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KOPSAVILKUMS

Heterociklisko aldiminu hidrosililé§anas un trimetilsililciané$anas reakcijas. Autore-
-L.. Golomba. Zinatniskie vaditaji-Dr. habil. chem., profesors E. Lukevics, Dr. habil. chem.,
I. Jovele. Promocijas darbs: 62 lappuses, 3 attéli, 19 tabulas, 15 shémas, 93 literatiiras avoti,

1 pielikums. LatvieSu valoda.

HETEROCIKLISKIE ALDIMINI , SIFA BAZES, PAREJAS METALU KOMPLEKS],
HIDROSILILESANA, KATALIZE, HETEROCIKLISKIE AMINI,
TRIMETILSILILCIANESANA, LUISA SKABES, a-AMINONITRILI, ASIMETRISKA
SINTEZE, PROPENILIDENANILINI, TRIFLUORMETILANILINU SILILATVASINAJUM],
NEIROTROPA AKTIVITATE, CITOTOKSICITATE.

Darba tresaja un ceturtaja nodalas apskatitas katalitiskas silanu HSiEt;, HSiMe,Ph, H,SiPh,
pievienos$anas reakcijas furana, tioféna, piridina trifluormetilfenilgrupas saturo§iem aldiminiem VIII
grupas parejas metalu un zelta Au kompleksu klatbutné. Piektaja, sestaja, astotaja nodalas apkopoti
rezultati, kas ieguti pétot Me;SiCN katalitiskas pievienoSanas reakcijas jaunam furana, tioféna,
piridina Sifa bazém da?adu Luisa skabju klatbiitné. Septitaja nodala doti Mes;SiCN
diastereoselektivas pievieno$anas hiraliem O-, S-, N-aldiminiem izpétes rezultdti. Devitaja nodala
apkopoti 5-t-butil-2-furilmetilidén-anilinu trifluormetil-atvasindgjumu un to sililanalogu biologisko

1pasibu pétijumu rezultati.



ABSTRACT

Hydrosilylation and trimethylsilylcyanation of heterocyclic aldimines. Author L. Golomba.
Supervisors Dr. habil. chem., professor E. Lukevics, Dr. habil. chem. I. Iovel. Dissertation: 62

pages, 3 figures, 19 tables, 15 schemes, 93 literature references, 1 supplement. In Latvian.

HETEROCYCLIC ALDIMINES, SHIFF BASES, TRANSITION METAL COMPLEXES,
HYDROSILYLATION, CATALYSIS, HETEROCYCLIC AMINES,
TRIMETHYLSILYLCYANATION, LEWIS ACIDS, a-AMINONITRILES, ASYMMETRIC
SYNTHESIS, PROPENYLIDENE-ANILINES, SILYLDERIVATIVES OF
TRIFLUOROMETHYLANILINES, NEUROTROPIC ACTIVITY, CYTOTOXICITY.

In the third and fourth chapters of the present work catalytic addition of HSiEts, HSiMe;Ph,
H,SiPh; to furan, thiophene, pyridine trifluoromethylphenyl group containing aldimines in the
presence of Group VIII transition metal and gold Au complexes is reviewed. In the fifth, sixth,
eighth chapters the catalytic addition of Me3;SiCN to novel furan, thiophene, pyridine Schiff’s bases
in the presence of various Lewis acids is described. In the seventh chapter of the work
diastereoselective addition of Me3SiCN to chiral O-; S-, N-heterocyclic aldimines is reviewd. The
ninth chapter is devoted to the biological properties of the trifluoromethyl derivatives of 5-fert-

-butyl-2-furylmethylidene-anilines and their silyl analogs.
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1. Ieskats literatara.

HidrosililéSana ir viena no svarigakajam reakcijam silicijorganiskaja kimija, tade] jau vairak
ka pusgadsimtu $T reakcija tik intensivi pétita. Péc vairak neka piecdesmit gadu ilga laika perioda
interese par So reakciju nav mazindjusies, bet p&dgjos gados pat palielinajusies. Ripnieciskaja
razoSand hidrosililéSanas reakcijai ir praktiska nozime silicijorganisko savienojumu-saistvielu,
[imju, poliméru iegliSana. Pétnieciskajis laboratorijas hidrosililésana ir Joti &rta un efektiva metode
silicijorganisko savienojumu sintézei, lai veiktu pétjjumus silicijorganisko savienojumu kimija, ka
arl lai ieghtu silicijsaturoSus polimérus ka jaunus materialus. Dazadu funkcionalu grupu
hidrosililé§ana, izmantojot par katalizatoriem parejas metalu kompleksus vai radikalu iniciatorus, ir
vieglakais ce|§ dazadu silicijorganisko reagentu un sintétisko produktu iegliSanai, ka art ta ir unikala
metode saites ogleklis-heteroatoms selektivai reduc€Sanai. Jaunas reakcijas, kuras ir lidzigas
hidrosililéSanai, tiek pétitas un attistitas. Pie tam var pieskaitit sililkarboniléSanas, sililfformilésanas,
sililkarbocikliz€sanas reakcijas. Hidrosilanu pievienoSanas saitei C=N ir mazak pétita neka saitei
C=0 aldehidos, ketonos un to atvasinajumos [1,2]. Literatara ir aprakstitas alifatisko un aromatisko
t.i. neheterociklisko azometinu hidrosililé3anas reakcijas. Sajas reakcijas veidojas piesatinati
N-sililatvasinajumi, kurus hidroliz€jot ieglist attiecigos aminus. Daudzu katalizatoru klatbatné Sie
procesi notiek neselektivi, k3 ari vienlaicigi norit hidréSana, hidrogenolize, kondensacija. Pozitivi
rezultati iegiti, galvenokart izmantojot astotas grupas parejas metalu Rh, Pd, ka a1 Au kompleksus
[3-5]. Pd katalizatori ir efektivaki lietojot monohidrosilanus, bet Rh katalizatori aktivaki
dihidrosilanu pievienoSanas reakcijas [6]. P&d€jos gados, sakot ar Kagana [7,8] un Brunnera [9-11]
darbiem, intensivi tiek pétita iminu un oksimu asimetriska hidrosililé§ana [12-21]. Miisu uzmanibu
piesaistija heterociklisko aldiminu hidrosililéSanas reakcijas.

Loti svariga C-C saites veido3ana ir trimetilsililciané3anas reakcija jeb Strekera sintéze [22-
-24]. Lidz Sim literatura aprakstita trimetilsililcianida pievienoSana iminiem, kas iegliti no
aromatiskiem un alifatiskiem aldehidiem, izpemot vienu heterociklisko 3-piridinaldehidu [25].

Iminu asimetriskai cianésanai ir liela nozime optiski aktivu slapekli saturofu savienojumu
iegliSana [22-24,26,27]. Pirma asimetriska Strekera sintéze literatiira aprakstita 1963. gada (Harada)
[28]. Metodes pamata ir hiralas Sifa bazes iegiifana aldehida kondensacija ar optiski aktivu aminu,
vispladak lietotie amini ir benzilamini [25,29-35]. Trimetilsililcianida izmanto$ana kopa ar Luisa
skabi ir plasak lietota metode neka NaCN/AcOH(kat.) pielietosana [36-43]. Diastereoselektiva

Me;SiCN pievienoSana Sifa bazém noved pie jauna hirala centra veidoSanas a-aminonitrilos [44-



-46]. Darba ka hirali substrati izmantoti furana, tioféna, piridina t.i. heterocikliskie aldimini, kas
iegiiti no (R)- un (S)-feniletilamina. Stereoselektivitates pakape atkariga gan no aldimina dabas, gan
no katalitiskds sistémas, tade] darba sintezéta sérija heterociklisko optiski aktivu Sifa bazu, lai
izpetitu trimetilsililcian€Sanas reakcijas.

Gan hidrosililésanas, gan trimetilsililciané§anas reakcijas ka substrati izmantoti
heterocikliskie-CF3-fenil grupas saturo$i aldimini, jo §ie savienojumi un to reakciju produkti: amini

un nitrili ir potenciali biologiski aktivi savienojumi [47-51].

2. Darba mérki.

1. Izpé&tit jaunu furana, tioféna, piridina CFs -fenil grupas saturo$u Sifa bazu hidrosililesanu ar
HSIEt;, HSiMe,Ph, H,SiPh,. Atrast aktivakos katalizatorus. Noteikt hidrosilanu pievieno$anis
likumsakaribas dubultsaitei C=N (hetero)aromatiskos azometinos.

2. Sintezet hidrosililéSanas produktus: O-, S-, N-heterocikliskos aminus.

3. Izpétit trimetilsililcianida Me;SiCN katalitisku pievienoSanos jaunam furana, tioféna, piridina
Sifa bazem. Atrast aktivakos katalizatorus. Noteikt substratu stuktiiras ietekmi uz to reagétspgju
un reakcijas virzienu.

4. Sintez&t trimetilsililciané$anas reakciju produktus: O-, S-, N-heterocikliskos a-aminonitrilus.

5. Noteikt sintez€to nitrilu pretvéza aktivitati.

6. Izpétit jaunu optiski aktivu furdna, tioféna, piridina Sifa bazu trimetilsililciané$anas reakcijas.
Sintezet attiecigos diastereomérus: a-aminonitrilus.

7. Izpétit saiSu sistémas N=C-C=C trimetilsililcian&Sanas reakcijas propenilidénaminos.

8. Sintezét jaunus N-(5-t-butil-2-furilmetilidén)-trifluormetilanilinus un to sililanalogus, noteikt

sintezéto savienojumu biologisko aktivitati.



3. N-(hetarilmetilidén)-3-trifluormetilanilinu un N-(hetarilmetilidén)-4-
-trifluormetilanilinu, kuros hetaril grupas ir 2-furil, 5-metil-2-furil, 2-tienil, 5-
-metil-2tienil, hidrosililéeSana ar Et;SiH VIII grupas parejas metalu Rh, Pd, Pt,
Ir, Ru, ka ari Au kompleksu klatbutné.

Darba izpétitas ieprieks sintezéto heterociklisko trifluormetilfenilgrupas saturou Sifa bazu
1a-i [52] un benzilidénanilinu 1j,k [53-55] hidrosilile§anas reakcijas, izmantojot letako alkilsilanu

Et;SiH, tade| sai reakcijai ir arf praktiska nozime.

Y
HSiEt; IYQXCHFT_@ N\“Hm:mz 0
R/QXCH_ et Kat. 2 SiEs 2000 L3 Y
= X CH—NH—_ )

1adi CsHs vai TH Y dadi
20 vai 650C Rﬂ _N_<3/ a-i
X =
R=H, CHs (f
X=0,S SiEts
Y =H, CF; 3

CFspozicija: 3- 4-

Katalizators NaHCO:/H:0
Ph—CH=N—(_)—Y + HSEl Ph—CHr—NH—{_)—Y

vai THF 20 0C
1j.k 20 vai 650C 4j,k

Tika parbauditi VIII grupas parejas metalu kompleksi: (Ph;P).IrCI(CO), (Ph;P)4Pt,
H,PtCls-:6H,0, [Rh(COD)acac], [Rh(COD)Cl];, RhCl5-4H;0, (PhsP)4Pd, [Pd(CH,CHCH:)Cl],,
(Ph3P),PdCl;, (PhsP);RuCl; un AuCl;, HAuCls, ka ari metdlu katalizatori 5% Pd/C un 5%
Ru/AlLOs. No visiem Ir', Pd°, Pd’, Pd" Pt°, Pt", Rh!, Rh'™, Ru®, Ru", Au™ kompleksiem reakciju
katalizgja tikai Rh', Pd" Au™ kompleksi: [Rh(COD)Cl],, [Pd(CH,CHCHS,)Cl],, HAuCl4-3H,O. Pie
tam Pd' kompleksa aktivitate izradijas visaugstaka. Izmantojot bis{[u-hlor(ciklooktadién-
-1,5)]rodiju}-[Rh(COD)CIl];, bis{[p-hloralil]paladiju}-[Pd(CH,CHCH;)Cl], un tetrahlorzeltskabes
trihidratu-HAuCls-3H,0 tika sintezéta rinda aminu 4a-k, to iznakums péc atfiriSanas uz
hromatografiskam kolonnam bija 70-75% attieciba pret izreagéjuSo iminu. Reakciju apstakli un
iegtito produktu 4a-k raksturlielumi apkopoti tabula 3.1. [Rh(COD)CI], aktivitate izradijas augstika
tetrahidrofurana neka benzola. Pd katalizatora klatbatné reakcijas atrums ari atkarigs no $kidinataja

dabas. Iminus 1a-i péc to reagétspéjas var sakartot rinda:
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Visi furana azometini 1a,b,e,f aktivaki par tioféna iminiem 1c¢,d,g,h,i. Metilgrupas esamiba
heterocikla palénina reakcijas atrumu, bet trifluormetilgrupa 4-vieta imina molekulas azodala
paatrina reakcijas norisi. Benzilidénaniltnu 1j,k aktivitate ir zemaka par furana analogu aktivitati,
bet augstaka par tioféna atvasinajumu aktivitati. Pirmgjie hidrosilil€Sanas produkti t.i. N-sililetie
produkti 2e,f izdaliti no reakciju maisijumiem N-(2-furilmetilidén)-3-trifluormetilanilina 1e un
N-(5-metil-2-furilmetilidén)-3-trifluormetilanilina 1f hidrosililésanas reakcijas. Pargjiem
N-sililetiem savienojumiem 2a,c,g registréti to masspektri. Sajas reakcijas tika konstatéta ari
C-silileto nepiesatinato savienojumu 3 klatbitne, tie tika identificéti ar GSH-MS metodes palidzibu.

Sada veida savienojumi rodas katalitiskas dehidrokondensacijas rezultata, kas notiek paraléli
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hidrosililéSanas reakcijai [4]. Reakcijas mehanismu var attélot shéma:



11

M=Pdl, Rl

' X=cl,
HSiEt; L = alil vai
/ 1,5-ciklooktadién-
M = = X B
L>MC SM<SL L M<X>M< SiEts
L komplekss 1
komplekss 3
Ar
HSIE N/Be
15t A sl';;?‘ I - Imins
r Ccé
xo Mo /M L>w<y >M—N_A' N\
Ce. H Het
L>M< >M<\j + SiEt; H H—Cﬁ_i
- H |
H Het—C —N<
SIE(3 l
komplekss 4 komplekss 2
H;
Het—C=N—Ar H,0 Et3SiOH
SiEt

Het—CH —NH—Ar

Amins



Hidrosililé$anas reakciju un produktu 2a,c,e-g, 4a-k raksturlielumi.

Tabula 3.1.

Ne Imins Katalizators (mol %) Skidi- Temp. Laiks Konversija Produkts (iznakums, % (GSH))
X R CFs- natajs st. % pirms péc
pozicija GSH hidrolizes hidrolizes
1 la O H 4 H,PtCls:6H,0 (2) THF 20 21 21 4a (15)
2 1a. O H 4 [(CeHs)sP14Pt (2) THF 20 21 15 4a (12)
3 1a. O H 4 RhCl3:4H,0 (2) THF 20 32,5 reakcija neiet
4 la O H 4 [Rh(COD)acac] (2) THF 20 17.5
65 5.5 reakcija neiet
5 Ian. O H 4 [Rh(COD)Cl}: (2) THF 20 21 56 2a (54) 4a (49)
6 Ib O CH; 4 [Rh(COD)CI}; (2) THF 20 20
65 5 100 4b (85)

7 1c § H 4 [(C¢Hs);P12IrCI(CO) (2) THF 65 10.5 reakcija neiet
8 1c S H 4 [(C¢Hs)sP1aPd (2) THF 65 10.5 reakcija neiet
9 1c S H 4 [Rh(COD)acac] (2) THF 65 10.5 reakcija neiet
10 1c S H 4 [Rh(COD)CI}2 (2) THF 65 10.5 58 4c (50)
11 1c S H 4 [Pd(CH,CHCH;)Cl]; (2) THF 20 5 48 ‘ 4c (44)
12 Ic S H 4 [Pd(CH,CHCH,)Cl1]> (2) C¢Hs 65 3 80 2¢ (76) 4c (73)
13 Id S CH; 4 [Rh(COD)CI}2 (2) CeHs 65 18

3) 4 56 4d (48)
14 le O H 3 [Rh(COD)CI]; (2) CeéHs 65 10

3) 2 90 4e (81)
15 le O H 3 [Rh(COD)CI}; (2) CeHs 65 19 97 2e (88) 4e (85)
16 If O CH; 3 [Rh(COD)CI]2 (3) CsHg 65 19 91 21 (70),3f (17)  4f (68)
17 If O CH; 3 [Rh(COD)CI]2 (2) CeHs 65 17 88 21 (86) 4f (70)




18 [Rh(COD)CI]; 3) THF 65 7 90 21 (69), 3 (19) _ 4f (65)
19 H [Rh(COD)Cl]z (3) CéHs 65 36 . 25
20 H [Pd(CH,CHCH,)Cl]; (2) CsHs 20 25

65 4 48 4g (42)
21 H [(CeHs)sP1aPd (2) CeHg 20 25

65 4 reakcija neiet
22 CH; [Rh(COD)CI]; (3) CéHs 65 4] 22 4h (18)
23 H [(CéHs):P14Pd (2) CeHs 20 26 reakcija neiet
24 H [Rh(COD)Cl]; (2) CeHs 65 30 38
25 H - [Pd(CH,CHCH,)CI]; (2) CeHg 20 26 96 2i (50), 3i (38)  4i(48)
26 H - [Pd(CH,CHCH,)Cl]; (2) CeHs 65 14 96 2i(52),3i(39) 4i(50)
27 4 [Rh(COD)Cl]; (2) THF 65 5 54 4j (50)
28 4 [Pd(CH,CHCH;)Cl); (2) THF 20 22 88 4j (80)
29 - [Rh(COD)Cl]; (2) THF 65 14.5 39 4k (37)
30 - [Pd(CH,CHCH,)CI], (2) CeHs 65 14.5 84 4k (76)
31 - [Pd(CH,CHCH,)Cl]; (2) THF 65 14.5 87 4k (78)
32 O H 3 AuCl; (3) PhH 65 19 7 4e(5)
33 O H 3 HAuCls3H;0 (3) PhH 65 19 12 4e (8)
34 O H 3 HAuCl4:3H,0 (3) THF 65 6.5 98 4¢(88)
35 O H 4 AuCl; (3) THF 65 3 93 4a (78)
36 O H 4 HAuCl4-3H,0 (3) THF 65 3 o8 4a (88)
37 0 3 HAuCl43H,0 (3) THF 65 5 100 4f (95)
38 0] 4 HAuCls3H,0 (3) THF 65 5 60 4b (57)
39 S 3 HAuCl4:3H,0 (3) THF 65 235 60 4g (47)
40 S 4 HAuCl43H,0 (3) THF 65 19 53 4c(47)
41 S 3 HAuCl43H,0 (3) THF 65 225 68 4h(63)
42 S 4 HAuCl4'3H,0 (3) THF 65 45 56 4d (46)
43 S - HAuCly:3H,0 (3) THF 65 45 58 4i (57)
44 Ph 4 HAuCly-3H;0 (3) THF 65 18 60 4j (26)
45 Ph - HAuCly3H,0 (3) THF 65 45 100 4k (89)
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4. N-(hetarilmetilidén)-2-trifluormetilanilinu, kuros hetaril grupas ir 2-furil, 5-
-metil-2-furil, 2-tienil, 5-metil-2-tienil, 2-, 3-, 4-piridil, un N-(6-metil-2-
-piridilmetilidén)-2-aminopiridina hidrosilileS8ana ar Et;SiH, HSiMe,Ph, H,SiPh,
VIII grupas parejas metalu Pd, Rh kompleksu klatbaitné.

Ieprieks sintez&to N-(hetarilmetilidén)-2-trifluormetilanilinu Sa-d un 2-, 3-, 4-
-piridilmetilidén-2-trifluormetilanilinu Se,f,g [56] hidrosililéSanas reakciju gadijuma ar Et;SiH
aktivakie katalizatori izradijas vienvértiga rodija Rh' un paladija Pd' dimérie kompleksi:
[Rh(COD)CI1]; un [Pd(CH,CHCH)Cl], analogiski ka masu ieprieksg&ja darba [57]. So katalizatoru
klatbatné izpétitas sekojoSas reakcijas:  N-(hetarilmetilidén)-2-trifluormetilanilinu ~ Sa-g
hidrosililésanas reakcijas ar Et3SiH, kuros hetaril grupas ir 2-furil, 5-metil-2-furil, 2-tienil, 5-metil-
-2-tienil, 2-, 3-, 4-piridil, ka arT N-(6-metil-2-piridilmetilidén)-2-aminopiridina Sh hidrosililésana ar
HSiEt;, HSiMe,Ph, H,SiPh,. Abu furana iminu Sa,b gadijuma aktivaks izradijas [Rh(COD)Cl],, bet
tioféna iminu Sc,d gadijuma aktivaks [Pd(CH,CHCH,)Cl],. Acimredzot, tioféna substrati dezaktivé
Rh kompleksu. Pé&c O- un S-heterociklisko iminu hidrosililéSanas reakciju veikSanas, reakciju
maisTjumi analizéti ar '"H KMR metodi. Uzpemtie spektri (pirms hidrolizes) satur signalus, kas

liecina par divu veidu sililéto produktu 6a-c un 7a-c veidosanos.

Het_ F6 HO™ B
€
gD - )
FsC HSiEt; SiEty 8a-d
Het gy @ Kat hidd
=N HO’
PhH, 65 oC o F3C /
7a-d SiEt3

Het: Sa=2-furil, Sb = 5-metil-2-furil, Sc¢ = 2-tienil, 5d = 5-metil-2-tienil

Grupas Et;SiCH-NH esamibu raksturo grupas CH-NH divi protonu dubleti, bet grupas CH,-
-NSiEt; esamibu pierada grupas CH; protonu singlets. Iepriek3gjos darbos [1,2,6,57,58] paradits, ka
saites C=N hidrosililésanas produkti ir N-sililétie produkti, kuri viegli hidroliz&jas. Saja gadijuma
parsvara rodas C-sililétie produkti 6a-d (80-85% no kopé&ja daudzuma). Pé&c hidrolizes §ie produkti
pilniba parversas attiecigos aminos 8a-d, bet N-sililétie produkti 7a-d nehidrolizéjas pat péc
divkarSas un triskarSas hidrolizes procediiras veikianas. Pateicoties N-sililéto produktu 7a-d
stabilitatei, tie izdaliti ar kolonnu hromatografijas metodes palidzibu. Hidrosililé3anas produktu 6a-

-¢,g,h,h’, 7a-d,g, 8a-d,g,h raksturlielumi apkopoti tabula 4.1.



N-silileéto produktu 7a-d veidoSanas mehanisms:

Katal.
X .
L>MC PM<L HSiEt
M=Pdl, Rhl,
X=0Q,
H Ar L = alil vai _
Het— ?—N L X H 1,5-ciklooktadién
SiEts L.=* M< .
EtSioH H M<x> SiEts
>,7\ Komplekss 1
Het-CH,—NH_Ar H0 ys
8 ?IEL‘; II]ISG
X\ 86 15® S
L>M<X>M—T—Ar /ci@
H— T—H H Het

Het  Komplekss 2

- C-sililéto produktu veidoSanas mehanisms:

H
X g
Z et H:0 X }( L
HF/I?I:\ i N/M A )\/4
8h Si&Het %/J { X
H M
M}( : N/ \\H
>\ I - P X{C\__/ N=C-Het
HSiRs ;( Het



HidrosililéSanas reakciju un produktu 6a-c,g,h,h’, 7a-d,g, 8a-d,g,h raksturlielumi.

Tabula 4.1.

Imins | Silans Katalizators Temp., | Imina | Produkts "H KMR ( CDCls),
°C/ | konver- kimiska nobide, 5, m.d., J, Hz
Laiks, | sija, % | pirms péc CH; SiCH-NH CH>-NSi CH,-NH
st. (GSH) | hidroli- | hidroli- (3H, s) | (struktira 6) (struktira 7) | (struktira 8)
zes* zes™* CH(d) NH(d)| CH;(2H,s) |CH,(d) NH (ps)
Sa HSIEt; [Rh(COD)CI]; | 65/15 |85 6a - 395 453 433 418 4.67
7a Ta'* - J=80 J=80 J=6.0
8a'* -
Sa HSiEt; [Pd(alil)Cl], 65/31 10 -
Sb HSIEt; [Rh(COD)CI], | 65/11 88 6b 2.26 3.95 4.33 432 4.16 4.64
7b Th** 227 |J=15 J=15 J=6.0
8b'* 2.29
5b HSiEt; [Pd(alil)Cl]; 65/23 16 -
Sc HSIEt; [Rh(COD)CI], | 65/25 |[~0 .
Sc HSIEt; [Pd(alil)Cl], 65/25 80 6¢ - 4.20 4.7 4.60 4.55 4.7
Tc 7c* - J=60 ps J=54
8c’* -
5d HSiEts [Rh(COD)CI], |65/30 |~0 ’
5d HSiEts [Pd(alil)Cl], | 65/30 |82 7d°* 240 |- 4.49 447 47
- 8d’* 2.44 J=54
Se HSiEt; [Rh(COD)CI], | 65/20 |[~0 .
Se HSiEt; [Pd(alilCl]; | 65/21 | ~0 )
5f HSiEt; [Rh(COD)CI], | 65/16 |~0 "




5f HSiEt; [Pd(aliDCl]; | 6521 |~5 -
5g HSiEt; [Rh(COD)Cl], | 65/20 |72 7g%* . - 4.89 442 5.0
5g HSiEt; [Pd(alil)Cl]; 65/21 | ~100 o 8g°* - J=6.0
5h HSiMe,Ph | [Rh(COD)CI], | 65/18 |[~0 .
5h HSiMe,Ph | [Pd(ali)Cl], | 65/12 |80 6h* 242 [543 556 |- 458 5.6
=7 8h°* 255 |J=64 J=64 J=52
5h H,SiPh, | [Rh(COD)CI]; |20/50, |~0 .
65/9
5h H,SiPh, | [Pd(ali)Cl],  |20/50 |77 6h’°* 2.44 547 555 - 458 56
3k 8h6* 2.55 J=60 J=6.0 J=52

* Péc 'H KMR datiem produktu maisijumi.

2+ Produkti izdaliti ar kolonnu hromatografijas metodes palidzibu.
* 'H KMR spektri reakciju maisijumiem nav registréti.

4* Eluents: benzols—etilacetats, 9 : 1.

’* Eluents: benzols-etilacetats, 9.5 : 0.5.

S+ Eluents: hloroforms-metanols 9 : 1.
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2-, 3-Piridilmetilidén-2-trifluormetilanilini Se,f abu iepriek§ min&to katalizatoru klatbatné ar
Et;SiH praktiski nereagéja. Hidrosililgjas tikai 4-piridilmetilidén-2-trifluormetilanilins Sg. Rh
katalizatora [Rh(COD)CI]; klatbutné ieguts C-sililétais produkts 6g, kuru hidrolizgjot izdalits amins
8g ar kolonnu hromatografijas metodes palidzibu. Katalizatora [Pd(CH,CHCHz)Cl], klatbaitné bez

amina iegits arT neliels N-sililéta produkta 7g daudzums.

(\/L F:C

ci=n-0)
[Rh(COD)Cl]z vai [Pd (alil )Cl]z

9 F3C X"
HSiEts, PhH, 65 oC, 16-21 st.
H=N

o
N~ Sf

lEt3 F3C F3C
H NH@ CH NH—@
FiC [Rh(COD)Cl]> HO ?
N @ HSiEt;, PhH - — ]

65 0C, 20-21 st 6g 8g

[Pd (alil )Cl]2 Hz—N@
f | giEB
N
g

N-(6-metil-2-piridilmetilidén)-2-aminopiridina Sh  gadijuma [Rh(COD)CI]; un
[Pd(CH,CHCH,)Cl], kompleksu klatbatné reakcijas ar Et;SiH nenotiek. Ar aktivakiem silaniem
HSiMe,Ph, H,SiPh, [59] hidrosililésanas reakcijas notiek tikai Pd kompleksa klatbiitné.
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[Rh(COD)Cl]; vai [Pd (ali)Cl];
—
=1 Y ~~  HSiEt, PhH, 650C, 20 st.
F I \_  HSiMePh vai H;SiPh

Sh X
[Rh(COD)Cl]2, PhH, 650C, 9-18 st.

H3C H NH/Q
1. HSiMe;,Ph,

65 0C, 12 st. / S'Mezph .

[Pd (alipCl),| 2+ HO ™~ 2 NH/@
N

C
PhH 1. H3SiPhy, H3C™ N "CHp—
200C, 50 st. sh

2. HO' .
QUG
H;C™N CH-NHTN
SiHPhy
6h'

Pé&c hidrolizes netika konstatéti N-sililétie produkti, kas $aja gadijuma viegli hidrolizé&jas.

No reakciju maisijumiem izdaliti amins 8h un neliels daudzums C-sililéto produktu 6h,h’. Visu
sintezéto aminu: N-hetero-2-trifluormetilanilinu 8a-d,h iznakums bija 65-70%.

N-(hetarilmetil)-aromatisko aminu 8a-h un sililatvasinajuma 7g masspektri apkopoti tabula 4.2.

Tabula 4.2
N-(hetarilmetil)-aromatisko aminu 8a-h un sililatvasinajuma 7g masspektri.
Savie- | m/z (L, %)*
nojums
8a 241 (33, M), 240 (12, [M - H]"), 213 (14, [M — COJ]"), 202 (3), 192 (2), 182 (2),

172 (5, [M - C4H30 - Hy]"), 165 (1), 154 (4), 145 (6, [CH4CFs]), 127 (9), 114
(6), 107 (2), 95 (4), 88 (2), 81 (100, [CsH30CH,]"), 75 (7), 69 (4), 63 (4), 53 (39)
8b 255 (15, M), 216 (2), 202 (3), 196 (3), 185 (1), 172 (2), 154 (2), 145 (4,
[CsH4CF3]Y), 127 (8), 114 (3), 107 (2), 95 (100, [HsCC4H,OCH;,]"), 83 (1), 75 (4),
67 (5), 53 (6)

8¢ 257 (24, M), 218 (5), 145 (5, [CeH4CF3]"), 127 (9), 114 (5), 97 (100,
[CsH3SCH,]), 75 (4), 69 (8), 63 (6), 53 (13)

8d 271 (17, M), 232 (5), 202 (3), 172 (2), 154 (3), 145 (5, [CsHsCF]"), 127 (11),
111 (100, [H3CC4H,SCH2]"), 95 (5), 85 (2), 78 (9), 77 (10), 67 (6), 59 (5), 51 (7)

7g 366 (2, M), 337 (9, [M — Et]"), 317 (6, [M — Et — HF]"),231 (4, [M — SiEt; —

HF]), 214 (15), 213 (100, [M — SiEt; — 2F]"), 193 (19, [M — SiEt; — 2F — HF]"),
166 (5), 154 (4), 145 (2, [CsH4CF3]"), 127 (10, [CsHsCF,]"), 109 (14), 95 (11), 92
(7), 77 (31), 65 (8), 59 (9), 52 (20)
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8g 253 (15, [M + H]"), 252 (100, M), 231 (24, [M - H — HF]"), 174 (25, [M - Py]"),
172 (7), 154 (76, [M — Py - HF]"), 145 (9, [CsH4CF3]"), 127 (68, [CsHsCF.]"), 125
(14), 107 (14, [PyCH,NH]"), 92 (27, [PyCH,]"), 80 (24), 79 (19), 78 (12, Py"), 75
(17), 69 (8), 65 (36), 63 (20), 52 (20), 51 (10), 50 (18)

8h 200 (13, [M + HJ), 199 (100, M"), 197 (5, [M - Hz]"), 196 (13), 183 (14, M- H
— Me]"), 169 (7), 155 (2), 144 (1), 132 (2), 122 (6), 121 (72, [M - Py]"), 119 (7,
[M - Py — H,]%), 107 (39, [PyNHCH,]"), 94 (27, [PyNH,]"), 93 (7), 92 (5), 80 (8),
79 (15), 78 (24, Py"), 65 (7), 63 (20), 52 (), 51 ()

*Doti raksturigo jonu signali (relativa intensitate uzradita iekavas).
Py-piridil.

5. N-(hetarilmetilidén)-3-trifluormetilanilinu un N-(hetarilmetilidén)-4-
~-trifluormetilanilinu, kuros hetaril grupas ir 2-furil, 5-metil-2-furil, 2-tienil, 5-
-metil-2-tienil, 2-, 3-, 4-piridil, katalitiska trimetilsililcianéSana ar Me;SiCN
Luisa skibju klatbutné.

Saji darba ka katalizatorus esam izmantojusi Luisa skibes: AICls, AlBrs. AICl; un Tpasi
AlBr; darbojas ki efektivi katalizatori furana un tioféna aldiminu trimetilsililcianésana [60,61]. Sis
reakcijas produkti ir o-aminonitrili, kurus var izmantot aminoskabju un citu slapekli saturosu
savie‘nojumu sintéze [62], to skaitd medicinas preparatu sintézé [63]. Aromatiskiem aminonitriliem
piemit antihipertoniska aktivitate un psihotropa iedarbiba [64]. Trimetilsiliicianida izmantoS$ana
natrija cianida NaCN vai cianskabes HCN vietd ievérojami vienkarSo cian&anas procediiru. Tika
veiktas trimetilsililcian€Sanas reakcijas ar ieprieks sintezétiem aldiminiem 1a-h un 10a-h, kas iegiti
piridinkarboksialdehidu kondensacijas reakcijas ar 3- vai 4-trifluormetilanilinu, ka art furana un
tioféna aldehidu kondensacija ar 3- vai 4-trifluormetilanilinu Luisa skabju klatbGtné péc metodikas,
kas aprakstita darba [52]. Furana un tioféna iminu la-h trimetilsililcian&sanas reakciju rezultata
sintez€ti attiecigie ai-aminonitrili 9a-h ar 38-80% lielu iznakumu.

Reakciju apstakli un produktu 9a-h iznadkumi apkopoti tabula 5.1., bet ai-aminonitrilu 9a-
-d,g,h elementanalizes dati tabula 5.2. Sintez&to a-aminonitrilu 9a-h '"H KMR spektri doti tabula

5.3, 9a-h masspektri apkopoti tabula 5.4.

CH= N_@ 1Kat 2. NaHCO3/H2Q CF3
o e e

20 vai 4(°PC

1a-h 9a-h
R=H; CH,
X=0;S
CF; pozcija: 3-, 4-
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Tika izpétits, ka molekularie sieti 4A paatrina pievienoSanas reakcijas atrumu un palielina
produktu iznakumu. Izmantotos katalizatorus var sakartot aktivitates rinda:
AlBr; + 4A MS > AlIBr; > AICI; > Ti[O(iPr)]s. Furana Sifa bazes 1a,b,e,f Me;SiCN pievieno3anas

reakcijas aktivakas par tioféna aldiminiem 1¢,d,g,h. Substratus péc to aktivitates var izkartot rinda:

&M@ O, e
&@ A@‘

1c,g 1d,

OO For L

1b,d

b,d

X=0,S
R ,Me

Tika izstradata |oti vienkarSa piridilazometinu iegl$anas metode, reakcija izmantojot
molekularos sietus 4A. Molekularie sieti $aja reakcija darbojas ne tikai ka dehidrat&josi agenti, bet
ar1 ka reakcijas katalizatori, kas novér§ Sis reakcijas blakusproduktu: aminalu veidoSanos. Par
molekularo sietu katalitisku darbibu liecina 2-piridilazometinu 10a-h augstie iznakumi (lidz 96%).
Uz molekularo sietu virsmas veidojas Brensteda un Luisa skabie centri, kas veido o-kompleksus ar
piridinsaturoiem savienojumiem (ar piridina gredzena slapek|a atomu), kas paaugstina protona
kustigumu aminogrupa, veicinot ta eliminé3anu un iminu veidosanos.

