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Summary 

A multinuclear magnetic resonance study (“B, 13C 14N, “N, 29Si, 31P, “9Sn, 
“‘Pb NMR) of N-pyrrolyl derivatives, E(NC,H,), ’ (E = (CH,),B, W,H,),B, 
C,H,B, (CH,S),B, C,H,B(NC,H,), n = 1, 2. 3; E = (CH,),Si; (CH3)jSn, 
(CH,),Sn, n = 1, 2; E = (CH,),Pb) has been carried out. Changes in the chemical 
shifts and coupling constants are discussed in terms of the influence of the various 
substituents on the electronic structure of the pyrrole system. It is shown that S(13C) 
and S(“N) data, in particular, act as indicators of mesomeric and/or inductive 
substituent effects. This is supported by comparison with S(13C) data for analogous 
benzene derivatives. 

Introduction 

The importance of pyrroles as a structural unit in many natural products is 
reflected to some extent in the numerous studies of the chemistry and spectroscopy 
of simple pyrrole derivatives. We have previously studied the synthesis and some 
NMR parameters of pyrrole derivatives of Group III, IV, V elements [l-5]. Thus, we 
reported 13C (2-pyrrolylboranes [3]), “B and 14N NMR data (I-pyrrolyl-, 2-pyrro- 
lylboranes [1,2,4]), and recently we carried out an extensive study of N-pyrrolyl- 
phosphorus compounds [5] (13C, 14N, 15N and 3’P NMR). In the present work we 
present 13C NMR data for various I-pyrrolyl derivatives together with “N NMR 
data and the NMR parameters of nuclei (“B, 29Si, 31P, ‘19Sn, 207Pb) linked to the 
pyrrole nitrogen atom. The various N-substituents can be regarded as r-acceptors 
and/or as inductive donors. The objective was to use the information from the 
NMR parameters to throw light on the changes in the electronic structure of the 
pyrrole system. The widely differing nature of the N-substituents studied should 
help to reveal which NMR parameters are most sensitive and useful in this respect. 

0022-328X/85/$03.30 0 1985 Elsevier Sequoia S.A. 



Results and Discussion 

t- E-X, .I' 
C6H, 

* E(N i?! 
“.’ ,n K x 



267 

TABLE 1 

“C, lSN, llB, 2!3 31p, ,WSn, 207Pb-NMR PARAMETERS ’ OF N-PYRROLYL DERIVATIVES 

/\\ 

Nr. E G(“C)(pyrrole) S(“N) X (in E) other S(“C) in E Solvent 

C(2) C(3)) ‘J(‘“C(2)‘3C(3)) ” ;;;;sNx)) (‘J(“CX) (Hz)) 

(Hz) 

la (CH,),B 124.6 114.2 68.0 -187 

( 110) 
Ih (C,H,)*B 124.1 113.6 67.5 -185’ 

lc C,H,B 125.2 113.4 67.5 -195’ 

le B 126.6 113.6 n.o. - 207 ” 

Id “\ 
? 125.6 113.7 68.0 -201’ 

S 

54.2 6.5 CDCI, 
( > 58k3) ‘d(‘3C”B) 

57.6 11.9, 8.6 CDCI 3 

(b0 
39.3 9.5. 9.5 CDCl, 

(br) 
27.8 - CDCl, 

53.3 36.7 CDCl, 

If C,H,B(NC,H,) 123.0 108.5 n.o. “.O. 5.0 14.7. 9.5 CDCl, 

(br) 

2a (CH,),Si 127.7 114.4 67.5 - 216.0 11.0 -0.5 C,D, 
(58.1) ‘J( “Si”C) 

2b (CH,),Sn 124.4 109.8 65.0 - 216.2 +72.9 -5.8 C, D, 
(6.4) (397.7) ‘J(“%“C) 

2c (CH3),Sn 124.1 110.1 n.o. n.0. + 15.2 -4.6 CDCl, 

(511.0) ‘J(“%.n’~C) 

2d (CH,),Pb 125.4 108.8 63.5 - 206.7 +204.0 9.0 C, De 
(290.0) (312.1) ‘J( 207Pb’3C) 

