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Synthesis of N,C,C-Trilithio-2,5-diaIlyl- 
pyrrole and its Solvent-Controlled 
Reactions with Electrophiles

lu ted  so lu tions can  be  cooled  to  -80 °C w ithou t 
p rec ip ita tion .
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2,5-Diallylpyrrole 1 reacts with an excess of 
"BuLi in hexane/diethylether to give the N,C,C- 
trilithio reagent 2. 7Li NMR spectra of 2 in THF/ 
HMPTA at low temperature indicate the pres­
ence of an ionic species. Reactions of 2 in THF 
with electrophiles such as H 20 , D20 , Mel, 
Me3SiCl and Me3SnCl lead selectively to the cis- 
isomers 3a -  6 a, whereas the analogous reactions 
in hexane or diethylether afford mixtures contain­
ing both cis- and rram-isomers (e.g. 3b).

P o lym etalla ted  com pounds can be reg a rd ed  as 
useful s ta rting  m ateria ls in organic and  o rgano- 
m etallic  synthesis [1,2]. R ecently  we have rep o rte d  
on  th e  synthesis o f N ,C -dilithio-2-allylpyrrole, its 
reac tio n s w ith e lec troph iles [3], and  on its p o te n ­
tial in heterocyclic synthesis [4], T hese results 
p ro m p te d  us to  study th e  lith iation  o f 2,5-diallylp- 
y rro le  1.

T rea tm en t of 2 ,5-diallylpyrrole 1 in d ie th y le th e r 
w ith an excess o f nB uLi in hexane leads to  the  
N ,C ,C -trilith io-2 ,5-dially lpyrrole 2 ( e q .( l) )  as a 
b righ t o range  p y ropho rous solid, w hich can be iso ­
la ted  as a dry  pow der and  s to red  fo r p ro longed  
tim e u n d e r an  ine rt a tm osphere  o f A r o r N 2. T he 
reac tio n  p roceeds stepw ise. T he lith ia tion  o f the 
first allyl g roup  has no influence on the  lith ia tion  
o f the  second one. T herefo re, the  reac tio n  o f 1 
w ith  only tw o equ ivalen ts o f "B uL i gives the  N- 
lith ia ted  and  th e  d ilith ia ted  p roducts to g e th e r  w ith 
2. C o m p o u n d  2 is com pletely  inso lub le in d ie th y l­
e th e r  o r hyd rocarbons bu t soluble in T H F  and  di-
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S olu tions of 2 in T H F  to g e th er  w ith abou t 10 
equ ivalen ts o f H M P T A  w ere s tud ied  by 7Li N M R  
(see Fig. 1). A t low  te m p e ra tu re  m ainly tw o sig­
nals w ere o b serv ed  in a 1:2 ratio. The b ro ad  signal 
o f low er in tensity  can be assigned to  the N -Li 
fragm ent, w hereas the  sharp  7Li signal show s a 
sp litting  in to  a q u in te t accord ing  to  2/ ( 31P,7Li) =
7.1 H z and  belongs to  the  so lvated  cations 
[L i(H M P T A )4]+. T he reso lved  splitting  ind icates a 
slow q u ad ru p o la r  re lax a tio n  ra te  o f the 7Li nuclei, 
w hich req u ires  an  a lm ost perfec t te trah ed ra l env i­
ronm en t. Thus, tw o lith ium  cations have been  re ­
m oved  from  2, leaving th e  d ian ion  22' fo r w hich 
the  s tru c tu re  show n in Fig. 1 can be p roposed . This

1 0 5 Li
Fig. 1. 7Li{1H } NMR spectrum of 2 in THF with 10 
equivalents of HMPTA at -70 °C. The quintet owing to 
the 2J(31P -0 -7Li) coupling is clearly resolved, impurities 
are marked with +. The splitting of the resonance as­
signed to 22~ indicates that a further HMPTA molecule 
coordinates to the lithium atom of the dianion.
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resu lt is com parab le  to  the resu lt o f the  7Li N M R  
study  of N ,C -dilith io-2-ally lpyrrole [1],

If the  p re fe rre d  s tru c tu re  of 2 in d o n o r solvents 
co rresponds to  th a t show n in Fig. 1, it is likely th a t 
the reaction  of 2 w ith e lec troph iles p ro ceed s in a 
stereospecific  way, leading selectively to  p roducts 
3a -  6 a w ith c/s-configuration as show n in Schem e 
1. If the reactions, e.g. the hydrolysis, a re  carried  
ou t in hexane o r in d ie th y le th e r com plex  m ix tures 
o f isom ers are ob ta in ed  (eq. (2)), b u t the  cis-p ro ­
duct 3a is still the m ain  p roduct. This ind icates th a t

ain product)

+ 3 H20

a tricyclic form  of 2 (sim ilar to  22") is also p resen t 
to  som e ex ten t in non  d o n o r solvents, in con trast 
to  the  s ituation  found  for N ,C -dilithio-2-allylpyr- 
ro le  [3] w here the selective fo rm ation  o f th e  trans- 
p roducts in non  d o n o r solvents ind icates a non- 
cyclic constitu tion . The assignm ent o f cis- o r trans­

configuration  follows conclusively from  the  'H  
and  13C N M R  spectra  [6] (Table I) (for N M R  data  
of side chains w ith /rarcs-configuration see [3,4]).

