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Abstract: The addition of guanidine to a scries of bis-x,3-unsaturated ketones is reported leading to the formation
of tricyclic guanidines, which are models of the naturaily occurring batzciladine aikaloids. Nmr evidence is given in
support of a new assignment for the relative stereochemistry of batzelladine F.
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There is considerable current biological!”” and synthetic3-!Y interest in guanidine containing
biomolecules. Much of this interest has been generated by the isolation of the novel bioactive natural product
ptilomycaiin A 1, initialiy from the Caribbean sponge Ptilocauiis spicuiifer [1] and subsequentiy from two other
cmr e 4.7
sources. ’
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We recently2 reported the preparation of a range of compounds which where models of a related series
of guanidine alkaloids isolated from the same sponge and termed batzelladine A - E.” The structural and relative
stereochemical assignment of these metabolites was based on an analogy with ptilomycalin A. However
subsequent work by Snider ef al2! has shown that in the cases of batzelladine A and D the original assignment
was incorrect and the relative stereochemistry of the metabolites is as illustrated in structures 2-6.
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quamdme to the bzc-a B umaturated ket(me 7 to give h mi-aminal 8, whi

reduction would give 9, hopefully, with a high degree of stereocontrol

In order to test this hypothesis we prepared the ketone 13 via a simple, high yielding three step
procedure. Deprotonation of the commercially available phosphorane 10 with n-butyl lithium followed by
alkylation with n-octyl iodide?2 gave the phosphorane 11 in near quantitative yield. Without purification this was
reacted further with three equivalents of succinaldehyde?3 to give the aldehyde 12 in 67% overall yield. Reaction
of 12 with a further equivalent of phosphorane 10 gave the required ketone 13 in 74% yield. Treatment of 13
with one equivalent of guanidine in DMF for 5 hours, followed by dilution with methanol/water, sodium
borohydride reduction, acidification and counterion exchange gave, after purification, the required product 14 as
its fluoroborate salt in 31% yield. This material was obtained as a single diastereoisomer with no distinct minor

vy 13~ P L I

isomers detectabie Dy *nor "L nmr anaJy51s of the crude reaction proaucts.
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(a) nBuLv/-78°C; then CgH7I/RT/16hrs. (b) 3.0 eqv. succinaldehyde/DCM/24hrs. (c) 10/DCM/24hrs. (d) (i)
Guanidine/DMF/0°C-RT/5hrs, (i) 3:1:3 DMF/H,0/MeOH, then NaBH,/16hrs, (iii) HC, (iv) aq. NaBF, (sat).

This observation was some what surprising as in previous work wel? had demonstrated that the double
Michael addition of guanidine to bis-o,B-unsaturated ketones leads to the preferential formation of cis-
substituted pyrrolidines with ca 4 : 1 selectivity and were fully expecting this work to parallel these observations.
Confirmation of the relative stereochemistry of the product was obtained by selective nOe experiments which
confirmed that the protons H, and H, together with H, and Hgq are on the same face of the tricycle.

Confirmation of the relative stereochemistry of the pyrrolidine ring was taken from analogy with our
previous work;, however we were unable to prepare suitable crystals of 14 for X-ray analysis. In order to
overcome this shortfali and to confirm the generality of this methodoiogy we prepared a series of symmetricai
tricycles in the hope that these one of these substances would be suitably crystaliine. Thus phosphoranes 15a-¢
and 11 gave o,B- nsaturated ketones 16a-d on reactlon w1th succmaldehyde Treatment of these under

the eordit‘orus pr “lOuS}'y
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complex (ethyl acetate/ether) were found to be sultable for X-ray analy51s hich conﬁrmed the relatlve

stereochemistry as that illustrated in structure 17b (reported previously20).
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Table 1

R= Yield (16a-d) Yield (17a-d)
152 Me 74% 33%
15b Ph 68% 32%
15¢  n-pentyl 70% 27%
11 n-nonyl 36% 22%

(2) 0.4 eqv. succinaldehyde/THF/24-48hrs. (b) (1) Guanidine/DMF/0°C-RT/5-8hrs,
(ii) 3:1:3 DMF/H,0/MeOH, then NaBH,/16hrs, (iii) HCI, (iv) Saturated aq. NaBF,.

