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Synthesis and IR spectra of 
5- phenyl- 2- ( 1- phenyl- 2- trichioroacetylethenyl) pyrrole 
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5-1>hcnyl-2-( t-phcnyl-2-trichloroacctylcthcnyi)pyrrolc was synthesized b~, the reaction 
ot 2-phen,,tpyrrolc with l-phenyl-/-mchk)roacctylacctylenc tm silicc, n o• The structure 
O1" ;Ill illlr:ll]loh:c!ll:lr proton-lraHsfcr H-complex v,,;m il,,~,i.~tlcd to the title compou()d ba.,,cd 
c,n :malysis of iI~ IR spectra ill solulions ill the Icmpcraltlrc r;lngc of 165-2r K 

Key words: 2-(2-acylcfllcnyl)-5-phcnvlp}rmlcs. prown lransf'cr, intranlolccular I I-com- 
plex. IN spectra. 

U n d e r  par t ie t f la r  c o n d i t i o n s ,  1110 r e a c t i o n s  o f  
2-phcl]ylpyrrolc with 2-acyl - l  -phcnyklcctylcncs aflordcd 
2-12-acyl- I -phcnylc thcnyl l -5 -phcnylpyr ro lcs  l l a - - c )  l: 

oxide. Unl ike  the reaction reported previously, l the 
reaction under  considcratit)n readily p roceeded  at room 
temperature.  

---•O / R ~  
R 1 ,> 

1 a - - c  2 a , b  

1 a - - c :  R I = R 2 = Ph (a) :  
R ~ =: Ph, R 2 = 2-tPuenyl (b), 2-furyt (c) 

2a .b :  R ~ = H; I:12 = Ph (a) ,  2-th~erlyl  (13) 

According to the rcsuhs o f  IH N M R  spectroscopy,  
these compounds  exist exclusively as Z isomers in which  
the mutual a r rangement  of  the carbonyl fragment and 
the olcfin C = C  bond corresponds to the .s-cis con lb rma-  
tim< Based on the large chcnlical shifts o f  the N - - H  
protons (6 t4 .7--14.S) ,  it has been suggcstcd I that 
lhc ctmlpotmds bare  an int ramolecular  N - - H . . . O = C  
bond. However,  the I R spectra of  both solid salnptcs 
alld solutiorm (COl4) o f  these c01]lpoullds h:_lVe I10 
N - - H  s t re tch ing abso rp t i on  bands in the rcgi tm o f  
3150- -3400 r - i .  A t  the same l ime.  the IR r, pec[ra o f  
sohl t ions o f  the Z isomers o f  2 - (2 -bcnzoy lc~hcny l )pyr ro les  
(2a.b). which  are structurall~ s im i la r  to compounds  
l a - -e ,  have a broad VNH band at 3150--3180 cm - I ,  
~hich can be assigned to an imramolecula r  hydrogen 
bond. In addit ion,  tiae signals for the NH protons 
in the ~H N M R  spec t ra  of  c o m p o u n d s  2a,b arc 
shifted downf i c ld  to a subs tant ia l ly  lesser  cxtet l t  
(8 t 2.00-- 12.33). z 

In the present work. we svnlhesizcd 5-phcnyl -2-  
( l -phcnyl -2- t r i ch lo roacc ty ic thcny l )pyr ro lc  13) by the re- 
action of  2-phcnylpyrrote  with l -phcny l -2 - t r i ch lo ro -  
acctylacethylcne.  The react ion was carried out on silicon 
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With the a im of elucidating whe the r  nlolccule 3 is 
analogous in structure to phcnylpyrrolcs  l a - - c  studied 
previously I and  rc,,ealing the region o f  N H  strctching 
vibrations for this type of molecules,  we analyzed the IR 
spectra of  c o m p o u n d  3. It is kJtov,,n 3 that the IR spectra 
of compounds  with H bonds recorded at nearly room 
tcmpcratures do not necessarily show v N H  and ,,,OH 
bands duc to their  large width. 3 In addi t ion ,  the corre- 
sponding bands can bc substantially shifted to the low- 
|rc(tucncy region depending on the slr,,2ngth ot" this bond. 
In this c o n n e c t i o n ,  the vNH absorpt ion bands in the IR 
spectra of  c o m p o u n d  3 wcrc scurchcd tbr in the region of  
2200--4000 on1 -I  both in the case o f  its solid samples 
and solutions,  the tenapcraturc being varied in the range 
of  165 - -298  K. 

