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Abstract
Methods used for imidoylation and aminoimidoylation at a-carbon atoms of ketones, esters,
nitriles, nitro compounds, sulfones and sulfoxides are summarized.
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1. Introduction

1.1. General

Imidoylations enable the preparation of a wide variety of compound classes. Thus, imidoylations
at nitrogen are used for the preparation of amidines, guanidines, and N-substituted derivatives.'
The present review covers imidoylations at carbon, which are defined as the formation of a C—-C
bond concomitant with the introduction of a (C=NR)Y group in a position previously occupied
by a hydrogen (Scheme 1).
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Scheme 1

1.2. Types of C-imidoylation
In addition to Simple Imidoylation, i.e. the introduction of an YC(=NR)-group, in which Y = H
or C, we also consider Aminoimidoylation, in which Y = N. Thus, C-aminoimidoylation can give
amidines 1> imidates 2,*° amidoximes 3, amidrazones 4,*¢ imidonitriles 5,’
iminodithiocarbamates 6,° and imines 7 (Scheme 2).”

Imidoyl chlorides are the classical reagents for imidoylation.® Recently, stable imidoyl
benzotriazoles’ have been developed as alternatives. This review describes the different methods
reported for imidoylations at carbon.

NR y-R Amidines 1,Y = NR'R?
)|\ )|\ Imidates 2,Y=0R8
N R' Y Amidoximes 3, Y =NHOH
Amidrazones 4,Y = NHR*R®

R1= agyl; 4 s Imidonitriles 5,Y=CN
R, R R" R®=H, alkyl, aryl; Iminodithiocarbamates 6, Y = S(C=S)NHR®
RS, RS, R” = alkyl, aryl; Imines 7Y = CH,R’
X=Cl, I ’

Scheme 2

2. Simple C-Imidoylation

2.1. Imidoylation of ketones

C-Imidoylations of ketones to give B-enaminoketones 8 (Scheme 3) include (i) reactions of
enolates derived from ketones 9 with imidoyl halides; this is only successful with fluorinated
(R") imidoyl halides thus restricting its applica‘[ion;m’ll (i1) a single example of a palladium
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catalyzed reaction of acetonyltributyltin 10 with an imidoyl chloride;'* (iii) reactions of

imidoylbenzotriazoles with ketones 11 or ketone-derived s

ilyl enol ethers to give the desired

imidoylation products 8 in 19-80% yield together with an amide as a byproduct;™ (iv) reaction
of an O-mesyloxime 12, a route that includes a C to N migration of the cis group but this is
limited to symmetric oximes." (v) reactions of nitriles with methylketones 9 incorporating

14a 14b

nitriles of aromatic ™ and fluorinated acids

in the presence of base.
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Scheme 3
2.2. Imidoylation of Esters
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14 R. R-N=C-R?3 17 Rl = SR*
(i) NH O
RlJ\HJ\ORZ
.. 3
R (il R (iv)
:’ NH O 13 NPh o
S Cl
-RY o CI)S( T NC
Jj\)k Me NPh \)LOEt
07 70" “me v)
19 18
Br-__CO,R?
T o) RECEN + T
"R\ R3
‘ N
\ + (@]
: 20
“RlJJ\X /‘vMe
(0] 0" "Me
15 16
Scheme 4
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C-Imidoylations of esters (Scheme 4) to give B-enamino esters 13 include (i) reactions of
ester enolates 14 with fluorinated imidoyl chlorides (R' = fluorinated alkyl or aryl);">"" (ii)
reactions of malonic ester 16 with alkyl caboximidates, alkyl carboximidothioates, or
carboximidic chlorides 15 (X = NHR, SR, CI, respectively);'® (iii) reactions of isocyanides with
o-alkylthio-a-cyanoesters  17;'°  (iv) condensation of ethyl cyanoacetate 18 with
bis(imidoyl)chloride 19;* (v) treatment of aliphatic or aromatic nitriles with an excess of a-
bromo esters 20 in the presence of activated zinc dust,”' and (vi) reaction of nitriles with ester
enolates™ 14, e.g., magnesium enolate of ¢-butyl acetate; however, the lithium enolate of r-butyl
acetate did not give the desired product, because of the incapability of the lithium ion to take the
nitrile group in its ligand sphere and the instability of the primary adduct. Method (i) is efficient
for obtaining imidoylation products, but is limited to fluorinated (R') imidoyl chlorides."”"” Just
four examples of C-imidoylation of esters have been reported using method (i1), mainly with
cyclic imidoyl halides."® Methods (iii)"” and (iv)*® are represented by unique examples for
specific substrates.

