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Keywords Summary

Taiwania cryptomerioides  ope of the color substances, taiwanin A, was isolated from TaiwEaiisania cryptomerioideslayata)

Color substances heartwood. According to thEC-NMR, 'H-NMR, HSQC, HMBC, and NOE difference spectroscopy
Taiwanin A ] analyses, the diene structure of taiwanin A was reconfirmed to béathg-trans formulation. In
Conversion mechanism addition, it was proven that deep orange crystalline taiwanin A changed to white and pale yellow
Taiwanin C compounds, taiwanin C and taiwanin E, after light irradiation. The conversion mechanism of taiwanin
Taiwanin E A into taiwanin C and taiwanin E is also proposed and discussed in this study.

Introduction litols, and one steroid were isolated from Taiwania (Wang

gt al. 1997). However, there are very few researchers, who

Color is one of the most important properties of wood, an - . . e
NS . investigated the relationship between the color variation and
people also use this distinct property as the essential factor

to evaluate the value of wood species. Taiwahdnania &tractives of Tawania. Changt al. (1996) had dis-

- . . . criminated preliminarily which fraction of heartwood ex-
cryptomerioidesHayata) is an economically important tree . : . -

N . . .tractives causes the discoloration. In addition to that study,
species indigenous to Taiwan. The heartwood of Taiwania . . . .
. . . C . . Wwe try to illustrate the chemical constituents that contribute
is yellowish red with distinguished purplish pink streaks.

: ; . . to the color of Taiwania heartwood and their mechanisms
According to the custom of Taiwanese, Taiwania should b .

L2 : ﬁf structure conversion.
a fascinating wood species. Unfortunately, the color o
Taiwania heartwood is susceptible to change to dull black )
after exposure it to natural environment. This discoloratioratérial and Methods
is a serious problem that decreases the value of Taiwanieneral
products. In our previous study (Waegal 1994), it was HPLC was performed with a Jasco model PU980 pump equipped
proven that the color change in Taiwania heartwood fromith a Jasco UV970 UV detector and the column used was a Hibar
ye”OW|sh red toward b|u|sh green was Caused by théichrosorb Si 60 (25< lcm |d) The IR SpeCtI’um was recorded

; ; n a Bio-rad model FTS-40 spectrophotometer. The EIMS and
combined effects of light and oxygen. Moreover the COIOI&REIMS were obtained on Finnigan MAT-958 Mass spectrometer.

was also darke_ned and eventually turns to b!ack in t_h?he NMR spectra were recorded on a Bruker Avance-500 MHz
presence of moisture. Overall the pronounced discoloratiogr.NwmR. Light irradiation was made by a plant lamp.

on the surface of Taiwania heartwowads mainly induced _ o
by the light with wavelengths in the range of 350—450 nmEXtraction and isolation
On the other hand, we had also effectively retarded th&iwania used in this study was collected from the Experimental

color change of Taiwania by surface treatments (Cteing Forest of National Taiwan University. Talwar_ua h_eartwc_)od chips
| 1998) | der to furth t the di lorati fWere prepared from a green cut tree. The air dried chips (5.7kg)
al. )- n OT er to turther prevgn e disco ‘?ra 10N Olyere exhaustively extracted with methanol (MeOH). The extrac-
heartWOOd, it is eXpeCted to |dent|fy the extractives Contives were condensed ta 286491 then extracted withthex-
tributing to the discoloration and to understand their conane (-CgH,), chloroform (Chl.), ethyl acetate (EtOAc), and
version mechanisms. With regard to the investigation ofnethanol (MeOH), successively. After removing solvents from

Taiwania extractives which have been reported by manfe combined extractives, theCgH,, Chl.,, EtOAc, and MeOH

researches, nine lignans, eight flavones, twenty one se oluble fractions and MeOH insoluble fraction were obtained.
’ ’ ’ ompound1, orange crystals (230mg), was separated during

quiterpenoids, eighteen diterpenoids, three lipids, two CyCéondensing then-CgH,, fraction volume to 50%. White solids
and pale yellow solids, compoun2l and compound3, were
separated from the conversion compounds that derived from
Y This study was supported by a grant (NSC-84—2321-B-002—123yompoundl after irradiating by plant lamp and then purified by
from the National Science Council of R. O. C. using HPLC (CHCI, : EtOAc =50 : 50, flow rate = 4ml/min).
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Light irradiation of compound 1

Two specimens of compourid(35 mg) were dissolved with 50ml
chloroform and 50ml acetone, respectively. Both solutions were
irradiated by plant lamp under stirring. The conversion compounds
that induced by light were traced and collected by HPLC.