3a (CH,),P ’ 123.1 111.3 n.o. - 219.3 +34.4 17.9 C, D, 
(+ 55.6) (15.5) ‘J(Z’P’3C) 

3b (CH,),P(S) * 122.0 113.0 n.0. -212.6 +63.0 24.2 C,D, 
(+ 13.2) (66.0) ‘J(“P’3C) 

u SoIutions of IO-30% (w/v), 27-28’C; values 6(“C), S(15N), 6(“P). 6(29Si) and 6(“%)fO.l ppm; 
6(“B) kO.3 ppm; S(14N) kl to &5 depending on the “N-linewidth; 6(““Sn), 6( “‘Pb) k 0.3 ppm; 

n.o. = not observed. h From the ‘3C-satellites +0.5 Hz. ’ 14N NMR. ’ Ref. 5. 

't NMR 
Recent solid state NMR measurements [ll] support the relationship between 

m-electron charge densities and isotropic 13C chemical shifts in 6m-electron ring 
systems originally proposed by Spiesecke and Schneider [12]. It is assumed that this 
relationship is valid also for S(13C) values of the pyrroles, at least for 6(“C(3, 4)) 
values which are least prone to neighbouring effects exerted by the N-substituents. 
The resonance structures A to C are common to all pyrrole derivatives studied, 
whereas structure D is restricted to N-substituents capable of r-interaction with the 
nitrogen atom. Any significant contribution of D will reduce the probability of B or 
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SHIFT OIFFERENC‘ES J(“N), 3i” C, FOR C‘ORRESPONDIN(~ \-P’YRR~~I ‘I.1 \UI) f’Ht;‘\F I 

<‘OMPOI,NDS RELATIVt, 1-O ‘T‘t1OSt- FOR H-hC,fl,y and C’,,H, ’ 

C, and therefore reduce the a-electron charge density at C(2. 3). The 8( I ‘C‘j data in 
Table 1 show that there is significant deshielding of C(3) (with respect to pyr-rolcj III 
the boranes la e (-1(“C(i)) 5.6 to 6.4) and in the ph~yhoru> compound 3b 

(3(“C(?)) 5.7). Comparison cf’ the 6(“C(3)) data for lc uith tho~l <if the p>ritline 
adduct. If. clearly demonstrate> that the three-coordinate br)ron atom in 1~ c 

functions as a m-electron acceptor [13]. The changes in the shielding of C”(3) are 
reminiscent of the changes in the shielding of C( pun) in phenol compountl~ 1131. 
and in phenol horanes [LA]. in particular. as shown in Table 7. The a~>e~sment I)[ the 
(CH,),P(S) group as a weak z-acceptor is more justified h\ lhr data pre.sented here 
than by those reported for in large number of other .2’-p!~rrol~!-phos]~l~~~r~~~ c\)m- 
pounds [S]. Interesting]), the J(liC(?)) values for 2a (3.6~ and Za ~3.5) WC ICF! 

similar. and their magnitudes appear to be indicative of ~vcak T-interactions. Thew 
interactions must be much ueaker in 2b, d. as revealed h? the \er\ >nrall 4hl1‘1 
differences 3( “c’(i)) (1.0, 1 .O) \bith respect to p~vctlc. 

Comparison of J( “C(2)) values of 1 to 3 \Gith 3( I’(‘( wrho)) III~LICS for corrc- 

sponding phenyl compounda j3.141 (Table 2) reseals roughI\ the same featureh, ln 
agreement with the large -\( “C’( or-rim)) data this shows that change> III the C;( “C’(7)\ 
value> cannot be related xtralghtfor\~ardlv to n-interacti<\n\. bc~.~us~ of rhe q;~~i,il 

proximity of C(2) to the :V-stitP~tituent. 

