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Abstract : The reaction of %-chloroimines with sodium methoxi- 

de in methanol gave rise to B-(alkylamino)- and B-(arylamino)- 

carbonyl compounds in high yield. The reaction mechanism for 

the generation of S-(alkylamino)- and B-(arylaminoj-carbonyl 

compounds passes via an intermediate a-methoxyazetidine which 

is,after ringopening, transformed into a B-(alkylaminoj- or S- 

(arylaminoj-carbonyl compound. Only one 2-methoxyazetidine 

(2-methoxy-2,3,3-trimethyl-1-phenylazetidine) could be isola- 

ted under the given reaction conditions. S-Alkylaminocarbonyl 

compounds were also generated by reaction of S-chloroimines 

with potassium tert.-butoxide in tert.-butanol or tetrahydro- 

furan. The latter reaction is initiated by a deprotonation 

leading,after ring closure,to 2_methyleneazetidines, which are 

transformed into B-(alkylamino)-carbonyl compounds during the 

reaction or on workup. 

Introduction 

S-Aminoketones are a group of bifunctional compounds, which have already been 

described several times in review articlesl-5. S-Aminoketones were mostly made 

accessible by the Mannich reaction, i.e. the reaction of a carbonyl compound, an 

aldehyde (usually formaldehyde) and an amine under acidic circumstances. Some S- 

aminoketones further described in this article were already prepared via this 

classical method6-12. Besides the classical procedure for performing the Mannich 

reaction, the literature also reveals novel versions of this reaction, e.g. the 

trimethylsilyl trifluoromethanesulphonate promoted addition of silyl enol ethers 

to imines13. Next to the Mannich reaction also other procedures are known for the 

preparation of S-aminoketones, e.g. the reduction of the imino function of B-imi- 

noketonesla. S-Aminoketones are important functionalized carbonyl compounds 

because they can be transformed into a variety of valuable compounds, among others 

a,6-unsaturated ketones, S-aminoalcohols and heterocyclic compounds. Some B-ami- 

noketones (or their hydrochlorides) are also potentially biologically active com- 
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pounds, such as local anaestheticslS_18, anticonvulsantslg, a-adrenoblocking 

agents20-21, antibacterials22-26, antitumor agents23,27-32 and analgesics32. 

Herein we report a new method for the preparation of B-(alkylamino)- and S-(aryl- 

amino)-ketones by rearrangement of R-chloroimines with various nucleophilic bases. 

Results and Discussion 

Reaction of R-Chloroimines with Sodium Methoxide (Table I entries l-10) _______________________________-----______~~~~~~~~~~~~~~~~~~~~~~~~~~~~~- 

The reaction of S-chloroimineo 1. (X=Cl), prepared by condensation of B-chlo- 

roketones with primary amines33, with two molar equivalents of sodium methoxide in 

methanol (2N), followed by aqueous workup, gave rise to B-(alkylamino)-carbonyl 

compounds 2 in good to high yields (Scheme I). 

,R 
N 

I) NaOMe I MeOH 
A 4h-13d 

0 

2) H20 

1 a,c,d,e,f,g,h,t,j ( X = CL I 2 ( 62 - 92 % 1 

‘I b (X= OTos 1 - 

SCHEME I 

This reaction is fairly general because R-(alkylamino)-aldehydes 2 (Rl=H) as well 

as R-(alkylamino)-ketones 2 (Rl#h) were accessible (Table I, entries l-10). The 

reaction of @-chloroaldimine la - (R=t-Bu, R2=CH3, Rl=H) with sodium methoxide in 

methanol (2 equiv./2N) was unexpectedly slow, probably due to the sterical hin- 

drance in the starting material la. - This reaction was also not very clean becau- 

se, next to S-(alkylamino)-aldehyde a, variable amounts of aminoalcohol 1 were 

formed depending upon the reaction conditions (Table I, entry l-3). On the other 

hand, the reaction of S-(tosyloxy)-aldimine lb with sodium methoxide yielded only - 

one reaction product, namely S-(alkylamino)-aldehyde 2b (Rl=H, R=t-Bu, R2=Et; 

Table I, entry 4) (Scheme II). 

The reaction mechanism for the formation of 8-(alkylamino)-carbonyl compounds 

2 is presented in Scheme III and is interpreted via an intermediately formed 2- 

methoxyazetidine 1. In principle, 2-methoxyazetidine 5 can be formed via two pos- 

sible pathways. The first possibility concerns the nucleophilic addition of 

methoxide across the imino function with the formation of adduct 4. - a-Methoxyaze- 

tidine 5 is formed after intramolecular expulsion of a chloride anion from adduct 

4. The second mechanistic route for the formation of 2-methoxyazetidine 2 entails 

the deprotonation of S-chloroimine 1 with sodium methoxide at the u'-position with 

the formation of mesomeric anions 6 and 7. In this case, sodium methoxide is - - 

ccting as a base and not as a nucleophile. After ring closure with the expulsion 

of a chloride anion from intermediate 7, 2-methyleneazetidine 8 is produced, which 

is trapped by nethoxide to give 2-methoxyazetidine 5. Both mechanistic pathways 

are plausible but the route via an initial nucleophilic addition of methoxide 

across the imino function deserves preference because S-chloroimine If (Rl=CgHS; - 

R=i-Pr, R2=CH3) and S-chloroaldimine la (R=~-Bu, - Rl=H; R2=CH3) gave, under the 

same reaction conditions, also rise to B-(alkylamino)-ketone 2f (R2=CH3, Rl'CgHS, - 

