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.-\cetolysis and formolysis of 2-(2,4-dimethos)phenyl)-1,l-dy-ethyl a r ~ d  2-(3,s-din~ethoxy- 
pher1yl)-1,l-d2-ethyl p-bromobenzenesulfo~iates \yere allowed to proceed for about two half- 
lives, and tlie corresponding acetate alld forinate products as  well a s  the unsolvoiyzed 
sulfor~ate esters \yere recovered and a~~ :~ l> , zed  by rluclear rilagrletic resonance. In tlie 2,4- 
climethosy substituted syste~ii, both acetolysis arid forluolysis gave products sI~o\\ling 
practically equ:ll distributions of the deuterium i l l  tlie C-1 and C-2 positions of tlic ethyl 
chain. For the 3,5-dilncthoxy substit~rted s).stem, deutcriuli~ isotope position rearrangelilents 
from C-l to C-2 i l l  the products \\.ere found to bc 11 and 2G5,, respectively, for acctolysis and 
formol>.sis. 'Fhese results provide more quantitative veriticatiolis of earlier conclusions, based 
on l i i~~et ic  da ta ,  rcgardillg tlic cxterlts of involvclnent of bridgecl ions as  reactioll internlediates. 
'l'hc ~~~lsolvolyzecl sulfonate ester recovered from the acetol>.sis of either the 2,4- or 3,ii- 
d i m e t h o x ~ ~  substituted s>-sten1 s11ou.ed a sigilificant amount of dcutcrium rearra~lgclneilt from 
C-1 to C-2, indicating tlie occurrerlcc of ion-pair returns. 011 the other l lal~d, sucli rearrauge- 
ments were ~legligibly sinall in thc sulfonates recovered aftcr partial formolysis. By utilizir~g 
clatn 011 isotopic rcarrarlgemcllts i l l  thc recovered sulfonates obtai11,ed from the present worl; 
or frorn the literature, v:~lues of k, /kt ,  the ratio of the total reactlo11 rate to the titrimetric 
rate, were calculated for x  lumber of 2-arylethyl systems. Implications of the present results 
on a general mechanisnl for the solvolyses of 2-arylethyl nreilesulfonates arc  also discussed. 

1;roul considerations ol relative rates and entropies of activation, \\Tinstein and I-Iecli ( I )  
concluded that the chief contributor to the rate of both acetolysis 2nd formolysis of 
~(2,4-clii~~etl~ox~~p11en~~l)-etl1yl p-I~romol~enzenesulfo~~ate (I-OBs) is the anchi~nerically 
assisted rate collstant (ka), \\,hereas lor 'l-(3,5-dimetl1ox~~pl~ei1~-l)-etl1yl p-broinobenzene- 
sulionate ([I-OBs), acetol!.sis is chiefly anchimerically unassisted (k,) and both /z, and /zA 
contributc to the formol~~sis of 11-OBs. The anchimerically assisted process involves a 
nonclassical, bridged ion, such as the etl~ylene-2,4-dii~~etl~ox~~p11ei~oi1i~1i~1 ion, as an 
interillediate (I).  Such bridged ions may be generalized for 2-arylethyl systems, as s1101~11 
I I ~  111, ~vhich may be ternled an ethylenearoniuin ion. These qualitative coi~clusions 

derived froill liinetic data can be verified inore quantitatively by isotope position rearrange- 
ment studies. In the present ~vorlc, 2-(2,4-diinethoxypl~ei~)~l)-Ill-d?-ethyl ,uld 2-(3,s- 
dimet11oxyphenyl)-1,l-(i2-et1lyl p-I~roi~~obei~zenes~~lfoi~ates  (I-OBs-I-d2 and 11-OBs-I-d,, 
respectively) \Yere subjected to acetolysis and formolysis, and the deuteriun~ distributions 
in the ethyl chain of the resulting products were determined to ascertain the extents of 
involvement of 111. 

