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ABSTRACT

Part I of this thesis® describes the isolation
and structural elucidation of the metabolites produced
in liquid culture by the birdfs nest fungus‘Cyéthus |
bulleri Brodie (strain 6680a). The structures of five
new sesquiterpenoids cybrodol (1), isocybrodol (2),
cybrodic acid (3), cybrodai-(4).and trisnorcybrodolide

(5) were established by physical and chemical methods.

Compounds 1-5 are known‘collective1y as cybrodins .and

ﬁ.

comprife a new class of sesquiterpenoids (seco-

_ illudalanes). The known illudalane, pterosin C'(g)'is
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a major metabolite of C. bulleri. 3-Methyllumichrome
(Z), a compound not previously reported as a natural Q‘

product is a minor metabolite, the structure of which

_was proven by total synthesis following literature

precedents. Structures 8- and 9 are suggested for

OH

3

8

broderol and nidulo] respectively, two minor metabo]ites.

Part II of this thesis describes the total syn-

thesis of the cybrodins from 2-bromomesitylene (10).
X

‘Salient fé’;»4;s of the synthesis ‘include: 1) regio-

-

<\\$\‘ . ' : -

10

Eelectiye oxidation of the C-5 methy]l grbup; 2) two

carbon chain extension at C-2; and 3) ultimate elabora-

t1on of the fifth aromatic substituent requ1red for

| fhe cybrodin skeleton.

PO
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'(l)q. More than one dozen compounds with the uhiqee

INTRODUCTION.

;The‘metaboljtes produced in liquid cultures by
the gasteromycete funéf or the family Nidulariaceae
have‘been investigated in these 1aborafories duriﬁg the
last decadez. In nature, members of this family pro-
duce small cuﬁlshaped fruiting bodies containing seedj

lTike peridio]es. The entire fruit body mesembles a

mfniature bird's nest containiqg eggs. The family name

is de'rivéd from the Latin word nidula meaning a
little -nest. The Nidulariaceae are comﬁon]y known as
bird's nest fungi* |

Liquid cu]tures_of bird's nest fungi elaborate a
wide variety of interesting compounds. Cyathus helenae
érodie produces'the diterpenoid‘antibfotic'cyaihin B3

5

For a thorough descr1pt1on of the members of this fam11y

- see, reference 3.

S P P Sty Sy

oy

i L N a e N AL




m————— s i et = =

TerYarae e

cyathane skeleton of cyathin 83 (1) have been isolated
from cultures of C. helenaes, C. afriqanus Brodie7 and
C. earlet Lloyd8. The new xanthone 2 is produced by

C.. intermedius Tulasneg.

|~

Structure 3 has been suggested for cyathic acid, a major

[
N

»

10 11

metabolite of ¢. striatus Hudson and c.ypyghaeus Lloyd

Several cadinane—types'sesquiterpenOids, of which
8,1558-epoxyschizandronol(i)is representative, were
isolated from cultures of C. striatus]]. Mycocalia

reticulata Petch produces drimenin-type5 sesquiter-
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plus several similar phenolic compounds

) ,
13 g

Cyathug bulleri Brodie is a species of bird's
nest fﬁngus natiVe,tB the West Indies,\Hawaii and ,
Mé&ico3. .Paice‘invéstigaied the metabolites of C. buZZe}i
(Brodie strain 6620, ATCC 38347)'% and isolated the

degraded eudesmane-typé‘sesquiterpeﬁoid cybullol (7).

HO*

OH,

e

z

Sma]]’quahtities of a C15H2203 triol were also obtained.
Structure 8 was proposed for this compound, ho@ever

. . . i }
further quantities were required for a rigorous struc-

. tura? proof. Unf&rbﬂnaté]y, stock cultures of C. 'buzieri

6620 in our possess1on ceased production of cybu]1o]

(7) as well as the required triol. The loss of in-
tegrity of th1s strain was attr1buted to mutat1on Re-
placement authent1c cu]tures}of C. buZZerz 6620 were'
unavailable. Consequent]y, a second strain of C. buZZerz
(Brodie stra1n 6680a, ATCC 38351) was investigated.

This strain does not produce cybu]]ol (7) or the

C]5H2203 triol, however it qces elaborate a number of

interesting metabolites. Part 1 of this thesis describes

{

’ .
[Cis
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the isolation and structural elucidation of tWe

metabolites of ¢. bullerz 6680a. : \

3
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DISCUSSION AND RESULTS

*\ ~

Large scale cultures of C. bulleri 66863.Qere
grown on Brodie's medium or yeast-malt extract medium
' (for compositions see Experimental Section) in a fer-
menf%tion apparatus. After a growth period of approxi-
mately two weeks, the mycelial cells were removed by
filtration. The culture broth was then extracted

with.ethy] acetate. The ethyl acetate soluble metabo-

lites were divided into neutral and acidic components
by extraction with saturated aqueous sodium bicarbonate.
The neutral and acidic extracts were separately
chromatographed over LH-20 Sephadex. Constant volume
(400 drop) fractions were collected. Sephadex chroma-
tography provided a highly reproducible preliminary
fractionation based on molecular size. 1In the case of "~
the neutral extract th?s was necessary to remove the
‘high mo]eéu]ar weight antifoaming agent, polypropylene
glycol (mol. wt. >’2000)'whi;h-contaminated the actual

metabolites. Mixtures of Carboxylic acids are usually

not amenable to conventional silica gé] or alumina
: . ch?omatography, thus Sephadex chrométography was pari
ticularly useful for the fractionation of the acidic
metabolites.

The major component of the neutral extract e]uted

S
in Sephadex fract1ons 40-41 and was named cybrodo] to

P PR D PR
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~reflegt the fact that it is an alcohol. Cybrodol was

obtained in pure- form as a colourless o0il when éephadei

fractions 38-41 were chromatographed over silica gel

with chloroform-methanol, 20:1. Cybrodol is a rather
pq1ar compound having an Rf of 0.25 when subjected to
thin layer chromatography (tlc) over silica gg] with
methylene chloride-methanol, 10:1. It is easily
recognized by its characteristic colour reaction. When
the developed plate is sprayed with 1% vani]]fn in
sulfuric acid and then'charred*,”B‘reddish-brown colour
appears on heating. Within ten minutes a bright greeﬁ
colour develops. |

Cybrodol has a mo]eculér formula of CgH,,0,
(mol. wt. 250) as determined by high resolution mass
spectrometry (hrms)+. A moleculaf weight of 250 was
confirmed by chemical ionization mass spectrometry
(NH3)]5. .A strong peak at m/e 268 (M+18) cofresponding
to a collision complex of cybfodol plus an ammonium
ion is,observgd. The infrared (ir) spectrum of cybrodol

is dominatedlby strong hydr-..yl absorption at 3300 cmf].

‘Carbon-oxygen stretching barn.- (1030,.1010 pm'1) are

*

Unless specified, all referenge< to tlc behaviour

shall imply silica del as the zdsorbent and 1% vanillin:
in sulfuric acid followed by cWar~ing as the visualiza-
tion method.

+The compositions of all parent and fragment ions re-
ported in Part 1 of this thesis were determined by
hrms. Because of the small quantities involved, ele-
mental analyses were not performed.

{

o

NP PP STV YA S . e
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AQSO»promineQE;\\Ej'str ng Bands arérpresént'in the
ca¥bg2xlﬁ;.gion, thus cy§rodo] must be an alcohol or
an alcohol-ether. 4 ‘
The ultraviolet (uv) spectrum of cybrodol (Amax
‘(QH3OH);ﬁ 210 (e 6200), 270 nm (e ~320)) is typical of
an alkyl substitutéd benzenoid compound. For efampie"
the uv spectrum of m-x}lene (Amax (CH3OH): 212 (¢ 7200),
564.5 nm (e 300))]6 is very similar to that of cybrodol.
A benzenoid structure is also compatible with thé five
sites of unsaturation implied by the molecular formula.
The huc]ear magnetic resonance (nmr) spectra of cybrodol
are also cohgistent with a benzenoid nucleus. Tﬁé » |

13 13

C nuclear magnetic resonance ( Cmr)'sbectrum (CD3OD)

*
has eight signals in the region 6120-140 where sp2
carbons not bonded to heteroatoms normally appear'’.
Off-resonance decoupling reveals that six of these’

signals are due to fu11y substituted carbons, the re-

'maining‘two bear single hydrogen atoms. The ]H nuclear

“magnetic resonance (1Hmr) spectrum (CDC]3) of cybrodol

(Figure ])+‘ha5 one proton signals at 67.10 and §6:45
corfeSponding to’arématinénd Viny]ic hydrogen§ res- ..
pecfive]y, ‘A monocyclic molecule cdntaining'a pFnEa-
substituted benzene ring and a trisubstituted d&ubie‘

bond would satisfy the kequiremenf of five unsaturations

* .
A1l nmr shifts are relative-to tetramethylsilane.
Tspectra are shown.as figures in the appendix.

¢
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and,aqc%mmodate the abové nmr features. Bands at

! in the ir are consistent with a

1

1670(w) and 760 cm”
trisubstituted olefin. A band at 890 cm ' may be as-

signed to the out-of-plane deformation of a pentasubsti-

tuted benzene ring]g.
The ]3Cmr spectrum of cybrodol has three signals .
in the region 660-70'tbeca1 of “oxygenated sp3 carbons’.

Off-resonance decoupling shows ‘that each of these sig-
nals is due to a methylene carbon. The ]Hmr spectrum
supports this‘qbgervation; Three two protJ; signals
(64.50, 4.23, 3.76) arebobSeryed in the region charac-
teristic of hydrogens geminaT’to oxygen. Using the
off-resonance ]3Cmr spectrum {tqis possible to count

.C>thé number of carbon Qound»hydrogen% in the molecule.
Cybrbdoi has nineteen sﬁch hydrogens. It follows
therefore, ;hat each oxygenateﬁ‘methyiene signal must
represent a hydroxymethy}igroup. fhree primary alcohols,

: accountihg for the threéIOXygens-pFesentﬁin thgymolee |

cule, are consistent with the polar nature of cybrodol.
Acetylation (acetic anhydride-pyridine-chloroform)
confirmed thé presenc; of three primary alcohbis. Tri-
acetylcybrodol (mol. wf.,376)‘1acks'hyhroxy1 absorption-
and has a stgong carbonyl band (1745'cm']) in the ir.

1

The "Hmr- spectrum (CDC13) of triacetylcybrodol. has

three acetyl methyl group signals. The three signals
( attributable to hydrogens geminal to oxygen all display

&
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downfield acetylation shifts of about 0.45 ppm relative

.to cybrodol. Primary alcoho]s'usually have downfield

acetylation shifts of about 0.5 ppm, while the carbinol

proton of a secondary alcohol is normally deshielded by
at least 1 ppm on a;etylationlg. The ]Hmr chemical
shift (CDC13) of the methylene group of benzyl alcohol
is 64.5820. In view of cybrodo]'s'apparent aromaticity,
the signal at 84.50 in the ]Hmr of cybrodol is assignea
to a benzyl alcohol function. Irradiatiqn~of the
olefinic proton of cybrodol (66.45) sharpens the signal
at 84.23. Accordingly, this signal is assigned to the ™~
cafnjnoi protons qf an ally]ic alcohol fdnction. The

signal at 6§3.76 is one half of an A,X, system (JAX =

7 Hz) whose second component appeaq& at 62.99+. Thi

shifts of these signals ‘are consistent with the pres-

ence of é~8-phénethy] alcqho] grouping. B8-Phenethy]
‘alcohol itself has 'Hmr (CDC1,) shifts of 63.85 and

6§2.82 for the a and B protons respgctivelyZI. Mass

spectral evidence supports the presence of this moiety.
Thevmass spectrum (ms) of cybrod%] has a sirong peak
(95%) at m/e 219 (Cy4Hy90,) corresponding to the loss
of -CHZOH. Primary aliphatic alcohols commonly frag-:
ment in_thfs mpﬁnerzz.‘ This cleavage should be greatly

facilitated in the case of cybrodol as'the resulting

* . ’ , :
Relative to the base peak as are all intensities

, quoted in this thesis.

T Verified by a decoupling experiment.
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fragment ibn would be a benzylic (or a tropylium)-
carbonium ion.

TheJ]Hmr spectrum of cybrodol has three C-methyl
group signals (82.36,.2.18, 1.44). Likewise the C-
methyl group region of the ]3Cmr spectr‘um]7 displays
three signals, all assigned to methyl groups by off-
resonance decoupling. Given the benzenoid nucleus of = *
cybrodol, the singlets at 62.36 and 62.18 must represent
arématic methyl groups. The §igna1 at 61.44 is a
dgrrow doublet (J = 1 Hz) which collapses to a singlet

<
~upon irradiation of the vinyl proton (66.45). This

-

methyl group must be vinylic.- The sum total of all
elements p;;sent in the strﬁctural'fragments elucidated
thus far exacf]y equals the molecular formula of cybrodol.
’%onsequent]y thé benzenoid and viny]icvsectiong'of the |
molecule must be directly linked. Partial strﬁcture

9 for cybrodol may now be formulated.

aromatic ] glefinic
substituents: | substituents:
H,‘ZXCH3, CHZOH, H, CH3, CH20H

CHZCHZOH

9

e

-

PO
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The chemical shifts of olefinic protons may be .

reliably predicted (+ 0.3 ppm) using additive substituent

23

coefficients The predicted shifts (CC14) for the

six possible olefins (10-15) which can arise from part

~

structure 9 are shown below.

Ar >CH3 - Ar® CHPH
' §6.32 65.59
H CH OH H.C H
o 2 T
Ar CH2OH Ar H
§6.30 §6.02
CH X
WO 3 HOH,C s CH
\ —_— —
Ar H Ar CH3
§6.03 o §5.60
CH,OH H
) H3C | 2 HOH2C
12 15

Oﬁlyﬁstructures lg and 11, in which the Vinylnhydrogen
is geminal to the aromatic substituent, provide good
agreement with the observed_SH{ft,of,66.45. Further-
more, iﬁ structufes 14 and 15, the vinyl methy1‘group
should exhibit a vicinél'coupling (3 ~ 7 Hz) to the

vinyl hydrogen. Likewise, in structures 12 and 13 a

vicinal coupling between the hydroxymethyl group and

e et

A A .

" vt . L S e skl e Mk




.
the vinyl hydrogen should be seen. Only structures

10 and 11 are consistent wifh the observed (1 Hz) small

allylic coupling between the vinyl methyl group aﬁd_1h£"f~"//

vinyl hydrogen as well as the half-height widths
(4 Hz, 2 Hz) of 'the vin]l hydrogen and hydroxymethy]l
group signals respectively. An®expanded p&rtia] struc-

ture 16 can now be drawn on t@% basis of this analysis.

aromatic ‘ olefinic

substituents: substituents:

H, 2xCH3,

CH,OH, CH,CH,OH

3 CHa, CHZOH

| .

-

.‘\

/,‘

/

A careful comparison of the aryl methyl group sig-

nals of cybrodol reveals that the signal at §2.18 is
noticeably sharper Fhah the ohe at 6§2.36. Irradiation
of the aromatic hydrogen (87.10) shows that both aryl
methyl groups are weakly c0upﬁed to the aromatic pro-
ton. However; a nuc]ear Overhauéer_experiment demon-
strated that thg methyl group at §2.36 is ortho to the

aromatic proton. Irradiation of this methyl group

__.._-
e

'
.

kA e e At el .. o+ 8
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caused a>five’percent"enhancement in the signal inten-
sity of the aromatic proton. An ortho benzylic coupling

_ -
(0.6-0.9 Hz) is usually larger than a meta (~0.4 Hz) or \\
a para (0.5-0.6 Hz) coup]ingzq.' Thus the signal for the
methyl group which is-ortho to the aromatic hydrogen

should be broader than the Signal of the methy] group

nat so located. Th1s feature allows one to 1ndent1fy
each methy] group in cybrodol derivatives. ™

The resolution of the cybrodol structural prob]em
can now be divided into two 1ndependent pursu1ts
~ the elucidation of the benzene ring substitution pattern
»apd the defermination of the doub]e bond geometry.
The former objective will be addressed first.
Ozonolysis of the double bond 1ﬁ cyprodol fol-
lowed by oxidative wofk-up shou]d~produce a benzoic

-

acid derivative. The influence of the carbonyl group *
g

so generated upon substituents located ortho to it

1

will be observable in the 'Hmr spectrum.of:the acid

) : derivative. The methyl group Fymr shieldings (CDC13)
 of y1ny1me51ty1ene (17) andimesitofg aeid“(lg) are
shown25 h |
§2.28 §2.28 8228 62.43

,
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An examination of these figures reveals that a downfield

shift of about 0. 15 ppm on ozono1ys1s is. ant1c1pated

for an.alkyl group ;located ortﬁa‘to the doub]e bond

in cybrodol. The effect on an'ortho hydrisgen 15 expected
to be even more pronqunced, The ortho protons of
26

styrene and benzoic acid appear (CDC1;) at 87.3°° and

68;227 respectively. If either ihe B-phenethy] or
benzyT a]coho] mo1ety is located ortho to the acid
function generated by the Propesed degradat1on, lacto-
nization would likely resu]t,‘ To prevent this aqd
aTloiW isolation of the benzoic acid derivative, trj;

acetylcybrodol was chosen as the substrate for ozonoly-
. g , v

sis.

Triacetylcybrodol was ozonized in methanol solu-

tion at -78°C and then subjected to an oxidative work-'
: '8

up with hydrogen peroxide. The expected molecular

?‘3 .
weight of the product is 308, the highest mass peak

in the ms - is m/e 290 corresponding to dehydration of
the molecular ion. Ben;oic acids cohmon]y fragment in
this way if a hydrogen-bearing ortho group is avail-

ab1e28. Comparison offthe crude repcfion product A

with triacetylcybrodol by 'Hmr is in accord with ex-

pectations. One acety!l methy1 group, ‘the Viny] hydrogen,
the allylic acetate methylene protons and the vinyl
methyl group are not evident in the LHmr'spectrum :

(CDCI3) of the product.’” The remEining features of the

SN
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starting materiafgare all present. Only two of these
grbups are appreciably affected by the new earbony1
group. The benzylic.acetate methylene group is de-
shfe]ded by 0.17 ppm relative to the sterting material.
The methyl group which is not 1ocatedeorthq tb the aro-
matic hydrogen is deshielded by‘0.46prm, a somewhat
larger effect than expected. "With this ﬂnformatfon a
refined partial structure 19 can be proposed ‘for o

cybrodol.

aromatic olefinic

subétituenté: substituents:

H, CH3, CH3, CHZOH

QHZCHZOH

Treatment of the ae}d derivative with methanol in
the presenee_of an acid catalyst should remove the
acetyl groups Byetransesterification and cause lactoniz-
ation to a phthalide derivative The crede ozonolysis
product after ox1det1ve work -up, was ref]uxed over-
n1ght in a benzeneﬁgethanol mixture in the presence of
10-camppor$u1fonic acid. The product of this reaction

1

was identical-in all respects (tic, ir, 'Hmr, ms) with

P P
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“to that of phthalide (20 ,

natural trisnorcybrodolide, another component of the
C..buZZepi neutral extract.

Trisnorcybrodo]ide;.so named because it is a
lactOne'having three fewer carbons than'cybrodol,
eluted in Sephadex fractions 43-48 of the neutral ex-
fraé;. Silica gel chromatography of these fractions
gave trisnorcybfodolide, mp 188-190°C. By tlc, this
compound has_a Rf of 0.58 Qhen developed with methylene

bﬁloride-hethanb], 10:1. It is best visualized under

.an ultraviolet Tamp'(254 nm).

Trisnorcybrodolide has a.molecular

 formula of CioHy405 (mol. wt. 206). Chemical

. . AN
ionization mass spectrometry (NH3) confirmed

';he molecular weight." A strong peak at m/e 224 (M + 18)

max (CH30H): 242

(e 6400), 282 (c 1100), 289 nm (c 1300)) is very similar
(C,HgOH): 227 ‘(e 9900),
A

is observed. The uv spectrum (A

Amax L8
273 (e 1720), 280 nm (e 1660))2%;

. d
- &,
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‘ a1c0h01 system (ir: 3450 cm ‘)( Acety]trqsnorcybro-
~dolide (mol. wt. 248, mp 117-118°C) tacks hydroxyl

19

The jr (CHC]3 cast) carbonyl ffequehcy (1730 cm']) is
in reigonable agreement with that of phtha]1de (v ax
1

(Nujol): 1745 cm ])30. A comparison of-the Hmr

spectra of trisngrcybrodo]ide (CDC]3-CD3OD F1gure 2)

and cybrodo] conf1rms that a five rather than a six-
membered‘]actone was formed.1n the above interconversion.
The ]Hmr.spectrUm of trisnorcybrodgljde'has an A2X2v7
system (83.06, 3.79; J = 7 Hz) whose e]ementthaVe
v1rtua11y the same sh1fts as the B phenethy] alcohol,

system in cybrodo1 This suggests that trisnorcybrodo- .

1ide does not possess nucleus 21.

The C-3 protons in such a"system should appear at ca.

‘84.3-rather than §3.79 as observed. The C-3 protons

of phthalide (20) resonate at 65.35 LCDC13)3].' The

THmr spectrum of trisnorcybrodolide has a two proton
singlet at 65.15, indicating the presence of nucleus

L

20. Finally, acety]atiom (atetie anhydride-pyridine)

proved that tr1snorcybrodo]1de has a free 8- phenethy]

N

P S
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'substityents:
H, CH3, CH

absorption in the ir and has a strong carbonyl band a%_ _

1741 cm']. In the ]Hmr spectrum (CDC13)yof this de-

rivative, one acetyl methyl group signal is present

and, most importantly, the elements of,the‘B-phénethy1

alcohol system display appropriate acetylation shifts]9

réTative to trisnorcybrodolide. The two proton

singlet (65.15) described above is not shifted on acetyl-

ation.
Having established that trisnorcybrodolide is a

phthdiidé derivative, partial structure 22 for this

‘metabo1ite can now be drawn. Placement of a methyl

aromatic

,CH, OH

‘group at C-7 follows from the above discussion of the .

THmr spectrum of the acidic product of the ozonolysis
of .triacetylcybrodol. This assignmentbis>reinforced.
by consideration 6f fhe nmr Spectra df”trisnofcybrodOQ
lide. Thevaromatic methyl groups appear at §2.48 and

1

§2.73 in the 'Hmr spectrum of this compound. The sig-

" nal at 82.48 is ‘the broader of the two, indicating that

20
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the aromatic hydrogen (87.11) is situated ortﬁo to this

methyl group. The same methyl grbup appeared at\$2.36

in the ]Hmr spectrum, of cybfodo] hence the degradation

sequence re5u1ted in a 0.12 ppm desh1e1d1ng of th1s

methy] group. The other methy] group however is sh1fted

‘ downfield by 0.55 ppm‘re1at1ve to its position in. the

}Hmr spectrum of cybrodol. Thesé drastically different

'perturbations can oﬁly be katjona]ized if.the ﬁethyl .

group resonating at 62.73 in the 'Hmr spectrum of tris-

| no‘rcybrodolide. is_placed at C-7 where it lies in the

deshielding reg1on of the C- 1 carbony] group32 ' The:

]3Cmr spectrum (DMSO d ) of tr1snorcybrodo]1de is

equa]]y‘dec1s1ve in th1s connect1on. Methyl group

reéenances appear at 6]2.7‘and'620.7. The methyl groups

of ortho:xylene appear.at‘619.6 (neét)33, thus a'shift

of 620.7 is not unusua] for an aromat1c methyl group

w1th one. a]ky] group Tocated ortho to it. A sh1ft

of 812.7 is rather Tow for an aromat1c ‘methyl group

flanked by two ortho a]ky] subst1tuents f For instance,

’ the~C-2 methyl group of 1 2 3- tr1methy1benzene resdnates>

at §15.0 (neat)33. P]acement of the h1ghf1e1d methy]

group of tr1snorcybrodo11de (612 7) at C-7 allows ‘it

to EXPEFIEHCG a strong Y 1nteract1on with.the C-1

'iearbony1§3. Thisvinferaet%on.should repe1’e1ectron

density from the C-7 methyl‘hydfdgens caueing.themAto

be deshielded in the ]Hmr‘spectrum.of trisnorcybfodplide.

LA £ 4. Wil




Structure of this compound. The

22
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The electron density released from the hydrogens en-

r1ches the electron popu]at1on close to the C-7 methy]

carbon caus1ng it to be sh1e]ded in the ]3Cmr spec!&um.

Further consideration of the - ]3Cmr spectrum of

trisnorcybrodo]1de allows .a tentative assign ent of the

13Cmr ( ) spectrum‘

of phtha]1de (20) has been ei51gned by MacLean The

shieldings (6 ppm) are as fo]]ows34

' . The carbonyl shielding agrees wé]?-with that observed

for tr1snorcybrodo]1de (8171. 1) The shift of C-3

a]]ows ass1gnment of the correspond1ng carbon (567. 9)

in tr1snorcybrodo]1de It therefore fo]]ows that the .'V N

o and B carbons of_the hydroxyethy] side chéin.of

trisnorcybrodolide resonate at §59.8 and 632.1 res-

‘pectiVe}y. The use of additivity pa?ameters-to esti-

]3Cmr sh1e1d1ngs of aromatlc carbons in

mate the:
cases where Subst1tuents are 1ocated ortho to one

another is often subject to cqns1derab]e error owing-




e T TR Y

0 and para + 2.9 ppm

23

to the unpredlctable factor of ster1c 1nterference

between neighbouring groups35. Neverthe]ess MacLean

has successfu]]y'uséd ddditivity parameters to assign

the ]3Cmr‘spectra of several phtha]ideisoquinoline>

34

alkaloids The empirical shielding parameters for

an aromatic metﬁyl group are: C-1 + 9.3 ppm, ortho

+ 0.8 ppm, meta_.0Q and para - 2.9,ppm36. No parameters

are.available for a hydroxyethyl group, however, for

 the purpose of crude estimation, the parameters for

an ethyl group (C-1 + 15 6 ppm, ortho - 0.4 ppm, meta
)36 w111 suffice. The calculated

shifts (6pph) for the aromat1c carbon béaring a hydro-

gen in each of the three possible structures (23a

J

* ; N
.24, 25) vremaining for trisnorcybrodolide are as

follows.

nee

N.
W
Y
P
i
x

~N
(7%
o
x
1]
>
[}

I4

Based 'on the constraint that only one methy] group may
be located ortho to the aromatic hydrogen. Removal of
this constraint admits three additional structural pos-
sibilities. Application of the above ca]culat1on to
th$se compounds do%§ not. a]ter the conc1u51on reached
.below. -
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Since the calculations involve only the relatively

small ortho, meta and para parameters, any discrep-
[

ancies introduced by the substitution of an ethyl

o

B . . \
group for a hydroxyethyl group or by the neglect of

- steric and solvent factbrs will be minimal. The

observed value for the carbon in guéstion is 6121.3,

The ca]culafedﬁwalue agrees with this figure only if

e Ea gy Sn et o N S M dietams o . -

the aromatic hydrogen is p]acid‘at Cc-4. ’Siﬁ;e a methyl

| gFOUb must be located ortho to this hydrbgén,.tf

follows that trisnorcybrodolide and acetyltrisnorcy-

brodolide have structures 23a and 23b respectively.

Pf

5

é.‘ . The structures of the acid intermediate 26 from the
4 - : v T

; ozonolysis of the triacetyl derivative (27b or 28b) B

of cybrodol (27a or 2&;) may now be formalized.

S : AcO

AN

o it e,

. .

27b R = Ac
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To buttress the éboye arguments which 1ed to the
tentative assignment of- the ‘ring substitution pattern .
of cybrodol (27a or 28a) and trisnorcybrodolide (23a),

a second degradative sequence (Scheme 1) was undertaken.

- Scheme 1. Degradation of trisnorcybrodolfdé (23a).

It was felt that honversion of the B-phenethyl .

“alcohol system in 23a to a.behqudehydé derivative 30

via styrene 29 would provide confirmatdry evidence~
for the propdsed substitutionvpattern * Relative to

2§a the formy1 group should desh1e1d both methy] groups

* r——

in the ]Hmr spectrum of 3032 The aromat1c hydrogens -7 .

in 30 and 23a should have approx1mate1y equa] ]Hﬁr
shifts. In the case of compound 30 this_hydrogen‘
will not have a shift characteristic‘of an éromatic
proton located ortho to a canbbnyl-group (67.6-8.0).
Of the. tWelve posSible arraﬁgements of iwo aromatic

methy] groups, one B-phenethyl a]coho] funct1on and

oné’ aromat1c hydrogen on a phtha11de nuc1eus only.

o

25




+ 233, when subjected to the degradatiop outlined in

.Scheme 1, wif? produce a derivative with the above
-‘properties. A benzaldehyde derivative was selected in
Gpreference to a methyl benzoate or a benidic acid de-

rivétive after consigeration of the tabulated ]Hmr‘

shifts (CDC13) of the méthy1 groups of thrée monosub-

s}ituted mesitylenes: 18, 31 and ;gzs. '

62.54 §2.23

T S e R e Tt L

Thé']Hmr shfft of an ortho méthyl group is c¢learly most .
strongly influenced Ey a formyl group.

Three approaches to the preparation of 29 ‘were
investigated. Phosphorous oxychloride in pyridine has

béen uséd fbr the dehydration of aléoho]s37. This

method was. applied to the preparation of 29. Alcohol

23a was treated Qith phosphorous oxychloride in re-

Ak TR

',fluxing pyridine. The product, obtained in 64% yield,

was chlorolactone 33 (mp 147-149°C).  The forma-

o~y

tion of a chloride under these conditions is .

e - ’ NE
33 R =CI = c
~ | a‘
34 R - 4-NO,-CcH,Se-
36 R = OMs
=4
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not unprebedented38. Attempted base induced
dehydrochlorinations of 33 were unsuccessful.

1,5-Diazabicyclo[5.4.0]undec-5-ene (DBU) in refluxing

- toluene gave recovered 33 as did potassium t-butoxide in

o

reflyxing t-butyl alcohol.
| .Grieco has developed an effective pkimary alcohol
dehydration method based”on selenium chemistry39€ ‘I;
theipresence of a phosphine condensing agent, primary
aﬁcohbls}and ary]se]en0cyanates give selénides. These
species are oxidized to selenoxides which fragment under

mild conditions. The products are the dehydrated

alcohol and an ar}]se]enenic acid. Alcohol 23a was

treated with 4-nitropheny]seiéhdcyanéte and tri-n-butyl-

Pphosphine in: tetrahydrofuran. A modest yield (43%) of

sé]enidehgi was obtained after chromatography. Jreat-

ment of 34 Qith hydrogen péfoxide in aqueous tétﬁg-'

hydrofuran gave a low {32%) yield of the required

olefin 29 (mp 93 95°C) after preparative thin layer

chromatography - (ptlc) ) Spectral examination of this

-

product readily conf1rms the formation of a vinyl group.

1In the ir spectrum bands at 1610, 1000 and 910 cn™!  °

are chafaéteristic of this group]gw A viny} group 35

is c1éar1y evident in the ]Hmr spectrum. H appears

g9
A T: .'Hc -
Hg : Ht

—

27
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as a doublet of doublets (Jge = 18 Hz, Jgt‘f 11 Hz)
centered at §6.65 . Ht is seen as a doublet of doublets
(Jg¢ = 11 Hz, 3, = 2 Hz) centered at 65.65. A doublet
of doublets“(dct“= 2 Hz, ch = 18 Hz) centered at

8§5.24 is assigned to Hc

In view of the rather low yields encountered ip

the above preparat1on of 29, an alternate route was

expiored. Treatment of a]cohol .23a with methanesu]fony]

chloride in pyridine gave 36 (mp 120-121° C) in 90%
yield. Exposure of 36 to fresh]y~di$ti11ed DBU in.
hot toluene gave, after ptlc pur1f1cat1on, the e11m1na—
tion product 29 (21%) along with ch]oro]actone 33

(11%). Evidently 33 reéu]ted from an SNZ displacement

~of the mesyl group of 36 by chloride ion.  The source

of chloride ion is unclear. It could not have been

introduced during the work-up sequence because tlc -
exam1nat1on of the reaqt1on mixture prior to wo;kﬂup
showed that 36 was absent and 33 was present. .The
DBU reagent was tested for the presence of chloride ion
(perhaps‘in‘the form of DBU hydroch]ofide) as follows:

an aqueous solution of DBU was acidified with nitric

" .acid. Aquedusfsilver nitrate was added. No preggpi-*
B ' ) W

tate was observed.

Ozonolysis of 29 in methanol at -78°C was followed
by reductive wdrk-up (sodium iodide, acetic acid,

methano1)40, Compound 30 (mp 159-160°C) was obtained

28
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- in 40% yield after ptlc purification. The formyl

group is clearly evident in the ir (1683 cm']) and 'Hmr

1

(610.70) spectra of 30. The 'Hmr shifts of the aro-,

matic‘hydrogen (67.18) and aromatic methyl groups

(62.69 (C=5 CH 3), 62.98 (€-7 CH 3)) of 30 are in comple'te
agreement with the above pred1ct1ons Relat1ve to 23a,

the aromatic hydrogen of 30 is only s]1ght1y desh1e1ded

~ ' (O 01 ppm) while the aromat1c methyl groups are de-
'shielded by r0ugh1y equal amounts (0.25 ppm (C-7 CH3),
| 0.21 ppm (C-5 CH3) o~
- The determ1nat1on of the doubie bond geometry of

Xy

cybrodo] (27a or 28a) was great]y fac111tated by the

fortu1tous 1so1at1on of- three c]ose]f relateﬁ“metabo*
" litess: 1socybrodo], cybrodal and cybrodic acid. °
Moreover, spectrg]-feature§ of cyprodal and a cybrodic
acid dgri&ative sd;p]y further ev;dence for the aro-
ﬁéfic subStifution patte}n determined for'cybroddi

(27a or ZBa) and tr1snorcybrod011de (23a)

( Isocybrodo] (mp 102 103° C),Vso named because 1t is

1 - ~an alcohol ;1ose1y re]atednto cybrodol (27a or-28a),

“eluted in Sephadexifractjqns 40-41 of the neutral “ex-
tfact. Isoﬁétion éf pure isoéybrodol”requiredﬁSilica

gel chromatodraphy of Sephadex fra‘cti’on's,38-41,~ , J

|
/H" r.7acetylation of the resultant crude “isocybrodol, silica
' gel chromdtqgraphy of the crude acetyldtion products, .'

deacetylation éndﬁ finally, silica gel chromatography.

-

3}
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(?Va or 28a).-
“<protons of_cybrpdb

B

¢

By tlc, isocybrodol has an Re of 0.38 when developed

with methylene chloride-methanol, 10:1. - The tblour
- reaction is very simi]ar to fhat-of cybrodol (27a Dr

'28a); isocybrodo] however eventually. g1ves a ye]]ow

rather than a green spot
Isocybrodol has a molecular formula of

c]5 2p03 (mol. w%. 250).  The ir spectrum

-of JsociBrodo1 has strong hydraxyl (3290 cm 1) and

carbon-oxygen- (1035, 1030, 1005/cm ') stretching bands.

(CH30H):210

(56200), 270 nm (€~‘350)) is:very similar to that of
T :

The-uv spectrum of isocybrodol (2

max

cybrodol (27a or 28a). Coﬁpar{son\of the '"Hmr Spectra

of 1socybrodo] (F1gure 3) and cybrodo] (F1gure 1)

&7
‘reveals -that the two compounds s@pre common aromatic

nuclei . Isocybrodo1 has an aromat1c hydrogen (87. 05)

',aromat1c methy] groups (62 16, 2.36) and a B phenethy1
NS

a]coho] mowetg,(GZ 97,73.60) with cbemwca] sh1fts

“~

) pract1ca11y 1dent1ca1 with the same groups of cybrodol

,a:ieq§ the bénzyl a]coho]/methy1ene4c

the cogrespénding protons of isocyb?pdo] are seen as
an AB Quartet'(d = {1'ﬁz).centered at §4.44. Only the
olef1n1c subst1tLents of the .two compounds have s1g-
n1f1cant1y dqfferent chem1ca1 sh1fts " The o]ef1ﬁ1c

hydrogen (66 27) and allylic a1cohol methy]ene group

. (AB quartet (J =12 gz), '5§3.69) of 1socybrodo1 are bo%h

A s

pbéafed‘as a broad singlet (5§4.48),

© 30
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observed upfield relative to the ana]ogous protons of
cybrodol. The olefinic. methy] group (§2.02) of iso-
cybrodo] resonates at lower field than the correspond-
ing group of cybrodol., These differences can be

rationalized if the two compoundsAhQ?e opposite olefinic

geometry. Consideration of the tabulatéd chemical
)42

shifts (€C1,) of & (37)*! and z (38)%2-2-methy1-3-phenyl -2-

. H HOH ‘ H
66.38 2 §6.25
37 . o - 38

propenol a]]ows tentat1ve assignment of structure 27a
to cybrodo1 and structure 28a “to 1socybrod01 Since
the vyny] hydrogen appears further downf1e]d in the
case of cybrodol (27a), the E geometry in which the
vihyl_hydrogen is cis with'respect to the hydroxy-
methy]*grdup, is assigned to this hetabo]ife.

' Tr1acety11socybrodol (28b, acetic anhydkﬁde—e'

pyr1d1ne -methylene chloride) was 5ubJected to the same

sequence of ozono]ys1s and lactonization which was
app11ed prev1ous]y to tr1acety]cybrodo] (27b) 'Thq

product was 1qent'

ms) with 23a, prov the suggested E:z relationship &

of cybrodol (27a) to Wsocybrodol (28a).

1.1n ‘all respects (t]c, 1r, ]Hmr, Ve,

31



Comparison of the ]Hmr shifts of the vinyl methyl
groﬁps and allylic alcohol méthy]ene groups of cybrodol
(27a) and isocybrodol (28a) indicates that the .group
located trans to fhe aromatic substituent is deshfe]ded

in both compounds while the group located cis to the aro-

matic sbbstituenf is shielded. Examination of space-
filling models of 27a anﬁjggg reveals the reason for
; o » th1s phenomenon With two a]kyi substftuénts 1ocated.
: ’ o ortho ‘to the o]ef1n1c group in these compounds it is

impdSsib1e for the aromatic ring and the isobutedy1‘

. moiety to achieve.coplénarity. Neither,compound shows:

a styrene chromophore (2 (C2 5OH) 248 (¢ 14,000),

max
282 (e 750), 291 nm (e 500))*3 in the uv. This is
consistent Wifh a skewed'relationship of Fhe aromatic
and o]efiﬁfc systems in both.compounds.. Some degree

of rotational restriction for the.isobutenyl side chain
also explains why in the case.bf isotybrodo1 (28a);

the. protons of the - benzyl a]coho] methylene group ‘show
non- equ1va1ence . This feature is precedented in b1-

’ phenyl chem1str_y44

‘Lo

*
Crysta111ne 1socybrodol possessed no measurab]e rota-
tion ([u]D C 0.49 in CH OH) : R




‘sh1e1d1ng zone. If the tabulated 1Hmr sh1e1d1ngs

Referring to diagram 39 it is clear that sub-

‘ stituent'A (Z.e. the vinyl methyl éroUpwof 27a Qrfthe

allylic alcohol methylene group of 28a) lies in the
shielding region of the aromat1c r1ng45 Subst1tutent
Ej(z e. the allylic a]coho] methylene group of 27a
or tﬁe v1ny1 methy] group of 28a) resides in the de- x
46 |
(CDC13) of 2-methyl-2-propenol (ig) are considered

| CH. 1.71 ’

o §1.71

cH2oH §3.92

as standards,'then the aromatic ring shields the vinyl
methyl group of 27a by 0.25 ppm and the hydroxymethyl
group of 28a by 0.27 ppm. Likewise the hydroxymethyT
group of 27a iS’deshie]ded by 0.31 ppm and the vinyl

| methyl'group of-28a by.0.31 ppm..