R=&-Pr) and 6-(alkylamino)-aldehyde & (R=t-Bu, Rl=H, R2=CH3), respectively. Both 
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substrates of the latter reactions do not have a'-hydrogens, making the mechanis- 

tic pathway via 2-methyleneazetidines 8 impossible. 2-Methoxyazetidines 2 are 

only isolable when the substituent on nitrogen is aromatic (Scheme IV). Accor- 

dingly and not unexpectedly, N-phenyl-@-chloroketimine lc was converted into 2-me- - 

thoxy-1-phenyl-2,3,3_trimethylazetidine SC in 86% reaction with sodium - yield by 

methoxide in methanol under reflux for 8 hours. By reaction with water, this aze- 

tidine 5c could be converted into fF(phenylamino)-ketone 2c (vide infra), which is - - 

indicative of the plausible intermediacy of w-methoxyazetidines in the transforma- 

tion of B-chloroimines 1 into B-aminoketones 2. - 

In all the other cases 2-methoxyazetidines 1 are converted in situ or during work- 

up into the corresponding B-(alkylaminoj-carbonyl compounds 2. 2-Methoxyazetidine 

5 might be viewed in equilibrium with the ring-opened intermediate 2, which can be 

trapped during aqueous workup with the formation of the hemiacetal 12. The obser- - 

vation that 2 is not trapped by methanol to produce the corresponding @-(alkylami- 

no)-acetals lends support to the consideration that 2-methoxyazetidines 5 occur as _ 

such in the reaction mixture prior to aqueous workup. Attempts to isolate l-al- 

kyl-2-methoxyazetidines 1 under non-aqueous workup conditions failed. The most 

probable mechanism for the formation of B-(alkylamino)-carbonyl compounds 2 is 

the transformation of 2-methoxyazetidines 5 into azetinium salts - 10 which, after 

aqueous workup, are rearranged into f3-(alkylamino)-carbonyl compounds 2 via 2- 

hydroxyazetidines 11. 10 as inter- - it is reasonable to postulate azetinium salts - 

mediates in the reaction mechanism because they were already proposed in the lite- 

rature as being transient products in the transformation of N-chlorocyclopropyl- 

amines into ,!X-(alkylamino)-ketones34. Azetinium salts were also postulated as in- 

termediates in the transformation of azetidine-2-carboxylic acids into @-lac- 

tams35-37. Thus, 2-methoxyazetidines 5 are the central intermediates in the reac- 

tion mechanism but they are only stable with aromatic substituents on nitrogen as 

has been shown by reaction of B-chloroimine lc with sodium methoxide in methanol 

(Scheme IV). If the workup of this reaction mixture was performed carefully, a- 

methoxyazetidine SC 2-Me- - was isolated as the sole reaction product (Scheme IV). 

thoxyazetidine SC is unstable at higher temperatures. - Till now a-alkoxyazetidines 

have rarely been reported in the literature. They were already prepared by elec- 
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Table I : Reaction of f3-chloroimines 1 (X=Cl) and fi-(tosyloxy)iminW 1 (X=OTos) 
with bases and nucleophiles. 
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startinq 

'try Co-d 
R 

R1 R2 x 
Reaction Conditionsa Yield (8) B-(alkylh)- 

ketone 2 (%) 

1 3 t_Bu H Mz Cl NaO&/NsCH (2E/2N) : A 50h 62 a: 9d3 

2 la t-Bu H Me Cl NaCW/MeOH (2E/2N) : A Id 70 2a : 7oc -- - 

3 & t_wl H ?4s Cl NaCMe/MeOH (2E/2N) : A 13d 73 & : 5od 
4 J& t_Bu H Et OTs NaOMe/WOH (2E/2N) : A 7h 72 2b : 100 - 

5 
- 'gH5 i'@ IC Me Cl NaCf&/WOH (2E/2N) : A 8h 86 &:Oe 

6 Id i* Cl NaO>Se/mQH (2E/2N) : A 4h 05 3 : 100 - CH2C6H5 Me 

7 le L-Pr Me w Cl NaMs/MsOH (2E/2N) : A 4h 73 &:lOO 

8 If i-Pr -- C6H5 Ms Cl NaC&/WOH (2E/2N) : A Id 90 2f : 100 

9 lse Me LMe Cl NaoMe/Msm (2E/2N) : A 5h 92 2 : 100 

10f lh CH2C6H5 H I"!e Cl NaoMe/&OH (2E/2N) : A 8d a5 2h : Oq - - 

11 lb &-BU H Et OTs t-Bu NH2 (10%) : A 2d 0 &J:O 

12 le L-Pr & I& Cl t-Bu NH2/ethsr (5E/lO%) : RT 20h 0 & : 0 

13 2 L-E? Me w Cl &-Pr NH2/ether (5E/lO%) : A 7d 0 & : 0 

14 le L--a Me w Cl i-pr NH2/ether/$C03(5E/10%) : 
RT 8d 0 *:o 

15 le &-Pr Me Me Cl NaCH/H20(5E/10%) : RT 2d 90 2e : 63h 
16 ; L-Pr MS 

- 

Me Cl KOH/D!GO(5E/lO%) : RT 6d 93 2 : 100 

17 le L--a & Ms Cl KSCN/CH3CN(2E/lO%) : A 0.5h 80-95 2e : 100 - 

I8 & i-pr F4 I& Cl KCN/CH3CN(2E/10%) : A 1.5h 75 2e : 100 
-. 

19 & i-a & Me Cl NaS&-C?z/MeGH(2E/lO%) : A 2h 90 & : 70= 
20 c 4-ClC6H4 !"& w Cl t_BuLijTHE'(ZE/lO%) : 0' 10h 72 2: 100 

21 le i-Pr Me I* Cl KC+Bu/THF(2E/lO%) : A 16h a5 *: 100 - - _ 

22 le A-Pr He w Cl KOt-Bu/ether(ZE/lO%) :A 40h 0 2e : 0' - - 

23 la t-BU H Me Cl Km_-Bu/QiF(2E/lO%) : A ad 0 2a : oj - 

a : E= equivalents; N= norml; A= reflux; h= hours; d= days; 

lO%= 10 % solution (w/v); KC= - temperature. 

b : 10% unidentified products. 

c : 30% 2,2-d&thyl-3-tm-t-butylamino-l-propxnol 2. 
d : 50% 3. - 
e : 2-Wtixxy-2,3,3-trimethyl-1-phenylazetidine &, exclusively. 

f : Con~~md & is a B,B,B-trichlorccmd,i.e. N-(3,3,3-trichloro-2,2-dimthyl-1-prowlidene)- 

bemylsmine. 

g : Imine 2, exclusively. 

h : 37% 4-chloro-3,3-dimethyl-2-butamme 0. 
i : 30% starting material. 
1 : No reaction observed. The starting material was totally recovered. 
___________________________-_______________-_____~~~~_~_~--~~~_~~---~--~~-------~------------- 

Elemental analyses of B-(alkylmino)carkxmyl ccB"pounds 2 : 

c (C,$J,yJO) : 7.20% N found, 7.32% N calcd.. a (C,3H,ghQ) : 6.98% N found, 6.82% N calcd.. 

