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ABSTRACT
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S e sq u iac e ta ls  and t h e i r  re d u c tio n  •products» -  The s e s q u ia c e ta ls  s tu d ied  

in  th i s  in v e s t ig a tio n  were the  2 -iso p ro p y l-4 -a ry l-5 ,5 -< iin ie th y l~ 6 -h y d ro x y -l,5 - 

d ioxanes, which were prepared  by the  b a se -c a ta ly z e d  re a c tio n  o f is o b u ty ra l

déhyde w ith  arom atic a ldehydes, such as benzaldehyde, cuminaldéhyde, and 

_2“te r t-b u ty lb e n z a ld e h y d e .

These compounds were d isso lv ed  in  a lcoho l and liydrogenated a t low p ressu re  

in  the presence o f Raney n ic k e l , and gave high y ie ld s  o f 2 ,2 -d im e th y l- l-a ry l-  

1 ,5 -p ro p an ed io ls . I t  was found th a t  the presence o f a  sm all amount o f a c e tic  

ac id  and e lev a ted  tem peratu res ( 60- 00°) were necessary  to  achieve a p ra c t ic a l  

r a te  of hydrogenation . Under th e se  co n d itio n s  the  i n i t i a l  a c id -ca ta ly z ed  

eq u ilib riu m , norm ally tem perature dependent, between the  sescpuiacetals and 

th e i r  a ld o ls , the 2 ,2 -d im e th y l-5 -e ry 1-5-hydroxypropanels, was involved  in  the 

hydrogenation p rocess .

A h ig h ly  e f f i c i e n t  and convenient sy n th es is  f o r  2 ,2-dim eth y l - 5 - a r y l - l -  

propanols was de'veloped by the p a llad iu m -ca ta ly zed  hydrogenation  of the  1 ,3 - 

d io ls .  The hydrogenations were c a r r ie d  out in  e th y l a lco h o l a t  the tem per

a tu re  and p ressu re  c i te d  fo r  the  s e s q u ia c e ta l  hydrogenations, and gave near 

q u a n ti ta t iv e  y ie ld s  o f c r y s ta l l in e ,  low -m elting a lc o h o ls . Two o f the 

a lc o h o ls , 2 ,2 -d im e th y l-5 -(£ -iso p ro p y lp h en y l)- l-p ro p an o l and 2 ,2 -d im eth y l-3 - 

(_ £ -te rt-b u ty lp h en y l)-1 -p ro p an o l, were prepared f o r  the  f i r s t  tim e.

A ddition  re a c tio n s  of isobu tenv lbenzene. -  The a d d itio n  o f hydrogen 

bromide to  isobutenylbenzene was found to  y ie ld  only one product, l-p h e n y l-2 - 

methyl-2-brom opropane, w hether the  re a c t io n  was c a r r ie d  out in  the presence o r  

absence o f peroxides and oxygen. The io n ic  a d d itio n  o f hydrogen bromide i s  

p a r t ic u la r ly  in te r e s t in g  from the  s tan d p o in t o f carbonium ion th eo ry , f o r  the

VI
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t e r t i a r y  benzyldim ethylcar'boniuin io n  must be formed p r e f e r e n t ia l ly  to  the  

secondary phenylisopropylcarboniura ion  to  account fo r  th e  a d d itio n  p roduct.

This i s  the rev e rse  o rd e r o f s t a b i l i t y  u su a lly  assigned  to  carbonium io n s .

The f r e e  r a d ic a l  a d d itio n  o f hydrogen bromide a lso  gave the same product 

ob ta ined  by the  io n ic  a d d itio n  o f hydrogen bromide to  isobu tenylbenzene.

Formaldehyde was added to  isobutenylbenzene as in  a  P rin s  re a c tio n , and 

the  product o b ta ined , 5»5-cL im ethyl-4-phenyl-l,5-dioxane, supported the  course 

o f io n ic  a d d itio n  e s ta b lish e d  w ith  hydrogen bromide.

In  th is  in v e s t ig a tio n  a new method of prepai’a tio n  o f isobutenylbenzene 

was developed, which e lim in a ted  the form ation  of isom eric  by -p roducts , c h ie f ly  

5-phenyl-2-m ethylpropene, th a t  are  common to  e x is t in g  methods. The procedure 

involved  the  dehydra tion  o f l-pheny l-2 -m ethy1-2-propanol w ith  co ld , 80̂ o 

s u l f u r ic  ac id  and gave 80-05^ y ie ld s  o f e s s e n t ia l ly  pure isobu teny lbenzene.

R eactions o f cyclopen taned iones. - The re a c tio n  o f n-araylmagnesium 

c h lo rid e  w ith  ^ -m ethy l-1 , 2 -cyclopen taned ione , which e x is t s  as an eno l, v/as 

s tu d ie d  as a  p o ssib le  sy n th es is  o f dihydro-.iasmone (2-am yl-)-m etliy lcyclopent- 

2 -e n - l-o n e ) . The t e r t i a r y  a lco h o l formed underwent dehydration  to  y ie ld  a 

b in a ry  m ixture of exo and endo u n sa tu ra te d  p roducts . Hydrogenation o f th i s  

m ixture over a palladium  c a ta ly s t  gave a s in g le  compound, 2-n-arayl-5-m ethyl- 

cyclopentanone, in s te a d  of the  expected te tra liy d ro -.jasmone. The s t ru c tu re  of 

th e  s t a r t i n g  m a te r ia l, rep o rted  to  be $ -m eth y lcy c lo p en t-2 -en -2 -o l-l-o n e  when 

th i s  in v e s t ig a tio n  was begun, was shown to  be in c o r re c t .  The tru e  s t ru c tu re ,

5 -m e th y lcy c lo p en t-2 -en -2 -o l- l-o n e , was subsequently  e s ta b lis h e d  by both in f r a 

red  and n u c lea r magnetic resonance s p e c tra , which were in  complete harmony 

w ith  the  new s tru c tu re  proposed.

V ll
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1,3-C yclopentanedione was syn thesized  in  th i s  in v e s t ig a t io n  fo r  a lk y l

a t io n  s tu d ie s  w ith  n-amyl bromide and w ith  2 -p en tyn l bromide. The carbon- 

a lk y la t io n  products from these  re a c tio n s  would be valuab le  as in te rm ed ia te s  in  

th e  sy n th es is  o f d ihydro-.jasmone and c i s -.jasmone (2-am ylidene-3-m ethylcyclo- 

p e n t-2 -e n - l-o n e ) . The a lk y la t io n  w ith n-amyl bromide, however, gave only the 

o x y g en -a lk y la tio n  p roduct, 3 -pen to x y cy clo p en t-2 -en -l-o n e . The r e l a t iv e ly  more 

a c tiv e  h a lid e , 2 -p en tyn l bromide, gave only a  sm all y ie ld  of the carbon- 

a lk y la t io n  p ro d u c t, 2 - (2 -p e n ty n l) -e y e lo p e n t-2 -e n -3 -o l- l-o n e ; the  predominant 

p ro d u c t, 3 -(pen‘fc-2-ynoxy)-cyclopent-2-en-l-one, was d e riv ed  from oxygen- 

a lk y la t io n .

v i i i
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SESQUIACETALS AND THEIR REDUCTION PRODUCTS

Sesqulaceteils of th e  g en era l form ula ( l )  have been u t i l i z e d  in  th is  

in v e s t ig a tio n  f o r  h igh y ie ld ,  low p ressu re  c a ta ly t ic  hydrogenations lead in g  

to  1 ,5 -d io ls  o f the  g en era l foimiula, ArCHOHC(CH^) 2CH2OE ( l l ) ,  and u lt im a te ly  

to  2 ,2 -d im ethy l-3“ary1 -1 -propanols o f th e  s t r u c tu r e ,  ArCHgC( CE^) gCHgOS ( i l l ) .

The s e s q u ia c e ta ls  in v e s t ig a te d  here  a re  the  mixed tr im e rs  r e s u l t in g  from 

the  base ca ta ly zed  re a c tio n  between isobu ty ra ldéhyde and an a ry l  aldehyde.

