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uantitative conversion of 4 into 7 via 6 was also observed
when 4 was treated with 0.5 N DCI-D>0-CD3;0D at room
temperature for 2 h (by TH NMR). The isolated yield of 7 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 70% and nearly
100% ring opening, respectively, and that compounds 10 and
11 are hydrolyzed as slowly as their acyclic analogues.*2

In summary, we have described a facile synthesis of 6 by
spontaneous cr silica gel catalyzed cyclization of 5 and the

synthesis of 7 hy spontaneous or acid-catalyzed hydrolysis of

Experimental Section

The melting point was determined on a Yanagimoto micromelting
point apparatus and is uncorrected. 'H and P*C NMR spectra of 7 were
determined on a Jeol FXN-100 spectrophotometer. All other tH NMR
spectra were determined on a Hitachi R-24 spectrophotometer. In-
frared spectra were obtained on a 215 Hitachi grating infrared spec-
trophotometer. Mass spectra were obtained on a Jeol JMS-OISG
spectrometer. Elemental analvses were obtained on a Yanaco CHN
Corder MT-2 instrument. Merck precoated silica gel 60F g5, plates
were used for TLC and visualization was performed by I for all
compounds and the molvbdenum blue reagent® for 6 and 7. Silica gel,
60--80 mesh, used {or column chromatography. was a product of Kanto
("hemical Co.. Inc., Tokyo.

Di-n-butyl 3-(2-Tetrahydropyranyloxy)-1-propynylphos-
phonate (2). A solution of 1 (42 g, 0.3 mol) in THF (120 mL) was
added dropwise 1o a stirred soiution of EtMgBr (0.3 mol) in THF (240
ml} ar 0-5 °C under N, and the mixture was stirred at room tem-
perature for 30 min. To this mixture was added a solution of
CIPO(OBu-ni,? (68.6 ¢, 0.3 mol) in henzene (360 mL) dropwise,
keeping the temperature below 40 °C. After being stirred at room
temperature for a further 3 h, the mixture was worked up in the usual
manner. The crude product was chromatographed (silica gel, 200 g;
Et.O-hexane, 1:1) to afford 2 (49.7 g, 50%) as an oil: IR (neat) 2220
em™ L ITH NMR (CDCLy 6 ~3.6 (2 H, m, OCH, of THP), 4.05 (4 H, dt,
l<~/I’H =7 HZ, thH =8 Hz, ()CH_\ of n -BU), 4.31 (2 H, d, 4’-’}’}1 =4 HZ,
3-H), 4.74 (1 H, m, aceta]l Hi.

Di-n-butyl 3-Hydroxy-1-propynylphosphonate (3). A solution
of 2 020 g, 60 mmoil and TsOH (100 mg) in MeOH (300 mL) was
heated at 55 °C for 1 h, MeOH was removed at room temperature and
the residue was dissolved in E1,0 (200 mL), washed with 5% NaHCOy
solution followed by brine. and dried (MgSO,) and the solvent was
evaporated. The residue was chromatographed (silica gel, 200 g;
MeGOH-Et,0. 1:49) to atford 3 (11.5 g. 77%) as an oil: IR (neat) 3380,
2220 em~ L TH NMR (CDCly 64.01 (4 H, di, % py = 7.5 Hz, "y =
6 Hz. OCHy of n-Bui, 4.23 (2 H, d, 4/py = 4 Hz, 3-H).

Di-n-butyl cis-3-(2-Tetrahydropyranyloxy)-1-propenyl-
phosphonate (1). Compound 2 (6.64 g, 20 mmol) was hvdrogenated
in the same manner as de=cribed for the preparation of 5 from 3 (see
belowl. The crude product was chromatographed (silica gel, 120 g;
Ft:0-hexane, 2:0) to attord 4 (6.21 ¢, 93%) as an oil: IR (neat) 1635
em™ T H NMRACDCls) 6 ~3.6 (2 Hom, OCH. of THP), 4.02 (4 H, br
q. %W pp = %y = 6 Hz, OCHy of n-Bu), 4.58 (3 H, m, acetal H and
3-HY, 563 (1 B dd, 2pp = 19 He Y ygy = 14 Hz, Sy = 1.5 Hz,
1-H)L 660 (1 Ho ddr, Wy = 50 He, :UHHI = 14 Haz, 4‘JHH3 = 5.5 Hz.
2-Hi,

