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SOME  SESJUITELPENOIDS FROM  DHINYS WIHTERI F.

INTRODUCTION The "Canelo" tree of Chile (Drimys winteri, D. chilensis

and D. andinz) is common from the province of Valparaiso south and from
the cozst to the Cordillera. A sub-species (D. confertifolia) occurs
also on the islands of Juan Fermandesz.

The first chemicel analysis of the tree was performed by Henry6 in
1819, Other investigziions have been reported 7, 8 9 but a systematic
study was not begun until Appel and his co-workers analysed the extracts

-obtained by netrol exiraction of the bark 3 4, 5, ,

In 1948, drimenol, = sesquiterpene alcohol was isolated 4y 3, The
structure of this alcohol (1)1, together with that of the subsequently
isolated drimenin (5)23 3 was of sufficient biogenetic interest to
render z more detailed examination of the bark extracts of Drimys snecies
desirgble. Such an examination is here described.

There resulted the isolation of five new sesquiterpenoid compounds,
isodrimenin (2), T7-hyroxyconferiifolin (8), 12-hydroxyconfertifolin (6},
T, 12 dihydroxyconfertifolin (7) and winterin (3). In addition to this,
cén%ertifolin, which had previously been isolated3 in minute quantity
from D. éonfertifolia was obtained in more substantial amounts from
D. winteri.

The structure of isodrimenin (2) was elucidated in these
laborztories by Dr. J. D. Connolly 10. The chemical and spectroscopic
investigations involved in obtaining the structures of compounds (3, 4,
6, 7 and 8) will be discussed below. Prior to this, there will be
iacluded"a short review of related work and of sesquiterpenoid

biogenesis.



THE BICYCLOFARWEGOL SESOUITERPENES

Iresin and the Farnisiferols The structure and stereochemistry

(other than absolute stereochemistry) of iresin as (18), initially

proposed by Djerassi on chemical evidence 12,13,14,15,16

, has been
confirmed unequivocally by an X-razy structure analysis of the di p -
bromobenzoate (18, R = p-BrlgH,C0) by Koseman and Lipscomb17. The
absolute configuration of iresin depends on the fact that the optical
rotatory dispersion curve (0.R.D.) of the dibromoenone (19) is
antipodal to that of 2 % 6f -dibromo-4—nethyl-testosteron922

(part structure 20). In addition, the 0.R.D, curve of the 13-nor-
3-ketone (21) from iresin has the opposite sign to ‘that of the
4-methyl-3-keto-5 < ~steroids (part structure 22). It is, perhaps,
worth noting the somewhat curious fact that while (19) and (20) give
antipodal 0.R.D. curves, (21) and (22) do not.

Farnisiferols A, B =nd C were isolated from Asa Foetida by Jeger

and his colleagues 19, Only farnisiferol A has the bicyclofarnesol
skeleton immediately relevant to our purpose, but farnisiferols B and
C are worthy of brief comment because of their possible importance in
therbiogeﬁesis of farnisiferol A. Farnisiferol A, C24H3n0y
(< nax. 39905 1725 2nd 1615 (coumarin), 1645 and 890 (exomethylene
dquble bond) cm~l )} gave umbelliferone on vigorous acid hydrolysis,
a monoacetate on acetylation with acetic anhydride in pyridine and a
ketone on oxidation. Dehydrogenation of this ketone over selenium
gave 1, 2, 5, 6-tetramethylnaphthalene (25) and 1, 5, 6=-trimethyl-2-
naphthol (26).

The umbelliferone moiety was removed by hydrogenolysis and the
resulting saturated diol (27) was oxidised to a keto acid (28, R = H).
This was converted to the diketone (34) by the transformations out-
lined in the flowsheet. Since (34) »as shown to be the enantiomer of
(35), a diketone derived from X\ amyrin?l, the absolute stereochemistry

of farnisiferol is defined as in (23). The nature of the double bond
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Je
was confirmed by chromic acid oxidation of (23) to (36), ozonolysis
of which led to decarboxylation and formation of the bisnor diketone
(37). Wolff - ¥ishner reduction of (28, ® = H) gives the desoxy acid
(38, R = 1) the methyl ester of which (38, & = ie) is not enantiomeric
to (39, kK = Me) an acid prepared from olesnolic acidll, either before
or after eguilibration in base. This requires a F§ 08 methyl and,
hence S face hydrogenation. To accommodzte this latter, the 09 group
is assigned the configuration as in (23).

Farnisiferols B and C have been assesigned structures (40)and (41)
resnectively on chemical and spectroscopic evidence 20, The absoclute
configuration of the former rests on O0.R.D. mensurements made on the
compound (42) and compered with anzlogous 3-keto-5 o4 —steroids.

Drimenol, Drimenin and Isodrimenin

Drimenol (1) was established as the first example of a
bicyclefarnesol sesquiterpene, possessing the same absolute con-
figuration as the triterpenes, by oxidation of drimanol (10) to the
acid (9) which was identical in all respects to a known degradation
product of oleanolic acid and ambrein 11 7pe pesition of the double
bond in drimenol was indicated by its ultraviolet (U.V.) end absorption

characteristics ( €., 21403 6215 950+ 6@20 2503) and infrared
absorption (> . 814 em~l) and confirmed by the chromic acid
oxidation of drimenol to ner drimenone (11) the structure of which was
confirmed by further oxidation to the known compound (12).

The spectrosconic properties of drimenin (5)2 indicated the
presence of a lactone ( max.1780 Cm'l) znd a triply substituted
double bond ( V' pax, 1670 and 808 om=l).  Reduction with 1ithium
aluminium hydride produced, in agreement with the presence of a lactone,
a diol (13) the spectra of which gave further evidence for the nresence
of a triply substituted double bond ( D pae, 934 cu"l, € .o 20003

6:212 9203 é220 125). lHydrogenation of (13) using 4dam's catalyct
in acetic acid gave drimanol (10). Since drimenin is not a conjugated
lactone, the carboxyl function of the lactone musi have been on the

poastill s
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position now occupied by the surviving hydroxyl. Confirmation of
structure (5) for drimenin was provided by chromic acid oxidation to
(14) 2nd subsequent transformations of this as outlined to the keto =
acid (17) sreviously obteined from drimenol 1,

sodrimenin, as well as occurring naturally, is produced from
drimenin by treatment with base or concomitantlvaith hydrogenation
(Adam's eatalyst in acetic acid). Since it is cleafly an unsaturated
lactone ( y max. 1766, 1671 oml ana N p, 218 mfA s € 10000),
‘isodrimenin must be as represented in (2).

[

The




SESOUITERPENOID  BIOGHNESIS

From the simple originsl concept of the construction of terpenes
from isoprene units (s 28, 29, Rugzicka 234 25, using the concepts of
physical organic chemistry, proposed more detailed schemes of
cyclisation and rearrzngement. His ideas have been developed and
extehded in the sesguiterpenoid field by Hendrickson33 whose work
derives also from Barton >4.

The detziled conclusions of Hendrickson need not be reproduced

:hére, but 2 number of basic features will be noted and siressed.
Thus, in every case, cyclisation of c¢is - or trans - farnesol is
initiated by ionisation of the allylic hydroxyl group, assisied by
one of the double bonds through a non-claesical carbonium ion.

The stereochemistry of the ions and, hence of the subsequent re-
arrangements, is considered to be governed by the requirements of

"maximum 7Y¥ overlap znd minimum steric interference®. Assistance
of ionisation by the cenirazl double bond is possible omly in cis
farnesol.

v These considerations cannot be applied, without modification, to
the formation of the bicyclofarnesol sesquiterpenes. These, it is
rezsonable to suppose, will arise by a cyclisation generally similar
to that which produces the tritervenes from squalene23 as (43) to (44),
The sllylic hydroxyl is not here involved and the double bonds require
to be juxtaposed in such a way as to permit the necessary trans anti
planar electiron movemenis to occur with greatest ease.

The bicyclofsrnesols, being distinct from the other classes of
sesquiterpenes, and, further, being related in their mode of genesis
to the higher terpenes, are biogenetically quite unique. Their
interest is still further hizhtened by the existence of two classes
differing only in their absolute stereochemistry. Since iresin (18),
dihydroiresone 16 (62), isoiresin 16 (51) and farnisiferol A (23) all
possess an oxygen subsbtituent at Cy,while drimenol (1), drimenin (5)
and isodrimenin (2) do not, Djersssi 35 yas led to suggest taat "the

SRS s [
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closure of the open chaii - - = precursor by OHJr - - ~ are such as
to yield the 5 S 10 X absolute confisguration®. As is pointed out,
this may agplylalso to the ditersone field where cafestol 35, 36 (45)
and darutigenol (46) slso have the wrong absolute configuration.
Notwithstanding this sugeestion, the co-occurrence of the three
farnisiferole might rensonably be supposed to have biogenetic
significance.

The vresence of fzrnisiferols B and C might suggest that
eyeclisntion to farnisiferol A occurred stepwise rather than by a fully
concerited mechanism. If the configuration at 09 in farnisiferol A
is correct, this would further imply that the precursor was cis-
farnesol36. A posaible rationaligation is then that the sesgquiier-
penoids with the "wrong" zbsclute stereochemisiry arise by a stepwise
cyclisation of c¢is farnesol while the drimys sesguiterpenes are
produced by a fully concerted cyclisation of trans farnesol. This
mechsnism ie in accord «ith the greater interactions present in cis
farnesol when the chain is folded in a mauner suitable for cyclisation,
The enimerisation atl C9 which would be required in the formation of
ireein is unexceptional if a carbonyl function is formed at Cyo at any
stage. A possible anzlogy for this part of ihe postulated biogenesis
may be found in the recently observed transformation of polygodial38
(from Polyronum hydropiper and Drimys lznceolata) (47) in base to
isoconfertifolin (48).

A number of investigstions into the in vitro cyclisations of
farnesol have been reported 36, 39, 40, 41, 42, 43, 44, pese
indieate that the production of bieyclofarnezol derivatives is the
favoured mode of cyclisation. A synthesis of racemic drimenol was
achieved by this means43, %hile these cyclisation studies are of
considerable intrinsic interest, the case of squelene 23, 371 rives
warning of the pitfalls involved in auplying conclusions from in vitro
cyclisations to those occurring in vivo. A recent review of this
subject existslo.



THE CHEWISTRY OQF CONFRHTIFOLIN AND SOME RELATED SESQUITERPENES
FrOM DHIMYS WINTERI F.

The exsmination of a2 large number of bark extracts of irees,
mainly D. winteri but including D. confertifolia and D andina,
collected from several resions of Chile has indicated that drimenol
and confertifolin =re widely encountered and frequently occur together.
Isodrimenin is of less frequent occurrence. In only one case have
substantial gquantities of 211 three compounds been obtained from a
siﬁgle extract. Those extracts which were examined in some detaill
did contain 211 three but one (in the particular extracts in question,
this was drimenol) wzs present in traces only. The most surprising
feature to emerge is the scarcity of driménin. To date, this compound
has been isolated from one extract on1y3 and, despite a careful search,
has not been re-encountered. The isolztion conditions do not avrezr
to rearrange drimenin to isodrimenin? and in this case also, the
explanation may lie in the quantity present in the extracts.

The isolation of the compounds (3), (6) and (7) presented some
difficulties. The crystalline mixture originally obtained from the
extract melted in the range 155 - 170% i.e. above the melting point
of the major constituent, confertifolin. Further, the initial attempts
to purify the mixture were made on a piloi scale involving approximately
30v— 40 mgms., At this levely virtuslly 211 of the material appeared
10 elute from a column in benzene/netrol 25 confertifolin. It was at
first thought, therefore, that ithe major component of the mixture was
isoconferiifolin (48) snd that this was isomerised on aluminz to
confertifolin (4). However, on incressing the scale of chromato-
graphy, the imbalance between starting meterial and recovered
confertifolin quickly beczme clear znd elution with more polar solvents
yielded 1l-hydroxyconfertifolin (eluted in chloroform/ethyl acetste),
7s 1l~-dihydroxyconfertifolin (glocial acetic acid) 2nd winterin {aqueous
acetic acid)., The tenacity with these compounds adhere to the

alumins would indiecste that they are bound fto that substance in the
/
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ring opened forms.

T-hydroxyconfertifolin was isolated from another extract in a
gsomewhat similar manner. However its elution from alumina in
solvents of less extreme polarity made its isolation, in spite of the
small quantity available, relatively straightforward.

P - methoxycinnamic acid (49) has been obtained independently
from D. winteri species growing in Tierra del Puego by Dr. Appel and
his colleaguesd?,  Prom this same extract, these workers have also
isolated T, 11~dihydroxyconfertifolin45, Their isolation of this
latter compound preceded ours in time.

Confertifolin 23 3 (4) The spectral properties ('? max. 1769
(butenolide) 1677 (double bond) 783 om1; A pax. 217 ae € 11,750)

of confertifolin and its occurrence with drimenol and isodrimenin
(vide supra), suggest (4) or (48) as probable structures. The
spectral similarity to iresin, isoiresin and isodrimenin is in accord
ﬁith this conclusion. That (4) is the more probable structure was
indicated by the reduction of confertifolin with lithium aluminium
hydride to 11, 12-dihydroxydrim-8-ene (50) identical with that obtained
by similar reduction of isodrimenin? (2). This identity also
demonstrates that confertifolin possesses the same absolute stereo-
chemistry as isodrimenin and, hence, of drimenol. Confertifolin was
reduced, using Adam's catalyst in acetic acid, to cis-dihydroconferti-
folin (52) and lithium sluminium hydride reduction of this gave the
11, 12-dihydroxydrimane (55) previously obtained by a similar route
from drimenin. The behaviour of confertifolin on eatalytic

reduction is in contraet to the complete failure of isodrimenin to
reduce under similar conditions. Since iresin, isoiresin and

drimenin all hydrogenste smoothly, it has been suggested2 that only
the ) T, 8

. NG
the reduction of a (N9 9 bond requires prior isomerisation. In

double bond in these compounds csn be reduced and thst

the case of iscdrimenin such an isomerigation would remove the double
bond from conjugation with the carbonyl group and would therefore be

Cor - e ;
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energetically unfavourszble. That double bond migration under the
relevant conditions is possible is shown by the formation of iso-
drimenin from drimenin. 0f interest is the observation that
confertifolin »ill not hydrogenate when ethyl acetate is used as a
solvent. If these views are correct, the hydrogenation of the
unsaturated diol (50) to the saturated diol (55) might indicate that
the driving force provided by the formation of two C-H bonds is
sufficient to overcome the energetically unfavourable shift of the
douﬁle bond from a tetra to a tri-substituted position.

, Bage treatment of cis-~dihydroconfertifolin gave, smoothly, trans-
dihydroconfertifolin (53). This transformation is analogous to the
isomerisation of dihydroiresin (56) to isodihyroiresin (57). The
enantiomer of (53), viz. (58) has been prepared from iresin by removal
of the oxygen functions at C3 and Cyy 14, Unfortunately, the physical
constants of the two compounds were not in agreement ((58) has m.p.

90 - 96°C and E{}D = -71) and (58) was not available for comparison.
However, the molecular rotation changes46 noted in the transformations
isoiresin diacetate — isodihydroiresin diacetate (51, R = Ac) - (57,
R= Ae) L\[n]D = +245) and confertifolin - isodihydroconfertifolin

((4) - (53) ﬂhﬁln = -216) show the expected correspondence.

Reduction of iso~ (trans—) dihydroconfertifolin (53) with lithium
aluminium hydride gave a new diol, 8 X ’ 9ﬁ y —drimane-11l, 12-diol
(54).

Confertifolin is inert to oxidstion under normal conditions and
can be recovered unchanged after treatment with Beckman®s mixture under
conditions which readily convert drimenin and isodrimenin into

oxoisodrimenin 2» 10,

The nuclear magnetic resonance (n.m.r.) spectrum of confertifolin
and, more particularly, of cis- and trans-dihydroconfertifolin, provide
models which aid in the interpretation of the spectra of related
compounds (vide infra). Their study in some detail is, therefore,
germane to our purpose.

Yhe n.m.r. spnechrun of conTeriiroiia {(Vig, L) hao s triclet

centrﬁd/
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centred =t H.36 ¢ o vhis i apesi.ned $o the methylene protons on
611 which in the planar Daternolide ring must be mnpgnetieally
ennivalent or almoet so.  Their single signsl ie splity, by o long
renge counling throush the deuble bond, Ly the noneeguivelent nrotons
on 07. A similar coupling through a double bond occurs in sngelie
acid and methyl &n€6133€47 and the couvling constant there ocbserved
(1.5 ¢.p.s.) is in mccord with that for the 7 - Cq; eplitting in

confertifolin {3 o¢.p.a8.). The signal from the C7 protons themselves

forme an inndeguately resolved multiplet at approximaiely T7.73 T o
The siznal at 8,137T 1is assismed to the proton on O while the three
strong sharp ainglet vesks at 8,827 , 9.03% and 9.06 ¢ are

attributed to the allylic Cyp methyl snd the iwo methyls on G4
respeciively.

In treans diby&receﬁfertifaiim (Fig. 2}, the €17 protons =re no
longer squivalent snd there iv now o proton on 0g with which they can
couple. The low field absorpiion then tzken the form, in scecordance
with expectation, of the AR nart of an ABX spectrum 48, 49, 51 with
Jan = 10 CeDes. and, to a first anproxzimation, JAX = JBK ® £ C.PaSe
The two central lines (4 asnd § numbering from 1. to r.) hsve merged
to 8 single peak. Tha multivlet is centred nt 5.94 ¥ and the
absorotion frequencies of the two protons are estimated 1o be H.857%
and 6,17 which indicates a slighily greater shielding than is
obaerved in ’X ~butyrs?a¢tame§ﬁc The resion between To% ¢ and
8.91: is extremely couplex and any assisinuenis must be tentstive.
The sharp peak at S5.42 ¢ whickh appears to be a distorted triplet
probably arises from the methine proton =t 65. The sharp singlet
peaks at 9.15~v y 9e13% and 9.037T  sre assigned to the three
quaternary methyl groups.

In cis-dinydroconfertifolin (Fiz. 3}, nosignment of peaks iz made

difficult becauze, in ithe AL pari of the ABX multiplet, arising

the aplitiing of the (37 and 09 protone, severpl peaks have rowlzs
It is not possible to detersine either Jap or the abaorntion fregusncies

oty
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of the Ywe protonsc. The muliinlet 1o centred st npnprovimadely

H5¢9 Y N 4z for the trzns compound; the three sharp singlet peaks
at 9.10% , 9.157% and 9.18 ¥  are assigned to the quaternary
methyl groups.

11-Jydreoxyconfertifolin. (6} The svectrsl properties of this
compound (¥ _— 3360 (bonded hydroxyls KC1 disc) 1769 (butenclide)
and 1680 (double bond) (chloroform) cmflg N max. 221mp €, 10,300)

are, apart from the hydroxylic absorption in the infrared, closely

gimilar to those of confertifolin, isodrimenin, iresin and isolresin.
Concentrated solutions of ll-hydroxyconfertifolin in carbon tetra-

chloride absorbed in the carbonyl region of the infrared at 1790 and

1749 cmfl. The intensities of these peaks were markedly concentration
dependent, the 17492 band disaprearing completely at high dilution.
Clearly they represent intermolecular hydrogen bonding between the
hydroxyl and carbonyl groups.

_That the hydroxyl group «as attached to the butenolide ring was
indicated by the ultraviolet spectrum measured in basic solution
( M\ pax. 228, 25Tam €€ .o 5,000, 10,300 ) which differed from that
of confertifolin ( max. 232mp Qmax. 4350) and iresin ( A —
228@}* Qéax. 3,600), Further, the n.m.r. spectrum displayed a pesk
(1 proton) s% 3.85% which can reasonably be interpreted as arising
from sn allylic proton on a carbon carrying two oxygen functions.

This would establish ll-hydroxyconfertifolin as 1ll-hydroxy drim-8-ene
12, 1l-olide (6) or as 12-hydroxy-drim-8-ene 11.12-o0lide (59).  That
(6) was in fact correct was suggesied by the merkedly different
absorption intensity of the unsaturated carboxylete anion chromophore
in isodrimenin (2) as compared with confertifolin (4) (isodrimenin in
EtOH/KOH has ’Xmax_ 230 mjs € pax.115000) and confirmed by the
following chemical evidence.

Reduetion of ll-hydroxyconfertifelin with lithium sluminium hydride
gave drim-S-ene 11, 12-diol (50) thus confirming the carbon skeleton
and suggesting the absolute stercochemistry. On catalytic hydro-
genstion with Adam's catalyst in acetic acid, 11 hydroxyconfertifolin

underwent/



undervent hydrogenolysis ond reduction of the double bond o give

cis dihydroconfertifolin (52). This result eliminates structure
(59). Chemical proof that the hydroxyl is located at €11 and not at
C7 wes provided by the smooth oxidation of 11 hydroxy confertifolin to
winterin (3) with chromium trioxide in acetic acid.

Since the lactol ring of llnhydroxyconfertifolin can readily
tautomerise to the hydbexy‘— aldehyde form and almost certainly does
sé'during work up, the Cjq7 hydroxyl group =»ill exist in the thermo-
dynamically more stable configuration. In ll«hydroxyconfertifolin
this is most probably the ©& configursation.
winterin (3). It was immediately clear from the infrared spectrum

( ~ max. 1847, 1776 (unsaturated 5 membered ring anhydride) 1668

(double bond) Cm'l) that the three oxygen atoms present in this molecule
formed an anhydride function. The precise nature of this function
became readily apvarent from the resemblance of the ultraviolet
spectrum ( X—max. 257 M Gpax. 3220) to that of methyl ethyl maleic
anhydride ( A\ max. 220 e emax. 4000 in ether)53, Dre Jo Ko
Sutherland (Imperisl College, London) has kindly informed us that he
has observed similar U.V. spectral properties for the substituted
maleic snhydride derivatives byssochlamic acid and glauconic acid52,
The accommodation of a maleic anhyiride grouping on the drimane
skeleton (assumed for the moment) defines winterin as drim-8-ene 11,
12-dicarboxylic acid anhydride (3). In accord with this, the n.m.r.
spectrum has no signal at a lower field than 7.54°% .

