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CHAPTER « 1

A short review en the isolation, structure and sterctce-

section A 3 Isclation s

Ceanothic acid was originally isclated by gulian, pikl
and nawsonl from the alcechol extract of the root bark of

Ceanothus amerlcanus and has since been isolated from a number

203

of australian hamaceae gpecies®™ ™, This substance was characCe

terized by Julian _egg__gﬁl as a hydroxy dicarboxylic acid and
attributed the formula Qugty0ge It was characterized by the
preparation of a dimethyl ester angd of a dimethyl ester acetate,
In 1958 PBoyer _e;t:__a,;_a isolated emmolic acid from Emmenospermum

alohitonicldes F, Mucll (fhipmnaceas)., This acid was later found
, s

to be identical with ceanothic acid. by Birch and covworkers

5

de Mayo and Starratt™ in 1962 slso isolated ceanothic acid

from Ceanothus americanua but their method of isolation was not

1

game as that used by Julian, Pikl and pawson™ ., They could not

successtully isolate the acid by adeopting the progedure used

by Julian gt all. de Mayo and starratts remarikied on the variae

bility of the plant and subsequent womerss have alsc made
similar observations., By adopting different procedures, de Mayo

et alswere able to isclate different pruoportions of the various



acid constituents, The method leading to isolation of ceanothic
acid i3 described here, The ground root bark of Ceanothus
émericanus was extracted continuously with ether in a SOxblet
apparatus for 33 hours, The residue was extracted with light
petroleum under reflux for 3 houis. the li¢ht petroleum then
being replaced, and the process repeated four times.The residue
in ethereal solution, Waé extracted exhaustively with 2%
' potassium hydroxide solution. A solid, which separated at the
interface, was removed by filtration, Acidification of the
alkaline solution and isolation with ether gave the crude acid
mixture which was further defatted by extraction with light
petrcleum, The acld mixture was edded, in benzene solution, to
a column of silica, Elution with benzene-ether (2031) gave an
acid, mp. 350-54° (decomp.), (x), 39° (C, 1°23 ; pyridine).
Further elution with the same solvent mixture then gave
betulinic acid, MePe 270—85°a Further elutién with benzencs=
ether (1031) then gave material which after two crystallisae-
tiohs from ether=methancl gave pure ceénothic acid, mep. 356-57°
1

( gas evolution ) ( 1it! 254y, y gg,{°l 3480, 1720, 1641 and
1 | -

883 om e

Section B s Structure of Ceanothic acid i

The systematic study for the determination of the struCe

ture of ceanothic acid was mostly due to de Maye and starratts.



Thelr work is summarised below,
The infrared spectra of ceanothic acid and ¢of its dimethyl

1

ester showed bangs 7 #2301 gaz ang-y B89l gag om"! respectivery,

max mazx »
These bands indleated the presence of an axo methylene group.
Thig interpretation was supported by the dissppearance of this
band on catalytic hydrogenation both of the acid and of the
ester to their respective‘aaturated dihydro compounds, The NMR
spectrum of the ester showed a doublet at T 5«37 | (F~T7e7 c:ps)l
(2 hydrogens) attributed to the methylene group and a singlet
(3 hydrogens) at ‘T 8*3¢ atitributed to vinylic methyl ﬁmup7.
These obgervations, in the abgence of any other double bond,
indicated the presenze of an iscpropenyl group. The NMR spectrum,
further, showed singlets (1 hydrogen) at T 598 and ‘T" 7-51,
indicating that both the hydroxyl group and one of the carbexyl
groups were attached to carbon atoms bearing one hydrogen atoms.
The above bands are in appropriate position for the respective

methine hydro gens?

+ Evidence for the proxtimity of the hydroxyl 4
group and the secondary carboxyl group was obtained by an exami-

n_ation of the “lactone® obtained by Julian, Pikl and .Dawscnl.-

This substance was shown to be an unsaturated acid by its cone
vemioﬁ, with diazomethane, to the corresponding ester, In

addition to the bands at T 5¢40 and ‘T 8+46 in the NMR spectrum,
indicative of the continuing presence of the isgpropenyl group,

two hydrogens producing an AB pattern (coublets at ‘T 4+16 and'T4+66;



