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&tract-The strucmre of verticillol diepoxide 4 has been establisbal by direct single crystal X-ray analyaia. lk 
structure of verticiUol5 follows from the chemical correlation to the diepoxide 4 as well aa from NMR-LIS studies 
a vaticillol which also provide evidence for the conformation of this alcohol. The absolute co&uWi00 of vaticillol 
5 has been akgrled on the bnsis of CD data for the vertkillol llorketodiepoxidc (r. 
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Verticillol is a crystalline diterpene alcohol from the 
wood of Sciadopitys vedcillata Sieb. et Zucc. (Taxodi- 
aceae).’ On the bases of chemical degradation and spec- 
troscopic data a tentative structure 1 has been proposed 
for this compound” akhough an alternative sUuctufe 2 
has ken discussed. 

Since verticillol crystallizes with four molecules (space 
group P21) and verticillol diepoxide 3 with one molecule 
(space group P42) in the asymmetric unit, the structure 
of this new type of diterpene has been settled by an 
X-ray structure determination on the dicpoxide 3 
(CaoHwOl, m.p. 15%16(P) previously descrii.‘3 The 
cell dimensions of the diepoxide 3 are L = b = 14.141 (2) 
and c = 9.740(3) k X-ray intensity data were recorded 
on a Philips PW 1100 computer-controlled diff- 
ractometer. 1453 reflexions were measured out to 
0 = 60”. 1277 of these were considered to be sign&ant 
[o(Z)/Z cO.25j and were used in the subsequent refine- 
ments. The structure has been solved using the multi- 
solution programme h4ULTAN of Germain, Main and 
Woolfson.’ The structure was retied by a least-squares 
method with the weightin scheme of H@es.’ All 
hydrogen atoms except H(O2O) were included in the 

L 5 60 X=0 
b X=cH;, 

retinement with fixed temperature factor parameters. The 
atomic scatterin factors listed in the Zntemotionol 
Tables for X-ray Crystallographys were used for non- 
hydrogen atoms and those of Stewart, Davidson and 
Simpson6 were used for the hydrogen atoms. ‘l%e final 
R-value is 0.042. 

Table 1 lists the final coordinates and temperature 
factors of the carbon and oxygen atoms. Positions of the 
hydrogen atoms are given in Table 2. Figure 1 is a 
stereoscopic view of the crystal structure. F@ure 2 
shows the bond let&s and a@es and the number& of 
the non-hydrogen atoms. Standard deviations ke of the 
order of 0.006 A for the bonds and 0.4” for the angles. 
Conformation angles within the rin8s are given in Table 
3. The molecules in the crystal lattice are joined @ether 
by hydrogen bonds formed between the water oxygen 
G.,(24) and the hydroxy-oxygcn G(l8) and the epoxy 
O(20) and G(22) oxygeos. Fi8ure 3 is a stereoscopic view 
of the molecular arrangements showing the three in- 
dependent hydrogen bonds G&+G(20), MA 
o,,w-o@, Z.KZA and o,,ww@), zss (i- 
x, y, 1+r; ii--y,xJ+z). 

d 

The structure determination of the d&oxide 4 reveals 
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Table I. Positional aod anisotropic thermal parameters of the non-hydrogco atoms. 

Atom - 
C(I) 

C(2) 

CO) 

C(4) 

C(5) 

C(6) 

CO) 

C(8) 

C(9) 

C(10) 

C(H) 

C(12) 

C(l)) 

C(14) 

C(15) 

C(16) 

C(17) 

O(l6) 

cc 19) 

O(20) 

C(21) 

O(22) 

C(23) 

Ow(24) 

?! 
4128(3) 

3567(3) 

3029(3) 

2361(3) 

2832(3) 

34130) 

3677(3) 

3278(3) 

3076(3) 

2150(3) 

16970) 

1496(3) 

21920) 

22390) 

3010(3) 

45470) 

49610) 

2105(Z) 

3369(r) 

2302(Z) 

3912(3) 

1694(Z) 

2981(31 

567(Z) 

Y 
236W3) 

2271(3) 

31560) 

3459(3) 

3584(3) 

26880) 

27510) 

2385(3) 

1327(3) 

lOOl(3) 

240) 

-i(3) 

1170) 

1034(3) 

1336(3) 

1406(i) 

3057(4) 

3706(Z) 

:525(3) 

1093(2) 

67::4) 

228(Z) 

-595(3J 

Z&11(3) 

z 

655 

-735(6) 

-1061(6) 

48(6) 

1444(6) 

1799(S) 

3241(6) 

:428(6) 

ii17(6) 

3887 (6) 

3403(6) 

1939(6) 

769(S) 

