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The flrst chapter of the thesls deals w1th the -:lf;iﬁ

trapsformatron of the major dlterpeno;d metabollte nf

Now ; u

C helenae, cyathln A (l),.xnto the more blologlca}lwf_ : ?*él

'*.g R—CHO o e D
In the’ secong thapter prellmlnary work 1n the 1n—”9dﬂ~‘ R
' B vestlgatlon of the blosynthesls of cyathln dlterpen01ds‘-n5jln

7d1s presented ThlS 1nvolved the complete a551gnment ofjf"."f'
R
the resonances 1n the carbon 13. nuclear magnetlc '

'resonance ( 3CMR) spectrum of varlous cyathlns and thelrf"

‘1" .
derlvatlves.. o

The thlrd chapter deals W1th an unsuccess‘hl

_wiapproach to the synthe51s of cyathlns ThlS abproach

’)-. o

?ienv151oned the use of a. Roblnson annulatlon of 2 methyl—f;f?ﬁf“

S PO

1, 3§cyclohexanedlone (4) W1th the enon to provrde
- :tne key 1ntermed1ate 7.. However we were unable tol.gi'f, SRR TT 5

“llnduce the aldol cycllzatlon of the Mlchael‘adduct“hf



6 or 1ts ethylene acetal derlvatlve 8 and thlS approach

o was abandoned Gy AT

I.Q.The trlcycl}c ll possosses the de51red stereochemlstry

'about the rlng junctlons as well as functlonal groups

J K

_fWthh should allow for further olaboratlon 1nto cyathln

A

'7.d1terpen01ds. ’ouﬁ
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. H J Brodle dlscovered a new blrd s nest fungus of the

' "f -L:fI-NTRonCTI oi\'z -

v\'_. . SN o o

o In 1965 whlle on a fleld trlp ﬁn the Rocky MountalnsL,Q

"ngenus Cyathus 1 The famlly to whlch these fungl belong

"Ifls Nldularlaceae (derlved from nldula, meanlng llttle

\

'r7nest) and are so named because the frult bodles whlch

- cyathln A

'contaln lentll shaped spores resemble\a mlnlat‘re blrd s,

;nest Brodle des1gnated thlS new spec1es as C Helenae

”rand was able to culture 1t on llquld medla 2 Later 1t

”ffwas dlscivered that an ethyl acetate extract of the cul-_':.

:-ture broth afforded a mlxture that showed antlblOth ;.ff_“J
;5,act1v1ty 2 3 Thls mlxture was then 1nvest1gated by

| 7'Ayer~and:co—workers 1n an effOrt to lsolate the actlve
=ncomponents.4f'“

a‘Y"' fetig

Repetltlve chromatography of thlS mlxture or
_fcomplex" as 1t was de51gnated led to the 1solatlon of IR

”:two compounds named cyathln A3 and allocyath:n,B;f

1,and 'I‘aube5 to propose structures l and 2 respectlve ‘
:'fThis was conflrmed by an X ray crystallograph1c¢Study of
Ay 6 Subsequent work has shOWn that cyathlns B3

and.C37 and neoallocyathln A4,8 further metabolltes of

C. helenae; have structures 3

;ﬁand 5 respectlvely

>

Further studles of other spec1es of the genus Cyathus



have also ylelded metabolltes bearlng the cyathln fﬁk

"jf skeleton.f cyafrlns A (6),; 4 (7),‘ 5 (8),:and allocya-{fslﬂafff

frln B4 (9) frOm C afrlcanus, four cyathatrlols (10)

ffcyathln 82 (ll) and allocyathln B2 (X 2) frdm C. earlel-lO
B /strlatlns A'(l3), B (14),_and C (15) fron C..strlatus lp

The cyathlns and related compounds constltute a

e - * ! .
r.famlly of dlterpenes that was prev10usly unknown -,‘Be—{:

1

o
cause of the novel skeleton possessed by these compounds \&;,‘ e

we became 1nterested Ln the 1nvest1gat10n of thelr labo-'tf

T

ratory synthe31s as well as the nature of thelr biosynthe—3X

siSL' Thls the51s detalls prellmlnary studles towardsidif_

theSe two objectlves ',,if_:' »“'V&ff‘j_}jva*
. b, i )
. : ) a
:' g s . K
o "' N
i
- - ' L

A

For an 1ntroductlon to the varlous famllles of terpenes, )
'See A.A. Newman'"chemlstry of Terpenes and Terpenoxds,
vAcademlc Press, New YOIk% N.Y. : 1972, ~,-' ;3' :”} Sy

oo
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CHAPTER I
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SN

' SOME CHEMICAL'CORRELATIONS AMONG THE CYATHINS’

et

- 'Results and Discussion

o . Ny
L

The total crude metabolltes 1solated from C. helenae

showed 51gn1flcant antlmlcroblal act1v1ty 4 Further_.
'testlng 1nd1cated ‘that the components mainly respon31—‘
' ble for this act1v1ty are the o, 8 unsaturated aldehydes

~¢yathin B3 (1) and cyathln.c3 (g), _Slnce the major e

Component of the crude mixt&re of metabolites is cyathin -

A3 (3), 1t became de51rab1e to develop methods for the

conver51on of 3 into’ 1 and 2

ﬁ\Some'of this,worknhasfbeen>§nbiLshed;8v =

-



i ~
(N

The transiormatlon of cyathln A3 1nto cyathln B3

-1nvolves the selectlve ox1dat10n of the prlmary allyllc-

',‘alcohol functlon to an aldehyde functlon.y In solutlon ‘:f]gﬂft”

fcyathln A3_exlsts as a mlxture of the hydroxy ketone""
lform 3a and the tautomerlc 1nternal hemlacetal 3b By;' ‘
taklng advantage of the 1nternal protectron of” the sec- o
'ondary aliyllc alcohol functlon in 3b, we«felt selectlve
yox1datlon of the prlmary a}cohol would be possmble w1th—i»h
out resortlng to a protectlon ox1datlon deprotectlon
scheme.: | |

Solutlon 1nfrared spectra of cyathln A3 were obtalned
37 CH C12,‘methanoi and ether. Whereas the carbonyl

absorptlon was 51gn1f1cant in the spectra determlned

in CHCl
in the former solvents,rthe spectrum determlned in ether
_showed very weak absorptlon 1n thlS reglon.‘ These re-Av*

~

sults 1nd1cate ‘that 1n ether cyathln A'3 has a greater ‘;f
propen51ty to ex1st in the 1nternal hemlacetal form 3b.
Ox1datlon of cyathln A3 (3) with actlvated manganese .

dioiude12 in ether gave as the only product cyath;n 3 -':

~.

(l) in greater than 80% yleld
. The transformatlon of cyathln A3 1nto cyathin Cé
-1nvolves the introduction of a‘double bond in the A rlng
to form a dlene system as well as the selectlve ox1datlon
outllned in the prev1ous (3-+l) tonver51on. Because of

the sen51t1v1ty of the unsaturated aldehyde functlon

both to ox1datlon and MlchaelftYpe'addltlons;7 we:Chose3j”
_ ‘ S YT

e . : ‘ e N



VY

then perform thé OX1d&“,ﬁfﬂ}f77"

to flrst form the diene system{‘ :
E tlon to the aldehyde,'l e., to proceed ;a allOCyathln'fl.
3 (4) rather than v1a cyathln B3 (l) f‘fj;f'”.*d“_{}f~.47?¥!‘55u"

‘1
PRI

Vl““:;:;;if

_ The.creatloh.of”a l 3 dlene system shouldibe pos51-‘w
'._ble by utlllZlng the‘3‘4 double\bond in elther an

allyllc substltutlon (at C 2), ellmlnatlon’gequenCe or,_
'“yalternatlvely, by an addltlon (at c- -3, 4), double ellmlna-yﬂl

“tion (2 3 followed by l 4) sequence (see Scheme l)

- iScheme.l!g P0551ble sequences for preparatlon

4

of A rlng dlene



R g _ T R s
o Slnce the C 12 13 double bond 1n O avetylcyathln A3 methylﬁ

"acetal (5) should be unreactlve towa ds allyllc sub—

'stltutlon and th;s functlon would be- 1fflcult to pro-f

'*:tect agalnst addltlon reactlons, we ch se to 1nvestlgate

f“the allyllc substltutlon, ellmlnatloni equenceff~

!

5' .

:seCOndary centers, we felt that allyllc substltutlon at

-C—2 would be p0551b1e 51nce C 18 should be unreactlve

fsdue to the sterlc 1nh1b1t10n'bf resonance13 cauSed by

the severe 1nteractlon of the 1sopropyl methyls w1th the

‘.C lO hydrOgens, and C 5 is’ sterlcally hlndered.

Treatment of 5 w1th N- brOmosucc1n1m1de (l ‘equiv. ) ln

' reflux1ng CCl4 in the pr%sence of a trace of benzoyl

>
‘perox1de gave a mlxture of two products along with™"

- starting materlil ln the ratlo of ca. 1:1:1. The two

o~

S~

Y

xproducts could be separated from startlng materlal by

Epreparatlve thlck layer chromatography (PTLC) usrng 10%

AgNO —3111ca gel Although the products could not them—@ IREEEE

'/

' selves be separated chemlcal and Spectrai ev1dence""'.“'a

B ./‘4

4 L . g :
.o - : g R . I A P SR
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DI TV

S : T I o
v(ms;vnmr) 1ndicated that,one cOmponent.was O—acetylallo-

" cyathin B3 methyl acetal (6) and the other was 1ts C l

OCH% .;'Z

: X=ﬁ

: Zh'X=Br._

o

) was'vé;;’similar to t:hat‘of~6l4 with an additional peak

A

at n/e 450 corresponding to a molecular formula of.

23 310479Br.- Similarly theller spectrum of the mix—('

|

E ture closely resembled that of 614 With t:e main differ—

i
ence being a new 51ng1et at S . § 35 superimposed on the,

AB quartet for the olefinic hydrogens at Cc- 1 2. In
additidh both products gave a Diels Alder adduct w1th 4-

» phenyl 1,2, 4 triazoline 3, 5~ dlone (PTAD) ( )l5 indicating

.,1

vthe presence of an s-cis diene.gf
N —— l‘

- In an attempt to stop the reaction at the monobro—

?

-nistic. conSideratlons as well as 13Cmr studies (for a

e

fﬁdetailed account see Chapter 2)

.\Ix

P . L.
Y3 . s, Ciees - ? . . N PR .
i R R T g L e e

* }
bromo derivative (7) The mass spectrum of the mixture

mination stage, l e. before the elimination of HBr, S was

The aSSignment of the bromine at Cc-1 1is based on mecha—'

10

J
>




] +o

J1

‘ ’ ‘rv - - \\\&- '\. 'fpa.;v..i

treated with N- bromOSucctnlmlde (1 equiv.) in- CCl4 at
room temperature 1n the presence of tertlary butyl
. hydroperox1de and Cu(II)laurate \\.However the major

" pProduct was the bromo diene 7. Since we could not stop

the reactlon at the aIlyllc bromlde stage and s1nce

reductlon Of the bromo dlene would also yield an allo—
, Iy :
cyathln B3 derlvatlve we declded to” see whether the

bromo diene 7 could be made the exclusive product of the AR

reaction- ‘
.

Treatment of 5 with N- bromosucc1n1m1de (2.1 equlv )

in reflux1ng CCl4 1n the presence of benzoyl perox1de 3

gave in 824 yleld after PTLC the bromodlene 7.

formatlon of 7 can be ﬁccounted for by a mechanlsm

1nvolv1ng a double = allyllc bromlnatlon followed by a

l 4 ellmlnatxon of HBr (see Scheme 2) for which there 1s
. 16 . - : .::‘_1, v, o

some- preCedence

”PScheme 2. Mechanlsm for formatlon of brompdlene 7 __:’

~AC

tBuOOH/Cu II)laurate is a redox couple ‘that acts as

o radical 1n1t1ator at room temperature 16

L g - S



12

o Treatment of 7 w1th a large exces° of the reagcnt
7

prepared from L1(OMQ)3A1H and Cul ("LlCqu')l7 1n tetra—

¢

vhydrofuran3(THF) gave'in»76° yleld after PTLC allocyathln

'B3'methyl acetal (g)'identicalj(nmr( 1r, ms,_tlc) with an
B . . . ‘ oy . ) . u:"“

authentic sample,

!”OCAH3

8 R=ClH,OH | o
9 R=CHO D | |

(4). Ox1datlon of 8 with MnO2 in ether gave cyathin €5
methyl acetal (g) which could be hydrolyzed with aqueous

" perchloric ac1d in T;ﬁlto glve CYathln C3 (g)f Alterna-

tlvely allocyathln 83 could be ox1dlzed w1th.MnO2 in
ether 1n a s1mllar fashlon as descrlbed prev1ous%f/for
c§athln A3, tq give cyathln C3 ; . o

For the sake of completeness we also converted cyathln'
"A3,1nto neoallocyathln Ay (10). Thus 0, 0- dlacetylcyathln‘

’A3 was oxidized with m-— chloroperben201c ac1d to give 11,

which was * deacetylated w1th K CO3 in methanol ‘to glv lg.

i

i



e '

A\
cyathinvAiﬁ

R

In conclusi

neoalloéy%ﬁhiﬁ'A

i

i

on cyathins Bs, C3,‘allocyathﬁn,B3]Yand 91
4 are ﬁgw available synthetically from

S

et e -

D T R SRR W L Lo
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spectra were measured on a Varlan HA,lOO spectrometer w1th o

 Experimental /"

Mass spectra were recofded On an A E I MS SO mass
spectrometer and are repOrted as . m/e (relatave 1nten51ty) ' T
Unless dlagnostlcally slgnlflcant only peaks at«ieast

20% as 1ntense ‘as: the bas'

lieak,are reported Infrared--
spectra were recorded on a - Perkln—Elmer Model 421 dual ’ --L

gratlng spectroahotometer Proton magnetlc resonance t

TMS as. the 1nternal standard
Preparatlve thlck layer chromatography (PTLC) was
carrled out .on 1 0 mm layers of s111ca gel G (E Mequ -

Darmstad ) contalnlng l% electronlc phosphor (General

Electrlc, Cleveland) and materlals were detected by

v (254 nm) or" by spraylng w1th 30% HZSO4 and charrlng.‘]”
, % ;
Cyathln A3 was 1solated as descrlbed prev1ously.5b‘
O-acetylcyathln A3 methyl acetal (5) as well as’ O , O~ dr-{ﬂfﬁx“”'(‘

acetylcyathln A3 were prepared as prev1ously reported Sb'}ff

All solvents were reagent grade and dlst1lled prlor to B

w-use.. Skellysolve B refers to Skelly Oll Company llght;.ﬂu,

Cyathln B3 (l) from Cyathln A3v(3a.23 ).

'The mlxture was stlrred Qt room temperature,for 2‘hr,;-f:

%

petroleum b. p 62 70°

. r‘T\' .

