
i : i l l i z i d  from n.atcxr t,o give long, whitc: needles. 
'rht:y tiirncd ~ .c l lo \ r  on  stxnding arid melt,ed intlctinitely 
cwnnwiic~iny a t  186", Kith a complete melt appearing only 
at l Y . i O  ( h ~ ; Z ~ l L o H  226, 306 nip; t = 24,600, 3010). 

F O I I I I ~ :  ( ' ,  G 4 . T ;  11, 5.2; S,  18.8. 
2( IHi-Qiii'norulone (IS). T o  a solut,ion of 1 g. of 3,1-tlihv- 

( l r n - 2  I f I ~ - ( ~ ~ i i ~ i o s n l o n ~ ~ - ~ ~ ~ a r ~ ~ n s ~ ~ l i c  acid, 1.5 g. of potaasiiini 
~ ~ : i r I ~ i t ~ : ~ t ~ ,  :ind 20 ml. of ivater was added a strong snlut inn 
of l)ot :ir-iiitii i'c~rric~xnitic~ iintil a pcrsist,cnt grcm color dr- 
v ~ I o l ~ ( ~ ~ 1 .  (;:is \\:is strongly cvolvcxd and a white prrcipitatc: 
sep:ir:itcd i'roiii thc: rcsaction niist,ure. Filtration gave 0.68 g. 
(!IO' ~f fine \\.hitti riwdlrs. m.p. 270-371", which wore 
showi to he 2( 1 H kqiiinosalone by comparison with nn 
:ti i t  I I I ~ I I  t i c .  s:rniple. 

 LO/. C1:tlcti. for C,qHgS?O: C, 64.85; H, 5.4: S,  18.9. 
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Effect of the Alkali Cation Upon 
the Rate of the Benzilic Acid 

Rearrangement 

IT. H. PUTERB.4UGH A S D  IFr. s. GAUGH 

Receiwd January 30. 1961 

.,Is part of a continuing invest'igation on thc ill; 

flwncc of the mrtallic ration in organic reactions, 
we initiatcd a study of the effect of varying the 
alkali hydroxide on the rate of the bcnzilic acid re- 
arraiigc,nicnt. Aftcr our work had been in progress 
for s o m ~  t imc, we vamc upoil the excellcnt n-ork of 
E. Pfcil and co-workers' bearing on this same field. 
Hon.cvcr, as our work was cwncerned primnri1.v with 
the alkali cation, and was done undcr ronditions 
whic*h brought out a greater magnitude of difl'crence 
betn-rcn lithium and the othcr alkali cations than 
was clonc in the former st'udy, we felt it wort,hwhile 
to cont iniie the project and  siihmit t,hr cwnplctcd 
results. 

Thc nicc*h~tnism of the henzilic acid rearrangc- 
mcrit has hccri the i;ubjcc*t of murh recent, study 
~hic411 h :1~ shed light on :i numhrr of disputctl 
point s, hut has not yet led to a11 undisput,cd mech- 
anism. rI'hc n-ork of Roberts and Grey2 shou-ing 
that bmzil undergoes rapid exchange of carbonyl 
oxygrn with IT?O1x under alkaline condit,ions pro- 
vidw thc main evidence for the generally accepted 
niwh:iiiiwi3 involving prclimiiiary reversible nd- 

q y 
(:sH;C'OC'OCsH, t OH- ZZ 

01 I 
I 

(fT,!H,,) ?(  ' -  ('00 - (1) 

(, I ) 1.:. l ' f ~ i l ,  G .  C;eisslc,r, TV. Jacquemin, and F. Lomker, 

( 2 )  I. lioherts :ind H. C .  Urey, J .  Am. Chmti. Soc., 60, 

( -3 )  C. K. Ingold, .4nn. Repts. on Progr. Chem.. (Ch,em. 

( , ' \ ( C O ~ .  I ~ c , ' . ,  89, 1210 (1956). 

880 (1938). 