Si jauna metode, salidzinot ar literatiras datiem [52], lava izvairities no reakcijas veikSanas
augsta temperattra (varisanas toluola), ka arT no kondensacijas reakcijas veiksanas beztidens skabé
HCOOH vai no skaba katalizatora POCIl; izmantosanas. Molekularo sietu ka dehidrat&josu agentu
un ka skabo katalizatoru pielietoSana izradijas [oti produktiva. Piridilazometinu 10a-h
trimetilsililcianéSanas gadijuma, tapat ka furana un tioféna azometinu la-h trimetilsililciané$ana,
AlBr; izradijas aktivaks par AICl;, pie tam 4-trifluormetilatvasinajumi 1a-d aktivaki par
3-trifluormetilsavienojumiem le-h. Acimredzot, S0 azometinu aktivitate atkariga no stériskajiem
faktoriem. Lai prognozétu sintezéto azometinu 10a-h aktivitati, izmantojam metilpiridinu bazicitati

[65], ta ka jauno sintez&to iminu bazicitate nav zinama.
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CF

3
CF
e 3
|
CH;
CH
Z = = =Z 3
o | g |
HyC N™ “cH, N” cn,

N N

4

pKa 6.58 5.94 6.02 5.66

Eksperimentalie rezultati paradija, ka iminu 10a-h reagétsp€ja palielinas, pieaugot attiecigo
metilpiridinu pKa lielumam. Piridilazometinu 10a-h trimetilsililcianéSanas rezultata iegtti attiecigie
o-aminonitrili 11a,b,d-f,h, k3 arT nepiesatinatie nitrili 12a-h. Parasti trimetilsililcianéSanas reakcija
(furana un tioféna atvasinajumu la-h gadijuma) noved pie a-aminonitrilu 9a-h veidoSanas, bet
piridilazometinu 10a-h gadijuma iz8kiro$a nozime ir piridina gredzena N-atomam, kas piedalas
oc-kopleksa veidoSana, ka rezultata pavajinas C-H saite un notiek trimetilsilana HSiMe;
elimingSana, tadejadi ir iespgjami arT nepiesatinatie produkti 12a-h. y-Piridiliminu 10¢,g gadijuma
tika iegiiti un izdaliti tikai nepiesatinatie nitrili 12¢,g. o, B-Piridiliminu 10a,b,d-f,h gadijuma
nepiesatinatie nitrili veidojas ar zemiem iznakumiem un tika identificéti tikai ar masspektrometrijas
metodes palidzibu. N-(piridilmetilidén)-aminu 10a-h trimetilsililcianéSanas reakciju apstak|i un
produktu 11a,b,d-f,h, ka arT 12a-h iznakumi apkopoti tabula 5.5. Izdalito produktu 11a,b,d-f, h un
12a-d,g raksturlielumi apkopoti tabula 5.6. Sintez&€to a-aminonitrilu 11a,b,d-f, h un nepiesatinato
nitrilu 12a-d,g "H KMR spektri apkopoti tabula 5.7 a-Aminonitrilu 11a, b, d-f, h un nepiesatinato
nitrilu 12a-h masspektri apkopoti tabula 5.8.

Lai izvairitos no iespgamas hidrolizes, trimetilsililcianéSanas reakcijas tika veiktas
molekularo sietu 4A klatbiitng, kas darbojas ki dehidratgjosi agenti. Sajos apstaklos iegditi un
izdaliti furana un tioféna a-aminonitrili 9a-h ar augstiem iznakumiem Iidz 80%. Izpétits, ka
molekularo sietu klatbiitng, trimetilsililcianéSanas reakcija noris bez katalizatora klatbitnes,
tadejadi, reakcija izmantojot katalizatoru kopa ar molekularajiem sietiem, tiek ievérojami palielinats

reakcijas atrums.
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Somne G o
N CeHs,200C,

20 - 24 st. 10a-h (60-88 %)

Z CF;
1.MesSiCN

_Kat. . 2.NaHCO3H0O 11a,b d-f,h (30-65 %)

CHCly, 20°C
20 vai 40 °C &NNOC
Kat. = AICl;, AlBr3+4A MS

12a-h (15-65 %)

R=H CH;

Imins | R Piridina izomérs CF; pozicija
10a H o 3-
10b H B 3-
10c H Y 3-
10d CH; o 3-
10e H o 4-
10f H B -
10g H Y 4-
10h CH, o 4-
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Trimetilsiliciang$anas reakciju mehanisms.

Me3SiCN + AlXj3 N
R AlX3

MesSi* [AIX3CN]"

AlXj3 v
(=, ]

H3O+\
] [A—Y JrCJf Ej\ ]

Me;SiOH
\L MesSi H
Ar NH—CH@
11a,b,d-f,h
Ar—N—
R
MesSi [A1X3H] 12a-h

Me3SiH AlXj3



Tabula 5.1.

Trimetilsililcian€$anas reakciju apstak|i un produktu 9a-h iznakumi.

Pro- X R CF;- Kat. Temp. Laiks Konversija, Izna- T. kus.
dukts pozicija (mol%)  °C st. % * kums, % °C"
9e O H 3- AICL;(20) 20 55 - 46 ¢ Skidra
4AMS*® 20 6.5 27 - viskoza
viela
of O CH; 3- AICL;(20) 20 21 - 40¢ Skidra
viskoza
viela
AICl;(20) 20 5 50 -
| AlBr;(20) 20 0.5 74 -
Ti(OPr), 20 23 68 -
| (20)
9g S H 3- AICL(5) 20 49
40 5.5 - 26¢ -
: AlBr;(20) 20 1 100 80 69-70
'9h S CHs; 3- AICI;(5) 20 49
40 55 30 - -
AlBr;(20) 20 5 38 - -
AlBr;(20) 20 26 70 68 84-85
+ 4AMS
9a O H 4- AlBr; (20) 20 2 100 47¢ 143-144
| +4AMS
9b O CH; 4 AlBr; (20) 20 1 76 40 ¢ 95-96
+4AMS
9¢ S H 4- AlBr; (20) 20 6.5 70 38 ¢ 100-101
| +4AMS
9d S CH; 4 AlBr;(20) 20 4 81 40 ¢ 131-132
L + 4A MS
! “_noteikta ar '"H KMR metodi
®_noteikta péc parkristalizéSanas no etilacetata/heksana vai benzola/heksana
°.MS, molekularie sieti
d-produk’(s izdalits ar kolonnu hromatogrifijas metodes palidzibu
| Tabula 5.2.
| o-Aminonitrilu 9a-d,g,h elementanalizes dati.
} Pro- Mol. formula Mol. iegits, % / aprékinits, %
' dukts masa
C H N S
| 9g C13HyN,SF; 282.29 54.60/55.31 3.21/3.21 9.41/9.92 11.20/11.36
! 9h CisH N,SF3  296.32  56.72/56.75 3.59/3.74 9.42/9.45 10.85/10.82
9a CisHoN,OF;  266.22 58.64/58.65 3.50/3.41 10.38/10.52 -
| 9% CisHi1N;OF;  280.25 60.40/60.00 4.18/3.96 9.86/9.99 -
. 9¢ CisHoN,SF: 28229  55.36/5531 3.12/3.21 10.07/9.92 11.34/11.36
9d Ci1eHi NaSF3 29632  56.85/56.75 3.71/3.74 9.46/9.45 10.78/10.82
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Tabula 5.3.
Sintezéto c-aminonitrilu 9a-h "H KMR spektri.
Savie- Kimiska nobide (m.d.), J (Hz)
nojums
CH3;,d, NH, d, CHCN, Gredzenu protoni
J=09-1 d, J=8-9
9e - 4.47 5.46 6.38 (1H, dd, J=4, 3.5; FurH-4) 6.71 — 7.33 (4H,
6.53 (1H, dd, J=4, 1.5; FurH-3) m; ArH,)
7.40 (1H, dd, J=3.5, 1.5; FurH-5)
of 2.29 433 541 5.97 (1H, d.k, /=4, 0.9; FurH-4)  6.78 — 7.64 (4H,
6.44 (1H, d, J=4; FurH-3) m; ArHy)
9g - 4.44 5.63 6.78 — 7.60 (7TH, m; ThH3, ArHy)
9h 2.49 431 5.57 6.69 (1H, d k, /=4, 0.9; ThH-4) 6.82 —7.51 (4H,
7.13 (1H, d, J=4; ThH-3) m; ArH,)
9a - 4.49 5.53 6.47 (1H, dd, J=4, 3.8; FurH-4) 6.80 (2H, d,
6.62 (1H, m, /=4, 1; FurH-3) J=8; ArH-3,5)
7.49 (1H, dd, J=3.8, 1; FurH-5) 753 (H, d,
J=8; ArH-2,6)
9b 231 4.49 5.44 6.00 (1H, d.k,J=4.4,09; FurH-4) 6.78 (2H, d,
' 6.47 (1H, d, J=4.4; FurH-3) J=8; ArH-3,5)
751 (RH, d,
J=8; ArH-2,6)
9¢ - 4.58 5.64 7.02 (1H, d, J=5, 4.5; ThH-4) 6.78 (2H, d,
7.24 — 7.40 2H, m, J=5, 4.5, 2; J=8; ArH-3,5)
ThH-3,5) 749 (2H, d,
J=8; ArH-2,6)
9d 2.49 4.42 5.58 6.64 (1H, d k, /=4, 1; ThH-4) 6.75 (2H, d,
7.11 (1H, d, J=4; ThH-3) J=8; ArH-3,5)
747 (2H, d,

J=8; ArH-2,6)
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Tabula 5.4.
Sintezéto a-aminonitrilu 9a-h masspektri.

Sa- MS, m/z (Irel, %)

vie-

jums

9e 266 (8, M"), 240 (20, [M — CN]"), 239 (100, [M - HCN]"), 238 (52, [M ~ HCN - H]"),
220 (16, [M —HCN - F]"), 211 (38, [M - CN - HCOJ"), 210 (36, [M — HCN - HCO]"),
190 (18), 185 (20), 183 (19), 172 (21, [M — HCN - Fur]"), 170 (25, [M — HCN -
CFs]"), 145 (68, [CéHa-CF5]"), 125 (29), 115 (28), 106 (38, [Fur-CHCN]"), 95 (32), 75
(26), 71 (52), 69 (25, [CF3]"), 57 (30), 55 (31), 43 (40), 41 (41), 39 (42), 27 (49,
[HCNT")

of 280 (10, M"), 254 (20, [M — CNJ"), 253 (100, [M — HCN]"), 252 (30, [M — HCN -
H]"), 238 (25, [M - HCN - Me]"), 211 (22, [M - CN - Me-CO]"), 210 (25, [M — HCN
— Me-COJ"), 190 (31), 172 (25), 161 (26), 145 (47, [CeHa-CF3]"), 120 (51, [Me-
C4H,O-CHCNT"), 95 (18), 69 (12, [CF3]"), 53 (23), 43 (39, [H:CCOT"), 39 (17), 27 (30,
[HCN]")

9g 282 (2, M), 263 (1, [M - F]"), 255 (100, [M — HCN]"), 145 (68, [CsH4-CF5]"), 122
(30, [C4aH3S-CHCNYY), 112 (28), 111 (31), 95 (44), 84 (46, [ThH]"), 69 (22, [CF3]"), 43
(30), 39 (42), 27 (38, [HCN])

9h . 296 (3, M"), 294 (2, [M - 2H]"), 277 (1, [M - F]"), 269 (98, [M — HCNT"), 268 (100,
[M - HCN - H]), 250 (18, [M - HCN - F]"), 200 (17, [M — HCN - CF;]"), 172 (16),
161 (15), 145 (72, [CeHs-CF3]"), 136 (70, [Me-CsH;S-CHCNTY), 125 (12), 97 (60,
[Me-C4H,S1), 95 (52), 76 (36), 69 (40, [CF3]"), 59 (35), 53 (42), 45 (43), 39 (32), 27
(39, [HCN]")

9a 266 (5, M"), 240 (16, [M - CNT"), 239 (100, [M — HCNY"), 238 (68, [M — HCN - H]"),
220 (13, [M -HCN - F]"), 211 (33, [M - CN - HCOJ"), 210 (38, [M - HCN — HCO]"),
190 (8), 185 (19), 183 (14), 172 (9, [M - HCN - Fur]"), 170 (12, [M — HCN - CF;]"),
145 (85, [CéH4-CF5]"), 125 (18), 115 (17), 106 (62, [Fur-CHCN]"), 95 (22), 78 (12), 75
(15), 73 (10), 69 (5, [CF3]), 57 (15), 55 (16), 51 (21), 43 (18), 41 (19), 39 (33), 27 (48,
[HCN]")

9b 280 (3, M), 278 (2, [M - 2H]"), 254 (15, [M - CN]"), 253 (100, [M — HCNJ"), 252
(32, [M - HCN - HY"), 239 (8, [M — HCN - Me]"), 234 (12, [M — HCN - F]"), 211 (40,
[M - CN - Me-CO0]"), 210 (44, [M — HCN - Me-CO]"), 190 (5), 183 (15), 172 (6), 145
(60, [CsH4-CF3]"), 120 (42, [Me-C4H,0-CHCNT), 95 (33), 81 (18), 79 (16), 75 (15),
73 (16), 69 (22, [CF3]"), 53 (25), 43 (52, [H3CCOJ"), 41 (15), 39 (26), 27 (38, [HCN]")

9¢ 282 (6, M"), 280 (1, [M - 2H]"), 279 (1), 263 (1, [M - F]"), 255 (98, [M — HCN]"), 254
(100, M - HCN - H]"), 236 (15, [M — HCN - F]), 234 (12), 186 (14), 145 (62, [C¢Ha-
CF3]"), 122 (58, [C4H3S-CHCNT]"), 95 (42), 84 (15, [ThH]"), 75 (7), 69 (28, [CF3])), 45
(33), 39 (38), 27 (41, [HCN]H

9d 296 (1, M), 294 (7, [M - 2H]"), 293 (5), 271 (5), 279 (10), 269 (100, [M — HCN]"),
268 (98, [M —HCN - HJ"), 250 (8, [M - HCN - F]"), 200 (12, [M — HCN - CF;]"), 172
(13), 149 (5), 145 (65, [CsH4-CF3]"), 136 (28, [Me-C4H;S-CHCNTY), 125 (12), 97 (49,
[Me-C4H,S]"), 94 (41), 69 (31, [CF3]"), 53 (22), 43 (30), 39 (24), 27 (40, [HCN]")

Fur = furil, Th = tienil

N-(5-metil-2-tienilcianometil)-3-trifluormetilanifina 9h rentgenstruktiranalize (1.attéls)

paradija, ka iegiits 37 savienojuma viens enantiomérs t.i. R-izomérs. Savienojuma 9h kristali iegati
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léna kristalizacija no etilacetata/heksana. P&c rentgenstruktiiranalizes datiem var secinat, ka
savienojuma 9h pieclocek]u un sesloceklu cikli ir planari, bet saiSu garumi 3ajos ciklos pierada
n-elektronu delokalizaciju sistéma. Molekulas detalizéta analize veikta péc literatira [66-70]
aprakstitam metodém.

1.attéls.

Tabula 5.5.

N-(piridilmetilidén)-aminu 10a-h trimetilsililcian&Sanas reakciju apstak]i un produktu 11a,b,d-f,h,
12a-h iznakumi.

Imins  Katalizators Temp. Reakci-  Produkts
(mol. %) °C jas laiks, (iznakums, %)
st.
a-Amino Nepiesa-
nitrils tinats nitrils
10a AlICI;(20) 40 32 11a (32) 12a(30)
AlBr; (20) +4AMS 20 2 11a (45) 12a(20)
10b AICl;(20) 40 45 11b (30) 12b (18)
AlBr; (20) +4AMS 20 7 11b (50) 12b (15)
10¢ AICl;(20) 40 38 . 12¢ (62)
AlBr; (20) +4AMS 20 25 - 12¢ (58)
10d AICl5(20) 40 28 11d (35) 12d (30)
AlBr; (20) + 4AMS 20 1.5 11d (52) 12d (16)
10e AlBr; (5) + 4A MS 20 2 11e (63) 12e
10f AlBr; (5) +4AMS 20 5 11f(60)  12f
10g AlBr; (5) +4AMS 20 3 12g (60)

10h AlBrs (5) +4AMS 20 1.5 11h (65) 12h
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Tabula 5.6.
Izdalito produktu 11a,b,d-f, h un 12a-d,g raksturlielumi.
Savie-  Eluents kolonnu KuSanas Mol Atrasts, % / Aprékinats, %
nojums hromatografijai  punkts, formula
°C
C H N
11a CsI'IsMeOH §l,(1dra C 14H10N3F3
=10:1 viskoza
viela
12a -". §l(ldl'a C14H3N3F3
viskoza
viela
11b CHC13ZMCOH §l,(1dra C14H10N3F3
=9:1 viskoza
viela
12b = §k1dra C14H8N3F3
viskoza
viela
12¢ - 92-93 CisHgN3F;  60.50/61.09 2.91/2.93 14.99/15.27
11d - 113-114 C;sH;oN3;F;  61.29/61.85 4.05/4.15 14.09/14.43
12d CsHs:MeOH 75-80 CisHioN3F3  62.03/62.29 3.51/3.48 14.19/14.53
=10:1
1le CsHsMeOH §k1dra C 14H|0N3F3
=10:1 viskoza
CHzClzIMeOH viela
=10:1
11f CH,Cl;MeOH  97-98 CisHoN3F3  60.61/60.65 3.48/3.64 15.21/15.16
=10:1
12g CHCl;:MeOH 121-122 C;4HgN3F;  60.85/61.09 2.90/2.93 15.08/15.27
=9:1
11h CH,Cl;:MeOH 163-164 C;sH;2N;F;  61.40/61.85 4.08/4.15 14.15/14.43

=20:1
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Tabula 5.7.

Sintezéto a-aminonitrilu 11a,b,d-f, h un nepiesatinato nitrilu 12a-d,g.

'H KMR spektri.
Savie-  Kimiska nobide(m.d.), J (Hz)
nojums
CH;, s NH CHCN  Gredzenu protoni
Piridina gredzens Aromatiskais gre-
dzens
11a - 5.50,d 547, d 74-176,2H, m, J=8.0,50,1.8, 1.0, 69-72, 4H, m, ArH,
J=6.4 PyH-3,5
7,81 1H, td, J=8.0, 1.8, PyH-4
8.66, 1H, m, J/=5.0, 1.0, PyH-6
12a - - - 7.54, 1H, ddd, J=8.0, 5.0, 1.0, PyH-5 7.4 — 7.7, 4H, m, ArH,
7.89, 1H, td, /=8.0, 1.7, PyH-4
8.28, 1H, dt, J=8.0, 1.0, PyH-3
8.84, 1H, m, J=5.0, 1.0, PyH-6
11b - 518,d 5.52,d 744, 1H, ddd, J=7.9,4.8, 0.7, 6.7 —17.3, 4H, m, ArH,
J=8.0 PyH-5
7.95, 1H, m, /=7.9,23, 1.7, PyH-4
8.73, 1H, dd, /=4.8, 1.7, PyH-6
8.87, 1H, d, J=2.3, PyH-2
12b - - - 7.51, 1H, ddd, /=8.0,4.9,0.8, PyH-5 7.4-7.7,4H m, ArH,
8.42, 1H, m, /=8.0,2.0, 1.7 PyH-4
8.86, 1H, dd, /=4.9, 1.7, PyH-6
9.37, 1H, d, J=2.0, PyH-2
12¢ - - - 7.95, 2H, dd, J=6.0, 2.0, PyH-3,5 7.3-179, 4H, m, ArH,
8.87, 2H, dd, J=6.0, 2.0, PyH-2,6
11d 257 560,d 5.40,d 722, 1H,dd, =68, 1.8, PyH-5 7.0-17.3, 4H, m, ArH,
J=6.4 7.32, 1 H, dd, /=6.8, 1.8, PyH-3
7.68, 1H, t, J/=6.8, PyH-4
12d 268 - - 735, 1H, d, /=6.8, PyH-5 73 -17.6,4H, m, ArH,
7.75, 1H, t, J=6.8, PyH-4
8.05, IH, d, J=6.8, PyH-3
11e - 562,d 542,d 727-742,2H,m,J=8,4,2, <], 6.84, 2H, d, /=8.6,
J=7.0 PyH-3,5 ArH-3,5
7.82, 1 H, td, /=8, 2, PyH-4 7.51, 2H, d, J=8.6,
8.67, 1H, m, /=4, <1, PyH-6 ArH-2,6
11f - 498,d 555,d 730, 1H, ddd, /=8.0,4.8,0.7, 6.80, 2H, d, /=9.0,
J=838 PyH-5 ArH-3,5
793, 1H, dt, J=8.0, 2.4, 2.0, PyH-4 7.51, 2H, d, J=9.0,
8.64, 1H, dd, /=4.8, 2.0, PyH-6 ArH-2,6
8.78, 1H, d, /=2.4, PyH-2
12g - - - 795, 2H, dd, J=4.6, 2.0, PyH-3,5 727, 2H, d, J=8.0,
8.87, 2H, dd, J=4.6, 2.0, PyH-2,6 ArH-3.5
7.75, 2H, d, J=8.0,
ArH-2,6
11h 260 5.71,d 538,d 7.18,1H,d, 74, PyH-5 6.82,2H, d, /=8.0,
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J=16 7.49, 1 H, d, /=74, PyH-3 ArH-3.5
7.64, 1H, t, J=7.4, PyH-4 727, 2H, d, J=8.0,
ArH-2 6
Tabula 5.8.

a-Aminonitrilu 11a, b, d-f, h un nepiesatinato nitrilu 12a-h masspektri.

Savie-
nojums

MS, m/z (e, %)

l11a

12a
11b

12b

12¢

11d

12d

11e

12e

11f

277 (33, M), 276 (11, [M — H]), 274 (13), 258 (10, [M - F]"), 251 (14, [M ~ CNY"), 250
(73, [M — HCNJ"), 249 (100, [M — HCN - H]"), 231 (16, [M — HCN - F]"), 223 (64), 203
(27), 181 (9), 172 (14, [M — HCN — Py]"), 154 (41), 145 (90, [CsH4CF3]"), 132 (4, [M -
CsH4CF3]"), 125 (20), 105 (31), 95 (28), 79 (69, [PyH]"), 78 (33, [Py]"), 75 (26), 69 (12,
[CF3]"), 63 (13), 52 (30), 51 (32

276 (5, [M + H]"), 275 (46, M"), 274 (100, [M — H]"), 256 (9, [M - F]"), 249 (8, [M - CN]"),
223 (26), 206 (11, [M — CF3]"), 203 (15), 154 (25), 145 (30, [CsH4CF3]"), 125 (10), 105 (5),
95 (13), 78 (18, Py"), 75 (12), 69 (5, [CF3]"), 51 (14)

277 (15, M), 251 (12, [M — CNJ]"), 250 (100, [M — HCNT"), 249 (88, [M — HCN - H]"), 231
(10, [M — HCN - F]"), 172 (16, [M — HCN — Py]"), 160 (8), 145 (56, [CsHsCF3]"), 125 (11),
117 (20, [PyCHCNT), 95 (15), 79 (9, [PyH]"), 76 (9), 75 (9), 63 (12), 51 (16), 50 (9)

276 (16, [M + HJ"), 275 (100, M"), 274 (59, [M — H]"), 256 (14, [M - F]"), 250 (17), 249
(39, [M — CNJ), 248 (18), 206 (34, [M — CFs]"), 197 (4, [M - Py]"), 180 (6), 172 (9), 145
(55, [CéH4CF3]), 130 (11, [M — CsH4CF3]"), 125 (15), 104 (8), 95 (16), 78 (5, Py"), 75 (13),
69 (8, [CF5]"), 63 (10), 51 (11), 50 (9)

276 (17, [M + H]), 275 (100, M"), 274 (31, [M — H]"), 256 (10, [M - F]"), 249 (35, [M -
CN]), 206 (10, [M — CFs]"), 197 (13), 172 (11), 145 (93, [CsH4CF3]"), 130 (13, [M —
CsH4CF3]"), 125 (10), 104 (10), 95 (12), 78 (9, Py"), 75 (17), 69 (9, [CF3]"), 63 (8), 51 (20),
50 (12)

292 (8, [M + H]"), 291 (48, M"), 290 (13, [M - H]"), 272 (11, [M - F]"), 265 (20, [M -
CN])), 264 (72, [M - HCNY"), 263 (24), 245 (13, [M — HCN - F]"), 237 (42), 236 (100), 222
(5, [M — CF3]%), 217 (7), 199 (6, [M - MeCsH;N]), 172 (8, [M — HCN - MeCsH;3N]"), 146
(17, [M = CéH4CF3]"), 145 (66, [CsH4CF3]"), 132 (10), 125 (15), 119 (47, [M — HCN - Cq
H4CF3]"), 104 (6), 95 (20), 93 (80, [MeCsH4N]"), 92 (26, [MeCsH3N]"), 78 (13), 77 (12), 75
(18), 69 (11, [CF5]"), 66 (24), 65 (29), 63 (15), 51 (13), 50 (10), 39 (26)

290 (13, [M + HJ"), 289 (65, M"), 288 (32, [M - H]"), 270 (12, [M - FT"), 263 (13, [M —
CN]"), 237 (65), 236 (100), 220 (7, [M - CF3]"), 217 (12), 167 (13), 145 (44, [CsHCF3]),
125 (14), 119 (10, [M - C¢ HiCF;]"), 95 (21), 92 (20, [MeCsH3;N]"), 75 (15), 69 (11, [CF3]),
65 (27), 51 (10), 50 (12), 39 (16)

277 (54, M), 276(19, [M — H]), 258 (9, [M - F]"), 251 (11, [M - CN]"), 250 (50, [M -
HCN]"), 249 (100, [M - HCN - HJ"), 231 (14, [M - HCN - F]"), 223 (34), 222 (10), 208 (4,
[M - CF5]"), 199 (14, [M - Py]"), 181 (10), 172 (11, [M - HCN - Py]"), 154 (27), 145 (65,
[CeH4CF5]"), 133 (2, [M - CsHsCF3]"), 125 (18), 117 (7, [PyCHCNY]"), 107 (7), 105 (24), 95
(20), 79 (68, [PyH]"), 78 (28, Py"), 75 (19), 69 (10, [CF5]"), 63 (15), 52 (25), 51 (26)

275 (37, M"), 274 (100, [M - H]"), 256 (10, [M — F]"), 223 (13), 206 (15, [M - CFs]"), 197
(2, M - Pyl"), 154 (20), 145 (25, [CeH4CF5]"), 125 (9), 105 (5), 95 (11), 78 (16, Py"), 75
(11), 69 (5, [CF3]"), 51 (14)

277 (35, M"), 258 (5, [M — F]"), 251 (16, [M — CNT"), 250 (100, [M — HCNJ"), 249 (95, [M -
HCN - HJ"), 231 (13, [M - HCN - F]"), 223 (3), 208 (4, [M - CF3]"), 199 (4, [M - Py]"), 181
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12h
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(6), 172 (18, [M — HCN — Py]"), 160 (8), 145 (68, [CsH4CF3]"), 140 (7), 133 (2), 125 (15),
117 (59, [PyCHCNT"), 105 (7), 95 (17), 90 (11), 79 (9, [PyH]"), 75 (15), 69 (7, [CF3]"), 63
(21), 51 (16), 50 (11)

276 (16, [M + H]"), 275 (100, M), 274 (59, [M — H]"), 256 (14, [M - F]"), 249 (39, [M -
CNT"), 248 (18, [M - CN - HJ"), 206 (34, [M — CF3]"), 197 (5), 180 (6), 172 (9), 154 (3), 145
(55, [CeH4CF3]Y), 130 (11), 125 (15), 104 (8), 95 (16), 78 (7, Py"), 75 (13), 69 (8, [CF5]"), 63
(10), 51 (11), 50 (11)

276 (15, [M + HJ"), 275 (100, M"), 274 (43, [M - H]"), 256 (13, [M - F]"), 249 (30, [M -
CNY), 206 (26, [M — CFs]"), 197 (8), 172 (10), 145 (61, [CeH4CF3]"), 130 (8, [M —
C¢H4CF3]"), 125 (12), 104 (5), 95 (14), 78 (2, Py"), 75 (10), 69 (5, [CF3]"), 63 (5), 51 (13),
50 (12)

292 (7, [M +H]"), 291 (40, M"), 290 (15, [M — H]"), 272 (7, [M - F]"), 265 (22, [M - CN]"),
264 (81, [M - HCNJ"), 263 (14), 245 (14, [M — HCN - F]"), 237 (55), 236 (100), 195 (9),
172 (14, [M — HCN — MeCsHs;N]), 167 (9), 146 (10, [M — CsH4CF3]"), 145 (60,
[CsH4CF5]"), 132 (10), 125 (13), 119 (45, [M — HCN — C¢H4CF3]"), 95 (20), 93 (72,
[MeCsH4NT"), 92 (25, [MeCsHsNT"), 75 (18), 69 (6, [CF3]"), 66 (25), 65 (23), 51 (15), 50
(12)

290 (14, [M + H]), 289 (76, M"), 288 (60, [M — H]"), 270 (15, [M - F]"), 263 (18, [M -
CNJ"), 238 (11), 237 (79), 236 (100), 220 (9), 167 (10), 145 (37, [CsH4CF5]"), 125 (12), 119
(12, [M — C¢HsCF3]), 95 (16), 92 (18, [MeCsH3N]"), 75 (14), 69 (7, [CF3]), 65 (25), 63 (9),
51 (7), 50 (7), 39 (14)

Py-piridil.

Diviem nitriliem 11d un 12¢ veikta rentgenstruktiiranalize (2. un 3. attéls): N-(6-metil-2-

-piridil-cianometil)-3-trifluormetilanilinam 11d (2. attéls) un N-(4-piridilcianometilidén)-3-

-trifluormetilanilinam 12¢ (3. attéls), kuru struktiiras var attélot ar visparigam formulam I un II. Ar

rentgenstruktiranalizi pieradits, ka struktdrai 11d ir R-konfiguracija, asimetriskais atoms C(7).

Molekularo struktiiru 12¢ var raksturot ar tris planariem fragmentiem (A,B,C). Fragments A ir

piridina gredzens, fragments B ir dubultsaite C(7)=N(2) un cianogrupa, fragments C-fenilgredzens
kopa ar atomu C(15). Diedralie lenki ir 7.4(3)° un 63.2(3)° starp A un B; B un C attiecigi. Molekulu

struktiira analizéta ar literattira [69,70] aprakstitam metodém.

Z R Z R
A
N7 | N f
CN CN

I I
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o -Aminonitrila 11d molekulara struktiira:

2. attéls.

F(y F(2)

Nepiesatinata nitrila 12¢ molekulara struktiira:

3. attéls

N(1) Cl4) C(7)

Sintezéto nitrilu 12a,c citotoksiskas aktivitates pétijumi in vitro paradija, ka §ie savienojumi
uzrada augstu citotoksisko efektu. Citotoksicitate jeb vielu koncentracija, kas noved pie 50% véza
Stnu boja ejas, tika noteikta péc standarta metodologijas [71] uz Stnu finijam: HT-1080 (cilvéka
plausu fibrosarkoma), MG-22A (pelu hepatoma), B16 (pelu melanoma), Neuro 2A (pelu
neiroblastoma). Augstu citotoksicitati sintez€tie nitrili 12a un 12¢ uzradija uz cilvéka plausu

fibrosarkomas, peJu hepatomas un peJu melanomas abos testos CV un MTT. Minétie nitrili uzradija
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augstaku citotoksicitati par zinamo pretvéza preparatu Ftorafiru (Phthorafurum), kas ir viens no
efektivakajiem pretvéza kimijterapijas lidzekliem. Citotoksiskas aktivitates lielumi apkopoti

tabula 5.9. Tabula 5.9.

Citotoksiska aktivitate®.
Stinu finija;  HT-1080 MG-22A B16 Neuro 2A
Testss:. CV MIT CV MIT CV MIT CV  MIT

Savienojums

12a B 45 30 35
12¢ B 17 @ 3 75 8
Ftorafuirs 20 10 45 30 10 15 5 7

* Koncentracija (pug/ml), kas noved pie 50 % véZza §inu boja ejas efekta.

6. N-(hetarilmetilidén)-2-trifluormetilanilinu, kuros hetaril grupas ir 2-furil, 5-
-metil-2-furil, 2-tienil, 5-metil-2-tienil, 2-, 3-, 4-piridil, katalitiska
trimetilsililcianéSana ar Me;SiCN Luisa skabju klatbiitné.

Pétot 2-trifluormetilanilina aldiminu hidrosililéSanas reakcijas [72], tika konstatéts, ka CF3
grupai aromatiska gredzena orto-stavokli ir liela ietekme uz reakciju norisi, tade] tika izpétitas ari
iepriek§ sintezéu N-(hetarilmetilidén)-2-trifluormetilanilinu  Sa-g [73] trimetilsililcian&S$anas
reakcijas. Aktivakais katalizators no visam pielietotam Luisa skabém (AICls, AlBr;, LaCl;, Znl; )
trimetilsililcianida pievieno$ana dubultsaitei CH=N [61,74] ari $aja gadijuma izradijas AlBr;. Lai
novérstu izejvielu t.i. iminu hidrofitisku sadal3anos, tika izmantoti molekularie sieti 4A ka
dehidratgjosi agenti. Atskiriba no 3- un 4-trifluormetilaizvietotiem analogiem la-h, furdna un
tioféna imini Sa-d ar CF; grupu aromatiskd gredzena orto-stavokli izradijas mazak reagétspéjigi.
Reakcijas istabas temperatiira praktiski negaja. Produkti radas tikai ilgstosi sildot (24-51h)
metilénhloridd 40°C temperatiira. Zemds reagétspéjas iemesls ir stériski apjomigas 2-CF; grupas
klatbitne kaimipos reaggjosai dubultsaitei CH=N. Pé&c furana un tioféna substratu Sa-d
trimetilsililcian&$anas un hidrolizes veik$anas iegiti produkti-attiecigie amini t.i.
N-(hetarilcianometil)-2-trifluormetilanilini 14a-d ar iznakumu (40-80%) péc attirilanas ar kolonnu

hromatografijas metodes palidzibu.
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Me,SIiCN F.C
/O\ ‘O AlIBr, (20 mol %) /@\H 3 o 4/ \3 F.C .
— 5
CH cu CH,CN [R™ “x” "C—N — H_ ;
vai ggoc N C/ \ R X /C "{ 4
SiMe,
NC H ¢ =
13ad

a,cR=H b, dR=Me;a,bX=0,c,dX=8S

| A FiC X F,C
P wo U A H
N "C—N ——= "N~ “C—N
A F.C Me,SIiCN / \ / 0\
H

AlBr (20 mol %)

H -
22
X FiC
Se 3
| 7 CN —HSiMe, 051
N
v \
ABr, H  siMe,
- 15e
FiC Me,SiCN
XN e AlBr, (20 mol %) v
| J& CHCL,  CHCN 7
N 20-40°C Y ggoc

5f,g B- uny-izoméri

Abu furana substratu Sa,b reagétspéja augstaka par tioféna iminu Sc,d reagétsp&ju. Ievadot
Me grupu heterocikla, pazeminas gan furana, gan tioféna azometinu aktivitate. Sie rezultati ir lidzigi
tiem, kas ieghti 3- un 4-CF3 aizvietoto izoméru analogu gadijuma. Tika méginats paaugstinat
tioféna substratu Sc,d konversiju un attiecigo produktu iznakumu, veicot trimetilsililcianéSanas
reakcijas augstaka temperatiira 80°C, karsgjot benzola vai acetonitrila. Benzola konversija sasniedza
tikai 10% sliktas katalizatora Skidibas dé|, bet, ilgstosi kars€jot acetonitrila, reakcijas iznakums
palielindjas tikai nedaudz, ko varétu izskaidrot ar katalizatora AlBr3 un acetonitrila dal&ju
koordinaciju.

Pétot piridinaldiminu Se-g ar CF; grupu aromatiska gredzena orto-stavokli
trimetilsililcianéSanas reakcijas, izradijas, ka B- un y-izoméru 5f,g reagétsp€ja ir |oti zema, un iegit
produktus gan pie 40°C metilénhlorida, gan pie 80°C acetonitrila neizdevas.

Tikai a-azometins Se reaggja ar trimetilsililcianidu jau istabas temperatiira, pie tam tika iegiti
divi produkti-sagaidamais produkts o-aminonitrils: N-(2-piridilcianometil)-2-trifluormetilanilins

14e un nepiesatinatais nitrils: N-(piridilcianometilidén)-2-trifluormetilanilins 16e.
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Nepiesatinito produktu raSanas ir neraksturiga furdna un tioféna substratu Sa-d
trimetilsililcianéSanas reakcijam. Piridilimina Se gadijuma nepiesitinata produkta raSanos var
izskaidrot ar koordinacijas struktiiras 15e izveido$anos. Koordinativa saite savienojuma 1Se starp
attiecigds nepiesatinatas strukturas 16e veidoSanas. Iminu Sa-d trimetilsililcian€Sanas reakciju
raksturlielumi un produktu 14a-e, 16e iznakumi apkopoti tabula 6.1., bet sintezéto nitrilu 14a-e, 16e

masspektri tabula 6.2. Nitrilu 14a-e, 16e "H KMR spektri apkopoti tabula 6.3

Tabula 6.1.

Iminu Sa-d trimetilsililciang$anas reakciju raksturlielumi un produktu 14a-e, 16e iznakumi.

Aldimins | Skidina- | Temp., °C [ Kon- | Eluents Produkts | Izna-
tajs / Laiks, st. | versija, kums, %
%

Sa CHCl, | 40/24 95 PhH-EtOAc | 14a 80
95:02

Sb CHCl, | 40/24 85 PhH-EtOAc | 14b 55

' 95:02

Sc CH:Cl; | 40/27 80 PhH-EtOAc | 14¢ 50
95:0.2

5d CHCl; | 40/51 63 PhH-EtOAc | 14d 40
95:02

5d PhH 80/26 10 - -

Sd MeCN 80/50 70 PhH-EtOAc | 14d 45
95:02

Se CHzClz 20/13 90 CHzClz— 14e 40
MeOH 16e 30
95:02

sf CH;Cl; | 40/10 10 - -

St MeCN 80/45 15 - -

5g CH,Cl, |20/8 ~0 - -

S5g MeCN 80/54 18 CH.Cl;- -
MeOH 9 : 1
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Tabula 6.2.

Sintezéto nitrilu 14a-e, 16e masspektri.

