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Numerous attempts have been made over the past SO 
yearstocorrelatcrwctionntteswithcertainpropertic!s 
of the s0lvents used. These attempm have met with 
varying degrees 0f success, Lnlt unfortllMtiy Do siq& 
ppprorb seems to have universal application. Excelknt 
reviews’4 have appear4 recently in which the dilRc& 
ties of such CorrMions are discua!kd in detail. In 
general, wfkre reacti0ns inv0lve xtme d”p” of charge 
separation in the tmn&ion state, the Y, 2,’ ET’ and 
KirhwaRf solvent 8aks have been found to be 
apposite for rate ccerekti0ns. whereas the 8 (0r b’)“‘O 
scak ba!Xd on the cohesive energy density of the solvent 
has been shown to corretate fairly well in reactions 
involving littk change in polarity. The present paper is 
umcemed with solvent et?ects on the react&I of anth- 
scene with tetmcyanoethykne (TCNE) and is an attempt 
t0 separate the s0lvatkn &cts on the initial state, 
iaternkdiate c0mpkx and transition state. 

Change of s0lvent in Diels-Alder reactions causes 
corrcspottdingiy small variations in reaction mte. a fact 
which has kd to the c0nchrsions that the transition state 
involves lit& charge sepa&on and that the addition 
occraJbyacooc&uimecha&m. 

7lNlSOlbCWOUkfMtiCiptCgOOd-bCtWCCll 

ioerc,,(orAG~liadeithtr6orb’in~with 
regular tdution theory,’ It., and AG,‘, being the 
0bservod second order rate c0nstants and free energy of 
activation respectively. Eckert has reportal such cor- 
relations in reactions of makic anhydride with I.5 
but&kne” and with is0prene.” the dime&&on of 
cyekpentsdkm,” and the addition of acryknitlifc to 
isoprene.” Ia each case however the correlation was 
only fair, with dipokr aprotk solvents such as 
nitromc&anelyingwelloffthelines.Forerumpkinthe 
makic anhydridelisoprene reaction a carelab;on 
coe5cknt of 0.91 is o&a&d for a plot of AX, against 
6’ omitting the datlim point for s&eat nitrumethane. 
ComSpoadingpktSuSingtheErandKirlrWoodSCakS 

show almost a compktdy rand0m scatter. Brown and 
Cookson” have repotted activation paramefen for the 
reaction of anthmcene and XNE in sixteen different 
&vents and showed that tfkre is littk if any comlation 
with tD - 1/2D+ I). 

We have piotted their data for anthraceoe (AG:, vs 
63 and found that there is a fwwmabk cxxrdah for 
aromatic solvents but c0nsiderabk scatter for polar 
sdvents. The slope of the c0mlation for aroma& 
solvents is very similar to those found for bicycle 
heptsdkne/TCNE and 9.10 dimethylanthmcenelTCNE 
additions.” However a detaikd txaminmtkn of Brown 
and Cookson’s data reveals a number of serious in- 
consistaIcies which unfortunately undermine c0nMenct 
in such c0rreiations. ‘I&e data of Kisekv and Milk8 are 
rather more consistent, alt&ugh even here there are 
quite wide variations in the reported rate constants with 
consequent tmcert&ties in the values of AH& and 
AS:, due mainly to the extremely rapid reactions in- 
voked. Pkts of AG.‘, and AH:., vs 8’ are reasonably 
linear provided not too great a nutp of solvent polarity 
is used fF& 1). The only dip0kr aprotic sdvent 
employed was accte and this falls well outside the 
comlation line. The c~sponding plots against E, 
show no apparent wr&abon. The data for the pkts 
appears in Tabk 1. The cormponding comktion of 
kst, vs 8’ is however extremely poor for the 
add&l of fugue to ~~~y~~~.“ 

The tatter data also gave a fairiy p0or comlatian with 
the solvent parameter Q devised by Benocl d ol.” from 
en&e10 product ratios in Diels-Alder reactions. Un- 
fortunatdy volubility factors have limited this scak to 
the dipokr protic and aprotk sdvents. In view Of the 
above anomalies it was decided to examine in &tail 
grouti state and transition state solvent effecta in a 
limited range of sdvents of rimikr structure (CCL. 
CHCI,. CH&). There is rmw convincing evidence that 
charge transfer compkxes are intermediates in Diels- 
Alder addition reactions.“~” Consequently. any detailed 
study of solvent effects should incltbde effects on these 
compkxes. We have evaluated the thermodynamic 
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T&& 1. Carshtioar of free awrgy (At& kc4 US’)’ md 
atbdpy of mivatioz~ (AH& kcd mot-‘) &JI sobaft 
purmstatb’~cdml-‘~~fz,(Lalsd-‘)forbwdditiDllof 
TCNE to 9,lodhwtbyha~. (DM fmm R&r. I d IS') 

folvrnt be bfItp 6' 

