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ABSTRACT
- Studies on the metebolxtee of forest dxeeaee fungi are

presented in this’ thesxs.

The fungus Armxller1a mellea (vahl ex. Fr.) Kummef is

reeégnsible'for severé losses in timber and fruit
production. The first part of this thesis describes the
isolation and structurai e;ucidation of'some of the
metaboliles produced vhen certain strains of ;his fungus are
grown in liQufd culture, The’metabolites‘havekbeen
identiﬂ‘ed as diterpenoid acids possessing the abietane (30)
aea pimarane (33) skeletons. These compounds, known
collectively as rlE\h~ac1ds, have not been reported
'prevxously grom a fungal source. The resin acids obtained
include dehydroabietic acid (gl); pimaric acid (34),
isopitharic acid (36), sandaracopimaric acid (38),
levopimaric acid endo-peroxide (ig),d7—oxoaehydroabietic
‘acid (43), and-7-oxo-15hydroxydehyd;oabietic acid (1§)ﬂ on
one occasion three orange pigments, austocystin F (3§5;
averufin (48), and averufanin (50), all previouely knowr
fungal metabolites, were isolated:

Blue st;in disease of conifers currently causes the ¥
death of about 40 miif;on'trees annually in Western Canada.
The comPlex of fungiiwhich ceese‘the disease belong to the

.genus Ceratq:ystis. The blue’staining of the sapwood of

infected trees appears to be due to the iron chelates of

metabolites produced by the fungi involved. whe second part

of this thesis describes ‘the synthe51s of the catechol type -

N

»



analogues’ (12-15) of the resorcinol-type Ceratocytis .
metabolites 6-9. Each of the enantiomers of Ié was prepared
lcparately in order to prove the absolute cont:guratxon of
‘the natungaafroduct 7- hydroxymellexn (18) The catechol

moiety in structures 12-15 and 18 make them

ial

iron-bjnding compounds.
; X
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1.  INTRODUCTION -

The'fungus.Armill{ria mellea (Vahl ex. Fr.) Kummer, also

known as shoe string rootirot (the fruiting body is the
"honey mushroom"), is a vigorous pathogen of many
commercially important rtypes of trees1. Larch, cedar,
willow, walnut, and applq/trees are all ve}y éusceptible to -
attack by this fungu;. Fir, oak, and birch, although
frequently attacked, show fewer ad;érse effects. The fungus
invadet the healthy gree ilg the roots. Sheets of white
mycelium dévelop just beneath the outer bark as the funqus
spreads. The mycelium may completely girdle small trees and
shrubs. .This girdling, combined with extensive damage to
the réot system, deprives the leaves of water, and the tree
wilts and dies"z.

Because of our interest in forest'disease fungi, we
undertook to investigate metabolites of A. mellea as part of
a collaborative reﬁearch project with scientists at the

Northern Forest Research Centre (Edmonton, Alberta). Our

intek%s; was further stimulated by the fact that several
‘metabolites of A. mellea, which showed antifungal and
antibiotic activity, &ere reported by Oduro3'4.

Previous chemjcal studies on A. mellea were not

) .
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extensive. Ergosterol (1) and unsaturated analogues of

- -
M .
'b
' Wv
-~ ' o
ergosterol were detected in the acetone extracts of the

5 Water-soluble polysaccharides were ‘

fruiting bodies \\\\




v i

obtained from the fruiting bodie36 and the mycelium7w

Ry

However, during the tenure of our study, other examinatioqs
of the metabolites of A. mellea were published. These -
reported orsellinate sesqﬁiterpenoids of the protoilludanee
" skeletor, including armillol (g)g, a neoilludol ‘
derivativelo, and melleolide (3)11. krmillol, which shows
antibiotic activity, was isolated from mycelial éxtracts, |,
while ext;action of liquid cultures afforded melleolide,
which exhibits antibacterial and antifungal activity.

} The first part of this thesis describes the isolation

and structural elucidation of some metabolites afforded by

three strains (NFRC-621, 624, and 631) of A, mellea,

|



X
i;digenous to vestern Canada, when they\xre grown in liquid
culture. It is"anticipatcd that the resu;ts obtained may
contribute to the advancemem of basic knowledge concerning
this forest pathogen and perhaps aid in th% development of a
long-term solution to this problem.

A complex of fungx helongxng to the genus
Ceratocystis éauses a disease of conifgrs known as blue

sta1n13, a designation arising from the fact that the

sapwood of the af£l1cted trees is stained a pronounced blue

colour. The d1sease is currently responsible f@: ‘the deaths

14 AS

of about 40 million trees annually in western Canada:
the blue stain fungi spread throughout and graflually &

encircle the sapwood of the gfee, the structure above the
infected area becomés deprived of water. As a result, the

tree rapidly wilts and 3ies’5'16. Recently it has been

reporced16'?7 that as the“ﬁﬁhg.stain develops in the
sapwood, the transpiration system of the infected tree
becomes restricted to the inner portions of sapwood and
eventually transpiration fails completely. Since the onset
of water deprivétion may coincide with the appearance of the
blue coloJr, the fungal metabolites which may be responsible
for the stainijg effect are of particular interest. A study
conducted in tHis lab?;atory on the various fungi thoﬁght ﬁo
be involved in the Qiéease has resulted in the isolation of

)18 and thezgovel natural

2,3-dihydroxybenzoic acid (4
product ceratenolone (§)19 from C. huntii and C. minor,

respectively. 2,3-Dihydroxybenzoic acid (4) is a known

X
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irog-chelating'agentzo and it gives a bright blue colour in
the presence of ferric chloride. Feratenolone (5) also
possesses the structural characteristics required for iron
complexation and has been showﬁ to form an iron chelate very

readily. Thug‘it appears likely that the blue staining of
: N ¥

-

OH
HO COOH

the wood is attributable to the iron chelates of these two
compounds and perhaps other, not yet isolated metabolites of
‘the blue stain fungi.

‘ Microbial metabolites which function as iron transpor:
agents are éalled siderophore521. Almost invariably these
cbmpounds incorporate ortho-acyl-substituted catechols (such

as 4) or hydroxamic acids as the structural features which

serve as ligands to coordinate the metal ion. Ceratocystis

species produce a series of structurally similar isocoumarin



e

metabolites, including 6 (C. minorzz).

7
. 24 .18 : 22 .
fimbriata“", C. ips "), 8 (C. minor®™®, C. wlmi®"), 9 (C.

minor23,'g; 12518), 10 (c. minor??, C. ulmizs), and 11 (C.

ulmizs)f

OH O OH 0

8 X=H YsOH ® Xe=H YsOH
14 X=OH Y=H 15 X=OH Y=H’
OH 00  OH O
X<
0
Y OH
0
| 10 X=H Y=OH 11 RX=H YeOH
16 X=OH Y=H 17 X=OH Y=H

These compounds would exhibit the ortho-acyl-

substituted catechol moiety, thus endowing them with



arrangement of gqf tvo phenols. 1In light of ;heﬁn :

production of iron-chelating combounds by blue
: -
Ceratocystis species has been established, it pccreed to us

LN

metabolites. We decided to synthesise tH¥

compounds 12-17, so that their relative iron-binding
capacities could be measured and their possible role in tree

mortality and symptom expression studied in i vivo

bioassays. No synthetic efforts towards compounds 12-17
have appeared. Also, having authentic samples-of 12-17 in
hand would very much simplify the detection of these
compounds in cruyde extracts of the blue stain fungi.

The propogal to pr;pare 12-17 found additional

justification in that the levorotary enantiomer of 12,

.

OH 0 OH ©
HO o
l,” '
8 "cH,
10 19

(R)-(-)-7-hydroxymellein (18), already has been isolated as
R F1 S

26

a natural product (although not from a Ceratocystis

species)., The R configuration has been assigned to the

naturally occurring compound, however we felt it desirable



to determine unequivocally the absolute configuration by
synthesis of chiral 18. The fact that no synthesis of the
natural product 18 has been reported provided added

incentive for its preparation.

Scheme | Snieckus' synthesis of mellein (19)

OMe I g Buli

T
CON(E?), ."fe°-‘é coms», ee
2 MqBr °OE'

3. Br CH-‘,CH °§,H

20 21 . ' 19

In planning a'synthetic approach to 12-18, we examined
previous preparation526'31 of mellein (19), the 7-dehydroxy
analogue of 18. We required a method which would permit
c}eation of the proper level of oxidation in the lactone
ring of each target compound. The methodology of Spieckus
(Scheme 1)31, who prepared mellein via addition of a
three-carbon unit to an appropriately substituted aromatic
nucleus 20, was deemed most relevant to the synthetic
problem. Clearly, 12 could be synihesised in analogous
faghion by employing an aromatic ring having an additional
methoxy substituent. Manipulation of fun?ionality in a
three-carbon side chain (21) should allow achievement of the
requisite oxidation level for each bf}lg—ll. Since

\
keto-lactol 11 has been converted into hydroxy~-lactol

32,33

10° » Synthesis of 17 would also provide access to 16 by



an analogous transformation. - ~
. ‘ o

Scheme 2 Regon's asymmetric synthesis of (28)

OMe ’
COOE? H ‘\M' n o
~“~/(CH,)3 Owme 2501
Me Ph H
22 23
- - i OMe 1
P , COOE!
>\ ~(CH,) OMe | == @ SRR
Ph” N 3 |
) . e . ,
- -
24 T o2s
OMe O
(o) recrystallisotion
0 — 26 T8%ee
"ll'Me
H

26 49% ee

In order to synthesise 18, the introduction of an

" element of chirality would be necessary. Regan (Scheme 2)34
employed an ortho-toluate carbanion (25), generated by a
chiral base (24), in the asymmetric synthesis of mellein
methyl ether (26). However, this methodology requires the

use of a chiral shift reagent to determine (by "H nmr) which

—
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enant fomer ofitho prdduct is formed, and the degree of
enantiomeric purity is not exceptionally h&qh.

;h preparing mellein (19), Narasimhan (Scheme 3)2’
appended a th;c;tc;rbon unit, in the form of propylene
oxide, to an aromatic nucleus (27), Since propylene oxide
is commercially availiple in chiral iorm, ve proposed to use
it in Snieckus' sequence (vide supra) to introduce the
chiral centre needed for the syhthesis of 18. The second

part of this thesis details these synthetic studies.

Scheme 3 Narasimhan's synthesis of mellein (19)

. 8

. OMe OMe
CONHKMe ! .nBuL' CONHMe NoON
Q
& : 2 HCI »
OH
21 28
. OH O
20 19



2. METABOLITES OF ARMILLARIA MEL
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2.1 DISCUSSION AND RESULTS : o

*

Liqu}d}dﬁﬂ%gres ef Armillaria mellea}'strains NFRC;621, 624,
vand 351, were grown on either 10% (v/v) ciarified V-8 juice
centaining 1% (w/v) glucose or on potato dextrose broth.
After a growth period of between 34 and 92 days, the
mycelial mat was removed by fiMtration. The culture bfoth
was tgen’extracted with chloroform (the same solvent used by'
‘0duro>). The mycelihm was separately subjected to Soxhlet,

extraction with chlorofdrm or methanol.

The crude broth extract of strain NFRC-621 was examirned

-

by thinm layer chromatography (tlc).' Oduro's solvent system

(hexane-ethyl acetate-methanol, 80:20:1) was employed, but
the tlc obtained differed from that reported3. The tlc
appeared to reveal one major (least polar) component and
several minor components. All of these absorbed ultEaviolet
(uv).QAght (254 nm). The same components were indicated bv
tlc of the crude chloroform extracts of strains NFRC-624 and
631.

Seﬁaration of the.crude metabolites into neutral and
acidic components was Sttempped'by extraction with 10% (w/v)

&

sodium bicarbonate. However, the neutral and acidic

N

fractions isolated were very similar by tlc.
‘A ferrig chloride test for phenols in the crude extract

was negative,

'All references to tlc beq§¥gour of Armillaria mellea
metabolites shall imply sitica gel as the adsorbent and 10%
or 30% (v/v) sulphuric acid solution followed by charring as
the visualisation method.

A
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Sephadex chromatography did not separate the components
LR A '
of the crude extract. o)

35 provided a satisfactory method

Flash chromatogr;ph}
of sepa:;ting the major, non-polar materigl froﬁ the mixture
of crude metabqlites. High resélﬁtion mass spectroscopy
(hrms) indicated that this material vas composed of a:

mixture Pf compounds possessing molecular formula CZOH 0

3072
(m/z 302, 94% intensity) and CooHo g0, (m/z 300, 57%).
Molecular weights of 302 and 300 w. -e confirmed by chemical
ionisation mass spectroscopy (cims). Thus peaks were

observed at m/z 320 (3C2+18), 318 (300%18), and 303 (:

. The infrared (ir) spectrum of the mixture showed broad Oh

absorption (3300-2400 cm-1) and strong carbonyl absorption
(1692 cm-1)_indicative of carboxylic acids. The 'H nuclear
magnetic resonance (nmr) spectrum contained five peaks
between 60,85 and 61.25,‘suggesting the esence of methyl
groups. Signals for both olefinic and aro‘atic protons were
also observed. Esterification with diazomethane converted
the components of the mixture to the «corresponding methyl
esters (the ir spectrum revealed no OH absorption, while the

"). The cims gave .

carbonyl band was shifted to 1720 cm~
peaks at m/z 334 (316+18) and 317 (316+1) corresponding to
mefhylation of the C20H3OO2 compound(s) and m/z 332 (314+18)

resulting from formation of ‘the methyl ester of the CZOHZBOZ
N\ @

component (s). The 1H nmr spectrum of the mixture of esters
was almost identical with that of the acids except for the

appearance of methyl singlets at 8§3.63, 3.66, and 3.67.

&

1
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Mixtures of carboxylic acids are often transformed into the
corresponding methyl esters in order to facilitate
separation by coqventional silica gel or alumina
chromatography.‘ However, tlc analysis of the mixture of
esters _obtained indicated that they were no more.readily
separable than the pérent acids.

Hydrogenation (HZ' 10%¥ Pd/C) of the mixture of acids
resulted in the uptake, of four‘atoms of hydrogen by the
. CooH300, component(s) but left the C,0H280, compound (s)
unchanged. This result sMas indicated by cims, which gave
peaks of m/z 324 (306+18) and 318 (300+18).

.-Separation of the mixture of‘acids was attempted by
fractiobal crystallisation from 95% ethanol. After three
;ecrystallisatiops fine, white crystals were obtained.
However, hrms showed (m/z 302, 100% and 300, 31%) that the ..
components of the'mixture vere co-crytallising.,

Extensive efforts were made to separate the acids by
high‘pressure liguid chromatography (hplc) but these were

also unsuccessful.

Silica gel impfegnated with silver nitrate Has been
used in ;Be chromatographic separation of oletf;{c

compo 536. It was discovered that the mixture of acids,
wvhich appears as a single spot by ordinary silica gel tlc,
could be resolved into two spotsbby adsorption of gilver

nitrate onto the silica gel (Scheme 4). A partial
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purification of these two spots was achieved by flash

Scheme 4  Separation of acids intc two spots(tic)

LY
St:olve B-ethyl acetate —acetic_acid, 75:25:(, Ix

e - _
® 1 _——ordinary silica gel .
-
® e 4 ——silver nitrate —impregnoted
' silica gel

4

éhromatogfaphy using sil}ca”gel’impregnated with 5% (w/w)
silver nitrate. From th;;1H nmr spectrum of the upper (less
polar) material, it was evidentfthat this spot was comprised
of the aromatic constituent(s) of the mixture. Likewise a
sample of the more polar spot displayed olefinic (but no
arbmatic) protons by "H nmr. The oi.’inic ggids were
confirmed as the C20H3002 components of the mixture by ms
(m/z 302, 100%). |
It was discovered that the mixture of acids appeared as

three distinct spots by tlc when the following solvent
bsystem was used: chloroform-ethyl acetate-acetic acid,

97:2:1, 3x (Scheme 5). By employing this solvent system and

Scheme 5 Sepord?ion of o"g'ds into three spots(tic)

chloroform — ethyl acetate — acetic acid, 97:2:1, 3x
+4——silver nitrate — impregnated
o) © silico gel O
: ' X

ms, it was shown that the same mixture of carboxylic acids

was present in the crude broth extracts of strains NFRC-624
7 ) :

e.
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and 631, thus indicating a chemical similarity between the
three strains. _Strain NFRC-631 also gave rise to a

not observed by tlc in the other two strains

(vide infta). -
avity column containing silica gel impregnated with
gilver nitrate (17% C/w)xyas used successfully to separate

the three components representing the mixture of acidg, The

lsasf polar mater?al,' previously sho;n to be aromatic,_
préb?d to be a single c;mpound. It was demonstrated to be
the C20H2802 compénent of the mixture by ms. InépeCtion of
the 1H nmr spectrum (Figure 1) reveals that the'Conzeoz
component contains a 1,2,4-trisubstituted benzenoid nucleus
and that one of the substituents is an isopropyl group.

Thus the three aromatic protons (66.87, 6.98, 7.14) posseds
ortho (J=8 Hz), ortho and meta (J=8, 1.75 Hz), and meta (J=
1.75 Hz) couplings respectively. - Three beniylic protons are
evident, two as a ﬁultiplet centred at §2.90, and an
isopropyl methine appearing at 52.82 (septet, J=7 Hz). The
ir spectrum shows absorptions for ‘a carboxylic acid at
3200-2400 cm” '(OH) and 1692 cm” '(C=0). The fragmentation
pattern of the mass spectrum is indicative of an_agbietane
skeleton gge (as judged by comparison with mass spectra of
other compounds which possess the abiet;ne framework).
Comparison (tlc, Y nmr, and ir) with an authentic sample
showed that this component is dehydroabietic acid (31). The
optical rotation |

'However, on ordinary silica gel 31 is the most polar of the
mixture of acids; see Experimental section.
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o
([a]D +54°) confirmed the absoiute configuration37. In
order to demonstrate the presence of dehydroabietic acid
(31) in the crude extract of strain NFRC-621, the "W nor
spectrum of the crude extract was obtained, then 31 was
addgg to the sample and the spectrum was rerun. No new
siéﬁg}g appeared, while those corrﬁsponding to 31 increased

in intensity.

_ The spots having Ry 0.65 and 0.52 (Scheme 5) also
eluted separately from the gravity column og silver
nitrate-impregnated silica gel. These isomeric compounds
comprised the olefinic (CZOHBOQZ) portion of the original
mixture of acids (vide supra). This was confirmed by Hrms
(m/z 302, 49% and 302, 100% respectively). From the 'H nhr
spectra (Figures 2 and 3) it was apparent that the compbnent
of R, 0.65 was a‘;ingle compound (34), while the more polar
material was an inseparable mixture. of two compounds (36 and

(38). The "H nmr spectra of all three components show an

AMN splitting pattern in the region §4.8-5.9 characteristic
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of a vinyl group. This suggested that compounds 34, 36, and

38 possess the pimarane skeleton gge, which is closely

related biosynthetically3® to the abietane skeleton 30. The
presence of an additional olefinic proton (see Table 1)
indicated that each of the three components bcssesées a

trisubstituted (nuclear) carbon-carbon double bond.

Table | 'H nmr data of olefinic protons, 34,36, 38
Compound Proton & multiplicity J (Hz)
34 Ha 572 dd 17.5, 10.5
Hg 4.96 dd - 10.5, 2
He 4.9 dd 17.5, 2
Hnucrear 5185 bs R
36 Ha 5.81 dd 17.5, 10.5
Hg 4.87 dd 105,. 1.5
H.  4.93 dd 17.5, 1.5
 Huouereor  5.33 bd 5
8 Ha  5.78 dd 17.5, 10.5
Fg 4.89 dd 10.5, 1.5
He  4.91 dd 17.5, 1.5
Hhnucleor 5.22 bs -

The equatorial disposition of the carboxyl group in the
three compounds was confirmed -° by the C-O stretch (1244
cm_l) in the ir spectra of the corresponding methyl esters
(formed by treatmeﬁt of the acids with diazomethane). It

40

has been observed that the ir frequency of the

out-of-plane C-H bend of the vinyl group in pimarane-type



L2

v

(S¢) proe otraewtrdooexepues

° . pue Ammv proe Jdtaruwrdost jo Amaomov wniyo3ds Jwu IF ZHW 00y °*¢ 9andtyg
. v ~44 T q - I 4— v <<~ g - <<<— v v 4— v T -
) ﬁ . y [
\ -
. \\¥ .




22

structures is particularly diagnostic with respect to the

relative stereochemistry of the vinyl and methyl groups

w
o of )
Poggy
z=
.I

COOR
33 »
- 34 ReH
35 R=Me
‘-,
o \\\\ ‘\\\\
- ’ )
% ;",,H |
COOR - COOR
36 Re=H 38 ReH
37 R =Me 39 R=Me

attached to C-13. Thus a 914 cm—1 absorption in the ir
spectrum of the methyl ester g§ indicates a B-vinyl
substituent group whiie the mixture of the methyl esters 37
and 39 shows absorption at 909 cm-1, suggestﬁng an a-vinyl
substituent. These data led to the assignment of the three

isomers as pimaric (34), isopimaric (36), and
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sand;ggyopimaric (38) acids respectively. 1Identification
vas confirmed'by comparison (tlc, 1H nmr) with authentic
samples. The 1H nmr signals of the major component in the
mixture of 36 and 38 are superimposable with those of
isopimaric acid (36), while the signals cérresponding to the
minor cempound are in excellent agreement with those of
sandaracopimaric acid (38).

Separation of the methyi esters of resin acids over
n;utral alﬁmina impregnated with silver nitrate has been
reported?’. Thus the mixture 31, 34, 36, and 38 vas
esterified with diazomethane. Chromatogaphy using a gravity
column employing‘neutral alumina containing 17% (w/w)
adsorbed silver nitrate was performed on the esters. The
eSters 32 and 35 eluted in mixed fractions, however the
latter fractions afforded a mixture (one spot by tlec using
silve itrate impregnated silica gel) of the esters 37 and
38.

Additional metébolites were isolated from the more
polar fractions of the crude broth extracts. One of these,
compound 40, appeared as a major component of the broth
extract from strain NFRC-631 but was not present inWthe

broth extracts of the other two strains. Compound 40

contains a carboxy function which can be methylated i

\
(diazomethane) to give 41, resulting in a shift of the

carbonyl frequency in the ir spectrum from 1692 cm.1 to 1720

en” . In the 'H nmr spectrum of 40 (Figure 4), a septet a:

62.50 (J=7 Hz) again suggests an isopropyl group and thus
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the abietane lk;leton. It is noteworthy that the methyl
groups of the f.opropyl unit in 40 give rise to tvo well
separated doublets, §1.08 and 1.12 (J=7 Hz) indicating that
the envxronments of the two methyls differ more than in 3,

where the isopropyl methyl doublets overlap (81.22, Je? Hz),

[
WH
, COOH *
49 ReH 42
41 R=Me

v 4
Compound 40 has one olefinic proton appearing as a singlet

at 85.87. Assuming the abietane skeleton and since the
isopropyl methine is allylic (62.50), tre singlet nature of
the olefinic proton indicates a a'3. 4 doﬁble bond with C-8
fully substituted. The dppearance of s;gnals at 676. 9 (s)
and 874.6 (d) in the 3C nmr speclrum indicates the presence
of two oxygenated sp3 carbons. This, Fouﬁfid with the fact
that the base peak ir the mass spectr;m (m/z 302)
corresponds to the loss of a molecule of oxygen, suggested
that 40 might be the endo-peroxide of levopimaric acid (42).
Comparison of the methyl ester 41 vith an authentic sample

confirmed the identity. Although the endo-peroxide is not

an auto-oxidation product 42 ot levopimaric acid (42), the

13
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preseq¢e of 11ght and a photosen51tzs1ng ‘substance 1q the.

cr'ude extract' 43 may bring about the incorporation of

»

molecular oxygen into the homoannular diene of ggw

Following thePisolation of dehydroabietic acid (31), it
was nofed that the tlcbbehaviour of one of its decomposition
products corresponded#to that of a component prgsent in the
crude broth e%tract. This compound (43) was obtained in the
flash céromatography fractions elutxng after the acids 31,

ggh,gg, and 38. 1Its isolation from the complex mixture of

s
PN

crude metabolites was somewhat facilitated by the fact that
this substance stands out as a bright white spot on tlc when

?

viewed under uv light’(350'nm)¢after charring. Final
purlfxcatxon of 43 was carried out by preparat1ve tlc The
H nmr spectrum (Figure 5) reveals three aromatic protons
with a coupling pattern similar to that of 31, althowgh at
soméwhét lower field. A benzylic isqpropyl methine proton
iappears at 62.95 (saptet, J=7 Hz), but the C-7 benzylic

protons of 31 are absent. A ketonic carbon is evident in

- »
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the 13C nmr spectrum at 6198.4. 1In addition to the carboxyl

1

carbonyl at 1695 cm ' in the ir spectrum, an unsaturated

ketone appears at 1685 cm '. The two carbonyl bands become
better resolved. (1727 and 1684 cm-J)lwhen the acid is
esterified (d;azomethane) to give 44. The uv spectrum is
also in accord with an aromatic ketone (217(e10,500),

255(€7700), 304(e1830)nm). Comparison of the spectroscopic

44

data with literature values for methyl-7-

. oxodehydroabietate (44) confirmed the identity of fhe parent

compound 43 as 7-oxodehydroabietic acid. This compound has

45

been reported as a natural product of Pinus svlvestris and

Calocedrus decurrens46. In the latter case, 43 was detected

by gas liquid chromatography as making up 2% of the/resin of
éﬁfdecurrens. Several other compounds were identified,
including dehgproabigéic acid (major component, 17%).
However; the amount of 43 was less in fresh resin than in
older resin. Thus 43 may have accumulated as a result of
autooxidation of 31. 1In fact this has been shown to
occur®’.  Thus 43 isolated from from A.- mellea may be aﬁ
artifact. |
Compound- 45 wasl@solated frog some gf the most polar
fractions' from chromglography of the grude broth extraxct of
strain NFRC-621. The identity of 7-oxo-15-hydroxy-
dehydroabietic acid (45) was established from the '"H nmr

(Fiqure 6), ir, and mass sp%ctra, and by combarison with the

spectral data of 3] and 43. Thus, the three aromatic

[
!
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protons with the coupling pattern found in the C-ring of 31

s R

appear again in 45. As in 43 these three protons  are
deshieided relative to 31. Both the C-7 methylene and
benzylic isopropyl ptoton of g%/are absent in 45, while two
methyl singlets appeaa’at 61.60 and 61.61. The ketone and
hydroxyl.group§‘are thus assigned to C-7 and C-15,
respectively. Alghough 15-hydroxy compounds are not among
the reported47 auto-oxidation products of 31, the fact that
benzylic-auto-oxidation does give rise to 43 suggests that
45 also may be an artifact.

On one occasion one of the strains (NFRC-631) produced
orange pigments in both the broth and mycelial extracts.:’®

In this case, after preliminary chromatography of the
crude broth extract using\chlorofofm-ethyl acetate-acetic
acid, B4:15:1 as’solvgnt system, compounds 31, 34, ;g,gg
contained yellow material, _This mixture was subjected to

flash chromatography with the solvent system Skellysolve

)

'This result was not reproducible, thus the generation of
orange pigments due to contamination by another fungus
cannot be ruled out.
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B-ethyl acetate-acetic acid, 92:7:1. Acids.31, 34, 36, 38
eluted first, followed by two yellow bands, the first
eluting when the polarity of the eluent was ‘increased to
87:12:1,.th§ second with 79:20:1, The quantity of the
first-eluted™ellow material obtained uas.too small for
spectroscopic identification of its compénents (vide infra).
Fractions containing the second yellow band were combined
and evaporated to dryness in vacuo. The orange solid
obtained was redissolved in toluene and cooled to €a, 5°C
overhight, resulting in the formation of crystalline .
material (mp 232-234°C) which appeared to be a pure compound
(46) by tlc. The molecular formula C,9H,00; was established
by high resolution mass. spectroscopy. The ir spectrum shows
an OH band at 3480 cm ', and absorption at 1663 and 1645
cm-I. The 'H nmr spectrum (Figure 7),shoys three protons
exchangeable with 6;0, two hydrogen-bonded phenolic protons
which appear as singlets at 611.80 and 12.38 and an
alcoholic proton at §2.88. A 1,2,3-trisubstituted aromatic -
sys;em is apparent froh‘the coupling of the aromatic protons
,at 86.80, 6.89, and 7.59. The low field position of the
latter proion indicates its location para to an
electron-vithdrawing substituent. Protons at 65.73 and
66.58 are coupled (J= 2.75 Hz). The small coupling constant
and the large difference in their chemical shifts indicate ~
they are located on a highly polarised Z-olefin. This

"suggeted the presence of the bis-dihydrofuran moiety,

. s
typical of the aflatoxins48. Such a structure also accoumfs
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for two low field singlets at 86.44 and 56.46. One is a
methine deshielded by two ethereal oxygens while the other
is assigned to the isolated aromatic proton at C-d. Thus
the alcoholic OH must be the other ring junction
subst;tuent. The linear nature of the fused pentacyclic
system follows from the chemical shift (566.44 or 66.46) of
the préton at c-11%9, Comparison (tle, ir) with an
autﬁehtic sample of austocystin F confirmed the identity of

the metabolite. Austocystin F has been isolated pfeviously

as a member of a series of austocystins produced by
Aspergillus ustus‘g. )

The yellow band gf pigments isolated from the broth
extract of strain NFRC-631 (in insufficient quantity to
permit elucidation of its componénts) was also present in
the mycelial extract of‘the same strain, Following flash

chromatography of the crude extract, a fraction rich in

orange pigments was coHéentratéd and cooled to ca. 5°C,

¢

resulting in the formation of orange crystals. This
/ &

material appeared toQBe the same (tlc) as the pigments

obtained from the broth extract. That the orange crystals
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were composed of twﬁ’?gggz;ents mas indicated by cims, which
gives M+1 peaks at m/z 369 and 371. The mixture appeared
homogeneous by tlc and could not be separated.‘

In conjunction with the high resolution mass spectrum
the molecular formulae were established as C20H1607 (368)
and C,o0H1897 (370). The ir spectrum reveals an OH band
(3380 cm-1) as well as unsaturated carbonyl absorption (1669
and 1622 cm-1). That the latter of these is a guinone
carbonyl hydrogen-bonded to two peri-phenolic groups is
indicated by the appearance of singlets in the jH nmr
(CDC13) specérum at $12.34 (1H).and 612.51 (1H). The 'H nmr
spectrum determined in acetone-d6 + Dzo shows two aromatic
protons, displaying mutual meta coupling (2 Hz), at 66.58
and 67.13, ang an isoiatedAaromatit proton at 67.03., These

* . \.‘ . 3
data are consistent with the anthraquinone partial structure

47.

OH O HO
NOSE©
o
47

‘In our hands, averufin and averufanin could not be
separated by tlc using the method of Berger and Jadot
(reference 50). Observed Rf values values were significantly
"lower than those reported and no separation was obtained.
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Acetylation (acetic anhydride-pyridine) of the mixture
afforded products which were separated by preparative tlc.
Mass spectral énalysis shows these to be a tetraacetate (51,

C28H26011) arising from the component of molecular weight

, 48 ReH 50 R=H
49 R=COCH, 51 ReCOCH,
370, and a triacetate (49, C26H2201o)‘£ormed from the

compound of molecular weig’ht 368. The 1H nmr spectrum of
the triacetate possesses a rpultiplét a;t 65.29 (1H) and a
singlet at 61.56 (3H). ese fea;tures Helped establish the
structure of averufin (48) as the parent compound of the
triacetate. The identity was confirmed by comparison (tlc,

i.ms) with an authentic sample.
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The location of a hydroxyl at C-3 iqﬂaverutanin (50),
the parent compound of the tetraace;ptéf follovs from the
magnitude (Appms= 0.7;) of the downfield shift of H-4 upon
acetylation 51. Such a large change can be attr&buted to
the acetylation of both para and ortho phenols. 1In 48 H-4
experiences a downfield shift of only 0.41 ppm, due to

1H nmr spectrum

acetylatiqf of the para OH substituent. The
of 50 contains signals at 61.31 (3H, &, J=6 Hz), 3.8 (1H,
m), and 5.14 (1H, dd, J=11,5, 2.25 Hz), suggesting a
methyl-substituted tetrahydropyran ring which accounts for
the single remaining degree of unsaturation. Acetylatiorn
(acetic anhydride-pyridine) of an authentic sample of
averufanin afforded a product‘identical (tlc, ir) with the
tetraacetate 51 in hand. |

A thorough examination of the mycelial extracts of all
three strains afforded several of'tge steroidal compounds
presert, including ergosterol endo-peroxide (52), sitostanol
(53), and B-sitosterol (54). Ergosterol endo-peroxide (52)
was isolated from the mycelial extract of strain EFRC-621
and was purified by flash chromatography/'preparative tlc, |
and finally recrystallisation (mp 178-181°C). The compound
_was identical (tlc, ir, 'H nmr) with an authentic sample.
Loss of a molecule of oxygen to give the base péak (m/z 302)
was particularly diagnostic. The mixture of 53 and 54 (mp
136-138°C) was isolated by the same series of steps from the
mycelial extract of strain NFRC-624. The presence of the

saturated compound 53 in the sample of 54 was indicated by
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the mass spectrum, which shows a peak of 19% intensity at
m/z 416 (M® of 53), whereas an intensity of only 5% would be
anticipated for the M+2 peak of m/z 414 (M' of 31)52. The
position of the carbon-carbon double bond in 54 was deduced

53

from the ms fragmentation pattern Compounds 53 and 54

could not be separated on tlc, even Qhen silica gel

53 54

S — 1} ——

impregnated with silver nitrate was utilised. The
*

stereochemistry at C-24 was assigned as R since the § epimer

of 54 (clionasterol) has a meltino point of 147-148°C54.
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From the mycelial extract of strain NFRC-631,
relatively larqt)nmounts of the least polar (tlc) component
were obtained as a clear liquid following flash
chromatography. Examination of the 1H nmr spectrum
indicates a triglyceride structure. Thus the methyl and

(CHZ)n methylene groups (Scheme 6) of the fatty acid

Scheme 8 _ 'H nmr assignment of trigiycerides

4

Hb §2.32 §1.6 613 §0.89
Ho-C~0CO~CH,- CH,~(CH,)p~CH,
Hx=C~0CO-CH,~CH,~(CH,),~CH,
Ha-C-0CO~CH,-CH,~ (CH,),~CH,
Hp -
linkages appear at 60.89 and 61.3, respectively.. Methylene
grolps a and B to the carbonyl carbon give rise to signals
at 6§2.32 (ty J=7.5 Hz) and §1.6 (m), respectively. Protons
designated Ha and H, are assigned to resonances at 64.15
(dd, J=12, 6 Hz) and 84.32 (dd, J=12, 4.5 Hz). Additional
signals sﬁggest that linoleic acid (55, vide infra) makes up
part of the fatty acid content of the tri cerides.

Carbonyl absorption due to the esters appeérs at 1745 cm” !
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in the ir spectrum.

Scheme 7 *'H nmr .ouiqnmcm of linoleic o'cld (58)

§5.35
iy, .

r N\
H HH H

S5

Hydrolysis (10% (w/v) a potassium hydroxide) of

the triglycerides yielded a mixtlre of fatty acids (ir:

3400-_25%0 em™ ' (OM) ang ;706 er” ' (C=0)). Signals at 82.05,9
2.79, .and 5.35 (Scheme 7) in the 'H nmr spectrum indicate
that the unsaturated fatty acid linoleic acid'(§§) makes -up
a sigfificant portion of the mixture.

. Saturaggg fatty acids uere‘also crystallised directlyyﬂ
from fractions obtained after flash chromatography of the
myeelial extract of atrain NFRC-631. & typical sample (mp
59-61°C) contained acids of 18, 20, 22, and 24 carton atomsl
as indicated by cims.