& (CgH,,W : 8.96% N fand, 8.91% N calcd.. 2f (C,4H2+W : 6.28% N found, 6.39% N c&cd.. 

2~ (C7H15NO) : 10.75% N found, 10.84% N calcd.. g (C,2H,6ClNO) : 6.35% N found, 6.21% N calcd.. 
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trolytic alkoxylation of l-formylazetidine 14 in the presence of tetramethylammo- - 

nium tetrafluoroborate38r39 (Scheme V), by cyclisation of B-(tosyloxy)aldimine 16 - 

with potassium methoxide in dioxane40 (Scheme VI) or by reaction of ethoxyethene 

with N-(1,1,1,3,3,3-hexafluoro-2-propylidene)tosylamine41. A recent communication 

reported on some bicyclic a-oxygenated azetidines, the stability of which could be 

ascribed to some extent to the N-phenyl substituent.42 

Because 2-methoxyazetidine 5c could be isolated from the reaction of 8-chlo- - 

roimine & with sodium methoxide in methanol, some experiments were performed in 

order to gain insight in the synthetic potential of these heterocycles. If 2-me- 

thoxyazetidine 5c was brought into reaction with lithium aluminium hydride at room - 

temperature, azetidine 19 was produced in 87% yield. On reaction of 2-methoxyaze- - 

tidine 5c with methanol under reflux B-(phenylamino)-acetal 22 was formed (82% - - 

yield), while on reaction with water B-(phenylamino)-ketone C was obtained (SO- 

95% yield) (Scheme VII). The transformation of 2-methoxyazetidine a into B-(phe- 

nylamino)-acetal 22 via intermediate 20 only proceeds if a trace of acid is pre- - - 

sent in the alcoholic medium (i.e. commercial dry methanol which had not been 

treated with a basic substance prior to use in these reactions). If potassium 

carbonate is added to the methanol, 2-methoxyazetidine 5c was recovered unchanged - 

after reflux during three hours, indicative of an acid-catalyzed transformation of 

azetidine z into acetal 22. Azetidines such as 19 were already prepared by reac- - 

tion of B-chloroimines 1. with lithium aluminium hydride in dry ether,43 proving 

the synthetic potential of B-chloroimines for the synthesis of four-membered hete- 

recycles. 

The reaction of 8-chloroimines 1 with sodium methoxide in methanol did not 

always lead to the formation of B-(alkylamino)-carbonyl compounds 2, eXClusivelY- 

If, next to &(alkylamino)-carbonyl compounds 2, also other compounds were present 

in the reaction medium they could easily be separated by treatment with aqueous 

acid (removal of all the side products without amino functions) followed by basic 

extractive workup (N-containing compounds such as S-(alkylamino)-carbonyl com- 

pounds 2). As reported already above, the reaction of Pchloroaldimine la with - 
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sodium methoxide in methanol (Table I, entry l-3) was surprisingly slow and gave 

rise to the expected B-(alkylamino)-aldehyde 2a next to alcohol 3 - the unexpected - 
(Scheme II). Aminoalcohol 1 results probably from the reaction of 6-(alkylamino)- 

aldehyde 2a with methoxide, - by which the latter acted as hydride donor during the 

reaction. The reduction of the carbonyl function only happened when reflu,: was 

performed during several days (needed for completion of the reaction). The longer 

the reaction time under reflux, the more of alcohol 2 was present in the reaction 

mixture. 

The reaction of 5,6,6-trichloroaldimine lh with sodium methoxide in methanol - 
did not give rise to the corresponding &(alkylamino)-ketone or 2-methoxyazetidi- 

Tl N 
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ne. Instead, benzylidenamine 25 was formed exclusively, the formation of which - 

originated from deprotonation of lh at the benzylic - position with the generation 

of the mesomeric anions 23 and 24 - -. After proton uptake from the solvent, the more 

stable N-(benzylidene)-3,3,3-trichloro-2,2-dimethylpropylamine 25 was formed - 
(Scheme VIII). 

Reaction of B-Chloroimines with Potassium Tert.-Butoxide (Table I entries 21-23) -----------------------_---_---__-_______~~~~__~~__~___~________-~_____-_______-_ 

The reaction of B-chloroketimines 1 (Rl+H) with potassium tert.-butoxide in 

tetrahydrofuran (THF) or tert-butanol also gave rise to B-(alkylamino)-ketones 2 

(Scheme IX). This reaction proceeds well in tetrahydrofuran or tert-butanol but 

fails in ether. The reaction of B-chloroimines 1 with potassium tert-butoxide in 

THF or t-BuOH only yielded S-(alkylamino)ketones if there are hydrogen atoms pre- 

sent at the a'-position (e.g. Rl=CH3). This can be explained by the fact that the 

first step in the reaction mechanism is the deprotonation of ketimine 1 (Rl=CH3) 

at the a'-position by the non-nucleophilic strong base, leading to the mesomeric 

/R 
N 

KOtBu 
0 

RI THF or tBuOH 

L 2 
SCHEME IX 

anions 2 and 1 (Scheme X). After ring closure of anion 1, 2-methyleneazetidines 8 

are formed, which are trapped by water during aqueous workup with the formation of 