ArCH=0
Ar-CH-C-CH=0 ± (CH^)2CHCH=0

(C H ^)pC H C H =0

OH

(CH5)2CHCE=0

0 ^  OH; 

Ar-JH-C^HOH

E(CH;)2

CH% CEz 
X  /   ̂

(CH;)2CEp-C-CH=0

E

(CH^)2CHCB=0

%  m
(C H ;)2C H ^ H -C -C H 0H

nrrH
H(0E;)2

l a  Ar = CgH^-

Ib  Ar = p- ( CH;) 2CH-CgEy -̂

lo  Ar = p - ( CE;) ;C-CgH^-

The f i r s t  o f th e se , 2 -iso p ro p y l-4 -p h e n y l-5 ,5 ”d im ethy l-6 -hydroxy-l,3 -d ioxane  

( l a ) ,  a  mixed tr im e r  o f isobu ty ra ldéhyde and benzaldehyde, was is o la te d  and
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1 2 re p o rte d  some s ix ty  y ea rs  ago, although  the  c o rre c t c h a ra c te r iz a t io n  of

th i s  compound as l a  was made y ears  l a t e r .  The s e s q u ia c e ta ls , syn thesized

and hydrogenated in  t h i s  in v e s t ig a t io n  were: 2 -isop ropy l-4 -pheny l-5»5 -
2

d im ethy l-6 -hydroxy-l,3 -d ioxane  ( l a ) , prepared from isobutyra ldéhyde and

benzaldehyde; 2 - iso p ro p y l-4 - (^ -iso p ro p y lp h en y l)-5 » 5 -d im eth y l-6 -h y d ro x y -l,5 -

dioxane ( i b ) p r e p a r e d  from isobu ty ra ldéhyde and cuminaldéhyde, and 2 - is o -

propy1 -4 -(2 - 1 e rt-bu ty Ipheny1 ) - 5 ,5 -d im ethy l-6 -hydroxy-l,3 -d ioxane ( ic )

th e  product r e s u l t in g  from £ -te rt-b u ty lb e n za ld e h y d e .

The method u su a lly  used in  th e  in v e s t ig a tio n  f o r  th e  p re p a ra tio n  o f  the
2se sq u ia c e ta ls  was th a t  d esc rib ed  by Spath in  which one mole o f an a ry l  

aldehyde and two moles o f isobu ty ra ldéhyde were s t i r r e d  w ith  an aqueous, 

s a tu ra te d  s o lu tio n  o f potassium  carbonate  f o r  30 to  40 h ou rs . Under th ese  

co n d itio n s  isobu tyra ldéhyde tr im e r iz e s  to  form 2 ,4 -d iiso p ro p y 1-5»5-dim ethy1-

6-hy d ro x y -l,3 -d io x an e , I t  i s  l ik e ly ,  th e re fo re  th a t  the  po lym eriza tion  of 

an a ry l  aldehyde and isobu ty ra ldéhyde  and the t r im e r iz a t io n  o f iso b u ty ra ld é 

hyde would r e s u l t  only in  the  eq u ilib riu m  o f th ese  s e s q u ia c e ta ls , except fo r  

the  f a c t  th a t  the  mixed tr im e rs  p r e c ip i ta te  and thus d riv e  the  re a c tio n s  to  

com pletion. Each of the  s e s q u ic e ta ls ,  l a ,  Ib ,  and Ic  vrere ob ta ined  as w hite 

c r y s ta l l in e  s o l id s .  The in f r a re d  s p e c tra  o f th ese  compounds showed the  

expected hydroxyl (2 .95 and 9»60 m icrons) and e th e r  ( 8.90  m icrons) bands, and 

were f re e  o f carbonyl ab so rp tio n . T heir carbon-hydrogen analyses o ffe re d  

a d d itio n a l support fo r  the  proposed s t ru c tu re s .

( 1) M. J .  S t r i t a r ,  M onatsh., 20, 6YJ (1699)»

(2) E. Spath, R. Lorenz and E. Altman, B e r ., %6» 515 (l943)«

( 3) This la b o ra to ry , unpublished  r e s u l t s ,  J .  L. E. E rickson  and 
G. N, Grammar.
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A new procedure was developed and dem onstrated f o r  the  p re p a ra tio n  o f 

2- i 8opropy l-4-p h en y l-5»5-di®0t h y l - 6-h y d roxy-l,3 -d ioxane  ( la )  in  t h i s  in v e s t i 

g a tio n . A m ixture o f two moles o f isobu ty ra ldéhyde and one mole o f bonzal- 

dehyde was c h i l le d  to  - 15°> and t r e a te d  w ith  a  sm all amount o f a lco h o lic  

potassium  hydroxide s o lu t io n . An exotherm ic re a c t io n  ensued from which a 

76^ y ie ld  o f l a  was formed w ith in  20 m inutes. The r e l a t iv e ly  s h o r t  re a c tio n  

time makes th i s  procedure very a t t r a c t iv e ,

CATALYTIC HYDROGENATION

An a lco h o lic  so lu tio n  o f the  s e s q u ia c e ta l ( l a ) ,  in  the  presence o f Raney 

n ic k e l d id  no t take up hydrogen a t  room tem perature o r  even a t  80° under a 

p re ssu re  o f fo u r atm ospheres. The a d d itio n  o f a  sm all amount o f a c e tic  ac id  

produced only a slow, alm ost im p ercep tib le  p re ssu re  drop a t  room tem peratu re , 

bu t a ra p id  hydrogen uptake (0 ,6  m o le /h r.)  was observed a t  60-80°, The 

requirem ent o f e lev a ted  tem peratu re  and th e  presence o f ac id  p a r a l l e l  the  

co n d itio n s  p rev io u sly  reported '^ f o r  the  p re p a ra tio n  o f a ld o ls  from the  se sq u i

a c e ta ls  o f a l ip h a t ic  aldehydes. I t  seems l ik e ly  th a t  hydrogenation  tak es

0 ^ / )  Hg %  %
Ar-ÇH-C-ÇH-OH Ar-CH-C-CH=0 -------------------- ► Ar-CH-C-CH20H

i  A L  k

?h(CH5)j

I I

I l a  Ar « CgH^-

ITb Ar = p-(CH j)2CH-CgH^-

I I c  Ar *» p-(CHj) jC-CgH^-

(4 ) E, Spath, R, Lorenz and E, Freund, B e r ,, %6, 1196 (l945)«
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p lace  only a t  an ap p rec iab le  r a te  when the  c o n c e n tra tio n  o f th e  a ld o l i s  

s u f f ic ie n t ly  h ig h . The s e s q u ia c e ta ls ,  ( lb )  and ( i c ) ,  behaved in  the  same 

manner. The c a ta ly t ic  hydrogenation  o f l a  gave 2 ,2 -d im ethy l-1-pheny1-1 ,5- 

p ropaned io l ( l l a )  in  94^ y ie ld  and Ib gave an 85^  y ie ld  o f 2 ,2 -d im e th y l- l-  

(p - iso p ro p y lp h e n y l)- l,5 -p ro p a n e d io l ( l i b ) .  The new, un repo rted  d io l ,  2 ,2 -  

d im e th y l- l- (£ - te r t-b u ty lp h e n y l) -1 ,5 -p ro p a n e d io l ( l i e )  was o b ta ined  in  93^ y ie ld  

from I c .
2i t  i s  re p o rte d  th a t  l a  decomposed upon d i s t i l l a t i o n  a t  12 mm. to  y ie ld  

5-phenyl-5-hydroxy-2 ,2-d im ethy lprop ionaldehyde and a  q u a n tity  o f benzaldehyde. 

The Raney n ic k e l c a ta ly z ed  hydrogenation  o f l a  to  y ie ld  I l a  a lso  p o in ts  to  the  

e x is ten c e  o f the  a ld o l from l a  as w ell as to  the  a ld o ls  corresponding  to  the 

s e s q u ia c e ta ls ,  ( ib )  and ( i c ) .

Two of the 1 ,5 -d io ls ,  ( l l a )  and ( l i b ) ,  ob ta ined  by c a ta ly t i c  hydrogena

t io n ,  have been re p o rte d  in  the  chem ical l i t e r a t u r e .  One method common to  

bo th  o f t h e i r  p re p a ra tio n s  was f i r s t  i l l u s t r a t e d  by Swoboda and Fossek ,^ who 

o b ta ined  a d io l ,  e rro n eo u sly  d esc rib ed  as phenyl iso p ro p y l e thy lene  g ly c o l,

by the  re a c tio n  o f iso b u ty ra ld éh y d e , benzaldehyde and potassium  hydroxide in
6 Tthe  m olar r a t i o  o f 2 :1 :1 . Lieben and l a t e r  Reik c o r re c t ly  d esc rib ed  the  

p roduct o f t h i s  re a c t io n  as the  1 ,5 -d io l  ( l l a ) .  Schubert^ re a c te d  cum inal-

C^H^OEzO 4- 2(0H^)2CECH%0 + KOH » CgE^CHOCC( CE^) 2CE2OH + (CE^)2CEC00K

( 5) E. Swoboda and W. Fossek, M onatsh., 11, 585 (l890)<

( 6) A. Lieben, M onatsh., 1%, 68 ( I 896) .

( 7 ) R. Reik, Monabsh., 18, 599 ( l8 9 7 ) .

