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Acetoacetic esters and pentane-2,4-dione undergo unusual Michael reactions with P-nitrostyrene in methanol- 
sodium methoxide to form the (2R,3R,2'S,3'S) - bis-(4-acyl-2,3-dihydro-5-methyl-3-phenyl-2) -furylhydroxylamines 
(5) in high yields. The normal adducts (6) are intermediates in these reactions. Acetylation of compounds (5) 
gives the hydroxylamine 0-acetates (7). 

Compounds (5) react with ammonia and amines in methanol to give the 3-acylpyrroles (9) which can be isolated 
in high yields. These pyrroles can be easily obtained in high yields in a one-pot process by reaction of the 1,3- 
dicarbonyl compound with a-nitrostyrene and subsequent treatment of the reaction mixture with ammonia or 
a mines. 

A mechanism for the formation of the unusual Michael products (5) is discussed. 

SEVERAL unusual Michael reactions of 1,3-dicarbonyl 
compounds with nitro-olefins are known. Yanami 
et aZ.l have reported the formation of 3-acylfurans (1) in 
the KF-catalysed reaction of 1,3-dicarbonyl compounds 
with 1 -alkyl- and 1,2-dialkyl-l-nitroet hylenes. Similar 
furans had been previously obtained by heating the 
normal Michael adducts obtained from p-keto-esters and 
1-nitrocycloalk-1-enes, or 2-nitro-1-phenylprop-1-ene 
(NPP),2 and by direct reaction of dimedone (5,5-di- 
methylcyclohexane-l,3-dione) with NPP and sodium 
m e t h ~ x i d e . ~  On the other hand, cyclohexane-l,3- 
diones add 3-g to 2-alkyl- and 2-aryl-1-nitroethylenes in 
the presence of a base to yield the benzofuran-4(5H)-one 
derivatives (2). Both types of compounds, (1) and (2), 

are considered to arise from the cyclization of the normal 
adduct or a tautomeric form derived therefrom. We 
report here the formation of a third type of unusual 
Michael product, the hydroxylamines (5 ) ,  from the 
reaction of the acyclic 1,3-dicarbonyl compounds (3) 
with p-nitrostyrene (4), as shown in Scheme 1. The 
adducts (6b) and (6c) have been previously des~r ibed .~  

Compounds (5 )  were obtained when equimolecular 
amounts of the acetoacetic esters (3a) and (3b) or pen- 
tane-2,4-dione (3c) and p-nitrostyrene (4) were allowed to 
react in methanol containing sodium methoxide (0.2 mol 
equiv.) at room temperature. When the amount of base 
was progressively reduced, mixtures containing the pro- 
duct (5) and increasing proportions of the normal adduct 
(6) were formed; the latter compounds were the main 
products when catalytic amounts of sodium alkoxide 
were used. On the other hand, the adducts (6) could be 
converted into compounds (5) in high yields by treatment 
with sodium methoxide in methanol; the rate of this 

reaction increased with the concentration of base, but a 
slow transformation could be observed, even in neutral 
solutions. In all cases the formation of compounds (5) 
was concomitant with the appearance of nitrite ion in the 

0 

R 
I Ph 

NOH + H NO, + H,O 

I Ph 
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( 5 )  
a ; R = O M e  

b ; R = O E t  
c ; R = M e  

SCHEME 1 

reaction medium, as revealed by a positive Griess- 
Ilosvay test.8 When the reactions of the 1,3-dicarbonyl 
compounds (3a)-(3c) and p-nitrostyrene (4) were per- 
formed in benzene in the presence of triethylamine, as 
previously de~cr ibed ,~  the adducts (6) were the only 
products. 

The abnormal products (5) are fairly stable, crystal- 
line substances which could be easily recrystallized. 
Their acetylation (acetic anhydride-pyridine) afforded 
the corresponding 0-acetates (7). Yields, physical con- 
stants, and analytical data of compounds (5) and (7) are 
given in Table 1. Spectral data are summarized in 
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U . V .  spectra (Table 2) showed strong maxima at  the same 
wavelengths as those o b s e n d  for the corresponding 

1 Ph 

(6 1 
a ;  R = O M e  

c ;  R = M e  
b ;  R = O E t  

~ Ac 

Tables 2 and 3. The evidence for the structures of 
these compounds is as follows. 

Elemental analysis and mass spectrometry indicated 
the molecular formulae of compounds (5) and (7) (Table 
1) and suggested that a quasi-dimerization of the normal 
adducts (6) was involved in the unusual reaction. Their 

1 
OMe 
OE t 

Me 

'FABLE 1 
Physical constants and arialyttcal data of cornpounds (5) and (7) 

M.p. ("C) 
[crystallization Yield 

Compound solvent] Rr ( % I  For tn u la. Analysis 

Caculated Found 
r--'--Ap 7 

C H N 
67.1 5.9 3.2 

66.5 5.7 2.7 

68.3 6.3 2.9 

67.35 6.4 2.9 

72.2 6.3 3.3 

70.6 6.5 2.9 

Amorphous solid. 

