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Summry 

A synthetic procedure for producing all trans [3A4C]mena- 

quinone-4 is described The radiolabe is introduced using ethyl 

[3-’4C]acetoacetate as shown in the scheme. The final product has 

high chemical and radiochemical purity with a specific activity 

of 669 MBS/mnol. The overall radiochemical yield is 12 % . 

Key words : Carbon-14. Ethyl [3-’“C] acetoacetate. Vitamin K, 

[ 3  J4C] Menaquinone-4 

Introduction 

A1 1 trans menaquinone-4 I’ is one of the naturally occurring 

menaquinone analogues and is potentially useful for therapy of 

hypoprothrombinemia due to vitamin K deficiency a. This paper 

describes the synthesis of a1 1 trans L3’ -J4C]menaquinone--4 (11) 

for use in metabolism and drug disposition studies i n  animals 3)- 
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Resu l t s  and discussion 

The synthetic sequence we used is shown in the reaction scheme. 

, 
1 ) CH3*COCH2COOC2Hs (3) 
2) NaOH 

B 
LiAIH4 

' m: - (C2Hs0)2PCH~COOC~H5 (5) 

5 
COOCzHs (6) - ( 4 )  - 

Scheme 

Treatment of farnesol with phosphorous tribromide fol lowed 

by reaction of the bromide product ') with ethyl [3W4C]acet,oace-- 

tate - ( 3 )  gave [3-I4C] farnesylacetone @. 

Wittig reaction 5, of (4) with triethyl phosphonoacetate (5) 

gave the farnesylcrotonic derivative E) which was reduced with 
lithium alumiriurii hydride to [3 34C] gerariylgeraniol E). 
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Condensation of E) with menadiol monoacetate (8) followed by 

hydrolysis and oxidation with silver oxide gave a cis-trans 

mixture of [ 3  -J4C]menaquinone-4 (11). The mixture was purified 

by chromatography on silica gel then recrystallization from 

acetone at -60 "C to give a1 1 trans [3' J4C]menaquinone--4 (trans 

isomer B 96 %). The overall radiochemical yield of this synthe- 

sis was 12 % from (3J. 

Preliminary experiments were carried out using unlabeled 

materials to optirnise reaction conditions. The identity of the 

final product and labeled intermediates were confirmed by compar- 

ison of their TLC properties with those of the unlabeled authen- 

tic samples. 

Fxper iment a 1 

Ethyl [3-"C] acetoacetate was obtained from Amersham Japan Co., 

Ltd.. 

Radiochemical purities were determined by 'IZC on Kieselgel 60 

Fz, Merck) utilizing a Berthold lJ32832 automatic TLC linear 

analyzer i n  the following solvent systems, 1) acetone-. n-hexane 

(1: 1, v/v), 2) chlorofom n-hexane (1: 1, v/v), 3) benzene only. 

HPLC analyses were performed on a system consisting of a YMC-A- 

012 SIL column (6 X 150 mm), a Waters pump model 590). a Jasco 

W detector (WIDE-100-V, 254 nm) and a TOSOH radio LC detector 

(RS 8000) using a mobile phase of isopropylet.her- nrhexane (3:97, 

v/v). The tR values for the radioactivit,y of cis and trans 

['4C]menaquinone-4 were 12. 1 rnin and 13. 5 min at a flow rate of 

1. 0 mlhin, respectively. The radioactivity was measured with a 

liquid scintillation counter (E-403,  Aloka). The quenching 

level was corrected by employing an automatic external standard 

met hod. 
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[CarbonylJaC] Farnesyl  acetone (4) 

Phosphorous t r ib romide  (1. 17 g, 4. 34 mno ) was added t o  a 

s o l u t i o n  of f a r n e s o l  ((lJ (1. 93 g ,  8. 67 mno ) ,  p y r i d i n e  (0. 17 g. 

2. 17 m 0 1 )  and n-hexane (20 m l )  at  5 ' C .  A f t e r  being s t i r r e d  a t  

room temperature  f o r  I hr. t h e  mixture  was washed w i t h  methanol - 

water  (4: 1) (10 ml X 3). d r i e d  and conceri t ra ted i n  vacuo to give  

crude bromide @) (2. 43  g, o i l ) .  To a mixture  of @ (2 43 g ) ,  

dioxane (10 m l )  and e t h y l  [3-J4C]acetoacetate (1. 26 g, 9. 54 mo1) 

