Acta Chemica Scandinavica, 1998: 52: 797-805
Printed in UK — all rights reserved

Copyright © Acta Chemica Scandinavica 1998
ACTA

CHEMICA SCANDINAVICA
ISSN 0904-213X

Synthesis and Characterisation of N-Alkylated L-Valine
Methylamide Products from Diol Epoxide Metabolites
of Fluoranthene and Benzo[alpyrene

Hans Helleberg,>d* Roger Westerholm,® Lars Ehrenberg® and Margareta Térnqvist®

The Department of ®Radiobiology, ®? Analytical Chemistry, °Environmental Chemistry and Genetic and Cellular

Toxicology, Stockholm University, S-106 91 Stockholm, Sweden.

Helleberg, H., Westerholm, R., Ehrenberg, L. and Tornqvist, M., 1998. Synthesis
and Characterisation of N-Alkylated L-Valine Methylamide Products from Diol
Epoxide Metabolites of Fluoranthene and Benzo[a]pyrene. — Acta Chem. Scand.
52: 797-805. © Acta Chemica Scandinavica 1998.

The reactive diol epoxides of fluoranthene and benzo[a]pyrene, (+)-anti-c-1,c-
10b-epoxy-1,2,3,10b-tetrahydrofluoranthene-r-2,7-3-diol (1) and (&)-anti-z-9,¢-10-
epoxy-7,8,9,10-tetrahydrobenzo[a] pyrene-r-7,z-8-diol (4), respectively, are known
genotoxic agents and effective alkylators of nucleophilic sites in DNA and
proteins. As models of in vivo N-alkylation at the N-termini of hemoglobin
(Hb), N-L-valine methylamide (VMA) products of 1 and 4 were synthesised, N-
(r-1,¢-2,¢-3-trihydroxy-1,2,3,10b-tetrahydrofluoranthen-z-10b-yl )-L-valine methyl-
amide (2a,b) and N-(r-7,t-8,t-9-trihydroxy-7,8,9,10-tetrahydrobenzo[a] pyren-c-
10-yl)-L-valine methylamide (5a,b), respectively. For isolation of the reaction
products from the alkylation of VMA two reversed-phase HPLC systems were
developed. From each diol epoxide two diastercoisomeric products were isolated
in separate fractions. The products were characterised by 'H NMR spectroscopy
as well as by thermospray (TSP) tandem quadrupole mass spectrometry (MS
and MS/MS) and fluorescence. When analysed by TSP-MS/MS the quasi-
molecular ions, [M+H]*, have a neutral loss of either the VMA or the 1 and 4
adduct moieties, respectively. The major daughter ion from 5a,b is the adduct
moiety and the corresponding ion from 2a,b is the VM A moiety. Minor daughter
ions are, in both cases, [(M—VMA)+H]" ions with additional loss of H,O or
H,0 + CO. The higher the number of hydroxy groups in the 2a,b ions, the more

easily is the C10b-amino bond disrupted in collision-induced dissociation.

A number of polycyclic aromatic hydrocarbons (PAH),
found in urban air pollution,! the diet,? certain occu-
pational exposures® and tobacco smoke,* are known to
induce mutagenic lesions through their reactive metab-
olites and hence they constitute a cancer risk.’ Therefore,
it is of importance to develop a method to monitor
mutagenic exposure of humans to PAH. Two PAHs of
particular interest are fluoranthene (FA) and benzo-
[a]lpyrene (BaP). BaP is a classical carcinogen intensively
studied and is a potent carcinogen in animal experi-
ments.> FA is interesting because of its occurrence at
relatively high concentrations in the environment.® FA is
present at 40 times higher levels than BaP in diesel and
gasoline exhausts (from engines without catalyst).”
Dietary intake of PAH contains larger amounts of FA
than of any other measured PAH, the intake of FA being
six to eight times higher than that of BaP.2

