
pdlailiuiii -ch;ircoal catalyii " a i i r l  six drops of quinolinc-S 
regulator.'s Hydrogen was passed in slowly with vigorous 
htirriiig for 8 to  12 hour5 at the reflux temperature of the 
cther At the end of thc reactioii period, the catalyst irai 
rcilio\-etl by filtration and the filtrate distilled. The f rw-  
tion boiling a t  4 0 - - 5 3 O  was reiuoved and an excess of water 
iabout 18 g. ,  1 mole) added. The ether wa? distilled off 
T h e  residue consisted largely of a mixture of 1 ,I-tlihydro- 
perfluorohutatiol and perfluorobutyraldehydrol from xhich 
the aldehyde was recovered upon treatment with sulfuric 
;tciti in tlie tiiitn~ier descrihcd above; yield ahout t j . 3  g. 
1 3  1 .8 ) . 

The course of the rcactioir catiiiot be follo\i.etl, <L> i4 u s -  
tomary, by the evolutioii of hydrogen chloride. The 
latter forms xvith the aldehyde arid ether a distillable molecu- 
lar coiiir)lex or terriarv azeotroue havine the comnositioti 
correspoAndiiig approxiinately to' the forinLila C:,F;CHO. C,- 
IiiOC~€I,,~IIC1, b.p. 52.-.52..5' (73i n i n i . ) ,  f i 2 3 ~  I .3:jil:3, 
.Innl. Calcd. for C&l.OeCIF';: C1, 11.45. Found: C1, l(1.l 

The distillable coniplex c;m also he splithesized by direct 
addition of hydrogeii chloridr 1 o a i l  rthcr wlutinii o f  pw- 
Iluorobutyraldehyde. 

B y  very careful adtlitioii 01 ;t sinall ;iinouiit of miter i t  i y  

ihlc to  isolate the free :tldehydc from the complex, but 
coii\-crsion to  the aldehydrol is recomniciided as bring 

more satisfwctorv ; i i i c l  giving :I higticr over41  yicltl o f  xlde- 
hyde. 

Perfluorobutyraldehyde by the Rosenmund Reduction 
(Low Pressure Reaction ).-hi a dry "citratc" pressure 
bottle irere placed 23 g. (0 .1  mole) of perfluorobutyryl chlo- 
ricic,: 1 g. of palladiutii-charcoal catalysti4 and four drops of 
quinoline-S regulator.'; The bottle wa5 clainped into a Parr 
low pressure hydrogenation apparatusi4 and the bottle W;I\ 
"popped" twice (-50 p.s.i. hydrogen pressure applied, the 
bottlc opened) t o  reniovc the air from the bottle. Hydro- 
gcii R';LS then run into the bottlc to  30 p.s.i. iuid the container 
shaken a t  room teniperaturc for oiic week. The presiiirc 
drop was about 8 pounds. 

The coiltents of thc bottle \rere p1;iccti i i i  a still atid the 

major portion distilling at 28-82" ( i 4 0  inrn.) reiiioved. Ti) 
this fraction water was added with cooling. The crystalline 
:tldehydrol \vas recovcred by filtration and dried iu air; 
yield 6.87 g. (:?,S%j. The aldehyde xas  obtained by de- 
hydr'it ion rvitii concentrated sulfuric acid as described 
carlicr. 

Perfluoroacetaldehyde by the Rosenmund Reduction.- 
111 it dry "citrate" pressure bottle mas placed 42 g. (0.2 
iiiolc) of perfluoroncetic anhydride, 6 g. of diethyl ether 
haturated with hydrogen chloride, equivalent to 1 %. C1- 
hased on the weight of anhydride used,'' 2.4 g. of palladiuni- 
charcoal eatalyst,J4 arid 1-6 drops of quinoline-S regulator.'5 
The bottle was clamped into a Parr low pressure hydrogena- 

and without "popping" the bottle, 30 p.s.i. 
re was applied and the container 
re until the pressure dropped 12 

The pr until the pressure no longer decreased. 
released and the contents of the bottle mere transferred to 
the pot of ;L semi-micro vacuuiii type still, the vacuum out- 
let attachecl to a Dry Ice-acetone cooled trap and the 
liquid portion tii?tilled a t  atniospheric pressure. A portio11 
of the trifluoroucetnldehyde present collected in the cold 
t r a j ) .  The fractioii boiling 36-68" (740 mm.)  was rcdis- 
tilled iii :I similar still anti a further amount of the aldehyde 
collected i n  the cold trap; yield 1.05 g.  (5%') ,  b.p.  -19' 
(746 111111. I .  The fraction distillitig a t  50-t5s5" (740 i n i n . )  
cuiitaiiii 1,l-dihytlroperfluoroethyl perfluoroacetate (CF:,- 
COOCHrCF:), (.i g.,  E%, b.p.  55-56' (741 n im. ) ,  t i %  
1.27'2, d*J4 1 . 4 N  I which lends support to  Saarts'3 claim of 
obtaiiiing the satiie conipouiid by the catalytic hydrogena- 
tion of perfluoroucetic mhydride. From it he prepared 
1,1-tiiliydroperfliioroethallol by hydrolysis. 