The solvolyses of I-OBs-1-d2 and 11-OBs-1-dz were interrupted before coinpletioil and 
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the deuteriuin distributions in the recovered !I-broi~~obe~~zenesulfonates gave iildicatio~ls 
of the extents of return from ion-pairs to covalent bonding. The return processes for 
optically active systellls which proceed via sjminetrical bridged ions, such as in the 
solvolyses of threo-3-phen~-l-2-butyl and tllreo-3-anisyl-2-b~ityl arenesulfo~~ates (2, 3), have 
bee11 measured by a comparison of the polari~netric rate co~lstailt (k,) and the titrimetric 
rate consta~lt ( k t ) .  Recently, Sinit11 and Shon7alter (4) have utilized data on isotopic 
rearrangements to calculate an equivalent of k,/k, for the acetolysis o'f erythro-3-phenyl-2- 
butyl p-toluenesulfonate. In st~idies with 2-arylethyl systems, it  is iinpossible to  evaluate 
k, because of the lack of optical activity. 'The method of Sinith and Showalter (a), hon~ever, 
can be emplo).ed. This treatment is applied to  the present results on returns as well as to 
other 2-arylethyl systems for \17hicl1 isotopic rearrangement data on ret-urns are available 
from the literature. 

RIZSULTS AND DISCUSSION 

I-OBs-l-d2 and II-OBs-l-dz werc prepared froin the correspo~lding deuterated alcohols, 
which were obtained, respectively, from thc lithium aluminium deuteride reduction of 
2,$-dimet11oxypl~ei1j~lacetic acid (IV) and 3,.5-dirnethoxyphei1ylacetic acid (V). As iildicated 
by Winstein and I-Ieck (I) ,  IV was prepared from 2,4-dimethoxybenzaldehyde by the 
azlactoile method (5) and V was obtained froin 3,s-dimethoxybenzoic acid by way of the 
corresponding benzyl alcohol, benzyl chloride, and nitrile. Acetolysis and forinolysis of 
I-OBs-l-d2 and II-0Bs-1-d2 werc interrupted after the reactions had proceeded for about 
tn7o half-lives (see Experimental). The resulting acetates and formates (I-OAc-x-dz, 
II-OAc-x-d?, I-OCEIO-.v-ds, and II-OCEIO-x-dr) as well as the recovered ~insolvolyzed 
sulfonates (I-OBs-x-d? and II-OBs-x-dz) were exainined by nuclear magnetic resonance 
(n.1n.r.). The pertinent parts of typical sets of spectra are shown in Figs. 1 and 2.  Integra- 
tion of a ilurnber of such sets of spectra gave the averaged deuterium distributioils in the 
C- l  and C-2 positions of the ethyl chain of the various compounds analyzed. The results 
are given in Table I. 

'I'he reaction of III-d2 from I-OBs-l-d2 or II-OBs-l-d? could give rise to products ni th an 
equal amount of cleuterium a t  the C-1 and C-2 positions (eq. [I]). This prediction is fully 

met in both the acetolysis and forinolysis of I-OBs-l-d?, confirming the earlier coi~clusion 
based on kinetic data  (I).  The small excess over 50% of deuterium a t  C-2 (Table I)  for 
I-Orlc-s-d2 and I-OCI-IO-x-dz may be attributable to an isotope effect, the reaction niith 
III-d2 being slightly inore favorable a t  the carbon positioi~ containing hydrogen than a t  
the one containing deuterium. 

The isotope position rearrangements of deuterium in the products from the acetolysis 
and forinolysis of II-OBs-l-d2 indicate the partial involvement of 111, again confirn~ing thc 
conclusion (I) that k, competes favorably with ha in this system. \&'instein and I-Ieck (I) 
have pointed out that a m-methoxy group on a participating phenyl group inay give rise to 
either a small retardation or a sillall acceleration of the rate, depending on the relative 
influence of the inductive and resonance effects. In the forinolysis of II-OBs, it was noted 
that the two m-methoxy groups in the 2-phenylethyl system decreased the rate by a factor 
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L I ~ I :  xrn s o s z ~ 6 :  10s-P.UR RETURSS IS SOLVOL\ISI~S 

FIG. 1. I 'erti~~ent parts of the n.1n.r. spectra obtained 011 the I-IA-100 spectrometer: A,  2-(2,4-dimethoxy- 
11henyl)-1,l-dp-ethyl p-broi~~obenzenesulfo~~ate (I-OBs-1-de); 13, I-ODs-x-d? recovered from acetolysis after 
70.6% reaction; C, I-OBs-.v-d2 recovered froin for~noIysis after 77.6% reaction; D, I-OHc-s-dz product from 
acetolysis; E, I-OCI-10-x-d:: product from forlnolysis. The undesignated pealts s h o ~ v ~ l  are caused by methoxyl 
hydrogens. 

