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Norzoanthamine is a zoanthamine-type alkaloid from the colonial zoanthid Zoanthus sp. Norzoanthamine hydro-
chloride, which suppresses the decrease in bone weight and strength in ovariectomized mice, could be a good candidate
for an osteoporotic drug. Although the relative configuration of norzoanthamine was established based on an X-ray crys-
tallographic analysis, the absolute stereochemistry of norzoanthamine remains unclear. To investigate their biogenesis and
mechanisms of biological action, we conducted chemical and spectroscopic studies to determine the absolute configuration

of norzoanthamines.

Over the past 30 years, there have been significant devel-
opments in separation techniques® and in methods of spec-
troscopic and X-ray crystallographic analyses.” Chemical
synthetic methodology has also achieved notable successes.”
Chemists in the field of marine natural products have ben-
efited from these developments to discover an ever grow-
ing number of new molecular structures.*~'? Scientists have
been attracted to these compounds by their complexity, e.g.,
palytoxin or brevetoxin,'*™' by their extraordinary bio-
logical activity, e.g., maitotoxin'¥ and okadaic acid,' and
by an interest in ecological phenomena,'® such as medici-
nal resources for the discovery of new drugs or prototype
of drugs.”™'® We were also interested in investigations of
such biologically active substances, especially IL-6 inhibitor,
norzoanthamine (1).

In our continuing search for physiologically active sub-
stances from marine organisms, we found zoanthamine (2)
and five novel cytotoxic alkaloids: norzoanthamine, oxy-
zoanthamine (3), norzoanthaminone (4), cyclozoanthamine
(5), and epinorzoanthamine (6) from the genus Zoanthus
sp."*=> on the Ayamaru coast of the Amami Islands (Fig. 1).
Norzoanthamine inhibits IL-6 production. Furthermore,
norzoanthamine and norzoanthamine hydrochloride, which
suppress the decrease in bone weight and strength in ovariec-
tomized mice, could be a good candidate for an osteoporotic

drug.?*—?" The relative stereochemistry of norzoanthamines
was determined by X-ray analysis (Fig. 1), although the ab-
solute configuration remained unclear. To investigate their
biogenesis and mechanisms of biological action, chemical
and spectroscopic studies have been carried out. The abso-
lute configuration of norzoanthamines was determined. We
report here the absolute stereochemistry, biological activity,
structure-activity relationship, and a proposed biogenesis of
norzoanthamines.

Results and Discussion

The norzoanthamine which had been used for our studies
was isolated by the following operation. The wet specimens
(5.0 kg) which occurred as dense mats were minced by a
Waring blender and extracted with ethanol. The ethanolic
extract was filtered and concentrated in vacuo. The aqueous
residue was partitioned between ethyl acetate and water, and
the water layer was subsequently extracted twice with ethyl
acetate. The lipid-soluble extracts were chromatographed
on silica gel (eluted with chloroform containing methanol),
then separated by preparative TLC on SiO, with acetonitrile,
diethyl ether, or ethyl acetate as solvent, giving zoanthamine
(32 mg, 6.4x% 10~*%) and norzoanthamine as a colorless
crystal [21 mg, 4.2 % 10~ 4%, mp 282—285 °C, [alp 1.6° (¢
1.0, CHCI3)].
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CH3

5: cyclozoanthamine

6: epinorzoanthamine

Fig. 1. Structures of zoanthamine family.

Reduction of Norzoanthamine. = Norzoanthamine (1)
was reduced with NaBH4 (CH3OH, r.t., 1 h) to give two
derivatives, deoxynorzoanthamine (7) and deoxydihydro-
norzoanthamine (8). Interestingly, the > CNMR spectrum
(Table 1) of 7 has revealed the presence of three ketonic car-
bonyls (0c=198.7, 209.0, 211.5), whereas 1 has two ketonic
carbonyls [C17 (J¢c =198.4) and C20 (Sc =209.0)] and one
lactone carbonyl with carbon resonance at 172.4 ppm.'” The
molecular formula of 7 was assigned to be C,gH39NO4 from
HREIMS of 7 (m/z 465.2889, A +1.2 mmu).

All of the signals in 7 were assigned by a detailed com-
parison of the NMR spectral data with those of 1 and by
'H-'HCOSY and HMBC spectra. As shown in Fig. 2 and

Fig. 3, the chemical shift of carbon networks among C1-C6 V

and C12-C24 of 7 closely resembled to those of 1, except
for the carbon resonance at C24 (8¢ =211.5). Carbon net-
works among C9-C12 were revealed by the observation
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of cross-peaks in the 'H-'"HCOSY spectrum (H10/H1la
and H10/H11b) and HMBC cross-peaks (28-CH3/C9, 28-
CH,3/C10, 27-CH3/C11, and 27-CH3/C12) (Fig. 4).

The HMBC cross-peaks between H1 and C10, and the
chemical shift of C10 (Sc =71.1) suggested connectivity
among CI1/N and N/C10. Finally, carbon connectivity be-
tween C7 and C24 was indicated by 'H-'HCOSY cross-
peaks (H7 and H8) and HMBC spectra (H7/C6, H7/C24,
and H23/C7) (Fig. 5). As a result, the planar structure was
proposed to be 7, as shown in Fig. 5. The relative stereo-
chemistry of 7 was the same as that of 1, except at C7 and
C10. The stereochemistry at C7 and C10 was deduced from
the coupling constants of H10 (J19,11a=4.5 Hzand J;¢ 11,=2.2
Hz), NOE between H10 and 28-CHj; (Fig. 6), and the mech-
anism of rearrangement, as shown in Fig. 7.

