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z4bdnd-Rw dcnaii lesdl.9 conmu& in partich the reaction between N-~ylidmcyclohexyC 
amiaelbPadmethylacrylatewmninveatigllted,~totbeclPimtbnt~yN~~~ploce.Omrerultr 
sbowtbatinfPCtMvcnlrcactionsdo~,puticuhrlytbeC_aILyktionyieldiap~stas3b~S,bnttbptM, 
N-alkyktion takes pkce. Tba print@ side rcactkn is tbc “aklolkationaotoairrtion” of imiac lb which yields 
mesityl oxide imine 8 and cyclobcxykmiac which in turn adds on nu.thyl acryktc to giw j&aminocstcr 9. 

Eumioc 4b which would have arisen by N-akyktion of iminc lb was k&pe&ntly pnpvcd by oxumi&on 
of~~with~~nminc9andsbowntosponlppeonslycyclizeto CMmiookctonc 12, which compolmd was 
totally absent from the alkyktion experiments. It is tbos dcmonsbatcd that N-alkyl&n of imine lb doca not occur 
with methyl acrykte, wt cvcn rcvcrsibly. 

Alyklation of carbonyl compoundB via their imine 
derivatives, with electrophilic olefins,’ seems to be an 
excellent complementary method to Stork’s procedure 
using enamine~,~ particularly for methylketones and a,(~- 
disubstituted aldehydes. 

‘Part V. Ref. lc. 
‘Eqoipe dc Rcchcrcbc Associ& au CNRS, No. 170. 
‘With a&acctyknk eaten, only compounds resulting from 

N-alkyktion pn formed.’ 
‘Puticukrly with III acetone imine, N-isopropyl&no-is 

pykmine la and one qoivaknt of methyl makatc h rclbucd in 
benzene, we obtained an 86% yield of tbc Mkyktion product 
3r. No investigations were performed to isolate any possible 
by-prodoct of type 4 (or derivative tbcrcof) wbicb could have 
arisen tbrougb N-alLyktion.‘3 

I N-alit y lat icJ+ i G-alkylation 

With enamines, only C-alkylation can lead to the for- 
mation of stable products,l but with imines the pos- 
sibility of N&y&ion can o phi also be considered” 
(Scheme 1). 

A literature survey umcer&g thereactionsoftypel 
imines (R’, R2= H, akyl; R= alkyl, aryl) with con- 
jugated ole5nsc (a$-ethylenic esters, nitriles and 
amides, maleic anhydrides, maleimides) reveals that in all 
reported BtUdkS, only C-alkylation products of type 3 (or 
derivatives) were 0bset~ed.l~ 

More recently, Atta-ur-Rahman et 1’ challenged our 
results’ and reinvestigated our work. For unspecikd 
reasons they selected similar examples, which we had 
not studied In particular, with N-isopropylidenecyclo- 
hexylamine lb and methyl acrylate ~IJ, the PakisG 
group isolated only one compound with a 55% yield, and 
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they chimed that this compound resulted from N-alkyl- 
ation of the imine. 

Consequently it seemed nwe38ary for u8 to rein- 

VeSti@& the Work Of the aUthor8, by USiIlg the 88me 
compounds, Under identical rcactioa conditions. 

In this study we de8cribc a balance of the product8 
obtained, which shows that Under these cOllditiOll8 
several reaction8 take place, in particUkr the c-alkyl- 

‘As conccnbntio~~~ were not stated in Atta-ur-Rahmaa’s 
paper;’ thlw expcrinmts were achkval u8in5 0.2 M and 0.5 M 
solutioas a.3 well 88 1.4 M which we used before.” 

ation. No N-akyktion was obscrvcd. Alao we show that 
the conchion arc due to a Wrong hrprhthn 
cwxrnhgtbcfoMlationofthecompolladtheaUthur8 
i80kted.J 

RRUILTSAND- 

Eqnimokc~kr C4UfUltitiCS (0.01 mok) of imiw lb and 
ester 2b WCfC &llXCd for 14.5hr at diffCEllt -- 
t&Un8’illallhydrOUSbenzene.AftercUOh&VpcOfthe 
crude mixture8 showed the pl’C8CnCe Of 8CVcfal corn- 
pound8 (‘hbk 1, &hm? 2) ad some iahc lb ad ester 

