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Lead tetraacetate oxidation ofd -oxoketene-S,N-phenyl (la) and S.N-benzyl (Ib) acetals gave the 
iminoacetate 2 and d-acctoxy-S,N-acetal 2 respectively, while the corresponding S.N-ethylacetd 
& yfeldad the iriwdlacctate‘~. The corresponding N,N-arylacetal8 &4_afforded the respective 
‘2-N-aryl-3-(arylimlno)-S-ary1-4-~xazollnea &II under similar conditions X& oxidative cyclixation. 
The oxidation of N,N-(&mrthjlphenyl)acetal 7e gave 3-benzoyl-%xethy1-2-(krcthylph~yl~~no)- 
indole 98, lmlnodiacetate Band the *ricxdola ll. baaiUee the corruymmdlng 3-(kethylp&a~l- 
imino)ieoxaxoliae &in yvyiog yields. The N.R-(2-methylphenyl)acetala 7f and & afford_ed under 
eiall’ar conditfone the respective 3-(2-methylphenylimino)isoxazollnee 8f. &and the Indoles &, 
j& in good yield& lhe etructnrml aaslgnment aad the probable mechamiam of the formation of all’ 
the products have been discus@. 

Lead tetraacetata oxidation of compounds capable of imine-enamine tantcmerlm has been extensively 

etudied.24 The oxidatloaa IJI these reactions proceed by various pathways leading to different 

products depending on the nature of the eubatratea. Vernon and coworkers have studied the lead 

tetraacetatc (LTA) oxidation of N-alkyl/arylaminofurarate45-8 to give a number of five and air 

membered heterocyclee. which are shovn to arise from Initially formed acyclic oxldative dimere. 

These studies along with our earlier work’ on lead tetraacetate oxidation of S,N-arylacetale 

derived from aryl.acetonlUllee, prompted further investigation on the oxidation of d-oxoketene- 

S,N- and N.N-acetale, which represent a novel class of functionelixed enamlnones. 
10 The results of 

these studies are described in this paper. 

RRSDLTS -AND DISUJSSION 

The desired S.N-acetale la-c were prepared by the earlier reported procedure, 
11 

while the corree- -- 
pondlng N,N-acetale 7a-h were obtained through direct displacement by refluxing the respective -- 

oxoketene S,S-acetals and arylaminae in acetic acid. These S.N-(la-c2 and N,N-m-4141 acetale were - 

shown to exist In intramolecular H-bonded form, es displayed by the presence of a lov field signal 

(between 6 12.Gl3.50) for NR proton in their ‘H n.m.r. spectra. When la was oxidized with LTA - 

in mathylene chloride, the product isolated (73%) was charecterixed as the iminoacetate 2 on the 

basis of spectral and analytical data (Sche& 1). However, the f&-acetoxp product 2 isolated 

under eimllar oxidation conditions from the corresponding S,N-benzylacetel lb was shown to exist - 

In enamlno form. No acyclic dimeric or hetarocyclic compounds were isolated from the reaction 

mixture. Oxidation of the corresponding S.N-ethylacetal lc vith either one or tvo equivalents of - 

LTA under elnllar conditions gave only the iminodiacetate 1. The products 2, 2 and 1 are epparen- 

tly formed by d -acetoxylation of tha corresponding la-cthrough plumbylated edduct 2 (Schema 1)?2 -- 
The intcrwdiate d-ecetoxy compound 2 from & houever , undergoes further oxidation through 

plumbylation of more nucleophilic ethylamlno nitrogen to give the iminodiecetete 2. ‘he S,N-acet.. 

ah .&+_ thus hehave like enaminee, oximee and phenylhydraxooma In these oxidations. l3 Steric 

hindrance in la-c probably impedes the formation of dimeric products. -- 
1667 
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Scheme 1 

Oxidation of N,N-acetals 7a-h MB next investigated. -- Uhen 2 us8 reacted uith equimolar quantity 

of LTA in CR2C12, the only product isolated from the reaction mixture along with intractable tar 

uas characterixed as 3-(pbnnyllmino)-5-(4-methylpheny1)-4-isoxaxoline (8e) (57%). The reaction 

pathways ware not uniform in all the csses. Thus, vhile 7b-d gave the respective m_ as the only -- 
isolable products (Schwa 2), the correepondlng N,N-(4-mathylphenyl)scetal 7e afforded three more - 

products besides & (29X), along with small amount of unreacted 7e, under similar reaction condi- 

tions. These products uere characterized as the lndole 9a (10x). discetate (10) (8%) and the - 

dimeric lndole 11 (13%) on the basis of spectral and analytical data (Scheme 2). ‘Ihe structure of - 

