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SYNTHETIC COMMUNICATIONS, 18(11), 1267-1274 (1988) 

NEW APPROACH TOWARDS CAROTANE SESQUI'I'ERPENES : 

A SHORT SYNTHESIS OF (-)-DAUCENE 

Goverdhan Mehta* and Nachara ju  Krishnamurthy 

Scliool of  Chemis t ry ,  U n i v e r s i t y  of Hyderabad 

Hyderabad 500 134 ,  I n d i a  

Abstract: An e n a n t i o s e l e c t i v e  s y n t h e s i s  of s e s q u i -  

t e r p e n e  hydrocarbon ( - ) -daucene  1 from H-(+I- l imonene 

i n v o l v i n g  a c i d  c a t a i y s e d  enone-  olef i n  c y c l i s a t i o n  

( z + & )  a s  the key s t e p  i s  d e s c r i b e d .  

Ca ro tanes  are air i n t e r e s t i n g  arid growing f a m i l y  of 

t i c y c l j c  s e s q u i t e r p e n e s  embodying an  unusual  hydroazu-  
1 l e n i c  s k e l e t o n .  The simplest  m e m b e r  of t h e  f a m i l y  and 

p o s s i b l e  b i o g e n e t i c  p r e c u r s o r  of many oxygenated 
l a  members of t h i s  group is t h e  hydrocarbon dauceiie 1, 

i s o l a t e d  from carrot seeds (Daucus carota L). S e v e r a l  

s y n t h e s e s  of 1 i n  op t i ca l ly  a c t i v e z a J b  as w a l l  as 

racemi c form have  been  r e p o r t e d  i n  r e c e n t  y e a r s .  

Here in ,  w e  describe a new, sliurt, ~ u a i i t i u s e l e s t i v e  

s y n t h e s i s  of t h e  n a t u r a l l y  o c c u r i n g  ( - ) -daucene  1 from 

abundan t ly  a v a i l a b l e  R-(+)- l imonene 2. Our approach is 

2c,d 

1267 

Copyright 0 1988 by Marcel Dekker, Inc. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
5
6
 
1
7
 
J
a
n
u
a
r
y
 
2
0
1
1



1268 MEHTA AND KRISHNAMURTHY 

g e n e r a l  enough f o r  a d a p t a t i o n  t o  t he  o t h e r  m e m b e r s  of 

t h e  carotaiie f a m i l y  . 

The mcmocyclic a ldehyde  a of w e l l  d e f i n e d  stereo- 

c h e m i s t r y  and r e a d i l y  a v a i l a b l e  f rom R- (+) - l imonene  2, 

ac described by us s e r v e d  as t h e  s t a r t i n g  

pitiiit of o u r  s y l J t h r s i 5 .  A d d i t i o n  of  the  G r i g n a r d  

r Gagent. p r e p a r e d  f rim 8-bromopropane f u r n i  slled th t .  

a l l y l i c  alcohol 4 as  a m i x t u r e  of d i a s t e r e o i s o m e r s  and 

was oxidisad t o  a s i n g l e  a ,e - u n s a t u r a t e d  k e t o n e  3 .  The 

k ~ y  c y c l i s a t i o n  step w a s  smooth ly  c a r r i e d  out b y  

exposi i jg  2 t o  H C l O  -Ac,,O The r e s u l t i n g  Lbicy- 

1 . l ic  Let m e  6 on LAH reduction and d e h y d r a t i o n  f u r -  

n i s l i e d  the h y d r o c a r l o n  daucene  L ,  [ C X ] ~ - ~ @ ~  ( C  @. 81,  

ideiltical w i t h  the n a t u r a l  p r o d u c t .  Th& sequence  of 

r e a c t i o n s  i s  summarised i n  Scheme 1. 

