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Chloro- and Bromophenols from Cultures of Mycena alcalina
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Three new chlorinated phenols have been isolated from mycelial cultures of the mudkiyem®na alcalina Their
structures were determined by mass spectrometry and 1D and 2D NMR experiments. Addition of bromide to the medium
resulted in the production of the corresponding brominated phenols. In addition, small amounts of the nonhalogenated
precursor were also isolated, indicating that the halogenated metabolites are generated by a regioselectively operating
halogenase.

Fungi belonging to the genuddycenaare known to produce a

variety of secondary metabolites, such as the pyrroloquinoline (fC\HQ (@5\ @ZOH
alkaloid haematopodiha number of polyinésand terpenoid$and & H Cl OCH; ¢l 4 _OH
() LI

H3CO OH H5CO -~ OCHs;

several of the antifungal strobilurins and oudemansidswever,

no secondary metabolites have been reported from the species OH H@

Mycena stipataMaas Gesteranus & Schiwel, formerly known OH OH \/OgHs
under the nam#. alcalina[Fr.] Kummer® Therefore, we screened

cultures ofM. alcaling® for new secondary metabolites using GC- 1 2 3

MS and have identified three chlorinated natural products from the Figure 1. HMBC (—) and NOE ) correlations of alcalinaphenols

typical isotope pattern of the molecular ions caused by the presenceA—C (1-3).

of chlorine. In this paper, we describe the isolation and structural

elucidation of these secondary metabolites, which we have decidedROESY either, the methoxy group must be locatetho to the

to name alcalinaphenols ALY, B (2), and C @). In addition, the chloro substituent angara to the aromatic proton.

substrate specificity of the putative halogenase was investigated Alcalinaphenol B 2) exhibits a molecular ion at 218.03399

with respect to its brominating capability. On addition of potassium corresponding to a molecular formula 0§HG,CIO,. The EIMS

bromide to the medium, three brominated metabolites, the alcali- shows a shift of 30 mass units in comparisoi to most fragments.

naphenols D4), E (5), and F §), were generated instead of the Aromatic protons are absent from thé NMR, but two singlets at

corresponding natural products 2, and3, respectively. 0n 3.71 and 3.77, each representing@methyl group, are present
The alcalinaphenols were extracted with MeOH from 8-week- in 2 instead of only one id. Therefore, alcalinaphenol B possesses

old mycelial cultures oM. alcalina grown on MEA medium and @0 additional methoxy group. According to the HSQC, HMBC,

purified by preparative and semipreparative HPLC on RP-18. and ROESY spectra, this methoxy group is located adjacent to the
Alcalinaphenol A () exhibits a molecular ion at 188.02387 in methyl substituent and replaces the aromatic proton of alcalinaphe

. nol A (Figure 1).
the HREIMS, corresponding to a molecular formula gHgCIO3, . .
indicating the presence of four double-bond equivalents. The Alcalinaphenol C §) possesses a molecular ion at 248.04529,

; . ; corresponding to a molecular formula 0f#:3ClOs. The UV
molecula_lr formula IS confirmed by th‘éC_ NMR spectrum, Wh'c.h spectrum is very similar to that dfand2; therefore3 should also
shows six carbons in the aromatic region and two carbons in the

. . ) be a phenol. Compared @ alcalinaphenol C3) possesses an
aliphatic region athc 19.54 and 60.76. Théd NMR spectrum additional oxygen, an additional carbon, and two additional

reveals one proton in the aromatic region, while the two singlets hydrogen atoms. In thH NMR spectrum, three resonances in the

in the aliﬁ’qh?tic region aby, 22? and 3'.79 b_elonr? toa melthyl andh range betweety 3.5 and 4.0 indicate the presence of three methoxy
anO-methyl group, respectively. Considering these results and the g, instead of the two @ The signal of the methyl substituent

molecular formula,l is an aromatic compound with five substit- at oy 2.19 in alcalinaphenol B2j is absent in3. Instead, a new
uents, one chloro, one methyl, one methoxy, and two hydroxy resonance comprising two protons is visibleat4.77, indicating

groups. The substitution pattern_ of a_lcalinaphenol A is deduced the presence of a GBH substituent replacing the methyl sub-
unambiguously from the correlations in the ROESY, HMBC, and stituent of 2. The positions of the methoxy groups 8fwere

