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to silica gel chromatography. The N-oxide was separated by using 
a 15% ethyl acetate-hexane mixture as the eluent. Evaporation 
of the solvent under reduced pressure gave 265 mg (80%) of 
2-methyl-3-phenyl-4-(phenylsulfonyl)-5-methyleneisoxazolidine 
N-oxide (55) as a white solid. Recrystallization from a 10% ethyl 
acetate-hexane mixture gave colorless crystals: mp 131-132 "C; 
IR (KBr) 1760,1450,1310,1150,760, and 690 an-'; Nh4R (CDCl,, 
90 MHz) 6 2.5 (e, 3 H), 4.0 (d, 1 H, J = 6 Hz), 4.4 (d, 2 H), 4.8 
(d, 1 H, J = 6 Hz), and 7.2-7.8 (m, 10 H). 

A stirred solution containing 331 mg of the above N-oxide in 
10 mL of methylene chloride was cooled to 0 "C, and to this 
solution was added 204 mg of acetic anhydride over a 5-min period. 
The mixture was allowed to warm to room temperature, and after 
the mixture was stirred for 5 h, 0.2 mL of pyridine was added. 
The organic layer was washed with water and a dilute hydrochloric 
acid solution, dried over magnesium sulfate, and concentrated 
in vacuo to give a white solid (298 mg, 80%). Recrystallization 
of this material from a 5% ethyl acetatehexane mixture provided 
a pure sample of 2-methyl-3-acetoxy-3-phenyl-4-(phenyl- 
sulfonyl)-5methyleneisoxazolidine (56): mp 154-155 OC; IR (KEk) 
1790, 1660, 1450,1370,1310,1290,1180, and 1150 cm-'; NMR 

Hz), 4.5 (d, 1 H, J = 2.5 Hz), 4.75 (s,1 H), and 7.1-7.3 (m, 10 H). 
Anal. Calcd for Cl9Hl9O5NS: C, 61.13; H, 5.09; N, 3.75; S, 8.58. 
Found: C, 61.06; H, 5.17; N, 3.75; S, 8.52. 
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2-Substituted 1,3-benzoxathiolium tetrafluoroborates (I) were used as masked acylating agents for pyrrole 
and N-methylpyrrole. The reactions on pyrrole (11) were regiospecific, and according to the molar ratio of the 
reagents (1:II = 1:3 or 2.5-3:1), 2-acylpyrroles were obtained in moderate to good yields (3842%) and 2,5-di- 
acylpyrroles were obtained in excellent yields (in most cases, quantitative). The reactions on N-methylpyrrole 
(111) were not regioselective, and both a- and 6-positions were attacked. So, depending on the molar ratio of 
the reagents (HI1 = 1:3 or 2.5-3:1), 2- and 3-acyl-N-methylpyrroles (9-51 % and 27-68% yields, respectively) 
and 2,4- and 2,5-diacyl-N-methylpyrroles (60-93% and 17-40%, respectively) were obtained. A very interesting 
feature of the new method is the possibility of introducing two identical or different acyl groups in the pyrrole 
ring under mild conditions. 'H and I3C NMR spectra of all the new compounds and IR spectra, recorded in 
the gas phase, of 2- and 3-acylpyrroles and of 2,4- and 2,5-diacylpyrroles are reported. 

In previous work we have shown the synthetic effec- 
tiveness of 1,3-benzoxathiolium tetrafluoroborates 1 as 
masked acylating agents2  In particular, we have recently 
found that in certain cases the salts 1 can be advanta- 
geously utilized for a two-step acylation of electron-rich 
aromatic and heteroaromatic ~ompounds.~ Indeed, ac- 
cording to Scheme I, various 2,2-disubstituted 1,3-benz- 
oxathioles 3 were first obtained by electrophilic aromatic 
substi tution from reaction of 1 with 2, under mild con- 
ditions; subsequently, hydrolysis of 3 easily yielded the acyl 
derivatives 4. 

Part 18 in Pentaatomic Heteroaromatic Cations series. Part 17 
is ref. 1. Presented in part at XVI Convegno Nazionale della Divi- 
sione di Chimica Organica della Societh Chimica Italiana, Urbino, 
Italy, September 7-14, 1986 (Atti, p 42). 

Scheme I 

1 

six:, HgOI36U a P U C O u S  THF HSF4 - RCOAr  4 

3 

In connection with these last investigations, we have 
undertaken a specific study on the acylation of pyrrole and 

(1) Barbero, M.; Cadamuro, S.; Ceruti, M.; Degani, I.; Fochi, R.; Re- 
gondi, v. G a m .  Chim. Ztal. 1987, 117, 227. 
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Table I. Acylation of Pyrrole (5) and N-Methylpyrrole (12): Reaction Conditions and Yields 