Acknowledgments.--\T-e are indebted to B. IT - .  
Sippc'ldt, €1. E. Freier and I). G. \I-eiblen and the 
Clark ~Iicro~inalytical Laboratory for the analyses 
reported in this paper; and to Minnesota Mining 
& Afanufacturing Co. for permission to publish this 
1Xt~)ff .IY 

, 1 7  i' Slann ich  anrl .4. I 1  Xadelman, Rer.., 6SB, i D 0  (19303, state 
l! i , it  iiiiiicr the,;e conditions anhydrides are converted to the acid chlo- 
r i i l c ,  

this paper, c'. S. Patents 2.368.- 
300 cuyel-inr: the  ~ )e r f l i i r~ r~ ia l~ iehy~ ies  and aldehydrols, and 2,568,311 

ne diester-b have heen issued to the authurs and 
i l l i i i i t i ~  m d  ?S,inufacturlng C c r n ~ ~ ~ a n y .  

reactiuti presumed t u  occur here also. 
1 1 x 1  Since t h e  nriRinal filing date  

Migration Ratios in the Rearrangement of 2 ,2-Diarylethanols1 
I ~ Y  JOHN C>. B u m ,  Jri . ,  AND LEON S. CII~KESZKO') 

RECEIVED JUXE 7, 1$152 

The migration ratios with rcference t u  phcnyl of eight substituted phenyl groups have been determined by the acid- 
catalyzed rearrangement of the corresponding 2,2-diarylethanol-l-C'", The values were obtained by oxidation of the stil- 
hcne rcsulting froni the rearrangernelit, and by radiochemical assay of the most easily isolated oxidation product, which in 
the above cases was a phthalic acid or a substituted benzoic acid. This mcthod of obtaining migration ratios is character- 

ck of stereochemical complicatioris, simplicity of system, c a y  :ivailat)ility of starting matcrials, operation on a senii- 
I C ,  and precisioti in the detcrinitiatiori of the ratios. The meaning of the values here reported is discussed in rela- 

tion to othrr valucs of migration r'itios, i n  terms of I-I:~tntnett'i rr-values. ,itid with reference to tlie cniicept o f  neighboring 
group participation. 

Introduction 
One of the siniplest possible systems available 

for investigating the relative migrations of aryl 
or alkyl groups may be represented as 

(1) This document is based upon work prrfotmed under Contract 
h7iimber W7405-eng-20 for the Atomic Energy Commission a t  the 
Oak Ridge National 1.atx)ratory. Presented in part at the Milwaukee 
Aleeting uf the American Chemical Society, hlarch 30-April 3 ,  1952. 

t i  Slember Oi tlie Research Participation i,rogram iponsored 
j<j int ly  I ) ?  t h c  Oak I < ! d ~ c  S.<tional LaIioral.~~ry a n d  Lhc C)ak Ridge 
Institute of Sucl~,.a, 5 t i i < l i ~ \ ,  j i ( ' r i i i ~ i i ~ i i t  <<cl,lrr.. l ' r , ivc,r , i ly < > {  

O k l : + I i ~ , i u x  S,,rrii,uL O ! . l , i l i ~ ~ i i i ~ ~  

.I 

B 
) a 1  -cH>(llI ----f 

0 H OH 

A -CH-CH2B + A-CH,-&H--B + A--CH=CH-B 

Such systems consist only of the two groups, 
Ai and B, capable of migration; a two-carbon chain 
offering the opportunity of rearrangement; and the 
grouping, -OH, which offers a rcactive site where a 
rc,rrr;tngc i i i t n t  rcctctioti i i i c t l  lw initiated with rea- 
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gents of known functions. A subsequent paper3 preparation of the eight nitriles reported herc with 
reports work in a system where -OH has been re- reproducible yields of 70-90%. In the case of p -  
placed by -NH2. methoxybenzhydryl chloride, the yield was very 

Such systems as these are normally not practical poor if the reaction temperature exceeded ZOOo, 
for investigation since the rearrangement products, but good yields were obtained a t  1S0-200°. The 

procedure is particularly well adapted for the use of 
CuC14N. 

A-CH=CH-B, A-CH2-CH-B or A-LHz-CH-B, Hydrolysis of the nitriles (V) to the acids (VI) 
are indistinguishable or difficult to separate quanti- could be accomplished either by heating with 
tatively. alcoholic alkali or by the use of boiling 7070 sulfuric 

However, by labeling one or the other of the acid. Generally sulfuric acid gave a better yield 
two carbon atoms in the chain with isotopic carbon, and a cleaner product; however, in the case of 

OH OH 
I 

the study of such systems as I becomes c1 C14N 

from the experimental point of view. 
Since these systems are free from stereo- 
chemical complications, the unambigu- 
ous data available from them are of 
considerable theoretical importance. 

ity for study under well-controlled con- 

these reasons, we have undertaken at  ArC14H=C14HCsH5 + Ar-CH-C6H6 t-- Ar-CH-CeHs 
this Laboratory to study several such 100% LiAIHOn 

first two of these studies are made in this and the 
subsequent paper. 

