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anol, 2.5-3.0 g. (33-40%), m.p. 247-249' (sealed), neut. 
equiv. 289. 

rosettes, decomposed erratically when melted. The yield 
was 10.1 g. (24r0), [ c Y ] ~ ~ D  -22.2' (c 0.397 chloroform, 1 

Anal. Calcd. for Cl6Hl0OaN8: N, 14.52. Found: N, 
14.54. 

Resolution of the 4-(4-Carboxyphenyl)-semicarbazone of 
dkLMethylcyclohexanone.-A mixture of 1400 ml. of 
methanol and 17.7 g. (0.06 mole) of the 4-(4-carboxyphenyl)- 
semicarbazone of dl-3-rnethylcyclohexanone was brought to  
boil and 26.6 g. (0.06 mole) of brucine,8 dissolved in a small 
amount of methanol, was added. Solution of the derivative 
occurred immediately; the volume was reduced t o  1100 ml. 
and allowed to  stand overnight on a slowly cooling steam- 
bath. Any crystalline formation was redissolved by heating, 
the solution filtered hot, reduce? to  1000 ml. and cooled 
slowly in an oven constant a t  30 . The fine yellow crystals 
thus obtained were recrystallized tliree times from methanol 
a t  a solvent ratio of 22-25 ml./g. of salt and using a second 
crop from the previous recrystallization added to  the follow- 
ing mother 1iquor.O The optically pure product, as golden 

dm.). 
Anal. Calcd. for Cs~HtsO,Ns: N, 10.27. Found: N, 

10.19. 
Slurrying 2.0 g. of the salt in 20 ml. of water, acidifying 

with 2 ml. of glxial  acetic acid, collecting and drying gave 
quantitative recovery of the derivative, neut. equiv. 
290. 

Refluxing of 9.7 g. of the pure salt for 10 minutes with 19 
ml. of 9 N sulfuric acid, cooling, extracting with ether, dry- 
ingand removing the ether, left a residual oil, b.p. 167-169", 
n 2 0 ~  1.4444 (Adams, Smith and Loewe'o report b.p. 164- 
168", n 2 0 ~  1.4449), which was converted to the semicarba- 
zone in the usual manner. After one recrystallization from 
methanol, thiz semicarbazone of l-3-methylcyclohexanone 
melted a t  183 , [ c Y ] ~ ~ D  + 20.6" (c 1.159 absolute ethanol, 1 
dm.); Leonard and B o y d  reported m.p. 179-180", 
4-20.6'. 
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The acetolysis of optically active 1-butyl-1-d p-nitrobenzenesulfonate in 55% dibutyl ether-45% acetic acid (by volume) 
produces 71% of 1-butyl-1-d acetate with 97 =I= 6% net inversion of configuration and 29% of undeuterated butyl acetate. 
The latter product presumably arises via a through a tributyloxonium ion intermediate. Under the reaction conditions 38% 
of the total product resulted from cleavage of the dibutyl ether by the p-nitrobenzenesulfonic acid produced in the solvolysis. 

It has been previously demonstrated6 that the and are known to be rather reactive.? Despite the 
solvolysis in acetic acid of optically active 1-butyl- many kinetic studies of solvolyses of various sys- 
1-d p-nitrobenzenesulfonate ( I d )  proceeds with tems in solvents containing ethers, particularly 
85% inversion of configuration and 15% racemiza- dioxane, the possible role of such oxonium salts as 
tion. The significant amount of racemization which 
resulted was taken as evidence for the formation to o < z ~ ~ ~ ~ ~ > .  +-cHD(cH2)zcHI 
some extent of symmetrically solvated primary car- 111 
bonium ions (11; SI = Sz =-AcOH) inthis  system. 
The increased racemization found to result from the 
presence of dioxane or nitrobenzene was associated 
with the formation of carbonium ion intermediates 
(11) at least partially solvated by the addend sol- 
vent. The existence of I1 (SI # SZ) was inferred by 

Sz. .  . . . . c . .  ' . . . .SI]+ [ / \  
I1 

analogy with the I1 (SI = S,) presumed to account 
for the racemization in pure AcOHa6 The possible 
formation of intermediates such as the oxonium 
salt I11 in the dioxane case was recognized but was 
not determined. The formation and subsequent 
acetolysis of such intermediates in the mixed sol- 
vent would surely result in greater net racemiza- 
tion. Trialkyloxonium salts have been isolated 
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(5) A. Streitwieser, Jr., and W. D. Schaeffer, THIS JOURNAL, 79, 

6233 (1957). 
( 6 )  See also E. D. Hughes, C. K.  Ingold and A. D. Scott, J .  Chcm. 

