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Naturally occuring quinones bearing a saturated or unsaturated side chain are of a great importance owing to
their biological activity !. Those bearing hydroxyl and methoxyl groups on the quinone nucleus are the most
promising. For example, maesanin 1a 2 originally isolated from the fruit of East African medicinal plant Maesa
lanceolate, displays antimicrobial activity, host defensive stimulation in mice 3, 5-lipoxygenase inhibitory activity

4,5, cytotoxicity against several solid tumor cells 6, mitochondrial oxidative phosphorylation 7 and aldol
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inhibitory activity), 3 hydroxydietr‘ichequinone 1d, 9 irisoquin 1e (cytotoxic toward P 388 leukemia cells) 10, 5-
O-methyi-rapanone 1f 9, 5-O-methyi-embelin 1g (pesticide and antifungal activities) 11, have been isolated from
natural sources.
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1a R= (CH,);CH =CH(CH,);CH; Maesanin 1e R=(CH,),;{H; Irisoquin
1b: R= (CH,)CH =CH(CH,);CH; Pallasone C 1f R=(CH,);LH; 5-O-Methyl-rapanone

1c¢ R= (CHy),CH £CH(CH,),CH; Ardisianone B 1g R=(CH,),(CH; 5-O-Methyl-embelin

1d: R= (CH,),CH Z=CH(CH2)7CH3 Hydroxydietrichequinone
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Owing to their interesting biological activities a number of synthetic studics 2» 12, 13, 14 of this important
class of compounds were previously published, which, in most cases have been focused on elaboration of the
side chain on the aromatic ring. 2 5. 15 However, direct alkylation of the aromatic ring with an alkyl halide has
not been reported, except the palladium-mediated coupling of bromobenzene derivatives with terminal olefin,
by which the unsaturated side chain of maesanin was introduced via 4 steps reaction. 14

Herein, we report an cfficient and practical synthesis of maesanin 1a and related alkylated quinones based

on the alkylation of 1,2,4,5-tetramethoxybenzene which hears all substituents of the guinone moiety of
maocanin with an annronriate allvlhromide on the reanicite gide chain conld he introdneed in one cton
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desired 2—hydroxy-5-methoxyil 4-benzoquinones.

RESULTS AND DISCUSSION

1,2,4,5-Tetramethoxybenzene was prepared by Baeyer-Villiger oxidation of the commercially available
trimethoxybenzaldehyde 2 with mCPBA to give the 2-formyloxy-1,4,5-trimethoxybenzene intermediate, which
was hydrolyzed with potassium hydroxide providing compound 3. Protection of the resulting alcohol 3 by
methyliodide gave compound 4 16 in 87% yield over two steps (scheme 1).
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Scheme 1

The unsaturated side chains of maesanin and related quinones 1a-1c were prepared by reaction of 1-
alkyne 5a-b (m=3 or m=7) with n-BuLi in the presence of 4 equiv of dibromoalkanes 6a-b (n=9 or n=7) giving
alkylbromides 7a-c which were subjected to partial hydrogenation over Lindlar's catalyst providing the bromo
olefins 8a-c 15 in 85%, 80% and 90% yield respectively (scheme 2). Bromo olefin 8d was previously prepared

in one step by radical decarboxylation of readily available oleic acid in the presence of

Buli, HMPA ) /_\
CH,(CHy)m—==  — CH,(CH,),—==—(CH,),Br —"M» CHy(CH,),.  (CH,),Br
Br(CH,),Br at
THF
5a: m=3 6a:n=9 Ta:m=3,n=9 8a:m=3,n=9
5b: m=7 6b:n=7 Tb:-m=7,n=9 8b: m=7,n=9
Te:m=3,n=7 8c:m=3,n=7

At this stage, the coupling reaction of tetramethoxybenzene 4 with alkylbromide was performed. Thus,

metallation of tetramethoxybenzene 4 with 1 equivalent of n-BuLi in THF, followed by addition of



alkenyibromide 8a afforded aikylated product 9a in 72% yield. In a similar fashion, aikyiation of 4 in the
presence of 8b-d and the readily available alkylbromides 8e-h gave the desired addition products 9b-h in good
yield. Results are given in scheme 3. Using alkyliodide derivatives of 8 as alkylating agents in order to increase
the yield of reaction provided the same results.

QMe QMe

OMe OMe
Kﬁ/ 1 eq n-BuLi, 0.1 eq HMPA ﬁ/

MeO” N 1.1 eq RBr (8a-h), McO” N R

4 OMe THF, -78-r.t oah OMe
8a: R=(CH,),CH ;JH(CHQ)3CH3 9a (72%)
8b: R=(CH,),CH ECI—i(C‘ri2)7k,ri3 9b (70%)
8¢: R=(CH,),CH =CH(CH,);CH, 9¢ (70%)
8d: R=(CH,),;CH ZCH(CH,),CHj od (74%)
8e: R=(CH,);,CHg 9e (71%)
8f: R=(CH,);,CHy 9f (74%)
8¢g: R=(CH,);(CHj;4 9g (76%)
8h: R=(CH,),CH(CH), 9h (77%)
Scheme 3