SOC. London) ,  2 5 ,  11'1 (1928). 

ditioii of hydroxide ioii to beneil followed by ir- 
reversible migration of a pheiiyl group and proton 
exchange (Equation 1). 

More recently, Doering and Urban4 showed that 
the rearrangement is subject not only to specific 
hydroxide ion catalysis, R S  was long believed, but 
may be brought about nioiv geiicrally b>7 niranh of 
certain alkoxides to yield benzilic esters ab ~vell. 
Hine and I I a ~ o r t h ~  have demonstrated that the 
rearrangement can not have as its rate-controlling 
itep a mechanism involving proton transfer, since 
the reaction mas about S5Y0 faster with sodium 
deuteroxide in deuterium oxide than with sodium 
hydroxide in water under the same conditions. 
Clark, Hendlep, and SevilleG showed that in the 
rearrangement of unsymmetrically substituted 
benzils, rings containing electron-withdrawing sub- 
stituents migrated preferentially to  phenyl, while 
the reverse was true with rings containing electron- 
donating substituents. These workers suggested 
that the mechanism involving preliminary reversible 
addition of hvdroxide ion may be incorrect, and 
that hydroxide ion map participate in the rate- 
controlling step, preferentially attacking the more 
reactive carbonyl group, and thus accounting for the 
preferred migration tendencies observed. 

In view of the fact that the nature of the metallic 
cation has been found to play an important role in 
aldol condensations of esters with  ketone^,^ and in 
certain displacement reactionsx among others, we 
felt it worthwhile to study the effect of varying the 
alkali (and the tetramethylammonium) cation 
upon the rate of the benzilic acid rearrangement. 
The kinetic results obtained with these hydroxides 

T.4BLE I 

BEXZIL' WITH ALKALI HYDROXIDES* IS S i 7  DIOXAXE- 
337@  WATER^ .IT 49.5" 

SECOSD-ORDER RATE CONST.4STS FOR THE REACTION O F  

1c5k2, 
Hydroxide Used l./moIe-l/sec.-* 

Lithiumd 29.96 =k 0 49 
Sodiumd 9 40 =t 0 28 
Potassiumd 8 29 Z!Z 0 38 
Cesiume 8 7 6 h 0  41 
Tetrametl~ylammonium~ 7 9 8 & 0  15 
Lithiume 29.79 =k 0 83 

a Initial concentrations 0.05931-0.0617464. Initial con- 
crntrations 0.04749-0.048i8A~1. By volume. d , e  These runs 
were carried out simu!taneously in the same t,hermostated 
]lath using the same reagents except for the hydroxidr. 

(1) W. von E. Doering and R. S. Urban, J .  ilm. Chenz. 
SOC., 78,5938 (1950). 

( 5 )  J. Hine and H.  W. Hnworth, J .  Am. Chenz. Soc., 80, 
2274 (1958). 

( 6 )  AI. T. Clark, E. C. Hendley, and 0. K. Neville, J .  
. f nz. Chem. Soc., 77, 3280 (1955). 

(7) C. R.  Hauser and W. H.  Puterbaugh, J .  Am. Cheni. 
SOC., 75, 1068 (1953); C. R. Hauser and W. H. Puterbaugh, 
J .  .4m. Chem. Soc., 75,4756 (1953). 

(8) W. H .  Puterbaugh and C. R. Hauser, J .  Org. Chem., 
24, 416 (1959); W. H. Puterbaugh and R .  L. Readshaw, J .  
Am. Chem. Soc., 82, 3035 (1960). 

.~ ~ 
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and benzil at 49.5’ in 67% aqueous dioxane are 
given in Table I. 

As can be seen from the Table, lithium hydroxide 
effected the rearrangement three to nearly four 
times faster than any of the others in the group. 
There was little significant difference in the rate 
constants obtained with the other four hydroxides, 
although it is interesting to note that the average 
values arrange these, with the exception of cesium 
hydroxide, in descending order of coordinating 
ability of the cation. To determine whether the re- 
action of benzil with lithium hydroxide mas that of 
the rcarrangemrnt, a larger scale run employing ten 
grams of benzil under similar conditions as the ki- 
netic runs was made. Products other than benzilic 
acid and a small amount of recovered benzil could 
not be found in any appreciable quantity. 

