
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 27 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Organic Preparations and Procedures International
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t902189982

REACTIVITY OF β-HALOENAMINES. A REVIEW
Norbert De Kimpea; Niceas Schampa

a Laboratory of Organic Chemistry, Faculty of Agricultural Sciences, State University of Gent, Gent,
Belgium

To cite this Article De Kimpe, Norbert and Schamp, Niceas(1983) 'REACTIVITY OF β-HALOENAMINES. A REVIEW',
Organic Preparations and Procedures International, 15: 1, 71 — 135
To link to this Article: DOI: 10.1080/00304948309355435
URL: http://dx.doi.org/10.1080/00304948309355435

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t902189982
http://dx.doi.org/10.1080/00304948309355435
http://www.informaworld.com/terms-and-conditions-of-access.pdf


ORGANIC PREPARATIONS AND PROCEDURES INT . 15 (1-2) + 71-17? (1983) 

REACTIVITY OF f3-HALOENAMINES. A REVIEW 

3t Norbert  DE KIMPE and Niceas SCHAMP 

Laboratory of  Organic Chemistry,  Facu l ty  of  A g r i c u l t u r a l  Scien-  

ces, S t a t e  Un ive r s i ty  of  Gent, Coupure Links 653, B-9000 Gent, 

BELGIUM 

I .  INTRODUCTION ......................................... 73 

11. REACTIVITY OF P-HALOENAMINES ......................... 7 4  

1 .  React ion of f3-Haloenamines wi th  Oxygen Nucleo- 

p h i l e s  ............................................ 75 

2 .  React ion of  f3-Haloenamines wi th  S u l f u r  Nucleo- 

p h i l e s  ............................................ 77 

2 .  React ion of 8-Haloenamines wi th  Ni t rogen  Nucleo- 

p h i l e s  ............................................ 79 

4. React ion of f3-Haloenamines wi th  Organometal l ic  

Reagents .......................................... 83 

5. React ion of  f3-Haloenamines wi th  Carbon Nucleo- 

............................................ p h i l e s  86 

6 .  Dehydrohalogenation of f3-Haloenamines 87 

7 .  Rearrangement of 8-Haloenamines v i a  Ac t iva t ed  

............. 

......................... Azir idinium In te rmed ia t e s  89 

...................... 8. Favorskii-Type Rearrangement 93 

9 .  Tautomerism of f3-Haloenamines ..................... 9 4  

1 0 .  Photochemical React ions of  f3-Haloenamines 97 ......... 
11 .  Syn thes i s  of He te rocyc l i c  Compounds from @-Halo- 

enamines .......................................... 97 

'1983 by Organic Preparations and Procedures Inc. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
4
9
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



DE KIMPE AND SCHAMP 

11.1. Oxazoles ................................... 97 

11.2. Thiazoles and other Sulfur Containing 

Heterocycles ............................... 99 

11.3. Imidazolinones and Imidazoles .............. 100 

11.4. Other Nitrogen Heterocycles ................ 101 

12 . Reductions of 6-Haloenamines ..................... 103 

13 . Halogenation of 6-Haloenamines ................... 104 

14 . Hydrolysis of 8-Haloenamines ..................... 107 

15 . Derivatizations of 6-Haloenamines ................ 108 

16 . f3-Aminoallylic Halides ........................... 110 

16.1. Synthesis of f3-Aminoallylic Halides ........ 111 

16.2. Reactivity of 6-Aminoallylic Halides ....... 117 

17 . Preparations ..................................... 
Preparation 1 : 2,2.Dimethyl.3.morpholino. 3. 

pentene .......................... 
Preparation 2 : l.Phenyl.2.3,3.trimethyl. 1. 

butanone ......................... 
Preparation 3 : (Z)-Methyl 2-acetamido-2-bute- 

noate ............................ 
Preparation 4 : 4-Dimethylamino-3-butyn-2-one .... 
Preparation 5 : 6.0~0.1,7.7.trirnethyl.l.azaspir o. 

[4.5] decane ...................... 
Preparation 6 : 2-Cyano-3-methylquinoxaline ...... 
Preparation 7 : erythro-Di-&-butyl $-fluoro- 

aspartate ........................ 
Preparation 8 : endo 6-(~-Methoxyphe.nyl)-6-pyrro- 

lidinobicyclo[3.1.0]hexane and 

2-(~-Methoxyphenyl)cyclohexanone . 
REFERENCES ............................................... 

120 

120 

121 

122 

122 

123 

123 

124 

124 

126 

72 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
4
9
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



REACTIVITY O F  6-HALOENAMINES 

REACTIVITY OF 6-HALOENAMINES. A REVIEW 

Norbert  DE KIMPE* and Niceas SCHAMP 

Laboratory of Organic Chemistry,  Facu l ty  o f  A g r i c u l t u r a l  Scien-  

ces, S t a t e  Un ive r s i ty  of Gent, Coupure Links 6 5 3 ,  B-9000 Gent, 

BELGIUM 

I. INTRODUCTION 

Enamines have been widely used i n  s y n t h e t i c  o r g a n i c  che- 

m i s t r y  , ' I 2  b u t  f u n c t i o n a l i z e d  enamines , such as 6-haloenamines 

- 1, have n o t  been s t u d i e d  t o  t h e  same e x t e n t  because o f  t h e i r  

r e l a t i v e l y  l i m i t e d  a c c e s s i b i l i t y .  However, i n  r e c e n t  y e a r s ,  

i n t e r e s t  i n  t h e  chemis t ry  of  t h i s  c lass  of compounds has  been 

renewed because o f  t h e  development o f  novel  s y n t h e t i c  r o u t e s .  3 

R.,,,,R 
I 

x = halogen 

X 
1 - 

The purpose o f  t h i s  review i s  t o  focus  on t h e  p o s s i b l e  uses  of 

6-haloenamines i n  s y n t h e t i c  and mechan i s t i c  o r g a n i c  chemistry.  

The s y n t h e s i s  of 6-haloenamines has  been reviewed r e c e n t l y .  

Because 6-haloenamines and a-haloimines4 I 5  are bo th  masked a- 

halocarbonyl  compounds, an obvious s i m i l a r i t y  between t h e  reac- 

t i v i t y  of  t h e  two aforementioned n i t r o g e n  d e r i v a t i v e s  ex is t s .  

I t  is  t h e r e f o r e  u s e f u l  t o  compare t h e  r e a c t i v i t y  of  t h e  t i t l e  

compounds i n  t h i s  review w i t h  t h a t  of a-haloimines5 which w e r e  

7 3  
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discussed previously in this Journal. 

The present survey is divided into several parts, each 

describing the reactivity of 8-haloenamines towards various 

reagents. Attention will also be paid to the isomeric B-amino- 

allylic halides 2. 

The literature has 

1981. In general, only 

- 2 X=halogen 

been reviewed up to the first half of 

those f3-haloenamines, reflecting a 

structural similarity with a-halogenated carbonyl compounds, 

will be treated in this review. For instance a,@-dihaloenami- 

nes are not considered in this survey because their chemistry 

is determined by the a-halogen atom. Finally, although this 

constitutes a deviation from the general policy followed in 

this article, functionalized B-haloenamines having a-cyano or 

a-alkoxycarbonyl substituents (and/or analogs) will also be 

discussed here. 

11. REACTIVITY OF 8-HALOENAMINES 

The stereochemistry about the double bond in 8-haloenamines 

- 1 has not always been elucidated but will be added to the sche- 

mes when possible. Reference is made to the first comprehen- 

sive study of the configuration of B-haloenamines as determined 

by an NMR study using the proton NOE effect.6 Some data of E/Z 

distributions in 8-haloenamines are presented here to give an 

idea of the influence of the various substituents on the equi- 

1 ibr ium. 
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REACTIVITY OF 8-HALOENAMINES 

Halogen displacements from 6-haloenamines by oxygen nucleo- 

philes are rarely reported. In protic solvents such as alco- 

hols, rearrangement via an aziridinium halide intermediate ta- 
kes place with alkoxides and the reaction is initiated by the 

addition of the oxygen nucleophile at the most electrophilic 

carbon atom of B-haloenamines, i.e. the carbon atom bearing the 

amino function (vide infra). Only in a non-polar medium, such 

as benzene, could enaminoester 3 undergo a displacement reac- 
tion with sodium alkoxide.7 

-- 

One example of a photochemical me- 

thoxylation in the @-position of enamide 2 is known and is li- 
8 mited to secondary derivatives (vide infra). 

Ph 
L OCH3 Ph 

- 
\ 

6 - 

Q$ h\, 

CH30H 

0 5  0 - 

Finally, less general examples of a displacement reaction 

with 6-alkoxylation were observed with a precursor to B-halo- 

enamines , namely compound I ,  and with a-cyano- , B-dichloroena- 
mines ?. loJ1l With the latter compound, subsequent Michael ad- 
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d i t i o n  t o  t h e  t r a n s i e n t  8, B-dialkoxy-a, B-unsaturated n i t r i l e  

t a k e s  p l a c e  t o  a f f o r d  o r t h o e s t e r  10. lo 

e.9. 12, does n o t  c o n t a i n  a s u b s t i t u e n t  on t h e  n i t r o g e n  a t o m  

through which d e l o c a l i z a t i o n  of  t h e  N-anion can t a k e  p l a c e  (as 

i n  t h e  case o f  enamides) ,  t h e  a-cyano moiety can be e x p e l l e d ,  

producing an imida te  (13) which does n o t  tau tomer ize .  

