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Three new bromophenols—€N coupled with nucleoside base derivativds-8) and three new brominated 1,2,3,4-
tetrahydroisoquinoliness(-7), together with a new brominated tyrosine derivatidg fave been isolated from polar
fractions of an ethanolic extract of the red akRfaodomela confepides By spectroscopic and chemical methods including
HRMS and 2D NMR data, their structures were determined as 7-[3-bromo-2-(2,3-dibromo-4,5-dihydroxybenzyl)-4,5-
dihydroxybenzyl]-3,7-dihydroH-purine-2,6-dione %), 7-(2,3-dibromo-4,5-dihydroxybenzyl)-3,7-dihydrétpurine-
2,6-dione R), 9-[3-bromo-2-(2,3-dibromo-4,5-dihydroxybenzyl)-4,5-dihydroxybenzylladerhg { )-8S(3-bromo-5-
hydroxy-4-methoxy)phenylalanind)( (—)-3S-8-bromo-6-hydroxy-7-methoxy-1,2,3,4-tetrahydroisoquinoline-3-carboxylic
acid (), methyl (—)-3S-8-bromo-6-hydroxy-7-methoxy-1,2,3,4-tetrahydroisoquinoline-3-carboxyBteafd methyl
(—)-35-6-bromo-8-hydroxy-7-methoxy-1,2,3,4-tetrahydroisoquinoline-3-carboxy@teCompoundss—7 were semi-
synthesized by using as the starting material.

As part of a program to systematically assess the chemical and H
biological diversity of seaweeds distributed along the gulf of the 3 N9
Yellow Sea, 35 bromophenols of diverse structural types, including Hn! | 5 \>
monoaryl, diaryl, and triaryl bromophenols, and a unique bro- N
mophenol sulfoxide, as well as unusual bromophenols coupled with
amino acid derivatives and-N coupled deoxyguanosine nucleo-
side, together with bromophenol sulfates have been characterized
from an EtOAc-soluble fraction of the alcoholic extract of
Rhodomela confeonides (Huds.) Lamour (Rhodomelacede}.
Continuing our investigation of the more polar fractions from the
same material, we report herein the isolation and structural 1 2
elucidation of three new bromophenols coupled with nucleoside
base derivativesl(-3), a new brominated tyrosine derivativ4)( NH;
and three new bromosubstituted 1,2,3,4-tetrahydroisoquinoline 5
derivatives $—7). The co-occurrence &f—7 and other bromophe- 1 |
nols in this alga indicates that bromination of the aromatic amino k\
acids (tyrosine and/or phenylalanine) plays important roles in the 2‘
biosynthesis of these compounds. This is the first report of
bromophenols coupled to nucleoside base derivatives.
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Results and Discussion HO” 5

Compoundl was obtained as a white, amorphous solid. The IR
spectrum (KBr) showed absorption bands for hydroxy (3159%¢m 3
conjugated carbonyl (1693 cr¥), and aromatic (1568, 1495 cr)
functional groups. The FABMS spectrum gave a characteristic R4
tribrominated quasi-molecular ion peak clustemét 631/633/635/ MeO_ 7
637 (1:3:3:1) [M+ H]*, and HRFABMS atm/z 630.8490 [M+
H]* indicated the molecular formula agd83BrsN,Os (calcd for

NH 5R1=BF,R2=OH,R3=H
9 OR3 6 R4 =Br, R2=OH, R3=Me

CigH1479BrsN,Os, 630.8463). The NMR spectra df exhibited R % 7 Ry =0H, Ry =Br, Ry = Me
diagnostic resonances attributed to the 3-bromo-2-(2,3-dibromo- o]
4,5-dihydroxybenzyl)-4,5-dihydroxybenzyl moiety identical to the

co-occurring bromophenol derivatives containing nitrogjein. exchangeable singlets at11.54 (1H, s, M-1) and 10.83 (1H, s,

