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R Lachnellula fuscosanguine-;.f; S wn -toﬁlbe"agistrong'

5 antagqnlst L in nature

..

Qeratogystls u1m1 (Dutch

athOgéﬁic  ;angi

. B
-nd Fomes p1n1.' The‘

®

X f1rst chapter ‘of thls Ehe51s deals w1th the*asolét1on and
“ 8
' struc;ure eluc1dat1on of the metabolltes produced by L
A . \ .

fuscosaqgulnea. l waA metabolltes-'responSIble for.‘thé

.ahtlfungal propertles of L. fusgosangu1nea, lachnelluloic*

: ' o r S
, acid (6) andvlachnellulone (III, V). form a new family 'of

- -active _metabolites., o R R

{
|

,Th¢VSecohd’dhapter of .the thesis déscribes the total
“synthesis of lachnelluloic acid as final evidence to support

Y

V
<



B . x‘ S _ \ o EE
'thé 'proposed strUCture. . The synthetic strategy, has been=

\

designed to, provide easy access to: lachnelluloic acid and}

i

its structural analogues in order to assess some structure~-

aacbqvity relat10nsh1ps. mhe results of ant1biot1c b17assays
‘ . : : ) ; '

. . - : \ -
of the natural“prngbts and thelr analpgues are described in-

'Chapter 2.

o8
o
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!’M; thuu ducribu 48 part of cho efforts mdv 1n

ehale laboratcrion tduaxda the undcrntanding of the chohicul'
ﬂ I3

'basia of ‘the intcractton of phytopatnogcnic !9nq1 with

plants and other fungi.f *

Among the currcnt probloml b-inc tacad by manximi t.he

:ch-mical pollution of the envirmnt, has become a thréat to

_,tha— future of "this planet..» An 1mport¢nt cause of thia

¥

problom is the use of attiﬂcill Mlticides and tertilizers

in agricultura. These attiftcial lgents are an important
~ tool in the production of food, shelter, energy and raw

materials for our continually increasiﬂ; population.‘

Recené!&, the scientific community has tecognized that a .

‘more ratiohal approach to the solutions of the agricultural

problems of pest control is the use of natural methods such
as the employment of phytoa‘;exihs fo;r weedacontro}, and the.

use of pherormoneé to selectiveIQ.destroy noxious insects.

This approach. has an advantage over the use of most’

[

V artificial pesticides in that the natural agents are

'selective and = biodegradable, and thus 1lead to less

pollution. In addition, the use of natural agents  has.
prompted the synthesis of structurai analogues which have’

proven useful in htiman health and economy. Furthermore, the



search for such blologldally actlve compounds has led to the

f;dlscovery of several drugs Whlch ‘are klmportant 1n other/

— 1

g;areas of human and anlmal health. ‘A substant1a1 number of-"

,‘such compounds have been 1solated from fung1.

e

One of the most 1mportant natural resources to man is,_'

wood Wood 1s used as constructlon materlal and as a source

[N

'of paper, chemlcals, energy, combustlbles and food.» Perhaps-

<
i

the ‘most serlous problems 1n wood productlon are caused by'f

fungl,.s1nce fung1 are respons1ble for the destruct1on of

5 ‘ -
e

‘»standlng tlmber, and 1n some cases of seedllngs.,k
]

Some of the most phytOpathogenlc fung1 are Ceratosystls”';;s

.

ui@l, the causatlve agent of Dutch Elm dlsease, and Fomes_
. Q 4 ,3/ . - i

- pini, a wood rottlng fungus.i" o .; | B ,.:_‘ : ;r”f}h .
' *LC{‘ulml 1s dlSpersed by beetles of the genus Scolytus,f

-hwhﬁbh 1ntroduce the}spores of Ehe fungus 1nto the xylem of‘

1,2° The dlsease spr ds rapldly over a tree oncev

'the trees.

it has been 1nfected,.caus1ng death 1n as’ llttle as’
- weeks. "C.‘ulml was flrst dlscovered Ln»eastern/
1944 andllltﬁ-has. spread eastward and westward as far 'asj

Manitoba'ylnf‘the 1nterven1ng years. . Thls fungush,was_

g‘respon31ble for the destruction of-50% of the elm populatlon'-a

of England in oniy two years, and for the d1sappearance of

most of the elm populatlon 1n eastern Canada and the U S JA.

) Fomes pln1 and 'other»'fungl of - the 3genus; Fomes are

responsxble for the destructlon of poplar'vand-,conifer Viny

western Canada.
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'Iﬁf‘i979}f Dr. TsUnéda.'fromtuthe, Northern Foresth,75‘

~R?Sear9h 'Centre"vf The Canadian 'Forestry Serv1ce;win-

-,<Eamont¢h, dlscovered a .straln of the fungus 'Lachnellulav

~'-',fuscosampgmuneaEl 147y growlng on P1nus contorta 1n Blue R1vern;'

'jBr1t1sh Columbla.' Thlsvfungus »Mthh 1s a nmmber of theg{

“famlly Agxaloscyphaceae, was found to be an~ antagon;st .of‘flh

’?C,\ulmx;and F.;p1n1i'b0th,,ln nature'and.ln-v1tro;g

':Our‘“intereStf in““L; vfuscosangu1nea arises'hfroo;*the. o
possible uséfuiness’fof; the’ metabolltes produced by thisr‘h
;drungus in. the control of forest and, poss;bly, human fungal-
-dlseases.lq . £ P, ' |

A llterature search showed tHat nO/previous chemlcai

‘ . L
'work has been reported on L._fuscosangulnea or other\fungl

 of the genus Lachnellula.*e;: o ,r'f’§d’u:f(h :”d . A

o ' RCETP el S
The: purpose of. - thlS‘ work is vthe‘glsolatlon aﬂd'
~_structural- elucidation of the metabolltes; respon51ble//for

the‘biologicalvaCtiVity offL;sfuscosangU1nea. The pybblem
1nvolves the development of methods and condltlons for the
cultrvatlon r0f:'the »fungus,‘ the de51gn 'o“,as#ays -ford_w‘
vbiantryity}dthe separation'and purificationvof’the~fungal
pmetaholites}land'themuse‘of phisiealjandfoheﬁicalrmethods,‘
inoiuding totai:synthesis) to assion thedstructure offthe

o T
/- .

" 'pure metabolites.



CHAPTER 1

" RESULTS AND DISCYSSION

L4 i

: Lachnéllula *fuscosang;ineam'was lculti?atedvfin quu1d-

’

5

P

determlned experlmentally to be 17 20°C._ Of the two commont”

preferred over the use of a fermentor because these resemble

»

crude metabolltes produced in. st1ll culture 1s greater thanl'y

that obtalned by uslng ‘a fermentor (see Table I) ' More rﬂ

<

fnutrient medla to produce . large " quantities 'off>crude

eitractsf ';ﬁdh 11qu1d nutrient:hmedia ‘used ’was potatoifi
~_dextrosep broth ;(PDB);Vihv medlum 'simplevfso; prepare andl:
_-standafcize,Vf which ' allows reasonable \\growth of. thls‘

fungus:p ;The ;Optlmal temperature aof;.fermentatlon ”wasvd

j‘culture technlques,_ opt1ma1 Stlll culture ‘condltlonswere}

. more closelxaathe ’natural condltlons_f:f growth fo L.

B fuscosangu1nea. dIt was. also found that the total amount off"

1mportantly,_no actlve metabolltes were fOUnd 1n‘the Crude'

/
extracts from the broth and mycellum obta1ned by culturlng

L.;fusc05angu1nea in the fermentor.i-The optlmal t1me of

growth,‘as determlned by comparlng the amount of metabolltes‘

produced w1th the t1me of growth,zwas found to -be between 77

and 110 days. The results are’ summarlzed in Table I.



. TABLE I. Fermentation studies on L. fuscosanguinea.

.” ‘ . ‘>
T1me of rﬂnStili,CdltUreineid I .Fermentor'Yield' ‘k,

Growth fv/, ‘ (mg/z) : hfh'; o :(ﬁg/l)
'(Days)_" Broth nk'Myc,7 Total - Broth - Myc  Total .

-fZQ t";hi S}it. 75{3{ ‘néj_4v> t ._ ”]" :_/hfv' B
v‘?i L ’;v*dd.;; S A 1219 236.0 3579
27 k,aQiﬁl};;;’49{6 9.7 _'»?..v hifr’”r'-;:e
v.47f { :;:fwk ,10557 ft::ﬂ— L ud;:tﬁ ”{’—:.rtt.’_ -
e 166;7§ 504.9 d;é71;é'}‘f:'—;ff»ff.r -

< 110, 514.5  412.9 ©927.4 . = ==

g Wwhen ' the fermentor is used"gto" cultivate _E%

fuscosangu1nea the opt1ma1 growth perlod was found to ‘He

"three weeks.. After this perlod of t1me the culture beg ns_
/-

 to deterlorate.,lelelds of metabolltes comparable to/that
: Ay .

.obtalned ,by’ opt1ma1 ~st111 culture condltlons are not. .

@p6531h4e .The fermentation mlxture -was- separated into-

,/’

mycellum and broth by flltratlon, and the mycellum crudef:

‘~extracts were_ obtalned by Soxhlet extractlon of the ‘air



drled mycellum W1th ethyl acetate,orfdichloromethane,fiThef'
ﬂbroth was concentrated in» vacuo {5 2\\to 500 :mL) :and
extracted w1th ethyl acetate in a’ contlnudus 11qu1d 11qu1d'

,1hextractor to afford the crude broth extract. B
Two dlfferent chromatographlc technlques were used fortf
theflprellmlnary 'separ;tlonf4o£_ithev crude; mrxturee“offfﬁtﬂ
'imetabolltes,_ centrlfugal l1qu1d chromatography (CLC)5 fand d;;
flash”chromatography,t CLC proved to be a good technlque' '
§t»fbr, the' pur1f1catlon“ off?the_ least polarf.componentsfjv

S S ' . N Lo
'However, thls is a~:t1me consumlng technlque jthat“ needS'

>’31multaneous-;‘monltorlng byt” analyt1ca1 thxn layer

'chromatography (TLC) and an ultrav1olet (UV) detector.-~

o The best prellmlnary separatl_“s of the crude extracts‘*

were accompl1shed by flash chromatograp. u51ng a. var1at1on'

of the method of Stlll 6 The amount of 81llca-vel used was

\

‘f;ncreased‘from 5*6 1nches to 7 8 1nches of = column ,;ght,'
‘and-ytheA polarlty bof’fthe_‘solvent ‘used ‘for, elut1on _Sssff
gradually 1ncreased (see Experlmental sectlon) The elutlon

order of the metabolltes of L fuscosangu1nea from ‘a- flashvf_

column of the crude extract 1s shown 1n Table II
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,TABLB{iI.- Elupioh bffthé MefabOIitéSEéf LQifﬁécqsahguihed”’

-

 fw'j‘" "ffbm;a"flaSh:cblumn;;Qflﬁf i;"

P

"

Fraction -

- "Eluantfﬁ 

%

_Composition .

13

n< fwaHC13 ‘  g“mix£uté‘of“trigiycefide$7

CHCly .. . Lachnelluloic acid

Do

‘_:[CH¢i3uTj  i_. »:Ba¢hn¢l1h1bge{ HTf,

!

 CHC13-1% MeOH/CHCly  Fatty acids

RN
-,

1's' MeOH/CHCl3-5% MeOH/CHCly  ‘minor

products,;

IOQKMéOH/CHCi3: N ?nitrogeh‘
S AR containing
. compound




N

. [zhenTriegceridesf” -

A mlxture of triglycerldes was bb&ained dlrectly fromy‘

' thel crude ;extracts sof L.; fuscosangﬁlnea,:us1ng flash““*

‘.chromatography or CLC._ ThlS mlxture oﬁ triglycerldes wasﬂ

'further ’purlfled by fl;sh chromatograp . (Skellysolve B.f"

:fuiether) followed by column chromatography (CH2C12) to glve a

'fyellww 011 wh1ch appears as a 51ng1e component by TLC (Rf..
".-o 58 in cuc13), LA o IR o Yo Lt
| The fourler transform ihffaréd spectra (FTIR) of the”
trlglycerlde shows absorptlons at 3000 cm"1 (v1ny1 protons),
""fv17so em~b (- coom,v 1660 and. 1600 cm"l (C—C) |
The'lﬂ NMR spectra of thls mater1a1 shows'a pattern*
characterlstlc of unsaturated tr191Ycer1des (Flg. 1) 7 8
: 5 38 (9H, m), § 4 25 (4H, ‘2 X dd)' ‘ | . One of the nrne.fj
protons at s 5,38 corresponds to the C 2 hydrogen of thep
glycer;de fragment-y,Thls proton was shown to be coupled to
Mzrthefprotons'atdc-i_and c- 3 of ‘the trlglycerlde fragment (6;‘
 >4;253‘hy decoupiing‘experlments. . The ‘other eight protons;at
‘&L>5;38: correspond“tof_the.ivinylic ‘protOns"iof the . acyl
resldues.d Thls was shown by double 1rrad1at10n‘experrments;
131nce _saturatlon ‘atl'the. allyllc hydrogens':of \the: acyl
re81dues (6 2 04) produced decoupl1ng at 6 5.38, A‘Signal'f
-at 6 2. 80 corresponds to doubly allylxc hydrogens, impiying

) that an unconjugated,dlene.(fCH-CH~CH2—CH—CH2-) is present:



s ' L
in the‘acyi chaing, Finally, the 51gnals ‘at 6 2 34 and 6

1.62 . correspond to the methylene protons a and B to the

v)ester carbonyl. respectlvely. gThe~f1nal assignment of the"
vlﬁjNMR spectra is as follows:

. 4025

2.34 1.28 . 5,38 | -
, : ?HZ—O C-CH, - 2—(CHZ)X—CH2CH=CH-CH2-CH§?H .
5.38  c_oo 1.62 - 2.04 2.80 (cn y
Lo o : 2°x
CHyr0- 2 . 0,90 CH3,
4,25 SR -

"The fact that the 1ntegrat10n for the signal at 6 2, 80
;corresponds to only one hydrogen (see,ExperlmemtaL sectlon)b
suggests that the component 1sfa_mixtUre of'triglycerides.
yIf this.ooﬁponent Qere a‘single triglyoeride, the 1nten31ty

of the .§ 2.80 s1gnal should correspond to at least two

—
-

hydrogens.a' !f . ; SRR %
The‘high besolution.eleotron impactfmass spectrometry -

g(HREIMS) results d1d not reveal ~a parent peak, but three
‘1mportant klnds of fragments are observed 8 '
l}' Fragments_conta1n1ng~four oxygens, which represent the

loss of an acyloxy fragment from the triglyceride, are_shoWn

in‘SoheMe 1.

-
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SCHEME - 1: :
e ‘ 63
O . . ". ¢ +
“ .. oo +H
o 1 ——0-C-R; = _ 0 .
R{Z-C—O-—-— 2 0 —=—» R,~€-0— 0
o 3—0C-Ry . 0-C-R,

An;lysis .of tbis type .of. fragmentation reveals thé|
.identity' of'-tﬁe different acdyl residues present in the
triglyceride.  Usually _tﬁe least abundéht -tetrééxgéeﬁaied
ffagment correspondé to the loss bf the~acyloxyvréstue’at
c-2. In the ~presént case, three major tetraoxygénatgd
fragments were detécted: m/z. 602 (C3qHy(O4, 17%), 600
(C3qHgg04: 10%)‘and:57§ (C3ﬁH6904' 75%). However, it is not
'possigle tb characterize theé, components becéuse we .are

dealing with a mixture of triglcerides.

»

2. Fragments containing one oxygen atom, which are formed

by cleavage of the ester -CO-0O- bond, ére shown in Séheme 2,

SCHEME 2:
o) -
o) 0 X R '
“ ‘ C— l " e—; +
R, -C-0—— 0 - — & . R, - C=0
2 H . 1
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A

Threevof‘those'acyl ion fragments_are detected (m/z 264

(CygH320, 51%), 262 (@ggH3g0, 92%) and 239 (CygH3 0/ 19%))

 hhich ‘correspond to linoleic¢, linolenic and palﬁitic écid,

N
M

respectively.
’ . + . . . S . ’ _ ’ .
m/% 264»'lHO=Cf(CH2)7—CH=CH—CH2CH=CH—(CH2)4—CH3
- v‘ + .V ) . ‘ . . .
m/z 262  HO=C-(CH,),=(CH=CH-CH,);~CH, o
+ ‘

m/z 239 OECe(CH2)14_CH3

Two fragmentation mechanisms are possible.

. %
. ) w L 40 +;.
a/) v R-le-tOL'—R ., R-C T g + HQ—C-R
+ ‘ :
J‘ .O . . .
. k“ o +

)C-R ——— R-CH,-0 * + O=C-R

H

b) R—éFO—C R
_ & /

: Mechanigm (a) would be favoréd fpf.thevfragméntaﬁion Qf
acyl :fésidues at é-l and C-3 ofb the triglycefide, since
there aré 'two carbinolic protons‘avéilable for fragmentation
and steric hindrance 1is minor. Mechanism (b) would ‘be
févoréd at C-2.  'If this hypothesis is true the palmit}c
acid reéidup is attached to C-2 of the trigiycérides.y This

agrees with the fact that the least intense acyl ion usually

corresponds to the acyl fragmeht at C-2 of a triglyceride.

%



‘

In. this case the weakest acyl ion corresponds to the
pelmitoyl fragment;‘m/z 239 (C16H310. 19%). However, it is
possible that for some other reason mechanism (a) is

’

preferred for unsaturated acyl chains.

3. Fragments cbniaining three 'oXYgen atoms, . which are
farmed by the loss of the acyl residues et C-1 and C-3 of

r

_the &riglyceridé; are shown in Scheme. 3.

SCHEME 3:'

' o |O' ° - ) , ‘,
0 —O0-C-R;  _ M +
RZ_E_O | e R,-C-0- OH
—— 0-G-Ry \
[e) .

, This rype df fragment is usef{i§j7t determinationvof
the acyligr t C-2 of a"triglyceride. The formula of the
correspondlng ac1d is calculated by subtractlng C3H50 from
the ‘molecular formula of the trloxygenated 1on. In ‘our
case, - three  such fragments were ' detected' . m/z 339
(c2i33903, 33%) which corresponds to an oleyl res1dué, 337
(Cp1H3703, 16%) which corresponds to a linoleyl residue, and
‘313 (CygH3703, 29%) correspbnding‘td a palmitayl residug;.
This result clearly indicates rhat rthe coﬁponent ‘is' a

.mixture of at leaSt\three;ﬁriglycerides.
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Transestetification of _the mixture of triglycetides

with methanol and boron trifluoride ethorate atforded &

mixture - of tatty ‘acid methyl osterp. . The mothyl oator’

" mixture was analyzed by GC~Msss spectroscopy using an

'Apiezon L (108) column.?  Three major'fftty acid met‘hyl

esters in a ratio of 2:1:2 were detected' methyl palminate

(m/z 270), methyl 11noleate (m/2 294), and methyl oleate -
(m/2»296).

Idfcohclhs%on, i£ is evident that this oil is eeﬁiXture
of triglycerides which differ by the ‘relative position of
‘the acyl residues and/or by thelr compos1tion./ For‘example,
‘one of those trlqucerldes could have structure 1.

O-g;(CH ) -(CH=CH-CH.) —(CHi) CH-.
2°7 2°2 7273

3.

i

0-C=(CH, ) ,CH

0-C~(CH, )= CH=CH-~ (CH, ) y=CH

L}

The FattyiAcids.

Fraction E from the CLC separation of the <crude

mycelium extract contains -the major component of the fetty

acid fraction. The major fatty acid was converted'to its

methyl ester . by treatment ' with,' excess of ‘e;hereal‘

e

diazomethane. - Purlfxcatlon by coluymn chromatography

o

e
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iﬁkellybolv% B: chloroform) gave the ester as a waxy solid
(Rf. 0.56 Skellysolve B:thorotorm: 1:1).

" The FTI& of this product shows an ester carbonyl at

1740 . cm 1, ‘and reveals the absence of carbon-carbon double

" bonds.

[

The HREIMS indicatee' a valeculpr weight of 382
(Czsnsdoz)\énd the-presende of only\ on unsaturepion (the
Carboﬁ§l). The fragmentation patte;ﬁ‘SI the ester follows
the pattern of straight c@gin‘satueated methyl esters, with
some diagnostic Eragmedgs{ .+ m/z 351 (M-CH30) and 74
”(McLafferty.fregment for.methyl esters).

~ + The g NMR spectra of this ester- show the presence of a
methoxyl group at § 3.69 (3H, s), a methylene group a to a
carbonyl at 6'2L33‘(2H, t), a'methylene B te a carbonyl at §
~1.56 (ZH; bt), a long methylene chain at & l 27 (40 H, b e)

and a terminal methyl group -at . § 0, 90 (3H. vt). This

compound was thus 1dent1£1ed as methyl tetracosanate (2).

.

o, | \
3.69 ¢ [ 1.56 0.90 = /
| CHz70-C-CH=CH,=(CH,),o=CHy
- 2.33 .- 1.27 ce
R ,_ g

e °

s that have been detected ~in the

Other fatty

extracts of L. fudgg#danguinea are stearlc acid (3), linoleic

acid (4) and palmitic'acid (5) (fractions F to H from the

~ flash column of the crude extract). /



Cﬂg-(CQ??ls-COZH

*

CH3-(CH2)7-CHfCH-(CH2)7-C02H

(4)
-

CH 3" (CH 2 ) 1 4".C0v2H

!,

()

18
?
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e

i '. . . v 4:) . . a S . v ~!1 ‘, .
‘LachnelluIBic’Acid,Lp);
iachnellu101c ac1d was 1solated from the crude mycellum>

extracts of L. ‘fuscosangA}nea 1n the follow1ng way.d Flash.
_mchromatography-"o : 7ghe | mycellal exbract gave ‘ severalh?:
rgfractions (Table I) . Purlflzation of fractlon Cc by column
’fchromatography .over 'slllca gel (bkellysolve B chloroform
j‘lrl)y gayé‘;a_ 51ngle: compound (TLC) ' ,-Thxs colorless,'_
'cneedlellke crystalllhe compound has a low meltlng p01nt (39¥f
0°C) ‘and_bmisus soluble tin -smostdﬂ organlc solvents.e

“Lachnellu101c ac1d may,vat tlmes, amount to as much‘as,13%.

,of the crude mycellum extract from L._fuscosanguinea, but'at

9

“other tlmesvlt . is present Ln very small quantltles.‘ ~The

”fcolorlesé ‘crystals of ,lachne11u101c jac;d slowly becom%A"

A —
e S

hen- left exposed .tof'the

;yellow,_and;‘flnally Oran’
'atmosphere;;ho%ever, repu 1flcat10n by flash chromatography o

rLs/p0531ble w1thout apprec1 “ie loss of materlal.

T , : . ; .
Y ~The ETIR of lachnellu loic a01d does 'notq show ,thé

;10' Invﬁhe'carbonyl’region'of

upresence:of,a hyerxylegrou
» . ;lw

thefspectrum, a medium intensity signal at 1708 cm and a
'strong  band  at 1695 cm™l (C=C-C=0) are the only
N .

>

.absorptiOnswi A broad 51gnal at lSSS cm‘.:wsuggests ~the

presence on~ean enollzed B dlcarbonyl moiety ‘(chelatedv

"carbonyl) 11,12 The presence“bf the enol was conflrmed by a

p051t1ve ferrlc chlorlde test.



.»;present 1n lachnellu101c ac1d

17
The HREIMS and chemlcal 1on1zat10n mass spectrometry\é

Y(CIMS) - results ;'1nd1cate - aQ‘ molecular : welght ‘of' 310_‘

(C1gH304)/ ;and'y‘th presence Cof ¢ foul - gﬂfaturation .

Lequ1Va1ents in‘ lachnellulolc ‘a01d. ,”;fheh fragmentationd

. 'pattgyn‘_of. the hmoleccle’,shows the presence of a highly

| : I R T L
oxygenated”molecdlar_nucleus tm/z;239 (C13H1904, 100%), 2267

(C12H1804,‘49%f, 155 (c7u7o4, 25%),-141 (C6H504,~18%) and' B

129 (C5H504,‘ 17%)),_ whlch contalns all four oxygen atoms
hThe lH NMR spectra of lachnellu101c a01d (Flg. Qge
‘very 1nformat1ve,' All 30 hydrogen atoms are detected by IH’“

,,NMR as two 1ndependent spln systems and an. 1solated ].ow‘~

field Slnglet., Whén- the. 51gnal at & 4. 38 (1H, dddd, J = 4,

4(>b7,; ll aﬁz),vis' 1rrad1ated,' mu1t1p11c1ty ichangesh'arerQ;

}wobserved at .5 2.68 (1K, dd, J = 11,, 7, Hz), § 2.58 (1H, dd,

yJ“= 4, 17 Hz), 6 l 80 (1H, dddd, J, 5,_7, 10{'12-32)-and'8
'1.66‘(3ﬂ, m).  The 51gnals ‘at 8 2. 68 and 2. 58 ‘both- collapse
to a doublet'(J = 17 Hz) and further 1rrad1atlon experlmentsr“
‘ show that"the.vprotons .glv1ngl rise rto these 51gnals ‘;re
‘geminai; | Th chemlcal shift 'of dthese :methylene dprotons

i

»lsuggests that they are "vicinal to a carbonyl or a carbon—'

carbon double bond. ..The Slgnals at 6 1.80 and & 1 66 also;'i.

form'pant ofua_gemlnal systemv(J gem = 13 Hz)ﬁ'and 51nce'
saturation. of these 'signals ' induces decoupling"inn the
absorptionpregion of satUrated methylene,(G'l.Qi}‘fragmentzA

‘becomes evident.



'1shows two gemlnal protons v1c1nal to ‘a carbonyl at 5 3. 06

~ ’ . .

'-The :other sp1n system present in~ lachnellu101c ac1d

belonglng to the Spln system of fragment A,'the other two"
tbelonglng to a gemlnal pa1r of methylene protons wh1ch ére
part of a long allphatld chaln. o .

The presence ‘ZOf” a,v second : allphatlc ’fchaln “in

~present Thus fragment B 1s 1nd1cated?

'é.96 3;06
B H

(CHz)y | H

.pﬂz),,- Irradlatlon of these methylene protons 'produces a

flntegratlon of whlch corresponds to three hydrOQens'naone'

two v1rtually coupled methyl groups'(G 0.92 and 0.90) are[

v(ddd 3 = 6.. 5, 8. 5, 15 Hz) ‘and & 2.96 (ddd 3 = 6.5, 8. s, 15

-change in" the coupllng pattd}n of the 51gnal at 6 1. 66,'their

T

lachnellu101c ac1d is. ev1éent 1n the 1y NMKbspectra 51nce‘f7‘
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"The 13C NMR spectra 'of 1achnellu101c ac1d show ther
presence of four sz hybrldlzed carbons at 6 209 (s), 6 195:
(s), s 164 (s) and 6 103 Os), an oxygen bear1ng carbon at 8
74 .(d); »eleyen -methylenes'-(all trlplets).,and ‘two methyl )
'g’roups.‘ N LTS | -

e | The number of hydrogen_atoms attached to carbon invaf”
molecule can be counted from the 13C slgnal mu1t1plr01ty.
‘

In lachnellu101c_ acxd, 18 carbons can be accounted for,f

whlch by thelr multlpllclty 1ndlcate the presence of 29 c- H”

) bonds” (or‘y29, hydrogen vatoms) in-_the 'molecule. " Thls
;1nd1cates that the 30th hydrogen atom is attached to oxygen,
V'and therefore ‘a rwdroxyl group 1s present. fThe hgd;o;?li
group does not appear 1n the FTIR spectrum of lachne11u101c
ac1d‘ but 1t can be detected Sins the lH NMR spectra, as _a"
: sharp‘ one proton~ 51nglet 'at'»é l7 9 whlch exchanges wrth'
120' v ThlS type of hydroxyl group resembles those,of theﬂ
enollc form of 8 dlketones.13, | | o |
blnce only two 1solated sptn systems can be.observed in :
fthe» lH NMR spectra of~ lachnellu101c acad, the four 592' 7
hybrldlzed carbons se%n in its ;3C NMR must 301n fragments A
_and»B. The carbon at 6 204 is part of a ketonlc carbonyl
‘ whiléuthe carbon at 6‘103 1s the electron r1ch carbon ofva»
hlghly polarlzed carbon carbon double bond 14 Of the “two ﬁz)'
sp2 hybrldlzed carbons left, the one.at & 164 is part of therj ’

-
carbonyl of an ester or .a lactone and the one at 6 195 must

be the electron deflclent end of the polarlzed double bond."



Therells only one. way to arrange four sp2 hybrl,dized//"

carbon atoms to account for these shlfts and at the same B

t1me account for the presence of the enol of a 8 dlcarbonyl'a

.

sxstem. -2%;5arrangement.lsyshown 1n fragmentic,"“‘

v

Slnce lachnelluloic acid‘=contains- only f0ur oxygen¢
atoms, whlch are all present in the part1a1 struc//re C, the |
foxygen atom shown An part1al structure A must be the ‘same’ asf

the ;ether oxygen gofy the ’ester ~in .C.H : Furthermore, the'

20

hfgi%bonyl 1n fragment B lnust be the ‘same as that ketoney S

carbonyl 1n c. Thus lachnellu101c ac1d must have structure
6;_as shown in Scheme 4.
Structure -6 only accounts for four methylene carbons.

Since lachnellulolc ac1d possesses ,eleven methylenes the

‘wrema1n1ng seven methylene groups form part of the fragments;,

-pA*and B. The arrangement of methylenes can be determlned
from the equatlon X+ oy 7;J ‘In order to account for the'
'v1rtual coupllng of" the allphatlc methyls of lachnellu101c

ac1d the number of equ1valent methylenes in: each cha1n must-:’



| SCHEME 4: =

Gy (€p),~Ciynck

e

cH3(cﬁ5)ycHZCHé

[

/.

2

o;..\,_
([

c—1

3.
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be 2 or more,‘therefore the only p0551ble comblnatlons of X

Kixé"nd 5% are 2 and 5 or 3 and 4

The most 1ntense peak -in the HRBIMS oﬁ lachnellulo1c”iJ

acid,' m/z 239 (C13H1904), corresponds to a loss (of CgHyy
- from. the molecular 1on. TThls fragmentatlon 1nd1cates that‘

hone of the allphatlc chalns ‘is at least 5 carbons 1ong.”

'Another abundant fragment corresponds to a loss of C6H12,

m/z 226 (C12H1904), thus one of the srde chalns must contaﬂn o

‘ at least ;6‘ carbon atoms.~ These fragmentatlons'fc be‘f

"explalned in structure 6 by a McLafferty fragmentatlon andp

\/;

an- ‘ether type fragmentatlon when x =3 and yn— 4, as shown 1n:

"_Scheme 5.1 Conc1u51vely, 1achne11u101c ac1d must posseSSig

‘structure'6, 1n any one of the three enollc forms shown, or ‘
~in equ111br1um.» : viy'j‘ S
In order to obtaln a model compound for lachnellulo1cp

o ac1d,, dehydroacetlc ac1d (7) was hydrogenated in. ethyl»l-”

-acetate u51ng 10% Pd -C as catalyst.