Having the alkylated compounds 9a-h in hand we proceeded to the oxidation with ceric ammonium

solution of ceric ammonium nitrate (2.5 eguiv, CH3CN -H20, -5°C) to compound Ya
formation of ortho-quinone 10a accompanied by an amount of para-quinone 11a 18 (36%). When the reaction
mixture was allowed to stir at room temperature, smooth demethylation of the mor

occured, providing maesanin 1a in 60% yield.
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the para-quinones 11b-h (conditions A). Results are given in table 1. Attempts to reduce either the amount of
ortho-quinones 10a-h or para-quinones 11a-h using different solvents or by varying temperature were
unsuccessful. However, given that simple acid hydrolysis, using HC1Oy4, extruded the more hindered methoxy
group of 2,5-dimethoxy-1,4-benzoquinone substituted with a simple alkyl chain 2b, treatment of the isolated
para-quinone 11a with a few drop of HC1O4 gave maesanin 1a in more than 90% yield. Thus, the overall yield
of the reaction was improved by treating the crude mixture of CAN oxidation with catalytic amount of HC1Oy4

in CH,Cl providing compound 1 as the major product (conditions B)
Table 1
entry  substrates  condition Products yicld (%)

1 9a A Maesanin 1a (60) 11a (36)
B 1a (76)

2 9% A Pallasone C 1b (60) 11b (34)
B 1b (74)

3 9c A Ardisianone B 1c (53) 11¢ (32)
B 1c (76)

4 9d A Hydroxydietrichequinone id (56) 1id (31)
B 1d (74)

5 9e A Irisoquin le (61) 11e (35)
B 1e (75)

6 9f A Methyl-rapanone 1f (54) 11f (35)
B 1 (78)

7 9g A Methyl-embelin 1g (56) 11g (36)
B 1g 75

8 Sh A 1h (57) 11h (36)
B 1h (79)

The structure of para-quinones 11 was proved by methylation of compound 1a using diazomethane

(CH2N»), 1o provide a methylated product which was identical in all respects (TLC, NMR, IR) with compound
11a. Regarding the structure of ortho-quinones 10, the ortho-quinone 10h was isolated and treated with ortho-
phenylenediamine 18 to give adducts 12 and 13 in 6% and 52% yields respectively, whose structures were
confirmed by NMR and MS. Adduct 13 is the result of conversion of ortho-quinone 10 1o compound 1, due to
acitity of reaction medium, tautomerisation of this latter to ortho-quinone intermediate and subsequent reaction
with ortho-phenylenediamine. (Scheme 5)

These results show that 1,2-ortho-quinones 10 are sensitive 1o acidic conditions and undergo facile

transformation to the more stable 1 4—para—qumones. 19 This confirmed that demethylation of 10 was duc to the
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was 1.3, and dropped to 0.7 was sufficient to cause conversion of ortho-quinones 10 to para-quinones 1. In

addition, treatment of the isolated ortho-quinone 10h in a CH3CN-H20 mixture adjusted to pH 1.3 resulted in



clean transformation of ortho-quinone 10h to para-quinone 1h within 2 hours in ncarly quantitative yicld, at
room temperature.
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Scheme 5

From the above results the selective demethylation could be explained by protonation of or tho-qumone 10
giving rise to carbocation intermediates 10i (site 6) and 10ii (site 3) The carbocation 10ii which is stabilized by
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through the more stabie carbocation 1@ii rather than 10i (scheme 6). However, further studies are needed to
determine the influence of R substituents on selective demethylation.
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In summary we have described an efficient and practical synthesis of naturally occuring 2-hydroxy-5-
methoxy-1,4-benzoquinones derivatives 1a-h. For example the total synthesis of maesanin 1a requircs 5+2
steps, and proceeds in 47% overall yield from readily available startin

yield arting materials. Direct alkylation of
tetramethoxybenzene with alkylbromide followed by ceric ammonium nitrate (CAN) oxidation which causes
formation of quinone and deprotection of one methyl ether in one pot, offers a rapid access o potentiaily useful
analogues One example of such analogues is the new quinone 1h, which showed a remarkable antibiotic



All the reactions were carried out under an argon atmosphere. 1H and 13C NMR spectra were recorded on
a Bruker AC 300 MHz spectrometer. Chemical shifts () are expressed in ppm from Me4Si as internal
standard. Mass spectra were recorded on a Kratos MS 50 instrument at 70 eV (EI) or Nermag 10-10 (CI, NH3).
I.R. spectra were recorded on a Nicholet (impact 400D) FT IR. All reagents were obtained from commercial
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wrification. THF, ether and methylene chloride were freshly distilled from
ethyl acetate and hexane as elue
performed on thin-layer analytical plates 60F254 (Merck). Elementary analyses were carried out in the Institut
de Chimie des Substances Naturelles, Gif-sur-Y vette.