"4 Cyathln A3 (103 mg) was dlssolved in ether (40 ml)

and actlvated manganese dlox1del2»(750 mg+“was added
: i

then flltered and the flltrate evaporated to yleld a - T

P

ES



colorless 011

J;The product was 1dent1f1ed as- cyathln B3 by COmpar'

foeﬂéety;slébromoallocyathih'B*'j”'tyl acel al (7)

1n A3 methyl acetal (5 75 mg) was.‘

ssolved 1n CCl4 (8aml) and N-bromosucc1n1mlde (75 mg)

mlxture was stlrred under reflux for 3 r, then fgl-
"tered evaporated and the re51due sub;ected to PTLC

(9111ca gel Skellysolve B acetone (3 l)) to glve 7
(75 mg,_82%) as an oil wg;ch was uséd 1n the next step

~ without further purlflcatlon.;_i;f

:IR.(neat) 1732 cm“ll" :;féiﬂfff

‘ and a trace of benzoyl perox1de ( 1 mgp was - added -Tne"

I

UlHMR (CDCl ) S o 82 (s, 3 H) and 0. 97 (s, 3 H) (c 16'

and C-17 methyis), 1. 04 (d J = 7 Hz, 3 H) and 110, (d

. NJ'='7 » } 3 H) 1sopropy1 methyls, 2 09 (s, 3 H acetyl'
) ”’methyl), 3. 21 (s, 3 H ketal methyl), 4. 77 (m, 3 H,
© L C= 11 and Cc- 15 H's), 6. 14 (m, 1 H,,c 13 H), 6.35 ,(s,-_;l‘ H;:.
‘. . o ' . \ ’ ’ . -
' A;MS: ;m/e‘calcd for C23H3l 4795r:_ 450. 1405 found
e 81 _ L
-~ 450. 1399; calcd for C23H3l 4 Br: ‘.4_5_2._1385’,,_50“@;3._b
| 452 1389 s - S B L
ti’AIlocyathin<B3fmeth§1”acetal g'from 7. J

Y S e

_ thhlum trlmethoxyalumlnum hydrlde[(3 ml, 1. 04:M)

'ln tetrahydrofuran (THF) wasAdeed dropw1se to cuprous

L,

o
/

p N

B .




l°dlde (290, mg) in THF (0.6 ml) at 0° unde’f_;ﬁ_f' :rogen

”ffAfter a few drops had been added the mlxture became
ﬁ;ﬂyellow1sh brown and v;scous Further THF ( 0 5 ml) was -
o added ‘to allow efflClﬁnt stlrrlng. Thls process was re—l‘f

’ '.peated untll all'of. the Ll(OCH3)3AlH solutlon had been f

-

‘fradded The mlxture was then stlrred at 0° for 15 mln

fto glve a’ dark brown solutlon . The brOmo dlene 7.

D e

(80 mg) 1n THF (O 5 ml) was added ' After stlrrlng for
5 mln at 0° the solutlon was allowed to warm to room

uvtemperature and was stlrred for 8 hr, then CH3OH (l ml)

.was added dropw1se, followed by HZO (0 l ml) The solu—:
' \

_tlon was dlluted~WLth ether flltered through Cellte‘
-fand washed succes51vely w;th saturated NH4C1 solutlon

'andibrlne.’ Drylng (Mgso ) and evaporatlon of the sol-' :

'”;?Vents left an 011 Whlch was purlfled by PTLC (51llca

Tl;gel Skellysolve B acetone (3 l)) to glve allocyathln
| 3 methyl acetal (8 45 mg, 76%), 1dent1cal (tlc, ;rh nmr,

ms) w1th an authentlc sample.'

B

et X X . - ) o IR . ) . )
- s ° . . o - EE o .

‘Cyathin C3 methf?hacetal,(Q) from 8.
;- } Allocnathln B3 methyl acetal (8 20 mg) 1n ether.(2

' zml) was stlrred Wlth actlvated manganese dlox1de

(100 mg) at: room. temperature for 30 hr - Frltratlon and
: A} L
evaporatlon of solvent gave cyathln C3 methyl acetal (9,

'f18 mg, - 90%), ldentlcal w1th an authentlc sample




~

N

T

'MS:a m/e calcd. for.C

Allocyathin B3 (i) from“8.- “n

i ' : ' ) ' :
. The acetal 8 (40 mg) was dlssolved in THF (4 ml) and -

\4\

l N aq perchlorlc acid (0 5 ml) was added and the solu—

T,

tion was stlrred at .Foom temperature for 5 days.after

" which tlme tlc showed only the des1red 4. The solut}on-.'

o]

'was dlluted with saturated aq.’ NaHCO4 and extracted with

CHC131. Egaporation of the solvent gave allocyathinia_3

(4, 32 mg% 84%Y as an oil, identical'ktlc, ir, ms) with

authentic material. vOdeatlon of 4 with MnO —ether as R

2.

descrlbed above ylelded cyathln C3 (2) T

LY

10, O Dlacetylneoallocyathln A (11).

o, O Dlacetylcyathln A3 (100 mg) 1n CH Cl2 (5 ml) was

' treated wlth m- chloroperben101c a01d (55 mg) at room

temperature for 30 min, then the solutlon was washed (aqg.

ycho3, H20)'and evaporated tg give 0O,0-diacetylneocal-
. Cs : : .

locyathin A, (11) as an oil (93 mg, 89%2).

IR (neat): 1748, 1660 cm 1;
THMR (CDC13) 6: 1.05 (s,*3 H, C-16' CH3), 1.06 (d, 3 H,

B J.= 7 Hz), and 1.07 (d, 3 H, J = 7 Hz) isopropyl methyls,

1.28 (s, 3 H, C-17 CH ). 2.02 and 2.11 (acetyl methyls),

4.65 (ml, 2 H, C-15 H'sy, 5.39 (m, 1 H, C-11 H), 6.13
(bs, 1 H, C-13 H).

24H3496: 418.2355; fouan 418.2355.

'Neoalloeyathin A, (ig)." : N

‘ 0,0-Diacetylneoallocyathin A, (40 mg) Wwas dissolved

lf'

17



in‘CH3OH'(4 ml) and K2C03 (20 mg) was addea After 30
min tlc indicated that the reactlon was completed * The
mixture was dlluted w1th H O and extracted with CHCl3 to .
_glve neoallocyathln A4 (10) as an oil. |

IR (neat): 3400 br, l642 br. .
%HMR (CbCl3) §: 1.01_55(”3 H, C—%6.CH3), l1.06 (d, 3 H,

J = 7) and 1.10 (4,3 H, J = 7) isopropyl methyls, 1.24
(s, 3 H, C-17 CHy), 4.0-4.5 (m, 3 B, C-11 and Co1s H's),

H

6.03 (bs, 1.H, Cc-13 H. .

MS: m/e calcd ‘for C20H30 4 334.2144; fognd: 334.2138,

-1
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- Nof 1ntact blogenetlc units: as well as for bloSynthetic;?

hJ . .
is ultlmately derlved,from'acetate. Ayer‘and Taube™

o 13y o
" - I CMR OF "CYATHINS

Discussion

In recent years carbon 13 nmr has become a powerful
tool 1n blosynthetlc 1nvest1gatlons 19 It 1s the- only

nondestructlve method capable of dlrectly determlnlng

~ the locatlon and concentratlon of isotopic labels in
‘a metabollte. Slmply stated the technique 1nvolves in-

- cubation with a suitably. labeled biogenetic precursor

téllowed by isolation of the de51red metabolite and

detectlon of thé€ location of the precursor by the en-

-hanced absorptlon 1n the. carbon 13 nmy spectrum. fo-

u51ng multlply labeled precursors, Spln spin coupling

effects can provide dlrect eV1dence for the 1ncof$oratlon

processes 1nvolv1ng bond formation and cleavage.' A

Because of the novel skeleton of the cyathlns we

became 1nterested in 1nvest1gat1ng thelr blosynthe51s.
~«Jghe molecular formulas of the gyathlns as well as the hﬂ~‘, -

- fact that they contaln flve C methyl group equlvalents

L

“fsuggest that<they'belong to the dlterpen01d group of

.20

'natural products. »' The natural precursor of dlterpen01ds

uls COn51dered to be geranylgeranyl pyrophosphate21bwhich

5b

- A

* Some of this work has been publlshed 18

L . R A U

20
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e a

o

have proposed a blosynthetlc pathway to cyathlns (see A

Scheme ). Recent reports on the 1solatlon of new .
)

natural productsﬂ&;sseSSLng the somewhat related skeletOns o

dolabellanezg dnd verrucosaneZBJsuggest an-alternative .

pathway (seechheme 2). ‘ S o R

u . )y

Cyathane . Dollabellane‘i . Verrucosane

\\

These?two pathways ‘are readlly dlstlngulshed by

carbon -13 nmr 51nce 1ncorporatlon of [1—- 13 ]— or [2— C]—.

acetate 1nto a cyathln would lead to dlfferent labellng

. - . -

”f-patterns 1see Schemes l and 2) h For example, 1ncorpora— ;’"

tlon of [l—f;e]acetate 1nto a cYathln v1a Scheme 1 would

lead to enhaTcement of the resonances attrlbuted to ﬁ‘

PR -

carBons 2 6 9,«10 2 l4p and 1.8 in- the carbon 13

nmr spectrum,_whereas 1ncorporatlon v1a %cheme 2 would

&

lead to enhanced 51gnalc for carbons 2 S,'6,'8, 9, 11,

’Whlj, and 18. Moreover, incorporation of (1, 2-13¢ ]acetate

could prOVlde evidence  for the carbon carbon bond break—

1ng processes lnvolved 1n these . twolpathways

. . @ s e
[— Lo ” i o 2 y
o sy

21

roe.
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. Scheme 1. Proposed biogenesis of cyathin

s .

 Scheme 2.

Alternativé_biogenesis'of cyathin

\"3



'Naturally, the pﬂ@requ1s1te for obtalnlng thls type
of blosynthetlc 1nformatlon ‘is the unequ1vocal assrgnmentfhfttjiﬁ“
:iof the carbOn 13 resonanCes‘r Thus as a prelude to the'&:h
slnvestlgatlon of the blOSynthe51s of cyathlns as Well
as to ald ln a531gn1ng structures to. newly dlscovered j.

7members of thlS class of dlterpen01ds we undertook a .

3

‘ﬁ'fstudy of the carbon—l3 nmr . spectra of representatlve -

'compounds _W, S o ;
Besults' -

C chemlcal shlfts of l 9 are summarlzed 1n

‘Table 1. rThe 13C spectrum of 1 resulted in 40 dlStlnCt

¥ .
carbon resonances due to the slow 1nterchange (on the

.The 13

nmr - time’ scale) b tween hemlacetal and hydroxy ketone

forms, whlch are

respectlvely. The complete analy51s of thlS spectrum
vproved to be dlfflCult so a number of derlvatlves of l

'1n whlch the molecular framework 1S'"locked" in elther

the open (hydroxy ketone) or- closed (acetal) form, were-% : 4

prepared and thelr 13Cmr Spectra obtalned A comparlson

13

of the C shleldlngs of ‘1 with, those obtalned for 3-

. and 4 reveals a one to one correspondence of the 13

Uresonances (except for carbons a and B to a substltuent

‘change, e.g.; an -OH replaced by - ‘an '~OAc group)jof both_ R




na,24“_;1
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mlxture (la and lb) can be "synthe51zed" by comblnlng

'.the spectra obtalned for 3 and 4 Thus,’a551gnments of

th 13C resonances of 3 and 4,,along W1th Ehe other

oa

derlvatlves, leads to the separate a551gnments of la and

-:[lb ' S BEE

£ .

13

e A551gnments of the C resonances were made 1n the"

e a5 e

n;follow1ng manner-« The caernﬁshleldlngs may be grouped
o T 24
1nto approxlmately four reglons

“Hwnlng to carbonyl carbons at ~190 ppmb 2) thosetto oleflnlc

-carbons at ~130 ppm; 3) those to carbons bound to oxygen
at ~60 ppm- and 40 those to saturated carbons at'~30 ppm..
The carbonyl carbon resonances were readlly a551gned
In the second group proton selectlve (for 2, 3, and 4).
and off-resonance decoupling - (for 2 to 5) unamblguously
dlSthgUlshed the resonances of C 13 from ‘those due to.

“’“’C 3, C “4-and C- 12, - The. shleldlng of C 13 is’ decreased

by ~20 ppm upon 1ntroductlon of CHO (5 and 8) 1n place f;'“ '

3fof —CHZOH (4,

pected;fg

6, and 7) or'—CHZOAc (2 _3 ‘and 9);as“ex—’

The resonances due to C 12 may be separated

from those due to C-3 and C-4 by add1t1v1ty (B‘acetyl in -

2 vs B hydroxy_ln 4; 2 » i for c-12, ~+5 ppm) . For 7 8,

‘and 9 two addltlonal s;gnals due to C-1 and C 2 appear

in thlS reglon and the more shlelded carbon 1s a551gned
to c-2.2%

The third'group,'CLll C 14 C 15,wanduthe —OCH3

were ass1gned unamblguously based on thelr characterlstlc

-

1) those cOrreSpond—"



In the fourth group, the reSOnances due to C 6 “-ﬁ‘ R

and C 9 were separated on the bas1s of thelr multlpllc1—
i e
' tles obtalned ln the off resonance spectrum thtle_‘ v

e e =

—roee

-,5change 1n shleldlng is- expected for- C 9"upon r1ng closure

'(3-+2), and on thJS basms the resonances of C 6 and C 9

. were ass1gned Selectlve proton decoupllng for 2, ;)"

. e n
e e o~

and 4 unamblguously a551gned the resonance due to C- 18
the remalnlng methlne carbon in thlS reglon 1s due to
C-5. The shleldlngs of these carbons should remaln

relatlvely constant for thls serles “of compounds Selec—'

tlve Proton 1rrad1atlon on 2 .ivAand 4 allowed the “ ',m' o

o N >

-a551gnment of C 2‘ agaln no change 1n shleldlng 1s » ) 'M?

]expected for thlS carbon 1n 1-5. »ﬂ‘,ffm:,;' L ‘”,[;;:?c;m’ﬁ»'fﬁ*ffk
» LTS SR .