Chemical confirmation of structure (3) for winterin was obtained
by reducing it with lithium aluminium hydride to drim-8-ene 11 12-diol
(50), indicating (See p. '5 ) also the absolute stereochemistry.

T, 1l-Dihydroxyconfertifolin. The ultraviolet spectra of this
compound both in meutral ( A p.. 21T mk € 6500) and in Dbasiec
solution ( A\ max. 233 m i tmax. 50503 /\max. 258 H}M & 6150)

maxXe
provided compelling evidence for the presence of the unsaturated

lactol ring first observed in ll-hydroxy confertifolin. Since the

infrared/
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infrrored svecteunm { — 3504, 3475 (Tree sud bondad hydrounyl;s
(chloroform) 1767 (Lactol) 1687 (double bond) {(carbon tetrachloride)
cmfl) contsined no novel pesks in the carbonyl region, the remaining
oxygen function is most probably a hydroxyl or an ether. Tue
presance in the n.m.r. specirum of peaks at 3.85% (cf. 11 hydroxy-
confertifolin) and 9.237Y (cf. coafertifolin) fixes the position of
this oxzygen function gs allylic to the double bond. On the drimane
template, these Ffacte lead to T, ll-dihydroxy drim-S8—ene 12, ll-olide
(7) as the renuired structure.

Sy snalogy with ll=hydroxyconfertifolin it would be expected that
a2t least the lactol hydroxyl of (7) would hydrogenolyse on catalytic
reduction. In practice, this proved to be so, and itreatment of T,
ll=dihydroxzycoenfertifolin «ith Adam’s catalyst in acetiic acid produced
cigedihydroconfertifolin. This suggests (See p.13 ) the absolute
stersochemistry, confirms thst the fourth oxygen funciion is indeed
allylic and that it is a hydroxyl snd not an ether function.

Oxidation of (7) does not proceeé smoothly. Fowever, on treatment
with chromium triozide in acetic acid, it was possible to isolate a
small quantity of a compound which, on the basis of its spectroscopic
properties, { ¥ Max . 1787..127%.Ls, Q”Qﬁﬂmg%ﬁﬂ*.@ﬂhvdﬂiim‘\.1é8QM“ ey e
(enecrne) 1660 (double bondeneorne) 1660 {double btond) cm-l 101 disecs flmax‘
(RtoH) AN ___ 238, 278 (mtoH) N\ 238, 2718 €€ 2790, 3710) is te
the structure (60) as drime-B-ene~T-one-11, 12-dicarboxylic scid anhydride.

The stereochemistry of the hydroxyl group at Cy is not Eriown. Two
sets of observations bear on this point. In very dilute solution, all
absorption in the infrared attributable to bonded hydroxyl (3300 - 3400
Omhl) dissnppears. The absence of intramolecular hydrogen bounding thuse
favours an axial 7C<.hydroxy1 group. In addition, one possible inter-
pretation of the hydrogenolysis results obtained with ll-hydroxy-
confertifolin, 7, ll-dihydroxyconfertifolin and T-hydroxyconfertifolin
(futronolide, vide infra) would also favour s 7 ¢ hydrozyl group in
T, 1l-dibydvoxyconfertifclin. Those comments msde above concerning
the sterecchemistry of the 11 hydroxzyl function in ll-hydroxyconferti~
folin will epply to that funciion in 7, ll-dihydroxyconlertifolin =lso.

T-ydroxzyconferiifolin/
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T-Hydrowyconfertifolin (Futronolide) Only 5 mgms. of this rompound

were available for study and the structure provosed (8) is, since it
was not possible to convert futronolide into a known compound, based on
assumption that futronclide has the drimane skeleton.

The moleculzr weight, determined on the mass spectrometer, of 250
shows futronolide to be isomeric with 1ll-hydrosgyconfertifolin, That
the extrs oxygen is not, in this case, inveolved in a lactol ring was
clearly shown by the close similarity of the ultraviolet spectrum both
in neutral ( >Vmax. 218 mpm %mz. 10,7000) and in basic solution
( Nmax, 23mp &0 5,100) to that of confertifolin. Further
confirmation of this point was derived from the absence of any signal
at 3.35~ from the n.m.r. spectrum. The further absence from the
n.m.r. gpectrum of absorption due to olefinic protons makes a ftetra-
substituted double bond m=ndatory. On the drimane template this can
be accommodated only between positions 7 and 8. The multiplet between
5 and 6V has & weight of three protons and takes the form of twe
doublets centred at 5.26% znd 5.55%¢ each with J = 5 ¢.p.s. The
two peaks of the latter doublet are each split to a triplet (J = 1.2
c.p.s.), that at lower field being slightly better resolved. These
observations can be completely accommodated with futronolide as T-
hydrozy-drim-S-ene~12, 1l-olide (8). The magnetically eguivalent
protons at Cqy (ef. confertifolin) split by the single proton on C7
through the double bond are sssigned to the 5.26 doublet. The C7
proton is similarly split to a doublet by the €3] protons; each limb
of which is split further to a triplei by the Cg methylene protons,
thus accounting for the multiplet centred a2t 5.55 T . The high field
signals at 8.89~4  9.05tare assigned to the Cyq angular methyl and to
the C4 gem dimethyl groups respectively. The infrared spectrum of
futronolide ( ¥ max. 3605, 3500 (latter peak very broad; free and
bonded hydroxyl) 1758, 1749 (butenolide) 1669 (double bond) cm~l)
exhbibits a concentration independent bifurcation of the carbonyl band
which is probably due to Fermi resonance (see page!i:) and confirms
the presence of a hydroxyl group. Hydrogenation of futronolide with

Adam's
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Adam's cztalyst in acetic acid resulted in a new compound whose
infrared spectrum ( ¥ .y, 3609, 3508 (free and bonded hydroxyl)

1768 ( y-lactone) (chloroform) em1) and trsnsparency in the ulira—
vipolet a;e in accord with structure (61). The failure of the hydroxyl
group to hydrogenolyse in contrast to the behavious of 7, 1ll-dihydroxy-
confertifolin can be explzined only if it is assumed that the C7
hydroxyl groups in the two compounds are epimeric and that futronolide
has the 753 configuration. No conclusive evidence on this point
could be obtained. Although a study of the hydroxyl region of the
infrared spectrum of futronolide did indicate some residual hydrogen
bonding at low concentrations, the effect was too small to be con-
vincing. i1t may be observed, however, that the present tentative
assignments place the Cq hydroxyl of 7, 11 dihydroxyconfertifolin on
that side of the molecule (<< ) which is attacked by hydrogen, while
the hydroxyl in futronolide is on the opposite side. The ready
reduction of the telrasubstituted double bond of futronolide is good
evidence that the compound is a derivative of confertifolin and not of
isodrimenin.

Since no rotations have been measured for the known trans-
formation prodﬁcts drim-8-ene 11, 12 diol and ecis dihydroconfertifolin
from the sesquiterpenes (3), (6) and (7), the absolute sterecchemistry
of these latter cannct be regarded as rigidly determined. However,
the failure to observe any melting point depression during the
identification of (50) znd (52), on admixtiure with authentic material
would be surprising if the absolute stereochemistry of (3), (6) and
(7) were other than that suggested.

The drimys sesquiterpenes described here, taken together with
drimenoll, drimenin, isodrimenin? and the recently discovered polygodial
(47) and isoconfertifolin (48) present an impressive and novel variety
of oxygenation pattern. Phether this signifies that the relevant
enzyme system has as much difficulty in achieving specific oxidations
in vivo as had the author (see page 79 ) in vitro or that the drimys tree
has a highly economic metabolism utilising one tempnlate for many

purposes, remsins for further investigation.
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THE ULTRAVIOLET SPBCTHA OF LACTONDS, LACTOLE AND  ANNYDRIDES

The utility of the ultraviolet spectra and, in particular, the
differences beitween svectra obtained in neutral and basic solutions has
already been alluded to in the above discussion. The subject is of
sufficient intrinsic interest, however, as to merit further comment.

Several examples are extant of red shifts in the U.V. spectra of
hydroxybutenolides of general structure (62), 13» 56, 57, 58, 59, 60 4,
the simplest of these 56 (63), the absorption® shifts from ( A S
226 mlr oy, 4000) in neutral to ( )\max. 261 mjr emax. 2000) in
base. An example from the chemistry of iresin is (64, R = H). This
has an absorption of ( ’A~max. 240 mp é;ax. 7900) in neutral and
( A max. 274 T € max. 10,700) in base. A point of interest is that
(64, R = Ac) absorbs at ( N p,p, 218 v € pax. 10,500) in neutral
solution which value is in accord with those observed for the lactols
(6) and (7).

Qur own observations permit a clear cut distinction between the
butenolide and the hydroxybutenolide of general structure (65) to be
made by u.v. spectroscopy. Coupled with the above mentioned results,
they permit alsoc of a distinction between the types (62) and (65).

The nature of the chromophore producing the bands at 230 ?f~ and
257 3}& from (6) and (7) in alkaline solution is not known. However,
possibilities such as (66) are made improbable by the observation that
succinic anhydride shows no high intensity U.V. absorption in alksline
solution in the required region. Since the maximum at 230 mjx occurs
also in the spectra of the corresponding lactones (2), (4), (8) and
(18) it is ressonable te attribute it to the unsaturated carboxylate
anion. An equilibrium concentration of a species such as (67) would
explain its occurrence in the spectra of the lactols (6) and (7).

The 257 m)k peak may then be due to the opened aldehydo acid as (68).
In agreement with this, the absorption maximum of drim-8-ene~T-one-1ll-

oic acidl in basic solution is 260 m)A 64.
The/

%711 spectra measured in ethanoel.
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The red shifd of avproximately 45 mw wvroduced by substitution
in maleic anhydrides is unusually large: Assuming the normal rules
for alkyl substitution effects in eneone systems, a shift of ca. 35 mi
would be expected. A further anomaly is that, in basic solution,
maleic anhydride>undergoes a red shift to 220 @u~ while the substituted
maleic anhydride (3) undergoes a blue shift to 245 wp . These facts
indicate that the electron deficiency of the excited state is more
pronounced in the unsubstituted than in the substituted case and that,
further, the mechanism whereby electrons are supplled to the excited

state of the substituted anhydride is operative also in basic media.

;.
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ERPERIMENTAL

W.pDe.8. were determined on the Kofler block. Infrared solution
and XCl disc spectrs were kindly recorded by ¥Mrs. F. Lawrie with a
Unicam S.P. 100 double beam infrared soectrometer and are accurate to
2 1 eml, Ultraviolet spectra were recorded in ethanol solution
on s Perkin-Elmer model 137 = U.V. spectrometer unless stated to the
contrary. Microznalyses are by ¥r. J. M. L. Cameron and hie staff.
For chromatography, %Woelm alumina deactivated to the appropriate
Brockmsnn6D grade is used unless specified to the contrary. Carome~
toplates were prevared using apparatus supolied by Messrs. Camlab Litd.

and based on the technique reported by Stah165. The absorbent used

was "Kieselgel G" supplied by Merck A. G. Darmstadt. Routine nuclear
magnetic resonance spectra were kindly recorded by Miss M. Mackay on
an A.E.I. 2 n.m.r. spectrometer, Detgiled n.m.r. specira were taken
on a Varian A.60 svectrometer through the courtesy of Dr. A. HMelers
.(Varian A. G., Bzsle). Dessication and extraction of the bark was
kindly carried out by Mr. J. Olivares (U.T.F.S.M.). Light petroleum
‘Féfers to that fraction of boiling point 60 - 809C unless otherwise
stated.

Beark samples are named according to the region of Chile from which
they were obitained. The dried powdered bark was exhaustively
extracted with light petrol (b.p. 70 = 80°C) in o soxhlet apparatus and
the solvent subsequently removed. The normal method used to znalyse
the resulting extracts will be illustrated in detail for the
isolation of isodrimenin, confertifolin and the oxygenated conferti-
folins and the résults obtained by applying these methods in other
cases will be indicated. The examination of two other extracts in
more detail will also be reported.

Isolation of Isodrimenin. A Loncoche (D. winteri) extract (529 gms.)

was sSteam distilled and the steam involatile fraction washed and dried.
This latter was then distilled at 3mm Hg =nd three fractions with

boiling/
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boiling ranges (i) 180 - 195% (ii) 195 - 2109C (iii) 210 - 215°¢
were collected. After a short delay, all three fractions crystallised.
Prom fraction 1, after filtration and recrystallisation of the residual
crystals from petrol, drimenol (1.6 gms.) was isolated and identified
by m.p. (93 - 95°C) and mixed m.p. Similar treatment of fraction 3
gave, after recrystallisation from petrol, confertifolin also identified
by mep. (151 - 1520C) 2nd mixed m.p. The crystals present in fraction
2 after filtration, were recrystallised thrice from petrol and once
from methanol. There resulted isodrimenin (2) (3 gms.) m.p. 132%

fp 87 (e 2.02 in CHC13), +78 (c. 0.80 in CgHg); (Found: C 76.55;

Hy 9.53 0Cyglpp0, requires C, 76.905 H, 9.453).

Isolation of Confertifolin. A Valdivia (D. winteri) extract (350 gms.)

‘was steam distilled and the steam involatile fraction worked up in the
usual way. On distillstion under a reduced pressure varying from 5 o
8 mm. of Hg. three fractions were collected in the boiling ranges

(i) 220 - 2509C (ii) 250 - 2809C (iii) 280 - 300°C. From the third
fraction, large quantities of erystals separated during distillation.
When fractions 2 and 3 were diluted with petrol, refrigerated and
filtered, they yielded confertifolin m.p. (after two recrystallisations
from petrol). 152 - 153°C, undepressed on admixture with the compound
isolated by Appel and Dohr3d from a D. confertifolia extract, (13 gms.)
E*]D“F72 (e« 2.00 in CHCly), t 93 (c.2.10 in benzene) ( v mex. 1769,
1677 em-l in cClg), ( W\ ez, 21T W Cpor 11,750) (Found: C, 76.753
H, 9.65; CigHppOprequires €y 76.93 H, 9.451)

Isolation of Futronolide (7-Hydroxyconfertifolin). A Lago Ranco-

Putrono extract (D. winteri) (250 gms.) was distilled, directly, under
a reduced pressure of 10™2 1, Hg. and three fractions were collected
in the boiling ranges (i) 160 - 200°C (ii) 200 - 240% (1ii) 240 -
3000C. From the centrsl fraction, substential quantities of crystals
formed on addition of hexane and cooling. These, on isolation by

filtration (3 gms.), proved to have a m.p. much dependent on the mode

of/



of weceysballisation, Chromstorrashy on slumine (grade IIL) and
elution with benzene in hexone (1:4 v/v) gave confertifolin (3 rmms.)
identified by m.p. (1529C) and mixzed m.p. After the confertifolin,
eluting in the same solvent mixiure, a further smsll crystalline
fraction was isolated. Traquent recrysinsllisation of this from
methylene chloride!hmtame gave nrisms of futronolide (8) m.p. 215 -
217.5% (5 meme.) (¥ ... 3604, 3476, 1758, 1749, 1669 carl in
?iit?ls) (N ax. 218 mpo oo 104000 in BtOH) ( A 231 e
éﬁaﬁ. 5,100 in EtOH/KOH) (iol. mt, {mass spectrometer) 250).

m“ MgXe
Isclniion of 1ll-Hydroxyconfertifolin, 7, 1ll-Dihydroxyconfertifolin and

winterin (Drim-8-ene 11, 12-dicarboxylic Acid Anhydride).

A Voldiviag (D. winteri) extrzct (400 gms.) was distilled, directiy,
under a reduced pressure varying from 104 4o C.3 mm. Hg. and four

Practions were collected in the boiling ronges 130 - 18000, 180 - 210%,

210 ~ 240% and 240 - 2600C. The fractions 2 and 3 on washing with
petrol gave crystzlline material (10.4 gms.) melting over the range
155 - 170°%. Chromstography of this on slumina (grade III, 210 gms.)
ég& elution with petrol to ehloroform produced confertifolin (8.6 gms.)
jdentified by m.p. (153°C) mixed m.p. and infrared spectrum. Hlution
with 2thyl acetate in chloroform (1:4 v/v) to pure ethyl acetate gave
a fraction {439.1 mgms.)} repested recrystallisation from benzene of
which gave ll-Fyiroxyconfertifolin (6) am white prisma m.p. 1775 =
178%C (217.6 mgms.) (yisld 0.05% bazed on extract) t\ jp F1l11 (c. 1.18
in CHC13) ( V' . ,3360 (KC1 dise) 1769, 1679 ol (cucly) ( A gox.
221 mp~ €. 10,400 (neutral) Nupaz. 228, 257 m € naz. 51000,
10,300) (Found: C, T1.91: K, 8.68:; Cygliyo03requires C, T1.97; H,
8.86;) (mol. wt. (mass specirvometer) 250).

Klution with glacizl acetic acid, partition of the resulting

ffaction between ether and water and work up in the usual way, gave a
semi-crystslline oil (807 mgms.). Repeated recrystallisation of this
from, Tirst benzene and subsequently methylene chloride/petrol gave

7, 11~Dihydroxyconfertifolin (7) as prisms m.p. 170 = 172°C (155.1 uwgms.).
This wnsg shown to be identical by m.p. and mixed w.p. to the compound
"fuegcin/
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tfuegin IT" isolated by Dr. Appel and his associates Trom a D. «interi
tree obtained from Tierra del Fuego. irﬂ] p *76 (c. 1.12 in CHC13)
( V max. 3345, 1748, 1672, cn~! (k01 aiec) 3582, 3340, 1764, 1630
el (CHC13) (A pag. 21T MM Gpap. 6500 (B4OR), AN 233,
258 mpe€ 5050, 6150) (Found: ¢, 67.85; H®H, 8.02; C15H2204
requires G, 67.64: H, 8.33) (mol. wt. (mass spectrometer) 266).
Elution with aquecus acetic acid and work up of the fraction as above
gave a crude crystalline material (697.5 mgms.). Recrystallisation to
constant m.p. of this from ether gave Winterin (3) a8 large well-
formed plates m.p. 158°C (156.4 mgms.). E;{]D 109 (c. 2.52 in
CHC13) ( W pag, 1847, 1776, 1668 om=1 (CClg) ) ( Ny, 257 my
nex. 3820 (meutral) N - 245 m € .y, 8900 (EtOH/XOH) )
(Found: C, 72.43; H, 8.06: Cyslisg03 requires C, 72.55; H, 8.12;)
(mol. wt. (mass spectrometer) 248).

The following is a cross section of the extracts examined. The
variation in content from itree to tree is especially remarkable.

Lago Ranco (Futrono) (138 gms.) From the fraction boillng at 165 -

18000 @ 14 mm Hg., confertifolin (5 mems .) was obtained.
Lago Ranco (Putrono) (100 gms.) From the fraction boiling at 220 -
2400C @ 9 nm. Hg., confertifolin (1.25 gms.) was obtained. From the

fraction b.p. 180 - 2209, drimenol (0.8 gms.) was isolated.

Lago Ranco (Futrono) (132 gme.)

Fraction b.p. 220 - 300°C @ 5 mm. Hg. yielded confertifolin (1.25 gms.)
Fraction b.p. 150 - 220°9C @ 5 am. Hg. yielded drxmenol (6.6 gms.)

Lago Ranco (Futrono) (90 gms.)

Fraction b.p. 185 - 200°C @ 8 mm. He. yielded drimenol (9.4 gms.)
Valdivia (350 gms.)

Fraction b.p. 250 = 300°C @ & mm. Hg. yielded confertifolin (13 gms.)
Loncoche (280 gms.)

Fraction b.p. 185 - 220°C @ 4 mm. Hg. yielded confertifolin (2.6 gms.)

and drimenol (traces)

Loncoche/



Loncoche (406 gms.)

Fraction b.p. 70 -~ 1709C @ 4 mm. Hg. yielded drimenol (22 gms.)
Fraction be.p. 170 = 200°C @ 4 mm. Hg. yielded confertifolin (900 mgms.)
Loncoche (496 gms.)

" Fraction bap. 177 = 190°C @ 4 wum. Hg. yielded isodrimenin (1.25 gms.)
and drimenol (3 gms.)

Los Lagos (360 gms.) \

Fraction b.p. 180 - 200°C @ 4 mm. Hg. yielded drimenol (22 gms.)
Fraction D.p. 200 -« 2109C @ 4 mam. Hg. yielded confertifolin (3.1 gms.)
Juan Fernandez (D. confertifolia) (29 gms.)

Fraction b.p. 190 - 260°C @ 4 nm. Hg. yielded confertifolin (Traces).

All the compounds referred to in the above series were identified by
m.p. and mixed m.p.

Detsiled examination of a ILoncoche extract.

An ethereal solution of the extract (10 gms.) was separated into
acid and neutral fractions in the usual way. Acidification of the
bicarbonate solution and extraction into ether yielded, after drying
and removal of ether, a semi crystalline mass (85 mgms.) from which
needles melting at 150 - 170°C could be obtained on addition of
benzene. Sublimation of these followed by several recrystallisations
from benzene finelly produced long white needles of p - methoxycinnamic
acid (49) m.p. 170 = 171°C (23.2 mgms.) ( v _ . 1688, 1630 om-l
(CHCl3) ) (Found: C, 6T7.4: H, 5.61; CioH1g03requires C, 67.45
H, 5.623). Fsterification of this acid with diazomethane and
recrystallisation of the product from hexane gave plates of methyl
p~-methoxycinnamate m.p. 84 -~ 889C ( max. 1720, 1645, 1610 cm“l).