2,4,5-trimethoxy-phenol (3):
To a solution of benzaldehyde (3.92 g, 20 mmol) in dry CH2Cl (40 mL), 70% mCPBA (5 g, 30mmol)
was added at 0°C. The mixture was stirred for 2h at room temperature and the resulting precipitates were

filtered. The filtrate was washed with saturated NaHCO3 solution and brine. The organic Iaye as dried and
COoncentr. nd tm xriald tha fammanta intammadinta axchinh prne hordealaoad oielh 1NGL 7MY i TNeNMIT s ENOM £ '\L
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The mixture was extracted with ether and the aqueous layer was acidified with dil HCI and again extracted with
CH;Clp. The organic layer was washed with brine, dried over MgSQy4, and concentrated. The residue was
subjected to a flash chromatography using hexane-ethylacctate (8-2) as eluent to give compound 3 (3.42 g,
93% yield) as a light pink solid , mp : 59 °C; 1H NMR (CDCl3) 6.60 (1H, s), 6.57 (1H, s), 5.54 (1H, s), 3.82
(6H, s), 3.79 (3H, s); 13C NMR (CDCl3) 143.7, 141.9, 139.5, 100.8, 99.5, 57.0, 56.8, 56.3; L.R.(KBr) 3415,
3080, 3005, 2940, 2840, 1625, 1525, 1200, 855 cm-1; [M+H]*(CHy): m/z 185; HRMS (CI, CHy) calcd. for
CoH1304: 185.0814, found: 185.0806.

1,2,4,5-tetramethoxybenzene {4):

To a solution of NaH (60% oil dispersion; 0.895 g, 22.4 mmol, washed with several portions of hexane) in
dry DMF was added a solution of alcohol 3(3.42 g, 18.6 mmol) in dry DMF (30 mL) and the mixture was
stirred at () °C for 30 min. Mel was added (1.74 mL, 27.9 mmol) in one portion and the mixture was stirred at
room temperature for 1 h. MeOH was added and DMF evaporated under reduced pressure. The residue was
cxtracted with cther, washed successively with water, brine, and dried over MgSOg4. The solvent was
cvaporated under reducced pressure and the residue purified over a silica gel column using hexane:ethylacetate

(8:2) as eluent to give compound 4 (3.46 g, 94%), white needles, mp : 101-102 °C (1it.15 | 103°C) ; 1TH NMR

(CDCl3) 6.60 (2H, s), 3.84 (12H, s); 13C NMR (CDCl3), 143.1, 100.6, 57.0; LR.(KBr) 3010, 2975, 2855,
N AON A NIE INL . 4 . _ Py D e
1550, 1480, 1455, 1235, 1205; M~(EI): m/z 198, caled. for CygH 1404 : C 60.58, H 7.12; found: C 60.52, H

(Z)-1-bromo-10-pentadecene (8a):
To a solution of 1-hexyne Sa (S mmol, 563 pul), HMPA (0.5 mmol, 87 ul ), and 2mg of triphenylmethane
in dry THF (50 mL) under argon at -40 °C was added n-BuLi (5 mmol) dropwise. The mixture was stirred at
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this temperature uniil the solution turned pink-red colour, then 1,9-dibromononane 6a (20 mmol, 4.04 mL) was

added at -40 °C and the mixture heated under refiux for 48 h. THF was removed under reduced pressure, the
residue dissolved in hexane, washed with water, and brine, dried over MgSQOy4, and the solvent was evaporated
under reduced pressure. The excess of dibromide was removed in high vaccum. The remaining residual liquid
was subjected to silica gel column chromatography using heptane as eluent, providing the bromoalkyne 7a as a
colourless oil which was dissolved in dry benzene. To this solution was added 254 mg (20% w/w) of Lindlar

catalyst (Pd/CaCO»/Pb) and the mixture was stirred at room temperature under 1 atm hydrogen (balloon) for 12

h. The reaction was filtered through Celite, and the filtrate concentrated in vacuo. Flash chromatography using
hexane as eluent afforded the cis-alkene 8a (1.23 g, 85%) as lourless oil.

(ZH, m), 1.28-1.26 (14H, m), 0.88 (3H, t);
29.3,29.3, 29.1, 28.8, 28.2, 27.2, 22.8, 14.2; LR
in agreement with values given in literature 11,

(Z)-1-bromo-10-nonadecene (8b):

This compound was prepared according to the procedure described for 8a, from 1-decyne (5 mmol, 0.900
mL) and 1,9-dibromononane (20 mmol, 4.04 mL). (1.38 g, 80%), colourless oil; IH NMR (CDCl3) 5.34 (2H,
dd AB syst J = 6Hz), 3.39 (2H, t), 2.01 (4H, m), 1.86 (2H, m), 1.44-1.39 (2H, m), 1.29-1.27 (22H, m), 0.88
(3H, t); 13C NMR (CDCl3), 129.9, 129.8, 33.9, 32.8, 32.6, 31.9, 29.8, 29.5, 29.4, 29.3, 29.2, 28.8, 28.2, 27.2,
22.7, 14.1; LR.(neat) 1660, 1470, 732; MH(EI): m/z 344-346; Spectral data were in agreement with literature

mL) and 1, /-umrcn(‘h*pia“xe (20 mimol, 3.42 i
dd AB syst J = 6Hz), 3.39 (2H, i), 2.02 (4H, .3

(3H, t); 13C NMR (CDCl3) 129.9, 129.6, 33.8, 32 8, 31 9, 29.6, 29.0, 28.6, 28.