When t h e  i n i t i a l  adduct ,  

1 2  

7 - 

NaOR 

ROH 
- 

8 - 

n 

10 - - 9 R=Me, Ph 

Beside s u b s t i t u t i o n  and exchange r e a c t i o n s ,  n u c l e o p h i l i c  

a d d i t i o n  t o  s u i t a b l e  s u b s t r a t e s  has  a l s o  been obta ined .  Func- 

t i o n a l i z e d  i socyana te  14, which i s  a p recu r so r  t o  B-haloenami- 

nes  (e .g .  1 5 1 ,  undergoes a d d i t i o n  of e thano l  a t  t h e  cumulenic 

system and a t  t h e  o l e f i n i c  double bond. l 3  

thoxide  has  been found on ly  t o  cause  depro tona t ion  of secondary 

F i n a l l y ,  sodium me- 
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REACTIVITY OF 6-HALOENAMINES 

CI  N=C=O 

'I% - 1 4  

NaOMe 

MeOH 
- 

J 

16 enamides 17, giving delocalized salts 18. 11,16 - 

0 .O 

1 8  - C I  17 C I  - 

8-Haloenamines are readily substituted by aliphatic and 

aromatic thiols (or thiolates) I yielding 6-sulfenylated enami- 

nes. The mechanism of this reaction was studied to some extent 

with ordinary 6-haloenamines 9 derived from aldehydes. l7 
cleophilic attack of the thiol (or thiolate if base is added) 

Nu- 

R -  C =  C-H 
I I  

- 

IN, 

R' R' 
- 1 9  X=C1, Br 

R"SH Et3N I 

A 
R"S ti R - C =  C - H  

L I 1  
Et3N R"S ,N, 

R' R' 
20 - 

- R"S H 

S R" R"S H ,SR 
\ I ' ,R 

iil R 

R - C H  - C H '  t R - C H  - CH 

N ,R' Et3N S R "  N, 
I x 

22 - 21 - 

at the most electrophilic carbon atom of the 6-haloenamine 2 
produces adduct 21, which undergoes nucleophilic substitution 
by the sulfur reagent. The resulting disulfenylated compound 

(22) subsequently loses the elements of the thiol and furni- 
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DE KIMPE AND SCHAMP 

shes f3-sulfenylated enamines 20. 
When oxygen nucleophiles such as the alkoxides in the cor- 

responding alcohols are usedl an analogous addition of the ele- 

ments of the alcohol takes place at the double bond of @-halo- 

enamines but the remaining halogenated carbon atom undergoes * 

displacement more readily by an intramolecular reaction of the 

amino moiety than by the alkoxide. This fact explains the oc- 

curence of rearrangement in the case of alcohols as compared to 

the better sulfur nucleophiles (vide infra). Similar displace- 

ment reactions have been reported for 8-haloenamides1 71101111161 

18-21124 functionalized cyclic 2 2 1 2 3  and acyclic7110#25~26 enmi- 

HN 
Ph SH +L3 E t O H  Et3N - +CH3 

0 
X SPh 

24 - 23 X=Cl1 Br - 
R=COOEt, CN 

CL PhSNa P h S  

C l  CN PhS 
* 

26 - 25 - 

\ R, 
R” 

R 

- a:” R“ E t S H  

Et3N I OMF 
0 

28 - 

0 a: 
27 - 

0 0 

17 - 29 (80-87%) - 
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REACTIVITY O F  B-HALOENAMINES 

0 
A 

A c S  NH Me 

k( 
COOMe 

nones, some examples of which are given below. When two halo- 

gen atoms are displaceable, the reaction can be controlled to 

yield the mono- or disulfenylated derivatives, depending upon 

the amount of thiol used (9 + - 3 0  or - 3 1 ) .  l 8  The B-sulfenylation 

0 0 0 

AR R'SH R' S N H A R  

)+CN R'S 
- - 

R'S F \qNH base 

C 1  NH A R  R'SH 

b a s e  
C I  CN CN 

>=( 
CL 

31 - 30 - 9 - 

0 
I I  - 

A c S  COOMe 

reported in this section is not limited to simple aliphatic or 

aromatic thiols, but more highly functionalized sulfur reagents, 

such as N-acetyl-L-cysteine methyl ester or thioacetic acid,can 

0 0 
I1 

N H"M~ 
AcNH',"SH A c N H  

+ 
COOMe 

COOMe M e O r S  )=( 
C1 NH K M e  

C I  CyCN 
( + t r a c e  of OBU 1 

)=( 
CL' 'COOMe 

32  - 

0 excess 

FI 
Me CH3CSH 

( t  b a s e  ) 

A Cl 
* k(NH COOMe CH3CN 

3 4  

FI 
Me CH3CSH 

( t  b a s e  ) 

A Cl 
* k(NH COOMe CH3CN 

-34 

be utilized. 21 However, 

- 3 3  (E+Z) 

J 3 6  - 3 5  - 
thioacetic acid also gave a Michael 

2 1  addition to the unsaturated ester 35. 

3 .  R e a c t l o s - o l - B ~ H a l o e n a ~ ~ ~ ~ ~ - ~ l ~ ~ - ~ ~ ~ ~ ~ ¶ e ~ - ~ ~ ~ l ~ o ~ ~ ~ ~ ~ ~  
The reaction of 8-haloenamines with a variety of nitrogen 

nucleophiles has been more intensively studied. Attention has 

mainly been paid to primary and secondary amines, which display 

a deviating reactivity towards 8-haloenamines. Two main types 

of reaction can be considered, namely formal substitution of 
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DE KIMF'E AND SCHAMP 

the halide(s) and nucleophilic addition at the electrophilic 

carbon atom of the 6-haloenamine. 

Simple B-chloroenamines 37 react extremely slowly with 
primary aliphatic amines to afford a-chloroaldimines 38 by an 
exchange reaction involving nucleophilic addition of the pri- 

mary and elimination of the secondary amine.17 Secondary ami- 

nes react analogously but an additional halogen displacement 

N. R" 
R"N H* - - R ' I  R - C = C H  

;I h R i  A 2-0  d a y s  Y-H 
- R i N H  CL 

38 - 37 - 

HNR; 

A 
R - C =  CH - R - I I = C H  

I I  
R';N N R;' 

I I  

x NR; 

39 - - 19 X=C1, Br 

takes 

lized 

tuted 

place to yield enediamines E.l7 More highly functiona- 
B-haloenamines, e.9. enaminoesters 3 ,  also yield substi- 
products 40 with anilines in ethanol. 7'24 Without sol- 

: H , 
0" N PhNH2 

E tOH 
- 

vent at high temperature, the same reaction proceeds further 

by intramolecular condensation to heterocyclic compounds (vide 

infra). 2 4  When B,f+dichloroenamides 41 are condensed with bi- 
functional reagents, such as ethylenediamine or 2-aminoethane- 

thiol, a double displacement reaction takes place with forma- 

tion of heterocyclic compounds 43 and 42, respectively. 27 
condary amines most often furnish substituted products, but 

Se- 
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REACTIVITY OF 6-HALOENAMINES 

0 
I1 

0 0 

NH A CH3 CL ACH3 

* - 
N CN 
H 

N CN YNCHzCHzSH )==(:: H2NCH2CH~NH2 
H 

43 - 41 - 4 2  - 
several ring-closures have also been reported (vide infra). 

This substitution reaction has been applied with enaminoesters 

- 44 (R = COOEt) , 7  enaminonitriles 44 (R = CN) , 2 4  enamides 
9 and precursors to p-haloenamines (z) . 

n NHAr 
ZWNH 

+H3 x Z 0,CHz 

44 R=COOEt, CN - 
0 
II 

HN"CH~ 
n 

0 
UNH 

P h  +CN CH3CN 
c 
L l  

46 - 

Ph 
C l  N=( RqR2NH 

C l  

c - 
)+ CN ether  

7 - 

z / \ l  NHAr  

CH3 

R 
45  (E+Z) - 

0 

Ph 
47 - 

Ph 

R , R 2N)+ N =( H 

CN 
4 8  - 

R 1  R 2 N  

With certain a-cyano-B,B-dichloroenaines, cyanide is ex- 
11,29,30 In the pelled after addition of the secondary amine. 

case of the sulfonamide derivatives 49 and 50, the exchange of 
the amino function €or the nitrile moiety to generate amidines 

- 52 and 53 probably occurs because these compounds are in equi- 
librium with their imino tautomers, which contain a much more 

electrophilic carbon atom, thus permitting nucleophilic addi- 

tion to take place. 1 1 , 3 0  
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DE K I M P E  AND SCHAMP 

N X R  
C l  NHR R1 R2N H 

CL 
. 'I + N: R, 

C l  R2 CN 
)=( 

- 25 R=H 
- 49 R=S02Ph 
- 50 R=S02NMe2 

51 R=H 
- 52 R=S02Ph 
- 53 R=S02NMe2 

- 

When the 8-halogenated enamines contain substituents which 

are not good leaving groups, e.g. amido groups, methoxycarbonyl 

or carboxyl groups, simple nucleophilic addition of amines ta- 

-. 
0 

n - L,  , ! I t  

C I  COOMe L C I  

57  - 56 - 
Besides the overwhelming number of reports dealing with 

condensations of 6-haloenamines with amino compounds, only very 

few other nitrogen nucleophiles have been utilized in these 

R' xbv 0 
R '  02b* - 59 

Br R' 
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REACTIVITY OF 6-HALOENAMINES 

reactions. Potassium nitrite in dimethylsulfoxide converts 

aromatic 6-haloenamines 58 in the (Z)-B-functionalized enami- 
nes 2 (no B-nitritoenamine was formed), while with sodium azi- 

de in the same solvent a-diimine 60 was obtained. 33 
tion occurred between these nucleophiles and pyrrolidino B-ha- 

loenamines. 

NO reac- 

33 

4.1. - Gr~g~agd-R~aqe~tg 
Fluorinated enaminones 2 undergo 1,4-addition of organo- 

magnesium halides in ether at -20°C.34 The reaction proceeds 

- via 6-amino-a-fluoroketones 64,  which expel the elements of 
the secondary amine during work-up. The formal replacement of 

0 0 . R'Mg e t h e r  X m%R 
62 61 - 

-20 O c 

the dialkylamino group by the alkyl group of the organometallic 

reagent can be carried out in good yield (76-82%) except for 

NR2 = morpholino (33%). Enaminoesters 65 underwent a similar 
conjugate addition but the ester function was also converted 

into a ketone moiety (1,2-addition). Yields are only moderate 

(33-37%) and much of the starting material is recovered. 34 
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DE KIMPE AND SCHAMP 

EtO$-CF=CH-NR2 + 2 R'MgX 
0 

- 0 O C  R';-CF=CH-R' 
0 e the r  

66  - 65 - 

This reaction was recently extended to B-benzoyl-6-bromo- 

enamines 67, which were converted into a-bromo-a,B-unsaturated 
ketones 68, 35 36 used as precursors of isoxazoles . 

