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Abstract -Thr: configurations and conformations of torreyol (6:“O-cadinol”. IOz-hydroxy-4-muurolcne]. zx- 
caiinol (7; IOz-h~drortv-J-cadinrllc~. ‘I’-muurolol (8. I(ll~-hydroxy-4-muurolsnc). and T-cadinol (9; IO/L 
hydroxy-l-cadrncne) have been determined by an extensive PMR study usmp lanthanidc-induced shifts. 

Charactcrtstic mass hpcctromctric fragmentation patterns IA muurolols and cadinols are brlcfly dwussed. 

Cadinenes and other related scsquiterpenes 1 
frequently occur in Nature and have been further 
divided into four classes of compounds based on the 
nature of the ring fusmn and the orientation of the 
isopropyl group at C(7). The four classes are the 
cadinanes 2. the muurolnnes 3, the bulgaranes 4 and 
the amorphanes 5. Due to the complex slerco- 
chemistry of the sesquiterpcncs hclonging to these 
classes, many of the previous structural and 
configurational assignments are uncertain. Thus. for 
example, no less than seven different structures have 
been proposed for torreyol (&-cadinol).’ In this paper 
we will present an extensive NMR investigation using 
the lanthanide-induced shift techmyuc (LIS NMR) 
which firmly establishes the structures and 
configurations of this alcohol 6 and the three related 
epimers, r-cadinol 7. T-muurolol 8 and T-cadinol 9. 
Previous structural studies of thcsc alcohols are also 
briefly reviewed. 

*Tiwrqwl (6; “ci-c~&rwT’, 1 Ox-h!,r(lnu~-4-nzi(tcrnlcnr). 

Torreyof has been isolated from various natural 
sources. It occurs in both the dextroro~atory and 
levorotatory forms (r:f Ref. 21 and has been described 
under various names such as “albicaulol”.” .s 
“pilgerol”,h &cadinol.’ and “sesquigoyol”.s.8 The 
name “torreyol” has been selected for this compound 
due to its priority of usage.’ 

More recently (+ )-torreyol was found IO be 
produced as white crystalline needles when the fungi 
Clitocyhe iiludrns was grown on an Agar medium.” 
Torrcyol has also been identified by gas chromato- 
graphy;mass spectrometry in the wings of the malt 
butterfly (.L.w~ndrcr rrrgp-rtgmmotz: Lycaenidae. 
Lcpidopteral where it occurs together with other 
volatile compounds and plays an important role in the 
courtship behaviour of the insect.‘” 

Several difTerent structures have been proposed for 
torreyol. Structural investigations performed up to 
1970 have been revlewed by Westfclt.’ who also 
presented chemical proof for the c&ring fusion In this 
alcohol. Thus torreyol is of the muurolane type 3. On 

rhc basis of his results. Wcstfelt proposed structure 6 
for ( - f-torreyol. Lin et uf.’ interpreted some chemical 
and spcctroscoptc data and favour structure 10. 
However, due to unccrtaintics in the assignment of the 
conformation of the compound their data do not 
provide conclusive cvidencc for the torreyol structure. 
Rezvuchin cr ul.’ ’ performed a LIS-NMR study and a 
conformational analysis of (+ )-torreyol [( + )-cS- 
cadinol]. They propose that this alcohol is the 
cnantiomcr of structure 6. A synthesis of ( & )-torrcyol 
has recent]> been accomplished.’ ’ providing 
additional information concerning the relative 
c~)n~gura~Ions of positions C( 11, f(6) and C(7). 

2-l ‘raliml (7. I ~~-~i~.f~~(~ Y K-l-t~dirwnc~ 1. r-Cad inol 
was first isolated in the crysralline state from the 
Japanese cirronclla oil by Scmmlcr and Spornitz” and 
has since been isolated from several natural sources.14 
The structure of this alcohol 7 was assigned by Sorm r! 
~rl.-.” and hy So&r c’r ctl.“’ The basic skeleton. and the 
positlvns ol’thc doubtc bond. and the OH group were 
determined by classical chemical methods. The 
assignment of the ~rtrm ring junction was based on the 
observation that ( - )-r-cadinol is easily converted to 
( - )-cadinene dihydrobromIde II. the structure of 
which has been settled by an X-ray diffraction 
anat>sis.’ ’ Thlsassignmunt is only valid if it is assumed 
that no rsomerisalion occurs during the trans- 
formation. However. it has later becomeclear that such 
isomcrlsatlons frcquentty occur in sitnilar reactions 
where muurnlcnes and muurotols are hydro- 
chtorinatrd.‘,‘Y 

The decalone 12a has been prepared from dihydro- 
r-cadinol 1.1~ an ozonolytic degradation of the 
cxocyctic olrfin 12b.“’ The ORD-data of this ketone 
provides cvidcnce for the configuration 12b of the 
compound. The assignment of structure 7 to { - i-r- 
cadinol, based on its conversion lo the decalone 12a. is 
only valid under the assumption that no isomerisation 
has occurred in the reductive work-up (Zn/HOAc) of 
the oronolysis product. 