NXR 
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1 6 - - 2 

l-l R2 R7 

R2 R2 Hz0 R2 

R2 
4 

'R R 

2 11 8 - 

SCHEME X 

2-hydroxyazetidines 11. After - ring opening the unstable 2-hydroxyazetidines 11 - 

are converted into B-(alkylaminoj-ketones 2. Accordingly, the reaction mechanism for 
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SCHEME XII 

the generation of B-(alkylamino)-ketones 2 from B-chloroimines is different if the 

base is potassium tert-butoxide with respect to sodium methoxide as base, although 

the starting materials and the end products are identical. The reaction of B- 

chloroimines 1 with sodium methoxide starts with an initial nucleophilic addition 

across the imino function, while an initial deprotonation occurs on reaction of 1 

with potassium tert-butoxide. If no hydrogen atoms are present at the at-position 

(Rl=H), it is acceptable that the formation of carbonyl compounds 2 does not occur 

on reaction of aldimines 1 with potassium tert-butoxide (Table I, entry 23) 

(Scheme XI). it must be noticed that if no a'-hydrogen atoms are present in the 

molecule the deprotonation can also occur at the a-position if Rz=H. This is the 

case when ketimine e, although not being a 8- but a 6-chloroketimine, was reac- 

ted with KOL-Bu in tert-butanol. This reaction did not lead to the formation of 

the corresponding 6-(alkylamino)-ketone. Instead, the deprotonation occurred at 
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the d-position leading to the mesomeric anions 27 and 28. - Afterring closure of 

2, the cyclic enamine 29 was obtained in 78% yield. This result is in accordance - 

with earlier findings of Evans44. On the other hand, 6-chloro-e,a-dimethylketimi- 

ne 26b did not show any conversion on treatment with potassium tert-butoxide in 

ether under reflux. 

Reaction of B-chloroimines with Other Bases or Nucleophiles (Table I entries ll- ______________________________-__________----_-----__ ____-__________L____________ 

2!?1 

In most cases, the reaction of 8-chloroimines 1 with various other bases led - 
to B-(alkylamino)-ketones 2. Thus, the reaction of N-(4-chloro-3,3-dimethyl-2- 

butylidenejisopropylamine le or 8-chloroimine li with potassium hydroxide in dime- - - 
thylsulfoxide, with potassium thiocyanate in acetonitrile, with tert-butyllithium 

in tetrahydrofuran and with potassium cyanide in acetonitrile, followed 

workup, gave rise to the corresponding S-(alkylamino)-ketones 2e or - 
XIII). 

by aqueous 

2i (Scheme - 

IY 
Cl 
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Cl 
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KOH / DMSO RT 6d 

or KSCN / MeCN A 0.5h 

or KCN/MeCN AlSh 
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2) H20 
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SCHEME XIII 

By reaction of 8-chloroimine lc with an aqueous sodium hydroxide solution the - 

expected S-(alkylaminoj-ketone & next to S-chloroketone 30 (hydrolysis of the - 

imino function of 8-chloroimine le) were isolated. The reaction of the same imine - 

le with After re- - sodium isopropylthiolate in methanol was not totally complete. 

flux during two hours, next to S-(alkylamino)-ketone &, also 30% of starting ma- 

terial was isolated from the reaction mixture. In contrast with these reactions, 

the reaction of B-chloroimine &, with amines did not yield the corresponding 8- 

(alkylamino)-ketone & at all, but yielded only recovered starting material. 

The reaction mechanism for the formation of S-(alkylamino)-ketones 2 from B- 

chloroimines 1. on reaction with different bases can be explained via a reaction- 

pathway analogous to that of the reaction of 8-chloroimines 1 with sodium methoxi- 

de in methanol. The reagent can act as a nucleophile or as a base. III the first 

case adduct 31 is formed while in the second case anion 33 is produced which, af- - - 
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terring closure, and addition of the nucleophile is transformed into azetidine 31. - 

After aqueous workup of the reaction mixture, B-(alkylamino)-ketone 2e is isola- - 

ted. The nature of the reagent determines whether path a or b is followed. With 

NaOH 
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RT 2d 
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Y 
2el63%) ’ 
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tert-butyllithium the first step in the reaction mechanism is the deprotonation of 

imine le at the a'-position, while on reaction of le - - with potassium thiocyanate 

the first step is probably the nucleophilic addition. 
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In conclusion, a useful synthetic method for the preparation of 8-(alkylami- 

no)-carbonyl compounds was developed starting from P-chloroimines, by which func- 
tionalized azetidines intervene as intermediates during this rearrangement. 
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B-(~lkyl ~abk II : spectral Data (IR,'H-NMR,MS) of aminD)--ketones 2. 

IR (N&l) 
%=o 'NH 

'H - NMR (60 MHz, 6) Mass S~;ectrum (7Oev) m/e (%) 

-1 cm cn-I 

1730 3330 (Ccc13) : 1.05 (6H,s,(e3) - 

2); 1.05 (9H,s,C(CE3)3); 

2.67 (2H,s,CI1,); 9.23 (lH, 

s,CH=O); m_ invisible - 

1728 3330 (Cccl,) : 0.76 (6H,t,J=7.2 - 

Hz, (Cg3CH2j2); 1.02 (9H,s, 

CKX3)3); 1.30-1.80 (4H,m, 

(cg2cH3J2); 2.63 (2H,s,CE, 
N); 9.33 (lH,s,Cg); NH - 

invisible 

1708 3440 (ccc13) : 1.23 (6H,s,KX3j2 191 (,v:,7); 107(B); 106(97); 105- 

C); 2.15 (3H,s,C!IS3C=O); (9); 104(7); 91(20); 77(15); 44 

3.21 (2H,s,CH,N); 3.60- (7); 43(16); 41(B); 40(100). 

