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Description 

Background  of  the  Invention 
Field  of  the  Invention 

The  invention  relates  to  the  separation  of  1,8-cineole  from  mixtures  with  1,4-cineole  and/or  terpene 
hydrocarbons. 

Brief  Description  of  the  Invention 
The  compound  1,8-cineole  (eucalyptol)  occurs  in  a  very  large  number  of  naturally-derived  essential  oils 

,  and  finds  wide  use  as  a  flavorant  in  beverages,  ice  cream,  baked  goods  and  chewing  gum  and  as  a 
fragrance  ingredient  in  medicinal  products.  In  certain  commercial  processes  1,8-cineole  is  co-produced  in 
admixture  with  its  isomer,  1,4-cineole  (1,4-epoxy-p-menthane)  and  with  various  terpene  hydrocarbons.  For 
example,  both  cineoles  are  found  in  the  mixture  of  by-product  terpenes  called  "pine  oil  dipentene",  which 
is  produced  during  hydration  of  a/p/?a-pinene  or  dehydration  of  terpin  hydrate. 

;  The  structural  formulae  of  the  cineole  isomers  are  as  follows: 
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1  ,  8 - C i n e o l e   1  ,  4 - C i n e o l e  

so  The  presence  of  1,4-cineole  and  of  terpene  hydrocarbons  is  detrimental  to  xne  mdjumy  u.  me  u»M  u. 
1  8-cineole.  It  is,  therefore,  desirable  to  isolate  the  1,8-isomer  from  the  1,4-isomer  and  from  associated 

terpene  hydrocarbons.  A  number  of  separation  procedures  have  been  described  in  the  prior  art  literature. 

Representative  of  those  descriptions  are  those  found  in  the  U.S.  Patents  2,090,620;  2,315,986;  2,353,319; 
2  459  432-  2  459,433  and  4,347,189  and  German  Patentschrift  585,162  issued  September  29,  1933. 

ss  
'  

The  present  invention  is  an  improved  method  of  separating  1  ,8-cineole  in  relatively  pure  form  from  1  ,4- 
cineole  and  terpene  hydrocarbons.  The  method  of  the  invention  has  a  number  of  advantages  over  prior  art 
methods.  For  example,  the  agent  used  to  complex  with  and  separate  the  1,8-cineole  is  hydroquinone,  an 
inexpensive  and  widely  used  industrial  chemical.  Hydroquinone,  unlike  resorcmol,  o-cresol  and  other 
phenolic  agents  used  in  prior  art  methods,  is  insoluble  in  terpene  hydrocarbons  and  can,  therefore,  be 

so  recovered  in  pure  form  and  re-used  without  loss  by  simple  filtration,  extraction  or  distillation  techniques. 
The  terpene  hydrocarbons  from  which  the  1,8-cineole  is  separated  are  also  readily  recovered  and  require 
no  extensive  treatment  for  the  removal  of  dissolved  phenol  for  their  further  use  or  sale.  The  advantage  is  an 
economic  one.  The  method  of  the  invention  may  also  be  carried  out  using  a  column  packed  with  the 

hydroquinone,  allowing  the  process  to  be  carried  out  in  a  semi-continuous  manner  assuring  a  uniform, 

65  high-quality  product  without  the  need  to  handle  the  separating  agent. 
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Summary  of  the  Invention  . . . . . . .  The  invention  comprises  a  method  of  separating  1,8-cineole  from  mixtures  of  said  1,8-cineole  with  1,4- 
cineole  and/or  terpene  hydrocarbons,  which  comprises;  reacting  the  1,8-cineole  with  hydroquinone  to 
form  a  complex  which  is  insoluble  in  said  mixture;  separating  the  insoluble  complex,  and  dissociating  the 

>  separated  complex  to  recover  the  1,8-cineole. 