addition, an aromatic singlet &t7.71 (1H, s, H-8) and two broad ~ NH-3) in the'H NMR spectrum and a strong fragment ion peak at
m/z 153 in the FABMS spectrum suggested the presence of a
U Dedicated to the late Dr. Kenneth L. Rinehart of the University of xanthine moiiety inZI_.. This_ was confi.rmed by five characteristic
Illinois at Urbana-Champaign for his pioneering work on bioactive natural ~ SP? carbon signals including a methine @tl42.5 (C-8) and four
products. quarternary carbons at 155.3 (C-6), 151.0 (C-2), 149.1 (C-4),
*.To whom correspondenc_e.shot_J_Id b_e addressed. Tel: 86-10-83154789.3nd 106.3 (C-5) in the!3C NMR and DEPT spectra. The
Faf'lniggjggef’ohgzesr; aen;?ég shijg@imm.ac.cn. spectroscopic data indicated thitis a bromophenol derivative
*Institute of Oceanology. coupled to xanthine. In order to further confirm the presence of
§ Beijing Normal University. the bromophenol and xanthine moieties and determine their
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Table 1. NMR Data for Compound4—32

1 2 3

no. éH 50 5H 6(; éH (5(;
2 151.09C 150.8qC 8.11s 152.2 CH
4 149.1qC 149.8 qC 149.2 qC
5 106.3 qC 106.1 qC 118.4¢C
6 155.3 qC 155.0 qC 156.1 qC
8 7.71s 1425CH 7.98s 1427CH 7.97s 140.4 CH
1-NH 11.54 brs
3-NH 10.83 brs
6-NH 7.32 brs
1 127.2qC 127.6 qC 126.9qC
2 126.8 qC 113.2¢C 127.2qC
3 114.6 qC 112.4¢C 115.3¢C
4 142.8 qC 143.8qC 143.6 qC
5 144.6 qC 144.9 qC
6 6.47 s 113.7CH 6.29s 113.0CH 6.54s 114.3 CH
7 5.20s 46.8CH 5.37s 49.8CH 5.11s 43.6 CH
1 129.7qC 129.3qC
2" 114.49C 114.29C
3’ 113.09C
4" 142.59C 143.1gC
5" 144.8 qC
6" 5.99s 113.6 CH 6.05s 113.4CH
7 4.08s 38.7 CH 4.13s 38.3CHl

aData were measured in DMS@; for 1-3 at 500 MHz forH
and 125 MHz for'®C NMR. Assignments are based on DEPH;-H
COSY, HMQC, and HMBC experiments. qC represents the quaternary
carbon resonance.
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Figure 1. Major HMBC correlations of compounds 3, 6, and?.

Meb\v Me6\1

connectivity, HMQC and HMBC experiments afwere carried
out. The HMQC spectroscopic analysis led to the unambiguous

Ma et al.

Compound2 was obtained as a white powder and showed IR
and UV spectroscopic data similar to those 1ofThe FABMS
spectrum gave a quasi-molecular ion peak clustena®31/433/
435 (1:2:1) [M+ H]*, and the molecular formulagHgBroN4O4
was indicated by HRFABMS atvz 430.8968 [M+ H]* (calcd
for C1.Hg™BroN4O4, 430.8990). The NMR spectra @ showed
resonances (Table 1) of the xanthine moiety identical to that of
in addition to characteristic resonances of a 2,3-dibromo-4,5-
dihydroxybenzyl unit. Comparison of the NMR data df and2
indicated that the 3-bromo-2-(2,3-dibromo-4,5-dihydroxybenzyl)-
4,5-dihydroxybenzyl moiety il was replaced by the 2,3-dibromo-
4,5-dihydroxybenzyl unit in2. Thus, the structure oR was
established as 7-(2,3-dibromo-4,5-dihydroxybenzyl)-3,7-dihydro-
1H-purine-2,6-dione.