As can be seen, the relative stereochemistry of the products obtained from this reaction is the opposite of
that required for the intended targets batzeiladine A 2 and D 5. Shortly after the publication of our original
communication several further batzelladine metabolites, termed batzelladine F-1, were isolated;2’ these were

interesting in so much as one of them, batzelladine F 18, contained two tricyclic guanidine units, one of which,
lacked the ester function and was very similar in structure to our model compound 14 (the metabolites
batzelladine G-I are similar in structure to F, with some variation in degree of unsaturation in the heterocycles
and also possess a N-hydroxy function on the left hand guanidine heterocycle).
Ir "
H/ \ H
N Me —\
Me*” N N/\/\/\/\O /\ /\
!
H e
“CgHo
Batzelladine F 18 l!I

The stereochemical assignment of these metabolites was taken by analogy with the revised
stereochemistry of the previously isolated metabolites batzelladine A-E. Interestingly on comparison of the
spectral data for batzelladine F 18 and 14, it is apparent that there is a strong correlation between the data of
these compounds. For exampie the following scheme illustrates the reported 13C data for 18 together with the
recorded data for 14 (both in CD,0D).

310 310 311 311
H; { . \JH,, H\ o= = o
S .,)Q'.- 7.5 57.4
366 N 4.7 36.9 N 348 Me
47.3 L\ /J‘\%If]l}J g }6\2\/“\/“\//“\ 47.2 AR 51'/6J‘\~,/26 2\/"\/’{\ }1’,‘
G N7 SN Me" N O
207 Me | 1510 358 304 20.7 Me | 151.2 358 305
H H

14 Batzelladine F 18
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The strong agreement in the data for these two molecules may cast some doubt upon the assignment of
a otora L B hhnsd oiom~ PR, | I =

of batzelladine F, indicating that the arrangement of the substituients on
the pyrrolidine ring is indeed cis. This is not surprising as a similar observation has been made with the

; HEH 3 inh 3 T JRUUTRE LIy W SR ACUR
socrambescidine 800° which is a #rans-pyrrolidine analogue of ptilomycalin A 1, which in

0
0
T .ntly ndeavouring to modify our methodology to effect a synthesis of the left hand portion

-

of batzelladm n order that a more direct comparison with natural material will be possible.
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Experimental

Column chromatography was carried out on Kieselgel (230-400 mesh) with the eluant specified in each
case and tlc was conducted on precoated Kieselgel 60 F254 (Art. 5554, Merck) glass plates. All non-aqueous
reactions were conducted in oven-dried apparatus under a static atmosphere of argon. Petrol (PE) refers to the
40-60 fraction. Dichloromethane, diethyl ether (E), DMF and THF were dried and distilled before use using
standard methods. Chemical ionisation (Cl) mass spectra were recorded on a VG Masslab Model 12/253
spectrometer and high resolution mass spectra (HRMS) on a VG Analytical ZAB-E spectrometer at the EPSRC
Mass Spectrometry Service Centre at Swansea. !H nmr spectra were run at 250MHz on a Bruker AC250
spectrometer uniess otherwise stated. !3C nmr spectra were run at 62. 5MHz on a Bruker AC250 spectrometer
unless otherwise stated and were gate decoupled. All specira were obtained from solutions in deuterated
chloroform unless otherwise specified. Chemical shifts are reported as & values (ppm) relative to

ettt laitnn aa e ctarnndaed

i€ as an internal standard.
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n-Butyllithium (13.3ml, 1.29M in hexane, 17.2mmol), was added to a cooled (-78°C) solution of 10
1

(5.00g, 15.7mmol) in THF (200ml), causing a deep red colour to develop. The mixture was stirred for 30
minutes, whereupon n-octyl iodide (4.57g, 19.0mmol) was added dropwise; the mixture was then allowed to stir

rb

a e
at room temperature for 18 hours. After evaporation of the THF the resulting red oil was dissolved in ethyl
acetate (100ml) and washed with water (2 x 50ml), dried (MgSO,) and evaporated to give the crude
phosphorane 11 as a viscous oil in essentially quantitative yield (6.75g). Succinaldehyde (2.7g, 31.4mmol) was
added to a solution of 11 (6.75g, 15.7mmol) in dichloromethane (30ml) and the mixture stirred at RT for 48
hours. The solution was then washed with water (2 x 50ml) to remove excess succinaldehyde, separated,
evaporated and most of the triphenylphosphine oxide removed by trituration using E/PE (1 : 1). Evaporation and
purification by column chromatography (15-30% E in PE) afforded the title compound 12 as an oil (2.50g, 67%,
Rf=0.26 in 40% E in PE). The ketone 16d was also isolated in 14% yield (0.86g, Rf = 0.45 in 40% E in PE).