FIG. 2. Pertinent parts of the n.1n.r. spectra obtained on the IHA-100 spectrometer: I;, 2-(3,s-dimethoxy- 
phenyl)-1,l-d?-ethyl p-bro~nobenzenesulfonate (I I-ODs-1-d?) ; G, 11-ODs-x-d? recovered from acetolysis 
after 74.7% reaclion; I-I, 11-OBs-x-dz recovered from formolysis after 71.2% reaction; I, 11-OAc-r-dz product: 
from acetolysis; J ,  11-OCI-10-x-d2 product from formolysis. The undesignated pealis shown are caused by 
~ l ~ e ~ h o s y l  hydrogens. 

of 3 and that,  \v-l~en the AS* values are considered, the formolysis rate for 11-OBs "is not so 
predominantly composed of ka as in the case of the parent CaH5CI-I2CH20Bs system" (I). 
This statement is borne out Inore quantitatively by a comparison of the present results 
n-ith kno~~rn  data  from 14C-labeled 2-pheilylethyl p-toluenesulfonate (VI-OTs) ; the 
formolysis of 11-OBs-1-ds gave 26% isotopically rearranged 11-OCI-10-2-d2 (Table I) 
nrhereas the formolysis of VI-OTs-1-llC resulted in 45% isotope position rearrangement to  
VI-OCI-10-2-14C (6). 
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TABLE I 
Rearrangements of deuterium from C-1 to C-2 in the products and recovered 
p-brornobenzenesulfonates from the solvolyses of 2-(2,4-dimetl1oxyphenyl)- 
l,l-d,-ethyl and 2-(3,5-dimethoxypheny1)-1,l-dz-ethyl p-bromobenzenes~~lfonates 

(I-OBs-1-d2 and 11-OBs-1-d?, respectively) 

Iteactant Reaction Compound analyzed Yo deuteriu~n a t  C-2* 

I-OBs-1-d, i\cetolysis I-OAc-.t-dz 5 1 
I-ORs-x-d, 40 

I-OBs-1-d, Formolysis I-OCHO-x-d? 52 
I-OBS-X-d? < 0 . 5  

I I-OBs-1-d? Acetolysis I I-OAc-x-d2 14 
11-OBs-w-dr 15 

I I-OBs-1-d:! Formolysis 11-OCHO-x-do 26 
I I-OBs-r-d:! < 0 . 5  

*Corresponding to the proton coriterlt in the C-1 position, as measured by n.m.r. 

Ion-pair returns involving 111-d2 and its counter ion will result in the location of some 
deuterium a t  the C-2 position of the recovered sulfonate (eq. [2]). The data  in Table I 

she\\: that such returns are significant in the acetolyses of both I-OBs-1-d2 and 11-OBs-1-dz, 
but are negligible in the formolyses. Similar studies on the solvolyses of other 2-arylethyl 
systems labeled with 14C, including 2-(p-anisy1)-1-14C-ethyl, 2-(cr-naphthy1)-1-'4C-ethyl, 
and 2-(0-napthyl) -l-14C-ethyl 9-toluenesulfonates (VII-OTs-1-I4C, VIII-OTs-1-14C, 
and IX-OTs-1-14C, respectively) (7-9), also resulted in significant returns for acetolysis 
and negligible returns for formolysis. The fact that acetic acid is an optimum medium for 
ion-pair returns has been discussed in the early forinulation of the theory on such processes 
(10). Returns from ionic inter~llediates to covalent starting inaterial have also been studied 
in the solvolyses of 2-phenyl-1-14C-ethyl p-toluenesulfonate (VI-OTs-1-14C) (11, 12). In 
this case, significant returns were observed for formolysis. By investigating the formolysis 
of VI-OTS-I -~~C in the presence of added sodium 35S-p-toluenesulfonate, it was sholvn that 
the major contributor to the return processes may be intermolecular external return 
involving exchangeable p-toluenesulfonate anion, rather than intramolecular internal 
return from intimate ion-pairs (12). 

Following the nlechanistic schemes given by Jenny and \Vinstein (7) and by Clayton 
and Lee (12), the processes occurring during the solvolyses of 2-arylethyl arenesulfonates 
are shown in Reaction Scheme 1, with the asterisk designating the isotopic label, either 14C 
or D. 