The neutrazl portion of the extract (9.7 gms.) was chromatographed on
alumina (grade III, 300 gms.). Elution with benzene in ether (1:1 v/v)
gave isodrimenin (1.811 gms.) melting, at 133 - 135 undepressed by
authentic material. Ether eluted confertifolin (727 mgme.) identified
by m.ps (153°C) and mixzed m.p.

s/
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A fraction (700 mems.), elutiag in other/astbzaol (1:1 v/v)

( & max. 3400, 1760, 1730, 1675 em1 liquid film) was rechromato-
graphed (grade V alumina) =nd that fraction eluting in hexane (171 mgms:
v max., 3400, 1760, 1720, 1680 Cm“l) was treated with dinitrobenzoyl
chloride (198 mgs.) in pyridine (5 mls.) and worked up in the usual way.
Chromatography of the product (170 nmgms.) and elution with benzene/etner
(3:1 v/v) gave 30 mgme. of confertifolin identified by m.p. (133 - 154%)
and mixed mo.p.

A second fraction of the original chromatogram eluting in ether/
methznol (1:1 v/v) (1.6 gms.) was separated into carbonyl and non
carbonyl fractions using Girard's reagent "P". Work up, isolation
and distillation of the non carbonyl fraction yielded in the portion
b.ps 110 - 1309C @ 10~3 mm. Hgo a trace of drimenol, identified by
mep. (91 = 93°C) and mixed m.p.

Hydrogenation of Confertifolin. Confertifolin (23.4 mgms.) was

hydrogenated at atmospheric pressure and room temperature with Adam’s
catalyst (22 mgms.) in acetic acid (5 mls.). After 4 hours, 1.18
moles of hydrogen had been absorbed. The reaction was stopped,
Tiltered and the azcetic acid removed under reduced pressure.
Kecrystalliszstion of the produect from petrol gave cis dihydrocon-
fertifolin (52) =: needles m.ps. 134 = 135°C ‘QQ;D L0 (c. 4.28 in
CHOl3) (v oo, 1791 om~l (ccl,) )  (Found: C, T6.4; H, 10.03
CI5H2402 requires C, 76.25: H; 10.15%). When ethyl acetate was
used as solvent in vplace of acetic acid, no hydrogen was absorbed and
confertifolin was recovered unchanged.

Lithium Aluminium Hydride Heduction of Confertifolin. Confertifolin

(343 mgms.) was added in ethereal solution (25 mls.) to a stirred
slurry of lithium aluminium hydride in refluxing ether over a period
of two hours. The reaction was allowed to stand overnight. Excess
reducing agent was destroyed with ethyl acetate, dilute hydrochloric
acid was added and the etheresl solution was worked up in the usual
way. The oily semi crystalline product (387 mgms.) on two

recrystallisations/
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recrysisliisations from petrol gave drim-Yeene 11, 12 diocl as vlztes
7

m.p. 121 - 123°C i 5P119 (e 1.78 in benzene) (153 mgms.)

undepressed on admixzture »ith suthentic material from reduction of

982 om1 (KC1 disc)) wos identical to that of authentiec material.

isodrimenin. The infrared spectrum (

From the mother liguors, =z further 51.2 mgs. of this compound
were obtained. The oily mother liguors (133 mgms.) =ppeared from
the infrared specirum to be a mixture of diol and confertifolin.

Reduction of ecis-Dihydroconfertifolin with Lithium Aluminium Hydride.

Cis dihydroconfertifolin (63 mgms.) in tetrshydrofuran (4 mls.)
was slowly added tc a slurry of lithium aluminium hydride (150 mgms.)
in the same solvent. The rezciion was refluzed for twxo hours and
then worked up in the usual way. There was obtained T5 mgms. of 2
. crude product which, afiter one recrystallisation from hexane gave
erystals mep. 130 -~ 145°C, Sublimstion of 29 mgms. of this
material (0.1 am Hg., 120 = 1309C) gave ng , 9/@ ~drimane~11,

. 12-diol (55) m.p. 151 - 153% ‘{943 p T 24 (c. 1.04 in CHC13)
undepressed on admixture with authentic material from reduction of
drimenin. Identicsl infrared spectra ( 3300, 1052 and
102% ezt (©C1) ).

Iscmerisation of cis~Dihydroconfertifolin. Cis dihydroconfertifolin

naxXe

(30.5 mgms.) was dissolved in methanol (1 mwl.) containing potassium
hydroxide (31.6 mgms.) =nd allowed to stand for 48 hours.
Acidification and extraction into chloroform gave, on removal of
solvent, a crude crystalline product (30.8 mgms.). Two
recrystallisapians from hexane gave isodihydroconfertifolin (53) m.p.
. 121 - 123°% %—*i}} =9 (ce 1.1 in CHCl3) (21.9 mgme.) ( ¥ .. 1792 cot
'(C014) ) (Found: ¢, 76.283 H, 9.913 Cy5Hpg0p recuires C, 76.22;
K, 10.24:). TFrom the mother liguors, a further 9.4 mgms. melting
at 118 - 120% ,ere recovered.

Reduction of Isodihydroconfertifolin with Lithium Aluminium Hydride.

Isodihydroconfertifolin/
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5 s il 1% P 5 et A -
trioxide (L.12 mgms., 1.54 equivalents ol ic ncid {4 mls.)

etic
and allowed to stand overnight. Bther was then added and washed with
bicarbonate solution and water. Hemoval of solvent, drying and
recrystellisation of the reszulting material from ether gave winterin
(3) mep. 154 = 157° (10.8 mgms.) undenressed on admixture with
authentic material. “he two compounds showed identical mobility on
a chromatoplate.

Hydrogenolysis of 11 Hydroxyconfertifolin.

11 hydroxyconfertifolin (9.6 mgms.) was shaken for 16 hours with
Adam's catalyst (13.6 mgms.) in scetic acid (5 mls.) and in an atmos-
phare of hydrogen. During this time 0.97 mle. ( = 1.05 moles) of
hydrogen were absorbed. The reaction was stooped and a further
quantity of catelyst (10 mems.) was added. Shaking in an atmosphere
of hydrogen =was ther continued for two days. Filtration and removal
of solvent gave 26.1 mgms. {exztrs weight showm to be due to silicone
grease) of product. Chromatogranhy of this on alumina (600 mgms.
grade III) gave, on elution with petrol benzene (1:1 v/v) cis-
dihydroconfertifolin (10.0 mgms.), identified by m.p. (133 - 1}500),
mixed m.p. and superposibility of infrared spectrs.

Heduction of 11 Hydroxyconfertifolin with Lithium Aluminium Hydride.

11 hydroxyconfertifolin (33.3 mgms.) wes dissolved in dry ether
and the solution added zlowly te 2 slurry of lithium aluminium hydride
(112 mgms.) in ethsr. Theu the addition was complete, the reaction
wag refluxed for ca. 0.5 hours =nd then mllowed to stand at room
temperature for a further two bours. FEthyl acetate and water were used
to destroy excess reducing agent. The ether was washed with N
hydrochloric acid =nd repentedly with water. Removal of solvent and
drying gave drim-9-ene-11, 12-diol (23.4 mgms.) identified by m.p.

(120 - 122°C), mized m.p. and infrared spectrum.

Hydrogenolysis of 7, 11 Dihydroxyconfertifolin.

7, ll-dihydrozyconfertifalin (9.0 mgms.) wes dissolved in acetiec
acid (5 mls.) and shrken with Adam's catalyst (53 mgms.) in an
atmouphare of hydrogen. Lfter two days, 1.94 mls. (2.39 moles) of
hydrogen had heen absorbed. A farther 12 mgms. of Adam's catzlyst
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were then added and the mixture hydrogennited for s further 12 hours.
Worl uyp in the usupl way yielded 8.1 mgms. of an oily material from
whieh on chromategranhy on #lumina (600 mgms. grade III) were

obtezined, in the petrol benmene {1:1 v/v) eluntes, cryetals ol cis=

dihydroconfertifolin (4.1 mgme.) identified by m.p. (132 - 134%),

mixed mep. and infrerved spectra

Qxidation of T, ll-Dinhydrozyconfertifeolin.

7, 11-Dikyiroxyeonfertifolin (36.5 mgus.) was dissolved in acetic
acid (2 mle. - AN. and redistilled over Cr03) in a flask fitted with
effirient stirring. A solution of chromium trioxide (19.5 mgms. =
2.14 equivglents of LO} ) in scetic acid (10 = 15 mls. prevared as
above) was then run dropwice into the stirred solution. When =zll
the oxidant had been added the stirring was stopned and the sclution
allowed to stand overnight at room tempersture. Excess reagent was
destroyed with methanol. ater and ether were added and the ether
was repeatedly washed with water. Temov=1l of solvent and drying gave
33,2 mpgmee of imnure fTesthery crystals. llepeated recrystsllisation
from chloroform gave drim 8 ene 7T oneill, 12 dicarbozylic zcid
éﬁhydride (5 mgms.) (60) m.p. 147 - 150% ( v _— 1780 (v broad)
1689, 1641, 1395, 1385 co-l (xC1 disc)) ( N max, 230 @mp € 7750
(neuizal) «?\ max. 238, 278 mf*‘ééaX~ 2790, 3710 (base)).

Hydrogenation of Fuironolide.

Futronolide (3.5 mgus.) in acetic acid (5 mls.) was shaken with
Adam®s catalyst (17.0 mgms.) in an atmosphere of hydrogen for 7 hours.
A further 21.9 mgme. of Adam's catalyst was then added and the
hydrogenation continued for a similar periocd. Filtration and
removal of solvent left a gum (5.9 mgms.) which was chromatographed
on alumina (grsde 111). Blution w#ith chloroform gave solid material
crystallising in both needles and prisms. Kechromatography and
elution with benzene/chloroform (4:1 v/v) gave 7 hydroxydihydrocon—
fertifolin (61) as needles m.p. 164 - 165° (ca. 1 mgm.) (

3609, 3508, 1768 (CHCl3) em~l ).
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INTRODUOTION: . The nhotochemical literature records no deteiled siudy
S T Y e .
39y 370 43 nat the

of the &imnleﬁif{‘un%mturated )f-lacton@ system
behavieuf of such & system might prove of interest has been indicated
by a sreliminery study of the photolysis of digitoxininl, Thege
facte, coupled with the observaiion, mzde early in these investi-
gafiéna, that erystalline eonfertifolin (1) on prolonged exposure to
bright Chilean sunlight, éiuires & yellow colouration and has ite
m.pt. martedly lowered and the melting range widened, indicated that
a systematic study of the photochemistry of confertifolin would be of

value.
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TTCAL, P RANTTONS

THE O OHRCH TN OF

The vast conmpandium of faet and physico-chemieal theory which
gives to grownd siote organic chemistry its powerful prediciive and
interpreotative powers cannot be apnlied to the chemistry of molecules
in the ewxcited state. The interaciion of 2 molecule with light
quenta not only raises the energy lavels of the electroms, it also
alters the electronic distribution and the geometry of the molecule.
In short, the suxeiited stete of 2 molecule is 2 new chemical species.

Ia no shotochemical reaction are the intermediztes and their
resction nodes fully undarsicod. A counsiderabhle literaiure of
physical studies of such resctions exists but the exnerimenial
difficulties, srising from the short iifetime of the intermediates and
the large number of variables involved, have prevented any clear cut
conclusions heing drawmn. ‘

It seems likely that in thiz, sg in ground state chemistry, the
empirical sporoach of the Orpanic Chemisd will provide useful
correlations to guide the physical chemical interpretations of esuch
regcticns@ The guiding principles which theoretical chemistry can
sﬁﬁply to aid in mechanistic interpretation of photoreactions may be
summarised briefly as follows.

Since unsxcited organic moleculss exizgt almost exclusively in tae

singlet siste, absorntion of 1ight should, in theory, produce a singlet

excited state L.0. wiih uo rem alectromie epin. Spine—orbit
interactions nre sulfTiciently sisnilicant, however, in complex molecules
$0 permit croseing to a triplet stnte”, taoush with low probzbility.

It is normally difficult to azscertain whether & photochemical
reaction is »nroceeding through =z singlet or s itriplet excited state.
Evidence has been presented favouring a singlet intermedizte in the
photolytic decomposition of cyclopentaﬁone11, while the reduction of

12, the isomerisation of olefins?s 13 and

carbonyl compounds by zlcohols
the sensitised dimerisstion of olefinsl® 2ppear to occur viaz a triplet
atate. The application of e.p.r. speciroscopy teo the study of photo-
chemical ra*ctionelS will no doubt make definltive identilication of

the/
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the trinlet state much simpler. should he emphasgised thet, while

Zinctlon hetween the two voasible intermedisien is mecheanistienlly
6»,
important, they may not differ greatly in chemlcal properties. 2 The

the dis

singlet ctzte though not posseseing resultant mlectranic angular
momentum, can nsvertheless, behave as a diradical 65, 1 The longer
lifetime of the itriplet state, arising from the low probability of its
transition to the singlet, cen have important chemical consequences
especially in solution.

Photocherical excitation of =n electron will, by the"aufbau®
principle, nince that electron in 2n antibonding orbital. The general
electronivc properties of the exciied state may thus be inferred from =
knowlsdge of these properties in the ground state of the molecule and
from the nature of the antibonding orbiﬁals9. Experimental reguire-
ment316 in performing vhotochemicesl rezetions will normally limit ocur
consideration of clectronic transitions to those of the n /T ¥ and
7t =< ® type, In those crses which have both transitions svailable,
that utilised will depend on reaciion conditions and on facilities fox
reaction through the relevant sxelted states. It would seem rensone-
able to suppose, however, that, other things being egual, the lower

energy n—n* transition would be the more favoured. The large numbe
17, | fw

L2 (
on irradiaztion in nyrex apparatule

of carbonyl compounds which underge photochemical rearrangement
19, 20, 21, 22, 23, 24, 25, 26, 27,
would zesn o guoport this zupposition. Different resction modesn
arising from the differect eleetronic frensitions in the same compound
have been demonsirated expsrimenially by Hata 26, 29 and EammondP,
Together with electronic excitation, molecules normally acquire
considerable vibretionzl energy on interaction with light guanta.
This is a result of the Franck-Condon principle. The posseszion of
vibrational energy znd the eamse or otherwise with which it is lost can

control the mode of decomposition or rearrangement. 26, 39 mhe geometry
of an excited moleculs can only be obteined by a detailed analysis of

the emission spectrum of that molecule, or by a theoretical analysie

using, for example, the L.C.A.0. method. Where this has been d0ﬂe3’

the/
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the resulds have piven some insighi inte the chemical behoviour of the
suecies 14 324 33, 34 14 senevrsl, the neture of the products will
give some indication of the weoy in which the geometry of the excited
gtate is altered with respect to the ground state. It is here that
the emsirical approach of the organic chemist can be used to best
advantage in elucidnting the wnathways of these reactions.

The photochemiczl literasiure has been reviewed in recent year327 3,
4, 6. 8, 16, 35, 36, 37, 3%, with an adequacy which makes 2 compre-
hensive survsy unnecessary nere. Only material which is germane te the
present topic will be considered, together wiith work of particular note

35

which has appeared since the last review .
The mode of reaction most frequently observed in the photolysie of

X /5 -uneaturated carbonyl compounds is that involving the formation of

carbon-carbon bonds by the mutual saturation of the double bond of the

X /5 ~unsaturated carbonyl with a second unsaturated system.  There

are many examples of this zad, for the purnoses of disocussion, they will

be divided into internmcleculazr and intrasmolecular rezctions.
Intermolecular light ecatzlysed resctions chQﬁ -unsaturated ketones,

eaters and acids to give cyclobutsncid dimers are well known and the

earlier examples have been reviewed by gustafadl.

Jothyl cyclohexenone =13 3%, 49 {hymoguinone 38, 41, coumsrin 37s 39
42, 64 and N 3keto steroids 38, 43 dimerize on irradistion to give
compounds {2,3,4,5 nnd 6) resnectively.

The cinnsmic scids similarly dimerise to give ~ truxilliec (D
acid and ﬁ5 truxinic (5) 4s 5 Leid. The disposition of the monomer
units abo;t the cyclobutzne ring is partly devendent on the physical
state of the cinnsmic acid. As has been pointed out 38, there apnears
to be no simple patiern to the stereochemistry of these reactions which
would enable predictions to be made in a given case. A cis stereo-
chemistry about the central ring may be inferred in those cases where
a "double dimerisation™ ocecours. Thus 2, 6, dimethylbenzoquinone (9)
has been shown to pive (11) via (10)45. Dibvenznylidene acetone is

photochemieally dimerised in the pressnce of uranyl salts to (12)37.

In/
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it { ketonentadiens Aicarboxylate zives {13) on

direct izendiation. Hore recently, the photodimerisation of some

furocoumarins, a vrocess exscltly snalesous to that for the simple

coumaring, has been ragertedZ;?- Chopman and Smith heve finally

establiczhed the structure of T iumicolehiecine as the dimer (15) of
/Gm lumicolchicine {14).

The transformetion of (10) into (11)4° may ve regarded as an
intramoleecular attack of one conjugated double bond on snother of the
game kind. “his, together with the snalogous reaction of 2, 6
dimethyloyrone which presumably follows a similar path is, te the
author’s knowledge, the cole intramolacular rerresentative of this type
of reaction. In iniramolecnler photolyses, mutual saturation (vide
sunra) to form o system no longer canable of absorbing light is achieved
by the interanction of the double bond vhick is conjugated with the
carbonyl, w¥ith an isolated doubls bond. The hest knosn example of this
is the conversion of (16, i = GOOH) indo the quadricyclene derivative
(1T, R = COUH)e  Dauben has shown that the nnslogoug reaction can be
oroduced in norvbornsdiene (16, i m H) iteelf 34, yhile Hammond has =lso
produced quadricyclene (17, R = H) from nor borasdisne ueing diketones
a2 photozensitizers 14, 4 sinmilar reacitlon to produce the cags
structure {19) from the Disls-ilider adduct (18) of cyclopentadiene and
henzoquinone has been renoried Ly COQkSOﬂBeo A number of exemples zve
rofon 35, ouge 392) where molecules with cage-like

]

.
knosn (oo

B3 P . |
Gapt? RLTEHAOL

structores e ation of substances which have suitably
Juzitzposed double bonds not sonjugeted with carbonyl funciions, but
sarrying chlorine substituents,

In contrsct to the above iantramolecular reaoiions which involve
molecules of rigid structure and suitably placed interaocting groups,
transformations are known which appezr fto follow similar mechanistic
pathways but which require that a marked change in the geometry occurs
between the ground and exeited staies. Thus, tbhe produciion of
carvone camphor (22) from carvone (20) must involve an intermediate
such ag (21)22. The isomerisatimm of verbsnone (23) to

carysanthenone/
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(:4}9 iz elosely relsted mechouistically =ltihough

not iteell representative of the reacition type under discussion.

The synthesis of bicycla (3:2:0) hentenonee from cyclohenio-
dienones represents Mmanalogous bond forming reaction where one of the
new bonds is formed between two carbon atoms slready Joined by 2 single
bond. Interesting transformations of this tynre have been observed
with eucarvone (23} =nd msy be represented as shown (25 = 26 - 27 and
28). 89y 90 5,0nif9 hes nointed out that » resrrangement of
chrysanthonane znalogous to the rearrangemont of (26) to (27) would
produce {30). Similarly, we may observe that a rearrangement of
chryssnthenone analogous to that producing the trimethylbicycloheptenone
{28) would give rise to the spirc structure (31). HNeither of these
transformations has yet been observed, however. Apart from suczrvone,
seversl oither cyclohentzdienones have been studied 53, 55, 56, 5T and
the interasction of the unsaiurated groups to form cyclobutane
derivatives han Teen shown to be a genersl ohsnomenon, There is cne
axcention which is worthy of pertieulsr note. Chapman and his
assoointes 56 obfnined, on irradiating 3, 5 cyclohepizdienone (32,

R = H) in ether, carbon monoxide and a mixture of isomeric 1, 3, 5
hexatrienes. They have interpreted this an indicating that the normal
interaction to form bicyelo {3:2:0) hepntenes does not occur and thst

the decomnosition is = direct »rocess. Ample analogy exists, however

o e

1l D3y S o BT G

that the diene system, whether activated

by the carbonyl oz nob, rould initersct 53, 54 to give the ketone
(33, E = §) and that this would decompose 11» 57 irradiatively to give
1:3:5 hexatriene and carhon monoxide. This latter decomposition may
occur directly via the diradicel (34) or indirectly by way of bicyclo
(2:2:0) hexene (35). The Pormer is the more probable as it is likely
that the latter reaction is thermal rather than photochemical. Similay
effects have been observed with and similar comments apply to the
photolysis of 2 methyl 3, 5 cycloheptizdienone (32, R = He et seq.).
The recently reported cyclisation of citral (36) with U.V. lighit
to give Z2-isopropenyl-S-methyl cyclopentylaldehyde (38) fite into the
pattern/



dlecussion if the internediscy of &

t

spoctes such ze {37 is assumed.

