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REACTIVITY OF a-HALOGENATED I M I N O  COMPOUNDS 

Norbert D e  Kimpe,'+ Roland Verh6, Laurent D e  Buyck and 

Niceas Schamp 

Laboratory of Organic Chemistry, Faculty of Agr icu l tura l  Sciences 

State University of Gent, Coupure 533, B-9000 Gent, BELGIUM 

I. INTRODUCTION 

The chemistry of a-halogenated imino compounds 1 has been 

the  focus of increasing i n t e r e s t ,  e spec ia l ly  during t h e  l a s t  

decade, because only recent ly  have e f f o r t s  been undertaken t o  

develop syn the t i c  pathways leading t o  these  compounds. The 

s tud ie s  r e su l t ed  i n  some valuable  syn the t i c  methods €or  the  

preparat ion of a-haloimines. The synthes is  of a-halogenated 

,R" 
N 

+Re X = halogen 
X 

1 - 
1 imino compounds has been reviewed recent ly  i n  t h i s  Journal .  

This  review is  divided i n t o  severa l  p a r t s ,  each descr ibing 

Several  overlaps a fundamental reac t ion  or a se t  of react ions.  

occur; f o r  ins tance  special emphasis is given on t h e  formation 

of heterocyclic'compounds, even though it is clear t h a t  hetero- 

c y c l i c  compounds may r e s u l t  f r a n  the  subsequent r eac t ions  not 
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discussed in this context. The advantage of this classifica- 

tion system, is that it provides a complete overview of the 

several synthetic and mechanistic possibilities provided by the 

chemistry of a-haloimines. 

The scope and limitations of the present review which covers 

the literature up to the end of 1978 will be the same as those 

discussed previously. 1 

11. GENERALITIES ON THE REACTIVITY OF d-HALOGENATED IMINO 

COMPOUNDS 

a-Halogenated imines 2 and the corresponding oxygen analo- 
gues, i.e. a-halogenated carbonyl compounds 3 are interesting 
substrates from the mechanistic point of view. Only the latter 

have been the subject of systematic studies in the literature. 

X = halogen 

This combination of functional groups possesses great ver- 

satility because of the variety of separate and consecutive 

reactions with selected reagents. From a theoretical stand- 

point, diverse types of reaction between a-haloimines and nu- 

cleophilic reagents (Nu: or Nu ) ,  acting as nucleophiles or 

bases, can be expected. Some of these possibilities are discus- 

sed very briefly in the following paragraphs, and comparisons 

are made with a-halocarbonyl chemistry. 

1. A nucleophile can either add to the carbon-heteroatom double 

bond or substitute at the a-carbon atom. The first possibi- 

e 

2-5 
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REACTIVITY OF a -HALOGENATED IPlINO COMF'OUNDS 

Z NuQ ,& 5 +-.&* 7 Nu HZ Nu 

NU X X X 

6 - 5 - 2 - 4 - 
lity produces an anion 2, which by proton uptake leads to 
less stable structures (such as 5 ) ;  however, polyhalo deri- 
vatives yield stabilized products e.g. chloral hydrate. In 

general, adducts 5 are readily deprotonated, after which the 
nucleophile is expelled. The semi-benzilic mechanism of the 

Favorskii-rearrangement of a-haloketones is initiated by the 

formation of adduct 1 but halide displacement proceeds with 
migration of a substituent. This route does not occur fre- 

quently and is only of importance with substrates having no 

a'-hydrogens or when extreme steric factors inhibit the for- 

mation of the normal cyclopropanones. 5-8 

furnish three-membered rings by intramolecular nucleophilic 

substitution, but these epoxides 2 (2 = 0) or aziridines 2 
(2 = N) are usually opened by nucleophilic attack. 

Anion 5 can also 

x-  5 X 7- 9 
- - 

Nu I Nu Nu 
NuQ - Nu. /Z\ - 

I I 
11 - 10 - 

Nucleophilic substitution on substrates 2 is not the prefer- 
red reaction because of the destabilization by two adjacent 

5 5  
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positive centers, namely the positively induced carbon atom 

of the C=Z bond and the incipient carbonium ion at the a-po- 

sition ., 
2. The nucleophilic reagent acts as a base and abstracts an a- 

or a'-proton. The a-proton is the most acidic one and leads 

to mesomeric anion 12, but neither this anion nor its proto- 
nated form 2, give rise to any further reaction. 

+ 
X 

2 - 

Z 

X 
2 - 

,ic,- 
I 
X 

12 - 

A- X 

14 - 

ZQ + X 

Jf X 

X 

13 - 

15 - 

at the a'-position affords a delocalized anion Deprotonation 

- 14, which is protonated to give a 6-heterosubstituted ally- 

lie halide 15. Either unimolecular or bimolecular halide 

displacement are possible and lead to solvolysis or substi- 

tution products. Instead of protonation, the mesomeric an- 

ion 14 can become neutral by halide anion expulsion, genera- 
ting zwitterion 16 which undergoes disrotatory ring closure 
to a heteromethylene cyclopropane derivative 17. 
oxygen series (Z = 0) this reaction represents a part of the 

well-known Pavorskii-rearrangement. 

In the 

9-16 
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REACTIVITY Of a-HALOGENATED IMINO COMPOUNDS 

Favorskii-type 

products 

z= z- ++ -x" I -A- - 
X 

17 - 16 - 14 - 
The base can abstract a proton from the 6-carbon, resulting 

in elimination of hydrogen halide. The arb-unsaturated sy- 

stems 18 thus formed can also be attained by a unimolecular 
process. Side-products, especially when excess nucleophilic 

reagent is present can be formed by Michael addition (e.g'. 

19). - 

x 
a - 18 19 - 

Many other combinations of these reactions are plausible 

and can lead to a wide variety of products. 

All these reactions are mainly based on the well-known 

behavior of a-halocarbonyl compounds towards nucleophilic 

reagents. The reactivity of the corresponding nitrogen-ana- 

logues is  expected to show similarities. The decreased elec- 

tronegativity of nitrogen with respect to oxygen lowers the 

electrophilic character of the carbon atom connected to ni- 

trogen and reduces the acidity of the a-hydrogens. Tbese 

two fundamental characteristics account for a substantial 

decrease in reactivity of a-haloimines as compared to a-halo- 

carbonyl compounds. However, this decrease in reactivity 

allows other reactions to become more important. For in- 
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stance, the infrequently encountered elimination reaction of 

a-halocarbonyl derivatives will be shown to be an important 

characteristic of a-halogenated imines due to the decreased 

polarity of the C=N-bond and of the decreased acidity of 

a-H in the latter class of compounds. Because nitrogen 

holds an intermediate position between oxygen and carbon, 

allylic halides 2 i Z  = C) can be also treated in this com- 

parison. The reactivity of the so-called "carbon-homolo- 

gues" of a-haloimines is characterized mainly by various nu- 

cleophilic substitutions, e.g. SN1, SN2, S 2', etc... l7 The 

reactivity of allylhalides is determined mainly by the halo- 

carbon part, while the behavior of a-halogenated carbonyl 

compounds is primarily controlled by the carbonyl group. As 

a consequence, the reactivity of a-haloimines 2. ( Z  = NR) is 

expected to show features of either of the two classes 2 

( Z  = 0, CR R ) because a-haloiminesstraddleto the classes. 

N 

1 2  

111. REACTIVITY OF a-HALOGENATED IMINO COMPOUNDS 

1. Nucleophjlic Substitutions 

As discussed in the introduction, nucleophilic substitu- 

tion at the a-carbon in a-haloimines is not a preferred reac- 

tion because of the unfavorable interaction of two adjacent 

positive centers during the reaction. However, it will be de- 

monstrated that strong nucleophiles easily displace the halogen 

atom. In addition a variety of oxygen-, nitrogen- and sulphur- 

nucleophiles gave a-substituted imino compounds. Except for 

strong nucleophiles, e.g. thiolates, the nucleophilic substitu- 

tion of a-haloimines occurs in competition with other reactions, 
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REACTIVITY OF a-HALOGENATED IllINO COEPOUNDS 

which will be treated as selected mechanistic topics in this 

review. Among the reactions of a-haloimines leading to a-sub- 

stituted imines, two types will be discussed in the section 

describing elimination reactions because the reactions in fact 

involve an elimination-addition reaction. These reactions 

which are encountered with a-halooximes 20 or a-halohydrazones 
- 21 upon treatment with nucleophilic reagents, p'roceed 2 the 
intermediacy of nitrosoolefins 22 or azoalkenes 23 respective- 
ly, furnishing only formal a-substitution products 24 and 25 
(vide infra) . 

(2 H CB z ZH 

R & -HX > R&R' - N u  R GR, N Q  

- 3 - p  N u  X 2 2 2 - 0  
23 2 = NR" 
- 2 4 2 = 0  

25 2 = NR" 
- 20 2 = o  - - - 21 2 = NR" - 

Alkoxides in the corresponding alcohols often produced a- 

alkoxyimines. N-Cyclohexyl a,a-dichloromethylketimines 26 
gave a,a-dimethoxymethylketimines 28 exclusively when treated 
with excess concentrated sodium methoxide in methanol upon 

prolonged reflux. 18 

A #R 0 
*R LCI - N a O M e  A O M e  - H30* L O M e  

R' I M e O H  R' 
O M e  

R '  I 
CI O M e  

30 - 26 R = C6Hll - 28 R = C6Hll - 
29 R = aryl - 27 R = aryl - 

N-Aryl a,a-dichloromethylketimines 27 similarly produced a,a- 
dimethoxymethylketimines 2, a Favorskii-type rearrangement 

19,2O is a leading to a,@-unsaturated imidates (vide infra), 

competing reaction. 
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Another example of the occurrence of competitive reactions 

involved the conversion of N-t-butyl a-chlorobutyraldimine with 

sodium methoxide in methanol to afford N-2-butyl a-methoxyaldi- 

mine (54%) besides N-(2-butenylidene)t-butylamine ( l o % ,  elimi- 
nation product) and the rearranged N-L-butyl-N-(1-dimethoxy- 

methyl) propylamine (30%, rearrangement via aziridine interme- 

diate) . 21 With a-chloroindolenines 31, 2 2  sodium acetate in 
glacial acetic acid produced a-acetoxy derivatives 32. 

32 - 31 - 
a-Halogenated imidoyl cyanides 33 reacted with silver ni- 

trate in acetonitrile or with sodium nitrite in dimethyl sul- 

foxide to form a-nitrato- and a-nitritoimidoyl cyanides 34 and 
- 3 5  respectively. 23 a-Bromonitrones 36 also provided a-nitrato 

'R 
N 

R 
N' 

35 - 3 3  - 34 - 

ik0- AgN03 O- Et3N - 
__L 

Br G-" C N  02NO CN 0 CN 
38 - 37 

derivatives 37, which underwent base-promoted nitrite expulsion 
with formation of the a-keto derivatives 38 (Preparation 1). 

- 36 - 

2 4  

An interesting reaction was observed with dichloromethyl- 

benzoxazoles 2 and sodium methoxide, yielding initially nu- 
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cleophilic addition with ring opening, followed by intramole- 

cular nucleophilic substitution to give 41. This a-chloroether 

- 41 afforded, after solvolysis, 1,4-benzoxazin-3-ones 43 on aci- 
dic hydrolysis. 25,26 

OMe 

39 - " I  
43 - 41 X = C1 

- 42 X = OCH? 
- 

- 
a-Substitutions with primary or secondary amines were not fre- 

quently observed. Ordinary a-chloro- or a,a-dichloroaldimines 

do not react with these nitrogen-nucleophiles, but in some se- 

lected cases a-amination was observed. a-Chloroamidine 44 
afforded an a-substitution product when treated with anilines. 27 

COOMe 

45 - 44 - 
a-Halomethylimines seemed to be the substrates of choice for 

such reactions. When a,a'-dibromoacetophenone azine 46 (Ar = 

Ph) was treated with benzylamine in benzene in the presence of 

triethylamine, 5-benzyl-4,6-dihydro-3,7-diphenyl-5H-1,2,5-tri- 

azepine 47 (Ar = Ph) was produced. 28 
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N" A Er  
Ar 

PhCH2NH2 
P 

Et3N 
'gH6 

47 - 46 - 
a-Bromomethylketones condensed with heterocyclic hydrazines 48 
in ethanol or dimethylformamide to afford intermediate a-bromo- 

hydrazones 49, which underwent intramolecular nucleophilic sub- 
stitution to give heterocycles 50 in 43-51% yield. 
bromoacetophenone azines 46 gave also an initial a-substitution 

a , a ' -Di- 29 

with hydrazine, but the product rearranged into 2,5-di&rylpy- 

razines. 30 

R' 
I 

/ 
49 - 

A similar initial a-substitution was observed during the syn- 

thesis of 3,5,6-trisubstituted 1,2,4-triazines from a-haloaryl- 

ketones and hydrazines. 31 

21,22 Sodium azide converts a-haloimines into a-azidoimines. 

3-Chloroindolenines also underwent nucleophilic substitution 
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with sodium azide in glacial acetic acid,22 while the parent 

indoles 51 were converted into a-azidoindolenines 53 by treat- 
ment with iodine azide in a~etonitrile.~~ The proposed mecha- 

nism involved formation of the transient a-iodoimmonium com- 

pound 52 which then suffered nucleophilic attack by azide anion. 

In general, the most convenient a-substitutions of a-haloimines 

were achieved with powerful nucleophiles such as thiolates. 

a-Chloroaldimines , a-chloro- and a -bromoimidoyl cyanides 

were converted into a-alkyl- and a-arylthioimino CompQunds 2 
and 55 by reaction with sodium thiolates in methanol at reflux. 

23 

N I< 

S P h  
54 - 

R 
N' 

R1 +CN 
R2 SR' 

l-Chloromethyl-3,4-dihydroisoquinQLine reacted with sodium 1- 

methyl-1H-tetrazole-5-thiolate in ethanol to produce the a-sub- 

stituted 3,4-dihydroisoquinoline; the imino function was redu- 

ced with sodium borohydride to afford the corresponding tetra- 

hydroisoquinolines, which are useful as antispasmodics and va- 

sodilators. 34 Activated a , a-dichloroimines 56, occurring in 
equilibrium with their enamine form, afforded also a,a-disub- 

stituted products, which however isomerized into the more sta- 

ble enamines 57. 35 
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0 
I1  

NnPh 
p-CLCgr16S Na HN 

CI*Z - _pc I c 4 HqS ,,+* - 

c1 0 p-cCLC&S 0 
- 56 ( 2  = NHZ, NHMe, OMe) - 

- 
57 

The reactions of 3-chloroindolenines with alkoxides need some 

additional comment, because of the duality of the final pro- 

ducts. When 3-chloroindolenines such as 58 were treated with 
cold base (e.g. sodium methoxide in methanol or sodium hydrox- 

36,37 ide in alconol) , the products are 3-alkoxyindolenines ( 2 1 ,  

while at elevated temperature 36-40 or with mild acid41-43 the 

product is a rearranged spirocompound (see Rearrangement of a- 

& NaOMe MeOH - l o o  & 
59 - 58 - 

haloimines), the result of a Wagner-fleerwein type rearrangement 

(Preparation 2). Certain 3-bromoindolenines with hot sodium 

methoxide in methanol gave 3-methoxyindolenines to a minor ex- 
44 tent. 

When an a-hydrogen is present, rearrangement of the chlo- 

roindolenine either by heat or the action of strong acid, 

36'41-43r45 results in the formation of the tautomeric inter- 

mediates 61, which can either yield the delocalized carbonium 
ion &2 readily, or react directly with base to give the a-sub- 

stituted products observed. As exemplified below, an instan- 

taneous reaction of 3-chloro-2,3-dimethylindolenine 64 with 

64 
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REACTIVITY OF a -HALOGENATED IMINO COllPOUNDS 

60 - 

R 

61 - 

R 

=OR" 

H 
- 

H OR" 
6 2  - 

silver trifluoroacetate in methanol at -10' gave a 9 4 %  yield 

of 3-methoxy-2,3-dimethylindolenine 65. 37 

!? 
Ag0CCF3 

MeOH 
-10' 

P 

65 - 64 - 
However, when an electron-withdrawing a-alkoxycarbonyl group 

is present, 1-alkoxy derivatives were obtained directly under 

cold basic conditions (see 66 + g ) .  4 6  This reaction was ra- 

c- q O M e  

1. NaOMelMeOH ct .  

2. $0' 
3. CtizN2 

67 COOMe 
COOEt 

- 66 - 
tionalized on the basis that the. activating a-substituent pro- 

moted a facile tautomerism to a compound related to 61 (see al- 
so ref. 4 7 , 4 8 ) .  The difference between the formation of an a- 

alkoxyindolenine and the rearrangement to a spirocomnound 

65 
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DE KIMPE, VEHHE, DE BUYCK, SCHAMP 

(vide infra) was initially ascribed to alternate reaction paths 

of a rearranging carbonium ion;36 however it was later propo- 

sed to be a result either of a S 2 type displacement of the ha- 

logen by methoxide or of methanol addition to the imino func- 

tion and subsequent rearrangement. 4 9  

sible to consider the a-methoxylated products to be the result 

of the solvolysis of the chloroindolenine. The formation of 

3-methoxyindolenine 65 from 64 with silver ion in methanol is 
clearly a solvolysis reaction,37 while the production of 67 is 
also compatible with the intermediate delocalized carbonium ion 

- 62.- The influence of the a-aryl group in a-arylated a-chloro- 

imines is not to be neglected in these mechanisms as illustra- 

ted by the methanolysis of a-chloro-a-phenylaldimines 68 ( R  = 

CH3, Ph) . 21 With methoxide in methanol , a-methoxyaldimines 69 
were produced exclusively, while 6-methoxyacetals 70 were for- 

N 

However, it is also plau- 

-,. L l  med in methanol, indicating methanolysis via 69. 

