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SUMMARY OF THESIS
FNTITLED

STUDITS IN NAURAL PRODUCT CHEMISTRY

Al

‘Section 1, The correlation between the infra-red carbonyl

frequency and conformation of S -lactones was'bésed on the

study of a limited number of examples, To substantiate

the correlation, a pair of epimeric 8 ~lactones were synthesiéed
by degradationlof the sesquiterpene drimenoi. .One of the pair
was forced to adopt a half-chair conformation and had an infra-
red carbonyl frecupnecy of 1740 cmhl. The othe?<g ~lactone was
forced to adopt the half-hoat conformation and had an infra-red
carbonyl‘frequency of 1755 cmnl.

The preferred conformation of simple-unstrained.éﬂ-lactones
has not previously bheen determined, The n.m,r,, infra-red and
circular dichroism snectra of the lactone of 5 - hydroxy - 5 -

t - butyl -~ pentanoie —~ acid could be best interpreted in ter;s
of it existing as an equilibrium mixture of half-boat and half-chair
conformers with the latter predominating.

The circular dichroism and optical rotatory dispersion curves
of a number oféldactones were examined and the signs of their
Cotton effects found to be best interpreted in terms of the rule
which correlates sign with the chirality of the lactone ring,

Invegtigation of the n.m.r. spectra of columbin, isocolumbih
and decarboxy columbin confirmed that the cbnformatiop of the first
two & ~lactones was the same in solution as in the sélid state

as determined by X-ray crystallogranhy,

Lo . R  ar - T ~

Section 2, The conformation of medium ring lactones have not
previously been examined. The n.m.r; spectrum of cycloheptanolide

at 173°K was consistent with it adopting a boat-chair conformation

N



with the lactone group occupying one side of the molecule,

The n.m,r. spectra of cyclononanolide and derivatives at

different temperatures and in different solvents were

consistent with cyclononanolide adopting a boat—chair-boat
conformation similaf to that preferred by cyclodecane, In

addition the conformational inversion processes occuring

in these two molecules are discussed., The free emergy of activation
of cycloheptanolide was found to be 8.9': 2.0 K cal mole_1

and for cyclononanolide 9,2 * 1.0 K cal mole_l.
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CHAPTER 1

L e

THE CONFOIRMATION AND TNFRA RUD SPECTRA CF L 3010

1,2,5 . oy N
Tt has been deduced '“’” from the results of A-rey analysis

that the lactone group C - ¢ - 0 - C is planar. To account for
0
4 .
this it is suggestedL that the lactone group is & resonance hybrid

of the canonical forms (1) and (2).

el

An explanation in molecular orbital terms would be to say that
when the lactone group is plamar, then this is the condition that
maximum overlap of the 71 orbital system of the carbonyl greoup and
the p ~ orbital of the alkyl oxygen can oceur, Overlap of ithis kind
13 ’ . - - ": . .
is postunlated to explain the higher energy of the n -—=Tl transition
of esters as compared to ketones. An approximate energy level
diagra.m5 for the | electron system of ester (and lactone) sroups
is shown in (3). It is seen that the effect of 7 overlap is to

. * 3 ’
raise the energy of the T[ orbital as compared to ketones, thus

o
causing a blue shift of the n-37T] transition.
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In a S;&actbne the planarity of the lacticne group leads to
two possible extreme conformation of the rin33¢ These are the
half-boat (&) and the half-chair (5). In {4) the carbon atoms
A and B of the lactone ring are displaced to the same side of the
plane containing the lactone group, whereas in (5) tbey are on opposite

sides of the plane,




Mathiesan6 originally concluded from the x-ray enalysis of
a limited munber of examples that the half-boat was the preferred
" conformer of‘g-dﬂctones. He suggested that a six membered
ring (6) could be considered as two parts a and b each consisting
of four atoms. The terminal atoms of each group are cormon and the
planar grovp b is defined by its dimensions. a, however, is
flexible and has an extra degrece of freedom through variatiqn of

the torsion angle about bond BC.

®

. .

In a é;—lactone the distance HE is such that group a must minimise
AD which results in ABCD being in one plane., On the other hand when
b has FG a carbon-carbon double bond then HE is greater and
consequently AD increases by adjustment of the torsion angle about
BC. This argument over simplifies the problem since the conformation
a molecule adopis depends on the minimisation of strain arising
from bond angle bending, de#iation from preferred torsion angles,
non bonded repulsions and bond compression and stretching. This
‘point is discﬁssed at greater length in the discussion,

~

In 1965 Overton and his co workers” noted a number of structvres



determived by X-roy crystallography in which égwlactones preferred

to adopt & hali-chair (5) conformation, In addition they argued

Cthat the half-chair is the preferred conformer and that the half-

boat {4) only avices in response to special circumstances. As examples
they cite iridswyrmecin (7), isciridomyrmccin (8) and lactone (A)

of Limonin (9}, ail of which have the lactone ring cis fused at

itSfQ and ﬁlcarbmn atoms to a five membered ring¢ In isocolumbin (10),
the boat conformation removes the non bonded interaction between

the C - § methyl group and the C -~ 12 furyl group which would arise

in the half-chair. Overton quotes three structures, simarclide (11),
glancarubin (12) and swietenine (13) which contain S-lactones in

the half~chaiy conformation,

More recent work has tended to support Overton's conclusions,
Sheppard andATurner7 have on the basis‘of n.n.r. studies of substituted
steroidal lactones of types (1%) and (15) concluded that the lactone
is present as a half-chair. In (1%) and (15) the conformation
also manifested itself in the chemical properties of the acetate
group. The acoﬁgte group in (lk) on treatment with base underwent
hydrolygsis but in (15) under the same conditionsit was smoothly
eliminated.

This is rationaliséd by the € - 10 axiai proton and the C - 17
acetate being anti-periplanar a situation which can only arise if

the lactone ring in (15) is in the half-chair,
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The n.m.r., specira of the twelve isousric gem—dimethyl-phenyl

1}
“

‘ 8 . : "
valerolactones have been examined by <olnson and Biges and found

to ke consistent with the lactone ring

beine & half--chair,

The opposite point of viow‘has been talen Dy Wolfg, and
Legrand and ﬂucourtlo, who have proposod that the stable conformation
of ‘g—&actones is the half-boat, Wolf avgics that the half-boat is
preferred wnless the following coustraints are imposed in which case
the ring reverts to a balf-chair, The consitraints are:

a) if the 2 or 4 axial positions arc substituted i.e. if a or

b in (%) are substituents,

b) if the carbon atoms A and B in (4) are fused to a six membered

ring in the chair conformation,

c) if the lactone ring is fused to itwo other rings which force

it to adopt a half-chair,

Usging these rules, Wolf correlated the signs of the Cotton
effects of a nmuuber of gllactones with their conformation. Legrand and
Bucourt have deduced a similar correlation.

Wolf gives no reasons for his initial assertion that the stable
conformer is the half-boat and Legrand and Bucourt base their proposals
on some unpublished calculations by Bucourt and Eainautlo. " At present
conformational energy calculations on systems cther than élkanes
are not well developed and any predictions arising from them mst be

treated with care,
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The coipounds studied by Sheppard and Tuvier and shown to have

(o)

a flattened half-chair conformaticn aras 19 - oxa - 16 oxo sterolds
with an angular methyl at € - 13, Yetl, according to the
generalisations of Wolf, Legrand and Puccurt these compounds are
expected to take up a boal conforvmaticn,

The proposals aad resalts of Wold, begrand and Bucourt will be
discussed in greater devail in chapter 3,

Consideration of the conformation of Sllacﬁones and their infra-
red spectra led Overton to the interesting correlation between conformation
and frequency of the infra-red carboryl bands of é:mlactones. They
observed that those compounds, which in the crystal have é;-—lactones
in the half--chair conformation, arc assosgiated with carbonyl absorption
within the range normally accepted for é;wlactones (Vﬁax(0014) 1750 -
1750 cm."l). The compouvnds which in the crystal have é;nlactones in
the half-boat conformatien, however, have carbonyl absorption
frequencies lying in & higher range (Vmax<cgl&) 1758 -~ 1765cm.—1)

(sce Table 1).3




TABLE 1

s ot o s

b . :
Conformation : Displacement in A from:'VC=G

Iridomyrmecin (%)
Isciridomyrecin (%)
Isocolumbin (%)
Limonin (A lactone) (%)
Swietenine (5)
Simarolide (5)
Glaucarubin ‘ (5)

Jactone

A

+1.15

+1,12
+1.22
40,77
+1.11
+0.33
+0,17

+0,43%

plane

1732
1727

1753°

(2) I.r. spectra refer where apvropriate to derivatives in which

the obscuring effect of other carbonyl functions has heen removed,

The compounds used for I.R. measurement are given in reference 3,

(b) 1Insoluble in CClQ. Solvent shifts (CHCl

S‘~1actones are +10 to 15 cm-l.

(¢) O =Methoxy - - lactone,

3

In line with the above predictions, the lactone of

> 1001 4) for

4 — hydroxycyclohexanecarboxylic acid (16) (conformation L} hes

'VﬁaX(CCl&) 1768 p— and Q( =campholide (17) (conformation 5).
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Vﬁqy(CCla) 17hkem ©,  The carbonyl fyvogusneies of the lactones
Li g

studied by Sheppard and Turner and Johnasn and Riges, which are all

half-chair g-;lactoncs, fall into the Lowex x;ange.

-It is pertinent bere to examiue the foctors which affect the
frequency of carbonyl bands. These factors can conveniently be
divided inte twoll.

First of all inductivé and resonsnce effects are considercd.
In general carbonyl frequencies which are higher than thosc of acetone
in a given solvent can be regarced asz exoumples of carhonyl groups
where inductive effects ocutweigh resounance effects whereas the reverse
is true for those exhibiting lower freguencies. This is explained
by considering the carbonyl group as 2 resonance hybrid (18), from
which it can be seen that if an eleciron withdrawing group X is attached
to the carbonyl carbon (19) the poler resonance form becomes destabilized
and hence the carbonyl possesses more double bond characuer. This

results in a higher force constant and tlus a higher frequency.

. e 0 €~ . 0 - 18

0 @ <> 0 ‘ 19
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On the other hard, if the group X can participate in the
" resonance hybrid (20), then the resulting delocalization of electrons
will lead to the carbonyl group having more single bond character, a

lower force constant and thus a lower frequency.

In estérs and lactones since the carbonyl frequency is higher
than in acetone it rmst be assumed that the first effect predominates.

The other effect which rust be considered is the simple physical cne
of changing the bond angle., An example of this is the change in
carbonyl frequency as the size of the ring is altered, Two different
reasons have been advanced fer this phenomenon,

One explanation is that frequency shifts of the above kind can
be interpretated‘in terms of hybridization changes;‘ This is largely
baséd on the relation of'the inter-orbital angle to the degree of
hybridization. Contraction of the XCX angle from 120° is said to
cause an increase in p.character of the ring bonds and a corresponding
increase in the s -character of the C = 0 bond. Since an increase
in s-character of a bond strengthens it, then a higher force constant
and thus a higher frequcncy will result. Thus the increase in
frequency as the ring size of the cyclic ketones falls, There is

experimental evidence for the above view, notably the work of Ilall
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and Zbinden12 who have tabulated extensive data on cyclic system
from which they conclude that the observed frequencies show a fair
correlation with hydrclysis rates and that hybridization’changes are
a major factor in frecguency changes,

1)’14’15, hovever, indicate

Calculations by a nuwber of workers
that the change in carbonyl frequency with ring size can be wholly
accounted for by changes in houd angles, Fuﬁhermére, these calculations
showed that little change occurred in forcé‘constants which is necessarily
implied by the hybridization approach.

Brauman and Lawriel6 have described the carbonyl vibration in
terms of a simple model (21), which illustrates this physical
explanation. The éarbonyl vibration involves not only C = O
stretching but also bending of the XCX angle and compression of the

CX bonds, (21) is a model of the X - ¢ ~ X system which can for

~— O

C = 0 stretching be represented by (22)., In (22) the CX bonds have
been replaced by their resultant in the direction of C = 0 and their

resultant force constant, denoted by‘K'xx, is equal to 2chccs§/2.

K
co Keo
Kex N,\r/ 5 Kex C i
e N K’
XX’

sremewere

21 o _ 22
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It is assumed for the purposes of this argument that the rest of
the moiecule is held rigid,

Thus the effect of decreasing the hond angle will be ©o increase
]ng and thercfore raise the freguency of the carbonyl vibration.
This model also predicts that hybridization effects should tend to

cancel, for although C = € is strengthened, the CX bonds are

w

correspondingly weakensd, Calculations bazed on this medel account
quantitatively for the changes in carbonyl frequency with bond angle.
In this short review it has been shown that at lcast two different
conformations of 5~Jaetones can exist, As regards preferred
confbrmation, evidence is presented which shows that the majority
of ‘g—lactones vhose conformations have heen determined prefer to
exist as half-chairs, The review also discusses Overton's observations
which were based on a limited number of examples that the half--chair
‘conformation of <S—1actones is associated with an infra red carbonyl
frequency in the range (Vﬁax(CCIQ) 1730 - l7500m&1)'whereas the half-
boat conformation has a carbonyl freguency in a higher range
(v, (cc1,) 1758 - 1765em )
In the work which follows, further examples of é;—lactonES which
bbey Overton's rules are produced andlin addition it is hoped to
.obtain further evidence that the preferred conformation of é;-lactones is

indeed the half-chair.
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CHAPTIR. 2,

PART 1 DIBCUSSIOH

When this work was initiated, the correlation between lactone

3

carbonyl frequency and conformation” was based on é limited

number of examples and subsequent work by two groups7’8 has

confirmad the obsevvation thab the half-chair conformer is associated
with carbonyl frequencies in the lowes range - Vﬁax (CClQ) 1730 -
1750 cm~1. However, no further examples of half-boat é;lactones
have been brought teo our notice. To establish Overton's correlations
beyond doubt, more examples of é-&actones of known conformation

are required and especially lactones adopting the hali-boat
‘conformation, The advantage of this correlation is that it provides
an  extremely simple and rapid method of determining the conformation
of S;lactones, which are important in the interpretation of their
Cotton effects, about which there is some controversy,

The first question which muast be resolved is whether it is
reasonable 10 expeet the carbonyl frequency of a half-boat <g—1actcne
to be higher than that of a half-chair, A satisfactory answer
to this éuestion can be obtained in terms of changes in bond angle,
the effect of which is discussed in the review,

- The distancel7 r between two carbon atoms separated by three
carbon~cgrbon single bonds is giveﬁ byt

) .y
r = a(3 - Leos® + cos° & - sin” @ cos)?
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where a is the carbon-~carbon bond length, £} is the ¢~ C=C

angle-and (L is the torsion angle as denoted in (185,

18

Thus as W increases the distance r increases,

In a S—-lactone r is the distance between the C -2
and C - 5 carbon atoms, (19) and (20). In the half-chair (19)
the torsion angle about bond C - 3 — C - 4 is greater than the
same torsion angle in the half-boat (20), Therefore to accomodate
the greater distance between € - 2 and C - 5 in (19), the

C~-C0~0and C -~ 0 ~C bonds rust expand,

19 _ 20

This analysis is borne out by bond angles obtained from
the X -ray crystal structures of compounds containing é-lactones.

o . . ; .18
The bond angles of the lactone rings in swictenine™ , a half-chair



o 1l e

19

é—lactone and isocolumbin™’, a half-boat é-lactone are shown

in (21) and (22) respectively,

The G = CO ~ 0 and € - 0 - C angles in the half-chair §-lactone
(21) are bofh greater than the corresponding angles in the ha,lf-;boat
g-—lactone (22). To distribute the angle strain evenly the
C4C5C,and €4C,Cy anzles in (21) are smaller thon in (22) thus
reducing the € ~ 2 — C - 5 distance in (21).
| Thus the increase in carbonyl frequency on changing from a
half-chair to a half-boat & -lactone can most probably be ascribed
to the decrease in Eond angle discussed above, |

Examination of the carbonyl frequencies of .5-—1actones

mentioned in the literature revealed that the majority have
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frequencies lying in the loweyr vange quoted by Overton el al,
One exceoyption is the 6 - Oxa - 5/g ~ cholestan - 7 - on’ stercidal

' 20 ... y - . -1 - .
<S‘&actcﬁe ¢ videh has V. ( P] \ 1739 em ~,  The corresponding

. . v . -] .. . . 21
5 ~ epimer has W~ ”LFl ) 1797 em —, Since the shift in freguency
A ey

then thic puils the carboenyl frequency of the 54 epimer near tue highex
range ("-’1-1...X(CCT*~:L) 1758 - 1763 cm—l) propnsed by Gverton, thus indicating
AL e
a half--boat confﬁrmution for the 5§— lactona.
The Sof, epimer will ﬁdopt the ecenformation shown in (23)
with thecg‘mlactone fixed in @ halfwchair conformetion, In the
5/9,epimer, however, ﬁheé' -lactone can adopt either the half-chair
(24) or the half-boat (25) conformation, (2%) will be destabilised
by the non bonded interactions between the axial protons on
C~-22nd Cw— 4 with C ~ 9, Furthernore, thocg ~lactone ring
has pseundo-axial groups on € - 5 and C ~ 10 vhereas (25) has enly
one psewto-axial group at €C - 10, Thus it"ﬁpears reasonable that
the egmjaanﬂo ring in 6 Oxa - 5/5 cholestan - 7 - oﬂ}will be a
1f~b00u since this removes the destabilising interactions indicated.
This then provides another example vhich fits Overton's correlations,
To fvrpish o furibher example of a pair oférnlactones, one of
which would be a holf-cheir and one a half-boat, it was decided to
synthesise (26) and (27). (26) with an 8X - methyl group would

izir conformation (28), with the 8 methyl eguatorial,



N

.

r hend, should adopt a half~boat conformation, (29),

(27), on the ot
with the 8{9 - wmethyl group eguatorial.  (27), in the alternative
half-chair cenformation would have severe destobilising interacticns
between the S(Q — mothyl which would bLe axial and the 10 -~ methyl
group., The position of the carbouyl bands in the infra -~ red
spectra of(86) and (97) will thevefore enable a further check to
be made on Cvevton's correlations,

The projected syathasis of (26) and (27) eavisaged starting
from the sesquiterprne drimanol (30), which was available in
" these laboratcries. A number of routes are possible but they
all involve similar problems. These are removal of the CHQOR
grouping and c¢le: vaxd of the double bond. The first route which
suggested itsclf iﬂvglved claavage of the 4}7’8 double bord of
(31), followed by removal of C ~ 11 to afford the kelo~ester (32).
It was felf that C = 11 could be removed by a retro-aldol type
of reaction (35) which was feasible because of the C - 8 keto group

which would be present in any cleavage product,

P
CH,

—

A

0
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Prom (32) it would be pessible to rednce the keto group giving
the enimeric a}conols (55) which could be seporated and degraded
in stages to (?6) and (27),

Aternatively (3%2) could be degraded to the nor-ester ()
and the 8 -~ keto group redunced at this stage, Separation of the

resalting enimeric alcobiols and hydrolysis could lead to (26}

. . 22 .
Zxamination of the reactions of drimanol™ pointed to a further
route, It is known that drimanol (30) on treatment with sulphuric

. . .

acid -~ potassivm dichromate oxidising mixtures afﬁordq in reasonable
yield (80%)’and,c(/6 —~ wsaturated ketone nordvimenone (37) in which
he ll-carbon atom has been removed, This would then allow
‘reducation of the [&’ double bond to (38) followed by Baeyer
Villiger oxidation to thg epimeric E ~lactones (39), whick could be
transformed into (26) and (27) by th2 route previously descrihed,
fxamination of the n.m.r. spectrum of nordrimencne at 100 M Hz
indicated three tertiary methyl groups, an allylic methyl group
walch showed a small coupling of 2 Hz, two allylic protons which
showad up as a broad singlet (V 14 Hz) a2t T 7.80 and a hroad
singlet (Wy = 8 Hz) at T 3,44 vhich was assigned to the olefinic
p
proton, Double irradiation at the frequency of the allylic

rnethyl resonance caused the T 3,44 sinzlet to sharpen up to a
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triplet {1 : 2 : 1) \J=kHz), Tuthermore, double irradiation

\
at the frequency of the olefinic proton resonsnce caused the
broad peak at T 7.80 {o sharpen up to a poorly resolved domthlet
(j = 7Hz ) and irradiation at the frequency of the two allylic
proton resonences at T 7.80 sharpened up the broad peak at
T 3.44 to a singlel (J = & Hz).
The ne.m.r, data cézmot b2 accomedated by the preposed strueture of

novdrimenone (37) in which the olefinic proten has no near

neighbours with which it can couple. Iowever, the data does

92

tit the alternative structure (40) in which the double beond i

“in the 7 ~ 8 position. In this structure the olefinic proton couples

with the allylic protons on C - 6 as well as with the allylic

methyl group. Removal of the long range coupling of the methyl grown

by double irradiation causes the olefinic protog to show up as a triplet,
(x0) wa§ confirmed bj mass spectroscopy which showed the presence

of thg ion (m/e 82, 100%). This ion is considered tc arise via the

fragmentation shown in (41) which cannot take place in the alternative

structure,

This discovery halted further work on this route and it was

5
<
b

decided to concentrate on the cleavage of the Z\'77 double boal in

N

Y

1

: 2
drimancl, Studies by Johnston™

N

showed that treatwent of drimenyl

acetate (31) with osmium tetroxide in ether and pyridine afforded the
: S 7‘3 oy : " Jywy e 1,03 Ld
isomeric 7‘5 y €& - dihydroxy -~ 11 - acetoxy - drimsnes (42) aad (43)

in 80% yield. {42) and (43) were separated by p.t.i.c., whence
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]

it was found that (42) was Tormed twice as fast as (L3). JohnstoneQ}
also determined the configurations of the hydroxyl groups in (42)
and (43) by oxidation with N - bromosucecinimide to the isomeric
7 - oxo - 8 hydroky w.ll - acetoxy - drimanes (48) and (49).
(48) and (Q9) were also obtained by oxidation of the corrcsponding
trans - diols (46) and (47) which in turn were prepared by acid
catalysed ring opening of the known /9 end 0 epoxy acetate922
(&%) and (&5).

Diol (42) showved bands in the infra-red at 1753, 1737 and 1724cm"1.
These bands were assigned to the acetate carbonyl which in addition
to free acetate at 1737cem -1, shows acetate bonded at the ether
- oxygen to the 8 - hydroxyl group (1753cm_1) and acctate bonded at
the carbonyl oxygen to the & - hydroxyl group (172&cmﬁ1). In addition,
the hydroxyl stretching region shows four bands at 3635, 3584, 3563
and 34600m"1, which can be accounted for by free sccondary hydroxyl
stretching (36350m~1), hydroxyl bonded to hydroxyl stretching and
hydroxyl bonded to the ether and carbonyl oxygens of the acetate
group,

The observed hy&rogen bonding data can be explained if (42)
is considered to adopt conformation (50) in which it is possible to form
the bonds described above. In addition the n.m.r. spectrum shows

the C - 7 proton as a narrow multiplet (W = 4 Hz) which is expected
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iesn hotween the dihedral angle enclosed

since it 1s equatoerial

by vhe two protons on o b
- . - ~1
(45) shows two hylvoxy) pecks, at 3030 cnm ~ due to free
s S -1 C o
secondary hydroxyl stretching and 3582 can ~ whieh is prcobably

due to hydroxyl boended ito hydrexyl since the acetate carbonyl

-1 . : ., A .
at 1741 ewm shows no sios of aplitbineg, Inaddition the € -~ 7

proton at T 6.72 shows wup as four lines (J = 12 Nz, 5 Tiz) due to
coupling with the 66 protens.  The magnitude of the splitting
indicates a large diaxiel aud a smaller axzial-equatorial coupling,.
This is in accord with conformation {51), Preswmably hydrogen
bonding to the acetate croup iz hinderzd by non bonded repulsive
interactions betveen it end the € - 10 methyl (52).

The isomeric cis . diliydroxy drimanes (42) and (43) were
cleaved with sodiwn mataperiodate +to the ket0~aldehyde'(53). (53)
showed bands at 271% e~ ( Idyhde € - H stretch) aﬁd 1717 can
(carbonyl abserption). M.m.r. showed a narrow doublet at T 0.2
due to the aldehyde pv'*nk and‘a~sharp singlet a£ T 8,06 due to
the m2thyl ketone,

Since (53) aecomposzed on standing, it was oxidised with
Jones reﬂgontgs to the corrvesponding acid (54) which was characterisad
by infra-red, n.m.r, asud analysis, as its methylnestér(55). The
overall yield of (55) from drimanol was § 505,
A better procedure which was suita ble Tor large scale work

involved oxidising
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drimenyl acetate (31) with potassimwm periodate in aguecus solution
containing a catalytic amount of potassium permanganate, This
is a modification of the proceduvre developed by Rudloff and
Lemieux 26 in that wmuch more concentrated solutions of the
reagents were used, (55) was obtained in 65% yield in just one
stage,

The main by product of this oxidation was the keto-acetate
(57) which was characterised as the ketol (58) obtained by
hydrolysis of (57). The D{—ketol showved a characteristic sharp
bonded hydroxyl band at 3490 cm“l, and a ketonic carbonyl band

1

at 1697 cm . The l1l-protons showed an AB quartet with

J

p = 18Tz and £, = 0.13 p.p.m.

The next obstacle was the rvemoval of the one carbon side chain
on C -9, It was felt that this could be achieved by a retro-aldol
reaction induced by either acid or'base treatment of (55).

Hovever, as was feared the major product in most base catalysed
hydrolysis procedures was the enone (59), which was easily iecognised
by its mobility on t.l.c. as compared to (55) and by infra-red bands
due to ester (1740 cmﬁl) and enone(i589 dmﬁl) carbonyls and the
double bond of the C(ﬁuunsaturated ketone (1606 cmﬁl). The olefinic
protons showed as a doublet at T 4,24 (two lines separated by 0,09 p.p.m,
and the characteristic doublet (P 4,24, J 6 Hz) and triplet (T 7.39)

of the CH - CHQ - CO systen,



Mild acid (14 concentrated sulphuric acid in methanol)
treatment of (55) afforcded the hydroxy-letone (56) in good yiecld
with the ehone (59) and the €-lactone (60) as by products, The
(§ ~1actone was identified by mass Spectra)MW 294’and n.n,r. which
shmﬁed the protons on C - 8 and C - 9 as an ABX system with
JAH w10 iz, JLX = k,7 Iz, and JBK = 0.8 Hz, The protons
on C ~ 5 and € ~ 6 appeared as an A:5 singlet in deuterochlcroform
bat iﬁ benzene as a coemplex ABC systems The C —~ 5 proton at T 7.45
is deshielded as compared with other systems in this series;
cf. T 8,40 for (68); T 8.25 for (66); T 8.00 for (65). The infra-
réd spectruua showed two carbonyl peaks at 1759 and 1728 cmul. These
values are abnormally high for the types of carbonyl functions in
this molecule,
It is suggested that (60) adopts the chair-conformation (61) vhere
the  proton on C — 9 lies within the dihedral anglé enclosed
by the two protonson C - 8, thus accounting for the smallvcoupling
constants observed, The € ~ 5 proton is most probably deshielded
by the ketonic carbonyl group which is oriented as showr thus causing
the C - 5 proton to fall within its deshielding region5 . |
The C.D. curve of this molecule shows a negative Cotton effect,
(@)5-519 (isoccta ze} = ~ 3,150, due to the lactone n-—-}'ﬂ‘* transiticn.

This is the same sign and magrnitude as the Cotton effect obtained



for the chair € ~lactone (69) and strongly supports the conformation

61,62 sector rules

(61). In addition both the Klyne and Snatzke
pfedict a negative Cotton effect for this conformation, The Cotton
effect of the methyl ketone is positive, (© )293 (igo-octane) =
+ 2,210 and application of the octant rule to the conformation
(61) predicts a positive Cotton effect, (6la) shows that most
substituents lie in the back upper left octant, The effects of
substituents in the front lower end upper left octants will cancel,

Explanation of the high carbonyl frequencies is difficult
although it may involve twiﬁfing of the system to relieve the interaction
between the axial C - 9 methyl ketone and the axial protons at
C~1and € -5, An alternative explanation is that there is scme kind
of intramolecular field effect between the carbonyl dipoles., This
has been oﬁ;erved in certain 1, 4 -~ dicarbonyl compounds by
Sondheime;7.”hc result of such an effecty; the exact mechanism of
which is not clear, is to raise the carbonyl freguency,

‘Vigorous acid hydrolysis afforded only the enone (59), together

with unidentified by-products. The keto-alcohol (56) was heated
in a pyrolysis furnace at SOOOC, but again the enonme (59) together
with unidentified by-products were obtained,

The side chain was finally removed by oxidising the primary
alcohol group of (56) with JonesQB,reagent followed by oxidation

of the resulting aldehyde (62) with refluxing basic silver oxide22
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solution. The major product of this reaction was the acid (63%),
ﬁhich was characterised as its methyl estef (6%). (6%) had a
molecular weight of 252 by mass spectoscopy and showed no 0 - H
stretehing in the infra-red., The carbonyl region showed hands at
1739mi—1 due to the ester carbonyl and 1709cm~1, due to the ketonic
carbonyl, N.om,r. showed at 20 doublet at T 7.07 (J =L Hz) which
was shown by double irradiation to becoupled to a 1H triplet at

T 8,12, This indicates retention of the CH - CHQ- CO grouping,
The 28 singlet at T 7.65 and 3H singlet at 7.87 ave attributed to the
CH,, - CO - CI’I,5 grouping, (63) must arise by oxidation of the
aldchyde {62) to the corresponding acid which decarboxylates in
presence of base, _

. At this stage it was possible to transform (6%) into its
ethylene-ketal and degrade it by the Barbier-Wieland procedure,
Alternatively tﬁe keto group of (64) could be reduced andthe degradation
carried out on the resulting epimeric hydroxy-esters (65) and (66).
Sodiwn borohydride reduction27 of (64) afforded three products
which were separable by p.t.l.c. The most mobile product (33%)
was nicely crystalline and showed a strong carbonyl band at 1738 cm"l,
but no hydroxyl stretching in the infra-red, The mass spectrum
indicated a molecular weight of 224 and the nolecular formula from

micro analysis was 014H2402’ N.m.r. shoved a secondary methyl,

a I low field multiplet at T 5.50 end a 20 rmltiplet between T 7 - 8,



This compound could also be formed by base hylrolyzis end acidifiecation

of the least mobile reduction product vhich wes obtained in only
14% yield., The least mobile product (015”2505> shywed nen bonded
secondary hydroxyl stretching at 30623 cnfl, and on ester carbonyl
at 1740 Cmﬁl, in the infra-red. N.n.r. showed o secondary e thyl
at T 8.85, a low field r wl i plet at T 6.0 and the cheracteristic
1H triplet and 2 doublet of the CH - C -~ €0 system, The evidence
indicates that the least mobile compéund is one of the expected
hydroxy~csters and the more mobile non-hydroxylic compound, the
corresponding ( ~lactone,

The third reduction product showed infra-red and n.m.r. spectra

similar to those of tae above hydroxyv-—ester with the exception that

) . ;. Ll s = ]-
there was intra-bonded hydroxyl stretching at 3525 cm end the freguency
J ] 1

' ~1
of the ester carbonyl group was lowered to 1727 cm 7 by hydrogen
bonding, This compound on base hydrolysis and acidification afforded
g p J J
acidic material, However, refluxing in benzene with a catalytic
N . .28 v i a .
amount of para-tolucne sulphonic acid  resulted in formation of
a neutral product which was of the same mobility on t.l.c. and
bad similar infra-red and n.,m,r, spectra as the previously described
€ -lactone., This conpound was formmulated as the epimeric é ~lactone

7

mixture of the lactone and acidic material,

which was found to be extremely unstable, existing as an eguilibriwm



The rultiplets between T 7 « 8 in the n.m.v. spectra of the
€& ~lactones were recognised as arising from the two protons ford
.to the carbonyl groﬁp and were the AB parts of the ABX systens
formed by the protons on € - 5 and € ~ 0, The coupling constvants
were calculated (see page 103)the steble lactone having

Iy = 0.5 Mz, I = 10,5 Ilz and J, = ~1% Hz (in CCI, solution)

AX BX AR
while the unstable lactone had J J = 8 flz and JAB = =17,0 Hz,

AX T UBX

First order analysis of the lowfield rmltiplet at T 5.50 due to

the C ~ 8 proton in the stable € -lactone indicated the presence

of a large coupling (J = 8 Hz) and a smaller coupling (J = 1 Hz) in
addition to the coupling with the methyl group (see page 107%).

