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SYNTHESIS OF [G2H] and [G3H]FECAPENTAENE-12 
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S U M R Y  

The t i t l e  compounds ( 6  and 9) were prepared by exchange o f  t he  a-protons o f  

(E,E)-2,4,-heptadienyldiphenylphosphine oxide (2) w i t h  e i t h e r  2H20 o r  3H20, 

f o l l owed  by condensations w i t h  (E ,E)-5-u,3-bi s( t - b u t y l  dimethyl s i l y l  ) o x y l -  

propoxy)-2,4- pen tad iena l  (4) and deprotect  ion. 
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INTROWCTION 

The po ten t  mutagen fecapentaene-12 was f i r s t  i s o l a t e d  from human feces, and 

It i s  a p o t e n t i a l  inducer o f  co lon  has been shown to have the s t r u c t u r e  1 (1-3). 

1 

cancer, and i t s  occurrence has been c o r r e l a t e d  with populat ions a t  r i s k  f o r  t h i s  

desease (4). Because o f  i t s  poss ib le  b i o l o g i c a l  importance, we have i n i t i a t e d  a 

s tudy o f  i t s  i n t e r a c t i o n s  w i t h  DNA. As a p a r t  o f  t h i s  study we requ i red  a supply 

o f  rad io labe led  fecapentaene-12; t h i s  paper describes the synthes is  of b o t h  

deuterium and t r i t i u m - l a b e l e d  ma te r ia l .  

0362-4803/87/091071-06$05 .OO 
@ 1987 by John Wiley & Sons, Ltd. 

Received September 18, 1986 



1072 

RESULTS AND DISWSSIOll 

M .  Z .  Kassaee and D.  G. I .  Kingston 

2 [6- HIFecapentaene-12 (6) was synthesized as shown i n  Scheme 1. (E,E)-2,4- 

heptadienyldiphenylphosphine oxide (2) was prepared as previously described 

(5,6), and was then converted i n t o  i t s  [l- H] der iva t ive  (3 )  by treatment w i t h  

s l i g h t l y  less than one equivalent o f  n -bu ty l l i th ium fol lowed by quenching w i th  

2H20. A 'H-NMR spectrum o f  the i so la ted  product showed tha t  exchange had taken 

place exclusively a t  the 1-position, since only the resonance a t  3.15 ppm 

decreased i n  area, and t h a t  s l i g h t l y  more than one equivalent of deuterium had 

been incorporated. The addi t ional  incorporat ion over the one equivalent o f  base 

used was presumably due t o  exchange promoted by HO- formed on quenching w i t h  

H20. Analysis by mass spectrometry was complicated by the presence o f  a 2 

moderate (MH)' ion  i n  the spectrum of the unlabeled compound, but a comparison of 

the spectra o f  the labeled and unlabeled compounds suggested a composition o f  

2Ho:2H1:2H2 o f  20: 51: 29, i nd i ca t i ng  an average 2H content o f  1.09 

atoms/molecule. This r e s u l t  i s  consistent w i th  the 'H-NMR spectrum, which 

2 

2 

indicated an average 'H content o f  1.14 atoms/molecule. 

Treatment o f  the labeled phosphine oxide 3 wi th  the aldehyde 4 (7)  i n  the 

presence o f  potassium t-butoxide resul ted i n  both Homer-Wit t ig coupling and 

e l  iminat ion o f  d i  phenyl phosphi n i c  ac id  t o  y i e l d  the 2H-1 abel ed protected 

fecapentaene-12 5, i den t i ca l  w i th  unlabeled mater ia l  as prepared previously by a 

s l i g h t l y  d i f f e r e n t  route (8) except f o r  s l i g h t  dif ferences i n  the i n t e n s i t y  o f  

the H-NMR resonances around 6.2 ppm. We have found t h i s  d i r e c t  coupling and 

e l im ina t ion  t o  be more convenient than carry ing out the react ion i n  two separate 

steps as previously described (5,6). 

1 

2 Deprotection o f  the s i l y l a t e d  compound 5 w i th  f l uo r ide  i o n  y ie lded [6- H I -  

fecapentaene-12 (6) as the product i n  reasonable y ie ld .  The compound was 

obtained f ree  o f  contaminating Z-isomers by care fu l  washing w i th  hexane and 

ether, and i t s  'H-NMR spectrum was iden t i ca l  w i th  t h a t  o f  pure a l l -E  

fecapentaene-12 (9,10), except f o r  the i n t e n s i t y  o f  the resonance a t  6.2 ppm. 

