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Abstract-Besides SIX labdane-type dlterpenes, three new compounds of geranyl trans-coumarate, epitorusolyl CIS- 
coumarate and dlterpenold y-hydroxybutenohde, were Isolated from leaves of Calocedrusjiirmosana. 

INTRODUCTION 

The constituents of the heartwood of Calocedrus formos- 
ana, a member of Cupressaceae mdlgenous to Taiwan 
[ 11, have been extensively investigated m this laboratory 
[2-51. In addition to a large quantity of terpenold acids, 
such as shonamc, thujic and chammlc acids, the wood 
also contains tropolones, monoterpenes, naphthalene- 
type sesqulterpenes, dlterpenold phenols, and hgnans of 
hmokmm, hlbalactone, and calocedrin We herem report 
the terpenoldal components isolated from leaves of this 
economically important tree 

RESULTS AND DISCUSSION 

By means of repetltlve chromatography and crystalhz- 
atlon, one monoterpenold derlvatlve and eight diterpenes 
(Table 1) were isolated from C formosana. SIX known 
dlterpenes were identified as phytol (2) [6, 71, trans- 
commumc acid (3) [8, 91, lsocupresslc acid (5) [lo], the 
acetate of lsocupresslc acid (6) [ 111, agatholal(7) [ 12, 133, 
and pmosohde acid (8) [14-161 from their physical and 
spectroscopic properties (mp, [a], IR, MS, ‘H and 
13CNMR) Their pertinent 13C NMR data are listed m 
Table 2. The novel monoterpenold derivative (M+ at m/z 
300) was assigned as geranyl trans-coumarate (1) The IR 
absorptions at 1678 and 1629 cm-‘, the UV absorption 
at 308 nm, as well as the base peak at m/z 147, revealed 
that 1 contained a p-hydroxycmnamoyl moiety The 
trans-configuration was inferred from a large coupling 
constant of 16 0 Hz between two vinyl protons [ 171 The 
geranyl portion was determined by comparing the ‘H 
and 13C NMR spectra with those of geramol and geranyl 
acetate [18] The chemical shifts of C-4 (639.45) and C-10 
(6 1648) for structure 1 are close to those of geranyl 
acetate (6 39 65 and 16 05), but different from correspond- 
mg signals of neryl acetate (631 34 and 23.56) Sapomfi- 
cation of compound 1 afforded geramol and trans-coum- 
arlc acid, thus confirming the structural assignment of 1. 

Compound 4 (M + at m/z 452) contained a coumaroyl 
moiety as inferred from E.,,, at 308 nm and the base peak 
at m/z 147 However, the double bond was m the CIS- 
configuration as two vinyl protons had a relatively small 
coupling constant of 12.6 Hz, compared with 16 0 Hz in 

compound 1 [ 171. This assignment was supported by 
sapomficatlon of 4 to give cts-coumanc acid as a pre- 
dominant product The other sapomficatlon product was 
found to be 13-epltorusolol (19-hydroxy-13-epimanool), 
mp 108-loo”, [r]i5+422’ (ht. [12, 19, 203 ill-112”, 
[@Ii’ f42 3”). The methylene protons at C-19 (63.42 and 
3 65, AB quartet) m l3-epltorusolol shifted to lower fields 
(S3 88 and 4 15) m ester 4 Thus, the ester linkage m 4 
must be formed by the 19-hydroxyl group and cis- 
coumarlc acid 

The new dlterpenold y-hydroxybutenohde 9, mp 
175-176”, was determined as 16-hydroxy-labda-8(17),13- 
dlene-15,19-dlolc acid butenohde from its spectroscopic 
properties Compound 9 actually comprised two C-16 
eplmers (11 14) as shown by two H- 16 resonances m the 
‘H NMR spectrum at 65 94 (br s) and 5 97 (br s) as well as 
by two C-16 resonances at 698.8 (d) and 99.3 (d) The 
appropriate IR absorptlons for carboxyhc acid and con- 
jugated y-lactone appeared at 3OOG2500, 1685 and 
1728 cm- ’ On treatment with a small amount of sodium 
methoxlde m CD,OD, compound 9 underwent a nng- 
opening reactlon to exhibit a red shift of UV absorptlons 

Table 1 R, values and percentage 

contents of terpenolds 1-9 obtamed 

from Calocedrus formosana 

Compound R; Content (%) 

1 0 54 1 17 

2 069 083 

3 047 23 52 

4 0 37 3 33 

5 047 039 

6 049 194 

7 043 1 49 

8 034 1254 

9 0 10 190 

*The samples were run on a silica gel 

plate developed with ethyl acetate- 

hexane (3 7) 

1173 
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OR 

5 R = Ii, Y = OH 

6 R = AC, Y = OH 

7 R=Y=H 

9 

and to give a new slgnal m the ‘HNMR spectrum at 
68 54 attributable to the resonance of an aldehyde proton 
c211 

