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The pivaloylation of N-methylpyrrole (1) with pivaloyl chloride and tin(1V) chloride in benzene or 1,2-di- 
chloroethane at 20 “ C  gives mixtures of mono- and dipivaloylated pyrroles. N-Methyl-2-pivaloylpyrrole (2) is 
formed in only trace amounta and the 3-isomer 3 is the predominant monosubstituted product. Substantial amounts 
of N-methyl-2,4-dipivaloylpyrrole (4) and smaller amounts of the 3,4-isomer 5 are also formed. Facile Lewis 
acid mediated rearrangements of 2 into 3 and of 4 into 5 were demonstrated. The 3,4-disubstituted isomer 5 
is the thermodynamically most stable product and all compounds in this study were converted into 5 on treatment 
with tin(1V) chloride and excess pivaloyl chloride. The pivaloylation of 1 is markedly different from its acetylation. 
Acetylation takes place to give 2- and 3-acetyl derivatives, and diacetylation gives the 2,5- and/or 2,4-diacetyl 
derivatives. Fully proton-coupled 13C NMR spectra were obtained for all the acylated pyrroles in this study and 
complete assignment of chemical shifts and coupling constants was made. 

In connection with our studies on the ionic [SNl and 
SN(AEAE] and radical ( s R N 1 )  substitution reactions of 
heteroaryl neopentyl chlorides of the form ArCH(Cl)-t-Bu,2 
we needed to prepare the previously unknown 2- and 3- 
pivaloylated derivatives of N-methylpyrrole. Conditions 
for direct pivaloylation using pivaloyl chloride and a Lewis 
acid were considered since thiophene3i4 and furan5 piva- 
loylated in the 2-position under similar conditions. It has 
been stated that “acylation of pyrrole with acyl chlorides 
in the presence or absence of a Lewis acid catalyst, in- 
variably gives the 2-a~ylpyrrole”.~ More recent results 
show that 3-acylpyrroles form when there are substituents, 
especially bulky ones, on the pyrrole nitrogen.’ One final 
complication in reactions involving acylpyrroles is the 
demonstration that 2- and 3-acylpyrroles give equilibrium 
mixtures of the two isomers on treatment with strong 
anhydrous acids and 1-alkyl-2-acylpyrroles are completely 
converted into the corresponding 3-acyl derivatives under 
the same conditions.8 

The pivaloylation of N-methylpyrrole, 1, and a rein- 
vestigation of the acetylation and diacetylation of 1 con- 
stitute this reportag 

Results and Discussion 
Pivaloylations. The results of the pivaloylation reac- 

tions performed on 1 and some related reactions are col- 
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lected in Table I. The products detected were the 2- and 
3-pivaloyl derivatives 2 and 3 and the 2,4- and 3,4-di- 
pivaloylated compounds 4 and 5, respectively. The as- 
signment of constitution to these compounds is discussed 
in the section on 13C and ‘H NMR spectra below. Boron 
trifluoride etherate was initially used as the Lewis acid 
catalyst, since it has been shown to successfully catalyze 
acetylation of l.ll The reaction occurred to a negligible 
extent or only very slowly in benzene (entry 1) and in ether 
(entry 2). By way of contrast, use of tin(1V) chloride in 
benzene a t  20 “C gave extremely rapid pivaloylation since 
the incorporation of pivaloyl groups after 10 min and 5 h 
was virtually identical (see entries 3 and 4). At  lower 
reaction temperatures (entry 5) or after shorter reaction 
times (4-5 min) in benzene (entry 6) or in 1,2-dichloro- 
ethane (entry 7), small amounts of the 2-pivaloyl derivative 
2 could be detected. Both the reactions in benzene (entries 
3 and 4) and in 1,2-dichloroethane (entries 7 and 8) show 
similar product distributions. I t  is apparent that mono- 
pivaloylation of 1 and dipivaloylation of the mono- 
pivaloylated compounds proceed a t  a similar rate. Thus 
direct pivaloylation cannot be used for production of either 
2 or 3 in good yield. I t  appears that after an initial mono- 

CH3 

R1 R2 R 3  R 4  

1 H H H H 

2 COBut H H H 

3 H  COBut H H 

4 COBut H COBut H 

5 H  COBut COBut H 

1 0  COMe H H COMe 

1 1  COMe H COMe H 

1 2  COMe H H H 

(11) Anderson, H. J. Can. J. Chem. 1957, 35, 21-27. 
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Table I. Pivaloylation of N-Methylpyrrole and 2- and 3-Pivaloylpyrrole" 
-products, % yieldb ~ substrate 

entrv (concn) IMeqCCOC1l ISnCL1 time. h 2 3 4 5 
1 1 (0.15) 0.15 0.3' 1 
2 d  1 (0.3) 0.3 0.6' 17 2 3 
3 1 (0.15) 0.15 0.27 0.17 33 11 5 
4 1 (0.15) 0.15 0.27 5 31 8 11 
5 e  1 (0.15) 0.15 0.27 0.08 4 26 10 3 
6 1 (0.3) 0.3 0.6 0.08 0.5 29 17 6 
7f 1 (0.3) 0.3 0.6 0.07 0.5 33 17 4 
si 1 (0.3) 0.3 0.6 17 40 2 19 
9 2 (0.26) 0 0.34 0.08 89 9 

