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ORGANIC P m P A R A T I O N S  AND PROCEDURES INT. 12(1-2), 7-11 (1980)  

FACILE CATALYTIC SYNTHESES OF SQUALANE 

John W. Scott* and Donald Valentine Jr .  

Chemical Research Department 
Hoffmann-La Roche Inc., 

Nutley, New Jersey 07110 

The t r i terpene hydrocarbon squalane (5) i s  widely used as a base f o r  

cosmetic formulations. 

squalene, which i s  obtained mainly from shark l i v e r  o i l .  

The p r inc ipa l  commercial source i s  hydrogenated 

This paper des- 

cr ibes two syntheses of squalane from the read i l y  avai lab le '  isoprenoid 

synthon 1 (geranyl acetone). 
2 Both syntheses of squalane begin w i th  the known two-step conversion 

of 1 t o  the acetylenic carbinol  2. I n  the f i r s t  approach, oxidat ive d i -  

merization o f  2 gives 3 which i s  converted t o  squalane by hydrogenation- 

h y d r o g e n o l y ~ i s . ~  There was ample precedent4a5 f o r  the high y i e l d  oxida- 

t i v e  dimerization o f  acetylenic carbinols such as 2. 
t h a t  reduction o f  d iyndio l  3 t o  squalane could be ef fected cleanly and 

completely. 

01 (2) i n  the presence o f  5 mole X each o f  cuprous chlor ide and N,N,N',N'- 

tetramethylenediamine was rap id and clean. The diacetylenic d i o l  3 de- 

composed upon attempted d i s t i l l a t i o n  bu t  column chromatography gave ana- 

l y t i c a l l y  pure material. 

other than solvent removal was required. Hydrogenation o f  crude 2 over 

52 Pd/C i n  a 1O:l mlxture o f  acet ic  and s u l f u r i c  acids l e d  t o  uptake of 

ca. 5.1 equivalents o f  hydrogen (complete reduction would require 6.0 

equivalents). Treatment o f  the crude product w i th  conc. s u l f u r i c  ac id  

611 I t  was less c lear  

The oxidat ive dimeri za ti on o f  3,7,11- t r imethyl  dodec-1 -yn-3- 

5 

I n  practice, no workup o f  the oxidat ion mixture 
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SCOTT AND VALENTINE 

( t o  remove a l l  mater ia ls  t h a t  were n o t  saturated hydrocarbons) and then 

d i s t i l l a t i o n  gave squalane of, 97% gas chromatographic p u r i t y  i n  an over- 

a l l  y i e l d  of  68-70%. 

SCHEME 1 

'1 

HZ Pd/C 
3 or 0 > (cH,),cH(cH,),cH(cH,) 3 ~ ~ ( ~ ~ 2 ) 4 ~ ~ ( ~ ~ 2 )  3 ~ ~ ( ~ ~ 2 ) 3 ~ ~ ( ~ ~ 3 ) Z  

HOAc:H2SOq ( 1 O : l )  

5 Squalane 

I n  the second approach, d imer iza t ion  o f  2 t o  4 was catalyzed by 

rhodium ( I )  phosphine 

t r i s - ( t r ipheny lphosph ine) rhod ium ( I )  gave a smooth conversion o f  2 t o  4, 
which could be i s o l a t e d  by chromatography i n  ca. 50% y i e l d  as a low mel- 

t i n g  s o l i d .  

te rn ,  con f i rm ing  t h a t  2 was the  trans-isomer. 

- 4 under the samc cond i t ions  used f o r  3 gave i n f e r i o r  r e s u l t s  and mixtures 

o f  squalane and squalane alcohol ,  6, were obtained i n  on ly  modest y i e l d s ,  

espec ia l l y  when i t  was attempted t o  use crude 4. Some improvement was 

poss ib le  by replacement o f  [Rh(PPhj)3(Br)] by a rhodium ( I )  complex of 

t r i s - (  4-dimethylaminophenyl )phosphi ne. A f t e r  the i n i t i a l  condensation 

most of t h i s  c a t a l y s t  was removed by washing w i t h  water. 

The use o f  ca. 1 w t . - %  o f  bromo- 

1 The H nmr spectrum o f  4 exh ib i ted  the c h a r a c t e r i s t i c  AB pa t -  

Hydrogenation-hydrolysis of 

Hydrogenation- 

a 
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FACILE CATALYTIC FYMTHESIS OF SQUALANE 

hydrogenolysis over 10% 3d/C i n  1O:l v:v ace t i c  acid:  s u l f u r i c  a c i d  then 

gave an 8 : l  m ix tu re  of 5 and 5 i n  53% o v e r a l l  y i e l d .  