Compound3, a minor component, was obtained as a brown gum.
The ESIMS exhibited a characteristic tribrominated quasi-molecular
ion peak cluster atvz 614/616/618/620 (1:3:3:1) [M- H]*, and
the molecular formula gH14BrsNsO, was indicated by HRESIMS.
The 'H NMR spectrum of3 resembled that oflL except for
resonances assignable to an adenine moiefy8atl (1H, s, H-2),
7.97 (1H, s, H-8), and 7.32 (2H, brs, exchangeablel,)Nof 3
replaced the resonances of the xanthine moietg.ddue to the
guantitative limitations 08, its 13C NMR data could not be directly
obtained by a normal-phase NMR probe at 125 MHz. However,
by using a reversed-phase nanoprobe¥8eNMR data of3 (Table
1) were obtained from HSQC and HMBC experiments. Chemical
shift values of carbons bonded to protons were obtained from
correlation peaks in the HSQC spectrunBpfvhile chemical shift
values of quaternary carbons were determined from correlation
peaks (Figure 1) in the HMBC spectrum®fThese data confirmed
the presence of 3-bromo-2-(2,3-dibromo-4,5-dihydroxybenzyl)-4,5-
dihydroxybenzyl and adenine moieties. HMBC correlations from
H-7' to C-4 and C-8 proved that the bromophenol moiety was
located at N-9 of the adenine moiety. Therefore, the structug of
was determined as 9-[3-bromo-2-(2,3-dibromo-4,5-dihydroxyben-
zyl)-4,5-dihydroxybenzylladenine.

Compound4 was obtained as colorless needles, mp-2232
°C, [a] 2 —19.9 € 0.5, HO). The IR spectrum showed absorption
bands for hydroxy and/or amino (3195 cHy carbonyl (1637
cm1), and aromatic (1581 and 1529 c#pfunctional groups. The
positive and negative ESIMS dfexhibited monobrominated quasi-
molecular ion peak clusters atz 290/292 (1:1) [M+ H]* and
288/290 (1:1) [M- H]-, respectively. The molecular formula
C10H12BrNO,4 was indicated by HRESIMS atvz 287.9871 [M—

H]~ (calcd for GoH11"BrNO,, 287.9872). In théH NMR spectrum
of 4, two mutually coupled aromatic protons@a?.09 (1H, dJ =
1.5 Hz, H-2) and 6.86 (1H, d] = 1.5 Hz, H-6) and an aromatic

assignment of the proton and carbon resonances (Table 1). In theMethoxy singlet ab 3.86 (3H, s, Me) indicated the presence of

HMBC spectrum, two- and three-bond correlations (Figure 1) from
H-6' to C-2, C-4, C-5, and C-7, from H-6' to C-2', C-4', C-5’',

and C-7, from Hyx-7' to C-2 and C-6, and from HB-7" to C-1,
C-3, C-2', and C-6, in combination with chemical shifts of these

a 1,3,4,5-tetrasubstituted phenyl unit with O-methyl as one of the
substituents. In addition, an ABX spin systemya8.95 (1H, ddJ

= 8.0 and 5.0 Hz, H-8), 3.18 (1H, dd= 14.5 and 5.0 Hz, H-7a),
and 3.02 (1H, ddj) = 14.5 and 8.0 Hz, H-7b) indicated the presence

carbons (Table 1), proved unambiguously the presence of the0f @ CHCH unit. The'*C NMR and DEPT spectra ef (Table 2)

3-bromo-2-(2,3-dibromo-4,5-dihydroxybenzyl)-4,5-dihydroxyben-
zyl moiety in 1. In addition, HMBC correlations from H-8 to C-4
and C-5 and from the two nitrogen protons to C-5, together with

showed 10 carbon resonances corresponding to the above two units
in addition to an additional carboxylic carbon@i73.8. The two
deshielded quaternary carbonsl@d4.0 and 150.2) and two shielded

the chemical shifts of these protons and carbons, as well as chemicafuaternary carbong (133.7 and 117.3) suggested that the aromatic

shifts of the two remaining oxygenated carbons C-2 and C-6,
confirmed the presence of the xanthine moiety. HMBC correlations
from H,-7' to both C-5 and C-8 demonstrated unequivocally that
the 3-bromo-2-(2,3-dibromo-4,5-dihydroxybenzyl)-4,5-dihydroxy-
benzyl moiety was located at N-7 of the xanthine moiety.
Consequently, the structure @fwas determined as 7-[3-bromo-
2-(2,3-dibromo-4,5-dihydroxybenzyl)-4,5-dihydroxybenzyl]-3,7-di-
hydro-1H-purine-2,6-dione.