entry R 

chromato- 
reagent ratio graphic products,* % yieldsc 

5: 1 12:l time, h solvent" 6 7 13 14 15 16 
1 C6H5 3:ld 0.5 A/B (9.5:0.5) 70 tre 

84 tre 

5 4-ClC6H4 3: 1 0.5 A/C (9.8:O.Z) 66 tre 

- 100 2 C6H5 1:2.5d 0.5 f 
4 4-CH30CeH4 1~2.5 0.5 g 100 

6 4-ClC6H4 k2.5 0.5 g 100 
7 CH3 
8 CH3 

10 t-C4Hg 1:3 1 g 100 

12 n-C5H11 1:3 3 A/C (9.8:0.2) 45 
13 C-C6H11 3:l 1 A/C (9A0.2) 42 5 

3 4-CH3OC6H4 3:1 0.5 A/B (1~1) - 
- 

- 
3: 1 1 A/C (9.8:0.2) 45 2 
1:3h 1 A/C (9.80.2) trg 45 
3:l 1 A/C (9A0.2) 70 6 

11 n-C5H11 3: 1 3 A/C (9.80.2) 40 6 

9 t-CdHg 
- 

14 C-C6H11 1:3 1 A/C (9.80.2) 19 81 

62 30 16 C6H5 12.5 1 A/C (9A0.2) 
17 4-CH3OCeH4 3: 1 1 A/B (4:l) 47 28 - - 
18 4-CH3OCeH4 1:2.5 3 A/C (9:l) 60 40 

20 4-ClC6H4 k2.5 0.17 A/B (9:l) 70 26 

22 t-C,H, 1:3 1 A/D (4:l) 63' 17' 

3:l 1 A/C (9.8:O.Z) 40 44 - - 
- - 15 C6H5 

- - 
19 4-ClCeH4 3: 1 1 A/C (9.8:O.Z) 53 34 - - 

21 t-C,Hg 3: 1 1 A/B (9.5:0.5) 10 70 2 - 

23 n-C5H11 3:l 3 A/B (9.5:0.5) 12 44 3 - 
24 n-C5H11 1:3 3 A/B (9.5:0.5) 17 26 47 - 
25 c-C6H11 3: 1 3 A/B (9.5:0.5) 14 72 4 - 
26 c-C6H11 1:3 3 A/B (9.5:0.5) 2 4 93 - 

- - 

- - 

A = petroleum ether; B = ethyl ether; C = acetone; D = benzene. *Physical data and MS data are reported in Table 11. Yields of pure 
isolated products. In entries 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, and 25, the yields were calculated with regard to 2-substituted 1,3-benz- 
oxathiolium tetrafluoroborates. dReported in ref 3b. eTraces. Determined by TLC and MS analyses. /Crude residue from the reaction was 
purified simply by two washings with hot methanol (2 X 5 mL).Sb #Crude residue from the reaction was purified simply by two washings 
with acetonitrile (2 X 5 mL). hFor 10 mmol of pyrrole, 15 mL of acetonitrile was used. 'Two fractions were isolated by chromatography with 
petroleum ether/benzene (4:l): the first was 2,5-bis[2-(2-tert-butyl-l,3-benzoxathiolyl)]-N-methylpyrrole (16d) as a mixture of diastereoi- 
somers (meso and racemic forms); the second was a mixture of 2,4-bis[2-(2-tert-butyl-l,3-benzoxathiolyl)]-N-methylpyrrole (15d) and an 
unidentified byproduct. The presence of two products in the second fraction was put in evidence by TLC (petroleum ether/acetone, 9.80.2, 
as eluent showed two almost-overlapping spots). These could not be separated by further chromatographies. The separation of 15d was 
however achieved by several fractional crystallizations of the mixture with chloroform/methanol. The yield reported is of the pure product. 

Scheme I1 
I-\ 

7 

1,8-9a: R =  CeH5 
b: R =  4-CH@CeH4 
C :  R; 4 -CICeH4 
d :  R = C H 3  

f :  R :  n-C5H11 
9: R: C-CsH11 

e: R =  t - C 4 H g  

N-methylpyrrole with reagents 1 and we now report these 
findings. 

Results 
According to the conditions of the general procedure 

previously r e p ~ r t e d , ~  the reactions of pyrrole and N- 

(2) Aimo, G.; Degani, I.; Fochi, R. Synthesis 1979, 223 and references 
cited therein. 

Synthesis 1986,544 and (b) 1987, 311. 
(3) (a) Cadamuro, S.; Degani, I.; Fochi, R.; Gatti, A.; Regondi, V. 

Scheme I11 - I- 

+la - qm- - 
H 

11 

methylpyrrole with some representative 2-substituted 
1,3-benzoxathiolium tetrafluoroborates were carried out 
in the presence of pyridine in dry acetonitrile a t  room 
temperature. 

In the case of pyrrole (5), the reactions produced mix- 
tures of 2-monosubstituted pyrroles 6 (racemic forms) and 
2,5-disubstituted pyrroles 7 (meso and racemic forms) 
(Scheme 11) in varying amounts, depending on the molar 
ratio of the reagents. Thus pyrrole, salts 1, and pyridine 
in a 3:l:l molar ratio gave 6 in good yields as major 
products, accompanied by low amounts of 2,5-disubstituted 
pyrroles 7; with excess of salts 1,7 were formed as the only 
products (with the exception of entry 14) in good to ex- 
cellent yields (Tables I and 11). The reaction of 2-[2-(2- 
tert-butyl-1,3-benzoxathiolyl)]pyrrole (6e) with 2- 
phenyl-l,3-benzoxathiolium tetrafluoroborate (la) in a 
1:1.25 molar ratio produced unsymmetrical 2,5-disubsti- 
tuted pyrrole 10 (Scheme 111) in 93% yield. 

