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commercial miirces were purified hy scv:ral crystal1ia:itii)i~s 
from aqueous ethanol. The nmrlting points of thcw arc' listo,l 
in Table I. 

Determination of the pK,'s of the acirls. The solvrrit for 
these studies was prepared by mixing l5C0 cc. of hoilrd metb- 
aiio1 and 500 cc. of boiled distilled na t r r .  A solution u t  
0.050215 c:irbonate-free sodium h>-tiroxidc v-as preparc d I)\. 
the dissoliition of ahout 0.50 g. of frc~shly cut  sorlirim i n  50'' 
cc. of this solvent ( i t  was standartlizcd ::g:tirist pot:ts6iuiii 
neid phthalak wing phenolphthalrin as indicator). 

.lhoiit 0.002 mole of the acid wis nc,citratrly wrighrd int I 

a 100-cc. volrimctric A :tnd was diliitrtl to  volitme w i t ' i  
the solvrnt. i2liquots (25.00 cc.) of this solution wrw pi 
petted into three glass-stoppered flasks mid to the first. 
second, and third of these was &led 2.00 cc., 5.00 cc., a n d  
7.00 cc., respectively, of the sodium hydroxide soliiti~iii. 
These solutions were poiircd el,~ct,rolj t ic  beakers s r , t  
in a constant temperature bath 80" f 0.02') and alloiwtl 
to stand ten minutes with occit a1 swirling to attain teni- 
prrature equilibrium. The pH's of thcse solutions wrr'i 
drtrrnmiiied iising a set of calornel and glass electrodes i i i  

conjunction bvith :i I3ccknian %lode1 (;S pH-metcr. XftcJr 
tht. rlectrodcls \v('re intidriccd into a soliition about 10 
niin. iver(' a l l o w d  to  rhpse hefore taking any nic:isrirc'- 
ments so t h i t  rqiiilihriiini coiild he rrached. The mrtw 
TVBS sct a t  high sensitivity and rradings \\-ere made using 
the duotlinl :tftrr the lattcr had hccw set using :I, standard 
buffer solution. After each unknoxn sollition \vas read the 
mrtrr  and electrodes were rechecked against the standard 
buffer to insure that  there was no change i n  thr  opcratirig 
characteristics of the instrument systcmi. In addition thv 
p H  of each solution was double-checked rising a different set 
of electrodes. All of the values obtained agreed within oncl 
part in 500. 

The PIT of each solution, obtainrd from the meter read- 
ings, K ~ S  used together with the concentrations of acid and 
acid salt (calculated from the weight of acid arid the volumes 
of acid and base used) in the solution to find t h ~  p L  
For this purpose Hcnderson's equation8 was emplo>,cvl. 
'The results are shown in Table 11. 

T-4BLE' I1 

AT 39.8" 
TlT(,'S OF S - B m z o I c  ACIDS I N  1 :x V./V. I ~ A T E R - \ ~ E T F i . 4 S O L  

P L  
p-Ur .5 570 =!= 0 012 
p-iYOp 4 . m n  i 0.004 
P-CHSO 6.304 f 0 Ol(i  
7>-CH3 c,.108 f 0 022 
H ,i 9!)5 f 0 013 
p-GH:,CO 3 . 3 7 3  =!= 0 004 
ni-C8HhCO 5 .  483 =!= 0 OOX 
~ I - C H ~ C O X H  (i 053 f 0 01 1 
7n-CH3C( ) N FI 5,811 =t 0 007 

___ X __ __ 

REST.7LTS A N D  DISC1;SSION 

The ionization constants of m- and p-hiizoyl 
twrizoic acids (and also of p-broniobcnzoic, p-nit ro- 
lwnznic, p-toluic, p-anisic, and hciizoica arids) w ( - ~  
tlcttsrmiiicd -at 83.8" i n  75c1, methanol- Z.ir;, watcmr 
\)y s-oliinie. Thc iise of a solvcnt coiitainirig hit) 
little water ivas made necessary by thc low sol~i- 
hiliry of t hc henzoJ,lbenzoic arids, w e n  thoiigh 
tlic c.oncrntrations 1isr.d wcrc low (about 0.02Jf ).  

The awragc  of thr  avcragc deviations of t h v  
n ~ w i i r r d  pK, ' s  is f0.010 unit. The deviations 

'<w;r:lnd, Sca .  Tork, I 9 4 i ,  p. 08". 
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for an individual acid showed no systematic varia- 
tioii  even though the salt concentration wried 
from about 0.0037M to 0.022df. 

values for p-Br, p-NOz, p-CH30, p -  
CH3, and 1-1 tabiilated by McDaniel and Brown2 the 
following relation between u and pK. for the 
ionization of substituted benzoic acids in 25% 
water- 737, methanol by volume a t  39.8' was 
determined using the least squares procediire. 

Using the 

Comp:tring these with the u valucs for m- and p -  
acetyl2 (+0.37G and +0.502, respectively) it is 
obvious that the benzoyl group is not quite as strong 
an electron-withdrawing ,irihstituc.nt a.; thri acac.tyl 
group. This may be d w  to reduc.tion of the electro- 
negative character of the carbonyl iii thc benzoyl 
group by its conjugation with thc p h ( ~ j d  ring from 
which it can withdraw electrons by rcsonnnre. 