HSQC spectra (Figure 1). A correlation between the singléat  g|ycidated from the correlations in the ROESY and the HMBC
2.20 and the singlet aty 6.50 in the ROESY spectrum indicates  gpectra (Figure 1). Only two NOE correlations from the methoxy
that the aromatic CH group is located adjacent to the carbon carrying group aty, 3.91 to the methoxy groups &g 3.84 and 3.78 indicate
the CH; group. The three aromatic carbons with the highest shift that the methoxy group ay 3.91 is flanked by those ay 3.84
values should carry the hydroxy and methoxy groups. In the HMBC anq 3,78, while there are no NOE correlations between the CH
there are only strong correlations from the methyl group to the other o substituent and any methoxy group. Therefore, the chloro
three aromatic carbons. Hence, the hydroxy groups and the methoxysypstituent and the hydroxy group must be located adjacent to the
group must be locatethetaand para to the methyl substituent,  cH,0H group, while the three methoxy substituents must be located
and the chloro substituent is locatedho to the methyl substituent. metaandparato the C'—LOH group. The correlations in the HSQC
Since there is no HMBC correlation from the aromatic proton to gnd HMBC spectra allow an almost complete assignment of the
the aromatic carbon that carries the methoxy group, and no carbon and proton resonances and confirm the structuge of
correlation from the methoxy protons to any other proton in the  \whenM. alcalinawas grown on MEA medium enriched with
KBr, new phenols were detected in the GC-MS after extraction of
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CHj CHj CH,OH based medium has yielded the brominated sesterterpene neoman-
R H R OCH; R3 L1 OH gicol B as a minor constituent in addition to the corresponding
chlorinated metabolite neomangicol !A.2,3-Dibromo-4,5-dihy-
Hs;CO3 "1 OH  HsCO"3 Y1 OH H5CO OCH; droxybenzyl alcohol has been isolated from a marine ascomycete
OH OH OCH3 cultured in a medium supplemented with potassium brorfidzl-
R=Cl 1 R=Cl 2 R=C 3 19,784, a brominated antifungal flavone, has been isolated from

o o o cultures of amAcanthostigmellap. fungust’ The white-rot fungus
R=Br 4 R=Br 5§ R=Br. 6 -
Bjerkandera adustgproduces 3-chloro-4-methoxybenzaldehyde,
R=H7 R=H8 3-chloro-4-methoxybenzyl alcohol, and some more chlorinated
Figure 2. Alcalinaphenols A-F (1-6) and nonhalogenated phenols  volatile phenyl compounds.Similarly to our experiments with.
7 and8 from cultures ofM. alcalina alcalina, B. adustagenerates the corresponding brominated me-
tabolites after addition of bromide to the culture meditfnThe
identified from the characteristic isotope pattern of bromine. In substitution of chlorine by bromine sometimes also leads to a shift
addition, traces of metabolites containing two bromine atoms were in the secondary metabolism. This was demonstrated in the case
also found by GC-MS. of the ascomyceteachnum papyraceunmwvhich produces several
The major component, the pertrimethylsilylated alcalinaphenol new nonbrominated compounds in addition to 4-bromo-6-hy-
E (5), exhibits a molecular weight of 406 [M%Br)]*. In comparison droxymellein when calcium bromide is present in the culture
to pertrimethylsilylated2, most fragment ions are shifted by 44  medium?®
mass units. Hencé,is identical to2, except that chlorine has been In the case of the alcalinaphenols A, B, D, and E, the
replaced by bromine (Figure 2). This result was confirmed by hajogenation is probably the last step in the biosynthesis, since the
isolating and purifyings by HPLC and recording itsH, HSQC, nonhalogenated phendicould be detected as putative biosynthetic
HMBC, and ROESY NMR spectra. precursor of alcalinaphenols A and D and the nonhalogenated
The two monobrominated componertsand6 were generated  phenol8 as putative precursor of alcalinaphenols B and E. Phenol
in minute amounts that did not permit their isolation and charac- 7 s an unsymmetrically substituted phenol, which could be
terization by NMR. However, their structures could be deduced pajogenated in either position 4 or 6. However, the chlorination
from the mass spectra of the corresponding pertrimethylsilyl takes place only at the sterically more hindered C-4. Hence, the
derivatives. The pertrimethylsilyl derivative of alcalinaphenol D corresponding halogenating enzyme appears to operate regiospe-
(4) exhibits a molecular weight of 376 [M®r)]* and a shiftof  cifically. However, if bromide is added to the medium, the

most fragment ions in comparison to the pertrimethylsilyldted halogenase appears to brominate less selectively and less effectively,
44 mass units. Hencd, is identical with1, except that chlorine  since unidentified dibrominated phenols are produced in trace
has been replaced by bromine (Figure 2). Compo6ndicali- amounts and the nonhalogenated pherfoid 8 are present in

naphenol F, is related t8 since its pertrimethylsilyl derivative  consjderably larger quantities.
exhibits a molecular ion at 436 [M9Br)]" and a systematic shift

for most fragment ions compared with the silyl derivative3ofn
addition, the retention times of the pertrimethylsilyl derivatives of
4, 5 and 6 are shifted systematically in comparison to the
pertrimethylsilyl derivatives of the chlorinated metaboliteg, and

