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Abstract — The pyridyl ring is frequently found in natural products and drugs.
While bipyridyls have served as useful scaffolds for development of industrial and
pesticidal chemicals, their biological properties are still not well understood.
Only 2,3’-bipyridyl, of the six isomeric bipyridyls, has been reported as a natural
product in tobacco plants and in a hoplonemertine marine worm, Amphiporus
angulatus (Aa), which uses its pyridyl alkaloid-rich venom to paralyze its
crustacean prey and chemically defend itself against predators. Here we report
for the first time the synthesis and spectroscopic properties of all eight possible
methyl 2,3’-bipyridyl isomers and use this data to identify a trace alkaloidal
constituent of Aa as 3-methyl-2,3’-bipyridyl. This is only the second reported
instance of a methyl-bipyridyl being found as a natural product, the first being the

tobacco alkaloid 5-methyl-2,3’-bipyridyl.

INTRODUCTION

Nemertines, a phylum of free-living marine worms, use a variety of heterocyclic, peptide and protein
toxins to defend themselves against predators." One major group, the hoplonemertines also utilize their
heterocyclic toxins to paralyze their prey and repel potential predators. The worm everts its proboscis,
exposing a mineralized stylet (See dagger-like structure on the right side of drawing in the graphical

abstract) that, by puncturing the skin of the intended victim several times, facilitates the entry of venom
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alklaoids. Anabaseine, 2-(3-pyridyl)-3,4,5,6-tetrahydropyridine, was the first nemertine alkaloid

identified, although nemertine alkaloids were discovered eighty years ago.” It possesses a
pharmacological profile that is different from nicotine in that it preferentially stimulates muscle and o7

subtype nicotinic acetylcholine receptors, whereas the tobacco compound preferentially stimulates
heteromeric  neuronal  nicotinic  receptors.” A  synthetic  derivative of  anabaseine,
3-(2,4-dimethoxybenzylidene)-anabaseine, selectively stimulates a7-type nicotinic receptors and has been
found to improve cognition in clinical tests on normal and schizophrenic humans.*

The chevron (the triangular mark on the head can be seen in the drawing, graphical abstract)
hoplonemertine Amphiporus angulatus is a relatively large hoplonemertine that preys upon small
shrimp-like crustaceans (amphipods), which it paralyzes with its venom. The nemertine’s skin also
contains the alkaloids, which serve as a chemical defence against predators. In our initial report, a
methyl-bipyridyl was detected in trace amounts along with much greater amounts of the crustacean-toxic
2,3’-bipyridyl hereafter referred to as BP, a tetrapyridyl named nemertelline and several other alkaloids
(Figure 1).° Identification of the compound was initially unsuccessful because its LC and GC retention
times were very similar to BP, which is present in much greater amounts in this species. Due to the high
volatility of microgram amounts of the HPLC purified natural product, it was difficult to remove the
various HPLC solvents associated with it under reduced pressure (even at 30 °C) without drastic losses.
Assuming that the compound was a methylated 2,3’-bipyridyl, we then resorted to the use of several
online microanalytical techniques such as LC-MS, GC-MS and GC-FTIR-MS to determine the chemical
properties of our presumed methyl-BP natural product relative to those of the eight possible methyl BPs
that we synthesized. Finally, we obtained a proton NMR spectrum with a few micrograms of the
HPLC-purified, air-dried compound, which allowed the unequivocal identification of the compound as

3-methyl-BP.

Figure 1. Three pyridyl alkaloids previously shown to occur in the chevron hoplonemertine, Amphiporus

angulatus.’
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RESULTS AND DISCUSSION

Methyl-BP Synthesis: General Comments

There are 30 possible methyl-bipyridyls, including eight methyl-BPs. Because other bipyridyl
hoplonemertine alkaloids contain 2,3’ bonds (excepting the two non-terminal pyridyl rings of
nemertelline, which have a 4,3’ connectivity)® the Aa natural product was likely a methyl-BP. While
NMR and mass spectral data for four methyl-BPs have been reported, spectral data for the other four
isomers was lacking or unsatisfactory and they had not been prepared in an unequivocal manner. To assist
in the future identification of microgram amounts of these compounds all eight isomers were prepared to
allow comparison of their chemical and biological properties.

