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"ABSTRACT

The review briefly describes the occurrence, constitution, and biologi-
cal activity of the clerodane diterpenes, although the synthetic approaches

to these natural products have been dealt with in more detail,

This thesis describes attempts to prepare a trans-decalin, suitably
functionalised to investigate both the antifeedant activity and to develop
strategies fér the total syntheéis of clerodane related diterpenes. 4f8-
formjl—4u,Sa—dimethylcyclohex—2—enone was prepared in 50% overall yield by
reaction of tigaldehyde with Danishefsky's diene, followed by hydrolysis of
the interﬁediate adduct. Methods for controlling the stereochemistry of
conjugate addition to this enone, and related analogues, have been investiga-
ted, the most useful enone being 48«2'-1',3'-dithiolan)-4o,50-dimethylcyclo-~
’hex~é-enone. Aédition of dialkyi cuprate reagents to this enone resulted in
the formation of intermediates containing three of the six relative chiral

centres present in the natural products.

In model studies, using 4,4-dimethylcyclohexenone as starting material,
the preparétion of a trans-decalin related to the clerodane type antifeedants
has been achievedt The. key step involved addition of divinyl cuprate to
' 5,5-—di1ﬁethylbicyclo [4.4.0]dec-1,10-en-2-one, followed by Vtr'apping of the
resultant reéiospecific enolate with formaldehyde to give Ezggg—la—hydroxymg—
thyl—lOB—vinyl—S,5—dimefhy1bicyclo[4.4.0]decan—2—one, which was then trans-
formed into 52139(Ezggg;Za—acetdxy—la—acetoxymethyl—S,5—dimethy1bicyclo[4.4.0]
-decan:10,2'a—oxiran). . This compound showed a 72% inhibition of feeding at
100 ppm, when tested against Locusta migratoria, comparable to that shown by

related natural products.

Further examples of the selenium induced cyclisation reaction of alkenyl

substituted B-dicarbonyl compounds'have been investigated, and the complete



relative sterceochemistry of decalin type products has been assigned.

A novel method for the convertion of enones into the corresponding
o-bromo and o-chloro compounds, using the phenylselenium halide and pyridine

has been developed.
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INTRODUCTION

In this review a brief summary of the nature, occurrence and
biological activity of the clerodane diterpenoids will be given. The syn-
thetic approaches to these important natural products which have appeared

so far will be discussed in mdre detail.



THE CLERODANES

Over the last few years, a large number of diterpenoids containing the

' 1,2 .
clerodane skeleton (see below) have been isolated '~ ., Biosynthetically, the

- 17(18)

Clerodane Skeleton Labdane Skeleton

clerodanes appear to be derived from the labdanes, VZa sequential methyl and
hydride shiftsza, which are also widespread in nature. trans-Clerodanes
alone are found in at least 21 different genera in 10 families of plants.
They occur in various levels of oxidation, for example from the simple

. 3 4
annonene* (1) to the highly oxygenated compound, splendidin (2) .

——— —

* Throughout this thesis, all structures, save for those representing natural
products and compounds derived from natural products, represent racemates.
Only that enantiomer bearing a direct relationship to the natural series
is shown for convenience. ’



Also common to clerodane compounds is the huge variety of stereo-
chemical arrangements of the various functional groups. The major distinct-
ion between different classes éf clerodanes, however, is the particular
ring junction stereochemistry of the decalin system, it being either cis
or trans fused, although there_afe even examples such as strictic acid

v 5 : ,
(3) , where the central bond is missing. Some marine organisms are also

OMe

CcoO 2Me

3) . | (a)