1 a8nrrn 12.2 1.73 64.6 34.5 

2 Tolwm 12.7 2.85 79.2 33.9 

3 o-xylrm 13.3 4.33 77.4 * 

4 ChCl: 10.4 -1.79 94.0 41.1 

5 cm,4 10.1 -2.74 86.5 39.1 

6 W,C~h4 10.4 -1.68 90.2 41.9 

7)cu( Il.0 -1.19 136.9 46.0 

8 - rnr4pa vrlws 

Trblc2.f!quiumm, K: (I mot-‘) d thmdymh puaawtm (A@, r5H: kc.4 md-‘, 6s: 4 
de@-’ ad-q for coqdex fomdinl bewea admczaeaodTCNEinCCl,,CHCl,mdCH~ 

solnnt K,(tS') -A$ -bu; -6%. 

cur 3.11 0.67 tt 0.05 3.20 * 0.4 8.6 : 1.2 

Q(Cl9 1.73 0.32 r 0.06 2.70 r 0.3 8.0 : 0.8 

awl. 1.02 0.11 f 0.06 2.70 : 0.3 8.7 i 0.8 
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Tabtc 3. Aetintioa PUWCWI* (AG&A+!xahnd-‘; A!S&ddq-‘mot-‘) fm TCNE dditim to lathant 
dalvawa i CCL CH+3,. CHCI, 

I REACTION 

+ 
AnthrJcenc i4W) 

CCI, 

cwl, 

MI, 

9-lri~thyl~ilyl-~ 

ccl. 

CH,Cl. 

CN.1, 

9-Eirm-Am 

co. 

WCl? 

ml1 
L 

6,38 r 0.01 

4.91 : 0.23 

4.43 : 0.16 

5.11 t 0.04 

3.52 t 0.11 

2.99 ? 0.02 

7.78 t 0.42 

6.35 : 0.12 

6.23 ? 0.32 

-36.9 t 0.1 

-39.2 f 0.8 

-40.4 f 0.5 

-39.8 10.1 

-41.3 ? 0.4 

-42.7 t 0.08 

-35.4 i 1.4 

-36.0 t 0.4 

-37.8 : 1.1 

4, 

17.4 r 0.04 

16.6 t 0.23 

16.5 : 0.16 

16.7 t 0.04 

15.8 * 0.11 

15.7 I n 02 

18.3 * 0.42 

17.7 * 0.12 

17.5 * 0.33 

l CJICUlJtJd JC 25.0.c 

lsb&4.TbmnodynMlic~ (AC. AH:kcalmd-‘; ~cddq-‘lawI-‘) d sdwti~ d ahscene awl 
TCNE in sotva~ts CC& CHCt, and CH$t, 

THEmvNMlC PAaAlETER 

An;* 

bs; 

60; l 

l CJiCUlJtcd Jt 25'C 

MTHRACENE TC# 

cct. CH*Cl* Cticl f 

6.47 t 0.26 6.52 : 0.34 - 

16.2 t 0.8 18.4 t 1.1 - 

1.64 t 0.26 1.03 : 0.34 - 

CU. WC1 a MI; 

12.0 r 0.5 8.20 I 0.49 9.53 t 0.30 

28.4 t 1.6 23.2 : 1.5 24.2 t 1.0 

3.MtO.5' 1.28 i 0.49 2.31 t D.30 

PJmcor b f WJctJntr J caplea trwsitior state 

ml, CM&l* cm, cw1a cm, &Cl, 

% -2.5 -3.8 -2.0 -3.3 -4.4 -5.1 

-1Ast 41.0 +0+9 4.8 6.9 l 2.0 41.6 

6% -1.6 -2.9 -1.2 -2.4 -2.3 -3.t 

J - VJ~IMJ of 60; (WI~~+JCW) etc. for CKl, wre trlun JS th l *ragl 

Of thOM VJlUJS for CM&l, Jti CH(;l,. 

b - nrprtiw 8i9n IqblrS 9rrJtw Stdbfltty with WS#Et to Ccl.. 

. - . _ . . . . . . 
‘(2) AGc' - W&r - as’- VT&%. - &t? (31 

m Vol.I.)(o.IJ-D 



IO’IAnHl WI 1 3 ? 10 12 

As*. 0.003 0.280 0.689 0.660 0.1040 

lo'[rac](n) 1 2 - 3 4 6 6 7 

krr 0.095 0.136 0.164 0.262 0.287 0.346 0,402 

TrlJe 7. SdMitb, C (adi-‘) d wiuamu ~~E~~~~~H~,~CH~~~ 

kWWM.*fW 

T 27.0 32.6 34.8 1.4 41.2 45.1 62.8 66.9 62.4 
ccl. 

10 c 0.71 0.81 0.66 0.93 1.06 1.23 1.53 1.75 2.22 

1 26.5 27.7 29.6 30.6 32.9 34.0 35.7 37.1 
C&Cl, 

10 c 1.a 1.96 2.06 2.09 2.25 2.40 2.60 2.69 

TCNC - 

1 34.8 38.2 41.1 44.4 46.3 60.6 51.0 
Ccl, 

10'C 0.43 0.44 0.90 0.97 0.89 1.25 1.22 

1 29.8 30.6 34.1 34.8 38.8 45.3 60.4 60.9 
=1t 

iO*C 2.6 2.6 3.3 3.4 4-4 6.5 7.1 7.6 

1 26.5 27.7 29.E 30.6 32.9 34.0 35.7 
WCl* 

C 0.120 0.133 0.138 0.145 0.164 0.171 0.188 
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