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S o  rnenthone could be isolated from the reductiou mixturw [if 

r,hymol even when the reduction was stopped a t  6OT0 completioll; 
nor could any partially unsaturated products be isolated from the 
reduction mixtures. The  presence of varying quantitic.s of men- 
thoncs has been reported in most reduction misturcs following 
hydrogenation n i t h  a nickel catalyst. This discrepnncy bet\veerl 
the tn-o results 5-ould in itself suggest different modes of rcduction. 
The absence of menthone or nienthene derivatives might, indicate 
that the reduction proceeds by 1:4 addition to the C'liOl rat1ic.r 
tlian addition after ketonization. 

j-icjlti of one stercoisorner in the reduction mixture r o ~ i l ~ l  t i c )  t.x- 

pectr:d, although one could not folecast with cc.rt:ritiiy n.liicll 
ihonier wvould predominate. It \\-as found that,  by coppcr rkiro- 
mite reduction, a yield of 81% trans-menthols (dl-mcnthol and 
tll-neomenthol) and 60 to  70% dl-menthol was obtainid. I n  con- 
t rast to this a hydrogenation of t,hymol using nickel on  kic~sc~lgullr 
(Universal Oil Products Company) gave only 56(;~ trans-men- 
thols and about 407, dl-menthol. The l-ield of ti.ans-nienthols is 
important in the purification, since dl-neomcnthol 
separated from dl-menthol in the procedure to be 
To test further this catalytic specificity of copper chromite cata- 
lyst, 0- and m-cresols were reduced with copper chromite. T h t w  
experiments were as follom: 

Assuming the inductive stepn-ise mechanism, a11 i1 ic .n  

The  cresols used mere Coleman and Bell pure grade. Reiore 
reduction they were distilled under reduced pressure in an  at- 
mosphere of nitrogen and  yielded water-white products. The  
cresols were hydrogenated with 1OC'o of their w i g h t  of copper 
chromite catalyst at. pressure of 500 to  2600 pounds per square 
inch for 3 hours a t  temperatures of 250" to  300" C. The hydro- 
genated products were filtered from the catalyst and distilled 
through a column of twelve plates efficiency to  remove the tolu- 
ene and  unreduced cresol. The results Fere as follom: 2- 
methylcyclohexanol, yield 86.5%, n v  1.461 1 ; 3-niethvlcvelo- 
hesanol, yield 86.47,, n'," 1.4673. 

The refractive irldices of the ci,s and trti,is isomers of 2- and 3- 
tnethylcyclohcsanols as puhlished by Ykita and Faust ( 1 ; )  an11 of 
the: products resu1t)ing from the above rediictions are >liown iri t l ir 
following table: 

?-.\Iethyl- 3-Aleti:yl- 
cyclohesanol cyrlohexanol 

/ ? \  1 .4640 1 4.572 
:t'"nP 1 . 4 6 1 1  1 4550 
liy copper  ch romi te  redut , t iui i  1 4611 1 4573 

'l'lit, results indicate essentially quantitative yields of t ra~ is-2-  
inetliylcyc1ohexarloI and  cis-3-nieth~lcycloliexanol. Figure 2 
Kivw an interesting comparison betn-ecn the configurations of the 
iiwt hylcyclohcxanols obtaincjd b:". copper chromite wduction if-ith 
ili:%t of d2-menthol. 

€I 

REDUCTIO> O F  CRESOLS 

The reduction of 0- and m-cresols through a siiiiilar iriilui,t.ivr 
int:ctianisrn i ts  postulated for the reductiori of thymol i- shc iw i  iri 

Equations 3 ant1 -1. 
In  Equation 3 xii asymmetric centcr niny bc foi,riic'tl or1 i*:irt)i)ti 

2 through ketonization \\-hich could thcn  allon- f(ir t I i ( 8  iri~luc~tiori 
of configuration of carbon 1. In  the reductioii of tt/- i,r, i,sol the 
I)riniai,F 1;etonizatiun does not form an -rnnic-ttic i:<~iitc-r. k'ur- 
t1ic.r rtduction of the tautomer, howevcsr i e s  form R I I  :is,viritnet ric 
c;irt)on atom, n-hiclli can then exert a n  influence o n  tlie corifigura- 

o r i t 1  asymmetric center. Allthough orily om' possi- 
t i on  is shown in thosii iquarions, i f  t l iu  1;cfoiiiz;ition 

:~nd subsequc~nt .tep\vise reduction niei:haniim is foilo\\-c.~l. a11 
:i~yiumi~tric writer is formed at some time iri the rewtioi i  \ v t i i ch  
may thcii inHricncr: the formation of subnequc>nt 
c'cnteri. 