As pointed out earlier, the ionization rate constant (ha) for optically active systenls 
\\lhich proceed via synllnetrical bridged ions can be follo\ved polarimetrically as k,. 
Because of the return processes, k, is greater than the titrilnetric rate constant (kt) (2, 3). 
According to the schenle sholvn in Reaction Scheme 1, one can define k, as the total 
reaction rate constant (eq. [3]) whereas the titrirnetric rate constant is given by eq. [4]. 
Again, if returns occur (F < l ) ,  k, will be greater than kt. Values for the k, so defined call 
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be calculated according to the method of Sinith and Showalter (4). For example, in the 
present studies, the acetolysis of I-OBs-1-da was interrupted after 3 h a t  60.6 "C when the 
reaction was 70.6% coinplete (kt = 1.13 X lop4 s-I). The recovered sulfonate (I-OBs-x-dz) 
showed 40y0 isotope position rearrangeinent of the deuterium label, which indicated that  
2 X 40 = SOYo of the recovered sulfonate has been involved in the return processes. Since 
the amount of sulfonate remaining was 100 - 70.6 = 29.4%, (S0/100) X 39.4 = 23.5% 
of the reactant I\-ould have been involved in returns. The total involved uiould be the sum 
of the percentage solvolyzed and the percentage return, namely, 70.6 f 23.4 = 94.0y0. 
The total reaction rate constant would thus be k, = (2.303/(3 X 3 600)) (log 100/(100 
- 94.0)) = 2.5 X s-I. These calculations can be summarized by eqs. [3]-171. 

[ 5 ]  % return = 2(yo rearrangeinent in recovered sulfonate/100) X (100 - % solvolyzed) 

[GI yo total involved = yo solvolyzed f yo return 

PI k, = (2.303/time)(log 100/(100 - yo total involved)) 

In this \yay, k, as \\-ell as k,/kt can be evaluated for the acetolysis of I-OUs-1-dr, 
11-OBs-1-d?, \~II-OTS-I- '~C, 1'111-OTs-I-'", and IX-OTS-I-~~C.  These data are sum- 
~narized in Table I I. 

I t  can be seen from Table I1 that,  for the three acetolyses of VII-OTs-1-14C n~hich were 
interrupted a t  different stages of completion, the calculated values of k, and hulkt \\-ere 
quite constant. Also, as expected, hulkt decreased marl<edly when the acetolyses of 1711- 
OTs-1-"C \\.ere carried out in the presence of lithium perchlorate. The latter salt is believed 
to prevent return from solvent-separated ion-pairs, but does not prevent returns froin 
intimate ion-pairs (3, 7). According to ecls. [3] and [4], k,/kt = (k, f k,) /(Fk~ f k,). I11 
sj-stems to which k, does not contribute significantly, such as in the solvolyses of I-OBs-1-d, 
and \TII-OTs-l-14C, k,/k, would be equal to l/F. For the acetolpsis of VII-OTs-1-14C, the 
calculated hulkt of about 3.9 is in reasonably good agreement with the value of 3.77 for l /F 
reported by Jenny and Winstein (7). 
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Calculated k, and k,/kt for the acetolyses of a number of labeled 2-arylethyl arenesulfonates o 
?- 

- z 
Reaction Reaction % 10Gkt % % % total l ~ ~ k ,  

Reactant* time (h) temperature ("C) solvolyzed (s-l) rearrangementi return involved (s-') kdkt 
6 

-- z 

V I I - O T S - ~ - ~ ~ C ~ ; ~  G 75.00 51 3.3 2 .3  2 . 3  53.3 :3 .5  1.06 2 
VI I-OTS-1-14C$,** 6 75.00 58 4.0 2.0 1 . 7  69.7 4 . 2  1 .05 g 
V I I I - O T S - ~ - ' ~ C ~ ~  12.33$$ 110.6 45.6 1.37 3s 41.3 86.9 4.6 3 . 4  - 
IX-OTs-1-14C$$ 18.5 110.6 50.0 1.04 31 31.0 Sl  .0 2 .5  2.4 6 

-- 4 
F 

*I-OBs-1-dz and 11-OBs-I-d? are, respectively, 2-(2,4-dimetl1osppl1~l)-l,l-d?-etllyl and 2-(3,S-din1ethoxypliei1yl)-l,l-d~-etI1yl p-bromohenzenesulfo~~ates; Vll-OTs-I-"C, Vlll-OTs-I-"C, 5 
and IX-OTs-1-IaC are, respectively, 2-(p-anisyl)-l-~'C-etl1yl. 2-(~-napht11yl)-l-l~C-etI1)~l, and 2-(8-nap11tliyl)-1-lac-ethylp-toluenesulfonates. 

tIsotope position rearrangenlent from C-1 to C-2 ill the recovered are~~esulfonate.  
$Data from ref. 7. 2 
§In the presence of 0.002 M LiClOa. 