4.00 (lH,s,br,NH_; 6.40- 

7.40 (5H,m,C,X5). 

1710 3342 (CDc13); 1.10 (6H,S,Q) 205 (M+,3); 121(6); 120(42); 119 

2); 1.52 (lH,s,br,NH_); (5); 106(6); 92(10); 91(100); 88 

2.09 (3H,s,CF13C=O); 2.65 (5); 86(27); 84(39); 65(g); 49(g); 

(2H,s,CH2); 3.75 (2H,s, 47(B); 43(15); 40(12). 

CF12C6H5); 7.28 (5H,s,C6H5). 

1713 3340 uc13) : 0.99 (6H,d,J=6.2 157 (M+,l); 142(2); 73(2); 72(26): 

Hz,CHKH~)~)~ 1.10 (~H,s, 71(2); 70(3); 58(2); 57(l); 56(B); 

(CE3j2); 2.12 (3H,s,C% 55(3); 44(14); 43(10); 42(3); 41 

C=O); 2.63 (2H,s,CE,); (6); 40(100); 39(2). 

2.62 (lH,septet,J=6.2 Hz 

cg(cH3J2); NH_ invisible 

1678 3340 (CC14) : 0.95 (6H,d,J=6.2 219 (M+,2); 204(2), 148(3); 106(2) 

Hz,(Cg3j2CH); 1.27 (~H,s, 105(18); 77(13); 73(6); 72(100); 

(CE3j2); 2.63 (lH,septet, 70(3); 58(2); 57(2); 56(13); 55 

J=6.2 Hz,E_(CH~)~); 2.73 (6); 51(3); 44(4); 43(7); 42(3); 

(2H,s,Cc,): 7.00-7.80 (5H, (41(7). 

L~,c~~); w_ invisible 

1710 3342 (CD=13) : 1.13 (6H,s,(cE3) 129 (M+,2); lOO(2); 89(2); 86(4); 

2); 2.10 (3H,sQ13C=O); 85(2); 84(2); 72(2); 71(7); 70(6); 

2.37 (3H,s,CE3NH); 2.60 58(2); 57(2); 56(3); 55(6): 45(5); 

(2H,s,CE2); 1.42 (lH,s, 44(100); 43(16); 42(11): 41(7): 

br,NH_). 40(2): 39(3). 
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Table II continued 

2i 1705 3385 - (CtC13) : 1.23 (6H,s,(CH3) 225/227(M+,lO); 142(33); 

2); 2.18 (3H,s,CH3C=O), 141(10); 140(100); 139(5): 138(5); 

3.22 (2H,s,CH2); 3.90 (lH, ill(6); 105(9); 86(g); 77 

s,br,N$: 6.62 and 7.18 (8); 75(S); 71(6); 43(18); 41(61, 

(4H,2xd,AB,J=8.8Hz,C6 40(B). 

3). 

Table III : 13 C-N?lR Spectral Data (6,20MHz,CcC13) of B-Ktkylamino)-ketones 2 

- 

2a - 

2b - 

2c - 

2d 

2ea - 

2f - 

%I 

2i - 

c=o - C@$) 2 G2N 3=CH3 YH3 Other signals 
(s) (s) (t) (cH3) 2C 

CH2Nc 
g3c=o 

(s) (cl) 

206.3 46.4 49.3 20.0 

207.2 52.8 43.7 - 

213.2 48.6 52.0 22.8 148.5(s) 

213.5 48.6 54.4 23.0 57.7(t) 

211.2 48.4 56.4 23.1 49.4(d) 

209.3 48.7 56.8 24.4 49.2(d) 

213.1 48.5 61.0 23.0 37.3(q) 

213.4 48.7 52.0 22.9 147.1(s) 

50.0(s) 

50.1(s) 

29.0 Cq,CC~,,,,. 

29.0 (q,C(cH313): 22.4 (t,($2CH3)2); 

7.7 (q,(CH2e3)2). 

25.2 129.1; 117.3 and 112.8 (3xd; C$, Cm and - 

9). 

25.2 140.3 (s,Sqq); 128.3; 128.0 and 126.9 

(3xd; co, g and cp,. 

25.0 23.1 (q,CH(gH3)2). 

22.9 (q,CH(cH3)2); 139.6 Ls,gq); 
128.0; 127.8 and 127.3 (3xd; Co, Cm 

andQ). 

25.1 - 

25.3 129.0 and 113.9 (2xd; Co and Cm); - - 

121.7 (s,%P). 

a I3 C-NIB SpeCtral Data in C6D6 

Experimental Section 

Infrared spectra were recorded with a Perkin Elmer model 1310 spectrophotome- 

ter while lH-NMR spectra were measured with Varian T-60 (60 MHz) or Bruker WH-360 

FT (360 MHz) spectrometers. l3C-NMR spectra were taken on Varian FT 80 (20 MHz) 

or Bruker WH-360 PT (50 MHz) spectrometers. Mass spectra were obtained from a 

Varian MAT 112 mass spectrometer (direct inlet system or GC-MS; 70 eV). 

Preparation of B-Chloroimines 1 (X=Cl or OTos) 

8-Chloro- and B-(tosyloxy)imines 1 (X=Cl, OTos) were synthesized according to 

our previously published method involving condensation of B-haloketones, B-halo 

aldehydes or 8-(tosyloxyj-aldehydes with primary amines. Via the same method,6- 

chloroimines 26a,b were prepared in 85-918 yield, respectively. Physical and 

spectral data of most of the 8-chloroimines 1 have been described in our previous 

paper33. The spectral data of the remaining new imines 1 are compiled below. 
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N-[2-ethyl-2-(tosyloxymethyl)-l-butylidene]t.-butylamine lb - 