C H N' 
0.22 b 71 C2BH27N07 67.1 5.85 3.0 

0.33 92 CzeH2oNOe 66.25 5.8 2.8 

0.29 74 C28H31N07 68.1 6.3 2.8 

0.39 96 C30H 3 ,NO8 67.3 6.2 2.6 

72.0 6.3 3.2 

0.37 87 C28H29N06 70.7 6.1 2.9 

c Eluant: diethyl ether-hexane (5 : 1) 

0.26 68 C26H27N06 

diethyl ether-hexane (1 : 1). 

( 5 4  160-161 
[MeOH] 

12  1-1 22 
[MeOH-H,O] 

148-149 
[MeOH-H,O] 

[MeOH-H,O] 

[MeOH-H,O] 

( 7 4  

(5b) 

(7b) 128-129 

(54  158-1 59 

( 7 4  d 

T.1.c. on silica gel. 
[ ~ - C ~ H , J  

b Eluant: 

TABLE 2 
U.V. and i.r. spectral data of compounds ( 5 )  and (7) 

L,,,./nm a v/cm-' 
(1% 4 

2 55 
(4.36) 

251 
(4.26) 

255 
(4.35) 

252 
(4.26) 

282 
(4.29) 

279 
(4.19) 

h 

Phase 
KBr 

CDC1, 

cc1, 
KBr 

CDCl, 

KBr 

CDCl, 

KBr 

CHC1, 

KBr 

CDCI, 

KBr 

CDCl, 

OH 
r-- 

3 490m c 

free bonded7 OAc 

1788sh, 
1774s 
1778s 

1788sh, 
1772s 
1778s 

1779s 

1776s 

c=o 
1709vs, 
1698vs 
1698vs 

c=c 
1658sh, 
1 645vs 
1 650vs 

Benzene ring 
1604w, 1587vw, 
1 494w, 1 453w 
1603w, 1585vw, 
1497w, 1457w 

3 560vw 3 463vw,C 

3 5 7 5 ~ ~  3 465vw 0 

3 380v 

1 642vs 1 706vs 1 603w, 1 586vw, 
1496w, 1456w 
1605w, 1587vw, 
1496m, 1456m 
1 600w, 1 583vw. 
1493w, 1453m 
1 602w, 1 584vw, 
1 493w, 1453m 
1 602w, 1586vw, 
1 496w, 1454m 
1603w, 1587vw, 
1 495w, 1454w 
e, e ,  1 497m, 1457m 

1 698vs 1 650vs 

3 412s c 

3 555vw 3 455vw 

1698vs, 
1669vs 
1696vs 

1 646s 

1649vs 

1708sh, 
1698vs 
1 694vs 

1 648vs 

1652vs 

3 300m e 1670s, 
1668s 
1670s 

1591vs, 
1582vs 
1598vs,br 3 565vw 3 465vw,C 

3 340b 
1495m, 1455m 

1674s 1629s, 
1 604vs 
1626m, 
1 600vs 

e, el 1494m, 14541x1 

e, e ,  1493ml 1 453m 1672s 

0 I n  ethanol. b Abbreviations: s, strong; m, medium; w, weak, br, broad, sh, shoulder; v, very. Intramolecularly bonded. 
d Intermolecularly bonded. * Overlapped by the C=C absorption. 
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TABLE 3 
1H and 13C N.m.r. spectral data a for compounds (5 )  and (7) 

lac N.m.r. spectra 
-7 A- 

1H N.m.r. spectra c 
\ r  A r 

Compound Solvent b 2-,2’-H 3-,3’-H Ph C0.R =CMe NOH(Ac) C-2,2’ C-3,3‘ C-4,4’ C-5,5’ Ph C0.R = C N e  NOAc 
(5a) A 5.38 (2,  d,  4.32 (2 ,dq ,  7.18 (10, m)3 .44 (6 , s ) ,  2 .26(6,d,  8 .70(1,s)  102.2(d) 5 l . l (d )  104.9(s) 167.9(s) 126.4(d), 50.2(q), 14.l(q) 

127.0(d), 164. t (s) 
128.2(d), 
142.4( s) 

128.6( d), 
141.0(s) 

5 4 . 8 )  J 4 . 8 , J ‘ l )  J‘ 1) 

( 7 4  13 5.38 (2,  d, 4.22 (2,  dq, 7.22 (10, m) 3.53 (6 ,  s) 2 .30  (6 ,  d,  2.O7 (3,  s) 100.4(d) 51.5(d) 106.4(s) 167.6(s) 127.l(d), 50.7(q), 13.9(q) 18.7(q),  J 4.8) J 4.8, J’ I )  J ‘ 1 )  127.7(d), 165.0(s) 169.0(S) 

(5b) A 5.40 (?, d, 4.31 (2, $q, 7.25 (10, in) 0.98 (6, t), 2.37 (6, d, 8.69 (1 ,  E) 1U3.l(d) 51. l (d)  105.2(s) 167.5(s) 126.3(d), 14.0(q), 14.0(q) 
3.92 (4, nl, 1’ 1) 127.l(d), 58.4(t), 