Detailed  Description  of  the  Preferred  Embodiment  of  the  Invention 
1,8-Cineole  and,  to  a  much  lesser  extent,  1,4-cineole  react  with  hydroquinone  to  form  addition 

complexes  consisting  of  up  to  two  cineole  molecules  bound  to  one  molecule  of  hydroquinone.  For 
o  example,  the  complex  resulting  from  the  reaction  of  2  moles  of  1  ,8-cineole  and  1  mole  of  hydroquinone  is  a 

crystalline  solid  with  a  melting  point  of  about  75°C  which  is  insoluble  in  water  and  hydrocarbon  solvents.  In 

contrast,  the  1,4-isomer  does  not  form  a  crystalline  solid  complex  with  hydroquinone. 
In  its  simplest  aspect,  the  method  of  the  invention  may  be  carried  out  by  admixing  a  stoichiometric 

excess  of  hydroquinone  with  a  1,8-cineole-containing  mixture  under  conditions  whereby  the  crystalline 
5  form  of  the  1  ,8-cineole/hydroquinone  complex  will  form  and  precipitate.  The  precipitate  may  be  separated 

from  the  mixture  and  dissociated  to  yield  the  1,8-cineole  and  hydroquinone  which  are  separable  by 
distillation,  solvent  extraction  or  f i l t r a t i o n . .  

In  one  embodiment  of  the  method  of  the  invention,  the  hydroquinone  will  be  introduced  into  the 
mixture  containing  the  1,8-cineole  as  an  aqueous  solution  of  up  to  5  percent  concentration.  In  a  preferred 

0  embodiment,  anhydrous  hydroquinone  is  employed  instead  of  an  aqueous  solution  thereof  to  obtain 
improved  yields  and  purity  of  product  1,8-cineole. 

The  temperature  at  which  the  method  of  the  invention  is  carried  out  should  be  such  that  the  crystalline 
form  of  the  reaction  product  of  the  1,8-cineole  and  the  hydroquinone  is  produced  in  the  reaction  mixture. 
When  the  mixture  from  which  the  1,8-cineole  is  to  be  separated  includes  terpene  hydrocarbons,  the 

5  temperature  is  generally  within  the  range  of  from  about  -30°C  to  30°C. 
The  purity  of  the  separated  1,8-cineole  may  be  further  improved  by  re-complexation  with 

hydroquinone  or  by  subsequent  recrystallization  from  solvents  such  as  aqueous  acetone,  aqueous  alcohol, 
and  the  like,  employing  conventional  recrystallization  techniques. 

The  method  of  the  invention  may  be  carried  out  in  batch  or  semi-continuous  separations.  In  a  preferred 
to  embodiment  method  of  the  invention,  a  semi-continuous  process  may  be  used,  by  passing  the  1,8-cineole- 

containing  mixture  through  a  column  containing  hydroquinone.  The  complex  of  1,8-cineole  is  formed  on 
the  surface  of  the  hydroquinone  and  retained  on  the  column.  Means  may  be  advantageously  used  to  cool 
the  column  during  passage  of  the  mixture  for  separation.  The  complex  of  1,8-cineole  and  hydroquinone 
may  then  be  removed  from  the  surface  of  the  solid  hydroquinone  by  dissociation  of  the  complex 

is  (advantageously  by  passage  of  warm  solvent  such  as  heptane,  toluene  or  the  like)  and  elution  of  the  1,8- 
cineole  in  the  solvent.  Simple  evaporation  or  distillation  of  the  solvent  will  allow  recovery  of  the  desired 
1,8-cineole  from  the  elute. 

The  following  examples  describe  the  manner  and  the  process  of  making  and  using  the  invention  and 
set  forth  the  best  mode  contemplated  by  the  inventor  for  carrying  out  the  invention  but  are  not  to  be 

w  construed  as  limiting.  The  feedstock  for  these  examples  was  obtained  by  the  fractional  distillation  of  pine 
oil  dipentene  and  is  referred  to  as  "Unitene-D"  (Union  Camp  Corp).  It  analyzed  as  18  weight  %  1,8-cineole, 
20  weight  %  1,4-cineole  and  55  weight  %  monocyclic  terpene  hydrocarbons. 

Example  1 
,5  Unitene—  D  (500  g)  was  stirred  with  a  4.5  weight  %  solution  of  hydroquinone  in  water  (1  .1  kg)  at  3°Cfor 

1  hour.  The  crystalline  precipitate  which  appeared  in  the  organic  phase  was  removed  by  filtration  (73  g)  and 
analyzed  to  contain  1,8-cineole,  1,4-cineole  and  other  terpenes  in  the  relative  amounts  of  88%,  7%,  and  5%. 
This  solid  was  further  purified  by  stirring  it  (46  g)  with  heptane  (50  g)  and  water  (100  g)  at  50°C  until 
dissociation  of  the  complex  was  complete  and  then  cooling  the  mixture  to  3°C  for  1  hour  to  re-precipitate 

so  the  complex  in  the  heptane  phase.  The  solid  was  removed  by  filtration  (34  g)  and  treated  with  steam  to 
dissociate  the  complex,  regenerate  aqueous  hydroquinone  and  distill  product  1,8-cineole  of  98.1%  purity. 

