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QUINONES AND QUINONE METHIDES—V
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Abstract—In stroagly acid solutions the dimer 3 dissociates to the quinoac 1 and quinose methide 2 which
recombine with climination of p-methoxybeazyl aicohol 1o form the xsathylinm sakt $o. With zinc and acetic acid 3
yiclds isomeric meso- and di-othylemsdiquinol derivatives 14a. Sodiem borohydride reduction of 3 yiolds aa
alcobolic quinol 2% which rapidly recxidizos to the spiro-tetrakydrofursa dorivative 240 Possible mechanisms
which may be isvolved ia the formatioa of these rearranged products are discussed.
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to result from initial dissociation of 3 into the ortho-

- quinome methide 2, are described in this communication.

A rearmasgement which occurs upoa borohydride reduc-
tion of 3 is also reported.

Reaction of 3 with acids. On silicic acid tic, 3 is
readily detected by formation of a bright red spot oa
exposure to HCl fumes. The red product was isolated by
warming a solution of 3 in acetic acid with coec. hydro-
chloric acid. The chloride which separated crystaltized
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from aqueous perchloric acid to give orange-red needies
of a perchiorate, CH.1yOuClO, With sodium boro-
hydride the perchiorate was reduced to a coloriess
pbeaol, CHaOs, whose PMR spectrum showed the

8499, and two OH groups as a singlet at 85.34.
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179%). The bisquinol comtains only three OMe groups. In
the PMR spectrom of its tetraacetate the protoas of the
four acetoxy! groups appeared as singiets at 82.07(6 H)
and 82246 H), three OMe groups as a singlet at

methoxypbenyl ring as dowblets at 36.812H) and
8697(2H). The chemical shift of the methine protoa
indicates its attachment to three aromatic rings as in 11%.
The formation of the hydroquimcse 10a and the
bisquinol 11a from 3 in acid solotions imvolves at least
two reduction reactions. However, tic showed the ab-

are
tion as reducing ageats. The formatioa of p-methoxy-

11a: R=H
b: R=COCH,
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118 + ArICHO

HO
H
HO
-H,0 ]
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1 and/or 2+ ArCH;OH — 108 + ArCHO

Scheme 1.

dronpls.which cyclizes to the xanthytium salkt 9a when methoxyhydroquinone is briefly warmed with p-

partly
reduced by the p-methoxybenzyl alcobol to  methoxybenzaldehyde in agueous formic acid, the major

bisquisol 11a. An analogous reduction of 1 and/or 2  product is the bisquinol 11a (isolated as the tetraacetate

p-methoxybenzyl alcobol accounts for the formation  118). With loager reaction times the yield of 11a mas-

the hydroquinone 10a. kedly decreases with formation of the xanthybum salt %

course of this investigation the xanthylium salt and hydroquinone 18w, both of which are readily crystal-
1

Ia were syathesized without lized from the reaction mixture in good yieids. Bea-
an imteresting condensation of zaldehyde condenses similarty with methoxy-

by
ybenzaldehyde with methoxyhydroquinone. It  hydroquinone to give 9%, idestified by its sodium boro-

that dihydric pbenols, e.g resorcinol con-  hydride reductioa to the xanthen 8b. The formation of
aromatic aldehydes in acid solutions to give these products indicates that the condeasation of

i from four molecules of the methoxyhydroquinone and p-methoxybenzaldehyde
four molecules of the phenol.™” However, (Scheme 2) involves initial formation of the ortho-

[o] o OMe +!
MeO — 1ta —— 10a+13
HO cH 7 OH
' |
2 Ar
| ]



dicated molecular symmetry, the four acetoxyl groups
sppearing as two singlets at 52.20(6 H) and 82.25(6 H),
the four OMe's as two singlets at 33.71(6 H) and
83.74(6 H), and two doubly beazylic methine groups as a
singlet at 84.52(2 H). Four aromatic protons appear as
Mnmﬂ)md“%aﬂ).wﬁethemhc

aadnmnhutothereamwewuyhnonmthe

hydroquisone 16a and a crystalline mixture of the ethy-
lenediquinol derivatives 14a being obtained.

