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:ie have shown (1) that tile urethme group can be a 

very powerful internal nucleop5le in ths presence of base, 

leadinG to what we have celled (1) X--5 rirq closures. 

Y;e now report the response of such closures to scbstituent 

v:.rintion, usin: f-chlorcetL-l-l. -nr;~rli;rcthX~es (Ij SS 

substrates, md also reyort tl;c response to tke substituent 

variation, of' urothsno O-5 closmes, t?Ls ti:ne osini_ 
B- 

bromo- 

ethyl-:T-cr-,l~lret!lanes as substrates -the \r_riatlon in leov- 

ing grou:, bctceen the system used 

t;-_e O-5 clo::twas being dictated by 

with re,znrd to rc.te n!ecswer. ects. 

to es;.lore the 11-F: and 

ox$ri,;_or,tal convenience 

Tajble i slmxarizes t:;e behaviour 02 tke agprc?riately 

suhstltL!ted :: rethzne under O-5 closure conditions. 

Th.e re:.ction concerned is as follocs. 
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Table I 

Rates of cyclization of g-bromoethyl-X-(p-substituted-phenylf 
urethanes in FO$ aqueous ethanol 

X (in I) 10% ,sec.'l 
(SO&) 

104kl,sec.-1, 

(75OC) 

AI? 
I kc al./ 
mole) 

AS” 
e.u. 

________________~____~~~__~~~~~~~~~~~~~~~~~~~~~~_~~~~~~~~~~ 

OCZH, 3.70 4.59 21.7 -1l.E 

CE 3 3.51 4.56 "2.3 -10.2 

Ii 2.52 3.32 22.4 -1C.4 

Cl 1.61 2.16 22.6 -10.7 

h-icz 0.40 0.62 23.r - 5.7 

These data correspond to a iiammett <of -G.CF,the 
Pot 

being given a least 

s = O.W. 

squares fit, with ? = -.992, and 

Ye have prepared the arylixinodioxolanes (II) by 

another route (2) ah-! Pave shc::~n CL2.t they, as well as 

ethylene carbonate, decor;:ose under the solvolpsis con- 

ditions -the Por:;er cor::lounds yieldin; the correspondin& 

arylnmine, and ethylene carbonate, whic:^i in turn :iields 

ethylene ;lycol. .‘:c have also extablishcd that the nrod!lcts 

formed by E--5 closure, i.e. the S-aryloxazolidones (III) 

do not decoz:ose under t:le solvolysis conditions. .;e have 

obtained suantitntive yields of the aryln: ines from the 

solvolyses of co.-.~:ounds 0:' ty?e I ar,d have ths established 

the O-5 ;;attern o_" closilrc. The entropies oL activation 

( v&i le cssenticillp constant, mean -1.G.5 2 C.5, as be:ittlnt 

a reaction series nit? ti-_e substltuent variation so rc:qotc 
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from tte reaction site) are substantially negative snd thus 

correspond to the mechanism we su.gEest. (Z) 

The reactions in ethanol, in the presence of ethoxide 

ion, follow 3 different pattern, the productu bein_r K-arglox- 

nzolidones (4). Table 2 smmarizes the rate data obtsined 

iu the I!- -5 closuras. 
0 
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zto- 0 

I- x-i Q 
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3toE 

-f!-C-CCi:aCI:a,Cl _ X 1 1 $, , Q (III) 
&e -CI-;s 

Table 2 

Bates of 8’ -5 closures with Substituted Urethanochlorides (I) 

____________________~~~~~~~~~ 
104!I(G~C) 

____________________~~~~~~~~~~ 

x -- 
~O'iZ(ZS'C) 

-- 
l.iXhlc3’1sec.-1 l.mole'lsec.-l 

&&r:.ole 
AS* 

(e.u) 

____________________~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

XC a 252 123 25.1 +lC.O 

Cl 25.2 15.1 25." +24.5 

fQ F.14 4.57. 25.4 c20.7 

CH, 5.37 5.09 25.7 l 20.0 

5C, .s F 4.14 2.55 25 5 . +19.4 

______________~_____~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

These data ahen plotted (using; a least squares treatment) 

shm a 0: Q ’ +1.'2 I ?c = C.GOC, s = 0.E). These base 

kdueed ranctions follow 3 second-order rate qcntion un- 

like the reactions or tke suli?honzido hali~os reportst Sg 

53. recently (6). 
Ti1e e. 

vnlucs for the two neiGhbouri% 
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groups differ in sign and the L%*data are appreciably more 

positive in the present case. 

The prediction (6) that the preser.ce of base would 

increase the neighbourlng group potencies of certain 

complex groups has been amply confirmed (7). Our data now 

permit the division of such groups as show this base-induced 

potentiation into two classes; (the categories referring to 

reactions in the presence of base): the first, groups 

whose acidities are many orders of magnitude Greater than 

the solvents employed in their study (e.E. the sul?honaTido 

(5) and phenol (P) groups; for such c;roups, 
P 

will be 

negative, AS* close to zero (or negative (9) ) and the kine- 

tic pattern first-order. The second (and perhaps more 

general class) involves such groups as the arglemido, 

ureido and urethano'wherein the behaviour will be that 

discussed here (as exemplified with the urethano ,-rcup), 

and where, for the reactions studied, e will be positive, 

&markedly positive and the rate-dependence second-order. 

This work was carried out during the tenure by one of 

the authors (S.P.i:.) of a itate Kaintencnce ..llovr,nce for 
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See Scott, C-lick and Winstein (loc.cit.) and pertin- 
ent references therein. 

R. Baird and S.*iinstein, J.Amer.Chem.Soc. A4, 788 (1962). - 
One can calculate the thermodynamic data involved in the 
cyclization of 4-p-hydroxyphenyl-lbutyl-p-bromobenzene 
sulphonate in t-butyl alcohol in the presence of potassium 
t-butoxide from the kinetic data reported by Baird 
and 3insteln, loc.cit. The*thermodynamic data are 
EI~d18~;~kc~;;.lpe; yle, AH l&.3 kilocals. per mole 
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