unit is 3-bromo-5-hydroxy-4-methoxy substitute@he chemical
shifts and coupling patterns of the @EH unit in combination with

the molecular composition @frevealed that the methylene carbon
must be connected with C-1 of the 3-bromo-5-hydroxy-4-methoxy-
phenyl unit and that the methane carbon has to be substituted by

the carboxyl and amino groups. This deduction was further

confirmed by 2D NMR data includingH—H COSY, HSQC, and
HMBC experiments. Therefore, the structuredofias determined
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Table 2. NMR Data for Compoundgd—72
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4 5 6 7 5a
no. éH (3c 6H (50 6H 6c 6H 6(; 5H 6c
1 133.79C 4.05d (15.5) 46.1 GH 3.78d 48.3CH 3.74d (16.5) 43.1CH 3.50d(15.5) 42.8 CH
(16.0)
4.27 d (15.5) 4.03d 4.03 d (16.5) 3.78d (15.5)
(16.0)
2 7.09d(1.5) 125.3CH
3 117.39C 3.74 (11.5, 57.2CH 3.65dd 56.1 CH 3.64 dd 56.1 CH 3.37m 54.6 CH
4.5) (9.0, 4.5) (10.0, 4.5) (10.0, 4.5)
4 144.0qC . 2.98dd 305CH «2.80dd 31.8CH «2.81dd 31.5CH 290m 31.5CH
(17.0, 11.5) (16.0, 9.0) (16.0, 10.0)
$3.20 dd £2.92 dd $2.94dd
(17.0, 4.5) (16.0, 4.5) (16.0, 4.5)
4a 131.2 qC 131.8qC 132.0qC 131.1¢C
5 150.2 qC 6.70 s 117.1CH 6.60 s 117.1 CH 6.79 s 124.1 CH 6.65s 116.4 CH
6 6.86d(1.5) 117.3CH 152.0 qC 150.7 qC 115.3¢C 117.2qC
7 3.02 dd 35.8Ch 146.0gqC 145.2 gC 144.1 qC 143.6 qC
(14.5, 8.0)
3.18dd
(14.5, 5.0)
8 3.95dd 61.0 CH 117.9qC 118.0qC 148.8 qC 149.7 qC
(8.0, 5.0)
8a 120.0 qC 125.5qC 123.3¢C 124.2 qC
9 173.8qC 173.1¢C 174.0 qC 174.2 qC 173.6 qC
OMe 3.86s 55.9CH 3.74s 60.8CH 3.71s 60.7CH 3.71s 61.1CH 3.68s 61.7 CH
COOMe 3.71s 60.7CH 3.71s 61.1 CH

a Data were measured at 500 MHz fét and 125 MHz for*3C NMR, in D;O for 4, in methanold, for 5—7, and in DMSO€s for 5a. Coupling
constantsJ) in Hz are given in parentheses. Assignments are based on BEPTH COSY, HMQC, and HMBC experiments. qC represents the

quaternary carbon resonance.

as 3-bromo-5-hydroxy-4-methoxyphenylalanine. Tig&a®solute

that of 5. These data revealed this a methylated derivative of

configuration was assigned on the basis of the negative optical 5, which was confirmed by 2D NMR data d (Supporting

rotation>~7

Compound5 was obtained as a white, amorphous powder,
[0] 2 —99.1 € 0.11, MeOH). The FABMS 06 exhibited a quasi-
molecular ion peak cluster with one bromine atonmét 302/304
(1:1) [M + H]*, and the molecular formula was determined as
C1;H12BrNO, with six degrees of unsaturation by HRFABMS at
m/z 302.0047 [M+ H]* (calcd for GiH13BrNQy, 302.0028). The
IR, UV, and NMR features 05 were similar to those of except
that the resonance assigned to H-2 in tHENMR spectrum of4
was replaced by an AB spin system attributed to an isolated
methylene unit ad 4.27 (1H, dJ = 15.5 Hz, H-1a) and 4.05 (1H,
d,J= 15.5 Hz, H-1b) in the spectrum &f In addition, the coupling
constants of the ABX spin system changed from 14&) 8.0
(JAx), and 5003)() Hz of4t0 17.0 OAB)a 11.5 OAx), and 4503)()
Hz of 5. In the 13C NMR spectrum of, the isolated methylene
carbon resonated at46.1, and a comparison of tA& NMR data
of 4 and 5 indicated that the aromatic methine carb@nl@5.3,
C-2) of 4 was replaced by a quaternary carbonyat20.0 of5.
The methylene and methine carbons of the ABX spin systeb of
were shielded by\o 5.3 and 2.8 ppm, respectively, compared to
those of4. These spectroscopic data suggested 3hat8-bromo-
6-hydroxy-7-methoxy-1,2,3,4-tetrohydroisoquinoline-3-carboxyl-

