THE SILYLATION OF NITRO COMPOUNDS:

ONLY A SET OF REACTIONS OR SYNTHETIC METHODOLOGY TO COME?
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THE NOVEL STRATEGY OF UTILIZATION OF NITRO ALIPHATICS IN ORGANIC
SYNTHESIS VIA THEIR SILYLATION:
NITRO COMPOUNDS AS 0~ AND B-ELECTROPHILES, AS WELL AS B-NUCLEOPHILES
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B-nucleophilic synton B-elecrtophilic synton

A: SILYLATION (Me;SiX / Base, X = Cl, Br, OSO,CFj3)



THE "DOUBLE SILYLATION" OF NITRO ALIPHATICS 4

R3 OSiMes

N
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RS R OSiMe, 7N \OSiMe3

R
d.e. 100 %,

; ; yield: 70 - 94 %

R R inert towards air

20 examples

Y
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3 (BENA)

i 1. R*Me,SiX / Et;N; R* = Me, t-Bu; X = CI, Br, 0SO,CF;
2. aq. NaHSOy (to remove Et;N)

R® OSiMe, R3
Et;N 'L Lewis or Bronsted Acids
Exothermic > N
S - 2
polimerization (in the absence of R \ OSiMes R? 4 OSiMe;
Me;SiX) Me3SiO
R R
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ELIMINATION OF Me;SiOH UPON SILYLATION OF NITRO ALIPHATICS
THE NOVEL METHOD OF GENERATION OF 3-FUNCTIONALIZED NITROSO ALKENES
- = X
H\) TSiMes
¢ 1,3-N,C-Elimination N
NO, BSA )\/N KA of Me;SiOH
X /\/ ” - X (\/ ~ o . >
t. .t. N
1 2 Y
5
NSiMes Were intercepted by methyl acrylete [3+2]
BSA: Me X =CN, COOMe, etc.
OSiMe highly reactive and labile;
impossible to isolate
X
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36 % COOMe
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X=CH,, 57 %

X= (CH2)2, 21 %



1,4-N,C-ELIMINATION OF Me;SiOH UPON SILYLATION OF NITRO ALIPHATICS

R R' R® R' |
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X o OSlMe3
R2 R? OSiMes OSiMe;
1 2
i | 1,4-N,C-Elimination
of Me;SiOH
Re R! Y

A

R3 R!
X AN /OH i .
i Me3SiX, EtsN, X = Cl, Br, OSO,CF; X N N Xy o OSMes
ii: NH,F, MeOH X N
R2
R2

40 - 80 %
18 examples

X = CN, NO,, COOMe, C(O)Me, C(O)Ph
R, R% R?=H, Ar, COOMe, Alk

Vlnylogous of
R3 R! Neff reaction Neff Reaction

1 NaOH 1. Silylation
B 2. H,S0, 2. Desox1mat10n
X o =
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1. Double silylation
2. 1,4-N,C-Elimination
of Me;SiOH

THE TAMDEM PROCESS OF SILYLATIONS AND ELIMINATIONS

OSiMe;,

Y
F

NOSiMe,

7

Pure E-isomer
around C=C

i

1,2-N,C-Elimination
of Me;SiOH

L
-

i MC3SIOSOZCF3 / Et3N

OSiMe;

NC

OSiMeg
i

9

Pure E-isomer
around C=C

inversion at
trigonal center CN

Me3Si
10

Pure E-isomer
around C=C

87 % on7

)
E-11

i, i

Z-11
75 %

i: Me3SiOSO,CF; / EN, r.t.

ii: NH4F, MeOH, 1 hour, r.t.,

then evaporation followed by extraction
of crude product with pentane to give
analytically pure crystalline product after
cooling of the resulting solution.



COOMe

MeOOC

i: Me,SiBr / Et;N

THE INTRAMOLECULAR TRAPPING OF N,N-BIS(SILYLOXY)IMMONIUM CATION

COOMe
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i
No, — > MeOOC

MeOOC
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MeOOC
Me3SiO

11

85-95%
d.e. 100 %

R = Alk, Ar

10 examples
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THE INTRAMOLECULAR TRAPPING OF N,N-BIS(SILYLOXY)IMMONIUM CATION

B 7 R? R3
o R3 0 R® (|)SiMe3
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d.e. 100 %
70-95 %

R! R%R? = H, Alk, Ar, cyclo-Pr

12 examples




THE REVERSE OF CHEMOSELECTIVITY UPON SILYLATION OF y-NITRO KETONES

(R = Me)

retro-[4+2]

