 Ph Dmp
3 Ph Dipp
4 n-Bu Ph
5 n-Bu Dmp
6 n-Bu Dipp
7 t-Bu Dmp

Pokud byla teplota reakéni smési kratce zvySena na 80°C, byl v *C NMR spektru

reakéni smési pozorovan signdl charakteristicky pro t-Bu-substituovany amidinat,
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nicméné zéaroven toto zvyseni teploty vedlo k masivnimu rozkladu vychoziho amidu.
Dalsi nezbytnou podminkou pro uspésnou piipravu amidinatl je pouziti koordinujicich
rozpoustédel. Pokud byl pro reakci pouzit toluen nebo hexan misto THF nebo Et,0, tak
byly vreakéni smési detekovany pouze vychozi amid a nitril, bez ohledu na
prodluzovani reak¢ni doby. Ziskany produkt lze Cistit krystalizaci z THF, nebo Et,0.
Touto metodou byl vétSinou ziskan Cisty produkt ve formée krystalii, nebo bilého prasku.

Adukt 2,2-dimethylpropanonitrilu s lithnou soli trimethylsilyl-2,6-dimethyl-
fenylamidu (7) byl ziskan michanim vychozich latek v hexanu po dobu 10 hodin. Pokud
byl adukt 7 rozpustén v deuterovaném rozpoustédle (THF-d8, toluen-d8) byly v NMR
spektrech detekovany signdly odpovidajici vychozim latkam, coz indikuje, ze ziskany
adukt je stabilni pouze v pevné fazi.

V elementarni buiice slouceniny 7 byly nalezeny Ctyfi nezavislé molekuly, z nichZ
dva pary se lisi orientaci Dmp substituenti mtstkovych amido- skupin, kde jedna ma
orientaci syn (Obrazek 17A) a druha ma orientaci anti (Obrazek 17B). Kazda z téchto
dimernich struktur je tvofena centralnimi atomy lithia, na které jsou koordinaéné vazané
tf1 dusiky, z nichZ dva jsou amidické a posledni dusik nalezi skupin€ nitrilu. Lithium
Vv této slouCeniné vykazuje jak téméf planarni okoli, tak 1 tvar trigondlni pyramidy
v zavislosti na konformaci isomeru (vzdalenost atomu Li od roviny tvofené dusiky na
n&j koordinované jsou 0,286A a 0,344A pro synisomer a 0,081A a 0,479A pro anti
isomer). Nicméné toto konformacni uspofadani ma minimalni vliv na vzdalenosti mezi
atomy a Uhly vazeb v centrdlnim kruhu. Centralni ctyf¢lenné kruhy jsou extrémné
neplanarni, pficemZ atom Li ma vZdy k obéma miustkovym dusikim témét totoZnou
vzdalenost. Ve slouc¢enin€ 7 nelze pozorovat téméf zadné prodlouZzeni vazby C=N
koordinovaného nitrilu oproti délce vazby v nekoordinovaném nitrilu, coz odpovida

2130 yzhledem ke kratké vzdalenosti

obdobnym komplexiim publikovanym v literatute.
mezi atomy Li a N koordinovaného nitrilu mizeme hovoftit o velmi silné koordina¢ni

vazbe.
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Obrézek 17: Struktura slouceniny 7 (zobrazeni ORTEP 50% pravdépodobnost).
Zobrazeny jsou dvé nezavislé molekuly, atomy vodiku nejsou zobrazeny z divodu lepsi
piehlednosti. Vybrané meziatomové vzdalenosti [A] a Gihly [°]syn-forma: N1-Lil
2,050(9), N2-Li1 2,069(9), N3-Lil 2,024(8), N1-Li2 2,016(8), N3-Li2 2,042(9), N4-Li2
2,041(9), C12-N2 1,129(6), N4-C28 1,137(6); N3-Li1-N1 103,5(4), N1-Lil-
N2134,2(4), N3-Li1-N2 117,3(4), N1-Li2-N3 104,0(4), N1-Li2-N4 122,4(4),
N4-Li2-N3 126,9(4), Li2-N1-Lil 74,7(3), Li1-N3-Li2-74,7(3); anti-forma: N9-Li5
2,016(10), N10-Li5 2,051(9), N11-Li5 2,017(9), N9-Li6 2,034(9), N11-Li6 2,060(10),
N12-Li6 2,055(9), N10-C212 1,142(6), N12-C228 1,134(6); N9-Li5-N11 104,2(4),
N9-Li5-N10 126,5(5), N11-Li5-N10 120,1(5), N9-Li6-N11 102,0(4), N9-
Li6-N12 116,6(4), N12-Li6-N11 139,0(5), Li5-N9-Li6 73,9(4), Li5-N11-Li6 73,3(4).
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PG N 2 rZ a i TTTSi(CHY),
D D (H30)3SI—N_ N—R N N
NN L2
\( (H3C)3S| \( R
1
R
R1

3: D = Et,0; R! = Ph; R*=Dipp 1: D = Et,0; R* = Ph R? = Ph

: 4a: D = Et,0; R' = n-Bu; R? = Ph
6: D =THF; R =n-BuR*=Dipp 4: D = Et,0; R' = n-Bu; R? = Ph 2 20 !

Schéma 38
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£30A
Obrazek 18: Struktura slou¢eniny 3 (zobrazeni ORTEP, 30% pravdépodobnost).

Atomy vodiku disordry molekuly Et,O jsou skryty z divodu lepsi pfehlednosti.
Vybrané meziatomové vzdalenosti [A] a thly [°]: Lil-N1 2.034(5), Li1-N2 2.045(5),
Li1-O1 1.968(5), Li1-0O2 1.949(5), C1-N1 1.324(3), C1-N2 1.327(3); N1-C1-N2
118.1(2), N1-Li1-N2 67.75(16).

C12
Obrazek 19: Struktura slouceniny 6 (zobrazeni ORTEP 40% pravdépodobnost).

Atomy vodiku jsou skryty z divodu vyssi prehlednosti. Vybrané meziatomové
vzdalenosti [A] a uhly [°]: N1-Lil 2,023(5), N2-Li1 2,025(5), O1-Li1 1,942(5), O2-Li1
1,947(5), N1-C1 1,332(3), N2-C1 1,324(3); N1-Li1-N2 68,39(16), C1-N2-Lil
86,83(18), C1-N1-Lil 86,69(18), N2-C1-N1 117,9(2).

Slouc¢eniny 3 a 6 (Obrazek 18 a 19 a Schéma 36), obsahujici stericky

wevr

nejnarocn€js$i ligandy (Dipp), maji monomerni strukturu s ¢tytkoordinovanym

centralnim atomem lithia a pseudo(tetraedrickou) strukturou, v niz vS§echny koordinujici
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atomy maji od atomu lithia podobnou vzddlenost. Symetrickou bidentdtni vazbu
amidinatovych ligandl potvrzuje nejen totozna vzdalenost obou dusikti od centralniho
atomu Li, ale téméf totozné vzdalenosti atomi CI-N, které poukazuji na charakter
delokalizované vazby. Variace substituentli amidinitu na centralnim uhliku (Ph ve
slouceniné 3 vs. n-Bu ve slouceniné 6), nebo rozdilny typ koordinujiciho rozpoustédla
(THF/Et;0) nema zadny realny vliv na centralni skelet amidinatu, jak dokumentuji
meziatomové vzdalenosti a uhly ve vySe zminénych slouceninich. Porovnanim
geometrie 3 a 6 Smonomernim n-butylamidinatem obsahujicim dva Dipp
substituenty®*®, nebo benzamidinitem litnym obsahujicim Dipp a trimethylsilyl
substituent® Ize tvrdit, Ze (thel N2-C1-N1 ve slougeninach 3 a 6 je tup&jsi o priblizné 3°
a vzdalenost C1-Li je nepatrné kratsi, coz vede k plandrnimu uspotddani centralniho
kruhu amidinatu. Nicméné porovnavat fenyl-substituovany amidinat 3 s jeho
symetrickym analogem, ktery obsahuje fenyl na centrdlnim atomu uhliku a dva Dipp
substituenty na dusicich, neni pfili§ relevantni vzhledem k tomu, ze tento typ amidinatu

preferuje monodentatni vazebny zptisob.”®

Obrazek 20: Struktura slouceniny 1 (zobrazeni ORTEP, 40% pravdépodobnost).
Atomy vodiku a disordry molekuly Et,0O jsou skryty z divodu lepsi
piehlednosti. Vybrané meziatomové vzdalenosti [A] a tihly [°]:Li1-N1 2,188(5), Li1-N2
2,007(5), Li1-N3 2,050(5), Li1-O1 1,941(6), Li2-N1 2,060(6), Li2-N3 2,157(6), Li2-N4
2,018(6), Li2-02 1,917(6), C1-N1 1,341(4), C1-N2 1,306(4), C17-N3 1,343(4), C17-N4
1,315(4); N1-C1-N2 119,4(3), N3-C17-N4 118,6(3), N1-Li1-N2 65,83(17),
N1-Li1-N3 106,2(2), N2-Li1-N3 124,7(3), N1-Li2-N3 107,0(2), N1-Li2-N4 122,0(3),
N3-Li2-N4 66,26(18).

73



Pokud je amidinat na dusiku substituovan stericky méné naronym substituentem
(fenylem), tvoti slouceniny (1 a 4) centrosymetrické dimery podobné Lappertovym
trimethylsilyl-substituovanym komplexim.? Podobnych piipadd lze v literatuie nalézt

vice.?

Obrazek 21: Struktura slouceniny 4 (zobrazeni ORTEP 40%, pravdépodobnost).
Atomy vodiku a disordry molekuly Et,O jsou skryty z divodu lepsi ptehlednosti.
Vybrané meziatomové vzdalenosti [A] a tthly [°]: Lil-N1 2,024(3), Li1-N2 2,157(3),
Li1-N2a 2,074(3), C1-N1 1,3162(19), C1-N2 1,3499(18), Li1-O1 1,948(3); N1-C1-
N2 117,89(13), N1-Li1-N2 66,13(9), N1-Li1-N2a 125,38(14), N2-Lil1-N2a 107,29(11).
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C14

C34

C27
C28

Obrazek 22: Struktura slouceniny 4a (zobrazeni ORTEP, 50% pravdépodobnost).
Atomy vodiku nejsou zobrazeny z diivodu lepsi prehlednosti. Vybrané meziatomové
vzdalenosti [A] a tihly [°]: Li1-N1 2,489(6), Li1-N2 2,175(6), Li1-N3 2,107(6), Li1-N4
2,253(6), Li1-0O1 1,983(6), Li2-N1 2,072(6), Li2-N3 2,538(6), Li2-N4 1,980(6), Li2-N5
1,954(6), Li3-N1 2,214(6), Li3-N2 2,154(6), Li3-N3 2,249(6), Li3-N6 2,017(6), Li2-
Li3 2,486(8), C1-N1 1,333(4), C1-N2 1,330(4), C15-N3 1,339(4), C15-N4 1,338(4),
C29-N5 1,331(4), C29-N6 1,332(4); N1-C1-N2 116,6(3), N3-C15-N4 116,4(3), N5-
C29-N6 119,2(3), N2-Li1-N3 101,4(3), N2-Li1-N4 142,8(3), N3-Li1-N4 62,82(18),
N1-Li2-N4 110,9(3), N1-Li2-N5 115,5(3), N4-Li2-N5 129,7(3), N1-Li3-N2 62,45(18),
N1-Li3-N3 100,8(2), N1-Li3-N6 106,9(3), N2-Li3-N3 97,6(2), N2-Li3-N6 147,1(3),
N3-Li3-N6 115,2(3).
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C30

SL2

Obrazek 23: Detail centralniho skeletu struktury slouceniny 4a.

Komplexy 1 a 4 spolu s dal§imi publikovanymi dvojjadernymi molekulami maji
velmi podobnou strukturu, ¢emuz odpovidaji i podobné meziatomové vzdalenosti a tthly
(viz obrazky 20 a 21). Spoleénym znakem pro tyto slouceniny je uspofadani
koordina¢niho okoli atomu lithia, které lze nalézt jako siln¢ deformovany tetraedr.
Nejvétsi odchylky od idealnich parametrii lze pozorovat mezi atomy N1-Lil-N2
sloudeniny 4, kde je mezivazebny thel pouhych 66°. Vzdilenosti Li-Li (~2.52 A)
naméfené v téchto komplexech jsou jen o néco delsi, nez vzdéalenosti v jiz
publikovanych komplexech amidinati se stejnymi substituenty na atomech dusiku
(~2.42 A)57. Urovent konjugace vazeb amidinatového skeletu je, jak vypovidaji
vzdalenosti mezi uhlikem a dusikem, taktézZ o néco niz§i neZz v jednojadernych
slouceninach 3 a 6 (viz popisky obrazkti 20 a 21). Témét totozné jsou vzdalenosti stredi
atoml dusiku a lithia, které jsou jen o néco delSi neZ soucet kovalentnich polomért

prislusnych atomti (2.04 A). %859

Zbyla dvé koordina¢ni mista na atomu lithia jsou
obsazena dusikovym atomem druhého amidindtu a kyslikem koordinujiciho
rozpoustédla, v tomto piipad¢ diethyletherem. V komplexu 1 je mezirovinny thel rovin,
které jsou definované NCN skeletem amidindtu, 5,4°(2), ¢imz se zésadné lisi od
komplexu 4, i od dalsich podobnych komplext publikovanych v literatufe, v nichz jsou
tyto roviny paralelni. Tento fakt poukazuje na hrani¢ni uspotfadani substituentl
v komplexu 1, coz je podpoifeno i tim, ze kvarterni uhliky obou fenyld i kiemik
trimethylsilyl skupiny se nachazi v roviné definované centralnim skeletem amidinatu.

Toto uspotfadani, které je charakteristické pro monomerni jednotky, mimo jiné

poukazuje na komplexnéjsi konjugaci napti¢ celou molekulou. Mezirovinna vzdalenost
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rovin definovanych NCN skeletem amidinitu 4 je 0,397(3) A. Tato hodnota je
ovlivnéna sterickou narocnosti jednotlivych substituenti a typem koordinujiciho
rozpoustédla. Tato vzdalenost je o néco delSi nez totoznd mezirovinna vzdalenost
v amidinatech obsahujicich donujici substituenty%, nicmén¢ je stale krat$i nez
v ostatnich dimernich strukturach (napf.: 0,471A pro [n-BuC(NCy),Li(THF)],%,
0,652(3)A pro [n-BUC(N-iPr),Li(Et,0)],a 1,028A pro adukt trifenylamidinatu lithného
S HMPA34). Atomy lithia ve slougeniné 1 jsou umistény 0,761(2)A a 0,830(3)A nad
NCN rovinou, ve slouceniné 4 je to pouze 0,701(3)A, coz odpovidd podobnym
dimerim amidinati s pfilehlymi donornimi substituenty®®, ale je to o néco vice nez u
dalsich publikovanych amidinata™***®'. Spolu s dimerni strukturou 4 se ve stejné
Schlenkové bance podafilo pfipravit trimerni strukturu 4a (Obrazek 22). Strukturu
slouceniny 4a lze popsat jako adukt dimeru komplexu 4 (East obsahujici amidinatovy
skelet N1-C1-N2, Li3 a N3-C15-N4, Lil (Obrazek 23)), v némz byla jedna molekula
diethyletheru nahrazena monomerem 4 bez molekul koordinujiciho rozpoustédla. Tato
molekula se misto bidentdtniho vazebného zpiisobu zaclenila mistkovym vazebnym
zpusobem mezi atomy Li2 a Li3. Kazdy z atomi ve slouceniné 4a mé jiné koordina¢ni
okoli. Okoli atomu Lil je tvofeno, jak je obvyklé vtomto typu sloucenin, silné
deformovanym tetraedrem, v némz tii pozice jsou obsazeny dusiky a Ctvrta pozice je
obsazena kyslikem diethyletheru. Atom Li2 ma koordinac¢ni ¢islo tfi a témé&f dokonalé
trojuhelnikové okoli, které je obsazeno atomy N1, N2 a N5 (Li2 je pouze 0,227(2)A nad
rovinou tvotfenou témito dusiky). Posledni atom Li3 mé koordinaéni ¢islo Ctyfi a okoli
ve tvaru hrani¢nim mezi ,,houpackou® a siln¢ deformovanym tetraedrem. Vzdalenosti
Li-N jsou v rozmezi od 1,95A do 2,25A, kdy nejkratsi vzdélenosti Ize nalézt v okoli
atomu Li2 a to jak k dusikiim bidentatné vazaného amidinatu, tak i k dusiku mustkové
vazaného amidinatu. Vysokou hustotu m-elektronii napfi¢ vSemi amidinatovymi
jednotkami lze dokumentovat na mezivazebnych vzdalenostech mezi atomy centralniho

amidinatového uhliku a piislusnymi dusiky. Tato hodnota se pohybuje okolo 1,33A.
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3.3 Syntéza a charakterizace disymetrickych bisamidindti

Organokovové a koordinacni polymery, v anglické literatufe znamé jako metal-
organic frameworks (MOF), tvoii v ramci organokovové chemie samostatny obor, ktery
se zabyva jejich strukturou a potencidlnimi aplikacemi jako napt. skladovani plynii a

katalyza.?*®’

I pfes vysoky zajem o tento obor chemie existuje pouze malé mnozstvi
organokovovych polymerd, které obsahuji dva rozdilné kovy (heterobimetalické
MOF)® a které by byly schopné poskytnout synergicky efekt jednotlivych kovi
potfebny pro aktivni katalyzu v reakcich popsanych v review od Braunsteina.®® Pro
syntézu a Uspé€Sné pouziti téchto heterobimetalickych MOF je potieba ligand, jenz
obsahuje dvé rozdilné donorni skupiny spojené pomoci tzv. ,,spaceru®. Jako spacer je
v dale popsanych slouc¢eninach vyuzito benzenové jadro substituované v polohach 1,3-

ald-.