( 8) F. S chubert, M onatsh., 255 (1903).
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dehyde and isobu ty ra ldéhyde in  t h i s  manner to  o b ta in  l i b  which was re p o rte d  to  

m elt a t  58°» This in v e s t ig a t io n  has shown th a t  the  pure compound, when pre

pared e i th e r  by the  c a ta ly t ic  hydrogenation  o f Ib , o r  by S ch u b ert’s procedure, 

m elts  a t  69° .  Inasmuch as the  aforem entioned in v e s t ig a to r s  d id  no t sp ec ify  

y ie ld s  o f t h e i r  p ro d u c ts , th e  r e s u l t s  ob tained  in  t h i s  in v e s t ig a t io n , 745̂  fo r  

I l a ,  66^ f o r  I l b ,  and 505̂  f o r  l i e  were taken  as re p re se n ta tiv e  o f the e f f ic ie n c y  

o f  t h i s  g en era l method o f p re p a ra tio n .

One o th e r  p re p a ra tiv e  method o f low y ie ld  ( 41^ ) has been rep o rted  by 

Pranke and Kohn^ f o r  the  d io l  ( l l a ) .  T h e ir method u t i l i z e d  the  re a c tio n  

between phenylmagnesium bromide and fo rm iao b u ty ra ld o l.

( 1 ) CgHcMgBr
HOCH2C(0Ez)2CB=O  » CgHcCHOSC(0H%)2 OH2 OE

( 2 ) I l a

A conven ien t, inexpensive method of p re p a ra tio n  of 2 ,2 -d im e th y l- ) -a ry l- l-  

propanols ( i l l )  has no t been p rev io u s ly  re p o rte d . In  a  d esc rib ed  method, 

however, 2 , 2-dim eth y l - 5-pheny 1- 1- propanol ( l l l a )  has been prepared  in  unspeci

f ie d  y ie ld  by E a l le r  and B a u e r ,w h o  reduced th e  amide of 2 ,2 -dim ethy 1-5- 

phenylpropanoic ac id  w ith  sodium and a lco h o l.

Na + C2E5OE
OgÊ CE20(GÊ )2COEE2 --------------------► CgÊ CE2C(OÊ )20E20E

I l i a

(9 ) A, Pranke and M. Kohn, M onatsh., 2%, 1097 ( l9 0 6 ) .

( 10) A, E a lle r  and E. Bauer, Ann. chim. (P a r is ) ,  (9 ) ,  2.» (1918).
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In  th i s  in v e s t ig a t io n  I l i a  was prepared  by the  c a ta ly t ic  hydrogenation  o f 

the  1 , 3- d io l  ( l l a )  in  e x c e lle n t y ie ld  ( 94/ )̂ u s in g  pa llad ium -on-charooal as the  

c a ta ly s t .  The co n d itio n s  f o r  the  hydrogenation  o f I l a  as w e ll as fo r  the  d io ls  

l i b  and l i e  were s im ila r  to  those used f o r  the  hydrogenation  o f th e  se sq u i

a c e ta ls .  B eaction tem peratu res were h e ld  a t  70-80° and hydrogen p re ssu re s

H2Ar*CH0HC(CE3)2CH20H ------------ > Ar-CH2C(CH3)2CH20H
Pd-C

I I  I I I

I l i a  Ar = C5H5

n i b  Ar = 2 - ( 0B3) 2CH-0gE^_

I I I c  Ar = j2-(CB3) 3C-C6ÏÏ4-

v a r ie d  from 4»5 to  5 atm ospheres as hydrogenation  proceeded. I n i t i a l l y  the  

pure 1 , 3-d io l s  were hydrogenated in  anhydrous e th y l a lco h o l s o lu t io n  over a  

pre-reduced  pallad ium -on-charcoal c a ta ly s t .  I t  was found, however, th a t  the

1 , 3-d io ls  ob tained  by the hydrogenation  o f s e s q u ia c e ta ls  were o f s u f f ic ie n t  

p u r ity  to  be used d i r e c t ly  and w ithout i s o la t io n  from the  o r ig in a l  e th y l 

a lcoho l so lv e n t. Raney n ic k e l was sim ply rep laced  w ith  the  palladium  c a ta ly s t  

and the  hydrogenation was con tinued . F u r th e r , the  c a ta ly s t ,  s to re d  as 

palladium  c h lo rid e -o n -c h a rc o a l, could be used d i r e c t ly  in  th e  hydrogenations 

w ithou t lo s s  o f y ie ld  o r d im inu tion  in  the  r a te  o f hyd rogenation . 2 , 2-  

D im ethyl-3-pheny1-1-propanol ( l l l a )  and the  h i th e r to  un rep o rted  a lco h o ls , 2 ,2 -  

d im eth y l-3-(£ - iso p ro p y lp h e n y l)- l-p ro p a n o l ( l l l b )  and 2 , 2-d im e th y l-3- ( £ - t e r t~  

b u ty lp h e n y l)-1-propanol ( l l l c )  were ob ta ined  as low m eltin g  s o l id s ,  p o ssess in g  

f a i n t ,  p le a sa n t odors. T h e ir in f r a re d  s p e c tra  were in  harmony w ith  th ese  

s t r u c tu r e s ,  each e x h ib it in g  s tro n g  hydroxyl bands a t  approxim ately  2,95  and 

a t  9»60 m icrons.
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EXPERIMENTAL^^

2 -Iso p ro p y l“4~ ary l-5 .5 -d lm ethy l-6 -hyd roxy-1 .5 -d ioxane  ( l ) . ^  The pro

cédure o u tlin e d  helow i s  a p p licab le  f o r  the  p re p a ra tio n  o f the  s e sq u ia c e ta le  

( l a ) ,  ( l b ) ,  and ( i c ) .

A m ixture o f 1 mole o f a  f r e s h ly  d i s t i l l e d  a ry l aldehyde and 2 moles o f 

isobu ty ra ldéhyde was s t i r r e d  v ig o ro u sly  w ith  250 ml. o f  a  s a tu ra te d , aqueous 

s o lu t io n  o f potassium  carbonate  a t  a tem perature in  the  range o f 16-20°. 

Normally, w ith in  50-40 h r . ,  a  c r y s ta l l in e  p r e c ip i ta te  o f th e  product was 

formed, which was subsequently  d isso lv ed  by the  a d d itio n  o f benzene. The 

aqueous, a lk a l in e  la y e r  was then  drawn o ff  and the  benzene so lu tio n  was washed 

w ith  w ater, d rie d  over anhydrous sodium s u l f a te ,  and co n cen tra ted  under 

reduced p ressu re  to  ca. one th i r d  o f i t s  o r ig in a l  volume. A s u f f ic ie n t  

q u a n tity  o f n-pentane was added to  the  con cen tra ted  benzene so lu tio n  to  im

p a r t  a  s l i g h t ,  cloudy appearance, which brought about the  c r y s ta l l i z a t io n  o f 

the  s e s q u ia c e ta l .  The compound may then  be p u r if ie d  by r e c r y s ta l l i z a t io n  

from a m ixture o f benzene and pentane, o r from methyl a lco h o l.

The orude product may a lso  be d isso lv ed  in  e i th e r  m ethyl o r e th y l 

a lco h o l in s te a d  of benzene. The a lc o h o lic  s o lu tio n  may then  be sep ara ted  

from the  a lk a l in e , aqueous la y e r  and reduced d i r e c t ly  to  y ie ld  the  1 ,3 -d io l

( l l ) ,  o r  i t  may be co n cen tra ted , coo led , and the  s e sq u ia c e ta l ( l )  allowed 

to  c r y s ta l l i z e .

( l l )  M elting p o in ts  a re  c o rre c te d  and b o il in g  p o in ts  are u n co rrec ted . 
M icroanalyses were determ ined by (a ) W eiler and S trau ss  M icro an a ly tic a l 
L a b o ra to rie s , Oxford, England and (b) G a lb ra ith  M ic ro an a ly tic a l L ab o ra to rie s  
K noxv ille , Tennessee. In f ra re d  sp e c tra  were recorded  on a  Beclanan Model 
IR-5 In f ra re d  Speotrophotom eter.
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2-l80propyl-4~phenyl-'5« 5 -d im ethy l-6 -bydroxy-l.4 -d ioxane  ( l a ) .  A m ixture 

o f 106 g . ( 1 ,0  mole) o f benzaldehyde and I 44 g . (2 .0  moles) o f iso b u ty r

aldéhyde gave, in  the  manner d esc rib ed , 202 g . (81^) o f the  c r y s ta l l in e  

product ( l a ) ,  m.p. 96-97°* A sm all sample r e c r y s ta l l i z e d  once from a 

m ixture o f benzene and pentane and once from m ethyl a lco h o l m elted a t  97-98° 

( l i t . ^  m.p. 97-98.5°)* The in f r a r e d  spectrum  showed c h a r a c te r i s t ic  bands f o r  

OH a t  2 . 9 5 ^  and 9*60 jx and f o r  C-0 a t  8.90 but no 0=0 band.

