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Abstract

2D-NMR spectroscopic data is reported for the haliclonacyclamines A - D (1)-(4) and for two bismethiodide adducts (5)
and (6). The structures of two new alkaloids, haliclonacyclamines C (3) and D (4), which are the 15,16-dihvdro
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INTRODUCTION

Cytotoxic alkaloids containing a 3-alkyl pyridine or piperidine motif are frequently isolated from marine
sponges'. This bioactive class of metabolites can be subdivided into tricyclic’, tetracyclic’ or pentacyclic*

3, ingamine A** and nakadomarin®. The

alkaloids and into oxygen-containing alkaloids such as the ingenamines
manzamine class of alkaloids represents a complex structural variation in which a tetra- or pentacyclic system is
bound to a PB-carboline unit"’. In early speculation on the biosynthesis of the saraines, petrosins and
xestospongins, Cimino et al.® proposed a piperidine-containing macrocyclic intermediate. A mechanistic proposal

for the biosynthesis of the manzamines, which involves tetracyclic and pentacyclic alkaloid intermediates, has
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Heron Island on the Great Barrier Reef*. The haliclonacyclamines together with the halicyclamines A (7) and B

VORI TR o SN 133 __ ______ I

(8) reported by Crews et al.”™” represent structural variants of the biosynthetic intermediates proposed by the
Oxford group° We now report the structures of the haliclonacyclamines C (3) and D (4) which are 15, 16-dihydro
anaiogues of (1) and (2Z) respectively. Structural studies on the two new alkaloids have caused us to revise our
original NMR assignments for (1) and (2) and to adjust the location of the C,, spacer group double bond in (2).

X-ray details of (2) which confirm our structural revision are also presented.
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(1) Haliclonacyclamine A; A = 15,16 (2) Haliclonacyclamine B; A= 15,16
(3) Haliclonacyclamine C (4) Haliclonacyclamine D
(6) Bismethiodide adduct of (3) (5) Bismethiodide adduct of (2)

\,
ax Max Max
( E0 C)
N~ e N/
(7) Halicyclamine A (8) Halicyclamine B )

Specimens of Haliclona sp. were collected at a depth of 12 m and were extracted into ethanol®. The
aqueous ethanol phase was further extracted with ethyl acetate, and the combined organic extracts then partitioned
into 1M hydrochloric acid. The acid-soluble fraction was basified with NaOH to pH 10, then extracted into
hexane to give an alkaloid fraction which was processed by NPHPLC using hexane/ethyl acetate/Et,N 30:65:5,
yielding haliclonacyclamines A (1), B (2), C (3) and D (4), 68 mg, 17 mg, 5 mg and | mg respectively.

NMR ANALYSIS OF HALICLONACYCLAMINES A (1) AND B (2)

Our comparison of the spectroscopic data for (3) and (4) with those of haliclonacyclamines A (1) and B (2)
revealed some anomalies in the published NMR assignments for (1) and (2)*. Consequently, we reinvestigated
the °C assignments of (1) and (2) by 2D-INADEQUATE spectroscopy'®. Interpretation of the spectrum for

haliclonacyclamine A was facilitated by two secure assignments; C5 (45.4 ppm), which was the only -CH,- next
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which was identified as the only methme not
ﬁi i '] L adjacent to one of the three other methines
M@ (Figure i). Staxting fr()fr_\ these two
carbons, we were then able to assign
unambiguously all of the remaining 30
carbons of (1) (Table 1).
I The 2D-INADEQUATE  data
(Figure 2) for haliclonacyclamine B (2)
suggested that the signals at 59.2 and 37.7
Ean ppm, previously assigned to C10 and C9,
' should instead be assigned to C6 and C7
- respectively. The revised assignments for
A A YRR AT Bk A » the core of (2) then matched those
Figure 1. 2D-INADEQUATE spectrum of (1). determined for (1). This minor revision for
(2) was also confirmed by analysis of HMBC and HMQC-TOCSY spectra (Table 2). However an anomaly in
the published structure of haliclonacyclamine B (2), which was noticed when its NMR data were compared with
that of the new dihydro analogue haliclonacyclamine D (4), was that the double bond position in the C epacer
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Figure 2. 2D-INADEQUATE spectrum of (2).
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and 5.38 were assigned to the alkene of the C,; and C , spacer group doubie bonds respectively; for exampie, the
proton resonances at 8 5.27 showed an HMQC-TOCSY to C11 at 57.0 ppm and to C20 at 33.7 ppm while the &

5.38 muitiplet showed an HMQC-TOCSY correlation to C32 at 32.5 ppm. The H27/28 multiplet at & 5.38 was
then traced by DQFCOSY and TOCSY through four methylenes to the methine proton H2 at & 1.84 consistent

Table 1.

'H, 3C NMR Data and Long-Range *C-'H Correlations for Haliclonacyclamine A (1).

Position 8 “C* 3'H COSY* HMBCY BC.BC
1 52.3t 2.88, 2.28 H1, H2 H3, H5a%, H11, H32a C2
2 41.0d 1.74 HI Hlb, H3, H4a Cl, C3, C32
3 34.id 1.71 Fi4 HI, H4a, H5a, H9, H10b, H32 C2, C4, C9
4 36.41 181, 1.65 H4, H3 HS 3, CS
5 45.4t 2.99, 2.45 HS, H4b, H4a Hla, H11 C4
6 60.3t 2.58, 1.74 H6, H7, H8a H8, H10 C7
7 37.8d 1.45 H8a Hé6b, H8, H9, H10a Ce6, C20
8 37.4t 2.26, 0.85 HS8, H7, H9 H4, H9, H10b, H21b Cc11
9 44.5d 1.72 H10a H4, H8a, H10 C3,C8, C10
10 59.3t 2.67,2.02 H10, H9 Hé6a, H8, H9, H21 C9
11 56.61 2.73 H12, HIS Hi1b, Hi2 Ciz
12 20.4t 1.55, 1.41 Hl11 Hil Cl1, C13
13 27.0t 1.34 H1l, Hl2a H14 Cl2
14 27.2t 2.08, 1.31 H15 H11, H13, H15 Cl15
15 131.0d 5.24 HIl Hl4 Hl4a Cla
16 130.3d 5.24 H17a, H17b, HI19a H17a, H17b C17
17 26.2t 2.15, 1.88 Hl6 H16, H18 C16, C18
i8 29.0t 1.38 H17a, H17b C17, C19
19 268t 2.10, 1.04 Hi6 HI1g, H20b C18, C20
20 33.6t 1.37, 0.87 HI6 H7, H17a, H18 C7, C19
21 58.2t 2.60, 2.35 H22 Ho6a, H10a, H22, H23a C22
22 21.8t 1.39 H21a, H21b, H23b C21, C23
23 27.5t 2.06, 1.29 H21a, H21b C24, C22
24 26.7t 1.92 H25 H23a, H25a C25, C23
25 129.9d 5.24 H21b, H24 H23b, H24a C24
26 131.3d 5.24 H27a, H27b H27a, H27b, H23 C27
27 27.6t 2.05, 1.38 H26 H26, H28, H29, H30a C26
28 29.2t 1.30 H26, H27a, H27b, H29, H30b, H31 C29
29 28.2t 1.29 H27b, H28, H30b C28, (C30Y
30 297t 1.47, 1.17 H27a, H28, H31 C31, (C29)
31 27.55¢ 1.22 H29, H30b C30, C32
32 32.3t 1.59, 1.05 Hl C2, C31