3.3.1 Syntéza disymetrickych amidinata

Obdobné jako v ptedchozi kapitole i tato série slouCenin byla pfipravena adici
trimethylsilylovaného amidu lithného na trojnou vazbu nitrilu s naslednou migraci

trimethylsilyl substituenty™19-°°7

. VSechny pfipravené nitril-amidinaty lithné (14-17)
a bisamidinaty dilithné (8-13a a 18-22) jsou citlivé na kyslik i vlhkost. VSechny tyto
slouCeniny jsou pevné bilé krystalické latky, které¢ byly pfipraveny podle rovnic
zobrazenych na obrazku 24 z vychozich 1,3- nebo 1,4-dikyanobeznenu adici amidu na
nitrilovou skupinu a naslednou migraci trimethylsilyl skupiny. VSechny tyto reakce
probéhly s pfijatelnym az vynikajicim vytézkem (po kompletni konverzi reaktantli na
produkty byl izolovan vytézek 40-90 %). Z divodu dosazeni kompletni konverze
reaktantl na produkty bylo nutno prodlouzit reakéni dobu, obzvlasté u stericky
narocnych amidt. Reakéni doby nutné k dosazeni uplné konverze u jednotlivych reakci
jsou uvedeny v tabulce ¢. 4. Z tabulky je jednoznacné vidét, jak stericka narocnost
ligandu (Dipp, Dmp, Ph) a typ pouzitého dinitrilu (1,3- nebo 1,4-) ovliviiuje reakéni
dobu nutnou k dokonceni reakce. Jako ptiklad 1ze pouzit porovnani reakéni doby amidu
snejméné stericky naroénym substituentem (Ph) s 1,4-dikyanobenzenem. Tato reakce
vpoméru 1:1 je téméf okamzitd. Totoznad reakce v poméru reakénich komponent
v poméru 2:1 vede ke vzniku slouceniny 11 a je ukoncena jiz béhem 4 hodin. Reakce

fenyl-substituovaného amidu s 1,3-dikyanobenzenem v poméru 2:1 trva piiblizné¢ 12
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hodin a vede ke vzniku slouceniny 8. Delsi reakéni doba je zde zplsobena menSim
prostorem Vv okoli nitrilové skupiny v meta poloze. Naprostym extrémem je piiprava
meta substituovaného dilithného bisamidinatu 10, ktery jako substituent obsahuje Dipp
a pro kvantitativni zreagovani reaktantii je potfeba vice nez 40 dni. Pii pokusu o
urychleni téchto reakci zvySenim teploty na 30°C doslo k rozkladu vychoziho amidu.
Stejn¢ jako v pfipadé nesymetrickych amidindt, ani zde nebyla pozorovana zadna
reakce ptfi pouziti nekoordinujicich rozpoustédel, nebo pii nahradé trimethylsilyl
substituentu za trimethylgermyl. Pouziti nejmensiho fenyl-anilidu lithného vedlo
k pomérné rychlé a uplné konverzi reaktanti na produkty (8 a 11), nicméné tyto
produkty mély sklony k tvorbé vicejadernych komplext, coz koresponduje s poznatky
Z ptipravy nesymetrickych amidinatii. Pomaly pritbéh reakce zaznamenany pii piipraveé
disymetrickych amidinatd (8-13) oteviel myslenku pfipravy nitril-amidinati jako
potencidlnich hybridnich ligandii. V dob¢ sepisovani této prace je v literatuie znamo
37407172

priblizné 75 nitrilo-amidin , potencialnich prekurzor( pro nitriloamidinaty kovt

pfipravenych riznymi kondenza¢nimi reakcemi a dva in-situ pfipravené
nitriloamidinaty lithné™™, ale 7z4dny znich neni charakterizovan strukturng, ani
spektroskopicky. VSechny amidinaty pfipravené reakcéni cestou A (Obr. 24) vedly,
v ptipadé¢ pouziti stericky narocnéjSich substituentdi, k pfipravé vysoce Ccistych
nitriloamidinath 14-17. V piipadé€ pouziti fenyl- substituovaného anilidu byla izolovana
pouze smés produkti. Z tohoto divodu se slouceninu 14-0 (obr. 24) nepodatilo izolovat
jako cisty produkt. Reakci dvou ekvivalentti fenylanilidu lithného (obr. 24 varianta B)
vede ke vzniku pfislusnych bisamidinatt s fenyl substituenty (8 a 11), nicméné
vzhledem ke vzniku agregati je jejich rozpustnost omezena (viz dale). V ptipadé
reakéni varianty C (obr. 24), kdy jsou jako vychozi latky pouZity nitriloamidinaty lithné
nesouci substituenty Dipp, nebo Dmp lze pfidavkem jednoho ekvivalentu piislusného

anilidu lithného ziskat pozadované asymetrické bisamidinaty dilithné 18-22.
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Tabulka 8: Délka reakce nutna pro uplnou konverzi reagentt na produkty®

Reakéni doba® / produkt
Izomer®/stechiometrie® Ph Dmp Dipp
m-/ 1:1 -/- 24/16 24/14
p-/ 1:1 -/- 12/17 12/15
m-/ 2:1 12/8 2419 1008/10
p-/2:1 4/11 12/12 24/13

%ledovano pomoci 'H a *C NMR spektroskopie (podle integralnich intenzit
vodiku alifatické Casti substituentti a/nebo kvantitativnim vymizenim signalu nitrilu ve

spektru 3C NMR), °[hodin],°vychozi dinitril, pomér amidu lithného ku nitrilu

R

\
1 N—SiCHgs p

N\\\/_\\ L T4

R
I

4 ——N
m- nebo p- izomer
R\N/Si(CH3)3
| Varianta B
Li

Y
D\LI

| AK

SI(CH3)3

8: m-; R=Ph; D = THF; Y = agregace
9:m-;R=Dmp; D=Y =THF

10: m-; R=Dipp; D=Y =THF

10a: m-; R = Dipp; D = Y = Et20

11: p-; R=Ph; D = THF; Y = agregace
12:p-;R=Dmp; D=Y =THF
13:p-;R=Dipp; D=Y =THF

13a: p-; R=Dipp; D =Y = Et20

Varianta A

NV
SN N_ _D
(il
—_— N

SiI (CH3)4

14-0: m-; R = Ph; D = THF; Y = agregace
14: m-; R=Dipp; D = THF; Y = THF

15: p-; R=Dipp; D = THF; Y = THF

16: m-; R=Dmp; D =THF; Y = THF
17:p-; R=Dmp; D=THF; Y = THF

R
N\ |
N
\X \ <\Li/
/ ~N
—
Si(CH3)5
R'\N/Si(CH3)3
1 Varianta B
Li
D
D\LI—
I 2
(HeO)aST C>—<

SI (CH3),4

18: m-; R = Dipp; R'=Ph; D = THF;
19: m-; R=Dipp; R' = Dmp; D = THF
20: p-; R=Dipp; R' = Ph; D = THF;
21: p-; R= Dipp; R'= Dmp; D = THF
22: p-; R=Dmp; R'=Ph; D = THF

Obrazek 24: Piehled ptipravy sloucenin 8-22
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3.3.2 Studium pomoci NMR spektroskopie v roztocich

Pribéh reakei a findlni Cistota produktl byla sledovdna pomoci multinuklearni
NMR spektroskopie (*H,’Li a '*C). Veskera méfeni byla provadéna v nasycenych
roztocich THF-dg, krom¢ nerozpustné slouceniny 11, ktera byla analyzovana pomoci
Li a **C CP-MAS NMR spektroskopie. Ziskana 'H NMR spektra vSech sloucenin
(kromé¢ nerozpustné 11 a slouceniny obsahujici pouze Ph substituenty 8) byla tvofena
jednou sadou relativné ostrych a dobfe rozliSenych signali, které naznacuji
isobidentatni vazebny mod>. V ptipad¢ asymetrickych dilithnych bisamidinata (18-22)

byla ziskdna pro kazdou ¢ast molekuly jednoznaéné ptifaditelna sada signala.

\l R

N Li—n~
\7\ Si(CHa)s
z lll (HsO)5S1” (GRON-d
A <\ s
4 Li
1 / ~
5 6 N
14a16
Si(CH 3)3 Si(CH 3)3
D /N — N\ Y
SR SR Ty W
Y D
| |
15a17 CH3)3 R 11-13 R

Cislovani ligandu R~ - Z O &

Cislovani ligandu R’ 1@ 4

Ph Dmp Dipp

Obrazek 25: Cislovani komplexti a lokaci jednotlivych atomi pfi vyhodnocovani

NMR spekter
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V ¥C NMR spektru Ize pribéh reakce sledovat hlavné diky atomiim, jejichz okoli
se v pribc¢hu reakce zasadné méni. Nejvyraznéjsi zménu lze pozorovat u uhlikového
atomu C=N skupiny, ktery (v 3¢ NMR spektru mé charakteristicky chemicky posun
114,7 ppm) piechazi na centralni atom amidinatového skeletu a jeho chemicky posun
1ze nalézt okolo 170 ppm. Po ptidani jednoho ekvivalentu amidu lithného 1ze pti vzniku
sloucenin 14-17 pozorovat zménu posunu nezreagované nitrilové skupiny na 112 ppm.
Po ptfidani druhého evivalentu amidu lithného miizeme pozorovat pouze signaly
charakteristické pro uhlik amidindtového skeletu v oSekavaném® rozmezi 172,5-174
ppm, kdy pro slouc¢eniny 8-13a byl pozorovan jeden signal a pro slouc¢eniny 18-22 dva
dobfe rozlisitelné signaly.

Chemicky posun signali v 'Li NMR spektrech je téméf pro viechny slougeniny
1-1,5 ppm. Vyjimku tvoii pouze meta-substituované dilithné komplexy 8 a 10 pro néz

byly naméteny signaly s chemickym posunem -0,5 ppm.

3.3.3 Charakterizace v pevné fazi

Pokud vychozi amid obsahoval stericky naro¢ny substituent (napf. Dipp)
zachovaval si vznikly amidinat formu jednojaderného komplexu (Obr. 26A)H2TETT
s isobidentatnim vazebnym modem amidinatového ligandu. Geometrie Vv okoli
centralniho atomu lithia 1ze popsat jako deformovany tetraedr, jehoz mira deformace je
zavisla na typu okolnich donornich atomi nebo chelatujicich skupin (Et,O, THF,
TMEDA, atd.). Dalsi skupinou jsou lithné amidinaty s centrosymetrickou dvoujadernou

strukturou (Obr. 2B)**"""® kde jeden z dusikii amidinatového skeletu funguje jako

mustkovy.
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Obrazek 26: Nejcasteji pozorované strukturni motivy
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Diky tomu pfipravené nitrilo-amidinaty (14 a 17; obrazky 27 a 28) a dilithné
bisamidinaty (10, 10a, 12, 13, 13a a 21- viz obr. 29,30,32,34,35 a 36) krystalizuji
vyhradné ve form¢ komplexti, v nichZz lithium je amidindtem koordinovano témér
isobidentatné a koordinacni polyedr (deformovany tetraedr) je dotvoren dvéma kysliky
z molekul THF, nebo Et,O ve slou¢eninach 10a a 13a.

Nitrilo-amidinaty lithné 14 a 17 maji témeéf stejné mezivazebné whly a
meziatomové vzdalenosti nitrilové skupiny jako plvodni dinitril. Zajimavé zmény
v geometrii sloucenin 14 a 17 Ize pozorovat v odlisné orientaci amidinatovych skupin a
benzenového kruhu amidinatového substituentu, kdy v nitrilo-amidinatech Ize
pozorovat témét kolmou orientaci rovin amidinatu a jeho fenyl-substituentu, u stericky
nejvice branéného bisamidinatu 10 lze pozorovat mezirovinny uhel ostfejsi o témet 25°.
Podobné uhly lze pozorovat i v para-substituovanych bisamidindtech. Ve vSech
bisamidinatech lze pozorovat vzajemnou anti-orientaci silylovych skupin. Struktura
asymetrické¢ho komplexu 22 je srovnatelna s obéma jeho disymetrickymi analogy 12 a
13. Samotny amidinatovy skelet slouceniny 22 je podobny skeletu slouceniny 3, nebo
jednojadernym lithnym n-butylamidinatim obsahujicim dva Dipp

substituenty*>*

,popiipadé amidinatim s jednou trimethylsilyl skupinou a dvéma Dipp
substituenty®’.

Zajimava struktura amidinitu ve formé nl:KZ-mﬁstkového ligandu, jak ho lze
pozorovat v polymerni slouceniné 11 (obr. 31), popf. ve slouCenindch 1 a 4
diskutovanych vyse, je srovnatelna s trimethylsilyl-substituovanymi
centrosymetrickymi komplexy publikovanymi Lappertem®, nebo n&kolika jinymi

amidinaty, které jsou substituované stericky nenaro¢nymi substituentylg.

Obrazek 27: Struktura slouceniny 14 (zobrazeni ORTEP, 50% pravdépodobnost).

Atomy vodiku nejsou zobrazeny z diivodu vyssi piehlednosti. Vybrané
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meziatomovévzdalenosti [A] a Gihly [°]: C1-Lil 2,348(3), N1-Li1 2,043(3), N2-Li1
2,021(3), N1-C1 1,3209(17), N2-C1 1,3246(17); N2-Li1-N1 68,24(9),
N1-C1-N2 119,02(12).

caop GI1B  C28B

Obrazek 28: Struktura slou¢eniny 15 (zobrazeni ORTEP, 40% pravdépodobnost).
Atomy vodiku nejsou zobrazeny z dlivodu vyssi pfehlednosti. Vybrané meziatomové
vzdalenosti [A] a thly [°]:Li1-C4 2,375(4), Li1-N1 2,052(5), Li1-N2 2,056(4), N1-C4
1,326(3), N2-C4 1,316(3); N1-Li1-N2 67,46(14), N2-C4-N1 119,4(2).

