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DWingtllelast5yean,coat&&MfromourlaboK4- 
tofydeacddthesylltMsalIdrcactivityofa-hslo- 
gcnatdimirrocompoaadr.Iotbisrespectoaplo&riva- 
tivcsofkdmiBcs4aadaldimhW*lmvcbeeoiu- 
VdgXtCdb!ItDO-bXVCbseflmrdetOtbeBeM 

Ofl7-hrlommesb8vinpprylsabstaueptsillthCcubon 

chir~Nowwcwanttomporto~~fWingsoathsyn- 
t!dsofaocwclauofo~ im&s, i.e. N-aryi 
a&idoroarylk~4. 

Syn&a& of N-orJJa,a~ 
IaIiM?shweba?oamvenientlybpioLepotedintbe 

a-po&onofthe~doPMeboadbyuBio# . . * -hplormccmrrmde io cgboll tctrachbride.“” AMle 
Ly N-l~lqWyt&nc)di~~ 3, obtaid from 
aromaLk&clcs1alMi~&‘ore8ctwithhvo 
equivaknti N-cblorosoccinimide in carbon tetrachbridc 
to a&d N-l~doro-l-aryUkyli&e~ 4. AI 
onlyoncQGlrboaatomisbeuinpbydrogcllatom&w 
sidcrc&&MlvaeoblJavedeBdcompounds4wcre 
obta&dinqIlaLltitativeyiddhlallcases(Schemc1). 

neonlyrcsdtprcv$dynportedconarniqetbe 
hal~nof--isthereoctionof 
N-aryl a@enxylketim& dcridves (3; R = aryl) with 
oaccquhkntNCSorNRSinCCl,to~ordtbca- 
fIhomhb*, which otzcumd exchlsively as the 
CMminic form.“ In oar case, however, redan of 
k&mines 3 with one cqnivaknt of NCS in CC& gnve rise 
to a mixture of o-monochlare and adi- 
chbfoltetimines besides starting mntcrid. 

A 
!? toluene 

Narylaryllretimhres3exhibitedonlyODCkO~iU 
carbon tctdhkk solution as rcveakd by 6ObfHx 
NMR~.‘Ibirisinpocordpnccti& 
~hlgbiKCdthCE-fOIIUduetOctericbin- 

Z-cd@dmaodt&ten&acyf~,con- 
j~~oftbearylIroupr4”Ithastobcmcotmd 

propropbeaoneaeils3(R=qWlavebcen~ 
tOdlibitS)WIIlti-in- 

(100MHzNMR;ntioB:Z=93~65f~jr).“~ 
-tshovenot~perfarmalduetothevcfy 
slight chemical shift betWe tile appmpriatc siglmls. 
ALXXUd@y,at6OMHzm, isomuismisdctccMOntbe 
otbahand,ketim&3lmvcbeeasbowntotaotomerixe 
illtotbecorrcqJodng cnamild’ (cqlilii - . . . 

~,atWvariedfromL6%to 
zzilrrne allils3studiaiinthispapcr). 
However, IKI cuninic fa!nlwasdetectedwheoffcahly 
prqmndimines3waeinvcat&edbyNMRinCCl, 
solutionwit&outstadingforalongtimc.Thesyn+uti 
&mcrism cquiMum of ap~hlorolaimiaer 4 ia 
UXllpktCly&iftCdtotbCiWmCfhlIViOgbothlIIJd@OUp8 
at oae sit& of the carbodtrogen &ub!e bond @ 
isOmer).TllCkttaplWtWWO iSCXphiDdiIltHlllSOf 

tin?extremest&hidaIMxoftbeblllkydicblororlkyl 
group,wlich~thcaryls&tituentsoutofmaxi- 
mumconjugatkm. . 