J AB ™ 8+4 cps) were present. The fomation of thiag pattem

was due to the conversion ot 1. to__2 . that is, the
dehvydraticonedecarboxylaticon of a ,Q «hydroxy acid,
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'de Mayo gat al confirmed this on ‘the basis of the following

exupeoriments, mmathyl ceancthate was converted inte the benzoate
which was isolated as an oil and t?je latter was pyrolysed at
330° with the elimination of benzoic acid, The isolated anhydroe
acidé showed the expected ultravioiet end absorption for an
isal;aﬁe&'isopmpmyl group and ano({a «@unsaturated ester, Murthere

T L, 'a band (sinuglet, 1 hydroygen) at T 3¢9 in the NMR spectrum



indicated the presence of the expected vinyl hydrogen in

additlion to those of the iSOpmpenyl gmu’p7.

Since dihydroe
ceanothic acid and its dimethyl ester. showed no absorption

in the ultraviolet spectrum in the 200-210 miregion, they
were, pi‘esumably saturated, It followed that ceanothic acid
wasg, therefore, pentacarbocyclic, They assumed that ceanothic
aclid was probably related to the lupeol«bstulin-betulinic
acid (_3_, R=H,0H) in view of the presence of the isopropenyl
group and this view was strengthened by the presence of
betulinic acid itself amongst the root constituents. One of
the characteristic transformations of lt.ipeol-bethlin group

of substances is the ready acid catalysed expansion of the
terminal E-ring to give derivatives of the /@ -amyrin seriesa.
In those substances having a carboxyl function at ¢, concomi-
tant lactonisation occurs : betulinic acid ( 3, R = H,0H) for
instance, is converted into 4 . When subjected to suitable |
conditions = refluxing formic acld for 3 hours « ceanothic

acid was converted into a Y -lactone, V¥ 1696 {carboxyl)

max
and 17(;32‘cm"1 (Y =lactone) with the simultaneous disappearance
of the iscpropenyl group. The resulting monocarboxylic acid
lactone was fux_:'ther characterized as the acetate, indicating
the non-participation of the hydroxyl group in the 1ac,toniéation
process, and as fhe methyi ester. In order to accommodate the

functional groups indicated in 1 , they suggested that some



modification of ring A of betulinic acid was necessary. The
grouping in 1 was suggestive of the occurrence of a ‘*biogenetic!
pinacollic rearrangement at some stage in the genesis Aof ceano-
thic acld, such as may take placé in the formation of gibbere-

1o

llic acidg and of the aldehyde in magnamycin™, Oxidaticn of

methyl dihydroceanothate with sodium dichromate gave the
corresponding ketone, Alkaline hydrolysis afforded a ketonic
monoester with the loss of carbon dioxide expected of a ﬂ ~keto
ester, The substance showed an' unresolved band in the infrared .

1

spectrum, V . 1738 em © for the cyclopentancne and ester,

while its precussor showed bands at 7 Goxd 1750 (cyclopenta-
e, s
nene) and V -4 cm (ester) (r=mD).
From the above experiments de Mayo gt _al proposed two
structures 5 and § for the ketone, but its properties suggested

that it was § , a substance previdusly prepared by Ruzicka

et al“‘-]'2 from betulonic acid by hydrogenation, nitrie acid

oxidation to 7 , followed by pyrolysis and esterification,



- Direct preparation of this substance from methyl dihydrobetulo-
nate ‘and comparison of 1t, the derived 234 - dinitm;ﬁhenyl
hydrazofie, and the anhydride 8 obtained by sealenium dicxide
oxidation showed them to be identical in every respect,There-

fore, they proposed four possible structures 9 , 10 . 11 and

12 for ceanothic acid,
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They noted that, in dimethyl ceanothate, the methine hydrogens
adjacent to the ca;':bomethcaxyl and hydroxyl Jgroups were singlets,
that is, although the hydrogens were on contiguous catrbon atoms,
the coupling constant was Cloge to ‘{éero. In contrast, the
ketone 13, derived Zrem methyl cesnothate lactone, on reduction
with scdium borohydride gave an epimeric lactone, called as
methyl iscceancothate lactone. This subestance showed, in its

HMR spectmm, a doublet at ™ 7.0, the methine hydrogens being

coupled, angd a quartet ac T 5- 97. the hydrogan on the carbon



bearing oxyge being split by the adjacent methine and by the
hydroxyl hydrogen, This suggested that in dimethyl ceanothate

o 13,14

the hydrogen atoms were at an angle of about 90 and,

therefore, in the trang relatlonship, .

