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Abebst-Oxidattin of 8-aminocinnamaler and /3-amitwcrotonatcs with kad tctra-acetate gives fully substituted 
pynole-3. 4diotcrs. 

The synthesis of pyrrolcs of type 4 in one or two steps 
from a-aminoketones and dimethyl acetylenedicar- 
boxylate involves aminofumarate esters (1) as inter- 
mediates. or the corresponding aminomaleates (3) in cases 
where the N atom is fully substituted.*4 The amino- 
fumarates (1; R’ = Me. CHIPh. Ph) are oxidised by lead 
tetra-acetate (LTA) to Rive the corresponding pyrrole- 
tetraesters (s) and other heterocyclic products. .‘.’ A 
related enamine-ester, ethyl fi-aminocrotonate (70, is, 
probably an intermediate in the Hantrsch synthesis of 
pyrroles from ethyl acetoacetate, ammonia. and a- 
chloroketones.’ We report the results of LTA-oxidation 
of f3-amino-crotonates and -cinnamates in extension of 
our previous work in this area.‘.‘ 
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8-Ketoesters are ambident electrophiles for conden- 
sation with amines, but the greater reactivity of ketone 
than ester CO groups leads to the preferential formation 
of enamine-esters in most cases. We have employed the 
series of enamines (7 and 9). all of which possess the 
Z-configuration with an intramolecular H-bond. as in- 
dicated by the chemic+l shift of the NMR signal for the 
NH group below 6 85. 

Oxidation of the aminocrotonates (7~) with an 
equimolar amount of LTA afforded the corresponding 

pynoles @a-e) in -B-U% yield. The symmetrical sub 
stitution pattern of these products was confirmed by 
their ‘H and “C NMR spectra. Only 8a had been repor- 
ted previously,’ but other pyrroles with the same sub 
stitution pattern (6; R’= H. Me. CHIPh) have been 
obtained by electrochemical oxidation of fi-amino- 
crotonates (2)” or via IJ-dipolar cycloaddition of 
dimethyl acetylenedicarboxylate to mesoionic 
oxazolo~s.” Trace amounts of the orange azobenzcnc 
derivatives (llr and b) were obtained from the oxidation 
of the anilinocrotonates (7~ and f), although in the latter 
case the corresponding pynolc was not isolated. 

The electrochemical oxidation of 2 is thought to in- 
volve dimerisation of radical cations (12)” The same 
mechanism could apply to the LTA-oxidation, but it 
is more likely that the new CX bond is made as a res- 
ult of two-electron oxidation of the enamine as out- 
lined in the Scheme. In either mechanism. the oxidative 

AfN = NAr 

Rim 

I 
Me 

(11) .t AI . p-cIc6n( (Z) 
by ar . I,)-xylyl 



744 ht A. SI’KARI and J M. k%aNO*i 

dimer must cyclise first to a pyrroline (13). which is 
dcaminated to give the pyrrole (&I). The corresponding 
pyrroline has been isolated from the LTA-oxidation of 
dimethyl anilinofumarate.’ The azo compounds (11) may 
be formed by LTA-oxidation of primary aromatic amines 
eliminated in the last step;” primary ahphatic amines are 
oxidised to nitriles under similar conditions.” and indeed 
benzonitrilc was detected as a by-product from the oxi- 
dation of the N-benzylaminocrotonate (712). 
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Scheme I 

Oxidation of the /I-aminocinnamates (9a-d) was less 
satisfactory. The corresponding pyrroles (1014 were 
obtained in l&20% yield from reactions under N2. but 
with LTA in air the amides (Ma and b) were obtained in 
low yield from the enamine-esters (9c and d). respec- 
tively. We have noted the similar oxidative cleavage of 
aminofumarates (I; R’ = p-CIC&, p-MeCOC,H.. p- 
O,NC,H.).’ which appears to be autoxidation catalysed 
by lead(lV). Steric hindrance may impede the formation 
of pyrroles (IO) with phenyl groups at the !- and C- 
positions. In spite of their structural resemblance to the 
cnamine-esters (7 and 9). a series of amino- 
mcthylenemalonates (15~) were resistant to oxidation 
by I.TA. 