,F 

n the presence of 0.01 A! LiCI0.t. 
4:1 

6 

11 the presence of 0.03 A4 LiCIOa. 
+ 

*'In the presence of O.OG A4 LiClOa. +- 
+?Data from ref. 8. 0 3 

$fin ref. 8, this reaction time was erroneously reported as  one half-life based on tlie prelilninary kinetic worli carried out before the active runs. Afore accurate k i ~ ~ e t i c  data slio!v llial the " 
reaction mas 45.6% con~plete. 

§§Data from ref. 9. 
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For the 2-phenylethyl system, in the earlier ~vorl; on ion-pair returns during the 
solvolyses of VI-OTS-~- '~C (11), kinetic rneasureillents were not made in conjunction with 
isotopic rearrangement studies. Froin the later investigation on the forinolysis of VI-OTs- 
1-14C (12), both kinetic data and isotope position rearrangelllents in the recovered sulfonate 
are available. In this case, however, iilterrnolecular external return involving exchangeable 
#-toluenes~~lfonate anioil may be chiefly responsible for the rearrangements observed in the 
recovered sulfonate (12). In such an event, the rate for that  portion of the reaction 
proceeding via the bridged ion should be dependent upon the 9-toluenesulfonate anion 
concentration, as given in eq. [S] (13), where k ~ ,  k ~ ,  and ka are, respectively, the rate con- 
stants for ionization, for return frorn the carboiliulll ion to the starting material, and for 
product forlllation from the carbonium ion. 

Rate = 
kl [ArOTs] 

(kz/k3) LOTS-] + 1 

I-Iowever, if (kz/ka)[OTs-] is small compared with 1, first-order kinetics would still be 
observed. Apparently, this condition may have been met in the formolysis of V I - O T S - ~ - ~ ~ C ,  
I~ecause the extent of return was not large and no significant clo~vnward drift in the rate 
was detectable during a kinetic run (12). I t  is thus possible to apply the first-order kinetic 
treatments, as given by eqs. [5]-[7], to calculate k, for the formolysis of V I - O T S - ~ - ~ ~ C .  

Summarized in Table I11 are the results from the formolysis of 0.350 M V I - O T S - ~ - ~ ~ C  a t  
74 OC carried out with no added salt (12). The 12, values calculated froin the data obtained 
after the reaction was interrupted a t  various stages of completion may be regarded as 
satisfactorily constant, the average being 3.4 X 10-3 s-l. Since kt, under the same condi- 
tions, has been found to be 3.0 X 10-5 s-I (12), lz,/kt is about 1.1. This average value of 
k,/kt gave a t  least a correct indication of the order of magnitude for the return processes; 
the factor F, \vhich is the fraction of the bridged ion proceeding to  products, has been 
evaluated as 0.91 (12). 

Calculated k ,  for the fornlolysis of 0.350 ill 2-phe~lyl-l-~"C-ethyl p-toluenesulfonate 
(VI-OTs-1-1") a t  74 f 0.2 'C with no added salt* 

Reaction time % % % yo total l P k ,  
(min) solvolyzed rearrangementi. return involved (s-l) 

600 66.4 3.37 2 . 3  68.7 3 .2  
600 65  6 3.30 2 . 3  67.9 3 .2  
900 SO. 0 5.78 2 . 3  82.3 3 .2  

1 155 SO. 9 S.  60 1 . 7  91.6 3 . 6  
1 200 88.5 8.88 2.0 90.5 3 .3  

Average 3 . 4  

"1Sxperirnental data frorn ref. 12. 
tlsotope position rearrangement fro111 C-1 to C-2 in  the recovered p-toluenesulfonate. 