In summary, three novel terpenolds 1, 4 and 9 were 
Isolated from C formosana The maJor dlterpenoldal 
components m leaves of this plant are rrans-commumc 
acid (3) and pmusohde acid (8) 

EXPERIMENTAL 

Plant materzul Calocedrus formosana (Florm) Florm was 
collected m the Talchung county Leaves (1 34 kg) were arr-dned 

and exhaustively extracted with Me&O After removal of 
solvent, the residue was extracted several ttmes with hexane, 

followed by extraction with EtOAc The extractlve of EtOAc was 
coned to give 18 8 g of dark brown VISCOUS 011 The 011y sample 

was absorbed on 48 g of slhca gel and subJected to CC (packed 

with 250g of sllrca gel) with elution usmg a hexane-EtOAc 

gradlent. Isolated compounds were further purified by crystalhz- 
atlon or by HPLC on a Waters p-Poras11 column 

8 

Geranyl trans-p-hydroxyctnnamate (1) An o11y sample, 
UV,i~~~‘~ nm (c) 238 (11750), 308 (30200) IR VT;; cm-’ 3347. 

1678. 1629, 1604, 1585, 1512, 982, 832 MS nliz (rel mt.) 300 

[M]+ (6),231 (lo), 164(90), 147(100), 136(85), 121 (80),93(75).92 

(60), 80 (80), 69 (40). 41 (50) ‘H NMR (CDCI,. 300 MHz) d 1 58 

(3H, F, Me-9), 166 (3H, \, Me-X), 1 71 (3H, F, Me-IO). 2 02-2 11 

(4H,m),472(2H,d.J=72 Hz), 507(lH, hrs,H-6), 540(1H,t,J 

=72Hz),628(1H,d,J=160Hz).685(2H,d,J=86Hz),735 

(2H. d, J =8 6 Hz), 7 62 (1 H, d, J = 16 0 Hz) ‘jC NMR (CDCI,, 
75 MHz) b 16 5 (4, C-lo), 17 6 (4. C-8). 25 6 (q, C-Y), 26 2 (r. C-5), 
39 5(t, C-4), 61 6(t, C-l), 115 O(d, C-3’), 115 9(d, C-6’. C-X’), 118 1 

(d, C-6). 123 7 (d, C-2), 126 7 (\, C-4’), 130 O(d, C-5’, C-9’), 131 8 (s, 

C-7), 142 5 (s, C-3). 145 0 (d, C-2’), 158 3 (s. C-7’), 168 2 (s, C-l’) 

Treatment of compound 1 with KOH by d slmllar procedure for 

saponification of 4 gave products of geranlol and trunr-p- 
hydroxycmnamlc acid 

13S-Lahda-8(17),14-drene-13-(c~s-p-h~droxycrnnamoxy)-19-01- 

(4) An 011y sample, [a];” + 78 (CHCI,, c I 0) UVi~~~“nm (E) 

240 (lOCOO), 308 (13490) IRvE;;ccm ~1 3391, 1704. 1601, 990, 

907 MS m/z (rel mt ) 452 [M]’ (1) 434 (5). 288 (14), 270(25), 257 
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Table 2 13C NMR spectral data of compounds 39 (CDCI,, 75 MHz, 6) 

1175 

c 3 

1 39 2 

2 198 

3 38 4 

4 44 I 
5 56 3 

6 25 8 
7 37 7 

8 147 8 

9 56 2 

IO 40 3 

11 23 3 
I2 141 5 

I3 1334 

14 133 8 

I5 109 9 

I6 118 

I7 1076 

18 290 

19 1837 

20 128 

4 5 6 7 8 9 

394 39 1 389 38 2 39 I 39 2 

178 209 197 190 198 210 

340 37 8 37 7 34 I 38 6 38 6 

442 44 I 440 48 4 442 445 

560 56 2 56 2 557 56 2 56.6 

244 260 25 9 23 8 25 9 26.7 

360 38 3 38 2 34. I 37 8 37 8 

147 1 147 8 147 6 1470 147 3 147 2 

560 554 55 2 54 5 55 6 56 3 

39 4 40 3 402 39 7 50 4 41 I 

20 5 22 7 21 6 21 7 21 8 21 1 

38 7 386 38 5 38 I 28 9 26 8 

746 1402 1426 1393 1439 170.2 

143 6 1228 1179 1232 134.8 117 I 

1156 59 I 61 3 58 8 70 I 1702 

27 2 163 163 16 1 1744 99 3* 

1133 1064 1063 1070 1068 1068 

23 2 28 9 28 8 24 1 28 9 28 9 

66 7 1833 1839 205 6 1838 I83 1 

177 127 126 133 127 127 

*Signal for the major Isomer The correspondmg sIgnal of the minor Isomer 

appeared at 6 98 8 

(17). 189 (44), 164 (6), 147 (LQc!),~UL(7) ‘HN_MR_(CDCI,) 60 74 

(3H, s. Me-lo), 0 87 (3H, s, Me-4), 1.08 (3H, s, Me-13), 3.88 (lH, d, 
J=1lOH~),415(lH,d,J=11OHz),493(1H,brs,H-17),4.98 