R’CONMV RtWcH 5 CfcO~rl, 

04) ., 1’ . Ph, I(= . C”pl 05) .,Y.IU 

b, a’ . Ph. a= b, a . B”= 
c, a’ 

. p-C1C6H( 

. PhCoc”l. F? - p-C1C6H( Ci II - Ph 

These results extend the usefulness of enamine-esters 
for the synthesis 01 pyrrole derivatives. Oxidation with 
LTA gives results parallel to those from electrochemical 
oxidation of the same intermediates. but uith the ad- 
vantage of greater convenience. 

ExPFlu.wNrAl. 

IR absorption, are quokd only for the regmns IfhG1800 and 
.300&3%0cm ’ ‘H NWR spcclra were obraintd al ho or 
100 MHz (Varian EM36OA or JEOI. MHIOO insIrurncoIr) and “C 
NMR spectra aI I< MHz (JEOL FXM) for solns in CDCI, wiIh 
TMS as mrcmal srandard. Mass spectra were obramcd by clcc- 
Iron impacl a1 70 cV (A.M. YS30); only those fragmcnl kns 
wiIh intcnsily ’ 254 of IRK base peak are IisIcd 

thaI of &. 6, IOC b (C=O).. Ii3 3 and I I I f (pynolc ring carbons). 
59.9 and 14.1 (OEI). JO.? (NMe). and IO 8 (CMe). apart from 
orher ahsorprlons appropriarc IO Ihc N-subsIiIucn1. Mass spcclra 
of &+ showed Ihc corrccI molecular Ion in each case and 
IragmcnIaIion involving lhe CO:El group. Yields were no1 syr- 
Iemarically oprimised A slighlly higher ywld (3%) of & in 
anorkr expcrimen1 using a 0.5: I mole raIm of LTA:enamine 
(7~) is of doubtful significance in view al the oburvalion 1haI & 
is unaffccred by LTA under the same condirions 

Enaminr-crrtrs (7 and 9). Isoburybminc (!.Cg) and ethyl Bcr,roniIrilc was idcnrified (GC retention Iimc and M’-MS) as 
acefoaceIaIc (IOOg) in EIOH (20 ml) were heared al 35-W for a lracc component of lhe crude product mixlurc from oxidalion 
3 hr. The soIvcnI was evaporalcd and the restdue distilled in 
POCYO IO give rrkyl Pi-irobufyh3minocroronorc VW (12.3 8. ml. 

of 7c The crude producr ohlaincd from I.T.&oxldaIlon of 7c also 
afforded Ila (5 mg). orange needles. m.p. IRK” (lit ‘” Ir.CIRR 59, 

b.p 68-7’ aI 0 O! mmHg (Found: C. 64.9: H. 10.45; S. 7 4. clukd from silica gel uith light pcIrolcum-c1kr (4: I v!v) before 

(‘loHleNO: requires: C. 64.8; H. 10.3: h’. 7 h<R). Y,. 1610. 1655 
(C=O) and 3290 (N-H) cm 68.6? (I H. br. SH). 4.42 (I H. s. 
q CH). 4.0? (2 H. q. OCH:). 3.02 (2 H. I. NCH:). IX8 (3 H. s. 
=CMc). I.3 (I H. m. Icrtiary CH). I.23 (3 H. I. OCH:Mc). and 
0.96 (6 H. d. CHMe3. m/r 185 (.W’. ICck). I42 (29). and% (100). 

The same pr&durc using cyclohepIylamint afforded erhyl 
ti-cyrloh~ryfamintKmronarr (76; 8255) as an oil. hp. IOI-IO? 
at O.O!mmHg (Found: C. 69 2; H. 10.4: N. 6.2 C,,H:tNO: 
requires: C. 69.3: H. 10.3; S. 6.3). Y,.. 1610. 1653 (Cm01 and 
3$0(X-H) cm ‘, bR.?6(1 H. hr. NH).4.41 (I H. I. q CH). 4 lO(! 
H. KOCH.). 3.!R(I H. m. NCH). 1.9!(3 H. s.=CMe). l.3-?.O(l! .- 
H. m. ring?H& &I 1.24 (3 H.;. CHM). m/e 225 (M’. 8%). 
I30 (100). and 122 (28). 

