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Abstract

Standishinal (1), a new irregular abietane-type diterpenoid, was isolated from the bark of Thuja standishii and
the absolute stereostructure was established by 2D NMR and X-ray crystallographic analyses. It was found that
treatment of 12-hydroxy-6,7-seco-abieta-8,11,13-triene-6,7-dial (2) with BF3-OEt, at 0°C in CH,Cl; furnished
compound 1. © 1999 Elsevier Science Ltd. All rights reserved.

The CHCI; extract (560 g) of the fresh stem bark (2.6 kg) of Thuja standishii (Cupressaceae) was care-
fully chromatographed on a silica gel, Sephadex LH-20, and medium-pressure liquid chromatography
column (ODS) to give a novel skeletal diterpenoid, standishinal (1, 78 mg) and two known compounds,
12-hydroxy-6,7-seco-abieta-8,11,13-triene-6,7-dial (2, 34 mg),! and 6c-hydroxysugiol (3, 3 mg).2 In
this communication, we report the absolute stereostructure of 1 and its biomimetic synthesis from 2.

1 R'=OH,R’=H 2 3
1a R'=0Ac,R?=Ac
1b R'=H, A%®, R? = p-BrCH,CO
Standishinal (1) has the molecular formula CyoH,303 (m/z 316.2021) deduced by the high-resolution
MS spectrum. The UV and IR spectra showed the presence of a hydroxyl group (Vmax 3327 cm™!), a
conjugated aldehyde group [Amax 288 nm (log € 4.1); Vinax 1662 cm™!] and a benzene ring (Vinax 1609,
1578 cm™!). The DEPT spectrum showed five methyl groups, three methylene groups, two methine
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groups, two quaternary carbons, a hydroxy methine group, an aldehyde carbon, an sp? methine and
five sp? quaternary carbon atoms. The 'H and !3C NMR spectra (Table 1) showed three tertiary methyl
groups (8y 1.17, 1.19 and 1.25), an isopropyl group attached to a benzene ring [0y 1.24, 1.25 (each
d, J=7.0 Hz) and 3.27 (1H, septet, J=7.0 Hz)], a secondary hydroxyl group [dn 5.40 (1H, d, /=10.0
Hz); 8¢ 75.5 (d)], and a pentasubstituted benzene ring [0u 7.69 (1H, s)]. The presence of a phenolic
hydroxy] group was proved by the fact that acetylation of 1 afforded a diacetate (1a)* [8y 2.12 and
2.27 (each 3H, s)]. The HMBC spectrum (Fig. 1) indicated the long-range correlations between H-6
and C-5, C-11 and C-12, and between H-7 and C-8, C-9 and C-14. Furthermore, in the 'H-'H COSY
spectrum (Fig. 1), H-6 was correlated with only H-5. Therefore, 1 has a novel 6(7—11)abeo-abietane
skeleton bearing two hydroxyl groups attached at C-6 and C-12, and a formyl group at C-8. The relative
stereochemistry of 1 was defined by a NOESY experiment (Table 1). Significant NOEs were observed
between: (i) H-6B and H-19 and H-20; and (ii) H-7 and H-14 and H-20. Thus, the relative stereostructure
of 1 was proved as depicted. In order to determine the absolute stereostructure of 1, we conducted the
X-ray crystallographic analyses of 1° and 1-p-bromobenzoate (1b)® in which the C-6 hydroxyl group
was dehydrated. The absolute configuration of 1b was determined using anomalous scattering factors
of the bromine atom and the Bijovet reflection data. Fig. 2 shows the ORTEP view of 1 and 1b, and
the absolute stereostructure was established as shown in 1. Standishinal (1) possessing a novel carbon
skeleton, 8-formyl-6(7—11)abeo-abietane, is the first example in nature.

Table 1
'H and *C NMR data for 1 (in CDCl,)?

Position  'H (500 MHz, J in Hz) C(125 MHz) NOESY

la 1.76 ddd (12.0, 12.0, 4.0) 38.4 (1) 1B, 2

B 2.46 dt (12.0, 3.0) la, 20, 2B, 7, 20
20 1.70 m 19.9 (1) la, 1B, 2B, 3B
B 1.88 m 1B, 20, 3B, 19, 20
Ja 125 m 41.0 (v) lo, 50, 18

] 1.53 dt (13.5, 3.5) 2a, 2P

4 - 334 (s)
50 1.83 d (10.0) 67.2 (d) 18
6B 5.40 d (10.0) 75.5 (d) 19, 20

7 1021 s 189.9 (d) 1B, 14, 20

8 - 153.9 (s)

9 - 124.5 (s)

10 - 46.8 (s)

11 - 127.2 (s)

12 - 157.3 (s)

13 - 134.5 (s)

14 7.69 s 128.5 (d) 7,16,17

15 3.27 septet (7.0) 26.5 (d) 16, 17

16 1.24 d (7.0)° 223 (@) 14, 15, 17

17 1.25 4 (7.0)° 22.4 (qF 14, 15, 16

18 1.17 s 22.0 (q) 3a, 5o

19 1.19s 34.0 (9 2B, 68, 20
20 126 s 23.9 (q) 2B,6B,7, 19

* Assignments were made by 'H-'H COSY, HMQC, HMBC and NOESY data.
be Assignments in each column may be interchanged.
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< >, OH = H.!H COSY