T-.l4uurolol (8; I O~-h~dro.u~-4-~,~uur~~~~n~j urd ‘I- 
cudinol (9; 1 OP-h~.dros!.-4-cudi,l~nr). Erdtman and 
Vorbrtiggcn 1 ’ lsolatcd a scsquiterpene alcohol from 
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the heartwood of .4 rhrortr vis .wlrrpinoitlr~.~ Don. They 
named this alcohol “x-cadinol”. Wcstfelt and 
Wickberg’” later found that this alcohol was a mixture 
of two new compounds which they named “x,” and 
“x2”. Preliminary cxperimcnts indicated that “x,” was 
a muurolol and “x2” a cadinol. Cheng er (II.” isolated 
two sesyuiterpcne alcohols from the wood of 7irhunia 

c,,:l.yro,,tc~mides (Hayata). H hich they named T- 
muurolol and T-cadinol. They also reported that the 
previously reported s-cadinol of .4. .\c/~r~irlortle.s’~ was 
a mixture of these two alcohols. Thus the alcohols x I 
and x2 should bc identicat with T-muurolol and T- 
cadinol, rcspectivcly. 

Conclusive evrdcnce regarding the conliguration of 
these two alcohols is not available. However, chemical 
and spectroscopic studres .” indicate that T-muurolol 
and T-cadinol arc best rcprcscnted by the structures 8 
and 9. rcspectivcly . The structural assignment IS 
supported by the partial synthesis of (+ )-T-muurolol 
8 and (I I-T-cadrnol 9 from (+ )-ii-cadincne 13.” 

The ‘H-NMR spectra were recorded on a IO0 MH/. 
instrument using (YI 20 mg samples dissolved in carbon 
tetrachloridc (clr 450mg). Weighed amounts of 
tris(dipi~~aloylmetl~ar~ato~~~rop~um [Eu(dpm), j were 
added and 3 series of spectra containing ditrcrcnt 
amounts of the Eu-complex were recorded. 
Assignments of the ‘H-NM R signals were based on 
chemical shifts, integrals and some characteristic 
coupling patterns verified by spin spin dccouplmg. In 
order to make an unambiguous assignment of the 
various protons. the LIS-NMR spectra of the two 
model compounds 14 and 15 were also studied. The 
LIS NMR data are presented m the Tables I and 2. 
The ohscrvcd coupling constants are given in Table 3. 

OH $4 ++ c w CH3 

The shafts were plotted against the amount of 
Eu(dpm), added. The dependence of the chcmrcal 
shifts of the varrous protons on the added amounts of 
Eu(dpm), proved to be linear over a wide range The 

slopes of the lines obtamed were used as the relative 
shift values. DEu. The DEu value of the proton with 
the largest shift was chosen as the intramolecular 
standard of 100 relative units. 

The configurations and conformations given in Fig. 
1 were established by an iterative computer fitting of 
the pseudo-contact equationzJ IO the experimental 
DEu values according to a previously described 
method.“.” The Cartesian coordinates of the various 
hydrogen atoms in an arbitrary coordinate system 
wcrc determined by using Drciding models in a mirror 
box as described by Stilbs.2’ 

Shift data as well as coupling patterns show that the 
saturated B-ring of the four cpimeric alcohoIs 6 9 
must occupy a chair conformation with the isopropyl 
group in the equatorial position. For the computer 
fitting to the pseudo-contact equation. the unsaturated 
A-ring was assumed to exist in a twrsted conformation 
(half-chair) as shown in Fig. I. 

The NMR data clearly diflcrentiatc between the two 
c.i.s and ITUIIS ring-fused pairs. In the (*is-fused 
compounds 6 and 8 there is a significant coupling 
between the olefinic proton and the bridgehead C(6)- 
proton. whereas in the rrti/z.s-isomers 7 and 9 the 
olelinic proton appears as a shghtly broadened singlet 
(cf also Ref. 21). 

