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| '?ﬁSTRACT )
Ja

) The blrd'S neét fungus Czathus helenae has

':T ylelded a, number of 13/erest1nq metabolltes 1nclud1ng

.a serles of dlterpenOLds w1th the’ novel trlcycllo

B We hereln report on the 1solat10n and charac—_

;/

‘terlzataon ot neoallocyathln A4 (020 3004),/a mlnor con-;

‘ stltuent of the cruge»ﬁungal extract /Proof of the pro-iw;_

inposed structure 24ﬁwas prov1ded hy/correlatlon of thlS
?compound w1th cyathln A (3)//a compound DY - Wthh the
.absolute stereochemlstry has been determlned by x-ray‘_

”’./crystallography.




oy . L

-workers 1n thls fleld are dlscussed Cyathln C5 was_

e a551gned the tentatlve structure 37 on the ba51s of

Q

lg.k,spectral ev1dence. Prellmlnary work dlrected toward"
@

the correlatlon of. cyathln A4,ass1gned the tentatlveﬂ

o -

structu_e 9 w1th Cjathln A3)“1s descrlbed
L , , . G




A prellmlnary 1nvestlgatlon was undertaken on

the metabolltes of Cruc1bulum vulgare, anothe:”speéiesf-
-of blrds' nest fungus.v‘ . PR
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,: medlum used qr cultlvatlon of the fungus was named

.Broadbent for gxathus strlatus3,'

-y

..INTRO,}DUCTIO‘\I

- -
S A
R 3
Lo .
< . ) .
T ,.' e - o \' . .

0 ‘ S
In lg-f rodle rifﬁrted a ‘new spec1es of blrd'

/a
nest fungus found grow1ng 6n’dead stems and roots at. an

[V

L T .
altitude of 7000 feet in the Canadlan Rocklesl " The

f'fungus was ass1gned the class Ba81dlomycetes, famlly

Nldularlacae, genus Cyathus and was named Cyathus heleﬁae.
_ - - ‘ _ | , ‘.‘?,)”

| Olchower‘ succeeded in gr®w1ng C. hg%enae -as
monosporus mycella in llquld culture._ Dunihg work on . the

sexual characterlzatlon of C“ helenae he noted that A cul—

ture of the fungus showed an antagonlsm to a bacterlal

contamlnant. Thls chance,observatlon lead tqgfurther..

:.examlnatlon of thlS antlbacterlal act1v1ty as demonstrated

by both C. helenae and other clanly relS%Ed spec1es.;?The:

mantlbacterlal actlon was not a novel result w1th the genus

.gz us s1nce antlbacterlal ‘action had been reported bv

% ‘ T
>
[

Jotiri contlnued the 1nvést1gat10n into the aﬂtl-

hblotlc act1v1ty of C helenae4 f The SOll m\Xerlal obtalne

-

ffrom evaporatlon of ethyl acetate extracts of - the llquld

, > .

cyath;n"; Pvathln was found to have a broad sg?ctrum of

iy

o2



'con

antimicrobial.activity.acs‘ £ .h gram positive and

gram negatlve bacterla’and sany f11g14’5; Johri also

carrled out nutritj on studleq ahd examlned the 1nfluence,

of temperature,vagl at%on and_aeratlon on'the rate of

9

‘production of metabolites.

s Taube 'succeeded 1n separatlng nlne of" the

» e

components of the crude materlgl._ A compound from the ~1‘

crude cyathln w1th the molecular formulavC_,HsO4 was-.

sparlngly soluble in chloroform and was lsolated by

trlturatlng the total crude w1th chloroform. »The yellow

o

’crystalllne material named chromocyathln was 1dent1f1ed

»be spectroscoplc‘ﬁians and meltlng p01nt as 2, 4 S—

trlhydroxybenzaldehyde (l) Thls ldentlflcgtlon ‘was

d by synthe51s of authentlc 2 4 5- trlhydroxy—;v

benzaﬁdeh de._ Another component of the crude w1th the

'same mdlec lar formula (C 04) was 1dent1f1ed by _

' spectroscogmc means as’ patu 1 (2)




The presence of both these compounds in the

‘crude: materlal lead to speculatlon on a blosynthetlc

"path which could lead to both compounds from a common

‘,‘uwaS denoted by the preflx "neoallo-":vfu  -"’

J.ntermedlate ’ ~'3 . S f / T

o

-,

. s : : X
Other components of the crude proved to be a

/

serles of C20 compounds, the members of whlch appear
to have the same ba51c skeleton. A tr1v1al nomenclature

was adopted whlch named the compounds as "cyathlns"

The compounds w1th 30 hydrogens were placed 1n the "A"'

serles, those w1th 28 hydrogens in: the "B" serles«and

those w1th 26 hydrogens ln the "C" serles. ‘A subscrlpt
b

‘follow1ng the serles e tter denoted the number of oxygens

a1n.the molecule. The second compound 1solated w1th the

’

‘psame molecular formula was denoted by the preflx "allo-"

’and the third compound w1th the same molecular formula

! i :
. =

- The followxng 020 compounds were 1solated from /

crude cyathln- cyathln A (C 30 3), cyathln A4 (C20 3004)

.1allocyath1n A4 (020 3004), cyathln B3 (C20 2803), allo—.v

5.
(C 6 5). Two of these compounds, cyathln A3 (3) and |

cyathln B3 (C20 38O ) cyathln B4 (C20 2804),>cyath1n C

-.allocyathln B3 (4),_were 1solated as crystalllne materlaIS'

g 'and thelr structures were determlned by spectroscbplc and



: ;,‘J

P chemlcal meansll 12. The structures were 1ater»conflrmed'
by x—ray crystallography oF cyathln A3 | o

, Carstens7 s contlnued the 1nvest1gatlon\Qf crude

cyathlnxand 1solated three new dlterpen01d components.“§;

,Two of these, cyathln A2 (C20 3002) and cyathln B2

¥ fb(m/e 300, probable molecular formula C20 2802), although

';~fea31ly 1solated from the crude cyathln defled structural

S P

'assignment due to their absence from crude extracts taken :
From later growths of the fungus. The other new. dlter-gd'_
peD01d 1solated was cyathln C3 (C20 2603)(6) Thls com—us:

_pound could not be separated from cyathln B3 (5) by

| jchromatographlc means.i_-"7§\f= 31‘-ff_f7;} i g*j.-[j}7

» The compounds were eventually separated as ‘“fh'

:_Lthelr methyl ketals, cyathln 83 methyl ketal (7) and

1 N * ‘/ .
[ B [P R , . .' ’ : . e BN .



HD..v

cyathln C3 methyl ketal (8) Structure determlnatlon was

'carrled out on the methyl ketals and conflrmatlon of the B

' aSSLgned structures:d‘ "'talned by convertlng the methyL‘

ketals of cyathln B3 and cyatQ}n 03 to the methyl ketals_i
of cyathln A3 and allocyathln B3 respectlvely by reductlon
‘_i w1th sodlum borohydrlde.l Carstens also 1solated and ‘



COplC evrﬁehce p01nted to structure 9 for cyathln a

crude cyathln were developed by Johr:L4

1 . ”': K b . E ) .‘. | . \\{ . - )

fidentlfled palmltlc ac1d (Cl6 3202I) a straight'chain"

3 fatty ac, a. .' f'* A 2 o r ,
. SRR “_31__y§j“‘pg%avn-. v,_~ . _.;‘ L

'a‘JPrellmlnary work was carrled Out on cyathln A4

\10 | 8
(C20H3O@42 by\poth Carstensl and Allhutt The spectros—e

4
although thls structural a531gnment has not been conflrmed

@ ;.

Vo

.

Ta e. and Carstens.; Surface growths of mycellum dnt

b

llquldfhu%ture medlum'ﬁere obtalned 1n several stepszfrom
&

’15

the frultlng bodles of C helenae by standard‘methodsmf ‘Z'ﬁ B

.After a. four week growth perlod the medla was extracted

~

3w1th ethyl acetate from whlch crude cyathln was obtalned f‘;v°

L4

by evaporatlng the solvent The most successful medlum

for cultlvatlon of Cﬂ helenae was, developed by BrOdlgi.'"



I/I i ‘_ . ’ s o ‘ ' .
- \JJ . o ~ :
Y ; ) - : ) - 7

(Brodie medium) * T cultlvatlon of another spec1es of Wgt o

bird's neStyfungus;~Cyathus stercoreusys.g
_ L . —

.‘L - l - The blogene51s of the cyathln skeleton” has been

"‘postulated to’ proceed as 1n scheme I.‘ The lnltlal blcycllc

Lt
dlterpen01d formed by cycllzatlon of geranylgeranyl pyro-

phosphate (10) is transformed to a trlcycllc skeleton by
‘a. process 1nvolv1ng rlng expansron and -a further cycllza—

tlon. The lon ll could 1ose a proton to form the unsatu—“

rated compound 12, but the mbre favourable process appears.‘

[
{

“f to be a hydrlde Shlft followed by loss of a proton to glvel
- the skeleton 13. No studles have been undertaken to con-
flrm thlS as the blosynthetlc route to the cyathlgs.’
However.‘scheme I does present one plausrble approach to
the requlred dlterpen01d skeleton.. In addltlon the same ‘

ba31c blosynthetlc process is postulat ~to glve the D

and E rlngs of lupeol as 1n sCheme I'fé; After the- Q

1-.1n1t1a1 cycllzatlon from squalene x\de the 51tuat10n is®
*analogous to that 1n the cyathln molecule.. The 1on 14

r'ted as ‘a precursor to lupeol (15) has 1dent1cal ff

A and B rlngs. | / . B ‘
L .

i

s

”t.fhy7fy”f.;f” The hydrocarbon l3 1tself has not been detected. o

Ind1v1dual cyathlns may be derlved from thls skeleton.

l‘. LR .
. . av

.‘ste;eocf mlstry 1n the D and E rnngs as 1Qn ll has ‘in’ the'



S

" Scheme I'"
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>through varlous ox1dat;ve and reductlve processes occurrlng’

_at some as yet undeflned stage'ln the blosynthe51s.
- Other spec1es of b;rd s nest fung1 have been

‘~s"reened for antlblotlc act1v1ty.' Some spec1es whlch

h

demonstrated both a reasonable antlmlcroblal act1v1ty and
-a hlgh productlon of metabolltes were examlned w1th res—"

,pect to the donstltuent metabolltes of the crude extracts.;

T,
\

'Among the spec1§% examlned were Ayathus bullerl, gyathus N

. afrlcanus, gzathus 1ntermed1us and Cruc1bulum vulgare.; ?-

‘At the tlme of thls wrltlng no. cyathlns have been 1solated B

P

as constltuents of crude extracts from growths of these
,spec1es.1 ThlS 1s not an unexpected result smnce produc- -
'tlon of partlcular fungal metabolltes 1s known to be

.'spec1es or. even straln speclflc.,._[':“
‘One of the 1n1t1al objectlves of the work under-

|7|

“"}taken 1n thls thes1s was to prove the structure of cyathln :

-f

AT (9) and 6 examlne other;of the more polar constltuents Va
.4 ik nEs

in the crude cyathln mlxture._,*



,'fChromatographic Refinement7of Cyathin

‘vC helenae on Brodle medlum The quantltles of cruder~

'gvmaterlal varled from 150 to 600 mg per llter and the'

"“1'regular or predlctable. jiﬂfhw

,menon of "sectorlng“

;result 1s a: wedge or sllce of mycellum that has dlf—t_}77
fferent phy51cal characterlstlcs and/or dlfferent blo-~

?fchemlcal capab .rtles from the remalnlng mycellum

’ ) . “‘, \ . .;, ‘v », ‘..‘ :: 4.'3-.: 11"\
JI. RESUILSM S ' AND DISCUSSION |

'

e o
o oo

The crude cyathln obtalnederom ethyl acetate ’

“'extractlons was generally a brown foam‘w1th a dlstlnct

Y

.;'musty odor and a complex composxtlon as determlned by fﬂ

"canaIYtlcal thln—layermchromatography (tlc) Qurlng the

course of thlS work the author cultlvated 25 growths of
tn,‘

k

I~ . LN

productlon of particular metabolltes was by no means:hy

i Fung1 are known to be extremely varlable

Co

"organlsms and one outward 51gn °§\thls 1s the pheno~fif&¢ﬂf

2 15

hfadvanc1ng edge of mycellum on a solld support,_ The';ffﬁ

'kahe frequency of mutatlon on SOlld support lndlcates.fjf;f.;:

’IP

that the same process 1s at work 1n llquld medla.: Thls
‘.w\ )

process may 1n part account for the varlablllty of *ﬁpfgiﬂ*74

.
B

.mutatlon occurs at thegf’f”"
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from later growths. ThlS was the case w1th cEathln A’

and cyathln B2 as mentloned prev1ouely and, al

-

e other metabolltes, cyathln A4 and cy%%hln C5,:Whlch w1ll
be dLSCussed 1ater in thls thesis.~ ' L |

. n . A .
-4 P E | - 0 N . )’-.,.

o with two ;yﬁ

&olumn chromatography ahd partlcularly prepara—}i

tlve and analyt1ca1 tlc have proved 1nvaluab1e 1n°the
(\separatlon of cyathln components., Sllica gel and 5111c1c
ac1d from varlous sotrces were the adsorbents uged exclu-.