In  an a l te rn a te  procedure developed in  th i s  in v e s t ig a tio n , the  m ixture 

of benzaldehyde and isobu ty ra ldéhyde was brought to  - 15° ,  and then  w ith  

v igorous s t i r r i n g  was t r e a te d  w ith  1 g . o f  potassium  hydroxide d isso lv ed  in  

20 ml. o f m ethyl a lco h o l. There was an immediate, exotherm ic re a c tio n  which 

ra is e d  the  re a c tio n  tem perature to  ca . 45°, and upon co o lin g  formed a  s o l id  

c r y s ta l l in e  mass. This s o l id  was broken up and d isso lv ed  in  e th e r  and a t  the  

same time the c a ta ly s t  was n e u tra liz e d  by th e  dropwise a d d itio n  of a  3?̂  HCl- 

methyl a lco h o l so lu tio n . The e th e re a l  so lu tio n  was washed w ith  w ater, d r ie d  

over anhydrous sodium s u l f a te ,  and co n cen tra ted  under reduced p re ssu re . As 

b e fo re , the  c r y s ta l l i z a t io n  o f the  product was brought about by the a d d itio n  

o f pen tane . There was ob tained  a  779  ̂ y ie ld  o f l a ,  m.p. 96-97°*

2 -Iao p ro p v l-4 -(p -iso p ro p v lp h en v l)-5 .5 -d im eth v l-6 -h v d ro x v -l« 3 -d io x an e

( i b ) .  From the  re a c tio n  o f 74 g* (0*5 mole) o f cuminaldéhyde and 72 g. o f 

isobu ty ra ldéhyde th e re  was ob ta ined  102 g. (70^) o f Ib , m.p. 100-101°. The 

in f ra re d  specti-um showed s tro n g  OH and C-0 bands a t  2 .94 ^  and 8.92 jXf 

r e s p e c tiv e ly , bu t no carbonyl band.

A nal. Calcd. f o r  C18H28O)» 0, 75*93; H, 9*65; mol. w t . , 292.4* Pound*

0, 74*10; H, 9*31; mol. w t. (benzene), 293*

2 - I s o p ro p y l-4 - (p - te r t-b u tv lp h e n v l) - 5 . 5 -d im ethv l-6 -hyd roxv-l.3 -d ioxane

( i c ) .  The re a c tio n  o f 81 g . (0 .5  mole) o f £ -te rt-b u ty lb e n za ld e h y d e  and 72 g.
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( l  mole) o f isobu ty ra ldéhyde  gave I 40 g . (91^) o f I c ,  m .p, 120-121°, The 

in f r a r e d  speotrum showed bands a t  2,93 ^  f o r  OH and a t  8,96  p. f o r  C-0, bu t 

no carbonyl band was observed .

Anal, Calcd, fo r  C, 74*47; H, 9*87; mol, w t . , 306,4  Pound:

C, 74*33; H, 9*70; mol, w t, (benzene), 317, 326,

2 ,2 -D im eth v l-l-a rv l-l.3 -T > ropaned io l ( l l ) .  Procedure A, ^  the  c a ta ly t i c

hydrogenation  of I ,  To each 0 ,1  mole o f the  s e s q u ia c e ta l  ( l ) ,  d isso lv ed  in  an

equal w eight o f warm e th y l  a lco h o l, was added 1 ,5  g* o f a c e tic  ac id  and 5 g*
12of Raney N ickel c a ta ly s t .  The m ixture was then  hydrogenated in  a  Paar

low -pressu re  apparatus a t  75-80° and 3-5 atm. A hydrogenation  time o f 2 to

3 h r ,  gave an uptake o f hydrogen n e a r the  th e o r e t ic a l  amount. The c a ta ly s t

was f i l t e r e d  o f f ,  and e th y l a lco h o l was d i s t i l l e d  from the  so lu tio n  under

reduced p re s su re . There remained a  c r y s ta l l in e  re s id u e  o f the  1 ,3 -d io l  ( l l ) ,

which may be p u r if ie d  by d i s t i l l a t i o n  o r by r e c r y s t a l l i z a t io n  from a benzene

pentane m ix tu re . I f  d e s ire d , the  1 ,3 -d io l  may be l e f t  in  so lu tio n  a f t e r  the

removal o f th e  n ic k e l c a ta ly s t  and hydrogenated d i r e c t ly  over a palladium

c a ta ly s t  to  y ie ld  the  a lco h o l ( i l l ) ,
7

Procedure B. ^  the  re a c t io n  o f th e  a ry l  aldehyde, iso b u ty ra ld éh y d e , 

and potassium  hydroxide. A m ixture o f isobu ty ra ldéhyde  and the  a ry l aldehyde 

in  th e  rio la r r a t io  of 2 :1  was added dropwise w ith  s t i r r i n g  to  a co ld  s o lu tio n  

of 1 mole o f potassium  hydroxide in  375 ml, o f m ethyl a lco h o l, and allowed to  

stand  a t  room tem peratu re  f o r  20-24 h r .  A cetic  ac id  was added to  n e u tra l iz e  

excess potassium  hydroxide and m ethyl a lco h o l was s tr ip p e d  from the  s o lu tio n

( 12) No, 28 Raney n ic k e l a c tiv e  c a ta ly s t ,  Raney C a ta ly s t C o,, I n c . ,  
C hattanooga, Tennessee,
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under reduced p ressu re  u n t i l  a s lu r ry  o f s o l id  re s id u es  rem ained. The product 

was taken  up in  benzene, w ater washed, and d r ie d  over anhydrous magnesium 

s u l f a te .  Benzene was removed from the  s o lu tio n  under reduced p ressu re  and the  

rem aining cirude 1 , 5-d io l  ( l l )  was p u r if ie d  by the  methods d esc rib ed  in  proce

dure A.

2 .2 -D im e th v l-l-n h en v l-l,5 -p ro p an ed io l ( l l a ) .  The hydrogenation o f 100 g. 

(0 .4  mole) o f 2- i 8opropy l-4-p h e n y l-5 , 5-d im e th y l-6-h y d ro x y -l,5-dioxane ( la )  

accord ing  to  procedure A gave 68 g . (94^) o f H a ,  b .p . 174-175° ( l4  mm.), 

m.p. 81-82° ( l i t . ^  b .p . 177° ( l 4 mm.), m.p. 81-82° and^ b .p . 178- 185°

(20 mm.), m.p. 81 -82°). The id e n t ic a l  p roduct ( l l a )  was ob ta ined  by the  

LiAlH^ red u c tio n  of l a .

As d esc rib ed  in  procedure B, the  re a c tio n  o f 52 g. (0 .5  raol.e) o f 

benzaldehyde, 72 g . ( l  mole) o f  isobu ty ra ldéhyde and 26 g . ( 0 .5  mole) o f 

potassium  hydroxide gave 66.6 g . (749^) o f I l a ,  m.p. 80-81°, mixed m.p. w ith  

the hydrogenation  product, 80-81°.

2 .2 -D im e th y l- l-(p -iso p ro p y lp h en y l)-1 ,5 -p ro p a n e d io l ( l i b ) .  In  the  manner 

d esc rib ed  in  procedure A, 58.5  g . (0 .2  mole) o f 2 - i3 o p ro p y l-4 -(£ -iso p ro p y l-  

pheny l)-5 ,5 -A im ethy l-6 -hyd roxy-l,5 -d ioxane  ( ib )  was hydrogenated to  y ie ld

57 g . (85^) o f l i b ,  b .p . 165- 167° (4  mm.), m.p. 69° ( l i t .®  b .p . 181.5°

( 8 .5  mm.), m.p. 58°)#

A nal. Calcd, fo r  C14H22O2* G, 75>85; H, 9#97# Found: C, 75#42; H, 9#82.

Procedure B, which was a lso  used by Schubert® f o r  th e  p re p a ra tio n  o f th i s  

compound gave, by the r e a c t io n  o f 57 g# (O.25  mole) o f cuminaldéhyde, 56 g . 

(0 .50  mole) o f iso b u ty ra ld éh y d e , and I 4 g . (O.25  mole) o f  potassium  hydroxide, 

54 g. (61^ ) o f l i b ,  m.p. 69° .  A mixed m.p. w ith  the  product o b ta ined  by the  

c a ta ly t ic  hydrogenation  of Ib  d id  not show any d ep ress io n .
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2 .2 -D im e th y l- l-(p -te rt~ l)u ty lp h e n y l^ - l« 5 -p ro p a n ed io l ( l i e ) .  The c a ta ly t i c  

hydrogenation  o f 50.6 g . (O .l mole) o f 2 - i8 o p ro p y l-4 - (£ - te r t-h u ty lp h e n y l) -5 ,5 -  

d im ethy l-6 -hyd roxy-l,5 "d ioxane  ( ic )  gave 22 g. (95?^) o f l i e ,  h .p . 165-166°

( 2 .5  ram.), m.p. 89-90°.