Example  2 
Unitene—  D  (1  .0  kg)  and  anhydrous  hydroquinone  (200  g)  was  stirred  at  -10°C  for  3  hours.  The  mixture 

55  was  filtered  and  the  recovered  solid  cake  washed  three  times  with  cold  (-10°C)  heptane  (250  g  portions). 
Combined  spent  filtrate  contained  on  the  order  of  only  0.1  %  hydroquinone.  Product  was  then  obtained  by 
washing  the  cake  with  warm  (60°C)  heptane  three  times  (250  g  portions)  and  distilling  the  combined 
filtrates.  The  remaining  solid  in  the  solvent-wet  cake  was  found  to  be  pure  hydroquinone.  This  was 
returned  to  the  reactor  for  re-use.  Atypical  run  yields  88  g  of  product  oil  containing  95.1%  1,8-cineole.  This 

a,  represents  47%  of  the  1,8-cineole  present  in  the  feedstock.  There  is  no  difference  in  product  yield  or  purity 
'  if  recycled  hydroquinone  is  used. 

Example  3 
A  distillation  flask  was  charged  with  Unitene—  D  (29  g)  and  hydroquinone  (10  g),  cooled  on  an  ice-water 

bath  and  the  volatile  materials  removed  under  high  vacuum.  The  flask  contents  were  then  warmed  to  50°C 
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to  distill  1,8-cineole  product  (2.8  g)  of  96.1%  purity.  This  represents  52%  of  the  1,8-cineole  present  in  the 
feedstock  mixture. 

Example  4 
5  Crystalline  anhydrous  hydroquinone  (19.5  g)  was  added  to  a  1  cm  diameter  jacketed  glass 

chromatography  column  filled  with  heptane.  The  heptane  was  then  drained  to  the  level  of  the  top  of  the 
packed  hydroquinone,  cold  acetone  poured  into  the  jacket  to  chill  the  column  contents  below  -10°C,  and 
Unitene—  D  (20  g)  was  added.  The  column  contents  were  then  eluted  with  heptane  (about  250  ml)  with 
continued  chilling  over  2  hours.  This  removed  most  of  the  undesirable  components  of  the  feed.  The  jacket 

10  was  then  drained  of  coolant  and  the  column  warmed  to  room  temperature.  Continued  elution  with  heptane 
provided  a  solution  of  1,8-cineole  (1.8  g)  and  92.8%  purity  (solvent-free  basis).  This  represents  a  50%  yield 
of  1,8-cineole  present  in  the  feedstock  mixture. 

Example  5 
15  A  mixture  of  18  g  of  Unitene—  D  and  3.6  g  of  hydroquinone  was  stirred  for  17  hours  at  30°C.  The 

mixture  was  filtered  and  the  complex  washed  with  pentane  and  air-dried.  It  weighed  3.84  g  and  analyzed 
(wt  %),  19.51%  1,8-cineole  and  0.159%  1,4-cineole.  This  represents  a  purity  of  99.2%  and  a  recovery  of 
22.4%  of  the  1,8-cineole  contained  in  Unitene  —  D. 

20  Claims 

1.  A  method  of  separating  1  ,8-cineole  from  mixtures  of  said  1,8-cineole  with  1,4-cineole  and/or  terpene 
hydrocarbons,  which  comprises;  reacting  the  1,8-cineole  with  hydroquinone  to  form  a  crystalline  complex 
which  is  insoluble  in  said  mixture;  separating  the  insoluble  complex;  and  dissociating  the  separated 

25  complex  to  recover  the  1,8-cineole. 
2.  The  method  of  claim  1  wherein  the  mixture  is  a  mixture  of  cineoles  and  monocyclic  terpenes 

obtained  as  a  by-product  of  the  hydration  of  a/p/7a-pinene. 
3.  The  method  of  claim  1  wherein  the  complex  is  dissociated  recrystallized,  separated  from  the  mother 

liquor  and  steam  distilled  to  recover  the  1,8-cineole. 
30  4.  The  method  of  claim  1  wherein  the  complex  is  dissociated  by  contacting  it  with  a  hydrocarbon 

solvent  and  the  mixture  filtered  to  give  separately  a  solution  of  1,8-cineole  and  hydroquinone  suitable  for 
re-use. 