Tf the stable € -lactone is formulated as (68) with the € - 8
methyl {, then it can adopt a chair like conformation (69) where the
C -~ 8 methyl is equatorial, Hﬁ and HX are almost anti-periplanar
while the torsion angle between Hzahd Hk is almost 900. This will
result in the observed large JBX and small JAX which is in accord with

29’30. For the same reason C — 8

the femiliar Karplus equation
proton is also expected to have a large diaxial and a smaller
axial-equatorial coupling)which is‘as observed, The observation

that the C — 6 axial proton is at lower field than the C - 6 equatorial
proton is also explainced in terms of the shielding properiies_of
the'carbonyl group (see page 105), |

The observed negative Cotton effect, (69)224 = - 2,795, confirms

the conformation (69) since =pplicdtion of both the Klyne6l and
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Snatulke sector rules predict the cérrect siprn,

On the other hand the unstable § ~lactone which is epimerie
at C ~ 8 must be formulated as (67) and will adopt 2 couformation
like (70) vhere the € - 8 methyl is equatorial and Hﬁ lies outside-
the dihedral angle enclosed by the AR protons at C - 6, in order that
the two coupling coanstants JAK and JBX should have such high values31.

This means that the least mobile hydroxy-—ester has structure(66)
and the more mobile hydroxy-cster is {65).

Treatment of the epimerie hydroxy-esters and lactenes with
phenyl magnesium bromidesngollowmiby dehydration with acetic
anhydride afforded products vhich reflect the assignments showm above,
The hydroxy-ester (65) on reaction with the above reagents,
afforded the expected diphenyl ethyleune acetate (71)., However, on
identical treatment both the hydroxy-ester (66) and the lactone (68)
yielded the cyclic enol-ether (72).

(72) mmst be formed by dehydration of the hemi-ketal (73) which
is sufficiently stable to prevent further reaction of” the molecule with
‘phenyl magnesium bromide, The hemi-lketal from (65) would have an
axial methyl at C -~ 8 which would destabilise the stable chair like
conformation shown for (73) and as a result a substantial proportion

of the open form would be present which would react with the phenyl

magnesium bromide to form (71).



‘ (71) was easily recognised by n.m.r. which showed the presence
of the CH - CH % grouping as an AX quartet (0=11 Hz) and the
ten protons of the two phenyl groups as a breoad singlet at T 2.72.
The enol ether was very mobile on t.l.c. in ethyl acetate, pelrolewm
ether (1:20) as eluant, The infra-red spectrum showed no carbonyl
abgorption but had strong C - 0 stretching bends at 1063 end 1120 Cm_lo
N.mor. showed the CI — CH = grouping as an AX quartet (J =0 1Iz)
while the aromatic protons between T 2 and T 3 integrated for five
protons,

Initially degradation of (71) was attempted by the usual
vozonolysis'procedureBQ. However, the required acid as its methyl-
ester (74) was only obtained in low yield (14%), the mejor product
(20%) béing (75) in which one of the phenyl groups had been oxidised.
A substaﬁtial amount of poymeric gums were obtained in this reactien
togethef with unreacted starting maferial (50%).

(75) was identified by mass spectra, the parent ion at m/e 336 being
absent, owihg to ease of loss of acetic acid to give the first peak at
ny% %26, N.m.r, confirmed the five aromatic protons at T 2,70 and %he
CH -~ CH= group which showed &s an AX system (J = 12 Hz), Infra-
red showed two carbonyl bands at 1740.cm_1 (acetate) and 1720 cm~1
(OQQ‘— wnsaturated ester), |

‘The required degradation pfoduct, the acetate-cster (74), was obtained

in better yield (50%) using the periodate catalysed ruthenium dioxide
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procedurejg. (7) showed a peak in the mass spectrum at n/fe 22k
corresponding to loss of acetic acid while nem.r, showed a shorp
ginglet at T 7.90 owing to the methine proton at C - 5,

(7%) is thé precursor of one of the requirmié;Llacﬁones (27).
To obtain the other é§~1actone (26), attenfion was once more
directed towards the enol ether {72). Reference to the literature

indicated that cleavage of the double bond could probably be achicved

-~

. . . . 3k
33 or by reaction with meta-chloroperbenzoic a01d3 .

by ozonolysis
Ozonolysis at room temperature had little effect but action of
m - chloroperbenzoic acid resulted in formation of a complex mixture,
However, osmium tetroxide was found to react rapidly with (72) and
#fter a few days, decomposition of the osmate complex with hydrogen
sulphide afforded a mixtﬁre of three compounds as julged by t.l.c.
The major product wes the benzoate (76) with the ketol (77) occuring
as a minor product., The third product which oceured in very low
yields was not characterised,
(76) showed bands in the infra-red at 2735 cﬁ“l (aldehyde b -~ H
stretcﬁ), 1717 enL (aldehyde and benzoate carbonyl stretching) and
at 1275 and 1110 cm-l due to the C - 0 - C assymmetric and symmetric
sfretching of the benzoate, N.m.r, showed the presence of the
aldehyde proton at T 50.74 as a doublet (J = 6 Hz) owing to coupling
with the C —= 5 methine proton which showed as a doublet at T 8,17,
The aromatic protons of the benzoate showed up as two groups, the

o - and p - protons between T 2-2,7 and the m—protons between Tl.6 - 2



(77) and the thivd pereduel wiich were sepoyated by n.t.l.c,

showed up as two spouns of ilar polarity on t.l.c, The infra-red

ey N N . . .
spectrwi of (77} showed nen honded secondary hydroxyl stretching at
> "‘1 - o “ f ; . S e "]- 1 . b}
3620 cwm , bonded hydvowyl etreiching at 3455 em ~ and a carbonyl band
. -1 . : .
at 1702 em ~. Now,r, showed a secondary methyl and a wultiplet at
T 6,50 due to +he nmroeion on € -~ § couplineg with the secondary
® s P - v
methyl and methylens poxions on € - 9, The nrotons on € - 5 and
C - 6 were singlets (V1 = 2 Hz) at T 7,45 and T ! &9. Small coupling
between them was indicated by double irradiation., The singlet at
T 4,89 sharpened considerably on addition of 1,0 due to removal of the
I 7 o

coupling between it and the hydvoxyl proton,

ro viswalized as being formed from the

o

e

Both (76) end (77)
initially formed osmate by a cyelic Ffragmentation reaction,

The aldehyle-benzoate (76) resisted atterpts to oxidise it

to the acid by hoth Jdones reaprent and refluxing silver oxide in

S

e?hanol. However, hy a! lowing it +to stand in air, an acidic product
was obtained wiich on methylation was shown by infra-red and n.m,r, to
be the éster (78).

Although (78) is a precurser of the reoulred.én—lactwne (26),
(26) was obtained via ihe ethylene ketal (79). (79) was formed by
refluxing (€64) with «thvlene glveol and p ~ toluene sulphonic acid,
(79) was transfovmed into the diphenyl ethylene ketone (80) by
treatment with phenyl masnesiuvm bremide followed by dehydration

-

by refluxing with acelic aeid azd water””, (80) showed bands in the

-] ' .
infra-red at 1710 cm {1zetonic carbonyl) and the typical AX auartet



(J,.. 12 Bz) of the CH - CH =  system.

Degradation of (80} was accomplished once more by the
rothieniw dioxide catalysed potassium pericdate method, The nor—
keto—-ester (81) obtained by nethylation of the oxidation product was
analysed as 014H2403 by high resolution mass spectrometry. (81)
shioved bands in the infra-red at 173L aand 1705 cml-'1 due to ester
and ketonic carbonyl absorptiens. N.m,r. showed a singlet at
T 7.57 due to the methine proton at C - 5.

Sodium borohydride rcduction of (81) afforded two less
mobile products as shown by t.l.c. Careful p.t.l.c. afforded two
hydroxy-esters (82) and (83). (82) was acetylated and the acestate
was shown to be identical by t.lecs, 2.l.c., and I.R, with the
acetate~cster (7%) obtained by degradation of (71). (83) was
‘similarly shown to be identical with the hydroxy-ester obtained
by mild hydrolysis of the benzoate (78),

. In addition the infra-red spectra of (82) and (83) differed
in that (82) showved substantial bonding of the hydroxyl to the
keto group of the methyl-ester as evidenced by the presence of a
bonded hydroxyl stretching bond at 3565 mi’l and a bonded carbonyl
b;nd, as a low intensity peak at 17060 cmfl. (83) on the other hand
showed a sharp band at 3615 cm -1 and no bdnded hydroxyl bands.
Explanation of these observations is difficult owing to the hydrogen

bond being part of a highly substituted eight membered ring.



(82) and {(87) were hydrolysed with methanolic potassium hydroxide
solution and on acidification the required epimeric é;u lactones (27)
and (26).were obtained, |

The spzctral details of the é'ulactones (26) ana (27) ave
shovn in Tigares 1 and 2 and in Tables I¥, IXY, IV and V.

The mass spectra éf both lactonas, the principal peaks of
viich are shown in table 11, show pavent ions at m/e 210. The base
peak at m/fe 127 is the saue in both cases, and results from the
fragmentation shown in {8%). The ion at m/e 109 is pictured as being
formzd by elimination of water from the ion of m/e 127 as shown in
(85). Tue spectrvm of lactone (26) was measured on a high resolution
mass spectrometer aad metastable ions at 107.22, 93.55 and 76,8
Twere obsérved. The métastaﬁles at 76.8 and 93%.55 arise from the
fragmentations shown in (84) and (83) respectively,

The n.m.r. spectra of (26) and (27) are shown in figurcs 1 and
2 respectively, JTuspection of the n.m,r; spectrum of (26) éhows
a doublet at T 8.67 (J = € 1Iz) due to the secondary methyl group, a
singlet at T 8,06 due to the methine proton at C - 5 and a multiplet
at T 5,40 due to the € - 8 proton. On irradiation at T 5,40, the
secondary nethyl dcublet collapses to a singlet and the four lineg,
marked with ticks, just above the base liue; collapse to ﬁ doublet
with J = 13 Iz, These four lincs arec assisned to one of the two
C-9 protons which constitute the AD part of the ABXM éystem forme

3

by the protons on € — 8, € - 9 and the C — 8 methyl sroup., Since



J,., and J_ , are approximotely mere, the two C - 9 protons approximate
i Bl" I & etV s gy

Ab i
to the AB part of an ABX system, The four lines marked in Figure 1
originate from the B proton and since the four lines expected Ffrom
thebA proton could not be located, it is presumed that théy are
hidden under the methyl signals at higher field. The magnitude
of the splitting in the B part (J = 13 Hz, 5 Hz) implies that it is
probably an equatorial proton, This is confirmed by examination of
fhe T 5.40 multiplet structure, which is accounted for by the |
signal from the C — 8 proton being split into a 1:3:3:1 quartet
(0 = 6 Hz), which is further split by a large (JAX = 12 Hz) and a
smaller (J = 5 Hz) coupling. This is consistent with the conformation
(86) for (20) in which the C - 8 proton is coupled to the ¢ — 8
methyl (J = 6 Hz), the C - 9 axial proton (J =12 Hz) and the C - §
equatorial proton (J =5 Hz). The alternative conformation for
(26) in which the lactone‘ring is in the half-boat would lead to
very small (J = 1 to 3 Hz) coupling constants between the C - 8 and
»C - 9 protons, ( see for examp1e0<-campholide page 110). This would
not be consistent with the observed n.m,r. spectrum,

Inspection of the n.m.r, spectrum of (27), Figure 2, shows a doublet

(3= 6 Hz) at T 8,69 due to the secondary methyl group, a singlet
at T 7.83 due to fhe C-5 methine proton énd multiplet at T 5,57

due to the C - 8 proton, On irradiation at T 5.57 the secondary
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metiyl doublet collapses fb a singlet and the signals due to the
protons on € - § are observed to change., The C - 9 protons

as in (26) form the AR part of an ABXMB system end as béfore it

is possible to corsider them as the AD part of an ABX system.

Double irradiation at T 5.57 locates six of the eight lines which
constitutce the AB pard, The two lines vhich cannot be osbscrved are
easily positioned since all of the four lines which constitute the B
part and the two most intense lines of the A part are visible,

The positions of the eight lines ére marked with ticks just above
the base line in Figure 2, Submspoctrél enalysis (see page 103)

furnishes approxinele values of JAB = =14 Hz, J,, = 12 Hz, J L Iz

AX BX ©

Y — .g —_ R i1 ry an & 3 " b £
and («SA E) = 30 Hz. These values of JAX and JBX are conglrmed

by analysis of the muliiplet structure of the C -~ 8 proton at T 5.57.

This -is consistent with the conformation (87) for (27) in which the

C - 8 proton ccuples to the methyl group (J = 6 Hz), to the C - 9

-

axial proton {J = 12 Iz) and to the C - 9 equatorial proton (J = k Hz),
Were (27) in the alternative conformation in which the lactone ring is

a half-chair tuen the coupling between the C - 8 and C - 9 protons

(¢

wvould be very enall {(J =1 - 3 HZ) (see for example 0(—campholide

any . “. . .
page 110and thus would be inconsistent with the above data,
The n,m.v. spectra of (20) and (27) confirm that the preferred
conformations are (86) and (87) which were predicted on the basis

of stereochemical arpuents (see page 15). Furthermore the ohserved

carbonyl frequencies of (26) and (27), 1740 and 1755 — respectively,



fully support Overton's oorrelationj. This correlation is now
rted by a reasonable munber of exemples and must therziove
be considered to be a good criterion from which the conformation
of g-lactones can he deduced,

The optical rotatory dispersion and circular dichroism data

are prescunted in tables IV and V and will be discussed fully in

chapter 5.




TADLYE T1

a1 PO &

Principal ions in mass spectra of &--lactones (26) and (27).

&-1actone (26) S-1actone (27)
n/e % Abundance n/e % Abundauce
210 85 210 23
167 21 167 17
151 27 151 17
150 L3 150 33
127 100 127 100
109 41 109 ©61
95 37 95 45
94 - 3k 9% 21
83 20 83 - 36
82 82 82 50
81 22 81 .3k

107.22 metastable
93.55 metastable

76.8 metastable




TABLYE  YTIT

O Do L A o AR P

Positions of infra red absorption maxima in carhon

tetrachloride solution of the S-lactones (26) and (27).

§—1lactone (26) Voo — L-lactone (27) Vo e
1750 ()" 1755 (5)
1382 ) 1582
1233 1225
1214 - 1204
1128 (S) | - 1172
106 1118 (8)
T
1070

* (8) indicates bands of highest intensity.



TABLIL TV

@ o LI et b e

Optical rotatory dispersion data for 8«lactones (26)

and (27) in methancl.

Compornd Fivst Dgtremmm Lowest Wavelength Sienn of
P z g

o Cotton Effect
[T Ny P Aam

S-lactone (26)  +1620 239 -5390 217 +
& ~lactone (27) 46520 236  -10400 212 o+
TABLE V

~ Cireular dichroism data for L-lactones (26) and (27)

in ethanol

Compound | ’ Molecular Ellipticity A ()

[6] X o~ 3

é;-lactone (26) +k, 60 225

& -1actone (27) ‘ +9,17 2973
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mreral BExnerimental

A3l melting poinis were cbiained on a Kefler Block and
are uncorrected,

Infra-red solution spectra (I.7.) were recorded liresrly

u

. ~1 . -
in o ( ) as percentase trapsmloswn by ¥rs. F,Lavrie aand

Mrs, A, M, has}!ivan on a Unicam 8.7, 100 or a Perkin Blmer
225 double beem spectrophotometer, Other soluntion specira
anpd thin film specira wore obiained on a FPerkin Elmer 237
and & Unicam S5.7. 200 sypecliropholometer respesciively, Only
the major psaks or pezhis of diczgnostic value are guoted,

Muelear magnetic resonance (n.m.r.) spectra were recorded in

Tz

CDe1,, solution nsing 7.2M,8. 28 an internal standard on & Perkin

3

Elmer 2 16, 60 M Oz spoctrometer or e Varian H.A. 106, 100 ¥ Iz,

e

speciremeter, The n.m.r. data is recorded on the Tam (7) scale

and only siznels of diagnostic valne are guoted., The Tau (T}

velues are those cbtaired frem the 60 ¥ Ez specirum or from the

100 M Hz speetrim after calibration with a Hewleit Packard elecironie
covnfer {52124} and dovkle rescnance experimenis were performead

with a mirhead Oscillator (D-890-3) on the H,A, 100 specirometer,
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Mass speclra were abtained on o L.IE.D, G000 G.CM.S, or an
CAT Y. MBSO, or M.S8.12 spectrometor,

Micro—analysis were perfor npd by S, 31 Le Cansron and
his staff,

Gas chromatography (g.l.c{)was performned on Pye Argon gas

:lags columms. Ghther

.
E=4

chrematographs using Zm, x dmm, 1.D, pacied

gelec, was carried out on a Perkin

Poll. pas chromatosraph,

(o

Meﬁk Kieselgel G silica was usad for anelytical thin layer
chromatééraphy (telecs) and prepe raL"§ﬂ thin layer chiromatogravhy
(petelecs).

Petroleum ether (pet-ether) refcrs to the fraction which boils
between G0 —80°C unless otherwise stated,

All solutions were dried over anbydrous magnesium sulphate
or anhydrous sodivm sulphate.

Optical rotatory sty¢r31on (0.2.12,) ana‘Circular Dichroism

r

curves (C D, ) wvere kindly rmm by Professor ¥V, Klyne and Professor

G. Snatzke respectively,



Drimenyl Acetate (31)

Drimanol (9 g.) was disselved in dry pyridine (60 m1,) and
"Analar" acetic anbydride (60 ml.) added, After stending overnight,
the solvents were removed mnder reduced pressure and a red oil (11 g.)
was obtained which showed one main spot on t.l.c. (ethyl acetate,
petroleun ether 1:9 as cluant.) The oil was chromatographed on
silica (300 g.) and deimenyl acetate (31) (8 g.) was eluted with

benzene/petrolewn ether as a colourless oil.

v (£ilm) 1755, 1200c0™

The Isomeric 7%;, 832 ~ Dihydroxy - 11 Acetoxy -

Drimanes (42) and (43)23.

Drimeﬁyl acetate (0,586 g.) in dry ether (10 ml.) was added
to osmium tetroxide (0.5 g.) in dry ether (10 ml,) and pyridine (0.5 ml.).
Brown crystals of the osmate complex formed after a few mimutes,
After 2L hours at room temperature, the ether was removed under
vacuum, the osmate taken up in benzene and hydrogen sulphide
bubbled through the solution for several minutes, On filtering off
the black osmium sulphide and evaporation of the benzene, the crude
isomeric 7%:, ég-—dihydroxy ~ 11 acetoxy drimanes (0.603 g.) were

obtained as a brown semi solid. (42) and (43) were separated by

p.t.l.c. (ethyl acetate, petroleum ether 1:1 as eluant).




The majoxr product (0,256 g.) was the Teast mobile diol (22);
Mepe 1350.5 - 157.5°C (prisms from petesiler/chloroforn);

(C&)D - 46,5 (¢ = 1,46, chi.).

v, (Ce1,) 3635, 3584, 5363, 3460, 1753, 1757, 1724, 1241 e
n.m.r. showed 3H sinzlets at T9.21, 9.156, 9.15; 33 singlets at
78,00 and T8.87; III singlets at 77.06 and 6,46 (disappear on
D0 exchange); IH multiplet at T6.4%: and a 21 mmltiplet at T5.80.

(Found: ¢, 68.57; H, 10,4756 1,00, requires C,68,42;

T

5
H, 10,13%).

The minor product (0.148 g.) wos the more mobile diol (43).

nep. 122.5 -~ ;23.500 (needles from pei—éther/chloroform); @()D

+ 29 (c = 0,62 chf.); Vﬁax(CClq) 3582, 3630, 1741, 1233, 1017 cmfl;
ne.nm.r, showed %H singlets at 79,17, 9.12, and 9.0k; 3H singlets at
T 8,76 and T 8.02; 1H singlets at T 7.88 and 7.72 (disappear on
D0 exchange); 1H quartet at T 6.72 (J 12 ¥z, 5 Hz); 20 multiplet at
T 5.7k,
1775074

) .\ 24

The Keto-aldehyde (53) and the keto-ester {53)7 .

(Found: C, 68.39; H, 10.08; €, H.. 0, requires C, 65,42; H, 10,13%.)

The isomeric diols (42) and (43) (89 mg.) in methanol (10 m1.)
were mixed with sodium metaperiodate (114 mg.) in water (10 ml;)
and the éolution left at room temperature for 20 hours, The methanol_
was removed under reduced pressurs end water (10 ml.) added. FExtraction

with ethyl acetate followed by washing with brine and drying afforded
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the keto«aldeh; ) (6k me.) as a white crystalline solid,
Hepe 139.5 - 140,5;

max(Cblq) 2714, 17v7, 1746, 1225, 1020¢m"1; n.m.r, showed
9H singlet at T G,1; 3 singlets at T 8,006 and T 7.88,

(53)>(53 mg. ) vos discolved in acetone (5 ml.) and Jones
reagent added dropwise with shaking and cooling until the brown
colour persisted. After a few minutes, water (50 ml,) was added and
ether extraction afforded o white solid (49 mg.), The white solid
was taken up in ether and the ethereal solution extracted with sodium
bicarbonate solution., After acidification aund ether extraction a
white solid (30 mg.) was recovered which showed characteristic
acid streaking on t.l.c. The material was methylated witi ethereal
diazomethane to give the keto-ester (55). m.p. 75 = 7600, (needles
from pet-ether). Vﬁéx(CClé) 1742, 1717, 1233, 101kcm +j
nem.r. showed 5H singlets at T 9.07, 9.12, 9.03, 8.00, 7.78 and 6.30;
2H doublet at T 7.60; 1M quartet at T 7.05 and a 2 mudtiplet at
T 5.55.

(Foundi ¢, 66.19; #, 9,05; C 0. requlres C, 66.23; H, 9,26%.)

18 50

The keto-—-estex (55) by oxidation of Drimenyl Acetate with potassivm

permancanate and potassium periodate,

Drimenyl acetate (8 go) wvas oxidised in (2 g.) batches in order
that proper mixing of the reaéents occured.

Drimenyl acetate (2 g.) vas dissolved in "Analar" dioxen (80 ml.)
and added to a solution of potaséium permanganate (0.5 g.) in water

(1300 ml.) containing potassium periodate (26.4.g.). The pH of
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thcAsolution vas adjusted to 8,0 by addition of potassium carbonate.
The mixture was stirvred vigereusly for two days and then worked up
by acidification with concentrated hydrochloric acid and then
thorough extracticn with ether. The ethereal extract was concentrated,
waghed with brine and dried, The four batches yielded a pale green
0il (9.5 g.) which crystallised on gtanding, This material wvas
dissolved in ether (100 mi.) and thoroughiy extracted with 20% sodium
carbonate solution (& x 30 ml.). The alkaline solution was acidified
and thoroughly extracted with ether., After washing with brine and drying,
the ether was removed under reduced pressure to yield a browvn semi
solid (7.32 g.) which showed characteristic acid streaking on t.l.c,

The newtral material a brown oil (2.0 g.) was checked by t.l.c,
to ensure that all the drimenol acetate had been oxidised.

The acidic material was carefully methylated with ethereal
diazomethane, T.l.c.; (ethyl acetate, pet-ether 3:10 as eluant)
showved mainly one .spot with a emall amount of more mobile material,
G.l.c. (1% SE30, 150°C) showed two peaks, retention times 20,6 minutes
and 11.2 minutes, relative areas 10:1. The components were separated
by p.t.le and the major component was shown to be identical
(g.l.c., t,l.¢,, I.%, and mixed m.p.) with the keto-ester (55).

The minor component, the keto-acetate (57) was characterised
as the ketol (58) obtained by mild acid bydrolysis (1% concentrated
’sulphuric acid in methanel at room temperatlure overnight.) of the acetate
(57). The ketol wes purificd by sublimation (86°C at 0.5 mmEg) and

I

bad m.p. 51 - 55°C (necdles), vgax(c014) 3490, 3380, 1740, 1697cm”1;




ne.re showed a O singlet at T 9.11.; 31 sinvicts at T 8.90

3 -7

and T 6425 3T ralbiplet at T 7,40 — 8,205 207 quartet at T 5.59

and a 1 broad singlet at T 7.15 which disappeared on additicn of
D0
(Pound: €, 65.7%; H, 9.,30; Cy 10y, 0), regnires €, 65,595 I, 9 by

The Hydroxy-Ketone (56),

The keto-ester (55),(9 g.) was dissolved in mzlthanod (2500 »1,)

containing 1% concentrated sulphuric acid and silowed to strnd

overnight at rcom temperature, The excess sulpkan

b

ic acid was

neutralised with sodiwm carbonate and the mothanol removed wunder

reduced pressure, Brine was added and the solution thoroughly extracted

with ether, After washing with brine and drying, ths ether was
rermoved under reduced pressure and a pale green oil (7.3 g.) which
erystallised on stoending was recovered,

v (£ilm) 3600, 1740, 1670 (shoulder) en™',

-

T.l.c. (ethyle acetate, pet—ether 6:10 as elnant) showed one
najor spot with two minor ones, The major‘component, the hydroxy-
ketone (56), (5.5 g.) was obtained by crystallisation from pet-ether
(40 - 60), The minor components were separated by p.t.l.c.

(56) had m.p. 870C (plates from 20 — 60 pet-ether), (C()
(c = 1.0, ent.); v (cCl,) 3638, 3580, 3315 (wnchanged on dilwtien),
1737, 1715 cm-l; non.r. 30 singlets at 9.11; 7.73, and T 6. 31; OF singlet
at T 9.05; 1H triplet at T 8,05; 2H dounblet at T 7,013 1l quartet
at T 7.23; 29 multiplet at T 6,10,

~Found: C, 67.35; H, 90611'; 1 1"3(11!]'.1‘9S Cx ? rz’ H) 9 J/ e)
IE 28"



The minor products were the least mobile & -lactone (060);
Mupe 145 - 145°¢ (ncedles from 40 ~ 60 pet~ether);

Vﬁax(CClk) 1759, 17280mw1; n.m.r, shoved 3H singlets at
T 9.23, 9.02, 8,92 and T 7.80; 1 doublet (J ¥ ") at T 7.57;
3 rmultiplet at T 7.% and a 20 multiplet at T 5.52. CD (ethanol);
(63)293 + 2,210 (é>)219 - 3,150,

(Found: €, 71.3%2; H, 9.33; C ,0

T
1570k

3 requires C, 71.39;

H, 9.59%).
The othier minor product was the very mobile enone (59); Q><)D
- 530 (C = 0,9, chfo); which was microdistilled, (SOOC at 0.5 rm, Hg)

v ... (ccr,) 5010, 1750, 1689, 1606 cwl;  numr. showed 3H

.4)
singlets at T 9.17, 9.06, 8. 91, 7.69 and T 6.43; SH mmltiplet at
T 7.77: 1H triplet at T 7.39 and a OK doublet at T &.2k,

ass spec, MW, 2 . B equi 260,
Mass spec. M,W. 266, G, ¢flog04 requires 266

3 h
(Found: C, 71.83; H, 9.9%4; 016H2603 requires C, 72.1%4; H, 9.94%.)

Attempted retroaldol reaction on Keto-ester (55) and hydroxy«ketone(56).

The keto~ester (55) wvas treated under a variety of acidic and
basic conditions. Generally mild acidic conditions afforded the
hydroxy-ketone (56) while more vigorous conditions; e.g. refluxing
sulphuric acid in dioxan yielded the enone {59) as well as unidentified
products, Basic conditious, even sodiam carbonate in methanol,
tended to yield high proportiors of the enone (59).