FA is metabolised in vivo by cytochrome P450 isozymes
(not yet identified) and epoxide hydrolase to mutagenic
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diol epoxides (DEs) where the enantiomers (%)-
anti-c-1,c-10b-epoxy-1,2,3,10b-tetrahydrofluoranthene -
r-2,t-3-diol (1) are more effective mutagens than other
diol epoxides of FA, such as (+)-(syn)-2,3-diol 1,10b-
epoxides and (4)-(syn/anti)-1,10b-diol 2,3-epoxides (bac-
terial HPRT mutation assay).® BaP is metabolised in vivo
by cytochrome P-450 isozymes 1A and epoxide hydro-
lase to different mutagenic DEs where the + enantiomer
of (%)-anti-t-9,t-10-epoxy-7,8,9,10-tetrahydrobenzo[a]-
pyrene-r-7,t-8-diol (4) is the isomer that gives the highest
frequency of mutations in V79-cells (HPRT mutation
assay)® and the highest levels of papillomas in mice.°

Though FA is a weak carcinogen it is as potent a
mutagen as BaP.}!' Therefore, at low exposure levels,
where induced mutation is a determinant of the cancer
risk increment, FA, owing to its abundance in emissions
from combustion, might be more important a contributor
than BaP to the risk from PAH exposure.!"'% At high
doses in carcinogenicity tests, however, BaP is about 100
times more effective compared with FA,'>'¢ evidently
due to the promoter action of BaP.!!

797



HELLEBERG ET AL.

Exposure to mutagens can be monitored in vivo
through reaction products (adducts) of their reactive
metabolites with nucleophilic sites in hemoglobin
(Hb).'""'® Amino nitrogens (in valine, lysine or histidine)
have been demonstrated as sites for alkylation in Hb by
4. Carboxy groups were judged to be the main target
for alkylation of proteins by 4.2° Except for one of the
aspartate adducts in human Hb,?° the formed esters are,
due to fast hydrolysis, less stable than the adducts to
amino groups. For the establishment of a relationship
between exposure dose and degree of alkylation it is
essential that the adducts monitored have a degree of
stability. Previously, adducts to the N-terminal valines
in Hb have been shown to be useful as markers for
exposure to low molecular weight compounds and the
corresponding adducts from 1 and 4 might serve as
markers for FA and BaP exposure, respectively.!’

Studies of reaction kinetics and the degree of alkylation
by PAH metabolites of the N-terminal valine residues in
the a- and B-Hb chains require a substance that can be
used as a model of the reactivity at the N-terminal amino
nitrogens. L-Valine methylamide (VMA) has been used
to compare the second-order alkylation rate constants
for a number of alkylating agents.?! There is good
correspondence between the N-termini of the Hb-globin
chains and VMA with respect to determinants of reaction
rates such as pK, and nucleophilic strength of the reactive
sites. Reaction products of FA and BaP diol epoxides
with VMA (the VMA-adducts 2a,b and 5a,b, respect-
ively) were synthesized and the a and b diastereoisomeric
products were isolated in separate fractions (Figs. 1
and 2). 'H NMR spectra, especially coupling constants
as determined for adjacent pairs of methine protons,
furnished evidence for the proposed structures and con-
figurations of each pair of adducts (2a,b and 5a,b,
respectively). For validation of the sensitive techniques
for quantification, the VM A-adducts were used as models
for N-terminal Hb-adducts (i.e., biomarkers of PAH).
Characteristic quasi-molecular ions, mass fragmentation
and neutral loss from the VMA-adducts were determined
by means of MS and MS/MS and might be useful for
identification as well as quantification of N-alkyl adducts,
from 1 and 4, in proteins, peptides and amino acids. The
VMA -adducts were further studied by means of relative
fluorescence responses in order to evaluate sensitivity for
detection.

Results and discussion

Synthesis. An improved method for purifying VMA
synthesized from L-valine methyl ester was developed
compared with the purification according to Calleman
et al.®! After removal of L-valine (tetrahydrofuran filtra-
tion) followed by precipitation of the VMA hydro-
chloride before ion-exchange chromatography the
isolated VMA was without impurities as observed in
GC-MS, chemical ionisation in the positive ion mode
(PCI) and HPLC (UYV detection).
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1 2a,b

Fig. 1. Reaction between (+)-anti-c-1,c-10b-epoxy-1,2,3,10b-
tetrahydrofluoranthene-r-2,t-3-diol (1) and L-valine methyl-
amide with the diasterecisomeric reaction products (2a,b).
The products correspond to the 3R, 2S, 1R, 10bS, 2'S isomer
(above) and the 3S, 2R, 1S, 10bR, 2'S isomer (below).

