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GENERAL TNTRODUCTION AND SUMMARY

N

rith structure

<

Part T of this thesis is concerned essentially
elucidations of naturall woccurring.plant sesquiterpenoids, To
this end, the utility of derivatization of certain functional
groups has beén investigated in Part II, in order that spectroscopic

data may be supplemented end structure elucidation facilitate ed,

Part T - Structure Flucidations

Several samples of the resin of Ocotea Caparrsni were compared,

and the structures of the principal constituents elucidated.

Nerolidol (2) was the principal constituent of certain semples

The structures of the new sesquiterpenoids caparrepidiol (10),
caparrapitriol (12) and dihydroxycaparrapi acid (13) were elucidated
mainly by spectroscopic considerations: infra-red, nuclear magnetic
resonance and mass spectroscopy were successfully employed,
“rlmeuhyl ilylation of these tertiary alcohols as a mass speciroscopn
derivatization procedure was a critical factor in this work,
Caparrapi oxide (16), which represents a novel sesguiterpsnoid
skeleton, was present as a major constituent of some samples, The
sfructure elucidation was again dependsnt principally on
spectroscopic techniques, Comparison of spectral dats with those
of the analogous monoterpsnoid (R3) and the diterpenoid nanoyl
oxide (28) provided corroboratory informztion. It is sugzested

that the blosynthesis of caparrepi -oxide involves engymatic

3 . - iy . R
ionic cyclizabion of nerolidaol, Attemnuad replication o

cat



process in vitro wes unsuccessiul, A detailed comparison of the
constitution of the caparrepi oil samples is reported: the incidence

of acyclic terpenoids in these exudsztes is unusual,

The essential oil from the heartwood of Brachylaena hutchinsii,
an Bagt African tree, was examined, Evidence is presented that the
structures of the major constituents ave given by (36a) and (36b).
This evidence depends mainly on e detailed NMR analysis of the two
epimers and a compsrison with the monoterpenoid analogue myrtenal
(40)s The spectral characteristics of an oxidative degnadation
product were also in accord with the postulated structure., Conversion
to the known hydrocarbons copaene (35a) and ylangenel(35b) was not
satisfactorily accomplished because of lack of time, Accordingly,
the relative configuration at the isopropyl centre is indefinite.

In the appendix to Pert I, the relstive stereochemistries of
the drimenol epoxides (54) and (56) are assizned on the basis of
detailed NMR spin decoupling experiments, Examination of multiplioity
of the epoxidic proton (which comprises one part of an AMNX system)
permits unequivocal assignment, Variations in the spin patitern of
the methylenic protons of the hydroxymethyl group of the series of
compounds (52) = (57) are interpreted in terms of preferred

orientations,
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Port IT - The facilitation of struCuure elucidation by functional
groun aerlvatlzatlon

A review of derivatives which are poﬁentially useful in
combined gas éhrOHNiovraohy - mass spectrometry (GC-MS) is
presented. Two carbonyl group derivatives are investigated; firstly,
enol trimethylsilyl ethers and secondly, thiones,

Conditions for the synthesis of enol trimethylsilyl ethers

"are reported, The mass spectra of a series of derivatives, e.g.

(41), weré examined and the fragmentation-directing properties of
the functionality evaluated. When allowed, the combination of
Retro-Diels Alder ond loss of methyl radical is a p;edominant
process, affording the highly-stabilized cation (52)s Examination
of ﬁeuasuéo transitions indicates that the chronological sequence
is as depicted opposite, An umusual extrusion, affording ions of
possible structure (46a), also occurs,

The thiocarbonyl group was investigated in the related thlones
(66), (63) and (70). The fragment ions in the mass spectrum vere
predominantly stabilized by sulphur, compared to the fragment ions
from the corresponding ketones, which were predominantly hydrocarbon
cations. The conclusion is that the thione function directs the
fragmentation to a greater extent tﬁan does the ketons,

.
Tentative mechanisms for the princip2l freagmentations are esdvenced,

The properties on GC-}MS of epimeric trimethylsilyl ethersof the
nenthol seri (80) (83) was investigated. It was hoped that the

epimeric differsnces would be menifested as significant differences
(=)
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in ion abundances in the mess spectrum., The operational variables
in GC-M3, however, resulted in ion abundance variations which
masked the differences due to epimerism,

Two important aspects of the nuclear magnetic resonance
characteristics of thiones have been examined; firstly, the magnetic.
anisotropic properties, and secondly, the aromatic-solvent-induced
chemical shifts,.

A qualitative assessment of the nuclear magnetic resonancé
characteristics of the thione group was obtsined from a study of the
monoterpenoid thiones (65), (68) and (70). The thione group was
observed to have a greater magnetic anisoiropic effect than the
ketone group, A cone of shielding/aesbieldiné similar to that
postulated for the ketone group is broposed, |

Solvent-induced chemical shifts in a wide variety of aromatic
solvents have been measured, Distinct parallelisms in solvent shifts
of corresponding methyl groups in ketons and thione were observed,

A plane of reference is postulated for the thione group (similar

to that reported for the carbonyl group) orthogonal to the C=S bord
axis; methyl groups behind this plane expeiience a positive

chemical shift in going from carbon tetrachloride (or chloroform)

to benzene as solvent, The association constents for the comnlexing
of benzene with camphor and thiocamphor heve been measured end

|
found to be 0.3-0,4 (mole fraction) .
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1.1 ‘ INTRODUCTION T0 THE STUDY OF THE PRIMITIVE
SESQUITERPENOIDS FROM THE ESSERTIAL OIL OF
OCOTEA CAPARRAPT

Botanical and Backsround Asnscts,

Ocoten consrrepi (Nates) Dugand, previously known as

~Nectandra caparrapl or Laurus giqénteus, is a large evergreen
forest tree belonging to ﬁhe natural order Lauraccae. It grows
in humid regions of Colombia at an altitude of ebout 1300 metres
in a climate where the mean tempsrature is 21%. According to
B@yonl the tree derives its name from the village of Caparrapi
in the province of Cudinamsrca, Colombla., The essential oil is
collected by making a horizontsl incision into the trunk and
collecting the viscous effluent¥,

The first chemical study of the oil was that of Tapia2 who
reported’thé presence of an alcoholy ‘fcaparrapiol, 15 260’ and
a crystalline hydroxy-acid, mp. 85° s EX]D “0, 015:2603' The
properties reported for caparrapiol did not match those of any

known sesquiterpenoid, Moreover, in 1960, no sesquiterpenoid

*The oil is allegedly of therapeutic velue, and is used
by the netives for the relief of a wide variety of
comnlaints such as chronic bronchitis, laryngitis,
nervous asthma, and for chronic inflammation of the
urinary tract such as leucorrhoea and blenorrhagia.

It is applied either internally, or externally in
large doses,



hydroxy~acid had bsen described. At that time, Dr. Brooks of
this Department was prompted to obtein several samples of the
0il for re-investigation of Tapia's work, Subsequent
examination failed to confirm the presence of Tapila's acid,
but the presence of nerolidol, GléH260’ as a major constituent
together with other acyclic sesquiterpenoid alcohols and acids
was indiéated. The comperative rarity of these gkeletal types

encouraged further invesbtigetion,

Biogenetic Aspects

Examples of naturally-occurring acyclic sesquiterpenoids

are farnesene (1), nerolidol (2), farnesol (3), and the & - and

@ =sinensals (4,5). Oil of caparrapi which was shown by

Dr. Brooks to consist mainly of acyclic sesquiterpenoids is
therefore of some intrinsic interest, since it appears to
represent an esgentiazl oil in a primitive blosynthetic state.

The mevalonic acid3 pathway to acyclic sesquiterpenoids is
fairly well established. The foéal point of sesquiterpene
biogenesis is in fact the naturally-occurring compound farnesol (3)
vhose formation from Acetyl Col has been demonstrated in yeast4-6
and is assumed to occur in higher plants7\ Suiteble cyclization

of either cif~ or Irsns-farnesyl pyrophosphate provides possible

, P . 1.0
routes to the carvon sxeletons of virtually all the sesquiterpenoicds .



~

The initiel step in these cyclizetions is envisaged as removal
of the pyrophbsphate anion accompanied by participation of either
the central or terminal cdouble bonds leading to the interme@iate
non-clessical cations (7-9)., The formal charge represéntation
‘is, of cours e, only & convenient symbolism end is not mesnt to

‘represent the enzymatic processes involw It is possible that

.in Ocotea caparrapi,farnesyl pyrophosphate, or a relsted species,
is engzymatically bound in such a fashion that processes other than
cyclization predominate, The nature of the ecyclic constituents

of the essential oil was therefore of interest.
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Preliminary examination of caparrapi oil (Sample 1; see
Table 3, p.26 ) using the techniques of GIC and TIC indicated
the presence of three congstituents in the ratio 90 ¢+ 9 : 1
whose retention date were consistént with those of mono-, di-
and tri-hydroxylated sesquiterpenes., The observéd simplicity
of constitubion of the oil, and the marked differences in polearities
of the components, prompted chromatographic separations, which
resulted in the isolation of nerolidol, caparrapidiol and

caparrepitriol.

Isoletion and Characterisation of Nerolidol,

Dr, CoJ.W. Brooks and Dr, J. Borges del Castillo, performed
the initial investigations of sample 1. They isolated nerolidol (2),
the major constituent, as an,unsfable, colourless oil, Analysis
indicated the formula Ci5H26O. Evidence for the correspondence
of this sample with (+)~S-nerolidol was obtained from its infra-red,
NMR and mass spectra, its physical constants (refractive index and
optical rotation) and GLC properties. Caparrapi oil appears to be
the richest source of nerolidol so far described, and would therefore

appeer to be potentially of vslue to the perfumery industry in

which the fragrance of nerolicol is widely utilized,
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Liguid fJ..Lm IR spectra of nerolidol (2)), caparrao:r.dlol (10),
and. caparrapitriol(12)e



The Structure of Capsrrapidiol (3,11-dihvdroxy-3,7,11-trimethyl-
dodeca~l,10-Ciene),

We have subsequently isolated caparrapidiol (10), the
secondary constituent of caparrapi oil (sample 1) as a cleaf,
fragrant, viscous oil which decomposed rapidly on expoéure to air,
but which could be stored under ethanol at 0°C,

Mnalysis indicated the composition %5H2802°' This formula
‘was supported by the mass spectrum which suggested a sesquiterpsne
diol (molecular ion m/é 240, observed to dehydrate thermally in
the MS9 probe over a period of five minutes with loss of 36
mass units). An acyclic structure was shown by hydrogenation:
uptake of two moles of hydrogen was evidenced by mass spectrometry
of the product. Difficulty was experienced in aceltylation and
trimethylsilylation of the diol under normal conditions, indicatving
the presence of tertiery, or hindered hydroxyl groups., The infra-
red spectra (liquid £ilm and carbon tetrachloride solution) were
fouﬁd to be closely similar to those of nerolicdol, except for
increased ebsorption intensity in the hydroxyl region (Fig. 3). |
Strong bands near 920 and 1000 cm“1 indicated the presence of a
vinyl group. The MMR spectrum (60 Mc; Fig. 4) confirmed this
structurel feabture, showing typical multiplets cenired on ¥ 4.06
and 4,80, This latter muitiplet also cgntained the olefinic proton

on C Singlets due to the isopropylidene grouping appeesred

(10)°
at v 8,30 end 8,36, Two unsplit peaks at ¥ 8,71 and 8,82 were

essigned to mathyl groups at tertizry alcoliolic centres. A pesk
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Mass spectral fragmentation of caparrapidiol bis-TMS ether.
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ascribed to two hydroxyl protons at Y7.95 disapreared on D2O
exchange, All assignments were supported by integration.

Caparrapidiol was observed to dehydrate when left in ethanol
for several days on alumina. lerolidol was identified by
comparative GIC as a major prodﬁct. The skeletel affinity of
nerolidoliand caparrapidiol was thus indicated,

The bis-trimethylsilyl derivative of caparrapidiol was
formed quantitetively by digsolution of the diol in hexamethyldisilaszane
and a catalytic trace of trimethylchlorosilane, and heating in a
sealed tube at 160° for several hours, Caparrapidiol bis-trimethylsilyl .
ether was thms cheracterized by combined gas chromatogrephy-mass
spectrometry (GC-1S), The following significanﬁ ions were observeds:

m/; = 384 (0.5% ! (parent ion); m/é = 301 (0.5%) (loss of CeHyq

by cleavage &t G,y - C(e))3 /o - 294 (15) (i~ (CHy) ;S10H);
n/ - 204 (1%) (H-2x(CH,) j810H) /o = 199 (25%) (C ©)~ S cleavage);

(0]
i

143 (100%) (0(3)« C<4) cleavage), The definitive fragmentations
are outlined in Fig, 5,

The above evidence confirms structure (10) for caparrapidiol,
rether than the slternctive structure (11): the relative configuration
remains to be determined, but the co-occurrence of caparrepidiol with

(+)-S-nerolidol would suggest a common biogenetic origin end it

might therefore be expected that caparrapidiol will have the

*Except as otherwise stated, mass spectra were recorded
using the LKB 9000 gas chromatograph-mass spectrometer,
Percentage ion abundarces are cited with respect to the
base peek,




(+)—S~con?igurati§n at C(B)o Proof would depend on introducing
a suiteble chromophore, and correlating the Cotton Curve with
that of a model compound,

The biogenetic'origin of caparrapidiol could conceivably
involve the enzymatic Markovnikoff hydration of nerolidol.
_(An analogous hydration reported in the literature 9 involved the
Markovnikoff addition of water to Y% -ionone, usiﬁg sulphuric acid
’in vater), Tt is perhaps also possible that caparrapidiol is

the biogenetic precursor of nerolidol in Ocotea caparrepi.

Caparrapidiol is the first reported naturally occurring

acyclic sesguiterpene diol,
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The Structure of Cepzrrepitriol. (3.7,11-tribvdroiy—3,7,1]-trimethyl-
dodeca—lusne)

Further elution of the chromatographic colurn from which
nerolidol ard caparrapidiol were obtained, yielded "caparrapitriol"
(12) as a stable crystalline compound, Analysis indicéted the
structure 015H3003. This compound wes also observed to dehydrate
on an alumina column, affording principally nerolidol and

‘coparrapidiol, as shown by comparative TLC and GIC.

The infra-red spectrum of caparrapitriél (melted film:

Figo 3, P« 9 ) closely resembled those of nerolidol and caparrapidiol,
but showed more intense hydroxyl absorption and diminished olefinic
absorption., These results confirmed the élose relafionship of the
three alcohols. Solutions of the triol in CCl4 showed a sharp

peek at 3610 cm”1 corresponding to non~bonded hydroxyls: a broad
peék at 3340 o disappeared on dilution, indicating inter- molecular
hydrogen bonding.

Tae MMR spectrum (Fig, 6) confirmed structure (12), the
following assigmuents being supported by integration: two multiplets
centred at U =4.06 and ¥ = 4.82 (vinyl group); a sharp singlet
at V= 7,87 which corresponded to three hydroxyl protons and
disappeared on D20 exchange; a diffusei?eak at ¥ 8.60 (methylene
protons); two singlets at ¥ = 8,74 and 8.86 (two methyl groups at
tertiary alcoholic centres), and a sharp singlet at ¥ = 8,81,
characteristic of a gem-dimethyl attached to a tertiary alcoholic

centre,
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Thé three alcohols (2), (10) and (12) were found to give
similar mass spectra as e result of initiel thermal dehydration
followed by complex fragmentation (Fige 11, p.17 ).

Caparrapitriol tris-trimethylsilyl ether was prepared in the
manner already described for tertiary alcohols, and characterised

by its gas—chromatograﬁhio retention and by GC-MS, affording the

following significant ions:

m/e = 384 (0.5%) (b~ (CHB) si0d); ™e = 301 (1%) (cleavage at

3
9(7) - 0(8)); m/; = 289 (3%) (cleavage at 0(6)— 0(7)); m/; = 211

(14%) (301 -(CHB) 5

m/é = 143 (100%) (cleevage at 0(3)— 0(4)); m/é = lBi (20%) (cleavage

i0M); m/é =199 (8%) (289 »(CHB)BSiOH);

at 0(10) - 0(119. The most important fregmentations are illustrated
in Fige 7.

Caparrapitriol (12) therefore represents the first reported
naturally-occurring acyclic sesquilerpene triol, It possibly
corresponds to Tapia's acid (triol mp. 96-97°, [c<]D+-3°;

Tapia's acid mp. 86°, PX]D* 3°) since it is not inconceivable that
caparrapitriol would be extracted during an agueous bicarbonate
treatment of the essential oil: on the other hand, Tapla described
silver and calcium salts of his acid which are less easily reconciled
with a non-acidic structure, )

Again; the biosynthetic origin is a matter of specuiation.

The simplest explanation would invoke engymatic hydration of a

nerolidyl or farnesyl precursor,
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The Structure of Dihvdroxveeverreni 2eid, (Methvi-7,1l-dihydroxy—
3.7 1 =trimethyl-dodecsnoate),

Following initial studies by Dr. C.J.W. Brooks, the acidic
fraction of Semple / (see Table 3, p.26 ) of czparrapi oil wes
methylated and chromatographed,_aifording en inseparable mixture
of two isomeric,‘monocyclic hydroxy~-esters, and a pure, though
'hon-crystalline dihydroxy-ester, Elemental analysis of this
compound was nob savisfactorily achieved, analyses consistently
1nd1cat1ng the formula 016“94 4 1/2}{200 Mass spectral analysis
of the dihydroxyester.and its corresponding bis-trimethylsilyl
derivative were in accord with thb formulae 016 920 and
C1 68300, (SiMeB)z, hovever, |

The infra-red data (liquid film and CCl4 éolution) suggested
the presence of two hydroxyl groups and confirmed the presence of
an ester, The following assignments could be made in the MR

spectrum (Fig. 8): Y 6,32 (3H, singlet; CO,ﬁe); v 7.8 (2H, multiplet;

CHZCO Me); ¥ 8.57 (multiplet, methylenic protens); Y 8,78 (6H, singlet;

23 CH~CR, CH); ‘v 8.83 (3H, singlet; _Q_Z-;ZB—GRQOH); 905 (34, doublet;
Q§3~CHR2). Preliminary examination of these spectral data suggested

(13) and (L4) as possible structures,
Definitive structural data were obtained bj GC-HS examinztion
of the bis-trimethylsilyl ether, and of the tris-trimethylsily
ether of the triol obtained by lithium‘aluminium hydride reduction
of the dihydroxy-ester, The fragrentations outlined in Figs., 9 end 10

wvere charactsristic and strongly suoported structure (13).
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On comparison of the WR spectrun of (13) (seeFig.8) with
that of methyl isovalerate it was found that the methylene protons
adjacent to the ester function appeared as a multiplet, whereas
in methyl isovalerete a doublet was apparent, This is caused
by the pro-chirel nature of the KX —methylene group in (13): as a
consequence of the asymmetric centres in the acyclic skeleton the
methylene protons are necessarily non-equivalent so that the
'ABZ system in methyl isovalerate becomes an ABBl system in the
dihydroxy ester,

The benzene-induced solvent shifts of the various groups in

(13) have been compared with those of methyl isovalerate,

TABLE 1,
Dihydroxv Ester (13) Methyl isovalerate
| CDClB"d CeH, ¢ A (ppm. ) CDClB"d CeHy X A (ppm, )
6,32 (3H) 6,60 + 0,28 6,33 (3H) 6.6/ + 0,31
7.80 (2H)  7.87 + 0,07 7,81 (2H) 7,98 + 0,17
8056)- (12H) 8060 +70004 and - .o
: 8.64% 8,70 +0.06 - - -
8,78 "~ (6H) 8,89 + 0,11 - - . -
8.83 (3H)  8.93 +0.10" - - -
9.00) 9,05 + 0,05 8.99) 9,10 + 0,10
) (3H) ) (3H)
9.10) 9,15 + 0,05 9.10) 9,20 + 0,10

\

¥ The benzene-induced solvent shifts for t-butanol were elso
measured, and A (’CC6H6~'KCD013) observed to be + 0,09 pgm.
The shifts observed for the tertiary methyl groups in (13) are
therefore due to complexing of the tertiary hydroxyls with benzene,

unction with benzene.

Hy

rather then complexing of the ester



Parallelisms were observed (Table 1) slthough the shifts for (13)
were all slightly lower., This may be dus to greater steric
inhibition of the benzene complex by the acyclic chain,

The spectroscopic data outlined (gigg EEEEE) are therefore
consistent with the hitherto uareported structure methyl-7,11-
dihydroxy=-3,7,11=trimethyl~dodecanoate (13), Elemental analyses
of this ester and its reduction product (15) (seé FiQ.Z) were in
accordance with a 2:1 complex with water, This may be due to
hygroscopic absorption of atmbspheric moisture, rather than the
occurrence of a discrete hydrogen-bonded complex,

. - The biogenesis of this compound, if it is formed from a farnesyl
or nerolidyl precursor, must-involve hydration, reduction and

oxidation,
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Analytical Utility of Trimethy silyl Ethers,

. 10 s .
Trlmethyl,llyl derivatives are of widespread value in

analysis. The utility of trimethylsilyl etkers for micro-
separation and characterization of hydroxylic compounds is
increasingly recognised, They are resdily preparable, 10, 11
.even from many tertiary alcohols, they are of low polarity, and
. the range of polarities from mono-ethers tc the aerivatives of
polyols is small: these properties render them highly suitable
for gas chroma'bography,l2 and for group seéperations by TLC or
13, 14

Separetions of individual derivatives

column chromatography,
may also be achieved by using solvent systems of low polarity,
Moreover, they undergo characteristic megs spectrometric
fragmentations, frequently involving fission adjacent to the ether
group 15, 16, 17, 18, 19: due considerstion must be given to the
possible occurrence of rearrsngements in certzin examples (see p.98 ).
The mass spectre of nerolidol, ceparrapidiol and cap rrapitriol,
‘measured during the initial studies of the oil, were of limited
value owing to dehydration to hydrocarbons (probably both thermally,
and by 1,3 and 1,4 elimination processes) which gave similar mass

spectra (Fig. 11), The methyl ester of dihydroxycaparrapi acid also

suffered extensive dehydration in the wdss spectrometer, The

m

corresponding trimethylsilyl ethers, however, gave significant, though

weak molecular ions, and gave well-defined Ifragments conveying

useful siructural information (Figs, 5 end 7, 0.-10,13)



Lo

The application of combined GC-MS to these derivatives was a

decisive factor in the elucidation of the structures of the

arent hydroxy-compounds., The procedure clearly hag general utility,.
P y J I g



Fige 12
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" IR speotrum (liquid f£ilm) of caparrapi oxide

NMR svectrum (60Hc/s.) of cavarrapi oxide in CDCL
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The Gross Structure of Caperrani Ovide, (1,3,7,7-tetramsthyl—3-
vinyl-R~oxabicyelo=(4,/4,0)=decans)

Certain samples of caparrapi oil (3 and 4, Table 3, p.26 )

contained, as a relatively abundant constituent, a compound,

100°
unaffected by mild acetylation having a retention index ISE~30 1420,

‘and yielding in its mass spectrum main veaks at m/é 222 (M+),‘

207, 189, 137, 12/, and 109 (Fig, 20), Accurste mass measurement

/

of the ion at ™e 124, (MS 9 mass spectrometer) gave a value
2 012 - lede T e 1252 2 T
124,1205 ¥ calecd.for Cngé’ 12441252 or C8H12

. The unusually short retention time in relation to molecular weight

0, 124.,0888.

together with the mass spectral data (reminiscent of bicyclofarnesyl
derivatives) prompted further investigation of this component, which
we have named caparrapl oxlde,

Caparrapi oxide was readily isolated as an oil from the neutral
fraction by column chromatography, and shown to be homogeneous by
GIC on three phases of graded polarity (1% OV-1, 1% OV;17 and
3% OV-22) which have been noted -0 for their utility in separating
double bond isomers,

Analysis of caparrapi oxide indicated the elemental composition
015Hé60 which was in agregment with the mass spectral molecular ion,
The infra-red spectrum (liquid film, Fig, 12) indicated the presence
of a vinyl group (vmax 3080, 1840, 930 and 920 Cmfl): while bands
in the C-0 stretching region (Vmax 1047, 1080, and 1120 enY) were

21, 22 : . :
) - .4 b = onNs Y ..r‘
attributable to a tetrahydropyran ring. Hydrogenation (Pd-C)
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20,
21,

23,

24 )

. 25’

R=CHO

R:CHZOH
R=CH_,0TMS

R:ChaCH

R=CH OHBCH OB

2

R=CHOTMSCH_OT!S

R::CHNOCH3
R:CHBrCHaBr
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afforded a dihydro-compound (M.W,224 from mass spectromatry) schowing

.