N-aryl alkylary- 3 bavc the w 
PPdCXhiilMXh~~IPtbCNMR-w 
(CCl4), the Gary1 pfotolm of the IattcX compads give 
risctoacompkxmultipkt.Ontbeotberhand,N-aryl 
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Thi8 table givom a survey of thmxeactivity of capoundm la-e tovards 

UaOblm-WIIJ tha reaction warn apalyxad by ; hydrolymia procedure with 

excemm l guooum 21 SC1 at room tiprature (overnight period). 

An amunt of 4 oguivalmntm of a 2U 8olution of llaCN4a in 113011 warn ummd. 

The hydrolysis wamcarriedout aftmr addition of 1 oguivalent p-toluidine. 

The hydrolymim warn carrimdoutaftu addition of 1 equivalent p-animidine. 
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CompoUndD. Compounda e, c and lfa ware formed in d ratio of reapec- - 
tivaly 11514 am calculated from the NIIR-spectrum. 

thl with phenylhydrazilC”T tom&ion of en01 etk 
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which elimktes hydrogen chloride to a&d o-mcthoxy- 
~-ansaturated ketimk 14. Hydrolysis with 2N HCl 
provides the corMpoDding CxdIollyl derivative 9. u- 
Diketonesl@nsultfromtheabwacidichydrolyGof 
enoletkm9. 

l&e latter conversion was checked by allow& to react 

.tiCL Ik,d f$=” 12 



Reactivity of N-aryl-a,a-dichlorinated arylketimines 793

a mixture of 9 and 10 (ratio 9: 10= 3:4) during an over
night period with 2N HCl by which the ratio 9: 10 was
changed into 3:8. The slow acidic hydrolysis of a
ketoenol ether 9 originates, first, from the negatively
induced a-carbon atom with respect to the carbonyl
function, second, from the creation of an unfavourable
a-ketocarbonium ion on protonation. The occurrence of
a-diones 10 did not result from the formation of a,a
dimethoxyalkylarylketimines as revealed by the NMR
spectrum of the crude reaction mixture from 4a before
acidic hydrolysis: no signals in the region 8 0-3 ppm
were present indicating the absence of C-eH3 groups.
In order to check whether or not the transformation of
a,a-dihaloketimines 4a~ into {3-ketoenamines II is a
result of an intramolecular process, the reaction mixture
on N-phenyl a,a-dichloroketimine 4a with sodium
methoxide in methanol was hydrolyzed with 2N HCI in
the presence of p-toluidine. The solid isolated from this
hydrolysis procedure consistedof a mixture of 3-anilino
l-phenyl-2-propen-I-one 11a and 3-p-toluidino-I-phenyl
2-propen-l-one 11b (total yields respectively 18% and
25%). Similarly, when the hydrolysis was carried out in
the presence of para anisidine, the solid fraction was a
mixture of 11aand 11d(total yields respectively25% and
14%). These results point to hydrolysis and subsequent
reaction of the aromatic amine. It was shown by GC-MS
coupling of the crude reaction mixture from 4a (before
acidic hydrolysis) that the main compound present was
a-methoxy-a,{3-unsaturated ketimine 14a (in order to
avoid decomposition, on-column injection was used) as
shown by its mass spectrum (M+ m/e237; 1%). GC-MS
coupling of the reaction mixture, hydrolyzed with 90%
acetic acid, revealed the presence of two compounds,
namely 2-methoxy-l-phenyl-2-propen-l-one 9a and 3,3
dimethoxy-I-phenyl-I-propanone 19a. From this result it
was concluded that the latter compound, i.e. benzoyl
acetaldehyde dimethylacetal, originated from the cor
responding N-phenyl ketimine 18a, which in turn was
produced via two elimination/Michael addition steps
(Scheme 8). Compound 18aunderwent only hydrolysis of
the imino function on reactionwith90% acetic acid while
the acetal function remained intact. Accordingly, under
strongeracidic conditions (2NHC!) the acetal function is
hydrolyzed. The resulting benzoylacetaldehyde 20a is
then attached by aniline, which may be regarded as in
equilibrium between the protonated and free aniline, the
latter form being responsible for the reactions described
here. The {3-ketoaldimine thus formed tautomerizes im
mediately to the more stable {3-ketoenamino derivative
11a (Scheme 8). When the acidic hydrolysis (2N HC!)
was carried out in the presence of cyclohexylamine, no
N-cyclohexylamino derivative was formed under these

acidic conditions because cyclohexylamine occurs com
pletely protonated in this medium, and this explains the
lack of nucleophilicity.