Turnlng to the methyl carbons, “~16 is expected to

- - -

Vﬁlbe‘the“most shlelded due to 1ts crowded env1ronment
"it also shows the. largest Shlft on rlngkclosure'(ldewh
“.3 ;2) c- l7 is. a551gned to. the least shlelded of the T N
methyl resonances because of the hlgher degree of a -and
«B bf\nchlng : The acetyl methyls in 2, and 3 were a551§ned ;l”f.jhi-i
; by selectlve proton decoupllng._3h,.”1:-\'f;‘i: o R

The remalnlng methylene carbons 1n -—E«QCfl;>Cj7;”,“:ﬂhlg 'f‘.i
. C-8, and’ C 10) were a551ghed in- the fo]lo_ing manner;__
'Examlnatlon of Table 1 shdws good agrncnent of the -

resonances for 3 and 4 whoh compared to those obtained‘*



‘ x,l_:'fz'ﬂ;h“fgi, 4;'1~~‘tf{;3 S 'f‘f: d”':};"iii _;”f L
;:fffor‘the tautomerlc mlxture,‘la and lb The only dis-
-fcrepancy 1n thlS reglon occurs at § 31.7 for 3 when' com—ll
"pared to 6 35 6 for 1b. The only expected change 1n ) |
4?;sh1eldlng.should.0ccur at C 10 for which awshhydroxyl“ e
group rn lb 1s replaced by a B- acetyl group 1h 3 foruf'w
-,C -10; lb-+3 5-5 ppm24).‘ Changlngrfrom the open form
(e g., 1b or 3) to the closed form (e. g.‘la or 4) causes -
'two of- the methylene carbons to become sllghtly less
v'shlelded ( l pPpm) and the other two to become more. .
shielded (~-5 _ppm) "~ 1Inai,‘0ne of the protons of C lOﬂ&s"”
f,t; 1n R syn ax1al orleneataon w1th respect to C~16 3 \thus,~AT

.f_ C—lO 1s a851gned to the mosf‘shlelded of the methylene/

carbons » The other methylene carbons whlch mlght be

affected'by 1nternal afetal formatlon would e C 7 or )

-,....‘_..-

C—8 the olose apprOaCh of the C 10 proton to those of

‘ef ‘er electronlcally or sterlcally, dependlng uponithe

~unet—xonal3:tywatw 14+ : ¥Wf54¥rf44—rf—”‘ T
To explore this p01nt further ‘a Eu(fod) ﬁShlft
study was undentaken to dlstlngulsh,Getween C 1, C -7 and

C-8 (as well as-’ to conflrm some of the other a551gnments) v_;”m,f

{ L

5fn“§}“4q and 7 and the results are sumr; 1zed in Table l

It is well establlshed ‘that lanthanlde f iced shlfts

;"are quantltatlvely reproduced by the p Jo"contact or
dlpolar shleldlng:term qlven.by_;2a6'>‘Al C(l 3c0526 )/R

I

h et



FRY

wherefA“_ls the 1nduced Shlft at nucleus/l, C 1s a
constant at a glVen temperature, (l 3cosze ) .is an orlen-
tatlonal factor and R is the dlstance of the Shlft

sl reagent to nucleus i. The~equatlon 1s knOWn to break

t

do ' Tor carbons o and g to the complex1ng site- (generally
Aa Lew1s base) because of the presence of a contact‘«- . . %jk:

1nteractlon contrlbutlon to the sh1eld1ng.26' Thus,'for

'ig, 4, and 7 the shleldlng of C- 7'15 expected to be more
sen31t1ve to the addltlon of Eu(fod)3“than—C—8 whlch 1n f

o B 23 o

ﬁd n should be more sen51t1ve than C~ l and the 31gnals

were a551gned accordlngly._ The Eu(f—od)3 1nduced shlfts ’}::/

'“for the other carbons in 3 4, and 7 are con51stent

) . L ~

- L . L B N . L g .-lf':;.;"\
RO w1th the prev1ous a851gnments. A . _@.ﬁ‘g-fjpmm;;w.’”

The conver51on of cyathln A3 (1) 1nto allocyathln B
(hydroxy ketone form of acetal 7) v1a the monobromo
compound 9 1s descrlbed 1n the prev1ous chapter. ’The o

' method of_preparatlon of 10 dld §ot allow us to determlne
h whether the bromlne 1s 1ocated at C-1 or c-2. » EXamination _
of the 13Cmr spectrum of 9 (Table 1) shows that C- l is.
it.strongly shlelded in- 9 (relatlve to 7 and 8) whlch is"

con51stent with the locatlon of the bromlne at C- 1 27f

» N B
‘.ConclUSiOnv7 S L o o

-

Now that we«had succeeded in'aSSigning the carbonjl3
: \
spectrum of various. cyathlns we attempted to 1ncorporate

labeled acetate Several attempts to grow C. helenae on

. . g . ~,,'



stlll culture in the presence of various amounts of

'sodlum acetatt falled to yield the de51red metabolites.

Ll
‘

-Slmllar experlments with C. Aafricanus were also un-

successful However using C. earlel, where the metabo—
lltes are 1solated from %he mycelium extract as opposed
~to the broth extract Ayer and Lee~h§ve recently been
sucpessful in 1ncorporat1ng [ld C]acetate into 15—O—v_.'

dcetylcyathatrlol (ig).

(/\ | | | : ,
. Ane}ysis of the carbon~13 nmr spectrum of lg shows, en-

-5 .7

hancement .for the resonances attrlbutable to carbons 2,
6, 8, 9, 10, 12, 14 and 18. These results are consig-

tent with the biogenesisuoutlined in Scheme 1. Further

work attempting to ihéorporate [2—13C] and [l,2fl3c]acetate

is now in pProgress.

31



Experimental

o -
The 13Cmr.spectra'{&ere obtained on natural

abundance samples at a concentratlon of approx1mately
0.2 to 0.5 M ln CDC13—5% TMS at a frequenty of 22 63

" MHz (Bruker HFX-90) and at 15.08 MHz (Bruker wp'—so),

in 10 nm sample tubes‘ For those semples (7} 8 and

9) of limited quantlty, a 1.7 mm mlcr01nsert was used.
Cyclohexane'(~ 2ul) was’ used as the 1nternal reference_
‘'in-these casSes and the data converted to the TMS scale
<6C6H12 )

this manner appeared to be too high by an average of

27.7). All the chemlcal shlfts obtalned in

0.9 ppm, consequent;y the reported values in Table 1

have been corrected. For the shift reagent study,
Eu(fod)3—élo (Norell Chemical Company, Inc¢.) was added
stepwise, up to 0.0168 g of reaéent ééud 020 g of 3,

0.192 g of reagent to 0. l3&rg of 4, and 0.075 g of reagent
to 0.050 g ;f 7. lwmr spectra were obtalned in CDCl

on a Var}an HA—lOO. Cyathin Ag (l54—lg) was *“isolated as
previouely described.5b The preparetion of 2, 3 and

4 has been described.5b .The preparation of 5, 7, 8 an@ \\\\

9 is described in the previous,chapterves well as in‘
. reference 8. Compound 6 was prepared by Dr. T. Yoshida

from cyafrin A4 as previously described.9
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© ..A_ROBINYON ANNULATION APPROACH TO THE

. *
- SYNTHESIS OF CYATHINS

\\\\\

L -
In developlng a synthetlc strategy for the cyathlnsi

'us ﬁlrst examfne the structure. of a- typlcal member

N

of| this class, cyathln A (l). Th15~1s a reasonable

3

L

'stanting point in’'that 1 is probably the simplest member

of the cyathins and-moreo&er_it.would‘be relatively |

. ’

stralight forward to transform 1 into various other mem-

bers of this class.+‘ B . o s
e | e ] T .
Obviously any proposed strategy must take .into

account the existing disFymmetric_oenters at carbons 5,
6, 9, and 11. Of these four centers we felt that con-
LS

structlon of the carbons at the rlng junctlons (5,6, 9) in

the proper orlentatlon would be the most dlfflcult

* Some of thlS work has been publlshed 29

'# For some examples of such transformatlons see Chapter I. ®
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S v o

~prbblem _ Needless to say there are a. great number of syn—lAﬁ':'i
“thons that may . be env151oned as leading to the cyathln

skeleton These are only llmlted by our lack of knowl- -

edge'and\imagination

v

The startlng p01nt rn .our stratejy was based on: ourl ’
yfeellng that the problemw;ogld‘be greatly 31mpllfred.ﬂ T
lf the C ring was 1n1t1ally lntroduced ds a six- membered

rlng whlch at a later stage. could be rlng expanded'and
dpproprlately functlonallzed. In order to substantlate

' ths 1dea we undertook a model study w1th 2, 2-d1meth\l-
cyclohexanone (2) (see Scheme 1).

-

Treatment of 2 W1th ethyldlazoacetate in the presence
of boron trlfluorlde etherate30 gave«after hydrolysis and
decarboxylatlon (15% H,S0, 1L) the desired 2,2-dimethyl-
cycloheptanone (4) 1n 66% Oﬂerall yield. The ketone 4
was dehydrogenated v1a the correspondlng o- phenylselenlde
to the enone 5 aCCordlng to Relch 531 procedure Formation

N

of the ethylene ketal in the usual way proceeded w1th )
, double bond mlgratlon as expected 32 In the ler,spectrum
of 6 51multaneous 1rrad1atlon of the olefinic protohs

(8§ 5.48) caused a doublet of doublets at.é 2 37 to
collapse to a broad 51nglet conflrmlng the p051tlon of

kthe double bond. Hydroxylatlon of 6 W1th osmium tetrox-

1de in pyrldLne/THF gave after workup and chromatOgraphy

\

* . ) ) ) ;. N
For . a discuss1on of various possible synthons see

ref. 28. - ‘ ' .
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" scheme 1.
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qrthe deSLred lel 7 ln 32% overall yleld from 4. Treat—~ o

“,:ment of 7 W1th methanol HCl gave the 1nternal methyl
“*t‘acetal 8,'a reactlon patterned after a’ SLmllar reactlon

employed by Johnson33v1n an A—homoster01d system. Jones

B S NN k- ".’00 “ R R R I T S a o - ;' o ° o - . % ..'1: -

ox1datloﬁ of ‘8" gave the blcyéllc”ketoné“9‘Wh1ch was treat—*» -

ed w1th dlmethylsulfonlum methyllde accordlng to Corey s34.
procedure to glve the. splroep0x1de 10 1n 47% overallv

-bl' ‘. v

yleld from the lel 7 after chromatography. Treatment o
~of 10 with agueous ac1d in acetone falled to produce_
. lsolatable quantatles of . the: de51red 11 Although the

quantlty of the epoxrde lO avallable precluded optlmlza—“

3 - o

tion of thls flnal reactlon, “we felt that the results'w; e
ln hand were encouraglng enough to proceed v1a a 31x—
membered C rlng synthon in our overall s%hthetlc strategy.

Bearlng this pYin f

e ln mlnd the synthetlc problem
' noW;reduces to~the constri, 1on of a.5-6-6" trlcycllc

lntermedléte such as 12. Thlsrlntermedlate sharply focuses

12

| =

on the problem of assembllng the carbon atoms at the rlng

junctlons 1n the proper conflguratlon The relatlve



-p‘stereochemlstry of the rlng System in 12° bears an
f_ana10gy to the B, C and D rlngs of ster01ds as well as
.,to the C D ‘and E rlngs of pentacycllc trlterpen01ds.

”Thus we examlned the llterature on the synthe51s of” these

RN

) “fcrasseSaoﬁ.compounds in an effort to flnd methods for

“ he e e .y - .
e, . & - E N s

the constructlon of 12 whlch mlght be expected to” glve

: *
the de51red stereochemlst;>

35

"Lansbury has descrlbed the stereoselectlve

cycllzatlon of the acetylenlc alcohol 13 to the trlcycllc

a

fcompound ii.. We felt that compound 15 should undergo

* ' o o . : . 4
""FOor a review on the synthesis of steroids see, R.T.

,.Blickenstaff, A.C: Ghoshh G.C. Wolf, "Total Synthesis‘of
‘.Steroids,"‘Acadeﬁic Press, Néw York N Y 1974 'For a
'review on the synthesis of>triterpenes see, J.W. ApSimon,'
.J W Hooper, 1nm“Total Synthe51s of ‘Btural Products,”
edlted by J.W. ApSlmon, J. Wiley Inc., New York N Y

=

1973, pp. 559-640.



a similar reactidﬁ;to-give 16 which could be transformed
- to the desired 12.
The synthesis of 15 can be envisioned to arise (see

WyTScheme¢2Y via a Robinson annulation36 utilizing the

readily available 2—methyl—i;Bjcyclohéxanedioné {(17)

~along with the enone 16. Miéﬁéel addition followed by
aldol cyclization should give rise to the enedione 19.

The selective protection of the saturated ketone function

iﬁ-lgishduld'be stiaight forward in aﬁalogy to the.
| 37

Wieland-Miesher kefone 22.
) o E

85%
—_—
0 | e

kﬁliw'z : . ' E 23

of the resulting enone 20 should lead ‘to the thermodynami-

cally more stable pfoduct 2138 with the required trans

A disSolving metal reduction



- Scheme'|2. Proposed synthesis of 15

. 40--



v

L R .
ring Junct;onmu' Addltlon of methylllthlum or alternatlvely

41

‘ methylmagneslum bromlde to 21 would then glve ‘the de51red ;

acetylenlc alcohol 15.

e

';// Thls route to 15 was espec1ally attractive due to,thr

- recent developments3?v1n asymmetrlc induction in the

>
actlve amlno ac1ds 'in the aldol cycllzatlon step.

Roblnson annulatlon of cycllc 1, 3 dlones u51ng optlcally

‘Ut11121ng this procedure such a route could concelvably
lead to optlcally active cyathlns »Thus«we set‘outmto
prepare the- requlredfenone 16

The presence of. both an acetylene and a carbonyl
functlon in 16 prompted us to con51der the use of an‘
Eschenmoser cleavage reactlon in its preparatlon It
is repOrted 40 that certaln a,B- epoxyhydrazones, prepared
from the correspondlng o,B- epoxyketones, undergo a
fragmentatlon reactlon produc1ng both ‘an acetylene.and a’

carbonyl fragment

= -'24
0 '4.pq2

R]’Jl\Rz

{

o

Lanshury35 has demonstrated that this type of reductlon

can be. performed 1n the presence of an acetylene functlon.