Soc., 1201 (1937): and A. Streitwieser, Jr., Chon.  Revs ,  86, 655 (1956). 

intermediates never has been evaluated. Alkoxy 
groups have been shown in many cases to provide 
neighboring group participation with the formation 
of cyclic oxonium ion intermediatesa; these reac- 
tions, however, are intramolecular and involve a 
more favorable entropy change. In  this paper we 
report experiments using deuterium simultane- 
ously as an isotopic tracer and as a source of optical 
asymmetry which relate to the role of intermolecu- 
lar oxonium ion formation in solvolysis reactions. 

Results and Discussion.-1-Butanol-1-d having 
CPD + 0.119 f 0.008' (l4) was converted with 
acetyl chloride and pyridine to the acetate which 
had PD - 0.167 f 0.003' (L2). The ratio of the 
rotations agrees within experimental error with 
values previously reported.6 When the correspond- 
ing p-nitrobenzenesulfonate was solvolyzed in 55% 
dibutyl ether-45% acetic acid (by volume) for 5.5 
half-lives a t  100' the product acetate had C Y ~ ~ D  + 
0.071 f 0.003' (L2), which corresponds to 42.5 * 
2 5% apparent net inversion (57.5 2.5% race- 
mization), but this product had lost 56 f 1% of its 
deuterium. Hence, the 1-butyl-1-d acetate (IV-d) 
(7) H. Meerwein, e& al., J .  prakt .  Chcm., 141, 257 (1937); 184, 83 

(1939); Bcr., 89, 2060 (1956). 
(8) S. Winstein and R. B. Henderson, THIS JOURNAL, 66, 2196 

(1943); S. Winstein, C. R. Lindegren and L. I. Ingraham, ib id . .  78, 
147 (1953): D. S. Nopce and B. R. Thomas, i b i d . ,  79, 755 (1957); S. 
Winstein, E. Allred, R. Heck and R .  Glick, Tcfrahcdron, S, I (1958). 



present W ~ S  actually formed with 97 i tjy0 iiiver- 
sion of configuration but is diluted with undeuter- 
ated butyl acetate (IV) also formed during the 
solvolysis. 

( C€LCH2CH2CH2)20 'CHDCH>CI-IpCI& 
Y 

Lhbutyl ether was chosen as one coiiiponeilt of 
the solvent mixture because the corresponding 
oxonium ion V, if formed as an intermediate, would 
result in at least partial reaction a t  the undeuter- 
ated butyl groups and give rise to loss of deuterium 
in the product. A corresponding reaction at a 
methylene group in the dioxane moiety of I11 is not 
cspected because of the deactivating effect of 8- 
osygens. In previous acetolyses of I d  the product 
IV-d was demonstrated to be optically stable to  the  
reaction conditions; by analo,T, product stability 
is assumed in the present case. However, the p -  
nitrobenzenesulfonic acid also formed in the solvtdy- 
h i s  could conceivably cleave dibutyl ether with 
subsequent formation of undeuterated butyl ace- 
tate. Indeed. when a solution of p-toluencsulftrnic 
acid in dibutyl ether-acetic acid was inaintair!ccl 
under the solvolysis conditions, a significant aiiiouit t 
of butyl acetate was formed The aniount of cther 
cleavage which actually occurred duritig the 
acetolysis experiment was determined by repeating 
the solvolysis with n-butyl p-nitrobenzenesulfonate 
(I) and using an isotopic dilution technique to 
o h t i n  the total yield of butyl acetate. .it tlic eritl 
of the reaction, a known amount of l-butyl-l,l-dl 
acetate was added to the mixture. The deuteriuiii 
analysis of the butyl acetate isolated from the mix- 
ture showed that the yield of ester from the rcactioii 
w'is 161 * 8%. If all of the undeuteratd but>l 
x e t a t c  produced during the first solvolysis had 
ctme from cther cleavage, the total yield of ester 
in the isotopic dilution experiment would have been 
22clr;. This argument implies that the acetolysis 
of the primary sulfonate is stoichiometric. So 
significant amounts of olefin from elimination were 
ever detected in our solvolyses; the solvolyses were 
carried out in sealed vessels and no pressure iii- 
crease was noted on opening. Furthermore, under 
these sealed conditions in acid media furthrr 
solvolysis of any 1-butene formed would be expected 
,tiid would yield rec-butyl acetate. KO sec-butyl 
acetate evc'r was obscrvetl in our acetoly 
gcn and I i ~ c h a r t l t ~  11,~\ C' xeportttl thcLt I 
vigorous cotitlitions (:;IO h o u r i  ;it 1 ? O r )  tlic 
.tcctolysis of n-proIq1 tosyl,tLc ~iclcls t l i . t t i  :ic , 
o f  iwpropyl acetate 