In the case of the reactions between N-methylpyrrole 
(12) and the salts 1, more complex reaction mixtures were 
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Table 11. 2-Substituted and 2,5-Disubstituted Pyrroles 6, 7, and 10 and 2- and 3-Substituted and 2,4- and 2,5-Disubstituted 
N-Methylpyrroles 13-16 

mp? OC or MS,d m / e  mp? OC ( S O W b  or MS,d m / e  
compd bp, OC/Torr formulae (M+) compd bp, "C/Torr formula' (M+) 

6a 
6b 
6c 
6d 
6e 
6f 

7a 
7b 
7c 
7d 
7e 
7f 
7g 
10 
13a 
13b 
13c 
13d 

6g 

81-82' (E/A) 
129 (F/G) 
121 (H) 

75 (A) 
131-133/0.4 

161-163/0.02 
87-89 (H) 
173-174' (F/A) 
184-185 (F/G) 
154-155 (F/G) 

226-227(D) 
64-65 (I) 
131-132 (E/G) 
145-146 (D) 
88-89 (E/H) 
108-109 (E/H) 
84-85 (H) 

100-101 (H) 

99 (GI 

e 13e 
C18HlE"S 309 13f 
C17H12ClNOS 313 14a 
ClzHllNOS 217 14b 
ClSH17NOS 259 14c 
~1GH1" 273 14d 
C17HlBNOS 285 14e 

e 14f 
C32H25N04S2 551f 15a 
CmH19Cl2N02S2 559' 15b 
C20H17N02S2 367 15c 
CzsHzsNOzSz 451 15d 
C28H33N02S2 479 15e 
C30H33NOZS2 503 15f 
C28H2E"S2 471f 16a 
C18H16NOS 293 16b 
C19H17N02S 323 16c 
C18H14ClNOS 327 16d-I (meso or dl)g 
ClGHl9NOS 273 16d-I1 (meso or dl)d 

152-154/0.3 
157-159/0.3 
84-85 (E/I) 

103-105 (F/H) 
96-97 (G) 
179-180/0.3 
74-75 (H) 
132-134 (E/H) 
86-88 (J) 
168-170 (C/A) 
152-153 (F/G) 

83-87 (G) 
154-155 (E/H) 
153-154 (E/G) 
98-101 (C/A) 
213-214 (F/A) 

thick oil 

thick oil 

171 (F/A) 

287 
299 
293 
323 
327 
273 
287 
299 
505f 
565f 
573f 
469 
493f 
517f 
505' 
565' 
5731 
465f 
465f 

(I 2,5-Disubstituted pyrroles and N-methylpyrroles 7a-g and 16a-c, 2,5-disubstituted pyrrole 10, and 2,4-disubstituted N-methylpyrroles 
15a-f are mixtures of diastereoisomers (meso and racemic and two racemic forms, respectively). Reported melting points refer to the 
mixture crystallized once; they are only indicative because, in general, they vary with the crystallization solvents and with the crystallization 
times; in some cases, moreover, the melted mass remains cloudy. b E  = carbon tetrachloride; F = chloroform; G = methanol; H = ethanol; 
I = pentane; J = cyclohexane. For A, B, C, and D, see footnote a of Table I. cSatisfactory microanalyses were obtained: C f 0.14; H h 0.10; 
N f 0.11; S f 0.11, dunless otherwise noted, MS were recorded at 70 eV with a HP 5970 B mass selective detector connected to a HP 5890 
GC; cross-linked methyl silicone capillary column. 'Reported in ref 3b. fRecorded on a double-focusing Kratos MS 80 instrument (oper- 
ating with direct inlet system at 70 eV). #The mixture obtained from the reaction, crystallized once from chloroform/petroleum ether, had 
mp 157-159 OC. Separation of diastereoisomers (meso and racemic forms) was extremely laborious. I t  was achieved by several sequential 
chromatographies of the mixture on a silica gel long column, with petroleum ether/acetone (9A0.2) as eluent. 

obtained. Indeed, in addition to the products arising from 
attack at a-positions, i.e., 13 (racemic forms) and 16 (meso 
and racemic forms), the products arising from attack at  
@-positions, i.e., 14 (racemic forms) and 15 (two racemic 
forms), were also isolated (Scheme IV). 

The amounts of the various produds varied, depending 
on the molar ratio of the reagents: thus, N-methylpyrrole, 
salts 1, and pyridine in a 3:l:l molar ratio gave almost 
exclusively monosubstituted pyrroles 13 and 14; with ex- 
cess of the salts 1, exclusively disubstituted pyrroles 15 and 
16 were, in most cases, formed. Among these, 2,4-disub- 
stituted derivatives 15 were isolated as the major products 
in good to excellent yields (Tables I and 11). 

Subsequent hydrolysis of the substituted pyrroles 6,7, 
10, 13, 14, 15, and 16, carried out by utilizing a very ef- 
ficient procedure previously reported: gave acyl derivatives 
8, 9, 11, 17, 18, 19, and 20, respectively, in essentially 
quantitative yield (Table 111). 

In some cases, the hydrolyses were also directly accom- 
plished on the crude reaction mixtures, without isolation 
of the intermediate benzoxathiole derivatives, in compa- 
rable yields. 