3

CHy(CHyyCHeCH,

+

CCHym(CHp)CHy -

a.

m/z 239,(x¥3,y=4)

fi-CHZ-(Cﬁz)xCH3




FORM 1

(=]

24
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" TH, (60 psi), 108 Pa-C

EtOAc, RT, 24 h

< _ 3 (~ 100%)

The product of hydrogenation waé pﬁrified by‘bflash
chroﬁatography to‘_ﬁffdrd in quantitative yield (based onf'
;édovéred‘stérting‘mateflai) the“kﬁown dihydrodehydroaceﬁic
acid (8)15 as a white crystalline compound (mp 88-89°C).

‘ Thé,spectfal characﬁeristics»of lachnelluloic acid (6)

and the model compbund-(a) are compared .in Table III.
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Table III.Spectral data for lachnelluloic acid (6) and

dihydrodehydroaéétic acid (8).

Type of Lachnelluloic B Dihydrodehydroacetic

Spectra: ‘ f . Acid g - Acid
1y NMR 6 17.9,4.38,3.06,2.96 617.9,4.65,2.70,2.68
(cpcly) - - 2.68,2.58,1.80 and 1.50
: .o . %
13 nMR. . 5 204,195,164,103 §201,195,164,103,

(CDCl3). 74,38, 70 and 33\\_

1715"and 1560 cm™!

FTIR Vmax 1708, 1695 v

_ : 21 max
-(CHCl3) and 1555 cm ‘
UV (MeOH) A, 218,274 nm " Apax 219,274 nm
UV (+NaOH ) Amax 250 nm Amax 248 nm
| ,, | : |
.UV (+HC1) Mpax 218,274 nm Apgy 214,274 nm

N

From Table IT it can be séen tﬁat the two compounds are
closelyArelated. The‘similarityloﬁ the ultraviplet‘spectra,
which cle;rly indicates that both compounds conthn the same
chromophore,li,e., ﬁhe samé érrahgémeht of sp2 hybridized

«carbons is especiall§7important.

-
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It remains  to determine the enollc form  of
lachnelluloic acid. = This problen was | resolved by the
analysxs of a totally coupled 13C NMR spectrum of the model

compound, d1hydrodehydroacet1c acid (8). The determination
‘of a coupled 13¢ NMr spectrun was accomp11shed using a pulse
sequence that allows the generation of the .nuclear
OverhaUSer__ennancenent' (NOE) in' all the -carbons, without
"ellminatino the carbon-hydrogen coupling.y This technlque 1s
known. as gated decoupllng,16 the broad band decoupllng mode
" (BB) is turned on 'untll the NOE is generated in every
carbon,‘thenithe decoupl;r*is turned off, and after a short
delay time the'free 1nduct10n decay (FID) of the sample is

recorded. By means of . th1s techn\Que long range carbon-

hydrogen coupllng constants can be detected and measured.

~
A

. ‘When data man1pulat10ﬂ/processes such as zero 1‘31111ngl’7 and
resolution enhancement18 are used, a remargablexlmprqyement

inv the clarity of the coupllng patterns- rn//fﬁer dated

N
.

spectrum is usually observed. o | N
The results of thlS experiment for dlhydrodehydroacetlc

'acid (8) are shown in Table Iv.

Q
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Table IV. Gated decou'pléd spectrutﬁ” of dihydrodehydroacetic

acid.
- ' /.
Carbon Chemical . -Multiplicfﬁy ' Couplin§
Shift N | a Constant
8 (ppm) . J (Hz)
8 S 201 . | qd ° 6.5, 2.5
4 -195 ‘ | . m °© --
2 ° 164 | bs -
3 T m -
6 70 | ag 146.0, 3.5
5 | 39 - tq. 120.5, 5.0
°o - 26 " gbd 129.5, 1.5
T 20 g

117.5, 3.0
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In this spectrum IJC_H, 25C—H 'andﬂ‘3JC_H can usually be
determined, although in some cases 2JC-H and 3JC_H‘are not
_observed. For d;cample, the signal at & 70 should appeay as
a doublet of quartets of triplets, howevaé: the coupling
with the neighboring methylene is not observed.l9 It is‘
important to note the mult}plgcity of the sz hybridized
carbons which shows that coupiing tﬁrohgh a hydrogen bond is
possihle.20 The signal at & 201 (C-8) gppe;rs as a doublet
of quartéts rather phan as a simple quarte;.

Bnplizatioﬁ of the lactone carbonyl has not occurred
since the signal at & 165 (C-2) appears as’ a broad
singlet. This leaves thé possibility of eholization of thé.
éarbonyl in éhe ring (C-4) or of the carﬁonyl in the side
chain (C-8). The fact that only‘one enolic form is detected
indicaEes thétaeither.quilibtation is rapi?ly taking place’
bétwgen forms 1 .and 2 (see page 24); or that one'df the two

enolic forms is favored over the other -

H
’ 0-~" o
I /L
P Z ™ cH,
o
cHy, O o)
FORM 2




Howéver; enollzatlon at the s1de cha1n carbonyl can lead to

»ktwo-possxblevenOISa‘as shown below..'
YA . . .

L

e —
FORM 2a . SO E A - FORM 2b e
e V' ]
\ ,Agam, g 'singfle enol w‘ould be "\detected“ by NMRVif"v'th,e, ,

'equ111bratlon between form 2a and form 2b 1s fast for thef

o e

NMR time scale. It may be p0531b1e that one enollc form is

athermodynamlcally favored over the other, probably form 2a

T

'because it‘contalns a hydrogen bond w1th a more polarlzed.t-

hketone,carbonyl The gated’ decoupled 13C NMR spectrum of

‘

d:monodeuterated dlhydrodehydroacetlc A ac1df . obtalned by,‘v

exchange w1th CD30D, -was determlned to dlscrlmlnate between

Q
bhese p0551b111tles.§ The,results arersummarlzedu;n'Table.Vf

‘o
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;’Tabie}‘V Gated deéoUplgdA’sﬁeCtrum - of E:Iabeiled—diﬁydfO“‘ LR

dehydroacetic acid (9). 00

o B RO ’ i . . - . £

Carbon ""‘Chehical[,' Multip}iéityﬁ : ’Coupling“

i

o

8 o 201 R o "q ) R ',__6.5‘__'
2 164 bé"fv o -

6« 70 . dem 147.5, 3.5

s 38 tg 1300, 4.5

s .. 26 g 1300

9 0 20 - ag o 127.5,2.0




e e,

‘The_ lactone . carbonyl is clearly not ‘enollzed, ‘aS”

N .

»1nd1cated by the fact that the exchange of the enollcsprobon

+

" of 8 for deuter1um does notlaffect the mu1t1p11c1ty or the
h‘chemlcal sh1ft of C -2, For the same reasons, 1t can - be
concluded that form 2b 1s not present in solution -as part of

an equ111br1um or as the most stable form. Thls 1eaves as

e

‘the only ‘p0551b111t1es° form 2a, form 1 .or an equ111br1um

-]

3between'them. It is . known that in 51x—membered r1ng systemS'_7

”‘endocyclic double bonds.. red usually vmore ’stable than‘

‘exocycllc double bonds.zl P Therefore' dlhydrodehydroacetlc

'ac1d and lachnellulolc ac1d should ex1st 1n enol1c form l or.

-

in equlllbrlum between forms 1 and 2a.

g

Lachnelluloic Acid

’ ' ’ v‘f}““.'
M1yakado and co-workers recently reported the structure

,of the antlfungal podoblastlns,22 1solated from Podophyllum

Qeltatum, prov1d1ng us . with nat ally occurrlng structural
analogues of - lachnellu101cu ac1d. Podoblast1ns, A (10),
B (11) and C' (12) differ from. 1achne11u101c ac1d only in

their side chalns., The reported ‘carbon andh proton}

g
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i

_ , 2 . .
.,assignments.ln the 13C NMR and lH NMR of the podoblastiﬂs

‘are -in ag;eement w1th ‘our . a551gnments for lachnelluLolc‘

e, :
. acid. l

'“_  ' | f ‘,‘19»(R = (CHZ)10 ) |
11 R= CH2-CH“CHz’3 ) L
12 (R = cH (CH2)12 ) 5 |
“Anotherfnaturai.pfbduct contalnlng the same dlhydro—,v"

pyrone moiety is the. fungal metabollte alternarlc a01d 2;"

}

T : ~ ‘ Alternaric acid
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Eachnellulone;”
'gRecrystgllization, from ,Skellysolve ‘B, of fraction E

fromvtthe“-flash* chromatography separationhrof etheihCrudej

e

mycellum 'extract of gL,. fuscosangu1nea produced “a white

cryﬁﬁalllne mater1a1 (mp" 126 -127°C, . Rf 0. 44 in CHC13) .ThlS
.compound, whlch was named 1achnellulone,' accounts for as‘

;much as 1.3% of theicrude'mycelium'extract, althoUthlt'1sf
. ,‘.‘ ) I.\— i

,generally found ‘i smaller quantltles jor_“not d "'all;” -

K&achnellulone can also be 1solated from the broth extract of

L. 'fuscosangu1nea, but 1n small amounts._ Thls optlcally

actlve metabol1te ([a]D25 4+ 48 4 (c 10, CH3OH) exhlblts a

strong antlfungal act1v1ty agalnst Ceratosystls ulml.» ThlS,v

together with’ 1ts structural complexlty, make 1achnellulone

14 ¢

the ~»most '1nt3rest1ngb metabollte »lsolated ~ from - L.

fuscosangulnea.

e

'The: FTIR of 1achnellulone, showsl thev‘presence .ofj a
hydroxyl group (3400 cm'l), two conjugated carbonyls (1708r
eand 1670 cm'l) and a band characterlstlc of the enol form of

B~ dlcarbonyl compounds (1560 cm ;, broad)
The uv spectrum of lachnellulone ‘Xmax 218,‘275 nm) iSy~n

‘_strlklngly similar to that one of lachnellu101c acid (Anax

© 218, 274 nm); ‘ ThlS resemblance .is extended to 'the_ uv *I

‘spectrum, “when it 1s recorded in the presence of a trace of

' base.'>4 ;Thev’ max1ma} observed ; areg ‘as follows ’,(A.

max
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l(lachnellulonel 255 hﬁrhlmax;(lachnellu101c ac1d) 250 nm)
' This’ hypsochromrc shlft is reversed by acxd1f1cat1on.“ These'
;results suggest that lachnellulone and lachnellu101c ac1df"
'pcontaln the same hlghly oxygenated chromophorlcxsystem.
| The HREIMb of 1achnellulone shows a molecular welght ofj
324 (C18H2805)' whlch was conflrmed by chemical 1onlzat10nvf
mass spectrometry (CIMS) The most promlnent fragments that.
are detectedvare m/z 308 ([M-O]+ Y, 239 ([M C5H901+), 226h-
’1,([M—C65100i+), 224"([M—c6ulzo]'), 211 (IM-C5H1301%) and 193
([M C7H130 H20] );' The fragmentatlon pattern also 1nd1cates.

-

Jthat lachnellulone contalns a hlghly' oxygenated lmalecularV;

L]

'"nucleus as- 1s the case for lachnellulochacrd.

.The‘hlgh fleld-lH NMR'spectra'of'lachnellulone'(Fig. 3);

'demonstrates the presence-of two mutually 1ndependent spln’ajﬁj"

»systems.‘ The flrst system contalns a low f1e1d methylene atj'f'

\56 3.76 (IH, ddd) nd & 3, 32 (1H, ddd) (J gemlnal 20 Hz),l
.‘which is coupled to another set of methylene protons at d
12,33 (lH, dddd) and 6 1. 87 (2H, dddd) (3 gem1nal 13- Hz)
Thfse latter two methylene protons, be51des be1ng mutually”
coupled and coupled to the’ protons at 6 3. 76 and § 3. 32 are'lb
'coupled to a low-f1eld'qu1ntet at'd 5~02 (1H) The 1ow—:_
"f1eld proton, Wthh may be gemlnal to the oxygen of an ester
.?‘or a lactone,.ls coupled to four protons. the methylene
fprotons at § 2.33 and § 1.87 and 5 1.71. ,Flnally,dwhen the

"s1gnal at 8 ;1.87"(2H) is »saturated, multiplicity . changes
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‘ftake place at & 502, 3.76, 3.3?, 2.33, 1.71 and 1.41, thus .

an ‘allphatlc chaln ( 1 41) s attached to the Carbdn

'fbear1ng the two,gemlnal protons at & 1 87. and 6 1 71 These“"'

‘~resu1ts suggest “the presence &ofvithe follow1ng partlal

u

“Structure (A ) f&dﬁ's“ .d~_ a{,_u’ *‘“_‘ v,*f';':

v

. 0.90 ~1.41
o CH3=(CHy )y,
_H
1.87 N
~ B

L T e N BRI ,
The second’ sp1n system contains 'a” hydrogen bonded

nydroxyl proton ‘at & 3. 92 (its chehical shiftaand couplinga
pattern are 1ndependent of the sample concentratlon), whlch
'appears as a‘sharp doublet.' ‘When this doublet, whlch is
exchangeable with Dy0 or CD3OD,V is 1rrad1ated a carblnolU
proton at 6 4 45 (IH,‘dd) is transformed into a doublet.t
then the‘ carblnelf preton is ’saturated,"another carblnolA‘

- proton at & 4.57 (lH, ddd) is affected. Finallys aeCPuplinQdi
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,“'of the 51gnal at ’6 4 57 causes changes '1n the coupllng

‘patterns of the 51gnals at 6 1. 7l and 6 1. 30 and 81nce the'

\slgnal at 6 l 30 must ar1se from a chaln of mebhylenes, 1t¢'
/ :
1s concluded that the carbon _bearing the-proton at ¢ 4 57 is

.attached to an allphatlc chaln.. Based on these results the

follow1ng partlal structure (B') 1s suggested.

0.90

'(CHZ)YCH3‘
"1.30.
1.30

v(,\v

Thevpresence Ofvtwo aliphatic chains in 1aehne}iulone
is evidentsfrom-the signals for two vintually‘coupled”methyif
groups at & 0.96 aﬁd 5§.0.89, and also from the fact that in
‘ ethe-‘LH NMR of lecnnelliiloned there " are bread_‘signals_yet' 8
1;42'~and‘ 6,‘L;3§h uhieh_fintegfete,dtor 4 and 6 'nydrogens}v
resneetiVely. Suen signels,are,chareetefistic of seturated

oy ,
chains. .
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TbexlsblNMR of léchngllulone shows khedpresenCe of 18.
carbohé in the molecule; 'fdur ‘of ‘whiéh‘ are. sing&et sp?-’
”hydridizéé.carboqs; 6J191~(s), 6 189.(5), 5‘165‘fsf and §
100 (§X.v This supports the'hypotheéis ﬁhéﬁ’thevoxygenated
,portién of lachnel}uloné is véfy Similar.to the one present’
,ih)lachnelluloic aﬁidf‘as;shdwn in thé'foilowing téble.r

|
t Fl

Tapble VI. 13C NMR chemical shift of spz?hydridizedyéarbons

:in-lachhellulone~and lachnelluloic acid.

I . .
e . . . . {

.Lachnélluloic Acidf o o Lachnellulbhe
& (opm) 8 (ppm)
2042 191.1

194}4f._ | % | 189. 0
163.9 /' . 165.3
102.9 ./ i 100.2

-The'analysis 6f ¢he 13CTNM§ Spectfa of lachnéllulone also
indicates . the ApréSénce of . three ‘monqoxygenatéd " sp
hybridiiéd-carboﬁs.aﬁ,GVQI (d), 77‘kd) andA72‘(d), as well
as nine‘methyiéﬁe carbons ffom § 36 to § 23 (all' triplets)
.and tQQ methYl,gréups at 6.14:1 (qy and & 14.0.(q).

_ 1 . . » .

3



39

VoA

Consideratfona'of’:the 13¢ NMR| signai muitiplicity.
‘1nd1cates the presence o£.27 hydrogens dlrectly attached to -
carbon in lachnellulone. " Since thls metabollte contains a
total of 28 hydrqgens (by HREIMS) it is eVﬂdent that there
'is only one hydroxyl group>in the ﬁoleeu;e} that which .is
the hydroxyl group present in paftial sﬁructure. 51  The
presence of the two al1phat1c cﬁalns -in lachnellulone is
conflrmed by the detection of two methyl groups in the 13C.f
NMR spectra. Based on this 13C,NMR analysis, plus the ngEA '
sgectreseopic. similarit;es between leehneliulonef “and
- lachnelleloieﬂ acid, .partial structure. C' iSl propo;ed-;fer

lachnellulone: Lt

RS

c|

Fregment C',in_lachnellulone does.notvbear an enolic
.

;p;oton, as is’ conclqded from the absence of a low field.

proton (14 ;5 _18 ppm) ih the IH NMR epeetra, from the

negative' result. of ‘a ferrie. Eﬁioride test and from ehe

analysis of the 13¢ NMR signal multiplicity, whieh shows the



presence of -only one alcoholi§ HYdroxyl -grogb in the
'ﬁolecule. Thus,-fragment c' mu§t contaih an enol ether ésJ
'6ne of_the four points of substitution. |

The 'molédqlar formula assigned for lachnellulong
indicateé that'/ this' natufal% product ) contains .five
unsaturations or- unséturatioh equivaléntsg ‘ Fragmént c!
aécounﬁs be'three of<thése unéaturatiohs; and’sinée thé 13¢
NMR spectra-of_lachhé}luloné’dées not show signalé for more
sp? hybfidiéed>cérbons ihan the Qnes §re§ent in fraément\C',
it is conClﬁaéd ﬁhat théllaSt‘two.unsatufations correspoﬁd.
" to two rihgs.- Thus, lachpellulone is a bicyc1ic7cbmeund.

fhe four'ff%e.attachment points.of fragment C' caﬁnot
be joined with~one~another; b;Cagse_in suchva'case ei;her a

three-membered ring a-diketone (a), a cyclopropenone (b) or

an -unsatutated'.s-lactone (c) Qould be produced. These

highly strained functipnalities are clearly not. present in
' &

| N

lachnellulone.




Two ©of the free attachment

,be'attéched to the two . free 9€tachmenb,§oints of fragment
- ‘ ' ' L .,,// - . . .

A', forming one of the riqgé;present in lachnellulone. - The

other two ends bf fraémént C' must be linked“to the two

attachmqnp\boLhts bfvfraémeﬁt B', thus fbrming the ﬁecond

‘ring p?esén;iinvlachnéllulohe. o B '

" From HREiMS‘ it is known that 1achﬁelluione éontains-

-~ n
number of oxygen

only five oxygen atoms}nbut by adding t%e
atoms .of fragments A', B'ﬂ%nd c', the total is six oxygen
atoms. - This implies that»éighér thé'ethereal Qxygeh'atom'on
fragment A' or the one on 'fragmen; 'B' is the séme as 'the 
enol ether?‘oxygeh. in"ffaghén; C'. ~“With the?e .limiﬁing
conditioﬁs theré5é:e only five diffgrent/wayq'éf éssemb}ing
the three‘fragments of lachnel}u16ﬁe.-.The5e are shown'in~“

the foliowing‘schémé.



SCHEME 6:

CIII

IV

g

s)

| JOINING

Ve

¢

- “‘

1'-a

2'-b

1'-a

2'-a

1'-b

2F-a 

42
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&tructures 1 and IV were considered"to be unlikely
candidates for the structurc of lachnellulono. These two
atructures do not explain the spectroscopic characteristics
of lachnellulone. : ‘ b/ ?

- Structure II was rejected as the structure of lachnel-
1ulone for three main reasons. »

1. The formation of structure II suggests that enoliza-

tion of a ‘lactone carbonyl takes precedence over

enollzatlon of a ketone in the p0551b1e intermedlates,. o

or that the least electrophilic lactone carbonyl

.undergbe55p eferential leophlllc cycl;zatlon.

The enolic form in structure II does not -correspond
to the one present in lachnelluloic acid, as should
be the case sinceethe'speqtral;details (uv, 1R, 13C

NMR) of both compounds are quite similar., '

-



" 5).

o because beth the gghydroxyl group present in

the hydrazone are acetylated

-schemeqd:

SCHEME 7 ¢

. When lachnelluloné 1§ treated withﬂgjhitrophehyi—W’

_hydraz1ne a monohydrazone is formedg (lH NMR Edg. o

24 Thig ‘result was conflrmed by acetylatlon of

‘the hydrazone of lachnellulone to glve a. dlacetyl

derlvat;ve (1n NMR€?19.~6} ‘ A d1acetate,1s formed

}achnellulone and the hydrogen bearlng nltrogen of

vA ALY

"Structure 11 would be expected to- fqrm elther

two monohydrazones or,‘almgxture of_menphydrazones

\ﬂ,_and_ve- dlhydrazone, aS’“shekn ih'?the, following

- II




SCHEME 7 (cont.) . .

HYDRAZONES ~—

g

bl

‘-a‘

3. - The 13C NMR shifts'of model compound 13, prepared

.usiﬁghrepoﬁted méthodology,25‘dO%not3correép¢nd to the
f éhemiéé1'<_shifts'w‘in' the »,130; NMR»iVSpectrum_ of

o

~ laghnellulone.

e . 4



.

e

13

Ly

The gated decoupled 13C NMR spectra for thls model

compound zclearly ‘indicates thej follow1ng' 13C ~ NMR

a351gnmenq3(=ee Exper1menta1 sectlon)

A
&

88 (bs)
‘ \ .
' t 160 (v) ‘ :
3 7 8 .- . ‘ g
SoNeHy g
0" TCHy
182 (guintet) i
2 'i{ 2, S R ‘”“0}
ofs et . ’ )

The;fl3c NMR assignment of C- -2 and C-3 ‘in the
modej} compound (6 182 and 8 88, respectlvely) does not
correspond to tme assignment of the respecthe carbons

ne .
B N -

.
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in structure II (8§ 165  and 6 100).  Since
lachnellulone does .not exhibit 13C 1NMR‘ abSOfptions

_that correspond to the'values observed in the model

compound, structure II is not 1achne11ulone.'

'b

‘The somewhat anomalous chemlcal shlfts for c- 2

1and c- 3 1n the model compound can be explalned .on the

ba51s of the ko
oS T

double bond, whchAfﬁﬁvég a hlgh electronlc den51ty (;\'.

C 3 ‘and a low electronlc den51ty at C- 2

The UV spectra of the furanwderlvatlve (13) oy 222,

v

15bhnellulone (Apax 218, 275 nm).

Anothef 'modei:‘compound (15) was prepared by

treatmentf of triacetic = acid lactone (14) with

diazomethane (see part'II,'Sage136 ).26

L
E
: 'fd'“"

248 nm) is '51gn1f1cantly dlfferent‘,from “that Of-f



™

,@ | R 48

The 13C NMR a551gnment of compound 15 was obtaxned by

gateidecoupllng technlques ana 1s shown below.
‘ ; e

. These resul;é also indicate that this k{nd‘of moiety

{an Sp? carbon bearing two,qugens)'is not present in

lachneﬁlulone. The most indicative result 1is the

‘observed chemical shift of the éiectrohf,rich c-3,

which is'absént'in lachnellhlone.

\;b
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Having e11m1nated three of the poqsxble structures for
lachnellulone, only two poss1b111t1es remaln, structurerllli

. andlstructure V..

CIIT

Both‘}Structuree;can- eXplein _;he vformetion of“ a

“monohydrezone from lhohheliulone, as well‘as the-observed_
13'C"NMR‘and uv behaviour:' Howeuer,'there 15 a deta11 in the
1H NMR spectra of lachnellulone that may not be explalned by

-structure V' ‘an alcohollc hydroxyl group whlch‘ﬁs strongly
‘.hydrogen bonded. | The 'chemlcal Shlft for, thls hydroxyl
~proton happeafs..at 4 3,92, fit is 1ndependent of thev
¢oncentr;tron of the eample and‘to a certain extent,on the -
: solvent'used, This observation oan only‘be'explained by'ﬁhe
-»presenCe of 7ah intramolecular hydrogen bond between the

hydroxyl group and one of the carbonyls. The»p0551b111ty of

.hav1ng\ thls type of intramolecular hydrogen bond in® o

structure V is very remote, but structure III ea31ly
vaccommodates‘such a demand (see page 62). . oy
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Whgn‘}iéchneliﬁloné ~is. ﬁreéteGJVWith"dilhte' sodium
vhydrsgide‘ in ., methanol, tits  uv sééctra ﬁndéféoéS"E'_ﬂ‘
'hypsochfomic;shift:(274:hm to 255‘hm)g This séme pheﬁbménon’
| o¢¢ufs7With lachnéiluléig acid . as waé?méhtidned‘before (seé”
ﬁgbleIII.b Since ip .both cases the effect of the base igx
" ,reversed byvadaitioﬂ qf\@g HC1 it.waé conc%gded thaﬁyihe
J‘change ~6écurring ’in.‘the IChrqmophore is reversible. . For
1a¢ﬁne11ﬁloiqfacid ﬁhis hyééochrbmié'éhift is ratiénélized:

as follows.

1

. .
X N NaOH -
- :

' /£

\.

4

'S

5% HCI

Thus, lachﬁellulcne mustvhavé a structure which allows'

‘the formation of an anionic species. similar to ,that of

léchnelluloic acid (6) when it is treated with sodium
hydroxide. | e | |

 After treatment of lachnellulone (10 mg) with 1M NaOH

fbllowed’by acidification, a new compound, different from

'lachneilulone, was iséIated. This cggmpound has an Ff_of 0.3 =

in 2% MeOH in CHCl3 (the Rf of lachnellulone in this solvent
v ‘

is 0.6). ‘The compound was easily purified by flash
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chromatogfaphy to éfford 4.8;mg of‘a_pfod@ct whichlwé.¢all‘
iSQlachnellulgne... : ' | 3 ' ‘f‘ . o \

| It3seem$ c1eaf that thé ani6nic.specie§ formed when
j lachnelidlone is treated with aqueous base is converted to
 i§o1achﬁellu1one> byb. treatment wiﬁh acid, and that

»

isolachnellulone - exhibits the same UV - spectra . as

-

-1abhnellulbhe; ThisAis,summérized in the following scheme.

SCHEME 8: . | | o

Lachnellulone : . ' Isolachnellulone .

_ 1 N NaOH  Anionic 5% HC1 -

C, H, .00 —_—— : ————— C, oH. .0

18728 5 A CH30H sPec1es MeOH . 1872875 _
‘")‘max %75_ nm, . ' Ama'x ?55 nm , ‘ ‘ ?\max‘Z_?S»nm

RE 0.6 (2% MeOH/CHCl) T RE 0.3 (23 MeOH/CHCI,)

3 ' . 4.._ g‘ ¥ . - . . )

e

& ' N ‘ ., . 3y N .‘ .\ ”'
The HREIMS of .isolachnellulone ' shows that it is isomeric-

- with 1achﬁélluldné because it has the Same mo1ecularVweight

andfathe‘ Sameb‘moleculéf‘ formula (Mw 324 (01832305));
‘?oweV¢£}* tﬁ% frégmentatibnt'p%;tefn ~of isolééhnelluiohé‘ is
differenu. o L ;

: .Thékhigh rés;£U£iod'lH‘NMRfspectrﬁm (Eig."'L indicates

-

that’ isolachnellulone is iﬁ'fact an ‘equimolecular mixture of



four very closely related compounds thch are 1nseparable by
chromatography.r Since most of the 1H NMR 51gnals of these
‘four compounds overlap exactly, w1th the except1on of the
two 51gnals used to calculate the relative ratlos, these
four compounds must be dxastere01somers.‘ |
Two 1solated spln systems "are observed in.the.lH NMR
spectra of isolachnellulone.‘ One of those spin systems,is.
also present .in lachnellulone‘ and it corresponds_ to the

part1a1 structure A* in the natural product.

|

L

Fragment A conta1ns ‘a gemlnal pair of protons (6 3.59 (1H,

-

_m) and $ 3,26 (lH, m)) which are coupled to a second geminal
~ pair (8 2,37 (1H, m) and & 1. 87 (1H, m)). ' This last geminal
pair is coupled to a low field multlplet (s 4.94 (1H, m))
which in turn is coupled-to two methylene protons.(d 1.95
and § 1.55). Saturation of these two methylene  protons

‘shows that they are part of an aliphatic chain.
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The second spin system contéins é'onevﬁroton'mhlﬁiplét
which was shown to correSbond to four doublets by mu1tip1e
irradiation .experiments. ' This indicates the vpfesénce‘ of
Vfoﬁr goﬁpounds iﬁ the samplé; - The four doUbléts§(6_4.43,
4.41,‘4.39'and 4,37) are coupled to two ﬁultipléts at § 4.02°
and - § 3.86 the intensitiés- of which carrespond to one
. proton. These hwokmdltiplets, which are simplified by D,0
_ ér’CD3OD é#change, are;coqpled to a brqad doublet (6. 2,70,
-OH, exchanges with CD30D) and a methylene pair (6 1:75 fnd
§ 1.68) which forms part of an aliphatic:chaina Based upon

these results, partial structure<B" is suggestea,

4.43 to 4.37

. H 1.75
4.02,3.86 1.68

B" : ’ v .' g ¥

The epimerization of the two asymmetric centers in this

fragment eXplains the presence of four diasterebisomers of
. . o

isolachnellulone.

Since the UV spectrum of isolachnellulone is the same

" as the UV spectrum of lachnellulone it is logical to assume



that the same ch:omophore is present in both substances,
that is, both compounds . conta1n the same hlghly oxygenated

molecular fiucleus C'.

/

From these results it is clear that only partial structure

.
-

B' of }achnellulone, i, e., that conta1n1ng the ‘hydroxyl

Tynn
. o

group, was modlfled by the treatment w1th base to afford
‘isolachnellulone. | |
Thisl isome&ization can beA‘eaplained\fusing either
'sttucture“ V or “structure I11. If 1achheilulone ha$ ‘
stractﬁre V,  a .lactone hydrblysis woald\ be necessaty to
explaih,:the transformatlon. :j If structure III depiets

lachnellulone, a 1,4- addition would be necessary to explain

.
\

the isomerization. This 'is summarized in the following

Scheme.



¥
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In order to differentiate between structures ‘III and V.
thegated decoupled spectrum of lachnellulone was recorded,
and the . multiplicity : of the sp -hybridxzed hcarbons

te
analyzed. The 'results are shown in Table VII. ' gﬁ

Table VII. Long range coupling of the spthybrjdized caybons

in lachnellulone ;'@
) ‘ : . A ' IS
8§ (ppm) multiplicity J (Hz)
1917 : -4t : ¢lo.o0,2.5
188 o m 4.0
164 a . 8.0

100 : s

jog

The signal at & 164 (d) correspondé tO‘“thé; lacton

'carbonyl earbon in either III or V., Both structuw%s,yﬂ

and V, - can explain ‘thew»muitip1101ty of thlsqlh

gpoublet) However, the proton responsr

mult1p11c1ty of the lactone carbonyl carbon would 3&ffe;wiﬁ*

* o

structures III or V. If lachnellulone possesses ;tﬁgfture at

g

- natural product. On the other-xhand, if
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corresponds to lachhellulone, the proton coupled to the

-
carbon at 6 164 would be the one that resonates at § 4 57 in .

the;alNMR spectrum of 1athnellulone. This is illustreted

-

in Scheme IQb

SCHEME 10:

l164(d).

