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Acylat ion o f  2-ethyl  4-methyl-3,5-dimethylpyrrole-2,4-dicarboxylate (1) w i t h  acetyl, propionyl, and isobutyryl  
chlorides gave 1-acylpyrroles 2a-c and the 1-(1-hydroxyviny1)pyrrole esters 3a-c formed by further 0-acy lat ion 
o f  2a-c. Acetylat ion of  N-methylacetani l ide gave the  C-acylat ion produc t  N-methylacetoacetanilide (7a), 
wh ich  reacted further t o  fo rm 3-acetoxy-N-methyl-N-phenyl-2-butenamide (8a); simi lar  C-acetylat ion products 
were formed f rom 9-acetylcarbazole. Wh i le  C -  and 0-acety la t ion products were fo rmed f rom l-acetyl-2,5-di-  
methylpyrrole, the related compounds l-isobutyryl-2,5-dimethylpyrrole and  d ie thy l  l-acetyl-2,5-dimethylpyr- 
role-3,4-dicarboxylate afforded only 0-acy lat ion products. 

A recent report described the  preparation of bis acyl 
derivatives from tetraa1kylpyrroles.l Our pyrrole work has 
afforded a second type of bis acylation product, prepared 
from 1,2 and formed by 0-acylation of the anion derived 
from the initially formed monoacyl products 2a-c. 

1 

0 
2a-c 

0 
5a-C 

a, R, = R2 = H 
b, R, = H; R2 = CH3 

The mixture of 2a, 3a, and 1 obtained when acetyl 
chloride or acetic anhydride was added to  a solution of the  
sodium sal t  of 1 in T H F  was separated into its compo- 
nents by silica gel chromatography. Similar three-compo- 
nent  mixtures were formed in the  reaction of 1 with propi- 
onyl chloride (2b, 3b, and 1) and isobutyryl chloride (2c, 
312, and l) ,  while pivaloyl chloride and  benzoyl chloride 
gave only monoacylation  product^.^ 

The  structures of products 3a-c were evident from spec- 
t ra l  and  chemical properties. T h e  n m r  spectra showed the  
absorptions characteristic of t he  olefinic proton or methyl 
substi tuents R1 and  R2.4 As expected,5 the  chemical shifts 
for the  remaining substi tuents in the pyrrole ring were lit- 

C, R , = R ,  =CH3 

0 
4 

tle changed from those in 1 and 2a-c. The major ions in 
the  mass spectra of 3a-c were those characteristic of the  
acyl group and  ion 4.6 Compound 3a showed an  absorp- 
tion a t  1770 cm-1 characteristic for a vinyl ester,? with 
the  ring ester groups absorbing a t  1680 cm- I  as in 1;s 
compounds 3b and 3c showed similar ir carbonyl bands. 
T h e  uv maxima of 3a-c in ethanol were a t  268 mp. The  
absorption is a t  lower wavelength than  in 1 (273 mp) and  
has a reduced intensity; both effects have previously been 
noted for 1-substi tuted pyrroles.9~10 Alkaline hydrolysis of 
3a-c regenerated 1, while refluxing 3c with excess mor- 
pholine gave 4-isobutyrylmorpholine and 1 as the only 
products. 

Formation of 3 from 2 apparently involves hydrogen ab-  
straction from 2 by the  sodium salt  of 1, followed by reac- 
tion of the acyl chloride with the resulting anion. At- 
tempts  to complete conversion of 1 to 3a by varying the 
proportions of reagents in the  reaction, or by repeated ad -  
dition of sodium hydride followed by acetyl chloride to the  
reaction mixture, were unsuccessful. This appeared to re- 
sult  in part  from surface deactivation of t he  sodium hy- 
dride by the acylating reagent. Thus ,  no hydrogen was 
evolved when 1 was added to  a stirred suspension of sodi- 
u m  hydride in T H F  containing acetyl chloride; in absence 
of acetyl chloride, hydrogen evolution was rapid a t  room 
temperature.  