The wroduction, photochemically, of the diketone (/2] from
cyelohezone (39) =2nd acoiylacetone renoried recently by de Mayoﬁg
orovides »n intermclecular snelory, hitherto lecking, for the photo-
chemiesl reacition between iscoloted and enone double bonds,

It is of intercst to ncte the bond forming resctions observed with
dienes when photosrueiiised by diketonestd, This, together with

earlier worl hy ihe same suthorst3 makes i probable that such bond

forming oo s progeed throush a triplet excited state. Fhotom

chemical Jirerisabtion reactions may also involve 2 triplet species since

tae provebility of intermolecular resciion will incresse as the 1life-
time of the reseitive intermediate increases.

in inierpreting certnin of the interesting and unusual trang-
formations of dienones, drrbonil has sugsested the eantity (part
structure 444) as a possible inidermedinie. fuoh 2 structure can be
envigaged as arising by an interaction, beiween one doudle bond and
the enone sysiem, analogous 3o the reactions discussed above. This is
in accord with the known speciroscopio properties of dienones 63. A
very similar intermediate for diencne rearrangemente, basad on
theoretical considerations similar to those outlines at the begimming

of this discusuion, has been put forward by ZimmermaniO,
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with four othey crystalline compounds

‘\dﬁ‘ f".'l‘ﬁ an
Anulysie znd mass oreoltromeiric molecular Vﬁ’fhi Jeteruinaticn of
Tumi-¥; indicated it to Te isomerxie with coafertifolin. In apnarent

contradiction o thiz, the spectral properties of the compound ( ¥  gag.
1763 cx~d ¥ no hish inﬁenmlty T.Vs ahoorntion shove 200 mis ) were
supgestive of a ssburated { lactons. The #inbility of lumi X; to acid
demonstrated that these mnomslies 4i€ not arise through the Tormation,

gf n eyclonropane ring 67.  snaloriss in the

during the photelys
» 64, 45, 47, 48, 49 that, the moleculnar welishi

s,
s 3
literature sugrent -'°
informstion arart, these facts would be accormedated by assuming that

=

confertifolin had formed = dimer, orchebly invelving o cyclobutzne ri:

& 2
Such a dimer nould Jecomnose thermally 45 or by electron imnaei to
monomer uaits in the mzus srectromeder, thus giving an avparent moleculow
weight one holf of the true value. guch an interpretation would zlso

explain the very bigh melting point observed for lumi-X;+ That such
a rationalisation repressnied the situation correcily wes showm in the

fTollowing

Redustion of LumleX; with 1ithlum cluminiun hydeide in ether gaove
[ openge 197 « 2099¢) which was difficult to purify.

mmadied

Trestment o8 this nydrogen chloride in chloroform nroduced
z compound {m.p. 256 - ~hose infrared scectrum (9 mar. 1597s
1360 (remedimethyl) 1005 (ether) cm~l) indicated it to be an ether.

Hase snectrometric examination of thiz compound gave a wvalue of 444 f'or

the moleculer weight. Thigs value corresponds to two molecules of
confertifolin diol (70) with the elimination of two molecules of water

(240 + 240 = 36).  ‘The dimeric nature of lumi X, itmelf was
confirmed,/

#This value is somewhat lower than that normally observed for =z
gaturated w{ =lactonea. The transparency in the U.Y. mokes the
assisament ressoneble howvever. The effect is probably due to the
anuswel steric environment in which ithe lactone must be nleced
(vide infrz).
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firpation of 1
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of conferiifoiin.

when pyrolysis of lumi-Xy
n approximately 60¢ yield

4,

The possibility that the two monomer units might

be joined by an ether arising from the Zz lactone group of one
of them wae excluded by integrating the areas of the infrared carbonyl
banfls of lumi-Xy snd cls-—dihydroconfertifolin. The carbonyl intensity
per monomer unit was of the same order of magnitude in both cases.
Bridging of the monomer units by carbon-carbon bonds ie therefore
mandatory, and lumi X; must be a cyclobutaneid dimer.

“he nuclear megnetic resonance (n.m.r.) spectrum of Lumi Ay ({*%‘ )
has three sharn singlet peaks at 9,21 % 9.15~ and 9.10°Y each
having & weilght of six protons. These peaks are assigned to ihe
six methyl groups of the dimer {cf. cis and trsns dibhydroconfertifolin).
The ocourrence of only ithree pealkes renuires thnat the magnetic environ-
ment of the methyl groupe doss not change between one monomer unit and
its companion. The octuplet between 6.15 Y and 5.45 < arises from
the two protons on §1_7Q (ef. c¢in and trans dihydroconfertiifolin).

The obzerved multiplicliy can be interpreted either (a) as the super
position of two AR cuadruplels with 1dentical coupling constants

(73 ™ 10.8 cupes.) but differing slightly in the chemical shifts of the
two protons: or (b) os the AR part of an ABX moectrwsn with Jyy = 15.8
CepaB. and Jux = Jdyx ﬁﬁ

If interpretation {a) is correct, ithe dimer must have forued across
the site of the double hond in confertifolin. The six possible
structures Por such a dimer are represented by the Tormulae (63, 64, 65,
66, 67, 68). structures (63, 65, 67 and 68) involve considerable
nolecular overcrowding and their formsiion is inherently improbable.
This applies also to (64) which, in =ddition, hae one methyl group
(arrowed) in = magnetically unique environment, The remeining
struecturs/

Tho presence of a quadruplet in the 7 3 - 3.5 region which

uld be redqaired by interpretation u) cannot be confirmed or
fef:tcﬁ because of the complexity of the spectrum in this
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=ode of mutaal sooreasch of monomer unils vhich

sete us Pewesd non=tonded intersctions. he high eymmetry of struciture

(66) mares it difvicult, however, to exnlsnin the slight difference in

i

chemicel ohift hetween the 01 protong on the two monomer units,

requlred by the nem.r. in view of the size of the ghift

involvad (e2. 0.1 pepem.; Hhisz doss not, however, constitute evideace
of sufficient weizht 2z to exclude the siructure (65).

Intersretotion {b) of the n.mer. spectrum would require that
dimerisation be vreceded by & photochemically induced migration of the
double Lond To pesivivi 7, © 38, 76, The noszible structures resulting
from dimerisation in this position, including those which invelve
inversicn of configuration at Cgs 2re given in the formulae (45 = 62
inclusive}. This somewhat formidable list can be substantielly
reduced if it is assumed that the intramcleculsr overcrowding in the
struetures {47, 4%, 42, 50, 53, 54, 55, 58, 50 and 61) makes their
formation improbable. Further ¢limination is made possible by the
#or the octuplet between 6,15 Y z2nd 5.43Y to

be the AR pard of an ABX speotrum requires that all the variables which

following :

t

econtrcl the form of the snechrum he single valued ( ZDA S ogr dams

JAX and SEK}: The dioposition of the Gyy protonz relative to the Cg
methine nroton munt thevefors be the same in both units of the dimer,

ﬁeferemge te the Hewman nrojeations {token along the 8g = €13 bond) in
figures shows that struciures (51, 52, 55, 57, and 62} may be dismissed
from consideration. Only structures (45, 46, and 59), thevefore, ave
mechanistically feasible and fit the awvailable nhysical data. Since
only ons dimer is Tormed in the photolysis, it may be supposed ihat
lumi-Xy arices from the energetically moat favoured path,. Such a view
would prefer (45) as the structure of lumi Xy.

The weight of n.m.r. evidence preferring, as it does, structure
(45) over (66) is nicely balanced by the scarcity of anaslogy for
photochemieally induced double bond shifts. The mvailable evidence
iz insufficient to distinguish between the two possibilities. On the
basig/

Epigures (3 - 7)




s miruotures, the ether produced by seid tresinwont of the

i

i an hydride ceduction yroduct of lumt ¥q will hove ke
struetures [71) or (72). fThe bomo acid resuliing from fusion of
Jumi Xy wilh notaesium eyanide is tentatively nssigned the structures
(713) ox {74).

pumi-Zp (0218340 J eopesred to hove srisen by addition of

cyclohexnne to conferitifolin. %2 soentroscopie properties (‘« o
1774 om.~Y, ne hisu intensity U.V. absorption above 200 ap ) indicated
it to be a ( ~inctone. The mass syectrum pgave a molecular weight of
318, in =2ccovd with the anslytical data =nd the cracking pattern showed
a base peal et 236, indicating ready loss of CgHise.  The n.m,r. spectrum
of lumi Xp has pesks at 9,217 and 9.167Y atiributable to the three
methyl grouns of the confertifolin unit. The multiplet centred at
approximately 5.96Y must =zrice from the 13 protons. The peaks
not well resolved but anrnenr to form =n 48 spectrum with ( U - :33)
emall, This wonld be in accord with ths addiiion of a cyclohe?yl
residus at 09 as in (69) which is the structure to be expected on
mechanisiic argumenis (vidq infra). The sterecchemistry at positions
8 and 9 oannot be asoertained on the available evidence.

The remaining two compounds, lumi-X; end 1umimx5 are isemeric

with lumi-Xp. Foth are scturated Y ~lactones (X4 N pax,1760 ol

A5 Vg MTT9 o™} and both have base peake in the mass spectra
at 236. It ie very orobsble that these compounds are siereoisonmers
of lumi~-Xo but they are formed in low yield and were not examined in
detail.
The photolytic reduction of an_”Lﬁ~unSaturated carbonyl compound in
& hydrcocarbon solvent is sufficiently novel %o call for further comment.
Photochemically induced intermolecular hydrogen transfer is well
auzthenticated 61, 78, 19, 62, 80, 81' 82 and has been interpreted for

carbonyl compounds as involving the triplet state of the n
transitien.él’ 62 Jalnones are readily reduced photochemically in the

presence/
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cuge wh falTill the Lletder funciion. Vowever,
the results obbuined indicete that hydrogen sttached to teriisry carbon
ig necesanry Tor reduction to proceed. The meny intramcleculsr
reactions in which letones can sbsiract a sultably placed hydrogen
atom 24, U5, 96 denonstrates that the inack, bitherto, of an indermole—
cular analogy is not due to the alszence of & suitable mechanism. The
formation of lumi-is may be regarded as the intermolecular and
vinylogous analozae of the formation of methylbutanol from 2
pentanonagda Though initramolecular analogies for the hydrogen
abetrsciion reaciion meske the Pirst step in the reduction plausible,
there remsins to be explained why the resulting cyclehexyl radical
couples with the ground state monoradical in one case (to give lumi Xip)
and donates a hydrogen atom to it in the other (formation of cis
dihydroconfertifclin). 4 possible rationslication is depicted in
scheme 1. The initiully formed cyclokexyl radical may either (=)
couple (step 3) or (b) eliminate hydrogen to form & cyclohexenyl
radicalg7. The confertifelin radical then absiracts hydrogen from

this latter to give oyolohexadiene®® and dihydroconfertifelin (step 5).
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For rennrsl proceedures ses nage \B
Thotelyres. Irredistions were nerformed with an ordinary fan~cocled
mercury Lre lamn. The evcess heat from the lamn #as safficlent to
refluz the cyelohexane solvent.
Photelysis of Confertifolin. (i) Confertifolin (523.3 moms.) was

dissolved in Ysnecrosol’ cyclohexene and irradiated for 24 houre under
roflux, The resciion was {ollowed by the disappearance of the 217 m
chromoshore in the U.V. spectrum. femoval of solvent under reduced
presaure gave a yellow=browm oil of distinetive and vleasant edour

(681 mrmze).  This wes chromatosranshed on neutral alumina (grade IIT).

On eluting with benszene in hexsne (3:1 v/v), a highly crystalline

material of me.p. 2700¢ was obtained (109 MM ) e Reerystallisation
from hexane gave needles m.pe £91° = 294°C of lumi X3 Eﬁ}p -63

(G4 1.07 in CECL3) (v gy, (carbon tetrachloride) 1763 em~l (strained
lsctone) ) (Found: €, 76.633 H, 10.141 Cy5Ho00p requires C, 76.88;

Hy 94463 mol. #t. (mass spectrometer), 234; (thermistor dropés),

450 L 20.)

inocther cryetalline freciion of men. 175 = 1859C was obtained by
elution with benzene in hexsne (1:3 v/v) (124 msme.). These were
combined with an identicnl fraction from a companien irradiastion and
the totel medlerisl (165 meme,) wee rechrommtosrephed on grade ITI
neutral slumina,

Blution with hexsne produced eorystsls of luml Xo melting =t 175 -
1806C (96.1 mgms.) Klp =25 (C. 1.04 in CHC13) which, on
recrystallisation, also from hexane, rose to 191 -~ 1939C (25 mgnme.).
/g?§> max. carbon tetrachloride 1774 om~l) (Founmd: C, 79.32; #, 10.72;
céjﬁ3402 requires C, 79.193 H, 10,763) (mol. wt. (mase spectrometer)
318).

Further purification by sublimation brought the m.p. to 196 -
198,500 but the anslysis was unaffected.

In/
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In the reape of solvent nolurity from benreune ia hexsne (1:9 v/v)

ta benzone in hewsne {(1:3 v/v), there was sluted aa oil (79 mgme.) which,
after sitting in a2 1ittle hexane Tor come itime, crysinllised
spontaneonsly. vecrystallisation Prom hexzene gave needles m.pe 163 -
1659¢ of lumi Zge | N max.l767 em~l (XC1 dize) ) (Found: ¢, 72.96:

H, 10.545 Coy3Hyg0p Tequires C, 79.195 E, 12.763).

Finally there eluted from benzene in hexsne (2:3 v/v) a crude
crystalline fraction me.p. 108 = 1200C (38.5 mgrns.). Reerystallisation
to econstant m.p. from hexane gave a small juantity of colourless needles
MePs 135 = 135.59C undepressed on admixture with anthentie dihydro-
confertifolin (m.p. 134 - 1359C). The infrared spectra of the two
compounds were identical.

All fractions, other than those referred to were oils and were
not further examined.

(i1) A revetition of the above irradiation procedure on confertifolin
(550.6 mg.) gave 679 nmg. of the plezsant smelling oil. Chromato-
grachy of this on 20 g. of neutral Grade III alumina gave, as before,
lumi X3, m.p. 289 - 2919C (33.6 mg.), and lumi Xp, m.p. 190 - 193%
(24.9 mg.) on elution with benzene in hexazne (3:1 v/v) and benzene in
hexane (1:3 v/v) respeciively.

Elution with benzene in hexane (1:1 v/v) and two recrystallisations
of the resulting material (22.5 mz.) from hexane gave needles, m.p.

156 -~ 16000, on ndmixture with lumi Xz this denressed to 135 - 1540C.
The anelyiical specimen melted 21 158 « 161°C. This compound was
designated lumi Xg. (¥ pax. (carbon tetrachloride) 1779 cm”l)

(Found: ¢, TH.81: 1, 10.423 Cp1HM3402 requires €, 79.19: H, 10.763).

Ae before, 211 other fractions were oils.

Attempts to isomerise Lumi X1 in Acid Wedia, Unchanged starting

material was recovered in essentially quantitative yield from the

following experiments.
(i) Lumi-x; (1.8 mgms.) was dissblved in acetic acid (1 ml) containing

sulphuriec acid (concentrated, 0.2 ml.) and refluxed overnight. ‘Vater
and/
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svd ether were added and the etheresl soluiion sorked up in the usual
TRY e

(1) Lumi-¥3 (2.5 mens.) was diseolved in scetic acid (1 ml.) con-
taining hydrogen chloride {concentrated acid, 0.15 mls.) and trested
ag above,

{(i11) Lumi-X1 (28 meoms.) wss dissolved in chloroform (5 mls.)
ethanol (5 mls.) and hydrochloric acid (councentrated, l.) mle.) and
shaken for 1 weelk. The orgsniec solvents were washed with water and
worked uo =2z befora.

Pyrolysis of Lumi-X1. Lumi X3 (58.6 mums.) wes vaporised into a
stresm of nitregen znd passed through a tube heated to 5409C. The

products were recovered Pfrom a irap (32.9 mgnz.) cooled in aeetome/
drikold cond by extraciion of the pyrolysis tube (38 mgmas}. The
latter crystallised and, after recrystzliisation from petrol, was
identified, by mep. (154 - 15590), mized ~.p. 2ad infrared spectirum,
ag coafertifolin.

deduction of Lumi A1 with Githium Aluminium Hydride. (1) =

saturated solution of lithium aluminium bydride in ether (15 - 20 mlre.)
wae added over a period of five minutes to 2 well stirred solution of
lumi X7 (9.5 mgms.) in ether cooled in s bath of acetone/drikeld. The
resction was thern allowed to come to room temperature and was kept ihms
overnizht. Excose reducing agent was destroyed with eithyl scetaie,
water wan aided, the otherenl solulion sensroted, washed and driad.
The produet (.8 m:ms.) s78 anslysed by me-ns of alumina impregnsied
paper in 10  gm. allquois. “his indiczted the presence of a’ lenst
three components. (ii) A sclution of lumi Xy (19.7 mgmes) in
tetrahydrofuran was run inte a stirred slurry of lithium smluminiuwm
hydride in the same solvent. When the addition was complete, the
veaetion was refluxed for 1% ~ 2 hours. Excess reducing agent =#zo
destroyed with ethyl acetste, ether and water were sadded and the
ethereal solution worked up as before. The product ( \ mey, 3600,
3350 (free znd bonded hydroxyl) 1390, 1365 (rem dimethyl) cm-l) wag
chromatogranhed on slumina (grade ¥),.

That/
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hegnn ic melt at ea, 20990 put solid shill
chloroform in hencene {1:1 v/v) there eluted 2 small cueantity of a
/ y
further erysitalline compound which, after recrysitallliszation from
A ,

N

hexane melted at 202 - 2109C { N .. 3000 {free hydroxyl) 3350
(vonded hydroxyl) 1390, 1365 {mem dimethyl) eml).
{iii) By dunrlicetion of the nreviocus procedure, 20 mgms. of crude

reduction produet were cbtzined from lumi Xy (22 mgms.). On

chromatoprs: crade ¥ nlumins and elution with bengene there were
obtsined 1¢ mens. of material “eve 199 = 2099C ( ¥V gag. 3600, 3350,
1390, 13165 eﬁ'1)¢ teextment of this with hydrochleric zcid in
chloroform snd recrystaliisation of the product from hexane gave prisms
Mepe 256 = 259°C (v max.lB?ﬁv 1360, 1005 (szturated ether) cm”l“,
{mol., wt. {mass specirometer) 444).

{(iv) ineduction of lumi xq with iithium slusinium hydride (80 meme. )
in tetrahydrofursn at refluz gove 25 sgms. of product after work un in
the usual way. Addition of a litile ethyl acetate to this,
filtration, and recrystallisaiion of the residue from the same solvent
gave needles m.p. 220 - 2219 (with » few crystals remaining in the
liguid meld until 2379C) (5.9 mgms.). Acetylation of these with
agetic anhydride (12 dvops) in pyridine {10 drons) overnight gove en
01l {1101 memse) (X pax. 1740 (acetate carbonyl) 1390, 1365, 1240
(reewnia) j.

(v) Lumi-X; (11.4 news.} w05 dissolved in pyridine and lithium
aluminium hydride powder asdded directly (113.4 mgms.). After the
initial vigorous reaction hed subsided, the flask was stoppered and
allowed to stand for thrae hours. The reaction mixiure was thrown
into dilute hydérochlorie acid and the resulting aqueous suspernsion
extracted with ether. Vork up in the ususl way geave a semi-
erystalline solid (12.8 mgms.) chromatography of which on silicn gel
and elution with chloroform in benrene (1:4 v/v) gave a fraction

(3.2 mgms.) from which orisms m.p. 255 -« 2579 were obtained afier =
further separation on a prenzrative scale chromatoplate. The

chromatoplate/




ghroneianisbs indicated the rreseace of two oither compounde, one of

whickh was siarting azterisl.

Szponitication of Lumi~ii. Lami X3 (15 meme. ) was refluxed overniihi
in etaznol (20 mle.) contalning zodium hydroxide (200 mgms.) The
solution waz taken to dryness under reduced pressure and the residue
partitioned between ether ond water. tandard work un of the ether

save lumi X3} (14.7 mems.) identified by m.p. (290 - 2940C) and mixed meps
In & contrel eoperisgent, gerformed under similar conditions, only
1.9 mame. clge~dihydroconferiifolin was reccvered from the
saponiticetion of 11 mums.

Treaotmnent of Lumi X1 »ith Poltassium Cy= midedl, Lumi X3 (33 mEma. )

wes intimately mized with powdered potassium cyaznide (2,4668 gms.) and
the mixture placed in & nyrex tube. The tube was evacusted, sealed and
then hested to 36000 for four hours. {m opening, the contents were

pertitioned bhetween sther and waisr. The neutral fraction (5 wvome.)

then obtained Ly weork o the sther was not further examined,
seidification nnd re-exiraction of the szqueous phase yielded 18.3 mgms.
of & seni-crystalline solid exhibiting an infrared spactrum
characteristic of a2 carborylie ncid. ‘Thigs product was hydrolysed by
refluzing overnipght in 45 notassium hydroxide solution (5 mls.).
Acidification and work up in the usual way yielded a brown gum (20 mpms.).
pddition of ethyl acetate and several recrystallisations from the same

golvent pove white uecdles {2 moms.) mene 208 ~ 2119¢.  These 2lso had

absorption in the infrarved itypieal of carboxylic acids (‘Q’ max. 1110
en~l).  Treatment of the mother liquore of this acid with acetic

anhydride and sublimation of the product at 10"3 ma. Hg. gave a mixture
of substances (V  pap. 3100, 2650 (carboxyl oa) 1805, 1750 (strain -
free anhydride) 1710 (carboxyl) om™ )
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APPROACHTH 10 TUE  SYNIHISIS 0P COArpuTIFOLYY

DFe-0DUCTION.  This investigation was instituted as & resuli of

certain natural disassters in Chile.

v The low yield of products obtained in the photolysis of
confertifolin (see page»§5 ) meant that these investigations require’
a considerable invesiment of materi=zl. Our original stock of
confertifolin was in any case small, and the events in 8. America led
us to fear that we would be unable to obtain further supplies for some
fime.