Fifteen distinct species (five in Europe and ten in:

North Americal of the A. mellea complex have been
identifiedss. The three strains employed in this study are
"biological species 1" of Anderson and Ullrich55 or the

closely related "foothills type" of Mallettss. They

correspond to a taxonomic species Armillaria ostoyae

(komagn. ) Herink, one of the species recogniséd within thne

Armillaria mellea complex in recent year557f Thus it is
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’

possible that the speqies used in this study has not been
examimed previously for its q&tabolites, while the reported

1
metabolites of A. mellea (vide supra, including those of

Oduro) may hav3 been isolated from one or more of the ofher
species. Resin acids 31, 34, 36, 38, 40, 43, and 45 (and
kgments 46, 48, and 50 on one occasion) were isolated when
the\strains used in this investigation were grown on liquid
;culture. These strains are parasitic on pine and sptuce,
tkemselyﬁé producers of resin acids, but the media used i-
this §tudy (V-8 Yuice, potato dextrose) do not contain resin
acids; The ﬁjologiqal significance, if any, of this
observation is not clear to us. However, it‘is interesting
to nosg that in conifers large amounts of resin are exuded
through the bark at the point .of infection and the area of
resinosis increases as the fungus spreads in the barkz.
Although some resin acids 6éve been shown to possess |
antifungal (and antibiptié) activityss'sg'so, resinosis on
the part of the host tree could hardly be expected to
function as an -effective defens7;ﬁEEﬁ§%ism against a

pathogen which metabolise; the/ﬁamercompounds (resin acids)
which constitute the fesin itself. At the same taﬁb, it
seems unlikely that compounds which are exuded in such large
quanti;ies by Epé tree could play a significant role in the
pathogenic mechanism of action of the fungus on the tree.
The fungus may have evolved the capacity to metaboli’ﬁ?resih
acids as a response to repetitive encounters in Naturé with

resin-ggfducing coniferous trees. This capacity may no
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longer have anything to do with fungus-host interactions,
but perhaps is involved in the protection of the fungus from
some of jts predators. As stated above, some resin acids
are reported to di%play both an€ifungal and antibiotic
activity, and the broduction,of chemical defense substanées
by A. mellea may be important as a survi®al factor in
competition with antagonistic soil microorgsanisms3.
Resin.acids hitherto have not been reported as fungal

metabolite561.
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2.2 EXPERIMENTAL

General J

High resolution electron impact mass spectra (hreims)
were recorded on an AEl MS-50 Aass spectrometer, Unless
diagnostically significaht) only those péaks with intensity
of >30% of the base peak-are recorded. Chemical ionisation
mass spectra (cims) were obtained using an AEI, MS-&f mad's.
spectrometer with ammonia as the reagent gas. The data were
processed in DS-55 and Nova-4 computers. Fourier transform
infrared (ftir) spectra were recorded as CHClB, CH2C12, or
CH3OH casts on a Nicolet 7199 FTIR interferometer. Single
scan infrared (ir) spectra were recorded on a Perkin Elmer
297 speftrometen) Nuclear magnetic resonance .(nmr) spectra
' ('H and 1'3C) were obtained on Bruker WH-200 or WH-400
spectrometers with an Aspect 2000~computer system. -
Tetramethylsilane was used as the internal standafd.
Ultraviolet (uv) spectra were obtained on a Unicam SP 1700
spectrophotometer and optfgal rotations on a Perkin Zlmer
141 polarimeter. Meﬁting-poinbs are uncorrected aﬁd were'
determined on Zeitz-Wetzlar and ?hoﬁas Model 40 melting
point apparagpsétibachercy Nag;f ?ﬁlica gel 60 (less than
200 mesh) waé usiﬁ for colymﬁ'chromatography. Fractions
vere collected with a Buchle; Fracto Mette 200 fraction
collector. E,. Merck silica ge1v60 (230-400 mesh) ;As used
for flash chromatography. Preparative thin l{ggf

chromatography (ptlc) was carrried out on Terochem silica
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gel G containing a trace of electronic phosphor (General
Electric), 20x20'cm, 10x20 cm, or 5x20 cm plates, 0.35 mm
thickness, Analytical thin layer chromatography (tlc) was
done on glass plates (75x25 or 75x50 mm) coated -with t he
same adsorbent as ptlc, or on E. Merck precoated plates of
‘silica gel 60 F-254. ~hna1 *.tlc plates with adsorbed
silver nitrate (AgNO ) w@ j?ié’iced by dipping the
precoated plates into a solutxpn of 20% (w/v) AgNO, in
HZO-CH3OH, 1:1 (stored in the dark) for sevgralvseconds,
then dr}ing with a heat gun. The plates were used
immed;ately Unless otherwise 1nd1cated R, values are for

t
_slngle elut1ons Ultraviolet active materials vere detected

b, b \

’v15uallsat10n under a uv lamp (254 or 350 nm). The plate

 ﬁ(only @ thin vertical band in the case of ptlc) was then
vksprayed with a solution of 10% or 30% sulphut@cqacid and
" charred on a hot plate. Unless specified, all solvents,
with the exception of ether, hexane, and‘tetrahydrofurgn,
vere distilled priér to use. Skellysolve B refers to Skelly *

0il Company light petroleum, bp 62-70°C.

Fungal Strains

The strains of Armillaria mellea used in this s tudy

-+

were obtained from Dr. Y, Hiratsuka, Northern Forest
Research Centre (NFRC), Edmonton. They were collected fronm
the following host trees in British Columbia: strain
NFRC-621 (modifiec Ay bulbosa rhizomorphs) from lodgepc.e

pine; strain NFRC-624 (A, mellea rhizomorphs) from ponderosa
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pine; strain NFRC-631 (no rhizomofphs) from white spruce.
The rhizomorph types were determined by Dr. K. Mallett.
Slant tube cultures of these strains were transferred
}to potato dextrose agar (PDA) slant tubes whxch were kept as
stoc;‘cultures at 4°C.
To initiate still cultures of the fungus, small
mfragmenté o; Egar containing the mycelium were aseptically
transferred to'Erlenmeyer flasks (500 mL, one or two per
strain), each containing about 200 mL of sterile culture
medium (a 10% (v/v).solutioq 'f clarified V-8 juice '
containing 1% (w/v) glucose). The flasks wef: stoppered
with foam plugs chered looseli‘with aluminum foil. The
Cultures were allowed to mamurg in a darkened,
qell-venbllated area thhout agitation. White mycelium and
rhizomorphs appeared, both of which gradually became brown
in colour. After two weeks 1ncubat1on, the 1;oculum from :ﬂ\
each Strain was blended (Waring blender, sterilised in
autoclave) and 10-20 mL aliguots were aseptically
transferred to each of 8-10, 1 litre Fernbach flasks charged
with sterile medium (either a 10% (v/v) solution of
clarified V-8 juice containing 1% (w/v) glucose, or potato
dextrose broth (PDB)). The flasks were stopperéd with foam

'plugs covered loosely with aluminum foil. Growth periods

were from .34 to 92 days.

-

Extraction of the Metabolites
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The culture mixture was separated into broth and

mycelium by filtration thgtugh cheese cloth. The culture
broth was extracted with chloroform (ca. equal volume). The
chloroform extracts contained emulsions, and vacuum
filtration through Celite facilitated the separation of
organic and aqueous phases. The chloroform was dried over
sodium sulphate and evaporated in vacuo to afford £he crude
metabolites. Although yields of cruoe metabolites varied
with dtfferent growth periods, the resin acids (vide lgggg)
were produced consastently by all three strains. The
mycelium was extracted with chloroform or methanol in a
Soxhlet extractor. The organic extract was dried over

sodium sulphate and concentrated to dryness—in vacuo.

Authentic Samples

Authentic samples were kindly provided by Dr. O.E.

Edwards and Dr. E. Wénkert (pimaric (34), isopimaric (3€),

and sandaracopimaric (38) acids; Dr. R. Vleggaar

(austocystin F (46); Dr. J.C. Vederas (averufin (48; and

Dr. A. Castonguay (averufanin (50).

Isolation of dehydroabietic acid (31), pimaric acid (34),

isopimaric acid (36), and sandoracopimaric acid (38)

The crude broth metabolites of strain NFRC-621 (1.8 g)
were subjected to flash chromatography (chloroform-ethyl
ceate-acetic acid, 94:5:1) to afford 0.547 g of a mixture

of compounds 31, 34, 36, and 38. A 40 mg sample of the

I
\
e
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.mixture was applied to a 20x20 cm ptlc plate and deve®oped
twelve times with Skellysolve B-ethyl acetate-acetic acid,
58:2:1. Careful scrapiﬁg of ;he lower edge of the band
corresponding to the mixture,.and elution from the silica N
gel yielded 3.2 mg df impure 31. This sample was further
"purified by ptlc on a 5x20 cm plate using the same solvent

_ system as'abGVe and de§eloping five times, followed by
scraping and elution to giye 31, pure as judged by
multiple-deQelopment tlc on silver qitrate-iﬁpregnated
--silica gel, using both ;rotic and aprotic solvent sy ms.

A 90 mg sample of the mixtur; (31, 34, 36, 38) was
chromatograpbed-on 10 g silica gel with 2 g adsorbed silver
nitrate. The silica gel and powdered silver nitrate were
mixed by combini;g with an organic solvent to create a
slurry, then removing the solvent in vacuo on a rotary
eva;oration apparatus. The column (1.5 cm diameter) was
wrapped in aluminum foil. Fractions (5 mL) were collected
from elution with chloroform-Skellysolve B, 50:50, then
75:25 (each for approximately one column volume), then 100%
chloroform to fraction 175, and finafiy chloroform-ethyl
acetate, 98:2 to fraction 260.

Fractions 30-69 gave 31 mg of impure 31. Further
purification by flash chromatography (chioroform-ethyl
acetate, 98:2) afforded 19 mg of 31, np ‘62‘1685C
(CH0H-H,0) (1it.3” mp 171-172°C); [al, +54° (c 1.9 95%
EtoH) (1it.>” [4],%% +61° 953 EtOH); tlc: R 0.6 (Skellysolve

B-ethyl acetate-acetic acid, 75:25:1), Re 0.72
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(chloroform-ethyl écetate-acetic acid, 97:2:1, 3x, silver
nitrate-impregnated silica gel); ftir(CH,C1, cast):
3200-2400(b), 2950, 2925, 2865, 1692 cm” ', uv (CH,0H) 3
220(e2180), 268(e630), 276(e600)nm; hreims: m/z. calcd. for
C20H2802(M*): 300.2089: found 300.2093(30), 285(100),
239(74); 'H Amr(CDCly): 81.0-1.9(7H, m), 1.23(6H, d, J=7 Hz,
C-15 2xCH3), 1.25(3H, s, C-10 CH3), J.29(3H& s, C-4 CH3),
2.24(1H, dd, J=12.5, 2 Hz), 2.30(1H, bd, J=12.5 Hz),
2.82(1H, septet, J=7 Hz, C+15H), 2.90(2H, m, Cc-7 CH2),
f<e7(1u, d, J=1.75 Hz, C-14 H), 6.98(1H, dd, J=B, 1.75 Hz,
C-12 H), 7.14(1H, d, J=B Hz, C-11 H); "¢ nmr (CDC1,): 616.3,
24.0 (2x), 25.2(cHy); 18.6, 21.9, 30.1, 36.9, 38.1(CH,);
33.5, 44.7, 124.0, 124.2, 127.0(CH); 37.0, 47.5, 134.8,
145.8, 146.9(C); 185.0(C=O).,f:3ﬁ' ‘

Fractions 95-169 affoiééa 3.3 mg of, 34, mp 200-208°C
(95% EtOH)(lit.®? mp 212°C); tlc: R¢ 0.65 (chloroform-ethyl
acetate-acetic acid, 97:2:1, 3x, silver nitrate-impregnated
silica gel); Etir(CHCl, cast): 3600-2400(b), 2925, 2870,
2850, 1695 cm’; hreims: m/z calcd. for C,.H..0.(M"):

2073072
302.2246; found 302.2243(49), 287(69), 167(37), 121(100)

’

L ]
91(31): 'H amr(CDC1,): see Table 1; 80.80(3H, s, C-10 CH,).
0.8-1.8(13H7m), 1.02(3H, s, C-13 CHy), 1.23(3H, s, C-4

CHy), 1.95(TH, &d, J=12.5, 2.5 Hz), 2.13(1H, m), oon,

13

m); C nmr(CDCl3): §15.0, 16.7, 29.4(CH3): 8.0, 18.9,

25.1, 35.3, 35.6, 37.0, 38.1, 116.4(CH2); 48.7, S51.4, 128.4,

147.2(CH); 37.6, 36.6, 47.3, 137.9(C); 185.8(C=0).
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 _The\1ater fractions gave 40 mg of impure 36 and 38.
Afte;’this sample was subjected twice more to flash
chrdmatography (Skellysolve B-ethyl acetate-acetic acid,
95:5:1 and chloroform-ethyl acetate, 90:10, respectively) a
trace of 34 was still present by tlc (silver nitrate). The
remainder (17 mg) was subjected to flash chromatography
(chloéoform-ethyl acetate-acetic acid, 97:2:1) on silica gel
(2.4 g) thoroughly mixed with powdered silver nitrate (0.6
g) to givé 5 mg of 36 and-38, appearing as a single spot by
tlc: R, 0.52 (chloroform-ethyl acetate-acetic acid, 97:2:1,
3x, silver nitrate-impregnated silica gel); hreims: m/z
calcd. for for C, H, 0,(M"): 302.2246; found 302.2250(100),
287(47), 273(29), 257(27), 241(34), 187(30), 133(20),
121(19), 119(26), 105(31), 93(18), 91(33); 'W nmr(cDC1,):
see Table 1; 80.85(s, C-10 CHy of 38), 0.87(s, C-10 CH, of
36), 0.91(s, C-13 CH; of 36), 1.05(s, C-13 CHy of 38),
1.1-2.0(m), 1.22(5: C-4 CH; of 38), 1.28(2, C-4 CHy of 36).

Esterification of 31, 34, 36, and 38

AQ excess of diazomethane in ether was added to a
magnetically stirred solution of the mixture of acids (28
mg; tlc: Rf 0.67 (SkellysolQe B-ethyl acetate-acetic acid,
75:25:1); ir(CHCl,): 3400-2400(b), 1690 cm ') dissolved in
ether (1 mL). Evapo;ation to dryness gave a colourless oil
(28 mg); tlc: R¢ 0.82 (Skellysolve B-ethyl acetate-acetic
acid, 75:25:1); ir(CHClz): 1720 cm '; cims: m/z 334(M+16 for

o
esters 35, 37, 39), 332(M+18 for ester 32), 317(M+! for
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esters 35, 37, 39), 315(M+1 for ester 32).

Similarly 2.5 mg of purified 34 was esterified to give
methyl pimarate (35); tlc: R¢ 0.67 (chloroform-ethyl
.acetate-acetic acid, 97:2:1, 2x, silver nitrate-impregnated
silica gel); ftir(CHCl3 cast): 2918, 2849, 1728, 1244, 914

_1 - {
cm . d

Chromatography of the methyl esters 32, 35, 37, and 3

The mixture of esters (47 mg) was subjected to column
chromatography over neutral alumina (36.4 g; Woelm, ICN
Pharmaceuticals, Inc:)_mixed thoroughly with powdered silver
nitrate (7.3 g). The column (1.5 em diameter) was wrapped
in aluminum foil and el?ted with hexane (7 fractions, 8 mL),
-hexane-ether, 98:2 (to iiaétion 38), and fipally
hexane-ether, 95:5. Methyl dehydroabietate (32) and methyl
pimarate (35) eluted together, methyl isopimarate and methyl
sandaracopijarate (6 mg;.37 and 39) eluted in fractions
€7-88; tl¢: R¢ 0.44 (Skellysolve B-ethyl acetate, 90:10,
silver ni rate-impregnated silica gel); ftir(CHCl3 cast): -
3080 (w), 2950,, 2920, 2865, 2845, 1728(s), 1637(w), 1244, 9065
cm-1; cims: m/z 334(M+18): "H nmr(CDClB): 60.83(s), 0.86(5),
0.90(s), 1.04(s), 1.1-2.0(m), 1.20(s), 1.26(s), 3.665(s),
3.67(s), 4.86(dd, J=10.5, 1.5 Hz), 4.88(dd, J=10.5, }.5 Hz){
4.90(dd, 0=17.25, 1.5 Hz), 4.92(4d, J=17.25, 1.5 Hz),
5.21(bs), 5.31(d4d, J=7.5, 1.5 Hz), 5.77(dd, J=17.25, 10.5

Hz), 5.80(dc, J=17.25, 10.% Hz).
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Hydrogenation of 3!, 34, 36, and 38

The mixture of acids (16 mg) was dissolved in dry etﬁyl
acetate (9 mL, dried by passing through a column packed with
sodium sulphate) and activated 10% palladium on charcoal
(102 mg) was added. The mixture was pressurised with
hydrogen (15 psi) in a Parr hydrogenator for 24~hours at'
room temperature. The catalyst was removed by filtration
througn Celite. Evaporation of the filtrate in vacuo
afforded 10 mg of a colourless solid; tlc: Rf 0.56
(Skellysolve B-ethyl acetate-acetic acid, 75:25:1); ?ir(CHCl3
cast): 3400-2400(b), 1695(s) cm '; cims: m/z 324 (M+18 for
hydrogenation products of 34, 36, and 38), 318(M+18 for

unchanged 31).

Isolation of levopimaric acid endo-peroxide (40)

The crude broth metabolites of strain NFRC-631 (0.74 g)
wvere subjected to flash chromatography (chloroform-ethyl
acetate, 90:10 to fraction 16, then chloroform-ethyl
acetate-acetic acid, 97:2:1 to fraction 21, and 94:5:1 to
fraction 25). Elution was continued with Skellysolve
B-ethyl acetate, 75:25 (100 mL), 50:50 (100 mL), and 100%
ethyl acetate (100 mL). A 389 mg fraction (eluting with
chloroform-ethyl acetate-acetic acid, 97:2:1 after 31, 34,
36, 38) contained-40 and was further purified by flash
chromatography (chloroform-ethyl acetate-acetic acid,
97:2:1) to give 40 (269 mg); tlc: Re 0.43

(chloroform-acetone-acetic acid, 89:10:1, 5x); ftir(CHCI,

> e
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cast): 3600-2400(b), 2955, 2935, 2870, 1692 cm-1: uv(CH3OH):
274(sh)(e340); hreims: m/z calcd. for C20H300‘(M*):
334.2144; found 334.2149(18), 319(14), 316(18), 302(100),
291(18), 285(21), 275(25), 245(51), 146(37), 121(56),
113(32), 107(32), 105(38), 93(38), 91(58); 'H nmr (CDC1,) :
80.56(3H, 8, C-10 CH;), 0.9-2.4(14H, m), 1,08 and 1.12(2x
3H, 4, J=7 Hz, C-15.2x CH3), 1.15(3H, s, C-4 CH3), 2.50(1H,
septet, J=7 Hzy C-15 H), 4.61(1H, m, C-12 H), 5.87(1H, s,

13

C-14 H), 9.0(1H, bs, COOH); C nmr(CDCl,.): 815.1, 16.2,

3
20.1, 20.3(CH3): 6.9, 21.6, 24.9, %?.0, 36.1, 36.6*Ch2);
31.06, 48.8, 50.0, 74.6, 124.6(CH); 36.8, 46.8, 76.9,

149,.0(C); 184.9(C=0).

Esterification of levopimaric acid endo-peroxide (40)

~ Treatment of 40 {12 mg) with excess diazomethane in ether
overnight at room temperature yielded 12 mg of methyl ester

41 upon evaporation to dryness; tlc: R, 0.56

f
(chloroform-acetone-acetic acid, 89:10:1, 5x): ir(CHCl.):

3
2950, 2875, 1720, 1300-1190(b) cm '; hreims: m/z calcd. for
CpyH3,0, (M ): 348.2300; found 348.2302(9), 333(5), 316(100),
146(48), 121(70), 91(36);: 'H nmr(CDC1,): 80.58(3H, s),
0.9-2.4(14 H, m), 1.10(3H, 4, J=7 H;), 1.14(3H, @, J=7 Hz),
1.17(3H, s), 2.51(1H, septet), 3.70(3H, s), 4.62(1H, m),

5.89(1H, s).

lsolation of 7-oxodehydroabietic acidﬂlig)
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Flash chromatography of the crude broth metabolites of
strain NFRC-621 (vide supra) afforded impure 43 in fractions
eluting with chloroform-ethyl acetﬂﬁe-acetic .sid, 94:5:1

after the fractions containing the mixture of 31, 34, 36,

and 38. This material (153 mg) was furthe; subjected to

flashﬁéhromatography (chloroform-ethyl acetate, 94:6
containing 3 drops acetic acid per 10 mL) to give impure 43

(37 mg). Preparative tlc (chloroform-ethyl acetate, 90: 10

A

5x) yielded, after careful scraping and elution, 12 mg of
83. lal; -3° (c 1.56 95% EtOH); tlc: Re 0.23 (Skellysolve
B-ethyl acetate-acetic acid, 85:15:1): ftir(CHCl3 cast):
3500-2400(b), 2955, 2930, 2870, 1695, 1685 cm™ '# uv (®H 30H) :

217(€10,500), 255(e7700), 304(¢1830)nm; hreims: m/z calcd'

+ ' ‘ql‘,
for C o Hye05(M7): 314.1882; found 314.1883(58), 299(35) 245‘;%
253(100), 211(26); 'R nmr(CDC1,): 80.8-1.9(4H, m)*'r 234 and ¥
1.237(2x 3H, 48, J=7 Kz, C-15 2x CHy), 1.26(3H, s, C= 4 cﬁ )e*'

L 34 (3H, 3H s, C-10 CH ), 2.36(2H, bd, J=13" iz),“2 49 aﬂﬁ&
W X
2.70(2x 'H, d, J=14 Hz, C-6 Heq and C-5 H), 2.76( 1, dd,

J=14, 14 Hz, C-¢6 Hax)' 2.92(1H, septet, J=7 Hz, C

7.29(1H, d, J=8 Hz, C-11 H), 7.41(1H, 4d, J=8, 2

3¢ nmz (CDC1,) :

H), 7.87(1H, 3, J=2 Hz, C-11 H);
23.65,D23.69, 23.76(CH3);'18.2, 36.7, 37.2,
43.8, 123.4, 125.3, 132.5(CH); 29.7, 46.4,

153.0(C); 182.1, 198B.4(C=0).
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An excess of diazomethane in ether was added to a
magnetically otxrred solution of 43 (4.5 mg) n CHCl3 (2 mL)
and the reaction was stxrred for 15 minutes at room
temperature., Evaporation to dryness afforded 4.5 mg of
me;hyl”estgz 84; lalp +2° (c 4.5 95% From) (2ie % (4] 4700
(EtOH)); tlc: R¢ 0.41 (Skellysolve B-ethyl acetate-acetic
acid, 85:15:1); ftir(CHCl3 cal;)z 2955, 2936, 2868, 1727(s),
1684(s), 1608(w), 125Q{mﬂ; hreims: m/z calcd. for
C,1Hyg03(M ) 328.3038; found 328.2037(66), 313(6).
253(100); 'H nmr (CDC1,): 80.8-1.9(5H, m), 1.255(6H, d, Je7

Hz, 15 2x CH3), 1.27(3H, s, C-4 CH.), 1.35(3H, s, C-10

3
CH3), 2.36(2H, m), 2.73(2H, m), 2.93(1H, septet, J=7 Hz, '
C-15 H9, 3.66(3H, s, OCH, 1, 7.29(-1‘14,*@, J=8 Hz, C-11 H),

7.40(1H, dd, J=B, 2 Hz, C-12 H), 7!87(1H, d, J=2 Hz, C-14

oo -

Isolation gi,?-oxb-15-hydroxydehvdroabigtic acid (45)

The polarity of the eluent in the flash chromatography
of the crude broth metabolites of strain NFRC-621 (vide
supra) was increased to chlproform-ethyl acetate-acetic
acid, B4:15:1 after 31 fractions. A éolar fraction (201 mg)
containing 45 was further subjected to flash chromatography ,
(sample dissolved in chloroform; Skellysolve B-ethyl
acetate-acetic acid, 70:30:1 to fraction 18, then €5:35:1).
Fractions 29-34 gave 12 mg of yaterxal which was further
.purified by flash chromatography (chloroform-acetone-ace:ic

ibc1d, 90:10:1) to afford 45 (3 mg). tlc: R

5
)

A

£ 0.4
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(chloroform-acetone-acetic acid, 89:10:1, 3x);‘ftir(Cl-‘lCl3 -

cast): 360Q-2400(b), 2970, 2930, 2867, 1696(b), 1237, 756 \\)

em 1: hreAms: m/z calcd. for C20H2604(Mf): 330.1931; found 5‘
330.1828(3), 315(100), 31219), 269(8)¥%'H nmr(cDCLy):

»

50.8-1.9(5H, m), 1.29(3H, s, C-A0 CH,), ;LA s, o
), 1.60 and 1.61(2x 3H, s, C-15 2x CH,), 2.38(2H, bd,

L 4

CH3

~J=11 Hz), 2.49 .and 2.58(2x 'H, d, J=12.5 and 12.25 Hz

w

respectively, C-6 Heq 8nd €-5 H), 2.74(1N, dd, J= 12.5,
LI g

12.25 Hz, C-6 Héx), 7.39(1H, d, J=8.5 Hz, C-11 H), 7.77(1H,

, L} )
dd, J=8’5, 2.25 Hz, C-12 H), 8.09(|H, d, J=2.25 Hz, C-14 H).

T
»

Isolation of austocystin F (46) ¢

Flash chromatography of the crude broth metabollteinof
strain NFRC 631 (vide supra) gave 109 mg of material
containing 31, 34, gg,‘and 38 as well as 46, 48, and 50 in
.fractioné\eluting with‘ohloroform-ethyl acetate-acetic acid.
ThlS samble was further purified by f%ggh chromatography
(sample dlSSOlVed in chlorofrom Skellysolve B-ethyl

acetate-acetic acid, 92:7: to‘jfford the mixture of acids,
- *?
then Skellysolve B- ethyl acetate-acetic acid, 87:12:

14

co-eluted 48 and 50, and Skellysolye B-ethyl acetate-acetic

ac1d 79'20*1 gave 46. Recrystallisatiom}hrom toluene

provided 46 (2 mge mb<2§2 234°C,. 1:¢.%°

49 22
[ely

pyridine); tlc: R¢ 0¢35 (Skellysolve B- éthyl acetate-acetic

mp 230-233°C); la]l,

-180° (¢ 1.° pyr1d1ne)(11t. -284° (c 091

,acid, 85:15:1,3x); tt1r(CH2C12)cast):-3480(b) 1663, 1645,

1606, 1491 cm” ; hreims? m/z caled. for C, M, 0.(M"):



326.0426; found 326.0423(58), 297(100), k71(15;

‘hmr(cuc13): 62.88(1H, bs, C-3a OH), 5.73(1 =2.75 Hz,

C-3 H), 6.44 and 6.46(2x 1H, s, C-11 H'an a H)}
6.58(1H, d, J=2.75 Hz, C-2 H), 6.80(1H, 4, J=8. 25 Hz, C- 7
H), 6.89(1H, 4, J=8.25 Hz, C-9 H), 7.59(1H, :t, J= 8 25 Hz,
C-8 H), 11.80(1H, s, C-4 OH), 12.38(1H, s, C-6 OH).

L

Isolation of averufin (48) and averufanin (50)

The amounts of 48 and 50 from the broth extract of
straih NFRC-631 (vide‘sugra) were too small for
identification purposes. Soxhlet extraction (chloroform) of

the mycelium of the same growth.cf NFRC-631 mentioned above
providedo7.2 g of crude oetabolites; A portion (3.3'g) was
subjected to flash chromatography (sample dissolved in
chloroform), eluent (Skellysolve B- ethyl acetate, 93: 7(750
mL), thén Skellysolve B- ethyl acetate, B85: 15(750 mL), then *
chloroform-methanol, 99-1(500 mL), then chloroform -methanol,
¥.2(750 mL) and finally chloroform- -methanol, 95:5(500 mL).
Fractlon 24 (eluting with Skellysolve B-ethyl acetate,

85:15) afforded orange crystals upon concentrat1on and

cooling to ca. 5° C. The crystalline material (23 mg) was a

mixture of 48 aqg 50. tle: Re 0.50 (Skellysolve B-ethyl
yacetate-acetic’: aoid{ 85:15:1, 3x); R ‘(’.20 (chloroform—ethyl
acetate, 98:2( 3x); ftir(CHCl3 cast): 3380(b), 1669(w),

1622, 1399, 1268, 1258, 1156, 757 cm ‘w*hre1ms m/z calcd.

for C,H,0,(M" for 50: 370.1052; found 370°41040(17); m/2

calcd. for C

+ e i
20H1607(M for 48: 368.082§; found 368.0891(57){
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350(22), 325(89), 310(100), 297(71), 286(58Mcims: m/z
386(M+18 for 48), 371(M+1 for 50), 369(M+1 for 48); '
nmr(acetone-d6+D20): 61.1-2.1(m), 1.24(<3H, 4, J=6.5 Hz,

C-5' CH, of 50), 1.49(<3H, s, C-5' cn3(of 48), 3.73(<1H, m,

3
C-5' H of 50), 5.04(<1H, dd, J=11.5, 2.25 Hz, C-1'"H of 50),
5.22(<1H, @, J=2.75 Hz, C-1' H of 48), 6.58(1H, @, J= 2 Hz,

C-7 H), 7.03(1WH, s, C- 4 H),.7.13(1H, d, J=2 Hz, C SeH) .

Acetylation of averufin (48) and averufanin (50)

Acetic anhydride (1.0 mL) and pyridine (¥.0 mL) were
adéed to 48 and 50 (3 5 mg) and the reaction mixture was
magnetically st1rred for 18 hours at room temperat;re The
solvents were evaporated off in vacuo and the crude products
vere separated by pxépa;atxve tlc (chloroform-methanol,
99:1) to give averufin triacetate (49, 1.3 mg), mp 205—210?Q

(Skellysolve B-benzene),(lit.‘sv3

mp 210-214°C); [aly -25° (¢
.2 CHC1,) (1it.%3 optical rotation -75° CHCl,); tlc: R, 0.45
(chloroform-methqnolLyﬁg?;ﬂ 2x); ftir(CH,CIL ‘cast): 1770,'
1677, 1662, 1600, 1346, 1325, 1197 cn '; hreims: m/z calcd.
for €, H,,0,0(M ): 494.1213; found 494.1211(10), 452(6J)
410(100), 368(49), 352(84), 340(32), 325(77), 310(99),
309(56), 297(69), 286(34), 285(41), 281(37); 'H
.nmr(acetone-ds): 61.6-2.2(6H, m), 1.56(3H, s, C-5"' CH3),
2.37, 2.40, and 2.44(3x 3H, s, 3x COCH,), 5.29(1H, m, C-1'
H), 7.39(1H; d, J=3 Hz, C-7 H), 7.51(1H, s, C-4 H), 7.93(1H,

d, J=3 Hz, C-5 H)."

»
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Averufanin tetraacetate (51) was also isolated (0.5
mg), tlc: Rf 0.29 (chloroform-methanol, 99:1, 2x):
£tir(CHCl, cast): 2920, 2850, 1776, 1677, 1595, ‘1367, 1324,
1183 cm™'; hreims: m/z calcd. for CogHag0y 1 (M )t 538.1475; &
found 538.1475(8), 496(42), 478(24), 454(73), 436(11),
412(76), 394(28), 352(42), 300(27), 299(38), 297(31).
"272(50), 57(100); H nmr(acotone—dGY: 61.15(3H, d, J=6 Hz,
C-5' CHy), 1.6-2.3(6H, m), 2.37, 2.40, 2.41, and 2.44(4x 3H,
5. 4x COCHy), 3.8(1H, m, C-5' H), 4.93(1H, m, C-1' H),
7.41(1H, @, J=2.25 Hz, C-7 H), 7.89(1H, s, C-4 H), 7.94(1H,
4, 9=2.25 Hz, C-5 H). |

Averufanin tetraacetate was prepared from guthentic
%verufanin fof comparative purposes, using the same
~procedure descrlbed for the m1xture of 48 and 50, and proved
to be identical with the derivative prepared from the

1solated 50.

Isolation of erqgosterol endo-peroxide (§3[

The crude mycelial extract (0.94 g) from strain
NFRC-621 was subjected to flash chromatography Elufion
‘with chloroform gave a fraction (86 mg) wvhich was further )
chromatographed (Skellysolve B-ethylwaoetate, 85:15; changed
to 75:25 after 11 fractions) to pﬁﬁﬁkae impure 52 (16 mg).
Preparative tlc (chloroform-methaﬁol, 97:3, 3x) afforded 52
(5 mg) which was recrystallised from ether-hexane, mp |
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L2
176-181°C (1lit. mp 181,.5-183°C); tlc: ﬁfé%.ZI (Skellysolve

B-ethyl acetate, 75:25, 3x); ftir(CHCl3 cast): 3500-3300(b),



2960, 2870, 1458, 1375, 968 cm '; 'H nmr (CDC1,) :

60.7-2.2(21H, m), 0.83(3H, s, C-10 CH3), 0.84(6H, 4, J=6.5
Hz, C-25 2x CH, ). 0. 90(3H,s, C-13 CH;), 0.91(3H, 4, J=6.5
éz, C-24 CH ), 01(3H d, J=6.5 Hz, C-20 CH ), 3.97(1H, m,
c- 3 H), 5.18(2H, m, C-22 H and C-23 H), 6.23 and 6.50(2x 1H,
2x d J=8.5 Hz, C- 6 H and C-7 R). _

i Analyszs of o;her mycelial extracts by tlc showed 52 to
be préﬂucéd by strains NFRC-624 and NFRC-631 aé well,
Although not 1solated in ‘pure form, ergosterol (1) was also
shown to be presbﬂé in the mycelial extracts of NFRC-624 by

comparativé tle with an authentic sample.

4

Isolation. of sitostanol (§§) and g-sitosterol (54)

FlaSh chromatography of tﬂ; crude mycelial extracf.of
strain NFRC-624 (0.82 g) afforded 30 mg from fractions
eluting ﬁith Skellysolve B-ethyl acetate (75:25).
Preparative tlc of5th{s material (Skellysolve B-ethyl
acetate, 85415, 4x) yielded a mixture of 53 and 54 (6 mg),
wvhich was recrystallised from"methanol-ether(mp
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136-138°C) (1it. mp 136-137°C); tlc: Re 0.37 (Skellysolve

B-ethyl acetate, B5:15, 3x); ftir (CHC1, cast): 3600-3100(b),

2955, 2930, 2865, 1465, 1375; 1057 cm_1; hreims: m/z calcgd.

; S
29"s2
calcd. for C

for C O(M™ for 53): 416.4018; found 416.4005(19), m/z

29 50O(M for 54): 414.3861; found 414.3871(73),
401(6), 399(19), 396(30), 303(32), 159(30), 145(40),

133(32), 121(33), 119(33), 109(33), 107(62), 105(41),



s .
95(67), 93(46), 91(36), 81(74), 69(62), 57(82), 55(100); 'M
nmr(CDCl,): 80.66 and 0.69(2x s, C-10 of 53 amd 54),
0.7-2.4(m), 0.81-0.87(C-13 of CH, of 53, C-25 2x CHy, and
C-28 CHy of 53 and 54), 0.90-0.95(2x @, J= 7 Hz, C-20 CH, ot

53 and 54), 1.03(s, C-13 CH, of 54), 3.52(bs, C-3 H of 53

3
and 54), 5.38(m, C-6 H of 53).

\ .

Isolation of fatty acids and triglycerides

Flash chromatography of the crude myce11a1 extracts of
strain NFRC 631 (see isolation of 48 and 50) afforded crude
'trlglycerldes (531 mg) in fractions 4-5. These were further
purified by flash éhromatography (Skeiiysolve B-ethyl
acetate, 95:5) to givé mixed triglycerides (370 mg) as a
colourless liquid, tlc: R¢ 0.68 (Skellysolve B-ethyl
acetate;acetic acid, 85:15:1, 2x): ftir(CHCl3 cast):
3005(w), 2925, 2850, 1745, 1465, 1163 cm '; 'H amr(CDC1,):

"60.89(m, 3x CH3), 1.3(m, 3x -(gﬁz)n-CH CH2CO‘), 1.6(m, 3x

2

oCH,CO-), 2.04(m, -CH,CH=CH- of 55, 2.32(t, J=7.5 Hz, 3x

~CH,CO-), 2.79(t, J=6 Hz, -~CH=CHCH,CH=CH- of 55), 4.15 and
4.32(4H, 2x 44, J=12, 4.5 and 12, 6 Hz, 2x Ha and 2x H,),

~cH

b
5.23-5.48(m, Hx and -CH=CH- of 55).

From seQéral fractions of the above flash
chromatography of the NFRC-631 mycelial exiract, a mixture
of fatty acids crystaliised upon concentration, mp 59-61°C;
ftir(CHCl, cast): 3300-2400(b), 2915, 2850, 1697 em” '; cims:
m/z 386(M+18 for lignoceric acid(24 c’ihonsf
behenic ac1d(22 carbons)), 330(M+18- i@izaraci
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carbons)), 302(M+18 for stearic acid( 18 barbons)):'lH

nmr (CDC1,) s 60.‘EB>H, t, J=7 Hz, 953(CH2)n-), 1.26(s,
ACH3(£§‘2’)nCH2CH2COf), 1.63(2H, quintet, J=7.5 Hz,
v_C_H2CH2CO-), 2.35(2H, t, J=7.5 Hz, -_CH2CO)~.

Hydrolysis of triglycerjdes

A solution of triglycerides (158 mg) in tetrahydrofuran
(4 mL) and 10%(w/v) potassium hyaroxidé (2 mL) was
magnetically stirred overnight at room temperature. After
evaporation' of the tetrahydrofurah in vacuo, the solution
was acidified (5 N hydrochloric acid) and extracted with
chloroform (5x 20 mL). The combined chloroform extracts
were washed with water (3x 25 mL) and brine (3x 25 mL) and
dried over sodium sulphate. Filtration and evaporation
afforded crude hydrolysis products (96 mg). Crystallisation
from ethyl acetate gave mixed fatty acids (11 mg), mp ‘
55-57°C; cims: m/z 302(M+18 for stearic acid( )8 carbons)),
298(M+18 for linoleic acid (55)), 274(M+18 for p:lmitic
acid(16 tarbons),

“The remainder of the hydrolysis p;OdUCtS was subjected
to flash chromatography (Skellysolve B- ethyl acetate*acet1c
acxd(grad1ent) 34 36g1 to 89:10:1 to B84:15: 1) to afford
additional fatty acids (62. mg“.xr(CHCl ): 3500-2400(Db),
2930 2860, 1706 cm* 1: hreims: ]p/z calcd. for
CygHe0,(stearic actd) (M'): 26482715; founa 264. 2714(8) ;. m/7
calcd. for‘c18 3202(11nole10 ac1d(55)ﬁk )' 280 2102,,£ouna ‘,(‘

280,.2400(10); m/z caLcd for C16 3202(palm1tu:‘§ﬁd)(M ):
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61
256.2402; found 256.2403(20); 'H nmr(CDC1,): 80.88(m,
CHy(CHy) ), 1.26(m, CHy(CH,) CH,CH,CO-), 1.64(m, |
-~CH,CH,C0-), 2.05(m, ~CH,-CH=CH- of 55), 2.36(t, J=7.5 Hz,
-CH,CO-), 2.79(t, J=6 Hz, ~CH=CHCH,CH=CH- of 55), 5.35(m,
-@-CH- of 55), 9.7(bs, -COOH),

. L4
- .
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3.1 DISCUSSION AND RESULTS

We envisioned that 12, as well as the natural product
analogues 13-15, could be synthesised from the allyl
benzamide intermediate 56. Compound 56 should be available
by addition of the three-carbon sidechain to benzamide 62,
.which in turn w0u£d be prepared from veratric acid

fi;ﬁ-dimethoxybenzoic acid, 58). The preparation of 58 from

or'tho-vanillin (59) has been described by Kingee.

. OMe  OMe OMe
MeO COOH MeO ON(Et), MeO CON(EY),
< ) Q)
58 57 56 ‘

Thus, commercially available 59 was methylated (methyl

iodide, potassium carbonate). The yield of 60, reported as

*

OR OMe
MeO_ . CHO MeO COR
5 :: |
© 59 RsH 81 ReCl|
60 R =Me 82 R «N(EY),

80%66, was improvéd to >30% by employing a "gentle" reflux
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(45°C) and extended reaction times. The aldehyde function
of 60 was oxidised (potassium permanganate, potassium
bicarbonate) to the corresponding carboxylic acid 58 (97%
yield)67.