10 2 (0.26) 0 0.34 1 979 
11 2 (0.2) 0.04 0.27 0.06 36 45 19 
12 2 (0.2) 0.04 0.27 0.17 7 70 20 
13 2 (0.2) 0.04 0.27 0.33 0.6 76 20 
14 2 (0.2) 0.04 0.27 1.17 74 18 1 
15 2 (0.2) 0.2 0.6 0.08 14 31 54 0.7 
16 2 (0.2) 0.3 0.8 0.17 3 33 56 2 
17 3 (0.2) 0.04 0.4 0.08 83 11 5 
18 3 (0.2) 0.2 0.6 0.17 43 26 30 
1 9 h  2 (0.2) 0.3 0.8 1.5' 7 21 

aUnless otherwise stated, reactions were carried out in benzene a t  20 "C with benzophenone as internal standard at  a concentration 
approximately one-third that  of the substrate; yields were estimated by GLC and are the average of duplicate reactions, which differed by 
no more than 4% (at 50%). Reactions were performed with 2-3 mmol of substrate. bAbsence of an entry indicates <0.1% yield. cBoron 
trifluoride etherate. ether. 'At 5 "C. f I n  1,2-dichloroethane. #Isolated yield after 2 h. "At 80 "C. 'Worked up after 1.5 h; GLC 
indicates over 95% conversion of intermediate compound 4 into 5 after 1.0 h. jIsolated yield. 

and dipivaloylation stage that subsequent reaction merely 
involves isomerization of 2 into 3 and 4 into 5 without 
significant exchange of pivaloyl groups between mono- and 
disubstituted products. Evidence has been presented by 
other workers that isomerization of acylpyrroles is an in- 
tramolecular process involving C-protonated species.8 It 
is also apparent that the 3,4-disubstituted compound 5 is 
the thermodynamically favored isomer among the disub- 
stituted compounds (compare entries 3 and 4, and 7 and 
8). 

In an  attempt to more clearly define the pathways 
leading from 1 to the products 2-5, some control experi- 
ments were performed. The 2-pivaloyl compound 2 was 
isomerized into 3 in excellent yield by tin(1V) chloride in 
benzene in the absence of added pivaloyl chloride (entries 
9 and 10). It is reasonable to assume that this reaction is 
brought about by the inevitable presence of hydrogen 
chloride in the tin(1V) chloride. The mechanism for this 
rearrangement reaction presumably is the same as that 
found when anhydrous acids are used, although the rear- 
rangement of 2 into 3 appears to proceed under milder 
conditions and in better yield than the rearrangements 
reported with other acyl groups.8 Although it is difficult 
to simulate the reaction conditions, an attempt was made 
to determine the sequence of formation of products 2-5. 
Compounds 2 and 3 were treated with pivaloyl chloride 
(entries 11-18). The rate of isomerization of 2 into 3 is 
too slow to be consistent with the formation of 2 as a major 
monopivaloylation product (compare entry 3 with entries 
11-14 and entry 6 with entries 15 and 16). The relative 
amounts of compounds 4 and 5 formed on pivaloylation 
of 2 are completely different from those obtained in the 
pivaloylation of 1 (compare entries 6 and 15) and of 3 
(compare entries 11 and 17 and 15 and 18). The isomer- 
ization of 4 to give 5 is slow relative to mono- and di- 
pivaloylation reactions under the conditions used in the 
experiments in Table I (see entries 3, 4, 7 ,  8, and 11-14). 

The results in Table I can be interpreted as shown in 
Scheme I. The a-complex 6 formed from 2 must rearrange 
to give the cr-complex 7 of the 3-isomer 3 more rapidly than 
it deprotonates to give 2. Compound 3 then pivaloylates 
a t  both the a and p positions to give u-complexes 8 and 
9, which deprotonate to give 4 and 5 ,  or equilibrate to a 

mixture in which 9 predominates. 
The remarkable stability of the 3,4-dipivaloyl derivative 

5 and the tendency of the system in this study to form 5 
are demonstrated by the final experiment in Table 1 (entry 
19) in which treatment of the 2-pivaloyl derivative 2 with 
excess pivaloyl chloride in benzene under reflux gives a 
72% isolated yield of 5 in 1.5 h. Compound 4 is not 
isomerized into 5 by tin(IV) chloride alone even after reflux 
in benzene for 5 h. Hydrogen chloride, produced in the 
acylation reactions, appears to be necessary. 

The anomalous nature of the above reactions, namely 
the similarity in rate of mono- and diacylation and the 
preferred formation under thermodynamic control of the 
3,4-diacyl derivative, caused us to reexamine the di- 
acetylation of N-methylpyrrole, 1. Heating 1 with acetic 
anhydride in a sealed tube a t  225 O C  for 18 h (a literature 
procedure involves heating 1 with acetic anhydride a t  250 
"C for about 8 h)12 gave 7% of the 2,5-diacetyl derivative 
10 and 10% of the previously undetected1* and hitherto 
unreported 2,4-diacetyl compound 11. This result parallels 
that with pyrrole i t~e1f . l~ The reaction of 2-acetyl-N- 
methylpyrrole, 12, with acetyl chloride and tin(IV) chloride 
in benzene a t  reflux was followed by GLC. Clean con- 
version into 11 was observed with a maximum of 0.05% 
of 10 developing during the course of the reaction. When 
12 had completely reacted (about 20 min) workup gave a 
41% isolated yield of isomerically pure 11. When this 
reaction was repeated and reflux was continued, the 
amount of 11 decreased (6% after 18 h), but no isomeric 
diacetyl derivatives could be detected. 