A brief digression is in order'at.this point.
Earlier, dnring'the discussidn¥pf the‘]Hmrjspectrum
(Diagram 35) of compound 29, it was noteé withont cemj
ment that Hes tne’proton'ldcate& ets With respect to

the ‘aromatic subst1tuent appears: at higher f]E]d

-(85.24) than Ht (65. 65), the proton located trans with

respect to the aromat1c subst1tuent The correspond1ng s

protons of styrene appear (C0013) at 65. 70 and 65 20

47

respectively One can app]y the arguments implicit
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‘,}h,diagramrgg to explain this'anomalx. Thus Ht. j

occupies position B and is deshielded relative to H,

" which occupies position A. This phenomenon has'beeh

discussed by Stother547. For example in the case

of compound 17, Hy and H_ resonate (CDC15) at &85.46

and §5.20 respectwely47 _ . " A
Cybrodal, an aldehyde related to cybrodol (27a),
eluted io Sephadex fractions 40-41 of the neutral °

extract. Silica gel Chromatography of Sephadex frac-

X tfons 38-41 gave crude cybrodal which Was*again chromato-

graphed over silica gel affording pure cybrodal as a

yellow oil. By tle, cybrOdaT has an Re of 0.52 when

'developed'Wch methylene ch]oride-methanol, 10:1. The

" colour reaction of cybrodal is charécteristic- “upon

'c H. 0.

charring cybroda] gives a purp]e spot wh1ch s]ow]y turns
brown | |
Cybroda] has a motecu]afvformuTa df

15 18.3 (mo], wt. 246) . The holecu]ar-wetght
was conf1rmed by chemical’ on1zat1on (NH3) mass : -
spectrometry which gave a peak at m/e 264 (M + 18)~AJ

The ir spectrum of cybrodal shows hydroxy1 (3450 cm ])
and carbon- oxygen (1040 cm ]) stretch1ng bands The
presence~of a s1ng]e hydroxyl group was'proven by theo
format1on (acet1c anhydr1de pyridine- methylene ch]orlde)'
of a monoacety] der1vat1ve (mol. wt. 288) which lacks

hydroxy] absorption in the ir. Bgnds at 2740 (w),



1688 and 1630 (w) em™ ! in the ir of cybrodal are in-

dicative of the presence of an a,B-unsaturated aldehyde

function.
Comparison of the ]Hmr spectra of c,.rodal (CDCI,
Figure 4),.cybrodoT (27a) and isocybrodo% (28a) allows

tentative assignment of structure 41a to cybrodal. The

o
et
o
o)
]
pn

- Ac

Y
-
o
=
i

|

]Hmr spectrum\dflcybroda1‘(glg) showe a B-hydroxyethyl'
function (63.10, 3.80),vthe aromatie methy1 g}oupe'
(62.26:-2,46), two aldehyde protone (69,75; 9.92) and a
viny1.methy1 group'(61 57). Apparently the viny]land
aromatic protons have co1nc1dent chemical shifts. A"
broad two proton s1gna1 at 67 61.1s a551ghed to these
hydrogens Re]atjve to cybrodo].(glg)the vinyl and

aromaf1c hydrogens ahe,deshiered,by 0.51 ppm and -1.16

Appm respective]y The former perturbatlon is consis-
tent with an ortho re]at1onsh1p of the formy1l . group to
- the aromatic hydrogen in 41a . The latter desh1e1d1ng

~‘ref]ects thevB position of the vinyl hydrogen in an

«,B-unsaturated system. Based on the relative chemical

/
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shifts of the vinyl'nethyllgroups_of.27a'(61.46) and
28a (62.02), the observed shift of §1.57 for cybrodal

(47a) suggests the E olef1n1c geometry
The proposed_re]at1onsh1p of cybroda].(4]a) to

cybrodol (27a) was proven by‘two corre]ations Manganese

'd1ox1de ox1dat1on of 27a gave a product identical in

all respects (t]c, !

Hmr, ms) w1th cybroda] (41a).
Acety]tybroda1, (41b) was reduced'with 1ith: aluminum
hydrtder.‘The product was identicaj (tic, jnmr) with
cybrodol (27a) | —

| Cybrod1c ac1d (mp 176-178° C), a carboxy11c ‘acid

're]ated-to ybrodo] (27a), e1uted 1n Sephadex fractlons

39- 41 of the ac1d1c extract. Pt]c of these fractions -

(toluene-acetone-acetlc acid, 75'25'1) gave pure cybro- .

‘ dic acﬁd. Rf'O 14, Cybro ic acid produces a charac-

ter1st1c red spot when cha red o 'f'

i

Cybrod1c acid has a molecular formula of

,C]5H2O 4'(mo]a wt. 264). The ir spectrum shows : "/'}

hydroxyl (3320 cn -y and carbon- oxygen (040, 1030
}) stretchlng bands Absorpt1on at 2600 (broad),

1693 and 1640'cm -1 1s 1nd1cative of the presence of an

asB- unsaturated carboxy11c ac1d funct1on Treatment

% e,
of cybrod1c acid w1th d1azomethane afforded a mono- L E

methyl ester,_confjrmlng the presence_of'a' ‘
carboxylic acid functfon ' MethyT cybrodate has‘a

mo]ecu]ar formula of C]G 2204 (mo] wt 278)

-.The a,B unsaturated ester mo1ety is ev1dent in

&



the ir spectrum (1715, 164d cm"]). Isolation of cybro- -
dic gcid.byept1c wes aﬁ'inetfjcjent process, conee-
qUent]y the acid was normally obtained in the form of
ﬁts.methyi ester derivative. Thué‘Sephadex fractions
39-41 ef theiae1dic extract were treated with diazo- .
methane. S1]1ca gel. co]umn d%romatography gave methyl
’cybrodate as & yellow 011.

Compar1son of the ]Hmr spectra of cybrod1c ac1d

/$QQ3OD, Figure 5), 27a and 41a Teads_to the ass1gnmentv

of'structure 42a t57cybrodicvacid. Cybﬁddic acid (42a)

Ha
CH3

-
N .
o
e
]

E~3
~N
o
o)
1]

-~ .

" .and cybrodol (27a) clearly have COmmon‘arometjc sub-

.stituents The’cheﬁicaI'shifts‘of the two aromatfc:
_methy] groups (62.19, 2. 38), the Bg- hydroxyethy] _
funct1on (62 96 3{51), the benzy] alcohol methy]ene group

"(64 38) and- the aromat1c hydrogen (87 15) of cybrod1c
. acid (42a) do not d1ffer s1gn1f1cant1y from the '

chem1ca1 sh1fts of the correspond1ng features of 27a

The al]yllc a]cohokfmethylene group is not ev1dent in

1

the Hmr spectrum of 42a The v1ny1 hydrogen (67 65)

o and vinyT methyJ group (61 60) have sh1fts comparab1e

‘ toethe-ana]ogous groups,of 41a. Irrad1at1on of the
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'methylcinnamic acid

. for the E geometry

At

S e

7v1ny11c proton of cybrod1c ac1d collapses the v1ny1
methyl group.s1gna1 to a singlet, hence the jdentifica-

tion of the vinylic proton signal is unambiguous.l These

facts are consistent withnthe presence of an a-methy]

«

cinnamic acid moiety in'cybrodiq acid (42a). Since the.

vinyl methyl group ]Hmr shifté of cybrodic acid (42a)

and cybrodal (471a) areAvery.similaF, the E geometry

" is suggested for the ‘acid. Consideration of the vinyl

hydrogen 'Hmr $hifts (COC1,) of E (43) and 2 (44) a-
' | 48 |

affords,mo?e compe]]ing evidence

. /

-

Methyl: cybrodate (42b) was corre]ated w1th 27a

Lithium a1um1num hydr1de reduc¢1on of 42b afforded

mater1a] 1dent1ca1 with 27a (t]c, ]Hmr, ms.). o

Manganese d1ox1de oxidation of 42b gave the benz- 7

a]dehyde der1vat1ve 45. The aromatic hydrogen-(d1s-d

38
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tinguished from the.vinylkhydrogen.(87:éo) by-a'de-,A

/}couplingvexperiment) appeafs<at 67;69vin the 'Hmr spec-

" .trum of 45. This proton appears 0.4% ppm downfield ijr

from the.position'of fhe same hydrogeh of compound 42b

(8§7.14) confirming that the free active alcohol function

of 42b-:is benzylic and ortho to the éromatic hydrogen32.
Tﬁe uv spectrum of 42b (Amax'(CHjoH);ZIS_(e 18,000),

258 nm (e 4300)) reveals that the benzene and acrylate

chromophores of 42b are twisted out of conjugation as

are thefbenzene énd Viny] chromophorgs of gzg and 28a. -

The uv spectrﬁm of 42b fs the superposftion of‘an acrylate

‘chromophore and a benzene chromnpheore and not that of'a

trans-cjnn;mate (Amax (G%HSOH) /75 nm (e~ ZO,PQO))??.
When Sephadex fractiéns 313-46 of the neutral extract

were allowed to slowly evaporate, a metabo]ite”(moj.

formula Cj4Hi803) identified as_(2r , '3R)5pterosin C

(1§)49’50 generally crystallized as ciear ﬁeed]es (mp

160~162°c)._ Roughty two“dqzen 1-indahone.sesquiterpénes
and;norsesqui;erpenes with the ske]eton'quQQ‘and

collectively known as pterosins have been isolated by



o\

-Japanese workers

antipode of a sesquiterpene isolated

=

40

50,51 from extracts of the fern

Pteridium aquilinum var, Zat’tusculum. Repor‘t:ed50 *

.spect:g] (ir, ]Hmr (CD3OD)) and physical (mp 162-

164°C) data of 46 closely matched that of the C. bulleri

metabo]ite The re]at1ve stereochem1stry of _the C-2
methyl group (61 30) and the C-3 hydroxyl group fol-

’1owed from the small (4 Hz) vicinal coupling constant

between the C-2 (62.5) and C-3 (64;67) hydrogenQ; In
the case of the (28 , 35) isomer of 46, the reported’! -
coupling constant is 6.8‘Hzl while a value of 3.8 Hz is

q‘uoteds.0 for gﬁ. The reported ch1ropt1ca1 properties

of 46°0552 ([a]2 -65.3° (¢ 0.59, CH 30H); cd (c 0.024,

CHBOH)° [63325 -17 200) agree well with those observed
([a3® -61° (c 0.36, CHy0H); cd (c 0.02, CH4OH) :
[615,5 -15,000) for the c. bulleri metabolite.

Pterosin C (46) is a norsesqu1terpene of the il-

luda]ane c'lass5 53 (25 , 35)-Pter051n L (47), the
51

&

from the afore-

mentioned Pteridium ferng'is a.possible biogenetic




'precursor'to pterosih c* (46). In vivo oxidation of the

3

Jesea

C-? hydroxymethy1l group of -47 and dEcarboxy]ation could

lTead to 46.
The family of C. bulleri metabolites 23a, 27a,

: 28&, 41a and 42a are co]]ective]yﬂknown“as,cybrodins]’53.

The fifteen chrbgn cybrédins (276} 28a, 41a and 42a) bear
in obvious familial resemblance to the pterosins. One
can imagine_production by the fungus of an intermediate
(48) closely related to il.‘ Cleavage (Scheme 2) could

\\

Scheme 2.° Re]ation§%ip befween the ptérosins'and the

"cybrodins.
S OH

lead tQ the seco derivative ig{ ‘Adjustment of the

oxidation levels would then give rise to the cybrodins.

In vivo'cleavage'(éf. in vitro tranSformation of 27a

and 28a to 23a) of the olefinic linkage bresumably : A

* - > T . . X .

The name pterosin C is applied to four different com-
pounds arising from combinations of configurations -
at C-2 and @-3. A1l four compounds ha¥2 been isolated
from the Pteridium fern50-52, A : o

[>]

g
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leads to triénbhcybho‘ﬁ]idé;(23a). The cybrodins can

be classified as sec04§11uda1aﬁe éesquiterpenoids. Com-

pdunds of this skeletal class have not been reported

previously. L4

The biogenesis* of the i]]uda]anE‘ske]eton (50)

~from farnesyT pyrophosphate (51 is outlined in Scheme

\\
3. Cyc]1zat1on of 51 g1ves humulene (52), which cyclizes

‘ﬁto the proto11]udane cation (53). I11udol (54),

eiaboﬁa%ed by the fungus CZLtocybe LZZuden354 is fepre-

©

sentative of the protoil]udahe struyctural class. Bond

migration }path a) leads to the i1ludane cation (55).
I1ludin.S (56) obtained from the toadstoo] Lampteromyces ‘

n"Japonzcus is one. member of the 111udane fam11y of sest-

qu1terpeno1ds - Ring opening of 53 (path b) Ziégs by
nucleophile Z affords the illudalane’ ske]etonu 90).

The ]SCmrospéctrum of cybrodol (27a) was partiaﬁjy

<

3

For & comp]eth discussion of the biogenesis of. fungal
sesqu1terpeno1ds seg~rgfgrggge~53>/ e

~

42



e e v e oo

o
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" of cTarity, the numbering system of Nakanishi

]

. 44
BN ' | |
"assigned by selective heteronuclear degoup]ing. Com-
parison with 27a allowed partial assignmept of‘the']3Cmr

spectra of 28a, 42a,.42b, 45 and 46. In the interests
' | 55

(Scheme
4), which is based on illudoid biogeﬁesis (Séheme'3)

—

[#9

]3 ¢ a

Scheme 4.‘;Numbgring syStém for Cmr assignmehts..

27a, 28a, $2a, 42b, 45 . 23 46
will be adopted for the course of this discussion .. The

, o “ .
partial ]3Cmr assignments for the above mentioned com-

qépounds as' well as tFisnorcybrodq]ide (23a) are shown 1in
. A ‘ €22/ at 7

. Scheme 5;

" The assignable carbons of éybrod01.(27a) fall into R
four groups. C-5 is the only hon-oXygenated methylene

group in the molecule, hence the  peak at 634.3 is as-

~ gigned]7 to this carbon. The three oxygenated methylene

group\signa]s]7 (661.8, 63.3, 67.9) account for C-4,

10, and 15‘respeétive1y. Two.selective ]3C¥]Hadecoup1iﬂg

This numbering scheme must not be confused with those
~applied previously to 23a and 46 or with the IUPAC
numbering scheme used in the experimental section. - . e
- > r? . . ]
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C' » \ ' _ \\ ‘ : . \
Scheme 5. Partial ]3Cmr,(6‘ppm) assignments (solvent
) in brackets). , -,

. 207, 1213 679

CAN
Tz S
23a (DMS0-dg) ”
N 5

1 &
17.4

i

. &
" e
45 (CD30D)
' 13.3%
- s - : | % % + may be
o o : L ' ~ . Jinterchanged
o . s 1270 46 (DMSO-dg) - - '

<,
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X subst1tuted pr1mary a11y11c a]coho]s, 1t is observed

' abpearsfat lgwer field (qa.-665-69 ppm) than the o carbon

46

experiments a]]ohedcassignment of these signals.

ecoupling experiments were .,
17

Similarly, two selective

saﬁficiént to assign the tﬁree methyl group signals
(514.9, 16.5, 20.3) to/C-14, 12 and 13 respectively.
Finally, the two methike group signa]é (6123.9, 127.8)
were attributed to C-1 a 8,respective1y py one de-

coup11ng experlment The femaining'six fu]]y substituted

',carbon 51gna15 cannot be a551gned with any degree of

certa1nty a]though tentative ass1gnment of. C 11 (6140 0)

follows from consideration of the ]3Cmr spectrum of 42b

(vide infra). In the case of isocybrodol (28a);_com-
‘parison with 27a allows reidy assignment of C-4, 5, 12,

13 and 15. Assignment of C-1, 8, 10 and 14 required -

two additional selective decoupling experiments. Un-

_ ambfguous agsignﬁent of the ]3Cmr signals caused Qy tﬁe »

-

allylic alcohol methylene groups of 27a (C-15) and 28a
(c-14) provides additional evidence for the proposed

olef1n1c geometr1es of 27a and 28a. In a series of tri-
56

 that the o carbon of the E isomer (57) cons1stent1y

Ry Ry —OH

- ~i‘ v‘..
g
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of the z isomer (58, ca. 860-63 ppm). Assignment of the
spectra of 42b and 45 follows readily. from comparison
with 27a. The trénSformation bf an.allylic,elcohoj to

an a:B-unsaturated'ester'(27a -+ 4?b) is expected to

deshie]d C-1 by‘ca ]6 ppm wh11e C-171 should be shielded

by ca. 10 ppm57 In the ]3Cmr spectrum of 42b a methine

'group~s1gna1 (6140 2), attr1butab1e to C-l 1is observed

o
16 3 ppm downf1e1d from ‘the position of L~ 1 in 27a. In

the spectrum of 27a, there is-a fully subst1tuted carbon

\

signal (6140 0) which appears to be sh1fted upf1e1d by
s

£ 3 ppm to &131. 7 in the' ‘spectrum of 42b These s‘ignals

are tentat1ve1y ass1gned to C-11. The trahsformatfon of

benzyl a]coho] to benzaldehyde perturbs the ring carbons

as follows: C-1 (-)3.3 ppm, ortho (+)2.6 ppm,.mqta (+) 2. 6

ppm and para (+)7.4 pomS°,

o - O
that comparison of the ]3Cmr-spectra of 42b and 45 would

allow assignment of some of the hing cerhons of these
 compLunds,hhowevef no\heaningfu] torre1atidns could be
ascertained. The '3Cmr spectrum of 42a was assigned
/éfter comparison thh 23a, 27a and 42b. In the case of
pterosin C (46), c-4,'5, 8, 12 and 13 were ass1gned
after‘comparisoh with 23a~w The rema1n1ng four carbons
(C-1, 10, 11 and 14) were ass1gned by 1nspect1on]7
| During the f1na1 chromatograph1c pur1f1cat1on of

tr1snorcybrodol1de (23a), a highly uv actlve (r.

/

max

~ -

On this basis, it was hoped

A
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(CH30H): 250, 337, 383 nm) substance” (mp >300°C),
‘with a molecular formula 01"‘(:]3 ]2N402 was isolated.
‘This compound. was 1dent1f1ed as 3- methy]]um1chrome

(59), a r1bof1av1n (60) derivative not prev1ous]y

~reported as a”hatural'product. 3-Methy]1umich;ome

(59) has been synthesized58’59

59

Literature spectra1 data of 59 closely matched

“that dl the -c. buZZerz metabolite. The on]y-amblgu1ty

was in the pos1t10n of the N-methy]l group. Compounds

- a retro D1els Alder mags spectral fragmentat1on as in-

d1cated A peak at M- (R N= C 0) is usua]]y prominent -

in the ms of compounds of this type60

. C. buZZert metabolite shows a strong 1oss of CZH3N0

I |
'CHZ(CHOH)3CH20H |

conta1n1ng structura] fragment 61 are known to undergq

In the ms , the_f‘

Th1s material was also produced by c. buZZerz 6620
° before this straln 1ost 1ts v1ab111ty

48
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(m/e 199) and C2H3N0 + CO (m/e 171) This intormation

serves to ]ocate the methyl group at the 3 pos1t1on ﬂ
As a final" structura] proof 3—methy11um1chrome

(59) was synthesized. The route emp]oyed (Scheme 6)

61-64

closely. fo]]ows that of Berezovsk11 who has

synthes1zed‘w ser1es of analogues of 3-methy11umichrome
(59). o
3,4-Xylidine (62) was added to the diazoniym‘salt

of the same am1ne 1n the presence of a sod1um acetate-

buffer. The d1azoam1no compound (63) was formed in

91% yield. Compound 63 was 1somerlzed in 64% y1e1d to

the pheny]azoan111ne derivative 64 by heat1ng in the

presEnce of a 1arge excess of 62 p1us a small amount

) of 3,4- xy11d1n1um hydroch]or1de Compound 164 read1]y

condensed w1th barb1tur1c ac1dafford1ng a. good (73%)

‘yield of 1umnchrome (65) The first- three react1ons

in this synthes1s exact1y dupllcate .the work of

61,62

Berezovsk11 The Russ1an group performed the next

two react1ons in this sequence us1ng the 8- desmethy]

/
5. 63,64,

and'7,8—desmeth;1,analogues‘of 65 Lumlchrome‘

(§§)~wa5<treatedAwith«hydrogen perox1de in bo111ng

63

formic actd. Oxidation occurred preferent1a11y at

the eTectronQrich 10 position giyfng 66 (83%). Methyla-
tion*Occurred_at the less hindered 3 position affording

a_modestvyield (41%) of 67. Berezovskii successfu11y

reduced the N-oxide of'the'SedesmEthyl‘and 7,8-des- ™~

v23

)
o

49

P L P P



Scheme 6. Synthesis of‘3-methy1]dmithome (59).
I[:::I = Ar

) ' o o
) NaNO,, HC1 : excess ArNHZ: - )
2) ArNH2 o ArNH2°vHC1-‘

ArNH2 —»-Ar-N=N-NH-Ar -

' 3) saturated - 45°C
82 " NaoAc 8+ 16 hrs.

alcohol

HOAc , : . o
- ~reflux _ o o R kR
0

0.1M HC ' H.C

NaOH 3 T(PR)p ¥ o~

'CH3I‘ n- propanoicf,L\

o _ ® ; 2 days
25°C H |~ refiux
4days - . . 08 L
67 | 59
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_methyl ena]ogues of‘67 by treatment with alkaline

64

~sodium b1su1f1te at 50°C These results céuld not:

- be reproduced in the case of 67. Instead, 59 was pre-

}pared in 80% yield by heating a n-propanol solution of

67 and thjpheny]phosphine‘for two days. The synthetic
‘cgmpound SO produced was jdentical in all respects
(tic, ir, ]Hmr,_ms) with the natura] mateniaI |
Qf,the‘C.pbuZZert neutral extract, eluted in Sephadex
fractions 42-43 '.Si1ica gel chrometqgraphy‘of these
fract1ons gave - pure brodero] This compound was

observed 1n the extracts of two ear]y cultures grown

on qud1e s medium. It was absent from later extracts.

I

4By tic, brbder01 ha’_s,‘an'Rf of 6.66 when'developed-with
methylene chloride-methanot, 10:1. ‘Brodero] gives a
purp]e spot when charred ' :
Broderol has a mo1ecu1ar formu1= of C]5H2202 /

(mol wt. 234) The ir spectrum. d1sp1ays hydroxy]
'(3400 cm 1) and carbon- oxygen (1090 1070 1060 1020

]) stretch1ng bands No strong bands are present.
in, the carbonyl reg1on, hence brodero] must be a diol

or an ether a]coho]

" The ]3Cmr spectrum (CDC1 ) of brodero] shows two

sp? carbons (8127.5, 133. 7)‘7.
.reVEalshthét one of these:carbons (8127.5)’bears a
single hydrogen, the othe'rvsp2 carbon is_fﬁk]y.sﬁbsti;

e

~
Brodero] (mp 113- 115° c), another minor component,

iOff-resonance decoupling

5T
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tuted. Broderol therefore contains a trisubstituted
doublebond. This is supported by ir bands'® at 1660
(w) and 800 cm 1..-:vTh ]Hmr spectrum (CDC13, Flgure 6)
is also in agreement with this deduct1on One vinylic
proton is observed at 65 70 as a broad s1ng]et ‘Ir— |
rad1at1on of this proton collapses the three proton
doub]et {(J = 1 Hz) at §1.49 to a sharp singlet. This
indicates;that.the‘viny1ic proton is a]iy]icat]y
coupTed to a_methylaoroUp. Part4structureJ§§ is

rimp]icated.

H H
) 5
#

P

»_The emr spectrum has three signals (674.0, 76.1,

| 79.4) in the sp3 oxygenated carbon rejionl7..‘0ne’of
'these signals (874.0) represents a methylene carbon,
‘the other two represent quaternary carbons. "In the
' ]Hmr spectrum, two protons gem1na] to oxygen are

observed. A pair of doub]e doublets at 83. 25 (0 = 10.8,

.. 2.5 Hz) and 83.52 (J-= 10.8, 1 Hz) 1nd1cate a geminate‘

pair of hydrogens mutually coupled by ‘10. 8 Hz. This

| coup11ng w@:)proven by a double 1rrad1at1on exper1ment

In the off-~ resonance decoup]ed ]3Cmr spectrum, twenty—
-

one carbon-bound hydrogens can be accounted for. Con—'

sequent]y\broderol has one active alcoholic hydrogen.
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The alcohol %unction-is either priméry or teftiary.

.In an effort to détermine the nature of the o .
hydroxyl group of broderol, acetylation was attempted o
without ;uccess: Pyridine-acetic anhydfide in boiiing
ch]oroforh (ovefnight) gave recovered starting materia]
as did .acetic anhydride in the presencé\of 4-dimethyl-
.aminopyridine (25°, e]evenfdéys)ss. Resistance -
to. acetylation strohgly suggests that the a];oho]\fun;-
tion is tertiary. A o |

The mo{eéule was succéssfu]]y_derivatized with
trichloroacety? i§o¢yanate_(TCAi)Qéfhis reagent 1is
. . known66 to functionalize éven high]y hindered teré%ary

alcoﬁo]sal TCAI was added to a deuteriogh]§roform
solution of.brodg}o1'in a@ﬁmr'tube.‘ A carbamate

-

derivative (69) of broderol formed instantly.' The

-0 0
| N :
a L . C15CC-NH=C-0-R
° 2 ) §_2 ’

excess reéZéht‘gives'no Thmr signa]s.‘_A siné]e carba-
hétevNHIsignal (1 H, 68.25) is seen in the lef spectrum -
of 69, provjﬁg.thag broderol has on]y one hydroxyl

group. Furthermore, since-the'protbn§ gemina]_to oxygen
have virtually identical chemical shifts ih;fhe tases

* of broderol and its Carbamate.derivaiive (69), the

alcohol function must be tertiary. The carbinol protons
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of a primary alcohol are usually shifted downfield by
0.5-0.9 ppm after TCAI derivatization®®. It follows
that the methylene group bonded to oxygen must be part

of @ primary-tertiary ether moiety. Part structures 70.

The most striking feature Of‘the 13Cmr spectrum
of brodero] 1s the presence of two methylene group
signals at unusual]y h1ghf1e1d (56.3, 8.7). Only two
.types of carbon-bound methy]ene»groups are known to
resonate at such h1gh f1e1d]7 Methylene groups
1ocated a to a triple bond appear at h1gh f1e1d For
examp]e, C~2 of 3- heptyne appears at 613 2 wh11e C 2

67

-of heptane appears at 623.0 Acety]en1c carbans

resonate in the range 670~9068 The IBCmr of brodero]
d1sp1ays three s1gnals in this reg10n Hovaer, s1nce'
‘one of the two fully. subst1tuted carbon s1gna1s 1n ¢
this reg1on is accounted for in the tert1ary a]coho]

funct1on (70) known to be: present in broderol, a triple

"

bond can be excluded

" 'Cyclopropyl methylene»tafbdn signaﬂs are usually

‘ obse}ved in the region 6(-)10-(+)10]7‘§9._ If the two

‘

~high field signals in the '3cmr spéctrum of broderol

A ]
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represent such carbdns; then either part structure

| 72 or 73 is present. The 'Hmrspectrum of broderol has

CH ; CH
| N~ Z\CH
/// ~ Pt
#CH ' CH
: 7 . <« hl,"i‘-’.’
b 12 3
Lo .
four complex one proton‘muﬁtip1ets (60.54, 0.68, 0.82,
0.95) in ;he region where cyclopropyl protons commpn]y
resonate. The methine carbon signal of 73 should °* /J

appear in the region 85-15 of fhe 13Cmr spectrum]7 69

“ ) M . - -
but no_-methiné carbon signals are seen in this region.

‘However, one quaternary carbon of broderol resonates

at unusua]]y high field (627 9)17. Fragment_zg is
therefore indicated.

GTven the demonstrated proclivity of ¢. bulleri

to produce metabo1itesvderiveq from the illudoid bio-

genetic'pathway (Scheme 3),'?t is reasonable to assume

‘that broderol possesges the illudane ske]etonASSe.’

Indeed, this is the only knownESesquiterpenoid skeleton

- 55
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capable of accommodatlng fragment 725 70 Skeleton 55a

w1]1 be used as a working hypothes1s for the balance-

_of this discussion. -

Fragment 68 can be pnique1y located (C~7ﬂ.tf8)

giving rise to part strueture 74 for broderol. 'The -

.tértiary alcohol, fragment 70, can be located at C-2, 3

or 9. This function is pTaced at C-9.on the.@asis

g

of the fo]]owing;c0nsiderétion§. “The electronegative- -~

" carbamate function of deéivative,gg_is expected to

desh1e1d nearby protons66 A éomparisdn 6f1tﬁe chemical

~shifts of the vinyl hydrogen of broderol (85.70) and

derivative 69 (86.11) reveals that this hydrogen ‘is
iva ,

_substantially deshielded (0.41 ppﬁ) by the carbamate

.

‘been used to Tocate- hydg\gg] groups In genera] hydro-

grogp, Thé hethyl'groups ané not appreciably deshje]déd.

. ¢ | ’ )
This suggests ‘that the tertiary hydroxyl group (70) \\<\\\\;\\\

and thé»vinyifhydrogen of ‘broderol are in close ﬁrbxim- g

ty. The pyridine induced chemical shift method has

gens. which- are proximate to a hydroxy] funct1on dlsplay o ' ;

A values (w. 6CDC13 - SCSDSN) in the range (- )0 15 - - |
(-)0.407]?: In the case of broderol, the A va1ue for . «

- .
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the yinyl” hydrogen is -0.32. " This data.st?ongly :
shggests that the hydroxyl grohp (70) f% Vicina]'tqfthe“
vinyl hydrogen. Partial structure 75 can nqﬁ’be
,dréwnz | H »
D
1 "::
/’ .

) Fragment¢Zl mél‘now be introduced.- The fertf;ry .
oxygenated carbon of 71 must be either c-2"or 3. The -

primary oxygenatedACQ}bon can‘be C#12,_T4\or 15. Ap-
p]icétiqnvof these constraints allows structures 76 -

o

79 to be fofmﬁ]ated. Each structure satisfies the

S N RN
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|/
molecular formu1a of~C]5H2202. Structure 78 can be .

] discounted immediately. The C-12 methyl group of 78 is

]
Iy
"

e secondary With the exception of Eﬁe viny( methyl -
group, the methy1 groups of broderol (}Hmr (CDCT3):
60.88, 0:97) are tertiary. 4 |

" Structure 76 containsdap_epoxide function. The

~

"-;tn‘f-'.'-v:;h,-—-—-w-»“ e e

mutual coupling cénstant for a pair of geminal epoxy

72

protons is typ1ca1]y 4-6 Hz For exampTe the epoxy

protons of 4 d1sp1ay a gem1na1 coupllng constant of

1]

4 Hz . In the case of brodero] the gem1na1 cﬁwp11ng‘

YT,

constant of the methylene protons of fragment AN is
f | 10. 8 Hz, considerably greater than the va]ue ant1c1pated
‘. + for structure 76." On this basis 76-can be excluded.

T | o
- The'

, | o e , ‘! .
Hmr spectrum~(CDC13??of brodero] exhi its a

Saxa

complex five proton mu t1p1et in the reglon 51 5-2.0. o

The protons caus1ng th1s pattern are 1nsuff1c1ent1y

R S

reso]ved (even at 400 MHz)'to a]]ow the elucidation of

B3

it
3

2 coupT1ng pattern However, when the spectrum is-re- J%?%
: ‘ i‘pyr1d1ne dS’ these s1gna1s are well resolved. o
KRR LT YA
@eﬁﬁeﬁcaup1yng paftern (Scheme 7) determ1ned (at 400'ﬁﬁ7)
e e . - ‘
for &Qgse ppotoﬁs 1dent1f1es stereostructure 7Wa ”as e o
the! @orrect+ stgucture of broderol. (~-W1 . :

,/,
aa——

R 3 Ak e
Attempts to construct Dreiding molecular mode]s ‘of 77

f will quickly convince one that 77a s the on]y possTE1e
re]at1ve 'stereostructure arising- from 77.

i * ~Contingent, of course, on the- abpve b1ogenet1c » o o
3 hypothes1s f , v , : j

&0 T ) "",_ * = R !
. H

- . . . -
-~.r-->~6 S . T . : . }’
. v . A . .
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Scheme 7. Coupling pattern for broderol (77a).

L.
v

w+ 0.0 k- '
(63.50) = ' —>Hg (63.28)

Ha

Nvew L | 2.8 2
H o 'y AX

F (‘5’2.]‘0.) .
* \12.4 Hz D
Hg (61.90) "%4.8 Hz/  \O.
) He (62.11) «———~-H,
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HE ng 11), the ring Junct'on ~roton has cis (4 8

~ Hz) and tranes (2.0 Hz) couplings to HC (62. 27) and

HD (61.72) respectively. These protons are geminally

coupled (10 8 Hz) and HC has an additional four bond

73

W coupllng (2.8 Hz) to Hg (63 28) ‘which in turn 1s'

geminally coupled (10.0 Hz) to Hp (63.54). HA has a

four bond W couphng73 (1 2 Hz) to Hp (62. 10) vhich is’

gem1na1]y coupled (12.4.Hz) to HG (8§1.90). HF and HC
are both ets w1th respe@l to the hydroxyl group and

are therefore deshlelded re]at1ve to the1r gem1na1

71

partners Structure 79 is 1ncons1stent w1th $cheme

7; If 79 was the correct structure,'HA and HB would

s

’both be coupled to a methine proton (H ).

-~
"7

Tlc of the neutra] extract of C. buZZerz reveals

a prom1nent.b1de co]oured spot at Rf 0 50 (benzene»ether, '*

T:1). The same component is present in the«extracts
: of cC. pygmaeusl] Attempts to. pur1fy the compound
respons1b1e for th1s spot using extracts from e1ther
fungus by silica .gel. co]umn chromatography led. to the
1so]at1on of a m1xtJre of two compounds The.so-called
“"blue compound" was always contam1nated by a second
component which by.tlc exhibits a grey co]oured-spot
at Re 0.80 (penzenggether; 1:1). The SOfcalied "grey
compoundﬁ was not preféntfin the original extracts. The

ms of ‘this m1¥%ure 1nd1cated the presence of two

compounds w1th mo]ecukar formulae C]5R1803 (mo] .wtgi's

SN -
[y ‘3,
v ’ ’



. ¢ :

246) and C15HZOO; (mo]{ wt. 248). Further purifica-
tion by silica ge1'coiumn chromatography invariably'
caused the, disappearance of the "B1Ueieompound" and

the isolation of the'pure "grey compound" (Xe110w
'.semi—solid) known héneefOrth as'nidulone. NiduTone is

a ketone (ir 1705 cm ]) w12? a mo1etu1ar formu]a of
: N
C 0 - Dr. Reffstrup MEnaged to obtain a small
15 18 3
sample of .the "blue compound" (s]1ght1y contam1nated

by n1du10ne) by.ptlc. The "b]ue compound" hereafter’

.,

called nidulol is an alcohol (ir 3400 cm ]) with a
mo]ecu]ar formula of Ci5H0003- Exam1nat1on of the -
nidulol sample .by tlc, ir and ]Hmr severa1 months afq‘f
| its 1so]at1on revealed a m1xture of n1du101 and n1du1Qaﬁ»
(1: 1) . Apparent]y then, n1dulone is an art1fact
resu1t1ng from ox1dat1on of n1dulol Thts transforma-‘
tion is acce]erated dur1ng chrbmatographlc pur1f1cat1on

. N1du10ne has seven s1tes of unsaturat1on Theg\
JBCmr spectrum (CDC] ) of n1du10ne displays two s1gna]s
‘in the carbonyl region (4208.2, 168.6) attr1butab]e
to ketone and ester funct1ons respect1vely In addition

‘4

to the aforement1oned ketone carbonyl stretch1ng band

the ir spectrum of nldu]one shows ‘an ester carbony]

v’

peak (1744 cm J) The three oxydbns present in the '

molecule are thereby accounted for. ‘;“

17

The o1ef1n1c carbonvreg1on of the eme spectrum

" has four signals (6130.2, 130.6, 140.2, 142.4). Off-

' Eégﬁ? ~

o

17 (
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remaining sp

assigned to?thg vinylic proton.

“ In the case of nidulol,

‘absent in the

and n1du1ohé¢¥espect1Ve1g

resonance decoupling reveals that -the §ignaj at 6130.6

is caused by a carbon bearing aﬁﬁ?ngle hydrogen, the

2 carbons are fully substituted. ~ Nidulone

contaihs fully and'trisubstitutéd double” bonds. This

fs supported by ir bands]8~(166050Z§§%cmég)-ahd a single
olefinic proton signal in the THmy spectrum (Figure 7;

/7
/

56.83, d (3.5 Hz)).- With four sites of unsaturatibn

accounted for, nidulone must be tricyclic.
]Hmr spectrum (CDC13) of'njdulo1‘(Figure 8),

_Inmthe
‘ '2;5.Hz)1can,be_

a one proton signal at 66.11 (dd; 3,
The transformatidn of

nidu]oT to nid%hone deshie roton by 0.72 ppm

th1s proton ls coupled (2 5 Hz)

to a one proton doub]et at 64.14. h1s s1gna1 is

assigned to the carbino] proton of 1du10], since it is

]Hmr spectrum of nidulone.
ing of &he vinylic, Proton of n1du101 on ox1dat1on plus
the facfgit is ;coupled to the carb1no1 proton suggest
that par:L§¥.9¢nuctures 80 and 8] are present in nidulol

-The o]ef1n1c proton is

vt4V§fffied-by'a'découpling exper1méht
o 0f nidulol was provided by Dr.

v

Reffstrup]]

The deshler-

A1l spectra1 data

62



63

p]aced in the ] p051t1on of enone 81 for the fo]]ow1ng
reason If the proton is'a to the carbonyl it shou]d
not be greatly deshlelded by the conver51on of 80 to

81. In contrast if the proton is B w1th respect to
the carbonyl a desh1e1d1ng of as much as 1 ppm is ant1-.
c1pated23 Furthermore, since tne_carb1ng1 proton of .
.80 is coupled only to the vinylic proton,&the Carbinoh
carbon of nidulol must be f]anked on either side by
vfully‘subst1tuted carbons The a,B-unsaturated ketone
stretch1ng frequency of n1dulone (1705 cm 1) implies

2

that the keto group is contained in a f1v§§gembered

for n1du1one.

r1ng]8 Partial stquctures 82 or 83 fo]l
e LN

) In the oxygenatedicarbon region17 of the ]3Cmr-.

spectrum of n1dulone there is one slgnal (678.7)

n

ass1gned to a methylene carbon - The - Hmr spectrum of

.n1du]one d1sp1ays a pa1r of dne proton signals (84 . 05
4. 27) 1nd1cat1ng two protons g£m1na1 to oxygen and
mutually coup]ed by 9;sz. The ester funct1on of nidu-

lone can thus be\formu]eted as in part structure 84.-
il o -

* Ver{fied by:e decoup1ing'experiment;

B



The 1Hmr spectra of nidulol and nidulone both

dis lay a singlet methy] group signal (nidulol 62‘26

n1du10ne §2. 33) at rather low field. To rattona]\i\\
the chemtca] shfft of this methy]l grodp requ1res that
1t be located in the B pos1t1on of an o,B8- unsaturated

74

carbo Yl system ~Since th1s methyl ‘group appears at

low fie]d in the spectra of both compounds 1t fo11ows

that Foth compounds conta1n an a,B- unsaturated ester

‘0

system 85. The o, B unsaturated ester carbony1ﬂstretch-

.gu‘. . ) ‘ Jig)’l)
| o S#?’

s ,;,1

N

_ing frequenc1es of nidulol (1740 cm ) and n1du10ne

- (1744 cm ]) requ1re the presence 1n both .compounds of

an a,B unsaturated Y- lactone (86 or 87) f‘ragment"8

»

_ .. L e - ‘
Part structure 86 can be disCounted. One protonv(64;05)

of the methylene group bonded to oxygen 1s weak]y
coup]ed to a methyl group (6] 00) in the case of

.njdulone ~ Structure 86 cannot accommodate such . a

T Demonstrated.by a decoupling experiment,

.

.64



,coup1ihg, however placement of a methy]l group at the

asterisked position of 87 allows for a small four bond

1)
_ coup11|.73 between ‘the methy]ene and methy1 group

A
-~ i

protons : N

*“'S1nce nidulone is tricyclic, the requirement of

a lactone mo?ety iﬁp]ies the presence of two earbocyclic

rings. Ih'addition to'the two methyl group signa1éf>
ment1oned above,‘the ]Hmr spectrum of n1du10ne displays
two tert1ary methyl group s1gnals (1.10, -1.22). This

1eaves n1ne carbons to form the carbocyc]1c ske]eton

~of nldulone One r1ng ‘must -be f1ve membered, consequently

three ske]etons (§§-gg) are poss1b1e; Incorporation of

the enone moiety (82 or 83) 1nto ske]eton 90 v1o]ates

75

Bredt s rule The enone funct1on can . be added to

ske]eton 89 g1v1ng part structures 91 and 92 however

in both cases a methyl group must be placed.at the

65
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B for the same reason 91 and 92 were reJected :

o

P

S
asterisked pbtitioné. The vinyl hydrogen would be
allylically coupled to this methyl group. . No coup1in§

is obsgﬁved between the vinyl hydrogen and any of the

. methyl groups of nidulone. Nidulone mustihave
_ske]eton‘gg. ‘The enone system can be introduced in two

ways (93 and 94). Part structure gi‘can be eliminated

93

a The v1ny1 hydrogen of nidulone is. coup1ed (3 5

Hz) to a 51ngle hydrogen'resonat1ng at §2.98. Th1s
hydrogen 1n turn‘d1sp1ays coup11ngs of 8 Hz and 11 Hz

‘ respect1ve1y to s1ng]e hydrogens appear1ng at 61 87 and
61 72. .These two hydrogens are also mutua11y coup1ed
'by 12.5 Hz". .The hydrogen appear1mg at-62J98 is a

' meth1ne hydrogen, the correspond1ng carbon resonates at

640 9 in tné ]3Cmr spectrum of nidulone. The s1gna1$

at 61.87 and 1.72 represent a gemlnate pair of hydrov‘”

' gens, the correspondlng methy]ene carbon 1s seen at

]

v634 6 in tgf ]3Cmr spectrum “With this 1nformat1on

1so]ated spin systems‘gg and 96 can be constructed.: In- -

*VThese coup11ngs were " demdnstrated by decoupling:
experiments. An ana]ogous coupling scheme was es-
~tablished for nidulol? IR :

66

e
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| 95 T 96 '
corporat1on of these spin systems into skeleton 93
leads to threecgoss1b1e 1mproved structures: 93a,

o - 83b and 93c. Structw*e 93c can be rejected. It is

. S— —=
L : ’ :

impossible to substitute fhe'asteriéked position of
'93c with a fu]ly subst1tuted Etfbon as requ1red by

the above coupling scheme, Add1t1on of the lactone
moiety 87 requ1res three contiguovus r1ng carbons, e11—
m1nat1ng 93b from content1on Two complete structures

97 and 98 (without stereochem1stry) result from the

add1t1on of the'rema1n1ng.structurgA'e]ements to 93a.
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+

Idsorder to distinguish between structures 97
? ( ] and 98, a nuclear Overhauser experiment was conducted.