Discussion 
The acylation of pyrroles is a much-studied reactionsH 

The principal emphasis has been in monoacylation and, 
most recently, in setting up the conditions and in under- 

(4) Degani, I.; Fochi, R.; Regondi, V. Synthesis 1981, 51. 
(5 )  For background literature, see: (a) Jones, R. A.; Bean, G. P. In The 

Chemmtry of Pyrroles; Academic: London, 1977; Chapter 4. (b) Jones, 
R. A. In Comprehensiue Heterocyclic Chemistry; Katritzky, A. R., Rees, 
C. W., Eds.; Pergamon: Oxford, 1984; Vol. 4, Chapter 3.3. (c) Katritzky, 
A. R. In Handbook of Heterocyclic Chemistry; Pergamon: New York, 
1986; Chapter 3.3. (d) Anderson, H. 3.; Loader, C. E. Synthesis 1985,353. 

(6) Kakushima, M.; Hamel, P.; Frenette, R.; Rokach, J. J. Org. Chem. 
1983, 48, 3214 and references cited therein. 

(7) Muchowski, J. M.; Solas, D. R. J. Org. Chem. 1984, 49, 203. 
(8) Anderson, H. J.; Loader, C. E.; Xu, R. X.; Le, N.; Gogan, N.; 

McDonald, R.; Edwards, L. G. Can. J. Chem. 1985,63,896. 
(9) Harsanyi, M. C.; Norris, R. K. J. Org. Chem. 1987,52, 2209. 

Scheme IV 

ir  

COR 

16 10 

k I.'= A 20 
16 

13-20a: R=CsH5 
b: R: 4-CH30CsH4 
C: R =  4-CICsH4 
d R = I - C ~ H Q  

f : R =  C-C6H11 
e: R =  n-C5H11 

standing the factors that control the orientation of the 
substitution in this reaction. By contrast, relatively few 
examples of diacylated pyrroles have been reported1+l3 and 

(10) Ciamician, G. L.; Silber, P. Chem. Ber. 1885, 18, 881. 
(11) Durham, D. G.; Hughes, C. G.; Rees, A. H. Can. J. Chem. 1972, 

(12) Anderson, A. G.; Exner, M. M. J. Org. Chem. 1977, 42, 3952. 
50, 3223. 
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Table 111. Acylpyrroles 8,s) 11, and 17-20 
extractn mD. "C (solv)* MS," m l e  

compd reag ratioo time, h/temp, "C solvb yield,' % orbp, "C/Torr lit. data or formulad (M+)' 
8a A 0.5/rtn D 95' 77-78 (E/A) 77-78' f 
8b 
8c 
8d 
8e 
8f 
8g 
Sa 
9b 
9c 
9d 
9e 
9f 
9g 
11 
17a 
17b 
17c 
17d 
17e 
17f 
18a 
18b 
18c 
18d 
18e 
18f 
1 Sa 
19b 
19c 
19d 
19e 
19f 
20a 
20b 
20c 
20d 

A 
A 
g 
A 
A 
A 
B 
B 
B 
g 
B 
B 
B 
B 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 

0.5 j r t  
l / r t  
0.17145 
1/50 
0.5/rt 
0.5lrt 
0.51rt 
l / r t  
l / r t  
0.5145 
3/50 
0.5/50 
0.51rt 
0.5150 
0.51rt 
0.17/rt 
0.17/rt 
0.5150 
0.5/rt 
0.5/rt 
0.5/rt 
0.171rt 
0.51rt 
0.51rt 
0.5/rt 
0.51rt 
0.5/rt 
0.51rt 
0.51rt 
0.51rt 
0.51rt 
l / r t  
0.51rt 
l / r t  
0.5/rt 
0.5/rtm 

F 
F 
F 
D 
D 
D 
F 
Fh 
F h  
F 
D 
D 
D 
F 
D 
D 
D 
D 
D 
D 
F 
F 
F 
D 
D 
D 
D 
F 
F 
D 
D 
D 
D 
F 
Fh 
D 

98 
100 
92 
100 
96 
100 
95f 
90 
94 
90 
100 
95 
100 
100 
92 
93 
97 
94 
100 
100 
96 
95 
90 
100 
100 
95 
97 
100 
97 
1001 
100 
100 
95 
100 
93 
100 

111-112 (D) 
116-117 (F) 
86-88 (A) 
51-53 (I) 
37-39 (I) 
87 (K) 
149-150 (E) 
189-190 (F/G) 

158-159 (L) 
169-170 (DIA) 
98-99 (D/A) 
137-138 (I) 
105-106 (E/A) 
114-11510.5 
69-71 (H) 
69-71 (H) 
106-1071 15 
91-9310.3 
102-10310.3 
90-91 (EIA) 

51-52 (K) 
157-158/19 
124-126/0.3 
47-48 (A) 
126-127 (D) 

148-149' (F/G) 
72-73 (G) 
176-17810.5 
84-85 (G) 
135-136 (H) 
218-219 (F) 
270-272 (MIH) 
65-66 (G) 

260-261 (F) 

166/0.4 

96 (A) 

110-1 1 ii9 
114-11519 
89.5-90.5l' 
46-48'' 
35-37'1 
85-86'' 
149-150' 
C20H17N04 