Several methods were available for the synthesis of these isomers. The most efficient methods would
utilize either Suzuki or Stille type cross-coupling reactions or aromatization of the appropriate
methyl-anabaseines, which we had already prepared for pharmacological studies. The
palladium-catalyzed Suzuki cross-coupling reaction was used for synthesis of the 4-, 5- and
6-methyl-2,3’-bipyridyls.” Aromatization of the piperidine ring of anabasine® and the tetrahydropyridyl
rings of both anabaseine’ and anatabine'® have been described. We chose the dehydrogenation method of
Kimpe et al.’ as the most suited to our purposes, since we had the methyl-anabaseine starting materials
for most of the methyl bipyridyls and because this method consists of only two simple steps, each with a
good yield. The 4-, 5-, 2'-, 4'-, 5'-, and 6'-methyl-BPs were prepared by this method as described in the
next section. The methyl-anabaseine precursors were generally prepared by Claisen condensation of the
appropriate nicotinic acid ester with the appropriate piperidone;'' their syntheses will be described

elsewhere, along with their pharmacological properties.

Cl
=
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anabaseine 3,3-dichloroanabaseine 2,3"-bipyridyl
HO, / Me /
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2,3"-bipyridyl-3- 3-hydroxymethyl- 3-methyl-2,3"-bipyridyl
carboxylic acid 2,3'-bipyridyl

Figure 2. Synthesis of methyl-2,3’-bipyridyls. Scheme A shows the general route for synthesis of
methyl-BPs, excepting 3-methyl-2,3’-BP, shown in Scheme B.
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3-Me-BP was prepared from BP-3-carboxylic acid, previously prepared from 1,10-phenanthroline by the
Skraup method,'? by reduction to 3-hydroxymethyl-BP and subsequent catalytic hydrogenolysis, as
described below. 6-Me-BP was prepared by a palladium-catalyzed cross-coupling reaction according to
Bloom."? Synthetic BP was prepared by oxidation of natural anabasine, as previously described.'* All of
the synthetic bipyridyls, purified by SG column chromatography as their free bases, were homogeneous

by SG TLC and NMR analysis. Like BP, they were oils at rt.

LC, GC and Spectroscopic Properties of the Aa Natural Product and Synthetic Me-BPs

The Aa natural product had the molecular size (170) and elemental composition expected for a Me-BP.
Our best estimate of its abundance in Aa (17% of the BP peak area) is based on the LC-CI/MS
measurement of the total ion currents of the two peaks in the crude BP-containing Aa fraction, as shown
in Figure 3. Thus, relative to BP, present at a level of approximately 120 ug/g fresh weight of Aa, the
methyl-bipyridyl is a relatively inconspicuous but significant (estimate: 20 pg/g fresh weight of tissue)

constituent of Aa.
Direct probe introduction EI-MS at UF and GC-MS at NIH of the initial silica gel low pressure

chromatography BP containing fraction of Aa revealed that the trace constituent displayed a molecular
ion of m/z170 (found, 170.0838; theor., 170.0843, C;;H;oN,) and prominent fragments at m/z 169 (M-1;
found, 169.0765, theor., 169.0765, C;1HoN>), 168 (M-2), 143 (M-27; found, 143.0755, theor., 143.0734,
Ci0HoNy), 142 (M-28; found, 142.0620, theor., 142.0656, C;oHgN,), and 115 (M-65); the full list of
fragments is provided in Table 2 for comparison with the eight synthetic methyl-BPs. The mass spectra
indicated that there were major fragmentations resulting in (M-1) and (M-28), as expected for a
methyl-bipyridyl.
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Figure 3. LC-APCI/MS total ion current (TIC) of a Aa low pressure silica gel column fraction containing
the Aa natural product (small peak) and 2,3’-bipyridyl (large peak). The ratio of the TIC for the
Aa natural product (M+1, 171) was 17% of the TIC for natural BP (M+1, 156).
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The mass spectral and other properties of the eight synthetic methyl-BPs and the Aa natural product can
be compared in Tables 2 and 3. Besides serving as a basis for identification of the natural product as
3-methyl-BP, this compendium of properties should be useful in future structure determinations of small
quantities of environmental methyl-bipyridyls.