J 4.8) J 4 . 8 , J  1) 128.l(d), 164.2(s) J 7 ) d  
142.5k)  > ,  

(7b) B 5 .41 (2 ,d ,  4 .22(2,dq,  7 .22(10,m) l.I):3(6,t), 2 . 3 0 ( 6 , d ,  2 .17(3,s)  

(5c) A 5,:$4(2,d,  4 .44(2,dq,  7.25(10,m) 1.90(6,s) 2 . 3 1 ( 6 , d ,  

J 4.8) J 4.8, J‘ 1) 4.00 (4, rn, J’ 1) 

J 4.8) J 4.8, J’ 1) J’ 1) 1 28.8 (d), 

103.4(3) 52.f(d) 115.7(s) 168.0(s) 125.3(d), 29.5_(q), 15. l (q)  
J i ) d  

127.3(d), 194.1(s) 

141.7(s) , ,  
(7c) n 5 .34 (2 ,d ,  4 .28(2,dq,  7 .27(10, in)  1 .91 (6 , s )  2.:)6(6,d, 2 .08 (3 , s )  

J 4.8) J 4.8, J’ 1) J’ 1) 
a &Values iri p.p.m. from tetramethylsilarie; J in Hz. b Solvent A, (CD,),SO; solvent B, CI>CI,. c Relative intensity is thc first figure in brackcts. d AF3 portioii of 

ARX,  system. 

adducts (6) (see Experimental section) and quite near to 
those of the parent 1,3-dicarbonyl compounds (3) .9 The 
absorption of compounds (3) and (6) is, however, much 
weaker owing to the small proportion of the enol form. 
From these data it could be assumed that compounds 
(5) and (7) contained the chromophoric group O-C- 
(Me)=C.CO*R. This was supported by their i.r. spectra 
(Table 2), which showed the characteristic absorptions of p- 
alkox y-subst i t ut ed a, p-unsat urat ed esters and ketones. lo 

The lH and 13C n.m.r. spectra (Table 3) confirmed the 
above results and provided evidence for the presence of a 
symmetry element in these molecules, since only a limited 
number of signals could be observed. The spectra showed 
two equivalent CO-R groups and two equivalent methyl 
groups attached to an olefinic carbon atom. Further- 
more, the I3C n.m.r. spectra of compounds (5) and (7) 
showed two peaks (singlets), one at  6 167.5-168, 
attributed to the two equivalent olefinic carbon atoms 
C-5 and C-fi’, and another a t  6 105-106 [in the esters 
@a), (5b), (7a), and (7b)l or at  6 116 [in the ketones (5c) 
and (7c)], assigned to the two equivalent olefinic carbon 
atoms C-4 and C-4’. The large chemical-shift difference 
observed between the two carbon atoms of the double 
bond is consistent with the electron polarisation that may 
be represented by the average structure (A).  

0 

The spectral data also revealed the presence of two 
equivalent monosubstituted benzene rings and indicated 
the nature of the nitrogen function. Compounds (5) 
gave a v(0H) band in the i.r. and a fairly sharp, one- 
proton signal at  6 8.7 in the l H  n.m.r. spectra; these 
absorptions disappeared on the addition of D20 to the 
samples. Their acetyl derivatives (7) lacked these bands 
and showed, instead, the signals corresponding to one 
OAc group in the l H  and 13C n.m.r. spectra and a strong 

C=O absorption at v ca. 1780 cm-l in the i.r. spectra. 
These results and the high v(C=O) frequency of the 
acetatesll were indicative of the presence of an NOH 
group in compounds (5) or an NOAc group in compounds 
(7), lying on the above-mentioned symmetry element. 

The remaining signals in the n.m.r. spectra were 
associated with the C(2)H-C(3)H and C(2’)H-C(3’)H frag- 
ments. The 1H n.m.r. spectra of compounds ( 5 )  and (7) 
showed a double quartet a t  6 4.2-4.4 ( J  4.8, J’ 1 Hz), 
assigned to 3- and 3’-H, as well as a doublet ( J  4.8 Hz) 
at  6 5.3-5.4, attributable to 2- and 2’-H. Double- 
resonance experiments showed the existence of a coupling 
( J  4.8 Hz) between 2- and 3-H (and between 2‘- and 
3’-H), and a small one ( J  1 Hz) between 3-H (and 3‘-H) 
and the protons of the methyl group attached to the 
olefinic bond. These results indicate a partial structure 
containing two equivalent 0-C( Me) =C (C0R)CHCH 
groups. The location of the phenyl groups on C-3 and 
C-3’ followed from the &values of these carbon atoms and 
from those of 3- and 3’-H, and was consistent with the 
genesis of compounds (5) from the adducts (6). The high 
&values of C-2 and C-2’ and of 2- and 2’-H were in 
accordance with an 0-CHN moiety and, consequently, 
with a 2,3-dihydro-2-hydrosylaminofuran structure. 
The presence of two 2,3-dihydrofuran rings was also 
consistent with the double-bond equivalence reqiiired by 
the molecular formulae of compounds (5) and (7 ) .  