"s1ve1y 1n thls work., The ch01ce of 51llca gel and 5111c1c

L acxd was based on the demonstrated utlllty qd?these adsor-«?v

.
),

bents 1n most”separatlons encountered w1th cyathlns. ;here

Lo

- was a certaln prejudlce agalnst alumlna and pol amlde as

<.

adsorbents/sance lt was known that they had a’ ronounced

'Aﬁalthough undeflned effect on samples of crude‘v.”"yathln6

'9L'Several trlals 1nvoly1ng the partlally purlfmed cyathln deff

::components 1ndrcated that w1th these{compounds 51llca iiét
'11‘ gel was shperlor 1n separatlng powerband reSOHutlon to ’fi-
| ‘alumlna ‘or polyamlde.ff; ‘..ﬁ R ',ﬁ F[ ;32
Inltlalbtlc‘was nsefnl 1n agseSSlng the appro:”ﬁa7

.mate amounts of varlous components 1n crude éyathln. The :;

.- developed tlc plate was. v1suaé:;ed by heatlng after Qf*k%f;f
R I

DN~ |

L.
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5fspray1ng with sul nrlc §E1d Thls procedure 1ndlc§ted the

presence of the varlous components by the p051tlon (R

’

v

fa- o
, value) of the spots on the plate ‘ The relatlve concentfa—'j}’

'of,fhe'spots.or theirfdegree of charring} A plate treated’

_ratlons shown arelsamples ?f crude[cyathln obtalned at. N

'varlous stages durlng thls researcﬂ

. 1n thls manner 1 reproduced 1n flgure 1. The elght sepa-f~f

All -crude "cyatﬂins"

. were derlved from straln 1500 of C. helenae,lﬁll3Wered;_§Lv,;:

'grown on BrOdle medlum and all were extracted 1n_fh¢¥$ame“"

?}{manner.‘ It 1s obv1ou§ that the productlon of partlculaf
° ’ >,4 . .

metabolltes was varlable.n‘f'.7ﬁ¥:4»w;"

yas pb531ble if the.5111ca was 1mpregnated with an 1nor-ff:;

1L_ganic;phosphoridﬁtiﬂé}pfeparatlon,ofhthe*plates. QAddltlon ;_3;,

; Famlllanlty w;th the usual tlc pattern allowed asslgnment

.-of varlous areas 1n the.brude materlals to partlcular ajffg;;fV“V

. "..4' '

LR . % e o L . o - . G RN
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"compounds. "In cases’ where there was some doubt as to the

-

1dent1ty of a- partlcular component the crude materlal was

- §un n the same plate as a sample the comp051tlon of whlch

/was‘known,_or W1th samples of pure compounds obtalned from

prev1ousrsepa\\t10ns. : T e
. - : : i

R : . : o_‘

~

Quantltles of crude; a er1al in the 2 to 3 g .
range were separated by column chromatogragzy;A SlllClC e
Q:acid (Malllnkrodt, 100 mESh) was used w1th an adsorbent o
'ﬁto sample ratlo of approx1mately 50 to 1. f Separatlons
“were most successful when théllnltlal elutlng sofyent was

'_'dlstllled reagent grade chloroform (0 75% ethanol sta—'

blllzerr More polar components of the m1xture were_"

:",removed from the column by the addltlon of l to 5%

i,methanol to the chloroform.-f,-‘

fh 5 The‘progress of the separatlon could be monl-v:
‘tored by ultrav1olet llght 1f l% 1norgan1c phosphor wast
';:added to the SlllClC ac1d f ThlS proceddre requlred the.
“use of a quartz column whlch 1s transpare;t to uv llghtp»v
'?.of the frequency employed The presence of compounds was ‘
‘_1nd1cated by dark bands V151ble durlng lrnadaatlon.; On B
iother occasmons the compos1t1bn of. the eluate was deter-#
,vfamlned by tlc u51ng 25 X 75 mm mlcroscope slldes coated

' 'w1th s111ca gel , - Sl
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The flrst materlal to be eluted durlng colum&
' chromatography was the cyathln B3 and cyathln C3 mlxture

hdescrlbed earller7 . Th1° materlal was obtalned in- hlgh

A 3

purlty as 1nd1cated by a 51ngle spot on tlc and several

o examples of spontaneous crystalllzatlon of colump fra&—'

u

-:tlons upon removal of solvent (cyathan B3 (5» and cyathln
3 (6) form mlxed crystals of varlable composrtlon)
:ﬂ Other constltuents of the crude extract were not obtalned
in such hlgh purlty.' Thls was partlcularly true of - the'
:more;polarxcompounds. | :

Further purlflcatlon of column fractlons was ‘y

X,

“ carrled out by preparathe\thln layer chromatography
.h(ptlc)., The 1mproved separatlons w1th ptlc were 1n part

'due to the hlgher adsorbent to sample ratlos used, typl-"

1o

‘cally 250 :1 or better,'and in part due to reflnements'

a

1n plate preparatlon and sample appllcatlon (see detalled
’experlmental) In the latter stages of thls work ptlc v"'

7.was used,on crude extracts w1thout pa ellmlnary reflnement

4 .
™

4{‘

- by column chromatography

* a
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Isolation and Proposed Structurevof'Neoallocyathin A,
T T -‘”v..f' L |
.I.  Mixture containing neoallocyathin Aé.e*

ﬂ‘; . Cyathln A4 w1th ‘the proposed structure 9 was

;‘=reported as the ‘main component of the more polar frac~f'

Ltlons frOm column chromatography9 10 | Mass spectra of

‘x',v

’.several fractlons from a partlcular column separatlon_'

Y

seemed to 1nd1cate the presence of thlS compound by the_-

'l;appearance of ‘an apparent parent 1on at m/e 334'& Thls

'is the expected molecular ion: for cyathln A4 (Cz0 30 4)

-Ptlc on the column fractlons ylelded a: mater1a1 Wthh f

"was a SLngle spot on tlc,and Wthh retalned m/e 334 as”

a promlnent lon.bf,] e e . .,Q

» L
) '

However, dlrect comparlson w1th authentlc f{ja~

i cyathin.A4 1ndlcated that the materlal 1solated was a

“new component\of crude "cyath;n" aot prev1ously reported:XV

'vNot only were the mass spectra consrderably dlfferent ﬁﬁjﬁ

: S

£
iA)O 07 Rf (E)O 56 new m/e 33

4-~.

but the two materrals showedﬁgifferent R values\\: tlc

o
:[cyathln A, om-

4

hrpound f (A)O 32 Rf (E)O 73 (see detalled experlmental'lﬂ

-».J!"‘

= for a descrlptlon of solvent systems and- calculatlon of nt;;]V

S

RN

R EN
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: The new compound was a551gned a probable mole—,

'cular formula of C20H30 )y and the nomenclature system

. LS
“dlscussed prev1ously dlctates the name neoallocyathln A4v

for thls compound.

v

It soon became obv1ous that the fractlon con~

L talnlng neoallocyathln A4 was a mlxture of several com—Z’

:ponents.a The maln ev1dence for the complexlty of thlSL
terlal.came from the mass spectrum (flgure 2) The :

sjectrum contalns several peaks not readlly derlved from

the parent 1o’yat m/e 334 notably m/e 318 and 332.,,

RS

| The use of 51lver nltrate 1mpregnated 5111ca'

";ligel (argentated 5111ca gel) was exahlned as a method of

“7ghfurther separatlon of thlS mlxturev: Thls adsorbent had

ﬁ,been used successfully for the separatlon of cyathln A3 lV

_(3) from allocyathln B3 (4) and also for the ngaratlon

'h,of cyathln B3 methyl ketal (7) from cYathln C3 methyl \

1

,ketal (8)7 8, The formatlon of ™ complexes between

’1olef1n1c unsaturatlons ln the organlc molecule.and 511ver L

'_-

'hflons on" the 5111ca surface causes the more unsaturated
"'-compounds to have a greater afflnlty for thls adsorbent._g‘5

. De VrJ.es16 had utlllzed thls adsorbent for the separatlon ;'

'?of cholesterol from cholestanol The adsorbent 1s also }_ﬂf*-

< aq

:'ffknown to show some degree of select1v;ty w1th double bonds

-
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vrelatlve to thelr geometry in the molecule and to thelr

: degree of substltutlon.»

When the mlxture c,ntalnlng neoallocyathlan4“
hwas subjected to ptlc on arg ntated 5111ca gel, u51ng |
’freshly prepared plates, two well deflned bands‘weregp

h:located Rf (E)O 59 and Rf (E)p 50 The bands Were

:3bremoved from the 5111ca and the compounds 1solated fromv"

‘the adsorbent and subjected to mass spectral analy51s..'v

. ‘<.-A

The‘material atvlow Rf proved to be almost _
x,entlrely allocyathln E3 (4) The mass spectsum (flgure'
‘d3) cowpares favourably with prev1ously publlshed spectra
<_for this compound (flgure 4) The Rf values on. ordlnary

and argentated srllca gel were 1dent1cal w1th authentlcv‘

'»allocyathln B3 in se eral solvent systems. Later charac-.

"terizatlonzof thls low Rf component as. 1ts acetonlde and

o
0 O—dlacetyl derlvaalves conflrmed 1ts ldentlty (see

‘detalled experlmental) The mass spectrum also reveals:";"

\
N

"*fithe preseﬁce of a; compound w1th m/e 332 Thls materlal
'1was assumed to be a mlnor component, not only becpuse of
the small S1ze of the molecular 1on b t also because of

5 - the Iack of any notable fragments from m/e 332 1n the

Spectrum

C g

—~



. Figure 3. Mass spectrum of low Ry component
- from. argentated silica gel separation: of ~the

;mlxture containing neoallocyathln A4

»Figqrgf4;  Mass specffum'qf ;110cyéthih333, -



. o ....n.o,ﬂ 6l

02+

07—

%

03

¢




24

The materlal at hlgh Rf contalned malnly cyathln

.-A3 (3)‘ The mass spectrum (flgure 5) compares favourably
Wlth a mass spectrum of thls compound publlshed prev1ously

R

e(flgure 6) , The Rf value of the 1solated materlal was -

5_ identlcal on ordlnary and argentated 5111ca gel wrﬁ@ that-'

7'of an ' authentlc sample of cyathln A3 In thls case, how-:
:ever, the presence of a cons1derable amount of a second
"compound namely neoallocyathln A4 rs_ev;dent_from the

imass spectrum o

:}iip; High resolutlon mass spectrometry (hrms) ijf”qb_
.;varified the tentatlve molecular formula of C20 30 4 Lo

'for neoallocyathln A4

N Y

/;9..

a '2@, Isolatlon of neoallocyathln A4 as 1ts acetonlde

”_.derivatn.ver h_1.~~“

on acetylatlon cyathln A3 readlly forms a dla-“p
T . l . .
-cetate, the SPectral detalls of Whlch have been reported'f?‘““

pf;earller (reference 6, page 46) : It was hoped that after‘ri'

.;acetylataon the 0 O—dlacetylcyathln A3 could be Separated755*“
1‘,fby chromatography from the acetylatlon product of

'flneoallocyathln. 4x”;ﬂv* 2

P

Txeatmentfof the,mixturéfof*éyathiﬁ,é3“andf'“"



P cL : " o ‘1_.J"~
- Figure 5. :Mass ‘Spbeéctrum of low R _component .-
from argentated silica gel "B,eparagi_o‘n of the .
Mmixture containing neoallocyathin Ay T
. ‘ q.v.

‘eyathin A

Figure 6. Mass spectrum of 3 R
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o
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f;neoallocyathln A4 w1th pyrldlne and acetlc anhydrldef‘in‘g

fmethylene chlorlde gave ‘one major product whlch was iso-

'l

lated by ptlc-v Rf (A)O 65 ' Several mlnor products.:

.a

noted on the preparatlve olates were not 1solated “In. .

e

j fthe ir spectrum (figure 7) and the mass spectrum (flgure

ji8) the 1nd1cat10n is- that both cyathln A3 and neoallo—

:cyathln A4 have forned dlacetateseA Flgure 8 shows m/e

'<402 for o, O~d1acétylc thln Ay and m/q 418 for a dlace—.,

'Jé_elther c0mponent of the m'xture.d*‘d

;fﬁ 6. 1l for -an . oleflnlc proton\v1c1nal to a carbonyl,

A

:“‘tate of the neoallocyathln A4 : The 1nfrared spectrum lsvfﬁf”

: ;’.n{‘."

'7qu1te 51mﬁNar Bo that for cyathln A3 dlacetate and 1nd1—‘

R}

fh':cates that there are ‘no: hydroxyl groups remalnlng on- Z;Sv

. ", .

\
gl
£

] The 100 MHz nuclear magnetlc resohance (nmr)

s

'T7spectrum determlned on the’plxture has a 51&ﬁa1 at

-".'.L_ )

“slgnals at»G 5 35 and 4 65 for a methylene group v1c1na1

fto a prlmaryoacetoxyl and a methlne proton v1c1nal to a ,;f

f7fsecondary acetoxyl group There are also two sharp

st

"s1nglets at 6 2 Ol and 2. 09 for the acetyl methyl groups._ fff

~All these 31gnals were lndlcatlve pf O O-dlacetylcyathln

' r“ﬂcomponents." S f“‘ ’

'fifA3 although the complex1ty of the spectrum, partlcularly

:1n the C-methyl reglon, clearly 1nd1catesa1m1xture of
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S © Figdre 7. . Inﬁfared?ébibtrum'{CHClég"of acetate
. mixture, mainly,0,0—diapétleYathin Az, ‘ '
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 )\\_"_@ain1y 0,0-diacetylcyathin Ag.
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Attempts to seoarate the mlxture of acetates
‘by tlc u51ng varlous solvent Systems and enploylng

_ordlnary and- argentated 5111ca gel were unsuccessful

Sultably dlsposed l 2~ and l 3-dlols are known

to Teact under varlous condltlons to form 1sopropylldene .

E derlvatlv%s (acetonldes) ThlS reactlon had. been em-

-

'ployed eﬁten51ve1y to block the two hydroxyl groups 1nl

" the C fing of- cyathin: A410. ‘Acetonide formatlon was

cons1dered as a. method of separatlon of cyathln A coné7"

3I
Avtalnlng a sultably dlsposed dlol from neoallocyathln A4
_whlch mlght not contaln the requlred structural feature

a : o

for derlvatlve formatlon.

