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Abstract

/

Chemical studies relevant to two plant diseases, the

.

American Leaf Spot disease of coffee and . e Blue Stain

dxsease of lodgepole pxnes have been carnried out.

U - Citricolic ao;d, a metabolite of the fungus Mycena’

clfrlcolon,‘ causél agent of the coffeedisease, has been

shown to possess structure 1. The‘structure was elpcidated
by a . combxnatxon of physical and- ohemicel nethods.
Citricolic dcid (1) is a new type of natucal product ‘which‘
feppears to be a degraded steroid “ A possxble bxogenesxs of

1 is discussed. The role of oxalxc acigd, produced by M

LY

cltricblor, in causxng the symptoms of the ‘disease 1s also

\

discussed.
. .

A synthesis of ceratenolone (2), a metabolzte of C.

| mlnor one of the fung1 1nvolved 1n the Blue . Staxn di sease,‘

[
is presented The formatlon constants for the ceraté olone

N

/ iron (I111) trxs ~complex were found to be K1 108 K, =

¢x107, and Ky = 1.5 «x 6106 10933 = 21.8. \ The molar

absorbt1v1ty of the mono, \bis, “and tr1s complexes vere

-,“found,to be ¢, = 1000, e, = 1550, and ;3 - 15700

(1- 6(s), 10(S)-D1hydroxy IO(S) (5 hydroxy l 4 5

trxmethyl 2(E) hexene) 9(5)-methy1 5- oxa 4-0xo-tr1cyclo N
]7.3.0. 02 6| -2- dodecene) | .

—_— t
s . .
(2 2-ethy1 2-methy1 4- hydroxymethylene-s (1-methy1propyl3-

b-cyclohexene-l 3 dlone)



. . M l .
i . Acknowledgements

ooy Vo

I wish to thank: " T S
. \ ' . ,

Professor W A, Ayer for his encouragement and support

during my studxes . and particularly for the oppontunxty and

freedom he gave me to explore various’ areas of chemxstry.‘,/j

i

Dr... L.M. Brbwne " for her invaluable help _in the
er, inve .

preparatxon of the thes:g. . a ‘ AN ;o “;“:

PRy
S

.

‘Dr. R B, Jordan for provxdxng an analysis of the
. N ‘ ’ ot “‘.
ceratenolone - iron (III) complex formatxon.” . B '

A e

| Dr.,-D L J. Cl:ve for many very helpful dxscussxons \
and sharxng hxs vxews of scxence.‘l 3' e ' S
Dr. H.J. ' Liv 70? his' help with the syntnesig ;
proﬁect ; | o ""
| T‘Dr.* Jd. P Tewar: and hxs. staff for— providing fresh -~

1solates of M cltrlcolor.

Dr. B. Kratochv1l for lendxng us the PH meter and
= ' . S '
‘electrode.

i Mr:_, Francisco X. Talamas, for ‘many valuable
R L I o 7 o | 1
° diséussibns, and his continuous friendship.

]; The techn1ca1 staff of the chemxstry department for

l
[

, tﬁ% varzaus spectra.
L‘The Natural SCIences and Engxneerxng Research Councxl

. of Canada, and the Alberta Her:tage Foundat:on for Medxcal

) . y ‘ = e

Research for fznancxal support.‘

S

"‘and;espeqlally;'ﬂ



.

MS .

Bﬁpport¢

I
A‘
A
:
.
’
\
'
N
1
B ,
.
l ,l' . "
.
. b
.
'
!
\
N 1
'
.
/V
;o
‘
‘(
’ .
'
'
.
°

Virginia Wiszniewski fo

NS

-
-
\ 1
il
'
} . .
A1
.
A% B . v
Cy "'
\
i 1 !
| .
o
, -
i
’
'
L]
) .
v A !
A} l‘
I
L N i
! . W
0 . 'u‘ !
¢ S
[
[ N
Lot ) ! \
. v .
N X
ba v
Y

N , [ \\
1 " -
: s
v
.
I
v \’
Ll
. .
!
?
.. ! '
‘
i
"
Iy "
!
v
.
!
’ - 2
'
) .
i
N
- o '
!
- e
" i
.
l . .
i » 4 "
o N
v .
- . 8
. vil

\\T

r her love and

Al
|
.
'
'
N
- '
" 0
.
.
B
)
; ’
i
)
,o~
il
| .
Coa
|
e
. )
. e
\ .
. \
. 1]
1
" L
"
il
.
Bl
f
v '
v
[
’
'
.
r
i
\
- 1 ’
s .
-
S ;
\ \
4 »
.
.
.
.
3 -
.
-
T,

continuous

'
N
'
|
N
” P
’
.
a
‘
s
~
.
.
\ .
'
.
\
.
p—
!
¥
'
'
- '
’
.
n
'



R4

S - LIST OF TABLES

\

1. Comparison of-the‘IH‘nmr'and_i: spectra of

‘', orsellinic acidﬂdna;compqud 4 -

- . ' — \

-

2. Metabolite bgoduction usihg‘different growih

'

)

methods o C

3. Nuclear magnetic resonance. data for

citricolic acid

’

4. Calculation of the effect of OH suﬁstithtibn,

on 1?§ shifts
5. Comparison of thef13c.nmf of compound 11 ;‘
with the calculated nmr of compound 20

N ;l‘ ~ ‘. ‘ | . } Q‘

.

6. Stability constants of ferric complexes

14

15

' 34

36

37

121



"/

LIST Of FIGURES

"

1. Side chain”spin system of 1"

-/
/

2, ;ﬁOSY spectrum gf.cﬁtrigolic acid (11)

/

S
/

a

3. Expansxon of thé Cosy spectrum of

cxtrxcol;c acxd (}1)

i
/
-
Y

y“4g Spin‘systép A of 11"
. - -‘/,/v~

— “

5. Spin sxétem B of 11

7= Vertical slices from the
spectrum

/B

8. 'r and 13

‘IH and 13

szn system B. (stereo )

o —_— "

o

C correlation spectrum
S

TH / C correlatlon

R
C nmr asxgnments for spxn system B

C nmr asxgnments for

‘1o;lﬁland'1at;emp'asignments for spin-system A .

z

&

i cztrxcolxc ac:d

P
Ty

‘,11;' Applxcat1on of the lactone sector rule to’

ix

25

26

27

28

28

29

3

30

32

32



.~ 12. Application of the lactone sector rule (II)

to cxtrxcolxc aczd ,' _ o . Y

13, "Visible'spectré'of ceratenclone-~ iron (111)
complex at various pH's: a: o R N 109 .
) ' & "'g ' | " o
14. Expected plot of the tatratlon of ceratenolone g
S thh iron (III) . A o 110
15, Observed plot of the tltratlon of ceratenolone

wIth iron (III) e , S ““. 12

16. Titration of iron (III) with ceratenolone 114

17. Superimposition'of ‘the. observed and

calculated txtratlon curves of Iron (I11)
with ceratenolone - EEE e ‘ ‘ 114

- 0 -~
-~

L
-

18, Proportlon of the“var1ous complex spec1esﬁ

‘thh respect to dlfferent lxgand / metal ratxos‘. P B 1 I
19 Titration of iron (III) with ceratenolone . < . 119
A
<
A ’ B * ‘

R



120,

\
1 .
vxth ceratenolone c

' ' . ‘ ' \
is ﬂ ’ ‘ ' ! '
. .
. ) oo
A ! v r
,
t t
. ., ’
!
+
" ‘A'. !
‘F
L b ll
\ !
.
,
L
1
.
A
\ .
.
LY
o \
A @ ' ' |
, .
v e - »
T v "ﬁ
. . .
> iR
. rl
; an ’ -
L] @ ' ’
i N N ' .
.
\ ’ " ¥
\
- —
o (. A ’
) a
' “ -
- v ‘I "A‘ |
. i,
T e
o

Superzmposit:on of the observed and

calculated txtratlon curves of iron (III)

P

-

N

A



LIST OF SCHEMES

1. Origin of the base peak in the mass

spectrum of metabolite ¢

2. Formation of acetyl- and deoxy-

citricolic acid !

3. Origin of base peak in the mass spectrum of

citricolic acid (11)

4. Reduction of citricolic acid with sodium

borohydride:.

[

!
- .

5. Possible biogenesis of citricolic acid

+ . 6. Mass spect:ai‘tragméntation'of cyclo(L-Leu-L-Pro)

'
wop
f

7. Pfopbsqﬁhsyﬁtﬁesis of céiatenolong (1)

P

. 8. gbeélic.qpprQachrto cyclohexanedione 43 é}

k% Cyclic GPPYOBEH to cyclohexanedione 4¢3

3 .

12

20 .

23

35

44

46

53

55

56

57



11,

12.

13.

14.

15+,

16.

T7A

18.

19.

20.

21,

- 22,

23.

24.

Synthesis of compound 58a

A

Method of Piers and Grierson

‘Paquette's synthesis of phellandrene (87)

v

McMurry's acetate synthon
[

.

Formation of 76 and 52 from 54
Cleavage of-dikeﬁone 43
Bromination f dehyd?obromjnation sequence
Selenoxide route
DDQ dehydrogenation

Acylation under acidic conditions

Attempted formation of dione 43

Formyléiion of dione 43 ' ,

A

Dehydrogenation v/a the selenoxide

[N

Dehydrogenation with DDQ

xiif

58
62
68

68

71

76

78

78 -

79

83

87 -

85

91

91



25. Formation of ketoacid 44 . 99

. \ N
.26. Summary of the synthesis of ceratenolone 102

xiv



Table of .Contents

Chapter ‘ ' ' Page
I. INTRODUCTION ... ... .. iceuaceetaaranceannansasaannal
11. THE AMERICAN LEAF SPOT DISEASE OF COFFEE ..........8
A. Metabolltes of M. cltricolor .......ccooiih . ...8
B. Leaf spot biocassay ............................50
" 111. THE BLUE STAIN DISEASE OF LODGE POLE PINES .......53
A. Synthesis of ceratenolone ......... feeaeeaaaean 53
B. Iron brfﬁfﬁg'- studies .......ciiinannnn cesae..a102
Theoretical background ...... cseeann veea...102
Ceratenolone .......ccieeiieennnn Ceiecenaes 107
1V. Experimental ......... e ssacianaasanas b esaasaaaa 124
A. General ........ 0 cinincnn. e ’..‘....124
Bf Mycepa citricolor ........ ceeeanna Ceeaeea G eea..126
‘ C. Synthesis of ceratenolone ............ Ceeeaean 142
' D. Iron binding studies .............. ceessasaaas 173
BIBLIOGRAPHY ............... csesaccsaanscsacsnnssssannaa 177
5
K
XV



I. lNTRODUCTION \

This thesis descrzbe& a part of the efforts made in
theee laboratorxes .towards the understan@ing",of the
chem}cal basis of the interac:@on of phytopathogenic fungi

- with plants. |

One of the‘most serious diseases of coffee in »tatin
America is that causea by the fungus Myceqa cttbfcolon
(Berkeley ' et Curtis) Saccardo, commoniy- known as the
American leaf spot disease of coffee or "ojo de,gello" (eye
of the rooster). ‘In Costa Rica, as ae examplehl this

‘disease has been estimated fo cause.an annual loss of‘up to
50% of the coffee crop.1 Inlepite of its importance, the
disease has not been studied exteﬁsively.

The American leaf spot was first observed on coffee in
Columbxa in 1876.2 The fungus was later determxned to be a
Basidiomycete and named Omphalia flavida. 1In 1950, bennié3
decided‘ that the correet designation for the fungus should

‘be 7ycena citricolor end this ig,‘the"yﬁpoTiel geher;lly
ecéepiea at the present time.. '

M. cltrlcolor exerts its major patholog:cal effect ‘on
coffee pnd other host plants by bringing about severe
" defoliation, ‘The fﬁngal infect1on causes' 1ight broﬁn
[,circular or ovoid spots on the leaﬁes,ho.é to 1.0 cm in
dzameter. wzth lxttle or no chloros:s in the sﬁrrounding
tissue. When the necrotic lesxons are formed along the
priﬁcipal éein on-the'leafj the leaf dteps,‘diving tiee- to

premature defoliation.® oOnce the ‘disease " has been



0”’ ,, e ,

established in a crop," defolihtion 'occhréd "uithin a
relativeif short period (about .8 dape) Reduced coffee
‘production is thought to be due to dgulxzaﬂion* ot food
reserves ‘by the plant to produce leaves instead of fruit.

The few fruxts produced may also be attaoked by the fungus

and fall ’ o

- -

I1f the leaves bearing the fungus lesions remain under‘"

conditions . of constant ‘high humxdlty, the fruxtxng bodxes’

Id

(gempae) appear as small yellow structures usdally' at ‘the
edge of the lesions. Relatxvely small numﬁers of gem;ae,k*
generaily 1-20 at any period, are formed on each nec}oplc"
spot.' The gemmae afe the only known form of‘innoculum;
being spread from éfeé toftree by'éihd‘and.usplaéhimq_ rain
drops. " The gemmae also stiek‘ to insecﬁs,‘ birde, and
'workers .and are thereby dispersed over long dxstances
Altogether ~M.' citricolor attacks about - 150 specxes

‘belonging  to more than 45 fadilies;e The fungus, 1qx
addition to be1ng a severe pathogen of coffee, also c&usesg"

Q0 -~ A r
a ser1ous 1n£ectxon on cznchona, cacao, and c:trus. Coffee

6

'is  extremely susceptible to this fungus® and it is usUaIly

grown under conditions (high tempetature and humxdzty,

shade) which favor the development of thxs torest

1

pathogen. ‘vérieties'of coffee resistent to thxs disease

are not.. knowh, perhaps due to the non-speciallzed
‘parasxtism of the fungus.1.f‘ | - _

| ‘The severe defol1atxon brought about by M cltrlcolor
can not be explained byv 81mple_ mechenxeal .injury,, ;inqe"‘

Lo



]

ieayes‘ﬁith/iarée pertoratfens at the base pf the lamipae
remain .attached ‘Eo the plant’ for consider ble periods.

Thus auxins afe ‘implicated' in the" develo ent "of the

1 Further stud:es have shown that th applxcatxon

P

dipease.
of indoleacetic acxdtdelays leaf drqp- consxde:ably. ~ This

result suggests that the fungus“intérferes with the normal

flow 6£ auxin from the blade to the petiole. Subgequently'

it has been foqu that M. Cltrlcolor produces an ox:datxve'

enzyme in ~culture ‘which causes rapid. 1nact1vatxon of

1ndoleacet1c acid. It is ﬁhought that this enzyme may be

responsible for the premature abscission of infected

12 The effectsleof ‘the production of indoleacetic

S ® . - -
abid”omﬂdase fn vivo on abscission are‘debatable,13

leaves.

ana the

role of other possible: inducers of abscission deserves

investigation. - S

Control methvds for the American leaf spot disease

rest primarily with»”the use of funglcxdes - Copper_

fungicides -have': been used with promxsxng results, but the’

M5heavy ra}nfall in the Costa Rlcan ‘coffee ‘zone makes it
,dxffxcult to maxntaxn an adequate fxlm on the fol1age, and’

”‘frequent spray applxcations are econom1cally unfeas1b1e..

; Certaxn mercury-contaxnxng fung:cxdes control this coffee

' dxsease,7

”fung;cxdes have shown the presence 'of‘ a tox;c'mercury‘

R

teszdue in the harvested coffee beans, maklng these -
AVfungicides 'unsuxtable. Lead arsenate, another eradxcanti

iung;cide, has been used to f:ght the dzsease thh verysﬁ*

Ps
2.

but’ unfortunately fzeld tests vzth mercury‘

\J



'good results. ‘Recentiy, hoiever,‘the use ofrlead arsenate
has ~been reguiated due to the danger‘of toxic residues ind
the coffee beans. Thexregulatibn‘prohibits the uaeiog‘lead
‘arsenate during the maturation 'and ‘harVesting ;:asons,

P

which, because of the heavy rains, is preciser the‘ txme
vhen M. cltrlcolor attacks. In addxt:on, éﬁere has been 8
- movement ‘vxthxn the chem:cal industry to ] stop ~ the

o : : N |
production of lead arsenate because of its toxicity,

restricted use, and environmental po}lution ‘properties.g

\

Other fungxcxdes have been used but are less effect1ve thanf

lead arsenate and lower ‘the qualxty of the coffee beverage

i

B M. citricolor is a lumxnescent fungus and this
property has been used as an %nd1cator of d1sease 1nc1dence

on host plants.6 The preparat1on and pur1f1catxon ©of ' the"

&

substance respon51ble for luminescence has been reported J

To date no structure for the active substance has,been

~-p§oposed. However, . the structure of the‘s'fluoresoentn
is: _constituents.v’of a reiated' bioluminescent’» fungus;b
- Lqmpteromyces jabonicus (Clltocybe *"Illudens) . haJet
appeared 05 The' authors poznt out that éne compoundld
responsxble for light emxsszon of these fungal extracts has1
/;h? U.V. peaks 1dent1cal vxth those ,r°PPFt°dr‘f°‘ ,funga;-
(o luciferin from M, citrICOlon R e ‘1‘_}‘@_'
k 51nce dxsease "is'; generally .:the jresultg'of'-an
interact1on between host and pathogen,. any Veontribution y

of the parasxtism has to beig

based on separate studxes on. the‘pathogen and host as. well‘
e 4 - ; ‘ N ,

P
¢



as on‘theih;st-parasitq complexr part of a general
: program,, funded by the Internatxonal Development Research
Centre of Canada, to develop strateg:es for the control ' of
thxs drsease,"ve undertook a study ‘of the haology_andn
chemistry‘of‘the”hdisease:‘in 'co~operation vith 4research"
‘ scientists in the fields of plant sczence and agronomy.
“The vork descr}bed herexn 1s part of a chemxcal study of
the me abol:tes produced by M. cItPIcola% whenkxt is grown
in 114:fa culture. It is antzcxpated that thzs wxll

contribute to the advancement of - basxc knowledge concern:ng ”

 the dxsease and perhaps provxde a basxs from which a

~

long- term solut:on to this problem may arise. |
lThe chemxstry of another phytopathogep:c ‘fungi—plant_
lnteraction‘was studied. o |
A complex of fungi 14 belonging to the genus

'Cbratocystls causes"a' disease of conifers known as blue

staxn,‘? a desxgnatxon arxsxng from the fact that 'the

v

"sapwood o(‘the afflxcted trees is sta1ned a pronounced blue

—~—

colour., The d1sease is currently respons1ble for the death

;of about 40 mzllion trees annually in Western Canada.1§ As

";the blue stazn fungx spread throughout and gradually '

‘dencarcle the sapwood of the tree,.\the area above the

‘ 'infected area becomes depr:ved of water.~ As a result ,the [ﬁ
17-18 ‘

'

l-tree, rap:dly vzlts and dxes. Recently it has bégn‘,

18 19

fg‘reported that as the blue sta1n~ develops Qing thej"

‘4sapwood ef tranprratxon system of the 1nfected tree

‘h"beCOmes restrzcted to the 1nner port:ons of sapwood‘pandl‘w

P ] . .
L ‘,A‘
13



o
L

eventually transpiretion faiis‘completely, Since'the‘OBSet

‘of water deprjvatioﬁ coincideskvitﬁ the_dppearehce of;the
.Biue colour, the fungal 'metabolites ‘_:hich | mayb Pe,'
‘ responsxble for the blue colour are. of partxcular interest.‘
A study conducted 1n thxs laboratory on the various. £un91
"thought to be 1nvolved in the dxsease has resulted 1h't$%ﬂ'
‘1solatxon of the novel natural product ce;ateqolone (1)20
and 2 3- dzhydroxybenzoxc acid (2) , from'C.‘hanP end C.
huntfl, respectxvelx.uz 3~Dihydrokybenzoic acid.ié a"known .

22

‘iron dchelatingvegeht which gives a brxght blue colour in

the presence of ferr:c chlorlde.‘ | Ceratenolone also
possesses the structural character1st1cs requzred for iron,
compiexation and has beenushown to form an iron chelate
Jvery teadily.d‘ Thus it appears likely that the blue
étaining'of the wood i;'ettrioutable to the "iron chelates

t

of “these ‘tvo coméounds ‘and . perhaps other, as ‘'yet

A

un1dent1f1ed metabolxtes of the blue staln fung1.

Cm sl mmern
P
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Mzcrobxal metabolites which funftion as iron transport

'agents are called siderophogps 3. Almost 1nvariab1y these

Q ‘
compounds incorporate ortho~acy1 substxtuted catechols
(such as 2) or hydroxamlc acxds as the structural teatures*

vhich serve as lzgands to coordxnate the metal 1on

We ec1ded ‘to synthesxze ceratenolone 1n order that
its relatx e 1ron~b1ndxng capac1ty could be ‘measured and .

its oss1ble ole in tree mortalzty and symptom ex ressxon
P F ymp 1%

—,

studxed 1n In vivo bioassays. ‘ ‘ o

P G

1
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1i. THE AMERICAN LEAF SPOT DISEASE OF COFFEE

A. Netaholites‘of‘M; cltrlcoloP;

ln a prelxmznary 1nvestxgatzon of “the metabolites
“produced by M. cltnlcolor, a lxquzd culture of the ‘fungus
vas grown on 5% (v/v) bread crymbs medium in a fermentor.24
.After a growth perxod of 21 days, a ,malfunctxon of the
temperature controller -system allowed the temperature of
the growth medium to reach ca 60°. We‘harvested the fungal
‘ culture by removxng the mycellal mat by filtration.:  The
culture broth was extracted wzth chloroform.‘. ‘

The broth extract was .exanmined by thin> leyer"
\ chromatography (tic). Amongst~the'several.tlc spots,ﬂ two
showed d15t1nct1ve lcharacteristics. The ‘more; polar
(component ‘A) of the two gave a very zntense fluorescencel
emission when ultrav:olet light (uv) (254 nm) was used to}'
1llum1nate the tlc plate. The other (component‘B). gave a
"yellow" color upon charr1ng thh "10% sulphur1c acld
Fractzonatxon of the. crude extract by centrxfugal liquzd i
chromatography -(clc) followed by‘ separation' by flash.
L chromatography . ‘of 7the‘hfractions containingt‘these 'tuo‘
_!compounds, allowed for their purxfxcation. R |

| ngh resolut1on electron 1mpact mass 'spectrometry

(hrexms) “of the. fluorescent compound A,.'obtazned as
:colorless needles (m p. 49 51 ) 1nd1cated it possessed a'"
‘ylmolecular formula of C10 10q3 (m/z 178, 100% intensity)‘

" Inspection of the H‘-nuclear ”magnetxc resonance-,(nmr)?



)
Y

“to me11e1n a known natural product,

speCtrumg revealed that it contains a'1;2,3rtrisubstjtuted

'benzene nucleus. The.threecaromatic‘protons '(66 64, 6.83

and- 7. 35) possess ortho~meta (J = 6 and 1 Hz), 5rtho-meta
(3 = 7 and 1 Hz), and OPthO~OPtho (J = 6 and 7 HZ) couplzngsu

respectively. Two . benzylic protons ‘are ev1dent :as a

‘doublet (62 91) coupled to a methine (sextet centered et

64 70) wh:ch in{ turn ~shows couplxng to a methyl group

i

(61.50). The 1nfrared (ir) spectrum shows ~an absorption

for"en unsaturated carbonyl group at 1672 cm 1; At this .

stage, part1a1 structures A, B, .and C can be assembled.

/\ L
- {
“fCHzﬁx(O'-- ‘ o
“H CHy | *,/H\Ar
A -

C -

]

This - accounts \gor all the atoms 1n the molecular

Jformule except an Oxygen and a hydrogen atom.' Exam1nat1on

“g,éfr the low f;eld regxon (10 20 ppm) of. the H nmr spectrum
Ivrshows a srgnal at 611 0 . Thxs chem1cal shxft along w1th
vu;the ebsence of e\ normal hydroxyl absorptron 1n the 1r

‘spectrum poxnts to the' presence o£ ‘; strongly hydrogen

. ;bonded-phenol1c hydrogen. The structure 3, correspondxng

2§ can_thus‘be uassrgned

P
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to component A. ‘Compdrison‘of the spectral data (ner‘ ir

and ms) of 3 w;th that reported27 for: mellein confxrms the,‘
§tructura1 assxgnment A negatxve Cotton ‘effect - Lat‘f
)\ mbda . 257 bpm. (methanol), indicates our matoriql‘iﬁ

28 ., .

R-(-)-mell€in.%® Mellein bas'beqh isolated from otherffungiu

and is known ‘to inhibit growth of the roots of young

plants.29

Component B nges a yellow ‘color when its tlc spot rs
charred thh sulphurxc ac:d. ‘ Tﬁe hrexms ‘spectrumu'of*;nyl
indicates a molecular formula‘ of C12 1604‘(m‘/z‘2‘2’4'-3(‘)%
inténsity) - Its 1H nmr opectrum reveals thatm BV contaxns
-utwo 1solated ethyl groups '(one as an ethoxyl gnoup) as‘
'uegxdenced by the sxgnals for two methylene groups appearxng |
quartets at 64 43 and 2 89 L(J“- 7. 1 and 7 4 HzA(

Vv

2‘respect1vely) and two methyl groups appear1ng as trzplets
Cat 51,43 and 20' (o 7.1 gnd 7. 3 respectively)

1solated methyl group 1s also,evzdent by the singlet at

‘»62 12, The ir absorpt1ons at 1619 and 1595 cm : in the ir ;
: S : : . _,/u‘,‘,, : ‘

. N oa '
(RS LTy



ctrum of B, together with ‘the methine appearing at 86.25

\

xt\

Q5¢ singlet in the H nmr of B, suggeSt the presence of a

wh | :
penba—substxtuted benzenoid nucleus. The absorption at

1634 and 3453 cm!1~'in \the ir spectrum points to the

presence of uhv unsaturated carbonyl group and a hydroxyl

group. Two such hydroxyl groups must be present to accounf

I%or* tbe "two broad sxgnals (65 12 and 1.59) 1n the 1H nmr -
, spectrum vh:ch dxsappear ‘upon treatment with deﬁferium
| oxxde. The ‘followxng‘ ‘pantial .strucpures are thus‘

"1nd1cated T | o

\
.
i . I’
) ! ,
.

Co Co ‘__oﬁ — OCH,CH; ’
H1 " —OM — CH2CH3 /jt\
A ‘; ‘. . . \ %
R e .~—CH3 ",’ ‘
. [ h ‘at

The carbonyl group can be attaohed to either the
methyl, ‘the ethyl or the ethoxyl group Howevzr} the mass
spectrum of B shows a base peak at m/z 178 .corresponding to -

the .loss ot an ethanol molecoleﬂ The ooly plausible
structure that acoounts for. such, a facile ' loss 'muot'
1ncorpg@pte the ethogyi Agroup‘ as an ethyl‘ ester.
Furthermore the ethyl esfer may be ortho to a phenolic

| ﬁ%droxyl group as shovn in scheme 1. ' We thus have paftia%“t

/45" N

. . PR I



A
structure a.-

.

Scheme 1 : Origin ot base peak In mass spectrum of 4 A
H CH4CH +
'y ' o)’ lo}g 2 3 o B
. C;O
a S fiz 178 -

The relatively high field nmr absorption of the
aromatic hydrogen indicates that‘ it is likely located ortho
to an hydroxyl  group. In addition, irradiation of the
signal at 82.89 ;orresponding to the methylene of the ethyl

group gave a 6.5% nOe enhancement of the aromatic signal,

thus suggesting partial structure b.

-

Combjining ' partial structures a and b, and &

conside‘ratiqn of the probable biosynthetic polyketide

<
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pathvay, allows us to propose 4 as.a‘possible structure for

' 3
B. : :
\

oH © |
ch \
OCH,CH,
HO CH,CH,
a .
- '
\\
- \

To our knowledge no compound possessing this structure
(ester or free acid) has been reported in the literature.
However, the structurally similar orsellinic acid (5)

provides a model:' compound for comparison of the

30

spectroscopic"data (see table 1). The excellent

correlation 6bserved serves to substantiate our assignﬁenﬁ
of structure 4 for compound B.
In subsequent cultures, comeyndsA 3 and 4 were‘not
"observed. 1In fact, the tlc épegfrum of the crude extracts
was quite different. Attemp£s'to reproduce the elévated}
témpergture dgring férmentation did not reproduce tbesé
metabblites;'f
| At this étage,':we decided to investigate  the
metabolite pfgduction - of Myceha, éltrlcoior in a more

systematic manner. The fuhgus was .cultured in three

-~

different ways: in a fermentor, in shake cultures, and on
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Table 1. Comparison of the 1H nmr  and ir spectra of
orgellinic acid 5 and compound 4.

O O OH O , J
: H,C .
c M€ OH c? NOCH,0M;
HO CH, ’ HO CH,yCH;3'
B \ - B . A
H H
A A
5 4
"M nmr A 6.21 s ‘ 6.25 s

™
N
»
»
~J
)
N
@
e
Q

C 2.01 s 2.12 s
ir 3400 3483
1635 | 1634
1612 : 1619
1596 ' 1595
1490 1320
1266 278

1097 g
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,soiid media. The medium used was potato dextrose, ' a
vmedium routinely uSed\in our lqboratofg to grow a variety
of fungi. ‘The cultures were gfown far different lengths of
time with varying amounts 6f yeaSt extractkadded. Tableiz
summarizes the results of- the study. The metabolite
spectra fnoﬁ‘ the three gré;th ﬁethods’vere’virtually the
same vhen analysed by tlc. Anllantibiotic_ bioassay of
mycelium and broth extracts against several‘bacteria and
fungi afforded negative resu;ts.