Table I. 13C, 14N, 29Si and U9Sn NMR data of the compounds 1-6.
4,______ .3 r  4,

No l[a ] 2 [b] 3a [a] 4a [a] 5a [a] 6 a [c]

N -R Li H H SiMe3 SnMe3

3 '- R ' Li H c h 3 SiMe3 SnMe3

d 14N -229.5 n.o. n.m. -237.0 -227.2 n.o.

ö29Si/(3119Sn N -R - - - - 10.8 57.7

3' - R ' - - - - 1.7 4.9

d 13C C-2/5 129.4 131.7 129.9 129.7 133.2 136.7 [18.8]

(7(29Si,3C)) C-3/4 106.5 97.4 110.4 110.2 111.7 112.1 [21.0]

[7(119Sn13C)] C -l' 33.1 73.9 120.2 118.5 120.3 118.5 [50.2]

C-2' 136.7 142.2 122.0 130.0 125.8 126.3 [55.4]

C-3' 116.5 47.1 14.9 22.5 19.6 (45.2) 15.8 [293.7]

N -R _ _ _ _ 2.9 (57.8) -1.9 [396.0]
3'-R ' - - - 14.0 -1 .8  (52.0) -9.0 [316.0]

[a] C D C k  25 °C; [b] THF, 25 °C; [c] C6D6, 25 °C.
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E x p erim en ta l

A ll p rep a ra tiv e  w ork  and handling  of sam ples 
was ca rried  o u t in an  N 2 a tm osphere , using dry 
glassw are and  dry  solvents. 2 ,5-D iallylpyrrole 1 [7] 
was p re p a re d  by a m odified  lite ra tu re  p rocedu re  
[8]. nB uL i in hexane  (1.6 M ), pyrrole, M el, 
M e3SiCl and  M e3SnCl w ere com m ercial p roducts 
and  used  w ith o u t fu rth e r  purification . EI-M S 
spec tra  (70 eV ): V A R IA N -M A T  C H  7 w ith d irect 
inlet. N M R  spectra: Jeol EX 270 ( ]H , 13C) and  
B ru k er A R X  250 ( 'H ,  13C, 14N, 29Si, ,19Sn); chem i­
cal shifts a re  g iven with respect to  M e4Si 
[^H fC H C la /C D C la )  = 7.24, (C 6D SH ) = 7.15; 
<5,3C (CD C 13) = 77.0, (C 6D 6) = 128.0; d29Si: 
E (29Si) = 19.867184 M H z], n ea t M e N 0 2 [(314N: 
E (14N ) = 7.223656 M H z] and  M e4Sn [<3119Sn: 
E ( ,19Sn) = 37.290665 M Hz].

2 ,5-D iallylpyrrole  1

A  m ix tu re  o f 280 g (2 m ol) o f K 2C 0 3 in 70 ml 
o f H zO, 700 ml o f to lu e n e  and  140 ml (2 m ol) o f 
py rro le  was h ea te d  to  80 °C. W hile stirring  was 
co n tin u ed  350 ml (4 m ol) o f ally lbrom ide was 
ad d ed  dropw ise. T hen  the m ix ture was stirred  at 
80 °C fo r 15 h; the  o rgan ic phase was separa ted  
and  the  w ate r p hase  was ex trac ted  twice with 
e ther. T he com bined  organic phases w ere d ried  
w ith N a2S 0 4 and  th e  solvent was rem oved  in 
vacuo. F rac tional d istilla tion  gave 105 g (49% ) of 
2-ally lpyrro le (b.p.: 50 °C/0.1 Torr, N M R  data  see
[3]) and  93 g (41% ) o f 1 as colourless liquids (b.p.: 
62 °C/0.1 T orr). 1: JH  N M R  (CDC13, 25 °C): <5'H 
['77 ( 1H ,1H )]=  6.16 (s) (H -3/4); 3.53 (d) [6.6 Hz] (H - 
1’); 6.19 (m ) (H -2 ’); 5.42 (m ) (H -3 ’); 7.91 [br] 
(N H ). EI-M S: m /z ( % ) = 147 (100) [M +]; 120 (77) 
[M +- C H C H 2]; 106 (80) [M+- allyl]; 65 (10) [M +- 
2 allyl],

N, C, C- Trilithio-2,5-diallylpyrrole 2

A  so lu tion  o f "B uL i (480 m m ol) in 300 ml of 
h exane and  100 ml o f d ie th y le th er was added  
d ropw ise to  a s tirred  so lu tion  o f 20 g (136 m m ol) 
o f 2 ,5-d ia lly lpyrro le  in 400 ml of d ie th y le th er at 
-78 °C. T he m ix tu re  was stirred  for 12 h and 
w arm ed  up  to  ro o m  tem p era tu re . T hen  the bright 
o ran g e  reac tio n  m ix tu re  was filte red , the  p rec ip i­
ta te  was w ashed  w ith pen tan e  and  d ried  in a vac­
uum ; 18 g (80% ) yield  o f 2, w ere o b ta in ed  as an 
ex trem ely  air-sensitive o range pow der. 'H  N M R  
(TH F, 25 °C): <5'H = 6.13 (H -2’); 5.51 (H-3/4); 5.00 
( H - r ) ;  2.25 (H -3 ’).