“ Inverse detection at 500 MHz (geHSQC); solution in CDCl3; ®C = 77.0 ppm

by MH_7' qgh lign in CDCL, referenced at 'H =87.725.

4 Inverse detection at 500 MHz; correlations obscrved when J13¢.1Y4 = 135 Hz and long range "J13C.1H = 8Hz.

¢ a and b denote upfield and downfield resonances respectively of a geminal pair.
fWeak correlations in brackets
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with a C27-C28 double bond, C29 (at 28 0 nnm) showed RC correlations to H28 and H20 whila 00 (ot
TVAMEI @ Ll TR e BUMUAY VR Sode s (B ATV PRl SV R AMVALSL VULIWIGLIVIIS LU L1140 Al 11JV, WL LIV a
21 1 nnm) chowed correlatione to H2R HI0 and H21 (21 and (20 hath chawed lang range carralatinec t~4 IT1
A d PPLIL) DU LU VULAWIGLIUIID LV 124U, 1547 GIRL DXJ 0. WJl aliV U4 UVLL BHUWLU 1ULLE 1dlige CULICIauonD W il
whila () chawad HAMOW™ T 'CV rreealatinne tn 117Q Tha ravicad NMMD accicnian to Fee OOT OV
WIIIC U4 JUWUU vz~ 1wead 1 VaTviaauin W0 1140, LT ITVIdCU INIVIRN abblgulucutb 10I LZ47-LU01 WEIE
entirely consistent with the 2D-INADEQUATE spectrum of (2) (Figure 2). The remaining carbons, from C21
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OCSY and INADEQUATE data. The assignments for

n m_oas -

the C,,spacer group also required revision, particularly C15-C19, as shown in Table 2.

NMR data with improved signai-to-noise were then acquired for the bismethiodide adduct (§) of
haliclonacyclamine B in acetone-d; these data, when analysed, supported the revised double bond position. In

mori. A
1api€ 4.

8815

'H, "C NMR Data and Long-Range '*C-'H Correlations for Haliclonacyclamine B (2)

Position & C* & H? COSY* HMBC?* B3 _BE

i 523t 2.86 (1, ii Hz), HIi, H2, HS, H29%, H30, H3, H5, H11, H2, H30b, H32b Cc2
2.38 H31b,H32
2 40.0d 1.84 H1, H32b, H27, H28, H29b, H1, H4a, H9, H32, H28, H30 Cl1, C3, C32
H30a
3 34.2d 1.76 H2, H4b, H1b, H7, H8 H1, H5, H10b, H30a, H32b, HI, H4 C2, C4, C9
4 358t 1.90, 1.69 H3, H4, HS H3, HS C3, C5
5 459d  3.03 (¢, 11Hz), H4, HS5, H! H1, H3, H4b, H4a C4
2.59

6 593d  2.63, 1.69 HS6, H7, H8, H10, H1%a, H20a HB8a, H1%a, H20a, H21, H22a, H7, Hio C7
7 37.8d 1.49 He, H8, H20a, H10 H3, H8a, H10, H19a, H9, H20a C6, C20
8 37.4t 2.22,0.84 H7, H8, H9, H6, HI10b, HI9a H3, H9, H10, H20 c9
9 44.7d 1.78 H10, H7 H1, H4, H8, H10, H20, H6, H7 C3, C8, C10
10 39.60 270,222 HY, H10, H2, H6b, HSa H7b, H8a, H21, H6b Cs
11 57.0t 2.75 H12, HI3, HI4, HIS5 H2, H12, H13a, HI14,HI5 C12
12 20.4¢ 1.50, 1.39 HI11,Hi4 HI11, H13a, H14, H/S C11, C13
13 26.9t 1.32, 1.25 H14, HI!I HIS H11, H12a, H14, H15 C12, Cl14
14 272t 212, 1.35 HI13,H15, HI1, HI2 HI13,HI5 H!1, HI17,H]9g C13, Ci5
15 130.1d  5.27 H14, HI11, HiI3 H11, H14 Ci4, C16
16 130.7d  5.27 H17, H8a, Hi18a H18, H17, H19a, H20a C15, C17
17 27.6t 2.03 H16, H18, H8b, Hi%a, H20a H16, Hi8, Hi%a, H20a Cié6, Ci8
18 29.7t 1.47, 1.16 H17, H19a H20u H16, H17, H19a, H20a, H6, H10a C17, C19
19 26.6t 1.29, 1.05 H18a, H20, H6b, H17, H8b H17, H20, HI6 C18, C20
20 33.7 1.34, 0.86 H7, H19, H20, H6, H17, H18b H7, H8a, H9, H5b, H6b, H16, HI%a C8, C19
21 57.8t 257 H22, H23a, H24, H6, H10, H12, H22, H23, H27 C22
22 21.4t 1.58, 1.25 H21, H22, H23 H21, H23, H2S, H2 C21, C23
23 25.9t 1.29, 1.16 H22, H21 H22b, H24, H26 C22, C24
24 27.8¢  1.39, 1.28 H21 H25, H27, H30a C23, C25
25 28.4t 1.39, 1.25 H26 H24, H26, H226 C24, C26
26 26.0t 2.18, 1.77 H25, H27 H27, H25b, H23 C25, C27
27 1295d  5.38 H26, H25a H2, H26 C26, C28
28 129.7d  5.38 H29, H2, H30a, H32b H2, H29b, H1, H30a, H32 C27, C29
29 28.0t 2.15, 1.84 H28, H30, H!, H32a H28, H30, H32, H2 C28, C30
30 31.1t 1.42, 1.09 H29, H31, H2, H28, H28, H29, H31, H! C29, C31
31 27.9t  1.39,1.28 H30a H28, H32, HI, H30a C30, C32
32 325t 1.47,1.25 H2, H32, H29, H30a HI, H31, H28, H29 C2, C31

¢ Inverse detection at 500 MHz (geHSQC); solution in CDCly; *C = 77.0 ppm.
% 500 MHz; solution in CDCl, referenced at 'H = § 7.25.