’




' We felt that the enone 16Icould be prepared from -

Vo

the correspondlng aldehyde by addltlon of v1nylllth1um
followed by Oxldatlon of the resultlng allyllc alcohol
Constructlon of the approprlate acetylenlc aldehyde bY an
Eschenmoser fragmentatlon would requlre)an o B'epoxy—'
.hydrazone whlch could‘be derlved from the readlly avalla—
) ble monoterpene carvone (see Scheme 3) o @

Treatment of (+) carVOne (24) with baS1c hydrogen

perox1de gave the epoxyketone 25 Wthh after hydrogenatlon N

'
over platlnum oxlde prov1ded 26 1n 83% overall yleld

The - reagent normelly employed to effect fragmenta—

A
X /
‘tion of epoxyketones 1s-p toluenesulfonylhydra21ne
(30) However it is reported40 141 that thls reagent works

poorly for o, 8- epoxyketones contalnlng a B- hydrogen,'l e.,

compounds leadlng to acetylenlc aldehydes rather than, -
¥
acetylenlc ketOnes Other reagents have been developed

J

to overcome thlS dlfflculty. 2 4~ dlnltrobenzenesulfonyl—

hydra21ne (él) and l-amino-2- phenyla21rid1ne (32) 40 X
. o, v /‘-",

O,N NO,

2 doli

NNH2“
PR

* . | * R »,A . \q . i
For an example of thlS type of transformatlon see,

S. Danlshefsky and P. Caln,,J;,Org. Chem., 39, 2925 .(1974).

420
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" Scheme 3.- ‘Synth‘efs"..is"‘df} 'eno“né-‘ 16




Inltlal attempts to effect fragmentatlon of 26

_usiné 31 proved unsuccessful However reduced pressure

e

”;pyroly51s of the hydrazone 27, readlly prepared from the»

“h

ePOkaetone 26 and the a21r1d1ne 32 aﬁforded after dls— v

'-ftlllatlon the de51red acetylenlc aldehyde 28 1n 70%

e

“Yleld.‘ Addltlon ofrv1nylllth1um to 28 at ~78°C gave a ¥°
' dlastereomerlc mlxture of alcohols Wthh after Jones'”
‘.ox1datlon prov1ded the de51red enone l6 1n 363 overall
yleld from carvone. (24) Treatment of 16 with 2—methyl—.
lkl 3 cyclohexanedlone (17) ln refluxlng dlmethoxyethane in
.the presence of a catalytlc -amount of sodlum hydrlde :
produced the Mlchael adduct 18 Wlth the de51red trlone

:ln hand we attempted to effect an. aldol cycllzatlon to

’hPrOduce Optlcally active 19_d#"’“

. n =‘1,2j o ' ?N"h,;

P ’A'\ - . 'A'
‘-It hasabeen shown ‘that in these types of cycllza—

tions (33 »34) the use of S amino acids lead to the §

'conflguratlon Wth@ R amlno ac1ds give the R antlpode.

]

‘As well it seems that when. R # H, phenylalanlne is the

most effectlvc catalyst 33c Slnce in- 19 the de51red

39p | ’



configuration at the ring junction is R, we attempted,to .

leffect the cyclization of 18 in the presence of R—
'phenylalanlne under conditions that had proved successful
,,ln other cases39 (see Table 1). HOWever even -after pro—
longed reactlon tlme only startrng materlal could be
Lsolated Thus we turned to more "normal" condltlons to
”feffect cycllzatlon,36 but here again we were unable to
“induce rlng closure with all cbndltlons yielding elther
recovered Jtartlng materlal Oor intractable tars (see
Table 1). | | 7

The use of base cataly81s (e.g. JO or RO to in-

duce ring closure of 18 was precluded due to the efflca-

cious cleavage of 2,2- dlalkyl 1, 3 diones such as 18 under
!

these cOndltﬂons 36 We felt that if one of the carbonyl
RY \[\:B, R 0

»R - . : , B)& s .

Qf‘ —_—y |ﬂ —> products

-O
groups in the 1,3-dione system cou]d be- protected thlS
facile cleavage reactlon would "be obviated

The triOneTlg Was'treated with 2-methyl—éeethyl—l,3—
dioxolan in benzene solution in the presence»of HC1l to
glve a mono ethylene, acetal derivative in good yield 42
Examlnatlon of the spectral data for thlS derlvatlvc

'suggested that the acetal was' derlved from a cyclic

45
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L4

~ ketone. 'For'égample the mass spectrum of the product
: RIS ) . . - N .

[y

s .
[» o NS

"exhibited a base peak.at m/e 99 with a molecular formula

o

of C5H7O2 characteristic of ethylene, acetals of cyclic

keto'nezs,”43
; - o | <

- Q0; Q_ O+ .
-?————; FT: —>
— ) —

With the desired protected derivative 35 in hand we

attempted to effect ring closure to 20 under the influence

=

thus confirming the structure of 35. ¢§%

47



N

"of base. Here agaln however, we' were unable to- prdduce

~

the de51red 20 ‘under a varlety of condltlons (See Table 2)

44

Deslongchamps has de%crlbed condltlons to. drlve

1ntramolecular aldol condensatlons to completlon by trap—

. Plng the .B- hydroxyketone (ketol) 1ntermed1ate as its

»
acetate derlvatlve. -This is useful 1n‘cases where the'

ketol isﬂhighly,destabilized relative to its dikletone

precursor. We felt thatwthis effect could.ekplain our

4

iﬁability to cyclize 35. 1If the desired ketol inter-
mediate}iﬁ could be trapped.as its’acetatevand-the elim-
ination of acetic acid carried out-in a subsequent step,

then any unfavorable equilibria in the aldol condensa-

tion 35 +20 could be clrcumvented However reaction

» A

f36 | - : WH
of 35 under Deslongchamps condltlons lead to a mlxture of
products whose ler Spectrum lacked an acetylenlc methyl
group (6 1. 75) As a consequence of these results we
sought an alternatlve route to 20 A

.An ESChenmoSer fragmentation of a tricyclic epoxy-

¢

4
Y

48
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Table 2.  Attempts to Cyclize 35

Conditons ¢

Temp.(éC)'E Time.(day$)

Result

1

2% KOH-EtOH

NaOMe-MeOH

=

. 1N NaOMeTMeOH
.1 N Mg(OMe),, MeOH

1 N Mg(OMe) ,-MgOH

1 N Mg(OMe) ,-MeOH

—.

1 N NaOMe-MeOH

78

-\ 65

100

150

65

100

150

]

no reaéﬁionf
no reaction
no.reagtion.
some decomposition

no reaction

ng, reaction

1 . .
'some decomposition

49



ketone such as 37 should give rise to 21 (see Scheme 4).
8 .

Mlchael addition of the enedlone ester 41 to the enone'

_f_ 42 should lead to 40 ) Reductlon of the double bond

should dccur from the least hlndered 51de to produce

39 Wlth the de51red trans ring juncture  Base catalyzed "

cycllzatlon w1th Concomltant decarboxylatlon would glve

.the desired enone 38 which could be ox1dlzed with ba51c/
hydrogen perox1de after selectlve protectlon of the

saturated ~carbonyl to provide the a,B- epoxyketone 37

Treatmeht of 2—methxl—l,3—cyclohexanedlone»with

methyl—3—oxopeht—4—enoate45 in methanol in the presence -

af a catalytlc amount of sodlum hydride accordlng to
the procedure of Narcarov46 gave 41 in 50% yield after
distillation. However all attempts to effect a MiChael
addition of 41 to 6- methylhept 4~ ene 3-one (42)47

proved unsuccessful

Conclusion L : 'j

-

In ‘an analy51s of a synthetlc strategy towards the

cyathlns 1nvolv1ng a Roblnson annulatron to. create the

r

B ring, it is 1nev1table, regardless of whether a pro A

or pro C ring is used as the Michael donor, ,that the
: : s

* For an exdmple of this type of “transformation see

R.E. Ircland et. 'al., J. Am. Chem. Soc., 96, 3333,

(1974).

50



. Scheme 4. Alternate SYntHesi's of 21
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following transformation is encountered.

v

This'réauctivé geminal élkyla;ion is a difficult
transformation and it must‘bé carrieé ou£ sterepselec—

. = . : I'e
tiyely. -Althugh thevacefyféhé—tertia;y alcohol cycliza-
tion solves thisuproblem‘admirably, otﬁer direct methdds :
arellacking. Singe-we'were unable to prepare a suitdble
precursor‘for this reacEion tﬁe Robiﬁson'annulafion;;

approach to the synthesis of cyathins was abandoned. .



Experimental

3 PR

L e

Mass spectra were recorded\on an A.E.I. MS- 50 mass

Spectrometer and are reported as m/e (relative 1nten51ty)

Unless dlagnostlcally'51gnificant only peaks at leLst
20% as intense as the base peak are reported . Infrared

spectra wé&e recorded on a Perkln Elmer Model 421 dual

gratlng spectrophotometer Proton magnetic resonance .

(1HMR, spectra were measured on,a;Varian-HA—lOO spectrom-

eter with»TMS'as the internal standard. Carbon magnetlc

resonance (13CMR) spectra were measured on a Bruker WP-60

'w1th T™MS as the 1nternal standard. ' “

Preparatlve gas- llquld chromatography (PGLC) was
- performed on‘a,5' x 1/4" column packed with 5%‘carbowax‘
on chromosorb‘w 80—100-mesh at lBOZC SlllCa gel (Woelm,
< 0.063 mm) was used for column chromatography Prepara—
tive thick layer chromatography«(PTLC) was carrled out
“on 1.0 mm layers of silica gel G (E Merck, Darmstadt)
contalnlng l9 electronlc phosphor (General Electrlc,
‘Cleueland) and materlals were detected by uv (254 mm).or°
by spraylng with 30% H2804 and charrlng

Skellysolve B refers to Skelly 0il Company llght

petroleum b.p. 62-70°.

/
o

2,ZjDimethylcycloheptanone (4).

The B—ketoester 330

(3.0 gm) was .added to 15% »
H,S0, (50 ml) and was réfluxed under nitrogen for 30 hr

53 -
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~and. the resultlng mlxture ‘Was extracted W1th CHCl3

.,ﬁ\\.‘

organlc la;grs were comﬁlnedL washed with 2.5 N NaOH

i .
~water, drled (Mgso ), and the_salvent evaporated to gﬂve

Thel

-

" a yellq? t}éhld Wthh wasﬁ

led (69 73°/12 Torr)

, 'to glve 4 &s a colorless llqu;dy(l?;ﬁﬁ gm, 85%) .

‘ IR (neat) : 1765 em 1. ¢ - -twuffg,‘ : e

P & 4 S
lHMR (CDClB) §: 2.50 (m, 2 H, C-7 H's), 1.61 (m, 8 H,

=36 H's), 1.08 (s, 6 H, C-2 Ci,'s). |

MS: m/e calcd: for C9H160 140.1201; found: 140.34304

(35), 107 (21), 98 (24), 97 (22), 96 (31), 69 (lOO); 56

(75), 55 (59).

7,7—Dimethylcyclohept—z—enone (5).' | Y

To dry THF (35 ml) under nltrogen at -78° was‘added
dlleepropylamlne (1.50 ml, 10.7 mmol) £&1lowed by 1.6 N
n- butylllthlum (6.5 ml, 10.4 mmol). After stirring for
30 mln, 4 (1.19 gm, 8.5 mmol) in THF (5 ml) was added iL
dropw1se ThlS solution was stlrred for 15 min and
«“xphenylselenlum chloride (1.91 gm, 10 mmol) in THF (15 ml)
was added'rapidly. -The resulting'coldvsolution was
poured onto 0.5 N HCl (75 ml) and 50 ether-pentane
(50 ml) The organic layer was separated, washed with
water, sat. NaHCOB, brine, dried (MgSO ), and the
‘solvent evaporated to give the crude o- phenylselenide.

The crude selenlde was dissolved in CH C1 (15 ml)

2 A
‘and cooled in' a dry ice- acetone bath. Ozone was bubbled




-~

“in'until a blue color persisted; The excess O3 was re-7

4

moved w1th nltrogen, dllsopropylamlne (1.5 ml) was.
added eﬁdhthe cold solution poured onto refluXﬂng CCl
(50 ml). The resultlng solutlon ‘was allowed to cool to
2.5°, washed with 1 N HC1l, sat. NaHCO,, dried (Mg_so:4), . N
’aHd.the solvent .evaporated to grve a yellow quoidJ //,
Column chromatogrephyv(cﬁél ) gave a slightly,colored
liquid (0.91 gm) which was a mlxture con51st1ng of ~80%
(GC): of the de51red oompound 5 (~ 659 yleld) A pure

' dsample obtained by PGLC had the follow1ng spectral .

properties: ~
IR 7@£at) 1660 cii” L. o © ’
- ’ . 2 0)

Lmr (coc13 §: 6.26 (dt, J = 12, 4_Hz,'l H, C-3.H), 5.90
"v(dt, J_=‘12, 2 Hz, 1 H, C- 2 H), 2.37 (m, 2 H, C-4 H'S),

_ 1Qibf(m,A4 H, C-5,6 H's), 1.14 (s, 6 H, c—7‘cH3'§).

MS: mVé!calod “for C9Hl4 l38.1049; found:.,i§8.1047
(69), 110 (36), 95 (67), 95 (20), 82 (SEYY*BQ (33), 81

(34), 81 (73), 70 (100), 69 (70), 68 (89), 67 (55).

.ll,11-Dimethy1—l;4—dioxaspiro[4.6]undec—7—ene (6).

A mlxtdre of the crude enone 5 (900 mg), ethylene
glyco] (1.5 ml) and p-toluenesulfonic acid (~20 mg) in
. benzene (25 ml) was heated under nreflux overnight with
~ removal of water by a Dean-Stark trap. The soiuﬁion
was washed with water, sat. NaHCO3, brine, dried (MgSO4)

and the solvent eVa@oreted‘to give a yellow'liqﬁid

3
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: ' Je - R

(l 145 gm) whlch was a mlxture of seVeral compounds con-

o \
: ’51st1ng of ~50- 60% (GC) of the de51red 6 A pure sample

obtalned by PGLC had the follow1ng spectfal propertles

IR (neat): 3020, 1375, 1355, 1110 cm t. -

. . | ‘
lHMR (CDCl3) §: 5.83 (dt J =11, 5 5 Hz, 1 H, C- 8 H),

5.50 (dt, g ; 11, 5.5 Hz, i H, C=7 H), 3.90 (s, 4°H,

c-2,3 HY s), 2'.37 (dd J. = 5(5 1 Hz, 2 H C-6 H' s), . 54

"(m, 2 H, C-9 H s), 1.50 (m, 2 H, C- 10 ﬁ s), 1.01 (s, 6 H,

3's). g S p-r{’f*}; - k

MS : m/e calcd. for C 182.1315; found: 182.1311

Cc- ll CH

117182
-(29), 167 (31), 127 (24), 126 (100), 125 (87), 113 71y,

o

%9 (57), 86 (21). . ,

s

cis-11,11-Dimethyl~7,8-dihydroxy-1,d-dioxaspiro[4.6]~

undecane (7). - . ‘ C .

¢

;:. ?\ 0 .
The crude acetal 6 (1. 0L gm) was dlssolved in THF

(20 ml) confﬂihing pyridlne (l 0 ml) The solutlon
wag cooled to —70° and osmium tetroxide (1 gm) in THF
(5 ml) was»added dropwise. The solution was allowed to

warmzto,25'o and was stirred for 2 hri. The'osmate ester

was decomposed w1th st and the[mlxture was flltered

washed w1th ether and the solvents evaporated to glve

- - |
sffthe¢crude diol 7. Column chromatography (CHCl3:MeOH, ‘

9:1) afforded 7 (402 mg, ~32% overall yield from 4).

* . L . L e
Assignments were confirmed by decoupling experiments. .