When the pivaloylation reactions of 1 in this study are 
compared with the acetylation reactions in this and earlier 
work,11J2 the following differences are apparent. Mono- 
pivaloylation unlike monoacetylation takes place prefer- 
entially in the 3-position, presumably the result of greater 
steric hindrance between the pivaloyl group and the N- 
methyl group than betwen the acetyl and N-methyl group 
in the u-complexes leading to 2-substitution. Disubstitu- 
tion in the monopivaloylated derivatives 2 and 3 occurs 
a t  a comparable rate with monopivaloylation of 1, pre- 

(12) Ciamician, G.; Silber, P. Chem. Ber.  1887, 20, 1368-1370. 
(13) Anderson, A. G.; Exner, M. M. J ,  Org. Chem. 1977,42,3952-3955. 
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Scheme Ia 
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stituted compounds 2 and 3 (and their unmethylated 
precursors-see Experimental Section) and the disubsti- 
tuted compounds 4 and 11 were readily assigned by 'H 
NMR spectroscopy on the basis of the magnitude of cou- 
pling constants in pyrroleslga and chemical shift and sub- 
stituent effects in pyrroles and related heteroaromatic 
systems.lgb Assignment of structure to 5 was less 
straightforward, since both 5 and the isomeric 2,5-di- 
pivaloyl-N-methylpyrrole would have similar 'H NMR 
spectra, namely three singlets for the tert-butyl, N-methyl, 
and aromatic protons in the ratio 9:3:2. 13C NMR spec- 
troscopy proved a simple means of distinguishing these two 
isomers. Fully proton-coupled 13C NMR spectra were 
recorded for all the acylated pyrroles in this study (see 
Experimental Section) and a self-consistent set of assign- 
ments for the carbon resonances was obtained by the usual 
methods.20 Thus the quaternary aromatic carbons bearing 
acyl substituents were easily identified by the absence of 
a large direct coupling (la. The a and /3 aromatic carbons 
without acyl substituents in compounds 2 and 3 (and their 
unmethylated precursors) and in 4, 10, and 11 were as- 
signed on the basis of the difference in the direct coupling 
constants, lJCa,Ha (183-186 Hz) and lJcg,ys (171-174 Hz).~' 
Since the direct coupling in 5 is 185.5 Hz, clearly 5 is a 
3,4-disubstituted compound. The chemical shift data for 
the acylpyrroles forms a self-consistent set. Comparing 
the 13C shifts for 2 and 3 with that for 122 reveals that a 
pivaloyl group in the 2-position deshields C3 by 10.2 ppm, 
shields C4 by 1.2 ppm, and deshields C5 by 7.7 ppm and 
a pivaloyl group in the 3-position deshields C2 by 5.1 pm, 
deshields C4 by 2.2 ppm, and has no effect on the shift of 
C5. If additivity of these effects is assumed, the actual and 
calculated (in parentheses) shifts for 4 and 5 can be com- 
pared. For 4, C3 was a t  6 120.0 (120.3) and C5 was a t  6 
133.0 (134.4). For 5, C2 and C5 resonated at 6 122.4 (125.5), 
whereas the calculated value, if it were the 2,5-dipivaloyl 
derivative, for C3(C4) would have been 6 117.0. Nearly 
identical substituent effects are observed for the acetyl 
group and, indeed, the shift for C3(C4) in the 2,5-diacetyl 
derivative 11 is 6 117.1. Two final pieces of evidence un- 
ambiguously allow assignment of constitution to 5. First, 
the 13C satellites of the aromatic signal at  6 6.82 for H2(H5) 
consisted of a doublet of doublets (lJC,H = 185.5 Hz, J = 
1.75 Hz), in which the magnitude of the smaller splitting 
is nearer that for J2,5 (2.2 Hz) than that for J3,4 (3.4 Hz) 
in pyrroles.1ga Secondly, NOE difference experiments were 
performed on 5. Irradiation of the tert-butyl hydrogens 
gave an 18% NOE of the aromatic protons a t  6 6.82 but 
did not lead to enhancement of the N-methyl group. Ir- 
radiation of the N-methyl group gave an 11 % NOE of the 
aromatic protons and left the intensity of the tert-butyl 
group unaffected. 

I 
CH 5 

7 

11-" 

I 
CH3 
8 

11-" 
4 

a (a) Me,CCOCl/SnCl,. 