Di-n-butyl cis-3-Hydroxy-1-propenylphosphonate (5). A
mixture of 3 (12.52 4, 51.7 mmol), 5% Pd-BaSO, (0.4 g}, quinoline (0.4
¢). and MeOH (109 ml.) was shaken under Hy at room temperature
and at atmospheric pressure until 1 equiv of H, was absorbed. The
mixture was filtered and evaporated to give crude 5 as an oil (ca. 95%
pure by TH NMR): IR (neat) 3400, 1630 em~}; 'H NMR (CDCls) 6 4.03
(4 H, dt, % py =7 Hz, %y = 6 Hz, OCH; of n-Bu), 4.48 (2 H, m, 3-H),
5.57 {1 H,ddt, %/ pg = 17 Hz, Z:‘J}-{H =14 Hz,4Jun = 1.5 Hz, 1-H), 6.70
{1 H,ddt, 3Jpy = 53 Hz, B-JHHl = 14 Hz, SJHH3 = 5.5 Hz, 2-H).

2-n-Butyloxy-2-0x0-1,2-0xaphosphol-3-ene (6). Crude 5 ob-
tained from 3 (1.24 g, 5 mmol) as above was percolated through asilica
gel (30 g) column using MeOH-Etg0 (1:49) as an eluent to afford pure
6 (0.73 g, 83% from 3) as an oil: TLC R; 0.70 (BuOH-AcOH-H:0,
3:1:13; IR (neat) 3080. 1590 cm~!; mass spectrum m/e 176 (M*); 'H
NMR (CDCls) 6 3.95 (2 H., dt, *Jpy = 9 Hz, 3Jyy = 6.5 Hz, OCH; of
n-Buj),4.75 (2H,dof br i, 3Jpy = 6.5 Hz, 3Jyy = 4Jun = 2 Hz, 5-H),7
6.10(1 H, ddt, 2Jpy = 34 Hz,3Jyn = 9 Hz, 4/ = 2.5 Hz,3-H),7.15
(1 H.ddt,3Jpy = 47 Hz, %Juu, = 9 He, 3Jun, = 1.5 Hz, 4-H). Anal 8
Caled for C;H,305P: C, 47.73; H, 7.44. Found: C, 46.96; H, 7.46.

2-Hydroxy-2-oxo-1,2-oxaphesphol-3-ene (7). (A) Compound
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6 (0.242 ¢, 1.38 mmol) was kept in a vial as a ca. | mm thick film at
room temperature under air for 48 h. Crystals separated were washed
with EtoO-hexane (2:1) to afford pure 7 (0.166 g, 95%): mp 110-111
°C; TLC R; 0.07 (BuOH-AcOH-H,0, 3:1:1); IR (Nujol) 35002000,
3100, 1590, 1250-1200, 1010 cm™!; mass spectrum m/e 120 (M*); 'H
NMR (MesS0-dg)?10 6 4.67 (2 H, d of br t, *Jpu = 5.9 Hz, 3Jyy ~
iy =~ 2 Hz, 5-H),11 6.30 (ddt, 2Jpy = 34.8 Hz. %Jyy = 8.5 Hz, 4Jyn
= 2.4 Hz, 3-H), 7.14 (ddt, *J/py = 45.6 Hz, *Jpu, = 8.5 Hz, 3/ un, =
1.6 Hz, 4-H); 13C NMR (CDCl3)10 6 147.5 (2Jpc = 15.9 Hz, 4-C), 118.2
(1Jpe = 157.5 Hz, 3-C), 70.2 (3Jpc = 13.4 Hz, 5-C). Anal. Caled for
C3H504P: C, 30.01; H, 4.20. Found: C, 30.05; H, 4.20. Recrystallization
trom CHCl3 did not alter the physical consiants.

