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KBNATICQ OF RmYLPYRIDlmJMc?mRatFFmM5-AMLImo- 

N-P~~NYTF~,~-WF~DP~NIMINIW~~BI~~RZIE IBAcH)IC EtDU 

Lll10t 1. Mrvell, Thas8 Ii. Ll and Chaughlk 

mpwtmentofcheml6tq,oregal stateunlm8lty 

c-8, Qclm 97331 

wince t&e dirmveryby Zinckelofthc rinpOpm.hgreactlam8 ofE(2,4-dinitr0phenyl)- 

~ldlnium iOn by nUdlcOphil+8 and tk 8UbrqWlt rbl&$ f-tion8 - ttr W@OlyWEI, 

-8-z reactionrr have been widely emplOyed In 83mt.r1eri8.~ IXlhi.8 Ch881C 8thdyzinCh 

found that 5-ani~o-N-phcnyl-2,4-~~icaylldcnirlnl~ cbl~ridc (5) f0rn8 Il-phenyl- 

pyAdi.nlrra chloride (2) and anlkbe in both acidic and ba8iC SOlUtiOn. kkhr we 
N 

8QoKd that the ring ~lO8urt in ba8iC mcdlum 18 an l h&myClic re8CtiOn. 3 Hcrenwi8h 

to preeent some data which limit the BwEaai8tic pOssibilitie6 f0r the acid-catalyzed 

ring c&sure reaction of 1. 
N 

Inmctbmol8l0ne or vlthaddedtrlethylamine the irce baw f0rm(lmlnu8 QIV praton) 
cy 

18 ttle SOh' reactive entlty.3 AL? the acidity of the 8OhatiOn is lncr+a8ed (added nydro- 

cbl0ric acid) the rate 18 first deple88ed, pa88e6 through a minimum and t&en increa8es. 
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The results confirm the acid catalysed process, but no evidence MIcatinS direct, uncata- 

lyxeti reaction oflwas uncovered. RoKver methanol proved an Inconvenient solvent for N 

studies at high acid concentrations, and further kinetic study vas carried out in 

anhydrous acetic acid (recrysta3llsed to m.p. 16.6.). AnEydrous sulfuric acid (m.p. 10.4') 

was used as catalyst and rates were foU_d by disappearance of the intense visible band 

at 48Onm. Inany glwn runtte rate is clearly first order to atleasttwo half-lives, 

'pable 1. Rates of Ring Closure of Lln RCAc/&SQ at 40' 

k%](M) 

0.00534 

0.0534 

0.107 

0.267 

k(sec.-') 

2.47 x lO'5 

5.75 x 1o-6 

2.37 x id5 

6.23 x 10’~ 

1.01 x 10 -4 

and tk rate constants are given in Table 1. Not unexpectedly ths relation betwsen kl 

and the concentration of sulfuric acid is not linear. Cnthe otlrcr hsnd a plot of log 

kl ye lio4 is roughly linear with a slope of -0.62. while this would notnecessarilybe 

expected since we are dealing Pritha cationic base,agmrallelbetueen~and H+is 

of%% observed. 5 

Study of aqueous sulfuric acid solutions of? at concentrations of acid up to 65% 

using uv-visible spectroscopy produced no evidence for a doubly charged species. lhe 

nm spectrum of $ in Is&W-da is comprised of a triplet at 6.54 (2E+) J = 12 Hz, a 

multiplet at 7.40 (2H, @i 8 on Ph), a pair of sharp peaks at 7.53 (B&o- and m-R's 

on Ph), a triplet at 7.95 (Ii,) J = I2 Hz, and a doublet at 8.67 (2 Ha) J = I2 Hz. 

!che COUwgS am nOrmal for the all tram confignv3tlon. 
6 

Addition of trifluoroacetic 

acid (TFA) converts the doublet at 8.67 to a trlplkt, and the RR protons appear as a 
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broad doubletat ca. 12.1ppm. Againnocvidcnce for the presence ofmeaaureable 

amounts ofadicationlc specieswas found. 

In DMSO-de 1 reacts to form 2 and aniline at a moderate rate, k (40.) = 2.31~ 

10-4 sec.-l , and the rate is markedly depressed by added WA, k (40*)-4 x 10B6 sec.-l 

~WJIU 0.3 - 2.0 M TFA. Iu 20$ TFA-dl/DMSO-de at 24. the two Hb protons undergo exchange 

withk- 1.5 x 10-5 sec.-l, while in TF'A-dl the exchauge rate is too rapid to measure 

comentionally at 0'. 

The mar spectrum of 2 In DMSO-da shows a triplet at 8.44 (II= + X5), a triplet at 

8.90 (Q), and a doublet at 9.46 (Hs + He). The 2 recovered from ring closure of 1 in 

DOAc&SO~ shows only two singlets at 8.90 and 9.46. Deuterium is incorporsted at Cs 

tmd C5 of 2, but no other carbon-bound deuteriuu is found In either product. Unfortu- 

nately the rapid prior exchauge of the Fib protons of 1, renders this lnfornmtion mechan- 

istically irrelevant. However measurement of the rate of reaction of b in DOAc~eSO, 

at sewral acid concentrations gave k#ch = 2.4. This value is close to the rcaximum 

solvent isotope effect for an acid catalyzed reaction in acetic acid (2.3) calculated 

by the fxactiohation factor method.7 The result Is in accord with a mechanism iuvulving 

a prior acid-base equll~briuu followed by a rate deteruihlug reaction of the protonated 

substrate, in which no exchaugeable proton cau be removed. 
8 

These data are in accord with two mechauisms. 

1 rds 
An + 2 
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An+2 
N 

peotoaaa aarcmbon. Dlrectringcloaure of~domnot occur,appmxtlybecause of 

t&? lwsoamnoa atkbillratiraa. Thu6 the iunctionofthe acid catd...t is to reduce that 

abbllimtial. 
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