While compound 2c did not react with sodium hydride 
a t  room tempera ture , l l  i t  was converted to the  anion 
using n-butyllithium and this was acylated to give 3c, 5, 
and 6. 

Our findings with 1 prompted us to study the acylation 
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H8yiYxCOC,H6 I II 

1. n-C,H,Li 
2c - 

2 RCCl 

ll CH,OC CH3 
II 0 

0 

5, R = CH3 
3q R = CH(CH,), 

6, R = C(CHJ3 

of other tertiary amides. C-Alkylation of anions derived 
from tert iary amides has been reported,lZ and  we have 
found t h a t  the  anion of N-methylacetanilide, formed in 
THF using n-butyllithium, similarly undergoes initial C- 
acetylation with no detectable 0-acetylation. The  major 
product isolated was not N-methylacetoacetanilide (7a), 
but  8a, formed by further 0-acetylation of 7a; no a t tempt  
was made to  suppress this further acetylation by addition 
of the anion to  an excess of acetyl chloride, or by other- 
wise modifying the reaction conditions. Higher yields of 
8a were obtained by acetylation of 7a. Acetylation of 9- 
acetylcarbazole under similar conditions gave the  related 
products 7b and 8b, resulting from initial C-acylation. 

Exclusive 0-acylation is not a characteristic of all enoliz- 
able 1-acylpyrroles. Acetylation of the anion of 2,5-di- 
methylpyrrole in T H F  gave l-acetyl-2,5-dimethylpyrrole, 
which reacted further to give C- and  0-acyIation products 
8c and 9a in about  equal amount .  Introduction of elec- 
tron-withdrawing carboethoxy substituents in the  pyrrole 
ring or increasing the  steric hindrance a t  the  cy carbon in 
the  acyl group essentially eliminated C-acylation in close- 
ly related pyrroles. Acetylation of diethyl 2,5-dimethyl- 
pyrrole-3,4-dicarboxylate gave diethyl l-acetyl-2,5-di- 
methylpyrrole-3,4-dicarboxylate (39%) and  9b (26%) as 
the only significant acylation products. Similarly, the only 
side-chain acylation product obtained on reaction of l-iso- 
butyryl-2,5-dimethylpyrrole with isobutyryl chloride was 
10. Analysis of t he  acylation products, usually made diffi- 

0 

0 0  

CH3CCHzCNR2 
II I1 

I1 
CH,CO 0 

I II 
CH,C=CHCNR, 

7a,b Sa-c , CH, 
a, NR2 = N 

'C,H, 

b, NR2 = 
\ 

0 0 

H3cn: R H3cYfH3 110 

9a, R = H 
b, R = COOC,H, 

cult by incomplete acylation or the  formation of more 
than  one, somewhat unstable product, may be further 
complicated in pyrroles having unsubstituted ring posi- 
tions, as these are known to  undergo C-acylation13 or N- 
to C-acyl group migration.14 

The  1-acylpyrroles are not typical tertiary amides. This 
is a consequence of a t tachment  of the acyl group to an  
electron-deficient heterocyclic nitrogen atom. Atypical 
properties already reported for these compounds are the 
high-frequency ir amide absorption (>1700 cm- l ) I5  and  
the reductive cleavage of 1-benzoylpyrroles with formation 
of toluene.3 Further examples are the susceptibility to hy- 
drolysis and ready ionization found in our studies. Acylat- 
ed pyrroles with electron-withdrawing carboalkoxy sub-  
st i tuents which further enhance the  positive character of 
the  nitrogen atom show both the  highest frequency ir 
amide absorption (ca. 1750 c m - l )  and  the greatest 
amount  of 0-acylation. In  these cases the  anion once 
formed should be more stabilized by the adjacent ring 
system than  in compounds lacking the  carboalkoxy sub- 
st i tuents.  This may facilitate existence of these ions in so- 
lution a s  solvent-separated ion pairs, and afford an  expla- 
nation for their 0-acylation; kinetic acylation of such 
species has been shown, in the  case of ketones, to lead 
predominantly to  0-acylated products.16 

