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Qaantitative conversion of 4 into 7 via 6 was also observed 
when 4 was treated with 0.5 N DCl-D20-CD30D at room 
temperature for 2 h (by  'H NMR). The isolated yield of7 from 
4 by this latter method was 85%. It is interesting to note that 
6 is hydrolyzed with exclusive ring retention under such mild 
conditions as described above since it is known that com- 
pounds 8 and 9 are hydrolyzed rapidly with 7oY0 and nearly 
100% ring opening, respectively, and that compounds IO and 
11  are hydrolyzed as slowly as their acyclic analogues4a 

In summary, we have described a facile synthesis of 6 by 
spontaneous er silica gel catalyzed cyclization of 5 and the 
synthesis of' 7 1)y spontaneous or acid-catalyzed hydrolysis of' 

Experimental  Sect,ion 
?'lie melting I l , r i r i t  w i i i  determined 011 a l'anagimoto micromelting 

p(iin\ apparat:rs and is uncorrectrd 'H and ''T N5lR spectra of 7 were 
clrtcrmined on a ,!eo1 I."?~..-lOO spectrol)iiotometer. All other 'H NhlH 
specira were deteimined o n  a Hitachi li-2,1 spectroi)hotometer. In -  
f'rared spectra uvre ohtained on a 215 Hitachi grating infrared spec- 
t rophotometer. Mass spectra were otitained on a Jeol JMS-01% 
.prc! romrter E!cmt !1tril aiialyses were irtitainrd on  a Yanaco CHN 

ii(2truniv:it. Mrrck precoafed silica gel 60F~:d plates 
' TLC and visualization was performed by 1:' for all 

compounds and I he rnolvlidenum blue reagent5 for 6 and 7 .  Silica gel. 
60 X( I  mesh. i.iset1 for c.i~lrimt~ i1iromati)gr;iphy. was a product of'Kanttr 
t 'henric'il c<i., i l l ( .  , ' roky , l .  

D i - n - b u t y l  .i-(2-Tetrahydropyranyloxy)-l-propynylphos- 
,ioli~tion t i l '  I ( 4 2  g, 0.3 mol) in THF (120 mI,) was 
o ii stirred wlution of EthfgHr ( 0 . 3  mol) in THF (2440 
ntier N2 and t h p  mixture was stirred at  room tem- 
miii. To this mixture was added a solution of 

((i8.fj g ,  0.:3 moll in benzene iX60 mLi dropwise. 
rwra t  I I I 'P  below 40 O r .  .4fter being stirred a t  room 

teinperiitilre for  i i  I'urther :i h. the mixture was Lvorked up in the usual 
mannrr .  The  vrcde Iiroduc,t was c,hrotnatographed (silica gel. 200 g: 
Kt2C--hexane, !:I 1 t o  at ford 2 (49,7 g, 5!)"d as an oil: IR ineat) 2220 
c.rn-.': IH N5IR ~ Y D C l { l  h- i j .6  t2 M,m.OCH,!cifTHP),4.05 ( 4 H , d t .  
'.Jpti = 7 Hz. ' J I , H  = 6 F i x  OCH:: of n - H u ) ,  1.31 i 2  H ,  d.  4 J p ~  = 1 Hz. 
.;-Hi. 4.74 ( 1  H. 111, acrt;il HI. 

Di-n-butyl :$-Hydroxy- 1-propynylphosphonate ( 3 ) .  A solution 
llll(fii1 and  TsOH (100 mgi in MeOH (SO0 mL) was 

I h. ?iIeOH \vas removed at room temperature and 
dissoivetl in E t d l  (200 mL),  washed with 5'mNaHCO:j 

s c ~ l u i i o n  f 'c~l lo~et l  !I\ liriiie. and dried (MpSOJ) and the solvent was 
evaporated. T h :  rwidi. r u a i  chromatographed (silica gel. 200 g: 
\leOH -Ft?O. 1 : 4 l  i i i  ,~liciid 3 (11,: g. 77%i as an oil: IR ineat) 3:180. 
2 2 3 )  c ~ L - ' ;  'H NhlR  i( l)i:ljl ii 1.01 (4 H, d t .  " J ~ H  = 7.5 Hz,  ,"JHH = 
i j  Hz. O('H, of ri - H l . i ! ,  4 . 2 3  1 2  H. d ,  V p t ,  = 4 Hz, 3-HI. 