Information). In the HMBC spectrum &, three-bond correlations
from the methoxy protons a; 3.71 (6H, s) to C-9 demonstrated
unambiguously thab is the methyl ester ob. Therefore, the
structure of compound was determined as methyt}-3S-8-
bromo-6-hydroxy-7-methoxy-1,2,3,4-tetrahydroisoquinoline-3-car-
boxylate.

Compound7 was obtained as a brown guny]f® —29.0 ¢
0.07, MeOH). The UV, IR, and EIMS spectra®fvere very similar
to those of6. The HREIMS of7 also indicated that it had the
molecular formula &H14BrNQO,, identical to that o6. However,
in the NMR spectra of, H-5 and C-5 were deshielded, respectively,
by Ady 0.19 andAdc 7.0 ppm, while C-1 and C-8a were shielded
by, respectivelyAdc 5.2 and 2.2 ppm, compared to those6of
These spectroscopic data indicated thas an isomer of6 with
hydroxy at C-8 and bromine at C-6. This was confirmed by 2D
NMR experiments of7. In the HMBC spectrum o7, three-bond
correlations from H1 to C-3, C-4a, and C-8, from H-5 to C-4,
C-7, and C-8a, and from the methoxy protons to C-7 (Figure 1) in
combination with chemical shifts of these protons and carbons
(Table 2) demonstrated unequivocally that bromine, methoxy, and
hydroxy were located at C-6, C-7, and C-8 of the 1,2,3,4-
tetrahydroisoquinoline parent structure, respectively. Therefore, the

ic acid. This deduction and the NMR data assignment were further structure of 7 was determined as methyH§-3S-6-bromo-8-

confirmed by 2D NMR experiments &f(Supporting Information).

In the'™H NMR spectrum o, the coupling constants of H-3 with
H-40. and H-4 (11.5 and 4.5 Hz) indicated th&t possesses a
gauche-f) conformatior®® The 35 absolute configuration is
confirmed by the negative optical rotation 2t%1* Therefore, the

structure of5 is (—)-(39-8-bromo-6-hydroxy-7-methoxy-1,2,3,4-
tetrahydroisoquinoline-3-carboxylic acid.

Compound6 was obtained as a brown guml][zyo —49.6
0.07, MeOH). The UV, IR, and NMR features resembled those of
5 except that the NMR spectra 68howed two overlapped methoxy
resonances aty 3.71 (6H, s) and¢ 60.7, instead of one ib. The

hydroxy-7-methoxy-1,2,3,4-tetrahydroisoquinoline-3-carboxylate.
From a biogenetic point of viewd may be the precursor &f7.
Based on this hypothesis a semisynthesis5ef/ was readily
accomplished by using as the starting materigli*® (Scheme 1).
Although the isomer o6 (5a) was obtained in the semisynthesis,
it was not detectable in the fractions of the extract by TLC and
HPLC analyses. The methylation 8and5awas accomplished in
high yields by stirring a methanol solution 6for 5a with P,Os at
60°C for 1 h, but the methylation did not occur under the simulated
isolation conditions, by heating a MeOH solutionsodr 5a, either
with or without silica gel at 45C for 48 h. These experiments

EIMS exhibited a monobrominated quasi-molecular ion peak cluster supported tha#—7 are natural products rather than artifacts.

atm/z315/317 (1:1) [M}, and HREIMS indicated that it possessed
the molecular formula GH14sBrNO,4 with a CH, unit more than

That bromophenols i@donthalia floccosgRhodophyceae) are
biogenetically derived from the bromination of oxidation products
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Scheme 1.Semisynthesis of Compounés-7
OH