6
known to produce clerodane related compounds such as ilimaquinone (4) ,

There has been considerable confusionlin the literature over the ab-
solute stereochemistry of the various clerodane structures. Recently, the
absolute configuration assigned to clerodin (5)7, the first member of the
series, has been reviseds. This reassignment meant that othef structural

assignments,suchvas 19-acetylgnaphlin (6), teucrin P, (7) and isofruticolone

1

. 9
(8) (and thus fruticolone (10)), which have been shown to have the same




absolute configuration as clerodin, must now be termed neo—clerodanes8
Clerodanes, enantiomeric to clerodin, should therefore be now termed
ent-neo-clerodanes. Almost all the trans-clerodanes whose absolute con-
figuration.has been unambiguously assigned belong to the neo-clerodane
series. Uhfortunately, this new nomenclature carries with it a risk of
confusion as the neo-clerodanes appear to Be related biogenetically to
ent-labdanes, whilst the gnggggfclerddanes appear to be related biogeneti-
cally to the normai labdanesg. Use of 6-oxo c.d.lo has also led to inco-

' 11 . .
rrect assignments ~, thereby further confusing the situation.
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ThestereoStrucLures of several elongatolides and solidagolactones

. 1
(eg. 10), have also reccently been revised from trans- to cis-clerodanes

"OR

(10)

Interest in the clerodanes has been stimulated in recent years by the
. . . .o, 13 . . 14
discovery of their biological activity as insect antifeedants , and as
11 . . .15 . 16 1
antitumour ~, antimicrobial , antifungal , and anti~peptic ulcer 7 agents.
Despite their importance, however, only one successful total synthesis of

18
a clerodane, that of annonene (1), has been reported .
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SYNTHETIC APPROACHES TO THE CLERODANE DITERPENOIDS

Although many clerodanes have been known for some twenty years, it is
only recently that-chemists have become -interested in their syntﬁesis,
largely as a result of renewed interest in their biological activity. It is
propbsed to discuss the various approaches to these molecules in three parts:
(a) those which lead to ;imple clerodanes; as exemplified by annonene 1);
(b) those approaches aimed at éolving the construction of the side-chains of
the more complex polyoxygenated clerodanes, e.g. clerodine (5); and
(c) those syntheses directed towards the‘total synthesis of the polyoxygenated

clerodanes.

(a) Simple Clerodanes

'In 1974, Hadley and Halsalllg published details of a biomimetic relay
synthesis aiﬁéd at compounds such as (+) hardwickiic acid (11)20 and kola-
ven017(12)21. ‘They argued that if the clerodanes were in fact derived from
1abdaﬁes by a serieé of methyl and‘hydride shifts, then the Lewis acid

catalysed rearrangements of epoxides such as (13-15) might lead directly to

the friedo-labdane, i.e. clerodane skeleton.

OH
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0
-
(13) R = -C-Me (16)
(14) R = -CO,Me
?Ac
(15) R = CHMe

Unfortunately, because of the confusion over.the absolute configuration
of the natural products, these authors chose the epoxides (13-15), prepared
from schareol (16), as theif starting compounds. This would have led to the
~ preparation of the antipodal forms of the natural products. In the event,
however, the desired rearrangements did not take place and only'mdltiple

products were realised.

For example, on reaction with'boron trifluoride etherate, the epoxide-
(13) gave mainly (17),‘formed by initial cleavage of the epoxide ring at
either C-8 or C-9, followed by cis attack of the carbonyl group oh the
resﬁlting‘positive-carbanion; The only other significant product from this

reaction was the diketone (18).




13.

In a similar manner, recarrangement of (14) led to the formation of
(19) and (20). It is worth noting that (19) is in fact the product of a

C-10 to C-9 methyl and a C-6 to C-10 hydride shift - two of the four desired

shifts,

Finally,'the rearrangement of the C-13 epimeric epoxides (15) led to the
formation of four products (21-24) -~ the structure of one of which could not

be totally assigned, but was proposed as either (21a) or (21b). Again,

R

(212) O ew)

) e g

OAc

(21-24) R é —CHZ—Cﬂz—éH-—CH3
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some of these products arise from uscful C-10 to C-9 methyl and C~5 to C-10

hydride shifts.

Halsall encountered great difficulty in inducing the C—4 f-methyl group
in (13-15) to migrate and attributed this to an inhibiting 1,3-diaxial
interaction betwcén C-5 and C-9 that would occur in the desired products.
This observation, he considered, pdéed questions about how the C-4 methyl
group migrates to é~5 in the biogenesis of the clerodanes and suggested
that the pathway may be more complex than the simple series of methyl and

hydridé shifts proposed earlier.