11 MIS supported by Its elemental analysis and mass spectral fragmentation (Schew 3). uhlch - 

exhibited molecular ion paak at m/z 678 (28%). besides other peaks at m/z 573 (17). 363 (42) and 

362 (64). The ‘!I and l3 C n.m.r. spectra of 1 showed it to be a sFetrica1 dimer. The p;;aence 

of nine quaternary carbon signals and a peak at 6170.70 due to anilide carbonyl group in C n.o.r. 

spectrum further supported the structure of 11. - The oxidation of W,N-(2-methylphenyl)acetals If 

and 7~ with equimolar quantity of LTA afforded the corresponding 3-(2-methylphenylimino)lsoxaxoli- 

nes 8f, &and the indolea 9b, & in overall higher yields as compared to other N,N-acetals. Our 

attempts to isolate any oxidation product from&under varying conditions yielded either insepsra- 

ble mixture of several products or intractable tar. 

The probable mechanistic pathuays for the formation of various products from 1 are shown in the 

Scheme 4. The initially formed N-plumbylated adduct g is presumably attacked Intramolecularly by 

carbongl oxygen assisted by lone pair of arylamlno nitrogen leading to 3-aryliminoiaoxazolines 

!&-& Alternatively, cyclixation could take place on aromatic ring of one of the arylamino groups 

to give indoles 9a-c --* The overall increase in the yielda of oxidation products from 7f and a is - 

probably due to sterlc crowding In the plumbylated adducts 14 or g thus facilitating their 

decomposition and cyclixation. The dimer 11 appears to be formed either by oxldatlve dimerixation - 

of lndole 98 or by nucleophilic attack of son plumbylated adduct 14 followed by oxidative cycli- 

xation of 16 to give the intermediate 17. - - The intermediate z undergoes arwtixation by lntra- 

molecular benzoyl groups mligration to give 11. - This uas supported by oxidation of B with two 

equivalents of LTA which afforded 11 in lncr-d yield (20%) along with &. while t.1.c. showd 

absence of 98 In the reaction mixture. 14 The presence of electron donating 4-rethyl group in &is 

probably responsible for its facile orldation to various products. The iminodiacetate 0 similarly 

arises as a minor product by ti-acetoxylatlon of &. 
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Scheme 4 

In summary, the oxidation of S.N- and N,N-acetals with Lead (IV) acetate follows various pathways 

depending on the nsture of amine and substituents on anilino groups. 

EXPERIMENTAL SECTION 

M.Ps. were determined on a 
spectra were recorded on a P 

omas Hoover Capillary malting point apparatus and are uncorrected. 1.r. 
erkin-Elmer 297 spectrometer in KBr. 

on Varian M-390 90 MHz instrument with SiMe 
H n.m.r. spectra were obtained 

as internal standard in deuterioc 
otherwise stated. Mass spectra were recorde % 

oroform unless 
on Jeol JMS B-300 spectrometer. % spectra were 

obtalned on Brucker HM 400 (400 MHs) spectrometer. 

Startinn Materials:- The la-c and N.N-acetal 7b were prepared according to -- - 
the earlier reported procedure. 

General Procedure for N,N-acetals 7a-h:- The respective o( -oxoketene S,S-acetal (10 mmol) and the 
corresponding aniline (20 1) In glacial acetic acid (25 q l)uere refluxed for 6-12 h (monitored 
by t.1.c.). Acetic acid myremoved under reduced pressure and the residue dissolved In CHCl 
The chloroform solution was washed vith water, dried (Na2804) and evaporated to give crude ye low 9 

(80 ml). 

N,N-acetals, which were purified by column chromatography over sllfca gel using hexane-ethylacetate 
(2O:l) as eluent. 

3,3-Bis(phenylqmino)- 1-(4-meth lpbenyl)-2- 
6 2 32(3H t+) 5 6O(lH 

(72%); m.p.l%-157’C;V 3244-3432, 

,:H); 111.3;(1H b;:'N$'S '20.90 
s.NHJ. 6.62-7.51(12H.m.A~, 7.52-7.85 

9.5i.‘l30.00 &.A&, i36C49. 23.96 124 86 126 00 126 89 128.05, 
13 4(qus;erna;y &ArHj 1;7.97{NS&), 

185.62(g) (Found: C.80.71; H,6.32: N.8.82. C22H20N20 requires C.80.46; H.6.14; N,8.53%). 

l_one(7c).- (74%); q .p.172-173'C; 2) 3215-3012, 
b 92 7 84(13H,m,Ary), 13.25(1H,brsmJ 
C:5314;; H,3,42;N,5.93%). 