A
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IR (cnc13j _ 3660 3420’(bi) tm‘l.

lHMR (cpel ) 61 3. 93 (m, 8 H), 2.2-1. 2 (m, 8 H), 1.05

(s, 3 H) ana 0. 86 (s, 3 H) (c-11 c§3 s).

'MS: m/e, calcd for C,,H;00,: 216.1361; found: '216.1359

¢ 11 20 4
(L), 115 (lUO)

lé&ethoxy 2 2- dlmethyl 6 exohydroxy 8 oxablcyclo[3 2. 1]—

» |

Octane’ (8).-

The diol'acetal 7 (300 mg) was dissolved in\metbanol‘

(15 ml) and a few drops of sat. HCl/methanol were added.

The solutlon was: stlrred at 25° for 24  hr, poured onto

sat. NaHCO3 (30 ml), extracted with CHC13, drled (MgSO )

- and. the solvent evaporated to give 8 (217 mg, 85%)

"ir (CHCl 3): 3590, 3420 (br). cm .

1 ' 3 34 (s, 3 H),

OCH;), 2.27 (dd, J = 15, 7‘Hz, 1 H, C-7 endo H), 1.75 ol

HMR (CDC1l;) 6: 4.13 (m, 2 H, c;s 6 H's)

iR
P

(dd, J =15, 1. 5 Hz, 1 H, C-7 exo H), 1.05 (s, 3 H) and

0.86 (s, 3 H) (C- 2" CH3 s) .

MS: m/e calcd. for, C10H1803  186. 1255; foundr 186 1255,

(18), 168 (18), 131 (19), 128 (32), ll3 (96), 168 (41),

94 (22), 70 (23), 56 (lOO) r "ﬁji_?

l—Methoxy—Z,2—dimethyl—8—oxabicyclo[3;2.;]octane¥640neikg).

I

;ﬁsl,g (150 mg) was'diSsolvéd‘in_acetone

v

ﬁohes reagent was added dropw1se untLl the

orange cofor per51sted Excess reagent was’ destroyed



[d

,_WithfZ%éropanol;7LSolid1NaHCOs»wasaadded”andzafter'filéfq o

f .

tration the solvent was evaporated to give the ketofie

9 (Lig_mg, 80%). - o | B
IR (neat) 1760 em L. T B f’5
1

. LyMr (CDc1 ) 8: 4.22 (m, 1 H, c-5 Hy,a3 36 <s, 3H,

OCH ), 2.66° (d, J ; 18" Hz), and 2.32 (@, 7 = 18 Hz?

h(c 7 H's), 1. 15 (s, 3 H), and o .92 (s, 3 H) (c-2 CH3 s)

MS: m/e’calcd for ClOHlG 3° '184. 1099,,found~‘ )
184.1097 (32), 129- (56), 114 (21, 110 (21), 97 (49),

.°65 (34), 56 (100), 55 (24),7 55 (44)..

1-Methoxy-2,2-dimethyl-8-oxabicyclo[3.2.1]octane-6-

spircokirane (10).

e o g
3 . . !

To dry dimdthyl sﬁlfdxigélxbmso) (3 'm1)| was ‘added

NaH (50% diSpersion, 28‘mg) and the mlxtured was stlrred

'under nltrogen at 75° for\30 mln after ‘which time the
. &m
solid had dlssolved @&heg§olutlon was allowed to cool

to 25°,°THF (5 ml) was,added and the soluilon cooled to

0°. Trlmethyl sulfonlumalodlde (114 mg) in DMSO" (2 .ml)

Y

- was added dropw1se ovér 3 mln.f The ketone 9 in THF

(2 ml) was added dropw1se over 3 mln and the resultlng;
isolutlon stlrred at 0° for lS jln and at 25° for 1 hr.
The solutlon was dlluted w1th water (50 ml), extracted/'
with CHC13, the organlc layers comblned drled (MgSO )
,and the solvent evaporated to give after PTLC (Skelly—
-solve B: acetone,v3;l) ‘the epox1de lg as an Oll”(64 mg,

66%) .
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\

@

IR (neat): 1380, 1360, 1300, 1275, 1200, 1150, 1130,
1080, 1060, 1040, 985 em™ L, |
HMR (cnc1 3) 6+ 3.97 (m, 1 H, c-5 W), 3132 (s, 3 &,

OCH ), 2.95 (s, 2 H, C-3' \H"s), 2.35 (4, J .15 Hz, 1 H),

,and-1.93 (d, J =15 Hz, 1 H) (c-7 H's), 1.10 (s, 3 H),

2

y 25

- (g, €-2 CHy)." o S

and 0.94 (s, 3 H) (C-2 CHy's) .

" . P

(5§)—2—Methyl-2;3-epoxy—5—(l?methyethenyl)cyclohexanohe

(gi). : . . ) ’ ‘;Pl ; - ) \_. e

To a solution of (4)-¢arvoné’(24) (100 gm) and 303
Hy0, (250 ml) in methanol (1 %) was added 2.5 N NaOH
(80 ml) dropwise malntalnlng the temperature at 10- 20°;

The solutlon was stirred at 25° for 2 hr, diluted ‘with

water (2’ L) and extracted with;ether. The organic

«

layers'&ere'combined washed With sat. NaHCO,, brlne,
dried (MgSO ) and the solvent evaporated to give the:
epoxide 25 (100 gm, 90%) |

+ 76° (c o.4;,_cnc13).

IR (neat): ‘1715, 1660 cn L,

lHMR-(CDCl3)?6£ 4.74 (m, 2 H, C-2' H's), 3.44 (m, 1 H,

[a]D_

e

C-3 H), 1.72 (s, 3 H, C-1' CH,), 1.41 (s, 3 H, c-2'¢Hy).

;iéMR (CbC1 ) §: 205.5 (s, C-1), 146.6¢ (s, c-1'), 110.6

- _(é; c- 2'), 61.4 Ads €=3), 58.9 (s, c-2), 419 (¢, c-6),

1.35.2 (d c- 5) 28 9 (t, c-4),:20.6 (q, C-1° CHy), 15.3

-

>

MS: m/e calcd. for C. H. O 166.0995; found: ' 166.0995

10 l4 2°

°




~(3), 138 (22), 123 (40),‘109 (25), 95 (45), 85 (70), 81
# o ' ,
hh(32)' 68.(30), 67 (40), 55 (25), 53 (21).

ANALYSIS: caled. for CioHy40,: 'C 72.76, H 8.48; found:
C 72.80, H-8.46.

(5§)—2—Methyl—2y3—epoxy—5;{l—methylethyl)%yclohexanone

(26) .

The ketone 25 was dissolved in ether (200 ml) and
LI - :
hydrogenated on a Paar apparatussyat 50 psi in the

Presence of PtO, (0.75 gm) until one equivaient of H2

was absbrbed. Filtration and evaporation of the solvent

gave 26 (47 gm, 93%) .

[a1,%° + 94° (c 0.51, cHCL,) .
IR (neat): 1715 em ¥

LM (CDC1l,) 6: 3.40 (d, J = 3.5, 1 B, C-3 H), T.41
(s, 3 H, C-2 CH;), 0.90 (d, J = 6.5 Hz, 3 H), and 0.87
(4, J = 6.5 Hz, 3 H) (c-1" CHy's).

13cmp (CDCl3) 6: 206.7 (s, C-1), 61.5 (d, c-3), 58.9

(s, C-2), 40.7 (t, C~6), 34.0 (d, C-5), 31.8 (d, C-1'),
27.3 (ty C=4), 19.3 (q), and 19.6 (q) (C-1° CHj's).
‘MS:, m/e ca%cd. for C10H1602: -168.1150; found:\
168.1149 (27), 97 (86), 83 (28), 71 (28), 69 (20), 55
(38), 43 (100). '
JANALYSIS:.‘calcdu for C10H1602: C 71.39j H 9.58;:\

found: C 71.33, H. 9.59.

[ 4



(3R) -3~ (1-Methylethyl)heépt~5-ynal (28).
/ |

: B ' . P /
The epoxyketone 26 (16 71 gm) was dissolved in
benzene (150 ml){/the a21r1d1ne 4140 (15.3 gm) added

and the resultlng solutlon stlrred at 25°. ,TﬂeA

reaction was monitored (-~ every 8 hr) by evaporation of

the 'solvent (removal of Water)‘and obserVing'the car-
bonyl band at 1715 cm—l in the)infrared spectrum. After
36 hr the infrared spectrum 1nd1cated the absence

of a carbonyl (1715 cm -1

) .. The resultlng crude hydra- .
‘zone 27 was pyrolized by adding it dropwise to dibutyl
phthalate at 175°/12 Torr with concomitant distillation
of the products (su%rene and 28).. The products were

' fractlonally distilled to glve 28 (93 96°/12 Torr)
(10.64 gm, 70%).

25 o
[alp®> - 19° (c.0.65, cucly). | | ;
IR (neat): 1720 crn_'l ‘ : - A

b re : A - :

'MMR (cDCL,) 6: 9.82 (t, 3 =2 Hz, 1 H, C-1 H), 2.45
(dg, 3 = 5, 2.5 Hz, C-4 H's), 2.15 (m,-3 H, C-2,3 H's),
1.76 (t, J = 2.5 Hz, 3 H, C-7 H's), 0.90 (d, J = 7 Heg,

3 H), and 0.88 (d, J = 7 Hz, 3 H) (C-1' CH
13

3's).
CMR (CDClj) 8: 202.5 (s, C-1)y 77.7 (s) and 77.3 (s)
(C-6,7), 45.6 (t, C-2), 39.1 (d, C-3), 30.4 (4, c-1'),
21.4 (t, C-4), 19.2 (@), and 19.3 (q) (C-1' CH,'s), 3.4
('qr C—7)- s

. ‘ . <
MS: m/e calcd. for CjgH, O: 152.1201; found: 152.1197

(7), 109 (24), 109 (26), 108 (74), 97 (33), 93 (100),.

Ay

«
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91 (30), 82 (26),>8l (40), 79 (33), 77 (37), 69 (56),
67 (36), 55 (66), 53 (49).

t

(3R,5R) and (38,5R)-5-(1-Methylethyl)non-1-ene-7-yne-

3—olf(29).

The aldehyde 28 in: ether (15 ml) was added dropw1se
‘over 20 min to a solutlon of 2.1 N v1ny111th1um ’
(35 5 ml) in ether (50 ml) under nitrogen maintaiﬁing the |
temperature at -60 to -70°. The solution was allowed
to warm fto 25° and after stlrrlng for 1 hr, was. |
hydrolyz d with sat. NaHCO3 (150 ml) The‘organlcf

separated, dried (MgSO ) and the solvent

to give the crude alcohol (22.65 gm) . A

through alumlna (500 gm) elutiﬁg flrst w1th
.Skellysol: B then with ether gave after évaporatlon of
the ether

0il (9.38

mers by 13C

e of diastereo-

raction the alcohol? 9, as a sli htly yellow
’ 73%)- This was.a.fl:l mlxtu:

IR (CHCly):| 3590, 3460 (br) cm_l,§ S

iR (cpcl,) s: s. 8 (m, 1H, C- 2 H), 5.20 (m, 1 H,

c-12 H), 5/02 (m, 1 H, C~1 E H), 4.18 ‘(m, 1'H, .C-3 H),
2.15 (m, 2 H, C-6 H's), 1.76. (¢, 3 = 2.5 Hz, 3 H, C-9 H'Ss),
'1.52 (m, 3 H, ch,s H's), 0.90 (d, 3 =7 Hz, 3 H), and N

1 0.88.(d, J 5 7 Hz, 3 H) (C=1' CHy's).

13qMR (cpcly) 6: 142.1, 141.7 (d, c-2), 1150, 114.1

(£, c-1), 78.5, 76.6 (s, C-7,8), 72.4, 71.1 (4, C-3),

he

N




40.4, 39.7 (@, c-5), 38.3 (t, c-4), 30.5, 30.2 (4,
C-1%), 21.1, 20.6 (t, c-6), 19.7, 19.4, 19.1 (q, c-1'
CH3's), 3.4 (q, c-9). | ‘ - o

Q§; m/e calcd tor Cll 17O (M ~CH ) 165 1279; found'.

165. 1278 (13), i47 (11), 137 (12), 119 (70), 110 (23),

109 (46), 108 (91), 95 (47), 93 (100), 91 (42), 81 (49),

77 (29)

ANALYSIS: calcd. for C12H200 C 79.94, H 11.18; found:

£,C 79.84, H 11.28.
! .
. : .
\ (55)—54(l#ﬁethylethyl)non—l—ene—7—yne—3—one (16) .

= *, g
Jones' reagent (~ 12 ml) was added dropw1se to the

alcohol 29 (8 01 gm) in acetone. (150 ml) at 10° until
the orange color persisted. Excess :eagent was des-
.troyed w1th.2—propanol. The mixtﬁre was filtereé,
poured onto sat.“NaHCO3 (250 ml) and extracted with
CHC13. Evaporation of the selvent gave 16 as a slightly
yellow oil (7.0’gm, 87%). ;11 | . Sl

®
IR (neat): 1675, 1610 cm™>. = =~ .

'uMR (cDC1;) 6: 6.30 (m, 2 m, C-2 H and c-1 7 H), 5.76

(@d, 3 =9, 3Hz, 1 H, C-1 E H), 2.59 (m, 2 H, C-4 H's),

2,10 (m, 3 H, C-5,6 H's), 1.73 (t, J = 2.5 Hz, 3 H, C-9

H's), 0. 89 (d; J = 7 Hz, 6 H, C-1' CH
13

38) -
CMR (CDC1;) §: 200.5 (s, C- 3), 137.1 (d, C-2), 127.s

<

~(t, C-1), 77.5 (s), and 77.1 (s) (c-7,8), 41.1 (t, c- ge,

39.8. (d, c-5), 30.4 (d C-1'), 20.9 (t, c~6), 19.34 (q,

.63




N

C-1! CH S)l 3 4 (q, 0‘9)

in D {50 ml) was added dropwise over 30 mln.; The

'IR (neat): 1710 <(sh), 1690 - cm .
1

.~

MS: m/e calcd. for C12H180' - 178. 1@71- found: 178. 1364

(2), 163 (9), 135 (28), 123 (18), 108 (30), 93 (lOO),w
91 (22),: T (21), 55 (90)
ANALYSIS:. calcd. for Clelso C 80.8%i H'lO.lB;-found:

C 80.32, H 10-06.

2—Methyl—2-((55)—5—isopropylnon—7—yne—3—one)—l,3—cyclo-

'hexanedioné (l§)~ o .