3. Therefore, the arrangement of the substituents in each of the
brominated compounds is presumably the same as in the corre
sponding chlorinated metabolites.

In addition, it was possible to isolate and purify small amounts
of the phenol7 by preparative and semipreparative HPLC from
the cultures ofM. alcaling, which had been supplemented with
bromide. Compound7 is 3-methoxy-5-methylbenzene-1,2-diol
according to the EIMS, th&H NMR spectrum, and the GCEIMS
of the pertrimethylsilyl derivative. The presence of two separated
aromatic protons in th&tH NMR with a 43y coupling (1.5 Hz) in

In general, two types of halogenating enzymes are known. The
haloperoxidases, which are heme- or vanadium-dependent, generate
HOX as halogenating agent fromy,®,.2° These haloperoxidases
have been found in a variety of sources and usually exhibit a broad
substrate specifity and a lack of regiospecifitylhe second class
of halogenating enzymes are halogend&bey are either FADb
“dependent or nonheme-ketoglutarate-dependent enzymes. The
FADH,-dependent enzymes require NADH;,@nd a halogenide
but not HO, for regioselective halogenatidh. Nevertheless,
halogenases also appear to tolerate bromide instead of chiéride.
Probably, such a halogenase is also responsible for the production
of the halogenated phenols M. alcalina

Experimental Section

theH NMR spectrum implies that is unsymmetrically substituted. General Experimental ProceduresEvaporation of the solvents was
Therefore, the methoxy group must be locateetato the methyl performed under reduced pressure using a rotary evaporator. Preparative
substituent. Phend differs from 1 and4 only by the absence of = HPLC: Waters 590EF pumps equipped with an automated gradient
the chloro and bromo substituents, respectively. Comp@unes controller 680 and Kratos Spectroflow 783 UV-vis detector; column:
isolated from high-boiling wood tar oil 70 years ago. Luna C-18 (2), um, 15x 250 mm (Phenomenex); gradient: 10 min

identified only by means of the GC-MS properties of its pertri- ML min™% detection: UV at 220 nm. Semipreparative HPLC: Waters
methylsilyl derivative. 510 pumps equipped with an automated gradient controller 680 and

Some chlorinated secondary metabolites have already been/\PPlied Biosystems 783A UV-vis detector; column: Nucleodur C-18
reported from the genuzMyce)rqa These include mycen?flh EC, 5um, 10 x 250 mm (Macherey-Nagel); gradient: 10 min at 100%
- ' H,0 then within 30 min linear to 100% MeOH; flow rate: 6 mL min
tetrachloropyrocatechdt,drosophilin A methyl ethet,and chlo-

rinated benzoxepifi derivatives. Many chlorinated natural products detection: UV at 220 nm. UV: Cary 100 Bio (Varian). NMR: Bruker
P ) Y P DMX 600 spectrometer equipped with a cryoprobig &t 600.131°C

have been isolated from ot_h_er ba_sidiomyce_te_s and ascomyéetes. at 150.9 MHz) and Bruker DMX 5004 at 500.113%C at 125.8 MHz),
Chlorophenols usually exhibit antifungal activityind protectthe nemical shifts in relative to CROD (6n 3.31,0c 49.00) as internal
producer organism against competing species. However, there iSgiangard. EIMS: ThermoElectron Trace DSQ instrument equipped with
no earlier report of the generation of brominated compounds from gjrect insertion probe using El at 70 eV. GCEIMS: ThermoElectron
the genusMycena Reports of brominated natural products from  Trace DSQ coupled with a ThermoElectron Trace GC Ultra equipped
fungi as a whole are rafé.3-Bromo-4-methoxybenzaldehyde and  with a PTV injector. For sample separation, a fused silica DB-5ms
5-bromo-3,4-dimethoxybenzaldehyde have been identified by GC- capillary column (15 mx 0.25 mm, coated with a 0.28m layer of