Table 2. . Metabolite productioh USing different growth

methods.

. growth  fermentor shake ‘ ‘plates

time . cultures ‘

PDBI | PDB/yeast PDA, . PDA/yeast PDA/yeast
0.2% 5%

weeks“ mg/L mg/L - = | mg/10 plates
2 28 290 . - ( -

3 - 150 - 116 |

4 21, - 42 B1 152
5 o= e - 80

6 - e o»

‘Each“fungal ‘%ulture was harvested énd_thé'brpth'was
_extractgﬂ‘asubefore;. fhe major ¢dmponehts of the"ofgadicf

= extracts vere - separated by flash .chrqmgtbg:aphy,_qhd".
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preparative tlc. The extracts were found to‘consist mainiy
of fétty acidévand steroids H(ergosterol- (6),“ergosterol
peroxyde (7), and cerevisterol'(ﬂ)) © The structure of each
compound was assxgned by comparxson of spectral data with
‘that of an authentic sample. The 1dent1ty of each steroid
was further confirmed by comparison of its -tlc‘ behaviour
with that of an authentxc sample. |

We reasoned‘thet our strain ‘of Mycena ‘might‘ have
degenerated since it was maintained on.synthetic'medium‘for
a prolonged period of -time. ‘A fresh culture of M.
citricolor vas ootained from CostanRica.. Hquever,ﬁwhen‘it
was grown in shake cultures,‘it“toorgavevnegative tests  in
the antibiotic bioassay, end a the tlc spectrum of the
extract was similarlto'tnat obtained previously Kdn order
to obtain a very vxrulent 1solate of M. cltrlcolor, plant
, pathologxst Dr. J.p. Tewarx suggested that we 1nfect coffee
leaves with the fungus and rexsolate it from the infected
leaves;~‘Suoh a rexsolated culture uas ~growvn: .in' shakeb‘”
cultures under the same cond1t1ons as before. .?he broth f
extract dxsplayed a tlc”spectrum vh1ch was d1fferent 'from

‘that obtaxned prevxously. The extract (ethyl acetate) was'

found to show some ant:bxot;c act1v1ty agaxnst Proteus

- wvulgaris, Staphyloooca:s aur'eus and the fungus Candfda

éiblcahs., The mycelxum extract showed a weaker antxbxotxc_‘

l .
n

; act1v1ty ff' | | :
In order to study the effect of the medium on }the‘:

observed ant1b1ot1c act1v1ty/severa1 dlfferent media were :



-

"

" CHy(CHy),,COOH
PN . 9 : f

" CHy(CH,)y(CH:CH)CH,(CH:CH)(CH,},COOH *

10

17
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“-inyestfgated Media containing“potato ~dextrose / yeast"
extract, V8 )uice, coffee extract, ana a chemically defined
‘ medxum wvere 1nnocu1ated vxth fungus freshly isolated’ trom |
coffee ‘leaves. ‘.After 6 to'8 weeks, "the fungal cultures‘i
were.harvested.as before. The hroth;and mycelial, ettracts
were subjecteo' to antrbiotic testing. = The .greatestr‘
bioactivity was“observed Jfor' the ethyi acetate broth
ertract. of  still 'cuitoreS' grown' on ‘pétatO' dextrose a
contarnjng 2% }east;extract.e | |

| ;-éhis '"active" extractlvﬁés found to be very complex
‘upon examination bj tlc using‘ various solvent ‘sfstems.
Differént techn1ques ‘were. used to effect preliminary
fractxonatxon,’tg xncludxng | droplet counterCUrrent
chromatography kdccc),a ‘acidh— base'4lneutra1‘secaration;‘
- and flash chromatography. None of the fractions obtainedﬁ
by any of these fractronationvmethods showed the activity
previously.observed in the?crude entracts; The bioactivity
-ObServed for the crude extracts was  found to be
1rreproduc1ble even though the tlc spectrum of the extractsh
was constant from growth to -growth. _ Nevertheless, vej
‘1nvest;gated and identified the metabolxtes of this- ‘Culture
"‘of M. cltr!color. | o | |

fThe“‘extract of"the fermentatzon broth of still

‘cultures of M cltrfcolor afforded as the ma)or component
‘.crystallzne compound C21 32 5, m. p. 202- 205°‘ for which vehgl
| sgggest the name cxtrzcol1c,‘aczd (11) The molecular”

- formnla was estabizshed by ‘a comb:natxon of tchem}calr_‘

t
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jonization massr'spectrometry“(cims) ‘which indicated‘ a
“molecuiar 'veight _of‘w‘36§, and’ hxgh resolut:on mass
spectrometry (hrms) vhzch prov1ded the molecular formula
,(C H?OO ) for the peak at m/z 346 (M* —H 0) | |
Infrared (ir)- spectroscopy shows the ' preSencé of“a
"carbonyl group thh a strong absorptxon band at 1740 cm -1
:‘as vell as absorptxon at 3440 cm‘1 characterxstxc of -OHQf

groups. ‘.The 13

C nmr spectrum d1splays a sxgnal at 6172 5
.Tppm wh;ch along ulth the 1r data suggests the presence ‘of
"an‘ a,ﬁ—unsaturated ester or lactone. Tne ultraviolet

“spectrum (uv) (MeOH) has an absorptxon max imum at 217 nm (e .
= 9900) whzch.‘sh;fts rever51bly " to about 255 nm upon

,ék;gdditionhof a few drops.of dilute 4NaOH.‘ 'These data are

| consistent witn the presence ofl the lactol form of an

a,p- unsaturated Y-keto ac1d (part1a1 structure A).

13

Thzs partx ‘structure accounts for the C amr’

'ffsxgnals at 5172.5, 171 .9, 117 6 and 105 3, as vell ‘as for |

1,

’Ythe, H nmr peak at 65 74 C1tr1colzc .acxd -forms 'a

I . R " o . .
. . : oo
) . , N
‘,\ . ) LT [
: [N .
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monoacetyl der:vative 15 when treated ‘with pyrxdxne/acetxc
anhydride and is reduced vhen treated with sodxum

borohydr;de, affordxng an a,ﬁ unsaturated ¥- lactone 14

Scheme 2 : Formation of acetyl- and deoxy- citricolic ‘a‘cld‘

a) Py'/ Aczb ‘
b) NaBH, / MeOH

-~ .

The 400 MHz 1H nmr spectrum‘and e;tensive decoupl1ng
2 studzes reveaA several"other ‘features present in' the -
molecule. Oleflnxc proton szgnals at 65.61 and 5. 46 ‘are
mutuill§ coupled (J=15 5 Hz) 1nd1cat1ng the presence of a
tPans dxsubst1tuted double bond Each of these ‘is further
., coupled ,‘to& allyl1c 3 meth1nes at 62,41 and“2‘13
_,respectively Each methzne hydrogen 1s coupled to a methyl

‘ group (61 07 'and f';°3'\ respect1ve1y) but not further

coupled Part1a1 structure B bearxng a quaternary center“

~at each end, 1s cons:stent wzth these data.

The olef1n1c proton at 65 74 is coupled to a methxne_;“

hydrogen »at 63 40 and th1s ‘in turn 1s coupled to a -

Z//;ethylene group (61 76 and 1. 62) The sxgnal at 81 76 is
further coupled with another methylene/group (62 01 and"

1 64). The nature of the fragment attached to the Y carbon

‘,—a—-—'.
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of the lactol ring is revealed by the 1H nmr of the . NaBH4;
;‘reductidn product C(RsH) The 7 proton szgnal at 84.64. is
coupled to a. methylene group (62.41 and 1 6) and also shows
long range couplxng to another methylene group (61. 89 and
1;73). IThe methylene sagnals are mutually coupled;‘ These'

daﬁa .are consxstent thh the expanded partxal strUCture C

"(R=OH) for cxtrxcolxc acxd

i E v S e R . e

| - | ST “-,;,)”.
The mass spectrum of c1tr1col1c acrd shows an 1ntensej‘

<fpeah__;,m/z 59 correspondxng to c3 70 Th:s along thh
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methyl”singlets‘et 81, 20'and 1.16 in the ' nor spectrum

‘and one at 672 5 in the 13

C nmr, indicates therpresence‘of

a carbon atom bearxng two methyl groups« and a ‘hfdronyl
| group (partial structure -D) ' The carbon spectrum also'
shows a sznglet at 884. 4,'whxch 1nd1cates 'that ‘the fzfth
oxygenj is. present, as part of a tertzary alcohol groupl

a (partial structure E) A quaternary methyl is appareog et

- 80.71 in the H nmr spectrum (part1a1 structure F).

B P N - T - PR

"+OH o C—+—C . ‘ C—+—C ‘ r"' .
*  CH3 ¢ ¢ .
D - E . F

D ~‘Analysis of the mass spectrum shows-that major' peaks

occur for C21, C18 and C12 1onst' The loss of C9 17O 1s the

,most pronounced fragmentatxon of cxtrxcolzc ac1d and 1ts N

Vacetylated and reduced derxvatxves.- This: suggests that thef'
9 170 un1t is present as a side chaxn on a C12 skeleton.

Ozonoly51s of cxtrxcol1c ac1§ provxdes a compound (16)'

TS

‘whzch has lost a sxx carbon unit, the C12 segment rema1n1ng
‘,1ntact "confzrm1ng thxs observat:on. The hrexms base peak;'
"has a formula C9H 6 and can_arxse v1a a McLafferty typehf‘

“{fragmentat1on by hydrogen tranfer from the C12 portion of o

r?’,;"p
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.the molecule with the subsequent loss . of HZO ‘Thbs‘
» fragmentatxon, whxch is szmilar to that observed vzth sone‘
lﬂ phenyl alcohols . 1s illustrated 1n partzal structure G, ”
“an expansxon of’ partxal structure B. Hydrogenatxon of
citrxcolxc acxd provzdes a dlhydro oo;oound,v18 whxch does

not show thzs type of fragmentatlon

’

Scheme 3.: Origin of base peak In maSs'spectrum of 11 ]

miz 124

'Tne facile loss of C9H17O ar1s1ng fronfthe cleavage

of a bond a to an hydroxyl group and allyllc to ‘an olef1n1c:

'bond,u’ is: also explaxned by G. " The structural unit G 1s““
'“'temznxscent of the ergosterol sxde cha1n and. accounts ;for-
‘ﬁthe part structures D and‘z Partzal structures ‘C and F

\'account'for'the remaxnxng eleven carbons. ,‘The varzousab‘
h:unfts' are loglcally assembled to nge three poss1b1e 75
Vf structures for cxtrxcolxc aczd 11 12 and 13 ‘ o
» 'W Structure 13 may be rejected after cons1deratxon of
*x;h' followxng .nOe ' experxment vbh;g cxtrxcolzc : acxd} .
‘a.Irradzatxon _of | hei_sznglet vmethyl group at 80 7 gzves aln

N

ff1 4x nOe of the proton at 65 74 Thls observatzon cannot'
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be accommodagea by structure 13. - Strncture‘12, on the

e

” other hand, may - be rejected sincé the observed
" fragmentation pattern is not consistent with this
structure. Compounds vith a four membered ring containing

. v

~two adjacent methylene groups usually lose a molecule of
ethylene in the mass spectrum. Bearxng in mind a . possible

bxogenetxc telatxonshxp vith the common fungal metabolzte

v

Qigoste:ol ,structure 11 for cztrxcolxc acxd is favored.

.In order to fully assign the ¥ nmr spectrum of -

f \ P . »
citricolic acid, a WPSY experiment33 was carried out. .As

. : L : , T
shown in figure 2 (bold line; shown for only one side), the E

(IS

PRt I

/ gide chain spin system, preniously dérived by sélettive
découpling experimenté; is« apparént“(see fig. 1).W Also
-apparent, (light linelfig' 2) as previonély derivedh‘is'ﬁhe
couﬁiing between the olefxnxc proton (65 74) aé& t e

methine at 63.40, whxch is further coupled to two protons

+ at ca 61.6. It is not possible to unambiguously.assign the

conp;ing'partners of this methylene (see fig. 4).

oy “ T l\.’ ’ .‘ : 4,
b - -

Flnur§ “1.-Side chaln spin system A

"
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Figure 3. Explnoion of COSY epectrum of citricolic-acid
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As shown in fxgure 3, the proton. at 62. 26 couples to

,/ the protons at Ca $2.0, 1.8, and 1.6 . Since at least three
! .
protons of this spxn system have chemical shifts other than
i \

1.6, they cannot\ be a551gned to protons present in the B

\‘rxng and must’ therefore form part of the A nng system as

v
sho\m in fxgure 5. \

Y
oA
N C

"+ Figure 5. Spin 'systex\ B

Ty T '
2.26 * 2°1\'\ » ] H R
H .

179 , 15\

to . simplify the agsigmﬁept

34%6.

eléted‘spectrum
The - signais

‘It should ' be .possible

problem with the aid of a '3

this‘,spettfum is Shqwh in~\£igure,

\

A

'.6,
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corresponding to methylene groups in the §1.5 - 2 0 reglon
of" the H nmr vere observed. | |
~Slices showing the vertical amplitude ofv the 'H

. spectrum for eachﬁof the ’3Cisignals are shovn in figurez7t
‘The isolated " signal at &2.26‘is correlated‘to the 13C
.signal‘at 35.65. Its.geminal couplingqpartner appears at
,l61079 ‘since the proton at 62}26‘ is _also coupled to\
protons at 62, 1 and 1. 64 'the” adjacent methylene group)
must be one whxch has a signal at '629.62 correlated to‘
those two proton signals. This aSsignment(is_’depicted in

figure 8.

—

Figure 8. 'H and '3C assignments for spin system B

2.1

Furthermore, the protons at 62. 26 and 1. 64 exh1b1t one
iarge gem1na1 o;uplxng constant vhereas - the protons ath
62:11.‘and ‘1.79 show twou,large _coupling constants as
_euidenced by  their appearance‘n as trzplets on' the
correlation‘iines. The . protons ‘whose sxgnals have the‘
-add:txonal large coupling constant must therefore be axxal?

and mutually coupled accordxng to the Karplus ru1e35'

\
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Figure 7. Vertical cuts from the *H / 12C correlation spectrum
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(figure‘9); L. .. o -

»

~

Figure 9. 'H and 13C assignments for spin oyhtefn B (steréo.)

Thelmethine at 63.40315 coupled to protons at 61.62
and 1.75. The methylené qafbon wﬁich shows cortelétion to
Ufhese téo 'protqhsl is"that Atr‘GZT.Zd; fhe femaining

_ pethylepe 7Athvproton signals at §2.01 and 1;6é'co;rglated
to the 13C“Signalvat 639.42 (fiéure‘?O).r The lowest field
methyléne‘proton at 52.61'must be cls.to the h&droxyllgrOQP

at C-"11,

Flgure 10. ' and "¢ assignments for spin systemaA
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Complete assignments for the‘1H and j3c nmr spectra of

1

“. compound 11 are ngen in Table 3. Treatment of citrxcolxc

'acid (11) v?th ethereal dlazomethane provxdes the keto

rester 17. Ozonolysis of deoxycxtr1col1c ac;d and reductive

.(NaBH ) vorkup nges the diol 16.‘:

The‘ assxgnment of the confxgurat1on of the C- 7 methyl
and c=11 szde chaxn of cxttxcollc ac1d was partly based
‘upon’ comparxson Aof the carbon 13 nmr spectrum of 11 thh
'-those of approprxatebmodel compounds, |
| - Compounds © 19a-c fwerel obtaznedv‘by degradstion of
"vitamin Dt36 13 7

The '°C nmr ‘chemical shifts essignments of

these compounds' are presented in’ Table 4 (columns 2- 4).‘

" The effect of substxtutxon of an hydroxyl substxtuent for a

hydrogen at C-17 or C-25 on the chem:cal sh1£t"of

¢
L

nexghborxng carbon atoms is shown in columns S and 6

respectfveiy. ' Whenﬂ bdth C-17 and C-25 bear an hydroxyl '

"subst1tuent, the chem1ca1 sh1ft of nexghbor1ng carbon atoms

may be jcalculated by combznxng the perturbat1on values‘d'

,fobtained fo; ‘the mono hydroxylated der1vat1ves. f These -

"calculated values are presented 1n column 7

’etgosterol (6)37 and cxtrzcolzc ‘acxd (11) with those

U_calculated for 1? 25-d1hydroxyergosterol (20) (us1ng theu‘
?Tfshzft parameters obtazned .,n‘,taplevge)'are,ptesentedAlnfl}
f;”Table s.,i»f_‘ L 'i"‘" [ "dd D
The .correlatxon betveen the predxcted values for the‘

‘ffmodel compound f 17 25-d:hydroxyergosterol (20) and

Comparzson of the observed chemxcal “shzfts for



Tablg'a . Nuclear Magnetlc Resonance Data for Citricolic Acid (11)
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Table 4. Calculation of the effect of OH substitution on 13¢C onitts

C-no ' 19a

12
13

1

15
16
17

‘,:lsif

20

22

24

.

o

21
3

25
26

. 40.25

42,10 -

51.55

22.80 .

27.15

56.75

13,10

35045 .
“18,70‘
3610
'23;9bi,
3§.6§ 
28.05

B 22.60

27

22.80

9B
33.40
4760
- 46.05
21.90
37.95

15.85

32,40

86.20

25.65
39,40

\gos ‘
- 2h.50
B

22.80°

39.20
13,95

6b-69

-6.85

.5.50
-5.50

"‘; -0.90

10.80
29.45

-4.75

-3.95
.75

0.25

L 2:75
375

OV SR

)

‘6c-6a

0.35
=-0.15

1.25
" 0.15
0.10
0.15
-0.50
SO
"53.6§ ‘
0l

~-0.10

o010
" 0.25¢
~3.00

.. 4.85

. 2,90
- =0.10 ' -6.60 .
s eso

~6.50,

5.35
-4.25

-1.05
10.90
. 29.60

3.25

=3.70

~1.25"
5,10

eziso’

650
6.50
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Table 5. Comparison of. the 13C nmr of 11 with the calculated nmr of 20

Cmo 6 (200 - cno 11
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cxtrxcolxc acid (11) xs quxte good Tnevoverall agreemen;fr

‘between predxcted" .and observed ~values suggests ‘tne

= relatxve stereochem1stry of 1 ‘and 20 to be the ~same, i.e.

trans t:ng Junctlon of the c- D rzngs and cls relatxonshxp

‘ -between the c-7 methyl group and the sxde chaxn.‘

The relatave‘.stereochem1cal assxgnment wvas confirmed:

. ' -

by a nuclear . Overhauser effect (nOe) experxment
Irradiation; of the %methyl group at C=7 results in a 3 8%

sxgnal enhancement of the proton at, C 13 as well as a 1 4%

noe to the proton at Cc-2." " This confzrms the ] side chazn“

configuration.‘ Inspectxon of molecular models reveals that

.the Cc- 4 hydroxyl group must be in an qxxal or:entat:on “the

[
|

‘t51x—membered rxng 1n a chaxr conformatxon WIth a trans rxng

‘fus1on ”to the . 5~membered rxng. ” Thzs‘ is"the only‘
conformation 1n whrch the c- 2 hydroggn is in proximity 5tog

‘the C 7 methyl group Therefore,,;he stereocb!mistry must

be as_dengted 1n111a;‘

.————

- 11a
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_Reduction of citricolic acid with sodium' borohydride
giVes deoxycitricolic acid (14).' One expects the hydride
to be delivere? from the alpha face of 11 because of_nthg
beta axial’ C;7 methyl '‘group. Thus deoxy'citricolic acid
should have the stereochemxstry shown (see scheme '4). This_

is indeed the observed stereochemxstry for 14 as evxdenced

b}é;; the 2 Hz coupling between H~2 with both H~4 and H-8 _in
. ' ‘ ! ‘
"W nmr spectrum of 14. . ~

the
‘ )

A
Scheme 4 : Reduction of citricolic acid with stlum borohydride

1\ ! “. 118

- 14a

- The absolute confxguratxon of citricalic acid (10) vas '

38

detetmined us1ng the laccone sector rule. The rule is

empir:cal and similar to the ketone ocﬂant rule,39 but wﬁth 2

~inverted quadrants. " The sign of . the Cotton effect can be
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predlcted from the superxmposxtxon of lactone quadrants to
a conformational drawxng of a given absolute. configuration.
Figure 11 shows a partxal draving of 11 for the absolute
configuration as seen along the C-1 - C-2' bond axis with
the molecule in the rear quadrants. S;nce the chxtalxty of
»the lactone ring determines the sign of the Cotton effect
one would predict a positive Cotton effect for this

configuration.

" Figure 11. Lactone sector rule applied to citricolic acid

OH

4 . R

Another empirical method which employs .cafcular‘

dxchroxsm data redﬁires~¢supérimposing the tvo ketone

octants correspondzng to the two "ketones' of a lactone.4°'

- -

One thus derives the followzng octants, vhere .theﬂ Zones
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\‘ P ' ’ ‘ : . ! A -1.
denoted (++) and-(--) receive the same sign ‘contributﬁon
from both ketone octants.

e e

[ ' ) . ad)

+*r

Application Qf this method to 'piﬁricqlic acia, as
.shgzy in figure 12, also»predicté'a'positiVe Cotton effect
" for this absolute configuratibn._7 Measdrement of the

circular,.dichroism of ,citricbiic’ acid shows a strong
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‘ positive Cotton effect at 243 nm . We therefore conclude

that the absolute confxguratxoh of citricolxc acid is ‘that
shovp in: 11a: . B ‘ , A |

The structural simiiarity betueen citricolic acid (11)

and ergosteroll (6) vas‘menfioned above. Bdth ergosteroli

‘and cerevxsterol {8) have been 1solated from - the mycelium

extract of M. citricolor. This suggests that ergosterol

(6) may be the bxosynthetzc precursor of cxtrxcolxc acid

,(11) Fungal steroxds oxygenated at both C-6 and C-9 have

been reported. For example, the three steroxds 21,722, and

23, vwvere Asolaked from Polyporous versicolor, the European
41

vood rottxng fungus.

21 R=H y . 23
22 R's CH, |

Hydroxylatibnv of the steroidal side chain at'c-25 is

d;42 however, to the best of dur knowledge, no

precedente
compound with the ergosterol side chaxn bearxng a C-25
hgﬁroxylusuSStituent-is kuown. '

It 'is possible that citricolic acid is derxved by

oxldatxve cleavage of a ring B oxygenated precursdr 25,f
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~

similar to 23 as illustrated in scheme ‘5.

An early reportgd"dégradation product‘of‘cerevisterol,

the C-5, C—6‘dih§dfoxylated derivative of érgosterol,. is -

aldehyde 27.43

 HOW,

27

More recently Christiani isolated a compound derived
from ergosterol, by degradation with ergosterol-oxydase.

'He proposed structure 28 for this degradation product.44'

To * the best of oﬁ; .knowlédée;'tﬁe carbdn_Skéleton
found in citricolic acid (11) vhébi~hqt been VObsétyed
' B ’ ' ' ‘ 7 \ - ¥- b : :
S N

!
i



Scheme 5 : Possible blogenesis of citricolic acid (11)

44
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pfeviou§1§. in  a 'naturs}if Qccuriné compcund; v:Very
.recently, the sinilarly deéraded steroid 29, which lacks
‘the methyl at C~24 (steroxd numberxng) and which possesses
a dxjferent oxxdatxon pattern, has been isolated from a sea

n

: hare.45 K . - .‘ -

A ccmpound with molecuiar formula C11 18N2°2 was also
isolated vfrom the culture: broth. It was 1dent1f1ed as’ the
'cyclxc d1peptzde L—prolyl L- leucyl anhydrxde - (30) , the
. basis of the followzng 1nformatxon.,.The molecular veight'
of 210 was conf1rmed by clms.“ Its 1r spectrum ‘shoued the
'»cpresence_ of . am1de carbonyl absorptzons .(1670 and 1635
‘cm'j) "1ts H ¢ nmr spectrum dzsplays a signal at 5 79 ppm -
”(bs) attrxbutable a’ secondary am:de proton. Select1ve |
" decouplzng experxments estab11sh the presence of.;sp1nr
"1systems A and B. . " L | | “
The mass spectral fragmentatxon pattern (scheme 6) ‘ef<

‘fcompound 30 agrees w1th the assxgned structure. Comparlson

‘;Zof the spectral data s“of an authentzc | sample ot

oS



Scheme 6 : Mass spectral frggmentat!dn"bl 30

ox Tt

46
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‘ L-prolyl L- leucyl anhydrxde with that of 30 confirmed thezrf‘

identity, o S . f_ S w..

Thisu ‘eyclic dipeptide,. (as vell as 'other -

diketopipe;aéines) has been 1solated from ‘a number ot

sources, 1 e., culture fxltrates of several bacterza,46 as

an insecticxdal 'metabolxte of Asperlllus orchaceus and

"Oospora destPuctOP (pathogenzc fun91 of szlk worms) 47 It

i

vas also reported recently from the blue . stain fung1 ‘C.

‘ clavlgena.48

A strongly uv- actxve compound (Rf‘ 0. 35 methanol ’j‘

‘ )
chloroform (7 93)) was isolated from the broth extracts.

It has a molecular formula of C9 10 3 (hrexms), and hence 5

unsaturatxons. - The base_ peak in the ‘mass’ spectrum

1nd1cates the loss of CHZOH from the molecular 1on. the lﬁ

"nmr‘ spectrum drsplays a methyl 'group (62 36 ' s), an
1solated methylene bonded to oxygen (64 68 s), and trans

‘olefzmc protons (86 65 ‘7.'30,’-.3* - 15.5 Hz) ., 'I'he ir

—~ o

»spectrum shows a. conjugated carbonyl absorpt1on band ,at,

P

-1

, '1682 cm .}‘ These data ‘leave C4H20 to account for the .

‘;remaxnlng 3 unsaturatxons and th:s ra suggest1ve of a";

.dlsubsfztuted furan.”‘

.further examxnatxon of the 1H nmr spectrum reveals‘

v

“dthat the proton sxgnals from the olef1n1c £ragment exh1b1tfj‘r
‘no £urther coupling and must therefore be adjacent tofd'
.'quaternary centers. ,‘Th furanoxc protons have chemzcalt'

?f{shifts in agreement thh those expected for C-3 and c-4 ofﬁf”

‘r_the turan ring.;l Protons at C-2 and C-S would be further;if
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: ; B ) W ‘o‘ o J
—CH3  —CH,0H ety
e e I O
S . M o o

'.'dowr)field., This information aljows us to,’p:"‘opose,31 as a
' possible structure for this coopoundf'

—

M\
'HOHzc ‘o / ‘ 0
31

A s1mxlar1y subst1tuted furan, compound 32 has. been’

1solated from the roots of the broad bean (Vicla faba).497ﬁ_.r

oIts stucture wag’proven by synthesxs vla 1ntermedxate 33

Compound 33 has very s1m11ar spectral properties (uv,lf“'

’”if nmr) to the compound whxch ve 1solated confirmingﬁfoo

A 3

"\hstructure 31. Furan 34 has also been 1solated from the‘; 17

’ffwbroth of M cltrlcolon and may be a b;osynthetxc precursoﬁfﬁf"



. to 31,  This‘ is .the first'réport'of this natural product

(31) in fhe ¢hemicalulif§ratﬂre;'

a

HOH2C
) -
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Several otherv‘mihor metabolxtes vere isolated and

\identified. Their structural assxgnment vas unambxguously

established by comparison vxth authentxc samples. " These ;
S :

,

metabolztes, compounds 35 to 39 are shown below.

C1t is notevorthy that 34 and 39 " have also been

‘xsolated from the broth extract of several fungx grown in

th1s laboratory uslng potatoo dextrose broth extract as the

"_growth medlumv, At times they have been 1solated in very
| szgnxfxcant amount (up to ca 100 mg / 10 L of medlum) It4

. is therefore lxkely ‘that | th@y arise vla degradatxon of

‘sugars in the growth medium and may ot be produced in

’leaves.vjf;

nature by the fungus ’ | ¥ =

" *B. Leaf spot bioassay

o o g ' ' . o
When'u the metabolxtes 1solated from M. cﬁtrfco?or‘ were

:";applmed to coffee leaves, no dxsease'-lxke symptoms Vere'

giapd’

\observed The crude organlc extracts also failed to showf"
fany act1v1ty. However, the aqueous broth (before and after:,
. extractxon w1th ethyl acetate) ‘was found to 1nduce t1ssue3

‘g‘1e51ons very 51m11ar to that observed on. funga‘ ;nfeeted”

I

At about th1s t1me, Tewari and Rao observed crystals Y

£Ormed on agar plates cult1vates of M cltrlcolor.‘ Theseg‘f

icrystals were 1dentzf1ed as’ calc1um oxalate.’



