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Synthesis of New Bicyclic Quinones: 2H-1-Benzopyran-5,8-quinones and Related

Compounds

Olivia Reinaud, Patrice Capdevielle, Michel Maumy

Laboratoire de Recherches Organiques de 'ESPCI, associé au CNRS, 10 rue Vauquelin, F-75231 Paris Cedex 05, France

The synthesis of new 2H-1-benzopyran-5,8-quinones has been realized
in three steps from p-methoxyphenol with 84-88% overall yicld. It
consists at first in a regioselective nucleophilic substitution of propargyl
alcoholates on an appropriate 4,5-disubstituted o-quinone (obtained by
copper-catalyzed oxidation of p-methoxyphenol) and subsequently in a
thermal isomerization. Relative stabilities of title compounds are de-
scribed, as well as several transformation products.

To our knowledge benzopyran quinones have never been syn-
thesized, but a number of derivatives occur naturally: in vivo,
prenyl quinones or quinols are cyclized into chromanols,’? and
phytylplastoquinone is possibly a natural precursor of y-
tocopherol.! In the course of studies on the mechanism of
oxidation of vitamine E, the preparation of various 3,4-di-
hydro-2H-1-benzopyran-5.8-quinones have been reported.® It
appeared to us of interest to develop a convenient synthesis of
2H-1-benzopyran-5,8-quinones: as precursors of analogs of
vitamin E and as possible tool for the study of its metabolism.
We report here a simple method of synthesizing these new
products in three steps from p-methoxyphenol.

In a previous paper,* we have shown how p-methoxyphenol is
oxidized by molecular oxygen under copper catalysis to a 4-
aryloxy-5-methoxy-o-benzoquinone 1. Reaction of this parti-
cular dissymetric o-quinone 1 with an alcoholate in acetonitrile
proceeded regioselectively by displacement of the better leaving
group, i.e. p-methoxyphenolate rather than methanolate to give
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Scheme A

Various 5-methoxy-4-propargyloxy-1,2-benzoquinones 3a-d
were prepared from guinone 1 with excellent yields (Table 1).
Primary and secondary propargyl alcohols 2 are acidic enough
to give alcoholates in the presence of a relatively weak base like
triethylamine in contrast with allylic alcohols for which a much
stronger base (e.g. 1,8-diazabicyclo[5.4.0Jundec-7-enc. DBU)
is needed.* This explains the total regioselectivity of the nu-
cleophilic substitutions and the excellent yields following a
quite simple procedurz. Furthermore the new products 3a—d
are stable enough to be easily isolated by crystallization from
the reaction medium.

R!
1 + >——':“—R2
HO
2a-e

93-96% |Et3N/CH3CN
{3e: 68%)-5°C—12°C

o K
[0) Hi
oo
OCH3
3a-e
toluene , A
{Claisen)
R R!
0 H\l! OH m-
0 enolization 0
R2 ) . T X RZ
0 N0
OCH3 CCH3
4a-e / Sa-e
{ / 1[1,5144 shift
5_ | R1
i 0 R2
0 0=
. 0 _ )
[ OH R! R
OCHs 0
OCH3
5a-e 6a-e
(%,Sef 2::;:) Cyclization
R?
&
[¢] R?
0
OCH3
Ta-e
2-7 R! R? 2-7 R? R?
a H H d n-CHy, H
b H CH, e CeHs H
¢ CH; H

Scheme B

Downloaded by: Simon Fraser University Library. Copyrighted material.



eptember 1987

\n exception is the quinone 3e which is obtained in lower yield.
“he reason is probably the great mobility of the 1-phenylpropar-
yl group towards any nucleophile. So the reaction must be
mperatively carried out at low temperature and great care must
e taken during the work-up to keep the product away from
noisture.

‘ertiary alcohols, such as 1,1-dimethylpropargyl alcohol, do not
irovide the corresponding quinones 3.