The same procedure using methylamine or bcnrylamine gave 
71. b.p. 6!@ aI O.lC mmHg (Iii.” b p. 133’ aI 50 mmHg). and 7c. 
m.p. &cgp (lit.” 79-W; ‘H NMR spectra very similar IO 1h0K 
above. exccpl for absofptions appropriale IO Ihe h’-subslilucnl. 

Compound 7~. m.p. 52-54’ (III.” 55’). was prepared by heating 
p-chloroanilinc and ethyl accIoaceIaIc in bcnzcnc conlaming 
AcOH and azcorropic removal of uatcr in a Dean-Stark rap. In 
the same uay 3. 5xylidim (6. I g) and ethyl aceIoaceIaIe (6.5 gl in 

benzene (50 ml) containing AcOH (I ml) were healed under reflux 
until Ihe calculaIcd ammnI of waler (0.9 ml) was collected. The 
solvenr was evaporated and Ihc residue disrilkd IO give tithyl 3. 
!-xylidincKroIonofr (71: I I.1 g. 7%) as an oil, b.p. 112-I IS; al 
0.1 mmHg (Found: C. 72.3; H. g 2; N. 5.9. C,,H..NO: requires: 
C. ??.I; H. 8.2; K. 6(m). v,, (CHCI,) l6W (C=O) and 3280 
(N-H) cm ‘, d 10.48 (I H. br. NH). 6.93 and 6.86 (I H and 2 H. 
respectively. I. ArH). 4.76 (I H. s. q CH). 4.24 (2 H. q. OCH:). 
2.33 (b H. s. ArMc). 2.01 (3 H. s. =CW. and 129 (3 H. I. 
CH+fe). m/t 233 (M’. 161). 121 (1001. and I20 (40). 

h. b.p. 102-105” aI 0.4mmHg (lit.” b.p. 13Gl34’ aI 
2 mmHg) and 9b. b.p. 113-l 14.5’ aI 0.05 mmHg (III In b p. l7@- 
173’ at 4-C mmHs) were obtained by heating rhc appropriite 
amine wiIh crhyl bcnroylacelate in reduxing EIOH. folloucd by 
fractional dislillation in L’PCYO. )r. m.p. 72-73 5’ (liI.‘b 68-64). 
was &Iamcd in rhc same way. tnrr using n-propanol as Ihc 
solvcnI and recrysfalllsaIion of Ihc residue IefI afrer evaporation 
of solvcnl 

pShloroaniline (12.8g) and ethyl bcnzoylaceIaIe (19.2 g) in 
benzene ((0 ml) conraining p-Ioluenesulphonic acid (0.4 gl were 
healed under r&x for C hr wiIh removal of uaIcr In a Dean- 
SIark tap. The firsI crop of sdid which was deposited as IIK 
mixlure &okd IO room Iimp was colkcred and rccrystalliscd IO 
aivc IC (4.2~. IS?). rn.0 ICI&-I?? (lil.“ IC:-ICI?). The molhcr 

zquor was c&en&d and chilkd overnigh IO afford a second 
crop of sohd. uhich uas colk+d and recrystallised to give Y 
(9.!g. 314). m.p. Ill-IIP(lil.’ 111-113’). 

@xidoIicmr rifh LTA. LTA was rccrysIallised from AcOH. 
washed wiIh Ccl,. and stored in a vacuum dcsiccaror prior IO 
UK. LTA (4.5 g. IO mmol) was added IO the 7 (IO mmol) in 
CH:CI: (40 ml) and Ihe mirrurc allowcd IO srand for >? hr. AfIcr 
IesIing for the absence of unreacted IcadW). the mixlure uas 
exIracIcd with waler IO remove lead diaceIaIe:~hc organk layer 
was retained. washed uiIh SaHCO, aq and u_iIh satcr. dried 
with MgSO,. and rokry-evaporaled IO remove solvent The 
residue then afforded 8 listed in Table 1. of which & uas 
oblaincd dirccIly b) recrysIallisaIion and 6&e alfcr chromafo- 
graph) on alumina & silicd gel. ‘H NMR daIa arc summarixd in 
Tabk 2. and “C NMR spccIra of 8& were closely similar IO 
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Table I. Characlerisation of pyrrdcs 0) and (10) 

ccqounr! Ylcld ..p. Found (\) Forula RequIrc~ (\) 

($1 PC) C Ii !d C Ii \ 

(Bal 

(8b) 

(8c 1 

(Rd) 

(AC) 