Di- n -buty l  cis-:)- (2-Tetrahydropyranyloxy) - 1 -propenyl -  
phosphonate  (1). ('orri1)outid 2 (6.64 g, 20 rnmoll was hydrogenated 
i i i  the  5ame m a n  ier A> tie-c,rihed for the preparation of5  from 3 isee 
IiPloiL 1. The cri.ik!r priit1uc.t wah chrsirt;atographed (silica gel, 1 2 0  g :  

! hexane. 2:  i J i t 1  . i l  i d  1 16.21  g. 9:P<ti as an oil: I K  (neat)  I635 
I :  ' H  NhlR (['rK'iiJ C -:+.e ( 2  H. m, OCH, of T H P ) ,  4.02 ( 4  H. br 

, ' ,jpp = 19 Hz. ",J" = 11 Hz. '.Jj" = 1.5 Hz. 
, ',j1Jii = 50 HI.  = 3.5 Hz. = 1-I Hz. 

2 - H !  
Di -n-buty l  c.is-:3-HSdroxy-l-propenyiphosphonate ( 5 ) .  A 

mixtiire of 3 i12,kz E. :)I.'; mriwl). 5"o Pd-BaS04 (0.4 pi. quinoline (0.4 
g J ,  and 5leOH 1103 ml.1 was shaken under H:! at, room temperature 
and :it etmospheric pressure until 1 equiv of Hi was absorbed. The  
mixture was filtered and evsporated t ( J  give crude 5 as  an oil (ca. 95% 
pure h,. 'H NMR):  IR Irxatl 3400,1630 cm-I: 'H NMR (CDCla) 6 4.03 
(4 H. d t ,  .'IIpH = 7 Hz. .'clli~ -- 6 Hz, OCHy oi'n-Hu!, 4.48 (2 H, m, 3-H),  
. 5 5 7 I l H , d d t , ' J - ' ~ =  ~ ~ H ~ , : ' J H H = ~ ? H z , ~ J H H = ~ . ~ H z , ~ - H ) , ~ . ~ ~  

i Hz, 3 J ~ ~ ,  = 14 Hz,  3 J ~ ~ 3  = 3.5 Hz, 2-H). 
2-n-Butylox~-2-oxo-l,2-oxaphosphol-3-ene ( 6 ) .  Crude 5 ob- 

tdined trorri 3 (1.24 g. 5 mmol) as above was percolated through a silica 
ni: u3ing hIeOH-EtzO (1:49) as an eluent to afford pure 
from 3)  3s an oil: TLC R ,  0.70 (BuOH-AcOH-Hz0, 

:?:l:li; iR (neat)  3080. 1590 mi-'; mass spectrum m/e 176 (M+j; 'H 
NMK (C'DC1:j) 6 .?.% (2  ti. d t ,  'JPH = 9 Hz, 3 5 ~ ~  = 6.5 Hz, OCH2 of 
n -Bu J,  4.75 ( 2  H. d of br i,, S J p ~  = 6.5 Hz, ~ J H H  = 4J" = 2 Hz, 5-H),T 
6.10 (1 H, ddt ,  ' J P H  = 34. Hz, "JHH = 9 Hz ,  4 J ~ ~  = 2.5  Hz, 3-H), 7.15 
( 1  W. ddt, 3 J p ~  = 47 Hz, " J H H ~  = 9 Hz, 3 J ~ ~ 5  = 1.5 Hz, 4-H) .  AnaL8 
Caicd for C;H!?OjP: C, 4 7 , 7 3 ;  H,  7.44. Found: C ,  46.96; H, 7.46. 
2-Hydroxy-2-oxo-1 ,:!-oxaphosphol-3-ene (7). (A) Compound 
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6 (0.242 g, 1.38 mmol) was kept in a vial as a (.a. i m m  thick film a1 
room temperature under air for 48 h. Crystals separated were washed 
with EteO-hexane (2 : l )  to afford pure 7 (0.166 g, 95%): m p  110-1 11 
"C; T L C  R/ 0.07 (BUOH-ACOH-H~O, 3:l : l) ;  IR iNujol) 3500--200(1, 
~1100,1590,1250-1200,1010cm-'; mass spectrum m / c  120 ( M + J ;  'H 
N M R  (Me2SO-de)gJo 6 4.67 (2 H ,  d of br t ,  : ' J ~ H  = 5.9 Hz, "J" 
'JHH 2 Hz, 5-H)," 6.30 (ddt ,  2 J p ~  = 34.8 Hz. "JHH = 8.5 Hz, 4 J ~ ~  
= 2.4 Hz, 3-Hj,  7.14 (ddt ,  ' J P H  = 45.6 Hz, : ' J ~ { H , ~  = 8.5 Hz, "J", = 
1.6 Hz, 4-H); "C NMR (CDC1;j)" 6 147.5 ('Jpc = 15.9 Hz, 4-C), 118.2 
( I Jpc  = 157.5 Hz, 3-C), 70.2 (2Jpc = 13.4 Hz, 5-CJ.  Anal. Calcd for 
(I:IH50:3P: C, 30.01; H, 4.20. Found: C, 30.05; H, -1.20. Recrystallization 
f'rom CHCI:, did not alter the  physical constants. 