Although mass spectrometric identification of isomers is often difficult due to the similarity of their
spectra, analysis of peak intensities for the methyl-BPs was quite informative and useful in identifying the
Aa trace constituent. We made some generalizations and then applied them to the analysis of the natural

product spectrum.

Table 1. Chromatographic retention times and ultraviolet absorbance data of BP, the Aa natural product

and the eight possible methyl-BPs.

Method  pp  AaNat Me-BP Me Position
or Prod.
Property
X 3 4 5 6 2’ 4 5 6’
Chromatography Retention Time (min)

chiié:l 14.8  14.80 14.8 11.7 13.2 13.2 10.6 12.0 14.8 13.0
Hl(gllféjz 21.2 20.6 20.8 16.7

GC’ 12.6 1243  13.15 13.21 1246  12.17 1243  13.19 12.52

GC* 9.28 9.89 9.74 1047  10.62 9.79 9.11 9.72 10.55 9.92
UV Absorbance Maxima (nm) in EtOH
Am1 274 270 271 272 279 280 270 265 280 278

Am2 230 242 245 241 240 231 230 231 241 242

" The Beckman C18 RPHPLC column (ODS, 25 cm x 4.6 mm i.d., 5 microns particle size) employed a
1.0 mL/min flow rate with a 35 min linear solvent gradient (10% to 60%) of MeCN; in addition, the two
solutions from which the gradient was made contained 0.05 M NH4OAc-HOACc buffer; pH 4.5. Samples
of 5 or 10 pL were injected.

*The HP Zorbax HPLC column (SB-C18, 25 cm x 4.6 mm i.d., 5 microns particle size) employed a 0.5
mL/min flow rate with a 40 min linear solvent gradient (9.9% to 49.9% MeCN); in addition, the two
solutions from which the gradient was made contained 0.1%HOAc. Samples of 10 uL were injected.

3 These GC retention times were obtained using a 3 m length 0.25 mm id 5% phenylmethylpolysiloxane
(DB-5MS, J & W Scientific) column with 300 °C oven temperature.

* These GC retention times were obtained during the GC-MS analyses performed on a Finnigan GCQ
instrument equipped with a 25 m x 0.25 mm i.d. Rtx-5 Amine column using a temperature program from
100 °C (1 min) to 280 °C at a rate of 10 °C/min.
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The molecular ions (M™) of the 2’-, 4’- and 3-methyl-BPs were much less abundant relative to the M*-1
ions (only 15-20% of the intensity of M*-H'), as might be expected to occur as a result of diminished

stability due to steric hindrance of coplanarity between the two pyridyl rings. Second, the M™-15 (m/z

Table 2. EI-MS data of the Aa natural product and the eight methyl BPs.

C-Me Position
Aa
m/z Nat. 3 4 5 6 2’ 4 5’ 6’
Prod.

51 7 5 6 8 8

63 6 5 5 5 5

65 7 7 8

75 5
y78 4 8 8
89 4 6 5

92 6 7

104 5

115 9 11 11 14 11 10 5 10 8
117 6 6 7 8
118 4

128 8 8
130 19

141 4 5 6 5 6 10 6
142 16 21 12 13 13 12 12 20 16
143 7 5 7 9 13 8
144 32 37 23 10 7
155 5 9 35 41
156 6 5
168 9 12 9 7 6 16 14 7 6
169 100 100 72 78 69 100 100 65 62
170 21 15 100 100 100 20 20 100 100
171 15 16 13 17 16