Acetonldes have been prepared by varlous methods
7'such as reactlng the lel w1th <. ctone and a. mlneral ac1d

or acetone and an anhydrous salt. The most useful method

- . 1‘ :
-~ in. thlS case was found to 1nvolve solutlon or the lel in o

”,;2 2 dlmethoxypropane followed by addltlon of a catalytlc

.amount of pftoluenesulfonlc ac1d to catalyze ketal exchange.lb

B Treatment of the mlxture of cyathln A3 and neo-

J ’ -

allocyathin A4 in: thlS manner gave a mlxture of acetonldes._"'
- Thls 1ndlcated that both startlng materlals had hydroxyl

"'groups sultably dlsposed for acetonlde formatlon.,."
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Several attempts at separatlon of the acetonldes ;5
were carrled out. Solvent system B was fpund to glve rlse
. to two spots on tlc.v The 1oweﬁ spot, f (B)O 49 burned

Ay,

V1olet after spraylng w1th sulfurlc aC1d and heatlng whlle A

frf
'spot proved to be a mlxture of acetOnldes whlle the mass-

=the uoper spot R (B)O 52 burned brow The hlgher R

1

f,spectrum of the lower R component 1nd1cated thqt lt was ‘
ﬁ) \‘ra’ - .
7wa smngle campound , Further*trlals w1th ptlc separatlon.

v

4

fthese two' materlals “The hlgh

g..

fgave clean separatron
q‘\ s

= Rf compound was‘found to be cyathln A3 Leetonlde by com—.j

t |ﬂ

parlsonvuiﬂlauthentlc materlal synthe51sed from crysta1~f
'llne cyathln A (5) The lower Rf ma_erral was necallo;s"

cyathln A4 acetonlde (as 1ndlcated by t @ mass cpectrum)

contalnlng only traces of 1mpurrt1es.,f a ?f‘.;nfu.d"%:,“”

_‘41 . K

The 1solatlon of neoallocyathln A4 as 1ts‘;?3li_d

”"acetonlde derlvatlve requlres flve steps as outllned in -

bl N

scheme III. The ﬁlr t 1solatlon of the derlvatlve ylelded‘*e"

f2 mg of materlal from 1. 01 g of crude cyathln, or approx1-‘
mately a’ 0 2% xgeld Scheme IV outllnes several of the-'“

separatlons carrled out on crude cyathln to yleId neoallo—ff"“

’ r

( f‘:cyathln A4 acetonlde._ The new compound was never lsolatedkf

/

*in more than 0 25% Yleld and 1n several cases 1t could notf'vbﬂ
o "\ v

7hfbe detected in the crude. The low percentage °f neoallo—!‘:

-fcyathln A4 fln the crude mlxture was the maln problem in.

&ﬂfurther characterlzatlon of the materlal The comblned



;oo

" Crude cyathin

B ¢ <t7~,?colﬁmnichrométdgraphy

EUR T :”';fi;ff<t7" ét;q C
R R’*syathln A3‘+ allocyathln ‘B -

SRR neoallocyathln A4 ol

o + m/e 332 compound R

. . N
il T .,‘ . N - . . .

3

TiIi7 mh AgNO3 + 5111ca gel (1: 10)
: ' ptlc

.
, . .
S 5 7 AP . R

L], cvathiin Ag;f'"r“riéo%‘#'l‘l:oc_‘yasﬁhfin'A" }

4 e

L  ‘t7 B—toluenesulfonlc ac1d

e ;v' cyathln A3 acetonlde
- neoallocyathln A,

4. aceton1de5 

b

 fhé@alldéyathin Aéfébétoﬁidegff

PR

.n

(a) repeated Ptlc was. emploiéd~étffhiéf$£a§éfinuéévéfalﬂf,7”ﬂ
separatlons o e SR e

e

~ _Scheme IIr. .



33

s3onpoxd uoTjoEsi Fo ﬂ&ﬂumHOWﬂrwgnmu&o&yﬁB@OWnQWWA_nmwmuu&.mmv&quHmmwuw.Eouw o
UT pe33Two sem Aydeibojeworys mumioo  (q)
T37and 9y3 03 xo39x1 sde3s parsquniu (B) ¢

v

- s3doupoad 8yl pue suotjezedss osayly
_ - III Swayds uT parn3zotd sde3ys uo

mmw.uﬂuww

|

-t

,mf_ -
wn0mw 

.

T30

NES
¢

.;r...k;. D .

1.

T~

,.@o.Nm,#

oww_.m wo_,_nAmsV_@Hwﬁnmdwmuwyow

SZ'0

L. 8T°0.

6%

z°€

1T

(8) PISTA TTeI2A0

N e (w)ededsT
SO\ o UoT3eDTITIRd

-'I933e jonpoad
. 30.PTRIX

T

1874

29z

IIT

o

O
v

T b dss D

10T

z°68

@ L7 30 juBrem

" uotyeOoTITANd
x233e 3onpoad




34

welght of natural neoallocyathln A4 1solated durlng

'3.l»prop03ed_structure ofﬂneoallocyathian';

"xdgroup to a diol of molecular formula C

",thls work was less than. lO mg. - Snectra show that thlS

‘ materlal Stlll contalned traces of 1mpur1t1es that had

not been renoved in the 1solatlon steps.

Some decomp051t10n of samples was ev1dent.

l;In1t1ally purlfled samples gave multlple spots on tlc:
rkand the character of certaln spectra varled 1f the
"samples lnvolved had been allowed to stand at room

’,,temperature or 1n solutlon.-.‘;*-

The mass spectrum of neoallocyathln A4

m,(flgure 9) shows a parent peak at m/e 374 Exact mass on

‘.;‘thlS peak gave the molecular formula C23 34 4° Thls 1s g;'

o

the efpected formula for addltlon of an 1sopropy11dene

Sr o

20730 4
is a conflrmatlon of the molecular formula of the

lwnaturally occurrlng alcohol. The molecular 1on at m/e '
“__374 loses a methyl radlcal to glve m/e 359 Uo other

: j-‘prom;Lnent peaks are noted in the hlgh mass range.7‘_”

. P . o .. A ; Y L. o
An ir spectrum on tne 1solated acetonlde glves
* o

'»’.absorptlons characterlstlc of cyathlns (flgure 10) - The. e

'?\«\
. L]

-

'\"'g’-_ .

acetonlde o

H o and hencev



‘Figure 9.

N

“Figﬁre 10.

)
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~ . . : \ | B
absence of hydrd§y1 groups was ev1dent ‘in the ir spectrum

~ of the mlxture of- dlacetates (flgure 7) ' The lack of

l.

'absorptlons above -3000 cm -1 1n flgure 10 conflrms thlS

v

’earller ev1dence.' The band at 1635 cm -1 1s 51mllar to o
'the band for the a, B= unsaturated ketone found in the

/

(o] rlng of other cyathlns. Lo ‘v" SR ’r'.ji‘/':-‘

']13 The nmr spectrum reproduced'&n flgure ll is the

best spectrum obtalned thus far on the acetonlde of tg

‘hnatural product ThlS spectrum was: determlned uslng tfﬁ
proton Fourler transform (HFT) method on a lOO MHz nmr.ﬁ?:t F
1 1nstrument. ThlS method allows excellent spectra to be
determlned on samples smaller than 2. mg._ Other samples
- of the acetonlde derlvatlve of the natural product ShOWed
ithe same 51gnals as 1n flgure ll but in addltlon dlsplayed

srgnals due to varlous 1mpur1t1es whlch made these spectra

c: very dlfflcult to 1nterpret.

‘ The sharp 51gnal at. § 7 25 1s attrlbuted to ‘
.‘traces.of CHC13-1n the CDCl3 used as.a’ solvent.- The 51gnal
'at 6 5, 74 can be attrlbuted to a slngle oleflnlc proton.f°.
.Its posrtlon is comparable to that of the oleflnlc proton';ﬁ”

':eln the system :‘:.vf 'lrgv:hl' ,R'-» v o



Fiéﬁre 11. Nuclear magnetlc resonance spectrum
- (CDCl ) of neoallocyathln A4.aceton1de






- which occurs”infother éyathinSﬁ” o
) L TmnEe AR other R

B

B

Integratlon can not: be obtalned for HFT sp tra

t',.and the area under the 31gnals was estlmated by tric1ng

ey

around the peaks and comparlng the Welghts of the trac1ngs. :

'ijo 51gnals appear to coﬁhc1de 1n the reglon 6 4 15 to‘\
4. 35 A somewhat)broadened two proton 81nglet at 6 4 34
L. partlally obscures a more dlffuse 51gna1 1n the reglon'h
‘from 6 4. 15 to 4. 35- the presence of whlch 1s also ev1dent.f_
‘ ;from the shoulderoon the hlgh fleld s1de of the 31gnal at f
: __'5.4.‘34’ ., N ., o -

[

Two 51nglets at 6 l 50 and l 40 -are due to the .

G

- ‘acetonlde methyl groups. The sllghtly downfleld/p031t10n ”nr‘

ﬁof these methyls is attrlbuted to the B-relatlonshlp to

the ethereai oxygens. Two other sharp srgnals occur at sé,in

_j5 1 24 and 1.03: 1nd1cat1ng two lsolated methyl groups.ng;¢ ‘

J

’:Thébremalnlng 51gnals 1n thlS area appear as an apparent

'-p_"trlplet centered at S 1. 08. The central s1gnal of the »}7_f~

”hr'ent trlplet 1s in fact two overlapplng doublets centered
”a'at & l 11 and l 04 : An attempt«to resolve thls 51gna1 by
expan31on of tne spectrum was n@t spccessful and & spec~'"

'fy trum determlned 1n C6D6 d1d not s1mp11fy the 51gnals 1n

thls reglon.7



o

: ketone as 1nd1cated by the ir.

1fstructure to neoallocyathln A

The comblned chemlcal and spectral data des-;l

crlbed above allowed the tentatlve aselgnment of a

N

o M .

51tes of unsaturatlon, three of whlch are accommodated

Y

1n rlngs 1f we assume the trlcycllc cyathln skeleton.n;-'

_./»

B Neoallocyathln A4 must contaln two of 1ts oxygens as’

hydroxyl groups 51nce a. dlacetate is formed upon acetyl

“ation. and the hydroxyl groups must have a l 2— or 1 3-sn537wy

relatlonshlp to account for the fac1le formatlon of the\.w
AL
‘ . { . ] [y

acetonlde. A thlrd oxygen o"curs as an a B-unsaturated

B [= 2P
o - o
Lo

The nmr was partlcularly Valuablé 1n a551gn1ng

g The molecular formula 020 30 s 1nd1cates s;g’~'*

e

¥

-

a structure for neoallocyathln A4,.part1cularly when the"

g

spectrum was compared wmth that of cyathln A3_aceton1detffff‘”

(ké% (flgure 12) ‘-.;5¥“l¥,ff

L L
s
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4
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Figure 12. Nuclear-magnetic,réscﬁance_specttgm_
(CDCl3) of cyathinjAj faCetonide. e

[
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| Cvathin A3 acetonide Was'ohtained'duringetheh
flnal step in the chromatographlc 1solat10n of neoallo—‘
cyathin A4 acetonlde.‘ Other samples were prepared by
treatlng crystalllne cyathln A3 (3) thh 2 2- dlmethoxy—‘
~propane ahd p—toluenesulfonlc ac1d ThlS 1s the flrst

r repor a1 preparatlon of ‘the. acetonlde derlvatlve of .
'cyathln A3 although several other derlvatlves have been _f

v

.prepareds

The nmr spectra of the twowacetonldes (flguresh

11 and 12) suggest a close structurai relatlonshlp betweenf,
g.neoallocyathln A4 and. cyathln A3 (3) The 51gnal ' l
ifor proton e in. cyathln A3 acetonlde occurs as ‘a 51nglet
ias ‘does” the 51gna1 for protons £ and g.} Both these'w »
~Msrnglets have some fine spllttlng due to allyllc coupllng,th

. Slgnals s1mllar to these two occur 1n the spectrum of thebu

. unknown compound (flgure lL) }‘ ”e chemlcal shlft of the

. - “’ -‘.;_?' & .
. 'Slgnals for proton e and for p?htons f and g‘occur at
e 6 5 68 and 4 29 respectlvely whlle the comparable 31gnals

'1n neoallocyathln A4 occur at 6 5 74 and 4. 34

_ . “ The two speotra also contaln a 51gnal partlally L
':ob cured by the 51gnal due to the protons f and g. 7ihy

<fcyath1n A3 acetonlde thls 1s a551gned to proton h whlch



T aw

45

is expected to ‘occur as a doublet of ddublets at thlS

'pos1tlon.‘ . T "';‘;-

The‘close 51m11ar1ty of the low fleld portlons
"1hof the two spectra suggests that neoallocyathln A4 ace—‘; -
’tonlde contalns the partlal structure 18 comparable to o
‘”cyathln A3 acetonlde and’ hence structure l7 may be ‘

Vpostulated as a part1al structure of tre startlng Jlol

- v

oH N B

_ The i spectra suggests furthe simllagitieS'fhis”
between the two compounds.i In cyathin A3 acetonlde the.
_‘methyl reglon contalns two sl‘glets for the‘acetonlde.”
’ methyls, two. 51nglets for thk augular methyl groups and wk
::two~doublets ass1gned to the 1sopropyl methyl groups. : .
-.The non—equlvafeﬁéé of the 1sopronyl methyl groups 1s3j]faﬁff7
Qpresumably due to restrlcted rotatlon around the C 3 and,-:;hb

C—18 bond or to thelr asymmetrlc env1ronment Thls

(-""',;.v



i

fffeature has been obserVed in- other cyathlns contalnlnq
' thlS structural feature. The spectrum for neoallocyathln
. A4 acetonlde contalns 51gnals comparable to those 1n*the‘n

vfmethyl reglon of cyathln A3:acet0n1de.,

o Thls eV1dence suggests bhat neoallocyathln A4

contalns the 1ntact skeleton of‘the cyathlns and the .gch

partlal structure can. nOW‘be wrltten as 19

5 .
. 0 5
ook S
. L w - ,,,-;.-«’. X o . '
"ki;\: Structure 19 has the molecular formula C20 32 3

The correct molecular formula for neoallocyathln A4 ;s

achleved‘by addlng one oxygen and one 51te of unsaturatlon

to structure 19 ;{‘; N 4‘,‘Ff"?.¥ SR -

The fallure to observe the remalnlng oxygen by

: 1r Suggests that 1t exlsts,ﬁs an ether and the requlred

=2 '-- . . .
TR RS SN - - T e

St double bond equlvalent can be accommodated bp- constructlng
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T

a-cyclio ether.. The carbons in the c- 0~C llnkage must .

v:be tertlary to explaln the fallure to observe a 51gnal
‘for the system H-C—O—R 1n the nmr spectrum,'other than .d't
‘those for protons f g and h. as dlscussed prev1ously.—i

"The carbons el 3 C-4, C 5 and Cc- 18 satlsfy thlS requlre—'

C 18 1s excluded on the ba51s of the nmr- whlch

: requlres a proton at thlS pos1t10n to spllt the methyl

'_Slgnals for C—19 and C~ 3@1 9'
The cyathlns 1dent1f1ed by prev1ous workers
were unlform 1n contalnlng an unsaturatlon _ the A rlng
\'between C-3 and C-4. and this suggestS\structure 20 as

ffthe most llkely candldate for neoallocyathln A4

-

N Although all spectral detalls dlscussed;to this'rfAu
p01nt are con51stent w1th 20 they do not rule out alternate

cycllc ethers 21 and 22 'fffa* S






“Correlation of Neoailocyathin‘A4‘witthyathin A

3

B
-

The close structural relationshlp between
3cyath1n A3 (3) and the proposed structure for neoallo—
"cyathln A4 (20) suggests a correlatlon between the tw0'
as shown in’ scheme V. It was hoped that synthes1s of_

f‘the epox1de 23 would permlt a551gnment of both the

'fstructure and stereochemlstry of neoallocyathln A

4‘

'\ ST



L2

i~

"the condltlons used However, the presence of a peak at

Um/e 390 in the mags soectrum, whlch ‘is the correct mags_g-

5'0'

Several samples of cyathln A3/aceton1de were

v

: comblned‘and purlfled by ptlc. The purlfled sample was'

),
dlssolved 1n benzene and treated with aoprox1mately one

equlvalent or-m—chloroperben201c acld\» The tlc behav1our"

: and mass spectrum of the reactlon product 1nd1qated that

s
epox1datlon had taken place and that the product was'

o

: slmllar .to the natural materlal.. The .nnr spectrum gave

“W 3
confllctlng evldence.' All the 31gnals present in the

'spectrum of the’hatural acetonlde were present 1n\t_gJ

-spectrum of the seml synthetlc materlal but these 51gnals

were accompanled by addltlonal 51gnals thch appeared as -

shoulders “on. the high- fleld 31deeof the expected s1gnals.