C45A
Cs3

C52

Obrazek 29: Struktura slouceniny 10 (zobrazeni ORTEP, 30% pravdépodobnost).
Atomy vodiku a disordry, stejné€ jako druhé nezavisla molekula, jsou skryty z divodu
vy$§i piehlednosti. Vybrané meziatomové vzdalenosti [A] a tihly [°] (hodnoty v zavorce

jsou uvedeny pro druhou nezavislou molekulu): C1-Lil 2,368(8), C23-Li2 2,358(8),
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(C55-Li3 2,374(8)), N1-Lil 2,037(8), N2-Li1 2,052(9), N3-Li2 2,044(8), N4-Li2
2,024(9), (N5-Li3 2,053(8), N6-Li3 2,030(8)), N1-C1 1,324(5), N2-C1 1,332(6), N3-
C23 1,325(5), N4-C23 1,330(5), (N5-C55 1,326(5), C55-N6 1,328(5)); N1-Li1-N2
67,9(3), N4-Li2-N3 68,1(3), (N6-Li3-N5 67,8(3)), N1-C1-N2 118,7(4), N3-C23-
N4 118,2(4), (N5-C55-N6 118,2(3)).

C46
C44

CS28 ¢35 ' c43
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Obrazek 30: Struktura slouceniny 10a. Atomy vodiku a disordry jsou skryty
z diivodu vyssi piehlednosti. Vybrané meziatomové vzdélenosti [A] a thly [°]: C1-Lil
2,30(5), (C1-Lil1A 2,51(6)), Li2-C23 2,42(4), N1-Lil 2,06(5), N2-Lil 2,00(5),
(N1-LilA 2,21(6), N2-LilA 2,22(7)), Li2-N3 2,14(4), Li2-N4 2,01(4), N1-C1 1,37(2),
N2-C1 1,24(2), N3-C23 1,308(19), N4-C23 1,31(2); N1-Li1-N2 62,4(17), (N2-Li1lA-N1
68,6(15)), N4-Li2-N3 65,2(12), N2-C1-N1 122,0(18), N4-C23-N3 117,7(18).
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Obrazek 31: Struktura slou¢eniny 11 (zobrazeni ORTEP, 50% pravdépodobnost).
Atomy vodiku a disordry jsou skryty z divodu vyssi prehlednosti. Zaroven je ze
stejné¢ho diivodu zobrazena ¢ast dalsi nezavislé molekuly polymerniho fetézce. Vybrané
meziatomové vzdalenosti [A] a thly [°]:N1-Li1 2,000(3), N2-Li1 2,171(3), N2a-Li1l
2,058(3), C1-Lil1 2,423(3), N1-C1 1,319(2), N2-C1 1,343(2); N1-Li1-N2 66,00(9), N1-
Li1-N2a 119,50(14), N1-C1-N2 117,60(13).

Obrazek 32: Struktura slouceniny 12 (zobrazeni ORTEP, 40% pravdépodobnost
vyskytu atomu). Atomy vodiku nejsou zobrazeny z divodu vyssi piehlednosti. Vybrané
meziatomové vzdalenosti [A] a uhly [°]: Lil-N1 2,043(10), Li1-N2 2,011(10), Li2-N3
2,022(10), Li2-N4 2,034(10), (Li3-N5 2,017(10), Li3-N6 2,041(10)), Li1-C1 2,347(10),
Li2-C19 2,347(10), (Li3-C47 2,350(10)), N1-C1 1,319(6), N2-C1 1,333(7), N3-C19
1,323(7), N4-C19 1,326(7), (N5-C47 1,326(6), N6-C47 1,328(6)); N2-Li1-N1 68,5(3),
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N3-Li2-N4 68,5(3), (N5-Li3-N6 68,4(3)), N1-C1-N2 118,9(5), N3-C19-N4 119,0(5),
N5-C47-N6 118,5(5).
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Obrazek 33: 1*C CP-MAS NMR spektrum slou¢eniny 11

Obrazek 34: Struktura slouceniny 13 (zobrazeni ORTEP, 40% pravdépodobnost).

Atomy vodiku jsou skryty z divodu vyssi prehlednosti. Vybrané meziatomové
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vzdalenosti [A] a Ghly [°]: N1-Lil 2,026(4), N2-Li1 2,010(4), C1-Lil 2,332(4), N1-C1
1,322(3), N2-C1 1,329(3); N2-Li1-N1 68,82(13), N1-C1-N2 118,68(17).

Obrazek 35: Struktura slou¢eniny 13a (zobrazeni ORTEP, 40%
pravdépodobnost). Atomy vodiku nejsou zobrazeny z dtivodu vyssi ptehlednosti.
Vybrané meziatomové vzdalenosti [A] a tthly [°]: N1-Lil 2,074(5), N2-Li1 2,042(5),
C1-Lil 2,386(5), N1-C1 1,322(3), C1-N2 1,329(3); N2-Li1-N1 67,40(15), N1-C1-
N2 118,9(2).

C38

C48 C40

Obrazek 36: Struktura slouceniny 21 (zobrazeni ORTEP, 40% pravdépodobnost).
Atomy vodiku a disordry jsou skryty z ditvodu vyssi ptehlednosti. Vybrané
meziatomové vzdalenosti [A] a tthly [°]: N1-Lil 2,028(5), N2-Li1 2,044(5), N3-Li2
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2,024(6), N4-Li2 2,029(6), C1-Lil 2,365(5), C23-Li2 2,351(6), N1-C1 1,319(3), N2-C1
1,332(3), N3-C23 1,326(3), N4-C23 1,332(3); N1-Li1-N2 68,00(17), N3-Li2-N4
68,50(18), N1-C1-N2 118,4(2), N3-C23-N4 118,3(2).

Komplex 11 ma diky svym meziatomovym vzdalenostem a mezivazebnym thlim
velmi podobnou strukturu jako pravé tyto zminéné komplexy (obr. 31). Jejich
spoleénym rysem je dale okoli atomu lithia, které je tvotrené siln¢ deformovanym
tetraedrem, v némz atomy N-Li-N sviraji uhel pfiblizn¢ 66°. Vzdalenost dvou
nejblizich tomi lithia (2,437(3)A) odpovida stejné vzdalenosti naméiené v komplexech
s obdobnou strukturou (~2,42 A)**. Urovei konjugace m-elektronti v NCN skeletu je,
jak napovidaji meziatomové vzdalenosti, niz§i nez u ostatnich disymetrickych
komplexti, které obsahuji isobidentatni vazebny mod. Koplandrni uspotféddani rovin
amidinatu 11 sousednich amidinatovych skeleti odpovida struktufe podobnych
komplexii publikovanych v literatuie. Vz4jemna vzdalenost t&chto rovin (1,108(3) A) je
ovlivnéna nejen sterickou ndro¢nosti jednotlivych substituent, ale i flexibilitou
samotného ligandu. Hodnota 1,108(3) A je mnohem vys$i nez v ostatnich strukturné
podobnych komplexech, naptiklad 0,397(3) A v komplexu 4, 0,471 A v komplexu [n-
BUC(NCy),Li(THF)].%°, nebo 0,652(3) A v komplexu [n-BuC(N-iPr),Li(Et,0)],>*.
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3.4 Syntéza a charakterizace isoindolit

Posledni, nikoliv vSak nejméné dilezita, Cast této disertani prace je vénovana
reaktivité trimethylsilyl-substituovanych amidu lithnych s 1,2-dikyanobenzenem. Stejné
jako v pfedchozim piipadé dochazi k adici amidu na nasobnou vazbu nitrilu a naslednou
migraci trimethylsilylové skupiny na sousedni dusik. Na rozdil od pfedchozich
popsanych reakci se zde zapojuje i stericky blizka druha nitrilova skupina, dochazi
k uzavieni péticlenného isoindolového kruhu a trimethylsilyl skupina migruje az na

dusik druhé nitrilové skupiny, jak Ize vidét ve schématu 39.

Si(CHg)3
CN Liy SNTRN AN
NP N\ /
+ N Sl(CH3)3—> —L| PN
VS
CN N
(H3C)38| R

23:R=Ph

24: R =Dmp H,0
25: R = Dipp

26: R =Bn

27: Hydrolyza 23

R\ —
N < NH,
Schéma 39

Bez ohledu na sterickou naroc¢nost substituentu vychoziho aminu byla u finalnich
nesymetrickych diiminoisoindolll pozorovana v pevné fazi dimerni struktura. V této
struktufe mé atom lithia koordinacni okoli tetragondlni pyramidy, kdy c¢tyii pozice jsou
obsazeny dusiky, paté koordina¢ni misto zaujima kyslik koordinujiciho rozpoustédla. U
vSech téchto dimerl lze nalézt stted symetrie umistény na priseciku spojnice atomi

lithia a centralnich atomu dusiku diiminoisoindolu.
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Pribsh piipravy komplexti 24-26 byl sledovan pomoci 'H a *C NMR
spektroskopie. Reakce komplexti 23, 24 a 26 byla ukoncena v fadu nékolika hodin,
zatimco konverze komplexu 26 trvala ptiblizn¢ 2 dny. Toto pozorovani dobfe koreluje
s komplexy ptipravenymi diive (srovnani s kapitolou 3.3 — bisamidinaty). Pfifazeni
signalti ziskanych z méfeni 'H a *C NMR spekter souhlasi s vysledky ziskanymi
Spiessensem a Zieglerem’™, ktefi pfipravili a popsali alkyl- a aryliminoisoindoly.
Odchylka od publikovanych spekter 0 cca 7 ppm (smérem k niz§im polim) je

pozorovana pouze u uhliki C7 a C8 (obr. 37).

Struktura komplexi 24 a 25 byla urcena zéaroven pomoci XRD analyzy
monokrystali. Oba komplexy jsou dimerni s témét dokonale planarnim uspotfadanim
isoindolinovych kruhd. Atomy lithia jsou posunuty o cca 0,5 A nad a pod hlavnimi
rovinami, které jsou definovany atomy N3, C1, N1, C4 a N2 (obr. 37). V tomto
usporadani tvoii okoli atomil lithia téméf dokonalou tetragonalni pyramidu, coz je pro
atomy lithia vzacné a popsané pouze u nékolika porfyrinovych komplexﬁso’gl. Roviny
kruhd substituenti Dmp a Dipp jsou téméi kolmé k roviné centralniho isoindolového
skeletu. Meziatomové vzdalenosti a vazebné uhly odpovidaji jak vzdalenostem a (thlim
naméfenym v nesymetrickych amidinatech, resp. bisamidinatech, tak 1 wdajim

publikovanym v literature'®>*

. Na rozdil od diive zminénych amidinatl porovnanim
vazebnych vzdalenosti mezi atomy uhliku a dusiku lze pozorovat lokalizaci dvojnych
vazeb spiSe na substituujici imino skupiny, ¢imz u slouCenin 24 a 25 zanika
delokalizovany charakter NCN vazebného usporadani, které je  pozorovano

Vv amidinatech.
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Obrazek 37: Struktura slouceniny 24 (zobrazeni ORTEP, 50%) atomy vodiku a
atomy uhliku koordinujiciho rozpoustédla nejsou zobrazeny pro vétsi prehlednost.
Vybrané vazebné vzdalenosti [A]: Si(1)-N(2) 1,713(3); N(2)-C(4) 1,295(4); C(4)-N(1)
1,360(4); N(1)-C(1) 1,370(4); C(1)-N(3) 1,290(4); N(3)-C(12) 1,419(4); C(4)-C(3)
1,501(4); C(1)-C(2) 1,494(4); C(3)-C(2) 1,398(4); N(2)-Li(1) 2,101(6); N(2)-Li(1)
2,240(6); N(1)-Li(1a) 2,130(6); N(3)-Li(1a) 2,206(6); Li(1)-O(1) 1,992(6).

Pti piipravé slouceniny 26 bylo mozné jednotlivé reakéni kroky pozorovat pomoci
charakteristickych posuni CH; skupiny benzylaminu, kdy ve vychozim benzylaminu
byl v'H NMR spektru pozorovan singlet s posunem CH, skupiny 2,58 ppm,
u trimethylsilylbenzylaminu lze pozorovat dublet s posunem 3,91 ppm, u trimethylsilyl-
benzylamidu lithného lze pozorovat singlet s posunem 4,01 ppm a u findlniho
diiminoisoindolu lze pozorovat singlet CH, skupiny s posunem 4,81ppm. Tyto zmény
posunt jsou zaroven doprovazeny charakteristickou barevnou zménou, kdy vychozi
amin je ¢irou kapalinou, po reakci s butyllithiem ziska roztok rtizovou barvu. Po
odpareni rozpoustédla ma lithna stl podobu bilého prasku. Produktem reakce lithné soli
s trimethylsilylchloridem je opét bezbarva kapalina, ktera po nasledné reakci
s butyllithiem d& vzniknout riZzovému roztoku, resp. bilému praSku. Nejzajimavéjsi
zménu lze pozorovat pii reakci trimethylsilyl-substituovaného lithného komplexu
s 1,2-dikyanobenzenem. Zde rtizovy roztok ptrechdzi do inkoustové modrého zabarveni.

Po odpateni rozpoustédla je produktem opét bily prasek. V piipadé hydrolyzy tohoto
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roztoku bylo mozné pozorovat postupnou zménu tmaveé modrého roztoku na zeleny

roztok, ktery postupné piesel na zluty roztok.

Obrazek 38: Struktura slouceniny 25 (zobrazeni ORTEP, 50%) atomy vodiku
nejsou zobrazeny pro vétsi prehlednost. Vybrané vazebné vzdalenosti [A]: Si(1)-N(1)
1,714(2); N(1)-C(1) 1,289(3); C(1)-N(2) 1,368(3); N(2)-C(2) 1,372(3); C(2)-N(3)
1,292(3); N(3)-C(12) 1,422(3); C(1)-C(4) 1,502(3); C(2)-C(3) 1,496(3); N(1)-Li(1)
2,142(5); Li(1)-N(2) 2,163(4); N(2)-Li(1a) 2,193(5); N(3)-Li(1a) 2,137(5); Li(1)-O(1)
1,969(5).

Produkt hydrolyzni reakce je 1-arylimino-3-aminoisoindolin. Jak je mozné
pozorovat ve struktuie slouceniny 27, oba odstépitelné vodiky jsou vazany spise na
terminalnim dusiku diiminoisoindolu nez na centralnim dusiku molekuly. Struktura
slougeniny 27 je analogické ke strukturam slouGenin publikovanych Tamagim a kol. *°
V této struktufe 1ze opét pomoci mezivazebnych vzdalenosti pozorovat lokalizaci a
delokalizaci dvojnych vazeb mezi atomy uhliku a dusiku, pficemZz dvojna vazba je
lokalizovana mezi atomy C2 a N3 (obr. 39), zatimco vzdalenost C3-N1 (obr. 39)
odpovidd jednoduché vazbé. Ackoliv celd tato struktura neni stabilizovana pomoci
delokalizace dvojnych vazeb, ke stabilizaci silné pfispiva tvorba dimeru pomoci silnych

vodikovych interakei.
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Obrazek 39: Struktura slou¢eniny 27. Alifaticky vazané vodiky jsou skryty z
diivodu vyssi prehlednosti. Charakteristické vzdalenosti [A]: C(1)-N(1) 1,317(2);
C(1)-N(2) 1,331(2); N(2)-C(2) 1,388(2); C(2)-N(3) 1,287(2); N(3)-C(9) 1,423(2).

V piipadé, Ze v reakéni smési neni vychozi amid lithny a 1,2-dikyanobenzen
v molarnim pomé&ru 1:1, ale lithna sul je v nadbytku nedochazi k jiné nez popsané
reakci a vychozi trimethylsilylovany amid (resp. anilid) lithny ziistava nezreagovany.
Jak bylo popsano drive, prubéh reakci nelze ovliviiovat zvySenim teploty, nebot’ pfi

zvysené teploté dochézi k rozkladu vychozich substituovanych amidu lithnych.
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4 Zavér

Komplexy nesymetrickych amidinati 1ze pfipravit titemi moznymi cestami. Prvni
je deprotonaci N-H aminové vazby amidinu, druhd je reakci karbodiimidu
s organolithnou slouceninou a tfeti je adici nukleofilni ¢astice na nenasycenou C=N
vazbu nitrilu.