NaOMe Î.;;." H MeOH 

69 '' 68 

c$: OMe 

HCL 
MeOH 

69 - 
ONe 

70 - 
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REACTIVITY OF a-HALOGENATED IMINO COMPOUNDS 

Another example of a solvolysis reaction was the forma- 

tion of secondary N-phenyl-1,3-dimethoxymethylketimines 76 du- 
ring the reaction of N-phenyl-1,l-dichloromethylketimines 71 
with sodium methoxide in methanol (in addition to Favorskii- 

type rearrangement and nucleophilic substitution) . 2o Primary 
derivatives 71 (R2 = H) did not undergo methanolysis 21?22 but 

secondary derivatives 71 (R2 # H) gave rise to this reaction 

because of the enhanced stability of the delocalized carbonium 

ion 73, produced by loss of a chloride anion from the enamine 

ally1 halogenide 72. Tautomerism of 74 to a-chloro-a'-methoxy- 
ketimine 75 and subsequent nucleophilic substitution yielded 
1,3-dimethoxyketimines 76. The intermediacy of a-ch1oro-a'- 

methoxyketimine 75 was supported by spectral evidence as they 

I MeOH 72 - 71 - 

74 - 75 - 76 - 

were detected in the reaction mixture after a short reaction 

time. 2o In some cases, the solvolysis of a-haloimines was 

aided by neighboring a- oxygen or a-nitrogen substituents. 
2 5 t 2 6 ' 5 0  Finally, it must be noted that nucleophiles such as 

67 
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DE KIMPE, VERBE, DE BUYCK, SCHAMP 

sodium iodide, phenylthiol and triphenylphosphine converted 

certain 3-chloroindolenines, e.g. - 77, to the parent indoles 51 
22 by direct attack on the chlorine atom. 

c l p : N u  R 

Nal'PhSH @ph + [NUCI] 

I o r  PPh3 

51 I2 , PhSSPh or Ph$'=O - 77 R = Me, Ph - 
Nucleophilic substitutions affording C-C bond formation are 

included in the next section. 

2 .  rormat~os_of-carbon~Carboq_Bogds 

Various routes leading to carbon-carbon bonds, including 

reactions of a-halogenated imino compounds with carbanionic 

species, Grignard reagents and other organometallic reagents, 

and with cyanide anion, will be treated in this section. 

2.1. _Regctigns of_a=Halogenated_Imi;o-Com~o~n~s-w~t~ Carb2nLo;s 

Only a few recent reports have been published concerning 

the reaction of carbanions, generated from active methylene 

compounds, with a-haloimines. The condensation of a-bromoace- 

tophenone azines 46 with diethyl malonate in sodium ethoxide 

in ethanol entailed a nucleophilic halide displacement followed 

by an intramolecular nucleophilic substitution leading to ring- 

closed products, i.e. 5,5-bis(ethoxycarbonyl)-5,6-dihydro-3,7- 

diaryl-4H-lI2-diazepines 78. 
The thallium salt of diethyl malonate in benzene reacted with 

3-chloroindolenine 58, conveniently obtained from chlorination 
of tetrahydrocarbazole with r-butylhypochlorite in benzene, 

51 
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REACTIVITY OF a -HALOGENRTED IPIINO COMPOUNDS 

+ 
- N a O E  t Arq Ar 

C O O E t  E t O H  
COOEt 

COOEt 

Br i""" 
78 - 46 - 

to afford the nucleophilic addition product, which rearranged 

into 80 (see also the section discussing rearrangements of a- 
naloimines) (Preparation 3) .51 On the other hand, the thallium % -cI"_ 

A COOEt COOEt 

- 58 - 7 9  C O M t  80 - 
salt of ethyl acetoacetate gave a more complicated reaction 

with formation of a variety of products, including 81, 82, te- 
trahydrocarbazole and the a-hydroxyimine, derived from tetra- 

hydrocarbazole. 51 The thailium salts of dimedone , ethyl benzo- 

'gH6 
+ 

COOEt 

ylacetate, ethyl cyanoacetate, malononitrile, acetylacetone and 

nitromethane did not give C-alkylation products with 3-chloro- 

indolenine 58, but instead yielded'tetrahydrocarbazole and the 
a-hydroxyimine, corresponding to 58. 51 The addition of malo- 

nate anions to 3-chloroindolenines was applied to a synthesis 

leading to the alkaloid vincadifformine 87. 52 when 2-benzyl- 

1,2,3,4-tettahydro-B-carboline 3-chloroindolenine 83 was treated 

69 
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DE KIMPE, VERHE, DE BUYCK, SCHAMP 

with thallium malonates, indole derivative 36 resulted via the 

intemediacy of the rearranged spirocompound 84 (vide infra). 
The alkylidenemalonate again rearranged to the zwitterionic 

immonium malonate, which cyclized to the indoleazepine 86. The 

latter transformation provided a conceptual basis for syntheses 

of secodines and aspidosperma alkaloids. Through this set of 

rearrangements, the synthesis of vincadifformine 87, passing 
through a biogenetically postulated secodine, was performed. 5 2  

T? COOMe 

83 - 

& .... / 

COOMe - 87 (vincadiffarmine) 

@pp: COOMe 

“ I  
t 

several steps 
c c c c  

86 - COOMe - 

Finally, aliphatic a-chloroaldimines were reported to be resi- 

stant to any reaction with the carbanions derived from methyl 

acetoacetate and methyl dichloroacetate. 21 

2 . 2 .  geactigns gf-Cyaniee-An_ign-w&t& ~ - ~ a ~ o q e n a ~ e ~  LmLng go=- 

pogncJs 

Nucleophilic substitutions and additions have been repor- 

ted when cyanide was reacted with a-halogenated imines. 1-Chlo- 

romethyl-3,4-dihydroisoquinoline 88 underwent nucleophilic dis- 
placement when treated with cyanide anion.53 

+ed out in the section describing the elimination reactions, 
-1 omatA+ut&on products were isolated during the rea%- 

As will be poin- 
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REACTIVITY OF a-HALOGENATED II!INO COIIPOUNDS 

M Meoq eO 

89 - 
tion of a-chlorooximes with cyanide in dimethyl sulfoxide or 

ethanol. The reaction mechanism did not proceed. by nucleophi- 

lic displacement of chloride but involved an elimination-ami- 
54 tion mechanism y& intermediate nitrosoalkenes (vide infra) . 

Activated imino compounds without displaceable halogens, e.g. 

hexafluoroacetone imine 2 added hydrogen cyanide at the C=N 
double bond under the influence of a basic catalyst. 55 When 

sodium cyanide was used at high temperature, compound 90 pro- 

HC N 
basic catalyst 

NH 
I1 

F3C - F3 
91 - 90 - 

duced adduct z,56 while analogous compounds, e.g. the salt of 

dihydrotetrazapentalene 94 were isolated when trifluoroaceto- 
nitrile 93 was treated with sodium cyanide in dimethylforma- 
mide.57 The water-soluble sodium salt 94 gave the water-in- 
soluble 95, which exists primarily in one tautomeric form. 

However, when suitable a-chloroimines were reacted with 

cyanide in methanol, addition-elimination products were formed. 

a-Chloroaldimines 96, a,a-dichloroaldimines 98 and a,a,a-tri- 
chloroaldimine 99 were converted into a-cyanoenamines 2 and 
8-chloro-a-cyanoenamines 100, 101 by reaction with potassium 

cyanide in methanol under reflux (Preparation 4 ) .  58-60 It is 
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NH 
I I  n F3C CF3 

90 - 

I equi v. NaCN 

I h  , 240' 
t 

N a' 
YO' 
__c 

NaCN 

95 - 93 5 94 F3 - - 

noteworthy that these a-cyanoenamines 97 were shown to be valua- 
ble synthons as they were transformed into trialkylketenimines 

on treatment with methylmagnesium iodide. Moreover a-cyano- 

enamines 97 constitute an important intermediate in the trans- 

formation of aldehydes into amides. 62 

N 0R A NHR 

5 + H  
R2 CL 

KC N 

MeOH 
- 

R2 

R 
N' 

"'A CL CI 

A NHR 
KC N ' I  - 

MeOH 
C l  

100 R' = alkyl (E+Z) 

101 R' = C1, R = t-Bu 

- 
- 
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REACTIVITY OF a-HALOGENATED IMINO COMPOUNDS 

The addition of cyanide to the imino function is the preferred 

reaction as illustrated further by the reaction with a-haloge- 

nated imidoyl cyanides 102; the exclusive reaction was nucleo- 
philic addition at C=N, an exchange which was demonstrated by 

the incorporation of 14C-labelled cyanide into the molecule. 23 

Exposure of 3-chloroindolenine &l (derived from ibogaine) to 

potassium cyanide in aqueous methanol at room temperature fur- 

nished 18-cyanoibogaine =, which was hydrolyzed to the natu- 
rally occurring alkaloid voacangine 107. 45 

104  - 

106 R = CN 

- 107 R = COOCHj (voacangine) 

- 

a-Halogenated immonium salts also add cyanide as illustrated 

by the additien of cyanogen bromide to indole derivative z. 
Tk raaction passed through an a,a-dibromoim3monium salt 109, 
--ddanion to produce adduct 3. 63 P * ', 

73 
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DE KIMPE, VERHE, DE BUYCK, SCHANP 

Reactions of organometallic reagents with a-haloimines 

have not been investigated extensively. Only a-halogenated a>- 

dimines provided valuable reactions with Grignard reagents. 

Anhydrochloralurethans 111 afforded nucleophilic addition with 
a large variety of organomagnesium halides. 6 4  The adducts 112 
were hydrolyzed to the corresponding a-aminoacids 113 (Prepa- 
ration 5) . 6 4  

of the imino function occurred and the resulting mines added 

With branched organomagnesium halides, reduction 

,COOEt ,COOEt CD 

1. &OH y 3  - RMg X/e ther 

n-But allyl, 
CL3C AH R=Me, Et, g-Pr, - CL3c 'R 2. HC1 6N A "00C-R 

- 111 P hCH - 113 112 - - 

to the starting compounds to yield aminals 115, which furnished 
azetidine derivatives 116 by cyclization. 64 

a-Chloroaldimines, e.g. 117, underwent a coupling reaction to 
1,4-diimine 118 when treated with methylmagnesium iodide. in 
ether;21 an a-substitution was also reported with t$e corres- 

ponding N-cyclohexyl a-chloroaldimlne . 21 
did not react with methylmagnesium iodide in ether under re- 

flux. 

a, a -Dichloroaldimines 

65 
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REACTIVITY OF a-HALOGENATED ININO COKPOUNDS 

,COOEt 
N 

CL3C A H  

111 - 

clwOoEt 
C O O E t  

Ci3C +N\ 

116 - 

COOEt 
/ 

c 

114 

w 
R=L-Prr, A-BU, S-BU CI3C 

,COOEt 
HN 

a-Bromoaldimines 2 reacted with two equivalents of isopropyl- 
magnesium chloride in ether at 10' to afford 1,2,4-trisubsti- 

cc 
117 - 118 - 

tuted pyrroles 121, 66 while the isomeric l13,4-trisubstituted 

pyrroles 120 were obtained by reaction with lithium in ether 
at -7OOC. 66  

I 
. R  120 - 

Li  

ether 
- i -PrMgCL - 

ether 

In both cases, the main products were contaminated by the res- 

pective isomer (120 and 1%). The mechanism was explained by 

initial reduction and formation of a delocalized carbanion 122, 
which can either give N- of C-alkylation, the remaining a-bro- 

moaldimine 119 being the electrophilic species. 66 

75 
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.R 

1 )  reduction - 
H 2) anion formation 

9 4  
Br 

1 1 9  - 

R1 

R1 
R-N3 

1 2 1  - 
The 1,4-diimines 123 could 

SCHAMP 

R 

C-alkylation ’ T N , R  
H 

N-alkylation 1 
Y 1“ 
H 

be isolated in certain cases and 

their intermediacy was further supported by the coupling of N- 

- t-butyl-a-bromoisobutyraldimine with lithium yielding 1,4-di- 

imine 118 in 32% yield because the substitution pattern did 
not permit cyclization to a pyrrole. 67  The influence of se- 

veral factors on this pyrrole synthesis was investigated and 

it was found that the yield of 1,3,4-trisubstituted pyrroles 

increased with increasing electropositivity of the metal (Li > 

big), increasing basicity of the solvent (HMPT > glyme > ether) 

and increasing electropositivity of the halogen (I > Br). 

It was demonstrated later that a-bromo- as well as u-chloroal- 

dimines 119 and 128 gave 1,3,4-trisubstituted pyrroles 120 ex- 

6 8  

76 

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



REACTIVITY OF a-HALOGENATED IMINO COMPOUNDS 

clusively diimines 123 by reaction with sodium in liquid 
ammonia (Preparation 7) . 66 

a-Halohydrazones such as l-bromomethyl-3-methyl-3,5-dihydro- 

(4H)-2,3-benzodiazepine-4-one 129 and 131 were phenylated in 
the 0-position of the imino function with phenylmagnesium bro- 

mide in ether. 69,70 

qLH3 - N  

129 Br - 

131 - 

1. PhMgBr 

2 H30+ 
+ 

1. PhMgBr 

2. H30+ 
9 

- - N  

Ph 
130 - 

132 - 
a-Bromo tosylhydrazones 133 underwent similar a-alkylation with 
lithium dimethyl- or diphenylcuprate, though an azoalkene in- 

termediate was the reactive species (Preparation 6). 71 

thod was also extended to a,a'-alkylation of a,a'-dfbromo to- 
sylhydrazohes. 71 

It will be mentioned in a forthcoming section that Grignard 

reagents 72'73 and lithiated a l k y n e ~ ~ ~  converted a-halooximes 

into the a-alkylated oximes by an elimination-addition reaction 

- via nitrosoalkenes. 

'The me- 
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,NHTos 

Br 
N 

133 - 

R ~ C U  L i 

R=Me,Ph 
- #NHTos 

A R  

134 - 

Besides the previously mentioned coupling reactions of a- 

chloroaldimine 117 with methylmagnesium iodide2l and those of 
a-haloaldimines 119 with alkali metals or Grignard reagents, 
selfcondensations of a-halogenated imines do not have ample 

precedence. Only the in situ generated a-iodoketimine 138 un- 
derwent a coupling to yield 1,4-diimino compounds 139, which 
were converted into 1,4-dicarbonyl compounds 9 on acid hydro- 
lysis. 

6 6  

75  

0 

140 - 139 - 

Nucleophilic additions to the imino function of a-haloimi- 

nes are of major importance in the total reactivity behavior, 
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REACTIVITY OF a-HALOGENATED IllINO COMPOUNDS 

especially when the nitrogen atom can further delocalize its 

lone pair of electrons (from either the initially formed N-an- 

ion or the free pair of electrons) into a N-substituent, e.g. 

carbonyl or sulfonyl group. This stabilizing effect is gene- 

rally attained in a-haloimines having an electron-withdrawing 

substituent and a-perhalogenation. The reaction sequence is 

generalized by the sequence 141 -f 144. N-Activated chloraldi- 

mines, 76r77 N-activated trifluor~acetaldimines~~ and N-activa- 

ted a,a-dichloroaldimines 79-81 were most frequently used in 

such 

mild 

addition reactions, which proceed smoothly and under very 

conditions (e.g. inert solvent, low temperature) leading 

144 - 143 - 142 
Nue = Nucleophile; X = halogen 

- 141 - 
to stable crystalline adducts. A large variety of nucleophilic 

reagents were condensed with these trihaloacetaldimines, among 

others alcohols, 

hydrogen sulfide,79 water,76 phenols, 79'80 carboxylic acids, 

79'80 N-substituted amides, 79'80 and hydrazines. 8o 

76,78,81,82 76,77,79,80 thiols,79,80 

some selec- 

ted examples are presented in the accompanying scheme (Prepa- 

rations -8 and 9). 