Br Br
MeO MeO
HO cooH 80°C. 40min 4 COOH Br COOH
4 )

5 (25% yield 5a (16% yield)

Br Br
HO COOH F20s 80T 1h g COOMe
5

6 (68% yield)
OH OH

N ° T
Br cooH F20s60°C.1h g COOMe
5a 7 (56% yield)

of L-tyrosine (such as 4-hydroxybenzaldehyde) was indicated in a gradient increasing MeOH in-B to give five subfractions,tls.
several report&-16 Bromoperoxidases have been proven to play Subfraction 4 (1.12 g) was chromatographed over Sephadex LH-20
a key role in the enzymatic bromination process of marine ditige.  €luting with CHCk—MeOH (1:1) to give three fractionsgat-lse
However, our systematic investigation has revealed that bromophe-E‘rP""ftC'O” b (0';/}1092'_":'5‘(53 thEnOSﬁp(%?ZeSié)){)reverset;:i_l-ph?]se preparative
nols inR. conferoidespossess some diversity, such as derivatives using vie 207 ACY :40:0.1) as mobile phase to give
of benzoic acid, phenylacetic acid, and phenylpropionic acid, as 1 (17 mg) and?2 (13 mg). Fractionss(0.21 g) and#(0.16 g) obtained

. . . - : from C;s reversed-phase MPLC of the combined fractions X¥llI
well as their aldehydic and alcoholic forms. The isolation4of XXIV * were separately chromatographed over Sephadex LH-20 with

indicated that the aromatic ring mftyrosine derivatives may pe ~ MeOH as mobile phase to give corresponding subfractigrand &s,

one of the substrates of bromoperoxidases and that the brominatioryn r, and . Subfractionsd, (0.05 g) and#, (0.03 g) were separately
may occur also at the very beginning steps of thgrosine purified by reversed-phase HPLC, using a mobile phase of MeOH
metabolism in this alga. On the basis of the isolation of bromophe- H,0 (23:77) for &, to yield 5 (9 mg), and MeOH-H,O (70:30) for

nols C—-N coupled with amino acid, nucleoside, and base derivatives rep, to yield 3 (0.5 mg). The HO-soluble portion of the extract was
from this alga, we hypothesize that there is an unprecedentedchromatographed over D 101 macroporous resin. Successive elution
enzymatic catalyzed nitrogen alkylation process in the biosynthesisWith H20, EtOH-H;0 (50:50), and EtOHH,O (95:5) gave three

of these metabolites. This was supported by our unsuccessful effortscorresponding fractions, wws. Fraction w (42.9 g) was subjected

on the semisynthesis of these metabolites under different conditions.© orevers%d-p_hase MPLC eluting with a gradient of increasing MeOH
The coupling reaction of the isolated bromophenols such as 2,3- (0%~100%) in HO to give five subfractions, - wz. Subfraction

. . . . Wy (1.1 g) was dissolved by MeOH and then filtered. The insoluble
dibromo-4,5-dihydroxybenzyl alcohol and 2,3-dibromo-4,5-dihy- rzebc(ipita?e) was washed wi)t/h MeOH to yield a white, amorphous

droxybenzaldehyde to amino acid or nucleoside base derivativesyqder 4 (302 mg). The filtrate was chromatographed over silica gel,
such asy-ureidobutyric acid S-pyroglutamic acid, xanthine, and  euting with a gradient of increasing MeOH-100%) in CHC}, to

adenine did not give the expected products. give four subfractions, wi—Waps Fraction wps (0.04 g) was chro-
) . matographed over Sephadex LH-20 eluting with MeOH to give two
Experimental Section fractions, Wrzaand W, and then fraction wsp, (0.02 g) was purified