4 6  

Scheme 1 
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A SHORT SYNTHESIS OF (-)-DAUCENE 1269 

'8 NMR and 13C NMR spectra were obtained on a JEOL 

FX-100 spectrometer. All chemical shifts are reported 

in units relative to Me4Si in CDC13 solution. Infrared 

spectra were recorded on Perkin-Elmer 1310 spectro- 

photometer. All solvent extracts were washed with 

brine and dried over anhydrous Na2S04. Solvent was 

removed under reduced pressure on Buchi-EL rotavapor. 

C-nethyl - -  3s igopropyl - -  7 ,,pt,y - - . - y r  oxv-3 * - 

=thy1 but .&: Into a 50 mL three - 3 9 -env-J 1 cvclopenta 

necked RE flask, fitted with dry nitrogen gas inlet, 

pressure equilizing addition funnel and mercury seal, 

magnesium turnings (170 mg, 7.0 mmol) were placed and 

dry THF (20 mL) was introduced. To this mixture 2- 

bromopropene (970 mg, 8.0 mmol) was slowly added and 

stirring continued until all the magnesium dissolved. 

A solution of the aldehyde 3 (1.0 g, 5.55 mmol) in 5 mL 
of dry THF was s l o w l y  added to it and the reaction m i x -  

ture was stirred at RT f o r  lh. The reaction was quen- 

ched by addition of saturated N H 4 C l  solutiofi and ex- 

tracted with diethylether (3 x 5 0  mL). The combined 

organic extract was washed, dried and concentrated to 

give an oily liquid which was distilled at 12OoC/0.1 mm 

to furnish an epimeric mixture of allylic alcohols 4, 
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1270 MEHTA AND KRISHNAMURTHY 

(1.0 g ,  83%),  CCrlD25 - 53.3 (C 2 . 0 ) ,  IR(neat):. 9400, 

3050, 890 cm-l; 'H NMR: (mixture of hydroxy epimers) 

4.9 - 4.6 (m, 8H), 4 . 2  - 4 . 0  (m, Z H ) ,  2.6 - 1 . 2  (m, 

Z Z H ) ,  1.08  (s, 3H). 1.0 (s, 3 H ) .  0 . 9 5  (d, J = 7 Hz,  

6H), 0 . 7 5  (d, J = 7 Hz, 6H). Anal. Calcd-. for Cl-5H,60 : 

C ,  81.02,  H ,  11.79;  Found: C. 81.12, H, 11.81. 

~ S - r n e t h v ~ - 3 S - i s o ~ r o ~ ~ 1 - 2 - r n e  thvlene - 15 - r3 '-me hy1-3'- 

m y 1  a . s  : To a suspension of 

pyridiniwnchlorochromate (1.1 g, 60 mmol) in dry di- 

chloromethane ( 5  mL) containing 1.0 g of activated 

molecular seieves ( 4  A), was added allylic alcohol 4 

( 1.0 g, 4.5 mmol) in dry dichloromethane (5 mL) at 0 O C .  

The reaction mixture was brought to room temperature, 

stirred for an additional lh, diluted with dry ether 

(20  mL) and filtered through a small florisil ( 3  g) 

column. Removal of solvent gave an oily liquid which 

was distilled at l l O ° C / O . l  mm to furnish enone 5 

(645 mg, 6%), [ ~ ] ~ ~ ~ - 6 2 . 2  (C 2 . 0 ) ,  IR(neat): 1680, 890 

ern-'; 'H NMR: 5.90  (br s, l H ) ,  5 .70 (br s, l H ) ,  4.75 

(t, 2H), 3 . 0  - 2 . 0  (m, 3H), 1.8 (s, 3H), 1 . 7 5  - 1.2 (m, 
5H). 1.05 (s, 3A), 0.95  (d, J = 7 Hz, 3B). 0.75 ( d ,  J = 

7 €32, 3H); 13C NMR: 201.0, 162.7,  145.8,  123.8,  103.3, 

50 .4 ,  47.4,  44 .5 ,  96 .9 ,  28.5,  27 .0 ,  22.9,  21.6,  17 .4 ,  

16 .1 .  Anal. Calcd. for CI5Hz40: C ,  81.76, 8, 10.98; 

Found: C ,  81.82, H, 10.97. 