' The results of this experiment indicate that 97 is

~the correct conStitution-of nidulone. ~This experiment
further suggests that nidulonefhaﬁ”syn (Q}a) rather -
~than anti (97b) relative stereochemistry. Dreiding

o ~ -molecular models of 97a and 97b indicate that in 97a,

\ . .
r . N-,

Vi

gty s
25

the six membered ring must ex1st 1n~a b%at Tike confor-
» . . N

mation’ where1n the C-13 methyl group and the C- 2 - ”

ey

hydrogen (HD) arerjn;a bowsph1tfflagpo]e,re]ét1onship.
; .}Inw97b 'these groups are remote The C-13 methy]
'E’ . ‘ d ”group (61 00) is ‘identified byga sma]] coup11ng to one
"\\\;i_b// of the C-5 hydrogens (64 05) Irrad1at1on of the

;. . C -13 methy] group in the nuc]ear Overhauser mode,
caused 1) a 6. 2% enhancement in- the 1ntens1ty of '
the proton s1gna1 at 64. 27 (H ) conf1rm1ng the v1t1na1
relationship between the methy] group resonat1ng at
81,00 and the C 5 hydrogens 1 "The C-13 methy] group

.= hydrogens can adopt a d1sterted “HN“F61Q¢1onsh1p with
;. HC (64 05) exp1a1n1ng the smal] coup11ng observed




-

‘cons1stent with the structure as formu]ated (97a). The

69

[

" between these hydroéens73. On the other hand, the
‘sh1e1d1ng effect of the C-13 methy] group shou]d cause

Hg to appear at h1gher fxe]d than Hc76 2) a 2.5% en-
hancement in the intensity of the v1ny11c proton (HA)
s1gna1, Just1fy1ng the reJect1on of structure 98;

3) a sma]]_(2.8%) enhancement 1nthe»signa1 intensity

‘ L
- of the proton (H ) appearing at62.98, indicating that

_n1dulone has the syn relative stereochem1stry (97a).

The uv spectrum of nidulone (97a, A (CH OH) .

max
218 (e 8600), 260 (¢ ]]00), 333 nm (¢ 3900)) is not

o

~pred1c€?d77 absorpt1on maximum for 97a is ea. 240 nm.

The uv spectrum seems md/e consistent w1th the ex- L
tended chromophore present in 9878
Determ1nat1on'of the stereqchemigtryfof'nidu101

(99) must await the isolation of additional*material.

4 . T R

In addition an unamb1guous corre]afﬁon between n1dulone
(97a) and nldylol (99) must_be establlshed

If 97a is the correct structure of n1dulone, then_f

treatment with base shou]d op%n the . 1actone ring and




//\

cause a. retro a]do] fragmentat1on giving eno1ate 100

‘(Eifeme 8). Agr1a1 oxidation should then afford the

\\\ » "\ N -
. o Degradation of nidulone (97a).

»ASche 8.

- N ’ * ’
* 41-indanoné derivative 101 . "Treatment of n1du10ne

(97a) w1th sodium methox1de in methano1 gave two maJor

products jdentified as 101 andaphenol 102

B ; Compound 98 should fragment analogously giving 1013
as we]l ' “@%ﬂ,

70
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The uv spectrum of 101 (Amax (CH OH): 213 S

(e~ 20 000), 253 (e~ 10, 000), 305 nm (e~ 1000)) is

AR}

cons1stent w1th a 1-1ndanone nucleus Fon;examp]e
. pteros1n C (46)5] has a very s1m11ar uv spectrum (Am;xﬂ

(CoHgOH):. 217, (s 3? 000), 259 (e 16,000), 301 nm

&(8 1706)) The ir spectrum of 101 shows ketone (1715
]) and carbomethaxyl (1733 cm” ]) stretching bands D
Pheno] 102 cou]d be ﬁormed/from 100 by further -
x aerial qg1dat1on. The uv Spectrum of 102 (lmax' T A
T (GH0H): 220 (e~ 15,000), 262 (e~ 11,000), 337 nm -,
‘(e~*3006)0 is tonsii?xnﬁ&*diﬁséaZ;hxdfpgy-l-indanone,-~';

5

system79 In the presence oF‘alka]i the‘ﬁOnd”wave-
v

_1ength absorpt1on peak uqdergoes a bathochrom1c sh1ft~.¢

‘to 379 nm w1th an approx1mate doub11ng 1n 1ntens1ty,_

.

' th1s behav1our is character1st1c of pheno]s7‘9 \The -%f?g PO

LI

']Hmr spectrum of 102 shows an exchangeab]e one nroton"‘
s1ng1et at'ﬁb 11 a551gned to the 1ntramolecu1amfhydpo§§n

“bonded pheno11c proton.x The d1fference in the ketone

] - '.. 'J-(x‘ .'. v

-carbony] stretch1ng frequencles of 101 (J715“dm ) and
102. (1688 cm ]) ref]ects the. hydrogen bonded system.

h - . L. ) : wop " R
of 102'%. 7 | o, LT
S | i

* . ' Blogenet1ca11y, nﬂdu]one appears to be a noveﬁ

s&co 1solactarane (d1agram 103, c]eavage as 1nd1cated)53

' sesqu1terpenoid " The funga] metabolite 1solactaroruf1n C

[

-,( 04)15 an examp]e of the rare. lsolactarane skeleta]

-~y

g

* A ‘ »
€ Va]ues are very approx1mate because of the sma11
quant1t1es employed. o :

>
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,class . “.Recent re?ults -1nd1taté that the 1so1actarane
v ske1eton s c]ose]y re]ated to the 1]1udo1ds (Schnme
o S -
, 9) d1scussed ear11er (Scheme 3).. 'w. R -
. P T N < : e ' h ‘ '
. Scheme 9. Isolactarane biogenesis.
. : ' S . &
= E @,
Q P
. e v ‘
—e- \ 8 ————— 5
- - ® =
- rI‘ f " H
: Z\k,/ ‘
e The’ proto111udane cation (53) rearrgpges to the
secondary carbonium ion 105 wh1ch in turn rearranges

P Y

Rz

Compound 98 is also b1ogenetically p1ausib1e as it is
formally a aeoomprotoi11udane. '

72
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" oo . w o w . R ety x ¥ ' . .
. | to the-sterpurame 106) - Nucleophilic attac

I

as ‘tndﬁaatbd produces Pthe 1so]actarane ske]eton 103a

The numberlm% tem adopted for n1dulone (97a)

' &
consequence of t above b1ogenet1c scheme

. J ?
eluted 1n;Sephadex fract1ons 42 43 of the n“uﬁﬁal

Aextractq It was o%tarned 1n pure form as aaye_;‘fv
’ REoN

g1§es a red co]oured spot after v1sua11zatgon

.u}' Compound A has a mq]ecu]ar formﬁﬁa of C]5 ]8C3A

pe
h,

1.(m01g wt 246) -The solid phase ir (CHc’- ;.
.A., 7," . ’rki‘

ﬂ_;,*» rbm 9how§ﬂ§ sharp carbqny] band//; ]?5333} |
_ﬁ9 ‘319n1f1cant1y broadened (but unsb1fted) 1n)the solluti

‘phase (%ﬁtl3) ir spectrum Hydroxy] absorpt]on_1s
absent in. both spectra o oo ' tuie
,'The ]3Cmr spectrum (CDC13) d1sp1ays only %ne 61
(6214 4) in ‘the carbony] reg1on17 .

iy -~
fbre a. keto’diether In the o1ef1n1c carbon reg1o

Compound A is th

of the spectrum, four s1gnals (6121 9, 132’9 134, 1

'_144 9) are ev1dent 1nd1cat1ng “the presence of two
‘ir‘ :

. . -double bonds in-a tetracyc11c mo]ecu1e 'Two of the

) s1gna1s (6121 9, 13? 9) correspond to methjne carbo

the other two represent fu]ly gubst;tuted carbons

®oa 1: F‘v _'4'.;; _

Vo

‘gnal-

k .

.“Jf"
Compound A the f1na1,metabo]$te to be conSIdered

B8 b
by s111cafge1 column chr matogrephy of :ﬂgse fracf%bd

*Compound A an,’ Y ¢ 0 s (benzene ether, ] 4) aqg Xy

ci

1S
'IE;;’}

.c, ﬁ\

e

ere-:

s,"

* — 4?

;v ST R quiterpenoid, however ¢ Teavage of the cyc]opropyl
1 W "o of 103a seems -more pTausible than cleay ge-
.¥ 3'cyc|05utane ring of 106 RN o 2 v S

~ One could argue ‘that 97a is a seco- sterpurane ses-|

ring-

wn - RO B

B

* - -
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R _i e ..m_’Oiu: L . l‘ . \ . a“é . R - \ $ . . . _,7 o N
I ' ) '+ The ]Hmr spectrum (CDC] ) Gf compound A 1F1gure 9) dis-
p]ays three one proton s1gnals atiTow f1e1d (65 58 (d
S o >, *‘
Jdo 1 5 Hz), 5.62 (d, 1.5 ﬂz), 5 62 ‘s [’ two of wh1ch

. <X

. . ) . . o J\ . )

S, o must be Jdue to o]ef1nft’protons ,&gw9£‘
3 .

ﬁ , x . . The oxygenated carbbﬁ reg1on of ',.1{3émﬂ gctrum .:
v ; YL ?b

shows two gggna]s (577 6 77.7). a551 ernary RR

"1 ',,.
it ) r,".

BN . ._' 43)’ . ~‘4'~'
1§ [ ' , and methyTene carbon“s respectwe]_y . The

13 et revea]s protous w@&h chem1eaT sh1fé§ of 83. 43 and 63 84“' T

e 'mutualiy °QH§§ed -by 6: Hz. These protons must rearesent -
Sy a“gem1nﬂte pa1# “The ]3Cmr spectnum shows a meth1ne : <£
, . ot ™ ]7 IR

L carbonc(612&>3) in the r;%§on where doub]y oxygenated

zarbons ﬂsual]y resonate One of the three s1gnals 1nw@,

: ‘ e o : thé’reg1on 55 58- 5 62 must represent the pn@}on attached ff;,s
f v Y to this~ carbon Part1a1‘§tructure lgl!!giguggested 7;, o
v, B by t#iwsi-data?. I n effort to demonstrate the i M
: , : S ‘. N ,
e «l--’.|~ I o
i . BRI ~ ~€-0-C-0-CH,-C- ®
- T
- /(Ha A \Q .c
. 107

2 -__; o : presence of an aceta] 11nkage, acid cata]yzed methanoly-‘

515 was attempted Boron tr1f1uor1de etherate 1n

. : * N, ) oo
R Hhen the ]Hmr spectrum was recorded in. benzene d5 :
- 'these three protons were well resolved (85.14 (d, 1.5

- Hz), 5.35 (d, 1.5 Hz), 5. 69/(5)) - A coupling (1.5 Hz)
- ) between the doublets in thi's set was ver1f1ed by a
) — —double—irradiation—experiment.. :

- T monstrated by a decoupling exper1ment : = ’
' +_It\would be presumptuous to assume that H, corresponds -

“to the singlet in the region 65.58-5.62, gherefore Hy .

. . may ‘be’ coupled\jallylically perhaps) to one olefin1c
Te s protgn. s

oy

e Hmre s ectrum : . Py
0 P B S ﬁﬁ




9 !*‘ \é

-~ s “ d
o 'methanol (two days 25° C) gave only recs *‘fd starting Jj/
R - mater1a1 as .da methano] saturated w1th hydrog@n e .
A ~chloride (two days 25° C): When the 1atter react1qn," N

mgxture-was heatéd at reflux overnightre comp]ex'mix- \ ' S
o tuF% of "very po]ar mater1a1 resu]ted
Compound A has three methy1 @roups ( Hmr: §1.16, 1 19, X E

13

1‘50)‘bonded to- fu11y subst1tuted carbons Ihe Cor

4-?spectrum reveals?two methy]ene group s1gn§ts‘K§33 5,
L‘ N 1" . . ) .
. gctrum as a set of four s1ng]e proton triple doub]ets P
i’ (51 70, 1. 82 N.90, 2.11) . Ahese pt"‘otons form an

"
1so]ated s%#p system, 1rrad1at1on of the other protons

.

in the mof%qu]e does not perturb lhls reg1gp of thec
spectrum ”The comp1e§1ty of these s1gna1s is’ 1ncon- S »
s1stent W1th the presence of-1solated methylene- groups '/

(wh1ch wou]d nge afF!1r oﬂaAB quartets) Iso]ated spin
' system 108 whereln each proton co,ﬂd potent1a1]y g1ve ‘

., L . ?“‘ _‘,. ’. . s .'/‘.‘_ . . | ' » P <

ooan e1ght 11ne 1Hmr s1gna4 is 1mp11cated : ,’ i.-'c,' '
Reduct1on of compound A (sod1um borohydr1de methano])
-gave a complex react1on mixture from which the. d1hydro |

der1vat1ve (2H-A- mol. formu]a C]5 2003, mol wt. 248)

"ﬁikf"'"cei

was obtained in 16w y1eld (20%) by ptlc When the

method of Lucheal(sod1um borohydr1d§ ceric chTor1de,,

e BN : ; LR =
- N ‘ ., T .’l’:' -

35 1). The corrgspond1ng protons*%ppear 1n the onr U §P'g

RN S A ~_CH e L | o



{.

methanol) was employed a great]) sUPNiqr (88%) yield
’ Hof 2H-A was obtained. The ir sPec¥ Uy of this deriva-
tive lacks. carbony] absorpt1on /Wh‘]§ 4 hydroxy] band
(3420 ¢m 1)4é§ prominent: . Thg ﬂaYb‘NQ1 nroton and carbon
are ev1dent ™ the ]Hmr (F1guhe }ﬂ’ th13; §3.26 )

¢ *p; 1.5 Hz)) and 13Cmr (methiner 69? ) s ectra res-

;'ﬁ._* pgctive]y' Ncetylation;(acetic ahhthide pyridine,

bhree :days, 25° C) ‘gave the acety! :;:‘Vat ive  (Ac-2H-A;

‘I-J&mu1a C]7 2204, mol. wt 290}\1ﬂ Wh1%%'a charac-

ter1§%1c'secondary a]coho1 ce 3%‘ s ftlg of-. 1 50
o g t/ S, shi

S me 1s observed for the carb1n01 hr t%$ Q§4 76)-1n the',

1 “ 4 _ tr \
Hmr spectrum P . '¢,

The carb1no} proton of 2H p 15 Qoup]ed (l 5 Hz)
to a proton resonating at 65.45 Wh1 ,n turn'ls '
coup]ed (1 5 Hz) to a protpn at ®5 ThiS‘ih?OPma-.

t1on ﬁﬁﬁ%ests that 2H A 1s an ]]y1 ‘a1coh°] the

’-‘_carb1nol Rroton ogﬁng coup]ed td Q- vi hy] prOton Thi§7

- 4 ‘ 'v" . !
. s ‘..) S
R !\fa ""4-, 3

wou]d 1mp1y that compound A 1§\ n ﬂ’B unsatmrated ketone
(part structure 109) }he carb°"y Etre“thInQ

Demonstrated by. double 1rrad13410"HQ*per1ments
t The small shielding (0.15 ppy) ©

- compound A" requéres that Hb be 1‘u§ted 0 to the
carbonyl in 109

Qu"_"(_)

h. on rEduCt1oh of 'lw

76



N - band between 220 and 250 nm and 2 weak (e< 100),'

f\_" son of the two Spectra neveals a pers1stent absorption -

L )
P e P

q i
rfrequency (1752 cm 1) is toq 1gh for an o, B unsaturated

cycldbentanone (1710-1720 cm” )]8 and somewhat Tow - -;gﬁﬁﬁ_

¢ for an a,B-unsaturated cyc]obutanone (”082 1792 en”';

— : : ‘ \;t O '
. . Co\ A,

S ‘ &% -
- . . v,

The uv sped%ra of compound A _f'p{ :

K

(Amax‘& v,yzso (aA33oo . 342 n\n B

‘FLe 600)) and 1ts d1hydrgp7q‘ }at1ve ('
T (c 3500)} are‘not ent1re1y cohs1stent > h the-presence ‘
84 T

(CH30H): 215 (e, 28-00

max: (CHg onaa 26 m *

i,of\an endﬁe mo1ety 1n compound A. . Enones exh1b1t~

,twoﬂcharacter1st1c uv bands - an dintense’ (e> 10 000)

'n#n band above 300 nm. Ph the spectrum of compound A
.- . the observed bands 1ack the propem 1ntens1t1es (both - ) Q;
| re]at1ve and abso1ute} expected of an enone. Compar1-

AY

(A 250 nm; 2H A 246 nm) whtcb-couldmbebgaus

85;'perhaps‘the‘bands : 215 nd»§42

_'conJugated%d1ene
‘gnm in the %peptrum of compound A»aredgadk d by h1gh1y

uv act1ve 1mpur1t1es - : »"\ i T

| ‘fjf . S A conJugated d1ene mo1ety would exp1a1n the sma]]

(1.5 Hz) coup]1nq§ex1st1nglbetween the protons resonat1ng

.'(C061 ) at §5.58 and 65 62 The v1ny1 protons of a i
R . .‘. - . I _‘ . o L . : . . Q»
‘§,,'._ L T

~



-couphngs of ed.

%IS (ozone 1n meth_ylene ch]omde aet -78 C,adimethyT

»
” o
= SRR I 7} A, NI — — - )
) ! 8
: ‘ . Tt :
s . . o Ol . .

'conJugated d1ene can eprit four ang/or f1ve bond

"

73.

- §
1 Hz An thmpt -0 chemlcal'ly

f“tl\"f‘ﬁg

I
1nvest1q&e the o]eﬁmc sys*tem of compound A by ozono]y-

:6 '@ L. \1 o . G
su]f1de worb uép) produced on1y tar ¢'i;, i S . ¢

- Based mn the abo*vé ‘1nfor‘mat1on, «1t 1s notmposs1b]t

o s e A

“"‘., L Ygy RU) R U g
i structure for c'ompound A Lack of matema] ,
o Vg L : - . . -
,d further g‘ork cm*tha smcompb”und. e SR
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i T EXPERIMENTAL -

"(sod1um), ether (sod1um),,'?- g

: .methanol (magnes1um)

tC]eve]and)

- .(ptlc) was carr1ed out on glass p]ates 20 .x 20

«

< %‘, |

v

‘l
- ' : -ty
. ‘ .
.. . . ™
.

¥

+Fermentations were carried out in a New Brunswick

Scientific'MF-214 microfermtlaboratory fermentor.

water used at all stages of the fungal cu]tur1ng process
gL

e

waf d1st111ed in an al] g]asi gpparatus
TAn so1vents were d1st11ﬁed pr1or to use. Ske]]y-
so]ve B refers to Ske]]y 0i1 Company 11gh¢ petro1eum,

bp 62- 70vC Anhydrous so]vents were d1st111ed from

appropr1ate dry1ng agents ,ackets) tetrahydrofuran

T a1coho] (sod1um) and o

A H1tach1“CLC 3 eentr1fuga1

Tiquid chroma&ograpﬁ packed Wwith Baker TLC Silica Gel 7

3

(<40 um) was used for centr1fuga1 liquid chromatography

_Macherey Nagel S111ca Ge1 GO'P<80 um) was used for

column chromatography Fract1ons were collected w1th

'van Isco Mode] 1200 fractwon co11eetor gﬁ?atman LPS- 2"

Chromed1a (37- 53 um) was used for FTash cq?ﬁurq;natography86

"_Analyt1ca1 th1n ﬁ!ggq chromatography (t]c) was carr1ed

out on g]ass p]ates (75 x 25 or 75 x 50 mm) coated

( 0 3 mm) w1th s111ca gel G (W. Merck, Darmstadt)-con7

ta1n1ng 1% e]ectronnc phosphor (General E1ectr1t
s :
Preparatlve thin_ 1ayer chromatography

10 x 20

or 5 x 20fcm) coated (0 5 mm) w1th‘the same adsgrbent

7?

P

. Mater1a1s;Wer§=detected by v1sua11zat1on\under~an Qg'#”

-

‘ ultrav1o1et lamp (254 or 350 nm) Thelrlate (only a

b Y
S -
14

Jic

1
. v o. .
L e TS ;j'&w-

S

79




'  »ments were. made w1th a Durrum Jasco ORD/UV 5 (SS 20.

thin vert1ca1 band in the caSe-of pt]c) was then. . |
sprayed with a so]ut1on of vanillin (1%) in c0ncentrated
“sulfuric acid. Carefu] charr1ng with*h heat gun
followed by a brief cooling per1od;produced the colour
freactions indicated in the-tekt« Nitrogen was purified
by passage. through a co]umn (4 x 45 cm) of Centra],
Dynam1cs Corporatlon cata]yst R3 11 fo]lowed by a co]umn
:wgﬁ X 50 cm). packed’ wqth potassium hydrox1de and an-

H&drgus ca1c1um su1fate ' Ozone/*as generated with a

i welsbach Ozonator,"

& g,

t‘(

RN
.Emass spectrometer coup]ed to a DS 50 computer, or%pn

- A. E I MS 9 mass spectrometer (éhem1ca1 1on1zat1on)
‘Data is reported as m/e (re]at1ve 1ntens1ty) Unless
§d1agnost1ca11y s1gn1f1cant, peaks with 1nten51ties less

"'than 20% of the base peak are omlttedf~ifnfrared (IR)-
tspectra were recorded on a N1coTet 7196 FT 1nterferom-.

eter, u1trav101et (UV) spectra on a Un1cam SP 1700

;ultrav1m]et spectrophotometer and optlcal rotaﬂuons on

v jMass spectna (MS) were recorded on- “an A E I. 'ﬁs 50

' a Perk1n E]mer Model 141 po]ar1meter 0pt1ca1 rotatory '

a.~d1sper51on (ORD) and c1rcu1ar d1chro1sm (CD) measure-

BY

maqpet1c respnance (! HMR) spectra were measured on a s
¥

'Bruker.NP 60 spectrometer 1nterfaced to a N1c01et T080

£ <

L computer, a. Varlqg HA- fbo spectrometer 1nterfaced to

-~
o

'lmod1f1cation) record1ng spectropo]armmeter 1y nuclear""

80
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‘f

“.a Digifab FTS/NMR-3 data system, a.Bruker WH-200 Spec-.
&5 | g
trometer or a Bruker WH- 400 spectrometer ”IC‘nuc]ear‘0

magnet1c resonance (13Cmr) spectra ‘were measured on

‘the aforementioned'Bruker WP-60 instrument or a Bruker

- . I
”puter A11 nuclear magnet1c -resonance measurements
emp]oyed tetramethy]s11ane as an 1nterna1 standard S ‘ ,T
N = N : Me1t1ng p01nts were recorded on, a F1sher Johns me1t1ng

»

point apparatus and are uncorrected 'f"a

' . A S
+ tion of - -

' ﬁr-owth of' Cy‘athus bur-ii'/,‘ervi Cm :

r,.‘w p =y v‘.;t_‘,'

. metibolites
e "

Dur1ng the ear]y phaseées of this work C. buZZert
6680a was grown on- ster11e Brodie' s liquid med1um This,

".,fg\;h T 'aqueous medgum cons:sts Qf the fo]1ow1ng nutrients

Jper 11tre dextrose, 12 g; ma]tose, 5 g,qéeast eé;ract,'

A3

»‘2 g,)asparaglne, 0 2 g; peptone, 0. 2 gs MgSO4, 0 25 g;

_KH2P04, 0. 5 g; . Ca(N03)2 4H20 0:5 g, Fe2(504)3, traceq
amount -The med1um was autoc}aved at 120°C pr1or_to"

. . ,_” use. The ster1llzat1on per1od var1ed from twentx

i*'f 3 ";j-_ff m1nutes for vo]umes up- 500 mL to one hour for“tenfid

S 11tre batches R 4': j'. o |
P "‘- ‘, ) K ] ¢ N . . ‘
S | ‘Stock cultures of 0. buller: 6680a'(ATCC 38351).
N *
- were ma1nﬁﬁ1ned in s]ant tubes at 5 ¢ on agar 1mpregnate¢
. . ",' - . . . _ T ’ - . :
o Obta1ned from Pr. J.H. thns, B1osystemat1cs Research
Inst'tﬁte, Agr1cu1ture Canada, Ottawa, Ontario. . e

T A

. 47‘,»&- . k' oo
.“' o R A
h PR
“

*® N .
HFX- 90 spectrometer 1nterfaced to a N1co]et 1085 com---'“‘_ 0,

- © ’ N - ’ N
..
" - e Ad
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%ﬂr.%'With”Bnodie's medium. To initiate large scale cultures,

D)

'sma11 fragments Qf agar conta1nrng ‘the mycelium were ’
asepgipally transferred to Er]enmeyer flasks (4 X 300

mt) conta1n1ng ster11e Brod1e s med1um (100 mL) 'The

- a rotary shaker

ster11e g]ass beads. (6 mm) were added and v1ggurous

After three days 1ncubat1on, th1rty

‘agltat1on was contlnued for a further seven dzygg The

‘conténts of these 1nocu1at1qn f]asks were trags?ﬂ#red

proceeded qﬂder the“fo]lowing standard cond1t1ons

4,
25 C 200 r.p.m. ag1tat1on rate, 3 L/min air f]ow Tgﬁgﬁg
cu]tgy1ng techn1que was p]agued by bacter1o]og12f1 cgn-*

2

1n On one occas1on.

tam1nat1on of undeterm1ned 0r1

- tms method produc@a tbtal%etabohte y1e1d (vzde ,

.y N
2 .
]

per1od

A mod1f1ed cultur1ng techn1que, wh1ch reso]ved
) o S
% the prob]em .of contam1nat1on was used fpm tﬁe bu]k -of

Three or fdurapetr1 d1shes (9 cm x- 1 cm)

WY

& th1s wdrk

’% conta1n1ng agar 1mpregnated w1th Brod1e .5, med1um were

1nodu]ated from st0ck cb]tures "#hese growths were then

\.:' B V

al]owed to mature for two- weeks at wh1ch time the

myce11a1 growth covered near]y the pnt1re surface of

- \ - !
s » . ‘ .
v . L . . . ST e . . . ., .-
e LT T . LA I y
“ : . hd * o &? .. - :
% . W
) I YO AP - D t
% PR oo . -
l('_ o O - V4 “ e

cu]tures were a110wed to mature at room temperature’ﬁnz'

1nfra) of 2. 7ag a?;ir a. seventeen day fenment :on,n; -

82




R 83
" the .agar p]ate;»rThe»agar dfscS‘were'bJended (Waring
blender) along with steri]e’Brodie's medium (500 mL).
This inoculum was gent]y ag1tatéﬁ 1n an Erlenmeyer

.
‘flask (2 L) for a two week period,’ the contents were

. then transferred to a fermentatlon apparatus as before.
In1t1a1]y, growths produced 1n th1s fash1on gave tota]
metabo]zte y1e1ds (vzde tnfya) of .3.2 g after a twelve

'“hday fermentat1on per1od 4 Later cultures produced _;

severe]y d1m1n1shed metabo11te y1e1ds (~0.¢ é¥ ~This . - co*
probleéem was so]ved, at 1east temporar17&u byg{ecourse e

.to a s1mp1er Su]ture med1um known as yeast malt extract

-

?l Lo

;Qi medium. Th1s aqueous hed1um conta1ps the fol]ow1ngﬁ ' N ,

o

o growth and the harvest of metabo11tes In1t1a1 "j ;;A-Qﬂ h;ﬁ‘e

ﬂ\-{ 11ke1y that th1s tendency to 10wer metaboltte -produc- jg

:;, t1dn w1th the passage of t1me ref]ects a decreased .

Anutr1ents per- 11tre dextrose, 4 g yeast extract
4 g, ma]t extract, 10-g. oCultures were pnpduced in
exact]y the same way as before with yeast- malt ex{tact - B

_ medium". replac1ng Brod1e s ‘medium at each S 1 gel' Th1s ) |
‘meéthod produced a. somewhat sTower groﬁth with a two_. e e i ey

S e

?'month per1od elapsing between the 1n1t1at1on of" the T e
o 5 R S ST
'”‘metabo}lte y1e1ds (vzde znfra) were 1n the 2‘5 g range, e

one year later the y1e1 s had fallen to 1. 0 g. It is - e

-

v1ab1hty of the omgna] stock cu]tures S
Regardless of the cu]tur1ng method or. medium o

3; emp]oyed, metabo11tes were a]ways 1so1ated 1n the fo]-

r.
- "

. -~ ‘ " . Tt N : LJ
: "
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‘The myce11um Was removed by vacuum

-

Tow1ng fash1on

f11trat10n through coarse filter paper (Grage 230)

L]

The cu]ture broth was then extracted With ethyT acetate

N

(4 x 1/3 voTumes) The ethyl acetate extracts wére

heavily emuTs1f1e

and f11trat10q'through CeT1te fac111-
tated ‘the separa n of the organYc and aqueous phases.'

- g T ;.‘ “ o
‘%xtrﬁc%s were then concentrated in vdtuo tq.ﬂso mb, » -

The
Ac1d1c ﬁ’mponents were rem,o‘Ved byixtractmn w1-th satu«-
rate%queous sod1um b1carbonate (3 X 50 mL)...' The b1‘ “

.acarbonate extracts were ‘then back extracted w1th ethy]@

o &, : .
;,acétate (2-x mL) The comb1ned ethy] acetate soTut1ons -
Mere washed,lﬁ;' water (50 mL) and br1ne (50 mL)., :
After dry1ng ov r aggnes1um sulfat@i ft]trat1on and ?_,. .

concentrat1on ?ave the neutrg] e&tract as a yeTTow oi¥.

The b1carbonate extracts uere ac161f1ed ( pH 1) w1th‘
_ : ;

'trated hydroch]or1c ac1d and then extracted w1th B

3 Theqe comb1ned ethyl ace-

«ftetate 04 x %0 mL)

xdtate en&racts were washed‘%1¢h water (50 mL) and brine

.\\.':

. B
A

(50 mL) and then dr1ed over magneSTum squate

Fi]traf R

.ie“ | ac1d1c extract 0 6 g, tota] metabo]ute y1e1d 2 2 g

taon and concentrat1on gave the ac1d1c extract as a

e

dark brown 0il. From tWenty 11tres of fermentatlon

neutral extract 1 .6 g,. -

-

broth a typ1caT y1e1d was

i o g
) l

Pre11m1nary fractxonatlon of the crude metabo]1;g

The neutra] extract (1 6 g) was d1$solved 1n

kel

4
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R 'Tﬁﬁf ’ ‘methanol (5 mL) and filteredrthrough a cotton wool
) ¢ .
2 £°I @ - “plug. The f1ltrate was applied to a column of LH-20
Q Sephadex (lOO g, 65 cm x 2.8 cm) The column mas . | ;

elyted w1th methanol at a glow rate of 30 mL/hr ‘ Frac-‘

5.

- tians (400 drops, ~7 .mL) gere collected w1th the a1d

R of an automat1c fract1on collector equ1pped with.a drop
. /
’, ' ygcouutert The ant1ﬁbam1a§ agenta polypropylene glyco$

A,é;' . ”(mol 'm;. 1>2000) e%;;ed in tubes 18- 25 (480 mg). The_
T tubes 30- 60 (1 14 g) “The acidic
© " extract (0 6 g) was handled 1n exaétly*the.same fashion.*

' o S
_ No ant1foam1ng agent.was present n this extract lhe ‘ .

metabolﬁtes eluted i

'
4

acid1c metabol1t§s also eluted 1n tubes 30- 60%

3 L %Q? ' The next step in the fractwonat1on of the neutral _
- T ) . A K e

‘ yr_A - , ’extract 1nwolved svl1ca gel chromatography of selected

~‘__Syephadex fract1ons Durlng the early phases of th1s .
B 5;'“3 work, a Centr1fugal L1qu1d Chromatogrwph.(CLC) was ‘- B ';71, o

L used for ‘thi’s purpose, however ord1nary columm chroma- ,

. v;v'; o tography was found to. be pore rel1able and conven1ent

- Thus column chromatogr!phy (50 of s1l1ca gel) of |

. s ™

R S Sephadex fractnons 38-4l (%50 mg)'gave some v1rtually“

pure metabol1tes as well as several sem1-pure compounds
‘ .The prel1m1nary column was eluted w1th the follow1ng
,( , ‘,i ‘.solvent metureS Skellysolve B- chloroform (1:1, 500~'f
" 'W'rp .‘A{ mL), chloroform (500 mL). chloroform-methanol (lOO l
e °ic,§,—usoo mLj,. chloroformimet%?hol (50:1, 500 mL), chloro-

form~methanol (20 ] 50 mL)’and chloroform methanoJ ‘

- Ca

PN : R S o
. . . . B . N




S S

<}

0,

(2 H, s, ArCH,0), 6.45 (1 H, bs, W

(10:1, 500 mL). '5;3?

" Isolation of Cyb70d01 (27a, 3-((3-(2-hydroxyethy1)-6-

hydroxymethy1-2,4- d1meghy1)pheny1) <2-methyl- (E) 2-

propenol)

t -
Cybrodol (27a) eluted in Sephadex fractiph5n40-41
of the neutral extract. It was qbtainéd in pure form
as a colourless oil (62 mg) when the preliminary

silica gel column of Sephadex fractions 38-41 was

, e1uted.with chloroform-methanol (20:1).

TLC: Rf 0.25 (methylene chloride-methanol, 10:1), gfeen

spot.
UV (CH;0H) A

.
'y N

max‘ 210 (e 6200), 270 nm (sh, e~ 320).

IR (CHC]3 cas&) 3300, 1670 (w), 1440, 1380, 1030,

1010, 890, 760 cm™'. .

é1HMR (coc )' 81.46 (3 H, d (1 Hz), v1ny1 CH ),
(3’H bs, 3xOH), 2.18 (3 H, s, C-2 CH ), 2. 36 (3 H, s,

C-4 CH3), 2.99 (2 H, t (7 Hz), CH,CH,0), 3.76 (2 H, t
(7 Hz), CHyCH,0), 4.23 (2 H, bs, Wk = Z Hz, CH,0), 4.50

4 Hz, vinyl H).

7.10 (1 H, s, ArH). | e o
13cMRr (cDj00):  814.9, 16.5, 20.3, (CHy); 34.3, 61.8,

63.3, 67.9, (CH,); 123.9, 127.8, (CH); 134.9, 135.0;
135.8, 136.1, 137.9, 140.0, (C). < !
MS: m/e calcd. for TygH,,05 (M*): .250.1569; found:

250;1562 (5), ?32'(35), 219 (?5), 217 (90), 201 (100), -

e
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199 (35), 191 (68), 187 (42), 183 (20), 173 (29), 171
(38), 159 (20), 157 (32), 156 (20). 143 (24), 128 (70).
" Chemical Ionfzation (NH3) MS shows an M + 18. (m/e 268)

peak.

Isolation of trisnorcybrodolide (23a, .6-(2-hydroxyethyl)-

5,7-dimethylphthalide)

Trisnortybrodo]ide (23a) eluted in Sephadex fractions
43-48 (66 mg) of the neutral extract. Silica gel chro-
wdlsgraphy (chloroform-methanol, 50:1; 20 g of silica
“91) »f these combined fractions gave pure trisnorﬁybro-
dp1;de (23a, i3'mg) as a tan powder. Crystallizatiom

(méthano]) afforded wﬁite‘prisms, mp 188-190°C.

\\

TLC: Re 0.58 (methylene chloride-methanol, 10:1), -
visible at 254 nm only. . |
UV (CH30H) Ap,.: 242 (e 6400), 282 (e 1100), 289 nm
(e 1300). '

IR (CHC1, cast): 3450, 1730, 1610, 1590, 1460, 1380,
1350, 1260, 1040, 1030, 1010, 860, 800 cm™'.
THMR (€DC1,/CD40D)" 62.48 (3 H, s, C-5 CHg), 2.59

(5 H, s (D,0 exchangeable), H,0 + OH), 2.73 (3 H, s,
C-7 CHy), 3.06 (2 H, t (7 Hz), CH,CH,0), 3.79 (2 H, t
(7 Hz),‘CHéQﬂQQ); 5.15 (2 H,.s, CHy0), 7.11 (1 H, s,
ArH). | ‘ | ' )
'3CMR (DMSO-dg): #12.7, 20.7, (CHy); 32.1, 59.8, 67.9,

* CD,0D was wet.

B QU

e e



(CHZ); 121;3; (CH);‘]20.5, 137.1, 137.4, 143.9, 145.6,
(C); 171.1, (c=0). ' ‘

MS: m/e calced. for C]2H]4O3 (M+):4 206.0944; found:
206.0944 (78), 191 (66), 175 }*00). 163 (16), 147 (43),
119 (20).

Chemica1~lonization (NH3) MS Shows a peak at m/e 224

(M + 18).

Isolation of isocybrodol (28a, 3- ((3 (2- hydroxyethy])-

6- hydroxymethy] -2,A- dimethy])pheny]) 2-methyl-(z)-2- i

“propenol)

Isocybrodol (28a) eluted in Sephadex fractions

-40-41 of the .neutral extract. It was obtained in very

crude form (75 mg) when the preliminary silica ge]
co]umn of Sephadex fractions 38-41 was eluted w1th
ch]oroform—mgthano] (20:1). The crude fraqtions of o
isocybrodol (28aj a]oné with'pyridine (0.1 mL)‘&nd
acet1c anhydride (1 mL) were ref]uxed overnight’ 1n

methylene ch10r1de (10 mL). Evaporation to dryness

in vacuo gave a brown:0i¥ {23 mg) which was chromato—

graphed (chloroform-ether, 97:3; 10 g of silica ge])
afford1ng crude triacetylisocybrodol. (28b, 65 mg)
Th1s material was stirred overn1ght in methan01 (10 mL)

along with potassium carbonate (1 g). The volatiles

were removed in vacuo and the residue was partitioned

between-ethyi acetate (SQ,mL) and water (10 mL). The




'organic solution was dried over magneéium su]fate,.fil-
tered and evaporated to dryness leaving crude 1so-
cybrodol (28a, 45 mg). Chrbmatography (chloroform-
methanol, 50:1; 10 g of si]ica'gé1) gave pure i30cybrodo1;

" (28a, 39 mg). Crystallization (ch]oroform—methéno])

gave white prismS.'mp 102-103°C.

TLC: Rf 0.38 (methylene chloride-methanol, 10:1),

yellow spot. ‘

uv (C“3°”)‘*ﬁax’ 210 (e 6200), 270 nm (sh, e~ 350).

IR (CHC14 cast): 3290, 1660 (w), 1440, 1380, 1035, 1030,
1005, 880,2750 cm™'. T -

]HMR (cnc13)- 62.02 (3 H, d (1 Hz), vinyl CHy), 2.16

(3 H,'s, C-Z CHy), 2.36 (3 H, s, C-4 CHy), 2.97 (2 H, ¢
(7 Hz), CH)ChgQ). 3.60 (1 H, d (12 Hz), CH,0), 3 |
(2 H, t (7 Hz), CHpCH)0), 3.78 (1 H, d (12 Hz), CH,0),

4.35 (1 H, d (N Hz). ArCH 0), 4.54 (1 H, d (11 Hz)

. ArCH,0), 6.27 (1 H, bs, vinyl H), 7.05 (1 H, s, ArH).
.‘3cMR=(coél3): §16.9, 20.3, 20.4, (CH;); 34.3, 61.9,
62.4, 63.5, (CH,); 126.3, 128.7, (CH); 134.3, 135.2,

136.0, 136.5, 138.0, 139.9, (f£). . . . [
MS: m/e caled. for 515“2203 (M*): 250.1569; found:
250.1578 (3), 232 (52), 219 (92), 217 (85), 201 (100),
199 (37), 191 (62), 187 (46), 183 (21), 173 (34), 171
(34), 159 (22), 158 (22), 157 (38), 156 (21), 143 (27),

142 (22), 141 (21), 129 (21), 128 (23).

R W T
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>'isbiaffﬁﬁ ofAéyb}ddil (ilg,'3-((2-formy]-5-(2rhydroxy-

ethyl)-4.6-dimethy1)pheny])FZQﬁethyl-(E);Z-propenal)

Cybrodal (41a) ?luted in Sephadex fractiong 40-41
6f the neutfai extract. It was. obtaine% in crude form
(26 mg) when the pre]iminary silica gel column of
Sephadex fractions 38- 41 was eluted with chloroform-
methano], 100'1 The crude material was chromatographed
(Skellysolve B- ether, 3:1, 10 g of 5111ca gel) afford-
_ing pure cybrodal (41a) as a yellow 011 (12 mgd.
~TLC: Ry 0.52 (metﬁylene chloride- mgthano], 10:1),
_brown spot. . _‘ | .)