Acylation products 3a-c may be considered as new ke- 
tene derivatives 11. While some compounds of this struc- 
ture type are known17 or have been proposed as reaction 
intermediates,ls the simplest examples are not reported;lQ 
better known are the  related vinyl esters 12,20921 ketene 
aminals 13,22,23 and ketene acetals 14.23 

,NR* CH,=C /OR CH, = C ' O R  'OR 

II  
0 0 

I1 
12, R =alkyl; R' = CR 
f4, R = R' = Jkyl 

11, R' = CR 
13, R = R' = alkyl 

Experimental Sectionz4 
Compound 1 was prepared as described by KusterZ5 and had 

the following spectral properties: nmr 6 1.37 (t, 3, CHa), 2.53 (s, 3, 
CH3), 2.57 (s, 3, CH3), 3.84 (s, 3, OCHs), 4.35 (9, 2, CHd,  and 
10.10 (s, 1, NH); A,,, (EtOH) 222 mp ( c  27,300) and 275 (16,450). 

General Procedure for Acylation of 1 Using Sodium Hy- 
dride. Sodium hydride (5.05 g, 57% in oil, 0.12 mol) was added to 
a stirred solution of 1 (22.5 g, 0.10 mol) in THF (200 ml) at 10". 
After 1 hr, the appropriate acid chloride (0.2 mol) was added, and 
after a further 1 hr at room temperature methanol (20 ml) was 
added to destroy excess NaH. The product was partitioned be- 
tween benzene and water and the benzene layer was washed with 
water, dried, and evaporated. Where more than one product was 
formed, the residual oil was chromatographed on silica gel using 
benzene-ethyl acetate (40: 1) as solvent. Analytical samples were 
recrystallized from Skellysolve B. Using this procedure the fol- 
lowing eight compounds were prepared. 

2-Ethyl 4-methyl-3,j-dimethyl-l-pivaloylpyrrole-Z,4-dicar- 
boxylate had mp 80.5-81.5" from methanol (75% yield); nmr 6 
1.25 [s, 9, C(CH3)3], 1.35 (t, 3, CH3), 2.46 (s, 3, CH3), 2.56 (s, 3, 
CH3), 3.83 (s, 3, OCHJ), and 4.32 (9, 2, OCH2); mass spectrum 
m / e  (re1 intensity) 309 (18), 225 ( 5 7 ) ,  and 71 (100); ir 1680 (vs) 
and 1740 cm-l (s); A,,, (EtOH) 225 mp (e  23,350) and 273 
(11,050). 

Anal. Calcd for CleH23N05: C, 62.12; H, 7.49; N, 4.53. Found: 
C, 62.04; H, 7.49; N, 4.60. 

2-Ethyl 4-methyl-l-benzoyl-3,5-dimethyIpyrrole-2,4-d~car- 
boxylate had mp 92-94" from methanol (80% yield); nmr 6 1.05 
(t, 3, CH3), 2.48 (s, 3, CH3), 2.53 (s, 3, CH3), 3.87 (5, 3, OCH3), 
4.03 (9, 2, OCHs), and7.55 (m, 5, ArH); ir 1690 cm-I (c=O). 

Anal. Calcd for ClaH19N06: C, 65.64; H, 5.82; K, 4.25. Found: 
C, 65.87; H, 5.73; N, 3.86. 
Reaction of 1 with Acetyl Chloride. This gave a mixture con- 

taining 1 (43%), 2a (%'%), and 3a (34%) as estimated by gc anal- 
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ysis. Silica gel chromatography gave, in order of elution from the 
column, 2a, 3a,, and 1; chromatography was accompanied by par- 
tial deacetylation. 