67 - 68 R=Me, Et, i-Pr,Pr - 

B-Bromoenamines 69 are lithiated at the 6-position by 
n-butyllithium in ether or hexane at low temperature. The me- 

tallated species may be used for electrophilic substitutions 

with water, iodine, alkyl iodides and aldehydes (Preparation 

1) - 37  6-Chloroenamine 72 is first lithiated and subsequently 

R' ,R' R: R' R', ,R' 

l y B r  v c-Bu L i &!-i e l e c t  roph i  Le + &E 
R -70°C I N2 R R 

R I' R" 71 R"  - 
E=H, 1, RI RCHOH 70 - 69 - 

alkylated when two equivalents of organolithium reagent are 

used. 38 The reaction of B-lithioenamine 73 with electrophiles, 

\ N /  
\ /  

N \ /  
N 

- 72 I f 7 3  

r " N 1 0 
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REACTIVITY OF 6-HALOENAMINES 

such as water (deuterium oxide), methyl iodide and bromine, 

furnishes functionalized enamines 74, which are hydrolyzable 

to ketones 75 (Preparation 2 ) .  38 Because @-chloroenamine 72 
originates from acetophenone, the net transformation of this 

set of reactions consists of the introduction of a nucleophile 

and an electrophile in the a-position of the starting carbonyl 

compound. When using alkyl iodides as electrophiles, this 

pathway allows the nucleophilic and electrophilic alkyl sub- 

stitution of ketones in the a-position. 

4.3. - - -  Lithium gialky~c~p~ateg 

The reaction of @-halogenated enamides 76 with dial- 
kylcopper lithium reagents in tetrahydrofuran occurs by repla- 

cement of the vinylic 

predominant retention 

C O O H  
\ 

halogen and proceeds with complete or 

of configuration about the double bond. 39 

2 R2CuLi 

ether - T H F  
-40' - O ° C  

R NH 
"-( 

C C O H  

77 R=Me (100% 2 )  - 
R=n-Bu (Z/E = - 

Methylations of (Z)-3-bromo-2-(2-phenylacetamido)acrylic 

- 76 occur with complete retention of configuration, but a 

2/11 

acid 

mix- 

ture of isomers is obtained from the "-butylation reaction. 

In both cases, a minor amount of the reduced product (caused 

by halogen-metal exchange) is observed. The reaction of dime- 

thylcopper lithium with @-chloroenamide 34 also proceeds with 
complete retention of configuration, but B-bromo analogue 2 
(Z/E = 3/1) showed predominant formation of the Z final pro- 

duct - 79 (Preparation 3). 39 
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D E  K I M P E  A N D  SCHAMP 

0 0 

'CO 0 CH3 

79 100% Z for X=C1 
predominantly Z 
for X=Br 

- 

The study of the reactivity of 6-haloenamines towards 

carbon nucleophiles other than drganometallic reagents is limi- 

ted to cyanide anion. Tautomerizable 8-haloenamines 80 (R = H, 

R' = aryl) undergo substitution by potassium cyanide in dime- 

thylsulfoxide, but no reaction is observed with tertiary pyr- 

rolidinoenamines 80 (NRR' = pyrrolidino) . 33 This observation 
R. ,R' 

N 
R, ,R' 

N KCN / OMS0 
* N c  ,A,, 

x , i P h  R = H  ; R ' = A r y l  
A r  A r  

81 - 80 R=H; R'=aryl - 
NRR'=pyrrolidino 

underscores the importance of the tautomeric ketimine derived 

from 80 ( R  = Hi R' = aryl), in which the halide is doubly ac- 

tivated by the imino group and the aryl ~ubstituent.~~ 8-Chlor- 

inated a-cyanoenamines 82 are not substituted by potassium 
cyanide in methanol under reflux but tautomerize into imidoyl 

cyanides 83, which are further converted to a-chloroimidates 
- 84. 1 2 r 4 0  The reaction of potassium cyanide with a-bromoimmo- 

NH R 

CL 
84 - 83 - 82 - 

86 
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REACTIVITY OF 6-HALOENAMINES 

nium bromide, prepared from the addition of bromine to aldehyde 

enamines, in dimethylformamide, leads most probably to tran- 

sient 8-bromoenamines 85; the latter intermediates are subse- 
quently attacked by cyanide ion to afford B-bromo-a-cyanoami- 

nes, the latter being dehydrobrominated to give predominantly 

(E) -a-cyanoenamines 86. 128 

isolated and subsequently dehydrobrominated with potassium cya- 

nide in methanol under reflux (30 min), the resulting k-cyano- 

enamines 86 occur inthe (Z)-configuration exclusively. 1 2 8  

When the 6-bromo-a-cyanoamines are 

86 - 8 5  - 
6 * D e h Y a r o h a l o s e n a t ~ o n _ o ~ - ~ ~ ~ ~ ~ ~ ~ ~ a ~ ~ ~ ~ ~  

Ynamines can be obtained from B-halogenated enamines, 

derived from a-halogenated aldehydes, by dehydrohalogenation 

using strong bases, preferably in an aprotic medium like tetra- 

hydrofuran. In this way, B,P-dichloroenamines 88 are converted 
into chlorinated ynamines 89, which could not be isolated in 
pure form. 4 1  The starting materials 88 are synthesized by de- 
hydrochlorination of B,B,B-trichloroamines 87 with 1.5 equiva- 
lents of potassium t-butoxide. 41 

potassium t-butoxide in tetrahydrofuran or t-butanol, trichlo- 

roamine 87 was converted into the transient chloroynamine 3, 
which suffered further transformation into B-chloro-B-t-butoxy- 

enamine 91 or a-t-butoxyacetamide 92. 4 1  

B-bromoenamines 93 undergo a similar dehydrobromination with 
potassium - t-butoxide to yield 6-functionalized ynamines 94, 
carrying electron withdrawing substituents, such as formyl, 

With a 4-5 fold excess of 

f3-Functionalized 

87 
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DE KIMPE AND SCHAMP 

1.5 equiv. 
KO!-BU 

THF 
10 -15 OC 

R, ,R' 

* 
THF * F  

C 1  

( C L  - c  = c -  N I R  ) 
R' 

90 - 

> 
t-BuOH 

-----m 

- 91 (44-56%) 
0 

7 0  AN, R 
R' 

92 (35-47%) - 
aryl, methoxycarbonyl or nitro, at the @-position (Preparation 

42-45 I 135 
4 )  

KOf-Bu /R1 
THF R2 

.- R - C s C - N ,  

R 
94 

93 R=acyl, NO2, CHO, COOMe, CONMe2 - - 
When this elimination reaction is applied to 6-haloenamines, 

bearing the electron-withdrawing substituent at nitrogen, i.e. 

6-bromoenamides 95, the synthesis of ynamides 96 could be ac- 
complished. 47 

0 0 

95 - 96 - 

Another type of elimination was encountered with some cyclic 

dibrominated enaminones 97, which aromatized to functionalized 
phenols 3, but this elimination occurred because the halide 
was not part of the 6-bromoenamino moiety16 (see also Section 

88 
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REACTIVITY OF 6-HALOENAMINES 

4 8  13). 
0 OH cfr N - N  

Br CH3 

97 R=H, OMe - 

=bR R 

NaOH 

aq. EtOH 
- 

CH3 bR 
98 R - 

6-Haloenamines 2 are apt to undergo a rearrangement 
of the amino function to the adjacent (originally halogenated) 

carbon atom. This rearrangement is most frequently induced by 

hydroxide or alkoxide and leads to a-aminoketones or a-aminoa- 

cetals. It is comparable to a similar rearrangement of a-halo- 

\ /  

,A 

t 
99 - 

R = H base 

R'O H 
__t 

base 

\ /  

100 101 

R'OH - 
102 - 

\ /  
N 

\ Q /  xQ 
I 

N 

7'- x2 
f-- 

R ,+ x = halogen 
- 103 R *  

R # H R'OH ! 
XQ \ 

,N ' \ /  
,.. N . \Q /  

N R'OH 
R 

107 

__+_ 

\ R 7L'HoR' 
1 0 6  - 
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DE KIMPE AND SCHAMP 

imines5  and i s  more d i r e c t l v  r e l a t e d  t o  t h e  same r e a c t i o n  of  

a-haloimmonium h a l i d e s .  6-Haloenamines 2 and a - h a l o i m o n i u m  

h a l i d e s  103 ( R  = H) w i t h ,  e.q., a l c o h o l s  i n  t h e  p r e s e n c e  o f  a 

b a s e  ( t e r t i a r v  amine o r  a l k o x i d e )  b o t h  a f f o r d  t h e  s a m e  a-amino- 

acetals  1 0 2 .  1 7 r 4 9  

a-haloimmonium h a l i d e s  103 ( R  = H ) ,  t h e  f i r s t  s t e p  c o n s i s t s  of 

a -depro tona t ion  and c o n v e r s i o n  i n t o  t h e  c o r r e s p o n d i n g  8-halo- 

When a n  a-hydrogen atom i s  avai lable  i n  

enamine 99, which undergoes a d d i t i o n  o f  t h e  a l c o h o l  t o  g i v e  

100. The d i r e c t  a d d i t i o n  o f  a l k o x i d e  (or  a l c o h o l )  t o  t h e  i m -  

monium moie ty  o f  103 ( R  = H) would a l so  l e a d  t o  t h e  same adduct  

- 1 0 0 ,  b u t  does  n o t  o c c u r  because  of t h e  f a s t e r  d e p r o t o n a t i o n .  