1.0N,

¥

<

no vinyl absorp

+

The N¥MR specirum (60 Mc/secs Fig. 12) showed a typical vinyl
multiplet, which was not further coupled, indicating an adjacent
tertiary carbon atom, Four methyl groups could bedistinguished
by singlet peaks at ¢ 9.10 and 9520 and (two superimposed) at 8.70.
The absence of methylenic signals below ¥ 8 indicated that the
ethereal oxygen was flanked by tertiary cérbon atoms,

The above spectral data suggested that caparrepi oxide possessesd
the gross stiructure (16), formally derivable by cationic cyclisation

of nerolidol, The alternative structure (17) is inconsistent with
NMR data: the separation (cps) of peaks ascribed to the geminsl
methyl groups was proporltional to the applied frequency, and double
irradiation confirmed the absence of an iéopropyl group, Masgs
Speétroscopic data (Fig. 14) were also in better accord with (16).

Reduction of caparrapi oxide with lithium in liquid ammonia
-gave mainly (ca. 85% as judged by GIO) the expected product (18).
This was not isolated in a pure State, but was characterised by
NMR, which indicated five methyl groups (vesks at ¢ 8,40 (broad),

8.44 (centre of doublet), 8.84, 9,05 and 9.19 (singlets) ), a single

nic proton (U ca. 4.75, muiltiplet) and two allylic vrotons of

e

olef
a methylene group (U ca. 7.9, multiplet), The IR spectrum included

) , 4, <. _—H
830 end 1660 cm  ( € = CT 7). The mass spectrum (Fig. 14

S~

V max

wes also consistent with structure_(lS). A possitle retionalization



20

afforded a dihydro-compound (M.W,224 from mass spectromatry) showing
no vinyl absorpbion,

The MR spectrum (€0 Mc/sec; Fig. 12) showed a typical vinyl
multiplet, which was not further coupled, indicating an adjacent
tertiary carbon atom. Four methyl groups could bedistinguished
by singlet peaks at ¢ 9.10 and 9520 and (two superimposed) at 8,70,
The absence of methylenic signals below ¥ 8 indicated that the
ethereal oxygen was flanked by tertiary carbon atoms. |

The above spectral data suggested that caparrapl oxide possessed
the gross siructure (16), formally derivable by cationic cyclisation
of nerolidol, The alternative structure (17) is inconsistent with
NMR data: the separation (cps) of peaks ascribed to the geminél
methyl groups was proportionsl to the applied frequency, and double
irradiation confirmed the absence of an iéopropyl group, Mass
speétroscopic data (Fig, 14) were also in better accord with (16),

Reduction of caparrapi oxide with lithium in liquid ammonia
-gave mainly (ca. 85% as judged by GLC) the expected product (18).
This was not isolated in a pure State, but was characterised by
NMR, which indicated five methyl groups (peaks at ¥ 8.40 (broad),
8.44 (centre of doublet), 8.84, 9.05 and 9.19 (singlets) ), a single
olefinic proton (T ca. 4.75, multiplet) and two allylic protons of
a methylene group (¢ ca. 7.9, multiplet)., The IR spectrum included
—1H

).

V pax 830 and 1660 em ! ( >c =07

0 The mass spectrum (Fig. 14)

was also consistent with structure.(18). A possible rationalization



Z.L

of the fragmentation is shown in Fig. 1. Hydrogenétion resulted

in formation of the dihydro~compound, the IR spectrum‘of which showed
no olefinic sbsorption. The mass spectrum was consistent with the
proposed structure, |

Caparrapi oxide was converted smoothly by O0s04/Nal0, cleavage

4
to the aldehyde (19); NMR showed singlet peeks for the gem~dimethyl
group ( 1?9,15, 9,20) and for the methyl groups flanking the ether
oxygen (¥ 8.70 and 8,80, consistent with the expected small change

_in shielding). The aldehyde proton appeared as a sharp singlet at

Y 0.42. The infra-red spectrum (cC1, solution) showed two carbonyl

4,
absorptions at 1740 P (€a, ca. 320) and 1732 o™t (€2, ca. 200) which
could perhaps be attributable to sldehyde rotemers,

Reduction of the aldehyde afforded alcohol (20). The infra-red
-spectrum (0014) showed a strongly intra~molecularly bound hydroxyl
group (Vhaé 3570 cm”l, £a 40, unaffected by dilution), This bonded’
form was also obvious in the MMR spectrum, in which two well defined
doﬁblets centred on T 6,72 and 6,90 ( J~10 ¢/s) could be atiributed
to the hydrogen~borded hydroxymethylene function,

Structure (164) was strongly supported by comparings its spectral
data (IR, MS and IMR) with those of menoyl and epimaroyl oxides
(28 end 29) and the monoterpencid oxide (2%)0 The IR spectrum of
caparrapi oxide (Fig. 12) closely resemblsd those of (27) (28) and
(29) 235 245 25 41 sccordance with the vroposed correspondence of the
tetrehydrepyran ring system and vinylic group. In the mass spectrum,

L]

ide had thelr counte
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many of the abwifsnt ions from
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in the specira 26 of (28) and (29), 4The abundant M+—15 ion is a
consequence of the stabilized oxonium .ion obtained by the
fragmentation depictad in Fig, 14, The authors of the mandyl
oxide mass spectral publication offer no explanatlon for the loss
of water from the oxonium ion. We suggest a plausible pathwey for
-the corresponding loss in caparrapi oxide as being that depicted,

. Caparrapi oxide also exhibit the two Retro-Diels Alder procesSeS
which can theoretically occur in the tebtrahydropyran ring. The
mass spectra of a series of derivatives of the oxide (19 - 26)
ﬁere unremarkable, apart from the common presence of abundant ions'
at m/é 177 and 195, The latter is the stabilized oxonium ion
formed by loss of alkyl radical (19, CHO; 20, CH,0H, etc.) rather

m/

than the methyl radical, The ion at "’e 177 represents loss of
water from the resultant oxonium ion (corroborated by a metastable

peak at ™o 160.9).

TABLE 2,
Chemical Shifts of Methyl Groups (CDCLB)

Manoyl oxides . Caparrapi oxide and derivatives
Oxide © C Lo Oxi
28 8,73 8.73 (27) 16 8,70 8,70 9,10 9,20
29 8.92 8,83 (27) 19 « 8,70 8,80 9.15 9,20 -

8,89 8,80 (28) 20 8,72 8.84 9.12 9,24
= 27,28 ]
The published IR spectrum of (28) (Fig. 15) is closaly

similar to that of (16), particularly in the vinylic region.
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Moreover, the chemical shifts of the C(8) and C(lO) methyl groups

of caparrapl oxide (Table 2) are simost identical to those of the‘
0(8) and 0(13) methyl groups of manoyl oxide, The implied cis-
configuration of the methyl groups in caparrapi oxide must be treated
_wifh some. reserve in the absence of confirmatory evidence,

The co-occurrence of (+)=S-nerolidol and caparrapi oxide would
sundesU a biosynthetic link, involving the cationic cyclization of
nerolidol as depicted in Fig. 16, In accordance with the postulate
of anti-periplanar cyclization 29, the energetically most fevourable
product will result from the incipient carbonium ion which affordé a
trans - anti - trans 'decalin--type! system, The mechanistic
requirements for this anti—periplanar cyclization to occur are assumed
to be (a) synchronous bond formation taking place with essentially
no conformational reorganization during the reaction; or (b) a
stepuwise .reaction proceeding by formation of configurationally stsble
cation intermediates (e.g. bridged carbonium ions), followed b
sufficiently~concerted addition steps. Examination of a mocel of
(+)-S-nerolidol indicates the expected product to be caparrepi oxide
with a trang ring-junction, and cis-oriented methyl groups at the
0(8) gnd C(lo) ﬁositions, as suggested by comparative NMR studies,

In vitro replication of this process has not yel succeeded,

\.
o
=
o
o

Reactions of nerolidol with a varie ionic cyclizing rezgents

[
Y

]

such as mineral acids, formic ecid, boron irifluoride etherzze and

p«toluenesulphonic acid have yilelded complex miXtures, none of which

L
L

contained demonstrabls cuantities of ceparvapi oxide, It is clszr



from these results, that caparrapi oxide is not an acid-produced
arvefact,

In retrospect, this failure to achiesve cyclization may perhaps

. . v o 30 ., .

be explained by the fact that alcohols are generally stronger
bases than olefins, with the result that preferential protonation
at the hydroxyl group prevents the desired cyclization process.
Possible methods of achieving cyclization could involve either
(2) formation of nerolidol terminal evoxids, followed by boron
trifluoride~catalysed cyclization (Fig. 16), or (b) derivatizing
the hydroxyl function in such a way that the oxygen is rendered
less basic, e.g. by formation of the triflucroacetate, Other
potential synthetic routes (Fig. 16) involve the precursor
trens - 1,3,7,7-tetramethyl-2-oxa-3,4-dekydro-bicyclo-(4,4,0) decane
31

(34) vhich has been prepared

I in a high yield by the acid-
catalysed cyclization of geranyl acetone,

Relevent cyclizations have been describad in the literature,
notably that 32 of geraniolene (30) which on %reatment with dilute
sulphuric acid formesd the tetrahyiropyran (31) by a reversible
process (Fig.17)., The possibility thzt caparrapi oxide may

therefore srise in vivo from farnesene cznnot be precluded, even
°T 2t X2V 3

thouch no trace of fernesene was presents in the caparrapi oil samples
o & gy -~ Py

. ; o225 -
examined, Dehydrolizalool has been cycllzea ? under similar

circumstances to the acetylenic analozue (32), but linalool affords

33

hydrocarbon products., The pertinent acid-catalysed cyclization



Fige 17
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<2

of the phosphate esters of nerol and linalool occurs via
enchimerically-assisted attack (Fig. 17) of the C (2)—0 (3) double
bond on C(é) of the terpene. The non-classical ion thus formed
can either hydrate, or eliminate a proton. The acid-catalysed
cyclization of nerolidol and farnesol has recently been the
‘sﬁbject of a careful study,33 Complex mixtures of monocyelic and
“bicyclic polyenes and monoalcohols were isolated‘in each case, the
pathwey presumably involving the reactién sequerice; farnesoi
(nerolidol) = bisaboiyl cation + rearranged bisabolyl cation -
cadinyl cation < cadinyl derivatives. A privete communication from
Dr. Klein (Dragoco, Holzminden) describes the cyclization of
dehydronerolidel in formic acid, the principal product of which
appears to be the monocyclic oxide (33),

In conciﬁsion, caparrapl oxide is therefore the isoprenologue
of the monoterpene oxide (23) and the diterpene oxides (21, 22).
Its biogenesis possibly involves cationic cyclization of either

" nerolidol or farnesene,
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Gomparisons of Cavarcani 0il Samples.

Five sempleg of caparrapl oll were examined., A summary of
their origihs, together with gn indication of the principal
constituents found, is given in Table 3. Figs. 18 and 19, illustrate
respectively the results of coﬁparative TLC and GLC analyses of the
neutral frgctions derived from the samples, whilst Fig. 20 shows
mass spectra recorded for peaks obtained by GLC of the neutral
components of the most complex sample (No.4). Fig. 21 depicts

comparative TIL for the acidic fractions,

" Sample No, 1

i

The composition of this sample, which4contéined no acidic
material, was extremely simple as shown in Figs., 18 and 19, Separation
of the constituents was readily achieved by preparative TILC or on g
larger scale, by column chromztography. Nerolidol (90%),
caparrapidiol (9%) and caparrapitriol (0.8%) were isolated and

.characterised,

Sample No, 2

The neutral constituents of this sample accounted for 96%
of the 0il, and were showm by comparative TIC and GC-MS to

N

correspond with those of semple 1,

Samnle No, 3

TLC and GC-MS studies on the neutral constituents (96%
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Fig, 21

Sample
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@ 8 af a Isomeric mono-hydroxy
acids '
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c Probably nono-hydroxy
acids

TLC cbmparison of acids, eluent-

© benzene/dioxan/acetic acid (95/25/4)



by weight) showaed the princinal component to be nerolidol, together
with a high proportion of caparrapi oxide., GIC data indicatzd the

presence of trace amounts of sgeversl other components, including

Iy

caparrapidiol, ‘Sapouificstion had no significant effect on the
GLC behaviour of the mixture, The most notable features of this
sample, as compared with Nos. 1 and 2, were the slightly lower

content of nerolidol, and the presence of ceparrapi oxide,

Sample No, 4

.

Sample No, 4 proved to be the most complex of the caparrapi
oils (Figs, 18 and 19). Examination of the neutral fraction by
TIC disclosed a high proportion of relatively non-polar constituents.
This sample wes also the richest in acidic material (107 by weight),
yielding two inseparable isomeric monohydroxy acids (a, Fig. 21)
and a dihydroxy acid (b, Fig. 21), all apparently of sesquiterpenoid
type. The neutral fraction was shown by comparative TLC, GLC and
GC-14S to consist of a mixture of several components, as indicated
"in Table 4s The principal constituent was caparrapil oxide,
identical with the minor component of sample No. 3. MNerolidol was
present in .emaller proportion than in samples 1-3, A sample of the
material was treated with acetic anhydride - pyridine in a sealed
tube at 160°C and the total product examined by GIC, The results

showed that peaks B (caparrapi oxide) and C were unche

£
'
i
)
Qs

-
<
54
@
=3
@
™
0

the other components had evidently reacted. Combined GC-}S of the

neutral fraction yielded the mass spectra showm in Fig, 20: peaks



E and F, and peaks G and H were poorly resolved in this instance,
and the corresponding mass spectra, though recorded =zt the
approoriate retention times, probably represent mixtures, Fig. 20
includes only those representing E and G respeciively, - The
assignment of molecular ions is uncertain for kydroxylic compounds
because of the prevalence of thermal dehydration,

Separation of the main constituents of the neutral fraction
. was readily achieved by preparative TIC (benzene), Tive zones
were observed, four of which were eluted for further exeminstion,
GILC indicated that each contained one major component: correlations
ofAretention data and Rf values are incdicated 1n Table 4.
Infra-red spectra were also recorded,

Compound A, a minor constituent, was not detected in the
preparative TLC sebaration. The mass spectirum was consistent with
a formula 013 210H but no further data have been obtained,

Compound B, isomeric with nerolidol (molscular ion 222) was
* the most interesting constituent: 1ts markedly distinct mass
snectrum prompted a more detailed study, and the structure (16)
caparrapl oxide, was elucidated,

m/

Compound C. gave an apparent molecular ion at ‘e 206; a

small peak at /e 220 ssemed to be an impurity, The compound is

presumed to be a hydrocarbon 015326’ but has not been identified,
Compound D was identified as nerolidol by comparetive TIC,

GLC, IR and mass spectrometry., Compounds E and F appeer

isomeric with nerolidol,



(=>4

Compounds G and H appear to comprise an isomeric pair:
G corresponded to capsrrapidiol, already described as isolated

from sample No, 1.

Sample No. 5

TIC and GC-MS examination of the neutral fraction (94% vy
weight) of this oil showed such gress differences from the other
"samples that its origin must be in doubt., The acidic fraction was
also quite different in composition (Fiz, 21), The constituents
were not conveniently separsble by preparétive TLC, Saponification
yielded an acidic fraction (0.64 g from 1.70 g of neutral oil) which
could not be crystvallised, Trestment with diazomethane gave a
product yielding two peakxs on GIC but remaining unresolved on TIC,
GCfMS’indicated molecular weights of 318 &and 332, In view of the
apparently non-sesquiterpenoid nature of these compounds they have

not been examined further at the present time,



activity on a renge of & gpecies of bacterium, The cils
were dissolved in ether and spots of the etrereal soluvions
made on a nutrient agar plate, Stroke inoouia of the
bacteria were made across the spots and any inhibition

.of growth noted. The results are given below,
’ 0il 1 0il 3 0il 4 0il 5

Escherichia coli - - - -
Klebsiella aerogenes - - - -
Pseudomonas aeruginosa - - - -
Proteus vulgaris - - - -
Staphvlococcus aureus ? - - +
Bacillus cereug ? - - +
Cornybacterium zerose ? + - +
Mycobacterivum vhlei - + - - +

no inbibition

It

+ inhibition
? doubtiul

None of the oils had any inhibitory effect on the gram-

I

negative bacteria (the first four on the list); 0il XYo. 5
was inhibitory to all the gram-positive bacteria, oil No. 3
to C.xerose, and oil Ho., 1 was siightly'inhibiﬁory to the
organism M, phlei, |

its relationship to other acid-fest bacteria such as

M. tuberculosis and M. leoroe.




Conclusions

-

Of the five semples examined%, one (Xo.5) appeared to be
of totally different composition from the others and we accordingly
believe that it is unlikely to be a genuine sample of caparrapi
oil, Samples 1-4 were sufficientiy similar in qualitative
‘composition to suggest a common botanical origin, although certain
. interesting differences were observed: these are perhaps
attributable to species variations or seasonal variations. We
“have observed no,appreciable'changes in composition during storage
of the oils for periods up to six years. The stability of nerolidol
and caparrapidiol in the oil is noteworthy, because once these
constituents have been isolated they are exiremely susceptible
to decomposition in the presence of air,

The most characteristic constituent is nerolidol: indecd, two
of the samples (Nos. 1 and 2) apeear to be the richest sources of
this compound sc far described, The oil is further charecterised

by the presence of acyclic sesquiterpencids such as caparrapi

iy

¢iol,
caparrapitriol and dihydroxy-caparrepi acid. Inhibition of the
cyclizg ation and oxidation processes which normally teke place in

plants has apparently occurred, Cyclization, when it does occur,

~

¥Antibacterial screening of the various samples wes performed
by Dr. R.2. Morrison (b%cterloTO Dept., University of
Glassow) whose results are taouL;u d in Table 5. They
indicate that the 'medicinal properties! of caparrepi oil
are prcbably not due to enti~bacterial a,ctivitw°



is exemplified by the 'abnormsl'! product caparrapi oxide. The
essential oil is therefore primitive in that it comprises mainly
sesquiterpenoids in an early stage of bilosynthesis,

It is interesting to speculate as to how much phylogeﬁetic
insight would be provided by a knowledge of the steps of
biosynthesis of all known secondary constituents, Present

knowledge in this field is fragmentary,



1.3 ‘ Experinental Procedure

Conventional techniques were used for colwrn chrometography,
thin layer chromztography (TIC) and gas-liguid chrometography (GLC).
Materials used included Kieselgel G (Merck) for analytical TIC
and Kieselgel HF254 (Merck) on 0,1 ¢m thick 20 % 20 cm prepsrative
TIC plates, . Spots were cetected by charring with ceric swlphate -
,sulphuric acid reagent or spraying with iodine vépour. Bands were
detected by the suppression of fluorescence of WHF 254" or by the
method of staining seperate lenes with a destructive reagent. The
column packing (1% SE-30 on 100-12C mesh silenised Gas~Chrom P)

most commonly used for GLC was prepared according to the method of

Horning et al. 3

——

Ao

Analytical gas chromatogrems were run on
either Pye Argon chrometcgraphs or the Perkin Elmer F-11,

Melting points were recorded on e Kofler block and are
uncorrected. Rotations were reasured in chloroform at room
temperature unless otherwise stated, Light netroleum refers to the
" fraction of b.p.40-60C,

Ultraviolet spectira were measured on an eutomatic-recording
instrument (Upicam SP800), Routine infra-red specira were measured
on a Unicam SPR00 model and high resolution spéctra on the SP100

“ double beam spectrophotometer., Mass specira were measured on an
AET VS9 spectrometer end gas chromaiography; rass spectrdmety (GC-1is;
-

vas effected on an IXB 90C0 insirument, Nuclear magneiic resonance

(MMR) spectra were determined on a Perkin Elmer 60 Mc/s. instrunent



or on a Varian BA 100 model equippéd with a spin decoupler,

Several of the reactions described in the experimental section
were performed on the micro-scale and consequently, characterisafion
of the products relies primarily on GC-MS date, rather than

elemental analysis.




Chromatographic Sevarastion of the Constituents of Sample 1,

Ao

Samplé 1 (3.1 g) was adsorbed on to neutral alumina
(150 g Woelm, grade ITI), A gradient elution using petroleum
(2 1) / diethyl ether (2 1), with collection of aliquots of
40 ml yielded, in fractions 17-38, a clear, fragrant oil (2,76 g).
.Analysis; folloving preparative TLC separation énd vacuum diffusion
purification, indicated the formula 615H26O° This fraction was
shown to be (+)-S-nerolidol from its IR, NMR, mass spectra,
its physical constents (nzo, 1.4807; B%Ib + 18° in ethanol) and
GIC properties.

Fractions 82-97 yieldéd caparrapidiol (0.29 g) as a clear,
faintly fragrant, viscous oil DXJD + 8% (C, 1.0 in chloroform),
which decomposed readily on exbosure to air, but which could be stored
in ethanol at OOC.‘ Following preparative TIC and vacuun diffusion
purification (SOO/C,O3 m Hg), enalysis indicated the composition
'015}12802 (Found, C, 74.67; H, 11.82%; Calcd., G, 74.95; H, 11.74%).