137

1878

MeO 14

The reaction of 3 with acidic reducing agests is similar
to a novel method for generating ortho-quinone methides
recently described by Dean and Matkin.* These authors
reported that reduction of the xanthen 18 with zinc and
acetic acid yiclds the pheaols 17 and 19 and the ethylene
diquinol derivative 21; the reaction involved initial re-
duction of the esedione of 18, followed by a retro-Dicls-
Alder reaction of the product 16 to form quinol 17 aad
quinone methide 18. 18 was partly reduced to the quinol
derivative 19 and partly dimerized to the spiran 28,
reduction of which led to 21.

The reduction products formed from 3 in acid media
can be accounted for by a similar process except that
initial reduction is not required for dissociation isto the
ortho-quinooe methide 2. 2 is partly reduced to the
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Scheme 3.

hydroquinone 16a, and partly dimerized to as inter-
mediate spiraa 22 which is then reduced to 14a (Scheme
3a). An alternative dimerization mechanism which ap-
pears eatirely reasonable (Scheme 3b) involves Michael-
type addition of two molecules of the quinose methide 2
to give the quinhydronc 13.

Sodium borokydride reduction of 3. Dimer 3 is rapidly
reduced by sodium borohydride in methanol to a mixture

g 510(d) =751z
MeO Hc ~

4.31 (¢d)
J=75 12Hz

24a

7e.e ©

of 14a (in trace amousts) and a scw quinol which rapidly
reduces ammoniacal silver aitrate. This quinol could not
be isolated and purified directly by crystallization
becaose of its susceptibility to oxidation. Whea solutions
of the quinol in methanol are allowed to stand exposed to
air it is converted imto two isomeric, colociess oxidation
products, CsHOs, m.p. 254-255° (major product) and
n.p. 43-45° (minor product), both of which can be

8 (DIACETATE)
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multiple CO absorption
bands at 1620, 1655, 1680, 1710 cm ™', and its PMR spec-
trum shows the presence of a methylene group adjaceat
to CO as geminally coupled doublets (J=16Hz) at
82.54(1 H) and 52.85(1 H). Three olefinic protoas occur
as singlets at 85.61, 5.97, 7.54. A methine proton appears
as a doublet (J =12 Hz) at 83.98, coupled to a methine
proton at 8431 (dd, J=17.5, 12Hz) which is in tumn
coupled to a methine proton at 85.10 (d, J =75 Hz).
Assignment of these proton signals is shown in 24, The
rigidity of the A ring cansed by its one endocyclic and
two exocyclic double boads necessitates a cis ring fusion
with the heterocyclic S-membered C ring and causes near
eclipsing of Hc and Ha. The large geminal coupling
(Jas = 12 Hz) between Hy and H, suggests that they are
armanged cis to one another and modeis show them to be
pearly eclipsed. The three protons thus lie oa one side of
the plane of the C ring.

The coupling constants observed for the minor isomer
of 24a are the same although the chemical shifts of some
of protons are different (Experimental). This suggests
that the two isomers differ by the coofiguration at the
asymmetric spiro C atoa but the data do not provide a
basis for assigning a specific configuration to either
isomer.

Structure 24 was further confirmed by the °C NMR
spectrum of the major oxidation product, significant
carboa chemical shifts being assigned as indicated in 24

The A and B ring carbon signals of 24b agree quite
doulyvuhtbeumbofthc ing carboas in
the A ring of 3 and the Brm.olthedhem:eo(
dimer §. As xpectedtbe ring junction C atom in
ub.whtchuhnkedto Mudovnﬂddtomo

mwedmth hift (65 )oltheeormpoodmaCm

Ahhouth. previously meationed, the quinol formed
by borohydride reduction of 3 could not be purified
directly because of its ease of oxidation to 24, it readily
yielded stable, crystalline diacetyl and triacetyl deriva-
tives. Purthermore, on methylation it gave a di-O-Me
derivative which, on acetylation, formed a monoacetate,

