
EXCHANGE REACTIONS OF ALICYCLIC IODIDES 
WITH SODIUM IODIDE1 

Abstract 
The activation energies for the exchange reactions bctwcen sotliurn iodide ant1 

cyclopentyl, cycloheptyl, c)~cloiict)~l, cyclopentaclecyl, and 2-heptyl iodides nrerc 
all in  the range 21 + 1 Iccal. per mole. For cyclohesyl iodide the value was 
25.6 1;cal. per mole. This differelice seenis to Ile esplai~ietl frorii a colisitleration 
ol the initial potential energies of the \.arious rings. An inverse relation appears 

to  exist bet\veen log PZ a~icl' , tlie rcciprocal of the 1lun1l)er of carbon atoms In the 
1Y 

iodides investicated, for all the iodides eycept cyclopentyl iodide. Thib migllt 1)e 
due to a change ill the number of equix alent cor~stellatio~is ill the activated state. 

Introduction 

Several studies with substituted alicyclic conlpo~~ncls (4-6, 8-11], in par- 
ticular those involving n~~cleopliilic substi tutio~l I-eaclions of alic~!clic Ilalides 
(2, 12), 1ia1.e tlemonstratecl an  aplxtrentl~.  anomalous bc11avio1- of c)~clohexyl 
derivatives. With a \.iew t o  obtaining more infol-mat-ion a b o ~ t t  such s).stems, 
t h e  tJrpe of reactioil iil\rol~ed has  been inacle a s  simple as  possible in the prrsent 
investigation, by  studying the exchange reaction bet\veen iodide ion ancl ali- 
cyclic iodides. 'The exchange of iodicle ion with 2-heptyl iodicle was also studiecl 
for purposes of conlparisoi~, since eschange occul-s a t  a seconcl;u-y carbon a tom 
in this co~l~pounrl ,  as  in alicyclic iodides. 

Experimental and Results 
Iiadioactive iodine, I'", ivas obtained from the National Research Council, 

Atomic Energy Project, Chalk River, Ontario, as  carrier-free S O C ~ ~ L I I T ~  ioclide. 

Sodiunl iodidr (31erclc Reagent grade) clried for se\-era1 clays a t  llO°C. \\-as 
used a s  diluent. 

Absolute ethanol \\,as used a s  solvent. 

The a l i c ~ r l i c  iodides \\rere all prepal-ed by treating the  co:-responding alcollol 
\\lit11 5$y0 liydl-iotlic acid. 

Cyclopentanol, c~~cloliesanol,  and 2-l~eptanol \irere ol7tained comnlel-cially 
(Eastman liotlali). C~~c lohep tano l  was prepared by c~,c-lizi~lg su1:eric acid 
(City Chen~ical  Company, New York) t o  cycloheptano~le (13), follon-ed by  
reduction of the  Icetone with aluminum isoproposide and isopl-opyl alcohol. 
Cyclooctanol ancl cyclopentaclecanol were also obtained in a similar nlannes by 
reduction of the  corresponding Icetones.* 

~lla~rz~scripl  recciacd i l r  origi7lnl for111 Jz~r7c 30, 1950, mid, as rcaispd, Fcbrrrnry 27, 1951. 
Co?rtribzrtin?r fro~rr lhc Cl~errristry Ln[~orutories, ilfcGill lI?l,izarsi!y, i.uilh finc~ncic~l assistclnce 

froirl il~e Nntio?rnl Rrsearcl~ C O I L ~ I C Z ~  n/ Cn?~adn. * 1,if~ are irrctc>bted to tlie L'71loc.rsily Chcnricnl Lrrboratory, C[~rrtbridge, E?~g/und, nxd to 
F'irrrre7r.icl1. (211d Corr~pnny, Ge?rcan, &i~ilscr/nnd,for g$ts o j  the cyclooctn~loizc n7id cyclope7rtndccanonc 
!"c~c~/tonc") respect,ilely. C
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The eschange reactions were followed 1117 ~~~~~~~~~awing samples froni ap-  
propriate thermostats a t  suitable time intervals, ancl separating the organic 
and inorganic iodides by benzene-water estraction. Silver ioclitle was precil~i- 
tatecl from each fraction b ~ r  the addition of alcol~olic silver nitrate. Tlie pre- 
cipitate was \vashecl lvith methanol to  remove benzene, heatecl on a steam bath 
with collcelltrated nitric acid until bronrn fumes appeared, nrasllecl again twice 
with water ancl twice wit11 methanol, and slurried in dry methanol. A sample 
of the slurrj-, contained \vitliin a glass ring, was evaporated on a glass plate 
ancl the rate of eschnnge determined from the change in specific activity, using 
standard counting equipment. 

Two series of esperinlents wel-e made \vith each alicyclic iodide, except 
cyclooct~~l ioclide, which was available in amount suflicieilt only for one limited 
series of esperiments. The order of the 1-eaction n.as deternlined for each 
coinpound 115' varying the  initial concentrations, and the activation energy 
cleterminecl for a range of temperatnre of 20"-30°C. 

The  reactions were all found to  conform satisfactorily to  second order he- 
havior. There was sollle cliscl-epancy, for which no satisfactorlr explanation 
can be given, 11et~veen the  1-alues of the  seco~~cl  order rate constants a t  a givcll 
teinlIerature in the  two sei-ies of react-ions with a given organic iodide. I-Iow- 
evel-, the  activation energies obtained for t h e  tn:o SCI-ies agreed xvithi~l 400 cal. 
per mole, escept nlith cyclopentyl iodide nlhel-e t h e  two values difierecl h). 800 
cal. per mole. 'The acti~ration energy lines for one series of experiments with 
each com~~ouncl (except cyclooctyl iodide) are show11 in Fig. 1. 