The nitrogen NMR parameter should be particularly uaefui Cor the discusGon of 
substituent effects on the pqrroie system in N-pyrroiyl deri\rati\,e.s. but intcrprctatic>n 
of substituent induced changea of S(N) values ix still a formidable probl~~~i 115 I?]. 
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The n-electron charge density argument will also apply to the trigonal nitrogen 
atom, and this is certainly in agreement with the large A(“N) values (33-50 ppm 
with respect to pyrrole) observed for the N-pyrrolyl boranes. There may be ad- 
ditional effects in the light of the appreciable A(“N) values for 2a-c (ca. 22 to 31 
ppm) and 3a (18.5 ppm), [the larger A(“N) value for 3b (25.2 ppm) is consistent 
with the picture which emerged from the &(‘3C)data]. In alkylamines the replace- 
ment of hydrogen by a (CH,),Si, (CH,),Sn or (CH,),P group increases the 
shielding of nitrogen between 5 to 20 ppm [16], whereas deshielding is observed in 
the case of the pyrrole-nitrogen atom. 

In the absence of additional significant a-interactions, the main change in the 
tensorial contributions to the shielding of trigonal planar nitrogen arises from 
&-induced paramagnetic circulations of the rr * CJ* or a ++ T* type. Because of the 
latter, deshielding of the nitrogen atom can be predicted in the presence of 
electropositive substituents E with a strongly polarized N-E bond. Confirmation of 

this can be sought in the S(‘3C(ipso)) values of corresponding phenyl compounds. 
These should show the same pattern as the 6(N) values, except for derivatives in 
which significant EN( pp) a-interaction is likely (a resonance structure such as D 
should be of minor importance in the phenyl compounds owing to the greater charge 
separation). That this is the case is shown by the values of A(“N) and A(“C(ipso)) 
in Table 2. 

We have also measured the “N NMR spectra of l-trimethylsilylpyrazole (4) to 
obtain additional evidence 1181. The results, along with those for l-methyl- and 

l-phenylpyr~ole, are given in Table 3. The data can be interpreted in the same way 
as for the pyrroles. 

The spin-spin couplings ‘J(“NX) (X = “B, 29Si, ‘iP, ‘19Sn, *“Pb) are of interest 
since they involve a truly sp*-hybridized nitrogen. The linewidth of the 15N reso- 
nance in la (- 8 Hz) and the quadrupolar relaxation rate of the “B nucleus (To(l~a) 
0.006 s) under the conditions used indicate that 1 J(“N”B) 1 < 10 Hz. This is 

TABLE 3 

NMR PARAMETERS OF SOME PYRAZOLES 

E 6(‘3C) &(15N) A(X) 

C(3) C(4) C(5) N(1) N(2) 

CH, rr,b 139.0 105.4 129.8 - 180.8 - 76.5 38.2 

C,H, c 
(13C) 

141.1 107.6 126.8 - 160.6 - 78.6 140.5(i), 119.4(o), (‘3C) 

129.5(m). 126.5(p) 
.d 

(4) (CH,),SI 143.2 106.4 133.8 - 158.7 - 62.7 t 14.2 (‘“Si) 

- 0.9 (“C) 

u In dioxane, data from H.-O. Kalinowski, S. Berger and S. Braun. “C-NMR Spektroskopie, Thieme 

Verlag, Stuttgart, 1984, p. 349. ’ In CHCl,, B.C. Chen, W. von Philipsborn and K. Nagarajan, Helv. 

Chim. Acta, 66 (1983) 1537. ’ In CDCl,, S(15N) converted to the external neat CH,NO, scale by using 

the factor -359 [16]; G.E. Hawkes, E.W. Randall, J. Elguero and C.J. Marzin. J. Chem. Sot., Perkin 

Trans. II. (1977) 1024. d In C,D,, this work, ‘J(29Si’3C) 58.0 Hz. 
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into a colourless crystalline solid, m.p. 38-42°C. (Found: C, 24.8; H, 4.2; N, 4.5. 
C,H,,NPb calcd.: C, 26.4; H, 4.1; N, 4.4%). ‘H NMR (60 MHz), in CH,Cl,: S(‘H) 
1.30 (s, 9H) PbCH, 2J(207Pb’H) 71.5 Hz: 6.68 (m, 2H) 2,5-H; 6.13 (m, 2H) 3,4-H. 
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