Savieno-
jums

m/z (Lret, %0)*

14a

14b

l4c

14d

14e

16e

266 (20, M"), 246 (10, [M — HF]"), 240 (8, [M - CN]"), 239 (22, [M — HCN]),
220 (7, [M - HCN - F]"), 210 (5, [M — HCN — HCO]"), 199 (5, [M - Fur]"), 191
(4), 172 (4, [M - HCN - Fur]"), 170 (5, [M — HCN - CF3]"), 152 (7), 145 (17,
[CsH4CF3]"), 125 (9), 114 (9), 106 (100, [FurCHCNT"), 95 (8), 78 (15), 75 (9), 69
(2, [CF3]"), 63 (8), 51 (24)

280 (12, M), 254 (7, [M — CNY)), 253 (35, [M — HCN]", 252 (13, [M - HCN -
H]"), 236 (2), 234 (2, [M - CN - F]"), 218 (5, [M - HCN — HF - Me]"), 210 (25,
[M — HCN - MeCOJ), 191 (5), 172 (5), 161 (14), 152 (5), 145 (23, [CsH4CF3]),
125 (8), 121 (9), 120 (100, [MeC4H,OCHCN]"), 95 (10), 75 (8), 69 (5, [CF3]"), 65
(14), 53 (13), 51 (15), 50 (10)

282 (22, M"), 255 (37, [M — HCNJ"), 254 (45, [M - HCN — HJ"), 236 (4), 234 (4,
M — CN - F]"), 152 (6), 145 (25, [CsH4CF3]"), 122 (100, [C4H;SCHCN]Y), 114
(5), 105 (5), 95 (17), 91 (5), 84 (2, [ThH]"), 77 (11), 69 (12, [CF3]"), 63 (7), 58 (7),
51 (7)

296 (6, M), 269 (14, [M — HCNT"), 268 (18, [M - HCN - H]"), 161 (10), 145 (11,
[CsHs-CF3]Y), 137 (12), 136 (100, [MeCsH,SCHCNT"), 125 (5), 109 (14), 95 (7),
83 (3), 69 (8, [CF3]"), 65 (6), 59 (5), 51 (7)

277 (73, M), 256 (22, [M — F — 2H]"), 231 (27, [M - HCN - F]"), 208 (60, , [M —
CFs]"), 204 (12), 181 (100, [M — HCN — CF;]"), 179 (23), 154 (27), 152 (57), 132
(38, [M — CeHLCF5]), 127 (13), 126 (28), 125 (17), 119 (20), 118 (48,
[PyCH,CN]") 107 (32), 105 (56), 102 (22), 95 (26), 80 (33), 79 (90, [PyH]"), 78
(95, [Py]), 77 (25), 75 (21), 69 (28, [CF3]"), 64 (30), 63 (49), 62 (37), 52 (54), 51
(54), 50 (9), 39 (35), 38 (29)

274 (5, [M - H]"), 256 (4, [M - F]"), 207 (16), 206 (100, [M — CF3]"), 181 (1), 154
(4), 145 (14, [CeHLCF3]M), 125 (7), 104 (2), 95 (9), 78 (10, Py"), 75 (9), 69 (5,
[CF3]), 51 (14)

*Doti raksturigo jonu signali (relativa intensitate uzradita iekavas).
Fur = furil, Th = tienil, Py = piridil.
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Tabula 6.3.
Nitrilu 14a-e, 16e "H KMR spektri.
Savie- | Kimiska nobide (CDCh), 6, m.d.; J, Hz
no-
jums
CHs, s | NH, d CHCN, | Gredzena protoni
d
14a - 4.82 5.55 6.45 (1H, dd, J= 1.8, 2.8, H-4), 6.61 (1H, dd, J= 2.8, H-3),
J=178 6.97 (2H, m, H-3’, H-5"), 7.4-7.6 (3H, m, H-5, H-4’, H6")
14b 232 |[4.78 5.47 6.01 (1H, dd, J= 1238, 0.6, H-4), 6.47 (1H, dd, J = 2.8, H-3),
J=176 6.96 (2H, m, H-3’, H-5"), 7.50 (2H, m, H-4’, H6’)
14c - 4.80 5.69 6.9-7.0 (2H, m, H-3’, H-5"), 7.07 (1H, dd, J= 5.0, 3.6, H-4),
J=84 7.3-7.4 (2H, m, H-3, H-5), 7.5-7.6 (2H, m, H-4’, H-6")
14d 249 | 4.75 5.60 6.70 (1H, d, J= 3.2, H-4), 6.9-7.1 (2H, m, J = 7.4, H-3’, H-
J=138 5%),7.16 (1H,d, J=3.2, H-3), 7.4-7.7 2QH, m, J = 7.4, H-4’,
H-6)
14e - 6.02 5.13 6.42 (1H, m, J = 8.2, H-3), 7.1 (2H, m, J = 8.4, H-3’, H-5’),
J=54 7.40 (1H, m, J= 8.2, 4.4, H-5), 7.5 2H, m, J = 8.4, H-4’, H-
6’), 7.60 (1H, d.t, /= 8.2, 1.4, H-4), 8.70 (1H, m, J = 4 4, H-
6)
16e - - - 7.21 (1H, d, J = 8.6, H-3"), 7.43 (1H, t, J = 8.6, H-5"), 7.53
(1H, m, J=8.0,5.2, 1.0, H-5), 7.67 (1H, t,J = 8.6, H-4"), 7.78
(1H, d, J = 8.6, H-6"), 7.91 (1H, d.t, J = 8.0, 2.0, H-4), 8.29
(1H, d.t, /=8.0, 1.0, H-3), 8.83 (1H, m, J= 5.2, H-6)
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y A Daiu heterociklisko iminu asimetriska trimetilsililcianéSana ar Me;SiCN

Luisa skabju klatbatné.

Iminu asimetriskai cian€Sanai ir liela nozime optiski aktivu slapekli saturoSu savienojumu
iegiSana [22-24,26,27]. lepriek3€jos darbos [60,61,74] aprakstita trimetilsililcianida pievienoSanas
(hetero)aromatiskiem aldehidiem un ahiraliem heterocikliskiem iminiem. Iminu, kas iegiti no
hiraliem aminiem, cian&Sana aprakstita literattira [75]. Diastereoselektiva Me3SiCN pievienosana
Sifa bazém noved pie jauna hirdla centra veidoSanas a-aminonitrilos. Darba ka hirali substrati
izmantoti furana, tioféna, piridina aldimini, kas iegiti no (R)- un (S)-1-feniletilamina [76].
Stereoselektivitates pakape atkariga gan no aldimina dabas, gan no katalitiskas sistémas. Darba
sintezéta sérija heterociklisko optiski aktivu Sifa bazu (R)-17a-h un (S)-17a-h, kas talak izmantotas

trimetilsililcian€Sanas reakcija.

N)\Ph HN)\P h
o, R,R)-18a-h (lidz 81%
Het (R)'lh'h\ Me3SiCN / et N sle @

AICl3 ; AlBr3 +4A MS\
N7 Ph / —

CH2Clz, 20 vai400C

) |
- . FY 70
Het” (S)-17a-h Het CN (S,8)-18a-h (lidz 87%)

N N (ﬁ N
_ ( > ( 5 |
e /o\ Me/[(;\>\ /s\ Me/[} (N\J\ Q lN’ Me/(Nj\

Optiski aktivi hirali imini (R)- un (S)- tika izmantoti Strekera sint&z, ki katalizatoru lietojot
AICl; vai AlBr; (5-20 mol%) istabas temperatiira vai 40°C metilénhlorida. Substratu konversija
sasniedza 78-100%. Dazi no iegutiem produktiem izradijas termiski nestabili gazes hromatografijas
analizes apstaklos. Pé&c reakciju maisijumu hidrolizes ar NaHCOs; un attiriSanas uz
hromatografiskam kolonnam iegiti attiecigie a-aminonitrili 18a-h ar augstiem iznakumiem Iidz

91%. No visiem piridiniminiem iegtiti ari nepiesatinatie nitrili 19e-h (iznakumi lidz 33%).
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R/O\C}He—* Me R/@\IEH—NH—&(}:

Ph
®) un (S) N

®R) . (59

17a-d
(S.R) RS
1. Me3SiCN 2. NaHCGQs / H,O 18a-d
/ Kat. 20°c
CH,Ch

20 vaid0 °C
* Me =z M
CH=N— * * J €
CH< y

®) un (S) - CN

17e-h (R,R) - S.S)
(SR) R.S)
18e-h

=z

>

R= H, CH3

X=0,S Q *x _Me
- f=N—CH\
NS Ph
CN

(R) un (5)
19e-h

Ka jau iepriek§ minéts [61,74], So produktu veidoSanas ir iesp&ama pateicoties
koordinacijas c-kompleksam, kas rodas starp katalizatoru AlX; un imina piridina gredzena slapek|a
atomu. Visos gadijumos iegiiti oc-aminonitrilu 18a-h diastereoméru maisijumi ar vienu doming&joso
diastereoméru. a-Aminonitrili, kas iegiti no (S)-iminiem izradijas optiski negativi(-), bet no (R)-
-izomériem iegtti(+)-produkti. Kad imina konfiguracija attieciba pret slapekla atomu bija R, iegitie
produkti (R,R)-a-aminonitrili doming&ja par (S,R)-izomériem, bet (S,S)-pievienosanas produkti
veidojas galvenokart no (S)-izomériem. Visi a-aminonitrili 18a-h iegiti ar viduvéju diastereotiribu
Iidz 81% (R,R)-izomériem un lidz 87% (S,S)-izomériem. B-Piridinimina 18f trimetilsililciané$anas
gadijuma ieguta diastereoizoméru attieciba 80:20, kas atbilst literatiira aprakstitajai sintézei ar
analogisku B-piridiliminu (sintézi veic bez katalizatora 6 dienas) [25] ar diastereoizoméru attiectbu
79:21, tas liecina par misu eksperimentu augsto precizitates pakapi. Me;SiCN pievienosanas
apstakli furana, tioféna un piridina iminiem, ka arf ieglto produktu iznakumi apkopoti tabula 7.1.
Asimetriskas trimetilsililcianéSanas produktu 18a-h (R R); (SR) un (S,S); (R,S), ka ari 19¢-h (R) un
(S) 'H KMR spektri apkopoti tabula 7.2. Savienojumu 18a-h raksturlielumi un spektri atbilst
literatairas [77-79] datiem.
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Tabula 7.1.

MesSiCN pievieno3anas apstakli furana, tioféna un piridina iminiem 17a-h, ka arT iegiito produktu

18a-h un 19e-h raksturlielumi.

Nr. Imins Kat. Temp Laiks Kon- Eluents Pro- Izna- [a]s46,
(mol %) °C st. versi- kolonnu  dukts®  kums, da*¢ gradi.
ja hromato- % (c ben-
%" grafijai. zola)
1 (R)-17a AICIL (5) 20 25 n.n.* CsHs: 18a(R) 43 78:22 +88.9
EtOAc= (0.84)
9:1
2 $)-17a AICL (5) 20 20 n.n. CsHs: 18a(S) 38 67:33 -80.6
EtOAc= (0.5)
9:1
3 (R)-17b AlBr;(20) 20 1 ~100 - 18b(R) 82 74:26 +105.5
0.7)
4 (8)-17b  AlBr3(20) 20 1 ~100 - 18b(S) 80 74:26 -103.2
0.7)
5 (R)-17c¢  AlBr3(10) 20 6.5 80 Hex: 18¢(R) 75 79:21 +119.4
+MS 4A EtOAc= 2.1
5:1
6 (S)-17c¢ AlIBr3(10) 20 6.5 78 Hex: 18¢c(S) 12 78:22 -103.2
+MS 4A EtOAc= (1.8)
3:1
4 (R)-17d 20 1 80 Hex: 18d(R) 58 17:23 +69.1
AlBr;(20) EtOAc= (1.3)
5:1
8 (5)-17d AIBr3(20) 20 1 87 Hex: 18d(S) 62 7525 -69.1
EtOAc= (1.3)
5:1
9 (R)-17e AICI;(20) 40 19 75 - 18¢e(R) n.n. 71:29
10 (R)-17e AlBr;(10) 40 2 87 CHCl: 18e(R) 40 78:22 +55.8
+MS 4A MeOH= (1.2)
9.5:0.5
— e (R)-19¢ 33 - +43.8
(0.8)
11  (5-17e AICI;(20) 40 19 n.n. CHCl;: 18e(S) 61 74:26 -455
MeOH= (1.2)
9:1
e (S)-19¢ 10 -
12 (5)-17e AlIBr;(10) 20 4] 40 - 18e(S) - 71:29
13 (5)-17¢ AIBr;(10) 40 8.5 96 CHCl;: 18e(S) 73 79:21 —473
+MS 4A MeOH= (1.3)
9.5:0.5
— (5)-19¢ 18 - 428
(0.5)
14 (R)-17f AIBr(10) 40 21 95 CH,Cl;: 18f(R) 70 75:25 +93 4
+MS 4A MeOH= (1.8)
10:1
— - (R)-19f 15 -
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15 (5)-17f AIBr;(10) 40 225 82 CHCl: 18f(S) 75  80:220 -89.7

+MS 4A MeOH= (2.5)
10:1
16 (R)-17g AlBr;(10) 20 85 97  CH)Cly: 18g(R) 60 81:19 +72.4
+MS 4A MeOH= (1.8)
10:1
—"-——  (R-19¢ 25 - +38.3
0.8)
17  ($)-17g AIBry(10) 20 6 91 CHCly:  18g(S) 64 87:13  -823
+MS 4A MeOH= W)
10:1
—"e (5)-19g 12 -
18 (R)-17h AIBr;(10) 20 2 98 CHCl;; (R)18h 70 8020  +85.1
+MS 4A MeOH= (1.9)
20:1
—""——  (R)-19h 20 - +77.7
(0.6)
19 (5)-17h AIBr3(10) 20 25  ~100 - 18h(S) 85 7624 926
+MS 4A (3.7

* Noteikts ar 'H KMR.

® CH(Me)Ph grupas konfiguricija ir dota.

€ Visi savienojumi ir Skidras viskozas vielas, iznpemot 18d(S): cieta viela, kuSanas temp. 48-49°C.
¢ da = diastereoizomeéru attieciba.

° n.n. = nav noteikts.

Tabula 7.2.

Asimetriskas trimetilsililciangéSanas produktu 18a-h (R,R); (SR) un (§,S); (R,S), ka ari 19¢-h (R) un
(S) 'H KMR spektri.

Kimiska nobide (CDCl3), 8, m.d.; J, Hz

Savienojums* CH;CH CH; NH CHCN CHMe Gredzena protoni
d s k

18a(R) 143, - 2.0, 443, 419,  63-64, m, FurH-3 4, 7.2-7.4, m, FurH-5,
maZora J=6.4 ps ps J=6.4 Ph

18a(S) 137, - - 468, 392 @ e

mnora J=6.4 ps J=6.4

18b(R) 143, 228 19, 435 418, 592, m, J=2.2, FurH-4; 625, m, J=2.2, FurH-
maZora J=6.4 ps ps J=64  3.7.2-74 m, Ph

18b(S) 137, 461, 393 5.92, m, J=2.2, FurH-4; 620, m, J=2.2, FurH-
minora J=6.4 ps J=64  3:72-74 m,Ph

18¢(R) 137, ; 195, d, 449, d 415 6.8-7.5, m, ThH-3 4, Ph; 7.64, m, ThH-5
maZora J=1.0 F120  J=120  J=70

18¢(5) 1.35, ; 3.99, —_ree

minora J=7.0 J=7.0



18d(R)
mazora

18d(S)

minora
18¢(R)
mazora

18¢e(S)

minora
(R)-1%¢
(5)-19¢

181(R)
mazora

181(S)
minora
(R)-19f

18g(R)
mazora

18g(S)
minora
(R)-19¢g
(S)-19g
18h(R)
mazora

18h(R)
minora
(R)-19h

1.35,
J=6.6

1.33,
J=6.6
145,
J=6.6

141,
J=6.6
1.64,
J=6.4

1.44,
J=6.6

1.43,
J=6.6
1.58,
J=6.6

147,
J=7.0

1.44,
J=1.0
1.67,
J=12
147,
J=6.6

1.41,
J=6.4
1.64,
J=6.4

2.42

2.56

2.55

2.62

43

1.95, d, 4.45,d, 4.16,

J=11.6

1.9,
pd
2.5,
ps

2.0,
ps

Z.1;
ps

J=11.6

446, d,
J=11.6
444 s

4.76,s

443 s

4.78,s

441,s

478, s

437,s

4.70, s

J=6.6

4.00,
J=6.6
4.27,
J=6.6

3.98,
J=6.6
5.25,
J=6.4

4.24,
J=6.6

3.99,
J=6.6
5.20,
J=6.6

4.24,
J=1.0

4.02,
J=7.0
3.22,
J=12
4.27,
J=6.6

3.98,
J=6.4
5.25,
J=6.4

6.57, d, J=3.4, ThH-4; 6.94, d, J=3.4, ThH-3;
7.2-74, m, Ph

7.2-7.4, m, PyH-3,5, Ph; 7.70, td, J=6.0, 1.2,
PyH-4; 8.61, m, J=4.6, PyH-6

e

7.3-1.5, m, PyH-5, Ph; 7.73, td, J=7.0, 1.6,
PyH-4; 8.12, d, J=7.0, PyH-3; 8.69, m, J=4.8
PyH-6
7.2-7.5, m, PyH-5, Ph; 7.83, dt, J=8.0, 2.2,
PyH-4; 8.60, dd, J=5.0, 1.6, PyH-6; 8.73, d,
J=2.4

7.2-15, m, PyH-5, Ph; 8.17, dt, J=7.8, 2.2,
PyH-4; 8.75, dd, J=5.0, 1.6, PyH-6; 8.87, d,
J=22

7.3-7.6, m, Ph, PyH-3,5; 8.62, dd, J=6.0, 2.0,
PyH-2,6

7.2-7.6, m, Ph; 7.84, dd, J=6.0, 2.0, PyH-3,5;
8.78, dd, J=6.0, 2.0, PyH-2,6

7.09, d, J=7.6, PyH-5; 7.15, d, J=7.6, PyH-3;
7.2-7.5, m, Ph; 7.59,t, J=7.6, PyH-4

7.23, d, J=6.5, PyH-5; 7.3-7.5, m, Ph; 7.63, t,
J=6.5, PyH-4; 7.93, d, J=6.5, PyH-3

* CH(Me)Ph grupas konfiguracija ir dota
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8. Trimetilsililcianida Me;SiCN pievienoSanas reakcijas N-[3-(hetaril)-2-
-propenilidén]-trifluoraniliniem, kuros hetaril grupas ir 2-furil, S-metil-2-furil.

Literatira par trimetilsililcianida iedarbibu ar propenilidénaminiem datu nav. Furilakroleina,
ta atvasindjumu un analogu, kuri satur konjugéto saisu sistému O=C-C=C, hidrosililéSanas reakcijas
veidojas 1,2- un 14-pievienosanas produkti [80]. P&c analogijas ar S§iem pétjjumiem
trimetilsililcian&Sanas procesi saisu sisttma N=C-C=C varé&tu but lidzigi. Izpé&titas iepriek§ sintez&tu
N-[3-(hetaril)-2-propenilidén]-2-trifluormetilanilinu 20a,d, N-[3-(hetaril)-2-propenilidén]-3-
-trifluormetilanilinu 20b,c, N-[3-(hetaril)-2-propenilidén]-4-trifluormetilanilinu 20c,f [73,81,82]

trimetilsililciangSanas reakcijas katalizatora AlBr; klatbiitné.

Me,SiCN -
iMe
RAC—C P CFs ABr, + 4AMs / \ H H | 3S;CF3
° H—H H— CH.CI CH C: ) © » §
o2 2 vai 3 H CN
20 a-f 40°C 65°C —_—
R=H, Me /HzO
vieta CF4: 2'-, 3'-, 4'- i 8
2 3
5 / \ Hp Ha CF3
R — N 4
g )
Hy CN 6 5

22 a-f

Ka jau iepriek$ konstatéts [61,74,83], AlBr; kopa ar molekularajiem sietiem 4A uzradija
vislielako aktivitati. Salidzinot substratu aktivitati, izradijas, ka 4-CF;-fenil grupas saturo$i imini
20c¢,f ir reagétsp€jigaki par 2-CF; un 3-CF; grupas benzola gredzena aizvietotiem azometiniem
20a,b,d,e. Metilgrupa, kas atrodas furana gredzena neietekmé reakciju norises atrumu, jo ta atrodas
talu no reaggjosas saites. P&c trimetilsililcianéSanas reakciju hidrolizes un maisijumu sadaliSanas ar
kolonnu hromatografijas metodes palidzibu visos gadijumos izdaliti 1,2-pievienoSanas produkti t.i.
attiecigie o-aminonitrili: N-[3-(hetaril)-1-ciano-2-propenil]-trifluormetilanilini 22a-f ar iznakumu
57-85%. Savienojuma 22f struktira pieradita ar rentgenstruktiranalizi, izmantojot literatiira [84-87]

aprakstitas metodes. Reakciju produktu 22a-f raksturlielumi apkopoti tabula 8.1.
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Tabula 8.1
Reakciju produktu 22a-f raksturlielumi.
Pro- |R |Poz- | Temp Brutto Iegiits % T. kus., °C | Izna-
dukts cija °C/ formula Aprékinats, % kums
CF; Laiks, st. | (molmasa) | C H N %
(skidina-
tdjs)
22a H 2’- 40/25, C15H1 1N20 - - - §k1dra 71
65/6 F5 (292.26) viskoza
(MeCN) viela
22b H |3- 40/6 CisH;i1N,O | 61.70 | 3.89 | 9.05 87-88 72
(CH,Cly) | F3(292.26) | 61.65 [3.79 |9.58
22c H |4- 40/4 CisH;1N,O | 61.50 |3.74 {9.36 136-137 85
(CH,Cl,) | F5(292.26) | 61.65 [3.79 |9.58
22d Me | 2’- 40/15 C16H13N20 - - - §k1dra 57
(CHzClz) F3 (306.29) viskoza
viela
22e Me | 3°- 65/5 CisHisN;0 | - - - Skidra 70
' (MeCN) | F5 (306.29) viskoza
viela
22f Me | 4’- 40/3 CisHisN,O | 62.47 | 434 (8.90 115-116 75
(CH,Cl,) | F5(306.29) | 62.74 | 4.28 [9.15

Izveidojusos starpproduktu trimetilsililcian€to azometinu 21a-f saites N-Si hidrolize notiek

maigos apstak]os, iedarbojoties ar mitru acetonu istabas temperatiira. Tadejadi var secinat, ka

Me;SiCN

pievieno$anas

minétajiem

azometiniem

notiek

selektivi,

pievienojoties

trimetilsililcianidam dubultsaitei C=N un neskarot saiti C=C. Reakciju produktu: a-aminonitrilu

22a-f GSH-MS spektrus registrét neizdevas, jo Sie savienojumi analizes apstaklos ir termiski

nestabili t.i. a-aminonitrila molekula zaudé HCN un veidojas izejviela. Sintezéto savienojumu

22a-f '"H KMR spektri apkopoti tabula 8.2.
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Tabula 8.2.

Sintezéto savienojumu 22a-f 'H KMR spektri

Savie- Kimiska nobide (CDCl3), 8, m.d.; J, Hz
nojums
CHs,s | NH, d CHN, CHg, CH,, Protoni
dd dd
22a - 451, 5.08,J |6.19,J | 691, 6.42 (2H, s, H-3, H-4), 6.9-7.0
J=78 |=54, =54, = (2H, m, H-5’, H-6), 7.40 (1H,
7.8 15.7 15.7 s,H-5), 7.5-7.6 (2H, m, H-3’, H-
4’)
22b - 4,53, 5.05,J |6.17,J | 6.83, 6.40 (2H, s, H-3, H-4), 6.9-7.0
J=86 | =54, =54, = (2H, m, H-2’, H-6), 7.12 (1H, d,
8.6 15.6 15.6 J=8.0,H-5"), 7.35 (1H, s, H-5),
7.39 (1H, m, H-2’)
22¢ - 4.20, 5.09,J |6.20,J | 6.86, 6.42 (2H, s, H-3, H-4), 6.81 (2H,
J=84 |=53, |=53, = d, J=8.4, H-2’, H-6"), 7.41 (1H,
84 15.8 15.8 s, H-5), 7.51 2H, d, /= 8.4, H-3’,
H-5%)
22d 2.32 4.50, 5.06,J |6.12,J | 6.80, 6.02 (1H, d, /J=3.0, H-4), 6.31
J=72 | =52, =52, = (1H, d, J=3.0, H-3), 6.9-7.0 (2H,
7.2 15.8 15.8 m, H-5’, H-6’), 7.5-7.6 (2H, m,
H-3’, H-4’)
22e 2.32 4.07, 5.05,J [6.10,J | 6.77, 6.01 (1H, d, J=3.1, H-4), 6.30
J=82 | =438, =48, = (1H, d, J=3.1, H-3), 6.9-7.0 (2H,
82 15.4 154 m, H-2’ H-6"), 7.12 (1H, d, J =
7.4, H-5"), 7.35 (1H, m, H-2")
22f 2.31 4.20, 5.04,J [6.09,J |6.80, 6.01 (1H, d, /=3 .4, H-4), 6.29
J=88 | =54, =54, = (1H, d, J=3.4, H-3), 6.75 (2H, d,
838 15.6 15.6 J=8.4 H-2’, H-6’),7.54 2H, d, J
= 8.4, H-3’, H-5’)

9. Dazu 5-z-butil-2-furilmetilidénanilinu trifluormetilatvasinajumu un to
silileto analogu sintéze un biologiska aktivitate.

Heterocikliskie azometini, kas satur sililgrupas un CF;-grupas ir potenciali biologiski aktivi
savienojumi [47-49,50,51), tadé] tika sintezéta rinda Sifa bazu 25a-i, kas satur minétas grupas, péc
musu izstradatas metodikas [82,88,89], kondensgjot S-t-butilfurfurolu 23a un ta trimetilsilil- un
trietilsilil- analogus 23b,c ar 2-, 3-, 4-trifluormetilaniliniem 24a-c molekuldro sietu 4A klatbitné.
Iegiti produkti: aldimini 25a-i ar 38-100% lielu iznakumu. Visas savienojumu struktiiras pieraditas

1 .
ar 'H KMR un masspektriem.
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CF, 4A MS / \
Alk,M le) CHO PhH, 20-80 °C Alk,M o) }C_J|=N

&3¢ 24a 25a-i
vieta CF,
23a, 25a-c M =C, Alk = Me 24a, 25a, 25d, 25g 2-
23b, 25d-f M = Si, Alk = Me 24b, 25b, 25e, 25h  3-
23c, 25g-i M =Si, Alk = Et 24c, 25c, 25f, 25i 4-

Furfurola trimetilsilil- un tretilsilil- atvasingjumi 23b,c reagé ar 3- un 4-
trifluormetilaniliniem 24b,c jau istabas temperatura, bet ar 2-trifluormetilanilinu 24a paaugstinata
temperatiira (80°C).

t-Butilaizvietots furfurola atvasinajums 23a ar iepriek§ minétiem aminiem 24a-c ari reagé
tikai paaugstinata temperatiira. Minimala aktivitate raksturiga r-butilaizvietotam aldehidam 23a un
2-trifluormetilanilinam 24a, jo 2-CF3 grupa rada stériskas gritibas $o savienojumu kondensacija.

Sintez€to savienojumu 25a-i biologiska aktivitate tika noteikta ar dazadam metodém:
neirotropa aktivitate uz balto peju linijas ICR [90,91], ka ari citotoksicitate uz véza [inijam in vitro
[71]..Izpéﬁtie aldimini 25a-i, iznpemot N-(5-trimetilsilil-2-furilmetilidén)-4-trifluormetilanilinu 25f
(LDso 365 mg/kg), ir maztoksiski savienojumi, to LDso lielums parsniedz 1000 mg/kg, tadé]
terapeitiskas iedarbibas indekss $o savienojumu rinda varétu bit pietieckami augsts. Pétot dzivnieku
kustibu aktivitati rot€josa stiepa un cilindra testos, noskaidrots, ka izteiktas deprim&josas ipaSibas
piemit tikai N-(5-z-butil-2-furilmetilidén)-3-trifluormetilanilinam 25b. Citiem savienojumiem §i
aktivitate ir zema vai praktiski tas nav. Vairakumam no izpétitiem savienojumiem piemit
analgéziskas TpaSibas. Neviens no sintezétiem savienojumiem, izpemot toksisko iminu 25f,
neietekmé trakciju (tests pievilk§anas pie stiepa). Gandriz visi azometini samazina pelu dzives
ilgumu hipoksiskas hipoksijas apstak]os-75-99% (salidzinot ar kontrollielumu-100%). Savienojumi
maz ietekmé fenamina hipertermiju-iegitie dati tuvi kontrollielumam (100%). t-Butilatvasinajumi
25a-¢ un N-(5-trietilsilil-2-furilmetilidén)-2-trifluormetilanilins 25g ievérojami samazina etanola
narkozes laiku, bet vairakums no savienojumiem palielina heksenala narkozes laiku.

Antikonvulsivas ipaSibas (korazola krampju tests) piemit gandriz visiem sintezétiem
iminiem, Tpasi trietilsililatvasindgjumiem 25g-i. Pé&tamie savienojumi 25a-i atkariba no to struktiras
rada specifisku iedarbibu uz fenamina farmakologiskiem efektiem, ta #-butilatvasinajumi 25a-c
ievérojami palielina stimul&joSo fenamina aktivitati-5.39, 3.17 un 8.59 reizes attiecigi.
Sililatvasindjumi 25d-i vai nu neietekmé& fenamina aktivitati,vai rada antagonistisku iedarbibu.
Citotoksiskas aktivitates pétijumu meérkis-noteikt sintezéto iminu 25a-i sp&ju nomakt véza $inu

-

augSanu in vitro, ka arl noteikt So vielu aktivitati slapekla oksida radikalu sintézé $ina, jo
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paaugstinata NO- radikd]u koncentracija noved pie $inu boja ejas [92]. Vielu koncentraciju, kas
nodrofina 50% §tnu boja eju, noteica uz divam 3unu fnijam: HT-1080 (cilvéka plausu
fibrosarkoma) un MG-22A (peju hepatoma). Tikai viens no savienojumiem N-(5-trimetilsilil-2-
-furilmetilidén)-3-trifluormetilanilins 25e neuzradija citotoksicitati. Pargjie sililatvasinajumi 25d-i
uzradija mérenu citotoksisko efektu, tadu vairums no tiem uzradija augstu NO generacijas limeni, it
ipasi trietilsililatvasin@jumi 25g-i uz §tunu linijas HT-1080, bet imins N-(5-trimetilsilil-2-
-furilmetilidén)-2-trifluormetilanilins 25d uz S§inu Iinijas MG-22A. Vislielaka citotoksiska
aktivitate piemit z-butilatvasindgjumiem 25a-c, pie tam to iedarbiba ir specifiska uz dazadam Slinam
dazados testos. Maksimalo citotoksicitati-ICso =0,15ug/ml uz §inu inijas HT-1080 uzradija N-(5-¢-
-butil-2-furilmetilidén)-3-trifluormetilanilis 25b, ki ari N-(5-z-butil-2-furilmetilidén)-2-
-trifluormetilanilins 25a-ICsy=0,43ug/ml uz $tinu linijas MG-22A. Abos gadijumos §i citotoksicitate
noteikta, iekrasojot mitohondridlos enzimus ar 3-(4,5-dimetiltiazol-2-il)-2,5-difeniltetrazolija
bromidu (MTT), kas liecina par to oksidéjoSo-reduc€joso ipasibu intensitates pieaugumu test&jamo
vielu klatbatn€. N-(5-z-butil-2-furilmetilidén)-4-trifluormetilanilins 25¢ uzradija ievérojamu
citotoksicitati uz pelu hepatomas §inu linijas, iekrasojot ar MTT(ICso=4pg/ml), ka ar1 CV testa,
iekrasojot $inu membranas ar kristalvioleto (ICso=5Spug/ml). Visos testos morfologiskas izmaipas

sunas netika novérotas.

10. Eksperimentala daja.
10.1. Pielietotas metodes un aparatiira.

'H KMR spektri uzpemti uz spektrometriem Varian Mercury (200 MHz) un Bruker
WH-90/DS (90 MHz) CDCl; skidumiem, iek$€jais standarts TMS. Masspektri uzpemti uz hromato-
masspektrometra HP 6890 GC/MS, kas apgadats ar kapilara kolonnu HP-5 MS (30.0 m x 250
pkm), ieprogramm@tais temperatiiras rezims no 70 fidz 260°C (10°C/min). Optiska grieSana noteikta
uz instrumenta Polamat A(Carl Zeiss, Jena). Elementanalize noteikta, izmantojot instrumentu Carlo
Erba EA-1108. Kusanas punkti noteikti ar Kofler instrumentu. Sintez&to savienojumu monokristali
iegiti 1éna kristalizacija no 3kidinataju maisijuma benzols-heksans. Difrakcijas ainas uzpemtas
20°C temperatira uz automatiska difraktometra Nonius KappaCCD (MoKa starojums).
Savienojumu struktiiras noteiktas péc aprékiniem, kas veikti ar datorprogrammu SHELXS 97, SIR

97 un maXus palidzibu [66-68].



49

10.2. Hidrosililesanas reakciju veikSanas kopéja metodika.

Benzols pirms lietofanas pardestiléts virs CaHa, tetrahidrofurans Zzavéts p&c zinamas
metodikas. Reakcijas izmantoti firmu Fluka un Acros hidrosilani un parejas metalu kompleksi, ka
ari VEB Laborchemie Apolda molekularie sieti. Reakcijas reaktoru Pierce (tilpums Scm’) izpa§ ar
argonu, ievieto taja 2 ml sausa benzola vai THF, 0.01 mmol katalizitora, 0.5 mmol imina, maisa
istabas temperatiira ~ 30 min. Péc tam iegiito $kidumu atdzesg ar ledu Iidz 0°C un ar $prici pievieno
0.6 mmol hidrosilina. Reakciju veic pie 65°C vai istabas temperatiira, periodiski nopemot paraugus
un analizgjot tos ar PSH, GSH, GSH-MS. PSH veic uz plaksnitém Kieselgel 60 F,s4 (Merck). Péc
sililéSanas beigim reakcijas maisijumu filtré, ietvaicé pazeminita spiediena (30°C/15mm) un
registré 'H KMR spektrus. Péc tam veic hidrolizi, pievienojot 2.5 ml metanola un 0.5 ml 10%
NaHCO; iidens $kiduma. So maisijumu ekstragé ar &teri, ekstraktu 2avé virs beziidens Na;SO,,
filtré un ietvaicé. Atlikumu sadala ar §kidruma hromatografijas metodes palidzibu uz kolonnas ar
silikagelu (Kieselgel 60, 0.063-0.200, Merck). Furana un tioféna atvasindgjumu gadijuma lieto
eluentu benzols-etilacetats, bet piridina atvasinajumu gadijuma: hloroforms-metanols. Visi iegtie
prodhkti ir Skidras viskozas vielas dzeltena vai oranza krasa. N-(hetarilmetilidén)-2-
-trifluormetilanilinu hidrosililésanas rekciju produktu '"H KMR spektri un masspektri apkopoti
tabulas 4.1. un 4.2.

10.2.1. N-(hetarilmetilidén)-3-trifluormetilanilinu un N-(hetarilmetilidén)-4-
-trifluormetilanilinu, kuros hetaril grupas ir 2-furil, S-metil-2-furil, 2-tienil,
5-metil-2-tienil hidrosililé§anas reakciju produktu "H KMR un masspektri.

N-(2-furilmetil)-4-trifluormetilanilins (4a).
MS-GC, m/z (L., %): 241 (28, M), 240 (6, [M — H]"), 222 (4, [M - F]"), 174 (4, [M — Fur]), 172
(3, M - CF5]"), 145 (9, [CsH4CF3]"), 80 (6), 81 (100, [FurCH,]"), 69 (3, [CF3]"), 53 (25), 39 (5).
'HKMR (90 MHz, & (m.d.), J (Hz), CDCl;, TMS): 1.5 (ps, 1H, NH), 4.33 (s, 2H, CH,), 6.24 (m,
J=4.0, 1H, FurH-3), 6.31 (m, J/=4.0, 2.0, 1H, FurH-4), 6.67 (d, J=9.4, 2H, ArH-3,5), 7.35 (m, 1H,
FurH-5), 7.40 (d, J/=9.4, ArH-2,6).

N-(2-furilmetil)-trietilsilil-4-trifluormetilanilins (2a).
MS-GC, m/z (Ie1., %): 355 (14, M), 336 (5, [M — F]"), 326 (37, [M — Et]"), 224 (17), 188 (20), 154
(100), 145 (9, [CsH4CF3]"), 125 (29), 115 (5, [SiEt;]7), 97 (8), 87 (14), 81 (72, [FurCH;]"), 69 (2,
[CF3]1M), 59 (21), 53 (24).

N-(5-metil-2-furilmetil)-4-trifluormetilanilins (4b).
MS-GC, m/z (L., %): 255 (17, M), 236 (2, [M = F]), 211 (11), 174 (5), 172 (4), 160 (1, [M —
MeFur]"), 145 (9, [C6H4CF3]"), 95 (100, [MeFurCH,]"), 65 (4), 51 (5), 43 (10), 39 (5).
'H KMR (90 MHz, & (m.d)), J(Hz), CDCl;, TMS): 1.8 (ps, 1H, NH), 2.27 (d, J/=1.2, 3H, CHs), 4.28
(s, 2H, CHy), 5.89 (dd, J/=3.6, 1.2, 1H, FurH-4), 6.11 (d, J=3.6, 1H, FurH-3), 6.55 (d, J=9.5, 2H,
ArH-3,5), 7.40 (d, J/=9.5, ArH-2,6).