2b (umvmions mgcd from 303%). In one cxampk 

Tabk 1. Reaction of N-iaopropyli&nccyclobcxykminc (lb) with methyl acryktc (2%)’ 

concentr. 
00 

0.2 0.8 1.4 b c 
I 

I X d,e 

3h 43 49 41 40 4 

L 19 14 26 52 86 

9 12 20 15 6 8 

1 10 6 5 0 I 

!i 16 I1 13 2 1 

’ Eguimlacular quantities rcfluxed for 14.5 b in bensam. VPC detarmina- 

tronl on crude mixture. 
b 

No rolvant, - te~etatum. 13 days. chro 

squivalantr of -thy1 acrylata. no aolvant. room tc~tature. 2 months 

(no VPC determinations u& before). d Balative X .rea of the products 

present in theamixture at th9 exclusion of rolvant, l tartiog c~omdm 

5 md 2 and about ten unknown inpuritica amomting in totality for 

lear than 8 X in all cases. ’ t 4 X. 
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(1.4 M cqn+ment) the benxenc solution was evaporated imiw lb and 14.” As two tertiary carbons arc present, 
anddist5ll?dluukrreducalprcssure;asvhtuallyno structure 5’ can be diwegnrded. The observation of a 
residue was left, the compounds observed by vpc shielded Me group (1S.l ppm) indicates by comparison 
represent the totality of the reaction products. with compound 14” that imine 5 has an E co&uration. 

The five compounds formed in the reaction were 
isolated by fractional diat5latlon and puri5ed by prc- 
parative vpc, then kknti5al with imthentic~ samples by 
vpc, Ill and ‘II NMR (‘I, 8.9) or characterized by their 
spectml proper&s and by derivatives (3b, 9). 

Imine hydrolysis of compounds 3b and 5 led to keto- 
esters 10 and 11 (Scheme 3) whose IR and ‘H NMR data 
agree with published spectrums of these compounds.‘z 
Elemental analyses of the 2,6DNPH derivatives as well 
as tbcir ‘H NMR spectrums con5rmed their structures. 

Thus, authentic imine 6 was obtahmd by reaction of 

IR spectrums show characteristic imine and ester ab 
sorptions for compounds 3b (1655 and 1735 cm-‘) and 5 
(1657 and 1740 cm-‘). ‘H NMR and mass spectrums of 
both pfadwta am in agreement with their structures. For 
compound 5, “C NMR allowed to ehminatc completely 
the possibility of an aJx’-bia-edduct al&native stlucture 
9 cp@ 1). 

Its spwtrom corrapoods to a k&mine with blocked 
con5gmtkm. The eleven nuclei could be assi@ed ac- 
cording to their chemical shifts, tbcir -off reaulce’l 
multiplicity and by comparison with the spectrums of 

‘To our u a r&o+ldoliut&cmtoairrtion reaction 
of type (3). i.e. tbc racrloa of an SoliDc with the imine of an 
@3athyknicarbonylcaponnslto5ivemimincofrsimpk 
cubonyl coalpollMl, bw not been rcporwd before. 

Scheme 2 descriis the diflerent reactions which ac- 
count for the observed compounds. Four further 
experiments followed by vpc were undertaken to co&m 
that reactions (3) and’(r)) do occur under conditions used 
for the alkylation experiments. (1) Imine lb rduxcd in 
benzene gives cyclohexylamine and imine 8. (2) Con- 
versely, under the same conditions, an equimolecular 
mixture of compounds 7 and 8 yields imine lb, showing 
the reversibility of reaction (3). (3) Under the same 
conditions, reaction (4) was shown to proceed with ease. 
(4) In re5uxing benzene, &aminoester 9 is stable. 

Reaction (3) of the aldolisationtrotonisation type with 
imines is known with aldimines.” Examples with keti- 
mines arc scarce (acetone a~&‘*‘~ N-isopropylidenc- 
isopropylamine’“‘~h. In the 5rst experiment just des- 
cribed, as cyclohexylamine is not removed from the 
medium, the process is inefIicient, due to the reversibility 
of the reaction. In the actual alkyhtion experiments, 
cyclobexylamioe is trapped by methyl acrylate (reaction 
4) allowing reaction (3) to proceed more efeciently to the 
ri&t, thus becomin5 competitive with C-alkylatioa reac- 
tion (1) (Table 1). At room temperahue however, al- 
dolisation is not anymore competitive (Table 1). 