The qolumn was strinped (aftef standing at room temperature
for several deys) by elution with methanol (250 ml) which on
evaporation at 100°C on & Blchi Rotery Evaporator yielded a pink
liquid residue containing organic materiel and silicates, Extraction
of this residue with ethyl acetate afforded 60 mg of z brownish oil,

which was adsorbed on a preparative TIC plate and eluted with ether,

The principal constituent, ceparrapitriol (25 mg, Rf 0,1) was



extracted with ethyl acetate, as a clear oil wnich crystallised
on stending, Sublimation atl 115°/0.03 mn Hg yielded a white
crystelline solid mp 96-97°, ﬁx]D + 3% (¢ 1.4 in chloroform).
V 0

Analysis indicated the formula C. . H (Found, C, 69.52;

1573073

H, 11.45%; Caled., G, 69.72; H, 11,70%).
The relétively non-polar minor constituents.isolated from

the preparative TIC were artefacts formed by the alumina-catalysed
dehydration of caparrapitriol, Comparative TLG and GIC showed

these compounds to correspond to nerolidol (3 mg) and

caparrapidiol (2 mg).

Bo

Sample 1 (100 mg) was adsorbed onto a preparative TLC plate
and eluted with ether, Nerolidol (90 mg, Ro 0.8), diol (9 mg,
R. 0.5) and triol (~1 mg, Re 0.1) were isolated in a pure state on

extraction of the appropriate bands with polar solvents such as

ethyl acetate.

Hydrogenation of Caparravidiol (10)

a4

Caparrapidiol (5 mg) was dissolved in ethyl acetaté an
hydrogenated over 10% palladium~-charcoal overnight. Comparative
TiG and GLC showe& one main product togetrer with a less-polar,
minor product (possibly from hydrogenolysis). The principal
product (3 mg) was isolated as an oil by preparative TLC, eluting
with ether, Mass spectrometiry in@icated a molecular weight increase

of four mass units, corresponding to upteke of iwo molesof hydrogen,
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Trimethvlsilylation Procedures
A. Incomplete trimethylsilylation.

Polyol (1 mg) was dissolved in hexamethyldisilazane (200 pl)
and trimethylchlorosilane (catalytic trece) added, The solution
was heated at 60-70° for 6 hours, eveporated in a stream of dry
nitrogen and the derivative(s) extracted from the resultent white

residue in dry ether, Thus, caparrepidiol (10) afforded two

12 .
products as shown by GO-IMS; léif?o 1750, molecular ion 312 and
ot
152330 1775, molecular ion 312. Caparrapitriol (12) efforded four

150

SE~30

o+ 150
(M 402) and ISE—BO

retention times of the triol trimethylsilyl ethers and their

150 *a 150
SB.30 1900 (M'330), Ign g 1960

2005 (M'402). The relationship between the

products; I 1850 (M7330), I

molecular weights is shown in Fig. 22.

B.AComplete trimethylsilylatioﬁo
To polyol (2 mg) in a melting-point capillary tube was
added hexamethyldisilazane (200 ;ﬂ) and a catalytic trace of
" trimethylchlorosilane. The tubekwas sealed and heated at 160° for
12 hr, The derivatives were isoléted as above, and characterized

by GC-MSs
125
SE-30

Tris-trimethylsilyl ether  from caparrapitriol (12) Ié§0302055 (Mf474);

Bis-trimethylsilyl ether from dihydroxy methyl ester (13), IééOBO 2020

(+432)

Bis-trimethylsilyl ether from caparrepidiol (10), I 1770 (M'384)

Tris-trimethylsilyl ether from triol (15), Iééo 2100 (M+476).

-
530



Extrection of Acids from Caparrspi 0il

Each sample of caparrapi oil (approximafely 5 g in 25 ml ether)
was extracted twice with saturated aqueous sodium bicerbonate
(100 m1). Acidificstion with dilute hydrochloric acid waé folloved
by twoléxtractions with ether end one with ethyl acetate, The
- organic exbtrects were combined, dried over anhydrous magnesiﬁﬁ
sulphate and evaporated in vacuo, yielding a clear viscous oil,

f‘p

Analytical data are presented in Table 3, p. 26.

Methylation of Acids from Sample 4

30% sodium hydroxide (C.2 ml) was added to a solution of

bis~ (N-methyl-l-nitroso)-terephthalinide (0.6 g) in diethylene

-

glycol (1.5 ml) and ether (10 ml), The gaseous diazomethane evolved
on wérming the resultant suspension was distilled into a solution

of the acids (226 mg) in ether (20 m1). Unreactedenitrosag'was
neutralized by the careful addition of glacial eacetic acid., The
diazomethene solution wes left at room temperature for 2 hours and
concentrated in vecuo, yielding methyl esters (240 mz) as an oil.

GLC retention data and molecular ions (GC-1S) of producté:

150 150

1150
SE-30 - SE-30

18 i+ .
sE.30 1830 (270); (C) I

(&) 1220, 1800 ('270); (B)

1920 (M+223),

~

Sevarztion of Monohvdroxy and Dibhyvdroxy Methyl Esters

Methyl esters (70 mg) were adsorbed cn to a preparative TIC

plate and developed with diethyl ether, IExtraction ocf the two

principal bends afforded 20 mg oil from each, Band 1 (Rf 0.6)



contained two inseparable monohydroxy esters (&) and (B). Band 2
(Rf 0.,2) afforded a dihydroxy ester (C) as an oil (25 mg) shown by

GIC to be homogeneous. v . 1710 et (liquid film); [chD 0°

(¢, 1.0.in chloroform): found, C, 64.63; H, 10,91% Calcd. for

1/ :
.016H3204, 16550, < 2H,0,5 C564.7;

H, 11,1%: Calcd for g633204; H,0, C,70.1; H, 12.4%

C, 66.63; H, 11.18%: Calcd for C

Attempted Separation of Monohvdrozy Esters

(i) Differential vacuum diffusion,

The monohydric ester mixture (54 mg) was subjected to
careful vacuum diffusion using a 'cold-finger! condensation
unit at 0.03 mm Hg., The temperature was slowly raised from

(o] . " + 2~ 0 (o]
60-100"C, Fractions were collected at 60-70", 70-80" and

o . ‘o
80-100" ranges, GLC showed no separation under these conditions,

(ii) Preparative TIC.
Careful chromatography of 32.8 mg oil on a preparztive
TIC plate (20 cm x 20 cm x 0.1-cm), eluting with 50% light

petroleum~ether, failed to separste the constituents.

(iii) Silver nitrate chromatography.
TLC performed as above using silver nitrate impregnated

kieselgel as solid support failed to separate the constituents.

(iv) Column chromatography.
Chromatograrhy on neutral alumina (Woelm, Grade IIT)

using a 50:1 weight ratio of alumine te estsrs, performing 2



careful diethyl ether - light petroleum gradient elution

failed to separate the constituents.

Treatment of Monohydroxy Esters with Osmium Tetroxide

The monohydroxy ester mixture (20 mg, 0.07 mM) was dissolved
in ether (2 ml) and added dropwise to osmium tetroxide (20 mé,
.0.08 mM) in ether (5 ml). /4 drops of pyridine wére added and the
solution left standing at ambient temperature overnight. The
osmate complex was decomposed by adding saturated agueous sodium
metabisulphite (10 ml) and stirring for 30 minutes. TILC of the

ethereal extract showed only starting material.,

Reduction of Dihydroxy Ester (13) to Triol (15)

Dihydroxy ester (26 mg) was dissolved in ether (Rml) end a

" slurry of lithium aluminium hydride (~15 mg) in ether added slowly
vith stirring at room temperature, After stirring overnight, water
vas added dropwise and the mixﬁure extracted several times with
ether, The ethereal extract was dried over'anhydrous magnesium
sulphate and evaporated under feduced pressure, yielding an oil

(18 mg), Preparative TLC, eluting with ether, yielded a clear

0oil (12 mg), Analysis, following vacuum diffuéion purificationA

at 130°/0.08 m Hg; found, C, 67.62; H,\12.68%; Calcd, for

ozl/é 5,0,

8. ('; al . G .
C1gHl5505, Cu 69.18; H, 12.59% . Caled, for Oy H,,

¢, 67.0; H, 12,5%:Calcd. for 01533203.H20, C, €4.8; H, 11,5%



v
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Reduction of Mononvéric Esters to Diols

50 mg of a mixture of the two monohycric esters was reduced
and purified as above, yielding an oil (40 mg) which, although

apoarently homogeneous by lIC, was shown to consist of a mixture

150
SE-30

resolution of the diol mixture by conventicnal separation techniques

pted

-

of two compounds (I 1785 end 1810) by GIC. Atten

failed.

P

Chromatogrephic Sepsration Cararrapi Oxide (16)

O

0

The neutral fraction of sample 4 oL_céparrapi 0il (1 g) was
adsorbed on to neutral alumina (40 g Woelm Grade III) and subjected
to gredient elution, using petrolewm (500 ml b.o. €0-80°) and
diethyl ether (500 ml), collecting 50 ml aliguots. Fractions 2-4
eluted'with.l% ether/petrol afforded caparrapl oxide (140 mg).
Prepérative TLC and vacuum diffusion (400/5 mm Hg) yielded pure
ceparrapi oxide [o<]D -18° (¢, 1.0 in chloroform), Found,

'C, 80697; H, 11.87%; Calcd. for Clbd260; G, 81.02; H, 11,97%
é%?éo 1420, Further GIC on three phases of graded éolarity showed

o . . o o . o s o]
no indication of inhomogeneity (retention indices (100 C). were
o

I

respectively 1430, 1540 and 1570 on 1%07-1, 1% OV-17 and 3% OV-22),

Fa

Hydrogenstion of Cavarrepi Oxide (16)

Caparrapi oxide (5 mg) was dissolved in ethyl acstate (3 ml)
and 10% palladium-charcoal (5 ng) acded. The solution wa
hydrogenated for 2 hours, filitered through Celite and concertrated,

yielding an oil (4 mg). GOC-S indicated one hydrogenation rrcduct



L.

(molecular ion m/g 22, Ié§?30 1430) .

» Effect of Lithiwn Aluminium Hydride on Cecvarrapi Oxide (16)
Oxide (18.2 mg) was dissolved in sodium-dried ether (2 m1)
and lithium aluminium hydride (~10 mg) added slowly with magnetic
stirring., ter 12 hours, slightly acid water was.added dropwise
‘and the solution extrected twice with ether, Comparative TIOC

showed no reaction to have occurred,

Ring~Opening of Caverrani Oxide (16)

Oxide (50 mg) in ether (2 ml) was added dropwise to lithium
(200 mg) in ammonia (50 ml)vin a 'cold finger'! reaction vessel,
The deep blue solution was meintained at liguid ammonia temperature
for 1 hour} ammonium chloride (500 mg) and ethanol (10 ml) was
added. The liquid ammonia was allowed to boil off, and the
residue partitioned between water and ether, The ethereal extract
on evap&ration under reduced pressure, afforded a clear oil (50 mg).
' Preperative TIC (benzene) afforded the principal constituent as an
oil (43 mg), the infra-red charaoferistics of which corresponded to
the expected ring-opening procduct (Vmax 3600, 1660, 830 cmfl).

GC-MS revealed the presence of isomeric constituents in the ratio

125
SE~30

unresolvable in several TLC solvent systems, and consequently was not

85: 15 (I 1545 and 1555 respectiveiy.) This mixture was

submitted for elemental analysis.

Hydrogenation of Ring-Opening Produck (18)

I,

Ring-opening product (4 mg) was dissolved in ethyl acetzte



LD

(3 m1) and 10% palladium-charcoal (~5 mg) added, Following 30
minutes hydrogenation, the solution was filtered through celite.
and concentrated under vacuum at room temperature, yielding an

0il (3 mg). Infra-red (no V 830 cm—l) and .GC-M¥S (molecular

mex
120°
SE-30

_olefinic function. Minor constituents (less than 10% of the total)

ion m/g*226, I 1555) indicated complete hydrogenation of the

were not characterised,

Cis-Hydroxvlation of Cavarrevni Oxide (16)

Caparrapi ox1d@ (15 mg, 0,06 mi) was dissolved in dry
tetrahydrofuran (3 ml). Osmium tetroxide (20 mg, 0.08 mM) in dry
tetrahydrofuran (0.5 ml) was adde¢ with stirring, One drop of
pyridine was added as catalyst. Trhe solution; which darkened
immediately, was left stirring overnight at room temperature,
Saturated agueous sodium metabisulphite (5 m1) was added and the
solution stirred for one hour, graduslly bzcoming red., The solution
wag extracted twice with ether, which, after drying over anhydrous
sodium sulphate and evaporation under reduced pressure afforded a
diastereoisomeric diol mixture as an oil (14 mg). (Igggqo 1800 and

1820). _
Periodate Cleavage of Diol Miwture (23)

. The mixture of disstereoiscmeric dicls (13 mg) was dissolved
in ethanol (2 ml) and saturated agueous scdium periodate (2 ml)
added, A white precipitate formed efter several minu

at room temperature, After 4 hours the solution was extracted with

ether, which was then dried over anhydrous msznesium sulphate znd
3

k=



43

concentrated at room temperature under reduced pressure, yielding .
. o c ot 0/ '
an oil (10 mg) purified by vacuum diffusion (40 /5 mm Hg).

(Found; ©, 744705 H. 10.63% Caled. for Oy K, 0,5 Gy 74.95; H, 10.78%)

max (6014) 1740 et (Ea, ca 320); shoulder at 1732 o (Ea ca 200){

125
SE-30

<

I 1550,

Reduction of Aldehyde (19)

Mdehyde (3% mg, 0.14 md) was dissolved in dfy ether (4 ml)
and lithium aluminium hydride (8 mg, 0.2 mM) added slowly with
stirring, After one hour, methanol (2 ml) was added'dropwiée,
followed by water (2 ml). The ether extract, dried over anhydrous
sodiun sulphate and concentrated under vacuum afforded an oil (36 mg),
which after preparative TIC and vacuum diffusion purification
(40°/5 1m Hg) gave pure alcohol (23 mg): [c(]D—5o5o (¢, 1.0 in

chloroform), Found, C, 74.59; H, 11.81%; Calcd. for © H,.0

126722

C, 74.29; H, 11,58%: V e (CClI) 3570 enl (&a4o) unaffected

by dilution. (cf. R-hydroxymethyltetrahydropyran, v (uCl ) 3579
(g, 55) -

p=Bromobenzoate of Alcohol (20)

Alcohol (20) (20 mg, 0.09 m¥) was dissolved in pyridine (0.2ml)

and a solution of freshly crystallised p-bromobenzoyl chloride

(20 mg, 0.10 mM) in pyridine (0.2 ml) added. The solution was
left overnizht at 0°C and partitioned between N hydrochloric

acid (20 ml) and diethyl etner (40 ml). The ethereal extract was

dried over anhydrous sodium sulphats, and yielded after evaporation



. . . 0 .
under vacuum, a crystalline solid (22 mg) mp.60.5-61.5  (following

\

recr*st-l.isatlon from light petroleun), Found, C, 61.48; H, 6.99%
Caled, for 021H29Br03, C, 61.A1; H, 7.145%. Racvysta111zatlon from
a wide range of solvents yielded crystals of a fibrous nature which

were unsuitable for X-ray crystallography,

o/

+

Trimethvlsilylation of Disstsreoisomeric Biols (23) Derived from
’ Caparravi Oxide

The diastereoisomeric diol mixture (1 mz) was dissolved in
hexamethyldisilazane (2 drops) and a cataiytio quantity of
trimethylchlorosilane added. - The solution was heated in a sealed
vial at 70° for 2/ hours and evaporated with a' stream .of nitrogen,
Extraction of the white residue with ethe: (1 m1) yielded

bis-trimethylsilylation products, as shown by GO-!S, Diols:

I 14930 1800 and 1820, Bis-trimethylsilylation products (molecular
m/ 1400 a o
400) I SE~30 1890 and 1910,

Methoxyamination of Aldehyde (19)

To aldehyde (29) (3 mg) in pyridine (0.5 ml) was added
O-methylhydroxylamine hydrochloride (3 mg) in pyridine (0.1 ml),
The solution was heated in a sealed vial for 3 hours, filtered,

‘and an aliquot of the solution injected.directly on to GLC,

‘ s as s . s 120°
Complete derivatization was indicated: Aldehyde, I 5230 150

120°
SE=-30

No evidence of syn and anti-isomers was seen.

. 7 . ~ ar m
O-methyloxime, I 1620, (¥olecular icn on Go-X e 253),
Y ’ 9



Bromination of Oxide (16)

Caparrapi oxide (1 mg) was dissolved in carbon tetrachloride
(0. m1) and bromine in carbon tetrachloride added dropwise till
the red colour persisted. Excess bromine was removed by addition

of aquecus sodium metsbisulphite, An aliquot of the organic

layer was injected directly onto GIC, and the presence of two dia-

o
. 1
stereoisomers indicated (I§§93O approximately 2000 and 2010).

The expected molecular ion multiplets were observed by GO-MS
(™'e 382, 384, 336 in the ratio 1t 2: 1),

Attempted Cyclizations of (+)=S-Nerolidol
to Cavarrapi Oxide

| (+)-8-Nerolidol was obtained by preparative TIC of Sample 1
of Caparrapi oil, and divided into several.portions,
(1) 98% Formic Acid at 60°,
(+)~S-Nerolidol (50 mg) was dissolved in 98% formic acid (1 ml)
yieldiné a white, opague solution, which after 2 minutes warming at
60° became brown, Neutralisation with aqueous sodium bicarbonate

vas followed by ether extraction, The extract was dried over

. anhydrous sodium sulphate, yielding a yellow oil (35 mg). Comparative

-TIS indicated complete reaction of nerolidol, and formation of
productswith retention indices Rf0095 and 0.89 ( ¢f, caparrapi oxide
0.89), GIC indicated a multiplicity of products; only one component
(spproximately 1% of the total) had a retention index (Ié%?;o 1420)

corresponding to that of caparrapl oxide,



Lo

(ii) 98% Formic Acid at Room Temperature, .
(+)=S-nerolidol (10 mg) was dissolved in 98% formic acid
(0.5 ml) and the solution shaken for 5 minutes at room temperature.
The products were isolated and examined as in (i), and shown to
be essentially similar to (i) by TLC and GIC, although some

starting material was unreacted.

(iii) Dilute Anhydrous Formic Acid.

(+)=S-nerolidol (10 mg) was dissolved in Analar tetrahydrofuran
(2 ml) and 98% formic acid (2 drops) added, After standing
overnight, no reaction had occurred, as shown by TLC and GIC,

. o . .
Warming at 40°C for several minutes produced no reaction,

(iv) Concentrated Sulphuric Acid,
(+)»S—nerolidol (10 mg) was dissolved in R~nitropropane

(1 ml, freshly distilled from phosphorus pentoxide), and

concentratad sulphuric acid (0.1 ml) in 2-nitropropane (1 ml)

added at —7000. The solution was stirred magnetically for

5 minutes, becoming brown., Ice-cold water was added and the solution
extracted with light petroleum, TIC indicated complete reaction,
giving products with vetention indices corresponding to

hydrocarbons., GILC indicated a complex mixture in which no oxide

~

could be detected,

(v) p=Toluenesulphonic Acid,

To (+)~S-nerolidol (1 mg) in benzene (0.5 ml) was added a

crystal of p-toluenesulphonic acid monohydrate., The solution was



e

wvarmed on a steam bath for 30 minutes, TIC indicated the
presence of compounds corresponding in polarity to hydrocarbons and

mono-alcohols, No oxide was evidendt,

(vi) Boron Trifluoride Etherate,
- To. (+)-S-nerolidol (1 mg) in benzene (L m1) was added boron
.trifluoride etherate (1 drop), The solution was left .at room
temperature for 5 minutes, and the excess reagent neutralized with
water, The benzene extract was dried over anhydrous sodium sulphate
and was shown by TIC to contain several compounds of polarity
consistent with that of olefins. No oxide could be detected.

Separation of Samples of Cavarcani 0il into Neutral
and Acid Components

The five samples of caparrapi oil (~0.5 g of each) were dissolved
in ether (50 ml) and extracted twice with saturated agueous sodium
bicerbonate (50 ml), The bicarbonate extracts were back-washed
with ether to remove traces of neutrals, Acidification of the
bicarbonate extract with 2N hvdrochloric acid was followed by three
extractions with ether, -the extracts being dried over anhydrous

sodium sulphate, Analytical data are presented in Table 3,

Prevarative TIC on Caparrapi O0il Samples

~

Samples (~100 mg of the neutral fraction) were adsorbed on to
Kieselgel preparative TLC plates end eluted with 50% benzene/diethyl

ether, Analytical data are presented in Table 3,



Saponifi

Ly

cation of Samole 5

The neutral fraction of sample 5 (1.6 g) was dissolved in

methanol (5 ml), 30% s

odium hydroxide (4 ml) and methanol (5 ml)

were. added, and the solutions refluxed at 100°C for 15 minutes,

Water was added and the neubral constituents extracted with

methylene chloride, The basic agueous solution was acidified and

extracted with methylene chloride, which, after drying over

anhydrous sodium sulphate, yielded acids (0.640 g)e

Saponification of Samole 4

The neutral fraction of sample 4 (10 mg) was saponified as

above, and the acids isolated, Comparative TIC in benzene (90)/

dioxan (25)/acetic acid (6) of the acids obtained by saponification

of samples 4 and 5 with the free acids in sample 4 gave the

following data:

Free acids from 4

~Acids from saponification

of sample 4o

Acids from
saponification of
sample 5

‘Rf 0.85 (brown)

0,70 (brown)

Ri. 0,70 (browm)

0.40 {(brown)

Re 0,90 (blue)

¥ colours produced by

ceric sulphate spray,
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INTRODUCTION TO THE STUDY OF THE ESSENTIAL OIL OF
BRACHYLAENA EUTCHINSIT

Botanical Description,

Brachylaena Hutchinsii is a hardwood, indigenous to East

Africa., The tree is known variously smong the natives as IMuhuhu,

Muhugu, Mububu, Ol-Magogo or Muhugwe, the vernacular tern
varying according to the dialect. A member of the compositss,

the tree is found from the coast land up to a height of 6,500 fest,
and reaches its full development in altitudes vhere its growing zone

joins that of Juniverus procera, the Kenya cedar-tree, Ibs wood,

dark brown in colour, is tough, easy to split and highly odorous.