(Found: 

(70%); m.p. 127-128"C;2, 3180, 3030 
rs NH). 6.9G7.48(11H.m.A~, 7.66-7.86 
2.'Cy3H22N20 requires C,80.67; H,6.48; 

H.6.48. N.8.18%). 

2-propen-l-one(7e .- (76%): m.p. 
M ) 5 39(lH,s,-CH), 6.36(lH, 

$o;$d: C:80.-39; H.6:62; N.8.40. 

132-133OC: > 32433170, 
brs,NHJ; 6.80!??39(11H,m,ArHJ, 
C23H22N20 requires: C.80.67. 

3- - le 
&26{1H,s,&ll, 5.97(lH,s,~~r.~~:4~~~~, ; s 2.23(3H;s,CH ); ;.48(3H;s, 

f .- (66%); m.p. 131-132Y; 

q .Arll), an 7.66-7?4(2H,i,ArHJ. 13.25T?H,br$.NHJ (Foun 
C.80.67; H,6.48; N,8.18%): m/z 342(12%,M ). 236(37). 

: C,W.83: H.6.26: N.8.39. C23H22N20 requires: 

3.3-Bis(2-methylohenylemino)-l-(4-chlorouhenyl)-2-~rouen-l-one ( 
3330-3040 and 1575 cm *; S, 2.23(3H,s,CIJ ); 2 47(3 CH ) 5 16 3, 13:lS(l;:::63 iFo;nd 

.- (68%): m.p. 132-133'C; D_, 

;;:~<i1,5.90; N.7.71. 
5,98(1H,brs,mJ; 

7.10-7.37(11H.m.ArHJ. 7.55-7.66(2H,m,ArH 
C23H21C1N20 requires: C.73.30: H,5.62;N,7.43%);m/z 378(4%).376(17,~),272(11), 270(31). 
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.- (69%): a.p. 12a129Vz; 
&& 3310* lS(lA,bre,N& 6.76-7.40(1 , ,ArB, 

-70; N,7.72. C23H22N203 reqndrcs C.73.78: 

General Roceiiiue for LTA osidntion of S N-ecetaia la - c .- To a stirred and ice-cooled solution 
of & (5 rrmol) ia.9C14 (75 pf), leed (Ii) acetate :2.&+5 -1) was added. in one portion and the 
reaction mixture va f rther stirred for 30 mln whilst wewing it to roQ tqrature. The pracl- 
pltatad lead (II) acetate wanrwyed by filtration and the filtrate was w@ted with water (2x200 
ml), dried (Na SO ) and evepbrated to give crude 2 or 3, which ware crystallyxird from CH Cl - 
hexant. In td c&e e~,oriil#ion of _&, t.1.c; oTthe reaction mixture showed unreacted 2 3 st 
meterial along with 2. herefore & (5 

rting 
nmol) was oxidized with 2 eqv. of LTA (b.bOg, 10 xx&> 

following the same procedure. 

Met&l 2_atetoxrL~xo-~dvlDfHunl)-N-Dhenrlthi#ron~&te (2) 

2-Acetoxv-~be~y~apfno-~tfirltbio-l-(~tbylpheoyl~~2-pro~ -l-one 
64O(ArCO); ci 1.96~3H,e,SCH ); 2,19(3H,e, 

(3 .- pale yellow crystals; 

7!06-7.53(9H,m,@a (Found: 
H.5.95~ N. 3.94%). 

Methyl 2.2-diacetoxt-3-oxo-3-phen~l-N-ethlrlthionropaninidate (51 .- pale yellow crystals; (66%) 
(with tvo eqv. LTA); 1756, 1746 eater CO), 1696(&W) cm * 

