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SYNTHETIC COMMUNICATIONS, 22(22), 3159-3 168 (1992) 

SYNTHESES OF epi-&SANTALENE, - $-SANTALENE 

AND A N  ISOMER OF $-SANTALENE 

WITH 4-METHYL-CPENTENYL SIDE CHAIN 

P.A. Unnikrishnan and P.A. Vatakencherr? 
Department of Applied Chemistry 

Cochin University of Science and Technology 
Cochin - 682 022, India. 

The o l fac tory  c h a r a c t e r i s t i c s  of E a s t  Indian Sandalwood 

oil is mainly due to  its major  components  oc-santalol (L) and 

B-santalol  (21, while many of t h e  components  l ike B-santa lene  

(2) and epi-8-santalene (k> also c o n t r i b u t e  to t h e  per fumery  

3159 
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3160 UNNIKRISHNAN AND VATAKENCHERRY 

I 2 proper t ies  . Since  t h e  pioneering work of C o r e y  , Brieger3 and 

Money‘ a number  of syntheses  of t h e s e  compounds have 

appeared  596 . Of l a t e  t h e r e  h a s  been  g r e a t  i n t e r e s t  in t h e  

synthesis  of certain minor components  of t h e  oil, l ike  t h e  isomer 

of p-santa lene  wi th  4-methyl-4-pentenyl s ide cha in  (2). 

This paper  descr ibes  a new synthes is  of &-&santalene 

using t h e  bicycl ic  lac tone  L and new syntheses  of 8-santa lene  

and  its isomer 5 using t h e  ke tone  21. 
(L) 

(2) 

A r e t r o  synthesis of ei i -B-santalene (2) reveals  t h e  

impor tance  of t h e  synthon L (Scheme I). The  e s t e r  9 easi ly  

obtained by a Herz-Favorskii ring cont rac t ion7”  of t h e  Diels-Alder 

adduct  (2) of cyc lopentadiene  and p-bentoquinone, a f t e r  c a r e f u l  

ketal isat ion w a s  reduced with LAH t o  g e t  t h e  alcohol  PCC 

- 
(12). 

oxidation of 12 fol lowed by Wolff-Kishner reduct ion  gave 3, which 

on hydrogenat ion and  depro tec t ion  g a v e  t h e  k e t o n e  5. T h e  lac tone  

- 7 obtained by Baeyer-Villiger oxidat ion of 5 w a s  reduced with 

DIBAL to g e t  t h e  lactol  15 which on Wit t ig  reac t ion  with 

isopropylidenetriphenylphosphorane g a v e  t h e  alcohol  16 which h a s  

6 a l ready  been conver ted  t o  epi-fi-santalene - (4) - . 

The k e t o n e  obta ined  f r o m  2-acetylbutyrolactone (17) 
was conver ted  to t h e  k e t a l  2 in t h e  p r e s e n c e  of c a t a l y t i c  

a m o u n t  of pyridinium-p-toluenesulfonate in 90% yield (conventional 

methods  g ive  only 68% yield9”’). Alkylation of 

- 
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4-METHYL-4-PENTENYL SIDE CHAIN 3161 

Scheme 1 

19 - 18 - 17 
L 
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3 162 UNNIKRISHNAN AND VATAKENCHERRY 

3 - ~ o - m e t h y l n o r c a m p h o r  (20) with t h e  bromide  g a v e  2. 
Deprotect ion of 21 followed by reac t ion  wi th  MeLi g a v e  t h e  diol 

- 2 3  which on dehydrat ion a f forded  a m i x t u r e  of p - s a n t a l e n e  (3) - and 

i t s  isomer 2 (60:40), which could b e  isomerised to b - s a n t a l e n e  (2) 

in t h e  presence  of p-toluenesulphonic acid. The k e t o n e  - 24 

obtained f rom w a s  conver ted  t o  5 using Wittig react ion.  

A t t e m p t  to synthesise  5 by s imultanious Wit t ig  reac t ion  at both 

carbonyl funct ions of 2 w a s  not  successful. 

- 

Exper imenta l  

G C  analysis  w a s  performed on a Hewlet t -Packard 

5730A-3390A instrument .  NMR(CDC13) a n d  IR(CC14) s p e c t r a  w e r e  

obtained on Hitachi  R600 or Jeol  F T  9 0 Q  and Perkin E l m e r  283 

instruments. 