1Vc cwticlutlc tlldt 111 t11c first s0lvolyi:s :ih 1. 2' , 
I I t  the prmluct xcetatc rcxdtetl from ctlier cle,t\ agc , 
( i f  the 62 + Y'{) which rewltctl €rain tlie sulfonatca 
sol\olysi\ itseli, 7 I I '476 was iorrned without loss 
o f  cleuteriurn ancl with 07 =t (Y,& net inversion of 
configuration and 20 =t 47i was formed with loss 
of deuterium. The last material could reasonably 
have arisen only from the intervention of V as a 
discrete but unstable intermediate. The optical 
result denionstrates further that  relatively little of 
the oxoiiiuni ion V formed could actually have, 
reactrtl directly with aectic :tcitl for tltuteratcd a r i d  

' ) I  I< l l i i i i  1 1 ,  1 r 1 ~ 1  < t \  1 1 1 i i r r i l  lii,i 601, I I I  

retained or raceiiiiml dcetate would result ant1 we 
are limited to only :3 t i;';; of such rnceiitization. 

The ratio of deuterated to undeuteratrtl butyl 
acetate produced by solvolysis of I-il (2.T) * 0 3) is 
the same as the molar ratio of acetic acid to dibutyl 
cther in the solvent (2.4); toward I, dibutyl ethcr 
and acetic acid have about the saiiic effective 
tiucleophilicities. If this equality also held toward 
1' and if the formation of V and its reaction with 
acetic acid both proceeded with essentially coiiiplctc 
inversion of configuration, about 770 of the reaction 
would have proceeded to givc 117-ti with retention ; 
or, the IT-d formed n~;ould have been about 2 
racemked. 'Thus. the reaction of I' with dib 
ether to givc virtually complete effective exchange 
of  tleuteriuiii with solvent must be considerably 
faster than the re'iction with xcetic acid. The r e ' -  
sults are cotisistcrit mith the over-all reaction s( - 
(ilirilce outl ind j i i  Chart I iii which only the i n -  
Iiortant reacticws x t  giveii. The optical rcsultq 
a150 tlciiioristratc that the preseiicc o f  a11 ether also 
tlccrcases the fori1i:itioti of 11 (SI = S, = .ZcOIJ) 
froin VI 

i I I A l < I  i 

l ' I C i I ~ (  ),IC 

iiivcrtctl 
\ ( i l J l  c O\\ - -+ I \ - d  

\ I  f 

j .  
1:11j 1 +-- 

I 1 L I O . k  4--- l ; l l , ;( l  -+ I 3 l l r O  clll~lJ1 
1 \. liilst 1. 

'I'his tleiiioiistratioii that oxoiiiuiii ioii iiitcriiiecli~ 
ates are important in this solvolysis indicates that 
the interpretation of kinetic and othcr data iii 
ether solvents must consider iiot only solvation 
eflects but also the possible formation of discrete 
oKonium salt intermediates. 