GC-MS utilized a 30 m length 0.25 mm i.d. 5% phenylmethylpolysiloxane (DB-5MS, J & W Scientific)
column with oven temperature 50 °C (3 min) then gradient to 300 °C (15 min). Absence of abundance
data indicates difficulty in detection.
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155) fragments were only abundant (>20%) for the 5’ and 6’-methyl-BPs. Third, the M-26 (m/z 144)
fragments were only abundant in the spectra of the 4-, 5- and 6-methyl-BPs.  Finally, the ratio M-28 (m/z
142) | M-32 (m/z168) was almost 2 for all four 2-pyridyl ring isomers (3-, 4-, 5- and 6-methyl-BPs) but
wasessentially 1 for the 2’- and 4’-methyl-BPs; the ratio for the remaining 5°- and 6’-isomers was
practically 3. Thus, the EI mass spectrum of a methyl-BP should permit tentative identification of any
methyl isomer of this particular bipyridyl. The Aa trace constituent displayed a relatively low abundance
of the m/z 170 molecular ion relative to the m/z 169 base peak ion, consistent with a 2°, 4’- or
3-methyl-BP structure. The M-28 (m/z 142) peak: M-32 (m/z 168) peak ratio was ~2, as expected for a
methyl-BP containing a 2-pyridyl, but not a 2’- or 4’-methyl-BP. Based on the EI-MS data comparison
with the eight possible Me-BPs (assuming it is a 2,3’-bipyridyl), the trace constituent can only be
3-Me-BP.

For three 3-Me-bipyridyls (i.e. 3-Me-2,2’-bipyridyl, 3-Me-BP and 3-Me-2,4’-bipyridyl), the analysis by
GC-MS shows small but definite differences in m/z peak intensities (Figure 4) and in Rts (see Figure 4
legend). The first isomer has a shorter Rt than the other two. Also the first isomer shows a bigger M* and
smaller m/z 142 (M*-28) than the other two. The last isomer lacks the ion m/z 84. The natural compound
appears identical to the second isomer, 3-Me-BP. However, for the same isomers, a striking difference
is observed in the infrared spectra (see Figures 3 and 4). The second isomer, 3-Me-BP, is identical with
the natural compound clearly in three physical properties: GC-Rt (in two columns in two instruments),
MS and FTIR spectra.
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Figure 4. GC-EIMS of synthetic 3-Me-2,2’-bipyridyl, 3-Me-2,3’-bipyridyl, 3-Me-2,4’-bipyridyl and Aa
natural product obtained with the Hewlett-Packard GC-MS-FTIR instrument.
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Figure 5. FT-IR spectra of synthetic 3-Me-2,2’- and 3-Me-2,3’-bipyridyls obtained with the Hewlett

Packard GC-MS-FTIR instrument.
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Figure 6. FT-IR spectra of 3-Me-2,4’-bipyridyl and Aa natural product obtained with the Hewlett

Packard GC-MS-FTIR instrument.
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Figure 7. NMR spectrum of the SG-HPLC purified natural product dissolved in 120 uL deuterated
chloroform (99.96% purity). The large peak near 7.27 ppm is due to a trace of CHCI;. The

integrated areas of the non-methyl protons were nearly equal.

An initial 500 MHz NMR spectrum (not shown) was obtained by J. Rocca (UF) from a microgram
sample of the trace natural product still dissolved in the hexane-isopropanol-DEA eluate obtained from
the normal phase HPLC analytical column. It showed the seven resolved aromatic proton signals and spin
coupling constants (Table 3) characteristic of 3-methyl-2,3’-bipyridyl but the proton chemical shifts were
affected by the complex solvent mixture (hexane, isopropanol and diethylamine). The region upfield from
these aromatic protons displayed many solvent peaks in addition to the methyl protons characteristic of
3-methyl-BP. After the solvents were evaporated by exposure to air, proton signals of the natural product
(Figure 7) were demonstrated to be identical with those of synthetic 3-methyl-BP (see comparison in

Table 3).
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Table 3. NMR data of BP and the eight methyl-BPs (recorded in CDCl; at 300 MHz with TMS internal standard).