LR.(ncat) 1660, 1474, 732; M*(EI): m/z 260-262; calcd. for C13HpsBr : C 59.77, H 9.65; found C 59 57, H

9.63.

)

Addition of 1,2,4,5-tetramethoxybenzene to bromoalkyl: general procedure
To a solution of 1,2,4,5-tetramethoxybenzene 4 (1 mmol, 198 mg) and HMPA (0.1 mmol, 0.017 mL) in
)y Axx 111 s YV d I‘.*B‘JLI ( AVR in heXaALv, U 1L1KdJy ALAKEA » p‘v‘v'ISC, a s Vel Jw o
The reaction was warmed to -10 °C over 1h and stirred at this temperature for an additional 1 h. To this was

B st 1~

added a solution of alkyibromide 8a-h (1.1 mmol) and the reaction was stirred overnighi. The reaction mixture
was quenched with saturated NHy4Cl, and extracted with ether. The organic layer was washed with water, and
brine, dried over MgSO4 and concentrated. The residue was purified over silica gel using hexane-cthylacetate
as eluent, affording alkylated compounds 9a-h.

(Z£)-1-{2,3,5,6-tetramethoxyphenyl]-10-pentadecene (9a):
Colourless oil; 1H NMR (CDCl3) 6.41 (1H, s), 5.36 (2H, AB syst J = 5 Hz), 3.84 (6H, s), 3.77 (6H, s),
1 (2H, t), 2.00 (4H, m), 1.51 (2H, m), 1.39-1.28 (16H, m), 0.89 (3H, t); 13C NMR ( )

LOF (225, Y/

2.

=
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LR.(neat) 2

H 10.41; found:

Q-C7

(Z2)-1-[2,3,5,6-tetramethoxyphenyl}-10-nonadecene (9b):

Colourless oil; 1H NMR (CDCls) 6.41 (1H, s), 5.34 (2H, t AB syst J = 5 Hz), 3.84 (6H, s), 3.77 (6H, s),
2.61 (2H, t), 2.00 (4H, m), 1.53 (2H, m), 1.32-1.27 (24H, m), 0.88 (3H, 1); 13C NMR (CDCl3) 148.7, 141.0,
1.9, 30.7, 29.9, 29.7, 29.6, 29.5, 29.3, 29.1, 27.1, 24.6, 22.6, 14.0;

131.1, 129.9, 129.8, 96.7, 60.8, 56.2, 32.5, 31.9, 29.9, 29 ; 2
TR (naat) 20 245 1400 1402 1470 1000 81 210 730 MHEND: m/> ASO- caled for CagHenD s - 75 2R
LINAMUAL) L7 0Uy £O0T0, LUUU, 15774y 177U, 1V, DU 1, U1V, 70U, 0VE Ll j. T/ TTOU, VAWML TUT VCJYRARN RS - W 1.0

(Z)-1-[2,3,5,6-tetramethoxyphenyl]-8-tridecene (9c):

Colourless oil; ITH NMR (CDCl3) 6.41 (1H, s), 5.34 (2H, AB syst J = 5 Hz), 3.84( 6H, s), 3.77 (6H, s),
2.61 (2H, 1), 2.01 (4H, m), 1.53( 2H, m), 1.37-1.27 (12H, m), 0.89 (3H, t); 13C NMR (CDCl3), 148.7, 141.0,
131.0, 129.9, 129.7, 96.6, 60.8, 56.1, 32.6, 31.9, 30.7, 29.9, 29.7, 29.3, 29.2, 27.1, 26.8, 24.6, 22.3, 13.9;
LR.(neat) 2930, 2845, 1655, 1600, 1492, 1470, 1090, 851, 810, 734; M*(EI):m/z 378; calcd. for Cp3H3804 : C
73.31, H 10.19; found: C 72,98, H 10.12.

PO R B i RV N S ALY L. 70,
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lb}-l [L,J,D,D-l.elrdnleumxypuenyl]-o-ucp Cene (yaj:

Colourless oil; TH NMR (CDCl3) 6.40 (1H, s) 5.33 (2H, AB syst J = 5 Hz), 3.82 (6H, s), 3.76 (6H, s),
2.62 (2H, 1), 2.00 (4H, m), 1.52 (2H, m), 1.33-1.27 (20H, m), 0.88 (3H, 1); 13C NMR (CDCl3) 148.6, 141.0,
130.8, 129.7, 129.6, 96.6, 60.6, 56.0, 31.8, 30.6, 29.8, 29.7, 29.6, 29.4, 29.2, 29.1, 27.1, 24.5, 22.5, 13.9;
LR.(neat) 2930, 2850, 1652, 1600, 1492, 1470, 1095, 851, 810, 732; MH(EI): m/z 434; calcd. for C27Hg604 :
C 74.60, H 10.67; found: C 74.38, H 10.58.