Pyrolysis of the hydroxy-ketons (56) in a furnace at 500°C

yvielded the ensne (59) and unidentified products.
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The Keto-Aldehyde (62),

(i) The hydvoxy-ketone (56} (25 mg. 0.1 m mele), DJM.S.O.
(0,33 ml.), dry benzene (0.3% ml.), dicyclohexylearbodiimide
(0.062 g.), dry pyridine (0.008 ml,) and trifivcrozcetic acid
(0.005 ml.) were stirred overnight at room teuperature, Benzene
(2 rl,) was added and the dicyclohexylurea produced in the reaction
filtered off, The benzene solution was washed with water and dried,
Tel.c. showed partial formation of a more mokile product, adjudged
to be the keto-aldehyde (62), but although the conditions were
varied; Jones oxidation was found to be faster and more convenient,
(ii) The hydroxy-ketone (56) (9 g.) was dissolwved in “Analar®
~acetone (1.2 1.). Jones reagent (16 ml.) wos added slowly with
stirring ard cooling in ice., The solution was stirrved at room temperature
for six minutes and methanol added to destroy excess Jones reagent,
The reaction mixture was diluted with brine (4 1.) and thorcughly
extracted with ether (6 1.). The ethereal extracts were concentrated,
washed with brine and dried. Removal of the ether under reduced
pressure afforded a pale green oil (847 g.)¢ Tulec. showed one
major spot of similar R.F, as that obtained by the D.C.C. cxidation (i)

. . S N e
v (£ilm) 1730, 1700 ou™; A (CZI.LSOA} 219 mua,

nax

(CQHSOH 4 NaCH) 295 nm. and inecrease in é;

(62) decomposed rapidly on standing and was used without delay

for the next stage,



The Keto-ester (64),

(i) The crude keto-aldehyde (62) (& g.) was disselived in
ethanol (300 ml,) and added dvopwise with s£irring to on agucous
solution of 20§ sodiwm bydroxide (50 ml.) and silver nitrate
solution (silver nitrate (3.8 g.) in water (50 12.) ). The
resulting solution was stirred over a steam bath for 1< hours,

A silver mirror formued on the sides of the flask during the reaction,
The solution was diluted with water (IOO'ml.} and £iltered through

a celite pad., The basic solution was carefully acidificd with
concentrated hydrochloric acid and theroughly extracted with ether,
The ether solution was washed with brine and dried, Removal of the
ether undef reduced pressure afforded a crystalline product (3.5 g.)
which showed characteristic acid streaking on t.l.c. The material
was carefully methylated with ethereal diazomethane ané a pale green
oil (3.5 g.) was obtained, - T.l.c, (ethyl acetate; pet-ether 3:7)
showed one main spot. G.l.c. (1% sE30, 125°C) showed onc main
component as 85% of the mixture,

A sample was purified by p.t.l.c. and microdistillation
(75°¢ at 0.0% mm. Hg) and had (o().D 440 (¢ =1.0);
vmax(cclzk) 1739, 1709, 1161 emY; nom.r. showed 3H singlets at T 9.13,
9.10, 8.97, 7.87 and T 6,315 IH triplet (JaHz) at 7 8,125 21 singlet
at T 7.65; oH doublet (J, & Iz) at T 7.67. |

’ --A ‘"1:, - Z
Mass spec, M.W. 240 C15H2603 requires 240,



(Found: €, 70,06; H, 11.10; G Hl,605 Tequires C,70.27; T, 11.01%, )

(ii) The'hydroxy—ketone (56) (21 mg.) was dissolved in "Analar"
acetic acid (0.5 ml.), Beckmonns mixture (0.5 ml.) was added
drepwise with stirring and the solution was stirred overnight at
room temperature, Water (5 ml,) was added and the solution extracted
with ether, The ether solution was washed Qith brine and dried.
Removal of the solvent under reduced pressure afforded a pale yellow
0il (12 mg.) which was purified by p.t.1l.c. The keto—ester (64) (7 mg.)

was obtained,

Sodium Borohydride Reduction of the Keto-ester. (6%4),

The keto—ester (6%) (2.35 g., 0.0l mold was dissolved in
ethanoi (&5 ml,). Sodiwa borohydride (200 mz. 0.005 mole) was added
and the reaction mixture stirred overnight at room temperature, Tne
excess sodiuvm borohydride was destroyed by careful addition of dilute
hydrochloric acid to pH 3 The ethanol was removed under reduced
pressurc and a few ml, of brine added. The solution was thoroughly
extracted with ether which was washed with brine and dried, Removal
of the ether under reduced pressure afforded a pale green oil (2.2 g.).
T.lec. showed three products slightly less mobile than starting material,

: -1
{1 3l !
V ax (£ilm) 3400, 1740 cm .

The mixture was separated by multiplg running p.t.l.c. on

five (100 x 20 x 0,05 rm.) plates, (ethyl acetate, petroleum ether



2:8 as eluant).
The most mobile product was the é}ulacﬁcne (68} (769 mg,),
m.p. 117°C (plates from pet—cther 40 603 |
Y (0014) 1738, 1273, 1117 cm”l; n.u.re showsed 31 singlets at
T 9.11, 8.9% and T 8.93; 3 dowblet (7, 6 ¥is) at T 8,63; 2H rultiplet
at T 7.4 and a 1 multiplet at T 5.35.

c.n. (isooctane) (B5) ~2,705 ; Mass spec. MW, 204,

224
¢, H..0 ire J. 292
4 I requires MW, 2 te

110,05 requires €, 74.95; I, 10.785) .

(Found: €, 75.15; H, 11.1%; C
The least mobileproduct was the hydroxv—ester (66) which was
microdistilled (80°C at 0.03 mm. Hg);
- - 5 . -]
max(CC14) 3623, 3400 - 3550 (broad weak band), 1740 cum ;
n.m,r., showed 3H singlets at T 9,18, 9.12, 9.05 and T 6.36;
34 doublets (J 6 I'z) at T 8.85; 1H triplet (J 5 Hz) at T 8,263
21 doublet (J 5 Hz) at T 7.72 and a 1H mltiplet at T 5.92.

(Found: €, 7.06; H, 11.26; C requires C, 70.27; @, 11.01%).

152503
The third component was the hydroxy-cster (65) (773 mg.) which

was microdistilled (80°C at 0,03 mm. I (xi)u 1% (¢ = 0.8 chf.);

v (cc1,) 3623, 3523, 1727, (1739 shoulder) em 1; n.m.r. showed

3H singlets at T 9.25, 9.15, 8.97 and T 6,303 5 dowblet (J, 6 Hz)

at T 8.80; 1H triplet (J, 6 H2) at T 8,04; 24 doublet (J, 6 Hz)

at T 7.63 and a 1H multiplet at T 5.92,

(Founa: C, 70.06; H, 11.10; C

157005 Tequires C, 70 273 E, 11.01%).



The hydroxy-cster (66) decomposed to the £ -lactone (68) on

standing.

The& ~Lactone (67).

The hydroxy-ester (65) (30 mg.) was heated wnder reflux with 2%
potassium hydroxide in aqueous methanol for two hours. The solution
was acidified with dilute hydrochloric acid and allowed to stend
for a few minutes, The aqueous solution was thoroughly extracted
with ether and after washing with brine and drying, a colourless
0il (28 mg.) was recovered which showed characteristic acid streaking
on t.1l.c,
Thé acidic material was talen up in dry benzene (25 ml.) and refluxed
with p - toluene sulphonic acid (15 ng.) under a Dean and Stark for
10 minutes. The benzene solution was cooled in ice, washed with
sodium bicarbonate solution, brine anq dried., A colourless oil
(19 mg.) which crystallised on standing was recovered. T.l.c.
showed one spot together with a small amount of acidic material
on the base line. This acidic material increased on standing or if
attempts were made to purify the lactone by p.t.l.c. ér crystallization,
Howevef, althouch satisfactory analysis could not be obtained the
& ~lactone (67) was sufficiently pure to obtain infra-red and
n.n,r. spectra,
v (cc1,) 1750, 1275, 1190, 1142 s num.r. shoved 3 singlets ab
T 8.9, 9.1 and 9.2; 3H doublet (J = 6 Hz) at T 8.75; 2 rmltiplet

at T 7.4, and 1H rmltiplet at T 5.45.




The Divhenyl JYthvlene Acetate (71).

‘The hydfcx*»ester (65) (600 mg.) was dissolved in ether (16 ml,)
and added with stirring during 10 minutes to a solution of
phenyl mapgnesium bromide prepared from megnesium turnings (6&0 mg. )
and bromobenzenc (4,5 wl.) in ether (32 ml.). The mixture was
refluxed for two hours and stirred overnight at room temperature
under nitrogen, Thé carbinol was liberated by dropwise addition of
saturated. ammonium chloride solutien (10 m1,). The ether layer was
decanted and the precipitated aymoniwn salts washed with ether by
decantation, The ether solution was washed with brine and dried,

A pale preen oil (1.5 g.) was obtained. T.l.c. showed a mixture
with one spot predominating. ’

Vﬁéx (film) 3%00 (broad), 3050, 2910, 1590, 740, 690 ewL,

The 0il was not purified but was dissolved in glacial acetic
acid (12 ml.) and acetic aphydride (24 m1.) and refluxed for four
hours. All the soivent waéAfemoved under reduced pressure and the
residue (1.5 g.) was chromatrographed on silica (100 g.) The fraction
rich in diphenyl ethylene acetate (71) was eluted with benzene/pet~
ether (40 - €0). (71) crystallisqd as white needles (%00 mg,) from
pet — ether (40 - 60); m.p. 117 - 118°, CX)D + 86° (e= 0.6 chf.);

VﬁaX(CClé) 3084, 2930, 17kk4, 1606, 1250 cm_l; n;m.r; showed

3 singlet at T 9,10; 6 singlet at T 8.9; 3H doublet (J 6 Hz)



at T 8,87; 1 doublet (J 11 lz) at T 8.17; 3 singlet T 8,003

Ll tiplet at T 5.0; 1M doublet (J 11 Hz) at T 3.80; and & 101
nultiplet at T 2.72.

28H5802 requires C, 83.12; H, 8.97%.)

Further elution with ether/benzene afforded a crystalline

(Pound: €, 82.96; H, 8,92; C

compound (200 mg,) vhich had Vﬁaw(CC14) 178, 1705, 1240;
n.u.r, snowed 3 singlet at T 9.27; €I singlet at T 9,06; 34 doublet
(F 6 Hz) at T 9.93; 34 singlet at T 8,03; 1 multiplet at T 4.95;

" 36 multiplet at T 2.6 and a 21 wulbiplet at T 2.0,

The Fnol-ether (72).

(i) The € -lactone (68) (200 mg.) wos dissolved in ether
(5 ml.) and added with sﬁirring during 5 minutes to a solution of
phenyl magnesium bromide prepared from magnesium (220 mg,) and
bromobenzene (1.5 ml.) in dry ether (10 ml,). The mixture was
refluxed for four hours under ritrogen and the carbinol liberated
by dropwise addition of a solution‘of saturated ammoniuvm chloride (4 ml.),
A pale green oil (533 mg.) contaminated with biphenyl (a by product
of the Grignard reaction) was obtained after the usual work up,.

vhax'(film) 3400, 3050, 2950, 1680, 1590, 1570, 740, 700cm“1.

The green oil was dehydrated by disselving in acetic acid (3 m1.)
and acetic anhydride (6 ml.) and refluxing-for four hours., The

solvents were removed under reduced pressure and some of the




biphenyl removed by adding water and azeotroping with benzens.
Finally a brown oil (312 mg.)'was ohiained which showed one
main spot on tel.c, (ethyl acctate, pet-ether 1:9) which was much
more mobile than the diphenyl ethyleae acetate (71).
. . \ .

The major product,the encl-ether (72) (200 ng.) was izolated

by petolic. and an analytical sample prepared by microdistillation,
) oy

(80°C at 0.03 mm. 1z . ).

Vnaz (0014) 3080, 29%%, 1643, 1495, 1380, 1118, 1063, 1038 cm‘l;

n.m.r. showed 65 singlet at T 2,07; 3H singlet at T 8.97; 3H doublet
(0 6 Tiz) at T 8.,65; 1H doublet (J 6 jz) at T 7.75; M nultiplet at
T 6.10; 1H doublet (J 6 1) at T 4,37 and 50 multiplet at T 2.5,

~ (Found: €, 8%.07, H, 10.15; 0 requires C, 84.45; H, 9.92%.)

Cootiag
(ii) The hydroxy-ester (66) was reacted with phenyl magnesium bromide
as in (i). The major product was the enol~ether (72) as shown by

telece and I.R.

Ozonolysis of the Diphenyl Bthyleme Acetate (71).

(71) (500 mg.) was dissolved in “Apalar" ethyl acctate (250 ml.).
Ozone (100 ml./hin.)'was bubbled through the solution for five hours
at room temperature. Acctic acid (50 ml,) and 30% hydrogen peroxidé

(5 ml.) were added to the solution and left at room temperature

overnight, The solvents were removed under reduced pressure and the
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residue taken up in ether, The ether solubion was extracted
with aqueoﬁs sodiun carbOﬂaté solution which on acidification and
ether extraction afforded a pale green oil (200 ms.). Continouns
ether extraction of the sodium carbonate solution yielded a further
(60 mg.) of material, The acidic moterial was carefully methylated
with ethereal diavounthane and the two major products separated
by petel.c. (ethyl acetate, pet~ether 2:0).

The moét mebile band was the acetate (7&) (50 mp. ), (74)
showed one peak on g.l.c, (1% QF ~ 1, 100°C, 14 3830, 100°C), (7%)
was microdistilled and the oil had (t<)D + 19 (g = 1;1);
v (co1,) 1735, 1239, 1158 om Y nom.r, showed I singlots at
T 9.09, 8.90, 8.85, 8,00 and T 6.35; 31 doublet (J 6 Hz) at T 8,82;
1H singlet at T 7.90; and a 1H mulviplet at T 4,40,
| (Founa: €, 67.82; H, 9.90; C16H2804 requires C, 67.57; H, 9.9%%).

The less mobile product was the crystalline acctate (75) (70 mg.);
mepe. 108 -~ 109°¢C (plates from pet-ether);
Voo (0014) 5040, 2930, 1736, 1720, 1240, .700 e, num.r. showed
3H singlet at T 9.24; GH singlet at T 8.95; 31 doublet (J 6 Hz) at
T 8,843 1H doublet (J 12 Ilz) at T 8,24; 3 singlet a2t T 6.27; 1H
miltiplet at T 5.03 lH doublet (J 12 Iiz) at T 2,795 5H rultiplet at
T 2.70 and a 3 singlc£ at T 8.06.

‘ (Founa; €, 74.71; H, 8.88; C,,H. 0, requires C, 74.57; H,‘8.87%).
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Unreacted starting material (3500 mx.) wvas recovered,



Oxidation of the Diphenyl Bthylcene Acetate (71) with Butheniwn Tetrozide,

Ruthenium dioxide (12 mg.) was added to a stirred 55 aquesus‘
solution of sodium periodate (1.3 ml.). The diphenyl ethylene
acetate (71) (60 mg.) in acetone (5 ml.) was‘added to the stirred
solution, After 15 minutes the sclution turned black and the
yellow colour was regenerated by addition of sodium pericdate (100 mg.).
This was repeated twice during the ensuing 2% hours. The excess
ruthenium tetroxide was destroyed by addition of isopropanol (1 mlo)
and the solvent removed mnder reduced pressure, ‘The residue was
taken up in ethyl acectate (10 ml.) and washed with brine, The
ethyl acetate was dried and removed wmnder reduced pressure to yield
é black oil (50 mg, ) which showed characteristic acid streaking on
t.lec. The black oil was dissolved in ethyl acetate and thoroughly
extracted with saturated éodium carbonate solution, The carbonate
solution was acidified with concentrated hydrochloric acid, saturated
with sodium chloride and thoroughly extracted with ethyl acetate,
After washing with brine and drying, removal of the ethyl acétate
under reduced pressurc afforded a cclourless oil (32 mg.)
Vﬁax(CCIQ) 3400 - 2400, 1737, 1703, 1240 cmfl.

The acid was methylated with ethereal diazomethane and the resulting

ester showvn by te.l.c., g.l.c. and I.R. comparison to be identical

with the acetate (74)



Attempted czonolysis of the Enol-cther (72).

The enol-ether (72) (25 mg.) was dissolved in absoiuvie

ethanol (10 ml,) and a stream of ozone bubbled through the solwbion
0 \ - - .
for 1.5 hours at 0°C., The ethanol was removed undsr veduced pressure
and 304 hydrogen peroxide (0.5 ml.) end acctic acid (2.5 mi.) added
to the oily residue, The solution was left overnight at room
temperature and the solvents removed under reduced pressure., TelscCe

shewved mainly unchanged starting matervial together with a small

amownt of acidic material.

Reaction of the Fnol-ether (72) with Osmium Tetroxide,

The enol-ether (72) (200 mg.) in dry ether (% ml,) was added
to a solution of osmium tetroxide (220 mg.) and pyridine (0,25 ml.)
in ether (5 ml,). After a few minutes the solubion turned brown, .
The reaction mixture wvas lefi in a stoppered flask in the darlc at room
temperatufe for 3 daysuk The ether was blown off with a stream of
nitrogen and the brown residue dissolved in benzene (10 ml.).
Hydrogen sulphide gas was bubbléd through the benzene solution for
two minutes, The black precipitate of oemiwn disulphide was removed
by filtration througzh a celite pad. A clear oil (208 ry.) was
obtained. T.l.c, showed some starting material together with three

less mcbile products. The products were isolated by p.t.l.c. (ethyl

acetate, pet-ether 2:8) Unveacted starting material (61 mg.) was
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recovereds The twe lcast mebile products weve recovered as

crystalline meterial (26 ny,) which were s

wated by maltiple running
on p.t.lee. (ethyl acetote, peteethor 2:8), The minor product
(3 mg.) was not examined any fucther but the major band alforded the
ketol (77) (20 mg. ) vhich had Itepe 107 =~ 108°¢ (pla%oﬁ fron pet-
ether) Vmax(CCIQ) 5020, 3455, 1702 ew 3 noner, showed 3 doublet
(J 6 Hz) at T 9.33; 61 singlet at T 8,98; 4 singlet at T 8,903
1H singlet (sharpens on ifradiation at T %“89} at T 7.45}A1ﬂ multiplet
at T 6,503 I singlet ot T 4.89 (sharpens on irradia ﬁ on at T 7.45
and on addition of DQO); 5H brcgd singlet at T 2,65,
(Found: Cy, 75.42; I, 9,48; H3 0. requires C, 75.43; H; 9.50%),
The third product from p.t.l.c. was the aldehyde (76) (67 mg.)
which was obtained as a COlOlIleSo cil,

(001 ) 346G (weals, carbonyl overtone), 3060, 3015, 2840, 2740,
1730 (€~/600), 1275, 1110 cx 03 nem.r. showed 31 singlets at T 9.0k,
8.81, 8.75; 3H doublet (J 6 Liz) at T 8.63; 1l doublet (J 6 1z) at

8.17; 1H rmltinlet at T 4.52; 2ﬂ quartet at T 1.89; 30 multiplet
at T 2,48 and a 13 doublet (J 6 Hz) at T - .7k,
The aldehyde (76) (60 mz.) onvstanding in air was oxidised to
acidic material vhich on extraction with sodiuwnm carbonate
solution, acidification and the usual work up afforded an oil which
on methylation with ethereal diazomethane afforded the benzoate (78)
(30 mg.) as a colourless oil, The benzoate was purified by p.t.l.c.

(ethyl acetate, pet—ether 2:8) and microdistilled



Hgo) () + 51 (C = 1.26 cnz,);
A (€01,) 3060, 2950, 1736, 1718, 1270 ew ™ ; numer. showed

51 singlets at T 9.09, 8.88, 8.82; 3H doublet (J 6 11z) at 8,713

1 singlet at T 7.81; 3 singlet at T 6.34; LI mmltiplet at T 4,603

S multiplet at T 2.49 and a 20 multiplet at T 1,97,

(Found: €, 72.69; H, 8.75; C..0

0181500y, Tequires C, 72.80; H,8.73%.)

Attempted oxidation of the aldehyde (76).

(i) ‘he aldehyde (76) (20 nmg.) in acetone (10 ml.) was
stirrgd with Jones reagent (two drops) for ten minutes at room temperature.
The excess oxidising reagent was destreyed by addition of methanol
‘and the solvents removed under reduced pressure, Dilution with brine
and ether extraction afforded an oil (16 mg,) which was unchanged
starting.matérial as adjudged by t;l.c.

b) The aldehyde (76) (16 mg.) in ethanol (5 ml,) was treated
with silver nitrate s&lution (silver nitrate (50 mg.) in water
(1 ml.)) and 20% aqueous sodiwa hydroxide (l nl,) on a steam bath
for one hour, The solution was diluted with water and filtered
through a celite pad, Acidificati;n with hydrochloric acid followed
by ether extraction afforded a colourless oil (10 mg.) which showed
a number of spots on t.l.c., together with a small amownt of acidic

material,



The Bthylene Tetal {"/’)} .

(64) (750 mg) in benzmene (50 ml.)

The ketoro:
was refluxed togetler with ethylene glycol (2g.) and p — toluene
sulphonic scid {15 mg.) under a Dean and Stark water separator,

The reaction wus monitored by t.l.c, and after 24 hours the

Lovting material to a product of slightly greater mobility

[
P

conversion of
was complete. The benzene solution was waslied with sodium bicarboﬁate
solution {3 x &0 1l.), water (2 x 20 ml,) and brine (2 x 20 ml,)
After drying the solvenits were removed under reduced pressure
to yield the ethylene ketal (79). as a colourless oil (800 1. ).
G.l.c. showzd one pook, (1% SE~30 at léOOC) of retention time
24,7 minutes. (C4) vader the same conditions has a retention time
of 10.0 minutes,
-1

Voax (£ilm) 1740, 1200, 1100, 1045 cm ; n.m.r. showed
3H singlets at T 9.2, 9¢1, 9.0 and T 8,68; 4H maltiplet at T 6.33;
3H singlet at T 6.1 and a FH mdtiplet at T 7.7.

The ketal was used without further purification fof the next

stage,

The Diphenyl Ethiylene Ketone (80).

The ethylene ketal (79) (670 mg.) wes dissolved in ether (35 ml.)

and added with stirring during 10 minutes 1o a solution of phenyl
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magnesiwn  bromide prepored from magnesium (670 mg.) and bremobenzene
(3,5 ml.) in ether (17 ml.)¢ The wixtore ves velluzed for three hours
and stirred overnight at room températurca The carbinel was liberated
by dropwise addition of saturated ammonivm chloride solubion (10 ml,)
The ether layer was decanted and the precipiteted ammoniua salts
washed with ether. After work up in the usual way a pale green
oil (2.1 g.) was obtained, T.l,c, showed a mixtuwre with two spots
predominating.,

LA (film) 3400, 3050, 2920, 1590, 730, 69% cm“l.

The 0il was dissolved in pglacial acctic acid (100 wml.) and
water (25 ml,) and refluxed for five hours. The solvents were
removed under reduced pressure and a pale green oil ( 1 g.) was
obtained. ’

Vﬁax (film) 3400, 3050, 2910, 1740, 1700, 1595, 1450, 1370,

1250, 735, 700 em ~T,

" The crude product (1 g.) was chromatographed on silica (80 g.).

The first product a colourless oil (121 :1yg.) waz eluted with benzene,
pet—cther (2:938); V oy (£i1m) 3050, 2916, 1670, 1555, 740, 690 e,
This compound was not examined any further,

The dipkenyl cthylene ketone (80) {270 mg.) was elnted with

benzene, pet-ether (2:8). A sample wos microdistilled for analyeis

(100°C at 0,05 rm, Hg.).
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Vﬁax(6014) 3070, 3050, 3010, 2940, 2920, 1710, 1595, 645 unfl;
nemlr, chowed Y singlets at T 9.1%, 8,93, 8.80 and T 8,013
H doublet (J 14 Mz) at T 7.39; 1H doublet (J 14 Iiz) at T 3.80
and 10 ¥ multiplet at © 2,7,

0 requires €, 86,613 H, 8,95%.)

(Found: ¢, 86.0L; H, 9,18; L

The Nor-Keto-ester (81),

puthenium dioxide (60 mg.) was added to a stirred 5% aqueons
solution of sodium periodate, The diphenyl ethylene ketone (200 mg.)
in acetone (30 ml.) wvas added to the stirred solution, After o few
minutes -the solution turned black and the yellow colour was
regenerated by addition of sodium pericdate (200 mg,). This wasg
repcated several times during the ensuing 24 hours after which the
excess rutheniwn tetroxide was destroyed by the addition of iso~
propanol (1 ml.). The black colloidal solution was filtered through
glass filter paper and the residue washed well with acetone, The
filtrate, ﬁhich wes still slightly cloudy owing to the prescnece of
colloidal rutheniun dioxide, was evaporated to dryness, The black
0il was taken up in cther and washed thoroughly with brine, After
drying the ether was removed under reduced pressure and a pale green
oii (150 mg.) was recove;ed. Continuous extraction of the residucs

afforded no further material, T.l.c, showed typical acid streaking,




Voox (£ilm) 3500 - 2500, 38350, 2910, 1720, 1690, 1650, 700 e L,

The 0il wae taken up in chlovefern which was extracted with
sodium carbonate solution, ‘iz basic extract was acidified with
concentrated hydrochloric acid, seturated with sodium chloride
and thoroughly extracted with chlovoferm, The chloroform extract
was washed with brine esnd drieds, Eemoval of the solvent under
reduced pressure afforded a pale green oilv(70 mg.). The material
was carefully methylated with ethereal diazomethane and t;l.c.
. (ethyl-acetate, pet—cther £:2) showed one main spot. The pil
was purified by p.tel.c, to yicld the nor keto-ester (81) as
a colourless oil (52 wg.). An snalytical sample was prepared
by microdistillation (80°C &t 0.1 wm. Hg.); (9<)D + 37° (C = 0,46 chf.).
VﬁaX(CCIA) 2920, 1734, 1705 (l?ﬁh.band almost twice as intense
as. band at 1705 cm—l.), 1140, 1158 cmhl, n.m.r, showed 3H singlets
at T 9.10, 8.90, 8.80, 7.92, and T 6.37; 21 singlet at T 7.€6;
1 singlet ét T 7.57.
(Analysis by Mass Spec: found M.¥. 240.1723 ; C,4115,05

requires 240,1725.)

The Isomeric Hydroxy —esters (82) and (83).

The nor keto-ester (81) was taken up in ethanol (4 ml,) and
sodium borohydride (10 mg,) added. The solution was stirred for

six hours at room temperature and the excess sodium borohydride
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destroyed by addition of dilute ﬁydrochloric acid to pH 3. The
sclvents were removed under reduced pressure and the residues
takﬂn up in ether, The ether solution was washed with brine
and dried, Remocval of the ctﬂcr under reduced pressuce afforded
a pale green o0il (70 mz.). T.l.c, (ethyl acetate, pet efher L:6)
shewed formation of two produets of similar mobility but more
polar than the starting ketone. The epimeric hydroxy-esters (82) ana
(83) were separated on p.t;loc° by rultiple running (ethyl acetate,
pet—ether 1:9), The hydroxy-cster (82) (18 ng.), the more mobile
epimer was acetylated and the acetate shown to be identical to the
acetate (74) by t.l.c. end I.R.
(82) showed: Vs (0014) 3612, 3565, 1732, 1715 (shoulder),

1700 (lower intensity that 1732 band), 1136 cm-l; n.,m,r, showed
31 singlets at T 9.13, 8.90 end T 8,92; 30 doublet (J 6 Hz) at
T 8.68; 11 singlet ot T 8,20 (disappears on addition of D,0); 1H singlet
at T 7,763 3 singlet at T 6,39 and a 1H rmltiplet at T 6.05. |

| The least mobile epimer, the hydroxy~éster (83) (18 mg.) was
shown to be identical with the hydroxymester formed by mild
bydrolysis of the benzoate (78) by t.l.c., and 1.R. {83) showed:
V. oox (0‘314) 3615, 1733, 1715 (small shoulder),1136 cm“l; n.m.r,
showed 5i singlets at T 9,11, 8,88 and 8,813 3H doublet (J 6 Hz)v
at T 8.87; 1 broad singlet at T 7.5 (disappears'on addition of
DQO), Ul singlet at T 7.8%4; 3 singlet at T 6.39 and a 1H multiplet at

T 60006
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fﬂuaé»lactonc (26),

The hydroxy-ester (83) (18 mg.) in 2% potasgivm hy lvoxide
in methanol (20 ml.) was refluxed for three hours, The methnnol
solution was acidified and the solvents removed under rcduced
rressure, The residue vas taken up in briée wvhich was thoronghly
extracted with ethyl acetate, The ethyl acetate solution wvas
washed with brine and dried. Removal of the zolvents afforded
a pale green oil (15 mg,) which was purificd by p;t,l.c. (ethyl
acetate, pet-cther 2:8) and microdistilled to yield a colourless
0il (9 mg.) vhich was one peak on g.le.c., 1% SE — 30, 1% P.7.G.A.,
10% APL, Vﬁax (CCla) 170, 1128 cmml; n.,m,r., showed 34 singlets
at T 8.87, 8,87 and 8.78; 1H singlet at T 8,06, %1 doublet (J Gyy)
at T 8,67 and 1M multiplet (¥ 36 1z) at T 5.40,

(found: Mass spec. M.W. 210,16186; Cy 450 roquires 210.16197,)

The $-lactone (27).

The acetate—cster (74) (30 mg;) was hydfolysed by refluxing
with 2% potassium hydroxide in methanol (30 ml.)s On acidification
and the usual work up, a colourless oil (20 mg.) was obtaincd,

The S;lactone’(27) (15 mg.) was isolated by p.t.l.c. and sublimation.
(27) wes o semi solid mp. 36 - 38°C; g.l.c. one peak (15 8B ~30,
15 P.E.G.A., 5% APL);'Vmax (CCIQ)’1755, 1118 cm"l; n.m,r, showed

50 singlets at T 8.92, 8,89 and 8,74; 3iI doublet (J 6 Bz) at T 8.65;



1H singlet at T 7.83 and a 1H mdtiplet at T 5.57 (W 36 Hz),

] 3 &3 SPRY 2} O [ | > iy 5 8 L3
Masgs spec, M.W. 210 \,1,_)}12202 reguires 210

: equi L, 9k:
1,5112202 requires C, 74.24;

(Found: C, 74.06; H, 10.62; €

H. 10.54%.)




Asg discussed in chagter i, there is &isagreément as to the
preferred‘conformation of S -lestonn rings, The controvérsy
arises nainly over supposedly wastrainad mlactones such as
(88) ana (89). According to Qvurtang lactones such as these
prefer to adopt the half-chair conformation (91) vhereas,
Wolf), and Legrand and Bucourblﬁ suggest that Lnﬂv should
adopt a half-boat conferration (90},

To try and vosgolve the &
simple wnstrained &ndfwtﬁne {52) has been synthesised and
efforts made tq determine its conformaticn bj n,m.r, and by
usihg the well egtablisied corrzlotion between infra~red
carbonyl frequonnv and conformation {see chapters 1 and 2 (part 1)).
In chapter 5, the chironiical propariies of (92) in relation
to its conformation are discussed.