CHO

- OH
35

37

V‘H3C‘

HO'

CH;3

38
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Sub§aquently, 'oxalie acxd was found to be present iﬂ
the broth by precxpitatxon with ' calcium’ chlorxde and
‘identification of the,precipitete as calciﬁm‘oxélate; ﬁﬁen
a 0.2% agueous eelutiOA of oxelic acid ,vas“applied to a

~60ffee leaf dxsease—lxke symptoms appeared 'This suggests

i
-

that oxalxc acid may act as ‘a calcxum sequestering ‘agent
and that thxs results in txssue degradatxon. ‘We‘subjecfea»
“other polycarboxylxc acids which could‘also form chela;es
witﬂ calcium‘tquﬁe leaf spot bibessaf;‘ Ali po1ycerb6kylic
aeids-tested produce similarISympfeﬁSnbn coffee leaves.

| We therefore( believe that the dlsease expresszon on
coffee by M cltricolor xs poss:bly caused by organxc acxds,
such as oxalzc acid ,br others ‘ and‘that'thexr mode of
‘actiQn‘ré exther or bo;h chelatxon df‘calcium / 'magnesium,‘u
A‘or lowering ofiltﬁe tissue. pH. wOrk is CUrrentlyAin

progress to elaborate on th1s hypothesis.

o~

o v
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) I111. THE BLU% STAIN DISEASE OF LODGE POLE PINES
\\ ’ ' ‘ 0

A. Synthesis of ceratenolone ' ‘ , ‘

"

In  our approach .to the synthesis of ceratenolone (1),

. *
we envisioned diketone 43 to be a key intermediate. Two

steps, a form}la‘tiog and a ,\dehydrogenétion, would then be
required.  Ceratenolone could be prep;fea from either enone

41 or a-formylketone 42, b  of which can be derived from

~ the common precursor 43.

Scheme 7 : Proposed synthesis of cerateholone
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Compound 43 may be approaéhed via several different foutes.
| Tpe "acyclic” apﬁ}oach is shown in sgheme 8. It involves
either an intramolecular acylation (with 44 or 49), or .an'’
‘intramolecular Michael addition (with 46). Each of these
intermediates should in fﬁrn be reédily available from
'simple‘precursors.
The "cyclié" approach is -outlined in scheme 9 and
‘.involgesithe usé of .a- 2-subst§tgted 1,3-cycloheiahédione
(52 or ° 53). | For intermediate . 52, the Additional
gubstitﬁent at C-2 may be infroduéed by alkylation. ﬁor
intermediate 53, the substituent may be introducgd by
Michael addition ¥0 a suitable Michael ‘acéeptdr f}e:g., a
vinyl sulphohe. In practice, alkylation is the mogt direct
approach but is “geﬁerally inefficient. The Michael
addition of B-diketones proceeds efficiently. However, it
will requiré additional Ittanstormétiopsv to convert the
Mgchaelu adduct to an ethyl érouﬁ. Cyclohexanediones 52 or
53 can be prepargd.from either an acycliE (54 or 55) or
.cyeclic - (58) precuréor. Both the acyclic and cyclic
. precursors should be readily availablelfromysihple starting
materials. 4».‘ i

Amohgstﬁ the wvarious fﬁrdutes Availablé - for fhe
é#gpgration 6f,f3; ve decided to direct our initial efforts
to the synthesis of{52, as ‘outlined in scheme 10. This
appeated to be‘tﬁp most direct and sjmple route to 43 since
alkylation of 52 with iodomethane would then afford 43. Of

the ‘tqoﬁ?pttategies available".for,the preparation of 52,



Scheme 8 : Acyi:llc spproach t6 43
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' Scheme 9 : Cyclic approach to 43 ,

+

R
‘Halcl Y o
oy
53 R = CM,
IN R
H3C H;C 8 (o)
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i.e., either from enone 54 or dione 58, we decided to optf
for  the latter," cyclic approach. ' This route ‘ is

experimentally the simpiesf;"tond‘ will allow for ovlarge_

scale synthesis to be developed.

5
. '
'

Scheme 10 : Initial approach tq 43 ‘

CH3

CH;.

© H3C

Previgusly the 1sopropy1 analog of 58 58a, ‘has . been
‘prepared from an enone precursor as shown in scheme 1. 50

 We therefote dec1ded “to prepare d1ooe _58 in 'an

*”Vonologoos way."

" The attempted preparat1on of enone 59 by aldolv

‘condensatxon of acetone thh 2-methy1 butyraldehyde (48)

',produced a complex mxxture of products.» Th1s result 1s not

‘"surprzsxng since 1t is -well known - that zacetone ;ead;ly

o



. Scheme 11 : . Synthesis of an analog of 58 '

JEpSRU-U

M3 C

- §9a

. 8) CHy(COOCH,CH;),; NaOEt, EtOH
b) KOH, H,0 ¢) HCI, H,0

‘ ‘ t . , ,
undergoes self-condensation and “that aldols involving

51 ror

acetohei Usually proceed\ in modest yze}ds at best.
'example,‘enone -59a was preéared in-this ay albezt in :on?y ‘

0 20% yleld (Scheme 11). 52
4 Ehone. 59 may alSo be. prepared' with lihe" Wittig "
“reactxon, us1ng Emmons reagent 61 as. an acetone equxvalent.
Indeed when compound 61 (prepared from chloroacetone)53
reacted wzth aidehyde 48 on product enone 59, was’

.'obtaxnéd in very good y1eld (93%)

' "v o o

| : ' " | |
. L o ;C ‘-—OCHzcﬂs ‘
L o M " OCH,CH; “CHy
o e |
| Cmy NeoWe MeOW oy

o , I . , -

a8 T . T g




59
' The 1H nmr spectrum of 59 dxsplays a sxnglet (82 33)
-'for  the methyl ketfne and two meth1ne protons (66 02 and
| 6 66) The multxplicity of the methine' signals (doublets
of doublets vxth one J ‘fc 13 0 Hz)‘ establlshes‘ the’
t trans-confxguratlon for the C= 3 c- 4 double bond -
Further treatment of enone 59 w1th dxethyl malonate in
the presence of sodxum ethox1de in refluxxng dry ethanol

followed by hydrolysxs (KOH H O) and decarboxylation (HCl)

efforded the des1red cyclohexanedxone 58 in 69% yzeld.

7

4

CH; 8, b, c

' chl

59

a) cn,(coocnzcna)z. NeOEt EIOH o
b) KOH, H,o ©) Hel, H,o , .

| l»%he H‘;mr spectrum of 58 shows s1gnals correspondxng
. to e ca 1 1 m1xture of tautomers. The s1gnals at 68 7 and r'
o 5 43 correspond to the hydroxyl and. olef1n1c protons of the..
_ enol’ form 58b respectxvely, whzle the sznglet at’ 3,40
'ﬂlcorresponds to the methylene protons of the keto form 58.
Having prepared the desxred dxone 58 1n Asatzsfactory1
“lyield the problem became that of 1ntroducing an alkyl;rf
.}substztuent, either methyl or ethyl , at C- (Scheme 9)%55
'fﬁc-hlﬁylation of ﬁ-dxketones has been a long stendng e

R

— -



- B-diketones."’

H3C”

problem’ in “organic synthesis.’s4 Recent .methods of

“C alkylatxon nge good ylelds with acycllc B dlketones,55

but these methods still produce ' low yzelds‘thh,cycllc"
56 - For example, methylatxon - of
» ' " . l .

cyclohexane;l 3-dione ‘(64) 'pfoceede‘ in 54 56% yield, 57
‘while S-methylcyclohexane 1,3~ dxone (66) affords 48% y1eld,w

of productsa‘

and- d1medone (63@) is methylated in_ 70%

:‘y1eld 59 As well C-alkylatxon with an ethyl group proceeds‘”
'1n an even lower y1e1d 1‘36;- example,: ethylatzon 'of' 
ﬂcyclohexane- 1 3 dxone nges 68 1n ca 30% y:eld 60 .‘
One alternat1ve to szmple alkylat1on of a ﬂ‘diketone“‘
n‘xs the meﬁhod developed by P1ers and . Grierson :1:°’ﬁ‘
1ncorporatxon of an alkyl group between two catbonylj

: groups.é? The method outlxned 1n scheme 12 4nVOIVes thee

“erch reductzon of a resorc:nol methyl ether 69 f‘llowed‘

fby generat1on of. the an;on u51ng¢ teFt butyllithium  jend.'"

ﬁ'gvsubsequent quenchxng w:th ‘an 'alkyl iod:de ‘to give 70

~5ubsequent hydrolys:s affords hzgh yxelds of 2-substituted L
‘ Y R

'



.0 .
 54-56 % CHa
o
64 " 65 !
a8 %
H3C '
66
70 %
63b
30 %
s : _
‘}cyclohexane-1 3-dxones (71) , Thxs alternate alkylat:on

4,1sequence is however, not appl:cable to our’ synthet1c route.d
Two consecutxve alkylatxons are necessary in thevd“f

f“gttansformation of 58 to 43. : As the 1ntroductzon of anw«‘

decided f 1ntroduce the ethyl group- 1n the fzrst‘

61

fethyl group 1s more dsz;cult than ,’ methyl group .*uegf*:ﬂ

A
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Sche‘me v12‘ Me‘thod'ét le and Grierson

ocn3 “ . ocu;. ocHs ' o

OCH3 :

‘.69:" IR 70 R ¢

‘ralkylat1Qn.d

In order to opt1m1ze the ethylation vconditions, ve
HundErtook . a E study of pthe alkylatxon  of
cyclohexane 1, 3 dlone (64) thh 1odoethane.b‘ Treatment of

- 64 n water - dxoxane w;th sodxum hydroxxde, followed by-.

‘,treatment thh 1odoethane afforded the c- alkylated dzone 68

‘1n a modest yxeld (42% l1t (56b) 30%) Thzs result p;usv

jyrthe poss1b111ty of recycllng the 0- lkylated portlon, dwes

f'd‘encouragxng ‘ However, when the same condltxons were@;

'tappllea to d1one 58, two maJor products were 1solated.. The;cf
L‘fde51red C alkylatxon product 52 was obtained 1n very‘poorrr‘
T?Yzelds (9-19%) | The ’ nn'- spectrum of 52 sﬁows h ‘“‘

'“f presence of a tautomer1c mxxture of diastereomers., A broadffi

‘ 31nglet at 67 2. and a quartet at 62 30 correspond to-fthe75

*hydroxyl proton and the methylene ot the ethyl group of theVp;

ji,enol form 52 whzle: two trxplets at 83 25 and ' 3 28j‘g

=2

i}fcorresp0nd to the d1astereomerxc a-methine protons Of thefff

‘5,?keto form. The other product obtaxned in 35 4$xp_y1eld:gn”
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' 4

{was the O?aikyleted‘dione 73.“ The 1H"-nm'r spectrum of 73'

displeys an olefznxc meth;ne (65 38) and an 1solated ethyl

. group (quartet at 54.92 'and triplet at 61.39)t Hence, .

;O-alkylation was. the predomxnant'reaotion product.

‘.ch'

Etl, NaOH
.’ i | 'v . +
©--"" 'Dioxane/Water

'H3C

RS Attempts to 1ncrease the yxeld of compound 52 by'
: 1

”Z”employxng pro%onged react1on tzmes, or excess 1odoethane,”

?73 and polar decompos1tzon products.‘ The very low y1e1d of -

[SNpe RO

”}*t-alkylatzon product makes the proposed recyclzng process ‘a

\Q;fvery 1nef£1c1ent one. We therefore decxded to abandon th:sVF'

7_‘. c

: ffsequence.

f5\7resu1ted 1n 1ncreased amounts of the O-alkylatlon product;‘



\

Sy t

o Incorporatzon of the ethyl ‘group in the dxone molecule“

I .e., dione 52, avoids some of the problems inherent in the

C—alleation seQuence.“Dioné 52 can be derived ffom _enone

54 by a serxes of reactxons analogous to- that employed fo:

iy

- the preparatxon of d:one 53.0

~CHg
H3C” Hsc‘

We consxdered ‘the ~use of an aldol réaction'for the
formatxon of enone 54 Howegg;, ve 'antzcxpated that an

acid or base catalysed aldol may yield the undesx:ed enone

. 74.°] y o
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o
.

| For th1s reason, the dlrected aldol reaction was

62

employed Thxs method of preparation of 54 vas preferred

over the 'Wittxg method” since the requzred Wxtt;g reagent

o vould not be readxly avaxlable. Thus treatment. of ketone

4 4

56 with one equxvalent ‘of lzthzum dxzsopropylamxde (LDA)

:(tetrahydrofuran (THF), —78 ), followed by addxtion'of

‘_aldehyde 48, afforded, after quenchxng w;th saturated

NH, Cl hydroxy ketone 75. The crude alcohol was dehydrated

"vzth p—toluenesulphonxc acxd in benzene (24h) 1n the

“presence of molecular s1eves to yxeld the desxred enone 54

in 85- 90% yxeld Thzs method of ‘dehydration was chosen

over, 'the‘ more classrcal Dean Stark trap procedure becausei‘

"1t afforded a cleaner enone.

'v;¢gy The ‘1H nmr spectrum of 54 d1sp1ays two trans olefxnlc‘

5

.““5

. L
TR

- CHj

%) LDA, THF b) 48 ¢) PTSOH / PhH / Molecular Sieves

; eyl
o

protons (66 07 and 6 74 dd J = 16 0 Hz) and a methylene*f

‘tnplet (az 51) | | RS '

Wzth enone Si Tin hand we applxed the reactionr,:

condxtxons used for the formatxon of -58. ,Condensationlofff
e |

C A AR o R '-"x‘v-'“E"""‘,‘s-: "‘3111‘
o C ’ o ’ L e I “‘. \ ' 9 :

o
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enoned 54 with dxethyl malonate and NaOEt in refluxxng dry

ethanol for 'two hours, followed by base ‘hydrolysxs,

, afforded a magor product whose R (tlc) and spectral data

#

dzd not correspond to those’ expected for dxone 52 The','r

spectrum" of thns product.‘ shows - absorption, bands

'characterzstxc of a carboxylxc acid (3400 2400 cm 1),, The

':hrexms nges‘ a formula of C12H2203 forvthe‘moleculer‘ion.

The H nmr spectrum displays no olefznxc signals. Thef‘

spectral data ' are consisteht thh structure 76 for thxs
- product. - . |

[ ' ©

54 N
.76

a) cnz(coocnzc:13)2. NaOEt, EtOH
B KOH, 1,0 o) He, o T T

§

\'hydrolyszs of 1ntermed1ate 78 (see scheme 15) In order toq_f
:e11m1nate ‘h hydf°1YS15 8tep,‘“ﬁe env1s1oned us:ng an”d"
”i‘alternate condensat1on agent. One . such reagent repleees a{f?
‘d;ester group of d1ethyl malonate' thh a carboxylic ac1dij:
j‘ éait.- Add1txon of reagent 82 to ‘enone 54 should g1vefjh
‘1ntermed1ate 83 whlch should read1ly decarboxylate, upond:i

(“protonat1on, to afford 52. Thus,'a, mlxture of monoethylt,.

. N
Yo . . LI Lo T [ .
e : SN MR
. . ) . ) ; e,

‘We cohsidered that keto aczd 76 may arxse by basxc"

/
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AL

pot&ssxum malonate (82)63 and enone 54 was refluxed gﬁ

absolute ethanol for 24 hours to effect condensation. Upon

1

L . 67
e . ) ,
(/

f

acidxfication of the hot reaction mzxture, decarboxylatxon

ochned spontaneously giving d}one 52 in 65% yxeld (based

however,

'We.

| Michdel

. on recovered stgrting material). The actual yield'

r

substantially lower. (26%) owing to the poor

' éolubilityjof monoethyl potassfum malonate in ethanol.

CH,

e ‘
KooC COOCH,CHj . CHg COOK

A
i

investigetea "the stepwxse format1on of 52, i. e.,:

addition

followed by Dxeckman condensatxon. A

4,]sxmxlat sequence had been used by Paquette and Doehner 1n a

‘;synthesxs of phellandrene (87) and is out11ned1 in scheme

13.6$ Theyu utxlxzed a method 1nvolv1ng metallatxon of th

ketone Nngdxmethylhydrazone and convers1on L 1nto i 1t].

e

'cuprate form 84 by react:bn thh cuprous tﬁﬁopben xzde. A

much simpler method fot the preparat1on of analogs of 85'

N r“

:involves the use »of magneszum monoethyl malonate (89) as

. wh%‘x

the M;

B et al

\

ael donor.,

§

or .the

Thrb reagent‘was developed by McMurry \

1ntroduction of“an acetate synthon to the'
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B-position of a mono-p-substituted enone (88) to give a

keto ester (90) as outlined in scheme 14.65‘:

Scheme 13 : Paquette's synthesis _ob phellandrene (87)

o . MeoN . '
. SN.u o g
' t . CH,
OCH,CH, _\/k/ct.spn
’H:‘C . B4 H,C COOCH,CH;
CH,
' . 85
S - NaOEt "
o
, CH,
e I R L - Hac ’
0
" CH; .
86
- g \
[ " ' . . ' o N
L
COOCH,CH; -
%0 ‘“1”\
N : >'j~';.
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We deékded to apply chMurry's method ‘to enone- Se.
‘ Thus, treatment 6f 54 with maépesium‘monoethyl.malonate
(89)66‘in dry dimethylformamide, followed by acidification
afforded carboxylic acid 91.  After heating to effect
decarboxylation;‘keto ester 92 vaé.optained in ,very.‘gbod
‘y&eld. Its ir speétruﬁ shows thé absorbtfoné for the ester

~angd ketone carbonyls at'1734 and 1715 cm'1 respectively)
The 1H7 nmr spectrum\ of 92 displays an isolated ethoﬁyi

v . ! \
group (64.11, q, coupled to 61.24, t). .

N (o)
h ’ CH3
CH3 H3CCH,0 ' '
/’ '. 89 K Hsc COOCHZCHQ |
| CH; COOH
o ‘91
S 8 | heat

‘Subséqueént . Dieckman ‘éonden§ﬁtion of 92 using sodium
'éghbxidgjingtolﬁeng'/‘éthanoi"afforded”theAdgsired~didhé,52
in 64X yield. € Lo

+ ) . N

*
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H;C

Since compound 92 could be converted to dxone 52 under
bas1c condxtxons, we conclude that compound 76 may arise by‘
the hydrolysis of 77 ‘and, subsequent decarboxylation of

—
intermediate 80 as"shown in scheme 15, 1If such .is indeed -

the case,gthe formatzon of 76 wzll be avo1ded by 1ncreas1ng :’

the reactxon txme for the Dxeckman condensat1on of 77. The

i

slower relatxve rate " of the D:eckman react1on for the
propyl ketone 77 vensus the methyl ketone_gl_ls, reasonable

‘due to the added steric bulk 1n the former case.

The condensat1on of enone 59 and d1ethyl malonate .foﬁ ,

'l12 hours gave keto e§ter 78 in 80 92% yxeld The H nmr

" spectrum of 78 shows 1t exists as the enol tautomer. It

it\splays quartéts for the methylene protons of the ethoxylp
and the C -2 ethyl group (64 25‘and 2. 31 respectively) \
f.well as an'enol1c hydroxyl proton (broad singlet,. 68 9)

o Treatment of d1one ester ‘Z?V wzth aqueous potasszum, -

.uhydroxxde under reflux- for 12 hours, ,

workup,_geve;ﬁ;onep§2 in‘excellent'yield

followed by acxd7”'“
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Scheme 15 : Formation of 76 and 62 from 54
"0

CHj CH,

COOCH,CH;,

cuz(coocu,cr«:,)2

H3C Hac

CH; COOCH2CH3 .
77

H3C N H3C
\ ) } ® . .

CH3 COOCH,CH; -

78

koI | )

CH3 COOCH:CH3
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H3C

““CH; COOCH,CH,

‘ o 18,
'18) CHy(COOCH,CHy,),, NaOEt, ‘EOH o

. . . ’ '.-.."
Y ' b o : " ' ’ ' ‘f@

KIS

PRET A N
Ay Sy l_l'li).~‘ “r

" 1) KOH / water

—

2) H’ ‘ ‘ H3C

. CH; COOCH,CH; -

78 ‘ IR ‘ 52

.

In | summary,.‘ the preparatxon ,fbff' dlone 52 by;'

.

condensat1on of dxethyl malonate thh enone 54 fo})owed by .

R

hydrolys1s ' and decarboxylatxon‘ is the most effzcientle

-
method

n

It 1s nou necessary to 1ntroduce2the quaternary methylfV

group vla an alkylation‘ reathon.;“ In addxtxon to the

1nherent dszzcult;es of thf Cﬂelkylatzon of a cyclzc"

B dxketone (v!de Infra),\ there 15 another problem°‘ ef‘

€

r2, 2-dlsuo§t1tuted-
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).

67 Hence relatxvely hzndered

to ‘nucleophilic ring cleavage.
bases must be used for the elkylatxon to prevent this sxde‘

Al

' ‘teaction. |
‘ Introduction of a methyl group 1s a reasonably facile
‘C-elkyletion process. Good yxelds of 2,2- dlalkylated dione

can' be ;obtaxnbd even v1th nonhzndered bases such as’

68 )

';ﬁotassium"methOxxde. . This can be accomplxshed'without

‘szgn1£1cant rxng cleavage. When the C-2 substztuent is not

a methyl group; however, the rate of alkylat1on decreasgs

69

‘substantxally ‘and s1de reactxons predom1nate.. For th1s

reason, bulk;ér bases, such as pota551um tert butoxxde, are

generally used 70‘ T ,: IR

P KOMe, MeOH
LN S Mel, ah R
2 i ;o T e - “f
L 65 . 93 "
) | 1-11,‘ i
e 3 0. . ‘ w . :
_ :"fiﬁs a model system for the second alkylat:on step ofﬁ}'s
'T.Sé;; we looked '!fthv format:on  ; f 2 2~d:methy1-g;'k
1 3-cyc1ohexaned1one (93) from l ieh 2-methyiﬁj*

cyclohexaned:one (65). therature reports ind;cate thatfi;[

' ke use ofﬁ :

Rpotess;umwgtert-butoxade ,;nff tert butyl’ 1e1eo§olff-ﬂ;t§ﬁf*ﬁ



.iodomethane as' the alkylatxng reagent.

“When dzone 52 was treated vitn ibdomethenex:and
3

potassium“tert-butoxide in anhydrous tert- butyl alcohol,
tnreei productS'gvere obtained The deszred dione 43 ~as

' obtained in low yield (30 cox) Its ir spectrum shows

absorptzons at 1721 and 1694 cm -1 for the dxketone. The H

- nmr. spectrum of 43 shows a singlet at 81. 18 (major‘ isomer)

N \

and one at &1, 15 (mxnor 1somer) corresponding to the
quaternary methyl group ‘of the two sets of d1astereomers

where' the methyl group 1s cls and trans to the sec—butyl

\

- 3
Side chain., The undes1red O-alkylated product 95 vas. also

t.

formed but in relatxvely low y1e1d.
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In addition to the C- and O-alkylated products 43 and
| 495,‘ a third product was isolated in - varxable yields L

‘ L]
(20 50%).  Its kir spectrum shows absorptions at 1733 and

1712 cm -1,

characteristxc of ester - and’ ketone carhonyls
‘respectively. .:The 1H nmr spectrum shows a singlet a 63 65d
vcorresponding to,a methoxyl group but 1t does not show a’
methyl ifnglet.v Structure 96 . was assxgned to thrs product B
hin accordance with. . the, spectral data obtaxned Thxsﬁ
assxgnment~ uas;‘confxrmed later by comparxson ofrpits

spectral character1stxcs w1th those of another, keto: ester

SN e ’

“.(98) prepared“by a d1fferent route (vlde supﬁa)
‘ The presence ‘of keto ester 96 canl be explained::as.

.111ustrated iﬁ scheme 16. As dxone 43 fis generated, the"
‘ja,a-dxsubStxtuted B drketone, bezng ver ) susceptxble |

.nucleophxlxc rxng cleavage' by hydgoxlde 1on, reacts toe |
\i produce keto acxd 97 Thé 'rgsu1t1ng acxd can’ then 'beld‘
:1methy1ate8 _under the' reactxon condltzons, to yxeld ketos”d
.ekester 96._ pfn;4{3 5J? gf“t%fVuh dw e '; | e o
; When precaut1ons were taken to gUarantee the r:gorous o
hfexclusxon of any hydroxrde, i, e.,~' redxstzllxng heff
,"--;’j'ter*t butyl alcohol from potasswm under‘rgon and;'\j‘:."':l}_.

Lﬁgeneratrng the potassxumgitent-butoxxde I sltu fromfyg

;;gpotassiumffmetal,t__ ﬁe ver yxelds of d:o e.43 (so-ssx»cj{
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Scheme 16 : ‘Formation 'of 96 from 43 .
o
N ' R L Co /OtBu 7 Mel
| CHy :

—CHs. .
' COOGH.

, - H3C™ . -’C 3

X <. . CHy .

. ST

L

.

\

'fattempt ét 1ntroduc1ng the fofmyl group us1ng a standard w,

)71

'e'emethod (NaH / HCOOEt / THF [EtOH] prcduced keto ester 98

the ma:or vbduct. l Dloae 43 18 very sensxtive tolg‘

?ftnucleoph111c r;ng cleavage thus formylat1on should be

3Lpreferab1y carr1ed out after the 1ntroduction of the C 4‘

‘“xsc-s unsaturat9°n~ The ac;dxty of the C-6 protons in keto
iffienone 4 sﬂ%uld protect the' m°1=°“1° °9““3t "“°1°°ph11i°

:ﬂtﬂcleavage.“

:ﬁjidehydrohalogenation sequence (scheme 17).51;'7 - 4;__ﬁ f‘

. ./, EIES
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- rqquxre a mxld com;ersxon method i. e., one that does ﬁot
’ mvol\re nucleophxlzc reagents and onle. vhxch will allou for
| ,mono tvionalizatmn of the symmetncal diketone}. .One
, exxstzng‘ method (Ischemg‘ .19)" 'the‘l . ox‘idz‘it??n ‘.of
L trxmtthy151lyl enol 1kethérsf‘f “to ‘enones | vxth

dichlorodxcyanobenzoquxnone (DDQ).'.“° or palladwm acetate -

p-bcr:nzoqmnone,7‘5 is in fact ' vety ~vell suxted to  our

\&rposes. - Indeed' formanon of a bzssxlyl el&lbether 105
on

Y DDQ.

al\lows for only one avaxlable sxte for oxidati
A N,

Co
A

Bromination -"dehydrobromination sequence

, S‘chemg".]?, H

°2) ‘PhgeCl
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: Scheme ‘19 : DDQ dehydrogenation o ' : S
o ‘ - .A . -
- OSIMe; T,
.. bp@ :
' ’ A
‘Benzehe \
. . )
%1
. . : )
- \ R "
. ‘\' . g * '
o
“'v"\., i
~
H3C” ’

N ‘."I‘reatment of. d1one 43 \nth chlorotnmethylszlane anda;A c
"?sodxum\, 1od1de Adf‘ acetonitrxle for 30 min. at: room'y'“f
‘. ' . . o ;m

djtemperature afforded the b:ssxlyl epol ether 105 1n very!ﬂ;"

76 1H nmr spectrum dxsplays a doublet atﬁ.’

-Hgood yleld Its
laa4 52 (J - 3 Hz) correspdndxng to the~bdef1n1c protons,;faf7*

j',j‘.smglet at 60 18 for the trzmethy151lyl methyl groups, and??;V

w;th pallad1um_ acetatev”and ﬁjd



"1 TMSCIL, Nal.

c o r‘E';taN\
CH;3 L MeCN

| N T
. o : ‘ ; . ¢ o o . . , x
product. However, treatmen‘t of 105 ~'with DDQ 'n‘ hgnzene .

P

gave "tihe desxred keto enone 4 in low yxeld (21%) ‘alpng .

. with other products f ‘: (TR o x

“

. ! ) s C \ f P

P%OAc)vz

N osunne3 . TeBa o N
- 'CHja Lo o o
: q;3'105 I T E PR
| v"‘ N (' .\"‘ ‘ ‘.vl - .
U e el ¢

| “:ﬁhéﬁ 1: spectrum‘oﬁ keto enone 41 shows absorptxoné at

corfespondxng to the saturated ketone’}ﬁ
" 5 \-","\ i .

1725 and 1665 cm”
J;B-unsaturated ketone‘fesh”ctxvely. The 400 MHz

ejand the
ie‘Lﬁ nmr spectrum shows sxgnals 'ekpected']for the alkyl
jfsubstxtuents, a v:nyl proton (66 08) anﬂ the c-s methylene

“fprotons as 2 sets of AB systems centered at ,831ﬂm
' SR .,,,‘,_VLC_JI o g

\ l



- . OS[MO;;
) . CH;,
CH;3

OSiMe;

CH3;

105

corresponding to the two diastereomers present (1:1 ratio).

The mono-silylated Kketone 106 was isolated in 13%

yield. 1Its "H nmc spectrum shows the olefinic protons at

64.90 along with the ‘trimethylsilyl group at '60.26. The ir

spectrum of 106 shows absorptions at 1715 cm” ! (ketone

carbonyl), and 1655 cm-1 (enolic double bond).
The final step in the -synfhesis of 'ceratenolbné
requires a formylation reaction. Acylation at carbon under

basic conditions using ethyl formate is an,‘efficient
77 ‘ '

process. The experihéntal conditions usually iﬁvolve“

. either sodium hydride in ether, or sodium méthoxide in

\ - «?
benzene. 8 -

)
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When enone 41 was treated with sodium Hyd;ide ahd,

ethyl formate in tétrahydrofuran\at room. temperature, no

4

rgaction took Place; only starting material was recovered.,
No reaction was observed when the ‘reaction was carried  out
'iﬁ refluxiné THF for 48 hours, or in refluxing ethyl

4

formate for 24 hours. It was thought that the temperature |
. A ' '
obtained in these two solvents was not high enough to
: : A
provide the ?c;ivatfbﬁ‘energy needed er tRe reaction (THF

‘bp: é?°, EtOCHO bp: 52°). 1In an attempt to overcome this

problem, forcing conditions were gmployéd. The - reaction

was carried out in a seaiéaj\ be, uéing etlyl formate as
the solvent, in a steam bath. After- 36 hours reaction
time, no trace of ceratenol?ne could befdetectea-(by tlc or
by nmgnof the residhelaftéf\{emoval of .ethyl formate). It

thus appears that .the enblate of 41 is very stable,

presumably by virtue of its extended delocalization ahd, as

\

a consequence, is very unreactive.