Background Aspects

Literature references to Brachylaena Butchinsii are sparse,

36,37

The priﬁcipal accessible references describe the essential oil
(product of steam distillation) as being reminiscent of cedarwood
and vebiverwood oil in fragrence, Analytical descriptions of the
0il indicated predominantly sesouiterpenoid constitution,
comprising alcohols, and to a lesser exbtent, ketones. It is
probable that the complex naﬁure of the oil restricted further
examination by classical methods,

The ready aveilability of this wood in Britain (as flooring
blocks) together with the paucity of chemical information about
the sesquiterpencid constituents, prompted investigations, usin

modern technicues of separation and spectral analysis,
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2.2 DYSCUSSION

Initial Problems of Isolation

Ethyl acetate extraction of *the heartwood of Brachylaena

. Qgﬁchinsii afforded an oil, comprising R0% by wéight of the

wood, GIC examination of the oil indiceted a complex mixturé,
many of the constituents of which had retention data characteristic
of sesquiterpenolds,

Colum chromatography resulted in the isolation of the
principal constituents, two isomeric ketosldshydes and thé
corresponding pair of ketoalcohols, as intractable mixtures.,
Fbllowing exhaustive chromatographic attempts at separation,
which afforded only partial resolution of the constituents,
chemical modification wes examined in the hope of obtaining
isolable products. It was subsequently found thet treatment of
the isomeric ketoaldehyde mixture with sodium borohydride
resulted in reduction to a mixture of three epimeric diois which
Qeré easily separable and which could, by Sarett oxidation, be

“reconverted to two homogeneous ketoaldehyde isomers,



Functional grouvs
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CHg

Physical data (Ketosldehyde 36a)

1720 em1(8)
Y 7.49 (2H)

1660(115) ;1680 (VS) ;2810 cm ™ (W)

v 0.49(TH) SB;QO(IH)’ % 12(1H)

7.34 (2H
244 mp (€ ~9000)

i

¥ 9.,06,9,19(2 doublets,
J ~Tcps, 6H). |

¥ 9.25 (singlet, 3H),
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Preliminary Exzmination of Frincivzal Constituents

Elemental analysis of each of the ¥ketoaldehydes indicated

the composition C Uptake of one mole of hydrogen was

H
1572002
indicated by mass spectrometry of the products., The ketoaldehydes
were therefore tricyclic,

The spectral characteristics (infra-red, ultraviolet; nuclear

N

megnetic resonance and mass spectra) of the two ketoaldehydes were

ci

very similar, The infra-red spectra (carbon-tetrachloride
solution and liquid film) indicated the possible presence of a
cyclohexanone system and a conjugeted eldehyde group (Fiz. 23).
. - . 3 4
In the ultraviolet spectrum,absorption at 244 mp (€ =9,000) was
] by J
. : 1 . ' , 1 = ® . 3y :

attributed to the conjugated eldshyde group . The mass spectra
of the two compounds were supsrimposadle, but were highly complex
in appearsnce, The NMR spectra were also similar, A dstailed

decoupling enalysis is described in pzges 52 to 60 « Freliminary

v

examinations revezled in each case an eldenydic proton (v 0,49),
a vinylic proton (~«3.20), a tertiary allylic proton ( ~x~7.15),

two secondary allylic protons ( ¥ 7.34) and two protons o to the

.

ketone group (¥ 7.49). In the methyl regzion a tertiary methyl

group was evident at < 9.25, and two doublels (J=7 cps) were

~

ascribed to an isopropyl group.

#* ’ L. a
c.fo myrienal (40); abscropiion predicted by Woodvard's

rules, 230 mp; absorpition observed; 247 mp ( £€=8,500).
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The présence of the functional groups depicted in Fig, 23
wvas therefore indicétedo Gonsicderation of the knowm tricyclic
sesquiterpene skeletons revealed that the only one which could
eccommodate these functional groups was the ylangens/copaene
type (35a,b). The problem thus resolved itself into assigning
structures (36a) and (36b) to the ketoaldehydes, or postulating

-a novel tricyclic ring system,
A pair of ketoalcohols which occur together with the

ketoaldehydes as. major constituents of Brachylzena hutchingii

“were separated, with difficulty, in very low yield., MNMR examination
revealed the presénce of a primary allylic alcohol functionality

( v 5.9, 2H) and an isopropyl group (two doublets centred on

X 9,0 and v 9,13, J = 7 cos, 3H each) and a tertiary methyl group
(singlet, ¥ 9.14, 3H), Oxidation of one ketoalcohol isomsr to
ketoaldehyde (36a) established a simple relationship,

Further investigations were centred on the ketoaldéhyde

isomers, which were more easily sepesrated, and the diols (37a),
(37v) and (37¢) which were obtained by reduction of the

ketoaldehydes.

1 3

High Resolution NMR Analvsis of the Isomeric Ketoaldehvdes

N

The potential structurazl affinity of the isomsric

ketosldehydes with the monoterpens aldehyde myrtenal (which has
. st Lot A 1as..39,40 4
recently been the subject of detailed INMR studies ) prompted

comparative MR examination. Accordingly, the NMR spectrum
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TABLE 6

Cbeerved Coupling Constants (cps)

#® The spectrum is insensitive to this constant, which

Myrtenal Ketoaldehyde ‘Ketoaldehyde
(36b) (36a)
e 1.4 L5 L5
Jbdy B.Q 3.0 3.0
_-J’odg 3.0 3.0 3.0
Jbh 1.4 1.5 1.5
Ton 5.8 6.5 645
Joi 0.04 <0.05 <0.05
ch 504 - - .a
%, d, * # *
Jdlh 2.8 3 3
Jdli 0 0 ;0
SRR 3 3
B 0 0 0
Je192 - 0 *
Jeqf - 0 0
Je,f - 0 0
Itg - ¥ ¥
Iri - 2.0 « 2.0
Jgl - 6 6
Jem - 6 6

cannot be evaluated becouse SHyep = SH!
ge . gem,
¥ Sup = SHQ therefore Jvic cennot be determinzgd,
<o




Fig, 26

Myrtenal
048
3.29
7.12
7043

T3

7.80
8.96
7.51
9.26

Ketoaldehyde (36)

TABLE 7

Myrtenal (40)

 Comparative Chemical Shift Deta (100 Mc/g)

Ketoaldehyde (36b)
0,49 Y
3.20
7.12
7034
7434
7.49
7.49
7.76
776
7,96
8.15
9.25
9.06
9.19

Ketoaldehyde (36a)
0,49 ©
3.20 -

7.20
7034 .
7.3
7.49
T.49
7.62
7.62
7,82
8.10
9,26
9.04
9.11
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proton in turn, in order that a definite correlation with the
monoterpene analogue, myrtenal, could be established. Comparative

chemical shift and decoupling data are presented in Tables 6 and 7,

Ketoaldelwrde (36b)

Aldehycdic proton Ha wss unsplit under the conditions of
resolution employed, and corresponded exactly in.chemical shift to
“the aldehydic proton of myrtenal,

Vinylic proton Hb corresponded closely with Hb in myrtenal,

in both chemical shift and multiplicity., Double irradiation on Hb
resulted in several structurally significant changes in the rest of

the, spectrum (Figs, 29 and 30), Coupling of 1,5 cps. to allylic
methine proton He was removed, sharpening the He doublet, This
compares favourably with Jbe = 1.4 cps. in myrtenzl, The quaritet

ascribed to the allylic methylenic protons Hdl and Hdz collapsed

e

to a triplet. This is in accordance with the proposal that Hdy and
Hdp comprise an 'AB! system in which the chemical shift of A is
closely similar to that of B, The resultant AB quartet is

nifested as two closely-separated peaks, the satellite peaks of
tne quartet being vanishingly small., These two peeks are further
split equally by Hh (since Hdj and Hdglsubtend equal angles with Hh)
by 3 cps, affording the observed triplet (Fig. 20). In myrtenal,
the observed values are Jdlh = 2,8 cps. and szh = 3 cps. The
complex multiplst ascribed to Hh wes consideradly simplified by

removal of long-renge counling with Hb of aporoximately 1.5 cps.,

compared with Jbh = 1,2 cps in myrienzal, Treadiatior on vinylic
Y
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proton Hb thus revezled significant parsllelisrs between the
ketoaldehyde end myrtenal, and corroborated several of the
proposed ass ignments.

Tertiary 2llylic methine proton Be appeared as a doubled
(J = 645 cps,) further split by vinylic proton 35 by 1.5 cps, atb
v 7,12 This chemical shift, to which the double bond, the
aldehyde, the tertiary substitution and the gnisbtropic shielding
of the cyclobutane ring 211 contribute, corresponds exsctly to that

of He in myrtenal, This coincidence in chemicel shift strongly

supports a partiel structure for the ketonldehyde including a

[~

myrtenal-type moiety., Double irradiation on Fc resulted in
coalescence of the Hh multiplet by removal of 6.5 cps, coupling,

o collapse to a

ct .

Back—lrva*ie ion on Hh caused the Ec doublet
singlet, confirming the coupling. The megnitude of this coupling,
which occurs through 4 fevourably-oriented o -bonds is simdiler to
the corresponding coupling across the cyclobutane ring in myrtenal,
indicating the similzrity between the molecules,

The signal at 7 7.3/ ascrited to

occurs ab similer chemical shiftv in myrienal, Double irradistion

ication of the Hp multiplet to a

[N
l

at this point resulted in a simpl
diffuse doublet, confirming the vicinal reletionship of the Hg protons
3 o ~ J.

and Hph. 4 similer result was cbiained in the myrtenel study

The 2-proton singlet et ¥ 7.49 corresponds in chemical ghift

to protons « to a carbonyl group., Exeminztion of models of tlke



~can, by virtue of facile interconversion of ring conformers,

become megnetically equivalent on the IR fime scale, and subtend

in this time-averaged configuration a dihedral angle of 90° with

the vicinal He proton. The observed unsplit signal can therefore

be accommodated vithin structure (36) without invoking unprecedented
: #

agssumpbions .

Double irradiation on the 2-proton multiplet asecribed to the
tertiary protons HEf and Hg resulied in collapse of the two
isopropyl doublets (J=6 cps.) centred on T 9,06 and 9,19 to two

. singlets, confirming the assignment of the isovropyl methine proton

Heo PRack irradiation confirmed this result, The doublet assigned

assignment of He end Hy and pointving tc e time-averazed dihedral
’ o
angle of 60

mitiplet vroduced the

4

Q
=
o+
=
()
Q
Q
,::(}
&)
3
D
4
i
£}

Double irradisatior
expected changes in the spsetrum, Coupling of 6,5 cps. to He was
removed, as elready noted, Vicinal coupling to Egf end Hgp was
removed, causing the qu;rte* 2t ¥ 7.35 to collzpse to a diffuse
doublet (residual coupling of 3 cps to Hy as in myrtenal), The
cheﬁical shift of Hp in this isomer is Y 7.96; compered to v 7.82
in the other isomer and Vv 7.80 in myrtenel, This additionzl

shielding is possibly & corsequence of the isopropyl grour being in

O

*In bicyclic
and bieyclo
appear as &
non~-ecuivele
of tris dcn
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the syn relatidnship which would result in strong Van cer Weals
internctions "and consequent shielding of Hp, The stereochemistry
of this isomer (36b) may therefore be indicated provisionally as
that of ylangene (355)0

The'Hj proton sppeers et ¥ 8.15, compared.with T 8.95 in
myrtenal, but this is immedistely explained by the fect that it
lies 2,58 directly behind the carbonyl group - in é line drawn through

the R-fold C=0Oaxis, and is therefore in a position o

=%

raximumn
deshielding., Coupling with Hf (Jif = 2 cps.) was demonstrated by
"double irradistion a2t Ei.

5 corresponds
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these methyl groups is indicative of thelr position sbove the
-cloud of the olefinic double bhond,
In conclusion, there is accordance oetwoea the spectral
parameters derived for myrtenal by the American workere, and the
- paremeters eveluated for the ketoaldehyde, The chemical shifts and
couplings of the additional protens (Hg, Hep, Hr, Hg, Me(l), Me(m) )
are also accommodated within structuvre (36) by invoking rapid
interconversion of the cyclohexanone ring con .
by exaﬁination of models. The methine proton resonance at v 7.96
may indicate the ylangene stereochemistry (36b) for this perticulszr

isomer.

"~ %¥The o ~kato group
expected to =zlter
Mel10), w 9.17;
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Ketoaldehvde (362)

Systemetic decoupling was 2lso performed on this isomer, but
the more congested nature of the spéotrum (Fig.27) ceused some of
the results to be obscured by side-bands, Nevertheless, si
data were obtained, supporting the epimeric siructure (3¢2),

Aldehydic proton Hy was unsplit under thé resolution conditions
émployed, and appeared &t the seme frequency as the aldehydic proton

of myrtenal,

Vinylic proton Hb again exhibited the‘same chemicel shift and
multiplicity as in myrtenal. Double irradiation at this point
removed the 1.5 cps. coupling to He which is 21so evident in
myrtenal, The allylic methylenic quartet at % 70,34 was reduced to
a doublet, due to the magreltically equivslent érotons Hc) and Hdp

2

subtending equal angles with Hh (Jd1h=Jdoh=3 cvs, as in myrtenal),

.

The complex spin system which ceumses Hpy to appear as a2 multiplet

.

is sim mplified by removel of 2 small (perhaps virtual) coupling,
again corresponding to myrtenal,

Tertiary allylic msthine proton He again differed only
Slightlj in chemical shift from the corresponding proton in myrienal,
and was shown by double irradistion on He end En to be coupled with
Hy (Jch = 6.5 cps.) .
The s=condary allylic methylenic protors Fdy snd Hdp appeared

as virtuelly equivslent protons et ¥ 7.34 (myrienel, ¥ 7..3)s The

effects of irrediestion on the guartei were obscured by sicde bandse
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The geminal protons & to the carbonyl groupvin the

cyclohexanone ring appeared in this isomer at 7 7.49 as a

e ring is

ct
1

doublet. Making the reasoneble assumption that
again conformationally mobile, it is probable that the. two protons
are almost magnetically equivalent (differences in this isomer
being ascribed to cifferent steric and anisotropic effects of the
sopropyl group). In this instance e, an extreme AB system, in -
which &, =»85, occurs, The immer limbs of the theoretical AB
quartet are enhanced in intensity relative to the outer 1imbs,
which disaprear,

Double irraciation on the multiplet ascribed to Hf and Hg
resulted in collapse of the isopropyl Qoab1eus to two singlets,
confirming the essignment of He, Coupling to Hi (Jni = 2 cps.)
was also removed.

Double irradiation on the Hp mult pi tat v7.82 (v 7.8
in myrtenai)again caused the He doublet to coclesce to a singlet

<L

-due to removel of the Ao coupling (Jne = 6.5 cps. cfo Jphe =
5.8 cps. in ryrtenal), The effect on the vicinal protons. Hdy end
Hdp was obscured by a side band,

Hi appeers in this isomer at v 8.10 compared with ¥ 8,95 in

myrtenal, A similar explenation to tha}y invcked for the epimeric

ketoaldehyde probably holds, Decoupling eff ts on the relevant
regions of the spectrum were lecst beceuse of sice bands,

[o
54
Q
[e]
o
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Q
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The comparative cherical shift data and

s s N
the two kstoaldehydes znd myritenal thus sitress the probabdle
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similarity between the ring systems, The similar MR parameters
obtained for the isomeric ketoeldehydes and myrtenal appear to
preclude the possibility of eny ring system other than the:

copaene-ylangene skeleton,
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" Stereochemistry of Diol (372) ~ Spin Decoupline Resulis

In an attempt to elucidete the relative stereochemistfy of .
the hydroxyl groun and the isopropyl group, ths three diol isomers
(obtained by reduction of the ketosldehydes, b. 50) were subiected
to close scrutiny by IMR at 100 lc/s. Diol (37a) was particularly
-amenable to NMR spin-decoupling, since this wazs the only isome
" in which the secondary elcoholic methins proton aiffered in

LY

chemical shift from the primary allylic methylenic protons

Py

(v 5.8 and 6.1 respectively),

The signal ascribed to Hy (Fig. 21) is zvparent as a triplet,

from which it can be deducad that Jam = Jgn. The Hy triplet is
fu rth er complicated by long-rsnge A0~ coupling of mzgnitude
I, = 1e5-2.0 cps. Irradiation on the secondary methine proton (),

which comprises one part of 8 4-spin ANO system, resulted in an
illuminating simplificetion of the specirum; a quartet of doublets
collapsed to two doublets (Fig.231) of en 18I0 systenm in which
Jym = 0 and Imo # Jnoe

The magnitudes of the observed couplings were: Jgm = 5 cps,

. 0
corres ponding to a time-aversged dihedrzl angle of 45 or 130

Jan = 5 CDS. (’1 ral & le Z;,S or 130 ) H Jao = 105 CDPSe 3

1

Jmn = 0 (this is a consequence of the wobility of the ring

vhich results in magnetic eguivelence of Fj, and Hn) R

© = 8 cps (dinedral angle

~
[

s

o

Jmo = 14 cps (dihedral angle 160

28 or 135°), The hydroxyl and isopropyl group in each of the

- o/

-t

diols were conformaticns ly mobile, howaver, so the% assignment.



of stereochemistry on the basis ongarplus"relaéionshibs
vas deemed to be unsafe., It is possible that low~temperature
MMR analysis of this diol would result in stersochemically

significant resuvlts,

Chemical Modification of the Molecule

.

The crystalline diols (37a,b,c) were more readily available

" then the non-crystalline ketoaldehydes (36a,b), Accordingly,
several degradative approaches involving oxidative cleavage of the
unsaturated ring were examined, The instability of the ring
system was rapldly menifested, as conventional degradative
procedures such as ozonolysis (reductive and oxidative), lead
tetra-acetate cleavage and oémium tetroxide-sodium periodate
cleavage aficorded heterogeneous product mixtures which precluded
further examination. The most profitable apprcach, however,
involved trestment of the bis-acetate (38) of one of the diols

. . s . " s e 41
with osmium tetroxide, followed by partial periodate cleavage™,

affording a product whose spectral data were consistent with

structure (39);
. MMR, 60 Me/s
70,16 (1H, triplet, J=1 cps) - CHy ~ CHO
5041 (2H, singlet) ~ CO-CHp-0COCH3
6.2 (1H, 2 doublets, J'vic=13 cps, J°vie=8 cps) i ~CHp-CHR-CCOCH3

as

ve

7.86 (3H, singlet) : ~000CH3.
7.9 (3H, singlet) ~CCOCH3.
9.01 (38, singlet) CR3- CH3.

9.08 (3H, doublet, J=7 cps) o
) (Cig) =Tty

oo

9,19 (31, doublet, J=7 cps

The prcduct from the corresponding diol decomposed rapidly oa stending,
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Mass spectral examination of the derived compounds g(Al)—(ASb)
revealed in each case a highly complex fragmentation, especially
when the double bond was present., Fragment ions such as (49),

(50) and (51) were of significant abundance in compounds (41),
(46) =nd (48b), but were absent, or present only as minor species,

in the other compounds, Structures (41)-(48b) were therefore

"not readily veconciled with the complex mass spectra. This was

not surprising in view of the strained tricyclic system, which
probébly compiiceted the frogmentation processes.

Conversion of the ketoaldehydes to the corresponding olefinic
hydrocarbons was not satisfactorily achieved because of lack of
time, Preliminary small-scale investigations revealed two

potential routes, Wolff-Kishner treatment of ketoaldehyde (36a)
125°

SE=30"

one of the major constituents of which corresponded to copaene when

(1

examined on three different GLC phases (See Experimental Section).
Similarly, the bis-thioethyleneketal vhen treated with Raney nickel

afforded a low yield of a mixture of hydrocarbons,

% Thege transformations were performed on a small scale, and the
products evalusted by CGLC (vhere vossible) and spectral
techniques.

= 1760) afforded a very low yield of a mixture of hydrocerbons,
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Conclusion

w

The eszential oil from exiraction of the heartwood of

Brachylaena hutchingii contains, as major constituents, two

isomeric ketoaldehydes which can be sepzrated as the corresponding

diols formed by reduction and recovered by re-oxidation,

Consideration of spectral data, and comparison with the

apparent mqnoterpenoid analogue myrtenal (40), iﬁdicates that
they are oxygenated ylangene and copsene types, i.e., they are
isopropyl epiners, The'spectral evidence presented strongly
supports structures (36a) and (36b), but conclusive evidence will
necessitate a direct correlation with the known copazene and
yvlangene skeletons, Modification of the Wolff-Kishner reduction,
or the Raney nickel desulphurizztion of the bis-thioethylene
glycol derivative should result in unambiguous stereochemical
assignment of each epimef. Correlations between the two
ketoaldehydes (36a) and (36b) and the three diols (37a,b,c) have
been eétablished, but the relative stereochemisiry of the diols
has not been investigeted, It is difficult fo envisége an
alternative sesqui%erpené ring system which could accommodate the
data presented,

The ketoalcohol isomers which occuxr with the ketoaldehydes
were isolated in very low yield, They were showm to correspond
in ring structure to the ketoaldehydes,

Ylangene and copaene co-occur in the same plant.42
The occurrence of the two ketosldehydes to

unusuale



2.3 EAPERIMENTAL

Typical Extraction of Heartwood of

Brachylaens Hulchingii

The heartwood of Brachylaena hutchinsii (6Lg) was reduced

‘to sewdust and refluxed in a Soxhlet apparatus with ethyl

" acetate (11.) for 24 hours, The lighi~browm solﬁtion thus
obbained was concentrated in a continuoucs~feed rotary evaporator
at 50° to a brown o0il, The last treces of ethyl acetate vere
removed ageotropically with benzene, yielding 12 g, of a viscous
0il, Extraction with chloroform showed thig oil to be almost
completely soluble, apart from a very small quentity of an
amorphous browm solid, The chloroform extract was washed 4 tires
with water (which assumed a yellow colour), dried over

anhydrous magnesium sulphate and concentrated, yielding a

red-brown oil (11.5 g).

R



Fractions

TJ‘LBTJE 8 o

combined
following Heignt
TIC Elvent, obtained Content,
1-2 25% ether~petrol 1.20 g
3-13 n u 0,65 g (372)
14-30 " " 0.10 g © (372)+(37)
31-39 u " 0,10 g (37a)+(37b)
40-63 w n 2,00 g (370)
6411, 50% ether-petrol 0.20 g (370)+(37¢)
74~100 100% ether 1,00 g (37¢)
TABLE 9,
Diols (372) - (3m)  (37¢)
Re (ether) 0,50 0.%40 0,30
125 .
ISE-BO 1790 1790 | 1790
. . Ketoaldehydes (36a) (360)  (36c)
Re {ether) 0.70 0,70 0.70
125 ' .
ISE— 20 1760 . 1725 17630
ive. (362) = (36c
370 2 36b
372) © -
g?c\ —> e
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Sodium Borohydride Reducticn of Ketosldehvdes,

The isomeric ketoaldehyde mixture (6,3 g) was dissolved in
60% methenol-vater (50 ml) and 1.5 g sodium borohydride added,
The solution was stirred overnight, and partitioned between ether

and vater. The ethereal extract was dried over anhvdrous
Y

magnesium sulphate and eveporated in vacug, yilelding an oil

. (6.2 g) which crystallised on standing, Comparative TLC (ether)

indicated the formation of three well-separated reduction products
(Be 0.5, 044 and 0,3), GIC indicated complete reasction .of

starting material: the following products were evidents

2 ' - ‘
Ié§§30 1700 end 1720, unreacted impurity in ketoaldehyde mixture;
; :
IéEEBO 1790, mixture of reduction products, not resolved by

1% SE=30,

Chromztogrenhv of Reduction Products

The total reaction product obtained from the reduction of the
ketoaldehydes was dissolved in 25% diethyl ether-light petroleum
(15 m1) and adsorbed on to neutrai aluming (250 g Woeln grade III).
Elution was conbinved with the same mixture, Aliguots of 80 ml,
were collected, Results of the chromatogrzphy ere tabulated
oprosite, |

Fractions 3-13 on evaporation yielded isomer (37a) (0,650 g)

pure (mp, 111,5-112°), Analysis: C,. 76.15; H, 10,03: reguired

’ . o

for Oyt 00 3 Gy 7623 5 B, 10.24% (o] =103
. 12 .