(B) A solution of 4 (3.34 g, 10 mmol) in 0.5 N HCI in HoO-MeOH
(1:4, 15 mL) was stirred for 2 h at room temperature. The solvent was
evaporated at room temperature and the resiclue was recrystallized
from CHCl3 to afford 7 (1.02 g, 85%). The phvsical constants were the
same as given ahove.
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7-Methylbenz[a]anthracene (1) has long been recognized
to be the most carcinogenic monomethylbenz|a]anthracene.?
The substitution of a methyl 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 time* 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 at 12 is metabolized to give a more potent carcinogen;
2, the methyl at 12 blocks a detoxification mechanism which
occurs at position 12; and 3, the steric effect of the 12-methyl
group causes sufficient intramolecular overcrowding that the
noncoplanar® DMBA is more easily metabolized to the ulti-
mate carcinogen.
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We wished to obtain a sufficient amount of the key com-
pound, 12-fluoro-7-methylbenzfa]anthracene (3), that ex-
tensive biological experiments could be carried out. For one
thing, 3 represents the last of the monofluoro-7-methyl-
benz|a]anthracenes to be tested.® Furthermore, the testing
of 3 is considered particularly important because the 12-fluoro
group should not only prevent any metabolism at 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.” 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 halide® or methyllithium!® to vield the dimethyldiols.
When the amount of methyllithium was held to 2 equiv a
mixture of products was obtained from which a 30% yield of
511 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 DAST® afforded 3, mp 96-97 °C, in 48%
vield. A small amount of 7-methylbenz[a]anthracene (1), was
also isolated from the reaction mixture. When 6 was treated
with anhydrous HF 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 83%
yield of 5 was obtained.!® 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 LiAlH4 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
(45-48%).

We next turned to the synthesis of 7-fluoro-12-methyl-
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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 at position 7 would
block a detoxification pathway and would make impossible
a carcinogenic mechanism which involves metabolism at the
7-methyl group of DMBA.

Photochemical oxidation of 12-methylbenz{a]anthracene
(10) afforded the 7,12-peroxide 11.12 On reduction of 11, cis-
7,12-dihydroxy-12-methyl-7,12-dihydrobenz|a]anthracene
(12b) was obtained in high yield. On treatment with alcoholic
KOH!? 11 yielded 12-hydroxy-12-methylbenz[a]anthracen-
7(12H)-one (13),1! which on reduction yielded a mixture of
cis- and trans-diols 12, A 9% yield of 13 was also obtained from

- the reaction of CH3Li with 4 (see above). Treatment of cis- 12

or a mixture of ¢is- and trans-12 with DAST afforded 53%
yields of 9. In these reactions a small amount of 10 was also
produced.