First of all, however, we wish to present the resuits
of some calculations of the ralctive conformational emergies
of the half-boat (90) and halfecha r {91) conformations of
&~walerolw0tone. This has been deone in order to see if it

. 10 ,
was pos51ble to yeproduce Bucourt” results,

Since we did not hava tho nocessary computer programme, it
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was not possible to caryry ovt a strain energy minimisation
. 1 |

calculation of the type developed by Wiberg” « Instead

the geometries of the minimum energy forms of the half-chair

and half-boat vere obtained from the X-ray data of the appropriate

moleculez, The 1 lengths which were finally used are shown
in table YI and the bond angles in figure 3 (half-chair) and
figure 4 (half-hoat),

Tabis Vi, DBond lengths used in the calculation of the

conformational emergies of the half{~chair and halfboat

é;-valerolactonegg

Bond ’ Bond length A
Csp3 - CSP3‘ 1.55
sp sp
cspz - 0 149
2 - 0 o o 1.37
sp .
2 o H 1009

Cspg




N

The € = C - H and lI - € - ¥ ancles were calenlated as
described by Hendricksen”' and the tersion angles calculatsed
to fit the assigned bond-lengihs and bond-anples., An attempt
was made to minimise the energy of the half-boat conformation
(figure 4) by adjusting the bond angles so as to minimise the

strain due to the HQ —— ﬂg non bonded interaction. Tn both
(

conformations the C ~ 0 ~ g - € group was kept planar,

Once the geometry of the éystems had been assigned it was
a simple matter to calculate their conformational energies,
The expressions used to evaluat: the contributions fyom torsiopal.
strain (Et)’ bond angle deformations (Eei) and non~bonded inter—
actions (Ev) were teken from Allingers and Hendrickson538’39
papers and‘are summarised in teble VII, Also listed in tables VIII,
IX and X are the values of the parameters used in these equations,
These are the equilibriwm valves of the different bond angles
(table VIII), the constents used in the expression for Ev (table IX)

and the torsional constants (table X). These parameters are again

b- t
taken mainly from Allingers Papers‘o’él’



Table VII,  IExpressions Ter ¥, R, and &,
v

e - Ar Ao pry b 2 i‘;‘}

Et = 0,5 }fit (14 cos _;w) )
K’b = torsional constant
G2 = forsion angle

2
B, = A
0 Ky (A8)
Kg = bonding force constant
AB = deformation from
equilibrivm bond angle,
* ' 5 *
E = -2,25 & (a ,/r}6 + 8,28 x 10”7 (&) exp (~r/0.07736a")

r = internmiclear distance
*‘ » 3
d and € are ewpirically
determined parameters
characteristic of each

aton,




Table VIII, Congtants used in calculating bond angle strain

e s

el
Angle Bguilibrium bond angle Kp K _cal mole —
‘ rad
H-C-H 107.1 - 23,0
HeC-C 109, 4 39.6
cC-C-C - 112.0 57.5
H-C~0 109.5 , 56,0
Csp? cspz 0 ~111.0 N 70.5
Cop? = cspg -0 () | 79.3
Csp3 - Csp2 =0 (a) 5.8
0-C=0 - (a) 50,0
csps -0 - cspz : (a) 70,0
€ 3-C 3-C_2 111.0 .
sp? = Cop? = Csp | 793

(a) see text.



et B et enmn vy

* , % % )

Atom r (d =2r) 6
1Csp5 1,65 0,040
sp2 1.85 0,020
H 1.45 0,100
0 ' 1.5% 0,070

Tahle X, Torsional coanstants,

Angle | K kocal mole™t

H -~ Csp3 - Csp3 - H 0.55

Csp” = Cep® = Csp ~ 1 098

csps‘- Cop = Cop? = Cop 10,49

0 - Csp3 - Csp3 - CSp3 - ’1.00

CSPQ - Csp3 - Csp3 - CSPB 0.49

0-0,2-C 503 1,00
1.00(?)

Csp?' -0 - Csp3 - Csp3

)

(b) estimated from barrier in ethyl formate”
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Some difficulty was encountered in choosing an equilibrium
Some carriculuvy was evncountered in choosing an eguilibrium

value for the C =~ 0 « € and € = €0 « 0 bond angles. Values for open
chain esters are not very good because of the difference in
conformation between them and lactones (i.c. esters are s - trang
vhile lactones are s — c¢is), The C — €0 - 0 angle in open chain
esters is around 1130 . viiich is close to the value obtained fov

the half-boat, Jn addition ezamination of molecular models

sugegests that the ansle strain in the balf~boat is low, Accordingly
a calculation was carried out assuming that the C -~ C0 -~ 0 and
C~0-C bond angles in the half-boat were completely unstrained.
The energies of the two confcrmations are shovn in table X1, As

can be seen the difference in conformational enerpgy between the

. ' -1
two forms is only 0.k k cal mole ~,

Table XI, Strain energies of a half-chair and half-boat (gnvalerolactonee

Conformation E =y E t Ev E Lotal
half-chair 3.656 2,033 2,327 8.006

half~boat - 0.26k 1,804 6.305 8.373
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]36 is very sensitive to the equilibrium bond angles chosen
for € = 0 = C and C -~ CO = 0 and if for example these values are
_ o0 0 . .

changed by 2° and 1  respectively in favour of the half-chair

then the energies are as shown in table XII,

Table XIX. Strain energies of a half—chair and half-boat

S -valerolactone,

Conformation B E . E . E

e} t - total
half-chair 2,609 2,023 2,527 6.959
half-boat 0.403 1,804 6.305 8,512

From tables XI and 'XII it can be seen that most of the strain
in the half-chair is due to anzle strain while in the half-boat,
non-bonded interactions account for the bulk of the total strain,
Owing to difficulties iﬁ obtaining reasonable values for some of
the parameters used in the calculaticn and because of the small
differcnce in total energy content between the two conformations,
any predictions as to the most stable conformer based on a

calculation of the above type must be +treated with cauticen,
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However, it doss sten that the differcnce in energy
between the two confouvsations is small apd as a result
equilibriun Mixtureg'of the two conformations cannot be ruled
out in certain sitwvations,

vDuring the course of this work, Sheppard and Turner7
published evidence which wns consistent with the §~lactone ring

in (93), (94) and (0%) being a flattensd halfechair (96), This

conclusion was hased

ny

m the mognitude of the coupling constants
between the € 17 and € 17a protons and on the deshielding effect
of an axial acetate group on the C 14 proton, Their resultls are

summarised in table XIIXY

Tahle XITI, Nemor, and I,12, data from reference 7.

Lactone T, c1-1  JC17-H v (el
' C 17a - H) =
93 5.92 . 6,0, 1.5 1723 (03013)
ok 6,01 6.5, 1.3 1743 (0014)
95 6,47 8.0, 8.7 1751 (cc1,)

While agreeing with Shwpn"rd and Turner that these resvlts can
be explained by the lactone ring heing in conformation (96), an

alternative and egually valid explenation is that the laﬁuone ring



is a rapidly inverting o

ivn mixzture of half~chair and

half-hoat confermers wilh

predoeminating (b e also
page 86 ). This of coursn y:aﬁltﬂ in the average conformation
on the n.mﬁf. time senle hodng a sliﬁhtly flattened halfwchair,
The conformaticn ef {52} can he determined by applic'Lion
of Overton's correlatieuﬁ bedween infra-red carbenyl freguency
and conformation, Ilowever, 10 ach es a check, it was decided
to try ond determine the cenforuation by n.nm.r. To achieve
this end, the tridevtero-lacione (97) was synthesised and NolleT,

spectra of it obtained al 280 M Im, It was hoped that it would

be possible to assign the conformntion of (97) by fitting a

cusorvad CIe, Jt was felt that

e

calculated oFCCurU” +to
calculated spectra hused on pavemeters appronriate to the two
possible conformers would 4iffer considerably because of the

difference hetween the counling conslants expected for a half..

2‘:\)

chair conformation of (50} and those expected for a half-boat,

Thus in the half-chair (9?&} there ars one large and three small
vicinal coupling constarts while in the half-boat (97b) there are

two large and two small vicinal coupling constants,

. : 3, b
(92) was easily stmihesised by o Baeyer Villiger ox 1dat10n4”l‘

of the © = butyl — crelopeniancne {99) +vhich was obtained by

J s

reacting lithiuwn dime c..'ul‘f'} CC‘!_‘QPF;‘I‘IJ in ether solution with the
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known 2 ~ isoprepylidene cyclepentanons (98)‘ (92) was
characterised by n.m,r. which showed a 1I quartet (J = 12 iz,
3 Hz) at T 6,05 due 1o the C 5 proton, a 9f singlet at T 9.05
due to the t~butyl group and multiplets between T 7 - 9 due to
the other protons., The infra-red carbonyl freoquency in carhon
' . s O '
tetrachloride soluvtion was 1745 em = wvhich is within the range
characteristic of halfechair cgwlactones.

To obtain the trideuntero-lactone (97 the t~-butyl ketone

? J
(99) was refluxed in methanol~0D and deuterium oxide containing
sodium and the product oxidised with buffered peroxytrifluorsacetiic
. 13 . . . o

acid 2, (97) showed no signals in the nem.r. below T 8.0 and the

deuterium content by mass spectroscepy was d. 80F, d, 20%.

The n.m,r, spectrum of (97) in deuterochloroform soluticn at
220 M Hz is shown in figure 5. Spectra were obtained’in number of
differeqt solvents, (benzene d6’ pyridine 4., D30 d6, acetone d6)
but the one shown in figure 5 proved to be the most informative.
The spectrum was initially divided into four groups of pmltiplets
A, B, C, D, (figare 5). Becausc éf the signal width, D is
assigned to an axial proton, C which partly overlaps B can
tentatively be assigned to the other akial proton. The splitiing
of the multiplet C suggests coupling of the order of J = 6 Hiz and

d = 14 Hz, It seemed from prelinminary computer calculations based

on the limited parameters that could be extracted from the 220 M i
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suechrum of (97), that a distincition could be made in favour
of the holfwchair conformation, However it was felt that as
mary of the unknown parameters as possible should be determined

and this wag attempited as follows,

In order to assign the multiplets in figure 5 to the

teis

protons in (97) dzeoupling experiments on the lactone (92) were

carried out at 220 M Hz, Irradiation at the multiplet in the

o0

220 ¥ ¥ n.m.r. spectrum of (92), corresponding to the maltiplet

-

2 in figavre 5 collapsed the large coupling (J = 12 Hz) in the

C 5 ~ M guartet, This confirins that the multiplet D in figure 5

i,

is dve to the axial proton on C 4, Xrradiation at the multiplet
correspending o A in the 220 M Iz spectrua of (92) wemoved the

JIz) in the C 5 — I quartet, Thus the

L

small coupling (0 =
rultiplet A in figure 5 is due to the C 4 equatorial proton,

In order to obtain the chemical shift and geminal coupling
constant between the C 3 protons, the tetra-deutero lactone (1.09)

»d. It was planned to obtain (100) via the ketomester

was synthesise

{102), which in turn was obtained by Jones oxidation of the methyl
‘egter (101) of the hydroxy-acid formed by base hydfolysis and
methylation of the lactone (92)., Unfortunately, deuteration of

(102) was hindered,owing to hydrelysis of the methyl ester to the
carboxylic acid which in basic solution formed the carboxylate anion.

The carboxylate anion is of course not a strong enough electron



wvithdraving group to allov exchange of +the protons eon the carbon

L3

atom (X to it, Towever, this problem was eiremsventud by b

the trideuntero-lactone (97)-with KOD/DOO to the correspén&ing

o~

hydroxy acid which was methylated with diazomethane to mive

the trideulero - hydvoxy - ester (103). (103) was oxi

. ‘ 2 . .

with deuterated Jenes %@agent(CrOB, DqSﬂh, DOO) to give the didowu-
4 “
tero-lketo~ester (104), (104) was easily converted into the
tetradeutero~keto~ester (105) by refluxing in methanol ~ 0D
and deutevium oxide containing sodium followed by methyvlation
with ethereal diazemethans. (105) had identical chromatosraphic
. 7 - r . -
properties to (102) but the n.m.r. spectrum showed a Gl singlet
at T 8,87 due to the t-butyl group, a Fi singlet at T £.33 due
v & P ]
to the methyl ester and a broad singlet (Wy = 6 Hz) at T 8,17
2
due to the methylene protons, The mass spectrum indicated
# nd
(705 a,, 30 «13)o
. | S, | . 27 J 4 g "l o £ " 9
Sodium borohydride”! reduction of (105) afforded the
tetradeutero-hydroxy~ester (106) which on hydrolysis with methanol-
»~ L v J
CD and deuterium oxide containing sodiwum, followed by acidification
gave (100) in good yield, (100) had identical chromatographic
. R \ . . s .

propexrties to (92) and its n.m.r, spectrum showed in addition to

the singlet due to the t-butyl group, an AB quariet cenired at

T 8,17 due to the C 3 methylene protons and a 1II triplet (J = 1,8 liz )



at T 6,08 due to the C 5 proton coupling with an axial dewherivm
atom, The mass spectrun showed 700 &y 178 ag, ?ﬁAQQ, 6il dye

The principal mass specbral fragmentation modes of the
keto-ester (102) and the lactone (92) Qe s in gchmm&s'l and
2. These are of interest because they illustrate the influence
of the t~butyl group on the divection of Temmentabion, The
rearrangomeﬁt wvhich accounts for the formation of the ion m/e 55
is detected by deuwteriwm labelling at C 2 whereupon m/e 55 moves
up to m/e 56, This rearrangement has been observed by DjeruséihG

. R ’
in lactams and by Miliard™ in é-wlactﬂnwﬂ. The other fragmentations
arc self explanatory and the ions show the nredicted chifts on
introduction of deuterium,

The spectrum of the € 3 methylene protons of (100)‘13 shown
in figure 6. The lines are broadened by dewteritm coupling but
the two outer lines at T Co32 and T 8,01 arxe clearly visible,
Bacause of the deuteriwn coupling it wag only possible to‘estimate
the chemical shift difference and coupling constent between the two
protons; The geminal coupling constent between the o protons
was estimated to be 14 L 0.4 Iz and the chemical shift difference
0,109 % 0;010 p.p.m. The high field lines can be assigaed to the
C 35 axial proton on the basis of their width, which is about
twice that of those at low ficld, In addition, the width of

the high field lines (V; = 9 Hz) is aboat right for a proton
’ &



ool
having two large diaxial and two emuller axial-equatorial
deuteriuvm ceouplings as adjudged by couperison with the band

width of the C 5 axial proten in {100) (U = 5 Hz), The

chemical shift of the high field proton corvesponded to the

. )

maltiplet C and the chemical shift of the low field proton to

. .

mltiplet B in figure 5.

Panny

The € 3 and C 4 protens in the halfwchair {(107) and

hali-boat (108) conformations of (97) are labelled H

and H,, From the foregoing evidence, the rmlitiplets 4,B,C,D

oD

can be asq:pned to protong Mo, I, X o, if
17 7Y % M

approximate chouical shift

6% Hz end 8% Hz respectively.

H2 and H3 (14 Hz) and Hl and T, {6 Hz) con be estimated from the

n.m.T. spectrum of (100) and from the splitting in the rultiplet

C in figure 5 respectively., By sj Y Qq H ~~ 14 Uz and
1
J ~/ 6 Hz, The chemical shift of I, was estimated to be
BENGH 1 _
2L _
: tive - 1 velues of J_,. and ropriate
88 Hz relative to H& and velues ¢ qﬂzﬁb d Jq B, app opriate
} o= -\-

to either (107) or (108) were assigned, The above data was then

ﬁsed to compute spectra assuming cither a halfwchair (1067) or a

half-boat (108) conformation. |
Unfortunately, ealeulated spectra using data appropriate to

(107) did not differ markedly frem ealculated spectra using data



appropriate to (].Or?:'& o T4 had been hoped that it
would be dmpossible to reproduce the distinebive :ff‘«mﬁimfes of figure &
with one set of duta, Accurate line matehing was of course
impossible becauvse of {he dewberium coﬁ,plting in figure 5., This was n
disappointment  hecouse it dmplied that the conformation of (97)
could not be directly aussicned by nemer.

It is worth noting one farther point whiich arises out of
examination of the numew. spectrewn (figure 5) of (97). Thiw is

e 1

6 Hz is large compared to the magnitude of similar coupling

the magnitude of the coupling between M, and H'j’ The value of
constants ebsewved in halfechair Jactones hy Zii.gggas.—, Thus

Riges observed JZ-?"I = 3.5 e in (109), éIn other similar cemnounds,
the axial-cquatorial coupliog consbont did not diffey significantly
from the above wvalue, An cxploanation of the high value of

d. in (97) nay be that (97) is an equilibrating mixture of

HF3

(107) ana (108) with (107) predeminating or that (97) exists as a

'

slightly flattered holfechoir (110) in vhich the dihedral engle

.. . 0 .
between Hl anid }.{,5 is about 30 to O, 'The dihedral anpgle betwveen Hl

o 0 . , ,
and Hy in the half-boab (108) is 120" which according to the Varplus

equat:ion conpling constants of the order of 3 « 4 ¥z,

Flattening (196) (mving € 3 down tovards the lactons plane) would

nd 13 towards 909 and thus reduge

move the dikedrs

}-.—J
~
i
S
P
W@
w
G
o
by
%
L
o
e
Yol
e
Pt

JH H., still farther, Thas the chssrved yalne of J( o iz consistent

1o 1
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with an equilibrive mixture of (107) and (108) with the foimer
predominating or alternatively a slishtly flattened halfwchair
(110) as the conformation of (97) (see.also Sheppard's lactones).
The infra-red corbonyl frequency in carbon tetrachloride solution
s e ey =L L . . . .
of the lactone {92) is 1745 om ~. This is consistent with its being
in the half-chair conformation, However, if there were a small
amount (10 = 209) of the half-boat conformer present thea this would
not be detected because the half-band width of the carbonyl band
A o ~1y . .
( Vi = 23 em ) is so large, TFor examole, a 9:1 mixture of the
P
half-chair and half-boat S-lactones(26) and (27) (sec part 1)
pecti vs V oo {172 -1 v ~1
respectively, shous Voo (LCﬁ&) (1740 em ™) and AV, (18 cm ).
= S ':J: B
However a 3:1 mixture of (26) and (27) shows a shoulder on the
high frequency side of the carbonyl band due to the half-hoat
. . . |
conformer end for this mixture Vc_0 (CCIQ) is 1744 em © and
Av, se 21 e
Vi is 2k em ",
2
The above discussion indicates that it may be possible 1o
estahlish if a corformational equilibrium between the half-chair
and half-boat exists by comparison of the observed carbonyl half-
band widths with standard values for the half-chair and half-boat.
These values can be obtained by examination of the half~band
widths of é;—lactones which have been shown to adept or are

constrained to adopt the half-chair (table XIV) or half-boat

(table XV) conformations,



R —

Table XIV. Ialf-bend widith (AV.) and v, 0(021b) for half-chair
s ey o= 23

é Yactones,

Compound Vé_o(cm—l) [&Vi_(cm&l)
e= 1

1745 18

1745, . o 16

5 1740 18




P "

Fable V. Half-bend width (AVy) and v,_ (CC1,) for half~boat

éSwlactones,

Compound . Vé_o(cm-l) [&V@(cmﬂl)
= 2
. 1755 - 14
) \o - .

. : 1756 14
N o R 1‘ RN S
4] A . : .
a:’. N - 1758 S 1k
S v BT o

160 | 14

1758 18
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a4 ,

Although not mony exaunles are available it dees seem thot
those compounds which ave almost puve half-chair or half«hont
conformers bave carbonyl halfwband widthe less than 20 melo
However, il the half-band width of the carbonyl hand ie greatoy
than 20 cmml then the possibility of there being a mixture of
conformers rmst be con «"*l e This of courge arises from the
fact that £5Vém0:for halfe-zhair and half~boat lactoneskis about

15 em .
The predominent ccenforner in the equilibriuwm mixtore will

be that indicated by the position of cho mnax,

Applying the above reasoning to (92) (AV% = 23 cm"l) sugreshs
2
that it is mainly iv the half-chair with a small amount of the
half-boat conformaticn present, The possibility of broadening
due to Fermi resonance is discomwniad hecause thez tri-deuterated
lactone (97) has the sanme half-boand width,
The carbonyl frequencics and half-band widths for the

é—lacto,,-s shown in table XVI refer to eompounds which, according

to ‘.‘Iolfg are predominsntly in the half-~boat conformation,



o L) “n
L)

Table XVT. ‘he half-band width (AVy) and v __ (051,) for some
ottt B 1 L

é ~lactones,

Cempound Voo cm”l) AT czuwl)
CaHy
\1 (1) 1746 ' 21
77 jﬂ .
/Cﬁ{hj (2) - 1746 ' LA 23
o -
9 1750 '
07 o

H

The first two &-lactones in table XVI appear to be mainly
in the half-chair conformation with some half-boat present to

account for the slight broadening of the absorption bands, The

iy

S-{lactone (3) shows a very broad band which has the appearance o

. g ey .
two overlapping bands, one at high frequency (Vmex/v i755em 7)) and

£



one at lower frequency (approximately 1740 cm“l). The yelative
weights of the two bands sugnests that there is aboul 409 of the
half-bhoat conformation in the equilibriwn mixture,

Sxamination of molecular models susrests a pc.sssiblé
explanation for the high percentage of the halfw-hoat conformer
in & -« Oxa -~ 5 /25 - cholegtan « 3 one (5’ in table J{VI). Thus,

in the halfwchair conformex (11ia) there are three serions non-

o

bonded M ~ - ~ H interactions vhile ?'Ln the half-boat (111h) there
ave only two. This will favour the half-boat and will thus account
for the slightly hi.g;hier proportion of it in the equilibriuvm miﬁ:’mme
than in the othexr two é-—-laetones.

More convincing evidence in support of the presence of
equilibrium mixtures of conformational isomers in 5 ~lactones

is presented in Chapter 5.
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TARTYYTOY LETEITIAT 3 AT
AXPERTITUETAL  PART 2,

1
= SRR

Generol experimental

R,

220 M Iz n.w.re spectra were very kindly recorded by
Dre J. K. Becconsall of I.C.T. Peirochenical and Polymers
Laboratory, huncorn and by Frofessor N.M. Bhacca at Varian
Associates, Pao Alto , California on a Varian H,A, 220
spectrometer, ALl 220 M Hz spectra were recorced at 500 i
sweep width over 500 sec, and were run at different spinning
rates to checl: for spinning side bands. T.M.S, wes used as
an internal standard and all spectra were recorded at a probe
temperature of about 30°C.

The ABCD spectra were calculated on an Inglish Electric
EDF © computer using the programme FREQUINT IVa (translated

from FORTRAN by R. Kaptein and extensively modified by

D.A. Morton-Blake).
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2 « Isopropylidene Cyelonentanona - (98).

A solution of "inolar" acetone (300 g.), cyclopentancne (102 g.),
. - . - . o L. g LA BN
sodimm hydroxide solution (1M) (760 ml.) and meth:wiol (160 ml.)

was megnetically stirred for two days at room temporatus

nperature in
a stoppered flask, The sodiws hydroxide was neuivalized with

acetic acid and the solution diluted with brine (600 ml.). The
solution was thoroughly extracted with benzene which was washed
with brine and dried. Removal of solvents wnder reduced
left a brown oil (150 g.).
Vv (film) 1700, 1630 em Y,
max
The o0il was distilled using a short fractionating coluwm
. s iaas - ~0 ' -
and the fraction distilling between 88 - §5°C (12 ma, ng.)
(48 g.) contained greater than 95% of (98) as judged by g.l.c.
' o
(105 APL, 100°C).
-]
v CCl. 1710, 1633, 1262, 1182 cm .
max( Aa) 710, 35, ’
The red 2,4 - dinitrophenylhydrazone of (98) was
. 0., 5 3
recrystallised from methanol and had m.p. 229 C (recdles).

2
Literaturekg value 226 - 22700.

2 - Tertiary Butyl Cvelopentanone (99).

An approximately 1 molar solution of methyl lithiuwma in



Ll
) " U . 34 PR J
ether ™" was prepored by adding lithiwa {15 ¢, 2.2 noles;

DG e

swall picces) Lo ether (500 ml.) under an atrospnere of nitrogen,
Methyl iodide (150 g, 1.05 moles) in cther (560 ml.) was

added slowly (aver 30 minutes) to the stiveed éolwtion, (care -
reaction very vigorous). After the initi ] reaction h”'
subsided, the mixtnre vas refluxed for one bovr, allowed 4o

cool and filtered under nitrogen pressuvre inte a flask mhAch

was kept stoppered in a fridge.

C oy . X
The lithium dimethyl copper complex ~ was prepared by

N

adding methyl lithium solution {%00 nl., G.7 moles) dropwise
to a vigorously stirred slurry of cuprous icdide {28 g., 0.15 moles)
in ether (250 ml.) at 0°C, The reaction fiask was flushed with
a steady stream of nitrogen throughount the addition and subsequent
reaction, Th= initially formed complex is bright yellow in
colour but as more methyl lithimm is added, the yellow colour
changes to a pale brown. Care was taken to ensure that no more
than the correct amount of methyl lithiwm was added and in
general it was usual tovadd less that the calcnlated amount,

2 .. isopropylidenc cyclopentanone (98) (6 g., 0,5 moles)
in ether (500 ml.) was added dropwise to the above solution with
stirring and cooling in an ice salt bath, The addition of the

unsaturated ketone resulted in the yellow colour being regenerated,



T

fhe solution was stirred undef nitrogen for six hours at ice-
salt temperaturc and then poured on to a rapidly stirred saturated
aqueous solution of aumonium chloride, 'The organic iayer was
separated and combined with the ethereal extract of the aqueous
phase and woshed with brine, After dryingaand removal of the
solvents wunder reduced pressure, a pale green oil (6.0 g.)
containing 90% of the conjugate addition product (99), as judged
by ge.l.c. (104 APL, lOOOC), was obtained, The o0il was distilled
under reduced pressure and the fraction distilliné between 65 - 7000
(31 rm, Hg.) (& g.) was collected,
(99) had V__ (cCL,) 2955, 2365, 1757, 1365, 1143 ext,
n.m,r. showed 91 singlet at T 9.0; 7I multiplet between T 7.6 ~ 8,4,
The 2,4 ~ dinitrophenylhydrazone of (99) was recrystallised
from ethanol and had m.p. 156.5 - 15800 (needles), N.m.r.
showed 97 singlet at T 3,90, 75 multiplet between T 7 and 8.7,
3 mltiplets at T 2,2., 1.7 and 1.05 of the ABX system of the
aromatic protons.
(Found: C, 56.%0,H, 6.21, N, 17.40; C,JH,,0,N, requires

¢, 56.24; H, 6.29; N, 17.49%.)



The TLactone (92} of 5 — lydroxy = 5=t-Buiyl - n -~ Pentanocic Acid,

(I) Trifluoroacetic anhydride (10.5 ml., 0.072 mole)l‘&3
added over 30 winutes from a chilled pressure equilibrated
dropping funuel te a shirred suspension of 90% HQO2 (1,64 mi.,
0.05 moles) in dry methylene chloride (10 ml,) cooled in ice,
The solution was stirved at ice temperature for 306 minutes.

The above solution of peroxytriflﬁoroacetic acid was added over
1 hour from a chilled dropping fumnel to a stirred suspension of
anhydrecus disodium hydrogen phosphate (16 g.) in dry methylene
chloride (&ﬁ ml.) containing the t — butyl ketone (99)

(2.5 ¢., 0,018 moles). The reaction was cooled to 0°C during
the addition and was stirred for 4 hours at 0°C and 2 hours

at room temperature,

Water (30 ml.) was added and the organic layer separated
and combined with the methylene chloride extract of the agueous
phase, The methylene chloride solution was washed with saturated
sodium carbonate solution {2 x 10 ml,) and brine (2 x 10 ml.).
After drying and removal of solvents under reduced pressure, a
colourless o0il (2.5 g.) which contained 95% of (92) as judged
by gol.c. (109 APL, 125°C; 55 QF - 1, 100°C).

A sample of (92) was purified for analysis by p.t.l.c.
(ethyl écetate, pet—ether 30:70) and microdistillation, (SOOC at

0.5 ik, H:;o)o
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V.4 (CC1,) 1746, 1769, 1941, 1180, 1057 oi;
n.m.v. showed 9 singlet at T 9.05; LH maltiplet at T 8,23
211 multiplet at T 7.5 and a Ul quartet (J = 12 Hz, J = 2 Yz)
at T 6,10, |
Mass spec MW, 156 C9H1602 requires 156,
(Fouwnd: €, 69.00; ¥, 10.29; Cqlly 0y Tequives C, 69.193 H, 10.%2%.)

(11) 2 —~ % - butyl cyclopentanone (99) (%40 mg. 3.1 m moles)
in chloroforn (1.5 mi.) was added to m ~ chloro - perbenzoic acid
(900 mg., 5.3 m moles)45 in chloroform (4.5 ml.). The solution
was left in the dark for two days at room temperature, A further
portion of M.C.P.B.A. (900 mg.) in chloroform (1 ml.) was then
added. After a further 24 hours the chloroform solution was
wvashed with potassium iodide solution, agueous sodium thiosulphate,
saturated sodium bicarbonate solution and finally brine, After
drying and removal of solvents under reduced prassﬁre, a pale green
0il (420 mg.) was recovered. The major product (80%), as judged
by g.l.c. (104 APL, 125°C; 55 OF - 1, 100°C), was the required t ~
butyl lactone (92). The material was purified by p;t.l.c.

(ethyl ecetate, pet-ether 30:70) to yield (92) (250 mg.).
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leunterated Lactone (97

1 ~ butyl cyelopantanone (99) (& g.) in methonol - CD
(vrepaved according to Djcrvas 7]) (10 m1.) was added to
denteriuwn oxide (10 ﬁl.) and methanol - €D (10 ml.) conﬁainiﬁg
sodium (100 mg.)s The solution was refluxed for 2 hours under
an atmosphere of nitrogen and allowed to stand overnight at
roem temperatare, Most of the methanol - D was removed on a
rotary evaporator and the remaining solution dilutled with deuterium
oxide (20 ml,). The solution was saturated with "Analar® sodiwm
chloride and thorvoughly extracted with ether, The ethereal extract
was washed with brine and dried. BRemoval of solvent under reduczd
pressure afforded a pale green 0il (2.5 g.) which showed one peak
on gol.c. (10%, APL, 100 C) of identical retention time asv(99).
(ce1,) 2200, 2100, 1735, 1736 cm"l.
nax
The cyrude trideutero-t-butyl lketone (2.5 g. ) was oxidised
withkperdxtroflucroacetic acid exactly as described for the
oxidation of (99).
The Erude trideutero«t~bufy1 lactone (2,5 g v, ) was obtalncd as
a colourless oil which showed one peak on g.l.c. (10p AYL, 12500;

.

5% OF - 1, 10000) of identical retention time as (92) by cross

nje ctlon, (97) was purificd by petelec, and microdistillation

u

H-

(30°C at 0.5 rm. Tg.).

-1
v (001 ) 2141, 2050, 1745, 1369 cm .



Nemor. showed 9 singlet at T 9.05 and no signals below T 8,0,

The mass spectrum showed 80% d3, 20% doe

The Keto — ester (102),

The lactone {92) (560 mg.) was heated on a steam bath with
water (50 ml.) containing “Analar" potassimm hydroxide (900 mg.).
After 1 hour the solution was washed with ether (25 ml.) and titrated
to pll 5.5 using acetate buffer solution (pH 4.9) and a pH meter.
The solution was saturated with sodium chloride and thoroﬁghly
extracted with ether, The ether solution was washed with bhrine
and methylated with ethereal diazomethane, After drying the
solvents were removed wnder reduced pressure and the hydroxy -
ester (101)(%450 mg.) was obtained as a pale green o0il which
contained 5% of the lactone (92) as judged by g.l.c, (5% qF - 1,
160°C) and t.l.c., (ethyl acetate, benzeﬁe 14:86.). |

v (cc1,) 3655, 3608, 3530, 3460, 1740 omt,
(101) was fully characterised as the crystalline ester of etienié
acid (153b)(see page 155).