The solvolysis of I in 53 tlie thy1 ether-lj? 
acetic acid produced n mix re containing butyl 
acetate, ethyl acetate, ethyl butyl ether ant1 sniall 
arnounts of ethanol :tiid butniiol; howcvcr, wlicii 
p-Izitrobeiizenesulfotiic acitl was 1ie:tted iii this 
solverit mixture, ethyl :icet;ttv, c , t !  
p-iiitrober izei icsulfoir :it c h  wcw fc )r I 1 I 

iitteiiipt, w;ts ~iiadt: i i i  tliis systeii 
ether clc:i\-ugcx fro111 ~ i ~ l v ~ ~ l ~ s i s  pri duc:ts. 

Ti1 the ~)r(~sciicc~ oi' :t c~yclic. ositle wliicli < x i i  O I K ' I I ,  

i t  was tliouglit t l i ; i (  ~ i o l y i i ~ ~ i c  lirotlucts c(Jl1kl 1 ~ .  
obtaiiicd. 
Iiydrofuraii a t  100" l i l ~ c r a t c ~ l  ac.itl and I)ro(.luccil 
black tars which w m :  iiot iiivcstigatcd further. 

Proloiig<,(l ~ i i ; i i i~ tc : i~a~ic~  of I i i i  tct.r:i 

Experimental 
i l l 1  i1ifrai-d spectr:i \i ('re v,irried mlt i r ~ i  ;I Uairtl d1)11l)lc- 

I J C ~ I I I  recording infr;irctl s ~ ~ c c t ~ . i ~ ~ ~ l ~ ~ ~ t r ~ i i i c i e r ,  with sr~diuni  
c~hloride optici. 

Optically Active 1-Butanol-1-d. --'IIic synthetic seq~reticc 
uwd iii this w o r t  \ \ : t<  t ~ ~ ( ~ i i ~ i : ~ l I y  thc . iiic :is t h a t  ~iubl ish(~l  
~ ~ t - ~ ~ ~ i i n i s l y ~  wit11 s i I i i i i '  i!i~~clilic:i t i i i i i i  1 11ic.h art! included be- 
I < I L V .  'I'hc retiuc.tioi~ ()I '  ( t ~ - c ~ ~ i ! i j ) l i i i r  with l i r l i i t i i i i  aliiminum 
iIw(c.riilc ga.\'c : I  (111; i i i t  i 1 : i t i i  c J i v l t l  o f  i l i o  ~1cutcr:ttrtl isrl 
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borneol-borneol mixturelo which was uncontaminated with 
camphor as shown by the absence of any carbonyl absorp- 
tion in the infrared, and which had [ C U ] ~ * . ~ D  -22.38 zk 0.16" 
(c  25, benzene). 

The asymmetric reduction was carried out using isobornyl- 
oxy-2-d-magnesium bromide as before, but the reaction mix- 
ture was not cooled prior to the addition of n-butyraldehyde. 
The resulting higher temperature resulted in less stereospeci- 
ficity. Consequently, after purification of the deuterioal- 
coho1 v i a  recrystallization of the hydrogen phthalate to con- 
stant rotation and subsequent regeneration, 1-butanol-1-d 
mas obtained which had &D +0.088 & 0.003' ( L  2)  and 
0.50 deuterium atom per molecule as indicated by infrared 
comparison with a standard sample of inactive 1-butanol-1-d 
prepared by reduction of butyraldehyde with lithium alu- 
minum deuteride. This rotation is only about 57y0 of the 
magnitude of rotation produced previously.6 The optically 
active 1-butanol-1-d thus produced was diluted with inactive 
1-butanol-1-d to give material with a% $0.119 zk 0.008" 
( 1  4) and which contained 0.65 deuterium atom per molecule 
(infrared). 