CH,
CHj |
H3C o
CH,

a



: :»g!‘“‘p: : . o ‘ . ' . ) . -
1 :\r'. }S‘% . o . ‘ ' ‘ ‘ . 83
"$ince the enolate o 41 1is ‘'stable, it should be

f
| N .
possible to ' introduce th# formyl group using methods
deve%oped‘ to formylate 'cher stable gnoigte systems.

»

Indeed, active methylene | compounds, such as éyélic‘
B-diketones, can be acylated under acidic condxtions.79 One
_method uses tr:ethyl orthoformate and anxlxne to generate
the enamxne.8q The enamxne is readxly hydrolysed to the

N\
free formyl group, as shown in scheme 20.

L
[

|
Scheme 20 : Acylation under acidic conditions

0y

|

o) l ‘0 ‘ Lo}
(EtO)aCH}J Z~NHPh ' = ~OH
N —A——r ————
PhNH ‘ »
2 o fo) 5
109 o 110 11

-

When keto - enone 41 was treated with triethyl
orthoformate and anilin@ in acetic acid, a very complex
mii;ure of products was obtained. Variations. of the

procgdufe were investigated, including the use of ’neaty
trietﬁyl orthoformate, ‘but  in 7no case was the desired |
formYl’group intneduced. |

| The difficdlties éncounfefed‘in the foimqutidn of 41 :
péomptea us to consider  ‘an alternative :eduenCe;
introduction of ' the formyl group, fol%eved ' by

dehydrogeﬁation. In principle, the double bond. should be

.
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H3C” k
~\
41 . J , 112
| - )
U : .~ L . 78,81 '
readily introduced by oxidation with DDQ or other
. I ' .
dehydrogenating agents. '
N . ¥
) I's
‘ CH,
:O§ cto o
: X
. N
The problem now becomes that of introducing a sxngle
formyl group on dxketone 43, while preventing r1ng open:ng
as a side reaction. The,standard, methods-‘of formylatlon‘
are ' not "appiicablév_vith. this substrate . due to the,
sensitivity'of 43 tb nucleophiles, as mentioned earlxer. o

We decided to ‘form the monoanzon of 43 under select:ve

'\ ,
condxtxons and attempt to trep th1s anzon with ethyl
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formate. Diketone 43 vas treated* with _LDA at "78‘“TXn

\tetrahydrofuren for 60 min, “'followed by addxtion of eth;l

|
formate at -78°. After one hour’ at -78° there was no sign

of reaction (tlc), and the solutxon ,was warmed to 0°.
, ,‘\
After 8 hours at 0°, there was ‘still no - pxgn— of reaction

\

and = the solution was then allowed to> warm to room
L] ‘Q‘ "\

temperature' 0vernibht. Tlc of: the a react1on mxxtute’

f

revéaled’ that the .desired formate had formed eﬁ\evidenced
\

by the purple color obtaxned for i spot vhen ,the ‘tlc
, i . e
‘ plate is dipped 1nto a ferric chdorlde solutiona After

‘workup of the reaction, however,‘xt was found that the the ’

yield‘ of sodxum hydroxide soluble products was less thsn -
‘desirable (11%). ' A longer 'reaction time (30 hoursx,

increaéed the reaction yield to 24%. The H nmr spectrumj

of the crude acxdxc extract showed that 1t con51sted almo§\> f

exclusxvely of the des:red keto formate 42, The 1H;nmr
spectrum of 42 shows signals characterxstxc of 'the alkyl

substituents as well as ‘two low field sxgnals at 88 71 and

s

15, 07 correspondxng to the enolized formyl group hydrogen

and hydrogen bonded hydroxyl proton, respectxve y.. This.

82

~1nd1cates that the tautomer present 15 ‘that shovn 1 .42,

The fract1on that was not soluble in aq. sodiumi

'hydroxzde accounted for the rema1nder of the"dione - used.

‘\Surprxszngly, however, a. product other‘ than»‘recovered\

starting materxal vas present (ca 1 2 ratio, Y4 fnmr);"'It

1

vas fouﬁa to be keto ester 98. The H nor spectrum of 98

hshows a quartet at 64 11 for the ethoxyl group as uell as

Y



.

-signalsMEharécteristic ofethe\alkyl groups.' ‘

”

- The formation of 98 ‘may be éxplaxned according to

_scheme 21.  Enolate 43a reacts wzth ethyl formate

senerhting ethoxxde ‘ion. " The ethoxlde ion abstracts the‘.

"acidxc d proton of compound 42, producing anion 42a and a

. '

molecule of ethanol Ethanol should react in turn thh‘

‘another molecule of enolate 43a, tegeneratxng ethoxlde ion -
&and dione- 43. ' In the presence of ethdxzde ion; dione #3

liundergoe;$nuc1eoph111c rxng cleavage to rproduce Acompounde

QB.I« Therefore _aécord:ng to the. sto:chiometry 1mp11ed by

. vf.scheme 21, the maxzmum yxeld of. 42 attainable fori‘th;se”'

'reaction would be 50%.\ i fo

. e \

o . " '
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 Further : conclusions can:‘ ue drawn from ;these;

BN

7obseruatlohs. The £ormylation reaotxon is not'kinetically,

coﬁtrolléd It iB, ,i fact quxte slow éven at .room'

V . . s N

temperature ‘ Thxs ls in contrast to the formylexxon of
other ketones ‘which’ proceed quite readily at or below -room

temperature\'vxth ethyl formate as the formylatxng agent 7?

'h

.‘,’The ‘slou reactxon -rate may further exple1n vhy‘ Uthe‘;

' formylatxon dxa not proceed at all w1th enone 41. ' Since

i

tﬁb an1on of 41 15 conjugatea 1t 1s expected to he lessl

' reactxve than the’anxon of dxone 43 _l

\ R

The slow formylat1 of dzone 43 can be iexplained 'by-l

[

: sterac hxndrance., Examxna i

~

n of molecular models for the

var:ous conformataops of the enolate of 43 reveals that'

-'1 Lo

there is ’moderate\ sterzc h1ndrance to- approach to the a
pos1tzon of the ketone. This is the result‘ of mé' pseudo
*1 3= dxexxal 1nteractron thh the axial methyl (or ethyl)
. \

_vgroup‘at c- 2 on one sxde. Approach of the reagent from the"

“other s1de 'is‘ slxghtly hxndered by the relatzvely bulky

r\f.:séc-butyl group. m'l“_'. o -. ‘

| “‘, One way to overcome ethanol- quench:ng pf the enolate

“anﬁ the ensuzng rzng openxng would be use two

41,:fequ1valents of LDA.. As shown in scheme 22* the excess base.

f:fgﬁﬁwould prcbab1Y deprotonate the‘.gfformyl;;ketone producedr

rffaster ‘than would ethoxxde 1oﬁ,‘ therebylpreveﬁting the
format1on of ethanol Formataon of‘a d1formy1ated product"
1s.possxble when uszng two equzvalehts of base.' | ‘

PSR

A ol ',
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. , o . !

When dione 43 was treated thh 2 5 equxvalents of LDA

[

and . i 0 equ1valent of ethyl formate for 40 hours .at room
temperature, the, des1red ~mono- formylated product 42 was

Asolated ifn” 61% yxeld. However, ‘the reactzon mixture

&

\

ﬂontaxned another hydroxxde soluble product in add1txon tov‘
compound 42 Its spectral data corresponds to thet of h
dxformylated product 112 ,~The‘ neutral portxon of the

.

reactlon mzxture contaxned maznly unreacted dxone 43 andf‘ g

oy .
.

some r1ng opened keto-ester 98. | B
‘ With the a-formyl ketone 42 _;ﬁ; hand X ve needed a:“l
method of effect:ng ‘the desxred dehydrogenatxon. I’n

add1t1on to tl@‘dehydrogenatzon methods mentzoned earlier

R



\
CH; j ‘ . .

EtOCHO -

to prepare , ,B;unsaturated“ketones, there are methods
'Specific to the dehydrogenatxon of a- formyl ketones. The
more classxcal approach is the dxrect dehydrogenatxon u51ng‘
quznones, os; xllustrated inn scheme 24.81 83

5
have selenated B d1carbony1 compounds by fxrst reactlng;

Re1ch et al"

these compounds thh sodxum hydrxde in THF followed by
reactzon of the iresultxng anlon w1th phenylselenyl_

cn}orxde. Oxzdatxve selenxde elxmxnataon then affords the

| ",idesxred unsaturated B-dicarbonyl compound.84 L1otta et al

“*fghsve reported a simpler and more effzcxent var;atxon of - the[.ff

ntfmethod The d1carbonyl compound is reacted vit?f-a'__: ‘f“

'"'r:dzne / phenylselenxde complex ;n d:chloromethane, totlwi

RN ‘w L
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afford the xntermedlate sel nxde‘ip efcelledt:yield‘(SCheﬁ:
3) 85 g R |

3). ‘ | L .

// T e

t

\\;Scheme 23 : Dehy7g‘enaﬂtlon via the selenoxide -
./
u//
PhSeCI‘
—-———————-‘.
// Pv - ”
13 / _ | 114 | 115
/ e '
/ ' . L ' ) . ‘ S , -
Schen;té 24 : Dehydrogenation with DDQ
/ ppDQ
/ ‘
//‘ y
// 116 117
/ 'y
/ !
‘
Whenf 42 was treated thh DDQ 1n“benzene or dxoxane at

Ne

room temperature for 24 hours no reactzon was' obsetved ’

;Even when 42 and DDQ were heated 1n refluxxng tolueﬁe, the‘

startxng mater;al was recovered.

Attempts. 'to effect dehydtogenatxon - 'of 42 vfa'

vtgtroductxon of anu“'a-phenylselenxde‘ev(and subsequenb

f‘FoxIdatlve elamlnatxon),‘_nere‘thwagted - We wete unable to:‘Q

ol

v . . \ T .
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. v .
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"fcrm the .a-formyiéeienide"upod treatment of 42 w1th the

*phenyiselenylu,chloride - pyrxdzne complex. Thxs ‘lwas;

‘unexpected sxnce,‘xh general th1s reactxon is. reported to

be over thhxn 15 mxnutes. o ‘ r7§‘

» A

PhSeCl.Py
“——‘—x-—.l
. ' HyC

“; However, ‘thef 1nab111ty to. effect dehydrogenat1on can

‘species, "ether fw1th the ster:cally hzndered nature of

'::fthe c-positlgn of-

h*ﬂproblem,' wek\Proposed to actzvate the molecule towardsfe

T 2 T SRR ‘ , T I

»

ee,be accounted for by the Stetxc bulk of the reactzng}”.

e ki tone.‘ In order to c1tcumvent thxse‘-‘
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lﬁh*_oxidatioﬁ:by prgpatatIOn Of its Bllyl enol ether 119 This

‘ AN . ;
| should serve two purpqses' it creates a second sxte ‘of

-

attack avaxlable to DDQ and xt modxfies the confOrmation of '

5
Vo

the molecule. V“fﬁ‘fﬂ“ S ) /v‘f\gﬁ,‘

Attempted 51lylatgon of 42 resulted*xn recovery of the
starting matenmal. ‘ Slnce the formyl group mayuu be:

,‘1nterfer1ng wzth the sxlylatlon reactxon ve decxded\to maSk

t .
o

1t by formxng the oorre%pondxng acetyl der1vat1ve."jThba

v
—

treatment f“ 42 with pyrxdxne -‘acetxc anhydrzde afforded
the d1keto acetate 120. ' "‘

ﬁ@? Treatment of compound 120 thh chlorotrxmethylsxlane,

| sod1um 1od1de and tr1ethy1am1ne 1n acetomtnle76 afforded

.very good yxeﬂd the desxred 511yl enol ether 119 1n.‘

whlch the qgetyl group had been cleaved and a small amount

of 121 v o SRR : AR |

f,g@ 1t 1s‘surpr1szng that 120 produceg good yields' ofﬂf"
product o under the s11ylat1ng cond1t10n8 vhxler'iz ‘iefﬁﬂ

:f unreactxve. Thzs may be explained by the. faetifthat‘.therﬂu

o L

FREUN
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M;C Py H3C 0
” CH
3 OAc
120
- .
4
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OS|M83
) CHj,
a 3 CHj
H;C ' ?
] CH3 . H
H (o)
119

H3C ‘

-

SN

-wx-,"" . : ' e

. RN ,
major' tautomer of an a-formylcyclohexanone is the aldo-enol

_ tprﬁ'{and ‘not the hydtobeethylene-keto form as is often

.o PR b . P -
assumec. On acetylation, a-fotmylkgtones are reported to
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fomethe E—exo-acetoxyme;hx}éne compounds.ezx_The ‘spectral
data reported for such’ compounds agree very veii”vith those
jof 120. The TH nhr'spec%rum of 120 shows the olefinic
signal at 68.01 and B8.06. We must, therefore, conclude
that 120 exfsfs mainly as the E~exo-isomer. It is not
clear how the tvo‘different confarmqtions, the aldo-enol

form for 42 vs the hydroxymethylene - keto form for 120,

affect the - enolization of the other - ketone. The

[

Dfs—silylatién of. 43 proceeds smoothly via the

monosilylated compound 106, _yhich‘ should adopt a

conformation very similar to that of the aldo-enol tautomer

1

of 42,

When 119 was subjected to the action of DDQ in benzene
~ chloroform (1:1), the starting material was slowly
consumed. Analysis of the chloroform solution . by tlc
showed 3 : 1
ceratencjone upon exposure to ferric chloride. The H nmr
spectrujg
formed, as it contained the same low field signals as those
of the natural product. Purification of the crude reaction
product by fl§sh chromatography afforded ceratenolone (1).
.The ir,. hreims, and 200 MHz "W nor spectra of .1 are
indistihguishaﬁle from those of the natural = product. _The
400 MHz 'H nmr spectrum shows doubled signals for the C-8,
C-12, and C-13 methyl groups. “This is in agreement gith a

1:1 mixture of diastereomers being present.

e . N ’

a spot giving the characteristic violet color of.

of the solution confirmed thqt ceratenolone had

G
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Another.product, 122, is‘fdrmed in this reaction. Its
tormation‘becomes more imﬁortant a§ the scale of the
reaction is {increased. It gives a green color upon

_exposure to ferric chloride.' The iH nmr épectrum of 122
displays signals characteristic, of the‘ alkyl groups of
ceratenolone,.bUC no olefiﬁic proton. Its hreims shows a

peak corresponding to an ion of formula C22H2005C12N2. The

- spectral data is consitent with an adduct of ceratenolone

. and” DDQ, and structure 122 was assigned to this product.

When ceratenolone was treated with DDQ, it was 'completely

converted to the adduct 122, although relatively slowly.

SN

excess DDQ
—_‘_—’.‘.\

H;C
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As mentioned earlier, we consxdered several routes for

the preparation of xntermedxate dione 63 The synthesis 43
employing an “acyclic™ route (see scheme é) potentitlly
|offers the advantage of avoiding tﬁe alkylation stepr by
incorporating both the ethyl ;nd methyl group substituents
into the starting enone. Keto aéid 44 is an attractive
intermediate as it should be ﬁg;sxble to effect cyclxsatzon _
to 43 Qg;xntramolecular acylatxon and 44 should be readily
available fréom enone 45. "A simjlar intramolecular

acylation reaction has precedent in the literature in the

synthesis of 123,86
. B J
o
CM,
- CHj; -
' : COOH
H3C
&;\ CHj3
I 44

Enone 45 was repareq‘by.treatment of the enolate of
.ketone‘ 124, with q.dehydé 48{ Subséquent dehydrationfgqve-
enone 45. R . | ;‘ |

Michael addition of ﬁonoethyl magnééium malondt; (89)
to enone 45 in DMF, £ollow§d by heqtihg of the resulting
acid 125' to ca. 160° to effect deéarboxylation, gffordgd

keto ester 98 (Scheme 25). Hydrolysis (KOH, EtOH) afforded

oo

I
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H3C

H3C COOH

O

124
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keto wucid ‘44 in'Bix'overall yield. The“ir'speCtrum o£'44
shows a broad hbJLrption’ at’ 2900 ‘and 1735 cm |

corresponding to the carboxylic acid and a strong

P

o - | ‘
) ‘ ' Ty, o
. ' [ .

absorption at 1708 e’ charagéfristif of' a ketone
carbonyl.

) !
Scheme 25 : Formation of 44 from 45° %

",

" CHj COOH

"y

HsC

When ketoacid 44 was treated with boron trifiuoride“

S o
and acetiC“anhydride‘ in acetic acid, 86 87

oo cyclxzed‘

product was detected amongst a complex mixture of products“'
d(tlc analysxs and the absence of methyl sxnglets (at §1.18)
in the 1H nmr spectrum of the _reaction product) " The
-deszred dehydratxon,was~ach1eved by heatxng ketoacid 44 in

toluene in the ptesence of p—toluenesulphonxc acid uszng a

-~ . E ) . ',, . . oo
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Dean-Stark apparatus.  The formationvof 43’was evidént By\

tlc and by nmr of thex crude reagtxon product (methyl
‘ -

singlet at 51.18). Purificatxon by flash chromatography

afforded pure 43 in low yxeld (38%, non optxmized).

' The sgccessful synthesis ' ‘of cerstenolone ~and
epiceratenolone is’.SUmmarized in scheme 26. The probiem
encountered in the lest step, i. e., the formation of an
.adduct thh ¢DDQ, could possxbly be solved by usxng a less
reactzve quxnone but this has not yet been investigated. |
‘Other means of dehydrogenat1ng 41 should also be explored
&,

Ceratenolone prepared by thxs route conszsts of a ‘1:1
7 ‘

diastereomerxc mixture. A srngle spot is obtaxned on tlc'

4

us:ng several solvent systems. This 1s not so surprxslngdd‘w

consxderxng that the two pa:rs of dxastereomers differ ongg‘
in the contxguratxon of the sec-butyl sxde -sha1n. 4 Th1s

‘.difference is not signxficant enough to. give d1£ferent -
% .
1 B

‘Tsignals for the var1ous groups 1n "the 'H - nmr spectrum= at

,’ZOO‘MHz. ,However, forgstzon of egsultable der;yatiye_might‘ ‘
' , e s , PR e
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‘allow for their separation. . o o P
.However, we felt that the inixture of di‘astereb:ﬁgrs okf“

1 is suitable to carry out the iron binding studies

‘ J‘
-described in the next section. R .
' . , R . Y ¢
: | " o R Co U L
Scheme 26 : Summary of the synthesis of ce»ratenolbne o :
L H3C” CH3  2) CHCH,CH(CH,CHO . CH3"
! T ‘ ? H3C ‘
CH; ° )
o . : 1) CH(COOEY),
o , | »"" NaOEt/ EOH ,
‘ | o IR ] 2) KOM 7 water . :
LY o . -
‘ . 3) HC
KOtBu / 1BuOH . '
. Me! Co )
H3C~
- y
\ ‘I ' ¥ o v'\
. L hE . o | )
1 twosrme -y S
~—{-—2rEW0CHO " 7 T ‘
S0 nAn0 Ry |
. —CHj ' 2) TMSCI, Nal ,
‘ R E',N. MeCN L
, SCHy — - .
HaC Z~N0  3DDO .
HaC™ S . PRH I/ CHCl .
w0 ‘ T
g
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'B. Iron binding studxes

W1th ceratenolone (1) in hand ve undertook to study

the complex formation between 1. and iron (III)

' Theoretical baCkground

‘-,f“\*Metal complexes can form‘ between’ metal ions  and

89

organxc molecules or 1ons.‘ 'The,‘complexing agent with

which a metal 1on\reacts is  known, ‘as -a ligand. Since

-

1

“3}gands can be anxons or. neutral molecules, the complexes’

ay* be catxons, neutral molecules or- an1ons. ‘Forlsa

r.——

pair of electrons to donate a metal ion.’ ‘The co—ordxnatxng

‘atoms oi the lxgand are usually oxygen,' nxtrogen or

| suifuc. The max1mum number of lxgands that are bound by a

Hmetal 1on 1s equal to 1ts coordxnatxon number. oy

e Metalp‘1ons in ' aqueous solut1on are  themselves °

‘I‘.

_complexes‘ because "they | orzept ‘the"watew- molecules”

immedxately surround1ng them, leadlng, especxally in ,the‘

N

'case T_of transzt:pn and hxgher-valent metal ions, 'to

':‘lGQf;nLte complexes such as_ Fe(H O)' . | Th15 ;_islﬂfé‘

1c0nséduence of the dxpole moment of the water molecule

’**al;gnxng w;th a speclflq spatzal orxentatzon to the bxonrc

"Tf?charge : the metal 1on., ;For thls reason, complex-

.

~“fﬁ£ormat1on in solut;on 1s really a‘ replacement process -3n‘

- L
Y

J complexes whxch ; usually have d;tferent chemxcal andldg

4 » . .

“thUbstance . to functxon as lxgand 1t must have at least one

e

”i_ifwhxch one or more of the solvent molecules surround1ng the‘”J

FV?ffmetal ion is replaced bY other dons. or m°1°°"1es' to g1ve"
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physical properties.‘ Rates of exchange of vater bound to
metal ions are (for most’ ipns) very much less Ithan a
millisecond (t1/2 | R | |
| jInsmost“cases‘ . the formation ‘and‘ dissecinfien of
_eomplexesulproeeeds ,rapxdly by a succession of equxlibrium ‘
‘reactions. If M signifies a metal ion and L is a ligand,
the followxng equ:lxbrxa may be wrxtten. ' o7
M+LeéM ‘ o
"' ML + L e an
-MLn-I +L?mn‘ | ‘ . '
Because of these stewase equxlxbr:a, a serxes of complexes
may coexzst 'in .the solut1on. |
| ‘The eqn111br1um 'reactxons are deécfjbed_bx 5 set df‘
equilibrium"ratios,
Kpo= IML)/DNEY L, Ry s DR )/IMe, (0]
”mwhxch are known as formatzon‘ constants, and ‘the - overall
"‘con%tant Bn' 1s known as the overall stab111ty constant of o

A
..

' the complex MLn.‘*

g, = IMm 1/IMILI"

'jExtensxve collect1ons of £0rmatzon ang ¢everaiij §tabi1i§2i"

"constants are ava1lab1e.9°,5“'7

+
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‘ﬁeny“fectors" influence ‘the stability of'complexes-
includingd the neture‘ of the' htoms concerned in'.bond |
fotmation and thecbese Ktrength of the lzgand.' Increased
‘stabilitx occurs in complexes in which the ligand is
attddheduﬂto‘ the metal by . two ot“more‘atoms‘formihg'a
chelat“compound " If the metal - isp co- ordxnated to the.

N‘“lxgand by fxve- or s1x-membered rxngs, the complex shows a

"‘greatly 1ncreased stab1laty and thxs effect -is‘ further

‘enhanced 1{4the 11gand is mult1dentate (so that the complex
contaxns two or more such rxngs) Ethylenedxamxne and the
' dxanzon of salxcylxc ac1d ;re' examples of bxdentate
xliéands. Qualxtatzvely, the more p01nts of attachment
thefe :are between a lxgand -and a metal 1on, and the more
baszc the lzgand the more stable the” complex.“_'~

| A ligand . is a bas1c molecule which ‘may lose. its

a

complex form:ng propettxes when extensxvely protonated at .
. low PH. Phenols for example, are veak acxds (pKa nO) that‘
form complexes vla the phenolate aon;,' These compounds}
v‘.dzsplay a progtess1ve decrease hin, their complexlng‘.
' propertxes at pH values less than 10 On the other hend‘
"jdthiocyanate 1on,p der1Ved from a strong acxd 1s almost

‘,:th-independent 1n complex formatzon ab111ty._v | | '

Y O ) |
((7“ Several methods have heen developed to obtaxn the

"va“formatxon and stabxlxty constants of metal complexes and ;

; sthe“t topic f,ha : been extensxvely studxed.slvg4 .:he:‘_

”'fexpetxmental techn:ques developed 1nclude. potentxometrzc,p‘

f“conductance, spectrophotometrzc, and polarographxc methods.‘;

) U
S L T
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In the potent;ometric method the problem isk‘to,
determxne the nature and qoncentratxons of all the species
‘p*esent n the solutlon from the measured pH of solutions

contalnxng the metal ion the lxgand and the acid (or.

o\

baSe) -~ In: addxtxon to the equzlzbrxum ratxo equatxons,~
‘ mass balance and charge balance: equatxons are also _needed.;

. For the complex £ormation reactlon,‘
CiM + jH 4 KL & M.H.
YlM“ jH + kL nIHJLk,

t
[

. the constants have-the following form.

(M. HJLk]/[M] (H]JIL]k |

t

‘BMiﬂjxl "

- The total: concenfration of the metal ion (TM) may be
| v ) . . T -
written :

1[M H L, 1) ~

[

f‘TM = [M] + (Sum of all Species containing M

| ]'and¢thE~total'ligandlconcentration (TL)}_

;‘f Ti.;‘[pllf‘(Sum dfualluspeties cOntainlng:Lﬂ; k[M HJLk])

1
IS

g A chatge balance equatxon expresses the  fact that the.f

'x”‘ solutzon conta1n1ng 1ons must be electrlcally neutral and :

""f,thzs can be expressed as

3dropp1ng the 1on1c charges for the sake of conven1ence,5*'



o B ; 406
y o Y o o
[n]’w‘[n]ﬁ.[‘n]'-(x]-[on]—i[LJf,(sum of (smj-xntniﬁji‘k])'-‘-~'0-

s v . !

1

At each: point in K potentiometr)c tztratxon egperxment Tyr

'TL, [B] ‘an - [X) are known . On rearrangement

substxtutxon of- the above equatxons, a set of eguations

w&th three unknowns (M],- [LJ.a d B xs obtaxned

3

-

/\,/ ' '
— i \

B = function ([M}, [L], HOPPH) -

) o , , ‘\‘“ . . '
'.Several‘ data points are *used to . solve for the unknown
constants., Z“\.‘ IR ‘Jj [

‘The spectrophotometric method depends upon the fact
thaﬁ when complex format:on takes place, the absorptxon of

.the ‘new specles formed may be conszderably dlfferent from

]

»that of the reactants. In favorable cases, therefore, the

v

measurement of uv. and v1sxble spectra allows a dxrect V

calculatxon of the concentrat:on, ¢, of “the new spec1es,

'a

The method is based on Beers Law 1 R . ,3'

A=log (Ip/1) e ecd ' e

f )

where IO/I 1s the ratxo of 1nc1 nt tontransmxtted llght, c

s the molar concentrat1on of the absorb1ng solute, 4 is ‘

"l'the_ lxght path lenght 1n centzmeters, and e 1s the molarll

f“absorptivxty.‘ The same equzllbr1um equatzons as descrxbed

‘”%in the potent:ometr1c method are used for ‘the. calculatrons.\,

‘CVim;The Job method of cont1nuous varxat;on can yxeld both the e

-
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 staBilite comtrmnns aoa ite o -
stability constapts and stoichiometry of the species.

‘4 Ceratenolone

| #‘“ s . - :h .

Ceratenolone (1) is 1solated from the crude 'extract of

C mfnorl as a vxolet material‘ We suggested that this

[ .,.

‘vzolet color arises vla complex formatxon w;th ferrxc ions.
Equatlons (1), (2) and (3) 1llustrate ‘the - stepwxse
formatlon of mono—' bxs~, and tris- complexes respectzvely.

' We  set ‘out to determxne which complexu is formed with .

ceratenolone as the lxgand‘ (HL). and to : evaluate. the

q

‘varzous equxl:brxum constants 1nvolved

L~ . 243 e ; +2 + .
(1) [Ee(HZO)Gl: * HL ¢ [FeL(H,0),] “ + H.#+ 2H,0

" b e S " e e
(2) [FeL(H20)4JF‘k+‘HLV$ [seLz(Bzo)zl +H 42 H,0

e VU PO
‘(3) [FeLz(H20)2] + HL ¢ lEeL3] + H * 2 HZO

* e Co .
Two 'initial observatxons g1ve us an 1dea of the nature of——
. | :
* the complex formed and the magnxtude of 'the format1onl

(-constant." F1rst, the v1olet colored ceratenolone 1s very
fc'soluble 1n organtc‘solvents such as hexane and chloroform.'f
", 1f. hefh-v1olet coloratlon’fis indeed the result ofﬁ
“‘Vicomplexatzon thh 1ron,- then . he 1ron complex must be’.
electczcally neutral ‘ Only the ttzs complex satisfies thisfj&
:?_requ1rement, Thxs suggests that ceratinolone forms.a ttisdi
‘ fan @\ , FRNE



‘ﬂcqmplexlyith fefric'ions.