General Experimental ProceduresMelting points were determined by reversed-phase preparative HPLC using Me®HO (78:22) as
on an XT-4 micro melting point apparatus. Optical rotations were Mobile phase to yiel& (4 mg) and7 (3 mg).
measured on a Rudolph Research Autopol Il automatic polarimeter.  7-[3-Bromo-2-(2,3-dibromo-4,5-dihydroxybenzyl)-4,5-dihydroxy-
IR spectra were recorded as KBr disks on a Nicolet Impact 400 FT-IR benzyl]-3,7-dihydro-1H-purine-2,6-dione (1):white, amorphous solid;
spectrophotometer. 1D- and 2D-NMR spectra were obtained at 500 IR (KBr) vmax 3159, 2925, 1693, 1568, 1495, 1406, 1329, 1281, 1174,
and 125 MHz for'H and 13C, respectively, on an Inova 500 MHz 1132, 1086, 860, 812, 752, 706, 602, 525, 501 ¢ NMR (DMSO-
spectrometer in BD, DMSO-ds, or methanokd,, with solvent peaks ~ de, 500 MHz) and*C NMR (DMSO<s, 125 MHz) data, see Table 1;
(or TMS, in the case of BD) being used as references. FABMS and FABMS m/z 637/635/633/631 (13:35:36:14) [N H]*, 557 (4), 555
HRFABMS data were measured employing a Micromass Autospec- (8), 553 (5), 404 (6), 402 (10), 400 (6), 330 (16), 318 (21), 302 (24),
Ultima ETOF spectrometer, and ESIMS data were measured with a 153 (100), 135 (20), 195’ (31), 85 (38); HRFABMSZ 630.8490 [M
Q-Trap LC/MS/MS (Turbo ionspray source) spectrometer. HRESIMS T HI™ (caled for GoHi4"BrsN4Os, 630.8463).
data were measured using an AccuToFCS JMS-T100CS spectrometer.  7-(2,3-Dibromo-4,5-dihydroxybenzyl)-3,7-dihydro-H-purine-2,6-
Column chromatography was performed over normal-phase silica gel dione (2): white powder; IR (KBrjvmax 3350, 2925, 1695, 1568, 1473,
(200-300 mesh), RP-18 reversed-phase silica geH@Bxm), and 1385, 1331, 1255, 1198, 1024, 895, 825, 766, 706, 613, 521, 488 cm
Sephadex LH-20. HPLC separation was performed on an instrument ‘H NMR (DMSO-ds, 500 MHz) and*C NMR (DMSO-, 125 MHz)
consisting of a Waters 600 controller, a Waters 600 pump, and a Watersdata, see Table 1; FABM8vz 435/433/431 (28:53:24) [Mt H]",
2487 duald absorbance detector with an Alltima (250 22 mm) 330 (10), 318 (13), 274 (100), 207 (14), 153 (30), 115 (25); HRFABMS

9|
preparative column packed with£RP material (1qum). TLC was m'z 430.8968 [M+ H]" (calcd for GoHo"BraN4Os, 430.8990).

carried out using glass precoated silica geh&Plates. Plates were 9-(3-Bromo-2-(2,3-dibromo-4,5-dihydroxybenzyl)-4,5-dihydroxy-
visualized under UV light (254 nm) or by spraying with 3% Fef@l benzyl)adenine (3):brown gum;'H NMR (DMSO-ds, 500 MHz) and
EtOH followed by heating. 13C NMR (DMSO-ds, 125 MHz) data, see Table 1; ESIM8z 620/

Plant Material. This was described in a preViOUS repbrt. 618/616/614 (309810035) [M‘ H]+, HRESIMSM/z613.8642 (Calcd

Extraction and Isolation. The preliminary separation procedure has [OF CioH1s®BraNsO,, 613.8674).
been described in a previous repbfthe fraction XII (6.62 g) obtained (—)-8S-3-Bromo-5-hydroxy-4-methoxyphenylalanine (4)colorless
from Si gel CC of the EtOAc-soluble portion was subjected to reversed- needles; mp 253252 °C; [0] 2 —19.9 € 0.50, HO); UV (H20) Amax
phase MPLC over ¢ reversed-phase silica gel (500 g) and eluted with  (log €) 203 (4.71), 281 (3.38) nm; IR (KBnymax 3195, 2929, 1637,
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1581, 1529, 1427, 1398, 1325, 1296, 1234, 1144, 1005, 879, 837 cm
H NMR (D20, 500 MHz) and*C NMR (D;0, 125 MHz) data, see
Table 2; (+)-ESIMSmM/z292/290 [M+ H]* (96:100); (-)-ESIMSm/z
581/579/577 (32:60:30) [2M- H]~, 290/288 (90:100) [M- H]~; (—)-
HRESIMS mvz 287.9871 [M — H]~ (calcd for GoH11"°BrNOy,
287.9872).