IR (CHCl, cast): 3450, 2740, 1688, 1630, 1040, 1070,
890, 860, 830 cm” . -

Thmr (cocly): §1.57 (3 H, d (1 Hz), vinyl CH;), 2.26
(3. H, s, C-6 CH ), 2.46 (3 H, s, C-4 CH ), 3.10 (2 H

t (7 Hz), CHZCH 0), 3 80 (2 H, t (7 Hz), CHZCH 0), 7.61
(2 H bs, ArH + v1ny1 H), 9.75 (1 H, S, CHO), 9.92 (1 H,
s, CHO). | ‘ ’

- MS: m/e calcd. for Cy5H 18 3 (M ): 246.1256;'foﬁnd:
246 1254 (1), 217 {100), 186 (24) | ‘ |
Chemical Ion1zat1on (NH ) MS Shows a peak at m/a 264

(M +18). 2

NG

-

Isolation-of,cybroqic acid (42a, 3-((3-(2-hydroxyethy1)-

'6-hydroxymethy1f2,4-dimetﬁy1)phenyl)-é-methyl-(E)-Z-

propenoic acid) | .




3

Cybrodic ac1d (42a) e]uted in Sephadex fractions
39- 41 (96 mg) of the acidic extract In early work,
fractions similar to thede (40 mg) were subjected to
ptlc (to]uené-acetoﬁe-acetic écid, 75'25'1).affording
pure acid 42a as ‘a yellow solid (5 mg).
(ethy] acetate-Skellysolve B) gave white plates, mp
176-178°C. ‘

TLC: Rf 0.14 " (toluene-acetone-acetic acid, 75225:1),

red spot. )

IR (CH3OH cast): 3320, 2600, 1693, 1640, 1440, 1400,
1380, 13403 1260, 1130, 1040, 1030, 980, 870, 810-,
750 cm™ ), ; : o

51.60 (3H, d (1 Hz), vinyl CHy), 2.19
s, C-4 CHy), 2.96 (2 H,

ThMR (CR40D):
(3 H, s, C-2 CHy), 2.38 (3 H,
t (7 Hz), CHyCH0), 3.61 (2 H, t (7 Hz), CHpCH,0),, 4.38

(2 H, bs, cH 200, 7.5 (1 H,"S, ArK), 7.65 (1 H, bs,

vinyl H). ' |

T3cmR (DMsolée): 816.2, 17.4, 19.9, (CHy); 33.3, 60.0, .
' 61.o,f(cHa); 126.4, 134.1, (CH); 130.8, 131.5, 133.0,

135.3, 136.6, 1349, -(C); 168.6, (C=0).

MS: m/e calcd. for t15Héoo4 (M¥): 264.1361; found:

264.1365 (4), 246 (47), 233 (64), 215 (100), 201 (24),
187 (48), 173 (32), 171 (54), 159 (23), 129 (21),

128 '(23).

Cgystallization
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Isolation of mefhyl cybrodate (42b methyl 3-((3-(2-

hydroxyethyl)-6- ~bydroxymethyl-2,4- dimethyl)pheny]) 2-

methyl- (E) 2- propenoate)

The natural acid 42a was more conven1ent1y iso-
1ated as its methyl ester derivative. methy1 cybrodate
(42b). - Thys Sephadex: fractions 39547 (96 mg, vide
égpra) 1n-methano1 (5 mL) were treated with an excess
of diazomethane in mgthy]ene chloride at 0°C. Evapora-
tion Eo dryness gavé crude methy] tybrodate.(igg, 116
mg). Sfiﬁca'gelichromafography(ch]oroform-methapo],

50:1{ 20 g'of siltica ge])'gave pure methyl cybrodate

. (42b) as a yellow o0il (75 mg).

TLC: Rp 0.54 (methylene chloride-methanol, 10:1),

red spot J’_/, , _ x
oy (CH30H)PX % 215 (e 18,000), 258 nm (c 4300).

max

IR'{CWEY, cast): 3400, 1715, 1540,'1430,.13§g, 1340,
1260, 1210, 1190, 1120, 1080, 1040, 1000, 750 cm",
TuMR (cpea 3):  81.65 (3 Hood (1 Hz), vinyl CHg), 2.18

(3 H, s, C-2 CH ), 2 39 (3 H, s, C-4 CH ), 3.00 (2 H,
t (7 Hz), CHZCH 0), 3.75 (2 H, t (7 Hz), CH, CH 0), 3. 82
(3 H,. s, COZCHB)’ 4.48 (2 H, bs, CH 0), 7.14 (] H, S,

, ArH), 7.66 (1.H, bs, vinyl H).

‘3CMR (€D300): - 413. 9, 16.6, 20.2, 52.4, (CHy); 34.0,
63 0, (cn ) 128.1, 140.2, (CH): 131.7, 133.7,

134.6, 135.4, 137.0, 137.3, (C); 169.5, (C=0).
MS: m/e calcd. for CygHy,0, (M*): 278.1518; found:

92
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’n278.1522 (4), 260 (38), 247 (42), 233 (36), 229 (100),
- 218 (24), 203 (21), 201 (41), 188 (20), 187 (52), 173
(31), " (41), 170 (22), 128 (20).

A

0, 0 O-Triacetylcybrodol (27b, 3 ((3 (2-acetoxyethyl)- 6~

' acetoxymethyl 2, 4 d1methy])pheny1) 2- methyl (g)-2-

propenyl acetate)

N

A mixture'of cybrodol (ZZa,.IOQ'mg, 0.44 mmo1l), -

pyridine (0.1 mL), acetic anhydride (1 mL) and chloro-
form (10 mL) was refluxed for six hours and then
evaporated to dryness im vacuo. This géVe triacéty]l

cybrod01 (27b, 156 mg, 95%) as a yellow oil.

/TLC:_ R 0.44 (Skellysolve B- acetone, 7:3), green spot

IR (CHC13 cast): 1745 cn -1, | .
THmR (coclg): &1, 44 (3 H, d (1 Hz), vinyl CHy), 2.05 |
(3 %, s, OAc), 2.06 (3 H, S, 0Ac), 2 12 (3 H, s, OAc),
2.20 (3 H, s, C-2 CH ), 2.37 (3 H, s, C-4 CHy), 3.00

(2 H, t (7 Hz), CH,CH,0), 4.14 (2 H, t(7 Hz), CH,CH,0),
4.65 (2°H, bs, CH,0), 4.91 (2 H, s, ArCH,0), 6. 39 (1 H,

bs, v1ny1 H),’ 7.05 (1 H, s, ArH). L

MS: m/e calcd. for C,1Hog0¢ (M¥): 376.1886; found:

'376.1890 (1), 196-(100).

020601}315 of triacetylcybrodol (27b)

‘A stirred solution of triacetylcybrodol (27b, 78 ‘

‘mg, -0.21 mmol) in methanol was cooled to -78°C. Qzone

5 [ d
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was bubbled through the solution for fort;-five

mithes (0.03 mL7;in). After a furthe; forty-five

minutes at -78°C, the solution was purged with nitrogen

and then warmed to room-temperature. Aqueous hydro-

gen peroxide (30%, 1 mL) was added and the mixture wés=
' ' v

refluxed for one hour. Most of the volatiles were

removed in vacuo, the resigue was taken hp in ethyl,

—

acetate (100 mL) and then washed with water (10 mL) and \

brine (10 mL). After drying oveEJmagnes1um sulfate,

T f11trat1on and concentration gave crude 3-(2-acetoxy-

ethyl)-6-(acetoxymethyl)-2,4- d1methy1benzo1c acid (26,
73 mg).
THMR (CDC15): 61.98 (6 H, 5, 2X OAc), 2.42 (3 H, s,
c-4 CH;), 2.66 (3 ka;, c~2 LH3), 3.01 (2 H, t (7 Hz),
CHpCHpP), 4.10 (2 H, t (7 Hz), CHpCH,0), 5.08 (2 H, s,
CH,0), 7.04 (1 H, s, ArH). !
MS: m/e calcd. for CIGH]BQS.(P-HZO, parent ion not seen):
290.1154; found: 290.1154 (5), 248 (26), 188 (100), 187
(54), 175 (26), 160 (23), "159 (21), 147 (24), 115 (20), i
91 (26)
The crude acid (26,

73 mg) and 10-camphorsulfonic

_acid (100 mg) in benzene-methanol (10:1, 30 mL) were

v

refluxed .for one day. Evaporation to dr}ne§s and column
chromatography. (hethylehe ch]o}ideimethahol, 50:1; 10 g )

of silica gej) of the residue afforded a white powder

-(29 mg, 69%) judged %o be identical with natural trisnor-



o

'cybroooiide (23a) by, comparison of tlc, ir.‘]Hmr and W el

(4£ dryness in vacuo gave acetyltrisnorcybrodolide
(2

(acetone) gave long clear needles, mp 117-118°C.

THMR (coC

- 6-(2-Chloroethyl)-5,7-dimethylphthalide (33)

, y
< - - 9\?
!
,

ms data. .
. Vi
. . o /"/ _»_‘ >
O-Acetyltrisnorcybrodolide (23b, (2 acetoxyeﬁbyyyj
dimethylphthalide) | ?*:ff“ :
’ ! ‘ ’ ...\(\:%

A mixture of trisnorcybrodol1de\123a 520 mgf 0 097

mmol), pyridine (10 ml1) and acetic anhydr1de (1 mL)

was ‘stirred overnight at room temperature. Evaporation
3b, 23 mg, 96%) as a white powder. Crystallization

TLC: 0.62 fmethylene chloride-methanol, 20:1), visible
at 254 nm only. ,
IR (CHCT, cast): 1741 em™ L

3). 62 04 (3 H, s, OAC), 2.48 (3 H, s, C-5
CH3), 2.73 (3 H, s, C-7 CH3), 3.08 (2 H, t (7 Hz),

CHCH 0), 4.17 (2 H, t (7 Hz), CH,CH,0), 5.14 (2 H, s,

CHy0), 7.10 (1 H, s, ArH).

'MS: m/e calcd. for Cq,H;c0, (M'): ~248.1048; found:
1 248.1050 (14), 188 (100), 176 (20), 159 (28), 147 (36),

129 (24),

Trisnorcybrodo]1de (23a, 17 mg, 0 083 mmol) and
phosphorous oxychloride (100 uLk, 168 mg, 1.1 mmol) were

heated at reflux in pyridine (1 mL) for one day. After

N

S . B
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cooling, water (10 mL) and concentrated hydrochloric
acid- (1 mL) weré carefully added. Thé.mixture.was
extracted with methy]eﬁe chloride (4 x 10 mL). The com-
bined extracts were washed with saturazed aqueous
sodium carbonate (10 mL)jlwater (10 ﬁt) and brine (10
mL),. After drying over maQnesium'su1fate; filtration
| and concentration gave chlorolactone 33 (12 mg, 64%).
Recrystaliization (methylene chloride- Ske]]ysolve B)
gave white plates, mp 147-149°C.
TLC: Rf 0.43 (methy]ene chloride- methano] 50:1),
purple spot v151b1e only at 254 nm.
IR (CHC1, cast): 1741 em”).
THMR (cDC14): 62.49 (3 H, s, C-5 CHy), 2.73 (3 H, s,
C-7.8H3)s 3.23 (2 K, ¢ (7 Ha), Ar'g_rizfcuz), 3.60 (2 H,
t (7 Hz), ArCH,CH,), 5.17 (2 H, s, CH,0), 7.13 (1 H,
s, ArH). V |
MS: m/e calcd. for CqoH ]302 C] (M4-2) 226.0575;.foudd:
226.0585 (12); caled. for :,H,,0,3%c1 (M"):" 224.0604;

fouhd: 224.0607 (40), 189 (100), 175 (48).

6-(2—(4-Nitropheny1se]eno)etﬁyl)-5,7;dimethy1phtha1ide (34)

Freshly distilled tri-n-butylphosphine (45 ulL,
36.5 mg, 0.18 mmol) and 4-nitrophenylselenocyanate
(40 mg, 0.18.mm01)* in dry tetrahydrofuran (500 uL) were
added to a stirred solution of trisnorcybrodolide (23a,

16.7 mg, 0.081 mmol) in dry tetrahydrofuran (500 uL)

7 : - ‘ —
* Kindly supplied by Prof. D. Clive, University of Alberta.

”~
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uﬁ&er a nifroéén a;mbsphe}é;r>Tﬁe &egh—red mixture

was stirred for thirty minutes at room temperature ;nd
then evaporated to dryness in,vacuo.’ The residue was
chromatographed (10 g of silica gel), non-polar side

product§ eluted with Skellysolve B and then chloroform

“eluted selenide 34 (15 mg, 43%) as a yellow foam. Con-

tinued elution with chlproform gave recovered'starting
material 23a (6 mg).

TLC: Rf 0.42 (Skellysolve B-acetone;r7:3i, visibly
yellow spot. _ W .

"HMR (CDC14): 62.23 (3 H, s, €-5 CH.), 2.70 (3 Hy s, C-7
CHy)s 3.70 (2 H, t (7 Hz), ArCH,CH,), 4.28 (2 H,-t’(7
Hz, Arcﬁzgﬂz), 701 (1 H, s, ArH), 7.59 (2 H, d (9 Hz),

2xArH), 8.10 (2H, d (9 Hz), 2xArH).

MS: m/e calcd. for CygHy7NO, Se (M*): 391.0323; found:
391.0318 (5), 189 (100). o o \

o

6-Vinyl-5,7-dimethylphthalide (29)

Aqueous hydrogen peroxide (30%, 0.1 mL) was added
to a solution of selenide 34 (15 mg, 0;038/mm01) in
tetrahydrofuran (2 mL). The mixture was stirred at

room temperature for one day and then evaporated to

dryness in vacuo. The residue was dissolved in ether

N ‘ : 3
(50 mL) and washed with saturated aqueous sodium bi-}

carboche (]0 mL), wateﬁ (10 mL) and brine (losmL)./
After drying over magnesium sulfate, filtration and .

.
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concentration gave erbdevgg (7.4.mg) as a yel[dw_oil. e . o
fPtTc purification (Skel]ysb]ve B-ether,3:1, triple e1ution).‘ o
 gave pure 29 (2.3 mg, 32%) as a'white powder. »Crystalj . '

) . lization (methylene chloride) gave c1ear need]esu mp '.f.'
93-95°c. . ' . . - \ 1. s
\ ‘.IEQ: Re 0.72" (Skellysolve B-ether, 3:1, frjple,eJutjon)?'l T
f;éq}p1e'spot visible onfy at' 254 nm. »»ifv | >
IR (CHC1g cast): 1740, 1610, 1000, 910 cm ‘;; ST 57 ), :

THMR (CDC15): 62.38 (3 H, s, C-5 CHj), 2. 65. (3 H,,s,f'
<-7 CHy),.5.16 (2 H.‘s, cn20), 5.24 (1 H, dd (2, 18 Hz), -
vinyl ), 5,65 (1 H,7dd (2, 11 Hz), vinyl H),. 6,65
(1.H, dd (11, 18 Hz), vinyl H), 7.10 (1 H, sz ArH)
S:- m/e calcd, for C),H ]202(M+) 188.0837; found 188 0836
(100), 187 (22), 159 (26), 143 (38), 129 (4}),v]28 (25),
. 115 .(20). IR - .=

s T v M ’ -

Lo ’ , - N , L ~ . T
,.46-(2-Methanesu1fony]oxyqthyl)-s,7-dimethyjphthajide (36) w

Trisnorcybrodolide (23a, 50 mg,-0.24 mmol) and
" methanesul fonyl chloride (0.5 mL, 0.74 g, ‘6.5 mmol) in

_ 2
ture. The volatiles were removed in vae

| . ‘ _

; - pyridine (5 mL) were stirred overnight aZ room tempera-
’ .
\

|

\

o and the <“}‘ i
res1due was partitioned be\reen water (20 mL) anz ethy] b . e
‘acetate (20 mL). The aqueous phase was extracted w1tb o -
uadd1tiona1 ethyl acetate (2 %. 20 mL), the !meined |
organic phases were then“washed w1th saturateq aqueous . - ' »
sod1um bicarbonate (2 x 10 mL) and brine (10 mL) Af;er_! ‘

e
(e '.7:‘: T
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drying ovér~magnesium sulfate; filtration and concentra-

. ‘tion'gavé crude 36 (106 mg) as;a'br;vn oil. Column
chromatography (methyle;e chloride-methanol, 50:1; 20 g
~of silica ge])lgave pure 36 462- mg, 90%) as a tan solid.
Crystal]1zat10n (methy]ene chloride) gave co]our]ess
needles, mp 120-121°C. ,
TLC: Rf 0. 56'(methy1ene chloride-methanol, 50:1);.‘
= purple spot V1s1b]e on1y at 254 nm. | f\‘
IR (CHC1, cast): 1750, 1340, 1170 cm ].' -
 THMR (cnc1'3):“62.47 (3 H, s, C-5 CHy), 2.72 (3 H, s,
C-7 CH,), 2.9‘5 (3 H, s, CH3S0,), 3.23 (2 H, t (7 'H‘z)‘,' | |
ArCH,CH,), 4.28 (2 H, t (7 Hz), Af'cn?_gﬂz), 5.14 (2 H, ' 4
S, CHy0), 7.12 (1 H, s, MH). |
MS: m/e'ca]gd; for C13H1605§ (M+):_ 284.0719; found: .
284.0724 (1), 189 (100), 130 (31). | |

Cqmpound 29 by bBU'treatment of 36

Compound 36 (40 mg, 0.14 mmpl) and freshly dis-
tilled ogu (1 mL) were st1rred overn1ght in ‘toluene (5
‘ mL) at 90°C. :The cooled react1on}m1xture was diluted .
with.ether (20 mt):and washed with 5% aqueoua'hydro-
ch]oric‘acid (5 mL)x saturated aqueoUs sodiumﬂbicarbonate
(5 mL), water (5 mL) and brine (5 mL). After drying
aver. magnes1um su]fate, f1ltrat1on and concentrat1on
gave “the crude product (12 mg). Ptlc pur1f1cat10n

(Ske]lyso]ve B- ether, 3:1; triple e]ut1on) gave two

¢




_fractions: Rf 0.72 (5. 5 mg, 21%) and R 0.56 (3 7 mg,
11%). The Rf 0.72 fraction was 1dent1ca1 with compound
29 by tlc and ]Hmr comparison. ThevRf 0.56 component

was identical with compound 33 by the same criteria.

6-Formyl1-5,7 dimethylphthalide 30

Ozone was bubbled (0.03 gi/min) through a stirred

solution of olefin 29 (4 mg, 0.02] mmol) in methano{

(5 mL) at -78°C for thirty'minutes The ozone was then
purged with n1trogen and the so]ut1on was warmed to

room temperature. Sodium iodide (150 mg, 1 mmo]) and
acetic acid (75 ulL) were added and fhe solution was
stirred for two days at room témperatufe. The volatiles
were rémoved in vacuo, the residue was dissolved in
ether (50 mL) and washed with water (10 mL), 10%
aqueous'sodium thiosulfate (10.mL); satdrated aqueous
sodi-um Bicarbonate (10 mL), water (IOlmL) and brine

(10 mL). After drying over sodium sulfate, filtration
and concentrat1on gave crude a]dehyde 30 (3 mg) which
was pur1f1ed by ptic (benzene-ether, '1: 1) afford1ng

pure 30 (1.6 mg, 40%) as a white powder. Crysta111zat1on
(methy]ene ch]or1de) gave white prisms, mp 159-160°C.
TFLC: Rf 0.59 (benzene-ether, 1:1), purple spot visible
‘only at 254 nm. - | L
IR (CHCI, cast): . 1746, 1683 cn™ .

HMR:?TDC1 3): 82.69 (3 H, s, C-5 CHy), 2.98 (3 H, s,

100
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Lc§7,cn;). 5.21 (2 H, s, CH,0), 7.18 (1 H, s, ArH),
10.70 (1 H, s, CHO). '

MS: m/e caled. for Cy1H1003 (M*): 190.0629; found:
190.0629 (180), 162 (37), 161 (27), 149 (23), 133 (31),
103 (21).

o

0,0.0-Triacety]fsocybrodol (g§g,-§—((3-(2-acetOXy-

ethy])-6-acetoxymethy1-2,4-dimethy1)pheny])ez-mefhyl-

(z):2-propeny1 acetate)

A mixture of isoé&brodo] (28a, 40 mg, 0.16 mmof),
pyridine (0.1 mL), acetic anhydride (0.5 mL) and
methylene chloride (10 mL) was refluxed for six hours and
then évaporated to dfyness in"vacuo. This gave tri-
acety]isoéybrodol (28b, 59 mg, 98%)Aas“a yellow oil.

TLC: R 0.44 (Ske11ysolve B- acetone, 7 3), green spot.

IR (CHCl cast): 1745 cm™).

THMR (CDC14):" 61.93 (3 H, " (T Hz), vinyl CHy), 1.98
(3 H, s, OAc), 2.06 (3'H,‘s,'OAcf,‘2.08 (3 H, s, OAc),
2,21 (3 H, s, C-2 CHy), 2.36 (3 H, s, C-4 [CHy), 3.00

(2 H, t (7 Hz), CHaCH 0), 4.13 (2 H, t (7 HzY, CH,CH,0),
4.26 (259, bs, CH,0), 4.84 (1 H, d (12 Hz), ArCH,0)

4.98 (1 H, d’(12 Hz),'ArCHZO), 6.30'(1'H, bs, vinyl H),
7.02 (1 H, s, ArH). | |

MS: m/e calcd. jfor Co1Hpg0 (M*): 376.1886; found:
376.1903 (3), 256 (24), 248 (28), 196 (100), 183 (20).
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Ozonolysis'bf ;riaﬁety]fsocybrodo] (28b)

Ozone was bubbléd (0.03 mL/min) through a
stirred so]utibnud? triacétylisocybrodo] (28b, 14.6
mg) in mqthanol’(s mL) at -78°C for fortnyive miﬁutes.
The solution was stirred at -78°C for(a further forty-
five minutes, purged with nitrdgen and then warmed
to room temperature. Aqueous hydrogen peroxide (30%
0.2 mL) was added and the mixture was ref]uxed for one’
hour. Benzene-methanol (10:1, 30 mL) and 10-camphor-
su]fonic<acid (100 mg) weré added and reflux was coﬁ-
tinued ovérnight. Evaporation to dr&néss and co1umﬁ
chromatography jmethy]éne ch]oride-methanol;.SO:]; 10 g
of silica gel) gave a white powder (Zng, 70%) judged
to be identical with natural trisnorcybrodolide (23a)

by comparison of tlc, ir, Thmr. and ms -data.

0-Acetylcybrodal (41b, 3'((2Ef°rmy1-5-(2-acetoxyethyT)L

4,6-dimethy1)pheny1)-2-methy1-(E)-2~prop¢néll

1

A mixfﬂre'of Cybrodai_(ilg; 6img, 0.024 mmol), |
pyridine (O.Sme);‘écetic anhydride (1 mL) and méthyfene
chloride (éumL) was refluxed overnight and then evapo-

rated to dryness. Ptlc pur1f1cat1on (Ske]lyso*v\\B-
acetone, 7: 3) gave pure acetylcybroda1 (41b, 5-mg,"

71%) as a clear oil. ' R B . .
Re: 0.45 (Skel]yso]ve B-acetone, 7: 3), brown spot.
R (CHC13 cast): 2730,.1740, 1689, 1630 cm™!.
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VHMR (CDC14): 61.58 (3 H, d (1 Hz), vinyl CH3), 2.07

(3 H, s, OAc), 2.27 (3 H, s, C-2 CHy), 2.47 (3 H, s,

C-4 CHy), 3.12 (2 H, t-(7 Hz . -LH,CH,0), 4.19 T2 ot

(7 Hz), CH,CH,0), 7.63 (Zﬁbs,%vin_yi H+ ArH), 9.7

(1.H, s, CHO), 9.95 (1”H, s, CHO). ™ | \
MS: m/e calcd. for C15H1903 (M-hHO, parenf peak not |
seen): 259.1334; found: 259.1337 (100), 199 (73).
c_hemifu Ionization (NH;) MS shows a peak at m/e 306

M+ 18). | -

Manganese~dioxide oxidation of_cybrodblf(27a) "'

/

s

‘

Cybrodolﬂ(glgﬁ 977 mg, 0.039 mmo1) and activated

manganese dio§jde87 (Lsd hg, 1.7 mmol) in benzene
(2 mL) were stirred for oné day at room'tembgrature.
. The mixtufé was fi]teredvthrpugh Ce]jte;‘the ff]ter cake

~was washed with £ﬁ1oroform (5 x 10 mL) and‘the.combined
washings- were concentrated to a syrup (8 mg)."Pt]c
(méthx]ene chToridéLme;hanol, 10:1) purification gave a
'clear’oil (6.7 mg,-69%5'wifh physical properties (t]c,

1Hmr, ms) identical wit\ those of natural cybrodal (41a).

\\

_ R S o _
“Lithium aluminum hydride reduction of acetylcybrodal (41b)

| Lithium aluminum hydride_(ZO mg, 0.53 mmol) was
added to'é,sfirred?solutfon of acetyléybroda] (41b, 5 mg,
0.017 mmol) in dry ether (2 mL). After two and one-

‘.

half hours at room temperature, water (Ib.mL) was added
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- | i- ""aqé the mixture was extracted with ethef (5 x 10 mL).
. The combined ether extracts were‘washed with brine (10
. mL) and dried over magnesium sulfate. Filtration and
'f‘ concentnationhtollowed by ptlt purification (methylene -
‘chloride-methanol 10:1) gave a clear o0il (3 mg, 70%)
deemed to be identical with natural cybrodo] (27a) by

comparison of tic and 1Hmr data.

Lithium aluminum hydride reduction of methyl cybrodate

(42b)

Lithium aiuminumvhydride'(15 mg, 0.39 mmo]) was
% ; carefu]]y added. to a st1rred solution of methy] cybro-

date (42b 5 mg, 0.018 mmol) in dry tetrahydrofuran - o §'

(5 mL). The mixture was stirred for six hours at room

1 - vtémpérature Hater (15 mL) was added and the so]utlon

‘was extracted w1th ch]oroform (3 x 30 mL) The ch]oro-

form: extracts were washed w1th water (10 mL) and brine

(10 mL) After drying over magnes1um sulfate, f11tra-v

tion and concentrat1on gave a light ye]]ow 011 (4 mg,  ,, e
- N 89%) judged to be identical with nhatural cybrodol (27a) o .

by,compar1son of tlc, 1Hmr and ms data.

Methy1-3-((2-f6rhyﬂ-5?(2-hydrdxyetﬁy])l4,6-dimethy])-A:

‘phenyl)-Z-methyl-(E)-ij%dpenoate (45)

‘Athvated manganese dioxide (150 mg, 1.7 mmol) was

I  added to a solution of methyl cybrodate (42b, 6 mg,
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-

610é2>mm01) in benzene (1 mL). afbe sfurf}.uaﬁ stirkedﬁ
ag‘room temperature for one hour and th;ndﬁiltered‘”
thrpugh Ce]fte. The filter cake was waﬁhed with chloro-
form (5 x 10 mL), the filtrates were condeqtrated
Teaving 45 as a ye110% oj] (5 mg, 83%). | |

TLC: Rg 0.50 (methylénejchloride-methanol, 10:1),

brown spot. V | i | ‘ '
IR (CHCIy cast): 342, 1714 1689 em™l. 3
THMR (COC14): 61.65 (3 H, d (1 Hz), vinyl CHy), 2.24
(3 H, s,.C-6 CH 3)s 2.42 (3 H, a6, C-4 CHy), 3.04 (2 H,
t (7 Hz), CHyCH 0), 3.78 (2 H, t (7 Hz), CH, CH 20), 3
(3 H, s, C0,CH3), 7.60 (1 H, s, ArH), 7.80 (1 H bs,‘
vinyl H}, 9.94 (1.H, s, GHO). T |
13¢MR (CD40D): 614.1, 16.4, 20.3;'52.6,~(CH3); 34.6,
- 61.2, (CHy); 129.0, 144.2, (CH); 132.8, 133.2, 136.7,
137.7, 138.2, 138.5, (C); 169.0, 193.2, (c=0). |

- MS: m/e caled. for Cighyg0, (W'): 276.1362; found:
.276.1359 (2), 217 (100). | ‘

Lsofatien'of(ZR,BR)-pte%gsin C (46)

(ZRv3R)-Ptero§in C (46) eluted(in Seehadex

fractions .43-46 (50 mg) of the neutral extract  Slow
evaporatlon of these fractiems usual]y caused this

E compound to crystallize as c¥ar need1es Alternat1vely.
.1t could be 1solated by silica gel column chromatog-

raphy (20 g of silica gel). Compound 46 (18 mg) eluted
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with chloroform-methanol, 50:1. Crysféf]ﬁ;étibh
(ethyl acetate-SkellysdlverB) afforded clear needles,
mp 160-162°C (1it.°0 162-164°C)4 [213° -61° (c 0.36,
CH30H);‘cd/ord (c. 0.02, CH3OH) 25°C;: [81;,; -15,000;
[61370. +19° (peak), [8155, 0° (intersects), [4],,
-152°(trough).-l | | ‘

TLC: Rge 0.40 (methylene chloride-methanol, 10:1),
brown' spot. - ;;M, ' | '

IR (CHC14 cast): 3360, 1681, 1600, 1070, 1040, 1020,
1010 cm™ . | |

THMR (CD,0D): 61.30 (3 H, d (7.Hz), C-2 CHy), 2.48

(3 Ha sy C-5 CH3), 2.5 (1 H, da'(Jy = & Hz, Jp = 7 Hz), '
C-2 H), 2.65 (3 H, s, C-7 CHy), 2.99 (2 H, t (7 Hz),

CHpCH,0), 3.62 (2 H, t (7 Hz), CH,CH,0), 4.67 (1 H, d

(4 Hz), C-3 H), 7.34 (1 H, s, ArH).

T3cMR (DMs0-4,):  812.7, 13.3, 20.8, (CHy); 32.0, 59.8,
(CHp); 53.1, 73.7, 124.3, (CH); 130.7, 135.5, 136.9,

"144.0,-153.6, (C); 205.1, (c=0). "~ |
R - i \

MS: m/e calcd. for CquHg05 (MY): 234.1256; found:

'234.1254 (55), 203 (100), 185 (21).

Chemical Ionization'(NH3) MS sshows peaks at m/e 235
(M~+ 1) and 252 (M + 18).

Isolation of 3-methyllumichrome (59) : . B

3-Methyllumichrome (59) e]utéd in Sephadex

fractions 43-46 (50 mg). Silica gel column chromatog-
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7'fébhyﬂ(chloroform-méfpaﬁb], 50&];R20 g ofﬂsilicﬁ gé]) - ;///

of fractions 43-48 (66 mg) gave 3-methyllumichrome (59,

#8 mg) as a yellow powder{‘ This compound eluted prior

to trisnorcybrodolide (23a). Crystallization (acetone-

Skellysolve B) gave fine yellow needles, mp > 300°C (Ht.59

> 300€c). -

TLC: Re 0;66 (methylpne‘chloride-methanbﬂ, 10:1), blue
spot at 350 nm. ' .

UV (CH30H) A . 0 250 (e 9000), 337 (e 2400), 383 nm (e 2400).
IR (CHCly cast): 3170, 3060, 1680, 757, 678 cm™ .

THMR (CDC14): 62.49 (3 H, s, ArCH,), 2.52 (3 H, s,

ArCH3), 3.56 (3 H, s, CHN), 7.76 (1 H, bs, ArH), 8.06

(1 H, bs, ArH), 8.7 (1 H, bs, NH). _ ]
MS: m/e caled. for C3HyoN,0, (M*): 256.0959; found:
266.0959 (100), 199 (33), 171 (50), 156 (28).

Chemical Ion12at1on (NH ) MS shows peaks at m/e 530

(2M + 18) and 274 (M + 18).

Preparation of’3-methy11umichrome (589) - - ) 1P'

) 3-Methyllumichrome-10-N-oxide ((67), 100 mg, 0.37
mmoﬂ) and tr1pheny]phosph1ne (200 mg, 0.76 mmol) in 1- |

propanol (100 mL) were heated at rgflux for two days.

The solvent was.removed in vacuo and the residue was

- .
chromatographed over silica gel (chloroform, 130 g of

silica gel) affording 3-methyllumichrome (59, 75 mg,
-~ : - -
80%). Crystallization (acetone-Skellysolve B) gave

@
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- fine yellow needles, mp > 300°C, the physical properties
of which were identical with those of the natural

product (tlc, ir, ]Hmr, ms).

ISolétjon'of broderol-(77a)

Broderol (77a) eluted in Sephadex fractions 42 and

43 (195 mg) of the neutral extract. It was obtained in
pure form as white f]akesb(17 mg) when these fractions
were_SUbjected to-column chromatography (chloroform,

10 g of silica gef). This compound e1uted‘after com-
pound A (vide infra). Brodero] (77a) was on]y observed S
in two early growths using Brodie's’ med1um The
first isolation afforded 17 mg of 77a from ten litres
.of broih, thg‘ﬂext harvest gave 2.5 mg of-iZg from
twenty ]itres of broth. Brodero$?(77a) was crystafiiied
~(carbon tetrach]or1de) afford1ng wh1te plates mp 113
115°C; [a]D -99 (c 0.09, CH30H).

TLC: Re 0.66 (methy]ene ch]orIde methano] 10:]),

]
Rl

.purpie spot
IR (CHCT, cast): 3400, 3360, 1740 (w, impurfty?),"
1660 (w), 1460, 1400, 1380, 1090, 1070, 1060, 1020,

800 cm”'. ‘

THMR (CDC1,): 60.54 (1 H, m), 0.68 (1 . m), 0.82 (1 H,
m), 0.88 (3 H, s), 0.95 (1 H, m), 0.97 (3 H, s), 1.49
(3 H, d (1 Hz)), 1.5-2.0 (5 H, m), 3.25 (1 H, dd (10.8,
2.5 H2)}, 3.52 (1 H, dd (10.8, 1 Hz)), 5.70 (1 K, bs).
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THMR (CcDN) - 60.40 (1 H, ddd (4.8, 6.4, 9.2 Hz)), \>
10.58 (1 H, ddd (4.8, 6.4,9.2 Hz)), 0.84 (3 H, s), 0.92 (
(3H,5), 0.9 (2H, m), 1.40 (3 H, d (1 Hz)), 1.72 (1 H,\
dd (2.0, 10.8 Hz)), 1.90 {1 H, d (12.4 H2)), 2.10 (1 H,

dd (1.2, 12:4\Q<)), 2.11 (1 K, dd (2.0, 4.8 Hz)), 2.27

(1 H, ddd" (2.8, '4.8, 10.8 Hz)), 3.28 (1 H, dd (2.8, !

10.0 Hz)), 3.54 (1 H, dd (1.2, 10.0 Hz)), 6.02 (1 H, q

(1 Hz)).
13cMR (cpci,): 614.5, 18.8, 21.3, (CH3)s 6.3, 8.7, 36.8,
50.6, 74~0, (cné); 53.5, 127.5, (CH); 27.9, 41.2, 76.1,

ety e g s -

79.4, 133.7, (c).

MS: m/e calcd. for 015”2202 (M+)f 234.1620; found;
234.1615 (48), 205 (22), 161 (235l 159 (27), 151 (70),

149 (36), 137 (100), 135 (48), 134 (20), 124 (29), 123
(50), 122 (37), 121 (20), 119 (34), 109 (46), 107 (28), .
105 (38), 97 (49), 96 (20), 93 (31), 91 (41), 79 (26),

77 (31), 69 (24), 55 (35). |

'Derivatization of broderol (77a) with trich]droacetyl 2

, isocyanate

A few drops of trichloroacetyl isocyanate were

added to a chloroform-d solution of broderol (774, 1 mg)

in an nmr tube. _
THMR (CDC1,): 60.90 (3 H, s), 0.98 (3 H, s), 1.49 (3 H,
d (1 Hz)), 3.26 (1 H, d (10.8 Hz)), 3.55 (1 H, d (10.8

Hz)), 6.11 (1 H, bs), 8.25 (1 H, s). F~
K




Isolation of nidulone (97a)

The f]c (benzene-etper, 1:1) of the neutral extract
has a prominent blue spot at Re 0.50. The compound
responsible for this spot elutes in Sephadex fractions
40-42 (310 mg). Chromatography (¢hloroform-methanol,
100:1; 20 g of silica gel) of thése fractions led tp
the -isolation of semi-purified material (20 mg) whose
tlc showed mainly two éompounds: the blue spot plus a
new grey spot (RfIO.SOL\representing a co-eluting
compoundl The grey spot was,not dete;ted in the origk;\;/

~nal ektradt} This semi-purified material was chromato-

graphed (chloroform-ether, 10:1; 10 g of silica gel)

- affoFding nidulone (97a), the so-called "grey‘compouhd",

as a yellow s}mi-solid* (8 mg). Negligible amounts of
the impure original “blﬁe compound" were found in ‘
subsequent fractions. Ni_du]one_(97a,.[a]g5 -29°, (c.

0.03, CH30H)),has the following properties.

JTLC: R 0.80 (benzene-ether, 1:1), grey spot.

UV (CH30H) A . : 218 (e 8600), 260 (sh,ex 1100), 333
nm (e 3900). - o ‘ N
IR (CHC1, cast): 1744, 1705, 1660, 1460, 1380, 1240,
1040, 780 cm” . '

THMR (CDC13): 61.00 (3 H, s), 1.10 (3 H, s), 1.22

M - :
Repeated attempts to crystallize nidulone (97a)- by

slow evaporation from a wide variety of solvent systems
eventually caused extensive decomposition as indicated
by THmr and tic,

oy
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(3 H. s), 1.72 (1 H, dd (11, 12.5 Hz), 1.87 (1 H, dd
(8, 12.5 Hz)), 2.33 (3 H, s), 2.98 (1 H; ddd (3.5, 8,
11 Hz)), 4.05 (1 H, d (9 Hz)), 4.27 (1 H, d (9 Hz)),
6.83 (1 H, d (3.5 Hz)).
"3cMr (coc1,): 616.3, 16.4, 23.4, 24.8, (CHy); 34.6,
78.7, (CH,); 40.9, 130.6, ?cu); 40.4, 47.2, 130.2, 140.2,
142.4, (C); 168.6, 208.2, (C=0). ‘
MS: m/e calcd. for c]5H]803 (qf): 246.1256 ; “found:
246.1248 (100), 231 (53), 218 (18), 215°(23), 203 (82),
187 (30), 177 (51), 161 (68). |

The "blue compound", nidulol (99) has the following
physical properties (This/compound was isolated by
Dr.bReffstrub from extracts of c. pygmaeu.s”).
TLC: Re 0.50 (benzene-ether, 1:1), blue spot.
IR (CHC1, cast): 3400, 1740, 1705 (w), 1655, 1600,
1450, 1380, 1260, 1200, 1180, 1140, 1090, 1070, 1040,
1020, 780 cm”!. n
THMR (CDCT4): 60.90 (6 H, s), 1.18 (3 H, s ), 1.31 (1 H,
dd (J2.5, 12.5 Hz)), 1.57 (1 H, dd (s, 12.5 Hz)), 2.26
(3 H.'s), 2.73 (1 H, ddd (3, 8, 12. 5 Hz)), 3.92 (1 H,
d (8 Hz)), 4. 14 (1 H, d (8 Hz)), 4.14 (1 H, d (2.5 H2)),
6.11 (1-H, dd (3, 2.5 Hz).
MS: m/e ca]cd. for CogHy005 (M¥): 248, 1412; found:
248.1405 (100), 233 (22}, 230 (18), 217 (20), 215 (34),
203 (72), 201 (31), 189 (17), 187 (70), 161 (73), 146
(21), 137 (22), 133 (22), 125 (25), 122 (30), 119 (30),

. S .