Interestingly, in 1979, Tamisz2 repdrted an example of this type of
methyl shift, discovered accidentélly whilst working towards warburganal
(25)23, a dfimane type antifeedant.' He found that the epoxide (26) re-
arranged with soron trifluoride catalysis to give the alcohol (27) in 67%
yield via a C-4 to C-5 methyl shift. The expectéd.ketone (28) was not

observed. As a consequence of this rearrangement, Tanis speculated upon

CHOQH

CHO

COoR

CO5R

H CO,R

(26)
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.y 24 .
a synthesis of elongatolide A (29) , via the rearrangement of the B-epoxide

from compound (30). However, although compound (31) was prepared, further

(29) (30)

chemistry was not investigated.

COoMe | OoMe ’ Oy Me

130° Li[NH3, ol
— 38.5% 92%,
(3

The first published approach towards a total synthesis of simple

\ 25,26 '
clerodanes was that of Apgimon and Yamasaki~ '~ ., These authors suggested

that compound (32) might be a useful synthon for the preparation of clero-

' . 2 21
danes such as hardwickiic acid (11)'0, kolavenol (12) and solidagolactone

27 28
(33) . The key intermediate (34) was prepared using Saucy's method .




Thus, reaction between 2—methylcyclohexa—l,3—diohe and the hydroxy oa-f
unsaturated ketone (35), itself the product of controlled addition of
vinyl magnesium bromide to 5-methyl-5-pentanolide, gave (34) in 36% overall

yield (Scheme 1),

Scheme 1

Hydrogenétion of (34) to (36) was quantitative and moreover stereo-
specific. Subsequent reactions of (36), as preliminary studies towards
élerodéne synfhesis, were. then investigated. Thus, addition of methyl
Grignard to (36) gave the alcohols.(37), which were dehydrated, élbeit

with difficulty to (38) in 30% yieid. Hydration to (39) proéeeded in 83%

16.
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OH

©7)

yield, although the product was unfortunately a mixture of epimers at C-9.
The next step in the synthesis involved thioketalisation with ethylene-

1,2-dithiocl and boron trifluoride etherate to give (40) in 64% yield. This

(39) | (a0

reaction enabled differentiation between the C-8 ketone andba subsequent

C-13 ketone. Thus, Sarret oxidation of (40) gave the diketone equivalent
(32). Although the yield of this step, at 45%, was not optimised, the

earlier low yields and the non-stereospecific hydra;ion meant that the

yield of the desired isomer of'(32) was between 1 and 2% fér the eight

steps and, therefore, this was not a useful synthetic sequence. This approach

has since been abandonedzg.

The first reported and, so faf, the only total synthesis of a clero-

dane was that of annonene (1), published in 1979 by Kakisawals.



The starting material for this synthesis was the Wieland-Miescher
ketone which was readily converted to the acetal (41). Birch reduction
gave the trans-decalone (42), the ring junction Stereochemistry being

’ ‘ X 3
determined by comparison with known compounds O. After the addition of

i 0} (o]
(41) (a2)
cyanide to (42), the resulting cyanohydrin was dehydrated to the nitriles

(43) and (44) as a 1:1 mixture of regioisomers, in 84% overall yield from

(42). The nitrile (43) was converted to the allylic alcohol (45) in 60%

CN

18,
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yield by sequential reduction with Dibal, and sodium borohydride. Vinylation
of the alcohol (45) with ethyl vinyl ether and mercuric acetate next gave the

key intermediate (46) in 44% overall yield from (43).