-Quinones 3a—e undergo a sequence of concerted thermal
somerizations to provide 2H-1-benzopyran-5,8-quinones 7a—e
vith excellent yields (Table 2). Firstly, a [3,3]-Claisen-type
igmatropic rearrangement gives the allenyl ketones 4a-e
vhich enolize rapidly into 3-allenyl-2-hydroxy-S-methoxy-p-
yenzoquinones 5a-e rather than less stable isomeric o-
juinones 5'a~e. Then a concerted [1,5]-hydride shift leads to
lienic ketones 6a—e whose exocyclic carbon-carbon double
sond should be exclusively cis oriented. Further thermally
‘allowed” electrocyclization provides the 2H-1-benzopyran-
1,8-quinone 7a—e without any detectable trace of the ortho
somer. This reaction is new for quinonic substrates as well as
n the naphthoquinonic series which is usually more easily
iccessible. A similar mechanism has been reported for the
somerization of aryl propargyl ethers into chromens,® but
Irastic conditions are required (ti = 12h, 180 °C in dichlo-
obenzene® or silver(l) catalysis”) which account for lower
ields and regioselectivity. Such an improvement has already
xeen observed in the Claisen rearrangement of allyloxy-
juinones versus arylallylethers.>®
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The respective proportions of 7e, 6e (Z,E) and 6e (E.E) are
solvent-dependent, as shown by 'H-NMR spectra (Table 3).
Such a behavior of 7e is not surprising and has already been
noticed in the case of 6-arylpyrans.”'°

Acids catalyze the opening of pyran ring of quinones 7 and lead
to an equilibrium between the two isomers 7 and 8 in inert
solvent. The dienic quinone 8d has been isolated but is fairly
unstable.

OH
'H-1-Benzopyran-5,8-quinones 7 are stable in neutral medium H* toluene /reflux 0 S FaN
xcept if R! is a phenyl group: the pyran ring of 7e, whichis 7d <————— .
rroduced by isomerization of 3e, spontaneously opens at room 0
emperature to give two new products 6e-(Z,E) and 6e-(E ), OCH;
he last three compounds being in equilibrium. 8d
fable 1. 5-Methoxy-4-propargyloxy-1.2-benzoquinones 3 Prepared
roduct  Reaction Yield m.p. Molecular IR (KBr) 'H-NMR (CDCl,/TMS)
Conditions (%) °C) Formula® viem ') d, J(Hz)
Time (h)/Temp. (°C)
la® 24/ -5 95 >250 C,oH40, 3200, 2130, 1665,  2.89 (t, 1H, J = 1.2, =CH); 3.90
(dec) (192.2) 1650, 1585, 1580 (s, 3H, OCH,); 4.76 (d, 2H. J
= 1.2, CH,): S.78 (s, 1 Hyyin)s 591
(S, 1‘I-Iquin)
ib 12/12 94 192 CyH, 00, 2250, 1665, 1645, 1.85 (1, 3H. J = 2, CH,); 3.85 (s.
(206.2) 1580 3H. OCH,): 4.7 (q, 2H. J =2,
CH,); 5.75 (s 1Hg): 5.90 (s,
1 Hquin)
e 14/8 9 180 CyiHy00, 3220, 2115, 1665,  1.75(d. 3H,J = 7, CH,); 2.65 (d.
(206.2) 1650, 1585, 1575 1H. J=2. =CH); 3.90 (s, 3H,
OCH,): 483 (dg, 1H. J =27,
CHCH,); 5.75 (5. 1Hyi): 5.95 (s,
1 Hquin)
e 20/10 93 112 CysH 50, 3230, 2120, 1655.  0.90(t, 3H, J = 6, CH,): 1.35 [m.
(262.3) 1635, 1580 (br) 6H. (CH,),CH,}; 2.0 (m, 2H,
CHCH,); 2.65 (d. 1H, J=2,
=CH): 3.88 (s. 3H, OCH,); 4.70
(td, 1H, J = 6,2. CHCH,); 5.75
(8, THyyin)s 5.95 (s, 1Hgyia)
e 24/-5 68 >210 CH 50, 3260, 2120, 1665,  2.85(d, 1H. J = 2. =CH); 3.85 (s,
(dec) (268.3) 1655, 1590, 1580 3H, OCH3;); 5.75 (s, 1Hyyp): 5.8