The I R spec t rum of a solid sample'  o f  c o m p o u n d  3 (a 
thin film precip i ta ted  from a solut ion in CH-,CI_,) has a 
medium intensi ty  stretching :lbsorption band of  the C = O  
group,,~ith the maximum at 1650 c m  t i.e., the vibra- 
tion f requency o f  this group is substant ial ly lower than 
those in the case o Ichk) r ine -con ta in ing  aromat ic  kctoncs 
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( 1700-- 1721) c m  I ).4 Tile observed shift (A,.' -60  c m -  I ) 
is an order  of  magnilude larger than the shifts observed 
upon lbrmat ion of nornlal H-complexes  of  aldehydes or 
ketones with pllcllol (Av - 3 - - 1 0  cnV!) .  4 The v C = C  
vibration of  the olelin group of  the molecule is nlani- 
l'csied :is an intense absorption balld v,ith an klllrCSot',ed 
structure at 15(;0 cnl - i .  The  intensity ratio o f  these two 
bands and the vC=O frequency arc characterist ic of  
molecular  systems containing the s - c / s - O = C - - C = C  (rag- 
mcnt and an intran~olecular tlydrogen bond, 5 

It should bc emphasized that the spectral characteris-  
tics O|" phen~.lpyrrole 3 ;_ire t.,,pical of  this type of  com- 
pOUlldS. Thus.  the spectrum of  solid phenylpyrrole | a  
has the v C = O  absorption band at 1015 cnl '1, which is 
31t cm ' I  lower than that il l ti le spectrum of  its analog 
without ;.ill H bond, viz, of  2- (2 -bcnzoy l - I -phen ) l e thc -  
ny l ) - I -e ihy l -5 -pheny lpyr ro lc  (4) (vC=O,  1645 c m - i ) .  
However, the spectrum of  compound  4 is characterized 
by tile inverse r~'tio bctwcen tile intensities o f  the ab- 
sorption bands of  the carbonyl (strong band) and olcl ln 
fmed ium band) groups, which is indicative of  the s- t rans  

COilttirm.atioll of  the molecule ,  i.e., this con lpound  Call- 
not be used :is a model. In the spcctrum of bcnzyl idcnc-  
a c c m p h e n o n e  P h C H = C H C f O J P h  with the s-cis arrangc- 
ntcnl o|" the abovc-nlcnt ioned groups, tile v C = O  frc- 
qucnc.v rcachcs t668 cn l - I .  ~ The v C = O  ~aluc in thc 
Sllr o [ ' conlpound la  is 53 cnl --I lower than thai it1 
the spcctrunl  of  the above-ment ioned isostructural 
all;llog. 

The conclLIsJoils aboul tile Z-isomeric ft)rnl of  com- 
pound 3, the s-cis or ientat ion of" its carbonyl and olcl]i', 
frzlgnleilts, and the presence or  an Jntramolccul:.lr H 
bond wcrc also confirmed by analysis of  tile t H N M R  
spectra (see the Expcrin/e,ltal section). The  chcnliccll 
shifts lo t  the conlpound ullder sttldy arc virtually identi- 
cal to thosc observed previously I lot pllcnylpyrro',es 
l a - - r  In tile IR spectra of  conlpound 3, tile stretching 
absorption b:uld o1" the associated NH group ill lhc 
region o f  3150--3400 cm--i is al.',o absent. 

Detai led all;.llysis e l t h e  IR spcctrlilll o r so l id  producl 
3 dcnlonst ra tcd that it is cl laractcrizcd by a subslantial 
broadening of  the weak absorpt ion band in the region of 
v e i l  stretching vibrritions o f  tile phcnyl rings wi th the 
COllier at 31J65 c m - i  (Fig. 1. a). Tills tact suggests their 
the band overlaps v, ith a broad absorption band caused 
by the v N H  vibration. Such large low-frequency shifts 
arc ge,lerally observed in proton- t ransfer  H-complexes .  ~ 
The integral intensities o f  these bands increase as the 
tenIlperatnrc decreases. 7 In this corlneclJon, we CXalll- 
ined the IR spectrum o [ a  solution or con lpound  3 in 
CS~ con ta in ing  2 ~o1.% of ( C D : ) ~ C O  in thc range fronl 
roonl tcmpcrature  to the melt ing point of  the binary 
solvellt system. r h c  prcsencc o f  a small amount  of  more 
polar acetone-d~, was used to prevent precipi tat ion from 
the solut ion at low temperature.  The spect rum of  the 
solution under  study has a low intensity band with a 
half-width o f  230 c m  t and the nmximunl at -3100 cm I 
even at room temperature (Fig. I, b). The precise post- 
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Fig. I. IR xpecha of 5-phcuyl-2-( t-phcnyl-2-lrichh)roacetyl- 
ctllcn,,llpyrrolc (3} as a ,;olid sample (a iiim prcclpii:ltcd tronl a 
solution irl CtI,Ch) (o) and :l solulioll ill CS~ conLlinin2z 
2 vol.% of (CI)~i:C-O at 29;4 K (h) and 1(~5 K (~) 