The. dlone 17 (4 80 gm) was suspended in dry 1,2~

_dlmethoxyethane (DME) (200 ml) and NaH (35 mg) was

added. After stlrrlng for 15 min the enone 16 (6;19 gm)
3 L]

solution was heated under reflux for 40 min. After

cooling 25°, water (150 ml) was added and the solutlon

extracted with CH2C1 The organlc layers were.com— A

blned and washed with 1ce cold 59 NaOH water, dried
(Mgso4) and the solvent evaporated to give the Mlchael
adduct 18 as a viscous: 011 (9 l7 gm,487%)

-1 '/

HMR (CDCI3) §: 1,75 (t, J = 2.5 Hz, 3 H,SC—9‘ H's),
1.25 (s, 3 H, C-2 cH3),,o.86 (d, J = 6 Hz), and 0.84
(d, J = 6 Hz) (isobrobyl CHB'S). .

3emr (epc1,) s: 209.9 (s, C=1,3), 209.4 (s, C=3"),
77.4’(5, c-7',8'r,'64Q4 (s, c-é), 44.1 (t, c-4'), 39.2

(d, c-5'), 38.0 (¢, cgz'), 37.8 (t, C-4,6),-30.0 (t,

“



Y R

.
c-5); 30.0 (d, isopropyl CH), 20.9 (t, C=6'), 19.6 (a,
llsopropyl CH3 s8), 19. 3 (g, C- 2 CH ), 17 7 (t, C 1 ),
4.(q, C-9"). \R - -
MS: m/etea;éd for CyoH2g0 3; 304. 2038; foana; 30412043
(3), 261 (19), 181 (40), 179 (21), 139. (68). 135 (23),
127 (100), 126 (41), 111 (42), 93 (45), 55 (25)..

L
, 2—Mthyl—2—((53)-5—isopropylnon47—yne—3¥one)cyclo—

'5hexanoné—B—spiro*Z‘—1,3—dioxolan (35). 2

A solufion of 18 (3.15 gm), and 2-methyl-2-ethyl-

»

1,3- dloxolan (2 ml) in dry benzene (150 ml) was acidified

'with dry HC1 to pH <l.m An addltlonal 2 ml of the dioxolan

was added after 2 days" and, follow1ng a further 2 day

reactlon period, the mixture’ was washed with sat. NaHCO

3
«drled (MgSO ) and the solvent evaporated to glbe the
;acetal 35 (3.12 gm, 85%). »
1iR {neat): 1705 cm_l._ f‘ g . ] ; _
'1ﬁMRC(CDC13) §: .3.94 (s,.4 H, dioxoian H's), 1.75 (t,-

J = 2.5Hz, 3H, C-9' H's), 1.03 (s, 3 H, C-2 CHy),.

'o 85 (brd, J = 7 Hz, 6 H, 1sopropyl CH3 s).

MS: m/e caled. for C,,H,,0,: 348.2300; found: 348.2301

_ 21°327¢° A
(18), 183 (43), 113 (17), 99 (100),.55 (21).
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A DIELS-ALDER APPROACH TO THE SYNTHESIS OF CYATHINS

L)

+ Often in the course of synthetic work one
or two key ideas set the style, development,
and outcome of the investigation, while =
providing the flexibility essential for any .
long journey through unknown territory, beset
with perils which at best can be only dimly
foreseen. . :

Discussion \\\;f////

Because of the failu;e.of the Robinson annulation
approacﬁdto the syﬁthesis oflcyathins outlined in the.
‘previéﬁévchapter, as well as bther somewhat similar
approaches28 involving this type of annulation, we
'sought a new strategy‘fqr the construction of the
‘cyathin diterpenoids.: -

' &

Analysis Of the structure of Cyathim5A3 kl) from a

retro-synthetic point of view leads to two obvious dis-

are seen to.

1

connections. Thus t%f A'and,c,ringé 0f‘l

be derivable via aldol cyclizations of 1,4 and 1,6

diketones reSp0c£ively.

The 1,6 diketone éompri%ing the seco C ring can



arise by oxidation of an appropriately substituted

cyclohexene (see Scheme 1). Of course such an oxidation

Scheme 1. Retro-synthesis of cyathin C ring

-

would nece551tate the pbrotection of" the hydroxyl groups,
for example as thelr acetonlde derlvatlve " The re-‘
\qulred cyclohexene can be obtalned from a B- methylcyclo—
hexenone by alkylatlon of the corresponding dienolate
anion with formaldehyde followed by reduction. A Diels—
Alder reaction of a 2,4-disubstituted-1, 3—pentadiene
with an approprlate dienophile should give the desired
cyclohexenone after hydroly51s Slnce such a Dlels—Alder

reactlon would be expected to give a c1s rlng junction,

68
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“the ring junctionyhydrogen would require epimer#zation.

| _
This should be. easily accommodated by the -a-carbonyl from

the A ring disconnection; Since 3-substituted enones are

poor dienophiles and moreover the carbonyl group con-
trols the regiochemistry of<the additionj the required

dienophile for such a Diels-Alder reactioﬁ‘is:
Y \

The.l,4 diketone/%omprising the seco A ring may

be seen to arise retro-syntheticall§ from a reverse aldol
A\ :

reaction of a thydrdxyketone (see Sche@e,?).. Such a

r

Scheme 2. Retro-synthesis of cyathin A ring

69



B- hydroxyketone could be obtalned via- nunléophlllc rlng
'openlng of an epo>1de derived by oxldatlon of the
photoadduct of allenﬂ and an approprlate enedlone

Thus startlng W1tha2'5—d1methyl4p—benzoqu1none (2)
and performlng two electrocycllc reactlons (one 4 + 2 and
one 2 + 2) should by the prlnc1ple of reactlon from the
'[aleast hindered side, produce a trlcycllc adduct possess%ng
u’the desired relatlve stereochem;stry at the ring junctlons

(i.e., trans methyl groups) .

O X

O ,.\
'Elaboratlon of the two newly formed rings to the propefy
l 5 and l 6 diones as outllned in Schemes l and 2 should

-after aldol condensatlon .and removal of the unrequ1red ‘

ketone functions give cyathin Ay (1).

Results

. - . )
Danishefs’ky49 has reported the use of 1,3~ dloxy— ) l

genated 1,3-dienes as reactlve dlenes in Diels-Alder

redctions with activated dlenophlles.

701' |



These reactions dlspley‘e hlgh degree of reglo— |
. hselect1v1ty with the electron w1thdraw1ng group 2 coneff‘,g
trolll g thejorlentatlon of the addition as shown. f{wd;ﬁf'

. The dlene requlred for our proposed reactlon w1th
t

qulnone 2 is of generallzed structure 3 Ihubushl

OTMS OTMS

2.

50 . . . . P

4

SE; al have reported the preparatlon of 2, f—blstrl*
methy151lyloxy 1, 3,pentad1ene (4) and its usi in Dlels—
“Alder reactions.ﬂ Thus,acetylacetone in trlethylamlne
was treated with chlorotr1methyls1lane in the presence
of ZnCl2 to glve after dlstlllatlon the\d;ene 4 in
90%y¥1eld. ler revealed ‘the dlene to be dn ~1:1 mlxture.
n-of‘stereoisemers (§ 2. 05,‘s, 3H, and d‘l 85 s, 3H, |
Ce4:CH ). .

The Diels- Alder reactlon of the diene 4 with the

quinone 2 was 1nvestlgated Whereas heatlng a solutioh



‘of:2,and“1fké.2‘ equlv ) under reflux for -3 days‘ln -
benzene or toluene led to approxlmately 50 and 75%
conver510n respectlvely by thln layer chromatography '
'(tlc), reaction in reflux1ng xylene led to complete

' conver51on after 40 hr._ Evaporatlon of the volatlles

followed by a bulb to bulb dlstlllatlon gave the

'adduct 5 in 91% yleld.,v;H and 13Cmr suggested the _Q'h

;-::, OTMS

YCSTAAS : 'hd§‘

o

ot
.

adduct to be a:singleeStereoisomer;“ Although the
‘relative stereochemlstry of the tertlary allyllc ether..--
in’'5 was not determlned it 1s not cruc1al to the
overall synthetlc strategy 51nce at a. later stage rt
_ w1ll be subjected to ellmlnatlon.ﬂ The adduct 5 was

further characterlzed by hydrolysls in methanol w1th

trlfluoroacetlc acid to the cvystalllne trlone 6

oy

.OH
s

In the ler spe trum of\g\the three non-methyl allphatlc

protons appear' -as an ABX pattern with. J = 4 HZ,



JAX.=»6_H?;vand.J§x‘= ld Hz cohfirming the stereo~ and

regiochemistry of the Diels—Aldef addition. The

‘photoaddltlon bf allene to the enedlone 5 was next

. ~ . : o
rnyéstlgated e N *
i L

‘The work of\Lius} Ssuggests that the 2 + 2 photo-
' addition of olefins to enediones leads to a product
'w1th the reglochemlstry that would be expected from a

normal" B substltuted enone. For example the_add;tlon

" of v1nyl acetate to the naphthoqulnone 7 glves after
‘ba51c workup the naphthofuran 8 in good yleld Thls
‘result is not entlrely unexpected sihce 2- substltuted
'enohes are generally poor reactants 1n thls type of
photochemlcal addltlon.. Thus we felt that ‘“the addition
of allene to 5 would proceed w1th the de51red reglo—
-chemlstry (see Scheme 2) Welsner has studied the

S

addltlon of allene and . other oledlns to enones and has

A\

descrlbedAén addition rule to predlct the. stereochemlstry

Y of addltlon of these reactlons 52 His rule states that

'fvreactlon proceeds from a conformatlonalﬁy flexlble

Wh(at least at the B carbon) ex01ted state in which the

R

Bésubstltuent of the-startihg enone assumes its thermo—
St , | L

vk\:.‘

2

4

-

.73
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|

dynamically more stable cdnfiguration.’ Such a rule is

Y

-dlfflcult to apply to a compound such as 5. The X-ray: .

[
- structures of severai tetrahYdronaphthoqulnones such

as 5 have been detcrm1ned53.and it was fOund that they

all possessed the confbrmation’ shown,54 in whlchrthe

cyclohexene ring exists in a half-chair form gis fused
to an aimost'blanar efclohexehedione ring; In an ex-
c1ted state where the B- carbon of the enedlone of 3~
\(1 .e. the carbon bearlng methyl) is cénformatlonallyv
flexlble‘}t is dlfflcult to say what the more stable
'conformatlon would be.‘ Thls‘ls especxally true when
the conflguratlon of the allyllc ether carbon is not
known. However in photodlmerlzatlon of these types of

compounds it has been shown that the product is the. one

with the sterlcally 1east congested cis-anti-cis- antl-
{

i~ -

c1s—ant1—c1s»stereochemlstr!, 54 With this in mind we

A = oo
were hopeful that the addition of allene to 5 would

>- . . . <

result in the desired anti stereochemistry (see'Scheme'2).

- In the‘eveht irradiation of a THF solutiomfaf-S

&

and excess allene at —40 to -50° gave after‘evaporatlon

?f &he volatlles the crude adducts 9. Hydrolysis of
. ~ . - : -
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oms 7 L O\ OTMS

NNOTMS 4

the photoadduct 9 w1th Rexyn 101 ac1d1c ion exchange

re51n 1n .30% methanol/THF gave the crystalllne trlone
lg 1n~55'to’65% overafl yleld from the qulnone 2 after..
: chromatography (florlsil, ether) and recrystalllzatién
(CCl —cyclohexane) §:27O MHz_IHmr SpectrumvreVealed
BT B 0

i

o TH o -

10a | - . 10b

that 10 was an ~4 l mi ture of lOa and lOb The signals
v : : :

for - the exocycllc methylene protons (6. 5. 16, dq; J. =",

1.1, 2.7 Hz, lH 6 5. Oﬁ ddt J=1.1, 3. 3 2.2 Hz, IH)
I
and the 4, 6 rlng junct on proton (6 3.70, dq,‘J = 2 2,

2 7 Hz, 1H) conflrmed that the photoaddltlon had occqrred

:w1th the de51red reglochemlstry in the major product W
B

10a.. As well the 51g+al for the other methlne proton :

(6 3.41 dd, J = 4.5, 3.8 Hz, lH) supported the presence

of a 01s 6,6 ring junctlon in lOa as shown. Although

'10a -and '10b were co- cr stalllne ( they are completely

'(jhr{ S R o ' o (? L | '§AO
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- comparlson of the spectral data ( Hmr "and

4 , .
‘ - .
homogeneous by tlc and thus’ could not be separatcd),

13cnr) bf the

major ‘and mlnor isomer of 10 led us to speculate that

the minor "isomer was the reglolsomer lOb Tﬁls was con- -
v ey
flrmed by later experlments (v1de infra) We were uan-: \
- able- to assrgn the relatlve stereochemlstry of the IR

rlng junctlons 1n 10 (i.e. syn ox antl) but contlnued ,

on w1th the hope that thlS key p01nt would become

<

clear at a later stage

. o
-

The exocycllc double bond of 10 ‘was selectlvely
ox1dlzed w1t‘ meta chloroperben201c ac1d (TCPBA)hin
CH2C1 to give a crystallln;)mlxture of epox1des 11

’
after trituration with ether ;

in hlgh yle

B

S

el ”_(;”*- |

| 11a B R T
Acid catalyzed hydroly51s of the epox1des 11

0

<

with>l §~HC1C4 in reflux1ng THF gave after acetylatlon"

'(acetic anhydrlde pyrldlne) a mlxture of monoacetates

-Spectral dat (1rl ler) kor the mlxture was con51§— : \3'

© tent w1th st uctures l2a and 12b w1th the former

12

'predomlnatlnc (~3 ﬁ) ] Signlflcantly in thelemr spec-'
4 : 4
trumiof.the nﬁxture the mlnor 1sOmer showed a three S
'hhydrogenfaou}let at 6 l 10 (J 6 Hz) conflrmlng our

- .. . i . : ." . . Lo PR R
' R
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speculation on the regioisomeric nature of the minor

‘products in 9 10 and 11. The formatlon of 12 15'

) readlly accounted for by hydrolysls of the epox1de

functlon to a dlol followed b retro—aldol fragmenta—

- tion of the resultlng B hydroxyketqne

The,next stage in the synthetlc sequence for‘ p

elaboratlon of the cyclobutan:
of cyathlns requlres the nucleophlllc openlng of the

epoxlde with the generallzed nucleophlle-

3 .
| >( )M(+) |
H,C ,{5\ '

be

Such a nucleophlle must be carefully chosen so as to
Cx ; :
effect the epox1de openlng selectlvely 1n the presence

of carbonyl functlonal groups. thhlum dﬂalkylcuprates

¥

have been repOrted to open epo&ldes 1n the presence

55

of" carbonyls.- ' Although these reagents are also

77



. did not corntain

‘kn0wn56 to add'to.enones‘in a 1,4'faehionlwe hopedb-
'that in'our case the enohé_Would be‘sufficiehtiy -
» stericallyVhinderedpto‘addrtion to facilitate the.
‘selective opeuing ofgthe‘epoxider_ ) | o
In the . event the‘epoxidee llewere treatedfﬁith
11th1um dllsopropylcuprate (prepar%ds7 from iso+
.'propylllthlum%f .and CuI) in ether for 1 hr at =40°.