¢ Correlations in italics are TOCSY correlations.
4 Inverse detection at 500 MHz; correlations observed when 13111 =

¢ Correlations in italics are HMQC-TOCSY correlations.

"aand b denote upfield and downfield resonances respectively of a geminal pair.
¢ Assignments may be interchanged

135 Hz and long range "J13C_1
(=3 (=] A )
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particular, C32 (31.4 ppm) was easily identified by the COSY correlation of its associated protons at 8 1.78 to H2
at § 2 54 alkene re ance aseaciated with H2R (8§ 5§40 exhibhited COSY correlationg to cionale at & 2 11
By W LT RMav GURVISW AWDViltesiww ameveae YYim: D140 (Y SOV VAAUULRA LU0 1 LULITIGUVILS W o Sigias el U L. 1
and 1.90 which were assigned as H29 since the associated carbon signal at 28.2 ppm showed HMQC-TOCSY
el ationuee S TF2 MNacBecnses £V 7231 1 evevsen) amd 21 /D7 Q saensea) ssipen tlhce acodcma 1 L, sicn AL LEIRATISAY ___ 3
COMTIAKAI W0 M54, LalDUid Wouv \(J1.1 ppin) alll Lol (\47.7 Ppil) wlit uien dbblgll U DY ust I nvpy ana
TIRANL™ TVOCOVY Aot el sho dnbn nomas nbaonb~d Loy fon o slns £ TAWAL/MNOY 1.0 M L1 3\ “
vl -1 UCD T Gald, anda i€ gata Cross-Cr KC€A UY INSPECLiOn O YriAn T gala (1api€e J) 1 Nnese l‘eVlSlOIlS
LT E I RTRATY A_u_ L s8N 2 AN s a1y LT : . . 1

1O our pubdlsnca INIVMIK gata jor (1) and (&)  Iaicdle inc consiacravic cnalenges n Slgnmg n lClOﬂxYClmne
structures by NMR methods alone

a2

3.

Position & PC* 5 'H° COSY HMBC?
i 60.0t 3.65, 3.24 Hi, H2, H33 H3, Hili, H33, H2, H3ia*, H32
2 324d 2.54 H1, H3, H32a HS, H10a, H1b, H9, HI0b
3 33.13d  2.17 H2, H4 H1, H2, HS, H8b
4 30.3t 2.50, 2.35 H3, H4, H5b
5 56.Gt 4.06 (i, 15Hz), 3.28 H4, H5 H2, H3, Hii, H33
6 644t  3.35 H7 HSa, H20a, H21, H7, H8b, HO
7 354d 2.53 H6, H8 Hl1b, H3, H5a
8 33.9t 2.38, 1.64 H7, H8, H9 H3, H10, H19, Hib, H5, H7, H20
9 37.9d 2.91 HS8, H10 H4, H8a, H10b, H3, H7, H10a
10 63.9t 3.88, 3.30 H9, H10 H3, H8a, H21, H34, H9
11 68.8t 3.71 Hi2 H1, H12, H33
12 22.5t 1.97, 1.90 Hil H11, H14, H33, H13, H15
13 26.6t 1.62, 1.50 Hlda H12, H13, H33
14 27.1t 2.31, 2.22 H13b, H15 HIS5 HI8
15 131.1d 5.32 H1l4 H14, H17
16 132.0d 5.32 Hi7 Hi4, H17
17 27.9t 2.13,2.07 Hi6, HiRa H16, HI9
18 30.1t 1.55, 1.18 H17b, H19a
19 26.0t 1.49, 1.36 H18a, H20a H20a, H8, Hl6, HI8
20 33.11t 1.44,1.13 H7,H19a H8a, H7, H8b, HI19
21 68.8¢t 3.70 H22 H22, H34
22 21.9t 1.96, 1.89 H21, H23b H23b, H25b, H34, H23, H26
23 24 8t 1.61, 1.37 H22a H24, H25, H34
24 28.7i 1.43, 1.33 H25, H26, H34
25 28.0t 1.54, 1.45 H26a H24a, H26a
26 26.6t 2.29, 1.80 H25a, H27 H235, H27, H23b, H24a
27 130.3d 5.40 H26 H24, H26, H29
28 130.7d 5.40 H2% H26, H29, H32
29 28.2t 2.31, 1.90 H28, H30a H28, H32
30 31.5t 1.50, 1.29 H2%a H29, H31, H1b, H28
31 28.3t 1.60, 1.54 H32a H2, H28, Hib, H32
32 314t 1.78 H2, H3la H4a, H30, H31, H2, H9
50.8q 3.45 Hlb, H5b H1, H5
34 48.9q 3.39 H6, H21

“ Inverse detection at 500 MHz (geHSQC); solution in dg-acetone; '*C = 29.8 ppm.
b 500 MHz; solution in acetone-d, referenced at 'H = 2.05 ppm.
¢ Inverse detection at 500 MHz; correlations observed for 'J13¢C.1y = 135 Hz and long range "J13C_1y§

= 8Hz.
4 el ationne in italics are MO _TOOQCV alatinng
COMe1duons in itandcs are muvin e -1 uws I COMCiaiions

¢ a and b denote upfield and downfield resonances respectively of a geminal pair.
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optical rotation as that of the hydrogenation product from (1) and (2) (+23.9°). This suggested all three
haliclonacyclamines may have identical ring stereochemistry. Structure determination of haliclonacyclamine C (3)
by NMR was complicated by the congestion in the high fieid region of its proton and *C NMR spectra. With
secure structural details for (1) and (2) in hand, the NMR analysis of haliclonacyclamine C (3) proceeded
identically to the bis-hexahydropyridine core and the methylene termini C11, C20, C21 and C32 of the two linear
bridges (Table 4). A NOESY correlation between H7 and H9 was consistent with the stereochemistry shown.