AR 0 
II 

- 
C I  CL NHYR' 

0 

-j: R'CONH2 
CL 4 T R  C l  CL C I  

146 - 145 - 

79 
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DE KIMPE, VERHE, DE BUYCK, SCHAMP 

AOR 
CI3C AH 

147 - 

,S02NMe2 
N 

CL$ 4-l 

149 - 

0 

148 - 

S02NMe2 
HN’ 

150 - 

0 
II 
n - 

RJH C I  CI R J  NHAr 

A r N H 2  

C I  CL 

- 152 - 151 

Recently, an unusual reaction was patented, by which N-fluoro- 

sulfonyl chloraldimine reacted with isobutene to produce adduct 

- 154, which was used as a precursor for leucine 155. 82 

- - 155 - 153 154 

Besides a-halogenated aldimines, a-haloketimines also were 

found to add nucleophilic reagents at the C=N double bond. In 

some cases, the a-haloimines occurred as intermediates and we- 

re trapped by nucleophiles, 83’84 but in other instances, the 

stable substrates added the nucleophiles under controlled con- 

80 
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REACTIVITY OF a-HALOGENATED IMINO COMPOUNDS 

ditions. N-Acetyl a,a-dibromo- and a-bromo-a-chloroketimines 

- 156 reacted with alcohols and amino compounds to afford the 
35,85,86 stable adducts 157 and 158. 

0 
A 

N 

R'O NH 

*OF 
x Br 0 

157 - 

X *OF Br 0 

When an a-haloimidoyl cyanide was used as substrate, nucleophi- 

lic addition of amines took place with concomitant expulsion of 

cyanide, thereby yielding the corresponding a-haloamidines. 87 

0 0 

159 - 160 - 
Recently the first intramolecular nucleophilic addition was re- 

ported; indole 161 treated with N-bromosuccinimide in carbon 
tetrachloride afforded intermediate 3-bromoindolenine 362, 
which underwent cyclization yielding the quaternary salt of 
pyrrolo [ 2,3-b] indole 163. 88 

Stable adducts were formed when N-phenyl per'fluoroacetone imine 

- 164 was reacted w i t h  excess dimethylamine, providing a yield of 

81 
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85% of 165.89 

tone imines also produced the corresponding adducts. 

Additions of thiols and amines to perfluoroace- 
89  

N @ 
II 

F3 
n F3C 

164 - 

On the other hand, ethylthiol added to 2-aza-1,3-butadiene sy- 

stem 166 but the final product had isomerized (167). 9 0  

N 

ph\-i 
F3C A CF3 

166 - 

EtSH - 
167 

Finally, N-t-butyl chloraldimine 99 reacted with sodium alkox- 
ides in alcoholic medium- to give mainly a,a-dichloroacetimida- 

60 tes 168, y& an addition-elimination reaction. 

N I( 
CI3C A H  

NaOR - N k- 
“+OR H 

CI 
99 168 - - 

Secondary a-bromo- or a-chloroaldimines 169 and tertiary 
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REACTIVITY OF a -HALOGENATED IPlINO COMPOUNDS 

a-chloroaldimines 96 reacted with lithium aluminium hydride or 
sodium borohydride in ethanol to give 1,2- or 1,2,2-substituted 

aziridines 171 and 172 via a mechanism involving nucleophilic 
addition of hydride at the carbon-nitrogen double bond followed 

by intramolecular nucleophilic halide displacement. 66,91 This 

R 
N' 

R 77: H Q -x 

'I? 
X 

R 2 '  'H 

169 R2 = H; X = C1, Br - 170 - 171 R2 = H 
- 172 R2 # H - 96 R2 # H; X = C1 

method allowed the preparation of spiroaziridines. 91 1,2,2- 

Trisubstituted aziridines were found to undergo a thermal rear- 

rangement into the corresponding aldimines by means of either 

a hydride transfer or an acid-cataly.zed isomerization. 91 

Dichlorinated aldimines 98 and ketimines 26 produced 1,2-disub- 
stituted aziridines fi on treatment with lithium aluminium hy- 
dride in diethyl ether at 0'. 9 2 ' 9 3  

synthesize 1,2-disubstituted aziridines 174 starting from either 

a,a- 

Hence it is possible to 

0 

H 
R I A  

173 - 

0 

R A 

R 
N' 

R'+ CI CI 

98 - 

R 
1. RNH2 N' - 
2 . 2  NCS 

R' 
- 174 

175 - 
C I  

26 - 
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aldehydes 173 or methylketones 175 via a,a-dichloroimines (Pre- 
paration 10). 92r93 The mechanism for the conversion of a,a-di- 

chloroimines 98 and 26 into lI2-disubstituted aziridines 174 
follows a pathway similar to that outlined above to produce an 

a-chloroaziridine 176, which ionizes spontaneously to an aziri- 
niurn chloride 177. This cation adds hydride to yield 174 (the 
scheme represents the reaction sequence of the transformation 

of u,a-dichloroaldimines 98 into aziridines 174). 94,95,65 

- 98 - 176 177 174 - - 

N-Activated a,a-dichloroaldirnines 151 furnished also 1,2-disub- 
stituted aziridines 179, but the N-acetyl group was reduced to 
a N-ethyl substituent, prior to transformation as outlined be- 

low. 8 2  

0 

A 
R &  H 

C I  C L  

151 - 

LiAlHk 

ether  
- n f 

R b 
179 - 

The reaction of LiA1H4 in tetrahydrofuran with endocyclic imi- 

nes and exocyclic halogens provided a useful route to the ring- 

expanded product E.94 
by the transient occurrence of a highly strained aziridine 183. 

Undoubtly the ring opening is caused 
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REACTIVITY OF a-HALOGENATED IMINO COMPOUNDS 

LiALHb 

THF 
v 

181 

\ 
182 

f -  
CL f 

Another ring opening of transient a-chloroaziridines was en- 

countered during the reaction of N-aryl dichloromethylketimines 

- 184 with lithium aluminium hydride in ether at 0'. 95 

merit N-alkyl anilines were isolated, namely aniline 185 and 
rearranged aniline 186. Aniline 185 is formed by initial re- 
duction of the halogens (SN2 reactions) and subsequeht reduc- 

tion of the C=N bond. 

sonably explained in terms of a-chloroaziridine 187 formation 
(vide supra) followed by hydride attack at the carbon atom bea- 

ring the alkyl group. 

is then easily reduced to amine 186. 
ted by the results for the r-butyl derivative 184 (R = 2-Bu; 

R' = H) in which nucleophilic attack at the t-butyl substituted 

carbon arom is sterically hindered (see aziridine 187); insteada 
formal substitution at the halogenated carbon atom in 187 af- 

TWO iso- 

The rearranged aniline 186 is most rea- 

The resulting intermediate aldimine 189 
This mechanism is suppor- 
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LiALHk H 
e t h e r  R 

R '  
C I  O 0  

165 - 186 - 

forded 1-phenyl-2-t-butylaziridine in 778, yield. 9 5  In addi- 

tion 22% of the fully reduced product 185 ( R  = r-Bu; R '  = H) 

was isolated. 

The foregoing results demonstrate that a-halogenated imines 

are the starting materials of choice for the synthesis of azi- 

ridines. This reactivity is in sharp contrast with the reac- 

tions of a-halocarbonyl compounds 190 with complex metal hydri- 
des, whereby only reduction and/or substitution of the haloge- 

nated carbon atom takes place. 

- 191 X = C1, Br 192 - 190 X = C1, Br - 

There exist also reports, claiming the formation 05 compounds, 

other than aziridines. a,a-Dichloroaldimines 98 reacted with 
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REACTIVITY OF a-HALOGENATED IMINO COMPOUNDS 

lithium aluminium hydride to afford aziridines 174, in addition 
to small amounts of by-products, i.e. $-hydroxyamines and secon 

dary amines. 91 2 2  Cyclic a, a-dichloroketimine 133 suffered re- 
duction of the imino function as well as of the a-halogens, 

while the 3-chloroindolenine derived from ibogaine only under- 

went nucleophilic substitution of the halogenated carbon atom. 

9 6  

4 

L iALH4 

e the r  
P 

R1 if: CL R1 
1 9 3  1 9 4  - - 

a-Fluorinated imino compounds only added hydride at the carbon- 

nitrogen double bond to afford 6-fluorinated amines. Lithium 

aluminium hydride in ether, sodium borohydride in ethanol or 

methanol and sodium bis(2-methoxyethoxy)aluminium hydride 

(RedAl) in benzene were used for the exclusive reduction of the 

imino bond in a-fluorinated imino compounds. 8 9 , 9 7 f 3 8  N-Phenyl 

a,a,a-trifluoroacetone imine 195, N-(1-methylben*zyl ) -a ,a ,a - t r i -  

fluoroacetophenone imine 197 and N-activated hexafluoroacetone 
imine 199 were converted in high yield into the corresponding 
B-fluorinated amines. 89,97,98 

Ph 
dPh - 

1 9 6  

L i A t H 4  

ether 
F3c 

1 9 5  
F3C 

- 

A 
RedAL 

T H F  - TPhPh N 'Ph 

5c 
1 9 7  1 9 8  - - 
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- 199 ( R  = alkyl, aryl, 0-alkyl) - 200 

The steroidal 5a-fluoro-4-nitrimine 201 was reduced to the cor- 
responding 5a-fluoro-4g-nitramine 202 by m 
hydride in dioxane/ethanol. 9 9  

NaBH, 

eans of sodium 

OAc 

d i o x a n e  
E t O H  

boro- 

When the a-halogen was chlorine, the reduction of a-chloronitri- 

mines, e.g. - 203, was carried out with sodium borohydride in di- 

oxane/ethanol in the presence of acetic acid, which dramatical- 

ly increased the yield compared with experiments done in the 

absence of acetic acid. 100 

2 0 3  __ 

NaBHL, H O ~ C ,  do 

a i o d a n e  
E t O H  

N-5-Butyl chloraldimine 99 underwent nucleophilic addition on- 
ly with excess sodium borohydride in ethanol. 6 0  

99 2 0 5  - - 

a-Halogenated immonium salts, e.g. 206, are also susceptible to 

the above mentioned reductions by nucleophilic addition of hy- 

dride to the immonium function. 1 0 1  
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REACTIVITY OF a-HALOGENATED IMINO COMPOUNDS 

Na8Hq 

MeOH -H20 
- 

M eO 

Br 

207 - 
It should be mentioned that imino functions can be reduced by 

aluminium amalgam even when other reducible functions are pre- 

sent as illustrated by the conversion of a,a-difluorooxime 

N/OMe NH 
tBuOOC + A l - a m a l g a m  m ~BUOOC 4 

COOLBu 
F F  H 0 - e t h e r  2 

c00yk i  
F F  

209 - 208 

ether 208 into the di-r-butyl ester of B,B-difluoroaspartic 

acid -209 (note : ordinary oximes are converted into the corres- 

ponding amines by various reducing agents, e.g. lithium alumi- 

nium hydride, etc.. .) . 102 
The exclusive reductive dehalogenation of halogens a to an 

imino group, has been reported in some cases. The reduction of 

trichloroacetimidoyl cyanide 210 ( R  = C1) with zinc in acetic 

acid/acetic anhydride gave the corresponding N-acetylated di- 

chloro derivative, which tautomerized to its more stable enami- 

no form 213. lo3 
- 211 (R  = Ph) a mixture of reduced compounds 214 and 215 was ob- 
tained when the reaction was performed in the above mentioned 

medium, while a clean monoreduction was obtained with zinc in 

aqueous ethanol. 

With a, a-dichloro-a-phenylacetimidoyl cyanide 

104 
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C I  

212 - 

Z n  - 
EtOH- H20 

R=Ph 

N H A c  

- CI 214 

NH 
Z n  - R 

C I  #" C I  Ac20-t iOAc 
R=CL 

2 1 0  R = C1 - 
211 R = Ph - 

Ph 
+ 

H 

NHAc 

C l  

215  - 

213 - 

5.1. Elimingtioz reactions sensu strictu 

Elimination of hydrogen hali-de from a-halogenated imino 

compounds have not been described frequently in the literature. 

dowever, it was demonstrated recently that this reaction is in 

fact one of the basic reactions of simple a-haloimines with 

basic reagents. The reaction of aliphatic a-chloroaldimines 

- 216 with sodium methoxide in methanol under reflux afforded 

a , B-unsaturated aldimines 217 (Preparation 11) . 21 N-alkyl iso- 

butyraldimines 216 (R1 = H; R2 = CH3) besides elimination, also 

gdve a competitive reaction leading to 8-alkylaminoacetals 

- 2 1 9 .  21 The latter compounds were formed by a rearrangement 

an aziridine intermediate (see the section "Rearrangements 

of a-Halogenated Imino Compounds"). The rearrangement to 2 
could be avoided by using an alkoxide of low nucleophilicity, 

namely potassium tertiary butoxide. Primary a-chloroaldimines, 

2.4. - 216 (R1 = CH3; R2 = H) furnished 220 in only 10% yield, 
t h e  major products being substitution and rearrangement com- 
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219 - 218 - 216 - 

Rg= H 

R 
N' 

R2 217 - 220 (10%) - 

pounds. 21 

dichloroarylalkylketimines 223 exhibited a similar tendency to 

suffer elimination of hydrogen chloride, but the resulting a- 

chloro-a,B-unsaturated imino compounds reacted further with 

sodium methoxide in methanol. '05"06 

gated carbon-carbon double bond or Michael additions created 

N-alkyl a, a-dichloroaldimines 221 and N-aryl a, a- 

Migration of the conju- 

CI CI 
221 - 

A r  . 
N 

223 - R1 

,* 
N 

"+H - - products 
222 

C 1  
- 

A r  
NP 

new a-haloimino systems, which reacted further to give the 

final products. 105,106 
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NaOMe 
I 

CI 

225  __ 

/R 
M eO 

R " d R ,  - products 
I 
CL 

226  - 

dR "a~' - products 
I 

a-Bromohydrazones eliminated hydrogen bromide on heating in 

acetic acid (Preparation 12). 107r108 This method was used by 

several research groups to introduce a double bond at C4-C5 in 

3-ketosteroids by reacting a 4-bromo-3-ketosteroid derivative 

with 2,4-dinitrophenylhydrazine in acetic acid, after which 

hydrolysis afforded the a,B-unsaturated carbonyl compounds. 
109-111 The latter transformation was also accomplished, al- 

beit in low yields, by boiling the a-bromoketone in pyridine. 1 1 2  

A similar dehydrobrorA.nation of an in situ formed a-bromohydra- 

zone was found during the bromination of 6-aryl-4,5-dihydro-3 

(2h)2yridazone 230 with bromine in acetic acid to afford 6- 

aryl-3 (3H) pyridazones 231. 

Nitrones were shown to undergo dehydrohalogenations also.  The 

conversion of 3-bromo-2-cyano-1-pyrroline 1-oxides 36 (R = H, 

113-115 
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CH3, Ph) into 2H-pyrrole-1-oxides was performed in 70-3C8 yield 

using pyridine N-oxide or triethylamine. 24 a-Chlorooximes were 

dehydrochlorinated with N ,N-dimethylaniline , while in the 

case of the a-chlorooxime obtained from the nitrosyl chloride 

addition to caryophyllene (a sesquiterpene), competition be- 

tween formal a-substitution (% nitrosoolefin; vide infrg) and 

dehydrochlorination was observed. Finally the spontaneous 

elimination of hydrogen bromide from the a,@-dibromo cyclic 

imine 232 is in fact a dehydrohalogenation of a 6-haloimine, 

but-is added here for cornparation purposes. 118 

EtOOC C O O E t  E t O O C  C O O E t  C O O E t  

Ph o:r Br at (several r o a n  tenp.) weeks Ph (&Ph Br -EtBr Ph Br 

I 

234 - - 233 - 232 

Recently, considerable attention has been given to the 

use of a-halohydrazone type compounds 237 in the a-substitu- 
tion of carbonyl compounds via a reaction sequence involving 
(a) a-halogenation, (b) a-halohydrazone formation, (c) conver- 

sion into azoalkenes, (d) nucleophilic addition to the 1,2-di- 

azabutadiene moiety and (e) hydrolysis. Step (c) is usually 
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accomplished by an added 5asic reagent or by excess of the hy- 

drazine used. The suggested mechanism is explained in terms 

of a base-promoted elimination of hydrogen halide from 237. 

An earlier path’’’ involving spontaneous ionization of the ha- 

lide in =, can be rejected on the ground of the previously 
discussed unfavorable creation of two positive centers in the 

molecule. In many cases a-halohydrazones 237 and/or azoalkenes 
H 

<ti- R 

$ 0 RNHNH2 4 
X x 

2 3 5  - 2 3 6  - 2 3 7  - 
(c)l 

t 

238 were obtained as intermediates in these reactions. The 

condensation of chloral 241 with 3-bromo-4-methylphenylhydra- 
zine 242 afforded dichlorinated azoalkene 243 via the corres- 
ponding hydrazone. 1 2 0  

- 

The condensation of ethyl 2-chloroaceto- 

0 + B r  - H20 C I  N=N-& 

-HCI >c’ I1 
Cl3C-H 

CI 
24 3 - - - 24 1 2 4 2  

acetate with phenylhydrazine in aqueous ethanol in the presence 

of sodium acetate gave rise to an azoalkene via the interme- 

diacy of the a-chlorophenylhydrazone. 