CTLC: Rf 0.75 (benzene-ether, 3: 1), turquo1se spot at 5

350 nm. - o ) o~
uv (CHjOH) Anax® 220 (e~ 15, 000), 262 (e~ ]1 000{/\;5<.nm

2

115 (22), 105 (49). - » . - o

Treatment of nidulone (97a) with sodium methoxide

A solution of nidu]oneg(glg, 13.4 mg, 0.054 mmol) «
in dry methanol (0.6 mL) was added to a solution of
sodium (24 mg, 1 mmol) in dry methan01 (0.4 mL). )A”“'
dark red colour appeared on mixing. The so]ut1on was
stirred at room temperature overnight. No attempt
was made to exclude oxygen. Acetic'acid (0.1 mL). and
acetor‘ (10 mL) were added and the mixture was dried
over magnesium su1fate, filtered and concentrated fhe
resultant powder was triturated with methylene chlorIde
(4 x 2 mL). The comb1ned, concentrated supernatant
liquids were purified by flash chromatography (1 cm
column) eluting successively w1th Ske]]ysolve B, benzene,
methylene chﬁor1de and methanol. Two major components

were isolated. 5- Carbomethoxy 7- hydroxy 2,2,4,6- tetra-

‘;methy1-1-indanone}(lgg. 1.9 mg, 13%) eluted with Skelly-

solve B-benzene (1:3) while‘5-carbomethoxy—2,2;4,6-’

tetramethyl-T-indanone (101, 1.0 mg, 7%) eluted with

benZene Qompound 102 (wh1te powder) has the following

physical pnppert195 o f

, RN
(e~ 3000). . N R

Q
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’VuVA(szikoH'in CH3OH) A ..: 223, 237 (sh), 267 (sh),
379 nm. | , |
IR (CHCy cast): 3340, 1725, 1688 cm” .
. ]HMR (CDC] ): 1'26 (6 H, s, 2XC 2 CH ), 2 ]4 (3 H,
ss ArCH, ), 2.17 (3 H, s, ArCH 3), 2.85 (2 H, s, ArCHZ),
13.94 (3 H, s, COHCH,), 9.11 (1 # (0,0 exchangeable), s,
OH). . ‘
MS: m/e calcd. for'C]5H1804 (M+): ‘262.1205' found:
262.1207 (100), 247 (60), 231 (26), 230 (22) 202 (29).
Chemica1 Ionizatioh (NH ) MS shows .peaks at m/e 263
(M + 1) and 280 (M + 18).
Compound 101 (%1ear 0il) has the following physical _
properties; a ,' o ) -8
’TLC: Re 0.70 (benzéﬁg-éther, 3:1), purplevSpot visib1e
at 254-nm on]y.  ﬁ e | , |
uv (QH30H) Amax 2i7 (e~ 20,000}, 253 (- 10,600), 306"
nm (e~ 1000).' o L
IR (CHCI, cast): 1733, 1715 en”!. | |
1HMR (CDC13): 61.23 (6 H, s, 2XC 2 CH ), 2 25 (3 H, s,

., ArCH ), 2.44 (3 H, s, ArCH ), 2.86 (2 H, s, ArCHz),
3 94 (3 H, s, CO CH ), 7.43 (] H, s, ArH). .
‘MS m/e ca]cd ‘for C15 1803 (M ) | 246.1256; found:
246 1257 (49), 231 (]00), 215 (22). |
Chem1ca1 Ionization (NH ) MS shows, peaks at m/e 247

N .

(M + 1) and- 264 (M +18).
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(S ) L4

" Isolation of compound A
PrRe

S

Compound A eluted in Sephadex fractions 42 and 43
(195 mg) of the neutral extract. It'wés obtained in
pure form as a,ye1low_oil (18 mg). when thege fractions
Were‘subjected to si]fcé'gel column chromatography
(Skellysolve B-chloroform, 1:1; 10 g of silica gel).
TLC;n Rf 0.75 (Benzene-ether, 1:1), red spot.
UV (CH30H) Ap.,: 215 (e 2800), 250 (;<§306), 342 nm
(e 600). o N
IR (CHC1y cast): 1752, 1710 (w, impurity?), 1645,
| 1505, 1450, 1375, 1340, 1315, 1295, 1235, 1195, 1090;
1080, 1020, 1000, 990, 940, 910, 840_cm™ . |
THMR (CDC1,): 61.76 (3 H, s), 1.19 (3 H, s),.1.50 (3 H,
s), 1.70 (1 H, ddd (6.8, 10.8, 12.2 Hz)), 1.82 (1 H,
 ddd (3.6. 10.8, 12.2 Hz)), 1.90 (1 H, ddd (6.8, 10.8, -
12.8 Hz)), 2.11 (1 H, ddd (3.5, 10.8, 12.6 Hz)), 3.43
(1 H, ¢ (6 Hz)), 3.8 (1 H, d (6 Hz)), 5.58 (1 H, d
(1.5 H2)), 5.62 (1 H, d (1.5 Hz)), 5.62 (1 H, s).
THMR (CgDg): 60.99 (3 H, s), 1.16 (6 H, s), 1.3-1.7
(4 H, m), 3.29 (1 H, d (6 Hz)), 3.60 (1 H, d (6 Hz)),
5.14 (1 H, d (1.5 Hz)), 5.35 (1 H, d (1.5 Hz)), 5.60
(1 H, s). . -
'fT3€MR-(c6c13); §15.2, 17.2, 20.0, (CHy); 33.5, 35.1,
©77.7, (cnz); 101.3, 121.9, 132.9, (Eﬁ);447;23 49.6,
77.6, 134.i, 144.9, (c); 214.4, (C=0). | |
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MS: m/e calcd. for CizH 505 (M*): 246.1255; found:
246.1245 (49), 231 (16),'218‘(20), 216 (34), 203 (24), 201
(éO), 188 (100), 173 (25), 160 (28), 145 (22),“ 128 (21).
Chem1ca1 Iohization (NH ) MS shows peaks at m/e 247

(M + 1) and 264 (M + 18).

Sodium borohydride reduction of compound A

A mixture of compound A (13.6 mg, O,OSSImmol) and .

~sodium borohydride (50 mg, 1.3'mmol) in methanol (10

mL) wasﬂéti}red at room temperature for one hour.
Saturated‘aqueous_ammonium chloride (20 mL) was added

and most of the methanol was removed in vacuo. The'

\res1due was extracted with methy]ene chloride (5 x 10

‘mL). The extract was. washed w1th br1ne (10 mL), dr1ed "

~over magnesium sulfate, f)]tered and concentrated.

“Tﬁe‘crude product was purified by ptlc (methylene »
ch10r1de methano] 10“]) afford1ng 2H-A (2. 7 mg, 20%)
ILC: Rf 0. 56 (methy]ene ch]orlde methanol, 10:1),
purple spot, - . ;i‘ .

UV (CHgOH) A . : 246 nm‘(é 35ed¥. |

.IR (CHC13 Cast):_ 3420, 1650, 1610, 1080 cm
THMR (cC14): 61,17 (3 Hy s), 1.21 (3 H, s}, 1.52 (3 H,.

-1

s), 1. 5 1. 8 (4 H, m), 3.26 (1 H, d (1. 5 Hz)), 3. 46 (1 H,

d (6.Hz)), 3.86 (1 H, d (6 Hz)), 5.45 (1 H, dd (1.5, 1.5
Hz)), 5.68 (1 H, s), 6.73 (1 H, d (1. 5 Hz)). e
‘HMR (csusu) 8. 22 (3 H,- s), 1.37 (3 H, s), 1.50 (3 H,

<

4 -

e —— e ok e o e i e e s 5 e
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"s), 3.48 (1 H, d (1.5 Hz)), 3.50° (1 H, d (6 Hz)), 3.96 - ///
© (1.H, d (6 Hz)), 5.50 (1 H, dd (1.5, 1.5 h2)), 585

(1 H, d (1.5 Hz)), 6.02 (1 H, s). /

13cMR (coc1y): €19.8, 20.6, 21.9, (CHy); 34.2, 36.2,
77.3, (CHy); 84.7, 102.0, 125.1, 130.3, (CH); 44.4, 45.3,
78.1, 135.5, 140.3, (C). |

. . . ‘ +
MS: m/e calcd. for CycH,g0 3 (M7): 248.1413; ‘found:
248.1416 (2), 190 (20), 175 (100), 173 (89)

Sod1um borohydride reduction of compound A in the

presence,of<cer1c chloride

' Sodium borohydride (5 mg, 0.]3 mmo1l) was added to
a‘st1rred solution of compound A (25 mg, 0. 10 mmo]) and
ceric chlgr1de hexahydrate (353 mg, 1 mmol). 1n methanol
at room temperature The mixture was st1rred for f1ve
m1nutes, diluted w1th water (25 mL), and’ extracted with
methy]ene ch]or1de (5 x 10 mL). These extracts Weﬁe
jwashed with br1ne (10 mL), dr1ed over magneSIum su]fate,
.h.f11{ered and concentrated 1eav1ng crude 2H-A as a

‘yellow oil. Column chromatography (ch]oroform, 8g of .

t’“s111ca gel) gave pure mater1a1h(22 mg, 88%).

b

-Atetylation of 2H-A

A mixtur 4of 2H A (2.7 mg,0.011 mmo]) and acetlc

‘anhydrwde -p r1d1ne (10 1, 1 mL),was,st1rred at 25°C o

for three days Evaporatlon tO“drynESs-gave'AC?ZH-A
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(2.8 mg)(ag, a yellow oil.

TLC: lif 0.80 (.benzene-ether, 1:1), purple spot;
IR (CHCl, cast): 1742 cm™!. |
THMR (CDC13): 81.09 (3 H, s), 1.14 (3 H, s), 1.50 (3 H,
s), 1.5-1.8 (4 H, m), 2.00 (3 H, s), 3.47 (1 H, d

(6 Hz)), 3.83 (1 H, d (6 Hz)), 4.76 (1 H, d (1.5 Hz)),
5.44 (1 H, dd (1.5, 1.5 Hz)), 5.61 (1 H, d (1.5 Hz)),
5.68 (1 H,s). o |
'_Msf ‘m/e calcd. for Cy7H20, (M+): 290.1518;_found:
290.1531 (4), 260 (35), 173 (100).
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Figure 3£"10D.MHz ]Hmr spettrum (CDC13) of isocybrodol

T '»-_: (23a).
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 Figure 9:  4"00 MHz ;]Hmr‘"s‘pec.t‘rumf'(CDC"l_é) of compound A. -
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" INTRODUCTION

There are only.three.ébsolute1y unequivocal

- methods for determining the structure of 8 natural

g
pfoduct: 1) X-ray crystallographic solution, 2) un-

) amb1guous total synthesis, and 3) unambiguous corre]at1on

with a compound “*whose structure has been prev1ous]y

established by method 1 or 2. We decided therefore

to undertake a rational total synthesis of the cybro-

2, so that the structures proposed for these new

8seco- 111uda1ane sesqu1terpeno1ds produaed by the bird's

nest fungus Cyathus bulleri would not be subject to

. quest1on Five cybrod1ns, cybrodo] (]), 1socybrodo]

(2), cybrodlc acid (3), cybroda] (4) and tr1snorcybro-

do]1de (5) were 1so]ated from cultures of this fungus

I

o L
1 X =CHy Y = CHyOH

2, K = CHpOH ¥ = CHy
3 X = CHy Y = CO,H
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7 Since the”CYBrodinS‘répfééént'a new class of. -
v seéquiterpenoid3, no synthefic efforts towards this
skeleton have ébpéared*. Syntheses of the illudalanes
illudinine (6), il1hda1ic acid (7) and f]]udacetalic

acid (8) have been described®. These compounds were

”

1o
o

copt

’prépared in elegant fashidn‘from'hydrocarbon 9. The -
illudalane synthesis most germane to the prob1ém of the -
~cybrodin synthe%is is that of Rao (Scheméﬂ)6 who pre-

pared pterosﬁn E_(lg).' C ~,

o

For exhaustive accounts of sesquiterpenoid chemistnry -
including tota1 syntheses arranged by skeletal class
see reference 4. A ' v

o

e
>
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q 1) NaCN, 150°C
) HC1/HOAC
(Cx’E‘& " 0°¢

- cycIiz%t1on of d1ac1d 14

DR - R - o

~ Scheme 1. ' Rao's $yn!hesis_of pterosin Eﬂjlg):

- CH (CO,Et) -
K,C0, HC1
150°¢C

. ]] . o

K
A key aspect of this approach 1s the regioselective

chloromethylat1on of 1ntermed1ate 12 followed by chain

extension w1th sod1um cyan1de Th1s serves .to 1ntro-

duce the two carbon s1de chaln _ The bulky d1ester ap-4

--pendage forces ch]oromethylatlon to occur at t he" de-

sired pos1t1on The 1ntroduct1on of the f1na1 aromat1c

'substhﬂent 1s ach1eved hy po]yphosphorfc ac1d med1ated :

f;;;;~4§\//,«%
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vstructure 18.

“Our approach to the syhthegis‘of”the cybrodins ° ¢

(Schemé 2) involves elaboration of the symmetrical

aromatic diether lil We envisioned addjtioniof'a'one'

carboh unit.at either 6f.;ﬁe equfivalent unsubstituted

.o ' : . .
Scheme 2. General sfrategylfo “the cybrodin sgjjheéis.
. - ' £ : " OR

,aécess to trisndrcybrodo1?€e (5) through interhediaté
16 Add1t1on of an apprOpr1ate three carbon unit to 16

'wou?d affond the f1fteen carbon cybrod1n skeleton (]7)

The poss1b111ty of add1ng a four carbon fragment to 15
g1v1ng 17. directly would a]so be explored. '

S1mp11f1cat10n of 1ntermed1ate 15 1eads to general

Co. I
' - o : = N
I n . o
. . . : M- PR ¢

S

- aromatic centers. This should prdvide'reasonably;chiieQ
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Compounds of'this.type-have been reported,,'Grisdale

) hasfprepared alcohol 127 by methods outlined in Scheme %.',

&

Aoy

7

Scheme 3. :Grisd31e's preﬂarationoof alcohol 19.

Br |
1) NaNO»/HBr
 2) CuBr/HBr

t

The first two reactlons in this- sequence date back to
the turn of the century.‘ Thus 2 6—xy11dene (20) was

b“romnated8 and the product (2]) was brom1nated by

9

Sandmeyer methode]ogy Gr1sda1e se]ect1ve1y 11th1ated

d1brom1de 22 at the 1ess;h1ndered centre : Carbonatlon

- - - -

re . 'r)




S S - ‘\“-——RE.
| . : . o . » '
e ' and reduction afforded alcohol 19 in about 30% over-

‘.g11-yie1d*. It was felt that this rather circuitous

-{ = . . Ay
; ; route to our-projected starting material 18 could be
RS v : "impf0ved upon if we could, with reasonable efficiency,
regioselect1ve1y functionalize theoc 5 methyl groupgof |
2- bromomesity]ene (24) |
s
24
g & .o
v R
- . .“" ‘.%‘:‘ ‘A " -
g 4 v, . v
. .. oy ' %* -
: Assum1ng that Sandmeyer brom1nat1on proceeds in 70%
] y1e1d. the y1e1d of this process 1s not quoted '
{ \ . @;"« A AR
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DISCUSSION AND RESULTS

,'\ .71'

Two cﬂass1ca1 methods have founz much utility in
'? N o the ox1dat10h of aromatic methy] groups to usefu]

funct1ona]1ty The Etard react1on (chromy] ch10r1de) is:

common]y used for this purpose, however the reaction
“is often d1ff1cu1t or even dangerous to carry out]0 ‘
The results of Hhee]er suggest that“nO'reg1ose1ect1v1ty
can be.expected in the'Etard oxidation of.24 Under

T 1dent1ca1 cond1t1ons, 4-bromotoluene gave an 85% y1e1d

T - mel b s oher e i w

"(92% convers1on) of 4- bromobenza1dehyde while 2 bromo-

to]uene gave a 60% y1e1d (95% convers1on) of 2- bromo-'f,
11

X benza]dehyde The Thiele-Winter (chromy] acetate)

| ‘ox1dat10n of to]uenes conven1ent1y g1ves benzy]1dene di-.
acetates wh1ch can be hydro]yzed to benzaldehydes‘z ‘
Cons1derat1on of the procedures for the chromyl acetate
‘ox1dat1on of 2 and 4-nitrotoluene gave: hs ‘some. hope ' | Pﬁv

‘that . ox1dat1on of 24 under s1m11ar cond1tfons would

T ]ead to 25 as the maJor product ‘ Chromy] acetate

-
Ve

- O0CH; .
Br

1
x T =xT
- =<
W

w [ -
o o

e . | o . . o ‘_ : s : T ;;4' L.
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oxidation ofh4-njtroto1uene for two hours at 5-10°C

gives 4-nitroben£y]idene diacetate (65%) while 2-nitro-

toluene gives the corresponding product (36%)Jafter

‘three hours at:5-10°C]3. . : . ' .

| ZeBromomesitylene (24) was subjected to chromyl

vacetate‘oxidation under the c%goitions recommended

by Lieberman and Connorrﬁ. Under strict temperature
contro] (5 10° C), ox1dat1on for n1ne¢y m1nutes afford‘d

a 41% (recrysta1]1zed) yield of. 25 . (mp 94 - 95 C) when

. the reaction Was conducted on a modest (7 g of 24)

sg2le. Ihealsomé?1c product 26 was not 1solated from

b

26 X,Y = OAc
29 X =H, Y = OCH,
31 X-= H

.
-

1

- -
=

the product m1xture, however subsequent resu]ts 1mp11ed

its presence The rat1o of 25 to 26 ‘was apparently’

B .(vzde “infra) 89: 11 | ,\;ﬁ»ﬁ///

Nuc]ear magnet1c resonance (nmr) spectra of product

“25 c]ear]y demonstrate that ox1dat1on'occurred para_to
the bromine.. The 'H nuc]ear magnet1c—reSOnance (]Hmr)
' o ' . T ok o
-:rspectrumv(CDCﬂ3) shows gne signal (62.43) for the aro-

' matic'methyl groups as weITfas-One‘signai.(67;20) forn

-

A]l nmr shifts quoted in, Part II oﬁ-thls thes1s are

'a‘,relatlve to. tetramethy]s11ane

-

144.
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the aromatic protons“ The 3¢ n%clear magnet1c resonance /Z/:
(]3Cmr) spectrum (CDCl3) shows only four s1gnals |
(6126.3%, 129, 0, 134.0, 138.8%) assignable'® to aromatic .
| carbons ’ | ' o B
‘When th1s reaction was performed on a synthet1cally
.pract1cal scale (l00 g of 24), a crystall1ne product
"could not be obta1ned although ]Hmr ev1dence 1nd1cated
that 25 was the maaor component of ‘the product m1xture
A cold ethanol solut1on of the crude reactlon product
/’seeded with crystall1ne 25 could not be 1nduced to crys-
tall12e Consequently, the unpur1f1ed &roduct of 2
chromyl acetate ox1dat1on was used in the next step
.of the synthes1s A '

Crude 25 was reduced w1th an excess of l1th1um .

‘.alum1nﬁi hydr1de in ether. Ne had hoped that pure

alcohol l_.could be obta1ned by crystall1zat1on of the o
product m1xture Indeed, a. cold chloroform solut1on '
‘of-the,crude-reduction product did give some Crystalline
'material,(mp 124¥l25°C)"' The melt1ng po1nt of this S

~compound did not agree with that reported for alcohol l9

- (53 54 C)7 f The crystall1ne material was 1dent1f1ed as -

'.d1ol 27 result1ng from over ox1dat10n of 24, ,Alcohol

i

*fDouble intqmsityAslgnals.
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19 cou]d'not‘behdnduced to‘crystallizelfrom the mother
Tiquor. Small scale chrbmatography of the mothey 1iquor ’ oo

gaye'pure 19 (mp 52454°C).. Large scale purification

%

-by this method was-not attempted, instead the crUde'
-’_reduct1on product was used in the next step w1thout

pur1f1cat1on L
-

~Crude alcoho] 19 was methy]ated by the method of S y

]6 Methy]at1on was deemed the most appropr1ate

mode of a1cohol protechon]7 for several reasons. 'Two

Brown
.

carbon chain extens1on (18'+15)'WOu1dvrequire that -

the protect1ng group be stab]e under strong]y basic

‘cond1t1ons. Add1t1on of ‘the f1fth aromat1c 5ubst1tuent

(1§_;l§'orill) would necess1tate~the use(of a_sma11~
protecting orOUp.and'vdepending onlthe method of in-
troduc1ng th1s subst1tuent, stab111ty to ac1d or’ base
«'m1ght be needed A methy1 ether seemed the most secure
dev1ce for stor1ng the hydroxymethy] group o
Polar 1mpur1t1es ‘were removed from the methylated

| product by rap1d passage thrpugh an’ alumina co]umn

D1st111at1on then gave an 89 11 m1xture f methyl
ethers 28 and 29 The comb1ned overa]] y1e1d was 44%
din three steps from 24. Pure samples of 28'and 29 were_
obtalned by chromatography, howeVer large sca]e sepa—_
rat1on of 1somers 28 and 29 by - th1s method was not

', o - .t’:'. ’ K
pract1ca1 : ,,'_ BT - ' ST

* . A
As judged by. "Hmr

EN
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‘Nmr examination of the separated isomers c]ear]y
demonstrates that the magor product of this sequence
was the symmetr1ca1 bromoether (28) | One s1gna1

1

seen for the aromatic methyl" groups of 28 in the Hmr

(62.42) and the‘]3Cmr (823. 7°) spectra (CDC] ). The:
]3Cmr spectrum of 28 has four signals attributable to l
aromatic carbons (8126.4, 127. 4 , 136.9, 138v1*)15 n
contrast, the’ aromatic methy1 groups of 29 ard non-

:equ1va]ent (‘Hmr:  62.26, 2. 35 3emr: 520, 8, 23.2)

}vﬁand s1x d1st1nct aromatic carbon signals (8127. 8 127.0,

]3Cmr

v 130. 6 136 6, 137. 6, 137. 9) are seen in the
Ah”spectrum of ‘this m1nor product |
‘ I Bromoethers 28 and 29 were a]so prepared by two
.add1t1ona1 methods. Free radical brom1nat1on of 24
(N- bromosucc1n1m1de; benzoy] perox1de) gave a mixture
“of d1brom1des 30 and 31 wh1ch was- not character1zed .

Treatment w1th sod1um methox1de gave a 62:38 m1xture

of 28 and 29 in 72% comb1ned overa]l y1e]d from 24.
f.Photobrom1nat1on of 24 w1th bromotr1ch10romethane]8 ,

igave,,after the same sod1um methox1de treatment, a‘f

60:40 m1xture of 28 and 29 in 86% comb1ned overa]] y1e1d'ri

from 24

W1th the C 5 methy] group of 24 secure]y funct1on-,
'a11zed,~we now turned our attent1on to the task of

——

'.add1ng ‘the: two carbon B hydroxyethy] swde cha1n ( +15).

* N L
‘Double intensity;signa1s:




'A‘Grignard reaction was'attempted On.a‘miktUre of 28
| and 29 (89 11) Ethy]ene ox1de was added to a m1xture
~'of Gr1gnard reagents 32 and 33 prepared by ref]ux1ng

a tetrahydrofuran so]ut1on of brom1des 28 and 29 1n thev :

35- X ="H 35 X = H
N .36 X=O0H 39 X =L

‘ presence of magnes1um and 1, 2 d1bromoethane Exam1na-'f
tion of the re?ctlon products by th1n 1ayer chromatog-'

‘Iraphy (t]c) revea]ed that the des1red alcohol 34

ar

34 R=H
ﬂ :.R =;AC'.
50 R = THP

(vzde Lnfra) was not formed 1n th1s react1on The maJer
,//products 1sogated by chromatography were methy] ethen :

35 (59%) and phenol 36 (62)." Compound 35 resu]ted '

from protonolys1s of the Gr1gnard reagents 32 ‘and 33

, whether or not th1s occurred dur1ng work up Q@ dur?hg

,,».;, .
e Slaye L

188




......

_the reaction (7. e wet solvent, reagents and/or apparatus)
is not eiear. Pheno1 36 11ke1y resu]ted from ox1dation

of 32,‘sugge$t1ng "the 1ncurs1on of atmospher1c bxygen

" A m1xture of bromides 28 and 29 (89 11) was ]1th—

iated .(n- buty111thium) in tetrahydrofuran -hexane. at

room temperature.- Ethy]ene~ox1de was added to the pur-. u-
ble So]ution Once again, tlc'examfnatfon reVeaﬁed tne
’absence of alcoho1 34 (vzde znfra) The major product

.after chromatography of the - comp]ex product m1xture,

was a]cohpl 37 (37%). Th1s componnd_11ke1y resulted

from w1tt1g rearrangement (Scheme 4)]9 20 of 1nter-

]

med1ate 38 or 39 o -

I 's'chem_e'w-.. Formation.of 37. |

bul i '-_-':' S

Ar-CH.- OCH. Dbt Ar CH-0- cn

oo Rr-CHp-O0CHg o 3

g ARy I + CHy |—— Ar c- CH3
i : . X . /\
: R e e L10 H

; w0 ] ArgH-0 LT |

~. Caged radicals.” = - o L v ;o
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Low‘temperature (-78°C)‘1ithiation.(lf] equiVa]ents
- of n-buty]iithium) of a;tetrahydrofuran?hexane'solntion

of bromides 28 and 29 (89:11) followed by addition of

ethylene axide (-78°C, five hours) gave a satisfactory
result, On a small sca]e (5 g of 28 and 29), a 51%
y1e1d of alcoho] 34 was obta1ned after chromatégraphy

The purif1cat1on of th1s a]cohol on a. Iarger scale

(25 g of 28 and 29) was great]y fac111tated by Tow
Qemperature (-70° C) ca]c1um chldride complexat1on2],

whnch removed the de51red compound (34) from a ratﬁer o

complex product m1xture Dist11]atlon then gave aTcoho]

34 1n 66% y1e1d, 1somer1ca11y pure ‘The isomeric .

a]coho]_(ig, vide infra) did not contaminate the dis-

Lo

t111ed product, nor was 1t observed on - t1c exam1nat1on

of the react1on products prior to ca1c1um ch10r1de

. comp]exat1on _ 55 "","j .;’.‘;.' o

‘An - authent1c samp]e of 40 Was prepared by 11th1a-’

- tion (n buty111th1um, tetrahydrofuran hexane, -78° C)
'7of pure 29 and treatment w1th ethylene ox1de (-78° C
f'f1ve hours,_-S C, overn1ght) Aryl]1th1um 39 reacted

'rislowa and ineff1c1ent]y wwth ethylene oxide afford1ng

R




'y poor (19%) y1e1d of 40. Methyl ether 35 (66%)
was the major product obta1ned after chromatography
o The s]uggxsh react1v1ty of 39 1s attr1buted to intra-

molecular compIexatjon with the ethereal oxygen (11)

Comparison of the nmr spectra (CDC]“) of 34 and
40 leaves no quest1on ;as_to the regiochemistry of the

N T -

-a]coho] (34) used for subsequent synthet1c transforma-

'_t1ons ﬂTh ]Hmr spectrum of 34 shows one aromat1c

'methyl gréup peak (6 H, §2.33) and one sharp aromatic

1

" proton- peak (2 H, 6. 99).. The Hmr spectrum of 40 has

. |
two aromat1c methyl group 51gnals (62 26, 2.29) and a -

=13

- broad aromat1c hydrogen peak (2 H, 66.95). The 3 Cir” B

spectrum of 34 has only four peaks ass*agnab]e]5 to

aromatic carbons (8127.9%, 134. 3, 136 0 137.17) wh11e\
'khthe 13

'-131 6, 133. 2 135 6, 136. 1, 137. 3).

Cmr Spectrum of 40 shows s1x such peaks (6128 8

-

,“' We now addressed the prob]em of add1ng the f1fth

subst1tuent to the aromat1c r1ng (15 +16) Frjedele’

‘Crafts formy]ation was consfdered f1rst, srnce~this

oy approach offered the most d1rech;§oute to 16 “Treat-.

t'

L : X R X ‘

Dbub]e 1ntens1ty peaks L s

o ..
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ment of -an aromatic compound with a,a- d1chloromethy1
methy] ether in the presence of. e1ther tptan1um tetra~

2? or stann1c ch]omde23 is a common formylat1on

chloride
method . For example, mes1ty1ene can be formylated
in 81-89% yleld us1ng th1s techn1que22. The acety]

der1vat1v‘(42 acet1c anhydmde pyridine- methylene ' A

' ch1%r1de) of alcoho] 34 was selected as the substrate

Ly
for formylat1on exper1ments Lew1n .S 1mprovement24

of
the R1eche method was employed. The arene (42) was

slowly added to a methylene chloride solution of the .

:preformed complex (1.7 equ1va1ents) of the Lewis acid

and a,a- d1ch]oromethy1 methyl ether. when stann1c

chloride Was used, 42 was consumed and an 1ntractab]e

.m1xture of h1gh1y po]ar products was formed. N1th

t1tan1um tetrachlor1de, a single product, 1dent1f1ed

as the. benzy11c ch10r1de 43 was formed in good y1e1d

#X

CHpCT
CHO

2 S

AcO”

Compound 43 may be formed through the steps 1nd1cated
in Scheme 5 Two other w1de1y used. formylat1on

methods are the Gattermannz5 and the Gattermann Koch26 |

" lreact1ons. Both methods employ concentrated prot1c

¥ Often called Rieche formylatiomé}

.- . ?

-

o
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[£24

. a

Scheme 5. Formation of 43.
S A : | - LS
CH3-0=CHC1 5 + Ticl, - TiCl, + CH3~0=CWC1 '

3

' : : S ’ =)
“Tic1§-——>ric14 + 01%) —— ArcH,C1 + TiCl,

o

' In‘view of the khown

'other common formy]at1on methods is.usually restr1cted

'\ 4 OCH}

(usually hydrochloric) acid at elevated temperatures.
27'1abi1ity of mgfhy1benzyl ether
under stroﬁg]y acidic conditions, these apprJ%thgs

were not investigated The:applicabilify of most

to react1ve substrates (i.e. 1ndo1es,,an1soles,‘etc )28
D1rect ortho meta]at1on of aromat1c compoundsi

(Scheme 6) is an 1ncreaswng]y popu]ar synthet1c tech~

."n1que29 which has recent]y been rev1ewed30 A wyde , |
. . 5"
-WSCheme‘G;‘~Qrtho,mgté1ation. . o ‘ : . -

“variety of :functional grodps (z) are capable of pfo-ff

*

L RPN . e ceaa -

e i iR it
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.

- mot1ng efficient ortho meta1at1on29 30. however this

'methgdology has not been extended to methylbenzyl ether

19,30 ’

é‘ ’ N iderlvat1ves Tt is known Cthat attempted direct

! [}

. ortha metalat1on of methy]benzyl ether causés benzy11c
deprotonation and Wltt1g rearrangement (Scheme 4)
‘SeebJEh has effected ortho meta]at1on of benzyl alcoho]31

'however appllcatlon of th1s process to our synthes1s

would requxre suitable protect1on of the hydroxy] group

of 34 fo]loweﬁ by demethylatlon An eff1c1ent synthet1c

{A\E, ;:;,‘ " approach to . the cybrodins usu@b ortho meta]atwon wou]d e L
" _e“‘ o » R q‘ i ’ . . -
,,/“&3 T : requ1re the 1ncorporat1on of the’ d1rect1ng group Z

(eg. N, N- d1ethy1am1do)29 at the beg1nn1ng of the syn-

N - thes1s * Under these c1rcumstances Z cou]d*comp11cate - .

......

the process of 1ntroduct1on of the s hydroxyethy] .group.

we thereforeﬂchose to adopt the more class1c approach

| of brom1nat1on de]owed by meta1 exchange oy .
Compound 42 was used to esgibllsh favourab1e o AN
| .Acond1t1ons for brom1nat1on ' Treatment -of 42 w1th bro- . '
'mlne (1-. 2 equ1ya1ents) in Carbon tetrach]or1de at 0° C A _{' .
‘”gave a]dehyde 44 Free»padJcal bnomlnatlon Tikely . iél,‘—'. oy
) occurred at the ben;y11c pos1t1on, e11minat10n of methy]
rbrom1de wou]d then give 44 (Scheme 7). ; } s

*'«.-‘ ) o v

Scheme 7 Format1on of 44

1@';_',

*Al“;?':iZOCH3 -—> Ar(l:HPCH3 {\eBr ———>ArCHO + CH Br;

42 - - _(Br‘ o ,,;;;:- _?l. ot As
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,ﬁl,de: e '&1 - Meta]at1on of 47 was-a facile- process, 11ke1y fe s

‘? s Made 50 by the presence of the methoxymethy] group (er.

19,29,30

:if_ : Diagram 41) “The Gr1gnard reagent 48 was formed

2 @iﬂ‘ @éf]ux1ng a tetrah}d%ofurih sqjuﬁﬁon of 47 and 1, 2=
,% ginomoethane in tl}gfprt‘senf i magneswm pow&r.' Ary]-

';f' 11th1um 49° wadfﬁﬁrmi*,by,gdd1t1on of 47 to a tetrahydro- -

‘furan bExaneJ;oJugﬁoq 6f sn- buty111th1um (1. | equ1va1ents)

" s ‘-‘. o , T e
B %t 78 C. ?¢~w"-*s_r

e

T

Ce o

'5“d Whe meta1a;&d Spec1es 48 and -49 were. treated w1th
/ -
: a var1ety of one carbon e1ectroph11es (15 +]6f Gaseous

(49 : two hours at 0 C), h1gh y1e1ds of the protono]ys1s
. - 'product 50 were isolated Neg11g1b1e acidic products
HP-" ‘ ‘;\(i.e;»compound 5]) were ‘obtained. Treatment of an

organometa111c w1th trlhethyl orthoformate fo]]owed by
" =
o actd hydrolys1s is: occas1ona11y used as an aldehyde
*f‘! -:-j""f,synthesis34

~‘Intermed1ates 48 and 49 fa1]ed to react

‘with excess tr1methy1 orthoformate (48 , ;WO hours ag

eref]ux, 49 $1ve hours;at —78 C% Compoand 50 was
o | .~the so]e product 1n each qpse , L1kew1se when 48 was
treated w1th excess methyﬁﬁkhloroformate (overnxght‘
.reflux) 50¢was the only product J;!owever, treatment
of 49 w1th methy1 ch]oroformate (7 5 equ1va4ents,
k"overn1ght at 0°C) gave a respectable y1e1d (62%) of

A - L ester é__gg a c1ea 011qaf;er chromatography o .
s 5 A ‘ ' v
i e BThe preparat1on of trﬂgnorcybrodo]ide (5) cou]d S '
< Y éﬁé ' - - R ' . . A', ) .. o . . o . . -




- now. be dea]t'wtth ~0lah. ‘has-- reported ‘that 1odotr1~~’”-
. - methy1s11ane, generated in SLtu from ch]orotrimethyl- N
vg | ‘ >s11ane a‘lysod1€; 1od1de in acet: ~ile, w1]1 convert' - -gsﬂhi
| g i . ;L ' methy] esters to s11y1 esters,'c]eave methy1 ethers ' ’ o
to a]coho]s and transform benzy11c a]coho]s to 1od1des35 S

" We reasoned that exposure of 52 to. th1s reagent mlght

afford intermediate 53, a spec1es wh1ch shou]d be well"

.

suited to 1actonization 'The fate of the . THP ether'
PN |

-}protect1ng group’ was unclear from Olah s resuhj&t Treat-

ment- of 52 w1th an - excess of the Q]ah reagent in-re+ :S;@%f*~

1«*—

: flux1ng aceton1tr11e gave a mixture of. products frdih

' wh1ch mater1a1 (]1%) 1dent1ca1 1n all respects (tlc, ;:
~Jir, ms,v]Hmr) With natura] trlsnorcybrodOTide (5)2
could be 1so]ated by preparat1ve th1n 1ayer chromatog-
:rgphy (ptlc) The.maJor product (60%) was the- pr1mary

dgﬁkr,'f J: iod1de 54 (mp 182 184 C), Tikely- formed from 5 by the

-
"o
>
)




:w1th authent1c mater1a’l2 W1thout pur1f1cat1on this

'1\_ ) .
C ' : ‘ )
action of. excess reagent In’ order to avo1d th1s s1de

Areactlon, the THP protect1no .group was removed by .

fmethano]ys1s (pyr1d1n1um tosy]ate)33. A]coho],§§ was

52 R.="THP

§_§ R =.H‘J‘_ '

56 ‘R = Ac
dobtained és a clear oil (97% ; Acetylat1on (acet1c

F 4

1»__hnhydr1de pyr1d1ne) gave the acety] der1vat1ve 56 in %

98% yield. - Exposure of 56 to an excess of Olah s
reagent in ref]uxxng aceton1tr11e gave a, product 1dent1-'

f1ed as acetyltr1snorcybrodo]1de (57) by t]c compariso’k

sag»

- 1ntermed1ate was treated w1th potass1um carbonate in
»_methanol afford1ng synthetic trxsnorcybrodo]1de (5

‘mp ]89 191 ) 1n 75% overal] y1e1d from 52

Add1t1on of the f1na] three carbons of the f1fteen

Vcarbon cybrod1n Sk919¢0ﬂ (T6 +}7) ‘Was. Now cons1dered

‘S1nce cybrod1ns w1th E (1' 3 4) and Z fﬁ) o]ef1n1c‘

158

geometr1es were synthet1c~targets, we des1red methodo?ogy -

‘which would produce rough]y equa1 proport1d%s df o]ef1ns

58 and 59 coe e “ ¢ S el
e \ v
L __w.:sg o Qm
.8 59 3 *

*
Hhere Y d//;%me ;unctlona11ty transformab1e to CHZOH
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“*Our experlence from the 1so1at1on of cybrodo] (1)-and -

idsocybrodo1 (2)2 gave us conf1dence -that synthet1c 1nter-
mediatés 58 and 59 would be separable, consequent]y |
stereoselectwve synthesis of e1ther isomer 58 or 59

»
was con51dered counter product1ve T

Three approaches received attengﬁew ?%W1ng our
}pre11m1nary de11berat1ons. A Wittig approach (Scheme 8) ///
f‘offered.a_dirECt solution to the problém. Addition ‘of

~a suitable ‘three canbon.qnif (60-65) to aldehyde 66
Scheme 8. Nittig approagh to'tbe.cybrodﬁns.

:'o'* o CH3 o 'ﬁ', T | .;
y % A CHy Ar v

- ’

= L 3
. 58 o 59
. N . P 0 . > 0 : 0- .
R P(C&ST% P(C6H5)3 P£C6H5)3 P(OCZH )2 P(0C2H5)2 P(0C2H5)2
Y C02C2H5 QN l/ a ’CHQ'[ C02C2H5 o CN - . CHOA

| %/; I
. . 5
would gfvE‘tﬁ% dgmplete flixeeq carbop”cybrodln ske]eton;

“S1nce a1dehyde 66 1s ortho d?%ubst}ﬁﬂted,lster1c‘
"'h1ndrance may preyent the,sucﬁefgfof th1s scheme _ Con-i ‘
densatfbn?‘of y11des 60 62 w1th mes1ta1dehyde\567}

have not been reported Ylide 62 has not been reported el

o ‘ - o ,.i,“;.v 3
N

be
T4



CHO .

.‘.;7-.1th ! .
; - D 68

o

1R

4 R

~J

74 COZCH3
' a]though analogue 68 1s known to ‘condense with benz-
ka]dehydes giving good’ yields of E c1nnama18ehydes36

L1kew1se, y11des 60 and 61 give. predom1nant1y the E

37

1somer .on condensat1on w1th a]dehydes The more

-;nucleoph1l1c phosphowate carbanions 63 and 64 offer a, 5"

better prospect of a successful Wlttlg (Horner-Emmons
Jmod1f1cat1on) react1on w1thia1d§hyde 66385éz§1nst]e
. has condensed 63 w1th a]dehyde 67 q;v1nq e£%1us1ve1y

-_the E o]ef1n No y1e1d was reported a]though the

fy1e1ds for .a 1arge ser1es d# a]dehydes (a11phat1c and '

: aromat1c) were in the range 65 95% , The resu]ts of
French workers us1ng carban1on 64 ang aromat1c

'aldehydes (not ortho d1subst1tuted however) suggest

thatethe E/Z ratlo us1ng carban1on 64 can be dramat1-,:

40

‘cal]y 1nf1uenced by exper1menta1 cond1t1ons Use'

of carban1on 65,or 1t:,ana1ogyes has not been reported.

"An. approach based on- wharton s epoxyketone re-‘”

act1on4? (Scheme 9) alse rece1ved cons1derat1on
hEpox1dat1on of enone 69, hydraz1ne treatment and

thermo1ysjs would,g1vetthe proper]yvfunct1onal1zed“.

L}
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rotomer1c d1str1but1on about bond X of 1ntermed1ate’

72a b- (Scheme 10)

s

. ‘Schemef103:

| ) Ar.
: 72a

e1ther conﬁormer

' add1t1on of

\ cl‘\“ »

)

Con51derat1on of Dre1d1ng models

»Geqmétry ofjthé whartoﬁ reaction.

1sopropeny111th1um

1
76

(73) to ac1d 51

T

i

——

 . reveals 11tt1e.apparent pred1ctab1e preference for

MgBr'_“

' Enone 6°vsﬁau1d be ava11ab]e via

PP |
5t



£l wObtajnin'g.aci'd'ﬁl -would. 1ike1y ndt'be a-trivial processa~" e
{ Methyl. esters such as 52 (cf methy] mesitoate (74))
1:}# S | ’ are notor1ous]y res1stant to base hydro]ys1s42. Hydro]y-
’?; _ ' a s1s 12 usuai’y achleved by. rfcourse to a reagent capable o
3‘,hf “of-attacking the methyl caern rather than the carbony] |
f ‘p L~carbonﬁﬁﬁg 1odotr1methy1511ane) 'ynder these circum- .
:'-‘ -:' -}fstances, concom1tant methyl ether cleavage might great]W {_‘
_/42 .': . .-vcomp11cate the prepara%1on of 51 A]ternat1ve1y,‘ - {:) |
T . o 1ox1dation of a1coho] 8, prepared by add1t1on of 73" B |
or 76 to a]dehyde 66, cou1d prov1de ketone 69.‘ | S rh' )
\ 75 R = THe o
] - 81 R - H" ’ o
1 p A11y11c rearrangement (Scheme 11) of alcohol 75 .
: ;waevthe th1rd approach contemp]ated . Ne deemed th1s
. DS SRR

o : '“' . Hr} ?}d
‘' S¢heme 11 A11y11c rearrangement approach to the'

cybrod1ns vf~7_7*‘

AT e -
e T A
.:.”: . /_‘-\/“ -
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A i et ian e e e .
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'involved add1t1on of a. very ‘reactive nucTeoph11e (73'
-or 76 rather than 60 65) to a receptive e]ectrophi]e
¢ (gg.rather than gl) v We therefore requ1red aldehyde 66.