V této disertacni praci byla vénovana pozornost pravé tomuto tfetimu zpusobu
piipravy nesymetrickych amidinatd, jeji experimentdlni ¢ast je rozdélena do dvou
hlavnich podkapitol. V prvni ¢asti je popsana reaktivita nitrild, které obsahuji pouze
jednu nitrilovou skupinu. Hlavni pozornost je vénovana vlivu sterické naroc¢nosti
jednotlivych substituenti na pribéh reakce a na popis produktu jednotlivych reakci.
V ptipadé, ze byly pro reakci zvoleny vychozi latky, které obsahovaly stericky
nenaro¢né substituenty (Bu, Ph), mély produkty téchto reakci tvar centrosymetrickych
dimert s bidentatné a zaroven modentatné¢ vazanym amidinatem (slouceniny 1, 4).
V jednom piipadé doSlo dokonce ke vzniku trojjaderného uskupeni, v némz byly
pozorovany tii rizné vazebné mody amidinatového ligandu (sloucenina 4a). V piipadé
komplexiit 3 a 6 pozorovana monomerni struktura s bidentatné koordinovanym
amidinatovym ligandem. Okoli atomu lithia mélo tvar deformovaného tetraedru a dvé
volné pozice byly vzdy doplnény atomy koordinujiciho rozpoustédla. V piipad€ pouziti
nitrilu se stericky extrémné narocnym substituentem (2,2-dimethylpropanonitril) nebyla
dokonce pozorovana Zadna reaktivita a charakterizovany produkt 7 byl vychozi amid
lithny s dusikem 2,2-dimethylpropanonitrilu koordinovanym na atom lithia.

Druhd ¢ast navazuje piipravou sloucenin odvozenych od 1,3- a
1,4-dikyanobenzenu. Nejprve byly tyto dinitrily podrobeny reakci s jednim
ekvivalentem pfisluSného trimethylsilyl substituovaného amidu lithného. V
pfipravenych sloucenindch 14-17 muiZeme opét pozorovat bidentatni vazebny mod
amidinatového ligandu a doplnéni vazebného okoli lithia do podoby deformovaného
tetraedru dvéma molekulami koordinujictho rozpoustédla (THF). Pfitomnost volné
nitrilové skupiny je ve slouceninach 14 a 15 potvrzena jak pomoci ¥Cc NMR
spektroskopie, tak i pomoci rentgenostrukturni analyzy monokrystalu. Pfi reakci
vychozich dinitril se dvéma ekvivalenty piisluSného amidu se projevil pomérné
vyrazny rozdil nejen ve sterické ndroCnosti substituentu amidu, ale i mezi obéma
dinitrily, a to reak¢ni dobou potiebnou pro kvantitativni prabéh reakce. Zatimco
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pfiprava slouceniny 11 reakci dvou ekvivalentl trimethylsilyl-substituovaného
disymetrického bisamidinatu 10 trvala pfiblizn¢ 42 dni. Stejné jako Vv prvni sérii
sloucenin i zde bylo okoli lithia v pfipadé stericky naro¢nych substituentti (Dipp, Dmp
ve slouceninach 9, 10, 12 a 13) tvofeno deformovanym tetraedrem, v némz dvé pozice
obsadil bidentatné vazany amidinat a dalSi dvé pozice obsadily kysliky pfislusSného
koordinujiciho rozpoustédla (THF, Et,O). U stericky nejméné naro¢né slouceniny 11
byl pozorovan amidinat, jak Vv bidentatnim vazebném, tak i v mustkujicim vazebném
moddu, coz vzhledem ke struktuie studovanych komplexti vedlo ke vzniku lineérni
polymerni struktury.

Kromé ptipravy asymetrickych amidinath a disymetrickych bisamidinati byla
Vv této kapitole vénovéana pozornost i piipravé asymetrickych bisamidinati pfipravenych
reakci dfive pfipravenych nitrilo-amidinatt s dal$im ekvivalentem rozdilného amidu.

Posledni ¢ast disertaéni prace byla vénovana reaktivité 1,2-dikyanobenzenu.
Stejné jako v predchozich ¢astech byl 1,2-dikyanobenzen podroben reakci s piislusnym
trimethylsilylamidem lithnym. Vysledny produkt této reakce byl vzdy diiminoisoindol.
Vznik pfislusné substituovaného diiminoisoindolu byl potvrzen nejen pomoci
multinukledrni NMR spektroskopie, ale i pomoci XRD analyzy monokrystalu pro
slouceniny 24 a 25, a pro hydrolyzni produkt 27. V ptipad€ pouZiti benzylaminu jako
vychozi latky pro piipravu diiminoisoindolu 26 byly jednotlivé reakéni kroky
doprovazeny 1 vyraznymi barevnymi zménami, kdy z vychozi bezbarvé kapaliny byl po
prvni reakci s butyllithiem ziskan bily prasek, ktery po reakci s trimethylsilyl chloridem
dal vzniknout lehce naZloutlé kapaliné. Ta reakci s dalsim ekvivalentem butyllithia
zménila barvu na svétle riZzovy roztok, ze kterého bylo moZzno odpafenim ziskat bily
prasek. Tento rizovy roztok zménil reakci s bezbarvym roztokem 1,2-dikyanobezenu

barvu na inkoustové modrou.
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Lithium amidinate complexes were prepared by direct reactions from various nitriles - R'-C=N (R = Ph,
n-Bu, t-Bu) and trimethylsilyl-substituted lithium amides - R*(Me3Si)NLi (R> = Ph, 2,6-(CH3),CgHs (Dmp)
and 2,6-[(CH;),CH],CgHs (Dipp)). All the reactions proceed only in coordinating solvents as diethylether or
THF where the migration of the trimethylsilyl group to the nitrogen atom of the parent nitrile is favoured.
In the case of t-BuCN, virtually no conversion to appropriate lithium amidinate was observed under the
same reaction protocol. Only the adduct of the composition {(t-BuCN){2,6-[(CH3)2CH]2CsH3}(MesSi)NLi] }2
was isolated from the reaction of t-BuCN with {2,6-[(CH3)2CH]2CsH3}(MesSi)NLi]} carried out in hexane or
toluene solution. Lithium atoms in this adduct appear in trigonal planar to pyramidal coordination
neighborhoods. The structure of lithium amidinates in the solid state is strongly dependent on the sub-
stitution pattern, when the Dipp substituent is present, complexes always crystallize as mononuclear
species with isobidentate bonding fashion of the amidinate and two molecules of solvent being extra-
coordinated to the lithium atom. On contrary, smaller peripheral groups do not protect the lithium
atom from further association and those complexes are described as di- or trinuclear adducts with less
than two coordinated molecules of solvent per lithium atom. In all lithium amidinates prepared, the
central lithium atom has distorted tetrahedral coordination geometry with ligands going from aniso-
bidenate or bidentate-bridging to tridentate bonding fashion except the trinuclear complex bearing the
smallest combination of ligands where one of the lithium atoms is found in the trigonal planar vicinity.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

less frequently used pathway [5b-5n]. This is probably caused by
the fact that the final products contain hydrolytically less stable Si-

Lithium amidinates are almost without reservations used as
starting materials for the synthesis of metal amidinates prepared
for nearly all metals of the periodic table. These metal amidinates
seem to be potent catalysts of various organic chemistry trans-
formations [1,2] or precursors of new materials [3]. Moreover,
lower oxidation states of respective metals [4] can be stabilized.

Major reaction procedures for synthesis of lithium amidinates
[5] are: i) the deprotonation of amidine by n-butyllithium, and ii) an
addition of alkyl- or arylithium compounds to cumulated unsatu-
rated system of carbodiimides. In a comparison to that leading
reaction types, an addition of trimethylsilylated lithium amides to
the triple bond of nitriles with subsequent migration of the tri-
methysilyl group and formation of lithium amidinate, seems to be

* Corresponding author.
E-mail address: ales.ruzicka@upce.cz (A. Ruzicka).

http://dx.doi.org/10.1016/j.jorganchem.2016.11.015
0022-328X/© 2016 Elsevier B.V. All rights reserved.

N bond, and also a modification of the trimethylsilylated amidinate
backbone is quite difficult when collated with other amidinates. In
some cases, the structure of lithium amidinates [5d,5f,6], inde-
pendently on substitution of the central skeleton, is described as
mononuclear with isobidentately bound ligand including an extra
coordination of two donor atoms from donor molecule(s) (THF,
TMEDA, etc.). Usually, lithium amidinates tend to form dimers with
most of examples being centrosymmetric structures containing
only one solvent molecule per lithium atom [5a, 5f, 5h, 7]. The
amidinate ligands may act in dinuclear complexes as bidentate and
bridging moieties at the same time. Although lithium amidinate
structures containing two or more metal atoms are available in
forms of lithium oligo(form)amidinates [8], related amido-
amidinates or bisamidinates bridged by a carbon or silicon func-
tion [9], adducts of lithium amidinates with lithium and other salts
[10], amidinates with an adjacent donor group| 1n, 11], oligoanionic
[12] and heterometallic species [ 13], to the best of our knowledge,
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no higher aggregates of lithium amidinates than dinuclear (dimers)
were described except of a trinuclear adduct with benzonitrile [14],
pentanuclear adduct with Li,O and octanuclear complex with non-
symmetric methylamidinate [MeC(NEt)(N-t-Bu)]” where two of six
amidinate units revealed deprotonated central methyl group [15].
In this paper we would like to demonstrate high versatility of
lithium amidinate structures obtained by a simple combination of
various nitriles with trimethylsilylated lithium amides which can
be used as a toolkit for synthesis of various amidinate complexes.

2. Results and discussion
2.1. Synthesis

All lithium amidinates in forms of differently solvated molecules
were prepared by the same procedure from appropriate trime-
thylsilylated lithium anilide and nitrile in moderate yields (1-6;
isolated yields of 30—70%, Fig. 1). In order to increase these yields,
especially in cases of reactions of sterically crowded lithium am-
ides, significant prolongation of reaction times is necessary. In this
respect, one should take into the account that starting lithium
amides decompose in coordinating solvents at elevated tempera-
ture (>30 °C).

All the attempts to use other functional groups than the tri-
methylsilyl, various silicon or germanium based substituents failed,
and no migration of these particular substituents (triethylsilyl-,
triphenylsilyl- or triphenygermyl-) groups to the nitrogen of a
nitrile group has been observed. Moreover, the increase of the steric
hindrance of the nitrile group could lead to the failure of demanded
reaction pathway, as proven for reactions of t-BuCN with all lithium
amides.

Ashort period of time increase of reaction temperature to 80 °C
led to the formation of small amount of t-Bu-substituted lithium
amidinate - characteristic signal for the central carbon atom was
detected by >C NMR spectroscopy (vide infra) - unfortunately along
with a decomposition of starting lithium amides. The absolute
prerequisite for conducting the process successfully is the use of a
coordinating solvent. When hexane or toluene is used instead of
Et20 or THF, virtually no conversion to the lithium amidinate is
observed in all cases. The crystallization of crude products from
diethylether or THF usually led to the isolation of pure complexes in
form of white powders or single crystals.

Adduct of t-BuCN with lithium trimethylsilyl-2,6-
dimethylphenylamide (7) was obtained when these reagents

i‘
D (THF or E;0) R—N7 NN—sive,

. g
¥ RQ\ /Sl\'le3 D n
+ N LR'=Ph,R*=Ph  4;R'=n-Bu,R?=Ph
|| T[ 2;R'=Ph,R=Dmp 5; R! = n-Bu, R? = Dmp
N 1 3; R! = Ph, R* = Dipp 6:R' = n-Bu, R* = Dipp
RL RY  SiMe;
T Nt
“Li--N
Hexane | I|1
e skl
/N, Rs
Me;SiT R B

7.R'=1Bu,R*= Dmp

Fig. 1. Reaction routes to compounds 1-7.

were stirred in hexane for 10 h. Exactly the same chemical shifts for
appropriate nuclei of pure starting compounds were recorded both
in 'H and '*C NMR spectra of 7 redissolved in THF-dg indicating the
adduct 7 is stable only in the solid state.

22. NMR spectroscopic studies in solution

The purity as well as structure of prepared compounds was
studied by the multinuclear NMR spectroscopic approach ('H, 7Li,
and C) in saturated THF-dg solutions. Surprisingly, only one set of
relatively narrow signals was observed for most of the complexes
suggesting a mononuclear character with two THF molecules being
coordinated to the lithium centre and an isobidentate bonding
mode of the amidinato ligands in solution.

Significant downfield shift of the carbon of nitrile group
(115 ppm) | 16] is recognized upon the reaction proceeded to the
corresponding lithium amidinate where the central carbon reso-
nates in the expected [5a] range of 172—175 ppm. In contrast to 'H
and BC NMR spectra, which are concentration independent, the
parameters of Li NMR spectra could be used only for monitoring of
the reaction of a nitrile with an amide and no additional relevant
information can be obtained from this parameter. When the com-
pound with the combination of smallest substituents (n-Bu and Ph
- compound 4) is dissolved in the THF-dg and the NMR spectra
measured, only sets of broad signals were observed probably due to
an association of complexes to species with higher nuclearity, as
shown in the solid state - vide infra, and an observation of its
mutual concentration dependent equilibrium in solution.

2.3. Solid state studies

Solid state structure of 7 is discussed in the Supporting Infor-
mation file. Three types of non-symmetric lithium amidinates
going from mononuclear to trinuclear ones (1-6) are depicted in
Scheme 1.

Compounds 3 and 6 (Figs. 2 and 3, Scheme 1), containing
bulkiest peripheral groups (Dipp), reveal monomeric structures
with four-coordinate lithium atom with (pseudo)tetrahedral ge-
ometry and similar interatomic distances between the nitrogen and
lithium atoms. The isobidentate bonding fashion of the amidinate
ligands is documented by equidistant C1-N bonds with a delo-
calized character. The nature of other substituents of the amidinate
moiety located on the central carbon atom (Ph in 3 vs. n-Bu in 6) as
well as the presence of the nature of adjacent solvent molecule -
THF vs. diethylether - has virtually no influence to the geometry of
both molecules as reflected in interatomic distances and angles
around the lithium atoms. In comparison of the geometry of 3 and 6
with mononuclear lithium n-butylamidinate containing two Dipp
groups [5a,5b] or lithium benzoylamidinate with one trimethylsilyl
and Dipp groups [17], the N2-C1-N1 angle in 3 and 6 is wider by ~3°
and the C1-Li distance slightly shorter, with respect to previously
reported analogues, which in general led to the planar fashion of
the central four membered rings. On the other hand, the direct
comparison of structures of phenyl-substituted 3 and analogous
lithium amidinate with two Dipp groups in peripheral positions
and phenyl group with adjacent nitrogen donor in the central po-
sition is not relevant because of monodentate bonding fashion of
the amidinato unit in the latter case | 11b].

The presence of smaller peripheral group - phenyl - in 1 and 4,
caused the formation of centrosymmetric dimers similarly to
trimethylsilyl-substituted complexes of Lappert [ 18] and a couple
of other complexes bearing smaller peripheral substituents [5b].

Compounds 1 and 4 along with structures of all other reported
dinuclear complexes reveal very close structures reflected in
similar interatomic distances and angles (Figs. 4 and 5). The
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Scheme 1. Observed types of lithium amidinate structures.

Fig. 2. Molecular structure of 3 (ORTEP view, 30% probability level). Hydrogen atoms
and disorder from Et;0 molecules are omitted for clarity. Selected interatomic dis-
tances [A] and angles []: Li1-N1 2.037(5), Li1-N2 2.049(6), Li1-O1 1.968(6), Li1-02
1.945(6), C1-N11.322(3), C1-N2 1.330(3); N1-C1-N2 118.1(3), N1-Li1-N2 67.66(18).

