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coojugatc addition of vacious Grim reagent0 to l-alkyl-2-nitJo~ks and 
to 2-oitrothiophenc has been investigated. I-Alkyl-2-nitropyrroles undergo 
alkylation at 3 and 5 positions with prevalence of the latter isomer. On the 
contrary, in 24itrothiophtnc system, formation of the 3-isowr prevails. In 
b& systems, a bulkier Grignard reagent favours the 5-isomer f-00. This 
trend can be mvtnad timing stcric WCC exerted by the I-saMtucnt 
of 24tropyrrole. 1 -(‘IX-isopropylsilyl)-3-niuopyrrole and 3-nitrothiophene 
give exclusively the 24somcr. This rection allows 2-alkyl-34trothiophtacs 
and pyrroks to b synthesized with 8 a-pot psoccdum inWad of the classical 
multi-stage maction, 

addition of alkyl Gr@nard rcagcnut to nitroa~& q7res4znts one of the most pIWitabk 

to ac~liah dkylation of annnatic systems tiich ckt not en&r the FriedtLCrafta r#etsoa: 

This syntbttic strategy is based on an irreversible attack of carbanions to the -tic nuckus followed 

by oxidation of nitronate adduct intermediates to final pr&ucts by addition of an external oxidizing 

agent. Owing to the irrcvenible formation of the intermediate, this reaction always follows fixed 

orientation rules, which rcflcct the relative reactivity of the various positions of the aromatic ring. 

In other methods in which carbanions give a lrcversiblc attack to the nitroannic systems such as the 

‘vicarious’ substitution of hydrogen, * the alkylation orientation often depends on the nature of the 

substrate3 and on the rrtaction conditions.4 Momover in thtsc methods, a go& leaving group must bc 

placed on the carbanion to shift the reaction towards final products, thus increasing its steric 

hindrance. Hence, tbc relative reactivity of the various positions could be ovcttur~L3 For exampk, in 

nibobcnzcnt system the orrho and pwo positions should have a compambk reactivity as demonstrated 

by the reaction with methylmagnesium chloride, 5 while in ‘vicarious’ substitution pata isomer is 

exchtsivcly obtain4 in the case of the hindered u-chloroa.lkylphenylsuIphones.~ 

In conclusion the addition of Grignard rugcntr represents the most correct approach to establish the 

relative reactivity of the various positions towards carbanicm nuckophiles. 

Although this rruction was applied to a large variety of aromatic systems,~7 no studies on pcntaatomic 

bcterocycles wem yet report4 notwithstanding tbc importance of these systems in organic chemistry. 

We wish to fill thir gap reporting the results obtained with pyrrok and thiophtnc d&vat&a. 
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1 -Substituted-2-nitropym>ks smoothly react with Grignard reagents to give both the I.4 and the A ,6 

ackiitioo products (compouob 3 and 4 respectively, schcrr~ 1). TIE usual trratmcnt with DDQ8 allows 

one to isolate a mixture of l-substituted-5-alkyl-2-nitropyrroks (5) and 1-substituted-3-alkyl-2- 

nitropyrroks (6) in good yickls. 2-Nitrothiophent reacts likewise, while the ruction with 2-nitroti 

k-ads to an intractable mixture vtry likely &c to tbt foruutioo ti ring- corn@. Separation 

of isomers 5 and 6 is very difficult. Neverthclcss the chamcterization of compounds 5 ~JKI 6 and the 

determination of their ratio can easily be ptrformcd by IH-NMR analyses of the two isomers mixture 

(see experimental). As shown in table 1, the 5-alkyl substituted isomer prcvaiis in pyrrok system, vice 

versu in thiopbem system the 3&yl substituted e predominates. 

Tht isomer ratio is affected by stcric factors. In thiophem system an Inca of isomer 6 amount is 

observed with the increase in the tn~lkiness of the alkyl group, due to the stcric hindrancz exerted by the 

nitronate function ou the 3-position. In 1-mcthylpynoks, this trend is much less pmmunced, because 

the stcric influence of the nitro group on the 3-position is balanced by an analogous effect of the l- 

methyl substituent on the S-position. In fact with the balkier 1-t~nzylpyrroks, the tendency is quite 

Everscd. 