(6. 66 GDq. 68.3 MBq/moI) was added a s o l u t i o n  of sodium 

methoxide (0. 52 g. 9. 54 m 1 )  i n  e thanol  ( 5 ~ ~ 1 )  at 15-20 "C and 

s t i r r e d  a t  room temperature  f o r  3 hr .  Sodium hydroxide (1. 0 g ,  

25 n o 1 )  i n  water (10 m l )  was added, and t h e  mixture  was r e f l u x -  

ed f o r  2 hr. A f t e r  cooling. n-hexane (20 m l )  was added, t h e  

s e p a r a t e d  organic  tayer  was washed with ntethanolvvater ( 3 :  1) 

(10 ml X 3 ) .  d r i e d  and concent ra ted  i n  V ~ C U O  t o  g i v e  crude (3 
( o i l ) .  This was p u r i f i e d  by chromatography on s i l i c a  gel ,  e l u t -  

ing w i t h  2-5 5: i s o p r o p y l e t h e r  i n  n-hexane. to g ive  (5). 1. 39 g 

(66. 1 %) ( c o l o r l e s s  o i l ) .  

Ethyl 13-'4CJ (%methyl -4-farnesyl)  c r o t o n d t e  @ 

A s o l u t i o n  o f  (4) (1. 39 g .  5. 3 m01) i n  n-hexane (30 m l )  was 

added t o  a mixture  of t r i e t h y l  phosphonoacetate @ (2.4 g, 10. 6 

m o l ) .  sodium e thoxide  (0. 72 g .  10. 6 mmol) and rr-hexarre (30 m l )  

a t  15 " C ,  and s t i r r e d  a t  room temperature  f o r  4 hr. The mixture 

was washed w i t h  methanol w a t e r  ( 2 :  1) (10 ml  X 3). separa ted  and 

t h e  hexane l a y e r  was  evaporated i n  vacuo to  g ive  crude (3 (1 76 

g) ( c o l o r l e s s  o i l ) .  

i3-'4C]Geranylgeraniol 

A s o l u t i o n  of c rude  @ (1. 76 g ) .  e t h e r  (30 m l )  and l i t h i u m  

aluminum hydride (0. 2 g. 5. 3 inmol) was s t i r r e d  a t  room tempera- 

t u r e  f o r  1 hr. W a t e r  (few drops)  was added. and the mixture was 
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filtered The filtrate was concentrated in vacuo to give crude 

- (7) 

eluting with 5 % isopropylether in n--hexane. to give 1. 39 g 

(90. 3 % , calculated from (4)). (colorless oil). 

(oil). This was purified by chromatography on silica gel. 

[3' A4Cl Menaqu i none-4 (11) 

To a solution of menadiol monoacetate &) (2. 3 g ,  10. 6 mol) 

in dioxane-ethylacetate (1: 1) (20 ml) was added boron trifluo- 

ride-etherate (330 ~ 1 ,  2. 68 mo1) at 40--50 "C , and then a 
(1. 39 g, 4. 8 -1) was added slowly. stirred for 3 hr at the 

same temperature. After cooling, isopropylet,her (10 ml) was add- 

ed, and the mixture was washed with water (5 ml X 2 ) .  then dried. 

The solvent was evaporated in vacuo to give crude @ ( o i l ) .  

A mixture of crude @, Claisen' s alkali solution *' (10 ml)  and 

sodium hydrosulfite (1. 0 g, 5. 7 m o l )  was stirred at room 

temperature for 0. 5 hr. Isopropylether (10 ml) was added, the 

isopropylether layer w a s  neutralized with acetic acid and washed 

with water (5 ml X 2). 

To this isopropyl solution was added silver oxide (1. 4 g, 6 ml), 

and the mixture was stirred at room temperature for 45 min The 

mixture was filtered, then the filtrate was evaporated to  dry^ 

ness. The residue was chromatographed on silica gel, eluting 

with 5 % isopropylether in ri-hexane. to give a cis--trans mixture 

of (11) (about 700 mg).  

Two recrystal 1 izations from acetone (7 ml) at +O "C gave 514 m g  

of (11) (21. 5 % , calculated from (4)) (ye1 low crystals) of 

specific activity 669 M B d m o 1  (40. 55 uCi/mg) and radiochemical 

purity, as determined in various TLX: systems, as follows, system 

1) 1 99 % , system 2) 2 99 % and system 3) 2 98 % . The trans 

isomer was shown t o  be 2 96 % by HFXC analysis. 

_ _ _ _ ~ ~ ~  

*) Claisen's alkali solution : potassium hydroxide (35 g ) .  water 

(25 ml) and methanol (100 ml). 
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