1-[2,3,5,6-tetramethoxyphenyl]-tridecane (9f):
White cryst., mp : 31-32 °C; lH NMR (CDCl3) 6.41 (1H, s), 3.84 (6H, s), 3.77 (6H, s), 2.61 (2H, 1), 1.53
(2H, m), 1.48-1.26 (20H, m), 0.88 (3H, t); 13C NMR (CDCl3) 148.8, 141.0, 131.1, 96.6, 60.9, 56.2, 31.9, 30.7,

30.0, 29.7, 29.5, 29.4, 29.3, 24.6, 22.6, 14.1; LR.(KBr) 2920, 2850, 1600, 1490, 1465, 1095; MH(ED): m/z 380;
caled for CaaHan)s - C 72 50 10 59 fonnd:- C 72 62 H 1052
Wwiliwii. LU \1431‘4‘,\,4 N "'.J/, AL AV Sy ANV N [ v Jdwy L 1 \7 JJ-

1-{2,3,5,6-tetramethoxyphenyij-undecane (9g):

Colourless oil, ITH NMR (CDCl3), & (ppm) 6.41 (1H, s), 3.83 (6H, s), 3.77 (6H. s), 2.61 (2H, 1), 1.53 (2H,
m), 1.48-1.26 (16H, m), 0.87 (3H, t); 13C NMR (CDCls) 148.7, 141.0, 131.0, 96.6, 60.8, 56.1, 31.8, 30.7, 29.9,
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29.6, 29.55, 29.5, 29.4, 29.3, 24.6, 22.6, 14.0; IR(“eat) 2925, 2855, 1600, 1492, 1095, 852, 807;
[M+H]+(CHy): m/z 353; HRMS (CI, NH3), calcd. for Cp1H3604 : 352.2613, found: 352.2625

1-[2,3,5,6-tetramethoxyphenyl}-isopentane (9h):

White cryst., mp : 31-32 °C; lH NMR (CDCl3) 6.41 (1H, s), 3.84 (6H, s), 3.77 (6H, s), 2.61 (2H, m),
1.61 (1H, m), 1.46-1.38 (2H, m), 0.95 (6H, d); 13C NMR (CDCl3) 148.8, 141.0, 131.3, 96.6, 60.8, 56.2, 40.0,
28.4, 22.5, 22 .4; L.R.(KBr) 2920, 2850, 1598, 1465, 1095; [M+H]*(CHy): 269; HRMS (CI, CHy), calcd. for
Ci5H2504 : 269.1753, found: 269.1754.

General
Condition A :To a solution of compound 9a-h (1 mmol) in CH3CN (10 mL), was added a solution of
ammonium cerium(IV) nitrate (2.5 mmol) in CH3CN-H,0 (10 mL, 7:3) dropwise at -7 °C (salt-ice bath) over 1
h. The reaction was allowed to stir at rt for 2 h, and diluted with ether (50 mL). The organic layer was washed
with distilled water (20 mL), brine (20 mL), dried over NapSOy4, and concentrated in vacuo. The residue was
purified over silica gel using hexane:EtOAc (9:1 to 6:4) as eluent to give compounds 11a-h and 1a-h.
Condition B: The crude mixture of 11a-h and 1a-h, without purification, was dissolved in dry CHyCly
(10 mL) and treated with few drops of HC104. The mixture was stirred at room temperature for 4 h, the mixture

LD Ll 1UY (L2 W

diluted with (‘Hn(‘ln washed with saturated Nq”(‘ﬂn brine dried over N

an a d 1 X 3
uted w LT B L 02 WA ¥ Aval Salalo s Uiliiv, arie NQ /IS G, Gl 1 H AL 11 Yauv L.

The residue was purlﬁed over silica gel as described in condition A to afford compounds 1a-h

2-H xv-5-methox i-benzoq

\ v-5-metho pentadecenyl)-1.4-henzoguinone (Maesanin
Orance crvet . mn - 6R-60 °C (1it 269 °CY Re 032 (7:3 hexane: AcoEf): 1TH NMR (CDCIY 7 22 (1H hr)
4 S LBV WL FOley 2iip) VOUTVUS S \axv v 7 Ve \ AN/ I Vel BVUAILSy AR LVAVEARN \NASNL G ) Fehel) \(LLd, UL ),

al J

5.84 (1H, s), 5.34 (2H, t, AB syst /= 5 Hz), 3.8
m), 0.89 (3H, t); 13C NMR (CDCl3) 182.8, 181.
29.5, 29.3, 29.2, 28.8, 28.6, 27.9, 27.1, 24.6, 22.6, 22.5, 14.0; l.R.(KBr) 3350, 2920, 2840, 1665, 1640, 1598,
1465, 1205, 730; MH(EI): m/z 362. Caled. for CpoH3404 : C 72.89, H 9.45; found: C 72.61, H 9.61. Spectral

data were in agreement with literature values. 2
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2-5-dimethoxy-3-(10-pentadecenyl)-1,4-benzoquinone (11a):