41 71 - 72. 61.5 7.6 5.6 ClS”19w4 61.6 7.6 5.5 

20 52 - s3.s 65.1 8.6 6.8 C H No 
1625 4 

65.1 A.5 4.- 

34 61.5 - 63 69.0 7.2 4.3 C19”2P4 693 7.0 43 

22 65 - 67 68.1 a.7 3.9 c 9”2gm. 
1 

68.0 8.’ 1.2 

20 9R - 99.5 61.8 5.6 4.1 CllP20ClW4 61.8 5.9 1.0 

(lOa) IA5 125 - 126.5 75.1 6.5 S.? C2,“2P, -3.2 6.1 3 - 

(lob) VP 91.5 - 9s 73.x 6.7 .3. 5 C2S)‘2TW4 T4.1 6.‘ S.5 

(IOC) l2h 120 - 121.5 77.1 0.3 3.1 C29”27K)4 -6.8 6.C X.! 

(JOd) Ilb 175 - 177 71.1 5.0 2.9 c2.d~i2,C1.w4 -1.0 S.1 3.0 

= Llt.g ..p. 72 “C. ’ Heaction under nitrogen (%ce rcxt). 

Tabk 2. ‘H NMR data for pyrroks (I) amj (IO)’ 

Compound AHi mH2’CH3 -cCHJ YR 

(aa) 

tab) 

l8C) 

(ad) 

(80) 

4.24lq),l.30lt) 2.33(a) 3.35(a,CH3) 

4.28(q),1.32(tl 2.37(s) 3.59(d,CH2),l.9-2.2h,CW,0.92(d,CH3) 

6.857.35(~) 4.26(q) ,1.30(t) 2.29(s) 5.02(1,Ctt2) and Ar)I 

4.22tq),1.30ltt 2.42t.I 4.lbrt~,CH),l.S-2.1brtB,Ctt2t 

4.22tql,l.3llt) 2.10(m) 6.98 and 7.36(d,M’E.B’ wttornl 

(10s) 

!lOb) 

(1OC) 

t10d) 

7.56(a) 4.27(q),l.l8(t) 

7.41 I*) 4.08lq),l.o7~t~ 

6.4-7.7tmt,7.30(~) 4.08tq),l.OStt) 

7.13(s) 4.12tql.1.13tt) 

3.36(o,CH3) 

3.63tt,CH2),2.2brtr,CH2),0.44tt,CI(3) 

4.87t~,~tt~) snd ArH 

6.70 and 6.98td,M’BB’ pttomt 

’ Chamlcal l hlfts are quoted In p.p.m. downfield of tetramsthylallana as internal standard. 

&. identical (mixed m.p.. IR and mass speclra) with an authentic 
sampk prepared by LTA-oxidation of p-chloroanihne.” The 
crude product from LTAsxidation of 7f similarly pfforded the 
corresponding Ilb (6mg). m.p. 13t&l4l” (lit.” 13613p). but 
further elution of the column gave no other crystall& material. 

Compounds 9 were oxidixd with LTA by the same procedure, 
hut under N: and for longer reaction tima (I8 hr in the case of 9~ 
and d). The crude product from h was triturated with MeOH 
and chilkd to obtain IOa; in other cases the crude product was 
chtomatmphed to isolate I(bd. which were characterised by 
data in Tabks I and 2. The “C NMR spectrum of 1Oa. 8. 1644 
(C-0). 136.6 and II44 @wok ring carbons). 130.8. 130.4. lt8.6. 
and 128.2 (benrenc ring camOn,). 60.2 and 13.9 (OU). and 33.2 
(NMe), is typkal for lL1 except for absorptioos characteristic 
of the different N-rubstitucnts. Tlte mass spectra of IM 
showed the conect mokcular ion in each tax. 

LTA-oxidation of )c in air fdlowed by chromatography of the 
crude product afforded unreacted )c (fi). cluted with ether, 
followed by IC (45 mg. E?). m.p. K&103.5 (lit .p 1050). eluted 
with CH<I:. identical with an authentic specimen. Similarly 
LTA-oxidation of w in air followed by chromatography alTorded 
only 14b (62 mg. m). m.p. 191-193 5’ (lit.?’ 191-1933. In spite of 
IOU yields of 16 and b. IOr and d were not isolated 
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