Tabie 4.
'H, "C NMR Data and Long-Range C-'H Correlations for Haliclonacyclamine C (3)

Position _ ’C° 'Hb< COosYy* HMBC*/
1 53.4¢t 2.75, 2.44 H2 H3, H5b£, H11, H32a, H2
2 41.id 1.82 Hib%, Hlia Hi, H3, H4a, H9, H32a
3 3494 1.78 Hab, H4a, H5 H1, H2, H4, H5a, H32a, H5b
4 36.2t 1.93, 1.70 H3, HS H3, H9, H32a, HS
5 46.7t 2.95, 2.63 H4, H3 Hla, H3, H4b, H11, H4a
6 60.5t 2.61, 1.83 H8a H8, Hi0, H21b, H7, H20b
7 37.6d 1.48 H6, H8, H9 H6, H8, H20a
8 38.0t 2.36, 0.92 H7, H9, H6, H10 H3, H6, H10, H9
9 45.0d 1.82 H8a, H8b, HI0 H3, H4, H8a, H10, H8b
10 59.4t 2,73, 2.11 Ho, H8 H6, H7, H8, H21, H?
11 56.8t 2.79, 2.70 HI12 Hlb, H12
12 21.3t 1.52 Hl11 Hl1
13 26.3t H1l1, H12
14 27. 7t H12, HI11
18 25.8t H20a
19 27.9t H20a
20 34,1t i.35, 0.93 Hoba Héa, H8a
21 58.4t 2.65, 2.39 Ho6a, H10a, H22, H24, H25 H6a, H10a
22 22.1t 1.46 H23a, H21 H21
23 27.5¢t 1.35, 1.25 H22, H24a H21a, H21b, H24, H25
24 26.7t 2.12, 1.56 H23a, H25, H2] H25, "21'
25 130.0d 5.27 H24, H2!] H24b, H27
26 131.2d 5.27 H27 H27
27 26.1t 2.17, 1.91 H26, H28b H24, H26
28 29.1t 1.42, 1.32 H27 H27, H26, H32b
29 28.3t 1.38, 1.31 H27, H32
30 29.3t 1.30, 1.22 H27b, H32a, H32b
31 27.8t 1.37, 1.19 H32
32 32.7t 1.61, 1.11 Hi

“Inverse detection at 500 MHz (geHSQC); solution in CDCly; '*C = 77.0 ppm.

® 500 MHz; solution in CDClI, referenced at 'H = § 7.25.

¢ Coupling constants in Hz.

¢Correlations in italics are TOCSY correlations.

¢ Inverse detection at 500 MHz; correlations observed for 'J13¢C.1H = 135 Hz and long range "J13C_1H

= 8Hz.
ff‘___- Tael e o 281l nn mea TTRAMNTY TUOCVY enalatlion
2 COIIC1allOnny lll iia1iCs arc amwvnJgu-1uwo 1 bUllUldllUllb
£a and b denote upficld and downfield resonances respectively of a geminal pair.

* These assignments may be interchanged.
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In the alkene region, a two proton resonance centred at 8 5.27 could be linked by 2D-TOCSY to the H21 protons
at 8 2.65 and 2.39, thus positioning the sole double bond in the C,, spacer group rather than in the C,, spacer
arcnn HY1 aave HMRO ar nr‘_’rn{‘QV carralatinne tn three nonoeara carhane at 22 1 27 § and 76 7 nnm
UUp. 1145 BAVE LLIVRLIL UL JLVINZN-T 2w WWAAWRGMIVILID LU LIV HUVLISUULG VALUUVLILY QU L& 1ly, L7 QLIRS &V T ppux,
suggesting that there were at least three bonds between position 21 and the double bond. H21 was led by
NNORCNOCV th o cional at R 1 A8 (HY which wae linkad ta the carhan at 79 1 nnm hy galdQNWY Tha albacma
LA AAT I WU d Diglial 61 ¥ 1.5V \Akekj, WIHWIE WAS HIIRLU WU LIV LalUuull dab £4.1 PPl Uy EUHNIOWL. 1UC aiGl
hodrageane waere £'ICVY nonrmlad ta nentan cionale at 8 121 217 10K and 1 Q1 ~f iwhinh thae ciegmala 8 O 19 ..
NYUTOECID wlit Lo 1 Luupiia v TULULE SIEIIALd at U .21, £.1/, 1.0 alld 1.71, Ul WIHUIE UIC SIgNAad O £.14 and

_ B Y 4

1.96 correlated to the carbon at 2 pm which could be assigned to C24 since it showed HMQC-TOCSY
correlations to H21. The H24 sngna]s also showed TOCSY correlations to H21. The carbon signal at 27.5 ppm
gave geHMBC or HMQC-TOCSY correlations to H21 and H24, and was therefore C23. No other carbon signals
gave correlations to H21, H22 or H23, therefore a chain of five carbons from C21 at 58.4 ppm to to C25 at 130.0

ppm had been identified. Additional support for the double bond position was obtained by analysis of NMR data

O'\ L
i)
|

Tabie 5.
'H, °C NMR Data and Long-Range C-'H Correlations for Haliclonacyclamine C Bismethiodide (6)
Position 8 ¢ 8 'H COSY* HMBC#*
1 61.1t 3.49, 3.21 H2 H34, H3 H2
2 38.2d 2.30 Hi, H3 HI, HY H3
3 33.4d 2.07 H4, H2 H9 H4
4 29.6t 2.36, 2.27 H3 H9, H3, H5
5 57.8t 3.85, 3.27 H4, H3 Hl11, H34, H4, H3
6 64.6t 3.20 H7 H33, H7, H21 H8
7 32.2d 2.37 H6, H8' H6
8 57.2t 2.34, 148 H9, HI0 H10, H9, H7, H6
9 37.8d 2.66 H10, H8 H10a® HI10b
10 63.4t 348,314  H9, HS H33, H3, HY, H8
11 69.3t 3.42 H12 H34, H12, Hla
12 21.9t 1.94 H11 HIil
i3 24.8t 1.56, 1.49 Hil, HI2
19 299t 142 H7
20 33.6t 1.47, 1.28 H6
21 69.51 3.49. 3.36 H22, H24 Hé6, H10, H33, H22
22 21.6t 1.83 H21, H23, H24 H21
23 27.0t 2.20 H21, H22, H24 H22
24 26.81t 2.28 H25, H21, H23 H25
25 130.0d 5.41 H24 H23b, H24
26 132.7d 5.41 27 H24, H27
27 26.73t 2.05 H26, H28b H26
28 26.77t 2.28, 1.64 H27, H29, H26 H26
29 29.6t 1.50 H28b H28 H27, H26
30 28.5¢ 1.40 H28
31 29.0t 1.53 H32
32 33.6t 1.66, 1.41 H?2 H2
33 48.4q 3.22 H1, H11
34 49.3g 3.25 H6, H10, H21

“ Inverse detection at 500 MHz (geHSQC); solution in 1:1 CDCl,:CD,0D; “C = 77.0 ppm.