Compound 2a had mp 72-74"; nmr 6 1.30 (t, 3, CH3), 2.40 (s, 3, 
CH3), 2.47 (6, 6, CH3), 3.84 (s, 3, OCHa), and 4.35 (q, 2, OCH2); 
mass spectrum m / e  (re1 intensity) 267 (67), 225 (loo), 148 (42), 
and 43 (41); ir 1680 (vs) and 1745 cm-l(s) .  

Anal. Calcd for C13H17N05; C, 58.42; H, 6.41; N, 5.24. Found: 
C, 58.45; H, 6.47; N, 4.70. 

Compound 3a had mp 39-42'; nmr 6 1.35 (t, 3, CH3), 2.12 (s, 3, 

(9, 2, OCHz), 4.98 (d, 1, J = 2 Hz, =CH), and 5.47 (d, 1, J = 2 
Hz, =CH); mass spectrum m / e  (re1 intensity) 309 (39), 266 (281, 
225 (70), 221 (99), and 43 (86); ir 1680 (vs) and 1770 cm-l (s); 
A,,, (EtOH) 225 mp ( e  27,350) and 268 (12,400). 

Anal. Calcd for ClsHlsNOe: C, 58.24; H, 6.19; N, 4.53. Found: 
C, 58.40; H, 6.15; N, 4.66. 

Reaction of I with Propionyl Chloride. This gave, in order of 
elution from the column, 2b (7%), 3b (28%), and unchanged 1. 

Compound 2!b had mp 72.5-73.5"; nmr 6 1.24 (t, 3, CH3), 1.35 

3.83 (s, 3, OCHa), and 4.34 (4, 2, CH2); mass spectrum m / e  (re1 
intensity) 281 (!j), 225 (loo), 57 (22), and 29 (26); ir 1680 (vs) and 
1750 cm-l (9); A,,, (EtOH) 230 mp (e  24,700) and 273 (10,700). 

Anal. Calcd for C14H19N05: C, 59.77; H, 6.81; N, 4.98. Found: 
C, 60.13; H, 6.67; N, 4.81. 

Compound 3b had nmr 6 1.12 (t, 3, CH3), 1.35 (t, 3, CH3), 1.76 

2.60 (s, 3, CH3), 3.84 (s, 3, OCH3), 4.32 (q, 2, OCHz), and 5.36 (q, 
1, J = 7 Hz, ==CHCH3); mass spectrum m / e  (re1 intensity) 337 
(19), 281 (24), 235 (85), 225 (55), 57 (1001, and 29 (57). 

Anal. Calcd for C ~ T H ~ ~ N O ~ :  C, 60.52; H, 6.87; N, 4.15. Found: 
C, 60.53; H, 6.87; N, 4.02. 

Reaction of 1 with Isobutyryl Chloride. This gave, in order of 
elution from the column, 2c (45%), 3c (14%), and unchanged 1. 

Compound 2c had mp 56-57"; nmr 6 1.15 [d, 6, CH(CH&], 
1.35, (t, 3, CHa), 2.48 (s, 3, CH3), 2.55 (s, 3, CH3), 2.90 [m, 1, 
CH(CH&], 3.83 (s, 3, OCH3), and 4.32 (q, 2, OCHz); mass spec- 
trum m / e  (re1 intensity) 295 (5), 225 (loo), 71 (12), and 43 (42); ir 
1680 (vs) and 1750 cm-1 (s); A,,, (EtOH) 230 mji ( e  26,950) and 
272 (10,100). 

Anal. Calcd for C15H21N05: C, 61.00; H, 7.17; N, 4.74. Found: 
C, 60.81; H, 7.15; N, 4.72. 