(cy 1.0 in GEGlg): Tgoo, 1790 + Re (ether) 0.50,

L3
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Fractions 40-63 vielded isomesr (37b) (2;0 g) as a crystalline

solid (mp, 113.5 - 114°)., Analysis: GC, 76.45; H, 10.39;
required for CygHy 0 ¢ O, 76,23 3 H, 10.24% : [«]p - 85,6

125
Tsel30

Fractions 74-100 yielded isomer (37¢) (1,0 g) 2s a crystalline

( ¢, 1.0 in CAC13) 1790 & Re (sther) 0.40.

-solid (mp, 141-142°), Analysis : C, 76.12: H, 10.21
' required for Cygiy, 05t C, 76.23; H, 10,24% : [«]p + 18°%,

Re (ether) 0,30,

Correlationg Between Diols and Xetonldehvdes. (Sarett Oxidstion)

1 mg of each diol was dissolved in dry pyridine (0,2 ml) and
0.5 ml of a stock suspension of chrowiun frio¥ide in nyridine
(1.0 ¢ in 10 ml) 2dded, The solutions vere left standing overnight,

and partitioned between 2N hydrochloric acid (15 ml) and ether

(D

(25 ml), The ether extracts were washed with biC&TbOL‘te and dried

over anhydrous magnesium sulphate, The resultznt oxidation

3]

o5 0
L

joN

products were examined by GIC the correlavion between the

s\

epimeric alcohols and the epimeric ketozaldehydes esta?

(Table 9),

Correlation hetueen Ketozlceohols and Ketoaldehvdes,

Preparative TLC of the mixtnre of ketoslcohol isomers

l

2 - s . .
(Iéﬁ30 1780 and 1790) which co-occur with the Ketoalden nydes in
the essentisl oil of Brachvlsena huiehinsii affordsd one isomer

125 . 2 a1 T " n 1.2 K] o 2
(Iqm 0 17990) ourc,_ loy yield, To 8,3 mg of this isomer in
DAL

pyvridine (0,1 ml) wes added 1.5 m1 & 2 stock suspension o
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chromiwn trioxide (50 mg) in pyridine (1 ml), After 5 minutes
the product was isolatad ns sbove, Comparison of the retention

data on GLC end TLC, and of the spectral data (infre-red and

ultraviolet) indicated that the product corresvonded to
125 ‘
L e ; ’11:\],1' 1)/,\‘ . ¥ .
ketoaldenyde (36s) (ISE—BO 1'760)

Reductive Ozonolvsis of Dinl, (37b)

Diol (8 mg) in ethyl acetate (10 ml) was cooled to ~70°
and ozone bubbled through for 8 minutes, till the solution acquired
a purple colour, Oxygen was bubbled through for 3 minutes, and
the solution allowed to attain room temperature, Glacial acetic
acid (1 ml) and zinc dust (~30 mg) were added, the solution
stirred for 12 hours and filtered through Celits. | Evaporation

Y

am v

o

S e

acuQ, using benzene for ageotropic removal of the last trace
of acetic acid, afforded a white residue, from which the preduct
(6 mg) was extracted with methylene chloride, TIC (1% ethyl
acetate-ether) indicated two products (Re 0.70, 0.65) which could
only be observed with an iodine spray., GLC (1% SE-30, 1250) also

indicated two vrolucts, but pesk resolution was very poor,

Oxidative Ozonolveis of Diol.(37b)

~

Diol (41 mg) in ethyl acetate (20 ml) was trezted as above,

L 1 a1

but the ozonide was decomposed by stirring overnight with 30%
hydrogen peroxide (30 m1)., Evavoration in vacuo afforded an oil

1

(30 mg) vhich was soluble with effervescence in bicerbonate
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solution. TIGC (benzene/ﬁioxane/ﬁcetic acids 90/25/6) indicated

three principal products, Following mathylation by diazomethane,

the products could not be detzcied by GIC,

Acetvlation of Diol (37b)

Diol (100 mg) was dissolved.in pyridine (0,5 ml) and acetic
anhydride (0,5 ml) added, The solution was‘Tarﬂpd 2t 60° for
four hours and partitioned between 2N hydrochloric acid (50 ml)
and evher (100 ml), The ether extract was washed with aqueous
sodium bicarbonate water, and then dried over anhydrous sodium
sulphate, Evaporation in vacuo afforded a colouriess oil (105 mg).
Preparative II6 yielded the bis-acetate (38) as an oil (85 mg),

Analysiss G, 71,26 ; H, 8,78 : required for 019 g 4 : G, 71.22

Reaction of Bis-Acetate (38) with Osmium Tetroxide

Bis-acetzte (80 mc) was dissolved in ether (50 ml) and excess
osmiun tetroxide in ether (approx. 100 mg in 10 ml) added.

5 drops of pyridine wesre added as catalyst, and the solubion,
which derkened immedistely, was kept standing overnight,
Saturated agueous sodium -metabisulphiter (20 ml) was added, and the
heterogeneous mixture stirred vigorously for 30 minutes, till the
agueous layer becama red. The agueous solution was extractad 4
times with ethyl acetate, which, after drying over anhydrous

©



 the principal constituen
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sodium sulphate and evaporabion in ggggg vislded 85 mg of
a white solid, TIO indicated the prasence of one principal product,
together with a minor by-product (presumably the epimeric |
hydroxylation product).

The diol mixture thus obtained was dissolved in methanol
(3 ml), Sodium metaperiodate (150 mg) in vater (3 ml) was,
added and the solution stirred for 10 minutes at ambient
temperature. The solution was diluted with water (50 ml) and
extracted 4 times with methylene chlori@e (50 ml), The extract
was dried over anhydrous sodium sulphate and evaporated in vacuo
yielding an oil (55 mg). Purification by preparative TIC (ether)
afforded an oil (50 mg). Infra-red (1igquid f£ilm) s 1740-1705 (VS),

1240 (VS), 1070(8), 1030cn~t(S). NMR: see e 62

Modification of Funchtionsl Groups for Mass Snectroscony

Ketoaldehyde (36a) (28 mg) was dissolved in ether (2 ml) and
boron trifluoride etherate (3 drops) added, Ethane dithiol
(10 drops) was added and the solution kept an ambient temperature
for 5 minutes, TIC (ether) showed complete reaction of starting
material, with one main pfoduct, although several by-products
were observed, 2N sodium hydroxide (5 ml) was added and the solubion
shaken till it became orenge. The ethereal extract was dried over
anhydrous‘sodium sulphate and evaporated in vacuo, affording an

0il (35 mg). Preparative TLC (30% ether-light petrolsum) yielded

ot

(41) (12 mg) as a white solid



AL

(ILD, (decomp, )NTOﬂmi“O ) Infre-red (CClL solution): 1738,
n. /

.
1235, 1045cm ~ Mass spectrum (most sbundant ions): ‘e = 308

= 131 (45%), n/ = 105 (75%),

. m )
(19%) (M+), L/é = 158 (30%),
41 (100p) GIC was precluded by the thermal

= o1 (359),7 /e =

lability of the derivative,

To-the thicacetal (41) (6.8 mg) in absolute ethanol (5 ml)
was added approximately 50 mg Raney nickel (W4 grade) in e%hanol.
The'solution was refluxed for one hour, filtered through Celite and
evaporated in vacuo, yielding (42) as an oil (5 mg) : Infre-red
(liquid film), 1710cm (S): Molecular ion (GC—uo) /é = 218 ;
Ié33301560) (15% impurity, molecular ion m/e 220 £§55701620.

Ketone (42) was dissolved in ethyl acetate (5 ml) and
hydrogenated over a period of 5 minutes using 10% palladium-charcoal
(5 mg) as catalyst, The product (43) (3 mg) was homoszeneous on
125 n/

SE“301575): Molecular ion (GC-¥3S), ‘e = 218: infra-red

-l
(1iquid film), 1710cm ~(S),

GLC (I

A similar sequence of small-scale reactions on hydroxyaldehyde
(45), obtained by partial Sarett oxidation of diol (37b), afforded
the derivatives (46-48b). Product purity was evaluated by TLC
and GC-MS, The following physical dalta were obtained:

(45) ¢ infra-red (liquid film); 3500(S), 1680(S), 1660cm“1(s)

125

sm_s0 17905

GC-MS; molecular ion at’n/é =384 I

(46)

.s

infra-rsd (liquid film); 3500(S), 1050cm (Mn ;
GC~MS; examination precluded by thermal lability of
derivative on GIC, Hass specirzl molscular ion (nrobs)

o/

] n - . A . 4 o .
at /; = 310 (NB:signilficant ion at™ ‘e = 99 (25%) );



72

(472) ¢ infra-red (liquid film); 35OOcm“1 (3);
GC-}4S; molecular ion at m/e = 220; 13;3901535;
L= -
(47p) + infre-red (liquid f£ilm); 1250(M), 850(i), 760cm“1(w);
- [ :
GC-}M3; molecular ion atln/é = 308; Ié§)3016805
(482) : infra~red (liquid £ilm),3500cm™(S);
' . n/ 125 ‘
GC-MS; molecular ion at “e = 222; ISEu3015805
(480) : infra-red (liquid film); 1250(¥), 850(:), 7éoom“1(w);

n ,
GC-1iS; molecular ion at /é = 310 (¥B . significant ion

at™ e = 187 (15%) ).

The bis- thiocethylene ketal of (36a)vwas alsé‘prepared on 8
smell scale by prolonged heating at 70° of (36a) in ethane dithiol
and boron triiluoride etheratea TIC indicated the formation of a
homogeneous derivative. The derivative was thermally labile and
could not be examined by GIC, Mass spectral data (vrobe):

n/

Molecular ion at’n/; = 418 (100%). Abundant ions at ‘e = 105

(65%), 124 (30%), 145 (65%), 325 (35%).

HWolff-Kighner Reduction of Ketloaldehvde (36&)

| Ketoaldehyde (36a) (42 mg) was dissolved in dry diethylene
glycol (2 ml) and sodium hydroxide (0.3 g) added: 100% hydrazine
hydrate (0.44 ml) was edded and the solution stirred under nitrogen
as the temperature was raised to 120°, The water was distilled off,
and the red/brown solubtion left overnicht at 160-170°, The products

wvere partviticned between ether and water, The ether extract (7 mz)



was exowmined by GLC on three phos

a. Cyano-P (20%) at 75°

Product % (cro)
1 5
2 20
3 15
4 30
5 30
Cf. copaene; Izgano-P 1545
b, APL (10%) at 150°
Product % (GLC)
1 20
2 15
3 35
4 30

I150

LI

.

Cf. copaene; 171, 1410

17>

cyano--?

1510
1545
1625
1650

1670

150
APL

1395

1410

1460

(ketone ? )

(
(

V‘l_l

n

)
)

'



7h

c. SE-30 (1%) st 80°%

Product % (GIC)

1 20

2 35
3

45

fcf, copaene I§%~30 1375

80
SE-30

1375 -

1390
1400
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APPENDIX

Spectroscopic Examination of the Drimenol Enoxides

The structure elucidation of drimenol and the chemical
reactivity of the molecule due to the homo-allylic primary,alcohol
function were the subject of papers by Brooks and OvertonA’B’44
in 1957 and 1959, In the absence of more modern technigques of
separation and spectral characterization only the principal
constituents of some of the reactions of the molecule were accessiblé.
Epoxidation, for exanple, afforded a mixture of products, from which
the principal constituent, drimenol &-epoxide, was separated by
fractional crystallization, The configuration was assigned primarily
on the basis of certain chemical reactions which could Ee accommodated
only by assuming & -stereochemistry,

It was thought to be of interest to compare the chemical
reactivities of both oxides as a function of relative stereochemistry,
Accordingly, the crude reaction mixture from epoxidation was
re-investigated, Careful chromatography afforded as the principal
constituents two isomeric evoxides., One of these was the « -oxide
previously describeds the other displayed closely similar infra-red
absorption and mass spectrometric behaviovr consistent with the
sisomeric ﬁ—oiide. NMR spectral examination was undertaken in order
~that the relative epoxide configurations could be more confidently

essigned, Although the g ~oxide structure has not been rigorously



]

proved, the spectroscopic evidence, in conjunction with the mode

L1

of preparation strongly supoorts this formulstion and is

K 3

- 1

D 3

L_|)

icult

to reconcile with other formsl renresentations,

The similarity of the carbon tetrachloride solution
infra~red spectra confl“ﬂed the 2ffinity of the two compounds,
Dilution studies showed that in neither isomer was there any
evidence of hydroxyl to epoxide intramolecular hydrogen bonding,
The inference was that rotational freedom sbout the 0(9;) end G(11)
bond was hindered in such a mzaner thet the hydroxyl group was
precluded from approaching the epoxide function, It had been
expected, from an examination of Fieser and Drgiding models, that
the g -oxide would show intremoleculsr bonding. The éboarent
absence of such bonding suggests that the nacessary conformation

of the hydroxymethyl group is sterically disfevoured as furtihsr

mentioned below,
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NMR spectrum (100Mc/s.) of drimenyl acetate in CDCL
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HMR studies on steroidel epoxices
that the engles sublznded by the epoxidic C-X bond with the
yicinal protons pesriit a differentiztion bsitwsen the - end
@ =isomersg through a study of J — values, Exzemination of models
showed that in the o« -oxide, H(,7) (which should be the lowest

.

field signal of an AMNX I*T‘J.lG let) subtenced esngles of between
& =
4

40--60o and 50—-’700 with each of the vicinal P( ) protons,

e

6 - ,
Using the mo edZr Karplus relstionship for epoxidic protous,

coupling constants of Jp(é) ~ 2 cps were predicted. The
41

h(7)
expected pattern for 1-2(7) (v 7.0), a diffuse triplet of band

width ~ 5-6 cps was in fact observed (Fig. 36).

Similarly, in the @ -oxide, for dihedral angles /¥ B ()3 (6e)
= 0-20° end Z F(,;,)uH((b) = 100-120° coupling constants

48
)
s
-

JH('?)H(éa) = 7 cps and JH(’?) (60 )~O were vredicted. The siz

for H ) was in fazct observed at Y 7.0 as a doublet, J = 7 cps

(7
(Pig., 38), Structure (56) was therefore indicated for drirenol
(B =oxide.

Support for these assignments was provided by compzring
the chemical shift of Me (12) in each epoxide, The contribution

to the shielding of this group due to the proxlm:Lt of the
hydroxyl should be grea.'ter in the @ —'“':U*e. In accord with this,
chemical shifts of ¥ 8.56 and ’fo 6/ viere observed for the X -oxide

and p -oxide respectively,






Table 10 summarizes the chemicel shift datz for the sariés
of related compounds, drimencl (52), drimenyl acetate (53),
drimenol « -epoxide (54), drimenyl acetate o -evoxide (55),
drimenolfB-epoxide (56) and drimenyl zcetate @ -epoxice (57).
The considerable differences in the 4B part of the £BX multiplets
and H

(Figso. 34=~39) due to coupling of H with Ho

(112) (11p) 2)
(henceforth referred to as HA, HB £2¢ HX) indicated time-svaeraged
preferred conformations., Coupling constants were readil

established by double irradistion end are.listed in Table 1II,

TABLE I3,

Chemicsal Caupling . Dihedral Ancle
Shift () Constants (calculated)
‘drimenol 6,2 6.3 8.2 =12 4 4 50 or 120° 50 or 120

drimenyl acetate 5.8 5.9 8,0 =12 3.6 6 53 or 1177 3% or 128

o -epoxide 6.1 6,385 =11 3 10 55 or 113° 0 or 140°

A ~epoxide acetete 5,6 6,0 6,0 =12 3 10 55 or 115° 0 or 140°
 -epoxide 6.1 6.1 8.6 0 0 4 90°

B -epoxide acetate 5.6 5,8 2.0 =12 4 7 50 or 120° 30 or 130

‘magnetic isochrony) Jgem was szpproximately - 12 cps. (negative by
\
convention), The chemical shiits of YA and EB differ in ezch cese

(epart from (56) ) due to the prochiral nature of the protens.

50 or 120
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More important, however, fron uh@ point of view of the prefsrred
conformetion of the hydroxyl groun, was the fact that Jy # SRy
except in (52),

From the data for drimenol (52), applicaiion of the Kerplus

o o)
equation leads to two possible dihedral angles, 50  and 120

for the time-averaged LA¥X, If the former velue holds, then =2

. . . o o)
Newman projecticn shows that £BX = 170 H but 3% = 50° or 120°
o =, — r O ] W e - O N
(observed), therefore /AX = 120° end /BX = 120° are the only
possible valueg., Thus, the hydroxyl group poinits awey from the

double bond and the C 3 ond eclipses the C(.g)—H(g) bond,
i

ned from s counsicderation of drimenyl acetate.

£y

A similar result is obta

. . - - , o
In drimenol & -oxide JBY = 10 cps. therefore /B% could be O
Y . - N .
or 1407, The former value is precluded beczuse of severe steric
. . . . s o
inter-action between the hydroxyl end le(12), therefore /BX = 1407,

5

and the time-averaged conformsticn is one in which the hydroxyl
group points away from the epoxide, and the P(11)~O bord eclipses
the C(O)uH(g) bond, Drimenyl acetate & -epoxide has a similar

7/

conformation,

t=f
:
3
(o]
15
0}
.J
O"
]
®
C’-
’_1
o
ol
1
o
5
]
.')
B!
(D
0,
Q
S
;.
"S
=
o
ct
).-Ja
.:S
o
B
o)
igo]
Q
0
1%
’_l-
o
‘.J
[
'-J-
o

drimenol g ~spoxide, which are compatible with Z&X = 90°, Tvo involve
the hydroxyl group poi ting towerds the epoiide group and two resuli
‘in the hydroxyl group rointing sway, Of the latter two, one is
precluded by severe hydroxyl-lte(l5) inter-actions, The other should

result in intre~molecular hydrogen beondirng (0 -0 dictance 2.3% ).

llo such bonding was observed in the inlres-red spectrin, howvever,



and the hydroxyl group must therefore point awey from the epoxide,
The g -oxide acetate must, for steric reasons, point away from
the epoxide, so that dihedrel angles subtended by HA HX and H3 HX

are 1200, and 0(11)"0 eclipses 0(9)—H(9).
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BXPERIVENTAL

Chromatopraphic Separetion of Drimenocl Fhroxides

The crude epoxidation product (4.67 g) from drimenol and
perphthalic acid, from which several crops of drimenol of -epoxide
has been obtained in 1959, wes adsorbed on neutrsl alumina
(225 ¢ Hoelm, grade III), A gradient elution using 2.5 L p&tral
(bp. 60-80°) and 2.5 1 diethyl cther uss performed, collecting
50 ml aliguots., Drimenol B -epoxide (1.45 g) was obtained from
frections 40-69, Recrystalligzaticn from light petroleum-diethyl
ether afforded a white crystalline solid mp, 78—79,50. Found,

C, 75.73; H, 10.91 : required for Gy 55495 G, 75058; H, 10.99%.
Infra~red (carbon tetrachloride solution, 5 mg/ml): Vpax (cm ),
3620 (free OH), 3497 (intermolecularly-bonded. CH, disappeared on
1:10 dilution), 1385(i), 1376(i), 1362(11), 1230 diffuse (M),
1120(S), 1077(1s), 1053(:S), 1037(4S), 1002(11), 986(1), 966(:),
951(M), 919(¥). No absorption was noted in the carbonyl region,
Rf (ether), 0.75. Ungtaole under GIC conditicns.

Further elution afforded, from fractions 83-95, crude
drimenol of —epoxide (2,00 g). Recrystallization from light

petroleum-diethyl ether afforded a white crystalline 5011d, D, 96—070

Found, G, 75.78; H, 11.15: required for CygHyc0o, G, 75.58;
H, 10.99%, The infra-red spectrum was similar to that of the

B -oxide: V., (em” ) (carbon tetrachloride solution, 5 mg/wl),

3620(8), 3497 (disappesred on diluticn), 1384(:), 1376(), 1362(),
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1235 diffuse (¥), 1178(), 1147(x), 1111(x), 1072(M), 1060(H),
1031 (M), 921(4), 964(M), 946(t), 920(¥). Rp (ether) 0,60,

Unstable under GLC conditions,

Acetylation of Drimenol Enoxides

Sméll~30ale acetylation of each oxide (20 mg) was accomplished
by dissolutién in acetic anhydride (0.1 ml) and pyridine (0.1 ml),
warming the solution for 5 minutes, The derivative was
partitioned between ether and dilute hydrochloric acid, sublimed

and checked by TILC for complete conversion,
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L, 1 Introduction to the Use of Derivatives i

Gombinzd Gas Chromatoszrachy ~ Mags Svectrometry.

tructure elucidation is becoming progressively mbra dependent
on spectroscopy as more. subtle tecﬁniques are developed and
increasingly complex systems exzmined. In previous years the
chemist, having reached an impasse in his consideratidn of spéctral
data, would have resorted to classical procedures for chemical
modification of the structure in question, This approach, in the
light of recent developﬁents in spectroscopy, is no longer
ébligatory;'many structures yield fo modern spectremetric
investigations, coupled with chemical transformations cesigned to
enhance the diagnostic value of specilrometric dava,

A major development in mass spectrometry, for exemple, has been
the usge of specific functional group derivatives, Groupings such
as olefins, ketones and hydroxyls have been transformed in such a
manner that predictable fregmentations should occur, affording
structural data complementary to that obtained from the parent
molecule. Sirce the work to be described in this section of the
thesis involves & brief examination of certain derivatives in
relation to combined gas chromatography - mass spectrometry(GC-MS)
it.is proposed to review critically some of the derivatives which
may be suited to the technigue. The utility of the derivatives

in terms of the following criteria will be appraised:



(a) they should be amenable to simple small-scale preparation,
preferably in good yieldj

(b) they should have good gas chromatographic properties;

-(c) desirable mass spectrel characteristics are the formation

of an abundant molecular ion snd informative skeletal

fragmentation ~ directing properties.
g g prog

Deuterium labelling, ﬁhich has proved to be én indispensable
aid to the elucidation of mass spectral fragmentation mechanisms
will not be included under this heading of derivatization,

Sources of information are the major text—booksl, mags

spectroscopy bibliogrephies and the recent Jiterature,
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Unsatureated Hvdrocarbons

The mass spectral fragmentstion of olefins is a complex
process, especially in cyclic sysuiems, Even in acyclic mono-

olefins, hydrocasrbon rearrangements

e}

ccur in the molecular ion
because of migration of the radiczl site asiong the chain, vHence,
the mass spectra of isomeric acyclic mono-olefins are generslly
very similarz. The practical value of derivatization of the
functional group, in such a manner that well-defined fragmentations
may be observed, is therefore evident.