It is possible to differentiate between structures ITI

‘V' using selective carponﬁhydrogen_n decoupling
zxe;periments. - If irradiation .at é 5.02 1in vthe 1y NMR
,\spectrum of lachnellulone converts the signal at -6 164 into
a singlet, lachnellulone would heee structure I11. ‘However,
if saturation et § 4.57 transforms the signal at & 164 in
the gated 13c NMR spectrum of lachn%llulone into a singlet,
“the structure of lachnellulone is V. The results of several

selectlve decoupllng experiments are shown in Table VIII,
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‘Table VIII._SeleCtIVébdecOuplinguresuﬂts for laéhhellulpne.f

¥

‘Carbon \Multlpllclty DeCOUpledd Decoupled ”'Decoupled,

s (ppm) (3 in Hz)®  at 5. 02¢  at 64.57%  at™63.32*
191 . 4t(10,2.5) . bt’ s e
188 ° 0 m(a) . m(4) m(4) bt
1647 - d(8.0) a4 s dB) -
s Joo g e ol
v 2

? *¢leah‘ debouplihd"expenyﬁEnts' are not p0551ble, .sinceilf

/

protons within,a,t 015 ppm- range are als§>affe ed,

, When the gateddecoupled spectrum of,Aachnellulone is
5,

. run “in- CDc13 with. CD3OD, the mult1p11c1ty of the 51gnallat 6’;-v

191 changes‘ from a \doublet of - trlplets to a doublet of,"

’bdoublets.

of

It seems clear,from Table . VIII _that the structure of.:":“

lachnellulone 1s structure V, 51nce the doublet at 6 164 1n3

o

_the gated 13C NMR spectrum of the natural product collapses :

‘when  the ;}gnal at. 4 57 (and ¢ 4. 45) ’is, saturated
e ] ek
'Furthermore, saturatlon at 6 5. 02 only 1nduces a decrease of
—the couplihg constantjof the signal at 6.164. vv. V'l\
5 '// B ¥
f./ ‘ ’ It



59

e , | o |
‘,AsShming'that‘lachnellulone posSesses'structure’V; the o

e

a - N

senol ether carbon would resonate at 6 ‘191 s'nce it 1s the

closest sz carhon to the alcoholﬁc OH _FA l't_ls'the‘SIQnalf~‘

at 6 191 ‘which changes mult1pl4c1ty wheg“ ; hydroxyl_pfoton"

1s exchanged for deuterlum.vd In addltlon, the 51gnal at 6'
t’

191 is the only s1gnal whose mu1t1p11c1ty is affected when
elther the proton at’ § 5. 02 or the one’ at ’6 4 57 (and 6
4 45) are decoupled. ;.The 1rrad1at10n‘ of the methylene
proton at 6 3.32 1nduces a. mult1p11c1ty change in the carbomt :

By thtc?reSOnates at 6 188, therefore, thls carbon corresponds: S

/ .
IS
/

to the - ketone carbonyl carbon. ThlS 13C NMR a351gnment is

P

L4

_;»shown in Scheme dl for s ructure V
SCHEME : j : I : :
o 188(m) | 0 O 164(d)

\°/voﬁ
[ 191(at)
On'-the‘ other“handq ,1f we assume that lachnellulone
possesses stchture I11, 1t is dlfﬁlcult to: explaln why the

51gnal at 6 164 collapses to a s1nglet when the proton at &

4;52‘(and‘6 4.45)'1n thé‘¥H ggR‘spegtrgm”ogﬁlachnellulone'15"



X .w R i ’

» S e :
s Coa

- . S

irradiated. In addition, if an explanatédh for the ‘behavior o

of the‘lactone‘carbonyl carbon is found} 1t st111 would bef
‘necessary to exp1a1n why the mu1t1p11c1ty of the s1gna1 at 8

Fod

- 188 changes when,the proton at § 3. 32, and not the proton at .
§ 4.57, ‘is'saturated.u Based on ‘the results.on Table VII the -

13¢ NMR a351gnment for structure IL% would be as’ shqun 1n‘
uScheme 12, ' ‘ ‘

_SCHEME 12: |

164(d) e 191(at)
- s‘
o = 188(m)
fThus, vthe gated' decoupled‘dandy ‘ lectLve decoupled»

A
LR

_spectra of lachneliulone strongly suggest that the structuref

-

.ofhthe natural product 1s structure V rather than structure f
111, : Lo Q s
N L N i . ‘

~i1; Lachnel uione' dlsplays,ua' strongly hydrogen bonded -
hydroxyl abs rptlon at 6 3 92 (d) Slnce the‘chemical shift,‘

of thls proqon does not vary: w1th the sample concentratlonr

-and to a c rtaln degree w1th the solvent used,i.rt is an

'1ntramolecu ar- hydrogen bond.‘: g

J. o . P
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As mentioned before, structure V_ fbrp,lachnellulone

_cannot. explain such an intramolecular. hydrogen bond, ' since
p 7 . b ! v 7€

the only oxygen atom that is]cieselendugh to,the alcohplie

hydrbxyli is]probably‘aneeleCtroposiﬁiVe ox}gen.” This ether
L\ p o S
‘oxygen is 1n conJugatlon w1th two carbonyls, thereﬁore its

electronlc den51ty must be lower than that .of a normal ether

‘oxygen. In addltlon, it 1s the presence of thls relatlvely

e‘electropos1t1ve oxygen that explalns the unusual chemlcal

Shlft of”the carbons at & 91 (d) and § 191 (dt) 1n the 13Ce

'NMB spect;a of lachnellulone. This is shownvin'Scheme 13,

SCHEME 13:

- On  the vother “hand, structureyiilﬂ explains eaSily the

‘hydrogen bonded hydroxyl group laﬁhnellulone, as shown in
\‘\ \‘\ : A > - ? ‘ k .
'Scheme 14. ) ' ~ ' ”’ o . o
-
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SCHEME 14: ~ / o Y

iz o 16 .

O v .
And ﬁﬁ%}be "seen _in Scheme 14 the antibiotic -
radlclnln (16),?q%the‘structure of which resembles?struéture

&

III, possesses a 51m11arly located hydroxyl group, ewith'

relatlvely the same chemlcal shift as. the “hydroxyl. proton 1n'

) . (
1achnellulone.

“
N

The presence of thlS 1ntxamolecular1y hydrogen bonded

hydroxyl group in lachnellulone clearly favors structure'

jIII over structure N as the structuré‘of lachnellulone.“

e g
@

_ The 'Qresemblance petween radlclnln _ (16) ~and

.
1aéhnéf1u1¢ﬁé 1nvolves mor% than Just the hydrogen bonded
bydroxyl.f The}13C NMR spectrum of rad1c1n1n ‘is simllar to
bth% 13C NMR spectrun\ of . lachnellulone, and although thls

. 31m11ar1ty can be explalned u51ng elther structure 111 or V,

“structur%3III explalns it better, as shown in Scheme léé;
: | - R

e
-

-



'SCHEME 15: S Ty

| — 1
. ’ R ) R
1/ \\Uaz
: | 191y )
91 2

. v *

"”WThe‘HQEIMS,Qf lachneliulone.shOWS ag the‘mosﬁiinteﬁse
fragménf m/i. 211 ;C11H1504) which is _fbrmed  b; loss of
'C7H1301from thé molecular ion.v The{pxygen’atdm'lost'in this |
,fpggmentation  was sho@n‘ to be‘\the -hYﬁ%oxyl yéxygen, ‘sincé
.;iachnellulone ﬁonoacetate. gives the same "intense fragment
| W/?»éil”‘Cf151504)- - -

. This fragmehﬁationicah be explained assigning as R, f
e

C4H9 an%ﬁas Ré - CsgHij for either 'structure III or V, as -

- shown in Scheme 16.
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SCHEME 16: L .

ketene v



SCHEME 16 (continued): w | -




N -

'waéVer we feel that this fragmentation is explained.infa
more §atisfacto:y way using structure III.

In a similér‘ §ay,, the most 'abundant' fraghent' for
isolachneliuloné can be ‘éxplained méré vconQincinng using

_structure III, as shown in Scheme- 17. . : ‘ °

SCHEME 17:

. HOC—C5H11

111 —* |

V ea—— ‘HQCA

m/z 224

4
ll

i , S g

A p0351b1e way to ass1gn either structure III og&@tructure
II to lachnellulone 1s to dehydrate the natural pgiduct. If
;Z,*‘

P



1@chneiluloné 'posses%es structure III  dehydration would
j&ford the 4-pyr6ne 17, but if structure V is lachnellulone
“the - depydra;?qn a;éaction would“{gi?e the - Z—pyrbné 18.
Compounds 17 and 18 . could be differentiated by their UV
spectra or their coupled'l3c NMR. - A;tempts to dehydrate
lacﬁnellulpne failed using eithet S0C1l, or POC13 in pyridine

~at -room tempefature and at 0°C.

Yy

118

»in?tead, very complex reaction mixtures were obtained;

‘ Lachnellﬁlone was converted to its‘hesyl ester (19 or
21) by ‘treatment with ‘MsCl and pYridine/in CH,Cl, at fdom
temperéturé{"Thg mesylate was obtainedAin gquantitative
yield (MW 402 (clgugoso7),h1u NMR & 5.12 (1H, a), 4.96 (1H,

m), 4.48 (1H, m). | .
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Elimina;iﬁn .of the mesyldxy group on tfe&tmen‘t w_itb DBU in
toluene at room tempetéture did not g}ve: 17 or- 18, but
) . ; e .
afforded a product-containing a disubstitutéd cérbon-carbdn
double bond; lH NMR & 5.92 (1, dt), 5.52 ‘Z(Iu,' ad), 4.48
- (1H, bd), which :we believe 'poSsessés sgructure 20 or 2l.‘
‘ Further experimentation is' necéssé;y “to confirm ;his

assumption.

DBU

Tol.

~"Lachnellulone was also treated with Jones reagent at

room temperature, but a complex mixture of products was
~obtained.

Further experimentation is Qnecessary to assign the
4 ' . . . . - )
final structure for ‘lachnellulone. In the near future an

¢

Xfray diffraction experiment will be used to make the final

decision. We feel that . at the present time iE.,is not
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/
]

pqésible_todistingu*sh between the two possible'structurgs
for .lachnellulone.
‘Biogenetically both structures III and V could .be

related to lachngliulsic acid. We belieyé that they may
derive grom thé Eondensation of Fﬁo_‘diféerent. polykéﬁide
chains, as shown 15 #he folloﬁiné_scheme. . /
SCHEME. 18 I o | -

: , o '0‘ o .o N . |
H3C/A\\f/\\i/e\\'/lL\SCoA + ACos;/lL\'/fL\f(;\"/A\‘//N\\cﬁ3'

or . , . - or ' '

/\/\M | | | | | . |
HyC _ §CoA + ACos"ll\"lL\*’/\\~’/§\~””\cn

3
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111

The monocyclic intermediate to structure V may also pé'

derived from lachnelluloic acid by oxidation. : .

J!
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The nitrogen containing metabolite
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l’l -

‘ Frém the fractfgns obgained by"ﬁﬁuting the"flash column
' <

'of the crude mycellium . extract with 10% MeOH in CHC13, a

i
v

white . solid was obtained . by trlturatlon w1th

dichloromethane. This compound was recrystallized from hot

methanol to afford white crystals (mp 140-142°C) which wcre,»

insoluble in chloroform or ethyl acetate. L
.
The FTIR of this solid showed sharp absorpt1ons at 3340

and 3200 cmfl (ﬁm -H), 1740 cm‘l ( coon), 1620 em~! (c=C) and

pe
720 cm -1l CHZv'roergng) R L 5*4
y o : g( v

e

e Tﬁé. HREBMS shgws ‘as’ the heaviesti . fnagment m/z 683

».' ‘ «? ' .,;‘1' s ot

'e”(c42585N05, ane unsaturatlon), and 'fragmeptat1ons for the

'"1055 of one>hnd two molecules of water.
&L

TheVIHWNMR results (Flg.§7

' ) fhdlcate the presence of
' two allphatlc chagpé 51nce ﬁhere are two v1rtually coupled
C ..‘% 15 E -’\

wmethyl Qrpups (8 0;90 (6H, vt)) Thls molecule contalns six

5 hyﬁrogens geminal to oxygen or |11trogen at 8 5, 14 4.65,
oo " PR ¥ P )
’4»55,: 4@45. 14 39 and 4.31; and three D20 exchangeable

protons»at 6’6 72 (2H) and 6.23 (1H)

5 o

,'Th structure of this compound has not yet been

eluc1dated EIt{1s presenr in small amounts (5 mg*or léss

. ’ N R . .o
. , - .

from:LO_ggof_férmént) or not at_alliih the crudévextract,

'This comécﬂnd is pharmacologially inactive.

5 -



| The lachnellulo1c ac1d analogue T- 1.. BT e

S e RN DU i L

Fractlons obtalned by elutlng the flash column of the

¥

crude‘ﬂwcel1um extract of L. fuscosangu1nea wlth 2% MeOH.Jn

l;CHG13 contaln a‘ Whlte_ solld 1nsolub1e 'iQ? mosts org‘p1c ;
['solvents. °t] :The»l purlfrcatlon of’ “'th15"'COmpound 3 wagy:,

accompllshed by washlng the dust 1rke crystals severaI t1mes

\

i'w1th € hyl ether.' These whlte crystals have a hlgh meltlng

1_p01nt (239 240°C) and are soluble 1n pyrldlne.p,

s

The FTIR of the 'whlte compound wh1ch is called T 1

@ LRy

‘r shows the presence of a hydroxyl gropp (3420 qg 1),gan a, B

funsaturated carbonyl (1660 cm " t=0, 1610 cm -1, C C) and a
.fwchelated carbonyl (1590 cmfl) -fﬂﬁa:5jei7t' %ir' ‘

rfThé ‘UQ ‘spectra fgn mﬁwhanol oflfthis bcompound show“

thabsorptlon max1ma at l 241 nm‘Aand 273 ’nmﬁ‘ The flrst

T - B

‘ﬁabsorptlon maxlmum (241 nm) shlfts to 250 nm 1n the presence
-,'of sodlum hydrox1de and to 2}9fhm in the presence of ac1d._ c}f

= Surpr:-lslngly,' the 1H NMR spectra of compound T 1

<

‘e1ther DMSOtgs or pyr1d1nei_5 (F1g. 8) _is. almost }dentlcal

j“ 1th that of lachnelluloic a01d, 6 4 10 (1H,_m),:3 39 (m{f

=/

o 520), 2 71 (IH m), 2 31 (1H,-m), 1 58 (IH m), 1445 (1H,"

~;mo; 1. 3 1.2 (16H, ‘m) and 0.90 (6i, vt) “;@f;;;yf*V

The HREIMS of compound T l shows the peaks obtalned for f*
\\ .

lachnellu101c a01d, whlle -a. fast fatom bombardment (FAB)‘
N 0 .

experiment shows that the actual molecular wexght of th1s

" 3 . o . PRI ; PREEEE Y
[ S S o = D /

AT S M e



"vmolecule rAiS' ‘greater f‘than'n'3l0 (lachnellu101c ac1d)

.
. .

vInformatlon‘ regarding © its  molecular welght % werel

1nconclu51ve.. &

,Due-fgkthe’very small amounts of compound T-l 1solated,
i nelthes/its structure nor its b1ologlca1 act1v1ty has been o
',determl’-n,ed' D -' S S : : o ‘ L ., ;
Fermentor extract.’ . ‘ S SR ;u R 2

L : AR ..«’k*y"’
ISR R . ) o j., ) .

ILC stpdies of the crude mycellum extfact from the~
3,.fermentor show the presence of four major compounds.. Flash

ZChromaEOQraphy ﬁh thls extract affords‘ a_ mlxture 'oﬁ

ajtr1glycef1des (least polar fractlons) and a mlxture of - threel
‘alother maJor compounds.fA..'

o

Gel perheaglon chromatography of ‘the - med1um polgr1ty

\‘

"s!phadex q:u

'ffractlons m1thi

-

6} fforded a yﬁllow compoundw:
- : - X
whlch *wasj recrystalllzed from. chloroform. ?3; h -vyellow

>-crystal11ne dye was found in very small quant1t1es and its

e Sl

PR e : o 27

:c{structure has not been eluc1dated (A NMR Flg. 9), Other»‘

Ifractlons from Ltﬁe; Sephadex 'LH 20 column eontaln Ethef
irremalnlng two major components of the mycellum extract. The
- TL?" analy51s,e whlch _shows-rtWO overlapplng ompounds,
flndlcates the ac1d1c nature of one of the components. ‘Asya.s
f;‘r;?ult, these two metabolxtes were ea51ly separated by‘flrst\j

M A

!f'treatlng the mlxture w1th excess of ethereal diazomethane %b v

T
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convert the ac1d compound to 1ts methyl ester,hfollowed by

column chromatography.f The mébhylated material was shown to.

v

‘be a mlmture of esters. of the fatty ac1ds 3, 4 and 5 by lp -

. gﬁ& spectroscopy and GC—mass spectroscopy.f i o ,”
The most polar materlal 1s a whlte crystall1ne compound
R o
‘(mp 167 168°C, Rf.VO 2 ‘in 2% MeOH in- CHC13) of,molecul7

welght 428 (C28H4403)

The’ HREIMS of thlS compound',shoWS‘ the loss/ of two

.

oxygen atoms from the molecular_lon as the mosv'abundant'

-organic--

‘f&ragment, La" fragmentat1on characterlstlc : o[

»endoperoxides.,' The rema1n1hg fragment (after the loss of
'

< B

‘02) has the same molecular formula ag15 ergosterol. ‘ Thls{,
"suggests that the compound may be ergosterol perox1de or’ an:‘
risomer of it ;~7.Hi ».'l ST = t\,;” | fli,("lrc'f
, The FTIR spectra of thls compound shows the presence of}
la hydroxyl group at 3500 and 3350 ,cm 1 (free and a530c1ated'i
e cams ool an s
vThe 1H NMR of ‘the compound agrees W1th the 1y NMR data
‘forﬂérgosterol perox1de, 6 6.50 (15,-d), 6 24 (lH, d), S. 92
. (13} qd), 5. 14 (lH,‘dl, 3. 96 (1H, ddd). |
v"Ihe:13C NMR results for th1s peroxrde show 28 carbons,f
/;/;ae/e;pected,. Four carbons are: spz—hybrldlzed, 6 135, 5 (d),h
s Q135 3 (d), 132, 4 (d)wand l30.8»(d), and form part of two
d;suhstitutedﬂicarbonécarbon:‘double bonds.l g-Three '?9"0;;:
o oXy;ge_na‘t*e_'dx_' §p3;c‘arbpn's ’._ar'e detected , 5 8 2«;‘2 ; (s \g 79. 5. (s)

Sy - L : : - S R



(attached to the two endoperox1de oxygenS) -4nd 6 66 5 (d)'

‘m{d‘

L & _
(attached to the hydroxyl group) The other 13C NMR 51gnals

correspond to two tetrasubst1tuted carbons_(singlets).‘sxxh
- methine carbons (doublets), seven methplenes (tr1p1ets) a:%%
51x methyls (quartets). Th 13C NMR 51gnal mu1t1p11c1ty :
1nd1cates forty three hydrogens d1re¢t1y attached to-carbon,

therefore only one_“hydroxyl group s present' in-‘the'

molecule.

Flnally, compar1son of th1s peroxlde w1th an authentlc_‘

sample of ergosterol perox1de shows the two to be 1dent1cal.

E

L e e e 'rvt*
| : - ‘A) . . | 'f;~
- . 1.4
4?; ST :
T S T
® ); R "r |
Nagii *
T . ZL:\/: - L
. - 'h
A Other compounds present 1n the extracts of Lachnellula

'fascosaggu1nea when' grown 1n the fermentor are found 1n very_

-~

Z(sma 1 amounts, and 51nce these extracts do not show anyv»
lblologlcal ac1t1v1ty (as tested agalnst C. Blml,:§¥naureus,

’*gg albicans and’ E: coli) further work on this. extract was;'
jabandoned;f'y R o



'-The bloassays for the crude'eﬁtracts'and actlve pure

metabolltes from L. Fuscosangulnea are descrlbed 1n

{

Chapter 2 (See page 163) : -"  _‘  e R

. : . ’ .

e



‘gExberimental

The distilled water used durlng the fungal cultur1ng
R \)’ . - .o .
\process’ Was,'red1st111ed u51ng - all glaSS';apparatus.

3

’ Fermentatlons were carrled but 1n -a New Brunsw1ck Sc1ent1f1c
B b ‘ -
MF -214 m1croferm laboratory fermentor or a magnaferm»a
S r o _ : o
fermentor. oL T T -
’ P T \“J'.' e’ o

The. solvents used for metabol1te'*7 and
1chromatograph1c @separatlons were all _.gor‘&*‘«o.
when with

use. Chlorofor was rrec”'
Sl .

methanol, the',concentrati(

refractive ihdex‘techniouéﬁﬁ ’ ft(an ERMA refractometer.

’7 Gas chromatographlc (Gt{;fjaly51s ‘were carrled out on a
-4,w‘l.ett Packard 5700A gas chromatograph, using an_APIEZ_ONV‘ L
.analytleal column"and ,nltrogen:‘as__carrler rgas; y Highv-

X

tpressure\; llqu1d . chromatographlc -); analy51s fjwere

e 3
_obtalned on a Waters HPLC system. Eqr centr1EUgal 11qu1d

chromatography (CLC) a H1tac 1—Servo CLC73 ’centrlfugal
_llqu1d ohromatograph,,-packed with Terochem'-thln layer
}chn%?atoggéghy silica gel} . Qas4:uséa;v }forv-cdlhmn’y
ychromatography E.,Merck 3111ca gel 6.0 (flner than 230 mesh)
r'wﬂas employed ‘E; Merck 5111ca-gel 60 (230—400 mesh ASTM)
H_was used for flash cgépmatography. Terochem 5111ca gel G
rfconta1n1ng l% ofaﬁetma P- 1-electronlc phosphor from General
'aElectrlc jwa 1‘112ed ar th1n layer preparatlve work‘



(9

vh

Lo | . MY 4 . o ~"
o ' ' i b
3 o o Jrg«,ﬂ’*r e
: . L ¢ [V /' oL, Y
s v

(20 x. 20 cny p‘lates,. 10.35-0.50 mm layes thickness)
' N [id ﬂ . S i
layer chromatographlc analy51s (TLC) were done ‘d@ 'BDH‘

’ ,4‘;\ O

precoated TLC plates of sillca gel 60 F 254 (layer thldﬂhess

t...xv'w'"

. 25 mm).- The chromatograms were examlned*under ultravioletj'

1lght:(254' 350 mm) or deVElOPed with 1od1ne vapors,;;Forjﬁ

-

anaiytical'TLC, bhe v1suallzatlon of the chromatograms wasgg
‘.completed by SPraylng wrth ~}0% suﬂfur1c éac1d, or wrth .aJ
solutlon of 5% phosphomqlxbdlc a01d contaanlng a trace ofl
'cerrc‘ sulfate ,i vS% sulfurlc ac1d, followed by careful

hcharrlng on a hot plate.,é‘”; & 24

Py
B

xéigltxng p01nts are uncorrected and §rre determined on a

v

Flsher ~Johns . meltlng p01nt apparatus., : D

Rad
< o

Refractlve ,1ndex values_ we%e recorded on. aﬁ ERMA

refractometer. ) » . Q
o ngg resolutlon electron 1mpact mass spectra EIMS)
_-yere recorded on an AEI MS- 50 mass sbectrometer. Chemlcal-
‘1on1catlon mass- spectra (CIMS) and low resolutlon electronr‘
] impact mass spectra (LEREIMSY)' were obta;n‘ed u51ng\ an ABﬂs 4
'mass.spectrometer.AVFastvatom_bombardment (FAB) spectra were
;obtarned KQSinQ ‘a MS—50' spectrgmeter; “The data -werew
'rprocessed in DS-50 and DS -9 compdters and reported as m/zf
i(relatlve 1ntens1ty) s . R |

Fourler transform infrared (FTIR) spectra were redorded

. .on a Nlcolet 7199 FTalnterferometer. Single scan»infrared

s (LR),spectra were recorded on a Perk1n-E1mer,2'7;infrared

spectrometer, T



)

Ultraviolet (U V;ffspeotYa were obtained"on a“tkdtam
SP 1700 ultrav1olet spectrophotometer, optlcal rotatlons ‘on
:a Perkln Elmet 141 polarlmeter,; anoe optlpal rotatory
d1sper51on (ORD) cprves "on .a Durrum gasco oﬁﬂ/uv 5. (ss -20

modlflcat1on) recordlng spectropolarlmeter. RoutJne 1H

nuclear magnetlc resonahce spectga were obtalned on a Varlan~"
L ¢

/ 'A-SG/ﬁﬁh. analyt1ca1 spectrometer,‘ a'J Bruker_lzwp 80

éfﬂspectrometer and a Varlan HA- -100 spectrometen w1th a Dlg1lab

Fgé?%MR-? data »system. . ngh fleld 1H NMR and 13¢  NMR

.s

spectra were z‘recorded . on Bruker WH- 20_ % or WH—400

R - PE - ‘.‘i‘-u ,'1&;}%’”‘.’_

speotrometefsfwith.an Aspect 2000'computékasystem;@°
: o . e . o
P .
& . D‘. . @

Cultivation of Lachnellula fuscosanguinea:
' . - n

I ')

The strain C-693 (Canad1an Forestry Serv1ce, accession
N

&
AT

number of the Commonwealth Mycologlcal Instltute IMI 250255°

‘:—

and™ 250256) of Lachnellula fuscosangu1nea was found grow1ng

on Plnus contorta 1n Blue Rlver, British Columbia.- in 1979.
o .

A-s,mple of this fungus was obtaified the same yearyfrom‘the
: Northern' Akberta Forestry Research . Center. :cmxhe original
'slant‘ tuhe' ‘%ulturé was tfansferr’ed -to .pOtato dextrose ~agar

(PDA)mslant tubes which were kept as stock cultures at 4°C.

‘Shake cultureS» .°f : the funglr ‘were ‘ obtalned by

transferrlng small pleces of myeellum from the slant tubes :

—

o 300 mL Erlenmeyer ‘flasks contalplng 150 mL. of sterlle-i

.

~
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potato dextrose broth (PDB). After ty ‘weeks‘at'17°c'the

- shake cuItures were ready to use as i oculum.

3 When a »fermentor was used,.vlzg\ffl/oﬁ’ inoculun\ were

‘transferred to 10 11ters of sterlle PDB 1n the fermentatlon

tank. The yqr;pble condltlons in the fermentor were kept as

’}r'ﬁ ,\" .

follows; tempehature 20°C, a1r flow l llter/mln, pressure 4
1
psi, drlve spégd 170 rpm and foam braker speed 600 rpm. The,ﬁ

(fermentatlohﬁﬁiy%&orked up”after three weeks.
ﬁwwﬁ u N AR 1
In the ‘case ‘of Stlll culture, 25 mL aliquots of

inoculum weyg ;tranSferred to Fernbach = flasks, each

//c//containing\jlj iter of sterile PDB. The flasks were then
Jkept”at lfjto~gb°c for at least 70 days. " During a growth
’study two or three Fernbach flask cultures were harvested;-
after 20; 27; 4V,’77 and 110~days,o ! |

.3'

ga}raction'of the metabolites

oy
LYY

R S - \

The cUltnre mirture -wae‘ separated into broth and
nyc21ium b& grltrationdthrongh-cheese c}oth,“.The broth was
_extracted, without previous concentration; by CHéCl} liquid-
“liquid extractlon (3 X 500 mL of CH2C12 for every.3 liters
~of ‘broth). The CH2C12 extract was then drled over a“hydrous
_Na2504, flitered ‘and concentrated to dryness under reduced
pressnre at'35°C. . H1gher y1e1ds of extract ‘were obtained
‘when the broth was fxrst concentrated (5 11ter to 500 mL,

......

-
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reduced oreSSute).and,then extracted with ethylvacetaégh%ﬁ:h
.continuous liquid-liquid extractor. o

The mycelium was air driqé for two days, then extracted
| with CH2C12 iy a SOthpt extractor.f The CH2C'2rextract was
drled‘h(anhyarous N32504) and concentrate «  The crude
extract yields from still culture, from férmentation;"asv
well as the results for the growth atudy are summarlzed in

Table II (see page 7).

Preliminary separation of the metapglités:

. ' i . v _q . : . . .
_- By Plash Chromatography =~ * 7 o _‘L

-

A 50 hm diameter column was filled with 8 inches of

" silica gel for flash chromatography, ~and packed u51ng pure.

- o

CHC1l;3 as eluant. The sample (1.5 g of crude._ ext?aot) wasw
appliéd as a vconceotratod solution lnl chloroform' and the
column was eluted ‘with ‘solvent at the rate of 2 chhes~per-
minute wh1le collectlng 50 mL fractlons. The polarity of

the solvent was gradually 1ncreased by addition of methanol

) 3
as indieated in Table IX. g \ RN

-

» \
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Table IX, ,Polarlty gradient of elutlon*bf a flash column

salvené S "~ Volume (mL)
g _ A

CHCly . - 1150

1% MeOH in CHCly 600

3% MeOH in CHCl, y 500
*
. Seon in CHC13Q§ B L L
10% MeOH ;n~CHCl3 ~ ... 250
MeOH 1

x) : a0 o . . lIIII'

The polarity and.volume°of‘the'soL#%nt§ uSed'waé*dedided on
R

the basis of the visual development of, the column, 'iwe,imu
whenever a band appeared it was eluted 'w1thout changing

solvent polarity. Some bands were detected by ultrav1olet

light using a short wave -~ long wave u.v, lamp the .
dark. The fractions obtained»in this way were mOn;tored by

TLC and  combined ‘accordingly to give . 10 to 15 final
o R ' :

fractions. ‘ These fractlons were subJected to further;
!

pur1f1cat10n depend1ng on the complex1ty and cr
©
of the' mixtured.

tal¥inity



B. By centrifugal liquid chromatography/(CLC).
L _
A 10 mm thick dlsh was prepared by pourlng, in Small

r
portions, a slurry of 120 g of s;blca gel G for TLC in 500

¥
mL of chloroform, 1nto the CLC system rotatlng at- 200 rpm.