Recently, Brown and his co-workers (14) have emphatically questioned the existence of 
nonclassical, bridged phenonium ions as intermediates, and special attention was directed 
to the 3-phenyl-2-butyl and 2-pl~enylethyl systems. As an alternative to ilollclassical ions, 
these \vorl;ers have suggested rapidly equilibrating classical ions. On the other hand, Cram 
(15) has strongly stated the case for p l~e i~oi~ium ions. The existence of bridged ions has not 
been questioiled in systems in ~vhicll anchinzeric rate enhancements have definitely bee11 
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established, such as in the solvol!;ses of I-OBs and VII-OTs. AIoreover, the recent direct 
observation of the n.m.r. spectrum of the carbonium ions derived fro111 the 3-phenjrl-2- 
butyl system under highly acidic conditions a t  lo11r temperatures favored the bridged-ion 
formulation (16). The present results on deuteri~um scrambling in the products of the 
solvolyses of I-OBs-1-do and 11-OBs-1-do also further strengthen the already l;no~\~n 
correlation that  the extents of isotope position rearrangement generally are closely related 
t o  the extents of involvement of bridged ions predicted from structural, kinetic, or 
stereochemical considerations. The  phenomena of returns from ionic intermediates to  
covalent starting materials are also adequately explained by bridged ions. Finall>-, for the 
2-phenylethyl system, Jensen and Ouellette (17) have reported significant rate enhance- 
ments for the solvolyses of 2-phen~~letl~ylmercuric perchlorate in acetic acid and in for~nic 
acid. I t  is of interest to  point out that  preliminary I\-orlc in this laboratory on the acetol!.sis 
and formolysis of 2-p11eny1-1-'~C-et11y1mercuric perchlorate gave products in 11-hich the 
14C-label was almost equally distributed in the C-1 and C-2 positions."Fron~ all of these 
considerations, it appears quite reasonable to  conclude that ,  for 2-arylethyl systems, the 
nonclassical ethylenearonium ion 111 may be utilized confide~~tl!; to  correlate the existing 
experimental data.  

2-(2,d - Di~~zethoxypl~ei~yl) - I ,l - d?- ethyl and 2- (3,s- Di~netkosyphenyl) - 1 , l  - dz- ethyl p -  B r o ~ i ~ o D e ~ ~ z e n e s ~ r l f o ~ t e s  
(I-OBs-1-dl and 11-OBs-1-d?) 

2,4-Dimethoxyphenylacetic acid or 3,5-di111ethosyphe11ylacetic acid \vas reduced to the correspondil~g 
alcohol as  described by Winstein and Heel; ( I ) ,  except that lithiunl aluminium deuteride instead of lithium 
aluminium hydride was used as the reducing agent. These alcohols were treated with p-bronlobenzel~e- 
sulfonyl chloride in pyridine, again by the procedure of Winstein and IHecli ( I ) ,  to give the desired sulfonate 
esters. 2-(2,4-Dimethosyphen);l)-1,l-&-ethyl p-bromobenzenes~~lfonate (I-ORs-1-d,), m.p. 73" C (lit. (1) 
m.p. 72-73 "C), \\.as obtained in a 48% yicld, and the yield of 2-(3,s-dimethosypheny1)-l,l-(L2-etl~\.l 
p-bromobenzenes~~lfo~~ate (11-OBs-1-dr), m.p. 76 "C (lit. (1) n1.p. 76.5-77.5 'C), was 43y0. Deuterium 
analyses3 showed the presence of 1.92 and 1.90 deuterium atoms per molec~~le  in I-ORs-1-d2 and I[-ORs-1-d?, 
respectively. 

Acetolysis of I-OBs-1-dr 
A solution of 6.0 g (0.015 mole) of I-OBs-I-d~ in 500 ~ n l  of reagent-grade glacial acetic acid \\,as heated 

in a water bath a t  60.6 "C for 3 h (70.6Sb solvolyzed). 'The ~nistlrre was poured into 2 1 of ice \\~ater ant[ therl 
extracted \\-it11 t\vo 500 ml portions of ether. The estract was \\rashed three times with cold water, t\\-icc with 
cold, diluted sodium carbonate solution, and linally once more with cold water. After the solution \\as dried 
over anhydrous magnesiuln sulfate, the ether was reruoved in  znczlo a t  room tenlperature. The residue was 
triturated in 6 ml of a 1:2 solution of ether - petroleun~ ether (b.p. 40-60 "C) and then allowed to  remain 
in the refrigerator for 2 days. 'The crystalline ~~nsolvolyzed sulfonate ester \vas collected by filtration and 
recrystallized from ether - petroleum ether. The recovery \\.as 1.4 g (T!)yo based on 70.60jo solvolyzcd). 