The crude hydroxy-ester (101) (450 ng.) vas taken up in "Analar"
acetone (50 ml.) and cooled in ice, Jones reagent (1 ml,) was

added dropwise with shaking and cooling in ice, After 15_— 20 minutes
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at ice temporaluve, methanol (1 ml.) was added to destroy excess

dJoves resgent.  The low beiling solvents were removed under
reduced pressuve with a minimun ¢f heating and the residue

taken up in beine (10 ml, ). The resulting solution was extracted
thoroughiy with c¢ther vhich was washed with brine and dried,

Removal of the ether wnder reduced pressure afforded an oil

(215 nge ), whizh showed one main product of greater mobility
then starting waterizl by t.l.c. (ethyl acetafe, pet—ether

20:80), G.l.e. (5% OF - 1, 80°C) showed ome major peak of

rot. 11,2 min, (101) has r.t. 10,2 min, wnder identical

conditions, The oil was purified by p.t.l.c. to yield the

keto-ester (1@ (314 ng. ).
N . -1 .
N (fC ) 1745, 1710, 1308 em ©. nem.r. showed 9H singlet
l_lf .

at T 8,87; a 21 multiplet at T 8,15 overlapping a 43 multiplet
centrzd at T 7.5% and a

Mass snoc, M. 186 € requires 1806,

10“1 3

(Found: €, 64.21; H, 9.50; C 0 requires C, 64,493 H, 9.74%.)

H
10718

Attempted Deuteration of the Neto-ester (102).

(102) (50 mg.) in methanol - OD (5 ml.) was added to methanol
~ 0D (5 ml.) containing sodima (100 ng.). The solution was

refluxed for five hours under an atmosphere of nitrogen, After -
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allowing to cool, the solution was acidified with DQSOQ/DQO and
the NCLh»ﬂO] removed under reduced pressure,

The agqueous solution was thoroughly extracted with ether and
the ethercal extracts washed with byine, After drying,the
ether was removed under reduced pressure to yleld an o0il (40 mg.)
which showed chavracteristic acid streaking on t.l.c., The oil
was methylated with ethereal diazomethane and thé resulting
nethyl ester showed one peak with the same retention time as
(162) on geleco  The mgphyl ester showed one main spot on t.l.c.
of identical mobilitf‘to anthentic keto—ester (102).

The o0il was purified by p.t.l.c. and n.m,r. showed Gi singlet
at T 8.87; a 21 broad singlet at T 8.15; a 1H multiplet at T 7.7
and a 31 s1nwlet at T 6.3%

The 1 multiplet at T 7 7 due to protons adjacent to the

carbomethoxy group indicated incomplete deuteration.

The Didenterated Neto-ester (104),

Potassium hydroxide (2 g.) was dissolved in deuterium oxide
(10 ml.) which was distilled off, The residue was taken up in
a further 10 ml, of deuterium oxide and the process.repeafed twice,

The residue, which was presumed to be potassium deuteroxide, was
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talken wp in deaterium oxide (60 ml.) and added to the tridenterated
lactone (97) (2.% g.). ‘The solution was Iept just below reflux
temperature for one hour under an atwosphere of nitrogen, Afier
cooling, the soluticn was rapidly titrated with pl 4,9 acetate
buffer.solution, using a pl meter, to pi 5, The aqueous solution
was saturated with salt and thorouzhly extracted with ether
which was washed with brine, The ether extracts were methylated
with ethereal diazomethane, dried and the solvents removed under
reduced pressure, The{crude tridenterated hydroxy-ester (103)
(2.3 g.) was obtained as an o0il which showed one major pealk on
goloe. (5% QF - 1, 100°C) of r.t. identical to that of (101).

v (céll) 5630, 5500, 1750 e .

max s

Crude (103) (2.2 g.) was dissolved in "Analar® acetone
(200 ml.) and cooled in ice, Deuterated Joﬁes reagent‘waé
prepared from chromium trioxide (2.67 g.), D,S0, (2.30 ml.)
ahd made up to 10 ml, with deuterium oxide. The deuterated
Jones reagent (5 ml.) was added dropwise with shaking and cooling
to the hydroxy-ester solution, After 15 - 20 minutes the ‘
excess Jones reagent was destroyed by adding methanol - 0D (& ml.).
The low boiling solvents were removed under reduced pressure
and the residue taken up in deuterium oxide>(30‘m1.), Bther

extraction afforded crude dideuterated keto-ester (10L)as an oil

(2.3 g.). G.l.c. showved one major peak of r.t, identical to that
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of avthentic (102}, T.l.c. showed one main spot which had the
same mobility as (102}, The crude material was purified by
peteloc, (ethyl acatate, pet—ether 20:80).

(ce1,) 1743, 1710 ot

HO,

The mass spectrum showed 82% d2, 18% dl.

The Tetradeuterated Ketowcoter (103).

The .didenterated keto~ester (104) (600 mg,) in methanol — OD
(10 ml.) was added o méthanol — 0D (10 ml.) énd_deuterium oxide
containing sodiwn (100 mg.)e The solution was refluxed under
nitrogen for two bLours and allowed to stand overnight at room
temperature, Most of the methanol - 0D was removed under
reduced pressure and the solution acidified with D O/D 80, and “
ether extracted to give an oil (510 mg.) which showed characteristic
acid streaking on t.l.ce |

The oil was methylated with ethereal diazomethane and the
resulting methyl ester (500 mg.) showed one main spot on t.l.c.
of identical mobility to the keto-ester (102), The oil was
purified by p.t.l.c. (ethyl acetate, pet~ether 20:80) to afford
the tetradeuterated keto-—ester (105) as an o0il ()30 ng. ) which
was 1dent1éal by tel.c. and g g.l.c. to the ketofester (}02).

1ax (CJl 1740, 1705, 1130 cm"lf n,m.r. shoved 9H singlet at



T 8.87; 21 Lroad singled (W; = 6 Hz) at T 8.17; 3H singlet at
T 6.3 and 6,35 H Dbetween T 7 and 8.

The mass spectirum showed 70% d, and 307 dﬁ‘

The Telradetterated Hydroxy-ester (106).

The tetradenterated keto-ester (105) (190 mg. 1 m mole) was
dissolved in methanol — 0D (6 ml,). The solution was cooled
.. . . , 27
in ice and sodivm borohydride (24 mg. 0.63 m mole) added,
The reuction was stirved at ice temperature for 45 minutes., Deuter-
iwn oxide (10 ml.) was added and the methanol removed under
reduced pressure. Extraction with ether afforded an oil (160 mg.)
vhich was identical to the hydrexy ester (101) by g.l.c. and t,l.c,

v (0o1,) 3630, 3500, 1740, 1705 (shoulder) ety nom,r,

showed O singlet at T 9.2; 54 hetwcen T 8 — £.5; 1H broad singlet

(Wy = 9 Iiz) at T 6.82 and a 3H singlet at T 6,33; one of the

o=

protons between T 8 - 8,5 disappeared on addition of D20.

The Tetradeuterated Lactone (100).

The teiradeuterated hydroxy-ester (106) (130 ng.) was
dissclved in methanol — 0D {10 ml.) containing sodium (200 mg.,).
Deunteriws oxide was added until the solutien became cloudy

(apprcx. 10 m1,). The solution was refluxed under nitrogen
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~f0r.3 hours and acidified with D2804/D20 and allowéd to stand
for a few minutes, Ixtraction with ether afforded an oil
(10 mg.) vhich was purified by p.t.l.c. (ethyl acetate,
benzene 14:606) to yield the tetradevﬁeratéd lactone (100)
(30 mgO) vhich was identical by g.l.c. and t.l.c, to the
4& ~lactona (92).
Vﬁax(CClé) 270, 2130, 1745, 1369, N.m.r. showed
i sinslet at T 9.03; 2 AB quartet centred at T 8.17;
I triplet (J = 1.8 sz) at T 6,08,

The mass spectrum showed 70% dy, 17% d3, 7% d, and 65 dje
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CHAPRIR 3

THD  NJMR,  SPECTIA  OF S0 COMPOUMDS

CONTAINING  TLACTONE  RINGS,

During the synthesis of the § ~lactone (26) and (27)
the epimeric € ~lactones (67) and (68) were isolated, 'he
evidence for the proposed stereochemistry of the latter vair
of compounds was obtained from examination of their n,m,r,
spectra which have been segregated here for the salke of clarity,
In addition the n.m,r, spectra of isocolumbin (112), deckahoxy-
columbin (131), columubin (115) and ¥ ~campholide ( 18) heve been
examined in some detail and provide firm evidence that tha
conformations adopted by the (g-lactone rings in solution are
the sanme as those.in the crystal, In addition it was necessary
to know the order of magnitnde of coupling censtents between
protons 1ncf-*actone rings to assist in the unders 'f}l”lg of
other n.m.r, spectra in this thesis,

A1l of the compounds discussed in this chapter with the
exception of ({ ~campholide contain ABX systems and in each case
the magnitude of JA” and“J'BX serves to determine the conformtion

of the lactone ring. In all the examples JAB is a geminal

coupling constant and is assumed to be negative, On the other
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'hand JAX and JBX are vicinal coupling constants and are
assumed to be pesitive,

The actval J values for the systoms were derived as
follaws. JAB was cbtained by direet inspection agd JAX
and JBX were calculated by sub spectral analysisso. Essentially
this involves toking the two symmetrical quartets which constitute
the A part of an ABX systcmAand considering each of them as
two AB sub spcctra (ab and a'b'), cach characterised by M, = z %

X

Then by making use of the following relationships

Vo, = Yo+ 53,y
Vi, = Vp ot Fy
Vo= Vy - By
V= Vp o= B

values of JAK aﬁd JBX can be obtained, The advantage of this
approach is that it is only necessary to observe the AB part
of the ABX system, Vhen the X éart is visible it serves as a check
on the abové agsignments,

The energy and number of each transition was calculated
. using the expressions on page 360 of reference5l. In all the
examples H, is the higher field proton of the AB part,

The 100 M Hz n.m.r. spectrum (Figure 7) of (67), run in
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carbon tetrachloride solution, shows an eight line multiplet
(also shown at 250 Hz sweep width) centred at T 7.4; This
is the AB part of the ABX system formed by the protons on
C~5and C~ 6, The X part due to the methine proton on
C ~ 5 is lost among the higher ficld signals, Analysis of the
| AB part givés Jyp =~ 17.0 Hz; g = 9 = 8.0 Iz, As
discussed on page these coupling constants are consistent
with a conformation (70) for (67),

Inspection of the 100 M Hz n.m,r. spectrum (Figure 8) of
(68), run in cérbon tetrachloride solution, shows the proténs
on C - 6 as an eight line multiplet (also shown at 250 Hz
sweép width) centred at T 7.6, These form the AB part of an
ABX system in which the X part, due to the C -~ 5 proton, is lost
among the high field signals, The coupling constants and
chemical shifts are JAB = =14 Hz; JAK = 0,5 Hz; JBX
$, = T7.90 and & = T 7.66. From the magmitude of Jy, ¥y

A
is assigned to the C - 6 axial proton and H, to the C - 6

= 10,5 Hz;

equatorial proton in (69), The lower field resonance position

of the C - 6 axial proton is explained by its being within
52

or close to the deshielding regioﬁ of the carbonyl group as depicted

in (110). B



In benzene solution the coupling constants and chemical
shifts becoune Jyp = ~14,6 Hz; Jpx = 1.2 Hay Jp0 = 0.4 Hz;
8A =T 7,703 and éﬁ =T 7.51. It can be seen that Hﬁ is
the C 6 axial proton this time, and has thus been moved +o a
higher field than the C 6 equatorial protson,

The solvent shifts for some of the protons of {68) on
changing from carbon tetrachloride to benzens solutien are
shown in (III), The magnitude of the shifts are in agreement

 with the rule of Connolly and McCrind1e53

s whereby if the
protons are behind a reference piane (A) dravm throush the
carbonyl group a£ right angles to the carbon oxygen bond, then
they suffer an upfield shift as does the C 6 axial proten, thg
C 8 aiial proton and the C 8-methyl group, Protons in or close
to the plane suffer very émall sﬁifts while those in front move .

downfield, The C 6 - equatorial proton experiences a small

downfield shift (- 0.0% p.p.m.) since it is just in the plene,



- Q.04 pp.m,

mem-mv FI
et wweee]

[

The structure of the rmltiplet at T 5.50, due to the C = 8
P s

proton, shows little change on changing the solvent from carbon
tetrachloride to benzene, The nultiplicity can be accounted
for if the C — 8 methyl splits the signal from the C ~ 8 proton
into a 1:3:%:1 quartet (J = 6 Hz) vhich is further split by a
large (J = 8 Hz) coupling and a smaller (J =0~ 17¥z) coupling,
This is consistent with the conformation (69) in which the
dihedral angles between the C -~ 8 proton and the € - 9 axial

. . .0 + an® .
and equatorial protons are approximately 150 aud 90" respectively
30

and according to the Karplus equation” should therefore have

coupling constants of the above magnitude.




The nem.y. spectrom at 100 M Iz of isccolumbin (112) is shown
in Figure 9. Simple inspection shows the following femiliar
.. . ] . R B e o - . ) .
features: two &\ furanie protous (two 1 H diffuse singlets at

T 2.48 and T 2.54);(nuefg fupanic proton overlapping two olefinie

protons (3 H multiplet ot T 3.54); 1 H quartet at T 4.6%; 1 H cuartet

at T L,05; one hydroxyl prebton (1 singlet at T 6,48); two tertiary

methyl groups (3 H singlets at T 8,77 and T 8.60), -

- Irradiation at the quartet centred at T 4,85 collapsed

the eight lines of the olcfinic protons at T 3.54 to an AB guartet

(<SA - é;B)= 12.7 Hzy Jy = 8 Hz), ‘his identifies this quarted -

as heing due to Hl. The other quartet centred at T 4,04 is due to
; the art of the AB: stem w 1, a ' -

ng and forms +the X part of the ABX system where EA and HB are Hll

end H The eight lines of the A3 part are in the high field -

11’
gignals between T 7.5 and T 8.5. Irradiation at H12 causes theA
lines due to the Hll protons to change their positions, In this
way it wés possible to picic out the eight lines of the AB part.
The numbered trensitions of the X part on an expanded
scale are showm inset in Figure 9, 'The nnmbeﬁed transitions of
the Avaart on an expanded scale are shown in Figure 10, The
coupling constants of the ABX system formed by the HIQ and H11
protons are J,, = ~14.0 Hzj J,.. = 12,0 Hzj Jpy = 3.5 Hz, The
values of JAX and JBK obtained by a first order analysis of_the |
X part are JAX = 10.5 Hz JBK = 5.0 Hz.



.The conformation of isocolumbin as determined by X-ray
crystallography is shown in (113)19. In the crystal, the ring
C élmlactone is in the balf-boat conformation in which the steric
arraugencnt of the Cll and 012 protons is such that according te
the Karplus equation30 one large diaxial and one smaller axial
equatorial ceupling, would be expected, The n.m,r. spectrum of
(112) in CI)CJ.3 confirms that the ring - C (g —~lactone is in the
half-boat confoermation, since the coupling constants between
the Cll and 012 protons are consistent with a large diaxial (J=12,0 Hz)
and a smaller axialwequatorial (J = 3.5 Hz) coupling.

The n.m.r, spectra of columbin (115) and decarboxy-
colwsbin (114) at 60 MHz and 100 MHz were examined, The n.m,r, spectra
of columbin showed the H12 proton as a quarted at Tk4.60
which did not change significantly on running the specira at two
different field strengths, This justifies first ordef analysis which
gives qAX = 11.5 Hz and JBX = L,5 Hz from the spectrﬁm at 100 MHz
for the ABX system formed by the Hﬁl and H12 protons,

The conformation of columbin as determined by X-ray crystallo~
graphy is shown in (116)18. It can be seen that the coupling
constants hetween the Hil and H12 protons are consistent with
the half-chair conformation for the ring - C £~lactone. ‘Thus,
the ring - € lactone in columbin is in the half-chair conformation
in CDC1l., solution as well as in the crystal.

3
_A full analysis was made of the ABX system formed by the
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1 . o~ S g o J ,\56
Lll and 012 protons in decarbo‘ycolumbln’(llal .

The memara
spectrua at 100 M Tz of (11%) is shown inb Figore 11 with the
quartet due to the 1{12 proton shown inset on an expandad scale.

As in isocolumbin, the AB part was picked out by irradiation

at H12 and obsoi'ving the lines which collapse in the T (.5 to

T 845 region, The lines due to the AB part are shown in Figuve 12,

The coupling constants and chemical shift between the two ﬂ]l protons

are J

= 1! :
AB 14,4 Iz

Tyy = 12,8 Hz; I, = 3.7 Tz; & =5 = 46,k Haz.
A(\ . ] LB.}X 307 5 .A. éﬁ} e II
First order analysis of the X part alone pgives JAY = 12,1 Hz;
A

J,, = &4 Hz
BX *

The above coupling constants are consistent with decarboxy-—
: . . . . . - 1 {
colunbin being in the conformation (117) in which the & =lactone
is in the half-chair conformation.

The n,m.,r. spectrum of ,7\/-cenmpholide in benzene solution at

100 M Hz is shown in Figure 13. The protons Hl and I, form the

2
AB part of an approximately ABMX system due to the protons H} (8);
H, (A); By (M); H, (X). Irradiation at H, (Pigurel3) removes

the small coupling (0 =1 Hz) in 1—12 and the larger coupling

(o

(o

Il

3 Hz) in H;. Irradiation at M, rcmoves the small coupling

lo

1 liz) in H. »
From the n.m.r. spectrum (Figure 13) by first order analysis the

following coupling constants are obtained:
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1 1

H1 is deshielded relative to I

] = 14-".4' . o - [ e . == T ,:,,_ - }'“{A;
JH }12 g 11 I-/g; J}j }{,;) 5 }LZ:, T 1 LAy i‘ ] L0

which is in accordance with the

)

N\

shielding region of the carbonyl group being se is shown in (119),
Both Hl and H2 suffer a solvent shifi of + 0,44 p.p.m. on

changing from denterochloreform to benzene solubion in accord with

N4
the rule of Connolly and MeCrindle-”,

The n.nm.r, spectra of columbin and isccolwnbin confirm that the

conformation of the ring - C £>—1actone is the same in the

3

crystal as in solution, From the spectra of the columbin and isocolumbin

compounds it is found that in the ring C & ~lactones J,, .
diaxial

and J are of the order of 12 llz and L& Iz respectively,

axial-—equatorial

Jd . in these compounds is of the order of - 14 Hz, The above
geminal

vicinal coupling constants contrast with those found in Q(~camph01ide
in vhich values of 1 Hz and 3 Hz are found. 1In cases vhere applied

it was found that shielding predictions based on the carbonyl

o
shielding regions by KarahatsosS° gave the corrsct result,

EXPIRIMENTAL

The n.m.r., spectra were recorded as previcusly described.
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CHAPTER 4

o e ot e TR RN

5 CHIROopTICAL  PROPERTIES O é =LACTONES,

The change in optical rotation of chiral substances
is called optical rotatory dispersion, Optical rotation ox
cireular birefringence is caused by the different velocities
-of propagation of the right and left circularly polarized
waves which constitute plane polarized light. The asscciated
phencusrenon, civeular dichroism is coaused by the differential
abscintion of the right and left circulerly polarizéd waves which
leads to elliptical polarization of the plane polarized light.
The net effect of diffevential absorption of right and left
couponents 6£ the plaone polarized light and different velocities
of prepagation of the two components is to rotate the major
axis of the ellipse traced out by the head of the resultant
vector of the two components.

Optical rotatory dispersion (0.R.D.) curves are obtained

by plotting the molecular rotation (é) (4.1) against wavelength.

(3) - Kl Mo

100

The corresponding circular dichroism (C.D.) curves are

oLitained by plotting the molecular ellipticity (6) against




wavelength. (@) is related to the difference in molecular
extinction cocfficionts, AE , 0F the right and left circularly
polarized waves hy (&,2),

(6) = 5500AE == m o (1,2)

If the compound is devoid of a chycmojhore within the
spectral range wnder investigaiion then a plain 0.R.D.curve
(i.e. a curve with no maxirmnm or wminimm), results, However,
if the compound under investigaetion has an "eptically active
chromophore" then there results an anomalous C.R.D. curve,
These curves exhibit a mawirnm or minimum or both. Cotiton
observed this phenomenon at the =nd of the last century and
anomalous curves are called Coiton effect curves,

.

An “optically active chroemophore™ is one which shows

an anomalous C.%.D. or C.D. position of the

ultra-violet >\ q for the partieculer chromophore. For example,
nax

the carbonyl group in saturated ketonmes has a ;\rax at around

¥
200 nm,, cue to an n—»4 transivion involving orbitals .of

\q
roughly the type depicted in (130)°'.

130




‘
b
o
s

To a first approximatiocn these orbitals may be ¥

<D
e’
g3
o
w
W
o]
o+
(4]
[N

as

n = 2

.

wvhere the subsripts 0 and C desipgnate oxygen and carbon
respectively, and A and B arc constants, . If the two orthogonal
symmetry planes of the carbonyl groun are also symmetry planes
of the entire molecule, as in, say formaldehyde, then on

symmetry grownds the transition is electric dipole forbidden,

magnetic dipole allowed, i.o.,

( n !MQITIJ’) = 0
(NPT Ao

so that the rotatiocnal strength for the transition, Bl’ vhich
is proportional to (W “W@lﬁ” . Cﬁgflpﬁﬂpﬂ) is zero,
s . 97 :
According to Moscowitz” ', however, when the carbonyl group
is placed in an asymmetric molecular enviroment, then it experiences
a disymmetric perturbing potential V due to the presence of
‘neighbouring incompletely shielded nuclei, The effect of V is

* . . .. .
to cause a mixing in to the T[  orbital of higher atomic orbitals
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. 4 .. aed o o . '.:{'
which lowers the symmetry of +the resulting 17 orbital such
S . S A SN X PO ~ ey 1 ) 2 . 2 : ’
that it is neither symmetric nor antisymmetric with resnact Lo

the carbonyl plancs, This then gives a non vanishins commor

of the eleectric dipole transition moment alony the direction

. » * . .
of (lﬂ IPAAJTF ). Using this type of arguement Moscowit

o
o
Ul

able to calculate rotatory strengths which were of the
order of magnitude as those obscrved for certain cyclobexanons
derivatives,
58

More recently Pao and Santry” have carried out LCAQ MO
calculations on cyclohexeanone and its derivatives., They have
confirmed the asswnptions made by Moscowitz that the n and T
orbitals are localized mainly on the carbonyl group and +that
the change in rotatory strengths between different molecules
is due main o changes in the induc ctric dipole moment,
is d ly to chang the induced electric dipol t

The optically active chromophore which concerns us in
the study of the chiroptical properties of lactenes is the
carboxyl group, This group is in itself symmetric but vhen
placed in a chiral enviromment gives rise to a Cotton effect

. ) : ¥ o .
at around 220 mm owing to the n-»{ transition of the
carboxyl group (see page 1 ).
: . . ¥ . p Qhﬁ

According to the theory of Moscowitz™ ', the sign of the
Cotton effect will depend on the perturbing effect of the
incompletely shielded nuclei in the envircment of the chromophore.

Thus the sign and magnitude of the Cotton effect can be used o
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obtain information concerning the configuration and conformation
of the molecule in the neighbourhood of the chromophore, In
ketones this has bheen facilitated by the development of the Octant
Ru1e59, vhich relates the sign of the Cotton effect to the
substitution pattern around the keto group. Recently there
have been a number of rules proposed by different workers to relate
the sign of the Cotlon effect of lactones to the stereochemistry
of the immediate enviroment of the group.

Okuda, Marigaya aﬁd Kiyomoto60studied the 0.R.D. curves
of a series of A-lactones derivéd from sugars, ‘They found
that the sign of the Cotton effect was given by the sign of the
quadrant (based on the octant rule) in vhich the 2 -~ hydroxyl

group is situated,

+ /__ -}-b—(._._
— | -__‘f/fof“‘”/
—_ + .

131 : 132

_+~

For exaﬁple if the two lactones (131) and (132) are divided

into eight octants by three planes (a) (B) and (C) where:~

() is a vertical plane passing through 0, C - 1 and

bisecting the C = 3 ——— C — 4 Dbond.
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D

1Y i a howdoond y :
(8) is a borizontel plane passing through the

0 - CO - €2 atons,

(C) is a vertical plane passing through the
mid-point of the carbenyl bond and perpendicular
to (4).
then the sigms of (131) and (1%2) are the sipns of the back-
octants as given by the octant rule, Thus in (131) the 2 ~ hydroxyl

is in

o

positive octant and the sign of the 0.R.D. curve is positive

wvhile in (132) the 2 .« hydroxyl is in a negative occtant and the

¥

sign of thé 0.R.0, curve is negative, Theoretically the octant rule
is not striectly applicable; since the eleétronic structure of the
lactone group is different from that of a ketone,

The first interpretation which took accomwnt of the different
electronic structure of lactones was the sector rule proposad by
Klyne6lo In this approach Klyne considered the lactone greup to
be a resonénce hybrid where the two C -~ Q bonds are equivalent
(see paze 1 ). Each carbon-~oxygen bond is then regarded in turn
as a double bond and the signs of the contribuiions made by atoms

in different octants are allocated according to the ketone octant

rule, (133) and (134).
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133 134

If these diegrams are superposed then the signs in some sectors
cancel while in other sectors they reinforce (135). This gives
on balance a positive contribution in the back upper sector
(£) ond a negative contribution in the back upper left sector
(B) in accordance with empirical observations, Of course in
view of the uncertainty rogérding the correct orbital treatment
of the lactone group the boundaries of these sectors are provisional
and even without this proviso, atoms mnear a sector boundary will

have small but significant contributions,
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135

To apply the sector rule it is necessary to consider
twe views of the molecule., These are the view along the
bisectrix of the 0 - C -~ 0 angle and the view from above
projected oﬁ to the plane of the lactone ring. For example
if we consider the storoidal g-lac-tone L - oxa - 5¢ -
androstan -~ 3 -~ one (1’56)which vhen viewed along the bhisectrix

of the 0-C-0 angle as in (137) and viewed from above is as in

(138).
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1
I
!
)

136 [37

¥

138

All the atoms in the sector indicated lie above the plane
and therefore make positive contributions, The sector rule
predicts a positive Cotton effect which is indeed observed,

While the sector rule stresses the similarity between

aen ateoms an alternative sector rule proposed by

L

the two oxy

2

62 . .
Snatzle treats the twe atoms as being different, Snatzke

considers the orbital picture of the lactone chromophore as shown

in {139) ana (%%0). If the nodal planes of these orbitals are
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)y vy 3 © v . ) i
then drawvn in and combined as in (141) then one hos the

nodal surfaces for Snatzke's sector rule., The sipns are

derived empirically,

Ob)\‘)/

139

141

Snatzke's sector rule is applied in a similar way to Kiyme's,
It is of interest to note that the sector E in Klyne's rule is
positive contributing yet in Snatzke's rule, groups in this
sector make a negative contribution. A further point of interest
is that the nodal surfaces of the sectors in both rules pass

throungh all the atoms in the ring (135) and (11), (there is of
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course a nodal plane in the planc of the lactone group)e
This latter ohscrvotion implies that the atoms in the ring
will make little or no contribution to the rotatory strength
of the transition,

The rules of Klyne and Snatzke are based on an approach
vhich is similar to the octant rule. However, a differvent
approach is due to Wolfg, and Legrand and Bucourtl() who take
the view thot the chirality of the lactone ring is sign
determining, Thus the above workers propose that the sign of
the n—;:i;‘* Cotton effect in g-lactones is determined by the
Jocation of the ﬂ —carbon atom relative to the lactone plane,

According to Wolfg, Smlactones wihich exist in conformations
(142) and (143) are assosiatad with a positive Cotton effect
while (144) and (145) are assosiated with a negative Cotton
effect, (14%) and (145) ave half-boat vhile (142) and (144)

half--chair g ~lactones,
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143

144 o 145

Legi'andlo has generalised Wolf's rule, above, and proposes
that the sign of the Cotton effect of any lactone is opposite to

the sign of the Cg ~ C - CO - O dihedral angle as defined below.

v

o%{o

%

Positive Negative
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Appiying this mle to (1&2), vhich has a negative
C ~ C~ C0 - 0 dihedral angle and therefore a positive
Cotton effcct as concluded by Wélf.

In coming to the above conclusion both Wolf and Legrand
agstmed that the stable conformation of g—lactones is the
half-boat and that the half-chair only arises in response
to the interactions detailed on page 5 , In addition Wolf
has correlated the position of the first extremum of the 0.1.D.
curves of 5 -lactones with their conformation and has concluded
that for g-—lactones in the half-boat conformation, the first
extremum is below 233 mm,, (methanol), *ssrh'ile for half-chair
g ~lactones it is above 238 nm,, (methanol), To support his
arguements Wolf quotes the examples shown in table XVII,

The above rules can be understood if one gdcpts Snatzke’s63
approach and divides the molecule into spheres. According to
Snatzke if the ketone (146) is divided into spheres in which
the chromophore itself is the first sphere, the ring into which
it‘ is incorporated is the second sphere and the third comprises

the rings or groups around it.

