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A Simple Modification of the Wolff-Kishner Reduction 
BY H U A N G - ~ ~ I N L O N ~  

Recently Soffer, Soffer and Sherk' and Herr, 
Whitniore and Schiessler" have independently re- 
ported modifications in the \Volff-Kishner reduc- 
tion consisting in the use of diethylene or triethyl- 
ene glycol in combination with metallic sodium or 
sodium methoxide in order to obviate the reyuire- 
ment of pressure equipment. Of the two proce- 
dures, that  of Soffer lias the advantage that i t  pro- 
ceeds in one step antl gives higher yields, but i t  
still has some shortconiings as applied to large- 
scale operations : expeiisive 100'. ; hydrazine 
hydrate is required, as well IS large amounts of 
solvent and sodiuiii, aiit! the rcaction time is very 
long (fifty to ')iie hiitlrc.t\ hoursJ .  

A further irnprovcniciit that  e1;niinates these 
disadvantages was tliscoverctl in the course of the 
preparation of :L largc quantity of y-(p-phenoxy- 
phenylLbutyric acid (11) by- the reduction of p- 

be.:izo~l)-l)r(~~'ionic acid4 ( I ) .  Cleni- 
luc tion by t!ie 1Iartiii procedure" as 

in1j)rovc.d by S1ieriii:iii" was tri(,(l scvcral tiincs, 
both by tlic :ruthor a i i t l  I )> -  i ) r .  IC. Ikr l , i ier  but the 
P-CcHjOCI,H , C ~ ~ ~ C I I ~ C l I ~ C O ~ l i  + 

1 
p-CeHjOC,,H:CI1:CI 1-C I1:CO.II + 
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best yield was 54'1 and a high-melting by-product 
was isolated having the composition of the pinacol 
dilactone 111. Initial trials of the 1Volff-Kishner 
reduction by the Soffer procedure were more 
promising, anti i t  was then found that  the process 
can be greatly simplified by merely adjusting the 
reaction temperature to 190-'300° by distilling off 
some of the water antl excess hydrazinc hydrate 
after the formation of the 1iydr:izone is judged 
complete. \Then this is done,  it is 110 longer nec- 
essary to use ; t  large voluiiie of solvent and a large 
excess of sotliuiii iii ortlcr to maintain a low water 
content :rnd so attain a high reaction tcniperature, 
itnd cheap he>',; hydrazine hydrate can be used 
in place of lOO(/O reagent. Thus the keto acid I 
was refluxed in a moderate volume of diethylene- 
glycol with S.S(;, hydrazine hydrate and three 
equivalents oi soiliuiii (one-tenth that  used by 
Soffer) for otic hour antl the flask was then left 
open until thi, iiisitlc temperature had reached 
19%200" ; i i f t i x  I-cf!uxiiig a t  this temperature for 

(3 )  I Ie r r ,  \Vliirni<src 

(6) Pr iva te  comn:unicatiuii from C. 5. Slierniaii. 

three hours longer the reaction was complete and 
the yield of once-crystallized product was 91%. 
In a run conducted with 1007, hydrazine hydrate 
and more sodium for a longer period, but  without 
opening the flask to  allow distillation, the yield 
was only 48%. Finally, i t  was found that  metal- 
lic sodium can be replaced b y  either sodium or 
potassium hydroxide, and by this simple and 
economical procedure the keto acid I was re- 
duced in 300-g. batches in yields over 90%. 

The same procedure was applied to three other 
keto acids and one ketone with good results, and 
in two instances the yields were distinctly higher 
than Martin" obtained by his improved Clemmen- 
sen procedure. In the application of the method 
to the preparation of substances boiling below 
1!fOo, i t  is only necessary to provide the flask with 
a take-off adapter and to remove aqueous liquor 
intermittently from the trap until a suitable re- 
action temperature has been reached. Thus 
i)rt)i'iol)ht.noiie and cyclohexanone were reduced 
satisfactorily in yields of SO(,';, and bettcr. 

l'hc :ipj>lication of  this modified procedure to  
tile rctlirctioii of steroid ketones' and other car- 
boiiyl coiiipourids will be investigated further in 
associatioii with Professor L. F. Fieser, who has 
made this work possible and aided the author in 
its prosecution. 