w): 
; C 1.03(3H.t,J-IHz,CH CH ); 2.15 

(3H,s.SQ3); 2.15(3H,e, 
~~~~~~~j~r~ (Found : 

2,18($H,s,aXH >, 3.6O(W,q,J=‘IHz,d! &>, 7.25-7,60(3@m,&,8.01- 
C.s.68; FI.5.42;N,b.b~?C,61i,qN05S requires C156.96; H.5.66; N,4.15%); m/x 

. . 

General Procedure fur LTA oxidation of N.N-acetale (‘la)-(g).- To a stirred and cooled (-loo to 
-1S4C) suspaneion of lead (IV) acetate (2.50gr 5.6 xmrol) in CH Cl (8Oel). the appropriate N,N- 
acetal (5 raol) in CH Cl (20 al) vas added during 5 nin under The reaction mixture 
was brought to room em We rature with stirring during 0.5 h and 

$ &aosphere. 
urther stirred for 2.5 h. The 

reaction mixture Uris worked up M described for 1 and the dark brown residue thus obtained was 
subjected to column chromatography on silica gel using hexane-ethylacetate (2O:l) a8 eluent. Oxida- 
tion of N.N-acetals 7a-d by above general procedure gave 8a-d respectively. -_ _- 

2-Phen~l-3~phen~limino~-5-~4+sctbplpbeny1~~-isorszoline @al 
(57%); m.p. 107°C; )) 

.- colourleee crystals (CN Cl -hexane); 
1661, 1588 cm -; 

“tt 2.34(3H*a*cH ) 
6.92(18 e A-4). 6.957 50(12&m2ArH)* 

?.74-7.90(2H,la,Ara:x$x 21.211Me), 108.68( &-4), 121.45: i22.22. 
129.02, 129.39~,hrH)~ 124.38, 137.76, 137.96, 14&3l(Gl’ 

1;2:-i6. i23.34, i25.56. l;8.z41 
and _c4’ of aryl), 146.30@4), 147.09 

(23) (Found: C.81.33; H.5.84: N.8.83. C22H18N20 requir& C,t?O.%: H,5.56; N,8.58%): m/z 326(100%,&)t). 

2.5-Diphenvl-3-~phenvllmino)4isoxazoline (8bl 
98’C; t, 

.- colourless crystals ((31 Cl -hexane): (31%); m.p, 
1676.1595 cm *i S 7.1O(lH,s,H-4); 7.13-?.69(13H,lo,ArIi); 7.70-&13(2H,a,Ar~; S 109.58 

(d&-4)~~21.66, 122.42. 122!93, 123.4?.-125.68, 128.04. 128.82,-128.85, 129.16(~,araaatIf)~l27,~, 
136.97, 140.25($1 of phanyl), U&56(&5). 147.13&3) (Found: C.80.47; H.5.31: N.9.17. C21H16N20 
requires: C.80.75; H,S.lL;.N,8.97%), m/z 312(1OO%,M ). 

2-f3~ethvlphen~l~-3-~~ethy~phenlrlimino~-~phenyl~isoxatoline (8d .- colourless crystals 
(CH Cl -hexane); (43%); m-p. 129Y; 3 1670,1590,1578 cm - 
7.0&1~,~,&4); 6.73-7.45(llH,m.Ar~;DUff48-7.63(2H,a,Are) (FoY$!: C$O.@b; HTa.27: N.8.51. 

; S 2.33 3H,s,CH ); 236(3H,s,CH3); 

C23H20N20 requires C.81.15; H.5.92; N,8.23%); m/z 34O(ioO%, M ). 

Oxidation of 7e 
silica gel. 

.- _le was oxidized by above general procedure followed by column chromatography over 
Elution with hexane-EtOAc (20:1) gave 2-(d-methvlphenyl)-3-(4_methylphenylimino)-5- 

phenvl-4risoxazoline (8e) as colourleas crystals (CHCl -hexane); (29%) : m.p. 1 0 

1601 cm *; SH 2.29(6H,e,CH 1; 7.01(1N,s,H-4); 7.06-7.7?(13H.lp,ArB (Found: 
C H N 0 requires C,Sl.& H&92; N,8.-i2%); m/z 34O(lW%,M ). 

C.8 3:; ‘mx2:z;8.37. 

etZ 1’ P 
Further elution with hexane- 

y ac tate (8:l) gave N.N’-bisC4~thvlphenyl)-2.2-di~etoxp-3-oxa-3-phenvlpro~a~~d~ne (10) a8 
colourlese crystals; (8%); m.p. 165-166°C; 2, 
(3ff,~,C~~)* 2.13(3H,s,C 

