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Abeact-% M6ochtio0 (zomfam for a&Wkytpyrrok:py rystemr detcmGacd froal inffalai in- 
nnWuewatsoftbeNHabsoIptioatmmiof&enl&o&d PyrrokI kdiate tht, lwoupb tbc uaub&ucnta 
stericaltv hinder the fonnrtion of tbc NH-N bonded compkxca. then b liltk evidcncc for any significant NH-n 
bond& 

Pyrrole behaves as a proton donor in the presence of 
molecuks which have centres of high ekctron density. 
In general, strong colinear NH-X complexes are formed 
with ekctronegative atoms, but autoassociation of pyr- 
role and the association of pyrrok with other aromatic 
systems appears to occur through orthogonal NH-r 
bonds? 10 contrast with these generalisatioas, the dipole 
moment of pyrrole, when measured in the presence of 
alkyl nitriles, is consistent with NHa association be- 
tween tbe pmoIe and tbe nitrile group? Similarly, al- 
though there is ovenvhelminO evidence that the H- 
bonded association between pyrrok and pyridine in- 
vdves a colinear NH-H bond; the dipok moment data 
for pyrrole, when measured in tbe presence of 246 
trimethylpyridine, has been interpreted in terms of NH- 
?r boading.‘* Although compkxes of this type involving 
hydrogen bonding with a adcticknt riq would appear 
to be unfavourable, the postukte has been extentkd to 
SuggeSt that pyrrok sim&aneo&y forms botb NH-N 
and NH-P bonded complexes with pyridine and its 
methyl derivatives? It wail of interest, therefore, to 
examinetbeinfnuWspectraofpyrrokand25di&yI- 
pylToksinthep#BenceofascJksofmethyIpyridiWsto 
establish whether sterk hi&ancc promotes the forma- 
tion of NH-a bonded compkxes. 

Measurement of the intensiq of the non-bonded vNH 
absorptionbandforcaSX1O- Msolutionsofpyrrokin 
tbe presence of 0.1-1.0 M cona?ntrations of pyridine ond 
its 4-methyl-, 2,6dimethyl- and 2,4@rin~hyl d+a- 
tives provided values for the H-bonded m 
constants (Tabk I), whkh are in close agreement with 
thosecakukt&fromearlkrIRabdNMRspsctroscopic 
measurements. However, both the present and tbe pre- 
viously reunded assock& constants 0btGned from 
spectroscopic data are cunsistentIy lower than those 
cakuIatcd from dipok Wweatc-T and calor&& 
measureme0t.s~ These anomalks probably arise from 
Mereaces in the concentration of tbe pyrrok used in 
the variaus Wlytkal tecIuliques. Previous work has 
shown that the most consistent set of equiliium 
constantsareob&edwhentbe concentmtionofthe 
pyrrokiskssthan1x1o-~M.‘Athigherunlcentmtions 
outoossociatioaofthepyrrokissi&antandgeneraUy 
introdWcsermrsintbe llWWementoftbeequilibrium 
constant8 for tbe formation of complexes between the 

pyrrole and proton acceptors. It has also been noted’ 
that tbe measurement of equilibrium constants from IR 
data becomes inaccurate at concentrations below 1 x 
10e3 M, when the bonded and non-bonded vNH absorp 
tion bands frequently are not well resolved. 

‘I%e streqth of the NH-N bond of the pyrrole: 
sub&uted pyridine compkxes. as given by the 
difference between the frequencies of the bonded and 
non-bonded vNH absorption bands, is related to the 
basicity of tbe p-s, but the association constants, 
whkhcorreqonrItotheeaseofformationandstability 
of the compkxes, retlect the steric effects of the a- 
methyl groups on the pyridine rings. This is ckarly seen 
inthec0rrekti0n0fl0g~withtbepK,valuesfor 
the pyridkes (Fii. I). It is apparent that the electron 
donating character of the Qmethyl substituent, which 
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Table 1. Enthalpii and association conmnta for the formation of Ii-bonded complexes between pyrrok, 
2Jdimethylpyrrok and 2Jdi-lnf-butylpyrrok and subtituted pyridims 