Pfeil and eo-workers have similarly demonstra- 
ted’ a dominant cation influence on the rate of this 
reaction using 2,2’-dichlorobenzil a t  60.5’ in 50% 
aqueous dioxane. They showed that barium hy- 
droxide caused the rearrangement to occur about 
fifteen times faster than sodium hydroxide, while 
thallous hydroxide effected i t  about five times faster 
than barium hydroxide. They further observed that 
although the reaction generally follows second order 
kinetics with the alkali hydrosides, i t  is third order 
with thallous hydroxide and intermediate between 
second and third order with the alkaline earth hy- 
droxides. However, in contrast to our results, they 
observed the following descending order of reaction 
rate with the alkali hydroxides : butyltrimethyl- 
ammonium hydroxide > cesium hydroxide > lithium 
hydroxide > sodium hydroxide > potassium hy- 
droxide. Rloreover, the differences between these 
were quite small, the fastest being only about 15% 
more rapid than the slowest, while the half-life 
times for rearrangement with sodium hydroxide 
and lithium hydroxide were 461 and 450 minutes, 
respectively. Our conditions, therefore, bring out a 
much largcr diffcrciitiation between lithium and the 
other alkali cations. Such a variation is in agreement 
with previously obwved large differences in cation 
influence between lithium and other members of 
this g r ~ u p . ~ J  Vcry likely the greater diffcrentiatioii 
observed in our experiments as contrasted with 
those of Pfcil is due largcly to the fact that our 
runs were made in G7Yo dioxane-33yo water while 
the latter were run in 50yo aqueous dioxane. 
Pfeil has obscrved that the grcnter the water con- 
tent of the solvent mixture, the smallcr the differ- 
ence in cation effcct, sincc thallium hydroxidc 
effected the rearrangemmt oirly six timcs fastcr than 
sodium hydroxide in 30C/b dinxaiic, but 110 timcs 
faster in 7Oy0 dioxanc. Apparently, thc more highly 
polar water medium obviirc~s the cation effect. 

Possibly the greater effectiveness of lithium when 
it  is the cation accompanying the hydroxide ion 
may be due to greater coordinating ability which 
enables it to participate in a ring mechanism which 

facilitates migration of the phenyl group within the 
complex as in I below. 

1 

A similar mechanism could as well be proposed to 
account for the results of Pfeil. These workers sug- 
gest that  coordination of the cation with the nega- 
tive oxygen in the hydroxide ion-benzil adduct 
brings the neighboring carbon-phenyl bond under 
the influence of the strong positive field of the 
cation (“ionfield catalysis”) which facilitates cleav- 
age of the bond as in I1 below. 

X-C.sH4 X-CsHd 
\ \ c=o C = O  

I I 
I 

C-OS. . . Me@ & L O @ .  . . Me@ 
\ 

X - c 6 4  ‘OH X-CsH@ OH 
I1 

However, it is difficult to  see how coordination 
of the cation with this single oxygen, without in- 
volving a ring mechanism, would facilitate cleavage 
of the carbon-phenyl bond. Instead, it might be ex- 
pected to  have the opposite effect and inhibit 
cleavage, since previous work has shown that the 
somewhat analogous lithium salts of P-hydroxy es- 
ters are much more stable than the sodium salts 
and less prone to  undergo cleavage into reverse 
aldol products.’ Similarly, the ease of thermal cleav- 
age of alkali salts of hindered tertiary carbinols 
varies in the order potassium > sodium > l i t h i ~ m . ~  

While the mechanism for this rearrangement is 
still not unequivocal, these results, and those of 
Pfeil, demonstrate that any mechanism proposed 
should be such as will allow definite participation 
of the cation in the rate-controlling step. 