Compound 3c: had mp 69.5-70.5"; nmr 6 1.10 (d, 3, CHCH3), 

CH3CO), 2.54 (s, 3, CH3), 2.58 (5, 3, CH3), 3.84 (s, 3, OCHs), 4.32 

(t, 3, CH3), 2.48 (5, 3, CH3), 2.54 (s, 3, CH3), 2.68 (q, 2, CH2), 

(d, 3, J = 7 Hz, =CHCH3), 2.42 (9, 2, CHz), 2.53 (5, 3, CH3), 

1.14 (d, 3, CHCH3), 1.33 (t, 3, CH3),'1.53 (s, 3, =CCHa), 1.87 (s, 
3, =CCH3), 2.52 (5, 3, CH3), 2.54 (s, 3, CHs), 3.82 (s, 3, OCH3), 
4.28 (s, 2, OCH2); mass spectrum m / e  (re1 intensity) 365 (12), 249 
(69), 225 (19), 7 1  (69), and 43 (100); ir 1680 (vs) and 1745 cm-1 
(5); A,,, (EtOH) 225 mp ( e  26,000), 260 (shoulder, 12,000), and 
268 (12,150). 

Anal. Calcd for C ~ ~ H Z ~ N O S :  C, 62.45; H, 7.45; N, 3.83. Found: 
C, 62.33; H, 7.34; N, 3.67. 

Reaction of 3c with Morpholine. A mixture of 3c (1.6 g) and 
morpholine (3 ml) was heated under reflux for 30 min. The excess 
morpholine was removed by evaporation at  10 mm and the resid- 
ual oil was distilled to give 4-isobutyrylmorpholine (0.85 g, 
62%), bp 70-80" (0.5 mm). Recrystallization of the residue in the 
distillation flask from Skellysolve B gave I (0.78 g, mp 130-132"). 

General Procedure for Acylation (0.01-0.05-Mol Scale) Using 
n-Butyllithium.26 n-Butyllithiumzs in hexane (1.2 equiv) was 
added at  0" to a stirred solution of the substrate (1 equiv) in THF 
(150 ml). The solution was stirred for 10 min and the appropriate 
acid chloride (1.5 equiv) was added. After 1 hr the THF was 
evaporated and the residue was partitioned between benzene and 
water. The oil obtained on evaporation of the benzene was puri- 
fied by silica gel chromatography and recrystallization from Skel- 
lysolve B, or as otherwise indicated below. Using this procedure 
the following 11 reactions were carried out. 

Reaction of 2c with Isobutyryl Chloride. This afforded 1.7 g 
(39%) of 3c, mp 69-70", identical by ir, nmr, and tlc with the 
sample previously prepared. 

Reaction of 20 with Acetyl Chloride. This gave 1.3 g (32%) of 
5: mp 71-73"; nmr 6 1.35 (t, 3, CH3), 1.54 (s, 3, =CCH3), 1.80 (s, 
3, =CCH3), 2.10 (5, 3, CH3CO), 2.53 (B, 3, CH3). 2.56 (5, 3, CHs), 
3.84 (s, 3, OCHa), and 4.31 (9, 2, OCH2); ir 1680 (vs) and 1755 
cm-I (5); A,,, (EtOH) 225 mp ( e  26,000), 258 (11,800), and 268 
(12,200). 

Anal. Calcd for C I ~ H Z ~ N O ~ :  C, 60.52; H, 6.87; N, 4.15. Found: 
C, 60.40: H, 6.71; N, 4.03. 

Reaction of 2c with Pivaloyl Chloride. This gave 1.5 g of 6, a 
liquid, which waii characterized by nmr and mass spectral analy- 

sis: nmr 6 1.17 [s, 9, C(CH3)3], 1.32 (t, 3, CH3), 1.55 (s, 3, 

and 4.28 (g,  2, OCH2); mass spectrum m / e  (re1 intensity) 379 
(13), 295 (18), 249 (loo), 225 (22), 85 (121, and 57 (96). 