Of the two cis-fused isomers 6 and 8. which differ m 
the C( IO) configuration, torrcyol 6 must have an 
equatorial OH group, whereas T-muurolol 8 has the 
OH group in an axial position. This is shown by the 
charactcrtstic LIS of the vicinal protons and of the 

axnil C(6) and C(X) protons. Similar shafts are observed 
in the model compounds 14 and IS. The C(10) 
configuration of the two rrcltrs-fused isomers 7 and 9 
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I.‘,~, 1. Stcrcogructures c)f [ - )-torrqol 6. f - )-x-cad~nol 7. ( - I-‘I‘-muurolol 8 and (+ I- I‘-cAmI 9 In Ihc 

favoured conformations. 

Table 1. LIS NMK data of torrcyol (61. z-cadinol (7). I‘-muurolol 18) and T-cadinol (9). The data ;Lre 

obtained by using Eu [dpm), and the results arc quoted as rclatlvc DEu \alucs” (ubser~ed:calculatrd) 

DEu values 

protona Torreyol (a) a-Cadinol (7) T-Muurolol (8) T-Cad~nol (2, 
- - 

la loO.Ol97.7 b5.2/70.2 

13 07.3109.8 100.0/94.2 

2a 64.5159.0 80.1179.7 45.5143.5 67.8169.5 

23 96.9194.2 46.5148.9 l&.0/49,.2 81.1/74.2 

5 17.5/16.5 16.8/15.8 16.3/12.3 22.9116.4 

6t3 45.1142.0 43.0142.2 82.3184.3 81.5ld9.3 

7cx 35.8137.0 30.1135.6 42.2/40.3 42.2142.1 

0u 31.4131.1 30.1128.5 39.0135. I 32.3132.0 

86 LL.3fLO.8 41.5IL3.5 80.2/01 .7 78.2177.5 

9n 100.0/96.9 91.8/93.0 SE.Oih:.(r 65.3160.5 

9A 82.0184.6 91.2189.5 96.4192.0 lOO.Ol93.2 

11 5.4f6.5 6.5/3.1 6.618.4 10.8115.9 

13. 14 12.&l-; 15.7/- 9.5/-; 14.7/- 1.41-; 12.3/- 7.8/-;ll.O/- 

15 87.3/- 82.5/- 92.3/- 99.0/- 

Agreement 

factor Rb 0.043 0.0400 0.069 0.071 - 

% h or t e numbering of the atom, see structure 1. The 1 and I! notations refer to 

the face of the molecule according to steroid nomenclature. 

2 ‘11 
b 31 

Agreement factor R = 
: (AEuobs-3Euca,) 

: I 

according to Davis and Uillcott. _ 
LAEuobs2 
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Table 2. Calculated average structures of complcxcs between 

Euidpm), and various alcohols (R = distance between the 
oxygen and the europeum atoms; 0 = the angle C-O.. Eu) 

R,A o0 

l’$,rreyol 6 2.0 159.5 

,I-Cddinol 7 2.3 172.1 

T-tluur<~lol 8 2.3 172.2 _ 

T-Cadinol 9 2.1 165.9 _ 

Alcohol 14 equat. 1.9 165.9 
- 

Alctjhal 15 axial 2.5 176.9 

was assigned. based on the same arguments. The 
agreement between the observed and the calculated 
DEu values is convincing. It is interesting to note that 
the agreement is better for alcohols with equatorial 
hydroxyl groups (q/‘Table 1). The calculated positions 
of the europeurn atom in the various complexes are 
given in Table 2. The data are in good agreement with 
similar examples reported in the literature.” 

The present investigation clearly demonstrates the 
steric relationships between the alcohols 6--9 and also 
provides evidence for the preferred conformations of 
these naturally occurring alcohols. 

The mass spectra (MS) of the four epimeric alcohols 
6-9 are sufficiently different in order to allow the use of 
mass spectrometry for identification purposes. 
However, it is interesting to note the close similarities 
between the spectra of r-cadinol 7 and T-muurolol 8 
(Experimunraf). There is a characteristic difference in 
the MS fragmentation patterns of some cadinenes and 
muurolenes.2H It was hoped that similar differences 
could be observed in the spectra of the muurolols and 
thecadinols. However, this was not thecase. Therefore. 
mass spectrometry does not seem to offer a simple way 
of differentiating between the cadinane 2 and the 
muurolane 3 classes of compounds. 

EXPERIME\TAI. 