(B)  A solution of 4 (3.34 g. 10 mmoli in 0,:) N HC'I i n  HpO-MeOH 
(1:4, 15 mL) was stirred for 2 h a t  room temper:lture. The solvent was 
evaporated a t  room temperature and the residue was recrystallized 
f'rom CHCI:! to afford 7 (1.02 g, 8,5%J. The phvsiccil conhtants were the 
same as given above. 
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Synthesis of 12-Fluoro-7-methylbenz[ a l an th racene  
and  7-Fluoro- 12-methylbenz[ a ]an thracene  

Melt in s Neuman" and .I 51 hhdnnd-  

D c p a r t m c n t  i ) f c  hemritri O l i i i i  q t u t i  I ni t r j i t ' i  
C'ciiumbur Ohio 112, i i  

KecPiLcd -Lugu\t 1-I J 9 7 ~  

7-Methylbenz[a]anthracene ( I )  has long been recognized 
to be the most carcinogenic monomethylbenz[a]anthracene. j 

The substitution of a methy! group at  position 12 of 1 to pro- 
duce 7,12-dimethylbenz[a]anthracene (DMBA) (2) leads to  
the most carcinogenic dimethylbenz[a]anthracene hydro- 
carbon known. For some time4 we have been concerned with 
understanding why the methyl group at  12 should increase the 
activity of 1. Three explanations may be considered: 1, the 
methyl a t  12 is metabolized to give a more potent carcinogen; 
2, the methyl a t  12 blocks a detoxification mechanism which 
occurs a t  position 12; and 3, the steric effect of the l?-methyl 
group causes sufficient intramolecular overcrowding that the 
noncoplanar5 DMBA is more easily metabolized to the ulti- 
mate carcinogen. 
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S c h e m e  I benz[a]anthracene (9) as we wished to know if this compound 
would prove to be about as carcinogenic as DMBA. This 
finding would also cast light on the mechanism by which 
DMBA produces cancer, because a fluorine a t  position 7 would 
block a detoxification pathway and would make impossible 

3, R ,  = C H , ;  R, = F 
9, R, = F; R, = C H ,  

DA:?T T 

trans-12a 
cis-1 2b 

5, X, = 0; Y, = CH,,  O H  
13 ,  X, = CH,;  OH, Y, = 0 

1 LiAlH, 

C H j  \OH 
trans-6a 
cis-6b 

1 LiAlH, 

I 

R, 
8, R ,  = CH,;  R, = H 

11 ,  R ,  = H ;  R, = C H ,  

We wished LO obtain a sufficient amount of the key com- 
pound, 12-fluoro-7-methylbenz[a]anthracene (3) ,  that  ex- 
tensive biological experiments could be carried out. For one 
thing, 3 represents the last of the monofluoro-'i-methyl- 
henz[a]anthracenes to be tested.6 Furthermore, the testing 
of 3 is considered particularly important because the 12-fluoro 
group should not only prevent any metabolism a t  the 12- 
position (explanations 1 and 2 above) but the steric effect of 
the  fluorine at 12 is considerably less than that  of a methyl 
group.7 Our first synthesis of 3 is outlined in Scheme I. 