The i n t e r m e d i a c y  of 8-haloenamines i n  such  cases h a s  been de- 

mons t ra ted  r e c e n t l y  by t h e i r  i s o l a t i o n  (see 109) d u r i n g  t h e  

c o n v e r s i o n  o f  a-bromoimmonium bromides 108 i n t o  9-oxobenzomor- 

phans __ 111. 5 0 r 5 1  However, t h e  p l a u s i b i l i t y  o f  t h e  d i r e c t  addi -  

- 

NH4H C 03 

H20 -E tOH R' 0 
- 5  - 0  O C  

R' 0 

108 

N O R  

R' 0 0 3 0  

109 

R'O +q 
1 1 1  110 

t i o n  o f  a l k o x i d e  or  a l c o h o l  t o  t h e  imon ium f u n c t i o n  of a-halo- 

immonium h a l i d e s  i s  proven  i n  such  cases when a - d e p r o t o n a t i o n  

i s  n o t  p o s s i b l e ,  namely when a t e r t i a r y  h a l i d e  moie ty  i s  pre-  

s e n t  i n  t h e  molecule  (103, R # H ) .  5 2  The a d d u c t  113 w a s  isola- 
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REACTIVITY OF 6-HALOENAMINES 

ted under mild conditions and was further transformed in the 

alcoholic medium into a-aminoacetal 114. l7 
was observed with the corresponding a-bromoimmonium bromide and 

sodium methoxide in methanol. 5 2  The conversion of adducts 100 
into a-aminoacetals 102 entails an intramolecular nucleophilic 
displacement of the halide by the amino group, generating an 

A similar reaction 

- 
>I*OMe aAH CL 2)Et3N C 1  

112  113 

OMe a 

intermediate functionalized aziridinium halide 101 which is 
cleaved by the alcohol at the activated site. This ring-opening 

might be viewed as proceeding by attack of the alcohol at the 

stabilized alkoxycarbenium ion 115, which is in equilibrium 
with a-alkoxyaziridinium halide 101. As already pointed out 

XQ 
R'OH - 

I 
1 1 5  - 

in the synthesis of 9-oxobenzomorphans 111, 50 51 this rearran- 
gement permits ring transformations to take place. Depending 

upon the substitution pattern in the starting B-haloenamine 

(or a-haloimmonium halide as its precursor), ring-expansions 
50,51,53,54 55,56 (e.s. 108 + 111) as well as ring-contractions 
(e.g. 1 2 2  + 124 and 126 -+ 127) have been performed (Prepara- 

tion 5). It has to be stressed that with certain suitable 

- -  
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DE K I M P E  AND SCHAMP 

s t r u c t u r e s  a combined r ing-cont rac t ion  and ring-expansion can 

be obtained. This r e s u l t  was observed dur ing  t h e  conversion 

of  - 116 i n t o  117 bu t  t h e  t e t r a c y c l i c  d e r i v a t i v e  su f fe red  the  

von Braun r eac t ion  under in f luence  of cyanogen bromide. 

A "clean" r ing-cont rac t ion  and expansion w a s  observed dur ing  

the  ethoxide promoted rearrangement of a-bromoimmonium bromide 

- 128 i n t o  a pyrroloazepine 129. 5 7  However, due t o  t h e  t e r t i a r y  

cha rac t e r  of t h e  h a l i d e ,  t h e - r e a c t i o n  d id  n o t  proceed v i a  a 

6-bromoenamine . 

54 

( b a s e )  BrCN 1 

BrC N 
Na2C03 - 

THF I H20 

BrCN ( v o n  B r a u n  t r e a c t i o n )  

n OH 

121 R=H 
122 R=CH3 
- 123 R=H (20%) - 125 (R=H; 80%) 

124 R=CH (70%)  
- 

3 - 

- 126 R=H, OMe 127  

92 
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REACTIVITY OF 6-HALOENAMINES 

128 

- 
E t O  

NaOEt  

EtOH 

129 

The base-induced Favorskii rearrangement of a-haloketones 

to afford carboxylic acid derivatives has been extensively stu- 

died. 58-60 During the last decade, this rearrangement was also 

encountered with the corresponding nitrogen analogs, i.e. a-ha- 

loimines. Imines do not normally tautomerize to enamines ex- 

cept when conjugation is possible to relieve excessive steric 

hindrance in the imino form as in the case of dibromoenamine 

- 130, which occurs exclusively in the enamine form. A Favorskii- 

type rearrangement could be carried out using 2,2,6,6-tetrame- 

132 130 - 

o r  Ag20 I C H 2 C l 2  

131 ( ? )  

thylpiperidine in acetonitrile or silver oxide in dichlorome- 

thane64 (yields of 16% and 25%, respectively). 

type mechanism was operative, the reaction would proceed 

an intermediate brominated cyclopropylideneamine 131. Although 

such nitrogen analogs of cyclopropanones have been isolated or 

If a Favorskii- 

detected in reactions of a-haloimines with bases, 61,64 no in- 

dication of the intermediacy of bicyclic compound 131 was addu- 
ced. 64 Monobromination of the N-t-butyl imine of 3 , 3 , 5 , 5-te- 

93 
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DE KIMPE AND SCHAMP 

tramethylcyclohexanone with 2,4,4,6-tetrabromocyclohexadienone 

(TBCH) leads to a mixture of a-bromoketimine 133, B-bromoena- 
mine 134 and its isomeric allylic bromide 135. 67 When this - 
mixture of monobromo compounds was treated with potassium r- 
butoxide in tetrahydrofuran, the first 2,3-disubstituted cyclo- 

propylideneamine 136 could be isolated in 60% yield. 64 The re- 

N I( k 
HN HN k 

KOi-Bu THF 1 
N 

lationship between a-haloimines, 8-haloenamines and 8-(alkyl- 

amino)allylic halides (and the corresponding deprotonated spe- 

cies) in the mechanistic interpretation of the Favorskii-type 

rearrangement has been thoroughly discussed in a previous re- 

view. 5 

8-Haloenamines containing at least one hydrogen atom con- 

nected to nitrogen sometimes occur in tautomeric equilibrium 

with their isomeric a-haloketimines. This phenomenon is en- 

countered especially in substrates which have an N-acylated or 

N-aroylated nitrogen atom (enamides) 68 and which in addition, 

have an electron-withdrawing substituent at the a-position. 11,19, 

94 
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REACTIVITY OF B-HALOENAMINES 

2or68 

in favor of the 8-haloenamino compounds (see also ref. 100). 

In all cases, the equilibrium is predominantly shifted 

0 0 
I I  

HN "R N A R  

138 - 137 R=Ar, alkyl - 
Z=CN, COOR', CONH2, ... 

It is clear that, in such cases, the reactive behavior of the 

a-halogenated imine has to be considered when the reactivity 

of 6-haloenamines is discussed. Hitherto no fundamental stu- 

dies have been performed in this area and only speculative 

comments on the importance of either of both compounds in the 

study of their reactivity may be made. 

Without the influence of a substituent which may cause 

conjugation, the a-haloimino form is the most stable. Phenyl 

substitution is not sufficient to prevent isomerization to the 

imine as shown by the base-induced dehydrochlorination of B,B,B- 

trichloroamines 2, which gave rise to a,a-dichloroketimines 
144 via transient f3,B-dichloroenamines 140 (R' = H) . 41 If ad- 

ditional steric bulk is present at the nitrogen atom, e. g., N- 

-- 

139 - 140 (R=l-Pr, - S-Bu, cycloHex) 

- t-butyl a ,  a-dichloroacetophenone imine s4' and N-J-butyl a- 

chloropropiophenone imine 143, these compounds are in equili- 

brium with the tautomeric enamines. P-Chloro-a-cyanoenamines 

- 82 are easily synthesized from a ,  a-dichloroaldimines , 40 but they 

95 
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DE KIMPE AND SCHAMP 

1 4 2  R = C 1  

- 1 4 3  R=CH3 
- 144  R = C 1  

1 4 5  R=CH 
- 

3 - 
rearrange thermally (e. g. gas chromatographic analysis) into 

a-chloroimidoyl cyanides 8 3 ,  a phenomenon which was also obser- 
ved with non-halogenated a-cyanoenamines. 7 0 , 7 1  

Recently, unconjugated secondary B-haloenamines ( 1 4 8 )  have - 
been successfully generated under mild conditions, i.e. by a- 

deprotonation of a-bromoaldimines 146 with lithium diisopropyl- 
amide (THF; -110°C)  and selective reprotonation with methanol 

at - 7 0 ° C . 7 2  8-Bromoenamines 148 are obtained in 79-87% yield 

but rearrange to the parent a-bromoaldimines 146 by heating or 
treatment with acid. 72 

R 

146 - 

N k 
+H 

Br  

o r  A\ H f  

L D A  R 
> 

T H F  / - I10 O C  

HN .-k 

N I< 
H 

Br 
147  - 

Br 
148  

96 
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REACTIVITY OF 6-HALOENAMINES 

Photochemical ring closures have been performed with @- 

bromoenamides 149 and 150, which in methanol give rise to 12- 
phenylisoindolo-[2,l-b]-isoquinolin-7(5H)-one 151 and 7,8-dihy- 

- 
0 1 5 2  n=2 - 149 n=l; 150 n=2 0 - 

8,73 dro-l3-phenyl-5H-isoindolo[1,2b][3]benzazepin-5-one 152. 
The same transformations were achieved by treatment of 149 and 
- 150 with hydroxide in ethylene glycol, but various side-products 

were also formed. 8873 

thanol of the N-unsubstituted enamide led to the correspon- 

ding @-methoxyenamide 3 .  