A nal. Calcd. fo r  C15H24O2S C, 76.22; H, 1 0 .24. Pound: C, 76 .50 ; H, 1 0 .I 5 .

The p re p a ra tio n  o f l i e  by the  re a c t io n  o f 4I  g« (O.25  mole) o f _ p -te rt-  

bu ty lbenzaldehyde, 56 g . ( 0.50  mole) o f iso b u ty ra ld éh y d e , and 14 g . (0.25  mole) 

o f potassium  hydroxide gave 29 g . (50^) o f t h i s  c r y s ta l l in e  compound, m.p. 

89-90°, mixed m.p. w ith  l i e  ob ta ined  by the  hydrogenation  o f I c ,  89-90°.

2 .2 -D im e th y l-5 -a ry l-l-p ro p an o l ( i l l ) .  A s o lu tio n  of the  1 ,5 -d io l  ( l l )  

in  e th y l  a lco h o l was hydrogenated over a  pa llad ium -on-charcoal ( 5̂  Pd) 

c a ta ly s t^ ^ ,  which was added as pallad ium  c h lo rid e -o n -c h a rc o a l and reduced in  

s i t u .  In  a ty p ic a l  ru n , 0 .5  mole o f I I I  in  5O-4O ml. o f e th y l a lco h o l v/as 

hydrogenated in  th e  presence o f 8 g. o f the  PdCl2”C c a ta ly s t  a t  75-80° and 

a t  5-5 atm. An uptake o f hydrogen which corresponded to  the  th e o r e t ic a l  

amount o f  O.5  mole was ob tained  in  5 h r .  The c a ta ly s t  was sep a ra ted  by f i l t r a 

t io n  and e th y l a lco h o l was removed from the  f i l t r a t e  by d i s t i l l a t i o n .  The 

a d d itio n  o f benzene formed a s o lu tio n  which was washed vdth  w ater, d r ie d , and 

the so lv en t was th en  removed under reduced p re s su re . D i s t i l l a t i o n  o f the  

re s id u e  in  a n itro g e n  atmosphere through a 10-inch vacuum -jacketed, packed 

column gave the  pure a lco h o l ( i l l ) .

2 .2-Dimeth y l-5 -p h en y 1-1-propanol ( l l l a ) .  The hydrogenation  o f 54 g .

( 0 ,5  mole) o f 2 ,2 -d im e th y l- l-p h e n y l- l,5 -p ro p a n e d io l ( l l a )  gave 48 g . o f an

( 15) Org. S yntheses, C o ll. V ol. I l l ,  John W iley and Sons, I n c . ,  New 
York, N. Y ., 1955, p. 686,
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o i l ,  b .p . 122- 125°  (13 ram.), which s o l id i f ie d ,  however, only when supercooled 

f o r  s ev e ra l hours below i t s  m elting  p o in t, thus p e rm ittin g  the  d e te rm in a tio n  

o f p h y s ica l c o n s ta n ts  a t  25°. The s o lid  in  the form of f in e  n eed le s , m.p. 52°, 

was r e d i s t i l l e d  in  a  n itro g e n  atmosphere through a  10-inch  vacuum -jacketed, 

packed column and y ie ld e d  46 g . (945^) o f I l i a ,  b .p . 101.2-102° (4  ram.), 

m.p. 52- 53° ,  1 . 5138, d^^ 0 . 9710, MBjj 50.92 (c a lc d . 50 .92), ( l i t . ^ °  b .p .

125- 126°  ( 14.5  ram.), m.p. 54 -55°). The in f ra re d  spectrum  was c h a ra c te r iz e d  

by the  fo llow ing  bands: 2.97 s , 5.30  m, 5. 4I  s ,  6 .23 m, 6.51  w, 6.70  m,

6 .80  s ,  6.90  3, 7 .21  m, 7.32  ra, 7.52  m, 7 .82 m, 8.86 m, 8.85 w, 9«31 m,

9.62  s ,  10.12 m, 10.61  w, 10.97 w, 11.18 m, 11.42 w, 11.81 w, 12.80 m,

12.91  m, 13.88  s ,  and 14.28 s m icrons.

The a c e ta te  o f I l i a  was prepared by h ea tin g  a  m ixture o f 26.2 g . ( 0 . I 6 

mole) of I l i a ,  25 g . (O.24  mole) o f  a c e t ic  anhydride and 75 g* (0 .95  mole) 

o f p y rid in e  on a  steam b a th  fo r  two hours. Excess a c e t ic  anhydride and 

p y rid in e  were d i s t i l l e d  from the  re a c tio n  m ixture and the  res id u e  was d is 

so lved  in  benzene and washed su ccess iv e ly  w ith  w a ter, 5^ h yd roch lo ric  acid  

s o lu t io n , 5^ sodium b ica rb o n a te  so lu tio n  and again  w ith  w ater to  remove 

t r a c e s  o f  p y rid in e . Upon removal o f the benzene the  re s id u e  was f r a c t io n a te d  

to  y ie ld  29.8  g . {SCffo) o f 2 ,2-d im ethy l-3-phenylpropyl a c e ta te ,  b .p .  108.5- 

110° (4  mm.), m.p. 2°, n^^ I . 4864, d^^ 0.9787, MR̂  60.27  (c a lc d . 6 0 .28 ), 

( l i t . ^ ^  b .p . 156° (19 ram.) ) .  The in f r a re d  sp e c tra  showed th e  c h a r a c te r i s t ic  

a c e ta te  bands a t  5.76 ^  and 8 .08 )x, b u t was e n t i r e ly  f r e e  o f hydroxyl bands 

around 2.90

2 .2-D im ethyl-5-(p-iB opropylT3henyl)-l-propanol ( l l l b ) .  The hydrogenation 

o f 22.2 g. (0.10  mole) o f 2 ,2 -d im eth y l-l-(p -iso p ro p y lp h er% rl)-l,5 -p ro p an ed io l 

( l i b )  gave 18 g . (879^) o f I l l b ,  b .p . 125- 127° (2 .5  mm.), which formed a
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c r y s ta l l in e  s o lid  on co o lin g , m.p. 36° .  In f ra re d  maxima c h a r a c te r i s t ic  o f 

I l l h  were: 2.97 s ,  3*40 s ,  6.62  m, 6,83 s , 7*05 m, 7*23 m, 7«32 m, 7 ,6 0  2,

8.30  w, 9*14 9*60 8, 9*80 m, 10. I 3 m, 1 0 .60 w, 11.15 w, 11.63 s ,  12. I 4 m,

13.13  w, 13.56  w and I 4.26  m m icrons.

Anal. Calcd. f o r  C14H22O* G, 61.50; H, 10.75* Found: 0, 8 1 .4O; H, 10.86.

2 .2 -D im eth y l-3 -(•p -te rt-b u ty lp h en y l)-l~ p ro p an o l ( l l l c ) .  In  the  manner 

d e sc rib ed , 23.6 g . (O .l mole) o f 2 ,2-dim ethy1 -1 -(_2- t e r t - b u ty lp h e n y l ) - l ,3- 

p ropanedio l ( l i e )  was hydrogenated to  y ie ld  I 4 . I  g . ( 64?̂ ) o f I I I c ,  h .p . 124- 

126° (2 mm.), which s o l id i f i e d  upon co o lin g  to  y ie ld  c r y s ta l s ,  m.p. 46° .

The in f r a r e d  spectrum  o f th i s  compound wem s im ila r  to  th ose  o f I l i a  and I l l b ,  

e x h ib it in g  s tro n g  OH bands a t  2.97 ^  and 9*60 j i .

Anal. Calcd. f o r  G î^Hg^O: C, 8 1 .76; H, 10.98. Found: C, 81.83; H, 11.08.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



SELECTED BIBLIOGRAPHY 

ANNOTATED AND ALPHABETIZED ACCORDING TO AUTHORS

PART I .  SESQUIACETALS AND THEIR REDUCTION PRODUCTS

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



14

Pranke, A. and Kohn, M,
The P rep a ra tio n  o f p -G lycols from A ldols by R eaction w ith  Magnesium 
Organic Compounds.
M onatsh., 2%, 1097 (l9 0 6 ) .

To an e th e re a l  s o lu t io n  o f phenylmagnesium bromide prepared from 15*29 g* 

o f magnesium and 100 g . o f bromobenzene th e re  was added 15 g. o f f r e s h ,  vac

uum d i s t i l l e d  fo rm isobu ty ra ldo1. The a d d itio n  compound was hydrolyzed w ith 

d i lu te  s u lfu r ic  ac id  and e x tra c te d  w ith  e th e r .  The e th e r  s o lu tio n  was w ater 

washed, d r ie d  and co n cen tra ted . F ra c tio n a tio n  o f the  re s id u e  from th i s  s te p  

gave 11 g. o f 2 , 2-d im e th y l-5- p h e n y l - l ,5-p ro p an ed io l, b .p . 178- 185° (20 mm.).
The d i s t i l l a t e  s o l id i f i e d  on s tan d in g  and was r e c r y s ta l l i z e d  from benzene 

as w hite n eed les , m.p. 81-1 

Pound: C, 75*34; H, 8.94*

as w hite n eed les , m.p. 81-82°. Calcd. fo r  Cĵ ]_H]̂ g02: C, 73*28; H, 8.95*

H a lle r , A. and Baure, E.
S yn thesis  by means of Sodium Amide.
Ann. Chim. ( P a r is ) ,  9* 2.» ( l9 1 8 ) .