159.5-160" 
C14H21N02 
C16H25N02 
C18H25N02 

C16H17N02 
115-120/0.523 
C13H13N02 
70-7115 
225-2268 
C11H17N0 

C12H17N0 
90-93" 
C13H13N02 
48-4915 

C11H17N0 

C19H15N02 
C21H19N04 

72-72.5' 
C17H27N02 
C19H27N02 
135.5-137.514 
C21H19N04 
C19H13C12N02 
C15H23N02 

Cl&3HllC12N0* 

150/179 

C12H17NO 

C19H13C1" 

f 
335 
343 

235 
263 
287 
255 

215 

179 
191 

215 

179 
191 
289 
349 
357 

277 
301 

349 
357 
249 

n A  HgO (1.09 g, 5 mmol), 35% aqueous HBFd (2.5 mL), and THF (12.5 mL) for 5 mmol of monosubstituted pyrroles and N-methyl- 
pyrroles 6, 13, and 14. B: HgO (2.17 g, 10 mmol), 35% aqueous HBF4 (5  mL), and THF (25 mL) for 5 mmol of disubstituted pyrroles and 
N-methylpyrroles 7, 10, 15, and 16. bFor extraction solvent, see footnotes a of Table I and b of Table 11; K = hexane; L = nitromethane; M 
= DMSO. 'Yields of pure isolated products. dSatisfactory microanalyses were obtained: C f 0.14; H f 0.11; N f 0.11. eSee footnote d of 
Table 11. fReported in ref 3b. 8The general method reported in the experimental part for the hydrolysis did not give good results. In fact, 
the extraction of 2-acetylpyrrole (8d) and 2,5-diacetylpyrrole (Sa) was not possible owing to their low solubility in all the solvents tested (e.g., 
benzene, chloroform, etc.). However, it was possible to hydrolyze 6d and 7d with H202/CH3COOH according to the method previously 
reported by us for the hydrolysis of 2,2-disubstituted 1,3-benzo~athioles.~~ In particular, the hydrolyses of 6d and 7d (2 mmol) were run in 
CH3COOH (6 and 12 mL) with 4 and 8 mmol respectively of H20p The reactions were complete after 10 and 30 min at 40-45 "C. After the 
usual workup of the reaction mixtures, 2-acetylpyrrole (8d) and 2,5-diacetylpyrrole (Sa) were continuously extracted with chloroform. Ke- 
tones so obtained are pure. kThe reaction mixture is treated with chloroform (about 100 mL). The solution so obtained is then filtered 
through a silica gel column (20 cm in height and 4-5 cm in diameter), with the same solvent as eluent. The first portion of chloroform 
(about 500 mL) is rejected, while the following portion (about 10oO mL) is collected and evaporated under vacuum to afford pure ketone. 'In 
ref 15,2,4-bis(4-chlorobenzoyl)-N-methylpyrrole was reported in 12% yield however, the melting point was not reported. 'Hydrolysis could 
be carried out by starting from pure 15d and also by starting from the mixture of 15d and the byproduct (see footnote h of Table 11). The 
overall yield of ketone 19d was the same. mHydrolysis was carried out by starting from the separated diastereoisomers 16d-I and 16d-I1 and 
also from the mixture of the diastereoisomers. Yields were always quantitative. Room temperature. 

the methods for their preparation are of limited value. 
Although our new method can be employed for the 

monoacylation of pyrrole itself, the introduction of an acyl 
group at  the 2-position can be more easily achieved by 
other well-known routes.5-s However, our method for 
synthesizing diacylpyrroles bearing identical or different 
acyl groups a t  the 2- and 5-positions represents the first 
general route to these derivatives. Indeed, the introduction 
of a second acyl group by electrophilic acylation of 2- 
acylpyrroles takes place with prevalent or exclusive attack 
at  the 4-position, in accordance with the usual behavior 
of pyrroles bearing an electron-withdrawing substituent 
a t  the 2-position. Thus, the acetylation of 2-acetylpyrrole 
with acetic acid, catalyzed by trifluoroacetic anhydride, 
affords 2,4-diacetylpyrrole as the major product (47 % ), 

(13) Belanger, P. Tetrahedron Lett. 1979, 2505. 

accompanied by 2,5-diacetylpyrrole ( 19%).12 Furthermore, 
the AlCl,-catalyzed Friedel-Crafts acetylation of 2-(tri- 
chloroacety1)pyrrole with acetyl chloride gives 4-acetyl- 
2-(trichloroacety1)pyrrole in 93% yie1d.l' The formation 
of 2,5-diacetylpyrrole by reaction of acetic anhydride with 
pyrrole a t  high temperature in 33% yieldlo appears 
anomalous, but this reaction probably proceeds by the 
thermal rearrangement of 1,2-dia~etylpyrrole.~*~~ When 
salts 1 are used, both the mono- and disubstitution ob- 
viously proceed by electrophilic attack. The first substi- 
tution takes place at  the 2-position; the second proceeds 
by regiospecific attack at  the 5-position. This is due to 
the presence at  the 2-position of the pyrrole ring of a 
substituent, the masked acyl group, which not only does 
not exert -M effect but also probably activates the 5- 
position. 