The molecular formula of 8 was determined to be
Co9H4iNO,4 from HREIMS of 8 (m/z 467.3011, A —2.1
mmu). The "HNMR spectral data of 8 (Table 1) resembled
that for 7, except at C17 (8g =3.95). The reduced com-
pound 7 was treated with NaBHy4 to give compound 8. All
of the signals were assigned by a detailed comparison of the



M. Kuramoto et al.

Table 1. NMR spectral Data of Norzoanthamine, Deoxynorzoanthamine, and Deoxydihydronorzoanthamine
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Norzoanthamine Deoxynorzoanthamine Deoxydihydronorzoanthamine
Position 'H (Jin Hz) 3¢ (mult) Y (J in Hz) Be (mult) HMBC TH (Jin Hz) 3¢ (mult.)
1 3.26 (d, 6.6) 471 (1) 2.78 (dd, 10.6, 7.3) 60.1 (1) C2,C3,C4,C10 2.78 (dd, 10.7, 7.3) 60.1 ()
3.21 (dd, 6.6, 4.5) 3.23 (dd, 10.6, 1.5) 3.24(dd, 10.7,0.7) 71.1 (d)
2 4.57 (m) 742 (d)  4.50 (m) 722 () C4,C6 4.50 (dddd, 7.3, 2.1, 1.9, 0.7) 71.1(d)
3 1.45 (br. t, 11.9) 38.8 () 1.30 (ddd, 13.4, 11.0, 2.5) 379(@) Cl1,C2,C4,C5 1.33(ddd, 13.3,9.2,2.1) 37.8 (1)
1.54 (m) 1.46 (ddd, 13.4, 5.1, 3.6) 1.45 (ddd, 13.3, 4.8, 1.9)
4 2.20 (m) 22.9 (d) 1.98 (m) 233(d) (€2,03,C5,C6,C29 1.98 (qdddd, 6.6, 12.3,9.2,5.5,4.8)  23.2(d)
5 1.07 (dd, 12.7, 11.5) 44.3 (1) 1.07 (dd, 13.2, 12.5) 446 (1)  C4,C6,C7,C29 1.09 (dd, 13.3, 12.3) 44.5 (1)
2.07 (dd, 12.7, 4.8) 1.40 (dd, 12.5, 5.8) 1.44 (dd, 13.3,5.5)
6 90.0 (s) 92.4 (s) 92.5 (s)
7 1.75 (ddd, 13.3, 4.6, 3.5) 29.9 (1) 2.70(dd, 3.3, 2.9) 54.7() C6,C24 2.71(dd, 3.3, 2.7) 54.7 (d)
1.67 (ddd, 13.3, 9.4, 3.8) .
8 1.87 (ddd, 13.5, 9.4, 4.6) 23.6 (1) 1.84 (dd, 14.1, 3.3) 33.6() C6,C7,C9.CI0 1.85(dd, 14.1,2.7) 33.6 ()
1.55 (ddd, 13.5, 3.8, 3.5) 1.90 (dd, 14.1,2.9) C24,C28 1.95 (dd, 14.1, 3.3)

9 36.4 (s) 36.3 (s) 36.1 (s)
10 101.5(s)  2.58 (dd, 4.5,2.2) 71.1(d) C9,Cl11,C12,C22 2.56 (m) 71.1(d)
11 2.14 (d, 13.9) 41.8 () 1.70 (dd, 14.2, 4.5) 36.4() C10,C12,C13,C27 1.75 (m) 36.1 (1)

1.89(d, 13.9) 1.79 (dd, 14.2, 2.2) 1.79 (m) :
12 39.7 (s) 412 (s) 41.2 (s)
13 2.20 (m) 53.0(d)  2.09 (ddd, 14.6, 8.5, 6.2) 53.5() Cl12,C14,C18,C21,C27 1.78 (m) 50.8 (d)
14 1.32 (m) 319 2.32 (dd, 13.5, 8.5) 31.3 (1) C13,C15,Cl6 1.72 (m) 29.4 (t)
2.28 (m) 2.33(dd, 13.5, 6.2) 1.95 (m)
15 159.9 (s) 160.0 (s) 133.0 (s)
16 5.90 (br. s) 125.5(d)  5.89(s) 1255@)  Ci14,C15,C18,C26 5.38 (br. s) 124.8 (d)
17 198.4 (s) 198.7 (s) 3.95 (br. s) 75.8 (d)
18 2770 (ddd, 11.8,11.4,6.6) 463 (d) 2.58(ddd, 14.6,11.8,6.9) 455(d) C12,C13,C14,C17 1.75 (m) 42.5 (d)
19 2.65 (dd, 14.4, 6.2) 424 (1) 2.34 (dd, 13.1, 11.8) 43.0(t) C17,C18,C20,C21 2.09 (dd, 14.0, 4.6) 47.5 (t)
2.50 (dd, 14.4,11.4) 2.69 (dd, 13.1, 6.9) 2.83 (dd, 14.0, 10.3)
20 209.0 (s) 209.0 (s) 210.0 (s)
21 2.83 (br. s) 59.0(d)  2.53(s) 622 (d) C12,C20,C22,C23,C25 2.60(s) 62.0 (d)
22 39.8 (s) 41.1(s) 41.1(s)
23 3.63 (d, 20.2) 35.8(1) 3.15(d, 14.2) 47.1 (t) C7,C21,C22,C24,C25 3.18(d, 13.9) 47.1 (t)
2.35(d, 20.2) 3.46 (d, 14.2) 3.53 (d, 13.9)
24 172.4 (s) 211.5 (q) 212.0 (q)
25 0.98 (s) 21.0(@ 0.99(s) 227(g)  €9,021,C22,C23 1.01 (s) 22.8 (q)
26 2.00 (s) 243(g) 2.00(s) 242(q) Cl14,C15,Cl6 1.73 (s) 233 (q)
27 0.99 (s) 18.3 (d) 1.39 (s) 17.7(q¢) Cl1,C12,C13,C21 1.33 (s) 17.3(q)
28 1.15(s) 18.4 () 0.90 (s) 24.0(q) C8,09,C10,C22 091 (s) . 24.1(q)
29 0.89 (d, 6.6) 21.8(g) 0.84(d, 6.6) 21.7(g) C3,C4,C5 0.85 (d, 6.6) 21.8 (q)