» 500 MHz; solution in 1:1 CDCl,:CD,0D referenced at 'H = § 7.25.

¢ Correlations in italics are TOCSY correlations.

? Inverse detection at 500 MHz; correlations observed for 'J13C-1H = 135 Hz and long range "J13C.1H =
8Hz.

¢ Correlations in italics are HMQC-TOCSY correlations.

wnfiald saonmanaas racnantivaly Af o gasminal oo

'fa dllu U UCIIULC upucnu alld duwuuclu 1OV HANLTY |Ewlmuvcl] Ul a sauuual pau

& These assignments may be interchanged.
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coupled to H21, H22 and a signal at § 2.28 assigned to H24 because it was COSY coupled to the alkene signal.
Therefore the signal at 27.0 ppm was C23. HMBC and HMQC-TOCSY correlations for the C21-C26 region
were entirely consistent with this analysis. The 'C NMR data for (3) and (6) suggested an E double bond.

Haliclonacyclamine C showed potent biological activity. An IC,; value of 0.7 pg/ml was obtained in a P,
assay, and the compound displayed antibacterial activity towards Bacillus subtilis and was strongly antifungal
against Candida albicans and Trichophyton mentagrophytes.

The second new metabolite, haliclonacyclamine D (4), [a], +16.1°, had a molecular formula of C,,H,N,
by HREIMS. The "C spectrum confirmed the presence of two alkene carbons indicating a second dihydro
analogue of (1) and (2). Preliminary examination of the NMR data (Table 6) suggested that (4) had a structure
similar to that of (2) with no double bond at C15-C16. The bicyclic core was assigned as previously described for
the other haliclonacyclamines. The four terminal methylenes of the spacer group were then assigned as follows;

l

T.hil. £
LRUIC O,

'H, PC NMR Data and Long-Range "*C-'H Correlations for Haliclonacyclamine D (4).

Position 5 B¢ 8 'H* COSY* HMBC4¢
i 53.0t 2.83, 2.54 Hi, H2 H3, Hlla, H32
2 40.0d 1.96 Hib, H32b Hda, H30a, H32
3 34.5d 1.85 Hda' H4, H5
4 35.3t 2.07, 1.76 H3, H4, HS H3, H5
5 47.11 3.04, 275 HS, H4, H3 H3, H11, H4
6 59.1t 2.69, 1.89 Hé, H7, H8a, H20a H8a, H21, H7, H20
7 37.5d 1.52 Hé6a, H7, H8a, H20a H8a, H20a, H6a, H9
8 37.9t 2.37, 0.91 H7, H8, H9 H7, H6a, H9, HI0
9 45.1d 1.92 H8a, H10a H3, H8a, H8b
10 59.2t 1.96 H9 H8, H21
11 56.6t 2.88, 2.77 H12 H7, HI2
12 21.3t 1.55 Hi11 HIl
20 34.0t 1.36, 0.93 H7,H20 H7, HSa
21 57.8t 2.63 H22 H5a, H22
22 21.4t 1.62, 1.29 H21 H2!
26 26.0t 221, 1.76 H26, H27 H27
27 129.65d 5.40 H26, H29 H26
28 129.70d 5.40 H29, H26 H29, H30a, H32b
29 27.9t 1.87, 2.16 H28, H29, H30 H28, H32, H26, H3la
30 31.2t 1.45, 1.13 H29, H30, H3la H31, H28, H30a ,H3Ib,
H32b

31 27.75-27.85¢ 1.42, 1.32 H30a
32 32.8t 1.50, 1.34 H2 H30a, H29, H30a, HIb

7 Inverse detection at 500 MHz (geHSQC); solution in CDCl;; BC =770 ppm.

veish ULl VAV S VARG A2 8 0 LU LSS PRV LIS LV ) R L)) P

500 MHz; solution in CDClI3 referenced at 'H = 7.25 ppm.
¢ Correlations in italics are TOCSY correlations.

PR Vs . AmT

? Inverse detection at 500 MHz; correlations observed for 'Ji3C_i1Y = 135 Hz and long range */i13C.1Y4 =
OﬂL.

Correlations in italics are HMQC-TOCSY correlations.

fa and b denote upfield and downfield resonances respectively of a geminal pair.

¢ one of four carbons in this chemical shift range.
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HMRBC correlations C21 at §57.8 vom to H6 and bv C11 at 56.6 nom to HS identified the Nomethvlena
VADL CULIRIQUUNS IR0 L& & 270 il 300 T30 a4 U5 i al 2D ppil W0 IR0 IGCIIIICA UIC IN=INGEY I
termini while QY rrarelatinne fram HY to H22h at & 1 80 and fram T tn Ma at & N 0O allawad tha
A RAXAERL W R WK A WA RRRINTE B ABbw ST RAT T VO1.JV ALV LLVILL K17 WU LIAUAG Al U UL QIIUWRAL UN

J
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he protons at 8 2.16 and 1.87 were assigned to H29
since they were COSY coupled to a signal at 6 1.13 (H30), itself linked to a carbon at 31.2 ppm. The carbons at
27.9 and 31.2 ppm were assigned to C29 and C30 since both exhibited long-range C-H correlations to H32
confirming their close proximity to the 2,3-disubstituted ring. H30 at 8 1.13 had a COSY correlation to a group
of carbon signals between 27.75 and 27.85 ppm. It was impossible to determine exactly which one of these four

carbon signals corresponded to C31. Nevertheless a minimum of four carbon centres had been located between

w
£

Tai)ie 7.
'H and “C NMR Data for Haliclonacyclamines A - D
Position Haliclonacyclamine A Haliclonacyclamine B Haliclonacyclamine C Haliclonacyclamine D
1

1 57237 (2 Rg”) 298 €7 24 (0 0:(2’;)’0\ <2 A+ (0 »1(3)»-» Ay o n‘(l4)/'\ 54)
i eIV BT, L AT J&.I1 (4,00, £.70) JIRLL.7D, £.44) J.) Ot {£.82, £2.049)
2 41.0d (1.74) 40.0d (1.84) 41.1d (1.82) 40.0d (1.96)