Position of the H (and C for X and 3-Me-BP)

Compound
2 4 5 6 3 4 6 Me
9.20,dd 8.33,ddd 7.41, ddd 8.66,dd 7.74-7.84,17.74-7.84,17.30,ddd  8.73, ddd
2,3'-BP 24,09 17.8,2.4,1.87.8,4.8,0.9 4.8 1.8 6.9,4.8,1.8 4.8,1.8,1.2
7.73,dd  7.23, dd* 855,dd 7.43,ddd 7.78,ddd  7.30,ddd 8.73,ddd 2.61,s
2'-Me-BP 7.8,1.8 7.8, 4.8 48,1.8 7.8,1.2,0.9 7.8,7.8,1.8 7.8,4.8 1.2 4.8,1.8,0.9
8.59, s* 7.21, d* 849,d 7.43,ddd 7.80,ddd 7.31,ddd 8.73,ddd 2.41,s
4'-Me-BP 4.8 5.1 78,1209 78,75, 1.8 75,48, 1.2 4.8, 1.8, 0.9
8.98,d 8.15, s* 8.48,d* 7.71-7.81,17.71-7.81, m 7.27,ddd  8.71,ddd 2.41,s
5-Me-BP 2.1 1.8 6.6,4.8,1.8 4.8,1.5,1.2
9.07,d 8.22,dd 7.23-7.29, m 7.69-7.80,17.69-7.80,1r7.23-7.29,1r8.70,ddd 2.62, s
6'-Me-BP 2.1 8.1,2.4 4.8,1.8,1.2
8.80, 7.89,ddd 7.40, ddd 8.64, 7.62, dd* 8.56, dd*  2.39,
3-Me-BP  dd 78, 2.4, 7.8 4.8, dd 7.8,0.9 4.8,0.9 s
2.4, 1.8 0.6 4.8, C2 151.96
0.6 136.19 1.8 C3123.15 138.74 149.81
§13C: 122.75 136.4
147.37 149.00 6
Aa Nat. 8.80,dd 7.88,ddd 7.40, ddd 8.65, dd 7.62, dd 8.56, dm
Prod. 2.1,0.6 17.8,2.2, 79,648 08 4.8,1.7 7.7, m*(0.8) 7.8, 4.8 4.8, *
1.8
9.17,dd 8.31,ddd 7.39, ddd 8.64,dd 7.56, s* 857,dd  2.44,s
4-Me-BP 24,09 7.8,2.4,1.57.8,4.8,0.9 4.8,1.5 5.1,0.6
9.17,dd 8.28,ddd 7.37, ddd 8.61,dd 7.55-7.66, m 7.55-7.66, m 8.53-8.55, n 2.37, s*
5-Me-BP 24,09 8.1,2.4,1.881,4.8,0.9 4.8 1.8
9.18,dd 8.30,ddd 7.37, ddd 8.62,dd 7.52, d* 7.65, dd 2.62, s
6-Me-BP 24,09 8.1,2.4,1.881,48,0.9 4.8,1.8 7.8 78,75

First row: chemical shift in ppm and its multiplicity;
* Line broadening or further unresolved small long range coupling(s)

Second row: coupling constant(s) J in Hz.

1035
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One reason for our special interest in identifying the Aa methyl-bipyridyl was that Aa also possesses a
still unidentified methyl-nemertelline, a tetrahydro-nemertelline and a hydroxy-nemertelline, in addition
to nemertelline, which is the most abundant alkaloid of this species.” A reasonable hypothesis regarding
the biosynthesis of these tetrapyridyls is that they result from the reaction of a partially unsaturated
bipyridyl with another, similar pyridyl precursor, followed by aromatization reactions. The
methyl-bipyridyl and methyl-nemertelline likely originate from the same biosynthetic pathway, a
precursor of the former compound serving as a starting compound for biosynthesis of the
methyl-nemertelline. Thus, assignment of the methyl substitutions in these two Aa compounds would be a
test of this hypothesis. The precursor compounds (each contributing two of the four eventual pyridyl
rings) would be different dihydropyridines. Leete'’ provided strong evidence that the two rings of the
tobacco alkaloid anatabine are biosynthesized by coupling of twp dihydropyridyl ring precursors.
Although anatabine is not found in the Aa extract, we have isolated and unequivocally identified its 9-3,4
isomer, which we refer to as isoanatabine, from this nemertine (Soti et al., in preparation). It is very
interesting that tobacco plants contain 5-methyl-BP'® and anatabine,'” whereas A. angulatus contains
3-Me-BP and isoanatabine. One can surmise that the double bond placement determines the site of
methylation of the tetrahydropyridine ring in both worm and plant.