The value ( J  4.8 Hz) of the coupling constant between 
2- and 3-H (and between 2’- and 3’-H) observed in all 
these compounds does not allow a clear-cut decision to be 
made on the stereochemistry at  C-2 and C-3 (and at  C-2’ 
and C-3’). A comparative study of the vicinal cis- and 
trans-coupling constants in some 2,3-dihydro-2,3-di- 
substituted furan derivatives l2 revealed that there is not 
a big difference between the values of the cis- and trans- 
coupling constants, and that these values are dependent 
on the nature of the substituents. However, the 
observed values of the cis-coupling constants, wliich are 
in the range 9-11 Hz, are always greater than those of 
the trans-coupling constants, which are in the range 
6-8 Hz. On the basis of these data, it seems reasonable 
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to  assiime a traizs-relationsllil, betweell 2- ~ ( 1  3-14 ( ~ l t l  
between 2‘- and 3’-H) in compounds (5) and (7) .  

The two pairs of equivalent chiral centres (2 and 2‘;  
and 3 and 3’) contained in structures (5) and (7) allow 
the existence of 10 stereoisomeric forms, two of which 
are meso-forms with a symmetry plane, and four others 
have a two-fold symmetry axis and form two (+,-) 
pairs; the remaining four, also forming two (-I,-)  
pairs, are disymmetric and need not be considered. 
Assuming the tram-relationship between 2- and 3-13 
(and between 2’- and 3’-H) ,  only one meso-form of com- 
pound (5 ) ,  having the configuration (2R,3R,2‘S ,3’S) ,  and 
the (+,-) pair (8) with configuration (2K,3R,2’K,3’X 
and 2S,3S,2’S,3’S) are compatible with the above re- 
sults. An X-ray crystallography study l3 of compound 
(5c) has provided evidence of the tram-disposition of the 
phenyl and NOH groups in both rings and of the meso- 
configuration. It is interesting that compounds (5) can 
be obtained in fairly high yields and that no minor 
amounts of another isomeric form could be isolated or 
even detected in the t.1.c. control of the reactions. 

Compounds (5) are cyclic amino-acetals and would 

tllcreiorc be cspcctccl to rcact as 4-oso-aldehydes. In 
order to verify this and to obtain chemical confirmation 
of the assigned structures, compounds (5 )  were treated 
with ammonia and amines. Treatment of the esters (5a) 

Ph 

I Ph 

( 8 )  ( o n e  enantiomer shown) 
R 

and (51)) with ammonia in tlie cold gal-e the antici1)atcd 
pyrroles (9a) and (gb), isolated in high yields. The 
reaction of compound (Fic) with ammonia ga1.c tlic 
pyrrole (Dc) and minor amoiints of another product 
ha\ing similar chromatographic behaviour and gi\ring a 
positive Elirlich test. The structure of the latter has not 
been investigated. Purification of compound (9c) was 

TABLE 4 

Physical constants, yields, and analytical data of the pyri-oles (9) 
hn,.lnm 

Compound M.p. (“C) Yield (1% 4 Formula Analysis 

[crystallization 
solvent] (%I 

(9a) 128- 129 93 

[MeOH-H,O] (68;) (9b) 

(94  

( 9 4  

(9f) 

[MeOH] (;;) 

[MeOH] (35:) 
103-104 

150-151 

63-64 
[EtOH] 

[MeOH J 

(94  e 25 
17 1-1 7 2 (82) 

Found Calculated 
r - v  7-h 1 

C H N C H N 
254 (4.20), CI 3 H 1 3N 0 2 72.6 (3.1 6.5 72.8 6.3 6.4 
266sh 
255 (4.13), 
266sh 
234 (3.92), 
255sh, 284sh 
255 (4.05), C,,Hl,N02 78.7 G.3 4.6 70.0 6.6 4.8 
267sh 
260 (4.10) CI,H, ,NO, 78.3 5.9 4.8 78.0 5.9 4.9 

264sh 
258 (4.21), C1,H 1 ,N 0 2 74.7 7.4 5.4 74.9 7.7 5.3 

a In brackets, yield by the  one-pot procedure. b I n  EtOH. c Lit.,14 m.p. 105 “C. Lit.,I5 n1.p. 151 “C. Syrup after column 
chromatography. 