(—)-35-8-Bromo-6-hydroxy-7-methoxy-1,2,3,4-tetrahydroisoquin-
oline-3-carboxylic acid (5): white powder; §]2° —99.1 ¢ 0.11,
MeOH); UV (MeOH)Amax (log €) 207 (4.49), 287 (3.41) nm; IR (KBr)
Vmax 3477, 3001, 2943, 1641, 1610, 1570, 1485, 1429, 1396, 1317,
1259, 1115, 991, 837 cm *H NMR (MeOH-ds4, 500 MHz) and*C
NMR (MeOH-d,;, 125 MHz) data, see Table 2; FABM&z 304/302
(45:45) [M + H]*; HRFABMS m/z 302.0047 [M+ H]* (calcd for
Cl]_H137gBrNO4, 3020028)

Methyl (—)-3S-8-bromo-6-hydroxy-7-methoxy-1,2,3,4-tetrahy-
droisoquinoline-3-carboxylate (6):brown gum; f] 2D° —49.6 (¢ 0.07,
MeOH); UV (MeOH) Anax (log €) 205 (4.56), 282 (3.53) nm; IR (KBr)
vmax 3413, 2931, 1715, 1640, 1600, 1570, 1439, 1385, 1281, 1128 cm
H NMR (MeOH-d;, 500 MHz) and**C NMR (MeOH-d,, 125 MHz)
data, see Table 2; EIMBVz 317/315 (8:8) [M], 302/300 (6:7), 258/
256 (90:100), 176 (25); HREIM&vVz 315.0123 (calcd for GH14™>-
BrNO,, 315.0106).

Methyl (—)-3S-6-bromo-8-hydroxy-7-methoxy-1,2,3,4-tetrahy-
droisoquinoline-3-carboxylate (7):brown gum; f] 200 —29.0 €0.07,
MeOH); UV (MeOH) Amax (log €) 206 (4.53), 275 (3.11) nm; IR (KBr)
Vmax 3446, 1718, 1644, 1600, 1560, 1421, 1385, 1026'cAtH NMR
(MeOH-d;, 500 MHz) and'*C NMR (MeOH-d,, 125 MHz) data, see
Table 2; EIMSnVz 317/315 (9:10) [M}, 300/298 (5:3), 258/256 (90:
100), 176 (20); HREIMSm/z 315.0093 (calcd for GH14°BrNOy,
315.0106).

Semisynthesis of 57. Compound4 (60.0 mg) was dissolved in
H,O (5.0 mL), and then formaldehyde (2.0 mL) was added. After
stirring at 80°C for 40 min, the reaction mixture was evaporated under

reduced pressure to obtain a residue. The residue was dissolved in

MeOH (6.0 mL) and filtered. The filtrate was divided into two portions.

The first portion (2.0 mL) was isolated by preparative reversed-phase

HPLC using MeOH-H,O—HCOOH (15:85:0.2) as mobile phase to
yield 5 (5.0 mg) and5a (3.2 mg). BOs (0.3 g) was added into the
second portion (4.0 mL). After stirring at 6 for 1 h, the reaction

solution was evaporated to give a residue that was chromatographed

over Sephadex LH-20 eluting with CHEIMeOH (1:1) to yield a
mixture of 6 and7. The mixture was further separated by preparative
reversed-phase HPLC using Me©H,O—HCOOH (30:70:0.2) as
mobile phase to yiel& (6.3 mg) and7 (3.3 mg). The MS!H NMR,
and optical rotation data of semisynthesized compousds were
identical to those of the natural products. Compo&advas obtained
as white needles (MEO), mp 213-214 °C; [a] 2 —36.3 € 0.06,
MeOH); IR (KBr) vmax 3471, 2939, 1721, 1611, 1489, 1312, 1255,
1116 cnt}; *H NMR (DMSO-ds, 500 MHz) and**C NMR (DMSO-

ds, 125 MHz) data, see Table 2; FABM#&z 304/302 (53:50) [M+
H]*.
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