(d, 1H, J=2, OCH); 6.05 (s.
TH gyin); 7.45 (m, 5H, o)

The. relative unstability of these intermediates do not allow the
purification required for satisfactory microanalyses. They need to be
transformed into 7 as soon as possible or kept at —20°C in a dry

nitrnonn ntwanmnabhaea

b MS: mfe (rel.int. %) =192 (M*, 4); 164 (12); 69 (100).
¢ UV(CHCIy): Ay, (loge) = 284 (4.1), 408 (2.84), 506 (sh) nm (1.63).
‘? UV (CHCI,): .im,,‘(log £) = 286 (4.13), 408 (2.83), 506 (sh) nm (1.74).

Downloaded by: Simon Fraser University Library. Copyrighted material.



SIS

SYNTH

Papers

792

‘reusrew pawybuAdo) “Arelqi AlsiaAlun laseld uowis :Aq papeojumoq

; (7 ‘Z) 39 + (7 “27) 99 + 3L AIMIXIW JY) JO ONISLINORVILYD I8 BIBP ISYL

{umb ‘=07 *$7) $°081 “I'8L1 ((umb ‘—Q—D= ‘s) 9'8¢ | (wnb THHOI='s) §151 (ursdd ‘OHOHO=HI— 'P)

0'pTT (urIAd ‘OHOHI= *P) §'ST1 {umb=HDI= *S) €411 {umb ‘HD=‘P) 1'S0L (HIO P) 1'8L (EHDO ) 96 :[*(FHD) W1 €€ TIE “p'€T "1'TT *(CHO D) 91 = ¢ :(F1DAD "ZHW 6 79) ANN-Dg;
(g0 — O 99 ‘aL :suondaoxq) 61°0 F H ‘800 F D :PAUIRIqO SASA{RUROIDIUL L10108)s11eS