REGENERATIOS OF C. i ' r> iLYsr  

The CYJpp('r chromite wed in carrying out the i~u l i i c l  ioiis re- 
ported here \\-as prepared by a procedure given by Lazier (IO). 
As has been previoualy described in the literature, diKerent prcspa- 
rations of tlie catalyst tended to  have different activities. 
Thwe diff'ereiiccs in itctivity are partially accounted for by a lack 
of uniformity in the preparation of different batches. Cnlingaert 
and Edgar described a process whereby a uniform and active c o p  
per chromite catalyst can be prepared on a seniiplant scalc ( .5).  

It was of interest to see whet,her the efficicncy of a partic-ular 
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used for five successive reductions of H----CHi H---CHI CH---Ii  €I --('E I ,  

H--H * H--H ILL-H I1 - -~ €I thymol with a regeneration following 
the third run. Bv this regeneration the 

~ 

catalyst cost in a process Lvhich require. tI- -OH 130--H kl- - 0 t l  I I -OH 
the use of large quantities of cat a I; L s t  is 
measurablv decreased. Sincia this \vork  iso-CH7--H iso-CaHi--H iso-CZH7- -H H --iso-C3H; 
n a b  completed, this method has heen in- dl-\lenthol dl-\enmenthol dl-lsornenthol dl-Veoisomenthol 

dc,pendrntly rioted and de-ciibctl I ) \  
I lunbar  and .h-nold ( 7 ) .  

Figure 1.  Configurations issigned to Four Raceinic \Iodificatiom of Menthol 

HYDROGEXATIOIV O F  TIIY3lOL 'KITH COPPER CHROZIITE 

Ttic' rcduction of thymol n-ith coppcr chroiiiitc~ i- not \ I )  effi- 
r i i l i i t  as whc~n  nickel is uscd for the ratal! 
c,:tt:ilyst of suffiricnt activii J. ip u ~ i l  R I I ~  

hytlrogcxn with thc: thymol is sccomplislieil, the reduction imiy I)? 
i-:ii,ricd out within a reasonable length I J ~  t inirx. The results oi' ii 
tiiiiiilxir of rccluction? of thyniol are listcd iri Tnhic 1. 
.I typicxl ridriction, as cxrritd out in tlic l:iboratory, is as fol- 

Ion..: 

1'1iii vquipnicnt used consisted of a rocking steel autoclave of 
3100-cc. capacity (American Instrument Company) n-hich w ~ i 3  
iiipplicd wi th  a potentiometric thermoregulator (Brown Instru- 

Hydrogen was supplied to  the autoclave a t  
Seven hundred arid 

vniol (C.Y.P. quality) and 75 grams or' copper 
xere placed in the autoclave, and air was re- 

cement n.ith hydrogen; then the temperature 
C. Hydrogenation was carried on at  pressures 

varying from 800 to  1400 pounds per square inch until t,he reduc- 
tion, as indicated by the uptake of hydrogen, was fairly complete. 
T h r  crude reduction misture mas filtered from the catal-st  by 

The product gave the folloiving 
freezing point 9 "  C., n': 1.4460, methane 2 5 ,  t,hymol 

impany). 
ures obtainable from the cylinder. 

of a basket centrifuge. 
: 
1-ield of mised isomeric menthols (by difference) 9 7 5 .  

The 1)er cent menthane given here and in the table includes the 
\v:itc'r t'urrncd in the reaction and n-as determined by distillation 
I lirough a Iliort column. The amount of menthane formed i,y, to 
:t coiisi:lerable extent, dependent upon the temperature of the re- 
ac,tion (Table I). In  the reduction carried out a t  300' C.? 50% 
of the reaction misture consisted of menthane while some thymol 
.till rcmainetl unreduced. This nould indicate that the hydro- 
genolysi~ of menthol to  menthane runs concurrently with the re- 
cluction of thymol to  menthol. I t  was also found that,  if the re- 
action w ' r e  allowed to continue at  200" after a th~oretical  conver- 
.-ion to rnc~nthol, as determined from the hydrogen uptake, a 
cwrisitit~rable amount of menthane was produced. It is difficult 
t o  c*orrcslate the production of ziienthane n-ith variation in the 
cat:ilyst uwd, although there arc some indications that a more 
active cxtalyst produce? Icss inenthane. Adkini: rt ai. ( 1 )  studied 
the effects on the ratio of alcohol to hydrocarbon resulting from 
wpper  chromite reduction of e:tc'rs produced by modifications of 
the c.:itnlysr, but could obtain little or no correlation. 
.In intc~~~esting correlation was found bctn-een the amount of 

thymol placed in the autoclave and the length of time ne 
for. reduction. The greatcxr the nniount of thymol placed in the 

autoclavc~, tlic 1origc.r t l i c x  rim. i i  t o i l l i  for ~ ,cdu ,* l  i o t i .  o1 II(\I, I':t('t at's 