As already mentioned, photolysis in me- 

8 

11.1. - o x g z ~ l ~ s  

@-Halogenated N-acyl enamines 153 are readily converted to 
functionalized oxazoles 154 by intramolecular condensation in 
the presence of a tertiary amine. 74 This cyclization can be ex- 

R'OO C 
R - C = C  -COOR'  E t j  N 

I I  . 
Br NHAc 

153 A- BrQ 
2. - H a  

154 - 

Br,5- ,COOR' 

R i  
,CH - C 

a + o <  

97 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
4
9
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



DE KIMPE AND SCHAMP 

plained by attack of the acetyl oxygen on the brominated a-car- 

bon atom of the tautomeric N-acetyl a-bromoketimine. With se- 

condary amines and BIB-dihalogenated enamides (s), the same 

reaction takes place but an additional formal substitution of 

the halide by the mine occurs. 10I11I19I2OI27I31 A similar 

19 I 20 reaction was observed with anilines. 
0 

41 C l  - 

Comparable oxazole 

157 Z=CC13; Y=CN 
- 159 Z=CH2C1; Y=CN 
- 161 Z=CH2F; Y=CN 
- 56 Z=Ph; Y=COOMe 
- 164 Z=alkyl; Y=CONHCOR 
- 166 Z=Me; Y=CONH2 
168 Z=Me; Y=COOMe - 

158 
160 
162 
163 
165 
167 
169 

- 

- 

Z=CON1R2; Y=CN 
Z=CH2NR1 R2 ; Y=CN 
Z=CH F; Y=CN 
Z=Ph; Y=COOMe 
Z=alkyl; Y=CONHCOR 
Z=Me; Y=CONH2 
Z=Me; Y=COOMe 

2 

syntheses using 6-haloenamines are the formylation and ring- 

closure of 6-chloroenaminoamide 170 to give 17175 and the sil- 
ver ion induced cyclization of BIB-disulfenylated enamides 3, 
obtained by substitution of BIB-dichloroenamides 2 with thiols 

in the presence of a base. 18 
0 HCOONH4 

HCONH2 O Q N  
P 

H ~ N :  N% 

CL CH3 
171 

CY 
HCOOH 
ZnCl;! 

H 2 N 5  

>=( 
- 170 0 - 

98 
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- - 
0 8L 1 L L  1 

I - - \  
N S  

I 
Q/ S13d 

0 

'4d b' +13 

NH J v v  
I I  

J V  0 
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DE KIMPE AND SCHAMP 

Imidazol inones 180 are syn thes i zed  by t h e  r e a c t i o n  of 8- 

chloroenaminoesters  w i t h  phenyl i socyana te  o r  cyc lohexyl  i so-  

cyanate  c y c l i z a t i o n  of  t h e  i n i t i a l  adduct  179. 77 The N-cy- 

c lohexyl  d e r i v a t i v e  r e q u i r e s  a d d i t i o n a l  t r ea tmen t  w i t h  base 

(Et3N/ether)  i n  o r d e r  t o  l i b e r a t e  it from i t s  s a l t ,  t h e  form i n  

which it i s  formed. A s i m i l a r  c y c l i z a t i o n  which, however, l e a d s  

t o  N-monosubstituted imidazol inones 181, i s  t h e  r e a c t i o n  of aro-  

R‘Ph, cyclohexyl  1 7 9  - 

matic B-haloenamines 5 8  wi th  Dotassium 

0 
I I  

R. A ,Ar 
- HCL N N  

- 1 8 0  Ar=Ph, p-MeC6H4,  

cyana te .  3 3  Deriva t iza-  
p - C 1 C 6 H 4 ,  p-MeOC6H4 

t i o n  of  BIB-dichloroenamine 25 t o  azadiene  182, fol lowed b y  

t r ea tmen t  w i th  dry  hydrogen c h l o r i d e  i n  e t h e r  r e s u l t s  i n  c y c l i -  

z a t i o n  t o  imidazole  183, which i s  hydrolyzed t o  t h e  formyl-sub- 

s t i t u t e d  d e r i v a t i v e  184. 9 

CL CL 

C1 NH2 RCHO N=CHR 5 Cl)&Y) ?+ &-\ 
- R  7 ‘R 

,=( - )=( 
CL CN CL C l  

c L  H O H  
- 25 1 8 2  1 8 3  184 

100 
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REACTIVITY OF P-HALOENAMINES 

11.4. _Various other Nitrog~n-Heterocycles 

B-Chloroenaminoesters 173 undergo nucleophilic substitu- 
tions with anilines in ethanolic solution7 but in 

of solvent and an excess of aniline, they produce 

185.25 The reaction most probably occurs the - 
product, which undergoes thermal ring-closure , as 

the absence 

heterocycles 

substitution 

evidenced by 

the substitution of the halide with thiophenol and subsequent 

thermal cyclization (187) . 25 
when B-chloroenaminonitrile 188 is heated in toluene for four 
days in the presence of triethylamine to afford quinoxaline 

A slow thermal cyclization occurs 

24 derivative 189 (Preparation 6 ) .  8-Chloroenaminoester 190, 

C O O E t  173 - 

Et3N PhSH I 
HN 

A 
'"%.f A CH3 - 

C O O E t  
186 - 

CN 
Et3N 
v 

x y  Lene 
A k d a y s  

U 

187 
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DE KIMPE AND SCHAMP 

obtained by condensation of ethyl 2-chloro-3-oxobutyrate with 

2-aminopyridine in benzene, suffers ring closure to afford two 

heterocyclic products, namely 3-chloro-2-methyl-4H-pyrido[1,2-a]- 

pyrimidin-4-one 191 and 3-ethoxycarbonyl-2-methylimidazo[2,l-a]- 
pyridine z.78 More drastic conditions are required to induce 

0 HN w 
E + O W C K ,  

190 C l  
- 0 - 191 (10%) 

C O O E t  
192 (46%) - 

ring-closure of 8-chloroenaminoamide 193 and related compounds 
- 195, which yield 2-methyl-3-phenylcarbamoylimidazo [l , 2-a] pyri- 
midine 194 and pyridoquinoxaline derivative 197, respectively 

78,79 (after base treatment). 

o HN ‘9 1) 120 - 130 OC 

w 
2) NaOH 

193 - 

PhNH 

194 - 

0 197 

Three-membered nitrogen heterocycles are available from 

- 196 - 195 Z=OEt, NHPh - 

a-azido-8-chloroenamine 199 which undergoes ring-closure to af- 
ford thermally labile azidoazirine 201 via transient chloro- 

azirine 200. 
A special kind of cyclization between the amido moiety of ena- 

mides 202 and the a-substituent has been performed with pyri- 

80 
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REACTIVITY OF 6-HALOENAMINES 

200 - 199 - 1 9 8  201  - 

dine and phosphorus pentachloride, yielding phosphorylated he- 

terocycles 203. 8 1  

0 

202 203 - 

Not much information is available on reduction of B-halo- 

enamines. The highly functionalized 6-fluoroenamine - 204, which 

occurs as a varying mixture of geometrical isomers depending 

upon the synthetic procedure used, is reduced with sodium cya- 

noborohydride in methanol/acetic acid to afford di-r-butyl mo- 

nofluoroaspartate 205, in which the erythro isomer constitutes 
the major component (Preparation 7 ) .  82  

- t-BuOOC NH2 

co 0 -Bu 
NaCNBHh H 

F 
205  

/ 
Me0 H -H 0 Ac t-BuOOC NH2 - 

COO_t-Bu 
F 4=( 

204 - 

Catalytic hydrogenation of the same substrate 204 also re- 
8 2  moved the fluorine atom and leads to di-r-butyl asparate 206. 

A similar reduction of the halide and the double bond is ob- 
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DE KIMPE AND SCHAMP 

tained with quinoidal isomers 208 and 209, obtained from the 
addition-elimination reaction of pyrrolidine with quinone 207. 
The reduction products are further oxidized to afford a 98:2 

mixture of quinones 210 and 211 (total yield 97% from 207). 

83 

0 0 0 

Br 

0 
J 

209 - - 208 ii l-i;/Pd/Co - 

Me Br 

0 
H 207 

0 MPOO + 

21 1 
M e  I1 

0 
9 0 :  2 

I I  
M e  

21 0 0 

13. Ealoqenayign-og g-galogngmings 

B-Haloenamines behave like ordinary enamines where halo- 

genation is concerned. Most of these halogenations have been 

dealt with in the previous review on the synthesis of @-halo- 

enamine~.~ For the sake of completeness, some general consi- 

derations are presented here again. 

The electrophilic addition of chlorine or bromine to B-ha- 
84 loenamines produces adducts which can be isolated as such (212) 

or which are converted into B,B-dihaloimmonium halides (213). 
When there are B-hydrogen atoms available, base treatment con- 

verts them into 8,s-dihalogenated enamines (214). 21 '93 

the initial adducts are treated with nucleophilic agents, the 

a-chloroamines are converted into a-substituted amino compounds. 
8 6 ' 8 7  

8 5  

When 

As an example, 6-bromoenamide 215 is brominated with 
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REACTIVITY OF 6-HALOENAMINES 

b a s e  

R ' =  H 
. 

x X' 
2 1  2 

*'Q 
J 

R m,R 
'N 

R'  + R" 
x x' 

2 1 4  - 
bromine in dichloromethane 

duct 216. a 7  This reaction 

2 1  3 

containing methanol, to afford ad- 

is a part of a reaction sequence 

leading to penicillin and cephalosporin antibiotics. 87 A sin- 
0 
1 1  

HN 
Br v A coo I< 

2 1  5 

r2 . 
CH2CL2 I MeOH 

R T  

0 

Br  
2 1 6  - 

gle case of N-bromination with bromine is reported with dibro- 

moenamine 130 which affords tribromo compound 217. " A rather 
HN I< 

unusual allylic bromination with bromine is obtained with cy- 

clic enaminone 218.4a 
tized to 220 by heating with acetic anhydride and p-toluene- 

sulphonic acid. This reaction is used in a sequence leading 

to the synthesis of maytan~ine.~' 

here in this context that E.J. Corey's group circumvented the 

The resulting bromo compound 219 aroma- 

It is noteworthy to mention 

halogenation-dehydrohalogenation (aromatization) step in a re- 
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CL C1 

Me 
218 

Me 
21 9 

Me 
220 - 

lated approach to maytansine by aromatization of B-chloroenami- 

none 221 using an intermediate phenylselenylation, allowing 
this step to take place under very mild conditions. 9 4  

1) 1 .2equ iv  L D A l  THFI-78'C 

2)  P h S e B r  I T H F  I - 7 8 O C  
* 

I 

221 - COOEt 222 C O O E t  - 

Halogenations of B-haloenamines with N-halosuccinimides 

were only reported for tautomerizable substrates such as ena- 

mides. The reaction of 223 in apolar medium leads to a,a-diha- 
logenated imino compounds 224. 7 4 ' 8 9  In some cases, N-bromina- 

0 

/ 

I I  
N-Me 

223 224 - - 
tion is observed with N-bromosuccinimide. This allowed sub- 

stitution of the nitrogen atom with for example azide by a dis- 

placement reaction (NaN3/DMF) but the labile N-azido compounds 

0 0 

- 225 - 226 ( 1 0 0 % )  
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REACTIVITY OF $-HALOENAMINES 

90 rearrange into the 8-azidoenamine compounds. 