MS in soil samples containing the myceliumlafpista nudd* A liquid phase) and helium as carrier gas were used. Injection volumes
Fusariumsp marine fungus from the Bahamas cultured in seawater- were 0.2-0.5 uL of a 1-2% (m/v) solution of pertrimethylsilylated
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crude extracts or purified samples. For pertrimethylsilylabbmethyl-
N-trimethylsilyltrifluoroacetamide (MSTFA) was used. Temperature
program: 1 min isothermal at 5@, then 5 K/min up to 300C, finally

10 min isothermal at 308C. Retention indiceR: according to Koves**
were determined by injection of a Qu2 sample of a standard mixture
of saturated straight-chain alkanes{€Css). HREIMS: Finnigan-MAT
8200.

Fungal Material and Cultivation Conditions. Strain: CBS 386.90
(Centraalbureau voor Schimmelcultures, Amsterdam). Eighty petri
dishes (90 mm diameter), each containing 25 g of solid MEA medium
(30 g of malt extract, 5.0 g of peptone, 15 g of agar, 1000 mL #}H
were inoculated with mycelia oM. alcalina (CBS 386.90) and
incubated for 8 weeks at 20C. Typically, the mycelia reached
diameters of 56 cm. To test the specificity of the halogenaié,
alcalinawas grown on MEA medium enriched with KBr (5.0 and 10.0
g/L, respectively). Under these conditions, the mycelia reached
diameters of approximately-34 cm within 8 weeks.

Extraction and Isolation. The mycelia and inseparable parts of the
medium were removed from 80 culture plates with a razor blade,
yielding 70 g of crude material. The crude material was extracted with
MeOH at 25°C for 10 min. After filtration, the crude extract was
concentrated in vacuum at 4C. The resulting residue was dissolved
in 20 mL of MeOH/HO (1:1), prepurified with an RP-18 cartridge,
and separated on an RP-18 column by preparative HPLC to afford
5-methyl-3-methoxycatechof), tr 29.8 min; alcalinaphenol E5j, tr
33.4 min; alcalinaphenol C3J, tzr 33.7 min; alcalinaphenol Alj, tg
35.1 min; and alcalinaphenol B2), tr 35.5 min. The resulting
alcalinaphenolg, 2, 5, and7 were further purified by semipreparative
HPLC to give 5-methyl-3-methoxycatechdl)( tr 27.4 min; alcali-
naphenol A {), tr 31.7 min; alcalinaphenol B2J, tr 32.5 min; and
alcalinaphenol E5), tr 32.9 min. Yields: Alcalinaphenol Alj), 0.84
mg; alcalinaphenol B2), 0.44 mg; alcalinaphenol C3), 0.60 mg;
alcalinaphenol EX), 0.66 mg; 5-methyl-3-methoxycatechal)(0.40
mg.

Alcalinaphenol A (4-chloro-3-methoxy-5-methylbenzene-1,2-diol,

1): colorless solid; UV (MeOH}.max 204, 283 nmiH NMR (500 MHz,
CD0D, 298 K)d 6.50 (1H, s, H-6), 3.79 (3H, s, 3-OG} 2.20 (3H,

s, 5-CHy); 3C NMR (500 MHz, CBOD, 298 K)o 145.96 (C, C-2),
145.75 (C, C-3), 138.56 (C, C-1), 127.49 (C, C-5), 119.01 (C, C-4),
113.66 (CH, C-6), 60.76 (C413-OCH;), 19.54 (CH, 5-CH); EIMS

m/z 190 [MC’CI)]* (3°Cl) (35), 188 [ME>CI)]* (100), 175 [ME'CI) —
CHs]™ (20), 173 [MECI) — CHa]™ (54), 147 [ME’Cl) — CH; — COJ"
(11), 145 [MECI) — CHz — COJ* (27); HREIMS/z 188.02387 (calcd
for CgHg**ClOs, 188.02402).

Pertrimethylsilyl derivative of 1: GCEIMS R 1656; m/z 334
[M(3"CI)]T (22), 332 [MECI)] T (52), 319 [ME'CI) — CHg] " (11), 317
[M(35CI) — CHg] " (29), 304 [ME'CI) — CH,O]* (12), 302 [MECI) —
CH.O]" (31), 289 [MECl) — CH,O — CHg]* (4), 287 [MECI) —
CH,O — CHjg]* (8), 251 [M — CH,O — CHs — CI]* (4), 244 (7), 201
(6), 193 (4), 179 (3), 166 (3), 151 (3), 93 (3), 75 [(BIOH]" (5),

73 [Si(CHs)a]* (100), 59 (3), 45 (8).