3432(br), 1?78,1748(ester CO), 169lfArCO);S-l.46 

(Found C.70.98; H.6.02; 3 
); 2.29(3H,s,COCH )~.~(3N,s,~ ); 6.83(lH,s.NHH, 7.01-7.72(13H~~,Ar~ 
.6.39. C H N OB3requires C,70.73&,5.?3; N,6.11%; 3-benxopl-5-methyl-2- 

I4-methylphenrlamino)indole &QlB @ll 5 
3490, 3300, 3160, 1624. 1602 cm ; 

o crystals (CH Cl -hexane); (10%); m.p. 171-172’C;a 
s 2.19(3H,e,CH ); 2T3693H.s CH )* 6.57-7.66(12H.m Ari$* 893 

(lH,s,indole Ns. 10.69(lH.e.NHH: S “2l.llCQ1 ), ?3.28w ); 97:4@a’G3). 109.82(d G?) il9.36 
121.58, 122.27, 122.50, 127.67, 130!12, 130.6;1 @l,ArH, iadole G4 aixC-6); 128,79~~,&),130.7~, 
130.98, 135.34(a&5&-1’ of beneoyl, _c4’ of 4-CH C H4NH), 
4-CH3C H4NH). 152.?1(8&-2). 190.69(a,CO) (Found: 2.8 

135r;64(s&-T): 142.26(e,C-1’ of 
1.37; H.6.28; N.8.50. C 

C.81.1~; H.5.92; N,8.23%); m/z 340(27%Tff ), 339(100), 336(93) end startina 
H N 0 requires: 

&&& (7e). (8%) 
(mixed m.p. and superimposable i.r.) followed by 5.5’-dFmethyl-2.2’-bi~~N-~nxn~l-N-~~~h~l~hrn~l~ 
ami&; colourleas crystals; (13%): m,p. 315- 

& 

316’C (d): 2),, 328O(NH), 1642 
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(anilide CO) -l: 5 cm 1.97(6" a *SC!+ Q&d )I 6.25-7.36(22" m ArH) &41(2H bra indola NH); 
5 (IX3O-d ) 2O.21,"21.OS(CU ). 1 ~:5~;:$?$r'll .54(d C-7) l&O' 122'89 126 ;2 i26 64 
129.44. 128619, 128.47(d,$H-$H and indole-w'and c6),'i27.&3(s._cBj, 129.46. 13i.s+. 13j.si(s. 
_C5. Gl' of benxoyl, C-4 of 4-C" C H NH) 134.69&l' of 4-C" C H NH), 13&03(C-9). 139.46@2). 
l70.7O(Ng) (Found: C.gl.62; H,5.9?;6N$8.53. C46H38N402 raquir&r6C$81.39; H.5.d; N.8.25%). 

Oxidation of _rC (1.708, 5 mnl) with excess of LTA (4.508, ldmol) under similar conditloaa arul 
work-up Rave & (23%); s (5%) and 11 (20x). 

Oxidation of 7f.- If was oxidized by general procedure described, followed by colum chroast,oRraphy. 
Elution with hexane-ethylacetate (2O:l) gave 2-(2_wthvlDhenyl)-3-(2_osthrlDhtnrLWao)-~~~~l- 

) (3%) 13O- 31'C 
?i$:Ey : f&6 %:i;:m.Ar"f 

16 1 

122.13. 
7 il +#&l:; 2;; 

li2.59, 1;5.%, 126.89: 12-r.&: 127.6i.' 
131.32&&H). 127.59. 131.38, 135.51 

135.91, 139.89 &Z-l' of 2-C" C H NH), 145.44@5), 147.55&J) 
C$$2O requires C.81.15: 3.4.62; N,8.23%); m/z 34o(lOOK.M ). Further alutlon with hexane-ethyl 
a et e (15:l) gave >beaxovl-7-methyl-2-(2+nethylnhanvlamlno)indele (9b) as yellow crystals 

3422, 1623, 1593 cm ’ 

116.65(d._Q1,Ar"), 

(s,_Cl' of PhCO and _C2' 
131.82(d&H,Arli), 125.85(8&-8), 131.82, 131.99 

of 2 C H NH). 136.56(s&9), 141.83(8&-1' of 2 c H I), 152.11(s, 
c-2). 190.93(+&O) (Found: C.81. 1. k.6.23; N.8.51. C23"20N20 requires: -cH26 "3 C.81.1 #5.92; N,8.23%); 
m/z 340(28&M ); 339(1UO), 338(92). 

Oxidation of 7R.- 3 vas oxidized according to general procedure described, followed by column 
chromatography. Elution with hexane-ethylacetate (20:1) gaV~'~(~hlQrOD~Tl)-2-(2athrlPhmr l- 

as yellow crystals 
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