THPO~

Contro11ed reduct1on of esters w1th d11sobuty1-

a1um1num hydr1de is a we]] estab]1shed a1dehyde ,"

43

preparat1on method Exposure of ester 52 to- one E

equ1va]ent of. thﬁ§rreagent in toluene at -78 C for two

gﬁ:%- hours and then at room temperature for two. hOurs gave

[

on]y recovered. 52. Ester 52- was eas1}y reduced to
| a]coho] 77 w1th 11th1um a]um1num hydride 1n‘ether

The pure a]cohoT was obta1ned in'77% y1e1d after
: chromatoqraphy o ‘ | L ' .
P hV 2, A]dehyde 66 was. prepared 1n 98% y1e1d by ox1dat1on
| 'of a]cohol 77 with pyr1d1n1um ch1orochromate 1n buffered

-_methylene chlor1de Sod1um acetate bufferwng is

Ffrecommended for pyr1d1n1um ch]orochromate ox1dat1ons :

O
N .\
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when ‘acid sens1t1ve 'THP ether groups are present44

The aldehyde (66) was treated with excess 1so-"'
propeny_]hth'l,um (73) prepared from 2-bromopﬁopene by

the method of Bra‘u'de“5

| The product,”isclated in Tow
“ (]5%) yield after chromatography was propargyhc

a]cohol 78 and not the expected a]]yhc alcohol 75.

L) ! . @..\. a
o . = , -» . 18 | R] = THP,I’ R, = H
R“.' .‘ . — CH3. 80 R-l = H, Ry .="CH3

N

- 'This result is rationalized in Scheme 12. The attack-

‘Scheme - 12. FQnation of 78.

-
N

\>—Br'- >——t1-f-——-—>HCCCH3——->L1CCCH3
e eﬁmmatmn e e T

_' ing".spe,'cies‘w.as.‘]-lithiopropyne(zg)a'ﬁid not is'opropen-yl- ‘

'lithium (__) The alkyne moiety was evident on exani*in"a’tion} a

',of nmr Spectra of the deproé.ected (methanol pyr1d1mum | / o

’tosylate)33 species A]kyne carbons genera]]y T
: S S " 13 SRR AT

: 0- [y TR
resonate 1n the region §7 g the Cmr Spee@‘um of ' \,_} |

7'7 :80 shows fu]ly subst1tuted carbons at 683 0 anq 61@ 4

-~ N
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BE TN

] ”,Methyl ggoups TocatEd a to a tr1ple bond resonate at

. .  rather i )y instance the Benr shift of‘the

C-1 ca ) : xyne is’62.946. Compound 80 shows a

”methyl group signal at 63.8 in._the ]3Cmr spectrum, The

Ka]k}ne methy] group of 80 1s ‘seen in the ]Hmr §pectrum
(61.83) as a,doublet (J =3 Hz) coupled to the carbinol
proton (65 38, q.(S'Hi)T This 'is typical of acety]en1c

. systems #\ere protons on the a:%nd a carbons usua]]y

47

Wl T ‘,.- couple by ~3 Hz The fa11ure to observeoacetylenwc

carboh carbon stretch1ng bands (2260-2190 cm ]) in the

g 1nfrared (1r) spect aof 78 or 80 is not surpr1s1ng, L T

this band is often. not observed in the ir spectrum of

48'

. an 1nterna1 alkyne The react1ve propargyllg aTthoT

78 was so]vo]yz%d to the methyT ether (80) under m11d1y

it
ki
£

.- . T ac1d1c (pyr1d1n1um*tosy1ate)33 cata]ys1s -

rLl o Recourse to the Gr1gnard reagent 76, formed by
| | add1t1on of 2 bromoprOpene and 1 2~ d1bromoethane to a T
< tetrahydrofuran suspen51on of magne51um powder, produced
the des1red resu]t. Additlon of aldehyde 66 -to Gr1gnard
. 'reagent 16 (flve equ1va1ents) gave carb1noT 75 in 80%'
y1e1d after chromatography The deprotected versxon .} _4;
(81, pyr1d1n1um tosylate - aqueous tetrahydrofuran)33 e
'f of 75 was fuTTy character1zed |
B The possib1T1ty of drrect addit1on of a four

o ' . carbon unit to organometa111c 48 or 49 &k§~+17) was now o
lr{v. .’,,. e PR

explored Treatment of 48 or 49 with. methacry]y],?

i
'&u%” L
-
‘b
4
*
3
-
(]
-




-1; . " ¢hloride (§_2_)49 could potehtial]y gjve‘ketone 69 and

82 R - ¢y
83 R - H

thereby'afford entry tp either the Wha'ton (Scheme 9)

or allylic rearrangement (Scheme 11) aPProach tp the

fifteen carbon cybrodif-skeléton.' In both cases how-
ever (48, thirty equivalents of 82, on€ hour at refiux;

49, forty'equiyalentsioflgg, four'hdurS‘at o°C) com-

- pound 50 was the only product obtained- Treatment of
ggewith;methacroieinf(gg;'five eduiya]ents) gave-a 25%
v;ﬁ f".yiéld of~carbino]'7$ after chromafogfabhy.' while iﬁe o
| yle]d of this react1on was un1mpress1ve, 1t d1d prov1de

3, .
@ useful exped1ent as two steps (52-+77‘*66) cpu1d be

by- passed : _ ¢ ,
Babler hés deve]oped a tr1subst1tuted olef1n syn-
*fthes1s50 based on the fac11e acid cata1yZed 1somer1za~.
h tlnn 6f tert1ary a11y11c alcohols (oL aCetates) to
pr1mar§ al]yhac acetates (Scheme 13) The rgarrange?

@ . i !

Scheme'13.. BaBler}s%rearrangement.schéme

TR
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P S,

» ., - ment is carried out in acetic ecid;aéefic anhydride and
is tata]yzed by‘p—toluenesu1fonic~acid. The method has

not been extended to include lsomer1zat1on of secondary

~1 : allylic a]coho]s however we felt that this scheme
g L might be app]icab1e to oufﬂproblem gince the Seeoddary

. alcohol functibn of compound 81 is both a]lylic ahd
S . _ v »
' ' benzylic. Th1s factor should promote the format1on of

?(3/’ ‘carbon1um 1ons 84a,b However, the fact that the four.

;~
) 84a o F &
‘> : /
@ . ] '
: \
. carhbon side chain of a1toho1”8]'is franked by two orthq
- o 'subst1tuents w111 11ke1y prevent 1dea1 over]ap between
- ’ the a11y11c and aromatxc m-systems of 84a,b . Expogure
of alcoho] 81 to Bab]er s cond1t1ons gave the unre-/' : Sl
arranged compound 85. | *
m“', )
.-‘f o .:(
R o .
R I j
o . R L o
5 Sk 85 ,
v 270 Clive has used selenium chemistry to effect~l,3i%£‘

. . .
- N ' . . v
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W 5 N _ :
alcohol transposition (Scheme 14).. Alcohol 86 was -
o ' ' - : ;5
Scheme 14‘ L 3 alcoho] transpos1t1on us1ng selenlum
chem1stry : _ - . fﬂ
)
I’ P
> Ph T
395-4 NO, .. v . . X .
L 2 :\: : X Nl a
N - . ] - H ‘ '
&8 892 SR
. . : : ’ . : : : : . i _)
‘) tin‘ > )
converted to- selen1de 87, ox1dat1on #&en affordgd 1nter-_~ f“¢

.med1ate 88 mhﬁch deerwe [2 J] 51gmatrop1c reanfange-gv
: 4 .

™
s 0

ment under mTId cond1t1on§ affordlng, after workrup,,nxt .
‘.ﬂﬂ\‘ L s

.~a1cohol 89 The methodology has not been appf?ed to the

reverSe transformatlon (89-*86), because of 1 3 se]eno-
' : PRI & ' <.,'
© a11y11c rearrangement of selen1de 90 to 8752 53 It -w’v'
. was suggested52 that se]enoester 91 mlght undergo Ifﬁh.“’
:. i Ph N *
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t

. \ , | RN
—_— / oy .- q N 4 o .

. T f 1¢ h 5 th b 1 e di 1d . A
: %3? ﬂ@ay rthment of.a co o] 75 wi h enzenese en n1c anhy ride o .

(93 1.2 equ1valehts) and pyridine (1 2 equiva]ents) in o

. . ® ‘ ':-7 ; e L s . .," ‘ o . 'v
s Bl S - . . X [ *, . . . o e, o
. B - l . . v R, ’ . . R \ R ‘;“" L
. E . 'Y o . . — Z R ) ) , . -' ~:’: ‘ ., ‘. e .
1 &, . P . i S -
v"\ . | . ) f. .. ?\'v- : - ‘ 93 R ._} k, ‘: : ; “k;‘ - , A° ‘ A
"&.. o ':w N . v : C N . ('- ’,' ' . .. R 0,1 ) ‘f" . .

methylene chld%ide (overn1ght at‘ ,5'_'

RS . 1dent1f1ed as ketone 69 11ke1y ff?med by*base (e93 1?ig<'

. - ”‘1.1pyr1d1ne) induced fragmentat1on of 1ntermed1ate 91 , 7*i 

TR T e - ) T PE ,../

' . . vt . . S

‘Scheme. 15. Fdrma;ioh of 69. - L
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E . Br‘aude45 r“eports that@lcohol 94 undergoes acid

A

g:%- S Jnediated a;llyfl.u: re&rr‘ﬁngemeni in aqueouSeacetone af-

LT . N -y o
Y S I fordlng prun&r_y; aJ».c 95 in ;5072v yield. { Braude state§_ o

! -

. .4 ‘- Ph ' X

¢ -
.:' . . e K R

° L .,

: » , . ' - o
v 94 ' ° J.J N ! ?_n
M . ° LT A‘L J . .

T & ¢ »;ea‘ . a

’ that thd‘ product 'IJj;eLy po'sseéses the E geom ‘
\ . ‘g r“ H
though no spectra] ev1dence wa.s avaflab]e to suppo&gé& .59;“7 *

we

- . DR ’
T P . R, .
h]S cqntent”fon. o e S ! LA -kﬁ"m"—f” -

\.G ' ' . _Rn"‘v

" ) *’A]cohc.l 75 was exposed to- dﬂute (o. 1’2 M) sqlfurlc“'

'a.,'.ei_,}acid ﬁ ef]uznng 60%1aqueous acetonéﬁ “rhe.fTHP ‘Ether W
2 e
- "‘g‘”s ‘Ov,er 2 per1od ‘of severa] ?ours, ‘E]c momtormg 1nd1cated
6 . "",A_'fthe d1sﬂpearance of d1b] 81 wh'i]e two new products, 63} \
0 ass1gned structures 96 and 97, were for‘med The com-m“ AR
| _-"':b'ined _vield of 96 and 97 Was max1ma'l (67%) aftl‘r a ’
= CH3 T
='c+'g-2"‘0|1 L
‘.
.
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'ff§154 super1mposab1e
R RN

L ¥Fws
t1_~~‘ spectrum of thg syn

".:ﬁf, 64 3) in agreement w1th pred1ct1on

= vwearrangement product

: .ﬁ.“' s A ( . Y

u\ ‘ "'_ . l ‘?!

v f ] : m. L A . . a
veaction period of six’ to s?ven hours

"were fo#hed 1n rough]y equg] amouht; and were separab]e’m.

MCEEREE 1/ careful chromatography

-

/
©od
\

e ‘ jcompar1son of the ]Hmr SPectrum (0'C1 )

PRI ] rf.',ﬂ :

ﬂ correspond1ng,pr1mary chohp154

9 2
group proton; (64 50 of cylﬂedo1 (1)2

protons asSIQqed to. the a11y11c a]coho] funct1on and thé! ;

benzyl ether funct1on appear as a broad s1ng]et (4 H .;4d

-

" one product

The products )

""-‘,- Ass1gnment of structure g%’f0110wed readlly from<

fhe methyleﬁe groyp prOtonsvof Ya.. é;‘:f
primary methy1 eth?% normal]y appear*b &‘p 3 ppm up- ,
- figld from th€q$os1ﬁnon o£~the caﬁbino] protomgsof !he |
. Thus one. wou]d ex‘.,
pect that tﬁ@*%bnzy] éth%r«ﬁethylenehgroup protons of -
the i!nthetlc product should gppear +0.2-0. 3 ppm - up-

f1e]d from the posit1on of the benzy1 a11;&" J%ethylene |

Qet1c compound ‘the methy]ene

e

Th1s synthet1c

' compound 1s therefore cybrod01 methyl ether (96)

Structure 97 was na1ve1y assigned to the other

_ this product and that of isocybrodo] ~{2)2 ure practlc- ‘
: ”fﬁ;;;a11y 1denbﬂﬁp] except for the presence of én 0- methyl

R 3

k}h ]Hmr Specfrum (CDC] ) of

group s1gna1 (63 21) in the spectrum of the 1’ormer.,~

a7



fae T

wi,
2
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e

. group protons oF 1socybrodol (2) appear as an AB-

,qudrtet (J 12~Hz) céntered at 63 692,.the }Hmr spec-; hf"y ‘p

\ trum of the synthet1c(33hpouni’has -an AB quartet (9 =
ll*Hz) centered at 63 58, suggest1ng'that the synthetlc

,cpmpound hasqgffreo benzyl a]coﬁgf_groyp rather than '
a free a]lyl:c a]coho! group '

| ver1§ged by two chem1ca1 transformat1ons ‘Acetylation SR

“'.'.~(acet1c anhydrxde Pyrldme) gave ComPOU"d 99" (98%) SH

f’uf,uThe AB quartet assrgned to the benzy1 a]coho] funct1on'-“

.“f(64 45) of 1socybrodo] methy1 ether (98) 1s shxfted '
;i{_downf1eid to 64 85 1n thee]Hmr spectrum of 99 'Thef S

xrff 7methy7ene SIgnal assigned to the a]]yl methyl ether

?h1s suggest1dmrw/]\fﬁ_ ;Jl\_

C v -

o TP

. W v °
'_.';‘;:VLP ’% RESR ] ' g : | ‘ . : , ]72
- - . ‘ \_9 F o ‘
e
‘ .= H, X CHZOH
. = Ac,»X_= CH,0Ac - _
. ‘w o . ’ &
4 L = H, X = CHO
; . R ’ S Y
,
‘ Sl
o ey .
,a (hsocybrodol methﬁﬁ ether) on the bss1s of tﬁe‘tp]]ow1ng S
D e | i
' conSId%rattons The benzy1 a1coho] methylene group
. e o
AR tgns of 1socybrqﬂo1 (2) appear as an AB quartet 9 £
” “Ii Hz) centergd at 54. 40’ the spectrum of 1so-7~ |
. . - ” :
cybrodol met%&) ether has a very s1m11ar pattern T
: centered at$64w45 The a11y11c a1cl%o1 methyﬂesz ISR
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_'_, e function of. 98 is not greatly shifted -on- acety}atwn
? o The acetylatlon sh1ft55 is cons1stent with . the
g 7'_69“. : / presence of a free benzyhc.a]coho] and a methy]ated
; allylic a]cohol Jn 98 ‘Activated nianganese d'ipx1de :
B .
5 S ve benza]dehyde der1vat1ve‘ 100 (93%).

) oxidatmn of 9

4 ‘ﬁ The chemca'l sh1fts (CDCT ) -of the. afomatm protons o o

) Y KA Ve . / . o L

':’ ' \‘9’ of *and TOO/are dec1sive The aromat1c proton of - B

& -y of appears at: &7, 11, the arhmatn proton of 100 appears o
y > .

¢ N o at §1. 60 Y "Th1s 0 49 ppm desh1e1d1ng.w ox1datlon

b redui jiﬁt Ihe ox1dat1on prod;pc‘t p,e‘a benaa]dehyde U

S rather th"" a cmnamaldehyd’e &*waﬁes@"- The u]tras- R
Lol votet spéq;rum (Amax (H30H): 208, 266,.1&6 mp of {Q;.;;,'ggﬁ

R TOO 1s ;im]ar to that of fesitaldehyde (67 Ana ,‘ |
o Ummﬂ %43wwﬁ7. ‘ﬁ;,h"i“%;'ﬁ
i The formatwn of %he anomalous prpouct 98 can_ be s
RV o
rat1ona11zed by 1nvok1ng b1cyc1-1c cat1on 101, c]eaVage .
. _‘;V"A
to a ,penzgi ic carbomum ion wath attack by water would Lo
g1ve the observed product a -
. : R . . . . . . . I~ 'V».’ . o t ;
- ,\ii . '-".’.‘; - L ‘. ?' . ) “\ . ’ "
55‘, : "\ . "’;‘_‘ p % ‘ .. i, N
T e SR : -
. * e g T b
l EREEY . 10V . el
A"'/.’ e ',".' $ e )
.‘*j—l -

R B?stingu‘fshed from the vinylic protons by ‘Hecouphng
ime The vinyl hydrogen is coupled {J-= = -
1ny1 emethyl ,group in e"}h. “ise: :
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~~' - . ) . . qo N

e Nhen the“allylic rearrangement reactlon (75-*81-+ _
96 + 9_!‘)‘ was aHowed to proceeg for éxtended pe’lnods - ‘g
. ' '.""‘\
e (one day or more), the reactlon product m1xture became
- very comp]ex'} Compound 98 d1sappeared from the react g
3 = _
.1m1xture w1th1n twenty four hours Cybrodol (1), llkely”

. from so]volys1s of 96 appeared 1n 1Qw concentrat1ons ? R
. ‘after two days, however th1s was not aqbpff1che%t ' f 'j‘;‘*Q$/

_preparat1on of g%brod:$‘K1) s1nge thé*react1op produét

f;}n;gnﬁxture had bébome very. complex‘py th1§ t1me ~ Compound fa

;W:, '1,,96 %ever comp]ete]y disappear-d'from the product,ﬁdkn

Sy F— \ ! . P
. Ql . B b e V" S ! ":‘

?ture At no t1me was«asqc '%j;oT (2) evqunt in tne

‘ﬁ'"

| \\ttentgpn was now fotussed on the prob1em of de-__{- o
' orotect1ng the benzy]1c hydroxy] aroup of. cybrodo] | |
:r;:methy1 ether (96) and the a]]y11c hydroxyl ‘group: of } ”:e'
'fh\:.jf‘ﬁ 1socybrodol methy] ether (98# : Wh11e methy]at1on offers ’
S ﬂ'excellent protect1on for a hydroxylfgroup, the stab11- : o #.Ql;

'slty of a. methyl ether oﬁﬁen makes deorotect1on d¥f-_
17

'-f7'*ipficu1t Several demethy]atlon prockdures,‘(fcheme }6) T

- - EN __.:
-

”\Scheme 16 C]eavage of methyl ethers

.Q“,‘ . Nu . »
o-cn +. ch Nu
. %,Pthz ,ROA 3?‘/

eriments were conducted on ensmoll scale (2 mg of
o 3 ‘with tlc. monitoring only, hence onlx qua!itﬁtive
"fconciusions,can be drawh - L e ety o
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iffrelyfhg on- nuc?éophilic%attack (patn 1) on. “the’ methy]
: carbon of a dbmplex (]02) of the methyl ether w1th a-

kf"“" o Lew1s ac1d “havé teeh rZAZéted35 58 62 ;‘Ih the present
o ".(.' o ‘case, hohev r, a competlng modg oﬁ&cﬁeavageg(path 2)
}1;?¢a - | ‘f. ¥%comp11i§;e the s1tuat1on N,Ifé as 1npth1s case:%m_ﬁ,
ﬁ&_ . “f - o sta le carbon#um,ton 103 can 56 formed by/fragmentatfon ? ¢ »flf
f%ﬁ-\ :. ._ T fthe product, after hydrozyslst W1J]'mff ﬁ; _{?L”¥
T o fv‘ 104 Instepd mhe prodyct w111 be 105 ‘ - f?%?"
b s ‘_ioph11uc at%a&k oﬁ cat1dﬁ 103 V'Iﬁe'e;_”;%*viki”;;‘”
S _ . i e L
4 SRR ¢y that caf’%& 103 mwghiarearfangg a]so &x1stS‘;3ﬁ
e T | Isocybrodo] methyJ ether tQB)‘XSS éxposed to” prﬁﬁﬁﬁ{ff
,icjf L FuJ1ta 558 damethy]at1on c@nﬂ1t1ons (excess boron tri-
; "fluor1de etherate in ethaned1th1o]) ;t?room temperature ‘?‘757H“

T ~ for four days A s1ng]e major (63%) pnoduct was 15Q¥¥“L“ fa‘- i
] W -

| S L lated aqﬂ a551gned structure 106 =Th1s;ass1gnment . ) jkw’
| 3 R A R o . o b
foo e W e pmere doge T S
b . ! s . - o S . Sl o ‘T' oL "%’, . . . R,
' - L
o L a4 : 7. A
/. ,V . «<r
¥ i i 4 '
. ‘\. — [
‘ . A '}
’u' 4 . ‘
] g R
A

.t e"fi,--e*,ﬁ"-followed after compar1son of the 1Hmr spectra (CDC] )
o?:’»” _: o f-of the react]on product (mo] formu]a C]SHZOOS ) w1th T
o ) v_that of 1socybrodol (2)2 The format1on of5106 is - _;,gf5f1?'f

‘

;-Erat1ona112ed in Scheme 17

Estaﬂ?ished by h1gh reso]ution mass Spectrometry (hrm§§
‘; and~chem1cal ionization (NH3) mass spectrometry L
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Scheme 17 ' Formatlon of 106

S T

"

o u} :3‘H!”f;1 hours The sole product was d1acety11socybrodol methy1 f'

S -”ifg:{ether (99) ,j‘“‘]' ,faﬁtfi;a 3;""T_y}5jglﬂ-

_ge of methyl ethers ‘
_ L

Ganem has reported the cleEﬂ |
é-,;f  1}{ ‘f'ﬁif by ferr1c ch1or1de 1n acetic anhydr1de6a An adEt1c'ﬂip§ffff$ e

;.fi”;::"ff;anhydr1de solution of 98 anﬂ ferr1c ch1ar1de (0 8




'-was a 78 22 mixture of tr1acet!1cybrodol (107) and

triacety11socybrodol (108) as Judged by ]Hmr ana]ys1s2

N . ‘ .
LET fashton, the same product mthu;% resulted _ Compounds

‘

4
..,,r

1n methano] with potass1um carbonate ‘ Th1s treatﬁ%nt
'7i‘ pnoduced dybrodol (1) and 1socybrodo] (2) (78 22 rat1o)

wh1ch were then separated by chromatography The .

.

%comb1ned overa;w y1e1d of (1) and (2) wWas. 75% .in two

steps from 96 or 98 | Synthet1c cyhrddbtg(1, mp 109-_~
110°C) and synthet1c 1socybrodo] (2 mp 101 102 C) weref'

;7_ 1dent1ca1 w1th the natural products2 by the fol]ow1ng

cr1ter1% t1c, 1r, ]Hmn and ms. Int€rest1ng]y§

natura1 cybrodol (1) 15 a clear oi] whdch rESISted a]l

.

attempts at crysta]lﬁzat1on wh11e the synthpt1c eom-'A

pound could be crystallized from ch]oroform methanol -

methanol (50a1) seqded w1th a crystal of synthetic 1

fi d1d crystalltfe,.howeve; _ﬁ'“fg;jj[f"n‘n;.mydu" t
RS e A R ;
. - . ’ ‘\,“ . .

e, J

y< R ( . ' . T - | - e .2

. . . OAc . . . ., g ‘.‘ . S | ’ e
i : ‘ ) 107 X ='_CH20A6, Y= CHy
R %pen qybrodo] methyl ether(QG)was treated in 11ke

107 aﬁd 108 were chromatograph1ca1]y 1nseparab1e,} - LR
: ‘WG“ﬁj i A
. hé ence. the crude product m1xture was st1rred overn1ght

,,4.

A smaT1 i;mp1e of natura] cybrodol (1) 1n ch]oroform-?7'q; ;
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v -i%e—resu}ts of the—*erric chlor1de—acet1C‘j;"‘**”“Jff‘f“

;anhﬁﬂride cleavage exper1ment 1mpl1ed the 1ntermediacy

a9

i°f Carb°"1um ions (cf ﬂ b) 31m11ar to those 1n-">‘ .

. voIved in the sulfur1c acid med1ated rearrangemeht I
of gl : In thxs case however “the bu]ky acety] groups ‘ ;
.appear to b1as the product d1str1but1on in favour of 7}35;‘5h,

"theaE o1efin1c geometry Based on these resu1ts we

| felt ‘that a more d1rect route to Cybrodol (1) in e'}l .
1 . f "'@ 't Partwcular m1ght be avaulab]e 1f we were to use ferr;c? :fem
- }‘g, ’i'ah - chloride in acetic anhydr1de ”‘ promote,"'5’a11y11c | e
‘ '2‘;<f-.evt'}h“’,*;rearrangement of 8& Treatm” o &to]i : 3th B

3 ' 3 H i B “A'

ferr1c ch]or1de (O 8 equ1va1e,

; ;Dw acet1c anhydr1de ' ~77;§$§
(overnugh; at room temperature)'gave, after deacbtyleu55;;f e

t1on as before, a 51% comb1ned overall y1e1d of 1

and 2 (69 31 rat1o of’l to 2)

g

e Since 1socybrodo] (2) was a m1nor product of the.‘

above deprotect1on sequence, we deS1red'i?suquibr'~§jhhé'*€~e

' synthes1s of 2 wh1ch wOuld avo1d the substant1a1uiso-;{ﬁ?'

fveh ?ﬁg; me?1zatlon to the E geometry wh1ch occurred when .fgjeﬁh'f~
5231 f? 1socybrodo1 methyl ether (98) Was exposed to Ganem s
%;fo' cond1tions BoPﬁh tﬂggrom1de has been ut111zed for

UL methyd ether cleavage®™

therefore we explore¢-the if~ >,5.*%

appl1cabﬁ11ty of thws reegent to our synthes1s Methyl

"‘:.ether 9_3 was treated mth borovn trlbromide (2 6



N . v"“s .
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e - ke
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R R e
ks efﬁp oL
) i _;;;_‘ The 1ess poIar product (mol ,formula CT7H22 2Br2 ) was .
Tﬂ?)’ ;;signed structure 109 after compar1son of the ]Hmr ’
.‘spectrum (£DC1 ) w1th thﬁ?_‘f 1socybrodo] (2)2 4 The - ‘
3 & et oo S .
i{ ' - f'f‘ ’ - .“.U'Q§§§; ',
| Voo c M0 X = cHy g
: ! | : caz;:egin
x' f more- po]ar component (mo] formula C]7 22O Br" yps -
f - ";,jaSSigned Struotutefllgfaﬁterfaqa]ogouskcompartg:”
..w1th cyﬁ%bdb1 (172 The . rat1o of '%b%‘ 130
"pt1c was 75 25 as determ1ned bi’ Hmr

'action was gerr1ed out at -20°C, the product m1xture

afmately a 95 5 rat1o as Judged by THmr ' 'f_‘?' j%;n(

b ture”for eight hours 5 Tlc~exam1nat1on of the comp]ex,"

react1on product mfxture showed that 109 had been com—;_

e

termis d'by,hrms.and ch‘mical ionizatfon ¢NH3)
pec rbmetry. S R

p (86% total,y1e1d)1cons1sted of 109 and 110 in apprOX1- i ’,“.
"'in.‘ . ‘ )! v

-fraqueous sod1um hydrox1de was st1rred at room tempera- R

pletely consumed however 2 had not been formed If;fj"~m

iew'of th1s rather unpromts1ng result,fthfﬁ 1dea was -t;,-;y_ﬂ-'

179

s
¥

PR He-ant1cipated that treatment of 109 w1th ‘a I ;
»iﬂ:Thydroxidh w0u1d resu]t fn thiéfirect product1on of 2 D
- dA vigourous]y st1rred mixture of 109 - (2 mg) 1QE!F1hy]ene£_ 'L o

;;chlorxde and tetra.ndbutylammon1um brom1de 1n 40% - .“L;;'f e
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S ‘ It 15 known that benzylic hahdes, when exposed .r

to tetraethylammonium acetate in bo1l1ng acetone, afford
N I

benzyl1c acetates by a SNZ dlsplacement mechamsm63

Treatment of 109 with th'ls reagent should produce 108

3 ,gg Carbonlum jon formatwn, wh1ch might result 1n format10n
! 4@ of l07,.should be m1n1mal Indeed, treatment of l09
’ ', ’ﬁg: | /] wi th a ten fold excess of‘ te;traethy’lammomum acetate : % i

b ;, ' 1n refluxmg acetone for one hour gave l08 in%e‘gce-_ll_eﬁt' .
COE L pewm L
o ~w ’ F1pally,1 cybrod1c ac1d (3) was prepéred *‘lmgm- . ;‘. .‘_‘W |
. .» ::’ﬁj\&;cybrodol methylﬂr ether”(96) 1n the follovnng manner ’ Q\

i Activated manganese d1ox1de d’x1datloh of 96 overn1gh=t
Cin methylene chlonde gave aldehyde« lll quant1tat1vely
e L ceewt I T
Do , o 4 . . L]l '}R.'= C-H,Oﬁ" _
- o ~llég“3¥f CO,CHy .

‘i . "Corey. has developed an eff1c1ent ProcessM for 5:on— ;.. y‘.
' ’ vertlng an a,B unsaturated aldehyde to an a,s unsaturated /
_u‘ est% The c.yanohydrin ct the aldehyde 1s ox1d1zed ‘ };’
um th activated manganese ledee to the acyl cyamde 4 k

.. .'_:?-"‘w[ﬁch, 1n th-e presence of the alcohohc solvent, g1ves
. ’ 'the‘ester A s1m’ilar process64 using argentlc oxide

E :as the oxrdant gives a,B unsaturated carbOxylic gmds

Contaminated_ A~ SZ)m:lth 107,(the startfng mater‘lal lo
~was also contmioated (

;'5'!')' w‘lth llO (mde supra)'—- "
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e (1 8 ﬂmva]ents) in acetlc anh_ydmde (tno hours at “.

A*' :

' . B - r.& ' $ ‘
’th‘rectl‘y' Ne preferred an ester aSoan 1ntermediate

synthé’t'ic target so as to fac111tate chromatograph1c 5

| ‘.pur1f'»1cat1on Treatment of. a]dehyde 111 vnth sod1um

-

cyamde (2 7 equ1va1ents), acetic ac1d (2 4 eq,mvalents)

and act1vated manganese d10x1de 1methano'l gave. after

a tgo day _”reacti%perwd a 95% ﬁe]d of methyl ester’ :

‘“rhk

‘Ganem %agent Treatment of s mnt.h fermc chlomde{

B SR

\

’1112 ’.:iHethyl ether protectwn was remo\ed w&h S

»

.room temperature) g‘ave 113 in 77% y1e1d~ after chromatog- .

3" aqueous methano]) gzve synthetic cybrodw ac1d
% T
(é 97%, mp . 179 180 C) 1dent1cal in a11~ respects (mp,

g
.l
=
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t1c..1r. ms, ]Hmr) w)th thé natura1 product2 LT
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i
'mjl o “?@fﬁ“'“l[;l"‘."”’ - ””EXﬁERIMENTAE'A" ST e
. ) Un]ess specified all solvents with the e§ception 
o#’nitromethane and ether were disti]]ed prior to usezv
Technical grade ether (U S P‘ qua]ity) was used fbr NIRRT
LR ; _‘f 'extractions ﬁor most other appiications ACS qua1ityf

o E ‘pitromethane and anﬁydrqus ether were used without/

?5‘ , ,,,.” purification Skei]ysnié% B. refers to Skelly Oil Coﬁ@~ P =
‘ A

: giﬁ.‘;_ AP bany lig%t petrolenm@%ip 62 79° C,; Anhydrod@ so]vents
nd reagents vere. distilled from appropgiate dnying

agents (1n brackets) dimethoxyethane (sod1um), tetra--'

-

o hydrofuran (sodiig), dihydropyran (sodium), acetonitrile
'/,iﬁ(ca1cium hydride) and methylene dhloride (phqsphorous . ‘_gkf‘

o

- pentoxide)wa Hhatm;n)LPS 2 Chromedia (37 53 um) or, :’ :

IR Merck Si]ica Gel 60 (49- 63 um) were used for f]ash | f'-u:" AT
e “ ) . .
S chromatography65 Merc Si]ica Gel 60 (70 230 mesh)

L :hc _ was used fnr 901umn chrA atography Fractions were "n‘f Q‘?-,f,‘

_ . coHected with an Isco ModeﬂTzoo fractitm coHector_. "A’f" K
€' - ‘),t; ﬁjfgl Hitachi'th 3 centrifugai‘qiquid chronatégraph packed .
ffcj‘”7," w1th Baker TLC Siiica Gel 7 (<40 um) was d‘ld for centriuf“;
_ | 3 fugal 1 ﬂUId chromatography Anaiyticai thin 1aYer RSN
5.¥;5?*?:; 7? | chromatography (t]c) was carried out on g]ass p]ates

(75 X 25 or 75 x 50 mm) coated (~ 0 3 mm) with Siiica f~ : f;.’;5;ff

',7*'~ge1 G (w Morck Darmstadt) tpntaining 1% eiectronic«~ f
. Cleveland) Preparatirt th1n

phosphor (General Eie;t”tf;
) was carried out pn glass ST ;}f;*?:v
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1
e

ddsorbent. Materials we%E?;etected by.visua1ization
under aﬁ ultraviolet lamp (254 dr 350 nm).A‘The plate
. (only a thin vertical band in the case of ptlc) was
th:n sprayed with.a solution of va&i]]in (1%) in con-
centrated sulfuric acid. Careful charring with a heat
,gun followed by a brief cooling period produced qhe
tolour regctions inditated in -the text. Gas chromatog- | .
raphy was ca¥ried out on a Hewlett-Packard 5700 A gas
chromatograbh equipped withoa flame ioniiétion'detector.
' Nitrogen was purified by passage through a column

(4 x 45 cm) of Central Dynamics Corporation catalyst

R3-11 followed by a columh (4 X350 cm) packed.with .

potassium hydroxide and;anhsﬁrous calcium sulfate.

Mass spe;tra (MS).were recorded on an A.E.I. MS-50

. .

mass spectrometer coupled to. a DS 50 computer, or an

‘ALE.I. MS-9 mass spectrometer (chemical fonjzation).
6 Data is reported as m/e (re]ative intensity)ﬂ Unless
"diagnostically significant, peaks with integsities less
than 20% of the base peak are omitted. Infrared‘(IR). .
spectra were recorded on a N{colet 7199 interferometer

or a Pefkih Elmer 297 infrared‘spgctrometer;' Ultra-

violet (UV) speétra were recorded on a Unicam %P 17q0
ultraviolet spectrophotometer. ]H;nﬁclear magnetica
resonance (]HMR) spectra were measured w{th a Vérian

A-60D spectrometer, a Varian HA-100 spectrometer, or a

Varian HA-100 spectrometer interfaced to a Digilab
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[

FTS/NM§-3 data system. ]3C nuclear magnetic resonance
(]3CMR) spectra were measured on a Bruker WP-60 spec-
tromefer inteffaced to a Nicolet 1080 computer or a
Bruker HFXj90 spectrometer interfaced to a Nicolet 1085
-compufer. A1l nuclear magnetic resonance measurements
emp]oyed tetramethylsilane as an internal standard.
Me{ting points were recorded on a Fisher-Johns me]tin§
point apparatus and are uncorrected. Elemental analyses
were carried out by the microanalytical laboratory af
this deJaftnent or by Schwarzkopf Microanalytical

Laborat ny;aJeW‘York.

4-Bromo-3,5-dimethy1benzy]idene diacetate (25)

2-Bromomesitylene (24, 99.5 g, 0.5 mo1)66, acetic

acfd*A(77O mL ) and acetic_anhydride* (770 mL) were

cooled to 0°C in an ice-salt bath. Concentrated sul-

furic acid (115 mL) was added dropwise over a ten

minute periaod to the mechaﬁica]]y stirred sd1ution.

After the solution temperature was allowed to falT to

5°C, chromium trioxide (135 g, 1.35 mol) was added in

small portions over a period of one hour. DUfing,the j/
addition period the solution temperature was mqintained
between 5 and.]0°C.t‘Ihe-mixture,was stirred at 5°C

for a further thirty minutes‘and then carefully poured .

onto crushed "ice (3 L). Water was added to bring the

%=

Reagent grade, undistilled solvents, were used in
this case. '

<R

e ——————

cann e merd,
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IR (CHC14 cast): 1751, 1240, 1205 cm”

A ]

- total volume to six litres. When the reaction was con--

""ducted on a smaller scale (7.16 g of 24) a crude,

semi-crystalline product (5.2Q~g) could be filtered

~off at this point. This material was used to obtain

spectral data. . On a larger scale the product was quite

oily and could not be effectively isolated by filtra-

’ tion. ~Instead, the product was isolated by ether ex-

traction (3 x 2 L). The extract was taken to dryness
leaviné a green semi-solid which was dissolved in

ether (500 mL). This solution was -washed with water

(LOd mL) and brine (100 mL). After drying over

magnesium sulfate, fiitration and evaporation to dry-
ness gave a‘yej1ow semi-Solid (147 a) which was used
without purification in the next steb. /

The crude product from 7.16 g of 24 was recrystal-
lized (95% ethanol) affording pure 25 (4.65 g, 41%)
as white prisms, mp 91-93°C. Sublimation of this

materﬁa]-(80°c, 1 Torr) gave an anaﬂytica]]y pure

sample, mp 94-95°C (clear prisms).

TLC: R, 0.57 (methylene chloride), red spot.
1

THMR (CDC1,): 62.10 (6 H, s, 2x0Ac), 2.43 (6 H, s,
2xArCHg), 7.20 (2 H, s, 2xArH), 7.55 (1 H, s, CH).

3

T (CDC15): §20.8 (2 C), 23.9 (2 C), (CH,); 89.4
.126.3 (22C), (CH); 129.0, 134.0, 138.8 (2 C), (C);

158.7 (2 ¢), (c=0).

185
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" crystalline compound (702 mg) after refrigeration for

"y - 186

MS: m/e calcd. for CjgH Ls048’Br (M + 2): 316.0133,

found: 316.0140 (60); caled. for Cy,H 50,7 %8r (M*):
314.-0154; found: . 314.0152 (64), 106 (100), 105 (48),
104 (77), 103 (56), 91 (28), 78 (33), 77 (65), 51 (21).

ANALYSIS: calcd. for CyjHyg0,Br: C 49.54, H 4.80,

Br 25.35; found: C 49.52, H 4.78, Br 25.57.

4-Bromo-3,5-dimethylbenzyl alcohol (19)

A §o]ution of crude 25 (147 g) in anhydrous'ether
(750 mL) was added over a two hour period to a

)

meChanically st1rred s]urry of. 11th1um aluminum hydr1de

(31 g, 0.82 mol) im anhydrous ether (1.2 L). The

mixture was stirred for a further ninety minu;es and
then quenched by SJEE:htial dropwise addition of water
(3V mL), ]5%_aquedus sodium hydroxide (31 mL) and
water (93.mL)7' The solids, after removal by filtra-
tion, were washed with anhydrous ether (10 x 50 mL).
The combined ether so]uti%ns were concentrated in vacué
leaving crude 19 (100 g) as a semi-solid which was used
without purification in the next‘step.

In a parallel run, a small sample of the crude

product (4.70 g) in chloroform (10 mL) deposited a

several days This material was recrysta111zed (95%
ethanol) giving long clear needles (mp 124-125°C) and
was identified as 2,4-dihydroxymethy]-6-methy1bromo-

a
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benzene (27). Flash chromatography (Skellysolve B -
ethyl acetate, 3:1; 3 cm column) of the chloroform
mother Tiquor gave pure 19 (3.76 g) as well as addi-

tional 27 (65 mg). Recrysta]l1zat1on (heptane) of 19

_obta1ned in this fash1on gave white plates mp 52-54°C

(1it.” mp 53-54°¢). C

Compound 27 has the following physical properties..

3

TLC: R¢ 0.17 (Skellysolve B - ethyl acetate,1:1), red

’

IR.(CHC1, cast): 3300 cm™ ). ' - :

THMR (CDC14): 81765 (1 H, t (6 Hz), 0H), 2.01 (1 H, t

(6 Hz), OH), 2.43 (3 H, s, ArCH3), 4.64 (2 H, d (6 Hz),
CHZO), 4.75 (2 H, d (6 Hz), CHZO), 7.19 (1 H, bs, ArH),
7.29 (1 H, bs, ArH).