The red u c tio n  of 2 ,2-d im ethyl-5-phenylpropionam ide, m.p. 62-65°, w ith  
sodium and a lco h o l gave 2 , 2-dim ethy1- 5-p h e n y l-1- propanol as a p le a sa n t 

sm ellin g  l iq u id ,  b .p . 125- 126° ( l 4*5 nun.), which c r y s ta l l iz e d  to  a  w hite 

needle  l ik e  s o l id ,  m.p. 54-55°* Calcd. f o r  C, 80.47» H, 9*78*

Pound: C, 80.40; H, 9*81.
The a c e ta te ,  2 , 2-d im e th y l-5-phenylpropyl a c e ta te ,  b .p . 156° ( l9  mm.), 

was a lso  p repared , Calcd. fo r  8]_̂ Hq̂ 0O2 : C, 75*70; H, 8 .7 0 . Pound:

C, 75*55; H, 8.87*

Lieben, A.
G lycols Obtained by th e  A ction o f a lc o h o lic  Potassium  Hydroxide on 
Aldehydes.
M onatsh., 1%, 68 (1896).

By a  re a c t io n  of a lc o h o lic  potassium  hydroxide on isobu ty ra ldéhyde as 

w ell as on m ixtures of isobu ty ra ldéhyde  w ith  o th e r  aldehydes, Swoboda and
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Fossek (M onatsh,, ]JL, 383 (l890) ) ob ta ined  a s e r ie s  o f g ly c o ls  whose mode o f 

fo rm ation  and s tru c tu re  was conceived in  the  fo llow ing  manner, analogous to  

the fo rm ation  o f p in aco l and hydrobenzoin.

2 (0H^)2CHCE=O + Hg ------------------ » ( CH )̂ 2CECE0HCH0HCH(CE )̂ g

In  c o n tra s t  to  th i s  mode o f fo rm ation , e a r l i e r  work by Lieben and Z e ise l 

had shown th a t  aldehydes co n ta in in g  a  methylene group bound d i r e c t ly  to  the  

aldehyde group u n ite  in  the fo llo w in g  way. I t  was thus proposed th a t

2 0H^CE2-CH=0; = !  CH5 )- CH=0----> CH5-CH2-CHZC ( CH5 )-CH=0

isobu ty ra ldéhyde a lso  condenses through the methylene group ad jacen t to  the  

aldehyde group g iv in g  r i s e  to  an a ld o l th a t  cannot lo se  w ater. This a ld o l in  

tu rn  absorbs hydrogen to  form the  g ly c o l.

R eik, R.
The G lycol formed from Isobu ty ra ldéhyde and Benzaldehyde and I t s  R eaction  
w ith  S u lfu r ic  Acid.
M onatsh., 599 (1897).

A fre e z in g  co ld  so lu tio n  o f two moles of isobu ty ra ldéhyde  and one mole o f 

benzaldehyde was added dropwise to  a 7^  s o lu tio n  o f potassium  hydroxide in  

a lco h o l. The re a c tio n  was allowed to  proceed u n t i l  the  odor o f is o b u ty ra l

déhyde had d isappeared  a t  which time the  excess potassium  hydroxide was n e u tra 

liz e d  w ith  a c e t ic  ac id  and the  a lcoho l so lv en t was removed on a  steam b a th . 

Water was then  added to  l ib e r a te  the  product from tra c e s  o f a lco h o l, follow ed 

by e x tra c t io n  w ith  e th e r .  A fte r  removal of the  e th e r  the  sample was d r ie d  by 

h e a tin g  a t  100° under reduced p ressu re  f o r  s ev e ra l hours. D i s t i l l a t i o n  o f the  
m a te r ia l gave 2 , 2-d im e th y l- l-p h e n y l- l ,3-p ro p an ed io l as a v iscous l iq u id , 

b .p . 177° (14 ram.), which s o l id i f i e d  on s tan d in g  and was r e c r y s ta l l i z e d  from 

benzene to  y ie ld  a w h ite , c r y s ta l l in e  m a te r ia l , m.p. 81-02°. Calcd. fo r  

^ 1 1 % °2" 75.33; H, 8 . 88 . Pound: 0, 72.98; H, 8 .91 .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



16

A sample o f the  g ly c o l, m.p. 81-82°, ox id ized  w ith  8ffo potassium  perman

ganate s o lu tio n  gave, b e sid e s  benzoic ac id  and a c e tic  a c id , a  product id e n t i 

f ie d  as isopropy lpheny l k e to n e . The i s o la t io n  o f th i s  ketone in d ic a te d  a  

prim ary, secondary g ly co l s t ru c tu re  fo r  the  compound.

A 50 g . sample o f  the  g ly c o l was steam d i s t i l l e d  w ith  a  tw enty fo ld  

q u a n tity  o f l^fo s u l f u r ic  ac id  and gave 45 g. of raw o i l .  F ra c tio n a tio n  of 

the  o i l  gave two major p ro d u c ts . The low er b o il in g  f r a c t io n  was id e n t i f ie d  

as Ç ,p -d im eth y ls ty ren e , b .p . 182-183°, ob ta ined  in  a  I 9 g . y ie ld .  Calcd. 

f o r  G, 90 . 9O; H, 9*09. Found: C, 90.48» H, 9 .O5 . The p ,p -d im eth y l-

s ty r e ne was c h a ra c te r iz e d  by o x id a tio n  w ith  potassium  permangeuiate, where 
benzoic ac id  and a c e tic  ac id  were is o la te d  as the products o f  o x id a tio n . The 

B ,B -dim ethylstyrene added bromine w ithout l ib e r a t io n  of hydrogen bromide to  

g ive the dibrom ide, b .p . 150-155° ( l7  nun.). Calcd. fo r  C]^o%2®^2* Br, 54*79« 
Found: Br, 54*45» The second major f r a c t io n ,  a lso  ob ta ined  in  a  19 g. y ie ld ,

was id e n t i f ie d  as the  form al o f  the  g ly c o l, b .p . 135° ( l5  mm.), m.p. 39°* 

Calcd. fo r  C]l2%6*^2‘ 75*00; H, 8.33* Found: C, 74*68; H, 8.05* The
id e n t i ty  o f th e  form al was e s ta b lis h e d  by comparison w ith  an id e n t ic a l  form al 

ob ta ined  by the  d i r e c t  condensation  o f formaldehyde w ith  the  g ly c o l.

I t  was concluded th a t  formaldehyde was e lim in a ted  from the  g ly co l under 

the  in flu en ce  o f d i lu te  s u l f u r ic  ac id  le av in g  isop ro p y lp h en y lcarb in o l which in  

tu rn  lo s t  w ater to  form p ,p -d im e th y ls ty re n e . The l ib e ra te d  formaldeliyde then  

u n ite d  w ith  unchanged g ly c o l to  g ive the  form al.

S chubert, F.
The P rep a ra tio n  o f the G lycol from Isobutyraldéhyde and Cuminaldéhyde and 
I t s  Behavior w ith  D ilu te  S u lfu r ic  Acid.
M onatsh., 2±, 235 (1903)*

The g ly c o l was prepared  in  a manner analogous to  th a t  used by Heik 

(M onatsh., _18, 599 (1903) ) f o r  the  p re p a ra tio n  of the g ly co l ob ta ined  from 

benzaldehyde and iso b u ty ra ld éh y d e . In  th i s  procedure, a m ixture of two moles 

o f isobutyra ldéhyde and one mole of cuminaldéhyde was added dropwise w ith  

co o lin g  to  a  7^ a lco h o lic  s o lu tio n  of potassium  hydroxide. The re a c tio n
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m ixture was allowed to  s tand  12 hours, follow ed by re f lu x in g  fo r  1 hour and 

then  n e u tr a l iz a t io n  w ith  a c e tic  a c id . The product was is o la te d  by b o il in g  

o f f  the a lcoho l so lv e n t, adding w ater, and then  e x tra c t in g  w ith  e th e r .  The 

e th e r  so lu tio n  was evaporated  and the  re s id u e  d i s t i l l e d  to  give 2 ,2 -d im eth y l- 

l- (£ - iso p ro p y lp h e n y l)-1 ,5 -p ro p a n e d io l, b .p . 210° (22 mm.), b .p . 193°

( 15.5  mm.), b .p . 190° (15 mm.), b .p . 181,5° ( 8 .5  mm.), m.p. 58°. Calcd. fo r  

C14B22O2 : C, 75.60; H, 10.00. Found: 0, 75.62; H, 9 .95 .
The d ia c e ta te ,  b .p . 182° (IO .5  mm.), was prepared by h e a tin g  the g ly co l 

fo r  4 hours w ith  a c e tic  anhydride. Calcd. fo r  C, 7O.6O; H, 8 . 5O.