In order to check, however, the validity of the
mechanistic proposals and to get insight into the
mechanism of an eventually occurring allylic rear
rangement, the reactivity of higher substituted a,a-di
chloroketimines was investigated.

Treatment of N-I-(2,2-dichloro-I-phenyl-
butylidene)aniline 4f or N-I-(2,2-dichloro-l-phenyl
butylidene)para toluidine 4g with 2N sodium methoxide
in methanol (4 equivalents) for an overnight reflux period
afforded, after acidic hydrolysis with 2N HCI, a reaction
mixture which consisted of (E)-2-chloro-I-phenyl-2
buten-I-one 21 (69% from 4f and 24% from 4g) and
benzoylacetone 22 (25% from 4f and 68% from 4g)
(Scheme 9) as revealed by NMR and glc analysis. Ben
zoylacetone was further compared with an authentic
sample."

Based on the NMR spectrum of the crude reaction
mixture before hydrolysis, it was found that practically
exclusively elimination to 17f,g occurred. Compounds 17
existed in CC4 solution (NMR) as E and Z isomerswith
respect to the imino function (syn-anti isomerism). A
shift difference of 0.14 ppm for the p-methyl group in
two isomers of 17g can best be explained by accepting
E-Z isomerism with respect to the imino function.
Compound 21 originated from an elimination reaction,
while benzoylacetone 22 was probably formed via a
reaction sequence similar to the one given in Scheme 8
(non-identified methoxy-containing compounds in the
reaction mixture before hydrolysis). The hydrolysis did
not proceed to 3-anilino(or 3-p-toluidino)-I-phenyl-2
buten-I-one as shownby direct comparison with authen
tic samples." The influence of an additional methyl
group in the {3-position of the C=N bond was in
vestigated by reacting N-I-(2,2-dichloro-3-methyl-l
phenylbutylidene)aniline 4h with excess (6 equiv.) 2N
sodium methoxide in methanol under reflux for 7 days
(sampling revealed an extremely slow reaction). The
reaction mixture was hydrolyzed with 6N HCI and
analyzed by preparative glc. The mixture consisted of
three compounds, i.e. 29% 2-methoxy-3-methyl-I-phenyl
2-buten-I-one 23, 21% 3-methyl-I-phenyl-2-buten-l-one
24, and 42% 2-chloro-3-methyl-I-phenyl-2-buten-I-one
25.

Compound 25 was regarded as derived from a dehy
drochlorination and subsequent hydrolysis. The occur
rence of 3-methyl-I-phenyl-2-buten-I-one 24 was rather
surprising but may be interpreted as resulting from the
parent a-monochloroketimine, i.e. N-I-(2-chloro-3
methyl-I-phenylbutylidene)aniline. However, no trace of

40
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reaction mixture was further stirred overnight at room temp.
after which the precipitated succinimide was removed by filtra
tion and washed two times with cold carbon tetrachloride. The
filtrate was evaporated in vacuo to leave a clear light-yellow to
colorless liquid in quantitative yield. (The absence of CCI. was
checked by IR spectrometry).