IH nmr: § = 0.88 (t, 3H, J = 6.5Hz), 1.27 (m, 12H), 1.60 (m, 2H), 2.52 (m, 4H), 2.65 (m, 2H), 6.12 (d,
1H, J = 15.9Hz), 6.81 (dt, 1H, J = 6.6, 15.9Hz), 9.81 (s, 1H). 13C nmr: § = 14.01, 22.58, 24.09, 24.55, 29 20,
29.36, 31.79, 40.31, 41.87, 130.99, 143.95, 200.25, 200.34. IR: v, = 2926, 2856 (C-H), 2718 (aldehyde C-
H) 1727, 1675 (C=0), 1631 (C=C). MS(CI): m/z = 256 (100% [M+NH,]"), 239 (60% [M+H]"), 238 (20%
MT), 221 (42% [M-OH]"). HRMS(CI): C,5H,50, ((M+H]") requires 239.2012, found 239.2011.

723

7E)-2,7-Di -
Phosphorane 10 ( 7 8.40mmol) was added to a solution of aldehyde 12 (1.66g, 6.97mmol) in

dichioromethane (20mi) and the mixture stirred at RT for 24 hours. The solvent was then evaporated and
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triphenylphosphine oxide removed by trituration with E/PE (1 : 1). Purification by column chromatography (30-
40% E in PE) gave the title compound 13 as an oil (1.43g, 74%, Rf = 0.24 in 40% E in PE).
'H nmr: 3= 0.88 (t, 3H, J = 6.5Hz), 1.27 (bm, 12H), 1.62 (m, 2H), 2.26 (s, 3H), 2.41 (m, 4H), 2.53 (1,
2H,J = 7.3Hz), 6.10 (d, 1H, J = 15.9Hz), 6.16 (d, 1H, J = 15.9Hz), 6.74-6.83 (m, 2H). 13C nmr: & = 14.01,
22.58.24.14. 26.97. 29.21. 29.35. 29.90. 30.01. 31.79. 40 37. 130.95. 131.86. 144.33. 14572 198 07 200 35
Eod It ad ATy SwlS. S Sy kS ket By bt T oh oty he s SNy JV.VL, Jl.l/, '\I.Jl, lJ\I.IJ, I.JL.U\I, L—'—I'.JJ, I_I'J‘lh’ lIu‘U',h\lU.JJ.
IR v_. = 2928 2852 (C-H), 1690. 1672 (C=0). 1631 (C=C). MS(CD): m/z = 296 (90% M-+NH .1 279
max > X T3 > A} J> AT SRRy OVL <70 Vo [IVITIND 4y ), 477
(20% [M+H]"), 240 (100%). HRMS(CI): C 18H31 0, (IM+H]") requires 279.2324, found 279.2324

rac-(4S.3aS,8aR, 7R)-4-Nony}-7-methy}-(1,2.3.4.7 8-hexahydro-5H-5,6.8b-triazaacenaphthalene)-6-ium
tetrafluoroborate; 14

General method: Guanidine (117mg, 1.98mmol), in DMF (3ml) was added to a cooled (0°C) and stirred
solution of 13 (550mg, 1.98mmol) in DMF (10ml) and the mixture was allowed to warm to room temperature
over 5 hours. The reaction was cooled (0°C) and water (5Sml) and methanol (15ml) were added, followed by
NaBH, (451mg, 11.87mmol); this mixture was allowed to warm to room temperature and was stirred for 16
hours. The methanol was evaporated in vacuo and the reaction diluted with dichloromethane (50ml). The
solution was then treated with aqueous HCI (20ml, IM), separated and washed with water (2 x 50ml) and brine
(2 x 50ml) and the combined aqueous layers back extracted with dichloromethane (20ml); the combined organic
layers were then washed with saturated LiBr (2 x 20ml). The organic phase was dried over magnesium sulphate
and evaporated in vacuo to give a brown oil (550mg), which was dissolved in dichloromethane (25ml); an
aliquot (ca 5ml) of saturated aqueous sodium tetrafluoroborate was added and the mixture stirred briskly for 2
hours. The aqueous layer was then separated, extracted with dichloromethane (2 x 25ml) and the combined

organic extracts dried (MgSO,4) and evaporated giving a brown oil (570mg). Purification by column

11 O oaa o~

chromatography ( 4% methanol in chioroform) was followed by precipitation of 14 from a dlcmorometnane

N ‘Y‘ln/ PR oNs Do

E and PE (250mg, 31%, amorphous solid M. pt. = 80-82°C, Rf = .22, 4% methanol

solution uamg a mixture o
in chloroform),

'H nmr (500MHz, CD;0D): 8 = 0.89 3H, t, J = 6.6 Hz, CH;) 1.25 (2H, m, H,, Hg ), 1.26 3H, d, J