R=R.=H
R=COCHs, R, = H
R-R--COCN:
R"”..R|-

: R=Me. R, =COCH,

L. Jusp and J. N. Rormiax

indicating that the reduction product contains two
pbeaotic and ooe alcobolic OH groups. Spectral analysis
of these acetyl and Me derivatives established structure
2%a for the reduction product. For example, the IR
spectrum of the di-O-methytmosoacetyl derivative has
CO absorptioa bands at 1745, 1655 cm ™", and the PMR
mabownheptmohboboﬁc.o.\c(dnﬁuu

exwpt&ntheabohhcmﬂcw“expec-

ted upfield shift to 34.82 where its signal overiaps those

of the H, and Ha protons.
'I'hefotuboeof&fromﬁnvolvundtpﬁonof}he

red
qa reqniu: C, 352; H.
84.14

.8
d.l 9Hz 8767 2Hs.
of the xanthylium salt the ether layer was
the fiitrate, dried aad evaporated. The residue
dissolved in warm bearese. Ou cooling coloriess crystals
scparated (2.05 g). Recystallized from aqueous MeOH and from
beazene 10 was obtained as coloriess scedies, m.p. 114°, identical
(ic, m.m.p., PMR spectrum) with aotheotic material. The
product formed a discetate, m.p. 83-84°, idestical with autheatic

heated for 2hr oa a steam-bath, diluted with 10% HCl aq (S0 m))

6.00 (dd) J =5, 1.5 Hz
6.37(s)

H 664ls)

Hg e
"I Hy 4.78 () J =9 Hz

4.08 (dd) J =5, 9 Hz
28¢
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and ether (50 mi) and cooled. The chioride %a, which separated as
orange scodics, was fillered (0.70g). The cther layer was
sepanated from the aqueows fitrate, dried and evaporated. TLC
u&cwm&md-jﬂ“dnhkp
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scparated as coloriess noodics, m.p. 178- 79'(1.54().(!’0-4.
66 H, 528 C,.H.O,.mc 63.6 H, 5.34%).
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Catan muim 61.2; n. szli); nqi

3.80. CyH 0O : C, 56.2; H, 3.02%).
MeOH (1Smi). After Imin

H, 5.04; MeO, 14.1; CH,CO, 20.0. CysH /0> requires: C, é.1; H,
5.10: 2 MeO, 14.3; 2CH,CO, 199%); PMR spectrum: 5221, 6H
8: 8382, 6H, 5: 8509, 1H,5: 8 699, 2H, 5; 8669, 2H, 3. 8
7.06-87.40, SH, m.

Reaction of dimer 3 with hydrochioric acid
(2) Mixtore of dimer 3 (60g), 9% HC! (Wml) and AcOH

(60 ml) to produce a second crop of sakt (1.1 g). Dissolved ia bot

A

s diacetate identical (m.p., m.mp., PMR spectrum) with the
diacetate of $a described sbove
(b)AnhqllhehaJ(ng)mTHF(lSd)mdMﬂ

o give 11b, mp. 178179
(0.63p). (Fowod: C, 63.7; H, 5.42. CooHyO requires: C., 636; H,

droquinosc with p-methoxybeazaldehyde. .
Tic of the beazese soluble fraction of the reaction products
showed the preseace of Ha and of a compound which formed a
‘24-DNP derivative aad had R, valwes idestical to those of
p-methoxybeazaldebyde. The beazeoe sola was evaporated to a
gum which was extracted with boiling 50% petroleum ether-
ether. The residue ining after evaporation of the solvents
was refuxed for 1S min with dimedone (600 mg) in EtOH-water
1:1 (8 ml) containing a drop of 5% cthanolic KOH. Additioa of
excoss of water precipitated a sobid which crystalized from
MeOH-water to give coloriess acedies, m.p. 141-143° (148 mg).
This material was idestical (tic, m.p., m.mn.p.) with the sutheotic
dimodone coadessation product prepared from p-methoxybes-

zaidebyde.