TABLE 5 

Spectral data of the pyrroles (9) 
Conipd. vlcrn-1 a 1H N.m.r. chemical shift (6 )  b 

h A r \ r  7 

Benzene 
ring Pyrrole =CH 

N H  CFO C=C ring Pyrrole Benzene NR2 =CMe CO.R1 P h  =CH 
(9a) 3 365vs 1 681vs 1 602w, 1 560vw, 803w 759m 8.72br 2.50 (s) 3.71 (s) 7.32 (m) 6 . 4 5 ~  (d, 

(9b) 3 370s 1675vs 1607w, 1570vw, 789w 757m 8.65br 2.45 (s) 1.16 (t), 7.31 (m) 6.44 c (d, 

(9c) 3 297s 1 621vs 1 608sh, 1 555vw, 789w 759s 9.19br 2.51 (s) 2.08 (s) 7.32 (m) 6.52 e (d, 

1588vw 1530m 796w 748m J 2 Hz) 

1590vw, 1525w 777vw 4.17 (9, J 2 H 4  
1486w J 7 H 4  

1585vw, 1520m J 2 Hz) 

1 490m 

1481w 

1587vw 1522m 7.25 (m) 

1501s 1522s 791w 

1 501s b 1 522s b 792w 

1691vs 1606w, 1552w, 788m 767m 5.03 (s) 2.47 (s) 3.67 (s) 7.25 (m) 6.65 (s) 

1701vs 1598s, 1550w, 807w 750m 7.30 (m) 2.45 (s) 3.65 (s) 7.30 (m) 6.65 (s) 

1 696vs 1 598s,b 1 5SOw,b 8 0 7 ~ ; ~  d 

( 9 4  

(9e) 

(tlf)  3 335s 1665vs 1611w, 1568w, 800m 752s 9.13br 2.45 (s) 1.38 (s) 7.28 (m) 6 . 5 0 ~  (d, 
1488m 1530w J 2 Hz)  

In  KBr pellets unless otherwise stated. b In  CDCl,. c A singlet after N-deuteriation. Obscured by the solvent. 
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licnccb nioi-c tliflicult aii t l  tlic I)roduc‘t w;cs isolated in a 
lowcr yicbltl. ’l‘lie similar reactions of compound (Fia) 
with 1)t~nzylaminc and with aniline were slower; after 
licatiiig tlie rcactioii mixtures, the pyrroles (9d) and (9e) 
were formed, togcthcr with minor amounts of a second 

0 

I 

( 9 )  

R 2  

a ;  R’= OMe, R2=  H 

b ;  R’= OEt , R2=H 

c ; R’ = Me, 

d ; R’= OMe, R2=CH2Ph 

e ; R ’  = OMe. R2= Ph 

R2= H 

f ; R ~ = o B u ‘ , R ~ =  H 

~~lii-licti-~~ositi\.c. product. ’Hie physical cunstants, yields, 
and spectral data of these pyrroles are summarized in 
Tables 4 antl 5. 

(12) 

7 P h  

R 
I Ph 

’llic abo\re reactions pro\ide a iicw antl c:~sy routc to 
3-acylyyrrolcs from 1,3-dicarbonyl compoiinds and 
p-nitrostyrene via the unusual Michael compoiinds (5 ) .  
These intermediates need not be isolatecl; for instance, 
the pyrroles (9a) and (9b) were obtained in high yields by 
the reaction of the corresponding acetoacetic ester with 
p-nitrostyrene and subsequent treatment of the reaction 
mixture with ammonia. This one-pot procedure was 
adopted to prepare the t-butyl pyrrolc ester (9f) from 
t-butyl acetoacetate and compound (4) ; the correspontl- 
iiig compound (5)  has not been isolated. 

‘Ihc mechanism of the formation (Scheme 2) of tlie 
uiiusual Michael products ( 5 )  most probably ini.ol\-es the 
nitroso-intermediates (13), similar to the intcrmediates 
1)roposed to explain the formation of 3-acylfurans ( 1 )  193 
and 2-hydroxyiminobenzofuranones (2) .36 ’1‘1 iese inter- 
mediates are considered to derive from the nitronic acids 
( 1  1 )  which result from 0-protonation of the initially 
formed nitronate anions (10). Cyclization of the anion 
(12) of the acid (11) occurs via attack of the enolatc 
oxygen atom on the electron-deficient carbon atom next 
to the nitronic acid group to yield tlie intermediate (13). 
Dimerization of compound (13), envisaged as an addition 
reaction similar to an aldol-condensation, would yield the 

(10) 0 - Protonotion 

(13) (+,-) pair, one 

enan t iomer shown 

// 
H *  

-0- e 

7 Ph 

I 
R Ph 

4 0  - 

( 4 )  + 

? Ph 

(15) (16) 
SCHEME 2 
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anion (15) of the C-nitroso-hydroxylamine derivatives 
(16), the denitrosation of which would afford compound 
(17) and the final products (5).  The formation of these 
products from the normal adducts (6) can also be ex- 
plained on the basis of this mechanism. The stereo- 
chemistry of compound (5) requires a trans-disposition of 
the phenyl- and nitroso-groups in the intermediate (13) 
as would be expected either if this intermediate is the 
product of kinetic l6 or thermodynamic control of the 
ring-closure [(12) -+ (13)] reaction. Moreover, each of 
the enantiomeric forms of compound (13) appears to 
react, probably for steric reasons, with the anion (14) of a 
second molecule of (13), which has the opposite con- 
figuration at  C-3. This apparent stereospecificity is 
probably due to the fact that this process is much faster 
than the alternative one [that is, the combination of each 
of the enantiomeric forms of compound (13) with the 
anion having the same configuration at  C-31 which would 
yield the (+, -) pair. This results in an accumulation of 
the intermediates (15) and (16) of the appropiate con- 
figurations to give compound (2R,3R,3’S)-( 17) in the 
slow denitrosation step. The rapid, reversible C-pro- 
tonation of compound (1 7) would yield the t hermody- 
namically more stable product (5), having a t ram-  
relationship of the phenyl- and hydroxyamino-sub- 
stituents in both rings. 