[

Second, the color of a solution of 1.disappears on’

ﬁ%ﬁqerea;meﬁﬁ withvg bese‘ and does not."greapﬁear upon
('jg;eeE}aificegiqn; Close examination‘ef this prdcess.showb
that as'the'bﬁlof the acidic vielet‘solution is raised, the
violet cdlo: i(tigure 13; curve .A) fades and completelyN

dxseppears at & pH of 6~7 (curve B) This color loss is

r

eccompanxed by the formatxon of a. precxpxtate of colloidal

ferrxc oxxde FeO(OH)(am) mOn reacidification, éﬁe Fe ions

. etef ’nét‘ 1mmedxate1y ravailable for rechelating with

P N
'

cefatehblone}xthus no violet cqlofed complex is formed

) co v oy . . .
‘¢, (curve C).. However, on prolongued ex osure to acid, the
§ : , P L

ferri¢ oxide 'Slowly redissolves and the violet .color

IS

reappears. o o R *
Fe’? 3 H, 20 ¢ FeO(OH) + 3 H' + 1 0
Ao as T
[ t .,
b

| {
' ‘This suggests that the overall format*on COnstant for the

iron complex ié not very large as hydroxzde,ions can
- , . v

; _éompetel with ceratenolone for the ferric ions.
“Precipitetibn of ferric ' oxide rapidly shifts the
equzlxbrxum.' ' o - .
In order to determ:ne the hature of :ﬁ% complex formed ‘
with cetetenolone, a solution of ceratenolone was titrated
vxth }e'1solution of ferrxc,xons. A plot of the observed

"ebsprbence against the number of equxvelents of ferr:c .ions .

ged&ed vas expected to give a plot as shovn in figure 14,



Figure 13. Visible spectrum of ceratenolone - tron complex
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i?m which the number ef eeratenolone molecules  (n)
?n%olved ;ip the complex can be‘deFermined. _Thus, fer the
formetion'of,a tris complex, the absd;bance of the‘solptiqn
should rise ' linearly with adged iron, and‘level off after
033 e‘guivalents' of ferric 'ions vheve _been added,

'correspo}ding to a 3:1 ratio of ligand to iron, "

Figure 14. Expected plot of titration of ceratenolone with Iron

‘

Absorbance

[ Metal ] / [ Liggnd )

' ASs seenrxn fxgure 15, the titration curve obtaxned
Quite: dzf;erent from that expected The absorbance of the
solutxon (pH = 2, 61) initially rises linearly and levels
off, as expected after 0.33 equxvalents of iron had beeny
edded (correspondxng to a 3:1. ligand:iron ratio).

Subsequent’ addxtxon of iron br1ngs Ebout a sharp decl:ne in
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t

the absorbance of the solutidn until 0.66 equivalents of
iron havg been added. Tﬁis“cofrespOnds to a 1.5:31
ligand:iron ratio.. Aftdrbthis point, the absérbance of the
solution decteased onlj slightly with further addition. g;

iron ions.

\

This experiment can only be interpreted as follous.f
4
As iron ions are’ added to a large excess of lxgand the

following reaction must take place :

Fe*3L#FeL3

Thus the absorbancé increases Llinearly vith addition of.
iron ions wuntil alil thé ligands are used in chelation.
Th1s point 1s’reached at a 3:1"ratio ‘ Thg decreasé in
absorbance uponb further addition of 1ron can be explaxned

'by‘ the following reactxon but‘ only if the molar'
absorbtivity .of the FeL2 and FeL species is significantly
less than that of I-:eL3 species, and the third tormation

constant is smaller .than the first two..'

1 -«

+ Fe & FeL, + FelL

.FdL 2

3
‘Thus, after a second 0. 33 equxvalent of iron is added all
of the 1nten§e1y absorbing FeL3 specxes has been destroyed

and the absprbahce.levels off.“ This explanation, involvxng
a diSpfopo:tionation ,satxsfactorxly explaxns the results

‘observed. . Throughout the- t1tratzon,"the full wvisgible °
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- spectrum vas obtainéd for each péint, and no shift in

-lambda. = was observed. It is surprisimg that the

various FeLn speéies.have the same ulambda.ma;._ Indeed, at
‘ ' ‘ S

least with catecholate ligands, there is a very significant

shift in‘the‘vavelength of maximum absorbancy as the number
of chelated specxes around the iron ion increases (ca 140

Soam). | o

Figure 15. Observed plot of titration of ceratenolone with iron

_.‘
E-N

Absorbance
;. - -
@

['Meta; ] / [ Ligand ]

# . -

The evxdence strongly suggests the formatxon of a. 331
lxgand iron complex. Th1s is’ not so unusual for iron
.complexes in general, bﬁt”it is unusual w;th this type; of

ligana. Fér - example 'f.saiicyldldghgde ~ and :

o-hydroxyacetophgnone form. 131 m'cbmpiéxes‘ ﬁith M"i;on, glg:
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Catecholate ﬁligands are usually dissociated to the.
mono-chelate compounds at higﬁ acidities.e Thus, it is
surprxsxng ‘that ceratenolone forms a tris complex at a pH
_as low as 2.6 . Furthermore the complex appears to be very
stable towards hydrolysis as the .vxolet color, although
pale,‘percistg at a pH of 0.9, |

;'15 order to cbnfirm the formatlon of ‘a tris- complex
and to obtazn the formatxon constants 1nvolved the reverse

’
o f

tztratlon i.e. tntratxon of a fixed amount of 1ron with

Al

| che lxgand, . was performed ' The result 1s shoun in" flgurev
6 . . | ‘ o .f';r,aﬂ | :

| I1f one 51mp11f1es equatxons 1-3 to 4-6 to 1llustrate )

complex formatlon, then the‘ formations constancs cam - be

" written as equations 7- 11.

(4) Fe + L & Fel

(5) FeL + L & FeL, ©  —

(6) feL2‘+'L o'FeL3

(7) K, .= [FeL]/[Fe][L] fl\

(8)‘K2 = [FeL ]/[FeL][L] 5 | B " L"-i'
(9) Ky = [FeL, ]/[FeL L) L

(10) 8, = K1x2,- [FeL, 1/FeliL1?

(1 gy - x,x2x3 - [FeL, ]/[Fe][L]3

(12) HL & H' +L” y N o
(13) K, = [H)L)/(HL]) . T NP

/‘ .

. From sto:ch;ometrzc consxderatlons ve. can write\eq. 14 for
the total lxgand concentrat;on (Lt), and eq. 15 for the

’
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flguro‘is.‘ Titratldn of tron (Ill) with coyh‘ton'ol&ne - B
y | ~ |
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Flgure 17. Suporlmposmon of the observed and calculated mration
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total iron conoehtretiOn (Fe ). |
(14) [L ] - [HL]+[L]+[R3L]+2[FeL2]+3[FeL ]
(15) [Fe ] = [Fe]+[Fe~]+[FeL 1+[FeL, ]

The absorbance of the solution (a) _resulte from thefi
absorbénce'ofothe‘mono,"bis aﬁdr tris complexes and Jf-
releted- to their concentratxon by thexr respective molar
absorptivity € "2' and e,, as shown by equatxon 16.

| ‘ ‘16)'A = eT[FeL]+g2[FeL2]f¢3[FeL3]

o

Substitution of 7,10,11,and 13 into ‘14 ‘and 15  and.
@ ' ' \ . : B , , ‘
rearranging, we obtain eguation 18 vhich is a fourth order

equation in the concentration of free ligand.

- (18) kK xtho(n/x ) [HL]4 * K, é(x (3re -L,. )+Q)(H/K ) [HL]3
K, (Ky(2Pe -1 )+Q) (H/K_) [HL]2 + (K, (Fe,~L,)+Q) (H/K )[HL]
"'-"l:.t = 0

.

where @ = ([H]+K)/K_.

. fThe fourth order »equetion \Qas“ solved by 1teratzon for
partacular K's to calculate_ [HL] each po1nt of thef‘
txtrat1on.‘ Thxs ‘ allows  the calculatzon fd, ‘ tFe],lr

[FeL] [FeL ]‘ and [FeL ] tor: each poxnt.w‘ The overalld‘

absorbance Versus txtratzon volume data wes then titted by e

a non l1near least squares m1n1m1zatzon of the error’

between the calculated and the observed absorbances of the";



aolution.'» (Tne”f'calculations,' were performed by Dr. .

Jordan) . a o ' A
Figure 17 shows the calculated curve superxmposed thhA

, 3

the observed absorbances vs l:gand /1ron ratios. The good

fit. further confzrms the: model used to represent'the‘

i "

complexation reactxon, i,e., equatxons 4-6. .
The parameters, evaluated for the formatzon constants-

and the: molar absorpt1v1ty of the complexes are as follow'

8

1 x 10 e, = 1000

x
l

1 .
= 1550

e
]

4’x IQ H 92.
. 5‘x106~ ey =15700

6 x 1021; 16933‘=‘21.a

B - Y-
W W
l ]

~

“;ﬂ:i The trls complex has a molar absorpt1v1ty ten times greater'

then the mono and bis complexes and is responsxble for most ‘

of the(ycoloratxon. As a result of this dominance of the

tris complex, there is some uncerta1nty for the ' individual

5 values, but the overall format:on constant B3
‘ cted. | |

The d15tr1but1on‘ curve show1ng the proportxon of thet E
l‘various complex speczes, at d1f£erent lxgand/xron ratzos 1st;

shovn in £1gure T8. 2

Thxs figure shows that at a 3 1 lxgand/xron ratxo, the-

trzs complex FeL3 as we had expected : Th1s expla1ns,fwby :
'”isj our attempts at xsolatxng the trxs complex by extractlon,ﬁ"

vxth hexane ot dxchloromethane,__of a -3 1 lzgand/zronp"

predominant specxes 1s the bxs complex FeL2 and not the&f"“
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gaqueous solutxon resulted in faxlure. Indeed we found

that the extract although vxolet, consxsted maxnly of tree‘

‘lxgand ‘as evxdenced by its n nimr spectrum.» The violet

~fcolor _ﬁas produced by a very small proportion (less than“

;‘Sx) of the tris complex.‘ Furthermore, the 1solatlon of the

”

trxs complex now becomes a complxcated process., The regxon

‘where FeL3 is the predomxnant speczes, i.’ ligand/iron
. ratio greater than 5 also 1mp11es the presence of a large

\excess of free lxgand in the organxc extract of a solution

-
"

‘with such a L/Fe ratxo.
The txratzon‘ of 1ron*,ions vith ceratenolone 'was

repeated at‘ a lower (2. 01) | The‘ result of this

Lt1trat1on is shown in fxgure 19. The fit ‘of the ‘curve

o~

us1ng ‘the parameters (K s and e's) calculated prevxously at

pH 2. 61 is shown 1n fxgure 20. The fit 1s not as good as

before, ma1nly ior poxnts correspondxng to the . formatlon of

the mono and bis complex speczes. Th1s deviation can not

- be easily expla1ned and further studxes wxll be requxred to:

explaxn the results.

It is 1nterest1ng to' compare the format1on constant o£f7

vthe' ceratenolone b-j,zron complex wzth those 19: ‘other
flrgands.n‘ Although d‘it is: the' convent:onal form for:

tabulatxon,‘the format:on constants are not meaningfull‘r:
‘alone 1n Judgxng the relat:ve abul1ty of lzgands to compete<“'
:thh one another at a ngen pH. Thxs 1s due to differences”ﬁl

l1gand protonat1on constants (thezr number and thexr"V

- A

absolute value) : vhzch defane'i~the, amount fot f"?LFf
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Flguro 18. Proportlon ot the ,vaflous com
dlﬂorent ligend / metal ratloa
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" Figure 19.

Titration of Iroh (Ill) with cofétonolone,
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Figure 20. Superlmposmon of the observed and calculated tltratlon

curves of iron (ill) with ceratenolone
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luncomplexed 1igand [L] in aqueous solut1on.‘ In orderllto

\

' conditions, .80 called pM values have been ‘used pM is |

120

- ‘have a more direct ranking of the lxgands under specifxedf

- defined as -log[MHZO] ]m the concentratxon of free metal_“

ion, for physiological cond1txons,"1 e., pH 7. 4 llgandf“'

'
vconcentretxon 10 SM and metal concentratxon of 10 M ‘The

‘_larger‘the”pﬁ the moresstable the complex‘ is - under_‘the_‘

prescribed conditions.‘~ Any pM values below the lzmxt sets

by thelxsp of‘Ee(OH)3 1nd1oates precxpxtatxon ‘Bt- ferrxc a

‘ hy&rbxiae' under these condxtzons. The calculatxon of the

- pM ceratenolone yxelds a value of 13.3 whlch Cis about ‘5‘

orders of magnxtude belowv the ‘Ksp of- Fe(OH)3, and thus‘

»precxpxtatxon occurs under those condltxons, as observed.

— ‘ “,|J‘

. As shown in table 6, ceratenolone 1s a very veak"

siderophore. Its pM value is two orders of magnxtude. less

then‘ catechol and . 12-16 orders  less :than the strong
. ;

51derophores. _ MECAM .iS- one - of the ~ best 'svnthetic

—

sxderophores, whzle entrobactxn“is the best natural one .

LY

:.wlth 8 pM value oi 35 5
u‘-In¢f, summary,” :*our‘ 1nvestigat1ons . reJeal f that
ceratenolone forms a tr1s complex wzth 1ron.‘ The overall

-formatzon constant of thzs complex 1s low compared to thg

L ﬁformatxon constants of known szderophores,‘ but 1t

whhas two 1mportant propertxes"lt 1s electrzcally neutral

l‘thand possesses large alkyl groups 1n 1ts outer sphere. ‘Both;_‘”

ff;of these properties make the complex hydrOphobzc..|

\

'fﬂ“nevertheless s1gn1f1cant.~ The ceratenolone = 1ron complex‘

N



 fon1y in- very close proxzmxty to the areas xnfected vith the}f

' \'£ungus. -

o B R S PY)

)

t

Table 6. Stability constants of ferric complexes;.

Siderophore 10933‘ o - pPM ‘f‘ a ref.e'
Eﬁterobactin 52 . | : 35.5 T e
. MECAM o ae 29.4 e
‘Ferrichréme ‘H‘29.1" , - 25.2 97
DNB . 43.9° ’ {18y -
. Lo ‘ . ‘ . } D '
', Catechol - 4e3.7 . -(15.8) e ,
 Ceratenolone’ 21.5 | (13.3) o
The origin of the blue stain 1 lodgepole pxnes

1nfected with C mfnon may be explazned in the followxngA
way. Ceratenolone, produced by the' tungus’ ;in -thei tree

cxrculates ‘thh1n the tree unt11 it encounters 1ron 1ons.‘

',Tbeﬁ format1on of b hydrophobxc‘ tris complex of

:‘ceratenolone and 1ron then results 16 "o111ng out" of theee
: ‘complex from the aqueous medzum producxngae blue sta1n1ng ”
:.effect 1n the organxc txssue of the tree. Thls hypotheszs)‘

is supported by the observatzon that the eta1n1ng .is; seen‘{;J

] .
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A study designea to determine. wvhether irgp. (or ' other
metal) chelgtion‘at the infected site might éguse metal ion
'deficiencytﬁp 6£her pagés of the tfeé was pe:formed.?? We
found - that the natural .variabliify of trace element
bdmpbs{tion of lodgepole‘pine'is quite large. As a result,
within tree differe'n‘ces.«inp élement levels, that may be

induced by fungal infection, cannot be deteéfed,with a high

;aegrée of confidence. The role, iY¥ any, which the blue .

stain plays in the etiology of the disease is .the topic of

~ .

continuing studies in' our laboratofie§.

—
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IV. vExperimental

A. General

High regplution mass spectra.-were recordeé on 9“////
A.E.I. MS-50 méss spectrometer coupled to a DS-50_
'»computer. Chemical ionization mass épectra vere recorded
. On an A.E.I1. MS-9 mass spectrometer. Daté is ngported as
m/z (relétive intensity).  Unless ‘diagnostically
significant, peaks with intensities lesé than 20? of tﬁe
base peak are omittéd. - Fourier Transform infrared (ftir)
spectfa were recorded oﬁ a Nicolet FT 7199 1nterferometer
Ultravxolet (uv) spectra vere recorded on:'a Hewlett Packard

1 13

8450A diode array.spectrophotometer. H and C nuclear

‘magnetic‘ resqn;ncé' (nmr) spectra were measured (in CDC}3
unless otherwise no:ed)‘_oﬁ Bruker 'WH-200 or WH-400
kspectfometers." . All " nmr measurements = employed
tetramethylsxlane (TMS) as an 1nterna1 stanéard and .aré)
reported in ppm downfield from T™S ($ values) "Eéch sign;l
is reported for one proton unless otherwise noted. Optical
rotations were meaSured \on,,é' Perkin-Elmer model 141
polarxmeter and cxrcular dxchroxsm (qd) measurements were
Jmade with . a . Durrum . Jasco ORD/UV-S (SS -20 modzfxcat1on)
Greiggﬂxng spectrometer.* Meltlng poxnts vere recorded on a

Fxshet-aohnsimeltxng point appara;us and are uncorrected;

124
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4 \ o .
.Analytical and separation techniques® "
\
Analytiéal tlc was carrxed out on. sxlxca gel pecoated

tlc plates (E. Merck DL—Alufulren Kieselgel 60 F-254; 0.2

\

mm thickness) The chromatograms were examined under
\ .
'ultravxolet light (254 or 350 nm). 'Nisualization was

completeb by dibping the plates in a 5% phosphomolibdic
acid sol&txon (20 g of 20Moo3 2H3PO4 48H20,‘2.5 g of cerric

sulphate \ Ce(804)4, in 500 mL of 5% equeous sulphurfz
. . .

acid), or in a 2% vanillin - sulphuric acid solution (2 g
of wvanillin in 100 mL of 5% methanolic H,SO,), followed by
careful charﬁng with a hot plate. Alternatively, the tilc

plate was dipped in a 2.5% ferric chloride solutian (2.5 g
. ) \ \ |

in 100 mL methanol).

Preparati&% 'jtlc was carrxed ot on silica gel

t

3

precoated glass blates (20 cm x 20 cm;” E.Merck * 60 F-254;
0.25 mm th1ckness) ~Materials were detected by
| vxsualxzatxon und;r an ultravzolet lamp (254 or 350 nm) .
For flash chromato?raphy, E.Merck 5111ca gel 60 (230 - 400
mesh) vas employed. ~ ‘ _ _

Droplet cpuntgxcurrent chromatography was perfoimed
-using the EYELA Dropllt Countercurrent Chromatograph goael'
D.C1C. 300 (Tokyo R1 akikai ‘Co.). The two phase solvent
.system used (chloroform -'methanol - water) was allowed fo"

equllzbrate for. 24 hours before use.

N )
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B. Mycera clitricolor '

ggterials.' d‘ o ‘ ,T B : : o
Mﬂcltrlcplor vas:\obtelned from‘.Costa‘ cha and fbe
strain (q&;5348 u. of Alberta microfunéus collectxon) has‘
_'been depos{ted with the Blosystemat1cs Research Instxtute'
»(Agnidelture Canida) under accessxon no.. DAOM 191786 It
vas maintained ‘on—~coffee plants‘.and ’the - fungus was -
reisolated jf Aneeded to 1n1t1ate large scale cultures\_
(applxes to the 1solat1on of compounds 6 to 39). Water for
culturxng wai dxstxlled in an all glass apparatus pm:or to
use (Corning still Mega Pure System model MP-6A)" Solvents
for extraction and purification' were- djstllledi prior to
use.- ‘pifco . potato dextrose agar and broth were used to.

prepare the growth media.

. Growth of M. 'cftntoo'lon

Unless otherv1se noted, to 1n1t1ate st111 cult s ”of

';,the fungus, small fragments of the purxfxed fungus were
‘eseptxcally transferred ‘to ‘agar plates (potato-? dextrose){'
}?and .allowed to grow at room. temperature, in. a well lxghted
/area,. for 10 days. These cultures were blended (War1ng
blender, aseptxc cond1t1ons) and 10~ 20 mL allquots vere‘

used to 1nnoculate Fernbach flasks conta1n1ng 1000 mL of‘

sterzle culture medxum (20 g potato dextrose broth 0 4 g. -

»yeast extract /- lxter wq;er) ~ The flasks ‘were. stoppered,

‘ijth Toam plugs covered loosely w1th alumzﬁum fo;l. The. o



cultures‘ were alloved to mature-‘in -a well lighted and

~

vent1lated area thhout ag:tatxon.

.Extraction og the metabolites.

_' After a growth period' of 6 to 8.‘weeks; thef mycelial’
hgrowth vas separated from the. broth by fxltratxon through
cheesercloth The mycellum was extracted by heatxng “under .
reflux with' ethyl acetate 1n a Soxhlet apparatus for\24
* hours. The broth vas stxrred thh ethyl ~acetate : 1 p&rt
| ethfl _ acetate / 3 parts broth) for 30 lminutes and
separated, This was repeated three ‘times. - The comhlnedlw
ethyl acetate extracts were reduced in vacuofto ca. 500 mE,

dried over anhydrous -MgSO4 and evaporated to yield on

average.30 mg of crude extract / llter of broth.

Isolation compounds 3 and 4

4 ‘.

‘M;cftnfColorv was‘ohtained from‘Costa‘Rica. The fungus vas
transferred to an agar plate (potatoe dextrobe) and allowed
.to‘ grow at room temperature for 5 days. Thxs culture washf
‘used to 1nnoculate an Erlemeyer flask contaxnzng 100 mL of
‘culture bmedlumf (5 9 dr1ed and ster1lxzed bread crumbs /}
liter water) | After a growth perzod of 10 days (shake

culture) the' contents - of the flask were aseptmcally'

/

transferred to a fermentor flask contaxn1ng 10L of cultureli"

‘}medaum (50 g potatoe dextrose broth / lxter water) (New a

»Brunsw1ck Sc1ent1£1c Co., Hagnaferm Fermentor).r. After
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; growth period of 3 veeks, the temperature ‘of 'the nmedium
increased to ca 60° due to a malfunction. ' The temperature
remained at this level for ca 1 day, until the accident was
’noticed. The mycelial growth was aeparat*é from the brothx
“bthtaltratxop through cheese cloth ‘The broth glwas
‘extracted vzth chloroform {3 x1 part ohloroform / 3 parts
ibroth) for 30 minutes and separated The' combxnedt
Ivchloroform extracts uere _concentrated in vacuo to ca 500
dmL dried over anhydrous Mgso and evaporated to. yield 1.6
g of crude extract., The metabolites were putlfled ueing
centrifugal ‘liquid chromatoéraphy " (clc) . and | flash
jchrOmatography (chloroform;;to. 5% methanol . - chloroform

t

- gradient).
iR)-mellein (3) | -

:‘R£M0;54,(ethyl acetate‘r éet. EtheriSOiSO};.' o
m.pl 49-51°, (benzene) | o ; ,: ‘v‘ V"
‘ftir (chloroform cast). 2923 2852 1672;l620,‘1580,f14o9,
'"i1296, 1219 and 1118 cn”'; e e
~ "B onmr (cDC1y)i 11,0 (br s) 7.40 (dd 6.0, 7. 0), 6 89 (ad,
?L7 0, 1. 0), 6. 69 (dd 6. o, 1. 0), 4 75 (sext 7. 0), 2 95 (ZH
"fd . 0), .50 (3H a7 0); | |

ﬂhrexns° m/z' calculated for C10H1003 5‘ 178 0630- foundf‘57“

7”[,178 0532 (100) 160 (33), 134 (73), ‘05 (20" 77 ‘3"

if'athyl}(g;;-aiﬁyaf63y434ethy;76§mé£hy1)benzoste'(()i'
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‘R 0‘23‘(chloroform-motﬁanol 99:1); |
ftxr (chloroform cast). 3453 2920 1634; 161§;M1595, 1320{7‘
1278, 1110 and 780 cm -1, . |
8 ome (€DC1,): 6.25 (s), 5.12 (br s, DZO exch.), 4. 43 (2H,
| q,- 7. 1) . 2.89 (2H, q, 7.4), 2.12 (3H, S),»1-59 (br B, DZO
‘exch ), 1. 43 (3H, t, 7;21, 1.20 (3H,'£ 7.5); - "

hrexms- ~-m/z calculated for C12H1604 ':\ 224. 1048' foond
22‘4.1051-‘ (30), 178 (1'0‘0)', 159'(41‘),, 122 (10) |

Isolation of compounds 6, 7,8 9, and‘lgl"

Thé‘crudelmycelium éxtraot (1.3 g) was suojectéd fto' flash.
chromafograohy (chloroform to chloroform methanol 70 30
'vgradiontf.a Fract1ons elutxng thh chloroform - methanol,
'95:5; ogaVe"av‘sample which wasrfurtherfpurrfied by flash
ohromaiographkf to afford | ergostorolrf‘(6) ' ergosterol
‘;péroxydev (7) palmzt:c ac1d (9), and 11nole1c acigd (10).
Fractions’ 'elutzng thh chloroform.;4‘”mothanol,~ ;80.20;j
1,afforded cerevxsterol (8) | Sl . |
‘ ‘ .‘.&x~’_ Co

‘:oErgosférol‘(o) o

'"Rf 0. 31 (chloroform-methanol 983?);}

 mp 154 e L | L
._’-;:;x: (chloroform cast) 3400 (br) 2951, 2933, 2959 15pp;gouo~'
S ,457,‘1375 1068, 1038 970 837 and 801 om ’;[w}: |
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XY (cnc1 ): 5.60(dd, J = 6.0, 2.5 Hz), s‘ké <aa‘ 3.
6.0, 3.0H2), 5.23 (m, 2H), 3.67. (m), 2.50 (8da, 3= 140, )
8.0, 2.0 Hz),'2.31 (m), 2. - 1.2°(19K), 1.07 (8, 5 = 7.0
| hz, 3H),'o 9 (s, 33) 0.95 (4, J = 7.0 Hz, M), 0. 89 (4, 3
= 7.0 Hz, 3H), 0.85 (4, J.=7.0 Hz, 3H), 0.66 (s, 3H);

hroins.’ m/z“ calculated for 28 44 O: 396 3392- found
396.3400 (100), 363 (64), 337~(26), 271 (36), 251 (43), 109

| (24),.83‘(32), 81‘(48).,‘

¢

- Ergosterol peroxyde (7)

| ‘R£”0;24:(chlorojorm-methanol, 93:7);t'
‘ ‘mp‘179—181° (hexane)
‘ftir (chloroform cast). 3400 (br) 2965C 2872; 1470, 1390,

1080, 1050 1038, and 980’66 H

| “13 nmr (CDCl ). 6 50 (d J = 8 5 Hz) 6. é3f(d, J = 8.5 ﬁz),
5. 18 (m, 2H), 3 97 (m) 2 2 0. a (211), 1.01 (4, 3 . 7.0
“vﬂz, 3H) 0. 91 (d J=7.0 Hz; 3H) 0.90" (é,_3ﬂ)j0,a4 (d, 3 t
% 7.0 Bz, 6H), 0.83 (s, 3H) ; m,j7“f - T‘cg [P
l:‘threxms-; m/zr calculated fot C28 4403 é- 428 3279- foundfl;
- -428.3284 (5) 396 (100) 364 (23), 363 (31) 271 (7)
( sf(ss).y,,ﬁ | S |

PESINITINN

| Cerevisterol (8). =

,‘flkfjb.ls (?h?pfofoﬁ@fmcfﬁanl}wéo;JO)E'l,f::”H
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| mp: 254- 258°’(methono1) T S
.ttxr (chloroform cast): 3610,'3450jﬂ331o,29ad,j2§so,‘1659,':
1459 1448, 1383, 1370 1oée '96o §39 and 865‘cm-1; ‘QQH |
B nmr (cnc1 ). 5.38 (br d, 3 = 5.0 Hz), 5.20 (m, 2H), 4.08
(m), 3.64 (bs) 2.2 - 1.0 (14H), 1.02 (s, 3H),0.99(d, J =
7.0 Hz, 3H), 0.93 (d, J = 7.0 Hz, 3H), o 86 (d, 3 =.7, 0, Hzi"-'
C3H), 0.84 (d, J = 7. o Kz, 3H), 0.61 (s, 3H),‘

'hrexms~ m/z calculated for C28 4402 (M “'. H O) 412 3341;
 found 412. 3332 (26) 394 (20), 379 (30), 251 (25), 95 (25)“1
93 (27), 81 (42). . . S L |
23 @n, ‘- 1 S :

Pal‘micic ac.id'(9) |
Ri 0.48 (chlotoform+hothanol, 9852);"‘ ‘ ,
ftir,(chloéofo;m cast): 2400 - 3600 (br), 2917, 2846,‘1701,l

©.1460,.1215, and 1158 cm“; N

8 nmr (cnc1 )e 11,2 (br s), 2.35 (t, 3= 6.0 hz, 2H), 2.03

(m, 2H), 1.6 (m, 2H), 1.23 (22H), 0.87 (3H) | |
hfaimsi‘»m/z' calculated for 16 3204 ~£‘ 256 2402- found

| 256.2406 (24), 196 (18), 73 (21),*60 (31) 55 (100),

—

1'c“Liooleic,acid.(18) |

N A, g , ! . o : “. R "“ VL :
\ A
. ,

"'Rf 0. 55 (chloroform-methanol 98 2).,

-g{ftxr (chloroform cast) 2400 - 3600 (br) 2§30;<235o;szjQA_Qf -

'":1462 1280, 940 and 740 em” (f;';; S
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~'m mmr (CDC1,): 1.8 (br 8), 5.37 (m, M), 2.80 (m 2H),
2,36 (t, 3= - 6.0 Hz, 2H), 2.04 (m, 8H), 1.6 (m, 2H), 1.32

‘ }t .
&..