) K v,z

Several explanatlons were con51deréd for these

'dlscrepanc1es 1n the nmr spectrum The extra peaks could
L:be due to unreacted startlng materlal Alternately,'an -

"excess of epOdelZlng ageht may have lead to epoxldatlon

of the second double bond in" the* molecule.“ Vormally,_

\\

.:a,B—unsaturated ketones are re51stant to epox1dat1on undei

~

4had been formed Thls appears unllkely 51nce models of

‘cyath;n;A3 acetonlde lndlcate that tne B face is less

¥

Vo

‘-thlrd proposal 1s that both dlastere01somer1c epox1des L-f;:

’ﬂfor the bls-epox1de, leaves thlS p0551b111ty open.ltA.QQV*v‘



:51
‘hindered thanuthe a-face. The main sterlc effect on- the :
‘Jface would arlse from, the C-6 methyl and the ax1al

protons at C- 8 and Cc~ 10 (B ~-face refers to the front face f

of the molecule as drawn while a-facemlndlcates the back

face of the molecule).‘A "]gﬁ

» -

| A sample of cyathln A3 (3) from materlal crystal-»‘
.llzed by H. Taube was converted to the epoxlde by the two
:steps shown in scheme V,_ It was 1nterest1ng to: note that o
a small sample of neo llocyathln A4 acetonlde was separated

_ as an lmpurlty in the samples of cyathln A (3) crystallJzed

':by Taube; ThlS second epox1dat1cw1wascarr1ed out 1n chloro-_‘uy

f::form with care taken to ensure that prec1sely one equlvalent

of perac1d was used. The product was pure by tlc,. (B)O 49,
f

and the mass spectrum (flgure 13) and nmr spectrum (frgure 14)
"“were almost 1dent1cal w1th the correspondlng spectra of the ;
d‘inatural product acetonlde (flgures 9 and 11). Both the h 3&}
.natural and seml-synthetlc materlals contaln traces of S
"flmpurltles SJnce the nmr of - both compounds contaln small

51gnals not dupllcated in- the other

V’W . . L b c . : R <

v

. Slnce cyathln A3 (3) of known structure and steneo-h
* Y [ . c
'chemlstry has been unamblguously converted lntg an epox1de,'

the structure of whlch 1s 1dent1cal w1th the natural product,;ﬁ

ﬂ‘-‘we have conflrmed our orlglnal ass1gnment of the natural

product (20)

-



o

' :Figuré*l3;f Mass spectrum of
- from cyathinﬂA3-aqetonide;

ot

epoxidation product . .

v@§  

j‘Figure‘l4;agNuc1eér maghetid}résbnanéé‘speéfrﬁm_
~{€DCl,) ofge

A Qﬁpridationjpréduqt_f;om cyathin Ajﬂ
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The relatlve stereochemlstry of optlcally actlve

centers would not be altered by‘the reactlon sequence de-‘i"v

scrlbednxxscheme V and thlS allows ass1gnment of the rela— |

/tlve stereochemlstry of all centers 1n the molecule exeept

the terminal pos1tlons of the epox1de.‘ Structure 24//\f‘

therefore represents the structure and stereochemlstry_qf N

) e

the natural prcduct neoallocyathln A4':

N

Clrcular-dlchrolsm (cd) and optlcal rotatory
"tdlsper31on (ord) spectra have been determlned on'. the ,-f?‘fu
natural and synthetlc materlals anﬁ Wlll be dlscussed in.
;detall later._ The close resemblange of the chlroptlcal

~?,spectra obtalned from the two materlals conflrms that

fzvthe absolute stereochemlstrv of the natural and synthetlcl g

“fglmaterlals is the same. An x-ray analysis of cyathln A3 (3)

A

'tf S



D . ' . _ll = la*— ~————~—————-~3§ @’W“”i?.
L . .‘ . o ! ".'y‘:,ii»';"" '.A' "
was used to conflrm 1ts relatlve and absolute stereo—
o chemlstry as deplcted°1n structure 3 -
. : ’ ‘ ’ F s 5 o
'°<As ment10ned earllerd molecular models suggést
that the B face of cyathln A3 acetonlde (25) is 1ess o
"whlndered than the .- ﬁace (espe01ally W1th respect to .
.1, 3 dlaxlal 1nteractions) and although there lS no dlrect j7
o
"*fev1dence avallable,hlt LS teﬁtatlvely suggested that neo—‘
”wf;allocyathln A4 acetonlde 1s the B—epox1de 26 SN }'"f -
Y . | Lol
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Addltlonal Data Relevant to the Structure of

Neoallocyathln A4'

1. Nmr data B

Analy51s of the nmr spectrum-of neoallocyathln A4
dnacetonlde (26) (flgure ll) was alded by comoarlson with
Dthe spectrum of cyathln A3 acetonlde (10) (figure lﬁ? as
dlscuSSed prev1ously.. These two spectra were examlned
further alo?g w1th the’ spectrum of allocyathln B3 acet“nideh
(27) (flgure 15) Thls examlnatlonlwa:\expected to lead to

a dlfferentlatlon between the C~l6 and C l7 angular methyl
‘ §
protons by. the change 1n chemlcal Shlft of the latter when

the structural features in the A rlng were varled In
addltlon, lt was hoped that chemlcal Shlft var;atlonsf

between nedallocyathln A4 acetonlde and the related ace-"'
.h*S tonldes would glve addltlonal ev1dence in’ support of the
i proposed B-conflguratlon for the epox1de rlng T

3

The data from the nmr spectra are - reproduced 1n

tableS’l 2 and 3Q The proton a331gnments are glven for

4 v

neoallocya%hln A4'aceton1de in flgure 16..

. 57 . N
The nmr chemlcal shlfts of protons 1 and k 1n‘~

N

: neoallocyathln A4.aceton1de (table l) were ass1gned after\u

-4

‘a spln-spln decoupllng experlment , -adlatlon ofvproton



R
2

/. Figure 15. . Nuclear magnetlc r:=3onance spectrum
/ (CDCl ) of allocyathln B acetonlda/

: ’ Y. R
- Figure 16 Proton- aés1gnments for neoallocyafhin*ﬂ4‘”
e acetonlde. B 5 : A RS _

,‘ .
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h at 5 4.15 led to the collaose of the doublet of doubletsv, ‘
,centered at’' § 2 30 to a doublet at the same p051tlon w1th
J—13Hz. The 51gnal at 5 2 30 must therefore be ‘due to -
elther proton ‘i or j.' The absence of coupllng between~ L
.proton k and the proton at 5 2. 30 can be explalned 1f the~.4lj

'dlhedral angle between proton k and elther proton i or: B Llh
1s approx1mately 90° - In a model of the epox1de, attemptlng
.to move proton J 1nto the requlred relatlonshlp w1th proton'f
'k leads to dlstortlon of the seven membered rlng to the f:‘

ﬁ
p01nt where the C C double bond and the carbonyl are’ no“ -

'longer ln the same place. At the same tlme the acetonlde :
'rlng is forced 1nto the crowded o face of the molecule..
?Nelther of these unfavourable condltlons arise when proton

¥

iis moved 1nto the requlred relatlonshlp w1th proton k
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Tkely, therefore, that proton ifgives rise to -

R : L

Coa

of proton‘h dld not reveal the 51gnal
from proton j to wh\ch 1t is presumably also coupled This

&

51gnal and the SLgnal for proton X are obscured in the

LN
el

complex reglon below 5 2. 15 SRR ) o "., .{1

v
.c
t

The precedlng tables show the follow1ng data for :
~the angular metnyl sagnals. o - : » 1_115 ; ff(;
cyathln;A3 aceton;de .'; ;'LT« ;..‘vd”l;ld; l;0§ - ‘
7a110cyathinfBj_acetonide". PR § 1.07, 0.98 L
neoallocyathinzA4 acetonlden.:'.h.‘ 5_1.24; l.03g_
‘Varlatlons in the A rlng“of the mdlecules 5£¢<
expected to have a more pronounced effect onpthe C4l7; ~
methyl protons (o protons) whlle the more remote C416:..
methyl protdns (s protons) should be. only sllghtly
1nfluenced In 901ng from cyathln A3 acetonlde (lO) t03
allocyathln B3 acetOnlde (27) the 51gna1 at 8 1 06 in the

former compound probably corresponds to that at 6 l 07 in

the latter., These 51gnals can then be tentatlvely a551gned

to the n protons.r?pr”

‘ %, S . v
_'.s S w, s .

PR




S B S : . 64
cyclopentadiene ring. This:would be expected to'shield'
the o protons which_lie~above the plane of this five

: . e : fud

.

- membered ring.

)

In neoallocyathln A, acetOnlde the 51gna1 at

v 4
§ l 03 should arlse from the n protons,_thls belng only
fl,sllghtly shlfted from the values of § 1.06 and l 07 for
j the other two acetonldes.; The 51gnal at § 1. 24 must there—,y
fore arlse from the o protons._ The 1ow fleld position of
_;thls 51gnal would’ be due to-elther the/;emoval of the
‘Shl”ldlng 1nfluence of the double bond present in. cyathln :
.A3 acetonlde or-a deshleldlng effect assoc1ated w1th the |
ifepox1de rlng. | K - o

el

The 31gn1f1cant downfleld Shlft of the angular

methyl protons on C-17 was examlned in an attempt to relatef"

hthls Shlft(§P the conflguratlon of the eoox1de rlng in the '
fmolecule.‘ In ster01ds, the nmr 51gnals due/to the angular'
:methyls (C- 18 and C- l9) are known, to vary in a regular way
dependlng on the substltuents on varlous parts of the/éole-:w
;chle. _ Substantlal tables of add1t1v1ty relatlonshlps were_

hcomplled by Zurcher17 laland summarlzed elsewhere19

Two compounds, l4a, 15a-ox1do-5a—androstane (28) i
]an&'l48, 158—ox1do—5a—andrdstane (29) are relevant to the *I E

~present discussion since the stereochemloal 51tuat1on41n;~”5“
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the C and D rings of the ster01ds are omparable to the

51tuat10n 1n the two pocslble eoox1des, the partlal

structures of which- are shown in 30 and 31. . .’

. - . e

o Unfortunately, the add1t1V1ty values for the

‘14 15~epoxy ster01ds are similar for a—vor B—orlentatlon.-f

For the a-= epox1de 28 tne addlthlty value 1s 0 183 ppm,

-¢

é.”
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‘this valuc bein: added to the value for the c-18 protons

in_the hy: ‘ocarbon. For the f- -epo: de - 29 thlS add1t1v1ty

factor be m=s 0"1501’._ The smal dlfrerence-ln these

-

Values’is nce su.ficient to dis’ .aguish between the a-

g

and B epox1des ©.” neoalloc - ,in A4 acetonlde, partlcu— -

i
/

'.larly 51nce the relatlonshlp relevant to the ster01d case
vwould only apply in a 9eneral sense to the cyatq1n molecule.ffvv

b ‘ '

e It was also con51dered p0551ble that the epoxlde
.
!

v;ring could affect elther proton i or proton j 1n a manner
that would 1ndlcate the conflguratlon of the enox1de rlng

.The epox1de rlng 1s known to shleld protons lylng above-

fthe plane of the ring and thlS shleldlng has been attrloutedvj

to rlng currents20 h' I _':f f

-

B s G
~, ' T T B

Examlnatlon.of the nmr. tables presented preV1ously
for the three acetonldes shows that no deflnlte conclu51ons
imay be drawn from the avallable data.‘ The p051tlons of
:protons i and j-in. the acetonldes would have to be deter-
"_mlned by decoupllng experlments.h Even w1th thlS data the-x
results would have to be 1nterpreted w1th cautlon._ The_v
1magn1tude of the Shlft due to thls 1ong range effect 15'7
expected to be small and other lactors related to dlstor—'
' tlon of the molecule or electrostatlc 1nfluences mlght be"

comparable to the long range shleldlng eLLect

A



2. Ord and'cd datar 3
s . A N
‘ Ay acetonlde was.

j .