3 34.1d (1.71) 34.2d (1.76) 34.9d (1.78) 34.5d (1.85)

4 36.4t (1.81, 1.65) 35.8t (1.90, 1.69) 36.2 (1.93, 1.70) 35.3t (2.07, 1.76)
5 45.44 (299, 2.45) 45.9d (3.03, 2.59) 46.7 (2,95, 2.63) 47.1t (3.04, 2.75)
6 60.3t (2.58, 1.74) 59.3d (2.63, 1.69) 60.5t (2.61, 1.83) 59.1t (2.69, 1.89)
7 37.84 (1.45) 37.8d (1.49) 37.6 (1.48) 37.5d (1.52)

8 37.4t (2.26, 0.85) 37.4t (2.22, 0.84) 38.0t (2.36, 0.92) 37.9t (2.37, 0.91)
9 44.5d (1.72) 4474 (1.78) 45.0d (1.82) 45.14(1.92)

10 59.31 (2.67, 2.02) 59.6t (2.70, 2.22) 59.41 (2.73, 2.11) 59.2t (1.96)

11 56.6t (2.73) 57.0t (2.75) 56.8t (2.79, 2.70) 56.6t (2.88, 2.77)
i2 20.41 (1.55, 1.41) 20.41 (1.50, 1.39) 21.3t (1.52) 21.31 (1.52)

13 27.0t (1.34) 26.9t (1.32, 1.25) 26.3t° d

14 27.2t (2.08, 1.31) 27.2t1 (2.12, 1.35) 277t ¢ d

15 131.0d (5.24) 130.1d (5.27) 4 d

16 130.3d (5.24) 130.7d (5.27) d 4

17 26.2t (2.15, 1.88) 27.6t (2.03) d 4

18 29.0t (1.38) 29.7t (1.47, 1.16) 25.8t¢ d

19 26.8t (2.10, 1.04) 26.6t (1.29, 1.05) 27.9t ¢ 4
20 33.6t (1.37,0.87) 33.7t (1.34, 0.86) 34.1t (0.93) 34.0t (1.36, 0.93)
21 58.2t (2.60, 2.35) 57.8t (2.57) 58.41 (2.65, 2.39) 57.8t (2.63)
22 21.8 (1.39) 21.4t (1.58, 1.25) 221t 2’1’.4I (1.62, 1.29)
23 27.5t (2.06, 1.29) 25.9t (1.29, 1.16) 27.5¢° -

24 26.7t (1.92) 27.8¢° (1.39, 1.28) 26.7t (2.12, 1.96) d

25 129.9d (5.24) 28.4t (1.39, 1.25) 130.0d (5.27) a

26 131.3d (5.24) 26.0t (2.18, 1.77) 131.2d (5.27) 26.0t (2.21, 1.76
27 27.6t (2.05, 1.38) 129.5d (5.38) 26.1t (2.17, 1.19) 129.65d (5.40)

28 29.2¢ (1.30) 129.7d (5.38) 29.1¢¢ 129.70d (5.40)

29 28.2t (1.29) 28.0t (2.15, 1.84) 28.3t° 27.9t (1.87, 2.16)
30 29.7t (1.47, 1.17) 31.1t (1.42, 1.09) 29.3¢° 31.2t (1.45, 1.13)
31 27.55t (1.22) 27.9¢° (1.39, 1.28) 27.8t° 27.8¢ (1.42, 1.32)
32 32.3t (1.59, 1.05) 32.5t (1.47, 1.25) 327t (1.61, 1.11) 32.8t (1.50, 1.34)

“ Inverse detection at 500 MHz; solution in CDC13 referenced at '*C = 77.0 ppm.

% 500 MHz; solution in CDCI3 referenced at ‘H =

Pl ULUH lchllml\.UB llUl daalsucd.
4 carbon and proton resonances not assigned.
¢ assignments may be interchanged.

S oA

O /.43,

1 one of four carbons between 27.75-27.85 ppm.
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A A

relative stereochemisiry by preparation of the hydrogenated analogue (%), but NOESY data suggested the ring
stereochemistry at C7 and C9 was identical ahclonacyclammes A-C, (1)-(3). There was insufficient of (4) to
derivatise or submit for biological tcsting.

From a biological perspective Haliclona sp. is an intriguing sponge since the sponge tissue contains
dinoflagellates and nematocysts in addition to major cell types such as spongocytes, choanocytes and
archaeocytes. Electron microscopic inspection shows the dinoflagellates are morphologically similar to
Symbiodinium microadriaticum, the common symbiont of corals, and are intracellular rather than free-living
within the sponge tissue. Our research has further shown that the haliclonacyclamines are stored within the
sponge cells rather than within the dinoflagellate’. It is not clear whether the associated dinoflagellates are a
genuine symbiont, or whether they are taken up from coral as the nematocysts likely are. Specimens of Haliclona
sp. are frequently found growing on coral substrates and appear to kill coral. Ecological studies to determine
explicitly the role of the haliclonacyclamines in coral tissue necrosis are in progress in our laboratory.

EXPERIMENTAL
Isolation of Metabolites
Sponge samples were collected using SCUBA at about 12 m depth at Heron Island on the Great Barrier
eef. For a brief description of the sponge and the dinoflagellate symbiont, see references 3¢ and 17. A voucher

sample of Haliclona sp. ((G304086) is held at the Queensland Museum, Brisbane.

o
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he ethanol solution was filtered through a plug of cotton wool and the solvent removed by rotary

OZE
for 4 hours. T
evaporation. The resultant extract was partitioned between ethyl acetate and water. The organic extract was
concentrated under vacuum to give a dark brownish green tar (1.1 g). A portion of the crude extract (600 mg) was
dissolved in ethyl acetate (750 mL) and extracted into 1M hydrochloric acid (3 x 250 mL). The aqueous extract
was made alkaline (pH 10) by the addition of 2M sodium hydroxide solution and extracted into hexane (3 x 350

mL). The combined hexane extracts were dried over anhydrous magnesium sulphate (50 g) and concentrated

under vacuum to give a bright yellow oil which showed activity in antibacterial, antifungal and P, assays. The
hinactive fraction wace further nurified hv normal nhace HPI ncinoe FiOA-~/Hey (VASS ar RN-18:8) tn
UIVALLIVL ITAULIVIL WAS TURUILE PUlinilG U UUVLLLGL PUGST IR0 USilg A IIVAIILIY \JV.U0.J Ul OU.1J.J) W

nnnnnnnnnnnnnnnnn Al £Q i NMME YR (Y 1T saer NNNL O 72 & siney NI a4 A TY D 1 s =
glvc uauuuua\.yuauuuca AL, 00 Mg, VU] W) D (&, 1/ TE, V.UUO 70j, L (I, 5 ME, UUULY) ana U (5, 1 g,

0.0004%).