.~ A

s )

Clasien rearrangement of (46) gave a mixture of aldehydes (47) and (48)

in 95% yield. The steric bulk of the axial C-5 methyl group hindered attack

CHO ‘ : L

i
t
0O

\J/
(@) | @9)

of the vinylic terminal from the « face, and so the B-formyl methyl compound
47) predominated over (48) by a ratio of 85:15. The desired aldehyde (47)
was eventually isolated in 70% yield. Reduction to alcohol (49) followed, but
hydrogenation to (50) proceeded from both sides to give a product that was
found to be a 1:1 epimeric mixture at C-8. Separation of the isomers was

not possible at this sfage, and so aﬁter reoxidation to the aldehyde, reaction

with 2-furyl lithium, followed by acetyiation and reductive removal of the
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(a9) | | (50)

acetoxyl group, the furans (51) were obtained, again as a 1l:1 C-8 epimeric

mixture in 72% yield. Separation was possible and afforded a sample of pure

8-f

51a§ - | (52)

Esm

(61la). Conversion to (52) was achie&ed in 78% yield and using the known pro-

31
cedure , (52) was eventually converted to racemic annonene.

Thus, in thirteen steps, two of which gave isomeric mixtures, a synthesis
of racemic annonene was achieved in = 3% overal yield. Although successful,
‘it is not a synthesis that could be applied to more complicated, polyoxygenated

clerodanes.

A derivative (53) of the Wieland-Miescher kefone‘was the starting point
. . ) ‘ 39 .
~for an alternative approach to clerodane systems, reported by Sarma , although
. . : . 33 o _
in this case the synthesis was directed towards avarol (54) , a marine ses-—

quiterpenoid.
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HO HO

(53) o (54)

Thus reductive alkylation of (53) gave (55) in 40% yield, the stereo-
chemistry of which was assumed. Wittig reaction of (55) then gave (56) in

- 80% yield. Catalytic hydrogenation gave a 4:1 mixture of products, the

T
(@

HO HO

(59) - 56)

major isomer of which, after separation, was thought to be (57).

HO

OH

HO HO
67) o (58)
Attempts to selectively oxidize the aromatic ring in (57) failed, and
so steps towards the synthon (58) as an intermediate in the synthesis of

avarol (54) are currently being undertaken.
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APPROACHES TO POLYOXYGENATED CLERODANES

(a) Synthesis of the oxygenated side-~chain

ot S o 0 g et ot At e e s S S e = g S Tt et e e e e e e

Three different side-chains are common to the clerodane diterpenoid
natural products, namely (i) furan (a), (ii) the butenolide (b), and

(iii) bis-hydrofuranyl systems (c¢).

(a) (b) o (e)

Tannis investigated methods of attaching a furan ring to model

compounds and succeeded in preparing perillene (59) 4 and dendrolasin (60)

in high yield from the furano Grignard‘reagent and the corresponding allylic

. X ., 36 . .
halide, in the presence of Kochi's catalyst. No further examples were,

however, reported.

//J§§V/A\ MgBr//J§;,/A\\//I:;J>
LI2CUC|4

(59)

(60)

37
Lee studied the possibility of using the Ramberg-BHckland rearran-

.

. : 3
gement as a method of introducing the y-lactone side-chain of the ajugarins 8
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However, using the sulphoxide (61), and the sulphones (62) and (63) as models,
he failed to observe the desired rearrangement products and thus the method

was abandoned.

EtSO n EtS02 H  ESO2  co.E
/ \cozet /—\COZEt COsEt

(1) | (62) - 63)

3
Similarly, Lee 7 also studied addition-elimination reactions to the

lactone (64) and alkylations of the lactones (65) and (66), but without

v ) CO5Et »
Br. . OH fi:—tEET
o7 0 . :O: :0 o) o)

(64) - (65) | (66)

success.

’

v 3 o
Together with Liotta's group, Goldsmith and Lee investigated the
possibility of using the phenylselenolactonisation of B-y unsaturated acids

as a method of generating butenolides (Scheme 2)._ However, the reaction was
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Y e o O

Scheme 2

not a general process and was not applicable to ajugarin synthesis.