Recently, we have reacted ester enolates (generated by treatment of esters with excess
potassium ¢-butoxide in THF at room temperature) with imidoylbenzotriazoles 21 to give [-
enamino esters 22 in 77-88% yields.**
and efficient reactions.

(Scheme 5). There seem to be no limitations to these fast

R%
I
R3" "Bt R4
O t-BuOK o~ 21 NH O
1 e 1 E—
R\)kORZ R\/LORZ RBJ\(U\ORZ
Rl

22
Scheme 5

2.3. Imidoylation of nitriles

Condensation of a nitrile anion 23a with a neutral nitrile species effects imidoylations of many
nitriles 23 (Scheme 6).2"** Products 24 can be obtained but reactions proceed more rapidly with
R' = Ar in the neutral nitrile 23b, because reactions between two different aliphatic nitriles lead
to the formation of side products.**”

Na or (i) R'CH,CN
(R?),NMgBr 23b NH NH,
RCH,CN ———— M*(RCHCN)” ————— o1y /CYCN —=—> RIcH /CYCN
(i) H,0 2 2
23 23a R R
24a 24b

R =R =alkyl, or
R = alkyl, R = aryl

Scheme 6
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2.4. Imidoylation of nitro compounds
A single C-imidoylation of a nitro compound has been reported.”> The reaction of ethyl
nitroacetate 26 with imidoyl chloride 25 gives the enamine 27b (Scheme 7).

A _A
N~ CO.Et N AN~
Ph + % Ph COEt —/—> Ph Iy _CO,Et
Phﬁ)\a NO, Ph 2 ~<— ph 2
SPh SPh NO, SPh NO,
25 26 27a 27b
Ar = 4-Me-C6H4
Scheme 7

A general C-imidoylation of nitro compounds was recently established in our group.”* B-
Nitroenamines 28 (3 examples) were prepared in 34-60% vyield from the reaction of
imidoylbenzotriazoles 21 with nitroethane (Scheme 8). Yields were improved by using DMSO
as a solvent rather than THF.

RY
N
(i) R® "Bt R4
NO, (i) t-BuOK 21 NH
- > RB/S/NOZ
28

Scheme 8
2.5. Imidoylation of sulfones

Preparation of B-iminosulfones 29 involves (i) reactions of fluorinated imidoyl chlorides (R =
fluorinated alkyl or aryl) and arylmethyl sulfones® in 68-94% yields and (ii) reactions of alkyl-
and aryl-sulphonyl carbanions with nitriles®’ prepared by Corey’s method®® (Scheme 9). In both
cases products were isolated as a mixture of imino and enamino tautomers 29a and 29b,

respectively.
(i) LDA,
R1 Rl 1
’ O 0O THF, ~ < (ii) e
Jll\ + R2 \\S//\ [— N O\\ ,9 —><_ NH O\\ 7 <«— RlCc=N + R2 \\S//\
R ¢ TR 789 R)K(S\RS R&/S\R3 ~~" R3
R? R2
R = fluorinated alkyl or aryl
R1 = Ar(Me)CH, alkyl, aryl 29a 29a
R2, R = alkyl
Scheme 9
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Three C-imidoylations of sulfones by imidoylbenzotriazoles 21 to form B-iminosulfones 29
(53-97%) have been found recently,” but no examples were reported with aliphatic substituents
in place of N-phenyl, which could be a limitation.

2.6. Imidoylation of sulfoxides

Imidoylations of sulfoxides to give B-iminosulfoxides 31 (Scheme 10) involve the reaction of
sulfinylmethyl carbanion derived from methylsulfoxides 30 with (i) fluorinated imidoyl chlorides
(R = CF;, CF,Cl, CF,CF;, CF,H, CFH2)29’3 % or (11) nitriles.’! Fluorinated imidoyl chlorides react
well with sulfinylmethyl carbanions regardless of the substituents in the imidoyl chlorides (R =
Rg, R' = aryl or alkyl) and in the sulfoxide 30, and require an excess of LDA. The reaction does
not affect the configuration of the sulfur atom, and gives -iminosulfoxides with optical purities
comparable to those of the starting sulfoxide.*”
into the corresponding sulfinyl ketones by treatment with mineral acid. However, these methods
do not provide a general route to C-imidoylation of sulfoxides because method (i) is limited
mainly to fluorinated imidoyl chlorides, and the yields of method (ii) are greatly influenced by

B-Iminosulfoxides can also easily be converted

the nature of the methylsulfinyl carbanion (R* = alkyl, aryl) for reasons which are not explained
by the authors.