We previously reported some biological activities of the various bipyridyls and Me-BPs, including BP.'**
Besides their most conspicuous activity, causing a rapid convulsive paralysis of crayfish and other
crustaceans, BP and the eight methyl-BPs also inhibit the surface attachment (settlement) of barnacle
larvae, an activity which might have practical application in development of new, antifouling paint
additivies that are not injurious to the marine environment. Naturally occurring 3-methyl-BP displays
these dual biological activities. While the neurotoxic paralytic effects are thought to be due to interaction
with nicotinic acetylcholine receptors within the crustacean central nervous system, the antisettlement
activity of these pyridines on barnacle larvae may be due to their interaction with chemoreceptor neuron
terminals located at the body surface that specifically respond to pyridine-containing heterocycles.*’'

Further studies on these compounds are needed to identify the receptors they target.

EXPERIMENTAL

Animal Collection and Initial Isolation of Pyridyl Alkaloids by Solvent Fractionation Amphiporus
angulatus was collected at low tides along the rocky shoreline of Passamaquoddy Bay, which is bordered
by northern Maine USA and New Brunswick Canada coasts [Adults often attain a 10 cm length and 1 g
fresh weight]. Live worms were placed in approximately 5 volumes of methanol-1% acetic acid for rapid
euthanization; this solvent also extracted most of the pyridine alkaloids. After evaporation of the solvent

and successive extractions under acidic and basic conditions with CH,Cl, as previously described,2 an
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orange-colored oil (approx. 10 mg/ g fresh weight of animal) containing a variety of pyridyl alkaloids and
other compounds, was obtained. Several hundred Aa worms were collected over a span of more than
two decades and worked up at different times for alkaloid isolation. Initial attempts at isolation of the
trace constituent using preparative thin-layer and low pressure (Lobar) SG column chromatography
yielded samples contaminated with 2,3’-bipyridyl and other pyridyl alkaloids that will be reported
elsewhere.

HPLC Purification Normal phase HPLC (Beckman Gold Nouveau system, UF lab) used analytical or
semipreparative 25 cm length ODS silica gel columns equilibrated with Solvent A: 98.5% hexane (Fisher
Optima grade), 1% isopropanol (Fisher HPLC grade) and 0.5% diethylamine (Aldrich analytical grade).
After 10 min. elution with Solvent A, a linearly increasing proportion of solvent B consisting of 50%
hexane, 49.5% isopropanol and 0.5% diethylamine was applied. Flow rates were 1.0 mL/min (analytical
column) and 3.0 mL/min (semiprep column). The most lipophilic compounds in the Aa alkaline CH,Cl,
extract, including BP and MBP, preferentially dissolved in Solvent A and were injected in volumes of 1
mL or less into a 2 mL injector loop. UV absorbing peaks were measured with a diode array detector
(UV range 210-320 nm) and collected with an Isco Foxy Jr fraction collector using PeakTrak software.
Whereas the UF lab used normal phase HPLC to separate the Aa natural product from the much more
abundant 2,3’-bipyridyl (BP), the NIH lab resolved the two natural compounds in protonated form using a
reversed-phase C18 analytical column, as described in the next section.