‘ examined,by»ord_and cd. Both spectra showed a 0051t1ve

o Semi-synthetic neoallocfﬁthin A,

',Cotton effect curve. The :cd spectrum determlned in
. i
'methanol had a pos1t1ve ma{g

’absorptlon of Ae= #0.80 whﬁ;e 1n dloxane the pos1t1ve max;* o

um-at 346 nm Wlth a dlchr01c

mum was shlfted to 354 nm w1th a dlchr01c absorptlon of -

'+O 77.» Both the nature of the Cotton effects and the»-7
shllt of the ¢d max1mum to hlgher wavelength in the Iess

’ Abpolar solvent are characterlstlcs of the n__fn* trans1tlon ;

1n o, B unsaturated ketones-

‘-,EJ . .o Yoy o

‘The acetonlde nrepared from natural neoallocyathln

4 gave ord and cd curves s1mllar to those from the synthety?!f
e X
,imaterlal The s qmra showed p051t1ve Cotton curves and

the cd had a p051t1ve max1mum at 346 nm- w1th a: dlCthlC

',absorptlon of Ae—+0 57 o Iii

-. : . - R =
"'\ N . ~

Both the natural and synthetlc samples also show

‘

.ﬁtwo negatlve peaks 1n the cd spectrum at 300 . and 270 nm in
5. A
B metnanol and at 310 and 260 nm in dloxane._ The orlgln of

these peaks 1s not obv1ous s1nce the >y B—unsaturated ketoqe
:lS expected to glve rlse only to the p051t1ve max1mum men=

' tloned above in the reglon above 250 nm ”The'presence Qf

'va‘l‘ Lo .
Lok | .
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1dent1cal 1mpur1t1es in both the natural and synthetlcr;

X 4
p
samples is unllkely unless the 1mpur1ty arlses from a

A B ..‘ B
P S ’

common decomp051tlon product
e T

It was also noted that the magnltude of these
;negatlve peaks was greater in the natural materlal than l;h
in the synthetlc sample However, after standlng at room w_n.,

[

temperature for several weeks the synthetlc samples showed

“an 1ncrease in- these peaks so that 1ts cd spectra more'

o
B .

‘}closely resembled that of the natural acetonlde. The
.., \’57 ’ .
detalls of these spectra are presented 1n the experlmental

sect1on.

¢

’ The uv spectrum was determlned 1n methanol w1th
'the synthetlc sample.; Absorptlon max1ma 0ccur at 232 ‘nm -
(a~ 12 000) and at 322 nm (€-100) Thls'absorptlon cor-{k
‘responds4to the n~—+ w* and nr——bn* tran51t10ns expected |

'fpfor an’ Oy B unsaturated ketone._ The cd maxrmum 1s expected
ktto c01nc1de roughly w1th the uv: n——a w* transrtlon.- Slnceif
’1the cd max1mum 0ccurs at:346 nm and the uv maxlmum occurs

at 322 nm, thls 1s obv10usly not the case.! It 1s p0551ble _aﬁ
“that the max1mum expected Jthhe uv’ at ~346 nm may have been

‘Lconcealed by the absorptlon at 322 nm, thlS latter peak

»”representlng some 1mpur1ty an the sample Alternately, the

uv peak at 322 nm. may be - due to addltlon of the end

‘{,‘ : o LU s
R . -



e

% e R s
absorption of the T—3 .i* transition, while {n the cd -
these bands are cleanly resolved. Further investigation

would‘bé necessary to”é}épify:fthis»apparentﬂanomaly.

'
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\~_Toward_the Structure Proof of Cyath_intA.4

FERRRN .-1;'4 .
ST

,,/

Lo of spectrosc001c ev1dence on’ the parent compound and sev-

9,10

eral derlvatlves The tentatlve structure 9 dlffers

from cyathln A3 (31 only 1n “that it contalns an hydroxyl

e

group at c- 19 whlle cyathln A3 contalns a hydrogen atsthls{

9051t10n.'.' ' ‘{’ f A

e

" AS a- verlFlcatlon of the tentatlve structure 3
'several reactlon sequences were con51dered wblch would
- allow converSLOn of cyathln A (9) 1nto cyathln A3 (3)

Slnce the structure and absolute stereochemlstry of

&

cyathln A3 are known the proposed structure 9 for‘"

::. Ll

'cyath1n4A4 would be verlfled
- ‘?;'- Lo ) ('("_ s

Scheme VI'outlines v approaches to thlS .con-

'uersion;' Treatment of. the acetonlde 32 w1th a dehydratlngiy

— ' i

'agent would lead to the trlene 33 Selectlve reductlon of ;

the exocycllc double bond followed by hydroly51s of the
_ac1d lablle blocklng group would lead to cyathln Aj (3)

Alternately, the acetonlde 32\could be cpnverted to com-

’ Y. - Q-

pounf 34 1n Wthh the’ hydroxYl group has been reolaced by_~

somev_

\ . . . v . o el

by hyd ogen.‘

N

Cyathln A4 was ass1gned structure 9 on the basis ...

i .‘fv’ : - .

unctlonallﬁy (eg., halogen) whlch could‘be replaced’



. 2
- CH3O- [~
. CH3O o~

P=~CH,CgH,S05H

¢ scheme VI
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IThehdehydration-re§hct1on sequence was attempted )
startlng.from a sample of cyathln A4’1solated (by L. Carstens)
by column chromatography and purlfled by ptlc. The acetonlde
32 was Prepared and characterlzed by its mass,llr and nmr‘

‘bspectra as*descrigédgiéfthevexperimental section. These

workers for thlS compound9 lO

1

AR A procedure whlch 1nvolved heatlng of the[alcohol
_1n the presence of neatral alumlna to whlch e or 2% pyrldlne
has been added was con51dered for the dehydratlon step.

ThlS reagent was developed by von Rudloffzi and has beenv

the51s of dlhydrocostunollde, convertlng the alcohoL 35 t/)
the diene 36 o . ~_ . C




'double bonds In thlS partlcular dehydratlon a01d1c

t

reagents must also be av01ded due to tne presence of

l

~ the ac1d lablle blocklng group 1n the acetonlde 32

After heatlng the catalyst and sample at 230°‘C'

for one h-nr the Droducts were recovered by extractlon -of
e
X the rea tion mlxture w1th ether; The 30% of" ma erlal
recovered atowed at least flve components by tlc. ndvné w

-~

secord dehydration was attempted at a Iower temperature

iz
2! o

vbut the masc spectrum ‘of the product gave nd\lndlcatlon

that cehydr tlon had taken . olace and the complex compo—

N s1t101 c* the product dlscouraged further work %1th thlS
: P

: methoc T T h;7'- B ' : _”_:_h‘_ v

The second sequence 1llustrated 1n Scheme VI

_'could NED carrled out by treatment of the acetonlde 32

w1th phosphorns trlhallde (eg., PBr ) or a related rea~v-f

4_gent followed by reactlon of the" hallde w1th trl-n—i

butyltln hydrlde to glve cyathln A3 acetonlde (16) d,-

' i\\f th_-e--alcohol 32 with met_hyltri-'

.phenoxyphosphonlum 1od1 e followed by selectlve reductlon :y

v

RSN
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.

‘with sodlum cyanoborohydrlde in hexamethylphosphorlc

trlamlde would lead to the acetonlde 16 ThlS reagent o
; A
wfor 1od1natlon ‘was developed by Rydon and co—workers24,~

and has found con51derable use 1n alkyl hallde formatlon25
oL

The reduc1ng agent is- selectlve toward the prlmary 1odo

-

functlonallty in tne presence of other reactlve func-?

-~

tlonalltles such .as epox1des, ketones or aldehydes26

ThlS redu01ng agent is therefore preferable to’ trl—n—

hutyltln hydride whlch is known “to reduce the carbonyl

functlon 1n aldehydes and ketones o

& et . e

Dl Cg -

ThlS correlatlon could not be attempted 51nce

) we were unable to lsolate q@re cyathln A - Crude samples

earller growths.. No furtheno athln A4 has been detected
i . »I .
1n the crude cyathln metabolltes. o

5 . ".‘..e
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__Cyathi,r;—»cs‘a_-» “Str‘u'ctural -}»;f;s»i'«g;;mént from Data sﬁbpliéd
'by' Dr. A.f’p‘; Al;Lbut't10 “ S o . L
R T = o R '
Allbutt*succeeded:in isolating-a cyathin com-
ponent named cyathln C5 At theptime of his work the
Jstructure remalned unsolved ~ This cOmoound‘can-now be
bva551gned a structure that 1s ‘in. agreement w1th data |
vobtalned for other cyathln components. The lsolatlon

and spectra dlscussed below for cvathln C5 are obtalned o

~ from reference.lO. .
: CoE _ o .

A crude extract of C helenae was separated by

ptlc u51ng a. solvent system composed of benzene 1,4~ M,_ .
; jdloxane-acetlc a01d, 100.25.1 A band at Rf 0 42 crys—“:-b
'_talllzed in ethyl ether—pentane._ The crystalllne mate—
ijrlal, meltlng 001nt 225 - 226° C, constltuted -one thlrd
’1of the welght of thlS band at Rf 0 42; Thegar spectrum
'1'(nu301) shows ‘bands FE 3400 and 3200 et (hydroxyl),
'fn1695 and 1675 (carbonyl) and 1235 and’ 1220.° The‘mass.

spectrum (flgure 17) shows a. probable parent. ion at m/e

346 ngh resolutlon mass spectrometry gave an: exact

20926%"
Tvpromlnent peaks occurred at m/. - ?%:3 91, 74 59, 58,

o,

v;“mass of m/e 346 1774 correspond‘ﬁtho.C H o: h Other

s, 43, 41 and 3r (100%) ‘rﬁég ‘.fctrum (MeOH) gave f.‘

Max 215 nm- (e-ll 000) and ;makytzownm.(a ~ 13 000) ,.'Tm“ ;
o s - R ' Coome T



¥
rFi_gu're 17. Mass specﬁrum~chCYathin'C5;

8

e ¥

. Figure 18. Nuclear magnetic resonance spectrum
(acetone d ) of cyathln C5 ' :

2

(4



75% 100%, 75°
’ o 3 .
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' Analy51s of the nmr spectrum (acetone- -a, ) repro-"
_duced in flgure 18 and Table 4 makes it p0551ble to a551gn |
a ter ative structure for-cyathln C5 espec1ally'when con*f,vv

,sider 3 : conjunctlon w1th spectra for cyathln B \45)7 8

- RN

/

“The relevant signals from the nmr spectrum of'cyathln.B

¢

3
_are included, in Table 4. ‘

31

s

| Thefthreefsignals;at lowest fleld in cfathin'33
’xare due to features found in ring C. The SignaldathEQ.Ql
t,was ass1gned to the. aldehyde proton, 1ts positionlheing‘
characterlstlc of an oy B unsaturated aldehyde. ‘The:signal‘
_at 6 7. 06 was a551gned to the oleflnlc oroton on c- 13 and
the. s1gnal at 6 5. 08 to the‘C—ll prbton;d The low fleld-

}p051t10n of thlS last smgnal is due to the proton belng

i s1multaneously allyllc, o to an hydroxyl and v1nylogously

Q

a to a carbonyl group . In the nmr spectrum of cyathln C5

ffthree 51gnals correspond to the 51gnals 1n cyathln B3

) both in approx1mate chemlcal Shlft (6 9 89 7 27 ahd 4. 84)'
fyand in multlpllc1ty (s, S, unresolved multlplet). ThlS

_ev1dence 1nd1cates that cyathln C5 contalns a C rlng
_tequlvalent to,cyatnln Bj.-fh

SR .f The methyl reglon of the nmr spectrum of cyathln"

4lC5 contalns 51nglets at 6 0.92 and O 81 and a doublet at

G l 08 w1th J

7Hz. The doublet at § 1. 08 1s coupled w1thv_~'
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‘a quartet at § 3. 69 ‘with J = 7Hz. Spin-spin decoupling
by 1rrad1atlon of thlS 1atter 31gnal led to collapse
of the doublet centered at 5 1 08 to a 51nglet at the

 same p051t;on.

‘The‘nmrbdata disCuSsed aboVe is consistent with
a normal cyatiia skeleton contalnlng acC r1ng equlvalent
v to cyathln B3 (5). The 1ack of further splitting of the

quartet for a methlne proton at 6 3 69 1nd1cates that

~

.there are no protons o to tnls proton except those 1n a
methyl group The low fleld p051t10n of thlS 51gnal sug—.
gests that the proton 1s 1nfluenced by one or more strongly

deshleldlng groups. Rememberlng that our molecular formula -

jrequlres the addltlon of two oxygens out51de of, the C rlng

3 .

S it aDpears llkely that cyathln C. is the carboxyllc a01d 37

5 .

0 .
N
N




81

Sy ' L
‘ . G
The proton X would glve rise to a- quartet since . 47

this proton is coupled only to a methyl group.- The’ de—
. shleldlng by both the double bond and the ac1d functlonallty
would account for the low fleld pos1t10n of thlS 51gnal 1

A s1gnal for the acidlc proton a was not

observedexthe nmr, perhaps due to fallure to scan the

spectrum above' 6 10. 0 The hydroxyl protontHy may be .',f&? e

concealed in the 51gnals between 8 3. 0 and 4.0. D20 C
'exchange dld not resolve the 51tuatlon 31nce the 51gnal

for HOD obscured part of thlS reglon. It lS also pos— ‘ ;]%_;q

31ble that the ac1d1c proton and the hydroxyl proton.“

.7
3f

raglng 1n‘the 51310;tQ R o -

ymay be exchanglng and thus a

B,
6 4. 0 regLon.