A; mentioned above, 2,3-dihydroxybenzoic acid (4) has

been isolated as a metabolite of the Ceratocystis fungal

complex. It is therefore required for iron-binding studies
and bioassays. Thus 4§ was prepared from 58 by refluxing
with hydrobromic acid66 or by treatment with boron
tribromide at room temperature followed by agqueous
hydrolysis of the borate ester.

Benzoic acid 58 was convertga to diethyl amide 62 via

the corresponding acid chloride 61. For the transformation

?

d¢'§§ to 61, distilled oxalyl chloride and distilled benzene
were used. A large excess (14 equivalents) of oxalyl
chloride was added to a;solution of 58 in benzene. After
refluxing for one hour the reaction mixture was evaporated
in vacuo. This initial attimpt afforded only starting
material 58. A subsequent effort employed dry benzene (g%gg
infra) and 58 was oven-dried at 100°C for several hours
before use. Following treatment with oxalyl chloride (16

- eqguivalents) under reflux, evaporation te dryness.yielded a
white, crystalline material (61, mp 45-47°C) which was
stored in vacuo. The infrared (ir) spectrum (Nujol mull) of
this-compound-shows a8 carbonyl stretch typical of an acid
chloride (1779 cm-1), with no indicatién of the benzoic acid

in the carbonyl or OH regions. However this compound is



qQuite.susceptible to hydrolysis, since a sample submitted
for mass spectroscopy (ms) gives a peak of only 3.5%

intensity for C9H90335

Cl, while the base peak corresponds to .
the acid 58. After several days on the vacuum pump the
crystalline substance was reexamined. The melting point had
ritcn to 60-63°C and the mass spectrum (ms) gave a peak at
m/z 346 (14% intensity), assigned to the anhydride resulting
from condensation of the acid 58 with the acid chloride 61,

In order to prepare the benzamide 62, compound 58 (0.66
g) was treated in the manner described above to give 61,
which was combined immediately with diethylamine (é'
equivalents) in dry benzene and refluxed for one hour?
Compound 62 w;s obtained in 95% yield after flash
chromatography. A small amount (2%) of starting material
was also isolated. When the reaction was performed on a
synthetically practical scale (34 g of 58), crude 62
obtained was purified by flash chromatography and bulb-
to-bulb distillation.

The three-carbon side chain was to be appended to 62
via a rngioselective aromatic substitution. The selectivity

accrues from the faq&\}hat a wide variety of functional

groups (Z) are capable of directing ortho metalation of
*

*
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aromatic compounds (Scheme 8)68. Both methoxy and

Scheme 8 ortho metalation

. 3 4 ® 2
H Li

E
, MgBr,\ , /E®
¥
| @ MgBr

N,N-diethylamido substituents are present in 62, and

Scheme 9 ortho metalation of 62

OMe . g BuLi u OMe
MeO CON(EY), TMEDA  ‘Me0
® e M
2. MgBr,-0E1,
3. BrCH,CH= CH,
62 56

&

although the former was the first group to be employed in

69, the latter is the

0

the development of this methodology
more poverfu} ortho directing group7 The procedure used
was that of Snieckus (gigg'ggggg)31. However initial
attempts (Scheme 9) failed to generate any detectable amount

of allyl benzamide 56. Instead, by-products 63, 64, and §§

vere isolated (<5% yield) in addition ‘to recovered starting
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' 4 . |
material (>90x),, Phenol 64 likely resulted from oxidation
OMe
. RO CON(E?),
' \ ’
X
63 Re*H Xx=H 6 ReMe Xeo|j

R
S4(.R *Me X = OH L7 ReMe XeMgBr
S5 RsMe x5 '
Lot ¢

.9.

oﬁ the metalateﬂ species 67, suggesting incursion of
atmosph@?xc pxygen Vinyl anions are known to give vinyl

bram:des by‘react1on with 1 »2-dibromgeghane or allyl

a
bromxae *3 Therefore it appears likely that bromide 65

’ E)

fcrms by t%actnon thh allyl hromide in the undesired mode

(Scheme 10 pathway 'a'). ‘
v 3

. Sc_h'gm“q’ 10 Formation of bromide 85
, .. .., ]

: d”‘M.e o - OMe
‘ CONIE?), MeO CON(E?t),

//——\N/

MgBr S~
67 \ =2

— S

Br

‘e

Since none of the alkylated product 56 was obtained, it
’was undertaken to prove the existence of the anions (66 and

67) at various stages of the reaction procedure by deuterium



. . *
| \ 68
. B 3 R\U ) | "
incorporation. Thus the reaction was quenthed with

deuterium oxide (D,0) afterggddition of §-butyllithium and

7
.tetramethylethylenedxamxne ('I'MEDA) After several

v uns.uccessful efforts, deutenum 1ncorpora on (as determined

-

by y nuclear magnegic resonance spectroscoby (nmr) of 68)

was ach1eved usmg 10 equwalents each of the base and TMEDA
N »

-

(Scheme,"'lj). None of undeyterated 62 was detected. ‘ -
Complete deuter\iuﬂw . :
Scheme Il . Quenching of anion” 66 with DO
. g . '
2 Buli OMe b ' OMC : ‘
CON(Et)2 TMEDA MeO CON(Et), MeO CON(EN), .
=101, =
- Li D
62 . 86 e8
——— P——— ——

\ ‘ 1ncorporatxon was also observed by add;ng

freshly prepared '\72 magne51um bromlgde eth#te after the

8- butyllxth1um/TMEDA, then quenchxng with D,0.

Scheme 12" Formation of allyl benzamide 56

l.s BuLl (i0eq.)

W(E')z TM7E:A(IOeq) h MQO
S oc -

- 2-MgBry-0Et, (\B_eq.)
3.BrCH, CH = GH, (20¢q.)

s ,
- S . .
_ T : o AR A YO
\ £2 - 7 e ‘ _...5 Lo -
W1th the jorn\anon of thu.gnxon havmg been *
_ﬁ" I'\O Q_ ""‘\ & . -
st-rat@d atientxorr vAg returned to the, alkylatwn o~
. R . » . . . .ﬂ . \‘ \ &, ’ ﬂ )
. - y

-

) _'-../’
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reaction. Usi;wg the amounts indicated (Scheme 12), 62
(0.108 g) was alkylated’u"in'B\z% yield. A smal} Quantity  (8%)
of starting material 62 was recovered. For larger scale
preparatibns of 565 10 equivalents of s-butyllithium would
represent an inco‘rXeniently la®ge volume ; tl.ws' in two

subsequent runs, 1 » 10-phenanthroline wa§ employed to

indicate the presence of excess alkyll1th1um (Sche.me 139 ’ W
However, none of 56 was formed ' ' ./ &
- Scheme 13 |, 10 -phenanthroline complcx with
‘ " akylmhium
o RO Li(:?’. _ o
c = /
' .. bright red,complex | . v
Toble Table 2+ Forﬁht‘f’{n 60#1 ounts, ylefds)
| Equivlients of reagenn . Yield(%)
Entry; 62{g) [sBuL.i | TMEDA MgBr;-OE'tz BrCH,CH=CH, 56 62
.1 40.108[10 | 10 3 v | 20 82 8 .
2; 010610 i0 - 3 ’ 20 T2 % .
3 |0283(10, | 10 ~ 3 ., 20 - |33.2]
4 09Q3 23 25 3(solid) 10 30 30
5 0944 25 2.5 3- 10 .- |6] 13 .
26 |0.894 1.5 | I.8 3 , 10 1 .65
7 (1253 254 25 | 3 " - 1o g8 |g/
8 1.536| 2.0 2.0 3 . 10 (75 1 i A
9 3038 1.5} 1.5 3 3 [e2 %. %

" % not isolated | R ‘
’ Two repetitions of the = ™ s
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qprocédure without the phenanthroline indicator afforded 56
in only 12% and. 33% yieid. bespite these low yields, _
s%ifequent rﬁns were performed on "gram" scale since the
‘start1ng material could easily be re- 1solated when the
reaction was un’nccessful These reactxons are summarised
in Table 2. In;entry 4 solid, commercially available

Al

magnesium bromide etherate was utilised.

5 :
R=H . “' 10 ReH .
&R-Me l_R Me '

» With 56 in hand, hydrolysis and cyclisation to the

v ) ’ ‘
lggione‘12 vas at¥emp£ed A 40 mg sample of 56)1n 6 N
hydrochlor1c acid was refluxed for 48 hours. The reaction

gave four crystallzne products, 12, 69, 70, and 11. The
.phthalideost7u3;ure is presumably formed by isomerigation of
the carbOn-carbon dou%le bond prior to cyclisation.
Follou1ng flash chromatography, compounds J2 and 69 were
3bta1ned as a 5:1 mxxture (16 mg, 55%) and 70 and 11 as a
131 mlg?ﬁre (4 mg, 20~,. ‘That 69 is 7—methoxymellein\was

evidenced in xhe '™ nmr spectrum of 12 + 69 by brog%

singlets at $11.05 and §11.24 (hydrogen-bonded phenoltic
protons) and a singlet at-83.89 (3H, * ‘ .
. \‘_ & . .

RN

T
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OCH,).
-3 4

The structures of 70 and 11 were indicat‘qiby "W nmr of
the mixture. A s1gnal appearing at §5.45 (dd) is assigned
to the‘pro.ton at C-3. The 3-ethyl sutfstituent is suggested
by a complex eignal centred at 2.0 for the methylene growp
and a triplet at §1.00 corresponding to the methyl group.

In order to demethylate at the 7- pos1t10n in 69, the
mixture of 12 and 69 was subjected to treatmept with boron
tr:bromxde (BBr ). .Fpllow1ng the‘reactxon, oply 12 was
preSent (by tlc), and the'1ﬂ nhr ehafacteristics of this

material are in excellent a@ ent with those published for

-

the nas:ur(ad«~pr\<>c1UCt26 o/ '
Although one‘gqu1véttﬁf/of BBr3 1s normally required

L 0
per site of potentxaf reactxon (i.e. ArOR), in the case of

catechols on® ohe. mole BBr, is qeeded per mole. of et

-
substrate, as shown -in Scheme F@.

Scheme 14 Reocfﬁ“of BBr; with a catechol

T ' 3
. A . - .
. .

-

Bre ,
COR 0 9'5"3 OR 0 P~o0 o - oM 0
0

'.HO
RO@B&JO
el

O\H20 ° 0
Subsequently, the produgl mixture obtained from the

\

reaction of 5g“with 6 N hydrochlor:c acid was not ‘
chromatograbhed bqt *simply treated with BBr3 to afford 12
anc 70, which weré'uhen separatec by flash chromatography

~ A longer react:on time (96 hours) with 6 N hydrochloric acxd
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(Table 3, entry 2 ot give complete demethylation (6§

Table 3  Formation Jot 12 and 70 (amounts, yields)

| * Reaction time with - Yield (%)
Entry| 56(g) | 6 X HCI (hr)) 12 70
| 0.040 48 -1 20
2 |0.092 %6 64 22
3—|0.122 48 85 20
4 0.457-y 48 . !2 I3
5 |0.686 48 | B | %k
6 s , 236 .t 48 LI - N § 4
| % not jgolated - |
- - ”A‘ “ "

was still evident by tlc); ag&ia compgrigon of entries'i and
. . . it o .
2 shows that the reaction t}me with hyqsochi$¥ic acid does

B .ot R \.’ »
not have much effect on the overall relb‘ﬁve»y;glds o 12

- R

and _7_(_)‘. ' ) ,. ) s
: !
oo . .
OoH O .
- .
» _ )
)
. L 4 s -~
. oy 19}r1 _ -
A _ '

Isoochracin (72) is a natural product isolated from the

same fungus (Hypoxylon howieanum’S) as mellein (19, also
[ 4
‘known as ochracin). Thus compound 70 can be named (é/
6-hydroxyisoochracin. S%qge 6-ﬁydrpxyisoochrqcin possesses
- “ .

* the orthofacyl-substituted catechol fequired for

. sideraphore-like behaviour; “it will be' tested in the planned

e
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iron-binding studies and bioassays (vide supra).
‘ *

% OR, O

J2 ’7"1"R2""’l A JiRi=H R;=Me

_71 Ry =Me RQ'H ‘ZER1'R2'MQ-. 'S

! ‘ ’ . ,’ o i I
Withe compou‘B in hand, W

the preparation of 13- 15. 1In on of a carbon-carbon -

double bond into 12 to give idered. A literature

N 2N ) . . O, ‘.
27 indicates that benz W bromination. c'ould be

"pefﬂ'd en the dxmethyl derivativyé (75) of 13
.

procedure

Scheme 15 Synthetic rou'e.gﬁ“ 13
OMe ) - OMe &

Me® CON(E?), ., or )M
' 9 c 2
@ ’ 2 NOBH4

Dehydrohalogenation of the brominated compound, followed by, .

’ (AN
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v

»
-

deprotection of the phenols would then gi;e rise :o‘i},
Thus methx}agion.(methyl iodide. potassium cprbonate3 o?blg
" vas atteﬁbt;d.' However, despite heating (orwzz hours in the
presence of a large excess of alkyiating reagent,?the
reac_bion" did ‘not” proceed io'COmpl‘tiqn. After flash
chromthgtaphy, 4 nmr spectra ofgghe products showed the
presence of'star;ing material 23, the 7-methoxy derivative

73, the 8-methoxy derivative 74, ané the Z, 4dimethoxy'

compound 75, in a ratio of 2:4:2:1. Sinck¥We formation of
~ . ﬁ 14

;é wa@’no; straightforward (however, see and 144 below)

a aifferent approach to 13 was phrsued. Tﬁ?& proposed r

synthetic route from 56 to isocoumarin 13 is shown in S¢heme
. . v
15. . ) , B
"

- . » ) - v

The %xymerCUration-demercuration of 56 was crried out
in order to hydfgte the oléfin in the Mﬁrkovnikev sense.
The.initiai effort was performed on 1Q~mg of 56, and éavg‘

after flash chromatography of the crude products, a smalll®
~ v

amount (1 mg, 6%) of starting material (R£_0.7), a mixture

of two relatively polar (Rf 0.29 3Qd 0.22) éohpounds (14_nmg,

73%), and a p}}ar (Rf.0.0S).compdnent (vide infra). The 1ﬂ

-

nmr spectrum (Figure 8) of the ﬁixlure of relatively poiar

compounds showed that each of the two strg@tuqes posse§§ two
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methoxyl groups and the 3f Qﬁide functionality.

-,

¢ Scheme |6 Possible f.ormatlon of alcohols 76 and 78

L 8
76.'~
:‘”.,,»s-fg'-;u . Y , | 1.2=hydride shin
1.4 86 ?: . ‘
o— Yo ‘, :
N, OMe ‘
- é’ﬂ“ : C
S :.." MeO CON(E?), ; S“SH
. Q
o« .0 ‘:,g,,_)‘l - HgOAC 3 NeBH.
T AL '
A TR .

. ‘ J T -g‘ ;
‘,. - *a 2 L e \
s a .

'liqna-l‘t 84.1 was chang,ed

© a series of sharp lines by

adg1t1on ‘of D ﬁroadened

[ ¢ - S .

dxsappeared upon~n§o exchange. It was apparent "that a

ignals at 6%.71 and 63.06

mxxtare of.alcbhois had-been formed. Since a 1,2-hydride
shift‘of the initially formed 2° carbonium ion weuld give

¢ ri!\§t; a more sfable benzylic cation, it was thought that
the mixture might consxst of isomeric alcohols 16 and 78
(Scheme 16).- In order to acquire more information on the
structure of the two alcohols, they were treated with
pyridine and acetic anhydride at room tempera;ure te form
the corresppnding acetates. In the 1H nmr spedtrum (Figure

9) of the products (which §ave a single spot on tlc),-ﬁhe \J

atetyl methyl groups appear as singlets at 6?.01 and 62.02.
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As anticipated, the sxgnal for the carbinyl proton.in the
alcohol mixture vas shifted downfield 4 Thus the §84.1
signal in the ale"‘l mixture was repiaced by signals at
65.09 and 65.17 (each a sextet, J=6.5 Hz). Assuming a 1:1
ratio of the two compounds, these‘two sign?ls together
integrate for two protons. The carbinyl proton in acetate
12 coui?;appea; as a seﬁéft, but that of acetate‘bf ééf_

should‘éppeqr a§ a triplet. Since two sextets are observed,

the conclusion was drawn that the two acetates are
;otational isomers, and therefore the two parent alcohols.
are rotational isomers of 76. Examination of molecular
models sholy tha't‘ the bulk? '3'° amido and 2-prqpanolic
aromatié gpbs‘giuents experfencé serious sterif interactions

‘ .
otker, thus 1t seems conceivable th two dxstlnct

with eac

conformation (obser§;ble by tlc and H nmr') xxsgx’ Also in

keeping with this propogal are-signals in the 1ﬁ/nmr
spectrum of the abetates ;Br the benzylxc methylene protons
(62.60 (1H, 44, J=14.%5, 6.5 Hz) and 62.85 (1H, dd, J-1 5
6.5 Hz) for one isomer; 62.76 (2H, G, J=6.5 Hz) for the

other isomer) and for the methyl group of the three-carbon

-
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sidechain (81.325 (3H, d, J=6.5 Hz); 81.335 d, J=6.5 Hz).
The 1H nmr spectrum of the parent alcohols can be seen as
consistent with the idea of rotational isomers since four
benzylic protons are observed (each giving’ a @8) and two
methyl doublets are discerniLle at 61.20 (J=6 Hz) and 81.26
(J=6 Hz). The chemical ionisation mass spectrum (cims) of
i fhe alcohol mixture gives a iinglé large peak at m/z 296-
(M+1, 100%). ~ ‘ \

! An attempt to separate che two isomers of 16 by

preparat1ve tlc (chloroform- dthyl.acetate, 50:50, three

-

elutlons) was unsuccessful. o
Table 4  Oxymercuration - dcmcrcura )on (amounts ,
o yl‘oldt)
‘ Reaction #producn Yield (%)
Entry 56(mg)| Hg(OAc), (eq.) | time (hr.) L (Yer) | 18 &8 X
L | 18 1.0 0.5 2 M3 6
2 | 23 e | 21 3 [k %k
3 25 1.2 21 3 *k Xk
4 (“iq 1.1 -y 4 % %k
B 46 i.0 0.7 2 17 80
-6 | B2 N 0.5 2 62 17 °
7 ]125 1.1 1.0 2 €5 15
8 | 49 | - 1. . 2.0 3 50 4
g | 57 .50 | o5 '3 ST 9w

% not isolated
A var;able temperature 1H hmr eXperiment was conducted -
to try to cause the two sets of sigmals of the rotational
-

isomers to coalesce into one set. The‘1H nmr of Zﬁ (in -

toluene-de) was recorded at 200 MHz &t ambient tempera::;s,,—-

<
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50'C,‘75’C;'ehd 100°C. However, only slight line broadening
vas observed. Temperatures above 100°C wvere not attainable .
with the high field nmr variable temperature equipment
available. An attempt was made to do the experiment at §0
MHz, but the resolution et this field strength is not
sufficient to,opserve the two }somers at ambient )
temperature. , i
In subsequent oxymercuration-demercuration reactions of
56, it was obser‘ed that the reaction time with mercuric
acetate (beforé ‘Bd:txon of sodium hydrox;de and sodium
borohydrxde) has a profound effect on the yield ~of the
desired alcohol.,76, as well as on the nufber of reaction

L4

prodUtts"\As\shown iﬂ Table 4, sterting‘hateriel 56 was

'.
always xsolated, regardless of e‘, reaction time. However,

prolonged times (ehtrxes 2-4) resulted in the appearance of

# additiona) products. It has been shown (Scheme 17) ? that

long ;reaction times can be deleterious to the Buccess of the
/ ' .

Scheme 17  Effect. of reaction time with Hg(OAR),

N © oM - ,

TR ~/ 1. Hg(OAc), > |< reaction :

- TN > leld (%)

T f . 4 ' Z’NO.BH‘ : ) . ‘;h‘:'-’.';' “m‘ ]5y -

e T . ey v*'h .
ez VL O SR POS 35min 7 86
WSS e L L 2.28 hr. 44

%eectxon Reéaction ;imes of 0;5_or 1.0 hours (entries

é5, ,6,7) gave the besr yields of 76 and only one by-product

(more polar than 76, vide infra). A yield of only 17% of 76

(entry '5) was, obtained :}Eh.s shorter readction fime. The .
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'yield of 76 was sl;ghtly less than optimum, apg two
by- products were isolated (one of these is the
above-mentioned polar by-product)‘vith 8 reaction time of
2.0 hours (entry 8) and by using excess mePcuric scetste
(dﬁt{?}Q). These twvo by-products were isolated from the
reactifoh mixture of experiment 8. Their structures were
elucigated as'alcoho{ 83 and diol 84. Like 16, 83 gives two
setd of sigpals in the'1H nmr spéctrum, and therefore
ptcsutably exists as two rotational isomers. However,
unlike 76, bnly 2 singlé spot is observed for 83 by tlc.
They structure of 83 is apparent from the following data.
Four protons (each a dd) appear bet;een 61.75 and 62.22 ('H
nmr) which can be assigned to the homobenzylic methylene
‘group of the two isomers of B3. No signals are present 1n/
this reglon of the. H nmr spectrum of‘L_ In addition, the
two doublets corresponding to the sidechain terminal methyl
groups in 76 are absent from the methyl xegxon in the H/nmr
spectrum of §3.. Otherwise the . " nmr spectra of 76 and 83
are s1$11ar, consistent with the remaxnde; of structure 83.”

By hrexms, 83 d1splays the same ma)or fragmentatxon peaks s

76 (g . m/z 251 23§, 220, 205, 179) but gg shows a more

o et
v

1ntense“glgna1 for\\sf loss of H 6 (m/z 277 18%) than 76
(m/2 277, 0.1%). The cims of 83 gives an M+ peak (m/Z' 296,

54%) and a base peak for M+1 H,0 (m/z 278). The Bydroxyl
\
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and amide cérbonyl absbrptidns appear at 3600-3100 and 1612

ém-]'respectively (ir). T
OMe . OMe , . o
MeO CON(Et), . MeO : CON(Et),
OH RO op
83 84 R=H’
85 R=COCH,

The structure iof_diol 84 (which also exists as two
rota;ional isomers but appears as one spot by tlc) is
consistent with the follé;ing spectrai déta. The 1H nmr
spectrum exhibits benzylic protons (each a dd) Between 62.44
and 62.88. No signals are present in khe region 151.8-2.4'i
(whe:g tﬁe'homobenzylic protons of 83 apptar) and the
doublets arising from the methyl grdups of the sidechain in
76 are missing Ap the spectrum of 84. The remainder of the
1H nmr'spectfum of B4 is in agreement with the proposea
structure. The hreims does not give a parent peak but does
show the major fragmentation peaks common to 76 and 83 at
m/z 251, 236, 220, and 179. An M+1 (m/z 312, 100%) peak is
present in the cims of 84. The ir spectrum displays OH
(3600<3100 cm ') and amide carbonyl (1605 cm ') absorptions.
The diacetate 85 was prepared by overnight treatment 84 with
pyf/dlne/acetlc anhydrxde at room tempe:atu{e. The H"np:T

fpectrum exhibits six protons (three for each isomer)
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between 53.97 and 85.41 due to darbinylic protons. Four
. acé%yl m?thyls (two for each isomer) are evident at 62.02,
2.03, 2.07, and 2.08. The "methylene- 2°/acetate - 1°
acetate” seguence in the three-carhon siéechain was‘“ﬁ;ified
by dec0upling expefiments} The hrgimé of the diacetate 85
gives\the parent peak (m/z 395, 24%) ﬁlus consecutive losses
of dcefTé’acfa_Tm/iﬁ335, 100%) and acetyi~radical (m/z 276,
.81%). The ir sﬁictrum shows carbonyl stretéhds for the

‘ -
acetates (1742 Fm-1) and amide (1630 cm 1).
, . X

Ve

Scheme 18 Formation of alcohol I8 by ortho
metolotfgn

OMe I, _; BuvLi ) OMe
MeO ON(Et), TMEDA Me CON(E?),
=78°C |
2.MgBry OEt,

. 32\ OH

62 h -~ 76

#

A more direct approach to 76 from gg involves the use

a

-

- of propylene oxide instead of allyl bromide as the
electrophile in the ortho-metalation reaction (Scheme 18).
A similar reaction was employed in a synthesis of mellein”

(19, vigde sugga)27. The best yields of 76 were 66-73%, as
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* ghown in Table 5. By-products were formed which appear at

Table S Formation of 76 (amounts, yields)
Equivalents of reagehts

| Yield (%)
Entry; 82(g) |§BulLi | TMEDA|MgBr,-OEt, & " _7_Q._ _9_3"

| [0.991]| 2.5 | 2.5 3 10| 1t 60
2. |1.154] 2.5 | 2.5 3 10 | 47 82
3,/0.346] 2.5 | 2.5 3 10 5 60
“looe8| 25 | 2.8 | 3 |10 | ‘T 68

'8 |1.206| 2.5 | 2.5 | 3 10 | 66, 15
6 (1222|125 | 2.5. | 0 - | 10 | 24 28
7 |1.0%4] 1.2 | 1.2 .3 | .5 | 44 30
8 [1.426| 2.0 | 2.0 3 10 |66 18
9 |3269| 1.5 | 1.5 3 3 |73 7

sliggtly,higher R, on tlc tﬁan the desired alcohol 76.
Unreactéd s;arting material 62 was separéted from the
reaction products by fl&sh.chromatography. It was fouﬁd ’
that l§‘c§ﬁldhbe§£ be.fﬁréhgr purified by subj:::)ng‘the
'mixture.og'reaction products to acetylatipn conditions

.(Schemé 19), 'then purifying acetate 79 by flash
)

chromathraphy, and deacetylating (potassium carbonate,

’

methambl, room temperature, quad!itative yield) to afford .

76.+ The only by-product of the ortho-metalation reaction

vhich was acetylated is phenollﬁi. Its acetate B6 (Scheme

19) §$s~isolated (44 mg, 2% from 62) following acetylation

*

of the combined crude reaction products from entries 1-2,

Table 5. Hydrolysis of the crystalline 86 afforded 64.



—_ a

Acetate 86 - .

-~

Scheme 19 tic:alcohol 76 to ucetate 79

\

a2—tee |- N | Y
pyridine -
| acetic ¢o1—i8
' . | anhydride . ®e-1——86
an : (T 1]
(83| s

was also prepared by acetylation of 64.

OMe .
MeO , CON_‘(E' )2

’ OR

= COCH, - 81 -

——

Of the by-products (entries 1-2) which did not
acetylate, one eluted in quite pure‘form from the flash
chrggatography’gf the acetylation products. Further
purification by preparative tlc aﬁd flash chromatography
gave compound 87 (9 mg, 0.2% from 62). 1Its tentatively
assigned structure is based on its h nmr, ms, and ftir

~data. The 1H nmr spectrum shows five aromatic protons, two
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of uhich are ortho coupled (2x 4, J=8 Hz). The oﬁher thre;‘
are. contaxned 1n a contiguously trlsubstxtuted benzene
nucleus (1H, dd, J=7.5 Hz(orthe); .1H, dd, J=7.5, 1 Hz(ortho
and meta); 1H, dd, J=7.5, 1 Hz(ortho and meta). T;:;e
me;hoxy grfups are evident, as vell as the multiplets of the
methylenes of the amide functionalities. Tha; two amides
are'present‘is shgzh by the four triplets of the amide

methyls. An amide absorption appears at 1628 cm-1 in the ir

d1mer1c nature of the structure (

spectrum. The hreims gives the magn 1nd;catlon of the
%g} 44, 3?%), ‘and this is

supported by cims, which shows an M+1 peak aZ’m/z 443
1

“weth . ) . )
(100%). The mechanxsm in Scheme 20 could exPlain the

formation of 87. The proposed mechanism'is*supported by the

fact that some Grignard reagents are known %o add 1,4 to

‘ aromatic systems76. «Later alkylations of 62 using propylene

oxide (entries 3-9) also produce non-acetylating by-products

(which were not investigated (with.the exception of entry

6)) but did not give phenol 64 (however, see (R)-alcohol 128
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Scheme 20 ’For’m"ovndon of bl'phqpyl 87

.. OMe . - OMe ~
MeO CON(Et), :
Mgbr >
OMe
MeO .

(Et),N-C :
v .

Following hydrolysis of acetate 79 to the alcohol 76
v ‘

\ OMe 0 - OMe 0 |
MeO o MeO , '
' 0 | 0 -
FY R Y e

(vide supra), small amounts of non-polar materials were
consistently observed by tlcf These were isolated (<4% from
62) by flash chromatography (which also served to purify 76
for th% next synthetic step) and identified as isomeric
phthalides 88 and 89. These compounds went undetected prior
to the acetylation reacgionﬂ since their structures suggest

that they are by-products of the ortho-metalation reaction

of 62. The formation of 88 and B9 is rationalised in terms



88
of thc-’mec.hanin& in ScHeme 21. ’
Scheme 2], Formation of phthalides ,i[cndu
S/ | . OMe | g/—
CQ'(E"' o Meo CON(EY), :{(E')z
o™ @ Q — oo
MgBr
o |
B®——H
0
™~ ‘ A
* oe
N J H
work up ‘
| 9

The ortho metalation reaction listed under entry 6 was,

carrled out (in the absence e("bagnes1um br%?1de etherate)

follow1ng the discovery of the results of- Elletson77 shown -
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in Scheme 22. 1t should be noted that in Scheme 22 the
. - [N

g

- —Scheme 22  Ellefson's .ortho metalotion reactions

’

L]

‘ -\ | n_ Bull
\" "H 2 CuBr
/’3' BrCHoLH *CHy
‘ . :
% . 91 TI% (9% cubr)
4
OH
) .
ol 20 l.n Buli
" <
I ~.
o :
92 S7*%

teactioq with propylene oxide is performed without 6rma€ion
of the cuprate. The reaction in entry 6 gave, in a:&ition |
to 76 (24%), a substantial amount (11%) of benzophenoﬁg 93.
Purification of 93 was facilitated by acetylation, which
made gé/easily separable Sy flash chromatq’:aphy from
acetate 79. The 1H nmr spectrum gt 83 shows the structure

is composed of two benzene nuclei, one contiguously

tetrasubstituted (2x 1H; 2x 4, J=8 Hz(ortho)) and the other

contiguously trisubstituted (1H, dd, J=7.5 Hz(ortho); 1H,

dd, J=7.5, 1.5 Hz(ortho and meta); 1H, dd, J=7.5, 1.5

- K3
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> |
)z( ortbo and meta)). Therd are tour methoxy substituents
OMq 0 comsn, | "OH ©
w O QL
AT ’
I ﬁ_ R1'H\ RQ'M.

25 R,*Me R;*H
96 .Ryi*R2*H

(63.73, 3.88, «.89, and 3.91) but only one amide, as
evidenced by the presence of two methyl triplets (§1.07 and
1.15). The «r spectruﬁ‘shows the amide carbonyl at 1636
cm‘1. A benzophenone iS»&qdicated by a carbonyl absorption
at 1665 cm |, as well as a resonance at §193.7 ('3¢ nmr).
The structure of 93 is also consistent with the hreims (m/z
401, 7%). 1ts formati& is expiainod in terms of the
mechanism in Scheme 23. Benzophenones of this nature also

31

have been -obtained by Snieckus® from his ortho metalation

procedure.

Scheme 23 Formation of benzophenone 93

OMe

o CON(EY) ~- | _ ©
Me 2 | N(EY, _ o

MgBr (Et)}%(i OMe
E 0 OMe

67 ~
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lcnzophonono 21 vas lubjoctod t° scia hyd:olrsis

conditions (6 N hydrochloric acidq rc!lux. 48 hourl) The'
crude products were treated with boron tribromide folloved
by squeous hydrolysis of the borate esters to 9iv; s mixture
of phenoliéc compounds. Thrse products were separated by
flash chromatography. Examination of the bropuctc by "W nmr
revealed that demethylation vas incomplete, since two og the
compounds, 94 and 95 (Rf 0.57 and 0.41 respectively), are
monomethoxy derivatives of the third, most polar (Rt 0.33)
compohent (96). Structure 96 is easily assigned bc;od on
the known structure of compound 93 and the fact that 9§
contains no methoxy groups. Assignment of the H nme
spectrum'of 96 aids in establishing the structures of 34 and
95. Thus the signal at 67.29 (1H, d, J=2.2 Hz) must
represent the H-2' proton since’it has only a gggé coupling.
A coupling constant (2.2 Hz) common to &7.29 and §7.18
places the proton of the latter signal at H-6'. The ortho
coupling constant (8.2 Hz) of the 67f38;peak'requires that
H-5' gives rise to the signal at 86.95 (1H, 4, J=8.2 Hz).
The resonance at 86.81 (1H, dd, J=7.75, 7.75 Hz) is assigned
to H-5 since this proton is situated ortho to H-4 and H-6.
The remaining s}gnals at 67.09 (1H, d4d, J-7:75, 1.5 H;) and
§7.16 (1H, Aad, J=7.75, 1.5 Hz) must Bg due H-4 and H-6

‘although their assignments are interchangeab

In the 'H nmr spectrum of 94 determined in
7
acetone-dG+Dzo, the chemical shifts ot protons Hcd4, 5, and 6

(67.105, 6.82, 7.15, respectively) are almost identical to

a
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thdso,of-tho corresponding p:otons.in 96. _Hovo§qr, R-8' in
96 is shifted upfield by 0.14 ppm cospared to M-8' (87.09)
in 94. Therefore the methoxy group in 94 is assigned to
C-3' based on the smaller mety shielding effect on H-®' in
94 than in 967°,

ICompound 95 qgives » '"H nmr spectrum (acetonc-dé*DZO)
‘spectrum in which H-2', H-5', and H-6' are essentially
unshifted from their locations in 96. hus it lppe:?s\\\\\
unlikely that the mctﬁoxy oubstxtuent is located at
C-3' (94) or c-¢'. Sifice the N ner (CDC13) of 95 shows a
hydrogen-bonded phenof}c proton at 611,9 due to the C-2 OH,
tbe methoxy group of 95 must be assigned to C-3.

| Compouné 96 has a structure similar to benzophenone

79

natural products maclurin 97 ° and 2,3',4,6-tetra-

hydroxybenzophenone ggeo.

OH O
HO :: OH :: '
| ) OH
98

Alcohol 76 was oxidised to ketone 77 in L'rder to
establish the correct level of oxidation in the three-carbon

sidechain for the preparation of isocoumarin 13. Three

' . . ) . - 81

methods of oxidation were investigated. Jones oxidation
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resulted in poor yields (41, 44Xk while pyridinium “
cuo:ochrmgc: gave an improved (74%) yield.of 17. .
uonvc h approaches suffes.from the d~iudv;:nugo that
they also produced aldehyde 99 (ca. 3%). Compound 99 is

only'.xsg::}y more polar (R, 0.34) than ketone 77 (R, 0.42)

kes suritication of 77 difficdult. svern®3

and thus
oxidation ©f 76 wvas most satisfactory since the yields were

high (91-94%) and none\* 99 was formed. Unlike 176, ketone

OMe i
N MeO CON(E?),

17 R eCH,COCH,
39 Re=CHO

L4

77 does not show pronounced rotational isomerism_at room
temperature. However, some rotational interdependence
between the 2-propanoyl and 3° amido substituents is
indicatid, since the protons ("H nmr, Figure 10) of the
-benzylic methylene group appear as doublets (63.56 and
§3.70, J=16 Hz).

It vas.hoped‘lhat acid hydrolysis of the 3° amide
functionality of él\vould give the keto-carboxy intermediate

100 (Scheme 24), which would presumably cyclise and
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dehydrate under-the reaction conditions. Reaction with

.Scheme 24 ,Roﬁu. Ketone 77 to isocoumarin 13

A ] A

OMe
. MoO CON(E?) "'HC| RO COOH HzO
17 100

boron tribromide to complete tﬁe emethylation should then

afford 13. T;eatmént cf 77 with 3 N hydrochloric acid
(reTlux; 24 hours) gave no hydrolysis. §¥arting material
(43%) and phenol 102 (8%) were the only compounds observed
in the tlc of the crdae products. They were separated by
flash chromatogr:phy. The structure ofilgg was assigned -on
the basis of its spéctral properties. The 'H nmr spectrum
is very similar to that of 77. K single methoxy group
appears (63.93) along with a singlet at &5 75 due to a
phenolic proton. The ir spectrum shows OH absorption

(3600-3040 cm~ ') and carbonyls at 1708 and 1625 cm '. The

“

parent peak for 102 is prominent in its hreims (m/z 279,



60%) .
; "OR
HO @ CON(Et),
. . o ‘
- 102 R = Me
103 R = H

)

A shorter reaction time (reflux, '6 hours) with more
concentrated hydrochloric acid (6 N) resulted in the
isolation of unchanged 77. However longer reaction periods

(Table 6) with 6 N hydrochloric acid completely consumed 77.