Ciz

Fig. 3. The molecular structure (ORTEP 40% probability level) of 6. Selected interatomic
distances [A] and angles [°]: N1 Li1 2.023(5), N2 Li1 2,025(5), O1 Li1 1.942(5), 02 Li1
1.947(5), N1 C11.332(3), N2 C1 1.324(3); N1 Li1 N2 6839(16), C1 N2 Lil 86.83(18), C1
N1 Lil 86.69(18), N2 C1 N1117.9(2).

common feature of these structures are heavily distorted tetrahe-
dral coordination geometries of the lithium atoms, with the largest
deviations from the ideal shape in N1-Li1-N2 angles which are only

C40

Fig. 4. Molecular structure of 1 (ORTEP view, 40% probability level). Hydrogen atoms
and disorder from Et;0 molecules are omitted for clarity. Selected interatomic dis-
tances [A] and angles []: Lil-N1 2.188(5), Lil-N2 2.007(5), Li1-N3 2.050(5), Li1-O1
1941(6), Li2-N1 2.060(6), Li2-N3 2.157(6), Li2-N4 2.018(6), Li2-02 1.917(6), C1-N1
1341(4), C1-N2 1.306(4), C17-N3 1343(4), C17-N4 1315(4); N1-C1-N2 119.4(3), N3-
C17-N4118,6(3), N1-Li1-N2 65.83(17), N1-Li1-N3 106.2(2), N2-Li1-N3 124.7(3), N1-Li2-
N3 107.0(2), N1-Li2-N4 122.0(3), N3-Li2-N4 66.26(18).

Fig. 5. Molecular structure of 4 (ORTEP view, 40% probability level). Hydrogen atoms
and disorder from Et;0 molecule are omitted for clarity. Selected interatomic distances
[A] and angles [*]: Li1-N12.024(3), Li1-N2 2.157(3), Li1-N2a 2.074(3), C1-N11.3162(19),
C1-N2 1.3499(18), Li1-01 1.948(3); N1-C1-N2 117.89(13), N1-Li1-N2 66.13(9), N1-Lil-
N2a 125.38(14), N2-Li1-N2a 107.29(11).
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about 66°. The Li-Li distances (~2.52 A) are detected for these
compounds which is slightly longer than in the amidinates bearing
the same peripheral substituents (~2.42 A) [5a]. The degree of
conjugation within the amidinate moiety reflected in separations of
the carbon and nitrogen atoms within the amidinate unit is also
lower than in symmetrical lithium amidinates and mononuclear 3
and 6 (see Figs. 4 and 5 captions). The nearly equidistant Li-N
separations are only slightly longer than the sum of the covalent
radii of both atoms (2.04 A) [19]. The third and fourth coordination
place is occupied by the nitrogen of the second amidinate unit, and
the oxygen atom of the diethylether molecule, respectively. The
interplanar angle of the NCN amidinate planes in 1 is 5.4(2)° which
is in strong contrast to the situation found in 4 and the rest of the
molecules reported in the literature where these planes are always
parallel. This fact might indicate the boarder-line case of arrange-
ment of these groups in 1 which is supported by the fact that both
quaternary carbon atoms of the phenyl ring and the silicon atom lie
in the NCN plane which is typical for monomeric structures and
reveal higher degree of conjugation within these units. The dis-
tance between NCN planes in 4is 0.397(3)A, which is dependent on
the steric repulsion of the substituents and a donor ability of the
coordinated solvent, is slightly longer than in the lithium amidi-
nates containing adjacent donor group [11b] but still shorter than
in remaining dimeric structures (0.471 A for [n-BuC(NCy ),Li(THF)],
[7°], 0.652(3) A for [n-BuC(N-iPr);Li(Et20)]> [5a] and 1.028 A for a
lithium triphenyl amidinate adduct with HMPA[7g]). Lithium
atoms are located above the NCN amidinate planes by 0.761(2)A
and 0.810(3)A for 1 and 0.701(3)A for 4, respectively, which is
similar to dimeric lithium amidinates containing adjacent donor
group [11b] but a bit over the values found for remaining com-
pounds in the literature[5, 7j].

Several crystals of trinuclear adduct 4a are formed along the
dimer 4 in the same flask. The structure of 4a (Fig. 6) is best
described as an adduct of the common dimer (fragments contain-
ing N1, N2, C1 and Li3 and N3, N4, C15 and Li1 atoms) from which
one molecule of the diethylether was extruded, and a monomer
without any coordinated solvent, where the last amidinate ligand
altered the isobidentate to bidentate-bridging fashion to Li2 and Li3
atoms. All three lithium atoms reveal different coordination ge-
ometry, going from Li1 which is in an immediate neighborhood as
found in dimers - heavily distorted tetrahedral with three nitrogen
atoms and oxygen from diethylether molecule, through the Li2
being in nearly perfect trigonal vicinity of N1, N2 and N5 atoms (Li
atom is only 0.227(2) A above the plane) to four-coordinate Li3
which has the geometry between seesaw and heavily distorted
tetrahedron. The Li-N distances vary from 1.95 to 2.25 A where the
shortest ones were found in the triangle of Li2 atom as well as in the
bidentate-bridging amidinate. On the other hand, the high degree
of m-electron density conjugation over all amidinates is docu-
mented in the middle carbon to nitrogen distances being 1.33 A.

3. Conclusions

In summary, two types of non-symmetrical lithium amidinates
have been prepared and structurally characterized both in solution
and solid state (Scheme 1). These complexes bearing peripheral
groups of different steric bulk, lower steric demands of the nitrogen
as well as the central carbon atom substituents permit the forma-
tion of centrosymmetric dimers, with bidentate amidinate unit and
four-coordinated lithium atom, or even a trinuclear aggregate with
three different bonding types of the ligand (Scheme 1). The use of
bigger Dipp group at the nitrogen atom directed the formation of
the monomers with nearly isobidentately bound amidinato ligands
with deformed tetrahedral geometry of the lithium atom.

C2%

Cee

Fig. 6. Molecular structure of 4a (ORTEP view, 50% probability level). Hydrogen atoms
are omitted for clarity. Selected interatomic distances [A] and angles [°]: Li1-N1
2.489(6), Li1-N2 2.175(6), Li1-N3 2.107(6), Li1-N4 2253(6), Li1-O1 1.983(6), Li2-N1
2.072(6), Li2-N3 2.538(6), Li2-N4 1.980(6), Li2-N5 1.954(6), Li3-N1 2.214(6), Li3-N2
2.154(6), Li3-N3 2.249(6), Li3-N6 2.017(6), Li2-Li3 2.486(8), C1-N1 1.333(4), C1-N2
1.330(4), C15-N3 1.339(4), C15-N4 1.338(4), C29-N5 1.331(4), C29-N6 1.332(4); N1-C1-
N2 116.6(3), N3-C15-N4 116.4(3), N5-C20-N6 119.2(3), N2-Li1-N3 101.4(3), N2-Li1-N4
142.8(3), N3-Li1-N4 62.82(18), N1-Li2-N4 1109(3), N1-Li2-N5 115.5(3), N4-Li2-N5
129.7(3), N1-Li3-N2 62.45(18), N1-Li3-N3 100.8(2), N1-Li3-N6 1069(3), N2-Li3-N3
97.6(2), N2-Li3-N6 147.1(3), N3-Li3-N6 115.2(3).

4. Experimental
4.1. Synthesis

All syntheses were performed using the standard Schlenk
techniques under an inert argon atmosphere. All solvents, n-
butyllithium, trimethylsilyl chloride, starting nitriles and anilines
were purchased from commercial sources (Sigma-Aldrich and
VUOS, a. s. Pardubice-Rybitvi). Solvents were dried with the help of
solvent purification system PureSolv MD 7 supplied by Innovative
Technology, Inc., degassed and then stored under an argon atmo-
sphere over potassium mirror. Single crystals suitable for X-ray
analyses were obtained under argon from corresponding saturated
solutions of products in Et;O or THF cooled to —30 °C. Melting
points were measured in an inert perfluoroalkylether and were
uncorrected. THF-dg as a solvent for NMR spectroscopy was
distilled, degassed and stored over a potassium mirror under an
argon atmosphere.

4.1.1. General method for preparation of asymmetric amidinates

To a solution of appropriate amine in hexane at —50 °C, the
hexane solution of n-BuLi was added and the reaction mixture was
slowly warmed to the room temperature providing a suspension.
Into the suspension of prepared amide, the appropriate amount of
trimethylsilylchloride was added. Reaction mixtures were stirred
overnight, then filtered and the filtrate was treated with solution of
n-BuLi in hexanes. The precipitate was filtered off, washed with
hexane and dried in vacuo. Prepared trimethylsilyl-substituted
amide was dissolved in THF and appropriate nitrile was slowly
added at —50 °C. After the reaction was completed (monitored by
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"H and '>C NMR spectroscopy), THF was removed in vacuo, product
was washed with hexane and crystallized from THF or Et;0.

4.1.1.1. Synthesis of 1 ([PhNC(Ph)NSiMes3)LiOEty]»). 2.516 g of
PhN(SiMe3)Li (14.7 mmol) was dissolved in 80 ml of THE To this
solution 1.50 ml (14.7 mmol) of benzonitrile was slowly added.
4.108 g (67%) of white powder was obtained. 'H NMR (ppm, THF-
d8) é: 7.03 (m, 5H); 6.73 (dd, 2H); 6.39 (m, 3H); —0.27 (s, 9H). 1°C
{'H} NMR (ppm, THF-d8) &: 173.5 (C3™idinatey, 1540 (C1'); 1442
(C1); 128.4 (C2'); 1279 (C2); 127.7(C3); 126.6 (C4); 124.2 (C3');
118.2 (C4'); 3.0 (CSi 'Jsi-c = 56.6 Hz). "Li{'H} NMR (ppm, THF-d8) é:
1.48. Elemental analysis (%): found for C4oHsgLi;N405Si; - C(68.9),
H(8.6), N(7.9); calculated C(68.93), H(8.39), N(8.04). M. p. 103 °C,
decomposition at 158 °C.

4.1.1.2. Synthesis of 2 (DmpNC(Ph)NSiMe3)Li.THFz2). 2.404 g of
DmpN(SiMes)Li (12.1 mmol) was dissolved in 80 ml of THF and
mixed with 1.26 ml (12.3 mmol) of benzonitrile. 4.110 g (76%) of
white powder was obtained. H NMR (ppm, THF-d8) é: 7.02 (d, C2H,
2H); 6.93 (m, C(2,3)H, 3H); 6.61 (d, C3'H, 2H); 6.38 (t, C4'H, 1H);
2.09 (s, C3'H, 6H); —0.27 (s, SiCH, 9H). *C{'H} NMR (ppm, THF-d8)
8: 172.4 (Camidinatey. 157 0 (C1'); 144.9 (C1); 130.9 (C2'); 127.4(C2);
127.08(C3'); 127.07(C3); 126.5 (C4); 120.0 (C4’); 19.6 (C5'); 3.2 (SiC
'lsi.c = 60.6 Hz). "Li{"H} NMR (ppm, THF-d8) 6: —0.34. Elemental
analysis (%): found for CasH39LiN202Si - C(70.2), H(8.9), N(6.3);
calculated C(69.92), H(8.80), N(6.27).

4.1.1.3. Synthesis of 3 (DippNC(Ph)NSiMes)LiTHF,). 3.061 g of
DippN(SiMe3)Li (12 mmol) was dissolved in 80 ml of THF. To this
solution 1.23 ml (12 mmol) of benzonitrile was slowly added. Yield
3.170 g (53%) of white powder was obtained. '"H NMR (ppm, THF-
d8) 4: 6.95 (m, C2H C3H, 4H); 6.90 (t, C4H, 1H); 6.69 (d, C3'H,
2H); 6.56 (t, C4'H, 1H); 3.40 (m, C5'H, 2H); 1.02 (d, C6’H, 6H) 1.00 (d,
C6'H, 6H); —0.26 (s, SiCH, 9H). *C{'H} NMR (ppm, THF-d8) 6: 172.3
(Camidinatey; 1488 (C1'); 144.0 (C1); 1413 (C2'); 127.8(C2); 127.1
(C3); 126.4 (C4); 122.2 (C3'); 121.2 (C4'); 283 (C5'); 22.7 (C6'); 3.3
(SiC !Jsi.c = 55.5 Hz). 7Li{"H} NMR (ppm, THF-d8) 6: 1.55. Elemental
analysis (%): found for C3gHs7LiN20,Si - C(71.8), H(9.5), N(5.5);
calculated C(71.67), H(9.42), N(5.57). M. p. 142 °C (decomposed).

4.1.1.4. Synthesis of 4 and 4a. 1.6 ml (15.30 mmol) of valeronitrile
was added to the solution of PhN(SiMe3)Li (2.625 g, 15.3 mmol) in
80 ml of THE After the vacuo removal of solvent, the residue was
washed by hexane and toluene, and afterwards crystallized from
THF at —20 °C. Two types of crystals were obtained (1.283 g), both
with melting points below 5 °C, identified by XRD techniques as
blocks of 4 and lumps of 4a. All NMR spectra of both complexes in
THF reveal a mixture of several compounds.

4.1.1.5. Synthesis of 5 (DmpNC(n-Bu)NSiMe3)LiTHF2). 2.592 g of
DmpN(SiMes)Li (13 mmol) was dissolved in 80 ml of THF and
mixed with 1.36 ml (13 mmol) of valeronitrile. 1.598 g (29%) of pale
red oil was obtained. '"H NMR (ppm, THF-d8) d: 6.81 (d, C3'H, 2H);
6.54 (t, C4'H, 1H); 2.05 (s, C5’H, 6H); 1.93 (m, CaH, 2H); 1.30
(quintet, Cp, 2H); 1.07 (sext, CyH, 2H); 0.67 (t, C8H, 3H); 0.02 (s,
SiCH, 9H). >C{'H} NMR (ppm, THF-d8) 6: 174.4 (C3™idinatey, 157 8
(C1’); 131.1(C2'); 128.1 (C3'); 120.2 (C4'); 36.5 (Ca.); 31.5 (CB); 24.2
(Cy); 19.6 (C5'); 14.4 (C3); 4.0 (SiC; "Jsic = 54.9 Hz). "Li{'H} NMR
(ppm, THF-d8) é: 0.80. Elemental analysis (%): found for C24Ha3Li-
N205Si - C(67.7), H(10.3), N(6.4); calculated C(67.56), H(10.16),
N(6.57).

4.1.1.6. Synthesis of 6. 3.230 g of DippN(SiMe3)Li (12.6 mmol) was
dissolved in 80 ml of THF. To this solution was slowly added 1.32 ml
(12.6 mmol) of valeronitrile. 5.411 g (87%) of white powder was

obtained. '"H NMR (ppm, THF-d8) 6: 6.88 (d, C3'H, 2H); 6.72 (t, C4'H,
1H); 3.24 (m, C5'H, 2H); 1.96 (m, CoH, 2H); 1.32 (m, CB, 2H); 1.18 (d,
C6'H, 6H); 1.05 (m, CyH, 2H); 0.99 (d, C6'H, 6H); 0.66 (t, C3H, 3H);
0.02 (s, SiCH, 9H). "*C{"H} NMR (ppm, THF-d8) é: 174.6 (C?); 149.3
(C1"); 141.2(C2"); 122.5 (C3'); 120.9 (C4'); 36.0 (Ca.); 30.9 (CP); 28.2
(C5'); 23.9 (Cy); 22.8 (C6'); 14.0 (Cd); 3.7 (SiC; 'Jsic = 555 Hz). "Li
{'"H} NMR (ppm, THF-d8) : 1.37. Elemental analysis (%): found for
CogHs5LiN2O,Si - C(69.8), H(10.7), N(5.6); calculated C(69.66),
H(10.65), N(5.80). M. p. 202-206 °C.