Pound: C, 70.70; H, 8 . 4O.

A 13 g . sample o f the g ly co l was re flu x ed  4 hours w ith  a 20 fo ld  

q u a n tity  o f 149« s u l fu r ic  a c id . The re a c tio n  m ixture was e x tra c te d  w ith  e th e r  

and d i s t i l l e d  to  give two major f r a c t io n s .  The lower b o il in g  f r a c t io n ,  

ob tained  in  a 6 g. y ie ld ,  was id e n t i f ie d  a  _2-isop ro p y liso b u ten y lb en zen e , 

b .p . 105- 106° (10 mm.). Calcd. fo r  C^^Hig: C, 89.70; H, 1 0 .30. Found:

C, 69.80; H, 10. 40 . There was o b ta ined  in  the h igher b o il in g  f r a c t io n  2 g. 

o f m a te ria l id e n t i f ie d  as the  form al o f the g ly c o l, b .p . 153-157° (lO mm.).

An id e n t ic a l  form al was obtained  by the  d i r e c t  condensation  o f formaldehyde 

w ith  the g ly c o l. Calcd. fo r  Cj^^H2202* C, 77.28; H, 9 .4 8 . Found: C, 77.80; 

H, 9 . 30. The re a c tio n  mechanism proposed fo r  the  decom position o f the  g ly co l 

in  the  presence o f d i lu te  s u l fu r ic  acid  was id e n t ic a l  w ith  th a t  proposed by 

R eik ,^ i . e . ,  the  g ly co l e lim in a ted  formaldehyde leav in g  (2 -iso p ropy lpheny l) 

iso p ro p y lc a rb in o l, which in  tu rn  lo s t  w ater to  form ^ - iso p ro p y l- iso b u te n y l-  

benzene. The formaldehyde then  combined w ith  unchanged g ly co l to  y ie ld  a 

form al.

Spath, E . , Lorenz, R. and Altman, E.
D eriv a tiv es  o f A ldol and Crotonaldehyde. V II. The S t r i t a r  Condensation 
Product from Isobutyraldéhyde and Benzaldehyde.
B e r ., 1 6 , 513 ( 1943) .

A m ixture of 72 g. of iso b u ty ra ld éh y d e , 53 g. o f benzaldehyde and 135 ml. 

o f s a tu ra te d  potassium  carbonate s o lu tio n  was shaken fo r  30 hours a t  17°.

The c ry s ta l l in e  mass which formed was taken  up in  e th e r ,  the s o lu tio n  f i l t e r e d .
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and the  e th e r  was removed under reduced p re ssu re . There was obtained  118.5

g . ( 959 )̂ o f a  w hite , c r y s ta l l in e  product which, a f t e r  two r e c r y s ta l l i z a t io n a  

from petroleum  e th e r ,  m elted a t  97-98»5°* The p ro p e r tie s  o f th i s  substance 

correspond to  2 -isop ropy l-4 -pheny l-5 ,5 -d irae thy1 -6 -hydroxy-1 ,3 -d ioxane . Calcd. 

fo r  C15H22O5» C, 71.97; H, 8 . 86 . Found: C, 72.07; H, 8 . 5O.
This compound formed an a c e ta te ,  b .p . 145-150° ( l  mm.), and a  benzoate , 

m.p. 130° .  Upon o x id a tio n  w ith  potassium  permanganate in  p y rid in e , i t  

y ie ld e d  a  sm all amount o f ol,b(-dim ethyl-p-phenylpropionic ac id , m.p. 136. 5° .

D i s t i l l a t i o n  o f the  dioxane a t  12 mm. gave o(,0(-diraethyl-p-hydroxy“p- 

a ld o l thus formed y ie ld e d  a  dim er, m.p. 143- 144°» which could be made to  
again  y ie ld  the  a ld o l by d i s t i l l a t i o n  a t  1 mm.

Spath , E . , Lorenz, R. and Freund, E.
D e riv a tiv es  o f A ldol and o f C rotonaldehyde. XI. A lip h a tic  A ldo ls. 
B e r ., 26 , 1196-1208 ( l9 4 5 ) .

The b ase -ca ta ly zed  condensations o f propionaldéhyde, bu ty ra ldéhyde , and 

isobu ty ra ldéhyde were e ffe c te d  by s t i r r i n g  the  aldehyde w ith  s a tu ra te d  

potassium  carbonate  s o lu tio n . The dioxanes thus prepared  gave the phenyl- 

hydraz ine; formed s ta b le  a c e ta te s  upon trea tm en t w ith  a c e t ic  anhydride; and 

y ie ld e d  the  corresponding  aldehyde and a ld o l when d i s t i l l e d  re p e a te d ly  in  the  

presence o f a d ip ic  ac id .

S t r i t a r ,  M. J .
A Condensation Product from Isobutyraldéhyde and Benzaldehyde, 
M onatsh., 20, 617 ( I 899) .

A m ixture o f equal molar p o rtio n s  o f isobu ty ra ldéhyde  and benzaldehyde 

was shaken w ith an equal volume o f s a tu ra te d  potassium  carbonate  so lu tio n  fo r  

about 36 hours and y ie ld e d  a  s o l id  condensation  p ro d u c t. The compound was 

d isso lv ed  in  benzene, washed w ith  w ater, d r ie d  over calcium  ch lo rid e  and con

c e n tra te d  under reduced pressui-e over p a ra f f in . The y ie ld  was about 75^.
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By c a re fu l r e c r y s t a l l i z a t io n  from aqueous a c e t ic  a c id , the  product was 

ob ta ined  as f in e  n eed les , m.p. 94°» I t  analyzed fo r  and had a mole

c u la r  weight corresponding  to  a product formed from two moles o f is o b u ty ra l

déhyde and one mole o f benzaldehyde.

The condensation  product was p a r t i a l l y  converted  in to  benzaldehyde and 

isobu ty ra ldéhyde by d i s t i l l a t i o n  a t  reduced p ressu re  in  the  presence o f IQffo 

s u lfu r ic  a c id . When i t  was heated  w ith  d i lu te  potassium  hydroxide s o lu tio n , 

th e  odor o f benzaldehyde was ap p aren t.

Attempts to  e s ta b l is h  the  presence o f  a  f re e  aldehyde group by the  p re

p a ra tio n  o f an oxime were u n su cc e ss fu l, fo r  th e re  was ob ta ined  only  a 

q u a n tity  of isobu tyraldéhyde and a  m ixture o f the oximes o f benzaldehyde and 

iso b u ty ra ld éh y d e. The condensation  product y ie ld ed  a phenyIhydrazone, m.p. 

117° ; which corresponds in  a n a ly s is  to  th e  phenyIhydrazone of an a ld o l, 

formed from one mole o f isobu ty ra ldéhyde  and one mole of benzaldehyde.
Permanganate o x id a tio n  o f th e  unknown condensation  product gave a  mix

tu re  o f benzoic ac id , is o b u ty r ic  a c id , and a  sm all amount o f q(,0(-d im ethy l- 

p-hydroxy-j3-phenylpropionic a c id , m.p. 155°» which was id e n t i f ie d  by conver

s io n  to  i t s  s i l v e r  barium s a l t s .
The u n id e n tif ie d  condensation  product was b e liev ed  to  be one in  which a 

second molecule o f isobu ty ra ldéhyde was lo o se ly  bound in  some way to  the  

a ld o l formed from benzaldehyde and iso b u ty ra ld éh y d e .

Swoboda, E. and Possek, W.
The In v e s tig a t io n  o f G lycols D erived from Iso b u ty ra ldéhyde.
M onatsh., 11, 585 ( l8 9 0 ).