Taiwanin A

Orange crystal, m.p. 201-202°C; HREIMS fogd€ O, found
350.0783, required 350.0786; W¥'®'s max. 268 and 365nm; IR

v max.: 1753, 1630, 1615, 1578, 1485, 1367, 1244, 1165, 1030,
925, 805cr; NMR: see Table 1.

Taiwanin C

White solids, m.p. 267-270°C HREIMS for,8,/0, found
348.0636, required 348.0639*H-NMR (in CDCL) 3 (ppm): 5.35
(2H, s, lactone C}), 6.03 (2H, s, C ring O-CHO ), 6.06 (2H,
d, J=1.3Hz, A ring O-CHO ), 6.77 (1H, dJ=7.8Hz, H-6),
6.78 (1H, s, H-J, 6.93 (1H, d, J=7.8Hz, H% 7.09 (1H, s,
H-5), 7.17 (1H, s, H-2) 7.66 (1H, s, H-7).
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Peak 2
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i
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Fig. 2. HPLC chromatograms of taiwanin A in chloroform after
Taiwanin E plant lamp irradiation for O to 120 0h; b: 24 h;c: 48h;d:120h.

Pale yellow solids, m.p. 267-269°C HREIMS foi4€, O, found
364.3090, required 364.067%-NMR (in CDCL) & (ppm): 5.34
(2H, s, lactone Ch), 6.11 (2H, dJ=2.0Hz, C ring O-CHO ),
6.16 (2H, s, A ring O-CHO ), 6.70 (1H, ddJ=8.0, 2.0Hz,
H-6), 6.81 (1H, dJ = 2.0Hz, H-2), 6.84 (1H, s, H-5, 7.02 (1H,
s, H-5), 7.60 (1H, s, H-2).

Results and Discussion

Compoundl was separated as orange crystals, and its
molecular formula, H,/0s was determined by analyz-
ing its HREIMS molecular ion at m/z 350.0786. The

Scheme
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Fig. 3. HPLC chromatograms of taiwanin A in acetone after plant
lamp irradiation for 0 to 120k: Oh; b: 24h;c: 48h;d: 120h.

A ) -NMR spectrum of compound showed 20 carbon
ol g signals, including twelve aromatic carbon&. (149.48,
" W 147.63, 146.37, 146.24, 130.91, 129.49, 125.88, 122.66,

" 108.83, 107.88, 106.95, 106.95), 4 olefinic carbofs (
s 136.60, 128.22, 125.36, 119.48), one carbonyl carbgn (

- 173.03), and three methylene carbods 101.29, 100.97,
a 0 71.16). In the’H-NMR spectrum, the presence of two
- methylene protonsd(; 4.98, 4.98), six aromatic protons
(64 6.68, 6.50, 6.43, 6.43, 6.23, 6.10), four methylen-
edioxy protons &, 5.81, 5.81, 5.75, 5.75), and two vinyl
¥ . MOE comelations protons 8, 7.56, 6.51). The carbon and proton numbers

kg rampe cormelations

based on the!®C- and H-NMR spectroscopies were
consistent with those of HREIMS.The assignment of

Fig. 1. *H-*C long range correlations and NOE correlations ob-proton and carbon atoms, moreover, was reconfirmed by
served for taiwanin A two-dimensional homonuclear chemical shift-correlation
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Table 1 *H and™¥C NMR chemical shift data of taiwanin A (ppm, cis-cis formulation reported by Swobadet al. (1967)
in CDCL) because there were no NOE effects between 7-H ‘aHd 7
But according to our spectral data obtained from natural