o

q
.mﬁzﬁoa palejost Jo PRIA .
(UdHD=HD ,
TLST=/r ‘HI ‘PP) 09'8 .Emmulmumus (kacy)
qTi=r CHL PP €18 ((UdfD= ‘T 61 = 10
£ PR 65 L S(UTHS W) gpL (UHI @z
s) $F'9 ((FHDO HE *S) L6€ (ZHIN 00T) 39
o (UdHD=HD o
TYST=[ ‘HI ‘PP) 6§°8 ((UdHD=HOHO= @z
LCE=r ‘HT PP) 0T'8 ‘(UdFAD= T S1 = - 10
£ CHY PP) 09°L (UPHS w) gpL ((UH i)
) sp'9 HYHDO ‘HE '8) L6 (ZHIN 007) a9
0S89 ‘0SL S18
(*""HS ‘W) £4'L (OHDHD= ‘S#8 “068 ‘016 ‘SS6
AD 91 0l=r “HI ‘PP) §L9 (HDO ‘0007 ‘S101 ‘0L0T
L001) 9L ‘L=, "HI PP} TE9 HOHDHD= ‘SLLT “00TT “0STH
€0 0T) STT HEE) obT (Lt ‘L€ pr=, CHI PP €8¢ (""PH1 ‘OFST 0LST 0681 (€897)  p0ET<
CCN) 997 HSTTAH LIAD 89T ) 08 (FHDO ‘HE S €8¢ (ZHI 00T) “S0F) T9T 0191 “(19) 0991 ‘0691 pTOTHD "29p 299 pLLIFS0 L
(OHOHD=HD ‘01 ‘T =
£OHTPP) $9 MPHL ) Ly A:IE ==
0L =7 ‘H1 PP) £96 (HDO ¥ ‘T=r 0€L
o ‘H1bP) i's:("HDO ‘HE S T8t Aﬁu:uo ‘SL8 506 STOF
87 ST €91 ‘e 16l (e CHT wn o s21 C[FHORCAD)  ‘H9 s (9A°¢) R0€ .3& SHTE “0LST (£290)
CON) 79T HLTH L) voT 191 Tt HFHD 9 =7 ‘HE D L8°0 (ZHIN 06) MERC) 09T 0097 “0£9T ‘$991 *OPHTD $6 $6 08/ PL
(OHDHO=DH ‘T01=r ,:_ ‘PP) TS°9 SvL
o) (""H1 ‘s) 8'¢ (OHDHD= ‘v ‘0l =r ‘HI (F8'7) ¥8F ‘0.8 ‘016 ‘SE0T
1) SE€1 LT €97 91 PP) $9°¢ {(HDO ‘HI ‘W) ¢T¢ ﬁ:uo ‘HE “(LOt) 80¢ 01T “0STT “06ST (2'902)
QLT (b)) 161 L1 “LIN) 90T  *S) €8¢ {(*HD ‘L = ‘H¢ P} §'T ((ZHW 06) 06°¢) 09T ‘ST9T “0P9T "S99I TOOTH'D i) L6 X0PoI/G ¢ oL
08L ‘S58 516
(001) 69 “(£1) ("PHT 'S) 8°¢ (M HD= (£8°7) b8¥ ‘0101 “SPOT “SLTY
SET 8E) €91 WD LL1 8D HY ‘W) IpS .ﬁ:u ‘He ‘w) €8+ (*HDO €98°¢) 91¢ ‘SITI “0STT 0LST (¢'900)
841 LD 161 H6T L) 90T “Ht ') €8°¢ (FHD "HE ‘W) TI'T {ZHW 06) (SO'F) 89T S191 ‘0FY1 *$991 TOU'HO 10T 86 XnYal/s| q.
(OHDHD=MD ‘T 01 =r "HI 0L9 ‘00L ‘OTL
ap) $6°9 (“"HT ) 18°S (OTHDHAD= ‘v'¢ (+8°7) T8F 098 ‘016 ‘S€01
(001) 69 ST) 01 =/ "HI W) v£°¢ {(FHDO ¥'¢€ ‘T=r ‘HT “(80°F) 80¢ ‘01TL “0STT “S8ST (zzoD)
121 4SD) 641 ‘(3T LN) T6T PP 90 ((FHDO ‘HE ‘S) +8°¢ (ZHW 0ST) “(68°¢) 097 ‘ST9T ‘GE9T “590T¥ YOEH'D 661 86 Xngol/g] BL
(w) (0.) durey (y)dwrL,
(9, "uauI‘[a1) 2/11 ZH)r ‘¢ (23op) **¥y (;_wod)a JPIawIo g (D) (%)
(A9 0L) SN (SWLFIDAD) YWN-H, (IDHD) AN (g3 Al IR0 drw PIRLA SUONIPUO)) UONOEAY  1oNpoid

poredold 39 s1DWOS] puk 3-8, sduoumnb-gic-uriddozusg-|-HT T AqBL



September 1987

Table 3. Solvent Dependent Equilibrium Between 7e and 6e
(Determined by "H-NMR, 250 MHz)

Compound Percentage Content in Solvents
CDCl, CDCl, (0.7) + CeDg
CeDy (0.3)

Te 46 43 42

6e (Z,E) or 12 22 24
(E,E)

6e (E, E) or 42 35 34
(Z,E)

In nucleophilic solvent, e.g. methanol, benzopyranquinone 7
affords the open form 9, in which the solvent has been in-
corporated. The impossibility to obtain complete disappearance
of the starting material 7, even with longer reaction time or
increasing acid concentrations, suggests the existence of an
equilibrium between both forms. The hydroxyquinone 9a has
only been identified by its '"H-NMR spectrum due to its great
unstability.

OH OCH,
. I
HY/MeCH | r.t. 0
Ta pPr———
0
OCH3
9a

In both preceding experiments, quinones 7 are in equilibrium
with hydroxymethoxyquinones 8 or 9, whose cyclization must
provide p-quinonic compounds. Furthermore, as it is well
known that alkoxy-o-quinones readily isomerize in acidic
medium into p-quinones,'’'? the absence of any detectable
bicyclic isomer of quinones 7 gives evidence for their p-yuinonic
structure.