The availability of more liberzl supplies of drimencl (1) led us
fo investigate methods of synthesising confertifolin from this compourn:
as a possible solution to the problem. The first part of the work
described in this section is, therefore, a search for a practicsl, hig:
jield, synthesis of confertifolin from drimenol. Such a conversion
would constitute a formsl totzl synthesis of confertifolind’, Yhen it
became clear that this objective would not be accomplished, we had
aequired a little experience and a considerable interest in the
synthetic applications of nitrite photolyses. The latter part of this
section represents, therefore, an investigation into the scope and
applicebility of the Barton reaction32 as applied to a simple system
such as drimenel (9, R = E), offering two alternative sites for

:lﬂéac tion.

s
B



7

SRS

UgoERVATIONS Oy NTHAMOLECULAS  HYDROGHEN  asBiwaCiTon

CPTDOA £
AEACTIONG.
PRSI R

Qf recent yesrs, a number of reacticns, which way be classified
as hydrogen abstiraction resciions, have joined the older Hoffman -
5, 26, : 28
255 20 2Ty 29 45 nids to the

aynthetie organic chemisi Tor the introduction of functional grouns on

DYy,
Loffler - Freytag reacliion 23, 24,

unactivated saturated carbon atoms. The thermal decomposition of
diazo ketonesgg, the lead teira-scetate induced cyclisation of
alcohols30s 31, the photolysis of nitrite esters3?r 33s 34, 35, the

photolysis of hypochloxites36, the photolysis of alkyl3T and aey138
pzides, and the vhotolysis of ketonessg’ 40, have all been utilised in
elegant partial syntheses of unusually Tunciionslised natural producta
such as a2ldosterone3dand commesrine37.  These resctions have all been
showmn to be critically dependent on the steric Jjuxtaposition of the
aotivating group =nd the site to he aciivated 29 26, 32, 34, 39
Given this, s mechanistic point of some interest arises from the
observation that the snecific intramolecular hydrogen abstraction in
the reactions of nitrite esters and zllkyl and acyl azides occurs only
when the reasction is photochemicully induced and not at all in the
corresponding thermsl reaction 32, 34, 38. A ressonable explanation
of the effect has been advanced by Edwards for the case of alkyl and
acyl azides38. e sugrests thet the nitrene, which can be produced
tharmally or photolytically, undergoes, in the latier case, z transition
te 2 triplet state which spsecies then rescts with the appropriste ¢ - H
bond. Objection might be raieced to this explanation on the grounds that
Smolinskydl has adduced evidence for the intermedizcy of iriplet nitrene
in the thermsl decomposition of some aryl sszides. In Taci, 3molinsky41
and Smith and Brownt? have chserved thermally sctivated intremolecular
hydrogen abstraction reactions, e.g. the trancformation of ¢ - azido -
cumene (26) to 3-methyl-2, 3,-dihydroindole (27) and of o=-azido-
phenyleyclohexane (28) %o hexahydrocarbazele (29), unzlopous to the

photochemically imduced rezetions of azides reported by ﬁartan371 The
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discrepzncies in the results of these various authors czn be
rationslised if it is suprosad that the magmetic currents sssociated
with the 7% electron system of the aromatic ring in {26} nnd (28)
facilitate spin orbit interaction 435 44 in the nitrene intermediate
and thus increzse the probability of singlet-irinled traasitions.

In support of this postulate, it may be rnoted that while most
carbenas45behave in a manner to be expected of 2 singlet species,47’ 4
it has been suggested that diphenylcarbene exists as a triplet45,

To explain the corresponding superiority of photochemical over
thermal activaiion in the reaciions of nitrite esters, Bariton hzs
sugyested that nitrite photolyses involve an "activaeied” alkoxyl
radical produced by O-H bond fiﬁsion34. ‘The nature of the "activation”
is not specified but, since these resctions occur in pyrex vessgels, it
gannot be electronic in nature Tor no suitable transition is available
#ithin the permitted enersy range. Vibrational asclivation is, of
course, possible, but it is very difficult to see why a similazr effect
could not be produced thermally. In sddition, the cohservation, by
Mills and Petrovd® that 6L ~methy1—andrestame-3:£ ’ 17{3 ~diol-

6 A nhypochlorite-3, 17-diacetate (30) could be rearrangeé to the 19«
chloro~6 /§ ol (21) with nmrobisisobutyronitrile in cyclohexane under
pitrogen, renders the concept of an "activated” alkoxyl radieal
Unnecessary. That an alkoeoxyl radicsl is an intermediate in these
reactions is beyond dispuie. The alternative reections which have been
shown to ocour (G-C bond fiszion, disprosortionation, reaction with oiher
~radicals etc. see reference 32 page 52) are typical of such ﬂpecies49,
yiven that the observed hydrogen abstraction reactions are
sterically favoured, the known dissociation energies 49, 50 of ¢~H and
O;H bonds suggest that abstrzction of a primery H atom by an alkoxyl
rédical would bhe exothermic to the extent of about 1 - 6 Kezls. per mole.
The failure of the thermal reaction must therefore be kinetic and due ic
the absence of the requisite activation energ; ( 3 = 7 -cals. per mole.
for C-H bond fissioni?). further, in the thermal reaction, the system

must/
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must be unable to invoke mechanisms czpable of lowering this zotiwvation
enersy. #ith these considersations in mind, the following mechsnism is
provosed.

Orgel has attributed the absorntion band of nitrites in the 490 q#
region to an n—¥ tronsition invelving the lone p2ir electrons on the
nitrogendl.  Accenting this, the initizl step in the photolysis (aee
scheme I) will be the nromoiion of a non-bonding electron into an
ghtibonﬁing orbital between ¥ and 0. The other D= bond may then
fisslon in the manner shown o reconstitute the lone pair on nitrogen.
A Binglet -~ triplet {rasnsition of {the photo-excited NO entity is now
envisaged 1o produce an ensrgised dirasdical. It is likely that the
friplet WO has & 1ifetime relatively short for such specles since
otherwice reaction with solvent would be aﬁticipatad52. devertheless,
the evistence of an intermediste in the resciion scheme with‘a finite
lifetime saticfactorily rationalises those resctions involving
alternative schemes of decay for the alkoxyl radieal (vide suara)32’ 53n
The nature of the stern (IV) - (V) znd the influence of the trinlet
species requires some comment. The effect here operative ie cone~
sidered te be an “assistance" of C-ll bond homolysis by the paramagnetioc
influence of the trinlet 10, Such an effect is not dissimilar to that
noted for paramagnetic spseies in cis trans isamerigation63’ 595 m,
Hore immedintely analorous in the vpresent case are the catalytic effects
noted for ortho subsiituted iodo 12 znd sulphide o4 groups in the
decomposition of tertiary butyl perbenzoates {35, R = I, CH35 or C6H5S).

The effect in (35, R = I) has been ascribed to the inhomogeneous magnetic
Pield sssociazted with heavy atoms7l which catalyses singlet triplet
transitions in the 0-0 bond. For the case of (35, R = CH3S and 06858),
the concent of M"anchimeric assistance of bond homolysis" hes been invoked.
Fvidence for such & concent from considerations of activation entrony
has been presented 54.

The effect of trinlet N0 on the C-H hond is not cnchimeric
ascistance but is more accurately described as second order homolytic

substitution/



[ da

Pl e

guustituiion. g% writien in (M), the process is almost cerisialy
fully concerted =with transfer of the hydcogen rtom to the a2lkoxyl
radical, Thus the overzll effect of the triplet HO entity (and hence
the influence of irradiation) is to mzke availeble s mechaniem with
a low activation energy for the sten:

RO H-C ROH C.

In what has cowme to be regarded as the normal mode of reaction,
(V) will collapse to the zround state by any one of the normal
mechanisme43 to produce a hydroxy nitrogo compound or equivalent
(as VI).

In thome rezctions (e.g. 36 37, see reference 32 page 48) which
have been reported to involve alternative modes of decay for the
hydrocarbon radical3?, the intermedizey of (V) now provides an
alternative explanaiion of itheir mechanism. These reaction332 involve
.Qarbonyl groups and it would be surprising indeed if these were not
themselves photomciivated. The mechanisms may then be writien as in
schemes II and IIT.  Since there is good evidence for the existence
vof carbonyl triplets during photolyses (see section 2 for leading
references) these reactions would be expecled to be expecially
favoured for they offer to the two triplet species a non radiative mode
of cbllapse to the singlet state by mutual interaction.

e B T Py SO O
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APTEOACHRS gy wIW aysIHESTS O CONFELTIFOLIN
Hesults and Discussion, The eonversion of (1) initc (2) involves,

essentizlly, the oxidation of a2 methyl groun attached to a dcuble bond.
An obvious difficulty is that the Cg methylene group provides an
alternative site for oxidative attack, In the beginning, our hopes
rested on the poseibility that the €y pem—dimethyl grouping would
provide a2 steric shielding effect sufficient to permit preferential
oxidetion at the (12 methyl. #e were encouraged in thig hope by the
examples provided by the oxidation of lupene-1 (3) te lupenal-l (4)7 an
of (5) to (5)8, both with selenium dioxidetr D3 Os 2,

Treatment of drimenol (1, ¥ = B) with selenium dioxide in benrene
and of drimenyl ecetate (1, R ® Ac) with selenium dicxide in acetic acis/
dioxan solution produced intractable oils with discouragingly complex
infrared spectra. These, together with the failure of the oils io
resolve, to sny marked exient, on chromatosraphy, indicsted that these
reactions had not exhibited the antieivated specificity.

Although there is, to the author's knowledge, nc example of tertis:y
butyl chromatel®s 125 135 14 p.v4npe voon ueed to oxidise = primary
allylic position to zn =zldehyde, we were stirscted next to this reagent
by virtue of its, neecesszrily, considersble steric bulk. Thie, it was
hoped, would accentuste the difference in ease of approach to positions
6 znd 12 of drimenol (1) referred to above.

The product resulting from irestment of drimenyl scetate (1, R = Ac)

with tertiary butyl chromate in acetie scid and acetic anhydridelg was
again a mixture of some comnlexity. ¥o attenpt was made to senarate
this mixture. Instenad, it was oxidised immediately with moist

alkaline silver oxide =znd the resuliting product was separated into acid
and neutral frections. Tha Tormer appeared to no longer possess
unsatursted linkages (no ultraviolet sbsorption above 200 mm ) That
the earboxyl group had not arisen from oxidaiion at {1, was Jdemon-
strated by the failure of the acidie material to lacionise on base
hydrolysis and tresiment of the hydrelysate =ith hydrochlorie acid in

- : e o R P . B - O
chlorofarm. The ol treeviolat moactrwa of the seatral ovoduet woud
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guggest that the double bond hed migraied to the 3 T4 posivion snd
that Gy had subsenusntly been oxidised. The projuction of »iperi-
tenone (33) from tertizry butyl chromate oxidation of limenene (32)

provides snalogy for such & shiftlﬁ.

The intensity of =bsorpiion in
the ultraviolet, ihe complexity of the infrared snpectrum and the
chromatoplate evidence =1l clearly show that the oxidation was not
straightforward.

Reaction of drimenyl acetate (1, R = Ac) with N-bromosuccinimide,
a reagent frenquently used to introduce bromine to positions allylie ¢
double bandsl, gave, a8 expected, a compound containing halogen.
The infrared spectrum of this material ( ¥V pax. 3430 (hydroxyl)
1730 (acetate) 168D (eneone) cm—t (1iquid Tilm) )} suggested, however,
that concomitant hydrolysis and other side resciions had occured.
¥1ld Hydrolysis removed the halogen bui the resulting material was
resistant to oxidation with either manganese dioxide or Jones's
reag@nt59. It seenms prohable, itherefore, that the bromine has
-gubstituted at 69, the energetically favoured peint of attack.

Manganese dioxide is not normally uged directly to functionalise
allylic positions but rather to oxidise allylie nlecohols to the
gorresponding C&rbomylsg. Thet 4t can sleo fulfill the former
function was indic:ted by other work in these leboratoriesl?,
max. 3900 {hydroxyl)
1730 (2cetate) 1680 (eneone) em~l (1icuid Pilm) ) =ome oxidation

As judged from infrared evidence, ( v

occurred when drimenyl acetate was shaken with mangenese diexide in
petrol solution. The observed changes were considerably enhanced
when the rezciion was performed under an stmosphere of oxygen. The
resulting oil contrined starting meterial and two other constituents.
The nltraviolet and infrered spectra of the mixture ( v _— 3500
(hydroxyl) 1730 (zcetate) 1680 (eneone) cm~l (1icuid film); N g, 2415
248 mm (both shoulders in the end sbsorption band) ) suggested thzt
the two unknown comnounds might have the structures (7) and (8)16@

That no oxidation had cccurred at Cy, was demonsirsted by senaration

of/
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of the non-hydrozyliec consonent of she =mixture {(by Alstillation) =ad
treating it with silver oxide. Bo meidic metesial could be lsoloted.
it is unlikely that 2 hydroxyl group could supvive a5 sueh on Cyo
during trestaent with mansganese dicxzide.

Applications of the Rarion neaciion ite Drimenol. Trentment of

drimenol (1, B = H) with nitrosyl shloride in nyridine, using conditio
similar to thome demcribed by Barton and Bentonl T nrovided drimenyl
nitrite (1, R = 10) as an unstable yellow oil ( ¥ ... 1650, 1600, 80
(811 nitrite) Gm"l}. It was found convenient to irradiste this
materiz) directly without further purificstion ns attempis to purify
it proved futile. Chrom=toyraphy of the product resulting from
irradiation of (1, I = Y0) gave, as ithe oole crystalline vroduct,
drimenol (1, R = ¥). The more nolar fractions from the chromstorranh.
were combined, hydrolysed with lagvalinic scid znd bydrochloric acid
and then treated with moict esilver oxide. The stercochemical rejuire-
ments of photolytic oximation (vide supra) are auch that, had any oxime
besn produced, this remction sequence would have converted it to a
lactone. The non-zpnearance of such a compound indicates, therefore,
that i€ any oxime resulted from the irrzdiation, it was not a major
product.

Studies on the Shotolysis of 8 ﬁ Drimenyl Hitrite. During our
experiments on the irradiaﬁi@nrof drimenyl niirite, the possibility of

using the reduced compound, drimanol (9, H = H) a2s 2 model for further
agtudiesz on niirite photolysis was concsived. The compound @25 CON=
gidared to be well =zuited to ihis purpose since it has two methyl
groups suitably nlaced sterically to undevgo the Barton reaciion but
differing in thot one is atisched to a tertiary site and the other io
& fully substituited carbon.

8 £ Drimanyl nitrite (9, R =N0) (¥

3500, 1650, 1600,
800 (1last three vesks due to nitrite) em™l A 233, 334, 344, 356,
MAXe

370, 384 mp ) was prepsred from drimencl (9, B = H) with nitrosyl
chloride in pyridine. iesidual iraces of unchanged aleohol (3500 em
peak in infrared) were removed by chromatosraphy nnd the purified

: /
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meteriel was iceadiated in beunsens soluition. Taore crystellised
spontenecusly from the resulting oil, on oxime { V7 .. 3623, 3554
and very broad absorpiion between 3400 mnd 3100 em™t)

shown to be 13-oxinminodrimen-iZ-ol (13).  This was

converted to the corresponding acetoxy aitrile {10, & T 4c) { Q’
2230 (nitrile), 1735 {acetste), 1399 and 1365 (gem—dimethyl) ) =ith
refluxing acetic snhydride. The ncetoxy nitrile was a colourless oi
Hydrolysis of this o0il in aqueous notassium hydroxide afforded the
hydroxy nitrile (10, & = H) in 77% yield. This, on further hydrolys

with conceantrated hydrochloric acid in ethanol gave, in hizgh yield,

the imino lactone (11) ( max. 4700 (¥H) 1650 (C= ) cm~}) which was
emoothly converted to driman-13, 12-olide {12) ( ¢ pux, 1770 ol

~‘(-lactsme) ) on further mild hydrolyeis »ith dilute hydrochloric
- acid. The lacione (12) could also be prepared gquantitatively from
(10, k¥ = B or R = Ac) by hydrolysis with 504

sul phurie acid.

The structure of {12) is based on ite mode of genesis, the
spectroscopic properties given above and, more wnarticularly, its
nuclear magnetic resonance spectrum (figure 1}. The exisience of
the methyl at €33 on a carbon zlso carrying hydrogen is convincingly
demonstrated by the doublet centred at 9.09¥(J = 6.6 c.p.s.). The
singlet at 9.07 occurs in the same range as do the methyl protons in
cis and trans dihydroconfertifolin (14 and 15 respeciively) and must
be due to the enuantorial methyl al C4. The axial methyl at Oy hasg
‘& signal at B8,83vrevrescuting » deshielding of soproximately 0.3 p.p.m.
from the equivalent grouping in (14) and (15). This accords well
with siructure (12) in which the axial methyl at Cy is so placed
relative to the carbonyl at Cy3 as o be magnetically deshielded by
- the anisotropy of the 1aiterl® 19 tne lowest pesk occurring in
the complex absorption between T.9vend 8.8vin (12) has a shift of T.87
which is higher than the corresponding value Tor (14} und
considerably higher than that for (13).  The absence of a proton
to carbonyl is therefore indiczied, but the point cannot be made

+ 1

unegquivoecally since irans-gnacae manisiroplc effects of ithe carbonyl

may/



may lead to anomaliss here z2lso. The low Tield abacrntion of the
11 methylene groups ceantered at 5.7 4akes the form of an 45 spectram
with JAE/ér5N’>’1? with the Cg proton coupling with only one Cyy
proton to form a secondary doublet (J = 2.4 c.p.s.). The AB counling
constant (Jﬁjﬁ = 5 con.8.) im lower than would be expectedtd apnd lower
than the coupling constent in trens dihydroconfertifolin {15). Low
values of J,p have been obzerved for other sysienms 21, 22 but the
explanations there offered would not be avpnlicable to the present case.
The materials produced slong »ith (13, R = H) in the irradiation
were examined carefully by various anslytiecal tschnigues in an
endesvour to establish their noture. The original irecdisiion »roduct
wag a dark brown 0il sntt the colouration nersisisd ihroush all the
fractions collected on column chromaiosrsphy. It could, howevery be
removed by vapor phase chromatogravhy, sugeesting that the colour was
due o polymeric msterisls of high melecular weight znd low volatility.
By vartition of seversl fractions from columm chromasitography on =
vapour vhase chromstopranh, the presence of drimancl in s number of them
wags eatabhlished. The fact that deimsnol is »resent in chromstograrvhic
fractions ¢ollected over a wide rinse of solvent polarity sugrests that
1t occurs not only 23 suckh bul 32 2 Aspivative or derivatives cepable
of decomposing to drimanel on standing or on being vapourised in the
vapour phase chromaiogranh. Those fractions similar in chromatograshic
polarity to (13) were rafluxzed in zcetic snhydride and the product
examined for nitrile absorpiion in the infrarved. In one case, 2 small
peak was observed at 2250 el but subsequent recctions designed to
produce the lactone and chromatographie analysis of the product failed
to produce evidence of dihgdroconfertifolin, That the desired
irradiation product iz not present as the nitroso-dimer is evidenced by
the absence of absorniion above 250 m)r in the ultraviolet spectira of
any of the chromstogranhie fractionm,'by the failure to nroduce the
monomer thermally under the conditions of vapour phase chromatograchy
and by the failure of refluxing with hydrochloric zeid in ethanol to

produce/



produce any change in a veoresentative number of chromstographio
PraciionsdS,

Complementnry to the vapour phase chromatogranhy studlies, several
attempts were made to raduce dihydroconfertifolin (14) to the hydroxy-
aldehyde {16, X = 0) in order that, by converting this to the oxime
(16, ® = %0H), we should have had availsble a reference compound {0
ald these gtudies. Severzl reagents of revorted subilety were tried.
Thus, bigeJemethyl-2-mtylhorane 59, 50, sodium borobydride, diboranebl
and lithium aluminium hydeide in ﬁrieﬁhylmm&neﬁg were tried in turn
and produced the diol (34), siarting material (14) or both. In the
case of lithium aluminium uydride in triethylamine e oroduct having
an infrared carbonyl band at the position zipected for sn aldehyde
was obirined. The subseqguent behsviour of thiz commound makes it
likely that it was = mixture of eis dihydroconfertifolin snd the diol
(34). The infrared carbonyl abzorpiion may have been affecied by
intermolecular hydrogsn bonding.

These resulis, while not conclusive, indicate that ne ll-oximino-
drimanol (16, R = WOH) is Tormed during the photolysis of drimanyl
nitrite (9, & = H0). Since, on puper, the methyl groups at €11 and
013 are sterically equivslent with respect to the nitrite function,
the non-appearance of (16, & = WOH), or the equivelent nitroso-dimer,
must be due either to subtlie conformational effects or to an
alternative mode of decay for the carbon radicsl {(or itz egquivalent -
see section on mechonien) &t Ciq.

That some conformational distortion should arise as a result of
the 1:3 disxial intersstions between the meihyl groups on 64, C10 and
€8 seems likely. A similner, single, 1:3 diaxial interaction between
the methyl groups on (5 and Gg of friedelanome (17) has been ascumed
to cause & conformational distortion large enough to desztabilise the
4 Ci\mathyl epimer and nrevent ite Tormation during bese equilibration
223 56. The distortions required to minimise these interusciions in
drimanol would produce a nignifiecant distinotion in the positions of
carbon atoms 11 =2nd 13 relative to that of 12 only whken their magnitude

L /
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was such ag to give ring B a "host" or st least a “"skew? conformation.
The inveocation of zuch & conformation Tor ring 2 hse no 2nalogy in
decalin systems not contuining n carbonyl functiion. The comnlsate
zbsence of (16) would therefore be Jdifficult to rztionslise on purely
conformationrl argumenis,

The oclenvage of the (-H bond at €8 would produce an electronically
favoured tertiasry radiesl. Studies by the Schering group32, however,
have shown that steric considerations are much more important than are
electronic in nitrite nhotolyses. However, if we invoke the
intermedizey of an initislly formed triplet C-nitroso entity (18, vide
supra) = mode of decay alternstive to physical energy loss (to give
the C-nitroso compound snd hence the oxime 16, R = ¥0OH) such as
indicated in (18) -~ (19) might be enviseged. The conformational
factors referred to above can be considered to provide the driving
force for this route, which, of course, is not available to the
trivlet C-nitroso species formed =t Cy3 en route to (13).  The
initislly produced N 8, 12 drimenol might survive as such or utilise
the mechanisiic path shown to form nor-drimene (20).