E V A K S  CHEMICAL LABORhTORY 
pKzA = -1.339 ~z + 5.947 

This eqiiation can be used to calculate u values 

benzoylbenzoic acids, one obtainsg : 
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from Inserting the pKs  Of m- and P- ( < I )  The constants obtaillcd for acetamin0 groups using 
the same equation are u (p-CH,CONH) = -0.086 and u 
(m-CH,COKH) = f0.102. The values reported by Rlc- 
Daniel and Brown (Ref. 2 )  :ire 0.00 and $0.31 respec- r(m-CsHsC0) = +0.343 

u(p-CsHsC0) +0.429 tively. 

Hydrazine Reduction of a,P-Epoxy Ketones 
to Allylic Alcohols 

S i r :  
X preliminary iiivestigation haq demonstrated 

a useful, general, and previously unobserved re- 
ductive rmction of hydrazine with a,P-epoxy 
ketones.' The reaction is, in effect, an eliminative 
liishner reduction of an a-substituted 
proceedmy rapidly  at room temperature with the 
evolution of nitrogen and formation of an allylic 
alcohol. 

Although optimum conditions remain to be de- 
termined, the reduction can be carried out in alcohol 
~olution containing two to three equivalents of 
hydraziue hydrate and ca. 0.2 equivalents of 
acetic w i d .  Uiidcr thew conditions the reaction 
mixture becomes slightly warm and cvolutioii of 
nitrogen is effectively complctc in f i ~ c  minutcs:  
isophorone oxide3 (89%) , 4  2,3-epoxycyclohexanone5 
(737,) ,  2,3-epoxybutaiioiie5" (507,), glycidaldc- 

(1) The only prothicts iso1:itcd from reported rr:ictions 
of a,P-cspoxy kitoiies \r-it,h hydrazine itself :we of thc s:inic. 
type :is tliow olitaintd from substituted hydrazines, n:krnt.ly 
pj~azoliri i~s m d  pyrnzoles. Sw T. 1,. Jacobs, Heterocvciir 
( 'on~pozcnds,  Vol. 5 ,  J1. C. Eldtfirfieltl, cd., Wiley, iY:c\v York, 
1.957, p. 68. 

(2) For a review of the  eliminative Ii ishnw rtduction of 
a-substitutecl ketones see S. J. Leonxi-d arid S. Gelfanti, 
J .  .Im. Chert].. Soc., 77, 3272 (3955). 

(3) G. B. Paync, J .  Org. C ~ P ~ L . ,  24, 719 (1959); It .  I,. 
Wasson and H. 0. House, Org. Synlheses, 37, 58 (1957). 

(4)  Yields are t m e d  on nitrogcn evolution unless other- 
wise specified. Nitrogen was identified mass spectroscopic- 
ally and measured volumetrically. 

( 5 )  (a) N. C. Yang and R. A.  Finnegan, J Am. Chmn. 
Soc., 80, 3845 (1958); (b) 11. 0. Rouse and It. 1,. IVassor~, 
J .  Am. Cheni. SOC., 79, 1488 (105ij. 

hyde6 (20%). A useful alternative procedure, 
simply t>reating with excess hydrazine hydrate, 
can he applied to  the reduction of a,P-epoxy 
ketones only slightly soluble in hydrazine hy- 
drate : 4P,.i-epoxy-3-coprostaiioiic7 (go%), iso- 
phorone oxide (@Yo). However, using this pro- 
cedure the more soluble epoxy ketones give rela- 
tively poor yields: 2,3-tpoxycyclohexanone (26%), 
2,3-epoxybut,anone (5%). 

The reaction of hydrazine with a,P-cpoxy ketones 
was investigated when a, current study necessitated 
the prcpamt,ion of certain sesquiterpenoid pre- 
cursors containing the A1v2-0-octalol system. It 
was thought that an effective routes t'o this system 
might> he a simple oxidation-rediiction sequence 
st'arting from the nndnhle A1~g-2-octalones.g The 
oxidation st,cp, epoxidat'ion of the enonc to thc 
epoxy kctonc, is an est,nhlish(d synt'hetic method,In 
and thi> rcdiict ion step, t,hc snhject of t,liis coni- 
niuuication, was thercforo first at,tcinpted with 
a known model compoiind, 4a,.5-cpox3.-3-eopro- 
stanoiic (I). 

A two-phnsc iiiixturc of I (7 g.) and exce~;!: 
hydrazine hydrat'e, with no added solvent or base, 
rapidly evolvcd n gas (!IO:{, yield) on heating to 

(6) Supplied I)!, 6ti(~li Devclr~pnicnt Co., Enieryvillc.. 

(7) -1. I. Sha\v :inti R.  Strvcnaon, J .  Chem. Soc., 354!1 

( 8 )  ii rr:tson:tl)le I j i i t  more invii!vctl synthesis might lw:  
L ~ ( I , ~ ~ - L - ) - ~ I ~ ~ : ~ I ~ I I P  -+ A( lj!l)-oct:din -+ A( 1,2)-9-octdo\. 
See Y. Grwrgi:in. I t .  1T:trrisson. arid N. Guhisch, J .  A n ,  
Chcm. Soc., 81, 5834 (1959) anti '2. 0. Schenli and 0. .I 
Neumiiller, Ann., 618, 194 (1958). 
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('hlif.; piirity not cstahlishcd. 

(1955). 

19) E. D. Bergniann, Org. Reactions, X, 1TO (1959). 
(10) First investiga.ted by E. Weitz and -4. SchPffer, 

Rw., 54, 2327 (1921). See also refs. 3 and 5 and G. B. Payrie, 
$1- O r g .  C h e m ,  26, 250 (1961). 