Especially in the steroidal field have fluorinations of 

€3-fluoroenamines been applied with perchloryl fluoride, but the 

resulting nitrogen derivatives were hydrolyzed in acidic medium 

to a,R-difluorocarbonyl compounds 228. 91,92 - 

R R 

1 FC1O3/ether-py 
0 O C  

2 H30+ 
r 

Me 
R=OH, Ac , kH ( CH2) 3CHMe2 

1 FCL03 /e the r -py  
0 O C  

r 

2. H30+ 

Me 
R=OH, AC , kH ( CH2) 3CHMe2 

F 0' 9 
H 228 - 

1 4 .  _ _ -  Hydrolysis - - - -  of B-~a~oengm&'Ies 

A sequence involving masking a carbonyl compound (2) as 

an enamine (230), - followed by halogenation (99) and hydrolysis 
constitutes a pathway to a-halocarbonyl compounds (231). 
This set of reactions deserves special attention if specific 

halogenations, y& enamines, not applicable to carbonyl com- 

pounds, are attainable. Up to now, this route has not found 

widespread application because of the lack of specific haloge- 

nations of enamines and because of the fact that the same se- 

quence y& halogenations of imino compounds was proven to be 

more successful. 

9 3 , 9 5 , 9 8  

5 

\ '  \ /  

N H30+ 0 1) halogenat ion 0 
1 -  ___L a- [ 2)  b a s e ]  

229 230 X X 
- 99 X=halogen 231 

a-Bromo-a-chloroketones 234 were synthesized by chlorina- 
tion of enamine 232 to give, after base treatment, $-chloroena- 
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93 mine 233 which was subsequently brominated and hydrolyzed. 

( O I  N 

I 

7- 
232 

1. x* 
2 .  base 

(Ol N 

/ +jX 

233 - 

0 1. x; 

3. yo+ 

. 
2 .  ( base) 

234 ( X I  X'=Cl or Br) - 
Evidence of side-reactions during hydrolysis is limited to a 

report in which the formation of a-hydroxyketones from 6-chlo- 

roenamines is mentioned. 95 The production of a-hydroxy ketone 

- 236 from B-chloroenamine 235 is probably caused by the activa- 

ting influence of the phenyl substituent on the halogenated 

carbon atom. 95 

Ph Ph . ti30 + P h 4  Ph CL 
>=( 

OH 

235 (E+Z) 236 - - 

Another valuable source of a-halogenated carbonyl compounds 

is the reaction of trichlorovinylamines 237 (easily obtained 

from trichloroacetyl chlorideg6) with Grignard reagents to gi- 

ve B,B-dichloroenamines 238, which are hydrolyzed into 1,l-di- 
chloro-2-alkanones 9. 97 

0 N 
0 

C I  
237 - 

C I  I 

239 CL 
238 - - 

R=Me, Et, C5Hll, Ph, 
- i-Pr, vinyl, ally1 

Various reactions can be performed in which the B-haloena- 
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REACTIVITY OF B-HALOENAMINES 

mino moiety remains unaltered, but in which specific transfor- 

mations of more reactive functional groups take place. In some 

instances, the intrinsic B-haloenamino character is transformed 

into a derivative by modification of the nitrogen substituents, 

e.g. the conversion of 6-haloenamines into 6-haloenamides. 

Functional group transformations of the a-cyano moiety in 

BIB-dihaloenamides 240 has been accomplished with sulfuric acid 
under variable conditions. 29 The reaction of cyclic enaminone 

0 0 

X 

X 

A 1.conc. H2S04 

t . B u O H  )+ CN or 2.  conc. H2SO4 

II 

R T  
X NH Me 

X 
c 

HOAc 0 

24 1 - 240 X = C1, Br 1) - 242 Z=CONH2 
2) 243 Z=COOH - 

- 244 with P S 

BIB-dihaloenamines - 246 are easily acetylated with acetic anhy- 

produces enaminothione - 245. 99 N-Unsubstituted 2 5  

C 1  

245 - 244 - 
dride or converted into azadienes 247 and 248 by reaction with 
aldehydes or triethyl orthoformate. N-Alkylation is only 

C 1  NHAc Ac20 X N H 2  . 
HOAc X )=( CN 

)=( 
x =  c1 

C l  C N  

41 246 - - 

X = C 1 , B r  

x = CL 

R 
x N = (  

X 
>=( CN 

247 - 

O E t  
CL N=(  

C l  CN 

H 

248 

)=( 
- 
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encountered in the methylation with dimethyl sulfate of the so- 

dium salt of enamide - 4 9 .  l l More drastic derivatizations are 

N -S02Ph 
Q Me, 

CI N-S02Ph Me2S04 CL C l  NH-S02Ph Na OMe 

c1 CN CN i1 CN C1 

4 9  2 4 9  2 5 0  

___F - )=( )=( ,=( 

- - - 

the conversions of enamides 176 into the reactive imidoyl chlo- 
rides 251 with phosphorus pentachloride. 76 Another derivatiza- 

0 Ar 

N' A (1 
HN A A r  PC 15 

" 'iA Ph2 - HCI 
( 1  A ____t 

\' V h 2  
- POCL3 

C l  0 C I  0 
176 251 - 

tion is the exchange of the amino moiety in €3-chloroenamines 

by electrophilic addition of hydrogen chloride in ethereal me- 

dium to 

quently 

generate a-chloroimmonium chlorides which are subse- 

reacted with a secondary amine. 1 3 9 , 1 4 0  

1 (X=Cl) - 1 ' (X=Cl) - 
16- _ _ _ _ _ _ _ _ _ _  €3-Aminoallylic --____-_--- Halides 

B-Aminoallylic halides 2. are isomers of €3-haloenamines in 
which the halide is in an allylic position while the amino func- 

tion is part of an enamine. Attention is paid to this set of 

\ /  
N 

x 2 X=halogen 

11 0 
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REACTIVITY OF B-HALOENAMINES 

functionalities because of the structural relationship with B- 

haloenamines and a-haloimines. The discussion of the reac- 

tivity of B-haloenamines (and a-haloimines ) ,  makes it clear 

that some results can be understood in terms of the transient 

6-aminoallylic halides. Essentially no systematic studies ha- 

5 

ve been directed towards this isomerization process. Outsideof 

product analysis in some reactions, the only report which lends 

support to this hypothesis is the thermal isomerization of a , @ -  
dihaloenamine =. 97 It should be stressed here that the ma- 

jority of B-haloenamino compounds prepared hitherto and discus- 

sed in the whole review are not capable of displaying this iso- 

merization because of the absence of hydrogens at the appropria- 

te allylic position. 

Besides the aforementioned thermal isomerization of B-ha- 

logenated enamines (e. g. 252) , 9 7  B-aminoallylic halides are 

synthesized by condensation of a-halogenated carbonyl compounds 

with secondary amines. O 4  This condensation is best 

performed in dilute media at low temperature (e.g. 254 + 256) 
101 ’102  or under the influence of titanium(1V) chloride which 

acts as a Lewis catalyst and effective drying agent by removal 

of water formed during the reaction as titanium dioxide (e.g. 
102-1 0 4  257 + 2 5 8 ) .  - -  

111 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
4
9
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



DE KIMPE AND SCHAMP 

0 

2 54 - 

$ CI 

257 - 

255 - 

Me2NH 

T i c [ &  

0 N 

256 - 

\ /  

CL 
258 

Condensation of y-chloro-f3-ketoesters 259 with primary 
amines leads to allylic chlorinated enaminoesters 260 because 
of the stabilizing effect of conjugation. O 7  

products are labile and undergo spontaneous ring-closures (vide 

infra) . 'lo5-'O7 

The resulting 

Care should be taken not to generalize these 

0 0  

260 - 2 59 - 

condensation reactions because the overwelming number affords 

(or may afford) a variety of other results, among others de- 

hydrohalogenation, nucleophilic substitution, elimination-addi- 

tion reaction, 6-haloenamine formation, Favorskii rearrange- 

ment, rearrangement transient a-aminoepoxides, etc... 3 

Allylic halogenation of certain enamines offers an alter- 

native route to @-aminoallylic halides. Allylic bromination 

has been accomplished with enamines, e.g. 261, and N-bromosuc- 
48 cinimide' O8 29 or bromine. 
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COOMe COOMe 

NB S 
A I B N  

26 1 262 
N3 

- 

Chlorination of enarnines derived from cycloalkanones and 

cyclic secondary amines (263) proved to be successful with di- 

methyl(succinimido)sulfonium chloride - 264. The reaction pro- 

ceeds via enamino derivatives 265 and 266, and finally yields 
allylic chloride 268 by a substitution reaction or through the 
intermediacy of cyclopropylideneammonim salt 267. 109,110 

lyhalogenation of 263 with N-chlorosuccinimide leads to sub- 

strates having 

CL 

269 - 

vinylic as 109,110 well as allylic halogens. 

0- 263 

2 NCS - 
CH2CL2 
0 O C  cLoc' 270 

Another recent method of allylic chlorination of enamines 

- 271 involves chlorination with phosphorus pentachloride and a 

sulfoxide 272. The method, which was developed as a deoxy- 
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genation reaction of sulfoxides to sulfides, is mechanistically 

explained in terms of the transient formation of a chlorosul- 

fonium derivative 276 which is responsible for the chlorina- 
1 1 1  tion of 271. 