The optical dispersion from 650 to 400 mp of this material 
will be published separately.11 

1-Butyl-1-d Acetate (IV-d) .-Diluted 1-butanol-1-d, CPD 
4-0.119 0.008' ( I  4), was converted to thecorresponding 
acetate with acetyl chloride and pyridine.s The acetate had 

Solubility Determinations of p-Nitrobenzenesulfonic 
Acid in Di-n-butyl Ether-Acetic Acid Mixtures.-Various 
solvent mixtures of dibutyl ether and acetic acid m r e  made 
up by mixing the parts by volume indicated below. An ex- 
cess of p-nitrobenzenesulfonic acid was shaken with each of 
the solvent mixtures so that a considerable amount of undis- 
solved solid phase was present to equilibrate with the liquid 
phase. The samples were stoppered and allowed to equili- 
brate overnight. (Although this may not have been long 
enough for complete equilibration, the values so obtained 
would be minimum solubilities which would be completely 
satisfactory for our purposes.) The solutions were then 
shaken and filtered. A 1-cc. aliquot of each filtrate was 
titrated potentiometrically in acetic acid using a model G 
Beckman pH meter and calomel and glass electrodes. A 
standardized solution of sodium acetate in acetic acid was 
used as titrant. The results which follow are given as volume 
per cent. dibutyl ether in the solvent mixture and solubility 
o f  P-nitrobenzenesulfonic acid in moles per liter: 75yo, 
0.037; 60%. 0.153; 55%, 0.203; 5070, 0.402. 

1-Butyl p-Nitrobenzenesulfonate (I).-The procedure dc- 
scribed previously6 gave a 90% yield of product, m.p. 62- 
63". 

aZ5D -0.167 =t0.003" (12 ) .  

Anal.'* Calcd. for CloHI30&S: C, 46.32; H, 5.05. 
Found: C, 46.66; H, 5.11. 

1-Butyl-1-d +Nitrobenzenesulfonate (I-d).-The proce- 
dure was repeated using 1-butanol-1-d, C U ~ ~ D  $0.119" ( I  4). 
-1fter recrystallization from benzene-hexane, the product 
had m.p. 62.8-63.2' (Fisher- Johns melting point apparatus, 
using a very slow temperature increase). 

AnaZ.12 Calcd. for CIOH~ZDOSKS: C, 46.14; H + D, 
5.42. Found: C, 45.90; H + D, 5.23. 

Kinetics of Acetolysis of 1-Butyl p-Nitrobenzenesulfonate 
in 55'7" Dibutyl Ether-45yG Acetic Acid at 1OOO.-The di- 
butyl  ether used throughout this work was distilled through a 
16-platc Oldcrshaw column and material boiling in the rangc 
141  -142' was collected. Glacial acetic acid (Mallinckrodt 
analytical reagent) was analyzed for water,I2 an equivalent 
ainount of acetic aiiliydriclc was added aiid tlic mixture was 
rrfluxcd for about one hour. 

A mixture of 27.5 ml. of dibutyl cthcr aiid 22.6 nil. ~ j f  

amtic acid was used to dilute 1.28'35 g. of I to 25 nil. iii :i 
volumetric flask maintained at 20". The resulting solutioii 
vias 0.199 M. Aliquots of this solution were sealed in glass 
vials and immersed in a constant temperature flask which 
was filled with white oil and maintained a t  100" by refluxing 
distilled water. One vial was retained for the initial titer. 
The solutions darkened with time probably a t  least in part 
because of decomposition of the sulfonic acid liberated; the 
experimental infinity titer was about 10% lower than the 

(10) D. S. Noyce and D.  S.  Denney, THIS J O U R N A I . ,  72, 5743 

(11) I .  Tinoco, S.  Andreades an11 A.  Streituiescr, Ir.,  ffcxthcorning). 
(12) Analysis by the Microanalytical I.abr,ratory, Ikpartment of 

(1 950). 
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calculated infinity titer. Titrations were carried out poten- 
tiometrically as described under solubility determinations. 
The equation for a fist-order reaction was used, using the 
calculated infinity titer. 

TABLE I 
KINETICS OF ACETOLYSIS OF ~-BUTE'L p-NITROBENZENESUL- 

100" 
FONATE I N  55% DI-%-BUTYL ETHER-45% ACETIC ACID AT 

Time, Reaction, 
sec. Titer % 106 k ,  sec. - 1  

0 0  0 
10,800 . 0.53 14.86 1.49 
18,960 0.863 24 20 1.46 
32,400 1.39 38.98 1 .53  
39 600 1.569 44.00 1 .41  
79,200 2.390 67.02 1.10 

Av. 1.47 i 0 .03  m 3.566 (calcd.) 