Several approaches have been successfully exemined, Epoxidation,
followed by treatment withdimethylamine, yi Tds, in the case of
the acyclic asymmetrically substituted olefin (l) the two isomsric
vicinal dimethylamino elcohols (22, b), Their principal
fragmentation involves rupture of the bond connscting the hetero-
functions, with formation of a stebilized immonium cation (3),

defining the location of the double bond., This procedure could be

of applicability in GC-IMS depending on the polarity of the
derivative, A reservetion, not noted in the liiérature, is that

in the case of a chirsl olefin, diasterecisomerism may comrlicate
the gas chromatographic, though not, perkaps, the mass spectrometric
characteristics of the mixture, Epoxida?ion cen also be followed
by treatment with sodium 10&1603, affording the two possible

ketones (4a, b) which undergo cheracteristic ketonic fragmentaticn,
) g

A third approacn involves osmium tetroxide nydroxylation of the
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olefin to the wvicinal diol (5) and formotion of acetonide (6),
I SR S I ., . R o - 2 e 4,5
The characteristic fragmentation of zcetonides involves
K =cleavage, resvlting in an abundsnt ¥-15 peak (path 4) or,
more significantly, (but much less abundantly), loss of the
alkyl moiety (paths B and C). Several other complicating processes
occur, limiting the applicability of this procedure to simple
compounds such as unsaturaied fatly acid ester54° Investigaticn
of the cyclic boronate esters of vicinal diols derived from
olefing, has revealed their ease of formation and useful properties
for GC-}MS, Phenylboronate esters have been observed to give rise to
abundant fragments incorporating the boronate ring and characteristic
of its enviromment, The corresponding derivative of cyclohexene,
m . '
for example, affords a base-peak at ~'e 160, corresponding to a
. . PN A N 7 .
species (66H5B6203H4) which may have structure (9)'., Studies on
substituted and deuterzted species are necessary, however, to
elucidate the fragmentation process. The uge of carbonates or
thiocarbonates as derivatives for GC-MS would appear to be precluded
. s e 8 ' '
by the comnlexity of their fragmentation,
Triple bonds in a simple molecule mey be located9 through
hydration of the acetylene in the presence of ethylene glycol, followed

by GC-MS examination of the resultent isgmer (10a, b), Otherwise,

wm

there is a paucity of procedures for the mass spectral derivatization
of acetylenes, Procedures such as o -~diketore formation using
permangsnate presumably yielding only one product (11) (cf.(102)

and (10b) ) appear not to have been exemined, If cheracteristic



YU

fragmentation dala were not obisined from the acylium ions

(122, b), then derivatization with ortho-phenylencdismine should
afford the quinoxaline (13) which should have a characteristic
fregmentation and should be amenable to gas chromatogra?hic
examination,

In conclusion, most of the dérivatization procedures discussed
for unsaturated hydrocarbons cen be applied successfully to
acyclic structures, There is no obvious derivative which could be
utilized in a complex'qnsaturated cyclic system,affording
definitive fragmentations, Designing such a derivative for GC-HKS
would presumably necessitate the incorporetion of the olefinic

moiety into an aromatic heterocyclic system of low polarity and

high mass spectroscopic stability.
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Carbonvl Groung

Fragmenﬁation orocesses involving the carbonyl group can be
understood mogt readily in terms of the decomposition of radical
ion (14), generally by an K -cleavage process, the charge tending
to remain with the stabilized oxoﬁium ion (15). Without a
double~focusing instrument the asdignment of elemental constitution
to the ioné in the sﬁectrum can often be ambiguoﬁs, and the
elucidation of the fragmentation may be rendered more difficult,
Indeterminate date concerning the enviromment of the carbonyl in
an unknown sfructure méy therefore be obtained, It is obvious why
derivatization of the carbonyl group has concerned many mass
spectroscobists in recent years,

Carbonyl derivatives of potential use in GC-MS can be divided

into four classes (Fig. 3):

(a) Those in which the carbonyl sp2 carbon is replaced by an
sp3 hybridized carbon of the type (14&) e.g. an acetal or
thiocacetal which are symmetrical derivatives, or a
thioxolane derivative which is esymmetric and is potentially
diastereoisomeric,

(b) Those in which the carbocyclic ring has one spz centre, i.e,

carbonyl analogues of the type (14b)in which R = N—NR%‘ or NR'.

Derivatives of this type are also potentially capable of

geometrical isomerism,
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(¢) Those symmetrical derivatives (1lic)in which the. carbocyelic
. 2 . . . . .
ring has one sp” centre i.e. iso~electronic snalozues

of the carbonyl group such as C=:018 and C=95

. - , - 2 :
(@) Those systems in which two vicinal sp centres are
introduced e.g. enol acetates and enol methyl ethers of

type (14d). Double bond isomerism is again possible,

Class (a)

" Among the most widely~applied derivatives are the ethylene
ketals and thioketals (Fig° 4) which largely satisfy the criteria
for general utility; thus, they fragment in a coherent menrer and
are potentially amenable to gas chromatography. The fragmentation
processes are governed by the preferential homolysis of the bond
attached to the 2-position of thé dioxolane/dithioxolane ring (16)
producing a resonance-stabilized oxonium/sulphonium ion (17).

The species then undergoes 1,5-hydrogen transfer (substantiated
in meny instances by deuterium labelling) from the allylic to the
primary site, followed by scission of the C-C bond yielding the
resonance-stabilized fragment (18), £&n illustration of the
utility of these derivatives is provided by the fragmentation of
5¢ =androstan-3-one ethylene ketal 10’11\(19)0 The two pathways
A and B corresponding to the alternative initial o wfissions are
bdth evident, leading by a synchronous process to the predominent

spectral fragments (20) and (21), The fragmentations have been
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3

, . ] ,
corroborated by thorough deuteration studies . The

()
=]

fragmentation patterns of the ketals and thioketals are practically
ntical, but the intensi
fragment ions of the thioketals is much lower than in the
corresponding ketzl derivatives, thus meking the sulphur derivativss
less desirable for structural determinations, This is, 1o a small
extent, offset by the enhanced molecular ion of fhioketals. A
reservation must be made, however, about the apolicability of these
derivatives in GC-MS, gince they may be tnd_jally labile
Oxazolidines, formed by reaction of the carbonyl group with vicinal

; . . L 12
hydroxyamines, exhibit adverse gas chromatographic properties™ .

Class (b).

This class of lasymmetric! derivatives of carbonyls has

B

been the subject of detailed mass spectrometric study, e.g. oxinmes
S

O--methyloximes, O-brimethylsilyloximes, hvirazones, alkylnvdrazones
) 3 s s 2Ly LNY )

ives, howesver,

ck

arylhydrazones and semicarbazones. Of these deriva
only the substituted oxime type and dimethylaydrazones are of

relevance in this review of derivatives for GC-MS, the others being

=

of limited gas chromatographic applicavility, The base peak of

04

\

.
cholestan-3-one at m/; 231 13 (loss of side chain and 0(15), 916)

and C )is shifted to m/; 240 (231 + 1Ci 3) in the O~methyl

(17)
oxime (22) as expectzd. Similarly, pez2ks in androstan-17-one at

m . L .
e 250, 218 and 217 dus to cleavage of ring D ars still found in




o)
i
£

the O-mathyl oxime (23) in lower abundance, Abundant loss of

CH O probably ocours in the manner devict

%

d in Fig. 5. A second
abundant process in the derivative of androstan~17-one {(23)

. s . 13 . . N
involving loss of hOCHB perhaps™™ occurs as shown in Fig, 5, It
is evident that several fragmentation-directing pathways are
p0331b1e in O-methyl oximes, but valuable complementary data can
be obtained by the 'shift! technique, for example, by comparing
the O-methyloxime with the O-trimethylsilyl oxime, The extreme

ease (and potential reversibility) of preparation of O-methyloximes

and O-trimethylsilyl oximes,and the ready recognition of

(D

H~containing fragments,makes them useful derivatives despit

complications due to gym and antvi isomers,

Of the various substituted hydrazones, only the dimethyl

14

derivatives have been shown to exhibit good gas chromatographic
and mass spectrometricl5 characteristics., The fragﬁentation»directing
ability of the group is illustrated in Fig. 6.

The agzomethine ketone derivative, which formally falls within
category (b) is the simplest nitrogen analogue., Were it not for the

*
instability of the azomethines, requiring prompt measurement of the

mass spectrum on freshly-prepared material, it would represent one

———e \

#¥The difficulty is to go from ,C= O to C=iR: the excess
.

RilH, being strongly basic usually destroys the ketone,
se of 5e process excess, is we]l
The™use of the reverse p SS gy &xces RJ=CR2

kno’-mlé . R2 €0



of the best nitrogen-containing derivatives for mass spectroscopy
since the functional group directs the fragmentation in a highly

. 1
specific manner™ ,

Class (c)
The use of isotopically-labelled carbonyl groups ( C=OL8) in
the elucidation of carbonyl-directed fragmentations has been

X s .
7. However, the use of iso-electronic carbonyl analogues

reported
such as thiones has not been reported. This derivative, which ig
readily prepared in many instances, is the subject of an investigation

in section 4,2 of this thesis,

Class (d)

Enol acetates and enol methyl efhers, which are often capable
of existing in isomeric forms, are the besit=known examples of
class (d). Avdier ef §l18 have examined the mass spectral properties
of these derivatives (24, B=le, Ac). In caseé where Retro-Diels
Mder processes were possible, the aporopriate fragments
(25, R= Me, Ac) were observed as abundant speciés. Information about
ring A substitution in 3-oxo-steroids can thereby be deduced, and the
further fragmentation of species such as (25) éonsidered. The
" aubhors did not, however, explain the fragmentation of (26) in which
the Retro-Diels Alder process is przcluded by virtue of substitution,

19

The work of Waight et al on tetralone-tyoe enol acetsteshas
o —— —o—— v
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species whicn is formally similar to the parent ketone, bub which
has a different mode of frogmentation. This type of derivative
has obvious potential in GO-l4S, Consequently, an exsmination of

enol trimethylsilyl ethers was undertaken in order to evaluate

their general utility (see p.l03).

Hvdroxvl Groups

The fragmentation of alcohols is beset by a complexity of
pathways, Dehydration frequently occurs, either by thermal 1, 2-
elimination when.a heated inlet system is used, or from the molescular
ion through 1,3 or 1,4 eliminration as depicted in Fig. 7. 0<-Hissi§n
leading to the stabilized oxonium ion which then may have several
alternative fragmentaﬁion routes, is also a generzl process, Higher

aliphatic alcohols give rise to oxygen-containing as well as

“hydrocarbon ions with the latter generally predominating and obscuring
characteristic hydroxyl-directed fragmentations. The sbundance of
molecular ions is often low. In cyclic alcohols, well-recognissd
processes ocecur, as shown in Fig, 7. In general, however, the spectra
of cyclic alcohols such as the mbqoterpene alcohols, are sufficiently
complex that useful generalisations applicable to other cyclic
alcohols cannot safely be maoe, since many of the fragmentations are
not directsd by the hjdroyyl £roupDe ‘

Acetates are perhaps the most.common derivatives in organic

o

chemistry. Thelr ease of for.?t on and excellent gas chromatographic

stics are well known, but unforiunately, in the mass

o
£
2y
=
o
o
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molecular ion is often Indetectable

was shown also to occur for both 4p -methyl- and 4,4-dimethyl=— A ‘=g
[ y 4 Y

spectrometer they eliminate acetic acid by both 1,2 and 1,3 - processes

as readlily as alcohols eliminate water, and consequently the

{ o« The charged residue which

[She

I

remains often suffers complex olefinic fragmentations, although in

fad
the case of cholesteryl acetatelo(27, Fig. 8) a stralgh tforard

fragmentation process occurs. Trifluoroacetates have been reported

to show abundant molecular ions and have less complex fregmentation
pathwayse

The analvtical utility of trimethylsilyl ethers in GC-M3
3 5 J y

is widely appreciated, especially in biochemical investigations; the

: . . s . . . 21 . R2
separation and identification of steroids in feeces ™, urine ™, and

blood >

s through their trimethylsilyl derivatives constitute telling
examples of the power of the technigue. These derivatives have

already been ccnsidered briefly in section 1.2, Characteristic

- steroid trimethylsilyl ether fragmentations were first recorded by

2

Eneroth et 2l.™ in 1964 and by Sjbvall 25 in 1965, Useful correlations

vere noted for the ublquitous 33-—hydroxy—£?~steroids. The scope of
26

these correlations was explored for many examples by Brooks et al

in 1966, The formation of characteristic 1ons at n/ e=129 and M-129

ot

and it was concluded that the fragm ntatLons involved allylie fissions

O

at 0(3)—0(4) and C(l)"c(lo)' The proposed breakdowns (Fig, 9)

were confirmed by Djerassi et “l27 in 1967 by deuterium labelling,

A reservation concerning the use of the derivative must be

erols






BN e s
en observed thst csrtain trimeth

is.

made, however, It has ©: nyisilyd

O
;n

ethers undergo skeletlal rearvangements upon eleciron impact, vhich
can cause misinterpretation. An example of this is the formstion
. ) 28
of the ions (29) and =) from the bis-trimethylsilyl ether (29)
i . e . . 28
The use of perdeuterated trimethylsilylating reagents™ 1is of
.potential value in the 'shift' technique, The versatility of other
“derivatives such as dimethylsilyl ethers and chloromethyl-
- 2 E) 29 0 2 ’ N -
dimethylsilyl ethers™’ (useful in mass spectrometry znd electron-
capture gas chromatography) should also be noted,
L 0 ) o s s
Tetrahydropyranyl etners3 are probably of limited applicability,

since their molecular ions are weak, and the base pesk in the

0]

spectrum is generally caused by « -fission betwsen the ether oxygens
( (31) = (32) ) with retention of charge by the tetrahydropyranyl
molety. The alternativeo ~fission in the side chain is relatively
unimportant,

Polyols ére by virtue of their polsrity unsuitable as such for
GC-MS, Vicinal diols have already been congidered in the section
on olefinic derivatives, 1,3-Diols should bs emenable to
examination by GC-IS, using either the ecetonide or boronat86
derivative, No comprehensive data for their mass spectral

L.

fragmentations are as yet availeble, Pdly-trimethylsilyl ethers

.

have been demonstrated to be sultzble for GO-MS e.g, mannitol hexa-

31

(i, 614, cf, parent compound, mw, 182),

34

trimethylsilyl ether
Studies on saccharides 3 ? steroid-pentolsBB, and nucleosides

1lustrate the capaciiy of

|~

via the polyt-im thylsilyl derivratives
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the derivative tc¢ render uon-polar meleri

for GO-lS,

Amines
The emine group has a greater electron-releasing cepacity
than the'hydroxyi group. Types of cleavage analogous to those of
Athe hydroxyl group occur in amines to a more pronounced degrec,
The fragmentation of methyl ethyl butylamine (33)‘illustrates
the simpler processes to be expected (Fig. 10). The amire function
thus has a greater abilily to direct fragmentation end stebilize
the resultent fragmert as en immonium cation (é.g.bbrnylamine (34) s
Fige. 10), affording information about the envirorment of the
nitrogen. Unforfunately, the amino function, becsuse of its
polarity, confers adverse gas chromatogrephic properties,
Functionalization of primary and secondary amines can improve
gas chromatographic nropertiess: acetylation end trimethylsilylation
are recognise& procedures, An example of the power of the GC-iS
method is given by the study of derivatized biological amines, by
Horning et a‘lo. @ =Prenylethylamine readily affords the
N-trimethyleilylated derivetive which exhibits abundant ions at
m/é = 193 (mclecular ion) and at m/; = 102 (cleavage between the

carbon atoms of the gide thain with charge retention by the

[<e

Necontaining moiety)s Catecholamine mixtures sre specifically

- - .

derivatized by itreatment with hexemethyldisilazene, followed by

addition of an excess of a simple ketone, resulting in an

£y

O-trimethyleilyl enamine, or O-irimethyleilyl Schiff's base which

v A v
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have described

l

fragment in a characieristic meonner, Paller et al
. \ o

the analysis by GC~MS of the nrimary and secondary amines from

cigarette smoke, as their N-trifluoroacetyl derivatives,

Acids

Carﬁoxylic acids are, apart from the lowest molecuiar weight
species, unsuitable for GLC, Their involatility gnd potential
thermél lability mey limit the &alue of ﬁass speétroscopic
examination.

Routine investigetions normally utilize the methyl esters,
ﬁhich are more suitable for GC-MS; the derivatives are volatile
relative to the acids, the increase in molecular weight is small,
molecular ions are usually observed, and most important, the

4
. . . . - O
fragmentation of the molecule is directed in a well documented3

manners, Characteristic fragmentations (Fig. 11) involve dl-cleavage,
often affording the two energetically favoured ions (35) and (36),
whicﬁ undergo further breakdown, The well knowm McLafferty
rearrangement ( (37) + (38) ) involves p-cleavage with concomitant
hydrogen transfer, revealing information about neighbouring carbon
substitution. A complicating proceés in many branched chain and
long chain methyl esters is the ubiquitous loss of methanol which
often follows initial «~cleavege ( (39) = (40) ).

Trimethylsilyl estérsvof acids have been reported31 and are
worthy of mention because of the possibiiity of their formation

during trimethylsilylation of natural extracts containing hydroxylic



end carboxylic compounds, They ere thermally stable and exzbibit

good gas chromatogranhic beshaviour, but are very susceptible to
. N L 31 .

hydrolysis, GCitric acid,”” for example, is suitable for study

by GC-MS as its tris-trimethylsilyl ester, but the scarcity of

~

derivativesreported does not permit an assessment of the fresmentation-
dlrectlno properties of the grouu.
Amino acids, by virtue of their zwitterionic nature and

resultant low volatility must also be derivatized in order to perform

s ey

an examination by GC-}S, Many satisfactory derivatives for GLC

. . . 7 2 g
have been described, e.g, Richards and Mason3 have reported the use

of N,O0-bistrifluorocacetyl methyl esters of tyrosine and thyronine;

3(’

.

has described the derivaiizat

a

Darore on of protein amino acids

by conversion of the carboxylic acid to an ester followed by

trifiuoroacetylation of the amino, hydroxyl and thiol groups;

39

Jaczkonmaki”” has demonstrated the utility of N,0-dipivalyl methyl

esters of the thyroid hormones, Of tha large volume of work don

.’.LO
on peptide derivaiives for GC-iS perhaps the work of Andersscn ~can

pa

o]

be mentioned. An examination of trifluorcacetyl and hexafluorobutyryl
methyl esters of peptides revealed that both derivatives rerdered the
peptides sufficiently volatile for gas chromatography., On Carbowax

20 M columns the retention times for the former were 50% less.
Striking similarities in mass spsctral fragmentstions were obssrved,

and a sequential analysis of derivatives of Dl~Ala-DI~Phe-Oile and

Gly-Gly-Gly-OMe was obtained,



102

The increasing importance of the GO-MS technigue is becoming
more obvious, The foregoing discussion indicsies that a particularly
importent aspect of the technique, the use of derivatives designed
to enhance the significance of GC-MS evidence, is under active
.development., It remains largely dependent on the types of derivative
used classically for organic charabterisation, and it is clear that

gas-phase procedures both demand and allow a quite different

approach to the recognition of structure through functionality,



Enol Trimethvligilyv]l Ethers as Derivatives for GC-¥3

The efficaqy of enol trimethylsilyl ethers of carbonyl
groups, which belong to derivative category (d), was deemed worthy
of examination, It was expected by analogy with alcohol
trimethylsilyl ethers,>that the‘ability of the trimethylsilyl
moiety to stabilize the high—energy radical cation in the mass
spectrometer would result in en abundant molecular ion, The gas
chromatographic properties were potentially favourable since enol
trimethylsilyl ethers had been briefly reported by érundy et §l41
as by products dquring gas chromatographic exzamination of

trimethylsilylated steroid alcohol mixtures which contained ketonic

2 .
t ag4 during

materialo They had also been observed by Horning
similar GIC groﬁp analyses, The fundemental change in the carbon
skeleton due to the incorporation of two sp2 centres was expected
to alter markedly the mass spectral characteristic,

Enol formationm is a reversible process in which only small
quantities of the enol tautomer are present in the normsl unperturbed
systemes The equilibrium can be altered, however, in the presence of
an acid and the enolic form abstracted irreversibly by acetylation,
By analogy, several ketones were treated at different temperatures

in hexamethyldisilazane with a catelytic trace of p-toluenesulphonic

acide Only in the simplest cases, cyclohexanone, was enol

trimethylsilylation achieved, Further investigations resvealed that
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184,

183
169

156

155

12

127
75
73

141

TABLE 1,

% of base vpeak
2 143
48 48 35
11 13 15
0 55 &7
10 15
15 10 2
6 30 15
37 17 10
3 25 35
85 92 100

100 100 85

3

bh 45
15 28
4 4
100
3 2
1 5
23 59
12 10
1 9
45 100
- 95 60

Observed metastable

TABIE 2,
Calculated

tremsition Metastable 41 42
18/~ 169 1550 155.1 155.1
184~ 156 . 132,2 132.2? 132.2
18/ 14§ 109.6 - 109.6
184~ 141 107.0 - -
184~ 127 87.75 - -
169~ 142 119.2 - -
169 141 17,6 - - -
169~ 127 95,5 - -
156- 142 129.1 - -
156~ 141 1274 1274 127,42
156- 127 103.4 103.42 103.4

43

155.1? 155,1

-

1,

)
155.1

109,86
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the optimun conversion conditions neéessitated the recently
introduced reagent bis-trimethylsilyl acetsmide (BSA) with a
tracé of p-toluenesulphonic acid (PTSA) monohydrate as catalyst.
The derivatives could be separated by preparative thin layer
chromatography, but were hydrolysed back to the ketone form on
exposure to air within two hours,

Dissolution of 2-methyl-cyclohexanone, B-meﬁhylucyclohexanone,
4~methyl-cyclohexanone, 2,6-dimethyl-cyclohexanone and menthone in
BSA and PTSA resulted in total conversion, according to GC-MS,
to derivatives of molecular weight consistent with enol
trimethylsilylation. R-methyl- and 3-methyl-cyclohexanone offorded
the isomeric-derivatives (41 and 42) and (43 and 44) respectively,
Menthone, on the other hand afforded one derivative, shown by MR
to correspend %o structure (47), and displaying in the infra-red
spectrum characteristic trimethylsilyl ebsorptions at 850 cm”l;
1180 ot and 1250 cm"l

The most characteristic fragmentations of the isomeric
derivatives (41 to 46) (Table 1) involved Rstro-Diels Alder processes
with charge retention by the trimethylsilylated moiety, »Tentative
assignmept of fhe isomeric structures (43) and (44) could be made
from the relative abundsnces of the Retro-Diels Alder peaks at
m/é = 142 and m/é = 156 respectively, No such =ssigrment cen be
“made for isomers (40) and (42) since both afford Retro-Diels Alder

species of the same mass. This process is also evident in (45),
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s : . m, . s
~affording an abundant ion atb /é = 142, Derivative (46) also
crsa . e . m
exhibits a significant Retro-Diels Alder peak at /é = 170, but
m
/;

a fragment at = 169 is twice as abundant. Derivative (47),

formed from menthone, exhibits an insignificant Retro-Diels Alder
product_(m/é‘z 184), but shows an abundent ion at m/; = 183,
Abundant fragment ions at m/é =127 in (43) and (45),
_'m e =14 in (41), (42) end (44), W = 155 in (46) and Ve = 169
in (47) are probably related species formed by a combination éf
Retro-Diels Alder reaction and loss of methyl group from the
trimethylsilyl moiety (Fig.13 ), resulting in stabilized species
such as (52) and (55)., Two pathuays, & end B (Fig, 13) are
possible, Pgth A is supported by the appesrsnce of metastable ions
(Table 2 ) corresponding to the transitions (41) + (50) + (52)
and (45) » (53) =+ (55). The alternative path B is not
corroborated by metastable ions. Ions (51) and (54) mey undergo
fragmentations other then Retro-Diels Alder processes,

A third grou§ of abundant fragment ions at m/é = 113 in (43),
(44) and (45), m/ e = 127 in (41) and (42), n/ e = 141 in (46) and
at m/; = 155 in (47) is more difficult to account for. A sﬁggested
explanation is outlined in Fig. l4.