Finally, benzopyranquinones 7 may be hydrogenated and sub-
sequent aerial oxidation provides the dihydro derivatives 10.

C5H11-n CSHH“n
Hz /(3 bar) 0 0
7d Pt0,/EtOAC HO. :;J :l( 0
OH 0
OCH3 OCH3
10d

The same procedure, effected on the mixture 7e—6e, provides
two separable products 10e and 11e with a 60% yield for the
cyclic quinone 10e which confirms the structures of these
products 6e and 7e. The pale yellow colour of 10d, e and their

UV-visible spectra are consistent with a p-quinone structure.*-!!
1. H2(3bar} OH
P10, /EXOAC o
6e + 7e 2 Oz,t + = /\©
0 o
OCH3
10e (60 %) e (5%)

All derivatives 8, 9, 10, 11 of quinones 7 were unknown
compounds and this illustrate the large synthetic possibilities
one can expect from their chemistry.
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All reagents are commercially available. Acetonitrile was twice distilled
from P,O,, and kept under nitrogen atmosphere over molecular sieves
(3 A). Melting points were taken using a Kofler apparatus. IR Spectra
were recorded on a Perkin-Elmer 298 infrared spectrophotometer. UV
absorptions were measured using a Hewlett-Packard 8451 A UV spec-
trophotometer. 'H-NMR spectra were obtained on Varian EM-390 (90
MHz), Bruker AM-200 SY (200 MHz) and AM-250 (250 MHz) spec-
trometers. '*C-NMR  spectra were obtained on Bruker AM-250
spectrometer.

5-Methoxy-4-(4-methoxyphenoxy)-1,2-benzoguinone (1):

A mixture of p-methoxyphenol (1g, 8 mmol), powdered copper
(255 mg. 4 mmol) and Cu,Cl, (70 mg, 0.7 mmol) in CH;CN (15mL) is
stirred under oxygen at 20°C. After 10 min, the exothermic reaction
begins and the mixture is maintained for 4.5h at 24°C in a thermos-
tated bath. The solvent is removed under vacuum, the oily yellow-
brownish residue is taken up in CH,Cl, (1 mL) and purified by flash-
chromatography on silica gel (15-40 um, 10 g, & ==25cm, h ~4cm,
eluent: cyclohexanc/EtOAc, 70 : 30). Unreacted phenol (350 mg) is re-
covered by evaporation of the first colorless fractions and washing with
cvclohexane (2 x S mL). The orange-colored fractions arc concentrated
to yield orange crystals. Washing with ether (2 x 3 mL) provides pure 1;
yield: 645 mg, 95% based on consumed phenol); m.p. 132°C (Lit.*
m.p. 132°C).

UV (CHCL,): Ay (log &) = 280 (4.09), 352 (3.14), 512 nm (sh) (1.7).
MS (70 eV): mje (rel. inten. %): 262 (MY + 2, 100); 260 (M ™, 10). 247
(14), 232 (55). 219 (16). 187 (15). 149 (25), 135 (20), 124 (26), 109 (82),
77 (22), 69 (66), 43 (50).

4-(2-Butyn-1-yloxy)-5-methoxy-1,2-benzoquinone (3b); Typical
Procedure:

A suspension of 4-(4-methoxyphenoxy)-5-methoxy-1.2-benzoquincne
(1; S00 mg, 1.9 mmol) and 2-butyn-1-ol (2b, 0.t5mL, 1.96 mmol) is
stirred in dry CH;CN (5 mL) at — 5°C under nitrogen. Triethylamine
(0.27 mL. 1.9 mmol) is added and the mixture is allowed to warm up to
+ 12 C. After 1 h, the solution becomes brown and homogeneous, and
is left until starting quinone 1 has completely reacted (TLC or HPLC).
Orthoquinone 3b (230 mg), which has partially crystallized. is isolated
by suction and washed with ether (2x5mL). Mother liquors are
evaporated under reduced pressure and recrystallized from dry ether to
give a second crop (140 mg) of quinone (3b); total yield: 370 mg (94 %):
m.p. 192°C.