Recently, such activated azoalkenes have been isolated and cha- 

racterized by NMR spectrometry. 122 

121 

It was shown that the azo- 
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REACTIVITY OF a-HALOGENATED IMINO COMPOUNDS 

alkene 245 resulting from treatment of a-chlorohydrazone 244 
with a two-phase system of aqueous sodium bicarbonate/diethyl 

ether, existed as a 9:l ratio of E and 2 isomers (245) respec- 
tively. 122 As shown by many other examples, the most conve- 

tOOMe FOOMe 
,NHCOOMe "N N 

N P NaHCOyH20 A,COOMe I + ; 
A C O O M e  ether 

COOMe 
I 
CL 

244 2 ( 1 0 % )  2 4 5  E ( 9 0 % )  - 

nient way of generating an azoalkene moiety consisted of treat- 

ment of an a-halohydrazone with sodium carbonate or sodium bi- 

carbonate in a two-phase system (water/ether). By this route, 

tosylazoalkenes 123-125 and methoxycarbonylazoalkenes, 2 6  have 

been obtained. Azoalkenes with terminal carbon-carbon double 

bond or also available through this procedure, but in this 

case excess of the hydrazine used was responsible for the eli- 

mination of the a-chlorohydrazone formed in situ. 127 

2 4 6  - 

- 3  Na2C03 

H$ / ether 

2 4 7  - 

2 4 9  2 5 0  - 2 4 8  - - 

The latter procedure 127*128 could be carried out in various 

solvents such as dichloromethane, chlorobenzene or even with- 

out solvent. Tosylazoalkenes =, 255 are also available from 
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tosylhydrazones 251 by bromination with phenyltrimethylammonium 
perbromide (PTAB) and subsequent treatment of the intermediate 

a-bromohydrazones with hydr0~ide.l~’ In the case of 3 , 3 , 5 , 5 -  

tetramethylcyclohexanone tosylhydrazone, the corresponding a- 

bromo- or a,a‘-dibromo-tosylhydrazones 252 and 254 could be 
isolated at -20’. Subsequent reaction with aqueous sodium car- 

129 bonate provided the azoalkenes 253 and 255 (Preparation 13). 

251 __ 

”NHTos ,N Tos 
N 

Azoalkenes are useful intermediates in organic synthesis 

as they were shown to undergo a variety of transformations, 

among others additions, cycloadditions and in some cases, ni- 

trogen expulsions. The reaction of a-halohydrazone type com- 

pounds with nucleophilic reagents, such as primary and secon- 

dary amines, sodium acetate, etc. .., probably occurred via ad- 

dition to intermediate azoalkenes ‘07‘’08 as exemplified later 

by the addition of anilines126 or organocopper reagents125 to 

isolated azoalkenes (Preparation 14). The latter reactions 

are useful because they lead to the otherwise difficultly acces- 

sible a-anilinocarbonyl compounds or a-arylated ketones. A 

more interesting facet of the chemistry of these azoalkenes is 

the to give Diels-Alder cycloadditions with dieno- 

96 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
2
2
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1
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,NHCOOMe 
N 

I A C O O E t  
NGNCooMe I ArNH 
\ 

+COOEt 
THF I 

NHAr 256 257 - - 

0 TiCl 
aq. ace2oiie 

NHAr 
258 - 

philes. As an example, the electron-poor azoalkene 261 conden- 
sed with p-methoxystyrene 262 in ether at room temperature to 

yield heterocycle 263. 122 A similar type of cyclocondensa- 

tion was reported for a-bromoacetophenone semicarbazone and 4- 

(N-pyrrolidino)-3-pentene-2-one. 13 0 

MeOOC 

+ 

NCOOMe A, - 
COOMe M eO 

COOMe 263 - 262 
A valuable application of the reactions mentioned in this sec- 

- 261 - 

tion is the conversion of cyclic a-halohydrazones 264 with hy- 
droxide to intermediate azoalkenes 265, which were cleaved 
by hydroxide and transformed into a-vinylcarboxylic acids s. 131 

Similarly 4-halo-3,4-disubstituted-2-pyrazolin-5-ones have been 
converted into acyclic a,B-unsaturated carboxylic acids; 132-135 

this method was recently extended to the synthesis of medium- 

ring cycloalkene-1-carboxylic acids =, starting from B-keto- 
esters (Preparation 15). 136 
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264 - 

H 

265 266 - - 

0 0 

- 269 (Z) 269 ( E )  267 268 - 

More recently, an interesting class of compounds, namely 1,5-  

diazabicyclo[3.3.0]octadienediones and El became avai- 
lable through treatment of 4,4-dichloro-3-methyl-2-pyrazolin- 

5-one 270 with potassium carbonate in a two-phase system of 
water/dichloromethane. 137 

271a and 271b was explained by elimination of hydrogen chloride 

The formation of isomeric compounds 

270 271a 271b - - - 

to a cyclic azoalkene 272, which reacts w i t h  its isomeric open 

form 272' to afford two possible bicyclic products. The reac- 

tion of phenylhydrazones 273 with iodine in pyridine to afford 

pyridinium hydroiodides 274 and subsequent lI4-elimination to 
azoalkenes 275 also deserves mention. 138-141 

thus obtained were in the E-conformation at N=N and the S- 

trans conformation in most cases. 138 

The azoalkenes 

They were used as hetero- 
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REACTIVITY OF a-HALOGENATED IMINO COMPOUNDS 

270 - " X  272' - 

dienes as well as dienophiles in (4+2)cycloadditions. 140 

other azoalkenes have been utilized in various reactions. 

Many 
142,143 

273 - 274 - 275 - 

This section will be concluded by examples of a pertinent 

homologous reaction in a-haloimine chemistry when an acidic 

a-hydrogen in the nitrogen substituent is present. Condensa- 

tion of chloral or bromal with 2-amino-2-phenylacetonitrile 

gave the aldimine 276, which underwent elimination of hydrogen 
halide, as described above, to afford N-(2,2-dihaloethenyl)-l- 

imino-1-phenylacetonitrile 277. 144 This reaction is a correc- 

tion of earlier misinterpreted work in this field. 145 
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a-Halogenated oximes are known to react with nucleophiles 

to produce the corresponding a-substituted oximes. These reac- 

tions are not the result of nucleophilic substitutions but 

arise from an elimination-addition mechanism, comparable to 

that encountered with a-halogenated hydrazones. In the latter 

case, azoalkenes are intermediates, while with oximes the in- 

termediacy of nitrosoalkenes is presumed. As depicted in the 

0 0 

Nd 
240 2 8 0  

Nu 
2 7 9  

accompanying scheme, carbonyl compounds are substituted in the 

a-position via the following sequence : (a) halogenation, (b) 

oximation, (c) elimination of hydrogen halide to form a nitro- 

soalkene, (d) addition of the nucleophile and finally (e) hy- 

drolysis. 

Steps (c) and (d) are usually carried out in one pot by the 

action of a nucleophilic (and basic) reagent, whereby the in- 

termediate nitrosoalkene 279 is not isolated. The first nitro- 

soolefin was characterized at low temperature, starting from 

a-chlorocyclohexanone oxime and calcium hydroxide. 6 5  The in- 
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termediacy of nitrosoalkenes in these reactions was further de- 

monstrated by the isolation of a stable derivative 282 from the 
reaction of a-chloro-a,a-di-r-butylacetaldoxime with diaza- 

bicyclo- [4 ,3  , 03 -5-nonene in ether; 146’147 the blue crystalline 
nitrosoalkene was isolated in 8 4 %  yield. Similarly, triethyl- 

DBN 
ether 

____c 

2 8 1  282 - - 2 8 1  - 

DBN 
ether 

____c 

282 - 

amine in ether was found to produce nitrosoalkenes, trapped by 

piperidine to afford a-piperidinooximes. 148 In certain instan- 

ces, attempts to isolate nitrosoolefins were reported to be un- 

succesful because of polymerization. 73 

philic reagents has been added to nitrosoalkenes. The reaction 

with secondary amines to yield a-dialkylaminooximes has been 

explored most thoroughly. 72’149-154 The elimination-addition 

reaction of s-a-bromoacetophenone oxime 283 with morpholine 
in aqueous acetonitrile at pH 9.5 gave the product with the 

opposite configuration, anti-a-morpholinoacetophenone oxime 

A variety of nucleo- 

OH 
N’ 

WBr - 283 

c:, 
H 

CH$N/ H20 
- 

Non-nucleophilic solvents, such as diethyl ether, are most com- 

monly used and the reagent is simply added to the ether solu- 

tion. In this way, piperidine, morpholine, pyrrolidine, dime- 
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thylamine, N-methylaniline, N-methylbenzylamine, etc... were 

reported to react with a-halooximes to yield the a-aminooximes. 

72'149-154 As an example, 3-chloro-2-butanone oxime 285 ( R  = 

R' = CH3) reacted with piperidine in ether to afford n-piperi- 

dinooxime 286 (R = R' = CH3) in quantitative yield (Prepara- 

tion 16). 

corresponding a-aminooximes with a-halooximes. 

Primary amines 72t155 and ammonia7* also gave the 

285 - u286 

When methanol was used as solvent, l4 I1 a-methoxyoximes re- 

sulted from this reaction, which proceededatroom temperature, 

as shown for the conversion of a-chlorooxime 287 into a-metho- 
xyoxime 288. The reaction is of course facilitated when tri- 

ethylaminelS4 or sodium 

used, as exemplified for the alicyclic a-chlorooxime 289 (or 
the hydrochloride). 153'154 

oximes were easily cleaved by phosphorus pentachloride to yield 

w-cyanoaldehydes a. lS4 #15' 

in methanol is 

The resulting alicyclic a-methoxy- 

Similarly, sulfur nucleophiles 
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REACTIVITY OF a. -HALOGENATED IMINO COMPOUNDS 

were also found to give a formal a-substitution of a-halooxi- 

mes. 154 

Carbon-carbon bond formation was demonstrated by the con- 

densation of a-chlorooxime 287 with the anions of ethylaceto- 
acetate and 3-phenyl-2-isoxazolin-5-one to afford the a-substi- 

tuted oximes 292 and 293 respectively. 73 
gave similar a-substituted derivatives with the anions of di- 

ethyl rialonate and 2,4-pentanedione. 72 

ether gave the a-alkylated oximes with a-chlorooximes 287 and 
- 29472' 7 3  while cyanide anion in dimethylsulfoxide or ethanol 

a-Chlorooxime 289 

Grignard reagents in 

Ph 

7 - 
293 

N a O E t  N a O E t  
EtOH CL EtOH O E t  

N -  0 0 0  
292 287 - - 
only gave an intermediate a-cyanooxime 295 in the alicyclic 
series, finally resulting in the ring-closed 5-aminooxazoles 

E.54 Only the bicyclic a-chlorooxime 297 reacted with cya- 

r 1 
NOH Q 

CN 

Nil 2 " or EtOH 
294 295 296 - - - 

nide anion to produce a mixture of endo and exo a-cyanooximes 
54 - 298 and 299. 

:NOH "C N - 4 CL 

297 - 
H 

298 
CN 

299 - 
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T'he n u  c 1 e o ph  i 1 e - i n d u c e d  e 1 i m i n a t i o n  - a d d  i t i o n  o f CL -ha 1 oo x i m e  s 

w a s  u s e d  as o n e  o f  t h e  key  s teps  i n  a new s t e ro id  s y n t h e s i s .  

I-Bromooxime 300 a n d  l i t h i u m  e n o l a t e  301 i n  t e t r a h y d r o f u r a n  a t  

l o w  t e m p e r a t u r e  g a v e  a 77% y i e l d  of 302 w h i c h  w a s  f u r t h e r  t r a n s -  

f o r m e d  i n t o  s t e r o i d a l  compounds .  ' 58 1 - L i  t h i o -  1 - b u t y n e  added 

O i l  

3 0 0  ' 301 3 0 2  __ ~ - 

t o  a t r a n s i e n t  n i t r o s o o l e f i n ,  g e n e r a t e d  f r o m  n-bromooxime 303 

to i ' u r n i s h  j -  ( 1 - b u t y n y l )  ox ime  304. 7 4  

H 
303 __ 

L I C-E t 

T H F  
- 10"/-  loo 

c 

NOH 
3 0 4  

I 
__ 

The g e n e r a l i t y  of t h e  e l i m i n a t i o n - a d d i t i o n  r e a c t i o n  o f  2 - h a l o -  

o x i m e s  w i t h  n u c l e o p h i l i c  r e a g e n t s  w a s  d e m o n s t r a t e d  by t h e i r  

r e a c t i o n s  w i t h  s i l v e r  a n d  s o d i u m  n i t r i t e ,  s o d i u m  n i t r a t e  a n d  

s o d i u m  azide, t o  y i e l d  <-nitrite-, c - n i t r a t o -  a n d  a - a z i d o o x i -  

m c s  r e s p e c t i v e l y .  

a c c t o n i t r i l e  c o n v e r t e d  ~ - L - h r o m o a c e t o p h e n o n e  ox ime  203 i n t o  

~ a n t i - a c e t o p t i e n o n e  ox ime  305 v i a  z - n i t r o s o s t y r e n e .  

F i n a l l y ,  s o d i u m  b o r o h y d r i d e  i n  a q u e o u s  72 

159 

OH 
N' 

NaBd4 

Me"/ H20 
- @ 305 
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REACTIVITY OF a-HALOGENATED IPIINO COMPOUNDS 

When the group replacing the halogen is sensitive to nucleo- 

philic reagents, intramolecular attack by the oxime oxygen can 

take place to afford 0,N-heterocyclic compounds. Accordingly, 

a-chloromethylketoximes 306 and 309 react with phosphines .or 
dimethylsulfoxonium methylide to give a-substituted oximes 307 
and 310, which undergo ring closure with formation of 308 and 
- 311 respectively (Preparation 17) . 160-163 

307 - 306 - 

0, 
N U P R 3  

Ar 
308 - 

311 - 310 - 309 - 

In similar way, alkylation of enamines 313 by substituted a- 

bromoacetophenone oximes 312 yielded the corresponding immonium 

salts, which were hydrolyzed into 6-hydroxy-4,5-dihydro-l,2,4H- 

oxazines 316. 
The reactions shown above demonstrate the versatility of the 

Michael-type additions to intermediate nitrosoolefins, starting 

from a-halooximes. Moreover, nitrosaalkenes undergo cycloaddi- 

tions and either the C=C bond or the N=O double bond can act 

as a dienophile in Diels-Alder reactions. An interesting reac- 

tion is the base-promoted conversion of chloraloxime 317 into 
nitrosoolefin j18, which is trapped in the presence of cyclo- 

164 
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312 - 

R' R' 

piper idino, 
py rro 1 idi no, - 

HO 

3 1 6  

- 315 morpho 1 ino 

pentadiene to form oxazine derivative 319; the latter compound 
rearranged spontaneously into tricyclic comnound 320. 156 ,166  

320 - 
Various analogous examples, e.g. with bromaldoxime and a,a,a- 

trichloroacetone oxime, were reported recently. 1 5 6 , 1 6 6  On 

other hand, a-chlorooximes 321 (R = H, CH3, CH2C1,  C6H5, CN) 

were transformed into =-fused oxazine derivatives 323 by 

reaction with cyclopentadiene in the presence of sodium carbo- 

nate. 

It was further recently demonstrated that nitrosoolefkns (from 

e.g. 324) carrying an electron-withdrawing substituents, easily 

156 

106 
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IGACTIVITY OF a -HALOGENATED IPIINO CONPOUNDS 

form adducts with olefins, including simple alkenes and elec- 

tron-rich heterocyclic compounds. 167 

a-Chloronitrones have been shown to give a variety of cycload- 

dition reactions via transient heterodienes, which are compa- 
rable to nitrosoolefins. For instance, N-cyclohexyl a-chloro- 

nitrones 327 reacted with cyclohexenes 326 in 1,2-dichloro- 
ethane in the presence of silver tetrafluoroborate to yield 

bicyclic compounds 3.28. 168 The latter compounds added cyanide 

CL 

- 327 R = H, Me 328 
- 326 R1, R2 = H or Me 0- 4o' 
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UE K I M P E ,  VERHE,  DE BUYCK, SCHAMP 

to give 329, which were converted into y-lactones 330 through 
a two-step sequence (Preparation 18). 16” 1 7 0  

tions of these cyanide adducts involved the synthesis of a-me- 

thylene-y-lact~nes’~~ and their thermal ring-opening reactions 

to afford w,B-unsaturated carbonyl compounds. 171r172 When the 

Other applica- 

above mentioned reaction sequence 

[4,4 , 31 propellane lactone 334 was 

331 - 

0 a .a N 

327 - 

was applied to olefin 331, 
produced. 173 

n 
I.AgBF,+/ S02/-15” L @ 
2.  aq. KCN 

332 I -  

* 
a q  HCL/ 90” 

monoglyme 

- 333 __ 334 

When the reactions were run in liquid sulfur dioxide in the 

presence of silver tetrafluoroborate, a-chloronitrone 327 and 

@+O 

339 R2 - 

108 
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REACTIVITY OF a-HALOGENATED I M I N O  COI’lPOUNDS 

1-methylcyclohexene 326 or activated arenes 337 furnished sub- 
stitution products 335 and s, which were hydrolyzed into the 

corresponding aldehydes 336 and 339. 