1. 5-Ethylenedioxy-2-eehydroxyrnethyltricyclo(5.2. I .0276)deca-3, 

8-diene (12) - 

A mixture  of 9 (32.7 g, 0.15 mol) e thylene  glycol  (14 g, 

0.225 mol) and  p-TsOH.HZO (0.100 g) in to luene  (300 mL) w a s  

h e a t e d  at  ref lux with e f f i c i e n t  s t i r r ing in a Dean-Stark t r a p  for 

10 hrs. Addition to 1% aq.Na2C03 and workup gave  4 (37.78 g, 

81%)). LAH (13.2 g, 0.35 mol) w a s  added  to  a solut ion of - 11 

(30.0 g, 0.1145 mol) in E t 2 0  (700 mL) at 0' and s t i r r e d  at r.t. 

fo r  3 hrs. Usual workup and  purif icat ion by chromatography over  

silica ge l  g a v e  12 (22.3 g, 80%). ' H  NMR: 6 1.4-1.5 (m,ZH), 

- 
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4-METHYL-4-PENTENYL SIDE CHAIN 3 163 

3.3 (b,3H), 3.6 (s,2H), 3.85 (s,4H), 5.5 (d,lH), 6.0 (s,ZH), 6.78 

(d,lH). IR: 3450, 1260, 1060 m’l. 

2. 5-Ethylenedioxy-2-~~ethyl tr icyc lo(5 .Z. l .O2y6~deca-3 ,8-die~~~~~ 

A mixture  of 12 (15 g, 0.008 mol), PCC (21.8 g, 0.102 

mol) and NaOAc (2 g, 0.024 mol) in CH2C12 (60 mL) w a s  s t i r red  

at  r.t. for 3 hrs. Dilution with E t 2 0 ,  f i l t ra t ion  and concent ra t ion  

gave  13 (10.8 g, 72%). The  c r u d e  2 (10.8 g, 0.049 rnol), 

hydrazine hydra te  (43.3 g, 0.866 mol), powdered KOH (37.6 g, 0.66 

mol) a n d  e thylene  glycol  (60 mL) w e r e  mixed and  h e a t e d  for 4 

hrs. at 160’ and cooled. Addition of w a t e r ,  ex t rac t ion  with 

pentane,  concent ra t ion  and  column chromatography gave  14 (8.2 g, 

82%)). I H  NMR: s 1.08 (s,3H), 1.35-1.45 (m,2H), 3.3 (b,3H), 3.85 

(s,4H), 5.5 (d,lH),  6.0 (s,2H), 6.76 (d,IH). IR: 1060 cm’’. 

3. 2-e~Methyltricycl0(5,2.1.0~’~)decan-5-one (5) 

The k e t a l  fi (4 g, 0.091 mol) was hydrogenated in EtOH 

(15 rnL) in presence of 5% P d / C  (50 mg). F i l te red  and 

concent ra ted .  The  c r u d e  m a t e r i a l  (2.0 g) was mixed with 

p-TsOH.H20 (50 mg) in aq. a c e t o n e  (6:1, 75 mL),. Addition to 

aq. Na2C03, usual workup and  column chromatography g a v e  t h e  

k e t o n e  8 (1.47 g, 93%). ‘H NMR: 1.05 (s,3H), 0.95-2.5 

(m,3H). IR: 1745 cm”. 

4. Z ~ x o - M e t h y l - d O x ~ ~ i c y c l o ( 6 y 2 y l y 0 2 ~ 7 ) ~ n d e ~ ~ n - ~ o n e  - (7) - 

- 

A mixture  of - 8 (0.8 g, 0.0048 moll a n d  MCPBA (2.06 g, 

Addition of 0.012 mol) in CH2C12 (10 mL) w a s  s t i r r e d  for 6 hrs. 
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3164 UNNIKRISHNAN AND VATAKENCHERRY 

water  (10 rnL), washing off t h e  organic  layer with I %  Na2S203, 

sa tura ted  Na2C03 and concent ra t ion  followed by distillation 

(bp 140", 15  Torr) gave L (0.75 g, 85%). 'H NMR:  $ 1.05 

(s,3H), 0.9-2.1 (rn,lOH), 2.1-2.5 (m,2H), 4.2 (d,IH). IR 1740 cm-'. 