5-Methoxy-4-(1-phenyl-2-propyn-1-yloxy)-1,2-benzoquinone (3e):

To a stirred suspension of 4-(4-methoxyphenoxy)-S-methoxy-1,2-
benzoquinone (I; 880 mg, 3.4 mmol), and 1-phenyl-2-propynol (2e;
450 mg. 3.4 mmol), in dry CH3;CN (9mL) at — 5°C under nitrogen,
triethylamine is added (0.47 mL, 3.4 mmol). After 4h, the mixture
becomes dark and homogeneous. After 16 more h, the o-quinone 3e has
partially crystallized. Solvent is evaporated, substituted by dry EtOAc
(3 mL) under vacuum and the solution is left under nitrogen at — 30°C
for 4h to provide orange crystals of quinone 3e which are carefully
washed with dry ether (2 x 3 mL); yield: 620 mg (68%); m.p. >210°C
(dec).

6-Methoxy-2H-1-benzopyran-5,8-quinones (7a—d), General Procedure:
A suspension of 4-propargyloxy-5-methoxy-1,2-benzoquinone (3;
1 mmol) in toluene (40 mL) is heated with stirring at 80~ 110 "C until the
starting quinone 3 has completely disappeared (TLC). The solvent is
removed under vacuum to provide 7 as red crystals. Further purific-
ation can be carried out by filtration on silica gel or crystallization from
CHCl, ether.

6-Methoxy-2-phenyl-2 H-1-benzopyran-5,8-quinone (7¢) and Isomers 6e
(E,E)+(Z,E):

A suspension of 5-methoxy-4-(1-phenyl-2-propyn-1-yloxy)-1,2-benzo-
quinone (3e; 590mg, 2.2mmol) in dry EtOAc (15mL) is rapidly
brought 1o reflux with stirring. After 2min, the material becomes
homogeneous and, after 3 more min, orange crystals of 7e + 6e appear.
The mixture is left 30 min at reflux, then cooled to — 30°C, filtered, and
washed with ether (2x 5 mL) to afford 7e + 6e; yield: 390 mg.

2-Hydroxy-5-methoxy-3-| 1,3-(E,E)-octadien-1-yl]-1,4-benzoquinone
(8d):

Method A: A suspension of 5-methoxy-4-(1-octyn-3-yloxy)-1,2-benzo-
quinone (3d; 920 mg, 3.5 mmol) in toluene (30 mL) and AcOH (0.1 mL)

Downloaded by: Simon Fraser University Library. Copyrighted material.
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is rapidly brought to reflux with stirring. After 1h, the material
becomes homogeneous. When no more 3d remains (TLC), solvents are
removed under vacuum. "H-NMR of crude product shows a 60/40
mixture of respectively 8$d and benzopyranquinone 7d. Flash chroma-
tography on silica gel (elution mixture: cyclohexane/EtOAc/AcOH,
30:70: 1) affords 7d (yield: 360 mg, 39 %), and then 8d (yield: 190 mg,
21 %).

84d: Dark violet crystals; m. p.: 113°C (ether/n-hexane): degree of purity:
90 % determined by 'H-NMR (fairly unstable).

IR (KBr): v = 3310, 1665, 1625 (br), 1640 (sh), 1600 (br), 985, Y00,
840cm™1.

'H-NMR (250 MHz, CDCl,/TMS): § =091 (t, 3H, CH,); 1.38 [m,
4H, (CH,),CH,]; 2.16 (q, 2H, J=7Hz, =CHCH,); 3.87 (s, 3H.
OCH,); 5.88 (s, 1 Hyyy); $.93 (dt, 1H, J =15.2, THz, =CHCH,); 6.22
(dd, 1H, J =106, 15.2 Hz, CH=CHCH,); 6.46 (d. 1H, J=16Hz,
CH=CHCH=CHCH,); 736 (dd, 1H, J=16, 10.6Hz,
=CHCH =CHCH,); 7.80 (s, 1 H, OH).