a) Spectra were recorded in CDCl5.
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Fig. 5. Planar structure of deoxynorzoanthamine.

NMR spectral data (Table 1) with those of 7 and by 'H-
'HCOSY spectra. The chemical shift at C17 (8¢ =75.2) and
the molecular formula of 8 indicated the presence of a hy-
droxy group at C17. Furthermore, 8 was treated with acetic
anhydride and pyridine, and the corresponding monoacetate
(9) was obtained. The stereochemistry at C17 was suggested
by the coupling constants of 9. H17 was assigned to be axial,
based on the relatively large coupling constants (J;7,13 = 8.8
Hz), as shown in Fig. 8. These data indicated the relative
stereochemistry of 8.

X-Ray Analysis of Deoxynorzoanthamine. As de-
scribed before, the relative stereochemistry of norzoanth-

7 CH;3
29
«--»> NOE crosspeak

Fig. 6. Relative stereochemistry of deoxynorzoanthamine.

amine was clarified by X-ray analysis. Fortunately, recrys-
tallization of deoxynorzoanthamine (7) from CH;OH-CHCl;
gave a well-formed crystal: Cy9H39NOy, thin, prismatic nee-
dles belonging to the orthorhombic space group P2,2,2; with
a =13.424(8), b = 22.049(5), ¢ = 8.392(2) A; V = 2483.9(9)
A3; Z=4. Intensities of 2379 unique reflection were mea-
sured on a Mac Science MXC18 diffractometer.

A computer generated perspective drawing of the current
X-ray model of 7 is shown in Fig. 9 (ORTEP drawing model).
This ORTEP drawing model strongly supported the relative
stereochemistry of 7 suggested by NMR spectral data. There-
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Fig. 7. Proposed mechanism of reductive formation of norzoanthamine.

: coupling constant

Fig. 8. Relative stereochemistry of deoxydihydronorzoanth-
amine.

Fig. 9. ORTEP drawing model of deoxynorzoanthamine.

fore, the relative stereochemistry of 7 was determined to be
2R*, 45*, 65*, 75*, 95*, 10R*, 125%, 13R*, 185*, 215*,
and 228*. The complete F, — F. data are deposited as Doc-
ument No. 71018 at the Office of the Editor of Bull. Chem.
Soc. Jpn.

Absolute Stereochemistry of Norzoanthamine.  As
described before, the relative stereochemistries of 7 and 8
were the same as that of 1 except for C7, C10, and C17.
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Fig. 10. AJ Values [AJ (in ppm) = Js — Sg] obtained for
(S)- and (R)-MTPA esters of deoxydihydronorzoanthamine.
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Fig. 11.  Effect of norzoanthamine hydrochloride on the

femoral weight in ovariectomized mice. Norzoanthamine

hydrochloride (NZ) was administrated by i.p. for 4 weeks.

Each point is the mean +S.E., n=5. *; p <0.05, *x;

p < 0.01, vs. ovariectomized group treated by vehicle, by
Student’s ¢-test.

ovariectomized

Therefore the absolute stereochemistry of 1 must be clarified

- by investigating that of 8.

Treatment of 8 with (—)- and (+)- a-methoxy- a-(trifluo-
romethyl)phenylacetyl chloride (MTPACI) gave the (S)- and
(R)-MTPA esters (10 and 11), respectively.?® The 'HNMR
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Table 2. A Values [AJ (in ppm) = 8s — O] Obtained for

(S)- and (R)-MTPA Esters of Deoxydihydronorzoanth-
a) )

amine
(S)-MTPA ester  (R)-MTPA ester Ads— (in ppm)
Hla 2.7793 2.7752 0.0041
Hlb 3.2293 3.2260 0.0033
H2 4.5012 4.5003 0.0009
H10 2.2901 2.2608 0.0293
H16 5.2586 5.3915 —0.1319
H17 5.4052 5.4158 —0.0106
H19a 2.1195 2.0535 0.0660
H1% 2.5585 2.3802 0.1783
H21 2.6029 2.5736 0.0293
H23a 3.1523 3.1335 0.0188
H23b 3.4822 3.4639 0.0183
H25 1.0111 0.9974 0.0137
H26 1.7094 1.7607 —0.0513
H27 1.3090 1.2952 0.0138
H28 0.9222 0.9140 0.0082

a) Spectra were recorded in CDCl3.
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Fig. 12. Effect of norzoanthamine hydrochloride on the fail-
ure load in ovariectomized mice. Norzoanthamine hydro-
chloride (NZ) was administrated by i.p. for 4 weeks. Each
point is the mean £S.E., n=5. *; p <0.05, **; p < 0.01,
vs. ovariectomized group treated by vehicle, by Student’s
I-test.