555

Cyathln C5 was 1sowated from crude cyathln on only

hone occaS&on._ Later growths of C helenae did not produce e

detectable quantlﬁﬁeﬁ,p thls metabollte. Conflrmatlon of o

the structure pronosed above must therefore awalt further

1solatlons of thlS compound from the crude mlxture. Corre-‘
-

latlon w1th cyathln A, vlS also concelxable, prov1ded that

o

thlS compou;d becomes avallable agalﬁ \



o
Biological Activity of.Cyathin B34éyathin Cy

PO

As mentloned prevmously, mlxed crystals of

\

_ cyathln B3—cyath1n C3 were readlly obtalned darlng the

.lsolatlon procedure descrlbed . Through the cooperatlon‘—/;;;/;
of Dr. J. A Welsbach Smlth, Kllne and French Labora-“_" :

torles, Phlladelphla, these have been screened for'ant;—g»

bacterlal and antlfungal act1v1ty.vahe'results of these

o

tests are: given in <2e Appendlx. As may be noted -the -

mlxed crystals show 1nterest1ng act1v1ty agalnst' o

Trlchophyton mentagraphytes, a fungUS related to uhose df

cau51ng athlete s foot and other skln oroblems. ¢arstens

had been unable to cleanly seoarate cyathln B3 From cyathln
,¢3;_ Durlng the course of thlS work 1t was found that otlc u
. on freshly prepared 5111ca gel plates‘(see detalled experj-_ ;idd
'mental for a descrlptlon of tne method used) brought about o

.separatlon of these two substances. It was of 1nteresﬁ to

see whether the blologlcal act1v1ty malnlwlres1des w1th
one or: the other component and accordlngly the 1nd1v1dual
components were submltted for testlng. As shown in tne
Appendlx, cyathln B appears to ‘be more actlve thanv

cyathan C3, but the dlfference is small and the 1nd1v1dual ‘;hnf'

. \

components appear\less actlve than the mlxtureJ

et \—-—-"'
|

o



A /o <O
Metabolites of Crucibulum Vulgare

- Inltlal screenlng of spec1es of blrd’s nest

AR

'ﬁfungl 1nd_‘ated that a crude extract of Cruc1bulum vulgare

had antlbacterlal propertles Thls resalt was at varlance
w1th a prev1ous report on. the absence of antlbacterlal
: actlon w1tn thls spe01e53 ThlS fungus grew well on sur—

face culture under the same condltlons descrlbed for o

i . ' . e - E . =
f.C helenae . e ST A
- Some varlatlon 1n the medla was atte oted “At - L .

! .
! ‘o

'Aone p01nt a 10 fold 1ncrease 1n concentratlon ?r Brodle
__medlum nutrlents ln the broth was. used but thls dld not }h_“
‘result in an 1ncrease in metabollte productlon._.The,use foo

of Czapek Dox medlum was examlned Th;s medlumrﬁespecial

ulS,fpage 16),-ga§e,a7poor productlon oF metabolltes
best results were obtained ‘with normal‘concentration50f

Brod;e]medlumftj o S I P S

E

"culture the yleld of metabolltes was low.' The crude mate-.

i AT

‘lrlal 1solated from 15 separate growths varled from 35 ~ 84

o

tmg from each llter of medla extracted onmparé w1th :;w.

- C. helenae Wthh ylelded 150 - 600 mg Der llter).'vg:fgh'ff‘h%é:é{

.f‘-
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X Prellmlnary'1ﬁvest1gatlon of the crude mlxture

f,;by column chromatography and btlc revealed a complex mlx-

ture '%Aﬁterhunsuccessful'attempts‘at isolation of pure‘

orOJect untll methods whlch allowed the productlon ol

larger amounts of metabolltes could bewdeveloﬁed DurlngA

1

- the’ 1nvest1gat10n of: the crude materlals some 1nFormatlon

"was obtalned indiéatlng the nature ‘of. metabolltes obtalned

\_.‘. B .

' D - SRS g LT
.from C. vulgare._ . (e e ;/””, R

_%\\ ‘ e l;}“" ‘ _
The crude materlal revealed a con51stent pattern
LoET

on tlc. Wlth solvent svstem A the developedkplate showed 8

R three promsnent spots a. Rf 0 66 0 59 and 0 53 These

--areas were v151ble whenw ‘:sphor 1mpregnated plate was

k viewed w1th uvfllght‘and they charred a brown or grey N

e

colour after treatment w1th sulfurlc ac1d and heat These
three areas appeared to be most sultable for 1n1t1al

4> Lt ~

1nvestlgatlon. R L'a§~"“

- o

i
'

TN

Developed and sprayed tlc plates also revealed

-materlals at lower and hlgher Rf p051t10ns.; The materlals

9

at hlgher Rf varled for each crude and Were presentwln‘i

ﬂmlnute amounts Materlals at lower Rf.were numerous and
,M'

usually appeared as ‘a streak of materlal rather thap 1so—,-§{ .

R

lated areas ~Ptlc revealed that a large portlon of [ e

-y v s S -
. - . . i .



- was examlned by varlous spectral means. ngh resolutlon

«

-

. material remai at the orlgln in solvent system A- often

L.

as muchkas 50% of the welght of applled sample could be

’r“recovered by extractlon of the 9111ca below\ 0 lO on th°_,

f
N
developed piate. Trlals w1th ‘a serles of other solvent
A

-

systems did not 1mprove the separatlon.
. 4

Attempté\to asolate the three materlals between :

Rf 0.66 and 0. 53 were unsuccessful although a degree of
3

reFlnement was obtalned by comblned column chromatography' ‘

S
//

' and ptlc.. The materlals 1n thls,Rf/range showed mass'

spectra w1th peaks above m/g 400

E,, The least polar uv actlve fractlon at Rf 0 59

v

mqss spectrometry 1nd1cated a peak at m/e 440 as the
’ »

probable parent 1on w1th a molecular formula C30H4802

Addltlonal peﬁks were present above and below m/e 440

whlch coula not be readlly derlved\fiom thlS parent 1on;iv”f

Y

The ir spectrum showed absorptlon at 1735 and“ :

'1645hcm—} and a sharp absorptlon at 1585 cm 1; Some

fﬁamples sho‘ed a’ broad weak hydrox%é absorptlon but the :

i . I

‘ncon51stenc of thls absorptlon 1n dlfferent samples

4'6

the fractlon._; f_ r; :”;5[,j3;

p*Thls 1nchated that the sampIe was not of hlgh purlty. f;_'



A series of 31ghals ;n the nmr from 5 6. 0 to
6 6 1ndlcated the presence of oleflnlc protonsralthough

the small smze of these 31gnals ﬁelatlve to the rest of

.‘.

- éhe spectrum suggests that they are due to a mlnor ‘p’ '

e

‘component in’ the,sample, . R o % f'
e The most polar\fractlon examlned Rf (A)O'SB

l .
appeared to . contaln at least three components. Ace ylati

. "=
of thls fractlon after purlflcatlon by ptlc gave a

the tlc of whlch showed three spots. The *r of the most 2

\ v

polar of the acetx}ated components,showed a: strcng absorp—

Atqon at 1715 .cm lland a serles of oeaks from 3000 to 2400

‘ :cm-‘ sugge stlng that one or more of the components of the f

mlxture was an ac1d Other than the mass spectrum, whlch

1qdlcated peaks at m/e 428 and 426 as p0531ble parent 1ons,

fractlon. : :f,g = :b.lf Tl o Nfi Sy

fl e

no further characterlzatlon was carrled out on thlS _";_Hw'f

‘\gx_lf: The fractlon at Rf (A)O 59 gave only traces of

materlal after ptlc of crude samples.‘ The spectra of thlS

fractlon were'wgak and poorly deflned 5

:,\*. . ".". PR . ‘ L

1:

The exact mass determlnatlon‘and the observatlon

:‘f of m/e values 1n excess of 400 for the three fractlons

"'examlned, 1nd1cated that the compounds were_perhaps-a%r IR

01
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tr1terp7n01d or steréldal in nature. The fallure to

detect dlterpen01d ﬁ%tabolltes w1th s?me relatlonshlp

.to the cyathlms from C helenae was, another factor whlch"

lead to the dlscontlnuatlon of thls progect.,'

-
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III' GENERAL EXPERIMENTAL - o

1’“q Growth of fung1 and collectlon of crude fungal o

e g ¢ _ e, . ) o
metabolltes.'j: oo i.- o n_ Lo

o Th procednresvdescribed{briefly in'this*section }ﬁ,

lfatlon of thelr surface.7 IncuBatlon of the sectlons on a
N I' . . L.

sterlle nutrlent agar encoufaged a growth dﬁ monosporus

:'l mycella to cover the agar‘fﬁrface.v Blocks of agar contalnlng
o . 4

mycelial growth were transtrred to fresh nutrlent agar and

th;s growth and transfer prooedure was repeated untll an e

f,- homogeneous growth of mycellum was obtalned The mycellum
T was stored on petrr plates or slant tubes of SOlld mediuT 'xy
- SRR
képt at approxrhately 0° C The transfer to large scale :{4 B

e .
,;:,.‘,. el e

growths on 11quid medla 1nvolved the removal of ! plugsm‘of
L

- the mycellum from a petrl plate. <Theq l_ Sjwereitrang;fofrtf**f

Yy
4

e

R i

]

ferred to 500 ml Erlenmeyer flasks contalnlng 250 ml of

~f sterlle medlum and the growth was allowea to prooeed for té.;fi
- three to four weeks. The content of these flasks was ‘vwv_ |
'_ then ground,up 1n a sterxlei\lende and plpetted 1nto=a:#iil;_g}lf;

| number of 2 l Fernbach flasks contalnlng 500 ml<of o

N R fReaes
sterlle medl_ o
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After 25 to 33 days growth the dark bfown medlum ;

;.x' mycellum The mycellum could then be reflooded w1th fresh

h. ‘"sterlle medlum._ Thls refloodlng technlque was repeated d‘.f
;}V?;untll the flasks became contamlnated or untll the bulk of
.i\;tmycellum 1n the flask made the procedure 1mpractlcal vlr
'fi.. ,V;dhﬁ;‘lﬁhe culture broth was. tw1ce extracted wlth half L
‘;;b~volumes of ethyl acetate. The organlc layer was drled w1th:fib
| anhydrous sodlum sulfate and the solvent was removed on a'fi”
rotary evaporator.: On some occa51ons the solutlon was . ;'
f%sflltered before evaporatlon of the last 50 to 100 ml of :;a
solvent to remove quantltles of'lnsoluble material ] . ";
e ~fj’-f7.f “.y f-i:.tkf‘.“-'“f5{s'-fff“bf~'7$+-‘ “‘,Sf~ e
All solvents used 1n thls work were dlSt&ll&d‘ill:ﬂ;f
:'Prlor to use. exceét\anhydrous ethY; ether Whlch was uqed ihj;i

fﬁdlrectly from the orlglnal contalner.i The smalllgag\tlt/es\\
]of 1nvolat11e materlals found 1n most reagent grade solvents*
f;were 1ntolerable in" the small scale separatlons necessary 1n f;¢ﬁ“
hhthls work and prompted the dlstlllatlons.v The commonly HMQf?fﬂer

;'pused adSOrbents were 5111c1c ac1d (Malllnckrodt, 100 mesh)

.

'and s111ca gel G (E Merck)., These adsorbents .were assumed .jﬁ;{f
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’
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3., -Column chromatography

.the %dsorbent allowed the progress of the separatlon to

i

to be of hlgh purltv and no Furtherr;eflnement of" these -

SOlldS was attempted dé;”f"é fg.vf';.m :l;v'~»a- o

e T B : N BRI

o . i’
! . * . ~

, R ' e g
- A quartz column 4 0 cm. in dlameter and 50 cm |

1n length was used for separatlon of crude metabolltes. Alff'b .

SlllClC ac1d (Malllnckrodt 100 mesh) w3§ the only adsor—

e

bent used for column chromatography. Addlthn of 1% v'%* |

'1norgan1c phosphor (General Electrlc, type 118 2 7) to

be observed by 1rrad1at10n of‘the column w1th uv llght

o oy S T TR
. After preparatlon of the column theiadsorbéﬁt 'e RIS

&

icalyg

Aqueous slurrles

_ ,—v,o-‘. .

of*sil



‘ ‘were spread 1nto thln layers on glass plates of varlous

{

"51zes u51ng DESAGA equlpment in «a. procedure descrlbed by g“:
Stahl27 f(}he resultlng thln layers of adsorbent were alr
drled for several hours and then drled in an ove% at 110°
to 115°/C for several hours to actlvate the adsorbent
Efforts were made to-. store the plates away from atmosphere f”J
molsture although 1t was found more practlcal to reactrvate |
the plates prlor to use by reheatlng to 110° C. Alternately
the plates were used in the amblent state of act1v1ty.3 The ?p
tlc behav1our of materlals on freshly actlvated plates was }

not.strlklngly,dlfferent from that on: older plates.;,avl

AN I s T T S T A 1

L

:"The same ba51c procedure was used for the prepa- ;

ratlon ofL"AgNO3 meregnated plates.i The AgNO3 was dls-

'ihnfolved 1n water and thls solutlon was added to the 51llca

'7Nyf1Q,height and ’aryl

gel .,After prepa”atlon the plates were protected from

’lighE and dust as much\as p0331ble.. Efforts were made to

El X

,“ause thevplates on the same day;as thelr preparat;__,slnce_“_Mw__——
S : e = _ AR
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e

LI . &

sectlons prlor to use.z- ‘.;:strated © figurs 1. ThlS o

)

,procedure helps to p*eVe[: ne horlzﬁ cal spreadlng of the‘_v

sample as 1t moves up ‘the plate=. "qm,llel plates prepared

by coatlng mlcroscope sllde< +ith ¢ .c_oben: were - used to

¢

’

follow the course of reactlons and to an=a lyze column

fractlons S TR . ;,; S 4,
: . i . . @ , - .

a e S .'” 3
Sample appllcatlon for analytlcal work 1nvolved

| the use of- mlcroplpets prepared by - heatlng open ended
caplllary tubes (l .6 mm x 100 mm) and’ drawxng them out to
' a fine’ thread of approx1mately 0. l mm 1n dlameter., Sam—f

ples in solutlon were drawn up 1nto these plpets by

caplllary actlon and?dellvered to the prepared plates byj;‘

touchlng the adsorbent layer at a p051t10n about‘2 cm

from the bottom edge...,fa V.;i - -t'; ».tf’_;”‘ . ‘L]-f\'j
- In preparatlve work the appllcator was prepared A

)

m‘fby draw1ng out the end of ‘a dis; osable plpet_tO—a Fanew

'wthread uThe sample 1n concentééted solutlon was/then -
fdrawn 1nto a plpet w1th a’ rubber bulb and applled tq the
:-plate by draw1ng the t1p of the—;lass thread across the '

.':plate wnlle applylng pressure to the bulb Samples of

B

- »200 mg could be separated on the 20 x fOO cm plates usrng x§§é:v:ﬂ“

.thls procedure. 'f R ”'; N “»',~r - ’.',:’:%“y‘;“h
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ag.-}' Plates were developed in enclosed tanks untxl

BN .5.'