Reaction on pyrroles ~cquircs protection of the N-H acidic hydrogen., since the comzsponding n.i~ 

pyrrole anions do not enter the reaction, Due to its case of removal on aqueous work up, the 

trimcthylsilyl group seems to bt the most suitable protective function. Unfortunately, while the 

formation of I-trimethylsilylpyk is a very simple proctdurt, the silylation of the corresponding 

nitro derivatives failed under the same experimental conditions. 
The reaction of alkyl Grignard reagents with l-(tri-isopropylsilyl)-3-nitropvle (7a) and 3-nim 

tbiophcnc Vb) folhwd by the usual tmmm with Dw bed ~&~iv~ly to the 2-rlkykt~d in 

(Schm 2). Ln ~CSC CUCII, in contrast to the reaction with 2-nitmhivativts, yields are larger in 

SCHEME 1 

NO2 
+ RMgBr 

2 a’4 

a, X=NMe a’, R = Me 
b.X=NCH#h b’, R=Bu 
c, x=s c’, R = i-l+ 

d’s R = CH2(~2)2434~2 

e’+ R = G9-h 
DW 

6 drad’ 
6 td’bc 
6 cd-cc’,ce’ 
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Tabk 1 - Conjugate Addition of Alkyl Grignud Reagents to 2-Nitrothiophcncs and I-Alkyl-2-nitro - 
pyrroks in THF at -50 “C. 

R in RMgBr GloW yields 
W) 

Isomer flitiD 
5:6 

X=NMe w 
X=NMe (Ia) 
X=NMe (la) 
x=Nnk (la) 
X = NCH2Ph (lb) 

X = NCH$‘h (lb) 

x=s (la 
x=s (W 
x=s (W 
x=s (la 

hk W) 
Bu (2b’) 
i-Pr W) 
CH~(CI-&CH=CH~ WI 
Me W) 
i-Pr WI 
MC W) 
Bu (2b’) 
i-Pr WI 
C6Hll WI 

72(5aa’+6aa’) 
54(5ab’+6ab’) 
61 (Sac’+lhc’) 
57(5d+6d) 

67(5ba’+6ba’) 
74(Shc’+Cbc’) 
67(5ca’+6a’) 
55 (5 cb’ + 6 cb’) 
52(Scc’+6cc’) 
52(Scs’+6c&) 

40:60 
33 : 67 
30 : 70 
30 : 70 

35 : 65 
48 : 52 
87: 13 
83 : 17 
78 : 22 
64 : 36 

thio@enc than in pynole system. Generally, it was found that, wbtn the aubatrate presents only 01lc 

reactive position, steric effects enhaqct the side-reactions (re& pmducu).9 A8 a ~~nscq~emx, tbc 

lower yields in the case of 9 ~‘0PC’ can easily be attributed to the rteric hindrance exerted by the 

bulky tri-isupropylsilyl group on the 2-positiar, 

2-Alkyl-5-nitro and 3-alkyl-2-nitrothi~henes can be easily prepared by nitration of the co-ding 

alkyl thiophtnes, since they are tbc predominant isomers obtained in these reactians. For exampk, 

nitration of 2-met.hylthio*ne gives ti 5- and the 3-nitro derivatives from 7:3tO to 4:111 ntia 

wkmas tk same reaction cm 3-mcthylthiophcnc leads to a mixturr of 2- and 5-nitro ~SOIXWS in &out 

4: 112 ratio, Therefore tie conjugate addition of RMgX to 2-nitrothiophenc can compete with direct 

nitmtion for the prepsmtion of 3-alkyl-2-nitrothiophenes, if the 3-alkylthiophcnes are difficultly 

availabk. &I tbc other hand, conjugate addition is tll exclusive ooc-pot method for the syntherir of 2 

alkyl-3-nitrothiophens. In fact, these cotnpounds are abtaincd as the minor isomer by direct nitration 

of 2-alkylthiopbcncs; alternatively the syntiia require a multi-stage rcrctim Harting from the 

corresponding 2-alkyl-S-mcthoxycarbonyl derivative viu nitration and dccarboxyhtioa13 Analogous 

consickrations can be mack for pyrrok system.~~ 

In conclusion the conjugate addition of Grignard ItagtIlts to xcxczssivc heterocycln occws smaWy 

in pyrrole and thiophtnc systems, while it fails in furan system. Furthermore, this reaction allows for 

the facile syntbcais of tk less readily available 2-alkyE3-nitrothiophtnes or pyrrolu, 