Reductive acetylation of 3. A mixtare of dimer 3 (3.0 g), anhyd
NaOAc (4.0p), Zn dust (4.0g) and Ac,0 (20ml) was Deated
briefly to boiling and thea oa 2 steam-bath for 10 mén. The
filtered soln was diluted with water and allowed 10 stand uatil the
olly product solidiied. The product crystallized from Me,CO-
McOH 10 give coloriess needles (1.8 g). These crystals mek over
a wide range (170-235") and tic and the PMR spectrum indicate
the preseace of two acetates in an approximate ratio of 3:1. TLC
of the McOH fitrate from the crystallime product showed the
M& amoug other unidentified products of trace amounts of

The crystalline product (1.8g) was beated to boiling with
beazese (20 ) and the undissolved residue (0.62¢g; m.p. 253-
BS‘)meohaed.'l\nmmry:uﬁmdthHF—MeOHw

pure letrascetate 14b 33 coloriess needies, m.p. 257°.
(Pouul.C 66.4; H, 5.65. Cyal Oy, requires: C, 66.5; H, 5.58%);
A soln of this tetraacetate (0.15g) in Me,CO (15 mi) and McOH
(5 mi) was beated under reflux with Me,SO, (2.0 o) and K,CO,
(48) for 3 hr, comcentrated, and diluted in water. The solid pro-
duct was recrystallized from Me,CO-MeOH to give a tera-O-
methyl derivative of 14a as coloriess, ghistening plates, m.p. 148-149



1574

(0.11 g). (Found: C, 71.0; H, 6.67. C,, 1Oy requires: C, 71.1; H
6.67%); PMR spectrum: 8).68, 6 H, s; 8).71,6H, s; $3.74, 6 H,
s. 8376, 6H, s; 85.15, 2H, »; 8632, 2H, 3, 8664, 4H, d,
J=9Hz; 8690, 2H, 3; 87.13, 4H, d, J=9Hz. A sola of the
tetraacetate (0.50g) in THF (20mi) and MeOH (20ml) was
trested at b.p. with 10% NaOHaq (1Sm) costaining sodivm
dithionite (2g). Afier 0 min water was added and the sobo
acidified. The crystallipe product was recrystaliized from wet
Mo,CO-IeOH to give
prisms, m.p. 237-238° (dec; 0.19g). (Fouad: C, 67.1; H, $.65.
C,.H,.O.H,Omia C.67l l~l 6.01%). The diquisol was

ap
183-184°. (Fowad: C, 64.9; H, 5.79. CyuHO1y-HyO roquires: C,
65.2; H, 5.72%). PMR spectrum: 8220, 6H, s; §2.25, 6H, s;
83.71,12H,5; 84.61,2H,4; 3650, 2H,s; 8665, 4H,d, ) =9Hx;
$684,2H,5; 8691, 4H,d, ] = 9Hz. MS: 642 (0.4) (M* -~ C,H,0,
-2 H), 600 (0.9) (M* - 2 C,H0, -2 H), 558 (0.5) (M" - 2 C,H,0,
—4 H), 556 (1.7) (M* - 3 C,}H,0, —4 H), 514 (2.97) (M* - 4 C,H,0,
—4 H), 343 (75) (M*12), 301 (1081, 259 (59), 257 (37), 243 (12), 227
(27). Beazoylation of the diquinol gave & tetrmbanzoats, coloriess
socdics from THR-MeOH m.p. U6-4T°. (Found: C, 744; H,
4nCJUhm_uC1Ulluaan¢wn;
83.70, 6H, 5 83.75, 6H, »; 8490, 2H, 3; 8663, 2H, s; 5668,
4H,d, 1=8Hz; 3696, 4H, d, J=8Hz; 8699, 2H, s; 8738
8§76, 12H, m; $300-88.2, SH. m Methyhation of the
tetrancetate (m.p. 183-184%) (0.5g) in Me,CO-MoOH as dos-