3rd sphere G TT—4th sphere

2nd sphere —

—1st sphere
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snataiie vostulates that the nearest sphere to the chromophore,
whieh beceomcs dissymetric, detbermines the sign and to a great
extent also tiie megnitude of the Cobtton effect, 'Thus in a
é)~1actone, the ring conbaining the égmlactone is dissymaetric
and therefore it would be expected, according to the above idea,
that the chirality of the lactone ring determines the sign of the
Cotton effect,

Ag discussed earlier ( es 76, 83 ), the assertion that
the half-hoat is the preferred conformation of é ~lactones is
open to questicns The work of Sheppard and Tur ner7 indicates
that in lactones of type (147), the éznlactone adopts a half-
chair (or slightly flattened balf—chair) conformation which

- 6L
contradicts Wolf and legrands predictions, Klyne = has
discussed the 0.R.D. curveé of lactonss of type (147) and

has concluded thot they can be satisfactorily explained by

application of his sector rule,

147




Care nmist be exereised in interpreting (.2.0. curves of

fugdle

.f—w—k LT /4")(‘

é;ulactones since the n-»7] and [T tronaitisns have
very similar energies and occasionally the twe dispersion

. 0 .*‘% .. .
curves overlap and the sign of the n— il dispersion curve

kY

L%
- — .
becomes masked by the much stronger Ti—= I  eone. This

effact 5 has been observed in the case of 3 = hydroxy - 17a = ova =

D -~ homo — 52{ - androston = 17 - one (145) which has a strongly
‘ negativ§ 0.2.D. but a positive C.D., curve,
At first sight application of Klynes sector rule to (1%8)
predicts a nepgative Cobtton effect since all ihe atoms lie
6h

within a negative sector (1%8) and {145). Ilyne. has explained

the observed positive Cotlon effect by suggesting that the

C ~ 13 methyl projects into a positive region and since it is
very close to the chromophore, it cancels the effect of the more

distant negative contributing rings,

Y
148

149




In this brief review the ditlerent dttemsts to coryelate

the sign of the Cobtton effects of L-loctones with their

noted

@

structure and conformation have boen discassed, It is
that there is a difference of opinion as regerds the influence
of the conformation of the lacthtoue ring on their chiroptical

properties,
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TABLE  XVII

tmats A e v

é;uLactone

Confqrmation/ Cotton
Chiralityv effect
(fecording to
Yols)
1) 17a-Oxa--18-nor-13x, 1L~ 143 positive
androstan~l7~ong
2) 17-a~Cxa=-13¢, 14X androstan~ 1uk negative
17-one
3) L Bromo-17a~0xa-13~ 140 negative
androstan-l7-one
L) 17&—0xa~18»nor«1§5,14x-. 145 negative
androstan-17-one
5) 17au0xa—1§£, 14Y-androstan— 142 positive
17-one
6) 17a—0xa«1%@,l%é-androstan~ 14k negative
17-one |
7) L.0xa-5K~cholestan~3~one 143 positive
8) 4—0xa~§g-cholestdn-3~one 145 negative
9) 6—Oxa~5Q~cholestan—7-oﬁe 143 positive
10) 3 ~Ace toxy-6-oxa~5K-cholestan~ 142 positive
7-one
11) 6-0Oxa~5x-cholestan~3, 7--dione 142 positive
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12) 2-0Oxa~iX~cholestan=3-one
13) 3~Oxa~5y-cholestan—-2-one
14) Smbrenolide
15) I-(~)Lactid

16) Verrucarino-lactone

o

142

14k

145

143

positive
positive
negative
negative

positive
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CHAPTER 5

e

In chapter % it was shown that there is a pfolifaraﬁion
of rules which correlate the sign of the Cotton effect nfé:mlactones
with their imnmediate enviroment, These rules can be divided
into two groups. There are those which use an octent rule
approach and predict that the sign of the Cotton effect of
<g—lactones ig determined by the sectors in which the atoms of the
molecule are placed while the other approach considers the sign
of the Cotton effeet to be determined Ly the chirality of the
lactone ring, The work which isg discussed in ﬁhe fellowing
pages is an attempt to clarify the position,

To investigale the effect of conformation on the sign of the
Cotton effect, the simple Sadactone (92) vhose conformation is
discussed in chapter 3 (part 2) has been resolved and its C,ﬁ.
curve obtained, In addition the C.D., and 0.R.D., curves of a
nuwnber of other <g—1actones have been obtained and studied,

(92) was resolved by forming the diastereoisomeric esters
(153& and 153b) and separating them by p.t.l.c. Eticnie acid

. 66
(151) was prepared by the methqd of Staunton and Eisebraun .
(151) was converted into its acid chloride (152) and reacted with

the racemic hydroxy ester (101) as described by Djerassi 7, me

resulting diastercoisomeric etienates (153a and b) were separated by




covedul potelecs aud the etienate (153b) was obtained as white
covefnl pot.lecs ond the etienate (153b) was obtained os white 2)
needles {mene 9L - QSOC, (D{)D - 460), The other etienate (153%a)

amount of (153b)o

The next problem was to obtain the required optically
anctive ;»iaotone from the etiennte (15%b). It was thounht
that Lase hydrolysis of the etienate would yield the sodium salt
of the hydroxy acid (101la) which on acidification would cyclise
1o the reguired optically active S«Jixﬁmnee Howvever, refluxing
(153a) in basic solution followed by acidification and methylation
with diazomsthane afforded the hydroxy-ctienate (154), Steric
hindrance by the C 18 methyl was thought to be responsible for
the absence of reaction at C 20,

Dierassi, however, has showm that etienates of type (153)

can be reduced with lithiuvm aluminium hydride which results in

cleavage of the € 20 -~ 0 bond, Unfortwmately this will result in
reduction of the carbomethoxy group to yield the diol (155). In
anticipation of this reaction, model experiments were carried out
to convert (155) into the é;-lactone (92). The diol (155)
required for these trial e xperinents was ob+a1ne by lithiunm
aluwniniwn hydride reduction of (92).

It was found that (155) could be transformed inbo (92) in

low yielde by stirring overnisht with a large excess of active

o
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o , T L TN ) o
nanganese diexide”” in very -dry me

.

reachion was fovad to be dependent

69

use of acetonitrilie resulted in P«

¥ niixture

of products vhile D.JLT, gave ne reaction vhatscever, The low

yields were caused by irveversible a'lcorphion of (155} on 1o
the surface of the mengancsce dicxids, Other oxidaticn methods,
25 55 . 68 . .

Jones ), Snatzke”? and Sarrett gave complex mixtures with

only very small amounts of the required lactone heing Tovmed,

“b) gave two produsts as judged

1

Reduction of the etienate (1
by telece The less mobile hed the same vetention fTector as the
Trom the wmore mobile

diol {155 but becanse of sircakin
$

component, it could not be isclated by n.t.l.c. Separation
/

L

was achieved by acetylation of the above product mixture followed
by petelece which gave the optically active diacetate (158)
s O .

( (9§)D - 15.5 ). (158) was rveduced with lithivm aluminium

. . . Ll oy ( 0
hydride to give the optically active diol (157) ( (0&)D - 3507),

The absolute configuration of tha diol (157) was determined

I . 70 " )

by Horeaus method according to ¥erz' , T.l.c, was used to check
that the diol (157) was completely esterified with )X —phenyl
ethyl butyric anhydride, On this besis the esterificetion yield was
taken to be 100% and the optical yield of ihe 0<mpheny1 butyric
aphydride was 11% ( - ). Accordins to Iorean
an (S) conficuration for the carbon atom vhich carries the t-butyl

groun.




The cptically active diol (157) was oxidiscd with manganese

dioxide in dry methylens chloride soluv?

ive the optically
active gllactone (159). Confirmation of the absolute shere ochemistry
was obtained from the C.D, curve, which was alwost the mirver image,
of the lmown dihydro-parasorbic acid (3 \0)7 The €,D. data Lor

(159) and (160) are shown in table XVITi,

Table XVIII. C.D., data for the lactone (159) and dihydrow

parasorbic acid (160),

Conmpound Solvent Circular Dichroism
Molecular Ellipticity

(e)

(159) Isooctane : ((3)242 ~363; (é})zzB +260%
Ethanol (@)230 ~198; (6)213 +462,
(160) Isooctane (E§)24ﬁ‘+957; (69)214 ~626.,
Ethanol | (8)y5g 42655 (8)gy, -925

Bafore discussing the C.D, curves of (159) and (160) it is

of interest to examine other lactones which show two oppositely



signed Cotton effects, The C.D, data for these lactones (161)
(1 S I Lon Y 19965 . . > v L -
to (la.e) teken from Volf is showm in table XIX, Unforitunately
Wolf only gives C.D. data for the longer wavelength bands, However,
()I‘L - ] 2 o
Klyne™" hos published 0.R.D. data for compounds (163) and (164)
from vhich it is poessible to obtain information on the sign and
magnitude of the shorter wavelength (approximately 215 rm. ) band,
The 0.R.D. data for (163), (16L) and some of their derivatives

are shown in +table XX,

Table XIX, C.D. data for the longer wavelenth band of 5-—-1&01;0:195

65

0
which show two oppositely sisned Cotton effects”’® ~,

Compound Solvent Circular Dichroism

Molecular Ellipticity

(8)

(161) ‘ Methanol - (6 )248 ~180

a (162) | Me thanol (9)21}‘3 +250

(163) Methanol (8 )y -120
Isooctane . (e )gq5 #3700 (@)250_-200

(16%) Methanol (6 )2 45 300




H
Seend
it
\Ji
!

Table XX, 0.R.D, data Lor some & -lactonost,

s assi st et s st

(all weasured in methanol)

Comnound (¢\ ) at ((f)) at

first extremmm  lowest wavelengih

(163) k—Oxa~5X-cholestan~3- +8150 pk 227 - +4800 208
one.
178~y dr oxy-lo3a=5K~ +6250 pk 220 13520 211

androstan—j-one .

1@4-ﬁydroxy»17ﬂ;nethy1— +4670 pk 227 +4200 220 -

Looxa~5 Kandrostan~3-~0ne.

(16%) k~Oxa-GR-cholestan~3-one. ~1400 tr 225 -800 212
17 ~lydroxy-h-oxa-58 - -1400 tx 230 -885 218
androstan~3--one.

l?ﬁ—-Hydroxy—-—l?o(;-methyl-lf -3240 tr 225 -25306 213

oxa—-S(Q —~androsten~3-one.




From the data shown in 4ables XIX end XX it con be scen that
T L yeywsen ] I . SR 1. : vy 2 3
the short wavelength (ccg 215 pm.) band in the C,D, is considerably

more intense than the lonsor ve v“ianwth (cac 240 nmo) band, In fact

the 1ou~er wavelength bar

(163) and (164),

are not visible in the 0.R.D. cnrves of

9 ! 1
Wolf s propesed that the double bhuwmms in the C. D. curves
of (161) to (154) are canssd by a conformational eqnilibrium between

the halfechair and half-boot £>mlactones. le also assumed that the

.

short wavelength (ea., 219 nw,) hond is due to the halfwboat conformer
and the longer wavelength bond o the half~chair, Since the

short wavelength band is e wmore intense, W01f9 concluded that

the preferred conformer vas the holf-boat, This of course directly
contradicts predictions made in chapter 2 (part 2, pagess ) based
on I.R3., evidence that the preferred conformation of the lactone
rings in (163) and (164) is the half-~chair,

Because of this conilict of evidence it was decided to check
the assumption that the C.D, maxima for half-boat S$-1actones
“oceur at shorter wavelengihs than the maxima for the half-chairs,
Tables XXI and X¥XII show C.D. data for a number mféiiactones
both from this thesis and from the literature, The U.V. data for

some lactones is shown in Geble XXIII, It is assumed that §-lactones

such as ambreinolide and the 17a - oxa - androstan - 17 —~ ones

shown in table XTI are in the half-chair conformation (sze reference 9),
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Table XXT,

B s o e s 11

0.0 data for some halfechair 5-»1ac‘uones,

Compound Bolvent - Circular Dichroism Reference
Moleculayr Bllinticity
(e)
[ Joraels! (& )yop +4600 fhis work,
gj(} ot
\ |
0
~ THOA (8)ys, ~825 This work
, PR 23
g)\ i~octane (e )239 ~1420
AN
oy (@)255 +2210 This work,
™~ J/ . , P |
i i~octane (&), ~2000 (65)
7
i-octane (@)237 +2000 (65).




Table XXIT, C.D. data for scme half-boat 5 —lactones,

Compound Solvent Circular Dichroism Reference

Molecular Ellipticity

(e)

L~~~
/j) Bt (@)?23 +9160 This work,

H f[
(8) 57 +6,470
Q:f; MeOH (8),,5 16,500 (73)

Et0H (8)gy7 413,200 This worls




Table XXIIY, UV, data for some S -loctones,

—

[y

n-hexans or thanol

(e

iscoctens

G UV, S

Compound UV, .
max max

nm, MMM

20% 13 ,  9213 59
209 | ref, 65

999 ref, 65

290 N 96 "1,f   }ft'216 96

no maxima
€ = 130 at 220 nu.
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Table XXTII (Continued),

Compound . U.v. -
max C - : U’V'max

nm, co ' nm,

222 %0

L= &

214 n

The tables above show that even after taking into account
the hynsochromic shift due to ethanol as solvent that the C,D.
maxima for half-hoats appear at shorter wavelength which confirms
Wolfs asswwtion, This shift is proabably caused by the smaller
C - CO ~0 bond angle in the half-boat as compered to the half-chair
since a sinilar shift is observed on going from é:—valerolactone 1o
3/~butyrolactone in which such an angle decrease is'more pronounced
(see pagel2 ), )
The magnitude of the hypsochromic shift on going from a half-

chair to a ha1f~boab‘g;4actone is diffienlt to estimate because
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the C.D. maxima in some of the lactones are altered by the

presence of strong bands of opposite sion helow 206 nm, However,

it seems probable that the shift is of the order of 3 to 10 ru,
Another point which arises out of tables XX and XTI is

=384

that S-lactonfes in the helf-boat conformation have mmch stronger
Cotton effects than those in the half-chair, -

A possible answer to the seemingly conflicting evidence
(noted on pase 136) lies in the calculations of Djerassi and

2

. i . e S

Moscowitz = who have investigated complex C.D, curves of the
type obtained for (161) to (16%4). They have shouwn that C.D.
curves with two oppositely signed extrema separated by %0 nm,

sSu

¢}

arise whenever two Cotton effects of opposite sign ar

¥

Le]

srposed
with their individual maxima separated by 1 to 20 nm, Some of the

results of their calculations are shown in table XXIV,
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e AV e T

Mot e YT v g ATy a- :
fapie 300V,  Original separate C.D. curves of species 1 and 2 (A)

and double Cotton effect resulting from superposition

of C.D. curves 1 and 2 (B),

f-"C\i ® A}‘ﬂ‘

AL
/
;\l >‘Z.
(4)
A
nm nin nm ’

%1 ’\2 (hg=iy) ! Ay
i) 300 302 +1,000 ~1,000
ii) 300 304 41,000 ~1.000
iii) 300 303 +1,000 ~1,000
iv) 300 302 2 +1,000 -0.500
v) 300 304 +1.0060 -0,500
vi) 300 308 8 +1,000 ~0.500
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N ‘ 2
N,
(B)
f B
{ i - /

A L7 A St Ai A, SN nn.
i) 9286,8 315.2  0,0856 -0,0856 28
ii) 287.8 - 316.,2  0,170% -0,1704 28
iii) 289,6 318,% 0,334l ~0,3341 29
iv) 298,2 0.0  0.5097 0.0 -
v) 296.8 0.0  0.5355 0.0 -

vi) 295,6 329,3  0,6123 ~0,0%359 3k
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Thr. C.D. data for (165) (tahle K1) shows two op}_wcs‘aiﬂely
sifmed extrema separated by 35 nme and of relative auplitodes 5.7
and -0,2, Although we do not have the full C.D, data for (163),
it does appear that there is a strengly nositive Cotton aifect
below 200 m1. (sce reference 65) which mey accentuate lHn short
wavelength banu; thes causing it to be more intensze than it

really is., Pramination of table IV shows that the above

amplitvudes resemble those of the resultant curve (vi), The

s
o
L
o
Wl
*
-3
o0
3
TS

relative emplitudes of the resultaut curve in (vi

s

~0,3 and the separation between the ftwo extrems is 54 mm, and

[*8

t is shown that this curve is formed by iwo stroncly overlapring

o

Cotton effects of relative amplitudes 1.0 to-0,5 with their
extrema separated by 8 nm,

In addition to the conformational equilibriuvm which is
undoubtedly present the possibility of a solvaiicnel equilibrivm

mast not be neglected, This will of course intensify the ghorter

TS
7

wavelength hand (ca 215 nm.) since the n-37 traunsition for
the solvated chromovhore is close to 215 mm, For exzzple, in
table XXIIT it can be seen that the U.V, meximum is shiftzd to
shortér wavelengths in the norve strongly solvating solventd,

The above discussion shows that the actual Cotton effect

attributable to the half-chair conformation in (167) is much si;mnf;

than would appesr at first, This together with the obse rvation

ey
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that the Cotton effects of o~lactones in +the half-boat conformabion

are stronger than those of § ~Tactos

in’the halfechair conformavion
makes it very difficult to predict what the neaforred conformation of
(163) is from its C.D, ewrve alone, In order fo be abls to do this
it would be necessary to know the am a5 of the Cotlon effects
of the two species in the equilibriw: wixturs together with
rotational strengths of the purc half-chair end half-hoat conformers,
Although we do not have the full €.0, data for the other
& ~lactones (161), (162), ana (16%) it scems probable that Wbif has
mderestimated the contribution made fe the C.D. curves hy the

half--chair conformers, In conclusion,; it is felt that there is no

a1 in chapter 2 (part 2) that

reason to doubl the cenclusions reac
(163) is a mixture of conformers wilth the half-chair predominating
and that (164) has about %0% of the half-hoat in the equilibrivm
nixture, |

As Wolf9 hasg suggeste d, studies ¢f the C.D, curves at
different temperatures will give some information about the
conformational equilibriwm which is present, Lowever, care
will have to be taken in interpreting the results because of the
presence of solvational equilibria.

Returniné now to the C.D, curves of the lactones (159) and (160),
(table XVIII) it se ems that the best explenation of the double
hump is that a half-chair half-boat equilibriwa exists. This was
indicated for the t-butyl lactone (159) by n.mr, and IR, For

(15 59) the longer wavelength (ca. 240 nw, ) hand will be due to
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the half-chair (165) waich in accordance with the \‘blf.g and
Legrandlo rules gives negative Cotton effect, The short
wavelength (ca, 21k nm.) band is therefore due to the half-

" boat (166) vhich again gives the sign expected by both Wols

and Legrand., Since the Cotlton effect of the half-boat is
stronger than that of the hali‘m.chair then in isooctane the
half-chair is the predominant conformer, The inerease in intensity
of the shorter wavelength band on changing to ethanol as solvent
must be due to either a change in the proportions of the two
conformers in the équilibrium nixture or more. probably to
formation of a highér proportion of the solvated lactone which has
its C.D, maximmm at lower wavelength, In accord with Djerassi
and Moscowitz'm, the amplitudes of the constituent Cotton effects
will be mmich greater than thése shown in table XVIII and their
extrema will be rmich closer together, A similar discussion
applies to the lactone of dihyzh*o-—parasbrbic acid (160).

AAs can be seen from (167), application of Snatzkes sector
‘ru1e62 to the half-chair conformer of (159) predicts a positilve
Cotton effect which is opposite to that found,

A1l of the other lactones vhose 0.R,D, and C.D. curves have
been obtained for this thesis (see tables XXI and XXII) obey the

rules of Wolf and Legrand, Some of the more interesting cases

are discussed below,
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Hexahydrodaecarboxyisocolunbin (168) shows positiva Cotlon

. oy —"'.)%
effects at 297 nm, due to the n->T]  +transition of the keto

A
o

group and at 217 mme. due to the lactone n-7 transition,

(sec table X(I7). (1682) shows that the lactone Cotton effect

)

obeys the rules of Wolf” and Legrandlo. '(168b) shows the
C -~ 5 mathyl projecting into a positive cctant which is close
to the carbonyl chromophore and therefore a positive Cotton
effect is predicted and found for the ketone Cotton effect
(see also referenceGj; chapter 9).

X ~Campholide (169) has a strongly positive Cotion effect,
= 3,080 (iso~octane), vhich is of the opposite sirm

(@ )226

to that predicted by applying the rules of Volf and Leg

=
&
]
jo 7
fad
(o]

ﬁhe.gmlactone Tinge Beecham75, however, has observed that in
A{~1act0nes of type (170) the sisn is opposite to that predicted
by applying Legrands rule to the 8’—1actpne ring. This sugpests
thaﬁ in bieyclic lactones which have'hﬂ)ﬁ? carbon atoms, then
the éign of the Cotton effect is determined by the largest

0 -C0 - C - Cg dihedral angle, Thus in (169) and (170),
0-C0 ~C ~ q@‘ is the largest dihedral angle and according to
Legrands rule the Cotton efficts will be positive which is indeed
found.

The other bicyclic lactone studied, is the 17 - norphylloclada
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—~ 13, 14 ~ lactone (17i) wvhich does nod hove tuc /Q carbon

o

atoms end hence the nmormal rule applies, Thus (171) has a

pr%leV(* Cotton effect {see table as nredicted
by the Wolf and Legrand rules,
The two & —lactones (67) and (58} (sse chapter 2 part 1)

I

have negative Cotton effects, Both of them obey Legrend's rule

as shovn in (172) and (‘173). “
Table XXV shows the sign of the Cobton effect at wavelengths

below 200 nm, for a numbher of <§:-lactcnesg This effect ig probably

¥ :
due to a f=+{T +transition and accounts for the very strong

background in mery O.R.D. curves of K-lactones,
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Table XAV, The signs of the 7Tl

ot i 3 e 18

& ~lactenes,

Conformation of

Coupound
é-—lactane ring.

Sign ofy Heference
.‘{T"‘“"‘%’ -'ﬁ" N

n

Cotton effect

negative This work
negative This work
negative This work
positive ‘This work



s

Simn of,, Reference

T

Cotton eflect

Conmpound

regative 65

%.
As can be seen the sign of theT—3>T Cotton effect is

_‘lé
he n-->77 Cotiton effecet in all cases,

Ty

opposite to that o
. e o - . o
the =317  transition is related

14
n
tts
2
=
(=
P

This suggests that th

to the chirality of +he lactone rinz as shown in table XXVI,
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s - ¥ 0 e § . ‘ %
Table XXVY, Delationship batween sisn of AT=»1  Cotton effect

T e 1 e sy T

and chirality of émlactomso

Chirality . Sign

(2) UM"{:"E <7 : negative

(b) O-——-—-—‘_‘[“;l ‘ negative
() : /\ positive

(a)

positive

It is of interest to note that the lactone (163) has a strongly

* ' 3
positive T—> T = Cotton ¢.=::E'fect65

which is of the same sign as its
n—>T * Cotton effect, (this is the only é-«lactone we‘have data
on which has both the n-——é'rr)'é and [ —> ’lT* Cotton cffects with the
same sigm), The sign of the 'ﬂ:—-}ﬂ_* effect, suggests that {163)
is predominantly in the half-chair conformation, (c) in table XXVI,

vhich is in agreement with predictions based on examination of its

1.2, spectrum (see page 83 Je As pointed out earlier in this
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discussion (page 145 )y there is doubt abeonl Yolfs conclusion
that (?6;) is predowinantly in the Lialf-hoatd conformation, hence,

. ] e v L nn b :
it may be that the sign of the T—>7  Cntiun effcet {or the sign

of the background in the 0,R.D, cwrves) of S~lactones is a
better guide to their conformotion iy the sisn of the

n—>»1 effect,

The conclusions suwmmarised in table 3
tentative as not much data is available, but, the correlation
observed in the few rasulis so far (tabie XXV} is cncouraging.

In this part of the thesis the optiasz.lj?j active gs-lactone
(159) has been synthesised and its C.D. cnwve has bzon shown
to be best interpreted in terms of the rules of Legrand a.nd’\'{olf
as being a conformational mixture of the half~heat and ha 1f~=chair
forms with the latter predominating, C.D. end G,B.D. curves of
a nunber of 6—1aotones have provided furiier evidence in support
of the rules of Legrand and Wolf, The C.©. deta for the lactone
(163), which Wolf suggested is preferenticlly a half-boat gmlac-{;one,
has been exemined and it has been concluded that in this case it
is extremely difficult to predict the conformation from the

C.D. curve., .
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T TR
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Prenaratio

]

) was added to water

The lactone (92) (500 mg

tER g
containing potassimm liydrexide “Analar® (1,061 g.). The solution

n

was heated under nitrogen on a steam bath for thiriy mimw

and the base carefully neutralised to p H 6 with a calculated
amount of 1 N hydrochleric acid "fnalaxr", The solution wans
inpnediately extracted with ether, vwhich was washed with hrine

and then methylated with ethereal diazomethane, The excess
diazomethane was neutralized with acetic acid. After drying bhe
ether was romovéd under reduced pressure and the bydroxy-ester
(101) was recovered as a pale green oil (500 mg.) It showed one
peak on g.l.c. (5% QF ~ 1, 100 C) of retention time 8.6 min,

as against the lactone which under the same coﬁditionsvhas a
retention time of 22,4 minutes, T.l.c. (ethyl acetate, pei~cther
50:50) showed one spot a little more mobile than starting material,

o |
sz(CCll) 36%5, 3608, 3530, 3L60, 1740, 1160 cnm .,

This material relactonised on standing or on heating and was
used straight away for the next stage.
5 - R . RN %)
38 - Acctoxy - /\” - etienic acid (1.2 g.) (351)°7,
benzene (12 ml,) and oxalyl chloride (2.0 g.) were left at

roon teﬁperature for L8 hours, the relatively insoluble zcid
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gradually disselving during the courss of +he weaction, The

benzene and excess oxalyl chloride were vers

pressure and a vhite crystalline residus was

Vﬁav(nu301) 1790, 1730, 1240 cn ',

Dry pyridine (10 ml.) was added to the residual aéid
chloride followed by a solution of tuﬂ nydroxy-ester (101),
prepared as above, in dry pyridine (2 ml). The mixture was
stirred for 72 hours at room temperature and the reddish violet
suspension poured on to 3 M hydrochlioric acid {30 ml.) cooled
in ice, The wvhite precipitate was filtered off and the agueous
solution extracted with ether, The precipitate ves dissolved
in ether and filtered to remove excess etienic acid, After
"drying and evaporation of solvents, the crude diastereoisomeric
etienates (153) were obtained as a pale green oil (950 7% ).

5 - -1
X(fllm) 1730, 1240 cm .

Teloco (run eight times in ethyl acetate, benzene 1:99)

showed two major spots of very similar r.f. The green oil
(900 mg.) was purified by p.t.lec, (elvhtpen 160 x /O x 0.05 en
plates run eight times in ethyl acetate, benzene 1:99, visualized

by iodine), The broad band was cut into three parts, the centre




band rechromatographed and the resnlting broad band divided
into two.

The most mobile band (36% mg.) was a pale green oil which
could not be induced to crystallise probdbly becanse of
contamination by the less mobile component. The less mobile
- compoenent (335 mg.) crystallised as white needles from pet-
ether and was the pure diastereoisomeric etienate (153b);

m.p. 94 - 95°C; (OK)D - 16° (C = 1;0 chf);

v (€C1,) 1730, 1240, 1100 en™ ' num.r. showed W singlets
at T 9.24 and T 8.97; 9H singlet at T 9.11; 3U sinslet at
T 7.97; 3 singlet at T 6.35; multiplet at T 5,3 and a wultiplet
at 4,7,

(Found: ¢, 72,96; H, 9.52; 032115'006 requires C, 72.%1;

H, 9.505%)

Base Catalysed Hydrolysis of the non Crystalline Tiienate (ISBa).

The diastereoisomeric etienate (153a) which failed to
erystallise (3% mg.) was dissolved in 50% methanol/water (25 ml.)
containing potassium hydroxide (500 mg.). The solution was
refluxed for 24 hours, acidified and exitracted with ether. After
washing the ethereal extracts with brine and drying, the solvents

were removed under reduced pressure and a white solid (40 mg.)




was obtained. T.l.e. showed that no & - huivl lochone (92)

was present. The solid was methylatod wiil

and a colourless oil (%0 mg.) wocovered, 7. 1., {ethvl acetate,

pet-ether 3:7) showed one spot which was lou

material,  The methyl ester (I

OD{(Cf, ) 3610, 3580, 1735, 1150 cn ™) namnr, showed

new

s

3 singiets at T 9.25, 9.0 and 6,%5; 0 sineled at T 0,12; 1H

mltiplets at T 6,0 and 5.3 and a 17 doubiet at T 4,7,

The Racemic Diol (155) and Racemic Diacetabe (156

The lactore (92) (400 mg, 2.6 m moles) in dvy ether (10 ml.)

was added dropwise 1o a stirred suspension of lithivm alwminium
I

hydride (QOO mg., 10,4 m moles) in dry eths 30 mle). The

solution was refluxed for one and a half hoors and then the
excess 11talun aluminima hydride destroyed by dropwise addition

of water, The white grammular precipii ate was Tiltered off

and washed severa 1 times with ether, The cthereal solutions were
corbined and the ether removed under reduced pressuve, A colourless
0il (365 mg.) was obtained which showed one spot on t.l.c. less
mohile than starting material, This was the racemic diolv(155);

(fllm) %400, 2650, 1080 om 1; 2,1, showed O singlet

at T 9,15; OH rultiplet at T &6 ~ 93 1H multiplet at T 6.8 and a




W drinlet ok WSO L2 R - Sy X . )
2 triplet at T Gk, Tha broad singlet at T 8,0 (3H) disappeared

Q<
=
-’

Y DpO exchangs,

The racemic dicl wvas characterised as the racemic diacetate
(156) vwhich was prepared by digsolving the diol (60 mg.) in |
pyridine (1 ml.) and adding acetic anbhyarvide (1 m},). The
solution was allowad to stand overnight at room temperature and
the pyridine and excess wcetic anhydride removed under veduced
pressure, A pale green oil {58 mg.) was obtained which showed
one spot on t.l.c, (ethyl acetate, pet-other 2:8), An analytical
sample of (156) was prevared by p.t.l.c, and microdistillation,
(400 Cat 0.4 mm Hel),

Vﬁax(CC'4> 1744, 12430 em 75 nemer, showed 9H singlet at
T 9.1.; 31 singlets at T 7,95 and 7,98; a 20 multiplet at T 5.9
and é 19 moltiplet at T 5.3.

(Found: C, 63°79; H, 9.93; C requires C, 63.9G H,9.90%)

C15tonl

Lithivn Aluminiwa Hydride Reduection of the Racemic Diacetate (156).

The racemic diacetate {(156) (60 mg., 0.25 n mole) in ether
(2 m1.) was addéﬁ to o stirred solution of lithium aluminium
hydride (40 mg., 1 m mole) in ether (2 ml,). The solution was
refluxéd for one hour and the excess hydride destroyed by careful

addition of water, The white grannular precipitate was removed by
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filtration and the precipitate washed several times with ether,
Remeval of solvent under reduced pressurve afforded the racemic
diol (155) as shown by I.R. and t,l.c, comparison with authentic
material,

. 68 [ .. ..
Sarrvelbt — Oxidation of the Racemic Dieol (155).

Chromiwn trioxide (300 mg,) was added to a solution of
diol (155) (60 mg.) in pyridine (15 ml,) The solution was kept in
the dark at room temperature for 24 hours and then poured on to
ice cold water (60 ml.). The agueous solution was thoroughly
extracted with ether which was washed with brine and dried, Evaporat-
ion of solvents under reduced pressure afforded a colourless oil,
The lactone (92) (15 mg.) was obtained by p.t.l.c. (ethyl acetate,
pet-ether 6:4) and was shovn by t.l.c, and I.R. to be identical

to aunthentic (92).

Manganese Dioxide 0xidation69 of the Racemic Diol (155).

The diol (30 mg.) in methylene chloride (freshly distilled
ffom phosphorous pentoxide) was stirred overnight with manganese
dioxide (1 g.). The nangenese dioxide was filtered off and

continuously extracted &ith ethyl acetate for 24 hours., The




methylene chleride filtrate and the ethyl acetate exiract

wers coubined

,N
jol
$

¥
=
>
’:\
4
v

ral of solvents under reduced pressure

afforded a 17.). The lactone (92) (8 ng. )
(1.7, and 4.1 A 5 F - : o Tdns
(1.5, and t.1.¢o  comparison with authentic (92) ) was obtained

by pet.lace

"
te
2,

b

Lithium Alwninion 103 le Teduction of the Crystalline Ftienate (15%b).

