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Isomerization of benzhydryl thiocyanates has recently 

been shown to occur by way of an ionization process.'.However, 

isotopic exchange experiments have shown that, to obtain iso- 

merization, ionization is not required to reach the stage of 

free carbonium ions.' A less advanced stage of ionization 

appears to suffice and an "internal" ion-pair 3 has been 

suggested as the main intermediate 2 

R-SCN _ R+SCN- 

The recent resolution of 

in optically pure form and its 

-R-NCS [I 1 

p-chlorobenzhydryl thiocyanate 

correlation with the corre- 

sponding isothiocyanate, 
4 

has now permitted a study of the 

stereochemistry of isomerization. Some significant results 

x Supported by Consiglio Nszionale delle Ricerche, Rome. 
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of this study are reported here together with kinetic data on 

the racfmization and isotopic exchange reactions accompanying 

isomeriaation. 

k. 
FLSCN 1 R-NCS 

k 
(-)R-SCN rat - dl-R-SCN 

k 
R-SCN + %CN- + R-&N) + SCN- 

Table I 

Racemization and isomerization of p-chlorobenzhydryl 

thiocyanate in acetonitrile at 70' as a function of time. 

[R=S I a 
'RNCS 

b,c 
t (hr) Sd 

-JO 'RSCN 

4.5 0.325 0.64 0.43 0.52 

7.0 0.46 0.50 0.3R C.51 

9.0 0.545 0.41 0.37 0.53 

e 48 0.985 0.01 0.23 0.52f 

a) Optical purity of R-SCN relative to that of the starting 
material. 

b) Optical purity of R-KS formed up to time t relative to 
that of R-SCN at zero time. 

c) The relative configu?4a tion of R-NCS is the same as that 
of the parent R-SCN. 

d) Stereospecificity. For its definition, see helow. 
e) Calculated. 
f) Corrected for raceI_ization of the isothiocyanate. 
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As the data in Table I show, 

while it isomerizes. The specific 

thiocyanate racemizes 

rates for isomerization and 
-1 for racenization appear to be about equal : ki = 2.4x10W5sec , 

k rat = 2.7x1d5sec-'. The data show further that the optical 

purity of isothiocyanate, fiRr,CS, decreases with time. Two 

factors may concur to determine this time-dependence. These 
are: i) racemization of the isothiocyanate once formed; and 

ii) racemization of the unreacted thiocyanatc. 

The first of these factors appears to be of negligible 

importance, inasmuch as the first-order specrfic rate of race- 

mization of isothiocyanate has been found to be 

kRNCS = 4.8x10-7sec-', i.e. about 50 times smaller than rat 

either rscemizJiion or isocrerization of thiocyanate. 

Consequently the vxiaticn of FPNCs with time is essentially 

determined by racemization of unreacted thiocyanate.* 

Under these circumstances, FRNCS at a given time is a 

weighted average of the optical purity of the isothiocyanate 

formed up to that time (eq. f-21): 

PRSCN d [Ri’J= 1 

[RNCS] 

- ---_-- 

121 

w Only for ex,>erirrlcnts at very long times needs a correction 
to be ap+li.ed allowing fo: racemizdtion of isothiocysndte. 
This is the case for the 4%hours experiment reported in 
Table I. 
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where S is the stereospecificity of the isomerization reaction, 

defined ;s the optical purity of the isothiocyanate, PRKs, 

formed at any time t, relative to that of the parent thio- 

cyanate, P RSCN' at the same time: 

-k t 
Since ‘RSCN = e 

rat and [RNCS] = [RSCN],,(I - eekit) 

equation [2] may be readily integrated to give eq. [3]. 

k 
i 

k 
+ k [ , _ e-(krac+ ki)tj 

i; rat i 
3IK.S 

=s 
1 - e 

-kit [31 

which allows for the stereospecificity to be evaluated from 

k rat' ki and 'RNCS 
at any time. The values obtained are 

reported in the last column of Table I and their average 

results S = 0.52. This value implies that of one hundred 

isothiocy3nate molecules formed, 48 lose and 52 retain the 

configuration of the parent tkiocyanate. That the stereo- 

specificity is greater than zero confirms that isomerization 

occurs, a'c least in part, by way of a precursor of the free 

cxboniurn ion. 
2 

The :iicar.~~rc~mcnt of the rate of isotopic exch;rnge 

occurring in the presence of lit-eli?d ionic -tt!iccy:ncte 

::rovidrs ,ln upper limit of the rate of forrration of free 
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carbonium ions. In acetonitrile containing NaC104, the 

first-order rate of exchange, kex, has been found to follow 

an equation of the type: 

k ex = k, + k2[NaSCN] S 

where [NaSCN], is the molar stoichiometric concentration of 

the nucleophilic salt.5 
6 

In the absence of NaC104 a similar 

equation holds. 

From exchange data concerning variously E-substituted 
6a benzhydryl thiocyanates, k, for p-chlorobenzhydryl thiocyanate 

is estimated to be about 1.5x10-6sec -1 at 70' in acetonitrile. 

From this value the upper limit of racemization 

occurr-ing by way of free carbonium ions may be determined. 

This is given by: 

kl kS 
- l kS+ kN k rat 

Since for SCN- reacting with p-chlorobenzhydryl cation in 

acetonitrile ks/kN is of the order of 2, 7 the fraction appears 

to be only about 4%. Racemization then occurs for the 

greatest part, 96%, by'way of ion-pair intermediates. x 

K In this path the same individual groups originally present 
in the optically active substrate are present also in the 
rat mic material. A process such as this "in which a 
compound with a single asymmetric center racomizes without 
exchan<:ing any of the groups attached to the asymmetric 
center with potential external sources of such grou 

E 
5" has 

bef:n tr-rmed "isoraccmization" by Cram and Gosser. The 
term "ipror~ccll;iz~tion" seems to us a ber.ter choice for 
t.he infornztion it. seeks to convey is that the four group:: 
involved are the same individual groups (@ = he hin.s~lf) 
and not ~rely equal (iso) groups. - 
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In a similar fashion, the maximum fraction of iso- 

thiocyanate formed by way of carbonium ions is, given by: 

from Nhich it can be evaluated at about 24;. Assuming that 

this fraction of the total isothiocyanate product is racemic, 

the stereospecificity of the isomerization occurring through 

precursors of free carbonium ion would give a value of G.53. 

In this assumption, of one hundred ion pairs collapsing to 

covalent state with the N atom of SCN-, 47 lose and 53 retain 

the configuration of the thiocyanate from which they 

originated. 

This result may be compared with that obtained by 

Goering and coworkers' for oxygen equilibration and race- 

mization of carbonyl-@'8 -labeled p-chlorobenzhydryl p-nitro- 

benzoate. These workers found ih& oxygen equilibration 

resulted in 6% and 57% retention of configuration in 9% dnd 

8& aqueous acetone respectively. However, when ionic azide 

was present, oxygen equilibration occurred with IX% 

retention. IO This finding implies that in their system 

racemization occurs at a more advanced ionization stage than 

oxygen equilibration. 

The present results for p-chlorobenzhydryl thiocysn~~to 

do not allow any speculation as to :\,:iet?i:-- J <c ..;~dtion and 
isomeriz<,tion occur as a resuit of covai+rit rettlrn fro!:1 2 

single or from di;tinct ionic intermc,!iates. Ex;>%~ilL-nts 

designed to cstublish this point are well ~dv_.nced &n:i ,;,iJ.i 

'be shortly corlbiluriica terj . 
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