Taoble 6 Hydrolysis of 77 (amounts, yields)

Reaction time with Yield (%) Ratio

Entry] 27 (g) | 6 N HCI (hr.) [12+33 13 | 12:13
| 0.018 20.5 _— — —
2 |o0.06e6 67 7T — | 1:2
3 0.056 42 I14 — 2:1

4 1.381 168 23 — 1:25
S 0.035 |44 - 30 —
6 0.244 136 — 24 —_—

-

Phenol 102 was the only compound isoclated from the crude
product of entry 1. Examination of the crude products from

entries 2 and 3 by tlc showed more complex mixtures, and

indicated\gﬁe presence of diphenol 103 (vide infra) in
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addition to the desired isocoumarin 13.. Eath of these
mixtures was each éubjected to trea;ment with boron
tribromide. The progucts isolated (by flash chromatography)
from these reactions were mixturés of 12 and 13 (in very low
'yields). Since 103 appeared among the crude products of _ _
entries 2 and 3, it.was thought that a longer reaction time
w:th 6 N hydrochloric acid might give more complete amide
hydtciysxs. However the crude material 1solated from the
.rgaction (entry 4) showed.at least six compounds (tlcy/

besjdes the least polar

Scheme 25 Auto-oxidation of KeTone ‘17

d -
OMe OMe
MeO CON(t-:t)2 MeO con(Et)z MeO ON(E?),
od OH =
? 0®
77 4 105
— _ —‘ OH?A'
- / 0 ,
- MeO > “CON(E1), MeO N(EY),
| OMe - OMe :

mixture of 12 #kd 13. It was found
that if ketone 77 was d1st1lled‘p;;gx_;o reaé\w>n with 6 N
hydrochloric acid, formation of 12 was almost completely
suppressed. Thus from entries 5 and 6, compound 13 isolated
after the boron tribromide reaction contained little or none

of 12 (as determined by "H nmr). The generation of 12 when
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. 77 is not distilled may be due to formation of hydroperoxide
104 (§cheme 25) by air oxidation ai the doubly-activated
benzyfic methylene group in 77. Collapse of the
hydroperoxide with concomitant hydride transfer would lead

to the formation of 76 and thus to 12. The oxidation

‘.%oduct (105,3§ide infra) which would result was not
detected, however . in order éo prevent sdéh

~ auto-oxidation-reduction ;eactions from occurring, an
antioxidant (butylated hydroxytoluene, 106) was added to a -—
reacti?ﬁ mixture containing undistilled ketone 77 and 6 N

hydrochloric acid. However, a mixture of 12 and 13 was

isolated. The mechanism by which 12 is formed remains

unclear.
CH,
OH e
. /
3 /
106 - ‘”\\ /
- ‘\\

v )
iJ/An alternate route Sz isocoumarin 13 from ketone 77 was

studied. It was discover-d that attempted distillation of
ketodiphenol 103 resulted iﬁ the formation of 13. Compound
103 was prepared in crude form by treatment of ketone 77
with boron tribromide. Purific?tion of 103 by flash

chromatography was possible but in later experiments it was

used in impure form in the preparation of l;f A less-polar



(tlc) component present in the crude reactiOn mixture was

presumed to be 7-methoxy-ketophenol 107 (v;de’1n£gg) It

vas found that the reaction of 77 with boron f?ibtgnxde is
sensitive to the amount of reagent used. The ::e of 1.0 |
eguivalent boron tribromide appears (tlc) to maximise the
yield of 103 and 107. The cims of this crude reaction
pfoduct gives only five major peaks: m/z 280, 91% (M+1 for
107); 266, 100% (M+1 for 403); 207, 23% (M+1-NHEt, for 107);
192, 41% (M*1-NHEt, for 103); 74, 16% (NHEt,+1). When
1.1-1.5 equivalents of boron tribromide are employed

substantial amounts of 103 and 107 are evident by tlc, bﬁx

the use of 2.5 equiwglents_of BBr3 results in a mixgure of

preducts containing very little (tlc) of 103 and 107.

’

OH
0 CON(EY), RO
e
0

. 103 Re=H A3 ReH
> 107 Re=Me . 108 R =Me

. "Pyrdlysis" of the crude mixture of 103 énd,&O? in a -
Kugelrohr bulb-to-bulb d?E?{igjj?;n apparatus (in vacuo)
gave "distilled” material containing isocoumarin 13 and
7-methoxyisocoumarin 108. The yi:ids vere 12% and 7%

cespectively over two steps from 77 when the sequence was

performed on a small scale (beginning with 63 mg of 77).
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The formation of 7-met%oxyisocoumarin (108) is xndxéated by
singlets at 611,20 (hydrogen-bonded phenolxc proton) and
63.95 (methoxy) in the "M nmr spectrum. The fact that 103
and 107 can be heated to afford the corresponding
isocoumarins indicates that a phenolic»group ortho to the
amide assists in a thermally-induced elimination of
diethylamine. Molecular models show that the lone pair
electrons on the‘%itroéén atom of the amide in 103 or 107
closely approach the proton of fhe"ggghé phenol in the
conformation sﬁbyn in Scheme 26. The Teésult is a transition
state containing two six-membered rings. This hypothesis is
supported by the fact that ketone 77 is unchanged upon

distillation and that none of 8-methoxyisocoumarin is

isolated from the "pyrolysis” products.

Scheme 26 Thermolly induced forri\otion-q_f is

/H c
(o QN(E:)2
~HO O _NH(EN),
(O A —
4
3 H )
103 13

In preparing somewhat larger quantities of 13, the
following procedure was employed. A‘solutién of ketone 77
in metquene chloride was treated with 1.0 egquivalent of
boron tribromide at -78°C and the reaction mixture was

allowed to warm to room temperature overnight. Following
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aqueous hydrolysis of the borate esters ithe crude 103 and
107 were isolateé; This mixture vas "pyrolysed” at 230‘6
"(0.25-0.3,\;orr) for 30 minutes. The "distilled" material
was subjected to f;ash cﬁromatdgraphy to y?eld a mixture of
E} and 108. This mixture was again treateé with boron
tribromide (vide supra) to yield pure.13. 1In this way
reproducible yields (29%: 96 mg of 13 from 506 mg of 77;.
31%: 0351 g of 13 from 1.705 g of 77) were obtained over
"the three-step sequence. |

An attempt to carry out-the cyclisation of.lgg to 13 by
ﬁgaﬁing 103 in a high boilzng solvent (xylenes, bp ¢

136-145°C) consumed all of the starting material but failed

8,

to. give any detectable amoun%_of lé. A
OM
HO CON(E?),
©f
100 '

1t was thought that the sensitivity of ketone 77 to
treatment wifh more than one equivalent of boron 'tribromide
(vide supra) could be ascribed to the reactivity of the
doubly-activated tenzylic methylené group. Some negative
evidence in support of t?is hypothesis was obtained by the
reaction of benzamide !é‘(which has no sidechain) with 2.1
equivclents of poron tribromide. The diphenolic benzamide

109 was isolated cleanly and in high yield (96%f. The
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frequency (1580 cm ') of the CsO absorption in the ftir of
109 shows that the amide carbonyl is hydrogen-bonded to the
ortho Shenol, aﬁd is therefore held in one conformation. A
consequence of this single, symme;ricBl conformation is that
no diastereo-isomerism is possible about the carbon-nitrogen
bond, which in amides has some degtee of double bond
character. Thus :; the 'H nmr spectrum of 109 the two
methyl groups give only a single triplet (§1.29) and the two
methylene gfoups a sinéle quartet (83.5%).

The appearance of C=0 abéorption agxlow wavenumbers
(1580 cm™ ') in the ir spectrum of 103 indicates that this

amide carbonyl is also hydrogen-bonded to the ortho phenol.

Besides éliminating the possibilty of cis/trans amide

isomerism, the single conformation in 103 also removes the
rotational interdependence of the amido and 2-propanoyl
subsiituents, §incg the benzylic methylene protons appear as
a sharp éinglet (63.51) in the 'H nmr spectrum (compare with
ketone 77 above).

Isocoumarin 13 waé to be elaborated to compounds 14 and
l§. -Toward 14, a literature®? precedent was followed. Thus

13 was benzyiated (benzyl bromide, potassium carbonate, dry
acetone, 56°C for 48 hours). A 4:1 (32%:8%)
regioselectivity was demonstrated for alkylation of.the
phenol at C-7. Compounds 110 and 111 were easily

distinguishable on the basis of their "M nmr spectra. The

-+ chelated phenolic proton of the former appears at 611.24,

while the the latter disblays a phenolic proton at §5.87.
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The dibenzylated compound 112 was also\:?}pined (21%).,

OR2 O - S :
| R.O7 o | .
P
P
Jljl R1'!30 Rz"*
111 Ry=H R2+=Bn
. ll& R1'R2'Bﬂ

Formation of the lactol required opening of the
unsaturated lactone ring to the corrgsbonding keto-benzoate
un@er gasic conditions, followed by carefwl acidification to
Avoid dehydration. i

This was tirstlattempted by heating compound 112 for 30
minutes with agueous sodium hydroxide (0.02 N). However,
since 112 is dibenzylated, no acidic phenolic proton is
available to allow formation of a vater-soluble salt.
Therefore 112 remained iargely pndiSsolved‘and did not
react. The reaction was repeat;d using .a small amouny of
diméthoxyethane to help solubilise the starting material,
but again 113 failed to‘react. The dibenzylated compound
was then refluxed in 0.02 N aqueous sodium hydroxide
containing added methanol. Following isolgtion‘of the crude

material, a more polar éompound vas observed by tlc in

addition to starting material 112. Flash chromatography

!
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gave keto-ester 113 in 14X yield. This cémpound resylts

Scheme 27 Formation of Keto-ester 113

Oo8Bn O _© , OBn O
OMe
B8nO '/\‘ Bn
0N . >

from opening of the lactone with methoxide ili
The structure 113 is indicated by the following spectral
"data. The ir spectrum display§ carbonyl absorptions for a

‘). The

ketone (1712 cm™ ') and an aromatic ester (1726 cm
methyl group of the ester appears at 83.77 (3H, é) and the
methyl group of the ketone at 62.13 (3H, s) in thev1H nmr
spectrum. The benzylic methylene group gives a signal at
§3.66 (2H, s)..The hreims shows a parent peak at m/z 404
(4% intensity).

Ménobenzylated 110 was bettdr suited tg_preparation of
the lactol. Compound 110 was dissolved in'0.02 N agueous
;sodium hydroxide and the solution was boiled for 20 minutes.
After cooling to 0°C and adding ether, the agueous layer was

84. Extraction with ether

carefully acidified to ca. pH 5.5
at this pH resulted in isolation of a small amount of crude
material containing little or no lactol 114. The pH of the
aqueous layer was lowered to ca. 2.5 and extraction was

repeated. After careful work-up, lactol 114 was obtained 1in

. {
88% yield. The structure of 114 is supported by 'Y nmr
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108

singlets for the methyl (81.78) and methylene (83.17) groups

and a parent peak in the ms (m/z 300, 8% intensity).

: OH O
RO
©¢
OH

114 =Bn

114 8
- 14 ReH

Hydrogenolysis (hydrogen, palladium on charcoal, ethyl

acetate, 7 hours, room tempetature) of the benzyl group of

* 114 afforded compound 14 (95%).

-

Preparation of lactol 14 directly from isocoumarin‘ﬁg

was also possible. Compound 13 was subjected to the

conditions described above for 110. Extraction at pH ca.
5.5 yielded 13 (1%) apd 14 (15%), which were separated by
flash chromatography. Re-extraction at the lower pH (ca.
2.5) pfforded additional 14 (76%) free of any 13. Again

caution was exercised not to cause dehydration during the

wvork-up.

L
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The trnnltori;tion of 13 into 1S involves the
introduction of a hydroxyl group allylic to “the
carbon-carbon double bohd in 13. 1In order to form the

srbon-oxygen bond, an appropriato‘lolving g9goup (X) had to

-Trtz\installcd vhich subsequently could be displaced by an
oxygen-containing nucleophile (Scheme 28). Thus allylic
bromination. (X=Br) was attempted on isocoumarin 13, using
N-bromosuccinimide (NBS) in carbon tottachloride. Beéause
of the electron donatihq character of the phenolic
substituents, the mﬁjor product was bromide lji. Location
of the bromine at C-5 in based on the observed downfield
shifts of the olefinic proton (dppm = 0.26) and chelated
phenolic proton (Appm = 0.43) from their respective chemical
‘shiftg in the 'H nmr spectrum of 13. An unidentified |
dibromide was also formed in the reaction. Its molecular
formula, C10H604Br2, is iﬁdicated by M+47 M+2, and M Q;aks

\

Scheme 28 Creation of an allylic carbon-oxygen
bond

OR O OR O
(o

RO Spt RO
0O —_—
X

115 116
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in the ms of 11%, 21%, and 10% intensity respectively.

OAc O
(o
Ac o
119
OAc 0 ° OAc
~ AcO
©@
ey tt;Y
. 120 121

To prevent bromination of the aromatic ring, the
phenolio hydroxyl groups of 13 were acetylated (pyridine,
acetic anhydride, room temperature,.93x) to dive compound
118. Bétore allylic bromination was attempted, 119 was /
treated ;ith selenium dioxide in refluxing aceticmac{9 to j
see if the fequired hydroxyl group couldybe”fﬁt}oduée
directly. The starting material v’s/ﬁbt completely fonsumed
;nd it was shown by "H nmr that tﬁ? unidentitied‘produ
obtained does not possess the structure of the desired
compound.

Bromination (NBS) of the diacetate 119 occurred at the
allylic position. Ia-an initial effort, the reaction was
allowed to proceed for 1.25 houre using. 1.0 equivalent of

NBS. The presence of bromide 120 was indicated in the Y

— o
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amr spectrum of the crvde meterial, but ‘starting meterial
119 still predominated (1.85:1), This material vas
resubjected to the reaction conditions, employing 2.8
equivalents of NBS for 1 hour. The ‘H nmr spectrum of the
}cryde products reveals that 119 had been consumed and
bromide 120 was the major component (67%) of the mixture.
However, dibromide J21 was aiso present (33%). The
structure of 120 is supported by the appolrance of singlets
('H ner) st 84.20 (2H) for(the qsthylcno group boarxng )
bromine, and at 66.56 (1H) for the olefinic proton (shifted
downfield 0.36 ppm from the corresponding signal in 119).
The remainder of the 1H nmr spectrum is in accord with the
proposed structure. No parent peak is observed in the

]
hreims, but the cims shows signals for M+2+18 (m/z 374, 95%)

and'M¢18 (m/z 372, 100%). The "H nmr spectrum of dibromide
121 differs from that of 120 in .that the olefinic proton is
further downfield (86.75) and the methine proton of‘the
dibrominated carbon appears at 66.29. The ms shows the
expected 1:2:1 ratio of.intensities for M+4, M+2, and M,
Since starting matéfial 119 and product 120 have the
same R, value (0.50), it vas not possible to detect the
diappearigce of 119 by tlc. However, dibromide 121 is
sl}ghtly less-polar (Rf 0.59), and so it was decided'tom
terminate the reaction at the first appearance of 121. Thus
diacetate 119 was treated with NBS (1.1 equivalents) in
carbon teirachloride for six hours. At this stage the crude

product vas composed of a ca. 1:1 mixture of 119 and 120 ('H
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]nmr).~ Thisggaterial was resquécted to agsylic bromination
ﬁivaltnts of NBS. After two l:ours the dibromide

using 1.7
121 was evident by tlc and the reaction was stopped.
Examination by 1H nmr indicated a 2:8.5:1 mixture of 119,

1
120 and 121. Thus starting material 119 is not completely

“consumed befote dibromide 121 begins to form. Since
lglparation of the components appeared impractical, the
mixture of three compounds was used in the next step.

Replacement of Br by bﬁ has beén achieved by the use fo

silver carbdﬁatess. Houever,‘this reagent failed to _give

any reaction when combined with a mixture of bromide 120 and

dibromide 121.

OAc O
AcO
0
2
‘ CHO
OR
122 R=COCH;, 123
15§ R=H ' "

A less direct method to substitute the OH group needed
in compound 15 for the Br in 120 is via the acetate. Silver
acetate is well known to effect the displacement of Br by
g7 "~ '

OAc86. The method of MacLean was first applied to the ca.

2:1 mixture of 120 and 121. Using silver acetate (2.5
equivalents) in refluxing, dry benzene, the reaction’
proceeded slowly, but after 40 hours the spot corresponding

('

Y .
to dibromide 121 had disappeared and two components more
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polar than bromide 120 were evidegtvgy tlc. The mixture was
subjected to flash chromatography)tovyield recovered 120

(74%), triacetate 122 (27%), and aldehyde 123 (50%). The "H

. 2
Scheme 29 Formation of aldehyde 123
. @ —-==
OAc O
4
® AcO e
121 _QE_» 0 __O_A_C_> 123
. / ,Br .
OAc 1
124

nmr spectrum of 122 shows methyl singlets for the aliphafic
acetate (62.15) and the aromatic acetates (5§2.35 and 2.42).
Singlets appear for the methylene group (64.87) and the
blefinic proton (66.54). The two aromatic protons give rise

to doublets (67.33 and 7.55, J=6.5 Hz). Aldghyde 123

results from attack of acetate ion on dibromide 121 followed
by further reaction of intermediate 124 {Scheme 29). The

aldehydic nature of compouhd 123 1s clearly evident from a

proton at 69.59 in the 1H nmr spectrum. The olefinic proton

is far downfield (67.25).

-

The mixture of 119, 120, and 121 (vide supra) was

similarly treated with excess (ten equixalents) silverl
acetate in refluxing, dry benzene. Because the mixture
contained 119, it was impossible to distinguish when all of
120 was consumed, since both compounds posse;: the same R,

(vide supra). After 12 days, more silver acetate (ten



equivalents) was added to the reaction and refluxing was
continued for five days. The products were separated by
flash chromatography. Diacetate 119 was recovered unchanged
(none of 120 was ﬁresent). Triacetate~122 was obtained in
33% yield over two steps from J19. AldeRy eflgg_qu also
isolated.

Triacetate 122 was subjected to brief treatment (23
minutes) at room temperature with potassium carbonate in
“methanol. The products were isolated by acidification and

B8 afforded compound 15

extraction. Dry flash chromatography
(19%). The lbw yield of 15 may be partly attributable to
its relatively high pblarity. Since the compound possesses
three h}droxyl groups and a low molecular weight, it may be
guite water solu@le and have a high affinity for silica gel.
The "H nmr spectrum of 15 shows the methylene’group (2H, s)
at 64.39, shifted upfield by 0.48 ppm (although a difference
in solvents also must be taken into account) from the
corresponding signal in 122. The alcoholic—;F;ton is
evident as broad singlet (84.66), as are the phenolic
protons (68.40 and 11.00). The olefinic proton appears as a
singlet at 66.65 and the aromatic protons as doub;peéf(66.97
and 7.3‘; J=8.25 Hz). The hreims gives a parent peak (which
is also the base peak) in accord with the structure 15.

Of “the compounds 12-15 prepared, only 12 can be chiral.
Indeed, the naturélly occurring 7-ﬁydroxymellein has [a]D

-97°+/-3°26. The R configuration was assigned, presumably

by analpogy with (R)-mellein, which was isolated from the



R

same source and possesses optical rotation -108.1

R conf{iguration has been determined

‘enantiomer of mellein.

configurati -

112
5°89. The

90 for the levorotary

In order to firmly establish the

"5f the natural product, we undertook to

synthesise both the R and S enantiomers of compound 12.

In parallel experimenté, the procedure for the

4

preparation of racemic alcohol E‘s repeated utilising

chiral propylene oxide, comme;cially available in both

enantiomeric forms. As in the case of 76, the ¢hiral

~alcohols (126 and 128) were purified as the corresponding
27.

acetates 125 ang 127

88 and B89 were again isolated during

s

Starting material 62 and phthalides

On the

‘i fication.
"R side" an additional by-product, acet8te B6, was isolated.

As proposed earlier, the phenolic precursor (64) of this

OMe
MeO CON(EY),
| S oH
R
125 R=Ac [ac]D-l 7°
126 R=H [«] +53.7°

OMe
CON(EY),

R o H

MeO

Q e

R
1_2”% R=Ac [ef, +0.8°
128 R=H. [«],—47.8°

compound probably resulted from exposure of the

ortho-metalated species 67 to oxygen.

The low yield of

(R)-alcohol 128 (37%) compared to that of the (S)-alcohol

126 (73%) may be due, in part, to the formation of phenol

64. The opticd@ fotation of the 128 is somewhat smaller in
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magnitude than that of 126. This is attributed, at least in
pért, to the use/of (R)-propylene oxide which was not as

optically pure(as the (S) enantiomer.

With the chiral centre incorporateé, a method was
needed to hydrolyse (or otherwise eliminate) the amide
moiety without d}sturbing the chiral carbon. With most
‘prevxous compounds containing an amide, hydrolysis had been

carried out under v:;orous, acidic conditions (vide s _ggg_)
However, such treatment was not appropriate for the chiral
alcohols since it‘could result in dehydration and loss of
chirality.

'An alternate approach which was explored is hydrolysis
under basic conditions. When alcohol 76 (used in triéls to
conserve chiral compounds) was treated with refluxing,
‘aqueous 3 N sodium hydroxide, small amounts (2-10%) of
dimethoxy lactone 75 were isolated, along with starting
material, after acid;fication and extraction. Compound 75
was demethylated with boron tribromide to give 12, identical
(tlc, lﬂ.nmr) with 12 prepared by the allylbenzamide (56)
route (vide supral. In the basic hydrolysis of 76, it was
observed that unless a sufficiently vigorous reflux (i.e.
sufficiently hot heating‘mantle) was employed, ﬁo detectable
amount of 75 was.formﬁg. A variac setting of at least 75
volts was required. When Bydgolygis was attempted using
potassium hydroxide in refluxing diethylene glycol (bp

N

240-250°C) neither the starting material 76 nor the desired

product 75 could be detected (tlc) in the crude material



isolated. } ‘

Thé difficulty with simple basic hydiolysis of amides_‘
using OH is the tendency of.the tetrahedral intermediate
129 (Scheme 30) to return fo starting-materiil rather than

to expel amide.(NRz-), which is a poorer leaving group than.

Scheme 30 Basic amide hydrolysis

Sy o .
o 9 o P RO, W
R'-C—NR, R'=C —NR, —> R'-e-NR.‘,—-?s R'—C
-oH> . OH o0 o0

129 130

OH . However, when it is possible to abstract the OH proton
of 129 with a second strong base (B7) to giveﬂintermeaiate
130, then loss of NRZ- becomes the thermodynamically
.Preférred pathfay. Such a-procgdure has been reported’!.
It utilises a\;TU??y of potassium E-bUtoxide (0.122 M),
water (0.037 M), and the amide (0.0185 M) in ether at room
temperature. However, (S)-alcohol 126 gave no reaction when
treated upqer the above conditions for 24‘hours. Dry‘
tetrahydrofuran was substituted for ether and the reaction
mixture was refluxed for 48 hours, but 126 failed to react.
When refluxing'dioiane was used as solvent, a complex
reaction mixture (tlc) was obtained which did not contain
the desired lactone.

Amides can be reduced to a}dehyées by treatment with a

single equivalent of complex hydridegz. Reduction of the



amide to the aféehyde level in 126 would not affect the
chirality of the alcohol (Scheme 31). Alcohol ig was
treated with lithium aluminum hydridé in dry tetrahydrofuran
under progressively harsher conditions. Hdwfver, even usihg

excess (five equivalents) reducing agent and elevated

o v
S'cm 31 Reduction of amide to aldehyde

OMe ' " OMe OMe OH
' ; e0
MeO CON(Et); ,© MeO CHO  MeO
Q.H i ‘\\H <
OH OH ,
126

temperature, no reduction of 76 was observed (tlc).

Scheme 32 O-=alkylation of amide

0 ®@ O OE? 0o

" . OE1, BF, | ® NaHCO N
R'- C— NR, —>—2 R'—C=NR, ——— R'—C —OE!

Power ful alkylating agents such as Meerwein's reagent93
are capable of O-alkylation of amides to give imino salts,
which may be hydrolysed to esters under mild conditions
(Scheme 32)., Before attempting O-alkylation of the amide
function in 126, the alcohol was protected. Thus benzyl
ether 131 was formed by reaction of 126 with sodium hydride

{

and benzyl bromide in dry tetrahydrofuran. Compound 131 was



obtained in 92X yield. However, treatment of iéi“with

OMe

MeO CON(E?),
H
0Bn
131 |

——
trimethyloxonium tetrafluoroborate in dry methylene chloride,

followed by agueous potassium bicarbonate led to the
reisolation of starting material.

With the intent of facilitating hydrolysis under basic
conditions (vide supra) by making the substrate more soluble
in agueous base, alcohol 76 was treated with boron
tribromide. As in the case of ketone 77, the reaction did
not broceed cleénlyw The presumed product, hydroxy diphenol
132, was difficult to purify and thus wag set aside, After

some three months, a small sample of the reaction product

OH
HO CON(EY),

OH

132

was reexamined by tlc. A previously absent, less polar
compound appeared to be present in considerable quantity.

Upon separation by flash chromatography this new component
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proved to be lactone 13.:\The reaction with boron tribromide
was repeated using chiral alcohol 126. By tlc it was clear
that the freshly isolated crude reaction product did not
contain 12. However, after the crude product had been
standing in chlorofoFm at room-temperature for a fevw hours,
compound 12 was evident (tlc). On the other hand, no trace
of 12 was observed (tlc) when crude product (27 mg)f
dissolved in deuterated chloroform (gg; 0.5 mL), was stored
at ca. 5°C for 24 days. The dry crude product could be
stored in vacuo for indefinite periods without any
detectable (tlc) formation of 12. The amount of lactone
F}generated was about the same (39% fs. 33% from 126) whether
a stirred (room temperature), chléf;;orm solution of crude
wvas irradiated with a light source (100 watt light bulb) for
a week, or kept in the dark for the same period of time.
The yield of lactone was higher (50%) when a chloroform
solution of the crude was refluxed for 48 hours exposed to
ordinary light. The optical rotation of lactone arising

from ¢ was positive, indicating the S configuration (133).

OH O

»

HO
| 0
S

& VCH
H 3

133

However, the magnitude of the rotation was smaller ([o]D

+45.8°) than would be anticipated for optically pure
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(S)-7-hydroxymelleih (vide supra). Therefore it appeared
that some racemisafion was taking place during the two step
process from 126 to 12. 1In ordeg to understand this
seguence, in which amide hydrolyBis was occurring under very
mild conditions, it was necessary\ to prove the structure of
intermediate 132,

The crude product of the boron tribromide reaction was
acetylated (pyridine, acetic anhydride). The product was
purified by flash chromatography. 1Its "M nmr spectrum
indicates the presence of only two acetyl éroups, since
singlets for the acetylbmethyls integrate for only six
protons. The chemical shift of the methine proton
resonaéing'at 64.37 is almost unchanged from its location
(64.33) the parent diphenol. Signals appear in the
hreims ;tﬂ;>:\TT§~and 413. Their equal intensities (0.4%)

suggest the inclusion of @ bromine atom in the molecular

formula. That these signals represent the parent peaks is

OR

RO CON(Et),

Br
134 R'COCH3
135 R=H ;

confirmed by cims (m/z 433 (415+18), 98% and 431 (413+18),
100%). These data led to the assignment of lgi.as the

structure of the acetylation product. Therefore the product
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of boron tribromide treatment of alcohol 126 is.the bromide

135,
o

Further experiments vere performed to acquire more
evidence in support of structure 135. The reaction of
acetate 79 with boron tribromide gave a crude product
equivalent to 135 in tlc behaviour. The hreims and "H nmr

spectrum also contained the same major signals as those of

)_3_§° t“
< OR OH
" RO CON(E1?)2 . MO, CON(E?),
OE?
136 R=H 138
137 R=COCH, "™

Eollowing the method of Cromwellgq, treatment of 11_
with an ethanolic solution of silver acetate (1.1
equivalents) resulted in the immediate precipit;tion of
silver bromide. The salt was isolated By filtration'inA81%
yield from 126. Flash chromatography of the other products
atfordeg;lactone 133 (stereochemistry assbmed) in 31% yield
from 126. The structure of a second product (40% from 126)
is tentatively assigned as ethyl ether 136 on the basis of
hreims, whick shows major peaks at m/z 295 (M*, 42%), 223
(M*- CH,=CH(OEt), 46X), and 208 (M*- CH,CH(OEt)CHy, 73%).

Compound 136 was acetylated (pyridine, acetic anhydride) to

give diacetate 137, the hreims of which is also in agreement
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vith the nmncd structure.

The reéd¥Wtion of crude bromide 135 with
1,B-dinzcbicyclél5.4.0]undcc-7-onc (DBU, 3.1 eQuivalents) in
refluxingrpenzene led to the formation of & 2:1 mixture of
lactone 133 (stereochem{stry assumed) and olefin 138. The
structure of the latter compound is indicated bf a methyl
doublet (61.81, J=6.25 Hz) and olefinic protons (86.03 and
6.15) in the 'H nmr spectrum,

Since the optical rotation of crude 135 is positive
({a], +54.6°), most of the bromide presumably possesses the
S configuration ((S)-alcohol._[gg.[a]D +53.0°). 1In order to
expi;in the observed retention of configuration from 126 to
135 to 133, the proposed mechanism in Scheme 33 indg;es
participation of the amide. Partial racemisation would
occur via pathway "a". On the other hand, the positive
rotation of crude 135 does not prove that it has the S
configuration. If the configuration is actually R, then the
éequence should involve inversion from 126 to 135

(diséz:!!q‘;t by Br ), and inversion again from 135 to 133

(invoking participation of the amide carbonyl as in' Scheme
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Scheme 33 Formation of 133 from 126
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Although the formation of lactone 133 from bromide 135
is an unusual transtormation; the loss of integrity at the
chiral centre made it.an unattractive route for the \:}
preparation of optically pure enantiOﬂfrs of lactqpe'lg.

IM spite of earlier concerns about dehydration of
alcohols 126 and 128, acid hydrolysis of the amide function
vas reconsidered. Evan595 has employed a proximal hydroxyl
group to facilitate amide hydrolysis under relatively mild

conditions (Scheme 34). This nitrogen-to-oxygen acyl
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transfer prococds'through a five-mémbered transition state.

Scheme 34 Evons"omdo hydrolysis
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Encouraged by this precedent, we attempted formation of *

dimethoxy lactone 75 by amide hydrolysis of alcohol 76.
T;;nsacylation also should be favourable in this reaction
since it involves*a six-membered transition state., A
solution of 76 in 1 N hydrochloric acid was refluxed for tvg

’ .
hours. Some of 75 was obtained, but it was isolated in very

OR, O __ OR, O

142 Ry*R;*CH; [«] +146.3° 344 R,*RyeCH; [ed],-129.3°

143 R1'CH3 Rz'H N ‘148 R"CH: Rz'H ,
133 Ry*Ry*H [u] +92.0° _38 RyR,H ], -88.6°

Jow yield (B%) as a 1:1.8 mixture with allylbenzamide 56.

Compounds 56 and 75 are practically inseparable by tlc. A



large amount (79£) of starting material 76 was also
‘recovered. It was noted tha£ Evans' conditions specify
Heéting at ﬁ00°C, né%'under reflux. -Therefore the reaction
 was repeated using chiral alcohol 126, 1 N hydrochloric
acid, and a 100°C constapt temperature oil bath. A ionger
reaction t1me (24 hours) was employed 1n light gf the low
yxeld of ég'and 75 obtained in the prevxous reaction.
Lactbne 142 was isolated in 49% yield (79% based on consumed
starting material) along with recovered alcohol 126 (38%).
A very small amount of a mixtﬁre of monomethoxy lactone 143
(stereocbehistry assumed) and phthalide 88 was also
obtained. Significantly, no olefinic material was detected.
AThe procedure was also performed on (R)-alcohol 128 and
gave a 51% yield of 144 (91% based on consumed starting
material), reco;ered‘lgg (44%), and a small gquantity of a
5:1 mixture of 145 (stereochemistry assumed) and 88.

Each of the two dimethoxy lactones, 142 and 144, vas
converted into the corresponding diphenolic lactone (lé} and
18). The yjelds.wefe guantitative. Since none of theb
. synthetxc steps from the chiral propylene oxides to 133 and
18 involve an inversion of confxguratxon, the naturally
occurring compound must have the R stereochemxstry. The
small difference (5°) in magnitude of optical rotation
between 133 ((%3-7—hydroxymellein) and natural h
l 7—hydroxymellein'suggbsts that the synthetic material

possesses a high degree of optxcal purity. The rotation of

the synthet1c-(R) isomer is lower, presumably due, at least



‘ . ' fi 124

in ﬁart, to gg}tly racemic (R)-propylene oxide (vide supra)..
Our apprbach to keto-iactol EE involved the
establishment of the correct level of oxidation in the
three-carbon sidechain.  Since a-diketone 105 fulfills the
oxidation requirement, its preparation was-investigated.
OH O . OMe |
MeO ,CON(E?),

0.

0
5

17 : 10

Seieniué djoxide oxjidation is a common method for the
fqrmation of a-diketones from ketohegge. Ketone 77 appeared
to be a likely candidate for this reaction since the de:ired
site of oxidation is activated not only by the ketone but
also the aromatic ring. The reaction of 17 wjfh‘selenium
dibxide was attempted in seQeral solvents, incluaing acetic
acid-water (7:3), 95x’g;hanol, and d:; pyridine. In all
cases complex mixtures of produc' were obtailed. The only
characterisable compound isolated (in low xield) was
aldehyde 99, the product of carbon-carbon bond cleavage.

Its formation is mechagistically rationalised in Scheme 35,

Since this approach to 105 did not appear promising, an
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alternate route was explored.

~Scheme 35 Formation of aldehyde 99

f
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Scheme 36 shows retrosynthetically how'e-diketone could
arise from allyl benzamide 56. The formation of olefin 146
from 56 reqguired isomefisation of the carbon-carbon double
bond. Thfs should be~;~:;ermodynamic;lly favourable process
since in 146 the double bond is in conjugation with the
;pomatic ring. The ié%mefisatio;ltas»g}tempted using

-Qggg-toluenesulphonic acid (pTsOH). After refluxing a
solhtion of 56 and pTsOH kO.l equivalent) in toluene for
17.5 hours, no reaction had éccurred. Compound 56 was

resubjected to the reaction conditions using 1.0 eguivalent

of stOH. The reaction procee@éd very sluggishly, and after



126

five days an additional equivalent of pTsOH was added.

Scheme 36 " Retrosynthetic route, 105 fo 5

OMe
MeO ,CON(E?), . MeO ON(Et),
- I <
Zh .
56 14 ~ :
OMe
MeO _CON(E1), MeO CON(E?),
— |
HoO OH
147 ” 105

" Reflux was continued for two daysé# ‘Examination l! the crude
reaction products by H nmr showed f‘ht starting material 56

was still present i excess of 146. Phthalide an§l lactone

;)

15 were among the other products.
The isomerisation of 56 to 146 was found to proceed
cleanly under basic conditions. Thus 56 was dissolved 1in
methanolic 3 N sodium hydroxide and the solution was
refluxed for 68 hours. Olef1n 146 was - isolated in 99% yxeld
as a 7:1 (trans-cis) mixture of isomers. The reason for
preferred formation of the trans carbon-carbon double bond
is presumably a steric one. The vinylic methyl gfoup
experiences much more serious steric interactions with the

amido functionality in the cis compound than in the trans.
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The two isomers, which are inéeparable by tlc, were
identifiedkby analysis of the "H nmr of the mixture. The
olefinic protons of the major (trans) isomer have a large
(1?.75 Hz) vicinal coupling constant, while the olefinic
pﬁiﬁons of the minor (cis) isomer show a smaller (11 Hz)

(2
vicinal coupling.

Scheme 37 Formation of 75 under basic conditions

frfl ()H
CON(EN), 5, © MeO C N(E1), Meo
ZOH (0
76 ) 148 : 75

For the putpose of comparison, allylbenzamide §§ and
alcohol 76 were‘t{eated with aqueous. 3 N sodium hydroxide
under identical reaction conditions. Compound 56 gave only
146 (i.e. no hydrolysis occﬁrred), and 76 gave a small
amouat (3%) of hydrolysis product 75. This result indicates
that in the case of alcohol 76, the hydroxyl group may serve
as an intramolecular nucleophilé (148, Scheme 37). |

Transformation of an olefin into a glycol is usually

97

carried out by oxidation with osmium tetroxide or colg,

98. Such reagents might‘have

alkaline potassium permanganate
been employed in the preparation of diol 147 (Scheme 36)
from olefin 146. The diol then would have been converted to
the a-diketohe 105 using a method such as the Swern

oxidation83. However, compound 147 was by-passed in favour
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of the direct formation of 105 from 146 using the conditions
described by Sharplessgg. When the literature procedure was
followed exactly, a-éiketone 105 was obtained in iS% yield
after flash chromatography. Keto-acetate 150 was also

isolated (1%). In a repeat reaction, the agueous phase of

OMe , OMe
MeO CON(EY), MeO CON(EY),
Aco ° o OAc
149 150

the reaction mixture was thoroughly'extracted. The y}eld of
105 was improved to 41%. Compound 150 was obtained in 7%
yield and keto-acetate 149 (4%) was also isolated. Isomeric
compounds 149 and 10, each of which exist as a pair of
rotamers, are easily distinguishable by 'H nmr. The methine
proton of 149, having no couplihg partners, appears as
singlets (65.89 and 5.91), whereas the methine proton of 1;9’
is split to quartets (65.84 and 5.91, J=7 Hz) by the methyl
group. Likewise, the sidechain methyl éroup in 149 gives
rise to two singlets (§2.15 and 2.18), while in 150 a single
éoublet (61.47, 6H, J=7 Hz) appears for the sidechain
methyl. The diketone itself is typified by its bright
yellow colour. 1Its spectral data, including a methyl

singlet at 62.47 (1H nmr) and carbonyl resonances at §190.5

and 199.9 (13C nmr), are in full agreement with structure
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Acid hydrolysis (6 N hydrochloric acid, reflux) of the

105.

amide of 105 did not éive characterisable products.
 Treatment of 105-with boron tribromide followed by
di;tillation of the crude reaction products‘gave ; very
coﬁp}ex mixture of-compounds. The route from 105 to.17 was
not further investigated. -

The ortho-acyl-substituted catechols synf%esised in
this stud} include the'7,8-diphenolic analogues (12-15) of

the Ceratocystis metabolites 6-9, 6-hydroxyisoochracin (70),

agé both (S)- (133) and (R)-7-hydroxymellein (18), the
latter having the same configuration as the natural product.
Compounds 12-15 gave blue- to green-coloured complexes when
combined with 1% (w/v) ferric chloride in methanol.

Since one acyl sﬁbstituent confers significant
iron-binding capability upon a catechol moiety, additional
acyl groups should enhance éiderophoric activity. For this
reason, keto-lactol 17 may be the best siderophore of 12-17,
and thus its synthesis may merit further research.