chemical shifts of 10 and 11 were assigned based on detailed
analysis of 'H-'HCOSY spectral data. The differences of
the chemical shift (Ad; & — &) in the 'HNMR spectra
are shown in Table 2 and Fig. 10. Positive Ad values were
observed for H10, H19a, H19b, H21, H23a, H23b, H25, H27,
and H28, whereas negative values were observed for H16,
H17, and H26, indicating that the absolute configuration of
8 at C17 was S. These data and the relative stereochemistry
of 8 suggested that the absolute configuration of reduced
compound 8 at C2, C4, C6, C7, C9, C10, C12, C13, C17,
C18,C21,and C22 was R, S, R, S, S,R, S, R, S, S, S and S.
Therefore, the absolute stereochemistry of norzoanthamine

Bull. Chem. Soc. Jpn., 71, No. 4 (1998) 775

Fig. 13. Structures of norzoanthamine derivatives.
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Fig. 14.  The relative stereochemistry around the cyclo-
hexanone moiety of 12 and 13.

was determined to be 2R, 4S5, 65, 95, 10R, 125, 13R, 18S,
218, and 22S.

Biological Activity of Norzoanthamine. In recent
years, osteoporosis has become a serious disease for human
health. Osteoporosis is caused by an imbalance between
bone resorption and bone formation, which results in bone
loss and fractures after mineral flux. Therefore, besides pre-
vention of loss in bone mass, the effect on bone mechanical
strength is a very important point for evaluation of osteo-
porotic drugs.?*?>

The effect of norzoanthamine hydrochloride on bone
weight and strength was tested with ovariectomized mice,
a postmenopausal osteoporosis model. Norzoanthamine hy-
drochloride (0.08 mg/kg/day, i.p. for 4 weeks) significantly
suppressed the decrease of the femoral weight (Fig. 11)
caused by ovariectomy without increase of the uterine
weight.?® Such data suggested a mode of action of norzoanth-
amine hydrochloride alternative to that of estrogen. Fur-
thermore, norzoanthamine hydrochloride also affected bone
strength, measured by three-point bending test.- As for the
failure load of the femur, administrations of norzoanthamine
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Table 3. Inhibitory Effect of IL-6 Induction of Norzoanth-
amine Derivatives
Sample ICso (ugmL™")

Norzoanthamine 13

7 ca.25

8 30

9 23

12 45

13 35

14 42

17 >100

Fig. 16. Equilibrium of norzoanthamine hydrochloride.

hydrochloride significantly suppressed the reduction caused
by ovariectomy at the dose of 0.016—0.4 mg/kg/day, i.p.
(Fig. 12).

IL-6 is known as a stimulator of osteoclast formation, and
suppression of IL-6 secretion can be effective for prevention
of osteoporosis. Norzoanthamine and norzoanthamine hy-
drochloride exhibit the I1.-6 induction at the value of 13 and
4.7 ugml~!, respectively. Therefore, the structure-activity
relationship of norzoanthamine was examined for inhibitory
effect of IL-6 production, as described below.*?

Structure- Activity Relationship of Norzoanthamine.
Studies on structure-activity relationship of norzoanthamine
had been done. The presence of the double bond (C15-C16)
and lactone moiety has attracted our attention. Therefore,
norzoanthamine was transformed to several derivatives (12,
13, 14, and 15) (Fig. 13). These derivatives were obtained
in usual condition, as described before. Norzoanthamine
(1) was reduced by Pd/C to obtain 15,16-dihydronorzoanth-
amine (12). Oxidation of 1 with OsO4 followed by treatment
with Na;SO3 gave the desired 15,16-dihydroxy-15,16-dihy-
dronorzoanthamine (13). When norzoanthamine was treated
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Fig. 18. Proposed biogenesis of zoanthamine.

with NaBH3CN, the carboxylic acid (14) was obtained. Fur-_
thermore, 14 was transformed into the corresponding methyl
ester 15 by treatment with diazomethane. These structures
and stereochemistry of derivatives were deduced by NMR
spectral data (Fig. 14). H15 of 12 was assigned to be axial
based on the large coupling constant (J15 162 =12.8 Hz). Fur-
thermore, the carbon chemical shift of 26-CH; (6¢c =22.3)
indicated that methyl group is equatorial.>? Therefore, the
absolute stereochemistry of 12 at C15 was S. The structure
of 13 was indicated by the NMR and EIMS (/7 485) spectral
data. The relative stereochemistry of 13 was also clarified
by 2-DNMR spectral data. Interestingly, the 'H NMR spec-
tral data of 14, where the proton resonance of C2 position
was observed at g =3.86 (1H, m) shifted to highfield from
Ou=4.54 (1H, m). Above data and the carbon chemical shift
at C7 (Oc =68.9) suggested the cleavage of the O—C6 bond.
In the *C NMR spectral data of 14, the carbon resonance of
C10 was observed at Oc =63.2. Furthermore, 14 was con-
verted methyl ester 15. These data indicated the cleavage
of O—C10 bond. H10 of 14 was assigned to be axial based
on the large coupling constant (Jio,11, = 13.6 Hz) (Fig. 15).
Therefore, the structure of 14 was suggested to be as shown
in Fig. 13.

Table 3 shows the inhibitory effect of IL-6 induction of
norzoanthamine derivatives. As shown in Table 3, the in-
hibitory effect of norzoanthamine was reduced by transfor-
mation. This data indicated the importance of the double
bond (C15-C16) and lactone moiety in the appearance of
bioactivity.

