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Revised Structure of Xestocyclamine A and Description of a New
Analogue 1
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Abstract: The structure of xestocyclamine A (1) from the sponge Xestospongia sp. has been revised to
' 2. The structure of a new two carbon homologue, xestocyclamine B (3), is also presented.

Recently, we described a new Protein Kinase C active alkaloid xestocyclamine A (1)2 which is a member of an emerging
group of unusual polycyclic diamine alkaloids. With only one exception® compounds having this framework appear o be
restricted to Haplosclerid sponges.4 The final step in our characterization of xestocyclamine A, whose aliphatic protons
appeared as badly overlapping NMR multiplets (Figure 1), was to distinguish between structural candidates 1 and 2. Both
were reasonable from a biogenetic viewpoint and both seemed consistent with the NMR data. In our communication we
explained that the TOCSY spectra of xestocyclamine A (Figure 1) contained a small correlation between & 0.95 and 2.25
(#AB), which was interpreted as a 2D peak due to magnetization transfer from H1 to H18. The assignment of HC18 at §
2.82/ 2.25/49.6 in tum allowed LH resonances at 2.87/1.67 1o be ascribed to H7 and C7 at 52.6 (revised assignments are
shown in the lHNMRot‘l’igme1).'I‘hepmtonHTwasusedasﬂ:eanchorpointtoe:xplaintlmeHMBCoonelmion!.'mm&
1.67 (H7’) to 54.1 (C19) which was then used to justify structure 1. A subsequent reexamination of our HMQC-TOCSY
spectrum (Figure 1) revealed faint correlations #B (between 33.4/1.67) and #C (between 52.6/2.80). According to our
carbon and proton assignments, these should correspond to magnetization transfer respectively between C2/H7 and C7/H2.
but such data was not compatible with the avenues for H-1H TOCSY coupling in 1. Clearly, one of these faint, but pivotal
TOCSY correlations, #AB or #BA#C, had to be an artifact because they were mutually inconsistent. Switching the carbon
andpr_otonshiﬁsofatoms'lwiﬂllsmlmexplainﬂwHMQC-TOCSYpeaks#Band#Cwandalsoreqlﬁmrevisimofﬂn
structure of xestocyclamine A to 2. During the time frame when this ambiguity was realized we had also isolated a new
xestocyclamine analogue, B. Its 1H NMR spectrum, though equally complicated (Figure 2), contained several resolved
resonances including those of H2, H7’, H18. The TOCSY and HMQC-TOCSY data that were subsequently obtained for B
(Figure 2) were both in agreement as to how atoms 7 and 18 should be assigned. These data plus correlations in the HMBC
spectra firnly allowed structure 3 to be proposed for xestocyclamine B and further indicated that the structure for
xestocyclamine A should be revised from 1 to 2.

Using an HPLC rather than a CCC separation protocol? was an enormous aid in the isolation of xestocyclamine B. The
viscous oil obtained from extraction of a new collection of Xestospongia sp. was purified by normal phase HPLC
(hexanes:acetone:EtoNH, 34:16:2) to afford xestocyclamine B (60.0 mg), [a]lp=+27.4 (c=0.02). The characterization of 3
commenced with establishing an APT formula, C2gH43 (by HMQC NMR) and the molecular formula, C28H44N20 ( by
HREIMS, m/z 424.3440, A=1.4 mmu of that calculated). The NMR shifts of xestocyclamine A (CpgH4oN20) and B were

4719



4720

wad
9
il

“TH/B1D 30 TH/LD D# 'BTH/CD 30 LHIZO a#

are Z 'Joy ut pouBisse 10u :(sw §'g1="T"1) XSOOL-DDWH ‘T ‘JoA Ul pAedrpur se

g‘ £'6v/7°T 03 TH 1ou FRINIE gy (z oy ut pouBisse 10u) 9'76/L9' OF [H ‘T vy
Sy ¢

“(sm ze="1W) X §IHOL 'V HMUEIPA0189Y JO (ZHIN 00S) B1ep MIAN ‘T 3mBig

S

[£4

ASO0L-D0ONWH



4721

(sw 05="T) A520L-D0AH ‘(5w 0g="""1) ASOOLL ‘g HMUE[IA0I53X JO (ZHN 00S) 816D WAN ‘7 3anByy