After each ‘addition of the slurry the rotatlon speed was
’\'\ . . . .
increased ‘to 600 rpm to allow compaot packlng of the

silica. Three grams of crude mycellum extract was aPplled

to the dlSk and eluted as 1ndlcated in Table X, ‘T

f

. \\
[W

‘Table X. Usual elution of a 10 mm CLC disk = . . . |

1

Fractions Tubes -~ Solveht " Volume (mti &
! bes' lyent rume (mt
. | —
N L ) / . . T 3 /
B, E, F, G . 16-36 1% MeOH in CHC13 - 100
G, Hy1 37-47 5% MeOH 'in CHC14 v 700
I, 3, K 48-65  10% MeOH in CHCly 1000

/

.~

The fraction and elution pattern were' determihed on the““
“ I . ‘ | | v :“ ‘ /- S
basis of monitoring by U.V. chart detector and TLC. "The

fractlons obtained 1n thls mamher were sub;ected to\further

‘purlflcatlon as requlred.r R ﬁ" ot -
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‘PURIFICATION OF THE METABOLITES e
| o \
Isolation of: the mixture of triglycerides: =~ - e e

g _. Fraction A from the ;CLC (242 was applled to a flash é
chromatography column (5 ) and eluted witf/_gigllysolve “;
! Y

. B. The polarlty of the solvent was 1ncreased by addlng
ethyl ether in ratlos 2.1 1: l.and l 2 to the Skellysolve

B.: Six fractlons were collected Fraction/A-Z A(ll_;’a-mg);
.. contained ‘t})em .major compound present in the original
mixture. R

e M - ‘ - a
Lo . . .

Column chromatography of fractlon A—2 (30 g of 8111ca
"gel G mesh ‘70—2'10 2.5 cm d1ameﬁ:er cmolumn, CH2C12)~ gave 4
elgbt.: f,,x;actlons._ E‘ract1on A-2-b (61 mg) provad to be’ the X .o
pure trlglycerldes whlch we(re 1solated as a pa#e yellow o11. |

v

TLC:- RE0.58 (cac13) o
FTIR (CHC13,,g@st): 3010, 2930, 2860, 1741,.1650, 1600,
1470, 1190 &nd. 730 cm”l. 1y nwr (100 Mﬁz,'cnc13):' & 5. 38
- (oH, m, ‘coupleo‘ to § 4.25, 280 and 2.04), 4:25 (4H, ABX .

\‘izx da (4.0, 6.0 and 12.0 Hz), coupled to- & S. 38),'2 80

“(lH, ‘bt (5.0 Hz), coupled to S 5 38), 2.3% (6H, t (7.0 Hz)),

bt (4. 0 Hz), coupled to 6 5 38), 1.62° (gH,. bt ("7-',0",- Qo
(514, bs) ‘and 0.90 <9ﬁ CeRye BRI

- o B L :
N . : S . A




HREIMs- m/z (formula, intenéity, f,ﬂyment) 602 ‘939H7004o

17, M- R1C02);/ 600 (C39ﬂ5304, 10, M‘%COz), “577 (C37H6904~r’,' |
. 75, M-R3C0;), . ¥39 (Cgfﬁ3903. 33 R3 + 74). 336 (021H3503,‘
T, Ry + 74), 31F £C1gH3703, 28, Ry + 74), 264 (c133320. 51,

R3CO), 262 (C48H300, 92, RzCO), 239 (C16H310' 19,_R1C0) and

o

fmi§tu;e,'pf methyl :esters,Jwas dlssolﬁed 'iA{ ether..xl
i [T ’ ‘ ' ! Lol ot

. . 3

0
)]
L

CIMS:® Maximum peak m/z 836 (7.4).
R R , o

. e o

Transesterification of the mixture of triglycerides:

- . -

.

N . ° : A ' v
. ’ \

Triglycerides (114 mgﬁuﬁete‘dissq%veafin°hethano¥’(4

i

ptlrred and heated at room: temperaturf ' Aftef"'l'lx.the,;v_

X

- 81 (C6H9, 100 00) ) ‘“ > ) o : - | :ﬁ/“ |

mL) endrboron trifiuoride etherate (2 m#).',The mikture'Was**

reactlon was stopped by addlng water (Sp mL) and exﬂractlng',pl'

.the resultlng m1xture with ether (3 x 20 mL). 'The éomblned :

" 4

ether extracts were drled over: anhydrous

O

. N
1H NMR\(BO MHz, cac13)= /5 40. (t), 3 70 (s), 2. eé (m)

2.3, (m),. 2,05 (m),‘}.GS (m)/ 1.3 (m) and o 90, (vn)[f”Thiég“

s

I ) A - ‘/’P' b .
eéiution);‘ andf 10 w1l pdrtions wererfsu Je°ted o 9ga;

'/

Aplezon L (Q%%) column. Three maJor Feaks were de%ected.‘ j7

",ﬁf L ,.\ v Lo \ ;"}-‘r‘

m/z 270, 296 and 294, . - - o o ey
v ‘ i ; ff/f Jf; \ o

Na SO4 ,andhw'
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. ~.Isolation of , the C-24 fatty acid: =~ .~ w0 2 J

Y

'Fractlon E from the CLC (41 mg) was dlssolved 1n ether

‘and treated wlth‘Ean excessvrofﬁ'ethereal 3d;azomethane

R

;solutxon. B Evaporat1on off the'fsolvent left“ ahlfoily

- 0 :

1l,residue;v Column chromatography of thls resrdue (sillca gel e

‘ ”G,‘2 5 cm dlameter columnb u51ng ‘as’ eluant a mlxture of o

: ~'_¢6H12) éhdj74'(c33602ij100, McLafferty fragment) ﬁ

‘as a waxx solld fﬁff RS

'Skellysolve bB and‘ chloroform iﬁ] af:lzl' ratlo, gave 'ih

Tractlons E =2 to E 4 the Pure methyl ester of the fatty AC1d ,'h
Sle »"ﬂ/w"i' L fgf g :
e R R A
TLC- Rf 0 56v(bke11ysolve B chloroform 1 l).v

"i17s, 1020, 885 and 730w em™1, : 3 !

| lH NMR (100 MHz, cnc13) 6 3. 69‘(3&)75} OCH3), 2,33 (2H, t

(7 0 Hz), -cocu2 ), 1. sev(zn,'bs,,—cocﬂzcuz—),,172?'KAOH,«

‘bs f.-(CHz)n) and 0.90 (3H, vt (6.0’ Hz),,-cn3)

HRBIMS. " m/z (formula, 1ntensltyﬁ%fragment) 382 (CZSHSOOé'
28, ‘M¥),' 354 (Cy3H460,, 33, M-CpHg), 351 <c24ﬂ47o, L1, M-
0CH3)1326(C21H42021 20; ‘M"‘—C4H.8'),- 298 (C19H3802'.1 59, l“l-

e



‘;*fgand the orange dye' S f'f' : ;‘.»fi;p;f;~',°,.}f_g ’
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'fIsolatlon of a;mlxture of fatty ac1ds, ergosterol perox&de

T

FAT

e e
. _ R ‘ .
LT v e : :

LT : e N : RN ' . N o »,""
: \*&{ et T T P >\v : o S : : -'

N L T U

'grams) 'was' separated ,1nto dlfferent fractlons fby flash
o S - / :
';chromatOQraphy (50 mm dlameter column, CHCl3).;'F1rst,_27 X

| The crude nwcel1um amtract from fermentat1on (2 36 04

,50 ‘mL fractlons ‘were collected, followed by 8 x LQO“jnLice{

ffractiéx S ;*\g; i *'v,'_; 1:1_ .1_7»45'

'Fractlons 6 to\T2 (900 mg) contalned mostly the m1xture-.v

h.of trlglycerldes and ractlons 14 to 28 opntalned a small

-

:amount'iofpﬂa“complex m1xture composed malnly of]ithevh

'gtr1glycer1de and the same compounds present 1n fractlons 29‘

- .

e

< 4

"‘This last _‘f’rac’tiio'n ' (297 6

e

partltron chromatography u51ng Sephadex ‘LH- 20 (50 g) and

fﬁmethanol (S;mL fracb%onsrz ‘}actlogs 18 to 29 contalned aphr

\

: 4
As;nglercompound, a crystalllne .‘dye (2 2’ mg) soluble

in methanolj acetone”and ether,/but

:chloroform..' .,‘(,f "“ ‘”df ,f:;‘“'

:VTLC' ‘RE O 22 (2% MeOH 1n CH013)

oo

separatéd y

‘slightly_soluble'ln

Fractlons 8 10 (246 4 mg) contalned a. m1xture'of two‘

. . ¥ 3
~major compounds. »One of these compounds ‘was, ac1d1d as

,J'.\

;1nd1cated by 1ts behavxour in TLC studles. Treatment of the -

'mlxture w1th an excesp of ethereal dlazomethane gave two.

well separted spots ATLC) “one of wh1ch corresponded to one

B T R SEPREIE S o %
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of thelcompoends in:t%eaorioinalvmikture and:the:other,to
ijthe methyl ester of the ac1d1c materlal. Thfs;mirtgreﬂyas.v
| ea31ly separated by column chromatography (sillba ge;':EZ
o CHCT/) to give the two pure mater1als.. ' s
i P The least polar component (a m;xture of esters of.fatty
i ac1ds) is a colorless 011 (51 mg) - ./l:;»'“’
TLC; Rf o 93 (2% MeOH in- CHC13) _REf 0.43 (5b%esxe11ysQLVe“

B in: CHC13). :,1 vj=re;; f3<f:.. o ,5' N

FTIR (CHC13,‘cast) 1346*cm‘1, 1H NMR (200, MHz,'CDCl3) s

5.3 (1H,- “m), 3. 68 (3H, $), 2. 80 (o 5 H, t), "2, 34 (23, t),

;9421b6<(lﬁ, t),'1.65 (2H, bt), 1. 3 (24u, bs), ané 0.90 (3H,

“HREIMS: 1;1@72_ (1nten51ty) "ngéi (18.2), 204 (4.1),- 270 *
(489, 296”(1 1), 264 (3. 0) e ~'],¥"" L ~

The most polar component is’ a SOlld whlch was recrystalllzed

from 50% Skellysolve B in ether to glve a whlte crystalllne
! e

".compound (24.6 mg) mp 167 168°C

PLC: 'RE 0.20 (2% MeOM in cHCl3).. . e o

lFTfR (CHCl3’_cast);’ _3500,.%359,}gésq, 28755'2360, 2330;.\

-‘2465'.2380' ZOSOJ;nd;975com"¥.:;' | : o
~HREIMS:, m/z'(forhUla{ intensitYf’graémeht);?:428,(C28H4AQ3;

\\\9\4, M¥), 413 (C27H4103, 4.9, M- cu3), 410 (12.6, M-H,0), 396

(C28H44O, 10() 0, M 02), 30:"3 (VC19H27O3, 6;.A:7‘,“M"‘C,9H1'7“)_v. ‘Y‘IH

‘.

NMR (400 MHz,\CDCl3) §.6.50 (1H, d,” 8.0 Hz), 6.24 (lH, d,

8.0 HZ), 5.22 (1, dd, 7.5 and 14.0 Hz), 5.14 (1H,”dd;a7.o_;

¢



‘and 4.0 Hz), 3.96,(1&,'add,'§;0. 10,0 and 16»0 Hz)_~2 10

(1H, ddd, 2.0, 530,"12 0 Hz), 2.0 (IH, m), 1. 91 - (2H, m),‘,”

'1.85 (éﬁ, mi,‘l 72 (3H,- ;-1 56 (1H, m), 1. 50 &;H, m),kl 38
gié{tﬁ), 1.24 (4Hf my,
Hz), 0. 89 (34, s)
| 4ch§). § 135. so td,

sb (d,_25) 82 19

(3, d, 6.5 Hz). 13c NMR (100 G)MHz,

'28), 135 17 (d, 31), 132 43 (d 1) 2&{

(s, 12),"79.45 (‘,,13), 66 48 (d, '39),. 56. 35 ﬂd, 25), 51 78‘;‘ '

(a4, 29);t31 27 (e, 27), 44 64 (s, 22),° 42 85 (d 27), 39 .68
“(d, 30), 39. 46 (t, 23), 37 05 (t. 33), 34, 80 (t,»2§). 33 ‘17
L;(d + t,. 28), 30.21 (t, 25), 28. 62, (d,ﬁ 24), 23. 47 cs, 22),‘
20,92 (q;323y, 20.63.(q, 23); 19 95 (‘,,19), 19. 66 (q, 20Q,t

18.19 (q, 21), 17.59 (a, 21, 12,93 (q, 21). "

~Isolation of the nitrogen .containing compounds. -

AN

Fractlon 'M (73 6 mg) ‘.obtalned - from © the vflaSh

chromatography column oﬁ thie crude mycellum extract eluteﬁ"'

" with 108 methanol 1meHC13, was trlturated w1th CH2C12 €6

',glve a CH2C12 1nsolub1e whlte SOlld. ».Thxs sollo/'was

-

'recrystalllzed four times from hot methanol to glge 5.8 mg,

T

of small whlte crystals. Mp 140—142°C.
VTLC;; RE 0,58 (2% MeOH in CHCl3)
 FTIR (CHClB,.past); 3340, 3200, 2920, 2860, 1740, 1620,

1545, 1465, 1165 and 720 B 5 A

i

1. 00 (3H d, 62 Hz), o ol (3H, d, 6.5 -

'(3H,'d,_6 5 ‘Hz), O 82 (3H, s), 0;827_,1”

Npae]
L

-



HREIMS m/z (formula, inter:sity, fragment) 683 (C42H’85N05,”’5‘
fdlgsa,‘M ), 665 (C42H83N04, 39, M-H0), 647 (C42H31N03. GD,d';"
-ffM 2H2p)l 439 (c27H53mo3, 35'fd-clsu3202); 409 (C26H51N02,'
33 M- 1643403 399 (CpsHee03s 28, M ‘017H39N02"' 394'.
'(C24“5cN02)r 72r'1,M‘CiaH3;°3)r'* 357 (Czcﬁ3g;§4"; 82,
‘t—szH 60),- ‘ﬁ$97' (C20H37N03,'. 100500;v ‘M- C22H4802). 60
.‘(C2H6N02:‘73l} 1H NMR (400 MHz, pyr1d1ne—d5) 8 8. 60 1H,
ld, 3= 8.0 Hz), 6.72 (2H, bs), 6.23 Q. bs), 5.14 (1H,
;sextet, J =4.5 Hz), 4.65 (1H, bd,.J = 4.0 Hz), 4.55 (14, a4, * O
d = 4.5 Hz), ‘4,45 (IH, ad, J = 4,5 Hz), 4.39 (1H, b, 3 =,

5.0 Hz), 4.31 (1H¥ bt, J = 6.0 Hz), 2.28 (2, m), 2.08 (1H,

"m), 1.96 (20, m), 1.79 (4H, m), 1.342-1.31 (704, m), ‘0400
J6H, vt). i | o

‘Isolation of Lachnellulone: -

g IR

>

-Fraction~E (176 3 mg) from flash chromatography of the'

\
crude mycellum extract was dlssolved 1n hot Skellysolve B

and slowly cooled to room temperature. -The. mother 11quors

1

were »separated from the crystals by suctlon using a
: _mjcropipette and the' recrystailization' was . repeated' once

: more to afford 20 mg of wh1te crysta&s (mp =‘126¥1229C).
. s‘ . .

TLC: Rf 0.44 (cuc13)

FTIR (cuc13,k_cast)t 3400 (OH), 2950, 2925, 2860, 1708
(c=0), 1670'(C=c~c=o),“;560, 1460, 1380, 1305, 1090 anq'éoo'\

S emml, wv (MeOH)/Amax 218 (e = 8670), 275 (e 16200).

4



add, 3 = 6. 0, 10 0,, 21,0 Hz,Acoupled to 332, 233, 1. 87),

S
|-
A

-

,_1 0 and o 89), 0.96 (3H, t, J = 770'uz, coupled tovl.92),,

[d12 + 43 4 (c10, CH%OH) S‘;;e ~ao.f~1 S

AN o

308 (C, gH a°4' 256), 239 ‘°l3 1904, 3. ss), 225 (CIQHIBO4' o

(C11H1303,_45 97 ). “ 14 NMR (400 MHz. cnc13) s 5.

quintet. J’é 7.0 Hz, coupled to 2.33, ‘1. 87, 1.71), 4.57 (10,
dad, J = 3.0, 6. 5 and- 10, o Hz.’coupled to 4. 45, '1.M and
1?30)'ﬁ4"5,(1“' ad, J‘= 3.0, 6.5 Hz, coupled to- 4.57 and

3.92), 3.92 (lh; d, J =\3 o Hz, coupled to '4.95), 3.76 (1lH,

_3 32 (1H, u.ddd 3 =7.0, 10, 0, -eo.o Hz, coupled to 3. 76, 2 33

vaf'

_,HREIMS.( m/z (formula, intensity) 324 (C18 2&05' ; 30),‘:de

.,2 10), 224, (C12H1604' 10, 129, - 211 (C11H1504p\ 100 00), . 193;
"s.p2 (1H,

cou pled to 5. 02, 3.76,,3.32 and 1.87), 1. 87 (IH, dddd,-J'=

7.0, '7.o;> 10.0 andi 12.0), 171 (20, m, coupled to 5:02,

\

coupled to 1.71 and- O 96), 1.30 (6H, m, coupled to 4.57,

0.89 (31, vt, J = 7.0 Hz, coupled to 1. 30), 136-NMR (100,6 -

MHz, cozclz )‘6 191.1 (s, 10), 189. 0 (s}.15), 165. 3ts, 10),
100,2 (s, 7), 91,4 ¢d, 43), 77.6~(d,"46),i7l.9 (d.“47), 36.4

(t, 95), '34.9 (t, 48), 31.9 (t, 65), 28.7 (t, 37); 27.9 (¢,

55), 27.2 (t, 45), 25.9 (t, 69), 22.9 (t, 69), 22.8 (t, 66),

14.1 (q, sé), 14.0 (q; §7);'

- 4“47,” 1. 87 1.42° and 1.30), lgso{‘(la, m), 1. 42 (45,. m

1
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_ peuterium-labelled Lachnellulone:
: ' I,

;J ' fl . 0

. “'JF

A few m1111grams be’ lachnelldlone .Y *J'ssolved in
CH2C12 and mixed with two drqps of‘ ‘ak1ng £he
mlxture_ v1gorously, the Usglve?_;wi’: ek B by
evaporatlon.‘ ~ The labelaed lachnellulone ‘sheae ‘a 1n NMk

'spectra correspond1ng to that of unlabelled lachnellulone
}but w1th changes in two s;gnals. -1H NMR (400 MHz, CDC13) §
3,92 (absent) & 4.41°(d, J = 6.5 Hz). S
HREIMS;Q m/z }formula, intensity) 325 (C18H27D05, 1, 36),,324
'(Cigﬂzaos, 1.86), 211 (Cj1Hy504s 100,00), 212,<C11H14Do4f
50y, R - 3-- - S

Q;Nitrophehyfhydrazghe of' Lachnellulone:

‘Laéhneliulone (430 mg,vl;Z ; lQ‘z mmolé¢s) was dissolved
in éS%‘etHandl (0.5 hﬁ) and ééeated with E;aitrophenYlhydra—‘
ziqe'(4.0 md[ 2.5 x, 10"2 meles).' The solution was warmed
t‘o-g"b-"c Jin a w‘ater _bath. ‘ar_ixd "one "drop of glacial HOA‘c was
added. - Thel reedlting 'soldtioa was ‘kgpt at 85°C for 20
minﬁﬁes. . After’ slewly; eoollag_'tol room temperature ~the
solyent was' evaporated' undef vacuum, The.\residue was
dlssolved 1n CH2C12 and - allowed to evaporate to dryness.

The crystals of .Ejnltropheny}hydrazone were washed with

ether and the ether solution evaporated to'dryhess; This



LN . S 93
_ | | ffmé S -
- residue was purified by prep. thin layer chromatography
‘ (20 X 20 ch fplate; éi Meba in’ CHC13., 3:35 mm layer.
‘thickness,ftriple.élution Yo | ,_ ¢ |

o The ErﬁitEOphenylhydrazone was - obtaihed ~as a

L ?semic:ystélline yellow material (3.0 mg). . '/. ,
TLC: Rf 0.30 (5% MeOH in ‘CHCl4). | o
HREIMS: AZ m/z (formula, intensity, . fragment). 441
- (Cp4H31N305, 2.37, M-H0), 402 (CpHp4N30g, "81.45; m
389 (CyqHzoN305, 13.26, M-CgHi7-H;0), 373 (CjqHz3N305, ISP
T UM-CgH 0), 359 (CjgHz1N30s, 5302, M-ékﬂ}zo), 273
(Cy3H (N304, 100.00, . M-CsH) 0-CgH120), 253  (CyHyqNz040 .
5.49, M;clzﬁlsnoz),f 235 (CyoH,gN,03, 12. 05, M=C} 3H gNOo-
H,0). 14 NMR (400 MHz, cDCl3): 6.8.33 (2, 'd, J = 9 Hz),
8.0 (2H, d, J = 9 Hz), 4.52 (14, bd, J = 10 Hz), 4.40 (1H,
dd, J = 60 Hz), 4.29 (1H, bd, J = 10,0 fAz), 3.69 (1H, bm),
2.96 (2H, m), -2.80 (1H,.b),j2.08b(lH, m), "1.88 (2, .m), 1.75

“(1H, m), 1.60 (1H, m), 1.3 to 1.4 (~ 13H, m), 0.92 (3H, t),

2o

-y R : . ‘
+ 70:90 (3H, t). 1w NMR (400 MHz, CDClj + D,0):. & 4.52 (1H,

d, J = 1.5 Hz), & 4.24 (disappears), & 2.80 (disappears).

Lachnellulone acetate:

L - R
ey R -y :
Lachneilulonef(3.0ng} 9,2 x 1073 mmoles) was dissolved in
cHzClz (0.5 mL). Acetyl chloride (0.5 mL) was'added,-with

constant stirring, to the lachnellulone»solﬁtion. After 2 h
. ) . ’ Al
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at room temperature A'drop of\dry pyridine kas added‘ahd thé
-solution was then stirred for 24 h at room temperature. The

reaction was worked up by adding water (2 mL) and chloroform
o : o o o ¢ : «
(1. mL) and vigorously shaking the two phase system. The

. . , ,

~organic layer was separated, dried over anhydrous Na;S504,
filtered and concentrated to dfyhess to give Lachnel}uloné}
acetate (3.0 mg).

TLCt. Rf 0.30 (1% MeOH in CHClj). | .

. +

#HREIMS: m/? (formulai~inténsity, fragment) 366 (C20H2006'.
2.26, m*), 253 (ci351705, 21.34, M-C7H; 40), 211 (CyiHy50y4,
100,00, M-CgHs03), 193 (CpjH1303, 16.85, -M-CeHy705).
NMR (400 MHz, cbcgg): ‘Sné;sagaﬁ& 5.48 (1H, 2 x d, 3 =;4;5
Hz), 4.92 (1H, m), 4.44 (1H, m), 3.65 (1H, m), 3.32 (IH, m),

. “2.30 (IH, m), 2.21 and 2.13 (1, 2 x s), 1.89 (1H, m, 1.64
(28, m), 1.40-1.31 (148, bm), 0.94 (3H, t), 0.90 (3H, t).

1

Lachne1lulone E;nitréphenylhydrazone-diacetate:

Lachhelluloneug;nitiophehyfhydrazbne(3.0mg, 6.5 x 1073
mms was dissolved in dry pyridiné,TO.B mL).: This solgtién

. : N ;
was stirrqd and three drops of acetic,anhydridé was added;
: The feactﬁon was then stirred at room vtemperaturg for
48 h. After this time the pyridine was azeotropically
. removed with toluene. The dark reSidd@bremaining was passed

<

through a 10 mm diameter flash column usiﬁg chloroform as

f
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eluent to give infrﬁctiqns 4 and 5 3.5 mg  (100% yield) a

" yellow somi-solid matef&al that corresponda to Lachnadlulonc‘

A
.

g_—nitropheny l1hydrazone ’di@cetate .

\ o

HREIMS. m/z (formula, intensity) 543 -(CygH3z9N30g, 13%) 483

TLC{ - Rf 0.45 (CHCl3)

(026u33n3o4, 69),'424 (C24H3tN304a 1008), 414 (Co1Hp4N304/
20), 401 (CyqHy3N30g, 708%) aﬁd'380‘(C21H22N304; 308). lu
i NMR‘(zoo MHz,‘CDC13)' 6 8.33 czﬂ, d, J =9 Az)f 7.61 (2H,
d, J = 9.0Hz), "6.16 (1H, d, J = g 0 Hz, coupled to & 4.52),
4,90 (1H, qulntet,.J = 6,0, coupled to & 2.09), 4.52 (1H,
ddd, J = 2.0, 4.0 and 9.0 uz,Aéou;ng to & 6.16 and 1.81),
3.01. (2H, m, coupléd to46j V2.‘09),--2.13' (34, s), 2.09 (2H, m,
coupled to & 4.90 and 3.00), 2.06 (34, s), 1.81 (1H, m),

1.58 (5H, m), 1.30 (8H, m) and 0.90 (6H, vt).

\\\ »

~

Synthes is - of ethyl ‘2-etho.)'<y,—4,Sv\dihydro—4—oxofurLa~n-3— '

N

'carboxylate (13). ' - AN

L

. | -

N »

N \
S

Magneswm metal (0,207 atg) 'was placed in a two neck

250 mL round bot tom flask fitted w1th a reflux condenser
with a- drying tube and ﬁaﬁ_dg;oppmg funnel., The system was
flushed_w1th dry nltrogen, and dry ethanol (15 mL) and
.,carbon tetrachloride (1.0 mL) were added to the Jmagne‘s'ium .ltoc
) give a slow but  steady format;\'i\on\ of hydrogen. After 20
minuties more d;‘y ethanol (2.1 mL ) \\}iras added slowly through

<
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the tunnol, and the mixtur;*was heated to reflux tbr 1‘5 h.
Frnhly distillcd dtot.hyl malonate (33.7 g) was nddod.
dropwige and with constant stirring to the reaction mix-
ture. The mixture reacted vigorously and all the magnesium-
" was dissolved after heating under reflux for 1.5 h.
| Dry ether (100 mL) was adéed dropwise to the resulting
green solution and the mixture was heated to reflux for four
hours, The‘neaetion mixture was then cboled in an iEe-water
bath and chloroacetyl chloride (16 mL) was added slowly. . The
resulting thick green suspension was heated to reflux for
one hour to produce a color change to yellow.' This yellow
_ solution\ﬁas qoéled to 0°C and treated with a mixture of 3N
»H2804 and ice (~ 100 mL). The two resulting layers were
'separated in a’ separatory funnel and the agueous iayer was
washed ‘twice with ether. The ethereal extracts were
combined and worked up in thé usual,way to give a clear
yellow o0il which was the uncyclized form of the desired
product. Cyclization was accomplishéd by dissolving. the
yellow bii ;ﬁ dry benzene - (450 .mL) containing dry
trieth&lamine (55 mL). The'deep yellow solution was heated
to reflux for'.30 min, and -after cooling for 2 hours .a
.precibitate was formed: Filtration gdve a clear yeliow
fsolut1on which after concentration afforded a brown solid

residue. - Recrystalllzatlon of the ‘residue from carbon

tetrachloride yielded the desired product as pale yellow _

e



,

I
needles (mp 90-91°C). » '

IR(CHCl3, cast): 2985, 2960, 2940, 2890, 1700, 1590} 1485,
1390, 1356, 1240, 1095, 1000, 840, 78Q and 720 cm-1,

UV (CH30H): Apmay 222 (t, 12500), 248’(:,17600). :
1y nMR (8,0‘,Hﬂz, c6c13): & 4.70 (2H, 8), 4.60 (2H, q), 4.20
-(2H, q), 1.48 (3H, t) and 1.20 (3H, t). ’

13¢ nmr (100 MHz, cDCl3): -8 190.7, 183.8, 161.4, 1\69.9,
75.4, 67.9, 59.9, 14.5: 14.4. This compound is unstable and

must be stored at 0°C.

Determination ofqatéd decoupled 13c spectra:

A concentrated sample of the compound under study was
‘prepared in the usual way' for NMR studies.  The
concentration of the sample should‘be about 0,5 molér or
higher to obtain good practical results and té decrease the
coilection time réquiged. However, more dilute samples,
with concentrations as for normal PND 13C NMR studiedN\gan be
used if enéugh scans are collected. Using the aspect 2000

. . - A
microcomputer the following program is activated:

.