M.p. 83°C. IR (KBr)vN,C : 1662 cm-l. lH-NMR (60 MHz, CDC13) : 6 0.66 (6H,t,J= 

7.2 Hz, 2 x Cg3CH2); 1.09 (9H,s,(CE3)3C); 1.10-1.80 (4H,m, 2 x Cg2CH3); 2.44 (3H, 

s, Cg3C6H4): 4.12; (2H,s,Cg20); 7.23 (~H,s,cE=N); 7.28 and 7.70 (4H, 2 x d, AB, 

J=8 HZ, C6E4). Mass Spectrum (70 eV) m/e (%) : no M+; 324(E); 310(10); 184(4); 

169(5); 168(25); 167(5); 155(6); 152(7); 141(11); 140(100); 139(4); 128(4); 

124(6); 112(20); llO(6); lOO(14); 99(43); 98(6); 96(5); 95(5); 91(21); 85(5); 

84(50); 83(6); 82(8); 70(7); 69(21); 65(5) i 58(12); 57(58); 56(12); 55(17); 

43(14); 42(8); 41(26); 39(5). 13C-IJMR (20 MHs,CDC13) : 6 160.2 (d,CH=N); 144.5 

(s,Cq); 133.3 (s,Cp): 129.8 and 127.9 (2 x d, Co and cm); 71.0 (t,EH2); 56.9 

(s,C(CH3)3); 45.4 (s,C(Et)2); 29.6 (q,(CH3)3); 21.6 (q,CH3C6H4); 26.5 (t,CH3CH2); 

7.6 (qrCH3CH2). 

N-(4-chloro-3,3-dimethyl-2-butylidene)-4-chlorophenylamine 1L 

IR (NaCl) vC=N : 1665 cm-l. lH-NMR (60 MHz, CDC13) : 6 1.26 (6H,s,C(CH3)2); 1.75 

(3H,s,Cg3C=N); 3.70 (2H,s,CH2); 6.61 and 7.25 (4H, 2 x d, AB, J=8.6 Hz, C6E4). 

Mass Spectrum (70 eV) m/e (%) : 243 (M+,l2); 210(12); 209(g); 208(30); 162(2l); 

160(27); 154(42); 153(15); 152(100); 151(S); 138(g); 129(23); 127(70); 113(12); 

lll(30); lOO(9); 99(9); 92(15); 91(9); 90(9); 75(12); 65(15); 64(g); 63(9); 

56(24); 55(12); 43(12); 41(21); 40(9); 39(9). 13C-NMR (20 MHz, CD'2131 : 174.8 

(s,C=N); 128.9 and 120.3 (2 x d, CO and cm); 128.1 (s,Cp); 150.0 (s,Cq); 53.6 

(t,CH2); 44.9 (s,C(CH3)2); 23.9 (q,C(CH3)2); 15.7 (q,CH3C=N). 

Cl2Hl5NC12 : 5.88% N found, 5.74% N calcd. 

N-(5-chloro-l-phenyl-l-pentylidene)isopropylamine 26a (E/Z) - 

IR (NaCl)vC,N = 1632 cm-l. lH-NMR (60 KHZ, C6D6) : 6 1.10 and 1.25 (6~, 2 x d, 

J=6 Hz, CH(CH)3)2 (E/Z)); 0.80-2.00 (4H,m,-(CE2)2CH2Cl); 2.00-2.70 (2H,m,CH2-C=N); 

2.80-4.00 (3H,m,CH2Cl and (CH3)2Cg (E/Z)); 6.80-8.00 (5H,m,C6g5). 13C-NMR (20 

MHz, CDC13) : 6 163.7 (s,C=N); 140.4 and 139.8 (2 x s, Cq (E/Z)): 130.1-126.3 (CO, 

cm and Cp (E/Z)); 52.4 and 51.0 (2 x d, C-N=C (E/Z); 44.7 and 44.1 (t,CH2Cl 

(E/z)); 40.9; 32.6; 32.4: 26.9; 25.1 and 23.9 (6 x t (CH2)3 (E/Z)); 24.3 and 24.4 

(2 x q, CH(CH3)2), (E/Z)). 

N-(5-chloro-2,2-dimethyl-l-phenyl-l-pentylidene)isopropylamine 26b 

IR (NaCl)vC,N = 1669 cm-l. 1H-NMR (60 MHZ, CDC13) : 6 1.03 (GH,s,C(CE3)2; 1.12 

(6H,d,J=6.2 Hz,CH(Cg3)2); 1.40-1.80 (4H,m,-(Cg2)2CH2Cl); 3.28 (lH,septet, J=6.2 

Hz, Cg(CH3)2) i 3.50 (2H,t,J=6 Hz, Cg2Cl); 7.48 (lH,s,CE=N). Mass Spectrum (70 eV) 

m/e (%) : no M+, 176(2); 174(7); 155(7): 154(42); 138(3); 133(2); 132(4); l26(ll); 

114(5); 113(55); 112(10); llO(2)i 99(3); 98(30): 96(3) i 95(3); 84(7); 83(11); 

82(4); 71(4); 70(65); 69(6); 68(4); 67(3); 57(4); 56(10); 55(24); 54(3); 53(3); 

44(10); 43(100); 42(11); 41(32); 39(8). 13C-IJMR (20 MHz, CDC13) : 6 166.6 (d, 

C=N); 61.4 (d, C=N-C); 45.3 (t,CH2Cl); 38.2 (s,(CH3)2C); 37.5 and 28.1 

(t,(CH2)2Cl); 25.0 and 24.5 (2xq,(CH3)2CH and (CH3)2C). 

Reaction of f3-Chloroimines 1 (X=Cl, OTs) with Sodium Methoxide in Methanol 

(General Procedure) 

0.01 Mol of O-chloroimine 1 (X=Cl) or B-(tosyloxy)imine 1 (X=OTs) was reacted 

with 10 ml 2N sodium methoxide in methanol at reflux temperature during several 

hours as mentioned in table I. Afterwards, the reaction mixture was cooled and 

poured into 100 ml water. The aqueous phase was extracted with dichloromethane 

(3 x 50 ml). The combined extracts were dried (MgS04), the drying agent was remo- 
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ved and the solvent was evaporated. Normally only fi-(alkylamino)-ketones 2 were 

present in the residual reaction mixture thus obtained. The spectral data of 8- 

(alkylamino)-ketones 2 are compiled in tables II and III. 