The  reaction of 4 with Grignard reagents has previously 
been carried out almost entirely with excess methylmagne- 
sium halide9 or m e t l ~ y l l i t h i u m ~ ~ ~  to yield the dimethyldiols. 
When the amount of methyllithium was held to 2 equiv a 
mixture of products was ohtained from which a 30% yield of 

could be isolated. Reduction of 5 to a mixture of 6a and 6b 
proceeded well and treatment of 6 (either pure 6b or a mixture 
of 6a and 6b) with DAST8 afforded 3, mp 96-97 "C, in 48% 
yield. A small ;amount of 7-methylbenz[a]anthracene (11 ,  was 
also isolated fyom the reaction mixture. When 6 was treated 
with anhydrous H F  42% yield of 1 was obtained. This sur- 
prizing result has no analogy that we have seen. 

Because of the poor yield of 5 via the reaction of CHSLi with 
4 and the difficulty in isolation of 5 we sought improved 
methods for the preparation of 5 and of 6. When the cyclic 
peroxide, 812, of 1 was treated with alcoholic KOH an 8396 
yield of 5 was obtained.I3 The  preparation of 6b was accom- 
plished almost quantitatively by LiAlH4 reduction of 8 so that 
the preferred synthesis of 3 involves the steps 1 - 8 --+ 6 - 
3. When 5 was reduced with LiA1H4 an almost quantitative 
yield of diol 6, mainly 6a, was produced. However, when the 
peroxide 8 was reduced only 6b was produced. Either 6a, 6b, 
or a mixture of the two afforded 3 in about the same yield 

We next turned to  the synthesis of 7-fluoro-12-methyl- 
(4%48%). 

a carcinogenic mechanism which involves metabolism a t  the 
7-methyl group of DMBA. 

Photochemical oxidation of 12-methyIbenz[a]anthracene 
(10) afforded the 7,12-peroxide 11." On feduction of 11, cis- 
7,12-dihydroxy-12-methyl-7,12-dihydrobenz[~]anthracene 
(12b) was obtained in high yield. On treatment with alcoholic 
KO":' 1 1  yielded 12-hydroxy-12-methylbenz[a]anthracen- 
7(12H)-one (13),11 which on reduction yielded a mixture of 
cis- and trans-diols 12. A 9% yield of 13 was also obtained from 
the reaction of CHRLi with 4 (see above). Treatment of cis- 12 
or a mixture of cis- and trans- 12 with DAST afforded 53% 
yields of 9. In these reactions a small amount of 10 was also 
produced. 

Experimental Section14 
7-Hydroxy-7-methylbenz[a]anthracen- l t (TH)-one  ( 5 ) .  In the 

best of several experiments 52 mL of 1.6 M CHsLi (Alpha Products 
Ventron) was added to  a cooled stirred solution of 10.0 g (0.039 mol) 
of 4 in 300 mL of dry THF.  After 2 h a t  room temperature the mixture 
was treated with a little water and the T H F  removed on a rotary 
evaporator. The  product was extracted into ether in the usual way14 
and the ether removed in vacuo. The  residue was recrystallized from 
benzene to  yield 2.5 g (22%) of T,12-dihydrox~-7,12-dirnethyl-7,12- 
dihydrobenz[a]anthracene (7), m p  183-185 O r ,  cis form.12 T h e  ma- 
terial in the  filtrate was subjected to dry column chromatography 
using silica gelbenzene to yield 3.2 g (3G%) of 5, m p  119-122 "C, afier 
crystallization from benzene-petroleum ether, 9% of 13, mp 140--142 
"C (lit." m p  139-140 "C), 9% of a mixture of 5 and 13, and 20"iO of4. 
T h e  m p  of 5 given in ref 11 is 127-128 "C. Our purest B, obtained as 
above or  in 90% yield by treating a solution of 100 mg of 8 and 200 mg 
of KOH in 10 mL of ethanol a t  room temDerature for 15 min. always 
melted at  119-122 "C. 