I)citip i'clual. Tlii. \viis prot):lt)l!. t i u ~  t i ,  :t lack o f  t ~ ~ o r ~ i ~ U ~ i i i i l Y s  i l l  

ttic niixiiigoftliv tli>-riiol ivit l i  ttit~liy(limg(~ti or t i l  :t l : i i , I< or .oiul~ility 
of t tic, I~~:~l i~i)g~, t i  in thi' tli?mol. It \vas 3 1 ~ 1  t i o ~ i ~ t l  t1i: i t .  il ' I I I I~  : i l l t o -  

c~lavc~ h:1d hwi i  uGcd for :t nielii.1 rc~ilncrion pi,ior t o  i t -  11-c~ t ' i i i l  ("11)- 
per clii~oniitc rctluctioii, there \v:i< :i con~idcrn l  ' l i b  i t i t1uc.t  i o t i  l)',t,iod 
Licforc l i~-~l i , i i~e i i~ i r io i i  hegau. This i i idui~t ioi i  lJ(>riiId w):ri i l  I)(> 
circumvented 1))- thv r:ipiel rcduction of acctoii8' Ivitli rol>l)c'r' vtiul- 
niitc in thc autoclaw prior to its use for tliyn1ol. 

The table lists the freezing points :inti the iusfrucrivc) iiit1ii.c- of 
the crudc reduction mixtures. Thcse are not of yriiiit 4giiifk:iiirib, 
but illustrate some of the variations encouiiri~rcd i v l w ~ r  thc, 
conditions of hydrogenation arc' changcd. f i r i t  i i  properticis arc 
largely dependent on the amount.: of tllyinul and Iwntlmnc found 
in the mixture. 

One of the greateqt difficulties in completing this study was 
tha t  of dcterniining The stereoisomeric coinposition of t lie 
mixture. -1 .method \vas developtd n-hcrehy thc. :tinourits of 
lrnns-menthol, as compared to the cis-iiicnthol, could htl .ilc,tcbr- 
mined. This method consisted of oxidizing tht. mc~ntliol- i i i  a 
distilled sample to the corresponding nit:ntlioni:s xrid dctc~tmitiing 
the ratio of the two nienthones by mrans of the rt'fractivil iiiikx. 
This method will he briefly described. The procedure for  the 
oxidation of thc mixture to  menthotic is mot1itic:d :iller tha t  of 
Sandborn ( I , ? ) .  

A stock solution of osidant was prepared containiiig 134 gr:iiiis 
of potassium dichromate dissolved in 11 1 grains of concentrated 
sulfuric acid and 670 cc. of distilled water; 76 ice. of this \{-we suf- 
ficient for the oxidation of a 10-gram sample of menthol. The  
menthol was added to the oxidant and stirred vigorouslys until 
the maximum temperature was reached (around 49 -30 C. ). 
The reaction mixture was warmed gently until tlic black c.omj)les 
had decomposed completely, and then the mixture \va- stcxm- 
distilled. The st,eam distillate wap extracted with etlicBr, dried, 
then distilled, and the refractive i n c h  taken of the nitBiit tione 
mixture. 

The steam distillat ion \vas 

a Serond consecutive use. 
6 Th i rd  consecutive use. 

d Second w e  iiiter regenerat ion.  
Froin a n w r e  .trtive preparar iou 

After regenerat ion.  

~i wpeated ivashiiiy of t lit1 

ether extract with \ v : i ~ ~ r  l l e n -  lien- 
t hane ,  t h o i ,  or allialics to r(~movc~ rc~siclual 

c r 
acid. I t  iva.1: found b!. run- 

4 94 
1-2 98 ning :i con1 1.01 on l-iiwnt tiol 

that the stc:iiii diitillatioii did 16 83 
10 70 
10 88 not cause iii(wurab1c in- 

6 91  
50 46 version. Altliougli this nic~t11r)d 

is not vcry accurate, i t  gives 4 96 

a fair approximation of ttic: 
ratio of ieoiiit1i.s pi,cwnt i n  the 
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Storage of Commercial 
Dehydrated Alfalfa Meal 

111s storagc study was und kcii i n  thtt h ( ~ p ~ *  of finding n T possible postwar means of utilizing thr. natural cooler htoragt, 
which was developed as a wartime expedient. The effect of dif- 
ferent types of hags for storage of tlchytlrated alfalfa n i c d  was 
also a consideration. 

tilerider and xiiised tlioroughly. 
was of relatively high carotene content aiid \vas placed in regular 
size plait1 . burlap hags, small plain burlap hags, sinal1 \vale?- 

The dehydrated alfalfa nieal used in  this study 1va5 place 
The mesal used in the first 

1 P r c w i r  adrIrP.i, "tip R'. .I. Pii inll  Conipaiiy-. I n c  , l i a l 1 w >  r i t y ,  310, 