8!Br (M-CH3O, parent ion not

MS: m/e calcd. for C8H80
seen): 200.9738; found: 200.9746 (27); calcd. for

CgHg0 "Br (M-Ch 30): 198.9759; found: 198.9749(28),

\85 (20), 183 (22), 151 (46), 133 (21), 105 (100),

(50), 92 (59), 91 (68), 77 (37). |
Chemical Ionization (NH3) MS shows peaks at mie 248/250
(M +.18). | g)

Compound 19 has the fo]]ow1ng phys:cal properties.
TLC: R¢ 0.53 (Ske]]yso]ve B - ethyl acetate, 1:1), red
spot. | | | )
IR (CHCl5): 3600 cm .
"HMR (cDC1,): 62.42 (6 H, s, 2xArCHg), 4.55 (2 H, s,

<




4-Methoxymethyl-2,6-dimethylbromobenzene (28, Chromy)

acetate route) | , .

‘dimethoxyethane (200 mL), sodium hydride (57% in oil, .

small portions over a thirty minute period. Addition

!The filter cake was extracted with ether (5 x 50 mL)

"of this material through a short column of acidic

yellow oil (57,3.9) which on distil)lation (101-105°C,

T . | . -t. . | 1
‘ | . 188 |

CH,0), 7.03 (Z H, s, 2xArH). ~ ~ ,

MS: m/e calcd. for CgH]]OB]Br (M;+ 2): 215.9973;

found: 215.9973 (73); caled. for CoH,,07%Br (M*):
213.9993; found: 213.9988 (77), 135 (73), 107 (100),
| | ‘

.

106 (60), 105 (32).

-

To a magﬁetica]]y stirred sd]ution of crude 19

(100 g) and methyl iodide (100 g, 0.70 mol ) in dry
washed with Skgllyso]ve By 17 g, 0.71 mol) was added in 1

of the sodium hydride caused vigourous boiling. The
!

mixture was stirred for a further two hours at room. *:
temperaturé. The solution volume was reduced to 50 mL
by distillation at atmospheric pressure, ether (200 mL )

was added and the salts were removed by filtration.

and thé combined'ethe?eaj solutionslwene concen;kated
leaving a brown oil (62.5 g)._ Polar impurities were

;emoved by ‘rapid passage of a Skellysolve B solution

alumina (200 g). The washings were concentrated to a

1

0.8-Torr) gaye an 89:11 mixture (as judged by Hmr) of
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4-methoxymethyl-2,6-dimethylbromobenzene (gg) and 2-
methoxyhethy]-4,6-dimetn§)promobenzene (29, 50.5 g,
44% from 2-bromomesitylene (24));ﬁajhese isomers could

be separated by flash chromatography (Skellysolve.B-

ether, 9:1} 1 g of sample/5 pm*co]umn). however for

synthetic purposes the mixture was ‘used as suéh'in'the

next stép. A small sample of pure 28 was;pyaporativé]y

distilled (80°C, 0.03 Torr) for microana]ysis.L
Compound 28 has the following physical propgrties.

TQC: Rf 0.58 (Ske]lyéo}ve B-ether, 3:]), redbspot.
IR (CHC14 cast): 1105, 1030, 860 cm™ ..

THMR (CDC1,4): 62.42 (6 H, s, 2xArCH,), 3.38 (3 H,

>

s, CH30), 4.35 (2 H, s, CH,0), 7704 (2 H, s, 2xArH).
PSeMr (coc13): 62347 (2 €), 58.0, (CHy)5 73.9,%(CH,);

©127.4 (2 ¢), (CH); 126.4, 136.9, 138.1 (2 ¢), (C).

found: * 230.0113 (40); calcd. for c]0H130798r (MF):

MS: m/e talcd. for C10H]308]Br‘(M +2): 230.0129; .

228.0150; found: 2é8.0143 (40), 149 (100), 119 (24).

ANALYSIS: . caled. for C,gH,;08r: € 52.42, H 5.72,
Br 34.88; found: C 52.40;_H 5.67, Br 34.61.

Compound gg has the fo]]owing physical properties.
TLC: Re 0.52 (Skel]ysolve}Bfether, 3:1), orange spot.
IR (Film): 1100 cm™'. -
ThmR (cot13)3' 62.26 (3 H, s, ArCH,), 2.35 (3 H, s,

ArCHg), 3.46 (3'H, s, CH30), 4.48 (2 H, s, CHy0), 6.97

(1 H, s, ArH), 7.08 (1 H, s, ArH).

P
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: Compound 28 My the N-Bromosuccinimide route
[' - N .

| gsgf “ | S N——190
? IR - S = |
,3}5§R (CDC14): 620.8, 23.2, 58.5, (CHy); 74.5, (CH,);
f{27.o, 130.6, (CH), 121.8, 136.6, 137.6, 137.9, (C).

"MS: m/e calcd. for C,oH,50%7Br (M + 2): 230.0129;

. '

found: 230.0132 (30); caled. for C,qH, 307 Br (M¥):
'228.0150; found: 228.0156 (29), 149 '(100), 119 (21),
104 (22).

A m#&ture of 2-bromomesity1ene (24, 1.56 g, 7.84
mol), N-bromosuccinimide (1.42 g, 7.98 mol) and
benzoy! péroxide (100 mg, 0.41 mol) in carbon tetra-- -
chloride (40 mL) was refluxed for six hours. After
cooling, the solids were removed by fiitration and
washed with carbon tetrachloride (2 x 50 mL). The com-
bined carbon tetrachloride szlutions were ev;porated
to 9ryness; methanol (]60 mL) and sodium (5 g, 0.22
mol) were added and.the mixture was refluxed for four

hours. Most of the volatiles were removed in vacuo

e

and water (100 mL) was added to the résidue. . The 3

' proddcps were isolated by ether extraction (4 x 50 mL).

After drying over sodium §u1fate, filtration and con-
centration gave a_ crude mixture of ethe}s 28 and 29
(7.42 g). Flash ;hzgmatography'(as above, 3 cm column)
gave pure 28 (801 mg) and pure 29 (489 mg, 72% combined

overall“yield, ratio of 28 to 29 was 62:38).

— e ——— .
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Compound 28 by the Bromotrichloromethane *route

L3

"A stirred mixture of 2-bromomesitylene (24, 39 g,
0.196 mol) and bromotrichloromethane” (49.6 g, 0.250
mol) was frradiated (General Electric 275 watt Sunlamp)

for two days'in a round bottom Pyrex flask. The re-

— action was monitored by gas_chromatography (5 ft. x. -

.1/8 in. glass column packed with 5% SE-30 on Chromoéorb

W). The volatiles were removed in vacuo and the re-
sultant thick brown 611 was dissolved iﬁ methanol

(206 EL). Sodium (15'9, 0.65 mol) was added and the
mixture was stirred ovérﬁight ét‘room temperature.

Water (1 L) was added and the produets were isolated by
ether extraction (5 x'100 mL). After drying over sodium
sulfate, filtration and concentration gave crude
mater1a1 (48 g) wh1ch was fract1ona11y d1st111ed (70-

90°Cc, 0.2 Torr) afford1ng a mixture of bromoethers 28

and 29 (38.5 g, 86%). THmr examination of the dis-

tillate indicated that the ratio of 28 to 29 was 60:40.

LY

Attempted preparation of 34 by a Grignard reaction

A solution of bromides 28 and 29 (2.29 g, 10 mmol,’
from the chromyl acetate route) plus 1,2-dibromoethane
(0.86 mL, 1.87 g, 10 mmol) . in dry tetrahydrofuran

(40 mL) was added over a period of ninety minutes to a

* Undistilled.

[ /
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stirred suspension of magnesium turnings (0 5 g, 21‘[ ‘ \:.fj
) v

-

mfiol) in dry tetrahydrofuran (10 mL) under reflux, Thg%ﬁ&?ugﬁ%l

nitrogen atmosphere and then cooled to -1G%C %mith lédk%“t

' ¥ \'\\T o ‘{_

oxide (5 g, 0.1 mo]) was distilled through 4 3fy1ng s»

J/)’.

-mixture was refluxed for a further two hours under ar .

of.a dry-ice condenser The mixture was stirred for
one hour at room temperature and then saturated aqueous
monium chloride (100 mL) was added. The products
were isdlated by ether entraction (5 x éO mL), the
~ extracts were dried over'magnésium su]faté,‘filterqd
~_¢// and concentrated to a thick oil .(1.68 g). Tic examfna-
-tion of the products revealed that compound‘gi (vide

infra) was not formed in this reacE1on ‘The product

. m1xture was subJected to centr1fuga1 liquid chromatog-

raphy (5 ¢m spacer; 100 g silica geT; Ske]]yso]ve B-
.ether, 5:1). Two major components were 1so]ated 1-
Methogymethy] 3,5- d1methy1benzene (g§) was obta1ned as
a2 yellow 0il (967 mg, 59%). . "
- TLC: Rf 0.44 (methylene chloride), ornnge spot.
IR (film): 1100 cn”'. d
THMR (cDC14):  62.20 (6 W s, 2xArCH,), 3.23 (3 H, ga.
CH O), 4.28 (é H, s, CH 0), 6.85 (1 H, s, ArH), 6
(2 H, S, 2xArH). R ' s .
m/e calcd. for C]0 ]40 (M ) .150.1045; found:

\,ﬂ\_)lso 1020 (23), 149. iy E’ﬂb), 134 (24), 133 (81), 105 (40).

tube and condensed 1nto the reaction mixtdﬁe by ﬁeans '

.
A ARSI ) s,
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‘ 4-MFthcxymethy1-2,6-dimethy1phen01 (36) was obtained
¢ ’ Dt

as a yellow o0il (107 mg, 6%).

TLC: R 0.58 (benzene-ether, 3:;)L red spot. .
IR (film): 3350 cm™'. ~

v ' .
"WMR (CDC1,): 62.18 (6 H, s, 2xArCHy), 3.30 (3 H, s,

CHy0), 4.28 (2 H, s, CH,0), 5.7 (1 H, bs, OH), 6.85
(2 H, s, 2xArH). P
MS: "m/e calcd. for C10M140; (M¥): 166.0994; found:

166.0994 (76), 165 (30), 151 -(34), 135 (100).

Attempted preparation of 34 using n-buty11ithium‘at

room temperatyre

‘n-Butyllithium (8.8 M in hexane, 2.5 mL, 22 mmol)
was added to a mixture of Bromides 28 and gé»(4.35 g,
19 mmol, from the chromyl acetate route) in dry tetra-
hydnofurah'(ZO mL) at room temperature_under a nitrogen

atmosphere. The mixture was stirred for one hour
¢ ’ -

"during which time a purple colour developed. Ethylene

oxide (5 g, 0.11 mol) was disti’'led through a drying

tube and'cpndensed»into the reaction vessel by means 6f

~a dry-ice condenser. The mixture was stirred at_room

temperature for one hour and then saturated aqueous

"ammonium chloride (10 mL) was added. The products were

isolated by ether extraction (3 x 10 mL). The combined
ether extracts were dried over magnesium sulfate,

filtered and concentrated to a brown oil (3.73.g). Tic
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xamination of the réaction mixture revealed that
: /
ompound 34 (vide infra) was not present. The major

roduct, isolated as a clear oil by column chromatog-

raphy (chloroform, 150 g of silica gel) was 1-((3,5-"

NERY s
imethyl)phenyl)ethanol (37, 1.06 g, 37%). 3

LC: Rf 0.47 (methylene chloride-methanol, 20:1), purple
q .

pot. '

R (film): 3450 cm™!.

HMR (CDC15): 61.49 (3'H, d (7 K2, CgCH), 2.324(5 H,
, 2xArCH3), 4.82 (1 H, q (7 Hz), CHCH;), 6.90 (1 H, s,
rH), 6.97 (2 Hy s, 2xArH). R
S: m/e calcd. for CyoH ,0 (M"): 150.1045; found:

50.1047 (55), 135 (53), 107 (1Q0), 91 (28).

-((4-Methoxyméthyl-2,6-dimethyl)phenyl)ethanol (34)

(
f

’ a
¢
t
f
f

A magnetically stirred so1ﬁtion 6f n-but*ﬂ]ithiwg
1.6 M in hex&he, 75 mL, 0.12 mol) in dry tetrahydro-\
ﬁran-(BO hL) Qas cooled to -785C uﬂder a nitfogeﬁ
tmosphere. A miXture.of bromides/gg'ahd,gg (from the
hromyl acetate rd%te, 25.0 g, 0.709 mo])* in dry
etrahydrofuran (30 mL) was added d;er a period of
ifteen minufes causing 'a creamy white precipitate to |

£ .

orm. The‘solution was stirred at -78°C for a furth?r

*

/4

- When the mixture of bromides 28 and 29 from the b#gmo-

trichloromethane route was used, the yield of 34 was
proportionately lower and the product was contaminated
(ea. 10%) by alcohol 40 (vide infra). '

»
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hour. Ethylene oxide (25 g, "0.57 mo]) pur1f1ed by .;
passage through a drying tube (2 x 30 cmh containing
potas‘lum hydroxmde and anhydrous calcium'sulfate, was
condensed in the reaction flask by means of a dry ice
condenser Introduction of the ethylene ox1de re-
quiréd one hour. The reaction mixture was stirred for
y dd1ﬁ1ona1 four hours Saturated aqueous ammonlum

A3

‘}ride (50 mL) was added and the m1xture was . a]]owed~

’

to warm to room temperature water (200 dL) was added

2 /.‘.

to dissolwve the salts and the organ1c layer was rea»y
moveda’ The aqueous phase was extracted with ether' \“
(5 x 100 mL)," the comb1ned .organic extracts were dr1eg

over magnes1um sulfate, f11tered and concentrated -~ On

a smal]er scale (5 g of startlng materla]) pur1f1ca-

tion was conven1ent1y ach1eved by column chromatography
(ch]oroform, 100 g of silica gel) which’ afforded pUre
34 (2.16 g, 51%) On the present sca]e however, the

' _above crude product (24 6 g) was d1sso1ved in Ske]]y- ‘

solve B. (250 mL). F1ne]y powdered anhydrous (dr1ed

ovérnight at 120°C) calcium chloride (50 g) was added,

and the mixture was coo]ed to -70°C for two hours Thed

solids were filtered off and washed with co]d (0 c)-

Ske]]yso1ve B (3 x 30 mL)‘g The filtrate was set as1de/,
and water (200 mL) was added to the ft]ter cake. - After

: th1rty minutes, the aqueous soﬂut1on was extract?ﬂ

with ether (3 X 200 mL). The Ether extradts were dr1ed

195
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TuMR (cDCl

over magnesium sulfate, filtered and éevaporated to

-dryness 1eavin§xcfude-a1coho] 34 (15.2 g) as a

viscouS'yelTow‘oil D1st1]1at1on (120-130°¢C, 0.12 Torr)

gave ﬂhre 34 (14.0 g, 66%).
TLC: Rf 0.30 (methy1ene ch]of1de methano] 20:1),

‘
~ .

orange spot. ‘

IR (CHC1, cast): 3400 cm™'. |
J)i 62.33 (6 H, 5, 2xArCHs), 2.91 (2, t
(7 H2), CHyCHp0), 3.37 (3 H, s, CH30), 3.67 (2 H,

(7Hz), CHz__QO)’ 4.35 (2 H, s, CHZOCH )., 6.99 (2 H, s,

MS: m/e calcd. for clzﬂjsoz'(M’); 194.1307; found:
194.1310 (44), 163 (100), 132"(24).

C 74.03, H 9.36. ‘ . L

2xArH) .
cur (cocty): 520.0 (2.¢), 58.2,_(cH3); 32.8, 61.6,
. (CHy); 127.9 (2 4 CH); 134.3, 136.0, 137.1
{20), (0). - - o

e -

ANALYSIS: calcd. for Ci,H,g0,: C 74.19, H 9,345 found:.

et . ) \ .
. . M
3
. . .

. B . w0 X
2-((2-Methoxymethy[r4,6-ﬂimethy1)pheny])ethghol (Eh)

'n—Buty111th1um (1.6 M in hexane Q. 63 mL 1 mmo])

.-"was added tdo a solution of bromide 29 (200 mg, 0.87
‘mmo]) in dry tetrahydrofuran (1 mL) at -78°C under.a‘
'nltrogen atmOSphere The mixtﬁre was.stifred at -78°C
Vfor one Hour. Ethy]ene ox1de ()'EL 410 mmo1) was added

", (cooled syringe) 1n-oneAportJon._.The mixture was

4
. R .‘

N
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stirred at -78°C for five hours and then left overnight

9£7-5°C.. The reaction mixture was diluted with

water (20 mL) and extracted with ether (4 x 20 mL). The

combined ether extracts were dried over sodium sulfate,

" filtered and concentrated. F]aehmchromatography

(methylene ch]or1de methano1, 100:1; 2 ¢cm co]umn) gave
40 as a c]ear 0il (33 mg, ]?i as well as 35 (86 mg,
66%). The isomeric a1;eho]s 34 and 40 could be dis-
t1ngu1shed by tlc kellysolve B-ethyl acetate, 1:1).
TLC: R% 0.30 (Sk llyseTve B-etﬁyliacetate, 1:1), dark
orange spot. |

IR (Film): 3400 cm™'. | \ |

ThMR (CDC1,): 62.26 (3 H, s, ArCH;), 2.29 (3 H, s,
AYCH3), 2.92 (2 H, t (7 H2), CH,CH,0), 3.38 (3 H, s,
CH;O), 3.76 (2 H, t (7 Hz), cnégﬂzo§é'4.4o (2 H, s,
CH,0),76.95 (2 H, s, 2xArH). |

13cMp (coci,): 619.8, 20,7, 58.0, (CHy); 32.1, 61.7,
73.7, (CH,); 128.8, 131.6, (CH); 133.2, 135.6, 136.1,
137.3, (c). | | {

MS: m/e calcd. for CigHig0p (M) 194.1306§ found:

. 194.1313 (17), 149 (34), 133 (68), 132 (100).

2—((4-Methoxymethy1#2%G-dimethyl)pheny1)ethy] acetate (42)

-

Alcohol 34 (750 mg, 3.87 mmol), acetic anhydride

e(];q&)'and"pyfidine (1 mL) in methylene chloride

(10 mL) were stirred overnight at room temperature.



et S

Evapdration to dryness gave 42 as a clear oil (863 mg,

1 95%).
TLC: Rf 0.52 (Ske]]ysolve B-acetone, 7:3), orange spot.

IR (film): 1740 cm™!.

THMR (CDC14): 62.05 (3 H, s, OAc), 2.36 (6 H, s,
2xArCHy), 2.98 (2 H, t (7 Hz), CH,CH,0), 3.37 (3 H, s,
CH30), 4.15 (2 H, t (7 Hz), CHégﬂzo), 4.35 (2 H, s,
CH,0), 6.98 (2 H, s, 2xArH).

MS: m/e calcd. for C]4H2003 (M+): 236.1412; found:

236.1420 (35), 176 (iOO), 163 (43), 161 (59), 149'(20),
145 (36), 144 (21), 131 (20).

Attempted Rieche formylation of 42

A sd]Utibﬁ of titanium tetrach]or{de (56 ulL,
0.5 mmol) and a,a-dichloromethyl methyl ether (44 ulL,
0.5 mmol) in dfy methylene chloride (10 mL) was stirred
at 0°C for thirty minutes. Arene 42 (70 mg, 0.3 mmo])
in dry methy]ene chloride (10 mL) was added over a
n1nety minute period. The,so]ut1on was;;hen ref]uxed”
for two hours duripg which time a dark Qréeh dblour
develo#ed. The mixture was poureg'into ice-water
(100 mL) and the products were extracted into methylene
chloride (4 x 30 mL). The combfned extracts were washed

with 3 M aqueous hydroch]oric acid'(40 mL) and water

(40 mL)' After drying over magnesium su]fate, filtra-

“tion -and concentrat1on gave a clear oil which was sub-

5
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3ected to pt]é (ﬁethy1ene ch1dride). In this fashion

2- ch]oromethy1-2,6ldimethy1)phgnyl)ethy1 acetate

(43) was isolated ;S-gbzlear 0il (55 mg, 76%).

TLC: Re 0.74 (hefhy]eﬁejch1oride), red spot.

IR (film): 1740 cm”'.

THMR (CPC14)%  62.05 (3 H, s, OAc), 2.37 (6 H, s,

2xATCﬂg€f 2.95.(2 H, t (7 Hz), CH,CH,0), 4.12 (2 H, t,
(7 Hz), CHyCH,0), 4.47 (2 H, s, CH,C1), 7.02 (2 H,
s,n2xArH). |

MS: m/e 242 (M + 2, 4), 240 (M, 12), 182 (28)," 180

(87), 169 (17), 167 (54), 145 (100), 132 (37).

~ “ .

Attempted bromination of 42 with bromine in carbon

s

tetrach]oriqe

. Bromine (28 ul, 8} mg, 0.54 mmol) in:gafbon
tetrachloride (10 mL) was added to a,solufion of aréne
42 (165 mg,"0.45 mmo]),ingcarbon tetrachloride (10 mL)
~at 0°C. The_mixtUré was stirred at 0°C for thregahours
' and then wasﬁed‘with water (5 mL), 20% aqueous éodium
,hydroxide (2 x 5 mL)»and water‘(S mL)? Aftef“dkying‘
bver magnesium”suifate, fi]tration and concegiratioﬁ
ga?e a crude product which was pu}ffied By ptié
(Ske]]yéolve‘B-acefone,’10:]). In this wayﬂ4-(2-
acetoxyethy])-3,5-d1methy[penza1dehyde (44, 57 mg,
58%) was isolated aéva yellow foam, | o &
TLC: R, 0.28 (Skellysolve B-acetone, 10:1), red spot.

-t



IR (film): 1740, 1690 cm™ !, )
THMR (CDCT,): 62.03 (3 H, s, OAc), 2.42 (6 H, S,

2xArCHz), 3.03 (2 H, t (7 Hz), CH,CH,0), 4.16 (2 H, t

(7 Hz), CH,CH,0), 7.47 (2 H, s, 2xArH), 9.85 (1 H, s,
CHO). o ’

+ .
| MS; m/e calcd. for C]3H]603 (M"): 220.1099; found:

220.1099 (4), 160 (100), 159 (48), 148 (25), 131 (24).

4 e
2-((3-Bromo-4-methoxymethy1-2,6-dimethy1)phenyl)ethy]

acetate (45)

Bromine (13 ulL, 40 mg,)0.25 mmol.) in nitromethane

(10 mL) was added to a solution of arene 42 (50 mg,

0.21 mmol) in ﬁitromethane:(lo mL) at 0°C. The mixture

was stirred at 0°C for two hours and then partitioned

-between saturated aqueous sodium carbonate (50 mL)

and ‘ether (50 mL). The ether 1ayer was dried over
sodium sulfate, filtered and concentrated. Bromide 45
(37 mg, 56%) was isolated by ptic (Skellysolve B;
acetone, 10:1) as a é]eér oik. : ' ;
TLC: Rf 0.38 (Skellysolve B-gFetoﬁe, 10:1), red spot.
IR (CHCl3 gast): 1740 cn™!. E -

THMR (CDC14):- 62.03 (3 H, s, OAc), 2.35 (3 H, s, ArCHy),
2.47 (3-Hs. 5, ArCH3), 3.03 (2 H, t (7 Hz), CH,CH,0), 3.45
(3 H, s, CH30), 4.12 (2 H, ¢ (7 Hz), CH,CH,0), 4.47

(2 H, s, CHZO), 7.11 (1 H, s, ArH).

MS: m/e caled. for Cq,Hyg058"Br (M + 2): 316.0497;

~
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- N ‘ : 79 +y
found: 316.0496 (11); calcd. for Cy,H 905" "Br (M ):
314.0518; found: 314.0522 (11), 175 (100). '

2 ((3- Bromoiﬁlmethoxymethyl -2,6- dimethyl)phenyl)ethanol

(46) 46)

-1

" A stirred sdfu;jon of arene 34 (10.0 g, 51.5 mmol)
in nitromethane (50 mL) was cooled to 0°C, Bromine

(4.0 mL, 12.4 g, 78 mmol) in nitromethane (50.mL) was

’added dropwise over a thirty minute period. The re-

action m{xture was stirred at 0°C for a fﬁ%ther'thirty

minutes and then saturated aqueous sodium carbonate

(50 mL) was added. Most of the nitromethane was removed

in vacuo and the residue was extracted with ether

+ ‘ . >—

(5 x 50 mL). The combined ether extracts were washed

‘'with water (50 mL) and br%ne (50 mL).; After drying

over maénesi&m sulfate, filtration and concentration

gévé bromjde 46 (13.3 g, 94%) as a viscous-orange 0il.
Attempted bulb to bulb distillation (150°C, 0.1 Torr)
caused extensive decompbsition. A small sample of |

crude 46 was crystallized from Skellysolve B-methylene-

chloride (i:]) affording buff conQred crystals, mp

101-106°C, which were subﬂimed (100°C, Q.023 Torr)

"giving analytically pure 46 (mp 104-106°C).

TLC: R 0.63 (Skellysolve B-acetone, 7:3), red spot.
IR (CHCT, cast): 3250 cm -1 s

THMR (CDC14): 62.29 (3 H, s, ArCH 5)s 2.42 (3 H, s

y .

201

L



CH30), 3.65 (2 H, t (7 Hz), CH,CH,0), 4.

1272.0411; found: 272.0403 (1), 243 (100), 241 (94),

L)
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Arcu3); v.gs'(é“n,”t (7 Hz), CH,CH,0), “.42 (3 H, s,
114 (2 H; 51'

CHyOCH3), 7.09 (1 H, s, ArH).

MS: m/e calcd. for C]2H17028]Br (M + 2): 274.0392;

found: 274.0395 (1); calcd. for C]2H1702798r‘(M+):

213 (44)3 211 (45), 132-(35), 131 (21), 115 (24), 9
(21). | o _ v
ANALYSIS: ~calcd. for‘C]ZH]VOZBr: C 52.76, H 6.27,

| AR
29.25; found: U-52.87, # 6.12, Br $9.13.

1-Bromo-3-(2-(tetrahydro-2H-pyran-2-yl)oxyethyl)-6-

"methoxymethyl-2,4-dimethylbenzene (47)

A solution of451c0h01 46 (18.05 g, 66.1 mmol),
dihydropyran (17 mL, 15.7 g, 0.186 mol) and pyridinium

.tosylaté (700 mg, 2.8 mmol)33 in methylene chloride

(70 mL) was stirred at room Egmperature for one hpur{
The soiutiéh was'washed~yith water (10.mL) and dried

over magnesidm sulfate. Fil;gétion and evaporation to

- dryness gave crude ether 47 &s a brown oil. Flash

chromatography (Ske]]yso]veJB-ethylvacgfaté, 20:1; S cm
column; 4 runs) gave pure 47 (22.5 g, 95%) as a light
yellow oil. )

. : ‘ o : | \
TLC: Rf 0.60 (benzene-ether, 3:1), red spot. .
IR (CHCl4 cast): T120, 1030 cm™'. |

" THMR (cDC13): §1.4-1.8 (6 H, m, 3xCH,), '2.32 (3 H, s,

C
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ArCH3), 2.457(3 H,'s, ArCHy), 3.00 (2 H, t (7 Hz),
ArCHCH,), 3.42 (3 H, s, CH30), 3.5 (2 H, m, CH,0),

3.70 {2 H, t (7 Hz), ArCHyCH,), 4.44 (2 H, s, CHyOCH;), .-
4.56 {w—-n’,'bs, CH), 7.09 (1 H, s, Arh). ».

MS: m/e calcd. for Cy;H,s0,8'Br (W + 2): 358.0965;
found: 358.0968 (2); calcd. for c]zH2;03793r M*):
356.0985; found: 356.0988 (2), 274 (1), 272 (1), 85

(100). o ’ |

Attempted prepamatidn of acid 51 by a Grignard reaction

A solution of bromide 47 (270 mg, 0.76 mmol) and
'1,2-dibrom6ethane_(0.2‘mL, 0.&4 g, 2.3 mmo[) in dry.
tetrahydrofuran'(JO mL ) was édded dropwise.tb a suspen-
sion'éf'magﬁesium powdér (200 mg, 8.2 mmol) in gently
refluxing tetrghydrdfuran (5 mL) under'nitrogen. Thé
'"ﬁigtugﬁ'waS'refluxed.%of three hours and then cooled
to 0°C, barbon dioxide (Matheson, "Bone Dry")'was
) bubb]ed through the stirred.solution for'fiftegn mﬁnutes.
Saturated aqueous ammonium chloride (20 mL) was added
vand-the products were extracted into ether (2 x 50 mL).
The ;ombined ether solutions were ethacted.with satu-
4r§ted‘a&uéous'sodium carbpnafe (3 x 10 mL), water (10 mL )
and brine (10 mL)dand then'dried over magnesium sulfate.
Filtration and concentration gave the neutral product
1;(2-(tetrahydrb-ZH-pyran-2-y1)oxyethy])-4-hethoxy5
\mthyl-2,44djmethy1benzéne (50) as a yellow oil (171 mg,
. 81%). ’ B
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TLC: Re 0 63 (Ske]]yso1ve B- ether, 1: 1). orange spot

)
IR (film): 1030 cm

"HMR (CDC1,): 61.4-1.8 (6 H, m, 3xCH,), 2.35 (6 H, s,
2xArCHg), 2.97 (2 H, t (7 Hz), ArCH,CH,), 3.37 (3 H, s,

-1

CH30), 3.5 (2 H, m, CH,0), 3.76 (2 H, t (7 Hz), ArCH,CH,0),

~

4.35 (2 H, s, CH,0CH,), 4.58 (1 H, bs, CH), 6.96 (2 H;
s, 2xArH). R - ~ .
MS: m/e calcd. for C7M2603 (M*): 4278.1882e'f0und:
278.1863 (2), 143 (33), 85 (100).

The combined sod1um carbonate extracts were

‘acidified (~pH 1) and extracted w1th ether (2.x 50 mL)

These ether extracts were dried aver magnesium su]fate,

filtered and concentrated leaving negligible (< 1 mg) .

~

acidfc products.

'Methylv3-(2—(tetrahydro-ZH?pyran-2-y1)oxyethyl)-6-

methoxymethyl-2,4-dimethylbenzoate (52)

A solution of n-butyllithium (1.6 M in hexane, E}
44 mL, 70 mmol) in dry tetrahydrofuran (100 mL) was

cooled to -78°C under a nitrogen atmosphere. Bromide

47 (2275 g, 63.0 mmol) in dry tetrahydrofuran (20 mL)

was added over a ten minute period, the mixture was

then stirred at -78°C for a further fifty minutes.

Freshly distilled methyl chloroformate (36 mL, 44 g,

0.47 mol) was rapidly injected (syr1nge) into the re-
i?t1on pot. The so]ut1on was warmed to 0 C and kept

&
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at this temperature for sixteen hours. The reaction

was quenched by add{tion of saturated aqueous sodium .
carbonate (50 mL) followed by water (100 mL). The
organjc’phase was removed and the aqueous residue ex- . \‘
tracted with ether (3 x 50 mL). The combined organic
extracts were dried over magnesium su]faté, filtered

and concentrated in vacuo. Flash chromatogfaphy
(Skellysoive B-ethyl acetate, 3:1; § cm coﬁumn; gzruns)
provided pure ester 52 (13.2 g, 62%) as a clear o0il.

TLC: Rf_0.42 (benzene-ether,

N4

10:1), brown spot.
IR (CHC1y cast): 1730 cm™'. | "

- THMR (CDC15): 61.4-1.8 (6 H, m, 3xCH,), 2.31 (3 H, s, K\\‘\

ArCHz), 2.37 (3 H, s, ArCHy), 2.98 (2 H, t (7 Hz),
3 H, s, CHy0CH,), 3.5 F2 W, m, cH,0),
)» ArCHyCH,), 3.87 (3 H, s, CO,CH,),

ArCH,CH,), 3.30
3.75 (2 H, t (7 H
4.38 (sz, s, C§y0CH;), 4.56 (1 H, bs, CH), 7.00 (1 H,
s, ArH). |
MS: m/e calf

1), 305 KG),‘190 (28), 85 {100).

for C]9H2805 M) 336.1936;, found:

Trisnortybrodoiide (5, 6-(2-hydroxyethy1)-5,7-dimethy1- //

phthalide, direct route from 52)

Chlorotrimethylsilane (140 uL, 120 mg, 1.1 mmol)
was added to a solution of ester 52 (52 mg, 0.15 mmo1)
and sodium iodide (165 mg, 1.1 mmol1) in dry aceto-

nitrile (5 mL). The mixture was refluxed for one day



"*f“’ ' -, .under nitrogen, extrarchldrbtrimethylsilane (146 ﬂL).was
added and reflux was continued for a further twenty-four
hours. The reaction mixture was cooled ‘and then di- °

j - luted.with ether (loo.mgo. The ether solution was.
washed with water (3 x IO mL), 10% aqueous sodium thio-
\sulfate (10 mL)) and saturated aqueous sodihm bicarbonate ’
(3 x 10 mL). After drylng over sod1um sulfate, fil=
tration and concentrat1on gave a crude product mixture

V\ o (53 mg) which was subJected to ptlc (Ske11yso1ve B-ethyl

, .
acetate, 3.1) 3fford1ng two major components: -Rf.0.33 o

.j. (28 mg, 60%) and Re 0.09 (3.4 mg, 11%). )

| The Rf 0.33 compponent (mp 182 ]84°C, Ske]]yso]ve B) ;
was 1dent1f1ed as 6-(2-iodoethyl)- 5 7~ d1methy]phtha11de
(54) -on the basis of the fo110w1ng spectral propert1es R 1
IR (CHc13 cast): 1750.cm”!. |
]HMR (CDC]3): 6§2.43 (3 H, s, ArCHj), 2.67 (3 H, s,
ArCH3), 3.2 (4 H, m (AZBZ)’ CHoCHy ), 5.1 (Z H, s, CHéO)g o \?
7.08 (1 H, s, ArH). '
MS: m/e calcd. for C]2H13021.(M+)z 315.9960; found: ®

- 315.9943 (3), 189 (100).

The R; 0.09 component was identical (tic, ir, 'Hmr,

- ms) with natura]'trisnbrcybrodolide (5)2

Hethyl 3- (2 hydroxyethy]) 6 methoxymethy] 2, 4 d1methy1-

‘benzoate (55)

L]

A solution of tetrahydropyranyl ether 52 (303 mg,

P \ i
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0.902 mmol) and pyridinium tosy]épe (100 mg, 0.4 mmol)
in methanol (5 mL) was sfirred overnight at room t
temperature. The solvent was removed in vacuo and the
residue was téken up in ether (100 mL) and ;hen)rashed <
with water (10 mL) &nd brine (10 mL). After dq&inq/over h \f-/mgﬁ

sodium sulfate, filtration and concentration gave

compound 55 (220 mg, 97%), a clear oil sufficiently’

pure for further work (vide infra). For the purpose

of characterization, a small sample (500 mg) from a

Hues et M nnmiir 5 L

paraTle] run was chrom3tographed (Ske]]ysodve B-ethyl
acetate, 1:1; 20 g silica gel) affording pure 55' (450 ,

'mg). Evaporative distillation (110°C, 0.017 Torr) of

e A lrana

a portion of this material. provided an aha]ytically

pure sample.

TLC: R, 0.33 (Ské]]yso]ve B-acetone, 7:3), brown spot. . )
IR (CHCly cast): 3440, 1727 cm™ . .
]HMR (CDC13): §2.26 (3. H, s, ArCH3), 2.32 (3 H, s, 1

- 3

ArCH,)., 2.50 (1 H, s, OH), 2.90 (2 H, t (7 Hz),
CHyCH0), 3.28 (3 H, s, CH,0CH,), 3.60 (2'H, t (7 Hz),

v cnzgﬂzo),,;.gs (3 H, s, CO,CH3), 4.36 (2 H, s, CH,OCH,),
7.00 (1 H, s, ArH). - . - f
MS: m/e calcd. for Cy,Hy0, (M*): 252.1362; found:
252.1363 (29), 221 (25), 207 (21), 205 (100), 189 (32).

ANALYSIS: <calcd. for C]4H2004:‘ C 66.65, H 7.99; foqu:

C 66.75, H 7.87.

F«Q .
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L . - ) L
Methyl 3~(2~acetoxyethy1)*G»methoxymethy1»2.4—dimethy1-

benzoate (56)

A solution of crude alcohol 55 (vide supra,

'220 mg) in acetic anhydride (5 mL) and pyr1d1ne (10 mL)

was st1rred at room temperature fgr three hours.

Evaporat1on to dryness under h1gh vacuum gave crude

56 (241 mg) as a brown oil, sufficient1yﬂpure for fur-
ther hork‘(vide infra). In a parallel experiment, pure
a]coho] 55 (330 mg) t;eated in the same_fashion gave

the -pure acetyl der1vat1ve 56 (378 mg, 98%) as a c]ear
011 | .

TLC: R, 0.66 (Skellysolve B-ethyd acetate, 1:1), browdf .
spot. o ' ' .

IR (Film): 1750, 1745 cm™ . |

']HMR (COC14): 62.01 (3 H, s, OAc), 2.29 (3 H, s, ArCH,),

2.35 (3 H, s, ArCHy), 2.98 (2 H, t (7 H2), tnécnzo), 3.30

(3 H, s, CH30CH Y, 3.85 (3 H s, CQgﬁH ), 4. 10 (2 H, t

(7 Hz), CH,CH,0), 4.36 (Z.H, s, CH,0CH), 7.02 (1 H, s,°

.Arﬁb.

MS: m/e calcd. for CigHys0; (M*): 294.1468; found:
294.1472 (7), 263 (42), 262 (92), 247 (20), 234 (38),
219 (100), 207 t72), 203 (21), 189 (21), 187 (55).

Trisnorcybrodo]ide'(g) via compounds 56 and 57
- —

A mixture of crude 56 (241 mg, vide supra), sodium

1od1de (1.2 g, 8 mmol) and chlorotrimethylsilane

A
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'.(120°C, 0.015 Torr) providing an analytioal sample.

209

(1.0 mL, 856 mg,'7.§ mmol) in dry acetonitri1e;(20‘mL)
was refluxed under nitrogeo‘for twenty-four.hoors. Water
(100 mL) was added and the product was extracted into
ether (5 x 20 mL). The combined ether extracts were
washed success1ve]y with water (20 mL), 10% aneous
sodium thiosulfate (20 mL), water (20 mL) and brine (20

mL). After dryilng over magnesium sulfate, filtration

'aodffoncehtration'gave a brown powder. The major

component of th1 product mixture was shown to

be ent1ca1 w1th the acetyl der1vat1ve (57) of natural
tr1snorcybrodul1de~(§)2 by tlc exam1nat1on. Crude 57 c
and potassium carbonate (1.0 g) were taken up in meth-

anol (10 mL) and stirred overnight at rgom temperature.

.The methanol was removed in vacuo and the residue was

partitioned between ethyl acetate (100 mL) and water
) )

(10 mL). The organic layer was waéhe ith bri 0

‘mL), dried over magnesium sulfgje, filtered and con-

centrated. Non-~polar impurities were removed from the
residue by trituration with methylene chloride (3 x.J'mL)
leaving virtually pure'trishorcybkodo]ide (5, 139 mg,

75% overall from 52). Recrystallization (methanol) gave

~colourless prisms mp 189-191°C which were sublimed

©

ANALYSIS: calcd. for Ci,H,,05: C 69.89, H 6.84; found:

' C 69.87, H 7.05-

(\\
Y
g

— e e, W‘ o e - o

ey
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-

3-(?-(TetrahydronH-pyran-Z-yl)oxyetBy])-G-methoxymefﬁy%Q\///,s\
2,4-dimethylbenzy] a]cohol'(ll)-~,’ S

Methyl ester 52 (7.07 g, 21.0 mmol) in dry ether\\
.'y

(50 mL) was added over a thirty minute period to a
stirred s]urry of lithium aluminum hydr1de ().00 g,
26.3 mmo]) in dry ether (100 mL). The mixture was
stirred at room temperature for two—hours and then
quenched by dropwise addition of water (ﬂ mL), 15%
aqueous sodium hydrox1de (1 mL) and water (3 mL). The
granular pre51p1tate was filtered off and washed w1th
&

ether (5 x 50 mL). The comb1ned ether solutions were
L\ .

concentrated-leaving crude a]coho] 77 (6. 5 g). Flash

chromatography (Ske]]yso]ve B- ethy] acetate, 1:1; 5 ¢em
column) afforded pure 77 (5.00 g, 77%) as a clear 0il.
TL2: Re 0.29 (Skellysolve .B-ethyl acetate, 1:1), black

-].‘,

THMR (CDC1,)¢ 61.4-1.8 (6 H, m, 3xCH,), 2.36 (3 H, s,
ArCHy), 2.46 (3 H, s,.ArCH3), 2.70 (1 H, t (7 Hz), 0H),
3.03 (2°H, t (7 Hz), ArCH,CHp), 3.42 (3 H, s, CH30), 3. 5
(2 H, m, CHy0), 3.75 (2 H, t (7 Hz), ArCH,CH,), 4.48

(2 H, s, CH,0CH;), 4.58 (1 H, bs, CH), 4.66 (2 H, d

(7 Hz), CH,OH), 6.95 (1 H, s, ArH).

MS: m/e calcd.for CygH,g0, (M): . 308.1988; found:
308:1984 (1), 174 (21), 162 (34), 146 (32), 85 (100).