5. Z-~Methyl-6-0xatricyclo(6.2. 1.0Z'7)undecan-5-ol (15) 
To t h e  lactone - 7 (0.9 g, 0.005 rnol) in toluene (30 mL) 

was added DIBAL (5.5 mL, 1 - M in hexane)  dropwise and  s t i r red  

for 3 hrs. at -78". Addition t o  10% HOAc (35 rnL) and  usual 

workup gave  t h e  lactol  15 (0.71 g, 78%). ' H  NMR: 1.05 

(s,3H), 3.85 (d, lH),  5.15 (rn,lH). IR: 2410, 1450, 1200 crn-I. 

6. 3-exo-Methyl-3-(4-methyl-3-pentenyl)bicyclo~Z.Z.1)- - 
heptan-2-01 (16) 

To a slurry of isopropyltriphenylphosphoniumiodide (1.72 

g, 0.004 mol) in toluene (15 rnL), 1-BuOK (1.99 g, 0.012 moll was  

added and  s t i r red  for 15  hrs. A solution of 15  (0.60 g, 0.0033 

rnol) in toluene (5 mL) w a s  added dropwise a n d  s t i r red  for 24 hrs. 

Addition t o  IN HCI, neutral isat ion with N a H C 0 3 ,  usual workup 

- 

and column chromatography gave  16 (0.57 g, 82%). 

1.0 (s,3H), 1.2-2.5 (m,18H), 5.1 (m,lH). 

IH NMR 6 
IR: 3390, 1450, 1060crn-'. 

7. l-Bromo-4,4'-ethylenedioxypentane (19) 
A mixture  of t h e  ke tone  fi (41.16 g, 0.245 rnol), 

I 1  e thylene  glycol (15.50 g, 0.25 rnol), pyridiniurn-p-toluenesulfonate 

and benzene (200 rnL) was  ref luxed with s t i r r ing using a 

Dean-Stark appara tus  for 4 hrs.  Washing off t h e  mixture  with 

- 
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4-METHYL-4-PENTENYL SIDE CHAIN 3165 

N a H C 0 3  solution and  workup followed by distillation (104O, 

20 Torr)  gave  t h e  ke ta l  - 19 (46.50 g, 90%). '11 NMR: 8 1.25 

(s,3H,-CH3), 1.6-2.2 (rn,4H), 3.4 (t,2H,-CH2Br), 3.85 

( ~ , 4  H ,-OC H2C H20-) .  

heptan-2-one (2) 
Sodium hydride (3.60 g, 0.075 mol, 50% dispersion in oil) 

w a s  washed, mixed with t h e  ke tone  g2'12 (9.30 g, 0.075 rnol) in 

DME a n d  s t i r r e d  at 100" for 4 hrs. The mixture  was  cooled to 

0" and  t h e  bromide 19 (32.0 g 0.15 moll was  added. I t  was 

s t i r r e d  at 0' f o r  2 hrs. and  at  30" for 15 hrs. Addition to  

ice-NH4C1 slurry,  usual workup and chromatography over s i l icagel  

g a v e  t h e  k e t a l  2 (12.0 g, 64%). 1w NMR: 6 1.03 (s,3H, 

&o-CH3), 1.25 (s,3H,-CH3), 1.1-2.5 (rn,14H), 3.85 (s,4H, 

-OCH2CH20-). IR: 1745, 1130, 1070 ern". MS rn/z 252 (M'). 

9. 2,3-Dimethyl-3-e_l~o-(4-hydroxy-4-methylpentyl)bicyclo- 
(2.2.l)heptan-2-01 (2) 

T h e  k e t a l  2 w a s  t r e a t e d  with p-TSOH.H20 in  aq.  

a c e t o n e  t o  get  t h e  diketone 22, which (1.99 g 0.0086 moll w a s  

t a k e n  in E t 2 0 a n d  a 1.4 & solution of MeLi (61 rnL, 0.086 rnol) in 

E t 2 0  w a s  added  and refluxed for  48 hrs. Addition of ice-water 

a n d  workup g a v e  t h e  diol 23 (1.82 g, 81%). 1~ NMR: 6 1.04 

(s ,3H,ezo-CHj) ,  1.20 (s,3H,CH3), 1.32 ( s , ~ H , = C ( C H ~ ) ~ ) ,  1.4-2.5 

(rn,14H). 