With several substrates now available from this and

other studies, the iron-binding capacity and in vivo
activity of tﬁi‘g compounds will be determined. Diphenolic
benzamide 108 shoulé be included in this testing since many
naturally occurring catechol-type siderophores possess an
amide function as _the ortho-acyl substituted‘oo.' The .
N,N-dimethyl .mido_derivatiﬁe of 109 has beeﬁ the subject ot

a study on siderophore analogues101. Preliminary bioassays
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¢

on 7-hydroxymellein (12) indicate that it may have activity
in relatiop to the water transport system of lodgepole
pine1°2. Further bioassays may help establish what role, if
any, the iron-complexing metabolites of the blue stain fungi
play in the cause of the disease. Such knowledge could

provide a basis from which a control of the blue stain

disease may arise.
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3.2 EXPERIMENTAL

General Unless specified, all solvents, with the exception
of nitfomethane, ether, dioxane, and cyclohexane, were
distilled prior to use. Skellysolve B refers to Skelly Oil
Company light petroleum, bp 62-70°C. Anhydrous solvents and
reagents were distilled from appropriate drying agents (in
brackets): tetrahydrofuran (potassium), methylene chloride
(calcium hydfide), acetone (calcium sulphate), ether
(sodium), benzene (sodium), carbon tetrachloride (3 A
molecular sieves), pyridine (calcium hydride), propylene
oxide (calcium hydride), 1,2-dibromoethane (calcium
chloride), triethylamine (calcium hydride) énd
N,N,N',N'-tetramethylethylenediamine (calcium hydride). E.
Merck silica gel 60 (230-400 meﬁb)'was used for flash

35. Preparative tﬁin layer chromatography

chromatography
(ptlc) was carried out on Terochem silica gel G containing a
trace of electronic phosphor (General Electric), 20x20, |
10x20, or 5x20 cm plates, 0.35 mm thickness. Analytical
thin layer chromatography (tlc) was done on E. Merck
precoa{ed plates of silica gel 60 F-254 (0.2 mm thickness).

" All R, values are for single elution unless otherwise

f
indicated. Ultraviolet active materials were detected by
visualisation under a uv lamp (254 or 350 nm). The plate
(only a thin vertical band in the case of ptlc) was then

sprayed with either a solution of 30% (v/v) sulphuric acid

or 3% (w/v) phosphomolybdic acid in 5% (v/v) sulphuric aci@
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containing a pinch of ceric sulphate, and charred on a hot
plate. l

High resolutio; electron electron impact mass spectra
(hreims) were recorded on an AEl MS-50 mass spectrometer.
Chemical ionisation mass spectra (cims) were obtained using
an AEI MS-12 mass spectrometer. The data were processed in
DS-55 and Nova-4 computers. Fourier transform infrared

(ftir) spectra were recorded as CHC13, CH,Cl,, CHCOCH,, or

3 3’
CH3OH casts on a Nicolet 7199 FTIR interferometer. Single
scan infrared (ir) spectra were recorded on a Perkin Elmer
297 spectrometer. Nuclear magnetic resonance (nmr) spectra
(1H and 13C) were obtained on Bruker WH-200 or WH-400
spectrometers with an Aspect 2000 computer system.
Tetramethylsilane was used as the internal standard.
Ultraviolet (uv) spectra were obtained on a Unicam SP 1700
spectrophbtométer or a Hewlett Packard B8450A Diode Array
spectrophotometer. Optjcal rotations were measured on
Perkin Elmer 141 or f::):olarimeters. Melting points are
uncorrected and were determined on Zeitz-Wetzlar and Thomas
M(' 40 melting point apparatus. Elemental analyses werep
carried out by the m1croana1yt1cal laboratory of this

[ 4
departMent.

2,3-dimethoxybenzaldehyde (60)

A magnetically stirred solution of ortho-vanillin (59,

)

25.0 g, 0.104 mol), potassium carbonate (31 g, 0.224 mol),

and methyl iodide (65 mL, 1.05 mol) in dry acetone (200 mL)
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" .
vas heated at 45°C in a oconstant temperature oil bath for 48
hours. Ubon cooling to room temperature the solution vas
filtered through a Celite pad and the filtrate was
evaporated to dryness éﬂ vacuo to afford crude material
(30.7 g). Flash chromatography (Skellysolve B-ethyl
acetate, 93:7; sample dissolved in chloroform; 4.5 cm
column) in two portions gave the pure aldehyde 60 (26.0 g,
96%). An analytical sample was obtained by
recrystallisation from ether (mp149-51°c)(lit.66.Mp
50-52°C); tlc: Rf 0.40 (Skellysolve B-ethyl acetate-acetic

1

‘acid, 85:15:1); ftir(CHCl, cast): 1689 cm ;

3
uvicyclohexane): 228(e12,300), 253(e€11,000), 259(e10,750),

315(¢3350)nm; hreims: m/z calcd. for CgH, 03 (M ): 166.0630;
found 166.0630(100), 151(21), 108(20), 105(21), 95(62),
93(37), 90(36), 80(22), 77(37), 76(29); 'H nmr(CDCI,):
53.94(3H, s, OCH;), 4.01(3H, s, ocas), 7.16(2H, m, 2x ArH),

13

7.44(1H, dd8, J=6, 3.5 Hz, ArH), 10.47(1H, s, CHO); C

nmr{(CDCl,): 856.0, 62.2(CH3); 118.2, 19,2, 124.0(CH);

3
129.8, 152.7, 153.0(C); 189.9(C=0); Analysis: calcd. for
C9H1003: C 65.05, H 6.07; found C 64.73, H 5.99..

2,3-dimethoxybenzoic acid (58) /

Benzaldehyde 60 (31 g, 0.187 mol) and potassium
bicarbonate (36 g, 0.36 mol) were dissolved in magnetically
stirred, refluxing water (300 mL). Via a.dropping funnel, a
hot-aqueous solution pof potassium permanganate (23 g, 0.146

"mol) was added gradually. When the addition was complete
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the solution was further refluxed for one hour. After
allowing the reaction mixture to cool, it vas filtered, and
the brown residue (manganese dioxide) watquushod with hot
water. The filtrate was acidified to pH 3 with 10%
hydrochloric acid (v/v) and evaporated to dryness in vacuo.
Inorganic salts vere removed by dissolution of the crude
product in acetone followed by filtration. Removal of the
Acetone by ev;poration in vacuo afforded 58 (34 g,
quantitative). An analytical sample was obtained by
recrystallisation from 95%‘ithanol (mp 120-122°C)(1it.67
120-122°C) .tlc: R¢ 0.14 (Skellysolve B-ethyl acetate-acetic
acid, 85:15:1); ftir(CH3OH cast): 3500-2400(b), 1701, 1686,
1500, 1319, 1267, 1054, 760 cm™';uv(CH,OH): 220(¢11,500)
243(sh.) (e3600), 295(¢2300)nm; hreims: m/z caled. for
H.,0,(M"): 182.0579; found 182.0582(100), 149(33),

971074
137(24), 109(26), 107(72); 1H nmr(acetone-d6¥D20): §3.77(3H,

C

s, OCH3), }.78(3H, s, OCH3), 7.06(1H, t, J=7.75 Hz, ArH),
7.15(1H, dd, J=7.75, 2 Hz, ArH), 7.25 (1H, @3, J=7.75, 2 Hz,
ArH):; 13C nmr(acetone-ds*DZO): 656. 4, 61.6(CH3;; 117.0,
122.6, 124.8(CH); 126.4, 149.0, 153.8(C); 168.6(C=0);
Analysis calcd. for C9H1004: o 59'34',H 5.53; found C 59.25,

H 5.50.

2,3-dihyroxybenzoic acid (4, hydrobromic acid route)
3

Dimethoxybenzoic acid (58, 0.254 g, 1.40x10 ° mol) vas
treated with hydrobromic acid#47%, 5 mL) and the

magnetically stirred solution was refluxed for three hours.
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After cooling to room temperature the reaction mixture was
diluted vwith saturated agueous ammonium chloride (25 mL) and
extracted vith ethyl acetate (3x 25 mL). The combined
organic extracts were dried over ;odium sulphate and
evaporated to drypess in vacuo to give the c¢rude acid 4
(0.227 g). The acid was further purified by dissolving the
crude acid in methenol containing Norit A charcoal and
boiling for five minutes, then filtering, evaporating to
dryness, and recrystallising from water (mp 195-200°C,
1it.%6 mp 206-207°C). tlc: Ry 0.14 (Skellysolve B-ethyl
acetate-acetic acid, 75:25:1)} ftir (MeOH cast):
3500-2400(b), 1677, 1659, 1474, 1299, 1256, 1234, 1159 cm ';
uv(MeOH) : 221(e13,500), 248(e6850), 319(€3150)nm; hreims:
m/e calcd. tor C,H0,(M"): 154.0266; found 154.0267(34),
136(100), 108(26), 80(18); 'H nmr(acetone-d +D,0): 86.78(1H,
t, J=8 Hz, ArH), 7.07(1KH, d4d, J=8, 1.5 Hz, ArH), 7.38(1H,
dd, J=8, 1.5 Hz, ArH); 3¢ nmr(CD3OD): 6119.7, 121.5,
121J9(cH); 114.0, 146.6, 151.4(C); 173.7(C=0).

v

2,3-dihydroxybenzoic acid (4, boron tribromide route)

To a magnetically stirred solution of boron tribromide
in methylene chloride (5 ml, 1 g/5 mL) was added

dimethoxybenzoic acid (58, 0.255 g, 1.40x1qii mol) dissolved

in methylene chloride (5 mL). The reaction was stirred
overnight at room temperature, then vater (10 mL) was added,
and stirring was continued for an additional 30 minutes.

The produc; was isolated by addition of saturated agueous
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tate (;x

'pbatc.

filtration, and evaporation in vacuo to afford the crude
k4

product (0.252 g). Recrystallisation from water gave acid 4

(0.164 g, 76%).

ammonium chloride (25 mL), extraction with othyl*

25 mL), drying of the orgsnic layers over sodium

2,3-dimethoxybenzoic acid chloride (61)

3

Dimethoxybenzoic acid (58, 0.269 g, 1.48x10 “mol) was

dissolved in dry benzene (20 mL) and oxalyl chloride (2.0

2

mL, 2.36x10 ‘mol) was added. The magnetically stirred

solution was refluxed for one . Upon cooling to room

temperature the reaction mixt s evaporated to dryness

in vacuo to aftord crude, cry e 61 (0.280 g, 94%; mp

(2]

45-47°C) which was stored under vacuum.®. tlc: Rt 0.27

(Skellysolve B-ethyl acetafe—acetic acid, 75:25:1)(some r'S
hydrolys}s apparent on silica gel); ir(Nujol): 177QTCm'1;
uv(cyclohexane): 221(¢9000), 246(€3700), 304(e1300)nm;
“hreims: m/z calcd. for CgHg0,  Cl(M+2): 202.0211; found
202.0205(1.7); talcd. for CgHgO, >C1(M’): 200.0241; found
200.0238(3.5)(pértial:hydfolysis to the acid 58 gives rise

b Y
to C9H1004L100)).

*However, after several days under vacuum, the crystalline .
substance had mp 60-63°C. The hreims gives no M’ peak for
61 but shows a signal at C18H1807(14%) indicative of the

qorresponding anhydride, formed by condensation of the“acid

chloride 61 with the acid 58.
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N,N—diethyl-z,3—dimethoxy$!nza£%de (62)

o '
Dimethoxybenzoic acid (58, 34 g, 0.187 mol) was

% o
dissolved in dry benzene (200 mL). The magnetically stirred

~ solytion was cooled to 0°C in an icg bath, and oxalyl

. chloNide (58 mL, 0.69 mol) was added, resulting in vigorous

efférvescence. After the gaseous evolution subsided the

v,reaction was gradually heated to reflux under an atmosphare

of argon. The solution was refluxed for 22.5 hours, ther
allowed\to cool to room temperature. Evaporation to dryness
in vacuo affor;ed'thekcrude acid chloride 61, which was
re-dissolved in dry benzene (200 mL). After cooling to 0°C
in\anAiZe bath, diethylamine (35 mL, 0.34 mol) was added.
Under an arg;n atmosphere, the feaétion”was stirred for one
hour at room temperature, then refluxed for 24 hours. The
solution was allowed to coof to room temperature and then
evaporated to d;yness lé vacuo. The crude product was

purified in portions by flash chroqg;ogg;bhy }Skellysolve

B-ethyl acetate-acetic acid, 65:35:1; sample dissolved in

. chloroform.)* For use in the next step, the product};a?

»

further purified by distillation 90-95°C/0.4-0.45 Térr) to
afford benzamide 62 as a colourless liquid. tlc: R, 0.22
(Skellysolve B-ethyl acetate-acetic acid, 65:35:1);

£tir (CHCl, cast): 1635, 1580, 1480, 1427, 1266, 1050 cm &

“uv(cyclohexane): 223(¢9200), 280(e1500)nm; hreims: z

calcd. for €, H gNO,(M'): 237.1366; found 237.1365(24),

165(100)?’1H nmr(CDCl3): 61,02(3H, t, J=7 Hz, CH3), 1.,22(3H,.

t, J=7 Hz, CH;), 3.15(2H, g, J=7 Hz, CH,), 3.44(1H, m, CH,),
4
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3.66(1H, m, CH), 3.81(3H, s, OCH,), 3.83(3H, s, OCH,),

6.76(1H, dd, J=8, 1.5 Hz, ArH), 6.89(1H, dd, J=B, 1.5 Hz,

b
ArH), 7.04(1H, 4@, J=8 Hz, ArH); '3

c nmr(CDC13): 12.4, 13,6,
55.4, 61.0(CH,y); 38.6, 42.7(CTH,); 112.3, 118.4, 124.2(CH) ;
131.9, 144.4, 152,.3(C); 168.1(C=0); Analysis: calcd. for
Cy3H,gNO;

5.92,

¢: C 65.80, H 8.07, N 5.90; found C 66.03, H 8.09, N

*In a smaller scale reaction (58, 0:660 g), flash

chromatography (Skellysolve Bfethyi acetate-acetic acid,

69:30;1; sample dissoived in chloroform; 4.5 cm column) of
Vtﬁe crude product yielded benzamide 62 (0.821 g, 95%) as
ﬂjwellias recbveg?d starting material (58, 0.018 g, 2%).

R S
[

N RN

© N,N&giéthyl-2,3-dimethoxy-6-deuterobenzamide (68)

A magpetically stirred solution of dimethoxybenzamide

k1

62 (0.339 g, 1.43x10 ° mol), dissolved in dry

3

tetrahyd;pfuranv(ZO mL), was cooled to -78°C in a dry-ice

4

‘Ufbatgiﬂnagr an argon atmosphere. TMEDA (0.54 mL, 3.58x107°

mol) and s-butyllithium (1.26 M in cyclohexane, 2.8 mL,

3.58x10 >

mol) were added. After 30 minutes the reaction
was gquenched with excess D,0 (0.5 mL) and~the solution was
allowed to warm to room temperature. Saturated agueous
ammonium chloride (20 mL) was.added and the product was
isolated by extraction with ethyl acetate (3x 20 mL). ' The

1

. . . . . '
combined organic layers were dried over sodium sulphate,
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filtered, and evaporated in ggggghfo afford crude
deuterobenz;mide 68 (0.345 g)J!tlc: Re 0.22 (Skellysolve
‘B-ethyl acetate-acetic acid, 65:35:1); ftir(CHCl3 cast):
1635_cm-1: hreims: m/z calcd. for'C13H18N63D(M+): 238.1428;
found 238.1443(31), 166(100); 1H nﬁr(CDC13): §1.03(3H, ¢t,
J=7 Hz, cuzg§3),.1.25(3u, t, J=7 Hz, CH,CH,), 3.18(2H, q,
J=7 Hz, CH,), 3.45(1H, m) and 3.7(1H, m, CH,), 3.84(3H, s,
OCH3), 3.86(3H, s, OCH3), 6.93(1H, 4, J=8 Hz, ArH), 7.10(1H,

d, J=8 Hz, ArH).

N,N-diethyl-2,3-dimethoxy-6-allylbenzamide (56)

A representative example of a typical run is given.

3

Benzamide 62 (%53 g, 6.48x10 ~ mol) was dissolved in dry

tetrahydrofuran (40 mL) under an argon atmosphere. The
magnetically stirred solution was cooled to -78°C in a

dry-ice bath. Following the addition of TMEDA (3.0 mL,

2

1.30x10"2 mol) and s-butyl lithium (1.29 M in cyclohexane,

- .
2 mol), the mixture was stirred for 30

72

10.1 mL, 1.30x10°

‘minutes. Freshly prepared magnesium bromide etherate

<

(2.62 N in ether, 7.4 mL, 1.94x10 “ mol) was added,

,':prmat,ion of 3 %i{e precipitate. After 40

%
2

resulting in-th
minytes, allyl @romide (5.6 mL, 6.48x10 "

mol) was added,
Snd the sglution was alléwéd to warm to room temperature
overnight. The reaction mixture was diluted withLSQturated
'aqueous ammonium chloride (40 mL). The pfoQgﬁgs were

isolated by ethyl acetate extraction (3x 40 mL). The

combined organic layers were dried over sodium sulphate,
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filtered, and concentrated to a yellow oil (1.7 g). : Flash
chromatography‘(4.5 cm column; sample dissolved in
chloroform; Skellysolve B-ethyl acetate-acetic acid,

75:25:1, changing to 65:35:1 after 62 began to elute pire)

.provided the allyl benzam1dg %g~(1 .347 g, 75%) along with

recovered 62 (0.150 g, "4 Jlbe best reproducible yields
for this reaction ranged from 61 to 92%. Distillation
(124-129°C/0.45-0.5 Torr) gaQe pure 56, free of any bromide

65 (vide infra). Compound 56 has the following physical

- properties. tlc: R¢ 0.3%5 (Skellysolve B-ethyl acetate-acetic

1

B (cyclohexane): 218(eBB00), 283(e1900)nm; hreims: m/z

ycalcd. for C, H,,NO,(M'): 277.1678; found 277.1682(48),

16 23

- 262(5), 205(100), 177(15); 1H nmr(CDCl3): 61.05(3H, t, J=7

"Hz, CH,CH,), 1.26(3H, t, J=7 Hz, CH,CH,), 3.10(1H, quintet,

D2 2

J=7 Hz) and 3.12(1H, quintet, J=7 Hz, QEZCH3), 3.23(1H, ddt,
), .,

J=15, 7,-1 Hz) and 3.31(1H, ‘ddt, J=15, 6, 1.25 Hz, ArCH,

3.54(1H, dg, J=13.5, 7 Hz) and 3.63(1H, dq, J=13.5, 7 Hz,
CH,CH,), 3.83(3H, s, OCH,), 3.86(3H, s, OCH,), 5.09(2H, m,
CH=CH,), 5.91(1H, dddd, J=17, 10, 7, 6 Hz, CH=CH,), 6.85(1H,

13C

d, J=8.5 Hz, ArH), 6.93(1H, 4, J=8.5 Hz, ArH);
nmr(CDCl,): §12.3, 13.4, 55.4, 61.0(CH,); 36.0, 38.1, 42.6,
115.6(CH2): 112.1, 124.6, 136.4(CH); 128.6, 131.8, 144.3,
150.5(C); 167.1(C=0); Analysis: did not give satisfactory
data. |

Inﬁtiallf this reaction failed to give the allyl

benzamide. 1In addition to recovered starting material

N ,
RN
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(>90%), the by-products 63, 64, and 65 (vide supra) were
isolated (<5%). Compound 63 has the f&llowiné physical
proper;ies. tlc: Rf'0.34 (Skellysolve B-ethyl acetate-aceﬁic
acid,\§§:35:1, 2x); hreims: m/z calcd. for 012H17N03(M*):
223.1208; found 223.1205(78); 151(100), 150(40), 122(52),
89(22), 72(53), 71(73), 58(22). |

Compound 12 has the following physical properties. tlec:

0.30 (chloroform-ethyl acetate, 50:50); ir(CHCl3):\
1

Ry

3600-3100(b), 1599 cm '; hreims: m/z caled. for

. .
C13H19N04(M ): 253.1314; feu.d 253.1319(37)Lﬂ180(100),

165(41).

A
Compodnds 63 and 64 were not formed in reactions which

sucéessfully produced the desired allyl benzamide 56.
- However, bromide 65 was aliays formed, at least in small

quantities. When both comﬁounds 56 and 65 ﬁ@re present in K

?

Y
N
\

thdcrude reaction products, a pure sample of 65 was
obtained by flash chroma®dography (sample dissolved in
;chloroform; Skellysolve B-ethyl acetate-acetic acid,
85;15:17.. Compound 65 has the following physical
characteristics. tlc: R£ 0.43 (Skellysolve B-ethyl

acetate-acetic acid, 75:25:1, 3x): ftir(CHCl3 cast): 1640

81Br(M+2): 317.0450;

found 317.0448(36); calcd. for c13u1eno3793r(ﬁ*): 315.0470;

found 315.b465(375, 286(25), 284(25), 244(100), 236(68); Tn

-1 .
cm : hreims: m/z calcd. for C13H18NO3

nmr(CDCl3): §1.10(3H, t, J=7 Hez, CH2g§3), 1.27(3H, t, J=7

Hz, CH,CH,), 3.15(2H, m, CH,), 3.6(2H, m, .CH,), 3.85(3H, s,

2=3
OCH3), 3.86(3H, s, OCH3), 6.81(1H, 48, J=B.5 HZ, ArH),
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7.25(1H, @, J=8.5 Hz, ArH).

Hydrolysis and partial demethylation of compound 56

Allylbenzamide 56 (0.040 g, 1.44x10 %

mol) was
dissolved in 6 N hydrochloric acid (15 mL) and the
magnetically stirred solution was refluxed for 48 hours.
Uéon cooling to room temperature saturated aqueous ammonium
.chloride (10 mL) was added and the ﬁixture was extracted
with methylene chloride (3x 10 mL). The combined extracts
were washed with water (3x 10 mL), dried over sodium
sulphate, filtered, and evaporateé to dryness in vacuo to
-give crude products (0.026 g). The crude was sbbjected to
flash chromatography (1 cm column; sample dissolved in
chloroform; Skellysolve B-ethyl acetate-acetic acid,
80:20:1) to afford a 5:1 mixture (as judged by 1H_nmr) of 12
and 69 (0.016 g, 55%) and a 1:1 mixture of 70 and 71 (0.004
g, 20%). The mixture of 12 and 69 has the following
physical properties. tlc: Rf 0.28 and 0.45, respectively

(chloroform-ethyl acetate-acetic acid, 97:2:1); ir(CHCl.):

3
3545, 3500-2400(b), 1672, 1501, 1455, 1388, 1377, 1362,

1308, 1275-1195(b), 1170, 1126, 1057, B81 em '; 'H

nmr(CDCl,): 61.52(d, J=6 Hz, CH3), 2.87(d, J=7 Hz, CH,),

3 2
3.89(s, OCH;), 4.73(m, CH), 5.60(bs, ArOH), 6.61(d, J= 7.5
Hz, ArH), 6.65(d, J=8 Hz, ArH), 7.02(d, J=8 Hz, ArH),

7.08(d, J=7.5 Hz, ArH), 11.05(bs, peri ArOH), 11.24(bs, peri

\ ArOH).
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The mixture of 70 and 71 has the following physical
propertieé. tlc: R 0.27 (Skellysolve B-ethyl acetatélacetic
" acid, 65:35:1); it(CHC13): 3550, 3450, 3400-2400(b), 1735,
1509, 1461, 1339, 1285-1190(b), 1162, 1108, 1082, 1052, 961

em™': M Amr(CDC1,): §1.00(t, J=7.5 Hz, CH,), 1.85 and

2.07(m, CH,), 3.94(s, ocu3), 5.45(dd, J=6.5, 5 Hz, CH),
6.84(d, J=8 Hz, ArH),'6.87(d} J=8 Hz, ArH), 7.19(d, J=8 Hz),

A7.24(d, J=8 Hz, ArH).

3-methyl-3,4-dihydro-7,B-dihydroxyisécoumarin (12,

7-hydroxymellein) and 3~ethy1-612-dihydroxyphthalidg.'zg,

6-hydroxyisoochracin)

Distilled allylbeniamide 56 (1.236 g, 4.46x10 3 mol)
was dissolved in 6 N hydrochloric acid (100 mL) and the
magnetically stirred solution was refluxed for 48 hours.
Upon cooling to room temperature, satufated agueous ammonium
chloride (100 mL) was added and the products were isolated
by extraction with ethyl acetate (3x 100 mL). The combined
ethyl acetate extracts were washed with water (1x 100 mL),
dried over sodium sulphate, filtereg, and evapofated to
dryness in vacuo to afford a mixture (0.869 g) of mono- and
diphenolic lactones (vide supra). This material was
dissolved in dry methylene chloride 4 mL) and the solution
was treated with boron tribromide ir wechylene chlorice
(11.4 mL, 1 g/5 mL). The solution i magnetically stirred
overnight at room temperature. Water (10 mL) was added and

stirring was continued for 30 minutes. Saturated agueous

’



144

ammonium chloride (30 mL) was added and the products were
extracted with chloroform (3x 40 mL). The comb;ned organic
extracts were washed with water (2x 100 mL), dried over
sodium sulphate, filtered, and evaporated to dryness iﬁ
vacuo to yield the crude lactones (0.776 g). Flash
chromatogfaphy (4.5 cm column; sample dissolved in
chloroform; chlorofofm-etﬁyl acetate-acetic acid, 97:2:1)
afforded dihydroisocoumarin 12 (0.536 g, 63%) and phthalide.
70 (0.146 g, 17%). Compound 12 has the following physical

properties. mp 125.5—128.5°C (CHC13); tlc: R, 0.58

f
(chloroform-methanol-acetic acid, 94:5:1); ftir(CHCl3 cast):

3580-2400(b), 1667, 1454, 1269, 1125 cm ': uv (CH,OH) :
229(e6400), 261(e5800), 334(e3700)nm; hreims: m/z calcd. for

CooHqo0, M)t 194.0579; found 194.0582(100), 176(24),

165(20), 148(54); 'H nme(CDCA3)¢ *81.54(3H, d, J=7 Hz, CH,),

2.90(2H, d, J=7 Hz, CH.), 4.77(1H, sextet, J=7 Hz, CH),

2
5.66(1H, bs, ArOH), 6.65(1H, 4, J=8 Hz, ArH), 7.12(1H, 4,

- . 13
J=8 Hz, ArH), 11.11(1H, bs, peri ArOH); '°C nmr(CD3OD):

8§20.8(CH,); 34.7(CH2); 78.5, 109.3, 118.7(CH); 122.6, 131.1,

3

145.6, 151,3(C); 171.9(C=Q); Analysis: calcd. for C}0H1004:

C 61.85, H 5.19; found C 61.70, H 5.07.

[

Compoundeggihas the following properties. mp 160-161°C

(CHZCl -Qéetoﬁé); tlc: Rf 0.36 (chloroform-methanol-acetic

2

acid, 94:5:1); ftir(CH,OH cast): 3580-2400(b), 'A 1519,
1282 em '; uv(CH;OH): 228(e6200), 322(¢3550)nm; hreims: m/z
calcd. for c1051004(u‘): 194.0579; found 194.0571(67),

176(27), 165(100), 148(29), 137(31); 'H nmr (CD40D) :
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§0.91(3H, t, J=7 Hz, CH;), 1.71(1H, ddq, J=14, 7, 4 Hz) and
2.02(1H, ddg, 17, 7, 6.5 Hz, cué), 5.34(1H, dd, J=6.5, 4 Hz,
CH), d.36(1H, d, J=8 Mz, ArH), J7.10(1H, d, J=B Hz, ArH); '3c
nmr(CD4OD) : 88.8(CH;); 28.8(CH,); 83.4, 113.4, 123.3(CH);
116.3; 142.5, 145.7, 146.5(C); 172.2(C=0); Analysis: calcd.
for 91bH1004: C 61.85, H 5.19; found C 62.01, H 5.24.

Niﬂ-daéﬁhyl-2,3-dimethoxy-6-(2-hydroxypropyl)benzamide (76,

oxymercuration-demercuration route)

Tetrahydrofuran (1 mL) was added to a magnetically
stirred solution of mercuric acetate (0.062 g, 1.95)(10.4
mol) dissolved in water (3 mL), resulting in formation of a
powdery yellow precipitate. A solution of allylbenzamide 56

(0.049 g, 1.77x10 %

mol) dissolved in tetrahydrofuran (3 mL)
was added, causing the precipitate to disappear. The
reacti&n was‘stirred for two hours, then 3 M sodium
hydroxide (1 mL) and freshly prepared 0.5 M sodium
borohydride in 3 M sodium hydroxide (1 mL) were added
sequentially, the latter resulting in the ptecipitation of
metallic mercury. The reaction was diluted with briné (10
mL) and extracted with chloroform (3x 10 mL). The combined
organic layers were dried over sodium sulphate, filtered,
and evaporated to dryness in vacuo. The crude material
(0.066 g) was subjected to flash chromatography (1 cm;
chloro§orm-ethyl acetate, B88:12 to elute starting material
56 (2 mg, 4%), then 75:25 to elute 83 (2 mg, 4%), then 50:50
to elute 76 (26 mg, 50%), and chloroform-methanol, 95:5 to

C
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elute 84 (7 mg, 13%). Compound 83 exists as a pair of
rotational isomers (1:1) and has the following physical
properties. tlc: R¢ 0.38 (chloroform-ethyl acetate, 50:50).
ftir(CHCl3 cast): 3600-3100(b), 2930, 1612, 1485, 1275, 1060

cm 1. hreims: no M+; m/z calcd. for C NO3(M*-H20):

16523
277.1678; found 277.1675(18), 251(43), 236(97), 220(32),

1

205(56), 179(73), cims: 296(M+1), 'H nmr(CDC13): 31.00(3H,

t, J=7 Hz, CH g§3), 1.02(3H, t,-J=7 Hz, CH gﬂ3), 1.27(3H, ¢,

2
CH,), 1.28(3H, t, J=7 Hz, CH

2

J=7 Hz, CH CHy), 1.77(1H, dd,

2 2
J=12, 3.5 Hz),"2.01(1H, dd, J=12, 5.5 Hz), 2.06(1H, dd,
J=11.5, 7.25 Hz), and 2.18(1H, dd, J=11.5, 5.25 Hz, 4x
homobenzylic H), 2.40(1H, dd, J=13,25, 8.5 Hz), 2.6B(1H, 44,
J=13.5, 5.5 Hz), 2.75(1H, d4d, J=13.5, 4 Hz), and 2.B4(1H,
dd, J=13,25, 3.5 Hz, 4x benzylic H), 3.06-3.3(4H, m) and
3.48(2H, m, 3x CH.,CH,¥, 3.83(3H, s, OCH,), 3.85(3H, s,
OCH,), 3.B8(3H, s, OCH;), 3.89(3H, s, OCHY), 3.7-4.0(4H, m,
CH

CH, and QﬂzOH)' 4.30(1H, m) and 4.62(1H, m, Q§ZOH),

2773
6.95(1H, 4, J=8 Hz, ArH), 6.99(2H, s, 2x ArH), 7.03(1H, 4,

J=8 Hz, ArH).
Compound 76 exists as a pair of rotational isomers
(1:1) and has the following physical properties. bp

172-184°C/0.07-0.08 Torr. tlc: R, 0.24 and 0.17

f
(chloroform-ethyl acetate, 50:50). ftir(CHCl3 cast):

3600-3100(b), 2970, 2935, 1615, 1487, 1272, 1060 cm '.

hreims: m/z calcd. for C16H25N04(M+): 295.1784; found

295.1789(0.3), 251(44), 236(100), 220(41), 179(90), 178(20).

-~
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cims: 296(&*1). 1

H nmr(CDCl3): $1.03(6H, t, J=7 Hz, 2x
CH,CHj), 1.21(3H, d, J=6 Hz, CHIOHICHy), 1.27(3H, d, J=6 Hz,
CH(OH)CH,), 1.27(3H, t, J=7 Hz, CH,CHy), 1.28(3H, t, J=7 Hz,

CH,CH3), 1.7(1H, bs, OM), 2.35(1H, Aad, J=14, 9.5 Hz),

2
2.54(1H, dd, J=14, 6.5 Hz), 2.70(1H, dd, J=14, 10.5 Hz), and
2.72(1H, dd, J=14, 9.5 Hz, 4x ArCH,), 3.05(1H, bs, OH),
3.09-3.29(4H, m, 2x-CH,CH;), 3.44-3.8(4H, m, 2x CH,CH,),
3.62(3H, s, OCH,), 3.84(3H, s, OCH;), 3.87(6H, s, 2x OCH,),
4.12(2H, m, 2x CHOH), 6.90(1H, d, J=8 Hz, ArH), 6.94(1H, d,
J=8 Hz, ArH), 7.01(1H, d, J=8 Wz, ArH), 7.015(1H, d, J=B Hz,

13

C nmr(CDC1.): 612.4, 13.5, 13.7, 18.6, 22.6, 24.3,

AgH). 3
55.6(2x)f 61.2(2x)(CH3); 38.8, 38.9, 41.1, 42.1, 42.8,
43.0(CH2): 66.6, 68.9, 112.1, 112.9, 125.5, 126.2(CH);
127.2, 129.0, 131.7, 132.2, 144.0, 144.5, 150.5, 150.8(C);
168.0, 168.5(C=0). '

Compound 84 exists as a pair of rotational isomers
(1:1) and has the following physical properties. tlc: R¢
0.06 (chloroform-ethyl acetate, 50:50). ftir(CHCl3 cast):
3600-3100(b), 2935, 1605, 1485, 1272, 1061 cm ', hreims: no
M': m/z calcd. for C, H,,NO, (M -H,0): 293.1627; found
293.1625(0.6), 280(21), 251(60), 236(100), 220(39), 179(94).

1

cims: m/z 312(M+1). 'H nmr(CDCl3): 51.03(3H, t, J=6.75 Hz,

CH,CH.,), 1.035(3H, t, J=6.75 Hz, CH £§3), 1.29(3H, t, J=7

2
CH;), 1.295(3H, t, J=7 Hz, CH

2=3

Hz, CH CH,), 2.4B(1H, &d,

2 2
J=14, 9.5 Hz) and 2.52(1H, 44, J=14, 9 Hz, ArCHz), 2.58(1H,
bs, OH), 2.75(1H, d4d, J=13.5, 3.5 Hz) and 2.83(1H, 44,

J=13.5, 5.25 Hz, ArCHz), 3.02(1H, bs, OH), 3.05-3.30(4H, m,
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2x CH,CH,), 3.42-3.56(5H, m, 2x §52c§3 and OK), 3.64-3.9(6H,
®m, 2x CH,OH and 2x CH(OH)), 3.83(3H, s, OCH,), 3.84(3H, s,

OCH,), 3.88(3H, s, OCH,), 3.89(3H, s, OCH,), 4.82(1H, ba, "
J=4.5 Hz, OH), 6.92(1H, 4, J=8 Hz, ArH), 6.96(1H, 4, J=8 Hz,

ArH), 6.98(1H, d, J=8 Hz, ArH), 7.06(1H, d, J=8 Hz, ArH).

Acetylation of alcohol 76 derived from

oxymercuration-demercuration

Alcohol 76 (5.6 mg) was dissolved in acetic anhydride
(0.5 ml) and pyridin; (0.5 ml) and the solution was
magnetically ;tirred for 1.5 hours at room temperature.
Toluene was added and the solvents were removed ir vacuo.
Flash chromatography (1 cm column, Skellysolve B-ethyl

acetate, 50:50) afforded acetate 79 (3.8 mg).

N,N-diethyl-z,3-dimethoxy-6(2,3-diacetox1prgpyl)benzamide-

(85)

Diol B4 (4 mg) was dissolved in acetic anhydride (0.5
mL) and pyridine (0.5 mL) and the solution was magnetically
stirred overnight at room temperature. Toluene was added
and the solvents were removed in vacuo. The crude product
(4 mg) was subjected to flash chromatography (0.5 cm column,
chloroform-ethyl acetate, 75:25) to yield diacetate 85 (2.5
mg), which has the following physical properties. tlc: R,

0.60 (chloroform-methanol, 95:5); ftir(CHCl, cast): 2930,

3
1742, 1630, 1224, 1057 cm '; hreiss: m,/z calcd. for

NO.(M'): 395.1944; found 395.1948(24), 335(100),

Ca0H29
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292(28), 276(81), 262(19), 236(28), 221(26), 220(%4),
205(24), 203(53), 191(29), 179(40), 162(37), 73(4@; 'H
nmr(CDC1,): 81.06(3H, t, J=6.75 Hz, CH,CH,), 1.09(%4, ¢,
J=6.75 Hz, CH,CH,), 1.26(3H, t, J=6.75 Hz, CH,CH,), 1.27(3H,

t, J=6.75 Hz, CH 953), 2.02(3H, s, COCH3), 2.03(3H, s,

2
COCH,), 2.07(3H, s, COCH,), 2.08(3H§ s, COCHg),
2.69-2.91(4H, m, 2x ArCH,), 3.09-3.21(4H, m, 2x CH.CH,J),
3.49-3.77(4H, m, 2x CH,CH,), 3.83(3H, 5, OCH,), 3.84(3H, s,
OCH,), 3.885(3H, s,-OCH,), 3.89(3H, s, OCH,), 4.00(1H, dd,
,J=11.5, 6.0 Hz) and 4,06(1H, dd, .J=11.5, 5.5 'Hz, CH,(OAc)),
4.28(1H, dd, J=11.75, 3.5 nz}, and 4.32(1H, dd, J=11.75,
2.75 Hz, CH,(OAc)), 5.29(1H, m, CH(OAc)), 5.36(1H, m,
CH(OAc)), 6.87(1H, 4, J=B Hz, ArH), 6.90(1H, d, J;B Hz,

ArH), 6.98(1H, d, J=8 Hz, ArH), 7.03(1H, 4, J=8 Hz, ArH).

.

N,N'diethyl—Z,3-dimethoxy—6-(2-hydrogypropyl)ben;gmide (zﬁg

. . . . . ;}l{'i’l
ortho lithiation route) p ;L< i

v‘k } N RS :;j l ;!

A representative example is given of a typxcglg;umpg_é. 

Dimethoxybenzamide 62 (3 269 g, 1.38x10 "2 mol yas dxssol¢%ﬂ

in dry tetrahydrofuran (100 mL) under an argoh 'Mmosphqfﬁ

‘

and the'magnetxcally stirred solution was cooled{fé -7§§C in

e dry-ice bath. TMEDA (3.1 mL, 2. 07x10"% mol) ars B .
R0

-}

8- butyll1th1um (1.26 M in cyclohexane, 16.4 mL, f

mol) were added and the solution was stirred fov;m ;&mutgs
o (v d

Freshly prepared magneszum bromide etherate

-2

ether, 15.7 mL, 4.14x10 © mol) was added and sgi;‘féd was

continued for 40 minutes. After the addition é&.
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oxide (2.9 mL, 6. 10x10"2 mol) the reaction was allowed to
warm to room temperature overnighgf Saturated aqueous
ammonium chloride (100 mL) ,wvas poured into the r;action
mixture and the products were extracted with ethyl scetate
(3x 100 mL). The combined organic layers were dried over
sodium sulphaie, filtered, and evaporated in yacuo to afford

i ’ ——
crude material (4.955 g). The crude material was subjectes
:6 flask chromatography (4.5 cm column) to give recovered
starting materigl (62, 0.233v63 7%) by elution with
chloroform-ethyl acetate, 80:20, and alcohol 76 (3:493 g
(2.995 g, 73%, vide infra)) conteining traces of less polar
impurities by tlc) by‘\elution with ethyl acetate. The best
ree;yduqible yields of 76 ranged from 66 to 73%.