On the other hand, when p-cresol was used in these reactions, 

benzofurans 340 or 341 were formed, when one or 3.5 equivalents 

of a-chloronitrone 327 was utilized respectively. 

174 

174 

34 0 - 3’ - 341 

6 .  -Rearrangements of a-Halogenated Imino Compounds 

A more interesting facet of the chemistry of a-halogenated 

imino compounds is their potential to be transformed into a va- 

riety of products, having a rearranged carbon-skeleton or which 

underwent a transposition of the nitrogen atom. About four 

main types of rearrangements of a-haloimines can be distinguis- 

hed, namely 1) the Favorskii-type rearrangement, 2 )  rearrange- 

ment & intermediate activated aziridines, 3) rearrangements 

of 3-chloroindolenine derivatives and 4) a concerted [3,3] sig- 

matropic rearrangement. Many of these rearrangements have 

been used in alkaloid and drug synthesis while others have 

been demonstrated to be versatile tools in certain transforma- 

tions in organic syntheses. 

6 - 1 - The-FavorskLi~tYP_e-rearrgngpmepf 
The Favorskii-rearrangement is the base-induced skeletal 

rearrangement of a-halogenated ketones to afford carboxylic 

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



DE KIMPE,  VERHE, DE BUYCK, SCHANP 

acid derivatives intermediate cyclopropanones. This reaction 

found widespread application in organic synthesis and was of 

particular value for the synthesis of branched carboxylic acid 

derivatives and a,B-unsaturated carboxylic acid derivatives. 

X 34 3 - 

0 
0 

342 ( Z e  = alkoxide, hydroxide, amine) 
3 4 4  - 

Furthermore, ring contractions in steroidal substrates have 

been successfully applied. Since its discovery by Favorskii, 

the reaction has received continuing interest. The Favorskii- 

rearrangement has been reviewed several already. Be- 

cause of the related structure to a-haloketones, a-haloketimines 

can be expected to exhibit similar mechanistic potential under 

suitable reaction conditions and thus lead to related Favorskii- 

rearrangements. In the early 1 9 7 0 ' ~ ~  Quast and coworkers per- 

formed the first transformation of an a-haloimine into a car- 

boxylic amide s a two-step sequence, which could be accounted 

1 7 5  

for in terms of a Favorskii-type rearrangement. 1 7 6 , 1 7 7  Steri- 

cally hindered N-alkyl-a-bromoketimines 345 were converted in- 
to cyclopropylideneimines 346 (i.e. the imino analogues of cy- 

clopropanones) lr3-dehydrobromination with potassium t-bu- 

toxide in tetrahydrofuran. 176r177  On treatment of these three- 

membered ring compounds with potassium hydroxide in aqueous di- 

oxane, ring opening afforded the highly branched carboxylic 

amides =. 176r177 

skii-type rearrangement sensu strictu is the reaction of N-aryl 

a,a-dichloromethylketimines 2 with sodium methoxide in methanol 

So far the only report describing a Favor- 

110 
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REACTIVITY OF a-HALOGENATED IMINO COMPOUNDS 

KOtBu KOH 

TH F d i o x a n e  
Br H20 

345 346 347 - - - 
under reflux to yield a,B-unsaturated imidates 348 in addition 
to a,a-dimethoxyketimines and a,a'-dimethoxyketimines. 19,20,178 

71 348a 348b - 
Primary dichloromethylketimines 71 (R2=H) underwent a Favor- 
skii-type rearrangement with exclusive formation of 2-a,B-un- 

saturated imidates 348a (R2=H) while secondary derivati- 

ves 71 (R2#H) gave a mixture of E- and 2-a,B-unsaturated imi- 
dates 348a and 34833 (R2#H) .20 

occur an intermediate chlorinated cyclopropylideneaniline 

- 349, which was opened regiospecifically because of the possi- 

bility of concomitant expulsion of a chloride anion. Acoording- 

ly, no trace of an a-(chloromethy1)imidate 351 was observed. 
Primary dichloromethylketimines 71 (R2=H) yielded 348a (R2=H) 
exclusively by a Favorskii-like rearrangement with sodium me- 

thoxide in a less polar medium such as diisopropyl ether (Pre- 

paration 19). 

The mechanism was postulated to 

20 
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7 1  - 
NaOMe 

MeOH 
___L 

~ 

349 348 - 

35 1 - 

The p r e f e r r e d  r e a c t i o n  of  n - h a l o i m i n e s  when t r e a t e d  w i t h  

s t r o n g  basic and  n u c l e o p h i l i c  r e a g e n t s  i s  e l i m i n a t i o n  (vide 

s u p r a ) .  (~,~-Dichloroaldirnines352showed t h i s  e l i m i n a t i o n  pre- 

dominantly when t r e a t e d  w i t h  sodium m e t h o x i d e  i n  m e t h a n o l ,  but 

CL C L  

352 - 353  354 - - 

R D - ,  
R 2  O M e  

OMe 
NHR 

355  - - - 357 356 
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REACTIVITY OF a-HALOGENATED IMINO COYPOUNDS 

the initially formed a,B-unsaturated aldimine 353 isomerized 
into the B,y-unsaturated aldimine 354. lo5 
- 354 underwent nucleophilic addition at the imino function fol- 

lowed by intramolecular nucleophilic substitution to afford an 

activated a-methoxyaziridine, which reacted with methoxide or 

the solvent (methanol) to give B-alkylaminoacetals 357. 
Tertiary a-chloroaldimines and sodium methoxide in methanol on- 

ly yielded a,B-unsaturated aldimines except for N-alkyl a-chlo- 

roisobutyraldimines 358, in which a competition between eli_ 

mination of hydrogen chloride and rearrangement via a methoxy- 
21 aziridine 359 was observed. 

a-Chloroaldimine 

1 0 5  

/ R  
N 

/ R  
N 

t 

H OMe 

NaOMe 

MeOH 
f I  

When no base was added, i.e. when a-chloroaldimines 358 were 
refluxed with methanol only, the reaction proceeded to complete 

rearrangement with production of hydrochlorides of B-alkylam- 

moniunacetals 361 (Preparation 20) . 21 Secondary a-chloroaldi- 

N -  

"A R2 C I  

CH30H R1 R2 - 
A 

H2 OMe 

3 - 358 R1 = R2 = CH3 

360 R1 = Et; 

- 361 R1 = R2 = CH 

362 R1 = Et; R2 = H - R2 = H - 
mines, e.g. N-l-(2-~hlorobutylidene)~-butylamine 360, analo- 
gously rearranged quantitatively into ='when refluxed in me- 

11 3 
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DE KIMPE, VERHE, DE BUYCK, SCHAMP 

thanol , 6 5  but underwent competition between rearrangement, eli- 

mination and nucleophilic chloride displacement when refluxed 

with sodium methoxide in methanol. 

The intermediacy of a-methoxyaziridines 359 was established by 
trapping these intermediates with the ambident thiocyanate and 

cyanate anions, 17” 180 resulting respectively in 2-imidazoli- 

dinethiones 366 and 2-imidazolidinones 367 (Preparation 21). 
The trapping of 359 by thiocyanate or cyanate always occurred 
in competition with reaction with methanol, whereby 8-alkyl- 

21 

358 - 359 
I 

t 

364 - 365 - 366 X = S 
367 X = 0 
- 
- 

aminoacetals 219 were formed. 4-Methoxy-2-imidazolidinethiones 

- 366 and 4-methoxy-2-imidazolidinones 367 were furthermore ther- 
mally cyclotrimerized into hexahydro[l,3,5]triazines ’368 and 
- 369. 18’ Analogous rearrangements as described above €or a-chlo: 

finated aldimines were encountered with a-bromo- and a-chloro- 

aldimmonium halides 370 and 372, when reacted with alkoxides 
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REACTIVITY OF a-HALOGENATED IPiINO COPlPOUNDS 

X 

wOMe 

366 ,367  -- 

A 

-MeOH 
___c 

369 X = 0 - 
182-184 in alcohol or methanol in the presence of triethylamine. 

(3 N 

R+H 
Br 

ROQ 

R O H  
- 

370 R = Ph, p-Pe, Et 
2 =G CH,, 0 

1. MeOH 1-20' 

2.  Et3N 
C I  

372 - 

L 

0 N 

, + OMe 

C L  
373 - 

R 
I 

OR' 
371  - 

A 
MeOH 

Et3N 
- X O M e  

/" I 
J 6Me 

374 - 

This transformation was applied to the ring enlargement of 

cyclic a-bromoimmonium bromide 375 with aqueous ammonia to 
yield heterocyclic compound 376. 1 0 1  

Me0 Me0 

K particular case is the rearrangement of a-bromoimmonium bro- 

mide 377 with sodium ethoxide in ethanol whereby, with suitable 
substitution present in the molecule, ring contraction and 
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I@%- - 

rincj e x p a n s i o n  occuired at the same time to afford the azepine 

~ 3 7 8 .  '" 
o u s  sodium hydroxide. 186 

T h i s  rearrangement of 377 was a l s o  obtained with aque- 

Treatment of 2 I 3,4,6,7 I 12-hexahydro- 

377 __ 

aq. HCI 
E t O H  1 

379 - 

indol0[2,3-a]-quinolizidine 108 with cyanogen bromide in tetra- 
hydrofuran/water in the presence of sodium carbonate lead to a 

47 8 yield of 3-cyano-4-(3-bromopropyl)-5-oxo-ll2,~,4l5l6-hexa- 

"-a ki 

1 0 8  

1 BrCN 

Br 
381 - 

BrCN I Na2C03 C N  

H 

380 - 

1 BrCN 

382 - 
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REACTIVITY OF a -HALOGENATED I P l I N O  COYPOUNDS 

hydroazepino[4,5-b]-indole 380, a mechanism involving for- 

mation of an a-bromoimmonium salt %, hydroxide induced rear- 

rangement and ring opening by cyanogen bromide.63 A rearran- 

ging a-iodoimmonium salt was postulated recently as an inter- 

mediate during transformations of some steroids. 186 

During the last decade, substantial progress was achieved 

in the chemistry of 3-chloroindolenine derivatives, which are 

easily obtained by chlorination of indoles with t-butyl hypo- 

chlorite in various aprotic solvents. These compounds showed 

an unusual rearrangement, which was applied in drug syntheses 

and total synthesis of alkaloids, and thus deserve more detai- 

led comment in this review. 

Treatment of 3-chloroindolenines wi.th cold bas'e (alkoxide 

or hydroxide in alcohol) afforded 3-alkoxyindolenines (this 

reaction will be discussed more thoroughly in another section), 

while the reaction with base at elevated temperature yielded 

rearranged iminoethers or oxindoles. 36,39f40,46 Tetrahydro- 

carbazole chloroindolenine 58 and sodium hydroxide in methanol 

NaOMe 
MeOH 
- loo 

___t 

59 - 58 - 
A 

384 - 383 H 
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under reflux gave spiro compound 383 in 82 % yield (Prepara- 

tion 22). A similar reaction was observed with the 3-chloro- 

indolenines derived from yohimbine (s), 39-42 cacubine, 

tetra~hilline'~~ and related alkaloids. 

187 

188 

1 NaOMel MeOH '0, .N 

MeOOC' "' I 

A I N2 
KOH 
MeOH * 

MeOOC 

387 388 - - 

Recently, 3-chloroindolenines derived from 2-substituted 1,2- 

3,4-tetrahydro-B-carbolines (83) were rearranged in refluxing 

sodium hydroxide in methanol to produce exclusively B-spiro- 

(pyrrolidinoindolenines) - 390, which were further converted in 

two steps into spiro compounds 391. 18' 

tivity of the latter compounds (they constitute rings A, B, 

E and a portion of ring C of strychnine 392) was investigated; 
they were found to have convulsant action. 

The physiological ac- 

189 

As already discussed, thallium diethyl malonate and chlo- 

roindolenine 58 in refluxing benzene furnished a related rear- 
ranged compound 80 in 47% yield. 49 
ding reaction of 58 with thallium ethoxide in benzene resulted 
in the formation of an iminoether (ethoxy analogue of 384). 

In analogy, a correspon- 
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REACTIVITY OF a-HALOGENATED IMINO COMPOUNDS 

- 83 R = CH3, benzyl - 390 

392 (strychnine) - 

When 2-methyl or 2-benzyl 1,2,3,4-tetrahydro-p-carboline 3- 

chloroindolenines 83 were treated with thallium dialkyl malo- 
nates, indole derivatives 393 resulted the intermediacy of 

a rearranged spiro compound 84 (vide supra). 52 

- a3 R = C H ~ ,  benzyl COOMe 
- 393 R = CH3, benzyl 

Another application in the alkaloid field was the synthesis of 

(f)-aspidospermidine 394 via an alkali promoted 3-chloroindole- 

nine rearrangement. 52 

H 

- 394 (aspidospermidine) 
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It was also demonstrated that substituents on the alkaloid 

framework can influence the course of the rearrangement. While 

the base-catalyzed alcoholysis of the 3-chloroindolenine 395 

( R  = H) produced the rearranged iminoether 396, an unusual 
course was observed in the case of the acetyl derivative 395 

( R  = CH3CO) -38 The hydroxide-catalyzed methanolysis of 395 

A 
KOH 

MeOH 
R = H  OMe 

395  - 396 - 

( R  = CH3CO) led to two oxindoles, namely enol ether 397 and 
acetal 398. The three phenomena, first the unprecedented base- 

catalyzed masking of a keto group in enol ether and acetal, 

second the formation of oxindoles instead of imino ethers and 

finally the ease of the reaction sequence, appeared interrela- 

ted and were interpreted in terms of an intramolecular nucleo- 

philic attack. Methoxide added first to the acetyl group and 

the resultant hemiacetal anion 399 attacked the imino function. 

Subsequent Wagner-Meerwein type rearrangement led to the un- 

stable imino acetal 401, whose zwitterionic form 02 in the 

presence of methoxide can lead to the enol ether 397 and ace- 
tal 398. 38 
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REACTIVITY OF a-HALOGENATEC IllINO COMPOUNDS 

395 (R = Ac) - 

397 - 
\ 

MeOH 
/ 398 - 

qp M eO 

399 I 
- 400 

M eO 
- 

The reaction mechanism of all these base-promoted rearrange- 

ments of 3-chloroindolenines was explained by an initial nu- 

cleophilic addition of alkoxide to the imino function and sub- 

sequent Wagner-Meerwein type rearrangement. It is clear that 

this transformation can only proceed in the sense indicated 

when the chlorine atom to be displaced and the migrating car- 

bon-carbon are properly oriented to allow inversion. This de- 

384 - 403 - 58 - 
mands cis disposition of the chlorine atom and the methoxy 
group in the intermediate indolenine 403. Finally, it was re- 

ported that the 3-chloroindolenine derived from ibogaine (%) 

also rearranged under alkaline conditions, i.e. potassium cya- 

nide in aqueous methanol. Besides 18-cyanoibogaine (see reac- 

tions of a-haloimines with cyanide anion), there was obtained 
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DE KIMPE,  VERHE, DE BUYCK, SCHAMP 

the rearranged nitrile 406. The formation of 406 was rationa- 
lized by a mechanism involving neighboring group participation 

of the amino nitrogen. 45 

104 - 

- 
M e0’ 

406 405 CN - - 
The a,B-unsaturated ketimine moiety in 404 underwent a Michael 
type addition, after which the immonium group in the molecule 

was attacked by the indole nitrogen. 

Under neutral conditions, the chloroindolenine of yohim- 

bine and related alkaloids, e.g. 16a-methylyohimbinol, ajmali- 

cine, etc., rearranged into spirooxindoles in aqueous methanol 

at pH 6. 42 2-Functionalized-3-chloroindolenines rearranged in 

protic solvents to oxindoles with migration of the functional 

group at the 2-povition. For instance, compounds 407 and 408 
were converted into oxindoles 409 and 410 by refluxing in etha- 
nol .  The formation of the oxindoles was explained in terms 

of carbonium ions 412 via chloronium ion 411. Migration of 

122 

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



RBACTIVITY OF a-HALOGENATED IMINO COMPOUNDS 

R 

___c 

R@$" ER' Rf3+fR1 N f i o  

409 
410 

EtOH 

H 0 

- 407 R' = OEt 
- 408 R' = NHZ, NHEt, NEt2, 1-morpholino 
the carbonyl group led to the imidoyl chloride 413 which upon 

- 
_I 

hydrolysis yielded compounds 409 and 410. 190 

- 413 -- 407,408 412 - 

J 1 EtOH 

Treatment of indole 415 with N-chlorosuccinimide in methylene 

chloride at -5 to -loo followed by acid gave spirooxindole 417 
in 80% yield. 8 8  

H 'Z2 - @-p H 

- 4 15 - 416 417 - 
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DE K I M P E ,  VEKHE, DE B U Y C K ,  S C H A M P  

Another example of a rearrangement of a substituent from the 

2-position to the 3-position was the slow conversion of 3-chlo- 

ro-2,3-diphenylindole 418 into oxindole 419 in glacial acetic 
acid.22 This rearrangement could be suppressed in the presen- 

ce of nucleophiles whereby nucleophilic substitution or rever- 

sion to the parent indoles occurred. 22 

418 

Furthermore, 2-ethylthio- and 2-ethylsulfonyl-3-bromoindole- 

nines 420, easily obtained from the parent indoles and N-bro- 
mosuccinimide in carbon tetrachloride or dichloromethane, 

exhibited migration of the sulfur-substituent on treatment 

with ethanol, containing hydrochloric acid. 