The acid-catalyzed rearrangement of carbon-14 
labeled diarylethanols (11) has been the first type 

not only practical but unusually simple SOCln I CUC'*S I 
Ar-CH-CeH6 - Ar-CHC6H5 - Ar-CH-C6H5 

5 5 8 5 %  70-90% 
IV 

C1400H 
I 

OH 

+ c6E15c140011 
VI11 

Moreover, they offer a good opportun- 

ditions with a variety of reagents. For P205 I 90-957; 

systems. Preliminary reports on the VI1 I1 V I  

t 101 
C 14 H 2 0 H 

2-phenyl-2-(p-anisyl)-acetonitrile only a prolonged 
alkaline hydrolysis was successful. 

Reduction of the acids of the carbinols was 
accomplished in every case with lithium aluminum 
hydride in ether solution, followed by hydrolysis of 

H +  the excess reagent with ethyl acetate and just 
sufficient dilute sodium hydroxide to produce a 

I1 I11 dry, granular precipitate of inorganic hydroxides 
of system investigated. The data obtained from which was easily filtered. The rearrangement of 
eight examples of the rearrangement are reported the carbinols (11) was carried out by mixing them 
in Table I. The results on two others, a-naphthyl with a slurry of Phosphorus Pentoxide in xylene Or 
VJcysUs phenyl and @-naphthyl versus phenyl are benzene and bringing this to the boiling point for 
reported elsewhere4 since they were of interest in about 15 minutes. The data obtained by these 
another problem. processes are summarized in Table 11. 

The stilbenes obtained in the rearrangement 
TABLE I were purified by crystallization, and oxidized to an 

C"HH?OH easily isolable acid. The acids obtained, and the I conditions employed are summarized in Table 

Migration ratio, Four representative sets of radiochemical data 
are summarized in Table IV. 

Wherever a conveniently purifiable intermediate p-Xenyl 5 7 . 2  1.34 
1'58 in the reaction sequences was encountered it was m-Tolyl 61.3 

1'82 assayed for carbon-14. This was done principally P-(2-Propyl)-phenyl 64.5 '"' to establish a reliable base level of activity from 3,4-Dimethylphenyl 65.6 

which to calculate the migration ratio and to elimi- p-Tolyl W . 4  + 0.95 1.98 
2'18 nate the possibility of a shift in activity level owing p-Ethylpheiiyl 08,G 

I 22 to isotope selectivity in incomplete reactions.6 p-(t-Butyl)-phenyl '76.3 

Table IV includes activity data on several diaryl- p-Methoxyphenyl 95.5 

The general method of synthesis of the labeled ethylamine hydrochlorides, since for these par- 
diarylethanol is outlined in the flowsheet. ticular examples they formed part of the base level 

The various substituted diarylacetonitriles were of activity. These amines were obtained by reduc- 
prepared by the reaction of substituted benzhydryl tion of the nitriles and were used for a study of the 
chlorides with cuprous cyanide a t  a temperature of amine-nitrous acid rearrangement. This is re- 
200-240' and with a reaction time of one to two ported in a subsequent paper.3 
hours.6 This procedure has been employed in the The comFounds occurring in the other exalnples 

C"Hr OH 
I 

Ar-CH-C6H5 + ArC1*H=C1*HCsHj 

KEARRASGEMESTS Oh' Ar-CH-CeH:, 
I\Iigration 111. 

Ar of Ar, % Ar/C6Hs 

2 1 . 2  

(3) L. S. Ciereszko and  J. G .  Burr, THIS JOURNAL, 74, 5431 (1952). 
(4) C. J. Collins, J. G. Burr, Jr., el ai . ,  ibid., in press. Our interest 

in this problem is derived from the work of Collins and his collabora- 
tors. Cf. Collins, et ai., ibid., 78, 5176 (1951). 

(5 )  While this work was in progress, Budde and Potempa reported 
the  preparation of diphenylacetonitrile from the reaction of benz- acneral review uf the isotope effect. 

(see prepared from the Same batch 
hydryl bromide and cuprous cyanide a t  1 2 5 O  (ibid., 74, 248 (1952)). 
However, the benzhydryl chlorides are more easily and economically 
prepared than the  bromides. 