CH, 
B 

11-" 
5 

sumably the result of the lower deactivating nature of an 
out-of-plane pivaloyl group compared with an acetyl 
group.14 The 2,bdisubstituted derivative 11 appears to 
be the preferred isomer in diacetylation reactions, but the 
3,4-disubstituted derivative 5, is the most thermodynam- 
ically stable product among the dipivaloylated compounds. 
It can only be assumed that a combination of the well- 
established higher stability of 3-substituted pyrroles over 
2-substituted derivatives8J5 and the steric interaction be- 
tween the N-methyl group and an a-pivaloyl substituent 
overcomes the energy penalty involved in having two pi- 
valoyl groups in an ortho relationship. To the best of our 
knowledge, with the exception of the formation of 1,2- 
dipivaloylcyclopentadiene on reaction of the cyclo- 
pentadienide ion with pivaloyl chloride,16 formation of 
o-dipivaloyl derivatives in aromatic or heteroaromatic 
systems by direct acylation appears to be without pre- 
cedent. This class of derivatives is known but indirect 
preparative methods have been used. The thiophene 
analogue of 5 has been prepared by a ring-closure reaction'' 
and o-dipivaloylbenzenes have been prepared by several 
methods.18 

Constitution and NMR Properties of Acylated 
N-Methylpyrroles. The constitution of the monosub- 

(14) This effect has been noted in the anomalous nitration of pivalo- 
phenone: Barker, S. D.; Norris, R. K.; Randles, D. Aust. J. Chem. 1981, 
34, 1875-1878. 

(15) Gilow, H. M.; Burton, D. E. J. Org. Chem. 1981,46,2221-2225. 
(16) Lloyd, D.; Preston, N. W. J. Chem. Soc. C 1969, 2464-2469. 
(17) Cheng, Y. S. P.; Dominguez, E.; Garratt, P. J.; Neoh, S. B. Tet- 

rahedron Lett. 1978, 691-694. 
(18) For some more recent examples, see: Ito, Y.; Matsuura, A.; 

Matauura, T. J. Org. Chem. 1984,49,4300-4302. Saito, I.; Nakata, A.; 
Matsuura, T. Tetrahedron Lett. 1981,22, 1697-1700. Straub, H. Tet- 
rahedron Lett. 1976, 3513-3514. 

Experimental Section 
Melting points were determined thermoelectrically on a 

Reichert hot-stage melting point apparatus and are uncorrected. 
'H NMR spectra were determined on a Varian Associates EM-390 
or a Bruker WM-400 spectrometer on ca. 10% w/v solutions in 
CDC13. 13C NMR spectra were recorded on a JEOL FX-SOQ 

(19) Jackman, L. M.; Sternhell, S. Applications of Nuclear Magnetic 
Resonance Spectroscopy in Organic Chemistry, 2nd ed.; Pergamon Press: 
Oxford, 1969, (a) p 306; (b) pp 207-214. 

(20) Fringuella, F.; Gronowitz, S.; Hornfeldt, A.-B.; Johnson, I.; Tat- 
icchi, A. Acta Chem. Scand. B 1974, 28, 175-184. 

(21) Tori, K.; Nakagawa, T. J. Phys. Chem. 1964,68, 3163-3169. 
(22) The chemical shifts for the 01 and 13 carbons in 1 are 121.6 and 

108.0 ppm, respectively. Levy, G. C.; Lichter, R. L.; Nelson, G. L. Car- 
bon-13 Nuclear Resonance Spectroscopy, 2nd ed.; Wiley: New York, 
1980; p 119. 
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spectrometer on ca. 30% w/v solutions in CDC13 and are pro- 
ton-coupled. Both '* and 'H chemical shifts are quoted in ppm 
downfield of internal SiMe4. Infrared spectra were recorded in 
CHC13 or as liquid films on a Perkin-Elmer 221 spectrophotometer, 
and ultraviolet spectra were recorded on Perkin-Elmer 402 and 
Hitachi 150-20 spectrophotometers. Mass spectra were recorded 
on an A.E.I. MS-902 spectrometer at 70 eV. Analyses were carried 
out at the Australian Microanalytical Service, Melbourne. 

This layer chromatography (TLC) was performed on Merck 
Kieselgel HFm+= (type 60). Flash ~hromatographf~ was per- 
formed on Merck silica gel 60 (23C-240 mesh). Light petroleum 
refers to the fraction of bp 65-70 "C. 

Acylation Reactions. These reactions were carried out in the 
solvents and under the conditions (scale, substrate concentrations, 
temperatures, and times) specified in Table I. In each experiment, 
a solution of the Lewis acid catalyst was added to a solution 
containing the substrate, benzophenone (the internal standard), 
and pivaloyl chloride in the appropriate solvent. All solutions 
were equilibrated at the appropriate temperature prior to mixing. 
Reactions became inhomogeneous after mixing. Stirring of re- 
action mixtures caused no significant changes in reaction rate or 
product distribution. Reaction mixtures were quenched by ad- 
dition of excess sodium hydroxide solution (3 M) and the organic 
phase was then separated and dried (N@O4). The organic phase 
was subjected to GLC analysis on 3% OV-17 on GAS-CHROM 
Q (100-120 mesh) (4 mm X 1.5 m) with a Hewlett Packard 
HP-5890 instrument using a FID detector employing a temper- 
ature program [initial temperature 140 "C (2 min), final tem- 
perature 190 "C (6 min), rate (8"/min)]. 

All chemicals were purchased from Aldrich 
Chemical Co. unless otherwise noted. N-Methylpyrrole was re- 
distilled (bp 112-113 "C), while Zacetyl-N-methylpyrrole was used 
without further purification. Tin(1V) chloride and boron tri- 
fluoride etherate were distilled under vacuum from tin and calcium 
hydride, respectively, and stored under nitrogen. Pivaloyl chloride 
was prepared from pivalic acid and redistilled (bp 105-106 "C). 
Acetyl chloride, acetic anhydride, and 1,2-dichloroethane were 
used without further purification. AR Benzene and ether were 
dried over sodium. 