44 

44,191,192 

420 Y = SEt, S02Et - 

HC 1 

E t O H  
P 

R 

H 

421 - 

Some 3-bromoindolenines were reported to undergo migra- 

tion to the aromatic nucleus of the indole moiety, indicating 

that the bromine atom in these compounds behaves as a bromina- 

ting agent (Note that the corresponding chloroderivatives did 

not give this transformation). Reaction of thiopyranoindole 

- 422 with N-bromosuccinimide in dichloromethane at room tempe- 
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REACTIVITY OF a-HALOGENATED IMINO COMPOUNDS 

rature afforded the unstable 3-bromoindolenine 423, which was 
readily converted into the 7-bromo-derivative 424 on heating. 88 

424 - 423 - 422 - 
3-Chloroindolenine 77 reacted with sodium bromide to give 6- 

bromoindole 425, a mechanism involving initial formation- 

of the parent indole and subsequent electrophilic substitu- 

t ion. 22 

425 - 51 - 77 R = CH3, Fh - 

The substituent at the 2-position was reported to influence 

the position to which the bromine migrated in the aromatic 

nucleus. The reaction proceeded at reflux in carbon tetra- 

'chloride or in acetic acid at room temperature. 2-Ethylthio 

derivatives gave 6-bromoindolesI 2-bromo derivatives afforded 

a mixture of 6- and 5-bromoindolesI while 2-ethylsulfonyl deri 

vatives rearranged into 5-bromoindoles. lg2 

migration was observed under alkaline conditions. When 3-bro- 

mo-2-ethylthio-3-phenylindolenine 426 was heated under reflux 
with sodium methoxide in methanol, 17% of 6-bromoindole 427, 
in addition to 19% of 2-ethylthio-3-phenylindole and 23% of 2- 

ethylthio-3-methoxy-3-phenylindolenine were generated. 

Finally, halogen 

44 

12 5 
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Ph A 
NaOMe 

MeOH 
- 

426 - 

Br 
H 

427 - 

Ally1 trichloroacetimidates 428 are known to rearrange 

thermally by a concerted [3, 31 -sigmatropic process to yield 

N-allyl-trichloroacetamides =. lg3' lg4 
pargylic trichloroacetimidates 430 provides a convenient one- 

Thermolysis of pro- 

429 - 428 - 
step route to trichloroacetamido-substituted 1,3-dienes 431, 

195 which are important substrates for Diels-Alder syntheses. 

The mechanism was viewed as proceeding allenic interme- 

diates. 195 

4R2 

!H LR1 A HN I 
tR2 

v 
I11 

C , 3 L A 0  *R1 CL3C - 0 
430 431 - - 

7. Cycloadditions with a-Halogenated Imino Compounds 

It has been demonstrated that certain a-halogenated imines 

are valuable tools for cycloaddition reactions. Especially a- 

perhalogenated imino compounds served as substrates for the 
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REAWIVITY OF a-HALOGENATED IMINO COPWOUNDS 

formation of nitrogen heterocycles. A variety of such reac- 

tions has been described including syntheses of three-, four-, 

five- and six-membered heterocyclic compounds. 

( 4 + 2 )  Cycloadditions 

N-Tosyl chloral imine 432 reacted with 2,3-dimethylbutadiene 
and cyclopentadiene to afford six-membered nitrogen hetero- 

cycles 433 and =. 196r197 A stereochemical study of the for- 

,To s 
N 

c13c 4 
432 - 

433 CL3C Toss - 

mation of azabicycles via cycloadditions of 1,3-cyclopentadiene 

or 1,3-cyclohexadiene with N-ethoxycarbonyl and N-p-toluene- 

sulfonyl trichloromethyl imines (111, 432) revealed that %/ 

endo mixtures were produced. lg8 

nyl chloraldimine 111 (R = Et) was reacted in refluxing ben- 

zene with 1,3-cyclohexadiene in the presence of boron trifluo- 

ride etherate to form 75f5% endo adduct 436, besides the exo 
adduct 437. 
The stereochemical course of the Diels-Alder reaction of an- 

As an example, N-ethoxycarbo- 

198 

hydrochloralurethane =.with cyclopentadiene was independently 
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COOEt 
N' 

111 - 

+ 0 
4 35 - 

'gH6 

72 hrsl 30' 

- 
Ep3 E $0 

&,cooEt + &JOOEt 

H cc I3 
H 

437 - 
CCL3 

436 - 

investigated by Japanese chemists,lg9 who reported a 2:l exo: 

endo ratio of the adducts, formed after 3 hrs reflux in ben- 

zene (Preparation 23). However, the same reaction was claimed 

by Krow et al. to give a 1:l ratio after 48 h at 30' or 3 days 

at 145' in benzene (sealed tube). 198 

Y 

N-Acetyl chloraldimine 440 interestingly reacted in two diffe- 
rent ways with 2,3-dimethylbutadiene 441, giving the normal 
Diels-Alder adduct 442 in addition to the oxazine derivative 
- 443. 2oo In the cases of the Diels-Alder cycloadditions, chlo- 

0 

A II 0 

c .c&, 
CL3CnH CL3C yJ + c L3C 

N 
I I  

- 443 - - 442 440 

raldimines 147,432,440 act as the dienophile, while the oxa- 

zine derivative 443 resulted from a reaction in which N-acetyl- 
imine 440 behaved as a heterodiene. 2oo  In contrast, N-alkoxy- 

carbonyl chloraldiminesE behaved exclusively as heterodienes 

128 

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



REACTIVITY OF a-HALOGENATE3 IMINO COMF'OUNDS 

towards electron-rich olefins, e.g. ketene acetals 444. 201 The 

so-called "anhydrochloralurethanes" 147 yielded an intermediate 

oxazine derivative 445, the presence of which was confirmed 
spectroscopically, but which was quantitatively converted into 

carbamate derivative 446 on ring opening with water (from at- 
mospheric moisture or work-up). A similar reaction was found 

with the N-acetyl derivative 440. 201 

177 R = Me, Et - 444 R' = Me, Et - / 
445 - 

Many'more examples of (4+2)cycloadditions in which the a- 

haloimine serves as a heterodiene have been reported recently 

for N-activated imines derived from hexafluoroacetone. 

fluoroisopropy1idene)thiocarboxamides 448, which occurs in 

thermally mobile equilibrium with 2-H-1,3-thiazete 447, under- 
went cycloaddition with bicyclo [2,2,1] -2-heptene to give 5 , 6 -  

dihydro-4H-1,3-thiazines s. 202 This synthesis seemed gene- 

rally applicable because a,a'-perfluoroimines 448 were also 
trapped by aldehydes and ketones and diphenylketene to yield 
6,6-bis(trifluoromethyl)-6€I-l13,5-oxathiazines 458 and 451. 203 

N-(per- 
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R 

447 c F3 
- 

R 
I 

N P s  

R 

As 
3 c -cF3 

N 
II 

448 - 

R 

A 

The reaction of the activated imine 448 with reagents such as 
aromatic nitriles, enol ethers and ynamines furni-shed the cor- 

responding 4H-1,3,5-thiadiazines 452, 5,6-dihydro-4H-1,3-thia- 
204 zines 453 and 4H-1,3-thiazines 454, respectively. 

R R R 

- 454 452 453 

N-Pivaloyl and N-aroyl hexafluoroacetone imines 455 and 456 
- 

.__ 

showed similar features and cyclized with enol ethers and yna- 

mines with formation of six-membered heterocycles 457 and 458. 
'05 (Note that the reaction of ynamines with perfluoroacetone 

azine was reported to proceed 2 a (2+2)cycloaddition pro- 
duct . 206)  

Besides the numerous possibilities of N-acyl or N-thioacyl 

130 

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



REACTIVITY OF a-HALOGENATED IMINO COMPOUNDS 

R 

N i, 

hexafluoroacetone imine, e.g. 448 and 455-456, to serve as sub- 
strates for cycloadditions, hexafluoroacetone imines substitu- 

ted with an imino function, have also been reported recently to 

cyclize with aromatic nitriles to yield heterocycles 460. 207 

N H  

459 - 

R'CE N 
P 

R 

460 - 

(4+1)Cycloadditions 

Few data exist on the cycloaddition of a-halogenated imi- 

nes with carbenes or carbenoids. Recently, it was reported 

that N-acyl perfluoroimines 461 react with trimethyl orthofor- 
mate to afbrd functionalized 2-oxazolines 462 and it was shown 
that dimethoxycarbene was generated during the reaction. 209 

The corresponding thiones gave a similar (4+l)cycloaddition to 

2-thiazolines 465 (R = aryl) by means of the dimethoxycarbene 

precursor 464. 
Another example involved the dimethoxycarbene addition2 l 1  to 

210 
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R 

N A 0  

- 461 R =Me, A-Pr 

CH(OMe$ - 
R 

.. n ^.. Ar 

462 - 

465 - - - 463 464 

N-benzoyl chloraldimine 466, but the resulting adduct spontane- 
o u s l y  dehydrochlorinated to 468. 208  

Ph 
I Ph Ph 

I I 
(MeO),? - HCL N+O 

N A 0  

q O M e  
OMe 

C I  

- - 
y 

468 

C13CnH II CI3C Q O M ,  
OMe 

466 467 - - - 

Dimethoxycarbene seemed a suitable reagent for such cycloaddi- 

tions as it also added to hexafluoroacetone azine 469 to give 
- 471, from which bis-(trifluoromethy1)diazomethane was expelled 

with formation of ketene acetal 472. However, the mechanism 

could also proceed addition of the carbene to an imino func- 

tion and subsequent loss of the bis-(trifluoromethy1)diazome- 

thane. 2 0 8  

Furthermore, ethoxycarbonylcarbene, generated from ethyl diazo- 

acetate, and activated imine 448 cyclized to yield 2-thiazo- 
line 473. 2 0 9  Finally, substrate .% also gave a (4+l)cyclo- 
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REACTIVITY OF a-HALOGENATED IMINO COMPOUNDS 

469 - 

addition with isonitriles in refluxing xylene to form 5-imino- 

4,4-bis(trifluoromethyl)-2-thiazolines 474. 204 

R 

R 

N 
I I  

5CnCF3 

448 - 

Miscellaneous Cycloadditions 

Besides (4+l)cycloadditions (vide supra), isonitriles were 

found to produce 1:2 adducts with suitable substrates such as 

hexafluoroacetone azine 469. When R = benzyl, the resulting 

2,3-diiminoazetidines 475 tautomerized to 476. 211 
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2 RN=C - 
469 - 

NCH2Ph 
'N +/ N 

476 
3 N=CHPh - 

F3 

Diazomethane is known to give aziridines by cycloaddit*on to 

certain imino functions. Compound 477 reacted with ethereal 
diazomethane in methanol by sulfinate elimination and subse- 

quent cycloaddition to produce 1-benzoyl-2-trifluoromethylazi- 

ridine 478. 78 

0 

I 
F3C -S%E t 

477 - 

CH2% I ether 

MeOH 

Ph 

478 - 
a,a'-Hexafluoroketimine 479 also added diazomethane at the imi- 
no bond to yield 1:l adduct 480, which lost nitrogen thermally 
or upon irradiation.212 It should be noted that 2:l adducts 

were formed in some cases by reaction of both double bonds in 
212 479. - 

The structurally related hexafluoroacetone azine 469 showed a 
similar mechanistic behavior and produced 5,5,5',5'-tetrakis- 
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REACTIVITY OF a-HALOGENATED IMINO COMPOUNDS 

li\bR' 
F3c CN 

C S  
481 - 480 - 479 

~trifluoromethyl~-4,5,4',5'-tetrahydrobis-~lI2,3-triazole) 483, 
which exploded above 100'. 213 

469 - 

484 - 

482 483 - 

A particularly 214 interesting reaction is the 

C! 
F3c CF3 

R1 486 - 
1:l addition of 

hexafluoroacetone azine 469 to isobutylene to afford a l-pyra- 
zolin-1-ylid 484, which was of practical interest because of its 
reaction with alkenes and alkynes. 215 Finally, a-chloraldimine 

- 488, obtained from the addition of gaseous ammonia to 2-chloro- 

2-methylpropanal 487 in ether, was reported to cyclotrimerize 
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DE KIMPE, VERHE, DE BUYCK, SCHAMP 

to hexahydro [l , 3 , 5 ]  triazine 489. 216 

8. Formation of Heterocyclic Compounds 

a-Halogenated imino compounds are known to be the star- 

ting materials €or a variety of heterocyclic compounds. Flany 

reactions can be classified in one of the preceding sections, 

describing separate mechanistic features of the title compounds. 

In this section, however, emphasis will be focused on those 

reactions of a-halogenated imines which cannot be integrated 

into the foregoing sections and which lead to heterocyclic com- 

pounds. A large variety of nitrogen-heterocycles has been re- 

ported to result from a-haloimines. 

8.1. Pyrazoles 

Ethyl 2-chloroacetoacetate 490 condensed with thiocarbohy- 
drazide 491 in alcoholic H C 1  to produce the functionalized py- 

razole 492 via an intermediate a-chloroimino derivative. 2 1 7  

C I  C O O E t  
;-(kcoo,-+ + ?N-NH-C-NHNHz - S  

H 
0 3 
- 490 - 491 4 9 2  - 

1 3 6  
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REACTIVITY OF a-HALOGENATED IMINO COMF'OUNDS 

The imino derivatives derived from ethyl 2-chloroacetoacetate 

- 490 and semicarbazide, thiosemicarbazide and nitroaminoguani- 

dine (9, 494 en 495 respectively) were converted into the 
zwitterionic heterocycles 496 by reaction with pyridine in etha- 
nol. 218 

2 
A 

,NH NH2 
N 

CI  

493 z = 0 
494 Z = S 

8.2. Imidazg_lg_s 

- 
495 Z = N-N02 - 

80° 
pyr id i ne 

EtOH 
___c 

496 - 

Heating of 4,4-bis(trifluoromethyl)-1,3-diaza-l13-buta- 

dienes 497 in the presence of anhydrous tin(I1)chloride gave 
ring-closure to fluorinated imidazoles 498. 219 

498 - 497 - 

8.3. Oxazoles and Thiazoles 

In a manner similar to the preparation of imidazoles 498, 
oxazoles 2 and thiazoles 501 were synthesized from 4,4-bis- 
(trifluoromethyl)-3-aza-l-oxa-l13~butadienes 499 (2 = 0) and 

4,4-bis(trifluoromethyl)-3-aza-l-thia-l,3-butadienes 448 (Z = S) 

(the latter ones being in thermal equilibrium at 80' with 2,2- 

bis(trifluoromethy1)-2H-1,3-thiazetes) by heating with anhy- 
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SnClg 

A 

- 4 9 9 z = o  * z = s  5 0 0 Z = O  x Z = S  - 

drous tin (11) chloride. 219 Another route to thiazoles consisted 

of the condensation of a-chlorooximes 285, obtained from nitro- 
syl chloride addition to alkenes, with thiourea. 220 

#OH 
N 

30 - 85 % 

Heating chloroacetone thiosemicarbazone 503 with concen- 
trated hydrochloric acid afforded a 95% yield of 3-amino-4-me- 

thyl-2-imino-4-thiazoline hydrochloride 504, 221 which was er- 
S 
II 
n 

NH NH2 
N’ 

503 

A 

cone. HCl 
- 

roneously reported to be formed from the reaction of chloro- 
222 acetone and semicarbazide in ethanolic hydrogen chloride. 

A similar compound 506 was obtained from 3-chlorobutanone 505 
and thiosemicarbazide in concentrated hydrochloric acid. 

Ethyl 2-chloroacetoacetate 490 also condensed with thiosemi- 
carbazide under similar reaction conditions to yield 2-imino- 

thiazoline 507. 

223 

224 
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0 

R+ 
CI 

- 3 5 0 5  R = CH 

490  R = COOEt 

S NH 
II 

H2N C NHNH2 

conc. HCI 
A 

II 
H2N'NAS 

- 506 R = CH3 (hydrochloride) 

507 R = COOEt - 

The thermal condensation of a-perfluorinated ketimines 

448 and 499 with phosphorous pentasulfide or phosphorous penta- 
selenide provided high yields of A3-l,2,4-dithiazolines 509, 
~l~-1,2,4-thiaselenazolines 510 or A3-1,2,4-diselenazolines 

50b. 225-227 - 

R 

508 - 448, 499 - -  T 
P2Se5 

8.6. Thiadiazines 

2-Amino-5-methyl-1,3~4-thiadiazine 513 was synthesized 
222 from chloroacetone 511 and thiosemicarbazide 512 in ethanol. 