rithe solvent front Just reached the top edge of the s111ca.lr

,Thls requlred 45 mlnutes to one hour for the plates 20 cm

yhlgh and 10 mlnutes for the mlcroscope slldes

o The follow1ng solvent systems were employed at

'Vvarlous tlmes for development of the tlc plates-

lA‘- benzene adzzgne acetlc a01d ~"f3pp75:25:l Lo '; DA
"B“_;acetone :skelly B Alf’ '.mfy‘450§§Q?wfg'-,rhff" ;f. -
y,Cys‘acetone:skelly B pf." \Th’d.dz7’30:lqs7" .;l:,hﬁ.‘hi:,:;l?
,‘D.Lyacetoneﬁskelly”fo; %3f;dﬁ :,f?;tfso,SOjE i .Ji%; |
r‘Eh-_aCetone;skélly Bf S .v _ﬂhifji704§0-: . R
,F.?'tolugne acetone acetlc acld.. Alh‘72 25 1 j E,
- & “bcomponents of\khé mlxture were located w1th a | g
~ﬁ2SO spray or by uv 1rrad1at10n of phosphor 1mpregnated
:plates as dlscussed prev1ously.w A thlrd method was o G S
employed'with AgNO3.1mpregnated plates.: The plates were 3 lg;;lh
WW'—EEEaiedﬂlZthly W1th a: 0 2% solutlon of’2"7'~d1chloro—fif£ly.
"fluoresceln in ethanol followed by v_f' -under long {;;}J
‘ ',wave uv’ llght at 325 nm.;"' ‘ ?d? | R
S _ : -.’].v o fﬁ. . PR ‘wf,f3“
The p051t10n of a. band or spot on a plate 1s‘jl" SPNE

V-tOgraphy is 1nd1cated bY Pla°1ng "A9N03" in brackets along J75‘“"‘

»':recorded as 1ts Rf Value.+ The use of argentated chroma-vf;ﬂf;%v~*c

-



. . ’9 ».H.' . ;’01
w1th the 1ettqg 1nd1at1ng tﬂh solvent system in use. For

. example Rf (B 10% AgNO )0 23, 1ndlcates that 1n solvent
B system B a comoound shbwed an Rf value of 0. 23 when run'*

on a plate 1mpregnated w1th 108 AgN03."'sVTs-”'flﬂ _.“5

'g* . After removal of the bands from preparatlve":'

' plates the samples were washed from the 51llca w1th Sernd
R
varlous solvents.~ Wlth AgNO3 1mpregnated plates ethyl G

< ,ether was used excluslvely s1nce other commonly used

'

solVents were found to remove quantltles of AgN03.3 The ,;ffij -
, DAy IR
i 51llca was flltered from the solvent u51ng a’ ftltted LA

glass funnel (por051ty E 4 to 8u)

’ After chromatographlc purlflcatlon and removal
: of solvent samples were submltted to the varlous spec-fx‘vf°
troscoplc laboratorles\vgr the determlnatlon of thelr

N e o an e

spectra.m,.;*- el T e e L e B

-~-——5pectraI—DetermInatioﬁ“ffTi?ﬁg'_ [f<jf-lwf"'fjp;'r~~a jiff;
) Mass spectra were recordedgpn an A E I.‘Model

'QMS 2 or an A E I Model MS 9 mass spectrometer. The

.

4latter 1nstrument was used to determlne moiecular weléhts -

w

fhfby hlgh resolutlon mass measurement The small s;ze of



95

- s
v '

1solated samples dld not allow confirmatlon o; molecular f‘b"\'

formulas by mlcroanaly51s.f All mass spectra
r ‘

X in . thlS the91s as a- percent of the base peak BT ;4 : r“'f

.'.?f""' ) i i B

ie recorded

"ectra were recorded on a Var1an Assoc1ates
. g .
HerOO spectro eter w1th tetramethylsllane as an 1nternal

B S VRN

’0'

o reference.“ Spectra of smalﬁ samples (0 5 e 5 mg) were

: recorded on a Varlan A55001ates HA-lOO 15".1nstrument by ;/.:-‘
Pulse Fourler Transform u51ng the Dlgllab Data System and nﬁp:?sf
pulser The pattern of s1gnalsols denoted ‘by: s—51nglet,-y*d.“ ,

9 d-doublet t*trlplet q—quartet, m‘unresolved multlplet,;:f;i'

o b~broad, u=unresolved band »;;wﬂ:;‘”f5‘$”" A

. r,‘,kV": Ir spectra were recorded f' _

fi.f&ZI dual, gratlng spectrophotometer or ‘a) Unicam SP*ldLOJI '; )

4" " . . - . .
?f rngiared spectrophotometer.:fﬂ;_g_g;,f; ;“,-3cr_ R

: o W,' S
g;ww_mmﬁ ,ny spectramwerezrecorded~en a~0ary Recording RS

K

Spectrophotometer, Model 15 f ff;"”x e

.-

_ Cd and ord SPectra were recorded on a Durrum--f}éi
Jasco Recordlng Spectropolarlmeter.?’” \4‘ sl
B R s Meltlng POlntS were recorded on a Flsher—Johns - o

.meltlng 901nt apparatus and areunncorrected ,[fﬁ{;i;f]ffiff71f4’f
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& IV DETAILED EXPERIMENTAL R
' ' ol . - T . ) /‘.-'f *

Growth ‘and Isolation of Crude Cyathin ’ . 4

N v ‘ . ) . . 2 . .
° «().' . .

N On the Gth of October 1973 10 llters Of Brodle‘i

Ny,

medlum waﬁ pregared.l,xhls medlum,contalns the follow1ng
e L 7
_nutrients - per llter-'_gbycerlne, 6 ml peptone, 0. 2 g,

k'

“g;t‘dl—asparaglne, 0. 2 g,,yeast extract Q 0 g, MgSO4 (anhy-;f'
drous), o 24 g Ca(NO3)2 4H o, d 5 g3 KH2PO4, o 5.g;°
ﬁe (SO4)3, trace,_maltose, 5 0 g, dextrqsg aO g.‘,Fheﬂ” |

o médlum was placed in. 18 2’} Fernbach flasks and the {{Qﬁeilij9”;ﬁ

stoppered flasks werelautoclaved at 127° C and 15 lb

@ S il

pressure for 15 mlnutesx When the flasks had cooled to: ,ff'” u(_

SRR o ;
room temperatﬁre they were 1nnoculated w1th mycella frog*\ c

a growth labeled "J" prepared by L Carstens., Thls sample

grow1ng on Sur ace culture was ground to a flne suspensiﬁh ;::?“

' amd plpetted 1nto the sterlle Brodle medlum ‘l@l‘h?fyﬁw

B LT R U, DS A L

On.vthe l9th of Nove :

"ﬂ of sterlllzed Brodle medlum. The 8 5 llters of brow{t~ ' '“5.s;ﬂk

laquld removed from the flasks was extracted w1th ehhyr\j

qro'

_ acetate. The extract 1elde§;2gg‘g g‘

s

evaporatlon of solvent.,'
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- Isolation of Neoallocyathin Ad‘Acetpnide e _
R r S T ' o

The 1solatlbn procedure 1s summarlzed in

scheme IV and is detalled here by a: spec;flc example from

e

| Bl

thexauthor s work

SIS iColpmn chromafography ol - 'w'.-v y‘.J
B B

i?‘ ' ' Crude materlal (l Ol g) was chromatographed u51ngl
. a 4 O‘x 50 cquuartz column contalnlng 68 g of SIllClC acld ‘
(Malllnckrodt 100 mesh) and 0. 68 g of 1norgan1c phosphor.

The sample was applled to the column as a: concentrated solu~_
‘ tlon and the elutlon wasicarﬁled out w1th l 5% methanol in-
!l redlstllled fbagent chloroform.' Fractlons were examlned by 7;}
tlc. Elghteen 125 ml fractlons were collected and. the com~]'
pounds of 1nterest were observed by tlc to be malnly 1n l}
fractlons S 9, 10 and ll :9These fractlons were comblned ;ﬁnl'
to glve 214 9 mg of materlal after removal of the solvent.veiw
2 e 1g1 M R S
ff; F;"',' The 214 91m;of mater;al from above ‘was dlssolvedv“

.1n chloroform and spread on’ a.20 X 100 cm plate contalnlngf’_
b .5 mm layer of 5111ca gel G (E Merck) contalnlng 5% *,3'-.§;

Fs o
. A .

I
’
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3, Tlc on argentatedjsilica gell"v';:gf N |

-reproduced 1n flgure 2 81nce 1t was obv1ous that the

S / g

- ~

o ) : T : ;y-
added 1norganlc phosphor ; The plate was developed w1th

solvent system E and one main band Rf (E)O 66, was B

1

. .removed. A clear 011 (56 8 mg) was eluted from thls banda
o { .

-,

The mass- speetrum of then~ rial dis. s1m11ar to that

y materlal was a mlxture, no more spec1f1c obserVatlons of

"the nature of thls material were undertaken before furgner

~‘ref1nement ' ,."',g o

R : o R

\‘/

The plate”was_developed'withsolvent,system:E} After drylng"
the plate was sprayed llghtly wuth 2',7'-d1chlorofluoresce1n d’

and observed under long wave uv llght Two bands were

j3]observed | The upper band R (E lO% A§NO )0 .59, gavé;;“‘\

M~l4 9 mg of clear 011 when eluted wmth ethyl ether.; The“*

*’mass spectrum of this materlal 1s reproduc )‘X flgure 5

- ©
,molecular forr(la C20H30 4 and that of'the fragment at m/e

_V'r"- e L TR
; IR »'~f,H5$r" S o :y"_"'
‘ _Exact“mass_on,the peak:ét'm/e1334 indicated the

}1. B IR -.’

319 1nd1ctted the formula C19 2704.1 Exact mass on m/e 318 l”f'



-

. 4,':Acetonide_formation SR v

;tlon was st1

“7; 20 X 20 cm plate contalnlng s;llca gel (5 (E Merck) Two
"v‘materlals were' noted on the plate @.ﬁter development
'fsmall quantlty of materlal was recovered from a- band at

.h”lRf (A)O 46. méjorlty of materlal was located at a t_gﬁ

‘:‘_sllghtly hlgg;iap031t10n,. f (A)O 57. The 8 8 mg of ’

99

C19 2703 respectlvelyL.

The lowe band Rf v, 10% AgNO“)O‘SO‘ cave E

- wds 1dent1ca1 ‘with’ that of allocyathln B3 (4) on both

argentated 5111ca gel Rf (E, IO% AgNO )0. Sop and s111ca

R

gel Rf (E)O 66, Rf (A)O 23.v The mass spectrum og thls

1mater1al _reproduced in’. flgure 3, compares favourably w1thhy

R T
that of- allocyathln B3 (flgure 4) . Later characterlzatlonf
‘*of this materlal ‘as 1ts acetonlde and dlacetyl derlvatlves‘

,served to conflrm its ldentlty w1th aLlocyathln B3 (4)

o . N - s

-

Tooa.

‘,Z-dlmethoxyprooane and a small crystal ( 1 mg)

o

fof p—toluen sulfonlc ac1d was/added The resultlng solu—‘

(.

fed at room temperature for 30 mlnutes.u-The_f

“~volume of the solvent was re uced using'a rotary evaporator

'_fand the remalnlng solutlon was spread dlrectly onto a’ QT\ :

< 18 0 mg of yellow l. The tlc behav1our of thls materlal

‘v The 14 9 mg of clear 011 from above was dlssolved



100,
‘material isolated*irom this band appeared'to;be admixture
7of acetonides~"MassvSpectrumr m/e 374(19), 359(20),
o
358(28), 345(16), 343(17), 315(7),ﬂ285(27), 91(17),
55(72), 45(35), 43(100), 41(40),}39(15); ir (CHCL,):

3520 and 3600 - 3000 cm (weak hydroxyl), 1650 cm -l

(ketone) The weak hydroxyl absorptron was not present
in 1ater lnfrared spectra of thlS sample and ;s thereforej” B

- ’assumed to be due to a volatlle hydroxyllc 1mpur1ty

5. v'fl*:Separathn of acetonides -
N o Lo
}"v'l_, The 8 8 mg of mater1a1 recovered from.ptlc wrth
solvent system A was separated by spreadlng on 2 20 x %0
em plates contalnlng 5111ca gel G (E Merck) and developlng :
w1th solvent system B. The upper band,;A (B)O 51, gzyé f*
c

5 8 mg of clear Oll after removal frOm the s;l;ca.;'”"

/‘,

on treatment wrth H SO jpray followed by heatlng/ The
lower band, ’f (B)O 49, gave 2. 0 mg of clear 011 whlch
developed as a- vlolet spot after spraylng w1th sulfurlc o
ac1d.' The mass spectrum 1nd1cated that the 2‘0 mg of " -
materlal was composed almost entlrely of neoallocyathlndii?JrTf

‘31A4 acetonlde. ca (c, o 0031 MeOH) Ae o+ o 57,

346 :
0 10 ord (c, 0 0031 MeOH)

'7'$;;}f=

v”As

Ae3g0 = O 45, Ae,

268 _
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4 odaee 6t o _ % | '
374_+ 2439 ¢323 5203 346- 1951 shoulder below

'v300 nm'_ The mass 1r and nmr spectra are reproduced in

®

chapter 2. .
. 1 ]
Acetylatlon of Fractlonéﬁobtalned from PreParative“TIC"'

on Argentated 8111ca Gel

v A

The hlgh Rf mlxture obtaxned after argentated

chromatography (18.4- mg) was dlssolved 1n 5 m1 of CH2C12 ‘

To thls solutlon was added 20 drops of pyrldlne and 10

- drops of acetlc anhydrlde. The=samp1e was left at room t'

temperature overnlght pne major band was removed after

ptlc. Elutxon w1th acetone ylelded an 011 (9 8 mq),za

:\‘:

é (A)O 65 The 1r and mass spectra are reproduced -In -

~

flgures 7 and 8 respectlvely Nmr(CDCl ), $ 6 15

C e I"" R

a H,in; Oleflnlc), 5. 40 (2 H, u,Z—CHz—OCOCH ¥, 4 75
(I}H, u, -CH-OCOCH ) 2. 10 and 2 lé (3 H, s, acetyl methyl
groups).‘.These 51gnals and the methyl reglon 51gnals are
slmllar to those in. the spectrum of O O-dlacetylcyathln

-T A3 reproduced elsewhere (reference 6 pages 50 and 51)

. The maln component of‘the mlxture appears to be the ig:'.ﬁ ‘

"dlacetyl derlvatlve of cyathln A3 Tw}f;h;tﬂj[#ﬁ_ =
7 }_,‘ The low'Rf mlxture obtézned after argentated
shfchrOmatography (20 -1 mg) was treated w1th O 25 ml of



P

g was judged‘yhy tlc) complete after 30 mlnutes.'