The liltrate obtained after the removal of the u~~solvolyzed sulfonate was evaporated to  ail oil which, on 
vacuum distillation, gave 1.6 g (67yo based on 70.6% solvolyzed) of 2- (2,4-dimethosyphe11yl)-.A-ethy 1 
acetate (I-O.h\c-s-d?), b.p. 144" a t  2 mm. The corresponding protio acetate isolated fro111 a similar rut1 boiled 
a t  142 "C and 2 Inm. 

Anal. Calcd. for CI?I-IIGO~: C, 64.27; M, 7.19. 1;ound: C, 64.22: 1-1, 7.21. 

ilcetolysis of 11-OBs-1-dn 
A solutior~ of 6.0 g (0.015 mole) of 11-OBs-1-dl in 500 ml of reagent-grade glacial acetic acid \\;as heated 

in a thcrlnostated oil bath a t  100.0 "C for 37 h (74.7y0 solvolyzed). The reaction ~nis ture  was \vorl;ed up in 
the same manner as  described for the acetolysis of I-OBs-1-d?. 'The recovery of unsolvolyzed sulfonate ester 
was 1.2 g (79y0 based on 74.11% solvolyzed). The yield of acetate product (11-OXc-.v-dl), b.p. 148-150 "C 
a t  2 mm, was 1.3 g (52y0 based on 74.7y0 solvolyzed). 'The corresponding protio acetate obtained from a 
siunilar run boiled a t  146 "C and 1.5 mm. 

Anal. Calcd. forCI?HlsO.l: C, 64.27; H,  7.15). Found: C, 64.20; H,  7.14. 

2Resz~lts of R. J. Tewari, to be pzlblisl~ed. 
3By Josef Nenzeth, Urbawa, Illinois. 
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Fornzolysis of I-OBs-I-ds 
A solution of 6.0 g (0.015 mole) of I-OBs-1-d? in 500 rnl of reagent-grade 98-100% formic acid was kept 

a t  25.0 "C in a water bath for 1 h (77.6G/0 solvolyzed). 'The reaction mixture was worked up as described for 
the acetolyses. The recovery of unsolvolyzed sulfonate was nearly quantitative (1.3 g), and the yield of 
formate product (11-OCI-IO-x-d2), b.p. 138 "C a t  1.5 mln, was 1.5 g (GOYo based on 77.6y0 solvolyzed). 
'The corresponding protio forlnate obtained in an analogous experiment boiled a t  140" and 2 mm. 

Anal. Calcd. for C1lI-IleOe: C, 62.84; H ,  6.71. Found: C, 62.55; I-I, G.'i8. 

Forornzolysis of 11-OBs-I-d? 
A solution of 6.0 g (0.015 mole) of 11-OBs-1-dz in 500 ml of reagent-grade 98-100% formic acid was 

heated in n water bath a t  60.0 OC for 50 h (71.2y0 solvolyzed). 'l'he reaction ~uixture was worlccd up in the 
same way as described above. The recovery of unsolvolyzed sulfonate was again essentially quantitative 
(1.7 g). Some technical difficulty was experienced in the isolation of the formate product, and the yield of 
purified formate (11-OCHO-.x-dd), b.p. 150-152"at 3.5 mm, was only 0.5 g (22% based on 71.2y0 solvolyzed). 
The corresponding protio formate boiled a t  152 "C and 3.5 mm. 

Anal. Calcd. for CIIHI.IO.I: C, 62.84; 11, 6.71. ITound: C, 62.93; I-I, 6.85. 

Nulear iltagnetic Resonance Aicalyses 
The n.1n.r. analyses of the various compounds were carried out in dei~teriocl~lorofor~n solution with 

Varian Associates HR-100 and I-IA-100 spectrolneters by Mr. G. W. Bigam of the Department of Chemistry, 
University of Alberta, Edmonton, Alberta, and by Mr. M. Mazurek of the Prairie Regional Laboratory, 
National Research Council, Saslcatoon, Saskatchewan. 
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