Alcalinaphenol B (4-chloro-3,6-dimethoxy-5-methylbenzene-1,2-
diol, 2): colorless solid; UV (MeOH}imax 205, 281 nm*H NMR (600
MHz, CD;0D, 300 K)6 3.77 (3H, s, 3-OCHh), 3.71 (3H, s, 6-OCkH),
2.19 (3H, s, 5-Ch); 13C NMR (600 MHz, CQOD, 300 K)¢ 144.11
(C, C-6), 142.09 (C, C-3), 120.57 (C, C-5), 118.44 (C, C-4), 60.58
(CHs, 6-OCH;), 60.57 (CH, 3-OCH;), 12.44 (CH, 5-CHs); EIMS vz
220 [ME'CI)]* (15), 218 [MECI)]* (44), 205 [ME'Cl) — CHa]* (23),

203 [M(CIl) — CHg]"™ (70), 190 [ME'Cl) — CHO]" (32), 188
[M(35CI) — CH,O]* (100), 175 (29), 173 (54), 145 (25); HREIMSZ
218.03399 (calcd for §11%°ClO,, 218.03459).

Pertrimethylsilyl derivative of 2: GCEIMS R 1713; m/z 364
[M(3"CI)] ™ (24), 362 [MECI]* (57), 349 [ME'CI) — CHg]™ (6), 347
[M(35CI) — CHg] " (14), 334 [ME'CI) — CH,0]* (40), 332 [MECI) —
CH,O]" (100), 319 (8), 317 (20), 304 (7), 302 (17), 274 (3), 267 (3),
261 (3), 259 (9), 216 (3), 151 (4), 133 (2), 89 (2), 75 (3), 73
[Si(CHg)3] T (42), 59 (3), 45 (6).

Alcalinaphenol C [3-chloro-2-(hydroxymethyl)-4,5,6-trimethoxy-
phenol, 3]: colorless solid; UV (MeOH)lmax 206, 286 nm*H NMR
(500 MHz, CQyOD, 298 K) 6 4.77 (2H, s, 2-CHOH), 3.91 (3H, s,
5-OCHs), 3.84 (3H, s, 6-OCHor 4-OCH), 3.78 (3H, s, 4-OCHlor
6-OCHp); °C NMR (500 MHz, CROD, 298 K) 6 148.24 (C, C-5),
147.49 (C, C-1), 143.47 (C, C-4 or C-6), 141.10 (C, C-6 or C-4), 124.44
(C, C-2),121.46 (C, C-3), 61.32 (5-OGK161.27 (6-OCHor 4-OCHp),
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61.22 (4-OCH or 6-OCH;), 57.17 (2-OCH); EIMS m/z 250
[M(E'CI)]* (9), 248 [MECI]T (22), 232 [ME'CI) — H0]* (38), 230
[M(3Cl) — H01" (100), 217 [ME'Cl) — H,O — CHg]* (29), 215
[M(3CI) — H,O — CHg]* (65), 189 [ME'CI) — H,O — CH;z — COJ*
(25), 187 [MECIl) — H,O — CH; — COJ" (60); HREIMS m/z
248.04529 (calcd for H15*ClOs, 248.04515).

Pertrimethylsilyl derivative of 3: GCEIMS R 1932; m/z 394
[M(ECI)]* (6), 392 [MEECI)]*™ (18), 379 [ME'CI) — CHg]* (4), 377
[M(3CI) — CHg] ™ (12), 364 [ME'CI) — CH0]" (3), 362 [MECI) —
CHO]" (9), 349 [ME'Cl) — CH; — CHQO]* (10), 347 [MECI) —
CH; — CH.O]" (20), 305 (6), 303 (11), 275 (6), 273 (10), 232
[M(®"Cl) — (CH3)sSIOSi(CHy)4]* (32), 230 [MECI) — (CH3)sSiOSi-
(CHgs)s]* (100), 217 (17), 215 (36), 187 (29), 147 (30), 89 (5), 75 (9),
73 [Si(CHy)s] ™ (71), 59 (4), 45 (6).

Pertrimethylsilyl derivative of alcalinaphenol D (4-bromo-3-
methoxy-5-methylbenzene-1,2-diol, 4)GCEIMS R 1735; m/z 378
[M(8Br)]™ (36), 376 [M(°Br)]* (35), 363 [ME'Br) — CHs]™ (19), 361
[M(79Br) — CHg]* (16), 348 [ME!Br) — CHO]* (21), 346 M{°Br) —
CH,O]" (20), 333 (7), 331 (6), 290 (4), 288 (4), 259 (11), 217 (11),
215 (9), 191 (9), 151 (4), 147 (15), 133 (4), 75 (7), 73 [SigEH
(100), 45 (6).