- 

1R: 3365, 1140 crn-I. MS rn/z 240 (Mi). 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
K

ie
l]

 a
t 1

6:
28

 2
3 

O
ct

ob
er

 2
01

4 



3 166 UNNIKRISHNAN AND VATAKENCHERRY 

10. 3 ~ ~ ~ M e t h y l - 3 ~ ~ ~ 4 - m e t h y l - 3 - p e n t e n y l ~ - 2 - m e t h y l e n e b i ~ ~ ~ ~ ~  

(2.2. Ilheptane. (fi-santalene) (2) 
A cold 

(5 mL) a n d  t h e  

mixed and  kept  

c rude  m a t e r i a l  

(bp 105-112°, 5 

59%) b-santa lene  

portion of t h e  

solution of S 0 C l 2  (1.66 g, 0.14 mol), in pyridine 

diol - 23 (1.5 g 0.0062 mol) in pyridine (3 mL) w e r e  

a t  0". A f t e r  36 hrs., workup was  done and t h e  

obtained w a s  distilled using microdis t i l la t ion k i t  

Torr)  t o  get t h e  dehydrat ion products  (0.75 g, 

(2) and its isomer - 5 (61%, 37% e a c h  by CC). A 

mixture  (0.50 g) a n d  p-TsOH.H20 (0.020 g) in 

benzene (5  mL) w a s  ref luxed for 10 hrs. Usual workup and 

purif icat ion by chromatography gave b - s a n t a l e n e  (3) - (0.450 g, 90%). 

' H  NMR: d 1.04 (s,3H,e&o-CH3), 1.6-1.65 (2s,6H,=C(CH3I2), 

1.0-2.2 (m,14H), 2.5-2.7 (m,lH). IR: 1655, 880, 835, cm'l. MS 

m / z  204 (M'), 189, 161, 122, 94. 

I 1. 3-eeo-Methyl-3-e~(4-oxopentyll-2-rnethylene bicyclo- 

(2.2.l)heptane (24) - 
To a solution of t h e  k e t o n e  - 21 (5.04 g, 0.02 mol) in 

e t h e r  (40 mL) w a s  added 1.4 M MeLi (143 mL, 0.2 mol) in  e t h e r  

a n d  ref luxed for  48 hrs. A port ion of t h e  alcohol obtained a f t e r  

workup (2.40 g, 0.0087 rnol) w a s  dehydra ted  using S 0 C l 2  (1.155 g, 

0.0096 moll and  pyridine (5  mL) a t  0" to  g e t  t h e  k e t o n e  24 
(1.25 g, 68%). ' H  M N R :  d 1.02 (s,3H,endo-CH3), - 1.2-2.4 (m,13H), 

2.03 (s,3H), 2.55-2.75 (m,lH),  4.45-4.7 (2s,ZH,=CH2). IR: 1725, 

1655, 885  cm-'. MS m / z  203 (M"), 188, 160. 

- D
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4-METHYL-4-PENTENYL SIDE CHAIN 3167 

12. 3-eeMethyl-3-e~-(B-methyl-4-pentenylk2-methylene- 

bicyclo(2.2.l)heptane (5) - 
To a s t i r red  suspension of methyltriphenyl-phosphoniurn 

iodide (0.606 g, 0.0015 moll in THF (2 mL) at  5" was added 

1.6 ;-BuLi ( I  mL, 0.0016 mol). The mixture was stirred at  

r.t. for 2 hrs and t r ea t ed  with t h e  ketone 24 (0.21 g, 0.001 mol) 

in THF (2 mL) and  stirred overnight. Addition of NH4CI solution, 

usual workup and purification by chromatography gave  5 (0.135 g, 

65%). ' H  NMR: s 1.04 (s,3H,@-CH3), 1.0-2.4 (rn,13H), 1.68 

(s,3H,-CH3), 2.5-2.7 (m,lH),  4.4-4.7 (m,4H,2 =CH2). IR: 1670, 

890 ern-'. MS m / t  204 (M'). 
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