Yellow ail; Rf: 0.49 (7:3 hexane:AcoEt); 1H NMR (CDCl3) 5.73 (1H, s), 5.34 (2H, t AB systJ=4.5
Hz), 4.04 (3H, s), 3.81 (3H, s), 2.43 (2H, 1), 2.01 (4H, m), 1.38 (2H, m), 1.27 (16H, m), 0.88 (3H, t); 13C NMR
(CDCl3) 183.4, 182.3, 158.6, 155.7, 130.5, 129.7, 105.2, 61.2, 56.2, 32.5, 31.8, 29.7, 29.6, 29.5. 29.3, 292,
29.1, 28.6, 28.3, 27.1, 23.0, 22.6, 13.9; LR.(neat) 2935, 2850, 1670, 1605, 1460, 1340, 1215, 1045, 842, 725

£=0Q.) Jo S5 RANAULGL) S0 LALLE L&y 1V

M*(EI): m/z 376; caled. for C3H3604 : C 73.37, H 9.64; found: C 73.21, H 9.85.

2-Hydroxy-5-methoxy-3-(10-nonadecenyl)-1,4-benzoquinone (Pallasone C) (1b):

Orange cryst., mp : 72-73 °C; Rf 0.39 (7:3 hexane:AcQE); IH NMR (CD DCl3) 7.24 (1H, br), 5.84 (1H

1Yol L 1 L

5 Hz), 3.86 (3H, s), 2.44 (2H, 1), 2.00 (4H, m), 1.44 (2H, m), 1.26 (24H, m), 0.88
8 8.2

k3 NTRAD 7T I PR 109 O 101 £ 1£1 N 11 & 1N 110N A 1N 1 oL £ NN £ o121 N~ AN = AN A

U INIVIR (LDCLY), 104,08, 1681.0, 101.U, 131.0, 12Y9.68, 11Y.2, 1UZ.1, 30.0, 32.3, 31 M. 1, 2., £Y.5,
29.2, 28.8, 28.6, 27.9, 27.1, 24.6, 22.6, 22.5, 14.0; T.R.(KBr) 3350, 2920, 2840, 1665, 1640, 1598, 1465, 1210,
1204, 733; M*(EI): m/z 418. Spectral data were in agreement with literature values . 8
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2-5-dimethoxy-3-(10-nonadecenyi)-1,4-benzoquinone (iib):
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153UV

405 (3H, s), 3
(CDCl3) 183.5, 182.] .
29.1, 28.6, 28.3, 27.1, 230 226 140 IR(neat) 2930 2854 1670, 1600, 1460 1330 1216 1045
MH(ED: m/z 432; caled. for Cp7Ha404 : C 74.96, H 10.25; found: C 74.72, H 10.11.

2-Hydroxy-5-methoxy-3-(8-tridecenyl)-1,4-benzoquinone (Ardisianone B) (1c):

Orange cryst., mp : 63 °C (lit 6 62-64 °C ); Rf: 0.32 (7:3 hexane: AcoEt); 'H NMR (CDCl3) 7.26 (1H, br),
5.85 (1H, s), 5.34 (2H, t AB syst J = 5 Hz), 3.86 (3H, s), 2.44 (2H, t), 2.00 (4H, m), 1.44 (2H, m), 1.30 (12H,
m), 0.89 (3H, t); 13C NMR (CDCl3) 182.8, 181.6, 161.0, 151.6, 129.7, 119.2, 102.1, 56.6, 32.4, 31.8, 29.6,
295,294,292, 291, 28.9, 28.6, 27.9, 27.0, 26.8, 22.5, 22.2, 13.9; LR.(KBr) 3340, 2925, 2850, 1662, 1637,

1598, 1464, 1380, 1205, 700; IM+H]+(CHa): m/z 335; HRMS (CI, CHy) calcd. for C2gH3104 : 335.2233,
frmds 228 7999 Cnranteal Anota wars in agraamant with litaratira valiae 3
1OULNLIU, JDJJ.LL4L 4. Opcbu.al data vwiolo il dslbblllblll WILLL Lviatuly vadiuuvd.

4-benzoquinone (11c):
m}e:Ar‘OEt); 1H NMR (

Vollow 0il: Re: 0,47 (7:R hex CDCI2aYS5.73(1H. ). 534 (2H. t AB svst 7 =5 Hz)
L VIIUYY Ull, A\J ST N1 T A v A ANAVAIN \R ALy Je T O A\ Aldy Ofy JLOT \Laky LR SO Y < 114
A NEg YT A\ D QT SAET N A SATT N N AN FATT oy 1T DA T Y T A0 F1ATT Y N oD /T 13/ AnaD
4.U2 \jn S), 3.01 (Jn, S), £.44 \451, 1), L4.\R) (41, 111), 1.09 \4Ir1, 11, 1.7 {1461, 111}, V.07 {111, 1), *“U INIVIIN
(CDCl3) 183.4, 182.3, 158.6, 155.8, 130.5, 129.7, 105.3, 61.2, 56.2, 32.4, 31.8, 29.6, 29.5, 29.4, 29.2, 29.0,
28.5,27.1, 22.9, 22.6, 13.9; LR.(neat) 2930, 2850, 1660, 1600, 1460, 1320, 1215, 1045, 840, 736; M*(EI): m/z

348; calcd. for Co1H3704: C 72.38, H 9.26; found: C 72.13, H9.22.