Positions C H NOE taiwanin A, bothtrans-trans and cis-trans formulations

1 13091 were possible. Based on the results of &aal. (1995),

5 107.88  6.10(s) we believed that the_ structure of talv_vanln A may _be the
3 147 63 trans-transconformation. The correlation observed in the
4 146.37 heteronuclear multiple bond correlations (HMBC) and the
5 106.95  6.43(s) NOE spectrum of _taiwanin A was shown i_n Figure 1._

6 122,66 6.43(s) In.ordgr to eIuc@ate the photod.egratlJIatlon mechanisms
7 12536 6.51(s) of taiwanin A, we dissolved ta|W_an|n_A_|nto two _solvgnts,
8 119.48 chloroform and acetone. After irradiation of taiwanin A
9 71.16 4.98 solutions with plant lamp under stirring, the changes of

(d,J=47) enhance 7-H (10.5%) taiwanin As structure were monitored by HPLC. Figure 2
3-0-CH-0-4 100.97 5.75(s) demonstrates the HPLC chromatograms of taiwanin A in
chloroform after plant lamp irradiation for 0 to 120h

;, 15::32 6.23 (mobile phase: C}Cl,: EtOAc =50:50, flow rate:
(d,J=16) 4ml/min, injection sample volume: R0. Before light

3 146.24 exposure, t.here was only one peak 1 (taiwanin A, retention

& 149 .48 time: 4.1 min) which appearea (n Fig. 2). However, two

5 106.95 6.50 new peaks, peak 2 (retention time: 4.3min) and peak 3
(dd,J = 8.1Hz, (retention time: 4.5min), generated after 24h plant lamp
J=1.6Hz) irradiation p in Fig. 2). Finally, the peak 1 almost disap-

6 125.88 6.68 peared after 120h light irradiation. Compourziland 3
(d,J=8.1Hz) respectively, were collected from peaks 2 and 3 by HPLC.

7 136.60  7.56(s) enhanceB (3.9%)  According to the results obtained frof-NMR, mass

6'-H (7.1%) spectrum, and the comparison of HPLC retention time using

8 128.22 the standard compounds, compourand 3 were con-

9 173.03 firmed to be taiwanin C and taiwanin E, whose structures

3-0-CHyO-4 101.29 5.81(s) were elucidated by Liet al. (1967). At the same irradiation

condition, only the peak 2, taiwanin C, was generated after
120h light exposure in acetone solution (Fig. 3). Moreover,
based upon the integral ratios of these three peak areas in

spectroscopies'-'H COSYs) and heteronuclear single pln‘fer.er?t |rr.ad|at|on time, we .found' out that, after 12.0h
érradlatlon in chloroform solution (Fig. 4), the conversion

quantum coherence (HSQC). All NMR peaks could b ratios of taiwanin A into taiwanin C and taiwanin E were

assigned completely as shown in Table 1. The spectr91 7% and 28.8%, respectively. On the other hand, 92 %

data of compoundl were in good agreement with tai- . . ! . ) i
wanin A (Lin and Wang 1965). However, the determina—?alwamn A was converted into taiwanin C after 120h

. . . . irradiation in acetone (Fig. 5). It was a very interesting
tion Of.the structure of ta|wan|_n A has beef‘ co_nfusmg henomenon that, after light irradiation, different conver-
According to the structure assignment of taiwanin A b

. ) . sion products were derived from taiwanin A in these two
Lin and Wang (1965), they assigned it to be @n P

9 2 . solvents. In conclusion, it is obvious that after exposure to
B_-bls(plp_eronyllc_iene)/—butyrolactone, and the configura- light deep orange crystalline taiwanin A changed to white
tion of diene iscis-transform. But, Swobodat al. (1967)
proposed that the geometry of the diene shouldibeis
formulation. Based on the opinion of Swobadt al
(1967), moreover, they declaréchns-transform will not
exist because of severe steric interaction between the twc
aryl groups. In order to distinguish the stereochemistry of
taiwanin A, Saiet al. (1995) synthesized all isomers of
taiwanin A. The chemical shifts of the two vinyl protons
of all the isomers prepared were compared with the
natural taiwanin AsH-NMR chemical shifts that reported
by Lin and Wang (1965). From x-ray analysis, they
assigned taiwanin A wasrans-trans conformation. For
elucidating the detail sterochemistry of taiwanin A, the
nuclear Overhauser enhacement (NOE) difference spec: Exposure time (h )
troscopy was performed to show the spatial relationshipgig 4. The process of conversion of taiwanin A to taiwanin C and
of protons. The results obtained were summarized ifaiwanin E in chloroform during 120h by using plant lamps
Table 1. It was no doubt that taiwanin A should not berradiation @: taiwanin A;l: taiwanin C;A: taiwanin E).