1 - zE
2 - BB
-3 - D1
4 - DO



aﬁ"’ 6 - GO = 2
: 7 - Exit o s '
The time. delays Dl and D2 are set as 0.5 and’ 5;0
millisgf nds, respectively. - The 02 ‘value is set in the
prqton ’eggon ;s for PNQ}lEE/ﬁéR and the decoupling power is
usually set as 7 bebya; or 5 Debyes depending on whether the
Bruker WH-200 or WH-400 is being used.
| The  number of scang varies éepending on the
concentration of the sample, but it usually'rénges beéw;é;
10,000 to 200,000 scans. |
To obtéin a clear pictbre of the long range couphiné
lcon;;ants two data manipulation téchniques ére usually
employed; zero filling and resolution enhancement.
The zeﬂa“illing effect §s obtained by increasing the
data points from 16K to 32K (50 MHz) or from 32K to 64K (100
MHz ). B
The resolution- enhancement is accomplished by the use
of a negative line broadening (negative of the_natural line
broadening), usually between =-1.5 and,. -3.0, and by
mpliipl}ing the FID by a Gaussian’Multiplier‘the enhancing
properties of which are controlléd ‘'by a parameter called
Gaussian Broadening function (GB). This can be varied from
0 to 1 depending on the amount of enhancement needed and on

. , ,
the corresponding decrease of the signal to noise ratio., °

1
»
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‘:f‘The gated 13C NMR ‘of chpound 13 was determlned “to be*ﬂdd

190 (t, J- 3 5 Hz),‘182 (qu1ntet, Ja¢‘3 2 Hz), 160 (t,tJ =}

f3;5'Hz),.~83 (bs), 74 (t, I = 152 5 Hz), 67 Aqt, 3 - 4.5,
149‘stﬁz), 58‘(qe,vd-#’4.5,,145 Hz), 13.1 (fq,fd = 2.5
1129 5 Hz) and. 13.0 (tq, J ?,2 120, 5 Hz) -"f;'f,“ o~

The gated 13C NMR for compound 15 1s.: 6 181 (bd), 168 (dq),

f161 (dq),‘112 (bd),'89 (dq), 56 (q) and 19 (dq)

.rRearrahgement.of‘Laohneilolone%
Lachneiiulone. (8 mg) \ e' diaso1Vedi ing methanolad(laﬂ -
’ﬁﬂ);: and thev solutlon was‘ hade bas;c to‘rpH ;1ti,§ithf 1~£i
'NaOH ‘f‘,Thei solutlon yaek'stlrred .f¢r~'3. h atg room'ﬁ
temperature.w The resultlng‘eolutlon was ac1d1f1ed to. pH la3a
'ﬂv;w1th 5% HCK‘pnd dlluted 'with dlstllled water.' Extractloﬁ of:.
'the aqueous ;olutlo; w1th ethyl acetate afforded a yellowi

’ solld whlch was' purlfled by flash chromatography (10 nm.“
.dlamﬁtef‘COlumﬂr»Z%VMGOH in CHC13) ; Isolachnellulone was‘g
obtaihedaaé_a.whita solid (4 8 mg) | RE. 0.3 _in 2% MeOH in -
CHCY3. e e S " |
HREIMS: m/z (formula), 324 (CrgHg0s), 306 (ci8H2604, 253 -
(cigul705)}j_225 '(c12H1609;*_100%)[ 206 (C12H1403),Av195
(c1131503>, 195 (C10H1104)r 193 RC11H1303)‘ 181_mc93904),

‘154 (C7H6O4), 142 (C6H604) and 127 (C5H3O4)

f

e i
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1H NMR. (400 MHz, CDC13) 8 ‘4’.94”(1"14',-*,' coupled to 6 2 37,.7
L1 95,; 1. 87 and 1 71), 4.42-4,38 (1H, 4 % 4, coupled to. 5§
*,4,42e4,38,,2.10 ‘1. 75 and 1 68), 3*59~(1H,.m, coupled to d
‘1,3;-:26,_'-_,.2".37‘-7and -1 .87), 3.26 (lH, ™ coupled to 53, 59, 2.37

]la"nd 1.87), 2. 70 « l/2 H, 'bdd, 5 coupled to s 3. 86 _e.xchanged_-“

‘ ylth CD3OD), 2 37 (lH, m, coupled to & 4, 94, 3 59 3. 26 and‘_

‘}l 87), 1, 95 (lH, m, coupled to 6 4 94 1, 75 and 1. 41), 1;87'
:(lH, m, coupled to 4 94 3'59, 3,26‘and 2.37), l;ZS{llH, m,
‘couple‘d to & 4.94, 4. oz,ﬁl 1. 95, L. 50), i.68-1.63 (28, m,
Jcoupled to 4. 02, 24 70 1. 95), 1. 50 (1H, m,fcoupledﬂto‘dll;95‘

| "v"and 1. 75), 1. 7(1 (4H,‘m), 1.32 g6_a’,’ m)‘,.-o;t94‘"(,3i{‘,f',‘ t) and 0.90°

.*(3H, Vt)

' AeeﬁYlation;of_IsolaChnellulone} o

3I§olachnellulohe (4 5 mg) was dlssolved 1n dry pyrldlne
L R .
(0.5 mL) and treated w1th acetlc anhydrlde»(flve drops)'
~The colorless solutlon was stlrred at room temperature for'

S

.10 h to give a dark brown solutlon that contalns a complex /

mlxture of at least four COmpounds as. 1ndlcated by TLC,



fqéfedfdecedpledﬂ spectrim ‘bfthaehhellhlone‘eand"SeleetiVe'

v

f‘,Wdeebﬁplinggéxpériments-H

R

Thévéated decoupled spectrum ‘ef‘llachnellulene was ;
bdetermlned us1ng a sample_of 50 mg of lachnellulone 1n O 57
‘ mE/of CDCl3, as explalned for ethyl 2—ethoxy -4, 5 d1hydro-4—_
'foxofuran -3 carboxylate.v° ' '

. --thed selectlve ‘decoupleng experlﬁents werei deﬁermlnee .
'.fﬁSlng thls same sample of lachnellulone.‘ F1rst the>lH NMRf~
’spectrum of lachne lulone was*determlnedvuslng the 13C NMR
. 5prove,:ine_order :ﬁqﬁ callbrate 'the' dlfferent 1rrad1at10n:‘

V”freqeeheiee.:iThe decoupllng was obtalned us1;g the 51ngle'.

frequency (cw) decoupllng mode. The results as'sgmmarxzede

"“1n the follow1ng table.: f' -*f f‘vhi‘"Hi1 ;i4 L L
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TablefXI.:Gated'ahd seleétive~déboupging of IachnelluIGné-n

w
L

6 “:mU1tibliCitY J(Hz) -~ . Decoupled at *
T e T
- oppm) oo M 7 g5 "6 4.5 -8 3,5

191 4t . 10,2.5 bt s bd.

o 188w m O m e
. gm 164 a4 8.0  ba - s joa
g g C
L dam ¢ 152~ . m  am  am

16 dm. . 149,- . - am. mo . dm
72 % dd . 149,-  .dd . bs da

36 tm o 50,- . .tm o otm mo

’,.

j*Décoqpiing 'é£ “a' given "frequenc}”'always' affected other:

. sidhals in tﬁé‘héighborhood; .



. 'Dehydration .of lachnellulone: |

“Lachnellulone (2 ﬁgl'ﬁaspdissolveinn dry pyridine (5
mL) and treated with.SOCI; (2 drops) at obd. After stirring -

the.‘mixture ”fof 12 h TLC analys1s Showed, extensive

-decompos1t10n of the nabural product.“
The experlment was repeated us;ng POCl3 at 0°c, but
»after 12 h the startlng materlal remalned unchanged . 'When

?the reactlon maxture was let to warm up to room temperature

it, rapldly became colored, and- TLC analys1s vshowedo

gecomp051t10n of the-starting material. B
! \\ : . - . .
\ . K ) . ) . . ' B
e , . SN . CoL L
Lachnellulone mesylate: . BRI S T SR
oYy N R ‘ N ‘7 o s l
Lachnellulone (ZOimg) Wagwdise;l:;d\an CH2912 @2’mL),
o and pyr1d1ne (10 drops), and treated Wlth mesyl orlde (10
- drops) "The reactlon mlxture was stlrred overnlght at,»

temperature, aand: the ~ resultlng ' yellow »solutlon ‘ was
evaporated to dryness and dlssolved in CHC13. Th1s solutlon‘f
‘was. washed with 5% HCl (2 x 5 nﬂJ, drled over anhydrous
Nazso4_ andh oonCentrated to "give a».51ngle7lcompound inb
;quantitatlve yield;‘. | |
CTrcs Rf 0.44" in CHC13, |

HREIMS.' m/z (formula, g\\en51ty, fragment),‘402 (C19H30507,;
0;6, M¥ ), 323 (c1832705,‘ 100, M- cn3soz),»,211- (c11H1504,

"31 4,.M C8H15$G$) and 193 (C11H1303, 85) ERR O



o

'H NMR (400 MHz, CDCl3): § 5.12 , 5.02 (14, 2 x d, 3 ='3.5

Hz), 4 96 (IH, m), 4. 48 (1H, m), 3, 60 (1H, m), 3 40 (IH, m),

fo

3.24° (35, 5), 2.35 '(m,‘ m), 1 9 Hu, ‘my, 1. 75 (34, m), 1.4

(~ 12H, n) and 0.95 (GH, Vt).v: é‘
. / E E A I

.

Decomposition of Lachnellulone mesylate:

‘

- ) "v. R . ) . . i :‘v -. N . N . 4
Lachnellulone mesylate (2 - mg) was dissolved in‘toluene:

(1 mL) with-DBU'(Z drops) 'The miXturelwas stirtédffor'l2 h‘

‘¥t'40°é The reactlon mlxture was concentrated to dryness

" and the re51due left in the flask was, separated in a:flash. .

" corumm (lb' mr dlameter column, benzene acetone HOAcI
75:25&1) Eractlons 79" from the flash column gave u. 9 mg

of a material that has been prov151onally idéntified as a'l

]

rearranged product of lachnellulone (see page 68) oc

- TLC: Rf O 25 in benzene acetone HOAc 75 25: 1. ‘ﬁ””.J’f‘vv}d'

o ‘..

. )

coupled to § 5.52,  2.11), 5.52 (1H, dd, J = 15, 8 Hz,

‘coupled to.8_5.92 4;48),”4.48 (lH,'bd J = 7 Hz, eogpled to'

5-5.52)5,‘3 4-3.2 (8H, m), 2‘55 (2H, bd;'J_vvz 10 Hz), 2. 11

(ZH; dd J =1 Hz, coupled to & § 92, 1. 41), 1, 7 1.3 (m) and'

0.90 '(6H,‘vt)‘
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Isolation of compound T-1:

. Flash ébromé;ographyﬁ(SO mm diame.er column, CHCly and

2% MeOH in CHCi35 of a hew; crude still‘ cdlture'mecelium

‘extract’ (2.0 g) gave in fractions 2 and, 3 an oily residue

‘which when treated. with éthep left a _insoluble ‘solid.
- Afte;-washihg_with ether three times the‘dust41ike crysta1s ,

’7Q£'thi§ méterial'becaﬁeIWhite (mp 239—240°C).‘ : o

- FTIR (KBr pellet): 3420{“12950;,-2929,' 2845, v1660;l 1590
(shoulder at iéloi,_;419 and. 1280 ca~l,’ : o
..UV‘(MeOHf;Z Amax 241.ﬁm‘kev352),‘273 hmi(e,365)ﬁ
UV- (MeOH + NaOH)z Ap,y 250 nm (¢ 400), 270 nm (e 375).
oV (MeOH>+ HC1): 'Ama*;219;ﬂm (e 242), 275 nm_ (e 317).

14 NMR (400 Mhz, DMSO-dg): & 4410 (IH, m), 3.39 (m, Hz0),
: 2,71 (14, m), 2.31 (14, m), 1.58 (1, m)e 1.45 (I, m), 1.3-
1.2 (16H, m), b,90‘(5é;:2 ke,
1w MR (4oolmni,fpyr;dihe;gsjz § 5. 02 }7H,‘m),-4.g7f(1u.
| bm;'coupied to 3}25;‘2.56; 1.64), 3.38 (1H, ddd,” J = 6.0,
8.0, 15.0 Hz, coupied to 4.27, 2.56), 3.26 (lH,tddd, J =
- e.o,'vs.s, 15.0 Hz, ¢ogp1ed to 4;27,v>2;56)g; 2,56 (2H, m,
,coupied“to"4.27, 3.26 ahd*il;88);_1.88.(2H,1iﬁ,'¢oup1éd ;o.
 33;38;V3.26,'1.5f};2);'1364 (1H, m, coupled to 3.38,’3‘26¢

' 1,5;1[2), 1.5—1.2>(16H}:mi, 0.86 (3H, virtual ériplét)}ﬁO,SZ N

(3H, vt).
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. Isolation of Lachnelluloic Ac{dr

Ve
i 8

Ffac;ion C (305 mg) from flash chrématography of the’

crude mycelihm engact bwas"a waxy crystalline .subtance.
Column chromatoéraphy -of thlS fractlon (40 g of silica gel G
'mesh 270, 2 cm’ dlameter column, Skellysolve.B:‘ chlogoform
- 1:1) gave a pure grystalllne substance (204.2'.mg)‘ ﬁpi 3§-
40°c; [&]b?S -~ 26.6°" (c lO)MeOﬂ)f |

TLC: Rf 0.5-(Ske11ysolvg B: chi3:H0Ac;50:50:1);

FTIﬁ (CHC13, cest or solutioﬁ): .2955,52925f 2860, 1708,
1695, 1555, 1465 and 1065 em™l, - . 3

UV (MeOH): . Ay, 218 nm (€ 700), 274 nm (e 1090).
. UV (MeOH + NaOH): A .. 250 nm (e 1375).

UV (MeOH + HC1): Ap., 275 nm (e 1095).

max

HREIMS : m/i (fofmula,'intensitﬁ, fragment) 310 (C38H3004;

33,‘M+),\292,€&48Hégo3,.6, M-H,0), 239 (Cy3HygOqs 100.0, M~

CgHypy) 221 (Cy3Hy703, 62, M—¢5H13Q). ,
1y NMR‘(4OOkMHz,'ébC13):' 6 4.38 (1H, dddd, J = 4.0, 5.0,
7.0 and .11. 0 Hz, cougled to 2.58, 2.68, 1.80 and 1.60), 3.06
(lH;'ddd, J = 6.5, 8.5 and 15;Q.Hz, coupled to 1.66), 2.96
(1H, ddd? J = 6.5, 8.5, 15.0 Hz, coupled to 1 66), 2.68 (1H,

dd, J = 11, 0, 17 0 Hz, coupled to 4 38 and 2. 58), 2.58 (IH,

awx 4.0, 17 0 Hz, coupled to 4.38 and 2.68), 1.80 (lH

~ dddd, J = 5.0, 7.0, 10 0, 13.0 Hzl>coupled to 4.38, 'l 66 and

1.53), 1.66 (3H, m, coupled to 4.38, 3.06, 2.96 and 1.80),
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1.53 (}H; quintet, J = 5.0), 1234-1.30 (14H, m,”coupled'tq
0.90 and 0.92), 0.92 (3H, vt, J = 6.0, coupled to 1.34 and
1.30), 0.90 (3H, vt, J = 7.0, coupled to 1.34 and 1.30).

13¢c wmr (100<MHz, cpc13)s 8 209,22 (s, 17), 194.88 (s, 20).
- 163.92 (s, 13), 102,93 (s, 16), 73 57 (d, 3s), 38.25 (t,
33), 37.65 (t, 38), 34.40 (¢, 38), 31.43 ~(t, 29), 31.22 (t,
32), gq.bs (t, 325{ 28.75 (t, 26), 24.8{_(t,'2§{, 24.14 (t,
'34), 22.33 (t, 25), 22.21 (t,029$,”13.76"(q! 22) and 13.66

(g, 21). Positive ferric echbloride test. '5f_;j'

~ Réaction gf-Lachnelluloic-écid with diazomethane:

Lachnelluloic ‘acid (1.0 mg) was dissolved in ether and

then {tréated with an excess of freshly prepared ethereal
. & . - - .

o

diazometate. The reactiOn was kept at room temperature,for

: L

10 min; with constant st1rr1ng. Evaporaﬁaon of the solvent
and the excess of dlazomethane with a nitrogen stream left a
yellow1sh re51due whlch on TLC showed the presence, of 51x'

components. . (Skellysolve B:CHC13=HOAC:50:50:1). Repetltlon

of this process gyave exactly the same result.

‘Attempted Acetylation of Lachnelluloic Acid:

Lachnellﬁloic acid (1.7 mg) was dissblved in chloroform

(0.5, mL) containing 3 drops of pyridine and 3 4dfops of
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acetic anhydEESE\\ The reactlon mlxture was stlrred at room

\ ‘.
No reactlon,was detected after thxs

temperature for

period of time. The {e Ctld‘ was repeated u51ng DMAP as

‘catalyst, but the outc me\ w the same. Lachnellu101c ac1d

LN

'(10. 0 mg) was dissolve HC1ly (0 5 mL) " and acet1c

anhydride (4 drops) and txeated with - concentrated H2804

(fo r drops). No;reaction wa 'te'ted after st1rr1ng the

.
'

Aeehydroacetﬁctacid*(7):
DehydroaceNec acix (3 7 mmoles)fwasimixed with\ 10% Pd-C

(0.22 gy and eth acet te (40 mL, ) .~ “The reaction ixture

S

was-preSSurized to ‘p51 W1th hydrogen and ‘shaken at oom
témperature"for._24 "h.«’ After filtration, the - reacti“n

' mixtpée was ‘concentrated’ in )vacuo . to 'afford’ a soxld
residde; Flash chromatography of thlS SOlld (40 mm diameter
coluqn, CHC}3:Hexane:HOAc:100:50:3) afforded, in fract;onsﬁ
12 to ;Jnhite crystale of-dihydrodehydroacetic acid (8,
60% yield), 55, 88- 89°C. |

TLC: Rf 0.3 CHCl3 bkellysolve B:HOAc:2:1:1%.

\

S
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FfiR (film): 2980, 2920, 15605J145§, 1080 and 770
Cm;l. | " ;
Uv- (MeOH): Am;x‘219'(e 20700), 2&4 (eNg6100) nm,
UV (MeOH + NaOH): Apay 208, 248 nm. | |
14 NMR (200 MHz, CDCl3): & 17.9 (1H, s), 4.5 \ilH, m), 2.63

(2H, dd, J = 2.5, 6 Hz), 2.60 (3H, s), 1.44 {ﬁkxvd, J =6

o S - \6
“13c NMR (50 MHz, CDCl3): 6 201.18 (s),” 195.04 (s), 164.35

(s)y 103.43 (s), 70.25 (d), 39.45 (t), 26.47 (q) and -20.56
(q). “ |
The gated 13C NMR spectga fdr:dihydfodehydro lachnelluloic

acid (8): § 201 (qd, J = 6.5, 2.5 Hz), 195 (m), 164 (bs),

103 (m), 70 (dq, J = 14610, 3.5 Hz), 39 (tq, J = 120.5, 5.0

Hz), 26 (gbd, J = ¥29.5, 1.5 Hz) and 20 (qq, J = 117.5, 3.0
Hz); ’ - | h |
The . gated ”l?c NMR -~ spectra | for - D-labelled
dihydrddeﬁydr écethf’gg;?_(ﬁ): § 201 (q., Jj= 6.5 Hz), 194
(m), 164 (bs), rO{‘(m); 70 (ddm, J = 147.5, 3.5 Hz), 39
(tbg, J = 130.0, 4.5 Hz), 26 (q, J = 230 Hz) and 20 (qq, J =

127.5, 2.0 Hz).
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CHAPTER 2 S e

T

The Total Syhthesis of Lachnelluloic  Acid

= As was discussed in Chapter I, lachnelluloic acid is

believed to possess structure 1.

: . : B L )
In order to ‘develop a synthetic approach to this

- molecule several retrosynthetic analyses were considered.

gschemé 1 shows the most obvious approach} which involves the

a§>ﬂation of a B-ketolactone.

SCHEME 1:

122
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"B-Ketolactone 2 and its analogues may be‘pbtained in
several differentqways: l - by condensatlon of the dianion

of ethyl acetoacetate with suitable aldehydes1 followed by'

lactonlzatlon,
0 . : ‘ ‘ OH o 0o |
i R”LL§i - CH;’ﬂ5~’fI\o#t ;‘f';“" R’/L\°/LL\’JJ}OEt
- - 'a .
. A
~EtOH

3 (R - pentyl)

<

2- by alkylation of the triacetic acid lactone 52 followed
by hydrogenation "of the intermediate 4-hydroxy-6-alkyl-2-

pyrone (6).3

3 (R = butyl)

.
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The . intermediate 6 may also  be ogtainéd by .acid-

[

-catalyzed deacylation of the .3- or 5-5&yi-4-hydroxy-2—

pyrones, 7 on_g,urespeétively.4

-

S

The 3-acyl pyrdnes 73).may be\Sypthesiied in a mannef

. ~ .
similar to that used for the preparation of dehydroacetic

_ s ’ "
acid,(9),5 by condensation of two appropriately substituted

B-ketoesters. - .

10 o , on

<

LI
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The 5-acyl-pyrones: 7 may be prepared by Elvidge's
procedurq,6 that is, by condensation of malonyl dichloride

with a 8-dikétone;

R cl

12 : - 13

Another interesting approach 'to ‘the synthesis of
_lacnelluloic acid (1) involves the conversion of an
intermediate pyrone~6.3x> a dehydroéceticvacidvanalogue 14
followed by'hydrdgenation in a manner analogous to that used

in the.preparation of dihydrodehydroacetic acid (15).

Hz/cat.

R
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Hz/cat.

1l R = butyl
R'= heptyl

The advantage of this approach is the facility with_
which 6-alkyl-4-hydroxy-2-pyrones suéh(as‘ﬁ undergo direét
C-~acylation under acid;catalysis.7 The direct C;acylation
of S-ketolac;ones proceeds, in u?oof‘ yield Unaer acid
catalysis,8 .

A third approach involves- the base-catalyzed
rearrangement W@bf 3-¢atbethoxy—2,6-dialkyl-5a6—5ihyqr6—4—
pyron;s (18)'..9 Compounq»IB may be thajned by treatment of:

an ' a,B-unsaturated acid chloride 16 with - the ethoxy

magnesium enolate of a B-ketoester 17. _
N .



;,()"".~ \.

NOEE

OEt:

R TR

F
‘1 R = pentyl

T R'= heptyl ~

’ e

fbe'-readlly avallable, by u51ng ohelfof 'theéé. synthetlc

~approaches through the varlatlon of groups R and R'

*nf‘inhol968 Gelln9 ‘reported an" elegant_ synthe51s of

dlhydrodehydroacetlc ac1d (15) : Hls approach con51sted of

o e . § i
,the -treatment oﬁ- the ethoxy magne51um enolate of ethyl
o Tl BT . A

écetoaoetate o w1th xy crotonyl ' chlorlde- to  produce

3- carboethoxy 2 6- dlmethyl 5 6- dlhydro -4- pyrone }l’(19).

Compound 19 ‘ish ea511y ‘rearranged-,to dlhydrodehyerACetio

;ac1d (15) by treatment with dilute agueous sodium hydroxide

: R e s : R :
at room;temperaturel followed by acid work up.-

o . v L . B : 8 . o

Lachnellu101c ac1d (1)7and struotorql-anploQUeéhéhouid1
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'condensatien of ‘hexanal- withA'maIOnic. acid in“'pyridine.

1280

1- ‘1N NaOH

c e
| s wat S -
(30 THy0 SRy

‘After'sucéessfully repeating.this synthetic prOCeSS-it'

‘was felt that lachnellu101c ac1d could be prepared follow1ng
‘Gelln s sequence, prov1ded the 51de chaln 51ze 1n the a,B-‘
.unsaturated a01d chloride and 1n the B ketoester could be
‘controlled The requ1red .acid chlorlde, trans 2—octenoy1,

-chlqude (20), was prepareg from the commerc1ally avallablev

acid or’ from tran572vocteno;¢ cacid obtained by Doebner

10

‘,Treatment of trans 2 octen01c ac1d w1th thlonyl chlorlde at;

50%2 for 45 m1nutes produced a dark brown solutlon whlch‘
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”_afforded'trans-2éocteﬁ6y1scthride (20,'IR 17$O'cm’{)'as;afvf“

_coiorless 1liquid ef;er'distillation,unéerfreGUCed_bré§$uré.7

o w200 (85%)

_ ‘The-de%ired°8-ketoester,'ethylfookodecanoate (21), was
“prepared byl~ condensatlon Cof 2—nonahone"‘with' diethyl
: o :

LI

”f\carbonate 1n the presence of sodlum ethox1de

. Eto Na', EtOH .

3 ‘1(£tpjzco,gkéf1hx

c21 (508

"This:84ketoesterswas purifiedvby'chplermformatioh”withf-‘
‘rcopper acetaﬁewih‘95% ethaool.lzlufhe éigserzcomplexfzz.w?s
o washed with. cold 95% ethanol and finélly- decomposed' wi?hﬁ
ac1d to afford the pure B- ketoester 21 as ‘a colorless llqu1d 

J

wlth a character1st1c odor. LIt shows absorptlons in the IRFVP.”

' spectrum at 1740 cm"1 (- COOR) and 1715 cm"l (ketone)
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S R, Bt r'o"o DR
L Cutorc), Y3 7W © seHCl. M L
g ~ ; Q'nﬁbu — L |_ ' ' T H,y g4 " OEt
HysGy Rha o Seur oy o
RN A I ' © 21 (pure) .o
° ‘21 . (impure) T

'The' ethyoxymagnes1um salt of ,t B ketoester was-'

o prepared by m1x1ng 21 w1th an ethereal solut&@n of magne51um’

thox1de (obtalned from dry ethanol and magne51um metal)

'ulqlow addltlon of trans 2 octenoyl chlorlde to the solution

fef >the ethoxymagne51um enolate 13@' 0°C ‘afforded,;'after “
'aqueous sulfurlc ac1d work up, a yellow oil whlch on vacuum
Adlstlllatlon ylelded a s1ngle product.'-Thxs materlal.was‘
fldentlfled as. the open form of the de51red K carboethoxy 2-

‘.heptyl -6- pentyl 5 6 dlhydro 2-pyrone, compound 23, by 1ts 1y

NMR spectrum‘(d 17 4 ( 4‘1H), 7.0 (m, lH),g6r4‘(bd,_lH)),
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L

and by v1rtue of the fact that 1t could be converted teftheVV

close? form 24 under a yarlety of condltlons..e‘ :jn

. ‘.'°>
- LT eel, (caty) i L
“.'Mg® + EtOH = - »  Mg(OEt), + H

“Mg(OEt), .

' ether

© 1- ether, 0°C”

L +
e 2= -H;0
‘H15C7, . ‘1>3

200 L 23 (adoowy.

The trlcarbonyl compound 23 could be converted to the

de51red dlhydropyrone 24 by treatment w1th trlfluoroaCetlc

[}

acld_under”reflux.

TPA.

" Reflux.

24 (69%) e

G
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\
\

“fThe dlhydropyrone ' 24:';W? purlfled l*by flash'

chromatography to glve a colorless l1qu1d (Mw 328 (C20H34O4;=

" 1d08), 1R 1710, 1670 and 1585 cm 1“‘1H NMR 6 4 40 (1H,. m),lﬁf'

' ».l‘. . ’ L4

Uv,xméx'ZGG nm) Its structure was conflrmed by comparlson:
.~o£7 vitsf'bspectral : characterlstlcs with - those "of thé
”p‘lntermedlate 1n Gelln s synthe51s,‘compound 19 ’
Unfortunately,4 when the dlhydropyrone 24 was . tféatéd¥t
w1th 1 M NaOH for 1 3 or 10 h at room temperature followeqr.
‘xbyj‘ac1d1flcat10n,j;no' trace of lachnellu101c ac1d was?
‘fdetected. 7 An attempted rearrangement w1th ethanol1c NaOH o
_;'gave the same- negatlve result.. Only the startlng mater1a1;r
‘ hpbé)lbanq.;1is;.0pen',§orm 23, along w1th small amounts of
';-:decomposltion':pronCts,anerej»detected .in"”thei‘reaction_
mlxture. h.\v'__i'_.f"’hi;;\p.'i'” .’ ]n'”p;_i_‘lfflpf' //

The mechanlsm proposed -for the rearrangement react1on-

is. shown 1n ocheme 2. 2 _r,-'



‘Scheme 2:

“OEt

HO OEt °

A |

A

SOEt

NOEt

e a




B

.VTﬁq'< eQuivalehts. of . base ‘are required for  the

PR B

:rearrangement in order to- obtaln the d1anionic intermedxate

c. With one equivalent of base 1n£erﬁ€dlate b, ‘or- itev

'fprotonated form b are‘ formed, which. -canL then'gfragmeht

~lead1ng to the formatlon of the d1ester £,

LN
>

Wwith thls proposed mechan1sm 1n m1nd, the?e\a{ethO =

poss1b1e explanatlons for the fallure of- the”d1hydrop¥rbne'

'24 to rearrange ) | : |

": l.v A base- catalyzed rang opening of the dlhydropyrone
24 to glve 23 -takes place 1nstead of 1, 4-add1t10n l

of the hydroxyl ion.



” | . 135.

."OEt

© 23

2. The size of the side chains Ry and»Rz may‘hinder*the
desired C-C rotation indicated 4in'-thq“prop05ed

intermediate d (Scheme 2).

Another-‘interésting approéqh to the‘psynthésis_-of
”iaéﬁﬁeliuioic“%cid is thaﬁ‘which involves a Aeh;drbacetic
acid analdgge'éuch as 14, ThiS‘apéroaéh coﬁsists of the
 écyLa§iQn of an ihtermédiate‘ sﬁéh'~a$ 6,"a“proCess that'
.’proéeeQS §modthiyiand in h%éh yield7 ($ee page l2§). Siﬁcg
lachnelluloic acid ana#bgﬂes ‘cénA_‘be _ oxidized to
déhyafoacetic> acid énéldé@es; and.‘dehydroééetib cacid . is
.kndwn'to po$sés§ béctericidal; fungicidal,;and renal tubé
blockihglvactivityjl3v it is féaSonable to propose that‘
dehYdrolachnelluloic aéidﬂl4 (R = pentyl, R" - heptyl) i§‘a
.physiologically active form of lachnelluloic acid;’
fnitialf”attémpts ‘to  obtain the kéyr intermediate,
lactone 6'>(R = _gfbutyl),_ involved the alkylation of é

" triacetic' acid lactone derivative. It 'is known that
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triacetic acid'iactone fS)(undergoes reactlon w1th ethereal o

7

d1azomethane to produce two m§1n compounds. the.2-methoxyf
-and 4—methoxy- derlvatlves 25 and 26 zrespectively.14 In

our hands, these_two producta.were obtained in a 7:3‘ratio,

with the pyrone 25 as the major component.

o

CH,N,,Et,0
RT g
5 | S 25 (70%) ‘
{ | o 26 (30w
. . b . N o N ‘ 5 . - ) .
The reaction mixture was separated by  flash

chromatography‘ and neach compound was 1dent1f1ed by /its
spectroscopic properties, espec1ally by thelr uv Spectra.
,The least polar and more abundant product was 1dent1f1ed as
25 (Amar 280 nm doubly conjugated lactoné),l5 while
etructure 26 was assigned to:the most polar compound (Amax
0'245 nm, 4-pyrone). |

2—Methoxy—§-methyl—4-pyrone (26) was considered to he
the most cdhvenrent eubstrate for the alkylation reaction
because there 'are more precedents for - alkylatlons than for

-alkylatlons.16 when the pyrone 26 was treated with one

equimalentfof.either lithium diisopropylamide (LDA)‘or‘gj
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»
. L . PN
- . .

butyllithium (n-BuLi) in THF at -78°C, a. deep red sblution

was obtained. This was initially thought to contain the

enolaté; however, the color remained'unchanged even after
treatment with excess methyl iodide or heavy water, TLC

analysis of the colored.solution indicated the presence ofs a

compplex mixture of'compouhds, It is possible that pyrone 26

is very active tbward" 1,4-addition ‘of nucleophiles, and

readily forms polymerization products.

After several uhsuécessful experimehts this methbd‘of
' preparation of 6 was abéhdoned. WTAfter the Syhthesis of
léchnelldloic ‘acid was coméletedA»we discovered. litefatd;e
precedents for.the'qlkylatibn éf»triagetic acid lactone (5)

by means of its dilithium salt?]. S ~ ,

4
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Another "met:hod to prepare the lactone 7 6’ involves the
‘condensation of two molecules of a suitably substituted
B~ ketoester to produce 3- acyl -4~ hydroxy 6 pen\tyl 2-pytones

27, whlch could be deacylated to pyrone 6. ‘ .

R = pentyl

The desired 8- ketoester 28 was prepared by reactlon of‘
the sodium enolate of 2~ heptanone with dlethyl carbonate.’

The ethanol produced durlng the reactlon was continuously

- removed by dlstlllatlon.llv Et‘hy'l 3-9xooct_anoate' (28) was
purlfled by vacuum distillation followedAby complexa_tiop—

e
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»

Adécomplexation with copper acetate. Pure B-ketoestér'28 is

a colorless liquid (IR 1740, 1715 cm~l, mw 188 (Cy oH1803) )

| /\/\/ﬁ\ (o éco | /\/\J\/ﬂ\
» H.C g OEt
c” ’ CH3 EtORH, A 3 .

