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S U M M A R Y  

Tr i t ium labelled cycloheene oxide, 9 - s t i l b e n e  oxide 
and phenanthrene 9 , 1 O-axide were prepared with specific 
act ivi t ies  of 0.7 - 1.1 rrCi  per m l e  start ing w i t h  mno- 

or diketo ccPnp3unds. 
Tri t ium was intrcduced by reducing the ketone precur- 

sors with t r i t i a ted  ccqlex  metal hydrides. 
The resulting alcohols were transforme3 to the epxides 

by metha% described for the unlabelled acmpaunds. 
The syntheses require only +NO or three steps and yield 

cyclohexae oxide, e - s t i l b e n e  oxide and phenanthrene 
9 , l  O-oxide, important substrates for the study of epxide 
hydratase and glutathione S-transferases in high radicche- 

mica1 purity. 
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I N T R O D U C T I O N  

Epoxides play a fundamental role in the metabolism of olefinic and a rmt i c  c ~ m  

pounds (2-10). 

me to their electrophilicity epxides can bind covalently to bioplymers, 
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e. g. DNA and proteins causing cytotoxic, mtagenic and cancercqenic effects 

(2-1 0) * 

It is  therefore of v i t a l  interest  to study the metabolic behaviour of e p i -  

des tawards the enzymes epxide hydratase (3,4) and the glutathione S-transfera- 

ses (11). Studies concerning th i s  objective required the synthesis of t r i t i u m  

labelled cyclohexene oxide, trans-stilbene a i d e  and phenanthrene 9,lO-oxide. 

R E S U L T S  A N D  D I S C U S S I O N  

A recently described synthesis of t r i t i a ted  arene oxides (12) requires four 

steps in  the case of phenanthrene 9,lO-oxide- H and uses t r i t i u m  gas to intrc- 

duce the label. 

3 

W e  used a mre simple approach which required fewer steps. The key step invol- 
3 ved the reduction of a keto function 43-  t9 a secondary alcohol -C HOH- by tri- 

t i u m  labelled canplex metal hydrides (KB H4, LiAl H4) . 3 3 

In the case of a monoketone reduction led to the labelled alcohol which was 

dehydrated t o  the olefin followed by epoxidation w i t h  _mchloroperbenzoic acid 

(Scheme). 

In the caSe of 1,2-diketo compounds or  K-region quinones the resulting trans- 
glycols were cyclized with N-tosylimidazole (13) to yield epxides (Scheme) . 

Borohydride reductions are usually performed in  methanol solution. It is w e l l  

knawn (14) that borohydride reacts rapidly w i t h  this solvent, and it is generally 

assumed that a species such as  [BIi(CEH3) 3] is the active reducing agent. C lea r -  

ly,  methanol is an unsuitable solvent when maxinium use of the t r i t i u m  content of 

labelled borohydride is desired. For our pu~poses, experimentation showed that 

i s o p r o p o l  was a suitable reaction medium. In  t h i s  medium, reaction, of BH4 

w i t h  solvent was negligible under the conditions required for reduction of the 

carbonyl compounds of interest ,  so that efficient and predictable incorporation 

of label was possible. 

- 

- 

Scane difficulty was experienced i n  isolating 2 in the actual preparation of 

the labelled cmpund, although no such problem was encountered in a pi lot  (unla- 
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belled) experiment. The difference is attributable to  a rather greater degree of 

contamination of 1 with isgropanol i n  the labelled preparation. In the end, 2 
was obtained a s  a dilute solution in dichlormthane (with no other imprity) , 
perfectly suitable for the epxidation step 2. to 2. 

In the reduction of benzil to 4, small amounts ( <  5 0 s )  of the three isonrer 

were detectable by n.m.r. (15), but th i s ,  together with similar amounts of benzo- 

in, was easily repnixred by recrystallisation. 

Since reports i n  the l i terature  describe the use of potassium borohydride for 

the reduction of K-region quinones of plycycl ic  dramtic  hydrocarbons to the 

correspondimg ~ - d i h y d m d i o l s  (1 6 , 17 , 18) it was planned to intrcduce the label 

into K-region arene oxides in  the same manner as  described abwe for the alkene 

oxides. 

But a l l  a t terqts  to reduce 6 to 7 with potassium borohydride in methanol or 

ethanol a t  0-5" resulted in  the formation of an extremely air-sensitive product 

that tumed yellow u p n  recrystallization or chromtqraphy, thereby forming al- 

most quantitatively the start ing quinone. 

Acetylation of the air-sensitive compound gave in very good yield, thus pro- 

ving that the reduction of the K-region quinone 6 w i t h  potassium borohydride in 

methanol or  ethanol does not lead to the dihydndiol 2, but almost exclusively to 

the cate&ol%, thus providing a synthetic approach to these important deriva- 

t ives of plycycl ic  a rmt i c  hydrocarbons. 