( 6 )  Cf. G. A. Ropp and 0. K ,  Neville, Y U C ~ P O J I Z C E .  9 ,  '"2 (lY.51). for a 

I) were 
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TABLE I1 
Chloridc Nitr i le  Acid Carbinol Stilbene 

vlrlII. Yl?ld, Yield, Yield, Yield,// 
nl.ll,.-.c "; > I . l ' . , " C  r: Ll .p . ,OC.  7" hf.p. ,OC. r0 M.p.,OC. yo 

p-Tolyl Oil SI ( j { j - ( j I ' '  (j't 1111-112~ 80 43-44' 03 12Od 100 
p-Ethylphcnyl Oil ( X I  !IO 78" 65 Oil' 95 82O 100 
p-(2-Propyl)-~~heiiyl Oil Oil  ti Oilh 3 1  Oil 92 80' 100 
P- ( t -Bu ty l ) -p l~~~~y l  Oil 138' 7l i  1: iP , ) I  821 100 96" 100 
3,4-Dimethyl~~hciiy1 Oil 7 9  . > t ' I  71) 124" 7(J Oilp 90 7 g q  100 

SI, 122' <1:< Oil" 92 49-50" 100 m-Tolyl 13.p 1:jc;* * ) ( i T  

72 1:31 -1w 70 143 -1.I4' S8 l00-I~JlZ 88 222"" 100 p-Xenyl fi'"' 

p-Methoxypheiiyl (il"' ,), i l : ior+ 71 OP i i M  Oil 03 135"' 100 

_- 

- -  
" Lit. 61 O ,  Michael cind Jean Prctrc, I icr . ,  2 5 ,  l f i i f i  (1892). * Li t .  115', NcKcnzie antl \i-iddows, J .  Chcm. SOC., 107, 

713 (1915). Lit. 120", Anschiitz, B e y . ,  18, 1946 
(1888). C:ilcd. for CIGIII~O. ' :  C ,  79.2; I f ,  f i .64.  I'ouritl: C ,  2 . 2 :  I[ ,  0.84. f a-Saphthylurethan, m.p. 92'. Calcd. 
for C27H2B02K: S. ;$.54 Found: S ,  3. L;. 0 Calctl. for c16III , 92.2; 11, 7 . i 4 .  Found: C, 92.1; H ,  7.85. *Amide, 
n1.p. 97, Calctl. for Cl i l l lnOS: S, a5.52. I ; ( I u I I ~ :  S,  Li i2.  A e, n1.p. 211'. Cdcd.  for C23H?30S: N, 4.25. Found: 

. l r i .  Calcd. for C I j f l t ~ :  C, 90.8; €1, 8.18. I~ount l :  C,  91.(!; H, 8.09. Dibromide, m.p. 228". Calcd. for CI7Hl8- 
Br,  41.6. Foiiiitl: Br ,  11.;. 1 Calcd. for CISI-I;SS: S,  L f i I ,  Found: S,  5.61. Calcd. for CJ8H2O2: C, 80.6; H ,  

1;ountl: C ,  80.,5; I I ,  i . l i4 .  ' C:ilcd. for Cln1I::O: C, 85.0; 11, 8.72. Found: C, 84.8.; H,  8.8:3. Calcd. for ClaHZo: 
1.5; €1, 8.54. Foiiiid C,  91.54: I f ,  8.54. Mxoiiiide, it1.p. 2:<Oo. Calcd. for CISHPIBrs:  Br, 40.4. Found: Br, 40.0. 

" Calcd. for C l s H i r S :  S, i 3 .  I ~ o ~ i n t l :  S ,  ii.:$ii. Calcd. for Cl&i!fiO:: C, 80.1 ; I € ,  6.70. Found: C, 80.0; H,  6.61. 
n-Naphthylurcth~iii, iii.11. 1.4;)''. Calrrl. For C:;ll?;O!S: S, ;$.54. Fouiid: S, 3.54. Calcd. for Ct6H16: C, 92.2; H ,  

t , t 4 ,  Found:  C ,  92.1; [ I ,  7.66, Prcssurc of h . ~ ) . ,  I inin.; ?z% 1.3850; d % 4  1.109; LWKD, calcd. 65.14, found, 65.42. 
e ~ Z D  1.5760. Calcd. for CljHlhO?: C, 79.6; H, 6.2-1. FouFd: C, 7 IT, 6.36. a-Saphthylurethan, m.p. 118 . 
Calcd. for C2eH2sOyS: 2, 3.67. Found: N, 3.80. " Lit. 48 , Bcrginann and  Schapiro, J .  Org. Chenz., 12, 57 (1947); 
dibromide 178", lit. 176 ; ib id .  Lit. S2.5", W t t i g  and  Petri, . Inn . ,  513, 3 (1934). Lit. 130-131 ', XVittig and Petri, 
ref. w .  : C:tlcd. for C ~ O I I I ~ O :  C, 87.5; H,  6.57. Pound: 
C,  87.4; H, 6.60. "* Lit. 22l0,  Bergmanil and \Veyrnanti, J .  Orx .  C'hciii., 9, ,415 (1941). hb Calcd. for C14HlaOCI: C1, 15.2. 
Found: C1, 15.3. cc Calcd. for C15H130S: N,  6.27. Found: S, C.:H) .  d'i Lit. 100" Poincet, Coinpt. rend., 148, 419 (1909). 
cs  Lit. 135-136', Van I h i n ,  Kec. Irav. chim., 45, 347 (1Y26). .\lthorigh thr yields of purified stilbenes usually were Icsh 
than loo%, the residual material was w r y  high boiling and w i i i  ~~rcsurnahly polymeric stilbene. 

Lit. 45-46', Kemart and Aiiiagat, C ' o ~ p t .  r c i i d . ,  179, 901 (1924). 

-.. 