28 (50%)

he autocondensation reaction was carried out by
‘heatjhg neat B-ketoester 28 at 200°C for 14 h in the
presence of a catélytic amount of ébdium bicarbénate. .The
dark reaction mixture obtaihed was partially purified by
flash chromatography, and the_ f;aétions containing the
‘desired product were recrystallized from Skellysoive\Bv to
“.afford white‘ crysﬁals of -3-hexanoyl-4-hydfoxy—6*peht;1—2¥'
pyrdﬁe‘(29) (MW ZéO (C16H2404), IR 1720, 1635 em™1, lH NMR &

12.1 (1H), 6.0 (1H)).

»

1175

e/ﬁ\/ﬁ'\ Na_HC03‘ (cat.)
2 H OEt  200°C, 14 h '
28 : i 29 (20%)

i
b

The condensation is probably initiated by reaction of

sodium bicarbonate (or the sodium carbonate derived from it)
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with the B-ketoester to produce a sodium enolate 28a as

-

\ . .
shown below. Enolate 28a undergoes reaction with another

. Na
M — - . v
11 s, HLE S OBt Co
28

LJL

0 H vaw

" molecule of B-ketoester to- produce enol ester 28b by
e11m1nat10n of sodium ethoxide. Thé sodium ethoxide

11berated catalyzes ring formation by a Diéckmann

e
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ow
3

"oondengation. The low y1eld'of thls condensatlon reactlonfl

1(20%) led usf to 1nvestlg§te other synthetlc approaches to
lactone 6 T B ,41 _-"pj"f <
The preparatlon of Lactone 6 was next attempted u51ngii'

the condensatlon of B dlketones leth malonyl d1chlor1de.

f:«E1v1dge and ’co—workers' reﬁort that he‘ reactlon ‘of B=

B

dlketones w1th malonyl d1ch1§§ide produces 5—acyl -6- alkyl 4-

thydroxy*?—pyrones,Q They have prepared 5- acetyl 4 hydroxy—

o

;‘ﬁ—methylfz—pyrone: (30) a’d 5—acetyl 4- hydroxy 6-pheny1 2—:‘

‘pyrone ’«(31)‘pv§romf acetylacetone 'anda’ benzoylacetone,

'fespectiveiy,

31 (505)

The structure of pyrone 30 was proven by deacyhatlonﬁto

“trlacemlc ac1d 1act0ne 5 and acetlc ac1d,

_ggé%,qgé‘
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i //,_, B
(E’,‘S” ‘ : . g B
136°C
' 5-(75%) -
k2

v“(R‘ butyl) requlres a B- dlketone contalnlng a n—pentyl 51de1
:chaln. | o e | '

;Tﬁe, uhsymmetrical B—diketoae e2}4—hoaadidae  ($?) ‘was
Syﬁthesfzed :by SOdium  amidef~eatalyiede.ceadensarioh;bbf‘
2rheptahbne withﬁmetayl'acefate in THF.17 ;  » .

fi;:ﬁaﬂné,.rﬁr”
2- CH3CO,CHy - :
o 32 (51%)
: ‘,’ i
This - B-diketone | was %mrlfled ﬁ;by v-a» complexatlon—
P decomplexatlo; seéuence w1th copper %cetate to g1ve 32 as a
) colorless\g&i (n30 1. 458, 1# 1728 1708, 1615 em™t ).
;5 5 Bqu1mq§ecular amounts of the B dlketone 32 and freshly
| ,prepared malonyl dlchlorlde18 were m1xed, and ‘the. result1ngi»
solution ydé heatedl te ,70°C fforf 1Q£ m1nutes. - The”.
& fehydrochlerlc ac1d produced\was removed contlnuously by means
,///‘ ‘ :
i / |

The use of thls method to prepare the de51red 1aetone 6
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SR

”oﬁ_lai waterfaaspirator.'ll Flash chromatography of the dark

‘,brown reactlon mlxture afforded two components (by TLC)

The least polar component was a whlte crysta111ne materlal
P

(mp 119 l2l°C) wh1ch contalned three more carbons “and | two

’[nmore oxygen atoms than the eXpected product.' The‘lH NMR‘

spectrum for thls compound shows the presence of an enoP1C“

“hydroiyl‘bé lO.4),Ea 51ngle v1ny11c proton (6 5.6) and an_

aromatic methyl:group (6 2. 4 (3H)) We belleve that thls

compound | produced by react1on of one molecule of the.

- B- ketoester 32 w1th two molecules of malonyl dlchlorlde and;'

that 1t possesses structure 33

The ‘most . polar component was 1solated as.an-amorphous «

solid (MW 224 (C12H1604)) ‘its lH NMR spectrum is 51m11ar‘
o that of compound 33 (s 11.2 (m), (lH), 2.9 (28, t);
2.7 (3H, s)):.“j SlncéJ there faret two . p0551b1e modes of

Vreactlon between the B dlketone 32 and malonyl dlchlorlde,

\

it_hwas concluded 'that thls ‘component 7was 'a mixture of

compounds - 34 and 35. - ‘ RS s
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g;axhected,AQheh;the,ﬁixthteAof’§0mébdﬁgs 34 apd 35
v’ﬁas; treated with éO%lﬂHéso4 at 130°é"twc fbfoducts were
obtalned, wh1ch were separated by flash chromatography “Thé
1east pola;tcomponeht,_present 1n.m1nor amppnt,;yas shown,to
he the7desi;ed’iactone §f(R=fbutyi)‘(MW 182 (Ci0Hi4b3), lh
NMR 6 10.9 (1H, s), 6. 1 (1K, 8), 5’6V(1H? é));  The hajér‘
‘product of the deacylatlon reaction was a crystalllne SOlld
‘(mp 109 112 C, MW 168' (C8H603)) which was identified as..

trlacetlc ac1d 1actone (5)



"

- -90% HZSO4'

RN S g
130°C
34 .38 6 (12%)
™ -

'« : : R

The de51red &actone 6 is produced tw deacylatlon of

compound 35 whlle trracetlc ac1d lactone (5) is formed when
the pyrone ‘34 1is deacylateds‘ Thus, the de51red product,

;5 acetyl 4 hydroxy -6- pentyl 2—pyrone m(35), ,is“.theiwmlnor'

”product of the. condensatlon react1¢ha

To avo1d th1s problem we used a symmetr1cal 8 d1k tone

T in the condensat1on w1th malonyl dtchlorlde.' . iﬁw”~

RS

Thee de51réd B- d1ketone,f 6, 8 tr1decad10ne .(36);

prepared from 2- heptanone and methyl hexanoate in the ug al .

'wayi‘ that ‘is, by reatment of the, sodlum enolate. of\

¢

2= heptanone w1th methyl hexanoate in reflux1ng THF 17, After
work up, the reactlon mlxture was dlstllled under‘reduced
pressure,rtO’ afford ‘impure B- dlketone, wh1ch ‘was ‘further
purlfled by the complexatlon.f decomplexatlon process w1th
copper acetate to glve .36 as a colorless llqu1d (n20 1.462,

MW 212 (c43H2402),'IR’1705,A1610 cm'l).

‘wase

‘1



o - NaNHz; THF o Rk
e e T R 8 o
.)Ji\c o 2 Hll 5CO,Et o c/jl*/Jl\ : _
T o Nen. > 11°5 C.H :
11553 er, Refiux T
N 3- 5% HCl

_ 36 (sen)

When‘ eQUimoieCUlér 1ahoun£s :of the ~diketone . 36‘_ehdd7
ﬁalonylddichleride weredmixed'éndﬁheated to 80°C,ja‘eopiqu’
‘amount of hydrogen chlorlde was produced.‘vThe'reeeﬁidn Qes\‘
‘-‘v'worked‘ up. once. ,ethe evolutlon ~of HCl1 ,'hede stgpped. .
X Recrystaﬂﬁlzatlon of’the reactlon nuxture afforded a pale
:yellow ; crystalllne materlal _biﬁpd 91 92°C) ' whlch ‘was.
'.1dent1fled as the de51red @roduct 37 on. the ba51s of'iee'
?Spectral characterlstlcs, Mw 180 (C16H24O4), 1y NMR 6 16. 7lf
C(1H, s ),‘_5,56, (1H, s), "2.82 (2H,‘ t), 2.73 (zy,i bt), ‘1;70

(4H, m); i 31"(8H,'m) and 0. 90 (6H, vt) | ‘.

A second product of thls reactlon was obtalned after
';‘ burlflcatlon o of the 7‘mothe; llquors A by ﬁlash,»‘
chrometography; fhis pale'yeliow crystallineimaﬁéria; (mp
8(&82°¢)‘is beiieved'he be.the produet ef‘reactien‘ef 37

with’another‘molecule of mélonyl.dichloride.' ItS’HREIMS; MW

146 .

,348 (C19H2406) ang its W NMR spectrum, & 10.4 (1H, s), 5.6

(1H, s), 2.9 (2H, t), 2.6 (2H, t), 1.7 (44, m), 1.4 (8H, m)

and 0.9 {6H, vt ) are consistent with structure 38,

Pl
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80°C, -HC1

—

. e ™~
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3

38 (10%)

- This" reactlon probably proceeds by C acylatlon of the'

B dlketone followed by" enol ether formatlon, as 1nd1cated in

-Scheme 3.

SCHEME 3;

-HCl

»
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The bicYcliC’ product' 38 is formed by further C-

shown below.

acylation with malonyl dichloride, as

B
~
\

|

o
CHC1 -

':n,O

™ o \O_,
/oaga T 3g (R = pentyD)

i ’ L r Lo o
Subsequent ring closure occursi in . such a .way that

4'!*

. compound 38 rather than 38a is‘ formed. This is because
"enol1zat10n in the monocycllc intermediate takes place-

preferentlally‘at'the ketone carbonyl and not at .the .lactone’

carbonylf} This absumption is«suoported by the absence of a

- very. low fleld hydrogen bonded ‘hydroxyl proton (e.g., § 16 -

8 18) in the 1y NMR, and the absence in “the 13C NMR spectrum

-'of the compound of s1gnals at 90—103\pém and 175 185 ppm,

o wh1ch .would be *expected for h1gh1y polarlzed ring

junction carbons ih compound 38a. . o - _égr{
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Pyrone 37 was deacyléted by ﬁreétment‘with‘SU% Hy504 at
130°C, - ‘Réérystailizétion Of flash- chromé;ograpﬁy .of the
cru@é,fgéctidh mixtﬁte gave a white'cfystalline compbund (mp
'52—52.5°C5'whi¢h wésjidentified~as the iactdne 6VKSeé page
©144). This deacylation occurred in 87% yield. The overall
'yield o£ G-fféﬁ thev8~dik¢toné>36_i$'52% Kcompare:with the

overall Yiéld‘of Poulton's procedhre, 34%), 2

© 90% H?

130°c, 1 h

50,

37 : - ’ . i .§ (37%)

®

To /test the reliability of the acylation reaction,
- triacetic acid Jlactone (S) was treated with hexanoyl
chloride in refldxing trifluoroacetic acidv(TFA).? - Flash

PN

chrématography of the Areéétion’ mixture affo;ded' whité
crystals (mp 59-60°C) of a material fhat was identified- as
‘B—hexénoyiﬁriacetic acid‘léétone:]39) by‘compérison'with its
‘analogﬁe;'dehfdtoacetiC'aéid (9)3|Mw 224 (CléH16645; 1y NMR
6'16.90‘(1H, s),.5.9é (lH, S);<3,10 (2H, t), 2.30 (3H; sf,

1,70 (2H, bt), 1.40 (4H, m) and 0.93 (3H, vt).

o

e
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- ) \ !
HIIO’II‘Cl . —-—————u——> o | C5H11
Reflux »
H4C 0
' ' 39 (70%)

This >dehydr0acetic acid analogue 39, was successfuly
. hydrogenated <t0"the<'la¢hnelluioic Aacid, analogue - 40 by
treatment with .10% Pd-C and 60 psi hydrogen in ethyl

acetate.

H, (60 psi), EtOAc

108 P3-C, RT

.40 (57%)

' The 14. NMR of compound 49 is consistent yith the
structural assighment: § 17.7 le, s, enolic QH), 4,55 (lH,
ddg), 3.05 (2H, 2‘x_ddd), 2.68 (2H, 2. x dd), 1.70 (2H, E),
~1.48 (3H, d);,1.38 fAH,.m) and 0;92‘(3H, vt). | |
The'saﬁe'synthétic sequence‘Was applieé to the lactone
: 6.- Acylatidn of 6 with octanoyl chioride-iq refluxing TFA

broducéd “an oily? produéﬁ which after flash chromatography



, | 151

Vafforded} in 94% yield, dehydrelachnelluloic acid ({1) as a

pale yellow crystalline compound (MW 308 (C18H2804), IR

1725, 1535, 1605, 1560 cm’l 14 NMR & 16.8 (1H, s), 5.9 (1H,

s)). | SR /

o

H1s€9 “ei, TRA

" Reflux, 24 h

‘41 (94%)

- Surprisingly,  when dehydrolachnelluloic  acid . 41
'dissolved in ethy} acetate'Qée treated with.hydrogen'ahd 10%
Pd-C —(f;om al new bottIe), lachhéllqloie. acid ‘was not
.obtaihed.j Instead,  a white solid, which was identified as
the B-ketolactone 42, was obteihed in quantitative‘ yield.
The 14 NMR of compound 42.shows two‘ihdependent spin syétems
: and ‘the ebSenee of an enollc hydroxyl. The first sein
system eontalns a. D20 exchangeable proton at 6 3 41 (1H, t, -
- —CO-CH- CO-) coupled to a methylene that ‘is part_ of an
'aliphetié chain at 6 1.92 (2H, bt). The secohdispiw-systeh
is similar to the one present‘in lachnelluloic acid (seev
‘ Chapter 1, page 18),‘and contalns a low field methylene at ¢
2.73 and 6 2.42 (2H, 2 x dd) coupled to a carblnollc ?roton

3

at 6§ 4.68 (lH, m).
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H, (60 psi), EtOAc

108 Pa-C, RT H

42 (100%)

As additional proof of its assigned structure,
iachnelluloicwacid ‘Wwas converted to the g-ketolactone 42 by"

:
hydrogenation. :

-

_H2 (60 psl) . -EtOAC

i

108 Pd-C, RT

L , 42 (100%)
1 ’ )

Wwhen the new batch of 10% Pd-C was tested using

dehydroacetic ‘acid (9) "as substrate, the corresponding

B-ketolactohe 43 was obtained in quantitative yield.

BN

u /{;;\psi), EtOAC

2 /
H3_

10%¢ Pa-C, RT™

PR - S 43 (100%) . /
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Crystalline B?ketolactone 43 (mp 138-139°C)  has ‘a

strbng sp1cy odor. _,a\\u NMR spectra dlsplay a signal at §

3.32 (1H, t) that is exchangeable w1th, Uzo and which’

corresponds to - the ,pfoton in thg a—p051t;on to Dboth
-.carbonyls. B-Ketélactoné 43 exists mostly as its diketo
-form, as shown by a. negative ferrlc chlorgge test, the
preqence of a triplet at & 3. 32 in the lH NMR, the absence
of the absorptlon for an encilc -OH and the presence of two
characteristic carbonyl bands. in the IR spectra (1760 cm -1

(lactone) and 1720 em™1 (ketone)). = . \

-

S
WQ belleve that both B-ketolactones 42 and 43 are

formed as shown in the following scheme. Hydrogenation of

o o ' : ¢
the double bond affords the dihydro-derivative, which exists
in lenolic forms a and b. ‘The 'least hindered, and/or more

reactive, form b is further hydrogenated to the

B~hydroxyalcohol c. DeQxSration of 'c© followed by

hydrogenation affords the B-ketolactone.

k)
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" to enol b.

-

same conditions gives f-ketolactone 44,

154

" Enol form a probably hydfogeﬁates very slowly relative

Hydrogenation of triacetic acid lactope (5) under these
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-~ H, (60 .psi)
" 'PsQAc, " 10% PA-C

o T aaqaoow)

L ’ - i ! o R v,
_ As is the case for B- ketolactone 43, compound 44 ‘do€s 7

not g1ve a p051t1ve ferrlc chlorlde test and shows two DZO//V"

°

h‘exchangeable protons that are 1n a-p051t10n to two carbonyﬁs

at & 3.55 (ln, a) and & 3.4 0 (1, A) in its 1H NMR

;spectrum.;.“t;,_'~ !

Conformatlonal ana1y51s of B ketolactone 43/ 1nd1catesp
. L /, ‘ ‘
‘that the methyl‘_and ethyl substluents ‘QXIS}M in | quasi

equatorlal positions, therefore_fthe ] % to both .

‘f7barbonyls is qua51 aX1al (6.3'32), Of " fhe’ two methylene.

protons ‘on C 5 of compound 43 the~quasi axial prOton‘(Gg
2 34, Jaa‘= 12 Hz) appears at hlgher fleld than the qua51

',equatorlal proton (6 2 69, ac’ 3 Hz). 1

'23 the 1H NMR spectrum of - B- ketolactone 44 a 51m11ar'
result is” obServed for: the C 5 methylene protons-' ghe qua51‘p 
';axlal proton appears at hlgher field (6 2. 43) compareqfto,
the vqua51 vequatorlal proton (3 2. 70) 'in .this B=. .
ketolactone: the quas1 ax1a1 proton at C-3 appears at 6 3,40
.r(d} and the. qua51 equatorlal proton ‘at & 3 55 (Q).; These_
’:a551gnment5aare summarlzed in Scheme 6 | ol ‘.

'// S 5,1.,«,; | »
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In both compounds the qua51 ax1a1 protons at C -3 and C-

5 appear at hlgher' fleld than  the respectlve' qua51

/ equatoq&al protons. Thls 1s due to the anlsotrop1% effeétr?

/ of the carbonyls on the qua51 equatorlal protons, whlch 11e‘

/

on ‘a plane close to the/plane of the carbonyls. Therefore,ﬂ5

/"

1t seems clear that tFese B—ketolactones, (42 to 44) areh‘

malnly unenollzed in solutlon._. vf¢7ru

A somewhat 51m11a reactlon was reported for 3—acetyl—5

—methoxy 6—methyl 2— yrone (45),‘whxch under hydrogenaﬁlon‘

N

affords the enollzed -ketolactone 46 19 7

In order to find a set of hydrogenatlon condltlons

bwhichr',oonyert dehydrolachnellulolc g»ac1d. (41), 1nto‘«

by

"\';a‘
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1achne11u101c ac1d (1)"usihg. thewnnew’ batiﬁgkof' lO%f Pd-C
’tcatalyst, a *serles of experlments were carr1dﬁ out “with
w? )

"dehydroacet1c ac1d as the model substrate.» The sorvent, the
catalyst, the t1me of reactlon and the catalyst moderator

(if any) were varled. The use of pyrldlﬂe es moderator, and“ o

a reactlon t1me ‘of. 40 h gave an almost quantltatlvé yleld of

% de51red product 15 o ' ‘al ‘ -

it ]

H2 _(6’0v psi)., Beniehe‘,

P

Py, 10% Pd-C

A : 40 h, RT - _ :
o - L1 (<858) :
) . RS
) . . . k2 . . ,% », ‘ - " - ) N . " . : . 3
The results of some of, these tests are summarized in
« T IR S T

the follow1ng tabfe.»v

The ratlo of productSmln the hydrogeﬁhtlon mlxtures was,.&

%

‘determlned by 1H NMR spectroscopy, comparlng ‘th ntegratlonfpf

g 9
o

1ntensxt1es of characterlmﬂlc 51gnals for each of the thtee
' compounds m>dehydroacet1c ac1d (9), ‘B—ketolactone~ 43,v ahd.j
{dlhydrodehydroacetlc ac1d' (15).] ‘1Ther quantlty of ptﬁéh'

'startlng ma er1a1 9 was determlned by monltorlng the 51gnal

\for 1ts en 11c hydroxyl (6 16~7): the de51red product 15 by

JTkmonltorlng'the 51gnal at 5 17.9, wh1ch corresponds to 1ts B

'~very _char cter;stlcr enollc‘ hydroxyl, ahd‘ iinally, 'thg y



w

150d0dd ad¥Is3aNn = dn-

- B
Lo ‘ - | «
00z 008 ' 0o purprikd - - 09 09 euszusg | inzpd 0T
g00T, 0°06 00 ‘eutpraid k2 0o Buszueq  >-PaRa01
EELEER 0°56 ~ eoe13  BuIptIkd 0p 09 . ousazuaq 0-pd 30 T
soe13 n08 0°01 sutprakd g€ b9 auszuaq J-pd %01
JCELEE ‘ .3..3q 09 wcﬁkuxa. : VT 09 _‘,wcw.Nc.un . 0-pd 201
0001 00 00 ~ suou vz 09 oyold 0-pd 30T
0hoT 0°0 suos  eutroutnb yT 09 ov03d. 0-pd %S
00s 0:°0 0o~ eutprakd ¥z o og ov03d 3-pd $6
0°00T 0°0 swos  eutprikd  vT 09 o¥03d 2-Pd 35
0°sz - 0°0 gL~ - -suou ve o 01 19433 9-pd 35
00T 00 00" “auou vz 09 ‘asuaa >-Pd %S
005 ~ 0 0°0§ ~° euou vZ 01 2v¥033 >-pd %6
00t 00 = 070 suou’ e .09 24034 0-pd %5
e
§ (saw) . (1sd) 3 :
an dd WS mw$< 4a0W  ARIL - 3UNSS3ud . Inastos LSKTYLND
- ¢ < =

QIOV DILADVQIAAHAI A0 NOTIVNADOWAAH: DTLATVIND  °

2

*1 JTEYL



e

B

‘e

' compoond'GZ- e

.

a

' was made, the rea

wh1ch was then acy;ated.

,' [ .. , . . o .
s, -%g.,~ S T » .
/ . ) . . . M

byproduct/43 was determlned by m5n1tor1ng the 1nten51ty of.‘

the 51gnA1 at § 3.32.

K

\,

%
i g

tlon condﬂtlons was applled to the hydrogenatlon of dehydro—,

lachnelluloxc ac1d (41) only startlng materlal and und951red

8 ketoladtoqe 42 .were detected Ln the react1on mlxture.

£ -, "1»,

S LIV

T4 .M,

.. .. Py, 1l0% Pd -c %
r'_ RT,GﬁW
3 Q%

.;‘g

41 ’ . 42

1

Shortened reactlon times gave ‘a l1lgher percentage of *
startlng materlal and ‘a smaller amount of B=- ketolactone.i
k,Dlsapp01nt1ngly not even traces of'lachnellu101c ac1d was "

- detected. B Clearmy' 1achnellu101c ac1d is. more reactlve.

« +

To/our dlsapp01ntment,~when the new set of hydrogena~:-

toward hydrogenatlon than dehydrolachne11u101c ac1d, and as*i‘

- soon 'as‘ it .is formed it" “is converted tOS the undesired

¥

0 . B ;
At this p01nt a. sm%{l change in the synthetlc strategy

ion sequence was reversed. ~The "’ pyrqne 6

to thewcorrespondlng B-ketolactone;
T A

Pyrone 6 in® éthyl acetate was ea511y hydrogenated over,

10% Pd- C: to B~ ketolactone 47, wh;ch was lsolatedcln a very

SN



.' . (‘ | | ‘ ‘ . . r '.‘ <160

pure form 51mply by flltratlon of the reactlon mlxture and‘

. evaporatlon of the solvent (Mw 184 (C10H1603)'_.IR (cast)-

\

1700, 159}5,cm 1, 1 MR & 4.62 (1H), 3.56 (1H), 3.41 (1H)§

H2 ». EtOAC

108 Pd-C, RT

e - R 47 (Toow)

-

Wwhen direct C-acylation of the B-ketolactone 47 was

attempted'using -acid catalets (TFA, ZnClz) only very low-

1efd§ of acylated product were detected.

TFA

or . > 'l (Traces)J

ZnClzl

- proced

) Frles like rearrangement.20

‘ Wheh B-k,tolaotOne 47 was treated with DBU and octanoyl

:chlorlde 1n benz ne at O°C far 2 h, an oiI was obtained in'

91% yleld. Thls oi

NMR spectrum of its sho s the'presence of a v1nyl‘proton at

This dlfflculty {was ~overcome by "rusing : Tanabe's .

e: 1n1tgal O-acylatlon followed by a base catalyzed‘

was: not fully characterlzed, ‘but a 1H

L&)



lé6l

{ . C -
! .
0

6~5.82, as well as two v1rtually coupled methyl groups, as

would" be expected from the enol ester 48.

" DBU

Benzene, 0°C
2h

47 - S 48 (91

‘Thisv'enol ester'iis ’very sensitiVe to hydrolysis,
therefore it was not further purlfled. ‘ S
The base catalyzed rearrangement of 48 was. accompllshed

by treatment with a catalytlc amount of 4—d1methylam1no—»

'pyrldlne' (DMAP) - in,‘refluxing toluene for 5 h. . Flash

chromatography of ‘the xeactlon mixtUre afforded - pure:

'lachnelluloic acid (1) 1n 75% yield (34 5% overall)

% pDMAP, Tol.

Reflux, 5 h
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' The SyntheticflachnéLIOIOié acid was identical in all

.

-

' respects (IR, NMR,‘MS('UV) with the natural product.

. ®
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The biological activity of the metabolites of Lachnellula

fuscosanguinea.

. ) y - : .
The biologiéal activity of the fungUs ‘'Lachnellula

fuscosangulnea ‘was dlscovered by mycologlsts at- the Canadlan

Forestry Serv1ce. This fungus, whlch in nature is strongly
. )
\antagonlst to phytopathol@glcal fungi such -as Fomesyglnl and

Ceratocystls ulml, was hown to possess antlfungal actlv;ty
in vitro.

. Two different ' iogss&ys "were ’used to  test for.

. : : . . L : .
antifungal  activity of the crude extracts or }ure

|

compounds.:fln method«A, a petrl dlSh is 1nocu1ated w1th a‘
«plug of mycellum of the fungus\belng tested.. The compound
. or mixture of compounds to be studled .are dlssolved in known
concentratlon and absorbed on a sterile filter paper dlsk (1
cm dlameter). After the solvent evaporat;; from the dlSk,
nthe_(iisk is applled to the inoculated petrl dlsb 1 to-2
vinches,/from the~-plug_ of . mycelium.,' Growth of the wood-
vrotting 'test - fungus ‘is - slow, thus the test results are
recorded between 3 weeks and 2 months after inoculation. At
‘result is considered'gosithevwhen the fungai myceiium does
not grow in the ‘area of the impregnated paper disk, if the.

fungus overgrows the = disk the result is recorded' ass

_negatiye. : ‘ : ' ) . \ : &yf‘
__— ) “ ' . . : &
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In ﬁethod B;bwhicﬁ is a ﬁe@ifiCation of the Kirby-Bauer
. bloassayJ‘ the ;petri dish i$  swabbed with an inoculum
prepared by grow1ng the test fungus in sterile llquld medla‘
(Muller—Hlnton.or PDB)i * The 11qu1d 1noculum is spread onv
the whole eurface ef tﬁe:agaf‘plate hsing a sterile cotto?
swab;‘;Tﬁe~disk impregﬁafed Qith the coﬁpounds being testeq
'isLimmeQiaeely,epplied~to the petri dish. The results of

- this test can be ‘recorded ‘two to .four days after
N . B ' . N \ ’ .

inocdlapion, depending on. the rate of fungal growth. A
positive result is'reeordedehen the fungal mycelium grows
over the. petri. dish except 1in a zone surrounding the .

impregnated-7disk.- " If a  solvent blank and' standard
concentrations’ of test ”compeunde are used, relative

.

antlfungal actiQifies can be - obtained by measuring the

1nh1b1t10n ‘zone dlameter.

@
For testlngmcompounds or mixtures of compounds egainst
bacterie, ‘method‘iB wasf,used, iue., a liquid inoculumi o%

bacteria Was‘used;~ | |
. The brothl‘ahd mycelium extracts"of celtures of

o

Lachnellula fuscosangu1nea were tested agalnst a variety of

‘bacterla and fungi. These reSults for 5% solutions of the
crude ektraéte are-shown in Table II.. ’The results .of the

antibacterial tests were all negative.
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‘Table II Bioactivity Of’ crude éxtractg of Lachnellula

3
)

fuscosanguinea against wood rotting fungi.

-
. ]

Fungi - . Broth Extract’ Mycelium Extract
Fomes pini : | _ + =
"Polyporus betulinus’ R ' o i//
Coneéphora putena - v [o-
Phoma sp. . : + : . / _

\ . - ' R . . . ’ ) ] /” T
Pleurotos ostreatus - . - . i -
'Cerat0cystis~ulmi‘ S | +

.

- On. one occasion thé crude’ extract from the fermentor

ar

was .active agaknst Fomes pini, Polyporus betulinus, Phoma ’

~ sp. and Ceratocystis ulmi, but these results could not be
‘reproduced. Generally, the crude extracts from the’

fermentor are inactive against “the bacteria and fungi

‘tested. B

Among éhe'metaboli;es'isolated‘from L. fuscosanguinea
only 1achhe11uloic acid and 1aéhne11ulone’ show biological
& : . ) ) " o
activity. Laghnellulone is by ‘far the most potent of the

two compounds.
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L

ues have been

Several 1a¢hnellUioic acﬂd ‘anal
synthesizéd. ‘Then bioactivity .of “these comp unds against
pathogenic fﬁnéif have‘ been compared to the. biological
activity of‘fhé two active natural products and the results -
ére.sumﬁ%rized ‘hﬁ‘Table ITI. The,two fungi used Qere

C.
ulmi (the ,céusative,_agent of Dutch' elm disease) and. H.

o , , Y

mammatum (produces canker in poplar).

Table = TII. Antifungal activity - of lachnellulone,
laChnelluloic\aCid»andAanalogues.