GC-MS, HPLC-MS and GC-FTIR Measurements (Daly lab at NIH) GC-MS analyses were
performed on a Finnigan GCQ instrument equipped with a 25 m x 0.25 mm i.d. Rtx-5 Amine column
using a temperature program from 100 °C (1 min) to 280 °C at a rate of 10 °C/min. GC-MS and -FTIR
spectral analyses were performed with a Hewlett-Packard (HP) model 5890 gas chromatograph with a 25
m X 0.32 mm i.d. HP-5 column using the above temperature program, interfaced with an HP model 5971
Mass Selective Detector and an HP model 5965B FTIR instrument with a narrow range (4000-750 cm™)
detector and an HP ChemStation (DOS-based) to generate the chromatograms. HPLC-MS analyses were
performed using an HP model 1100 liquid chromatograph interfaced with a Finnigan LCQ MS operating
in the atmospheric pressure chemical ionization (APCI) mode. The HP Zorbax HPLC column (SB-C18,
25 cm x 4.6 mm i.d., 5 microns particle size) used a 0.5 mL/min flow rate and a solvent gradient from 9
parts of 0.1% HOAc in H,O and 1 part 0.1% HOAc in MeCN to a 1:1 mixture over 40 min. Samples of
10 uL were injected.

UV and NMR Spectroscopic Measurements UV spectra of the air-dried Aa natural product and
rotary-evaporated synthetic methyl-bipyridyls were obtained in HPLC-grade ethanol at rt using a
Beckman DU600 spectrophotometer. Absorbance data (Am.x), determined for the free bases, are

presented in Table 1. The proton NMR spectrum of the natural product was acquired with a Bruker
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Avance500 spectrometer equipped with a 2.5 mm TXI probe. All other NMR spectra were obtained on a
Varian 300MHz instrument in CDCl;.

Synthesis of Methyl-BPs from the Corresponding Methyl-Anabaseines A mixture of the appropriate
methyl-anabaseine free base (35 mg, 0.2 mmol) and N-chlorosuccinimide (67 mg, 5 mmol) in CCly (5
mL) was stirred overnight at rt. Aqueous NaHCOs3 (0.3 g/ 3 mL) was added, and the aqueous solution was
separated and then extracted with CCly (2x1 mL). The combined organic phase was dried (MgSO,) and
evaporated in vacuo, giving the methyl-3,3-dichloroanabaseines in 68-98 % yield. These synthetic
intermediates were pure enough by TLC and 'H-NMR for the next step. Each methyl-3,3-
dichloroanabaseine was dissolved in a solution of sodium methoxide in dry methanol (0.5 mL ofa 2 M
solution, 1.0 mmol) and stirred at rt overnight. After removal of solvent by rotary evaporation, water (2
mL) was added and the aqueous solution was extracted with CH,Cl, (5 x 1 mL). The combined CH,Cl,
extracts were dried (MgSQOy), decolorized with activated carbon and evaporated under vacuum (2 mm Hg,
45 °C), yielding the pure methyl-BPs in 64-84 % yield. The GC and LC retention times and UV
absorbance data are in Table 1, the EI-MS data for the natural product and the synthetic methyl-BPs are
presented in Table 2, NMR data for these compounds are in Table 3 and finally, the NMR data for the
dichloro synthetic intermediates are presented in Supplementary Table 4.

3-Methyl-BP Synthesis For synthesis of the 3-Hydroxymethyl-BP precursor, ethyl chloroformate
(0.14 mL, 1.46 mmol) was added dropwise over 30 min to a continually stirred, ice-cold solution of
BP-3-carboxylic acid (0.28 g, 1.40 mmol) in dry THF (10 mL) and triethylamine (0.20 mL, 1.43 mmol).
The precipitated triethylamine hydrochloride was then filtered and washed several times with THF (3x2
mL). The THF washes were combined, cooled to 10 °C, and while stirring under an argon atmosphere,
NaBH,4 (0.185 g, 4.9 mmol) was added and then methanol (0.90 mL, 22.2 mmol) dropwise over a 1 h.
during which time the temperature increased to 20 °C.">  After the material was stirred for an additional
hr. at rt, 1 N HCI was carefully added, the solvent concentrated under vacuum to 5 mL and extracted with
CH,CI; (3 x 5 mL). Na,CO; (0.85 g) was added to the aqueous phase, which was then extracted with
CH,Cl,. The combined fractions were dried (MgSQOy) and evaporated under vacuum (2 mm, 45 °C) giving
a pure product (0.22 g, 84 %). 'H-NMR (CDCl), d, ppm, 8.71(1H, dd, J = 2.1, 0.6 Hz, C2'-H), 8.55 (1H,
dd, J =4.8, 1.5 Hz, C6-H), 8.52 (1H, dd, J = 4.8, 1.8 Hz, C6'-H), 7.95 (1H, dd, J = 7.8, 1.5 Hz, C4-H),
791 (1H, ddd, J = 7.8, 2.1, 1.8 Hz, C4'-H), 7.35 (1H, ddd, J = 7.8, 4.8, 0.6 Hz, C5'-H), 7.31 (1H, dd, J =
7.8, 4.8 Hz, C5-H), 4.58 (2H, s, CH2-0O).