Lit. 141-143", Blicke arid Gricr, THIS JOURSAI.,  65, 1723 ( IWjJ, 

Isolated 
ArCH=C€ICsIIa oxidation 

AI Oxidation conditions product. acids 
p S r n y l  

7 1 1 -  I'olyl 
p (2-Prop). I )  -phenyl 
3 .I-Dimethylphenyl 
p-Tolyl 
P-Ethylphenyl 
P-11 Butyl)-phenyl 
p 3fcthoxyphenyl 

Ncutral  KhlnOa i t i  s c ~ u r o u ~  

Alkaline KJfnOa in rsatcr 
Alkaline KMnOc in water 
Alkaline KMnOa i n  water 
.klkaline R M n O r  in water 
.\lkaline K h I n O  i n  water 
CrOs in HOAc 
A'eutral KhfnOa in aqueous 

ncetone 

acetonc 

p-l 'hen> Ibcnzoic 

Isolili~halii~ 
'I'erephthalir 
Trirneilitic 
Tcrephthalic 
'l'erep h thal IC 

I -Butylbenzoic  
l ~ y d r o x y b e n ~ o i c ~  

' I  'The oxidatioii products were bcnzvic aiitl aiiisic acids. 
'The anisic acid was cleaved as clcscribcd in the Ex~~eritnciital 
section. 

'r.\BLE I\. 
'l'hc Suincrals i t i  tlic Table Iielcr to C'I Acti\-itics in pc.1 

A1 lrlole 
Derivative p -To ly l  in-Toly1 p-Xcnyl 0- Anisyl 

Iliarylacetic acid ( V I  1 1. -10 4.08 4 . 3 2  4.04 
L)iarylethylamine hydro- 

1 .31  4 . 1 0  . . .  4.10 Stilbene (VII) 

Average of above three t . 3 ! J  4 .  OS 4 . 2 5  4.05 
Oxidation product (sce 

'l'able 111) 2 ,  S-l 2 !50 2 ,  1:; ii. R i  
hligl-ation of substituted 

phenyl, 7; i i 3 . 7  i i l 3  2 7 . 2  ! ) 3 . 3  
This value is for tlic p-aiiisyl ~~ l i cny iace to~ i i t i - i l c .  

chloride ' t . 4 5  4 .(!(; 4.23 (4.00)" 

__ I_ 

of cuprous cyanide-Ci4, antl the base level of activ- 
ity used for the calculation of the migration ratios 
in these cases was the average of 29 determinations, 
taken on 1.7 intermediates from six different series 
of rearrangements. I ts  value was 1.G9 f O.Od 
pc. of Cl-'/nimole. This is also the base level of 
;rcti\-ity for refcrciicc in  '1':tl)Ic 1. bclow. 'I'hc value 

t1rc niigratioii r:itiii  for 2-phciiyl Z-(/i .kJlyl)-  

cthar1ol-1-C~~ listed in Table I is the average value 
obtained from six separate rearrangements and its 
value is fjO.4 f 0.0r5~~,& (average deviation). 

I n  cart->-ing out the rearrangements as mentioned 
almvc, it occurred to us that the rearrangement 
might be coinpletc at some temperature below the 
boiling point of the xylene used in most cases. 
Since the temperature of the rearrangement was 
thus indeterminant and possibly significant, a 
series of rearrangements were carried out under a 
wide variety of experimental conditions on one of 
the cases, a-phe~iyl--'-(P-tolvl)-ethanol- 1-CI4. The 
results are summarized iii Table V. I t  is evident 
that the riiigration ratio of />-tolyl uerms  plicnyl is 
rclatiwly iiisciisitive to thcsc v;triations in the 
contli tioiis of rearrarigciiicii t. 

' l . \ i j l , l~  \~ 
Terephthalic 

acid 
Rcaxcnl. Sol vc fit I ,  'C. uc. 01 Cl~ /mrno le  

I'&j xylcllc 90 1.15 
1'20, Sylctlc I t-19 1 .14  
1'20; SoUC 200 1 ,  1:3 
KHSOc S V l l C  200 1 .10  
ZnClr S O t l C  200 1 I J  

Since the irreversibility of this rcarraiigernen t 
should hc tlcnionstrated, tt saiitple of stilbene 
(obtaincd during the work shown in Table V) 
was resubmitted to phosphorus pentoxide in ben- 
zene. However, the only product was a polymer 
which could not be degraded. Another sample of 
this stilbene was converted to the dibromide. The 
stilbene regenerated from this dibroinide by treat- 
ment with sodium iodide in acetone upon oxidation 
gave terephthalic acid with a carbon-14 content of 
1.13 pc./mrnole, essentially unchanged. 

'I'hc starting materials for Lhcse investigations 
;ir(b c a 4 > -  I)rc1)itrc(l a n d  thc rcactioris iiivolvctl ;trv 
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simple and proceed in good yield. Reliable data 
can be obtained from quite small scale operations- 
on a 1-2-g. scale. In several cases as little as 100 
mg. of stilbene from the rearrangement gave suffi- 
cient oxidation product for repeated assay. Fin- 
ally, owing to the simplicity, precision and speed of 
carbon-14 determinations by wet combustion and 
ionization chamber-vibrating reed counting (a 
complete determination including final calculations 
can be carried out in 20 minutes), the determination 
of migration ratios can be made with great facility 
and a precision of about 2-376. By employing 
several known refinements in technique, this 
precision could be made much greater. 