Compound* . , Activit& Against Activity Againét

Ceratocystis. ulmi Hypoxylon mammatum

(Diameter in em) | (Diameter in cm)

’ ' ' ; o ‘
Lachnellulone (49) : 7.6 . 7.0
Lachnelluloic acid (1) | 3.0 0.0

§ . . ’ . L o L
Dehydrolachnelluloic acid (14) 3.0 f*? . 0.5
4-Hydroxy-6-methyl ‘
] 7.0 . ‘ 7.5

3-octyl-2-pyrone (39) o
5-Hexyl-4-hydroxy-
| ' .0 . 0
6-pentyl-2-pyrone. (37) ‘//F Coe . y
Compound (38)* . 0 ' e -3.0

*The concentration used was 0.1%.
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Interestingly, 5 the series .of lachnelluloic acid and -

* L
%

fungal compound of this series that has been tested so

>

. “

analogues, = lachnelluloic ‘acid' is not ther most potené5’

bioactive agent. when comparing the activity of compounds

potent antlfunqek}fdrm.g g

37 to 38‘it'ig interesting to note that substitution at C-3

-, :As sHown ih Table ‘III lachne%&lulone is. ti*a strongest
i

- Fe

in the pyrone ring'seems necessary for the pharmaéological

activity. Thus, compound 37, in which the C-3 position is

-+

unsubstituted, does n%t shoW bioactivity, while all the

other ,cempounds sh?w b10act1v1ty to some degree. The’

s ':'/Q

bicyclic compbund,MBBLJ.wbﬂch is,~derived from 37 by
o A e :

: . <
Ao

substitution' at - C-3f"‘alsOn displays, antifungal properties

4
]

agalnSt H. mamm&%um.,.;

Dehydrolachneliu101c acid 1s ‘a sllghtﬂy more general

% « Y

‘funglc1de thaﬁ Jachnellu101%4ac1d, a fact that supports the

A
supposltlon that the ' %@tlée form" of lachpellulolc acid is,

ﬁ

t » l .

its 5, 6 dehyﬂro form.*; It is posslble that lachnellulo1c ,

’ 1

acid, whlch we* belleve to be “an 1ntermed1ate in’ the

blosynthe81s ofjlachnellulone, is oxidized in\viVO to a more

»
°
e

The’siie'ﬁfﬁthe chain at C-6 of the pyrone seems to,
; - .

play a role fih the bloact1v1ty of the structural tyées.
Decreasingttthe chaln length to one carbon substantlally

increeﬁes tHe. antlfungal properties of * the pyrone. . This



enhancement 1n b10act1v1ty 1s large enough to make compound
39 almost as bloactlve as 1achnelluTgne. These trends have

169

r;/zm

and Fomes anl

been observed us1ng Fomes 1gglarus (decay fungus of poplar),

Polyporus tormentosum (root rot of conlfer)
(decay fungus of cbnlfer) ‘ljﬁxf," SR u"“,- |
The relatlve bactef1c1dal act1v1ty of lachnellulone,_’
lachne11u101c ac1d and the synthetlc analogues was studled
(method B) for 0.1% solutlons of

N

u51ng the K1rby-Bauer test
the compounds., The results are shown 1n Table IV.
» Many more studles w1ll be requlred torunderstand the
relatlonshlps’ bf thls‘é_ﬁv gxoup i@f}i~

N
o

e ‘struc;ure act1vity
fung1c1des 1n order to prove or dlsprove the general trends
o 6b;érued o u Ly f o rf\.“‘ o
f*;{.h‘}; Undoubtedly,r 1achnelLulone‘-1s"aL stnong inhibitor eof‘
'.:'_;;u;ml and H. mammatum.'iWe belleve/that 1t LS the compound
respon51ble ?Sforh%fthe!; ant1fundal ) propertles 'Tot

malnly

"jL. fuscosangulnea.
| tl " - Lo ‘ L L o : \. o N 5
ol @ T 3y o
- 4 . ~ . ) X . O 3 v’
= R S B
Y S o "
- ’ v ’
- / »;K" / -
ENTERES :
e 3 /,"\,v\



EQTable7IV{ Klrby—Bauer test for lachnellulone, 1a¢ﬁnélluloi¢'
" = ,1 ‘. " U " . .‘.‘.
ac1d and the sYnthet1c analogues. -

. . L . : . &

List of cultures: .+ Tested Material*

S

49 7 14 39 3l B8

e e h T S e e o
Enterobacter cloacae T e e e - R {gft
”Eséhefichiaﬂcolif ey = e = R,
7Kleb51ella ﬁneumonﬁae f T T R

ﬁProteus vulgarls - ”->: g  ::+; v{—rv: e.gf:i3"'f_ ff -fv
'Pseudomonas ;eruglnosa ‘fit_ t_ 9. 4,17G5i11.‘_ ;"i 21:7_f;
‘Salmonella typgiﬁUElum  5‘; ~tf;:"w; -:t.ffii ff‘ ) f”;’“;.
’ESerratla marscehe flt;ttlj’?e'i'tfifte-v.> - ;.,: tf:‘j*t
e N S R - ,

TgStaphylococcus aureus
i :
o

O Y
”

tStaphylococcus epldermls -_J""”

"Streptococcus pyrogenes

’.Candlda alblcans ‘_) ”vv,. : i e Lo e'Hi 13 == - '

o — = DR e — - Ty
.\ P o . a \

:’*The act1v1ty is- reported as the dlameter of the 1nh1b1t10n

~

zone in ‘mm, f‘ ;¥
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'jéxperi'entalxa

':warmed in a water bath for 2 h.’ The heterogeneo

vh__Préduced -? ‘gas (COZ) whenv heated and slowl’

z &
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N oy

AT ) . : . S
! an : . : . o A

l‘Transéa?octenoyl.chloride (20);

b ‘ B m;,“-\ o ‘ o . . : . [ ) [’

Hexanal (0.05 moles) was mlxed w1th malonlc ac1d (O OS‘j

l

’,moles) and pyr1d1ne (24 mL) 1n a round bottom flask W th -a

v?reﬁluk condenser. The nuxture was st1rred constantly andﬂ’t

Je

m1xture’w

»

“became a

,icolorless solut1on. ; ThlS solutlon was d;lutede1th etherfl

‘(50 mL) and treated w1th cold 1l: 1 HCl (100 mL) The twof:

0

'vlayers were separated and the aqueous layer was extrac ed”'
’nonce W1th ether (50 mL) ’ The comblned ether extracts wer

"Jdrled over anhydrous Na2504, flltered and concentrated to\

) ‘11

”;,afford a- clear 11qu1d, whlch was dlstllled under reduced,
u' pressure (130°C at 12 torr) to glve 4 5 g (63%) of a mlxture;}

L Y S e : ‘
- oﬁ"trans 'é&d c1s 2 octen01c ac1d = (cast) 3300, 1960,“

R d

1920, 1690g‘1650, 1460,,1420 and 1285 cm‘l o 1H NMR 8 11 4

(13, bs),.? l'and-6 4‘(1H,‘dt, t), 5.8 tlu, bd),_2;3;(en,j

)

5 7m)[ 1.4 (6H, m), 0.9 (3H, vt».,;j,ﬁ S '};j_.fne*p‘j’v .

) Commerc1al trans-2—octen01c a01d (24 mmoles) was slowly:
- 0

added to freshly dlStLlled th1onyl chlorlde (50 mmoles) in a -

'round bettom flask w1th ‘a reflux condenser »and a CaClz;
7’dryxngytuber ‘The mlxture was kept at 50°C for 45 m1n untlli

“the fédluti¢h: became dark brown..f iTh excess of th10n¥}

¢



’(2H, bt), 1.4 (6H, bs) and 0. 90 (3u, vt).

:'Ethylr§voxodecanoate‘é?i):‘_»hj'%ﬂ_,.»)'

Carbonate (150 ‘mL) din- -a two

'.added and at““

ﬂ.;

chloride was ellmlnated in the rotatory evaporator apdathe*l;

.172'

resultlng 11qu1d re51due " 'was d1st111ed ~under reduceds;

‘hnpressure (70°C, l,S.torr) to afford pure trans 2-octenoyL

chlorlde, 2.50 g'(GS%Y.‘rLRficast) 2960, 2930, 2860, 1750"1

'31625, 1460, 1130, 1100, 1020, 980 960, 770 and 610 om’ 1,,

- 1u NMr (eo MHz, CDC13) § 7.2 (1H, at), 6.0 (1u, dm),'2 3

1

dha o . ; [ N T m )
: - . . ‘ . . : ¢
e ) . . ! B

._2—'No-nanonév-*<o..3 moles) . was *dissolved in’' atethyl

l

4

vconstantly from the reactlon mlxture. ,When no more.ethanolA

'

~ poured over a1t 1 mlxture of 15% HCl and fce’ (400 mL) ‘The

¥

\"from the reacségn mlxture An the rotatory evaporator,»the‘

S i
,

R S
o

e same t1me ethanol was belng dlStllled out

~round bottom flask with a

"{f'ketone and carbonate‘was heat d to reflux., To th1s b0111ng»'

’solutlon,rsodlum e'hoxlde (0 4 moles) in ethanol,'was slowly
- was belng dlStllled out, the v1scous reactlon mlxture wasyv
forgan1c layer was separated and washed tw1ce with d1st111ed.r
‘ r,‘water and once, w1th br1ne. ' After drylng w1th anhydrous :_

°Na2504 and fllterlng,'the dlethyl carbonate was: e11m1nated’

7-gresu1ting_,11qu;d. res1dge “as d1st111ed under‘jredueedgf;f
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)

' . o ST R e
pressure (2 0 torr) and the fract1on that dlstilled at 160-

.I:","" . v
LY L .\

170°C was d1ssolved 1n 95% ethanol (100 mL) and treated w1th

Saturated copper chlorlde (50 mL) . The. green prec1p1tate

ijormed ‘was flltered by' suction kand washed" wlth cold 95%~'
ethanol. ":Theilwashed crystals'rof' copp;r complex were

A dlssolved ‘in chlo;oform (75~mL) and mdxeddwlth 5% HCl (100

a

‘VmLYHfor 1. h. The clear layer of . chloroform was separated

o and: washed w1th dlstliled water and brlne, to afford after

.

"evaporatlonv of the solvent pure ethyl 3- oxo‘ltenoate 21

)

‘;(50“) oA . S, | | o
R (cast) :;2920:,2850, 1740, 1715, 1640, 1460, 1370, -

tn ot ;bmﬁi
.'Tf'= T

'1?60, 1150, 1035 ‘and 790 cm’ e

-

cs y SR i e
HREIMS.‘,m/;\214 (C12H2203) 1y ﬁnkmxﬁo Mz, cnc13¢ 5 4.3
(2H" q), 3 4 (ZH, s), 2 5 (2debt),,1 7- 1*1 (1 , m), 0.90

. . é f*f‘“ : . )

A T
rQFCarboethokyij,l04dioxo-transeﬁedecaheptene (23);‘3vv §< o
‘Dry,magnesium]metal (12 matg) and dry ethanol (1.5 mL)

w1th feW'drops of CC14'were mixed‘inladés?mi-}hree neck
f:gﬂround bottom flask connected to ar dropplng funnel, a reflux

ondenser with a calc1um chlorlde drylng tube and a nltrogen.

o

‘_1nlet. The mlxture was warmed to 40°C to start the reactlonxs'
',-and left for 1 h._ Dry-benzene (3 0 mL) was added to thef?w
'mxxture,‘whlch was left to react for one more hour., Ethyl‘

\_.:.

.
. .

;g&{;‘”



&

,~3-oxodecanoate (21, lotmmoles). was added dropwiBe to the

concentrated HZSO4 (0 5 L). n",The Organic

5% N3H603. drled over. anhydry}
'concentrated to glve ,as a’ éingieff

: almost ¥ tltatlve yleld {3 6 gl | ,'

- IR (cast):32950,ﬁ2920, 2860, 1705, 1680, xe4og
K . L

«jwand;heated to reflux;ﬁo 2 h. fhe\TFA was evaporated and'

e,

reactlon mlxture. After st1rr1ng for 8 h all the magne31um

had been dlssolved and the resultlng green solutlon was

cooled to 0°C ~in an 1c%*water bath., To thls cold solutlon,

trans-~ 2~octenoy1-chlor1de (11 mmo}ep) was added dropw1se and
- !
-with constant st1rr1ng. This soﬁhtlon was let to warm to

room temperature and kept constantly stlrred for 8 h. Th?dayf

reactxon mlxture,was poured over;akmlxture of ice,

Pl

3"

“combined - organlc extracts were waw e w1th 10% H2804.
?

f;~04, flltered and

7
. d.uct cq,mpound 2? in
4 . .

wt

‘ iLC}. Rf 0.5 in Skellysoﬁve B Chloroform (1 1).

1075 cem~1,

H‘NMR (80 Mﬁz,'CDCI3)r‘ § 17 4 (15, s)'«j;;f(iﬂ; m), 6.4

. (1, ba), 4.2 (21, @), 2.6 (2H, m, 2.2 (26, m), 1.8 (2H,

.4#

m), 1. 4 (18H, m), 0.9 (64, vt).

PERS

'h?a» s

| 3~Carboethoxy r2- heptyl 6—pentyl 5 6- d1hydro~4—pyrone (24)

- : Ay "

9 Carboethoxy -8 lO-dloxo trans 6- decaheptene (23,,}6.6.'
e

: mmoles) was dlssolved 1n trlfluoroacetlc ac1d (TFA, 20 mL)’»

o ‘e .
;9 a e

I



X
o_

column, : Skellysolve w Bz ethyl“n acetate acetlc:

o

acid:8:2:trace), " Fractlons lO to 15 contalned the pure

desired product.&ﬂdrr 138 - mg (69% yleld)

IR (cast)i 2950, "2020, 2850, 1710, 1670, 1585, -1445, 1180,

1135 and 1070 em™t. o '

O

HREIMS-' m/z 338 (c20H34o4,.100%, M), 53 (c18H2903,‘72 M-

M'(C1~3“2104)r 221 (C13“1703) -
- »1u NmR. (200 MHz, CDC13).”. 5 4. 4?1(/;:::\, coupleg ’to 8 2.50,
: l 84 and 1, 65), 4. 30 (2H, q), 2 50 :2H, dd, 3$upled togﬁ
4, 40 ard 1. ?5), 1.84 (1, m, 1. 65 (1, m),".l 3#(18% bm)._,
o 93 (6H, vt). " . |
ot N .

Basefcataiyged‘réarrandéﬁéﬁt of‘the‘diQYdrop}rone.(2;).

’ \{““ Th¥ »fdllcwrng ]_éeéé | of».,‘>c<v)ndi't:i"ons'\'L nere tried

’ o unsuccessfully for the base catalyzed rearrangement of the“,

dlhyropyrone 24;

e Dlhydropypone (24, BIhg) was mlxed w1th 1M NaOH

(2.0 mL) ‘add "stirred at r%om : temperature

~with concentrated HCl to pH 1. and extracted w1th

ether. g The ether vextracts were fdrled ‘over

K] . x

Czl{ﬁO), 267 (C15H2404, 83, MC5H10),> 265 (C17H2902).: 241'

’overnlght. The reactlon mlxture was then a01d1f1ed -

anhydrous Na2504 and - flltered. TLC ‘analy51s of

. K .
- . ) , :
R R, ST . ot ¥ " Ch S
F - -7~‘5?“ T ~‘-","' N \ a N . - FR : . - .' N ‘d
L . PRREI ; . . : K E
\
>

the re51due was separated 1n a. flash column (30 mm dlameter E




e,
lachnellulo'ic a‘ci“dr but the presence of "starting
mater1al 24 and its acycllc form 23 ; -y

Thls experlment was repeated u51ng 'i:éactlon

p -

S 176

this extract did 'n'ot reveal the presence of

)..

L . times of“ 1 h. and 3 h w1th the same "negative
A . g .
L. & : 'results. o o oy T e 4
.‘ o . . » ‘ T .
: ‘ o 2. The procedure . descrlbed above was repeated using .
gt e 0
g%w C S 1M NaOH 1n 95% EtOH. 1nstead of . aqueous 1 4 NaOH,
v R yﬁ’éam@ aegaj;lve results were obtained.
':6".755%. - ,; : Yors -
s U, S o '_' ’ A
P : i g'. ; BN . . . ‘ vw, .
4= Methoxy G—methyl 2-pyrone (25) ‘and 2—methoxy S-snmethyl 4-
. ‘pyrone (26).. B D ’

Trlacetlc acid lactone (49 mmoles) Was_suspended ‘in.

acetone (100 mL ) and treated with excess of 1 M ethereal

\

# diazomethane at 0°C thh constant st1rr1ng,- - The reaction

mf‘Xture ‘was allo‘wed ‘to reach ‘room temperature"and“

Tom

e

_vﬁporatlon of the solvent left a yellowish solld re31due.

L R -
. f

. \
kR benzene acetone 3: nl) afforded two pure compounds. bract1bns
W 6 to 10 from the“flash column gave 4~ met)hoxy 6—methy1 2-

pyronev (25) as whlte crystals (708).° .Meltlng{p01nt 80—
*’j’/*\‘-iﬁ.ao 59C. o : L o R S
TLC Rf 0.51 in benzene acetone:3:1, } -

| oV’ (MeOH) Y‘ max (c) 280 (23500), 210 (21000).,?

» K

ash chrogatography of th1s resaldue (50 mm diameter col‘hmn,‘
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. ," - .
4 NMR (400 MHz, CDClj): & 5.75 (1M, bd), 5.38 "(1H, d),

-~ 3,77 (3H, s), 2.18 (3H, s).

bractlons 33 to 50 from the’ flash column afforded Z-meﬁhoxy-

6-methy1 -4- pyrone (26) as whlte crystals (mp Qﬁ 87°C) 1n 30%'

1d. o
'_yle . ;‘;& .

TLC: RF 0.35 in 2%*me;hanol in chloroform.i~ L

ds, A

UV “(MeOH) , A,ﬁax (e) 2«&5 ‘?2870&)

R S S o
;?;QO?Qﬁﬁﬁ‘s) and 2 28 (3H, ;?%“

o R

H _NMR (400 MHZ, m & 6 04”(11‘1; bQ)r 5.52(1Hl d)r .

k%

Reaction oOf 2—methaxy

;o
CRE

TS B "

& -

Pyrone 26 (1 mmole) was dlssolved 1n dry THF (% o mL);’i'
3

r . by

~and the solution was kept under d nltrogen atmosphere}wmlleE"'

‘belng cooled to -78“C w1t5 a dry ioe-acetone bath To rheﬂ~

-

slowly ‘and w1th constamt stmrr1hg to produce a- deep red‘

coId soggtxon l 48 M nBuL1 (l mmol) in. benzene was addedi5

solutlon. : When th1s solution was treated w1th excess of”f_”

L s

methyl 1od1de (5 mmole) 1n dry THF (5 mL) and the reactxon_

¥,

‘mixture brought to room temperature the ned solutlon d1d ‘not .-

'
S

decolorlze.'] TLC analy51s of th1s reactlon mlxture showed‘
several products present in comparable amounts.‘ﬁ

Th1s reactxon was repeated u51ng LDA (~ﬂQ equ1va1ents).*~

. _7 . . .’ . . ,_.‘ L e

'w1th the same results. When D20 was used 1nstead of methyl‘f”



Ethyl 3-OXOoctanoate3(281jw o,

- HREIMS3 .m/z 186 (c10H1803, 5%).
.

| 3-Hexanoyl—ﬁ—hydroky~6—pentyl+2-p9rone (29).

. | 178

- A X 2t b
.\ . .
. . .

lithium . during the work ~np the'ﬂreaction mixépre ‘remained

¥ \

s co;ored’and'complex by'TLC. - ‘\1 ‘

%. * . HES S

’ Thls compound was prepared u51ng the same procedyre .

B

'kused for ethyl 3—oxodecanoate (21) (see " page 172 ).

2- Heptanone was the methyl ketone employed (0.35 moles) in

‘dlethyl carbonate (200 mL). Purification of the impure

8- ketoester by complexat1on with copper, acetate gave 28 as a

'colorless lxqu1d (bp 128- 129°C at 12 torr). .

.8
TLC:';Rf 0.54 ;n Skellysolve B.EtOAc.96.4.

IR (neat): 2960, 2930}‘2870, 1740, 1715, 1640, 1460, 1410,
'»137ﬁ;*13io, 1235, 1155, 1030 and 740scm™l.

w

‘H. NMR (80 MHz, CDCl3) § 4.20 (24, q), 3.45 (2H, s), 2,60

(2H, t), 1. 40 (9H, 'm), 0.90 (3H, vt).

A

1

Ethyl 3-oxooctanoate (28:‘ 12 mmolesQ was mlxed thh

: * \* ' s Al
NaHCO3 (2 mg) in"a’ round bottom flask w1th a fractlonatlon

‘ B

-’fcolumn connected to a condenser 1n dlstillat1on p051t10n.Vn'

o The flask was kept ‘in an 011 bath at 200°C for 14 h.,‘ he::

2

""dark reactlon”mlxture‘waszpurlfled;uslng a fla§h column {50

PN

st



@

"TLC: -Rf.'o 8 ‘1% MeOH in cnc13

~ ‘ . 179

. ",

“mm dlameter column, Skellysolve BfEtOAc:100: 4) Ihe product 9

‘was . obtalned impure in fract1ons Iﬁ to ' 19.

Recrystall1zat10n from Skellysolve B, afforded white crystals

 of the des1red mater1a1 (0.3 g, 20%),

;HREIMS: ‘ m/z 280 (C16H24O4, M+),T“262 ‘(C16H220$), 237

Ft

v . 2,4-Nonanedione.(32) - - ., . -

(cr3H17og),, 224 (C),H) 60y, 1008), 209 (c11H13o4). 168
‘(C8H804), 153 (C7H1504), 141(C8H130}J and 99 (C6H110)

1H NMR (80 MHz,‘fDCl3) .6 16, %@(1H,Ws). 5.9 (1H, 8), 3.2
J

(zu, )y 2.6 (3d, afT\\g & (4n, bti“ 1. 3 (125‘ m) and 0.9 -

~

(6H, vtL .} RE ‘m' ~

) oas
£
+

. L .
“ . ! ° L\? ) - ’
y - - N . . & . :
. ‘ 0 A . - -
1

Sodlum amxde (0 5 moles) was suspended ‘in dry THF (SO'

',mL). . To th1s suspen51on, 2 heptanone (0 25 moles) ~in ' THF

'(25 mL) was added for a. perlod of 10 m1nutes. The resultlng

mlxture was vlgorously stirred for 5 m1nutes before addlng

'the methyl acetate (l mole) . The slow add1t10n of methyl L

“ e

L acetate produced ‘a v1gorous reactlon, maklng it necessary to

,addltlon _of“ methyl acetate' was 'completed, the vis

'reactlon mlxture was H%ated to reflux for orie hour., Aft r»,

wlth 10% HCl unt11 ~an ac1d reactlon w1th litmus paper wasA

~

.- 'Y

- cool the reactlon flask 1n<_an‘ 1ce-water bath Once the

~»

~

-



i):

> ne

,

obtained. The acidified reaction mixtﬁre,was then diluted
e o ' ) ] .

with distilled water (100 mL) and extracted with'ether.‘ The

*

&

combined ether extracts were drled over anhydrous Na2504,

filtered and concentrated in yacuo,to afford a red J;quldf'

re51due; This re81due was-dissolved in 'methanol (100 mL)
and mlxed w1th a hot solutlon of copper acetate (20 g),'in
water (150 mL) The green prec1p1tate formed was separated
by flltratlon and washed with Skellysolve B: - Thls/oopper
complex was dlssolved in ether (200 mL) and treated with. 10%
HpyS0,4 (200 mL) under v1gorous stlrrlng, After 10 mlndtes

the'originally'green organic'layer had'become yeilow and the

’lower~aqueous layer had become‘blue} JThe ethereal solut on

was separated, washed w1th dlstllLed water, dr1ed- over

liquid whlch was shown to. be a. mlxture of compounds

annydrous Nazso45 filtered and concentrated to give a broXn‘ .

Y
S

\

| ILC; Vacuum dlstlllatlon of thls brown res1due (1. 8 torr)

. ;

afforded pure-2, 4—nonaned10ne as- a colorless 11qu1d, bp 6(F7

%
62°C at 1.8 torr, ngﬂl 4584 (53% y181d) .

. TLC- Rf 0.6 in Skellysolve B:ethyl ' acetate 9: lu,\. o

IR/ (cast): 2960g 2935, %2870, 1728, 1708, 1615, 1460, 1420,

1360, 1245 abﬁaa'o’cm'l o

K !
A\

h MR (80 MHz, CDCly): s 5.4 (1H, s)i 3.5 (o.za, $), 2.25
(2H, t), 2.0 (34, ), 1.6 (2H, bt), ‘1.4 (4H, m), 0.90 (3H,

vt). : ‘ B ‘ .';' \ ‘ . : .2 . : 7

180



.,

Reaction of 2,4—noma$edione (32) with malonyl dichloride: . '

i
e

‘ In a5 mL round bottom flask, equalivolumes-of malonyl
d1chlor1de (1 mL) and 2, 4—nonanedlone (32) were mixed. This

mlxture was warmed in a water bath at 70°C ﬂor 10 m1nutes.

. L !

When ' the evolutlon of hydrogen chlor1de from the reaction

flask had stopped, the'_reactlon mixture ‘had turned red.

diameter column, 2% MeOH_in' CHC13Y afforded in fraotioms

11-20 a whige crystalline oompound (mp 119-121°C) which was
N ’ ' % : C . :»,' .

. :
‘shown to be the h*fycllc pyrone 33 (or a mixture of

re9101somers) (30% yLﬁid)
v

TLC: ‘Rf 0. 35 in 2% MeOH in CHC13.

—

63,

HREIMS: m/z (formula, 1nten51ty, fragmént) 292 (C15H1506-7

"q y - «t¢

37, M+), 27F (“014}11306,' I"G; M- CHB'V264 (C14H1605, 9,.M CO),‘

- 249 _(C12H906, 7, M—C3H7).( 246 -(C“H1404, 244 M-CH202): 236 :

[(Cy1HgOg, 85, M- C4ﬂe): 2211 (1008), 22140 (C1oH50sr 16,

~C53111), 208 (C].OH,BOS'_.?«g" —C5H80), 194 (C9H6051 17).

(18, tr J - . 5,§z), 2.4 (3H, s),.l 7 (2H, bt,. J = 6.5 Hz),

‘1.3 (4H, m), 0.90.(3H, vt).

.t

& , 8 v
;) was shown to be a mlxture of the two pyrones 34

s 1%08 yielay, e T

181 -

Flash chromatography of the crude reaction ‘mixture (50 mml

>~ 1y mmre (80 Mz, CDCl3): & 10.4 (1H, s), 5.6 (lH,-5), 2.9

N

_ﬂggractlon 22-35. Thxs Whlte amorphous SOlld (mp7



a
,":

LTLC: RE. 0.4 in 5%’ MeOH_in CHC13 s SRR

[ . A
: K

.

GV (MeOH): - Amax 229 (e 6000), 270 (e 300 ,nm. -

\;

IR (cast)"' 3060, 298@5 2940, ; gaao 12735-1620 (broad), 1550,
&460, 1265, 1ooo and 740«cm A v ““" N

e

HREIM&. m/z (formula. 1ntensity, fragment), 224 (C12H1604,
| 58, M%), 209 (CyyH, 304, 9, —CH3), 196 (C11H1603' 52, M -co).__
181 (cgugogg.zl, M-C3H;), 178 (C11H1402' 15, M-CH20), 168
(GgHgOqs 84y M- C4H8), 153 (CqHg0y,, 100,_ -C5H11)".140
(67H703{: 92, -CSHBQ), 125 (c6H503;- 32, n~c6n110)¢ 111 '
'(C5H3O§,-42 M-c7nl30), 98 (csnsoé;‘le,M-c731002)‘ané>854_J
(C4Hg0,, 18, M- C8H1102) o . Ve ,N

o )

e MR (80" MHz, e0el3): -5 11, 2 (1H, bs), 5.5 (1H, 's), 2.9

(2, v, 3 = 7.0 Hz), 2.7 (34, s), 1.8 (2H, mg,,1.4'(4a,vm)-,
. ‘ .and Oo 95 ,(3_H" Vt)u ’ . ~
Deacylatlon' of the pyrones 5 acetyl 4 hydroxx—;-pentﬂyl:Z*

pyrone (35) and 5- hexanoyl 4 hydroxy Gﬁmethyl 2-f

b a
EY . N ‘ . } / . T tr
oA i N bomgmemd ' : ' : C
< . ‘ A . . . ) : D
il .

. L
The mlxture of acyl pjrones (8 0 mmoles) was QISSO%ved"”“>

]
‘

*in” 908 HZSO4 (5 mL) heated ‘to. 130‘C\JudiLucenstant
strrrlng for 30 mln.. After coollng to raom’ emperature,:the')
dark reactxon mlxture wa; d11uted Jltht/éter 060 mp)

o Yo T

.and} .
extracted w1th chloroform (3 x 30 m ‘The cohbined_i
- chloroform- extract%? were drled OVer anhydrous Na2504,

f1ltered and concentrated n Vécuo Lo yleld atdagk re81d0e*jm p
: o : ‘ "’- , \ _':.'.*. '

'
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v
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”composed of a 'mlxture of crystal and an 011. B ﬁlash
;chromatography of thls mlxture (40 ‘mm: d1ameter column, 3 S%h‘

'MeOH in CHC13) afforded two products., Fractlons 11 ‘to. 14
‘contalned 4—hydroxy*6 pentyl 2—pyrone (6, 13%),' ijSQfSI?C.'f

;TLC. RE o 42 .in 5% MeOH in cac13._fV'

IS

i NuR (so an,‘cnc13) ; 5 10.96 {iH, bs),>6;05f(lﬂgfd$} )
s, 60 (lH,dd), 2.50 (23 t),‘lrQOfKZH,fbt),‘ 3. (4H, m) and

_0.90 (35,.vt);; o s
L E ' ' ' N ‘
fEraétionsil4 to 26 contained tr1acet1c acmd lactone (5),»400*

_.ng (38%)Q_m,; 179-180°c

1H NMR (60 MHz, DMSO d6) 6§ 5.98 (1H, bm), 5.29) (lH, bd),

‘]2 18 (3H, bs)

' 6,8-Tridecanedione (36) . Lo,

i .
% "~.

Sod1um am1de (1 mole was suspended 1n dry THb (100 mL)

blfln a 500 mL two: neck round bottom flask to wh1ch a dropp1ng7

_funnel and a reflux condehser w1th a CaC12 drylng tube had

"been.adapted. 2 Heptanone (0 33 moles) in THF - (59 mL) was

" ekt

”~added fronl the funnel 1n al perlod of lO mlnutes._‘ After'

‘”stlrrlng for 5 m1nutes,'methy1 hexanoate (70 mL) in THF 50;

~.

‘mL) was slowly added to the reactlon flask The v1scou91d

‘reactlon mlxture was heated under reflux for 1 hour and 1et
' ~to cool to room temperature.' The cool reactlon mlxture was‘f

ac1d1f1ed wfth th%' HCl unt;t 11 the prec1t1ate had“

<



| ,__and concentrated _t y1el

~‘and ‘- wa

-TLc-' Rf 0. 65 in bkellysolve B: gf"

’”HREIMSi'f m/z (formula, ’lnte -
(C1 #1802, 13), 156 (CoH1g02, 34>,

';(csnaoz, 50). and 99 (CgH110; 77)

vdlssolved. %upper organlc layer was separated, v[:ashed"..-

T
. o

A

.,\.valth dlst1lled water, dr1ed o\ anhydrous Nazso4.. filtered
d.

foo T s ) : .
\r__ed solut1on. Vacuum- B

B

~d1st111at10n (3 torr) prod\uced a fr\actlon (130°C) contalnlng o

th de51red B dlketone,“ whlch Was‘ further puzr1f1ed by
o : , /

liicomplexatlon W1th copper acetate _’(v~.' 100 ‘mL of saturated'

solut\\:) The copper complex was separated by flltratlon»

hed w1t 95% EtOH. . The clean greeh crystals of .
™~ ' .