Isolation or Independent Synthesis of Acylated Pyrroles. 
I-( 1 -Methyl- lH-pyrrol-2-yl)-2f-dimet hyl- 1 -propanone (2) 
and 1-( 1 -Methyl- lH-pyrrol-3-yl)-2,2-dimet hyl- 1 -propanone 
(3). Pyrrole (11.5 g, 0.17 mol) was converted to the bromo- 
magnesium derivative and pivaloylated'O and the product mixture 
separated by flash chromatography with 20% ethyl acetate/light 
petroleum to yield the less polar component, 1-( 1H-pyrrol-2- 
yl)-2,2-dimethyl-l-propanone (18.3 g, 71%): mp 46-48 "C (lit.'O 
mp 46-48 "C); 13C NMR 6 28.4 (q septet, CMe3, ' J  = 127 Hz, 3J 
= 4.9 Hz), 42.5 (decet, CMe3, 3J = 3.9 Hz), 110.0 (dtd, (24, 'Jc4,H4 

Materials. 

= 172.4 Hz, 3Jc43~ = 2Jc435 = 8 Hz, 2Jc433 = 2.9 Hz), 116.0 (dtd, 
c3, 'Jc3,~3 = 171.2 h 0.3 HZ, 3Jc3,~5 = 3 J c 3 , ~ ~  = 6 HZ, 'JC~,H~ = 
4 Hz), 123.3 (dtd, c5, ' J ~ 5 , 3 5  = 185.5 HZ, 3 J ~ 5 , ~ 3  = 2Jc534 = 7.8 
Hz, 2Jc5,NH = 3.9 Hz), 129.0 (m, C2), 196.7 (m, C 4 ) .  The more 
polar component was obtained as a brown solid (4.6 g), which on 
recrystallization (light petroleum) gave 1-( lH-pyrrol-3-y1)-2,2- 
dimethyl-1-propanone (3.2 g, 12%), white crystals, mp 98-100 
OC: 'H NMR 6 1.35 (s, 9 H, t-Bu), 6.72 (m, 2 H, H4 and H5), 7.46 
(m, 1 H, H2), 9.15 (m, 1 H, N-H); '% NMR 6 22.2 (q septet, CMe3, 
' J  = 127 Hz, 3J = 4.9 Hz), 43.6 (decet, CMe3, 3J = 3.9 Hz), 109.9 
(dq, c4, 'Jc4,~4 = 172.9 HZ, 'Jc4,~5 = 3Jc4,~2 = 3 J c 4 , ~ ~  = 8 HZ), 
118.6 (dtd, c5, ' Jc~,H~ = 187.0 0.5 Hz, 2Jc5,~4 = 2Jc5,NH = 7.8 
Hz, 3Jc5sIz = 2.9 Hz), 122.5 (m, C3), 124.1 (ddt, C2, 'Jc2W = 187.0 
Hz, 'J- = 3Jcw4 = 3Jmp = 6 Hz), 203.3 (m, M); IR (CHClJ 
1639,1368,1095,909 cm- , UV (EtOH) 212 nm ( e  5.4 X lo3), 247 
(7.3 X lo3), 270 sh (5.2 X lo3); mass spectrum, m / z  (relative 
intensity) 151 (M+, 18), 95 (9), 94 (loo), 66 (9), 57 (3, 39 (18). 

Anal. Calcd for C9H13NO: C, 71.5; H, 8.7; N, 9.3. Found: C, 
71.7; H, 8.5; N, 9.5. 

l-(1H-Pyrrol-2-yl)-2,2-dimethylpropanone (18.86 g, 0.12 mol) 
dissolved in dry N,N-dimethylformamide (30 ml) was added 
dropwise to a solution of sodium hydride (4.8 g, 0.2 mol) in dry 
N,N-dimethylformamide (20 mL) and the light brown viscous 
solution was stirred for 0.5 h. Methyl iodide (21.3 g, 0.15 mol) 

(23) Still, W. C.; Kahn, M.; Mitra, A. J. Org. Chem. 1978, 43, 
2923-2925. 
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was added dropwise, and the reaction mixture was allowed to stand 
for 0.5 h and was then worked up by slow addition of ethanol (20 
mL) followed by water (300 mL). The mixture was extracted with 
ether and the combined ether extracts were washed with water 
and brine and dried (MgS04). The solvent was removed under 
reduced pressure to yield a crude oil (16.6 g) which was distilled 
at 180 "C/0.4 mmHg (Kugelrohr) to yield 2 (15.2 g, 74 %), a clear 
oil, bp 225-226 "C: 'H NMR 6 1.36 (s,9 H, t-Bu), 3.89 (d, 3 H, 
N-Me, = 0.39 Hz), 6.10 (dd, 1 H, H4, J3,4 = 4.18 Hz, J4,5 = 

= 0.39 Hz), 7.01 (dd, 1 H, H3, J3,4 = 4.18 Hz, J3,5 = 1.69 Hz); 13C 
NMR 6 28.6 (q septet, CMe3, ' J  = 127 Hz, 3J = 4.9 Hz), 38.1 (qd, 
N-Me, ' J M e , ~  = 139.1 Hz, '&e35 = 3 Hz), 43.3 (decet, CMe3, 3J 

= 2.9 Hz), 118.2 (ddd, c3, 5 C i H 3  = 170.9 Hz, 3JC3,H5 = 6.8 Hz, 

Hz), 197.1 (m, C=O); IR (CHC13) 1638,1474,1457,1403,1363, 
1224,1089,957,743 cm-'; UV (EtOH) 201 nm ( e  5.4 X lo3), 290 
(1.36 X lo4), 270 (5.2 X lo3); mass spectrum, m/z  (relative in- 
tensity) 165 (M+, 19), 108 (1001, 80 (5). 