Furthermore, we have carried out experiments of equili-
bration between lactone structure and iminium structure. The
NMR spectrum of norzoanthamine hydrochloride in CD;OD
implied the presence of iminium structure (16) but not lac-
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tone structure (1) of norzoanthamine. The 3C NMR spectral
data of 16, the carbon resonance of C10 was observed at
Oc =193.3 shifted to lowfield from &¢c =101.5. Furthermore,
the carbon resonances of C1 and C6 also shifted to lowfield.
These data indicated the structure of 16 as shown in Fig. 16.
The iminium structure was further proved by transformation
into methyl ester (17) which was obtained by treatment of 1
with CH3I-Ag,0. The NMR and MS spectral data suggested
the structure of 17. On the other hand, hydrolysis of 17 with
1.2 M HCI (1 M=1 moldm~3) gave norzoanthamine, as
shown in Fig. 17.

Biogenesis of Zoanthamines.  Although zoanthamines
have been regarded as terpenoids based on their molecular
formulas, the biogenetic pathway of zoanthamines is unclear.
Since marine organisms usually produce super carbon chain
molecules with terminus amino group, e.g., palytoxin® and
pinnatoxin,*® we propose here a polyketide biogenetic path-
way for zoanthamines, as shown in Fig. 18.

Conclusion

The novel alkaloid norzoanthamines were isolated from
the colonial Zoanthus sp. collected on the Ayamaru coast of
the Amami Islands. As described above, the absolute con-
figurations of norzoanthamines were determined to be 2R,
45, 65, 95, 10R, 125, 13R, 185, 218, and 22S. Furthermore,
the biological activities of norzoanthamines were clarified.
Decrease in the failure load and the yield energy caused by
ovariectomy were significantly suppressed by administration
of norzoanthamine hydrochloride. Since the purpose of os-
teoporosis therapy is prevention of bone fracture, norzoanth-
amine hydrochloride that suppressed the loss of the bone
weight and strength could be a good candidate for osteoporo-
sis. The mechanism of action and the in vivo behaviors of
the samples are currently under investigation. Further stud-
ies on the detailed chemistry of norzoanthamine, including
the biogenetic pathway and structure-activity relationship,
are underway in our laboratory. Synthetic studies of the
complex molecule are also interesting.

Experimental

The 'H and *CNMR spectra were taken on a JEOL GSX 400
spectrometer, using CDCl3 as a solvent. IR spectra were taken
on JASCO IR-810. Mass spectra were measured on JEOL JMS-
DX303HF.

Isolation of Norzoanthamine:  The genus Zoanthus sp. (5.0
kg) which was collected on the Ayamaru coast of the Amami Islands,
Kagoshima prefecture, Japan was minced in 10 L of ethanol with a
Waring blender. It was soaked in the methanol at low temperature
for 2—3 d, and then the solid matter was removed by filtration.

The resulting filtrate was concentrated by an evaporator at a tem-
perature lower than 45 °C to produce about 1 L of the aqueous
extract. This residue was extracted three times with each 1 L of
EtOAc and concentrated under reduced pressure. The oily matter
thus obtained was suspended in a small amount of chloroform, and
then charged to a column (3.5 IDx50 cm) packed with silica gel
(No. 7734 silica gel 60, manufactured by E. Merck). This column
was developed with 100 ml of chloroform, 100 ml of 5% meth-
anol—chloroform, 100 ml of 10% methanol—chloroform, 100 ml of
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25% methanol—chloroform, and 100 ml of methanol to collect frac-
tions containing norzoanthamine followed by concentrating under
reduced pressure to produce an oily material. Finally, the oily mate-
rial was purified by preparative thin layer chromatography (PTLC)
(No. 13895 Silica Gel 60F 254, manufactured by E. Merck) using
ether as a developing solvent to obtain norzoanthamine (21 mg, Rt
0.06).

Detection of norzoanthamine at each purification step was ef-
fected by means of HPTLC (No. 13728 Silica Gel 60F 254S,
manufactured by E. Merck) using acetonitrile as a developing sol-
vent and an anisaldehyde—sulfuric acid color developing agent, and
Draggendorf’s reagent.

Biological Activity Tests of Norzoanthamines: 1) Recovery
Effect of Norzoanthamines on Bone Weight and Strength in
Ovariectomized Mice:  Four-weeks-old female ddY mice were
obtained from Japan SLC Inc. Ovariectomies and sham operations
were carried out under ketamine hydrochloride anesthesia. The
mice were divided into 5 groups: sham-operated, ovariectomized
control, and sample-treated ovariectomized groups (0.016, 0.08, 0.4
mg/kg/day, i.p.). Administration of vehicle or norzoanthamine hy-
drochloride dissolved in sterilized water were started from the next
day of operations and continued 5 d a week for 4 weeks. After 4
weeks’ administration, all the mice were weighed and killed to take
their femurs and uterus for measurements. The right femur was used
for the measurements of length and dry weight, and the left femur
used for biomechanical parameter, failure load. Measurement of
bone biomechanical parameter was performed using a bone strength
tester (Model TK-252C, Muromachi Kikai Co., Ltd.). The femurs
were tested in three-point bending until failure.

2) Suppressive Activity of IL-6 Production: MC3T3-El1 cells
(1x10* cells per well) were cultivated in wells of 96-well test plate
for 3 d until the cell growth reached became confluent. Test drug
and 20 ng ml ™! of parathyroid hormone (PTH) were added, and the
cultivation was further continued for 24 h. Then, the activity of IL-
6 secreted in the medium was measured by bioassay using MH-60
cells.