The a-haloimine 503 was isolated from 511 and 512 in aqueous 

medium and subsequent heating in ethanol also yielded thiadia- 

zine 513. 221 The latter heterocycle was erroneously reported 
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to  r e s u l t  from c h l o r o a c e t o n e  and th iose rn ica rbaz ide  which, under  

t h e  g iven  r e a c t i o n  c o n d i t i o n s ,  gave r ise t o  2 - i rn ino th iazo l ine  

504. 2 2 2  
- 

a-Chloro- and a-brornoirnines 514 and 515 f u r n i s h e d  t h i a d i a z i n e s  

516 and 517 by s imple  h e a t i n g  i n  e t h a n o l .  2 2 3  I n  s i m i l a r  way, 

s 

- 3 514 X = C1; R = CH 

515 X = B r ;  R = H - 

516 R = CH3 

517 R = H 
- 
- 

a-chloro imino  d e r i v a t i v e s  518 and 519 w e r e  c o n v e r t e d  i n t o  he- 

t e r o c y c l e s  520 and 521 by h e a t i n g  r e s p e c t i v e l y  i n  e t h a n o l  or 

i sop ropano l .  2 2 4  , 228 

S 
II 

-Z 
,NH N 

CL 

- 2 518 R = H ;  Z = NHNH 

519 R = C O O E t ;  Z = NH - 2 

A 

- 520 R = H;  

521 R = COOEt ;  2 = NH2 

2 = NHNH2 

- 

14 0 
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REACTIVITY OF a-HALOGENATED IMINO COMPOUNDS 

Another route to thiadiazines was recently developed from 

the reaction of a-chlorooximes 522 with dithiocarbazic acid 
derivative 523 to afford 2-mercapto-1,3,4-thiadiazines 524 in 
60-97% yield. 229 

524 - - 522 

8.7. Miscellaneous Heterocycdes 

Condensation of a,a,a-trichloroamidine 525 with phosgene 
in toluene produced 2-trichloromethyl-6-methoxy-4-quinazolone 

- 526 in 90% yield. 230 

526 - 525 - 
Trifluoroacetamidine 527 was converted with hypochlorite in 
aqueous dimethylsulfoxide into diazirine 528, which afforded 
cyclopropene 529 on reaceion with perfluoro-2-butyne. 231 

jy 
F3C NH2 

527 - 

y 3  

528 529 - 
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DE KIP,IPE, VERHE, DE BUYCK, SCHAMP 

A cyclization of a transient a-chloroimine 532 was observed 
when anilines 530 were condensed with perchloronitroethylene 
- 531 to yield 2-anilino-3-nitroindoles 533. 232 

530 R = H I  Me - 

R 

5 3 3  - 

531 - 
L 

532 - 

.R J 
Recently, some other examples of intramolecular cyclizations 

of a,a-dichloroamidines and a-iodoimmonium salts were repor- 

ted. 232,234 

9. Hydrolysis of a-Halogenated Imines 

The acidic hydrolysis of a-halogenated imino compounds 

leads to the corresponding a-halogenated carbonyl compoupds and 

constitutes a valuable synthetic method for obtaining a-halo- 

carbonyl derivatives. Starting from the parent carbonyl com- 

pound, conversion into an appropriate imine, halogenation to 

an a-haloimine and subsequent hydrolysis offers the preferred 

routetoa-halocarbonyl compounds, because in many cases direct 

halogenation of carbonyl compounds can be problematic. 

142 
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REACTIVITY OF a-HALOGENATED IMINO COMPOUNDS 

5 3 4  - 
535 - 

hatogenation I 
X 

5 3 7  - 
x 

5 3 6  - 
This sequence of reactions was succesfully applied to the syn- 

thesis of a-chloro-, a,u-dichloro- and a,a,a-trichloromethyl- 

ketones. 235-237 This route is especially valuable when a re- 

giospecific halogenation of imines is possible, as illustrated 

for the chloromethylation of steroidal ketone 538 and the di- 
chloromethylation of methylketones 540. 2 3 5 , 2 3 6  

- 538 R = H, Ac 

R /A 
5 4 0  .- 

539 - 

C I  

5 4  1 - 

143 
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In similar way, a-bromomethylketones were obtained from steroi- 

dal ketone 538, 235 but dibromomethylketones, derived from me- 
thylketone 540 via imination, bromination with NBS/CC14 and 

hydrolysis, could not be prepared conveniently because of the 

lability of bromine during the acidic hydrolysis step. The 

resulting hydrolysate consisted of a mixture of a,a-dibromo- 

and a,a’-dibromomethylketones. 238 

The halogenation of carbonyl compounds, using a reaction 

sequence as outlined from 534 to 537 and applied to substrates 
where no competitive halogenation can take place, has been de- 

veloped as the most convenient preparation for a,a-dichloroal- 

dehydes m, 239 a ,a-dibromoaldehydes 54333, 2 3 9  and a , a-dichlo- 
roalkylarylketones 545 (Preparation 24). 240a 
that compounds 543 and 545 are not generally accessible by the 

It is to be noted 

1) L-BuNH2 
2) 2Nxs 
3) H30+ 

0 

R+ti 

54 2 - 
54313 X = Br - 

0 ‘gH1 lNH2 
2) 2 N c s  

3) H30+ 

0 ‘gH1 lNH2 0 
/ R  

n 
3) H30+ 

544 545 - - 

common halogenation procedures of the parent compounds, except 

by a new method of chlorination in dimethylformamide. 240b Many 

other examples of hydrolyses of arhaloimines have been reported; 

241-244 three of these reports deserve special attention. The 
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R E A C T I V I T Y  OF a -HALOGENATED I M I N O  CONE'OUNDS 

four-membered a,a-dichloroimine 193 gave 6-amino-a,a-dichloro- 
ketone 546 on hydrolysis, 
nitroaldimine 547 afforded an intermediate a-bromo-a-nitm- 
aldehyde 548, which decomposed with loss of CO to produce 1- 

bromo-1-nitroethane. 

while hydrolysis of a-bromo-a- 

245 

193 - 

k .A HCL 0.02 N 

0" I S min.  
H 

OfN Br 
547 - 

H ~ O +  - 
546 - 

'1 

0 
- co - 

J 
548 - 

k02 
549 - 

The facile hydrolysis of certain a-haloimines was demonstrated 

by the percolation of a benzene solution of steroidal 5a-fluo- 

ro-6-nitrimine 550 through a neutral alumina column, thereby 
resulting in a quantitative conversion into 5a-fluoro-3B-hydro- 

xycholestan-6-one acetate 551. 99 

Finally, a-halogenated immonium salts are known to hydro- 

lyze very rapidly to yield the corresponding a-halocarbonyl 

derivatives. This hydrolysis step will be discussed in a forth- 
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coming review on the chemistry of 8-haloenamines because of 

the initial formation of a-haloimmonium salts on halogenation 

of enamines. In general, these salts are easily transformed 

into a-halo carbonyl compounds as exemplified also for a-fluo- 

rinated derivatives 552. 246 

Ar ,L/,F 
x 

- 552 X = C 1 ,  F, CF3 

0 

Ar 
x 

553 - 

10. Functionalization of a-Haloimines 

N-unsubstituted a-halogenated imino compounds have not 

been frequently described in the literature because of their 

sensitivity to hydrolysis. However, those N-unsubstituted 

imines stabilized by several halogens in the a-positions can 

be conveniently handled and transformed into N-substituted de- 

rivatives. 

and 556 with acyl chlorides or ketenes afforded the N-acyl tri- 
fluoromethylderivatives 555 and 558. 247r248 
cyanogen chloride from 558 was developed as a synthetic method 

Acylation of trifluoromethylsubstituted imines 90 

The expulsion of 

for a-chloroalkylisocyanates 559. 247 Nitrogen-heteroatom bond 

formation was also achieved by the reaction of benzene- 

sulfonyl chloride249 or triethyl ph~sphite~~' with s-halogena- 

ted amidines 560 and s. The latter reaction occurred with 

concomitant expulsion of ethyl chloride. 250 
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0 
+C F3 

90% COOR 
+ P 3  - NH 

II 
F3CncF3 o=c=c,  C O O R  F,C-CF, 

554 - 90 - 

NH 

Ar A CF3 + 

- 556 557 - 
Ar = C6H5, 4-C1C6H4, 4-CF3C6H4 

-HCL - 

555 - 

558 

/ -CLCN 

0 

A YNGC5 
559 

F3c C I  

It is clear that other a-haloimines, bearing active N-sub- 

stituents, are susceptible to similar transformations. The 

,S02Ph 

- 561 - 560 

NH 
II 

C 13CA NOR 
h 

!,OE+ 

OEt 
( E t 0 I 3 P  - C I  +N,,R + EtCl 

CI R 
562 R = Me, Et - 563 
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oxime of hexafluoroacetone (564) reacted with the functionali- 
zed ketenes 554 to produce 0-acylated oximes 565 in 60-97% 
yield. 248 

0 

564 - 554 565 - - 
(R = Me, Et, E-Pr, n-Bu) - 

The so-called Kametani reaction alsQ entails a transformation 

of the N-substituent; chloral semicarbazone 556 undergoes at- 
tack of primary amines or alcohols at the carbonyl group, re- 

sulting in decomposition of the molecule into chloralhydrazone 

and a carboxylic acid amide or ester. 251 , 252 

,NH‘ 
N 

C l 3 C  4 
- 567 568 569 566 - - - 

11. Miscellaneous Reactions 

One of the first preparations of a-halogenated imidates 

was reported by McElvain and Stevens,253 who claimed that ethyl 

N-ethyl-2-chloro-2-methylpropionimidate 570 gave 80% yield of 
N-ethyl-2-chloro-2-methylpropanamide 571 by treatment with dry 
hydrogen chloride in ether. 

This early report shows similarities with the recently publi- 

shed transformation of a-halogenated imidoyl cyanides 102 into 
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N- 

,+On 
CI 

5 7 0  - 

H C I  

ether 
___) 

0 

C I  
5 7 1  - 

a-haloamides 572 by treatment with aluminium chloride or hy- 
drogen chloride in alcohol. 2 5 4  

in terms of acid-catalyzed addition of alcohol followed by hy- 

The mechanism was interpreted 

0 

,R 
N 

1 0 2  - 

HCl 

'HCN 

-EtCl I 

drogen cyanide elimination, yielding the protonated imidate 

- 573. 255 

253,254 transformation of the above mentioned a-chloroimidatez0. 

The application of organophosphorous reagents to reactions with 

Further expulsion of ethyl chloride parallels the 

0 
11 ,OR' 

- PPh3 N - P( OR'+ R: >;.-OR' 

R= Ph ii R = Ph, i -Pr  
F3C x F~C-CF~ 

574 - - 5 7 6  - 5 7 5  

(R' = Me, Et) 
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a-haloimines has only limited scope. 2-Aza-lI3-butadienes 575 
reacted with trialkyl phosphites or triphenylphosphine to yield 

- 576 and 574 respectively. 2 5 6  

afforded B,B-dichloroenamine 578 by reaction with trimethyl 
phosphite. 

The activated chloraldimine 577 

257,258 

A cyclization was observed during the condensation of 2,4-dia- 

za-lI3-butadiene 579 with trialkyl phosphites, providing a va- 
luable procedure for the synthesis of phosphorus-containing 

heterocyclic compounds 580. 258 

N pR8 
N 
II n 

F3C CF3 

5 7 9  ( R '  = H, Me) - 

150 

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



REACTIVITY OF a-HALOGENATED IMINO COMPOUNDS 

IV. PREPARATIONS 

Preparation 1 : 2yCyano-4,5,5-trimet~y~-3-nitrato-l-~yrrg~~~~~ 

24 ------- 1-oxide 37 ( R  = CH3) 

3-Bromo-2-cyano-4,5,5-trimethyl-l-pyrroline-l-oxide 36 
(R = CH3) (300  mg, 1.3 mmol) in 10 ml of acetonitrile was ad- 

ded to a stirred solution o-f 1.2 g (7.1 mmol) of silver nitrate 

in 20 ml of acetonitrile at room temperature. Stirring was 

continued in the dark for 20 min. and the precipitated silver 

bromide was then filtered and washed with chloroform. The com- 

bined filtrate and washings were concentrated to yield a co- 

lorless oil. Ethyl acetate (100 ml) was added, the solution 

filtered to remove any solid material and the ethyl acetate 

evaporated to afford cis- and trans-2-cyano-4,5,5-trimethyl-3- 
nitrato-1-pyrroline 1-oxide 37 (R = CH3) as a colorless oil. 

Preparation 2 : ~ a - M e t h o ~ y ~ 4 , ~ , ~ , 4 - t e t r a h y d r o c a r b a z o l ~ ~ ~ ~ g ~ ~ ~  

1,2,3,4-Tetrahydrocarbazole (2.0 9) and triethylamine 

(1.28 ml) in 36 ml of benzene were stirred in an ice bath while 

- t-butyl hypochlorite (1 .28  ml) (or an equivalent amount of N- 

chlorobenzotriazole) was added dropwise. After additional 

stirring for 30 min, the benzene solution of the tetrahydrocar- 

bazolechloroindolenine 58 was run rapidly into a stirred solu- 
tion of sodium methoxide (prepared by adding sodium (1 CJ) to 

3 5  ml of absolute methanol) cooled to -10' in an ice-methanol 

bath. After 30 min of stirring at -lo', the mixture was eva- 

porated in vacuo, 30 ml of ice water was added, and the solu- 
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tion was extracted four times with 25 ml portions of chloro- 

form. The extract was dried (Na2S04) and evaporated to afford 

a viscous oil (2.06 g, 88%). Crystallization from hexane gave 

large, colorless prisms, mp. 47-51'. 

Preparation 3 : D i e t h y l - s p i r o ( c y c l o p ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ' - 3 ' H - i n d o l e ) ~ ~ ~ ~  

49 (1'H)-ylidenemalonate 80 ------ ---_______---- - 

A solution of 4a-chloro-2,3,4,4a-tetrahydro-lH-carbazole 

- 58 in benzene, obtained from the addition of r-butyl hypochlo- 

rite (1.1 ml) to a solution of 1.71 g (10 mmol) tetrahydrocar- 

bazole in 30 ml benzene containing 1.1 ml of triethylamine, 

was treated with 3.64 g (10 mmol) thallium(1) diethyl malonate. 

The mixture was refluxed for 18 hrs, then cooled and filtered 

through florisil. The filtrate was extracted twice with ice 

cold 2N hydrochloric acid, washed with water and dried over so- 

dium sulfate. Removal of the solvent furnished a dark oil 

which was cooled to 0'. The crystals were filtered and recry- 

stallized from n-heptane to give 80, m p .  102-103' (1.54 g, 47%). 

49 

Preparation 4 : 2 - N - r - B u t y l a I _ ? i n o ~ 2 ~ ~ ~ ~ y ~ ~ ~ ~ p ~ ~ ~ ~ ~ ~ ~ i t r i l e  97 
58 (R1 = R2 = Et; R = J-Bu) 

A solution of 10.0 g (0.052 mol) of N-l-(2-chloro-2-ethy1- 

buty1idene)t-Gutylamine 96 (R1 = R2 = Et; R = t-Bu) in 100 ml 

of dry methanol was treated with 10.3 g (0.156 mol) of potas- 

sium cyanide. T h e  mixture was heated at reflux overnight with 

vigorous stirring. Slightly more than half of the solvent was 

evaporated under reduced pressure, after which the reaction 

mixture was poured into 200 ml of water, extracted with three 
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portions of ether, dried (MgS04), filtered and evaporated. The 

remaining clear liquid was nearly pure 2-N-t-butylamino-3-ethyl- 

2-pentenenitrile as shown by NMR. Distillation in vacuo fur- 

nished 9.0 g (94%) of pure 97 (R1 = R2 = Et; R = t-Bu), bp. 

110-114°/12 mm Hg. 

Preparation 5 : General Progedgge for the Synthesis of gxAm_ing~ 

To a stirred suspension of the Grignard reagent, freshly 

prepared from magnesium (0.01 gram-atom) and alkyl halide (0.01 

mol) in dry ether (20 ml), was added dropwise 0.01 mol of ethyl 

N-trichloroethylidenecarbamate 111 in 10 ml of ether at 0' un- 

der nitrogen. The mixture was stirred overnight at room tempe- 

rature. After hydrolysis with water, the organic layer was se- 

parated, dried (MgS04) and evaporated in vacuo. The yellow 

liquid was purified by column chromatography on silica gel, and 

recrystallized from n-hexane to give adducts 112. 
To adduct 112 (1.3 mmol) was added 10% sodium hydroxide 

in ethanol-water (1:2; 20 ml). The suspension was stirred at 

room temperature for 3 days, the resulting clear solution was 

acidified with 6N hydrochloric acid and evaporated to dryness 

under reduced pressure. The residue was dissolved in 20 ml of 

2N-hydrochloric acid and refluxed for 24 hrs. Extraction with 

ether removed the unchanged starting materials and the aqueous 

solution was evaporated. The dried residue was desalted by the 

usual method261 and applied to a Dowex 50 W-X8 column. a-Ami- . 
noacids 113 were eluted witk aqueous 3% ammonia. The a-amino- 
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acid fraction was concentrated in vacuo and samples were re- 

crystallized from alcohol. Yields ranged from 15% to 77%. 