Anal. Calcd for C10H15NO: C, 72.7; H, 9.2; N, 8.5. Found: C, 
72.4; H, 9.2; N, 8.9. 

1-(1H-Pyrrol-3-yl)-2,2-dimethyl-l-propanone (1.08 g, 7 mmol) 
was methylated by the procedure described above to yield a crude 
product (1.24 g), which was distilled at 150 "C/17 mmHg (Ku- 
gelrohr) to yield 3 (0.92 g, 77%), a clear oil: 'H NMR 6 1.31 ( 8 ,  

2.54 Hz), 6.73 (ddq, 1 H, H5, J , 5  = 2.54 Hz, 53,5  = 1.69 Hz, J M e 5  

= 5 Hz), 106.8 (ddd, C4, ' J a  4 - 173 8 Hz, 3 J ~ , ~ 5  = 7.8 Hz, 2Jas3 

2Jc3,~4 = 2.9 HZ), 128.2 (m, c2), 129.3 (dm, c5, 'Jc5,35 = 183.6 

9 H, t-Bu), 3.64 (t, 3 H, N-Me, JM.,H~ = J M ~ , H ~  = 0.45 Hz), 6.53 
(ddq, 1 H, H5, J4,H5 = 3.0 h 0.2 HZ, J2 ,5  = 2.1 h 0.3 HZ, JMe,5 = 
0.8 Hz), 6.60 (dd, 1 H, H4,54,5 = 3.0 i 0.2 Hz, J 2 , 4  1.8 h 0.2 Hz), 
7.26 (ddq, 1 H, H2,52,5 = 2.1 f 0.3 Hz, J2,4 = 1.8 0.2 Hz, J M ~ , ~  
= 0.8 Hz); 13C NMR 6 27.7 (q septet, CMe3, ' J  = 127 Hz, 3J = 
4.9 Hz), 35.8 (qm, N-Me, 'JM~,H = 140.6 Hz), 42.9 (decet, CMe3, 
35 = 3.9 HZ), 110.2 (dt, c4, 'Jc4,~4 = 172.9 HZ, 'Jc4,~5 = 3Jc4,~z 
= 7 Hz), 121.6 (dm, c5, 'Jc5,~5 = 185.5 Hz), 122.2 (m, c3, J = 
3 Hz), 126.7 (dm, c2, 'Jc~,H~ = 185.5 Hz), 200.6 (m, c=o); IR 
(CHClJ 1642,1526,1405,1207,922,773 cm-'; UV (EtOH) 213 
nm ( e  1.01 X lo4), 257 (8.4 X lo3); mass spectrum, m/z  (relative 
intensity) 165 (M+, 8), 108 (loo), 39 (7). 

Anal. Calcd for CloH15NO: C, 72.7; H, 9.2; N, 8.5. Found: C, 
72.4; H, 9.2; N, 8.6. 

1,l'-( l-Methyl-1H-pyrrole-2,4-diyl)bis(2,2-dimethyl- 1- 
propanone) (4). Flash chromatography (15% ethyl acetate/light 
petroleum) of crude reaction mixtures containing 4 (Table I, 
entries 3-7 and 11-18) followed by recrystallization (ethanol/ 
water) gave 4 fine white needles, mp 72-72.5 "C: 'H NMR 6 1.31 
(s, 9 H, 2-t-Bu), 1.35 (s, 9 H, 4-t-Bu), 3.87 (s, 3 H, N-Me), 7.35 
(dm, 1 H, H5, 53,5 = 1.69 Hz), 7.43 (d, 1 H, H3,53,5 = 1.69 Hz); 
I3C NMR 6 28.0 and 28.6 (q septet, 2 X CMe,, ' J  = 127 Hz, 3J 

43.6 and 43.9 (m, 2 X CMeJ, 120.0 (dd, C3, 'JC3,H3 = 173.5 Hz, 

128.4 (m, C2), 133.0 (ddq, C5, 'JC5,H5 = 185.5 Hz, f J c i ~ 3  = 6.8 
Hz, 3JC5,Me = 3.9 Hz), 198.2 and 200.6 (m, 2 X C=O); IR (CHCl,) 
1642,1529,1457,1416,1317,1276,1097,1048,961,921 cm-'; UV 
(EtOH) 240 nm (e  1.85 X lo4), 292 (1.24 X lo4); mass spectrum, 
m / z  (relative intensity) 249 (M+, 2), 206 (4), 192 (loo), 107 (7), 
57 (7), 41 (12). 

Anal. Calcd for C15H23N02: C, 72.3; H, 9.3; N, 5.6. Found: 
C, 72.0; H, 9.2; N, 5.7. 