All other N-aryl a,a-dichloroketimines 4 were obtained in
similarway and were used as such (Table I). Compounds 4 were
also characterized by mass spectrometry. As an example the full
mass spectral data of a,a-dichloroketimine 4a are given: m/e (reI.
abundance): 277/79/81 (M+, 0.8); 242/4 (M+-CI, 2); 241/3 (M+-

+
HCI, 0.8); 208(3); 207(4); 206 (4); 180 (C6HsN es C-C6Hs, 1(0);
115(3), 103(5); 77(C6Hs'. 66); 51(26); 40(2); 39(2); 38(2); 36(8).
The purity of compounds 4 may be checked by an hydrolysis
experiment as shown in the next experiment.

Hydrolysis of N -1-(2,2-dichloro-I-phenylbutylidene)aniline 4f
with hydrochloric acid

A mixture of 120 ml of 2N aqueous hydrogen chloride and
50ml diethylether was added to 8.76g (0.03mol) of N-I-(2,2
dichloro-I-phenylbutylidene)aniline 4f and vigorously stirred
overnight. The organic layer separated and the water layer twice
extracted with ether. The combined ethereal extracts were
washed twice with brine, dried (MgSO.)and evaporated to leave
6.4g (98% yield) of a clear oil, which consisted of pure 2,2
dichloro-l-phenyl-l-butanone as shown by comparison with an
authentic sample.IS The purity was > 99% as revealed by gas
chromatography. Distillation in vacuo afforded 6.0g (92% yield).
B.p. 70%.025 mmHg.

Reaction of N-l-(2,2-dichloro- I-arylpropyledenevanilines 4a-e
with sodium methoxide in methanol

The experimental procedure used for the reaction of N-I-(2,2
dichloro-I-phenylpropylidene)aniline 4a is representative of all
other reactions. A mixture of 16.68 g (0.06mol) N-1-(2,2-dichloro
I-phenylpropylidene)analine 4a and 130 ml 2N sodium methoxide
in methanol (0.24mol) was stirred under reflux during 24hr. The
solvent was evaporated under vacuum and the residue was
hydrolyzed with 400ml 2N aqueous hydrogen chloride. After
adding 150ml diethylether the reaction mixture was vigourously
stirred overnight at room temp. upon which a yellow precipitate
formed. The organic layer was separated and the water layer
twice extracted with diethylether or dichloromethane (in this way
the precipitate was taken up in the organic phase). After drying
(MgSO.), diethyl ether was evaporated under vacuo and the
residual dark oil was treated with little carbon tetrachloride and
cooled in the refrigerator. The precipitated yellow solid was
isolated by filtration, washed with CCl. and dried in the air. After
two additional crops there was obtained a total amount of 10.3 g.
The product was identified as 3-anilino-I-phenyl-2-propen- I-one
l la. Yield 46%. M.p. 141° (reported m.p, 139-140°;'6 m.p. 140
141°17).

The liquid fraction of the reaction mixture was analyzed by
preparative gas chromatography and was shown to consist of two
compounds, i.e. l-phenyl-I,2-propanedione lOa (13%) and 2
methoxy-I-phenyl-2-propen- I-one 9a (37%). The procentic com
position as determined by internal calibration was concordant
with the NMR spectrum of the liquidfraction. The liquid fraction
was distilled in vacuo but the yield was only about 20%. The
fraction boiling at 125-135°/12 mmHg consisted of a mixture of
l-phenyl-I,2-propanedione lOa (20%), 2-methoxy-I-phenyl-2
propen-l-one 9a (62%) and 2,2-dimethoxy- I-phenyl-I-propanone
(10%). It was shown, however, that the latter compound did not
result from the corresponding imino compound (see discussions
above) but originated from transformations during the distillation
procedure (the distillation resulted in the formation of a large
amount of tarry material).