Reaction of @-Chloroaldimine la with Sodium Nethoxide in Methanol - 

The reaction of B-chloroaldimine _ la with sodium methoxide in methanol (2 

equiv./2N) was carried out in the same way as the general method described above 

(Table 1, entry l-3). This reaction gave rise to B-(alkylamino)-aldehyde 2a next - 

to 2,2-dimethyl-3-t-butylamino-l-propanol 2. Compound 1 is a solid material and 

could easily be separated from aldehyde 2a by crystallisation. - 

2,2-dimethyl-3-t-butylamino-l-propanol 3 

lH-NMR (60 MHz,CDC13) : 6 0.95 (6H,s,(CH3)2); 1.13 (9H,s,C(CH3)3); 2.63 (2H,s,br, 

CH2); 3.55 (2H,s,br,W2); 3.43 (ZH,s,br,NE and OH). IR (KBr) "NH = 3285 cm-l; 

vOH = 2160 cm-l (broad). 13C-NMR (20 MHz,CDC13); 23.2 (q,(CH3)2); 28.7 (q, 

(CH3)3); 34.5 (s,C(CH3)2); 50.5 (s,C(CH3)3); 54.5 (t,CH2); 74.7 (t,CH2). 

Reaction of 5-Chloroimine lc with Sodium Methoxide in Methanol - 

The reaction of B-chloroimine lc with sodium methoxide in methanol (2 molar - 

equiv./2N) was performed as described in the general procedure. This reaction 

gave rise to 2-methoxy-2,3,3-trimethyl-l-phenylazetidine 5c in - 86% yield (purity 

95%). The workup of the reaction mixture must be carried out carefully, which 

means that the aqueous workup must be done very quickly with ice water and the 

solvent must be evaporated at room temperature, because 2-methoxyazetidine 5c is - 

unstable at higher temperatures. 

2-Methoxy-2,3,3-trimethyl-l-phenylazetidine 5c - 

lH-NMR (60 ~~z,CDc13) : 1.12 (3H,s,CE3); 1.30 (6H,s,2xCH3); 3.00 and 3.20 (2H,2xd, 

AB,J=b Hz.CH2); 3.33 (3H,s,Cg30); 6.20-7.20 (5H,m,C625). 13C-NMR (20 MHz, 

CDC13) : 147.0 (s,cq); 128.7; 118.4; 114.1 (3xd,Co,Cm and Cp); 97.4 (s,C-OCH3); 

56.5 (t,CII2); 51.8 (q,OCH3); 41.2 (s,C(CH3)2); 23.4 (q,CH3); 23.2 (q,CH3); 16.00 

(q,CH3). 

No specific IR-absorptions; no mass spectrum was recorded because the purity of CL- 

methoxyazetidine 5c was only 95% (a-methoxyazetidine 5c is very unstable). - - 

Reaction of B-Chloroimine lh with Sodium Methoxide in Methanol - 

The reaction of B,B,B-trichloroimine lh with sodium methoxide in methanol (2 molar - 

equiv. 2N) according to the general method gave rise to the rearranged imine 25 - 

(m.p. : 45'C; Yield 85%). 

N-(benzylidene)-3,3,3-trichloro-2,2-dimet~~lpropylamine 25 - 

lH-NMR (60 MHz,CDC13) : 6 1.42 (6H,s,(CIJ3)2); 3.90 (2H,d,J=1.2 Hz,CH2); 7.10-7.80 

(5H,m,C@5); 8.30 (lH,t,J=1.2 Hz,Cg=N). IR (KBr) vC=N : 1652 cm-l. 13C-NMR (20 

MHz,CDC13) : 6 162.4 (d,CH=N); 136.1 (s,cq); 130.8; 128.6 and 128.2 (3xd,co,cm and 

Cp): 110.4 (s,cC13); 66.7 (t,CH2): 53.7 (s,C(CH3)2); 22.1 (q,CH3). Mass Spectrum 

(70 eV) m/e (%) : no M+; 242(3): 161(2); 160(10); 118(100): 117(6); 103(4); 92(5): 

91(63); 90(8); 89(10); 87(2); 77(7); 65(10); 64(2); 63(5); 55(7); 53(5); 51(8); 

50(2); 44(5);. 43(3); 42(2); 41(10); 40(46); 39(E). 
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Reaction of B-Chloroimines 1 with various bases (Table 1, entries 11-19, 21-23) - 

The reaction of B-chloroimines 1 with amines (entry ll-14), with sodium hy- 

droxide in water (entry 15), with sodium hydroxide in DMSO (entry 16), with potas- 

sium thiocyanate in acetonitrile (entry 171, with potassium cyanide in acetonitri- 

le (entry 18),with sodium isopropylthiolate in methanol (entry 19) and with potas- 

sium tert-butoxide in several solvents (entry 21-23) was performed in the same way 

as the reaction of B-chloroimines 1 with sodium methoxide in methanol. If more 

than one product was present in the reaction mixture after workup (entry 15, 19) 

the products were separated by preparative gas chromatography. The spectral data 

of the isolated B-(alkylamino)-ketones 2 are compiled in tables II and III. 

Reaction of 8-chloroimine li with tert-butyllithium in tetrahydrofuran - 

0.01 Mol of B-chloroimine g was reacted with 0.02 mol of t.-butyllithium 

(1.07M solution in pentane) in tetrahydrofuran (10% solution) for 10 hours at 0°C 

under a nitrogen atmosphere (Table I, entry 20). Afterwards the reaction mixture 

was poured into 100 ml of water. The aqueous phase was extracted with dichlorome- 

thane (3 x 50 ml). The combined extracts were dried (MgSOq), the drying agent was 

removed and the solvent was evaporated. The reaction mixture consited of pure 8- 

(alkylamino)-ketone 2 (72% yield). 