Experimental' 
Since each one of these series of compounds was carried 

through a similar set of reactions under closcly similar con- 
ditions, and since the pertinent experirncntal data are sum- 
marized in Table I ,  only the experimental details of the 2- 
phenyl-2-( p-anisyl)-ethai~ol-l-C~~ series are reported. In 
addition, the oxidation of t-butylstilbcne is discussed since 
this proved to be difficult. 

p-Methoxybenzhydryl Chloride.-The reduction of 106 g. 
of p-methoxybenzophenone with zinc dust and alkali in 
alcohol solution gave a non-crystalline benzhydrol. This 
sirup was dried and then refluxed in benzene solution with 
40 nil. of thionyl chloride. The volatile solvents and excess 
thionyl chloride were removed by distillation and the dark 
residual sirup distilled under high vacuum. The light green 
distillate was redistilled to give, in several fractions, 58 g. 
(55%) of a colorless liquid which immediately solidified and 
was recrystallized to give white needles melting a t  61"; 
Sorris and Bantasreport this as red oil. 

Anal. Calcd. for C14HlaOCl: C1, 15.2. Found: C1, 15.3. 
2-Phenyl-Z-(p-anisyl)-a~etonitrile-l-C~~.--An intimate 

mixture of 8.3 g. of the above chloride and 3.2 g. of cuprous 
cyanide-C14 (preparedg by the interaction of cupric sulfate, 
sodium bisulfite and sodium cyanide-C14 and dried in a 110" 
oven) was prepared, and the flask containing it was immersed 
in an oil-bath preheated to 180'. After one hour (during 
which the bath temperature rose to  190"). the flask was re- 
moved and partially cooled. The still fluid product was 
extracted with chloroform, and the filtered chloroform solu- 
tion concentrated and then diluted with hexane. The first 
crop of nitrile (2.8 g. ,  m.p. 130") crystallized out on cooling. 
By reworking the filtrate, an additional 2.0 g. could be ob- 
tained; total yield 4.8 g. (71%). Recrystallization did not 
raise the melting point above 130'; assay: 4.00, 4.00 pc. of 
Cl4/mmole. 
Z-Pheny1-2-(p-anisyl)-acetic-l-C14 Acid.-Hydrolysis of 

the nitrile in boiling 70% sulfuric acid for from one to six 
hours produced only neutral gums. However, when 2.85 
g. of the nitrile was refluxed with a solution of 15 g. of po- 
tassium hydroxide in a mixture of 15 ml. of water and 50 
ml. of ethanol for two days, the acidic product was 3.08 g. 
of a light brown oil. Repeated extraction of this with boil- 
ing hexane and recovery of the acid from the hexane gave a 
white crystalline acid, m.p. 96' (2.37 g., 68%); assay: 
4.04 pc. of C14/mmole. 
2-Phenyl-Z-(p-anisyl)-ethan01-l-C~~.-The acid (2.00 g.) 

was refluxed for one hour with 2.0 E. of lithium aluminum 
hydride in about 75 ml. of ether. The excess hydride was 
destroyed by cautous addition of ethyl acetate, and the 
hydrolysis completed with 10% sodium hydroxide, added 
until the precipitate just coagulated and settled. Filtra- 
tion and evaporation of the dried filtrate gave 1.75 g. (93%) 
of a colorless oil. 
p-Methoxystilbene-~~,a'-C1~.--The non-crystalline car- 

binol obtained above was added to  a suspension of Dhos- 

(7) Melting points were taken either upon a calibrated Fisher-Johns 
block or upon a Kofler Heizbank. C-14 assays were accomplished by a 
wet combustion of the compounds, and ionization chamber counting 
of the evolved carbon dioxide on a vibrating reed electrometer. Micro- 
analyses for carbon, hydrogen, nitrogen and halogen were done by Dr. 
H. W. Galbraith, Knoxrille. Tennessee. 

(8) J. F. Norris and Banta, Tars JOURNAL, 60, 1804 (1928). 
(9) H .  J. Barber, J .  Chcm. Soc., 79 (1943). 

phorus pentoxide in 25 ml. of xylene, and this mixture heated 
to boiling. After 15 minutes, the solution was cooled, the 
xylene decanted and the flask rinsed with ether. The 
filtered solution was evaporated (after boiling with Nuchar), 
and the pale yellow crystalline residue crystallized from hex- 
ane to  give 0.65 g. of the stilbene as colorless prisms melting 
at 135'. More could be obtained from the filtrate; assay: 
4.09, 4.11 pc. of C14/mmole. 