The same reduction type was observed recently (19) when sodium borohydride was 

used in polar aprotic solvents, e.g. N,N-dimethylformamide. 

When l i th ium aluminum hydride in ether was used 6 could be reduced to the 

trans-dihydrodiol 2 a s  described in the l i terature  ( 2 0 ) .  

- 7 is quite stable in the solid state a t  room teqzerature whereas slow oxida- 

tion to the quinone takes place i n  solution. 
3 

Therefore t r i t i u m  was introduced into z w i t h  lithium aluminum hydride- H which 

possesses the slight disadvantage of being mre expensive than potassium borohy- 

dride- H. 3 

The methcd described should be generally useful for the radiosynthesis of both 

alkene and K-region arene oxides i n  few steps and high radiochemical yield. 
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1 The H-NMR spectra were recorded onfa Varian EM 360 spec-ter. b k 1 t i . q  

points are uncorrected. 

~yc iohexanoi - i -~~ 1 
1.0 g Potassium bomhydride (finely crushed) and 54.4 m C i  potassium bomhydri- 

de-'H (Amersham Buchler, Braunschweig, Fw;) together with 7.5 g dis t i l led c y c l e  

hexanone and 10 m l  isopropanol was st i r red in the dark for 65 hr and then pured 

into 50 m l  w a t e r .  The water was extracted w i t h  4 x 50 m l  dichlomnethane. The 

canbined organic W s e s  were dist i l led.  The fraction boiling at  85"/37 torr 

weighed 7.2 g and, fram n.m.r. contained 85 % 1, the rest being almost exclusive- 

l y  d i ch lomthane  and isqmpanol.  This was used for the next step. 

Yield of 1 5.8 g (77 %). 

3 C y c l o h ~ ~ - l -  H 2 
7.2 g implre (85 wt-%) 1 was mixed with 2.9 g 85 % phosphoric acid and d is t i l -  

led usirig coldfinger condenser and cooling receiver in ice. Bath in i t ia l ly  was a t  

120°, r ising over 2 hr to 170". The d is t i l l a te  was alrrost hcmcgeneous so was di- 

luted with dichloromethane and dis t i l led from solid sodium sulphate using a short 

V i g r e u x  co%umn. Everything 40" and abve  was collected i n  several fractions. A l l  

contained cyclohexene in  concentrations ranging from 1 to 3 %. Total yield of 2 
was 2.2 g (46 % ) .  

3 Cyclohexene oxide-1- H 2 
The dilute solution of 2 (2.2 g) was cooled to 0" and 5.1 g 85 % m-chlomper- 

benzoic acid was added. The mixture was st i r red 5 min a t  0", then allowed to warm 

to r c o m  temperature and s t i r red 1 hr.  The suspension was f i l tered directly into 

10 m l  2 '% sodium hydroxide washing with d ich lomthane .  The phases were separa- 

ted and the organic phase washed 2 x 80 m l  water then dried over sodium carbonate 

and disti l led.  After redisti l lat ion (b.p. 48O/40 torr) the yield of 2 was 2.1 g 

(75 %) Specific activity: 0.65 nCi/mle 

n.m.r. (cC1 ) :  6 1.0-2.1 (m, 8H), 3.0 (m, 2 H ) .  
4 
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3 erythr~-l,2-Dihydroxy-l,2-diphenylethane-l,2- H 4 

5.0 CJ Benzil (crystallised from tetrahydrofuran) and 0.65 g potassium borohy- 

dr ide  ( f ine ly  crushed) w i t h  25.3 nCi potassium b ~ o h y d r i d e - ~ H  in 60 ml isopropa- 

no1 w a s  refluxed i n  dark f o r  15 hr .  The suspension was then evaporated to dry- 

ness and the solid t ransfer red  to  a separator w i t h  100 ml water and 100 m l  di- 

chloromethane. The w a t e r  w a s  extracted twice mre w i t h  dichloromethane. Evapora- 

t i on  of the combined organic phase produced c rys t a l l i s a t ion .  Further product w a s  

obtained from the mother liquor by evaporation w i t h  methanol. On f i l t r a t i o n ,  the 

crystals w e r e  washed with carbon tetrachloride u n t i l  colourless. 

Yield 3.2 g (63 %) m.p.  133" L i t .  (15) 134" 

n.m.r. (cDc13/(CD3)2CO): 6 4.8 ( s ,  2 H ) ,  7.2 ( s ,  10H) 

- 

3 trans-2,3-Diphenyloxirane-2,3- H 2 
1.8 g 80 % Sdium hydride was washed three times w i t h  50 ml 

then s u s p d d  in  150 ml dry N,N-dimethylfomamide. 3.2 g of 4 
and the m i x t u r e  stirred fo r  2 hr. Then 3.55 g N-tosylimidazole 

petroleum benzene 

was then added 

(13) added and 

s t i r r i n g  continued f o r  1 hr. The m i x t u r e  was then pured into 1.5 1 ice water. 