The erystalline etienate (1531) (320 mg.) in dry ether
(1% wl.) was treated with lithium aluminium hydride (320 mg,)67.
The mixture was refluzed for 45 minutes and stirred at room
temperature for a further L5 minutes, The excess hydride was
destroyed by careful addition of water and the white crystalline
precipitate filtered off. The precipitate was washed with
chlorcform vhich was combined with the filtrate, The solvents
were removed under reduced pressure to afford a white crystalline
solid (329 mg.) T.l.c. showed two spots, the less mobile corres-
ponding to that of the diol (155). Because of "streaking" from
the more mobile compenent the product was acetylated by dissolving
it in pyridine (& ml.) and acetic anhydride (4 nl.) and allowing
to stand overnight at room temperature. The solvents were removed
under reduced pressure and a colourless oil (312 mg.) was recovered
which contained two components as judged by t.l.c. (ethyl acetate,

benzens 4:96). The less mobile spot, vhich corresponded to the
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diacetate (196), was isolated as a c&lourless o3l (120 ng,)

by petelece In order to remove & small amowmt of the other

component the material was rechromatopvaphed, The optically

active diacetate (158) (111 mz.) (as shown by T.R. end t.1.c.

comparison with authentie (156) ) had (0()D = ~15,5 (C = 1,11 ch?,).
(158) was carefrlly reduced with lithium aluminivm hydride

as previously described to afford the diol (157) (72 mg.) as

a colourless oil which showed one spot on te.l.c. corresponding |

to racemic diol (155). (157) had (&), = -30% (C = 0.98%4 chf).

70

Determination of the Ahsolute Conficuration

of the Optically

 Active Diol (157).

The optically active diol (157) (12 mg., 0.075 m moles)
and 9(—phenyl ~ butyric - anhydride (96 mg., 0.290 n moles) in
pyridine (1 ml.) were allowed to stend overnight at room
temperature, Water (1 ml.) was added and the solution kept for
six hours at room temperature, Ether (5 nl,) was added and t.l.c.
- showed that most of the diol had been esterified, The ether solution
was washed with water (5 ml.), 5% sodium bicarbonate solution
(3 x 5 ml.) and water (2x5 ml.). The combined agueous extracts
were washed once with chloroform {20 ml.) and acidified with

hydrochloric acid and finally extracted with chloroform (3 x 10 ml.)
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which was washed with brine (15 ml.) and dried over magnesium
sulphate, Removal of the solvents under reduced pressure
afforded an oil (70 mg.) which showed typical acid streaking
on t.1.c. The acidic material was taken wup in benzene (2 ml.)
and its rotation measured; (D()D = -2,1° (benzene). This

corresponds to an optical yield of (11.3%) as calculated by

the method described in reference 70,

The Optically Active Lactone (159),

The optically active diol (157) (55 mg.) was oxidised with
menganese dioxide as described previously, The optically active
lactone (159) (11 mz.), which was purified by pe.tel.ce, had
identical t.l.c. and I.R. properties to the racemic lactone
(92). (o()D = +33.1 (C = 1,1 chf).

C.h.; (iscoctane) (9)241 - 376; (9)212 + 267; (ethanol)

(8)55 - 188; (©)y,5 + 472
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e CONPOIMATION

HING  LACTONES

.

Having considered the conformatiocn of § ~lactones in some
detoil, it was felt that investigation of lactones of ying size
greater than six would prove interesting, In particuler we wished
to investigate two problems, Firstly'what are the preferred
conformations of thesb lactones and secondly how does the nlacing
of the- lactone group (C - 0 - g'— C) in these rings alter its
configuration end properties, This chapter will cousist of a
review of what is already known about mediwm vring lactones and
since it is rolevant, a brief review of the conformations of medium
ring cycloalkanes and cycloolefims.

Huisgen and Ot't1 have reported the only systematic study
of the variation of ceftain properties of the lactones (()n=5

16). They investigated the change in dipole moment, beiling
point, infra-red spectrum and rate of hydrolysis of the lactene
group as the ring size was increased. It was bonclud§d that in
lactones with n =5, 6 and 7 the lactone groﬁp is plannar and s - cisg

(2), vhereas when n = 10 or more it is planar and s - frans (3).

When n = 8 and 9 the lactone group was considered to exist as an

equilibriwn mixture of (2) and (3).
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This conclusion was based on the observation that the cgipole

noments of the smaller rings ( (1) n

]

5,6 end 7) were in the
region of & D and in the larger rings ((1)n = 13,14 and 16),

in the region of 1.8 Do In the smaller rings, the lactone groun

is s ~ cis (2) and the C = 0 and € - 0 dipoles point in the same
dircetion to give a resultant dipole moment of QYD, In the lavger
rings the lactone group can exist in the more stable s~ trans
configurationl9, witich is adopted by open chain esters and here the
C=0andC ~%O dipoles point in opposite directions to give a
resultant dipole moment of about 1.8 D, The dipole moments of

the 8,9 and 10 membered rings are 3,70, 2.25 and 2,01 D respectively
and since these values are intermediate between the extremes guoted
above, Iluisgen and Ott concluded that there must be an equilibrium -
mixture of the two forms (2) and (3) in these compounds,

The infra-red spectra of the lactones ((1) n =5 ~ 16) shoved
no systematic variation with ring size. This is surprising since the
carbonyl frequency of cyclic ketones‘has been shown to fall regularly
with increasing ring sizez. Similarly the cyclic amides show a
fegular decrease in VC=0xdih increasing ring size (Figure 1)3, but
with a break at the nine membered ring which shows two.carhopyl pealts.
This has been attributed to the presence of a conformational mixture

in the 9 membered-lactam and it is suggested that the higher



frequency band is due to +

fire

croup being twisted or skewed,

v
Cc=0
1720

1

. 1710 |
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Figure 1. Plot of Vo o o oF lactoms in dilute
0014 soln, againgt ring size

P

L

Huisgen and Ott confined their discvussion to the configuraticn

of the lactone group since at that time very little was known
concerning the conformation of rings larger than cyclohexane,

The last decade, however, hus se

en a considerable accwmmlation of
information on the conformat

v

ions of xings lavger than cyclohexane,

A number of X-ray cystalloaraphic studies have been carried out

and in certain cases the. preferred conformations ere well established,
In cases where no X-ray data is aveilable; strain energy minimization
calcﬁlations furnish the reguired information4, The conformations

of the medium rings (8 =~ 12 membered rings) have recently been

ca . .. 5
discussed in detail in an excellent review by Dunitz”,
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Since the lactone group (C = 0 - ¢ - C) has been shown to

§

6

be planar6, then it is to be expected that it will have similar
stereochemical requirements to the olefinic double bond, This
analozy has certain reservations att#ched to it, however, since
the preferred torsion angles about the two groups are different,
Thus, the preferred C - C - C = C torsion angle about the single
bond adjacent to the double hond is close to 1200, corresponding
to eclipsing»pf one of the hydrogen atous of the X -methylene
group wiéh thé double bonds. In lactoges, on the other hand; the
preferred torsion angles are illustrated in (%) and (5). In (%)
the hydrogen atom on the adjacent 5(;carbon atom eclipses the
carbonyl group while in (5) the 0 —- CSPQ bond is staggere@ with
‘respect to the two C -~ H bonds on the adjacent cafbon

atom. The barrier to rotation of the methyl group in écetaldehyde7
and methyl formates is about 1 K cal mole—l. A Turther difference
between oiefins and lactones in the degree of rigidity of the
double bond as compared to the lactone group. The barrier t6
rotation about a C = C double bond is about 60 K cal mole“l(s)
while about the Csp2 ~ 0 bond in a lactone group, it is probably
around 5 ~ 10 K cal mole L. ‘Bearing the above points in mind it is

possible to malke meaniniful comparisons between the conformations

of cycloolefins and lactones. This is necessary since little is
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known concerning the prefevred conformations of medium ring

lactones whijs o cousiderable omount of information has been

accumulated on the conformaticonal preferences of cycleolefins,

The relative stabilities of eis— and trans-clefins can be

.

estimated from their heats of hydrogenation., Table (1), for example,

shows that the trane-cycloolefins are more strained that the cis

isomers in eighbe, nine-, and 10- membered rings”, For smaller

rings the trans-olefins are appavently too unstable to exist but

for larger rings they are more stable than the cis isomers as shown

.
- L .5 s o . . .
by equilibration studies”, fThis is of interes? since according

to Muiscen and O0Hb, the s -~ trans lactones arve preferred in the
[ ¥
nine and ten merhered rings. As will be shown later this probably

reflects the different torsional requirements of the olefinie

double bond 2nd the lactone groupe.

Table 1, Ieat of hydrogenaticn, *[k{4 (K cal mole~1) of

' : . . . . =0
cyclonlkanes in acetic acid at 25 C.

. | ""Zﬁlk+trans dgvcx}}ci;-

Cyclohexone . o - 27.1
Cycloheptene - , 25.9
Cyclocctane 32,2 k 23,0
Cyclononene 26,5 . 23.6

Cyclodecene . 24.0 ' ‘ ‘ . 20,7




Cyclohexanolide

Strictly spealing cyclohexanolide is not tivm ping lactone
but it is included here for the sake of completeness,

. 9. .
Hendricksen” bas applicd his method of crlewlabivg conformabional

energies to cyclohcntane and of the four confor

the chair (6); twist-chair (7); hoat (&); twisi-boat (9); it is
o 4 . -1
concluded that the twist-chair is the most stshis by about 2 ¥ cal mole .
The low temperature n.m.r, spectrum of 5, 5 difluorocycloheptene .

4

5 10
shows an AB quartet at low temperatures . On this evidence, Heberts

[
e

proposes the chair conformation (10) as being the most gtable,
Howevér, the beat conformer (ll) would also give an AB quartet at
low temperatures, The alternative twist conformer (12) is ruled
out, since the two fluvorine atoms are equivalent because of'thé two
Tfold symmetry axis which passes through C ~ 5 and the mid-point

of the C -~ C double bond, . .

By anaiogy with cycloheptene, there are three possible
cénformations of cyclohexanclidewhich maintain the planarity of the
lactone group. These are the chair (13), boat (1%) and twist
chair (15). Overberger and Kayell have studied the 0.B.D. curves
of the optically active cyclohexanolides (16), (17), (18) and (19);
The signs of the Cotton effects were all accounted for by considering

the cyclohexanolides to be in the chair conformation. However,

exanination of Overberger's results indicates that the twist



conformer of (16) and (18) is eqe cally compatible with {the obhgerved

0 . s ‘J
Cotton effects, Thus application of Snmatuka's sector ot

3%

i
o
i~
et
p—s

shows that in the twist conformer, the oberyved positive Cobton
effect wogld he pfedicted, since, the 3 — umethyl groop is in
a positive sector (20) and (21). A similar argnement can be applied
to (18).

Thus as yet there is no definite evidence vhich points 0
one particular conformation of cyclohexanoclide as beins the mosé

stable, ™

Cycloheptanolide

-0

Apart from the work of Huisgen and 04t there have bsen no
conformational studies on cycloheptznolide at allai QOVﬁver; Xeray
’crysballographys has estLbllsbed the preferrved ¢ nformation of
cyclooctane as being a boauwghmlr (22). Anet13 has investigated
the low temperéture n.m.r, spectra of denterated cyclooctanes and
his results are consistent with conformation (22),

Trans-cyclooctene is very highly strained as is evidenced by
its high heét of hydrogenation (tablé 1) compared to cis-cyclooctene,
'Transmcyclooctené has been resolved into two stable optically active
formslé and the barrier to recemization has been showm tonbe 35.6

K cal mole"1 (15). No X~ray studies have been carried out on

trans-cyclooctene although the.nature of the molecule points to




it having one of two possible

both of vhich are extraemely v

the torsion angle aboub the donble bond in trans-—cyclooctene will
deviate considerably from 1¢ 30° which would explain the very high
heat, of hydrogenation.

No X~ray data is available on the prefcrred conformers of
cis—cyclooctene, llowever, the constraints on the ring geometry
introductcd by a cis fused three membered ring are similar to
tﬁat of a cis~double bond and Leray ﬂna1y5135'of cis - 9, 9 -
dimethyl - 9 - azoniabicyelo (6.1,0) nenane iurnl shes the conformation

(25).

On the grounds that cyclohep

2

tanelide has a dipole moment

of 3.70 D which is intermedicte between the values for cyclohexanolide
(4,45 D) and cycloundecanolide (1.56 D), Huisgen and Ott pronosed
that an equilibrium mixture of § ~ cis and s ~ trans lactone grouﬁs
are present with the s -~ cis predcominating, From the highly strained
nature of the double bond in trans-cyclooctene, it i; wnlikely that

a planar s -~ trans lactone group can exist in cycloheptenolide, A
nore plausible explanation for the.lowervdipole moment is that the
'lactone group is twisted from the planar cisoid form, as for cxamplel
in (26), This conformer (/O} would probably be preferred over the
alternative chair-boat (27) vhere the torsion angles about the

C 3 — 0 bond are such that the C7 — H bond eclipses the Csp2 -~ 0 bond,
Sp
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Cyclooctanolide,

The conformation of cyclononane, as shown by the cystale
structure analysis of cyclononylamine hydrobromide59 is depicted
in (28). Apart from this example, information coﬂcerning the
preferred conformation of nine-membered rings is lacking in the
literature,

Trens -cyclononenc is slightly less stable thoan cis-cyclononcne
as shown by their heats of hydrogenation (table 1). A rather
unstable optically active trans-—cyclononene has been isolaﬁed16
and the barrier to interconversion determined to be 20 K cal mole ™,
This, when compared to the barrier of 356 K cal molenl for racemization
of trans~cyclooctene shows that trans-cyclononene is less rigid.

The dipole moment of cycloctanolide is 2,25 D, which is
slightly higher than 1.86 D, the value associated with fully s -
trans lactone groups. Huisgen and Ott propose that this is due to the
presence of an equilibrium mixture of s -~ cis and s ~ trans lactone
groups with the latter predominating. This is a possible explanation

although again the possibility.of a twisted lactone group cannot

be overlooked.

Cyclononanolide

A number of cyclodecane derivatives have been analysed by

’X—ray crystallography and the conformation depicted in (29) is
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recogniscd as being the energetically stable one’. Becouse of

[tad
4
ooy
o

approximate.Cgh syumetry of the ring skeleton, there are three

types of carbon atoms labelled Y, JI and I7I. Assosiated with these
three types of carbon atoms are six difierent kinds of hydrogen
atoms, two of which are intra-onnular and four extra~-annular.
Because of the overcrowding of the intra-annular hydrogen atoms,
reblacemont of a hydrogen atom by a larger substituent will occur
preferentially at the extra-annular position%. On the other hand,
conversion of a tetrahedral into a trigonal atom will be

accompanied by a substantial release of strain energy for a type

I or type IIT atom (but not for a type II atom), For type I or

type III, the change from tetrahedral ﬁo trigonal is assosiated
with the removal of an intra-snnular hydrogen atom and therefore with
erasure of two of the six transannular interactions, Accurate X-ray

5

indicate that the most serious interactions are

measurements
between the intra-annular hydrogen atoms atiached to type III

carbon atoms and so it is fouvnd that trigonal atoms occur preférentially
at type III atoms as is exemplified by the observed cystal structure

of cycledecane — 1, 6 -~ dione (30)5.

Similar reasoning to the above predicts that the prefeired
conformation of cyclononanolide should be (31) which has favourable
torsion angles agout the lactone group (see(%) and (5)). The
crystal structure analysis of cyclononanolide itself, has not been

carried out but an accurate analysis has been made of the recently
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synthesised 6 - ketonomgllde i which has bheen shown +to have
Lo . e - 5 :
the conformotion (32) in the crystal”. This confermation is particularly
favoured in this compound since three type III carbon atoms
have becn replaced by two trigonal carbon atoms and an oxygen
atom, The torsicn angle ahout the CSPQ - 0 bond is 174° which
confirms the planarity of the lactone group. A point of intercst
0 .
is the extremely short G------C = 0 distance (2.835 4), which is
0

much smaller thean the sum of the van der Waals vadii (3.1 4).
Dunitz suggests that there may well be a weak interaction between
the intra-annular lone pair and the partial positive charge on
the carbonyl group.

The conformation (32) found for the 6 — ketonoranolide is
to be contrasted with the conformation (33) found for the

. 18 .

AgNO3 adduct of trans—cyclodecene” . The skeleton has distorted
to accomodote the favoured torsion angles about the double bond (page 172).

o= R

The conformation of the AsNO_, addact of cis-cyclodecene is shown in

3
(3&)5. The torsion angle about the cis-double bond is cloﬁe to 180°
while about the trans double bond it is 140%, This obscrvation is
discussed more fully by Dunitz in his reviews.

By analogy with ciswcyclodecene(Bé), cyclononanclide, in which

the lactone group is g - cis, would adopt a conformation like (35).

However, in this conformer the oxygen and the trigonal carbon atom




as  Tavourable oa

in which twe type III carbon atoms have been

replaced. It is prohable that the slightly bigher dipole moment

(2.01 D) observad hy Hulsgen end Obt for this compound is explained

by slight distoriticen of the lactone group from planarity rather than

by an equilibriwa betnr ~ cis and s - trans forms,

In this review, pogdible conformations of seven to ten— membered
lactone rings have been discussed in light of dipole moment studies
by Huisgen and Ottl and on the basis of conformational preferences of

(=1

cycloalkanes and cycloclefins,




CHAPTER 2
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DISCUSSION 1

During tacir investigation into the configuration of the
lactone group in the ring systens, (()n=5- 16), Huisgen and Otﬁl
shoved that vhen n = 5 to 7, the lactone group is s ~ cis (2),
while vhen n mvlﬂ and ¢ver it is s — trans, For the intermediate
rings, n = 8 and 9, it was propesed that an eqﬁilibrium existed,

In chapier 1 the possibility of there being non-planar lacione
grovps vas raisced and in this part of the thesis it is proposed
to investigate this possibility and ia addition, examine the lactones
({1) n =5 to 10 and 16), to observe what the effect of changing the
configuration of the lactone group has on their spectral properties;
The lactones (1) n = 6 to 10 were synthesised by Baeyer
Villiger oxidation of the corresponding ketones using buffered
peroxytrifluoroacotic.acid according to the method of Smissmangl.
It was felt that if twisted lactone groups existed, then they
might be detected by examination of their infra-red spectra, This
is beecauvsc it is fo be expected that if the lactone group is
twisted out of planarity, then overlap of the p - orbital of the
ether oxysen with the TI -~ electrons of the carbonyl group ﬁill
be diminished and thgs, the carbonyl frequency will increase (see page 9 ).

Hence, it could be argued that higher frequency bands might appear
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in the 8 or 9 membered ring lactones os in the 9 membered
ring loctam (sece page 171).

The infra-rved speetra, obiained in carben tetrachloride
solution of the lactones ({1) n =5 to 10 andvl6) are very
complex and the C = 0 strebching vibrations are the énly ones
shich can be assigned with certainty, Howevér, the lactones
((1) p = 5 to 10), all hadl spectra in vhich the bands were sharp
and well defined vhereas in exaltolide, ((1) n = 16), the
bauds were broad and poorly resolved. This is presumably because
the smaller ring lactenes are conformationally rigid while the
larger ones are "floppy".

The carbonyl frequencies in carbon tetrachloride and chloroform
solution are shown in table 2 together with the solvent shifts 

Zﬁk (CHC13~4>001&). The integrated intensities of the carbonyl

band in carbon tetrachloride solution are shown in the last column.
For comparison the data for two open chain esters are included at the

bottom of the table,
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Table 2, IFrequencies and integrated intensities of the

3 v . ' ,
carbonyl group in some lactones and esters,

Compound V(CCI4) V(CHClB) JA) (03515 cczé) A(CClé)
~1 - - '
(™) (em 1) cin 1) ' (1 x 10li

-3 -1
1 rcle “em )

1783,0
¥ ~butyrolactone 1772.5 16.5 | 1.66
1794.5 '
cyclopentanolide 1750.0  1730.0 20,0 1.58
1743,0
cyclohexanolide ’ 1728.5 17.5 1.57
1748.5 :
cycloheptanolide 1742,5 1724,0 18.5 1.37
cyclooctanolide 1738.5  1729.5 9.0 1.24
cyclononanolide 1731.0  1721.5 9.5 ’ 1.30
exaltolide 1755.0  1723.5 10.5 1.32
ethyl propionate== 1730 1798 11 1.27
9
ethyl isobutyrateg“ 1736 1725 11 ' 1.25

Several points of interest arise from table 2, First of all it

is obsorved that in carbon tetrachloride solution, there is a gradual
.. . 2
decrease in carbonyl frequency similar to that found in cycloalkanones”,

This is probably due to widening of the carbonyl bond angle with increasing |



ring size (see page g }. The cffect reaches a maximam around the
10 to 12 membered riugs vs in 4he cyelic keetones,

The carbonyl froquencics of the lactones which are malnly
s - ¢is show differeut solvent shifds from those wh:ch are mainly
s ~ trans. In addition the integrated intensities ofvthe carbonyl
bands of s - cis lactenes are consister tly higher than those of the

>

tanolide is intermediate between

C‘ -
ot
tJ

8 ~ trans, The valu: for cvelosce
the two ranges. This paticrn of behaviour is mirrored in the gﬁg
uwnsaturated ketones whore it is Lounu that the 1nterrated
intensities of the s - cis Letones {36) .are less than those of
the s - trans ketones (37}, The solvent shift behaviour is also
wirrored in that it is found that the frequency of the s ~ cis

ketones (36) are less shifted in chloroform solution from their

(37).
273
It has been suggested

rSte

WA

that this is because in the s - cis ketones
the C = 0 and C = C vibrations are strongly coupled whereas in the

s -~ trans ketones they ave more isolated, Tae CHCl3 solvent

molecules act in both cases on the carbonyl groﬁp by forming a

weak hydrogen bond with it, but in s - cis ketones the effect on the
carbonyl vibration is also transmitted to the stretching vibration

of the C = C bond, To explain the lower intensity of the s - cis
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.carbonyl band it is suggested that the total intensity of the
C =0 and C = C bands are "smeared" ovér both bands with the
resulﬁ that the former loses wvhile the latter gains in intensity.
Such an effect may be 0perating in tﬁe lactone group where

it is probable that there is coupling between the C - 0 and

C = 0 streiching vibrations just as between the C = C and C = 0
vibrations above., Thus in the s ~ trans lactone (3) the
vibrations are strongly coupled while in the s - cis (2) they

are more isolated, Thus the effect of bondiﬁg of the solvent
molecules is transmitted partly to the C - 0 vibration more in
the s ~ trans than in the s - cis lactone group. As in the

s.— cis ketones the s -~ trans lactone carbonyls have a lower
intensity sinée fart of thg intensity has been "smeared" out over the
C =0 and € - 0 vibraticens, Vhile it is possible to observe the
expected changes in the C = C vibrations ofCKﬁ-unséturated
ketones it is not very easy to do the same for the C - 0
vibrations of the lactone group since these vibrations occur

in the 1100 - 1200 o) region of the spectrum which is generally
- very cemplex,  Thus althouzh the above explanation of the solvent
effects dnd intensity changes in table 2 soundé plausiblg, further
work is necessary in order to confirm it.

If the lactone group is twisted then it bears a closer

resenblence to a keto group since delocalization of the oxygen



p-electrons is reduced. The integrated intensity of ketone

carbonyl bands is less than that of esters and lactouss honce,

the integrated intensity will move towards that ¢f a letone, Thus
the intermediate‘value of A found for cycioheptanoliﬁt could be
due to a twisted lactone group,

Another technique which would be expected to zhow the presencc
of a twisted chromophore is Ultra Vielet spectroscopy. If the
lactone group is twisted, then the interaction hetween the

_p = orbital of the ether oxygen and the [ orhitals of the carbonyl

=
group is diminished and hence the TT orbital is expected to be
lowered in energy (see page 2 ). Thus the n==df] transition

will move to longer wavelength,

The- absorption maxima and the extinction coefficients of the

.

* ,
n—>1] transition of the lactones (1) are.shown in table 3,
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Table 5. U,V. absorption maxima of the lactones (1)

in 1 - hexane,

Compound }\ g DB, £
e , N ; max max
. 2k - ’
propiolactene 207 ' -
k,wbutyrolactone ' 214 k 41
cyclopentanclide : 222 . %0
cyclohexanolide 221 : 46
cycloheptanelide 220 - 89
cyclooctanolide 211 ' 149
~eyelononanolide 216 69
exaltolide 213 ‘ 77
. \
n-propyl acetate 210 56
! ' ’
methyl pr0pionategi ' T 211 .61

s s

ol

Closson and Haug™ have suggested that the (1lone-pair)-

(lone~pair) electon repulsions in the s — cis conformation may
g ~ o * . . -

lead to a lowering of the n-x{l transition energy relative to
the strain free s - trans conformation, This is confirmed by
the observed absorption maxima from which it can be seen that
those lactones which take up the s ~ cis configuration,
cyclopentanolide, cyclohexanolide and cycloheptanolide all have

* - - . ’ . N \
lowver n—»[[ transition energies than the corresponding s - trans
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lactones, The values for propiclactone and Blnbutyrolactone
arce abnormal because of ring strain, According to Closson and Ilaung
this is because of the reduction in hond angles which leads to
an increase in s -~ character of the C-bond of the carbonyl group
Which in tﬁrn leads to the shortening of both theY - and - bonds
and thus raises the'rr* level,

The absorption maxima‘of cycloheptanoclide and cyclooctanolide
are both perfectly normal in that the former has the value
expected for an s - cis lactone while the latter has that expected
for an unstrained s - trans lactone. The extinction coefficients
for both these compounds are higher than the others, but it is
difficult to place any s’ignj.ficanée on this,

Thus the infra-red and ultra-violet spectra of the lactones
((1) n = 5 = 10 and 16) show nothing untoward about the medium ring
lactones, cycloheptanolide and cyclooctanolide, It is possible that
the lactone groups in these compounds are twisted a little out
of planarity which would explain their intermediate dipole moments,
:the intermediate integrated carbonyl intensity of cyéloctanolide
and may in some way account for their high U.V. extinction coefficients.
However, it is certain that there is no appreciable twisting of the
lactone group since this would show up in the carbonyl frequency

and in the U.V. (see for example I.R. and U.V. of twisted lactams
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reference 36). On the other hand, an equilibriuwm mixture of

8 - c¢is and s - trans would account for some ef the abnormal

properties of cycleheptanclide and cyclooctanolide,




DISCUSSION 2

In this part of the thesis an atiempt has been made to
determine the preferred conformations of cycloheptanolide and
cyclononanolide in solution., To achieve this aim, the n.m.r,
spectra of the above compounds and some of their derivatbives
have been studied at various temperatures,

At room temperature all of the lactones (1) (n = 6 to 10)

show n.m.r, spectra vhich are similar in form to that of

cyclononanolide shown in figure 3. The triplet in the region of
T 5.7 is due to the two protons on the carbon atom adjacent to
the ether oxygen while the higher field triplet between T 7.5,

' B
and 8 is due to the protons on C - 2 of the lactones. These
nethylene protons show up as triplets because of rapid conformational
equilibration which averages the proton chemical shifts, The high
field signals between T 8 and 9 are duc to the remaining methylene
protons, DBecause of the conformational mebility of these systenms,

- their n.m,r., spectra at room termperature provided little information

-

‘ 3
as to their preferred conformations.,

_ However, as the temperature is lowered the conformational
motion is slowed down and in two of the lactones, cycloheptanolide
and cyclononanolide, bands corresponding to discrete protons begin

tovappear within the temperature range being investigated, The
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Neme.T, spectra of these lactones in CF615 solubion at 1735°K
are suown in figures 2 and 7 and are drauatically different
Trom the spectra obtained at room temperatnre,

At the lowest temperatures we were able to reach (1/ &),
these vere the only two lactones in which i£ was possible to

arrest conformational motion sufficiently to bhe able to observe

the n..r. spectra of the "frozen out" conformers,

Cycloheptanolide

The 100 M Hz spectrum of cycloheptanolide in CJCJ.J

solution at room temperature consists of a 2H triplet at T 5.72,

a 2H triplet at T 7.02 and a broad 8H mltiplet between T 8 and 9.
As the temperature is lowered to QOBQK, the low field'triplets
bepin to collapse and form broad singlets, which split intlo
discrete bands as cooling is contimied, At 173°K the signal

at lowest field has split into a trlplet (3v12 B2) at T 5.59

and a doublet (J 12 ¥z) at T 5,90 which partly overlaps the
triplet (see figure 2). At the same temperature the siznal between
T 7 and 8 has hecome a broadened triplet (IA~712 Hz) at T 7.30 and a
doublet (I~ 12 Hz) at T 7.81 (see figure 2), The coalescence

temperature, T , determined for the peaks at T 7,30 and T 7.81

is 183

This type of hehaviour is characteristic of systems having
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protons vhich may be transferred hetween non equivalen

ol

an intermediate rate process. At the coale cacenee temporaltur

1

rate constant for interconversicn k' can be obbained from
‘ . 1o . Y OIT ’26
Gutowsky and Holms ex "CSSJon :

X' o= T AVEE)

This equation has been widely used in its 51nplified Fforn,
- which holds for two states having equal populations and lifetimes.,

The signal widith rmst also be small in comparison to the q1vn 1

"y 26,27 : e an s
separation AV + In the present calculation these conditions ave
assumed to hold.

F .
An estimate of OG for the barrier to ioversion can he

23
obtained from the Byring equation™ by assuming a transmission

coefficient K = 1:

k Xkt A Gt
k' = T eXD (- »—-ﬁ)

which can be writter in the more convenient Fform:

AG = 2,303 R T, (10.519 - log,, k' + log), Tc)

€10
. O
When the data for cycloheptanolide, AV = 50 Hz and T T, = 185K
are substituted in the above equation, thenk' = 111 sec = and
¥ .+ -1 . ) e
NG = 8.9 = 2,0 k cal ncle ~ are obtained for the conformational
process which exchanges the C 2 methylene protons,
Consideration of the possible conformers of cycloocbaxn {se

for example reference 29) and constraining the lactone group to

a planar or slightly twisted s — cis configuration leads to
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seven different possibilities; (%82 and b),(59a and b), (40),
. el oY e 1o ey 4 £ 1ol ;
(81) ena (&%) for the conformation of cycloheptanclide, Xor

5 L1

simplicity the confr

vbiens {38b) and (39b) will not be considered
at present, Although the various C U bonds cannot be labelled
as equatorial or axiel with the sane meaning as these terms are
used in cyvclohexane svsbems, it is nevertheless convenient to
Jabel those honds in the general plane of the molecule as
"equatorial® and the others are thenvaxial", Fach of the five
possible conformers then has six "equatorial" protons (e) and
six"axial’ protons (a),

The trinlets in ihe n.m,r. spectrum of cycloheptanolide at
1'730 S (fifure 2) ere consistent with the protons assoclated
with them being coupled to the neighbouring protons with two
large (J -~ 12 Iiz) and one small (J ~ 3 Hz) coupling constants.
The doublets cn the other hand are consistent with the protons
associa tedeith then being coupled to the neighbouring protons with
one large {(J ~~ 12 Hz) and two small (J_ﬂu'E Hz) coupling constants.
The above coupling constants can be accovnted for if the protons
on C 2and C 3, and C 6 and C 7 are geometrically related as
shown in (43) vhere Ha has a lurge diaxial coupling, (0 ~ 12 Hz)
with Ha‘,a large geminal coupling, (3 ~ 12 Hz), with He and
a smaller axial-equatorial coupling, (T~ 3 Hz) with He,. Hé

on the other hand has a large geminal coupling, (0 ~ 12 Hz) with
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Ha and two smaller couplings (J Ar 3 Hz}, with He and Ha”’
Thus Ha protons give rise to the triplets end M protons to the
doublets.