/-
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® ,
3-(2-(Tetrahxng{;H-pyran-2-y1)oxyethy])-ﬁ-methoxy—

\ methy]-2,4-dimethylbenzaldehyde (§6)

A solution of alcohol 77 (5.00 g, 16.2 mmol) in

chloride (10 mL) Was added .in one‘portion to
pyridinium chlorochromate (5.40 g, 25
sodium acetate (400 mg, 4“88"mm013 in methylene
chldride (20 mL). The mixture was stirrgd at room
temperature for one hour, diluted with e£her_(100 mL)
and then filtered through Céllte. Tge filter cake was

washed with additionaf ether (5 x 30'mL). ‘The combined

filtrates were rapidly passed through a Florosil column
(50 g). An extra portion of ether (200 mL) completely
eluted. the pfoduct.“ COncenfrainn provided a]déhyde

66 (4.85 g,.98%)_sufficient]y'pﬁre.for further. work.

TLC:'_'Rf 0.58 (Skellysolve B-ethyl acetate, 1:1), red

spot.. , .
TR (CHC14 cast): 1690 em™ ',

THMR (CDC1,5): 81.4-1.8 (6.H, m, 3xCH,), 2.43 (3. H, s,
‘ArCHg), 2.61 (3 H, s, ArCHj), 3.04 (2 Hy t (7 HZ),
ArgﬁZCHZS, 3.42 (3‘H,.s; CH30), 3.5 (2 H, m, CH,0), 3.77
(éﬁH; t (7'Hzf,'ArCH2gﬂé), 4.57 (1 H, bs, CH), 4.69

v
penrpe

(2 H, s, QﬂzOCH3)’ 7.2 (1 H, s, ArH), 10.54 (1 H, s,

e CHO). |
 Ms: m/e calcd. for CygH,g0, (MT): 306.1831; found:
306.1832 (15), 204 (37), 189 (24), 85 (100).

211



1-((3—(2;(Tetrahydro-2H-pyran-2-y1)oxyethy])-ﬁ-methoxyr

i methy1-2,4rdimethy1)pheny1)-2-butyﬁ-]-ol (78)

2-Bromopropene (3.0 hL, 4.1 g, 34 mmol) was added
to a suspension of finely divided lithium (1% sodium,
270 mg, 38.9 mmol) in dry ether (50 mL)*. The mixture
was refluxed for three hours under nitrogen‘at which

time little reactidn (as indicated by dissolution of

Tithium) was evidentﬁf Extra 1ithium}(200 mg, 28.8 mmp])

was added and the mixture was stirred overnight. Alde-
hydé 66 (2.28 g, 7.45 mmol) in dry ether:(]O mL)*uwas

added in one portion and the mixture was stirred for one

"hour. - Saturated ammohium chloride (50 mL) was added

and the products were extracted into ether (2 00 mL).

After drying.ovér magnesium sulfate, filtration and con-

‘centration, the crude product was chromatographed

(Ske11y$olVe B-ether, 1:1; 130 g of silica ge1) affording
recovered starting material 66 (210 mg) and product 78
v

(391 mg, 15%) as a yellow oil. 'y

el

TLC: .Rf‘0.66'(benzene-ether;'1}3), green sbot.
IR (CHCly cast): 3400 cm™'. -

THMR (CDC1 ) : §1.4-1.8 (6 H, m, 3xCH,), 1.84 (3 H, d
(3 Hz), CHyC=C), 2.34 (3 H, s, Arcu3),'2.28 (3 H, s,
ArCHs), 3.02 (2 H, t (7 Hz), ArCH,CH,), 3.40 (3 H, s,

CHy0), 3.5 (2 H, m, CHéO). 3.77 (2 H, t (7 Hz),

* Distilled from sodium. - A | Y
o X

- 1

212



CH

ArCH,CH,), 4.32 (1 H, d (11 Hz), CH,0CH;), 4.60 (1 H,

bs, CH), 5.26 (1 H, d (11 Hz), CH,O0CH;), 5.85 (1 H, bs,

CHOH), 6.98 (1 H, s, ArH).

. +,

MS: ».m/e calcd. for C,iHy00, (M 346.2144; found:

AU

, 346.2142 (1), 85 (100).

|

1-((3-(2=Hydroxyethyl)-6-methoxymethyl-2,4-dimethy1)-

pheny])-1—methoxy-2-hutyne’(gg)

A solution of compound 78 (106 mg, 0.306 mmo1) and

pyridin%um tosylate (50 mg, 0.199 mmol) in methano]

(5 mL) was stirred overnight at room temperature.

Methanol was -removed in vacuo, the residue was dis-

so]ved'in'cbioroform (100 mL) andlwashed With watep

"(10.mL). After drying over magnééium”sulfate; fi]tra;’ﬂ
tion andﬂconcenfratipn gave 80 (82 mg, 97%) as a.yefiow..'

“0il.

0.56 (benzene-ether, 1:3), green spot.

TLC: R

f
IR (film): 3400 cm'

]%yﬁ (CDC1,): 61.83 (3 H, d (3 Hz), CHyC=C), 2.32 (3 H,

s

A\

s, ArCHg); 2.50 (3 H, s, ArCHy), 2.95 (2 H, t (7 Hz),

2CHZO), 3.33 (3‘H, S, CH3 ) s 3.3§ (3 H? S, CH30)?

3.67 (2 H, t (7 Hz), CH,CH,0), 4.44 T17H, d (19 Hz),
CH,0CH3), 4.60 (1 H, d (11 Hz), CH,0CH;), 5.38 (1 H,

q (3 Hz), HCO), 7.00 (1 H, s, ArH).
T3cmr (cDC14): . 63.8, 16.2, 20.3, 56.2, 57.9, (CHy);

33.2, 61.3, 73.1; (CH,); 69.2, 129.5, (CH), 83.0,

213
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e e it

108.4, 134.1, 134.2, 136.0, 136.7, 136.9, (C).

. T + .

MS: ¢ lcd. for C 0. (M*): 276.1725;: found: . i
S: ‘m/e calc -~ for 1712403 (M) ‘ oun

276!1734 (2), fzg (100), 214 (32), 213 (22), 201
(33), 183 (21).. ' )

_1-((3-(2-(Tétrahydro-ZH-pyran—Z-y1)oxyethy])-6-methoxy-

methy1-2,4-dimethy])pheny])~2—methy1-2-bropenr1-o]A(75)

S RO P WEIPC ey = 1

A solution of freshly distilled 2-bromopropene

(7.1 mL, 9.67 g,’f9.9 mmol) and 1,2-dibromoethane
(0.9 mL, 1.96 g:\id.4 mmo])‘in dry\tefrahydrofUran (30
mL) was added drbpwfse over q_thirty mfnute period to a:
'magnetjc$1]y stirred suspgnsion bf magnesium powder
(2.20 g5 90.5 mmo1) in dry tetrahydrofuran (10 mL) |
under a nitrogen atmosphere. .The addition of thé bro--

mide solution, caused vigourous boiling. “Reflux was

A 5 N 8 8T8 o8 i i R

“maintained for two hour§ after the add{tidn was complete.
The mixture was cooled to 0°C and then a solution of
’a1dehydef§§ (5;00 é, 16.4 mﬁo])'in dry tetrahydrofuran
‘(30 mL) was added. in one portion. }The mixture was
Wafmed to room températuke and thén ref]uxéd fbr’two
hours. .The.mixxure(was qarefully poured over crushed

ice (~500 g), the products were jsoiated by ether ex-
‘-ftraction.(Sfx 100 mL). After drying over magnesium

sul fate, ffltrafion and concentration gave a brown’ oil

| (7.6 g). Flash chromatography (Skellysolve B-ethy}

‘acetate, 5:1; 5 cm column; 3 runs) afforded pure
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carbinol 75 (4.56 g, 80%) as a clear oil.
TLC: R 0.53 (Skellysolve B-ethyl acetate, 1:1), green

SPbt. ' L - B

IR (CHCI, cast): 3420, 1650, 900 cm™'.

THMR (CDC15): 61.4-1.8 (6 H, m, 3xCHy), 1.56 (3 H, bs;
vinyl CHy); 2.30 (3 H,.s, ArCHj), 2.36 (3 .H, s, ArCH,),
2.98 (2 H, t (AMHz), ArCH,yCH,), 3.26-(3 H, s, CH30),

3.5 (2 H, m, CH,0), 3.72 (2 H, t (7 Hz),.ArCH,CH,), 4.11

-~ (VT H, d (1 Hz),'gﬂzGCH3), 4.56 (1 H, bs, CH), 4.75 (1 H,

. o - &
»d (11 Hz), CH,0CH3), 4.93 (1 H, bs, vinyl H), 5.08

(1 H, bs, vinyl H), 5.47 (1 H, bs, HCOH), 6.91 (1 H, s,
- ArH). | - '_\ : ‘ - ) o e

) ' " ' g +.- - -o
MS: m/e caled. for C,qHy,0, (M7): 348.2301; found:

348.2295 (2), 214 (46), 199 (57), 85 (100).

LL-((B-(Z-hydrpxyéfhyl)-G-Methoﬁymethyl—2,4-dimetﬁy1)-

phenyl)-2-methyl-2-propen-1-01 (81)

@ ‘A solution of tétfahydropyranyl ether 75 (890 mg,

2.56 mmol) and pyrfdinium'tosylafe (500 mg,’z mmo])

in wétér-tetrahydrofurén (1:2, 30 mL) was réfluxed
'errniaht. Md§t~of thé tetrahydro%utan'was removed

iﬁ vacuo, water'(TS mL) was qdded.and the product'waé_
_isolated by chioroform extraction (5 x 20 mL). Afﬁer
drying over magﬁesium sulfate, filtration.and concer-
tration gave dioiﬁgl (657'mg, 97%);  Evaporative dis- -
tillation (100-120°C, 0.017 Torr), of a small sample

215
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(@0 mg) afforded analytically pure‘materia1." -
~TLC: 'Re 0.46 (methylene chloride-methanol, .10:1), green
| | ' spot. ,
IR(CHC1, cast):. 3380, 1650, 900 em 1.

THMR (CDC14): 61.56 (3 H, bs, vinyl CH3), 2.26 (3 H,
s, ArCHy), 2.32 (3 H, s, ArCHj), 2.90 (2 H, t (7 Hz),

CHyCH,0), 3.29 (3 H, s, CHz0)7 3.63 (2 H, t (7 Hz),

CH,CH,0), 4.12 (1 H, dA11 Hz), CH,0), 4.73 (1 H, d
- UHLERD) ‘ 42 |
. (11" Hz), CHy0), &TIF (1 H, bs, vinyl H), 5.08 (1 H, bs,

‘vinyl H), 5.46 (1 H, bs, HCOH), 6.91 (17H, s, ArH).

S i ks . . + . . . R .
MS: m/e ;a]cq, for CieHs404 (M ): 264f1725,lfound.
264.1735 (4)t‘232 (100), 217, (85), 201 (67), 199 (25),

191 (66). |
. ANALYSIS: ca]cq:.for C16H2403: C 72.6€:j% 9.15; fouhq;
€ 72.75, H 8.97.

ST " . q ) . . . . ] “ o )
Direct conversion of bromide 47 to alcohol 75 = = ¢

A.splutioh of nQbuty11ithiUm (1;5'M.iﬁ hexane,
0.6 ml, 17 mmol) in dry #gtrahyqrofurén (20 mL) was
c§o1ed to -78°C undg} nitrdgeﬁ. A 501utidn of bromide-
51 (5LZ1'g, 16 mmo]):inwdfy tétrahydrofu?aﬁ (éo mL)
was -added and fhe mixtufelwas_stirred at -78°C for one
hour. Freshly distilled methacrolein (83, 6.6 mL,
5.6.9, 802mmo1)»was‘§dded.in one portion and the cooling

béth was removed. The .mixture wase stirred at room

tgmperature'for five hourS'whereuﬁon water (100 mL)

J
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IR (CHC1, cast): 1740 cm
~ THMR (CDC15): 61.71 (3 H, bs, vinyl CHg), 2.05 (3 H,
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was added. The organic layer was removed and the

aqueous phase was extracted with ether (5 x 40 mL). The

combined organ1c so]ut1ons were washed with br1ne (20

mL) and dried over sodium su]fate Filtration and con-
centration gave a yellow 0il (8.8 g) which was purifted
by flash ehromatogfaphy (Skellysolve B-ethyl acetate,
5:1; 4 cm column), affording alcohol Z§_(I.§8 g, 25%).

Attempted allylic rearrangement of 81 using Babler's

~ conditions _ "
A mixture of alcohol 81 (6.8 mg, 0:026 mmol), p- o
'toluenesu1fonic 'atid (6 mg).'acetic anhydride (0.1 mL) o

and acet1c acid (0.5 mL) was stirred at. room tempera-

ture for twenty m1nutes The. so]ut1on was d11uted w1th

. water (10 mL) and extracted with methy]ene chloride

(4 x 7 mL) The comb1ned methylene chloride extracts'

were- washed with saturated aqueous sod1um carbonate. .
3
(5 mL), water (5 mL) and-br1ne (5mL). After drying
e , _

over magnesium su]faté,-filtration and.concentration

_gave 1-((3-(2- acetoxyethy]) 6‘methoxymethy1 2,4-di-
‘ methy])pheny]) Z- methy] -2- propeny] acetate (85) as a

yellow oil (7.1 mg, 79%1. ‘
TLC: Re O.SpV(SkeiTyéolve B-ethy]-acetate,'l:]), green

Cspot. ' . C _ ‘

-1 &

e

b4
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s, OAc), 2.07. (3 H, s, OAc), 2.35 (3 H, s, ArCH ), 2.37 )
(3 H,~s, ArCH ), 3.00 (2 H, t (7 Hz), CHZCH 0), 3.36
(3 Hy s, CHy0), 4.12 (2 H, t (7 Hz), CHyCH,0) , 4

(1 H, d (12 Hz), CHZO), 4.?0.(1 H, bs, vinyl H), 4. 71
(1T H, d (12 Hz), CH,0), 4.93 (1. H, bs, vinyl H), 6. 65
(1 H, bs, HCO), 7.08 (1 H, s, ArH).

MS: m/e calcd. for c18H2604 (M-CH,C=0, parent ion not
seen): 306.1831; found: - 306.1821 (14), 288 (8}+T421¢
(94), 215 (28), 213 (53), 201 (28)”199 (100, 199 (77),
196 (30), 185 (26),»]83 (21), 171 (20).

Chem1ca] Ion1zat1on (NH ) MS shows a peak at m/e 366

(M +18). " B -

I . P

‘&ttempted allylic rearrangement of 75 using benzene-

se]enenic'anhydride (gg)'

,A slurry of benzenese1enenie anhydride (93,
86 mg, 0;24'mm01)* in dry.ﬁethylene chloride (5 mL) -
cohtaining'a!sma11 amoUnt of pyridine‘(]Qluf; 19 mg,
0.24 m@oi)-wes added to a'stirred‘solnfion,of alcohol
1§ (69 mg,.O{ZO.mmo]) in d:y methylene chloride (5 mL).

The mixture was stirred under nitregen.fer'eightéen

_hours and then washed with saturated aqueous sodium

carbonate (10AmL),-water (10 mL) and brine (10 mL).

'After drying over spdium sulfate, fi]fration and con-

centration gave an oil which'was subjected to ptlc

* Prepared by the t buty]hydroperox1de procedure,
see reference 67.

&
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1 2.97 (2 H, t (7 Hz), ArChxCH,), 3.23 (3 H, s, CH

" -.aqueous sulfuric acid (16 mL) and ecetone'(24 mL) was

o

a2

(benzene-ether, 3:1). In'this fashion, starting mé;eria]
75 (14 mg, 20%) was recovered atong with 1-((3-(2-
(tetrahydro-2H-pyran-2-yl)oxyethyl)-6-methoxymethyl -

2, 4-dimethy])pheny])~2~methy]-2-propen-1-one (69) as a

ye1low 0il (34 mg, 49%) ,

TLC: R 0.79 (benzene ether, 3 1), red spot
IR (film): 1660 cm™'. | ) |
]HMB (CDC13): 61.4-1.8 (6 H, m, 3%CH,), 2.02 (3 H, bs,
vinyl CHy), 2.13 (3 H, s, ArCH;), 2.36 (3 H, s, ArCHj),
| | 30).°3.5
(2 H, m, CH,0), 3.75 (2 H, t (7 Hz), ArCH,CHy), 4.21

(2 H,“s,_gﬂzocu3); 4.56 (1 H, bs, CH), 5.51 (1 H, bs,
vinyl H), 5.87 (1 H, bs, viny! H), 7.03 (1 H, s, ArH).
MS: m/e ca]cd for C21H3002/KM+): 346.2144; found:
'346.2147 (6), 200 (33) 100). -

Cybrodol methyl ether (96, 3-((3-(2-hydroxyethyl)-6-

metthymefhy]-2,4-dimethy1)pheny1)-2-methy1—(E)-2—4'u

propen-leo1) and'iidtybrodo1 methyl ether (98, 4- (2-

hydroxyethy]) 2-(3- -methoxy-2- methy1 (z) 1- propenyT) 3, S-i

dimethylbenzy]l a]coho1) \

A mixture of7a1c0h01 75 (610 mg, 1.75 mmol), 0.3 M
heated at reflux for.seven hours and then diluted with’
saturated aqueous sod1um carbonate (50 mL) The products

were extracted 1nto methylene chlor1de (5 x 25 mL), the

219
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'eﬁ§6hic exff&cts»wefe'dfied over soqfum‘squete. fil-

tered'and evapofated to dryness. Flash chromatography

of fhe residue»(methy1ene chloride-methanol, 50:1;

3.cm column) gave isdcybrodol methyl ether (98, 152 mg)

and cybrodol methyl.ether (96, isafmg);as yeflow oils

(67% combined yield). An aﬁa1ytica11y/pure sample of

-96 was obta1ned by evaporat1ve distillation (130- 140 c,

0.027 Torr). Compound 98 has the fo]1OW1ng phys1ca1
propert1es

TLC:_ Rf Q 43 (methy]ene ch1or1de methanol, 10:1),

ye]]osth green spot. |

IR (CHC1, cast): -3350',4'1‘680'(w), 880 cm
THMR (CDC1,): 62.00 (3 H, d (1 Hz), vinyl CHj), 2.19

(3 H, s, erH3), 2.38 (3 H, s, ArCHg), 2.99 (2 H, t

(7 Hz), Q_P_I_ZC'H‘ZO), 3.21 (3 H, 5, CH30), 3."48 (1 H, d | |
(17 Hz), CH,0CH;), 3.68 (1 H, d (11 Hz), CH,OCH 3)s 376
(2 H, t (7 Hz), CHZCHZO), 4, 34 (1 H, d (12 Hz), .

" ArCH,0H); 4.56°'(1 H, d (12 Hz), ArCH,OH), 6.37 (1 H,
bs, vfny] H), 7.11'(1 H, s, AEH) .

MS: m/e calcd. for c]6 5403 (M) : 264 1725; found:
264, 1723 (5), 232 (26), 219 (100), 217 (42), 202 (21),
201 (53), 197 (30), 191° (35); 187 (28), 183 (2]),

(27), 157 (23). . o \

-1

Compound 96 has_ the following physical propert1es
TLC: Rf 0. 40 (methylene chloride-methanol, 10.1),

green spot.

/

s e
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i

IR (CHC1, cast): 3350, 1680 (w), 870 cm” 1.9

"HMR (CDC13): 61.44 (3 W, d (1 Hz), vinyl CHy), 2.20

(3 H, s, ArCH;), 2.37 (3 H, s, ArCHy), 2. 99 (2 H, t

(7 H2), gﬂzcnzo). 3.38 (3 H, s, CHy0), 3.74 (2 H, t

(7 Hz)5 CHyCH,0), 4.3 (4 H, bs, 2xCH,0), 6.38 (1 H,

bs, vinyl H), 7.08 (1 H, s, ArH). . " -

"

MS: m/e calcd. for CqgHya05 (M'): 264.1725; found:
264.1730 (5), 233 (33), 232 (74), 217 (60), 201 00), .

199 (29), 187 (36), 183 (22), 171~ (35), 157 (27).

| ANALYSIS ca]cd. for CigHys05: C 72.69, H 9.15; found:h

C 72.35, H 9.39,

4-(2-Acetoxyethyl)- -(3-methoxy-2-methyl-~(z)=1-propenyl)-
!3,5-dimethy]bgnzyT 7éetate (gg) )
"" l
Alcohol 98 (222 mg, 0.84 mmol), acetic anhydride -

(10 mL)  and pyridine (10‘mL) wgré stirred overn}ght at
room temperature. Concentration under high vacuum “
gave gompound 99 5287 mg, 98%) as_a ye11ow 0il.

TLC: Re 0.64 (Skellysolve B-ethyl acetats, 1:1), green

LY

spot. _ 3
IR (CHC14 cast): 1740 cm™ . o
Tumr (cDC1,): .95 (3 H, d (1-Hz), v1ny] CHy), 2.06

(3 H, s, 0Ac) 2.08 (3 Hy s, 0AC), 2.21 (3 Ho s, ArCH),
2.37 (3 H, s, ArCH3), 3.01 (2 H, t (7 Hz), CH,CH,0),
3.15 (3 Hy s, CHy0), 3.59 (2 H, s, CHy0), 4.14 (2 H, ¢
(7°Hz), cuzcu 0), 4.85 (1 H, d (12 Hz), ArCH,0), 5




i

(methylene'chioride-methanol, 100:7; 1 cm'coTumn) af-

222

(1 H, d (12 Hz), ArCH,0), 6.25 (1 H, bs, vinyl H), 7.02
(1 H,.s, ATH).’ | | |

MS: m/e caled. for C20H2805 (M¥): 348.1937; found:
348.1944 (1), 288 (49), 273 (23), 213 (41), 201 (22),

" 199 (22), 197 (100), 196 (87), 185 (21), 183 (43), 181

-

L 3

(21).

® ]

4-(2-Hydroxyethy1)-2—(31méthoxy-2-methyhiz)-l—propeny])-

, v

3,5-dimethylbenzaldehyde (100)

Isocybrodol methyl ether (98, 27 mg! 0.10 mmol) and
activated manganese dioxide (500 mg, 5.7]mmo])§8 in
méthyiene chloride (10 mL) were stirred for two hours

at noom'tempefature.v‘The’mixturé was filtered through

: Celite'and the fi]ter cake was‘washed with ether (5 x e

50 mL). The combined filtrates were cohtentrated and

the residue was purified by flash chromatograpﬁy

fording 100 as a clear oil (25 mg, 93%).

TLC: R, 0.50 (methylene chloride-methanol, 10:1),

brown spot.

’

208, 266, 310 nm.
1.

UV (CH30H) A, :
IR (CHC]3 cast): 3440, 1684 cmo _
TUMR icoc13): 1§2.01 (3 H, d (1 Hz), vinyl CHy), 2.25
(3 H, s,_AfCH3); 2.40 °(3°H, s, ArCHy), 3.04 (2 H, t

(7 Hz), CHpCH,0), 3.10 (3 H, s, CH;0), 3.58 (2 H, bs,

~

(CHyOCHy), 3.76 (2 H, t (7 Hz), CH,CH,0), 6.47 (1 K bs,

—~— 4 -]
X ~

~

v
§
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vinyl H), 7.60 (1 H, s,uArH%@ 9.38 (1 H, s, CHO). -
\ | ' .
- . ] . . +
MS: m/e caled. for-CszzO3 (M7): 262.]569; found:
262.1568 (3), 217 (100).

- - T -
Attempted demethylation of 98 with ethanedithiol

]

.-? ~

Isocybrodol methyl ether (98, 16.8 mg, (.064 mmol) .

and boron trifluoride etherate (30 uL, 34 mg, 0.24°

. > *
mmol) in,ethanedithiol (0.5 mL) were stirred at room

- 2 7 : R ) ,,v
temperature fnr four'days The so]ugion was diluted r_._/,//f/\\w//

with brine (10 mL) and extracted with methy]ene |
ch]orlde (3 X 10 mL) The comb1ned organ1ca§51ut1ons
were washed w1th 20% aqueous sodlum hydrox1de (2 x 10
mL), brine (10 mL) and dried over sodium su]f%te

F11trat1on and concentration gave a foul smelling oil

wh1ch was subJected to ptlc (benzene ether, 1:3)

. affording 5-(2- hydroxyethy]} 4,6,10—tr1methy1-2H-

benzoth1ap1n (106) as-a clear.oil. (10 mg, 63%).

aTLC. Rf 0. 53 (benzene -ether, 53), pprﬁ]e spot-. .
-_fR'(ChC13 cast): 13360 cm 1._,' o ~, _ |
‘HMn (cDE13): 62.06 (3°H, d (1 Hz), vinyl CHy), 2.20 |
(3 H, s, ArCH 3)5.2.34 (3 H,.s, ArCH”),'zfsi (2 H, s,

CH,S), 2. 96 (2 H, t (7 Hz),- CH CH,0), 3:43 (2 H; s,
ArCH. S), 3. 74 (2 H, t (7 Hz), CHZCH 0), 6. 34. (1 H; s,

“vinyl H), 6.93 (1 H, s, ArH)

M§: m/e calced. For‘C]SHZEOS Lhﬁ): 2{8.1?35; found:-

- \ : . .
™ . . =Y ; ~
. -
s ° . =

* |
. Undistilled. . .

~.

223
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'determined by

.248.1232 (78), 233 (22), 217 (13), 207 (100).

" Chemical Ion1zat1on (NH ) "Ms shows a peak at m/e 266

(M + 18) -
/”' a

Cybrodo] (1, 3- (73 (2 hydroxyethyl) 6- hydroxymethy]-

2,4-d1methy11pheny13-2-methy]-(E)-Z-propen-]-o]) and

isocybrodol (2, 3-((3*(2-hydro3yethy1)-6—hydroxymethy1-

2,4;dimethy1)phenyQ—Z-methyl-(z)-2-propen—1-o])'A

A solutjon of a]coh01 gg* (201 mg, 0.76 mmol) and
ferric chloride (100 mg, 0.62 mmol) in acetic anhydride
(5 mL)-was.stirred for eighteen hours at room tempera-’
.ture: The mixture was diluted with water (50 mL).and
then extracted with methy]ene'ch1oride (5 x 20 mL). " In
a %{e11m1naryséxper1ment (88 mg of 96) the methy1ene
ch]or1de extrmpts were dr1ed over sod1um su]fate,

f11tered and concentrated + Flash chromatography (Ske]dy-

*so]ve B acetone, 8: ﬁ ] cm co]umn) gave ah31nseyarab]e

m1xture of tr1acetx1cybrodo1 (107)-and triacety]lso-
cybrodol (108, 98 mg tota] 78%) .AThe relative pro-z
portionsvwere 78:22 in favour of the E isomer 107 as
1Hmrv' Norma]]y however, the wet methy]ene
ch10r1de extracts were taken to. dryness under high
vacuum and then d1sso1ved in methanol (10 mL). Potas-

s1um carbonate (1 g) was added and’ ‘the m1xture was ;

st1rred at room temperature overn1ght The vo]at11es‘

X g t/‘ o(\ B
%*
Compound 96 - or m1xtures of compounds 96 ‘and 98 can be
used with the same resuIt. : S

- -
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| mp 101-102°C.~‘Aha]ytica]]y‘purevéamples-of,both com- f

- Allylic rearrangement of 81 with ferrié chloride in

e

225

o

~were removed in vacuo and the residue was partitioned

between ethy]racetate'(so mL) and water (10 mL). The ©
orgdﬁic phase'was dfied over sodium éulfate, fi]tergd'

énd concentrated: ~Flash cﬁrbmétography (methy]ene
cﬁ]oride-méthanol, 20:1;.2 cm column) gave isocybrodoj

(2, 32 mg) and cybrodol (1, 111 mg, 75% combined

overall yield) as yellow oils." These mater1a1s were

identical in all respects (t]c, ir, ]Hmr, ms) with the

patural'broductszh _Synthétic cybrodol (1) was crystal-

_ ‘ ‘o - . .
lized (chloroform-methanol, 50:1) affording white prisms,

mp 109-110°C. Synthetic isocybrodol (2) was crystal- S

lized (acétone-Ske]]yso]ve_B) affording white prisms,

'pdunds.were prepared by»evaporative disti]]atth (140-

160°C, 0.025 Torr). / 1 : I - ‘ .V

_Cybrodol (1) analysis: calcd. for CigHy,05: C 71.97, .

H 8786; found: C 72.27, H 9.08. |
Isocybrodd1 (g)‘ana1ysis:_'ca]cd for C]5H2203 c 71.97,

\ . v ’ . o "
H 8.86; found: C 72.21, H 9.09.

acetic anhydride

A solution of a1coho] 81 (103 mg, O. 39- mmo]) and
ferric chlor1de (50 mg,. 0.31 mmol) in acetic anhydr1de
{5 mL) was st1rred for . e1ghteen hours at room tempera-

&

ture. ,Th1s‘react1on meture was treatgd'1n.exact1y
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the same fashion as the previous one. In this instance,
after deacetz]at1on and flash chromatography, iso-
cybrodol (2, 15.3 mg) and cybrodo] (1, -34. 3 mg comb1ned

overall yield of 51%) were Bbsained as yel]ow 0115.

3-((3-(2-acetoxyethyl)-6-br omethyl-2,4-dimethyl)-

- phenyl)-Z-methyl-(z)—2-pr€neny1 bromide (109) and 3-

((3F(27acetoxyethy1)-64br0momethyT§F,4-dimethy1)pheny1)-

| 2-methyl-(E)-2-propeny]l bromide (110)

A solution of boron tribromide (200 mg, 0.80 mmo])
in dry methylene ch]oride (1 mL) was added to a so]u;
tion of methy] ether 22 (105 mg, 0. 30 mmo]) in dry
methylene chloride (12.mL) at -20° C. The mixture was
stirred under nftrogen at -20°C for one hour and fhen
V diluted with saturated aqueous sod1um carbonate (20 mL)
~ The’ organic Jayer was removed and the aqueodis res1due
Jwas extracted w1th methy]ene ch]or1de (3 X 20 mL) The ”

.

‘comb1ned extracts were dr1ed over 'sodium su]fate

f11tered and ooncentrated leavnng d1bnom1de‘lgg as an

.‘Orange 0il (i14lmg,~86%),' In a preliminary exberiment,; S
the reaction was oonoucted'at 0°C resu]ting‘in the pro- .~ |

. duction of 109 and 110 1n a 3:1 ratio as determ1ned by B
]Hmr. Compounds 109 and ]10 have pract1ca11y 1dent1ca1

tlc oharacter]st1cs, however carefu] pt]c, (Ske]]yso1ve

: B4acetone,-20:1; double e]ut1on) of thﬁs 3:1 m1xture

Th1s materla] contained F smal] amount of 1somen 110
(~5%) as Judged by 'Hmr. .

4,;'12( |



e A 4 A Lt e

=227 . .
'did allow isolation of sufficient quantities for’
~spectral analysis of each compound (brown oi]s)t"Com- C

pound 109 has the fo]]bwing physical properties.

TLC; Ef
elution), b

70 (Skellysolve B-acetone, 20:1; double
lue spot. _ \
IR (CHC1 cast): 1740, 1240, 605 cm” .

THMR (CDC14): 62.05°(3 H, s, OAc), 2.10 (3 H, d (1 Hz),
vinyl CHy), 2.23 (3 H, s, ArCH3), 2.35 (3 H, s, ArCH ),
£ 3.00 (2. H, t (7 Hz), CHyCH,0), 3. 70 (2 H, s, CH Br),_
4.14 (2 H, t(7 Hz), CH, CH 50), 4.29°(1 H, d (11 Hz),

ArCH Br), 4.46 (] H d (11 Hz), ArCH Br), 6.35 (] H, bs,

N7

vinyl H), 7.07 (1 H, s, ArH). ~

‘MS: 'm/e ca]cd for C]7 22028]Br;(M-Br, parent~iod not
seen): 339. 0783 found: 339.0802 (1); calcd. for
C]7H2202798r (W-Br): 337.0803; found:. 337.0799 (1),
217 (100). R
'Chemical Ionization (NH3) MS shows'peaks at m/e 434, 436,

"o

438, 440 (M + 18). »
Compound 110 has ‘the fo110w1ng phys1ca1 propert1es
TLC:' Rf 0. 66 (Ske]]yso1ve B- acetone,_20:1; double
e]ution), bjue spot. - |
(IR (CHC14 cast): 1740 1240, 605 cm |
THMR (CDCT4): 61.60 (3 H, d (1 Hz), vinyl CH D, 205 Y
(3 H,'s,70Ac); 2.20 (3 H, s,»ArCHs),,2.36 (3 H, s, '
ArCH3), 3.00 (2 H, t°(7 Hz),.CHéGHZO), 4.14 (2 H, t

7 Hz), CH,CH, 0); 4.17 (2 Hy 5, CHaBr), 4.35 (2 H, s,

-1
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228

ArCHéBr), 6.60 (1 H, bs, viny]xH); 7.07 (1 H, s, ArH).
~MS: m/e ca]cd. for C]7H2202818r (M-Br, parent ion not
seen): 339.0783; found: 339.0786 (77) 5 calcd for
C]7H2202798r’(h-8r): 337.0803; found:  337. 0806 (79),
279 (99), 277 (100Y, 257 (38), 215 (27), 198 (92), 197
(76), 185 (63), 184 (42),'183‘(53), 171'(47), 170 (34),
169 (38), 156 (31), 155 (45), 153 (20), 141 (23),-128
(20), 87 (30). o :
.Chem1ca] ‘Tonization (NH ) MS shows peaks at m/e 434 436,
f438 440 (M + 18) | | ‘

Conversion of_dibromide 109 to triacety]isocybrodo]v

-~ (108) v e

- A so]ution of‘dibromfde']09v(109 mg,VO 25 mmo]) and
tetraethylammonium acetate (500 mg, 2.6 mmo])63 in o
acetone (10 mL) was ref]uxed for one hour and then. taken
to dryness The res1due was d1sso]ved in ether (50 mL),
Jwashed w1th water (10 mL) and brlne (10 mL) and then ) ; é

dr1ed over magnes1um su1fate F11trat1on and concentraz '

LY

RLiadl L asiszy

~tion gave ma1n1y (vtde znfra) tr1acety]1socybrodo]
(108 91 mg, 97%). This mater1a1 was. deacety1ated in
_the usual fash1on (see prev1ous deacetylat1on) and the
‘product was pur1f1ed by f]ash chromatography In th1s
" way, 1sogybrodo] (2 55 mg 73% from 99) p]us a sma]]

amount of cybrodo] (1, 3 mg) were obta1ned




3-((34(2-hydroxyethy1)-6-methokymethy1-2,4-dimethy1)-

phenyl)-Z-methyl-(ELZ—propenal (111)

IR (CHC1, cast): 3460, 2850, 1687, 1640 cm
THMR (CDC1,4):. 61.57 (3 H, d (1 Hz) vinyl CH J), 2.18

Cybrodo] methyl etnek (gg, 104'mg; 0.39 mmol) and
acti?ated manganese.dioxide (622 mg,.7.1 mmol) in
methy]ene‘chloride'(lo mL) were stirred overnight at
rodn témperature ‘The mixture was fi]tered through
Ce]1te, the filter cake ‘was washed with methy]ene
chlor1de (5 x 10 mL) and the comb1ned f11trates wene

concentrated leaving a]dehyde 111 (103 mg, 100%). as .‘

oA clear 011

TLC: Rg 0.39 (blnzene ether, 1:3), purp]e spot.
-1

(3 H, s,"ArCH ). 2:38 (3 H, sy ArCH 3), 3.00 (2 H,

t(7:Hz), CHyCHp0),03.33 (3 K, s, CHy0), 3.74 (2 H,
t (7 Hz), CHpCH,0), 4.20 (2 K, s, CH,0), 7. 12 (1 K, 5.
ArH), 7.46 (1 H, bs, vinyl H), 9 79 (1 H, s, CHO).

:MS: 'm/e ca1ed.‘for_C16 Hy503 (M )1 262.1571, found:

{

" 262.1597 (0.3), 217 (100). -

Mephy1_§-((3-(2-hydroxyetny1)-6-methoxyme£hy]}2,4{

U~dimetny})phenyl)-24methy[-(E)—Z-prepenoate‘(llg)\

A mixtdre of aldehyde 111 (98 mg, -0.37 mmol),

acet1c acid (50 ML, 52 mg,’O 87 mmol),'SOdiunVCyanide

1(50 mg, 1 mmol) and act1vated manganese dloxide (1 4 g;f:

/

i/

229
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e

—~16 mmol) in- methano] (10 mL) was st1rred at room -

s
——

‘temperature for two days. The mixture was filtered ’
through Celite and the filter cake was washed with ether
(5-x 50 mL). fhe'combined'ffltrates were washed with
saturated aqueods'sodium carbonate (20me),-Qater

(20 mL)dand brfde (20 mL) After drying over sod1um
su]fate, ‘filtration and concentrat1on gave methyl ester
112 (103 mg, 95%) as a clear oil. T
TLC: Re 0.48 (benzene ether, 1 3), red spot.

IR (CHC14 cast): ,3400, 1720,.164o_cm'1. |

THMR (CdCf3):l §1.65 (3 H, d (1 Hz), vinyl CHy), 2.18
(3 H, s, ArCHg), 2.38 (3 H, s, ArCH ); 2.98 (2 H, t
(7 Hz), CH2CH 0), 3.35 (3 H, s, CH 0), 3 74 (2 H t
(7 Hz), CHyCHpD), 3.82 (3 H, s, CO,CH;), 4.22 (2 H, .
1CH20), 7 11 (1 H,_s, ArH), 7.64: (1 H, bs,vv1ny1 H)
M), 292.1674; found;

MSr m/e calcd for C]7 2404

B 292.1670 (1), 260'(55), 247 (3%), 229 (100), 201 (29),

171 (28). o
o jf@ - S o |
Methyl 3-((3?(2-aCetoxyéthy])-G-acetoxymethy1-2,4- '

‘djmethy1)pheny1)-Z-hethyl5(E)-2-prepenbate (llg)

A. squt1on of ester 112 (50 mg, 0.17 mmo]) and -

'dlferr1c ch10r1de (50 mg, 0. 31 mmo]) in acet1c‘anhydrtde
‘(S mL) was st1rred for two hours at room temperature ‘

AThe react1on m1xture was d11uted w1th water (20 mL) and

| :the product was extracted into methylene ch]or1de
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(5 x 10 ﬁl) ~The_methylene. ch]oride extracts were.
washed with saturated aqueous sodium carbonate (10 mL).
water (10.mL) and brine (1o mL) After the so]ut1on
was dried over sod1um sulfate, f11trat1on and concentra-
t1on gave crude 113 (65 mg) as a brown 011 .Flash
chromatography (Skel]yso]ve B-ethyl acetate, 3f1§ 1 cm
column) gave pure 1]3 as-a clear oil - (48 mg, 77%).
T TLC: R¢ 9.53 (Skellysolve B-ethy] acétatg, 1E1), réq A
| 'sﬁot | - S | |
IR (CH013 cast): 1740 1720 cm™'.
THMR - (coc13) 81.65 (3 H, d (1 Hz), viny1 CHy), 2.05
63 H, s,. 0Ac), 2 06 (3 H, s, OAc), 2. 20 (3 H, S, ArCH ),
2.39‘ (3 H, s,,ArCH3), 3.03 (2 H, t (7 Hz), CH CHZO),z-
3.82 (3 H, S5 C0,CH3), 4.15 (2 H,"t (7. Hz) ; CH,CH,0) ,
4.90 (2 H, bs, CH,0), 7. 07 (1 H, s,.ArH), 7.63 (1 H,

'*\.

bs, v1ny1 H) ST T 'vﬁ_:r S
Ms:; mje. ca]cd for Cooh 26o6 (M ): 362.1729; found: - ‘
[362.1719 (13), 302 (48), 289 (37), 288 (23), 259 (zs)

1243 (38), 242 (61), 229 (43), 228 (36), 227 (22), 215

(26); 201 (23), 200 (23), 19& (62), 183. (100), 171 (22),

157 (23) | |

Cybrbdicfacid 13, -3-((3-(2-hydroxyethy1)-6-hydroxymethyl-
) 2, 4 d1methyL)pheny1) 2- methy] (E) 2 propeno1c acid)

A m1xture of ester 113 (88 mg, 0.24 mmo]), potaSS1umv

hydrox1de (1.2 g, 21 mmo]), water (4 mL) and methanol

°




-y
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B

(8 mL) was heated at reflux for nlnety m1nutes The

| so]ut1on was cooled to 0°C and acidified (~pH 1) with
concentratéd su]fufic acid Brine (100 mL) was added t_.
and the product was 1so]ated by ethyl acetate extractlon
(5 x 30 mL) The comb1ned extracts were dried over’
sodium sulfate, filtered and concentrated Teaving crude
acid 3 (63 mg, 97%) as a brown oil which on prolonged
refrigeration in acetone (2 ﬁL) ééve cryﬁta]]ihe cybro-
, dfc’acid (3, mp 179-180°C) Th1s materla] was 1dant1ca1
with the natural ac1d2 by the- follow1ng cr1ter1a ‘mp, -
t]c, ir, Tmr and ms. Sub11mat10n (160 C 0. 025 Torr)

~

of the crysta111ne synthetic . ac1d afforded an ana]yt1-

cally pure samplg. ‘
» -.' 0 . . B .
ANALYSIS: Tcaled. for 015H2004 c 68 16, H 7.63;,
found: . C 68.18, H 7.62.
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