IODIDE 

0 CYCLOHEXYL 
@ CYCLOPENTYl  
a CYCLOHCPTY L 
A CYCLOPENTADECYL 
0 2 - H E P T Y L  

FIG. 1. Typ ica l  : l rr l~el~ir is  lines. 

The  da ta  give11 in 'l'ables 1 ancl 11 are  typical of the results ol~tainecl in the  
study as a n.hole. For calculation of activation energies, the value of k used 
a t  each temperature was the average of the inclividual values, ~ l sua l l l~  a t  least 
four, for different reaction times. 

In Table 111 are sumnlarized the results for the various reactions studied. 
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'TABLE I 

TIIE EXCHANGE OF CYCLOIIEZYL IODIDE WITII SODIUBI IODIDE 
Concentration: RI, 0.30 A l . ;  NaI, 0.30 311 

Temp., Rcnctioi~ time, Cj ,  Exchange k(cc. -mole-I -set.-1) 
"C. n i ~ n .  X lo2 

TABLE I1 

THE EXCHANGE OF CYCLOPENTYL IODIDE WITH SODIUBI IODIDE 
IN ETHANOL SOLUTION 

Series il 

Temp., 
"C. 

Series B 

Reactant 
concentration 

(molarity) 

RI  1 NaI 

Maximur.1 
exchange, 

76 
k(cc.-lnole-,-sec-l) 

( X  lo2) 
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TABLE I11 

S U ~ ~ M A R Y  or: RESULTS FOIL THC E ~ C I I A N G E  
REACTIONS BET\VEES ,ZLICYCLIC IODIDES AND 

SODIUhf IODIDE 1Pj DTIIANOL SOLUTION 

l icycl ic  iodide I i ( a t  25.C) X LC 
1 cc. -111ole-' -set.-I* 

log I'Z*" 

* Calcztlated frortt 12 = PZ e-EIRT, r~si7t:: the val~res recorded for E ortd lox I'Z. ** Each val.~re recorded is tltc auerugc of t l ~ e  two vrrlzrcs obtai~ted for series i1 and series B 
ezperi?r~e?tts (except for cyclooctyl iodide, where only  o m  l in~i ted series of exper i~~ tor t s  rvas possible). 
The probable crrnr i ? ~  tltc average valz~es i s  opprorinzately 37;. 

Discussion 

T h e  apparently anomalous behavior of a cyclol~exyl derivative, referred to 
previously, appears to be confirmed in the present study. The  considerably 
lower rate of exchange of cyclohexyl iodide is here accompanied by energy of 
activation and e n a o p y  of act,ivation (log P Z )  terms \vhich differ considerably 
from those for the other co~npounds investigated. 

Cyclopentyl iodide 
Cyclohexyl iodide 
Cycloheptyl iodide 
Cyclooctyl iodide 
Cyclopentadecyi iodide 
2-I-Ieptyl iotlide 

There seems no good reason to  believe tha t  the carbon-iodine bond strength 
in cyclohexyl iodide is substantially greater than in the other alicyclic iodides. 
Pre,sumably, then, the higher activation energy for the  cyclohexyl iodide 
exchange is associated n ~ i t h  the  process of rendering coplanar the  atoms a t  the 
site of reaction, p l i o ~  to  exchange and subsequent inversion. If i t  is assumed 
tha t  the  height of the  energy barrier to  be surn~ounted during exchange remains 
unaltered from member to member in the series, the greater activation energy 
may be attributed to  thc lol\~cl- potential energy of the cl-clohex!, 1 ring initially 
1 7). The  present results indicate that  the  extent of this stabilization of the 
cyclohexyl ring is about 4 kcal. 

0.88 
0.0084 
1.2 
0.28 
0.090 
0.77 

T h e  larger entropy term for the c y c l o l ~ e ~ y l  iodide eschange, compared with 
t h e  values of log PZ for the other exchange reactions, is probably not anoma- 
lous. This is indicated by a plot of log PZ  against the reciprocal of the  number 
of carbon atoms in t h e  organic iodide undergoing reaction, as  in Fig 2. T h e  
figure includes results for the  analogous exchange reaction with an1~7l iodide in 
etllanol (3). In  the  figure, a straight line has been drawn through the  points 
bu t  i t  is probable tha t  the range of valucs involved represents the mid-portion 

1 
of a sigmoid relation which rises I-apidlq- as - approaches zero and drops rapidly 

N 
1 

t o  a constant value oi about 16 for small values of - (3). Greater accuracy than 
N 

t h a t  attained in the present ~vorlr would be necessary t o  define the exact form 
of the  relation. 
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8 A L l C Y C L l C  I O D I D E S  
0 2-HEPTYL IODIDE 
0 A M Y L  I O D I D E  ( M C K A Y )  

0.25 
1 1.00 13.00 15.00 I 7.00 

LOG P Z  

FIG. 2. I7~ncrse rclotion bc lq~cc7~ i l i ln~bcr  of carho71 c ~ l o ~ i i s  a,td log I'Z. 

T h e  inverse relatio~l between log PZ and the number of carbon atolns in the 
organic iodide may be accounted for if the entropy change nssociatecl nritli 
activation reflects a change in the  number of equivalent constellations (1, 7 ) ,  
and this change has proportionately less effect a s  the number of possible 
equivalent constellations increnscs with increased ring size. T h e  failure of 
cyclope~ltyl iodide to  confornl t o  the  relation in Fig. 2 might he expected, since 
tlie cyclopei~tyl 1-iiig is approxinlately planar in the initial s t a t e  (Fisher- 
Hirschfelder model) and relatively little change ill i t  should occur a s  the atonls 
a t  the site of reactioil are renclererl coplanar during activation prior t o  exchange. 
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