EXPERIMENTAL 

IH-NMR rpectn were re-co&d with a Varian EhWWL inWnma% mica1 shifit ue given in p.pm. 
from Me@ in CD@ solutions. IR spectra wtrr recorded with a Perkin-Eln~ 257 tpectroractcr. WC 
Analyse were pcrformcd on a Carlo Erba Fr+ctovap 4160 HRGC instrument uring OVl capilla~~ 
column. Melting paints lvlc uncorrected and welt cktcrmined with a Buchi appamtur. W was dried 
by refluxing it over sodium wire until the blue colour of benzophenonc kctyl persisted and &en 
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OMgBr 

a, X = NSi(i-Pr)j a’, R = Me 

b,X=S b’, R=Bu 
c’, R = i-Pr 

Table 2- Conjugate Addition of Alkyl Grignard Reagents to 3-Nitrothiophencs and 3-Vitro-l-(tri- 
isopropylsilyl)pyrroles in THF at -50 “C. 

Substrate R in RMgBr Yields (%) 

X = NSi(i-Pr)3 (7a) 
X = NSi(i-Pr)3 (7a) 
X = NSi(i-Pr)3 (7a) 
x=s (7W 
x=s Vb) 

Me (2.0 
BU (2b’) 
i-Pr (Zc’) 
Me W) 
i-Pr (24’) 

62 (9aa’) 
58 (9 ab’) 
51 (9 ac’) 
70 (9 ba’) 
74 (9 hc’) 

diatibg it into a dry receiver under nitrogen atmospkrt. origmrd rugen& were titred betore us&Is 
2-Nitrothiopkne was obtained in more than 99% isancrk purity by treatment with chIorcuu.lpbostic 
acid of the uMnmercia.l product? 
Z-Nitropyrrole,t7 I-tri-ildpropylrilyl-3-nitropyrrokl9 and 3-nitiophene~9 were pqarcd by 
nitration of the co-g ktcrocyck according to the literature. 
2-Nitro-l-benzyl and 2-nitr0-l-rmthylpyrroks were prepared fnxn tbt corresponding nitro derivative 
in XI% and 8296, r#pectivaly, by reaction witfi sodium hydride (2:l molar ratio) and nlkyl halide (2: 1 
molar ratio) in THF at room tcmperatu~ for 30 minutes. 

was charged under nitrogen atmosphere with appmpriate nim compound (5 mmol) in dry THP (20 
mL). The solution was cookd at -50 “C and the Grignard reagent (5.5 mmol) was added dropwise. 
After about 15 minutes a THF solution of 6 mm01 of DDQ was added to the stirr& action mixturn 
atxl rtirring was continued for thrtt hours. Tbt mixture was quenched with saturated aqueous 
ammonium chloride, extracted with e&r, dried with Na2SO4, evaporated u&r reduced prcss~rc and 
purified by chromatography on a silica gel column tluting with cyclohexanc : ethyl acetate (4 :I), Pure 
compounds were rtcovcr& from 3-nitrohcttrocyck8. The mixture of two isomers okin& in tht case 
of products arising from 2-nitroheterocycles, isolated as thick oil, was not submitted to more 
sophisticated chromatographic separation mcthods~o required for the isolation of the pure compounds. 

1.3~dimethyl-2-nitropynolc (!I u’): 1H-NMR (CDC13) 6 2.44 (s,3H, CMe); 3.95 (s, 3H, NMe); 
6.05 (d, lH, H4, J4s = 2.88 Hz); 6.7 1 (d, 1 H, H-5);IR (fh); v 1540 and 1350 (l’J@) cm-t, 

1 ,S-dimcthyl-2-nitrupyrrole (6 aa’): lH-NMR (CDC13) 6 2.31 (s,3H, CMe); 3.87 (s, 3H, NW); 
6.01 (d, lH, H-4, J 4> = 4.50 Hz); 7.17 (d, lH, H-3); v 1540 and 1350 (NR) cm-l. 

Elemental analysis of the mixture of tk two isomers: Found C, 51.40; H, 5.70; N, 20.00% 
(C&i@& IlXjUirtS c, 5 1.43; H, 5.7 1; N, 2.&m). 