, o gj e
1 N
i i H
r; A ’
R .
9 T i
ot !
0T
9
me e
P i
m”“" T o _
aofa>
tuddy 13
..a m.~ v.ﬁ m.« n.u ..w u.u v.u w.u u.u ..ﬂ mn vn
=3 |v° & e p |'°
-2 C
. -9°C
e .Q
L 92
- o’
0 ] b'ﬂ
o e o gz © e
-a°2
I i / ZHED )
- 42 - LLH/OLD- & s / »
= (—J - VA mm_..ﬁoo..\wxapo - e
q - BLHIOZO L o= g o2
T p'2
G- AL o
- ® o 21 .
b~ - - % L LH0LD e
) QOLH/LLD - ik
‘ - oo - 4/-" \ “0 oNI?NOI'“ ”
YLHSLO JOﬁ S iowezo —= 9 L
\.u HBD 3 ®
0eHBLD - £2°1
.8:,56-\ f SLHELD / A
o - N °
WD~ o LH/BD - o

TR A 0



4722

parallel (Table 1). The final NMR assignments for
B as shown on the H spectra in Figure 2 and in
Table 1 were derived from side-by-side analysis of
the 1D 1H and 13C spectra plus 2D COSY,
TOCSY, HMBC and HMQC-TOCSY specira.

For example, assignments of the congested upfield
protons in the tricylic core came from the COSY
correlations interrelating H3 to H2 and H3 10
H18/18’ (see H18/18’ to H2 in the TOCSY, Figure
2). Two clear correlations in the HMBC interrelated
H7' to C5 and H2 to0 C6. Assignments of atoms in
the two long chains were begun by deciphering
COSY cormrelations observed for the proton sets
(beginning with the vinyl region) HI13/H14,
H12/H11, H20/H19, and H23/H22, H24/25 and
H16b/H16a. The HMQC-TOCSY (Figure 2)
spectrum provided many additional correlations
such as H1S to C13, H13 to C11 and C14, H12 to
Cl11, H11/11" to C10, H14 to C15, H16b to C17,

Table 1. NMR data of xestocyclamine A (2) and B (3).

[€) [e)
3¢ I1H (5, m= Hz) be 1H (3, me= Hz)
1 548d 091 dd=8.0, 1.5 494d 0954d=9.3, 0.8
2 36.1d 2.66 dd=6.0, 2.5 334d 280 m
3 121.7d 591 dd=6.5, 2.5 1253d 5.95 bd=7.0
4 146.13 - 14103 -
5 67.0d 299s 63.1d 3.05s
[ 41.7s - 440s -
7 5641t 2.22 ¢~11.5/2.10 ¢=11.5 4931t 282 m2.25m
8 592t 253dd=115,45225m | 510t 3.10t=11.2285m
9 6994 3.37 ddd=11.0, 8.5, 44 65.6d 3.20dt=84,4.1
0 3801 234 m/1.83 m 361t 2,38 m/2.24 m
u 2541 242m2.07m 2581t 220m
12 13134 5.52 %=105,45 13224 532m
13 130.5d 5.40 4t=10.0,60 13164 523m
4 267t 225 m/1.80 m 252t 2.10 /1.53 m
15 289¢ 134m 2631 1.80 m/1.67 m
1§ 25.2¢ 140m 1941 1.80 W1.65 m
14a 271t 154m/127 m
16b 2661 142mfi.12m
17 60.0t 244 m/2.36 m 5591t 3.42 m/2.65 m
18 5431 2.854d=9.0,1.52.23 m 526¢ 2.87 m/1.67 bd=9.5
19 5481 290m/i.83 m 54.1t 275 m/2.12 m
20 2691 L4 m/1.4 m 263t 1.50 m/1.28 m
21 276t 1.54 m/1.34 m 28t 1L.79m/1.53 m
22 238 236 m/1.54 m 131.6d 5.55dt= 11.0, 5.0
23 13244d 559m 129.74d 5.5Tm
24 131.34 5.59m 20.2t 220m
25 218t 230 m/1.70 m 255t 210 /1.53 m
26 46.1t 1.71m 40.31¢ 2.17m/1.80 m

H16b’ to C17, H21 to C23, H24/23 to C22, C25, and C26. Interestingly, in 3 the HMQC TOCSY correlation between H18
and C2 or between H2 and C18 were very weak as was also the case in 2. That the vicinal coupling between H2/H18 is
small in 3 (and also in 2) can be seen from the low intensity TOCSY correlations between H18,18°/2. A wealth of HMBC
correlations were observed, as diagrammed on the structure in Figure 2, and were essential for completing the connections
represented in 3. A high quality NOESY spectra provided the final justifcation for the stercochemistry at H's 9/1/2.

A revision of the structure of xestocyclamine to that shown in 2 brings it in line with that of 3, It is now clear that 2 and
an isomeric compound, ingenamine, recemtly reported by Andersen3 differ only in the placement of the double bonds. The

former has a A22 while the latter has a A23 moiety.
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