l}?urther evidence supporting this view was obtained
from a study of infrared spectra, Treatment of methyl dehydroe
ceanothate lactone 13, with sodium methoxide resulted in a
raplid epi;nenisatiox-z cf the carbomethoxyl group - which must,
therefore, be in the unstable configuration - and the formation
of the lsomeric methyl dehydroeplceanothate ilactone, Reduction
of this with sodium borohydride then gave methyl epiceanothate
lactone, The results recorded by de Mayo and Starratt are

glven below (Table - 1),



Tabl g«
co 18 Y (cm"l' * Y : (cm"'l) *  concentr
~orpoun ester ) ‘hydroxyl tion (%)79"
pimethyl dihydroceanothate 1733 3634 (sharp) 2¢5
~ 3510 (broad)
3634 (sharp) 1.2
3640 (sharp) 02
Methyl isoceancthate lactone 1718 3582 (sharp) 07
3580 (sharp) 0O=1
Methyl epicesnothate lactone 1717 3682 (sharp), 1 9(aay¥
' 3508 (broad)
3634 (shazp), Qe 3
3508 (broad)

* spectra taken in €, (Pisher spectranalyzed) unless specified

oi;hemise

T Maximum concentration limited by compound solubility,

! chloroform washed and dbied to remove alcohol..
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Methyl dihydroceanothate sh&:;ived a normal unbonded ester and,

in agreement, the hydroxyl Qmup showed intenmolecular bonding
6n1y in the wost concentrated solution. In contrast, the epiw
meric methyl isaceanoéhate lactone showed a bonde&\ester group
and a boﬁded 'hﬁrdi:oxyl band even in dilute solution, These

results supported the f._z;gg_s_ and gis configuratichns. respectively,

- and they assumed that methyl epiceanothate was, also, gis.

Therefore, they proposed structuras 2 and 12 for ceano~
thic acid, Inspection of models indicated that the /2 -@arbome-
thoxyl group was under more severs non-bonded interaction than
the X «gpimer, In view of the ready epimerisation of methyl |
dehydro ceanothate lactone, they'pfeferred the stereos£mcture
12 for ceanothic acid, In 1961, jﬁst prior to the publication of

15

this paper, Mechoulam™ published a paper in which he assigned

the/A «configuration to the carboxyl group in ring A and a ¢gig
relationship to this carboxyl and the adjacent hydroxyl group 14.

. hirm
The reasons which led to propose this stereochemical assignment

were based on the following grounds.

]

HoO ¢
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The hindrance of the secondary as well as tertiary - cooaaB
group was shown by the fact that dimethyl ceanothate daid

not underge baéic hyd;blysis w:ith 10% potassium hydroxide
solution, Examination of the model showed that a 1p -
carboxyl group was'considérably hindéred but little hindrance
was expected from 14 - configuration. This study led them

to propose /A- éan’ooxyl configuration forfhe natural product,
Again lithium aluminium hydride reduction of dimethyl 3=0x0e

ceanothate gave a 1!::.:‘Lc>.‘l.2

15, mp. 226-28%, (X) 46° in

EtOH, which was shown to be identical with a tricl cbtained
by lithium aluminium hydride redliction of dimethyl ceancthate.
They argued that, since for steric reascns, the hindered
3-0x0 group in_dimethyl - 3=oxo=-ceancthate would be expected
to glve the 34~ ol by this type of -reduction the natural
product was in /3;03 grouping., They further reported that

th:;s assimment was suppérbed by‘a br_oad hydrogen « bonded
hydroxﬁrl IR absorption in the neighbourhood of 3500 cmt of
a very dilute solution of triol 13 . Later Eade, Komis and

simesln" 17 and ldzeczl'u:u.‘i.atm18

‘himself negated the ldea of
s~ caz‘bbﬁyl group and gig relationship of the carboxyl and
hydroxyl group with the supporting eiridencé in favour of the
gtructure proposed by de Mayo and starratts.

Eade et_al'® found that with 1ithium fluoride optics,

a 0+05 M solution ( CCl,, 1 mm cell ) of dimethyl ceanothate



w 13 - ) ’ .