Reaction of N-Methyla~etoacetanilide~~ with Acetyl Chlo- 
ride. This gave an oil containing 60% of 3-acetoxy-N-methyl-N- 
phenyl-2-butenamide @a), which was purified by chromatogra- 
phy and recrystallized from cyclohexane: mp 74-76"; nmr 6 1.82 

(q, 1, J = 1 Hz, =CH), and 7.33 (m, 5, ArH); ir 1755, 1675, 1630, 
and 1595 cm-l; mass spectrum m / e  (re1 intensity) 234 ( l ) ,  192 
(22), 108 (100),86 (46), and 78 (47). 

=CCHs), 1.78 (s, 3, =CCH3), 2.54 (9, 6, CH3), 3.80 (s, 3, OCHs), 

(d, 3, J = 1 Hz, =CCHs), 2.25 (s, 3, CH3), 3.27 (5, 3, NCH3), 5.38 

Anal. Calcd for C13H15N0~: C, 66.93; H, 6.48; N, 6.01. Found: 
C, 66.80: H, 6.22: N. 5.82. 

Reaction of N-Methylacetanilide with Acetyl Chloride. The 
crude acetylation product (0.1-mol scale) was analyzed by gc (75" 
initial temperature, programmed at 5"/min to 150") and con- 
tained N-methylacetanilide (1.7 min, 53% of product), 8a (7.7 
min, 34% of product), and an unknown (10.2 min, 13% of prod- 
uct). Column chromatography of the crude gave 1.2 g of 8a which 
was crystallized from cyclohexane to give 0.9 g, mp 74-76"; this 
was identical with the previously prepared sample by nmr and tlc 
analysis. 

Reaction of 9-Acetoacetylcarbazole28 with Acetyl Chloride. 
The crude product contained 60% of 9-(3-acetoxy-l-oxo-2- 
buteny1)carbazole (8b), which was purified by chromatography and 
recrystallized from cyclohexane: mp 79-81"; nmr 6 2.15 (d, 3, J = 1 
Hz, =CCH3), 2.21 (s, 3, CH3), 6.27 (m, 1, =CH), 7.35 (m, 4, ArH), 
7.90 (m, 2, ArH), and 8.13 (m, 2, ArH). 

Anal. Calcd for ClsHlaNOa: C, 73.70; H, 5.15; N, 4.78. Found: 
C, 73.91; H, 5.29; N,  4.73. 

Reaction of 9-Acetylcarbazole29 with Acetyl Chloride. The 
crude acylation product was analyzed by gc (125" initial tempera- 
ture, programmed to 200" at  5"/min) and showed peaks for carba- 
zole and 9-acetoacetylcarbazole~~ (3.3 min, 30% of product), 9- 
acetylcarbazole (6.2 min, 50%), and 8b (12.0 min, 20%). Chroma- 
tography (6.0 g crude) on silica gel using benzene as eluent gave, 
in order of elution, carbazole (0.4 g), a mixture of g-acetylcarbaz- 
ole and 9-acetoacetylcarbazole (2.9 g), and 8b (1.2 9). Compound 
8b was recrystallized from cyclohexane and was identical by 
melting point, ir, nmr, and tlc with the previously prepared sam- 
ple. 

Reaction of 2,5-Dimethylpyrrole with Acetyl Chloride. The 
crude product from the acetylation was analyzed by gc (60" initial 
temperature, programmed to 100" at 5"/min) and showed, in ad- 
dition to starting material, peaks for l-acetyl-2,5-dimethylpyrrole 
(1.5 min, ca. 10% of product), 9a (2.5 min, ca. 10% of product), 
and 8c (8.0 min, ca. 20% of product). Distillation of the product 
under reduced pressure gave starting pyrrole (4.5 g), a mixture of 
l-acetyl-2,5-dimethylpyrrole and 9a (1.5 g), and 8c (2.3 g). Chro- 
matography of the second distillation fraction (1.5 g) on silica gel 
in benzene gave 9a (0.35 g) as the first fraction eluted from the 
column followed by l-acetyl-2,5-dimethylpyrrole (0.25 g) . 