2-Hydroxy-5-methoxy-3-(8-heptadecenyl)-1,4-benzoquinone (Hydroxydietrichequinone) (1d):

Orange cryst., mp : 66-67 °C; Rf 0.37 (7:3 hexane:AcOEt); 1H NMR (CDCl3) 7.25 (1H, br), 5.84 (1H, s),
5.34 (2H, t AB syst J =5 Hz), 3.86( 3H, s), 2.44 (2H, 1), 2.00 (4H, m), 1.44 (2H, m), 1.26 (20H, m), 0.88 (3H,
t); 13C NMR (CDCl3) 182.8, 181.7, 161.1, 151.5, 129.8, 129.7, 119.2, 102.1, 56.7, 32.5, 31.9, 29.7, 29.5, 29.3,
29.2,28.8, 28.6, 27.9, 27.1, 24.6, 22.6, 22.5, 14.1; LR.(KBr) 3350, 2920, 2840, 1660, 1645, 1598, 1465, 1210,
1200, 732; [M+H]JH(CH4): m/z 391; HRMS (CI, CHa) calcd. for CpaH3904: 391.2848, found: 391.2837.

L5707

2-5-dimethoxy-3-(8-heptadecenyl)-1,4-benzoquinone (11d):

Yellow oil; Rf: 0.48 (7:3 hexane: :AcOEL); IH NMR (CDCl3) 5.73 (1H, ), 5.33 (2H, t AB syst J = 5 Hz),
4.05 (3H, s), 3.81 (3H, s), 2.42 (2H, ), 2.00 (4H, m), 1.38 (2H, m), 1.27 (20H, m), 0.88 (3H, t); 13C NMR
(CDCl3 ) 183.4, 182.3, 158.6, 155.7, 130.5, 129.8, 129.7, 105.2, 61.2, 56.2, 32 .4, 31.8, 29.6, 29.5, 29.4, 29.2,
29.0, 28.5, 27.1, 22.9, 22.6, 14.0; L.R.(neat) 2935, 2850, 1670, 1605, 1460, 1340, 1215, 1045, 842, 730;

IM+H]H(CHgy): m/z 405; HRMS (CI, CHy) calcd. for CosHyq104: 405.3005, found: 405.3027.

2-Hydroxy-5-methoxy-3-octadecyi-1,4-benzoquinone (irisoquin) (1e):

Orange cryst., mp : 98-99 °C (lit 7 98-100 °C); Rf: 0.35 (7:3 hexane:AcOEt); 1H NMR (CDCl3) 7.27 (1H,
br), 5.84 (1H, s), 3.86 (3H, s), 2.44 (2H, 1), 1.42 (2H, m), 1.25 (30H, m), 0.88 (3H, 1); 13C NMR (CDCl3)
182.8, 181.6, 161.1, 151.5, 119.2, 102.1, 56.7, 31.9, 29.6, 29.5, 29.4, 28.0, 22.6, 14.1; LR.(KBr) 3350, 2920,

2820, 1670, 1638, 1597, 1460, 1220, 1202; M*(EID): m/z 406. Spectral data were in agreement with literature
values. 10
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Yellow cryst., mp : /3- CIRf: 003 (Ut 3 hexane:AcOELt); 'H NMR (CDCl3) 5.73 (1H, s), 4.05 (3H, s),
3.81 (3H, s), 2.42 (2H, 1), 1.38 (2H, m), 1.25 (30H, m), 0.88 (3H, v); 13C NMR (CDCl3) 183.5, 182.3, 158.7,

155.8, 130.6, 105.3, 61.2, 56.3, 31.9, 29.6, 29.5, 29.3, 28.6, 23.0, 22.6, 14.0; LR.(KBr) 2910, 2845, 1670, 1597,
1460, 1220, 1047, 871; MHEID): m/z 420, calcd. for CogHq404: C 74.24, H 10.54; found: C 74.48, H 10.44.

2-Hydroxy-5-methoxy-3-tridecyl-1,4-benzoquinone (5-O-methyl-rapanone) (1f):

Orange cryst., mp : 87-88 °C (lit 1090-91 °C); Ry: 0.32 (7:3 hexane:AcOEt); 'H NMR (CDCl3) 7.26 (1H,
br), 5.86 (1H, s), 3.86 (3H, s), 2.44 (2H, t), 1.44 (2H, m), 1.25 (20H, m), 0.88 (3H, t); 13C NMR (CDCl3),
182.8, 181.6, 161.0, 151.6, 119.2, 102.1, 56.6, 31.8, 29.5, 29.4, 29.3, 29.2, 29.1, 27.9, 22.6, 14.0; .LR.(KBr)
3350, 2920, 2830, 1670, 1640, 1595, 1460, 1210, 1205; M*++(ED): m/z 336. Spectral data were in agreement

D Ve & avvnthhneer R wevedane] 1T A hameraciiana nthel amadialia) (1)