71 Preparation 6 : 1,3-Di~heqyl-2-butanone TosyLPyd~gdgng 

To a solution of lr3-diphenylpropanone tosylhydrazone 

(1.00 g; 2.64 mmol) in 40 ml of anhydrous tetrahydrofuran, was 

added tri-N-methylanilinium perbromide (0.992 g, 2.64 mmol). 

The mixture was quickly filtered to remove trimethylanilinium 

bromide and slowly dropped into a stirred solution containing 

an excess (15.9 mmol) of lithium dimethylcuprate [from copper (I) 

iodide (15.9 mmol) and 1.62 M methyllithium in diethyl ether] 

at a temperature not exceeding 0' and under an argon atmosphere. 

After 10 min the solution was poured into saturated ammonium 

chloride solution and extracted with ethyl acetate. The ex- 

tract was dried (Na2S04) and concentrated under reduced pres- 

sure. The solid residue (0.91 g) was chromatographed on silica 

gel (eluent 70:30 cyclohexane - ethyl acetate) to give 0.74 q 

(64%) of pure lr3-diphenyl-2-butanone tosylhydrazone, mp. 116- 

118'. 

66 Preparation 7 : LL2,4-Trisubstituted Py_r~g&e~ 120 

A solution of 0.1 mol of a-chloro- or a-bromoaldimines 

(119 or 128) in the same volume of dry ether was added to 125 
ml of anhydrous liquid ammonia. .The solution was vigorously 

stirred and 0.11 gram-atom of sodium was added slowly (small 

pieces). The reaction mixture was neutralized by adding 5 g 

of ammonium chloride. Ammonia was evaporated and pentane was 

added. After filtration, pentane was evaporated in vacuo and 
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REACTIVITY OF a-HALOGENATED IMINO COMPOUNDS 

the remaining product was distilled to give 1,3,4-trisubstitu- 

ted pyrroles 120 in 31-75% yield. 

Preparation 8 : Ethyl l-metho~y~~,~22-trichloroethylcarbamate 

76 148 ( R  = Et; R '  = CH3) 

N-Ethoxycarbonyl chloraldimine 147 ( R  = Et) a so-called 

anhydrochloralurethan, (1.09 g) was added to 5 ml methanol. An 

immediate exothermic reaction occurred. After the reaction 

ceased, evaporation of the methanol afforded 1.12 g (90%) of 

ethyl l-methoxy-2,2,2-trichloroethylcarbamate 148 ( R  = Et; R '  = 

CH3) , mp. 59-61". 

Preparation 9 : N - ( l - ~ ~ a p i s i d i n o r p e p ~ y l - a c e t ~ ~ ~ ~ ~  152 
81 ( R  = p-Pr; Ar = p-CH C H ) 1 3 6 4  

To a 5% solution of N-l-(2,2-dichloroalkylidene)acetamide 

151 ( R  = E-Pr) in dry diethyl ether was added dropwise with 

stirring a 5% solution of freshly distilled 2-anisidine in dry 

diethyl ether. After stirring overnight at room temperature, 

evaporation of the ether yielded a 98% yield of crude crystal1 

ne 152 (H = E-Pr; Ar = p-CH OC H ) ,  which was recrystallized 3 6 4  
with diethyl ether/hexane, mp. 104O. 

92 Preparation 10 : l-~-ButylI1~alkylaziridines 174 ( R  = r-Bu) 

To a suspension of 0.21 mol of lithium aluminium hydride 

in 50 ml of dry diethyl ether was added slowly at Oo a solution 

of 0.1 mol of N-i-butyl a,a-dichloroaldimine 98 in an equal 
volume of ether over a period of 1 hr. The reaction mixture 

was allowed to warm up to room temperature and stirring was 

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



DE KIMPE, VERHE, DE BUYCK, SCHANP 

continued for 12 hrs. Work-up was accomplished by cautious 

addition of the reaction mixture to a two-phase system of ether 

and water. The ethereal layer was separated and the water 

layer extracted twice with ether. The combined extracts were 

dried (MgS04), evaporated and distilled in vacuo to afford azi- 

ridines 174 in 80-90% yield. 

,.- 
Preparation 1_1 : E,8-Unsaturated-Ald~mlnes 217L1 

A mixture of 0.1 mol N-l-(2-chloroalkylidene)amine 216 and 

100 ml of 2N sodium methoxide in methanol (2.0 equivalents) was 

refluxed overnight with stirring. Methanol was evaporated in 
vacuo and the residue was poured into water and extracted with 

diethyl ether. The combined extracts were dried (PlgS04) and 

evaporated in vacuo leaving an oil, which was distilled at re- 

duced pressure to afford colorless N-l-(2-alkenylidene)amines 

- 217 in 67-98% yield. 

Preparation 1 2  : GgggggL-Pgocedure fog-tpe-Dehydrohaloqepatlop 

107 
2f-E:HGl2hYd~~ZoEEs 

A solution of 0.5-1.0 g of a-halohydrazone in a minimum 

amount of hot glacial acetic acid was kept at its boiling point 

for 5 min. The solution was cooled until the acetic acid began 

to crystallize and the crystals of a,B-unsaturated hydrazones 

which separated were collected. 

A related procedure for the synthesis of a,B-unsaturated hydra- 

zones involved the addition of one equivalent of 2,4-dinitro- 

phenylhydrazine to a solution of an a-haloketone in glacial 
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acetic acid. The solution was kept at its boiling point for 

five minutes and the products, which separated on cooling, were 

isolated by filtration. 

A stirred solution of 3.22 g (0.01 mol) of 3,3,5,5-tetra- 

methylcyclohexanone tosylhydrazone 251 in 100 ml of anhydrous 
tetrahydrofuran at -20' was treated with 3.79 g (0.01 mol) of 

phenyltrimethylammonium perbromide over a period of 15 min. 

After an additional 10 min., the precipitate was collected by 

filtration and the filtrate was evaporated under reduced pres- 

sure at a temperature not exceeding 40'. The residue was dis- 

solved in ether and shaken with a saturated aqueous solution 

of sodium carbonate. After several washings with water, the 

solution was dried (Na2S04) and evaporated to leave a residue, 

from which yellow 3,3,5,5-tetramethyl-l-tosylazocyclohexene 253 
was precipitated with hexane (2.62 g; 82%), mp. 87' (dec) . 

Preparation 14 : Ggperal Procedure for the cxxgheyylation of a- 

125 HalntosYlhYarazones 

Phenyllithium (3.0 mmol) in benzene was added to a suspen- 

sion of 3 . 3  mmol of purified cuprous iodide in 5 ml of. ether 

and the mixture was stirred at -5' until a negatiue Gilman 

Test260 resulted (about 5 min.). 

5 ml of tetrahydrofuran and khe mixture was cooled to -60". An 

appropriate a-halotosylhydrazone (1.0 mmol) in 5 ml of tetra- 

hydrofuran was added % a syringe while the reaction tempera- 

To this suspension was added 

157 

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



DE KIMPE, VERHE, DE BUYCK, SCHAMP 

ture was kept at -60'. Analysis by tlc on silica gel indicated 

the reaction to be complete within 5 min. The reaction mixture 

was quenched by addition of 5 mmol of acetic acid and allowed 

to warm up to room temperature. The reaction mixture was added 

to a solution of ammonium chloride in aqueous ammonia and ex- 

tracted twice with tetrahydrofuran and once with ether. Drying 

(MgS04) followed by removal of the solvent and washing the crude 

solid with hexane (to remove biphenyl from commercial phenyl- 

lithium) produced pure tosylhydrazones (259) in 72-94% yield. 

1 3 6  Preparation 15 : @bgyclononepem~~carboxylic a_c&a 269 (n= 7) 

To a magnetically stirred, ice-cold 2N sodium hydroxide 

solution ( 5 0  ml) cooled in an ice bath at 0-5', 0.009 mol of 

4-chloro-3,4-heptamethylene-2-pyrazolin-5-one 268 (n = 7) was 

added, resulting in a yellow solution with gas evolution. Af- 

ter gas evolution had subsided (about 3 hrs), stirring was con- 

tinued for another 2 hrs in the cold at 0-5O; the ice bath was 

removed and the stirring was continued for an additional 2 hrs. 

The solution was acidified with 6N HC1 to a Congo red end point 

(pH 3 . 1 ) .  The resulting solid was taken up with two 25 ml por- 

tions of ether. The combined ethereal extracts were extracted 

twice with 25 ml of aqueous sodium bicarbonate, and the bicar- 

bonate extracts were acidified to give a yellow-white solid. 

The solid was extracted with ether (50 ml) , dried .(MgS04), fil- 
tered and.the ether w a s  removed to afford a 67% yield of (El- 

cyclononene-l-carboxylic acid 269 (n = 71, mp. 77-78' (pentanel ; 

no 2 isomer was observed in this case. 
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REACTIVITY OF a-HALOGENATED IMINO COMPOUNDS 

Preparation 16 : 3-Piperidino-2-butanone oxi';?e 286 
149 (R = R'  = CH3) 

A solution of 15 ml of piperidine in 100 ml of dry ether 

was added dropwise with stirring to a solution of 6.0 g ( 4 9  

mmol) of 3-chloro-2-butanone oxime 285 in 50 ml of dry ether, 
cooled in an ice bath. After additional stirring of 1 hr., the 

reaction mixture was treated with water to dissolve the piperi- 

dine hydrochloride and the ethereal phase was separated, dried 

(Na2S04) and evaporated to leave crystalline 3-piperidino-2- 

butanone oxime 286 ( R  = R' = CH3) in quantitative yield, mp. 

83'. 

Preparation 17 : Oxime of PhenacylrrlEhesylphnsEhonlum_Chloride 

160 307 ( R  = Ar = Ph) - 
A mixture of 2.0 g of a-chloroacetophenone oxime261 and 

3.23 g of triphenylphosphine in 70 ml of chloroform was refluxed 

for 3 hrs. The white precipitate (5.2 g, loo%, mp. 211') was 

collected and crystallized from a little ethanol, mp. 215'. 

To a solution of 3.56 mmol silver tetrafluoroborate and 

1.64 mmol of cyclohexene in 10 ml of 1,2-dichloroethane was ad- 

ded in the dark and under nitrogen a solution of 3.41 mmol N- 

cyclohexyl a-chloropropionaldonittone 327 1,168 in 20 ml of 1,2- 
dichloroethane. The addition was performed at 40' over a period 

of 1.5 hr., with vigorous stirring. The yellow reaction mixture 
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DE KIMPE, VERHE, DE BUYCK, SCHAMP 

was separated from the precipitated silver chloride and shaken 

for 15 min. at room temperature with a solution of 5 g of po- 

tassium cyanide in 10 ml water. Extraction with dichlorometha- 

ne yielded the crude product, which was chromatographed over 

70 g of Alox (Woelm, Activity V, basic) with hexane. Cyclo- 

adduct 329 (R1 = R2 = H; R = CH ) was obtained in 85% yield. 3 

A mixture of 2.44 g (0.01 mol) of freshlyprepared N-2-(1,1- 

dichloro-4-methylpenty1idene)aniline 71 (R2 = R' = H; R1 = 

- i-Pr) and 5.4 g (0.1 mol) of dry sodium methoxide in 25 ml of 

dry diisopropyl ether was stirred under reflux for 32 hrs and 

protected with a calcium chloride tube. After completion of 

the reaction, the suspension was filtered and washed with dry 

ether. Removal of the solvent in vacuo left an oil, which was 

further purified by preparative tlc. (PSC Fertigplatten Merck 

Kieselgel F 254; 2 mm thickness; isooctane : carbon tetrachlo- 

ride : toluene 40:30:30 as eluent). Extraction of the band at 

Rf 0.4-0.5 with dry acetone provided 1.8 g (92%) of pure cis- 
methyl N-phenyl-4-methyl-2-pentenoimidate * (R' = R2 = H; 

R1 = L-Pr). 

A solution of 2.0 g (0.0124 mol) of N-l-(2-chloro-2-me- 

thylpropy1idene)t-butylamine 358 in 50 ml of dry methanol was 
refluxed during a period of two days (protected with a calcium 
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REACTIVITY OF a-HALOGENATED IMINO COMPOUNDS 

chloride tube). Evaporation of the solvent in vacuo afforded 

a solid residue, which was washed several times with dry ether 

to leave a white powder (1.9 g, 70%, 361). 

Preparation 21 : P ~ y c & ~ ~ g ~ y l - 4 - r n e t h o x y ~ ~ ~ 5 - d i m e t h y l Z Z - i m i d a z o -  
179 lidinethione 366 (R = cyclohexyl) ------------ - 

N-l-(2-chloro-2-methylpropylidene)cyclohexylmine 358 
(R = cyclohexyl, 15.0 g, 0.08 mol) was dissolved in 150 ml of 

dry methanol and treated with 23.3 g (0.24 mol) of potassium 

thiocyanate. The mixture was refluxed overnight, half evapo- 

rated, and poured into 500 ml of vigorously stirred distilled 

water. The resulting precipitate was collected by filtration 

and washed with cold methanol/water 25:7'5. 1-Cyclohexyl-4-me- 

thoxy-5,5-dimethyl-2-imidazolidinethione 366 (R = cyclohexyl) 

was dried in the dessicator to afford 15.1 g (78%), mp. 184O. 

A benzene solution of tetrahydrocarbazolechloroindolenine 

- 58, from 1.25 g of tetrahydrocarbazole as described in Prepa- 

eation 2 was run rapidly into a stirred refluxing solution of 

3 g of sodium hydroxide in 35 ml of methanol, and the mixture 

was refluxed for 30 min. The solvent was evaporated in vacuo, 

30 ml of ice water was added, and the mixture was extracted 

four times with 25 ml of chloroform. Drying (Na2S04) and eva- 

poration yielded a viscous oil (1.20 g, 82%), which crystalli- 

zed on standing at -2OO. Recrystallizatibn from diethyl ether 

gave white prisms, mp. 66-68O. 
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Preparation 23 : 2 - E t h o x y ~ ~ ~ ~ ~ ~ y ~ ~ ~ ~ ~ ~ ~ ~ ~ l o r o m ~ ~ ~ y ~ ~ ~ ~ a z a b i c y ~  

199 clolZ,Z,llhePteE 

Refluxing a benzene solution (25 ml) of freshly prepared 

N-l-(2,2,2-trichloroethylidene)ethoxycarbonylamine ( R  = Et) 

(5.0 g) and cyclopentadiene (2.5 g) f o r  3 hrs gave an oily re- 

sidue after evaporation. The residue was chromatographed over 

80 g of alumina with benzene as eluent. The faster moving zone 

gave, after removal of the solvent, 3.85 g (59%) of oily 439 
(g  trichloromethyl group), bp. 136-138O/4 mm. From the slo- 

wer moving zone, 2.01 g (30%) of 438 (e trichloromethyl 

group) was obtained as colorless crystals, mp. 47.5-48'. 

Preparation 24 : 2,2-Dich&&rovalergphenone 545 (R = n-Pr; 
240 R' = H) 

A mixture of 20.0 g (0.123 mol) of valerophenone and 17.0 

g (0.172 mol) of cyclohexylamine in 250 ml of toluene was re- 

fluxed in the presence of a small amount of E-toluenesulphonic 

acid. Reflux was continued until the theoretical amount of 

water separated in a Dean-Stark apparatus (usually 24-28 hrs). 

N-Cyclohexyl valerophenone imine (29.3 g, 98%) was obtained by 

distillation, bp. 92-99"/0.03 mm. To a stirred solution of 

29.3 g (0.120 moll of this ketimine in 250 ml of dry carbon 

tetrachloride was added, over a period of 20 min, 35.7 g 

(0.268 moll of N-chlorosuccinimide. The temperature was kept 

between 20" and 40"  with a water bath. After stirring 4 hrs 

at room temperature, succinimide was filtered, washed with 

CClq and evaporation of the filtrate left N-l-(2,2-dichloro-l- 
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phenylpenty1idene)cyclohexylamine as a pale yellow oil (quan- 

titative yield). The a,a-dichloroketimine was dissolved in 

100 ml of diethyl ether and treated with 30 ml of concentrated 

aqueous hydrogen chloride and 70 ml of water. After stirring 

for 3 hrs, the ethereal phase was isolated and, after addition 

of sodium chloride, the water phase was extracted twice with 

diethyl ether. The combined extracts were washed with water, 

dried (MgS04) and evaporated in vacuo to give a clear oil, 

which was distilled to afford 24.9 g (90%) of 2,2-dichlorova- 

lerophenone 545 ( R  = n-Pr; R '  = H), bp. 73-79"/0.06 mm. 
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