= 6.4 Hz, CHy) 1.28-1.45 (14H, m, Hy,_1g), 1.55 (2H, m, Hyy), 1.68 (2H, m, Hsp, Hgp), 220230 (4H, m,
. Hz .o and Ho Y 342 (1 ddt =32 113 66 Hz Y 354 (1H rmn J=232 111. 64 Hz H.)
J.ljp, ia a, Axblj Liie leb}, e T \LEAy MYy W by ALy WV AL, 1591, E Rl \LIL, \JU o cdety L L.dly V.UV &AL 112}7
3.74 (2H, m, Hy and H;). 13C nmr: 8 = 14.14, 20.26 (2 x CHj;), 22.65, 25.03 , 29. 23, 29.29, 29.39, 29.48,
29.63, 30.22, 31.85, 34.45, 35.80 (12 x CH,), 46.10, 50.47, 56.00, 56.06 (4 x CH) 14931 (C). Spectrum in
CD;0D: 14.41, 20.70 (2 x CH,), 23.68, 26.18, 30.39, 30.54, 30.57, 30.99, 33.00, 34,69, 35.82, 36, 63 (1 x

CH')) 4726, 51.58, 57.45, 57. 50 (4 x CH) 15120 (C). IR: Viax = 3385 (N-H), 2924 (C-H), 1627 (C=N).
MS(CT); 306 (100%, [M+H] ). HRMS(CI); CgH3¢N; ([M+H] )requlres 306.2909, found 306.2909.

Succmaldehyde 04 eqv) dlssolved n dnchloromethane (2rnl per mmol of phosphorane) was added to a
solution of the phosphorane (15a-¢, 11) in dichloromethane (2ml per mmol of phosphorane) and the mixture
stirred at room temperature for 24-48 hours. After washing with water (generally 2 x 100ml) to remove excess
succinaldehyde, the solvent was evaporated and the resulting oil purified by column chromatography (E in PE).

(3E, 7E)-2,9-Dioxodeca-3,7-diene; 16a,
15.7 mmol scale, 74% yield, Rf =0.11 (40%F in PE). 1H nmr: § = 1.94 (s, 6H), 2.14 (m, 4H), 5.80 (d,

2H, J= 15.9Hz), 6.51 (dt, 2H, J = 6.2, 15.9Hz). 13C nmr: § = 27.25, 30.54, 131.81, 145.79, 198.12. IR: Vinax =
2925 (C-H), 1670 (C=0), 1625 (L=(,) MS(CI): m/z = 184 (100% [M+NH,]"), 167 (60% [M+H]").

- T ~m e

(
S(CI): CoHgNO, ([M+NH,J' ") requires 184.1338, found 184.1338.
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13.2 mm, i sC ie 68% vield, nf= 0.24 (40% E in PE).*H nmr: 8 = 2.60 (m, 4H), 6.97 (m, 2H), 7.40-
7.93 (m, 12H). 13C nmr: § = 31.16, 126.68, 128.42, 128.55, 132.60, 137.65, 147.40, 190.38. IR Vinax = 3063,
2952, 2928 (C-H), 1667 (C=0), 1624 (C=C). MS(CI). m/z = 308 (100% [M+NH4]+), 291 (50% [M+H]Y).
HRMS(CD: C,,H,,NO, (M+NH,]") requires 308.1651, found 308.1651

(7E, !1.E)—6513-diexeectadeca-7,l!-diene 16¢

Phosphorane 15¢ was prepared from 10 (5.00g, 15.7mmol) and #-Bul using the method described for the
preparation of 11. This was then employed in the preparation of 16¢ as described above; 70% yield, Rf = 0.25
(40% E in PE). I'H nmr: § = 0.86 (t, 6H, J = 6.8Hz), 1.29 (m, 8H), 1.60 (m, 4H), 2.39 (m, 4H), 2.51 (t, 4H, J =
7.4Hz), 6.12 (d, 2H, J = 15.8Hz), 6.80 (m, 2H). 13C nmr: § = 13.83, 22.38, 23.79, 30.65, 31.36, 40.23, 130.89,
144.52, 20037, IR: v = 2940, 2930 (C-H), 1697 (C=0), 1623 (C=C). MS(CI): m/z = 296 (100%

[M+NH,41"), 279 (25% [M+H]"). HRMS(CI): C,qH;,0, ([IM+H]") requires 279.2324, found 279.2330