' 40 .
Kojima and Kato have developed a method for the conversion of epoxides
to perhydro[ﬁ,3—b]furans as probes for the biologically active centre, as

these are common structural units for a number of natural systems. The method

involves reaction of an epoxidé with lithium di(3-furyl)cuprate, 2-furyl
4
lithium complex (67) 0, or with lithium di(3-furyl)cuprate (68)408"b

to give the furano alcohols (69). Reaction of (69) with (i) Br2 in methanol

R [\

R2C.uLti.2RLi RyCuli Ny O
'(67) .. (68) 69a) R=t-Bu
R=/ \ 69b) R=Ph

0

in the presence of potassigm acetate; (ii) hydrogen in the presence of Raney-
Nickel, and (iii) perchlorié acid, according to the method of Finch41 led
'.to the formatidn of a diastereoisomericmixture of hemiacetals (70), in high
yiéld. The product mixtﬁré couid be equilibrated to give almost all the
product with the.ﬁatural relative stereochemistry. Unfortunately, neither

(70a) nor (70b), nor simple derivatives of them, were found to be good
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O0—~—~——0
RWH
70a) R=t-Bu
*(70b) R=Ph

antifeedants against Gpodoptera litura F O% * This lack of activity, the
authors reasoned, was due to the instability of the hemiacetals. However,

these workers synthesised compound (71) via (72) in the hope that the decalin

'

moiety would confer stability oh the hemiacetal portion and, therefore,

d, e

. 40 '
improve the antifeedant activity . The synthesis of (72) is shown

OH

} dac : .6 -
k\OAc -‘\\O%<
(71) o (72)

~ schematically below.

The epoxide (72) was then converted, as before to the hémiacetal dia-
cetate (71) contaminated with a small amount of the C-11 isomer, Thus,'in
18 steps thg clerodin homologue (71) was prepéred in 6% overall yield.
Thése'authors encountered severe problems in retaining the trans-nature of
ﬁhe ring juﬁction which necessitated the replacement of protecting groups

at several stages.

When tested against 5. Lztura F, compound (71) and simple analogues

. 4
showed similar (poor) activity to that shown by the previous compounds (70) Oe.
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However, these workers still assert that the hemiacetal system is the active
centre of antifcedant activity against S. lZtura F and are currently attempt-

ing to prepare analogues of (71) that are more closely related to the natural

, 0
@ e,f .
! _
v O

1
|
. 1
COpMe COoMe

products.

/
™ e i :
C02Me

Ol
Q.O'

N
_Eﬁh_—- [::::I:ii:] ——LL—J—
1
" THPO OTHP :\g)<
: 0
. / H_
n,o » ———P———
_ ‘ | |
| P
\°><
X °
(72)
Reagents: (a) sn014/n.T.;. (b) Zn/HOAc; () NaOMe; (d) H,

: 1
10% Pd/C; (e) NaBH4,' (f) HO  OH/pTSA; (g) LAH; (h) pTSA/
80% AcOH-H,0; (i) KOH; (j) Dihydropyran/pTSA; (k) TosMIC/
. OMe ]
t-BuOK; (1) pTSA/MeOH (m) Me /pPTSA; (n) Dibal; (o) ¢3P=CH2,

(p) m-CPBA/Na,HPO,
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(b) Approaches towards the total synthesis of polyoxygenated clerodanes

T s St ot Tt SR g Ty T o ey ap S S e et T T T . e Y et o e Gt P T e T g T i e S8 s e o o et S T D b e ey b e T kGt Bt e e e B

So far, there have appeared in the literature only five different
approaches to the total synthesis of the polyoxygenated clerodanes. The
earliest reported was that of Tokoroyamaqz,Ain which'the Diels-Alder reaction
between l—vinylcyclohexene (73) and chloromethyl maleic anhydride (74) fur-
pished an adduct (75) in 72% yield which contained some of the appropriate

-functionality and stereochemistry required for clerodane synthesis.

Z ¢l
o)

(73) | (74)‘ - (75)

Most of Tokoroyama's early work in this field relates to proving the
43
structure of the adduct (75), although in a later paper , this intermediate
was used as the basis for a rather clever, if long-winded, synthesis of the

: 44
unusual perhydroazulenoid portulal (76). It is worth noting that this

OH

OH

(76)
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diterpene is itself thought to be derived vZa the rearrangement of a labdane
system, ‘as are clerodanes., Unfortunately, the method for converting (75) to

(76) cannot be applied to clerodane synthesis.