N-(2-tienilmetil)-4-trifluormetilanilins (4c).
MS-GC, m/z (I, %): 257 (16, M"), 238 (5, [M - F]"), 174 (5, [M - Th]"), 172 (4), 145 (14,
[CHLCF3]Y), 97 (100, [ThCH,]"), 69 (6, [CF3]"), 53 (7), 45 (8), 39 (5).
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'H KMR (90 MHz,5 (m.d.),J (Hz), CDCl;, TMS): 1.55 (ps, 1H, NH), 4.55 (s, 2H, CH.), 6.69 (d,
J=9.0, 2H, ArH-3,5), 6.9-7.1 (m, 2H, ThH-3,4), 7.24 (dd, J=4.0, 2.0, 1H, ThH-5), 7.42 (d, J=9.0,
ArH- 2,6).
N-(2-tienilmetil)-trietilsilil-4-trifluormetilanilins (2c).
MS-GC, m/z (1., %): 371 (22, M), 353 (2, [M — F]"), 342 (35, [M - Et]"), 284 (1, [M - 3Et]),
256 (3, [ (12), 97 (76, [ThCH,]"), 87 (13), 69 (2, [CF3]"), 59 (21), 45 (8).
N-(5-metil-2-tienilmetil)-4-trifluormetilanilins (4d).
MS-GC, m/z (1., %): 271 (16, M"), 252 (1, [M —F]"), 211 (11), 174 (5), 145 (17, [CsH4CF5]"), 125
(6), 111 (100, [MeThCH,]"), 95 (7), 77 (12), 69 (10), 59 (7), 45 (9), 39 (6).
'H KMR (200 MHz, § (m.d.), J (Hz), CDCls, TMS): 2.43 (s, 3H, CHs), 4.45 (s, 2H, CHy), 5.59 (m,
J=3.4, 12, 1H, ThH-4), 6.73 (d, J/=8.4, 2H, ArH-3,5), 6.78 (d, /=3.4, 1H, ThH-3), 7.42 (d, /=84,
ArH-2,6).
N-(2-furilmetil)-3-trifluormetilanilins (4e).
MS-GC, m/z (Ier., %): 242 (6, [M + H]"), 241 (47, M"), 222 (15, [M - FT"), 213 (5), 172 (9, [M -
CF3]"), 145 (23, [CsH4CF3]), 125 (7), 113 (18), 95 (7), 81 (100, [FurCH;]"), 75 (9), 69 (7, [CF3]"),
63 (8), 53 (21), 39 (12).
'H KMR (200 MHz, § (m.d.), J (Hz), CDCls, TMS): 4.33 (s, 2H, CH,), 6.24 (dd, J=3.2, 0.7, 1H,
FurH-3), 6.31 (dd, J=3.2, 1.9, 1H, FurH-4), 6.8-6.9 (m, 2H, ArH-5,6), 6.9-7.0 (m, 1H, ArH-4),
7.2-7.3 (m, 1H, ArH-2), 7.36 (dd, J=0.7, 1.9, 1H, FurH-5).
N-(2-furilmetil)-trietilsilil-3-trifluormetilanilins (2e).
MS-GC MS-GC, m/z (I,.1., %): 355 (10, M), 336 (2, [M - F]"), 326 (35, [M - Et]"), 224 (16), 188
(11), 154 (100), 153 (35), 145 (6, [CsH4CF3]"), 125 (29), 115 (5, [SiEts]7), 97 (8), 87 (12), 81 (54,
[FurCH:]"), 69 (1, [CF3]%), 59 (19), 53 (18).
'H KMR (90 MHz, § (m.d.), J (Hz), CDCl;, TMS): 0.8—1.0 (m, 15H, SiEts), 4.43 (s, 2H, CH,), 6.02
(dd, J=3.0, 1.0, 1H, FurH-3), 6.22 (dd, J=3.0, 2.0, 1H, FurH-4), 6.9-7.3 (m, 4H, ArH,), 7.42 (dd,
J=2.0, 1.0, 1H, FurH-5).
N-(5-metil-2-furilmetil)-3-trifluormetilanilins (4f).
MS-GC, m/z (Iet., %): 255 (14, M), 236 (3, [M — F]), 174 (4), 145 (10, [CeH4CF3]"), 95 (100,
[MeFurCH,]"), 51 (6), 43 (15).
'"H KMR (200 MHz, 8 (m.d.), J (Hz), CDCls, TMS): 2.25 (s, 3H, CH3), 4.25 (s, 2H, CHy), 5.88 (dd,
J=3.2, 1.0, 1H, FurH-4), 6.11 (d, J=3 .2, 1H, FurH-3), 6.75-6.9 (m, 2H, ArH-5,6), 6.9-7.0 (m, 1H,
ArH-4), 7.2-7.3 (m, 1H, ArH-2).
N-(5-metil-2-furilmetil)-trietilsilil-3-trifluormetilanilins (2f).
MS-GC, m/z (Iey., %): 369 (6, M"), 340 (11, [M - Et]"), 246 (4), 216 (4), 188 (5), 167 (15), 154
(29), 139 (8), 95 (100, [MeFurCH,]"), 87 (6), 77 (3), 59 (10), 43 (11).
'H KMR (90 MHz, 6 (m.d.), J (Hz), CDCl3;, TMS): 0.8-1.0 (m, 15H, SiEt3), 2.20 (s, 3H, CHj3), 4.40
(s, 2H, CHy), 5.78 (m, 1H, FurH-4), 5.87 (m, 1H, FurH-3), 6.8-7.5 (m, 4H, ArH,).
[(5-metil-2-furil)-trietilsililmetilén]-3-trifluormetilanilins (3f).
MS-GC, m/z (L1, %): 367 (6, M"), 352 (1, [M — Me]"), 348 (1, [M - F]")337 (26), 338 (100, [M -
Et]"), 310 (12), 280 (7), 222 (47), 207 (82), 179 (21), 145 (19, [CsH4CF3]"), 128 (8), 109 (5), 95
(20, (MeFurCH,]"), 77 (14), 59 (9), 43 (30).
N-(2-tienilmetil)-3-trifluormetilanilins (4g).
MS-GC, m/z (Ie1., %): 257 (33, M), 238 (5, [M - F]"), 174 (5, [M — Th]"), 145 (15, [CsH4CF3]),
113 (5), 97 (100, [ThCH.]"), 69 (6, [CF3]"), 53 (8), 45 (10), 39 (6).
'H KMR (90 MHz, § (m.d.), J (Hz), CDCl3;, TMS): 4.2 (ps, 1H, NH), 4.53 (s, 2H, CHy), 6.6-7.6 (m,
TH, ThH-3,4,5, ArH,).
N-(2-tienilmetil)-trietilsilil-3-trifluormetilanilins (2g).
MS-GC, m/z (I.e1., %): 371 (19, M"), 353 (2, [M - F]"), 342 (33, [M - Et]"), 256 (3, [M — SiEt;]"),
236 (5), 217 (4), 188 (13), 169 (31), 154 (100), 145 (9, [CsH4CF;]"), 141 (30), 127 (6), 113 (11), 97
(63, [ThCHZ]"), 87 (9), 77 (5), 59 (17), 45 (6).
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N-(5-metil-2-tienilmetil)-3-trifluormetilanilins (4h).
MS-GC, m/z (Lei., %): 271 (20, M), 252 (1, [M - F]"), 174 (5), 145 (14, [C6HiCF5]"), 111 (100,
[MeThCH.]"), 95 (5), 77 (8), 69 (5), 45 (6).
'H KMR (200 MHz, § (m.d.), J (Hz), CDCl;, TMS): 2.43 (s, 3H, CH3), 4.43 (s, 2H, CHy), 6.59 (m,
J=3.2, 1.2, 1H, ThH-4), 6.79 (d, J=3.2, 1H, ThH-3), 6.8-6.9 (m, 2H, ArH-5,6), 6.9-7.0 (m, 1H,
ArH-4), 7.2-7.3 (m, 1H, ArH-2).

N-(2-tienilmetilidén)-anilins (1i).
MS-GC, m/z (I.1., %): 187 (85, M), 186 (100, [M - H]"), 115 (6), 110 (2, [M - Ph]"), 104 (4, [M —
Th]), 95 (4), 97 (100, [ThCH;]"), 84 (5, [ThH]"), 77 (40, Ph"), 69 (5), 63 (5), 58 (5), 51 (26), 45
9), 39 (14).
'H KMR (90 MHz, § (m.d.), J (Hz), CDCls, TMS): 7.0-7.5 (m, 8H, Th, Ph), 8.51 (s, 1H, CHN).

N-(2-tienilmetil)-anilins (4i).
MS-GC, m/z (Ia., %): 190 (6), 189 (48, M"), 187 (8), 186 (10), 154 (2), 106 (4), 97 (100,
[ThCH,]"), 77 (18, Ph"), 65 (10), 51 (15), 45 (14), 39 (16).
'H KMR (90 MHz, & (m.d.), J (Hz), CDCls, TMS): 4.0 (ps, 1H, NH), 4.51 (s, 2H, CHy), 6.5-7.3 (m,
6H, Ph, ThH-3), 6.71 (m, J=2, ThH-4), 7.18 (m, J=2, ThH-5).

N-(2-tienilmetil)-trietilsililanilins (2i).
MS-GC, m/z (L., %): 306 (16), 305 (67, M), 276 (3, [M - Et]"), 249 (20), 248 (100, [M — 2Et -
H]Y), 244 (37), 218 (5), 200 (3), 190 (16), 156 (5), 130 (12), 115 (23, [SiEts]"), 104 (6), 87 (47), 77
(28, Ph"), 59 (50), 45 (8), 31 (5).

[N-(2-tienil)-trietilsililmetilén]-anilins (3i).
MS-GC, m/z (Ie1., %): 304 (11), 303 (45, M"), 273 (20), 274 (92, [M — Et]"), 246 (5), 216 (2, [M -
3Et]"), 170 (14), 169 (100), 149 (9), 142 (10), 141 (80), 121 (19), 120 (49), 113 (23), 97 (68), 87
(24), 77 (23, Ph"), 59 (46), 53 (13), 45 (14).
'H KMR (90 MHz, & (m.d.), J (Hz), CDCls, TMS): 0.7-1.0 (m, 15H, SiEts), 6.4-7.3 (m, 8H, Th,
Ph).

N-fenilmetiliden-4-trifluormetilanilins (1)).
MS-GC, m/z (Ie1., %): 250 (12), 249 (75, M), 248 (100, [M - H]"), 230 (4, [M - F]"), 180 (7), 172
(8, [M - Ph]"), 145 (38, [CsH4CF]), 126 (7), 125 (9), 95 (12), 89 (5), 77 (11, Ph™), 75 (9), 69 (7,
[CF3]M), 51 (10), 39 (5).
'H KMR (90 MHz, & (m.d.), J (Hz), CDCl;, TMS): 7.22 (d, J=8.4, 2H, ArH-3,5), 7.3-7.6 (m, 3H,
PhH-2,4,6), 7.62 (d, J=8.4, ArH-2,6), 7.90 (m, 2H, PhH-3,5), 8.42 (s, 1H, CHN).

N-fenilmetil-4-trifluormetilanilins (4j).
MS-GC, m/z (I, %): 252 (10), 251 (65, M"), 250 (14, [M — H]"), 232 (13, [M - F]"), 182 (2), 174
(10, [M = Ph]"), 172 (6), 145 (21, [CsH4CF3]"), 125 (4), 113 (5), 92 (7), 91 (100, [PhCH,]"), 77 (6,
Ph*) 65 (17), 51 (8), 39 (7).
'"H KMR (90 MHz, & (m.d.), J (Hz), CDCls, TMS): 4.33 (s, 3H, CH;NH), 6.60 (d, J=8.6, 2H, ArH-
3,5), 7.33 (s, SH, Ph), 7.38 (d, J=8.6, ArH-2,6).

N-fenilmetilidénanilins (1k).
MS-GC, m/z (I.a., %): 182 (10), 181 (81, M"), 180 (100, [M - H]"), 152 (7), 104 (10, [M — Ph]"), 89
(7) 78 (10), 77 (56, Ph"), 63 (10), 51 (37), 50 (14), 39 (9).
'H KMR (90 MHz, § (m.d.), J (Hz), CDCl;, TMS): 7.1-7.7 (m, 8H, PhH-2,4,6, Ph’Hs), 7.93 (m,
2H, PhH-3,5), 8.49 (s, 1H, CHN).

N-fenilmetilanilins (4k).
MS-GC, m/z (I1., %): 184 (12), 183 (84, M"), 182 (33, [M - H]"), 154 (4), 152 (2), 106 (20, [M —
Ph]"), 104 (14, [M — Ph — 2H]"), 92 (9), 91 ([PhCH,]"), 89 (5), 77 (37, Ph"), 65 (38), 63 (11), 51
(25) 50 (9), 39 (22).
'H KMR (90 MHz, & (m.d.), J (Hz), CDCls, TMS): 3.9 (ps, 1H, NH), 4.27 (s, 2H, CHy), 6.5-6.8 (m,
3H, PhH-2,4,6), 7.0-7.4 (m, 7H, PhH-3,5, Ph’Hs).
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10.3. TrimetilsililcianéSanas reakciju veikSanas kopéja metodika.

Acetonitrilu péc kvalifikacijas-|oti tirs izmanto bez ieprieksgjas attirisanas, citus $kidinatajus
pirms lietoSanas pardestilé-metilénhloridu virs P,0s, benzolu virs CaH;. Trimetilsililcianidu
Me;SiCN (Aldrich) izmanto bez papildus attiri§anas. Darba tika izmantoti molekularie sieti 4A
(VEB Laborchemie Apolda), AlBr; (Fluka), silikagels kolonnu hromatografijai (Kieselgel 60,
0.063-0.200, Merck). PSH analizes veic uz plaksnitém Kieselgel 60 Fps4 (Merck). Reakcijas
reaktoru Pierce (tilpums 5 cm®) izpii§ ar argonu, ievieto taja 2 ml sausa kidinataja, 0.5 mmol imina,
0,1 mmol AlBr;, 0.5 g molekularo sietu. Péc tam §im maisijumam ar 3prici pievieno 0.6 mmol
Me;SiCN. Reakciju veic 20, 40 vai 80°C, periodiski nopemot paraugus un analiz&ot tos ar PSH,
GSH-MS. Péc trimetilsililciané3anas reakcijas beigam maistjumu filtré, ietvaicé pazeminata
spiediena (30°C/15mm) un registré '"H KMR spektrus. Talik veic hidrolizi, pievienojot 2.5 ml
metanola un 0.5 ml 10% NaHCO; ddens $kiduma. Maisijumu ekstragé ar &teri, ekstraktu zave virs
beziidens MgSQ,, péc tam filtré, ietvaicé. Atlikumu sadala ar $kidruma hromatografijas metodes
palidzibu uz kolonnas ar silikagelu. Furana un tioféna atvasinagjumu gadijuma izmanto eluentu
benzols-etilacetats, piridina atvasin3jumu gadijuma: metilénhlorids-metanols. legitie nitrili ir
Skidras viskozas vai cietas vielas dzeltend vai oranza krasa. TrimetilsililcianéSanas reakciju

produktu '"H KMR spektri un masspektri apkopoti tabulas 5.3.,5.4.,5.7.,58,6.2,63.,72, 8.2

10.4. S-+-Butil-2-furilmetilidénanilinu trifluormetilatvasinajumu un to sililanalogu
sintézes metodika un biologiskas aktivitates noteiksana.

Benzolu pirms lietoSanas destilé virs CaH,, anilinus (Acros) izmanto bez papildus
attiriSanas. Ka dehidratgjoSus agentus lieto molekularos sietus 4A (VEB Laborchemie Apolda).
Apalkolbi ar atteces dzesinatdju ievieto 10 ml sausa benzola un 5 mmol aldehida un amina, péc tam
Sg izkarsétus pie 360°C molekularo sietu. Reakciju veic istabas temperatiira vai pie 80°C, karsgjot
idens vanna argona atmosférd, periodiski nopemot paraugus un analiz&jot tos ar PSH metodes
palidzibu uz plaksnitém Kieselgel 60 F,s4 sistéma heksans-etilacetits, ka ari ar GSH-MS metodes
palidzibu.

Pec noteikta laika atkariba no substratiem notiek to pilniga parveértiba attiecigos produktos.
Péc reakcijas beigam molekularos sietus filtré, mazga ar benzolu, filtritu ietvaicé pazeminata
spiediena (40°C/15mm) un atdala nenozimigos izejvielu daudzumus vakuuma (45-50°C/0.1mm).
legttie produkti ir $kidras viskozas vielas dzeltena krasa.

Neirotropas aktivitates pétijumi veikti Latvijas Organiskas sintézes institiita Farmaceitiskas

farmakologijas laboratorija Dr. L. Zvejnieces un Dr. Pharm. M. Dambrovas vadiba. Citotoksicitate
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noteikta Latvijas Organiskas sintézes institita Mediciniskas kimijas nodala, Eksperimentalas
kimijterapijas grupa prof. I. Kalvipa vadiba. Neirotropo aktivitati pétija uz pelu $anu hinijas ICR.
Eksperimentu metodika aprakstita darbos [90,91]. Citotoksicitate p&tita uz véza Sunu kultiras p&c
metodikas [71]. Dzivo stnu daudzumu noteica ar divam neatkarigam kolorimetriskam metodém péc
§inu membrianu krisojuma intensitates ar kristilvioleto un mitohondridlo enzimu krasojuma
intensitates ar 3-(4,5-dimetiltiazol-2-il)-2,5-difeniltetrazolija bromidu. TestgjJamo vielu specifisko
NO-generésanas sp€ju attieciba pret 100% dzivo §iinu aprékinaja péc vienadibas:
TG100= Gex-100/C (nmol- 10%/ 200pkl),
kur Ggx- NO koncentracija (nmol) 200ukl kulturalas vides péc inkubacijas ar 50 pkg/ml testéjamas

vielas [93], C- dzivo Stnu procentualais daudzums péc inkubacijas ar 50 pkg/ml testéjamas vielas.

10.4.1. S-t-Butil-2-furilmetilidénanilinu trifluormetilatvasinajumu un to sililanalogu
'H KMR un masspektri.

N-(5-t-butil-2-furilmetiliden)-2-trifluormetilanilins (25a).
Masspektrs, m/z (Ire1 ,%): 296 (7, [M + H]"), 295 (37, M), 281 (15), 280 (100, [M - Me]"), 172 (36,
[HCNCsH4CF]Y), 145 (42, [CeH4CF3]"), 126 (8), 125 (7), 109 (15), 95 (15), 81 (9), 79 (16), 65 (8),
53 (11). "H KMR spektrs, § (m. d.), J (Hz): 1.33 (%H, s, 3CH3), 6.18 (1H, d, J = 4.0, H-4), 6.95 (1H,
d, /J=4.0, H-3), 6.70 (1H, d, J= 8.2, H-3"), 7.20 (1H, t,J = 8.2, H-5"), 7.51 (1H, t, J = 8.2, H-4’),
7.64 (1H, d, J= 8.2, H-6’), 8.09 (1H, s, CH=N).
N-(5-t-butil-2-furilmetilidén)-3-trifluormetilanilins (25b).
Masspektrs, m/z (I, %): 296 (5, [M + H]"), 295 (37, M"), 281 (17), 280 (100, [M — Me]"), 172 (45,
[HCNC¢H4CF3]"), 145 (47, [CsH4CF3]"), 140 (5), 126 (10), 109 (15), 95 (12), 81 (10), 79 (17), 65
(6), 53 (11). 'H KMR spektrs, 6 (m.d.), J (Hz): 1.38 (9H, s, 3CH3), 6.20 (1H, d, J = 4.0, H-4), 6.98
(1H, d, J=4.0, H-3), 7.29 — 7.53 (4H, m, H-2’, H-4’, H-5’, H-6), 8.18 (1H, s, CH=N).
N-(5-t-butil-2-furilmetilidén)-4-trifluormetilanilins (25c).
Masspektrs, m/z (Ire1, %): 296 (4, [M + H]"), 295 (37, M), 281 (15), 280 (100, [M — Me]"), 172 (37,
[HCNC4H4CF]"), 145 (40, [CsHACF3]"), 126 (9), 109 (12), 95 (12), 81 (7), 79 (9), 65 (5), 53 (8).
'H KMR spektrs, 8 (m.d.), J (Hz): 1.33 (9H, s, 3CH3), 6.18 (1H, d, /=4.0, H-4), 6.93 (1H, d, J =
4.0, H-3), 7.22 (2H, d, /= 8.8, H-3’, H-5"), 7.60 (2H, d, /= 8.8, H-4’, H-6"), 8.09 (1H, s, CH=N).
N-(5-trimetilsilil-2-furilmetilidén)- 2-trifluormetilanilins (25d).
Masspektrs, m/z (I, %): 312 (23, [M + H]"), 311 (100, M"), 296 (6, [M — Me]"), 200 (86), 172 (16,
[HCNCsH4CF3]"), 152 (21), 145 (23, [CeH4CF3]"), 126 (13), 125 (10), 107 (5), 95 (5), 81 (6), 77
(30). 'THKMR spektrs, § (m.d.), J (Hz): 0.33 (9H, s, 3CH3), 6.78 (1H, d, J =4.0, H-4), 7.02 (1H, d,
J=18.0,H-3%), 7.09 (1H, d, /= 4.0, H-3), 7.24 (1H, t,J = 8.0, H-5"), 7.47 (1H, t, J = 8.0, H-4"), 7.66
(IH, d, /= 8.0, H-6"), 8.18 (1H, s, CH=N).
N-(5-trimetilsilil-2-furilmetilidén)-3-trifluormetilanilins (25e).
Masspektrs, m/z (Ie1, %): 312 (22, [M + H]"), 311 (100, M"), 296 (32, [M — Me]"), 268 (5), 252 (5),
230 (5), 218 (14), 202 (52), 172 (12, [HCNCsH4CF;3]"), 152 (15), 145 (32, [CeH4CF3]"), 141 (16),
126 (10), 125 (10), 95 (10), 77 (51), 73 (10), 59 (9). 'H KMR spektrs, § (m.d.), J (Hz): 0.33 (9H, s,
3CH3), 6.73 (1H, d, J = 4.0, H-4), 7.02 (1H, d, J = 4.0, H-3), 7.27 - 7.55 (4H, m, H-3’, H-4’, H-5",
H-6") 8.27 (1H, s, CH=N).
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N-(5-trimetilsilil-2-furilmetiliden)-4-trifluormetilanilins (25f).
Masspektrs, m/z (Iet, %): 312 (11, [M + H]), 311 (53, M"), 296 (100, [M — Me]"), 200 (86), 178
(4), 145 (19, [CsH4CF5]"), 141 (12), 126 (7), 95 (5), 77 (7), 73 (6), 59 (9). 'H KMR spektrs, &
(m.d.), J (Hz): 0.33 (94, s, 3CH3), 6.75 (1H, d, J = 4.0, H-4), 7.04 (1H, d, J = 4.0, H-3), 7.26 (2H,
d, J= 8.6, H-3’, H-5°), 7.64 (1H, d, /= 8.6, H-4’, H-6"), 8.29 (1H, s, CH=N).
N-(5-trietilsilil-2-furilmetilideén)-2-trifluormetilanilins (25g).
Masspektrs, m/z (I, %): 354 (5, [M + H])), 353 (30, M"), 324 (11, [M - Et]"), 201 (13), 200 (100),
172 (10, [HCNCsH4CF31"), 152 (10), 145 (10, [CeH4CF3]"), 126 (9), 125 (9), 105 (12), 95 (6), 77
(28), 59 (5). '"HKMR, & (m.d.), J (Hz): 0.84 (6H, k, J = 7.2, 3CH,), 0.98 (9H, t, J = 7.2, 3CH3),
6.76 (1H, d, J=3.4, H4), 7.03 (1H, d, J= 7.8, H-3"), 7.09 (1H, d, J = 3.4, H-3), 724 (1H, t, J =
1.8, H-5°), 7.52 (1H, t,J= 7.8, H-4’), 7.65 (1H, t, /= 7.8, H-6’), 8.23 (1H, s, CH=N).
N-(5-trietilsilil-2-furilmetliden)-3-trifluormetilanilins (25h).
Masspektrs, m/z (Ire1, %): 354 (22, [M + H]"), 353 (82, M"), 325 (17), 324 (68, [M — Et]"), 296 (12),
248 (7), 238 (7), 220 (19), 218 (37), 203 (25), 202 (100), 184 (15), 172 (28, [HCNC¢H,CF;]"), 152
(27), 145 (59, [CsHLCF3]"), 133 (33), 126 (25), 125 (23), 105 (53), 95 (30), 77 (75), 59 (22).
'H KMR spektrs, & (m.d.), J (Hz): 0.85 (6H, k, J = 7.2, 3CHy), 1.00 (SH, t, J = 7.2, 3CHs), 6.80
(1H, d, J= 4.0, H-4), 7.09 (1H, d, J= 4.0, H-3), 7.31 — 7.58 (4H, m, H-3’, H-4’, H-5’, H-6’) 8.28
(IH, s, CH=N).
N-(5-trietilsilil-2-furilmetiliden)-4-trifluormetilanilins (25i).
Masspektrs, m/z (Ire1, %): 353 (23, M"), 334 (5, [M - F]"), 325 (25), 324 (100, [M - Et]"), 296 (5),
266 (7), 248 (2), 238 (2), 220 (7), 145 (18, [CsH4CF3]Y), 133 (3), 126 (7), 95 (5), 77 (4), 59 (6).
'H KMR spektrs, 8 (m.d.), J (Hz): 0.85 (6H, k, J = 7.2, 3CHz), 0.99 (5H, t, J = 7.2, 3CH3), 6.78
(1H, d, J= 4.0, H-4), 7.04 (1H, d, J= 4.0, H-3), 7.24 (2H, d, /=84, H-3’, H-5’), 7.62 (1H, d, J =
8.4, H-4’, H-6"), 8.22 (1H, s, CH=N).
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11. Secindjumi.

1. Izpetitas Et;SiH katalitiskas pievienoSanas reakcijas jauniem furana un tioféna 3- vai 4-
trifluormetilfenilgrupas saturo$iem aldiminiem zelta Au kompleksu un VIII grupas parejas
metalu  kompleksu klatbitné. Divi dimérie kompleksi: [Pd(CH,CHCH;)Cl]z un
[Rh(COD)CI],, ka ari komplekss HAuCl, ir aktivaki $ajas reakcijas. Noteikta aldiminu
aktivitates rinda. Sintezéti 3- vai 4-CFs-fenil grupas saturo$u azometinu hidrosililéSanas
reakciju produkti: heterocikliskie amini. Sajas reakcijas konstatéti C-sililétie nepiesatinatie
produkti, kas rodas katalitiskas dehidrokondensicijas rezultata.

2. Izpetitas Et;SiH katalitiskas pievieno$anas reakcijas furana un tioféna 2-CFs-fenil grupas
saturo§iem aldiminiem, ka ari HSiMe,Ph un H,SiPh; pievienosanas reakcijas
piridilazopiridilmetiniem. Divi dimérie kompleksi: [Pd(CH,CHCH;)Cl}, un [Rh(COD)Cl],
Sajas reakcijas izradijas aktivaki. Rh katalizators uzradija augstaku aktivitati furana iminu
hidrosililésanas reakcijas, bet Pd katalizators tioféna un piridina iminu hidrosililéSanas
reakcijas. Sintezéti 2-CF;-fenil grupas saturo$u aldiminu hidrosililéSanas reakciju produkti:
.attiecigie amini. Sajas reakcijas konstatéta divu veidu sililéto produktu veidoanas. Tiek
diskutéts abu veidu: N-sililéto un C-sililéto piesatinato produktu veidoSanas mehanisms.

3. Izpétitas 2-, 3-, 4-CF;-fenil grupas saturoSu heterociklisko aldiminu katalitiskas Me3SiCN
pievieno$anas reakcijas Luisa skabju klatbttng. Sajas reakcijas AlIBr; ir aktivaks par citim
Luisa skabém. Noteikts, ka AlBr; kopa ar molekularajiem sietiem ievérojami paatrina reakciju
gaitu un palielina produktu iznakumu. Sintezé&ti jauni aldiminu trimetilsililcianéSanas reakciju
produkti: a-aminonitrili. Piridina azometinu trimetilsililciané$anas reakcijas konstatéta ari
nepiesatinato nitrilu veidoSanis, tiek likts prieksa divu veidu produktu: a-aminonitrilu un
nepiesatinato nitrilu veidoSanas mehanisms. Piesatinata nitrila N-(6-metil-2-piridilcianometil)-
3-trifluormetilanifina un nepiesatinata nitrila N-(4-piridilcianometilidén)-3-trifluormetilanilina
struktiras pieraditas ar rentgenstruktiranalizi. Sintez€to nepiesatinato nitrilu N-(2-
piridilcianometilidén)-3-trifluormetilanilina un N-(4-piridilcianometilidén)-3-
trifluormetilanilina pretvéza aktivitate ir augstaka par zinama pretvéza kimijterapijas lidzek|a
*“ Ftorafura” aktivitati.

4. Izpetitas Me3SiCN diastereoselektivas pievienoSanas reakcijas optiski aktiviem furana, tioféna
un piridina aldiminiem, kas iegiti no (R)- un (S)-1-feniletilamina Luisa skabju (AICl; un

AlBr3 kopa ar molekularajiem sietiem) klatbiitné. legita sérija attiecigo diastereoméru a-
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aminonitrilu ar labiem izndkumiem (lidz 91%). Piridina aldiminu gadijumi bez a-amino-
nitriliem konstatéti ari nepiesatinatie nitrili.

Izpétitas N-[3-(hetaril)-2-propenilidén]-trifluormetilanilinu trimetilsililcian€Sanas reakcijas
Luisa skiabes (AlBr; kopa ar molekularajiem sietiem) klatbiitné saiSu sistéma N=C-C=C.
Izdaliti 1,2-pievienoSanas produkti t.i. attiecigie a-aminonitrili N-[3-(hetaril)-1-ciano-2-
propenil]-trifluormetilanilini.

Sintezéti jauni aldimini no 5-z-butilfurfurola un ta trimetilsilil- un trietilsililanalogiem
kondensacijas reakcijas ar 2-, 3-, 4-trifluormetilaniliniem molekularo sietu ka dehidrat€josu
agentu klatbutné. Izpétita So savienojumu neirotropa un pretvéza aktivitate. Fenamina kustibu
aktivitates tests paradija, ka r-butilatvasindgjumiem piemit augsta efektivitate, ka ari tie
samazina etanola narkozes laiku. DaZiem sililatvasinagjumiem piemit ievérojama antikorazola
aktivitate. r-Butilatvasinajumiem raksturiga augsta citotoksicitate uz cilvéka plausu
fibrosarkomas §iinam (3-trifluormetilaizvietotam savienojumam) un uz peju hepatomas §linim
(2-trifluormetilaizvietotam savienojumam). Vairakums no sintezétiem aldiminiem veicina NO

generaciju $nas.
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Chemistry of Heterocyclic Compounds, Vol. 38, No. 1, 2002

HYDROSILYLATION OF HETEROCYCLIC
ALDIMINES CATALYZED BY
TRANSITION METAL COMPLEXES*

I. Iovel, L. Golomba, J. Popelis, and E. Lukevics

The addition of triethyisilane to O- and S- heterocyclic Schiff bases in the presence of Rh, Pd. Pt, and Ir
complexes has been studied. A series of the corresponding amines has been synthesized using the most
active catalysts, which were the dimeric., monovalent complexes [Rh(l 5-cyclooctadiene)Cl]- and

[Pd(allyl)Cl] .
Keywords: azomethines, heterocyclic amines, transition metal complexes, hydrosilylation, catalysis.

The addition of hydrosilanes to a C=N double bond has been studied much less than to the C=O bond of
aldehydes, ketones, and their derivatives [1. 2]. To our knowledge, there has only been reported in the literature
data for the hydrosilylation of aliphatic and aromatic heterocyclic azomethines. In this reaction saturated N-silyl
derivatives are formed and these give the corresponding amines upon hydrolysis. In the presence of many
catalysts these processes occur unselectively and are accompanied by hydrogenation, hydrogenolysis. and
condensations. Basically positive results are obtained when different Rh and Pd complexes [3-5] are used.
Palladium catalysts are most effective when used with monohydrosilanes and rhodium catalysts are more active
with dihydrosilanes [6].

In recent years, starting with the work of Kagan [7, 8] and Brunner [9-11], the asymmetric
hydrosilylation of imines and oximes have been vigorously developed [12-21]. However, this has not broadened
the group of substrates investigated.

It is known that heterocyclic amines and. in particular, their fluorinated derivatives are potentially
promising precursors of biologically active materials [22-24]. Hence our investigation is directed to the
development of novel methods of synthesis of these compounds which have both academic and practical
interest. Because the final reaction products are amines. it was of greatest benefit to use the cheapest alkylsilane
(HSiEt;3) in their preparation.

In this work we have studied the hydrosilylation, using triethylsilane, of the Schiff bases 1a-h.
previously synthesized by us [25] via condensation of furan and thiophene aldehydes with trifluoromethyl
anilines. In order to reveal the nature of the processes we additionally prepared some imines (1i-k) and studied
their reactions. The reactions were carried out in the presence of a wide range of catalysts which included Rh.
Pd. Pt, and Ir complexes. The results obtained are shown in Scheme 1 and in Table 1.

* Dedicated to Academician M. G. Voronkov on his 80th Birthday.

Latvian Institute of Organic Synthesis, Riga LV-1006; e-mail: iovel@osi.lv. Translated from Khimiya
Geterotsiklicheskikh Soedinenii, No. 1. pp. 51-59, January, 2002. Original article submitted March 20, 2001.
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Scheme 1. Synthesis of amines 4a-k by hydrosilylation of imines 1a-k
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Five different catalysts were tested in the hydrosilylation of the imine 1a. In the presence of two of these

the reaction did not occur (Table 1, experiments 3 and 4). Both platinum catalysts (experiments 1 and 2) were
poorly active and only [Rh(COD)CI]. catalyzed the process (even at room temperature) and allowed the
preparation of the amine 4a after hydrolysis of the reaction mixture. Amine 4b was also prepared using this
complex (at 65°C). The reaction of HSiEt; with the imine 1¢ was studied in the presence of the five complexes
Ir (I), Pd (0), Rh (0). Rh (I), and Pd (I). Only univalent complexes of rhodium and palladium catalyzed the
reaction with the activity of the latter significantly higher (see experiments 10 and 12). Amines 4d and 4e were
prepared by hydrosilylation in the presence of [Rh(COD)CI]: in benzene at 65°C. Amine 4f was synthesized
ising the same catalyst in benzene or tetrahydrofuran at 65°C. Both of the 3-trifluoromethyl thiophene
derivatives (1g and 1h) react slowly with HSiEt; in the presence of [Rh(COD)CI]: (experiments 19, 22). The
palladium catalyst [Pd(CH.CHCHS,)Cl]: is significantly more active (as in the reaction with 1¢) (compare
experiments 19 and 20).
In addition to these heterocyclic trifluoromethyl imine derivatives la-h, azomethines with alternative
Structures were investigated, i.e. the thiophene without a CF3 group (1i) and non heterocyclics both with and
without this group (1j and 1k). As in the other examples (experiments 8 and 21), the [(C¢Hs)3;]sPd complex is
not active (experiment 23) but [Pd(CH.CHCH:)CI]: is more active than [Rh(COD)Cl]> (compare experiments
24 and 25, 27 and 28, 29 and 31). The corresponding amines (4i-k) were prepared using both of these catalysts.