EXPERIMENTAL 

U.V. spectra were taken in ethanol with a Ueckman LIB 
GT spectrophotometer and i.r. spectra with a Perkin-Elmer 
457 spectrophotometer. lH N.m.r. spectra were measured 
at 60 MHz or a t  90 MHz on a Perkin-Elmer R-12B or 11-32 
spectrometer, and 13C n.m.r. spectra a t  25.2 MHz on a 
Varian XL-100-15 spectrometer in the pulsed Fourier- 
transform mode. Mass spectra were recorded with a 
Hitachi Perkin-Elmer RMU-6M instrument. Thin layer 
chromatography (t.1.c.) was carried out on plates coated 
with silica gel H F 2 5 4  (Merck) with detection by sulphuric 
acid-water (1 : l ) ,  Ehrlich reagent,17 or irradiation with U.V. 

light, A 254 nm. 
Reaction of the P-DicarbonyZ Compounds (3) zuith P- 

Nitrostyrene (4) .-(a) Formation of the adducts (6). A stirred 
solution of methyl acetoacetate (3.48 4 ,  30 mmol) and p- 
nitrostyrene (4.47 g, 30 mmol) in methanol (15 ml) was 
treated with 3 drops of sodium methoxide ( 0 . 7 ~ )  in metha- 
nol. The precipitate was filtered off and recrystallized 
from methanol to yield methyl 2-acetyZ-4-nitro-3-phenyZ- 
butyrate (6a) (7.15 g, 90%) as a mixture of two diastereo- 
isomers, m.p. 89-90 “C; A,,,. 254 nm (log c 2.80); v,llax. 
(KBr) 1745 (CO,Me), 1720 ( G O ) ,  and 1555 cm-l (NO,); 
6 (CDC1,) 2.08 and 2.30 (total intensity 3 H, s ,  Ac of the two 
different diastereoisomers), 3.35 and 3.80 (total intensity 
3 H, s, CO,Me of the two different diastereoisomers), 4.20 
(2 H,  m, 2- and 3-H), 4.85 (2 H, m, 4- and 4’-H), and 7.30 
(5 H,  m, Ph) (Found: C, 58.6;  H, 5 . 8 ;  N, 5.1. C,,H,,SO, 
requires C, 58.9; H,  5.7; N, 5.3%). 

Similarly prepared were ethyl 2-acetyl-4-nitro-3-phenyl- 
butyrate (6b) (85y0), m.p. 74-75 “C (from ethanol) (lit.,’ 
m.p. 76 “C); A,,,. 255 nm (log c 2.89); vmax, (KBr) 1 737 
(CO,Et), 1 714 (C=O), and 1 563 cm-l (NO,) ; 6 (CDC1,) 0.92 
(3 H, t, J 6.8 Hz, CO,Et), 2.26 (3 H, s, Ac), 3.95 (2 H,  q, 

CO,Et), 4.20 (2 H, m, 2- and 3-H), 4.75 (2 H, m, 4- and 4’- 
H), and 7.2 (5 H, m, Ph) ; 3-acetyl-5-nitro-4-phenylpentan- 
2-one (6c) (97%), m.p. 113-114 “C (from ethanol) (lit.,7 m.p. 
114 “C); Amax. 277 nm (log c 2.82); vmnx. (KBr) 1 732 and 
1 702 ( G O ) ,  and 1 543 cm-l (NO,); 6 (CDCl,) 1.90 and 2.25 
(two diastereotopic Ac), 4.30 (2 H, m, 3- and 4-H), 4.55 (2- 
H, m, 5- and 5’-H), and 7.20 (5 H ,  m, Ph). 

The 
P-dicarbonyl compound (3) ( 10 mmol) and P-nitrostyrene 
(4) (1.49 g, 10 mmol) were added to stirred, cooled (ice- 
water), sodium methoxide ( 0 . 7 ~ )  in methanol (3  ml). 
Stirring was continued until a precipitate appeared and 
t.1.c. indicated no further transformation [5 min for (2R,- 
3R, 2’S, 3’s) -bis- (2,3-dihydro-4-nzethox~~carbonyI-5-n~ethyZ-3- 
phen~~l-2-furyZ)~iydroxylamine (5a), 1 h for (2R,3R,2’S,3’S)- 
bis- (4-ethoxycarbonyl-2,3-dihydro-5-nzethyl-3-phenyl-2- f u r y l )  - 
hyhoxy lamine  (5b), and 1 d for (2R,.31<,2’S,3’S)bis-(4- 
acetyZ-2,.3-dihydro-5-methyZ-3-phenyZ-2-furyl) hydroxylamine 
(5c)l. The solid was filtered off and washed with ice-cold 
methanol; t.1.c. of this material showed the presence of 
compoiinds (5) (major product) and (6). Crystallization 
from methanol or methanol-water gave the pure com- 
pound (5); concentration of the mother liquor and re- 
frigeration gave a mixture enriched in compound (6) which 
yielded the pure product on recrystallization from metha- 
nol. Yields of the products (5) are given in Table 1. 
Elemental analyses and physical constants of compounds 
( 5 )  are also given Table 1; their spectral data are 
summarized in Tables 2 and 3. 