EXPERIMENTAL 

Commercial benzil was purifird by washing with base and 
rcrrgstallizing as described by Hine and Haworth,s m.p. 
95.5-96.1 ’. Commercial dioxane was purified as described by 
Fieser.’o Acetone was dried over anhydrous potassium car- 
bonate and redistilled. Lithium, sodium, potassium, and 
t~tramrthylaminoniiim hydroxides were the highest purity 
commercial gratlrs available, and were made carbonate free 
by the iisiial mrthods. Cesium hydroxide was prepared by 
stirring n 60% aqueous solution of cesium chloride for 4 hr. 
n i th  a 25’7, evess  of thoroughly washed silver oxide pre- 
cipitate, followed by filtpring off the precipitated silver chlo- 
ride and excess silver ouidc, and standardizing the filtrate.ll 

(9)  H. D. Zook, J. March, and D. F. Smith, J .  Am. 
(?hem. SOC., 81, 1617 (1950). 

( I O )  L. F. Fieser, Erperiments in Organic Chemistry, 
3rd rd., rev., D. C. Heath and Co., Boston, Mass., 1957, p. 
284. 

(11) We are indebted to  Dr. C. H. Vanselom for this syn- 
thesis. 
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The kinetic runs were carried out esscsiiti:dly as described 
by Hine and Haworth.6 As noted in ‘I’:ible I, runs were made 
in sets using three different hydroxides in each run to  ensure 
coinparability of rcsults. Each hgtlrosicle m s  run in dupli- 
cate saniples, :md two aliquots \ \ t w  \\ itlitlrawii from each 
sample for titriition a t  each tinic. ‘1’11~ value obtained for ks 
a t  any timc \vas thus an averagc: of fullr  tlot,t:rminations. The 
data for a typical run follows. 

Into a nitrogen-purged, 250-1nl. polyetliyleiie bottle were 
placed 1.9399 g. of benzil and 100 1111. of dioxane. The solution 
was equilibrated in the constant tcbmpern ture bath, 50 ml. of 
0.1476.21 lithium hydroxide a t  the sariie temperature was 
added and the bottle vigorously s1i:ikc.n. ‘I’mo 10-ml. aliquots 
were withdrawn as quickly 3s possii)le iiito 10 ml. of cold 
acetone and titrated to the p1ic:nolphthalein end-point. The 
time of withdrawal of samplcs \V:IS nntcd as zero timc, and 
the base concentration given by the titration as “initial base 
concentration.” The difference betmwii tlic. base cuncentra- 
tion obtained by an analogous procediire with the omission 
of henzil, and the “initial base concentration” as above, was 
subtracted from the original benzil c:oncentrat,ion (assuming 
that  the partial molal volume of b e n d  was ideal) to correct 
for the reaction of benzil before zero time (maximum cor- 
rection in any run, 3.3%). The result was talten as the “ini- 
tial benzil concentration.” Samples were then withdrawn a t  

Fluorocarbon Sulfides. I. Synthesis of 
Bis (perfluoropropyl) Sulfide and 

Bis(perfluorohepty1) Disulfide 

GEORGE VAN DYKE TIERS 

Ifeceived KozienrCer 28, 1900 

From the reaction of perfluoropropyl iodide with 
sulfur a t  250” Hauptschein and Grosse’ recovered 
bis(perfluoropropy1) disulfide and trisulfide, but 
at most only a trace of moiiosulfide, insufficient to  
permit isolation. They attributed this to  a rapid 
attack by sulfur upon the (supposedly) first- 
formed monosulfide.’ However, the author has now 
found that  by carrying out the reaction at a higher 
temperature, 300”, an appreciable yield (11%) of 
the monosulfide is obtained. The mechanism sug- 
gested does not satisfactorily explain this observa- 
tion, and it appears more likely that the first- 

various times during the runs and titrated analogously to formed disulfide (or perfluoropropylthiyl radical) 
give the results shown in Table 11. subsequently reacts with free perfluoropropyl 

radicals to produce the (stable) monosulfide. 
Several years after Hauptschein and Grosse’s 

report, Haszeldine and Kidd* claimed that little 

propane and sulfur in a stainless steel autoclave at 
temperatures up to 350’ (fourteen hours), that  