When using the [Rh(COD)CIl], catalyst the reaction in THF is significantly faster than in benzene
{experiments 17 and 18) but the activity of the allyl-palladium complex in both of these solvents is little
different (experiments 30 and 31). The corresponding amines were obtained from all of the studied imines in
this way by the hydrosilylation method. Their yields after chromatographic column purification were 70-75%
based on the reacted imine.
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TABLE 1. Parameters for the Hydrosilylation of Imines 1a-k*

Expe- line . d o » Reaction | Conversion, % Brpdust (vield. %(GLCY
riment | Com- X R CFs Clitelys™" (umlerie) Saluerl T5C ] time, (GLC) Before hydrolysis After hydrolysis
pound position
1 2 4 5 6 7 8 9 10 11 12
1 la O H 4 HLPICle 6H0 (2) THF 20 21 21 4a (15)
2 1a O H 4 [(Cotls)sP 4P (2) THF 20 21 15 4a (12)
3 la O H 4 RhCl34H:0 (2) THF 20 325 No reaction
4 1a O H 4 [Rh(COD)acac] (2) THF 20 17:5
65 5.5 No reaction
5 la 0 H 4 [Rh(COD)C1)2 (2) THF 20 21 56 2a(54) 4a (49)
6 1b O CHs 4 [R(COD)C1); (2) THF 20 20
65 5 100 4b (85)

7 lc S H 4 [(CoHs)sP2lrCI(CO) (2) THF 65 10.5 No reaction
8 le S H 4 [(Cots)sP)4Pd (2) THF 65 10.5 No reaction
9 lc S H 4 [Rh(COD)acac] (2) THF 65 10.5 No reaction
10 le S H 4 [Rh(COD)C1); (2) THF 65 10.5 58 4¢ (50)
11 lc S H 4 [PA(CHCHCH)CI)2 (2) THF 20 5 48 dc (44)
12 le S H 4 [PACHLCHCHR)CT)2 (2) Collo 65 3 80 2¢(76) 4c(73)
13 1d S CH; 4 [RI(COD)CT)2(2) CoHo 65 18

(3) 4 56 4d (48)
14 le O H 3 [R(CODYCT) (2) CoHe 65 10

(3) 2 90 de (81)




ot

TABLE 1 (continued)

3 4 b 6 7 8 9 10 11 12

15 le (0] H 3 [Rh(COD)C12 (2) CoHe 65 19 97 2e (88) 4e (85)
16 1f O CH; 3 [Rh(COD)CT]2(3) Collo 65 19 88 21(60). 31 (17) 41 (58)
17 1f O CH; 3 [R(COD)CT]2(2) CoHe 65 17 91 21 (86) 41 (80)
18 1f O Cl 3 [Rh(COD)YCT]2 (3) THF 65 7 90 41(69), 31(19) 4[(65~)
19 lg S H ] [Rh(COD)YC12(3) Colo 65 36 25 2g (22)
20 1g S H 3 [PA(CHLCHCHL)CT 2 (2) Collo 20 25

65 4 48 2g (46) 4g (42)
21 1g S 5 3 [(Colla)sP ] Pd (2) Colle 20 25

65 4 No reaction
22 1h S CHj 3 [Rh(COD)C1]: (3) Collo 65 41 22 4h (18)
23 li S H — [(Coltls)sP]4Pd (2) CoHo 20 26 No reaction
24 li S H - [Rh(COD)C1), (2) CoHo 65 30 38 2i (35)
25 i S H — [PA(CH,CHCH)C]2 (2) CoHe 20 26 96 2i (50), 3i (38) 4i (48)
26 i S H — [PA(CH,CHCH)C1)2 (2) Collo 65 14 96 2i(52), 3i (39) 4i (50)
27 1j Ph 4 [RR(COD)C1]; (2) TUF 65 5 54 4j (50)
28 1j Ph 4 [PA(CHCHCH)C2 (2) THF 20 22 88 4j (80)
29 1k Ph — [R(COD)C1)2 (2) THF 65 14.5 39 4k (37)
30 1k Ph — [PA(CHCHCH)C1)2 (2) CoHe 65 14.5 84 4k (76)
31 1k Ph - [PA(CH,CHCH)C1)2(2) THF 65 145 87 4k (78)

* Compounds 1j-k are Ph\CH=N-C¢H,Y where Y = H, CF;.

* COD is 1,5-cyclooctadiene; acac is acetylacetonate.




By comparison of the reactivity of the obtained imines (Table 1) it can be concluded that all of the furan
azomethines are more active than the thiophene analogs. The presence of a methyl substituent in the heterocycle
slows the reaction. A trifluoromethyl group in position 3 of the azo part of the molecule does not assist the
reaction but in position 4 increases its rate. The latter is true both for the heteroaromatic and also the aromatic
compounds. The activity of the benzylidene amine 1j is less than the furan but greater than the thiophene
analog. This variation is illustrated in Scheme 2.

Scheme 2. Reactivity of the imines towards silylation

H
NN o
H ’ H

The primary products of the reaction of HSiEt; with the imines are compounds of the structure 2
(Scheme 1). Compounds 2e and 2f (the furan derivatives with a 3-CF; group) were separated from their reaction
mixtures. For the others (2a.c,g,i) the mass spectra were recorded for their reaction mixtures. The presence of
unsaturated silicon compounds of structure 3 (3f,i) was also observed and identified by GLC-MS. The formation
of the side products may be a result of a catalytic dehydrocondensation as noted in report [4] and occurring in
parallel with the hydrosilylation.

We also carried out a comparison of the activity in this reaction of two homogeneous complexes and
heterogeneous catalysts which were the metals Pd and Ru coated on different carriers. Reaction of HSiEt; with
imine 1a was studied in the presence of the following catalysts (2 mole %): [(CsHs)3P].PdCl,, [(CsHs)sP]:RuCls,
and also 5% Pd/C and 5% Rw/Al,Os.

The reactions were performed in benzene at 65°C over 42 h. It was found that the Ru/Al.O3 complex
was inactive in this process. In the presence of the palladium carbon catalyst the conversion was 40% and the
yield of 4a was 35% (GLC). The ruthenium complex was still less effective (32% conversion, 26% yield of
amine). The activity of these two catalysts was marked less than for the monovalent rhodium and palladium
complexes (Table 1).



TABLE 2. 'H NMR Spectra of the Synthesized Compounds

g;’u“r‘)'d 8. (ppm): J (Hz)
4a 1.5 (1H. br. s, NH). 4.33 (2H. s, CH.): 6.24 (1H. m. J = 4.0, He.-3):
6.31 (1H.m,J=4.0.J=2.0, He,,4): 6.67 (2H. d. J = 9.4, H4-3.5): 7.35 (1H., m. Heu-5):
7.40 (2H.d, J =94, Ha-2.6)
4b 1.8 (1H. br. s, NH). 2.27 (3H. d. /= 1.2, CH;); 4.28 (2H. s, CH.).
5.89(1H.dd.J=3.6.J=1.2, Heu4): 6.11 (1H. d. J = 3.6, Hru-3):
6.55(2H.d. /=9.5. Ha-3.5); 740 (2H. d. /= 9.5. Ha-2.6)
4c 1.55 (1H. br. s. NH): 4.55 (2H, s, CH:). 6.69 (2H.d. /= 9.0, Hy-3.5). 6.9-7.1 (2H. m,
Hm-34);7.24 (1H.dd. /=4.0,J=2.0, Hy-5); 7.42 (2H. d, /= 9.0, H,-2.6)
4d 2.43 (3H,s.CH;); 445 (2H.s, CH:); 5.59 (1H. m.J= 3.4, J= 1.2. Hn4):
6.73(2H.d. /=84, Ha-3.5):6.78 (IH.d. J=3.4 Hry-3). 742 (2H. d. /= 8.4. Ha-2.6)
2e 0.8-1.0 (15H, m. SiEt;): 4.43 (2H. s. CH>); 6.02 (1H. dd. /= 3.0, J = 1.0, Hry-3):
6.22 (1H. dd. J=3.0. 2.0. Hey=4); 6.9-7.3 (4H. m, Ar); 7.42 (1H. dd. J=2.0.J = 1.0. Hpw-3)
de 4.33(2H.s,CH,):6.24 (1H,dd. /=3.2, /= 0.7, Hru-3).
6.31 (1H.dd, /J=3.2.J=1.9. Hry}); 6.8-6.9 (2H. m. H4,-5.6). 6.9-7.0 (1H. m. Hy,~4);
7.2-7.3 (1H. m, Ha-2): 7.36 (1H. dd. J=0.7. J= 1.9, Hew-3)
2f 0.8-1.0¢( lSH. m. SiEt;); 2.20 (3H. s. CH;); 4.40 (2H, s, CH.); 5.78 (1H. m. Hg—4):
5.87 (1H. m, Hey-3): 6.8-7.5 (4H. m, Ar)
4f 2.25(3H.s.CH;).: 425 (2H. s, CH,). 588 (1H.dd. /=3.2. /= 1.0. Hre—4): 6.11 (1H. d.
J=3.2. Hpy=3): 6.75-6.9 (2H, m. Hx-3.6): 6.9-7.0 (1H. m. Ha,~); 7.2-7.3 (1H, m. Ha-2)
4g 4.2 (1H. br. s, NH). 4.53 (2H. s. CH.); 6.6-7.6 (TH. m, Hm,-3.4.5. Ar)
4h 2.43 (3H.s.CH;): 443 (2H,s. CH:): 6.59(IH.m.J=32.J=12. Hnn4).6.79 (1H. d.
J=3.2.Hm-3).6.8-6.9 (2H. m. Hy,-5.6). 6.9-7.0 (1H. m. Hy,~4): 7.2-7.3 (1H. m. Ha-2)
1i 7.0-7.5 (8H, m. Th. Ph): 8.51 (1H, s, CHN)
4i 4.0 (1H. br. s, NH); 4.51 (2H. s, CH.): 6.5-7.3 (6H. m, Ph, Hm-3).
6.71 (IH.m,J=2. Hnn—4). 7.18 (1H. m, J =2, Hny-3)
1j 7.22 (2H.d. J = 8.4. H\-3.5). 7.3-7.6 (3H. m, He-2,4.6). 7.62 (2H. d. /= 8.4. H4,-2.6);
7.90 (2H. m, Hpp-3.5): 8.42 (1H. s. CHN)
4j 4.33 (3H, s, CH.NH): 6.60 (2H. d. /= 8.6. Ha-3.5). 7.33 (5H. s. Ph).
7.38(2H.d. /= 8.6, Ha-2.6)
1k 7.1-7.7 (S8H, m, Hp-2.4.6. Ph'Hs): 7.93 (2H. m. Hm-3.5): 8.49 (1H. s. CHN)
4k 3.9 (1H. br. s, NH). 4.27 (2H. s. CH:): 6.5-6.8 (2H. m. Hp-2.6):

7.0-7.4 (TH. m. Hm-3.5. Ph)

TABLE 3. Mass Spectra of the Synthesized Compounds

Com-

pound m = ([e. %)
1 2

2a 355 (14, M), 336 (5. [M - F]"). 326 (37. [M — Et]"). 224 (17). 188 (20). 154 (100).
145 (9. [C.HLCF:]). 125 (29). 115 (5. [SiEt:] ). 97 (8). 87 (14). 81 (72. [FurCH.]").
69 (2. [CF:]"). 59 (21). 53 (24)

4a 241 (28. M), 240 (6. [M — H]"). 222 (4. [M = F]"). 174 (4. [M - Fur]").
172 (3. [M - CF5]"). 145 (9. [CH.CF;]"). 80 (6), 81 (100. [FurCH:]").
69 (3. [CF;]". 53 (25). 39.(5)

1b 255(17.M7),236 (2. [M = F]), 211 (11), 174 (5). 172 (4). 160 (1. [M - MeFur]").
145 (9. [C,H.CF3]"). 95 (100, [MeFurCH] ). 65 (4). 51 (5). 43 (10). 39 (5)

2¢ 371(22. M), 353 (2. [M = F]). 342 (35. [M — Et]"). 284 (1, [M - 3Et]").
256 (3. [M - SiEt;]"). 236 (8). 188 (20). 169 (36). 154 (100). 145 (8. [C.H.CF;]).
141 (31), 127 (5). 113 (12), 97 (76. [ThCHa]"). 87 (13). 69 (2. [CF3]). 59 (21). 45 (8)

dc 257 (16. M), 238 (5. [M = F]"). 174 (5. [M = Th]"). 172 (4). 145 (14, [C.HLCF:]").
97 (100. [ThCH:]"). 69 (6. [CF3]"). 53 (7). 45 (8). 39 (5)

4d 271 (16. M), 252 (1. [M = F]7). 211 (11), 174 (5). 145 (17. [CH.CF:]).
125 (6). 111 (100. [MeThCH-]"). 95 (7). 77 (12). 69 (10). 59 (7). 45 (9). 39 (6)

2e 355 (10, M), 336 (2. [M — F]), 326 (35. [M — Et]"). 224 (16), 188 (11). 154 (100).

153 (35). 145 (6. [C.HLCF;]7). 125 (29). 115 (5. [SiEt]N). 97 (8). 87 (12).
81 (54. [FurCH:]". 69 (1. [CF3]"). 59(19). 53 (18)
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TABLE 3 (continued)

1 2

e 242 (6. [M + H]"), 241 (47 M), 222 (15, [M—F]"), 213 (5). 172 (9. [M - CF:]").
145 (23, [CoHLCFs]"). 125 (7), 113 (18), 95 (7). 81 (100, [FurCH1]").
75 (9). 69 (7. [CF;]"). 63 (8). 53 (21). 39 (12)

2f 369 (6. M"). 340 (11, [M - Et]"), 246 (4). 216 (4), 188 (5), 167 (15). 154 (29). 139 (8),
95 (100, [MeFurCH.]"). 87 (6), 77 (3). 59 (10).43 (11)
3f 367 (6. M), 352 (1. [M — Me]"). 348 (1. [M—-F]")337 (26). 338 (100. [M - Et]").

310 (12). 280 (7), 222 (47), 207 (82), 179 (21). 145 (19. [CHLCF5]"). 128 (8). 109 (5).
95 (20, [MeFurCH:]"). 77 (14), 59 (9). 43 (30)

4 255 (14. M), 236 (3. [M = FT"). 174 (4). 145 (10. [CeHiCF;]"). 95 (100, [MeFurCH:]").
51(6),43 (15)
2 371 (19, M), 353 (2. [M— F]"). 342 (33. [M - Et]"). 256 (3. [M - SiEt;]"). 236 (5).

217 (4). 188 (13), 169 (31), 154 (100), 145 (9. [CsHLCF3]). 141 (30), 127 (6), 113 (11),
97 (63. [ThCHa]"). 87 (9). 77 (5). 59 (17). 45 (6).

i 257 (33, M), 238 (5. [M - F]"). 174 (5. [M - Th]"), 145 (15, [C.HLCF3] "), 113 (5).

97 (100, [ThCH:]"). 69 (6. [CF3]). 53 (8). 45 (10). 39 (6)

4h 271 (20, M), 252 (1, M = F]"), 174 (5), 145 (14, [C.HCF5]7). 111 (100, [MeThCH:]"),
95(5), 77 (8). 69 (5), 45 (6)
1i 187 (85. M"), 186 (100, [M — H]"), 115 (6), 110 (2. [M—-Ph]"). 104 (4, [M - Th]"),

95 (4), 97 (100, [ThCH:]"). 84 (5. [ThH]"). 77 (40, Ph"), 69 (5). 63 (3), 58 (5). 51 (26),
45(9).39 (14)

2i 306 (16). 305 (67, M"). 276 (3, [M - Et]"). 249 (20). 248 (100. [M - 2Et — H]"). 244 (37),
218 (5). 200 (3). 190 (16), 156 (5). 130 (12). 115 (23, [SiEt;]"), 104 (6). 87 (47).

77 (28, Ph"), 59 (50), 45 (8). 31 (5)

3i 304 (11), 303 (45, M), 273 (20), 274 (92. [M-Et]"), 246 (5). 216 (2. [M - 3Et]").

170 (14), 169 (100), 149 (9), 142 (10), 141 (80), 121 (19), 120 (49), 113 (23). 97 (68),
87(24). 77 (23, Ph"). 59 (46), 53 (13), 45 (14)

4 190 (6). 189 (48. M), 187 (8). 186 (10). 154 (2). 106 (4). 97 (100, [ThCH:]").
77 (18. Ph"), 65 (10). 51 (15). 45 (1), 39 (16).
1§ 250 (12), 249 (75. M), 248 (100, [M — H]"), 230 (4. [M - F]). 180 (7),

172 (8. [M - Ph]"). 145 (38. [C.H.CF3]"). 126 (7). 125 (9), 95 (12), 89 (5). 77 (11, Ph"),
75(9). 69 (7, [CE3]). 51 (10), 39 (5).

4j 252(10), 251 (65. M), 250 (14. [M —H]").232 (13, [M-F]"). 182 (2),

174 (10, [M - Ph]"), 172 (6). 145 (21, [C.H.CF;]"). 125 (4). 113 (5). 92 (7).

91 (100, [PhCH:]"). 77 (6. Ph"), 65 (17). 51 (8). 39(7)

1k 182 (10), 181 (81, M"), 180 (100, [M — H]"), 152 (7). 104 (10. [M - Ph]").
89 (7). 78 (10), 77 (56, Ph™), 63 (10). 51 (37). 50 (14). 39 (9)
4k 184 (12), 183 (84, M), 182 (33, [M - H]"). 154 (4). 152 (2). 106 (20. [M - Ph]").

104 (14, [M — Ph— 2H]"), 92 (9). 91 ([PhCHa]"). 89 (5), 77 (37. Ph"), 65 (38). 63 (11),
51 (25). 50(9). 39 (22

EXPERIMENTAL

'H NMR spectra were recorded on Varian Mercury (200 MHz) and Bruker WH-90/DS instruments
using CDCIl; solvent and TMS internal standard. Mass spectra were obtained on an HP 6890 GC/MS
chromatographic mass spectrometer fitted with an HP-5 MS capillary column (30.0 m x 250 ym x 0.25 ym) at a
program temperature from 70-260°C at 10°C/min. Benzene and tetrahydrofuran were purified and dried using
known methods before use. The aldehydes and amines were purified by vacuum distillation or recrystallization,
after which their properties agreed with the corresponding literature data. The hydrosilane and transition metal
complexes used in this work were obtained from Fluka, Merck, and Acros and the 4A molecular sieves from
VEB Laborchemie Apolda. The synthesis of the azomethines 1i-k was carried out as described in [25]. Their
parameters agreed with those the data reported in [26-28].

General Method for the Synthesis of Amines 4a-k. A reaction tube (Pierce, volume 5 ml) was purged
with argon and dry benzene or tetrahydrofuran (2 ml), catalyst (0.01 or 0.015 mmol), and the starting amine
(0.5 mmol) were added to it. It was then stirred at room temperature for 30 min, the solution was cooled in ice to
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0°C. and triethylsilane (96 pl. 0.6 mmol) was added by syringe. The reaction was carried out at room
temperature or at 65°C, periodically removing a sample and analysing by TLC, GLC, or GLC-MS. At the end of
the silylation (the reaction time is shown in Table 1) the reaction mixture was evaporated at reduced pressure
(30°C, 15 mm) and hydrolyzed by the addition of methanol (2.5 ml) and aqueous NaHCO; solution (10%.
0.5 ml). The mixture was extracted with ether, the extract dried with anhydrous Na.SO,, filtered. and
evaporated. The residue was then separated using liquid chromatography on a silica gel column (Kieselgel 60.
0.063-0.200 mesh, Merck) using benzene-ethyl acetate eluent (18:1 or 20:1). All of the products obtained are
yellow or orange, oily materials. Their 'H NMR and mass spectra are given in Tables 2 and 3.

The authors thank the Latvian Council for Science for financial support (grant No. 181).
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CATALYTIC HYDROSILYLATION OF FURAN,
THIOPHENE, AND PYRIDINE ALDIMINES

L. lovel, L. Golomba, J. Popelis, S. Grinberga, and E. Lukevics

The addition of hydrosilanes (HSiEt;, HSiMe-Ph. H-SiPh-) to the CH=N bond of heterocvclic
azomethines has been studied in the presence of monovalent complexes of rhodium and palladium. The
effect on the reaction of the CF; group of the aldimines. which were obtained from O-, S-. and
N-heteroaromatic aldehydes and 2-trifluoromethyvlaniline. has been clarified. as were other regularities
of the processes being studied. A series of corresponding furans. thiophenes. and pyvridine amines has
been synthesized.

Keywords: heterocyclic Schiff's bases. transition metal complexes. hydrosilylation. catalysis.

We have recently synthesized a series of new heterocvclic amines by the condensation of furan.
thiophene. and pyridine aldehydes with 2-trifluoromethylaniline. and also with aminopyridines [1.2]. As a
continuation of the previous investigation of the reaction of triethylsilane with various imines [3]. the
hydrosilylation of a series of new aldimines has been studied in the present work. According to the data of [3]
the dimeric complexes of monovalent rhodium and palladium are the most active catalysts for these processes
among the numerous organometallic compounds used. In view of these results the following compounds were
used as catalysts in the present investigation: bis|{[u-chloro(cycloocta-1.5-diene)]rhodium} or [Rh(COD)Cl]-
and bis{[u-chloroallyl]palladium} or [Pd(allyl)Cl].. The interaction of triethylsilane in the presence ot these
complexes has been studied with N-(hetarylmethylidene)-2-trifluoromethylanilines la-g (where hetaryl =
2-furyl,  S5-methyl-2-furyl, 2-thienyl. S-methyl-2-thienyl., 2-. 3-. 4-pvridyl) and N-(6-methyl-2-
pyridylmethylidene)-2-aminopyridine (1h). and also the last imine with two other hydrosilanes HSiMe-Ph and
H:SiPh.. The reaction was carried out in benzene on heating (65°C) or at room temperature (with H,SiPh») at a
molar substrate—silane ratio of 1:1.2 and a catalyst concentration of 2 mol %.

The investigations showed that in reactions of both furan imines 1a,b with triethylsilane the rhodium
catalyst was significantly more active than the palladium. However the latter catalyzes the hydrosilylation of the
thiophene aldimines 1¢,d though the rhodium did not display activity in these processes (Table 1). Seemingly
the thiophene substrates deactivate the rhodium complex.

After carrying out the hydrosilylation of the O- and S-heterocyclic imines the reaction mixtures were
investigated by 'H NMR. The spectra of the products (before hvdrolysis) contained two sets of signals. which
indicates the formation of two types of silyl products, structures 2 and 3 (Scheme 1). containing the grouping
Et;SiCH-NH and CH>-NSiEt;. characterized by two doublets of protons for the CH-NH group and a singlet for
CH, respectively (Table 1). In previous work cited in reviews [4-7] (and also in [3]) it was shown that the
hydrosilylation of a CH=N double bond leads mainly to the formation of products silylated at nitrogen. which
are readily hydrolyzed.
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In difference to these data it was shown when investigating the hydrosilylation of imines 1a-d that the
; lylated structures 2a-d predominated in the products (80-85% of total quantity). After hydrolysis these
mpounds disappeared, being converted into the corresponding amines 4a-d. Silyl products of structure 3a-d
¥re not hydrolyzed (even after repeating the hydrolysis procedure 2 or 3 times), and due to their stability (unlike
ructures 2a-d) may be isolated using column chromatography on silica gel (Kieselgel 60). It is possible that
e presence of the CF; group in position 2 of the aromatic ring by displaying electronic and steric factors
rgely directs hydrosilylation of the CH=N towards the formation of a C-Si rather than a N-Si bond. Moreover
e latter bond is difficult to hydrolyze, also probably due to the effect of the neighboring CF; group.

Scheme 1
F,C F.C
o Q HSiEt,. Ca. /@\C i
g PhH. 65 °C ROX H—N
la—d éi.Et
2a-d
+ HO
F.C
[\ e = F.C
R X H—N e
| R™ X H—N
SiEt;
3a-d 4a—d

1-4a,cR=H.b,dR=Me:a,b X=0.¢,d X=S:2a,b Cat=(Rh(COD)Cl),.
¢, d Cat = (Pd(allyl)Cl),

Investigations of the interaction of triethylsilane with pyridine aldimines 1a-g showed that substrates le
lﬁnd 1f did not react in practice in the presence of both catalysts [Rh(COD)CI]: and [Pd(allyl)Cl], only the
-derivative 1g was hydrosilylated (conversion was 72 and 100% respectively). After carrying out the
hydrolysis the main product 4g was isolated by column chromatography from the reaction mixture. In addition a
small quantity of silyl product 3g was also obtained (on catalysis with the palladium complex). The molecule of
Bg contains a CH>—NSi grouping characterized by the presence in the 'HNMR spectrum of a singlet at 4.89 ppm
integrating as two protons). The structure of 3g is analogous to the structures 3a-d isolated on silylating the
furan and thiophene aldimines. The data obtained enable the assumption that. as in the hydrosilylation of O- and
S-heteroaromatic azomethines la-d. the process of adding hydrosilane to the N-heterocyclic imine 1g occurs
with the formation mainly of the intermediate structure 2g which, as in the previous cases, may be caused by the
effect of the 2-CF; group (Scheme 2).
The investigations showed that imine 1h does not react with triethylsilane on using either the Rh or the
Pd complexes. Reaction of this aldimine with two other more reactive [8] silanes (HSiMe,Ph, H,SiPh,) is
catalyzed only by the palladium complex [Pd(allyl)Cl].. In the products after hydrolysis, in difference to the
silylation of all the imines obtained from 2-trifluoromethylaniline. no products of structure 3 containing a
grouping with a N—Si bond were detected. Probably this is readily hydrolyzed in this case. On the other hand the
corresponding compounds 2h and 2h' were isolated in small quantity from the reaction mixture after hydrolysis
?nly on hydrosilylating imine 1h. These have in their structure the SICH-NH group characterized in the
HNMR spectra by two doublets integrating as 1H each (Scheme 3. Table 1).




TABLE 1. Characteristics of the Hydrosilylation Reactions and Their Products

Product '"H NMR (CDCIy), chemical shift, 8, ppm, J (Hz)
Initial . Temp. Conversion k . SICH-NH CH,-NSi CHy-NH
imine e Calityl °C/Tume, | of imine, % (GLC) b?mrc- after hydrolysis** St (structure 2) (slruczlure 3) (structure 4)
hydiolysis* (3H, s)
CH (d) | NH(d) (2H, s) CH, (d) | NH (br. s)
1 2 3 4 b) 6 7 8 9 10 11 12 13
la HSIEL [RhCOD)Cl}> 65/15 85 2a - 395 453
J=80 | /=80
Ja Ja 433
4a — 418 4.67
J=6.0
HSiEt [Pd(allyhCl); 65/31 10 =
1b HSIEt [Rh(COD)C], 65/11 88 2b 2.26 395 433
J=151]J=15
3b 3b 2.27 4.32
1b 2.29 4.16 4.64
) J=60
HSiEL [Pdallyh)C1], 65/23 16
lc HSIEL [Rh(COD)C1)> 65/25 0
HSIEL [PdcallyhCl], 65/25 80 20 420 | 47brs
J=60
R T k1N 4.60
4¢ - 455 47
J=54
1d HSiEL [Rh(COD)C1]» 65/30 -0
HSiEt [Pd(allyh)C1] 65/30 82 3d 2.40 — = 4.49
—e? 4 244 447 47
J=54




TABLE 1 (continued)

| 2 3 4 5 6 7 8 9 10 11 12 13
le HSIEt; [Rh(COD)C1), 6520 -0 _
HSIEL [Pd(allyl)C1), 65121 -0 —
1f HSIEt; [Rh(COD)C1); 65/16 -0 —
HSIEL [Pd(ally)C1], 6521 =8 —
g HSIEl [Rh(COD)C); 65/20 72 3 = - - 189
HSIEt [Pd(allyh)Cl); 6521 ~100 — ig 442 50
J=6.0
1h HSiMe;Ph | [Rh(COD)CI], 65/18 -0 —
HSiMe,Ph [Pd(allyl)C1], 65/12 80 2h 242 543 5.56 —_
J=64 | J=64
— 4h 2.55 4.58 5.6
J=52
H,SiPh; [Rh(COD)CI], 20/50, -0 —
65/9
H,SiPh; (Pd(allyl)C1]; 20/50 77 2h' 2.44 547 5.55 =
J=60 | J=60
—! 4h 255 458 56
J=5.2

* Mixture of products according to 'H NMR spectra.

*? Products were isolated by column chromatography. Eluent: benzene-ethyl acetate, 9:1 (3a,b and 4a,b), benzene-ethyl
acetate, 9.5:0.5 (3¢,d and 4¢,d), chloroform-methanol, 9:1 (3g, 4g, 2h, 2h', 4h).

*’ The '"H NMR spectra of mixtures of products were not recorded.
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TABLE 2. Mass Spectra of the Synthesized N-(Hetarylmethyl)aromatic
Amines 4a-h and the Silyl Derivative 3g

gg::l:j m =l %)

42 241 (33. M), 240 (12 (M - H]"). 213 (14, [M - COJ"). 202 (3). 192(2), 182 (2),
172 (5. [M = C.H:O - Hy] ). 165 (1), 154 (), 145 (6. [C.H.CF:]"). 127 (9). 114 (6).
107 (2). 95 (4). 88 (2). 81 {100. [C.H:OCH:]"). 75 (7). 69 (4). 63 (4). 53 (39)

4b 255¢15. M), 216¢2).202(3), 196 (3). 185 (1), 172 (2). 154 (2). 145 (4, [C.H.CF3]"),
127 (8). 114(3). 107 (2,95 (100, [H;CC.H-OCH:]), 83 (1), 75 (). 67 (5). 53 (6)

4c 257 (24, M), 218 (5). 145 (5. [CoHLCER]). 127 (9). 114 (5). 97 (100, {C.H,SCH.]").
75 (4), 69 (8), 63(6). 53(13)

4d 271 (17. M), 232(5). 202 (3). 172 (2), 154 (3). 145 (5. [CHLCFA]N). 127 (11),
111 (100, [H;CC.H,SCH:]"). 95 (5). 85 (2). 78 (9%, 77 (10). 67 (6). 59 (5). 51 (7)

3z 366 (2. M), 337 (9. [M-Et]"). 317 (6. [M - Et- HF]"). 231 (4. [M - SiEty — HF]"),

214 (15), 213 (100. [M - SiEt, — 2F]"). 193 (19, [M = SiEt; - 2F — HF]'). 166 (5).

154 (4), 145 (2, [CHLCFs] 1. 127 (10, [C,HsCF:]), 109 (14). 95 (11), 92 (7), 77 (31).
65(8), 59 (9). 52(20)

i 253 (15, [M = H]). 252 (100, M™Y. 231 (23, [M - H = HF]). 174(25. [M = Py]".
172(7). 154 (76, [M - Py - HF] ). 145 (9. [CH.CF]". 127 (68, [CH.CF:] ). 125 (14),
107 (14, [PyCH:NH]), 92 (27, [PYCH:] 1. 80(24). 79 (19). 78(12. Py)). 75 (17),

69 (8). 65 (36). 63 (20). 52 (20). 51 (10). 50(18)

4h 200 (13, [M = H]"). 199 (100, M), 197 (5. [M = Ha] ). 196 (13).

183 (14, [M = H= Me]'). 169 (7). 155 (2). 144 (11, 132 (2), 12246). 121 (72, [M - Py|").
1197, [M = Py — H:]"). 107 (39, [PYNHCH.]"). 94 (27. [PyNH:]). 93 (7). 92 (5),
80(8). 79 (15). 78 124, Py'), 65 (7)., 63 (201, 52(7). 51 (7)

* Signals of characteristic ions are indicated.

In the 'H NMR spectra of all the silylated compounds obtained by reaction of imines with triethyisilane
the SiEt; grouping is displayed as two groups of signals for the CH: (6H, q) and CH; (9H, t) protons in the range
d 0.5-1.6 ppm. The chemical shift of the signal of the SiMe: group protons in the spectrum of silylated
derivative 2h is 1.25 ppm (6H., s). The spectra in the region of the proton signals of the heterocyclic rings and
aromatic azo portion of the molecules of the synthesized products were close to those reported previously [1-3].

The following amines have been synthesized in this work: N-(2-furylmethyl)-2-trifluoromethylaniline
(4a), N-(5-methyl-2-furylmethyl)-2-trifluoromethylaniline (4b), N-(2-thienylmethyl)-2-trifluoromethylaniline
(4¢), N+(5-methyl-2-thienylmethyl)-2-trifluoromethylaniline (4d). N-(4-pyridylmethyl)-2-trifluoromethylaniline
(4g), and N-(6-methy!l-2-pyridylmethyl)-2-aminopyridine (4h). The vield of these amines (on using the best
catalyst) was 65-70%. Only the pyridine derivative 3g, N-(4-pyridylmethyl)-N-triethylsilyl-2-
trifluoromethylaniline, proved to be thermally stable of all the heterocyclic silyl-containing compounds
mentioned. Its mass spectrum was recorded ( Table 2).

EXPERIMENTAL

The 'H NMR spectra were investigated on Varian Mercury (200 MHz) and Bruker WH-90/DS
(90 MHz) spectrometers for solutions in CDCls, internal standard was TMS. The mass spectra were obtained on
an HP 6890 GC/MS chromato-mass spectrometer fitted with an HP-5 MS (30.0 m x 250 pm x 0.25 pum)
capillary column, with temperature programing from 70 to 260°C (10°C/min). The benzene was distilled over
CaH> before use. The hydrosilanes and transition metal complexes used in the work were obtained from Fluka
and Acros.
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General Procedure for Hydrosilylation. A Pierce 5 cm’ capacity reaction tube was purged with argon.
then dry benzene (2 ml), catalyst (0.01 mmol), and the starting imine (0.5 mmol) were placed in it, after which
the contents were mixed for 30 min at room temperature. The solution was cooled with ice to 0°C and
hydrosilane (0.6 mmol) was added with a syringe. Reaction was carried out at 65°C or at room temperature.
periodically removing a sample and analyzing it by TLC, GLC. and GLC-MS. At the end of the silylation (the
process duration is shown in Table 1) the reaction mixture was evaporated at reduced pressure (30°C/15 mm)
and the '"H NMR spectrum recorded. Hydrolysis was then carried out by adding methanol (2.5 ml) and 10%
aqueous NaHCO; solution (0.5 ml). The mixture was extracted with ether, the extract dried over anhydrous
Na.SOs, then filtered, and evaporated. The residue was separated by liquid chromatography on a column of
silica gel (Kieselgel 60, 0.063-0.200 mesh, Merck). The eluent was benzene—ethyl acetate for the furan and

:hiophene derivatives and chloroform—methanol for the pyridine derivatives. All the products obtained were
vellow oily substances.

The authors are grateful to the Latvian Council for Science for financing the work (Grant No. 181).
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Trimethylsilylcyanation of heterocyclic imines
catalysed by Lewis acids

Irina lovel, Lena Golomba, Sergey Belyakov, Juris Popelis, Solveiga

Grinberga, Edmunds Lukevics*

Latvian Institute of Organic Synthesis. 21 Aizkraukles St, Riga LV-1006, Latvia

The addition of Me;SiCN to Shiff bases 1a-8a,
synthesized by the reaction of furan and
thiophene aldehydes with 3- and 4-aminobenzo-
trifluorides, has been studied in the presence of
various Lewis acids. A series of the correspond-
ing trifluoromethyl derivatives of heterocyclic -
aminonitriles 1-8 was synthesized in 38-80%
isolated yields. It was found that 4A molecular
sieves (MS) accelerate the addition and increase
the yields of the products. The investigated
catalysts are ranked by their activity in the
following order: AlIBr; + 4AMS > AlBr; >
AICl; > Ti[OGPr)],. A single crystal of N-(5-
methyl-2-thienylcyanomethyl)-3-trifluoromethyl-
aniline was obtained and studied by X-ray
diffraction. The results showed that it was the
crystal of the (R) isomer of this compound.
Copyright ¢ 2000 John Wiley & Sons, Ltd.
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INTRODUCTION

Catalytic cyanation of imines (the Strecker reac-
tion), has been studied intensively in several
directions (for recent reviews on this subject. see
Refs. 1-3). The products of these additions (x-
aminonitriles) are useful intermediates for the
synthesis of amino acids® and other nitrogen-
containing compounds, including precursors of
medicines.”»The addition of hydrocyanic acid to a
carbon-aitrogen double bond forms a new chiral
centre in the molecule: therefore a large number of
studies®'” of the synthesis of diastereomeric x-
aminonitriles from optically active Shiff bases and

* Correspondence to: Edmunds Lukevics. Latvian [nstitute of
Organic Synthesis, 21 Aizkraukles St. Riga LV-1006. Latvia.

Copyright ¢ 2000 John Wiley & Sons. Ltd.

catalytic asymmetric cyanation (e.g. Ref. {1) have
been reported. The novel catalysts of the Strecker
synthesis have also been investigated.'> Applica-
tion of trimethylsilyl cyanide (TMSCN) instead of
sodium cyanide and hydrocyanic acid as a cyano-
anion source provides promising and safer routes to
z-aminonitriles.'*'* In our previous work.'” the
addition of Me;SiCN to (hetero)aromatic aldehydes
was investigated. In the present work. trimethyl-
silylcyanation of a series of the heterocyclic
aldimines is reported. Heterocvelic derivatives
containing trifluoromethyl (CF;) groups were used
as substrates that promise high biological activity in
the products.'®"’

EXPERIMENTAL

General procedure

In a typical procedure for trimethylsilylcyanation of
imines, in a 5-ml Pierce reaction vial, 1.0 equiv. of
imine 1a-8a in 2 ml dichloromethane reacted with
I.lequiv. of trimethylsilyl cyanide (Caution:
Toxic!) in the presence of catalytic amounts of
AlBr; (20 mol%) and 4A molecular sieves (0.5 g) at

ambient temperature under argon. When the
reaction was complete (monitored by TLC),

saturated aqueous NaHCO; was added. and the
product was extracted with diethyl ether. After the
organic layer had been dried over MgSO, and
evaporated. the product was isolated by column
chromatography on silica gel.

Materials and methods

Dichloromethane was dred over P-O5 and distilled
prior to use. Trimethylisilyl cvanide (Aldrich) was
used without further purification. AlCl:. AlBrs.
Ti[O(iPr)]; and the chemicals for the synthesis of
imines were obtained from commercial sources.
Molecular sieves 4A (VEB Laborchemie Apolda)
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l I I I CF3 1.Cat.
X CH=N + Me3SiCN———>»

H 0" “CH=N

1a-8a

]

CH,Cly,

2. NaHCO3/H,0
_—

20°C

20 or 40 °C

Scheme 1

/\O

—- CF3 il
> .
—<\ //f Me

Scheme 2

and silica gel for column chromatography (Kiesel-
gel 60, 0.063-0.200 mm, Merck) were used.