(223); 0;94h(vt;r3ﬂ);
hreims: .m/z ;calculated'ﬁfor C18H32 2. ¢ .280. 2394° found

280.2559-(12)[‘220“(5),v108’(36),‘ 9 (20), 60 (25), 55
f_(JOO). o | o R | - ' :

Isoiatiom‘g! citricoiic‘acid‘(il)

L3

The ‘crude broth metabol1tes (0 30 g) were dzssolved in_
“ethyl acetate (100 mL) and extracted thh 5% aqueous sodium
: carbonate (2 x 50 mL) The aqueous extracts were combxned 3

vac1d1f1ed with 6N HC1 and extracted with ethyl acetate (2 x

. 50 ‘mL) he combxned ethyl acetate extracts vere dr1ed

";f{uv (methanol) 217 nm (9900)

‘_(Mgso ), and evaporated to yzeld an o1l (0 12 g) which was
subjected to. flash chromatography (dzchloromethane ,to’
"dxchloromethane-methanol 90: 10 gradlent) to’ afford a paled
“vyellow,, o11 (5 2 'f mg) Ti Recrystallxzat1on jf from |
‘ ']hexane/chloroform afforded pure cxtrzcol1c aczd (11) .
R 0.23 (chloroform-methanol 90:10); T
‘h’_m.p. 202 205° (chloroform/hexane) ]f:'_:h',", :
v?‘*[alzsn +107° (methanol c-O 59),: e .
iwf?cd spectrum-‘positxve Cotton effect at 243 nm- ;'?ﬁ (fﬂﬁk

™

'ﬁsf_fttxr (chloroform cast). 3440 (br). 2960 2880. 1740 17°5hetﬁ

”-Viftsss 1510 1590 1440 1380 1180 1140 1055 955 cm“ ‘j'ﬁ“”
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1y nmr: see Table 3;

‘13C nmr : see Table 3; “. ‘ﬁd
cims (NH )s 382. (100 M+18), 365 (13, M+1),

21H300‘ 346. 2136-“ found

"'346.2135 (0.5), 288 (8), 207 (32), 205 (40), 124 (100) 109

hreme‘\ n/z calculated for C

(64), 82 (77), 59 (95).

\

.ReductionJgg'citricolic‘aoid‘

“‘Sodzum borohydrxde (5 mg) waso added - a solutxon of

- 133

‘c1tr1c011c ‘ac1d (11) (2 mg) 1n methanol (2 mL). After 15 =

‘mio. st1rr1ng, 1 drop of glacxal acetic aczd—was added and

‘ d;he solutlon . was evaporated to dryness The resxduelwas:

"trxturated with 10 mL ether/2 mL water, the organic e}trect

'rdr1ed‘ .(MgS0, ) .qnd evaporated : Pur1ficatidn 'by flash

: chromatography : ‘(5% o methanol/chloroform) o afforded o

deoxycxtrxcollc ac1d (14) as an’ 011

R 0 61 (chloroform—methanol 90 10) . ‘
e £t1r‘ (chloroform cast). 3400 (br) 2955 2924 2875 2854
v";*fi737 1649 1503 ‘1456 1422 1380,.1274..11%1;-'1062 ta.r'*
[d987 cm 3; ;j"< | ”'  H o | “'v.-,
H nme (cn on). 5.66 (dd 3 - 1.2, 1 0 Hz), 5. 62 (dd J o=

r[{ls o 7 o Hz) 5 45 (dd J - 15 o a o Hz) 4 64 (ddd J -’ji‘J
©io.s, s, 150),03.11 (ddd q = 1, o 6.8, 1.2 Hz) »9_';' 
: j3v(dq, ‘3. . 0, f\f Hz) 2441 (dddd 3= 12 s 7.5, 4. o s
‘\.jfﬂi) ‘z 18 (dq. J % 8.0, 7.0 Hz) 2 06 (m) 1.89 (ddd, ',"dfi'
5‘f“‘13 0, 3.0, . o Hz) 1 az (m) 1. 73 (ddd 3= 13 5, 4.0, f‘f' ‘

s

—
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2.5), 1.6 (m, 3H) .18 (s, 3#), 1.13 (s, 3H) 1.06 (d, J =
7.0 Hz, 3H), 1 02 (d J - 7. 0 Hz,«3H), 0.78 (s, 3H),

,cins (NH3). 366 (100 M*IB)

hreams. ‘m/a calculated for‘ 18"2402 272 1770«'1 found

272.1778 (7)," 191 (26), 124 (100), 109 (48), 82 (58),

Acetylation of citricolic acid A
\ PO ey
Pyrxdzne (1 mL) was! added to a solutxon of c1tr1col1c 4ac1d'

;(11) I 1 mg) in acetxc anhydrxde (1 mL) . The solutxon was .

1

‘ -stlrred overnxght., The solutlon was then evaporated underu(
_‘reduced pressure, the re51due azssolved,‘ n ether, and..

purxfzed by chromatography (p1pette column) ‘to”‘atford ‘

acetylc1tr1col:c ac1d (15) .as an oil

.

Rf 0. 65 (chloroform-methanol 90 10);.

”\ttar (chloroform cast). 3400 (br), 2971 2965 2948 2919
.t1765 1660 1450, 1362 1208 1148 1038 and 980 em” ’

B :'n nar; 5, es @, 3= 2 o Hz), 5. 68 (dd 3.5 15, 0, 7.0 Hz)

Co1.se 2 1 (m} 73);'1 25 (s, 3H) 1,20 (s, 33) 1011 g, E w

o _35 51 (ddd J = 15 Q' 8 5 1 0 HZ) 3 25 mﬂ 12 0
, 2 o Hz) 2. 70 (ddd J - 14 o ‘4. o 2 5 Hz) 2. 56 (dq' RN
qra = 7.0, 7.0 Hz), 2,24 (dq, 3= e 5, 7.0 H2), 2.10 (s, 3a)‘

‘i'7 0 Hz, 35) 11.07. (d = 7. .0 Hz, 3a) o 76 (s, 3H)"”
. ctms (my): 420 (100, e R |
 clreims: 3aa (u -Hzo, 6. z), 330 (2. 2), 29 (9 5) 205 wey,
" "”],1189 m). 124 (1oo) 109 (42) 82 (35) 59 (58) 43.(,‘57;.. R

e

T
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 Esterification ngcitricolic acid

¢

‘ Diazomethane (1 mL of an ethereal solutxon)~ vas added to
'7c1tr1colzc ac1d (1) (ca. o. 5 mg) 1n ether (0 5 mL). Af;er;"

\

1"110 mxn. ‘the‘_solutxon‘_vas evaporated o; y;eld‘ methyl
_c1tr1colate (16) as an 0il, | | df

f‘Rf 0.56 (chloroform-methanol 90 10);

uv (methahol)‘ 284 nm° ] o

ftir (chloébform cast). 3400 (br) zgée},zszo, 1722;,di458l{
1375 11040, and 778 cm P L
cims. (NH3)' 396 (18 M+18) 379 (100;M+1).

-
3

v

dilézonolxsis'gg deoxyoitricolic‘ecid'
'Ozone‘was bobbled\ihto‘e solbtion of deoxycxtrxcol1c; ac1d'
*(14)"12‘ mg) iﬁ‘hdlchlorom&$hane (5 mL) at -78° until the’
“‘solutxon remalned blue. throgen was then bubbled throughd
_for 5 mxn, then the solutxon was warmed to 0°; methanol (2]j'
VmL)‘was then added followed by sod1um borohydr1de (S,ng)
d,and the solutxon was st1rred for 15 m1n. The reaction:vas‘,b

fworked up as. for 14 ‘to yxeld the dzol 17'T'
Re " 0. 31 (chloroform-methanol 93 7)

'“ddlftxr (methanol cast) 3420 (br) 2920 | 1738 1641.o 1060;".1-“”

. 990 cm‘?,

g g nmr:. 5. 66 (t, 3= 0.5 Hz) 4.65 (ddd J - 10, 0,.8. 0, 1.0 .

{fin) 4,09 (dd, J = 10 8, 2. a Hz), 3. 7. (dd 31005, 2.5 0
). 315 (ddd J - 12, o 7.0, 1. 8 Hz) T4-2.1 ( ‘“7Hf.”

\
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[ 4
a ks

16 {d, 3 - 7.0 Hz, 3H), 0.62 (s, 3H);

cins (NH )x 284'(100 M+18), 267 (7, M+1);
h;cims; m/Z‘ calculated for C15H2204 266.1512; found
1266.1516  (19), 248 (13), 230 (11), 207 (13), 189 (18), 164

(45), 151 (100), 119 (50), 105 (46).

1

4
+ Hydrogenation of citricolic acid

[

Citricolic aciua (11) (2 mg) was added to  a suspension of
\

. 10% Pa/c (5 mgqg) 1n 3 mL methaxol A balloon?filled‘witﬁ«
hydrogenigasnwas attached to the flask and the suspension
.;as_ stirred for 3  hours. Tﬁe suspension was filtered
thr%ugh’celité aﬁd the -solvent evaporated wunder reduced

pressure to give dxhydrocxtrzcolxc acid (18) as an oil.

t

Re 0.38 (chlorotoqm-methanol 90:10);

ftir, {chloroform ‘cast): 3400 (br), 2958, 2928, 2873, 2857,
'Y

1737, 1649, 1862, 1379, 1275, 1260, 1191, 1163, 1127, 1067,
996, and 939‘¢m”; (
' nmr ' (cby0D): 5.73 (br ), 3,18 (m), 2. 43 (m) , 1.3-2.

(m, "TH), 1. 14 (s, 3H), 1 12 (s, 3H) 1. 00 (@, g = 7 0 Hz,

3H)® 0.96 (d, J=.7.0 Hz, 3H), 0.69 (s, ﬁ") IR
lreams. 332 (20) 317 (16), 307 (11), /238 (14), 218 (20),
181 (45), 152 (31); 151 (42), 97 (38), 96 (73), 59 (100),

’
N o

55 (69).

a

‘Isolation gﬁ compounds 30, 31, and 34
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The crude broth metabolites vere separdtgd  byk dcce. A
chloroform - methanol - water mixtgre‘(S:chj was prep@red
and equilibrated. Thé lower‘layer‘of the‘ solvent mixture
vas used as the mobile phase, and the upper lg}er as the
stationary phase, in a descending mode dcec. The crude
extract was dissolved in 20 mL of the upﬁer layer and
injected into the iﬁjéction loop. A fiow rate settihg of
180 was used which resulté inla flow rate of 12 mL /‘hour:
5 mL fraétions were collected. Fractions 20 to S0 vere.
combined and the  solvent evaporated under réducgd.pressufe.
The residue ‘'was applied to a flash chromatography ’églumn
and elution (5% methanol - chlorofqrm)_\ afforded
cyblo(L-Pro-L-Ledi (30) and - citricolis aEia (11).
Fractions 51 to 99 weré combined and the solveﬁt evaporéted
under reduced pressJie. The residue was applied to'a'flésh
-.chromatography column' and ‘elutién (2x - 10% méthaﬁol 7'

\

chloroform gradient) afforded hydroxy furans 31 and 34.

cyclo(L-Pro-L-Leu) (36) 

Rf‘0162 (éhloroform-methandl, 93:7); |

ftir (chloroform cast): ‘3370 (br), 2923, 1731, 1708, 1425,

1311, 1251, 1182, 1798, 1171, 1147, 1075, 1060, and 730
em '; | | N ‘ B S '-‘ |

'8 nar (‘cnc13'):‘s.79 (bs), 4.12 (t, 9 « 8.5 Hz), 4.02 (da,

J = 9.5 and 3.5 Hz), 3.56 (m, 2H), 2.35 (dddd, J = 13,0,
8.0, 7.0, 3.0 Hz), 2.1 (m, 3H), 1.91 (m), 1.73 (m), 1.52

Lo
]
Y
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SIEE . '

(ddd J = 13- 5, 9 5 and 5.0 Hz), 1.00 (d, J = 6.5 Hz, 3H),
0. 95 4, J =6.5 Hz, 3H); . ; :

cims: 211 (100, M+1)ﬁ 228 (20 M+18), ' '

| hreims: m/i' calqpiated for‘ C11H18N202 : 210:3368; found
210.1371 (0.7), 154°°(100), 138 (10), 125 (11), 86 (21), 70
(55), 56 (6). '

2-hydroxymethyl—5—(4-3—buten-240ne)-fufan (31)

| Ri 0.29 (ch}oroform—methanol, 95:5);

ftir (chloroform Castf: 3?60, 2920, 1682, 1622, 1360, 1263,
1181, 1018 and 966 cm '; | I
uv kmethanol): 320, 212 nm;
"% nmr (cnc13): 7.30 (d, J = 15.5 Hz), 6.64 (d, J = 3.5

\

Hz), 6.63 (d, J = 15.5 Hz), 6.42 (d, J = 3.5 Hz), 4.68 (s,
2H), 2.36 (s, 3H); ./

hreims: m/z calculated foc C951093‘ , 166.0630; " found
. 166.0633 (22), 151 (9), 135 (100), 107 (8).

5-hydroiymethyi'furfural‘(34)

| Rt 0 24 (chloroform“methanol +95- S) _ |
ftxr (chloroform cast): 3420 (br), 1678 ' 1585; and 1515

em” s | | B
uv (methancl):‘282, 227 nm; -

'»!H mr (CDC13):,9.2$ (s) 7.15 (d J = 3 Hz), 6 47 (d J =

113 Hz), 4.70 (§, 2H), 4. 1 (br s, D0 exch ):

-t
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“hreims:. m/z calculated for CG//EB= 126¢0316; found 126.0319
(73) 97 (100), 69 (33) ‘

Isolation of compounds 35 and 3 6

‘The crude broth metabolites (190 mg) were desolved in
:ethyl acetate (100 mL) and extracted with 1N NaOH (2 x 50
‘mL)» The aqueous extracts vere combxned, acxdxfxed w1th 6N
HC1 and extracted w1th ethyl acetate (2 x 50 mL). | The'
combxned ethyl acetate extracts were dried (MgSO4),'and
evaporated to yxeld ao oil (38 mg). Separation by flash
‘chromatography (dlchloromethane to dichloromethane -

hethanol .90:10, gradxent), afforded 35 as a yellow solid

(9.1 mg) ‘and 36 (12. 3 mg).
p-hydroxybenzaldehyde (35)

R, . 34 (chloroform methanol 93:7);

mp 116- 118° (chloroform). ‘ _

- ftir (chloroform cast): 3580, 3019, 2925, 2854, 2355) 1687,
1602, 1587 and 1159 cn” '; | o |

'H  nine '(cncig):' 9.87 (s), '7.80 (d, J = é,s Hz, 2H), 6.96
(@, J = 8.5 Hz,[ZH);" ‘ o 1 o ii S "~{
hreims:'o'm/z calculated for " C4Hg0, f:]N122.6368; found
| 122.0370 .(87), 121 (100), 93 (35). o o

" tyrosol (36)°
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_Rg 0. 10 (chloroform-methanol, 93: 7). ,

ftir (chloroform cast): 3394, 3155, 1515. 1052, 18 and 556
c“I" B S i | ' |
'8 mmr (coC1): 701 (@t, J = 8.0.and 1.0 Hz, 2H), . 6.71
(dt, "3 = 8.0 and 2.0 Hz, 2H), 3.72 (t, J.= 6.5 Hz, 2H),
2.72 (¢, J = 6.5 Hz, 2H), 2.52 (bs, 2H); |
hrelms;'em/é' calculated for ‘CéHiooz ; 138,0681;‘,found

138.0679 '(25), 107 (100), 77 (11).

Isolation of compounds 38 ande39
5 L of broth was extracted ‘with dichloromethane.(2 x 500 mL
dichloromethane / 1 L broth). The broth was filtered
through‘ celite and passed through an Amberlite resin
‘(XAD—4) column at a  flow rate ~of 150 mL / hour (pump .

control) The column was then eluted thh 25% methanol -

. water (250 mL), followed by 100% methanol -(400‘ mL).

Evaporatxon of the methanol eluant gave a brown res1due
(0.775 g) o Flash ' h'omatography K (50% methanol -

chloroform) on a port1on of the resxdue (0. 336 g) afforded'f

'39§; The remaxnder of the brown res1aﬁe was d1ssolved 1nﬁ"_

' ‘pyrxd1ne (5 mL) and- acéigc'anhydrxde (5 mL) ’ The‘ solut1on

'uas stzrred at room temperature for 24 hours.] The solutlon

4

was evaporayed to dryness (Buchx ‘evaporator) and the'

reszdue dxsolved in dzchloromethane. Purzf:cat1on by flash':"

‘ﬁﬂchromatography (41’, methanol = chloroform) affordedA
' R R : ‘ .
‘.acetylated-39 and 38. - SR ;.‘f“
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2,3-dihydroxybutane (39) e

Rg 0. 18 (chloroform methanol 93: 7),

ftxr (chloroform cast). 3340, 2975, 2933 2891

1079, 1056 1005 an aea e 1

1

~ Hz, 2H), 1. oo (d, J = 6. 5 Hz, sn)

3¢ nar (cnc1 ): 170.56, 16.61;

48

hrexms- ‘m/z calculated for C,H,0 (M-Héo)i'w72;057§f

72.0578 (16), 45 (100)
- 2,3~diacetoxybutane -

R£,0.86 (chloroform-methanol, 93:7);

ftir (chloroform cast): 2960, 2920, 1741, 1371,

1043 en” '; | , |

'n nmr (cDCl,): 5.00 (q, 3= 6.6 Hz, 2H), 2.03
ST (d, J = 6.6 Hz, 6H);

;‘cxms- m/z 192 (100~ M+18)

1rcrms: 131.(4), 114((4) 87 (22), 43 (100)
.3-hydroxy?y-buryroiactone acefa;e‘(Ba)f

(ﬁf 0. 76 (chloroform-methanol 93 7)

“ﬁftxr (chloroform cast)' 1785 1749 1180 1Q95,

‘\fand 990 cm 1 'r.-;ir' ;

1453,

141.‘“

1373,

H nmp~(CDCl ): 3 78 (bs,. 1H, D20 exch ), 3.65 (q,'J = 6.5

found’

1232 and

s,

6H),

103bh
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B nwr (CDC1,): 5.45 (dadd, J - 6.5, *4’5 2.0, 1.5 Hz),
7 4.55 (dé J = 11, o 4.5 Hz), 4. 40 (dad, J = 1.0, f’é“ 1. 5~'
Hz), 2.90 (da, J = 18.0, 6. 5 Hz), 2.65 (ddd, J = 18.0, 2. 0,
1.5 Hz), 2:13 (s, 3H); . | o Y
v‘hreins. m/z calculated for CGHB 4. 144 0423 found 144.0425

.:(0,8), 66 (20), 84 (100), 71 °(11), ss (14),,

"C. Synthesis'o£'CeratenQIone‘

" Reagents and solvents -

‘“Anhydrous . solvents  and reaéents were distilled from
"iappropr1ate dryzng agents (in brackets) uhder -antfinert:
'atmosphere '”of-. n:trogen ,crw. argon° THF (pOtaSSIUm)

lacetonztrxle (calcxuﬁ“ h arzde) tert butyl . alcoholl‘“

B (potass1um), ethyl formate (phosphorous pentoxxde) benzene»:.y

(sodaum). PYtldzne (calc:um hydrlde), <‘d11sopropylam1neﬁ

s e e

"“(calcxum hydrxde) tr:ethylamxne (ca1c1um hydrzde)lt

" Fchlorotr1methyls11ane (calcxum hydrzde), ethanol (sodzum) K

“lOther reagents were used thhout further pur1f1cat1on.: l,;‘,,f-

A

'”fL'Esfﬁe;hfléz%ﬁépfehizegné;(sb)f',’7;" ERFSERE
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hSodium‘metho;ide (1 62 g,‘ 30 mnol)'.va.h added :d“aéy;
‘,?methanol (50 mL) folloved by phosphonate 61 (5.82 9 30.'
mmol) After one min: Z-methylbutyraldehyde (48) (3 2 mL‘
,-‘30 mmol) was added dropwxse.‘ The solutxon vas stxrred for
30 min, then poured 1nto a mlxture of water 150 mL) ~and
'pentane (50 mL) ;The aqueous layer vas separated then
_ extracted thh pentane (2 x 50 mL) The organxc extracts
'd were then comb1ned washed wzth br1ne, dr1ed (MgSO ), and -
”evaporated to nge enone 59 (3 53 g, 93%) as a colorless“
o1l- o . S ““7h‘" |
=‘:R£ 0.47 (dxchloromethane) | | o
| ftir (chloroform cast): 2964, 2933, 2876,'3670, 1639Ld1469;
1380, 1175, and 981 cm ;- | e | o
H omr (CDC13). 6.66.(dd, J = 16 0, 8.0 Hz, 1H C 4 CH)
6.02 (a4, d-; 16.0, 1.5 Hz, 1n C-3 CH), 2.24 (br sept, J =
7.0 Hz, 1H, C-5 CH), 2. 23 (s 3H, C-1 CH D, 1 42 (quint, J
=17.0 Hz, 2H, C-6 CHy),y 1. 05 (a4, 3 =7.0 Hz, ;H, -8 CHy),

- 0. 87 (¢, 3 =17, o Hz, 3H 7 cH )

: 5fhre1ms. m/z calculated for C8H14oa 326 1045- found 126 1043
»'-(38) 111 (100) B3 (22) | | | |

'v5—(14nethy1propyl)‘173-cyclohexanedione (58)'.

o h-1‘- o , , o S :
"In a dry 100 mL three-necked round bottomed flask fxtted;. |

frw1th a reflux condenser, under- an argon atmosphere, vas,;"

'ﬂﬁzplaced absolute ethanol (40 mL) Clean sod:um (0 719, 31_§¥5

Tf‘mmol) was then added at such a rate that the reaction wasjgf
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‘_kept at the boiling temperature. | htter ‘the sodium‘ had‘
'dissolved completely,‘ diethyl ‘malonate (4 7 mL 31 mmol)
_vas added and then a solution of enone 59 (3. 53g,n28 mmol)’“
‘in‘ abselute——ethanol (5 mL) vas added slowly via syrlngue.hﬁ
”The solution vas refluxed thh constant stxrr:ng fo rﬂ two
'hours, after vh1ch a solution of potass1umkhydrox1de (17 S'h
h mL of a 3. 9N solut:on) vas added and the ‘mzxture reflhxed"
for a further sxx‘hours.‘ The m1xture was cooled, uater (50 :
“mL) was added ‘ahd the solutxon was. neutralxzed to. ‘pPH 7 0
‘wzth . IN stHQl.‘ Most of. the 'ethanol :was ~removed by
‘d1stzllatxon under Jreduced pressure (Buch1 revaporator)_
The aqueous solut1on was acxdzf1ed(w1th N HCl and gently
cheated to complete decarboxylatxon. After coolzng, Ithe
'mxxture‘ was extracted thh dachloromethane (3 x 100 mL)
the organzc extracts combxned, washed w1th br:ne (50 mL)
'dr1ed (MgSO ), and evaporated.to yxeld crude dlone 58 as a
"“}gyellow 5011d Pur1£xcat1on.j:by flash chromatography
d\‘iafforded pure dlone g; 269,419 4 mmol"69%) |
‘~'ftn£ 0. 17 (dxchloromethane-methanol 95 5) d; | L |
o ftir (chloroform cast) 2953 2938, 2877 1602 (s) 1»4,‘14,],,:
- ’..""'..}11'1266 and 1101 cm ’-‘; e e \ o
”~??1H nmr (CDCl )e (br s, enol OH), 5 48 (s, enol c- 2
. cHY, 3. 40 s, keto, c=2 cH, ),‘2 3 - 25 (m, 4H, -4 and c-6 .
Uy s), 2.0 (m,_ﬂ-l c-s CHY, g (m, 2, -8 Ctlz 1.2 .,.","', X
r -’,,'?..:m, c-7 cH) ‘0. 9 (m, 6H c-9 and c-1o CH, )
13c nmr - (cnc1 )-»«- 203 99 and 203 87 (c-1 and c-3) 104 4
‘f‘;"-,".;‘,;(c-z enol) 57 58 (c-z keto) 44 75 ‘and. 43 09 (c 4 ms




c-6), 38.32. and 38. 11 (c- 5), 3. 38 and 35. 14 ‘(c77), 26,37
- (c-8), 15.15 (C-10), 1. 39 (c-9); ' C

,f‘hreims;‘m/z-calcd for C 168 1150- found 168 1149 ,

10 16
119),1111,(100), 110 (za),nes,(es) 59 (37), 55 (69).

ot
.

‘2*ethy1~$h(1-methy;propyl);1,3:gyciohexanedione (52): from -
. . o s . # : ‘v‘ o v . L b R B .

8 . N

‘ Sodxum hydroxxde (185 mg, 4 6 mmol) 1n uater (8 mL) uas“
added ' to 'a' solutlon of dxone 58 (650 mg; . 3 87 mmol) in

‘.d1oxane (2 mL)," under an argon a?mosphere. Iodoethane (1 5

mL, -18.7 mmol) was _then added and the mxxture heated to .

1 reflux. After 24 hours, the mxxture was cooled water (25
‘mﬁ) was added, and the‘ olutxon‘ wasj extracted thhf

‘dxchloromethane (3 x 25 mL) | The comb1ned organxc extracts
';were washed w1th br1nef (2 x 10 mL), drzed (MgSO ), and
.‘evaporated to afford a brown ozl (530 mg) Pur1f1catzon by;'

hflash chromatography afforded 3-ethoxy- 5- (1-methylpropyl)fd“

R 2= cyclohexenone (73) as the major component (309 mg, l:58‘

fnﬁmmol-‘41%) Ac1d1f1catlon of the aqueous layer with 1N HCl‘ﬂr

f“afforded a wh1te precxp:tate. The prec1p1tate was fxltered .

't,‘and d1ssolved 1n d1chloromethane.,:“?hej d;chloromethane B
'jsolut1on was drzed (Mgso ) and evaporated to y:eld a whxtefﬁf

ssolzd (210 'mg) : Purxfzcatzon by flash ‘chromatographyf;m

\ ”fafforded pure d1one 52 (158 mg, 0 81 mmol' 19%).,A¢3?Wtf""‘

R f 0 46 (d1chloromethane-methanol 95 5)":"‘hftffiﬁfff§*' ,
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mp: 102 104°, (ztzo)-f - . |
‘ftir (chloroform cast). 3200 2100 (br), 2962 2934,' 2877,
|1565 (s), 1416, 11260, 1242 and 1103 cm ‘;fo\
18 pmr (CDCl ): 7 .2 (br s, enol OH) ‘3.28 and 3. 25 (t ' 5
7. 0 Hz,; keto,‘c 2 CH cls and trans) 2. .30 (q, J= 7. 0 Hz,
“.enol c-n cH ), 2.3 - 2. 5. (m, 4H, C- 4 and c 6 CH2 s) 2.0
(m, 1n C-5:CH), 1. 83 (m, keto, C=11 CH,), ‘1 4 (m, 2H c-8
‘ CH ) ‘1 2 (m, 1H C 7 CH) 0 97 (t, J ='7 0 Hz, enol c- j2
CH, ), 0.9 . (m, c-9, c 10 and keto c 12 CH 's);

13C -amr (CDCl ) 206 34 and 204 65 (C 1 and C -3 ‘keto "cls |

“ and trans) 185, 67 (C T and C-3 enol cfs and trans) 117.28'

(c—z ohoi) 68.29 and 57 61 (c 2 keto cls and trans) 45“37\
“,and 42 10 (c-4 and c 5 keto cis and trans) 43 60 (c 4 ana'

"‘.c -6 enol), 38,35 (c- -5), 37.68 ‘(C-7), 29.29 (c-11 enol),

"¢L:(31) 1 (100) 69 (29) ss.(ss).

| 25¢29“(C-8) 15.48 (c-10) 118.87 and 15. 01 (c 11, keto cis
~.and tbaﬁs) 15.26 (€12, Keto), 11,44 (€-9)," 13.08 (c-712,
enol) ‘,"‘,wﬁi ’ ‘j ) :‘Lﬁff j,rf;,fw.,'

IRohroxms. n/z" calcd for c1232002. 195 1453 found 196.1465

}u;f'w’f“‘ <of,v}ff,g; ‘5;;ff S O o
”V~J3r=th9*YT,57(l'méthrlpr°§rl)f 2‘cY¢19bexen°ne”i73)?‘7!'"

W . ’ T

‘;R£ 0 59 (dzchloromethane*methanol 95 5)'w‘

‘,'ffﬂnp-ﬂss 40° ’TV‘JIﬂ;'gﬁ:"~‘-V;;Vnn&fb“‘f”:of5*v*ff‘*3f“7‘ .
"jfttzr (chloroform cat): égoz 2934, 2876, 1657, 1607,. 1378,

*}f‘?1353 1211 and 1143 cm 1 'fv»;,{f;j‘*oyjiowghg;;ﬁ vT"




O

| f:was ’rapldly added After stxrrzng for a further 10 min at

‘27-Methy1—5~n6nen—4cone'(54) N |
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1

25 0CH2CH3) 2. 3 - 2. 5 (m 4H C g and c-6 CH 8) 2 0 (m,

. 1H, C-5 CH), 1.4 (m, 2H, c-e CHZ) -1 39 At, . = 7 o Hz, 3H,
ocHQCH'), 1.2 (m, ""HH, C-7 CH), 0.9 (m, 6H, C- 9 and c-10.

s?