Experimental Section!4

7-Hydroxy-7-methylbenz{a]anthracen-12(7 H)-one (5). In the
best of several experiments 52 mL of 1.6 M CH3Li (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 at room temperature the mixture
was treated with a little water and the THF removed on a rotary
evaporator. The product was extracted into ether in the usual way!*
and the ether removed in vacuo. The residue was recrystallized from
benzene to yield 2.5 g (22%) of 7,12-dihydroxy-7,12-dimethy!-7,12-
dihydrobenz[a]anthracene (7), mp 183-185 °(, cis form.!? The ma-
terial in the filtrate was subjected to dry column chromatography
using silica gel/benzene to vield 3.2 g (30%) of 5, mp 119-122 °C, after
crystallization from benzene-petroleum ether, 9% of 13, mp 140--142
°C (1it.1* mp 139-140 °C), 9% of a mixture of 5 and 13, and 20% of 4.
The mp of 5 given in ref 11 is 127-128 °C. Our purest 5, 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 at room temperature for 15 min, always
melted at 119-122 °C.
12-Hydroxy-12-methylbenz{a]anthracen-7(12H)-one (13).
Treatment of the peroxide 11 with alcoholic KOH as described above
for 8 afforded 13, mp 142-144 °C,11.15 in 839% vield after recrystalli-
zation from benzene-petroleum ether.
7,12-Dihydroxy-7-methyl-7,12-dihydrobenz{ a]Janthracene*
(6a, 6b). A solution of 3.2 g of 5 in 150 mL of dry ether was added
dropwise to a stirred suspension at 0 °C of 1.5 g of LiAlH,4 in 50 mL
of ether. After 2 h at room temperature a conventional workup yielded
2.2 g (89%) of 6a, trans, mp 186-188 °C after crystallization from
benzene: NMR (MeoSO-dg, MesSi) 6 1.68 (s, 3, 7-Me), 5.68 (d, 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 (m, 1, 1-H). From the filtrate
1.0 g (30%) of a mixture of 6a and 6b in about equal ratio was obtained.
Similar reduction of 200 mg of 8 in ether-LiAlH, afforded pure 6b,
cis, mp 158-160 °C after crystallization from benzene, in 87% yield:
NMR 6§ 1.53 (s, 8, 7-Me), 5.75 (s, 1, 7-OH exchangeable), 5.65 (d, 1,
12-OH, exchangeable), 6.10 (d, 1, 12-H singlet after D exchange), 8.60
(m, 1, 1-H), 7-8 {m, 9, ArH) {8.6 (m, 1, 1-H)]. Crystallization of either
diol from alcohol affords lower less sharp melting samples. However,
such material on recrystallization from benzene vields colorless 6a,
mp 186-188 °C, or 6b, mp 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, mp 201-203 °C, was isolated in 79% vield: NMR
5 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, 7-OH exchangeable), 7.2-8.2 (m,
9, ArH), 9.5 (m, 1, 1-H). The cis form, 12b, was also best obtained in
high yield by reduction of peroxide 11 in ether-LiAlH,. 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 CH5Cl;, was added
dropwise to a solution of 1.3 g of DAST® in 10 mL of CH;Cl; at 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
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3,6 mp 96-97 °C. Recrystallization from 95% gave a colgrless poly-
morphic form, mp 94-5 °C. Both samples had identical IR and TLC
patterns. From the nex! ten fractions of eluate was isolated 125 mg
{14%) of 1, mp and mmp 135-137 °C (lit,*® mp 140.2-140.8 °C, corr)
and TLC identity.

7-Fluoro-12-methylbenz[ a]Janthracene* (9). As described above
for the synthesis of 3 from 6, 200 mg of 12a and/or 12b vielded 100 mg
15:3%) of 9, mp 80-82.5 °C, as pale yellow crystals from aqueous al-
cohol. In addition 20 mg (11%) of 10, mp 136.0-137.5 °C (lit.!" mp
138.6-139.6 °C), was obtained.

Pyrolysis of 12-Methyl-7,12-peroxy-7,12-dihydrobenz{al-
anthracene (11). On pyrolysis of 11 at 105 °C for 1 min in a melting
point tube TLC showed that 10 was the main product produced.

Registry No.—1, 2541-69-7; 3, 23683-71-8; 4, 2498-66-0; 3,
17513-43-8; 6a, 68781-42-0; 6b, 68781-43-1: 7, 55125-19-4; 8, 68781-
44-2:9, 68781-45-3: 10, 2422-79-9; 11, 68781-46-4; 12a, 68781-47-5;
12b, 68781-48-6; 13, 17213-39-2.
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Since ubiquinone-10 (5) has a biological activity such as
an electron carrier? in mitochondria, clinical effect in human
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congestive heart failure,® and implications in essential hy-
pertension,* host defense,” and prevention of cardiotoxicity
of adriamycin,? 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
ubiquinohes by (i) the coupling between a sulfonyl component
and a halide and (ii) 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 ubiquinong-10 from readily available components is pre-
sented (Scheme II).

Epoxide 1 is readily prepared in high vield 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 (polv)prenylated com-
pounds.®

Reaction of allylic alcohol 2 with phenylsulfenyl chloride
in the presence of triethylamine and subsequent oxidation of
the resulting sulfoxide with peracetic acid leads to the for-
mation of the sulfonyl compound 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.®

Coupllng reaction of sulfonyl compound 3 with solanesyl
bromide in the presence of potassium tert-butoxide gives
coupled compound 4 in 91.3% yield after purification on silica
gel, 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, H NMR, IR, and MS analyses and identified by
the mixed melting point with an authentic sample.!!

Experimental Section

Melting points were determined on a Yanagimoto Micro Melting
Point apparatus and are uncorrected. High-resolution MS spectra
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