‘102

pyrldlne and.5 drops of acetlc anhydrlde. The reactlon iﬁ'

The product -

r_ﬁewwas—purafled by pth and characterlzed as. 0, O—dlacetyl—ny

B
allocyathln B3

‘t-___357(131i_§gj(12), 237(18), 209(17), 202(15), 201(48),5.

' }187(15), 173(16), 159(20),_145(16), 135(15), 134(19), B :

. _el33(159 119(35),‘117(31), 105(17), 9 (18), 43(100),

3}nmr (eDCL,): §76i29 (2 His; olefihmg',/s 12 (1‘H, s

'oleflnlc), 50 37 11 H, dd J—6 5Hz, 6 snz,,c 11 proton),--

- 4.68 (2 ", u,<—¢H -ococn ), 2 .08 and 2. oo 13 B,

S, acetyl

hmethyl groups),l 08 and 1. 06 (3 H, d, J 7Hz, 1sopropyl

R T

R (ALD.657 mass spectrum m/e 400(23)..' g

w :methyls), l Ol and 0 98 (3 H, S, quaternary : methyls), j’:“5

‘ remalnder of spectra unresolved Thls data agrees w1th

I .

h that prev1ously publlshed for O O—dlacetylallocyathrn B f

d(see reference 6, pages 78 and 79) ‘ﬁ'

T

e

) L
L/~/

3»..

irPreparation.of NeOallocyathinﬁA;jAcetohide;froﬁ‘Cyathin‘ASfff °ﬂ
T T R e T e

L

Cyathln A3 (3 l7 6 mg) was obtalned from crys—“:i:'h

‘talllne sampLes prepared hy H Taube._ ThlS was dlssolved

':flln 5 ml of‘2 2—d1m9thof§§ropane to Wthh a small crystal

| ”fof Eﬁtoluenesulfonlc ac1d had been added.‘ The reactlon

'Li?was complete after 15 mlnutes as’ judged by tlc.

.Thé_{:f -

volume of solvent was reduced to 0 5 ml on the rotary

k St



:materlal f Thls materlal was 1dentif1ed as cyathln A.

[ R RO S 13

e
9 .

'evaporator and thls solutlon was spread on‘a 20 x 20 cm "'v?l

preparatlve tlc plate and eluted w1th solvent system C.

<The major - band ylelded 13 5 mg of partlally crystalllne

3

v:acetonlde., f (B)O 51- mass spectrum m/e 359(30),

.t358(100),,343(49), 315(25),_300(3é), 286(20), 285(@8),;

£b257(52), 203(40), 189(37), 149C30). 123(32), 121(31),

119(31), 107(30), 105(37), 96(50), 91(31), 55(45),,H

a3gssy, 41(51), ir’ (CHCl 3): 2930, 12920 and 280" cm 1;1”

N 1375, 1365 1135, 1080 1065 1010' nmr (CDCl )

. .The chloroform solutlon was washed't&ice*with’lﬁ*mlfofgfflf A

.ﬂxlwhlte crystals, meltlng p01nt 144 5'~ 146 O°‘C-‘uv (MeOH)

'.(allphatlc C—H), 16&9 (a, B-unsaturated ketone), 1440

'reproduced 1n chapter 2 ﬂ

”ln 5 ml of chloroform Chloroform (6 5 ml) conta;ﬁ;ng :f<}

AR

Cyathln A3 acetonlde (13. 5 mg) Was dlssolved ﬂ;ﬂ;“fﬁ

gl mg/ml of m-chloroperben201c ac1d was addedvand the

5solut10n was stlrred at‘room temperature for flve mlnutes.fb.'

R N . ‘_ ._ : RN . 1-.; “
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. “| . ’ y "‘ :_. .i"'/\': ,‘ - vv -- - / "‘\ . « ’ E . v» @AW ".A
flma 232 nm- (€ 12 AOO), 322 nm (E llO), cd (c, 0.0039;' SR
. VMeOH) AF346 + 0.80, AEBOO —.0.18 Ae270 T 0723; f.- N o
(c, 0. 0075 dloxane)’ A€354 + 0. 77 310_— 0 41, . - ’
. - ° '_ L .
- Ae 260 0. 33, ord - (i} 0. 0039 MeOH)‘ ¢368 + 1554 o o
§325 6190 ¢345 2320 shoulder below 300 nm.l : .

- 'Thls materlal was 1dent1f1ed as neoallocyathln A4

Uacetonlde as. descrlbed in chapter 2

Formatiéﬁ of AlioeyathinstlAeetonide: S FE L R

.
a

: A llght yellow foam (117 4 mg) rlch 1n allo~ idkf.f

cyathln B3 was purlfled by preparatlve tlc on 10% AgNO3

dﬁlmpregnated 5111ca gel plates. The major band Rf _'»ga:;”'
(E,. 10% AgNO )0 50,gave 31.1 mg of clear 011 after~elu-;fvf,’

tion from the 3111ca w1th ethyl ether Thls materlal :"!H"Q:Q
'appeared to be malnly allocyathln B3 ‘mass spectrum.ed" N

't‘:m/e 332(7),‘317(13), 316(35), 301(17), 203(14), 202(12),

“f201(19), 189(29), 187(24), 159(21), 150(24), 135(24) ,~“} o
- 133¢%0), 119(38), 107(28)," 105(24),‘91(27), 73(27), B
'761(25), 55126), 43(100); thls ‘compares closely with

E ~ A
{f&gyre 5 for allocyathln B3 except for the peaks_at
m/e<%32 and 317 and the base peak ”~ e o SR
| TR S
..ffTreatment'df”this'sampleﬁwithg2é2+diﬁethexy—i,';p'g?“e

BRIV - o



R

vpropane (contalnlng a trace of p—toluenesulfonlc ac1d)
. J‘) o -
for four hours at roog temperature f llowed by ptlc on

5111ca gel -G gave 5.7 mg of allocyathln B3 acetonlde

‘..x' i

f (C)O 59 mass spectrum m/e 357(26), 356(100), 341(6), j'/—
'255(20), 135(35), 134(71), 119(70), 105(21), 91(27),
| 67(20), 53(25),.43(70), 41(45), 39(22), nmr (CDC1. ), '

v reproduced in chapter 2 4 Do

' Formation of CyathinVAéuAcetonide

' A chromatographlc fractlon (200 mg) rlch 1n
’”cyathin A4 ylelded 59. 5 mg of llght brown foam as the
»major fractlon after ptlc w1th solvent system E ThlS

';~mater1al appearedvtoﬁhe malnly cyathln A f (A)O ll'h_"

4f

. R; (E)0.61; mass spectrum: m/e 334(3), 319(6), 316(12),\_:t ‘

| ’iﬂ298(15),_289(18), 275(20), 203(34), 191(22), 190(28),

‘~189(60), 187(25),-177(25),_176(22),‘175(100), 173(20),,v5a”

..‘f163(26), 161(36), 169(22), 159,22), 147(22),,145(13),.,‘5'j"'
'“:V121(22), 28(55)

Cyathln A4 (9 13 mé) was dlssolved 1n 3 ml of

.

"2, 2-d1methoxypropane contalnlng a txace of pftoluene~ »ft_tf“”

RS —

ssulfonlc ac1d The reactlon mlxture was left ﬂyernlght

‘”7after Wthh tlme tlc 1nd1cated complete transformatlon

. . "-.
ool

A : IR KO S
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itojisingle product?vﬁf lA)O:SO The volume of solvent

was reduced w1th a s%&eam of nltrogen and the concentrated
solu€1on spread on. a 20 X 20 em ptlc plate and developed '
A_w1th solvent system A, The 7. 4 mg of materlal recovered h

»from the maln band was’ characterlzed as cyathln A4 acetonlde°-
mass speétrum m/e 374(26), 359(22), 345(11), 316(18), )~ 'h e
u 301(25)," 286(30), 285(34), 161(43), 159(25), 145(29), y‘ s

hhl35(28), 133(32), 121(73), 119(47), 109(36), 107(35)

”fgv 105(55), 96(42), 95(25), 93(38), 91(55), 81(35), 79(38),

._77(28), 59(35), 67(35),.55(62), 43(100),‘41(72)”1r (CHCl )
;3520 em” (hydroxyl), 1735 1715 1650 (acetyl carbonylsﬁ:.:r .
'and O B-unsaturated ketone), 1470 1380' nmr (CDCl ). ; .

‘-6 5 70 (l H,»u, oleflnlc), 4 30 (2 H, u, characterlstlc of

”.fC-15 methylene protons 1n acetonldes of other cyathlns),

lfval 44 and l 38 (3 H, s, acetonlde methyl groups), l 08 and

~. 3 48 (2 H d, J=7HZ, -CH-CHZ-OH), 3 05 (1 H, m,;—CH-CHz-OH),"
S 1 07 (3 H s, quaternary methyl groups), 0 96 (3 H d
.;]J-7Hz, lsopropyl-methyl group) o S

:_AttemptedfDehydrationloftcyathin(Ki'Acetonidefigfp}T;;jffi;flyf}
e ® o ;‘ﬁ,j‘ j\uqr L -j¢¢15‘f53'~'*‘ R
”iéf§' ”. Cyathln A4 acetonlde (7 4smg) was placed 1n a »;fhfiﬂﬂ
'”5 mm. drameter glass tube and covered W1th a layer of |

‘;ﬁalumlnla catalyst.f The catalyst was prepared by thoroughly



h_' m1x1ng 1 ml of . pyrldlne w1th 50 ~grof alumlna'” (Woelm—' .

neutral alumlnla-grade ‘). The tube was heated at 230°*
for one hour, the contents were extracted w1th ethyl ether;hf.
and the solvent was removed The re51due was 2 5 mg of
t:brown fllm whlch contalned at least flve components asv
- :1ndlcated by tlc.v This materlal was not further charac—t:

pterlzed A second attempt at dehydratlon usrng g ‘mg of

‘¥ LN
.cyathln Ai acetonlde and the same*procedure as above but;'

A

‘¢’w1th thecxemperature at 154° C, was not successful.\ Tlc

o

_showed there was no major comoonent ln the mlxture of

';oroducts and the mass spectrum gave no ev1dence of dehy-w f'
,_dratlon products.» Thls sample was not further characterlzed
/ ;Separationjof_éyathin BégaﬁdhCyathin”th{pf" ‘

Crude "cyathln" (l g) was spread*bn four 20 X 100

cm preparatlve tlc plates._ The plates had been heated ae

—

h;l‘llﬂ° C overnlght and the sample was applled and development

"‘151ngle band Prellmlnary ev1dence 1nd1cates that the two

-begun’ {in- solvent system C) Whlle the plateS'were Stlll
"mwarm. Two bands were removed from the reglon of the plates

,\ .

1n whlch Cyathln B3 and cyathln 03 usually appear as a

Spcomponents are cyathln B3 (5) and Cyathln C (G)Lff{h{fy*t

f (C)O 64; ma s spectrnm m/e!316(15), 301(16), 298(6)1



- . | ~f  ".ﬁsfﬁvtj | "'f.- f,wa; | __.-f193 u@ .
B “‘:\'jf'l PR o o

204(12), 203(12), 1%9(35), 161(16)1 119(18), 105(21)ﬂ

-93(16), 91(25), 79(15), 77(15), 69(18), 55(35), 53(15),_v'
' :43(30)' 4l(45)ﬂ 28(100) f (C)O 57 gﬂﬁgbspectrum

‘"m/e 316(5)‘\314(27), 299(8), 281(6)' 13), 201}45)(;ﬂ
h *

S wp " S
187(39), 159(25); 149(21), 145(22), 119(35)' 105036), .f.__

| ;5;91(32), 83(26), 71(20),C§9(20), 57(32), 55(43,, 53(22)' :
..,5,45(23), 43(95), 41(100) These samples were Smeltted _
or. bloioglcal testlng and the results appear 1n the :fi%sj;y

i S T T g
Sépara@ianﬂ@f;ﬁea;llqcyafn;ﬁ;aéaftbm;cYaﬁh;@agjg:v',gd*“
o Late 1n thlS xhvestlgatlon prellmlnary ev1dence::VdMﬁ
<!was @btalned suggestlng that these two components could
;be separated by ptlc.f A sample cohtalnlng a trace of neo-,}f}f-'
~ :a11ocyath1n A4 1n cyathln A§~was spotted on a 5111ca gel fo;;rf
”Hd;plate.% Multlple elutlon 1n solvent system C gave sllght “‘
fﬁseparatlon of the two components.f The major materlal corf:ffdff

'l;fresponded to cyathln A3 whlle a trace of neoallocyathln A4};fft;;
’thfappeared at sllghtlv lower Rf After flve elutidns the 3}:f‘dkff

'ddf[materlals had resolved 1nto two distlnct spots-;”jf (C}0{49

'7”(correspond1ng to authentlc cyathan A ) and R (C)O 44 }ff.VVf'“

?.(correspondlng to neoallocyathln A ).i Thls method of
el s e T
‘?;;separatlon haswnot been examlned further.;tff“' T
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S L s ' o S S : 'S\”
B Lo The tables presented below represént a- o '

ufyary of the blologipal testlng carrled gut by the
'K'_'-Smlth,,Kllne and French Laboratorles, Phlladelphla.. . |
‘The numbered bIocks 1nd1cate the mlnlmum 1nh1b1tory f GH)

3

ﬂlb_concentratlon (MIC) of the test samples agalnst a‘i

varlety of organlsms., Both mlxed crystals of
cyathln B3\and cyathln“ 3 and the 1nd12£§ual'
. b N . B . : .
compounds were tested.“ S s o
: , . S
f . “Y}( . < ' M - . o ’ . ' : o ‘, : o iy
/
: 1 J / :
‘ : ‘..’: !
g o
PENASSAY SEED AGAR (pH 7.0y . SO MIC ‘tug/ml) .
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