Solvolysis of Optically Active 1-Butyl-1-d p-Nitrobenzene- 
sulfonate in 5570 Dibutyl Ether-45% Acetic Acid at looo.- 
In  485 ml. of a solution prepared by mixing 275 ml. of di- 
butyl ether and 225 ml. of acetic acid was dissolved 25.0 g. 
(0.096 mole) of optically active 1-butyl-1-d p-nitrobenzene- 
sulfonate. The reaction mixture was maintained at 100" for 
72.5 hours ( 5 . 5  half-lives) in a constant temperature flask 
(stoppered) using refluxing distilled water. The solution 
darkened to an amber color, After cooling to 0" in an ice- 
bath, the reaction mixture was brought to about PH 10 by 
the slow addition of 1 1. of ice-water containing 160 g. (4 
moles) of dissolved sodium hydroxide. The aqueous layer 
was separated and extracted four times with 100-ml. por- 
tions of pentane. The combined organic layers were dried 
with anhydrous sodium sulfate. A small amount of black 
polymeric material was separated with the aqueous extracts. 
After removal of most of the pentane through a two-foot 
Vigreux column, the residue was distilled through a one-foot 
glass spiral column, collecting: fraction A,  b. p. 103 - 133.5", 
25 cc.; fraction B, b.  p. 133.5134', 20 cc.; and fraction C, 
b. p. 134-137", 25 cc. The residue was distilled through a 
16-plate Oldershaw column to give fraction D,  b.  p. up to 
141.5', 30 cc.; and fraction E, b. p .  141.5', 25 cc. leaving a 
residue of about 100 cc. Fraction E mas shown to be pure 
dibutyl ether by comparison of its infrared spectrum with 
that of an authentic sample. 

Fraction A was refractionated through a two-foot tanta- 
lum-wire-coil column similar to that described by Mitchell 
and O'GormanIa which was rated at 35 plates under total 
reflux. Six fractions were collected. From infrared spectra 
of all fractions and of known mixtures, it was shown that 
fraction 1 was largely pentane; fraction 2, 0.8 ml., was 
largely butanol; fraction 3,2.8 ml., was about 10% butanol, 
90% n-butyl acetate (estimated from the 0-H absorption 
a t  2 . 9 ~ ) ;  fractions 4 and 5 were essentially pure n-butyl ace- 
tate. Using known mixtures of n-butyl acetate and dibutyl 
ether, it was shown that as little as 1% of dibutyl ether in 
butyl acetate could be detected because of the extremely in- 
tense absorption by the ether a t  9 ~ .  Hence, fractions 4 and 
3 (ca. 3.6 ml.) were >99% butyl acetate (containing deu- 
terium). Fraction 6, 1.0 ml., was largely ether. Tlie fact 
that pure butyl acetate could be olitltitied from such a mix- 
ture using this column was previously denioiistrated in a dry 
run. 

Fractioiii 4 :ti id 5 wcrc c~~iiiliiiic(I aiid tlic ol)tic;tl dispersioii 
\v:ts ddt.rinitict1"; 01% +0.071 fO.003" ( I  2 ) .  I3y cc~inpari- 
soli with tlic rotatiriii o f  the 1-butyl-1-d acctatc: preparctl 
~ ~ I X J V C ,  tlic solvolysis prriduct shmv-s .12.,5 i 2.,i% :tpl)arci~t 
iict iiivcrsion and 57.5 +2.5y0 racciiiization. 

The siJlvolysis product was aualgzed for dculcriuiu in the 
infrared by comparing the C-D stretching band in the 2200 
ern.-' region with that of known mixtures of the standard 
IV-d and IV. The results showed that 55.7 =!= lYO of the 
deuterium originally present was effectively lost during the 
solvolysis. 