The reactions of the salts 1 with N-methylpyrrole have 
been chiefly examined in order to explore the synthetic 
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potential of the new procedure toward the simplest N- 
substituted pyrrole, in view of the more extensive research 
on this subject. It is known that substituents at the 1- 
position can exert significant steric and electronic influence 
on electrophilic substitution. Therefore, in comparison 
with the reactions carried out on unsubstituted pyrrole, 
a different orientation of the substitutions was to be ex- 
pected by attack of bulky electrophiles, such as 2-substi- 
tuted 1,3-benzoxathiolyl cations, even in the presence of 
a group as simple as a methyl at the 1-position. Actually, 
the first substitution is not regioselective: both 2- and 
3-substituted N-methylpyrroles were isolated. However, 
the second substitution in any case gives 2,l-disubstituted 
N-methylpyrroles as the major products, whatever the 
nature of the R group present in 1. These results in gen- 
eral, but the second substitution in particular, appear to 
prove the importance of the steric effect of the methyl 
group, and of the l,&benzoxathiolyl group, once present. 
From a synthetic point of view, it is important that, even 
in the case of N-methylpyrrole, the new procedure allows 
the introduction of two acyl groups in the  pyrrole ring, 
under mild reaction conditions, thus filling a void in the 
preparation of diacyl derivatives of N-substituted pyrroles, 
of which very few examples have been r e p ~ r t e d . ~ J ~ J ~  

Experimental Section 
'H and 13C NMR spectra were recorded on a Bruker WP 80 

SY spectrometer in deuteriochloroform or in deuterioacetone, and 
the chemical shifts are expressed in parts per million (6) relative 
to internal tetramethylsilane. Unless otherwise noted, MS were 
recorded with a HP  5970 B mass selective detector connected to 
a HP  5890 GC; cross-linked methyl silicone capillary column. IR 
spectra were recorded in the gas phase on a Bruker IFS 85 infrared 
Fourier spectrophotometer equipped with a GC-IR coupling 
system; cross-linked methyl silicone capillary column; data are 
given in cm-' by using the following convention: vw, very weak; 
w, weak; m, medium; s, strong; vs, very strong. 

2-Substituted 1,3-Benzoxathiolium Tetrafluoroborates 
(la-g). 2-Phenyl-, 2-(4-methoxyphenyl)-, 2-(4-chlorophenyl)-, 
2-tert-butyl-, 2-pentyl-, and 2-cyclohexyl-1,3-benzoxathiolium 
tetrafluoroborates (la-,-) were prepared as previously reported 
by starting from o-mercaptophenol'6 (1.26 g, 10 mmol) and the 
appropriate acyl chloride2JBb or carboxylic acid17 (10 mmol) plus 
5 mL of 54% tetrafluoroboric acid-ether complex. 2-Methyl- 
1,3-benzoxathiolium tetrafluoroborate (la) was prepared in the 
same way by starting from acetic acid, with 70-75% yield; mp 
87-88 "C dec. Salt Id is very sensitive to moisture, and its 
immediate use is advisable. However, it can be stored in well- 
closed bottles a t  a low temperature: 'H NMR (CF3COOD) 6 
7.61-8.47 (m, 4 H benzo), 3.54 (s,3 H, CH,); '% NMR (CF3COOD) 
6 211.66 (8, C+), 159.95 (s, OC benzo), 134.71, 132.14, 126.19, 117.26 
(d, C benzo), 125.99 (s, SC benzo), 21.82 (4, CH3). Anal. Calcd 
for C8H7BF40S: C, 40.37; H, 2.96; S, 13.47. Found C, 40.26; H, 
3.02; S, 13.54. 
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Reaction of Pyrrole  (5) with 2-tert-Butyl-1,3-benz- 
os th io l ium Tetrafluoroborate (le). Typical Procedure. In 
entry 9,2-tert-butyl-l,3-benzoxathiolium tetrafluoroborate (le; 
2.80 g, 10 mmol) was added, in one portion and with stirring, to 
a mixture of pyrrole (5; 2.01 g, 30 mmol) and dry pyridine (0.79 
g, 10 mmol) in dry acetonitrile (5 mL). The reaction was exo- 
thermic, salt le dissolved at once, and a white precipitate was 
formed. The reaction mixture was stirred at room temperature 
for 60 min, then treated with water (100 mL), and extracted with 
chloroform (3 X 150 mL). The collected extracts were washed 
with sodium hydroxide solution (5%;  100 mL) and then with water 
(100 mL), dried, and evaporated. The crude residue was chro- 
matographed on a silica gel column, with petroleum ether/acetone 
(9A0.2) as eluent, to afford 2,5-bis[2-(2-tert-butyl-1,3-benz- 
oxathiolyl)]pyrrole (7e) as a minor product, 6% yield (calculated 
on 2- ter t -buty l -1 ,3 -bxa~o~um tetrafluoroborate; 0.26 g), and 
2-[2-(2-tert-butyl-1,3-benzoxathiolyl)]pyrrole (6e) as the major 
product, 70% yield (calculated on 2-tert-butyl-1,3-benzoxathiolium 
tetrafluoroboratq 1.81 g). 7e: mp 226-227 "C, from benzene; MS, 
m/e 451 (M'); 'H Nh4R (CDC13) 6 8.57 (br m, 1 H, NH), 6.73-7.10 
(m, 8 H benzo), 6.12 (d, 2 H, H-3 and H-4; J = 2.78 Hz), 1.06 (8 ,  
18 H, 2 t-C4H9); 13C NMR (owing to low solubility in CDC1, and 
in CD3COCD3, the spectra were recorded in C6D6 and in hexa- 
methylphosphoramide where the signals marked with one or two 
asterisks could be respectively observed) 6 156.55* (s, OC benzo), 
107.84* (s, OCS), 132.31* (s, C-2 and C-5 pyrrole), 125.96, 122.70, 
122.17, 110.81, 109.20** (d, C pyrrole and C benzo), 40.81* [s, 
C(CH,),], 26.75 [q, C(CH,),]. Anal. Calcd for C2,HZgNO2S2: C, 
69.15; H, 6.47; N, 3.10; S, 14.20. Found: C, 69.21; H, 6.52; N, 3.18; 
S, 14.31. 6e: mp 75 "C, from petroleum ether; MS, m/e 259 (M+); 
'H NMR (CDC13 6 8.47 (br m, 1 H, NH), 6.73-7.16 (m, 4 H benzo), 
6.61-6.73 (m, 1 H, H-5), 6.24 (7 lines, 1 H, H-3, J1,3 = 2.44, J3,4 
= 3.50, J3,5 = 1.40), 6.09-6.20 (m, 1 H, H-4), 1.13 (s,5 H, t-C4Hg); 
13C NMR (CDCl,) 6 155.93 (s, OC benzo), 125.90 (s, SC benzo), 
107.35 (s, OCS), 132.47 (s, C-2 pyrrole), 125.52, 122.19, 122.05, 
116.40,110.31, 108.32 (two overlapping signals) [d, C pyrrole and 
C benzo], 40.72 [s, C(CH,),], 26.28 [q, C(CH,),]. Anal. Calcd for 