1

showed strong absorption at 3629 ci = due to free hydroxyl

) 1

group and medium absorptién at 3513 em© due to bonded

hydroxyl group whersas a 0+Cl M solution ( 0814. 5 mm cell )

1

bad the same strong zbsorption at 3629 cm * but showed no

sbsorption at 3513 e}, They gbncluded,t.hat these results
are corisis_tent with the presence of intermolecular ﬁydrogen
bonding and absence of intramolecular hydrcgen bonding, A
study of molecular models ;.ndicated that intzamolecular
hydrodgen bonding would be expected to oceur where the methoxy=
carbonyl Aand hydroxyl groupn were g;_qlg.

Théy also reperted that lithium aluminium hydride
reduction of dimethyl dihydroceanothate and the corkesponding
ketone dimeth;,rl = 3 ONO= dihydx;oceanothate gave different
triols ( The dimethyl =3=0xo=dihydro cemxothéte gave a mixture,
‘but only one prpduét was isolag:ed). This result was in contrast

15 yho fsolated the same triol

to that obtained by Mechoulam
en lithium aluminium hydride reduction of Jdimethyl ceanothate
and the corresponding ketone dimethyl - 3-ox0e- czanocthate,
EBade, ‘in his paperlé, refuted tﬁis’- conclusibn drawn £rom this
reduction on the basls of two §ossible factors 3 (1) the
reducing agent could chelate with ﬁindex:ing group and this
_might affect thé étermchcjgmical ceqrse-of the reduction of the
ketone, and (ii) epimerisation ’of the methoxycarbonyl group

might occur during reduction, In 1958, Boyer et al2 reported
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that dimethyl ceanothate was stable to koiling 10% ethanolic
potassium cthoxide for 2-hours. But Eade et al'® found that

with 20% methanolic pota‘ssium.hydmxide and heating under

reflux for 48 hours dimethyl ceanothate could be converted

into a mixture containing véry little or no starting material.
The majér-product isolated in 50% yield was- a ﬁonomethyl ester
l6a, Methylation of 16A gave dimethyl ester';gg which'was
isomeric with dimethyl ceanothate. The corresponding acid
isomeric with ceanothic acid was na;me_d isoceano'::hic. acid,
Lactonisation of compound 16A std::;mgenzene ) gave tﬁ
lactone 17B indicating that it was the methogycarbonyl

group which had been hydrolysed by alkali. Both lactone 18a

( noxmal seriesp prepared by lactonisation of dimethyl
ceanothate ) and lactone 17A { iso-series ) was converted

inte the corresponding oxo~esters ﬁaving different physical
constants; laétone g§§ { normal series; prepared by lactonisation
of ceanothic acid ) and 17A ( iso-series ) yielded the same nore

ketone 19

COOCH_B

ReGoc,
’,

R0

64 , R=R'=y
16B R=pmg,R'=n B, r=u,R'=fMe

J7e, R=Me ,Rl= CoMe
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JR=H ,®= come

Thus the methoxycarbonyl group in ceanothic acid and that in
isoceanothié acid were epimeric, These authors reported, from
the examination of models, that 1f the methoxycarbonyl group
in ring A had the B - configuration it would be under consi-
éex:able non=bonded interaction, such steri¢c strain would be
virtually absent 1f it possessed the X - configuration, Thus,
théy stated that the carboxyl group in ring A of ceanothic
.acid. probably possessed the more strained ﬁ - configuration
.leading to the X « assignment for the hydroxyl group. The
ring A constituents of isoceanoi:hic' acid had been assigned a

trang relationship because the infrared spectra of the

54502 PETION |
12 a1 S )

i
\&
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dimethyl ester 16B showed evidence of intermolecular hydrogen
konding., Consegquently, formation of isoceanothic acld required
opening of ring A in a reverse aldél type reaction to an A -
seco derivative with subsequent . reclosure,

crowley?®, in 1962, reported the nitural occurrence
of a 2,3 =« seco triterpene and this supported the sugéested
b;iogenesisa of ceancothic acid by ring closure of a similar
2,3 « seco derivative derived from 2 « hydroxy betulinic acig;
the latter has recently besn isclatced aléng with ¢eanothic acid
from Alphitonis whitei Braia®. Eade st 213® found that the
/3 - keto acid derived from the iso series either from 16 or
17 was quite stable, Oxidatlion of 167 or 17A gave the corres-
ponding /3 -keto acid which could be dried in vacuo at 100°
without decompesition. Conversion of the A - keto acid derived
from 1727 into the corresponding nor-ketone 19 was effected by
heating Iin vacuo at 220°C.- This stabilityx, according to them,
wés due to difficulty in f£inding a cyclic planar transition
state, In this connection, they cited the exarple of ¢campho r=3-
carboxylic acid which, according to them, is stereochemically
similar and a stable/a - keto acid. They could not isolate

the/A «keto acid derived from the normal series, that is, carboe
xyl\with/a - configuration which. they explained, was due to

its ready decarboxylation,
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section C 3 Stereochemiscry.of Ceanothic acid s