Control Run to Test for Cleavage of Dibutyl Ether.--An 
approximately 0.2 M solution was prepared by dissolving 
18.7 g. (0.096 mole) of p-toluenesulfonic acid monohydrate 
in a mixture of 225 ml. of acetic acid, 275 nil. of dibutyl ether 

(191X). 

___- 
(13) F. W. Mitchell, Jr.,  and J. M. O'Gurman, A n d .  Chem..  20, 315 
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and 12.5 g. (0.122 mole) of acetic anhyride. The reaction 
mixture was sealed and heated to 100" in the constant tem- 
perature flask with refluxing distilled water for 72 hours. 
The mixture was processed in the same manner as was the 
solvolysis mixture; final distillation through the Oldershaw 
column yielded fraction 1, b. p. 39-130", 3 ml . fraction 2, 
b .  p. 130-135', 1.5 ml.; and fraction 3 ,  b.  p .  1$5-14O0, 13.0 
ml. The infrared spectra showed the presence of butyl ace- 
tate in all three fractions. The fractions were combined and 
a weighed sample was diluted with a weighed sample of 
spectro grade carbon tetrachloride. The infrared spectrum 
was taken in a 0.121-mm. cell using a 0.118-mm. cell con- 
t airling pure carbon tetrachloride as the reference. Authen- 
tic mixtures of dibutyl ether and butyl acetate were pre- 
purcd, brought to  the same dilution with carbon tetrachloride 
and the infrared spectra were taken in the same cells. In 
this manner, it was estimated that approximately 2.3 ml. 
(2.0 9.) of butyl acetate was formed. No alcohol band was 
apparent. 

Isotopic Dilution Experiment for Determination of Excess 
n-Butyl Acetate Produced in the Solvolysis.-In a constant 
temperature flask, 220 ml. of dibutyl ether was added to  20.0 
g .  (0.0771 mole) of I dissolved in 180 ml. of dry acetic acid. 
A neoprene stopper was wired on and the solvolysis was car- 
ried out under conditions identical to  the previous solvolysis 
( i f  I-d. Before processing the reaction mixture, however, 
4.0835 g. of l-butyl-l,l-ds acetate was added. The same 
procedure was used as before checking carefully for purity of 
the product with infrared techniques. 

The butyl acetate fraction was analyzed for deuterium in 
tlie infrared using the analytical curve technique with stand- 
ard mixtures. Since the ester contained 22.0 2 ~ 0 . 8 7 ~  of 1- 
butyl-1,148 acetate, 14.5 f 0.7 g. of butyl acetate was pro- 
duced in the solvolysis. The theoretical yield is 8.96 g.; 
hence the yield is 162 f8%. 

Test for Solvolytic Cleavage of Diethyl Ether .-In 4,50 
ml. of a mixture of 55% (by volume) of anhydrous diethyl 
ether and 45y0 of acetic acid was dissolved 23.5 g. (0.091 
mole) of I to  give an approximately 0.2 M solution. The 
reaction mixture was heated to  100" for 72 hours in a con- 
stant temperature flask using refluxing distilled water as  the 
heating bath. After cooling and basification with aqueous 
sodium hydroxide in the usual ma.nner, the aqueous layers 
were extracted with ether. The ether extracts were dried 
and distilled. A series of fractions were obtained which 
were shown to consist of ethanol, ethyl acetate, 1-butanol, n- 
butyl acetate and very probably n-butyl ethyl ether. The 
analysis was carried out by infrared spectroscopic comparison 
with authentic mixtures and by gas phase chromatographic 

analysis of the products and of authentic mixtures using a K 
and M Scientific Glassware Co. model 17A gas phase chro- 
matograph. The column was packed with a 2570 liquid 
partition of Dow-Corning Silicone grease on Celite (35/80 
mesh, Johns-Manville Chromasorb). The chromatography 
was conducted a t  room temperature using helium flow rates 
of about 50 ml./min. and a filament current of 400 ma. i\ 
\;arian Recorder, model G10, was used in conjunction with 
the instrument. 