4 5a,b

Fig. 2. Reaction between (+)-anti-t-9,t-10-epoxy-7,8,9,10-
tetrahydrobenzolalpyrene-r-7,t-8-diol (4) and L-valine methyl-
amide with the diastereoisomeric reaction products (5a,b).
The products correspond to the 7R, 85, 9R, 108, 2'S isomer
(above) and the 7S, 8R, 9S, 10R, 2'S isomer {below).

Owing to limited access of DEs the syntheses with
VMA had to be carried out with very small quantities
(1.5 mg). Therefore, conditions for optimization of the
VMA product yields were developed, especially through
counteraction of the hydrolysis of DEs. In the reactions
tert-butyl alcohol was used as the solvent which, in
contrast with water, does not react with the DEs. To



increase the slow reaction rate of 1 in tert-butyl alcohol
addition of 50% water was essential.

Chromatography. The DEs 1 and 4 and their products in
the reaction with VMA were analysed by means of
HPLC (Figs. 3 and 4). For each of the two compounds,
the hydrolysis product (3 and 6, respectively) and the
products from the reaction with VMA (2a, 2b, and 5a,
5b, respectively) were detected.

The HPLC system designed for 4 and its reaction
products was composed of tetrahydrofuran (THF) and
2-methoxyethanol (Fig.3). The presence of THF in
water (pH >7.5) in the mobile phase lowered the hydro-
lysis rate of 4 considerably compared with aqueous
medium. According to Whalen et al.,?? dioxane has been
shown to counteract hydrolysis of 4 and, like THF,
dioxane is an aprotic solvent which prevents hydrogen-
bond-induced catalysis. The resolving power in the
HPLC analysis of the reaction products, from 1 and 4,
was further improved by the addition of 2-
methoxyethanol.

Structure elucidation of 2a,b by NMR spectroscopy. In
studies of the products with cysteine (in Hb) and of
hydrolysis products derived from 1, the nucleophilic
atoms have been shown to bind to carbon 10b?324
(Fig. 1). After N-alkylation of VMA by C,, the position
of the ring-opened oxirane oxygen can be directed cis

PAH DIOL EPOXIDE PRODUCTS OF VALINE

(Ciop-cis) or trans (C,gp-trans) with respect to the amino
group. From molecular models the theoretical dihedral
angles between C,-H and C;-H from alkylation at C, -
cis and C,y,-trans were calculated to be 153° and 145°,
respectively. The corresponding angles between C;-H
and C,-H were 23° and 46°, respectively. According to
Karplus® the dihedral angles from C;q,-cis alkylation
correspond to the coupling constant J; ,=7-10 Hz and
therefore the derived coupling constants (J, ;3 and J; ,=
4.0-4.4 Hz) are compatible with the dihedral angles from
C,op-trans alkylation (Fig. 4). This implies that 2a,b are
C,op-trans products (Fig. 1).

Structure elucidation of 5a,b by NMR spectroscopy. In a
study carried out by Cheng et al.?® the absolute config-
uration of the products of reaction between amino groups
in purines and each of the two enantiomeres of 4 were
determined by 'H NMR spectroscopy. The position of
the amino nitrogen was in all isomers located at
carbon 10. The amino group was trans (C,y-trans) or cis
(Cyo-cis) with respect to the hydroxy group at carbon 9.
The determinants of the C,-trans configuration, accord-
ing to Karplus,?® were the J, g and J, ;o coupling con-
stants, which, for all C,,-trans purine products, were
9.2-9.4 and 3.0-3.9 Hz, respectively (the corresponding
coupling constants for Cis-cis were 3.2-4.2 and
4.3-5.4 Hz, respectively). To determine whether the
amino group in Sab was C,y-trans or Cyy-cis, the J; g
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Fig. 3. The product distribution from the reaction of 1 with VMA after 43 h (upper trace). The two peaks 2a and 2b are the
products of reaction with VMA. Product 3 is the hydrolysis product. The product distribution from reaction of 4 with VMA
after 24 h (lower trace). The two peaks 5a and 5b are the products of reaction with VMA. Product 6 is the hydrolysis product.
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Fig. 4. The "TH NMR shifts from the methine protons in the
aliphatic ring chains of 2a and 2b.