1,l'-( l-Methyl-1H-pyrrole-3,4-diyl)bis(2,2-dimethyl-l- 
propanone) (5). Chromatography (15% ethyl acetate/light 
petroleum) of the crude product from pivaloylation of 2 (Table 
I, entry 19) followed by recrystallization of the appropriate fraction 
(light petroleum) gave 5: fine white needles, mp 70-71 "C; 'H 
NMR 6 1.26 (s, 18 H, 2 X t-Bu), 3.61 (s, 3 H, N-Me), 6.82 (s, 2 
H, H2 and H5);% 13C NMR 6 27.5 (q septet, 2 X CMe,, ' J  = 127.0 
Hz, 3J = 4.4 Hz), 36.4 (qt, N-Me, 'JM~,H = 139.6 Hz 3 J ~ e , ~ 2 ( 5 )  = 
2.0 Hz), 44.0 (decet, 2 X CMe3, 3J = 3.9 Hz), 122.4 (ddq, C2 and 

(br t, C3 and C4, 2JC3(4),H2(5) = JC3(4),H5(2) = 7 Hz), 205.3 (m, 2 X 

= 4 Hz), 38.9 (qd, N-Me, 'JM~,H = 141.1 Hz, 3 J ~ e , ~ 5  = 2.9 Hz), 

3Jc335 = 6.5 Hz), 120.4 (dd, C4, 2Jc4a5 = 6.8 Hz, 2Jc4 3 - 2.0 Hz), 

C5, 'Jc5(2) = 185.5 Hz, 3JC2(5),~5$2) = 4 Hz, 3 J ~ 2 ( 5 ) , ~ e  = 3 Hz), 124.5 

( 2 4 ) ;  IR (CHC13) 1680,1644,1539,1521,1479,1461,1407,1324, 
1199, 1000, 927 cm-'; UV (EtOH) 222 nm (e  5.1 X lo3), 265 (7.1 
x lo3); mass spectrum, m/z (relative intensity) 249 (M', 0.4), 234 

(24) The 13C satellites of these aromatic protons consisted of a doublet 
of doublets (IJC," = 185.5 Hz, J2,5 = 1.75 Hz). 
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(2)) 193 (17), 192 (loo), 177 (24)) 121 (7)) 107 (€9, 42 (15). 
Anal. Calcd for Cl5Hz3NOZ: C, 72.3; H, 9.3; N, 5.6. Found: 

C, 72.1; H, 9.7; N, 5.5. 
l,l'-(l-Methyl-1H-pyrrole-2,4-diyl)bis(ethanone) (11). 

2-Acetyl-1-methylpyrrole (12) (0.56 g), acetyl chloride (0.47 g), 
and tin(IV) chloride (3.12 g) were refluxed in anhydrous benzene 
(15 mL) for 20 min. The reaction mixture was quenched with 
sodium hydroxide (3 M) and extracted with ether in the usual 
manner to give a yellow solid which was recrystallized (light 
petroleum) to yield 11 (0.31 g, 41%): white needles, mp 86-87 
O C ;  *H NMR 6 2.43 (s, 3 H, COCH3(2)), 2.47 (s, 3 H, COCH3(4)), 
3.97 (d, 3 H, N-Me, JMe,5 = 0.5 Hz), 7.34 (d, 1 H, H3, J3,5 = 1.9 

6 26.9 (q, 2 X COCH,, 'J = 127 Hz), 38.0 (qd, N-Me,~'J = 140.6 

= 6.5 Hz), 124.1 (m, C4), 131.5 (m, C2), 133.2 (ddd, C5, 'JC5,H5 
= 185.5 Hz), 188.9 and 192.3 (m, 2 X C=O); IR (CHCl,) 3015, 
1658,1547, 1391, 1261,1202,1192 cm-'; UV (EtOH) 236 nm ( 6  

Hz), 7.39 (dq, 1 H, H5,53,5 = 1.9 Hz, J M ~ , ~  = 0.5 Hz); 13C NMR 

Hz, 3 J ~ e ~ 5  = 2.9 Hz), 118.8 (dd, C3, 'Jc3,~3 172.9 Hz, 'Jc~,H~ 

2.33 X lo4), 288 (1.50 X lo4); mass spectrum, m / z  (relative in- 
tensity) 165 (M+, 80), 150 (loo), 108 (16), 43 (15). 

Anal. Calcd for CBHllN02: C, 65.4; H, 6.7; N, 8.5. Found: C, 
65.3; H, 6.5; N, 8.7. 

1,l'-( l-Methyl-1H-pyrrole-2,5-diyl)bis(ethanone) (10). 
1-Methylpyrrole (1) (2.0 g, 24.7 mmol) and acetic anhydride (20 
g, 0.2 mol) were heated in an autoclave for 18 h at 225 "C. The 
reaction mixture was worked up with ether in the ususal manner 
to give a crude product (1.21 g), which was purified by chroma- 
tography on silica using 20% ethyl acetate/light petroleum as 
eluent. The products in order of polarity were 10 (0.29 g, 7%) 
(recrystallized from light petroleum) [mp 132-134 O C  (lit.12 mp 

127.5 Hz), 35.0 (4, N-Me, 'JMe,~ = 142 Hz), 117.1 (dd, C3(4), 
1J~3(4)83(4) = 173.9 Hz, 2J~(4)J44c3) = 2.9 Hz), 134.7 (m, C2(5)), 190.0 

304 (2.16 x lo4)] and 11 (0.42 g, 10%). 