Final convinecing proof for the stereochemistry of

21. These

eeanothic acld was published in 1971 by Eade gt _al
authorsl?-, in 1964_{ observed that the esté’r grcup at C - 2 in
dimethyl ceanothate' 20 (R - Me ) could be epimerised only
with grea£ dif£ficulty, whereas in the corresponding ester,
dimethyl ceancthate lactone 2 0A ( R= Me ) with a modified
z’iﬁg & area, it &ould be cmrparat:ively éasily epimerised and
| was accompanied by simultanepus hydrolysis. They suggest_edn
that this considerable differénce in reaci:ivity might be
caused by a long-range conformational transmigsion effect.

In 1971, Bade et al published a péperzl in which they stategd
~ that a comparison of the coupling constants of the € = 2 -
épd C « 3 protons of ﬁhe four possible C 2 = Q0 , Me ./ C 3 -0H
isomers émd ﬁheir acetates in the dimethyl ceanothate series
( carbon skeleton type g_"(_)_) with those of the corresponding
compounds in the lectone series ( carbon skeleton type 2D A )

would reveal any sionificant differences in the shape of ring

A betueen the relevant compounds,
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They also expected that explanation might be found of the
signal repdrt:eds for the C = 3 proton in the NMR spectrum pf
dimethyl céanothaté. viz. a singlet, which was not in agrece-
ment with the structure then assidned to ceanothic acid even
1£ ring A existed in the X - en'veJ,Ope confo rmation22 23,

They further éxpected that the preparation of the complete
group of four isomers in each series wculé reseclve the contro-
versy whether the *methyl epiceanothate" of de Mayo and I
Starratt has a cig or trans relationship of the ring A substi-
tuents >’ 17. ’

EBade 93:.__59_24 from some chamical and physical studies,
described below, finally pmposed24 structure z_é ( R=H) for
ceanothic acid in which the ring A substituents, while still
having a trans relationship, posseés the configurations oppo-

glte to those originally put forward by ae Mayo and starratts.

g_f@ggation of the bpimethyl Ceanothate Series s

0£f the four possible isomers in the dimethyl ceanothate
series, two have been previously prepared, One is dimethyl cea-
nothate itself 20 ( R = Me ) and the other is its C « 2 epimer
23 that is , methyl 3 2= hydroxy = 2/3 «methoxycarbonyleA(l) =
norlup-20(29)-en-28~cate (Scheme 1) reported by Eade, Komis

16

and Simes™” who incorrectly formulated it as the trans isomer



- o -

of dimeﬁhyl céanothate epimerised at both C = 2 and C - 3,
This isomer was originally given the name dimethyl epiceano-
thate in accordance wlith the nomencléture used by de Mayo and
starratt, This isomer 23 was first prepared by Qpimerisagion
of the C - 2 methoxycarbonyl group by prolonged treatment of
dimethyl ceanothate with concentrated methanclic sodium

- methoxide to give a mixture from which the half ester of 23,
 methyl 2p - carboxy - 3 8- hydroxy - a(1)= norlup-20(29)-en-
28~0ate qould be isolated after a lengthy purlfication proce-
dures meth&iation with diazomethane then gave 23. Eade et af?!
prepared this compound according to the procedure used by

de Mayo and starratts for the analogous compound in lactone
series, Thus oxidation of dimethyl ceanothate with Jones
reagent gave the known methyl 2X - methoxycarbonyle3-oxc-A(l)=-
norlup-20{29)~en-28~0ate, that is, dimethyl dehydroceanothate |
22 which was rapidly ¢pimerised by aikali to an eguilibrium
mixture containing 40% of starting material and 60% of the
isomer, épimeric at C - 2, methyl é/Bu methoxycarbonyle3=0%0«
A(1) =10 £lup=20 (29) =en-28~0ate 26, that is, dimethyl epidehydmo-

ceanothate,
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de 23A 2& and 2.€A 2'5 amcl 2 5A