Oxidation of p-Methoxystilbene-~~,~~'-C14.-A sample of 
the stilbene (0.50 g.) was refluxed for 15 minutes with a 
solution of 3 g. of potassium permanganate in a mixture of 
45 ml. of acetone and 30 ml. of water. The precipitated 
manganese dioxide was filtered off, and the colorless filtrate 
concentrated in an air blast to remove acetone. It was then 
acidified and ether-extracted. Evaporation of the ether 
extract gave 0.60 g. of a mixture of benzoic and anisic acids. 
This mixture was dissolved in 80 ml. of benzene and the 
solution refluxed 1.5 hours with 2 g. of aluminum bromide. 
Hydrolysis with concentrated hydrochloric acid, ether- 
extraction, and evaporation of the dried ether extract gave 
0.50 g. of demethylated acid mixture. Extraction of this 
with carbon disulfide gave a residue of crude p-hydroxyben- 
zoic acid (0.15 8.) which after crystallization from dilute 
alcohol (Norite) formed a white crystalline powder melting 
a t  213-214'; assay: 3.90, 3.92, 3.80 pc. of C14/mmole. 4 
second recrystallization did not change the C14 value. 

Oxidation of p-(t-Butyl)-stilbene-a,~~'-C14.-On the small 
scalc employed (0.5-1.0 g . )  this material proved extremely 
resistant to the desired type of oxidation. Oxidations with 
neutral permanganate, gave an inseparable mixture of ben- 
zoic and t-butylbenzoic acids. Alkaline permanganate 
oxidations gave either a mixture of benzoic acid and t- 
butylbenzoic acid or no isolable oxidation products 
Finally, it was discovered that refluxing the stilbene with 
chromium trioxide in acetic acid solution for 20 minutes gave 
a sample of pure t-butylbenzoic acid, m.p .  165" after two 
crystallizations from dilute ethanol. 

Discussion 
The vast amount of data which has been obtained 

on the subject of the relative migration tendencies 
of substituted aryl groups in rearrangement re- 
actions'o present a very confusing picture. In some 
of the reactions studied, notably the work of Bach- 
mann on the symmetrical pinacol rearrangement, l 1  
these migrations appear to form a consistent rela- 
tionship with each other. However, when other 
reactions and types of compounds are studied, the 
consistency observed among the symmetrical 
pinacols does not appear. For example, the 
following values have been reported for the migra- 
tion ratio of p-xenyl to phenyl: 11.5,Il l.lS,12 
1.88,13 1.87,14 3.75,14 1.34,1b l.00,3 1.08,l6 13.3,17 
in various cases. 

I t  is undoubtedly true that some of this variation 
in migration ratios is caused by factors such as a 
change in the carbonium ion intermediate (compare 
the ratios observed in unsymmetrical pinacols) , 
the possibility of cis-trans isomerism16 or by the 
failure to obtain constant stereochemical form and 

(10) For excellent reviews on the state of this subject see G .  W. 
Wheland "Advanced Organic Chemistry," 2nd. Ed.,  John Wiley and 
Sons, Inc., New York, N .  Y.,  1949, Chapter 12; and also H.  Gilman, 
"Organic Chemistry," 2nd Ed., Vol. I ,  John Wiley & Sons, Inc., h'ew 
York, N .  Y. ,  1943, Chapter 12. These reviews contain good summar- 
ies of the early literature in this field. 

(11) W. E. Bachmann and J. W. Ferguson, THIS JOURNAL, 66, 2081 
(1934) . 

(12) W. E. Bachmann and H. R. Steinberger. i b i d . ,  66, 170 (1834). 
(13) W. E. McEwen and N .  B. Mehta, ib id . .  74, 526 (1952). 
(14) H. H. Hatt, A. Pilgrim and E. F .  M .  Stephenson, J .  Chcm. Soc., 

(15) This work. 
(16) P. A. S. Smith and J. P. Horwitz, TAIS JOURNAL, 72, 3718 

(1950). 
(17) R. N. Lewis and J. R. Wright, ibid., 74, 1257 (1962). 

478 (1941). 
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purity in the pinacols or amino alcohols concerned. l8 
However, these factors cannot account for all of the 
observed variation since some of these data are 
drawn from reaction systems and substances where 
stereochemistry is unimportant (for example, the 
work reported here and in the subsequent paper". 
It appears consistent to conclude that niigratioii 
ratios are related to factors which are dependent 
upon the reaction systeiti itself. Such factors 
would include the naturc, of the reaction, the type 
of reactants, arid the reartion conditions. 