Mass spectral analysis indicated a 'H1: 2H1 r a t i o  o f  65:35; t h i s  r a t i o  is 

d i f f e ren t  from tha t  i n  the precursor 3, presumably due t o  hydrogen exchange 
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Scheme I 

dur ing  the  coupl ing s tep  t o  produce 5. 

Preparat ion o f  3H-labeled fecapentaene-12 was c a r r i e d  o u t  by an analogous 

pathway. Exchange o f  phosphine ox ide 2 w i t h  excess 3H20 y i e l d e d  [l- H2]-2,4- 

heptadienyldiphenylphosphine oxide 7, w i t h  a s p e c i f i c  a c t i v i t y  o f  0-41 mCi/mnole. 

Condensation of 7 with t h e  aldehyde 4 gave t h e  s i l y l a t e d  d e r i v a t i v e  8, which was 

t r e a t e d  w i t h  f l u o r i d e  i o n  t o  g i v e  [6- Hlfecapentaene-12 ( 9 ) ,  s p e c i f i c  a c t i v i t y  

3 

3 

0.24 mCi/mmole. The i s o l a t e d  m a t e r i a l  was i d e n t i c a l  by 'H-NMR and UV spectroscopy 
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w i t h  un labeled ma te r ia l  (9, 10); the h igher  r e l a t i v e  r e t e n t i o n  of 3H i n  the 

coup l i ng  s tep may be a t t r i b u t e d  t o  the  l a r g e r  i so tope  e f f e c t  associated w i t h  

M. Z. Kassaee and D. G. I .  Kingston 

breaking C-JH bonds. 

E X P E R I E N T M  

General experimental cond i t i ons  were as p rev ious l y  described (7). 3H20 was 

purchased from New England Nuclear and had a nominal s p e c i f i c  a c t i v i t y  o f  0.45 

mCi/mole. 

2 11- H]-2,4-Heptadienyldi phenyl phosphine ox ide  ( 3) .  

phosphine ox ide (5,6) (1.679, 5.64 mmol) i n  dry THF (40 m l )  was t rea ted  with n- 

b u t y l l i t h i u m  (2.03 m l  o f  a 2.5M solut ion,  5.08 mmol) under argon a t  -78" over a 

p e r i o d  o f  3 min, fo l lowed by  s t i r r i n g  f o r  15 min. To the r e s u l t i n g  deep red 

s o l u t i o n  of t he  anion was added The 

s o l u t i o n  was then al lowed t o  warm t o  room temperature, the THF evaporated, and 

the product  t rea ted  w i t h  H20 and CH2C12. The organic  l a y e r  was separated, 

washed, and dr ied,  and then f i l t e r e d  through a sho r t  column o f  s i l i c a  ge l  t o  

y i e l d  a pa le  ye l l ow  so lu t i on .  Evaporation o f  t h i s  s o l u t i o n  and washing w i t h  

hexane y i e l d e d  a w h i t e  so l i d ,  m.p. 106-107'. 'H-NMR (C2HC13): 6 7.72 (4H,m), 

7.47 (6H,m), 6.12-5.88 (2H,m), 5.66-5.42 (2H,m), 3.15 (0.8H, m, CH2P), 2.05 (2H, 

q u i n t e t ,  &i2CH3), 0.98 (3H,t, C H , p 3 ) .  MS(E1): m/g 298 (4), 297 (5) ,  296 ( Z ) ,  

2,4-Heptadienyldiphenyl- 

2 H20 (0.10 m l ,  5.0 ml) i n  one batch. 

202 (15), 201 (45), 147 (20), 131 (25), 86 (60). 84 ( loo) ,  77 (15). 

2 3[[6- H]-1,3,5,7,9-Dodecapentaenyloxy]-1,2-propane d i o l  d i (  t -bu ty ld ime thy l  s i l y l )  

ether (5). The phosphine ox ide 2 ( l . l g ,  3.7 mmol) was d i sso l ved  i n  d r y  THF (15 

m l )  and the s o l u t i o n  added t o  potassium t -bu tox ide  (1.259, 10.2 mmol) i n  a flame- 

d r i e d  f l a s k  under an argon atomsphere a t  -15'. A s o l u t i o n  o f  (E,E)-5-[2,3- 

b i s [ ( t -bu ty ld ime thy l  s i  l y l  )oxy] propoxy1-2,Il-pentadienal (4) (7) (1. lg ,  2.75 ml) 

i n  THF (5  m l )  was then added, and the  m ix tu re  was s t i r r e d  and al lowed t o  warm t o  