A ddu ct o f  2 with H M PTA

3.1 g H M P T A  (17 m m ol) w as ad d ed  to  a so lu ­
tion of 0.28 g (1.7 m m ol) 1 in 5 ml o f T H F  at 
-78 °C. T he co lou r changed  from  d ark  o ran g e  to  
dark  red. T he so lu tions o f th e  ad d u c t are  stab le  at 
r.t. fo r several hours.

Reactions o f  2 with electrophiles in THF

10.5 m m ol o f H 20 ,  M e3SiCl, o r M e3SnCl, 
respectively, o r 7.0 m m ol o f M e l fo llow ed by 
7.0 m m ol o f H 20  w as ad d ed  in one  p o rtio n  to  a 
stirred  so lu tion  o f 0.5 g (3.5 m m ol) o f 2 in 50 ml of 
T H F  at -78 °C. T he co lou r o f the  d a rk  red  so lu tion  
becam e lighter. A fte r  w arm ing  up to  r.t. the 
so lvent was rem oved , the  residue  was ex trac ted  
w ith hexane, and  th e  p ro d u c ts  rem a in ed  afte r 
filtra tion  and  rem oving  o f th e  h exane  in a vacuum .

3a: 0.4 g (80% ) yield, yellow  solid. >H N M R  
(CDC13, 25 °C): d ]U  [M7 (1H ,1H )]=  6.31 (s) (H -3/4); 
6.24 (d) [11.3 Hz] ( H - l ’); 5.60 (m ), (H -2 ’); 1.98 
(dd) [7.3 H z][1.4 H z], (H -3 ’).

W ith DoO: 13C N M R  (CDC13, 25 °C): (5I3H  
[”/ ( 13C,2D )]=  15.1 (t) [38.4 Hz] (C -3’). 'H  N M R  
(CDC13, 25 °C): d 'H  = 5.60 (m ) (H -2 ’); 1.99 (m ) 
(H -3 ’).

4a: 0.49 g (80% ) yield, yellow  pow der. 'H  N M R  
(CDC13, 25 °C): d 'H  ['!7 ( 1H ,1H )]=  8.04 s (b r), (N- 
H ); 6.34 (s), (H -3/4); 6.19 (d t)  [11.5][1.9] ( H - l ’); 
5.50 (d t) (H -2 ’); 2.50 (m ) (H -3 ’): 1.24 (t) (C H 3). 
E I-M S: m /z (% ) = 175 (55) [M +]; 160 (100) [M + -  
M e]; 144 (10) [M + -  2M e -  H],

5a: 0.76 g (60% ) yield, b row n liquid. ’H  N M R  
(CDC13, 25 °C): ^ H  [,7 ( 1H ,1H )]=  6.26 (m ) (H -3/ 
4); 6.21 (m ) [11.2 Hz] ( H - l ’); 5.53 (m ) (H -2 ’); 1.88 
(m ), (H -3 ’).

6a: 1.3 g (60% ) yield, b row n  liquid. 'H  N M R  
(C 6D 6, 25 °C): d 'H  [ '7 ( 'H , 'H ) ]=  6.33 (t) [3.78 Hz], 
(H -3/4); 5.96 (d ) [11.6 Hz] ( H - l ’); 5.57 (m ) (H -2 ’);
2.13 (d) [9.7 Hz] (H -3 ’); 0.27 (s), (N -S n (C H 3)3);
0.09 (m ) (C 3 -S n (C H 3 )3). E I-M S: m /z (% ) = 635
(5) [M +]; 472 (12) [M + -  S nM e3]; 310 (65) [M + -  
2 S nM e3]; 165 (100) [SnM e3+]; 144 (75) [M + -  3 
S nM e3].

Reaction o f  2 in hexane with water

10.5 m m ol o f H 20  was ad d ed  in one  p o rtio n  to  
a s tirred  suspension  o f 0.5 g (3.5 m m ol) o f 2 in 
hexane a t 0 °C. A fte r  one m inu te  the co lo u r o f the 
suspension  b ecam e ligh ter and  finally yellow ; then  
the  suspension  was filtered . R em oving  o f the 
so lvent from  the  filtra te  gave a m ix tu re  o f 3a as 
the  m ain  p ro d u c t, 3b and  fu rth e r  isom ers.
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