and Jo ;0 coupling constants were measured (Fig.5).
The coupling constants obtained from Sa,b (J; s =8.6-9.3
and J;10=2.8-3.0 Hz, respectively) imply that both
diastereoisomers are C,o-trans products (Fig. 2).

Analysis of 2ab by means of thermospray mass spec-
trometry. Both 2a and 2b gave rise to three major
positively charged thermospray (TSP) ions: [M+H]"
(m/z 383), [M—-H,0)+H]* (m/z 365) and
[((M—H,0—-CO,)+H]" (m/z 321). The ions have three
(m/z 383), two (m/z 365) and no (m/z 321) hydroxy
groups, respectively. The daughter ions of m/z 383, 2a
(Fig. 6) and 2b, are ions from either the VMA or the
FA triol unit with a disrupted ClOb-amino bond
(Table 1). The major daughter ion of m/z 383 is
[(M +H)—(FA triol)]* (m/z 131) [FA triol is the neutral
loss (M =252) from an intact adducted moiety of 1].
The minor daughter ions are the adduct moieties
[(M+H)—VMA]" (m/z 253), (M +H)—VMA -H,0]"
(m/z 235) and [(M+H)—-VMA —H,0—-CO]* (m/z 207).
The daughter ions of m/z 365, 2a and 2b, mainly give
ions cleaved in the VMA moiety with a minor and a
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major ion from disrupted C,—C, bonds and one minor
ion from a disrupted amide bond (Table 1). To be totally
fragmented the m/z 321 ion needs higher collision energy
than the TSP ions m/z 383 and m/z 365. The ions with
none or two instead of three hydroxy groups have more
stable C10b—-amino bonds and need higher energy for
disruption. This bond is disrupted to an extent of 99%
for m/z 383, 1-10% for m/z 365 and < 1% for m/z 321
at the same argon collision energy (10eV). In spectra
from 2a and 2b the relative intensities of the daughter
ions from m/z 365 differ. Furthermore, the ions m/z 207
and m/z 278 are present in the 2b spectrum and practically
absent in the 2a spectrum (Table 1).

Analysis of Sa,b by means of thermospray mass spectro-
metry. Both 5a and 5b have TSP ionisation spectra with
dominant [M+H]" (m/z 433) ions (Table 2). The major
daughter ion of m/z 433, S5a (Fig.7) and 5b, is
[(M+H)—VMA]" (m/z 303) and one minor daughter
ion is [(M+H)—(BaP triol)]* (m/z 131) [BaP triol is
the neutral loss unit (M =302) from the adduct moiety
of 4] (Table 2). All daughter ions of m/z 433 are ions
from either the VMA or the BaP triol unit with a
disrupted Cl0-amino bond (Table 2). In mass spectro-
metric studies by FAB (fast atom bombardment) of 4
bound to histidine,?’ the ions m/z 303, m/z 285 and m/z
257 appear which have been shown to be daughter ions
from the adduct moiety. This moiety and its ions are
released from adducts to secondary (imidazole) amino
nitrogens and, as shown in this study, from adducts to
primary (N-terminal) amino nitrogens.

Analysis by means of fluorescence spectrometry. The
fluorescence response from the Sa and Sb isomers,
respectively, are both five times lower than the response
from 6, measured at the 5a,b excitation and emission
maxima, 345 and 400 nm, respectively, and 30 times
higher than the response from the 2a and 2b isomers,
respectively, in a comparison between the responses at
the excitation and emission maxima from each
compound.