(lH,brs, H-17), 501 (lH, br d, 5=1lOHz), 524(1H, brd,J 

=176Hz), 574 (lH, d, J=126Hz), 629 (lH, dd, J=176, 

11 0 Hz), 6 75 (2H, d, J = 8 0 Hz), 6 77 (lH, d, J = 12 6 Hz), 7.52 

(2H, d, J = 8 0 Hz) Compound 4 (52 mg) was treated with KOH 

(1 N in 4 ml of 95% EtOH) After reflux for 5 hr, the nuxture 
was dduted with H,O and extracted with Et,0 The ethereal 

phase was concentrated to afford 34 mg of colourless sohds 
ldentlcal to 13-epitorulosol The aq phase was aclchfied with 

HCI and extracted with Et,0 to give 18 mg of p-hydroxy- 

cmnanuc acid as a mixture of CIS- and trans-Isomers m a ratlo of 
3 1 

16-Hydroxy-labda-8( 17), 13-dlene-15,19-dlorc acrd butenohde 
(9) uv A::” nm (E) 208 (2372); m the presence of KOH, 204 
(5472), 228 (3257), 254 (16i2) IR v$ti cm-’ 3373, 3000-2500, 

1728, 1685, 1207,1139,890 MS m/z (rel mt ) 348 [M]’ (6), 330 

(22), 284 (lo), 235 (28), 189 (38). 167 (46), 121 (lOO), 105 (18), 81 
(.7X$. 1 H_N.M_R &Df&.!. &cl40 !.lkII_ 3, !%4& Kq,_ 122(2.sr,. 9, Mw!j,. 
448 (lH, br s), 488 (lH, br s), 5.83 (lH, br s), 594/597 (br s, 

OCHO) 13CNMR (acetone-d,) 613 1, 20.7, 21 7, 270, 27.3, 

2sn.uLq.ls.2.295,.41_4.A.4.1.5,.cJiP,.’l/i5.99~l_~Q~~8,!.57.3, 
148 8, 171 3, 178 8. 

Acknowledgements-We are grateful to the National Science 
Council (ROC) for financial support, and to MS Clna-Yu Huang 

for techmcal assistance 

REFERENCES 

1. Flora of Tatwan (1975) Vol 1, p 538, Epoch, Taiwan 

2 Cheng, Y S. and Lm, K C. (1970) Cbermstry (Chmese) 28. 

3 Cam Y S and kn_K C (t97L) Cbem~..ctry (Chmese) 94 

4. Fang, J. M., Jan, S T and Cheng, Y S (1985) Phytochemrstry 

5 Fang, J M , Jan, S. T and Cheng, Y. S (1987) Phytochemtstry 

26, 853. 
6 Schnud, M , Gerber, F and Hlrth, G (1982) Helu Chum. 

Acta 65, 684 

Burrell, J. W K, Garwood, R F, Jackman, L. M., Oskay, E. 

and Weedon, B C L (1966) J Chem Sot C, 2144. 

Thomas, B R (1966) Acta Chem Stand. 20, 1074 

Lee, G. H , Lm, C C., Cheng, Y. S and Pen, S. M (1987) Acta 
Cryst C43, 1382 

Gamble, R C , Gngor, B A and Tlong, M I. (1981) Aust J. 
Chem 34, 1073 
Caputo, R , Mangom, L and Previtera, L (1974) Phytochem- 

rstry 13, 471 
__. Rowe, J W and Shaffer, G. W (1965) Tetrahedron Letters 

2633 

24, 1863 

13 Rowe, J W, Scroggms, J H (1964) J Org Chem 29, 1554. 
1.4 RaJdugq V A,. llsma,. A_ I_,. ~mv.a,,. N. K. and. 

Pentegova, V A. (1970) Khlm. Prlod Soedtn. 541, (1971) 

Chem Abstr 74, 84003s 

1-5 @JI&+. L I. and. Md1.q. I. S (LW). Pkytmhmvxy LT. l_fit_2 

16. RoJas, E T. and Rodnguez, H L (1978) Phytochematry 17, 

574 
17 Shibuya, T., Funamrzu, M. and Kltahara, Y. (1978) Phyto- 

chemistry 17, 979 

18. de Haan, J W. and van de Ven, L J M. (1971) Tetrahedron 

Letters 2703 

19. Bruns, K. (1970) Tetrahedron Letters 3263 
20. Mannmg, T D. R (1973) Aust. J Chem 26, 2735 
21 Midland, S L., Wing, R. M and Sims, J. J (1983) J. Org 

Chem. 48, 1906 