H, 6.67; N, 5.50; S, 12.42. 
In entry 10, the reaction mixture consisted of 2-tert-butyl- 

1,3-benzoxathiolium tetrafluoroborate (le;  8.40 g, 30 mmol), 
pyrrole (5; 0.67 g, 10 mmol), and dry pyridine (2.37 g, 30 mmol) 
in dry acetonitrile (8 mL). After the mixture was stirred for 30 
min at room temperature, the precipitate consisting of 2,5-bis- 
[2-(2-tert-butyl-l,3-benzoxathiolyl)]pyrrole (7e) and pyridinium 
tetrafluoroborate was filtered, washed with 2-3 mL of acetonitrile, 
and then dissolved in chloroform/water (500100 mL). The 
chloroform solution was separated and washed with sodium hy- 
droxide solution (5%; 100 mL) and water (100 mL), as described 
above. After evaporation of the solvent, the crude residue was 
washed with hot methanol (2 X 5 mL) to afford pure product 7e 
in quantitative yield [4.41 g; purity monitored by TLC (petroleum 
ether/acetone, 9A0.2) and 'H NMR; mp 226-227 "C, from 
benzene]. This was identical with that isolated in entry 9. 
2-[2-(2-Phenyl-1,3-benzoxathiolyl)]-5-[2-(2- tert -butyl-1,t- 

benzoxathiolyl)]pyrrole (10) was prepared according to the 
above procedure by starting from 2-phenyl-l,3-benzoxathiolium 
tetrafluoroborate (la;  3.75 g, 12.5 mmol), 2-[2-(2-tert-butyl-1,3- 
benzoxathiolyl)]pyrrole (6e; 2.58 g, 10 mmol), dry pyridine (0.99 
g, 12.5 mmol), and dry acetonitrile (5  mL). The reaction time 
was 30 min at room temperature. The crude residue obtained 
after the usual workup was chromatographed on silica gel with 
petroleum ether/ethyl ether (9.5:0.5) as eluent. Compound 10 
was obtained in 93% yield (4.38 9): mp 145-146 "C, from benzene; 
MS, m/e 471 (M'); 'H NMR (CDCl,) 6 8.70 (br m, 1 H, NH), 
7.31-7.61 and 7.01-7.31 (2 m, 2:3, 5 H phenyl), 6.52-7.01 (m, 8 
H benzo), 6.01 and 5.73 (2 dd, 1:1, 2 H, H-3 and H-4, J3,4 = 3.94, 

154.80, 154.21 (8 ,  OC benzo), 141.99, 134.82, 126.04 ( 8 ,  C arom), 
128.56,128.31,127.77, 126.55,126.22, 125.63,122.72, 122.27, 121.99, 
121.80, 121.42, 111.60, 111.48, 110.93, 110.43, 108.52, 108.39 (d, 
C arom), 106.73, 98.37 (s, OCS), 40.52 [s, C(CH3),], 26.18 [q, 
C(CH,),]. Anal. Calcd for C28H25N02S2: C, 71.31; H, 5.34; N, 
2.97; S, 13.60. Found C, 71.25; H, 5.40; N, 3.04; S, 13.67. 

2,5-Dipivaloylpyrrole (9e). Typical Procedure. According 
to the procedure previously reported, 2,5-bis[ 2-(2-tert-butyl- 

C15H1,NOS: C, 69.46; H, 6.61; N, 5.40; S, 12.36. Found: C, 69.39; 

J1,3 = J1 ,4  = 2.25 Hz), 1.00 (9, 9 H, t-C,Hg); 13C NMR (CDC13) 6 

(14) Pratt, J. R.; Pinkerton, F. H.; Thames, S. F. J. Organomet. Chem. 
1972,38, 29. 