4.1.1.7. Synthesis of adduct 7. 1.42 ml (12.9 mmol) of 2,2-dime-
thylpropanenitrile was mixed with 2.560 g of DmpN(SiMes)Li
(12.9 mmol) in 60 ml of hexane. Several colorless crystals were
obtained after three days - m.p. 97-101 °C. When 7 is dissolved in
THF-dg, only starting compounds were identified.

4.2. NMR spectroscopy

The NMR spectra were recorded from solutions in THF-d8 on a
Bruker Ascend™ 500 spectrometer (equipped with Z-gradient
5 mm Prodigy cryoprobe) at frequencies 'H (500.13 MHz), *C{'H}
(125.76 MHz) and ’Li{'H} (194.37 MHz) at 295 K. The solutions
were obtained by dissolving of approximately 5-20 mg of each
compound in 0.6 ml of deuterated solvent. The values of 'H
chemical shifts were calibrated to residual signals of THF-d8
(6('"H) = 3.58 ppm). The values of 3¢ chemical shifts were cali-
brated to signal of THF-d8 (6(*C) = 67.57 ppm). The ’Li chemical
shift values are referred to external 1 M solution of LiCl in D,0O
(6(’Li) = 0.0 ppm).

4.3. Crystallography

The X-ray data (Tables S1 and S2) for colorless crystals of 1, 3, 4,
4a, 6 and 7 were obtained at 150 K using Oxford Cryostream low-
temperature device on a Nonius KappaCCD diffractometer with
MoK, radiation (A = 0.71073 A), a graphite monochromator, and the
¢ and 7 scan mode. Data reductions were performed with DENZO-
SMN [20]. The absorption was corrected by integration methods
[21]. Structures were solved by direct methods (Sir92) [22] and
refined by full matrix least-square based on F (SHELXL-97,
SHELXL2014 or Olex2) [23]. The absorption was corrected by inte-
gration or multi-scan methods or SADABS [21]. Hydrogen atoms
were mostly localized on a difference Fourier map, however to
ensure uniformity of the treatment of the crystal, all hydrogen
atoms were recalculated into idealized positions (riding model) and
assigned temperature factors Hiso(H) = 1.2 Ueg(pivot atom) or of
1.5Ueq for the methyl moiety with C-H = 0.96, 0.97, 0.98 and 093 A
for methyl, methylene, methine and hydrogen atoms in aromatic
rings, respectively The dynamic disorders of coordinated solvents
(Etz0 or THF) as well as of the n-butyl group and parts of Dipp
moieties were treated by standard methods [23]. Crystallographic
data for structural analysis have been deposited with the Cam-
bridge Crystallographic Data Centre. Copies of this information may
be obtained free of charge from The Director, CCDC, 12 Union Road,
Cambridge CB2 1EY, UK (fax: +44-1223-336033; e-mail: deposit@
ccdc.cam.ac.uk or www: http://www.ccdc.cam.ac.uk). CCDC depo-
sition numbers 1437492-1437497.

4.4. Elemental analysis
The compositional analyses were determined under an inert

atmosphere of argon on the automatic analyzer EA 1108 by FISONS
Instruments.
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N Y tric lithium nitriloamidinate complexes of composition 3- or 4-(N=C)CgH4[C(NSiMes)(NAr)]
Li(D), where Ar is phenyl, 2,6-(CH;),C¢H3 (Dmp) or 2,6-[(CH3),CH]>CgH3 (Dipp); D means coordinated
solvent - THF or diethylether and n = 1 or 2, were prepared from 1,3- or 14-dicyanobenzene and one
molar equivalent of appropriate trimethylsilylated lithium amide. Di ric dilithium bisamidinate
complexes of 1, 3- or 1, 4-{[(NSiMe3)(NAr)C]Li(D)n}2C6Ha type were prepared by the same procedure
using two molar equivalents of lithium amides. When the isolated lithium nitriloamidinate complexes
were reacted with lithium amide of another type, ric dilithium bisamidinates 3- or 4-{[(NSi-
Mes3)(NAr)C]Li(D)n {{[(NSiMes )(NAr')C]Li(D)n}CsHa were obtained and characterized. The reaction period
for essentially quantitative conversion of the starting material to desired bisamidinates is strongly
dependent on the substitution pattern of parent lithium amides as well as the dinitrile going from hours
to more than forty days in the case of Dipp-substituted amide and 1,3-dicyanobenzene combination. In
the solid state, complexes bearing less bulky substituent - phenyl - tend to aggregate to dinuclear species
for lithium nitriloamidinates or linear polymers for bisamidinates. Presence of more sterically
demanding substituents directed the structure of prepared compounds to mononuclear species with
isobidentate bonding fashion of amidinates and two molecules of solvent being extra-coordinated to the
lithium atom. For all lithium amidinates prepared, the central lithium atom has distorted tetrahedral
coordination geometry with ligands being in an anisobidenate or bidentate-bridging bonding fashion.
© 2017 Elsevier B.V. All rights reserved.

1. Introduction

Organometallic and coordination polymers known as metal-

Recently, we along with others [4], reported an easy reaction
pathway to non-symmetric lithium amidinates from lithium am-
ides and various nitriles. Products of these reactions, lithium ami-

organic frameworks (MOFs) tend to be self-contained area of
chemistry dealing with structure and applications as for example
gas storage and catalysis [1]. In the area of such polymers con-
taining two or more different metals - heterometallic MOFs [2] -
with suggested synergic effect in various catalytically driven
transformations as already reviewed for molecular complexes by
Braunstein [3] the number of reports is still much lower. For syn-
thesis and successful applications of these heterometallic MOFs, the
presence of two different ligand moieties of diverse donating
character (a hybrid ligand ) connected by a spacer is a prerequisite.

* Corresponding author.
E-mail address: ales.ruzicka@upce.cz (A. Ruzicka).

http://dx.doi.org/10.1016/j.jorganchem.2017.09.008
0022-328X/© 2017 Elsevier B.V. All rights reserved.

dinates (Fig. 1 A), are generally taken as almost exclusive precursors
for synthesis of metal amidinates with interesting properties and
applications known for almost all metals across the Periodic table
[5—8]. In this particular work, we report on the reactivity of various
lithium amides with 1,3- or 1,4-dicyanobenzene giving dilithium
bisamidinates with variable steric hindrance or providing lithium
nitrilo-amidinates which could be used as hybrid ligands. The co-
ordination chemistry and applications of compounds containing a
nitrile ligand(s) as a soft neutral donor is reflected mainly in their
use as starting complexes for synthesis of coordination compounds
in water, application in homogenous catalysis or anchoring of
metals to solid support [9]. In the family of amidinate ligands,
unlike for groups containing two or more donor moieties as for
example bis- up to oligocarbene [10] or other spectator ligands
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which are frequently studied as chelating ones for stabilization of
low oxidation state of metals [11] or hosting two or more metals
[12], the chemistry of metal bisamidinates is almost limited to
several examples which were prepared mostly from o,-carbodii-
mides [13] and a couple of a higher aggregation products, oligoa-
nionic and heterobimetallic species or co-crystals [14-19].
Amidinate units are usually interconnected by an aliphatic or silyl
spacer (Fig. 1) having both bridging or chelating bonding fashion.

In this paper we introduce a toolkit - sets of non-symmetric
lithium nitriloamidinate, disymmetric dilithium bisamidinate and
asymmetric dilithium bisamidinate complexes - applicable for
synthesis of various oligometallic complexes or coordination
polymers.

2. Results and discussion
2.1. Synthesis

The synthesis of lithium amidinates [4] can be achieved mostly
by: i) the deprotonation of amidine by a base, or ii) an addition of
alkyl- or aryllithium compounds to a cumulated unsaturated sys-
tem of carbodiimides. Less pronounced reaction pathway leading to
non-symmetric lithium amidinates seems to be an addition of tri-
methylsilylated lithium amide to the triple bond of nitrile with
subsequent migration of the trimethysilyl group[4b-40]. In our
study, all the lithium nitriloamidinates 2—5 and dilithium bisami-
dinates 6—16, are air and moisture sensitive white solids which
were prepared according to Fig. 2 from appropriate trimethylsily-
lated lithium anilide and 1, 3- or 1, 4-dicyanobenzene by the
addition of appropriate amide to the nitrile function with subse-
quent migration of trimethylsilyl group in moderate to excellent
yields (complete conversion, isolated yields of single crystalline
material - 40—90%). In order to complete the conversion of the
starting dinitriles, especially in cases of reactions with sterically
crowded lithium amides, significant prolongation of reaction times
is necessary. In the Table 1, time necessary to complete reactions is
presented, where the clear match between the steric bulk of the
amide substituent and the type of dinitrile used is recognized. For
example, when the amide with the smallest substituent - Ph - is
reacted with the 1, 4-dicyanobenzene the time necessary for

complete conversion to lithium nitriloamidinate is almost negli-
gible, for completing the reaction of the same reactants in a stoi-
chiometric ratio 2:1, about four hours are needed for essentially
quantitative yield of 9. The reaction of phenyl substituted lithium
amide with 1, 3-dicyanobenzene in 2:1 ratio demands about 12 h
for formation of 6 because of less space around the nitrile function
in the case of meta substitution. The total extreme is the synthesis
of meta-substituted dilithium bisamidinate 8 containing the most
sterically demanding Dipp groups where the reaction time is more
than 40 days. Similarly as for reactions of benzonitrile and valer-
onitrile described recently [40], reactions should proceed at room
temperature or below because decomposition of starting lithium
amides in coordinating solvents at elevated temperature (>30 °C).
The conversion to desired products is also not observed in non-
coordinating solvents or with other silyl- or germyl substituted
lithium amide. The use of smallest lithium anilide in the series,
(phenyl substituted), led to relatively fast and complete
conversion of starting dinitriles, but presumably differently
solvated higher nuclearity species were formed in the solution
which is in line with our previous observations of equilibrium of
mono-to oligomeric complexes in solution and in the solid state
for lithium amidinates bearing small peripheral substituents. Slow
reaction progress detected for bulkier amides led us to the idea to
isolate lithium nitriloamidinates as potential hybrid ligands. To the
best of our knowledge, there is about 75 nitriloamidines [20] a
potential precursors for nitriloamidinates prepared by various
condensation reactions together with two in situ prepared lithium
nitriloamidinates[4l, 4p| reported in the literature, but no spec-
troscopic or structural characterization of these or related com-
plexes is known. Surprisingly all the lithium nitriloamidinates 2—5
were crystallized in a very pure form from reactions of dinitriles
with one equivalent of appropriate lithium anilide containing
bulkier groups as Dmp or Dipp (Fig. 2, Path A). In cases of reactions
of phenyl-substituted anilides, only a mixture of species with both
partially and completely reacted nitrile groups is obtained. Due to
this reason, 1 could not be isolated as a pure product. The addition
of two equivalents of lithium anilides (Path B) gave disymmetric
dilithium bisamidinates where the complexes bearing the phenyl
group (6 and 9) reveal only a limited solubility in solvents used
because of aggregation (vide infra). When the path C is followed,
starting from lithium nitriloamidinates with Dmp or Dipp and
another molar equivalent of the lithium anilide containing different
substituent, one can isolate asymmetric dilithium bisamidinates
13-16.

2.2. NMR spectroscopic studies in solution

The progress of reactions performed was monitored along with
purity as well as structure of prepared compounds by the multi-
nuclear NMR spectroscopic approach ('H, ”Li, and '*C) in saturated
THF-dg solutions and for insoluble complex 9 by solid state ’Li, and
13C CP-MAS NMR spectroscopy. The "H NMR spectra of all com-
plexes, except for insoluble 9 and the rest of complexes containing
phenyl substituent (6 and 9) which allows an aggregation, reveal
one set of relatively sharp signals suggesting isobidentate bonding
mode of the amidinato ligands in solution [4a]. In the case of
asymmetric dilithium bisamidinates, one set of well resolved sig-
nals is attributed to each geometrically independent part of
molecule.

The reaction progress is in >C NMR spectra mainly reflected by
changes of chemical shifts for atoms directly involved in the
structural transformations - carbon of the nitrile group and central
atom of the amidinate groups. Starting from dinitriles where the
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16: p-, R = Dipp, R'=Dmp, D = THF

Fig. 2. Reaction routes to compounds 1-16.

Table 1
Duration of reactions for complete conversion of starting material.”

Substituent reaction time"/product

Isomer*/Stoichiometry” Ph Dmp Dipp
m-{1:1 -1 242 24/3
p-I1:1 12/4 12/5
m-2:1 12/6 247 1008/8
p-j2:1 4/9 12/10 2411

 Monitored by 'H and'*C NMR spectroscopy - based on integration of aliphatic
groups in 'H and/or quantitative’>C NMR spectra for signal of unreacted nitrile
group.

Y [hours].

© Starting dinitrile.

9 Starting lithium amide to dinitrile ratio.

C=N groups resonate at 114.7 ppm [21] the rise of a new signal at
~170 ppm is recognized upon addition of one equivalent of
appropriate lithium amide attributed to the central signal of the
amidinate group of lithium nitriloamidinates 2—5. At the same
time, slight upfield shift of the second unreacted nitrile group to
112 ppm is observed. When the second equivalent of lithium amide
is added, signals of the central carbon atoms of bisamidinates 6—16
resonate in the expected [4a] range of 172.5—174 ppm. For asym-
metric dilithium bisamidinates 12—16 two well distinguished sig-
nals were found for each central carbon atom of amidinate units.
The chemical shifts in nearly all ’Li NMR spectra are observed in
the range of 1-1.5 ppm. The exceptions are meta-substituted

P e
R?=N7 SN-R?
RZ—=N X

3 % et
JONTRY ppii LieD
[{L\) Y

A R! B

Fig. 3. Most frequent structural motifs of lithium amidinates.

dilithium complexes 6 and 8 for which resonances were found
at —0.5 ppm.

2.3. Solid state studies

When the peripheral group of the amidinate ligand is suffi-
ciently bulky, as for example Dipp, the structural arrangement of
lithium amidinates in the solid state leads to the formation of
mononuclear species (Fig. 3A) [4d,4f,22] with nearly isobidentate
bonding fashion of the amidinate ligand. The coordination geom-
etry of the central lithium atom can be described as a distorted
tetrahedral where the deviations from the ideal shape are strongly
dependent on the presence of adjacent donor atom or chelating
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Fig. 4. Molecular structure (ORTEP 50% probability level) of 3, hydrogen atoms are
omitted for clarity. Selected interatomic distances [A] and angles [°]: C1-Li1 2.348(3),
N1-Li1 2.043(3), N2-Li1 2.021(3), N1-C1 1.3209(17), N2-C1 1.3246(17); N2-Li1-N1
68.24(9), N1-C1-N2 119.02(12).

groups (Et;0, THF, TMEDA, etc.). The second, nearly equally popu-
lated structural group of lithium amidinates, are the dinuclear
centrosymmetric complexes (Fig. 3B) [4a, 4f, 4h, 21b, 23] where the
bridging character of one of the nitrogen atoms is pronounced.

In this respect, the prepared lithium nitrilo amidinates (3 and 5,
Figs. 4 and 5) and dilithium bisamidinates (8, 11, and 16 - Figs. 6-9
and 8a, 10 and 11a - Figs. S3-55) crystallize exclusively in the form
of complexes where one amidinate group is able to coordinate one
lithium atom in nearly isobidentate bond fashion and the coordi-
nation polyhedra is completed by two diethylether or tetrahydro-
furan molecules.