[ ¢ 4
N, N-diethyl-2,63-dimethoxy-6-(2-acetoxypropyl)benzamide (29)

Crude alcohol 76 (3.324 g, cgqta}ning slightly less
polar impurities by tlc) was dissglwé% in pyridine (10 mL)
wqg?nd acetic anhydrxde (10 mL). The mag;etically stifred
sélutxon was refluxed for two hours, then allowed to cool to
room temperature and diluted with ice water (20 mL). The‘
aqueous phase was.extracted with ethyl acétate (3x 20 mL)
and the combined organic layers were dried over sodium
sulphate, filtered, and evaporated in vacuo to afford crude
material (4.303 g). The crude materlal was subjected to
flash chromatography (4.5 cm column) to’yield a mixture

(0.112 g) containing phthalides 88.and 89 (vide infra) by

elution with Skellysolve B-ethyl acetate, 75:25 and acetate
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.19 (3.4;};65 by elution with Sielljsolve B-étﬁ}l acetate,\\\\\
“50:50. #Compound 79 has thf'foilowin%‘ghysical properiies. L
'trc.,Rf 0.57 (chloroform-ethyl acetate, 50:50); ftir(CHCl3"
cast): 2985 2935, 1735, 1635, 1245 10§6/’” ; hreims: *m/z

calcd. for C NOS(M ): 337.1889; found 337.1893(20),

18H27
277(41), 236(18), 223(21), 205(100); 'H nmr(CDCl,):

rs

. . K]
61.06(3H, t, J=6.75 Hz, CH22§3), 1.09(3H, t, J=6.75 Hz,

N .
CH2£§3), 1.222(3H, dh J=6 Hz, CH(OAC)E§3), 1.227(3H, 4, J=6

Hz, CH(OAC)CH,), 1.26(3H, t, J=6.75 Hz, CH,CH;), 1.27(3H, t,

'.J=6.75 Hz, CH,CHj), 2.00(3H, s, LOCH;), 2.01(3H, s, COCH,),
A - ’ ‘

2.59(1H, dd, J=14.5, 6.5 Hz), 2.75(YH, &, J=5.5 Hz),
2.755(1H, d, J=6.5 Hz), and 2.84(1H, dd, J=14.5, 7 Hz, &

ATCH,), 3.13(4H, m, 2x CH,CH;), 3.44-3.8(4H, m, 2x CH,CHj),

3.83(3H, s, OCH;), 3.84(3H, s, OCH;), 3.89(3H, s, OCH, ),

L4

3. 90(3H s, OCH ), 5.08(1H, sextet, J=6.5 Hz, CHOAC)

.16(1H, sextet, J=6.5 Hz, CHOAC) 6(5§{1H d, J=8.Hz, ArH),
'6:87(1H, d, J=B Hz) ArH), 6.96(1H, d, J=B Hz, ArH), 7.00(1H,
d, J=8 Hz, ArH); '°C nmrecocl M8512.3, 13.3, 13.4, 19.4,
19.8(2¢), 21:0(2x),*6&5(2x), 61.1(2x) (CHy); 37.8, 37.9,
'38.2,-38.3, 42:6(2x) (CH,); 70, '3, 70.7, 111.8, 112.0,. 125.0,
125 8(CH) -126. 4 126A6, 132 4, 132.5, .4, 144.5,
150 B(2x)(C); 167 o ey, , 170.0(2x A(C=0). -

An early run of the acetylation r%gct1on (performed on

0. 587 g of ‘crude alcohol 76)( yielded two additional
~by—products, phenol1c acetat% 86 and dxphenyl 87. The

. /
reaction was carried out at room temperature for 101 hours,

then toluene was added and the solvents were removed»ig

. SO .



o,

S 152

dgd acetate
. ' v
elution with

vacuce. Flash chromatography (4 cm colum
]

79 (0.466 g) and B6 (0.044 g, 2% from 62
SQ:EIYSolve B-ethyl acetate, 50:50, and:mixed fractions ,
(0.013 g) containing 87 by elution with etﬂyl aéetate.
Compound 87 was further purified by ptlc (10x20 cm,
chloroform-qﬁfhénol, 98:2, 2x), thén flash chromatography (1
cm column, ¢hloroform methanol, 98:2) to afford 87 (9 mg,

0.2% from 62).

L S

Compound B6 has the following physical properties. mp

77-79°C (Skellysolve B-ether), tlc: Rf'o.45.

(chloroform-ethyl acetate, 58:50); ftir (CHCl, cast): 2970,
2935, 1769, 1638, 1482, 1205, NQ0 cm '; hreims: m/z calcd.

for C,gH,,NOg(M*): 295.1420; found 295.1423(8), 253(50),
1

180(100), 165(20), 72(17); 'H nmr(CDCl;): &1.08(3H, t,

J=6.75 Hz, CH,CH,), 1.24(3H, t, J=6.75 Hz, CH,CH,), 2.23(3H;

2

§- COCH;), 3.16(2H, m, CH,CH,), 3.41(1H, m) and 3.76(1H, m,

3
CH3), 3.88(3H, s, OCH

2

CH ), 3.90(3H, s, OCH;), 6.90(1H, d,

2 3
J=8.5 Hz, ArH), 6.94(1H, d,'J=8.5 Hz, ArH).

Compound 87 pos;esses the following physical

H
characteristics. tlc: R¢ 0.55 (chloroform-methanol, 95:5);

ftir (CHCl, cast): 2968, 2935, 1628, 1460, 1427, 1293, 1255,
) -

25H34N205(M ): 442.2468;

found 442.2461(36), 411(28), 271(61), 270(30), 100(74),

1058 cm-1; hreims: m/z caléd. for C

72(100);cims: m/z 443(M+1); 1H'nmr(dﬁClS):f60.80(3H, t, J=7
4 s ,
Hz, CH,CH,), 0.94(3H, t, J=7 Hz, CH,LH;), 1.01(3H, t, J=7

Hz, CH,CH3), 1.19(3H, t, J=7 Hz, CHYCHy), 2.87-3.13(4H, m,

2
CH3), 3.28(1H, m) and 3.45-3.67(3H, m, 2x CH

~

2x CH, ,CH3),

A -
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3.71(3H, s, OCH), 3.78(3H, s, OCH;), 3.93(3H, s, OCH,),
6.90( 1H, dd, J=7.5, 1 Hz, ArH), 6.96(1H, dd, J=7.5, 1 Hz,
ArH), 7.00(1H, d, J=8 Hz, ArH), 7:30(1H, &, J=8 Mz, ArH),

7.34(1H, dd, J=7.5, 7.5 Hz, ArH).

, ’ ’ : N r
_ Hydrolysis of acetate 79 ) J
To a magnetically stirred solution of acetate 79 (3.414
q, 1.01x10"% mol) in methanol (50 mL) was added anhydrous

2 mol1).” The reaction'

potassium carbonate (1.40 g, 1.01x10"
was stirred for 48 hours at room temperature. The reaction,
mixture was neutralised with 5% HC1l (v/v) and diﬂrted with ‘
brine (50 mL). The product was extracted with ethyl acetate
(3x So-mL). The &ompined extracts were dried over sodium
sulphate, filtered, and evaporated in vacuo to afford
alcohol 76 (2.995 g, quantitative). This material has
physiéal properties identical with those of compound 76

prepared via the ggyﬁé;curation—demevcd§E¥ion route (gigg
supra). " |

In an earlier run the acétate 79 contained smgll
amounts of impurities (apparently carr}ed over from the
éggﬁg lithiation reaction used to generate 76) which were
separaied followihg the hydrolysis. Thus flash |
chromatography (4 cm column) of the crude hydrolysis
products (2.286:g)‘yielded.a 3.5:1 (determiﬁed by 1Hﬂ‘nmr
peak intrgrations) mixture of phthalides 88 and 89 Qg.067ng)
and benzamide 62 (0.016 g) by elution.with cylorofo;m—gthyl

acetate, 95:5,.and alcohol 76 (2.192 g) by elution with
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ethyl acetate. The mixture of 88 and 89 has the-following
physical properties. tlé: R¢ 0.45 (chlo;éform-ethyl acetate,
95:5); frir(CHCl, cast): 2970, 2935, 2845, 1742, 1501, 1301,
1277, 1259, 1091, 1045, 1030, 972, 932, 828 c¢m '; hreims:”
H,,0,(M'): 222.0892; found 222.0893(54),

12149
207(100), 193(36); 'H nmr(CDC1,): 80.B4(t, J=7.5 Hz,

m/z calcd., for C

CH,CH;)7 1.52(s, gem dimethyls), 1.66(m) and 1.96(m, CH,),
3.81(s, OCH3), 4.00(s, OCH3), 5.22(m, CH), 6.94(d, J=8 Hz,
ArH), 6.98(d, J=8 Hz, ArH), 7.15(8, J3=B Hz, ArH), 7.16(4,
J=8 Hz, ArH).

13

C nmr(CDCl.,): 68.5, 27.5(2x), 56.8(2x),

3 ,
' 62.0(2x)(CH3); 27.8(CH2): 80.7,:115.0(2x), 11%.9, 116.1(CH);
83.6, 117.3(2x), 142.7, 148.0, 148.2, 152.2(2x), 152.3(C);

166.9, 167.9(C=0).

Interconversion of phenol 64 and phenolic acetate 86

>

A solutior of phenol 6

(20 mg) in pyridine (1.0 mL)
and acetic anhydride (1.0 mL) was maénetically stirred
overnight at room temperature. Taluene was. added and the
solvents were removed in vacuo. Flaéﬁﬁgﬁ}éégtography (1pgm
column, chloroform-ethyl acetate, 50:50) éf'the cruae
reaction products affora;d the aqef%tqug (19 mg, B3%).
This sample of 86 was identical f}lc gndvftir) with.that.

isolated from the acetylation reaction of crude 76 (vide

supra). ' @
W .
Potassium carbonate (2 mg) was added to a magnetically

stirred solution of acetate 86 (1.6 mg) in methanol (0.5
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mL). After 30 minutes at room temperature Only a spot \

corresponding to phenol 12 was evident by tlc

*(chloroform-ethyl acetate, 50:50, 2x). -

N}N-diethyi—zJ3-dimg;hoxy—6-(z-g:opanoyl)benzamide (77,

Jones oxidation route)

;A.magnetically stirred«soZution of alcohol 76 (0.403 g,
1.3fx10-3 mol) in acetone (15 mL) was cooled in an ice Bath
(O°C)} The ﬂfﬁgtidq’was ﬁonitored by tlc as Jones'reagent81
was adéed draﬁU;ise. The starting material was consumed
after the ;Edition~of 25 drops,‘however, in order to try to
consumé a by-product which is slightly more polar than the
desired'compound (77), the reaction was allowed to warm to
room temperature and a furthgr 20 drops of reagent wefe
added. ihfter stirring overnight the by-product was still
presentf The acetone layer was decanted off and the agueous
phase was extraéééd with hot ether (3x 20 mL), - The combined

‘.

ofgani; layers Qere washéq with saturated aQueous sodium
bicarbonate (1x 20 mL), brine (1x 20 mL), dried over sodium
Nsu&phate, and evaporated in vacuo to afford crude reaction
products (0.286 g). Flash chromatography (3 em column,
chloro&brmjethyl acetate; 60:40) yielded ketone 77 (0.163 g,
41%) dhd impure by-product (0.020 g). The latter was

further purified by ptlc (20x20 cm, chloroform-methanol,

98:2, 3x) to give aldehyde 99 (7 mg, 2%). Ketone 77 has the

following physical properties. bp 175-179°C/0,2-0.25 Torr;
tlic: Rf 0.42 (chloroform-ethyl acétate, 50:50); ftir(CHC13

.
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01 56

cast): 1715, 1630, 1390, 1270, 1061 cm-‘: uv(methanol):

234(e5200), 282(e2300)nm; hreims: m/z calcd. for

c NO, (M*): 293.1627; found 293.1624(11), 251(20),

1

16 23

236(100), 221(40), 220(95), 179(76), 178(23); 'H nmr(CDCl.):

3

51.05(3H, t, J=7 Hz, CH,CH,), 1.24(3H, t, J=6.75 Hz,

2

CH,CH3), 2.18(3H, s, COCHy), 3.04-3.24(2H, m, CH)CH,),

3.46-3.7(2H, m, CH,
a, J=16 Hz, ATCH,), 3.83(3H, s, OCH,), 3.88(3H, s, ocu33,
13

€H3), 3.56(1H, 4, J=16 Hz) and 3.70(1H,
6.91(1H, 8, J=8 Hz), 6.94(1H, 4, J=8 Hz3; C nmr(CDCl3):
$12.4, 13.3, 29.2, 55.5, 61.1(CH;); 38.2, 42.6, 46.6(CH,);
112.2, 126.2(CH); 123.5, .132.3, 144.5, 151.2(C); 167.0,

- 205.7(C=0); Analysis: calcd. for C_._H NO,: .C 65.51, H 7,90,

alcohol 76 (0.186 g, 6.31x10

1623
N 4.77; found C 65.39, H 7.77, N-4.,75,

Aldehyde 99 has the following physical properties. tlc:

R, 0.34 (chloroform-ethyl acetate, 50:50); ftir(CHCl3 cast):

£
2975, 2935, 2820, 2722, 1693, 1636, 1587, 1569, 1279, 1055

cm 1; hreims: m/z calcd. for C 19NO (M ) 265.1314; found

265.1307(11), 236(100), 193(68), 72(38); 4 nmr(CDCl.):

3

61,02(3H, t, J=7 Hz, CH £§3). 1.31(3H, t, J=6.75 Hz, :

2

CH2g§3), 3.14(2H, m, CH,), 3.66(2H, m, CH,), 3.89(3H, s,

OCH3), 3.99(3H, s, OCH3), 7.05(1H, 4, J=8 Hz, ArH), 7.73(1H,

d, J=8 Hz, ArH), 9.87(1H, s, CHO).

Ketone 77 via oxidation with pyridinium chlorochromate
-4

Pyridinium chlorochromate82-10.204 g, 9:46x10 mol)

was d1ssolved in methylene chlorxd’$€3sz)a‘,

-4 mol)qéﬁ methf EfMioride (5
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mL) vas added and the solution was magnetically stirred at
room fempera ior 24 hours. The reaction mixture was
diluted witﬂiggaer (40 mL) and the solution was decanted.
The .601id residue was extracted with hot ethe; (2x 20 mL).
The combined organic layers were filtgred-through a Florisil
pad (rinsing with more hot ether), dried over sodium
sulphate, filter;d, and evaporated in vacuo to give crude
products (0.170 g). The crude products were sLbjected to
flash‘chromatography (2 cm column, chloroform-ethyl acetate,
60:40) to afford ketone 77 (0.)37 g, 74%) and aldehyde 99

v

(0.006 g, 3%).

Ketone 77 via svern®3 oxidation

A magnetically stirred solution of oxalyl chloride

-2

(0.875 mL, 1.00x10 “ mol, freshly distilled under an argon

" atmosphere) in dry methylene chloride (25 mL) was cooled to

-78°C in a dry-ice bath under an atmosphere of argon. A

-2

3
solution of dimethyl sulphoxide (1.20 mL, 1.67x10 mol,

distglled at reduced pressure) in dry methylene chloride (5

mL) was added over ca. 5 minutes. After stirring for 20

-3

m?nutes; a solution of alcohol 76 (1,975 g, 6.69x10 ~ mol)

in dry methyhfneAchloride (10 mL) was added over ca. 5

minutes. Stirrifg was coniinued for 15 minutes, then dry

-2

triethylamine (4.6.mL,"3.§_ 0 ¢ mol) was added over ca. 5

mxnutes After a-furthef S‘minuteé‘the dry-ice bath was

“

PN "
removed and the reactxon vas alloweq‘to warm to room

]

temperagure. The, reactzonquxture va@adx}uted w1th water%*?!

V

5

i
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(30 mL) and the agueous phase was extracted with methylene
chloride (3x 30 mL). The combined organic layers were dried
over sodium sulphate, filtered and evaporated in vacuo. The
crude préduct was subjected to flash chromatography (4.5 cm
column, qblgroform-ethyl acetate, 99:1 (13 fractions) and
85:5 (ffac;fbns 14-35) to elﬁte non-polar impurities, then

",

60:40) to give ketone 77 (1,880 g, 94%).

Methylation of lactone 12

To a magnetically stirred solution of lactone 12 (5.5
mg, 2.84x107° mol) in df; acetone (10 ml) was added excess
methyl iodide (1.0 ml) and anhydrous potéssium carbonate

(5.5 mg, 3.98x10 °

mol). The reaction was heated at 60°C in
a constant temperature oil bath for 22 hours. The acetone
was evaporated in vacuo and the residue wés redissolved in
chloroform (10 ml). Saturated aqueous ammonium chloride (10
ml) was added and the agueous phase was extracted with
chloroforq)(Bx 10jﬁl). The combined chloroform layers were
dried over sodium sulphate, filtered and evaporated to
dryness in vacuo to afford crude products (5 mg)( Flash
chro;atography (1 ¢m column, sample dissolved in chloroform,
Skellysolve B-ethyl acetate-acetic acid, ?5:25:1) gave a 1:2
mixture (4 mg) of ;tarting material (12] and ‘,
7-methoxylactone (73) and a 2:1 mixture (2 mg) of >
8-methoxylactone (11) and 7,8£dimethoxy1actone (1§$. The
above ratios were determined from 1H nmr peak integrations.

Compounds 12, 73, 74, and 75 have R, values of 0.27, 0.45,
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0.20, and 0.25 respectively (chloroform-ethyl acetate-acetic

1

acid, 97:2:1). The 'H nmr (CDCl,) data of the two mixtures

follow.
12+73: 81.53(d, J= 7 Hz, CHCH,), 2.88(d, J=7 Hz, CH,),

3.90(s, OCH,), 4.64-4.86(m, CH), 5.56(bs,AArOH), 6.64(d, J=8
Hz, ArH), 6.66(d, J=8 Hz, ArH), 7.03(d, J=8 Hz, ArH),
7.10(d, J=8 Hz, ArH), 11.06(bs, peri ArOH), 11.25(bs, peri
ATrOH) . .

 74+175: 51.48(d, J=6 Hz, CHCH,), 1.51(d, J=6 Hz, CHCH,),
2.84(d, J=8.5 Hz, CH,), 2.86(d, J=B.5 Hz, CH,), 3.89(s,
OCH,), 3.97(s, OCH;), 3.99(s, OCH,), ¢.48-4.72(m, CH),
6.00(bs, ArOH), 6.90(d, J=8.5 Hz, ArH), 6.92(d, J=8.5 Hz,
ArH), 7.08(d, J=8.5 Hz, ArH), 7.16(4, J=8.5 Hz, ArH).

*

ZfNQN*diethylbenzamido-Z‘,3‘13;4-teﬂ!amethoxybenzophenone

(93) -
‘ 3

' Benzamide 62 (1.22%'9, 5.16x10 ° mol) was dissolved in

. dry tetrahydrofuran (40 mL) and.the magnetically stirred
S .
solution was cooled to -78°C under an argon atmosphere.

2

TMEDA (1.95 mL, 1.29x10  mol) was added, followed by

§-butillithium (1.29 M in cyclohexane, 10.0 mL, 1.29%10° 2
mol), and the reaction was stirred for 30 minutes.
Propylgne(oxide (3.6 mL, 5.16)(10"2 mol) was added, !ﬁ%sing
the reaétion mixture to become deep‘purple in coldﬁ%S; Upon
alléﬁihg*the reaction to warm to room tempera;ugf %bernight
(putblg;¢olour disappeared), saturated agueous/ammonium

"

chlgrihé (40 mL) was added, and the agueous phase was

s
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s

extracted with ethy{_ acetate (3x 40 mL). The combined
ogganic layers were dried over sodium sulphate} filtered,
and evaporated in vacuo to afford crude m;terial (1.551 qg).
Flash chromatography of the cruae reaction products (4.5 cm
column) yielded starting material (62, 0.341 g, 28%) by
elution with chloroform-ethyl aceétate, 90:10, benzophenone
93 (0.147 g) by elution with-chloroform-ethyl acetate,
80:20, and a mixture of 93 and alcohol 76 (0.504 g) by
elution with ethylﬁacetate. Acetylation (vide supral of the
mixture of 76 and 93 facilitated isolation of the remainder
of 23 by flash chromatography (3 cm colﬁmn,.skellysolve

, B-~ethyl acetate, 50:50; overall yield 0.232 g, 11%).

" Acetate 79 (0.409 g, representing 0.358 g of 76, 24%) was
eluted with ethyl acetate. Compound 93 has the following
physical properties. tlc: Ry 0.35 (chloroform-ethyl acetate,
50:50); ftir(CHC13
em”'; hreims: m/z calcd. for C..H NOG(M*): 401.1838; found

22427
401.1848(7), 329(75), 315(20), 299(20), 72(100); 'H -

cast): 2970, 2930, 1665, 1636, 1477, 1274

nmr(CDCl3): 61.07(3H, t, J=6.75 Hz, CHﬁ§§3), 1.30(3H, t,

J=6.75 Hz, CH2§ﬂ3), 3.12-3.30(2H, m, CHZ)' 3.54-3.75(2H, m,
Y

CHZ), 3.73(3H, s, OCH3), 3.88(3H, s, OCH3), 3.89(3H, s,

OCH;), 3.91(3H, s, OCH,), 6.84(1H, d, J=8 Hz, ArH), 6.93(1H,

dd, J=7.5, 1 Hz, ArH), 7.04(1H, 44, J=7.5, 1 Hz, ArH),

13

7.11(1H, 48, J=7.5 Hz, ArH), 7.27(1H, d, J=8 Hz, ArH); C

nmr(CDCl,): 612.0, 13,2, 65.7(2x), 61.5(2x)(CH3); 38.4,

3
42.6(CH2); 110.3, 114.,0, 120.3,-123.7, 130.2(CH); 127.8,

133.2, 134.3, 145.1, 146.5, 152.4, 156.4(C); 166.7,
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193.7(C=0).

2,3,3',4'-tetrahydroxybenzophenone (96)

A magnetically stirred solution of benzophenone 93
(0.05¢ g, 1.35x10 % mol) in 6 N hydrochloric acid (10 mL)
was refluxed for 48 hours. After cooling, the reaction
ﬁixture was diluted with saturated agueous ammonium chloride
(10 mL) and extracted with ethyl acetate (3x 20 mL). The
combined extracts were washed with water (1x 50 mL), dried
over sodium sulphate, filtered, and evaporated to dryness in
vacuo. The crude products (0.041 g) were dissolved in dry
methylene chloride (10 mL) and treated with a solution of
boron tribromide in methylene chloride (1 g/5 mL, 0.43 mL).
The reaction mixture was magnq;ically stirred overnight,
then water (5 mL) was added, and stirring was continued for

\30 minutes. Saturated agqueous ammonium chl&fide (10 mL) was
added and the aqﬁeous phase was extracted with ethyl acetate
(3x 10 mL). The combined organic layers were washed with
water (1x 50 mL), dried err sodium sulphate, filtered, and
evaporated to dryness in vacuo. Dry flash chromatography88
(1 em column) of the crude (0.050 g) yielded a2 mixture. (11
mg) of an unidentified compound plus 94 from elution with
chloroform (fractions 1-4) and chloroform-methanol, 99.5:0.5
(f;?ctions 5-9), 95 (4 mg, 11%, fractions 23-30) and 96 (3
mg, 9%, fractions 42-49) by elution with

chloroform-methanol, 99:1. Impure 894 was further subjected

to flash chromatography (1 cm column, chloroform-ethyl
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acetate, 92.5:7:5) to give 94 (1.2 mg). Compound 94 has the
following physical properties. tlc: R¢ 0.57
(chloroform-methanol, 90:10); TH nmr(CDCl3): 864.00(3H, s,
OCH,), 5.75(2H, bs, 2x AtOH), 6.81(1H, dd, J=8, B Hz, H-5),
6.95(1H, d, J=8 Hz, H-5'), 7.16(1H, dd, J=8, 1 Hz, H-4*),
7.22(1H, dad, J=8, 1 Hz, H-6'), 7.32(1H, dd, J=B, 2 Hz,
H-6'), 7.34(1H, 4, J=2 Hz, H-2'), 12.16(1H, bs, peri ArOH);
(CD4COCD,+D,0): §3.94(3H, s, OCH,), 6.82(1H, 4d, J=8, 8 Hz,
H-5), 7.09(1H, d, J=B.5 Hz, H-5'), 7.105 (1H, dd, J=B, 1.5
Hz, H-4*), 7.15 (1H, dd, J=B, 1.5 Hz, H-6%), 7.256 (1H, g,
J=2 Hz, H-2'), 7.261(1H, a4, J=B8.5, 2 Hz, H-6');
(&assignments interchangeable).

Compound 95 has the following physical prOpefties. tlc:
Rf 0.41' (chloroform-methanol, 90:10); 1H nmr(CDC13):
83.91(3H, s, OCHB), 6.83(1H, dd, J=8, 8 Hz, H-5), 6.94(1H,
d, J=B Hz, H-5'), 7.09(1H, dd, J=8, 1 Hz, H-4%), 5.22(1H,
dd, J=8, 2 Hz, H-6'), 7.24(1H, dd, J=8, 1 Hz, H-6°),
7.29(1H, 4, J=2 Hz, H-2'), 11.9(1H, bs, peri ArOH);
(CDBCOCDB+D20): 63.88(3H, s, OCH3), 6.88(1H, 44, J= 7.75,
7.75-Hz, H-5), 6.94(1H, 4, J=B Hz, H-5'), 7.17(2H, 4, J=7.75
Hz, H-4* and H-6%), 7.19(1H, d, J=8 Hz, H-6'%), 7.30(1H, s,
H-2'); ('assignments interchangeable).

Compound 96 has the following physical properties. mp
198-201°C (benzene;;thyl acetate); tlc: Rt 0.33
(chloroform-methanol, 90:10); ffir(CH3OH c&;}}:
3620-2350(B), 1625, J591, 1447, 1315, 1265, 1225, 1116, 851,
772, 753 cm_1; hreims: m/z calcd. for C13H1005(M¢):



(N
246.0528; found 246.0530(48), 137(100), 136(69); 4 =~
AR (CD4COCD,+D,0): 86.81(1H, dd, J=7.75, 7.75 Hz, H-5),
6.95(1H, d, J=B.2 Hz, H-5'), 7.09(1H, dd, J=7.75, 1.5 Hs,
H-4%), 7.16(1H, dd, J=7.75, 1.5 Hz, H-6"), 7.18(1H, dd,
J=B8.2, 2.2 Hz, H-6'), 7.29(1H, 4, J=2.2 Hz, H-2');

('assignments interchangeable).

(S)-alcohol 126 using (S)-propylene oxide

The procedure was the same as that employed in the
preparation of racemic alcohol 76. The following quantities
were used. Bdnzamide 62: 1.355 g, 5.72)(10-3 mol;. dry

2

tetrahydrofuran: 40 mL; TMEDA: 1.7 mL, 1.14x10 ° mol;

s-butyllithium: 1.29 M in cyclohexane, 8.8 mL, 1.14x10" 2
mol{ freshly prepared mpgneSium bromide etherate: 6.5 mL,

2 mol; (s)-propylene oxide: 2.4 mL, 2.86x10 2 mol.

1.72x10
After warming to room temperature overnight, the reaction
mixture was diluted with saturatéd agueous ammonium chloride
(40 mL). ‘The agueous phase was extracted with ethyl acetate
(3x 40 mL), dried over sodium sulphate, filtered, and
evaporated in vacuo to afford crude material (2.096 g).
Flash chromatography (4.5 cnn%olumn) gave recovered starting
material (62, 0.234 g, 17%) from elution with Skellysolve
B-ethyl acetate, 50:50, and crude (S)-alcohol 126 (1.226 g,
73%) from elution ;lth ethyﬁ.acetate. The chiral alcohol
igs purified in the same way as the racemic alcohol. Thus

acetylation with acetic anhydride (5 mL) and pyridine (5 mL)

(reflux, 2 hours), foliowed by flash chromatography (4 cm
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colunn, Skellysolve l-ot!m? acefate, 50:50), gave the

- (sY-acetate 125 (1.291 g, TepreBenting 1.130 g (67%) of the
alcohol). The (S)-acetate 125 displays tlc behaviour and a

'"H nmr spectrum idd';ical"with those of the racemic acetate
79. The chirgl acetate was distilled (160-171'C/0.25-0.{
Torr) before optical rotation measurement. [a]D'-l.7. (c .
5.17 CHCl ). |

-“The ($)-acetate 125 was hydrolysed in the same manner

as the racemic acetate (vide g_ggg) Thus treatment vxth
potassium carbonate (0.55 g) in methanol (25 mL) for 27
hours affor?eQGQhe (S)-alcohpl 126 (0.960 g, 85%), which
shovs the same .tlc behaviour as racemic alcohol 76. A
nqp-pélar‘iﬂpﬁrftj-present in (S)-alcohol 126 (ca, 0,720 g)
%vasiseparatgdnBy'f:ash chromatography (3 cm column) and

1dent1€1ed,by "W noar as a 7.5:1 mixture (5 mg) of phthalides
‘88 and 89 Elutxon with ethyl acetate afforded the

repurx(rgd (S)‘dICOhOI __g (0. 716 g). Distillation

(172 184°C/0 08 Tbrr) afforded an analyt1ca1 sample. [a],
453, 0°‘\q 6.21 CHC1,);,uv(CH,0H): 217(e20,650),
222(:1835%5{, 282(¢3300)nh} hreims: no~§+: m/z calcd. for
c14nz1nc "(M" -C_H,0): 251.1521; found 251.1518(43),
' 236(100) 220(41)' 179(88) Analysis: calcd. for C, H NO,

16725
C 65. 06 H 8.53, ‘N 4. 74 ‘ﬁpund C 64.75, H 8 55, N 4.70,

(R)-alcohol 128 using (R)-propylene oxide

The procedure was the same as that employed in the

preparation of racemic alcohol 76. The following quantities
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-3

;7“vere used. ;fenzam1de 62: 1.4$8 g, 4. 76x10 ~ mol; dry

AN

tetrahydrofuran 40 mL; TMEDA° 1.1 mL, 7,14x10 -3 mol;

s- butyllxth1um. 1.26 M 1n cyclohexane g" mL, 7. 14x10’3

mo l freshly- preparet;magnes1um brom1de etherate. 5.4 mL

-2

43x10 mol; (R)- prozyleng oxide: 1.0 mL J.43x10 -2 mol.

The workrup was 1dent1 aléuxth that used for (S)- alcohola

'lgg. Flash chromatography (4.8 cm column) gave recovered
starting materf?l (gg,'o.1oo,g, 9%) from elution :ith%
chlprofo;m-ethyl acetate, 86:20, and crude (R)-alcqhol ’

(0. 936 g) from elutién with chloroform-ethyl acetate, 50550.

As in the case of the (S) alcohol, the (R)-alcohol was
, acetylated (acetic anhxdrxde (5 mL), pyridiné (5 mL),u
reflux, 2 hourg)%. Flash ch;omatography (4.5 cm column,
Skellysolve "byl aceﬁ_ate,A 50:;0) of the crude acetylation
products (1.105 g) afforded 1mpure phthalxde 89 (0 049 g),
the (R)-acetate 127 (0. 588 g, reprLsent1ng 0. 515 g (37 %) of
- _the (R)- alcohol), and 86 (0.048 g). The eluting solvent was
fchanged to ethyl .acetate after 86 began to elute .in pure
form. 'The (R) acetate dlsp{ay§ tlc behaviour and a HAnJ?
{spe&trhm ideqﬁﬁcal ;ith those of the racémic acetate 79.
‘Distillation (14D-142°C/0 07 Torr) provided an and{ytical
sample. [d] +0 8°\¥c 5.23 CHCIB) Analysis: calcd. for

u.C18H27N05: C 6& 07 H 8.06, N 4.15; found C 63 86, H‘7 90, N |

. y N w
\4v11 ’ "~ ! : é ) T ':‘v o o

- /7iThe (R)-acetite 127 was hydrolysed #n the same manner
qs<£ﬁb'racpmxé acetqteff 5 su ra) Thus treatment with
ethanol (26‘mL) for 42

]

“-pa@asgyym carbonate - (0.241 g)ﬁ;n

o
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hours yielded the (R)-a1§6h61‘12§ (0.513 g, quanfitaﬁive{,
which shows the same tlc behaviour as racemic alcohol Zé.
Distillatiqgp (156-160°C/0.075-5.0 Torr) afforded an
analytical sample. [a]D ~-47.8°C (c 4.27 CHC13}; Analysis:

calcd. for C, H,.NO,: C 65.06, H B.53, N 4.74; found C

16725 4"
65.03, H 8.50, N 4.65.

v

B—ﬁethyl-QLG-dihydro-jjB;Qimethoxyisocoqmarin (75) via acid

hydrolyéis of ‘the amide function of alcohol 76

+ “Alcohol 76 (38 mg,  1.29x10° % mol) was dissoived*in TN

hydrochlorlc acid (5 mL) and the magnetxcally stxrred
solutlon was refluxed for 2 hours 'Saturated agueous
ammon ium chlorlde (5 mL) was added and the reaftion mixture
was extracted w1th~chl@roform (}:ngf nl). Thetcombined' -
eytracts werevdrxeé'%uér sbdfhﬂﬁszlphate, filéeﬁia and

evaporated in vacuo. 4 The cruda products were subjected to

€
flash chnomatography (1 cm column) to yield a 1.5:1 mixture

(8vmg) of allyl berizamide 56 (8%) and lactone 75 (7%, vide

, N
infr#) by elution with chloroform-ethyk acetate, 88:12." The

e > *

identitites'and relative rat1o of the prod&tts were

¥ determined by examination of'the H nmr of the mxxxuret
) " , - . ‘
Starting material 76 was isolated (30 mg, 79%) by elution
: » ' ) o . :
with ethyl acetate. ' = , .
’ y | AT . —

. L
v ! :

- Lactgne 75°via base, hydrolysis of the amide function of .°

',4§ ; | ‘, ," . ‘: .5

v

a_‘!
L

~alcohol
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A magnetically stirred solution of alcohol 76 (34 mg, .
1.15x10"% ‘mol) in 3 N sodium hydroxide (5 mL) was refluxed
“for 22.5 hours. The variac setting was 75 volts (vide
égggg). Afsg; cooling to room temperature the reaction
mixture was lcxdatled using concentrated hydrochlorzc acid
‘and saturated aqueous ammonium chloride (2 mL) was added.
The solution waé extracted with chloroform (3x 10 mL) &nd

the combined extracts were dried over sodium sulphate,

"™ filtered, and evaporated to dryness in vacuo. Flash’
A Y >

¢4

-

éhromatography (J cm ;olumﬁ) of the crude products afforded
lactone 75 (2.5 ﬁg, 10%)_from elution E#th chloroform—ethyl‘
acetate, 92:8, and starting material 76 (27 mg, 79%) £ ¥m
eluti'h ethyl écetate.l ’ .-
The.reaction was also carried out.substigbting P
‘hexamethylphoséhorémide (2.5 mL, distilled at reduced
%ﬁéssuge) for half ‘the reaction mixture volumg.» The
following guantities werekpsed. Aléohol 76: 22 mg; 3 N
sodium hydroxidé: 2.? mL. The reaction was refluked (variai_
setti:g:l75 ve};ﬁ) for 21'hours. After cooling to room
tempgrathre the q;action mixture was acidified us?Bg
cchent}ated hydrochlogic acid and extracted witﬁ ethyl
ace%bte (3x 10 mL): The combined ethyl Bcetate extracts
weln, washed with water (2x 25 mL), dried over sodium
sulphate, letered, and evaporated to dryness 1npvacu ..
Flash chtomatography (1 em’ column) afford?d lactonf 2§ (s [
“mg, 3%, vide infra) by glution with chloroform-ethyl (N/

: , \ L
acetate, 92:8, and Af (12 mg, 55%) by elution with ethyl?d a.s
- .. v -l a4
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acetate.

Atggmpted hydrolysis of the amide function of 76 using a

base and a high boiling solvent

Povdered potassium hydroxide (10 mg, 1.83x10° %

-5

mol) was

added to a’golution of alcohol 76 (18 mg, 6.1x10 ~ mol) in
diethylene glycol (5 mL). The feaétion mixturs was refluxed

‘ fbr 96 hours. After cooling to room temperature the '
reactlon mixture was ac1da£1ed using concentrated

hydrochlorlc acid. Saturéted aqueous ammonaum ch;orxde (5

mlL) was added and the sfﬁﬁfﬂon was extracted thh ethyl

aceta 10 mL). The:£ombined ethyl acetate extracts

——
T —

~vere washed wiéh‘wa;ér (2x 25), dried over sodium sulphate,
filtered, agd evaporated in vacuo. Tlc examination of the
’ crude prgauctS'showed that neither alcohol 76 nor lactoneﬁ}§

K i
was present.

™~

(SMilimet hoxylactone 143 : | L
'\ .+ The (S)-plcohol 126 (0.124 g, 4.20x10 'mol) was J

dissolved in 1 N hydrochloric acid {20 mL) and the
magneticaliy stirred solﬁtion was heaéed at 100°C in a
~constant temperature o1lt>ath for 24 howrs. P:fter coolin}g
to room temperature the reaction mixtufe was diluted with
saturated aqueous ammonium chloride (20 mL) and extracted
with‘célofofé?ﬂ{(3x 40 mL). fhe aombined chloroform

. ) . :
extracts were dried over sodium sulphate, filtered, and

‘evaporated in vacuo. The crude material (0.113 g) was
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subjected to flash chromatography (1 cm column, sample
®
dxssolved 3n &hloroform; Skellysolve B-ethyl acetate- acetic

‘acxd, 75:25:1) afforded a mixture of 7- methoxylactone 143
and.phthalide 88 (1 mg) and lactone 1&2 (46 mg, 49%,

based on consumed starting’ﬁ&terial). Elution with eihyl
acetate yielded starting material 1g§ (47 mq, 38%). . ° .
Compound 142 has the following physxcal properties. mp

83-85°C (Skellysolve B- ethyl acetate); ‘) +146.3° (¢ 2.05

.