In the ecase of drimenyl nitrite, the most stsble conformaiion is
such 28 to render atiack on Cy3 unlikely.  Atdack on Cqj would be
expected, because of the 2llylic character of the resulting radieal
(Or equivalent) =nd of the known relative stabilities of primary and
pecondary radicals, to undergo subsequent rearrangement. A possible
route is cutlined in the formulae (22) - (24). Attack om Cy is also
sterically feasible, ’

The production of confertifolin from 8  drimanyl nitrite during
a resction occurring under uncontrolled conditions (unfiltered
radiation, very high temperature, large temperature gradient) has not
been revezted under conditions where the phenomena occurring are better

understood.



For genernl experimental proceedures zee page 1&

Attemnts to Oxidise Drimonol.

Treatmant of Irimenol with Selsnium Tictide in Denvene. Primanol

(1.142 gme.) and selenine dicvide (resublimed, 0.7428 gms.) werve
refluxed together in bensena Por two hours. The 5uluﬁicm; after
cocling, was Piltered and the Tilirate freed of solvent under reduced
pressure, There resulted n yellow mobile oil (1.5154 gme.)

(¥ max. 3450, 1800, 1760, 1710 and 1680 crml (13quid Pilm) ).
Chrometosreapay of this oi) on =lunins {rrsde TIT) friled to oroduce a
eleen senaration rnd the infroved opectre of the individuzl frazctions
indicated them to Le cowplex mixturesn.

Treatment of Drinenyl icetuate with Selenium Diozide. Trimenyl scetatlr

prepared as previcusly d *eviﬂfé53 (1.09% gme,) was refluxed with
selenium diozide {0,0023 rme.) in o wizture of dloxsn (100 mls.)
acetic acid (glaci=l, iuQ mls.) for 1 hour. The solvenis were thenm
removed under reduced pressure, the residue was talen up in ether,
Tiltered, and trested with precipitzsted silver tov remove selenium.
Removal of the ether yielded o yellow oil {1.0378 sme.) (O pax, 3400,
1730, and 2 compiex seriec of shoulders from 1680 to 1550 em~l),
Chrometography of this on slumina (grade V) gave, apari from drimenyl
acetate (277 mpms.) eluting in earbon tetrachloride snd identified by
its infrared specirum, = series of fraclions with a ainimum of 4 peaks
in the carbonyl region of the infrared. Only material eluting in
benzene in cerbon ietrachloride (1:4 v/v) (90.1 mgms.) grmve a simpler
max. t 130 1620 em~l) tut s sertes of shouldere betweon

1650 =2nd 1550 el indinnted that this, toc was o complex mizture.

gpectrum {

Trestment of Drisenyl ccedszte with Tertiney Butyl Chromute. Drimenyl

acetate (753.7 meme.) wan diseolved in carboa tedrschleride (D mis.)
snd this sglution was hented to relflux. A solution of meetie acid
{(2.25 mls.) ncetic =nhydride (1 ml.) =nd tertisry butyl chrom:te
(75 mls.)/



{(Tey Mmlge) wim ndded dropwise over ~ nervicod of % hour. The renction
gag clirred overnisht st rellur temperstura. Szulie acid was then
added in water wiih dce cooling nnd vigorous stirring. rore wnter and
carbon tetrachloride were =added and the bwo layers sepsraicd.
Bomulgifiecation provided mome ALfPiculiy st this gtage bul the emulsion
was effectively broken up by elov filtration through celite. The
organic¢ layer wos worked ur in the ususnl way and, on removal of solvent,
gave a yellow oil (335 mems.) ( ¥V pax. 3430, 1800, 1730, 1690,

1680 cm=l).  This oil wes 2dded dropwise in ethanol solution t¢ an
alkeline susvension of silver oxide (5 mls. of 209 sodium hydroxide
solution 290 mme. silver nitrste in 5 wmle. of water) and the
reaciion was stirred under refiux for cne hour. Piltration and
removal of solvents followed by partiftion between bicarbonate and sther
gave, zfter normal work up, 52.0 mgms. of nentral nroduct and 130.4 meme.
of seidic materisl. A chromatorplate aanlysis indieated that the
neutrzl oroduct had 4 conneonents and the neidie moterial had 2. The
neutral product had { I .., 3500, comnlex carbonyl region with peaks
at 1705 =nd 1680 em-1, ?\max. 243 mjr & ng. 29000} and the acidie
material had (extremely brozd complexz OH snd carbonyl regions, no
ultrsviolet abscrpiion above 200 mm ). Pasic hydrolysis of the ncid
fraction (ethsnolic sodium hydrﬁxiée} followed by treatment with
hydrochloric acid in chlorofeorm fziled to preduce any lactonic materisl.

Trestment of Drimonyl Acelnte with YMenganese Diozide. Irimenyl

acetate (517 memn.) and mengnnese diozide (2.3 gms.) were shaken
together in peirol for 40 hours. Filtrsiion, trituration of the
manganese dioxide, snd removal of solvent gave a product which had dwo
peaka of low intensity in the infrared at 3500 2nd 1680 em™1 SUDPE L~
imposed on the spectrum «f drimsnyl aeectate. Trectment of the product
for s further 24 hours with asngnneze éioxide produced little further
change. The materizl now recovered was once more dispolved in netrol
and exzcess mengansce diczide zdded. This slurry was then shahen
under a smell veositive »rassure of nure oxysen in « hydrorensation
apparatus. York up as above yirclded material whoze zboorntion in the

infrared/



faveeread ab e 1 @y £ anetdors - anhionoed, Che
ultraviolet spectrum hed fwe zhoulders et (in the otrong end obesorpition,
227 and 248 m/J~ o Chromatonlate snalysis indicated the pressnce of
3 major comgdﬁents? one of which wam starbting materizl.

Pigtillation under reduced pressure (10’3 mme. Hit.) geparated the
mixture into hydroxylic and nom hydroxylie fractions. The none
hydroxylic fraction was treated with alkaline silver oxide in ethanol

for two hours, worked up in the

neutral poritions. The neutrsl

(m.p. over a range to 2009C) { ¢ nAx. 3607, 1680 om‘l)

frrotion was negligible.

Treatnent of Drimenyl lcetate

with K-Bromo-Succinimide.

usuzl wey nnd separsated into acid and

fraction gave semi-crystalline material

The =mcid

Brimenyl

acetnte (236 mgms. ) was dissolved in enrbon tetirachloride and placed ir

é quartz flask. &

suspension of H=-bromo-succinimide (145 woms.) in

carbon tetrachloride (B mls.) and a trace (cs. 10 mgms.) of benzoyl

peroxide were sdded.

light for 5 minutes

The mixture wis

and then allowed Lo stand overnight.

irradiated with ultraviolet

Piltration,

to remove succinimide and N-bromo-succinimide, and removal of solvent

gave @

(

S
N maxe.

solution at (O°C. The

glurry wag briefly refl

light yellow oil (226 mgms.) giving a positive Beilstein testj
3450, 1732, 1680 em~1),

and solid silver carbonate (ezcess)

This o0il was dissolved in dry etuer

&

wag slowly added to the stirred

luxed, cooled and filiersd.

Removal of solvent gave an oil si1ill ziving a2 positive Dellstein test.

The silver carbonzle trextment

gdded to the slurry.
N

to the Beilstein test. (v - ..

Trestment of this oil with

o
wWa

8 roapesnted with a2 1iitle water being

This zfTordied an 0il with a negative renction

3400, 1730, 1680 cm™1).

manganese dioxide in chloroform

(shaken for 24 hours) or wiih Jones's reagent59 (chromium trioxide,

sulphuric acid, acetone) at room temverzture produced material whose

infrared spectrum A4id not Aiffer significantly from that of sterting

material.

Applications of the Barion

keact

ion to Drimenol.

Treaztment
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frextment of Drimenol with Witrosyl Chloride.

(i) Drimenol (1.1381 gus.) was dissolved in vyridine, the solutiom
cocled in an ice brine bath and vigorously stirred while nitrosyl
chloride (prepare& by the method of Lorton and ﬁilcoxéa) was alloved
to condense into the solution. After spproximetely 4 hours, water
was carefully added to the solution followed by ether and the two
layers were allowed H0 separate. The ether layer was washed with
waier, very dilute hydroechloric acid, sodium bicarbonate and water and
dried over sodium sulphate. On removing solvent, drimenyl nitrite

(1, 8 = 80) ( & max.3500, 1650, 1600 and 1550 cm~1) was obtzined.

An attempt to purify ithis nitrite by distillation under reduced
pressure led to severe tarring and loss of material.

(i1) Drimenyl nitrite (1.0732 ams.) ( ¥ max. 1650, 1600 and 800 cﬂ“l,
negative Bellsiein test) was prepared as above from drimenol (1.20%52
gmse) . Chromatoplate snalysis indiczted the presence of 5 components.

Irradiation of Drimenyl Nitrite. Drimenyl nitrite (0.5 gms.) was

dissolved, without further purification, in benzene (20 mls.) and
irradiated at 10°C in an atmosphere of nitrogen with a Hanovia ultra-
violet lamp fitted with a pyrex filter sleevé. The irradiation was
continued until the infrared spectrum (tzken on aligquots removed from
the reaction) showed no further changes (disappesrance of the two
bands at 1650 and 1600 Gm‘l). This required ca. 19 hours. Solvent
was then removed and the resulting dark brown o0il chromatographed on
silica gel (standardicsed to grade V according to the proceedure of
Hernandez et a165). Hexane eluted an oil (194.1 mgms.) having a spot
pattern on a chromatoplate identicel to that ofkthe irradiztion product.
Benzene in hexane (1:4 v/v) eluted crystzlline drimenol (148.4 mgms.)
identified by m.p. (93 - 9500), mixed m.p. and infrared spectrum.
Fractions eluied in more polar soclvents to chloroform showed little
variation one from another in infrared specira. These were,
accordingly, combined (127 mgms.) ( N max. 3400, 1810, 1710, 16320,
1640 =nd 1530 em™1).

In view of the difficulily of purifying this latter oil, it was

submitted/



subnitted to the following reacitions in order to ascertain whether or
not any of its componenis corresponded ito the desired oxime.

The ©il wns bhested on ihe siecsm bath for 3 hours with
hy€rochloric scid {1 mi.) snd agqueous laevalinic acid (5 mle.). The
product from this reactlion, obisined by work up in ithe ususl way, was
oxidised with silver oxide (140 mzms.) on the steam bath for 2 hours.
There resulted an =2cid {20 mgms.) zad a neutral (9.0 mgms.) fraction
neither of which gave say indication from their infrared spectrs of
containing & lactone funciione.

Applications of the Iharton hesction to 5gﬁrimanel.

Faop . ;
Preparation of 8 A-Drimanyl litrite. 8 S-drimanol {1.859 gne.) was

dissolved in dry éyridin& {(5C mls.) =nd gtirred in a flask cooled
intermittently »ith drikeld/scetone. Jitrosyl chloride was sllowed c
distil inteo the flask uniil =z yellow colour persisted. Water and ethew
were then iomedistely added, the two layers separated and the ether
washed with dilute (2 hydvochlorie =meid {to remove moet but not all
of the pyri@ine), water and then dried over sodium sulphnte. Solvent
and excess pyridine were then removed atl room tempersiure under veduced
pressure. Drimsnyl nitriie was thus obtained as a yellow o0il

(V' pax, 3500, 1650, 1605 «nd 800 eorly A 933 334, 344, 356,
370 and 384 %y~ }, conteminated with drimsnol.  The presence of this
latter was confirmed by chromstoplate anzlysis.  The mixture was
chromatographed on alumina (grade III, basic) =nd the materisl eluted
in petrol (1.1827 gms.) was used for the subsequent irradiation.

8 F Drimanol (132.6 mgms.) wes recovered from the columm by elution
with bhenzene.

Irradiation of 8 Trimanyl Kitrite.

(1) The nitrite ester prevared as described above (1.1827 gms.) was

dissolved in benzene (400 mis.) and irrzdiated Por 3 hours under
conditions similor to those used 19% drimenyl nitrite. The course of
the irrsdistion was followed by the disappesrance of the nitrite bands
(1650, 1600 and 800 cm~l) in the infrared. Hemoval of the solvent
under reduced pressure xeve a dark brown oil (1.3409 sms.) which bLegen

‘
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to crysisliime on sddition of natrol. The cryetuls were Ulltered
of { and the Piltrate was ohromeiopr-nhed on zilica gel (grude V).
Further gueatities of crystnlline meterial mere obt ined from this
eluting in etbyl zacetate in benzena {(1:6 v;v} (frrotions & and § of
gnromatograchy), other fr-ctisas were oils and asre discussed below.
The 301id wmnterisl thus obiained (543 mgms. crude) w:s
recrystallised 4 times from methylene chloride/hexane and sublimed at
130 - 140°C (1.24 * 104 am. Hig.). There resulted 13-ozimino-
driman-12-0l as prisme m.p. 134.5 - 136% (37.5 mgms. of this m.p.
from 120 mgms. crude;. The compound had z double m.p., the lower

being at ca. 115% ( ¥ - 3623, 3584 snd b“ozﬁ absorpticn between
M A e )55?
3400 and 3100 em-l); round: ¢, 70.78; &, 10.59

N, 5.53
¢, 71.10; H, 10.74,}.
(i1) A Purther sample of drimanyl nitrite (1.6678 gms.) was
irradiated for 21 bhours and the product chromatographed on alumina

15 ? xD reqguires

(arade V). The detsiluy of this zre recorded below,

Examination of the other Products produced from Lrradiastion of

Drimanyl Nitrite. The resulits of the chromatographie separations

garformad on ths producis from irradiation of drimanyl nitrite are
recordad in the following tables.

T e T e 2 e o o ; ' :
B hiolued by chromnieslisYe snslyeis.



Table 1
Chromstography of the product of iresdiantion (i) of drimenyl nitrite.
Fraction Eluent *eight Ho. of televunt infrared veaks (am“l)
No. {mgme.) components®
1 petrol 263.4 7 3600{w) 4 2680(m) ,1770(m) 41 750(m},
- 1730(s),1630(s)
2 netrol 63 5 3600(m),2680(w),1770(%),1730(m),
1630(v.s.)
3 10% ¢ PLICED 8 6 3600{m}),2680(w),1770(w),1730(m),
1700(w) ,1630( ve)
4 10% CgHg26 4 3600(m) ,1770(vw) ,1730(w),1700(v+) .
3 . , 1630(=)
5 Zdﬁ C5H5 43.4 6 3600(m),1770(vw),1730(m);1630(s)
6 5% CgRg 56,6 5 3600(m) ,1770( vw) ,1730(m) ,1630(m)
7 10 EtAe 176.4 4 3650(m) 5 3300(m),1710(m) ,1680(m)
8 15¢ RtAc 236 eryst.
9 154 Ethc 85.4 cryst.
10 25 Etae 79.1 2
11 50% Btdc 36 2 3780211),3630(1:),3460(:::),325O(m),
' ::! o 1710(m)
12 75% Bthe 29 2 T S
13 HeOR 9.5 1 3600(w) ,3300{m) ,1700(m)
e L% ;fxyiff e N
Aa cbtaincéAh: ohrometoplate analyuiu.
5 ox? LT o s?”"}{ﬂi&ﬁ LG ;ﬂ;} 21
1,3 g W Rba intenelty T,

iy
2 e




Chromatography of the product from irradiation (i1} of drimenyl nitriis,

Praction
Y¥o.

1

zah.d-

10

11

12

13

Tluent

6014

cc1,
10%
CeHe

20%
Cels

40%
Celg

50 e

Tabie 2

Yeight %No. of
(mgms.) components.

58.9

784.0

fff 96.3

13.4

529 o

Qéﬁgi:f-ﬁ

80
Celg

.496¥~

Celg

20%
CHC14

03013

216‘8» LR

9.6

295

T‘é;é b

5343

13.2

33

5

]

> ?}E1cm

Relevant infrared And ulirs-
violet peaks (em~l pnd m )

3520(w) ,2700(8) y1760{m) ,1710(s),

1630(m), g}E,(210mp ) TO

3600(m) ,2700(w) s 1760({w) 41730(m) ,
lTlo(m) 1630(&), Fll (01@ ?b )

.62p8§ ah 237 lcm 33 2

R " )
B} (210 Bl 6485 1 237m
El% s1.2
lem

~ 3550(m),1710(m),1630(m), ELL,

(21& éﬁ.) 93 R , 237 e

Ran T BB, 15

3600(m) , 3300(m) ,1700(m)

Fo high intensity U.V. above
210 m



Table 3

Vapour phase chromatography of fractions from column chroms-

tography of the products from irradiations of drimanyl nitrite.

?raction -~ Irradiation Retention times of major peasks (minutes)

Ro. Ho.
1 R ) D 50,75 19.2; 11.8
4 (1) 47.37 19.3
5 i)y - 54.4; 247 19.1
1 (1) 18.5 .
5 - (44) o 48,53 213 16.6
) (11) . 51.23 21.93 17.1
3 (41) 48.55 20.53 16.253 T.5
4 (11) 47.63 203 165 T.5

These results were obitained on an analytiéal vépour phagse
ohromatogrophy unit® using a stationary phase of 10% polyethyleneglycol
afipate on celite at a temperature of 166°C. Gaa flow rate was 25 _
3 ﬁls. per minute, detector VQlts, 1250 with a sensitivity 10.

‘?yu Argen Gas chnomatogram f&tte& with a atronttum 90
7. dchieation detector. :



The seuzrations achieved by wnnlytical vapour nhasge chroms—
togrovhy (V.P.0.) were carsble of reproduction on on insfrument
designed Lo fraciionnte millisram quantities. Fraction 2 of irradie
ation (ii) was separated in this way =nud 3 Trocticns with retention
times 48,5, 21, and 16.6 minutes were collected. 5ix runs were
required to collect ez. 2 nmgmg. of the materisl having a retention
time of 48.5 minutes and lesser auantities of the other components.

The ublquitous pesk of retemiion time 4%.5 minutes on collection
erystallised spontuneously and was rendily identified as 3 ﬁ drimanol
by:m.p. and mixed m.p. ‘

The compound of retention time 16.6 minutes collected zs an oil
and had no absorntion in the OH or cazrbonyl region of the infrared.

The compound of retention time 21 minutes was also an oil and had
( 7 max. 1752, 1728, 1707 and 3532 cm~l (211 very wesk) ).

Further Reactions performed on Fraciion 7 of Irrndiation (i)

Frection 7 (176.7 m:ms.), which immedistely precedes 12-oximinow
drimanol on elution from the column, was dehydrated by refluxing
briefly #ith zcetie anhydride. A very weak (=N peak could be detected
in concentrated solutione in the iafrared. Basiec hydrolysis aznd
treatment with 507 sulvburic acid (see below) produced material
absorbing at 1770 em™! (wesk) in the infrored but neither chromabom
plate analysis nor column chromztogranhy produced evidence of dihydro=
esonfertifolin,

Further Hesctions performed on the Fractions 10, 11 snd 12 from
Irradistion (i), Practions 130, 11, 12, which appeared to be identicul
in composition (cnromsitonslstes and infrared) were combined (1564 mgmuo)

and dehydrated by refluxing with acetic anhydride.  The product had
( N 1oy, 1730 and 1680 cml) but exhibited no ON and no € = ¥
abgorntion. These nronerties were not chenged by debhydration with
acetic anhydride in the presence of sodium acetate.

Acid Tresztment of Frictions from Chromeiopravhy of the Irrsdistion

Product. Aliquots of fractione 15 3; Dy 7 ond 10 (4

and/



sad fraetione 1, 4y 5. 7 wnd 10 of irradiation (i) und fraciions 2
and 11 of irrsdietion (11) werve refluxed For ca. 1 hour in ethunol
conbrining 24 hydroshloric seid. “ne produects obinined, ulter work
up in the usual way, hnd infrared shectroscopic and chromsteplate
mobility characieristice not distinguishable from those of the
starting anterizle.

Debydration of 13-Dzimino~drimon—10w-ol. 13-Drinino-drimnin-12-~0l

(50 amgms.) =as dissolved in scetic snhydride (7 mls.) and the solution
refluxed for 1 hour. lUxcess acotic anbydride mas removed under
reduced pressure on the stesm bath, There remsined 13-cynno= drimanyl
acetate (10, k = Ae) (52.3 mgms.) as a clear colourless oil ( ¢
2230 (we © = 31), 1735 (3. ncet=to) cm“l).

ﬁydrolysis of 13~-Cyrno~drimasnyl Acetute in Base, 13=Cyuno-drimanyl

MaKXe

acetate (18,5 mgms.) was treated »ith 5% asueous potsscium hydroxide,
containing jusi enough dioxan to give s homogeneous soluiion, for 1
bour &t reflux. After velditicsilon, most of the solvent was removed
under reduced pressure snd weter and ether were sdded. work up of
the ether solution in the usuzl way gave 13-cyasno-driman~lZ-cl =28
needles m.p. {(after 1 recrysizllisniion from petrol (boiling range

40 = 60°C) ) 95 (142 mpms.) { v -

cm’l). The anslytiecal sample had mepe 95 = 97%¢ (Found: €, T6.81:

3520 (hydroxyl) 2220 (C = 3

Hy 100233 H, 5853 U158o500 requires 0, T0.54% Hy 10.T1: M, 5.95).
] § 15925 3

Bydrolysis of }3-Cyano-drimenyl Acetote with Sulohurie Acid.