~—» HMBC(H10C)

Figure 1. 'H-'H COSY and HMBC correlations of 1

Figure 2. ORTEP drawing of 1 and 1b

From the biogenetical viewpoint, 1 was considered to be biosynthesized from 2 by attack of the
C-11 double bond on the C-6 aldehyde group. An attempt to convert compound 2 to compound 1
was successful (Scheme 1). Treatment of 2 (5 mg) with BF3-OEt, (20 pl) in dry CHCl; at 0°C for
2 h afforded 1 (1.2 mg, [a]p?® -73.6 (¢ 0.25, CHCl3)) and the 6B-epimer of 1 (Ic, 0.7 mg).” The
former product was identical with natural compound 1. This chemical correlation confirmed the possible
biosynthetic pathway of 1 from 2 in the plant organ.

BF3OEt;

———
in dry CH;Cl,
0 °C, stirred for2 h

1c

Scheme 1.
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3. Compound 1: colorless needles, mp 164-165.5°C (n-hex-CHCl3), [¢]p?* -90.7 (¢ 0.56, CHCl;); HREIMS m/z 316.2021
[M]* (caled. CaH2303: 316.2037); UV Apax (EtOH): 288 nm (log € 4.1); IR (film) Ve cm™; 3327 (OH), 1662 (Ph—CHO),
1609, 1578 (benzene ring), 1261 (Ph-C-O-); EIMS m/z (rel. int.): 316 [M]* (32), 298 (92), 255 (31), 242 (27), 229 (83).

4. Compound 1a: colorless needles, mp 136-137°C (n-hex-EtOAc), []p? +19.1 (c 0.33, CHCl3); IR (film) Vpnax cm™!: 1770
(Ph—OAc), 1738 (OAc), 1688 (Ph—CHO), 1609, 1574 (benzene ring); EIMS m/z (rel. int.): 340 [M—HOACc]* (8), 298 (100),
283 (76), 229 (85), 199 (19), 43 (13); 'H NMR (CDCls): 6 0.94 (3H, s, H-19), 1.14 (3H, s, H-18), 1.20 and 1.22 (each
3H, d, J=7.0 Hz, H-16 and H-17), 1.26 (1H, m, H-3a), 1.30 (3H, s, H-20), 1.51 (1H, dt, J=13.5, 3.0 Hz, H-3B), 1.72 (1H,
m, H-2a), 1.88 (2H, m, H-1ax and H-2B), 2.08 (1H, d, J=10.0 Hz, H-5at), 2.12 and 2.27 (each 3H, s, -OCOMeXx2), 2.45
(1H, dt, J=12.0, 3.0 Hz, H-1B), 2.92 (1H, septet, J=7.0 Hz, H-15), 6.52 (1H, d, J=10.0 Hz, H-6B), 7.82 (1H, s, H-14),
10.42 (1H, s, H-7); *C NMR (CDCl5): 6 19.9 (t, C-2), 20.8 and 21.5 (each g, -OCOMex2), 22.0 (q, C-18), 22.7 and 23.2
(each q, C-16 and C-17), 25.4 (g, C-20), 27.1 (d, C-15), 32.7 (g, C-19), 33.2 (s, C-4), 38.8 (t, C-1), 40.9 (1, C-3), 46.9 (s,
C-10), 63.2 (d, C-5), 73.2 (d, C-6), 127.8 (d, C-14), 128.5 (s, C-9), 129.9 (s, C-11), 140.3 (s, C-13), 149.6 (s, C-8), 155.0
(s, C-12), 168.3 and 170.7 (each s, -OCOMex2), 190.1 (d, C-7).

5. The crystal data for 1 are as follows: data were acquired with a Rigaku AFCS5R diffractometer, Cu-Kat radiation
(A=1.54178 A), graphite monochromated, orthorhombic, C2oH2303 (MW: 316.441), space group P2,2,2; with a=9.684
(3), b=23.019 (11), c=8.073 (3) A, V=1799 (1) A3, Z=4, and D(c,y=1.1680 g cm™'. The final R value was 0.128 for 1117
reflections. The supplementary materials have been deposited at the Cambridge Crystallographic Data Centre.

6. The crystal data for 1b are as follows: orthorhombic, C;7H2003Br (MW: 481.430), space group P2,2,2, with a=14.132
(3), b=25.144 (9), c=6.660 (3) A, V=2366 (1) A3, Z=4, and Dcac)=1.3513 g cm!. The final R value was 0.0825 for 2311
reflections. The supplementary materials have been deposited at the Cambridge Crystallographic Data Centre.

7. Compound Ic: IR (film) Vya cm™': 3360 (OH), 1665 (Ph-CHO), 1607, 1562 (benzene ring); EIMS m/z (rel. int.): 298
[M-H;0}* (56), 283 [M-H,0-Me]* (42), 255 (9), 242 (13), 229 (100); 'H NMR (CDCl3): § 1.25 3HX2, s, H-18 and
H-19), 1.28 (3H, s, H-20), 1.30 and 1.32 (each 3H, d, J=7.0 Hz, H-16 and H-17), 3.20 (1H, septet, J=7.0 Hz, H-15), 5.25
(1H, br s, H-6), 7.55 (1H, s, H-14), 10.24 (1H, s, H-7).