EXPERIMENTAL 

(6RS, 1 ORS , 15RS, 19RS)-2,6,10, 15,19,23-tiexamethyl tetracosane (Squal ane , 5) 

by Ox ida t ive  Dimerizat ion.  - A mix ture  o f  4.48 g (20 mnol) o f  (3RSY7RS)- 

3,7,1l-trimethyldodec-l-yn-3-01 (2),' 99 mg (1.0 mnol) o f  cuprous chlor ide,  

116 mg (1.0 mmol) o f  N,N,N',N'-tetramethylethylenediamine and 12.5 m l  o f  

acetone was r a p i d l y  s t i r r e d  i n  an o i l  bath a t  31-32" under a s l i g h t  posi-  

t i v e  pressure of oxygen maintained by a pressure equa l i z ing  gas mano- 

meter.13 The mix tu re  g radua l ly  changed from l i g h t  green t o  dark blue- 

grey as oxygen uptake (129 m l ;  complete a f t e r  2.5 h r )  proceeded. The 

mix tu re  was concentrated, f i n a l l y  a t  50"/0.1 mn, t o  g i ve  d iace ty len i c  

d i o l  4 as a viscous green o i l .  

graphed on 0.063-0.2 mm s i l i c a  gel  (E. Merck) w i t h  95:5 and 9O:lO benzene- 

e t h y l  acetate mixtures t o  g i ve  a n a l y t i c a l  l y .  pure (6RS ,10RS ,l5RS ,19RS)-2, 

6,10,15,19,23-hexamethyl tetracos-11 , 13-diyne-lO,15-diol (2) as a very 

s l i g h t l y  ye l low resin;  UV max (C2H50H): 228 nm (E 4109, 241. ( e  410) and 

255 ( E  215); MS m/e: 446 (M'), 431 (Mt-CH3), 428 (Mt-H20), 403 (Mt-C,H7) 

and 291 (Mt-C11H23); nmr (CDCL3): 6 0.88 (d, 18, J = 6Hz, 6 CH3CH), 1.50 

(s, 6, 2 CH3COH) and 2.17 ppm (s, 2, 2 OH). 

- Anal. Calcd. f o r  C30H5402: C, 80.65; H, 12.18. 

A s i m i l a r l y  prepared sample was chromato- 

Found: C, 80.73; H, 12.24. 
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SCOTT AND VALENTINE 

To a suspension of  the crude dial 3 in 44 ml of 1O:l  acet ic  acid- 

sulfur ic  acid was added 2.0 g of 10% Pd/C catalyst  and the mixture was 

hydrogenated a t  atmospheric pressure and room temperature until  uptake 

(1280 ml) of hydrogen had ceased (4.5 hr). 

hexane and f i l t e red .  

and water and dried over Na2S04. 

d i s t i l l a t i on  a t  170°/0.01 mm gave 2.90 g (68.8%) of squalane as a c lear ,  

colorless o i l .  The material had a gc purity of 97.8% and was identical  

i n  a l l  respects with a sample prepared by hydrogenation o f  squalene. 

(6RS, 1 ORS, 15RS, 19RS)-2,6,10,15,19,23-Hexamethyl tetracosan-U( E)-en-l3-yn- 

10 , 1 5-d f0 l  (4). - ( 3RS, 7RS) -3,7,11 -Trimethyl dodec-1 -yn-3-01 

114 mg of b romo-m-  ( t r i  phenyl phosphi ne) rhodi um ( I  ) were heated for  

24 hours a t  reflux in 45 ml of tolL2ne under argon. 

red reaction mixture was concentrated on the rotary evaporator t o  give 

11.8 g of residue. 

of the residue gave 0.6 g of s ta r t ing  material and 1.22 g of (6RS,lORS, 

15RS, 19RS)-2,6,10,15,19,23-hexamethyl tetracos-1 1 (E)-en-l3-yn-10 , 15-diol 

(4) as an off-white, low melting solid.  

Anal. Calcd. fo r  C30H5602: C ,  80.29; H ,  12.57. 

The character is t ic  AB pattern for  trans- -CH=CH- i s  observed in the nmr 

(CDC13) a t  5.75 and 6.19 6 (J = 16HZ); CH3-C-0 a t  6 1.30, 1.51. 

Squalane from 2 by Non-oxidative Dimerization. - (  3RSY7RS)-3,7,1 1 -Trimethyl- 

dodec-1-yn-Sol (l0.0 g )  in 70 ml of deaerated toluene was added to  a solu- 

tion. prepared from 24 mg of u ,p'  -dichl o r o . - u - [ e -  (cycl octene) -rhodi um] 

and 76.2 mg of tris-[4-(dimethylamino)phenyl]phosphine in 10 ml of deaer- 

ated toluene. 

t h e n  allowed to  mol to  room temperature. 

w i t h  2x100 m l  of H20, dr ied  (MgS04), f i l t e r ed  and concentrated (rotary 
evaporator) t o  yield 10.1 g of orange o i l .  

The mixture was diluted with 

The f i l t r a t e  was washed with H20, conc. H2S04 (4x1 

Solvent removal followed by Kugelrohr 

2 ( 1 1 . 7  g ) and 

The result ing deep 

Column chromatography on s i l i c a  gel of a 2 . 2  g portion 

Found: C ,  80.15; H ,  12.73. 

2 

The result ing solution was heated for  16,hours a t  115-120°, 

The reaction mixture was washed 

The o i l  (4.2 g) was hydrogen- 

10 
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FACILE CATALYTIC SYNTHESIS OF SQUAWWE 

ated over 2.0 g o f  10%' Pd/C i n  40 m l  o f  1 O : l  acet ic  ac id-su l fur ic  ac id  a t  

40 ps i  H2 and 25'. The reduction mixture was worked up as i n  the preced- 

i ng  procedure, without the H2S04 wash, t o  y i e l d  2.0 g o f  an 8: l  mixture 

o f  squalane and squal ane a1 coho1 . 
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