&, Jones rac\g,e/wt'," b, Soclwm borg 'R.J,-o(/v.'o{ﬁ/j €5 Soclium-
metRonicde 5 o ) Deazemethans . % 22 = 20424 oo
22k — 24 K On‘}/

Tade 2t _al ,in 1964 describea” the corresponding half-ester,
| methyl 2 3=~ carboxy «3~0%0=~A(1)-norlup=-20(29) -en-28-0ate, that
is, mdnomethyl epidehydroceanothate, Reduction of 26 with
sodium borchydride gave the cis isomer 23 as sole product; on
oxidation with Jones reagent it gave back the parent ketone 26
quantitatively,

| Reduction of dimethyl dehydroceanothate 23 with

sodium borohydride gave a 1 3 1 mixture of dimethyl ceanothate



20 ( R= Me) ‘and its 2 - 3 epimer 24 which were readily sepa-
rated by dolumn chmmatoéraphy. -Oxidation of 24 with Jones
reagent gave back the original katone 22 quantitatively.

The fourth isomer, methyl 3« - hydroxy= 2/ ~methoxy-

was prepared :

carbonyl=A{-norlup-20(29)-en=-28-0ate 23, Am:s:em%a ‘by
long heating of a éolution of methyl 3K = hydroxye20 =methoxye
GarbonylfA(l)-norlup-zo'(zs?)-en—zséoate 24 in methanolic .
sodium methoxide whereupon partial eplmerisation of the € 2 -
methoxycarbonyl group occureds After remethylation of the
total crede product, they separated the isomer 25 from
-starting materigl by colurn chrivmatography; the identity
" of 25 was confirmed by lts oxidation with Jones reagent to
the ketone 28.

Eade gt gl have also geported the conversion of the

above alconols into thelr corresponding acetates,

Preparation of the Lactone Series 3

Three of the four isomers in this series have previ-

5,16

ously been reported o Methyl ceanothate lactone 202

( R = Me ) has been prepared from ceanothic acid by formic

acid catalysed ladtonisation followed by hydrolysis and

methylations and also by lactonisation of dimethyl ceanothate

in ackbtic acid and sulphuric aclid followed by deacetylation17.
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The compounds 23 A and 24._A have been prepared by borohydride
reduction of the corresponding ketones 22 A and 26_A. Eade
et al also prepared the above three isomers using the same
procedure deseribed above, The fourth and previously unknown
isomer, 3 =hydroxy~2 S =methoxycaroonyl=a{l) =nor=18 ol «ol cane
28 > igp -olide 25 _A, was prepared by isomerisation of

3¢ ~ hydroxy = 2X « methoxycarbonyleA(1l)-nor=18 { =0l can-28
198 -olide 24 A with sodlum methoxide in methanol, followed
Ey renmethylation with dlazomethane and pﬁmfication by
ghmmatography on alumina, Its identity was confirmed by
oxidation to the ketone 2_@__;_.

The acetates oi all four isomsric alcohols in the
lactone series were also prepared by Bade gt_al.

These authors also reported that the epimerisations
of both the ketones in each series exist in reversible ’
equiliibrivmy that 1s, 1f elther 22 or 26 i1s treated with
sodium methoxide in methenol 'a mixturs of 60% 26 and 40% 22
raegults and a similar mixture of 20 A and 22 A is obtailned

from efther 22 A or 26 A,

Ne Mo R, Regulisg g

21

Bade et _al gave a list of coupling constants between

the protons on C = 2 ad < = 2 and C - 3 for each isomer and its
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acetate in both series and alsé 'a list bf the vicinal coupling
constants ( Jz'é } of the four iscmers calculated for the three
possible ring A conformations from the dlhedral angles memeasu-
red from Diieding models, Of these three possible con fo rmations,
the & » envelope seemed least likely since .examination of the
models showed strong 10 /3- méth_yl / 4 /A— methyl interaction .
which would be expacted to destabilise Wmm this conformation;

in addition, Fishménzs in his investigation on analogeous 16,17=-
disubstituted stercids lacking these methyl / methyl interaction
did not consider the X - envelope, 'I.‘he only signlificant differen-
ce between the three conformations were the two trang couplings
in the X « envelopes%‘ana thérefore these results, although
excluding the X = envelope, did not distinguish between the