216° (0.31 g). (Fowad: C, 70.9; H, 6.56. CyH O, roquires: C, 11.0'
H, 6.67%); PMR spectrum: 83.62; 6H, s; 8369, 6 1, 5; 83.76,
6H, 3 8378, 6H, s; 85.17, 2H, »; 8633, 2H, s; 8662, 4H, 4,
J=9Hz; 8605, 2H,. 8712, 4H,d, ) =9H

Reection of 3 with zinc end acetic acid. A mixture of the dimer
3(1.0p), Za dest (3 g) aad glacial AcOH (5 mi) was hoated briely

Reduction of dimer 3 with sodium borohydride
(a) A suspension of dimer 3 (50g) ia MeOH (125 mi) wae
mmmmdNamm;wmuo-

which was colloctod and dried in sacso (4.5g).
Because this material was 0 casilly oxidized whes in soln it was

L. Jurp and J. N. Romuan

sot possibie 10 obtaia a pure sampie by recrystaliization; chem-
ical modifications described below gave stable pure derivatives.

(b) Acetyletion. A mixtwre of the crwde redection product
(600 mg), Ac/O (4 mi) and pyridine (6 drops) was warmed os the
steam-bath for S min and dilated with water (60 mi). The crude

crystaliination from Wummu
153-154° (340 mg). (Fousd: C, 66.8; H, 5.67. CxH 0y, requires:
C. 67.1; H, 5.63%): PMR spectrum: §1.7, 3 H, 0.82.24 3H, n.
8229, 3H, s; 8368, 3H, s; 8372, 3H, s, 837,
3H,s: 8388, 3H, 5; 8455, 1H, d, ) =95Hz; 84.76, 1 H, dd,
J=5,95Hz; 8559, 1H, d, J=15Hz; 8609, 1H, dd, J=15,
SHz; 2650660, 4H,. m; 3663, 1H, s; 8681, 1 H, s; 8695, 2H,
d,J=9Hz; 87124, 1H,s; 8125, 2,4, ) =9Hz

The filtrate from the triscetate was evaporated to drymess,
disscived in beazens and cycichexane added, causing separatioa
of coloriess scodios of a dincetate, 250, m.p. 132-133° (190 mg).
(Fowad: C, 66.7; H, 599. CyH; O 1/2 CHyOH requires: C,
61.0; H, 58™) PMR spectrum: 82.29, 6H. s; 8279, 1H, d,
J=65Hz (OH); 83.44, 1.5H, s (CH . 83.72, 9H, o; 8388,
3H,s 8437, 1H,d, J=835H2; , 1H,dd, J= 35, 8SHz;
8496, 1H, ddd, J= 15, 55, 6SHs; 8540, 1H, 4, J=15Hz;
t:M.ZH.d.J-9Hz:m2H.d.J-!Hz:
J=8Hz; 8709, IH, »: 87.12, 2H, 4, J=9Hz;

EEE!

solveats was stirred for | br with water (125 mi) thea collected
aad crystallized from Mo OC-MoOH 10 give coloriess crystals of
234 m.p. 207-200°. (Fowad: C, M.2; H, 6.28. CxH,/0y requires:
C.703; H, 6.27%); PMR spectrem: §2.57, 1 H, d, ] = 6 Hz (OH);
81T, 3H, 5: 83.74,9H, 5; 5384, 3H, o; 8396, 3 H, s; $4.60-
5.00,3H, m; 8540, 1H,d,J=15Hz; 8643, 1H,; 8662, 2H, 4,
J=9Hz; 8676, 1H, s; 8606, 2H, d, J=9Hz; 8693, 2H, d,
-9!!1.6719 2H, d, J=9Hz; §736, 1H, s. Warmed with

.2; H, 621. CyHyOy
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PMR spectrem: 8292, 1H, 4, J=165Hz, 8.2,
16SHz; 8328, 3H,s; 8332, IH, d, I=12H1; 83
$X2,3H,9: 838, 3H,5: 8409, 1H,dd, | =
I1H, d, J=8S5Hz; 8539, 1H, s; 8558, |H, l.
#%.79,2H,d,J=9Hz: $699,2H,4d,) =9Hz; 8.
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