s: singlet, d: doublet, dd: doublet of doublets.
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10 ¢ and pale yellow compounds, taiwanin C and taiwanin E.

Furthermore, the UV absorbance spectra of the taiwanins
A, C, and E (Fig. 6) also revealed that taiwanin A lost its
yellow appearance after conversion into taiwanin C and
taiwanin E. Based upon these results, it is speculative that
the taiwanins C and E identified in the previous papers are
probably derivatives generated during the isolation of Tai-
wania extractives, which means that they may not be
existent in the heartwood of Taiwania.
Figure 7 represents the proposed conversion mechanism
0 20 40 €0 80 100 120 of taiwanin A into taiwanin C and taiwanin E. In order to
Exposure time (h ) release the strain, taiwanin A underwent Micheal addition
Fig. 5. The process of conversion of taiwanin A to taiwanin C int,0 give cyclic Int.err‘rlledlaté Wh'c_h foIIowe_d tautpmerlza-
acetone during 120h by using plant lamps irradiati®n (ai-  tion and aromatization to form intermedideThis inter-
wanin A; l: taiwanin C). mediate revealed a peak with a retention time at 4.0min in
Figures 2 and 3. Due to sensitivity to oxygen, this inter-
mediate has been reported with taiwanin A as sensitizer, the
intermediate5 reacted with'O, to produce unstable hy-
| [ drogen peroxide produ@& which followed two pathways.
.if:"l The formation of taiwanin C wasia 1,4-elimination to
Fili) remove HO, (path a).Via second pathway b, the water
| :' i rl..f'“‘* elimination led to yield keto intermediafethat followed to
i P | l\,\ prc_)duce taiwanin E by tautomerization. Because taiwanin
,F-/': ", "'. 4 ‘-... C is more stable than intermedidtgt is only a product in
|l -,w-_rf"l L acetone solution or a major product in chloroform solution.

80 -

60 -
X
40 -

£

Abgbilxis

iy % Conclusion
;"" 1 200 ':,l":_ ks The heartwood of TaiwaniaTgiwania cryptomerioides
Hayata) is yellowish red with distinguished purplish pink
streaks. Unfortunately, the color of Taiwania heartwood is
susceptible to change to dull black after exposure it to natural
Fig. 6. UV absorbance spectrum (in CHECbf taiwanins A, C,  enyironment. This discoloration is a serious problem that
and E (—taiwanin A;.-.-: tawanin C;. - - : taiwanin E). decreases the value of Taiwania products. In order to prevent
the discoloration of heartwood, it is a need, to identify the
extractives contributing to the discoloration and to under-
stand their conversion mechanisms. One of the color the
substances, taiwanin A, was isolated from Taiwania heart-
wood. Although the structure of taiwanin A had been deter-
mined already several years ago, the diene structure of Tai-
wanin A has been confused. According to ti@e-NMR,
'H-NMR, HSQC, HMBC, NOE difference spectroscopy
analyses and x-ray diffraction, the diene structure of taiwanin
A was reconfirmed to be thieans-transformulation. Ac-
cording to the results of light irradiation experiments,
whether in chloroform or acetone, deep orange crystalline
taiwanin A could be converted into white taiwanin C and pale

Wavelgngil {mm)

O

. ‘j‘/ yellow taiwanin E. Based on the results obtained it is obvious
Taiwanin C (b] that the discoloration, generating from the photolysis of
\ . . :
i Taiwanin A, could be one of the reasons to cause the disap-

pearance of yellowish red color of Taiwania heartwood.
Some other reasons leading to the dull black of Taiwania
heartwood after exposure to the ambient conditions are under
investigation and will be reported in the near future.
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