35  Patentanspruche 

1.  Verfahren  zur  Abtrennung  von  1,8-Cineol  von  Gemischen  aus  1,8-Cineol  und  1,4-Cineol  und/oder 
Terpenkohlenwasserstoffen,  bei  dem  das  1,8-Cineol  zwecks  Bildung  eines  in  diesem  Gemisch  unloslichen 
Kristallkomplexes  mit  Hydrochinon  umgesetzt,  der  unlosliche  Komplex  abgetrennt  und  der  abgetrennte 

40  Komplex  zur  Ruckgewinnung  des  1,8-Cineols  dissoziiert  wird. 
2.  Verfahren  nach  Anspruch  1,  wobei  das  Gemisch  ein  bei  der  Hydratation  von  Alpha-Pinen  als 

Nebenprodukt  erhaitenes  Gemisch  aus  Cineolen  und  monocyclischen  Terpenen  ist. 
3.  Verfahren  nach  Anspruch  1,  wobei  der  Komplex  dissoziiert,  rekristallisiert,  von  der  Mutterlauge 

angetrennt  und  zur  Ruckgewinnung  des  1,8-Cineols  mit  Wasserdampf  destilliert  wird. 
45  4.  Verfahren  nach  Anspruch  1,  wobei  der  Komplex  durch  Kontaktieren  mit  einem  Kohlenwasserstoff- 

Losungsmittel  dissoziiert  und  das  Gemisch  filtriert  wird,  urn  gesondert  eine  zur  Wiederverwendung 
geeignete  Losung  aus  1,8-Cineol  und  Hydrochinon  zu  erhalten.  a 

5.  Verfahren  nach  Anspruch  1,  wobei  der  Komplex  bei  einer  Temperatur  im  Bereich  zwischen  -30°C 
und  60°C  gebildet  wird. 

so  6.  Verfahren  nach  Anspruch  1,  wobei  der  Komplex  bei  einer  Temperatur  im  Bereich  zwischen  -20°C  * 
und  +10°C  gebildet  wird. 

Revendications 

S5  1.  Un  procede  de  separation  de  1,8-cineol  contenu  dans  des  melanges  de  1,8-cineol  et  de  1,4-cineol  et/ 
ou  d'hydrocarbures  terpeniques,  qui  comprend  les  etapes  suivantes: 

—  on  fait  reagir  le  1,8-cineol  avec  de  I'hydroquinone  pour  former  un  complexe  cristallin  insoluble  dans 
ce  melange; 

—  on  separe  le  complexe  insoluble;  et 
60  on  dissocie  le  complexe  separe  pour  recuperer  le  1,8-cineol. 

2.  Le  procede  selon  la  revendication  1,  dans  lequei  un  melange  de  cineols  et  de  terpenes 
monocycliques  obtenu  comme  sous-produit  de  I'hydratation  de  I'a/p^a-pinene. 

3.  Le  procede  selon  la  revendication  1,  dans  lequei  le  complexe  est  dissocie,  recristallise,  separe  de  la 
liqueur  mere  et  distille  a  la  vapeur  pour  recuperer  le  1,8-cineol. 

ss  4.  Le  procede  selon  la  revendication  1  dans  lequei  on  dissocie  le  complexe  par  mise  au  contact  avec  un 

4 



solvant  hydrocarbone  et  on  filtre  le  melange  pour  obtenir  separement  une  solution  de  1,8-cineol  et  une 
solution  d'hydroquinone  susceptible  d'etre  reutilise. 

5.  Le  procede  selon  la  revendication  1,  dans  lequei  on  forme  le  complexe  a  une  temperature  comprise 
6,1  l i e   procede  selon  la  revendication  1,  dans  lequei  on  forme  le  complexe  a  une  temperature  comprise 

entre  -20°C  et  +10°C. 
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