H nmr (CDCA ). 5 38 (s, H, C- 2 CH) 4 92 (q, J = 7. 0 Hz, o

hrexms~ n/z caicd;cfor‘é1éH2602r‘196.1463; found '196.1467

(26) '139f(105),‘125-(25)‘ 112 (36) 111 .(38), 110 (41), 98 .

(25), 84 (83), 66?(805 55 (36).

.'N—butyirithium (28 8 mL of a 1.554 solution in hexanes, 45 -
mmol) was added to a solutxon of dzxsoprOpylamzne (9 4 mL,~d
67, mmol) ‘jn dry THF (100 mL) under argon at -78°. The

solutxon was stxrred for 30 m1n then 2- pentanone (56) (4.7

-~

mL 45 mmol) was added dropw1se. Thxs solutxon was stxrred

 for 60 m1n and 2-methylbutyra1dehyde (48) (5 0 mL 47{mmol),f

-78 éisat. aq NH Ci (5 mL) was added The solutlon 'uaslzl
5 ,

'@Eﬁgwed to warm to room temperature and‘was poured 1nto aﬁ‘

| m1xture of - cold 10% nc1 (200 nL) and dxethyl ether (100 a

‘ mL). . The' organzc layer was separated washed wzth water,,‘]f

br1ne drzed (MgSO4L, and the ‘solvent evaporabed underﬂf"

reduced pressure to g1ve the crude ﬁ hydroxyketcne 95 (Rfrfdf

0 20 d1chloromethane)

"5ﬂf The crude B-hydroxyketone was dzssolved 1n c,nzene (100 mL)uﬁ”u

“f and 'pwtoluenesulphonxc ac1d ( g) vas added After5ﬂff
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~—

stirring for 15 min 4A molecular sxeves (30 g) vere added

‘and the mixture ves alloued to stand at room temperature
A ‘
| for 24 hours. The. resultxng brown sd&utxon ‘was f:ltered

end nashed with 5% NaHC03, vater, brlne, dr1ed (MgSO ), and
the solvent evaporeted to’ nge the ‘crude enone ‘(6 5. g)

A

' Purifacatxon by flesh chromatography afforded pure enone 54

- (5.9 g, 78%);

'R£‘0 61 (dichloromethane>,f | \

ftxr (chlorofOrm cast). 2963, 2934 2875, 1655,v1631, 1568,
1459, 1378 1194 and 981 cm f: o

u nmr'(CDCl3):‘6781 (da, J = 16IO 8.0 az H, C-6-CH),
:6;04; (dd?'3J -»16 0, 1.5 Hz, 1H, C- 5 CH) 2. 51 (t J =7.0
Hz, 2H, C-3 CH,), 2.20 (br sept, J = 7.0 Hz, 15,‘ C-7 CH),
1.61 (sext, J = 7.0 Hz, 2H, C-2CH, ), 1. 30 (quint, J =~7t0"'
Hz, 2H, C-B CH,), 1.04 (d J=7. 0 Hz, 3H c-10- CH ), 0.92

(t, g = 7.0 Hz, “3H, c-1 CH ), 0.87 (t J =70 Hz; 3H c-9

LUCHR); R Co
L ‘3c amr (CDC1,): 199,34 (c=a), 551‘04 (C-6), 128.45 (c-5),

Lot

-”41 se (c- -3), 37 75 (c-7) 28. 51 (c a) 18544j(c~1o), 17,27
*u(c~2), 10.91 (c=1 and c- 9), R -

"“;hrexn3°f m/z celculated for '”10 180..‘4f54 1357-'- found
SRTTS 1355 (7, M26 - (67), 111 (61) 83.(39), 77 (100)

f1,3 (1-meth 1 ro‘:l) 5—ox00ctano1c acrd (76)

. Inadry.2s ﬁ:athreéfnécxeaftouhaAﬁbo:tohéa**flaSk.”fiffed’»'
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. with a reflux condenser, under an argon -atmosphere, was
_placed absolute ethanol (8 mL). Clean aodlUm (41 mg, 1.8
miol) was ‘added After the sodxum had dissolved

: completely, dxethyl meionate (0 28 mL, 1 8 mmol) vas added -

’“then a solutxon of enone 54 (245 mg, 1.6 mmol) 1n absolute

ethanol (1 mL) was added slowly via syrrngue.‘ The Bolutxon
was refluxed wlth constant stlrrlng" two hours, ,after.
which - a solutxon ‘ot‘ potasszum hydroxxde (2 mL of a‘3 N
vduolutxon) vas added and -the mzxture refluxed for a. further'
six hours.’ ,The“mlxture was cooled and, water (10 mL) was -
‘added. The solutlon was neutralxzed to pH 7.0 wzth IN HCl\
'Most' of .the’ ethanol was removed by dxstxllatxhn under"
vreduced pressure (Buchx evaporator) The aqueous solutzon'
'd‘was acidified wzth 1N HC1 and:gently heated to complete
Adecarboxylat1on. After coolzng, the mxxture was emtracted
~ with d:chloromethane (3 X 30 mL), the organzc extracts |
lcombxned, washed with brlne (25 mL) dr}ed (MgSO Y, ahd‘\

evaporated to xxeld a, brown oil." Purxfxcat:on by flash

": chromatography afforded pure acxd 76 (24§ mg,-.\. ‘EQOIi

Y ¢ . DN : o . L R ,‘A ) : A
72%) v ) o ' - ":“;.' ' N Y f'_.

“.Rf 0. 16 (ethyl acetate) | }-',_ ‘\‘ i' h‘ - ‘_\‘ |
| ttir (chloroform cast) 2300~ -3500° (br}, 2963, 2934 ;ezshf5
;}ﬁ1734 1704 1464, 141, 1381, and 1126 em” 1, | i'd
1™ ame (cpc1;): 10 0 (brs; coou), 2.3-2. a/(m, 64, €-2,.C~¢
,d\and C-6 CH s) _1 59 (sext Jn 7 0 Hz,AZH C 7 Cﬂzl‘; 1. 4fjr'
S m, 2H, c 10 ‘cH, SARE " (m,,lH c 9 CH), o 78- o 95 em, 9n'f7'

lc 8 c- 11, and c—12 CH s)



jisolutxon was neutralized “to PH 7.0 wigh TN HCl xost of

o

-cyclohexanedione (78)
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T

hreims: m/z calcd. for C12H2203 214. 1569' found 214 1565
(4), 171 (37, 157 (18), 128 (41), 11 (31), 87 (27), ee

.(33), 83 (42), 71 (100), 56 (48).

'2-Ethyl-4—carboethoxy-5-(1~methylpropyl)-1l3—
. 3 ,

.
\

-

In \dfy 250 mL three -necked round bottomed flask fitted

3w1th a reflux condenser, under an argon atmosphere, was

placed absolute ethanolae gmL). Clean sodium (0.71g, 31

. _L‘ i3

mmol) was added at such a rate that the feaction. was kept .

at the boiling temperature. After the sod#um had dissolved

'coﬁpletely, diethyl malonate {4.7 mL, 31 mmol) was added

and az'solution of ‘enone 54 (4.31g, 28 mmol) in,absolute"

. ethanol (10 mL) was added slowly via syringue, The

solution . was refluxed thh constant stlrrxng for 24 hours

, The mlxture was cooled and water (50 mL) was added. The

.the ethanol was then removea . by dxstxllatzon under reduced
pressure (Buch1 evaporator) ' The agueous solution was

) wacfaxf1ed with 1N HC1 and extracted wzth dxchloromethane (3

x 100 ml) The organxc extracts were comb1ned washed with

' brxne (50 mL), drxed (Mgso ), and evaporated to y1eld crude

dione ester ‘88 2 yellow solzd Pur1f1catxon by £lash

chromatography then afforded‘pu'- dzone ester 78 as a vhite

solxd (6 309, 23.5 mmol ; 84%)
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'R£ 0.39 (dichloromethane-methanol, 95;5);|
.mp: 52~54°; | .
ftir {chloroform cast): 3100(b), 2963, 1733, 1598, 1561,
1394, 1313 1262, 1110 and 1o§¢‘cm;'; |

13' nmr. (CDCl ): 8.9 (br s, IH; ehol, OH), 4.25 (q, J = 7.0
Hz, zn OCH 2CH3), 3.36 (4, J = 11.0 Hz, 1H, C-¢ CH), 2.45
. (m, 2H, C€-6 CH,), 2.31 (q, J = 7.0 Hz, 2H, C~7 CH,), 1.4
(i, M, C-5 CH), 1.3 (m, 21, C-11.CH,), 1.30 (t, J = 7.0
Hz, 3H, " OCH,CH,), 1.00 (m, 1H, c 10 CH), 0.94 (t J = 7.0
"ﬁ;,~3n, C-8 CHj), 0.90 (m, 6H, C- 12 and C-13. CHy s)

.”‘3U nmr (coc1 ): 171.36 (C-9), 171.20 (C-1 and C-3), 116.91
.(enol c-2), 61.00 (o¢32c33), 40.89  (c-4), 39.06 '(q—S),
35.68  (C-10), 27.16 (C-7), 24.23 (c-11), 13.96 gocnéCh3),
13.69 (C-13), 12.82 (&—e),'11.77 (C-12); S

i,0

hreims: m/z calcd. for ¢ 268.1674; found 268.1676

15H2404
(6), 211 (29), 139 (28), 115 (44), 111 (44), 105 (55), 87

(100).

‘2-ethgl-5-(l-methylpyépyl)*1,3—cyclohexanediohe~(52): from

78

‘Dione ébter.78 (2.51 g, 7.8 mmol) was dissolvéd iﬁ 95%
: ethanoi (30 ‘hL) and potass:um hydroxlde {10 mL of a 3.9N

, solut1on) was added. The solut:on was allowed to reflux "

- and stir. overn1ght (ca “18 hours) undgr an argon atmosphere..
The reaction m1x;ut§~vas cooled and the ethanol was removed
. by disti;lation (Buchi‘evﬁpprato;i. ‘Dilute Hci (20 mL‘of af.
& Cer

P

&
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5% solution) was added "and the, solutzon allowed to reflux
for one hour under an’ ‘argon atmosphere,. .On coolxng, a
'precipitate formed. t fhe imlxture vas extracted with
: d1chloromethane (3 x 50 mL) The combined organic‘extracts

N

were extracted with dil. NaOH (3 x' 50 mL of N solutxon)

The combined aqueous layers vere poured into ice cold HC1
(200; mL .of,a IN solution) resulting in the formation of a
white precipitate.’ The precipitate Qas filtered, dissolved
ih vdichloromethahe, ‘and dried (ﬂgsoql. Aftervevaboration
of the solvent, ‘the crude dione 52 was obtaxned ahd_

pur1f1ed by flash chromatography (1. 49g, 7.6 mmol' 97%).

I
8

v

2%ethyl-5-(1-methylpropyl)-1,3-cyclohexanedione (52):‘ from

. 54 and 82

Enone 54 (2.71 g,uT7;6 mmol) was added to,a suspenslon‘,of
potassium monoethyl malonateL\de'(2.d"g,- 15.7 mmol) in
' absolute ethanol (50 oL). potéséium teﬁt;butoxide“ (1.98g,
17,1 'hmoll‘ was added The solutlon was allowed to reflux
- for 24 hours. “The mixture was cooled and vater (50 mL) was
added. The solutzon was neutralxzed to pH 7.0 with 1N HC1.
_7___Mgst_o£ the ethanol ~vwas removed by dxstxllatxon under-
reduced pressure (Buch1 evaporator) The agueous solution
was ac;d:f:ed wzth 1N HCl and gently heated to complete.
decarboxylation.'ﬂ After cooling, the mxxture vas extracbed"
. .

with dichloromethane (3 x 100 mL),- the organxc extracts

eombined ' washed vith br1ne (50 mL) drxed (Mgso4), andlf

",. P NI v'f.
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evaporated to yield a -brown oil. Separation by flash
chromatography atforded pure dxone S2 (532 mg, 1.79 mmol;

1cx) unreacted enone 54 (712‘ mg, 4.6 mmol; 26%), and

several unidentified products.

3-(1fmethy1propyl5-2—carboethoxy-SfOxooctahoic acid (91)
Enone 5& (6.04 9, 39.2 mmol) was added to a Asolurion of
magnesxum monoethyl malouate (6. 65 g, 43 mmol) in fresly
drstxlled absolute ethanol - (50 nL) . The solution was
warmed to‘ 604 and st{rred for 15 ’hours. The cooled:
SOIutiod wes poured into a mixture of cold 5% 'aqueous‘ KOH
(100 mL) and! ether (100 mL)rj' The agueous ‘leyer was
'separéted, acidified with cold fO% HCl; shen extracted Qith'
ether (3 x 80 mL). The combined ether extracts vere vashed -
with water, brine, dried (MgSO ), end_ ‘th:”' soivent
evaporated under reduced pressure to give the crude acid 91
(3.10 g, 12. 9 mmol 33%, 81% based on recovered enone)
Evaporat:on of the tzrst ether extract afforded unreacted'
enone .54 (3. 60 g, 23 3 mmol; 41%). Pur1f1cat1on,.by ‘flashd,'
;chromatographyhprovided an analyt1cai sample of'acidd9f.d
'Rg 0.10 (dichloromeghéﬁe-methanoi,u98rZ)i | |
.. ftir (chloroform cast): 2400-3400 (br), 29.'54‘,“;‘2936,1 2877,
1750 (sh), ‘1734 1712, 1412, 1_38‘0',_ 1300, ?1_278,’ 1258, 123i;
1176 and 161 em 'y A, . ¢ |
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% nmr (coci, ) i1;30 (br s, W, COOH), 421 (my 2H,

OCH,CH;), 3.66 (m, 1H, C-2 CH), 2.6 (m, 3H, C-3 CH and C- e

CHy), 2.62 (&, 3= 7.0 Mz, 2H, C-6 CHy), 1.58 (sext, 3 =

7.0 Hz, 2H, C-7 CHy), 1.4 (m, 2H, c- 1 CH,), 1.28“-1t*_ 3H,

] OCH,CHy), 1.1 (m, 1H, €10 CH), 0.90 (m{‘QH, C-8, C-12 and
c-13 oA, '8); “ | - |

cims: 304 (M*IB,‘100%);'

3 hroims: m/z.,calcolatedﬂu{oo C14H26 3 A(g—COZ):  242.3882:
found 242.1879 (2), 11t (32), 71 (100). -
Ethyl 3%(1émethylpropy1)—5-oxooctanoaée (92) Qﬁ}

/

!

The -crude' ac1d 91 (3 1 g) was placed in a S mL flask and
heated to 160° in an oxl bath for 15 min, under ~an argon
‘atmosphete. After coolxng the ozl to 25°, the crude. ester
lwas purxfzed by flash chtomatography to gzve keto ester 92 |
‘as a colorless oxl (2.71 g, 11.2 mmol ; 87%)
,Ré 0. 69 (dxchloromethane-methanol 98.2), |
iftxr (chloroform cast): 296?, 1734;51715, f461,-13?4}.117$

and 1038 cm 1 - f" | u"P:

oy nmr”(CDCl 3 4.01 (q, J = 7.0 Hz, 2H, OCH CH, ), 1. 95 2.4

(m, .5H, C- 3 CH c-2 and c-¢ CH 's), 2. 30 (t, a - 7.0 Hz,  o

CH Y, 1,50 (sext 3= 7.0 Hz, 2H, C-7 CH ), 1.30 (m,
2H,” C- 0 CH )y 1. 15 (t, J.= 7.0 Hz, 3n ocnzcu ); 1.00 (mf”
CiH, c-9 CH), 1,00 (4, a = 7.0 Hz, 3H €9 CH3), 0. 79 -0, ee'

(m, 9H C*B C 11 and C-12 CH3 s)

"b-

e
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"Sc mmr (cpc1,): 209.39 (c-s), 172.58  (c-1), 59.65 . -

(OCH,CH;), 44.44 (C-6), 42.79 (C-4), 36.96 (C-9), 36.49 an@

3¢.65 (C-2), 34.46.(C-3), 26.12 (C-10), 16.76 (C-7); 14.70
7 (C-12), 14.5¢ ( QCHZCHé), 11;49;(c+é and C-11);.... =

hreims: m/z calculated for C14H2603‘ i242 1882‘ ‘fouhd‘

242.1875 (3.0), 199'(37), 197 (70), 157 (70), 111 (75), B3

(38), 71 (100).

Anal. = Caled. for c14n26 3¢ C, 69.38; H, 10.81. Found C,

© 69.02; H, 10.73. L T R

Z*ethyl—s-(1-metﬁy1propyl)-1,3—cyc1ohexanedione (52)¢ from

f92"- ’r' | ' " , '; | w -‘.}‘ f?

A$Solute ethanol (Zd ,mL) was added- to a suspenszon of‘

o g

sod:um hydrxde (36 mg of a 60% suspensxon 1n m1nera1~ o:l-.,:[

0. 94 mmol) in toluene {20 mbL) under an argon atmosphere.,fj

-'After evolut1on of hydrogen had ceased a. solutxon of keto‘ 
ester 92 (228 mg, 0.94 mmol) in absolute ethanol (5 mL) wasuf

h‘addedf The solut:on was allowed to reflux kforf 24 hours.gﬂ

; The cooled solutxon was extracted wzth dxl NaOH (3 x 50‘f1'

~mL of a 1N solut1on) The combxned aqueous extracts vere,
ljpoured 1nto 1ce cold 1N Hcl (%;0 mL) /at wh1ch poxnt a“f~
S prec;pztate formed The mrxture was _ extracted ) vzth{

i d;chloromethane‘ (3 X 200 mL) The combxned organxc

'extracts vere washed w:th br1ne (100 mL), dr;ed (HgSO4);j,d :

”°P°f°ﬁed to y:eld crude dzone 52.h Purifzcatxon by’ o

'flaSh-CthNatograth afforded pure dzone (123 mg, 0’635e};i?

i".



' Diohe 43:

T

mmol 24x) B TS S

- abg

mmol; 67%).

et

‘2= ethyl 2-methyl Swdl-methylpropyl) 1, 3—cyclohexaned1one
cJ

‘(43). from 52 ‘:

[}

| Clean potass1um metal (1. 33 g, 34 mmol) was added to fresly~

d1stilled tert- butyl alcohol (100 mL) ' After the potassxum

vas completely dzssolved\ a solution of dione . 52 (6.1. g, 31

mmol) ‘in tert- butyl alcohol (25 mL) vas. slowly added.

- Iodomethane_ (4. 2. mL 68 mmol) was added. The mixture was_f

alloved to reflux genﬂly for 30 hours. The cooled reactzon
'mrxture was dzluted with water (100 mL) and. extracted thh‘_v
dxethyl ether (4 x 100 mL). _The comblned ether~{extracts »*
vere washed w1th br1ne (2 x 100 mL), dried, (MgSO ), and

Al

'evaporated to y1eld a ‘yellow~ oil Separataon by flash‘

‘chromatography afforded pure dxone 43 as a colorless o1l |

74 15.g, 19. 7 mmol* 64%) and keto ester 96 }J,BO» g,‘k7.4‘

i
o
;

6
¢

Uy

- *Rf 0 38 (dzchloromethane)

ttar (chloroform cast) 2960 1721,,1694 (s) and 1458 cm ?;f_:f

)

g nar (cnc1 ) 2 5 (m, 4H, c-¢ and C°6 CH S’r 1.9
(m, 1HLMC-5 cH), 1 81 (q, J- 7. o Hz, 25, c-11 CH ). 1. 4

( ZH. C-8 CHZ)' 1 2 (m, 1H, C-7 CH) 1 18 (major) and '.Q



. ) I’1

157. .

JUS——

'~ 1.15 (minor) (s, 3H, c-13 CH, ) 0. 9 (m, 6H C-9 and c-10 -

CHy's), b.74 (¢, g - 7.0 Hz, 3H c- 12 CH ):
~ hreims : m/z calcd. for C13 2202. 210.1620; found 210 1621'
(37),'111,(100).‘ o e .
" Anal. Calcd - for C13H2202..C; 74.?4{ 3,.10§§4. ‘Fohndvc,

A
'

74.03; H, 10. 44

'Methyl 3-(J*methylp;0pyl)-S¥methYI~5-oi60ctiﬁbate (96): 

’ Rf O 20 (dxchloromethane),

ftir (chloroform cast); 2962, 1733, 1712, 1461, 1438, 1379

and 1163 cm 1;

H nmr (CDCl ). 3.65 (s, 3H, COOCH ) 2 4 (m, 6H, C- 3 and
C-6 CH's, c 2 and C-4 CH,'s), 1. 62 (oct, J = 7. o Mz, ‘1H,

©C=7 CHH) 1 1.4 (m, 4H C 11 CH and c- 7 CHH), 1 07 {a, g

: _,13

= 7,0 Hz, 3H, C-9. CH ),ko aa (m, 9H €8, C-12 and Cc-13
CHy's); T e R S PR
C nor (cnc1 ) 210 17 {c- 5) 173”63"and 173, 34 (c 1),

f:fs1 31 (ocu )y 47 78 (c 6), 43 07 and 41 35 (c- 4), 37~33.§'

"':(c ~9), 3§ £9 and 34 78 (c- 2), 34. so and 34.86 (c- 3), " 26. 61

,and  26.38 (c-10) ;. 25 54 and 25, 47 (c <7), 15.7% and 15, 09“.5

-‘Z(C 13), 14\b7 (C 12) 11 88 and 11 49 (C 8 and C'11)

| hrezms ‘: m/z ‘calculated fo } C14 2603'* 242 1882; foundﬂQ'_l__
| ;!242 1879 (4.0, 185 (100) 7 (19) 43 (63), 11 ) 83f;fi:;?

"(51) 71 (51) S RS e
,Anal Calcd. for c14326 3¢ c, 69 38 H 0. 81 Fou‘d c‘*

/ R

'1;769 24 n, 10 53. PE S ER ;Q‘_-.,-‘ ;’;[{ii_ﬁ;fg




SRR, [ "7“ "”‘ 0 188

1 3 b:s(trimethylszlyloxy) -2~ ethyl 2-methy1 5-

S}-methxlgropxl)-3 6- cyclohexad:ene (105)

) Sodium 1odxde (750 mg, 5 mmol) dxssolveﬂ in acetonxtrxle (5 
oL) vas added to a solutxon of dione 43 (1663 g, ‘0‘79;
'mmol) thtxgthylamxne ; (0 69 mL 5. mmol)lﬁéndt chlorb;j'

t;xmethxlsilgne (0. 63 mL, ? 5 . mmol)'. ”QIThél resultxngf

| SUSpeﬁéion‘ was stzrred at T. t. for 18 hours. The solvent

' was removed under reduced pressute.u The resultzng brown

residue was tr1turated wzth dry cyclohexane (4 x 10 mL),

letered and the' cyclohexane evaporated under ‘reduced

pressure to give 105 ‘as a pale yellow 011 (261 mg, 0.74 .

mmol 93%)

' ;:‘Rt 0. 94 (éTEhlbromethane)

Cfeir (;hloroform-cast)' 2061, ’1687' 1650, 1459, 1320, 1262, .

”'1‘1252-"1150 127,917, and 844 cm ’; o

'.j'n amr (cnc1 ). 4. 52 (bd J i3, 0, 2H | c— and c 6. CH)

2. ag ¢( JMH, c 5 cH), 1. 48 (m 2u c-11 cuz) 1 35 (m. 2H 'j*'

8 o, ) A, -7 CH) 1. 13 and 1,09’ (s;" -jn= - 133f:[

‘:CH ). o 9o (: J =7 o Hz, 3H, c- 9 cu ) o 81 and 0. 78 (d"

=10 Hz, 3K, ‘c-10: cHy), 0. 68 (t,. a 7. o Hz, 3, C1z

o CHy), 0,18 (s, 10, s:(CH3)3)
  f?; cxns m/z 355 (M+1, 100)'-’ , ‘ R | _
‘ﬂg hreins m/z caltulated for C18H3502512 (M ) 339 2175- Q;f

"”:gg:pund 339 2178 (2) 328 (2). 297 (100), 73 (68). .

fisf'fé#éiﬁEiéé?méfﬁ“i;SA(ft“
B A RN

-mefh”i”fo.'i)*l?cyci@ﬁéiene%i}3Fdibné"g:7



(41)

b

Dxchlorodzcyanobenzoquznone (39 mg,lo 17 mmol) dissolved in
‘ibenzene (2 mL), was added to a solutxon of s:lyl enol etheru'

105 (61 mg, 0,17 mmol) 1n benzene (2 mL). . The orange colorg'

[’of’ the ‘solut1on 1s allowed to dxsappear then the solutxon

is. st1rred for a further ) min. The solutzon vas f;ltered

o over a 1 cm. thxck bed of alumxna and ‘thé  fxltrate

| :evaporated under reduced pressure.~ﬁ‘Tﬁer resxdue ‘wa53
S7dessolved ‘ in 1 dxchloromethane. ‘ Separatzon‘ by‘ flash.:

g ¢ .
‘ chromatography gave enone 41 (7 4 mg, 0.036 mmol,‘ 21%),

dione’ 43 (11, 7 mg, 0. 05§_mmol- 33%), and sxlyl enol ether
1 | oo T
106 (6.2 mg, o 022 mmol- 13%). o e A

Enone 41;::

inf o 28 (dzchloromethane), el _f"@ 'd ;ﬂf‘

'gﬂfoxr (chloroform cast) 2965 2933 1726;“f665,514555f1382"T’E

e

‘"”Vfand 1119 cm%ﬁffiﬂ~ T o ”
, n_' (cnc1 )."6 08 (br s, 1n -4 CH) 3 20 (m, za C- s
'”f,CH ), z 31 (m,‘1H c 1o CH) 1. 79 and 1. az (q, J 7 o Hz,
_”"2n c 7 CH ),,1 5 (m, H, C-11 CH, ) 1.25° (s,.3H,‘C 9 CH )y
R EWTR a=7.0 Hz, 3H, c—13 CHy ) 0.89 and'0.87 (t,.t“T;Tfjj"”
2.0 Hz, 3n c- 12~CH ), 0.83 (k, 3 = 7.0 Hz, 3n, 8 CH3),~~:

v'1

‘*Jf¢hrexms m/z calculated for. C13 2002 208 1463" found

’j?dgzba ,455 (42) 190 (8) : 1ao (7),‘175 (33), 96 (100)
“fﬂjf(sz) g ) i | '

159




" v 0 .
] [ , ' o R
{ : C o 'v . ! . o .*‘u . o ".