'H NMR spectra were recorded on Bruker WH-
90/DS (90 MHz) and Varian Mercury (200 MHz)
spectrometers using CDCl; as a solvent and Me,Si
as internal standard. Mass spectra were obtained on

CN
1

| — .CF3
“SeH=N—( ? >

-8

| ) ) ?H_N»_@ca

an MS-50 (70 eV) instrument. Elemental analysis
was performed on a Carlo Erba EA-1108 instru-

ment.

X-ray crystallographic study
A four-circle computer-controlled single-crystal

Table 1 The characteristics of the reaction and the products

Temp. Time Conversion, Isolated M.p.
Product X R CF; Catalyst (mol%) (°C) (h) (%)* yield (%) ey’
1 0 H 3- AIC15(20) 20 55 — 46" oil
4A MS* 20 6.5 27 -
2 O CH; 3- AICI5(20) 20 21 — 40" Oil
AICI5(20) 20 5 50 =
AlBr3(20) 20 0.5 74 -
Ti[O(ipr)]4(20) 20 23 68 —
3 S H 3- AICI4(5) 20 49
40 55 — 26 =
AlBr;(20) 20 1 100 80 69-70
4 S CHy 3- AICI4(5) 20 49
40 55 30 e -
AlBr;(20) 20 5 38 = —
AlBr; (20) + 4A MS 20 26 70 68 84-85
5 0 H 4- AlBr3(20) + 4A MS 20 2 100 474 143-144
6 O CHy, 4 AlIBr3(20) + 4A MS 20 1 76 404 95-96
7 S H 4- AlBr3(20) + 4A MS 20 6.5 70 38¢ 100101
8 S CH; 4 AIBr;(20) + 4A MS 20 4 81 404 131-132

“ Determined by 'H NMR.

" After recrystallization from ethyl acetate/hexane or benzene/hexane.
© MS, molecular sieves.
¢ The products were isolated by column chromatography.

Copyright ¢ 2000 John Wiley & Sons. Ltd.
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Table 2 Elemental analysis of the solid z-amino nitriles obtained

Found (%)/Calculated (%)

Product Mol. formula Mol. mass C H N S

3 C3HyN-SF; 282.29 54.60/55.31 3.21/3.21 9.41/9.92 11.20/11.36

4 C,sH | N,>SF; 296.32 56.72/56.75 3.59/3.74 9.42/9.45 10.85/10.82

5 C3HyN,OF; 266.22 58.64/58.65 3.50/3.41 10.38/10.52 —

6 C,sH | N,OF; 280.25 60.40/60.00 4.18/3.96 9.86/9.99 —

7 C3HyN,SF; 282.29 55.36/55.31 3.12/3:21 10.07/9.92 11.34/11.36

8 C,sH; N,SF; 296.32 56.85/56.75 3.71/3.74 9.46/9.45 10.78/10.82

Table 3 'H NMR spectra of the z-aminonitriles synthesized

Chemical shift (ppm), J (Hz)
J=0.9-1 J=8-9

Compound CH;,d NH,d CHCN,d Ring protons

1 — 447 546 6.38 (1H, dd, J=4, 3.5; FurH-4) 6.71-7.33 (4H. m: ArH,)
6.53 (1H, dd, J=4, 1.5; FurH-3)
7.40 (1H, dd, J=3.5, 1.5; FurH-5)

2 229 4.33 541 597 (1H, dq, /=4, 0.9; FurH-4) 6.78-7.64 (4H, m; ArH,)
6.44 (1H. d, J=4; FurH-3)

3 — 4.44 5.63 6.78-7.60 (7TH, m; ThH;, ArH,)

4 2.49 431 5.57 6.69 (1H, dq, J=4, 0.9; ThH-4) 6.82-7.51 (4H, m: ArHy,)
7.13 (1H, d, J=4; ThH-3)

5 — 4.49 5.53 6.47 (1H, dd, J=4, 3.8; FurH-4) 6.80 (2H. d, J=8; ArH-3.5)
6.62 (1H. m, J=4, I; FurH-3)
7.49 (1H, dd, /= 3.8, I; FurH-5) 7.53 (2H. d, J=8; ArH-2.6)

6 231 4.49 544 6.00 (1H. dq, /=44, 0.9; FurH-4) 6.78 (2H. d, J=8: ArH-3.5)
6.47 (1H, d, J=4.4; FurH-3) 7.51 (2H. d, J =8: ArH-2,6)

7 — 4.58 564 7.02(1H,d,J=5, 4.5; ThH-4) 6.78 (2H. d, J=8: ArH-3.5)
7.24-7.40 (2H, m, J =5, 4.5, 2; ThH-3,5) 7.49 (2H.d, J=8: ArH-2,6)

8 249 442 5.58 6.64(1H, dq, /=4, |; ThH-4) 6.75 (2H. d, J=8: ArH-3.5)
7.11 (1H, d, J=4; ThH-3) 7.47 (2H. d. J=8: ArH-2,6)

Syntex P2, diffractometer with graphite-monochro-
matic Mo-K, (A=0.71069 A) radiation was used
for intensity data collection. A total of 1336 unique
reflection intensities were collected at room
temperature using the #/26-scan technique up to
20max = 50°; one standard reflection showed no
significant decay; Lorentz and polarization correc-
tions were applied to the data.

The crystals of 8 are monoclinic, space group
P2,; the lattice parameters are as follows: a=
5.337(2), b=99784), c=133344) A, fi=
92.44(3)°; V=709.4(4) A*, D,=1.378(1)gcm ",
F(000) =304, n=0.252mm™ ', Z=2.

The crystal structure was solved by the direct
method and refined by least squares in block-
diagonal approximation with anisotropic tempera-
ture factors. The hydrogen atoms were found from

Copyright ¢ 2000 John Wiley & Sons, Ltd.

differential Fourier synthesis. The final R-factor is
0.0531 for 904 reflections with /> 2(/). All
calculations were carried out with the help of the
AREN complex of programs.'®

RESULTS AND DISCUSSION

In this work, the addition of Me;SiCN to imines
la-8a (previously synthesized'”) was studied in
the presence of several Lewis acids (5-20 mol%).
The reactions were carried out in dichloromethane
at 20 or 40°C. Under these conditions the
corresponding novel x-aminonitriles (1-8) were
obtained in isolated yields up to 80% (Scheme 1).
AlBr; was found to be more active than AICI; or

Appl. Organometal. Chem. 14. 721-726 (2000)
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Table 4 Mass spectra of the (x)-aminonitriles synthesized

Compound

MS, m/z (1.1, %)

1

266 (8, M™), 240 (20, [M — CNJ"), 239 (100, [M — HCN]"), 238 (52, [M — HCN — H]"), 220 (16,
[M — HCN — F]*"), 211 (38, [M — CN — HCOJ™), 210 (36, [M — HCN — HCOJ"), 190 (18), 185 (20).
183 (19), 172 (21, [M — HCN — Fur] ™), 170 (25, [M — HCN — CF;] "), 145 (68, [C4H,—CF3]™), 125
(29), 115 (28), 106 (38, [Fur—CHCN]™), 95 (32), 75 (26). 71 (52), 69 (25, [CF3]"), 57 (30). 55 (31).
43 (40), 41 (41), 39 (42), 27 (49, [HCN]H)

280 (10, M™), 254 (20, [M — CNJ]™), 253 (100, [M — HCN]"), 252 (30, [M — HCN — H|™), 238 (25,

CHCN]™), 95 (18), 69 (12,

CHCN]™), 125 (12), 97 (60. [Me—C4H,S]7), 95 (52). 76

2
[M — HCN — Me]™"), 211 (22, [M — CN — Me—CO]"), 210 (25, [M — HCN — Me—CO]™), 190 (31),
172 (25), 161 (26), 145 (47, [CeH,—CF5]™), 120 (51, [Me—C4H-O
[CF5]™), 53 (23). 43 (39, [H;CCOJ™). 39 (17). 27 (30, [HCN]™)

3 282 (2, M), 263 (1, [M —F]"), 255 (100, [M —HCN]"), 145 (68, [CoH,—CF;]"), 122 (30.
[C4H3S—CHCN]™), 112 (28), 111 (31), 95 (44), 84 (46, [ThH]™), 69 (22. [CF3]7). 43 (30). 39 (42).
27 (38, [HCN]™) .

4 206 (3, M*), 294 (2, [M —2H]"), 277 (1, [M —F]"), 269 (98, [M —HCN]"), 268 (100, [M —
HCN — HJ ™), 250 (18, [M — HCN — F]™), 200 (17, [M — HCN — CF5]"), 172 (16). 161 (15). 145 (72,
[C6H4—CF]]+). 136 (70, [MC——C.;H:S
(36), 69 (40, [CF5]7), 59 (35), 53 (42). 45 (43), 39 (32), 27 (39, [HCN]")

5 266 (5, M™), 240 (16, [M — CN]"), 239 (100, [M — HCNJ"), 238 (68, [M — HCN — H]™), 220 (13,
[M —HCN —F]"), 211 (33, [M — CN — HCOJ™), 210 (38, [M — HCN — HCOJ "), 190 (8). 185 (19).
183 (14), 172 (9, [M — HCN — Fur] "), 170 (12, [M — HCN — CF;]"), 145 (85, [C¢H,—CF;3] "), 125
(18), 115 (17), 106 (62, [Fur—CHCN]™), 95 (22), 78 (12). 75 (15), 73 (10), 69 (5. [CF3]7). 57 (15).
55 (16), 51 (21), 43 (18), 41 (19), 39 (33), 27 (48, [HCN]™)

6 280 (3, M*), 278 (2, [M —2H]™), 254 (15, [M — CN]™"), 253 (100, [M — HCN]"), 252 (32, (M —
HCN — H]™), 239 (8. [M — HCN — Me]™), 234 (12, [M — HCN — F]), 211 (40, [M — CN — Me—
COJ"), 210 (44, [M — HCN — Me—CO]™), 190 (5), 183 (15), 172 (6). 145 (60. [CcH,—CF3]™), 120
(42, [Me—C,H,O—CHCN]™), 95 (33), 81 (18), 79 (16), 75 (15). 73 (16). 69 (22. [CF;]™), 53 (25). 43
(52, [H3;CCOJ™), 41 (15). 39 (26), 27 (38, [HCN]H)

7 282 (6, M), 280 (1, [M — 2H]™), 279 (1), 263 (1, [M — F]7), 255 (98, [M — HCN] ™). 254 (100, [M —
HCN — H]™), 236 (15, [M — HCN — F]™), 234 (12), 186 (14), 145 (62, [C¢Hs—CF5]"). 122 (58.
[C,H3;S—CHCN]™), 95 (42), 84 (15, [ThH]"), 75 (7), 69 (28, [CF;]7), 45 (33), 39 (38). 27 (41,
[HCN])

8

296 (1, M), 294 (7, [M — 2H] 7). 293 (5), 271 (5), 279 (10), 269 (100, [M — HCN]"), 268 (98, [M —
HCN — HJ™"), 250 (8. [M — HCN — F]7), 200 (12, [M — HCN — CF;]"). 172 (13), 149 (5). 145 (65.
[CeHy — CF5]7), 136 (28, [Me—C4H,S—CHCN]™Y), 125 (12), 97 (49, [Me—C,H,S]"), 94 (41). 69
(31, [CF3]%), 53 (22), 43 (30), 39 (24), 27 (40, [HCN]Y)

* Fur, furyl: Th, thienyl.

Ti[O(iPr)]; (Table 1). To avoid possible hydrolysis
problems during the reactions, we carried out the
processes in the presence of a dehydration reagent
such as 4A molecular sieves (MS). It was found
that the addition proceeded sluggishly in the
presence of 4A MS without any catalysts. Under
the action of the catalyst and 4A MS together, the
reactions proceeded most smoothly. The furan
derivatives were more active in the addition of
Me;SiCN than the thiophene ones. The order of
reactivity of the imines studied was according to
Scheme 2.

The products were isolated mainly by column
chromatography and identified by 'H NMR, MS
spectra and elemental analysis (Tables 2—4). All the
products were thermally very unstable: therefore

Copyright ¢ 2000 John Wiley & Sons. Ltd.

the GC and GC-MS analyses could not be used for
these compounds.

A single crystal of N-(5-methyl-2-thienylcyano-
methyl)-3-trifluoromethylaniline (8) was obtained

cno
N

ca3)

Figure 1 Perspective view of molecule 8 with thermal
ellipsoids.

Appl. Organometal. Chem. 14, 721-726 (2000)
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Table 5 Bond lengths and angles for compound 8

Distance (A)

Angle (°)

S(1)-C(5) 1.7077 (0.0076) C(1)-S(1)-C(5)
S(H-C(2) 1.7160 (0.0058)
C(2)-C(3) 1.3413 (0.0084) C(3)-C(1)-C(7)
C(2)-C(7) 1.4793 (0.0071) C(3)-C(1)-S(1)
C(2)-S(1) 1.7160 (0.0058) C(7)-C(1)-S(1)
C3)-C@2) 1.3413 (0.0084) C(1)-C(3)-C(4)
C(3)-C(4) 1.4118 (0.0104)
C(4)-C(5) 1.3364 (0.0113) C(3)-C(4)-C(5)
C(5)-C(6) 1.5097 (0.0102) C(4)-C(5)-C(6)
C(5)-S(1) 1.7077 (0.0076) C(4)-C(5)-S(1)
C(6)-C(5)-S(1)
C(7)-N(1) 1.4665 (0.0071) N()-C(7)-C(8)
C(7)-C(8) 1.4807 (0.0097) C(1)-C(7)-N(1)
C(1)-C(7)-C(8)
C(9)-N(1) 1.4000 (0.0070) C(7)-N(1)-C(9)
C(8)-N(2) 1.1511 (0.0072) C(7)-C(8)-N(1)
C(9)-C(14) 1.3774 (0.0093) N(1)-C(9)-C(14)
C(9)-C(10) 1.4023 (0.0087) C(10)-C(9)-C(14)
C(10)-C(9)-N(1)
C(10)-C(11) 1.3832 (0.0093) C(9)-C(10)-C(11)

C(11)-C(12)
C(11)-C(15)

C(12)-C(13)
C(13)-C(14)

1.3755 (0.0116)
1.4806 (0.0135)

1.3688 (0.0132)
1.3945 (0.0101)

C(10)-C(11)-C(12)
C(12)-C(11)-C(15)
C(10)-C(11)-C(15)
C(11)-C(12)-C(13)
C(12)-C(13)-C(14)
C(9)-C(14)-C(13)

C(15)-F(1) 1.2400 (0.0105) F(1)-C(15)-F(2)
F(1)-C(15)-F(3)

C(15)-F(2) 1.3544 (0.0135) F(2)-C(15)-F(3)

C(15)-F(3) 1.2944 (0.0134) F(1)-C(15)-C(11)

F(2)-C(15)-C(11)
F(3)-C(15)-C(11)

92.38(0.37)

130.19 (0.54)
110.72 (0.44)
119.01 (0.40)
112.51 (0.69)

114.08 (0.64)
128.68 (0.80)
110.30 (0.53)
121.00 (0.76)
110.78 (0.45)
110.65 (0.40)
111.22 (0.47)
119.98 (0.45)
175.90 (0.62)
122.80 (0.60)
118.88 (0.56)
118.25 (0.55)
119.95 (0.68)
120.64 (0.75)
119.50 (0.80)
119.68 (0.92)
119.70 (0.67)
120.51 (0.90)
120.31 (083)
104.35 (0.86)
108.91 (1.26)
99.89 (0.93)
117.14 (0.94)
109.23 (1.13)
115.34 (0.80)

Copyright ¢ 2000 John Wiley & Sons. Ltd.
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Table 6 Selected torsion angles in molecule 8

Angle

(°)

C(5)-8(1)-C(2)-C(3)
C(5)-S(1)-C(2)-C(7)
C(7)-C(2)-C(3)-C(4)

1.09 (0.50)
178.09 (0.45)
—177.91 (0.59)

significant thermal vibrations of the F and C(15)
atoms (see Fig. 1).

Molecule 8 has a hindered conformation with
reference to the C(7)-N(1) bond: the torsion angle
C(2)-C(7)-N(1)-C(9) is close to being a fat angle,
i.e. both rings have a fully staggered disposition.

There is only one enantiomer (R-isomer) in the
crystal investigated. An intermolecular hydrogen
bond N(1)—H(1)---N(2) was found in the crystal
structure. . The hydrogen bond length equals
3.207(7) A: H(1)---N(2)=2.26 A, /N(1)—H(1)---
N(2) = 151°; it is somewhat greater than the mean
statistical value (2.98 A) for the NH- - -N type of H-

S(1)-C(2)-C(3)-C(4) —1.36 (0.74)
C(2)-C(3)-C(4)-C(5) 1.00 (0.91)
C(3)-C(4)-C(5)-C(6) 178.21 (0.68)
C(3)-C(4)-C(5)-S(1) —0.14 (0.80)
C(2)-S(1)-C(5)-C(4) —0.53 (0.53)
C(2)-S(1)-C(5)-C(6) —179.04 (0.55)
C(3)-C(2)-C(7)-N(I) 107.39 (0.69)
S(1)-C(2)-C(7)-N(1) —68.93 (0.57)
C(3)-C(2)-C(7)-C(8) —16.19 (0.83)
S(1)-C(2)-C(7)-C(8) 167.49 (0.40)
C(8)-C(7)-N(1)-C(9) —58.69 (0.69)
C(2)-C(7)-N(1)-C(9) 177.47 (0.49)
N(1)-C(7)-C(8)-N(2) 7.23 (8.35)
C(2)-C(7)-C(8)-N(2) 130.74 (8.06)
C(7)-N(1)-C(9)-C(14) —29.97 (0.86)
C(7)-N(1)-C(9)-C(10) 153.10 (0.54)
C(14)-C(9)-C(10)-C(11) —0.95 (0.96)
N(1)-C(9)-C(10)-C(11) 176.10 (0.55)
C(9)-C(10)-C(11)-C(12) 0.10 (1.04)
C(9)-C(10)-C(11)-C(15) 175.08 (0.79)
C(10)-C(11)-C(12)-C(13) 0.59 (1.24)
C(15)-C(11)-C(12)-C(13) —174.40 (1.02)
C(11)-C(12)-C(13)-C(14) —0.42 (1.50)
N(1)-C(9)-C(14)-C(13) —175.79 (0.72)
C(10)-C(9)-C(14)-C(13) 112 (1.11)
C(12)-C(13)-C(14)-C(9) —0.44 (1.46)
C(12)-C(11)-C(15)-F(1) 47.44 (1.61)

C(10)-C(11)-C(15)-F(1)
C(12)-C(11)-C(15)-F(3)
C(10)-C(11)-C(15)-F(3)
C(12)-C(11)-C(15)-F(2)
C(10)-C(11)-C(15)-F(2)

—127.60 (1.13)
177.66 (0.96)
2.62 (1.50)
~70.85 (1.16)
114.12 (1.04)

by careful crystallization from ethyl acetate/hexane
(I:1) and studied by X-ray diftraction. Figure |
illustrates the perspective view of molecule 8 with
atom labels. Tables 5 and 6 give the bond lengths,
valence angles and selected torsion angles. The
five- and six-membered rings in structure 8 are
planar. The bond lengths in these rings show that
there is delocalization of the n-electrons in the
system. The bond length N(1)-C(9) 1.400(7) A
indicates conjugation between the six-membered
aromatic ring and the lone electron pair on the N(1).
However. the nitrogen atom N(1) is not planar, but
pyramidal (the sum of the valence angles is 345°).
On the whole, the molecule 8 has a normal
geometry. The decrease in lengths for the C(11)-
C(15) and C-F bonds can be explained™ by

Copyright ¢ 2000 John Wiley & Sons. Ltd.

bond.?!
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Addition of MesSiCN to trifluoromethyl
derivates of N-(pyridylmethylidene) anilines
catalyzed by Lewis acids
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A series of novel Shiff bases (la—h) was
synthesized by condensation of pyridinecarbox-
aldehydes (1-4) with 3- and 4-trifluoromethyl-
anilines (3, 6) in the presence of molecular sieves
(4 A). It was found that AICl; and AlBr;
catalyzed the addition of Me;SiCN to the C=N
bond of the imines obtained, whereas the other
Lewis acids studied (YCl;, LaCls, Znl,) were not
active. The reactivity of the imines in the title
reaction, on the whole, correlated with their
basicity. Besides the addition giving the expected
a-amino nitriles (2a,b,d—f,h), an unusual reac-
tion leading to unsaturated nitriles (3a-h) was
observed. The structures of saturated and
unsaturated products 2d and 3¢ were deter-
mined by X-ray diffraction. Copyright ¢ 2001
John Wiley & Sons, Ltd.

Keywords: trimethylsilylcyanation; Lewis acid
catalysis; pyridine Shiff bases; a-amino nitriles
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INTRODUCTION

Catalytic cyanation of imines. the 'Strecker reac-
tion’. has been studied intensively in recent years
(for reviews on this subject, see Ref. 1-4). In our
previous work it was found that AICI; acts as an
effective catalyst for the addition of Me;SiCN to
heterocyclic aldehydes.” Later. we demonstrated
that AICl;. and especially AlBr;. catalyzed the
trimethylsilylcvanation of furan and thiophene
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Synthesis. 21 Aizkraukles Str.. Riga LV-1006. Latvia.

Emuil: sinta@osi.lv

Contract/grant sponsor: Latvian Council ot Science: Contract/grant
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aldimines to afford the corresponding z-amino
nitriles.® Aromatic amino nitriles were found to be
suitable for good antihypertensive activity’ and
also as psychotomimetic agents.® In the present
paper we are reporting the results of the investiga-
tion on the interaction of Me:SiCN with a series
of pyridine-based aldimines (la-h). previously
synthesized by the condensation of pyridinecarbox-
aldehydes (1-4) with 3- and 4-trifluoromethyl-
anilines (5. 6). The heterocyclic derivatives
containing a CF; group were used in this work as
substrates. as these promise biological activity in
the products.q’m

EXPERIMENTAL

General procedure

In a typical procedure for the trimethylsilylcyana-
tion of imines. in a 5 cm” Pierce reaction vial. 1.0
equivalent of imine 1a-h in dichloromethane (2 ml)
reacted with 1.2 equivalents of trimethylsilyl
cyanide (CAUTION: toxic!) in the presence of
catalytic amounts of AlBr; (5 or 20 mol%) and 4 A
molecular sieves (0.5 g) at ambient temperature
under an argon atmosphere. The reaction progress
was monitored by thin-layer chromatography
(TLC) on Merck aluminum sheets silica gel 60
F-s4 (for the eluents see Table 6). When the reaction
was completed. saturated aqueous NaHCO; was
added and the product was extracted with diethyl
ether. After the organic layer was dried over
MgS0O; and evaporated. the products were isolated
by column chromatography on Merck silica gel 60
(230—00 mesh) using various eluents (Table 6) or
by recrystallization from hexane/ethyl acetate (50/
50).

Imines 1a-h were synthesized by the reactions of
the corresponding pyridine aldehydes (1-4) with
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Table 1 Characteristics of the pyridylaldimines obtained
Pyridine CF; [solated yield M.p./B.p.
Imine R isomer position (%) (°C) Color
la H a 3- 88 4546 Yellow
1b H p 3- 68 38-39 Yellow
123-125/0.1 mm
lc H ¥ 3- 72 118-120/0.1 mm Yellow
1d CH; % 3- 67 125-127/0.1 mm Yellow
le H o 4- 80 62-63 White
1f H p 4- 64 4647 White
1g H ¥ 4- 78 51-52 White
1h CH; % 4- 60 76-78 White
Table 2 Elemental analysis of solid pyridylaldimines
Found/calculated (%)
Imine Mol. formula C H N
la C,3HgN,F; 62.02/62.40 3.53/3.63 11.04/11.19
1b C,3HoN,F; 62.33/62.40 3.56/3.63 11.25/11.19
le C,3HgN,F; 61.85/62.40 3.79/3.63 11.07/11.19
1f C,3HsN,F; 62.23/62.40 3.63/3.63 11.12/11.19
1g C,3HgN,F; 62.39/62.40 3.67/3.63 11.19/11.19
1h CsH,NLF; 63.59/63.64 4.22/4.20 10.59/10.60

3- or 4-trifluoromethylaniline (5, 6). A starting
aldehyde (5 mmol) was mixed with a starting amine
(5mmol) in dry benzene (20ml) at ambient
temperature in the presence of 4 A molecular sieves
(2.0 g). After some time (20-24 h) the molecular
sieves were removed by filtration, the reaction
mixture was concentrated, and the imine was
isolated by recrystallization from hexane or by
vacuum distillation.

Materials and methods

The solvents were dried—dichloromethane over
P,0Os and benzene over CaH,—and distilled prior to
use. Trimethylsilyl cyanide (Aldrich) was used
without further purification. AlCl;, AlBr3;, YCl;,
LaCls, Znl, and the chemicals for the synthesis of
the imines were obtained from commercial sources
(Fluka, Aldrich). Molecular sieves 4 A (VEB
Laborchemie Apolda) and silica gel for column
chromatography (Kieselgel 60, 0.063-0.200 mm,
Merck) were used in the work. TLC was performed
on Merck aluminium sheets silica gel 60 F.s; with
various eluents.

'H NMR spectra were registered on Bruker WH-
90/DS (90 MHz) and Varian Mercury (200 MHz)
spectrometers using CDCl; as a solvent and Me,Si

Copyright ¢ 2001 John Wiley & Sons. Ltd.
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Scheme 1 Synthesis of imines.
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Scheme 2 Trimethylsilylcyanation of imines.
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Scheme 3 Order the reactivity of imines.
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Trimethylsilylcyanation of pyridine-based aldimines

Table 3 'H NMR data for the pyridylaldimines
Chemical shift (ppm), J (Hz) S
Ring protons
Imine CH;, s  CH=N,s Pyridine Aromatic
la - 8.59 7.38,ddd, J=17.0. 4.5, 1.1. PyH-5 7.3-7.6. m, ArH,
7.83.m, J=7.0, 1.6, PyH-4
8.19,dt, J=7.0. 1.1, PyH-3
8.72, m, /=45, 1.6, 1.1, PyH-6
1b - 8.46 7.2-7.8, m, 5SH, PyH-5, ArH,,
8.25,dt, J=7.0, 1.5, PyH-4
8.69, dd, /=43, 1.5, PyH-6
9.00,d, J=1.5, 1.6, PyH-2
1c - 7.76, dd, J=4.3, 0.7, PyH-3,5 7.2-7.6, m, ArH,
8.78, dd, J=4.3, 0.7, PyH-2,6
1d 2.63 8.57 7.26,d, J=6.8, PyH-5 7.3-7.6. m, ArH,
7.71,t, J=6.8, PyH-4
8.00, d, J=6.8, PyH-3
le - 8.57 7.39, ddd, J=8.0, 5.0, 1.0, PyH-5 7.31,d,J=8.2, ArH-3,5
7.83, m. J=8.0, 7.6, 1.8. PyH-4 7.66,d.J=8.2, ArH-2.6
8.19. m, J=7.6, PyH-3
8.73, m, J=5.0, PyH-6
1f - 8.48 7.45,dd, J=8.1, 4.8, PyH-5 7.26,d. J=8.5, ArH-3.5
8.31, m, J=8.1, 2.0, 1.6, PyH-4 7.66,d, J=8.5, ArH-2.6
8.74, dd, /=438, 1.6, PyH-6
9.03.d,J=2.0, PyH-2
1g - 8.42 7.78, dd, J=6.0, 2.0, PyH-3,5 7.27,d.J =88, ArH-3,5
8.78.dd. J=6.0, 2.0, PyH-2,6 7.69,d, J=8.8, ArH-2,6
1h 2.64 8.55 7.27,d, J=8.0, PyH-5 7.31,d.J=82, ArH-35
7.72, m, J=8.0, 7.6, PyH-4 7.65.d.J=8.2, ArH-2,6
8.00. d. J=7.6, PyH-3

as an internal standard. The mass spectra were
obtained on MS-50 (70eV) (electron impact) and
HP 6890 GC/MS instruments. Elemental analysis
was performed on a Carlo Erba EA-1108 apparatus.
Melting points were determined with a Kofler
instrument.

X-ray crystallographic study

Monocrystals of compounds 2d and 3¢ were grown
from ethyl acetate/hexane (50/50). The intensity
data tor 2d were collected on a MACH-3
diffractometer with graphite-monochromated Cu
Kz radiation. For compound 3c. the intensity data
were collected on a Syntex P2, automatic four-

Copyright ¢ 2001 John Wiley & Sons, Ltd.

circle computer-controlled single-crystal diffract-
ometer (Mo Kz radiation with graphite monochro-
mator) using the 6/26 scan technique. The data
for 2d and 3c were collected at room temperature
and corrected for Lorentz and polarization factors:
for 2d a correction was also made for absorption.
Both structures were solved by direct methods and
refined by full-matrix least squares. Structure 2d
was solved by use of SHEL’XS-97Il and refined
against F7 using SHELXL-97'* programs. Calcula-
tions for 3¢ were carried out with the AREN
complex of programsI3 for crystallographic com-
putations. By calculations all the H-atoms were
placed in ideal positions and refined with the
rigid model and fixed isotropic displacement
parameters.

Appl. Organometal. Chem. 2001: 15: 733-743
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Table 4 GC-MS data for the pyridylaldimines

Imine m/z (1), %)

la 251 (11, [M+HJ7), 250 (77, M™), 249 (100, [M — H]7), 231 (20, [M — F]7), 223 (66. [M — CN]7), 203
(20, [M — CN —F —H]J"), 181 (14, [M — CF;]7), 172 (13, [M — Py]"), 154 (45), 145 (78, [CoH,CF:] 7).
125 (24), 105 (22, [M — C¢H4CF3]™), 95 (25), 79 (41, [PyH] "), 78 (24, Py™), 75 (27), 69 (11, [CF3] "), 63
(14), 52 (22), 51 (20). 39 (8), 38 (5)

1b 251 (14, [M +H]™), 250 (100, MT), 249 (92, [M — H]"), 231 (11, [M — F]7), 181 (5, [M — CF3]"). 172
(16, [M — Py]™), 152 (2), 145 (59, [CcH4CF5]™), 125 (12), 105 (5, [M — C¢H4CF3]7), 95 (14). 79 (12,
[PYH]™). 78 (7, Py ™), 75 (14), 69 (6, [CF5]7). 63 (12), 51 (15), 39 (5), 38 (6)

1c 251 (15, [M + H]™), 250 (100. M™), 249 (59, [M — H]™), 231 (10, [M — F]7), 181 (3. [M — CF3]"). 172
(44. [M — Py] "), 145 (87, [CcH4CF3]7), 125 (11), 105 (6, [M — CcH,CF3]7). 95 (16). 79 (38. [PyH] ). 78
(6, Py™). 75 (14). 69 (6. [CF3]7), 63 (9). 51 (14), 39 (5). 38 (4)

1d 265 (12, [M+HJ] 7). 264 (71, M7), 263 (20, [M — H] "), 245 (11, [M — F]7)., 237 (40, [M — HCN]"), 236
(100, [M — HCN —HJ ™). 216 (6). 195 (7, [M — CF3]%), 172 (7. [M — MeCsH3N]"). 167 (8). 145 (60.
[CeH4CF5] ™), 125 (10), 119 (40, [M — CgH,CF3]7). 95 (18), 93 (29, [MeCsH;NH] ™). 92 (21.
[MeCsH3N]™), 75 (18). 69 (7. [CF5]7), 65 (24), 51 (13), 39 (22)

le 250 (75. M™), 249 (100. [M — H]"), 231 (16, [M — F]"), 223 (61, [M — HCNJ"), 222 (15. [M — HCN
—H]™). 203 (24, [M — F —HCN —H]™). 181 (10, [M — CF3]™). 172 (15. [M — Py]*). 154 (36). 145 (77.
[CeH1CF3] ™). 125 (16), 105 (27, [M — CeH,CF5]™). 95 (23). 79 (62, [PyH] "), 78 (27. Py ™). 75 (22). 69 (10.
[CFs]7), 63 (9). 52 (22). 51 (20), 50 (16), 39 (8)

1f 251 (14. [M + H]7), 250 (100, M7), 249 (95, [M — H]7), 231 (11, [M — F]). 181 (5. [M — CF;]"). 172
(17, [M — Py]"), 145 (64, [CeH4CF3]7), 125 (11), 105 (6. [M — CcH,CF3]7), 95 (15). 79 (28, [PyH] 7). 78
(8. Py™), 75 (13), 69 (5, [CF3]7), 63 (10), 52 (9), 51 (14), 50 (10), 38 (5)

1g 251 (15, [M + H]™), 250 (100, M™), 249 (59, [M — H]7), 231 (12, [M — F]"), 181 (5, [M — CF5]"), 172
(41, [M — Py]™), 145 (82, [CeH4CF5]™), 125 (12), 105 (6, [M — CoH,CF5]17), 95 (15). 79 (31. [PyH] ™). 78
(5,Py™), 75 (12), 69 (5, [CF3]™), 63 (8), 52 (10). 51 (18), 50 (10). 38 (5)

1h 265 (13, [M+ H]™), 264 (83, M), 263 (30, (M — HJ"), 245 (13, [M — F]7). 237 (47. [M — HCN]"). 236
(100, [M — HCN —HJ"), 217 (5, [M — F —HCN —HJ™), 195 (6, [M — CF3]7). 172 (9. [M — MeCsH;N]").
145 (55, [CeH4CF]™). 125 (11), 119 (38, [M — C¢H4CFs] ™). 95 (15). 93 (69. [MeCsH;NH] ). 92 (21,
[MeCsH;N]™), 75 (14). 69 (8, [CF3] ™). 67 (25), 66 (24). 51 (10). 50 (9). 39 (18)

Table 5 Trimethylsilylcyanation of N-(pyridylmethylidene)amines

Product (isolated yield (%))

Catalyst
Starting imine  (amount (mol%)) Temp. (°C)  Reaction time (h) z-Amino nitrile  Unsaturated nitrile
la AICl5 (20), 40 32 2a (32) 3a (30)
AlBr; (20) +4A MS 20 2 2a (45) 3a (20)
1b AICl; (20), 40 45 2b (30) 3b (18)
AlBr; (20) +4A MS 20 7 2b (50) 3b (15)
1c AICl; (20), 40 38 - 3¢ (62)
AlBr; (20) +4A MS 20 25 - 3c (58)
1d AICl; (20), 40 28 2d (35) 3d (30)
AlBr; (20) +4A MS 20 15 2d (52) 3d (16)
le AlBr3 (5) +4A MS 20 2 2e (63) 3e
1f AlBr; (5) +4A MS 20 5 2f (60) 3f
1g AlBr; (5) +4A MS 20 3 - 3g (60)
1h AlBr; (5) + 4A MS 20 1.5 2h (65) 3h

Copyright ¢ 2001 John Wiley & Sons. Ltd. Appl. Organometal. Chem. 2001: 15: 733-743
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Table 6 Characteristics of the products isolated
~alenlate C
Column chromatography S el /(L
Compound eluent M.p. (°C) Mol. formula C H N
2a C(,H(,ZMCOH =10:1 Oil CHH“,N}F]
3a C(,H()ZMCOH =:1,0z1 Oil c |4H3N3F3
2b CHCI;:MeOH =9:1 Oil CsH oN;F3
3b CHCI5:MeOH = 9:1 Oil C;HgN;F;
3c - 92-93 C4HgNsF;  60.50/61.09  2.91/2.93 14.99/15.27
2d - 113-114 CsH|5-N3F;  61.29/61.85  4.05/4.15 14.09/14.43
3d CeHg:MeOH = 10:1 75-80 C,sH,(N3F;  62.03/62.29  3.51/3.48 14.19/14.53
2e C(,H(,:MCOH =10:1 then Oil |4H1()N3F3
CH-Cl1,:MeOH = 10:1
2f CH-,Cl>:MeOH = 10:1 97-98 CsH(N3F;  60.61/60.65 3.48/3.64 15.21/15.16
3g CHCl5:MeOH =9:1 121-122 C, HgN3F;  60.85/61.09  2.90/2.93 15.08/15.27
2h CH,Cl,:MeOH = 20:1 163-164  C;sH;sN3F; 61.40/61.85  4.08/4.15 14.15/14.43

RESULTS AND DISCUSSION

Synthesis of imines and their
conversions

The synthesis and characterization of the
pyridylaldimines

We have found that condensation of the pyridine-
carboxaldehydes with 3- and 4-CF; derivatives of
aniline, being very slow under the action of
ordinary dehydration agents or by distillation of
water azeotropes, can be efficiently realized in the
presence of 4 A molecular sieves at ambient
temperature for 20-24 h. The corresponding pyri-
dine azomethynes were isolated in 60-88% yields
as oils or crystals and identified by elemental
analysis, 'H NMR and mass spectrometry (MS)
(Scheme 1, Tables 1-4).