12-Hydroxy-l2-methylbenz[a]anthracen-7( 12H)-one  (13). 
Treatment  of the peroxide 1 1  with alcoholic KOH as described above 
for 8 afforded 13, m p  142-144 'C,ll,ln in 83% vield after recrystalli- 
zat ion from benzene-petroleum ether. 
7,12-Dihydroxy-7-methyl-7,12-dihydrobenz[ a ] a n t h r a c e n e *  

(6a, 6b). A solution of 3.2 g of 5 in 150 mI, of dry ether was added 
dropwise to  a stirred suspension a t  0 "C of 1.5 g of L,iAIHd in 50 m L  
of ether. After 2 h at  room temperature a conventional workup yielded 
2.2 g (69"h) of 6a, trans, m p  186-188 "C after crystallization from 
benzene: N M R  (Me$3O-d6. Me4Si) 6 1.68 is.  3. 7-Me),  5.68 id ,  1, 
12-OH, exchangeable with D), 5.85 (s, 1.7-OH). 6.30 (d ,  1,12-H singlet 
after D exchanged), 7-8 (m, 9, ArH), 8.40 (ni, 1, 1 -H). From the filtrate 
1.0 g (3W) of a mixture of 6a and 6b in about equal ratio was obtained. 
Similar reduction of 200 mg of 8 in ether-LiAIH4 afforded pure 6b, 
cis, m p  158-160 "C after crystallization from benzene, in 87% yield: 
NMR 6 1.53 (s, 3, 7-Me). 5.75 (s, 1, ;-OH exchangeable), 5.65 (d .  1. 
12-OH, exchangeable), 6.10 (d ,  1 ,12-H singlet after D exchange). 8.60 
(m,  1, 1-Hi ,  7-8 (m,  9, ArHj 18.6 (m, 1, 1-H)].  Crystallization of' either 
diol from alcohol affords lower less sharp melting samples. However, 
such material on recrystallization from benzene yields colorless 6a, 
m p  186-188 "C, or  6b, m p  158-160 "C. 
7,12-Dihydroxy-12-methyl-7,12-dihydrobenz[ a]anthracene*  

(12a, 12b). Reduction of 13 as described above for reduction of 5 af- 
forded in almost quantitative yield a mixture of 12a and 12b from 
which only pure 12b, m p  201-203 "C, was isolated in 79% yield: NMR 
i, 1.65 (s, 3, 12-Me), 5.45 (d, 1.7-CH singlet after D exchange). 6.05 (s, 
1. 12-OH, exchangeable), 6.45 (d, 1. ;-OH exchangeable), 7.2-8.2 im, 
9, ArH), 9.5 (m,  1, 1-H).  T h e  cis form, 12b, was also best obtained in 
high yield by reduction of peroxide 11 in ether-LiAlH4. These diols 
are also best crystallized from benzene. Since mixtures of 12a and 12b 
gave as  good a yield of 9 (see below) as that  obtained when pure 12b 
was used, separation of the isomeric diols is unnecessary when the 
synthesis of 9 is the goal. No pure 12a was isolated. 

12-Fluoro-7-methylbenz[a]anthracene* (3 ) .  A solution of 1.0 
g of 6a, 6b, or a mixture of the two, in 250 mL of CH2CI2, was added 
dropwise to  a solution of 1.3 g of DAST8in 10 mL of CH2C12 a t  room 
temperature. After 2 h the reaction mixture was worked up as  usual 
and the product was chromatographed over silica gel using low-boiling 
petroleum ether. Crystallization of the material in the first ten 75-mL 
fractions of eluate yielded 450 mg (48%) of pale yellow thin prisms of 



868 J .  Org. C'hem., Vd. 44,  No. 5 ,  1979 Notes 

3,ti nip 96-97 '(.'. Recrysta l l izat ion f r o m  95% gave a colOrless po ly -  
m o r p h i c  form,  mp 94-,5 "C. B o t h  samples had  ident ica l  IR a n d  TLC 
patterns. From the next t en  fract ions o f  eluate was isolated 125 m g  
1 l4%1 [if 1, nip and nimp 135-137 "(: (lit,16 mp 140.2-140.8 "C, corr )  
a n d  7'IX i den t i t y .  
7-Fluoro-12-methyll~enz[a]anthracen~* (9). As described above 

f'or t h r  synthesis o f 3  f r om 6, 2000 m g  of 12a and/or 12b yielded 100 m g  
) o f  9, mp 80 X . 5  "C. as pale yel low crystal? f r o m  aqueous a l -  

cohol. I n  add i t i on  20 n i g  (11%) of IO, mp 136.0-137.5 "C ( l i t ."  mp 
L38.6-139.6 O C ) ,  was obtained. 