Method B:A solution of 7d (100 mg, 0.38 mmol) in toluene (S mL) and
acetic acid (0.2 mL) or p-toluenesulfonic acid (5mg) heated for 1h
provides a mixture of 7d and 8d (TLC); yield: 10 mg. Reversely, a
solution of 8d, under the same conditions provides a mixture of 7d and
8d (TLQO).

2-Hydroxy-5-methoxy-3-(1-methoxy-2-propen-1-yl)-1,4-benzoquinone
9a):

A solution of 6-methoxy-2H-1-benzopyran-5,8-quinone (7a; 100 mg,
0.45 mmol) in methanol (SmL) and conc. H,SO, (0.1 mL) is left for
24 h at room temperature. The solution is concentrated (1 mL) and then
diluted with ether (30 mL), washed with water (3x5mL), dried
(MgSO,) and evaporated. 'H-NMR of the crude orange oily product
shows a mixture 75:25 of 9a and 7a respectively.

9a: 'H-NMR (90 MHz, CDCl,/TMS): & = 3.38 (5, 3H, CH,OCH,);
3.87 (s, 3H, =COCHy); 4.08 (d, 2H, J = 5Hz, CH,); 5.87 (5, 1 H,):
6.55 (d, 1H, J=16Hz, HC=CHCH,); 6.9 (dt. 1H, J =16, 5Hz,
=CHCH,); 7.6 (s, 1 H, OH).

6-Methoxy-2-pentyl-3,4-ldihydro-2 H-1-benzopyran-5,8-quinone (10d):

A solution of 6-methoxy-2-pentyl-5,8-dihydro-2 H-1-benzopyran-5,8-
dione (7d; 100 mg, 0.38 mmol) in EtOAc (10 mL) is stirred with PtO,
(4.4 mg, 0.02 mmol, 0.05 equiv) for 3 h under hydrogen at a pressure of
3 bar in a glass-coated pressure reactor. The colorless solution is then
stirred in the air at room temperature for 14 h, filtered on silica gel and
evaporated under reduced pressure to provide pure 10d as pale lemon-
yellow crystals yield: 96 mg (95%): m.p. 144°C.

C,sH,00, calc. C68.16 H 7.63

(264.3) found 68.11 7.54

IR (KBr): v = 1670, 16€0, 1630, 1605, 900, 870 cm ™*.

UV (CDCl,): Agy, (log &) = 292 (4.35), 404 nm (2.60).

'H-NMR (90 MHz, CDCI,/TMS): 6 = 0.87 (t, 3H, J = 7Hz, CH,);
1.1-2.5(m, 12H, 6 CH,); 3.8 (s, 3 H, OCH,); 4.05 (m, 1 H, OCH); 5.75
(S. 1 Hquin)'

B3C-NMR (62.9 MHz, CDCI;/TMS): = 13.9 (q. CH;): 17.5, 224,
24.8,25.3, 31.6, 34.2 (61, 6 CH,); 56.3 (g, OCH,); 78.4 (d, OCH); 104.7
(d, =CH); 116.5 (s, =C); 154.2 (s, =COCHj); 159.4 (s, =CO); 181.1,
181.6 (25, 2C=0).
6-Methoxy-2-phenyl-3,4-dihydro-2H-1-benzopyran-5,8-quinone (10e):

A suspension of 6-methoxy-2-phenyl-2H-1-benzopyran-5,8-quinone 7e
and isomers 6e (200 mg, 0.75 mmol) and PtO, (8 mg, 0.05 equiv) in

SYNTHESIS

EtOAc (30 mL) is stirred for 3 h under hydrogen at a pressure of 3 bar
in a glass-coated pressure reactor. The homogeneous, colorless solution
is then stirred under air for 14 h, filtered and concentrated (S mL). The
pale lemon-yellow crystals of 10e (60 mg) are isolated by vacuum
filtration and washed with ether (2 x5mL). The mother liquor is
evaporated and a second crop (36 mg) is obtained from ether. The
mother liquor from the second crystallization is concentrated again and
flash chromatographed (elution mixture : cyclohexane/ EtOAc/ AcOH,
70:30: 1) to afford 10e (yield: 25 mg, 60 %), and 2-hydroxy-S-methoxy-
3-(1-phenylpropan-3-yl)-1,4-benzoquinone (1le; yield: 11 mg, 5%).
10e: m.p. 244°C.