The corresponding derivative of 5%-cholesten-3-one, (48), was
formed under similar conditions., A homogenecous derivative was
.indicated by GIC. The effzsct on gas chromsbographic retention

time is illustrated in Fig. 15, The MR spectrum of the derivativa



"ENOL TMS ETHER (B) OF
5 ~CHOLESTAN-3-ONE (A )

1%, SE30, 10° COLUMN,
. 240°




00t 00z ’ 001
. . 1 .

! X . T v 4 T 1 ._. —_ y — — M
_ i 1£:14 : _ _ _ = _ _ .ﬁ *
e | 6l o
|
L85t 4
H | H
151
' ’ $6 ,
Eoyso
65€ . : : €L
: INO -0z~ INVNOI¥d~-%S 4O ¥3IHLI SWL TON3
00¢ ‘ own ool
1 - .

L1T

Z0¢

€Y

INO ~02 —3INVNO3IUd -»G

91614 _



o0y

00¢ G0%

I LT T _:g,.:_ T

€L

s
14}
d3H1l3 SWL 10N3
.o@nA . : 00z
T . 17 i Y __ q i ___ _: :_
- . ' v ' . 1
98¢ ‘ e . . 5 1%
(14
. o 1£2
’ INO-E€-NVLSITOHD -»§ N

. Ly Big



{

~

Me3SlO.!. o _ MGSSI'O:;. g | |

— /( — 1
© ‘MegSioy” . © MegSiog

57,m/e 1k3

RDA :
Me3SiO/‘\/:($ MegSiog 2o~

- 56 | 58,m/e 142 59,m/e 127

O?IMGS | . Megsib.w I/ |

[e))
O
N
}._Y



indicated 9 trimethylsilyl protons at 9.7, 4 aliylic protons

end one vinylic proton, Structure (48) was therefore suggested,

13

analogous to that formed by enol azcetylation™, Formetion of the
g X ¥ .

other possible isomer'(ZXB) is apparently orecludtd on steric
1
grounds_8.

The molecvler ion (m/é = 458) was an abundent species

(75% of the base peak. The spectrum as a whole was much simpler

than that of 5x ~cholestan~3-one, indicatlp that the enol
trimethylsilyl ether group has a greater fragmentation-directing ~
capacity than the 3-ketone group. The fragmentation was dominated
by scission of ring'A to give ioﬁs at m/é 143 and 122° The former
ion may arl e through a“ﬁyllo cleavage and hydrogen transfer
through a 6-membered transition state followed by vinylic cleavage
as shoun in Fig. 18, The expected retro-Diels Alder fragment

(58) e 142,(772% of base pesk) was observed, The apoearance of
these two ioﬁs contrasts with the reported18 mass spectrum of
cholestan-3-one enol acetate, in which apprarently 6n1y the Retro-
Diels Alder process was observed, and the charge resided with the
ring B~C~-D moiety. In the case of (56) the charge is'totallv

m/

retained on the trimethylsilylated moiety. The ion at

(59) probebly arises primarily from the' Retro-Diels Alder product (58&),

The loss of trimethylsilanol (90 mass units) which nnrmally occurs
as a major process in alcohol 1S derivatives, does not occur,
since eliminations at olefinic centres are difficult and the other

frogrmentetions predorinate,

o]
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Pre#nann 20-one, which repre ents a different type of
carboﬁyl environment, was observed by GIC to form two derivatives
when treated under enol trimeth:}lsilylation'conditions° NMR of
the mixture, which was inseparable by preparstive thln 78]6?
chrdmatography,'indicated complete absence of vinylic protons,
Structures (60) and (61) are theréfdre probable, The derivatives
were agaih observed to be labile, GC-MS wag per formed, resulting
in similar mass spectra for each of the geometrical isomers,
‘The molecular icn in this case was less sbundent, and the pesk at
m/g 73 ( (CH3)38i+ ) observed as the base peak: however, the
significance of this ion is Iimited as it is very commonly
encountered from trimethylsilyl ethers and can arise from reegents.
The abundent loss of 15 ig presumably due in part fo formztion of
the conjugated oxonium ion (62). Ioss of trimethylsilanol (P-50)
is evident in this derivative, unlike the corresponding derivative

/ y 4 Tw

of 5&-cholesﬁan—3none, as a minor peak at = 28, he ion ab
/; 195 (63) (P"08~1d”“5) vossibly arises through 2llylic cleavege
betwéen G - C as shown in Fig, 19, The process leading to
(12) (13) S : °
the ion of ™e 157, which probebly contains silicon, may involve
scission as shown in Fig, 19 to give the stabilized cation (64).
In summary, enol trimethylsilylation results in direction of
fragmentation, the resultent ions being stabilized by either the
trimethylsilyl (radiéal cation) or dimethylsilyl (cation) moieties,

The carbocyclic derivatives exanined exhibited characteristic
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fragmentetions. Pregnan-2C-one enol trimethylsilyl ether, the only
system examined which cennot undergo a Retro-Diels Alder process,

displayed a more complicated mode of fragméntation°
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Thiones as GO=MS Derivativesg

Thiones, formally analogous to ketones, are in many instances

2 . . . 4243 . :
readily prepared in high yield™ by simple methods such as
refluxing the ketone with phosphorus pentésulphide in xylehe, or
by bubbling hydfogeﬁ'sulphide and hydrochloric acid gas through
.an ethanolic solution of the ketone. We heve found thiocamphor(66),
thiofenchbne(éB)and thioéamphenilone (70) to héve excellent gas
chromatographic properties, the slight incresse in molecular weight
being offset by increased volatility (thiones are lesé polar than
the corresponding ketones); they are a2lso thermally stable under
gas chromatographic conditions, The retention factor (ratio of
retention of derivative to ketone) is, on non-polar phases such
as SE-30 or APL, approximately 1.,5. Micro-scale reactions on
mixtures using the conversion method cescribed above should therefore
be amenable to the 'Feak-Shift! techanique in which changes in gas
chromatographic retention may bte correlated with the retention
factor of the thione group.

Certain préliminafy observations may be made concerning the
mass spectral properties of thiones, The molecular ions of the
thiones are subsfantially stronger than in thé corresponding
ketones. This would appeer to indicata that the thione function
hes a greater capacity for stabilization of the high-energy radical
cation, More importantly, the mass spectra of camphor(45),
fenchone (67) and camphenilone (69) are totally dissimilar

(Figso 20-22) whereas those of thiocernhor and thiofenchone are
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%irtually superimposable; that of thiccamphenilone, the related
nor-compound,is also similar. The thione grouping is therefore
directing the fragmentation in a more regular and definitive
ﬁgnner than the ketone grouping.

, The principal peaks in camphor are‘duc to hydrocarbon
fragment844’45‘(Figo23). Very few of these peaks have their
counterparts in the spectrum of the thﬁone, In addition there are
no. S~containing peaks in the mass spectrum of the_thione
corresponding to C-containing peaks in the mass spectrum of the ketone.
It must therefore be assumed that many of the principal peaks
contain sulphur as a stabilizing hetero-speciese

geveral fragmentation schemes accounting for najor ions in
the mass spectra of the thiones are suggested below, but in the
absence of high~resolution mass spectral measurements aﬁd
~deuvteration stﬁdies, these schemes nmust remain purely speculative,
Djerassiu4~gives a pertinent warning about such hypothetical

mass spectral inter?retations. Great care should be exercised in
interpreting the spectra of highly-fused or substituted
hydrocarbon nuclei lacking strong frégmentation~directing groups.

The thione grouping, however, is strongly-directing in its
properties. It-is also‘to be expected that since the molecular
ion produced is both a cation and a free radical, énd since many
terpenoids undergo carbonium dion and . free radical

reavrangements with great facility, even simple
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terpenéids will exhibi? unusﬁally complicated electfon~impact
fragmenfation.reactionsq

Thiocamphor and thiofenchone both lose 29 mass uvnits from
the molecular icn, and thiocamphenilone, 28, One possible
mechaniem involves initial @ ~fission, followed by hydrogen transfer
~and ethyl cleavage as shown in path A, The resultant cation(71)
is & resonsnce-stabilized sulphonium species. In thiocemphenilone
a Retro-Diels Alder process may be invoked to account for P-28 (72)
which possibly is the progenitor of V; 71 (73) (path B).

| The loss of 33 (¥ 18) is another minor process in thiocamphor
and thiofenchone, but in thiocamphenilone it produces an ion at
nz/; 121 of 55% abundance relative to the base peak,

The loss of 43 (1%oo“opy7) is evident as a major pfocess in
all three thiones, Possible mechenigms, outlined in pathways C, D
end E involve initial &« -fission followsc by bydrogen trensfer and
formation of a stabilized sulphonium cation (74,76).

The abundent sulphoniuvm ions at m/é 113 in thiocamphor and
thiofenchone involve loss of CyHy. This must involﬁe either
extensive skeletal rearrangement or a pathway such as F leading
to the thioketene cation (77

The énly fragment(78) corresponding to an oxygenated fragment

is at ™e 85 (and m/ 71(79) in thiocamphenilone)., By enalogy with

the Wolinski fragmentationgs, patnivays G and H may be invoked.

The inhesrent dangers of speculation are exemplified by the

NS
explenstion of Reed™ of the fragzmentation of camphor, None of



by

his conclusions were substentiated by Djerassi's work™".
It is hoped, however, that the fragmentation-directing
properties of the thione group have been illustrated sufficiently

to warrant further investigation, -
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GC=-MS3 Proverties of Trimethvlsilyi Ethers of Eeimeric Menthols

The use of mass spectrometry in the determination of relstive
epimeric configuration when both epimers are available is well

Kknown® 7Y, The empirical studies of Zaretskii et 2 47"49

of Biemann gt élBJhave demonstrated thalt in epimeric alcohols and
-acetates, for example, the lesgs crowded epimer gives a more intense
molecular ion and conversely, the loss of water or acetic acid
predominetes in the more crowded ion. This is a consequence of

the relative rates of steric cdecongestion which can be achieved
through elimination from the energised radical cation, A germane
study was that of Willhalm and Th omasso who examined the mass
spectra of the epimeric menthols, and showed that the stereochenmicsl
igomers were readily distinguished, It follows that when modzls
show an appreciable difference in congestion at the epimeric
centre, mass spectrometry should allow confirmation of the
Stereoohemicél assipnment,

It was of interest to exasmine the avplicsbili ty of this
procedure to combined gas chromatography-mass spectrometry, with
the objective of differentizting betwsen epimers in a mixture,
without prior separation., The tendency of alcohols to undérgo
dehydration when subjected to GC-MS on‘the ILKB 9000 instrument
prevented their effective use as such, Accordingly, the

trimethylsilyl ethers of menthol (80), isomenthol (81), neomenthol (52)

end neoisomenthol (83) were prepared in the hope that the stericslly-

e
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enhanced epimeric difference would be menifeslied in sienificent
fragm nta tlon differences,

The reproducibility of the spectra obtained from consecutive
exasminations of the same epimer was observed to be a funétion of
the following variable factors:

.(a) Gas chromatography conditions: a balance had to be struck
between rapid GC elution of the sample (since the source
tmmmuhwermévmmpw&mﬂﬂjd_i 7 the run, slightly

affecting ion abunda ﬂer),aﬁd conserving optimum GC separastion.

(b) Peak scan speed: too fast a scan resulted in loss of
accuracy of relative ion abundances and too slow a scan
resulted in a spectrum biased by conceantration, 5-second

scang were usaed,

(¢c) Scan timing: this factor, which was particularly susceptible
to human error, resvlted in very sisnificant differences in

o

spectra due to concentration changes,.

(d) Thermal eliminations: this wés minimized by lowering the
separator temperature to 4@0 and the source temperature to
170°, The lovest temperature to which the flash héater could
be lowered without risk of impa iriﬁg GC separation was

. o) . ,
estimated to be 1707, The filament current was also lowered,
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b3 EXPERTGENTAT,
NMR spectra were recorded ag 0,35H solutions on e Perkin
Elmer R10, Varian HA 100 or on the Varian HA‘QQO‘spectrometer
(60 Mc/s, 100 Mc/s. and 220 Me/s,respectively), ‘Tetfamethylsilane
was used, es internal reference, Gas chromatography-mnass
spectrometry was performed on the- IKB 9000 1nebrument usin
1% SE-30 as stationary phase, Ultraviolet and infra~red spectra

vere determined using the Unicam 5P 800 and SP 100 spectrophotoneters

respectively,

Eaol Trimethylsilylation (Tvoical Preparation).

Ketone (~40 mg) was dissolved in bistrimethylsilylacetamide
(lOO'pl) and a catalytic trace of p-toluenesulphonic acid
monohydrate ( « 1 mg) added, The solution was heated at 60-80° in
a small sezled vial for 6 hours. The supernatent liquid wés blown
off vith a stream of nitrogen, and the derivative extracted from éhe
white residuve with ether, Preparative TIC afforded pure enol
trimethylsilyl ether, which very rapidly hydrolysed on exposurzs to
air, Infra-red (liquid film) 1650 cm"l (), 1250 em™ (3),

840 e T(MS). MR:v9.85 (om, sl(cs3)3)

The trimethylsilyl enol ether of menthone exhibited the
following MR data, which'permitted structural assignment
v 6,95 (1H, septet, J = 8 cps; isopropyl methine proton), 9.07 (3H,
doublst, J ~ 7 cps; secondary methyl), 9.10 (6H, doublet, J = 8 cps ;

isopropyl methyls), 8,95 (91, singlet; silyl methyls),
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Synthesis of Thiocamphor

Camphor (5 g) wes dissolved in absolute ethanol (25 ml) and
. Yy B [

Qs

11led to-10°, Dry hydrogen sulphide znd dry hydrochloric zcid
- gas were bubbled. through for 6 hours, The solution gradually
acquired an oraﬁge colour, indicating thione formation, Water
.(100 ml) vas added and the solution neutralised with agueous

sodium bicarbonate, Extraction with e , drying over anhydrous

sodium sulphate and concentration in vacuo at room tempesrature afforded

crude thiocamphor (4.8 g) which had a penetrating cemphoracsouns-sulphur
odour,
The crude oil was adsorbed on %o neutral alumina (Woelm, grade 1,
100 g) and eluted with light petroleuwm, An orange band was eluted
and collected as a single frection, ZEvaporation afforded thiocanphor
- -
(1 g) as a semicrystalline oil, Infre-red: 750 cm l(M), 1130 em ~(3),
-1 . -2 -1 ,
1210 cm — (8), 1280 cm (S), 1300 cm ~(S). Ultra-violet: 240 mp
- A = 7 s 4 a9y ol 54-
( £:11,500), 490 mu (€£=13). (literaturs vaiuves 7% 244 ok
(€=11,500), 493 mu (€=12) ). Moleculsr ion (GC- v") ﬁ/ 148,

Synthesis of Thiofenchone

Fenchone (1 g) was dissolved in xylene (10 ml) and phosphorus

pentasulphide (2 g) added. The solution was refluxed for 20 minutes,
\
becoming red as the thions formed. Chromatosraphy of the total

product on neutral alumina (Woeln, grads 1, 20 g), eluting with
]lvht petroleun,afforded thiofenchone (250 mg) as a red 0il,

' -] -1 - -1 , .
Infra-red: 1100 cm (S), 1180 cm ~ (3), 1280 cm —(S), Ultravislet:

’ 0 FL,, . -
242 T (£=11,000), 490 wpu (€£:12), (Lit., 7% 240mp ( 10,000)
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488 mp(E=11) ), Molscular ion (G nﬁg),zl/é 168,

R .

Synthesis of Thiocszmmhsnilone

S
ct
5

Thiocamphenilone was synthesised in exac e same manner

as thiofenchone, in 50% yield esa highly volatile oil, Analysis

indicatéd the cqmposition GngAS (Found, C, 69,73; H, 9.14;

‘calcd. for G C, 70.1; H, 9.15%), Infra-red: 1100 cu ™ (S),

g
9715 2
1140 on™h(8), 1280 on™(S), Ultraviolet: 240 mu (£211,000),

490 mp (€=13),

Trimethylsilvlation of the Epixeric Mentiols

To menthol (10 mg) in hexame thyldisilazane (50 PL) was
added trimethylchlorosilane (~10 Fl), The solutions were warnmed
for 5 minutes end blown down in a stresm of nitrogen, The derivalive
was extracted frém the vhite residue with light petroleum, and the
solution used directly for GC~MS, GC-}S conditions were standardized

as described in the discussion,
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5.1 THE THIDCARBONYY GROUP AS & DERIVATIVE TN WUCLEAR
MAGWETIC RESOMALCE SPECTROSCOPY,

INTRODTGLION

Two importent aspects of the use of NMR in structure

elucidation are the consideration of anisoiropic shielding effects

of functional groups and the use of solvent-induced chemical
shifts, These pfocedures often facilitate the~interpretation
Qf the NMR spectrum of an unknown structure,

In order to.increase the significance of these procedures
it was predicted that in the case of certain carbonyl-containing
compoundg, derivatization of the functional group could be employe
in such a manner asg to reveal gignificant differences in the
chemical shift of nearby protons. The corresponding effect on
solvent induced chemical shifts was a2lso of interesto An NMR
study of the properties of the thiocarbenyl group,which in many
instances is readily orepared from the corresponding ketone, wes
therefore initiated, It was hoped that consideration of the
magnetic anisotropy, and of the benzene~induced solvent shifts of
thvones7wou1d provide data comblewﬁnuary to those obtazined from
the parent ketone.

It is proposad in this introduction to comment only briefl
)

rigin of magnetic anisoiroby (since this is a physical

v

on the

e}

[

e

to outline the postulzted

C
ch

problem of somz complexity) and

d

¥y
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Magnetic anlsotroplc effects
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mechanisms by which arometic solvents influence chemical shifts,

Anisetropy of the carbonvl groun

The magnetic shielding effect on a nucleus of a functional

-

group such as the carbonyl group is dependent on their relw tive
spatial disposition, This functicnal group anisotropy, which
causes differential shielding, has been the subject of meny

empirical and theoretical treatmsuts. Ieacing references to the

phenomenon may be found in the ssriss of papers by tlathieson et a 155
who have described msthematically the long-range screening effects

of the C-H, C~C, C=C and G=0 groups.

o

The total shielding effect of a carbonyl group upcn a

Fal

resonating nucleus is a composite of two important intramolscular

factors, the magnetic anisotropic shislding and the electric field

effecte The carbonyl group does not possess cylindrical or conical
LY

symmetry, therefore the magnetic anisotropic susceptibility has to

. be expressed in terms of three orthogonal susceptibility componsentis

. , . G=0D "0=0 : -
(i.e. two anisotropies, A A, and,ﬁkJE? )« The relevant squation

describing the contribution of magnetic anisotropic shielding to

the chemical shift of a freely-rotating methyl group is given by
o C O
G” PPMe = 383 Z& (1~3 cos 9) + A7 (1-3 sin Q in X —_—(2)
o = ) C:O = 7 N
where A% yi = y‘ X, end A X = X=X

The x-axis coincides with the bond axis and the y-axis is the
direction orthogonal to the nodzl plsane of the [ -ordbitals, T

angles involved ars defined in Fig. 27.



The contribution to shielding of & freely rotating methyl

group due to the electric dipole is given by the eguation

O~ ppm, = %RB [icostu(BcosIG cos ¥ - cos é] ()
in which X = kn where k is & proportionality constant and P is the
dipole moment (in Debyes) of the carbonyl group, u1(7003015 is the
"angle defined by the C~C axis of the methyl group and a C-H bond.
The other angles involved are defined in Fig, 27,

When consgidering bobh megnetic and electric effects, the
| screening of the methyl group is defined as that component of the
field at the centre of the circle of rotation of the hydrogen atoms;
resolved parallel to one of the C-H bonds and averaged over 360°
of rotation, |

To calculate for a given methyl group (or proton), the shift
produced vhen a functional‘group is introduced into a molecule,
both the substituted and unsubstituted molecules must be considered,

such that the resultant shifi

N \T-
= 2 1 - z o .
< G sub. ) unsub,
N

where ;;'6' is the sum of the screening effects of all N bounds in

the molecule, However, since the net chemical shift difference

between the two molecules is caused only by these bonds vhich differ
\

in the substituted and unsubstituted case, only those bonds nsed bte

considered in the calculation i.e. the shift for any distant nucleus

Je

n proceeding from the alkane to the corresponding ketone-conprisss {he
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bonds and the introduced =0 bond, The relevant equation for

computing the contribution due to the displaced protons is

2 ‘ ‘
| A% 2 S°1 (X1+2Xp ; R Tmas P
o ppm = [}5533(ln3 cos G)j]+ gﬁ[;.“zg,gl)+ 5(¥gcos GfXTuln )

- %ﬁ (XL00349+XTSin49i:} (3)

+in which jXI‘iS the.magnetic‘susceptibility of ﬁhe bond in a
direction along the bond axis, Xp is the magnetic susceptibility
in a direction at right angles to the bond axis, S is half the
length of the induced dipole (taken as 0.253 ) and @ is the angle
between the symmetry axis of the proton and the direction of the
group being shielded., The last three terms are cofrection'terms
vhich are used when R4<3K.
- Accordingly, Mathieson set up a series of equations with
G0 A =0

three unknowns, A bog %, end K using the algebraic sum of

(l), (2) and (3), for 15 mono-oxo-androstanes using the ghifts of

the 0(18) and 0(19) methyl groups relative to androstane, ood
squares anzlysis of the 30 equations gave vslues of gﬁ,cig = «40.2%
1070 o molecule-l, Z§C§2 = 28.8x107° cn® molecule™ and

K= +O°8x10—30D, when both magnetic and electric dipoles were
assumed to be on oxygen, Corresponding values vere computed,
sssuming the dipoles to be at other points along the C=0 bond, but
when both are assumed to be on oxygern the electric field terds to
zero and can be ignored in anisotropic calculations, using the

-30 3

slightly modified values zxcig = -39,7x10 cm moleculem1 and



used to predict meny of the chemical shifts of methvl zroup
_ . yL grouy

C= - - - o
0 = «27,9%10 30 cmj molecule 1@ These values were successiull
A X Y

in a

&}

series of oxo-sndrostanes,

Y

In principle, therefore, it should be possible in a

carbonyl compound to modify the carbonyl group in such a way as to

produce changes in anisotropy, observed as changes in chemical

shift of certain protons in the NMR spectrum, Thé magnitude of the
effect, if related to the relative spatial disposition of
functional group and shielded/deshielded group, could be utilized
in structural determinations, We have attempted to make a
qualitative assessment of the anisotropic properties of the
thiocarbonyl group., To our knowledge, these effects have not

been reported,
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Aromatic SolventeInduced Chemicel Shifts

This technique is of great practicgl importance when
appiying NMR to the problems of natural oroduct structure
elucidation56° From the vast collection of empirical and semi-
theoretical data 1t is possible in meny instances to assign protons
and conformations of suitable molecules. It is also possible to
simplify spectral elucidation by resolving coalesced signals caused
by coincidental isochrony.