-but-2'-onelcyclo~ent 
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A SHORT SYNTHESIS OF (-)-DAUCENE 1271 

-8- isop ro~~1-bic~lco~5.3.0ldeca - -  7 ene - -  3 _]S. 4 - W h ~ l  

m . 6 :  To a solution of enone 5 (500 mg, 2.3 mmol) in 

10 mL of ethylacetate was added 1 mL of aceticanhydride 

and 0.1 1 of 70% perckiloric acid. The reaction 

mixture was stirred at room temperature for 5 min. The 

reaction mixture was then quenched with saturated 

NaZC03 solution and organic layer was separated. The 

aqueous layer was once again extracted with ethyl- 

acetate (25 mL) and the combined organic extracts were 

washed, dried and concentrated to give an oily liquid 

which was chromatographed on silicagel (20 g )  column to 

furnish the bicyclic ketone 6 (350 mg, 70x1, bp. 110OC/ 

D . 1  mm, [cxlDZ5-15 (c 1.0), IR(neat): 1700 cm-l; 'H NMR: 

(methyl epimeric mixture) 2.7 - 1.4 (m, 24H), 1.2 - 
0.8 (series of s and d, 24H). Anal. Calcd. for 

C13H240: C, 81.76, H, 10.98. Found: C, 81.80, H,  

10.94. 

- -  cene 1 : In to a two-necked, 25 mL RB flask 

fitted with a rubber septum and mercury seal was placed 

LAH (50 mg, excess) in dry ether (10 mL). To this sus- 

pension, bicyclic ketone 6 (250 mg, 1.14 mmol) in dry 

ether ( 5  mL) was slowly added through a syringe. The 

reaction mixture was stirred for 30 min. A few drops 

of ethylacetate were then added to destroy ercess 

hydride. The reaction mixture was diluted with w a t e r  
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1272 MEHTA AND KRISHNAMURTHY 

and extracted with ether (3 x 25 mL). The ethereal 

layer was washed and dried. Removal of solvent gave 

epimeric mixture of bicyclic hydroxy olefin (225 mp, 

90%). IR(neat): 3400 em'; '€I NMR: 3.8 (m, 1H). 2.6 - 
1.3 (series of m, 13H) 1.05 - 0.80 (series of s and d ,  

12H). Anal. Calcd. for C15H260: C, 81.02, H. 11.79. 

Found: C, 81.12, H, 11.81. This material was directly 

employed for the next step. 

The mixture of hydroxy olefins (50 mg, 0.225 m01) 

in dry pyridine (1.0 mL) was placed in a 5 mL RB flask 

fitted with a drying tube. To this stirred solution 

was added phosphorousoxychloride (0.2 mL) at 0-5OC and 

the mixture was stirred for 12 h at room temperature. 

The reaction mixture was diluted with pentane (10 mL) 

and slowly quenched with water (2 mL) to hydrolyze the 

excess phosphorousoxychloride. The reaction mixture 

was extracted with pentane (3 x 10 mL), washed and 

dried. Removal of solvent gave an oily residue which 

was charged on a AgN03 silicagel (5 g) column. Elution 

with pentane removed less polar impurities. Further, 

elution with 20% benzene-pentane furnished pure ( -1- 

daucene 1. (23 mg, 50%), [e]D25-ZB0 ( C  l.0)la; 

IR(neat): 830 cm-'; 'H NMR: 5.37 (t, lH), 2.8 - 
1.8 (m, 11H1, 1.73 (br 5 ,  3H), 0.99 (d, J = 7 Re, SH), 
0.92 (d. J = 7 Hz, 3H), 0.91 ( 5 ,  3H). The I R  and NMR 

2970, 
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A SHORT SYNTHESIS OF (-)-DAUCENE 1273 

spectra of our material were found to be identical with 

the authentic spectrum supplied by Professor Seto. 5 
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