Reduction of Norzoanthamine (1): To a CH;0H (1 ml)
solution of 1 (50.2 mg, 156 umol) cooled at 0 °C, NaBH, (10.0
mg, 2.70 pmol) was added, and the mixture was stirred at r.t. for
1 h. The reaction mixture was partitioned between CHCl3 and
H,O0, and the organic extract was dried over anhydrous Na;SOs.
After evaporation, the residue was purified by preparative TLC
(CH30H : CHCl3 =3 :47), and provide 7 (20.9 mg, 44.0 wmol, Rt
0.32) and 8 (16.8 mg, 36.0 umol, R 0.15): 'HNMR (Table 1),
CNMR (Table 1).

Reduction of Deoxynorzoanthamine (7): To a CH3;0H (0.5
ml) solution of 7 (2.0 mg, 4.3 ymol) cooled at 0 °C, NaBH4 (0.3
mg, 8 umol) was added, and the mixture was stirred at r.t. for 1 h.
The reaction mixture was partitioned between CHCl3 and H,0, and
the organic extract was dried over Na;SO4. After evaporation, the
residue was purified by preparative TLC (CH;OH : CHCl3=3 : 47),
furnishing 8 (1.6 mg, 3.4 pmol, Ry 0.15, yield 76%).

Acetylation of Deoxydihydronorzoanthamine (8): A sus-
pension of 8 (1.0 mg, 2.1 umol) in pyridine (1.0 ml) was stirred
at room temperature for 15 min. To the reaction solution, acetic
anhydride (0.5 ml) was added and the mixture was stirred for 4 h.
The reaction mixture was evaporated with toluene in vacuo to give
a residue. After complete evaporation, the residue was purified
by preparative TLC (CH3OH : CHCl3 =1.5:98.5), giving monoac-
etate 9 (1.0 mg, 1.8 pmol, R; 0.6, yield 85%): '"HNMR (CDs0D)
6 =5.22 (1H, m, H17), 2.04 (-OCOCHa); EIMS m/z 535 (M™").

Reaction of Deoxydihydronorzoanthamine (8) with (—)-



778  Bull. Chem. Soc. Jpn., 71, No. 4 (1998)

and (+)- ¢-Methoxy- «-(trifluoromethyl)phenylacetyl Chloride
(MTPACI): Toapyridine solution (0.5 mol) containing 8 (2.0 mg,
4.2 pmol), (—)-a-methoxy-a-(trifluoromethyl)phenylacetyl chlo-
ride (No. 15526-7, manufactured by Aldrich) (20 pl) was added.
After addition, the reaction mixture was stirred for 13 h. To the re-
action mixture, 3-(dimethylamino)propylamine (10 uL) was added.
The solvent was evaporated off in vacuo and the residue was puri-
fied by PTLC (CH3OH : CHCl3 =1.5:98.5, Rr 0.54) to obtain (R)-
MTPA ester 10 (1.4 mg, 2.3 pmol): '"HNMR (Table 2).

(S)-MTPA ester 11 (1.3 mg, 2.1 pmol) was also obtained form
(+)-MTPA chloride: 'HNMR (Table 2).

15,16-Dihydronorzoanthamine (12): Palladium on carbon
(10%, 5 mg) was suspended in a CH30H solution (3 ml) of 1
(12.3 mg, 27.7 pmol). The slurry was stirred at r.t. under 1 atm
of H, for 3 h. Removal of the palladium catalyst by filtration
through Celite, followed by evaporation of the filtrate under reduced
pressure, afforded an oily material. This residue was purified by
PTLC (CH30H:CHCl3 =5:95, Rf 0.29) to obtain 12 (10.0 mg,
20.7 pmol, yield 74.7%): 'HNMR & =3.22 (1H, dd, J=7.0, 6.2
Hz, H-1a), 3.26 (1H, d, J=6.2 Hz, H-1b), 4.52 (1H, m, H-2), 1.44
(1H, ddd, J=13.6, 13.6, 3.1 Hz, H-3a), 1.53 (1H, m, H-3b), 2.27
(1H, m, H-4), 1.07 (1H, dd, J=12.9, 10.9 Hz, H-52), 2.07 (1H, dd,
J=12.9, 3.7 Hz, H-5b), 1.75 (1H, ddd, /=12.5, 3.5, 2.5 Hz, H-7a),
1.78 (1H, m, H-7b), 1.54 (1H, m, H-8a), 1.66 (1H, ddd, J=13.1,
13.1, 3.5 Hz, H-8b), 2.16 (1H, d, J=13.9 Hz, H-11a), 1.86 (1H, d,
J=13.9 Hz, H-11b), 1.39 (1H, m, H-13), 1.24 (1H, m, H-14a), 1.84
(1H, m, H-14b), 1.93 (1H, m, H-15), 2.05 (1H, dd, /=12.8, 12.8
Hz, H-164), 2.46 (1H, dd, J=3.7, 12.8 Hz, H-16y), 2.74 (1H,
ddd, J=12.1,12.0,5.1 Hz, H-18),2.32 (1H, dd, /=11.8, 5.1 Hz, H-
19a), 2.67 (1H, dd, J=12.8, 11.8 Hz, H-19b), 2.79 (1H, S, H-21),
2.34 (1H, d, 7=20.1 Hz, H-23a), 3.60 (1H, d, J=20.1 Hz, H-23b),
0.97 (31, s, 25-CH3), 1.10 (3H, d, /=6.8 Hz, 26-CH3), 0.96 (3H,
s, 27-CHz3), 1.13 (3H, s, 28-CH3), 0.89 (3H, d, J=6.6 Hz, 29-CH3);
BCNMR 8 =22.3 (26-CH3), 44.3 (C-15), 49.2 (C-16); EIMS m/z
483 (M").