Control Run to Test for Cleavage of Diethyl Ether by f'- 
Nitrobenzenesulfonic Acid.-Enough acctic anhydride was 
added to a 0.2 1M solution of p-nitrobenzenesulfonic acid 
hydrate in 55% (by volume) anhydrous diethyl ether, 4570 
acetic acid to take up the calculated amount of water in the 
sulfonic acid. The reaction was conducted under the same 
conditions as the previous experiment and was processed in the 
same manner. Ethyl acetate was identified by comparison 
of its infrared spectrum with that of an authentic sample. 
Distillation yielded approximately 5 cc. Iyhich was contatri- 
mated with ethanol. A pure cut was obtained for the in- 
frared comparison. From the residues, crystalline ethyl p -  
nitrobenzeiiesulfonate 7%-as isolated, m.p. 91.5-92.5' (lit.14 
rn. p. 92-92.5'). 

A n d 1 *  Calcd. for CsI€90bNS: C, 41.65; H, 3.92; X, 
6.06. Found: C, 41.85; H, 3.96; N, 6.14. 

Treatment of n-Butyl p-Nitrobenzenesulfonate with Te- 
trahydrofuran at 100' .-Cummercial tetrahydrofuran was 
purified by refluxing 10 liters for 6 hours with 1.5 lb. uf 
phosphorus pentoxide. The mixture was distilled and 7 
liters (b. p. 65-66") was collected. The distillate was dis- 
tilled from sodium ribbon before use. 

A solution of 10 g. of I in 130 ml. of tetrahydrofuran was 
maintained a t  100' for 13 days in a constant temperaturc 
flask. After cooling, the reaction mixture was found to be 
acidic. The mixture was brought to  about pH 7 by the 
addition of dilute sodium hydroxide solution. After removal 
of most of the tetrahydrofuran by distil!ation, 200 ml. of salt 
water was added and the aqueous solution was extracted 3 
times with 100-ml. portions of ether. The combined ether 
extracts were dried with anhydrous sodium sulfate and the 
ether was evaporated. Only a black viscous liquid and car- 
bonaceous material remained. Most of this residue was 
dissolved in hot benzene, but fractional additions of hexane 
caused only the separation of black tars. No tractable 
products could be obtained. 

(14) Xi. E. Robertson, Can. J. C h e w . ,  31, 589 (19Z3). 
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The rates of decomposition of the cyclic azo compounds (11, n = 6, 8, 10) have been determined a t  three temperatures. 
A11 three compounds were found to have activation energies for the decomposition and spectral properties similar t o  a 
linear analog, 1-azo-bis-I-phenylpropane. The decomposition of 11, n = 8, in cis-stilbene yielded only a trace of adduct, 
while cis-stilbene scavenged 16% of the radicals from 1-azo-bis-1-phenylpropane, demonstrating a cage effect operating in 
the case of the diradicals produced. 

In a continuation3 of a study concerned with the 
preparation and properties of moderately active 

(1) This is the 26th in a series of papers concerned with the prepara- 
tion and decomposition of azo compounds. For the previous paper 
in this series, see C. G. Overberger and I. Tashlick, THIS JOURNAL, 
in press. 

(2) (a) This paper comprises a portion of a thesis presented by 
Mr .  I. Tashlick in partial fulfillment of the requirements for the de- 
gree of Doctor of Philosophy in the Graduate School of the Polytechnic 
Institute of Brooklyn. (b) This paper comprises a portion of a thesis 
presented by Mr. M. Bernstein in partial fulfillment of the require- 
ments for the Bachelor of Science degree in the Polytechnic Institiite 
of Brooklyn. 

(3) C. C,. Ovrrberper and hl.  Japkin ,  THIS JOURNAI. 71, t A 5 1  
( I !I3h)  

diradicals in solution3 (A discussion of organic 
diradicals and their role in polymerization appears 
in reference 3), the results obtained with the 24- 
membered ring azo compound (11, n = S), pre- 
viously reported, are compared with several other 
large ring azo compounds. This paper describes 
the preparation of 20-, 24- and 28-membered ring 
azo compounds (11, n = 6, 8, lo), the spectral 
properties of the corresponding azines and azo 
compounds, the determination of the rates of de- 
composition of the azo c o i n p o u n d s  a t  three tem- 
peratures aii t l  thc tlccoinpositioti of the 2,4-tnem 