Lewis-acid-catalyzed addition of Me;SiCN to
pyridylaldimines

Recently, we have found that the trimethylsilylcya-
nation of furan and thiophene aldimines catalyzed
by AlBr; (at 20 °C) and AICl; (at 40 °C) leads to
the expected z-amino nitriles.® Now, we wish to de-
scribe the first examples of the reactions of
Me;SiCN with pyridine imines. It was found
that AICl; and AIBry catalyzed the addition of
Me;SiCN to the CH=N bond of all the imines
investigated (Table 5); however. the other Lewis
acids studied (YCls, LaCls, Znl-) were not active in
these reactions. AlBr; was more active than AICls.
In most cases the reactions were carried out in the
presence of 4 A molecular sieves together with the

Copyright ¢ 2001 John Wiley & Sons. Ltd.

catalyst to avoid the hydrolysis problems (Scheme
2).

The reactivities of the 4-CF5 derivatives (le-h)
were higher than those of the 3-CF; compounds
(1a—d). perhaps because of the modifications to the
electronic and/or steric factors. The reactivity order
of the pyridine azomethynes studied was as given in
Scheme 3. Since the basic properties of the novel

& 5-\)_6‘ &
Me3SiCN + AlX; ==
| H N” ™R AlX
,.' = la-h /
Me;Si~ [AIX;CN]
AlX; \
S~
sl ]
N | Sy R
‘ H
| =
v—\—c—g ] v
| NN B AlXy
y | N™ ™R
SiMe; H ‘
A /.Tic-.s.c\'
Hi0 ~_ | "N
AN
[Ar—,\'—(f—\\\f ]
| PO S
Me;SiOH MesSi H )
Me;Si v
. AlXy
oN | C AlX3

| AN
Ar—NH—CH— |

PSS /
N7>R )
2a,b,d-f,h [~
Ar—N=C—— |
h
-+, N R
Me;Si TAIXGH] 3a-h
Mc:SiH‘/\' AlXy

Scheme 4 Proposed mechanism of the Lewis-acid-catalyzed
addition of Me;SiCN to pyridine imines.
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Table 7

'H NMR data of the z-amino nitriles and unsaturated nitriles synthesized

Chemical shift (ppm). J (Hz)

Ring protons

Compound CH;.s NH CHCN

Pyridine

Aromatic

2a -~ 550.d 547.d 7.4-7.6,2H, m.J=8.0,5.0. 18 1.0, PyH-3.5  6.9-7.2. 4H. m. ArH,
J=64 7.81 1H. td, /= 8.0, PyH-4
8.66, IH, m, J=35. 0 PyH-6
3a - = = 7.54, 1H, ddd, J =8.0, 5.0, 1.0, PyH-5 7.4-7.7. 4H, m, ArH,
7.89, IH, td. J=8.0, 1.7. PyH™4
8.28. IH. dt, /=8.0, 1.0. PyH-3
8.84, IH, m, J=5.0, 1.0, PyH-6
2b - 5.18,d 552, 7.44, 1H, ddd, J=7.9, 4.8, 0.7, PyH-5 6.7-7.3. 4H. m. ArH,
J=80 7.95, 1H. m, J=7.9, 2.3, 1.7. PyH-4
8.73. IH. dd, J= 4.8, 1.7, PyH-6
8.87. IH. d. J=2.3, PyH-2
3b - - - 7.51. 1H, ddd. J =8.0. 4.9. 0.8. PyH-5 7.4-7.7. 4H. m. ArH,
8.42, IH, m, J=8.0, 2.0, 1.7 PyH-4
8.86, 1H, dd, /=4.9, 1.7, PyH-6
9.37. IH. d, J=2.0, PyH-2
3¢ - - - 7.95. 2H. dd. J=6.0. 2.0, PyH-3.5 7.3-7.9. 4H. m, ArH,
8.87. 2H. dd, /= 6.0, 2.0, PyH-2.6
2d 257 560.d 5.40, 7.22. 1 H, dd. J=6.8. 1.8, PyH-5 7.0-7.3. 4H. m, ArH,
J=64 7.32, 1 H.dd. J=6.8. 1.8. PyH-3
7.68. IH. 1. J=6.8. PyH-4
3d 268 - - 7.35. 1 H.d, J=6.8, PyH-5 7.3-7.6. 4H. m, ArH,
7.75. IH,t. /= 6.8, PyH-4
8.05. IH, d. J = 6.8, PyH-3
2e - 562,d 542,d 727-742,2H,m,J=8.4.2 <1, PyH-35 6.84, 2H.d. J=8.6, ArH-3.5
J=70 7.82. 1 H.td. J=8, 2, PyH-4 751, 2H.d, J=8.6. ArH-2.6
8.67. IH, m, /=4, <1, PyH-6
2f ~  498.d 555 7.30. 1H. ddd. J =8.0. 4.8. 0.7. PyH-5 6.80. 2H.d. /=90, ArH-3.5
J=88 7.93, IH. dt. J=8.0, 2.4. 2.0 PyH-4 751, 2H.d. J=9.0. ArH-2.6
8.64. IH. dd. J=4.8. 2.0, PyH-6
8.78. IH.d, J =24, PyH-2
3g - - - 7.95, 2H. dd. /=4.6. 2.0. PyH-3.5 7.27. 2H.d. J =8.0. ArH-3.5
8.87. 2H. dd. /= 4.6. 2.0. PyH-2.6 7.75. 2H. d. J = 8.0, ArH-2.6
2h 260 5.71.d 5.38, 7.18. 1 H.d, J=7.4, PyH-5 6.82. 2H.d. J =8.0. ArH-3.5
J=16 749, 1 H.d. /=74, PyH-3 7.27, 2H, d, J =8.0. ArH-2.6
7.64, 1H, t, J= 7.4, PyH-4

imines la-h are not known, we used the basicity of
methylpyndmes for a comparison. The result
permits us to suppose that the reactivity of imines
generally correlates with their basicity.

After the reactions were comeleted and hydro-
lysis undertaken, TLC analysis, 'H NMR and gas
chromatography (GC)-MS spectra indicated that

Copyright ¢ 2001 John Wiley & Sens. Lid.

complex mixtures of the products were obtained.
The isolation of the products was realized by
column chromatography or by recrystallization
from hexane/ethyl acetate mixtures. Besides the
corresponding x-amino nitriles of structure 2
(Scheme 2). the formation of the unexpected
unsaturated nitriles 3a-h was found. This unusual
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Table 8 MS spectra data of the z-amino nitriles and unsaturated nitriles obtained

Compound m/z (I, %)

2a 277 (33, M), 276 (11, [M — H]"), 274 (13), 258 (10, [M — F]7), 251 (14, [M — CN]"), 250 (73, [M
— HCNJ"), 249 (100, [M — HCN —H]"), 231 (16, [M — HCN —F]7), 223 (64), 203 (27). 181 (9).
172 (14, [M — HCN —Py]"), 154 (41), 145 (90, [CeH,CF3]7), 132 (4, [M — CcH,CF5]™), 125 (20).
105 (31), 95 (28), 79 (69, [PyH]™), 78 (33. [Py]™), 75 (26). 69 (12. [CF3]7). 63 (13), 52 (30), 51 (32)

3a 276 (5, [M + HJ™), 275 (46, M™), 274 (100, [M — H] "), 256 (9, [M — F]7), 249 (8. [M — CN]"),
223 (26), 206 (11, [M — CF;]™), 203 (15). 154 (25), 145 (30. [C¢HsCF3]™), 125 (10), 105 (5), 95
(13), 78 (18, Py™), 75 (12), 69 (5, [CF3]7), 51 (14)

2b 277 (15, M™), 251 (12, [M — CNJ7), 250 (100, [M — HCN]™), 249 (88. [M — HCN —H]"). 231 (10.
[M — HCN —F]7), 172 (16, [M — HCN —Py]™), 160 (8), 145 (56, [CoH4CF3] ™). 125 (11), 117 (20,
[PyCHCN]™), 95 (15), 79 (9. [PyH] ™). 76 (9). 75 (9), 63 (12), 51 (16). 50 (9)

3b 276 (16, [M + H] ™), 275 (100, M™), 274 (59, [M — H]7), 256 (14, [M — F]"), 250 (17), 249 (39, [M
— CNJ7), 248 (18), 206 (34, [M — CF5]™). 197 (4, [M — Py]™), 180 (6), 172 (9). 145 (55.
[CeH4CF3]™), 130 (11, [M — CeH4CF;]™), 125 (15). 104 (8), 95 (16). 78 (5, Py™). 75 (13). 69 (8.
[CF5]M)., 63 (10), 51 (11), 50 (9)

3c 276 (17, [M + H] ™), 275 (100, M™), 274 (31, [M — H]™), 256 (10, [M — F]"), 249 (35, [M — CN]"),
206 (10, [M — CF3]™), 197 (13), 172 (11), 145 (93, [C¢H4CF3]7), 130 (13, [M — C¢H,CF;]™), 125
(10), 104 (10), 95 (12), 78 (9, Py™), 75 (17), 69 (9, [CF3]7), 63 (8), 51 (20), 50 (12)

2d 292 (8, [M +H]™), 291 (48, M™), 290 (13, [M — H]"), 272 (11, [M — F] "), 265 (20, [M — CN]").
264 (72, [M — HCN]™), 263 (24). 245 (13, [M — HCN —F] "), 237 (42), 236 (100), 222 (5, [M —
CF5]7), 217 (7), 199 (6, [M — MeCsH3N]"), 172 (8, [M — HCN —MeCsH;N] ™), 146 (17, [M —
CgH,CF3]7), 145 (66, [CH4CF5] ™), 132 (10), 125 (15), 119 (47, [M — HCN —C¢H,CF;]™), 104 (6),
95 (20), 93 (80, [MeCsH4N]™), 92 (26, [MeCsH3N] ™), 78 (13), 77 (12), 75 (18). 69 (11, [CF;3]7), 66
(24), 65 (29), 63 (15), 51 (13), 50 (10), 39 (26)

3d 290 (13, [M + HJ]™), 289 (65, M™), 288 (32, [M — H]7), 270 (12, [M — F]7), 263 (13. [M — CNJ™),

’ 237 (65), 236 (100), 220 (7, [M — CF3]7), 217 (12), 167-(13), 145 (44, [C¢H,CF3]7), 125 (14), 119

(10, [M — C¢H4CF3]17), 95 (21), 92 (20, [MeCsH3N] ™), 75 (15), 69 (11, [CF;3]7), 65 (27), 51 (10), 50
(12), 39 (16)

2e 277 (54, M™), 276 (19, [M — H] "), 258 (9, [M — F] "), 251 (11, [M — CNJ™), 250 (50, [M —
HCN]™), 249 (100, [M — HCN —H]™), 231 (14, [M — HCN —F]"), 223 (34), 222 (10), 208 (4, [M —
CF3]™), 199 (14, [M — Py]™), 181 (10), 172 (11, [M — HCN —Py] "), 154 (27). 145 (65,
[CeH4CF3] M), 133 (2. [M — CeH4CF5]7), 125 (18), 117 (7, [PyCHCN] ™), 107 (7), 105 (24). 95 (20).
79 (68, [PyH] ™), 78 (28, Py™). 75 (19), 69 (10. [CF3] 7). 63 (15), 52 (25), 51 (26)

3e 275 (37, M™), 274 (100, [M — H] ™), 256 (10, [M — F]7), 223 (13), 206 (15, [M — CF3]"), 197 (2,
[M — Py]™), 154 (20), 145 (25. [CeH4CF3]7). 125 (9). 105 (5), 95 (11), 78 (16. Py ™). 75 (11). 69 (5.
[CF3]7). 51 (14)

2f 277 (35, M7), 258 (5. [M — F]7), 251 (16, [M — CNJ™), 250 (100, [M — HCNJ]"). 249 (95. [M —
HCN —H] "), 231 (13, [M — HCN —F]7), 223 (3). 208 (4, [M — CF3]7), 199 (4, [M — Py]"), 181
(6), 172 (18, [M — HCN —Py] "), 160 (8), 145 (68. [CeH,CF3] 7). 140 (7), 133 (2), 125 (15). 117 (59.
[PyCHCN]™), 105 (7). 95 (17), 90 (11), 79 (9, [PyH] ™), 75 (15), 69 (7. [CF3] "), 63 (21). 51 (16), 50
(11)

3f 276 (16, [M + H] ™), 275 (100, M™), 274 (59. [M — H]"). 256 (14, [M — F]7), 249 (39, [M — CN] "),
248 (18, [M — CN —H]™), 206 (34, [M — CF3]7), 197 (5), 180 (6), 172 (9), 154 (3), 145 (55.
[CoH4CF3]7), 130 (11), 125 (15). 104 (8), 95 (16). 78 (7. Py ™), 75 (13). 69 (8. [CF3] 7). 63 (10), 51
(11), 50 (11)

3g 276 (15, [M + H]™). 275 (100. M7), 274 (43. [M — H]"). 256 (13. [M — F]7), 249 (30, [M — CN]").

206 (26, [M — CF;]7). 197 (8). 172 (10), 145 (61, [CeH4CF3]7). 130 (8. [M — CcH,CF3]7), 125 (12),
104 (5), 95 (14), 78 (2. Py ™). 75 (10), 69 (5. [CF;3]7), 63 (5). 51 (13). 50 (12)
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Table 8 Continued

Compound

m/z (Lo, %)

2h 292 (7. [M + HJ]7). 291 (40, M™), 290 (15, [M — H]"). 272 (7, [M — F]7), 265 (22, [M — CN]| "),
264 (81, [M — HCN]™), 263 (14), 245 (14, [M — HCN —F]7), 237 (55), 236 (100), 195 (9). 172 (14,
[M — HCN —MeCsH;3N]7), 167 (9). 146 (10, [M — C¢H,CF5] ™), 145 (60, [CeH4CF5] 7). 132 (10).
125 (13), 119 (45, [M — HCN —C¢H,CF;]7), 95 (20), 93 (72, [MeCsH4N] ™), 92 (25, [MeCsH;N] "),
75 (18), 69 (6, [CF;3]7), 66 (25), 65 (23), 51 (15), 50 (12)

3h 290 (14, [M + H] ™), 289 (76, M™), 288 (60, [M — H]™), 270 (15, [M — F]"), 263 (18. [M — CN]").
238 (11), 237 (79). 236 (100). 220 (9), 167 (10), 145 (37, [CeH4CF3]7), 125 (12), 119 (12, [M —
CeH4CF3]7), 95 (16), 92 (18, [MeCsH;3N] ™), 75 (14), 69 (7. [CF5]7), 65 (25). 63 (9), 51 (7). 50 (7).

39 (14)

reaction direction is especially characteristic for
both 7-imines—1e¢,g afforded only compounds
3c.g. The products isolated were identified by 'H
NMR and MS spectra, and the solids also by
elemental analysis. Compounds 3e, 3f and 3h
formed in low yields and were identified by mass
spectra only (Tables 6-8).

Usually, the reactions of Me;SiCN with imines
(in particular, furan and thiophene derivatives®)
lead to x-amino nitriles and not to the unsaturated
nitriles. This fact suggests that the N-atom of a
pyridine ring plays some role in the formation of
products 3a-h. The proposed mechanism of
formation for all the products obtained is given in
Scheme 4. The x-amino nitriles are formed from

pyridine derivatives analogous to the reactions of
furan, thiophene and other imines via intermediates
A. The pathway to unsaturated nitriles proceeds
perhaps via o-complexes B and C formed through
the N-atom of the pyridine ring. Apparently, such
complexes assist the weakening of the C—H bond
and probably promote the elimination of HSiMej;.

X-ray crystallographic study

The structure of the two compounds N-(6-methyl-
2-pyridylcyanomethyl) - 3 - trifluoromethyl-aniline
(2d) and N-(4-pyridylcyanomethylidene)-3-tri-
fluoromethylaniline (3c¢) was investigated by X-
ray -analysis. From a preliminary search. it was

Table 9 Crystal data and structure refinement for 2d and 3¢

2d 3c
Empirical formula C,sH-F3N; C 3 HgF3N;
Formula weight 291.28 275.23
Crystal system Monoclinic Monoclinic
Color Colorless Colorless
Space group C2/c P2l
Crystal size (mm”) 0.50 x 0.40 x 0.30 0.30 x 0.25 x 0.10
a(A) 21.076(1) 11.671(6)
b (A) 8.8328(5) 7.594(5)
c(A) 16.0128(7) 14.535(4)
p (°)1 109.225(4) 91.08(3)
V(A7) 2814.6(2) 1288.0(11)
Z 8 4
Deye Mgm™) 1.375(1) 1.419(1)
Wavelength 2 (A) 1.541 84 0.710 73
28 max (©) 145 45
Number of independent reflections 1333 1647
Number of reflections with 7 > 2a(/) 1276 1088
Number of parameters 191 182
R 0.0871 0.0948
Goodness-of-fit 1.071 1.164

Copyright ¢ 2001 John Wiley & Sons. Ltd.
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Table 10 Atomic coordinates (x10%) and equivalent
isotropic displacement parameters (A% x 10°) for 2d. Ueq
is defined as one-third of the trace of the orthogonalized
Uj; tensor

X y z Uey
N(1) 561(2) 237(4) 8549(3) 52(1)
C(2) —8(2) 253(5) 8750(3) S51(1)
C(3) —-316(3) —1045(6) 8911(4) 65(1)
C4) —134) —2430(6) 8870(4) 75(2)
C(5) 569(3) —2447(6) 8680(4) 72(2)
C(6) 850(3) —1102(6) 8516(3) 63(1)
C(7) —320(3) 1806(5) 8770(3) 56(1)
C(8) 219(3) 2973(7) 9123(4) 66(2)
N(3) 607(3) 3883(6) 9394(4) 90(2)
N(2) —775(2) 2180(5) 7926(3) 72(1)
C(9) —1246(3) 3339(6) T778(3) 57(1)
C(14) —1325(3) 4199(6) 8470(4) 62(1)
C(13) —1828(3) 5264(7) 8290(4) 74(2)
C(12) —2242(3) 5551(7) 7449(5) 75(2)
C(11) —=2169(2) 4683(6) 6766(4) 61(1)
C(10) —1672(3) 3593(5) 6922(4) 59(1)
C(15) —=2616(3) 4942(8) 5861(5) 80(2)
C(16) 1482(4) —1096(8) 8300(5) 89(2)
F(1) —2946(4) 3784(7) 5472(4) 225(4)
F(2) —3056(3) 5975(10) 5741(4) 210(4)

F(3) —2307(3) 5354(11) 5318(4) 207(4)

Table 11 Bond lengths and angles for compound 2d

Molecular structure of compound 2d.

Figure 1

determined that the structures of general formulas I
and II are absent in the Cambridge Crystallographic
Data Bank.

= R Z R
R«E H—CH—NH—Q Rt o= O
N7 N
CN CN
I I

The molecular structures and crystallographic data
obtained for compounds 2d and 3¢ are given in Figs
1 and 2 and Table 9. The atomic coordinates and
thermal parameters for non-hydrogen atoms of 2d
and 3¢ and some characteristics for these com-

Distance (A)

N(1)—C(2) 1.342(6)
N(1)—C(6) 1.338(6)
C(2)—C(3) 1.383(7)
C(2)—C(7) 1.525(6)
C(3)—C4) 1.391(8)
C(4)—C(5) 1.359(9)
C(5)—C(6) 1.391(8)
C(6)—C(16) 1.483(8)
C(7)—N(2) 1.415(6)
C(7)—C(8) 1.499(8)
C(8)—N(3) 1.127(7)
N(2)—C(9) 1.390(6)
C(9)—C(10) 1.388(7)
C(9)—C(14) 1.398(7)
C(14)—C(13) 1.374(8)
C(13)—C(12) 1.366(9)
C(12)—C(11) 1.385(8)
C(11)—C(10) 1.384(7)
C(11)—C(15) 1.463(8)
C(15)—F(1) 1.278(8)
C(15)—F(2) 1.270(8)
C(15)—F(3) 1.297(9)

Angle (°)
C(2)—N(1)—C(6) 118.3(4)
N(1)—C(2)—C(3) 123.1(5)
N(1)—C(2)—C(7) 116.1(4)
C(3)—C(2)—C(7) 120.7(5)
C(2)—C(3)—C4) 118.1(6)
C(5)—C(4)—C(3) 118.8(5)
C(4)—C(5)—C(6) 120.3(5)
N(1)—C(6)—C(5) 121.3(5)
N(1)—C(6)—C(16) 117.5(6)
C(5)—C(6)—C(16) 121.2(5)
N(2)—C(7)—C(8) 113.0(4)
N(2)—C(7)—C(2) 110.6(4)
C(8)—C(7)—C(2) 110.4(4)
N(3)—C(8)—C(7) 177.5(6)
C(9)—N(2)—C(7) 123.8(4)
C(10)—C(9)—N(2) 118.7(5)
N(2)—C(9)—C(14) 122.0(5)
C(10)—C(11)—C(15) 119.3(5)
C(12)—C(11)—C(15) 119.6(5)
F(1)—C(15)—F(2) 104.4(7)
F(1)—C(15)—F(3) 102.2(8)
F(2)—C(15)—F(3) 101.5(7)
F(1)—C(15)—C(11) 115.3(6)
F(2)—C(15)—C(11) 117.5(6)
F(3)—C(15)—C(11) 113.9(6)

Copyright ¢ 2001 John Wiley & Sons. Ltd.
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Table 12 Atomic coordinates (x10*) and equivalent
isotropic displacement parameters (A% x 10%) for 3c. Usg
is defined as one-third of the trace of the orthogonalized
U;; tensor

X y 2 Ueg
N(1) 5445(6) 1672(9) 6687(5)  70(2)
C(2) 5553(7) 2707(10)  5956(5)  66(2)
C(3) 4797(6) 2705(9) 5216(5)  59(2)
2 C4) 3871(5) 1614(8) 5228(4)  47(2)
Figure 2 Molecular structure of compound 3c. C(5) 3735(6) 520(10) 5972(5) 63(2)
C(6) 4539(7) 598(11)  6685(5)  68(2)
C(7) 3050(5) 1574(8) 4426(5) 47(2)
2 X 2 2 2
pounds are given in Tables 10-13. In the structure g:g)) giggg; "Z,;Eg’l) 3_71355-5‘; 28:5;
of the crystal of 2d investigated, the asymmetric  N(3) 1473(6) —827(12)  4469(5) 108(3)
C(7) atom had the R configuration. This atom, C(9) 2342(6) 2582(9) 3008(4)  S51(2)
together with the N(2) atom lies in the benzene ring C(10)  2352(6) 1141(9) 2441(5)  54(2)
plane (torsion angle C(7)—N(2)—C(9)—C(10) is  C(11)  1636(6) 1101(9) 1674(4)  54(2)
—179.3(5) °). The torsion angles including the C(8) C(12) 915(6) 2440(11)  1469(5)  59(2)
atom of the cyano group with pyridine and benzene ~ C(13)  917(7) 3899(10)  2042(5)  67(2)
N()=-360(6)° and C(8—C—N@— €IS 17047) —4;;(}(7)) 1051(5) 722(8)
C(9)=—-70.9(7)° respectively. The molecular B(1) 1A08(13) <1740 241 235(6)
; ; F(2) 2650(7) —1072(14) 916(8) 232(6)
structure of 3c is characterized by three planar F(3) 1144(13)  —1691(11)  1284(7) 291(9)
fragments (A, B and C). Plane A is the pyridine §
Table 13 Bond lengths and angles for compound 3¢
Distance (A) Angle (°)
N(1)—C(2) 1.329(10) C(2)—N(1)—C(6) 116.5(7)
N(1)—C(6) 1.335(10) N(1)—C(2)—C(3) 123.7(7)
C(2)—C(3) 1.379(10) C4)—C(3)—C(2) 119.1(7)
C(3)—C(4) 1.362(10) C(3)—C(4)—C(5) 118.7(6)
C(4)—C(5) 1.376(10) C(3)—C(4)—C(7) 120.0(6)
C(4)—C(7) 1.495(9) C(5)—C(4)—C(7) 121.2(6)
C(5)—C(6) 1.387(11) C(4)—C(5)—C(6) 118.4(7)
C(7)—N(2) 1.266(8) N(1)—C(6)—C(5) 123.5(8)
C(71)—C(8) 1.438(11) N(2)—C(7)—C(8) 122.3(6)
N(2)—C(9) 1.437(8) N(2)—C(7)—C(4) 120.8(6)
C(8)—N(3) 1.153(10) C(8)—C(7)—C(4) 116.8(6)
C(9)—C(10) 1.370(10) C(1—N(@2)—C(9) 119.4(6)
C(9—C(14) 1.395(10) N(3)—C(8)—C(7) 178.5(7)
C(10)—C(11D) 1.381(9) C(10)—C(9)—N(2) 121.3(6)
C(11)—C(12) 1.350(10) C(14)—C(9)—N(2) 119.3(6)
C(11)—C(15) 1.483(10) C(10)—C(11)—C(15) 118.2(6)
C(12)—C(13) 1.385(10) F(3)—C(15)—F(2) 103.4(10)
C(13)—C(14) 1.354(10) F(3)—C(15)—F(1) 104.6(10)
C(15)—F(1) 1.237(10) F(2)—C(15)—F(l) 98.5(10)
C(15)—F(2) 1.223(10) F(3)—C(15)—C(11) 114.5(7)
C(15)—F(3) 1.205(10) F(2)—C(15)—C(11) 117.8(7)
F(1)—C(15)—C(11) 115.9(7)

Copyright ¢ 2001 John Wiley & Sons, Ltd.
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ring, plane B is the double bond C(7)=N(2) and
cyano group, and plane C is the phenyl ring with
atom C(15). The dihedral angles are 7.4(3) ° and
63.2(3)° between A and B and B and C re-
spectively. Considerable thermal vibrations occur
for fluorine atoms (mean value U,y =0.214(11) A2
for 2d and 0.253(7) A? for 3c). Therefore the C—F
bond lengths calculated are decreased.'> The C—F
bond lengths could be also decreased due to ionic—
covalent resonance.'® A more detailed analysns of
the molecular geometry is difficult owing to the
significant standard deviation in atomic coordi-
nates. The intermolecular contacts in the crystals
generally correspond to the sums of the van der
Waals radii.'

The compounds synthesized in this work will be
used in further research on their antitumor activity.

Supplementary material

The crystallographic data for the structures reported
in this paper were deposited with the Cambridge
Crystallographic Centre. The deposition numbers
are CCDC 156778 and 156877. Copies of these
data can be obtained free of charge from: The
Director, CCDC, 12 Union Road, Cambridge,
CB2 1EZ, UK (fax: + 44-1223-336033:; e-mail: or
www: http://www.ccdc.cam.ac.uk).
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Diastereoselective addition of trimethylsilyl cyanide to
chiral O-, S- and N-heterocyclic aldimines
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Systematic investigation of asymmetric trimethylsilylcyanation of heterocyclic azomethines has
been realized. The addition of trimethylsilyl cyanide to optically active furan, thiophene and
pyridine aldimines, derived from (R)- and (S)-1-phenylethylamine, was studied in the presence of
Lewis acids, and a series of the corresponding a-amino nitriles was obtained in fair to good yields
(up to 91%). Unsaturated nitriles were also formed from pyridine imines. The sense of asymmetric
induction and the degree of diastereoselectivity in the synthesis of a-amino nitriles were determined
by means of '"H NMR. The stereochemical outcome is a result of the same sense of asymmetric
induction: Re face attack to the (S)-imines and Si face addition to the (R)-imines took place. The
(R,R)- (up to 81%) or (S,S)- (up to 87%) a-amino nitriles predominated in the products obtained from
the all furan, thiophene and pyridine (R)- or (S)-imines respectively. Copyright C 2002 John Wiley &

Sons, Ltd.

KEYWORDS: asymmetric synthesis; trimethylsilylcyanation; catalysis by Lewis acids; heterocyclic Schiff bases; x-amino

nitriles

INTRODUCTION

Asymmetric cyanation of imines (Strecker reaction) provides
an important tool for construction of optically active
nitrogen-containing molecules (for recent reviews, see Refs
1-5). The cyanation of imines derived from chiral amines is
an example of substrate-controlled diastereoselectivity (first-
generation asymmetric synthesisb). In this diastereoselective
reaction, the formation of a new chiral centre is under the
control of an existing centre in the same molecule.

The first asymmetric Strecker synthesis was reported in
1963 by Harada.” Since that time, the general strategy for the
induction of asymmetry in this reaction has been to generate
a chiral Schiff base from the condensation of an aldehyde
and an optically active primary amine. The diastereoselec-
tive addition of a nitrile source introduces a new chiral centre
forming stereoenriched x-amino nitriles. One of the most
suitable auxiliaries for asymmetric Strecker reactions are
benzyl amines (for general examples see Refs 8-15). The use
of trimethylsilyl cyanide (Me;SiCN) in combination with a
Lewis acid is preferable over the conventional NaCN/
AcOH(cat.) method.'*>

*Correspondence to: E. Lukevics, Latvian Institute of Organic Synthesis,
21 Aizkraukles Str., Riga LV-1006, Latvia.

E-mail: sinta@osi.lv

Contract/grant sponsor: Latvian Council of Science; Contract/grant
number: 181.

DOI:10.1002/ a0c.274

The asymmetric synthesis of z-amino nitriles using (R)-
and (S)-1-phenylethylamine as a chiral matrix and a
collection of aldehydes has been examined in numerous
papers cited above. These studies have shown that the sense
and the degree of stereoselectivity are dependent on the
nature of both the aldimine and the catalytic system.
Nevertheless, the reported data involve addition to imines
obtained mainly from aromatic and aliphatic aldehydes.
Only one heterocyclic aldehyde (3-pyridinealdehyde) was
used recently as a starting substrate in these investigations."

In previous work®*"?° we studied the asymmetric addition
of Me;SiCN to (hetero)aromatic aldehydes and to achiral
heterocyclic imines. Herein we report the results of catalytic
Me;SiCN addition to imines prepared specially from the
reactions of furan, thiophene and pyridine aldehydes with
(R)- and (S)-1-phenylethylamine. By performing the reaction
in both enantiomeric series we are able to compare the
results and to obtain the corresponding diastereomeric
compounds for further investigation of their biological
activity.

EXPERIMENTAL

General
The solvents were dried (dichloromethane over P,Os5 and
benzene over CaH,) and distilled prior to use. Me;SiCN

Copyright ¢ 2002 John Wiley & Sons, Ltd.
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(Aldrich) was used without further purification. AICl;, AlBrs
and the chemicals for the synthesis of imines were received
from commercial sources (Fluka, Aldrich). 4 A molecular
sieves (VEB Laborchemie Apolda) and silica gel for column
chromatography (Kieselgel 60, 0.063-0.200 mm, Merck) were
used. Thin-layer chromatography (TLC) was performed on a
Merck silica gel 60 Fps4 with various eluents.

"H NMR spectra were recorded on Bruker WH-90/DS
(90MHz) and Varian Mercury (200 MHz) spectrometers
using CDCl; as a solvent and HMDSO as internal standard.
The mass spectra were obtained on an HP 6890 GC/MS
instrument. Optical rotation was determined by means of a
Polamat A (Carl Zeiss, Jena) instrument. Elemental analysis
was performed using Carlo Erba EA-1108 apparatus.
Melting points were determined with a Kofler instrument.

Synthesis of imines (R)- and (S)-1a-h

Imines la-h were synthesized by the reactions of the
corresponding heterocyclic aldehydes (1-8) with (R)- and
(S)-1-phenylethylamine. The aldehyde (5 mmol) was mixed
with the amine (5 mmol) in dry benzene (20 ml) at ambient

temperature in the presence of 4 A molecular sieves (2.0 g

After some time (20-24 h) the molecular sieves were
removed by filtration, the reaction mixture was concen-
trated, and imine was isolated by recrystallization from
hexane or by vacuum distillation.

Trimethylsilylcyanation of chiral heterocyclic
aldimines

In a typical procedure, in a 5cm’ Pierce reaction vial, 1.0
equivalent of imine in dichloromethane (2 ml) reacted with
12 equivalents of Me3SiCN (CAUTION: toxic!) in the

Table 1. Characteristics of aldimines 1a-h

Materials, Nanomaterials and Synthesis m
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1-4 (R) and () (R) and ($)
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R =H, CH, leh
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Scheme 1. Synthesis of imines (A)- and (S)-1a-h.

presence of catalytic amounts of AlBr; (10 mol%) and 4 A
molecular sieves (0.5g) at 20 or 40°C under an argon
atmosphere. When the reaction was complete [monitored by
TLC and gas chromatography-mass spectrometry (GC-
MS)], conversion of starting imine was determined by 'H
NMR. Then saturated aqueous NaHCO; was added, and the
organic compounds were extracted with diethyl ether. After
the organic layer was dried over MgSO, and evaporated, the
products were isolated by column chromatography on silica
gel using various eluents. The "H NMR spectra of isolated
products were recorded and optical rotation determined.

RESULTS AND DISCUSSION

Synthesis of chiral heterocyclic imines

A series of optically active heterocyclic Schiff bases was
synthesized by the reactions of aldehydes 1-8 with (R)- and
(S)-1-phenylethylamine in the presence of 4 A molecular
sieves (Scheme 1, Table 1). The spectral and analytical data
for all the imines were in good agreement with their
structure (Tables 2-4).

Imine® R X Pyridine isomer Isolated yield (%) M.p. (°C) [x]3%:>(deg) (c in benzene) Colour Lit. [2] (deg)

(R-1a H O - 78 oil
(S1a H O 78 oil
(R)}-1b CH; O = 80 oil
(S-1b CH; O 79 oil
(R-1¢ H S - 83 44-45
(S1c H S 85 47
(R)-1d CH; S - 78 40
(S-1d CH; S 81 39
(R)-1e H - x 79 oil
(S-1e H - bt 78 oil
(R-1f H - B 76 oil
(S-1f H - B 81 oil
(R-1g H - 7 80 oil
(S-1g H - Y 84 oil
(R-1h CH; - a 82 28
(S-1h CHj; - 2 89 oil

-722(7.4) yellow [2]¥ - 66.1 (c 6.4, benzene)®®
+71.6 (8.0) yellow [2]5 +76.4 (c 1.1, CHCly)®
-123.4 (8.1) yellow
+125.3 (7.7) yellow
—-155.3 (7.3) white
+159.6 (3.6) white [a]§26 +183.4 (¢ 9.7, acetone)™®
-229.2 (4.7) white
+225.5 (4.2) white
—-55.4 (6.3) yellow
+55.8 (4.4) yellow [z]’ +37 (c 2.24, CHCL)®
-92.0 (6.7) white [1]% +55.7 (c 51.0, acetone)*®
+92.1 (6.6) white  [2]5 +62.1 (c 2.1, CHCl3)*
—66.1 (6.7) white
+66.2 (8.6) white  [x]5 +27.1 (c 1.1, CHCl5)*®
-202 (5.0) white
+21.0 (10.1) yellow [2]2 +29.6 (c 10.0, acetone)™

* Racemic compounds 1a-d were synthesized previously.” The data of the "H NMR and MS spectra given for them were identical with the spectra of (R)-

and (S)-isomers.

Copyright € 2002 John Wiley & Sons, Ltd.
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Table 2. 'H NMR spectra of pyridine aldimines 1e—h

Imine™® Chemical shift (ppm), | (Hz)
CH;CH, d MeCH, q CHjsring, s Ph, m Protons of pyridine ring CH-N, s
le 1.61 4.64 - 7.2-75 7.29,ddd, ]=7.7,49, 14, PyH-5 8.46
J=69 7.72, m, ] =7.7, 1.8, PyH-4

8.09, ddd, |=7.7, 14, 1.0, PyH-3
8.63, m,]=49,17, 1.0, PyH-6
1f 1.57 4.55 - 7.2-7.5, m, 6H, Ph, PyH-5 8.39
J=6.6 8.14, dt, | =8.0, 2.0, PyH-4
8.61,dd, J=5.2, 20, PyH-6
8.88, d, ]=2.4, PyH-2

1g 1.58 457 - 7.2-7.5 7.60, dd, ] = 6.0, 2.0, PyH-3,5 833
J=64 8.67, dd, ] = 6.0, 2.0, PyH-2,6

1h 1.60 462 258 7.2-74 7.16, d, | =7.7, PyH-5 8.44
J=68 7.61,t, [=7.7, PyH-4

792, d,]=7.7, PyH-3

? Identical spectra of the (R)-and (S)-isomers for all the compounds were found.
® Spectra of 1e-h were comparable with those given in Refs 29, 30 for these imines.

Table 3. Mass spectra of pyridine aldimines 1e~h

Imine®™® GC-MS, m/z (Ire;, %)°

1e 210 (12, M), 209 (9, [M — H]*), 195 (51, [M — Me] ™), 181 (6), 168 (7), 133 (10, [M — Ph]*), 118 (2), 105 (100, [Ph(Me)HC]"*,
[CsH,NCH=N]"), 92 (18), 79 (22, [PyH]"), 78 (18, Py*), 77 (35, Ph*), 65 (12), 51 (21), 39 (13), 28 (22)
1f 210 (18, M*), 209 (4, [M - H]*), 195 (17, [M — Me]| ™), 183 (6), 167 (14), 133 (4, [M — Ph]*), 132 (3, [M — Py]*), 115 (3), 106

(23), 105 (100, [Ph(Me)HC]*, [CsH,;NCH=N]"), 103 (10), 91 (16), 79 (28, [PyH]"), 78 (18, Py*), 77 (34, Ph*), 63 (16), 51
(33), 39 (11)

1g 210 (15, M™), 195 (12, [M — Me]"), 183 (12), 167 (10), 131 (5), 106 (18), 105 (100, [Ph(Me)HC]*, [CsH,;NCH=N]"), 103 (9),
91 (5), 91 (4), 79 (27, [PyH]"), 78 (19, Py™), 77 (31, Ph™), 63 (13), 51 (37), 39 (10)
1h 224 (29, M™), 223 (15, [M — H]™), 210 (15), 209 (95, [M — Me]*), 182 (35), 132 (12), 121 (20), 106 (21), 105 (100,

[Ph(Me)HC] ™), 103 (22), 94 (13), 79 (21), 78 (12), 77 (45, Ph™*), 65 (15), 51 (17), 39 (20)

* Identical spectra of the (R)- and (S)-isomers for all the compounds were found.
® Spectra of 1e-g were comparable with those given in Ref. 29 for these imines.
¢ Py = pyridyl.