Mps were obtained on a Kofler micro hot stage and arc not 

corrected. NMR spectra were recorded on a JEOL MN 100 
instrument (100 MH7) using Ccl, sols (CIJ 5 I’,,). Chemical 
shifts are given m &units. ppm relative IO TMS (internal 

standard). The following abbreviations are used s = singlet; 

d = doublet; rr = triplet: y = quartet; h = broad; 

u = unresolved. Lanthanide-tnduced shifi ILIS) data were 

obtamcd using tris(dipivaloylmethanato)europium. 
Eu(dpm),. as ;I shift reagent. Results are quoted as relative 
DEu valu~~~~ (obscrved;calculatcd) and are prcscntcd m the 
Tables I and 2. Massspectra (MS) were recorded on an LKR 
2091 insrrumenl (GC-MS system: 70eV ). The results are 

quoted asm:u (inlensitiesin ‘I,, ofthemost abundant fragment) 
and generally the ten most important fragments arc quoted in 

order of decreasing intensltles. A Varian Acrograph 1200 

instrument was used for gas chromatography (GCI. The GC 

separations were performed on a 2 m Carbowax 20 M TPA 
column (5”,,) on Chromosorb W. 

(- I-7brrrrrjl 6. This alcohol was Isolated from a 

commercial high bolhng fraction of Swedish Sulphate 
Turpentme (derived from kraft pulping of Pinu.s .srll,cj.c/ris LJ. 
whrchconlalncd SX~UI- and ditcrpcncs. A similar fraction has 
previously been investigated in detail by Weslfelt.‘Y The 

crude fraction was distlllcd under reduced pressure (20mm 
Hg) through a vacuum Jacketed. packed column. The pot 
residue distilling above I30 was redlstilled ( IOmm Hp) and a 

fraction b.p. 140- IM) was collected l‘hls fraction was 
carefully distlllcd under reduced pressure using a spmmng 
band column. The fraction with hp. 86 at 0.6mm Hg 

crystallised. Rccryslalllsation from Isopropyl ether followed 

by subhmation under reduced pressure ( IOmm Hg) yielded 
pure (- )-torreyol 6: m.p. 138-139 ; [z],,-100.4 (CHCI,. 

L. 1.2). NlMR (seealso Tables 1 3): 5.33 11. IH. H(5). J 6.5 c Y: 
1.65 h\. 3H. H., (I II; 1.24 s. 31!. H,(1): O.Yo d and 0.81 tl. 

each 3H. H3(13) and H,I 14). J 6.9 c s. MS: 222(M . I ). 

161(100). llO(49). 204(46). 105(3X). 33(281. 121(251. Y3(1Y). 

81117). 41(15) and 79(13): other charactcrlstic fragments at 

58(9). 136(g). 1891&I. 147(5) and 175(l). 
Isolurion of a-c~dinol7. T-muurolul8 and T-r &IO/ 9. These 

alcohol5 were Isolated from a crude sesquiterpene alcohol 

fraction from the wood of A/l~ro~cr.lris rc@~~ortlcs Don.’ ’ A 
fraction correspondtng to that named “Ig” bp Erdtman and 
Vorbriiggcn’4 wilb isolated The three alcohols wcrc 

separated by chromatography on silica gel usingcthyl acetdlc 

(20”,,) in light petroleum (b.p. Jo-60 ). The rllcohols were 

Tablc3. Couplmgconstan[s (Hz theabsolutevalues). as obserlcd in the LIS NMR spectravftorrcyol 161. 

z-cadinol (7). T-muurolnl (I() and T-cadinol (9). 

Observed coupling constants,[Jl Hz 

Coupling Torreyol (6) a-Cadinol (1) T-Huurolol (8) T-Cadinol (9) - 

la, 26 10 10 

la, 66 12 12 

16, 2a 12 12 

2a. 26 14 13 n 14 

23. 3a ” n n 10 

33. )a ” ” n I6 

5 . 6E 6.5 ” 6.5 n 

6t3. 7a n ” n 12 

7a. 85 12 12 12 12 

8a, 86 14 14 14 14 

86. 9a 12 13 12 12 

95, 9a 14 14 15 14 

n - the signal not properly resolved for the assignment and q e.xwrement of 

the coupling constants. 
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cluted in the order: T-cadinol9. I -muurolol 8 ,tnd z-cadlnol 
7. Pure samples wrc’ ohtaincd by sublmiatlon under reduced 
prcssurc tlOmm Hg). The TLC (silica pelt H,-values using 

ethyl acetale tZO”,,) in light perrotcum (hp. -MI 60 ) arc 0.49 
(T-cadinol I. 0.43 (T-muurotol) and 0.33 tz-cadinol). 

z-(‘crdinol 7 m.p 73 74 ; [IX],)-37.1 (CHCI,. c 0.9). NMR 

tsce also Tables l-3): 5 29 hs. IH. H(5); 1.66 I)\. 311. H,tI I ); 
1.05.~. 3H. H,tlS): 0.91 rl and 0.78d. each 3H. H,%(l3) and 
H,tl4). J 7.2~;~. MS: 2221M-. 15). YS(lo01. 121(U). 43t60). 