Conclusions

Each of the isolated oxirane ring-opened trans products
2a, 2b, 5a and 5b of racemic diol epoxides originates
from one diol epoxide enantiomer. It has so far not been
possible to allocate the isolated products to the (+) or
(—) configurations. The chiral carbons in 2a,b are C,,
C,, C,, C,op and C, (Fig. 1). The corresponding carbons
in 5a,b are C,, Cg, Cy, C,, and C, (Fig. 2). The absolute
configurations of the a and b products (in 2 as well as
5)are R, S, R, S, Sand S, R, S, R, S (in the consecutive
order of chiral carbons), respectively, or vice versa. It is
thus the S-configuration at C,, i.e., the L-valine a-carbon
that renders the two components of the pairs 2a,b or
5a,b diastereoisomeric, with different physical properties
as revealed by 'H NMR shifts and retention times in the
HPLC chromatograms.
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Fig. 5. The 'H NMR shifts from the methine protons in the aliphatic ring chains of 5a and 5b.
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Fig. 6. Daughter ion spectrum from the 2a [M+H]* ion (m/z 383), where the major daughter ion (m/z 131) corresponds to a
neutral loss of the adduct moiety.

In HPLC analysis of N-terminal valine in Hb alkylated  terminal adducts from 1 are not useful for in vivo dose
by 4 the use of fluorescence detection is sufficient for =~ monitoring by means of fluorescence spectrometry, owing
detecting the adduct at the pmol level (injected amount)  to weak fluorescence response.
and might be applied to in vivo dose monitoring. The N- A large part of 2a,b is lost during the work-up proced-
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Table 1. Daughter ions from the major TSP ions of 2a and of 2b with the corresponding neutral losses.

Daughter ions from [M+H]",

Daughter ions from

Daughter ions from

mj/z 383° [(M+H)—H,01*, m/z 3652 [(M+H)—H,0-CO0,1*, m/z 3212
m/z 253 (3%),? m/z 334 (3%)° (15%),? m/z 262 (14%)° (5%),¢

—IVMA] ~[CH3NH,] —[CH3;NHCOH]

mj/z 235 (3%)° (5%),9 mj/z 306 (100%),? m/z 222 (49%)° (78%),?

—[VMA +H,01 —[CH3NHCOH] —[CH3NCO + CH,CHCH,]

mjz 207 (8%)° (16%),9 mjz 278 (<1%)° (8%),7 m/z 208 (100%),?

—[VMA +H,0 +COl —[CH3NHCOH +CO1 —[CH3NHCOCHC(CH3),1

m/z 131 (100%),°

—[FA triol moiety] —[VMA]

m/z 207 (<1%)° (16%),¢

m/z 193 (22%)° (15%),7
—{CH3NHCOCI[CH(CH3),INH}

The major MS ions m/z 383, 365 and 321 with the relative intensities 90, 63 and 100%, respectively (from 2a and 2b),
subjected to 10, 10 and 20 eV collision energy, respectively. ?Relative intensity from 2a and from 2b. °Relative intensity from

2a. YRelative intensity from 2b.

Table 2. Daughter ions from the major TSP ion of 5a and
5b with the corresponding neutral losses.

Daughter ions from [M+H]*,
mjz 433¢

mj/z 303 (100%),°
—[VMA]

mjz 285 (12%)° (30%),¢
—[VMA + H,0]

m/z 257 (25%)° (28%),9
—[VMA +H,0 +CO]

m/z 131 (19%)° (25%),?
—[BaP triol moiety]

The major MS ion m/z 433 subjected to 10 eV collision
energy. °Relative intensity from 2a and from 2b. °Relative
intensity from 2a. 9Relative intensity from 2b.

ure, which may be due to loss of neighbouring hydroxy
groups, which is also seen after TSP ionisation (Table 1)
as the loss of H,O and CO,. The yield of 2a,b was

improved 2.5 times by avoiding evaporation (rotatory
evaporator) of the ethyl acetate phase to dryness, prior
to isolation by HPLC. This tendency towards degrada-
tion may also be a property of the adducts from 1 to N-
terminal valine in Hb for which the VMA products are
models. During the work-up procedure 5a,b, in contrast
with 2a,b, are stable, and as long as the analysis is done
by HPLC, degradation is not a problem.