13-Cyano~drimanyl acetate {33.8 mgna.) was dissolved in the minimum
amount of zbsolute ethsnol. To thie solution, 504 squeous sulphuric
acid (10 mle.) was added snd the whole =molution was refluxed for 12
hours., The reaction mixture, nfter cooling was poured inic water =t
00C. The resulting turbid solution wes extracted with ether. The
etheresl solution wos repeatedly washed with water zund, after remcval
of solvent, azeotroped to drynese with beuzene. There resulted
cerystnls of driman-13, 12-¢lide (12) m.p. after 1 recrystallisation
from petrel (40/60 ), 93 = 559C. (16.7 mgms.)

neutralisntion of the aouesocus porition from the zbove extraction

with/
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of drimen-13, 1l2-clide. The zample submitied For annlysie had me.p.

S
RS A

At . B T - N . ¢ e
R Y SR OV I AR R A 1 CE SR A R

N

101 - 205% { ¥ .. 2770 (Y- lactone) erty (Found: €, 76.0:
By, 10.46- 0158040 Teauires C, 76,221 ¥, 10.24).

Bydrolysis of 13=Uyano-drimanol with Sulrnhuric ieid.

(1) 13-Cyano-drim:nol (4.6 mrme.) wasg dizsolved in a swall quantity

(2 = 3 drops) of ethanol nnd 50¢ asgueous sulphurie neid (4 mls.) was
added. Thia was refluaxed for 10 hours and then poured onto ice snd
extracted with ether. Work un of the etheranl solution in the usual
way gave crystals m.p. 94 - 98°C (2.8 merme.).  BesiTication and re-
extraction of the agusous washings zave a2 further 1.6 memg. of the

same material (m.p., mixzed m.p.). Thiz substance was shom, DY MeDoy
mixed m.p., ond infrared srectrum to be unchonged starting materizl.
(34) 13-Cymno-drimanol (17.2 mems.) was dissolved in a 1itile edhancl,
ireated with 654 ngueous sulphuric aecid and refluxed for 3% hours.
Substantizal charrins occurred during thig time. Work un as 2hove
yielded 6.1 nmzms. of semiesrystalline maderial exhibiting lactonie
absorntion at 1770 erl in the infraved. This was chromatogranhed on
alumina (erade IIT). Ynterial eluting in benzene/petrol (1:4 v/v) was
shom to be identicsl to driman-13, 1%-0lide by m.p., mixed m.p. and
infrared spectrum, Tnchanged 13-cyono-drimanol was similarly
identified on eluiion with benzene in metrol {4:1 v/v).

Isomarisation of 1l3i~Uyano~driminol to the Imino Lactone. 13~-Cyano=

drimanol (1%.2 mgms.) was refluxed for 15 minutes with ethanol (2.5 nlz.)
and concentrated hydraochloric acid (0.5 mis.). The mixture was then
poured onto ice and other and sodium bicarbonate solution were added.
Standard work up of the aiher layer furnished the imino lactone (14.2

r3 Y oo "1
nnx. 3700 (EH), 1680 (o=N) em™),

Hydrolysis of the Imino Lactons. The imino lactone (14.2 nmgums.) wes

mgas.) as an oil ( ¥

dissolved in 2W hydrochloric secid and allowed to stand at room
tempersinre for 12 hours. Partial neutr-lieation and exitraciion into
ether yielded, after work up, drimsn-13, 12-olide (13 mgms.) identified
by me.p., nixed me.p. 2nd infrared spectrum.

Note



Yote on some Prelimincry Irradistion Exnerimentn. In a vreliminsry

irradintion of drimomyl nitrite, the systen of coolin, used wos to
immerse the resciion flask, which had the U.¥. lomp and ¥ilter sleave
fixed within it, 4n & bath of acetone/drikold. The resulting
tenporature gradient ceused the {nyrex) filter sleeve %o crack and
considerable charring cecurred in the smoluition. The »roduct from
this irradiation was chromsmtographed and the erude crysizlline oxinme
w#ithout further onurification wss submitted %o debydrsiion, baue
hydrolysis and, finally, acid hydrolysis in 50% aqueous sulphuric ecid,

the detmiled conditions being as desoribed above. The final product

from thiz series of reactione was chromatosraphed on alumina {grade I11i;

Benzene in carbon tetrachloride (1:9 v/v) eluted drimsn 13, 12-clide
identifisd in the usual way. There were obiained, on eluting with
benzene in carbon tetrachloride (1:1 v/v), crystals meliing at 151 -
154°C (after one recrystallisstion from petrol) undeprescsed on ad-
pixture with anthentic confertifolin =nd having an identical rate of
travel on a chromzionlate. The intermedistes in this resnction
sequence ware characterised only by their infrared spectra. These,
howaver, do not differ significantly from the spectra obtained in
subzequent experimants as deserihed above, The obtention of

confortifolin haz not, howevaer, been repeated.

2

Attempted Eeduction of cis Dihydraconferti®olin.

(1) uvith 3-iethyl-T-butyl-ibe

rened s G0

and sodium borohydride (78.4 mgms.) were placed in n well stirred flashk

in dry redistilled fetrahydrofuran solution at 09C and under an
atmogphere of nitrogen. Boron trifluoride etherate (341 myms.) was
added in tetrahydrofaran {10 mls.) with vigorous stirring snd the
reasction mixture was 2llowed to stand for 1 hour. The flask wes

allowed to warm to voom lennerature. A soludion of cis Aihydroe

confertifolin (41 mgme.) was then quickly run in and the totel reaction

-

mixture allowed to sisnd for 15 hours. dlkaline hydrogen nevowide
(pE 8 ) was then added until n c¢lear soluiion resualteds The

solvents/

Zmidethyl=2=butene {342 mgms.)

®
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solvents were removed under reduced apressure and ether and water added.
The ether was washed znd worked un in the ususl way. Chromatoplate
analyzis of the product {47.9 mgma.} indicated the nresence of 3
comnonents one of which correszponded to starting materisl. Chromato-
gruchy on zlumine (srode T11) gave nnchanged starting materinl

(35.4 mgme.) eluted with carbon tetrachloride (identified by me.p. and
mized m.p.) and an oil showing B~H bands in the infrared. This latter
#was not further investigated.

(i1) ¥ith 3~Methyl-2-butyl-borane. The reagent was prevared in

tetrahydrofuran as before using T14.5 mgms. of 2-methyl-2-butene,

145.2 mgms. of sodium borohydride and 791 mgms. of boron trifluoride
etherate. After sitiing for 2 hours in ice, it was allowed io warm
to room temperature and cis dihydroconfertifolin (246.4 mgms.) was
added, The resction war left for 13 hours at room temperature
followed by 2 hours reflurzing. After addition of alkaline hydrogen
veroxide, and then palladium charcoal to destroy excess peroxide, work
up was as before. The product (270 mgms.) spontmneously crysiallised.
It showed only lactonic =nd very wesk OH sbsorption in the infrared.
Chromatoplate analysis, however, indicated the nresmence of T componenis.
Reveated recrystsllisation (from petrol) led to high recovery of
starting materisl (181 mgme.) identified ms before. The residual
mpterial revealed no significant carbonyl abscerption other than
gaturated lactone.

(1ii) With sodium borohydride. Cis dihydroconfertifolin (66 mgma.)
was dissolved in a methanol/»ater solvent adjusted just to form a

homogeneous solution., Sodium borohydride (77.9 mams.) wae added.
This was allowed to stand for 2 days and then poured into dilute
hydrochloric acid at 0°C. Ether extraction and work up in the usual
way zave starting meterial quantitatively.

(iv) with Lithium Aluminium Hydride in Triethylamine. Cis dihydro=

confertifolin (94.6 mgme.) in triethylamine (vedietilled) was added
graduslly at rocm temperature to a stirred slurry of lithiun
aluminium hydride (116 mgms.) in the same solvent.  After refluxing

briefly,/
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briefly, the solution wus allowed to stand overnipht at room
temnorature. ixzcess reduclng agent woe destroyed with ethyl zceinte,
water was added und fhe nizture was then noured into ice and hydro-
chloric acid. Ftrher extraction of the resulting asueous suspension
gave, after standard werk up, 5 semi-cryeiazlline oil (8% mums.)
chromatoplate anaslysis of which showed the presence of starting
materi&l, driman-11, 12-diol (34) and 3 components of internediate
polarity. Rough chromatography on alumina (grade V) gave szn oil
(47.8 mgms.) (¥ pax.3599, 3550, 1740 curl) ghich appeared to bs the
desired hydroxyaldehyde, eluting in petrol. In more polar sluents,
_(34) was obiained and identified by m.p., mixed m.p. and infrared
spectrum.

The o0il was treated with hydroxylamine hydrochloride (506.6 mazms.)
and 5% potassium hydroxide in aqueous ethanol (2 ml.) on the steam bath
for two hours. IMxtraction with ether and work up in the usual way
gave crystalline diol (34) identified as before (16.8 mgms.). Yo other
material could be recovered even after acidification and re-extraction.

(v) with Diborane. Piborane, produced in a generator from boron

trifluoride etherate and scdium borochydride was passed through a
solution of eis dihydroconfertifolin (268 mgms.) in tetrahydrofuran for
6 hours. Work up by partition between ether and water gave a

quantitative recovery of starting material.




]
P

AIBLIOCGRACHY

(1) njerassi, Chem. Liev. 43 271 (1948)

(2) FRvans, 4Quart. Kev. 13 61 (1959)

(3) waters, 1ibid. 12 289 (193%2)

(4) codchot, Compt. rend. 202 326 (1936)

(5) Badger, J. 535 (1941)

(6) Arbusnov, Zelinskii, znd Shuikin Chem. Abs. 40 3409 (1946)
(7) Jones et al J. 1916 (1954)

(8) Buchi et al J. smer. Chem. Soc. 82 2328 (1960)

(9) Corey and Schzeffer ibid., &2 918 (1960) and references cited.

(10) Oprensuer end Oberrauch Anales. Asoc. gquim. argentina 37 246

1949)

(11) Dauben and HcCoy J. Amer. Chem. Soc. 81 4863 (1959)

(12) teusler nnd “ettstein Helv. Chim. Acta 35 284 (1952)

(13) Dupont, Dulon =nd ¥ondon Pull. Soc. Chim. Franee 20 60 (1953)
(14) Pujita PFip. Eag Zssshi 78 1112 (1257) Chem. Abs. 54 613 (1960}

(15) =. Hodges, privote communicstion.

(16) Haleszll, Kodewald and Willis J. 2978 (1959)
(17) Barton and Beaton J. Amer. Chem. Soc. 83 4076 (1961)
(18) Shoolery =and Kogers ibid, 80 5121 (1958)

(19) Jzckman "ipplicaztions of Huclear Magnetic Resonance Speciroscony
in Orgsnic Chemistry™. TPergamon, London, 1959.

(20) rople, Schneider =nd Bernstein "“IIigh Resolution Nuclear Magnetic
Resonance upectroscopy. ictraw-f Hill, New York, 1959.

(21) ¢Gilechrist, Hodges and Porte J. 1780 (1962)

(22) Goodwin, Shoolery snd Johnsen Proc. Chem. Seoc. 306 1958

(23) Uofmenn, Ber. 16 538 (1883)

(24) Loffler and Freytag ibid. 42 3427 (1909)

{25) Wawzonek and Thelem J. Amer. Chem. Soc. 72 2118 (1950)

(26) ‘Wawzonek, Nelson and Thelen J. Amer. Chem. Soe. 73 2806 (1951;

(27) Buchschacher ot 21  ibid. 80 2905 (1958)

(28) Corey =nd Hartler ibid. 81 5209 (1939)

(29) oreuber, Kalvoda =né Jeger Froc. Chem. HSoc. 349 (1958)

(30)/




(30} Cainelli et x1 Helv. Chim. jeta 42 1124 {1959)

(31) Ksmber et 2l  ibid. 43 347 (1960)

(32) Hussbaum snd Kobinsen Tetrshedron 17 35 (1962)

(33) Barton et »1 J. Amer. Chem. foc. 852 2640 (1960}

(34) Barton et nl ibid. 983 4076 (1961)

(35) Barton and Beaton ibid. 83 4083 (1961)

(36) Akhtsr snd Barton  ibid. 83 2213 (1961)

(37) Barton mnd YNorgan J. 622 (1962)

(38) and ©dwords  Canad. J. Chem. 40 896 (1962)

(39) Yeng =nd Yang Tetrshedron Letters fo. 4 10 (1969)

(40) wehrli et 21 Helw. Chim. jeta 43 367 (1960)

(41) Smolinsky J. Amer. Chem. Soec. 83 2489 (1961)

(42) Smith and Brown ibid., 73 2435 (1951)

(43) Reid guprt. Reve 12 205 (1958)

(44) FHobinson in WeRlroy snd Glase (Rditors) "Light and Life" Johns
Hopkins ress, Baliimore, 1961.

(45) ¥ine J. Amer. Chem. Boc. 72 2435 (1950)

(46) Btter, Skovronek snd Skell ibid. 81 1008 (1959)

(47) #irmee Angew. Chem. 72 T16 (1960)

(48) Kirmse and Doering Tetrahedron 11 264 (1960)

(49) Gray and ®illiams Chem. Hev. 359 240 (1959)

{50) Cottrell "The Stirengths of Chemical Bonds" Butterworths,
Londen, 1958.

(51) Orgel J. 1276 (1953)

(52) Kemule end Grabowsks Bull. Acad. polon. Sci. Ser. Sci. chim.

geol. geog, 6 T47 (1938)
(53) Robinson et al J. pmer. Chem. Soc. 83 1771 (1961)
(54) Bentrude and Hartin i1bid. 84 1561 (1962)

(55) Bartom sud ¥orrison NForischr. Chem. org. Haturstoffe 19 166 (190i)

(56) Sandrie and OQurisson Bull.Soc. Chim. France 1524 (199%)

(57) Stsdtlet, Hechvatal, Frey snd Fscheamoser Helve. Chim. Acla 40
1373 (1957)

(58) #ills and Petrov Chem. nnd Ind. 946 (1961)



(59)
(60)
(61)
(62)
(63)
(64)
(65)
(66)
(67)
(68)
(69)
(70)
(11)
(12)

1

kY

&
‘,pwn-i{:n-ﬂ
4 Y

£
\mww’:

LY
Es “'”\

ra
ek i

B

5'

&

=

103,
Jones et al J. 2548 (1953)
Gowenlock and Luttke Juart. Rev. 12 336 (1958)
Brown and Jweiful J. Amer. Chem. Soc. 82 3222 (1960)
Brown and Bigley ibid. 83 486 (1961)
Pettit J. Org. Chem. 26 4773 (1961)
Lansbury J. Amer. Chem. Soc. 83 429 (1961)
Appel, Brooks and Overton J. 3322 (1959)
Morton and Wilcox Inorg. Synth. vol. 4 48 (1953)
Hernandez, Hernandez and Axelrod Anal. Chem. 33 370 (1961)
Tamamushi, and Akijama Bull. Chem.Soc. Japan 12 382 (1937)
Hermen and Eyring J. Chem. Phys. 10 557 (1942)
MeConnell ibid. 20 1043 (1952)
Gelles and Pitzer J. Amer. Chem. Soe. 17 1974 (1955)

QLéfﬂef, Faulkner and Petropoules ibid. | 80 5435 (1958)

V& -
g ‘%:g.: ~ i =, g 2 .
f x{\ e
U - : i
) o R S =
ad %ﬂg“ii é:.:' %ﬁ
- = g P i
Lo L pROR
H
P . 5 £
o~ i - EE b i o
-~ ‘\é“f‘ o g %“E" &"‘*,\cek?;":x = o
{ H S SR 1
: ; i : ‘
. ! /{ 3 4
-, »* e ", ‘ in
S & o “twr’x "‘x:x; . ’
Sy & '
&



104,

~toH
\ C%QH

Cb/




105.

SodritfeQ

~ ,fHipH
Y 1]



105,







108.

fk o

=31



109.

ScKem<L!'1lL

Mh®Qc



110

| 39NOId




111.

E_qure. 2,

( Newman Projection along 69 « G311 bond
in 12 )



HRUSUAL  RBREECUR O IN TUR

HESCE A OF  LACTINES

T2 DUCTION The werk here presanted renresecnts a2 continuation

and extension of that of Jones and his collessues on the twinned
carbonyl absorption bands of lmctones?d,  Thie phenomenon, atiributed
by Jones to Fermi resonance has been shown to display a solvent
dependence in accord with thies interoretation. The effect has also
been shown to be, in the series studied, general though not invariable.
In contrast to Jones's results 1t is here noted that several saturated
lactones exhibit multiplet carbonyl bdands. It is also suggested that
the number of overtones available for Permi-type perturbation is, in
some cases, greater than one. ' '
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The great utility of infrared soectroscony to organic chemistry lies
in the concepnt of groun frecusncies. The commen funciional groups of
organic melecules absorb infrared rsdiation at frecuencies which are
rolatively insensitive to the nature of the rest of the molecule.
Tevelopment of the method has enabled the chemist to take diagnostic
advantage of suoh small sensitivity to molecular environment &s ean be
detected. This is particoularly well exenplificsd in the ease of the
sarbonyl groups, for the spplication of infrared suectroscopy to the
study of which, = vast literature existsls 2 3,

A number of exnmpleg are Known where a ocmnound, whieh contains a
single carbonyl gsroup in the maolecule, exhibits two or more bands in the
carbonyl region of the infrared spectrum. In the majority of ceses such
o phenomenon iz atiributed to the rresence of more than one a2bzmorbing
gpecies through dimerisation 4s 59 nydrogen bonding! or conformstional
equilibriumé. For some time, the exhibition by cyclopentanone of
binate carbonyl sboorntion has been Aifficult to rationalise on the basis
of these concernte.

Cyclopentanone: Eince 1941% 1t has been known that cyclopentanone both
a8 8 liguid and in solution, rives rise to binate carbonyl diffusion

bands in the Hamanlg, the intensity maxima being at 1744 and 1727 cm"l.
A similar effect in the I.F. was notsd by Jones in 19561,  although
these facts have atiracted much comment =nd many hysotheses have been
advanced to exnlain them, ewxperimental data, other than mere observation
of the I.R. and Aanan scectra, have, until comnaratively recently, been
surprisingly soanty. In 1947, Gray and Taboury 10, 11, commenting on
frequency differences between carbonyl bands in the I.E. and [aman,
suggeste&’that all katones are coupled electrosiztically through the
carbonyl dipole =nd that the peculiar spectral aroperties of oyclo-
pentanone are due to a similar association phenomenon involving more than
2 molecules. The idea of electrostatic antinarallel coupling of the
ecarbonyl greup has been used by a number of authors i sttenciing %o

explain/
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explain the iwinned carbonyl bands of cyclopentanone. Gray and
Taboury revised and extended their orizinal sugeesiion in 195212,
Taboury repeated it in 195615 and the hynothesis was used by Bakepl '
in the same year. Gray, earlier, clainmed to have detected signifi-
cant enolisation in cyclopentanone13 and, accordingly, postulated =»
hydrogen bond between keto end enol forms., The band at 1744 om~i
corresponded to free keto form and that at 1727 to the hydrogen bonded
moiety. This hypothesis was, however, quickly retracted by its
authorld, The similerity between the bifTurcate carbonyl bands of
cyclopenisnone and effeots prodused in the spectra of earbonyl
compounds capable of conformationsl eaquilibria, (vide supra) led
Josien and her collaboratorsld to eugsrat that cyclopentanone itself
may be eapable of existing in 2 interconvertible forms.  They did
not precisely specify the nsture of the conformers.

An unusunl type of hydrogen vond between the methylene group of
1 molecule =znd the keto group of enother wag sugeesied by Suetaka16
in 1952 as a possible explanation of the phenomencn.

The currently held viesw, for which there is most experimental
support, was first mooted in a thesis by Le Corff?°, He suggested
thet the effect was produced by the interaction of the carbonyl band
with a fortuitously positioned overtone or combination band. Such gn
intersction is known as a Fermi‘resonancegl. This suggestion has
derived considerable support from papers by Jonea?? and Meakins?3 and
their collaborators., These authors have shown that the T.R. and
Raman spectira of ¢<°*‘X%Uﬁetradeutero-cyclcnentanoneza and of octa-
deutero cyclopentgno&eg3 exhibit only one band in the carbonyl region.
This they intervret ss indicating that the twinning of the bands in
cyclopentanone fitself must arise from an internal vibrational effeci.
In addition, Meskins and his co-workers provide data concerning the
behaviour of the bigeminate bands in various solvents which is alsc
indioative of Fermi resonance (vide infra). It must be said, however,
that the temperature variations quoted by these latter authors are

contrary/
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contrary to that which would be expected from this type of
nerturhation.
¥ore recently, » number of other cases of double carbonyl

. . 95, 0 o
panda 24s 23 6 have been reporied and assigned, aomewhat tentatively,
to Yore recently, a number of other cases of double carbonyl

o 05, 26 .. ;
appgnQE 2#’ ﬁb’r‘ have been reporicd aad assigmed, somewhat tentatively,
resonance, it is pertinent %o enjguire what properties can be predicted
from theory for Fermi bands in I.R. and Ramsn snectra.

Porml Hesonance

In 1931, Fermiel, studying the I.R. and Raman spectra of carbon
dioxide, obzerved that, in the latter, instead of the single high
intensity band due to the symmetrioczl vibration mods Vi s there was
a doublet.

The frequency of the unsymmetriecal mode Q}; wa8 known from I.K.
8pccfrum,ana, using this value to obtain C-~0 bond force constant,

Fermi then calculated an approzimate value for Vi .+ Noting thet this
caloulated value (IZBO_cd"l) was close to the (harmonie) overtone of
v (2 V.. = 1346 cm‘l), Parmi postulated that the two bands arone

from a perturbation of Vi by the weak overtone of P -

The/
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The eigenfunctions of the parturbed bHande are linear ombinations
of the eigenfunctions of the unperturbed bands, weishted in such a way
that the perdurbation increases as the difference in frequency btetween
the unperturved vibrations ﬁmerﬂaseﬂg' The evchange of intensity,
which depends on the walues of the periurbed eigenfunctions, increasee
as the periturbation inereassa.