3-butyl-1-methyl-2-oitropyrrolc (5 ab’): t H-NMR (CDC13) 8 1.01 (t. 3H, CH3, J-750 Hz); 1.66 
1.86 (m, 4H, CH#-i2); 3.43 (t. W, CH2, J=9.00 Hz); 3.94 (s, 3H, NMe); 6.10 (d, lH, H4, J4$ = 2.88 
Hz); 6.73 (d, lH, H-5); v 1540 and 1350 (Not) cm-t. 
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5hty1hmuhyl-2-nit~qyrrole (6 W): tH-NMR (CIXl$ 8 0.96 (t, 3H, CH3, J-73 Hz); 1.43- 

1.66 (m, 4H, cHtQI3; 262 (t, 2H, CH2, J&o0 Hz); 3.87 (a, 3H, IWe); 6.01 (d, lH, H4,143 - 4.45 

Hz); 7.19 (d, I’H, H-3); v 1wOrad 1350 (Nay) cm-l. 

Ekmtal tiysir of the mixture of tbc two i-n: Fbtmd C, 59.30; H:, 7.70; N, 15AO% 
(CgHlm laqrina C 5934: H, 7.e N, f5.389). 

1-methyl-2-nib-3-isopropylpyrrok (S w’): IH-NMR (CIXZ13) d 1.23 (d, 6H, CH3, J-6.81 Hz); 
3.58 (m, 1l-l. CH); 3.95 (a, 3H, NMt); 6.12 (d, lH, Hd, J4.5 = 2.88 Hz); 6.71 (d, lH, H-5): v 1540 and 

1350 (NOz) cm-l. 

l-methyl-2aitro-5-iaoprwpylpyrrolc (6 1~‘): IH-NMR (CDC13) 6 1.29 (d, 6H, CH3, J6.83 Hz); 

2.95 (m, lH, CH); 3.91 (s,3H, NMe); 6.03 (d, lH, HI-4, J4$ = 4.45 Hz); 7.21 (d, IH’, H-3); v 1540 and 

1350 (N@) an-l. 

Elemental analysis of the mixture of the two isomers: Found C, 57.10; H, 7.15; N, 16.70% 
(C8H12N2@ qirw C, 57.14; H, 7.14; N, 16.67%). 

l-mcthyl-2-nitro-3-(pcnt-4cnyl)pyrrok (5 WV): 1H-NMR (CDCl3) d 2.W2.30 (m, 4H, CH2CH2); 

2.82 (t, 2H, CH2, J=7.50 Hz); 3.95 (s, 3H, NMe); 5.OCb5.20 (m, 2H, KHz); 5.66-5.89 (m, lH, CH=); 

6,oO (d, lH, H4, J4> - 3.60 Hz); 6.61 (d, lH, H-5); v 154s and 1350 (Noz), 1140 (C3c) cm-l. 

l-m&yl-2-nhro-5-(pcnt4cnyl)Wrrok (6 W): t H-NMR (CDCl3) 8 200-2.30 (m, 4H, CH2CH2); 

2.59 (t. 2H, CH2, J=7,50 Hz); 3.86 (s, 3H, NW); 5,00-5.20 (m, 2H, =C!Hz); 5.59-5.86 (m, lH, CH=); 

5.90 (d, lH, H-4, J4$ = 4.45 Hz); 7.03 (d, lH, H-3); v 1545 and 1350 (Nor), 1440 (C=C) cm-l. 

Ekmental analysir of the mixture of the two isomers: Found C, 61.90; H, 7.20; N, 14.40% 
(Cl$It4Nfi rapheu C, 61.86, H, 7.22; N, 14.43%). 

1 -be@-3_methyl-2-nitropyrrole (S br’): 1H-NMR (CDCl3) 8 2.45 (s,3H, Me); 5.57 (s, 2H, CH2); 

6.24 (d, lH, H-4, J4$ = 2.85 Hz); 6.80 (d, lH, H-5); 7.25-7.38 (m, 5H, Ph); v 1545 and 1345 @I@) 

cm-? 
l-bcnzyl-5aethyl-2-nitmpyrrole (6 ha’): 1H-NMR (CDCl3) 8 2.45 (s,3H, Me); 5.52 (s. 2H, CH2); 