In the alkylation experiments we did not observe the 
hypothetical N-alkylation compound 4b (Scheme 1). To 
check the stability of any enamine 4b which could have 
been formed, we tried to synthesize this compound by 
another pathway, namely by eaamination of acetone with 
the secondary amine 9, using silica-alumina catalyst and 
molecular sieves.” Performing the experiment at 50” in 
benxene. a very slow reaction took place yielding a 
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major compound 12’ (Scheme 4) isolated by vpc and 
small amounts of cyclohexylamine, imines lb and 8, as 
well as tertiary amine 13, isolated by vpc and identiUed 
with an authentic sample (vpc, IR) prepared by h&ha61 
addition of the secondary amine 9 on methyl acrylate as 
descrii before for similar examples.‘0 

Dieckmann-like cyclisation of N~2uubalkoxyethyl~ 
cycMkanone enamines 
12 has been reported.” 

to yield enaminoketones of type 

Imine lb (and its crotonisation product 8) presumably 
arises from C-N scission of enamine 4b. A similar 
behaviour has been observed in one of the above men- 
tioned cxampks’ti as WCU as in other related sys- 
tems.“*” The absence of C-alkylation compounds 221 
8IdSUlllbCl7ltiOnalizedhthiShStance,takillgiIltO 

account the competition of imine lb and amine 9 for 
methyl acrylate; the latter, present in huge excess, gives 
rise to tertiary amine 13 (formation of amine 13 from 
amine 9 and methyl acrylate in the same condition!+ 
benzene solution, 50’4~ been independently 
e&U&d). 

Compound 12 is totally absent from the vpc’s cor- 
responding to the experiments described in Table 1. To 
eliminate the possibility of any specific influence upon 
the cyclisation of intermediak 4b by the presence of 
silica-alumina/molecular sieves, we did run under tbe 
same conditions (14h30, benzene reflux) the alkylation 
reaction of imine lb with methyl acrylate in presence of 
these agents. Vpc showed both C-alkylation compounds 
3h and 5 as well as products 7,s and 9, but the relative 
proportions of these compounds were diierent from the 
usual ones, the aldolisation reaction being accekrated by 
the catalyst (Rxperimental and Table 1). Enaminoketone 
12 was totally absent. 

‘charectaized by its spectral properties (Experimental). It 
appcantbattbeenamiaoketone12obtakdistbctk8texample 
of the iWmluk.y of an eMmine of afetoac, trspped in- 
tlaalokculnfly. Indeed, to our knowldgc, all attempts to syn- 
tlleaiianlcetonccBamine have &en rice only to polyaldolisn- 
tion corn pouods“ sklJou& intclmol~ happing baa been 
achieved. ’ 

‘TheaameautbOrbasclaimedtbatakYlstiDllofharmpline(a 
metbyIatedcyc.licimi@bymctbytscry&givesrktoa7296 
yield of tbc (cycliscd) N-alkylated pmduct if conducted ia 
r&uingbcnzcaeaadtoa9096yieldoftbeC-ak@tedcom- 
poandifclXduckdatroonltempentllre.~ 

+lb+7+2 

R = cyclohexyl 

These results do show that at least in the case of the 
reaction of imine lb with methyl acrylate in relhrxing 
benzene (Atta-ur-Rahman’s conditionsJ) as well as at 
mm temperature,’ N-alkylation giving rise to compound 
4b does not take place, not even reversibly, since no 
cyclised compound 12 is detected. 

The various experiments descni in this paper 
explain the Pakistani results.’ Indeed, the N-alkyhttion 
“proof” was only indirectly obtained by these authors. 
After the stated reaction time, the mixture was diitilled 
and via colwnn chromatogmphy, the pure product 
isolated was not analysed but was characterized by an 
oxahtte derivative, which proved to be the oxalate of 
b-aminoester 9 (55% yield). Although compound 4b was 
not itself characterixed, the authors state that these 
results “clearly showed that N-alkylation of the ketimine 
had occured followed by hydrolysis of the resulting 
enamine du@ workup to afford the secondary amine”. 
Infac&itisobviousthatcompound9wasalready 
present in the reaction mixture (Table 1). The obser- 
vation of a greater amount of this compound compared 
to ours is no doubt due to the fact that in the stated 
reaction conditions a large quantity of both reactants is 
still present and that trivial hydrolysis of imine lb can 
take place, followed by cyclohexylamine addition to 
methyl acrylate, giving an additional amount of am& 
ester9. 