l ion of  the nmxintum is d i f l l cuh to determine duc to 
supcrposit ion of the vCH stretchin~ vibrahtm bands of  
t i le aromatic :q.[bstittlcnts (vCH = 3030, 306U. arid 
3{)75 cm -I I. The intensity o f  the broad band incrca~,cs :is 
the sample is cooled and it is most pronounced at 165 K 
(Fig. I, c). In this ease, the hal lkwidth of  ttlc hand is 
550 cm -I and the nmxinmnl  (at 31()0 cm -i) is clearly 
visible. The temperature changes  are conlpletely revers- 
ible. The position of  tile observed absorption band, the 
temperature  dependence o f  its intensity, and tile ,;hape 
typical of  charged molecules indicate that an intrzmio- 
lecular proton-transfer H - c o m p l e x  is present in solu- 
t ions at Io~, temperatures.  Apparently,  the large half- 
width  of  the band observed in t i le icgiorl cllaractcrixtic Of 
N t-I- and OH " stretching v ibrat ion frequencies is associ- 
ated with q high ampl i tude of  proton motion. The 
part icular shape of  this band calls for further theoretical 
investigation. Under the sanle condit ions, the absorption 
band with the maxmmnl  at 3i)00 cm "1 is also clearly 
observed in the spcctrun} o f  compound la. File frequen- 
cies and intensities of  tile absorpt ion bands of the carbo- 
nvl groups in the spectra of  the corresponding solutions 
o f  compounds 3 and la remain virtually unchanged as 
the tenlperaturc decreases. 

Experimental 

The I R q~cc[ra of solid compound 3 and its <~olufion in CS~ 
cont:lininL., 2% of(C[) 3)2CO worts measured on a Spccord 75 I R 
spcctrophotomctcr m the temperature range of 165--2% K. The 
IH NMR spectra were recorded on a Brukcr DPX 250 in.stru- 
meat 1250.13 MHz) in CDCI 3 with HMDS as the internal 
standard 2-Phcnylpyrrolc was prepared according to the 
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Trofinlov reaction 8 and purif ied by sublinmiion m vacuo. 
m.p. 129 "C. 

5-Phenyl-2-( I-llhenyl-2-triehloroacetylethenyl)llyrrole (3). 
2-1'hcilylpyrrl~le (0 2X(, g, 2 re too l )and  I-plac/lyl-2-1Iricl'ilcm~- 
acctyl)LIcr162 (0.495 g, 2 II111101) wt.'rr trhtlral,_'d wilh sil icon 
dioxide f lli011bll~, 4 g) for I mill. l'llc fc;Ic[IOll nlixture >,:.is 
kept with periodic ,, l ir l i l lg ;it 20--25 ~ ibr 15 h and then 
~..xlr:lt.It..,:t with hc.MlliL'. A i l e r  rcmov:il of  the ht.",.:.llle, the re,,in- 
otis residue vva~ ~ashcd with ethanol. ]he  hrighI-rcd prccipiwiIc 
','if COIl lpot l l ld 3 ihai lbrmed was isol:licd in a yield of  t).288 g 
f ;6.9%1, rnp,  153-- 154 ~ !t1 N M R, 8:6.50 :llld 6.77 fboih dd, 
I H each, l-h3) and I-1(4) o f  the oyrrolc ring. ' J t h ; I - -  !h41 = 

4 3  t t z .  4jih.;4,. Nil = 2.4 Hz): 6.54 ts. I H. C H=) :  7 3 l  Ira, 
I t4, p-H 5-Ph): 741 - -7 .53  (m.  7 H, I.-Ph and 2 m-H 5-Phi :  
7 8 0 1 m . 2  H. 2o -H 5-Ph):  13.74(br.s.  I H. N--I t ) .  F o u n d l % ) :  
C, 62.03: H. 3.37: N 3.44: Ct. 27.7,'i. C2~,HNCI~NO. Calcu-  
lalcd 1%): C. 6l 4,~: H, 3.61: N, 3.59: CI, 27.22. 
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