Spectral data
2-Methoxy-I-phenyl-2-propen-I-one 9 (R1=H);20 NMR (CCI.):

8 3.73 (m, s, OCH1) ; 5.01 and 4.57 (2x IH, 2 x d, AB, 1=2.2 Hz,

C = Clh); 7.1-7.6 (3H, m, meta and para protons); 7.7-8.0 (2H,
m, ortho protons). MS m/e (reI. abund.): 163 (M+, 15); 134(11);
132(5); 119(1); 105(100); 91(10); 77(77); 57(9); 51(24); 50(8); 43(3);
42(5). I-Phenyl-I,2-propanedione 10 (R, = H) identical with an
authentic sample prepared as described previously." 2,2
Dimethoxy-i-phenyl-t-propanone, NMR (CCI.): 8 1.50 (3H, s,
CH3) ; 3.28 (6H, s, (OCH3h); 7.1-7.5 (3H, rn, meta and para
protons); 7.9-8.2 (m, m, ortho protons). IR (NaCl): 1677 cm"
(vc~); 2840cm" (VOCHJ MS m/e (reI. abund.): no M+; 163(6);
151(1); 135(1); 105(9); 89(100); 77(12); 57(2); 51(6);47(6); 43(45).
3-Anilino-l-phenyl-2-propen-I-one l la, NMR (CDCh): 8 6.03
(lH, d, 1 = 8 Hz, =CtI-e=O); 6.9-7.6 (9 H, m, =CtI-N + NC6Hs +
meta/para protons of C-phenyl group); 7.7-8.I (2H, m, ortho
protons); 11.9 (IH, d, broadened, 1 = 12Hz, NtIl. The high
8-value of the NG-signal points to a strong hydrogen bridge
(Zsconformationj." This proton is not exchanged with D20.

2s

MS: m/e (reI. abund). 223 (M+, 74); 222 (100); 146(53); 1I8(15);
105(13); 91(10); 77(36); 51(14). IR (KBr): 1635 crn" (vc~ and
vc=e). 3-p-Methoxyanilino-l-phenyl-2-propen-I-one lid, NMR
(CDCh): 8 3.76 (3H, s, OCH3) ; 5.91 (lH, d, 1 = 8 Hz, =CtI-e=o);
6.81 (m, d, AB, 1 = 9 Hz, ortho NC6H2): 6.98 (2H, d, AB,
1 = 9 Hz, meta C6H 2); 7.2-7.5 (3H, m, meta/para protons of
C-phenyl group); 7.7-8.0 (2H, rn, ortho protons of C-phenyl
group); =CtI-N covered by aromatic signals; 11.8 (lH, d,
broadened, 1 = 12Hz, NtIl. MS: 253 (M+,95); 252(100); 238(I I);
176(21); 161 (8); 166(9); 148(12); I33 (14);131 (8); 108 (8); 105
(32); 103 (8); 77 (28); 51 (7). IR (KBr) 1635 cm" (vc~ and vc=e);
2845 cm" (VOCH,). M.p. 147° (reported m.p. 145_147°'6). 3-p
Methylanilino-I-phenyl-2-propen-l-one lib, NMR (CDCh): 8
2.31 (3H, s, p-Me); 5.99(lH, d, 1 = 8 Hz, o-c-ea-n 6.97(2H, d,
AB, 1 = 9 Hz, ortho protons of p-toluidino group); 7.16 (2H, d,
AB,1 = 9 Hz, meta protons of p-toluidinogroup); 7.2-7.6 (m, rn,
meta/para protons of C-phenyl group); 7.8-8.I (2H, m, ortho
protons of C-phenylgroup); =CtI-N covered by aromatic signals;
12.0 (lH, d, broadened, 1 = 12Hz, NtI). IR (KBr): 1659 cm- I