Experimental 
o-(p-Phenoxybenzoyl) -propionic A~id.~,*-To a mixture 

of 680 g. (1 moles) of diphenyl ether, 400 g. (4 moles) of 
powdered succinic aiihydride and 2 kg. of thiophene-free 
benzene in a 12-liter flask there was added at  intervals four 
370-g. portions of anhydrous aluminum chloride; each 
time the flask was swirled gently until the reaction sub- 
sided. The mixture was then refluxed for two hours, al- 
lowed to  cool overnight, and poured carefully onto 6 liters 
of crushed ice and 500 cc. of concentrated hydrochloric 
acid. The resulting mixture was poured back into the 
flask and strain distilled toremove the benzene, and the oil- 
water rcsidue was poured into large beakers and cooled 
with stirring to prevent caking. The solidified product 
was collected anti dissolved in 1 liter\ of water containing 
121 g .  (1 moles) of sotliuni carl)onate and, i i i  order to co- 
agulatc thc alumina, thc tttrl)itl solution was either 
warmed oil the steaiii-bath for era1 hours or boiled with 
Norite; Cellitc was aclticcl and the solution filtered and 
poured slowly into 1.6 liters of water atid 400 cc. of con- 
centrated hydrochloric acid. The precipitated white 
solid when dried to  constant w igh t  weighed 1000 g. 
(93%). The melting point varied from 116-118" to 
115-119" hut i i i  any caw the material J Y a s  suitable for 
direct use i n  tlic \\'olff--Kishiier reduction provided it had 
hecn fully t!ric.tl. \Yitli a large batch, time is saved by 
dissolving tlie nartially dried acid in 4 liters of hot benzene, 
filtcriri?, tli\tilling OR the bulk of the benzene, and stirring 
i i i  2 lit{.r\ o r  ! N - 1 3 1 '  ligroiii. The crystalline product 

' 7 )  1)utclit-r n i i r l  \Yitit?r>tciners THIS J<II:RSAL,  61, 1992 (193Y). 
(8) Kipper (ref 4) c<,n<Iuctcd t h e  reaction in  carbon bisulfide, b u t  

IC. lk rhner  Tunrid henrene t o  I,e prelernble. The procedure given is 
based upon t h c  ehperiencci ( i f  several runs  conducted Iiy E. Berliner, 
by  U. Curt in ,  by C .  l loscr  aiid AI I'aulshock, and  by the author. 
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weighed922 g. (8b.5Y0), 111. p.  118-119". A recrystallized 
sample formed fine, white, feathery, crystals, in. p .  119- 
120O. 

Anal. Calcd. for Ci6€II1O~: C, 71.1!); H, 6.23. Found: 
C, 71.21; H, 5.31. 
7-(p-Phenoxypheny1)-butyric Acid (11). (a) Clem- 

mensen Reduction.-In 5 typical experiinciit a 2iO-g. 
batch of B-(P-phenosybenzoyl) -propionic acid was reduced 
by the Martin procedure with added acctic acid5 and with 
the use of freshly poured zinc and stirring? The recov- 
ered total product, a yellowish oil (238 9.) on distillation 
afforded 146 g. (54%) of the acid 11, b. p. 213-216" a t  0.6 
mm. The distilhte crystallized readily to a solid melting 
at 68-70 *; recrystallization froin ligroin-benzene gave 
pointed, thick prisms, ni. p. 71-72". 

Anal. Calcd. for CIGHIGO~: C, 74.99; € I ,  6.29. ITouncl: 
C, 75.27; H, 6.65. 

The pinacol dilactone I11 was isolated by digestinn of the 
distillation rcsiduc with heiizcne; I1 ..? g. of a white crys- 
talline product separated (in. p. 228-2:30"), anti o i i  re- 
crystallizatioii from lwnzcric ineltctl a t  2:; I 2.E (iiiso!ublc 
in cold alkali, sparingly ioluble in ether) . 