Experimental

Instrumentation. The HPLC system was directed by
means of an LKB 2152 controller and two LKB 2150
pumps (Bromma, Sweden) equipped with a Shimadzu
SPD-2A UV detector or an RF-530 fluorescence detector
(Kyoto, Japan). The samples were loaded and injected
with injector 7125, Rheodyne (Cotati, CA, USA). The
column for both analytical and preparative applications
was Spherisorb C,g, 5Spum, 4.6x150mm, Hichrom
(Reading, Berks, UK).

303 |
100 "N . r

M VPR ; OH ~_OH

L OH — —>

m -130 Y OH -HO Y
< 8014 ~ < YOH OH OH
; OH 303 285
o R
g 433 _3% co |
° 60-1 .
= - %)
2 + o~
o N o OH
§ 40 131 257
o 257

131
20
285
433
= T A e T T T T I -—r
100 200 300 400

m/z

Fig. 7. Daughter ion spectrum from the 5a [M+H]* ion (m/z 433), where the major daughter ion {m/z 303) corresponds to a

neutral loss of the VMA moiety.
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The UV spectra were recorded on a Shimadzu UV-160
spectrophotometer (Kyoto, Japan). The fluorescence
spectra were recorded on a Hitachi F-4000 fluorescence
spectrophotometer (Tokyo, Japan) equipped with a
xenon lamp as the power source.

Proton NMR spectra of the PAH products were
recorded for samples in acetone-dg with a 5 mm triple
resonance PFG probe at 500 MHz on a Varian Unity
Inova spectrometer equipped with a Sun Ultra work-
station. Sufficient signal-to-noise ratios were obtained
with 1000 scans for the fluoranthenyl compounds and
100 scans for the benzo[a]pyrenyl compounds. The dihed-
ral angles of 2a and 2b were estimated by calculating the
formation enthalpy minima with CS MOPAC Std soft-
ware (MNDO function), CambridgeSoft Corporation
(Cambridge, MA, USA).

Thermospray ionisation spectra of the PAH com-
pounds were obtained by means of a Finnigan TSQ 700
triple quadrupole instrument (San José, CA, USA) and
direct injection (20 pl). A mobile phase with 0.05M
ammonium acetate was used as an ionisation buffer. The
flow was 1.0 ml min~!, the applied discharge potential
1 kV and the electron energy 600 eV. Source-block and
vaporisation temperatures were 220°C and 108 °C,
respectively. Argon was used as the collision gas at
1 mTorr in the collision chamber and an ion collision
energy of 10 eV. The mass spectrometric characterisation
of VMA was carried out by GC-MS, chemical ionisation
in the positive ion mode (PCI), on a Finnegan 4500
mass spectrometer equipped with a Varian 3400 GC.
Methane was used as the reagent gas at an ion source
pressure of 0.35 Torr and an ionisation energy of 90 eV.
The operating parameters for GC were as follows: helium
carrier gas and a DB-17ht (30 m, 0.32 mm i.d. 0.15 pm
film thickness) fused silica capillary column, J&W
Scientific, Inc. (Folsom, CA, USA).

Chemicals. All chemicals were of analytical grade. Acetic
acid, ethyl acetate, copper(1l) nitrate trihydrate, hydro-
chloric acid, methanol, 2-methoxyethanol, methylamine
(40%, w/w), ninhydrin, propanol, fert-butyl alcohol and
tetrahydrofuran were obtained from Merck (Darmstadt,
Germany). Dowex 50-X4 cation exchange resin, acetone-
dg, triethylamine and HCl-L-valine methyl ester were
purchased from Sigma (St. Louis, MO, USA). Ammonia
was purchased from Riede-de-Haén (Seelze, Germany).
(%) -anti-c-1,c-10b -epoxy - 1,2,3,10b - tetrahydro -fluor-
anthene-r-2,z-3-diol (1) and (+4)-anti-t-9,t-10-epoxy-
7,8,9,10-tetrahydrobenzo[a] pyrene-r-7,-8-diol (4) were
obtained from the NCI Chemical Carcinogen Repository,
Midwest Research Institute (Kansas City, MO, USA).