A~ IRYUTOX Y~ O-TMCUIOX Y -0~ UIHICLY 1= 1y~ ucqumuuuc (S=-U-iii ul_yl-culucuu} \1g)

g VO oL oL O Rmoﬁ\ ....... .l AT 7 AL 1T Lo
L 8J3-60 4y * /.20 (111, DOI),

AT 1 —

5.85 (1H, s), 3.86 (3H, s), 2.44 (2H, t), 1.45 (2H, m), 1.25 (16H, m), 0.88 (3H, t); ! 3C NMR (CDCl3) 182.8,
181.6, 161.0, 151.6, 119.2, 102.1, 56.6, 31.8, 29.5, 29.4, 29.3, 29.2, 29.1, 27.9, 22.6, 14.0; L.R.(KBr) 33
2920, 2840, 1670, 1642, 1598, 1460, 1210, 1204; M+(EI). m/z 308. Spectral data were in agreement with

literature values. 11

2-5-dimethoxy-3-undecyl-1,4-benzoquinone (11g):

Yellow cryst., mp : 52-53 °C; Rf: 0.48 (7.3 hexane:AcOE); IH NMR (CDCl3) 5.73 (1H, ), 4.05 (3H, s),
3.81 (3H, s), 2.43 (2H, dd), 1.37 (2H, m), 1.25 (16H, m), 0.88( 3H, t); 13C NMR (CDClz), 183.5, 182.3, 158.7,
155.8, 130.6, 105.3, 61.2, 56.3, 31.8, 29.6, 29.5, 29.3, 28.6, 23.0, 22.6, 14.0; L.R.(neat) 2920, 2850, 1660, 1600,
1462, 1210, 1045; MHED: m/z 322; caled. for Ci1gH3004 : C 70.77, H 9.38; found: C 70.51, H9.32.

2an
2L 1%, [ F N 1 1913505 2: F.00, 10 i1 7.

2-Hydroxy-5-methoxy-3-isopentyl-1,4-benzoquinone (1h):

Orange cryst., mp : 98-99 °C; Rf: 0.28 (7:3 hexane:AcoEL); 'H NMR (CDCl3). 7.5 (1H, br), 5.85 (1H, ),
286 (3H. ). 244 (2 dd) 154 (1H m). 1322H m) 0902 (6H 4} 13C NMR (CDC1.) 182 R 181 & 161 0
GOV \Jhly D)y LTT \ehdy UMy LT \ LKLy By Led T \&LRy M)y V.S \ULLy U, N ANAVAIN \aoudy ) 1040, 101U, 1UTU,
181 8 1104 1ND) 1 &£ £ 2460 970 972 MEC. TR /DN 224N AI0IE NQ&N 14NN LALA 1INE. AT, ../
101.0, 117.94, 1VU4L.1, DUV, JV.0y &4 /.0,y &y &V.Dy LINADNDIL) 204U, &7240, 4004, 10U, 1404, 1LU0D, VI "\L1). M/2
224; calcd. for C12H1604 : C 64.27, H 7.19; found: C 64.22, H 7.29

V. E Aimranthnoo T icnman el 1 A hanmennsimana {11k}

&= =LERRL ulUAy S o IBUPCII!,JI Ly~ UCIIIJU\.‘UIIIUIIV (@S eiy)

Woallowor A2l Do YV AT 7.3 Linc s A AN 1LY AR AD /O & 72 7101 Y A NS LT v 20 FATT oy D AN

ICHOW ULL, INT . U4 /7.0 HOAAIIC.ACULLL), “11 INIVIIN (0L LU ) 0,70 (110, 3, 4.U0 \Or, 5), I.04 (A, 8), £.44
(2H, dd), 1.55 (1H, m), 1.27 (2H, m), 0.92 (6H, d); 13C NMR (CDCl3) 183.3, 182.2, 158.6, 155.6, 130.7,
105.2, 61.1, 56.2, 37.6, 27.9, 22.2, 20.9; L.R.(neat) 2930, 2850, 1600, 1460, 1320, 1215, 1045; M+(CHy): m/z

238, [M+3H]*(CHy): m/z 241; m/z caled. for Co1H3204 : C 65.53, H 7.61; found: C 65.23, H 7.67.
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4-5-dimethoxy-3-isopentyi-1,2-benzoquinone (10h):
Bright orange cryst., mp : 74-75°C; Rf : 0.28 ( 5:5 hexane:AcOEt); 'H NMR (CDClg), 5.57 (1H, s), 3.82
(6H, s), 2.29 (2H, dd), 1.44 (1H, m), 1.17 (2H, m), 0.80 (6H, d); 13C NMR (CDCl3) 180.3, 178.3, 166.1, 158.7,

130.1, 100.8, 61.6, 56.5, 37.6, 27.7, 22.0, 21.0; L.R.(neat) 3062, 2954, 2851, 1671, 1650, 1580, 1375, 1233,
1045; [M+2H]H(CHy): m/z 240, [M+3H]H(CHy): m/z 241; HRMS (CI, CHy) calcd. for C13H004 : 240.1362,
found: 240.1370, calcd. for C13H2104 : 241.1440, found: 241.1421.
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For transformation of ortho-quinone derivatives to para-quinones and details of the mechanism of