Workup affordei a complex mlxture of products whlch

detectable amounts of the de51red 13.1

i

. - ‘/
Although the products were not.characteriied further it

appears llkely that l 4 addltlon to the enone is
‘~joccurr1ng in competltlon w1th epox1de openlng. -

Wlth the above result in mlnd it became de51rable

to flrst protect the ‘enone system before attempt;ng -

(R

“-the epox1de openlng Aftex several unsuccessful
attempts to prepare the approprlate N N dlmethylhydra-'
zone or acetal we focused on the preparatlon of ‘the:

',allyllc alcohol 14 ”'r;wpi j:-: 3 'Vp;}gh' T

;78
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To prépare 14 from ll a reduc1ng agent was requlred

that would selectlvefy reduce the least sterlcally

hindered carbonylfj

electlvely reduce enones in a. l 2
fashlon, and be’ 1nert towards’ epox1des BroWnsg_has
made an extens1g§ study of thekreact1v1ty of 9-bora-
bicyclo[3.3. l]nonane ;9 BBN) t0wards varlous functlonal

’ groug On ‘the bas1s of thls study 9 BBN should pro—

v1de ‘the de51red selectivity in the reductlon of ll ko 14.-'

-~

Treatment of ll w1th l 1 equ1valents of 9-BBN iﬁ\
'THF gave 14 (along w1th its. reglolsomer) ‘as its corres—

: pondlng O~ boron adduct as ev1denced by the di sappearance‘x

-1

in the 1r spectrum of the.enone carbonyl ban (lGﬂO cm ),

The crude alcohol 14 isuld be optalned by treatment of
the boron adduct W1th one eqslvalent of etR&nolamane

in ether aﬂg was used dlrectly without furthér purlfld%—‘

t1on,+ However treatment of l4 or 1ts{0 boron adduct

Lo

9 Alkoxy 9 BBN compounds on treatment w1th ethanol—

-amlne produce the correspondlng alcohols and prec1p1tate

Y

the 9 BBN m01ety as 1ts ethanolamlno complex 60

I. & PN

; The crude l4 was contamlnated w1th substantlal quantl—'~\

79

, .
[ Sl e




- 80

with llthlum dllsopropylcuprate led to c0mplex mixtures.
: b
of products and thlS approach was abandoned

An alternatlve method for the elaboratlon of‘ the

c clobutanelmolety of 11 1nto t@e A rlng of cyathlns

»would 1nvolve nucleophlllc openlng of the epox1de w1th

-

a nucleophlle where X = 0, S, or N (see Scheme\3). In

[y

this way, aldol cycllzatlon of the 1,4- dlketone resultlng

from the epox1de openlng would prov1de a monoprotected
}as'an enol-derlvative) l 2~ dlone Removal of the
”carbonyl fol&owed by hydroly31s of the. protectlng group
‘would give a cyclooentanone Condensatlon with iso- -

'propylllthlum or 1sopropylmagne51um bromlde and dev-
N
hydration \jUId tﬁen conplete the desired transformatlon

Schultz61 has descrlbed t e reactlon of. epoxyketones

l

w1th aromatlc thlols in the presence of a catalytlc o F@

amogpt of base to produce 2= arylthloenones. For-example
-/ [ L . .
the react&onzof'lsopnorone epoalde (15) with benzenethiol
A . ‘ . :
in ethanol 1n the presence of 5 mole % - KOH . gave 16
€

1n 90% ylcldz We felt that thlS reaction mlght apply

N ‘ : T S - ’i

to Our proposed (see'Scheme“B) transformatlonl However

A

51nce tthlS are known to eff1c1ently‘add to enones

N
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Scheme 3. Alternative synthesis of cyathin A ring
~ O, o- O
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inua‘l,4 faehionLWe'deéided to proceed via the allylic
‘alcohol 14 | -

Treatment of the crude 14 (prepared as‘deseribed
eboye) W1th 1.1 equlvalentsuof benzenethiol in ethanol_

in the presenceiof_S mole $ KOH for 8 hr at 0° and

1.5 hr at 75° gaue the desired tricyclic dione 17 after -

: .
'wotkupvand trituration with ether.

Examination of the THmr speetfum of';l_suggeste r
thatfit poesesses the desired relative stereochemistt ‘
‘(i.et,?E£§n§,6,6 ringzguncti n.and trans meth&l'oroup ). |
The szgnal for»the ring: juncjhon hydrogen appears at
S 3 62. as a doublggdof doublets w1th J = 11,4 Hz-ln—
dlcatlve of ax1al-ax1al axial- equatorlal coupllngs

‘Examlnatlon of Drledlng models shows that wmen the

_methyL groups are cis then the ring junctlon hydrogen

.. 1is equatorteﬂé w1th respect to the cyclohexene rlng)

and thus the expected coupllngs would be small (1. e.,f"

b

fequatorlal equatorlal and equatoigal—ax1al coupllngs);f

Moreover 1f 1t 1s assumod that th® 9-BBN reductlon of the;nﬁ

N ':f: '?f,:h '.»¢? 



' enone ll occurs from the convex face of the c1s 6 6 rlng
system then the‘ hydroxyl group is- 1ntroduced trans to
»the methyl group at the ring junctlon The carblnol
hydrogen appears as a broad- trlplet at § 4. 09 with a

J value of ~6 Hz . The coupllng constant of the v1nyl
hydrogen to the carblnol hydrogen is < 2 Hz | Agaln
examlnatlon of models shows that if the ring ]unctlon
is cis then the carblnol hydrogen is pseudo ax1a1
and_thus would'be expected to:have one large and one "
.;small coupllng to the a—methylene hydrogens. “Alterna—‘
tively if the ring junctlon is Erang then the carbinol
N hydrogen is pseudo equatorlal and thus would be ex-
.pected to have two. small coupllngs to the o= methylene
_hydrogens. The observed 51gnal is a- broad trlplet
"whlch 1ndlcates two 51m11ar coupllng constants <We
"feerjthat thlS result is best explalned by a pseudo—.
'equatorlal carblnol hydrogen thus 1nd1cat1ng a EEEEEAf(.
rlng junctlon. ThlS p01nt 1s, however, not wholly |

'unamblguous and the poss1b111ty that the rlng junctlon
. RN SRR o . - .

is ClS remalns B

o . >, .
“ . . - . . . . 3

Conclusion. ~

.The trlcycllc dlone 17 1s avallable 1n ~3O OVerall
:yleld in 5 steps from the commerc1ally avallable 2 5—..'
dlmethyl p bcnzogulnone (2) w1thout the need of

chromatographlc separatlon., The prcparatlon of l7

.



shows that the DleLs Alder approach to ‘the synthe51s

N

. of cyathlns ls ‘a v1ab1e one in that the de31red stereo—
chemlstry at\the rlng Junctlons is obtalned stereo- =
selectlvely Moreover the functlonal groups that are
present in 17 shomld be amenable toselaboratlon to

dcyathln A3 along the llnes descrlbed in gcheme l (forh
the C° rlng) and Scheme 3 (for the A rlng) ) |

The startlng p01nt‘(see Scheme 4) for such a

.transformatlon is the removal of the two unrequlred

‘ ketone4fungklons 1n 17, Ox1datloz to the enone followed by .

| alkylatlon of the correspondlng dlenolate anlon with .',” . \;;K
formaldehyde should blve rise to the a- hydroxymethyl
enone Reductlon of the enone should selectlvely*glve | .\
the de51red equatorlal alcohol : Protectlon of the . - \

diol (e tg., as the acetonlde) and addltron of the : ."f.”'l

'Tlsopropyl group to the‘unmasked cyclopentanone would'

:lead to the key 1ntermed1ate after ozonolyS1s of the : t ’_'7

%cléhexene to the'l, 6 dlketone.~,An“aldo}\gzcllzatlon S : .t_fﬁ

diiawad by'dehYdfation.wonld"glve the knoWnB_cyathin,f S L

)

T

, - » (o |
"ﬁ< ?@:is alkylatlon may be ea51e¥ vla thﬁ N, N d1methy1 Wi"lfﬁf




L “ g5

-~ Route to cyathin from'17
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Experimental - (~ o S

Mass spectra were recorded on an A}E I MS 50
mass spectrometer and are reported as m/e (relatlve 1ne lv:b
ten51ty) Uanss dlagnostlcally szgnlflcant only peaks
"at least’ZO% as. 1ntense .as the base peak are reported
Infrared SPectra were recorded on a Nlcolet 7199 FT IR :fi.‘;‘; 'gt‘?f
spectrometer or a Perkln-Elmer Model 297 spectrophotdm— '
.eter.p\Proton magnetlc resonance: (1 HMR)’ spectra were re- 'lfvﬁ‘:'t‘.f:ljﬁ
corded on a Varlan HA—lOO spectrometer w1th TMS as’ the ; . ;ﬁ@
~e 1nternal standard._ Carbon magnetlc resonance (13CMR¥“’~'v fﬁd,” ;.1i%;;
spectra were recorded on a gruker HFX 90 or WP- 60 spec—lvylifa
trometer Wlth TMS as the 1nternal standzjf ,Meltlng

"fp01]ts were determlned on ‘a Thomas Mode 0 microrhot S e

dry benzene (300 mlLﬁwas added followed by dropw”

addltlon over 45 mln of chlorotrlmethy151lane ( )0 ml) .
/ ) "_'I
-,The mlxture was’ heated\to 40° and stlrred overnlght. ],ﬁfr_ﬁ

»; Dllutlon w1th ether( flltratlon, concentratlon under';ftii .

: B
: reduced preSSure, and dlstlllatlon (74 76°/3 Torr) af- ' IERRT R

;‘forded the dlene 4 (110 gm, 90%) as a. coiorlesL\quuld(

”.ﬁThe ler spectrum of 4 revealed 1t to be an‘~l 1 mlxturefﬁﬂf?fﬁ'"
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of\_ﬁe E and Z Lsomers f» . vv;_:w,

’4
i

HMR (CDC13) 6 5 25 (brs\ lH), 4 83(brs, lH), 4 70 dih

- \ (brs, 1H), / (brs, 1ny, 4 18 (brs, lH) 4.10 (brs,
. VA

[N

\1H),,2;o3 (brs, 3H)l 1;85 (brS‘ 3H), o.22 (br${136H).

. I . S i
: T [ N . __-r\j,-.- . . N R P
~: \ - - .‘ . i N N > f

B cLs—B)%,7—Trimethyl—7,9—blstr1methyl51lyloxyb1c§clo[4 4 O]—

Y

| rdeca 3,8- dlene 2 5=~ dlone (5) P
. Goo# . !

CA solutlon of 2 52 d1me?ﬁyl E—benzoqurnone (2) (10
igm) -and the dlene 4 (40 gm) 1n xylene (300 mL) was.heated
j undex;reflux for 40 hr. f The volatlles were removed . -
by evaporatlon under hlgh vacuum at’ 70°. Bulb to bulb |
fd dlstlllatlon (125°/O 025 Torr) prov1dod the Dlels Alder
Aadduct 5 as a v1scous orange oil (25.5 gm). ler and
13Cmr suggested the adduct to be a single stere01somer

IR (neat): 1684, 1628 on -1 |

;HMR (CDC15) - 6: 6.40 (q, J =r1-3 Hz,fiﬁ,'c¥4 ﬁ)f;4.94
(6, 3 = 1.3 Hz, 1H, c-8 "), 3428 (dd, 3.=7.3,"6.7 Hz,
1H, C-1 H), 2.22 (m, 2H, -9 H' s), 1.95 (a,°F = 1.3 ne,
3H, c-3'cHy), 1.45 (s, 3m) and 1.32 (s, 3u) (C-6,7

CH3's}, 0.16" (s, 9H) and 0.06 (s, 9n) (silyl. cH

, 3's).
T 13 '

CMR (CDC13) 6: 200.4 (s) and 200:2 (s) (c-2,5), 149.5
(s, C-3), T636_ (s, C=9), 137.2 (s, C54), 112.5 (4, c=8),
74.5 xs;1c~7),j56.o‘(s; c-6), 51.1 (@, Cjif,.ééfﬁ (t,
c-10), 27.6 (q,.c-7 CH3),‘20.1 (q, C-6 CHB),Tlsqs (q, -
Cc-3 CH3), 2.2 (qj and'0.3 (q) _(silyl CH3'S).

MS: m/e calcd. for C19 i3 4Si2: 380.1839; found: -

@
3

4



. Vo oA
- - e . AN P
\ Nie it

.'\&

'380;1334,(2y,v244 (55), 230, (21), 229 (100), 73 (33);.';r:

."

: c1s 3‘6 7= TrlmeﬁhylblcycLO[B 3 O]deca 3 7—d1ene 2 5 9-;

trlone (6)

The Dlels-A der{adduct 5 (480 mg) was dlssolved ln

Y

: oo
‘ methanol (10 ml) and’ ;rlfluoroacetlc ac1d ( lO mg) was‘“'”*“””

S A r LERNG
“jsadded “The solutlon was stlrred at room temperature
(., . . to

for 3 hr, dlluted Wlth 10% NaHCO3 (20 ml),[extracted

‘with CHC13, drled (Ngzso ), and the SOlvent evaporated'

to glve the crude 6. Recrystalllzatlon from’ CCl4 gave
6 (154 mg, 70%) (mp 109- 11) C R &* o,
IR (neat): \L§80 1621 cm 1. ﬁi ;:" }*» - .“ N
LE. (CDCl ) S:T:s 65 (@, J = 1.5 Hz, 1H, C-4 1), 5. 8%

t (g, T= 1.5 Hé, 1H, c-8 H), 3.17 (m, 2H) and 2.58 (dd.,
J =.18.6 Hz, 1H) (ABX, JAB~= AJﬂz,‘Jdi ;&é Hz, Jay =
18 Hz;'c 1, lO’H s), 2.01 (G, J = 1. 5 Hz, 3H,'c43 c335,
1.81°(d, J = 1. 5, th,3H C-7 cH ), 1 56 S};BH,;Q—Gf
?H3). } "v f Lo _ty IR }ii% ?;L{
l?CMR (coel )-' 198 6 (s) aﬂh 197.3 (s)'(c 2,5), 194. 4

. (s, c 9), 159 8 (s, €r 7), 150.3 (s, C- 3), 136 3 (d c 4y,
127 9 (4, c- 8), 54.3 (s, C- 6«, 53. 3 (d, c- 1),'34 3 (t,
,c_-.10)_, 21'.2 (q, C -6,7 CH3 s),i16. 1 (q, ‘C—3‘CH3),.

"‘MS:"m/e calcd. for C13H14 3.‘

- (100), 176 (40), 123 (17)-',' 96 (77), 68 (8.2-)".

ANALYSIS: calcd for Cl3 1403., C 71554, H 6;47;'found:'

C 70.92, H 6.38.