L-Valine methylamide. L-Valine methylamide (VMA) was
synthesized according to Calleman et al?' 15g
(89 mmol) of HCl-L-valine methyl ester were dissolved
in 42ml of aqueous methylamine (40%, w/w). The
mixture was stirred at ambient temperature until all
methyl ester had been consumed, i.e., 15 h. The solvents
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were evaporated off from the reaction mixture in a
rotatory evaporator at 70 °C to give a white syrup. This
syrup was suspended in 150 ml THF at 60 °C after which
the residue (L-valine) was removed by filtration and
washed with 100 ml THF. The presence and the purity
of VMA in the pooled eluates (250 ml) were checked by
means of TLC (propanol-water, 7:3, SiO,)*! and no
ninhydrin-positive compounds other than VMA were
seen.

To precipitate VMA HCI gas was bubbled through
the pooled THF eluate for 5 min with vigorous stirring,
and HCI-VMA slowly started to crystallise. The THF
was decanted and the salt was washed with ethyl acetate
and dried in vacuo. To remove HCI, 5.0 g HCI-VMA
was dissolved in 6.0 ml water and applied to a 1.5 x 30 cm
Dowex 50-X4 column in the H*-form. The protonated
VMA was retained on the column and the deprotonated
form was eluted with 0.5 M NH;. Upon evaporation to
dryness at 70 °C the pooled ninhydrin-positive fractions
from the eluate, tested according to Brenner et al.,?®
yielded VMA as a white transparent syrup. Yield
(HCI-VMA): 8.6g (52mmol, 58%). GC/MS-PCI
(VMA): [IP 90eV; m/z (% rel. int)]: 71 (100,
[(M—CH;NHCO)+H]"), 131 (70, [M+H]"), 159 (3,
[M+C,Hs1h), 171 (2, [M+C3HL1Y).

N-(1-1,¢-2,t-3-trihydroxy-1,2,3, 10b-tetrahydrofluoranthen-
t-10b-yl)-L-valine methylamide (2a,b). A 0.3 M solution
of VMA in 2.5ml tert-butyl alcohol-water, 1:1 (v/v),
was prepared and 1.5 mg (5.9 pmol) of the DEs 1 was
added. The reaction mixture was held at 70°C under
argon. The rate of reaction was studied by means of
HPLC. Aliquots of 10 pl were diluted 12 times in water
and injected on to the HPLC column. After 35h <3%
of 1 remained. Before isolation of 2a and 2b by means
of HPLC it was necessary to enrich the products by
extraction of VMA. The reaction solution was mixed
with 0.5 ml 1.0 M HCI and extracted with 2.5 ml of ethyl
acetate. The organic phase was washed with 3.0 ml
1.0 mM HCI and finally with 2.0 ml water. To prevent
decomposition of 2a,b 1.0 ml water was added to the
ethyl acetate and the solution was evaporated until 0.5 ml
remained. The products were isolated by means of
HPLC, as described below (Fig. 3). Total yield (best
recovery): 0.80 mg (2.1 pumol, 36%) estimated from the
UV extinction coefficient of 1 dissolved in THF (provided
by the manufacturer) €,;4=62x10*M " 'em™! H
NMR (2a): 6 0.62(d, 3H), 0.72 (d, 3H), 1.56 (m, 1 H),
3.30 (s, 3H), 3.82 (s, 1 H), 4.55 (d, C,-H), 4.70 (4,
C;-H), 4.87 (dd, C,-H, J, , and J, ;=4.0 Hz), 7.10-7.70
(7H). (2b): & 0.52 (d, 3H), 0.61 (d, 3H), 1.41 (m,
1 H), 3.30 (s, 3H), 3.78 (s, 1 H), 458 (d, C;-H, J, ,=
4.4 Hz), 4.69 (d, Cs-H, J,3=44Hz), 491 (dd, C,-H),
7.10-7.70 (7 H). UV (2a,b) (abs. tetrahydrofuran) 230
(sh), 273 and 307 nm. F (2a) (EM. 303 nm, exc. tetra-
hydrofuran) 260 and 275 nm, (EXC. 276 nm, em. tetra-
hydrofuran) 303, 326 (sh) and 396 nm. F (2b) (EM.
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308 nm, exc. tetrahydrofuran) 260 and 279 nm, (EXC.
279 nm, em. tetrahydrofuran) 308, 326 (sh) and 396 nm.