Pyrolysis of 12-Methy1-7,12-peroxy-7,lZ-dihydrobcnz[a]- 
a n t h r a c e n e  (1 1 ). O n  p::rolysis o f  1 I at  105 "C for  1 min in a me l t i ng  
po in t  tuhe TIX showed t ha t  I O  \vas the m a i n  product  produced. 

R e g i s t r y  No.-~-l, 2,541-69-7; 3, 2,'3688-71-8; 4, 2498-66-0; 5 ,  
17,51:3-4:3-8: Ga, I23;8!-42-O: 6b, 68781-43-1: 7, 55125-19-4; 8,68781- 
44-2 :  9, 6,3781-4:iL.i; 10, 2422-79-9; 11, 68781 -46-4; 12a, 68781-47-5: 
IZb, 68781-18-6: 13, 17513-89-2. 
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Since ubiquinone-10 ( 5 )  has a biological activity such as 
an electron carrier2 in mitochondria, clinical effect in human 

'scheme I 

S c h e m e  II 

U oez ke 
1 

3 - 4 5 - - 
conkestive heart failure,;j and implications in essential hy- 
pt?rtension,4 host defense,5 and prevention of cardiotoxicity 
of adriamycin,6 there is an increasing need for an efficient and 
stereospecific method of synthesis which is feasible for a large 
scale production. 

Recently,' we have developed a new synthetic route for the 
ubiquinones by ( i )  the coupling between a sulfonyl component 
and a halide and ( i i )  and Benkerser's reductive elimination 
of the Sulfone group followed by the oxidation of the resulting 
hydroquinone (Scheme I). 

In this report, an application of this method in the synthesis 
of ubiquinonF-10 ,from readily available components is pre- 
sented (Scheme 11). 

Epoxide 1 is readily prepared in high yield by acid-catalyzed 
condensation of 2,3-dimethoxy-5-methyl-1,4-hydroquinone 
with 2-hydroxy-2-methylbut-3-ene followed by benzylation 
of the resulting prenylated hydroquinone and by epoxidation 
of the prenyl double bond with peracetic acid. When epoxide 
1 is treated with aluminum isopropoxide in refluxing toluene, 
allylic alcohol 2 is obtained in good yield. The catalytic reagent 
has been used for the conversion; of cyclic monoterpenoid 
epoxides into the corresponding allylic alcohols. We found 
that this conversion could be widely used for the preparation 
of allylic alcohols from epoxides of (polylprenylated com- 
pounds8 

Reaction of allylic alcohol 2 with phenylsulfenyl chloride 
in the presence of triethylamine and subsequent oxidation of 
the resulting sulfoxide with Reracetic acid leads to the for- 
mation of the sulfonyl com,pound 3 as a single product whose 
double bond was confirmed to be exclusively trans by TLC 
and 'H NMR analyses. The transformation of this type has 
been reported by Evans and Anderson.9 

Coupling reaction of sulfonyl compound 3 with solanesyl 
bromide in the presehce of potassium teri-butoxide gives 
coupled c,ompound 4 in 91.3% yield after purification on silica 
gk1, Removal of the benzyl and phenylsulfonyl groups in 4 was 
efficiently carried out by applying the Benkerser reduction.1° 
The resulting hydroquinone is smoothly oxidized with air to  
give ubiquinone-10 ( 5 )  in 77.3% after recrystallization from 
ether-ethanol. The synthesized ubiquinone-10 was confirmed 
by TLC, LC, IH NMR, IR, and MS analyses and identified by 
the mixed melting point with an authentic sample." 

Experimental  Section 
M e l t i n g  po in ts  were determined on a Yanagimoto M i c r o  M e l t i n g  

P o i n t  apparatus a n d  are uncorrected. High-resolut ion MS spectra 
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