The conformations wvhich best fit the above data are (3&a)
and (39a) both of which have the protons oﬁ C 2and C %, and C 6
and C 7, in the gecmetrical relationship shown in (43). Thas
the triplets at T 5.59 and T 7.%0 are due to the Ha protons on
C 2 andC 7 respectively while the deublets at T 5.90 and T 7.81
are due to the He protons on C 2 and C 7,

The lower field positiocns of C 2 Ha and C 7 Hé relative to
C 2 He and C 7 I are consistent with conformation (382). The
deshiclding'region of the carbonyl groupﬁg in (38a) as shown in
(44) predicts that C 2 Ha and C 7 Ha should be deshielded relative
to C 2 Hé and C 7 He respectively, In conformation (39a), howvever,
the deshielding region of the carbonyi group, as shown in (45),
?redicts that C 2 Ha and C 7 Ee would be deshielded relative to
c2 He an@ c? Hﬁ respectively. Shiclding predictions based on
the above arguement have been shown to hold in the lactones on
pége 106.

(3%a) resembles the conformation found in cyclooptane
itself (22) and for cyclooctane cis—fused to a three-mebered
ring (25). The lactone group in this conformation is of necessity

twisted in order to relieve the serious non-bonded interaction



betWeen C2H and C7 Ha“ fhis wonld account for the low
dipole moment observed for cycloheptanclide by Huisgen and
outl,
As mentioned eearlier, considevation of the possible conformations
(38b) and (39b) was omitted, However, conforﬁation (38b) fits the

n.ater, evidence just as well, It is difficult to predict whether
(38&) or (BSb) will be preferred. The lack of fine structure
iﬁ the region between T 8 and 9 at 1730 K (figure 2) may indicate
that there is still substantial conformational motion in the ring
methylene protens. A possible process is illustrated in schene - 1
which interconverts (38a) and (38b) via a chair like intermediate,
This proceéé only invelves flipping of the € 4 and € 5 metbylene
protons and should require very little activation enerzy. A
wixture of (38a) and 38b) would be expected to give an n.m.r,
spectrim similar to that for (38a) or (38h) alone. A further
process which requires little activation energy involves inter--
conversion of the boat-chair (38a) with a saddle conformation
(scheme 2) by flipping the C 6 methylene group, However, the n.m.r.
evidence suggests that there is very little of the saddle conformaticn
(39)‘in the equilibrium mixture,

The above processes only interconvert the species (33&),

(38b), (39a) (39b) end as a result the C 2 M and H, and C 7 I

" )



and He protens are neot exchanged,

is necessary to go through some sa

o

involves converting the boat 1o a twist lile confermetion vhich

2]

then reverts to the enanbiomeric bost chair, hie barrier to

conformational inversion of this type is § I cal mole~1 which is

in the same range as the barrier for cycloochane itself)l.
35
Anet”™” has reported the low tempervature n.m.r. spcctrum of cis—

cyciooctene vhich shows changes in the regicn of 173 to 1530K.
The spectrum is rather ill defined though and no information
regarding the conformational processes vhich take place was
~obtained,
The ahove results are consistent with cvcleheptandlide
being in the chair boat conformation {38a) or {38 ) or a mixture
of (33a) and (38b)., Since little is lnown concerning the
barrier to rotation about the CSp2 ~ 0 bond it is difficult
to make any predictions about the actual inversion processes which may
be occuring.

Cyclononanolide

The 100 M Hz n.m.r, spectrum of cyclononanolide in freon
at room temperature is shown in figure 3. It consists of 2 H triplets
at T 5.80 and T 7.73, and a bread 12 H multiplet betwen T 8 and 9,

As the temperature is lowered the triplets begin to collapse and a signal

A



e 197 -

begins to appear out of the highfield end of the methylene protons
(figure 4), As the temperature is further lowered the two lowfield
< er O - . h} : 3 0 o . . .
signals form breoad singlets, (217 X for the T 5.80 signal and

204° X for the T 7.73 signal), The

ex)

ignal at T 5.80 begins to
split into two separvate signals below 195% (see figureSVS and 6)
and at 1730K (figure 7) it has become a broad doublet (0 =11 Hz)
at 15.27 and a broad triplet (J = 11 Hz) at T 6.24. At 173° K
the signal at T 7,73 has become a poorly resolved quartet
(3 ~ 12 Hz, 5 Iz) centred at T 7.52 and a poorly resolved, distorted,
triplet (J = 12 Iz) at T 7.90 (figure 7). The changes in the
low field multiplet as the temperature is lowered are illustrated
in figure 8, The coalescence temperature Tc deternined for the
peaks at T 5,27 and T 6.24 is 195 X0 K, (see figure 5 for
spectrum at Tc).

The activation parameteré for the conformational process
which exchanges the methylene protons on € 9 were calculated as
for cycloheptanolide and were found to be:

A6 = 9.2%1Kal mole™! and k' = 228.5 sec™ at T_.
BExamination of molecular models shows that if the lactone
gfoup is kept planar and s -~ trans, thenvtheipossible conformations

ofAcyclononanolide fall into two groups; those in which the

two four atom chains, C2 - Cl‘~ 0 - 09 and Cé'— 05 - C6 - C7 are



ted

D
Co
i

parallel: (&6}, (117)9 (&8),(&9) and those in which the two chaoins
are not parallel: (50), (51), (52),(53). fhe protons ave lahelled
(a) and (e) as in cycloheptanolide,

By an analogous argucment to that used for cveloheptannlide,
the triplets at T 6,24 and T 7.90 are assigned i0 € 2 He and € 9 Hﬁ
protons respectively and the doublet at T 5.27 and quartst at
T 7.52 to the C 2 He and C 9 Hé protons respectively. Molecular
models show that the protons on € 2 and € 3, and € 8 and € 9 arc
in the geometric relationship shown in {43) in all of the
conformations (46) to (53) and therefore the mltiplet structures
do not distinguish between the diffcrent conformations.

(54) and (55) show the two possible conformations of +he
- Ci; - €0 -- 0 part of cycloumonanolide foumd in the above
conformations with the carbonyl deshielding region dyvawn inﬁg.

In (54) it is predicted that C 2 H will be deshielded relative Lo
c2 Ha since it projects closer to the deshiclding zone of the
carbonyl group. The opposite is true in (55), hovever, where it

is predicted that C 2 H will be dgshielded relative to C 2 He.

Now it is known that C 2 Hé is deshielded relative to C 2 Hﬁ’

hence the partial conformation (54) is consistent with the observed
shielding predictions, The partial conformerv(54) is found in

conformations (46), (48), (50) and (53).



In an cffort to pin dowa the preferred conformation of
ononanclide, 3t was deeided to synthesiss some substituted

derivatives vhich would be expected to have the seme conformabion

ag cycleononanolide itself, The 6 ~ hydroxy and 6 « acetoxynon—
anolides (56) and (57) were synthesised to obtain information

about coupling constants and therefore conformation of the
CH5wC6a.C7 part of +the molecnle, It was expected that the
band width of the C 6 proton in (56) and (57) would indicate

vhether a conformation of type (46) or (48) was present, In

{0 : .

{46) the steric rela ionship of the neighbowring protons to C 6 B&
[

regenbles the relationship of the neighbouring protons to € 4 H

in (67). Thus the C 6Hain (£6) and € & H in (67) should have
similar band widths

In (48) on the other hand the dihedral angles between the
C 6 Haand the C 7 nrotens are 120O and therefore the coupling
constants between C 6 H and the C 7 protons are expected to bhe
small and as a result the band width will also be smaller,

Using a similar approach it was hoped to be able to
distinguish between conformations of type (46) and (47) by
studying the coupling constants and band widths of the C 5 proton

(58) and (59)
(56) and (57) were readily synthesised from the 6 = keto =

17

nonanolide (60) which has heen previously prepared by Borow1tz et al



6Y <o . . - .
(56) was obtained by sodium borchydride reduetion of (60),
The reduction went repidly and was stopped before coing to completion
as the sodiwm borchydride attacked the lactone group in a side
reaction, (57) was readily obtained by acetylation of (56),
Following the case of conversion of (60) to (56) it was
planned to obtain (58) and (59) from the 5 - keto - nonanolide (61).
(61) vas readily obtained by the following sequence, The acctloxy
ketone (62) was obtained by condensation of L-bromo-butyl acctate
the pyrollidine enamine of cyclopentanone. (62) was hydrolysed
to the hydroxy ketene (63) which was cyclised and dehydrated
to the enol ether (64) by refluxing with p - toluene sulphonic
q s \ 53 ot
acid in benzene under a water scparator . (64) was a very volatile
sn s . . -1
0il which had a strong band in the infra-red at 1649 cm — due to
the € = C stretching vibration. The mass spectrum showed a
molecular ion of 138 (90%) with a stromg peak at 110 (100%)
corresponding to loss of carbon monoxide, (6%) was smoothly
cleaved to the required 5 - ketononanolide with m— chloroperbenzoic
e . . ) . 17
acid in methylene chloride according to the method of Borowitz™ ',
(61) had a similar infra-red spectrum to (60), with two carbonyl
bands at 1747 em —, (lactone) and 1713 cm ~ (ketone), the former
band being almost twice as intense as the latter.

Unfortunately the reactivity of the carbonyl groups in (61)

was different from that of (60). The required 5 - hydroxy -
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nonanolide (58) could not be obtained by treatment of (61)
with sedivm bhorohydride or lithiuwam aluminium t -butoxide,

Catalytic hydrogenation of (61) in acetic acid solution afforded

&

a product which had hydroxyl bends at 3630, 3520 and 5260 cm'-1
and strong C - O sfrefching bands at 1050 and 1090 cm”l. The
Nert.Te was 1ot helpfnl, showing a complex muliiplet at T k.5,
and methylene protons at T 8.6, Owing to lack of time it was
not possible Lo investigate this conpound any further,

The infra-red spectrum of (56) showed a doublet in the free
hydroxyl stretching region at 3624 and %605 ent, It is unlikely that
the low frequency band is caused by hydrogen bonding, A possible
explam&tién is that it is due to a rotamer of the hydroxyl group,
No intra molecular H - bornding was observed vhich suggests that
the hydroxyi group is poiﬁting avay out from the ring,

The pn.m.r, spectrwn of (56) at room temperature showed all
diffuse doublet (0~ 11 Hz) a'bAT 5.3 and a 1 H diffuse triplet
at T 6,10 overlapping a 1 H byoad singlet a T 6.0, On cooling to

2130 K the spectrum sharpened up considerably and the doublet
and £rip1et showed up at T 5.23 (J = 11 Hz) and T 6.20 (J = 11 lz)
respectively, The singlet was centred at T 5.86 and partially
overlapped the triplet, however, its band width was estimated to

be ebout 36 Hz, The positionérof the doublet and triplet were
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almost identical to the equivalent zionale in the spectrum of

¥
s . o &

<

cyclononanolide at 173°

hat the

\:1
e
°

L P S IS I
Llg L8 on neieation

conformations of the subshituted and

cyclonon-—
anolides are the same and thati the hyiroxyl is acting as group
which fixes the conformation,

The n.mer. spectrum of (57) is similar to that of (56),
except that the C 6 proton hes been prlled dovnfield by the
acetate group, to T 4,71 vhere it shows vp as a broad singlet
(W = 33 Hz) at 235° K in CBCl,. At ~50° € the doublet and triplet
due to the C 9 protons show up at T 5.29 and T 6,16 which is close
to vhere they are in (56) and cyclononanclide, The C 2 Hé proten
in (57) appears as a well defined gquartet {J =13 Uz, 5 Hz) centred
~at T 7.%6, Thls is consistent with it having ore large geminal
céupling (13 Hz) and two smaller equatorialeasxial and equatorial—
equatorial couplings (J = 5 Hz and J ~~ 2 Hz)}., The C 2 Ha proton
vas further upfield under the signal due to the acetate protons at
T 7.90.

“The benzene induced solvent shifis of the € 9 He’ C9 Hé
protons are showm in table3 for (56) ana (57)

Table 3, Benzene induced solvent shifts in pep.m.

measured at room tenperature.

Preoton

Compound ' C9H C9H, C6H

(56) +0,20 +0,47 +0,2

(57) 40,20 +0. 7 -0.2




If we consider the two partial structures (65) and (66)
and drew a vefercnce plane (A) throush the carbouyl group
at right angles to the carbon oxygen bond such that it divides
the space around the carbonyl group into two regions, that
‘Dbehing the group and that in front of it, According to Counnolly
and Me Crandlo " pretons behind this plane suffer an upfield shift

.

and thos2 in front a downfield shift. Protons in or close o

[55]

the nian"'snffpr a small shift in either direction, Thi
predicts that in (65) the proton Ha will soffer a larger upficld
shift than prbton He while in (68) the reverse in true, From
table 3 it can be seen that H‘ suffers a lavger upfield shift
thon I hencé the portial structure (65) is representative of
cyclononanolide, Partial stracture (65) is found in the probable
conformers {(46), (&7), (50) and (51).

Thus, only two conformations (46) and (50) are consistent

with all the n.m.r. evidence so far, In addition the ohserved
5, '

2k

band width of C 4 H in (67) is 30 Hz” which is close to the band

wvidth found for C 6 H in (57) i.e. 33 Hz, This suggests that C 6 H

in (57) has two large diaxial and % ﬁo smaller axial-equatorial couplings
a situation which can only occur in conformations (%6) and (50).

0f the two conformations (46) and (50), (16) is of the type

which has been found for most cyclodecane derivatives so far (29



It is also the conformation which has been found for the
6 - ketononanelide (32)., In line with this i% seeﬁs probable
that (46) is thevefore the preferred confovimation of cyclonenanolide,
The discussion below shows that cyclononanolide cannot be a
equilibrating mixture of the two confoirmers (&6) and (50).

‘lobertsgo hag discussed tﬁe conformational processes
which oceur in the deuterated trans - cyclodecene (68) (shown
in this conformation for ease of discussion only). Me suggests
thet there are three different processes occuring, These are |
Tlipping of the € 4 and C 9 methylene groups, rotation of the
Clw~C2 segment throuzh the loop formed by the other atoms
and votation of the C 6 - C 7 segment through a similar loop,
He concluded that the flipping of the C & and €C 9 methylene
groups required a low activation energy and that this process
tobk place even at low temperatures, fThis implies that (68) is
a mixture of the conformers formed by flipping the C 4 and C O methylene
protons, To account for the observation that the high fiecld signals
due to fhe C5~C6~2C7 ~C 8 methylene protons began to broaden
at a higher temperature than the allylic protons, Roberts proposed
that rotation of the C 6 - C 7 scgment required a higher activation
energy than rotation of the C 1 -~ C 2 segment., In the region of
slow exchange the allylic protons formed an AB quartet. In order

that the axial and equatorial allylic protons be exchanged it is



- 205 -

neeasgary that S NG T . R B S ' :
necessary that both methylene flipping end rotation of the ¢ 1 ~ £ 2

PR ] s gy Y sy y o 4 : i 2
segihent should occur, By computing line shapes of the AD quarted

.

L

due co the allyl

Tand.

¢ protons at different tempercivres, Roberts
was able to obtain the activation cnersy for rotation of the
Cl-Co2 segnent,

By analogy with transwcycloaecenay it is expected that similar
processes occur in cyclononanolide, assuwming that the lactone group
remains planar, These are flipping of the C 3 and C 8 methylens groups
and rotation of the C1 -~ 0 and C 5 -~ € 6 seguents throush the
Joops formed by tﬁe other atoms, The first process intercoanverts
‘the conformers 16, %7, 18, %9, and 50, 51, 52, 53 respectively,
hoiwaver, in cyclononanolide 47, 48, 49, and 51, 52, 53 de not
contribute substantially to the equilibrium mixbore, as inferfed ahove,

In ordar that the C 2 and C 9 axial and equatofial protons may be
ed it is nocessary te invoke at least one of the rotation processes

exchans

“©
together with methylene flipping. The above protlons may he exchanged
by the process shoﬁn in scheme - L, in which a conformer of tyne (i)
is interconverted with a conformer of type (iii). This is sufficient
to exchange the protons on C 2 and C 9, Scheme ~ 4 also shows how
an equilibrating mixture of the conformers of type (46) and (50)

could arise and a equilibrating mixture of this type is consistent

with the spectrum of cyclononanolide at



N I . :
173 h,(flgnre 7), Intercenvers:

L)

only requives rotation of the C 5

Similar chenges in the n.n.v,

of the deuterated trans - eyelodecons pocur as they are ceoled,

The T 8 ~ 9 region in cyclononanolids ing 40 hroadenl0 - 15

higher than the C 2 and €C § meld

Xy .
VAN

in figure ~ 4 which shows how a I % has started to

e

appear out of the high field methyione protons. This is probably

due to a slowing down of the confo:x

C4h - €5 = C6 =~ C7 fragment. The signals due to the
C5, C6, C7, C8, methylene protous in (62) pattern the above

behaviour., The signals due to the € 2 and C 9 protons in eyclonon—

alide change as shown in figure G, in pattern the behaviour

The eneryy barrier to exchange
. v =

of the allylic protons in (6&).

of the € 2, and the C 9 axial and equatorial methylene protons,

as calculated by determining the ccalescence temperature, will

be a measure of the barrier to rotation of the C 1 ~ 0 segment

through the loop., The free energy of activation for this process is
-1 . .

9,2 K cal mole = and for the analagous process in trans cyclodecepe,

. . . 1r e T \
the energy of activation is 11,2 ¥ cal mole 7 which compares favourably,
If the above explanation of the changes which take place in the

n.m.r, spectrum of cyclononanolide &s it is cooled is correct,

then this implies that the process which exchanges the axial

and equatorial protons on C 2 and C § imvolves methylene flippin

a3



and robation of at least oy

erments, C1l -0 o0r CH ~ C G,

How, il & hydroxyl or scot is placed on € 6 as in (56)
ana (5?), then the retation of 05 = €6 gorment will bheconme

an mafavowrable proecess, since it would iuvolve foreing a bulky

(relativg to 1) grown into bhe of an already overcrowved

1
+

faibe)
o

et through the loop will

ring, Rotation of the £ 1
still be possible thoush and a5 shown in scheme - & this will
enable the axial and eguatboricl nrotens on the C 2 and € O

weth310n£ groups to be exechangad, Mewever, in the n.m.r. spectra

of (56) and ()Z) even at voom fomperature, the signals due to

these protons occur as yuld

corveenonding to the Hq and

<

Hc protons on C £ and C 9.

analogously these

. ~

protons are not being evechanged and the

o

that one of the

conlormztlons yeither(46) or (50) is present in a high proportion,
All the evidence therefore poinis to cyclononanolide

adopting one preferred confowmation which is most probably

(46)., The variation of ihe n.u.r. spectrum with temperature

suggests that sinilar rate proc cesses occur 1n cyclononanolide

and in trans cyclodecene,.
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CYCLONONANOLIDE 230 K

Figure 4
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CYCLONONANOLIDE 185 K
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CYCLONONANOLIDE 193 K




CYCLONONANOLIDE 1713 K

Figure 7

Tau







(NSRS
<’ :

-3

All selvents used in the IR, and &,V of
"Analar' guality or had been specinlly c0§
studies,

A11 infra;red. measurements were poyi on o

-1 . , a
1% ew ™ / win,  Matched cells of 6,0523

sodium chloride windows were employad,

over the freyusncy range heing examined was 6,60 om .
The integrated iniensity measvwementis vers rade using the

P.E. 225 spectrophotometer coupled to a ;

L3, fitted with o Photovolt eleectronic i:
values reported in table 2 are the mean of five different nmeasurenents
on five indi 1ally prepored solutions, The uncertainty in the

values listed is no greater than 6,06 inteusi tr wnits, The assistence

of lMrs., P. Lavrie in this pari of the

pa

efully appreciated
both in carrying out the measvrements and in evelueting a number of
the results,

The U.V. spectra were measured with a Cary recording
spectrophotoneter, Model 14, using motched 1,0 o ce 11z, The

L+
maxima quoted are probably accurate to within - 1 nn., and the molar

+ :
absorptivities (&) to about - 107,




Tz low termerature n.m.r, spectra were recorded on a

Vorian M A, 100 equipped with a variable - temperature probe,
The temperatures were obhtained by measuring the chemical

o the hydroxyl proton in methanol by means of a Hewletde
Poelrard electrenic frequency countery and reading off the temperature

on o calihration chart, The assistance of M, J. Gall in

ecording these spectra was gratefully appreciated.
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Trifluoroacetic (16,9 wl., 0.072 mole) was
added over 30 minuics From o chilled dropping funnel to a

stirred suspension (ceoled

sath) of 90% hydregen
peroxide (1.04 ml., £.05 mole} in dry methylene chloride (10 ml;).
After stivreing for %0 vimmies al ice benperature, the resulting
peroxytrifluorcacetic acid soluiion was tronsferred 4o a chilled

dropping funnel and adled over 1 hour to a stirrved suspension

of "Analar" anbydrovs disodivm hydesgen phosphate in dry methylene
chloride (40 ml.) contoining +he cyclie ketone {0.04 mole). The

s e N T -
solution was cocled o O € during addition and stirred Tor

- 0 S o

3 hours at ¢ C and fov a 3 hours at room temperature,

(When oxidisinz cyclopentancue it was only necessary to stir for
) . At v v

1} hours at ice tempersture,) Water (20 ml.) was added to

dissolve the disodiuvm h

phate and the organic layer
separated. The aguecus layer was extracted with methylene
chloride (2 x 30 ml.). fThe methylene chloride solutions were
combined, washed with sodium hicarbonate (2 = 20 ml.), brine
(2 x 20 ml.) and finally dried,

Evaporation of the m
P

slene chloride afforded the crude



lactones which were purified Ty

stiilotion, vaing a short
colwm, under rednced vressuve, Viesl purification of

cycloctanolide

achieved by p.t, 1. Co
(ethyl acetate, pel ether 1 : 9) ¥followed by distillation since

-1t WAS d1lfzcu1t to separate ths

fyrom these
lactones by distillation alene. The lactones were stored in
a refrigerator since they were oil shaerved to decompose-rapidly
standing,
Purity in each case was enbablished by tel.c, and geleco

(5¢ GF - 1 and 105 carbovax T.1.c. was a necessary checl

pa—
@
fou

s

since in most cases the major itics were vnolymers formed

on decomposition which did not sl

6 - Hydroxy-nonanolide (56} ant O -~ Acegtoxv—nonanolide (57).

—

6 — ketononanclide (66), prenared according to the method

of Borovi / (69) (717 moe, 5.5 m moles) vas stirred with
sodium borohydride (8.3 mg. 2.9 m moles) in mothenol (20 ml,)

for 10 mimutes, The methanol wus renoved as UUlCAiy as p0051h1e

under reduced pressure and hrine ml, ) was added, The solution

was extracted with chloroform {5 x 35 wl,) which was washed with
brine and dried, Removal of thie szclvents under reduced pressure

.l

afforded an oily crystalline residue {600 mg.) which consisted of

s

a mixture of starting material und a more polar product as shown



The product vas recovered by peteloce (ethyl acetate,

. .
-lr‘\‘/ o a i ¢ }

ey iy e G eiNY 2 LY 4 . o : :
AR Vel ather G0:40) to vield (56) as a crystalline solid

(220 Tiie )y Meps 75 ~ 7706 (nesdlcs from pet—cther),

v _1807%) 3624, 3605, 1731 cm&l; n.m.r. showved a poorly
resslvod 1 ¥ doeblet (I =12 1z) at T 5.30; a 1 I broad singlét
ét T 6.6 overlapping a poorly resolved 1 H triplet (J 12 Hiz)
aﬁ P 6,105 and o broad multiplet between T 7.2 and 7 9,0,

(Fownd: €, 63,013 H = 9,%3; c)n 5 requires C, 6~,76-

H, 9.36%.)

6 ~ hydroxy - nenanclide (56) (60 mgy.) was allowed to
stand overnight at room temperature in acetic anhydride (1.0 ml,)
and dry pyridine (10 ml,). The solvents were removed under
reduced pressure and the pale brown oil (62 mg.) purifiéd by
petol.e. (ethyl acebatb, pet-ether 20:80) to yieid 6 —acetoxy -
nonano,ide»()7\ ( 5 mgc). ‘

v (ce1,) 2960, 2995, 2860, 1735, 1250 ety nomar.
sh wedbﬁ I singlet at T 8,05 1 Hbdiffuse triplet at T 6,103
1H d .f use doublet (J = 11 Hz) at T 5.3%0; 1 I broad singlet’

(W = 30 hz) at T 4,70. '

i
2(4 ~ fcetoxy B - Bro1} - Cyclopentanone (62)

A mixture of 1 -~ pyrollidinocyclopentene (46.5 g., 0.34 moles)
) . "l .
and 4 - bromobutyl - acetate” (120 g., 0.7 moles) in toluene

(70 mi.) was heated at reflux temperature under nitrogen for



15 hours., Vatewr (95 mle) wag added and vefluxing continued
for a further %0 minuvtes, The reaction mixiure was ccoled and
10% sulphuric acid added wntil the solution was acidic, The
mixture was ecxtracted with ether (3 x 200 ml,) and the combined

L

ether extracts washed with brine, Afier drying, most of the
solvents were removed on a rotayry evaporator under reduced.
pressuarc,

The residne was distilled under reduced pressure (10 nm Hg. ),
using a shoxrt fractionating column. The forerun was mainlf
bromobuL"] acetate (gulec. 5% QF ~ 1) and the required keto—v
acetate (62) (15 g.) distilled between 143 ~ 1457 C, and
showed one peak on g.l.c. (54 OF ~ 1),

V& S{(I"ilm) 1735, 1240 cmfl; n.n.r. showed smltiplet
between T 7.5, and T 9.0 with a 3 H sharp singlet at T 8.0;

2 H triplet (J = 6 Iiz) at T 5,93,

(Found: C, 66,48; I, 8,925 C 0. requires C, 66.64; M, 9.15%.)

11 1873

'
2 - (4 NHydrox lbutvl) Cvoloponldnone (63) and 2 ~ Oxabicyclo ~

(5._3. 0.) Dec = 1 (7) - ene (Gk),

A solution of (62) (20.32 g., 0.1 mole) in methanolic potassium
hydroxide (KOH (9¢.) dissolved in water (7 m1.) end diluted with
methanol (120 ml.) ) was kept at room temperature for 2k hours.

The methanol was removed under reduced pressure and the residue
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thorouchly extracted with ether,  After dryiugg the

removed under reduced pressuyre and o colourless oil

remaincd which showed one spot on t.l.c. less mobile thon

-

o ~

starting material (ethyl acetate, vetecther 56:705,

v (£ilm) 3470, 17925 oL,

max
(6%) was vsed without further parification ¢ (5

0

in dry benzene (00 wl.). p ~ toluene — sulphonic enid (30 me,)

wvas added and water, approximately (1 ml.) was azcotrvonic:

distilled cnt during three days. The benzenc solution wasz washed

with sodiom carbonate solution, dried and distiiled 4o

as a colouvrless oil; b.p. 70 - 730 C (10 w 12 yam I

one peak (5% 0P - 1, 50° C),
1 - -~ nlc ""1 .
Vﬁax(CClé) 2920, 1679, 1516, 1297, 1240, 1042 o YoTle Y
showed 2 H triplet at T 6.5; 14 H broad rmltiplet at T 7.5 - 8.8,
Mass spectrum: Mol, weight 17383 CQH14O reguires 158,

Because of volatility it was not possible 1

[}
&)
Lo
o
)
xda
ot
@
o
Q
(o]
=~

combustion analysis,

5 — Keto-nonanolide (01)

)

(64) (1.2 z. 0,008 mole)} in dry methylene chloride (& ml,)
was added over 30 minutes to m - chloroperbenzoic acid (854,

5,40 «., 0,026 mole) in methylene chloride (28 ml.}. The sclution

vas stirred overnight at room temperature and the m - chlorobenzoic



~

acid filtered olf, '{he
. . {
iodide (£ x 16 ml,), so

carbonate solutions (2

drying, removal of the

a pale browm oil (1. Ge)e The 0il was P

(ethyl acetate, petwolewa cther 56:50) 4o give (53) (410.mg.).
“ - S ) .
thv(CLib) Y757, 1715 om 75 nem.r.e showed 2 at
e &

T 6,045 broad overlapping mmltinlets centred at T 7.% and T 8.2,

170,

Action of Sodiwn Bovohydride on 5 - Heto = nonamolide (61),

(61) (56 mg. ) was dissolved in ethanol {1 ml.)} and sodium
borohydride (7 mg.) added, The solution was stirred at fooﬁ
temperatnre and the solution monitored by t.1. Co\PV“Vy 15 minutes,
The reactﬂ01 was very slow and after about 3 hours some very polar
products had formed, Work vp in the usual way afforded a ooiourless

0il (30 mg.) vhich was malnly starting material, {I2 and t.1, ,Co

comparison).

Action of Lithiwn Aluminivm t -~ Butaride on the 5 - Keto -~

nonanolide (61).

(61) (50 ngey, 0.3 m mole) in dry T.HF., was added to a stirred

suspension of lithium aluminium t -- butoxide (127 mz., 0,45 m mole)




B

Yoot
i

. < \ . > ®
ey TP (1 ml.) uwnder nitrogen, After stirrin
wvater (10 ml.) wos added and the solution extracted with ether.
After drying and removel of solvents, & colourless oil (40 mg.)

was recovered vhich was mainly uachanged stariting material,

(I.Re and te.lec. comparison).

Catalytic lldropenation of 5 -- Xeto — nonanolide (61),

(61) (120 mie) vas dissolved in "Analar" acetic aeid (5 ml.),
platinma oxide (70 mg.) was added and the mixture stirred under
an atmosphere of hydrogen for 5 days,

The catalyst was removed by filtration and the acetic acid
“distilled of by azeotroping with benzmene wader reduced pressure,
A pale brown oil (89 mg.) was recovered which showed starting
naterial together with a product of similar polarity to the
6 - hydroxy — nonanolide (56) as judged by tclag. The product
was isclated by p.t.l.c, (ethyl acetate, pet-cther 60:40) to
yield a colourless oil (20 mg.).

v,ax(001&) 3630, 3520, 3460, 1050, 1090 cm"l; n.m.r, showed
singlet at T 8.0 (disappears on addition of D20); highAfield

miltiplet T 5.8 = T 9.0 and lov field mulbiplet T 5.8 - T 7.0,
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