From the results obtained in this study the followin 
considerations can be outlined. 

Tabk 1 reveals that no signiflcative change in the 
mixture’s composition is noticed at various concen- 
trations of reactants. The actual yields of C-alkylation 
products, based on reacted methyl acrylate, can be 
estimated from the tlgues at about 59% for the 
moncelkyhuedcompound3band3046forthedialkylated 
compound 5. At room temperature, aldolisation is mini- 
mixedtotlmbene6tofC-alkylation(yieldsofabout3O% 
for compound 3h and 60% for compound 5). The in- 
creased ratio of the dialkylated compound 5 relative to 
themonoalkylatedcompound3bmerelyretlectsthelarge 
conversion of reactants in this case (ca 95%). With two 
equivalents of methyl acrylate, at room temperature (cc. 
95% conversion), a 79.896 yield of isolated pure C- 
dialkylatcd compound 5 ha.9 been achieved. 

In reUtuin9 benxeue. the total yield of the C-alkylation 
compounds (ca 80%) is of the same order than the one 
observed with methyl maleate and N-isopropylidene- 
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(3) A benzene sob of cyclohcxylamine and methyl acrylate, 
both 0.8 M was rctluxed 4llr. VDC sbowcd cYckh4xYhmi44 

(35%), methyl acryhte (34%) and &amino& 9(31%). - 
(4) AftaaUhrremuofaOJM~of9inbenteae,thevpc 

remai&unchar@al. 
Enamhhtone 12. To 1.74 B (0.03 mole) of acetone and 1.85 p 

(0.01 mok) of secondary am& 9 was added 49 of a mix&c of 
molecular sicve~iAl&’ aad 12.5 ml of bcnz.em. The mix- 
tUNWUlWtd(lYUh-~&N2With~tiC~hl 
wen closed flash durin# 2 weeks. vpc #bowed that conversbo of 
9 was ca 30% aed that besii acetone ax-, cycbhexylamiM 
(1%). imines lb (8%) and 8 (17%). rmmhloLdopc 12 (64%), 
tc?thy amine 13 (S%) and unkkntiaal cum9onDdl (S%) ware 
~nt.Afterevrporationoftbesda.12mdUwmidrtedby 
pmpamtive vpc. 

l+kk&,3-dfb~4merhy/4p~ (12): C1&NO 
(M - 193.29). Ma88 de: 193 (60%), ti; 150 (MO%), (Mx*,)+; 
83 (35%), (Cd&l)*; 55 (Jo46). c6H1rcJ4)+. JR b440: 1620 4ad 

1541cm-*. UV (MeOH): Au 328nm (t=18&uo). IR and uv 
vahu UC simihr to the mwrtcd for model comuoub.‘~~ 
‘II NMR (C&: S.17, s 0; 3.07, put. m and 28s. t 
J-7Hz(CHNmdCH1N);218,1,J=7Hz(CH~O);150,srad 
0.67-180, m (CH, and 5 CH& 

Rmcthofaminoutff9wlthmerhylaclylat~AO.aMh- 
28116 roln of both pmducta wu hated Qmth 0 for 15hr. 
Convchnofuuinoe~tar9wulS%uultheonlycomponnd 
formedwuthetehryamine13. 

AlkyIiuh of lmlru lb by methyl acrjlate In pnrace of 
mokcu&r rklwd3io&oj carulyti 0.01 mole (1.391) of im- 
he lb and .O.Ol mob (0.66 9,) of methyl acryhta ware mixed in 
12.5 ml of knzeee (0.8ti win). i9 oi molecular tbves 
Si&o,catalyst’wuadhduKltllemixmwuranuxuifor 
14h3o. co. 5096 c4mvmion of Eacbntl was ob8erved. corn- 
pounds 3b (2296). 5 (6%), 9 (29%), 7 (11%) and 8 (32%) were 
obtahed but no @ace of enaminokatone 12 wu dctehd. 
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