6.10 (d, lH, H-4, J4,3 = 4.30 Hz); 6.88 (d, 1 H, H-3); 7.25-7.38 (m, SH, Ph); v 1545 and 1345 (NOz) 

cm-l. 
Ekmental analysis of the mixture of tb two isomers: Found C, 66.70: H, 5.60; N, 12.90% 

(C~~H~~N~~rcapi~s C, 66.67; H, 556; N, 12.96%). 
-bcnzyl- -nktro-J-tsopropylpyrrok (5 W): tH-NMR (CDC13) d 1.25 (d, 6H, CH3, J=6.$4 Hz); 

2.90 (m, lH, CH); 5.68 (s, W, CH2); 6.17 (d, lH, Hd, J4.5 - 2.70 Hz); 6.82 (d, lH, H-5); 7.25-7.38 

(m, 5H, Ph); v 1540 and 1335 (NO$ cm-l. 

l-bcuzyl-2-nitro-5-ispropylpyrrole (6 be’): *H-NMR (CIXZl3) 5 1.25 (d, 6H, CH3, J&.85 HZ); 

3.60 (m, 1H, CH); 5.52 (s, 2H, CH2); 6.20 (d, lH, H-4, J4.3 - 4.20 Hz); 6.91 (d, lH, H-3); 7.25-7.38 
(m, SH, Ph); v 1540 and 1335 (N%) cm-l. 

Elemental analysis of th mixture of the two isomers: Found C, 68.80; H, 6.60, N, 11.50% 
(C14H16N202 requires C, 68.85; H, 6.56; N, 11.47%). 

3-~~y~-2-nitrothiaphcne (5 a’): IH-NMR (CDCl3) 6 262 (s, 3H, Me); 6.94 (d, lH, H-4, J4,5 = 

5.00 Hz); 7.43 (d, lH, H-5); v 1550 and 1340 (N02) an-l. 

5-methyl-2-nitrothiophene (6 ca’): IH-NMR (CDCl3) 6 2.53 (s, 3H, Me); 6.78 (d, lH, H-4, Jr3 = 
3.60 Hz); 7.78 (d, IH, H-5); v 1550 and 1340 (Noz) cm-l. 

Elcmml analysis of tbt mixture of the two hrs: Found C, 42.00; H, 3.50, N, 9.8Q S, 22.30% 
(C$+NO$ mquires C, 41.96; H, 350; N, 9.79, S, 22.38%). 

3-~~+241~hiopheoe (S cV): IHI-NMR (CDCl3) 50.92 (t, 3H, CH3, J-6.80 Hz); 1.57-1.72 (m, 

4H, CHzCH2): 3.03 (t, 2H, CH2, Jd.00 Hz); 6.93 (d. 1H. H-4, J4,5 = 5.60 Hz); 7.39 (d, IH, H-5); v 
1540 and 1335 (Na) c-m-l. 

5-butyl-2-nitrothiophtnt (4 cb’): 1H-NMR (CDCl3) 6 0.95 (t, 3H, CH3, Jd.80 Hz); 1.39 (Q, 4H, 

CH2CH2); 2.82 (t, 2H, CH2, J=9.00 Hz): 6.75 (d, lH, H-4, J4.3 = 3.70 Hz); 7.76 (d, 1 H, H-3); v 1540 
and 1335 (NOL) cm-l. 

Ektmtntal analysis of the mixture of tbc two bunen: Found C, 51.90; H, 5.95; N, 7.55, S, 17.20% 
(CsHl IN&S requires C, 51.89; H, 5.95; N, 7.57; S, 17.30%), 

2-~t~~3-isop~ylthi0pbcn~ (S &): *H-NMR (CDC13) 6 1.33 (d, 6H, CH3, ~-6~81 HZ); 3.96 (m, 

lH, CH); 7.10 (d, lH, H-4, J 43 - 6.00 Hz); 7.45 (d, lH, H-5); v 1540 and 1335 (?+Q) cm-t. 



2-nitro-S-isopropyl~ (6 oc’): III-NMR (CDCl3) 8 1.29 (d, 6H, CH3, J-6.85 Hz); 3.20 (m, 
f H, CH); 6.84 (d IH, H-4, J43 - 3.60 Hz); 7.78 (d, lH, H-3); v 1540 and 1335 (NW cm-l. 