The lithium nitriloamidinate complexes 3 and 5 reveal similar
arrangement and interatomic distances of the nitrile group to
parent dinitriles. Non-negligible changes of geometries of
mentioned compounds can be seen in slightly different orientation
of each of amidinate groups and phenyl ring, where nitriloamidi-
nate complexes reveal almost perpendicular orientation of both
planes, while in the most sterically hindered meta-substituted

Fig. 5. Molecular structure (ORTEP 40% probability level) of 5, hydrogen and second
positions of disordered atoms are omitted for clarity. Selected interatomic distances [A]
and angles [°]: Li1-C4 2.375(4), Lil-N12.052(5), Li1-N2 2.056(4), N1-C4 1.326(3), N2-
C4 1316(3); N1-Li1-N2 67.46(14), N2-C4-N1 119.4(2).

bisamidinate complex 8 these interplanar angles are sharpened by
~25° similarly to para-substituted bisamidinates. In all the bisa-
midinates, mutual anti-orientation of the silyl groups is found. The
structure of asymmetric complex 16 reveals almost the same
structure as the rest of para-substituted bisamidinates 10 and 11.
When compared with the literature data, all these complexes
containing isobidentate amidinate ligands are structurally similar
to previously reported non-symmetric lithium amidinates pre-
pared from the same series of silylated lithium amides and ben-
zonitrile [40], mononuclear lithium n-butylamidinate containing
two Dipp groups [4a,4b] or lithium phenylamidinate with one tri-
methylsilyl and Dipp groups [24].

On the other hand, the arrangement with bidentate-bridging
amidinate ligand providing thus the polymeric array is detected
only for the complex 9 (Fig. 7) which is comparable with reported
trimethylsilyl-substituted centrosymmetric dimeric complexes of
Lappert [25] and a couple of other complexes bearing smaller pe-
ripheral substituents [4b, 40].

Complex 9 reveals very close structure to these non-symmetric
lithium amidinates reflected in similar interatomic distances and
angles (Fig. 7). The common aspects of such arrangements are
represented mainly by heavily distorted tetrahedral coordination
geometries of the lithium atoms, with N-Li-N angles about 66°. The
Li-Li distance (2.473(3)A) is in line with the same type of parameter
established for these compounds (~2.42 A) [4a]. The degree of
conjugation within the amidinate moiety reflected in separations of
the carbon and nitrogen atoms within the amidinate unit is also
lower than in symmetrical lithium amidinates and the rest of
lithium amidinates revealing the isobidentate bonding mode of the
ligand. The coplanar arrangement of amidinate NCN planes in 9 is in
good agreement with the geometry of the rest of respective mol-
ecules reported in the literature. The separation of neighboring
NCN planes which is dependent on the steric repulsion of the
substituents and flexibility of ligand in 9 is 1.108(3)A. This value is
much higher than in similar dimeric lithium amidinates (0.397(3)A
[4°], 0.471 A for [n-BuC(NCy);Li(THF)]> [23c] or 0.652(3) A for [n-
BuC(N-iPr),Li( Et;0)], [4a]).

3. Conclusions

In summary, three types of lithium amidinates have been pre-
pared and structurally characterized both in solution and solid
state. The first type of complexes are lithium nitriloamidinates of
various composition from which the mononuclear complexes were
isolated. When the second equivalent of the trimethylsilyl-
substituted lithium anilide is reacted with the first type of com-
plexes, the dinuclear complexes of the disymmetric or asymmetric
type of amidinates are obtained. All the complexes bearing the
peripheral groups of sufficient steric bulkiness were identified as
mononuclear (or dinuclear for dilithium bisamidinate complexes)
with ligands bound in the isobidentate fashion, while a lower steric
demands of phenyl substituents permits the formation of centro-
symmetric dimers, with bidentate amidinate unit and four-
coordinated lithium atom, which in the set of studied compounds
lead to the formation of polymeric chains. It is believed this paper
will promote a quest for various types of complexes with polymeric
chain or network structures containing bisamidinate or the com-
bination of nitrile-amidinate ligands.

4. Experimental
4.1. Synthesis

All syntheses were performed using the standard Schlenk
techniques under an inert argon atmosphere. All solvents, n-
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c41 C40

c42

Fig. 6. Molecular structure (ORTEP 30% probability level) of 8, hydrogen and second positions of disordered atoms are omitted for clarity as well as the second independent
molecule. Selected interatomic distances [A] and angles [¢] (for the second independent molecule in parenthesis): C1-Lil 2.368(8), C23-Li2 2.358(8), (C55-Li3 2.374(8)), N1-Li1
2.037(8), N2-Li1 2.052(9), N3-Li2 2.044(8), N4-Li2 2.024(9), (N5-Li3 2.053(8), N6-Li3 2.030(8)), N1-C1 1.324(5), N2-C11.332(6), N3-C23 1.325(5), Nd-C23 1.330(5), (N5-C55 1.326(5),
C55-N6 1.328(5)); N1-Li1-N2 67.9(3), N4-Li2-N3 68.1(3), (N6-Li3-N5 67.8(3)), N1-C1-N2 118.7(4), N3-C23-N4 118.2(4), (N5-C55-N6 1182(3)).

Fig. 7. Molecular structure (ORTEP 50% probability level) of 9, hydrogen and disordered atoms are omitted and the i

butyllithium, trimethylsilyl chloride, starting dinitriles and anilines
were purchased from commercial sources (Sigma-Aldrich and
VUOS, a. s. Pardubice-Rybitvi). Solvents were dried with the help of
solvent purification system PureSolv MD 7 supplied by Innovative
Technology, Inc., degassed and then stored under an argon atmo-
sphere over a potassium mirror. Single crystals suitable for X-ray
analyses were obtained under argon from corresponding saturated
solutions of products in Et20 or THF cooled to —30 °C. Melting
points were measured in an inert perfluoroalkylether and are un-
corrected. THF-dg as a solvent for NMR spectroscopy was distilled,
degassed and stored over a potassium mirror under an argon
atmosphere.

4.1.1. General method for the preparation of lithium amidinates

To a solution of appropriate amine in hexane at —50 °C, the
hexane solution of n-BuLi was added and the reaction mixture was
slowly warmed to the room temperature providing a suspension.

part of the
Selected interatomic distances [A] and angles [*}: N1-Li1 2.000(3), N2-Li1 2.171(3), N2a-Li1 2.058(3), C1-Li1 2.423(3), N1-C11.319(2), N2-C11.343(2); N1-Li1-N2 66.00(9), N1-Lil-
N2a 119.50(14), N1-C1-N2 117.60(13).

ic chain is shown for clarity.

Into the suspension of prepared amide, the appropriate amount of
trimethylsilyl chloride was added. Reaction mixtures were stirred
overnight, then filtered and the filtrate was treated with solution of
n-BuLi in hexanes. The precipitate was filtered off, washed with
hexane and dried in vacuo. Prepared trimethylsilyl-substituted
amide was dissolved in THF and appropriate dinitrile in THF was
slowly added at —50 °C. The reaction mixture was allowed to warm
to room temperature. After the reaction was completed (monitored
by 'H and C NMR spectroscopy), THF was removed in vacuo,
product was washed with hexane and crystallized from THF or
Et;0.

4.1.2. Synthesis of 2 ({3-(N=C)CsH4C(NDmp )(NSiMe3)}Li-THF>)
3.352 g of DmpN(SiMej3)Li (18.82 mmol) was dissolved in 80 ml
of THF and a saturated solution of 1,3-dicyanobenzene (2.155 g,
16.82 mmol) in THF was added dropwise at —50 °C. 5.4 g (61%) of
white powder was obtained. 'H NMR (ppm, THF-d8) é: 7.35 (s, H2,
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Fig. 8. Molecular structure (ORTEP 40% probability level) of 11, hydrogen and atoms and THF solvate are omitted for clarity. Selected interatomic distances [A] and angles [*]: N1-Lil
2.026(4), N2-Lil 2.010(4), C1-Li1 2.332(4), N1-C1 1322(3), N2-C1 1.329(3); N2-Li1-N1 68.82(13), N1-C1-N2 118.68(17).

Fig. 9. Molecular structure (ORTEP 40% probability level) of 16, hydrogen and second positions of disordered atoms are omitted for clarity. Selected interatomic distances [A] and
angles [°]: N1-Li1 2.029(5), N2-Li1 2.044(5), N3-Li2 2.024(6), N4-Li2 2.030(6), C1-Li1 2.365(5), C23-Li2 2.351(6), N1-C1 1.319(3), N2-C1 1.332(3), N3-C23 1.326(4), N4-C23 1.331(3);

NI-Li1-N2 67.99(17), N3-Li2-N4 68.50(19), N1-C1-N2 118.4(2), N3-C23-N4 1183(2).

1H), 7.29 (d, H6, 1H), 7.24 (d, H4, 1H), 7.12 (dd, H5, 1H), 6.66 (d, H3’,
2H),6.43 (t, H4', 1H), 2.09 (s, H5’, 6H), —0.26 (s, SiCH3, 9H). 13C NMR
(ppm, THF-d8) 6: 169.8 (C*™4in¢) 1517 (C1/),146.2(C1),131.4 (C6),
131.2 (€2’), 131.0(C5), 130.5 (C2), 128.8 (C4),128.0 (C3), 121.1 (C4'),
119.4 (C3), 1121 (C7), 19.9 (C5'), 3.5 (CSi; 'J(Si, C) = 55.6 Hz). Li
NMR (ppm, THF-d8) 4: 1.46. Elemental analysis (%): found for
Cy7H3gLiN3O,Si - ((68.8), H(8.2), N(8.8), calculated C(68.76),
H(8.12), N(8.91).

4.1.3. Synthesis of 3 ({3-(N=C)CsH4C(NDipp)(NSiMe3)}Li-THFz)
5.845 g of DippN(SiMes)Li (22.89 mmol) was dissolved in 80 ml
of THF and a saturated solution of 1,3-dicyanobenzene (2.932 g,
22.88 mmol) in THF was added dropwise at —50 °C. 7.1 g (59%) of
white powder was obtained. M. p. 76—80 °C. 'H NMR (ppm, THF-
d8) 6: 7.24 (m, ArH, 2H), 7.15 (d, ArH, 1H), 710 (dd, H5, 1H), 6.69
(d, H3',2H), 6.58 (t, H4', 1H), 3.31 (m, H5’, 2H), 1.03 (d, H6', 6H), 0.98

(d, H6', 6H), —0.28 (s, SiCHs, 9H). '*C NMR (ppm, THF-d8) 6: 169.6
(Camidinatey 148 3 (C1/),145.1 (C1), 141.6 (C2'), 131.8 (C6), 131.5 (C5),
1302 (C2),128.5 (C4), 122.6 (C3'), 122.0 (C4’), 119.1 (C3), 112.0 (C7),
28.7(C5'), 25.5 (C6'), 22.62 (C6'), 3.40 (CSi). ’Li NMR (ppm, THF-d8)
6: 1.49. Elemental analysis (%): found for C31H4gLiN30,Si - C(70.6),
H(8.8), N(7.9), calculated C(70.55), H(8.79), N(7.96).

4.14. Synthesis of 4 ({4-(N=C)CsH4C(NDmp)(NSiMe3)}Li-THF>)
2.902 g of DmpN(SiMe3)Li (14.56 mmol) was dissolved in 80 ml
of THF and a saturated solution of 1,4-dicyanobenzene (1.866 g,
14.56 mmol) in THF was added dropwise at —50 °C. 5.25 g (76.5%) of
white powder was obtained. 'H NMR (ppm, THF-d8) é: 7.31 (d, 2H),
715 (d, 2H), 6.65 (d, H3, 2H), 6.43 (t, H4, 1H), 2.08 (s, H5
6H), —027 (s, SiCH3, 9H). >C NMR (ppm, THF-d8) 6: 170.0 (C*™di-
natey 151,5(C1’), 149.7 (C1), 131.2 (C2'), 128.0 (C2, C4), 127.8 (C3),
120.9 (C3'), 119.4 (C4’), 110.8 (C7), 19.8 (C5'), 3.3 (CSi). Li NMR
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(ppm, THF-d8) 4: 1.09. Elemental analysis (%): found for C27H3sLi-
N30,Si - C(69.0), H(8.3), N(8.8), calculated C(68.76), H(8.12),
N(8.91).

4.1.5. Synthesis of 5 ({4-(N=C)CsH4C(Dipp)(NSiMe3)}Li-THF>)

4.39 g of DippN(SiMe3)Li (17.18 mmol) was dissolved in 80 ml of
THF and a saturated solution of 14-dicyanobenzene (2.2 g,
17.18 mmol) in THF was added dropwise at —50 °C. 5.11 g (56%) of
white powder was obtained. M. p. 106—108 °C. 'H NMR (ppm, THF-
d8)d:7.34(d, H2, 2H), 7.08 (d, H3, 2H), 6.71 (d, 3'H, 2H), 6.60 (t,4'H,
1H) 3.34 (m, 5'H, 2H), 1.05 (d, 6'H, 6H), 1.00 (d, 6'H, 6H), —0.26 (s,
SiCH3, 9H). >C NMR (ppm, THF-d8) §: 169.8 (C2™Midinatey 148 5 (C1),
148.0 (C1),141.3 (C2'), 131.2 (€2), 128.3 (C3), 122.3 (C3'), 121.7 (C4'),
119.1 (C4), 110.5 (C7), 28.4 (C5'), 22.4 (C6'), 3.2 (CSi). “Li NMR (ppm,
THF-d8) ¢: 1.21. Elemental analysis (%): found for C3;HygLiN30,Si -
C(70.7), H(8.9), N(7.8), calculated C(70.55), H(8.79), N(7.96).

4.1.6. Synthesis of 6 ({{1, 3-[C(NPh)(NSiMe3)]>CsH4}(Li-THF)2}p)

4.607 g of PhN(SiMe3)Li (26.90 mmol) was dissolved in 80 ml of
THF and a saturated solution of 1,3-dicyanobenzene (1.724 g,
13.46 mmol) in THF was added dropwise at —50 °C. 6.534 g (64%) of
white powder was obtained. H NMR (ppm, THF-d8) é: 7.01 (s, H2,
1H), 6.79 (m, H4-6, 3H), 6.73 (dd, H3’, 4H), 6.35 (t, H4', 2H), 6.25 (d,
H2', 4H), —0.26 (s, SiCHs3, 18H). ®C NMR (ppm, THF-d8) é: 1732
(camidinatey 154 6 (C1'), 143.0 (C(1,3)), 129.1 (C2), 128.5 (C2'), 127.9
(C(4,6)), 126.8 (C5),124.6 (C3'), 118.1 (C4’), 4.0 (CSi). Li NMR (ppm,
THF-d8) 6: —0.47. Elemental analysis (%): found for Cs4HysLis.
N4O5Si; - C(66.6), H(7.9), N(9.0), calculated C(66.42), H(7.87),
N(9.11).

4.1.7. Synthesis of 7 ({1, 3-[C(NDmp)(N'SiMe3)]>CcH4}(Li-THF>)2)

3.71 g of DmpN(SiMej3)Li (18.62 mmol) was dissolved in 80 ml of
THF and a saturated solution of 13-dicyanobenzene (1.193 g,
9.31 mmol) in THF was added dropwise at —50 °C. 6.7 g (92%) of
white powder was obtained. TH NMR (ppm, THF-d8) é: 7.02 (d,
H4,6, 2H), 6.84 (t, H5, 1H), 6.57 (d, H3', 4H), 6.40 (s, H2, 1H), 6.34 (t,
H4', 2H), 1.93 (s, H5', 12H), —0.39 (s, SiCH3, 18H). *C NMR (ppm,
THF-d8) ¢: 172.0 (C2™dinatey 1519 (C1'), 143.0 (C(1,3)), 1305 (C2),
127.7 (C3'), 126.9 (C(4,6)), 126.0 (C2), 125.6 (C5), 119.5 (C4'), 199
(C5'), 3.6 (SiC). "Li NMR (ppm, THF-d8) 4: 1.15. Elemental analysis
(%): found for C46H7,Li2N404Si - C(67.9), H(9.2), N(6.7), calculated
C(67.78), H(8.90), N(6.87).