161(53). 204(50). 164t46). X1(3X). loYt37). lO5t.36). 7lt30): 
other characteristic fr;lgmcnts at t 37(25 ). 5X( t .It. t X9( t I t and 

I7Y( t 0). 
T-\\I~w-rh/ 8 m.p. X0.5 X1.5 : [xl,,-1 l-1 (CHCI,. c 1.1). 

NMR(scc~Is~T~~~~~ t -3).542J. IH.Ht5t.J6.5(.:.\; l.hZh.\. 
3H. H,(t I t. I I!.~. 3H. H,(tSt: I).XSrl ;Ind U.X3rl. each 3H. 
H,tl3) and H,tt4). J7.2(.\. MS: 222tM-.15). Y5(100). 
121(7!). 161(6X). 43(6X). 204(61 t. 164(441. lOSt3XI. Y41.17). 

tOY(35). 711331. other charxtcrisw fragments 5X( t8). 
l!Y(t21. IXYttOt and 171)(X) 

7:(‘trtliwl 9. m p. h-U-64.5 ; [xl,, + 3.4 tCHCI,. t 1.2) t 

NMK tscc also ‘t’ables I 3): 5.421x\. 111. ti(5): I.61 h.\. 311. 

H,(It);t.tS~,3H.H,,(l5t:O.YOtl~lnd0.7X1l.each3H.H,Il3) 
and Ii,( J6.Yc.s. MS: ??21\1’.0). 16l(tOO). ?04(541. 
Iofi(tY). 162(1X). 43(L7). XI(I4). 134(1-I). Y5113). 121(131. 

t 191 t I I: orhcr char;Ictcr~stIc frapmcnts al 6Y(6) and 58t3). 
as-1 -.\fc~rl,~./-J-r-h,~r~.l~ 1’~ loht~uund 14.“’ NMR (for 

numbering of the c;irbon atoms see structural formula 14): 
1.23.x. 311. H,(I ); 08X \. OH. 4-t-butjl-C‘H,. LIS-NIMR: H(2 

andh.z1100.0;9X.6.J,,,,,, .‘,, ,,,, lZc.s.J:,,,,, ,,G,fl I2c s;11(2and 
6./i) XX.t X0.6; H(3 and 5./Ir 4?.2,41.6. J,,,, ,,,,, !,, 13 c:s. 

J ?,% ,,,, ~, t2c s; H(3 ;md 5.1) 30.2 2X.2: Ht4x) 30.6:34.5. H,(I- 
/I-Me) 7X.7 -: 3xH,(4+1-Hu ) t t 7.. 

Iran+ I -.2f ~,r/r~~/-4-~-hlcr~~/~.~~~lr~lrr.~tr~r~J( IS .‘I’ N MR (for 

numbering of the carbon atoms. see formula 14): I.21 .s. 

II ,t t ); O.XX \. YII. J-t-hutxt-CH ,. LIS-NMR: H(? and 6./f) 

to0.0 Y5.X. J,,, ,,,, z ,,,,, t3c.s. !1(3and 5./1tR?5:83.8.5,,, ,,,, :,(,,, 
Ilc b.J ,,<j,, I,\,, 13 c s. J.u,,n.,, t 1 c.s; H(?und 6.2) 63.0 69.4; 

H(3 and 5.x) 3X.6.36 5: H(4r1 42.0 -!I 3: H\(l-r-Met YZ.X.‘-. 
3\H>(.l-/I-t-Bu) 13.4 - 
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+ I‘hc optical ro(;ltlon UT (+ )-T-cadlnol 9 is small. Our 
sample rxhlblts pwitire rotation Hhcn rrcordcd on a 
chloroform solutwn I(’ 1.2). C‘heng [‘I CI/.” report ;I small 
nepaclvc rofatlon [~]f:’ - 4.7 (C‘HCt2.(.4.4). for T-cadinol 
of the sumc &solute configuratiorl. Houcrcr. since this 
;tlcohol cxhiblts ;I plane positwc OKD curbe I [rz]4j,, + 5 Y: 
c tICI ,. (. 1.7) this cnantiomcr IS quoted a\ the (+ )-form. 