1 1
n-R 0 oA Ry o LDA o
+ . — n <—— RCN + .
P sz, L L st
R e Me”TR R r2 Me” R
30 31 30

Scheme 10

Recently, we have reported the reaction of sulfoxides with potassium #-butoxide followed by
imidoylbenzotriazole 21 to give B-iminosulfoxides 32 in 48-78% yields (Scheme 11).”** The
reaction required 2 h at 20 °C to reach completion and worked well with both alkyl and aryl
substituents (R', R* = alkyl, aryl).

R%
N
R3JJ\Bt 4
0 () t-BuOK (i) 21 "NH O
Rl\/S\Rz RSJ\(S\RZ
Rl
32

Scheme 11
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3. C-Aminoimidoylation
3.1. C-Aminoimidoylation of ketones

Oxoketene aminals 33, which are formally C-aminoimidoylation products of ketones, have been
prepared from (i) activated methylene compounds and isothiocyanates followed by the reaction
with amines,* (ii) oxoketene N,S-acetals and lithio derivatives of secondary amines or aniline®
or (iii) tris(dimethylamino)ethoxymethane and simple ketones.>* Methods (i) — (iii) (Scheme 12)
are multistep syntheses with overall yields averaging 30%.

o base,
RGK + R3—N:C:S RlNHR2
RS 4 3
. R _R
0) o °N (iii) o
6 — N/Rl - RGJH + (MeZN)3C_OEt

R
.. 1 5
0 SMe@ T L RS R? R
~ + N’ /
RGJ\%H N |:IQZ 33 Rl, RZ, R3’ R4 = Me
R, R2 = alkyl R>=H
Rl=Ph,RZ2=H

Scheme 12

The benzotriazole methodology allows the one step preparation of ketene aminals 35 in 27—
32% vyields:* C-aminoimidoylations of ketones have been achieved at 20 °C using
benzotriazole-1-carboxamidines 34 (Scheme 13); the reactions occurred with both aromatic and
aliphatic substituents.

(i) NR
i) t -BUOK B H’Rs
° (')tTHFU’rt . o O NR y o) iNR .
RZJ\/RI = - RZMHI 4——> RZMH,
R1 R1
35a 35b

Scheme 13
3.2. C-Aminoimidoylation of esters
While no literature C-aminoimidoylation of esters was found, C-aminoimidoylated esters 37

were obtained by ring opening of isoxazolones 36 with amines (Scheme 14).*° Recently, C-
aminoimidoylation of esters from the reaction of their enolates with benzotriazole-1-
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carboxamidines 34 was achieved at 20 °C to produce 37 in 20—63% yields (Scheme 14).>> The
predominant tautomeric structures of amidines 37 (Scheme 14) were determined by 2D NMR.

(ii) NR
RS
N7 Bt
(i) t -BUOK
- COR? RNH, . R , 34 THF, 1t
R\N\/I — R COR? « <«——— RL_COR?

(0] o H Rl
36 37

Scheme 14
3.3. C-Aminoimidoylation of sulfones
Likewise, no literature example of C—C bond formation to provide a C-aminoimidoylation

product of sulfones was found; one potential imidoylation product 38 has been prepared from
B,p-dichlorovinyl propyl sulfone by reaction with 4-methoxyaniline (Scheme 15).%’

_Ar
Qo0 ¢ ArNH SV A @om
4 r — r= e
/\/8\2\C| 2 /\/S N’Ar
H

Scheme 15

Benzotriazole-1-carboxamidine 34 effectively C-aminoimidoylate sulfone 39 (upon
deprotonation by excess potassium z-butoxide in THF) at 20 °C to give 40 in 30% yield (Scheme
16).* However, application of this method is limited; It was only successful with alkyl phenyl
sulfone 39.

(ii) NR?
RZ
(i) t -BuOK, H Bt
THF,
()\\ //O It, 2h 34 NRl()\\ //O
S. . » R? S.
(" Ph H Ph
Ph Rl =n-Bu Ph
39 R? = 4-MeCgH, 40

Scheme 16
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4. Conclusions

A short review of imidoylation reactions at carbon is presented and the most significant literature
reactions considered and summarized.
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