Table 4. Elemental analysis of the solid aldimines obtained

Imine Mol. formula Found/ calculated (%)

C H N S
(R)-1c Cy3H3NS 72.26/72.52 6.00/6.09 6.40/6.50 14.77/14.89
(S)-1c Cy3H;5NS 72.53/72.52 6.11/6.09 6.47/6.50 14.88/14.89
(R)-1d Ci4HsNS 73.22/73.32 6.58/6.59 6.06/6.11 13.89/13.98
(S)-1d C1sH1sNS 73.13/73:32 6.52/6.59 6.05/6.11 13.87/13.98
(R)-1h CisHiN2 80.33/80.32 7.19/7.19 12.54/12.49 -
(S)-2d CisH1N2S 71.02/70.28 6.40/6.29 10.46/10.93 11.93/12.51

Copyright ¢ 2002 John Wiley & Sons, Ltd. Appl. Organometal. Chem. 2002; 16: 133-140
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Scheme 2. Trimethylsilylcyanation of the optically active

heterocyclic imines.
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Scheme 3. Reactivity order of heterocyclic imines in the Strecker
reaction.

Asymmetric addition of Me;SiCN to optically
active heterocyclic imines

Two chiral imines (R)- and (S)-1a-h prepared were tested in
the Strecker synthesis catalysed by Lewis acids: AICl; or
AlBr; (5-20 mol%). The addition of Me;SiCN to imines was
carried out in methylene chloride at 20 or 40°C until imine
conversion was mainly 78-100% (monitored by TLC and
GC-MS and determined by 'H NMR). Some of products

Table 5. Characteristics of the trimethylsilylcyanation reactions and the products

Run Starting Catalyst (mol%) Temp. Time Conversion Col. Chrom. eluent Product™  Yield d.r™® [x ]20'“ (deg) (c
imine (°C)  (h) (%)>P (%) in benzene)
1 (R)-1a AICl (5) 20 25 nd.  CeHgEtOAc=91 2a(R) 43 7822  +88.9(0.84)
2 (S)1a AICL (5) 20 20 nd.  C4HgEtOAc=9:1 2a(S) 38 6733 —80.6(0.5)
3 (R)-1b AlBr; (20) 20 1 ~100 = 2b(R) 82 7426 +1055 (0.7)
4 (S5)-1b AlBr; (20) 20 1 ~100 - 2b(S) 80 7426 -103.2(0.7)
5 (R)-1c AlBr; (10)+MS4A 20 65 80 Hex:EtOAc = 5:1 2¢(R) 75 7921 +119.4 (2.1)
6 (S)-1c AlBr; (10)+MS4A 20 65 78 Hex:EtOAc = 5:1 2¢(S) 72 7822 —1032(1.8)
7 (R)-1d AlBr; (20) 20 1 80 Hex:EtOAc =5:1 2d(R) 58 7723  +69.1(1.3)
8 (S)-1d AlBr; (20) 20 1 87 Hex:EtOAc = 5:1 2d(S) 62 7525 —69.1(1.3)
9 (R)-1e AICl; (20) 0 19 75 = 2e(R) nd.  71:29
10 (R)-le AlBr; (10) + MS4A 40 2 87 CHCl;:MeOH = 9.5:0.5 2¢(R) 0 7822 +558(12)
CHCl3:MeOH =9.5:0.5 (R)-3e 33 - +43.8 (0.8)
11 (S)-1e AICl; (20) 40 19 nd.  CHClyMeOH =9:1 2¢(S) 61 7426 —455(1.2)
CHCl5:MeOH =9:1 (S)-3e 10 -
12 (S)-le AlBr; (10) 20 41 40 - 2¢(S) - 7129
13 (S)-le AlBry (10)+ MS4A 40 85 9% CHCl;:MeOH = 9.5:0.5 2¢(S) 73 7921 —473(13)
CHCly: MeOH = 9.5:0.5 (S)-3e 18 5 ~42.8(0.5)
14 (R)1f AlBr; (10)+MS4A 40 21 95 CH,Cl;MeOH = 10:1 2((R) 70 7525  +93.4(1.8)
CH,Cl,: MeOH = 10:1 (R)-3f 15 -
15 (S)-1f AlBrs (10)+ MS4A 40 225 82 CH,Cl3MeOH = 10:1 2£(S) 75 8020 —89.7 (2.5)
16 (R)-1g AlBrs (10)+MS4A 20 85 97  CHyClyMeOH = 10:1 2g(R) 60 81:19 +72.4(1.8)
CH,Cly: MeOH = 10:1 (R)-3g 25 - 4383 (0.8)
17 (S)-1g AlBrs (10) + MS4A 20 6 91 CH,Cl,;:MeOH = 10:1 2g(S) 64 87:13 -823(1.2)
CH,Cl,: MeOH = 10:1 (S)-3g 12 =
18 (R)-1h AlBr; (10)+ MS4A 20 2 98 CH,ClyMeOH = 20:1 (R)-2h 70 8020  +85.1(1.4)
CH,Cly: MeOH = 20:1 (R)-3h 20 - +77.7 (0.6)
19 (S)}-1h AlBrs (10)+MS4A 20 25  ~100 = 2h(S) 85 7624 —926(3.7)

* Determined by 'H NMR.

®n.d.: not determined.
COnflgurahon of the newly formed stereocentre is given.
4 All the compounds were oils except 2d(S): solid, m.p. 48-49°C.
“ d.r.: diastereoisomeric ratio.

Copyright ¢ 2002 John Wiley & Sons, Ltd.
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Figure 1. 'H NMR spectrum of a-amino nitrile 2f obtained from imine (S)-1f.
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Table 6. 'H NMR spectra of nitriles 2 and 3

Compound® Chemical shift (ppm), | (Hz)

CH;3CH, d CHj-ring NH CHCN CHMe, q Ring protons
2a(R) major 143, |=6.4 - 20, brs 443,brs 419, [56.4 6.3-6.4, m, FurH-3,4; 7.2-7.4, m, FurH-5, Ph

} minor 137, |=6.4 - 20,brs 4.68, br s 392, |64 6.3-6.4, m, FurH-3,4; 7.2-7.4, m, FurH-5, Ph
major 143, [=6.4 2.28 1.9, brs 435,brs 4.8, J=64 592, m, 2.2, FurH-4; 6.25, m, |=2.2, FurH-3; 7.2-7.4, m, Ph
2b(b } minor 1.37, |=6.4 2.28 1.9, brs 461,brs 393, [=6.4 5.92, m, [=2.2, FurH-4; 6.20, m, |]=2.2, FurH-3; 7.2-7.4, m, Ph
2c(R major 137, [=7.0 - 1.95, d, J=12.0 4.49,d, J]=12.0 4.15, ]=7.0 6.8-7.5, m, ThH-34, Ph; 7.64, m, ThH-5
minor 1.35, |=7.0 - 1.95,d, J]=12.0 4.49,d, [=12.0 3.99, ]=7.0 6.8-7.5, m, ThH-3,4, Ph; 7.64, m, ThH-5

2d R major 135, J=6.6 242  195,d, ]=11.6 4.45,d, ]=11.6 4.16, ]=6.6 6.57, d, ]=3.4, ThH-4; 6.94, d, |]=3.4, ThH-3; 7.2-7.4, m, Ph
2d(S) } minor 1.33, |=6.6 242 19, brd 4.46, d, [=11.6 4.00, ]=6.6 6.57, d, |]=3.4, ThH-4; 6.94, d, |]=3.4, ThH-3; 7.2-7.4, m, Ph
2e(R major 145, |=6.6 - 25, brs 444, s 4.27, |=6.6 7.2-7.4, m, PyH-3,5, Ph; 7.70, td, ]=6.0, 1.2, PyH-4; 8.61, m, |=4.6, PyH-6
2e(b)} minor 1.41, [=6.6 - 2.5,brs 4.76, s 3.98, J=6.6 7.2-7.4, m, PyH-3,5, Ph; 7.70, td, ]=6.0, 1.2, PyH-4; 8.61, m, |=4.6, PyH-6
(R)-3e 1.64, |[=6.4 - - 5.25, |=6.4 7.3-7.5, m, PyH-5, Ph; 7.73, td, ]=7.0, 1.6, PyH-4; 8.12, d, [=7.0, PyH-3; 8.69, m, |=4.8, PyH-6
(5)-3e
2f(R)] major 1.44, |=6.6 - 2.0,brs 443, s 4.24, ][=6.6 7.2-7.5, m, PyH-5, Ph; 7.83, dt, [=8.0, 2.2, PyH-4; 8.60, dd, J=5.0, 1.6, PyH-6; 8.73, d, |]=2.4
2f(5)} minor 143, [=6.6 - 2.0,brs 4.78, s 3.99, ]=6.6 7.2-7.5, m, PyH-5, Ph; 7.83, dt, ]=8.0, 2.2, PyH-4; 8.60, dd, J=5.0, 1.6, PyH-6; 8.73, d, |=2.4
(R)-3f 1.58, |=6.6 - - - 5.20, J=6.6 7.2-7.5, m, PyH-5, Ph; 8.17, dt, |=7.8, 2.2, PyH-4; 8.75, dd, ]=5.0, 1.6, PyH-6; 8.87, d, |=2.2
2g(R)] major 147, ]=7.0 - 21,brs 441, s 4.24, ]=7.0 7.3-7.6, m, Ph, PyH-3,5; 8.62, dd, ]=6.0, 2.0, PyH-2,6
Zg(S)} minor 1.44, [=7.0 - 21, brs 4.78, s 4.02, |=7.0 7.3-7.6, m, Ph, PyH-3,5; 8.62, dd, |=6.0, 2.0, PyH-2,6
(R)-3g 1.67, |=7.2 - - 5.22, ]=7.2 7.2-7.6, m, Ph; 7.84, dd, J=6.0, 2.0, PyH-3,5; 8.78, dd, ]=6.0, 2.0, PyH-2,6
(5)-3g
2h(R)) major 147, |=6.6 2.56 2.3, bris 437, s 4.27, ]=6.6 7.09, d, ]=7.6, PyH-5; 7.15, d, |=7.6, PyH-3; 7.2-7.5, m, Ph; 7.59, t, ]=7.6, PyH-4
2h(R)} minor 141, |=6.4 2.55 2.3, brs 470, s 398, |=6.4 7.09,d, ]=7.6, PyH-5; 7.15, d, ]=7.6, PyH-3; 7.2-7.5, m, Ph; 7.59, t, ]=7.6, PyH-4
(R)-3h 1.64, [=6.4 2.62 - - 5.25, |=6.4 7.23, d, |=6.5, PyH-5; 7.3-7.5, m, Ph; 7.63, t, ]=6.5, PyH-4; 7.93, d, |=6.5, PyH-3

* Configuration of the CH(Me)Ph group is given.
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Table 7. Mass spectra of nitriles 2 and 3

paury

Catalytic trimethylsilylcyanation of iminces 39

Compound™® MS, m/z (Ire, %)

2a 211 (15, [M — Me]*), 200 (18), 199 (100, [M — HCN]*), 198 (7), 185 (12), 184 (82, [M — HCN — Me]*), 157 (17), 128 (16),

121 (18, [M — Ph(Me)HC] ™), 116 (15), 106 (56), 105 (100, [Ph(Me)HC]*), 104 (25), 103 (32), 91 (10), 79 (47), 78 (30), 77
(73, Ph*), 65 (12), 63 (10), 53 (15), 52 (32), 51 (55), 50 (17), 39 (50), 38 (12), 27 (65, [HCN])

2e 236 (5, [M — H]*), 235 (30, [M — 2H]*), 234 (67, [M — 3H]*), 220 (50, [M — 2H — Me] ™), 211 (15, [M — CN]*), 210 (17,
[M — HCNJ™), 209 (16, [M — CN — 2H]*), 208 (30, [M — HCN — 2H]"), 207 (15), 196 (25, [M — CN — Me]*), 195 (100,
[M — HCN — Me|*), 194 (55, [M — CN — Me — 2H]*), 168 (23), 167 (17), 159 (10, [M - Py]), 133 (20), 132 (18,
[PyCH(CN)NH]), 131 (21), 130 (16), 121 (28), 120 (95, [Ph(Me)CHNH]*), 118 (28), 117 (55, [PyCHCN]™), 107 (30), 106
(93), 105 (100, [Ph(Me)CH] ™), 104 (50), 103 (54), 92 (80), 79 (70, [PyH]"), 78 (68, Py™), 77 (79, Ph¥), 63 (13), 52 (30), 51

(32), 43 (30), 39 (35), 27 (40, [HCNJ")

3e 235 (24, M™), 234 (8, [M — H]*), 220 (20, [M — Me]*), 208 (12), 193 (7), 158 (7, [M — Ph]), 157 (7, [M — Py]), 132 (5), 117
(25), 105 (100, [Ph(Me)CH] ™), 90 (17), 79 (28, [PyH]"), 78 (21, Py™), 77 (42, Ph™), 63 (13), 51 (28), 39 (11)
2f 235 (2, [M — 2H]*), 222 (7, [M — Me]*), 211 (8, [M — CNJ*), 210 (30, [M — HCNJ*), 209 (16, [M — CN — 2H]"), 183 (15),

168 (14), 167 (13), 117 (8, [PyCHCN]"), 107 (17), 106 (60), 105 (100, [Ph(Me)CH] ™), 104 (20), 103 (25), 91 (19), 79 (38,
[PyH]*), 78 (48, Py™), 77 (42, Ph*), 63 (21), 52 (32), 51 (36), 50 (30), 39 (23), 27 (22, [HCN]")

3f 235 (19, M™), 220 (18, [M — Me]™), 192 (8), 166 (6), 157 (7, [M — Py]*), 156 (10), 116 (5), 106 (10), 105 (100,
[Ph(Me)CH] ™), 103 (15), 89 (9), 79 (15, [PyH]™), 78 (12, Py™), 77 (26, Ph™), 63 (7), 51 (20), 39 (6)
2g 236 (2, [M — H]Y), 235 (25, [M — 2H]*), 234 (2), 220 (20, [M — 2H — Me]*), 210 (5, [M — HCN]*), 195 (4), 193 (6), 192

(7), 183 (4), 167 (6), 166 (5), 157 (18), 156 (14), 131 (10), 120 (17), 117 (11, [PyCHCN]™), 106 (52), 105 (100,
[Ph(Me)CH] ™), 104 (20), 103 (22), 89 (15), 79 (40, [PyH]"), 78 (42, Py "), 77 (42, Ph*), 63 (17), 53 (23), 52 (40), 51 (25), 39

(15), 27 (12, [HCN]™)

3g 235 (25, M™), 234 (5, [M — H]™), 220 (18, [M — Me]"), 208 (3), 192 (7), 157 (10, [M — Py]*), 156 (8), 131 (3), 116 (4), 105
(100, [Ph(Me)CH]*), 103 (13), 89 (7), 79 (14, [PyH]"), 78 (15, Py™), 77 (21, Ph™), 63 (10), 51 (18), 39 (5)
3h 249 (30, M™), 248 (95, [M — H]"), 234 (36, [M — Me]"), 223 (15), 222 (58), 221 (27), 209 (8), 131 (14), 119 (15), 106 (7), 105

(100, [Ph(Me)CH] "), 104 (22), 103 (34), 92 (9), 79 (23, [PyH] "), 78 (18, Py ™), 77 (55, Ph*), 65 (20), 51 (20), 39 (15)

* Registration of the mass spectra for some z-amino nitriles was not successful since decomposition of these compounds took place.

® Identical spectra of the optical isomers were obtained.

were thermally unstable under GC analysis conditions. After
hydrolysis of the reaction mixtures with aqueous NaHCO;,
the products were isolated by column chromatography.
Besides the corresponding 2-amino nitriles 2, the formation
of unexpected unsaturated nitriles 3 from all the pyridine
imines was found (Scheme 2, Table 5).

Usually, reactions of Me;SiCN with imines lead to a-
amino nitriles and not to the unsaturated nitriles (in
particular, this is so for the furan and thiophene derivatives;
see above). This fact suggests that the pyridine N-atom plays
some role in the formation of products 3 (yields in our
conditions were up to 33% — run 10, Table 5). Comparable
results were obtained in previous investigations®?° of
Me;SiCN addition to imines (produced from reactions of
furan, thiophene and pyridine aldehydes with unchiral
amines), and were also accompanied by the formation of the
corresponding unsaturated compounds from pyridine imi-
nes only. Apparently, the pathway to unsaturated nitriles is
achieved via formation of the intermediate g-complex of
AlX; with imine (through the N-atom of the pyridine ring)
leading to an increase in the hydrogen atom mobility in the
CH=N group. The proposed scheme of trimethylsilylcyana-
tion of pyridine imines is given in Ref. 26.

Copyright C 2002 John Wiley & Sons, Ltd.

It is interesting to compare this with the results of
diastereoselective addition of methyllithium to aldimines
(including some heterocyclic ones) derived from (S)-1-
phenylethylamine.”® Analogous formation of unsaturated
byproducts — ketimines in this case — was found by these
authors, who proposed a radical mechanism for these
reactions. One can notice that the corresponding ketimine
has been formed from the 4-pyridine derivative and not in
the case from the 2-furyl compound.

AlBr; was more active than AICl; in the Strecker synthesis
with the heterocyclic imines studied. It was found that the
reactions proceeded most smoothly under the action of a
catalyst together with 4 A molecular sieves. Furan imines
were more active in the addition of MesSiCN than for
thiophene and pyridine imines. The reactivity of methyl
derivatives was higher than that of the heterocyclic
azomethines themselves. The aldimines studied are ar-
ranged with respect to their reactivity according to Scheme
3.

All the products obtained were characterized by 'H NMR,
polarimetry and GC-MS (Tables 5-7). The reactions in all
cases afforded mixtures of the z-amino nitrile diastereomers,
with one diastereomer predominating, that being shown by

Appl. Organometal. Chem. 2002; 16: 133-140
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the '"H NMR spectra (Tables 5 and 6). All the spectra were
found to have two quartets of benzylic protons and two
signals of methine protons. The diastereoisomeric ratios
obtained were determined by means of 'H NMR using the
signals of benzyl protons as key signals. A typical 'H NMR
spectrum is shown in Fig. 1 (for the product of Me;SiCN
addition to imine (S)-1f as an example). The signals of benzyl
protons CH(Me)Ph appeared as well-separated quartets: the
downfield (major) at 6 4.15-4.27 and the upfield (minor) at J
3.92-4.02 ppm for all compounds 2 obtained from (R)- and
from (S)-imines. The signals were assigned analogously in
recent work’®> on the basis of the study by Ogura and
coworkers' and taking into consideration the data in Refs
11, 12, 29 as follows: downfield to (R,R)- and (S,S)-anti-
diastereomers and upfield to (R,S)- and (S,R)-syn-isomers.
The signs of optical rotation (Table 5) correlated with 'H
NMR data. The z-amino nitriles obtained from all the (S)-
imines were laevorotatory, whereas the (R)-isomers afforded
(+)-products. The addition of Me3SiCN to all the imines
studied followed the same sense of asymmetric induction.
When the configuration of the nitrogen auxiliary was R, the
(R,R)-z-amino nitriles predominated over the (S,R)-isomer,
whereas the (S,5)-products of addition formed mainly from
(S)-imines. Thus, Re face attack to the (S)-imines and Si face
addition to the (R)-imines occurred in all cases. All z-amino
nitriles 2 were obtained with moderate diastereopurity: up to
81% for (R,R)- and up to 87% for (S,S)-isomers. Almost the
same values of diastereoisomeric ratio were obtained in both
enantiomeric series. Some differences appeared; these were
generally in the isolation step of the products by column
chromatography.

The thermodynamic/kinetic possibilities in the asym-
metric Strecker synthesis with a number of aldimines based
on 1-phenylethylamine (using HCN or NaCN in MeOH
without any catalyst) were investigated in Refs 12, 14.
Formation of amino nitriles has been found to occur under
thermodynamic control. Equilibrium between the diaster-
eomers was established in ca 0.5 h'? or 3 h'* for derivatives of
aromatic and aliphatic aldehydes respectively.

Comparable results were obtained in the present work and
in Ref. 15. The diastereoisomeric ratio was 80:20 in the
synthesis of 2f from (S)-1f (Table 5) and 79:21 (in the reaction
without catalyst, 6 days)."” In our opinion, this fact
demonstrates that complete equilibrium between the dia-
stereomers was reached in our experiments.
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ADDITION OF Me;SiCN TO HETEROCYCLIC IMINES CATALYZED
BY LEWIS ACIDS

I. lovel, L. Golomba, S. Belyakov, J. Popelis, S. Grinberga, E. Lukevics
Latvian Institute of Organic Synthesis, 21 Aizkraukles St, Riga LV-1006, Latvia

AICl, appears to be an efficient catalyst for trimethylsilylcyanation of furan and thiophene
aldehydes [ 1] and some pyridine arylazomethynes [2].

In the current work, the addition of Me;SiCN to Shiff bases 1 — 8, synthesized previously
from the reactions of furan and thiophene aldehydes with 3- and 4-aminobenzotrifluorides,
has been studied in the presence of various Lewis acids. A series of the corresponding
trifluoromethy! derivatives of heterocyclic a-aminonisriles€® — ®), potentially biologicalty
active compounds, were obtained in 38 to 80 % isolated yields.

[ | CF3 2 NaHCOyH,Q
+ qu'c~—>
CHCl2,  20°¢ CH_
20 or 40 °C
| -8 1

The reactions were carried out in CH,Cl; in the presence of 5 - 20 mol % catalyst at 20 or 40
"C until complete conversions. It was found that 4A molecular sieves (MS) accelerate the
addition and increase the yields of the products. The investigated catalysts ranked of their
activity in the following order: _
AlBr; + 4A MS > AlBr; > AICl; > Ti(OPr')s

The products were isolated by column chromatography and identified by 'H NMR, MS
spectra and elemental analysis. A single crystal of N-(5-methyl-2-thienylcyanomethyl)-3-
trifluoromethylaniline was obtained and studied by X-ray diffraction. The results showed
that it was the crystal of (R)-isomer of this compound.

Cirgy CN31

ey

NiD - CI0I3D '
Q)" con

£(3) ()
2)

|1 lovel, J Popelis, M. Fleisher, E. Lukevics. Tetrahedron: Asymmetry 1997, 8, 1279

2 I lovel, J. Popelis, A. Gaukhman, E. Lukevics. 10" Symposium on Organo-Metallic
Chemistry directed towards Organic Synthesis. Abstracts, P-200 Versailles (France)
1999,
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HYDROSILYLATION OF HETEROCYCLIC ALDIMINES
CATALYZED BY Au', Pd' AND Rh' COMPLEXES

L. Tovel, L. Golomba, E. Lukevics
Latvian Institute of Organic Synthesis, 21 Aizkraukles St, Riga LV-1006, Latvia

iovel@osi.lv

The hydrosilylation of a series of (hetero)aromatic imines was studied in course of our
recent investigations of the conversions of heterocyclic substrates [1-3]. Numerous
transition metal complexes were used as the catalysts in the addition of HSiEt; to CH=
bond of furan and thiophene imines and related compounds. Among Aum, Irl, Pdo, Pdl,
Pd", P, PV, Rh, Rh"™, Ru’, Ru" complexes studied only AuCl;, HAuCl,
[Pd(allyl)Cl],, [Rh(COD)Cl]; and Rh(PPh;)Cl were highly active.

MQKCHZ_T@;Y

. NaHCOyH20
HSiEt; 2 SiEt3 :

20 oC
Y Catal.
R/[;XC}#N—@

Y
R/C(X\\criz—w—@
CsHg or THF

1a-i 4a-i
20 0or65 oC /,—3\ v
R=H, CH; XS e~ )
X=0,S I
Y =H, CF; SiEt;
CF3-position: 3-, 4- 3

Catalyst NaHCOvH,0
Ph— CH=N —-@—Y + HSiEty Ph—CH—NH—(_)—Y

CsHs or THF 20 0C
1j,k 20 or 65 oC 4j,k

The influence of the temperature, nature of solvent, structure of substrates and catalysts
on these reactions was studied. The mechanism of the hydrosilylation of the imines is
proposed. A number of novel target aminés were synthesized, isolated by column
chromatography and characterized by '"H NMR and MS analysis.

1. I Iovel, J. Popelis, M. Fleisher, E. Lukevics. Tetrahedron: Asymmetry 1997, 8,
1279.

2. I Iovel, J. Popelis, A. Gaukhmén, E. Lukevics. J. Organomet. Chem 1998, 559,
123.

3. L lovel, L. Golomba, S. Belyakov, J. Popelis, S. Grinberga, E. Lukevics. Appl.
Organometal. Chem. 1999, 14, 721.
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Catalytic Trimethylsilylcyanation of Novel Pyridylaldimines

Irina Jovel, Lena Golomba, Sergey Belyakov, Andrejs Kemme, Irina Shestakova,
Edmunds Lukevics
Latvian Institute of Organic Synthesis
21 Aizkraukles St, LV-1006 Riga, Latvia

iovel @osi.lv

In our previous paper! it was demonstrated that AICI, catalyzed the trimethylsilylcyanation of furan
and thiophene aldimines to afford the corresponding a-amino nitriles. In the present work a series of
novel Shiff bases (1a-h) was synthesized by condensation of pyridinealdehydes (1-4) with 3- and 4-
trifluoromethylanilines (5, 6) in the presence of molecular sieves 4A (MS) acting as dehydration
agent and the solid acid. It has been found that AICL, and especially AlBr; together with MS
catalyzed the addition of Me SiCN to the C=N bond of the imines obtained, while the other studied

Lewis acids (YCL,, LaCl,, Znl,) were inactive. Besides the expected addition giving the a-amino

3 nitriles (2a,b,d-f,h) an
CH N—@‘: 4A MS CH-N—@C : o
ﬁ O+Hy CeHe,200C. unusual reaction direction

1-4 % 2020 la-h (60-38 %) leading to  unsaturated
R =H, CH; o
S 7 CF; nitriles (3a-h) was observed.
L3
1.MesSiCN N The structures of saturated
Cat . 2MHCOMO 9, b d £,h (30-65 %)

and unsaturated products 2d

CHCl,, 20 °C F;
20 or 40 °C R/(}i @C and 3c were determined by

Cat. = AICl;, AlBry+4A MS X-ray diffraction. The
e Ll mechanism of the Lewis acid
catalyzed addition of Me,SiCN to pyridine imines was proposed. Aromatic amino nitriles and
heterocyclic derivatives containing a CF, group are potential precursors of medicine. That is why
some nitriles obtained (3a, 3c¢) were tested for their antitumor activity, and the results were
compared with the known anticancer drug FTORAFUR®. Novel nitriles inhibited the growth of

tumor cells especially mouse melanoma B 16. Their activity was higher than that of Ftorafur in most

cases. This fact evidences the perspective for further investigation of these compounds.

lTovel, L; Golomba, L.; Belyakov, S.; Popelis, J.; Grinberga, S.; Lukevics, E. Appl. Organomeral.
Chem. 2000, 14, 721-726.
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HYDROSILYLATION OF HETEROCYCLIC IMINES
CATALYZED BY TRANSITION METAL COMPLEXES
E. Lukevics, . lovel, L. Golomba

Latvian Institute of Organic Synthesis, 21 Aizkraukles Street, Riga LV-1006, Latvia

The heterocyclic amines and their tluorine-containing derivatives are the precursors of biologically
:-active compounds and medicines. In the present work the synthesis of a series of such valuable
‘amines was realized by reduction of various Schiff’s bases via catalvtic hvdrosilylation under mild
"conditions. The addition of HSiEt; to double C=N bond of trifluoromethy! derivatives of furan and
?_}hjophene aldimines 1a-h and related compounds li-k was investigated in the presence of numerous
%-cﬁtalysts. The following transition metal complexes were studied: (Ph;P):IrCl(CO). (Ph;P).Pt.
H,PtCls'6H-0. [RhiCOD)acac]. [Rh(COD)Cl]-. RhCl;4H>0. (Ph:P);Pd. [Pd(CH.CHCH-)Cl]-.
‘}(Ph3P)deC13. (Ph;P):RuCl:. and also supported metal catalvsts 3% Pd. C and 3° RwAl:Os.

‘ Y
A <:>/Y *ésm < X)\CH:‘N@ NaHCO; H-0
at i
PhH or THF KX CH:—N’H@
20 3o =Y
or 63 0C /jl—x\c;\. ¥ 45

R=H, CH; i
:X=0,S SiEt;
Y=H, CF, 3
CFE-position: 3-04-

o Caralyst NaHCOH-0 =
Ph—CH=.\‘~<\:/>—Y - HSiEg il h—CH:—\PF—<\j//'Y
PhH or THF 20 0C
1j,k 20 or 63 °C 4.k

Two dimer complexes of Rh' and Pd' were found to be efficient catalysts of the reactions studied:
[Rh(COD)Cl] and [Pd(CH-CHCH,)Cl] (more active). The activity of [Rh(COD)Cl]» was higher in
THF than in benzene. while the rate of the reactions catalyzed by [Pd(CH:CHCH:)C1]> was almost
independent from the nature of the solvent.

_“SOme regularities of the structure influence on the reactivity were found. The turan azomethines
-Were more active than the thiophene ones. The 2-CH; group in heterocycle rings and 3-CF; in azo
'Pan of molecules moderate the reactions. on the contrary the 4-CF;-group accelerates them. The
Ltivity of benzylidene anilines was lower than that of furan analoges but higher than for thiophene
Vdefiva[ives.

‘C°mpounds 2 were tound to be the primary products of hydrosilylation. The unsaturated

YProducts 3 formed as the result of dehvdrogenative silvlation of some imines.
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Asymmetric Addition of Me;SiCN to Chiral Heterocyclic Aldimineg

Edmunds Lukevics. Irina lovel, Lena Golomba anq Juris Popelis
Latvian Institute of Organic Synthesis, 21 Aizkraukles. Riga, LV-1006. Latvia

In course of our previous works (1, 2), the diastereoselective addition of trimethylsilyl cyanjd.
optically active furan, thiophene and pyridine aldimines 1 derived from (R)- and (5)-1-
phenylethylamine was investigated in the presence of Lewis acids (AICl; or AlBr; together wj;
molecular sieves). A series of the corresponding diastereomer a-amino nitriles 2 was obtained ;
fair to good yields (up to 91%). Unprecedently unsaturated nitriles were also formed from pyrj
imines. The mechanism of the reactions is proposed. '

v ' -
" Ph N’ Ph

| )
e[) (R}-la-h\ MesSiCN / Het cN  (RR)-2a-h (upto 81"@
. P / AICI; or AlBrs =4A MS\ P i

| CH:Cla, 20o0r400C :
- (S.5)-2a-h (up to 87%
61/ (8)-1a-h et/\C.\ S 18 :)e

|

i & XY

_ M 7\ \ \ m L. '/j J'\/j
o [03\ M(Q Q\ Me/Q N \NJ L\ M N

The sense of asvmmemc induction and the degree of diastereoselectivity in the synthesis of 2 we
determined by '"H NMR and polarimetry. The reactions in all the cases afforded the mixtures of
diastereomers, with one diastereomer predominating. The a-amino nitriles obtained from all thc
(S)-imines were levorotatory while from (R)-isomers afforded (+)-products. The dmstereoxsomex
ratios of a-amino nitriles obtained were determined by 'H NMR. The signals of benzy! protons

CH(Me)Ph which appeared as well separated quartets were used as the key signals. The downfie
(major) at § 4.15—4.27 signals were assigned to (R R)- and (S,5)- anti-diastereomers and the upfl
(minor) at § 3.92—4.02 ppm to (R,S)- and (S, R)- syn-isomers. When the configuration of the j
nitrogen auxiliary was R, the (R, R)-a-amino nitriles predominated over (S, R)-isomer while the. 1
(S.5)- products of addition formed mainly from (S)-imines. Thus, the Si face addition occurred i m
cases giving the products in configurations (R, R)- (up to 81%) and (S.S)- (up to 87%) from (R)'
(S)-imines, respectively.

1) Iovel, I; Popelis, J.; Fleisher, M.; Lukevics, E. Tetrahedron: Asymmetry 1997, 8.1279.
2) Jovel, I; Golomba, L.; Belyakov, S.; Popelis, J.; Grinberga, S.; Lukevics, E. Appl.
Organometal. Chem. 1999, 14, 721.
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Catalytic addition of Me;SiCN to novel heterocyclic aldimines

Edmunds Lukevics, Irina Iovel, Lena Golomba
Larvian Institute of Organic Svnthesis, 21 Aizkraukles Street, Riga LV-1006, Latvia
E-mail: sinta@osi.lv; iovel@osi.lv

This work pursues our previous researches !’ of trimethylsilylcyanation of C=O and C=N
double bonds of heterocyclic compounds. A series of novel Shiff bases I was synthesized by
condensation of furan, thiophene and pyridine aldehydes (1-8) with 2-, 3- and 4-
trifluoromethylanilines (9—11) in the presence of 4A molecular sieves (MS) acting as
dehydration agent and the solid acid. The addition of Me3SiCN to imines I has been studied in
the presence of various Lewis acids. The most active catalyst among investigated appeared
system AlBr; + 4A MS. A number of the corresponding trifluoromethyl derivatives of
heterocyclic a-aminonitriles II was obtained. It was found that pyridine imines converted not
only to expected compounds II but also to unsaturated nitriles ITI. The mechanism of the
Lewis acid catalyzed addition of Me;SiCN to heterocyclic imines will be discussed.

CF;  4AMS CF
Her—CHO + H;N—@ Q... . He(—CH=N—® 3
1 1

CeHs. 20 - 600C
8 9-11
CF- CF5positon:
- ° .
1. MesSiCN Hex—-(I:H NH—@ 2-.3-. 4
AlBr; + 4A MS CN L II: Het = furyl, S-methyifurd.
e I thienyl, 5-methylthnenyi,

CH:Cl5, 20 - 400C CF; 2-.3-, 4-pyridd,
2. Hydrolysis Her—|CH=N—® 6-methyl-2-pyridyi
CN II: Het=2-, 3- 4pyndyl.
oI 6-methvi-2-pyricd

The single crystals of some aldimines and nitriles I, II. IIT were obtained and their structures
were determined by X-ray diffraction.

Some nitriles containing CF; group were tested for their anticancer activity, and appeared
good inhibitors of the growth of tumor cells in most cases. This fact evidences the perspective
for further investigation of these compounds.

[11 I Iovel, J. Popelis, M. Fleisher, E. Lukevics. Tetrahedron: Asymmetry 1997, 8, 1279.

[2] I Iovel, L. Golomba, S. Belyakov, J. Popelis, S. Grinberga, E. Lukevics. Appl. Organometal. Chem. 2000,
14, 721-726.

[3] I Iovel, L. Golomba, S. Belyakov, A. Kemme, E. Lukevics. App/. Organometal. Chem. 2001, 15, 733.
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Unusudl Direction of Hydrosilylation of some Heterocyclic Aldimines
Catalyzed by Pd' and Rh' Complexes

Edmunds Lukevics, Irina Iovel, Lena Golomba
Latvian Institute of Organic Synthesis, 21 Aizkraukles Street, Riga LV-1006, Latvia
e-mail: sinta@osi.lv

We have investigated the addition of hydrosilanes (HSiEt;, HSiMe,Ph, H,SiPh,) to the
C=N bond of some furan, thiophene and pyridine azomethines in the presence of dimeric

Pd' and Rh' complexes, [Pd(allyl)Cl]> and [Rh(1,5-cyclooctadiene)Cl]s.

Usually the hydrosilylation of imines leads to the saturated N-silyl derivatives which give
the corresponding amines upon hydrolysis. In this work we have found for the first time
that hydrosilylation of some heterocyclic imines leads to the formation of the products

containing C-Si bond.

FsC

CH- NH—@ RealP e\CHj -

F3C HSiEt leg
Cat. 2a-e
“CH=N
PhH, 65 oC G
la-e et\CH N

3a-e SlEt3
Het = 2-furyl, 5S-methyl-2-furyl, 2-thienyl, 5-methyl-2-thienyl, 4-pyridyl

FC

1. HSiR3, H3C/(1CH NHO
fl L) SR SiRy 2f
em T e LA L)

H;C CHa

The proposed mechanism of the C-silylation of imines including the formation of the

carbene complexes of the heterocyclic imines with the Pd or Rh catalysts (analogously to

the Ref. [1]) will be discussed.

1. Ch. M. Standfest-Hauser, K. Mereiter, R. Schmid, K. Kirchner. Organometrallics 2002.
21,4891.
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