Compound 9a was distilled before analysis: nmr 6 2.09 (s, 3, 
CH3), 2.22 (5, 6, CHs), 4.88 (d, 1, J = 2 Hz, =CH), 5.18 (d, 1, J 
= 2 Hz, =CH), and 5.77 (s, 2, ArH); ir 1770 (vs) and 1675 cm-l 
(6); mass spectrum m / e  (re1 intensity) 179 (loo), 137 (loo), 120 
(63), 95 (loo), and94 (100). 

Anal. Calcd for C10H13N02: C, 67.02; H, 7.31; N, 7.82. Found: 
C, 66.69; H, 7.92; N, 7.67. 

Chromatography of the last distillation fraction (2.3 g) gave 1.2 
g of 8c that was purified by distillation before analysis: nmr 6 

5.78 (s, 2, ArH), and 5.98 (m, 1, =CH); ir 1760 (vs), 1690 (vs), 
and 1650 cm-l (s); mass spectrum m / e  (re1 intensity) 221 (16), 95 
(loo), 94 (50), and 85 (59). 

Anal. Calcd for C12H15N03: C, 65.14; H, 6.83; N, 6.33. Found: 
C, 64.10; H, 7.19; N, 6.00. 

Reaction of 2,5-Dimethylpyrrole with Isobutyryl Chloride. 
The crude oil obtained from the acylation reaction (0.1-mol scale) 
was chromatographed on silica gel and gave, as the first product 
eluted from the column, 13.1 g of l-isobutyryl-2,5-dimethylpyr- 
role: bp 43" (0.5 mm); nrnr 6 1.22 (d, 6, CH3), 2.32 (s, 6, CHs), 
3.23 [m, 1, CH(CH3)21, and 5.80 (s, 2. ArH): ir 1705 cm-1 (vs). 

2.07 (d, 3, J = 1 Hz, =CCHs), 2.13 (5, 3, CH3), 2.31 (5, 6, CH3), 

Anal. Calcd for ClbH1sNO: C, 72.69; H, 9.15; N, 8.48. Found: 
C, 72.97; H, 9.30; N, 8.30. 

Further elution of the column gave 2.1 g of material, a mixture 
containing two major components (one spot on tlc in benzene 
with an Rf 0.30 that of l-isobutyryl-2,5-dimethylpyrrole). While 
these compounds have not been fully characterized, they are be- 
lieved to arise by isobutyrylation at the 3 position in the pyrrole 
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ring as well as the ring nitrogen; nmr of the crude product showed 
in single pyrrole ring hydrogen at 6 6.25. Gc-mass spectrum at 
130" showed two major bands at 1.8 and 3.4 min with molecular 
ions at 236 and 306, respectively. 

Reaction of l-Isobutyryl-2,5-dimethylpyrrole with Isobutyr- 
yl Chloride. Chromatography of the crude product on silica gel 
gave a mixture of starting pyrrole (30%) and 10 (70%) (gc reten- 
tion time 1.0 and 3.3 min, respectively, at 80"). Nmr of this prod- 
uct showed, in addition to the signals for l-isobutyryl-2,5-dimeth- 
ylpyrrole, the following peaks for 10: 6 1.17 [d, 6, (CH&CH], 1.48 
(s, 3, =CCH3), 1.72 (s, 3, =CCH3), 2.18 (s, 6, CH3), 2.60 [m, 1, 
CH(CH3)2], and 5.75 (?, 2, ArH). Mass spectrum m / e  (re1 intensi- 
ty) for'compound 10 was 235 (73), 165 (26), 147 (21), 96 (37), and 
71 (100). 