15,16-Dihydroxy-15,16-dihydronorzoanthamine (13): Osmi-
um(VIII) oxide solution (100 puL, HyO, 2 wt%) was added to the
flask containing 1 (15.2 mg, 31.6 pmol), 4-methylmorpholine N-
oxide (20.0 mg, 171 pmol), H,O (0.5 mL), and CH30H (1 mL).
The reaction mixture was stirred at r.t. for 3 h. Saturated Na,;SO3
solution (1 mL, H,O) was added to the reaction mixture, and the
mixture was stirred for 30 min. The reaction mixture was par-
titioned between CHCl3 and H»O, and organic extract was dried
over Na;SOy4. After evaporation, the residue was purified by PTLC
(CH3;0H : CHCl3 =5:95, R 0.72), and provide 13 (14.8 mg, 28.7
umol, yield 90.8%): '"HNMR & =4.03 (1H, dd, J=8.4, 8.4 Hz, H-
1a),2.99 (1H, m, H-1b), 4.51 (1H, m, H-2), 1.44 (1H, ddd, /=10.6,
10.6, 3.3 Hz, H-3a), 1.52 (1H, m, H-3b), 2.29 (1H, m, H-4), 1.08
(1H, dd, J=13.2, 11.7 Hz, H-52), 1.97 (1H, dd, /=13.2, 4.8 Hz, H-
5b), 1.78 (1H, ddd, J=19.4, 4.8, 4.8 Hz, H-7a), 1.84 (1H, m, H-7b),
1.59 (1H, m, H-8a), 1.86 (1H, m, H-8b), 1.55 (1H, d, J=13.3 Hz,
H-11a), 1.58 (1H, d, J=13.3 Hz, H-11b), 2.75 (1H, m, H-13), 1.52
(1H, m, H-14a), 3.01 (1H, dd, /=13.6, 2.2, H-14b), 3.96 (1H, s, B-
16),2.78 (1H, m, H-18), 2.78 (1H, m, H-19a), 2.32 (1H, m, H-19b),
3.01 (1H, S, H-21), 2.54 (1H, d, J=20.5 Hz, H-23a), 4.04 (1H, d,
J=20.5 Hz, H-23b), 1.00 (3H, s, 25-CH3), 1.46 (3H, s, 26-CH3),
11.28 (3H, s, 27-CH3s), 1.06 (3H, s, 28-CHj3), 0.89 (3H, d, J=6.6
Hz, 29-CH;); >*CNMR & =27.3 (25-CH3), 75.8 (C-16), 80.3 (C-
15); EIMS m/z 515 (M").