N-(r-7,t-8,t-9-trihydroxy-7,8,9,10-tetrahydrobenzo[a |-
pyren-c-10-yl) L-valine methylamide (5a,b). A 0.3 M solu-
tion of VMA in 1.5 ml of tert-butyl alcohol was prepared
and 1.5 mg (5.0 pmol) 4 was added. The reaction was
performed at 70 °C. The rate of reaction was followed
by means of HPLC. Aliquots of 10 pl were diluted 12
times in water and injected on to the HPLC column.
After 24 h the reaction had gone to completion. Before
isolation of 5a,b by means of HPLC the reaction solution
was mixed with 3.0 ml 0.1 M HCI and the VMA was
extracted as above and finally two products were isolated
by means of HPLC, as described below. Total yield:
1.9 mg (4.5 ymol, 91%) estimated by UV absorbance?®
£345=35x10>*M "' cm™!. '"H NMR (5a): § 0.91 (d, 3 H),
0.93(d,3H), 1.71 (m, 1 H), 3.00 (s, 3H), 3.29 (d, 1 H),
4.50 (dd, Cg-H, J3 9=2.3 Hz), 4.54 (dd, C,-H), 4.80 (d,
Cio-H, Jo10=3.0Hz), 514 (d, 1 C;-H, J,3=8.6 Hz),
8.00-8.65 (8 H). (5b): 3 0.93 (d, 3H), 0.94 (d, 3H),
191 (m, 1H), 3.29 (d, 1 H), 440 (dd, Cg-H, Jgo=
2.4 Hz). 4.40 (dd. C4-H). 4.84 (d. C,-H. Jy ,,=2.8 Hz),
5.10 (d, 1Cs-H, J,5=9.2 Hz), 8.00-8.55 (8 H). UV
(5a,b) (abs. tetrahydrofuran) 249, 269, 280, 329 and
345nm. F (5a,b) (EM. 400 nm, exc. tetrahydrofuran)
316 (sh), 329 and 345 nm, (EXC. 345 nm, em. tetrahydro-
furan) 384 (sh), 400 and 420 (sh) nm.

The hydrolysis products from 1 and 4 (3 and 6,
respectively) were synthezised according to Day et al?®
and Naylor et al.,° respectively.

High performance liquid chromatography of the products
Jfrom 1. Analytical amounts (100 pul) were eluted with
[l mM triethylamine (TEA) in water]/(methanol-2-
methoxyethanol, 3:1), in the ratio 85:15 for 5 min, then
linearly to 30:70 over 25 min. The corresponding pro-
gram for the system used for isolation of 2a,b was 85:15
for 5 min, then linearly to 40:60 over 30 min and then
30:70 over 10 min. The flow was 1.0 ml min~! and the
products were detected at 280 nm (UV maximum of 3).
The 2a,b extract (500 pl) was injected on to the HPLC
column and 1 ml fractions were collected. The two groups
of fractions containing the products were collected and
again purified by HPLC. The pure fractions were then
evaporated and either dissolved in THF (for the MS
analysis) or, after pretreatment with methanol-d,, 4, in
acetone-dg (for the NMR analysis).

High performance liquid chromatography of the products
from 4. The mobile phase used for analysis (100 pl
injections) and isolation of Sa,b was (1 mM TEA in
water)/(THF-2-methoxyethanol, 3:1), in the ratio
70:30. The flow was 1.0 ml min ! and the products were
detected at 245 nm (UV maximum of 6). Prior to isola-
tion, the enriched residue containing 5a,b was dissolved
in 500 pl of THF-water, 3:7 (v/v). The sample was then
injected on to the HPLC column and 1 ml fractions were
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collected. The two groups of fractions containing 5a and
5b were collected and again purified by HPLC. Then the
pure fractions were evaporated and either dissolved in
THF (for the MS analysis) or, after pretreatment with
methanol-d,, in acetone-dg (for the NMR analysis).
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