Conuersion of the Adducts (6) into Cotnpounds (5).- 
Sodium methoxide ( 0 . 7 ~ )  in methanol (2 ml) was gradually 
added to a stirred suspension of compound (6) (0.5 g) in dry 
methanol ( 3  ml), after which the stirring was continued until 
t.1.c. indicated no further transformation. Concentration 
of the reaction mixture to half its volume and refriger- 
ation gave compound (5), identical (m.p. and mixed m.p., 
Rp, and i.r. spectra) with the samples prepared as described 
above. Yields of compounds (5a), (5b), and (5c) were 70, 
68, and 70%, respectively. 

Acetylation of the Compounds (5) .--A sample of compound 
(5) (0.5 g) in pyridine (5 ml) was treated with acetic an- 
hydride (0.5 ml) for 3 h and the mixture was poured onto 
ice. Compounds (5a) and (5b) gave crystalline solids. 
Compound (5c) afforded a gummy precipitate which was 
extracted with diethyl ether; the diethyl ether extract was 
successively washed with dilute sulphuric acid, 5% sodium 
hydrogencarbonate, and water, and then dried (MgSO,) 
and evaporated to yield a solid. Recrystallization of these 
products from the solvents indicated in Table 1 afforded 
(2R, 3R, 2’S, 3’s) -0-acetylbis- (2,3-dihydro-4-methoxycarbonyZ- 
5-methyl-3-phenyZ-2-furyZ) hydroxylamine (7a), (2R, 3R, 2’S, - 
3’s) -0-acetylbis- (4-ethoxycarbonyZ-2,3-dihydro-5-~zethyZ-3- 
phenyl-2-furyZ)hydroxyZamine (7b), and (2€<,3R,2’S,3’S)-O- 
acetyZbis-(4-acetyZ-2,3-dihydro-5-methyZ-3-phenyZ- 2- f u r y l )  - 
hydroxylamine (7c). Physical constants, yields, and ana- 
lyses are given in Table l ; spectral data appear in Tables 2 
and 3. 

Formation of the PyrroZes (9) .-(a) Ammonia was bubbled 
through a suspension of compound (5) (1.0 g) in methanol 
(10 ml) for 0.5 h,  and the resulting solution was kept at 0 “C 
for 5 h. T.1.c. of these solutions showed tha t  the esters (5a) 
and (5b) gave the pyrroles (9a) and (9b), respectively, as the 
only products ; evaporation of these solutions gave pure 
methyl 2-methyZ-4-phenyIpyr~oZe-3-carboxylate (9a) and ethyl 
2-methyl-4-phenylpyrrole-3-carboxylate (9b) which were 

(b) Formation of the unusual  Michael products (5). 



recrystallized from the solvents indicated in Table 4. In 
the reaction of compound (5c), t.1.c. (hexane-diethyl ether, 
1 : 5 )  indicated the presence of 3-acetyl-2-methyl-4-phenyl- 
pyrrole (9c) (major product, RF 0.43) and a second product 
with RF 0.71 which gave a positive Ehrlich test; evapor- 
ation of the reaction mixture gave a residue which was 
chromatographed on silica-gel using hexane-diethyl ether 
(1 : 1) as eluant. Evaporation of fractions containing the 
component of RF 0.43 gave pure compound (9c) which was 
recrystallized from methanol. Yields, physical constants, 
and analytical data of the pyrroles (9) are given in Table 4;  
spectral data are given in Table 5. 

( 6 )  One-pot  procedure. A solution of the P-dicarbonyl 
compounds (3a)-(3c) ( 1 0  mmol) and P-nitrostyrene (1.49 g, 
10 mmol) in 0 . 7 2 ~  sodium methoxide ( 3  ml) was stirred 
until a precipitate appeared [5 min for compound (ga), 15 
min for compound (9b), and 24 h for compound (Sc)]. The 
suspension was diluted with ice-cold methanol (10 ml) and 
ammonia was bubbled through until the suspension was 
saturated. IYork-up of the resulting solutions as in method 
( a )  gave the pyrroles (9a)-(9c), identical with the com- 
pounds obtained above. 

Similarly prepared was t -butyl  2-methyl-4-phenylpyrrole-3- 
carhoxjilate (9f) from t-butyl acetoacetate. Yield, physical 
constants, and analytical and spectral data for this com- 
pound are also included in Tables 4 and 5. 