other two conformations. The cobserved couplings taken by Eade

et _a_;m were clearly consistent with theirtproposed formula
for cesnothic acid 20 ( R = H ) and do not conform with the
5

orlginal stercochemistry assigued by de Mayo and starratt™,
Table « II shows that there are no significant

di £ferences between the coupling constants of{the- C=2 and

C =« 3 protons in members éf dimethyl ceanothate serles compale

red with those of the analogéus compounds in the lactone serlies

and h'ence this investigation did not yield any evidence about

the long range conformational transmission effect which had

17

been proposed”™’ to explain differences in reactivity in the
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ring A area between the two seriges, The coupling constants

in Table « II, together with interconversions summarized in

scheme - 1, established unequivoeslly that in the epiceance

thate series the ring A substituents are cis to one another,

each having the ,/3- configuration,

Table = ZI

Coupling constants of C« 2 and C - 3 protons

Configurations of Ring A Substitue

enty .
2o, 3f3 2B 33 24, 3K 23, 3¢
Observed 6’2' 3(Hz)
Dimethyl ceanothate serieg :
C 3w OH 1°0 73 740 9.0
C 3 - 0AC ) o2 7+ 6 76 9¢ 5
Lactone series g
¢ 3 - OH 140 744 7.0 90
C 3 ~0nc 0 7" 6 77 95
Calcul ated Jz' 3(Hz)
o = Envelope 1°8-2'9 82 8°2 1'8 - 2°9
(3 -~ mvelope -0°3=0"0 6°2=56°9 5°7-67 5'9 - 7°1

Hal fwchair 0 3=0°B

7+*B8=8"0 7°5=7"9 3*5 = 50
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In addition to the evidence presented sbove in relation
to the vicinal coupling between the protons on C - 2 and €C - 3,
"the long~range (46) couwpling between the 10 f>= methyl group
and the C w 2 pmtén provides further support for their assigne
ment, This coupling was studied using the following three
pairs of isomers ; {i) methyl dehydweeanothate lactone 22.A
and its 2/3- epimer 26 & ¢ (ii) dimethyl denhydrocéanothate 22
and ita Q/Q- epimer 26 3 (iii) dimethyl dihydrodehydroceanothate,
that is, methyl 20(,- methoxycarbonyl « 3woxo-A{l)-norlupan-
28-0ate 27 and its Zﬁ-epimer 28, The last pair of isomers were
prepared from dimethyl dihydroceanothate by methods identical
with those used to prepare 22 and 26 from dimethyl ceanothate,
In each of these si:;. compounds the C - 2 proton appeared as a
singlet at approximately 53‘0-- s and, this signal, they observed
for cach of the 2/6- methoxycarbonyl (gpi) derivatives was
broad { W, 25 Hz ) compared with that in each of the 20 -
methoxycarbonyl compounds '( W*ﬁ 15 Hz ). This broadening was
confirmed by spinespin decoupling; decoupling of the C « 2
proton signal at 5 :;3'08 'i;z dimethyl epidehydroceanothate 286
increased the intensity of the C « 10 ‘methyl signal at 5 1,°06
markedly, while irradiation of this methyl freguency resulted
in a shampening of the C « 2 signal ( w%f became 1+6 ), They
also observed similar sharpening 0of the C « 2 proton signal
£rom W;i 2¢5 Hz to Wgﬁ 16 ¥z when the relevant methyl signal in

I



u26-

both 26 A and 28 was irradiated. sSimilar long range ( 46 )
coupling between the 1lo(-proton and the 103 - methyl was observed
in the nor-diterpene colensan - 2-one 2226. The observed coup-
lings, they stated, was due to the pseudow-axial character of
the 2X~ hydrogens in 26, 26 A,and 238 and consequently sSuppor=
ted the halfechalr or/b - envelope conformation of ring A for
these derivatives when the 2K~ proton and 10f3 - methyl posse-

ssed some degree of co-planarity,
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C.De Regults 3 The c.ds of the two, gpimeric ketones 22 and 26
together with that of the corresponding norketone 30 and also
the corresponding sets ¢f three ketones in the lactone series
222, 26a and 30A ° and in the dimethyl dihydroceanothate
series 27, 28 and 31 have been studied. But the changes in
¢.d, between memberxrs of each set did not yield any information
about the configuration of the C-2 methoxycarbonyl group.