Reaction of Diethyl 2,5-Dimethylpyrrole-3,4-dicarboxylate 
with Acetyl Chloride. The crude product (2.6 g) was analyzed by 
gc at 140" and showed peaks for starting material (2.5 min, 34% 
of product), diethyl l-acetyl-2,5-dimethylpyrrole-3,4-dicarboxy- 
late (3.4 min. 39% of product), and 9b (6.4 min, 26% of product). 
Chromatography of the product on silica gel using benzene-ethyl 
acetate (4:l)  as eluent gave 1.35 g of acetylated material (58% of 
1-acetyl derivative, 42% of 9b). Three crystallizations from Skel- 
lysolve B gave 0.55 g of diethyl l-acetyl-2,5-dimethylpyrrole-3,4- 
dicarboxylate, mp 85-88". The analytical sample was further re- 
crystallized from methanol and finally Skellysolve B: mp 86-88'; 
nmr 6 1.32 ( t ,  3, CH3), 2.49 (9, 6, ArCHs), 2.59 (s, 3, CHaCO), 
and 4.29 (q, 2, OCH2); mass spectrum m / e  (re1 intensity) 281 
(37), 239 (23), 236 (37), 235 (41). 194 (67). 199 (100). 166 (69). 165 
(791, and 164 (52); ir 1730 and 1700 cm-1. 

Anal Calcd for C l a H t ~ N O ~ :  C, 59.77: H, 6.81: N, 4.98. Found: _ _  -_  - 
C, 60.07; H, 6.92; N, 5.07. 

The mother liquors from the first Skellysolve B crystallization 
contained 0.35 g of 9b which was distilled and recrystallized twice 
from benzene and Skellysolve B for analysis: mp 45-47'; nmr 6 

OCHz), 5.04 (d, 1, J = 2 Hz, =CH), and 5.41 (d, 1, J = 2 Hz, 
=CH); mass spectrum m / e  (re1 intensity) 323 (23), 278 (29), 277 
(341, 235 (271, 234 (461, and 193 (100); ir 1770 (9) and 1690 cm-1 
(vs). 

Anal. Calcd for C16Hz1NOB: C, 59.43; H, 6.55; N, 4.33. Found: 
C, 59.56; H, 6.32; N, 4.32. 

Continued elution of the column afforded diethyl 2,5-dimethyl- 
pyrrole-3,4-dicarboxylate (0.65 g). 

Registry No. 1,  21898-57-7; Za, 49558-97-6; 2b, 49558-98-7; 2c, 
49558-99-8; 3a, 49559-00-4; 3b, 49559-01-5; 3c, 49559-02-6; 5 ,  
49559-03-7; 6, 49559-04-8; 7a, 2584-48-7; 7b, 49559-05-9; 8a, 
49559-06-0; 8b, 49559-07-1; Bc, 49559-08-2; 9a, 49559-09-3; 9b, 
49559-10-6; 10, 49559-11-7; 2-ethyl 4-methyl-3,5-dimethyl-l-pival- 
oylpyrrole-2,4-dicarboxylate, 49559-12-8; 2-ethyl 4-methyl-1-ben- 
zoyl-3,5-dimethylpyrrole-2,4-dicarboxylate, 49559-13-9; acetyl 
chloride, 75-36-5; propionyl chloride, 79-03-8; isobutyryl chloride, 
79-30-1; morpholine, 110-91-8; 4-isobutyrylmorpholine, 18071-39- 
1; pivaloyl chloride, 3282-30-2; N-methylacetanilide, 579-10-2; 9- 
acetylcarbazole, 574-39-0; 2,5-dimethylpyrrole, 625-84-3; l-iso- 
butyryl-2,5-dimethylpyrrole, 49559-14-0; diethyl 2,5-dimethylpyr- 
role-3,4-dicarboxylate 2199-56-6; diethyl l-acetyl-2,5-dimethyIpyr- 
role-3,4-dicarboxylate, 49559-16-2. 
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