7-th All-Russian Conference “Fluorine Chemistry”

PUSH-PULL ENAMINES IN THE SYNTHESIS OF
TRIFLUOROMETHYL CONTAINING ALIPHATIC, CARBO-
AND HETEROCYCLIC COMPOUNDS

A.N.Kostyuk, D.M.Volochnyuk, D.A.Sibgatulin, Yu.V. Svyaschenko

Institute of Organic Chemistry, National Academy of Sciences of Ukraine,
Murmanskaya 5, Kyiv-94, 02094, Ukraine.

E-mail:A.kostyuk(@enamine.net

Moscow, June 6-9, 2006 n




NAIk NAIK,

2
R\)\/R' — R\)\/R'
-

E+ 1 E+
E+
7
R / 14 papers
S
ET Me
. _EWG (H,
Alk,N B Alk N)J\/EWG
2
3 k/ ET 4
> 200 papers

Labelle, M.; Gravel, D.; Can. J. Chem., 1985, 1874

R E* i Me Me
)3 S L - ) (S ) ¢
M HCZ R — =~

Alk,N R 13 papers I i e 0 o

R 6 _ )
5 CO,H 7 Prelog-Djerassi

lactonic acid

Schlessinger R.H.; Poss, M. A. J. Am. Chem. Soc., 1982, 104, 357

Moscow, June 6-9, 2006




7 papers

/\
E +
Me
> _EWG
AlkzN
H
(0] (0]
0 )k

ccy” So” Teay Me

O,N B

0 2N
Electrophile CCISYO /U\ H,C Me

H cHCl,” Tal
R NMe,
0  NAIk,O

Product 20 0 P 0

N CR'Cl; R g

AIK,N R Me,N R
R = Me, Ph R = Me, Ph, OEt R = Me, OEt
L Moehrle H., Reinhardt H. W.
Bochme, H., Willinger, G. Arch. Pharm. Ber. Bohme, H; Tranka, M; Arch.Pharm.(Weinheim Ger.) 1984, 317, 156
Disch. Pharm Ges 5958 SEAR Justus Leibigs Ann. Chem. 1985, 149 grch. Pharm.(Weinheim Ger.) 1984, 317, 1017

Yoshimoto M., et al Chem. Pharm. Bull. 1970, 18, 2469

Moscow, June 6-9, 2006




EWG = CN, CO,Et, COMe, COPh

NAIk, = a: NO b: N Oc: N )
\__/

Me Me Me Me
)\/CN )\Vcozm )\VCOMe )\/COPh
Alk,N AlK,N AIK,N Alk,N
9 a-c 10 a-c 11 a-c 12 a-c
F3CTR
0 13-16 Ar
F3C+N=C=O
R = 13: CO,Me, 14: Alk, ]
15: A2 166- Het i B, GECO “
¢ AT, . Het. F3C o OAIK \l(
_N l Nu:
o) 21 a-¢ PG 22,23
F3CWR
LS R =a: H, b: COCF;, PG = 22: CO,Et F,C__N_Nu
17-20 c: CO,Et 23: PMP
Ar O 25
R =17: CF,, 18: Ar,
19: Mg, 20: OEt

Moscow, June 6-9, 2006




)

Me 31
L F,C _ 1 . .
X _EWG OMe Starting compounds for synthesis
Alk,N o of fluorinated heterocycles
Me
5 13
9-12 a,b . _EWG
AlKk,N
- "
HO CO,Me
CF,
(0)
R
Oy-r CH, OH Y R 9
H ~— 2 R F.C
H.C] F.C ene-reaction ’ F,C OH
B, 3 B R
— AN CF, _— ®
X _EWG
Alk N CF
Alk,N 32 LB nucleophilic K 3
8 addition EWG
33
0 R
R -
HO F,C H-shift
F,C
. _EWG
AIK,N
35 34

Moscow, June 6-9, 2006




F.C [—

=g
==
other substituent
o CF 1 : o R S— o
HO_ [ 3 }"K [
Me F,C R R 1 —
+
)\/EWG W = s 3
X _EWG P
Alk,N o AIK,N . {"—-: .y
B i
9-12 a,b 16 37 L
9
react don’t react
N N [N\>_
. @ N @ Y CO,Me N CH,COCF, CH,COPh CH(COEt Me Ph
(0] S Me
o, = 0.41 0.37 0.30 0.26 0.22 0.12 0.12 -0.01 0.12
ol = 0.14 0.16 0.11 -0.01 -0.09 -0.14 -0.14 -0.16 -0.17
doesn't enter in the reaction with enamines having EWG = CN depend on structure of enamine, see next slides
reacts with enamines having EWG = CO,Et, COPh ’
reacts with enamines having EWG = COMe (!) selectively

Moscow, June 6-9, 2006




iii or iv

NAIk
iii or iv = PhMe, reﬂllX, PTSA . 2
or acetone, 10 days, rt 1 CN
+
HO
F,C CF,
29 a-c 30 a-c
Me (0) (0)
| iii or iv
)\/CN - M
Alk,N F,C CF, iii or iv
ii CN
+ NG X
—
Alk,N = a: N(CH,),; ¢: N(CH,)s; P
b: N(CH,CH,)O F,C CF, Me N OH
31 a-c 32
CF

"arene" hydrate

AlK,N

KRR A II'I
et /\ -
FC ©
CN
¢ B
diol

Moscow, June 6-9, 2006




NAIK, NAIK, OH

QO PhH,rt, 3 days CO,Et CO,Et
TR, s SO
F,C CF

17 F,C CF, F,C CF, F,C CF

j TMSCI / Et,N 33 a-c 34 a-c 35

Alk,N = a: N(CH,),; ¢: N(CH,)s;