Ekmntal analysis of tbc mixture of the two iaomus: Found C, 49.10; H, 5.25; N, 8.2Q S, 18.75% 
(C7H9NRS qu&s C, 49.12; H, 5.26; N, 8.19; S, 18.71%). 

3_cyclobtxyl-2-nitthiw (5 ct’): 1H-NMIR (CDQ) 5 1.63-2.10 (m, 11H); 7,06 (d, tH, HA, 

Jqs - 5.30 Hz); 7.41 (d, lH, H-S); v 1SSO ~YX! 1345 (N@) ur’. 
3qc1o&xyl-2-&ro-tbiaphenc (6 a’): IH-NMR (CDQ) 8 1 XMh1.63 (m, 1 1H); 6.78 (d, lH, Hd, 

J43 - 3.60 Hz); 7.76 (d, lH, H-3); v 1550 and 1345 (NqZ) cm-l. 

Ebmcntal analysis of the rnixturt of the two &~YIUX Found C, 56.90; H, 6.15; N, 6.60; S, 15.20% 
(Cjt$Qfl@S rcqtis C, 56.87; H,6.16; N, 6.63, S, 15.17%). 

2-methyl-3-nitro-1-(tri-isopropylsilyl)pole (9 u’): oil; IH-NMR (CDCl3) 6 1.14 (d, 18H, MC, 

J=8,60 Hz); 1.52 (m, 3H, CH); 2.68 (s, 3H, Me); 6.58 (d, lH, H-4, J4$X Hz); 6.81 (d, lH, H-5); IR 

(film) v 1550 and 1335 (N&); 1245 (CSi) cm- 1; found C, 59.60; H, 9.30: N, 9.90% (C14H2fl202Si 
rcquirw C, 59.!57;H, 9.22; N, 9.93%). 

2-butyl-3-rho-1-(tri-isopropylsilyl)pyrrole (9 ab’): oil; 1H-NMR (CDC13) & 0.96 (t, 3H, Me, 

J=6.80 Hz); 1.07 (d, ISH, Me, J-9.00 Hz); 1.28 (m, 3H, CH); 1.65-1.40 (m, 4H, CH2CH2); 2.95 (t. 2H, 

CH2, J=7,50 Hz); 6.54 (6 lH, HA, J 4>=2+60 Hz); 6.82 (d, lH, H-5); IR (fii) v 1545 and 1330 @I@); 
1240 (CSi) cm- 1; found C, 63.00; H, 9.90; N, 8.70% (Ct7H32NzOzSi acquirer C, 62.%;H, 9.88; N, 
8.64%). 

3-nitro-2-isopropyl-l-(tri-isopropylsilyl)pyrrole (9 w’): oil; 1H-NMR (CDC13) b 1.09 (d, 6H, Me, 
J=6.80 Hz); 1,18 (d, 18HI, Me, J4.00 Hz); 1.50 (m, 3H, CH); 3.10 (m, lH, CH); 6.52 (d. lH, H-4, 
J4$=2.8O Hz); 6.84 (d, lH, H-5); IR (film) v 1540 and 1335 (NO2); 1240 (CSi) cm-l; found C, 62.00; 
H, 9.70; N, 9.00% (Cl&&QSi rquiFts C, 61.94;H, 9.68; N, 9.03%). 

2-methyl-3-nitrothiophcne (9 bn’): mp 61-63 “C (lit. 6263 *C)13; tH-NMR (CiX13) 8 2.80 (s, 3H, 

Me); 7.03 (d, lH, Ha, J 4$-l .70 Hz); 7.58 (d, lH, H-S); IR (film) v 1550 and 1330 (No2) an-l; found 
C, 41.90; H, 3.45; N, 9.75; S, 22.40% (CSH~NQ$ rquires C, 41.96; H, 3.30; N, 9.79, S, 22.38%). 

3-&o-2-isopropyltopbene (9 bc’): oil; IH-NMR (CDCl3) d 1.37 (d, 6H, Me, J=6.30 HZ); 4.10 

(m, IH, CH); 7.08 (d lH, Ha, J 4,s=l ,70 Hz); 7.58 (d, lH, H-5); IR (film) v 1550 and 1330 (NO2) an- 1 

found C, 49,15; H, 5.30, N, 8.15; S, 18.70% (C7HgN02S requires C, 49.12; H, 5.26; N, 8.19; S, 
18.7 1%). 
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