I( 
a 

8eeoc. A”lmb AIP 

(1 mo1-1) (a-‘) (LJ) 

Pyrrole:Pytidine Ccuwlexea 

Pytidine a.05 f 0.10 

I-Methylpyridine 3.87 f o.a3 

2,6-Dimethylppridlne a.77 f 0.13 

2.4,6-Trimethylpyridine 4.10 f 0.10 

2,5-Diwthylpyrrole:Pyridine Complexes 

Pyridine 1.74 f 0.06 

I-Methylpyridine 2.49 f 0.12 

2,6-Dimethylpyrldine 1.52 f 0.30 

2,4,6-Trimethylpyridine 2.30 f 0.30 

2,sDi-tert-butylpyrrole:Ppridine Comlexes 

Pyridine 0.58 f 0.04 

4-Yethylpyridine 0.04 f o._os 

2,6-Dimetbylpyridlne 0.13 f o.oa 

2,4,6-Trimathylpyridine 0.34 f 0.02 

a00 f 5 

a95 f 10 

205 f 10 

305 f 10 

220 f 10 18.9 

235 f 10 19.6 

a40 f 10 1S.B 

a40 f 10 19.0 

200 f s 

205 f 10 

210 f 10 

210 f 10 

33.5 

31.7 

22.7 

23.a 

17.8 

18.1 

18.3 

18.3 

0 Yeaxured at 25OC 

b AVNE - vNE (non-bonded) - uNH (H-bonded) 

.O Calculated from -m(kd) - 0.0515 x AvNll l 7.53 See ref. 8. 

incrcascs tb5 basicity of the pyridine without introducing 

any steric bhdmnce to the formation of tbe H-bonded 
complexes, has an effect of increasing log K,. by ca 
0.16, irrespective of tbe pyrrole involved in tbe asso- 
ciation compkx. In contrast, extrapolation of the data 
for the pymIk:pyridine system shows that, r&bough 
a-methyl substituents on the pyridine ring increases the 
basiciiofthepyridinenitrogenatoI&sterkllSanceto 
tbeforn&ioaofthecomplexdecreaseslogK..-.by 
co. 0.29 from tbe expected value. Siy. comparison 
of tbe data for tbe pyrrok:pyridine and 2$ 
dimethylpyr~ole:pyridine systems shows that the 25. 
dimethyl groups lower the value of log K,. by only co. 
0.19. This diIference in the steric eflects of tbe a-methyl 
substituents on the pyridine and pyrrok rings is readily 
rdkdhed in terms of the geometry of the two riogs. 
The St& effects appear to be additive. within experi- 
mental error. Thus, the cakulated effect of the steric 
hindrance to the complex formation of 2$dimethylpyr- 
~kwith2,6dim&ylpyridheswouMbeadecreWia 
kg~ofca0.48fromtbevalueckrivalfromthe 
extrapolation of the correlation of the basiiity of tbe 
pyridiis with the values of log K,. for systems in 
which M) steric hindrance is present. Tbe observed effect 
was a decrease of 0.55 * 0.M in tbe value of log K.. 

Predictably, the steric e&t of the a-faGbutyl qot!ps 
onthepylTokriagupontlleformationofthesssocMm 
compkxes with the pyridhes was considerably & 

than that of the o-methyl groups. Comparison of the 
data for he pymJk:pylidine and ZJdi-le?T- 
butylpyrrok:pyridiae systems indkate that the SteXic 
effect of tbe rcrt-butyl groups reduces the log I. by 
co. 0.66. 