Alcalinaphenol E (4-bromo-3,6-dimethoxy-5-methylbenzene-1,2-
diol, 5): colorless solid; UV (MeOHWmax 210, 282;'H NMR (600
MHz, CD;0D, 300 K)o 3.76 (3H, s, 3-OCHh), 3.71 (3H, s, 6-OCH),
2.23 (3H, s, 5-OCH); **C NMR (600 MHz, CQOD, 300 K)o 144.27
(C, C-6), 143.00 (C, C-3), 139.78 (C, C-2), 138.91 (C, C-1), 122.26
(C, C-5),109.10 (C, C-4), 60.56 (GH5-OCHg), 60.40 (CH, 3-OCHp),
15.35 (CH, 5-CHy); EIMS m/z264 [M(E*Br)]* (62), 262 [M(°Br)]*
(66), 249 [MEBr) — CHs] " (96), 247 [M(°Br) — CHs]™ (100), 221
[M(8Br) — CHz — COJ* (25), 219 [M(°Br) — CHz — CQOJ" (34), 206
[M(®Br) — CHs — COCH] ™ (37), 204 [M(°Br) — CH; — COCH] "
(43).

Trimethylsilyl derivative of 5: GCEIMS R 1783; EIMSnvVz 408
[M (81Br)]* (27), 406 [M(°Br)]* (28), 393 [MEBr) — CHa* (7), 391
[M(7°Br) — CHa]™ (7), 378 [M@'Br) — CHO]* (50), 376 [M(°Br) —
CH;O]" (46), 363 (11), 361 (10), 348 (10), 346 (10), 305 (4), 303 (5),
267 (3), 224 (3), 181 (4), 173 (3), 147 (4), 133 (4), 126 (4), 89 (4), 75
(7), 73 [SI(CHy)3] " (100), 59 (5), 45 (14).

Pertrimethylsilyl derivative of alcalinaphenol F [3-bromo-2-
(hydroxymethyl)-4,5,6-trimethoxyphenol, 6]: GCEIMSR 2006;m/z
438 [MEBr)]* (3), 436 [M(°Br)]* (3), 423 [MEBr) — CHg]* (3),
421 [M("Br) — CHa]* (2), 408 [ME!Br) — CH.O]* (2), 406 [M("°Br)

— CHQO]" (2), 393 (6), 391 (5), 357 (2), 349 (3), 347 (2), 327 (2), 317
(3), 297 (2), 276 [M§Br) — (CHs)sSiOSI(CHy)s]* (31), 274 [M(°Br)

— (CH3)sSiOSIi(CHy)a]* (33), 261 (12), 259 (13), 233 (12), 231 (11),
189 (5), 167 (3), 147 (29), 133 (5), 89 (6), 75 (16), 73 [SigRH
(100), 59 (6), 45 (11).

3-Methoxy-5-methylbenzene-1,2-diol (7):colorless solid; UV
(MeOH) Amax 207, 273 nmH NMR (500 MHz, CB;OD, 298 K)o
6.29 (1H, d,J = 1.5 Hz, H-4), 6.27 (1H, d*J = 1.5 Hz, H-6), 3.80
(3H, s, 3-OCH), 2.19 (3H, s, 5-Ch); EIMS m/z154 [M]* (100), 139
[M — CHg]* (65), 111 [M— CHz; — CQOJ" (66), 71 (65).

Trimethylsilyl derivative of 7: GCEIMS R 1559;m/z 298 [M]*
(19), 283 [M— CHs] " (9), 268 [M — CHQO]* (21), 253 [M— CH; —
CH.O]" (5), 210 (4), 167 (4), 147 (3), 133 (6), 119 (2), 75 (7), 73
(100), 59 (3), 45 (9).

Pertrimethylsilyl derivative of 3,6-dimethoxy-5-methylbenzene-
1,2-diol (8): GCEIMS R, 1615;m/z 328 [M]* (29), 313 [M— CHjy]*

(7), 298 [M — CH,QO]* (52), 283 [M— CH; — CH,O]" (5), 268 (19),
225 (8), 182 (10), 147 (6), 119 (5), 75 (17), 73 (100), 59 (7), 45 (21).
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