CHe X); tlc: Rt 0.9 (Skellysolve B- ethyl acetate acet1c

3
a 5:25¢ ‘rb ft1r(CHCl3 cast): 1725 1489, 1259, 1056
_hreims: m/z ca{?d.;_:'or C12HWO4(M ): 222, 0892 founv
222.0891(100), 189(29), ¥E¥(43), 7 149(23), 146(30), 135(55),
120(38) 90(52) H nme(CDC1 4) : 61‘.‘7(3"‘d .J-s 5 Hz,

CHCH Y, 2.B3(2H, &, J=6.5 Hz, CH 7, 4 89(3!!, s, o!'g&) .
v

B
3.95(3H, s,,QCH3), 4.53(1H, sextet, J=6.5 Hz, CH), 6.95(1H,
. N ) ’

. @, J=8.5 Hz, Arﬁ), 7.09(1H, 48, J=8.5 Hz, ArH); Analys'is:
calcd. for C ,H,,0,: C 64.85, H 6.35; found C 64.81, H 6.35.
q . ‘ B ° 5

)

¢ (R)-;?methoxyiactone 145 - }

I

e prqce?ure was the same és that useq iﬁ the
'*preparatfon of the (S)4dimethoxylactone. The following
quantities were employed: (R)-alcohol 128: 0.243 g; 1 N
hydrochloric acid: 40 mL, After cool1ng tg,room temperature_
the reaction mixture was d}luted with saturategéjéueous 3 y
~ ammonium chloride (40°mL) iQd extracted with chlgg&ﬁorﬁ (3x .}
40 mL). The combined ghloroform ext;a;ts vere dried 0yer’
sodium sulphate, filté:ed, and ev;porated in ggggé_tO‘givé'

Ve,
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(crudg material (0.210 g). Subjection to flash ‘
chromatography {2 cm column, sample dissolved in chlordsform)

| afforded”a 5:1 &ixture'(4 mg) of lactone 145 and phthalide
88 by e;ution':ith Skellysolve B—ethyl‘acetate-acetic acid,
75?25-1 (R)-dimethoxylact'oaEv 144 (93 mg, 51%, 91% based on

consumed starting mater1al) by elutxon with Skgi;?sg

(tlc, ftir) and has the fol dd1txonal phys1ca1

'brbperties.,mp.78-83°c (Sk .B-ethyl acetate); [alD

- ot . '.' :
'129.3 fg 205 CHC13), Anal y: falcd. for pJ2H14O4 C
"_5,.14 $.35; found C 64.72, H16.50,
L 3 . s .

Demethylation of.iéctone 75 derived friilhgdroliéis of

alcohol 76 under basic condxtxons &

D1methoxylactobe 75 (2.4 mg) was dissolved in methylene

chloride (1 mL) andﬁthe magnetlcally stirred solution was

/ cooled to -78°C in a dry- 1§£ bath txcess boron tribromide
e, * R
(T g/5 mL, 5 d{ops) was added and the reaction was allowed

7

to warm to room temperature_ovegn1ght.' Water (1 mL) was

2

added and stirring wvas continued for 30 minutes. The s
Lo ~
reaction mixture was dxluted thb saturated aqueous ammonxum
4

v *
chlorxde (1 mL) :‘F the aqueous phase was extracted with

¢hloroform (3x 5 mL) The combined organic layers‘vere:
dried over sodium sulphate, filtered, and evaporated to.

: dryness in vacuo. Flash.chromatography (0.5 cm column,

. .

v .
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i €t

chlorotorm-ethyl'hcetate-aqeiic acid, 97:2:1)faffbrgeé

diphenclis lactone 12 (vide supra, 1 mg) s

AN T

A

(S)-(+)-7-Hydroxymellein (133)

Dimgthoxy}aétone lA%_(‘O mg) was dissolved in dry
methylene chloride (8 mi)\ané’thg.magnetically stirred
solution was cooled to.-7&°C 1in a dry-ice bath. An excess

of a solution of boron tribromide in hylene chloride (2.0

L]

mL, 1 9/51mL) was. added and the react wvas allowed.to warm

.‘ V‘

i‘ room temperature overnight.t Wate 10 mL) was;added and

'stirginb vas continued for 30 miﬁdies!; Tge reaction mixgure
was diluted with brine (10 mL) and: the aqueous‘phas? was
extracted with chloroform (3x 10 mLf; ‘fhg compinéd organic
layers were dr'ig' over sodium shltahate, fi‘liited,' ¢
evabogated to dryness in ggggg‘ The crude product (41 mg)
was £11tered through a pipette (packed with™silica-gel for
flash chromatography) by washing w1th Skellysolve B“;O mL).
Elution with chloroform-ethyl acetate-acetic acid, SM2:1
(15 mL) yielded (S)-éiphenolic lactone 133 (35 mg, o
qbantitétive), which‘was idenfj%%l wity the racem&é’Iﬁctone
12 by tlc{ Compound 133 was further purified by'numefous
.recrystallxsat1ons, and dxsplays the fol;ow1ng physigal
propertzes. mp: 97.5-99.5°C (Skellysolvg B- ethyl acetate).
~laly +92.0° (¢ 5.00 CHC1,). Analysis: calcd. for C10H1OO4
“c61.85, H'5./19; found C 61.55, H 5.19. . w

. . , R

(R)-(-)-?-hydroxymellein (18)

. .
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x— ' . )
'. The@)-diphenolic l‘ctone vas prepared and isolated in
ldentici& fashion to the (S) isomer. The tollauing;
quantities were used: (R)-dimethoxy lactone I!!{ ‘} mg,

-4

3.74x10 " mol; &ry methylene chloride: 10 mi?-bofqn

bribromide: .0 Min methylene chlorxde, T. Q m& 12:(10'3
mol 'e 10 m The (R): 'd‘xpheno].’ lutone 18 was
obtaxned in quantxtat1ve yield (72 mg) and displayed
kddntlci?dQ16‘behavxour to the correspondxng racemic
comQOUnd 12. Synthetic (R)-(-)-7-hydroxgmellein. 18 was
recrystallised numerous times .to give an aaaly%icaléﬁhggléf;**
which has the folﬁQ:ihg phy51ci"propert1es mp: 97 5-99,5°C

26

vlSkellysolve B-ethyl acetate)(lit.”” mp 100-101 C) le],

-88.6° (¢ 5.1 CHCl gglit. 2°
(CHC13)); An.s: calcd. for CioH10%,:¢ C 61.85, H 5.19;

c | /
found C 61,92, H 5.16. :

optical rotation -97°+7—3°

\J
L

Attbmpted pgeparatxon of .lactone _§ by treatment of

(S) alcohol 126 with potassxum t- butoxxde

* ‘To a magnetxcally stzrred slurrx,of pota551um

“w-

t-butoxide (48 mg, 0.122 M) in anhydrous ether F*'O mk, used

as ne:e1ved) was\added water (2.3 uL, 0.]‘7 M). A solution
Yo\
of alcohol 126 (19 'mg, 0 0185 M) in anhydrous ether (2.5°mL)

-

was added ’he reacnon vas v;gorously stxrred for 24.
r

temperature. qu examination of the reactxon'

K

hours at,
"mixture revealed that only sta:ting matefial was present.

‘Thé reactioh was also carried out using the same
‘ ) . L > 'Y
- procedure and substituting dry tetrahydrofuran for ether.

. . ' »
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The following quantities vere used. Potassium gibutoxide:
75 mg, 0.122 M; water: 3.7 uL,'0.037 M; alcohol,126: 30 mg,
;0e0185 M. The reaction was refluxed for 48 hours.
J Examination of»the reaction mixture by tlc showed only
startlng materxal |
The‘ ” ujs also performed using the s'ame RN
procedure athgHPstitutan dioxane for-ether. The following
quantxtzes used. Potass:um -t-butoxide: 63 mg, 0.122 M’
.ﬂ‘ ,,wt.;r: 3. “fut.,‘? w 5 0a1¢ohol 126: 25 mg, 0.0185 M. After

*
refluxlng’ 43 5 hours .tlc analysis revealed a complex

reactipn mi in which lactone 75 (vide supra) was not

-
L £

present. 4 ’
4 LU - !,’ 4

.‘a-, .

’ Ben;y%gé;gh gg ( alcohol 126

3
»

'ktg a magnetxca}ly stirred slurry of sgdxum hydride (50-

-3

% in 011, washed Heh ellysolve B; 0. 078 g, 1. 63x10 mol)

P
¢
“¢ 1n‘b&y tetrahydrofuran A4 ml) yas added a sélutlon of

-4

adcohol 126 @b 096 g, 3 25x10«" mol) in dry tetrahydrofuran

(6 ml) under an’ argon atmosphete. Benzyl bromide (Q.39 mls

-3 mol) was added and the reaction was stirred for 46

3. 25x10
hours ;i room~temperature/ Brine (10' ml) was added and the
aqueous phase was extrPcted with ethyl acetate (3x 10 ml).
The combxned organic layers were drxed over sodium: sulphate,
£11tered,’and evaporated in yacuo. Purification of the
residue by flash chromatography (2 cm columu,
chlorogorm;ethyl acetate, 85:15, changing to 50:50 as 131

finished eluting) afforded compound 131 (0.115 g, 92%).
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1
]

Comﬁound 131 exists as a pair of rotatiosal isomers (1:1)

and has the following physical properties. tlc: Rf 0.30

*

(chloroform-ethyl acetate, ‘.:15); ftit(CHCl3 cast): 1633,
1490, 1454, 1430, 1285, 1273, 1130, 1060 cm '; hreims: m/z
cqlcgi'qu 623H3;N64%M*5:‘385.2253; ;oqu 385.2240(0.3),
"294(8), 269(9), 250(79), 236(39), 206(31), 179(40k 91(100),
72(14)s "W nRE(CDC1,): 60.99(3H, t, J=7 Hz, CH,CH,),
Y.02(3H, t, qg7 Hz, CH,CH,), 1.18(3H, d, J=6 Hz, CHCH,),
1.21(3H, d, J=6 Hz, CHCH,), 1.239(3H, t, J=7 Hz, CH,CH,),
1.242(3H, t, J=7 Hz, CH,CH,), 2.50(1H, dd, J=14, 5.25 Hz), .
2.55(1H, dd, J=14, 7.5 Hz), 2.79(1H, dd, J=14, 7.5 Hz), and
2.87(1H; dd, Jtl‘, 5.5’%2, 2x ArCHZ), 2.98-3.07(4H, m, 2x
CH

CH, and 2x CH(OBn)), 3,82(6H,

2 2
s, 2x OCH;), 3.86(6H, s, 2x OCH,), 4.36(1H, d, J=11.5 Hz), .

CHy), 3.44-3.9(6H, m, 2x CH

4.47(1H, @, J=12 Hz), 4.49(1H, d, J=11.5 Hz), and 4.57(1H,
A ‘ : Y
d, J=12 Hz, 2x ArCH,0), 6.827(1H, d, J=B.25 Hz, ArH),

6.833(1H, 4, J=B.5 Hz, ArH), 6.99(1H, 4, J=8.5 Hz, ArH),

7.qﬂ(1n,'d, J=8.25 Hz, ArH), 7.23-7.37(10H, m, 2x'c6H5).

(]
_ [ .
Attempted amide hydrolysis of 131%using trimethyloxonium

tetrafluoroborate \\

A
To a magnetically st%rred slurry of trimethyloxonium .

4

tetrafluoroborate (0.017 g, 1.16x10 ° mol) in éry methylene

chloride (0.5 ml) was added a solution of 131 (0.028 g,

> mol) in dry mefhylene chioride (2 ml). The

7.27x10°
-reaction was stirred for 3 hours at room temperature. Dry

methylene chloride (2.5 ml) was added, followed by an ice

7
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cold (0°C) aqueous (5 ml) solutign of potassxum“bxcarﬁenate

-4

(0.012 g, 1.16x10 ° mol). Tilc examxn‘fion of the methylene

chloride layer revealed that only starting material 131 was

present.
A repeat ‘ecttpn was allowed to stir at room
temperature for 24 hours. TRe following guantities were

used. Trimethyloxonium tetrafluoroborate: 0.0135 g,

-

9. 14x10-5 mol in dry methylene chloride (2 ml); compound

_;_.,0 022 g, 5.71x10 > gol; potasszum bxcarﬂbnate.lo 009 g,
9.14&30'5 mol  in ice cold (0° C) water“(S ml). Tlc showed

_only'starting material to be present.

Attemgted amide reduction of 76 using lith’nlm

h!drzde © . qﬁ‘ > <
A magnetically stirred solution of alcohol 2§/(22 5 mg,

e

- 7.63x10 -5 mol) in dry tetrahydrofuran (5 ml) was cooled to

- 0°C (ice bqth) under an argon atmosphere. Lithium aluminum

- /
hydride (LAH, 2.1 mg, 5.49x10 > mol) was added and the

reaction was stirred at room temperature for 30 minutes.

L]

Hydrochloric acid (5 ml, 10% (v/v)) was added drop-wzse and

the aggeous phase wa§‘extracted with ether (3x 5 ml). The

4
combgped\grganic layers wvere dried over sbdium sulphate,

¢ .
fildgred, and evaporated in vacuo to givej a‘quantitative

recover) of stafting material. This samgle of)76 was again
\ ” gl

r~

treatéd with LAH (2.) mé)ﬂjor 2 hours at rPBm teﬁperatdre.

» .
Tlc showed that no reaction had occurred, thus LAK (2.1 mg)

-

vas added and stirring was continued for 2 .hours.a wheén tlc
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indicated no change in starting material, additional LAN
(2.1 mg) was added and the reactjon mixture was stirred for
19 hours. Examination of the reaction mixture by tlc showed

¢ mol)

only unchanged 76, thus more LAH (14.5 mg, 3.82x10°

vas added and the reaction mixture was refluxed for 6.5

hours. However tlc indicat€d that no reaction had occurred.
‘/ 4

Attempted hydrolysis of the amide function in ketone .77

using 3 N hydrochloric acid

| The’ketone 77 (14 ﬁg) was dissolved in 3 N hydrochloric
acid (5 mL) and the magnetically stirred solution was
refluxed for 24 hours. After‘gboling to room temperature

the reaction mixture was diluted with saturated agueous

P

ammonium chloride (5 mL) and extracted with ethyl acetate
o .
(3x 10 mL). The combined ethyl scetate/extracts were washed

\ 4

with water (1x 20 mL), dried over sodium sulphate, filtered,
3 . .

and evépotated in vacuo to afford crude material (11 mg).

AN

zPurificatiou.of the crude material by flash chrdlatography
(0.5 em column, chlorofprm—ethfl acetate, 50:50{ gave
sterting material (6 mg, 46%) and monomethoxy ketone 102 (1

mg, 8%).

~

' . ‘
Treatment of ketone 77 (15 mg) with refluxing 6 N :

hydrochloric acid (3 mL) for 20.5 hours also gave 102 (7 mg,

50%) after flash chromatography. Compound 102 has the.. . . '
> - v N . . i
following physical properties, tlc:_Rf 0.24 o

-

(chlofotox_‘m-ethyl acetate, ‘50:50)4 ftir’(CHC13 cast): . 6

3600-3040(b), 2965, 293G, 1708, 1625, 1491, 1275, 1060 cm ;.
- N |
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' hr}iml. m/z caTed. Mor C,sH 2,NO‘KM*)a 279. 1471; tound

279.1459(60), 222(57), 206(100), 164(71), 163(34), 136(27),

74(26), 72(66);

2.18(3H, s, COCH,), 3. 5-3.88(6H, m, ArCH, and 2x CH,CH,),

H nmr(CDC13)f 61,0-1.3(6H, m, 2x cn2g53),

3.92(3H, 5, OCH;), 5.74(1H, 5, ArOH), 6.73(1H, 4@, J=8 Hz,
ArH), 6.84(1H, 4, J=8 Hz, ArH).

3-methyl-2JB-Eihydroxxisocoumarin (13) from undistilled

. . -

Q"li""f;;ip‘

Undistilled ketone 77 (1.381 g, 4.71x10 > mol) vas
dissolved in 6 N hydrochloric acid (100 mL) and the
magnetical¥f dtirred solution was refluxed for 7 days. The
colour of~t$: solution became progesoively'daiker (yellow to
red to black) After cooling to room &emperature‘the
reacgrgn m?kture vas dxluted ylth saturated agueous ammonium
chisflde (100 lLi and extracted with ethyl acetate (3x 100
mL). The comﬁzned ethyl a!"ate extracts vere washed with
vater (1x 100 mL),- 8ried over sodium sulphate, filtered, and

) , .
evaporated to dryness. in vacuo to give crude material (0.831

“g). ‘ Pur:f;cat1on of this materxal by flash chromatography

(4.5 cm column, chloroform e;hyl acetate- acetxc acid, e

98.5:1:0.5) afforded a 2.5:1 mixture (0,205 g) of
¢ -

v ,i 3 ‘ ) . ‘ R b ‘. }” ,,:,i g ‘__ v ‘ ‘.,’Tfﬁ o :. . ‘_-

‘O

‘ oumarxn 13 from d»stt;idd ketone 77

-4

ﬁrstllled ketone 77 (0. 244 g, 8 33x1C 7 mol) was -

‘dissolved in 6 B hydrochlorxc acid (20 mL) and the

o
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magnetically sti?rod iolutidn wqp ritluxed for 6 diys. The
reaction gradually became coloured *on coolinyg t6 room
temperature sqxurated lqpeous ammonxw& ‘chloride (20 mL) vas

added and the products vere isolated by extraction with
¢ 9
ethy) acetate (3x 20 mL). The combined ethyl acetate

extracts were washed with water (1x 20 mL), dried over

sodium sulphate, filtered, and evaporated to dryness in

!Acug to give crude material (0.161 g). Purification of
- ,
this material by flash chromatography (1 c¢m column,

chloroform-ethyl acetate-acetic acid, 98.5:1:0.5) afforded
.

isocoumarin 13 (0.039 g) contaminated with a small amount

" (ca

5%) of the corresponding 7-me£hoxyisocqumarin. The
mixture was dissolved.in methylene chloridef(s mL) and the
solution was cooled to -78°C in'a dry-ice bath. Excess
boron tribromide (3 mL,'1 g/5 mL) was added and the reac;ion
was allowed to warm tqQ room temperarure overnight. WatAr (3

mL) was added and stirring was continued for 30 minuteé;

Saturated agueoys ammorfium chloride ’5 mL) was added and the
aquedus phase was extracted with chloroform (3x 10 mL). The

combined ‘organic layers were dried over sodium sulpﬁatg,

filtered and evaporated to dryness in vacuo. to yield
isocoumarin 13 (0.039 g, 24% from ketorle 77). Compound J3

hps‘the following physical properties. mp: 153-154°C
(Skellysolve B- thyl acetate); tlc: R 0.62
,& M ket v ' 4 . R
(chla?oforﬁzmet nol, 90:10); ftir(CHCl, cast): 3410,
2960(w), 2922(w), 1682, 1637, 1269, 1124, 841 cm '; ,

. . -
uv(CH3OH): 242(e6100), 272(e5500), 372(e4200)nm; hreims: m/z
\ -
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calcd. for c,oneo4(n*): 192.0423; found 192.0417(100),
163(16), 150(12), 121(24); 'H nmr(CDCLy): 62.27(3H, 4, Je1
Hz , CHs), 5.648(114, bs, ArOH), 6.26(1H,: d, J=1 Hz, CH),
6.81(1H, d, J=B Hz, ArH), 7.31(1H, d, J=8"Hz), 10.71(1H, bs,
"peri ArOH): '’C pmr(cD,0D): 81B.9(CH,); 105.5, 116.6,
125.3(CH); 107.1, 130.9, 145.1, 149.7, 152.6(C): 168.5(C=0);

Analysis: calcd. for C10H804: C 62.50, H 4.20; found C

/ |

-

62.50, H 4.27.

”»

Hydrolysis of the amide function of ketone 77 using

hydrochloric acid.containing BHT

4

To a solution of ketone 77 (0.234 g, 7.99x10 ° mol) in
6 N hydrochloric acid (20 mL) was added butylated
hydroxytoluene (106, BHT, 0.176 g, 7.99x10°% mol). The

reaction mixture was refluxed for 7 aays, duripg which iime
itsscolour gradually became orange, an8 finally dark\red.
Aftgr cooling to room temperature the reaction mixture was
diluted wiiyhgfturated agueous ammonium chloride (20 ﬁﬁ) and
extracted with chloroform (3x 40 mL). Tﬁe combined
chléroform extracts were dried over sodium sulphate,
fi'ltered, and evaporated to dryﬁess in vacuo to give crude
material (93 mg), purple in colour. The crude was‘subjected‘
to treatment with boron tribromide. '%hus boron tribromide
iy\me{hyiene chloride (1 g/5 mL, 3 mL) was added to a
dglution of the crude in methylene chloride (10 mL). The
/reaction was magnetically stirred fofs 6.5 hours at room -

A

./ tempegature. Water (10 mL) was then-added, and stirring was

X ) \'\
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Y | “ e
continued for 30 minutes. Brine (10 mL) was added and the

agueous phase was extracted with chlo;oforﬁﬂ(Bx 20 mL). - The
combdned chloroform extracts were dried over sodium
sulphate, filtéred, end evaporateduto dr&ness in vacuo to
give crude material (90 mg). Purification of the crude’ .
material by flash chromatography (2 cm column,
chloroform-ethyl.acetate-acetic aéid, 98.5;1:0.55 gave a |
7.5:1 mixture (6 mg, 4%) of 1§}ghd'13.

)
o/

-

N,N-diethyl-2,3-hydroxy-6-(2-propanoyl)benzamide (103)

To a magnetically stirred solutiph of ketone 77 (0.116 "
R

g, 3.96x10 4

mol) in methylene chl?ride (5 mL) was added
boron tribromide (llg/S,mL»in methjﬂene chloride, 1.0 mL,
7.92)(10-4 mol). The reaction was stirred overnight at room
tempg;zfure. Water (3 mL) was added and stirring was
contiﬁhed for 30 minutes. Saturated équeous ammon ium

" chloride (2 mL) qu added and the aqueous phase was
extracted with cbi?roform (3x)10 mL). The combined organic
layers were drigd’over sodium sulphate, filtered, and
evaporated iglﬁgggg to afford crude material (0.121 3) as a
“yellow foam. ' The crude material was subjection to flash
chromatogr&bhy (2 cm column, chloroform-methanol, 92.5:7.5)
to give 103 (0.062 g, 59%). CompounJilgg has the following
pbysica;Cpropgrties. tlc: R¢ 0.36 (chloroform-methanol,
90:10); ir(CHCl)a 3560-3200(b), 2935, 1710, 1580 cm ';
hreims: m/z calcd. for C14H19NOJ(M+)::265.1314; found

265.1312(29), 208(17), 192(55), 150(64), 149(31), 74(100),
?
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. 72(41), 58(37); 'H nmr(CDC13r: 81.16(6H, bs, 2x CH,CH,),
*

2.22(3H, s, cocu3), 3.38(4H, bs, 2x C CH, ) 3 51(2H, s,
ArCHz), 6.55(1H, d, J=8 Hz, ArH), 6.73(1H, d, J=8 Ha, ArH),

7.87(1H, bs, ArOH), B.03(1H, bs, ArOH). ‘ -
N !' * '

Attempt;d cyclisation of 103 to 13 using a h;gh bo111ng“

solvent

A magnetxcally stlrred solutlon of crude dldhenollc g

v

ketone 103 (20 5 mg) in xylenes (5 mL, bp 136-145 C) was
refluxed for 15 hours. Methanol ' was added andﬂthe solvents |
were removed in ggggg;' Tic'analysis indicated the possible
preéque of 13, thus the cfude was subjected to flash
chromatography (1 cm column, chloroform-ethyl a etéte-atgtic
‘acid, 97;2:1):d Howevdf comparative tlc showed f:%t none of

the isolated products was compound 13.

. X
’ . [ of
N,N-diethvl-2,3-dihydroxybenzamide (109)
4
A‘magnetically stirred solution of benzamide 62 (58 mg,
- X , e
2.45x10 4 mol) in dry methylene chloride (10 mL) was cooled
e 1

to -78°C in a dry-ice bath, under an argon atmosphere.
Bcron trxbromxd; in methylene chlor1de (1 g/5 mL5- 1.0 mL)
was added and the reaction mixture was allowed to warm to
room temperature overnight. Water (5 mL) was added and
stirring was continued for 30 minutes. The reaction was
diluted'with brine and the agueous phase extracted with

chlorotorm (3x 5 mL). The combined organic layers were

dried over sodium sulphate, filtered, and evaporated to
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. dryness in vacuo to yield dihydroxy benzamide 109 &9 mg,
96%), Compound 109 has the following physical properties.
ﬁﬁ 137-139°C (benzene-ethyl acetate); tlc: Rf 0.28 "

(chloroform-methanol, 95:5); ftir(CH,Cl,): 3550-2400(b)4
. X .

1626(m), 1582(s), 1496, 1467, 1442, 1332, . 1212 cm” ';

uv(CH3OH): ;17(:5800), 284 (e1600)nm; ?reims: m/z calcd. for

C,,H No3(M‘): 209.1029; found 209.1050(55), 137(45),

15
136(49), 74(39), 72(44), 58(100); 'H nmr(CDC1,): "81.29(6H,
t, J=7.5 Hz, 2x CH3), 3.55(4H, q, J=7.5 Hz, 2x CH,),
5.73(1H, s,  ArOH), €.75(1H, dd, J=7.5, 7.5 Hz, ArH),
6.85(1H, dd, J=7.5 1.5 Hz, ArH), 6.98(1H, dd, J=7.5, 1.5 Hz,

'ArH); 10.23(1H, s, peri ArOH).

Isocoumarins 13 and 108 from,.pyrolysis of crude 103

Impure keto-diphenol 103 (flc analysis showed presence
of a less polar component (Rf 0.56, chloroform-methanol,
90:10), presumably the 7-methoxy-keto phenol 24, vide supra)
was prepared (vide supra) from ketone 77 (63 mg, 2.15x107¢
mol). Impure 103 was heated to 189°C for éb minutes ;n a
bulb-to-bulb distil{:}icn appara;us, resulting in the
appearance of crystalline material in the bulb of
'distilleq;/ﬁgterial. The temperature was increased to
250°C and maintaing% for 30 minutés. Subjection of the
"distilled" material (35 mg) to flash chromatography (1 cm
column, chloroform-ethyl acetate-acetic acid, 98.5:1:0.5)

yielded 13 (5 mg, 12% from 77) and 108 (3 mg, 7% from 7).

Compound 108 has the following physical properties. tlc: Rf

—
adl
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0.5 (chloroform-ethyl acetate-acetic acid, 97:2:1); b -

nmr(CDC1,): 82.26(3H, s, vinylic CH), 3.95(3H, s, OCH,),
6.22(1H, s, CH), 6.79(1H, 4, J=B Hz, ArH), 7.2580H, d, J=8

Hz, ArH), 11.20(1H, s, ArOH).

' [

Isocoumarin 13 frg% ketone 77 (pyrolysis route)
' 3

Distilled~keton; 7> (1.705 g, 5.Q2x10- mofi was
dissolved in dry methylene chloride (25 mL) under an argon
atmospheréT"The magnefically irred solution was cooled to
-78°C in a dry-ice bath and borbn tribfomide (1.0 M in
metw¥ene chloride, 5.8 mL,‘.‘>.'82x10.3 moi"was added. The
reaction was allowed to warm to room temperatﬁre overnight.
Water (15 mL) was added and. stirring at room temperature was
continued for 30 minutes. The reaction mixture was diluted
with brine (30 mL) and the aqueous phése wés ext;acted with
chloroform (3x 30 mL). The combined organic extracts were
dried over sodium sdlphate, filtered, and evaporated to
dryness in vacuo tc?&fford a mixture of impure keto-diphenol
103 and the correspondiné 7-methoxy-keto phenol 24 (vide
supra) as a yellow foam (1,669 g). The foam was crushed’to
a powdér and a portion (1.614 g) was heated at 230°C
(0.25-0.3 Torr) for 30 minutes in a bulb-to-bulb
distilllat{gg apparatus. The "distil{ed" material (0.470 g)
was subjected to flash chromatography (3 cm column,

chloroform-ethyl acetate-acetic acid, 98.5:1:0.5) to give a

mixture of 13 and 108 (0.362 g). The mixture vas dissolved

in methylene chlor%gglfii:ms). Boron tribromide (1.0 M in



PR - ) . 184

»

{ | R \ @

< ' _ .
methyleké chloride, 3.5 mL) vas’ &dded and the reaction was

magnetically stirred overnight at room temperatdre. water ¢

: _ oK
(40 mL)‘vas'added and stirring was continued for 30 minutes.

The weaction mixture was diluted with brine (40 mL) and the
aqueous phase vas';xtracted with ch[proform (3x 80 ﬁL).r The
combined organic layers were dried over sodium sulphate,
‘ filtered, and évaporated to d}yhess in vacuo to afford
isocoumarin 13 (0.351 g, 31% from 77).

, . , ‘
N,NAdiethyl-2,3-dihydroxy6-(2- bromgprqul)benzamlde (135)

-3 mol) was dxssolved

(S)-alcohol 126 (0.375 g, 1.27x10
in &rfnmethyléne chloride (40 mL) under an ‘argon atmosphere.
The”ﬁagnetically Qtirred solution was cooled to -78°C in a
dry-ice bath. Boron tr?brgmide (1.0 M in methylene
chloride, 3.4 mL, 3.43:_(10-3 mpl) édded and the reaction
was allowed to warm to rodm temperature overnight. Water
(10 mi) was added and stirring was éontinued for 30sminutes.
The reéétibn‘mixture was diluted w{th brine (30 mL) and the
agueous phase was exytracted with chloroform (3x 30 mL),.

The combined organic layers were dried over sodium sulphate,
filtered, and evaporated to dryness iﬂ vacuo to give impufe
(tlc) (S)-bromide 135 (0.459 g) as a whxtg foam. The foam
‘}as stored in vacuo in the dark. Impure 135 has the
following physical propertxes. [“]b f54.6° (c 2.40 CHC13);
tle: Rf 0.37 (chloroform-ethyl acetate, 50}50); ftir(CHCls
cast): 3550-2300(b), 1612, 11587, 1499, 1289 cm '; hreims:

m/e calcd. for C_,H 81

14 20 3 Br(M+2): 331.0606; found
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1331.0605(23); calcd. for C,,H, N0, Br(M’): 329.0626; found
329.Q§25(23);(258(21), 256(22), 250(38), 249(23), 177(35), '
149(29), 74(100), 72(87), 58(45); cids: 332(Me2+1),

330(M+1), 250(M+2 -H8'Br ana M* -H'%r); M hmr (CDC1 ) :
81.0-1.5(6H, bs, 2x CH,CH)), 1.68(3H, 4, Jm6.5 Hz, CHBICH, ),
2.7-4.05(6H, m, 2x QEZCH3, ArCHz), 4.33(1H, sextet, J=6.5

Hz, CHBr), 6.55(1H, d, J=8 Hz, ArH), 6.69(1H, 3, J=8 Hz,

ArH), 7.6112H, bs, 2x ArOH).

Treatmenafgg acetate 79 with boron tribromide

Acetate 79 (26 mg) was dissolved in dry methylene
chloride (3 mL) uné!F\aq_argon atmosphere. The'magnetically
stirred solution‘was cooled to -78°C in a dry-ice bath.
Boron tribromide'i1 g/SxmL, 1.0 mL) was addéd and the
reaction was allowed to warm to room temperature overnight.
Water (2 mL) was added and stirring was continued for 30
miAutes. The reaction mixture was diluted with brine (5 mL)
and the agueous phase was extracted with chloroform (3x §
mL). The combined organic extracts were dried over sodium

. 4
sulphate, filtered, and evaporated to dryness in vacuo. The:

crude prcduct (27 mg) displayS\identical tlc behaviour to ¥
135 and gives the same Jéﬁor peaks (m/z 332, 330, 250) as
135 by cims. The ]H nmr of the crude also possesses the

same major signals as that of 135,

Acetylation of bromide 135 . N
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Crude diphepolic bromide 135 (21 mg) was dissolved in

. acetic anhydride (2 mL) and pyridine (2 mL). The solution *

wvas magnetically stirred‘ovep&ight at room temperature in

the dark, Toleene vas added and the solvents vere removed

in vacuo. ?hj;crude matcg/hl (25 mg) was subjected to flash

chromatography (1 cm column, Skellysolve B ate, '

50:50) to yield &iacetyl bromide 134 (21 mg). und 134

exists as a pair of rotational isomers (1.4:1) and has the

¥
»

following physical properties. tlc:ﬁRf 0.36 -and 0.31
(Skellysolve B-ethyl acetate, 50:50); ftir(CHCl3 cast):

1781, 1634, 1205, 1178 cm '; hreims: m/z calcds for
' ~

18n24nosalnr(u+2): 415.0817; found 415.8836(0.4); calcd.

for C18H24NO5

373(41), 371(4])» 334(5), 331(47), 329(48), 292(13),

9r(M*): 413.0837; found 413.0849(0.4),

258(19), 256(19), 250(37), 177(35), 176(32), 74(100),
72(60), 58(27); cims: m/z 433(M+2+18), 431(M+18); 'H
nmr(CDC1,): 81.06(3H, t, J=7 Hz, CH,CH)), 1.07(3H, t, J=7
sz‘énzg53), 1.24(3H, t, J=7 Hz, CH,CH.), 1.25(3H, t, J=7
Hz, CH,CH,), 1.64(3H, d, J=6.5 Hz, CHBrCH,), 1.72(3H, 4,
J=6.5 Hz, CHBrg§3)L 2.232(3H, s, COCH,), 2.234(3H, s,
chna), 2.26(6H, s, 2x COCH,), 2.96-3.22(BH, m, 2x ArCH,, 2x
gﬁzcn3),‘3.46—3.70(4u, m, 2x CH,CH;), 4.37(2H, m, 2x CHBr),
7.;5(1H, d, J=8 Hz, ArH), 7.20(1H, 4, J=8 Hz, ArH), 7.22(1H,
d, J=8 Hz, ArH), 7,25(1H, d, J=8 Hz, ArH).

) .

Partially racemic (S)-lactone 133 from diphenolic &romide

135
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~ Crude diphenolic brpmide 135 (42 mg) vas dissolved in
chlorb}orm (3 mL). fhe agnetically stirred solution was
irradiated with an ordinary 100 watt light bulb (ca. 6
inches from the flask) for 7 days at room temperature.- The
solvent was removed in vacuo. The residue was subjected to
flash chromatography (1! cm column) to afford {S)-lactone 133
(9 mg, 39% from {S)-alcohol 126, [a], +45.8° (c 0.72 CHC13))I
by eluti?n with chloroform-ethyl acetate, 97:3 and starting
material ®™35, 7 mg) by elution w}th chloroform-ethyl
acetate, -60:40. . '

Th€ same reaction was observed to proceed ih the dark.
Thus the crude diphenol{c bromide (16 mg), when stirred in
chloroform (1 mL) in the dark for 7 days at- room
temperature, gave the lactone (3'mg, 33% from the alcohol)
after purification’by flash chromatography.

At higher temperature the reaction occurred more
qQuickly. Thus a magnetically stirred solutign of crude
bromide 135 (23 mg) in chloroform (12.5 mL) was refluxed for
48 hours. Tlc analysis revealed that the brqmide was almost
combletely consumed. Evaporation of the solvent in vacuo ’

and purification of the residue by flash chromatography

yielded (S)-lactone 133 (6 mg, 50% from (S)-alcohol 126).

Treatment of diphenolic bromide 135 with silver nitrate

-

Crude bromide 135 (30.5 mg) was dissolved in 95%

ethanol (1.5 mL), giving a bright yellow sOIUtioq. Upoh

addition of finely ground silver nitrate (16 mg) to the
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magnetically stirro& solution, 8 precipitate (silvdr

bromide) formed and the solution became almost colourless.

. The roaction vas stirred in th; dark at room temperature for
7 days:. Filtration”attérded silver bfomide (13 mg, 81% from
alcohol 126). Evaporation%f the solvent in vacuo gave |
crude reaction products (29 mg). ~Subj¢ction £o flash
chromatography (1 cm column, sample di;solvgd in chloroform)
yielded lactoﬁe 1;§‘(5 mg, 31X from alcohol 126) ;rom ‘
elution with Skellysolve B-ethyl acetate-acetic acid,

75:25:1 and impure ethyl ether 136 (10 mg) from elution witP
Skellysolve B-ethyl acetateracetic acid, 25:75:1. Impure
compound 136 exists as rotational isoﬁers and has the
following physical proﬁerties. tle: R¢ 0.26 (Skellysolve
B-ethyl acetate-acetic acid, 65:35:1, 3x); itir(éHCl3 cast):
3600-2400(b), 1624,'1604,'458§, 1499, 1292 cm”'; hreims: m/z
calcd. for C,cH,cNO,(M'): 295.1784; found 295.1787(42),
250(5), 223(46), 208(73), 20é(21), 150(56), 74(100), 73(45),

72(60), 58(29).

Acetylation of diphenolic ethyl ether 136 \
Impure diphenolic ethyl ether 136 (5 mg)‘vas dissolved
in acetic anhydride (0.5 mL) and pyridine (0.5 mL). The
solution was magnetically stirred at room temperature fof.
17.5 hours. Toluene was added and the solv;n s were removed
in vacuo. The crude products were passed throogh a pipette
containing flasﬁ silica gel, first washing with Skellysolve

B (5 mL), then eluting‘Lith ethyl acetate (10 mL) to give °

£
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impur§ diacetyl ethyl ether 137 16 mg). Ilmpure 3 oxigts
as rotational isomers nnd has the tollovinq physical
,propertiu. tlc. Rf 0. 25 .nd oto (Shollysolvc B- othy‘i
acetate, .50:50); ftxr(CHCl3 cqst): 1780, 1636, 1205, 179

1 . ' ' *
cm ,; hreims: m/z calcd. £or.C2°H29N06(M ): 379.1995; found
379.1976(0.5), 350(S5), 337(8), 307(83), 292(11), 265(20),
250(100), 248(42), 223(42), 74(39), 73(34), 72(46), 58(20),

-

-~

‘Treatment of diphenolic bromide 135 with

I,B-diazabicyclojs.d.0]undec-7-ené (DBU)

Crude diphenolic bromide 135 (30 mg) was dissolved in
dry benzene (10 mL) under an argon atmosphere. DBU (38 uL
was added and ihe magnetically stirred solution was refluxed
for 19 hours. Upon cooliﬁg tb-room temperature a fine white
precipitate was evident. The reaction mixture was washed
with 10% ({(u) hydrochloric acid (1x 10 mL) causing the
precipitate to dissolve. The benzene layer was washed with
brine (1x 10 mL), 3tied over sod:;T/)ﬁlphate, filtered, and
evaporated in ggggg to give # 2: ¥ mixture (7 mg) of lactone

133 and olefin 138.