(b) Wolff-Kishner Reduction Using Sodium. --To a 
sotution OF 2.5 g.  OF soiliim in 70 ce. o f  t!i;~tirj~1t:iie ~ I y t d  
there was adder! 10 g. of tlic keto acid I aiid 5 t i c .  ot S>ty& 
hydrazine hydrate. After reflusing f o i -  oiic hou;. tlic co!i- 
denser was rrii1ovr.d until the teniperaturc of the so?utio!i 
had reachtd l ! 'q~-ZOOo,  w k n  rcflusiiig W:L< ermtitiucrl for 
about thwe 1i~i:rs. The iiiix tur.. was COOI s.1 ,  ac id ih l ,  
extracted a-ith tic~:iz~wc; the washrd atid tlri,:d solution (le- 

g. ~ ~ 9 i ~ ~ )  of crystnlliirc! ac'ifi, i n .  p. 66 -6%". 
z h :  f Y). i i  b:~iizcne-li~:roiri (1  :;I) gave 8.6;: g. 
i)ui'cc rirr,+.!tici, 111. p. 6i)-i'Oo. 

A reductioit tnatl: with 2.7 g. ol keto mi4, 5 g. of 100yo 
hydrazine ;i>,*lratr, -i 6. of sotlium, aiitl W) cc. of tliethylene- 
glycol coiitluc!id uii3ii.r total reflux for scvetlty hours gave 
orily 1.2 g. (4S'z,'i oI p x c  rx1ac:tI acid. 

(c) Use of S J ~ I  im II,-rirodde.-A inistiire of 10 g. of 
I, .j g. ot sotliu:;: l :~{: ' - t ,  . of diethylene glycol 
(or triethylc!i:> glycr,!:, >!:t yo hydrazinc iiyclratc 
was refluscrl for oiie hratir i:lrther as dcscrilxxl 
in (b); 'The yiclcl was 9. ) of :?roduct, in. p. 
6'7-68 , arid 8.62 g. (!4O.9y0) OF once-crystallizctl material. 
(no depression in i i i .  p.; Eoui~d: C, 75.31; H, 6.37). 

(d) Use of Patassium Hydroxide.-With use of this 
alkali i t  was pos4ble to reduce still further the aniouiit of 
solvent; a suitable charge was: 500 g. (1.85 moles) of 
keto acid I, 350 g. ((j.25 moles) of potassiuni hydroxide, 
250 cc. of 83% hydrazine hydrate, aiid 250:) cc. of triethy- 
lene (or cliethylnic) glycol. After rcfluxing lor one arid 
one-half tiours the water was drained from the condcriscr 
and the teniprraturc allowed to rise to 1R6', when reflur- 
ing was coiitiriiicd for fniir iioiirs 1.mgc.r. ' i k  coolctl 

i with 2.5 Iittsrs ct! twicr aiid pourvtl 
of f i  .\' ii~rlrceiil~rie acitl u:id the light 

cream-colored solid di-iL4 : average yiclci 45t g. (95%), 

y-(p-Phenoxybenzogl)-batyric acid w x  ohtairied by COII- 
densing diphenyl eihcr (51 g.) with glutaric anhydride in 
benzene with altiinimmi clilol ic!r under ice cooling. The 
acid prccipitatctl from soda solution inclied a t  101-105° 
(60 g., PS%), and crystallization from bcrizcnc---ligroin 
gavc 38 g.  (x-t.*5%) of [irisins- n i .  p. 1 I(! 11 1". Thc ,+ub- 
stance is reatti!y solulile in alcohol or l)ciizcnc, spiriiig!y 
soluble in ligrom . 

111. p. 64-66'. 

A w l .  Calctl. for C ~ l i l - ~ , c 0 4 :  C, 71 .XI ;  11, -5.G. Found: 
C. 72.16; H ,  5.S .  

&(p-Phenoxyphenyl) -valeric Acid. IZcduction of 11) g. 
of the keto acid hy piocetluiL ( c )  above gave9.1 g. (ij>.Sy$) 

of crude acid, t i l .  p. 6!)-@2", or 8.1 g. (85.3%) of o ~ c e -  
crystallized product (long white blades), in. p. 66-67 . 