( c )  A suspension of compound (5a) (1 g, 2.15 mmol) and 
benzylamine (0.46 g, 4.3 mmol) in ethanol (30 ml) was re- 
fluxed for 12 h after which time t.1.c. (hexane-diethyl ether, 
1 : 1) indicated the complete transformation of the starting 
material into compound (9d) (RF 0.41, major product) and a 
second product (RP 0.26) which also gave a positive Ehrlich 
test. The reaction mixture was evaporated and the syrupy 
residue dissolved in dichloromethane; the solution was 
washed successively with dilute hydrochloric acid, saturated 
sodium hydrogencarbonate, and water, and then dried 
(MgSO,). Chromatography on dry silica-gel (45 g;  
hexane-diethyl ether, 4 : 1) gave pure nzethyl l-benzyl-2- 
methyl-4-~henylpyrrole-3-carboxylate (9d) as a crystalline 
solid which was recrystallized from ethanol. Similarly pre- 
pared was nzethyl 2-methyl-l,4-diphenylpyrrole-3-carboxylate 
(9e) from compound (5a) and aniline. Yields, physical 
constants, and analytical and spectral data for compounds 
(9d) and (9e) are given in Tables 4 and 5. 

The yields are shown in Table 4. 

We thank Dr. I?. Florencio, Instituto Rocasolano, 
C.S.I.C., Madrid, for the results of an X-ray crystallography 
study of compound (5c), and the Comisibn Asesora de 
Investigacibn Cientifica y Tkcnica of Spain for a grant. 
One of us (R. F.-F.) thanks the Ministerio de Educaci6n y 
Ciencia of Spain for a scholarship. 

[1/1048 Received, 2nd July, 19811 

REFERENCES 

1 T. Yanami, M. Kato, and A. Yoshikoshi, J .  Chem. SOC., 
Chcnz. Commztn., 1975, 726; T. Yanami, A. Ballatore, M. 
Miyashita, M. Kato, and A. Yoshikoshi, J .  Chem. SOC., Perkin 
Trans .  I ,  1978, 1144. 

2 I;. Boberg and G. R. Schultze, Chem. Bey. ,  1957, 90, 1215; 
F. Boberg and A. Kieso, Liebigs Ann. Chem., 1959,626, 7 1  ; G. R. 
Schultze and F. Boberg, G.P. 965,408 (Chem. Abs . ,  1959, 53, 
16150). 

3 ( a )  A. T. Nielsen and T. G. Archibald, Tetrahedron, 1969, 25, 
2993; (6 )  G. B. Ansell, D. W. Moore, and A. T. Nielsen, J .  Ckem. 
SOC. B ,  1971, 2376. 

H. Stetter and K. Hoehne, Chem. Ber., 1958, 91, 1344; 
H. 0. Larson, T.-C. Ooi, A. K. Siu, K. H. Hollenbeak, and F. L. 
Cue, Tetrahedron, 1969, 25, 4005. 

V. M. Berestovitskaya, A. S. Sopova, and V. lr. Perekalin, 
K h i m .  Geterotsikl. Soedin., 1967, 3, 396 (Chem. A h . .  1968, 68, 
2854). 

S. J.  Dominiani, M. 0. Chaney, and N. D. Jones, Tetrahedron 
Lett.,  1970, 4735. 

V. V. Perekalin and A. S. Sopova, J .  Gen. C h e m .  U S S R ,  
1954, 24, 523. 

Arthur I .  Vogel in ‘ Quimica Analitica Cualitativa,’ Ed. 
S. A. Kapelusz, Buenos Aires, 5th edn., 1974, p. 264. 

A. E.  Gillam and E. S. Stern, ‘An Introduction to Electronic 
Absorption Spectroscopy in Organic Chemistry,’ Edward Arnold, 
London, 2nd edn., 1957, p. 257 

Spectroscopie Tnfrarouge. 
Applications en Chimie Organique,’ Dunod, Paris, 1970, pp. 477- 
481, 447-452, and 524-525. 

10 M. Xvram and G. D. Mateescu, 

l1 J. P.  Freeman, J .  Am. Chem. SOC., 1958, 80, 5954. 
l2 J. Badin and G. Descotes, Bull. SOC. Ch im.  Fr . ,  1970, 1949; 

C. Botteghi, G. Consiglio, G. Ceccarelli, and A .  Stefani, J .  Org. 
Chem., 1972, 37, 1835. 

l3 F. Florencio, P. Smith-Verdier, and S. Garcia-Blanco, 
unpublished results. 

l4 H. Fischer and 0. North, ‘ Die Chemie des Pyrrols,’ ,Aka- 
demische Verlagsgesellschaft M.B.H., Leipzig, 1934, Vol. 1, p. 
248. 

l5 Ref. 14, p. 190. 
l6 E. L. Eliel in ‘ Steric Effects in Organic Chemistry,’ ed. 

l7 F. Garcia GonzAlez, A. Gbmez-SBnchez, and M. I .  Goiii de 
M. S. Newman, Wiley, New York, 1956, p. 120 

Rey, Carbohydr. lies.,  1965, 1, 261. 