Haliclonacyclamine A (1)
see reference 3c; 'H and *C NMR, see Table 1.
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Haliclonacyclamine B (2)
see reference 3c; 'H and '°C NMR, see Table 2.

Haliclonacyclamine C (3)

colourless gum; [a], + 4.8° (c, 0.30, CH,CL,); IR (film) 1633 cm’; LREIMS (mm/z, relative intensity) 470
(M*, 100), 235 (15); HREIMS M* m/z 470.4596 (C,,H N, AM -0.0002 mmu); 'H NMR (CDCl,; 500 MHz), &
0.85-0.93 (2H, m), 1.11 (1H, brt), 1.14-1.48 (27H, m), 1.86-2.37 (15H, m), 2.36 (1H, m), 2.42 (1H, m),
2.54 (1H, m), 2.85-2.79 (7H, m), 2.97 (1H, br t), 5.27 (2H, m); 3C NMR (CUL,13 125 MHz): 131.2, 130.0,

60.5, 59.4, 58.4, 56.8, 53.4, 46.7, 45.0, 41.1, 38.0, 37.6, 36.2, 34.9, 34.1, 32.7, 29.3, 29.1, 28.3, 27.9,
27.8, 27.7, 21.5, 27.0, 26.9, 26.7, 26.3, 26.1, 25.8, 25.5, 22.1 and 21.3 ppm.

Haliclonacyclamine D (4)
Y Y TaL] . I( 101 l\ l'\ I MY TD 701N 147217 e 1 TDODTIWAS 7/ __1_. m tea o ta N AFIN
COIOUTICSS guln, [U.jD +1i c, U, \.«l'lzblz), LI\ (1111} 1020 Clll , LIKELVID (ITVZ, TClauVve INEnsi y) 4/U

(M, 100), 235 (15); HREIMS M* m/z 470.4601 (C,,H;,N, AM -0007 mmu 470.4594); 'H NMR (CDCl,, 500

MHz) & 0.88-0.98 (2H, m), 1.13 (1H, m), 1.65-1.18 (32H, m), 1.78-1.71 (2H, m), 2.01-1.82 (5H, m), 2.25-

2.04 (2H, m), 2.41-2.28 (2H, m), 2.54 (1H, m), 2.92-2.61 (8H, m), 3.04 (1H, t, 12Hz), 5.40 (2H, m); *C
NMR (CDCl,; 500 MHz), 129.7, 129.65, 59.2, 59.1, 57.8, 56.6, 53.0, 47.1, 45.1, 40.0, 37.9, 37.5, 35.3,
34.5, 34.0, 32.8, 31.2, 28.3, 27.9, 27.9, 27.8(4C), 26.9, 26.7, 26.2, 26.0, 25.8, 25.5(2C), 21.4 and 21.

Py ARe &0.0 L7, LU, 0, LU, LV Lind 3y LD & 7,

(>

e 14
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Preparation of derivatives

Bismethiodide of haliclonacyclamine B (5)

Haliclonacyclamine B (30 mg, 0.06 mmol) was dissolved in diethyl ether (2 mL) and treated with methyl
iodide (2 mL) and the resulting cloudy solution was left in the fridge. After 24 hours the solvent was removed and
the crude product was crystallized from MeOH/EtOAc (3:1) yielding yellow needles of the methiodide adduct (5);
mp 170-175° (decomp.); LREIMS (m/z, relative intensity) (M*-CH,I) 610 (43), 468 (100), 234 (100); HREIMS

(M*-CH,I) m/z 610.3708 (C,;H,,N, AM -0.84 mmu), ESMS [(M+H-CH,I)", relative intensity] 611.4 (93),
249.8 (100); 'H (acetone-d,; 500 MHz) & 1.13-1.20 (2H, m), 1.22-1.70 (18H, m), 1.72-1.82 (2H, m), 1.83-

2.10 (6H, m), 2.15-2.25 (3H, m), 2.27-2.40 (5H, m), 2.42-2.59 (3H, m), 2.91 (1H, m), 3.28-3.48 (11H, m),
3.6-3.73 (5H, m), 3.88 (1H, m), 4.06 (1H, t, 15Hz), 5.32 (2H, m), 5.40 (2H, m); 3*C NMR (acetone-d_:
S00MHz) 132.0, 131.1, 130.7, 130.3, 68.84, 68.83, 64.4, 63.9, 60.0, 56.0, 50.8, 48.9, 37.9, 35.4, 33.9,
33.1 (20), 32.4, 31.5, 31.4, 30.3, 30.1, 28.7, 28.3, 28.2, 28.0, 27.9, 27.1, 26.6 (2C), 26.0, 24.8, 22.5 and
21.9 ppm.
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Bismethiodide of haliclonacyclamine C (6)
Haliclonacyclamine C (4.7 mg, 0.01 mmol) was dissolved in diethyl ether (2 mL) and treated with methyl

iodide (2 mL) and the resulting cloudy solution was left in the fridge. After 24 hours the solvent was removed and

thn memsdn meendiint vxran neootallimad fenmm MaMNI/ERA~ (2. M ina vallawur nandlac Af tha mathindida adAun~e 7€)
LG L TULULL wad w1y QIZEG ITOM VIt U Ooonl () YICIULIE YOUUW HVOUILD Ul Ulv HRCUITULIUC alsull \U ),
-~ 11'\’! rd N ﬂ'l y £ad 1 7% " ' FNEY Nt L1 7 LTI AN 71NN 1"' ATR ATY 1 1 AT AT TN ZNnn LIy

p 19 19/ (aecomp.); bESMD> TIVZ LvE bl’lal) 0125(07/), JUD (1VWV), INIVIIC (121 LU3UUZ\_,U\.,I3; N MnZ)
8 1.45-1.54 (27H, m), 1.56-1.98 (6H, m), 2.01-2.48 (12H, m), 2.65 (1H, br t), 3.21 (2H, m), 3.25 (3H, s),
3.22 (3H, s5), 3.33-3.51 (TH, m), 3.85 (1H, m), 5.41 (2H, m); °C NMR (500 MHz, 1:1 CD,OD:CDCL,) :
1327, 130.0, 69.5, 69.3, 64.6, 634, 61.1, 5§72, 403 484 37.8, 362, 344, 33.6 334, 322, 316 29.9,
AOL AN AN NN N0 & AT YT T TN DAQ NN VAT IKQ DA CQC VT D ned N £ onmann
LTV L, L7V (L), 20.Fy £O.1y &l.ly &£f.dy &7.U, 0.0 (&}, &U.7, £IJ.0, &£7.0, £1.7 ANA 21.0 ppiii.