. . 4
In 1978, Goldsmith's first approach 5 to the ajugarins began along similar

40d
“lines to that used by Kojima and Kato 0d,e

discussed above., Thus, the quinone
(77) was reacted with l-hydroxymethylbutadiene, however, the initial adduct

(78) formed,under the reaction conditions, a mixture of isomeric hemiketals

(79) and (80) (Scheme 3). Despite several further synthetic transformations,

. o - 7
0 o]
. . ﬂ
= .
+ .
\ |
. COzMeo : o
) HO | HO C02Me
(7 N
OH
ﬁ "
+
|
1 O
C02Me

Scheme 3 .

it was at first found impossible to open the hemiketal rings to synfhetically
useful compounds. Instead, the initial diene was éhanged to 1—chlor§methyl—
butadiene and the corresponding adduct (81) was obtained in 79% yield.
Reduction of (Si) using zinc in gcetic acid also epimerised C-10 and catalytic
‘hydrogenation gave (82) in 88% yield. Unforﬁunately, attempted elimination

(DBN) to the exomethylene compound'failéd, furnishing instead the enol ether
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0
H
]
| | ]
I 0o : 1 O ! o
o COZR o COR ~EoaR
(81) (82) @83)
R=Me

(83). Undeterred, they returned to the mixture of isomeric hemiketals (79)
and (80) and converted them to a single ketal (84) using methanol and an acid
catalyst. Zinc in acetic acid reduction cleaved the ketal, but again a

hemiketal (85) was-isolated. However, after hydrogenation, it was possible

i A
| : ] '
. A
! “~OR ’ o
1
COLR Eogh.
(84) R=Me (85)

to trap out the hydroxyketone form by acetylation, to give (86). A recent

51 . ”
publication by Liotta gave 'details of how Goldsmith converted the decalin

AcO CO2R
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lactone (87) to the exomcthylene decalin ester (88) via alkyl oxygen fission
with PhSe_, followed by reaction with diazomethane, oxidation and selenoxide

elimination. Although no further details were given, it seems likely that

0

R=Me

®7)

(87) could have been prepared from Goldsmith's published intermediate (86)
via standard methodology. Again, this appears to be a relatively'long
synthetic approach and it is questionable as to whether or not (88) could

serve as a useful intermediate in a clerodane synthesis.

' 47
Goldsmith's second approach involved the preparation of a Robinson
annulation product (89) which, he suggested, would be a useful synthon for

clerodane synthesis. As shown in Scheme 4, straight forward chemistry

Lo
@9

furnished the bicyclic lactone (90) and annulation with ethyl vinyl ketone
gave (89) in .about 13% overall yield from the olefinic acid.  Further

transformations of (89) have not yet been reported.

0f the two remaining approaches, one was carried out in these laboratories
48 , ‘ ' '
by Jackson and Ley . Using a completely novel strategy. the acetylenic

R-oxo-ester (91) (prepared using standard methodology from 4,4-dimethyl-
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2Me ' OzMe (9 0)

. (a) KI/NaHCO,;

3 (b) LiAlH4; (c) py/ClCOzCHS; (d) CrO_;

3 (9) NaH

Scheme 4
cyclohexenone) wés thermally qyclised to'give the cis-decalin (91) in 53% over-
all yield. Reduction,.followed by hydroxyl directed epoxidatioﬁ49 and acetyl-
ation gave -the cis-epoxydiacetate (93) (71%). Simple modification of the

route provided other analogues such as (94) and (95).

H ' B
. ¢
o) . O
COoCHy CO2CH;

@) i @

|
! O
\\‘OAc

@ 69

When tested against S. littoralzZs and Heliothis virescens, compounds

(93). and (95) did not show significant activity. However, against Locusta
migratopia at 1000 ppm, the diacetate (93) produced a 72% inhibition of
feeding, while the ketone (95) was less than half as active. This result

indicates that the'epokydiacetate functionality is a necessary prerequisite
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for antifeedant -activity against L. migratoria.