CieH 140, cale. C71.10 H 5.22

(270.3) found  70.66 24

IR (KBr): v = 1660 (br); 1630, 1620, 1595 (br), 1495, 1045, 1010, 910,
845, 775, 765, 710 cm ™ 1.

UV (CHCly): Ay, (loge) = 290 (4.33), 400 nm (2.59).

'H-NMR (90 MHz, CDCl;/TMS): é =21 (m, 1H, CH,CH,CHO),
2.5(dd, 2H, J = 8, 6 Hz, CH,CH,CHO); 3.8 (s, 3H, OCH,); 5.1 (dd.
1H, J =9, 3.5 Hz, CHO); 5.77 (s, 1 Hyin); 7.35 (5. SHon)-
3C-NMR (62.9 MHz, CDCl;/TMS): § = 17.9 (t, CH,CH,-CHO); 27.9
(t, CH,CH,CHO): 56.4 (q, OCH,); 79.3 (d, OCH); 104.9 (d, =CH,
quinone); 116.7 (s, OC=C, quinone); 125.9(d, 2 x2'-C,on): 128.4 (d, 4-
Corom)s 128.7 (d, 2% 3-C,on); 154.2 (s, =COCHj, quinone); 159.4 (s,
=C~0, quinone); 181.1, 181.3 (2 5, 2 x C =0, quinone).

1le: m.p. = 133°C.

IR (KBr): v = 3340, 1660, 1635, 1600 (br), 1495, 1080, 1040, 910. 840,
750, 705em ™.

"H-NMR (200 MHz, CDC1;/TMS): § = 1.82 (m, 2H, CH,CH,CH;);
2.52 [t, 2H, J=T7Hz, CH,(CH,), C,H:]; 2.66 (. 2H, J=T7Hz.
CH,C¢Hs): 3.87 (s. 3H, OCH,); 5.83 (5, 1Hy,): 7.1-7.3 (m, 6H,
5H,,,, and OH).

arom

Received: 5 March 1987

(1) Thomson, R.H. Naturally Occurring Quinones, 2nd ed., Academic
Press, Orlando, FL, 1971,

(2) Crane, F L., R. Barr, R. Chemical Structure and Properties of
Coenzvme Q and Related Compounds, in Coenzyme Q Lenaz, G.
(ed.), John Wiley and Sons, New York, 1985, p. 1.

(3) Ulrich, H.. Richter, R., in: Houben-Weyl, 4th ed., Vol. VII/3a,
Georg Thieme Verlag, Stuttgart, 1979, p. 373.

(4) Reinaud, O., Capdevielle, P., Maumy, M. Tetrahedron Letr. 1985,
26, 3993.

(5) Zsindely, J., Schmid, H. Helv. Chim. Acta 1968, 51, 1510.

(6) Harfenist, M., Thom, E. J. Org. Chem. 1972, 37, 841,

(7) Lutz, R.P. Chem. Rev. 1984, 84, 205.

(8) Fieser, L.F. J. Am. Chem. Soc. 1926, 48, 3201.

Fieser, L.F. J. Am. Chem. Soc. 1927, 49, 857.
(9) Kébrich, G., Wunder, D. 4nn. Chim. { Paris) 1962, 654, 131.
(10) Duperrier, A., Dreux, J. Tetrahedron Lett. 1970, 3127.
(11) John, W., Emte, W. Z. Physiol. Chem. 1941, 268, 85; C. 4. 1942, 36,
1607.
(12) Wanzlick, H.W., Jahnke, U. Chem. Ber. 1968, 101, 3744

Downloaded by: Simon Fraser University Library. Copyrighted material.