Phosphorane 11 was prepared from 10 (5.00g, 15.7mmol) and n-octyl iodide using the procedure
described for the preparation of aldehyde 12. This was then used in the preparation of 16d as described above;
36% vield, Rf = 0.45 (40% E in PE). 'H nmr: § = 0.89 (t, 6H, ] = 6.5Hz), 1.28 (bm, 22H), 1.61 (bm, 6H), 2.41
(m, 4H), 2.53 (t, 4H, J = 7.4Hz), 6.15 (d, 2H, J = 15.8Hz), 6.81 (m, 2H). 13C nmr: & = 13.13, 21.70, 23.27,
28.34, 28.48, 29.80, 30.91, 39.52, 130.03, 143.56, 199.50. IR: v, = 3023, 2926 (C-H), 1688 (C=0), 1658
(C=0). MS(CI): m/z = 408 (100% [M+NH,1"), 391 (20% [M+H]"). HRMS(CI): C,H,NO, ([M+NH,]")
requires 408.384 1, found 408.3341

~ - . o~ . X . P .« a0 iTa i
The method described for the preparation of 14 was followed.

....,.nl,;_,d M Miathcd (192470 Lacobhaodoo EIF 8 £ QF éedocacnaankhebhalana) £ 2 dadeanfl o b oa,. 170
3.66 mmol scale, 33% yield, M.pt. = 111-113°C, (Rf = 0.20, 6% MeOH/CHCL;). 'H nmr: § = 1.23 (d,

6H, J = 6.2Hz), 1.60 (m, 4H), 2.10-2.32 (m, 4H), 3.51 (m, 2H), 3.

20.24, 30.11, 35.63, 46.05,

S22, (S

5
m/7-IQA(’§°A.I'M+ ]+ 193

i 4,7.8-hexs 0 iazaace ale i etrafluora 3
0.862 mmol scale, 32% vneld M pt. = 90- 92°C Rf = o 23 (5% MeOH/CHClq) 1H nmr: § = 1.62-1. 80
(m, 4H), 2.25-2.46 (m, 4H), 3.97 (m, 2H), 4.59 (dd, 2H, J = 12.3, 3.9Hz), 7.29 (s, 2H), 7.30-7.60 (m, 10H).
13C nmr: § = 29.73, 36.90, 54.42, 55.99, 126.20, 128.59, 129.04, 138.66, 149.90. IR: v,,. = 3371 (N-H)
3060, 2977, 2929 (C-H), 1616 (C=N). MS(CD): m/z = 318 (15% [M+H]"), 317 (5% [M]'). HRMS(CI):
C,HyyN; ((M+H]*) requires 318.1970, found 318.1970.

1.55 mmol scale, 27% yleld Mpt 84- ssoc Rf =020 (4% MeOH/("H("l3) 1H nmr: & = 0.86 (t, 6H, J
— 6.5Hz), 1.28-1.40 (m, 16H), 1.63 (m, 4H), 2.24 (m, 4H), 3.37 (m, 2H), 3.68 (m, 2H), 6.58 (br s, 2H). 13C
nmr: 5 = 13.91, 22.37, 24.59, 30.22, 31.44, 33.56, 34.34, 50.49, 56.04, 149.32. IR: v, = 3370 (N-H), 2982,
2928 (C-H), 1635 (C=N). MS(CT): m/z = 306 (100% [M+H]"). HRMS(CI): L19H36N3 (IM+H]") requires
306.2909, found 306.2909.
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meoend T hinanul (1 97 T AT Q havahoden 11 E £ Ol _duliacoanne e bab 0o o\ £ 2 oo a1k _.__ dm2

LRe&Di” T¥e / “AFARAUERY BT} R ydvacTy Wy [ oAV MVAAMY MA UV LAY U,0 UL JALARLCHADNUIAICNC -O-1UIT 1€Iranuoroporaic: 1/4a
0.513 mmol cna]n 2204 anld Mnt = AR_7N0M Rf=N 2§ (0. MeOH/CHCI)D 10 fvreeees 8 — N Q7 7+ £XT
...... 5 1VE. L VWTIiv o, I VLI I/ L CUlll\.,ll\/l3} A1 1RAERE. © V.07 (L, Url,

) = 6.4Hz), 1.18-1.33 (br s, 32H) 2.13 (m, 4H), 2.20 (m, 4H), 3.63 (m, 2H), 4.03 (m, 2H) 6.15 (s, 2H). 13
nmr: § = 14.03, 22.61, 25.46, 29.10, 29.28, 29.29, 29.55 (3 x CH,), 31.84, 37.23, 50.44, 55.98, 149.34_ IR:
Vinax = 3367 (N-H), 2988, 2924 (C-H), 1632 (C=N). MS(CI): m/z = 418 (100% [M+H]"). HRMS(CT)

C,7Hs,N; (IM+H]") requires 418.4161, found 418 4161.

JL
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