133-134 "C); 'H NMR 6 2.43 ( ~ , 6  H, 2 X COCHJ, 4.10 ( ~ , 3  H, 
N-CHS), 6.77 (5, 2 H, H3(4)); 13C NMR 6 28.2 (q, COCH, 'J = 

(q,2 X C 4 ,  'JW- = 5.9 Hz); UV (EtOH) 232 nm ( 6  9.10 X l e ) ,  
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The Stetter reaction with thiazolium catalysis was used to prepare diones 20 and 22-24 in high yield. From 
these were prepared the four isomeric 2,3-dithienyl-l-methyl-5-phenylpyrroles 1, 7, 9, and 11. From 20 were 
prepared phenylterthiophene 5 and furan 3. The diarylpyrroles are the first reported to undergo oxidative 
photocyclization, forming four novel phenyldithienoindole isomers, 2,8, 10, and 12. However, neither 3 nor 5 
(in contrast to the unsubstituted terthiophene 6) would undergo photmyclization; it is suggested that this anomaly 
has its origin in perturbation of the underlying hexatriene MOs. 

Interest in the phototoxic properties of polythiophenes 
such as a-terthieny12 has led us to the synthesis of the 
substituted terthiophene 5, the related furan 3, and the 
N-methylpyrroles 1, 7, 9, and 11 (Scheme I) and to  the 
study of their photoreactivity. We report that the pyrroles 
undergo oxidative photocyclization to form the novel 
phenyldithienoindoles 2, 8, 10, and 12. An examination 
of Mallory's exhaustive review3 and of the more recent 
literature indicates that  these are the first oxidative pho- 
tocyclizations of diarylpyrroles to be reported. The four 
dithieno-fused indole ring systems formed in these cycli- 
zations are likewise unprecedented and are of further in- 
terest because of their similarity to several compounds 
recently synthesized by Cava as thiophene congeners of 
two phosphodiesterase inhibitors related to antitumor 
agent CC-1O6k4 (However, Cava's palladium photo- 
cyclization protocol did not improve yields with our com- 
p o u n d ~ . ~ )  

i n  surprising contrast to 1, the analogous thiophene 5 
and furan 3 are photoinert. A still more striking contrast 
in photoreactivity is afforded by 5 and its unsubstituted 
parent terthiophene 6, whose synthesis in this laboratory 
was recently reported:'j whereas 5 is inert, 6 readily un- 

(1) Authors to whom inquiries concerning X-ray analysis should be 

(2) Kagan, J.; Kagan, E. D.; Seigneurie, E. Chemosphere 1986, 15, 

(3) Mallory, F. B.; Mallory, C. W. Org. React. (N.Y.) 1984,30,1-456. 
(4) (a) Cava, M. P.; Jones, R. J. J. Chem. SOC., Chem. Commun. 1986, 

826827. See also: (b) Cava, M. P.; Rawal, V. H. J. Am. Chem. SOC. 1986, 
108,2110-2112. 

(5) Cava, M. P.; Rawal, V. J.; Jones, R. J. Tetrahedron Lett. 1985,26, 
2423-2426. 
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49-57 and references cited therein. 
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dergoes oxidative photocyclization under the same con- 
ditions as 1 to form the as-yet unreported benzotri- 
thiophene 47 in good yield (72%). 

This pattern of reactivity gives rise to several mecha- 
nistic considerations. All cyclizations proceed upon irra- 
diation of a benzene solution with 350-nm light in the 
presence of air, with yields improved when a catalytic 
quantity of iodine is present as welk these are the standard 
conditions for the oxidative photocyclization of 0-terphenyl 
to triphenylene. There is extensive evidence3 that the 
latter reaction, as well as analogous photocyclizations of 
diary1 heteroaromatics like 1, 7, 9, and 11, proceeds by a 
concerted conrotatory process from the lowest excited 
singlet state to form a trans-dihydrotriphenylene inter- 
mediate. This intermediate must be trapped by an ef- 
fective oxidant such as iodine if the desired product is to 
be formed, since i t  can otherwise readily revert to  the 
starting material by either a thermal or a photochemical 
process, thereby regenerating three aromatic rings.8 

When one or both of the cyclizing aryl groups is 3- 
thienyl, as in 7, 9, and 11, considerations advanced by 
Wynberg would suggest that the yield of cyclized product 

(6) Jayasuriya, N.; Kagan, J. Heterocycles 1986,24, 2261-2264. 
(7) (a) Jayasuriya, N.; Kagan, J., unpublished results. The synthesis 

of the C,-symmetric benzo[ 1,2-b:3,44':5,6-b''] trithiophene by high-pres- 
sure trimerization of 4-thiobutyrolactone has been reported: (b) 
Proetzsch, R.; Bieniek, D.; Korte, F. Tetrahedron Lett. 1972, 543-544. 
See also the synthesis of the isomeric "exocyclic benzene", a trithia- 
hexaradialene, benz0[1,2-~:3,4-~':5,6-~'']trithiophene: (c) Hart, H.; Sa- 
saoka, M. J. Am. chem. SOC. 1978, 100, 4326-4327. 

(8) (a) Muszkat, K. A. Top. Curr. Chem. 1980,88, 89-143. See also 
(b) Somers, J. B. M.; Couture, A.; Lablanche-Combier, A.; Laarhoven, W. 
H. J. Am. Chem. SOC. 1985,107, 1387-1394. 
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