The migration ratios reported here do not give a 
straight line when plotted as logarithms against 
Haminett's u-values.19 The ratios obtained by 
Bachmann' in the rearrangement of syninietrical 
pinacols, similarly show no linear correlation 
with the Haniniett c-values. 'The lack of such ti 
rc.lntionsliil) both in the t1:tt:i prcscnterl licre, a i l t i  in 
Uachiiiann's data, seeins rcasonablc since thew 
rearraiigenicii ts rescinblc ill inany respects aroinatic 
5~ibs t i tu t ion ,~~ and there does not appear to be 
iriuch evidence showing that the rates of aroiiiatic 
substitution follow a liriear Haminett relationship. 
Since it does not seein probable that migration 
ratios in ail acid-catalyzed rearrangement should 
hc expected to follow a Harnmett plot, the recent 
observation by I r I ~ E w e n ~ ~  of a set of ratios which do 
follow such a plot is difficult to explain. However, 
the mechanism for the reaction of diarylethylenes 
with hydrogen azide does not appear to have been 
tlefinitely establisl~eti.~ 

Since neithcr the existing (lata on iiiigratioii 
ratios nor the concept of a linear Hainmett reln- 
tionship seem ablc to cxplain migration selectivity, 
theoretical grounds which will allow consistent 
prediction of migration ratios can probably be 
xchieved only if this problem can be explained in 
terms of some understootl and measurable aspect 
of the system. 

Llcid-catalyzetl rcarraugements such as dis- 
cussed in this paper have long been corisideretl to 
proceed through transition states including bridged 
carhoniuin ions such :is X.22 .A rearrangement 

(18i For example.; illusirating the importance of this factor in com- 
pm~riris which occur Imth in  raccrnic arid iiicso firms. see Gaertner. 
.I. O r n .  Cheii?., 15, 1006 \ l ! i . ? I l j ,  Curtin and Pollak, Trirs J O U R N A L .  

73, <I92 ( 1 9 . 7 1 ,  72, 9 t i t  I l!l:O',, The existence of this factor was 
originally obier\-ed b y  I T  I<.  Hachmanri and Shankland, { h i d . ,  SI, 
306 !102D!, and also by Aergmanu and Srhucharrit. A?E?L.  487. 231 
11!181). 

i l 9 i  I. P. Hanitnett, "I'liysical Organic Chemistry," l i t  I k I  ~ Xc- 
Craw-Hill Book Co., I n c ,  S e x  York 

C20) G. IV Wheland, rel. 10, 12. 31 
"21) u'. IC. McISmeii, RI. Gilliland and $3. I S:)arr Trm J o [ ~ R v & I , ,  

7'2, 3212 (19,50), 
( 2 2 )  h r l y  speculation. concerning the  existenre of bridged ion, as 

intermediates in molecular rearrangements are well summarized by S. 
-'instein and B. I(. hIorse, THIS J O U R N A L ,  74, 1133 (1032); and S 
Winstein, ~1 al , ibid., 74, lllZ (185'2) Recent advances in this field, 
have been summarized hy P. D .  Bartlett (Organic Symposium, June  
1951, Denver, Col ;I; and J. Roberts (120th Meeting of the  Ameri- 
can Chemical Society, S e w  rk City,  September, 1031). Important 
recent papers include: (1)  %'insteiil, el d . ,  THIS Jocnx.4L,  70, 

proceeding through such a transition state would 
necessarily require participation by the aryl groups, 
R and R', in the formation of the transition state. 
Recent work has given strong evidence for the 
ability of aryl groups to participate in the forniatiori 
of carboniuni ion transition states.23 

SI s SI 

Since it thus s e e m  probable that the aryl groups 
present in our diarylethanols do assist in the 
formation of the carbonium ion intermediate, it  is 
reasonable to expect that substituted aryl groups 
will thus participate to different degrees, and to 
coiiclutie that the relative migrations of these 
aryl groups may be a function of their ability to 
participate. In this way, it would be possible to 
explain migration selectivity in terms of the known 
arid measurable concept of neighboring group 
participation. Since the extent of neighboring 
group participation can be determined for a number 
of different systems, a dependence of migration 
selectivity upon participation should enable the 
precise and consistent prediction of migration 
ratios in these same systems. 

The verification of such a relationship does not 
fall within the scope of the data presented in this 
paper, since the migration ratios reported here were 
obtaiiied under conditions where simultaneous 
observation of participation was impossible. How- 
ever, since the verification of such a relationship 
is important, experiments are under way in this 
Laboratory designed to secure simultaneously 
data on the migration ratios and degrees of partici- 
pation of several aryl groups. 
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838 (19481, which gave evidence for the existence of bridged ions in the 
z-sterol rearrangement; and ( 2 )  D. J. Cram, el al., i b i d . ,  71, 3683 
(1940), which gave evidence for the  direct formation of phenoniiim ions. 
Many points in these earlier papers have been elaborated in papers by 
Cram, et ai., ib id . ,  74, 2129 (1052) el  sep ; and the recent papers by 
\\'instein and his group mentioned above. 

( 2 3 )  This evidence is found in many of the papers listed in the previ- 
ous reference 2 2  The articles by Cram deal first and most exclusively 
with the evidence for the existence of phenonium ions ( i . c . ,  transition 
states such as  X) ;  hut a great deal of evidence is also found in the 
papers by Winstein and his group including especially S. Winstein, M. 
Brown, I;. C. Schreiber and A.  H. Schlesinger, i b i d . ,  74, 1140 (1932). 
Of course, the evidence presented in these papers deals with solvolytic 
rearrangements in homogeneous systems, bu t  it seems reasonable t o  
extend the concept to the type of heterogeneous acid catalysis de- 
scribed in this paper. 