R !
3o T I © N, .
CE T e Re
: - . . o '

. ' Co
218. 0942 feund:. 218.0938

. - R .

ri 88;.,



3 8 9 Trlmethyl Swmethylene 9 ll blstrlmethy151lYl—p‘*sjoﬁiﬁ

oxytrlcyclo[G 4 0 0 ]dodec lO ene 2 7-dlone (9a)

e

A solutlon of the adduct ﬂ (25 gm) anddekoess‘alleneiygﬂf.f
(250 gm) 1n dryJTHF (500 ml) was 1rrad1ateduthrough a ' |

“?l pyrex fllter W1th a 450 W HanQV1a mercury vapor lamp
for 20 hr whlle bubbllng nltrogen through the system.

'1. The 1nternal temperature was malntalned at -40 to —50°

N
~ The excess allene was alIowed to evaporate followed by

o

[

evaporatlon of the solvent at reduced pressure to afﬁor& |
the crgﬁe photoadduct 9 as’ an 011 (27 gm) Spectral ‘
data ( H and 13Cmr) 1ndlcate that 9 1s a. 4 l mlxture of ) »f.

the 5—methylene (9a) and the 4-methylene (Qbﬂ 1somers

-~

The ultlmate conver51on of 9 1nto l7 1ndlcates that 9a

possesses the c1s -a tl-C1s stereochemlstry at~the r1ng ;pf»f,nﬁf¢

junctlons

IR (neat) 1708, 1676 cm 1;.'
) > . .
lHMR (CDCl ) 8 for major 1somer 9a-f 5.30¢ m; lﬁ) and
TR SR .
' 5.15 (? lH) (c 5. methylene H' s), 4 96 (t J= 1 3 Hz,

IH, c- io H), 1. 63 (s, 3H), 1.52 (s, 3H), and i. 37 (s,,3H)'
(C 3%‘ 9 CH3 ).., -0.42 _( 9H) and Q.. 28 (S,‘ 9H) (s1lyl IR
:'CH3

13 oM (éDCiB) P forzmajor\isomer.gaf 211.3ﬁ(syfena:206.2

s).

(s) (c-2,7), 148. 0 (s, C-11), 140.0 (s, c-5), ligoo ]
& (a4, c-10), 110.7 (t, c-5.cH. 2). 75,1 (s, C= 9),»63 1(a,

- Cc=6), 55;3D(s, c- 8), 48.9 (d G- 1), 44 9 (s, €~ 3), 43, 3

. o » L o . "-m



1_9 ene 2 7 ll trlone lOa.»g‘

(t c 4), 26 o (t c 12), 28 0 (q), 24 4,4q), 21 5 (q)_{_“*'*“"

(C 3 8 9 FH3 s), 2 28 (q) and 0 36 (q) (511y1 CH3 s)

5;QM m/e c”lcd for C21H33O 512 (M CH JF 405, 1917

4

3_149 (27), 147 (15), 73" (59) _:;g;gv;;p;;:i;,tg,ﬁty;‘"

The photoadduct 9 (27 gm) was dlssolved 1n 30% ;
w

Ufmethanol/THF (150 ml) and Rexyn lOl ac1d1c 1on exchénge

”:C?re51n ( 5 gm) was added f'The mlxture was stlrred at

"Mroom temperature for 30 hr, poured‘ontO 10% NaHCO

| drled (Na Soa),~and the solvent evaporated to glve the

3
1300 ml), extracted Wlth CHC13,'washed w1th sat NaHCO

K3 4‘::”

zﬁcrude trlone 10 (17 5 gm) whlch was USed 1n the next

'_,“step w1th0ut further purlflcatlon.\ In reactlons run

o on. a smaller scale (1 e\ startlng w1th 2 gm of the

.ah‘ : A

qu1none 2) the crude trlone ( 3 5 gm) was purufled by

@

o

llne 10 (2 2-2. 5 gm) Wthh was recrystalllzed fromvf E

2.

: CCl —cyc}ohexane (mp 120n31) f Spectral data'( H and

l3

i e s s -(\

'“methylene (10a) and 4—methylene (lOb) 1somers rThé

'ultlmate conver51on of fb into 17 1nd1c&tes that lOa

K (

'wapossesses the cis= ant1 c1s stereochemlstry at the rlng ‘

:

junctlons. s

Cmr) 1nd1cated that lO was .an ~4 1 mﬁxture of the 5—; "

?‘fbund ;‘405“1916 (18), 244 (55), 230 (22),‘229 (100),,aj,*-

ff3 8 9 Trlmethyl S—methylenetrlcyclo[6 4 0 0 ]dodec— t(;j,'

\".'

3.,.;@~~

column chromatography (florOSll ether) to glve Crystal—‘;j“"W




TQIQIR (neat) i 1701 1676 1619 cm;%;k’
FNEIARE s o 1 : <
1HMR (CDCl ) 6 for major 1somer 103“

‘*ﬁ_l 5 Hz, lHQEC 10 H), 5 16 (dq,

fgﬁs 01 (ddt J = 1 1 3 3 2.2 sz'iu)
SR L : :
3 70 ;dq, g -»2 z 2 7 Hz, 1H, €6 H), 3 41 (dd J

e \

’Ixf 4. 51 3.8 Hz, 1Hf c 1 H),,

08 (dd J 18 3 8. Hz, lH)
W};“;and/z 53 (dd J 18, 4 5 Hz, lH) (c 11 H s), 2 86 (m, ‘*ﬁ];ﬁf‘;;y o

o em, c~4 y s), 1 so (d J = 1 s Hz, 3H c 9 CH ), 1 53

j(s, 3H c 8 cH ),11 37 (s, 3H c 3 CH )

CMR)(CDClB)aé/for major 1somer lOa-y 209 8 (s) and 204 0 ?l?;ﬁ‘gfw

/

7( ) (C 2 7) 157 8,L§*/C 9),_139 8 (s, C 5), 128 6 (d

j6),_54 9 (s, c 8)"fﬂ~f

e 10), 110 % (&, c-5, CH.),T61 1 (d. c
5}f151 S(d C]J‘<451.(shc 3),43 1 u:'c 4)[34 3(t __jfj;igf
e 12), 23 6 (q, c-3, 8 CFg s), 2110 (q, c- ~9icH )» ;{J;,}j¥

"'Ms., m/e calcd for € 258 1256 foVnd 258, 1247"

v 16 18 3‘ S T
,$X4).:216 (40» 177 (37>,'172 (27), 171 (3 ), 157 (253 L

,;149 (24), 123 (45), 122 (24), 109 - (22), 108 (24), 94 (26),J$;ﬁ¢:?ﬁ
t‘_80 (86), 79 (100), (34) | L o

’aANALYSIS-~ calcd fo; C16H18O3 ca7§}40fﬁﬂe?;Qiihggggggfeag;t.;-;M
; N T T R T R e T T
I‘CE74;08 H 7 03,- ,,;,;;f. ej‘ﬁa,sg-ﬁgjja, L T
R Lo L L L e e

. . ST N ol N . T . iy - oL, N T -

”ﬂf3 8 9 Trlmethyltrlcyclo[G 4 o 03'5

Jdodecag-efie-2,7,11= .

S

trléne—s splrooxlrane lla ”f-;3,¢; .

;/H;” _?H%rf.”W e “‘~,gﬁ,;: SR
L The trlones 10 (l 75 gm). and MCPBA (85%

vl 75 gm) 1q 3 ﬁ}L;fﬁe,

’l{CHzClZ (70 ml) were stlrred at rooq temperature for 36 hr..1 o
. N . '.’ .‘1. »_,.' . PN ’ K B “., o ; ».::“ / »” "./'.'.

* -

Spectrum obtalned at 270 MHz %gffwyffi1{74‘ff”ﬁf":_f;ff;ea,?a;r;'y:



D i ”’W5$7WASH¢df&ithi10%fsédéumEbiéﬁifife' water,

So-

: iine, drled (Na SO ), andithe.solvent
. 2"

i'evagprated to glse the crystalllne mlxture of epox1des
ll (lq58 gm)

after trlturatlon w1th ether Aﬂternatlvely

!
the Crude ;rlones 10 could be ox1dlzed as above to glve

the crystalllne e ox1des ll bn)"45r overall yleld from
"quanne 2 wlthout chromatography 1Spectral data (ler-cy'fgfif}',}
:”aﬂa‘;BCmr) 1nd1cated that ll was anl~4 l mlxture of the

. ./
e

.ﬂ—splroox1rane (lla) and the 4 splroox1rane (llb) Lsomers

j;gg  The ultlmate conver31on of ll into 17 1nd1cates that
""%;11&]pbssésSéS{the?ei%éantEQCisdétérebchéhiétry*atﬂtﬁé."!?uf'c*l“*#7
T -~u.-7fr-*fffhrf—«~f.;J:h*fi=x'.~u??=;:b T e

”1706 1674 1616 on™h, ;E*Ff,_,

ring junctlons

?P IR (ncat“

-h?gHMR (CDCl ) 6 for majof 1somer lla 5. 81 (q;3"3=-1g55,”

e
lH e 10 H), 3. 73 (dd J - 4, 3 Hz, lH) and 3. 58
"“dx_iipx1rane CH ), 2 82 (s, lH c 6 H),.l 77 (d
3w, oty (sp 3H c 8 ci, ) 1. 41

5- 208 8 (s) ahd

‘1]54fiﬁé;c &, 5}3 e
| (C l 6)r 42 2 (S, C 3),

22 2 (q) and 2o 4 (q xz)

(c“3 8, 9 cn3 s)

:5nfMS?Q m/e calcd for C16 18 4 '27491205 found 274 1212
(17), 259 (14), 246 (13%, 232 (39) 191 (20), 188-(22)ﬁ




187 (22), 173 (Zifﬂ3158 (20),-15f’ 124 (285

\(27)i

€73499" ( ) 96 (28),.9¢n{54)

93 (24>, (35), 82'

.ff¥k51) 79 (1ooo,~77 (59) (37) 6 ( )" 65: <32) 55*

\1

“;{kze 5@ . (44), 51 (21)
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:stAqldyHydrqusistaf,the‘tpayiaééill:f*jfg.-55“<“-q

A solutlon of the epoyldes ll (541 mg) inTTHFat'

,;a(ls ml) and l HClO (5 ml) was heated under reflu'”“
:€0vern1ght and poured onto sat NaHCO3 (20 ml) cxtr:oted
'fitw1th CHCl3 and the solvents evaporated to glve a hlghly
-f“lnsoluble amorphousfsolld after trltura?lon Wlth ether
;hrThe SOlld was dlssolved 1n CH2C12 (15 ml) and pyrldlne‘

,~?3Jl ml) and acetlc anhydrlde (l ml) Were added : The re—-

"shltlng solutlon was stlrred at room temperature for

’f}sz 5 N('and the solvents were evaporated under hlgh vacuum
0

: hdh'at p
_mlxture of l2a and le respecthely tltﬁvi v ,~§
IR (neat): 1740 1710 cm'?;r{
1

SRR .,‘$ .

(m, 2H), 2.32. 2/12 '; ) 1. 88 (d J = 1.5 Hz,

'id.)” l 57 ( 3H3 0 98 (s,v ‘){'6 for mlnor 1somer 12b

?f5,84%(brs, 1H),,4 80 (m, 2H);
1.5 Hz, 3H), 1. 49 ( i 3H), 1. lo (a, 5= 6z, 3H)

18 22 6

MS: [m/eﬁcalgd for c. 334.1399;;found: 334, 1425
(7), 218 (37>, (100), 122 <4ém;g94”x33»;'91,(2o>,

P

'79 (47), 7 (25), 55 (45)

e T
v to glve 12 as an 011 (487 mg) uThls@was_an}~3¢l',»w
HMR‘(CDCI ) S, for major 1somer l2a.‘ 5 73 (brs, 1H), 4 57 (B

2.16 ks, 311y, 1.81 (d, J=



3 Phonylthlo 6 9 lO trlmcthyl 12 hydrovytrlcylco—
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dVepox1des ll

o \, S K . ‘}‘-.‘ LR R , .

Ry 0. o ]trldeca 2,10 dlene 4 8 lene (17) frph-rned.f

. . T N . - . . . . Iy

' To a solutlon of ll (275 mg) 1n dry THF (4 ml) was:

.':{added 0. 5 N 9 BBN in THF (2 2 ml) | The solhtlon wasg

7/ &

:‘_istlrred at’ room temperature under nltrogen for- l 5 hr

. } . '
,The 501vent was evaporated at reduced pressure.and the

'];resulting 011 was dlssolved in ther'(8 ml) : Ethanolr

=

amlne (70 mg) wa” added and mlxture was stlrred at room

b

' Q;‘temperature for l hr.‘ The prec1pltated 9 Q?N ethanol—

amlne complex was removed by centrlfuglng and the

supernatant concentrated under reduced pressure to glve
. .-

-the crude allyllc alcohol 14 as an Ol; To a solutlon

‘gr:of the crude 14 in ethanol (5 ml)»was'added benzenethiol"‘

1

(120 mg7 and 2 NékOH 25 ul) : After stlrrlng under

',_nltrogen,for 8 hr at'0° ‘a further 25 ul of 2 N-. KOH ‘was

;¢> added aqd the solutlon heated under reflux for 1. 5 hr.

The - solutlon was poured onto sat NaHCO ‘(20‘ml)g ex-

L,
1 . .
tracted w1th CHClB, drled (NaBO ) and the solvent evapo-= .

\“\

~

rated to give-an 011 Whlch upon trlturatlon w1th ether o
_ provlded the crystalllne 17 (200 mg) (mp 209—11);

’f IR (neat)z @3420 17QJ on”?

lHMR (CDCl ) 8 '7§29'(brs, 5H -arom%tio H's), 5.73

©(brs, 1H, C-11'H), 4.10 (m, 11, C-1o H)’£3 62 (aaz g =

1Y, 4 Hz ! 1m, c-1 1), -2.96 (@, 7 =13 Hz, 1H) ang 2.51

y : _ ‘ |
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- 198 (27)ﬁw185 <21‘§g175 (20) 109 (37), 91 148) “77

..13

~

' N R - .- N .’_' . - .
. " v T j'i .

(d J,_ 13 Hz, lH) (c 7 H s), 2 56 ‘,? 2H c s H s),

d

3 ), B

' Msf;?m/e calcd} for C22H24038 368 1449 found 368 1444 gf

a
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[
_.":4,.. RN

(45)’ 65 (22) B ;%QKEHLHU-IA ~il v7- ' { .
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| 51 8 (S) and 49 l ('X (C ‘6, 9) 47 4 (d c- l), 46”7 (t C 5),v

CH3 S)';‘.

(c- 2',3 )[ 126 3 (a, c 4! B, 65 4 (@, c-12),'52 3 (¢, c—7);gj.f-'

35.0 (C- 13), 28 6. (q){'23.9 (q),'and 19.6 (q) (c 6 9! 1o
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