3-Methyl-BP: A 3-hydroxymethyl-BP (42.3 mg, 0.227 mmol) solution containing methanol (5 mL) and
4N HCI in dry dioxane (0.57 mL, 2.3 mmol) was hydrogenated in the presence of palladium/C (10 %, 40
mg) at rt and ambient pressure for 3 h. The catalyst was removed by filtration, washed with methanol (3 x

1 mL), and the combined methanolic solutions were evaporated under vacuum. The residue was dissolved
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in water (2 mL), Na,CO3; was added (0.1 g) and the solution was extracted with CH,Cl, (3x2 mL). The
combined CH,CI, solutions were dried (MgSO,) and rotary-evaporated at 2 mm and 45 °C, giving pure
3-methyl-BP (29.4 mg, 76 %) as a colorless oil.
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Table 4. (Supplementary).

NMR data of 3,3-dichloro-BP and its methyl derivatives, recorded

n

deuterochloroform.
Position of the H
Compound
2' 4' 5' 6' 4 5 6 Me
3,3-Dichloro- 9.17,d* 8.37,ddd 7.39,ddd 8.65,dd 2.75-2.81, m 2.00-2.10, m 3.98, dd
2.3-BP 1.8 8.1,1.8,1.5 81,5.1,0.6 5.1,1.5 6.0, 6.0
3,3-Dichloro- 7.96, dd 7.18,dd*  8.53,dd 2.76-2.82, m 2.03-2.12,m 3.94,dd  2.56,s
2'-Me-BP 7.8, 1.8 7.8,5.1 5.1,1.8 6.0, 6.0
3,3-Dichloro-  8.88, s 7.46, d 857,d 2.78-2.84, m 2.05-2.14,m 3.97,dd  2.46,s
4'-Me-BP 5.4 5.4 6.0, 5.7
3,3-Dichloro-  9.00, d* 8.13, s* 8.48,d* 2.74-2.80, m 2.00-2.10,m 3.97,dd 241, s*
5'-Me-BP 1.5 1.5 6.0, 5.7
3,3-Dichloro- 9.04,d  8.19, dd 7.18,d 2.74-2.80, m 1.99-2.08, m 3.95,dd  2.61,s
6'-Me-BP 2.1 8.1, 2.1 8.1 6.0, 6.0
3,3-Dichloro- 9.12,d* 8.30,ddd  7.34,ddd 8.62,dd 2.43-2.56, m 1.74-1.98, m 4.17, 1.39, d
4-Me-BP 1.8 8.1,1.8,1.8 81,4.8,09 4.8,1.8 (@1H) (2H) ddd,(1H) 6.6
19.5, 5.4,
1.8, 3.79,
ddd,(1H)
19.5, 10.8,
6.0
3,3-Dichloro-  9.15,d* 8.29,ddd 7.32,ddd 8.64,dd 2.85-2.91, m 2.28-2.37, m 4.16-4.26, 1.07,d
5-Me-BP 2.1 8.1,2.1,1.5 81,4.8,06 4.8,1.5 (@1H) (1H) m 5.7
2.28-2.37, m (1H)
(1H) 3.24-3.36,
m (1H)

First row: chemical shift in ppm and its multiplicity; *

range coupling(s); Second row: coupling constant(s) in Hz. In parentheses: the number of hydrogen(s).

line broadening or further unresolved small long
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