+ 

272 - 
I 

0 O C  

PC15 

CH2C12 
- 
- POCL3 

-HCL 

274 - 

273 - 

Finally, the allylic bromination of I-nitro-2-r-butylami- 

nocyclohexene 277 with bromine furnished monobromo compound 279 

which was further brominated to dibromoenamine 280. 112 

6r2 - 
PY 

sr, 
CHC13 

279 (67%) 280 (53%) 278 - 277 - - 

A third approach to 8-aminoallyl halides is the condensa- 

tion of secondary amines with vinylic halides 281; this reac- 
tion entails an elimination-addition mechanism engendered by 

the presence of the phosphorus substituent. 113'114 This reac- 

281 282 - 
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REACTIVITY OF 6-HALOENAMINES 

tion parallels the addition of benzylamine to allenic bromide 

- 283. l o 5  Less general examples related to this third approach 

283 - 284 - 
to B-aminoallyl halides are the reaction of ammonia or methyl- 

amine with perchlorocyclopentenone' ' and the conversion of 
B,y-fluorinated-a,B-unsaturated esters into B-amino-y-fluorina- 

ted-a,B-unsaturated esters. 116 

Besides the three approaches mentioned above, B-aminoal- 

lyl halides have been prepared by various methods, some of 

which are presented in the following paragraphs. 

Addition of diethyl malonate to trichloroacetonitrile af- 

fords imine 285, which tautomerizes to the more stable conju- 
gated enamine 286. '17' 145 Acetylacetone also gave a similar 

NH 

\ 
C O O E t  C O O E t  C O O E t  

285 286 - - 

reaction in methanol, saturated with sodium acetate, but mono- 

acetyl derivative 287 was obtained in 90% yield. '18 Other ac- 

H,N 0 

tive methylene €unctions as in malonitrile and ethyl cyanoace- 

tate (289) have been condensed with a-fluorinated amines 288 

to generate 8-aminoallylic halides 290. '19 Cycloaddition of 

ynamine 291 with halogenated olefins provides an entry into 
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288 289 R=CN, COOEt 290 R=CN,  COOEt - - - 

four-membered r i n g s ,  which can undergo a l l y l i c  rearrangement  t o  

t h e  more s t a b l e  isomer.  120’121 Many r e a c t i o n s  of  ch loro indole-  

P 
L 

CH3 - CEC - N 

291 Q------ 
F F  

F F 

n ines  and 3-chloroindol  d e r i v a t i v e s  w i t h  nuc leoph i l e s  have been 

found t o  r e s u l t  i n  s u b s t i t u t i o n  a t  t h e  o r i g i n a l l y  unhalogenated 

s i t e  (see 296). 127 Th i s  phenomenon has  been amply d i scussed  i n  

2 9 4  - - 296 295 - 

one o f  t h e  prev ious  reviews i n  t h i s  ~ e r i e s . ~  I n  s e v e r a l  cases 

R H  R Nu 

299 (Nu=CN or  OAc) - 298 - 297 R=H,  COOMe - 
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REACTIVITY O F  6-HALOENAMINES 

t h e s e  r e s u l t s  have been i n t e r p r e t e d  i n  terms o f  t h e  in te rmedia-  

cy of a m i n o a l l y l i c  h a l i d e s ,  e. g. 298 (c leavamine ser ies) .  

1 2 5 f 1 2 7 f 1 4 2 - 1 4 4  

r e c e n t l y  observed f o r  a-chloroket imine 300, a s t a b l e  compound 

which c r y s t a l l i z e s  i n  o c t a h e d r a l  form. When d i s s o l v e d  i n  chlo-  

roform, t h e  imine g r a d u a l l y  t au tomer i zes  comple te ly  i n  about  

0 .5  h r .  t o  t h e  cor responding  6-aminoal ly l ic  h a l i d e  301, which 

i s  on ly  s t a b l e  f o r  a s h o r t  t i m e  and which seems t o  be  t h e  f i r s t  

5 , 122-  

An unusual  case of tautomerism has  been very  

I 

CHCL3 - 
I 

i d e n t i f i e d  secondary enamine wi th  a t e rmina l  double  bond and a 

halogen i n  an a l l y l i c  p o s i t i o n .  1 2 8  

1 6 . 2 .  _Regcsivity-of ~ - & n ~ n g a ~ l y l i c - H g l i d e s  - - 

Nucleoph i l i c  s u b s t i t u t i o n  o f  6-aminoal ly l ic  h a l i d e s  i s  by 

f a r  t h e  most s t u d i e d  r e a c t i o n .  Alkoxides ,  1 0 1 # 1 1 3 f 1 2 0  phenola- 

tes , ’13 t h i o l a t e s ,  l1  secondary amines , 1 0 3 , 1 3 1  m o n i a , 1 2 6  io- 

d ide ,  13’ have been u t i l i z e d  i n  such s u b s t i t u t i o n  r e a c t i o n s .  

These r e a c t i o n s  enab le  t h e  s y n t h e s i s  o f  a - f u n c t i o n a l i z e d  car- 
1 0 1 , 1 1 3  304  and 3 0 6 .  bony1 compounds, e. g. - - 

NaOR 

or  NaSPh EtO, EtO, 
,p* A0 

E t O  E t O  

0 0  
E t O  .“ P-OR I t  

E to’ 

282  - 3 0 2  Z=OR 304  - 
3 0 3  Z=SPh 
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A 
NaOR 

R O H  
__t 

0 

0"" 306 

Another important feature of 8-aminoallylic halides is 

their ability to undergo ring-contractions to cyclopropane deri- 

vatives in a manner closely related to the Favorskii rearrange- 

ment. The reaction is induced by nucleophiles such as hydride, 

secondary amines and a great variety of organometallic reagents 

(Li, Mg, Cu) and leads to aminocyclopropane derivatives 308. 
lo4 

but occurs in competition with nucleophilic substitution (Pre- 

paration 8). lo2' lo3 

101- 

The ring-closure reaction does not take place exclusively, 

Only with silver tetrafluoroborate and di- 

1. Nu* - 2 .  H3Om R8 + 
3 08 - 

3 1 1  ( 5 6 % )  310 ( 2 0 % )  - - 

309 - 

CI 

3 1 2  ( 7 % )  
(ox. product) 

methylamine in ether could 3-chloro-2-dimethylamino-3-methyl-1- 

butene 258 be converted in quantitative yield into aminal 310. 
The reaction of 307 with organometallics leads to endo 6-alkyl- 
6-dialkylaminobicyclo[3.l.0]hexanes 308, exclusively, while with 
lithium aluminum hydride a mixture of isomers (endo/exo) is ob- 

tained. lo2 The formation of a three-membered ring is explained 

in terms of a mechanism proceeding via an imonium derivative 
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REACTIVITY OF 6-HALOENAMINES 

(e. g .  319) or a concerted mechanism.lo2 The preferential 

formation of the endo isomer might be explained by selective at- 

tack of the immonium intermediate at the least hindered side. 

An attempted formation of cyclopropanes by reaction of B-amino- 

allylic chloride 256 with copper (I) methyltrialkylborates - 31 5 

was unsuccessful and yielded alkylated and methylated substra- 

tes, identified as their carbonyl derivatives 316 and 317. 130 
r - l  

316 31 7 - 31 5 - 31 4 - 31 3 

For comparison, the synthesis of bicyclic compounds 320 by ana- 
logous nucleophilic interaction on enamine salts 318 is mentio- 

ned here. 132-134,136-138,141 

Nu=CN, OF!, OMe, NR1R2 31 9 

lI2-Dehydrohalogenation appears mainly in cyclic systems 
48,108,129 and (e. g. 262) 

COOMe 
I 

262 

A particular case is 
- 

48 , 129 often leads to aromatization. 
COOMe 

0 I 
Ql Q " 

EtLN OCMe 

- HBr 

N3 321 

four-membered ring 322, which with 

strong bases, gave dehydrobromination to afford the exocyclic 

olefin (323), - while no cyclobutadiene 324 could be prepared with 
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DE KIMPE AND SCHAMP 

120 phenyl d e r i v a t i v e  322 ( R  = Ph) .  

R Ph 

R = CH3 
C N  

BQ - Q t - B u O Q  lqN R =  Ph CN 

323 - - - 
f J  324 9 322 r J  

A va luab le  s y n t h e t i c  r e a c t i o n  is t h e  c y c l i z a t i o n  of 6-ami-  

n o a l l y l  h a l i d e s ,  c o n t a i n i n g  a n  ester f u n c t i o n  i n  t h e  y-pos i t ion .  

lo5 lo7 

more r a p i d l y ,  under t h e  i n f l u e n c e  of  h e a t  to  g e n e r a t e  unsa tura-  

t e d  aminolactones 325, which are p r e c u r s o r s  t o  t e t r o n i c  a c i d  

These a l l y l i c  h a l i d e s  260 c y c l i z e  spontaneously o r ,  

R 

CI  

- 260 R=Ph, PhCH2 

R ' = M e ,  E t  
325 - 

H20 
HO 

QO 

326 - 

- 326. However, when t h e  amino s u b s t i t u e n t  can i n t e r a c t  w i th  

t h e  ester f u n c t i o n  as i n  p y r i d i n o  d e r i v a t i v e  327, t h e  c y c l i -  

z a t i o n  toward t h e  h a l i d e  does n o t  t ake  p l a c e  b u t  f u r n i s h e s  a 

pyrimidone 328. 107 

17. Zrcya ra t ions  

P r e p a r a t i o n  __- --------- 1 : -L-------- 2 2-Dimethyl-3-morpholino-3-~entene ------- --------- ------ (2, R=t-Bu, 

R ' N  = morpholino, R" = H. E = C H 3 ) .  37 
2 

n-Butyl l i thium (4.5 ml of  1.3 M e t h e r  o r  hexane s o l u t i o n )  - 
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REACTIVITY O F  6-HALOENAMINES 

w a s  added t o  1.249 0 . 0 0 5  moll of  4-bromo-2,2-dimethyl-3-morpho- 

l ino-3-butene 69 ( R  = r-Bu, N R ' R '  = morpholino, R"  = H )  i n  1 0  

m l  o f  t e t r a h y d r o f u r  n ,  a t  - 7 O O C  under n i t rogen .  A f t e r  10 min 

of s t i r r i n g  a t  -70°c, a s o l u t i o n  of 0.789 (0.0055 mol) of  me-  

t h y l  i od ide  i n  1 m l  of t e t r ahydro fu ran  w a s  added r a p i d l y ,  whi le  

t h e  i n t e r n a l  temperature  w a s  maintained a t  about  -65 t o  - 7 O O C .  