Ph

5
N

!
Ph/£;>‘N(OSiMe3)2

0
12 78 %

i Me3SiBI' / Et3N

ﬂ OSiMe;
Ph— X N+

O~SiMe;,
G"
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THE SILYLATION OF CYCLIC ALKYL NITRONATES 11

Ar B Ar T
Ar Y
/ + \ i i
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NY N
X X o N\g X o \OSiMe3
NG, 17 v Y
. 14 .
16 18
retro-[4+2]
Q o)
)]\ /“\ "
iii
y « /MNOH - y y WNOSiMea
Ar 19 Ar
Ar= Ph, 4-MCOC6H4;
i: SnCly or (i-PrO),TiCl,; Y = H, OSiMe3;, OMe;
ii: Me;SiBr or MesSiOTf / Et;N; X=(CHy);;n=1-4;
iii: NH4F / MeOH 50-86%
7 examples
Ar
OMe
Ar
OMe 1 sncl,
2. Hunig base
/ - -
N +
X X O/ N g
NO, 20 MeO o
16 X = (CHy),, = 1 - 3; 4 examples 60 -85 %

de.>90:10



THE SILYLATION OF NITRO COMPOUNDS: INTRAMOLECULAR PROCESS OF OXIDATION OF CARBON 12
SCELETON BY NITRO GROUP

COOMe

OSiMes
—C—C=C—N#1 N -1
OSiR, EtO ©

O—QOO=QO—

- OSiMe -
OSiMes, +2e 3 +2e N -3

- 2e” -2e”
N +1
H H ©

N /+1 MeySi—C
’ >— 0
\

CN -3
OSiMes / / ,

COOMe
The nitrogen's oxidation state decreases

The carbon chain oxidation level increases
“



N(OSiMe,But),

AG™ =48 kJ / mol
only inversion can be
observed by NMR

THE STRUCTURE OF N,N-BIS(SILYLOXY)AMINES

OSiMe,R
S ? AG==53 - 63 KJ / mol eSO 2
OSiMe,R ~= — N
\/@ \OSiM62R rotation or inversion? \’6 @

/ N(OSiMezBU't)z /

NO, NO,

AG™ =47 kJ / mol
only rotation can be

AG™ =37 kJ / mol

both inversion or rotation observed by NMR
-can be observed by NMR
C,N-bonds as Numan's C"
-120° projections with torsion angles
) 180 °
133
0O
O the hight of pyramid: 0.6 A c
by X-Ray by X-Ray

L. . . N lone pair is in conjugation
N lone pair is out of conjugation 1©p Jug
with C,C-double bond with C,C-double bond

NMe2
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N,N-BIS(SILYLOXY)ENAMINES AS $-NUCLEOPHILES

R! 0 R!
' - 78 °C, CH,Cl, _ _
2 ,)3\0R , +  MegsioTt ) /)3+ OTf  +  MegSIOR,
R R
RE R RS RS
5 f - 5 . 5 :
R\~ N,OSIMes + R2/) + OTf R fN;OS'MeS R DS N;OSlMes
OSiM R o — 1 0
iMeg R! ZOS|Me3 R 2 R2 -

The nucieophilicity of N,N-bissiloxy)enamines is closed to allylsilanes (by kinetic studies).

R’ OMe )O\Me OSiMe; OMe OMe
RZE)Q,\OR“' Ar)\OMe MeO” ~OMe Ar/kAr /\)\om ><0Me

aqueous
work-up
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10 examples,
35-85%



N,N-BIS(SILYLOXY)ENAMINES AS B-ELECTROPHILES 15

R? R2 R2 R2
1 . ; ' _ 1
R \/\Il\rOSIMe:; . oNg R \/\NQ)SIM% R1\/\N Nu R %N
. - : \ —_— —_— |
OSiMe; Me;SiNu D) ~Me4SIO Iy L o
~ 50 |
strong B-electrophiles exampies
47-95%
MegSiNu + MesSiO MegSiOSiMe; + Nu
Nu : C-Nucleophiles N-Nucleophiles O-Nucleophiles
0 3
RN R°OH
\(/ 0 Azoles
3 _
R O
MeOOC%OMe RNH,
R3
R3-C=C R8,NH
Me3SIiCN Amino Acids Esters
R2
R\, -OSiMeg

i
R2 / OSiMes \ N02 R2 NO, Rg N02 R2
! —_—
R1\/& % R 10 examples

NO, i Me3SiBr/ Et3N, i DBU, CH,Cl,; iii: Jones reagent; iv: BH3-THF 40-70 %
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