
for an individual acid showed no systematic varia- 
t ioii  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 acetamino 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 
~olut ion 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-c'poxy 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). 

- _. . -~ . . . 

('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, 
$1- O r g .  C h e m ,  26, 250 (1961). 
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00" for 10 min. followed by refluxing (118') for 
a furthcr 15 nzin. X single cvystallizntion of the 
(*rude product' from methylhutanc a t  - 15" yielded 
iiwdles of thc dcsircd 3-copro 
68% yield, m.p. 8$)-(31 " : :uialyt 
98.5-94.5", [a]'," + 98" (chloroform) (c 2.9), 
A::: 2.75 p (found: C, 83.58; H, 11.03). The terti- 
ary allylic alcohol I1 mas characterized by its 
facile dehydrat'ion which was readily demon- 
st'rated in acidic 95yo ethanol (ca. 0.05S in hydro- 
chloric acid) : the characbteristir maxima of 3,5- 
cholestadiene (228, 235, and 242 nip)" appeared 
in t,he ultraviolet spectrum and increased in 
intensity over a period of several hours. Hydro- 
genation of I1 with platinum oxide in ethanol 
proceeded rapidly at, room temperature with t'he 
uptake of oiie equivalent of hydrogen and yielded 
coprostan-5-01,'~ (994r,), m.p. 79-81 ", [ a ]  ? +:35" 
(chloroform) (c 3.2),  AZP,: 2.75 1.1. 

The mild conditions necessary for the rapid 
succession of steps which presumably involve 
hydrazone formation, opening of the epoxide and 
elimination of nitrogen13 were even more strikingly 
demonstrated when it was found t'hat the reaction 
of hydrazine with other a,P-epoxy ketones pro- 
ceeded at' room temperat,ure in alcohol solutions 
in t.he presence of acetic acid. Preparatively, 
using t'hese conditions, 1,5,5-trimethyl-2-cyclo- 
hexen-1-01, h.p. 59.0-60.5" ( f i  mm.), was readily 
isolated in 6670 yield from the reduction of iso- 
phorone oxide (10 g.):  analytical sample, h.p. 
60.5-61.0" (7 mm.), nz  1.1653, 2.8 and 2.9 p 
(found: C, 76.87; H, 11.28). Hydrogenation with 
platinum oxide in ethanol resulted in the uptake 
of one equivalent of hydrogen and yielded 1,3,3- 
trimethylcyclohexan-1-01~~ (78%), m.p. 7 1.5-72.5", 
A,,, 2.8 and 2.9 p. 
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S i r :  
Although cyclopropniiol a d  simply suhsti tuted 

ryclopropa,nols n-nuld he of intercst for iiiimcroiis 

synthetic* a id  iiic~c.hanistic~ s i t i id iw ,  I I O  g~ilt-riil 
methods for thc.ir prcparat3ioii are a\xilni)lc. C y l o -  
propanol itself, in very inzpurt: form. \vas prep:ired 
h y  Cottle and m-workers, ' I ?  : t i d  :Lgain in low yicltl 
and also impurc hv Ilolwrts a i d  Chamtir 
neither method appc:wetl applicublc for the syii- 
thesis of sithstituted cyclopropunols of known 
~ t r u c t u r e . ~  We wish to report the syiithe 
cyclopropanol (I) ,  t~nns-2-phciiylcycloprop:~nol (11), 
and 1-nzethylcyclopropsnol (111) hy methods 
which are geiieral enough to  1)c rxti~iidrcl to the 
synthesis of othcr  cyc.lopropnnols. 

Our initial interest in thc isolation and invcsti- 
gation of cyclopropaiiols was nrorised by tlw ob- 
servation that cyclopropanol nccumulntcs during 
the basic hydrolysis of cyclopropyl :mtnte,5 despite 
its known sensitivity to aIka1i.l 1,ithiuni alumi- 
num hydride reduction of the :wetate in cther, 
followed by cweful work-up atid purificsation by 
isolat'ive gas chromatography gar(' cyclopropanol 
as a colorless, stablc, water-soluble liquid. I ts  
derivatives agreed in melting point ivith those re- 
ported by Cottle. 

This method of synthesis was extcnded t o  the 
preparation of I1 and 111. tran.s-2-l'heiiyl(~?r(~lo- 
propanecarhoxylic acid6 \vas convertcd i i i  good 
yield to the methyl ketone hy reaction n-ith mcthyl- 
lithium' and thence to trares-2-phf.iiylc~(~lopropyl 
acetate n-ith peroxvtrifluoroaretic Iieactioii 
with lithium aluminum hydride, or bettcr still, 
n-ith methyllithium, gave 11, b.p. 75'/0.2 mm., 
1n.p. 41.5-32.OO. Although I1 decwnposes 4owly, 
its structure m as supported by its infrard nnd 
SLZIR spectrum. It readily forrnrd s 1-naphthyl 
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