4.1.8. Synthesis of 8 ({1, 3-[C(NDipp)(NSiMe3)]>CsHa4}(Li-THF>),)
5.015 g of DippN(SiMes)Li (19.64 mmol) was dissolved in 80 ml
of THF and a saturated solution of 1,3-dicyanobenzene (1.258 g,
9.82 mmol) in THF was added dropwise at —50 °C. 3.646 g (40%) of
white powder was obtained. Decomposition at 132 °C. '"H NMR
(ppm, THF-d8) 6: 6.84 (br, H4-6, 3H), 6.66 (d, H3', 4H), 6.50 (t, H4/,
2H), 6.48 (s, H2, 1H), 3.45 (m, H5/, 4H), 1.13 (d, HE’, 12H), 0.95 (d,
H6', 12H), ~0.70 (s, SiCHs, 18H). '*C NMR (ppm, THF-d8) d: 1724
(camidinatey 148 7 (C1’), 143.3 (C(1, 3)), 141.1 (C2), 126.2 (C(4,6)),
125.6 (C5),123.2 (C2),122.6 (C3’), 121.2 (C4'), 28.1 (C5’), 25,5 (CE'),
23.3 (C6'), 3.6 (CSi; 'J(Si, C) = 55.5 Hz). ’Li NMR (ppm, THF-d8)
6: —0.62. Elemental analysis (%): found for Cs4HggLizN4O4Siy -
C(70.0), H(9.7), N(5.9) calculated C(69.94), H(9.56), N(6.04).

4.19. Synthesis of 9 ({1, 4-[C(NCsHg)(NSiMe3)]>CsHy)(Li- THF),)
4.459 g of PhN(SiMe3)Li (26.04 mmol) was dissolved in 80 ml of
THF and a saturated solution of 14-dicyanobenzene (1.668 g,
13.02 mmol) in THF was added dropwise at —50 °C. 6.823 g of white
powder was obtained. Decomposition at 149 °C.'*C NMR (ppm, CP-
MAS, 15 000 Hz, Fig. S2) 8: 174.8 (C*™4in¢) 1513 (C1’), 141.6 (C1),
128.3 (C2, C2'), 1241 (C3'), 118.3 (C4’), 68.8 (THF), 26.0 (THF), 3.1
(SiC). Li NMR (ppm, CP-MAS, 15 000 Hz) 6: —0.66. Elemental

analysis (%): found CsqH4gLioN4O2Siz - C(66.6), H(8.0), N(8.9),
calculated C(66.42), H(7.87), N(9.11).

4.1.10. Synthesis of 10 ({1, 4-[C(NDmp)(NSiMe3)].CsHa}(Li-THF>)5)

3.710 g of DmpN(SiMes)Li (18.62 mmol) was dissolved in 80 ml
of THF and a saturated solution of 14-dicyanobenzene (1.193 g,
9.31 mmol) in THF was added dropwise at —50 °C. 6.702 g (64%) of
white powder was obtained. Decomposition at 112 °C. 'H NMR
(ppm, THF-d8) 6: 6.74 (s, H2, 4H), 6.67 (d, H3', 4H), 6.47 (t, H4', 2H),
2.04 (s, H5', 12H), 0.25 (s, SiCH3, 18H). >C NMR (ppm, THF-d8) é:
172.8 (C2™idinatey 457 1(C1),142.4 (C1), 130.7 (C2'),127.5(C2),125.7
(€3'),119.8 (C4), 19.6 (C5'), 3.5 (CSi). ’Li NMR (ppm, THF-d8) 6: 1.51.
Elemental analysis (%): found for C46H7,LioN404Si - C(67.9), H(9.2),
N(6.7), calculated C(67.78), H(8.90), N(6.87).

4.1.11. Synthesis of 11 ({1, 4-[C(NDipp )(NSiMe3)]2CsHa}(Li-THF2)2)
6.879 g of DippN(SiMe3)Li (26.93 mmol) was dissolved in 80 ml
of THF and a saturated solution of 1,4-dicyanobenzene (1.726 g,
13.47 mmol) in THF was added dropwise at —50 °C. 6.76 g (54%) of
white powder was obtained. M. p. for 11 201-207 °C, for 11a
decomposition at 95 °C. "H NMR (ppm, THF-d8) 6: 6.64 (s, H2, 4H),
6.60 (d, H3', 4H), 6,51 (t, H4', 2H), 3.29 (m, H5', 4H), 0.93 (d, HE',
24H), —0.37 (s, SiCH3, 18H). *C NMR (ppm, THF-d8) ¢: 172.9
(camidinatey 148 9 (C17), 141.6 (C(1)), 141.0 (C2'), 125.9 (C2), 122.2
(C3),121.2(C4’), 28.3(C5’),22.6(C6'), 3.6 (CSi). LiNMR (ppm, THF-
d8) 4: 1.27. Elemental analysis (%): found for CsqHggLioN4O4Si> -
C(70.2), H(9.7), N(5.9), calculated C(69.94), H(9.56), N(6.04).

4.1.12. Synthesis of 12 ({1-[((NPh)(N'SiMe3)]-3-
[C(NDipp )(N'SiMes)]CsHa}(Li-THF2)2)

3.735 g of 3 (7.08 mmol) was dissolved in 40 ml of THF and a
saturated solution of PhN(SiMej3)Li (1.212 g, 7.08 mmol) in THF was
added dropwise at —50 °C. 4.27 g (72%) of white powder was ob-
tained.'H NMR (ppm, THF-d8) 6: 7.24 (d, H6, 1H), 6.77 (m, ArH, 4H),
6.59 (m, ArH, 3H), 6.46 (d, H4, 1H), 6.27 (t, H4”, 1H), 5.75 (d, H2,
2H), 3.40 (m, H5”, 2H), 1.05 (d, H6", 3H), 0.99 (d, H6", 9H), —0.18 (s,
SiCHs, 9H), —0.30 (s, SiCHs, 9H). 3C NMR (ppm, THF-d8) é: 173.8
(Camidinatey 1716 (Camidinatey 153 9 (C1), 149.1 (C1”), 142.1 (C3),
142.0 (C1),141.0 (C2"),128.6 (C2),128.0 (C3'), 127.6 (C4),126.6 (C6),
125.9 (C5), 124.1 (C2'), 122.5 (C3”), 120.9 (C4”), 117.5 (C4'), 28.2
(€5"), 25.2 (C6"), 23.2 (C6"), 4.1 (CSi), 3.5 (CSi). “Li NMR (ppm, THF-
d8) 6: 1.53, 1.41. Elemental analysis (%): found for C4sH76LizN4O4Siz
- C(68.5), H(9.2), N(6.4), calculated C(68.37), H(9.08), N(6.64).

4.1.13. Synthesis of 13 ({3-[C(NDmp)(NSiMe3)]-1-
[C(NDipp )(NSiMe3)|CgH}(Li- THF2);)

2.389 g of 3 (4.53 mmol) was dissolved in 40 ml of THF and a
saturated solution of DmpN(SiMe3)Li (0.902 g, 4.53 mmol) in THF
was added dropwise at —50 °C. 3.015 g (76%) of white powder was
obtained. 'H NMR (ppm, THF-d8) é: 6.99 (d, H6, 1H), 6.72 (dd, H5,
1H), 6.66 (d, H3”,1H, H3"), 6.62 (s, H2, 4, 2H), 6.53 (t, H4”,1H), 6.46
(d, H3', 2H), 6.26 (t, H4', 1H), 3.35 (m, H5', 2H), 1.76 (s, H5", 6H), 0.94
(dd, H6', 12H), —0.44 (s, SiCH3, 9H), —0.46 (s, SiCH3, 9H). *C NMR
(ppm, THF-d8) 6: 172.6 (C3™dinate) 1719 (camidinatey 1518 (C1/),
1485 (C1”), 143.3 (C3), 142.8 (C1), 140.7 (C2”), 130.8 (C2’), 127.5
(€3'),127.3 (C2), 125.7 (C4), 125.6 (C6), 125.4 (C5), 122.6 (C3"), 120.9
(C4”), 119.7 (C4’), 28.1 (C5"), 25.4 (C6”), 23.4 (C6”), 19.7 (C5'), 3.6
(CSi), 3.5 (CSi). 7Li NMR (ppm, THF-d8) é: 1.46. Elemental analysis
(%): found for CsoHgoLizN4O4Siz - C(69.1), H(9.4), N(6.4), calculated
(C(68.93), H(9.26), N(6.43).

4.1.14. Synthesis of 14 ({4-[C(NPh)(NSiMe3)]-1-[C(NDmp)(NSiMe3)]
CeHa}(Li-THF)2)

4.805 g of 4 (10.21 mmol) was dissolved in 40 ml of THF and a
saturated solution of PhN(SiMe3)Li (1.75 g, 10.21 mmol) in THF was
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added dropwise at —50 °C. 4.274 g (53%) of white powder was
obtained. "H NMR (ppm, THF-d8) é: 6.80 (d, H2, 2H), 6.67 (m, H3,
H3',4H), 6.58 (d, H3”, 2H), 6.34 (m, H4', H4”, 2H), 6.23 (d, H2', 2H),
1.99 (s, H5”, 6H), —0.26 (s, SiCH3, 9H), —0.40 (s, SiCH3, 9H). *C NMR
(ppm, THF-d8) 4: 174.3 (C2™idinatey 1758 (C ), 154.1 (C1),
1253 (C1”), 143.0 (C4), 142.2 (C1), 131.0 (C2"), 129.7 (C2’), 128.3
(€3'),127.9(C3"),127.1 (€3, 5),126.9(C2, 6), 1244 (C4'), 120.2 (C4"),
20.0 (C5”), 3.9 (CSi), 3.5 (CSi). 'Li NMR (ppm, THF-d8) 4: 1.44.
Elemental analysis (%): found for C44HegLizN4O4Si - C(67.3), H(8.8),
N(7.0), calculated C(67.14), H(8.71), N(7.12).

4.1.15. Synthesis of 15 ({4-[C(NPh)(NSiMe3)]-1-[C(NDipp)(NSiMe3)]
CeHa)(Li-THF);)

1.514 g of 5 (2.87 mmol) was dissolved in 40 ml of THF and a
saturated solution of PhN(SiMe3)Li (0.491 g, 2.87 mmol) in THF was
added dropwise at —50 °C. 1.98 g (81%) of white powder was ob-
tained. "H NMR (ppm, THF-d8) é: 6.76 (d, H2, 2H), 6.71 (d, H3, 2H),
6.67 (t, H3',2H), 6.65 (d, H3”,2H), 6.53 (t, H4”,1H), 6.34 (t, H4', 1H),
6.25 (d, H2, 2H), 3.37 (m, H5”, 2H), 1.06 (d, C6"H, 6H), 0.96 (d, C6"H,
6H), —0.26 (s, SiCH3, 9H), —0.43 (s, SiCHs, 9H). °C NMR (ppm, THF-
d8) 6: 1743 (C2Midinatey 1737 (Camidinay 547 (C1’), 1493 (C1”),
142.4 (C4),141.9 (C1), 141.4 (C2"),129.7 (C2'), 128.5 (C3'), 127.1 (C3;
5),126,8 (C2; 6),124.4(C4'),122.4(C3"),121,5 (C4"),28.7 (C5"), 25.8
(C6"), 22.8 (C6"), 4,0 (SiC), 3.6 (SiC). 'Li NMR (ppm, THF-d8) 6: 1.44.
Elemental analysis (%): found for C4gH76Li2N404Siz - C(68.5), H(9.2),
N(6.4), calculated C(68.37), H(9.08), N(6.64).

4.1.16. Synthesis of 16 ({4-[C(NDmp }(NSiMe3)]-1-
[C(NDipp)(NSiMes3)]CsH4}(Li-THF),)

5.30 g of 5 (10.05 mmol) was dissolved in 40 ml of THF and a
saturated solution of DmpN(SiMe3)Li (2.00 g, 10.05 mmol) in THF
was added dropwise at —50 °C. 6.537 g (74%) of white powder was
obtained. Decomposition at 140 °C. '"H NMR (ppm, THF-d8) 6: 6.67
(d, H3,2H), 6.62(d, H3', 2H), 6.60 (d, H2, 2H), 6.55 (d, H3”, 2H), 6.51
(t, H4',1H), 6.34(t, H4”,1H), 3.31 (m, H5, 2H), 1.94 (s, H5”, 6H), 0.99
(d, H6', 6H), 0.94 (d, H6', 6H), —0.38 (s, SiC};l;, 9H), —0.40 (s, SiCH3,

monochromator, and the ¢ and %, scan mode. Data reductions were
performed with DENZO-SMN [26]. The absorption was corrected by
integration methods [27]. Structures were solved by direct methods
(Sir92) [28] and refined by full matrix least-square based on F
(SHELXL-97, SHELXL2014 or Olex2) [29]. The absorption was cor-
rected by integration or multi-scan methods or SADABS [27].
Hydrogen atoms were mostly localized on a difference Fourier map,
however to ensure uniformity of the treatment of the crystal, all
hydrogen atoms were recalculated into idealized positions (riding
model) and assigned temperature factors His(H) = 1.2 Ueq(pivot
atom) or of 1.5Ueq for the methyl moiety with C-H = 0.96, 0.97,0.98
and 0.93 A for methyl, methylene, methine and hydrogen atoms in
aromatic rings, respectively. Poorly diffracting highly sensitive
crystals of 5 and 10 were subjected to the measurement although
the resolution of the experiment was equal or even lower than
0.84 A in order to proof the connectivity of the atoms in these
molecules. Poor result of the diffraction measurement of disordered
8a is shown in the supplementary information as a proof of the
composition of this solvatopolymorph of 8. The dynamic disorders
of coordinated solvents (Et;O or THF) as well as of parts of Dipp
moieties were treated by standard methods [29]. One molecule of
non-coordinated solvent per one amidinate molecule was masked
by the SQUEEZE program [30] in both 8 and 9. Crystallographic data
for structural analysis have been deposited with the Cambridge
Crystallographic Data Centre. Copies of this information may be
obtained free of charge from The Director, CCDC, 12 Union Road,
Cambridge CB2 1EY, UK (fax: +44-1223-336033; e-mail: deposit@
ccde.cam.ac.uk or www: http://www.ccdc.cam.ac.uk). CCDC depo-
sition numbers 1528914—-1528 922.

44. Elemental analysis
The compositional analyses were determined under an inert

atmosphere of argon on the automatic analyzer EA 1108 by FISONS
Instruments.

9H). 1*C NMR (ppm, THF-d8) 6: 173.4 (C ), 173.0 (C ),
152.3 (C1”), 149.5 (C1'), 142.6 (C1), 142.2 (C4), 141.5 (C2’), 130.9
(C2”), 128.0 (C3”), 126.2 (C2), 126.1 (C3), 122.4 (C3'), 1214 (C4'),
1202 (C4"), 28.7 (C5'), 25.9 (C6'), 22.9 (C6'), 20.0 (C5"), 3.9 (SiC). "Li
NMR (ppm, THF-d8) é: 151. Elemental analysis (%): found for
CsoHgoLioN4O4Siz - C(69.0), H(9.4), N(6.2), calculated C(68.93),
H(9.26), N(6.43).

4.2. NMR spectroscopy

The NMR spectra were recorded from solutions in THF-d8 on a
Bruker Ascend™ 500 spectrometer (equipped with Z-gradient
5 mm Prodigy cryoprobe) at frequencies 'H (50013 MHz), '>C{'H}
(125.76 MHz) and ’Li{'H} (194.37 MHz) at 295 K. The solutions
were obtained by dissolving of approximately 5-20 mg of each
compound in 0.6 ml of deuterated solvent. The values of 'H
chemical shifts were calibrated to residual signals of THF-d8
(6(1H) = 3.58 ppm). The values of BBC chemical shifts were cali-
brated to signal of THF-d8 (§(*C) = 67.57 ppm). The ’Li chemical
shift values are referred to external 1 M solution of LiCl in DO
(6(’Li) = 0.0 ppm). Numbering of atoms in prepared complexes for
assignment of signals is given in Supporting Information Fig. S1.

4.3. Crystallography

The X-ray data (Table S1) for colorless poorly diffracting crystals
of 3, 5, 8, 8a, 9, 10, 11, 11a and 16 were obtained at 150 K using
Oxford Cryostream low-temperature device on a Nonius KappaCCD
diffractometer with MoKy, radiation (A = 0.71 073 A), a graphite
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