Carboxylic Acid (14): NaBH3CN (5.7 mg, 80 pmol) was added
to the CHCl3—CH3OH solution (10.3 mL, pH 5, CHCI3 : CH30H =
10:0.3) containing 1 (8.5 mg, 18 pmol). The reaction mixture
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was stirred at r.t. for 30 min. The mixture was partitioned be-
tween CHCl; and H,O, and the organic extract was dried over
NaySO4. After evaporation, the residue was purified by PTLC
(CH30H:CHCl3 =1:9, R 0.27), and provided 14 (6.8 mg, 14
umol, yield 79%): "HNMR 6 =2.78 (1H, m, H-1a), 3.18 (1H, dd,
J=6.8, 6.8 Hz, H-1b), 3.86 (1H, m, H-2), 1.04 (1H, m, H-3a), 1.95
(1H, m, H-3b), 1.75 (1H, m, H-4), 1.43 (1H, m, H-5a), 0.95 (1H,
m, H-5b), 2.80 (1H, m, H-6), 1.39 (1H, m, H-7a), 1.92 (1H, m, H-
7b), 1.64 (1H, m, H-8a), 1.94 (1H, m, H-8b), 2.69 (dd, J=13.6,4.7
Hz, H-10), 1.97 (1H, dd, J=14.9, 4.7 Hz, H-11a), 1.86 (1H, dd,
J=14.9, 13.6 Hz, H-11b), 2.51 (1H, ddd, /=14.3, 11.8, 5.2 Hz, H-
13),2.32 (1H, dd, J=16.8, 11.8 Hz, H-14a), 2.58 (1H, dd, /=16.8,
5.2 Hz, H-14b), 5.89 (1H, s, H-16), 2.80 (1H, m, H-18),2.40 (1H,
dd, J=14.8, 6.7 Hz, H-19a), 2.55 (1H, m, H-19b), 2.79 (1H, S, H-
21), 2.34 (1H, d, J=20.1 Hz, H-23a), 3.60 (1H, d, J=20.1 Hz, H-
23b), 0.97 (3H, s, 25-CH3), 1.10 (3H, d, J=6.8 Hz, 26-CH3), 0.96
(34, s, 27-CH3), 1.13 (3H, s, 28-CH3), 0.89 (3H, d, /= 6.6 Hz, 29-
CHs), 3.86 (1H, m, H-2), 2.59 (1H, m, H-7); "CNMR 6§ =63.2 (C-
10), 68.9 (C-7), 71.6 (C-2), 178.0 (C-24); EIMS m/z 485 (M™).
Methyl Ester (15): A solution of N-methyl-N'-nitroso-
guanidine (10 mg, 68 umol) in 10% aq NaOH (3 mL) and diethy!
ether (3 mL) was kept at room temperature. To a suspension of
carboxylic acid (14) (2.7 mg, 5.6 umol) in CHCIl3—-CH3;0H solu-
tion, previous diazomethane solution (1 mL) was added, and the
mixture was stirred at r.t. for 15 min. The resulting mixture was
evaporated in vacuo, and the residue was purified by preparative
TLC (CH;0BH-CHCI3 =4:96) to give 8 (2.7 mg, 5.4 pmol, yield
97%): 'THNMR 6 =3.60 (3H, s, -COOCH3); EIMS m/z 499 (M*).
Iminium Salt (16): To a CH3OH (0.5 mL) solution of 1 (4.8
mg, 10 pmol), 1.2 MHCI (3 drops) was added, and the mixture
was stirred at r.t. for 1 h. The reaction mixture was concentrated to
obtain iminium salt 16 under reduced pressure: '"HNMR & =4.33
(1H, dd J=13.4, 6.2 Hz, H-1a), 442 (1H, d, J=13.4 Hz, H-1b),
4.96 (1H, m, H-2), 1.65 (1H, ddd, J=13.9, 11.7, 2.6 Hz, H-3a),
1.92 (1H, m, H-3b), 1.97 (1H, m, H-4), 1.48 (1H, dd, 14.3, 12.5
Hz, H-5a), 2.58 (1H, m, H-5b), 1.94 (1H, m, H-7a), 2.31 (1H, ddd,
J=13.9,3.7,3.5 Hz, H-7b), 1.64 (1H, ddd, J=14.7, 3.5, 3.3 Hz, H-
8a), 2.54 (1H, m, H-8b), 2.95 (1H, d, J=15.8 Hz, H-11a), 3.23 (1H,
d, J=15.8 Hz, H-11b), 2.57 (1H, m, H-13), 2.48 (1H, m, H-14a),
2.69 (1H, m, H-14b), 5.90 (1H, s, H-16), 2.73 (1H, m, H-18), 2.61
(1H, m, H-19a), 2.70 (1H, m, H-19b), 3.34 (1H, s, H-21), 1.98 (1H,
d, /=15.0 Hz, H-23a), 3.30 (1H, d,/ =15.0 Hz, H-23b), 1.35 (3H,
s, 25-CH3), 2.07 (3H, s, 26-CHs), 1.02 (3H, s, 27-CH3), 1.50 (3H,
s, 28-CHj3), 1.03 (3H, d, J = 6.6 Hz, 29-CH;); >CNMR 6 =44.2
(C-11), 57.4 (C-1), 100.7 (C-210), 175.8 (C-24), 193.3 (C-10).
Methyl Ester (17): CH3I (100 pL) was added to the flask
containing 1 (9.7 mg, 20.0 pmol), and Ag,0 (28.3 mg, 120 pmol),
in CHCl; (1 mL). The reaction mixture was stirred at reflux temper-
ature for 35 h. After filtration, the filtrate was partitioned between
CHCI; and H>O, and the organic extract was evaporated under re-
duced pressure, and affording an oily material. This residue was
purified by PTLC (CHsOH : CHCl3=2 : 98, R; 0.75) to obtain meth-
yl ester 17 (7.1 mg, 14.1 pmol, yield 71.1%): 'HNMR 6 =3.13
(1H, dd, J=8.4, 5.9 Hz, H-1a), 442 (1H, dd, J=8.4, 7.9 Hz, H-
1b), 4.69 (1H, dddd, /=7.9, 5.9, 2.4, 0.7 Hz, H-2), 1.65 (1H, ddd,
J=14.0, 13.1, 2.4 Hz, H-3a), 1.92 (1H, ddd, /=13.1, 5.2, 0.7 Hz,
H-3b), 1.97 (1H, qdddd, J=6.4, 14.0, 12.5, 5.2, 5.0 Hz, H-4), 1.48
(1H, dd, J=12.5, 12.5 Hz, H-5a), 2.58 (1H, dd, J=12.5, 5.0 Hz, H-
5b), 1.80 (1H, m, H-7a), 0.92 (1H, m, H-7b), 1.80 (1H, m, H-8a),
1.51 (1H, m, H-8b), 4.10 (1H, s, H-11), 2.13 (1H, ddd, J=11.6,
11.5, 4.2 Hz, H-13), 2.29 (1H, dd, J=17.8, 11.5 Hz, H-14a), 2.42
(1H, dd, J=17.8, 4.2 Hz, H-14b), 5.90 (1H, s, H-16), 2.62 (1H,
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m, H-18), 2.52 (1H, m, H-19a), 2.64 (1H, m, H-19b), 2.88 (1H, s,
H-21), 2.52 (1H, d, J=14.3 Hz, H-23a), 3.22 (1H, d, J=14.3 Hz,
H-23b), 1.22 (3H, s, 25-CH3), 2.00 (3H, s, 26-CH3), 1.00 (3H, s,
27-CHs), 1.14 (3H, s, 28-CHs), 0.91 (3H, d, J=6.4 Hz, 29-CH3),
3.67 (3H, s, -COOCH;); *CNMR & =98.6 (C-11), 142.2 (C-10);
EIMS m/z 495 (M*).

Hydrolysis of Methyl Ester 17: To a dioxane (0.5 ml)
solution of methyl ester 17 (3.1 mg, 6.2 pmol), 1.2 M HCI (1.5
mL) was added, and the mixture was stirred at reflux temperature
for 12 h. After evaporation, the residue was purified by PTLC
(CH30H:CHCl3=1:9, R; 0.27) to provid 1.
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