The observable effects of such 2 serturbation are represented in
figure ( 13 )28
against the separation of the unperiurbed bands, As cazn be seen, the

where the energies of the perturbed bands are plotted

observed (i.e. perturbed) bands are "furced apart" relative to the
theoreticel wnperturbed frequencies. The intensity relationships

between the two bands are given by:m

l2 = _d+e B ¢ )
Iy n-9%

where (I, is the intensity of the higher frequency neak

(Il is the intensiiy of the lower frequency peak

( Nis the difference in frequency between the perturbed bands

( 0 is the Aifference in freaquency bhetween the unperturbed bands.
We aré apecifically concerned with carbonyl frequencies perturbed,
through an accidental degeneracy of the Fermi type, Py an overtone or
combination band. The origin of the latter »ill not be knowm in the
general case but using the analogy of cyclonenirnone, it will be
assumed %hqt i1t srises from (-F deformation vibrations.

The frecuency of sbsorption of a carbonyl group, measured in
solution, decrenses as the nolarity of the solvent increases 27, 29, 30,
31, 32, 33, 34. In eontrest, the nature of the solvent affects the
C-H deformation fre”uanni@v bt little. %e must make the additional
assumption also that solvent effects will not markedly influence the

anharmonicity of the overtonse.
It As now peasible to examine what behaviour (of Fermi bands) under

: varying aolvmnt conditionq would be predicted from the above consideraiio

Fig./
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Fig. (ina) shows an intense carbonyl band in = non-polar solvent
or in the gas phase with, 2t a lower frequeney, a very wesk overtone or
combingtion band. 4t this stege, they are uncoupled. Fig. (Ix#&)
represents the same compound meusured in a more polar solvent. The
carbonyl has shifted to lower frequencies and into the "range® of the
overtone band so that perturbation has begun. The red dotted lines
represent the theoretical positions of the unperturbed bands. As
solvent polarity is further increased, the carbonyl band moves to still
lower frequency and in fig. (iic) its frequeney is coincident with that
of the overtone band. Perturbation is here &t a maximum and the
carbonyl "éonates” 50% of ite intensity to the other band. As the
carbonyl moves to yet lower frequencies, the perturbation passes through
the stage of (iad ), until Ffinally it once agazin moves "out of range"
of the perturbing overtone and the situation shown in (/4 €) then
pertains. It will be noted that if the frequency of the overione is
to remain unchanged, the movement of the theoretical unperturbed
carbonyl band must be followed in the perturbed bands not only by
intensity variations, but also by a slight freguency shift.

Figure (i5 ) shows how the relative positions of the bands in
figs. l4/a) - (e) would appear superimposed on fig. ( 13).

In theory, temperature changes should not affect Fermi resonance
phenomensa., The effect which such changes do in fact have can be
attributed to the influence of temperature on solvent polarity.
Increase in temperature, by increasing the rate of orientational change
of soivent dipoles, will reduce the effective polarity of a solvent and
hence will raise the carbonyl frequenoy24. Decrensing the temperature
inoreases the importance of solute~solvent—complexes7’ 33, 34, tends to
"freeze"” solvent cages aboui solute molecules snd hence increases the
apparent polarity. Exceptions to this latter are, however, known>2,

In practice, the solvents available for I.R. spectroscopy do not
have a sufficiently wide range of polarity for the observation of the
full sequence of events depicted in fig. 2.

A further method of varying the carbonyl frequency, and which ie

closely/
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closely related tc eimple solvent effects, is to add a second compound,
which will specifically complex to the carbonyl groun, to the solution
of carbonyl compound. Alcohols and phenols are mest frequently used
for this purpose 1, 33, 34 end they complex by means of a hydrogen

bond.  Although 1little experimental information ie available, it would
seem probable a priori that such complexing agents would exert
observable effects on C-H deformation frejuencies and, more particularly,
on the anharmonicity terms of the overiones of such frequencies.

An alternative approach to the problem of varying carbonyl
frequencies in Fermi resonance studies, and one which demonstirates the
effect of structural variationz on such phenomena, has been made by
Rao 27, To observe variations in a pertfurbation of the carbonyl region
of benzoyl chloride, he substituted various electron donating and
electron withdrawing subsiituents into the ring. These, of course,
alter the carbonyl frequency in so far as they alter the nature of the
€ - 0 dipole. Unfortunstely, the change in electronic character of
the molecule inevitably influences alsc the vibration which gives rise
to the perturbing overtcone. Simple ergumenis such ae have been used
above are not, therefore, applicable without meodification.

The Distinguishing Features of Ferml Hesonance.
The oeccurrence of bifurcate carbonyl bands in the infrared spectira

of compounds containing s single carbonyl function (as distinct from the
twinning which occurs in (e.g. snhydrides) is likely to be caused by
conformational equilibria, dipole coupling, hot transitions, Fermi
resonagnce or solvent solute complexing. Such explanations, ae inter-
molecular hydrogen bonding through enolic forms 13 and intramolecular
hydrogen bonding t0 methylene groups 16 are, for normal ocarbonyl
compounds, at variance with normal experience.

Dipole coupling and solvent solute complexing are readily
distinguishable by their concentration dependence. Similarly, hot
transitions would be identifiable by a marked temperature dependence23,

Generally, doublet carbonyl bands arising from a conformational
equilibrium would not be expected to show precisely the pronerties

described/



described zbove for Fermi bands. Tt is possible to conceive, however,
of a fortultous energy relationship between conformers which would
nroduce effeets gimilsr to those 1o be expected for Fermi bands. The
degree _mf coincidence required for thie to occur would, however, be very
large. In any event, conformational equilibrium ought to produce
twinned ?eaks in regions of the spectrum other than the carbonyl.
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RESILTS  AND  DISOUSSION

The results obieined nre displayed in fiures 1 = 12 &nd are
sumanrised in tnbles 1 - 4. These tables shor the mag. Values
and the molecular extinciion coefficients of the relevant peaks relative
to each other (é%;). Thia prrameter is, of course, an approximation
to the values ( %i ) of the relative intensities and it ignores band
w#idth effects. lowever, zs we shall cee sequentinlly, ( %ﬁ) is
adequate for our purﬁoses. The value%%@}%@ﬁ%% represents the quotient
of the frequency differencesz between the nerturbed bande in two solvents.
From what has been said in the review ssction, it will be seen that this
should have the value unity.

Drimenin (fig. 4), confertifolin (fig. 58) and eie dihydro-
confertifolin (fig. 5C) exhibit single ecarbonyl bands (at 1771, 1749,
1772 ew~l in 9013 and 1781, 1769, 1781 on=l in ccl 4 Tespectively)
although that of confertifolin is very broad and may envelope
perturbations which have not been resclved,

Isodrimenin (fig. 8a, B und C) shows bigeminal carbonyl abscrption
in chloroform (1750, 1740 GM'l), bvut the peak in carbon tetrachloride
(1766 cw~l) ic symmetrical and a singlet. Conversely, dihydro
campholenolactone (fig. 7B) hes twin neaks in carbon tetrachloride
(1783, 1774 ¢!) but only a broad and somewhat unsymmetrical singlet
in ckhloroform (1756 am*l).

The remaining lactones studies are listed in iable 1. From
theory, it would be exrected that ({zi) would have a higher value in
the less polnr solvent (where subscrint 1 refers io the higher
frequency neak). This, indeed, is the invariably chserved order.

These data would not, of themselves, distinguish Fermi resonance from
a conformational equilibrium but in the compounds studied, where the

latter explanation is not obviously applicable, they strongly favour

the former interpretation. Taken together with the observed

values, discussed below, they provide very strong evidence for the

operation of an internal vibrational effect.

in/
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b
In a few cooes, the term S denzris wariedly from unity.

Thiz is probably due to the measurements involved heving: been taken on
the fringe of or over too wide a range of the nerturbztion effect
(see fig. 153 ), in which case, ) is nct expected to be constant.

That /) doces, indeed, remmin approximately constant when the
solvent polarity changes nre more subtle is shown by the impressive
sgreement of the %%iifﬁt values for dihydrodrimenin (table 4) with
theory. In thie case, the perturbation is clearly at a maximum in
chloroform eince the twinned pesks hsve almost equal intensity in that

solvent and hence mogt of the measuremsnts have been taken over a

favourable range. As can readily be seen from the %%L values, 211

the inteneity changes are in the anticinated sense. Consideration of
the spectrs of Aihydrodrimenin (fig. 3) and in particular of fig. 34,
B 2nd B mekes i{ clear that without high resclution and an adventitious
solvent, the nerturbation effect can easily escape detection.

A deteiled conaiderziion of figures 1, 3 and § reveals that for
coumarin, dihydrodrimenin =nd {9~angelica lactone, more than two pezks
"rige and Fall® over the measured solvent ranges.  Thuas, for

angeliea lactone, there are veske &«t® 18500, 1790, 1760 and 1710 em1
Por coumarin =t 1765, 1755, 1740, 1730 =2nd 1710 cml xnd for dibydro-
drimenin at 1797, 178%, 1778 =nd 1763.  Thus there appear to be,
respectively, 4, 5 and 4 overtene bands auniteble, both as to position
and éymmetry, for Fermi-type perturbation with the carbonyl fundamental.
This observation makes the hitherto surprising 36 cenerality of this
phenomens in lactones more readily undersiandable. At the same tinme,
it indicates that an empiriecal search for the structural Peature(s)
giving rise to the necesasry overione or combination bands utilieed in
Fermi resonance is likely to prove unfruitful since, apparenily, these
are more resdily avsilable than was previously thought and can

presumzbly/

#rhe figures chsnge by 2 -~ 3 oml from solvent to solvent

and spproximate values are given.
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nresumably arise from a varlety of siruciursl features.

The date presenied in figure 2 and table 3 onannot be interpreted
in detail with the information curreatly to twnd. Clearly in this
wasey by using phenols ss comslexing agents to very the frerdquency of
the carbonyl fundamental, there is now more than one molecular species
Cinvolved. There is being obsarved, not only Fermi resonance phenomena
but spectire zrising from uncomplexed molecules, 1:1 complexes and
higher complexes snd the attendant multiplicity of absorption peaks
#ill become commrehensible only when detniled informztion of concen-
tration dependence becomes available. It can be said, however, that
%ﬁﬁﬁﬁ%ﬁo unity is orobably real and not

fortuitous hecause, regardless of the nature of the absorbing speoles,

the eloge corresnondence of

the perturbation effecte will rredetermine the vosition of the pesks.
Although these observations on lactones are based solely on
solvent dependence, the nature of this latier, together with the

23, 24, 27

available annloyies makes the explanation of these multiplet

bands in terms of Fermi resonasnce plausible.

- It now seems clear that this is a mach more genersl phenomenon
than was previously thought and it is confidently pradictéd'that a8
instruments of high resolving power become more readily svailable, many
more exsmples may be brought to 1light. ‘
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nterinls. Coumsrin (1), angelion lactone {(9) nd 'X' butyro=
lactone (8) were obtrined commercislly and purified by dismtillation

(¢ 2nd 9) and crystallisation (1). Camoholenclacione (11) and dihydro-
campholenolrzetone (10) were prepared in these laboratories by Dr. J. D
CQﬂﬁOllyST. Their purity hes besn checked by vapour phase ohromato-
graphy.  The seanuiterpene lactones (2, 3, 4, 5, 6 =nd 7)38 used were
all of analytical purity. Compounds (12) =nd (13) werse mupplied by

the courtesy of Professor ¥. 8. Johnsen (%tanford University)39.

Commercial saaples of penitro-ohenol, p-methogxy-phenol, p-cresol and
2:6-dimethoxy-nhenol were used and ourified by recrystallisation with
the excention of the sirongly deliquescent p~cresol which was purified
by sublimation. Carbon tetrichloride, carbon disulohide, methyl
iodide and n-hexane (all Aualsk) were used without purification.
Chloroform (ﬁnalaﬁ) gae freed from sthsnel by two successive passages
through blue silics gel immediately prior to use.  scetonitrile was
purified by successive orolonged treutmeats with potassium hydroxide,
caleium chloride and phosphorus peniozide Tollowed by distillstion.

Hensurements. Spectra were recorded linesrly in el as percentage

transmission with a Unicam 5.P. 100 double besm infrared spectrometer
equipped with an S.P. 130 sodium chloride prismw-grating double
monochrometer (1500 lines ner inch (650 - 2000 cm’l) ) operated under
dry air conditions. The cell well tempersture was 29 _ 3%¢.  The
wave number aéale wns calibrated apainst methane, water vaper, carbon
dioxide and ammonisa. The calibration was checked before and after
each group of mensursments with a sclution of azcetone in carbon
tetrachloride (band at 1719 om‘l). jensurements are believed accurate
te *1 om™l, 7Tpe theoretical spectral slit width, ezloulated from

tables supplied by Messrs. Unicam Instruments Ltd. was ca. 4.5 en™t 0t

1650 em™l, 5.2 eml at 1750 ow™! and 4 em™l at 650 ewrl.  Carbonyl
bands were scanned at 12 em™l ner minute for carbon tetrachloride,
earbon disulshide and enlovoform solublons s nh 12 ™Y Pop el

and acetonitrile =zolutiocus.
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KEY 70  FIGURRY

Figure 1. A Coumarin (1) in CH3N ( )y in CHCly (—- —. ) =néd in
CH3T (----)
B Coumarin (1) in CACly €~ -) and in ccl, ( ).
£ Coumarin (1) in €C1ly (— ), in hexane (—. —) and in
- €8 (---.
Figure 2. A Coumarin (1) (0.1K) in €Cl, (——) =nd &n 0.0375 p-
nitro-phenol in CHCly: €01, (1:1 v/v) (--~-).
B Coumarin (1) (0.1%) in 2:6=dimethoxy-phenol (0.2M) in
CCI4'(-‘———) pnd in penitro-phenol (0.0375M) in CHCljy 3
cely (111 v/v) (---).
C Coumsrin (1) (0.1¥) in p-oresel (0.0l¥) in 0014 (——1J»
in peorescl (M) in CCl 4 (—- -) and in CC1 4 ----)»
Figure 3. A Dibydredrimenin (2) (0.01%) in bexane.
B ) " o in chloroform: hexane
(1599 v/v).
£ " 1 in chloreform: hexane
. (1:19 v/v).
D w | " in chloreform: hexane
L (1:9 v/v).
E e " in chloroferm: hexane
B N (164 v/%).
1"’” " " in chloroform: hexane
7 (1:1 v/v).
Lo & . : " in chloroform.
Figure 4. . A Isodrimenin (4) (0.01M) in CHClj (—), dihydrodrimenin
-~ (0401M) in CEOly (—--) and drimenin (0.01%) in CHCly
(==-J+
B Isodrimenin (4) (0.01) in CCl, ( )y dihydrodrimenin

(0.01%) in €1y (—-—-) and drimenin (0.01) in CCl,

(---3
Figure rg‘./



Figaure 5.

Figure 6.

Figgra 10.

?‘iggrd 11.

|=

o=@ = |o

i I e

A Trans-dihydroconfertifolin (7) in Sy, 1000 em™

2
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irans dihydroconfertifolin (7) (0.01¥) im CHCl3 (—)
and im 0014 (-- --).

Confertifolin (5) (0.01%) in CHCly (——) =nd in CC1y
(---1). |

Cis dihydroconfertifolin (6) (0.01¥) in cHely (—)
and in 0C1ly (- - -).

/€~Angﬁliaa lactone (9) (0.01¥) in cicly (
in Gﬁ.sm (~—~ —_ ) ¢

) and

/4-&ngeliea lactone (9) (0.01¥) in CRACly (——) and
in CCl,y (=)

- Angelica lactone (9) (0.01H) in CC1, (----), C3,
(— ) and in hexane (---).
Campholenolactone (11) (0.018) in CHCly (——) and in
CCly (---73.
Dihydro campholenolactone (10) (0.01K) in CHCly (——)
and in CCly (---J.
Inodrimenin (4) (0.01M) im CH3CN (—), in CHBr,
(—--.) and in CHC1l3y (---).
Isodrimenin (4) (0.01¥) in CCl, (

and in hexane ( --J).
Isodrimenin (4) (0.01¥) in CHC13 (.- -) and in CCly (——),

Drimenin (3) in €S2 1000 ca~l region.
Dihydrodrimenin (2) in C5,, 1000 cm™l
Isodrimenin (4) in CS5, 1000 o™t region.

Lactone (13) (0.01K) in CHCl, (---) and 4n CC1, (—).
Laotone (12) (0.01M) in CHCly (- --) and in CCl, (— ).
~Butyrolactene (8) (0.01M) in CHC13 (— —) and in

N iy

)y in €85 (- )

region.

1 reprion.




1%.
Cis-dibydroconfertifolin (6) in CSp, 1000 om™! resion.

Figure 12, Confertifolin (5) in CS,, 1000 eml region.
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-Butyrolactone (8) in sz,,lﬂﬁﬂ_omfl region.
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TABLE 1
Compound J max. i N ﬂ o
S S cz:x 2 Mmxoin 84,00 4 €1 3 01y D inCcly
4 CHC1y & - & Do,
Coumarin (1) 1755,17413  1755,17303 0.847; 042903 04560
Mihydro~ 1779,1758; 1771,1761; 54563 0.9793 2.1
drimenin (2) ,
Transdihydro- -
confertifolin (7) 1792,1777T: 1781,1770: 2,13 0.707s 1.35
/-4 ~hngeliec
lactons (9) 1783,17655  1784,17593  1.665  0.2665  0.72
Campholeno- :
lactone (11) 1783,1758;  1782,17513 13345 0.288;  0.805
Lactone (13) 1796,1787:  1789,1777s 1,443 04503 0.75
Lactene (12) 1795,1786¢  1788,17803 = 1.3635  0.633 14125
1786,17665  1780,17T1; 3.5 1,123 2.22
wButyro- . .
£¥ct@n¢=(8) 1795,17843  1793,1773s 0.730y 02293 055
Fapotanitrile ie arﬂi%ﬁargiy woawped to ba movs polse

127.

than ehlorelars.



Compound Q’max. in

less polar
solvent.
/g"Angelioa
lactone (9)
(in CHiON

and hexane) 1791 1762;

Coumgrin (1)
(in €C1, and
hexane) { 1757,17575

in ca513 and
CH3CE® = ( 1755,1730$
( 1730,1713;

in CH3I and
€32 1753,1741;

- 1741,17053

128.

TABLE 2

\ max. in Elin less

more polar @2 polar

solvent. solvent.

1785,1761; 8.13
1768,17555  0.342;
1755,17415 3.1

1755,17355  0.293
1735,17103  2.07s

1754,1737; 0.77;
1737,17105  19.03;

61 in lesgs Din 1less

32 polar
~solvent.

k \0-25;

0.1313
0.853

02573

0.885;

0.388;
13.93

polay solvent.
Yin more polar
solvent.

. 1025

0.77;
- 0.93;

0.92;

0.7053
0.97;

%) cetonitrile is arbitrarily assumed to be more polar
than chloroferm.



goumarin (1) Vmex. in

© lese polar

medium.

(1) |
216 dimeth- 1758,1744;
oxyphenol
and pe 1744,17103
methoxyphenol
(1) |
cresol and  1746,1731

p-ozeacl 1731,17205.

129.

TASLE 3

Ymax. in @] in - € in ain less rolar meiium
more polar p.loess 7. more N AT ¥ :
medium. E%a:m %o.’nar Dia more polar mﬁium‘

medium. medium.
1758,17463 0.813 0.85 1.16
1746,1717:  3.2; 0.320 1.17
1757,1744; _6-83; 0,845 0,845
1737,17}51 1.565 1,023 0.92

)
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TABLE 4

Dihyd 10w Qmax.in Qmax. in @£ in €1 in ! in less nolar solvent
drimenin in less polar more polar g, 1638 Z_move 4n more volar slvert
solvent. solvent. lar Polar o ve v

solvent. golvent.

hexane

CHC13 1797,1787¢ 1797,17875 0.37435  0.330% 1.00
bexane 4
(1399 v/v)
CHCl4 hexane o
(1599 v/v) (1797,1787s 1798,17865 043305 0.3263 0.83
CBCl3 hexane _ S
(1:19 v/v) (1787,1763; 1786,1762; 8.28y  3.88; 1.00
T1o3 hexene(1798,1786; 1797,1785: 043261 0.326; . 2400
(1786,1779: 1785,17783 3.88; 048651 1.00
%gf;a';:iﬂne(1779,1762; 1778,17635 3.385 2,593 1.13
CHC1, hexane | o |
(1:97v/v)  (1797,17783 1797,17763 0.2735 0.1653 0.905
CBC1, hexane( ‘ v ]
(1:47v/v)  (1778,¥763: 1776,17643 2,593  1.903 1.36
CHCl, hezane _ B -
(1:4°V/%)  1176,1764; 1775,17633 1,905  1.28 1.00
CHCly hexane . « ST
(1:17v/v) . | .
 CHC1. hexane N | | o
:~(§,13vj~) XTY5,17635 1771,1761s 1.28: . 0.92 - 1.2

Qﬁclgf L



(1)
(2)
(3)

(4)
(5)
(6)
(n
(8)
(9)
(10)
(11)
(12)
(13)
(14)
(15)
(16)
(1m
(18)
(19)
(20)
(21)
(22)
(23)
(24)
(25)
(26)
(27)
(28)
(29)
(30)/
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FIGURE 6
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FIGURE 8
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Figure 13
Plot of the energies of the perturbed functions G¥***'"*-) against the

separation of the unperturbed functions (— -)o
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Figure* 1-5

The perturbation! .gure 14- superimposed on figure 13