room temperature. A f u r t h e r  10 m l  p o r t i o n  o f  THF was added t o  d i s s o l v e  some 

p r e c i p i t a t e d  so l i d .  The r e a c t i o n  m ix tu re  was quenched a f t e r  40 min w i t h  H20 (60 

i 
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m l )  and Et20 (300 al), and then transferred t o  a separatory funnel w i th  the a i d  

of a fur ther 600 m l  o f  Et20. The organic layer  was separated a f t e r  a thorough 

shaking, washed w i th  b r ine  (100 m l )  and dr ied  (K2C03). Evaporation followed by 

f lash  chromatography (0.5% Et20 i n  petroleum ether) y ie lded the product 5 as a 

pale yel low o i l ,  y i e l d  'H-NMR (C2HC13): 6 

6.58 ( H, two overlapping doublets w i th  i n tens i t i es  approximately 1:3, J=12Hz, 

-OCH=) 6.29-6.01 (6-7H,m,-CH=), 5.79-5.54 (2H,m,-CH=), 3.88 (2H,m,-CH20C=), 3.68 

(lH,m,-CHO-), 3.55 (2H,m,-CH20), 2.12 (2H, quintet,-CH2CH=), 0.90 ( ~ H , s , ( C H ~ ) ~ C ) ,  

0.88 (9H.s,(CH3)3C), 0.02 (6H,s) 0.04 (6H,s). MS (FA6 i n  glycerol) :  m/r  480 

( 3 3 ) ,  479 (80), 478 ( loo), 321 (52), 303 ( loo) ,  277 (go), 185 (20), 93 (48), 73 

1.089 (2.25 mmol, 82% based on 4). 
1 

(100). 

2 16- HIFecapentaene-12 (6). The s i l y l  ether 5 (0.59, 1.21 mmol) i n  50 m l  dry THF 

was treated under argon w i th  tetrabutylammonium f l uo r ide  (Aldrich, 3.03 ml o f  1M 

so lu t ion  i n  THF, 3.03 mnol). The resu l t i ng  mixture was s t i r r e d  f o r  6hr a t  mom 

temperature, and then treated w i th  Et20 (1000 ml) and H20 (50 m l ) .  The ether 

layer  was separated, washed w i th  b r ine  (50 m l )  and dr ied  (K2C03). Evaporation o f  

the solvent y ie lded a brown s o l i d  which was washed with hexane (2  x 50 ml)  and 

Et20 ( 2  x 10 m l )  t o  give a pale yel low so l id .  'H- 

NMR (C H3SOC H3): 6 6.78 (lH,d,J=12Hz,-OCH=), 6.28-6.04 (6-7 H, m, -CH=), 5.74 

(lH, dt,=ClJCH2CH3), 5.66 (lH,dd,g=CHO); 4.98 (lH,bd s,CHOtl), 4.72 (lH,bd s, 

CH201-J), 3.88-3.80 (lH,m,HCHOC), 3.73-3.64 (2H,m,ClOH, HCI-JOC), 3.3 (H20 peak and 

-2 CH OH), 2.12 (2H,dq, CH2CH3), 0.96 (3H,t,CH3). MS(E1): m/g 252 (18), 251 (75), 

250 (100). 

Yield 0.29 (0.8 ml, 66%). 
2 2  

11-3H]-2,4-Heptadienyldiphenylphosphine oxide (7). The t i t l e  compound was 

prepared from 2 (39). by a method s im i la r  t o  tha t  o f  i t s  LH analog 3, but w i t h  

excess 3H20. The product was obtained i n  95% chemical y ie ld ,  m.p. 106-107O, and 

had a H-NMR spectrum iden t i ca l  t o  that  o f  unlabeled mater ia l .  Speci f ic  a c t i v i t y  

= 0.415 mCf/mmol. 

1 

3 16- HI-Fecapentaene-12 (9). Compound 9 was prepared by Horner-Witt ig coup1 ing o f  
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t h e  phosphine ox ide  7 w i t h  the  aldehyde 4 t o  g i v e  the pentaene 8, fo l lowed by 

depro tec t i on  by f l u o r i d e  i o n  t o  g i v e  the product 9. These reac t i ons  were c a r r i e d  

o u t  e x a c t l y  as described f o r  t he  H analogs. The i s o l a t e d  product  9 (0.529) had 

a 'H-NMR spectrum and UV-spectrum i d e n t i c a l  t o  t h a t  o f  un labeled ma te r ia l .  

S p e c i f i c  a c t i v i t y  = 0.244 mCi/mmol. 

2 
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