(15) Carson, J. R.; Davis, N. N. J. Org. Chem. 1981, 46, 839. 
(16) (a) Greenwood. D.: Stevenson. H. A. J. Chem. SOC. 1953,1514. (b) . . . .  

Degani, I.; Fochi, R. j .  Chem. Soc.,Perkin Trans. 1976, 323.' 
(17) Barbero, M.; Cadamuro, S.; Degani, I.; Fochi, R.; Gatti, A.; Re- 

gondi, v. Synthesis 1986, 1074. 
(18) Also the crude reaction mixtures obtained in entries 12,13, 21, 

23, and 24 were directly hydrolyzed according to the procedure above 
described, to give pure ketones in yields comparable to those reported 
in Tables I and III; the chromatography solvents were the following: 
petroleum ether/acetone, 9 1  (entry 12); petroleum ether/ethyl ether, 8 2  
and 9 1  (entry 13 and entries 21, 23, and 24, respectively). 

(19) Khan, M. K. A.; Morgan, K. J. J. Chem. SOC. 1964, 2579. 
(20) Mirarchi, D.; Ritchie, G. L. D. J. Mol. Struct. 1984, 116, 377. 
(21) Yur'ev, Yu. K.; Elyaakov, G. B. Zh. Obshch. Khim. 1956,26,2350. 
(22) Nakahara, Y.; Fujita, A.; Ogawa, T. Agric. Bid. Chem. 1985, 49, 

(23) Lumbroso, H.; Liegeois, C.; Pappalardo, G. C.; Andrieu, C. G. J. 

(24) Degani, I.; Fochi, R.; Tundo, P. Gazz. Chim. Ztal. 1975,105,907. 

1491. 

Mol. Struct. 1986, 112, 85. 
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1,3-benmxathiolyl)]pyrrole (7e; 2.20 g, 5 mmol) was added to the 
hydrolysis reagent constituted of mercury (11) oxide (2.17 g, 10 
mmol) in THF (25 mL) and 35% aqueous tetrafluoroboric acid 
(5 mL). The reaction was exothermic, and mercury(I1) oxide 
dissolved at once. The mixture was heated at  50 OC with stirring 
for 3 h until the disappearance of the starting material (TLC test: 
petroleum ether/ethyl ether, 9.5:0.5). The reaction mixture was 
then extracted several times with hot benzene until a test by TLC 
of the last extract showed that the ketone 9e was no longer present. 
The combined extracts were washed successively with 10% PO- 
tassium iodide solution (2 X 80 mL), 5% sodium hydroxide so- 
lution (80 mL), and water (80 mL). After evaporation of the 
solvent, pure 2,5-dipivaloylpyrrole (9e) was obtained in quanti- 
tative yield (1.11 g; purity monitored by TLC with petroleum 
ether/ethyl ether, 9.5:0.5, GC-MS, 'H NMR): mp 169-170 OC, 
from benzene/petroleum ether; MS, m/e 235 (M+); 'H NMR 
(CDC13) 6 9.99 (br m, 1 H, NH), 6.88 (d, 2 H, H-3 and H-4, 51,3 

196.78 (s, CO), 130.67 (s, C-2 and C-5), 115.21 (d, C-3 and (2-4, 
JC,H = 173 Hz), 43.21 [s, C(CH3),], 27.87 [q, C(CH3),]; IR (gas 
phase) 3444 (w), 2981 (w), 2943 (w), 2921 (w), 2884 (vw), 1672 (m), 
1529 (vw), 1481 (w), 1398 (w), 1372 (vw), 1279 (w), 1161 (vs), 1063 
(vw), 1016 (vw), 899 (w), 798 (vw), 763 cm-' (vw). Anal. Calcd 
for Cl4Hz1NO2: C, 71.46; H, 9-00; N, 5.95. Found: C, 71.53; H, 
9.09; N, 6.01. 

2-(Cyclohexylcarbonyl)-N-methylpyrrole (17f), 3-(Cy- 
clohexylcarbony1)-N-methylpyrrole (lSf),  and 2,4-Bis(cy- 
clohexylcarbony1)-N-methylpyrrole ( 19f). Direct Hydrol- 
ysis. The crude reaction mixture (3.10 g) obtained in entry 25 
by reaction of 2-cyclohexyl- 1,3-benzoxathiolium tetrafluoroborate 
(lg; 3.06 g, 10 mmol), N-methylpyrrole (12; 2.43 g, 30 mmol), and 
dry pyridine (0.79 g, 10 mmol) in dry acetonitrile (5 mL) was 
directly hydrolyzed by treatment with mercury(I1) oxide (2.24 
g) and 35% aqueous tetrduoroboric acid (5 mL) in THF (50 mL). 
The reaction was complete after 60 min at room temperature. The 
usual workup afforded a mixture of 17f, lSf ,  and 19f. By chro- 
matography on silica gel with petroleum ether/ethyl ether, 1:1, 
as eluent, pure ketones were isolated with the following yields: 
17f (14%), 1Sf (68%), and 19f (4%). 
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