"2—zthy1 2-methy1 5~ (I*methylprOPYr) 3- t"methyls‘lyl°xy_ -

-cyclohexehone (106)

RE 0'58‘(dic516romethan§5" A o
ftir (chloroform cast): 2963, 2933, 2676ﬁ‘1715;‘1655, i457}‘<
1379, 1370 1346 1254 1253, 1214}11{94, ii6éT di41,‘ 925,

- 912, 882, 848 and 752 cm 7;”"‘,' A
o {,'u nmr (cnc1 ) 4,90 (m, H, C-6 CH), 3. 4 (m, 3H,. c;4 CH,
.Iand c- 5,CH) 1 2-1. 9 (m, 5H c- 8 and c- 11 CH s, C- 10 CH)
1.1§~(o, 34, C- 7 CH ), 0. 90 (m, "6H, -C- 1o apd C-13 CH s),

"‘_0;72f(m, 3H, c- 9 CH3) 0.24 (s, 9H, S1(CH.)3);

RO hfeiﬁsti m/z calculated ‘for C,eH 30 251. 282.2015;,ofqund 5

'\,282,2018 (6.5), 239 (24) 225'(100). IR S

"Anoi;‘fCalcd for c,6H3oo si: ¢, 68. oz H 10.70. 'Found C, |

: 57;51;”H_ 10. 37. | B ' R

e A —

“ﬁfgfJAftémbfed\fotmflétiohﬂégﬁl1z;
lflf') Enone 41 (3 O ,mg,‘ 0 014 mmol) in dry THF (1 mL) ‘was -
ffﬁks 5 mg of a 60% suspensxon, 0. 14 mmol) 1n dry THF (2 mL)

'pﬂunder an argon atmosphere., The solutzon 1mmed1ate1y turns

fter st1rr1ng for 15 mxn, ethyl formate

i ;;brxght .yellow.;ffi

‘?mmol) was added., The solutzon was qllowed to
' 7 days at whzch t:me no trace of
(FeCl3

}fadded dropwzse to a stxrred suspen51on of sodxum hydtlde;f.fﬁ



and  the resulting mxxture extracted thh Etzo €3 x 50 mL). "
The combxned Et 0 layers vere vashed with brine, dried
‘(MgSO ), and evaporated to yield a yellow oil The 1H nmr
‘,spectrum of the crude oxl dzsplays no sxgnal characterxstic‘f

‘ ’of a formyl proton and corresponds to unreacted enone 41.
‘vb) Enone 41 (2 7 mg, 0. 013 mmol) in’ dry ethyl formate‘ (0.5 -
‘mL) was added to ‘a suspens1on of sodxum hydr:de (7 mg of a"d
,60% suspensxon, 0 18 mmol) in dry ethyl formate (0. 5 mL)v_
'1nsxde‘ a pressure tube AO 5 cm znternal dxameter) The‘
tube was. sealed and 1mmersed in a steam bath f or 2 days
After coolxng,‘,»1C' analyszsv (FeC13) showed no trace of
£ormy1ated product. work’op as in a)‘and "4 . nmr analysis
otr the,.oruded reactxon oroduct ‘showed mainiy‘unreaCted

startxng materzal R R

'2-ethyl 2-methy1 4- hydroxymethyiene -5- (1-methy1propyl)-

;‘1 3- gyclohexaned1one (42) o “}‘fdzj‘ ‘-‘f'.ﬁ *Zﬁn:f

e»—wn-Butyl l1th1um (2 00 mL of 1. SIN solutxon in hexanes, 3 15;

lﬂ mmol) was added to a st1rred solutxon <of dxlsopropylamxne]w

';(o 53 mL 3 75 mmol) dry 'mp (10 mL) at -7s° under_’_r.;'

']jargon. After st1rr1ng for 15 m1n, a solutzon of dlone :173;"

"\f51(315 mg, 1 50 mmol) in dry THF. (5 mL) vas added dropwise.%r17

| nf~ffAfter further st:rr1ng for 90 m;n, ethyl formate (121

o

“d1,5 mmol) was added The cool:ng bath vas removed and the:rﬂ"

reactxon allbwed td%garm to x. t.. After ;st1rr1ng for 40]f}u



o ‘ | n o | .16"2

”’“ hours, the suSpension vas poured 1nto dzl. sodxum hydroxyde
(20 mL of o, 5N aqueous ~sol ). ‘ The aqueous layer was
extracted thh diethyl ether (3 x 50 -mL), then ac1d1£1ed‘
ivith N HCl and extracted vxth dxchloromethan (3‘x‘50‘
rﬁL). The iomblned organic layers were washed thh br1ne,
pdrzed over anhydrous MgSO4, and evaporated to yxeld crude .
a- formyl ketone 42 (286 mg). | Separatxon ‘iby : flash
"chromatography efforded pure 42\(218 mg, 0.915 .mmol; 61%
~y1e1d), and bxsformylated product 121 (75 mé, 0.28 .mmol;

. ‘19x)
'Formylketone #2:

| Rg 0.53 (dichloromethane); | o |
_,dftxr (chloroform cast): 2968, 2936, 171j,'163$;‘1590,‘ 1460
cm’l,p”d T e . ~ | . T ‘;
“?n nmr (CDCl ) 15 07 (bm, 1H, CHOH), 8.71 (bm, i | CHOH)

2. 6 (m, 3H c- 5 CH and C*G CHZ) 1. 9 (m, 2H, C-7 CH ) 1. 31

. and 1,29 (s, 3H c-9 CH ), o 7 -\1 1 (m, 12H, c- CH c 12

"w§~CH2, c- 8, c 13 and c- 14 CH3 s)

1li*Hhrexms : m/z calculated for c14322035‘ 233‘1569?. found

uj'\(zv).-

3tjf-1 3-cyclohexanedxone (112)

‘*dzsa 1570 (e, 7) 181 (100) 163 (22) 97u(10) 85, (46)

L A E O . . Lo CA . Co . - L ' . )
. \4' ’ N Al D . . 0 . . . . ot *e . . . "o L
Lol v AT L . . e [ . ' -

-Ethyl 2-methy1 4 6-b1shydroxymethy1ene 5 (1-methy1propyl)




/163"

' o'3£_6;58 (dicﬁloromethaﬁe); . _
ftir (chloroform cast): 2967, 2936, 2877, 1631, 1606, 1461,

(1374, 1343, 1312, 1300, 1206 1184, and 1161 em ;o

'8 nmr (cpe1 3): 15.02 (t, J = 3.0 uz, 2H, CHOH's), 8.86 and
' 8.76 (d, 1H, J = 3.0 Hz,  CHow'® s) 3. 34 (4, 3 = 3.0 Hz, 1H,T
| C’s CHY, 1.97 (q,'d = 7.0 Hz, . 2H, c-7 CH,), 1.45 (s,i3a}
C-9 CHy), 1;3‘(m, 1H, C- 10 CH) 0. 83 (d, 3 -7 7.0 uz,f‘an,;

C-13 ‘CH3), ﬂ0:7 - 0 8 (m SH, c=11- CH and c- 12 CH ) ‘0;59
(t, J = 7.0 Hz, 3H, C-9° CHy)i |

eeehre;ms : m/z calculated for C15H2204 266.1518; found

. 266. 1510 (0. 5), 209 (100) 181 (27), 153 (16), 125 (13).

‘4-ace£oiymethylene‘2—et 1-2- methyl 5 (l-methylpropyl)—

1, 3 cyclohexanedlone (120)

2

PYridine (2 mL) wvas added to a- solutzon of a—formyl ketone‘

(218 mg, 0 915 mmol) in acetxc ,anhydrxde (2 -mL).. Thef‘
: Kreactxon mzxture 'ﬁas {stirred at ‘r.t.‘ overnxght (ca 10
Zifhours).‘ The solvents were’ removed under reduced pressuree :

.

' (Budhi oﬁevapqrator) ahdf ihe‘J res1due ; d1ssolved in

diehiotdmethane;'. Purxfxcatzon by flash : chromatographyf3o=f,

afforded pure acetate 120 as an 011 (247 mg, 0 983 mmol'f“

: 96%) - '\;'f‘f< i Vlw‘:vfof*'";fj45‘5 wﬁﬁfT¢.“f  | |
S £ 0.28 (dxchloremethane) ‘w.e*ﬂf?¢o1  o ,'~‘fw?Jﬂ'“k?
‘[uftxr (chloroform cast). 2960 1777, 1685, ' 1368, ~1193 and | .
1169 em 137;f1< T St ’
A" - ‘ ‘f\‘\ \.
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4. 4 mmol) and chlorotrﬁmethyls11ane (0.56 mL 4 4 mmol)

S B 164
"a' \. 0 y o ‘ ‘

'h' nmr ', (CDC1, ): 8.01 and B.06 (br s, 1H, CHOAc) 3.04 (m,

. 1H, - 5 CH) 2.75, (m, 2H, C 6 CH,), 2.27 (ma;or) and 2. 32[?

(minor) (s, 3H OCOCH ), 1 9 (m, 2H, C- 7 CH ), 1.26 (minor)

‘and C=i2 CH,), 0.7 - 0.9 (m, 9H, C-8, C-13 and C-14 CH,'s);

’

.f hreins : m/z\ calculated for 16 24O 280.1674;/ found
" 380.1673 (25), 238 (16), 181 (100), 125 (28), 97 (21)..

. a ““ . ‘
2-ethyl- 2-meth11 -4~ hydrogymethylene -5- (1-methy;pr yl)-

N\
’

1~ tr1methysxlyloxy 6- cyclohexen 3 one. (119)
‘B

’ ' ' ' ‘ 1A "
. . N '

Sodxum iodide (662 mg, 4.4 mmoi) n dry acetonitrile (2 mL)

- was added dropwxse under argon to a solution of acetoxy

ketone 120 (247 ng, 0. 883 mmol), triethylamire to 61 mL,

‘ K..

-The resulting suspensxon was st1rred at r.t,. for 20 hours.

K‘The solvent was removed under rédu&ed pressure.él The

" v

Rg 0:70"1dichloronethaneds, " .

‘s -'1‘ . \

"resultzng ' brown ‘ residue .ja%', trxturated -with .dry

cxclohexane, fxltered and the cyclohexane evapotated under
\ w A
reduced pressure to nge crude 119 Separat1on by flash'

and 1.22 (major) (s, 3H, C-9 CHy), 1 0~1 5 (bm, 3H, C-11 CH

chrom@tography afforded pure szlyl enol. ether 119 as a 011 “

(216 mg, 0. 697 mmol 79%) and acetyl s1ly1 enol ethen 121

‘ ‘e . . .
" AT ‘ SR z' .
: s , oY ,“J‘ ? ‘_'v-_t’ .,_ ) i . R " R ) -‘. R :I‘
c C e . _ . . N\ L
) - . N , Y r'S i g ' — . .
T . . i e : Sk . ’
"8ilyl eneiffther»llsz-f L oo .
. oo oot ) ' . ' ! .. a.. o ) ' N A
' "‘ A' v o ;'. l ) . Wt 'lf.‘ & v ':.5 RS ’ P b ) L
P . " '\\ S L, _‘ . 2 : E . » - .
i ' . ’ o '
[y o

gt s R

P
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ftir (chloroform cast): 2925, 1670, 1451, 1373, 1245, 1148

and 840 cm ;. ~ "

‘5 nor (coc13): 14.9 (m,,IH; CHOH), 9.05 and 9.01 (d, J =
8.0 HE, 1H,o¢Hou) '4.80 (m, 1H, C-6 CH), 3. 31'(& 1H, C-5
CH), 1.76 (g, 2H, C-7 CH ),\1 30 (minor) and 1.25 (major)
(s, 3H, C-13 CH3), ~1.6 (bﬁ’ 3H, C-11 CH and C-12 CH,),
1.00 (t, J = 7.0 Hz, 3H, C-8 CH3), 0.6 - 0.9 (m, 6H, C-13
and C~14 CHy's), 0.28 (s, 9H, Si(CH;),);

cims : 328 (M+18, 100%);

1372173
~found 253.1257 (96) 225 (55), ‘197 (10), 73 (51), 57 (1G0).

.

‘hreims “m/2 calculated for C,.H.,.0.Si (M—CQHé); 253.1260;

b

2-Ethyl~27péthylf4—acetoxyﬁethylener5-(1-me£hy1propyl)-

1Ftrimeth§si1ylg§y~6-cy6}ohexen-3-one (121):

R¢ 0.27 (dichioromefhané); o .
ftir (chloroform cast): 2964, 2935, 1777, 1689,. 1571 1622,
1459, 1372, 1264, 1253, 1228, 1197, ‘1176, 167 and 847

_1 '
cm ;

T4 nmr (cndl ) 7.9 (m, 1, fHOAc) 4 85 (m, 1H, c&e CH),

| 3.45 ‘(m, iH, C- 5 CH), 2. f9 ;;, 34, COCH ), 1 7 1 1 (m, S5H,

C-7 and C (A CH s and C-10 CH),‘ 1.10 (minor) and 1;161{

(major) ﬁ(s,, 3H, C-9 CH, ) 0. 92’abd 0, 83 (m, 2" x 3H, C-12

4 and c- 13 cu3'sr> 0.65 (m,_ 3H,. :C-8. CH3), 0.20 and 0. 21‘~$

i‘(major) (s. 9H. S:(CH3)3), S “; 3
- cims : 370 (M+18 0wy T

SR -*fr;,~ B SR * i

o —v\\Q’h

Chey e ';S_,&L._ T
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hreims m/z calculated ' for .C19H3204Si: 352.2070; found
352,2070 ‘(1), 295 (32), 253 (100), 225 (39), 209 (32), 73
(63), 57 (38). | | )

2- ethyl 2-methy1 4- hydroxymethylene -5- (l—methy;propyl)—

5- cyclohexene-l 3-dxone (l)

Dxchlorodxcyanobenzoqu1none (35'mg, 0.15% mmol) dxssolved in
be;zene ~ chloroform (1 1) (5 mL), was added to a solution
cf_fsilyli enol ether 119 (48 mg, 0.15 mmol) in beﬁzene (5.
mL).- The solution was allowed to sfir for 6 houts, * The
preéipitate .fdrmed vas removed by fxltratxon over cel:te
‘and the letrate evappgated under reduced pressure. The
res1due was d15501ved in dxchloromethane'- methanol (97 3).

Separatxon by . flash chromatbgraphy gave. ceratenolonev 1

(10.2 mg, O. 043 mmol- 28%) and adduct 122 (29 8 mg,: 0.065
"mmolg 43%). o DI o L :"‘ //

Ceratenolone (1): o ST

.o . . « oot
I . . o ¥ o
. ) ,

Rf b 2% (dithloromethanef, 0.69 ‘(chlofoform; -ﬂracetong-:—3 E

acetic. acrd 23; 1‘1)' e { o |
”.ttxr (chloroform cast). 2967, 2933, 1660, 1613 ‘(si, /357@;
”.'1454, 1303, 1277 and 1258 e P L
-.y‘a amr (cnc1 )i 16.31 (8, 3 =8, 0 HE, 1, caoﬁ‘) 8.71 (4, 3
- 'cuon), 5.84 (s, 1a, c-6 CH), 2. 55 sext, 1,
\c—m cm,w 891 (q, i.-/v .0 Hz, za, c-7 cu M 1. s (m, 1, |

$§P _}f  m}

. . \‘ -
; Y
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C-11 CH,), 1.29 (s, 3H, C-9 CH ), 1.18 (d, J = 7.0 Hz, 3H,
c-13 CH ), 0.89 (t, J = 7.0 Hz, 3H, C-12 cu y, o.s9_ct. J=
7.0 Hz, 3H c-8 CH );

hreims : m/z ”calculated for Cielpp03: '236.1412; found .

H20
236.1410 (75), 208 (96), 193 (56), 179‘(1005, 175 (31), 151

(34), 123 (33), 57°(35), 55 (51). | o ¥

2~ Ethyl 2 methyl 4- hydroxymethylene 5-(1 methylpropyl)
-6-(2,3- dichloro-§,6-dicyano-4- hydroxyphenoxy)-
5-cyclohexene-1,3-dione (122):

Ry 0.34 (chloroform - acetone - acetic ac1d 23: 1'1) o
ftir (methanol cast). 3405 (br),,2962 -2935, 2855, 2230{ o
1628, 1608, 1450, 1436, 1409, 1383, 1353, 1299, 1253, 1212,
1188, 1085, 1025 975 cm -1, | .

’B- nmr (acetone- dsl 9. 05 and 9. 09 (2 x s, 0 2H), 8.05;(Bf
s), 7.55 (br's), 3.55 (m), 1.5- 1.9 . (4H), 1.0,1.3_'(53),

L 0.6-1.0 (6w); 0

T { ' ""N )
B hreims: m/z" calculated for C22H20N205C12.; 45?,0749; found ‘
. 462.0740 (0 6), (YY) (6), 85 (56) 57 (100).

L]

”

3-7-bim¢£5y1+5-nOnen-4-6ne (45)

e

&y n-8dE§i1i£hihﬁ (28 8 mL of a 1. 55N solutxon in hexanes, 45'QI:

.{ mmol) vas added to a solutxon of dzisoptopylamine (9 4 mL' iJQ; f:
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67 mmol) in dry THF (100 mL) under argon} at -78° ~ After
:‘“stirring for 30 min, ‘ -pentanone (4 7 mL 45 mmol) waS"
'added dropwise. Thxs aolution wvas further stirred for 60
"min and 2-methylbutyra1dehyde (5 0 mL, 47 mmol) was rapidly
| added After further stirring for 10 mxn at -78°, sat.
NH, Cl (5 mL) vas added The solutxon was allowed to warm
to room temperature, then poured 1nto a mixture of cold 10%

HCl (200 mL) and diethyl ether (100 mL). The organxc layer

was separated, washed thh water, br1ne, dried- (MgSO ), and
.

the solvent evaporated under reduced pressure.to g1ve the

.crude B-hydresyketone. . SRR
The crude B- hydroxyketone vas dassolved in benzene (100 mL)
‘ and p-toluenesulphonxc acid (1 g) was .added After .
stzrr1ng fpr 15 m1n, 4A molecular s1eves (30 g) were added_
' and the mxxture was. allowed to stand at ,room temperature
‘ifor 24 hours.“ The resultxng brown solutlon was letered
vdshed w1th 5% NaHCO3, water, ‘brine, dr1ed (Mgso ), and the“
solvent evapprated to glve the crude enone- (6 5 g)
i Purzfxcat1on by flash chromatography afforded pure enone 45‘?_'
| 'f(s 9 g,n_; mmol .78%) ;,"' R ‘ J
Rf 0 48 (dichloromethane), ) ; ~,‘ . !_ :
ft:r (chloroform cast): 2966‘, 2934 2877 16.6‘8,7,1:62“.3.‘,;,‘1‘4605
g:m 1200 and 982 enl; a R .
= omr (CDCI, )i 6. 73 (dd 3= 16, 0, a o Hz, m, c-s H),f-,
?b:G 39 (dd J.- 16 0, 1 5 Hz, IH, C 5 H), 2 66 (sext .J " 7 0\
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S
\

, HthZH, c-8 CH‘)‘ 1. 36 (dquint ﬂu = 14.0, 7 0 Hz, ‘IH, C;Z
", “1.‘04_'('6,'J-70Hz,,3ﬂ €-10.CHy), 1.00 (8, 3 = 7.0
Hz, 3H, c-11cH), 084 (t, J-70Hz, 6H, c1 'and c-9
. CHy'8); | ) T |
3¢ omr ‘(‘cntls): 204.00 (C-4), 152.29 (c«—e)‘,!‘127.27‘ (c-5),
45.26  (c-3), ' 38.25 '(6—7),.; 28.78 (C-8), $6.14 (C-2), 18.94. -
l(;:-'jb), '1;6.05 and 15.80 (C-11), 11.55 and- 11.47 (C-1,, ahd -

,

c- i I R S S G s
hre;ms i m/iV‘calcuiateé_\f or C11H20 | 168, 1514' )feund }‘
155 1512 (@), i1 (ee), 85 (36), 83 (100), 57 (71, 's5
GO e T

3 (1-methy1propy1) -6- methyl 2- carboethoxy 5- oxooctano1c /.J:;

T

t.ac1d (133)

4

| Epohefq(1;3d g, 7. 7 ,mmol) ;was‘jbdded to ‘a’solutibn of
mégneéium monoethyl‘malohate‘(2;4 g{ 15. mmol) in- freshij
d1st111ed dzmethylformam1de' (20 mL) n’“ The solut1on vas

~, .

‘hwarmed to 60° ahd stzrredf.fér“zs"hours. 'TThe: cooled"

~_solutzon was poured 1nto a m1xture of cold 5% aqueous KOHiﬁfjj

(100, mL) aﬁd ether (100 mL) The aqerus layer ;yes(;;?ﬁ

'fsseparated and acxdzf1ed v1th cold 10% HCl then pxtracted"
Jh§w1th ether (3 x 80 mL).

;f;washed wzth water, br;ne. drzed (M9504). and the solvent“*ffi

'Kzisample of ac:d 133.,\hfpﬁ;-*f“;a\”'

—..
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Rg 0.08° (d:chloromethane), T "

- ftir .(chloroform 'cast) .3500- 2400 (br). 2965 1735, 1714,
1461, 1376, 1179 ang 1158 cm -1,
. ‘

H nmr (CDCl ).. 9.?0 (br ‘é, 1H, COOH) 4. 2 (m, "2H,
OCH,CH3), 3.68 (m, 1H, C-2 H), 2.5 (m, 4H, C-3 H, C-4 CH,

and C-6 'H), 1.78 (oct, J ='7.0 Hz, M, C-7 CHH), 1.4 (m,
3H ‘c-11 CH ‘and c 7 CHH) 1. 25 (¢, 3H ocu 2CH3 ), ‘1.1' (m,

1,  C- 10 H, 1 06 and 1.05 (d, J = 7.0 Hz, 3H, C-9 CH )
0.86 (m, 9n 'c-8, c- 12 and C-13 CH,'s); | -
cims + 318 (100) (M + 18); L
hrexms :: m/z calculated for 16 28 5.’ 500‘1936{ found
13007 1938 (1. 1), 243 (581, 225 (54) 197 (56) 159 (37), 137
(50) 1 (43) %8s (49) 57 (400) E \,. ,vi' R

-
& PR

Ethyl‘3;11-methylbropylo46-hetﬁyl-5-6Xoocfaﬁoat€;(98)w

‘The. crude ac1d was placed 1n a 5 mL flask aﬂd ‘haated;‘tol
160‘ 1n‘ .an 011 bath £or 15 mxn. Afte;‘coolzng the 011 to f

.":fgS‘“lthe crude ester vas pur1f1ed by flash chromatography

'* Rfo 3 | |

o
2




J17t‘ :;

(t, 3= 7.0 Hz, 3H OCH CH3) . 1‘(m"iu c- 10‘H)“1'04 (a'
J. = 7.0 Hz, 3H c 9 CH ) o 88 (m 9H, C-8, C- 12 'and c—13 ;

:n CH 's);
' 13

vnﬁ; “(epe1y)s 213 74 and 213.66 (c 5) 172, 95 (c-1),
60.18 and so 13 ( OCH ca ), 47. 87 and 47 81 (c 6) 43,45
“and 41, 70" (c- -4), 37,06 (c—97 '36.78 and 35,06 (c- 2), 34.56
(c- 3), 26.68 ‘and 26.43° (c 10) 25.89 (C-7), 15‘50 and 15 22 |
(c 13), 14,92 (c-12), 14. 15 ( OCHyCH,), 11.95 (C-8), 11, 56 e

. v \ .
. ~ e . S R
(C 1 1) ] , _‘v-."xi'q‘{'\-“‘,. ‘

C.5Hp8032 .256-2038° found

256 2031 (3. 9) 199 (83) -171 (18) 157 (42), 111 (59) 85

(34) 83 (38), 57 (100) o R ”,‘_:®=

hrexms ‘; ‘m/z' calculated for

e e
' M e

3-(1-Methylpropyl)-6-methyl-5-oxboctansic ,acid (44)
R "ﬂ“lﬂ N T -

D40 e
l\v R

' PotaSsiﬁm hydrox1de (10 mL ,dh’1N sol ) was added to a

solut1on of keto ester 1410 mg' 95% ethenol

(10 mL) Z;\ The solutzon was Hea;ed to reflux for 5 hour;%*

SN

cooled and poured ont% 5% HCl (100 mL) The solutxon wasij_fﬁ
extracted w1th dxchloromethane (2 X 100 mL) The organxcég[:°
' dr:ed‘: g

R
(Mgso ), \and the solvent evaporated under reduced,pressure*‘

extracts were combzned washed .WIth water,. kr1n_,_

: to glve “;theﬁﬂ crude aczd ot Purxf:cation Tby~g‘£lasj

: chromatography affordedgpure ac:d,(354‘mg, 1 5 mmol 97%

Ab); 2964,,2934, 1735,
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Iy nnf‘(CDCI‘); 10. 0 (br‘B ‘1a"coon) 2.5 (m; su c-3 ‘and
“‘C-G H's, Cc- 2 and C 4 CH s) 1 71 (oct J = 7.0 Hz, IH c-7
an); 1. 35 (m, 3H, c-11 CH and c—o cuH) ‘1 05 (m, 1H, C- 1o'."
H), 0. 99 .and -0, 98 (d J = 7 0 Hz,IBH C 9 CH D), 0 86 (m,‘\
" H, C- 8, C-12 and c-13 CH3 s), o :”“‘ o *x
v‘3c nmr (cuc1 ) | 213 32 (c -5), 178, so-(c-i) 47 68 and
 47.58 (c-6); 4. 88 and 43.20 (c-4), 36.89 (c-9), 36.25 ‘and‘;
TR 62 (c{z) 5 and 34.09 (c -3), 26.35 and 26.14 (C- 10) |
’525 82 (c- 7, 15 39 and 15, 28 (c- 13)," 14.86 (c-12), v11.46"'.
(cf11), 11, 09 (c- 8) e I

hrexms f m/z calculated f or C13H24 3% 228.1725; fouqq ?
228 1725 (3 5) 171 (86) 153{(13) 111 (25), 85 (37) 83
(49), 72 (62), 57 (100) ,' e o
. S Y R
Anal Calcd for: C H, O : C 68 38 ,'10;59}\ Found ¢,
’ 13 24 3 | | Lo
68 45, H; 10.61! T y {~ o j-"wf" SR
o ;g\j, 0 }’ :-‘ ‘&"f 'A ];fjkff B
.~ Attempted formation of dione ®3: - r .
B R P T N PUR IR S S
S AR ‘\:JQgJ ‘_'”-‘ \?,_u\,b, Ta'j.‘f L

*w; Acetzc anhydr1de (25 uL 0 27 mmol) and boron trxflhorxdeLwﬂ;‘

etherate ‘30 UL. 0 27, mmol) were added to a solut1on of‘fflfi

ketoacxd 44 (27 9 mg, 0 12 mmol) in acetxc aczd (5 mL)

'“stzrred.at rpom temperature or)12 hoursﬁf{ff 
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ketoacid' (21 mg),.

ethyl 2-methyl 5 (1-methy1propy1) 1 3 cyclohexanedione

\,‘ v o]

2
g_: from 44 P - L ‘ _\f; | ’na'\‘#;fj‘
bFTolueﬁesuiphoniE» aoiﬂ (5 mg) was added to a solutxon of
R 1L (51 3 mg, 0.23 mmol) in toluene (20 mL). vtThe‘ solutxon -
N _was‘ heated to reflux for ‘2f hours :usxdg a‘Dean Stark
'aoparatus. The solutxon ‘was cooled and extracted with 5%
‘*Na2CO3 (2 x 25 mL) The organlc layer was separated drxed
7(MgSO ), and evaporated under reduced pressure to 'yxeld a

‘brown reszdue.‘ | Purxfxcatxon by‘ f;ash chrometography

‘. . "\I -
.(d1chloromethane) afforded’d1one 43 (18 mg, O. 08 mmol°

,38%) .
. . .
“.l)‘",“""v e
. . ' . -
' ' et g ) ' ‘
. . ." '~"‘ ¥ it \: .
. [P )
. od S . A
. “ . ' "
t ' .
' . , o '
E . Y.
\ . B ) '
~.“/‘4 . A SN '~ e LY !
- o . . d e . .,

f‘f D Iron bxndxng




RNt
" to nge a final solution which vas typ1ca11y 10 4M in ‘1ron
'?;and acid. Alternatively, Fe(No3) 9(H20) was dissolved 1n )

“[;uater immediatly before use -in the titratxon experxment

’

-,

“ﬁ Potentlometrlc Measurements
‘ .
All pH d!asurements vere made wzth a Orion' Research Model

‘701 dxgxtal pH meter equxpped w1th Cornxng glass electrode.

 The apparatus was calxbrated w1th standard buffer solutions
l4 00 and 7 00) before each txtratxons. The pPH of the h

- solutions vas. adjusted to the des1red vqlue by the adcztxon

.of concentratred n1tr1c ac1d

- N : o - oo )

‘Spectrophotometric Measurements .. - R N .

L1ght absorptxon measurements were made w1th a Hewlett

"‘

) f,Packard 8450A drode array spectrophotometer. ﬁf square

fl; After addxtxon of t1trant,' anl alzquot was removed and

‘~oplaced 1n the cuv tte.: Its vxsxble spectrum was



(+/- 0 02 mL).‘“ The solutxon is stxrred with a small

“ﬁ;uq magnetxq stxrr:ng bar. A mxnxature electrode is used to-v

“‘ ' measure the pH of the solutxon throughout the titrationx
>

.r. . - . | ) l“l
RN 4 . ! : v t ’ ! .
o 3 ' """"‘,. . ) * T, L : o ) '

1 ’ " N ! !‘ 'l

. ' ‘Titzation of ceratenolone with ‘ferric nitrate ' . . RN
' -'A j0,0 mL‘.SOIUEioﬁ" off ceratenblone‘ (6 7 x ,10f4M) in

as placed 1n the t1tratxon vessel,

ad]usted to 2.61 bd\eddxtxonl of

methanol—water (25: 75)
dw%ﬁe pH Qf the solut1on waf

AR
. ca. 0 05 -ml . of concentrated HNO AQ alxquot of . thzs

’

solut1on was used as the blank and - was returned to thei
txtratxon Vessel The solutlon was rirrated thh a ferrzc
1ron solutxon 1n water (4'46 x° 10 M) Alxquots vere taken

:; iafter each drop of t;trant was added (ca 0. 06 ml) and the 3.

d;;‘ vxsxble spectra and ‘the . absorbance at 550 nm . recorded _A'.

"total volume of tztrant of 2 oL vas delxvered n ‘ff i
. R A EE T B T . s R I
" [ 'r,jp~_fQ}‘7f‘f‘ff S e
_“:-‘Txtratlon_gggfenrxcznxtratelw;th ceratenolone,‘ﬁh,“r

;510 M) 1n
”“esJ txtrated as before,: udth a
"\75) (1 22 x i;‘}j'fi:




/

'_chusp:gﬁ-':m IR

. 17'\6 | “

"

fdpiu;iob‘ of ceratenolone in methanol-vater (25 75) (1.22 x

10-3M). A total volume of 8 5 mL was delxvered o

[ ,
' "oa

De;erhination-gﬁ thé;acidigy‘éonsfant'gg ceratenolone (1) .

.oN - ’V
A

o ' . ' O . LR

:A‘ éolution of ceratenolone (10 mL of a 1 22 x 10 3M sol )

!

vas t:trated wzth a standard solutxon of sodxum$ hydrox:de

(2 1 x 10 M) The 1n1t1a1 PH of the solut1on was 3.70.
| [

The endpoxnt was reached aftet 3. 6 mL of tztnant had been

added The pH of ﬁhe solptlon at the half po1nt vas 4. 41
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