Benzylation of isocoumarin .13

-4

Isocoumarin 13 (50 mg, 2.60x10 " mol) was dissolved in

dry acetone (15 mL). Anhydrous potassium carbonate (36 mg,
2.60x10" % mol) vas added, followed by benzyl bromide (31 uL,

-4

2.60x10 mol, used as received). The reaction was

magnetically stirred for 48 hours at room temperature, then
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Hfﬁ *tbqj‘:a;z'c in & constant temperature of1 bath torjta

. hours. Tﬁo t;action mixture vas ivaporufod to dryn;ls in
~VaEYO, 'hon ;odilsolvod in chloroform. .Water (20 mL) vas
sdded pdd M aqueous vphase vas acidified ?iing 8% (v/v)
hydrocploric acid. The aqucoﬁo phase was extracted with

: chloroform (3x 20 Wy . The combined chloroform layers were
dried over sodium sulphate, filtered, and evaporated to
dryness in vacuo. %he crude (110 mg) was subjected’to flash
chromatography (2 cm column, sample dissolved in methylene
éhloride) to yield unidentified material (34 mg),
7-benzyloxyisocoumarin 110 (23 mg, 32%) by elution with
toluene-acetone, 99.5:0.5, and 7,B-dibonzyloxyisocoumarin )
112 (20.5 mg, 21%) and 8-benzyloxyisocoumarin 111 (6 mg, 8%)
by elution with' toluene-acetone, 99:1. Compound 110 has the
following physical properties. mp 119-120°C (Skellysolve
B-ethyl acetate); tlc: ﬁf 0.59 (benzene-acetone, 95:5);
ftir(CﬁCl3 cast): 3600;2700(b), 1691, 1657, 1452, 1315,
1255, 1155, 1116, 750 cm '; hreims: m/z calcd. for
Cy9H, 404 (M) : 282.0892; found 282.0892(27), 191(27),
91(100); 1H nm$,CDC13): 62.25(3H, s,'CH3), 5.22(2H, s,
ArCHz), 6'19(u§(‘8' CH), 6.70(1H, d, J=B8.5 Hz, ArH),
7.2-7.5(6H, m, 6x ArH), 11.24(1H; s, ArOH),

Compound 112 has the following physical properties. mp
122-123°C (ethyl acetate); tlc: Ry 0.49 (benzene-acetone,
95:5); ftig(CHC13 cast): 3029, 2917, 1734, 1676, 1497, 1279,
1160, 1029, 983, 747, 697 cm '; hreims: m/z calcd. for
cz‘uzao‘(n’): 372.1362; found 372.1357(3), 281(8), 192(4),

ﬁ
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91(100); TH nM(CDCla)x G.Z.IS(JH.‘. CH3). $.07(2H, s,

ArcH$), 5.11(2H, s, ArCH,), 6.05(1H, s, CH), 6.93(1H, d,

J=8.5 Hz, ArH), 7.28-7.42(9H, m, 9x ArH), 7.8701R, 4, Je7.5

HE, AtH), 7.58(1H, @, J=8 Mz, ACH). S
Compound 111 has the tollowing physical propo'txos. nﬁ//

141-143°C (su:11y|olve B-ethyl acctute)- tlg: Ry 0.36

(benzene-aceton¥®, 95:5); ftxr(CHC13 cal{l;,3550-2700(b),

1727, 1704, 685, 1492, 1304, 12§34 L35 cn "' hrei

calcd, for C17 1‘0 (M ): 282. 0892' found 282, 0890(28)

/2

191(28), 163(18), 91(100);: 'H nmr(CDC1,): 82.26(3H, 5, CH)),
5.14(2H, s, ArCH,), $.87(1H, bs, ArOH), 6.1B(1H, 5, CH),

7.02(1H, d, J=B.5 Hz, ArH), 7.24-7.66(6H, m, 6x ArH).

\

Attempted laﬁtol formation lrom compound 112
\
Aqueous sodium hydroxxde (0.02 N, 6 mb) was edded to

dibenzyl isocoumarin 112 (19.5 mg). The solution was boiled
for 30 minutes, however most of 112 failed to dissolve.

Upon cooling to room temperature chloroform (10 mL) was
added and the reaction mixture was cooled to 0°C in aﬁ,ice
bath. The pH was adjusted to ca. ¢ using 5% (v/v)
hydrochloric acid, The aqueous phase was extta;ted with
chloroform (3x 10 mL). ‘Fﬁe combined chloroform extracts .
were dried 6ver sodium sulphate, filtered, and evaporated-to
dryness in vacuo at room\temperature. Examination of the
crude material (18.5 mg) by tlc revealed mostly starting -

]

material 112,
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The/c€ude materiai was FeSubjected to boilingj-aqueous
sodium hydroxide'(o;éz ﬁ, 6 mL) containing 0.5 mL |
diﬁethoxyetﬁane. The milky reaction became clearer upon.
refluxing. Crude material was isolated as indicated in the

aBove procedure, howev@?ftlcbanalysis showed 112 to be the

only compound present in significant quantity.
The crude material was dissolved in aqueous sodiu‘.
&

hydroxide (0.02 N, 5 mL) and methanol (5 mL). The solution

—

was refluxed for 20 minutes, then allowed té cool to room

L

-

temperature. Upon cooling to 0°C in an icelbath, the pH of

- the 8clution was lowered to 5.5-6. Extraction with

-

chloroform (vide supra) afforded crude'material (17.5 mg).
Purification of ¢he crude by flash chromatography (1 cm P

column) gave starting material 112 .by elution with

toluene-acetone, 98:2, and keto-ester 113 (3 mg, 14%) by
elution with toluene-acetone, 96:4. Compound 113 has the
following physical properties. tlc: R, 0.21

(benzene-acetone, 96:4); ftir(CHCl3 cast): 2923, 1726, 1712,

~

1485, 1263, 1051 cm{1; hreims: m/z calcd. for C25H2405(M+):

404.1624; found 404.1635(4), 313(3), 282(3}, 91(100); 'u

nmr(CDC1,): 82.13(3H, s, COCH,) 3.66(2H, s, ATCH,CO),

3.77(3H, s, OCH3), 5.11(2H, s, ArCHzO), 5.14(2H, s, ArCHzo),

6.89(1H, d, J=8.5 Hz, ArH), 7.02(1H, d, J=8.5 Hz, ArH),
7.21-7.49(10H, m, 10x ArH).

-

Lactol formation from 7-benzyloxyisocoumarin 110

~

*
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Monobenzyloxyisocoumarin 110 (23 mg, B.16x10 >

=

mol) was
dissolved in agueous sodium hydroxide (0.02 N, 8 mL).~ The
solutféh was boiled for 20 minutes, then allowed to cool to
room temperature. Ether (10 mL) was added and the reaction
mixture was cooled to 0°C. Following adicification to ca.

pH 5.5 (5%.(v/v) hydrochloric acid) the aqueous phase was
~extracted with ether (3x 10 mL). The pH of the aqueous

layer was lowered to ca. 2.5 and re-extraction with ether

(3x 10.mL) caused the previously milky aqueous layer to
become clear. .Each set of combined ether extracts was dried-
over sodium sulphate (1 hour) and filtered. The solvent was
removed in 32;39 at a temperature of <30°C. The first ether
extract gave an insignificant quantity of crude material,
however ﬁhe secdnd extract afforded lactol 113 (21.5 mg,
88%). Compound 114 has the following physical properties,

mp: 132-133°C (benzene-ethyl acetate); tlc: R, 0.34

f
(chloroform-methanol-acetic acid, 94:5:1); ftir(CHCl3 cast):

3600-2800(b), 1650, 1446, 1361, 1244, 1073, 1042, 1022, 793

cqf1;>hreims: m/z calcd. for C17H1605(M+): 300.0998; found

300.0998(8), 282(4), 209(1), 191(5), 91(100); "H nmr(CDClB):
61.78(3H, s, CH3), 3.17(2H, s, gﬁZC(OH)CH3), $S.17(2H, s,
ArCH2 ), 6.61(1H, d, J=8 Hz, ArH), 7.03(1H, 4, J=8 Hz, ArH),

7.29-7.50(5H, m, 5x ArH), 11.20(1H, bs, ArOH).

3-methyl-3,4-dihydro-3,7 B-trihydraxyisocoumarin (15)

Monobenzyloxylactol 114 (16.5 mg, 5.50)(10-5 mol) was

dissolved \jp ethyl acetate (5 mL). Palladium (5% w/w) on
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charcoal 216.5 mg) .was added and the 'solufion was

magneticglly stirred for’7 hours under a positive pressure
(;8 psi) of hydroge. Removal of the palladium catadyst by
filtration through Celite and evaporation of the solvent in
ggggg (<30°C) afforded the lactol 15 (11 mg, 95%). Compound

15 has the following physical properties. mp 148-145.5°C

» .
(benzene-ethyl acetate); tlc: Rg 0.30 (Skellysolve B-ethyl

-

acetate-acetic acid, 25:75:1); ftiwr(CH3COCH3 cast):
3600-2400(b), 1669, 1453, 1272, 1236, 1173, 1072; uv CH3OH):
230(e7000), 256(e€6000), 334(e3500)nm;_ hreims: m/z-calcd. for

CioHq(Og (M ): 210.0528; found 210.0534(53), 192(807,:
1

150(100), 149(78), 122(26), 121(28); _H

“

nmr(CDC13-acetone-d6, 2:1): 8§1.79(3H, s, CH3), 3.27(2H, bs,

CH2), 6.63(1H, 4, J=8 Hz, ArH), 7.04(1H,|d, J=8 Hz, ArH);

13 ‘ _
C nmr(CDCl3 CD3

120.6(CH); 110.2, 127.8(2x), 144.7, 150.8(C): 171.4(C=0):

SOCDB): 628.3(CH3); 42, (CHZ); 120.2,

Analysis: calcd. for Ci0H1095: € 57.14, H 4.80; found C

57.35, H 4.85, ’

»

Lactol 14 directly from isocoumarin 13 . .

Isocoumarin 13 (0.101 g, 5.26x10"% mol) was dissolved
4 L]
1n agueous Sodium hydroxide (0.02 N, 33 mL). The solution

was réfluxed for 20 minutes, th;h allowed to\EZOI to room
temperature; Ethyl acetate (35 mL) was added and the
reaction mixture was cooled to 0°C in an ice bath,
Hydrochloric acid (5% v/v) was added to adjust the PH to ca.

5.5. The agueous phase was extracted with ethyl a;gtate (2x

—
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-

'35 mL). The PH was lowered to ca. 2.5 using hydrochloric

L]

acid (5% v/v). Saturated agueous ammonium chloride (35 mL)
was added and the agueous aayer was reextracted with ethyl
acetate (3x 35 mL). Each of the two sets of combined ethyl
acetate extracts was dried over sodium sulphate (1 hour),
filtered, and evaporated tdydr;ness iﬁ vacuo at a
temperature of <30°C. Dry flash chromatography (1 cm <
column, Skeliysolve B-ethyl acetate-acetic acid, 50:50:1) of
the crude material (25-mg) from extraction at ca. pH 5.5
afforded 13 (1 mg) and lactol 15 (17 mg). The crude
material from the extraction at ca. pH 2.5 was filtered
through a pipette containing flash silica gel (eluting with
Skell;solve B-ethyl jacetate-acetic acid, 25:75:1). Toluene
was added and the s!&vents vere removed (<30°C) in vacuo to
yield lactol 15 (84 mg). The total yield of lactol 15 was

101 mg, 92%.

Attempted allylic bromination of isocoumarin 13 .
-4

N\,

N- Bromosucc1n1m1de (62 mg, 3. 48x10 mol, freshly N

recrigkalllsed from nitromethane, pulverised) was added to

-~ dry carbon tetrachlor1de‘y10 mL) and a mixture (7:3) of 13

and 12 (48 mg). The magnetically Stirred solution was
irradiated using a\100-watt‘1ight source and refluxed for
1.5 hours, resulting in a bright orange reaction mixture.
The solid precipitate (succinimide) was removed by
filtration and washed with more hot carbon tetrachloride.

The filtrate was evaporated to dryness in vacuo to afford



196 o

crude material which was subjected to flash ;hromatography.
(2 cm column). Elution ui{ﬁ chloroforﬁ-eth'& gcdlate-acetic
acid, 98.5:1:0.5 gave a mixture (18 mg) conpi&ning}bromide
118 and traces of 12 and 13. Elution with chloroform-ethyl
acetgte-acetic acid, 97:2:1 afforded an impure dibromide.
Compound ilg has the following physical properties. tlc: R¢
0.65 (chloroform-methanol, 90:10); hreims: m/z ‘calcd. for

c. H,0,8 Br(Ms2): 271;9508; found 271.9511(99); calcd. for

107774
1

c,on7o4793r(n’): 269.9527; found 269.9526(100), 191(24); 'H

nmr(CDC13): §2.30(3H, s, CH3), 5.76?1H, bs, ArOH), G.SZ(IH,

CH), 7.50(1H, s, ArH), 11.14(1H, s, peri ArOH). |
The dibromi;:\has the following physical properties;'

tlc: Ry 0.47 (chlotoform;methanol, 90:10); hreims: m/z

calcd. for C..H.O B‘Brz(u+4): 351.8592; found 351.8600(11);

1064 ,
calcd. for C,H.0,8'Br %Br(M+2): 349.8612; found
349.8623(21); calcd. for C,H0,  Br(M'): 347.8632; found

347.8639(10). N

Acetylation of isocoumarin 13
Bo

I1socoumarin 13 (39 mg, 2.03x10 4

mol) was dissolved in
acetic anhydride (2 mL) a pyridine (2 mL), and the
solut1on’w?s magnetlca%iz//gfrred at room temperagure for 13
hours. Toluene was added and the solvents were removed in
vacuo to give crude material (60 mg). Flash chromatography
(1 cm column, chlofoform-ethyl acetate-acetic acid, 97:2:1)

of the crude yielded diacetylisocoumarin 119 (52 mg, 93%).

Compound 119 hasthe following physical properties. mp:
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168-169°C (ethyl acetate); tlc: R, 0.23 (chloroform-ethyl
acetate, 97:3); ftir(CHCl3 cast): 1577, 1736, 1726,m1496,
1204, 1;86, 1174, 1151, 1021 cm_1: hreims: m/z calecd. for
C14H1206(M+): 276.0634; foLnd 276.0634(4), 234(4), 192(109):
Tn an(CDC13): §2.21(3H, s, vinylic CH3), 2.32(%H, 5,
OCOCH3), 2.41(3H, s, OCOCH3), 6.20(1H, s, CH), 7.18(1H,°d,
J=8.5 Hz, ArHP, 7.49(1H, 4, J=8.5 Hz, ArH).

Attempted allylic oxidation of diacetylisocoumarin 119
* P
5

mol) was-added to a
5

Selenium dioxide (5 mg, 4.71x10
solution of diacetylisocoumarin 119 (10 mg, 3.62x10 ° mol)
in acetic acid (5 mL). The magnetically stirred solution
was refluxed for 3 hours. Upon cooling to room temperatdre’»
the reaction mixture was diluted with water (5 mL) and
extracted with ether (3x 10 mL). The combined ethdf
extracts wrere washed with aqueous sodium bicarbonate (5%
w/v, 1x 10 mL) and brine (1x 10 mL), dried'éver sodium
sulphate, filtered, and eyaporatéd.ig vacuo. Examination of
the crude material by tlc showed 112420 be present, thus the
crude was resubjected to the same reaction conditions, using
6 mg (5.43x107° mol) selenium dioxide. The solution was
refluxed for 22f5 hours. The crude products were isolateq
in the same way as before. Flash chromatography (1 cﬁ
éolumn, chloroform-ethyl acetate, 95;5) of the crude gave
impurg 119 (3 mg) and a mixture of 119 and an unidentified

product (3 mg). The 1H nmr spectrum of the latter mixture

indicated that the unidentified product does not possess the
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structure of the desired product. . \

9 .
\

[
Allylic bromination.of Biscepylisocoumarin 119

\\ N-Bromosuccinimide (18 mg,;9.97x10-5 mol,
recrystallised from nitromethane, pulverised) was added to
119 (25 mg, 9.06;x10.5 mol) and dry carbon tetrachloride (12
mL). The magnetically stirred'solutioﬁ was refluxed for 6
hours while irrﬁdiating the reactién mixture with a 100-watt
light source. After cooling to room temperature the
réaction mixture wasrfiItered and evéporatedlto drfgkss in
vacuo. "H nmr snalysis of the crude products indicated a
mixture (ca. 1:1) of starting material and the ﬁesirédG
monobromide. The crude was.résubjetted to the above
reaction conditions, using N-bromosuccinimide (18 mg) and
dry carbon tetrachloride (121§L). Aftef 2 hours the

reaction mixture was allowed’3o cool to room temperature ang

vas filtered, washi he 801id residye (succinimide) with
more hot carbonﬁ;;trachloride. The filtrate was evaporated
to dryness in vacuo. The crude ﬁaterial obtained was
£efiltered through a pipette containing flash si{ica gel,
washing wigh Skellysolve B, then eluting with
chloroform-ethyj acetate, 95:5 to yield a mixture (2:8.5:1)
of starting matérial 119, monobromide 120, and dibromide
121. The physical pgpberties of the moﬁo- and dibromides

e obtained from the above mixture. Ca#pound 120 has the

-—-.

f wing physical properties. tlc: R¢ 0.50

(chWgroform-ethyl acetate, $0:10); hreims: no M+; m/2 calcd.
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®1Br(M+2-C,H,0): 313.9613; found 313.9609(4);

: 79 +_ . .
calcd. for C12H905 Br(M C2HZQ). 311.9633; found

for C12H905

B

311.9635(4), 275(2), 272(34), 2?0(55), 191(100); cims: m/z

1

374(M+2+18), 372(M+18); 'H nmr(éoc13): 62.34(3H, s, OCOCH,) ,

2.42(3H, s, OCQEH3), 4.20(2H, s, CHZ)’ 6.56(1H, s, CH),
7.31(1H, d, J=B.5 Hz, ArH), 7.54(1H, 4, J=8.5 Hz, ArH).
q?mpound 121 has the following physical properties. -

tlc: R¢ 0.59 (chloroform-ethyl acetate, 90:10); hreims: no

Blg o
rz(M*4-C2H20): 393.8698; found
818798 (M+2-C

+
M ; m/z calcd. for C12H805

393.8703(0.6); calcd. for C12H805

391.8718; found 391.8713(1.2);: calcd. for

. 79 Lt . .
C,,HgOg “Br (M -C,H,0): 389.8738; found 389.8736(0.6),

352(6), 350(11), 348(6); cims: m/z 454(M+4+18), 452(M+2+18),

2H20):

450(M+18); 1H nmr(CDCl,): 82.35(3H, s, OCOCH3), 2.43(3H, s,

3
OCOCH,), 6.29(1H, s, CHBr,), 6.75(1H, s, vinylic CH),

7.38(1H, d, J=8.5 Hz, ArH), 7.58(1H, d, J=8.5 Hz, ArH).

Attempted displacement of bromine in 120 using silver
carbonate '

A solution of monobromide 120 and dibromide 121 (ca.
2:1, 15 mg) in acetone (2 mL) was cooled to 0°C in an ice
bath. Water (1 drop) was added, followed by silver o
carbonate (13 mg). The solution was magnetically stirred i
the dark for 1 hour, then allowed to warm to room
temperature and stirred for 22 hours. The reaction mixture

- was filtered and evaporafed to dryness—in vacuo, "W nmr

analysis ‘of the crude material indicated no change in the
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mixture of mono- and dibromides. .V///

»

3-acetoxy-methyl-7,8-diacetoxyisocoumarin 122 )

The mixture (2:8.5:1, vide supra) of diacetate 1189,
4

monobromide 120, and dibromide 121 was dissolved in dry
bedé;ne (25 mL)., Silver acetate (0.131 g) was added and the
magnetichlly,stirred solution was refluxed in th;:dark for
12 days. Dry benzene was added periodically to maintain the
volume of the reacﬁion mixture. Additional silver acetate
(0.131 g) was added and refluxing was continued for 5 days.
eter coFling to room temperature the reaction mixture was
{iltered and the solid residue washed wiih ethyl acefate.
The filtrate was evaporated to dryness in vacuo. The crude
/material (27 mg) was éubjected to flash chromatography (1 cm

column, sample dissolved in chloroform, elution with

Skellysolve B-ethyl acetate-acetic acid, 65:35:1) to yield

——

diacetate (4 mg), triacetate 122 (10 mg, 33% from

119
diacetate 119), and aldehyde 123 (1 mg). Compound 122 has

i pZ
the following physical properties. mp: 136-138°C (ethyl

acetate); tlc: R¢ 0.29 (chloroform-ethyl acetate, 90:10);
ftit(CHCl3 cast): 1776, 1741, 1491, 1371, 1204, 1186, 1157

cm 1; hreims: m/z‘calcd. for C16H1408(M+): 334.0689; found
334.0686(7), 292(6), 250(100), 208(39), 207(22); 'H
nmr(CDC1,): 82.15(3H, s, CH,0COCH,), 2.35(3H, s, OCOCH,),
2.42(3H, s, OCOCH,), 4.87(2H, s, CH,), 6.54(1H, s, CH),

7.33(1H, d, J=8.5 Hz, ArH), 7.55(1H, 4, J=8.5 Hz, ArH)..



201

- Compound 123 hai\the following physical properties.

tlc: Ry 0.19 (chlorofdrm-ethyl acetate, 90:10); ftir(
9

cast): 1776, 1743, 1713, 1371, 1199, 1185, 1156, 1016
~

AHC13

hreims: m/z calcjr for C14H1007(M*): 290.0426§ found: }

Hz, ArH), 9.59(1H, s, CHO).

- 3-hydroxymethyl-7, 8-dihydroxyisocoumarin 15

Triacetate 122 (5.8 mg, 1.74x107° mol) was dissolved in
methanol (2 mL). Potassium carbonate (7.2 mg, 5.21x10_5
mol) was added to the magnetically stirred solution,
resulting in the formation of a_yellow colour. The reaction
mixture was stirred for 3 minutes at room temperature, then
cooled to ca. ;°C for 15 minutes (no stirring). Stirring at
room temperature was resumed for 20 hinutes. Acidification
with 5% (v/v) hydrochloric acid céused the deep yellow
reaction mixture to become almost colourless. Brine (5 mL)
was added and the products were isolated by extraction with
ethyl acetate (3x 10 mL). The combined ethyl acetate
extracts were dried over sodium sulphate, filtered, and
evapora{gd to dryness in vacuo. The crude material (5 mg)
wvas subjected to dry flash chromatography (0.5 cm column,
Skellysolve B-ethyl acetate-acetic acid, 50:50:1) to yield
trihydroxyisocoumarin 15 (0.7 mg, 19%). Compound 15 has the

following physical properties. tlc: Ry 0.25 (Skellysolve ’
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B-ethyl acetate-acetic acid, 50:50:1); ttir(CH3COCH3 cast):
3600-2600(h), 1686, 1290 cm-J; hreims: m/z calcd. for

cloueos(u‘): 208.0372; found 208.0371(100), 179(29),

149(42), 121(448); !

177(19), 162(39)
84.39(2H, s, Cég;, 4.66(1H, bs, CHZOQ), 6.65(1H, s, CH),

-— X N
6.97(1H, 4, J=8.25 Hz, ArH),.7.31(1H, @, J=8.25 Hz, ArH),

H nmr(acetone-ds):

8.40(1H, bs, ArOH), 11.00(1H, bs, peri ArOH),

Attempted preparation of diketone 105 by selenium dioxide

oxidation of ketone 77

To a solution of ketone 77 (34 mg, 1.16x10"% mol) in
9
acetic acid-water (7:3, 5 mL) was added selenium dioxide (14

¢ mol). The magnetically stirred solution was

mg, 1.28x10
heated at 85-88°C in a constant temperature oil bath for
14.5 hours. Saturated agueous ammonium chloride (5 mL) was
added and the reaction mixture was extracted with ether (3x
10 mL). The combined ether extracts were dried over sodium
sulphate, filtered, and evaporated in vacuo. Examination of
the crude material by tlc showed that 77 was still présent.
Thus the crude was resubjected to the above reaction
conditions, using selenium dioxide (14 mg), and heating at
89°C for 17.5 hours. The crude products were isolated as
described above. Flash chromatography (1 cm coiumn,
chloroform-étpyl acetate, 90:10) afforded aldehyde 99 (3.8
mg, 12X) as the only identifiable product.

The reaction was attempted in,693% ethanol (2 mL) using

the following guantities: ketone 77: 39 mg, 1.33x10:4 mol;
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¢ mol. The reaction vas

selenium dioxide: 16 mg, 1.46x10
magnetically stirred at‘room temperature for 22.5 hours,
~‘\*Een refluxed for 13 héurs. The reaction mfixture contained
. mostly starting material 77 and only trace amounts of
products were apparent by tlc.
The reaction was aiso carried out in dry pyridine (7.5
mL) using the follovinq Quantities: ketone 77 k38 mg, f

% mol. The

1.30x10°% mol); selenium dioxide (32 mg, 2.84x10"
hagnetically stirred;solution was refluxed f;r 19.5 hours;
Upon cooling to room temperature water (5 mL) was added, and
the reaction mixture was extracted with ethyl acetate (3x 10
mL). The combined ethyl acetate extracts were dried over
sodium sulphafe, filtered, and evaporated to dryness in
vacuo. Examination of the crude produ€fs by tlc revealed a

-

complex mixture which was not further investigated.

Attempted isomerisation of allylbenzamide 56 to olefin 147

using para-toluenesulphonic acid

To a solution of allylbenzamide 56 (1.024 g, 3.70x107°
L9

mol) in toluene (25 mL) was added para-toluenesulphonic acid
monohydrate (0.070 g, 3.70x10-4 mol). The magnetically
stirred solution was refluxed for 77.5 hours. Upon cooling
_to room temperature the reaction mixture was washed with
agueous sodium bicarbonate (10% w/v, 2 x 25 mL). The
toluene extract was dried over sodium sulphate, filtered,
and evaporated in vacuo to give unchanged starting material

56 (1.010 g). 1In resubjecting 56 to same conditions
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doicribcd above, the following”’qQuantities were used:
toluene: 25 mL; para-toluenesulphonic acid monohydrate:
0.696 g. After S5 Aays under reflux, additional
para-toluenesulphonic acid.(0.696 g) was ad&ed and refluxing
vas continued tor‘z days. Upon cooling to room temperature
an aqueous layer separated from the toluene layer. The
toluene vas vashed vwith agueous sodium bicarbonate (10% w/v,
25 mL). The aqueous layer vas extracted with toluene (3x 25
mL). The combined toluene layers were washed with water
(100 mL), dri;d over sodium sulphate, tiltsred,xand
evapérated in vacuo to give»crude material (0.821 g).
Examination of the crude reaction products by "H nmr
indicated the presence of ;tarting mater;al 56, olefin‘lig,
phthal;de 88 (in a ratio of 2:1:1.5), lactone 75, and at
least one unidentified component.

I

Olefin 147 via isomerisation of allylbenzamide 56 under

basic conditions

3 mol) was

Allylbenzamide 56 (0.996 g, 3.60x10°
dissolved in methanolic sodium hydroxide (3 N, 25 mL) and
the reaction mixture was refluxed for 68 hours. Upon
cooiing to room temperature water (25\mL).was added and the
solution was neutralised with 6 N hydrochloric acid. The
product was extracted with chloroform (3x 50 mL). The

combined chloroform extracts were dried over sodium

sulphate, filtered, and evaporated in vacuo. The crude

product was filtered through a pipette containing flash
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silica gel, eluting with ethyl acctate; to yield olefin 146
(0.996, 99X, 7:1 trans-cis). Distillation (137°C/0.07 Torr)
provided sn analytical sample. Compound 146 has the
foilowing physical properties. tlc: R, 0.38 (Skellysolve
B—eﬁhyl acetate-acetic acid, 65:35:1); ftir(CHCl3 éout):

- -
2937, 1635, 1487, 1289, 1061, 966 cm '; hreims: m/z calcd.

for C,cH,3NO(M"): 277.157(; found 277.7889(31), 205(100); .

1 , ™ Coy .

H amr(CDCl,)z 81.00(3H, t, J=7 He, CH,CH, of cis), 1.01(H,

t, J=7.5 Hz,, CH,CH, of trans), 1.24(3H, t, J=7.25 Hz, CH.CH
e 2=—3 ° IA0S 2523

of cis), 1.27(3H, t, J= 6.75 Hz, CH

CH, of trans), 1.82(3H,

3 P A4

2
d, J=6.5 Mz, vinylic CH3 of trans), 1.83(3H, @, J=6.5 Hz,

vinylic CH; of cis), 3.09(4h, m, 2x CH,CHy), 3.60(4H, m, 2x

2
CH,CH;), 3.83(3H, s, OCH, of trans), 3.85(3H, s, OCH; of
cig¢), 3.86(3H, s, OCHj of trans), 3.88(3H, s, OCH; of cis), -
5.74(1H, dq, J=11, 6.5 Hz, CH=CHCH, of cis), 6.10(1H, dq,
J=15.75, 6.5 Hz, CH=CHCH, of trans), 6.25(1H, bd, J=15.75
Hz, CH=CH of trans), 6.29(1H, bd, J=11 Hz, CHeCH ob cis),
6.86(1H, d, J=B.5 Hz, ArH of trans), 6.88(1H, d, J=B.5 Hz,
ArH of cis), 7.07(1H, d, J=8.5 Hz, ArH of cis), 7.18(1H, d,
J=B8.5 Hz, ArH of trans); 3¢ nmr (CDC1,): 612.3(2x), |
13.4(2x), 14.2(cis), 18.2(trans), 55.5(2x), 61.1(2x)(CH,);
38.4(trans), 42.4(cis), 42.5(trans), 42.9(cis)(CH,);
111.4(gi§f,\ﬁ12.3(gggg§),\121.0(2x), 125.0(cis),
126.0(trans), 126.8(cis), 126.9(trans)(CH); 127.7(2x),
130.5(trans), 132(cis), 144.4(2x), 151.1(2x)(C);

167.1(2x) (C=0); Analysis: calcd. for C16H23N03: C 69.29, H

8.36, N 5.05; found C 69.21', H 8.51, N 4.97,
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“

N,nWyl-Zﬂ-dimethoxy-G( 1J2—pyruvj,L.'l )benzamide (105)
j ' 3

v

" Olefin 146 (1.114 g, 4.02x10” > mol) was dissolved in
acetic anhydride (25 mL). The magnetically stirred solution
was cooled to 4°C in an ice bath. Potassium permanganate

2 mol, pulverised) was added in portions

(2.5¢ g, 1.61x10
over 30 minutes, such that the temperature did not rise
~above 10°C. - The reaction mixture was stirred for 3 hours at -
ca. 7°C. Ice cold é§h§l acetate (50 mL) was added, followed'

c mol)

by a solution of soditm bisulphite (3.35 g, 3.22x10°

in ice waté} (25 hL), resulting in an exothermic reaction.
Stirring was,continued for 5 minutes. Solid sodium chloride
was added and the aqueous phase was extracted with ethyl
acetate (3x 50 mL). The combined ethyl acetate layers were
washed with 1 N aqueous sodium hydroxide (1x 200 mL) ‘and
Jwater (1x 200 mL), dried over sodium sulphate, filtered, and
evaporated in vacuo to give a deep yellow oil (1.095 g).
Purifica;ioh‘of the yellow oil by flash chromatography
afforded keto-acetate 149 (0.052 g, 4%) and diketone 105
(0.504 g, 41%) by elution with chlo;ofbrm-ethyi acetate,
75:25, and keto-acetate lég fb.094 g, 7%) by elution with
chloroform-ethyl aceiate, 50:50.

The reastion was also carried out exactly-according to
the literature98 procedure. The followiﬁé guantities were
used: olefin 146: 0.552 g, 1.99x10"° mol; acetic anhydride:
10 mL; potassium permaaag%ate: 1.26 g, 7.96x10"3 mol,.

2

'pulggriseé; sodium. bisulphite: 1.66 g, 1.59x10" mol.

Potassium permanganate was added in portions over 15
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minutes. The reaction mixture was magnetically stirred at
ca. 7°C for 2 hours. Ice cold SkeIiysolve B-ethyl acetate,
1:1 (20 mL) were added, followed by sodium, bisulphite in ice
water (10 mL), resulting in an ihcreése in tempefature to
21°C. Stirring was continued for 5 minutes. Solid sodium
chlogide was added and the organic‘layer was washed with
water (3x 20 mL) and 1 N aqueous sodium hydroxide (1x_ 20
mL)._ Concentration of the orga ic phase in vacuo gave a
bright yellow o0il which was dissolved ip pyridine Ye ),
‘The magnetically stirredvsolution was cooled in ar e ath
‘and water (10 mL) was added dropwise. Stirring was
continued for 10 minutes at room temperature. Skellysolve
B-ethyl acetate, 1:1 (20 mL) was added, followéé by ‘water
(20 mL). The organic layer was washed with 1 N aqueous
sodium hydr6¥ide (1x 20 mL), hydrochloric acid (10% v/v, 1x
20 mL), and water (1x 20 mL), dried ovef sodium sulphate,
filtered, and evaporated in vacuo to afford a deep yellow
0il (0.119 g). Flash chromatography (2 ¢m column) of 'the
yellow oil yieided diketone 105 (0.092 g, 15%) by elution
with‘chlcroform-ethyl acetate, 75:25, and keto-acetate 150
(0.007 g, 1%).

Compound 149 exists as a pair of rotational isomers
(3.3:1) and has the followihg physic§1 propertiesi tl;: Re-
0.54 (chloroform-ethyl acetate, 50:50); ftir(CHCl3 cast):
1748, 1732, 1631, 1286, 1232, 1081 cm '; hreims: m/z calcd.

for C No_(M¥): 351.1682; found 351.1398(2), 309(19),

18H25N0¢
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266(22), 1%3(100); Y nmr(CDCl3): 61.02(3H, t, J=7.25 Hz,

CH,CH,), 1.17(3H, t, J=7 Hz, CH,CH;), 1.27(6H, t, J= 7 Hz,

2

2x CH gﬂ3), 2.13¢6H, s, 2x OCOCH3), 2.15(3H, s, COCH3),

2
2.18(3H, s, COCH,), 3.02:3.33(4H, m, 2x CH,), 3.41-3.78(4H,
m, 2x CHZ)' 3.84(3H, s, OCH3), 3.87(3H, s, OCH3), 3.91(6H,
s, 2x OCH3), 5.89(1H, s, CHOAc), 5.91(1H, s, CHOAc),
6.94(1H, 4, J=8.5 Hz, ArH), 6.96(1H, @, J=8.5 Hz, ArH),
7.08(1H, 4, J=8.5 Hz, ArH), 7.11(1H, d, J=8.5 Hz, ArH).
Diketone 105 has the following physical properties. bp
180°C/0.075 Torr; tlc: Rg 0.39(chloroform-ethyl acetate,
50:50); ftir(CH,Cl, cast): 1713, 1669, 1636, 1615, 1589,
1569, 1282 cm '; uV(CH,OH): 206(eB830), 296(¢3060); hreims:
no M'; m/z calcd. for C14H18NO4(M+-COCH3): 264.1236; found
264.1239(100), 236(26), 190(26)s cims: m/z 308(M+1); 'H

nmr(CDCl.): 61.10(3H, t, J=7 Hz, CH gﬁB), 1.28(3H, t, J=7

3 2
Hz, CH,CH,), 2.46(3H. s, COCH,), 3.18(2H, q, J=7 Hz,
ggzca3i, 3.52(1H, dq, J=14, 7 Hz) and 3.62(1H, dg, J=14, 7
Hz, CH,CH,), 3.82(3H, s, OCH,), 3.96(3H, s, OCH,), 6,95(1H,
d, J=9 Hz, ArH), 7.72(1H, 4, J=9 Hz, ArH); '>C nmr(CDCl,):

612.3, 13.2, 26.0, 56.0, 61.5(CH3): 38.6, 43.1(CH2); 111.4,
129.6(CH); 123.1, 134.1, 145.2, 157.4, 166.2(C):/f§€<5,
199.§C=O).

Compound 150 exists as a péir of rotational isomers
(3:1) and has the following physical properties. tlc: Rf
0.24 (chloroform-ethyl acetate, 50:50); ftir(CH2C12 cast):
1742, i§96, 1634, 1570, 1477,, 1460, 1412, 1283, 1254, 1241,

-1 . +
1073, 105¢ cm ; hreims: m/z calcd. for C18H25N06(M )



351.1682; found 351.1679(1), 279(3), 264(100), 237(37),
220(26), 72(26); 'H Amr(CDC1,): 61.00(3H, t, J=7.25 Hz,
CH)CH3), . 6(3H, t, J=7 Hz, CH,CH,), 1.27(3H, t, J=7 Hz,
CH,CH3), +.29(3H, t, J=7.25 Hz, CH,CH.), 1.47(6H, @, J=7 Hz,
2x CH(OAC)CH,), 2.10(3H, s, OCOCH;), 2.14(3H, s, OCOCH,),

3.04(2H, g, J=7.25 Hz, CH,CH;), 3M2(2H, g, J=7 Hz, CH,CH,),

2
3.49(2H, m) and 3.66(2H, m, 2x CH,CH,), 3.83(3H, s, OCH,),
3.85(3H, s, OCH,), 3.95(6M, s, 2x OCH 3), 5.84(1H, g, J=7
Hz, Q_H(OAC)CH3), 5.91(1H, q, J=\Z_ Hz, C_H(OAC)CH3), 6.91(1H,
d, J=8.5 Hz, ArH), 6.92(1H, 4, J;B.S Hz, ArH), 7.62(1H;- 4, \\Q

J=8.5 Hz, ArH), 7.67(14, 4, J=8.5 Hz, ArH).

. “ b
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