TABLE I1 
SECOND-ORDER RATE CONSTANTS FUR THE REACTION OE’ 
BE~YZIL WITH LITHIUM HYDROXIDE I K  6770 DIOXANE- 

33y0 WATER AT 49.5” 
[Bcnzil]~ = 0.OG167M; [LiOHIo = 0.017.56M 

or no reaction occurred between l-iodo perfluoro- 

Time, 1oj k?, 
see. [LiOH] I./niolv1/sec. - 1  

68,400 0.01887 30. ‘34 
SG , 400 0.0162F) 29.87 

16O,200 0.00881 29.17 
237 , 600 0.00558 29.88 

29 !Ki i 0 .  49 

J,arger scale run wilh benzil und lilhiui/c hydro.rirle. I n  a 500 
rnl. Erlenmnyer \vas placed a solution of 10.2 g. (0.0385 
moles) of benzil in 260 ml. of dioxane, to  wliich \vas added 
0.05 mole of lithium hydroxide rnonolnydratc tlissalved in 
130 ml. of water. The solution was shnkt ,n  ; i t i t 1  innintained 
in a thermost,ated bath at 49.5’ for 72 lir.  ( t ime rccluired for 
a.pprosimntely 90% reaction), after n.1iic.h i t  I V : ~  trnrisfmwi 
to a separatory funnel and extracted with swvral portions of 
etlier. The solvent was removed from the tirictf c,thrr solution 
to yield only 0.3 g. of semisolid yellon rwirliir whose itifrare11 
spwtra showed i t  to consist mainly of bcwil. The aqueoiis 
portion from the above extraction \vas (,v;apor:ticri t o  3 stilnll 
volume iintler reduced pressure and thrn acsitlifird to  yield 
!).03 g. (8241,) of solid acid with a nciitr:tlization eqiiivaletlt of 
2.12 (henzilic acid = 228). 1Errrystnlliz:itian irom w:itr,r 
yielded licnzilic acid, m.p. 149.3-151” (rcl)clrtrcl’2 m.p. 150”), 
rieutra1iz:ition cquivnlent 231. Evaporation of  ! htj filtr:ites 
from the acidification and from t h e  rr,cr!-st,:tlliz:ttion S I ~ > S  
gave only 0.75 g. of solid acid, neiitrnlization c q n i v a h i t  
233. X o  other products were found. 
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partial reaction occurred a t  400°, and that 450” 
was required to convert all 1-iodoperfluoropropane 
to (principally) disulfide, lesser amounts of mono- 
and trisulfide being present in the reaction product 
also. It is surprising that Haszeldirie and Kidd 
failed to recognize their error, (their reaction tem- 
perature may have been read from a Fahrenheit 
thermometer or themocouple chart), as Hauptschein 
and Grosse had reported exactly the same reaction 
at a much lower temperature; the latter work’ is 
of course fully confirmed by the present study. 
The ultraviolel spectroscopic data reported hy 
Haszeldine aiid IGdd for (C3F7)2Sz we incorrect; 
apparently much (CaP’7)& \vas in their “pure” 
sample. 

The synthesis ( l y  t h t s  sniiie gerlertll ~riet~liod), 
purification. and physical properties of histper- 
fluoroheptyl) disulfide are also reported. I t  is of 
int’erest that  attempted oxidation of this disulfide 
t)y fuming nitric acid resulted in preferential c h i -  
nation of higher sulfides. Such purific. a t‘ ion was 
nppareiitly not achieved by simple recr~stalliz:itic,i~, 
for despite a good melting range, the sulfur analys:.; 
was high; fonnation of a solid solution is suggested. 