Reaction of 6-Chloroimine 26a with Potassium t.-Butoxide in t.-Butanol 

A solution of 0.01 mol of &-chloroimine 26a in t.-butanol was reacted with _ 

0.02 mol of potassium t.-butoxide. After reflux for one day the reaction mixture 

was cooled and poured into 100 ml of water. After extraction, drying of the ex- 

tracts and evaporation of the solvent, cyclic enamine 29 was isolated from the - 

reaction mixture by preparative gas chromatography. Compound 29 was isolated in - 

78% yield but some unidentified side products mounted to 22%. 

1-Isopropyl-2-phenyl-1,4,5,6_tetrahydropyridine 29 - 

lH-NIU~ (60 MHz,CDC13) : 6 0.94 (6H,d,J=6.4 Hz,CH(Cg3)2); 0.80-2.40 (4H,m,N-CH2- 

CH2); 2.95-3.20 (2H,m,CFI2C=); 3.40 (lH,septet,J=6.4 Hz,CH(CH3)2); 4.77 (lH,m,CE=); 

7.00-7.50 (5H,m,C6H5). 13C-NMR (20 MHz,CDC13) : 6 141.0 and 146.8 (2xs,C=CH and 

Cs); 127.9; 127.5 and 127.0 (3xd,Co,Cm and Cp); 104.3 (d,C=CH); 49.1 (d,CH(CH3)2); 

41.3 (t,CH2); 23.7 (t,CH2); 22.8 (t,CH2); 19.9 (q,CH3). IR (NaCl) "C=C : 1628 

cm-l. Mass Spectrum (70 eV) m/e (%) : 201 (M+,55); 200(26); 186(100); 1791135); 

171(21); 158(35); 156(21); 155(21); 149(19); 140(38); 135(38); 128(28); 127(40); 

126(20); 117(30); 115(28); 113(20); 112(76); 105(32); 104(26); 102(33); 99(49); 

98(251; 97(19); 91(24); 84(20); 83(24); 78(29); 71(28); 70(54); 69(35); 58(541; 

57(68); 56(32); 55(47); 46(22); 45(22); 44(46); 43(28); 42(46); 41(64); 40(94); 

39(40). 

Reaction of 2-Methoxyazetidine 5c with Lithium Aluminium Hydride - 

A solution of 0.01 mol of 2-methoxyazetidine & in freshly distilled dry 

ether (20 ml) was treated with 0.02 mol of lithium aluminium hydride. The reac- 

tion was stirred under reflux during one hour. Afterwards the reaction mixture 

was poured into 200 ml of water and extracted with ether (3 x 30 ml). The combi- 

ned extracts were dried (MgS04), the drying agent was removed and the solvent eva- 

porated. The residue was analyzed by lo-NMR and preparative gas chromatography, 

revealing only one compound i.e. asetidine 19. 



p-(Alkylamino)-carbonylcompound preparation 2953 

2,3,3-Trimethyl-1-phenylazetidine 19 - 

lH-NMR (60 MHz,CDC13) : S 1.07 (3H,s,Cfi3); 1.18 (3H,s,Cg3); 1.24 (3H,d,J=6.4 Hz, 

Cg3CH): 3.25 and 3.55 (2H,2xd,AB,J=6.4 Hz,Cg2); 3.64 (lH,q,J=6.4 Hz,CgCH3); 6.30- 

7.40 (~H,~,c~z~). Mass Spectrum (70 eV) m/e (%) : 175 (M+,22); 120(19); 119(100); 

118(13); 106(10); 105(41); 104(85); 91(5); 78(7); 77(50); 55(11); 51(15); 43(6); 

42(6); 41(16); 40(21); 39(10). 13C-NMR (20 MHz,CDC13) : 6 152.5 Is,N-C); 128.8; 

117.5 and 112.1 (3xd,Co,@ and cp); 68.3 (d,CHCH3); 63.7 (t,CH2) i 34.3 (s, 

C(CH3)2); 27.3 and 22.3 (q,C!CH3)2); 16.6 (q,CHCH3). 

C12Hl7N : 7.80% N found, 7.99% N calcd. 

Reaction of 2-Methoxyazetidine 5c with Water 

A mixture of 0.01 mol 2-methoxyazetidine 5c and 25 ml of water was stirred - 

during two days at room temperature. The reaction mixture was then extracted with 

dichloromethane (3 x 30 ml). The combined extracts were dried (MgSO4) for 1 hour 

and the solvent was evaporated in vacua to leave 8-(alkylamino)-ketone 3 in high 

yield. The spectral data of compound 2c are compiled in table II and III. - 

Reaction of 2-Methoxyazetidine 5c with Methanol - 

A solution of 0.01 mol 2-methoxyazetidine 5c in anhydrous methanol (15 ml) - 

was refluxed during three hours, after which it was concentrated in vacua to l/3 

of its volume. The reaction mixture was then poured into 0.5N aqueous sodium hy- 

droxide (20 ml) and extracted with dichloromethane (3 x 20 ml). After drying of 

the extracts (K2CO3) for 2 hour and evaporation of the solvent acetal 2 was iso- 

lated in 82% yield. 

Spectral data of acetal 22 - 

No specific IR-absorptions. lH-NMR (60 MHz,CDC13) : 6 1.05 (6H,s,(C~3)2); 1.27 

(3H,s,CH3); 2.93 (2H,s,CH2); 3.34 (6H,s,(OCE3)2); 4.57 (lH,s,br,Ng); 6.30-7.30 

(5H,s,C6E5). Mass Spectrum (70 eV) m/e (%) : no M+; 219(5); 195(3); 187(4); 

121(5); 120(38); 119(5); 118(4); 106(6); lOl(4); lOO(36); 92(13); 91(100); 89(16); 

85(13); 67(4); 65(11); 45(4); 43(13); 42(4); 41(13); 40(4); 39(7). 
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