13(6J 

-953(61 

1032(6) 

457(7) 

2466(S) 

l&95(7) 

5361(S) 

i562f7J 

-533(S) 

728(6J 

2016(S) 

.‘I1 (22 
37(Z) 54(Z) 

45(Z) 57(Z) 

71(3) 520) 

56(3) 45(Z) 

56(3) 42(Z) 

38(Z) 39(2) 

LO(?) 48(Z) 

52(Z) 47(Z) 

U(2) 51(Z) 

R33 
93(S) 

73(S) 

79(O) 

96(S) 

65(S) 

71(r) 

69(S) 

76(i) 

76(A) 

61(i) 

104(S) 

99f5) 

67(S) 

79(S) 

76(S) 

131(6) 

131(7) 

99(A) 

123(b) 

72(3) 

155(7) 

Yl(3J 

133f6) 

YOO) 

44(Z) 46(Z) 

57(3) 51(J) 

48(Z) 47(Z) 

iS(2) iif?) 

43(Z) L&(2) 

55(3) 53(Z) 

18(Z) 720) 

4801 90(i) 

59(J) 69(Z) 

66(l) i)(Z) 

57(2) 55(Z) 

Ai 69(J) 

49(Z) 52(Z) 

6201 46f.1) 

46(Z) 96(Z) 

612 
-4(3) 

-LO(O) 

-22(L) 

16(4) 

6(4) 

-110) 

-100) 

-17(4) 

l(3) 

O(3) 

-29 (4 ) 

-26(S) 

O(3) 

-2(4) 

O(4) 

21(i) 

-39(S) 

330) 

-2?(i) 

-100) 

23(r) 

-11(3) 

19(41 

L(3) 

613 
16(S) 

27(S) 

O(6) 

-15(6) 

IS(S) 

11(S) 

-IS(S) 

-In(s) 

l(5) 

9(5J 

7(b) 

I(5) 

-II(S) 

-8(S) 

6(S) 

-G(6) 

52(7) 

19(4) 

-12(i) 

7(4) 

-6(7) 

-26(4) 

-3(7J 

Y(4) 

~-%51 

-3(S) 

27(S) 

22(S) 

-2(S) 

‘(5) 

4(S) 

-80) 

24(S) 

22(S) 

?4(6) 

-7C6J 

-15(S) 

-16(S) 

-22(S) 

-36(7J 

-44(E) 

-22(4) 

1(6J 

20(4J 

68(B) 

-24(i) 

-141(6J 

30(S) 

The /3-vahlm refer to the tcolpmture factor exp?esaioo exp [-(/I’&, + ikZ& + r&, + hk& + M/3,, + &)I. Blimatcd stnabn 
deviations arc given in pueotbexs. Values are x lo? 

Table 2. Positional parameters of the hydrogen atoms. Values arc x Id. 

Atom x Y L Atom x Y I 

H(C2) 411 218 -152 

Hl (C3) 312 368 -121 

JiZ(C3) 269 313 -192 

Hl (C4) 166 302 22 

H2(C4) 200 400 -11 

H(C6) 294 213 188 

Hl (C7) 407 340 348 

HZ(C7) 448 241 320 

II1 (C8) 261 276 447 

iK(C8) 368 249 531 

H(C10) 174 152 358 

Hl(Cl1) 135 -12 393 

H2(Cll) 250 -33 347 

Hl(C12) 103 50 180 

HZ(C12) 118 -69 178 

H(C14) 185 152 34 

Hl (C15) 276 141 -170 

HZ(C15) 347 87 -100 

Hl (Cl61 409 104 130 

H2tC16) 501 152 176 

H3(C16) 482 114 24 

Hl(C17) 470 372 3 

HZ(C17) 539 269 -1 

H3(C17) 527 321 125 

Hl (Cl 9) 371 463 73 

HZ(C19) 373 456 220 

W3(C19) 289 505 141 

Hl(C21) 368 0 475 

HZ(C21) 429 85 557 

H3(C21) 428 75 378 

Hl (C23) 277 -115 80 

H2tC23) 346 -46 151 

H3(C23) 328 -57 -9 

Hl (Ow24) 28 222 265 

H2(Ow24) 12 241 141 



The. structure and absolute cotdi~tion of verticiUol 

Fig. 1. A stereoscopic view of ~crticillol diepoxide 4. Oxygen atoms are shaded. 

Ml. 