The general similarity of the steric effects for tbe &ee 
systems, as illustmted ia tbe figure, suggests that the 
form of tbe H-bonded compkxes between each of the 
three pyrroks with the pyridines is similsr and, on the 
reasonable assumption that, io the absence of any steric 
hinhuce, tbe pyrrok:pyridiae compkx essentially in. 
volves NH-N bonding, there appears to be little evi- 
dence that NH-a bonding is important in the formation 
of the compkxes. The cakulated additive effect of the 
steric hdrance between a-taf-butyl groups on the pyr- 
rok ring and a-methyl groups on tbe pyridhe ring, 
AloeL.= -0.95, lies outside the experimental error 
of tbeobserveddecrWJeof 1.35*0.02,derivedfromtbe 
extrapolated graph. However, the observed steric effect 
of the &Sbutyl groups is more cuosistent with tbe 
predominant formation of NH-N bonded complexes 
than wi& NH-z compkx formation. This postulate is 
supported by the uNH frequency shift data. In each of 
the three systems, the frequency shift for the NH 
stretching vihathl upon the formatioo of the associa- 
tioncompkxincreaseslinearlywithtbeincreaseinthe 
basic&y of the pyridhes oad, altbougb the strength of tbe 
NH-N bond was weaker for the 2,5di-tnlhtylpyrrok 
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cmplexcs, the frequency dHerence between the bodui 
and noa-honded vNH absorption bath was always 
c4uuddcrahly gcatcr than that for systems which are 
known to iovolve only NH-s bonding (30-100 cm-‘). 

-AL 

Commercial sampkr of p)lrrok, pyridhe, 4-matbytpyridinc, 
2,6dimethylpyridinc ti 2,4&1imcthytpyridinc were dried by 
stalhrd pmcedues and diatiual immhtdy before use. 25. 
Dimcthylpyrrok was prepared by tbc mctbod dcaaii in tbc 
lit.” and had b.p. S4-T/1Omm (lhM 51-5T/E mm). 

2,5-LX-teebutyipymk l-Bromo-3,3dim&ylb2~ne” 
(2.26) md tripbcnyiphoqhioe (3.66) in bc~~ne (lOOmI) wan 
allowed to Atari at room temperature for 3 days. Tbc crude 
phO4hhmUtt(3_6&54%)~CdkCtOd,wllbedwithben- 
zenc (2x 1Oml). alId dis3dvcd in water (2OOml). Aquwus 
N~(1O%)wasaddeduntiltbcpHoft!1~sofuthwaacu8.0 
dtbCpRCipiipbO9~~cOlkCtL?d,wuhedWittl 

water(2x25ml),andrccryatani8edfromaqW0u!3etbandtogive 
cz~YipropioaYi)metbY-YiPboa~, (1.65 & 
57%) m.p. 1833-W @ou~&C. 78.9; H,bL C&&P r&r&: 
C. 80.0: If. 6.9%). The eboadxsauc (2.7~) and 3.3-d&thvl- 
butall-lj& (6.89p) J b&m (2ciml)-werc l&cd In&r 
r&x for 10 IL Tbc advent was removed n&r raluced prcasurc 
and the crude product exhcted with diethyl CtlWr QX2Oml). 
Evaporation of the cthr extracta gave a sdid, which was 
rccrystaUisaJ from ethanol to rive 22,7,7-tetramcthybcWen- 
3,6dioac (1.09~ 73.5961: m.p. IloD (lit.‘* q .p. 1119. Rcduchon of 
the octenedior~ with ziac dust in acetic acid” PDVC 2.2.7.7- 
Wrametbyloctan-3. (7996) b.p. 116117’/5n& (tit.’ b.p. 
106-lOT/lO mm), wbich;on being heated with ammonium acetate 
in glacial fetic acid pve 2$dLtrrt&utylpyrrok (60%). m.p. 
31.5-3250 (lit.” m.p. 32-339. 

Physical mmsnrRmeNtr 
The intc~s of tbc non&&cd pNIi absorptioa band were 

measnredforcaJx1o-‘MsdutionsofthepyrrdesinCC~in 
the presence of tlK appropriate pyhdiaes (0.L2.oM) Ilain 
matdtcd 3mm NaCl ails and a Perkin-Elmer 12.5 infrared 
spectrometer. Precaliin of the cdls rhved a linear cor- 
rdatioooftbeconcentrationoftbepyrrdaovaarangelO+to 
J x lo-’ M with tbc apparent intcoaity (peak bight) of the vNH 
almorption band. 
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