The use in structure elucicdation is well illustrated in the

cm s 57
work of Bhacca and Willisms” who showed in a series of steroidal
ketones that the change from dsuterochloroform to benzane produces
" important solvent shifts whose sign and magnitude are functions of
the steric relationship of the relevant proton and.the carbonyl
group, In 5%~ androstsne the 18 end 19-methyl resonances ars
invariant in the change of solvent, but in a series of keto-derivatives
shifts dependent on geometrical relationsghips are observed.
Generally, in the case of methyl groups adjacent to the carbonyl,
axial methyls are shielded by 0,2-0,3 pom. while equatorial methyl
groups are deshielded by 0.05-0.10 ppm, Pertinent data are tabulated
by 58 . N e L et P .
v Laszlo” ¢ An important property of these solvent shifts is their
additivity in the case of polyketones, JThe ben=zene shifts incurred
by steroids cen be calculated empirically as the sum of the ssparate

-

hi of the isolated carbonyl groups irn the monoketones,

,
Ry

w
h
w0

An example of the use of the effect in confermational studies was

o .- 59, €0
rovided in the stuang’

of the &, B and ¥ -substituted methyl

o]
¥

cyclohexencnes whici exnibly benzene-induced solvent efiects,

te)



interpreted as caused by preferred conformations. The resulis
are gself-consistent within each series of compounds., The chemical
shifts depend on the ease of formation of the postulated 1:1 complex
which in turn is dependent on the steric hindraﬁce of the solvent
by the solute and therefore on its degree of substitution,according
to the authors., The potential use of the method in conformational
ihvestigations is apparent.

There is mich controversy aboubt the nature of the effect,
No comprehensive theory has yel been advenced, but when problems
are approached through the use of a model, or by empirical
correlation, satisfactory results can often be obtainedt Certain
authorsél tend to favour as a model, a discrete 1:1 complex of a
transient nature, In the general case, benzene solvent molecules
are considered to be oriented by the electron-deficient site a
local dipole, assuming that such dinole-induced dipole inter-
actions will Jead as a first aporoximation to single transient 1:1
associations in which the benzene molecule will reside as far as
possible from the negative end of the molecular dipole, Benzene
is aszociated with the property of magnetic anisotropy, which in
the ring~§ﬁrrent model will result in‘upfield shifts (shielding)
fér protons above the aromatic ring and neer the axis, and down{ield
shifts (deshielding) for protons in the plane of, and near the
benzene ring. Zﬁrcher62 arrives at a similar interpretation,

O

Considering the 18- and 19~ methyls in the steroid skeleton he

s
o
1&)]
g
=
o)

related the chemical shift ineremwents with the algebreai



a magnetic and electric term, (the anisotronic susceptibility and

the dipole moment respectively) for the preferrad stzczered

conformation of the methyl groups. The magnetic susceptibility

term is independent of solvent to a first approximatioh and the
electric (reaction fleld) erm does not vary significently

‘between deuterochloroform and ben;ene which have similar dielectric
constants., One is compelled, therefore, vo invoke a dipole-induced
dinole association of solute and solvent, in which protons of the
solute are specifically effected by the associating benzene molecule,
This widely-accepted view was slso described by Sclrmeideréllr who
assumed - a dipole~induced dipole association which stabilises certain
molecular orientations, so that solute protons are differenti=zlly
shielded depending on their scatial relationship to the
temporarlly—oruered assoclating benzene molecule, He believes that
the change in anisotropy due to the mechanism of complex formation
is very small, the anisotropy of the solvent predominating in the
processg Reaction field terms such as van der Waals forces are
ignored. It is also demonstreted that probability controlled
topological interactions such as the mixing of disc-shaped benzene
with rod-shaped acetonitrile in e sterecspecific manner ere not the
primary csuse of solvent chifts,

£

In summary, such simple models of complex formetion have

65

resulted in remerksbly accurete predictions ~ of solvent shift,

Acceptable correlstions of solvent shiftes with solute molecule es have

been observed  aifter corrzciing for varying distences Setween the

centre oi gravity of the solute and of the benzene molecule,



on studies

o

supporting the postulated 1:l trensient complex, Dilut

I}

. 11 complex, btub the spparent

- A}
r‘!‘
IS
(6}
O
h
QO

cannot demonstrate the exis
associztion constante thus mesasured for an assumed complex are in
good asgreement with the existence of a 13 iively weak complex,
There is, however, a growing body of opinion which questions
the existence of a discrete 1l:1 comnlex, Fort and Lindstrom in
. 1 . . 66 . h] " . 1.2
their recent publication™ reveal that helogeno-adeamentaneg, which

exhibit considerable golvent shifts, Uhom no hint of complex

formation in freezing point diesgrems which routinely provide

)

facile indication of wesk moleculer interactions, They suggest,

67

in common with Brown and Stark ', that the data are moré consistent

with a slight geometrical ordering of the solvent about the
solute molecvle in a sort of 'cage construction'!, i.e, an
indeterminate number of solvating molecules rapidly 1ntercndbg1ﬁﬂ
with the bulk golvent affords a geometrical effect. Measured
equilibrium constants gnd enthalpies need have no real meening
thereforeyexcept to indicate the megnitude of the interaction,
since they are-based on the nresumably incorrect assumpltion of a
1:1 stoichiometry, Iimitations of the Ronsyne-Williams model
were reported very recentiy° Matsuo68'illustrated how cefﬁain
anoma“ously—lorre solvent shifts cenno} be accomnmodated in this
model, Theoretical calculations of shifts (Johnson-Bovey treatmentég)
using this model are incompatible with experimentai data, The
author proposes a more gensral mcodel in which van der Wazls forces
play a more significan® pert, and several solveni molacules

the solute molecule, Tha shift is then

due to the cumulative effect of these clustsred solvent moleculens.
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This model is consistent with the fact that the observed enthalpy
of the complez is of the same magnitude as the translational
energies of the molecules involved, and interactions in this

energy region are generally considered as being due to van der Waals
forces,

Irrespective of the arguments about the origin of the effect,

_ighotum per ignotius,solvent-induced chemical shifts provide a
powerful weapon in the srmoury of the organic chemist, We have
therefore examined énd compared the solvent~indﬁced chemical shifts
- of the carbonyl group and the corresponding thioéarboﬁyl derivative

in a series. of monoterpenoids, i
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5.2 _ RESULTS AND DISCUSSION

Anisotropy of Thiones

Compounds (66) and(68) were prepared according to the

70

methods of Sen"~ and Mayer’71 respectively, and the products

'rlgorously purified by column chromatography. Physical and

L. . . 71
spectroscopic data were consistent with literature values ~.
Thiocemphenilone, a new compound, wag prepared and purified in the
same msmner as thiofenchone(68), Analysis, infra-red, ultraviolet
and GO-MS spectral data were in accord with the monomeric
structure (70)

These particular thiones were chosen for the following

reasonst
(2) Simple preparations of thiocamphor and thiofenchone were

|
described in the 1iterature7o’7”.

(b) They comprise a set of closely-related, rigid bicylic

systems which are structuraliy similar,

(e) The methyl resonances of carphor, fenchone and camphenilone

have been assigned.in the literature72’73.

' \
(d) They are either non-enolisable or not appreciably enolised,

/.
unlike simpler alicyclic thiones which have been descrit ed7”.

(e) They are monomeric, unlike thiozcetone, thiopropanone and



2 il
_ thiocampheni

10
R R
8
&
65, R=0 69, R=0
66, R=S 70, R=S
TARLE 4
Chemical Shift (CCly) . i
Me(8)  Me(9) Me(10)  H() BT Y
Bornane 9.17 9.17 9.17 - ~8,75 ~8.75
thiocamphor 2.20 8,97 8.95 - 7.30 7,65
fenchone 9.01} 9.01“ 8.91 - - -
thiofenchone 8,847 8.89 &,70 - - -
camphenilone 8,99 8,99 - 7. 40 - © -
thiocamphenilone 8,87 8.87 - 6.60 - -

1

¥arbitrarily assigned,

TABLE 5

. &, © - . s o
Distance (A) of FPunchinnsl Groun to 3Shieldsd Proton
a

VE(8)  Me(9) Me(10)  H(L) H??? H(3)
2,00 5422, 3.1 - 2.80 2,80
4.02 5o60 3.22 - 3010 3.10
3040 30150 3-11 - - -
3-55 3075 3022 - - =
3.40 3,40 - 2,50 - -
ore 3.55 3.75 - 3.10 - -

# measured from hetercstom to gzeometrical centre
of rotation of methyl nroions,
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hrovghout thig discussion that the thione

ch

It is assumed

[ )

0(1)‘0(2)“0(3) angle is essentially similar to that of the ketone,
In view of the rigidity of the bornane ring system we belisve that
any inherent tendency of the thione group to vary*from'the trigonal
‘sp? geometiry will be negligible

Preliminary inspection of the 60 Mc/s spéctra of the three
Athiones immediately reveals that this functionality has a greater
anisotropy than the carbonyl group. The relative anisotropic
shielding and deshielding effects of the ketones end thiones are
represented by the chemical shifts in Tables 6~8, The striking
difference between ketone end thione is best illustreted, however,
by Fig, 29 in which the methyl ebsorptions of camphor are completely
aissimilar to those of thiocamphor, Comparison cf the respactive
methylene and methine regions elso indicate significent differences,

Assignmment of the methyl resonances in thiocamphor was

73

fecilitated by the very recent paper of Baker and Davis '~ in which
tuenty-nine bornene derivaiives were investigated by N¥R; deuteration
studies resulted in unsquivocel essignment of the methyl groups end

the pertinent observation that these methyls can invariably be

74 ;

#¥The chemisiry of thiones'™ is dominzted. by resctions of the tyne
(R2C=8, sp°) + precduct (23C-S,sp”) e.z. the extreme electrophilicit;
of the group arnd the +enccnﬁ" to dimerize and irimerize with formation
of C-S sp3 bhnﬂs This is due 4o the decreased stebilization of

Rp C=5 relzstive toRz 0=0; the overlap integrsl of the p-orbitsls in

Rz 0=0 is greater than in C=S in which the S p-orbital is ruch more
diffuse, Thig _relative destabilization is zlso reflected in the

bond eperﬂwes75
C=0, 152 Xe/i 0=3, 103 KcAl,




Fige 30
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correlated on the basis of their line widths (and hence peak

heights). In camphor the C methyl absorption had the

narrowest half-band width ( L&lh =1, - V,THS = 0,18 cps);
) P

the correspondigg values for C(S) and 0(9)_were 0,84 snd 0,78 cps.
respectively., The causative factor was shown to be coupling
through four ¢~ bonds havirg a W-configuration in the C(S) - 0(9)
gem-dimethyl group. Since thiocamphor is a related bornane
derivative we have accordingly assigned the methyl resonances oﬂ the
basis of peak height, as shown in Teble 8, Solvent shift date

are in accordance with the assignmenits, Deuterstion studies

which would provide conclusive proof have not yet been performed,

A qualitstive egtimation of the relative anisotropic
shielding propensities of ketone and thione cen be obtained from
Fig. 30 in vhich 2--dimensional representations of camphor and
thiocamphor ere presented, The Me(8), Me(9) 2nd Me(10) ebsorptions
of camphor are readily accommodated within the recent1y redefined
cone of shielding and deshielding of the carbonyl group as shown
in Fig. 30. Ths position of greatest shielding is assumed to be
outside that section of the solid cone which surrounds the 2-fold
symmetry axis of the carbonyl, Protons which lie within the
solid secfion of the cone which points glong the bond axis are
deshielded, Hence, Me(9) in camphor at o 9.Ck is deshielded relative
to its bornane analogue, Me(8),which lies within the shielding
zoneyis relatively shielded.

In thiccamphor a similsr empiricel cone of shieldéing can be




)
N
N

postulated to allow for the shielding of Me(8) which.ébsorbs

at ©9.20, Me(9) is similarly deshielded, The magnitudesA of
shielding and deshielding are apparently gréater than in the
corresponding ketones, Values obtained for thiofenchone end
thiocamphénilone can also be accormodated within the postulated
shielding/deshielding zones.

In order to evaluate quantitatively the enisotropic
parameters of the thiocarbonyl group, a seriés of equations in
three unknowns, g&GES, 4§C§S and K would have to be solved,

‘ 1 2
As a test of the applicsbility of the Mathieson treatment55 to
(2,2,1)- bicyclic systems, the chemical shifts of the methyl groups
in camphor were calculated, The shift of Me(9) was correctly
predicted, but thoss of Me(8) and Me(lO) were found to differ
from the expsrimental value by a significant amount ( ~ 0.1pom).
Similer disparities have recently been observed by Kersbatsos et §}76.
Possible reasons, in this study, could involve the relief of
steric compression vhich results in passing from bornsne (from
wnich the cdntfibution of the two displaced protons are calculated)
to camphor; and the error involved in estimating distances and
angles from Dreiding models (Table 5). It was therefore deemed
inadvisable.to proceed with calculations\on the thioketones (68),
(68) 2nd (70). A different series of thiones such as ' thio—oxo-
androstenes may be more amenable to the technigue,

AT

A preliminary analysis of the NMR spectra of camphor and

1

thiocamphor, which were superficially different, wes undertaken
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in order that other proton resonances could be assigned., The

differences in anisotrepic effect between czrbonyl and thions were
especially emphasized when the methylene-methine 1"v*oton regions of

camphor and thiocamphor were examined =zt 220Mc/s° (Figs, 31 2nd 32).

+EX0

The AB doublets (J em = -19 cps) dus to n(3> and H(B) vere, svdarent

at 7.8 and % 8.3 in camphor, ?”?O which subtends en enzle of

. . pCe)
90° with H(A) is not further couvled, F?B) on the other hend subtends
an angle of 450 with H(L) and is zccordingly further split by 4 cpse
oo coupling to H(sewp), which is to te expected as a consequence
of the 'W' relationship, ceuses further splitting of Hiay (J3ex0ss

e ) W) Ps cus n PpLITLLNG L(B) BGAO,DeXO

= & cps. ) The assignment of the HSXQ , H €ndogexo ..4 y endo
pse /. 8 )’ 5y e (6)
protong,which comprise pert of a 7-spin system, is at present under
study, using computational technigues,
Thiocamphor exhibits significant chemiczl shift differences in
D g
this region in the 220 Mc/s spectrum, although the signsls esre still
wend . .
well~separated from one another, H( ) and & J(B) again comprlse an
AB system (Fig., 32) bubt with unusually high geminal couplin g of-22 cpse
yeXo

As in camphor, H ) ig further coupled to H(A) (JBéxo,4 = / crs) and

exo _
to H(E) (g 3eko, 563 = 4 cps)

#Recent worﬁ?%as demonstrated that in s
where X and/or Y = 0 and/br S, the &

istems of the type X-CH,-Y
sgnitude of
can be related to the propensity of the heter

e geminal coupnling
e tom to trezsfer
ilar

electrons into the antisymretric CH2 molecular orbital by sclipsing
of the lone psir oroltals vith tre adjacent O-H o*aluals. A
similar mechenism,- or oae involving a slight change in the sph
character of the CHp grouhing to the differsnt eﬁvctronuc nature

of the thione, may be operatin

. +-Co-t ~ - <
FThanks are due to Dr. D, IHicol for measuring the svzcira.
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In summary, the anisotropy of the thione function has
been found to be markedly different from that of the ketone group.
A qualitative ekamﬂnatlon indicates that the functlonallty may be

of some potenoial use in structure elucidation by virtue of the

 added information which it provides,
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7 8 é ‘ lO P.P.M.

NMR spectrum (60Clc/s.) of thiocamphor in tenzene



The extensive literature on the aromatic-solvent-induced chemical
shifts reflects the empirical value of the technique, Accordingly,
an evaluation of the monoterpene ketone derivatives, thiocamphor,
“thiofenchone and thiocamphenilone hes been performed,

60 Mc/sec, spectra of the ketones and their derivatives were run
in carbon tetréchloride, deuterochloroform and a wide range of
aromatic solven'ts° Chemical shift data are presented in Tables 6-8.
.Data have been presented78for camphor and fenchone in a similar series
of solvents, but the thione group has not been examined, Typical
_solvent shifts for the thione function may be seen in Fig. 34
(cfo Fige 29) in which the signals due to Me(8), Me(9) and Me(10),

©8.98, 9.22 arnd 8.92, respectively, shift to 9.29, 9.43 2nd 8,91
(assignments according to peak heights)., The solvent shifts observed
for the thiones ars of the seme order of magnitude as those of the
corresponding ketones.

Fig, 33 indicates a siriking parallelism in solvent shifts of
corresponding methyl groups (e.g. 0(9) camphor ande(g) thiocamphor)
wvhich could be of some utility in correlating methyl assignments in
ketones and thiones. A methyl group in a thione, perhaps assigned
on the basis of enisotrony considerations, should dispnlay solvent

shifts in a range of arcmatic

<

solvents, parallel to those of the
methyl group in the parent ketons,
It would also appear that the empirical rule postulated by

for ketones is applicable 4o thiones:



applied

magnetic field

Diamagnetic ring current induced in a benzene molecule
solvating a carbonyl groupe In a 1:1 complex the
benzene molecule would assume the position in which
repulsion due to interaction of the negative dipole of

oxygen and the T -cloud of benzene, and steric repulsion,
are minimized.



Camphor - mole fraction benzeme(xp) vs. 7
1 _ 1 /I/
slope='¢ = 0. 0125 limiting shift _

~ limiting shlft = 80cps.

= O,
] intercept. = KéAB ok

O.}mf

0.2 Oo It 0. 6 0.8 , 1.0

X

puberpuipniinutpinr Subiibul ...-_.—..-..--.....—....-—_.......«.—-...‘-....—_._.. ————

llmltlng shl; 7 70cps.

K-= 0.4 mole fraction~

t
Oz . 0_-'4 076 0.5 70

lo¥}
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'if'a plane is drawn at right engles through the carbon of the carbonyl
group then methyl groups behind the plane are shielded, those in |
front of the plane ars deshielded and those in the plane are
relatively wnaffected,' In camphor, for example, Me(10) is in the
plane and exhibits only a small shift, Similarly in thiocemphor,
Me(10) has a small shift (A 676 0;04 cps),

: CCl1y, -

Since the mechanism is assumed to involve dipole~induced dipole
attractive forces, correlation of the magnitudes of the respective
dipoles of the carbonyl and thiocarbonyl cronps with observed shifts
might be expected, TIn the 1:1 association model, benzene is expected
to associate with the positive site of the funectional group as shown

79,80

in Fig. 35. The respective dipoles of ketone and thione
functional groups are 2.6 and 2,00, These differences are not
manifested as significant differences in solvent shifts (Tables 6-8 ),
. X . , . 81,82
If a time-averaged complex ig essumed, then it can be showm
that the equilibrium constant Kass. can be obtained from the

relationship

B = X8 + 1 (1)

$ &AB K & AB

where Xg = mole fraction of benzens, § is the difference in chemical
shift between 'inert! solvent and benzene which is due to complex

. \
formation, and &g the difference in shift if complex formation is

complete, High olution chemicsl shift measurements were

3

performed on both comphor and thiocamphor, as a function of mole
L] L] 1, £ L] L) XB Lo ] L
fraction of benzene in carbon tetrachloride, $ wes plotted against

<

X3 camphor and thiccemphor (Fig, 35) and Kass found to be 0,3-0.4 (mols
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fraction)TJ‘The limiting shifts were approximately 80 and 70 cps
respectively, The dilution expsriments cannot demonstrate
unequivocally the existence of a 1:1 complex but the apparent
association constants thus obtained for an assumed complex are in
good agreement with the existence of relatively weak complexes,

In conclusion, the aromatic solvent~induced chemical shifts
of thiones parallel those of the corresponding ketones, and are of
a similar magnitude, The effect is of poiential use in a parallel
shift technique, in which proposed proton assignments mayvbe
corroborated by comparison of solvent shifts in both carbonyl and
.derived thione in a series of asromatic solvents,. The equilibrium
constants for the association with benzene are also of similar
magnitude in both carbonyl and thione, From these equilibrium
~constants it is evident that a minority of the molecules are
complexed (assuming the hypothetical 1:1 complex), Although the
dipolar and bond length parameters of carbonyl and thiocarbonyl
differ appreciablybno.information about the mechanism of the effect
can be safely derived,

Emphasis has been placed by many investigators on the
attractive forces such as dipole-induced. dipole and/or Van»der VWaals
forces invoived in the effect. Topologichl considerations which
could result in lécal geonetrical ordering of the solvent cage with
resultsnt differences in cumilative shielding effects at different
“points of the solute molecule, have not been teken into consideration.,

There is a further fschtor which has not obtsined much atiention:



in any postulated dipolar 'comolex! of a carbtonyl group with
benzene,‘the electronic distribution of the carbonyl groun maj be
perturbed, This effect could conceivably be manifested intra-
molecuiarly as a change in anisotropic shielding at other‘points

in the molecule., The origin of the effect is obviously spsculative,
but the empirical application has proved to be a powerful weapon

in structure elucidation.



5.3 EYPERIMENTAL

A1l solveﬁt shift data were recorded on a Perkin.Eimer‘R-lO
60ch/é spectrometer.‘ Calibrations, using the cyclohexane singlet,
were performed before and after each series of measurements.

0,34 solutions were carefully prepsred, and tetramethylsilene

édded as internal reference. Accurate shift data'for the calculation
of associaltion constants were messured using expanded-scale
conditions, All solvents used in the compilation of Tablegs 6-8

were distilled before use,

Anisctiropic chemical shift data were obtained op both the
Perkin—Elmer R-10 and Varian HA 220 spectromete;s, from 0,3M

solutions, using tetramethylsilane as internal reference,
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