After s t i r r i n g  over 2 days (to coagulate the prec ip i ta te )  it was f i l t e r e d ,  washed 

w e l l  w i t h  water and dr ied  i n  air. Recrystall isation from benzene/methanol gave 

1.43 g (48  %) 2. m.p. 69-71". L i t .  (15) 69". A fur ther  0.73 g (24 %) s l i g h t l y  

impure material (65-70") was also isolated. Specific ac t iv i ty :  1-02 Ki/mle 

n.m.r. (El4): 6 3.7 ( s ,  Z H ) ,  7.3 (s,lOH) 

Phenanthrene 9 , l  Oqinone 6 
is comerc ia l ly  available. It w a s  prepared f o r  this study according to (21) 

by oxidation of phenanthrene (Schuchardt, Hohenbrunn, FRG) w i t h  icdic acid which 

gives 6 in 67 % yield.  

3 ~-9,1O-Dihydroxy-9,1O-dihydrophenanthrene-9,10- H - 7 
~ ~~ 

2.08 g of 5 w a s  placed in t h e  thimble of a Soxhlet apparatus and continuously 

extracted into a round bottom f l a sk  w i t h  200 ml of dry ether and 355 mg l i t h i u m  

aluminum hyclride containing 25 mZi of l i t h i u m  aluminum hydride - H ( N e w  England 

Nuclear, Boston, Mass., USA). The extraction was complete a f t e r  24 hr. 

3 
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Water (30 ml) and 15 % sodium hydroxide (10 m l )  was added dropwise w i t h  stir- 

ring to  the cooled grey-greenish solution. The resulting slightly yellow s u s p -  

sion was f i l t e red  through a Sicher funnel and the residue washed with 3 x 1OGml 

warm ether. The c d i n e d  f i l t r a t e s  were evaporated to dryness and recrystallized 

f r m  chloroform/methanol yielding 1.29 g (61 %) of 1 in fine w h i t e  needles with 

a specific activity of 1.3 mCi/mle. m.p. 186" L i t .  (20) 185". 

3 Phenanthrene 9,10-oxide-9,10- H 8 
To 288 mg of pentane-washed sodium hydride w a s  added 50 ml of dry N,N-dimethyl- 

formamide and the grey suspension s t i r red under argon for  20 min a t  r m  tempe- 

rature. 954 mg of w a s  added and s t i r r ing was  continued for  an additional 45 

m i n .  Then 1.10 g of N-tosylimidazol (13) was added to the red solution. After 

one more hour of s t i r r ing a t  loom temperature the deep red solution was  poured 

into 250 ml. of ice water and the off-&ite precipitate isolated by f i l t ra t ion .  

Yield: 742 mg (85 %) of E w i t h  a specific activity of 1.1 mCi/mle. m.p. 147". 

L i t .  (21) 148". 

n.m.r. (CDcl3): 6 4,5 (s, 2H), 7.2-7.7 (m, 6H) ,  7.9-8.2 (m, 2H). 8 was pure ac- 

cording to TLL: ( s i l i ca  gel, benzene + 10 % triethylamine) and n.m.r. but can be 

further purified by chrcmatcqraphy according to (22). 

9,lO-Dihydroxyphenanthrene 

4.2 g of gwas suspended in 300 m l  of dry ethanol and 4.3 g potassium borohy- 

dride was  added in s m a l l  portions under argon with s t i r r ing over 3 h r  a t  loom 

temperature. Stirring w a s  continued for an additional 16 hr  whm an ice-cold 

mixture of 37 wt-% hydrochloric acid (30 ml)  and water (70 ml) was .added slowly 

to the yellowish suspension. The resulting solution was concentrated to 60 m l  a t  

40' in vacuo and 300 m l  ice-water were added. 

f i l t ra t ion  yielding 3.8 g (90 % )  of g a s  yellowish crystals. 

m.p. 145" L i t .  (23) 147-148". 

The precipitate was isolated by 

9,lO-Diacetoxyphenanthrene 

Acetylation of 2 (3.2 g )  w i t h  acetic anhydride'pyridine under argon a t  5" yields 

af ter  recrystallization from ethanol/chlorofom 3.9 g (87 %) of as ~ i t e  
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m-. 
m.p .  203" Lit. (19) 2038 

n.m.r. ((Pcl3): 6 2.4 ( s ,  6H), 7.4-7.9 (m, 6H) ,  8.4-8.7 (m, W )  
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