PhH, rt
b: N(CH,CH,)O Lo
TMSCI/ Et,N
J_

CF, O 10 a-c PhH, rt
Me,Si~_ M
3 37
0 CF, CO,Et
Me
36 AcOH, 40 °C, 4h
way B \
YRt Me O
way A
Nalk, O AN X Me NAIK, NAIK,
H* /\ 2 PhH, rt, 3 days
H+
CF
F,C 3 way C o O F,C CF, F,C CF,
¥ CMCF 38 a-c 34 a-b

AIk,N = a: N(CH,),; b: N(CH,CH,)O; ¢: N(CH,), AcOH, 40 °C, 4h /N

Moscow, June 6-9, 2006




0O o
NAIK, =a: N M NAIK,
CF A
| Ar = Ph, /@

S

AcOH, reflux F.C Ar
3
Me O
)\/\L 39 (~ 15 - 20%)
AIK,N Me
11a
CH,COMe NAIK, NAIk, O
‘ pressure tube, 100 °C L850/
CF; N + Me
COMe
o O AIK,N X F,C Me F,C Me
CFM Me 40 (25%) 41 (30%)
CH,CO,Et
O 2 2
Me PhH, rt, 3 days CF;
X _CO,Et
)\Vco Et 2
AIK,N > Alk,N i
2 (90%
10 0
CF; = NAIK,
Me O (0]
)\)L _
AIK,N Me . .
PhH, rt, 3 days 3 &
1 CO,Et
43 44 (78%)

Moscow, June 6-9, 2006




CN COCF,
Me AIKO™ X COCF, PhH,rt,48h e
)\/CN N /\( i R
Alk,N R
NAIK,
9 a-b 20 a: R=COCF;; 43 a-c

b: R=CO,Et;e: R=H

R = COCF;, B
spontaneously R= CO,Et,
EGN NaH/HMPTA / Et,0
NAIk
’ NAIK, -
CN H
CN ?H P
F,C F.C : COCF
HO 44 3 3
HO 46 NAIKk,
COCF
} CO,Et
48
NAIK, NAIL,
CN no targeted
CN products of
cyclyzation
F.C
3 45 F3C 47
COCF, CO,Et

Moscow, June 6-9, 2006




NAIK, O

10 -12 a,b
NAIK, NAIK,
way A COR H* COR
- = —_—
B . e or B:
direct B-attack HO F,C
CO,Et CO,Et
EtO 49 a-f 51 a-f
20b CO,Et
i B'-attack
COCF, NAIK, NAIK,
COR H* COR
—_— -
L CF, or B:
OH CF,
AlKk,N CO,Et CO,Et
50 a-f 52 a-f

via O-attack with following
[1,5]-sigmatropic shift

Moscow, June 6-9, 2006




D o oGS

COR
11b (R = Me) COR + COR + +
12b (R = Ph) CF,
+ F,C OH F,C F,C
(0)

CO,Et CO,Et CO,Et COEL

Et0” ™ CF, 51 ¢ (~ 34 %) 50 ¢ (~8 %) 53 (~13 %) 54 ¢ (~ 24 %)

CO,Et 51 e (~ 34 %) 50 e (~ 5 %) 53 (~9 %) 54 e(~ 18 %)

20b
Data of °F NMR spectra and GC/MS of reaction mixture
[Oj
. Bulk bstituent N
ulky substituen
0 CO,Et
N o e
0~ "N CF, «CF,
NS
Me OEt COCF, OH

COCF

Moscow, June 6-9, 2006




EWG =CN
Me

X CN

AlK,N
CF3 COzMe
_NH
EtOzC
1ab
c7 / \ c8

Me

x_EWG
AlK,N

F,C.__CO,Me

g

N
EtO,C” 22

HN™ ~CO,Me

(0] OEt

EWG = COR,
R = OEt, Me, Ph

CO,Et
COzMe

AIK,N R

CO,Et
/
HN (0) (0]

R ALK

MeO,C
6-7

Moscow, June 6-9, 2006

c12 |
(3l A ca




N>_§*NH2
[ ¢
63 EWG =CN
64 EWG = CO,Et

moisture | - ArCOCF,
Me

> EWG
AlkzN Me EWG DBU

9-11 a,b Et;N, rt, toluene rt, toluene

—

: NWN\ —
for 9a and 10a >—
Ar Q Y CF3
Ar

F C+N=C=O
| 61 a-c EWG =CN
I 21ac 62 a-c EWG = CO,Et

8y = -68 to -69, br

65 -69 a-c
O =-76 to -77

Et;N, rt, toluene

- ‘
NAlk, =a: N b: N 0 for 10b and 11

EWG =9: CN; 10: CO,Et; 11: COMe
Ar = a: Ph, b: Tol, ¢: Anz

Moscow, June 6-9, 2006




©

o-Methyl “push-pull” enamines

as mono C([3’)-nucleophiles

Sequence of stages

Key intermediates Examples of E-philes

Lithiation — E-philic

_ Lit
functionalization of E* NAlke 0 5 RR’C=0
vinilogous enolate H,C Q R
E_ E\
E-philic O-attack — O :
Me O :
deprotonation — [1,5]- @)i)\ B ng (O %)élf: l,Cl\élle 35&21(’)
sigmatropic shift Alk,N R BH' N Z R g
H \}}/R CF,~__CO,Me
1) / g CH, XH \W
Ene-reaction — e SLEWG AlK,N R CFs\WCOzMe N\WOEt
nucleophilic C(j3’) 2 LS o) o)
addition — C(B)-C(E- R] o 0
phile) cleavage R@ r\CX R Ph\H)J\H
Alk,N R 0
< EWG

Moscow, June 6-9, 2006

— o



@ o-Methyl “push-pull” enamines
as 1,3-CCC-binucleophiles
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