(vc~). MS: 237 (M+, %); 236 (100); 160 (46); 132 (15); 131 (7);
130(6); 1I8 (4); 117 (7); 107 (II); 106(II); 105 (20); 91 (II); 77
(30); 65 (7); 51 (9). M.p. 157° (reported m.p. 157_160°;'6 158
159'26). 3-m-Methylanilino-l-phenyl-2-propen-l-one IIc, NMR
(CDCh): 8 2.37 (3H, s, rn-Me): 6.06(lH, d, 1 = 8 Hz, o=c-etl=);
6.7-7.4 (4H, m, NC6H.); 7.3-7.7 (3H, m, meta/para protons of
C-phenyl group); 7.8-8.2 (2H, m, ortho protons of C-phenyl
group); =CtI-N covered by aromatic signals; 14.0 (l H, d, 1 =
12Hz, NtIl. MS: 237 (M+, 69); 236(100); 160(43); 138(20); 131
(6); 118 (3); 117 (10); 107 (23); 105 (10); 91 (16); 77 (26);65 (II);
51 (10); 41 (6); 39 (10). IR (KBr): 1639 cm" (vc~). M.p. 171°.

Detection of intermediate 14a by means of GC-MS
After refluxinga,a-dichloroketimine 4a with NaOMe in MeOH

as described in the foregoing experiment, the solvent was
removed under vacuum and the residual mixture was triturated
with water and extracted twice with ether. Drying of the ethereal
extracts (MgSO.) and evaporation afforded an oil which was
subjected to GC-MS (conditions mentioned in the beginning of
the Experimental). The single product detected was N-I-(2
methoxy-l-phenyl-2-propenylidene)aniline 14a, as established by
its mass spectrum: m/e (reI. abund.): 237 (M+, I); 236 (0.5); 206

+
(M+-OMe, 2); 180(C6Hs-N=C-e6Hs, 54); 91 (2); 77 (C6Hs+, 1(0);
51 (4); 40 (I).

Detection of intermediate 19a by GC-MS
The reaction mixture derived from 4a, obtained as described in

the foregoing experiment, was triturated with 90%acetic acid (10
equivalents) in ether during an overnight period at room temp.
The mixture was made alkaline with 10% aqueous KOH and
extracted with ether. The dried (MgSO.) ethereal extract was
subjected to GC-MS using on-column injection, resulting in two
compounds, namely enol ether 9a and 3,3-dimethoxy-I-phenyl-l
propone 19a. Mass spectrum of compound 19a: 194(M+, 2); 179
(5); 163 (W-OMe, 5); 136 (9); 105 (C6HsC=O+, 1(0); 85 (4); 77

+
(45); 75 (MeO=CH--{)Me, 27);58 (3); 51 (17); 50 (5); 47 (3); 45 (4).



(CC& 6 634 OR, d, AX, J=ZHz, C&Cl: 751 OH. 4 AX, 
J - 2H2, C&N); 7.18 (SK h Gffs 0~ I$&& 731 (=, r, 
Nat&f&x C.&f& fR (NmCf)z 16&3-15Wcn1 (pm-& bfS RI/~ 

t0fi8ji 7.6-8i &f; m, &ii vj. his &(~sL dtid):‘rsa 
@f*, 23h 189(e); Ml@; 175 (8): 173 Q; 161(16): 166 (62); lb 
0; 14s (61); 131 (1% 129 (21): 126 (la); 127 (12); 120 (3); 117 
02); 115 (is); 165 (loa); 91 (tot; 83 (261; n (~1); 76 flo); 5s (17); 
51 138); 43 (16); 41 (11): 39 OS). fhnpomd 2!k NfdR (CC!& 6 
l~13H,r,CB1aElu~nrpsctbD010);2030H.4CHItlr 
ryh~toC~);7~7~(3R,m,msbuad~patwc); 
7.7-8.0 (2H* at, oraloh lR (N&l): 1676cm-’ (& (this 8b 
8aptim8&omovtQiapwiihtbcbmuJoftbci?!byieaicdwbJe 
bomf; vay broad buno. MS rrdr (ml, &aad.): 19M oJf+, 45h 
193/s 0; 159 (106); Is8 (42); 157 (3& 144 (24); 141(21); 131 
OS); 129 t23h 115 (21); 165 m n g3); Sl(19). 
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