Ancil. Calcd. for Cl,II1~OJ: C, 7'5.53; II, 6.71. Found. 
C, 7t5.46; H, 6.99. 
-p(3-A~,ensphthyl)-butyric Acid.-Rxlui+oii of 5.1  g. of 

8-(:3-ac~!iinir11?...1) -propionic acid in  the preseilce of notas- 
sitini hy;lr<)\i le as iii (d) nhqve gave 1.81 g. (99.8%) of 
crude p-odii(:t3 in. n .  1-ir)--l43 I ;  the recrystallized material 
(c?lari.oai) a inoui i td  to :$.91 g. (81%) anti in-lted a t  
117-11S". (lit.,9 l-%7-l.+Yo). 

Ficscr atid Pc.ters+ could n:>t rct.1:i-e this keto acid a t  all 
by the carly C1xiinenscii in :tho3 atid obtained a 40% 
yidrl on using tile nicthyl ester. h'Izrtin,5 using added 
toluene, obtaincd yields of 50% from the acid atid 60% 
from the ni:.thyl eiter. 

Acid.-On reduction of 2 g. 
) :ic acid by procedurc (d) 

ct extacted by ether froin 
Iter.: w i ;  obtained 1.67 g. 

Two crystallizations 

. i t i d .  C:~lctl. ClIHIrOJ: C, 63.0:j; IS, 7.27. Found: 
C ,  6'3.12; H, 7.03. 

&la:.ti:i ,j wlio review:tI the earlier literature, ohtained 
thi, acid by CIL*in~iictiscn reduction in yields varying from 
2,i to (>)yo acmr(1iii: to the six,: OF the batch. 

Digheiylinethane:-.4 mixture of 18.2 g. of benzo- 
Plic1lo11~, 7 g. of sodium hydvoxide, 100 cc. of triethylene 
glycol aill 10 cc. of 85% hydrazine hydrate was treated 
as atmvc, t hc ct!i.:r residue on distillation over sodium 
gave 14.0 g. (X<.3%) of pure hydrocarbon, b. p.  149' 
at 2:) ~ i ; i i . ,  1i25u 1 .5732. 

+r-Propylbenzene.-A mixture of 40.2 g. of propiophen- 
one, -10 g .  of potassium hydroxide, 300 cc. of triethylene- 
glycol atirl 30 cc. of 85% hydrazine hydrate was refluxed 

tl tlicn aqueous liquor was removed by 
-off aclapter until the temperature of the 

liquid rose to 175-1 78", when rcfliixing was continued for 
t'::rc hours. The reacf.iitii misture and aqueous distillate 
c c w  co!nl)iiicd and extracted with et!ier and the neutral 
o!-ga.nic fraction was distilled over sodium. The y$ld of 
hydrocarbon was 29.6 g. (82.2%); b. p. 160-163 , n%D 
1.4908, d 2 f s  0.8.W. Soffer and co-worker+ used four 
timrs as much solwrit, a large excess of sodiuiil, and a re- 
action tinit: of forty-tii!ie hours. 

Cyclohexane .-?'lie reduction of cyclohexanone (39.2 g.) 
was coiiductccl as i n  the prccctling section, aiicl at the end 
the protluct was distilled out of the rcaction mixture and 
was thcii washed neutral, dried, and dietilled over sodium 
to give 27.0 g. (89.1%) of cyclohexane, b. p. 80-8lo, 
~ P D  1.4245. Thc \Vhit:iiore group3 report a yield of 
K3yo. 

) of cruclr acid, in. I). 4'1-42'. 
toiii gave 1.2 g. (ti4.5%), in. p. 4547".  

Summary 
'rhe improveti procedure consists in refluxing 

tiic carbonyl compound in :i moderate amount of 
tlicthylcne or triethylene glycol with SYjh hydra- 
zine hydrate and about three equivalents of so- 
dium hydroxide or potassium hydroxide for one 
hour, distilling enough water and excess hydra- 
zine hytlmte to rliise the temperature to 1SO-200°, 
a:!d rcf1usi:ig the solution for three or four hours 
longcr. 'The yields :Ire excellent and the process is 
uppiical~lr-. on a large sc:~lc. 

RECEIVED JULY 15, 1946 - . . .. . . . _-- - 
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