A f t e r  t h e  a d d i t i o n  w a s  completed,  t h e  r e a c t i o n  mixture  was a l -  

lowed t o  w a r m  t o  room temperature  (%30 min) w i t h  s t i r r i n g .  The 

r e a c t i o n  mixture  was . then  treated w i t h  3 m l  of 0 . 0 0 5  M aqueous 

sodium carbonate .  The crude l i q u i d  w a s  d i s t i l l e d  t o  y i e l d  0 . 6 7  

g (75%) of  71 ( R  = - t-Bu, N R ' R '  = morpholino, R" = H ,  E = C H 3 ) ,  

bp 62OC/O.75 mmHg. 

38 Bu, E = C H 3 ) .  

To a s t i r r e d  s o l u t i o n  of 0.91g ( 5  mmol) of 2-ch loro- l - (d i -  

methylamino) -1-phenylethylene - 7238 i n  10  m l  of t e t r ahydro fu ran  

w a s  added dropwise a s o l u t i o n  of  1 2  m l  ( 1 2  mmol) of - t - b u t y l l i -  

thium ( 1 M  i n  pentane)  a t  - 7 O O C  under N 2 .  

temperature ,  a s o l u t i o n  o f  1.42g ( 1 0  mmol) of methyl i o d i d e  i n  

2 m l  of t e t r ahydro fu ran  w a s  added a t  -7OoC,  and then  the reac- 

A f t e r  3 h r s  a t  t h i s  

t i o n  mixture  w a s  al lowed t o  w a r m  t o  room temperature  wi th  stir- 

r i n g .  The r e a c t i o n  mixture  w a s  t r e a t e d  wi th  5 m l  of 10% aqueous 

hydrogen c h l o r i d e  du r ing  4 h r s  a t  4 O o C  and subsequent ly  ex t r ac -  

t e d  w i t h  e t h e r ,  dr ied (MgS04) and d i s t i l l e d  t o  g ive  0.72g (75%) 

of l-phenyl-2,3,3-trimethyl-l-butanone 75 ( R  = t-Bu; E = C H 3 ) ,  

bp 77'C/0.5 mmHg. 
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DE XIMPE AND SCHAMP 

A s o l u t i o n  of 0.30g (1.69 mmol) of methyl 3-chloro-2-aceta- 

midoacrylate 34 i n  5.2 m l  of te t rahydrofuran  was added dropwise 

over a per iod  of 10 min t o  2 equiv.  of dimethylcopper l i th ium,  

prepared from 0.649 (3.36 mmol) of copper (1) iodide  and 4.1 m l  

(6.72 mmol) of 1.65 M e t h e r e a l  methylli thium, i n  15 m l  of t e t r a -  

hydrofuran a t  O°C. The r eac t ion  was allowed t o  proceed f o r  2 

h r s  a t  O°C and then the  r eac t ion  was quenched a t  O°C with 2 m l  

of  3N HC1.  A f t e r  warming t o  room temperature,  t he  r eac t ion  mix- 

t u r e  was s t i r r e d  i n t o  125 m l  of 3N HC1,  which was subsequently 

sa tu ra t ed  with sodium ch lo r ide .  Ext rac t ion  (5 x 30 m l )  wi th  

chloroform, drying (MgS04 and simultaneous t reatment  with char- 

coa l )  and evaporat ion a f forded  a l i g h t  yellow o i l  (0.269; 100%) 

which cons is ted  of pure (2)-2. 

FTeparatioy-4 : ~-Dimethylamino-3-bgtyn-2-one (94, R1 = R2 - - 

42 

A s o l u t i o n  of 3.6g ( 0 . 0 9  gram atom) of potassium i n  40 m l  

CH3; R = CH3CO). 

of dry t -butanol  and 100 m l  of dry te t rahydrofuran  was dropped, 

with s t i r r i n g  over a per iod  of 40 min., i n t o  a s o l u t i o n  of 18.89 

(0.10 mol) of 3-bromo-4-dimethylamino-3-buten-2-one 93 (R = CH3- 

CO; R1 = R2 = CH3) i n  50 m l  of dry te t rahydrofuran  (N2 atmos- 

phere;  0-5OC). A f t e r  s t i r r i n g  f o r  1 h r  a t  O O C ,  t h e  p r e c i p i t a -  

t e d  potassium bromide was removed by c e n t r i f u g a t i o n  and the  

r eac t ion  mixture was evaporated i n  vacuo ( a s p i r a t o r )  a t  10°C, 

l eav ing  ca. log of a brown o i l .  D i s t i l l a t i o n  a t  t o r r  and 

c o l l e c t i o n  of t he  product i n  a co ld  t r a p  a t  -7OOC afforded 7.59 

(75%) of 2 (R1= R2 = CH3; R = CH3CO) a s  c o l o r l e s s  c r y s t a l s ,  
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REACTIVITY OF 6-HALOENAMINES 

which melt at room temperature to a light-yellow oil. This 

ynone is stable for several months at -7OOC but polymerizes at 

room temperature within 24hrs. 

To a stirred solution of 2.869- (16 mmol) of enamine - 122 

in 60 ml of dry ether was added at -7OOC 2.56g (16 mmol) of 

bromine in 50 ml of cold (about -6OOC) dry ether. After the 

addition was completed, the suspension of the a-bromoimmonium 

salt was allowed to warm to room temperature. The yellow reac- 

tion mixture was cooled to -2OOC and 20 ml of 20% aqueous so- 

dium hydroxide was added dropwise while stirring. The reaction 

mixture was stirred for Ihr and then stored €or 48hrs at -18OC. 

After warming to room temperature, the mixture was extracted 

with ether, dried (MgS04), evaporated (crude yield 70%) and di- 

stilled to give 1.81g (58%) of spiro compound 124, bp 7g0C/0.65 
mmHg . 

24 
Pfgeagat&gn-6 : 2~Cyasg~l~methylsulsoxallq (189). 

A solution of 2.08g (0.01 mol) of 2-chloro-3-(2-amino)ani- 

lino-2-butenenitrile 188 and 5.0g (0.05 mol) of triethylamine 

in 200 ml of xylene was heated under reflux for 4 days. After 

cooling, the precipitated triethylammonium chloride was filte- 

red and the solvent evaporated. The remaining solid was recrys- 

tallized from ethanol to afford 0.5g (29%) of yellow 189, mp. 
151-152°C. 
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DE KIMPE AND SCHAMP 

A s o l u t i o n  of 12g ( 4 6  mmol) of  d i - t e r t - b u t y l  2-amino-3- 

fluoro-2-butene-1,4-dioate 2 0 4  (mixture  of  E and 2 isomers)  i n  

a mixture  of  1 2 0  m l  of  d ry  methanol and 30 m l  of d r y  acetic 

a c i d  ( d i s t i l l e d  over  P 2 0 5 )  w a s  t r e a t e d  wi th  3.2g ( 5 0  mmol) of 

sodium cyanoborohydride and t h e  mixture  w a s  s t irred €or  1 6  h r s .  

The s o l u t i o n  w a s  t hen  slowly added t o  5% aqueous sodium carbo- 

n a t e  and t h e  water l a y e r  was e x t r a c t e d  wi th  e t h e r .  The e t h e r  

e x t r a c t s  were d r i e d  (MgS04), t h e  s o l v e n t  evapora ted ,  and t h e  

r e s i d u e  w a s  d i s s o l v e d  i n  petroleum e t h e r .  Cooling t h e  s o l u t i o n  

y i e l d e d  5.0g of e r y t h r o  205. From t h e  mother l i q u o r  an addi-  

t i o n a l  1 - 6 9  of e r y t h r o  205 and 0 . 0 2  g of  t h r e o  205 were o b t a i -  

ned by column chromatography ( s i l i c a  g e l ;  petroleum e t h e r  - 
e t h y l  acetate  2 : l ) .  T o t a l  y i e l d  of e r y t h r o  205 : 6.69g (55%1, 

mp 53-55OC. 

- -- 

To a s o l u t i o n  of 39 (0.016 mol) of 6-chloro-1-pyrrol idino-  

cyclohexene 307 ( N R 2  = p y r r o l i d i n o )  i n  25 m l  of d r y  e t h e r  is  

added dropwise a l a r g e  excess  of p-methoxyphenylmagnesium bro-  

mide i n  e t h e r .  The tempera ture  i s  kept  a t  -1OOC f o r  7hrs  a f t e r  

which t h e  r e a c t i o n  mixture  i s  poured o n t o  ice and hydrolyzed 

ove rn igh t  w i t h  2 0 %  s u l f u r i c  a c i d .  E x t r a c t i o n  wi th  e t h e r ,  dry-  

i n g  (MgS04) and evapora t ion  of  t h e  s o l v e n t  g i v e s  2-(~-methoxy-  

pheny1)cyclohexanone - 309 (Nu = p-MeOC6Hq) which i s  p u r i f i e d  by 
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REACTIVITY OF %-HALOENAMINES 

passage through a column of neutral alumina (yield 37%). The 

aqueous phase is made basic with sodium bicarbonate and extrac- 

ted with ether. Drying (MqS04) and evaporation of the solvent 

affords endo 6-(p-methoxyphenyl)-6-pyrrolidinobicyclo[3.1.0] 

hexane 308 (NR2 = pyrrolidino; Nu = p-MeOC H 1 which is recrys- 6 4  
tallized from methanol, mp. 84OC (yield 6 2 % ) .  
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