A condensation  re a c t io n  was c a r r ie d  out u s in g  two moles of is o b u ty ra l

déhyde and one mole o f benzaldehyde d isso lv ed  in  a  15» 5?̂  a lc o h o lic  s o lu tio n  

o f potassium  hydroxide. The re a c tio n  was m aintained below 40° and was 

allowed to  run u n t i l  th e  odor o f isobu ty ra ldéhyde  had vanished from the r e 

a c tio n  m ix tu re . The a lco h o l so lv en t was removed on a  steam b a th , leav in g  an 

o i ly  re s id u e  which was e x tra c te d  w ith  e th e r .  A fte r  ev ap o ra tion  o f the  e th e r  

th e  re s id u e  was d i s t i l l e d  to  g ive a  v iscous l iq u id ,  b .p . 286- 287° ,  which
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s o l id i f i e d  to  a  w h ite , c r y s ta l l in e  mass, m.p. 01-02°. The m a te r ia l was 

assigned  th e  s tru c tu re  o f phenyl iso p ro p y l e th y len e  g ly c o l. Calcd. f o r  

°11%0°2* °» 75.33; H, 9 .0 9 . Found* C, 73 .17; H, 0 .00 .
The g ly c o l, when heated  w ith  a c e tic  anhydride f o r  10 hours a t  200° gave 

the  d ia c e ta te ,  h .p .  295- 297° ,  m.p. 55° .
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ADDITION REACTIONS OP ISOBUTENYLBENZENE

1 2I t  i s  known th a t  a d d itio n  o f hydrogen bromide to  s ty re n e  ’ and p ropeny l- 

benzene^ r e s u l t s  in  the  normal Markovnikov a d d itio n  p ro d u c ts , 1-brom oethyl- 

benzene and 1-bromopropylbenzene, r e s p e c tiv e ly . I f  the  r e a c t io n  tak es  p lace  

in  the  presence o f p e ro x id es, however, th e  a d d itio n  o f hydrogen bromide to

sty ren e  y ie ld s  predom inantly the  abnormal a d d itio n  p ro d u c t, 2-brom oethyl-

1 3benzene, whereas propenylbenzene re p o r te d ly  forms th e  normal a d d itio n

product, 1-bromopropylbenzene. The a d d itio n  of hydrogen bromide to  i s o -

butenylbenzene has not been p rev io u s ly  in v e s t ig a te d , a lthough  H a ll, I^k e , and

W right^ added hydrogen c h lo rid e  to  th i s  compound and o b ta ined  l-p h e n y l-2 -

m ethyl-2-ch lo ropropane.

CaĤ CBzOfCĤ jg C6H5CH2C(CH3)2 06H5^HCE(CH))2
Br Br

I  I I  I l a

I t  was shown in  t h i s  in v e s t ig a t io n  th a t  hydrogen bromide adds to  i s o -  

butenylbenzene ( l )  to  give e x c lu s iv e ly  the  normal a d d itio n  p roduct, 1-p h en y l- 

2-m ethy l-2-bromopropane ( l l )  re g a rd le s s  o f w hether the  re a c t io n  tak es  p lace  in

(1) C. 7 /a llin g , M, S. Kharasoh and F, R. Mayo, J ,  Am. Chem. Soo., 61. 
2695 (1939).

( 2) M. S. M alinovskii and A. A. Y avcrovsk ii, U krain . Khim. Z h u r., 2_1; 
240 ( 1955) .  Chem. A b s tra c ts , 50, 9313 (1956).

( 3) P . R. Mayo and 0 . W alling , Chem. R ev., 22» 351 ( 1940) .

( 4 ) R. H. H a ll, R. G. I^ke , and G. P. W right, J .  Am. Chem. S oo., 21*
1597 ( 1952) .
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th e  presence o r  absence o f oxygen and pe ro x id es. That th e  io n ic  a d d itio n  o f 

hydrogen bromide to  I  should  y ie ld  the  bromide ( l l ) ,  r a th e r  than  the isom er,

l-phenyl-2-m ethyl-l-brom opropane ( l l a ) ,  i s  d i f f i c u l t  to  re c o n c ile .  U sually  

the  predominant product in  the  a d d itio n  o f an unsym m etrical reagen t to  an

o le f in  can be p re d ic ted  on the  b a s is ,  th a t  th s  f i r s t  s te p  in  th e  re a c tio n  w i l l

take  p lace in  the  way th a t  y ie ld s  the  more s ta b le  carbonium io n . The

carbonium io n s  th a t  may be formed w ith  isobutenylbenzene are  the  t e r t i a r y  ion

( la )  and the benzyl ion  ( i b ) .  A lthough both  ions a re  e x c e p tio n a lly  s ta b le ,  

th e  benzyl ion  ( ib )  i s  g e n e ra lly  co n sidered  to  be the  more s ta b le  one, and 

should be p r e f e r e n t ia l ly  formed to  y ie ld  I l a .  The fo rm ation  o f I l a ,  however, 

was not d e tec te d .

I t  i s  in s t r u c t iv e  to  compare the  resonance s t ru c tu re s  th a t  c o n tr ib u te  

to  the s t a b i l i t y  o f l a  and Ib . The comparison i s  made d i f f i c u l t  because two 

d i f f e r e n t  types o f resonance are  invo lved . D iscounting  resonance s tru c tu re s  

th a t  a re  common to  both  io n s , i t  i s  seen th a t  l a  i s  s ta b i l iz e d  by e ig h t

I

ÇH5 ÇH5 CHg

^  ^ ^ CH2~C+ t ^ ---------------- -̂---* 6 more

l a  ^ 3  k  k

ÇH5 ÇH5 + ÇH3

• 4— h V - « ^2 more

~  Ib  CH3 CH3 CH5

hypercon jugation  s t ru c tu re s  and th a t  Ib  i s  s ta b i l iz e d  by one hypercon jugation  

and th re e  r in g  resonance s t r u c tu r e s .  On the  b a s is  o f numbers alone the  ion  

l a ,  and hence the  bromide I I  i s  j u s t i f i e d .  I t  i s  g e n e ra lly  recognized  

though th a t  r in g  resonance s t ru c tu re s  c o n tr ib u te  more to  the  s t a b i l i t y  o f the
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io n  than  hypercon jugation . For example, propenylbenzene, w ith  one le s s  

p-m ethyl group th a t  I ,  has an equal number o f resonance s tru c tu re s  f o r  i t s  

two p o ssib le  carbonium io n s . On th i s  b a s is  a  m ixture o f p roducts might be 

expected f o r  the  re a c t io n  o f t h i s  o le f in  w ith  hydrogen h a lid e s . Only one

product, 1-bromopropylbenzene, has been is o la te d  f o r  the  re a c tio n  o f propenyl-

1 S 6benzene w ith  hydrogen bromide, and w ith  hydrogen c h lo r id e , ’ only 1 -ch lo ro -

propylbenzene i s  formed. Since th e se  products correspond to  the  fo rm ation  of 

an in te rm ed ia te  benzyl carbonium io n , i t  i s  concluded th a t  resonance in  the  

r in g  (3 s t ru c tu re s )  i s  s u p e r io r  to  hypercon jugation  (3 s t ru c tu re s )  f o r  the  

s ta b i l i z a t io n  o f the  oarbonium io n s .

For isobutenylbenzene the preponderance o f seven hyperconjugation  

s tru c tu re s  compared to  th re e  resonance s tru c tu re s  o f the  r in g , ap p aren tly  

fav o rs  the  ion  ( l a ) .

The resonance s ta b i l i z a t io n  o f the  f re e  r a d ic a l  should be much the  same 

as f o r  the  oarbonium io n . The a d d itio n  o f hydrogen bromide to  iso b u te n y l

benzene might be expected , under peroxide c a ta ly s is ,  to  give the  t e r t i a r y  

r a d ic a l  ( i c ) ,  and y ie ld  the  anti-M arkovnikov p roduct, 1 -phenyl-2-methy1-1- 

bromopropane ( l l a ) .  The product o b ta in ed , however, was the normal product I I ,  

This p roduct, i t  i s  no ted , i s  th e  p red ic ted  one on the  b a s is  o f p re se n tly  

accepted th eo ry , which norm ally co n sid ers  the  benzyl r a d ic a l  ( lo )  to  be more 

s ta b le  than  th e  t e r t i a r y  r a d ic a l  ( id ) .

An exam ination o f the  resonance s ta b i l iz in g  s t ru c tu re s  o f the  r a d ic a l  

( l o ) ,  which would lead  to  the bromide ( l l ) ,  re v e a ls  th re e  resonance s t ru c tu re s

( 5) S. P, la g s re v  and A. A. Shamshurin, J .  Gen. Chem., (USSR), £ ,  199
( 1939) .

(6) R. R. Park and G. P. W right, J .  Am. Chem. S oc ., %6, 3036 (1954)»

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.











EXAMINATION AND THESIS REPORT

Candidate: Roby Bearden, J r ,

Major Field: Chem istry

P a r t  I .
Title of Thesis: S e sq u iac e ta ls  and th e i r  Reduction Products

P a r t  I I ,  A d d i t io n  R e a c t io n s  o f  Is o b u te n y lb e n z e n e  
P a r t  I I I ,  R e a c t io n s  o f  C y c lo p e n ta n e d io n e s

Approved:

J.LE>
M ajor Professor and Chairman 

Dean of the G raduate School

EXAMINING COMMITTEE:

Date of Examination:

January 11, 1963

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.