SN

‘-;complex ‘were\ then df&solVed 1n chloroform (100 mL)

v,det:omposed wlth lOQ HZST)”;\LZ\O&L) ’/'.The; colorless

' ch-loroform’ solutlon afforded, after belng\drlkd' and",‘u

\

: _con"c‘entra'ted,. pure 6, 8 trldecanedlone (36), 35 g (54%), %(5

1. 442.,; ' :.vs hffj;,“ft:vﬁj.a'”jf fﬁ-v‘ﬁ ;,~ { e

i

acetate $9:1."

L
e

_IR (cast) i29so, 2930, 2860, 1705 (w),,1616ﬁ=l460,'115016;5
| o« L L

o \h,,//

i- o

i T e

;Sﬁﬁ\, j~}c13H24d§,'11),»179,

© (CgHy305, 100), 100

o

u NMRV(BO‘MHz,‘CDCl3).‘ 5 15. 40 (1H, bs), 5.50 (lH, s),
 3.58 (fraction, s), 2.52 }fractlon; t), 2.30 (4H, t), .1.62

(4H, btlﬂ,l;30 (8H, m), 0.90 (6H, vt). '

;
/
Y



. o .

CondehsatiOn of 6;8—tridecanediohe'With‘miionYIHdich;oride;f
: . . . ‘ ; i N . N . . ‘ B .
LA e

S 6, 8~ Trldecanedlone (24 mmoles) was sgt 1nto a round

’ bottom flask connected to . a dropplng funnel and a gasu

"outleQ Malonyl dlchlorlde (24 mmoles) was. slowly added to;f

"the B—dlketone from the dropp1ng funnel,'and the reactlonhf;‘

3

Tmlxture was | heated 1n a water bath at. 80°C.' A coplous )
. - ) I

"s‘amount of hydregen chIorlde, thCh was belng absorved by aFd

water asplrator, was 'produced An the' darkenlng react;on'7

ﬂmiXEUre;" : When the ,evolutlon'jof~f c1- had -stopped €30
o ‘ \ -
fminutes), the reactlon mlxture was,dlssolved in ether and_;

.washed w1th dlStllled water and f1na11y w1th br1ne.‘.fThe
ether ’ extract was drled over’ anhydrous : Na2804 and{d-
'vconcahtrated iﬂrlﬁﬂﬂﬁl to afford a red brown solld re31due‘
, N R~

‘“hwhlch was recrystalllzed from hexane ether 1: l several tlmes
“to glve pahe yellow flakes of 5 hexanoyl 4 hydroxy 6 pentyi—
‘2—pyrone (37) 3.9 g (58% yleld), mp 91 92°C. ’ |
dTLG;" RE 0 55 in" 2% MeOH,AZ% HOAc in cuc13.

5 LT e
FTIR (KBr) 3379, 2960 2930 2860, 2620, 2500,'17Q5,‘l690;:.

| 5d1620, 1565, 1460{‘1290, 985 - and 830 eml. B
*$<\\\PV (Meon)’xmax 225_(e 6050); 261 (¢ 5410);“288 (e 5250).,
. ﬁmy , M1croanalys1s. calcuiated"q, 68 55 H, 8.63; O,

ey
~

J22, 83, Found: _,-68.76,558.92,7H; 8.70, 8.69, ;,22 54,

\. . : - : *v\,\\\\

22.89.



’.25,_M+), 252 - (C15H2403, 22r,2-c0),A237 (cl3ul7o4. 1s; M=

Es

e

’I‘

‘ l

- 13¢ nMr (Sc"MHz;;cnc13) 8 202 6 (s), 169s8'(§1<‘1sg,éibs)}}l;«"

S R V-1

C‘3’H7‘-), -224 (C12H1604, : ), 210 (C11H1404, 8),’209 (0151'19130,
1‘00, M Csﬂll), 206 ‘ 12H14O3, 27),‘ 196\ (Clll‘i‘1603.\ 23), 181

(C9H904, 14), 168N @gHg0 4 4y, 153 (CqHg04, 26) and 99

d
1

(csnllo. 67).Av7:ﬂ_f o '
bs); 5.56. (lH, s),

H NMR (200 MHz, CbC1335 6 16 7;:w}

2,82 42H,.t,”a”s 7.5 Hz), 2, 73 (2H,ubﬁf J\=.8,0 Hz), 1.70 '
L b 31580 i

é

,p4ﬁ@‘m39,1;31~(85, m) and o 90 (6H, ve)e o o

165.1 (s), I15.4 (s), 90.1 (d), KRy (), 32.5 ), 3,3’

7

- Aq) and:13;7,jg)5y

-0, 8 g (10% yleld), mp 80—82°C. o

‘From-  the mother‘tiiquors‘ of/,the, recryStalLized ‘reaction

(t),” 31.2 (t);»27.4>(t), 23 8 (t), 22 3 (t), 22.1 (), 13.8°

-miiﬁure,“‘a"'eecond. product  was "‘isoiaﬁéd'_'byﬁ"flaeh

Y

S chromatography (SO 'mm diameter columh, chloroform?acetic.

v
/4

acid:96: 4). , Fractlons 9 o 24 from this . chromatographlc

< -process -gave an- orange‘ sol1d whlch was decolorlzed w1th

™ S
actlvated charcoal and recrystalllzed from hexane ether to .

‘give. - 5 hexanoyl ~-4- hydroxyl 6 pentyl 2—pyrone/ o (37)

( Fractlons 5 to 7 of thls flash column chromatography gave a

pale yellow solld whlch was recrystalllzed from hexane to

afford whlte needlellke crystals of the b1cyc11c pyrone 38,'

¥

L

WO

il

ot

'HREIMS&. m/z (formula.'lntensfty) fragment).j 280r1c%652404,,'"‘7”

[

!



"5,i37;f
- : S : - .
- TLC: Rf o 8 2 MeOH,~2% HOAc in CHCl3..;? e
iETIR (CHC13: cast);73w3200~29§0; 2920,f2856}»17b5};4595;4
1635) Jsss, 1435, 1§bs;v1235f:1;55,_1015 and 750 cm”}. _ B
’vf.Microanaly%is.d Caicuia;ed lfor; c, 65 50, fH, 51&4;';6,"
©27.55. Found. Cc, 65. 57:;ﬁi,7.04{ o, 27.39. -
.-HREIMS:; m/z (formulé, intensity,'frégnenﬁi;L 3A8n(C19H}406p
100, ‘M*y, 320 (ClgHps05, 16, M-CO), 305  (CrgHy 706, 207" M-
 C3Hi);'277 (C14H1305f 62, M—C5H11),-2§3 (ci4n1595;;21, Mf.

»:>C5H7O), 235 (C12H1105' 30, M—C6H13O) ;-Jyf

‘flu NMR (200 MHz, coc13) s 10,75 (1H, 's), 5.64 (lH; s),
- * o T
2,91 (2, \m.= 7 Hz), 2-64 (2H,.bd, 3 =7 Hz), 1.72 (4H

_m)é 1. 36 (8H m) and 0 93 (6H; vt).
3¢ NMR (50 an, CDC13) D 197.6 (s), 169.3 (s), 165.5 (6),

163.7 (s), 161.9 (s), 158.7 (s), 114.9 (s), 95.0-(s), 90.2

i

C(d), 44.4 (t); 32.0 (v), 130.9 (tq '30 8 (t),-27;1'(t),;23;z ?‘“,77

(t), 21.8 (t), 13.2 “ta) ana 13. 3 (@)

o , N
Synthesis of,Abedrpxy-g;penty1—2ﬁpyrone.(6):

»

 5- Hexanoyl 4 hydroxy 6 pentyl 2 pyrone ‘ ‘(37; 'L2.8
| mﬁdles) was d1ssolved in 90% H2504‘(10 mL) - and héated to

120-130°C for 60 minutes. xhe reactlon mlxture was cooled,v

dlluted 'with 10% NaHC03 and extracted with eqher.> The ether“

extract was “dried over smhydrous Nazso4 and concentrated to.-‘

: - : |
a'yleld an 011 whlch crystalllzed under h1gh vacuum.v Thls‘
Sl T . -

i



.MeOH, 2% HOAc 1n CHC13) to g1ve 1n fracblons 9 tq\:B 0. 2565 g

oTLc: Rf 0. 38 in 2% MeOH, - 2% HOAG, 96% cHcly., !

-jpound;,,c,_66;04, H, 7.80; 9, 26.16.

188

Y

'-compound was recrystalfized from Skellysolve B:ether:l 1 to
. yield 1 8 g of the hydroxypyrone 6 The mother liquors were,

_gpurifled by fLash chromatography (30 mm d1ameter column, 2%-

of pyrone 6 (87% yield), mp 52 52. 5°C\

Y

'jFTIR{(CHC13; cast): - g9so, 2930, :2845, 2520 lbroad), '1690

(W), 1640, (w); 1570, 1540, 1500, 1350, 1310, 1285, 1250,

. 1140, 920»rbroad),hl 840 and 820 cml. .

Microanalysis. Calculated "C,.65{92, H, 7.72; O, 26.34.

b LY

s

e v , . R .8 ] . R o .
HREIMS: = m/z (formula, intensity, fragment) 182 (C,gHj403,

L33, M*), 164 (Clbuizoz, 2.‘Mfu20);‘154 tc9u1402,‘7,‘mch);‘

(c831302,» 10, M-c2u0),"139 (c7u7o3, 11, M—c3u7); 126
(C6H603, 100, M C4H8),_111 (C5H303, 72), 98 (C5H602, 44) and

J!.lu NMR (80 MHz, ©pCly): 8 10.9° (1H, bs), 6.1 (1H, s), 5.6

5(13,,5), 2.5 (2H, t), 1.7 (2H, bt), 1.4 (4H, m), 0.9 (3H,

. *

. R
S R o
. . S

";3—Hekanoyl—4fhydrOxy-G—méthyl#24pyroné'(39).

]
-

Triaoeticffacidl lactone (8. mmoles) was mixed ‘With'

hexanoyl chlorlde (11 mmoles) and trlfluotoacetlc acid (TEA,

H5 mL ). .Thls solution was heated to reflux for 12 h. The -



.
. . R E 4 ’ , "189
s : : . . ' .
M ‘ ' ‘ ' ) . k!
’ . . - . . s i .

reactlon mixture ‘was finally cooled to room tempehature and

dlluted with ethyl acetaﬂe beﬁore being extracted with

dlst111ed water. The organlc layer was ?9"" ﬂverganhydrous
Naéso4 ‘and concentrated to g1ve”vp.ﬁi v is
recrystalllzed from Skellysolve )
hydroxy-ﬁ-hethyl 2-pynone (39 67% y1e1d), mp 59 60°C.. =
TLC: RE 0.80 in 1% MeOH in’ CHCl3. | . | ' |
FTIR (cucl3' cast). 3080, 2940r.2860{‘174o 1720,v1655}‘
16-3?5,_,. 1615, 1560, 1455, 1350, 1250, 995, ‘855 and 705 cm~l, -
| dMicroanalysis. Ca10ulated“ C, 64.27; H, 7.197,0, 28u54{‘
Found: C, 64.14, H, 7. 18; o, 28.68. | '
‘HﬁEfMSf_ m/a (forhufa,‘intensity, fragment) 224 (C12H1604,
wl M ),_206 (C12H1403, 7, M HZO),1181 (093904, 52, M- c3H7),
168 (C8H804, 100, M- C4H8), 153 (C7H504,‘79, M- C5H12)
lH nMR (200 MHzZ, cnc13) s 1. 90_(18; s), 5.98 {1H, s),”
- 3,10 - (2H, t, J =. 7.5 Hz), 2. 30 (3H,As), y 70 (2H, t, J ; 7. 5 ;
Hz), 1. 40 (43, m) and 0. 93 (3H, vt). -
N C e C

;»3;ﬁexanoyl—4~hydrox§-6—netny1;5,6?dihydro-2—pyrone_(40).

-

)

g:' 3- Hexanoyl 4- hydroxy -6- methyl 2—pyrone - (39, o 1.33
,mmoles) wasﬁd}ssolved 1n*ethyl acetate (20 mL) “and mixed
"with 10% Pd~&\4100 mg) ' This m1xture was subjected to a
hydrogen pressure of 62 p51(1n a Parr hydrogenator for 72 h

at room temperature,J Flltratlon and 1n vacuo concentratlon

o
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f“' ’ p N

;3'offthe»réaction'mixture affofded a‘ma@erial which by‘flash

B i R
¢ 9T ‘i

o . b

1y NMR (400 MHz, CDCl3): & 4.55 (1H, ddg, J.='5, 10,

,chromatograph} (30 mm dlameter' column, l% MeOH in CHCl3)’

"+ gave pure 3 hexanoyl 4- hydroxy 6-methyl 5 6-dihydro- 2-pyrone.

(€0), 170 mg (57% y1eld), as colorless crystals {mp - 38-

¢

,40°C) 'i . . ’ i ‘ f

TLC: Rf 0. 43 1% MeOH in CHC13.
FTIR (cuc13, cast): 2960, 2930, 2850, 1720, 1560, 1460,

1260 and 1060 cm™1.

8 . . e

coupled to & 2.68, 1.48), 3.05 (2H, 2 x ddd,\J = 6.5, 9,
15;5 Hz, coupled to 6 ‘1.70), 1.68 (2H, 2 x dd4, J = 5, 17 Hi
and lO,_l? Hz, coupled to § 4. 55), 1.70 (2H,vm, coupled to ¢
3.05, 1;38), 1.48 (34, d, J = 6.5 Hz, coupled to & 4.55),/
1.38 (4H, m) and.0.92 (3H, vt, J = 7 Hz). . IR
Qynuhesis.of‘oéhydrolqohnelluloic acid (41).

4- Hydroxy 6-pentyl 2-pyr0ne lG, “1.38 . mmoles) was
dissolved in TFA (10 mL) and mixed with octanoyl c;lorlde5
(1.85 mmoles)  The reaotion mixturevwas heated~€o reflui\\
for 24 h'i The resultlng yellow solutlon was dlluted.to 100
mL'uith.etPor, and extracted with 10% NaHCO3 (2 x 200 mL),

washed with waterj. dried over .anhydrous Na2é04 and

. .concentrated to yield an oily residue. Flash chromatography

of this,/ré§idue ‘(20; mm diameter lcolumn{‘ Skellysolve

f . - l . : r{ S '; ﬂ;Lf//
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*Bichloroform:2:1) afforded the bure crysﬂalline ‘déhydrd_

lachnelluloic acid (0.4 g, 94%), mp 35-36°C,. € _
L : . AW “
TLC: Rf 0.6 in chloroform:Skellysolve B:2:1l. \J“\ﬁ"w‘ ,
FE . 0 _ : v N
" FTIR (CHCl3, cast): 3090 (w), 2960, 2930, 2830, 1725, 1635, !

1605, 1560, 1445, 1225, 990, 850 and 700 cm™1,
Microéanalysis. ‘Calculated: C, 76.66; H, 8.55; O, 20.89.
Found:*® C,. 69,96; H, 9.33; 0, 20.71.  -
ﬂﬁETMS: ‘m/z (formUla: intensity, fragment) 308 (C33H2604p
22, M¥), 290 (&1gH 603, 8, M-Hy0), 252 (CjzHyO4y 3, M-
C4H8),‘237 (ci3al7o§,‘54,’m-ésull), 224 (Cy,H 04, 100, M-
CgHia) 510 (C11H1304, 41;'M4C7H15y, 204 (C)4Hp,0, 31), 168
(CgHgOq 48), 153 (c7H504,10).= | N ‘
lH NMR (200 MHz, cnc13> § 16.87 (1H, s), 5.92 (1, s),
3,08 (2H, t, J = 7 Hz), 2:45(2H, t, J = 8 Hz), 1.67 (4H,

m), 1.35 (124, m), 0.91 (3H, vt) and 0.89 (3H, vt).
- [ i

Py .

-

Hydrogenation of dehydrolachnelluloic acid (41).

‘Dehydrola;hnelluloié écid*(b.78 mmoles) was dissolved

in ethyl‘acetate (20 mL) and'transfefred to a hydfogenation

,bottle containing 10% Pd-C catalyst (0 bS g). ‘This mixture
was pressurlzed to 60 pSl of hydrogen in a Parr hydrogenator

for 24 h.aﬂILC of the reaction mixture showed the presencé

of a product. different than lachnelluloic acid. " This

compound was recrysﬁallized .from.iéther to afford the B--

o

ketolactone 42 in quantitative yield.
I . ’ ’ ¢ '
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TLC: Rf‘0.2'ch16rof3§m38kellysolvé BtHOAéiZ!izTrgEe.
FTIR (CHCl3, cast): 2960, 2930,2865, 1610, 1384, “izsp.;,.
1120, 1040 and 740 cmklf\ o )
'1H NMR (200 MHz, cnc13) \ § 4.68 (IH, .m, coupled to 6 2,73
and § 2.42), 3?41 (IH, t,\J = 7 Hz: coupled with 6 1. 92,
exChangeable wiéh Dzo)h‘2.7§\(lH;.dd, J =3, 18 Hz, coupled
to & 4.68 and 6 2.42), 2.42° (14, dAd, J = 12.0, 18.0 Hz,
coupled to 6§ 4.68 and & 2.73)X\1.92 (2H, bt, ¢6upled to §°
3.41 and § 1.3), 1.3 (16H,.m) and 0.90 (6H, vt). |
A\

\
\ .

<:::,Hy'drogenatién‘of natural 1achﬁelluﬁkic acid (1)

Lachnellu}oié.acid (1, 3.1 mg) Qas‘Qixéd?with 5% Pd;C
’(1 mg) and ethyl acetate (10-mL).‘tThé nixture ;;s shaken .at
60 psi of hydrogen for 24 H{ The reaction;inixthe was
filtered and concenérated to give a wh1te solld whlch was .
purified by preparatlve TLC (20 x 20 cm, 0.35 mm thlckness,b
CHC1 \"tp afford pure 8-k tolactone 42 (3 mg, 100% y1eld)
TLC: Rf o 2 CHC13.Ske11ysolve B: HOAc 2:1:trace.
1y nmr (206’Muz,,coc13>. 5 470 (14, m), 3.44 (1, £), 2.75
,(1H,_ddf, 2;4Q (1H, dd), 1.93~(2H, m), 1.80 (ZHh;m)l 1.62
(24, m), 1.3 (16 to 1§;H, bs), 0.93 (3H, vt) and 0,90 (34,
vt).;' : _» ' ﬂ' ,.' ' | . ;

13¢c NMR (50 MHz, CDCl3): & 201.05 (1.7), 169,07  (1.0),
73.81 (3.1), 56.49 (2.0), 43.42 (2.5), 34.23 (2.9), 31.60
13 208 s AR
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(2.3), 731,18 (2.3), 29.44 (2.7), 29.08 (3.6), 29.00 (2.6),
27,02 (2.2), 24,17 (3.0), 22.90 (2.7), 22,40 (3.1), 22.20
(2. 6), 13.82 (2.8) and 13.67 (3.4).. | |
HREIMS: -m/z 294 (C)gH3203). =

Hydrogenatioﬁ o£ dehydroacetic acid (9)

Dehydroacetic acid (6 mmoles)' was mixed with 108 Pd-C
catalyst (0.1 g) in a hydrogenation bottle, Ethyl acetate
(20 mL) was added to the, mixture and the; flaskv was
ptessurized to 60 psi of hydiogen for 24 ﬁ at room
_-temperatufe.. Filtration and concentration of ﬁhe réactién
. mixture afforded: a yellow solid which was recrystallizedf
’from Skellysolve B:acetone to g1ve white crystals of the B~
ketolactone 43 in quahtltatlve y;eld, mp 138—139°C, which
gives a negative ferric chloride test. |
TLC: Rf 0.3 in Skellysolve B:CHC1l3:HOAc:30:70:1.

UV (MeOH): Anay 248 (¢ 8130) nm. N

FTIR (film): 2960, 2930, 2860, 2540 (broad), 1603, 1385,
1270, 1120, 900 cm"l.' - o

IR (CHCly): 1760 and 1720 cm -1,

-fMicrOana}ysis. CaICUlatedz - C, 6&.52; H, 7.74; O, 30.74.
Found: C, 60.12; H, 7.56; O, 32.32.

HREiMS: m/i (formulé, intensity, fragment). 156 (C851203'
8, M*), 128 (CgHgO3, 53, M-=CpHy), 87 (C4H702, 9, M- c4uso),

87 (C3H3O3, 11,. M- (.51']9) and 55 (C3H30, 100, M C5H902)
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p X . . '
ln NMR (200 wHE, CDCly)s & 4i80 (1M, ddq, J = 3, 12, 6 Hz,
’ ‘cuuvl.q to & 2. 69, 2.34 and 1.“)0 3.32 ‘,1“, t.a - 5,5 “i‘

coupleq t0 & 1.9, slowly exchanged by D,0),.1.69 (14, 'dd, J

= 3, 1y Hz, coupled to 6 4.80, 2.34), 2.34 (1H, dd, J = 12,

19 Hz, coupled to & 4.80, 2.69), 1.90 (2H, m, coupled to &-

3,32, (.95), 1.44 (3H,'d, J = 6 Hz, coupled to & 4.80), 0.96

(3H' t. J, - 7:5 Hz COupled tb 6 1090)0
Hydrogepation Of triacetic acid lactone (3).
ftiacetic acid lactone (17.4 mmoles) was mixed with 5%

Pd-C (0,2 g9) in ethyl acetate (100 mL).- The mixture was

hydroggnafed at 70 psi for 48 h at room temperature. The

. reactiqgn Mixture was filtered and concentrated to 'give a

white solidg which‘ was = -recrystallized " from

‘aqetonegskellysolve B to afford pure B8-ketolactone 44 in

1008 yield, mp 111-113°C (FeClj test negative).

TLC: g 0-30 1% MeOH, 1% HOAc in CHClj,

V (MeoH)® imax 242 (¢ 6390) nm. ‘
FTIR (gbr): 3000 (broad), 2700, 1675, 1580, 1380, 1280,

1240, 1050 and 820 cml.

'Microapsglysis. Calculated: C, 56.25; H, 6.29; O, 37.46.

Found: C, S56.27; H, 6.41; 0, 37.32.

" HREIMS, m/2 (formula, intensity, fragment) 128 (CgHgO3, 38,

M*), 115 (Qsﬂsoj, 3, M-CH3), 87 (C3H303, 2, M-C,H40), 84

S
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(C.‘ 4y H-C;!!‘O),' 59 (c4u5u. ) 100, H-CzH;Oz) und ﬂ

Iy R (200 na:. CDCl4)s & 4,78 (1u; auq. 3= 3, 1, 65
Hz), 3 55 (I, g, J = IQ.K;, oxahungcqblo by 0301, 3.40 LN
d, J = 18 n:. txchtng&ﬁblo by Dza). 2.70 (lH, dd, J =™ 3. 18
Hz), 2.43 (IH, 'dd, J & ix. 18 Hz) and 1.50 (3H, d, 3 = 6.5 _5

Hz').

'Hydrogenﬁtion of dohydroacetig';éiq. ' h R
T v

This series of experiments were carried out ;‘uisfng
dghyd‘roacetic acid (9, 1.0 g¢g c;r 6 nl'nolas). catfalyst (0.1 g)
and solvent (20 mL). The amount of moderator used was 5
drops or none at all. The reacti"on m:ixture was then
pyreésurized ?n é Parr hydrogenétor to the desired
pressure.. The {:hction, conditions were varied as shown in
Table I o ’The reaﬂction mixtures were filtratred to

eliminate the catalyst and concentrated in_vacuo to

dryness. The relative ratios of  products was determined

L\ ;
.

directly in the crude redction mixture by IH NMR
_spectroscopy, using characteristaic ‘signals for éach of the
three compounds involved; dehydroacetic acid (9) (AlH-NMR 8
16,71 (1lH, s), 5.92° (lH, bg), 2.68 (3H, s) ahd 2,27 (3H,
bd)), dihydrodehydroacetic acid (15) (lH NMR & 17.9 (1H, s),

4.65 (1B, ddq), 2.70 (2H, d), R.68 (3H, s) and 1.50 (3H, d))




196
and'the B ketolactone 43 (1H NMR s 4. 80 (lH, ddq), 3 32 (lH,h‘

) 2 69 (lH, dd), 2 34 (1H, dd), l 90 (2H m), 1,44/43H, d)_.
and 0.96 (38, £)). B T

-

'g/H’drogenationwr- of .. dehydrolachnellu101c acid . (41) = with ’
kpyrldlne as- moderator.,z A | |
| 4‘ TN
‘ Dehydrolachnellu101c ,ac1d (Sifmg) was mixed with 10%
Pd- C (l mg) 1n benzene (LO mL) 1n a hydrogenatlon bottle."

0

'QtThe' mlxture was pressurlzed to 60 p51 w1th hydrogen and3

/shakeniat room temperature for 6 h. TLC ana1y51s of the"
':reactlon’mlxture Showed the presence of startlng materlal
: a

(41) plus unde51red 8 ketolactone 42 but lachnellu101c ac1dv"

*ﬂfwasf absent'4 from the reactlon xnlxture.”_ When the hydrogenv
*‘Jpressure wﬂs 1owered o 10 pS1 the reactlon was slower (12_'

»

'.'h), but the results were the same.;

’_Hydrogenatlonﬂ of 4- hydroxy -6- pentyl -2- pyrone (6)

}h_a 4- Hydroxy 6- pentyl 2- pyrone (6,'1.37 ﬁﬁoles) was miredr‘
'With 5% Pd C '(30 mg ) and _ethyl acetate (20 mL) in éh
»_hydrogenatlon bottle,, The reactlon flask was connected to“'
ﬁthe'aParr hydrogenator. and pressurlzed/ to 70 ps; wlthfd
h}drogengu Under ‘these condltlons, thehreactionwﬁixture’wee

.shaken for 24 h at ' room temperature. Filtration .and .



‘concentratlon of the reactlon mlxture to dryness afforded
4—oxo 6—penty1 3 4,5, 6- tetrahydro 2- pyrone '(47)w ~in 100%'

_yleld as a whlte sol1d (mp 64 65°C)

. TLC: RE 0. 3318 MeOH in’ CHC13. L

FTIR (cac13, cast)._ 3100, 2960,‘2925, 2860, 2570;‘1700.}w),,5=
v,1595 1390, 1290, 1040, 885 and 830 emtl, 1 B |
HREIMSL m/z (formula, 1nten51ty, fragment) 184‘ké1051663?»
5, m* ),'166 (C10H1402, 4, M- HZO),v129 (c65903,,_',dn—C4H7);
125 (C8H13O, 29, M- C2H302), 115 (c5H7o3,ﬁ”7, ~c5H9), i13‘
(CgHg03, 100, M- C5H11), 111 (c7H100, 19, ‘—c4ngo).- ; "
""1H_NMRe(4oo,MH;,‘cpc13). 5 4.62 (lH, dddd; 3 -3, 5;”é;112»»3
Hz, coupled to 6 2.70, 2;47) 1. 82; 1-71» 3,56 (1H, & jféf

19 Hz, coupled to & 3. 41), 3.41 (lH, d,; a= 19 Hz, coupled

';fto § 3 56), 2.70 (1H,3dd,_d - 3, 13;Hz,jcoup1ed to & 4, 62,T*
2. 47), 2.47' (1H, dd, g =d*1é,:fi§:vai;' coupled to. § 4.62 .

'2.70)} 1*82'(1H, dddd, 3= s, 3;“9, 14, Hz,’coupled to 8

462, L. 71,'1;56; 1.46 ),1.71 (1K, dddd, J = 5, 5, 11, 18 Hz,

coupled to 6 4 62, 1.82, 1.56, 1.46), 1(56 (14, m), 1.46

(1H, m), 1.36 (4H,,m) and 0.92 (3H, vt).

O-Acylation of '4-oxo—64penty1—3)4;5;64tetrahydro%ZQPYrone'.

(47,

B Ketolactone 47%(0 71 mmoles) was dlssolved 1n benzene

'(2 mL) conta1n1ng DBU4(0 73 mmoles) and octanoyl chlorlde,a



| - | ‘r S | ‘i‘. . .H. = 711193
-?t*OfC.‘ Thls mlxture was constantly stlrred 1n ‘an 1ce-water‘
-?bathf for d3 rh;- ‘QThe ‘reactlon 'mlxture was.‘ reated with -
/l dlst1lled water (2@ mL) and extracted Wlth bezene (2 x 10
'mL) : The comblned benzene extracts were washed w1th 5% HCl
(1. x 20 mL) and brlne.f-The benzenexsolutlon‘was then dr1ed
‘-ﬁljover anhydrous Na2504 and concentrated to gLve an 011 whlch'
was shown to be a. 51ngle compound (TLC),‘the enol ester 48‘.'
(91% yleld) o | . | | |
: TLC; Rf 0 8 in Skellysolve B EtOAc 4:1 #‘d‘
S NMR (200 MHz, CDC13)~1»6'S;82 eln,-leLA:éongru;'m), 2.40

(2H, m) .
Lachnelluloic Acid (1)

6 Pentyl 4-OXyoactanoyl 5 6 dlhydro 2—pyrone (46, 0.65
mmoles) was dlssolved in dry tolueneNTB mL) and mlxed w1th"k
DMAP (catalytlcgamount) ' The resultlng solutlon was heated{

4'_to refluxnfor 5:h}'eThe reactlon mlxture was flnally workedv
P 9. . o

’up‘vhy addlng water and extractlng w1th toluehe«‘:: Thefl"

' comblned toluene extracts were washed w1th 5% HCl and brlne,
and after drylng over anhydrous Na2504 and’ concentratlng, an
01ly\'re51due was, Obtalned. ; Flash c;Lomatography of thlS
res1due (20 am. dlameter column, Skellysolve B: EtOAc 95 5 1%S¥

‘afforded, 1n fractlon 7 to ll,.pure synthet1c_lachnellulolc

“;acld‘(lSO QQ' 75%.y}eld)g
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TLC: RE 0.8 Skellysolve B:EtOAc:HOAC:BOg0:1. - )
. FTIR: 2960, 2925, 2860, 1708, 1695, 1560, 1465 and 1070 -
"".cm'l-.' o |

UV (MeOH): * Apg, 222 (e 2685), 274 (e 5131), nm. |
Microanalysis. calcﬂlated:k’cﬂ 69.64; H, 9.79; 0, 20.62,

Found: C, 69.72; H, 9.82; O, 20.46.

| MREIMS: m/z (formula, intensity, fragnent). 310 (CigHy0gr
. ‘33f»M+)'f292“(cieﬂésoj.’6.3, MiHL0) 239’(ci3ulgogl‘loo,'M,%
K i)’ é26(Ci2ﬁ13°4';4?'~M'Chﬂié’n'?Z;;(Ci3Hi793:455) M-, |
C3H)30), 155 (04, 17, M=CpyHps) and 139 (CgHsog, 10, M-
C13“25)?'  - ; ‘  | S  ?_. . ~ - o
1 NMR (ZOO.MhZ; CDCl35:'i6'16.8 (1H, é?fl4'55 (1H, m), 3.02

(éH, m), 2{61 (23, 2 X dd);fi;s (iﬂ,‘m),;i;63 (33: m), 1.31
(12H, pm), 0.90 (6H,°3 x v&). . Yoo

LA
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