13, 16-Dihydrohalicionacyciamine C (9)

Haliclonacyclamine C (5 mg) was dissolved in MeOH (20 mL), and 10% Pd/C (3 mg) was added. The
mixture was left stirring under an atmosphere of H, (60 psi, 90 hrs), then filtered and the solvent removed to
obtain a crude hydrogenated product which was then passed through a pad of celite prior to purification on normal
phase HPLC (EtOAc/Hex/Et,N; 80:15:5) yielding a compound identical to tetrahydrohaliclonacyclamine A (2.8

N2 LT 1T DRDEIRMC (m/lr »
V. LEVINY (1L £,y 1

LDy NoRAgNcky [y K4ENAILIVE

472.4754 (C,,H,N, AM -0.25 mmu); 'H NMR (CDCl,; 500 MHz) & 0.89-0.94 (2H, m), 1.15-1.46 (31H, m),
1.54-1.65 (SH, m), 1.78-2.08 (8H, m), 2.13-2.20 (1H, m), 2.26-2.30 (2H, m), 2.53-2.67 (2H, m), 2.75-3.00

FOIT a2 NE (1LY ) £ NINAD /Y 1 NN MIYY §0 & €0 E£7 7" &£ Q E2 A AN AL " AAN A0 E
\Orf1, 111), J.UU (151, I, = INIVIR (Lo, JUV IVMLL) 0700, J7.4, J1.1, JJ.0, JIJ.4, J&U, 40./, 44.U, 3¥.0,
37.4, 369, 343, 3 3.8, 32.9, 29.2, 27.8, 27.5 (20), 27.3, 27.1, 26.8, 26.7, 26.6, 26.1, 26.0, 25.6,
25.5, 25.3, 23.4, 21.5 and 20.9 ppm.
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2D spectra were acquired using 1K x 256 complex data matrix which was zero filled once in each dimension and

a T/2 shifted sine-squared bell window function was applied in both dimensions before Fourier transformation.
The HMBC and the phase sensitive HMQC/geHSQC spectra were acquired with 64 and 24 transients
respectively. The evolution delay was set for "J., of 4 and 8 Hz (geHMBC) and ‘JCH of 135 Hz (HMQC or

gnl—IQf\(‘\ The m]—?‘r‘ﬂQV and the NOESY ¢ me‘fl‘ﬂ were ar'vqu red with A

mixing time ~F M - Y [Sh V4
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either 64 or 48 transienis per increment using a spin-iock mixing time of 20.6 ms. All the 2D TOCSY
experiments were acquired with 16 or 32 transients per increment using mixing times of 20.6 and 100 ms. The
selective 1D TOCSY experiments incorporating a Z-filter were carried out with a total of 256 transients using
mixing times of 20.6 and 100ms. A 90° 100ms self-refocussing e-burp1 pulse was used for selective excitation.

All TOCSY experiments were carried out using a MLEV17 spin-lock pulse applied with RF field strength of
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vB1= 11.4 kHz. The 2D-INADEQUATE experiment was acquired using 128 scans per increment and with a 2K
by 2K matrix and using a 90, = 12.2 pisec pulse.

X-ray structure determination:

A crystal of approximate dimensions 0.22 X 0.10 x 0.06mm was cleaved from a colourless needle of

C,,H,N, and mounted on a Rigaku AFC6R diffractometer equipped with a graphite monochromator and using
copper radiation from a rotating anode generator. The crystal was orthorhombic, space group P2,2,2,, a =
11.482(1) A, b = 15.449(1) A, c = 16.876(1) A, V = 2993.5(5) A% Z = 4, Dcglc = 1.040 g cm™. Accurate
lattice parameters were determined by least-squares analysis of the setting angles of 25 reflections with 77.96 <

20 < 93.84° (A(Cu Kat1) = 1.5406A). Intensity data were collected for reflections +h,+k +I with 28 < 120°

using @-28 scans of width (1.2 + 0.3tan@)° in @ at a rate of 16° min"' in ®. The weak reflections (I < 10.00(I))

were rescanned (maximum of 4 scans) and the counts were accumulated to ensure good counting statistics.
Stationary background counts were recorded on each side of the reflection. The ratio of peak counting time to
background counting time was 2:1. The intensities of 2518 reflections were collected. Three representative
reflections were measured after every 150 reflections to monitor orientation and decomposition. Over the course
of data collection the standards decreased by 3%. A linear correction factor was applied to the data to account for

this phenomenon. The linear absorption coefficient, u, for Cu-Ko radiation is 4.1 cm'!. A semi-empirical

absorption correction, derived from azimuthal scans of several reflections, was applied which resulted in
transmission factors ranging from 0.93 to 0.98. Details of the structure solution and refinement are given in the
text. Anisotropic displacement factors were used for non-hydrogen atoms of full occupancy and isotropic
displacement factors were used for all other atoms. Hydrogen atoms were placed at calculated positions and
included in the structure factor calculations; their coordinates were not refined but were recalculated regularly.
Refinement was continued until all shift/error ratios were < 0.03.

Least-squares refinement was performed using full-matrix methods minimising the function Zw(|Fg| - |Fd)*

where w = [6°(F) + 0.0009xF"]" to a final R = 0.046. Maximum and minimum heights in a final difference map

were 0.18(3) and -0.18(3) e A, respectively. The absolute configuration has not been determined in this study,
but has been assigned to match that of haliclonacyclamine A. Data reduction was perfomed with use of teXsan'’
computer software and refinement computations were performed with XTAL3.4'; atomic scattering factors for
neutral atoms and real and imaginary dispersion terms were taken from International Tables for X-ray
Crystallography'®. Figure 3 shows the molecule with one conformation of the region between C28-C31, and
selected atom labelling. Additional crystallographic details are available and the data have been deposited in the
Cambridge Crystallographic Data Centre.
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