U2~~1)-~16) 108.7' ~8~~9~-~10) 118.3' 
Cl6HWG17I 113 5' 0.20kG9K21'1128' 

C'&-C(%-ffW lO9B' Cil2,-CilkC:lCllQ~ 
CWc/5)_0(18) lOas' 0(22I-C13)_Ci23j111.0* 

00. 

i@. 2. Ia) Bond lengths (A) in vertkiUo1 diepbxidc 4. (b) Bond an&s in verticiol diipoxide 4. 

p4t. 3. Packing diis for vcxticillol diqoxide 4 with Q horizontal. C wticai aid b downwards perPeUdici&~ to 
the pfaae of the pxpcr. 

the presccnce of water in the crystals. This was also 
confirmed by an elemental analysis of the diepoxide 
monohydmte sample (C;s$Iw03-H20). 

Coated that the formation of the dkpoxide 4 
proceeds in a normal way, the parent dkne-akobo~, 
verticillol 1, will have an E,E arrangement of the doubk 
bonds. Verticillol will therefore be represented by struc- 
ture 5. 

The NMR shifts of some protons in verticillo~ were 
easily and fllmIy assigned and the optic induced 
shifts UEu) were computed” assuming a sim&r con- 

fo~on of verticiuol to that of verticiuol dkpoxide 4 in 
its crystalline state. There is a good agreement (cor- 
relation coefficient W!I) between observed and cal- 
culated AEu values (Table 4) which not only c&rms 
structure 5 but also establishes the conformatioa (Fig. 4) 
of vertkillol. 

The collpliug c4mstants of the okRnic protoas of 
verticiUo1 and of the oxirane protons of the dkpoxide 
(Expend) give further support for the assignment 
of the conformations of vertkilld S and its dkpoxide 4. 

The absolute c~&uration of vertici&A 5 was deter- 
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Tabk 3. Inna-riug torsioa au& 0. 

C(6) - C(1) - C(2) - C(3) 52.3 C(6) - C(7) - C(S) - C(9) 66.1 

C(1) - C(2) - C(3) - C(4) -54.2 C(7) - C(8) - C(9) - C(lO) -99.2 

C(Z) - C(3) - C(O) - C(S) 54.1 C(8) - C(9) - C(lO)- C(11) 161.1 

C(3) - C(4) - C(5) - C(6) -51.2 C(9) - C(lOJ- C(llJ- C(12J -124.7 

C(4) - COJ - C(6) - C(l) 52.0 C(lOJ- C(llJ- C(lZJ- C(13) 73.3 

C(S) - C(6) - C<I) - C(2) -52.9 C(llJ- CflZJ- C(i3)- C(16J -104.5 

CtlS)- C(2) - C(l) - C(6) -60.1 C(lZJ- C(l3J- CflkJ- C(15) 166.4 

C(2) - C(1) - C(6) - C(7) 176.9 C(13)- C(14J- C(B)- C(2J -123.3 

C(l) - C(6) - C(7) - cm -139.3 C(l4J- C(lSJ- aat - C(l) 58.1 

Table 4. Obscr~I aud calculated Eu(fod),-iuduced proton 23 

chemical shifts for verticilld 5. 

AEu dues* 

Proton No. Observed Calculstad 

CH3(19J 11.85 14.23 

Cii3f17) 5.49 5.05 

cH3116f 4.28 4.17 

C(lO)-+t 6.34 4.93 

C(14J-H 3.64 4.64 Fig. 4. Stercostructurc of verticilloi 5 in its most pr&able COB- 

cH3(21J 1.78 2.40 formation. Encircled groups or atoms refer tu those obscrwd in 
the NMR-LIS analysis (see Tabk 4). 

CH3 (23) 1.S6 1.41 

*AEu values fkrc given in ppm. Calcuiauxt vahcs are computed CD, (e), + 5240. As shown by the octant diagram (Fig. 
using the equation of McConncil and Rd~~rtson’ (see also Rep). 51, a positive n-e w* CD maximnm is expected wbcn the 

norketone possesses the absohrtc lotion depicted 
mined by a CD study of the verticillol norketodiepoxide in 68 and is assumed to have a conformatioo similar to 
6a. This ketone was obtained by dehydration of the that observed for the dicpoxide 4 and vcrticilfol 5. The 
dicpoxide 4 using ph~pbo~1 chloride in pyridinc to main ~a~b~on to the Cotton effect derives from the 
yield the crystalline anhydrovcrticillol diepoxide 6b, 1%membered ring with its substitncnts situated in th! 
which ~8s degraded to the norketone 6a by a low rear positive octant. Drc g~~e~y~ group wiIl have a 
temperature ozonolysis in mcthylene chloride. The weak designate bchavion? and will make no signScant 
ozonides were decomposed by steam distillation. The contribution to the observed CD. 
norketone Q exhibits a strong positive Cotton effect. It is interesting to note that the proposed absohrtc 
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