The final method discussed is the continuing approach to the ajugarins
. 50 -
by de Groot and co-workers . Although their route involves many steps,
‘it is the best published route to date and should be applicable to the synthe-

sis of the natural compounds.

5
Starting with the diester (96) l, ketone protection, ester reduction, de-
hydration and deprotection, gave the ether (97) in 84% overall yield. Reduc-

tive alkylation gave the trans-decalone (98) in 70-85% yield, thereby

' !
P L)
CO2CHg .

) B

contrblling both the stereochemistry of the‘ring junction and that at C-9.
Unfortunately, the next step - addition of methyl lithium - did not proceed
as expected. Instead, deprotdnation'was a major side-reaction and a 95%
bonversion of (98) to the alcohols (99) could only be acﬁiéved by a repeated

addition, hydrolysis, addition cyéle. Dehydration then gave the olefin (100)
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in quantitative yield. The terminal olefinic bond in (100) rgacted prefer-
entially with 9-BBN, and oxidative work up, followed by acetylation, gave

the acetate (101) in 92% yield. C-6 functionality was introduced by allylic

Ac

¥, | '

(106) | | (101)

oxidation (CrO3 in acetic acid, 55% yield), and catalytic'hydrbgenation of the

intermediate proceeded stereospecifically to give (102) in 549, yield from (101).

Borohydride reduction of (102) was not stéreospecific (instead a 4:1 ratio of
equatorial to axial alcohols was obtained), but after acetylation, the desired

isomer (103) was obtained in 69% yield from (102). Thus, by this stage the

OAc

f
' 0 - | :
k{/ KC/ OAc
(102) | (103)
carbon nucleus necessary for clerodane synthesis had been assembled together

with five out of six relative chiral centres, in 12 steps, with an overall

' 52
yield of 19%. Further transformations of this system are expected
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INTRODUCTION AND INITIAL APPROACHES

The biological activity associated with a number of polyoxygenated
clerodane diterpenes such as clerodin (i) and the ajugarins (2-4) has

stimuldted considerable synthetic interest in recent years (see review).

\(O)Ac

(1) ) . Ajugarin I(2) R=Ac | (4) Ajugarin]]I
. Ajugarin ]I(S) R=H '

Despite this synthetic activity, no total synthesis of these important
compounds has'yét appeared. The initi#l apﬁroach to these molecules
de?eldped in our laboratorieslhas led to the discovery of new methods
for the construction of ring systems somevof which have beén further

developed and will be discussed later.

In overall terms, what we require in our synthetic approach are
(a) methods by which we can control the six intercdnnecting chiral
" centres of the decalin moiety, and (b) versatility such that it would be
possible to prepare related analogues So that the'biological activity can

be probed in more detail.

. Retrosynthetically, therefore, two basic routes have been considered,

39,



and are illustrated in broad outline in Scheme 1. These approaches can,

of course, be further subdivided as subsequent chemistry will show.

"y - | | - (12

. o o \Q/ R
COzoMe ' o -7
& N /éq

' | - O ©

0 | (13) |
©

(10) R=cHO

Scheme 1

10.
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It was hoped that compound (5, R = CHO) would act both as an inter-
mediate in the total syntheéis of various polyoxygenated clerodanes, and
as a relay compound .in the conversion‘of clerodin hemiacetal (14) to
ajugarin I (2), presently being attempted in these 1aboratofiesz,

Scheme 2.

Scheme 2

‘Before going on to disc¢uss the detailed synthetic steps, it should
be pointed out that in this thesis while much of the early work did not
provide a useful stratégy for clerodane synthesis, a number of interesting
and useful ?eactions were discovered. Towafds the end of the thesis,
however, a route was developed that, it is believed, can be applieq to the

‘total synthesis.

Despite gll the possible Vériations, the basic'premise of each of
the synthetic routes discussed éarlier_was that the initial function-
ality‘required in (8) or (13) could be assembled via the conjugate additioﬁ
of a suitable side-chain to a cbmﬁon enone (9). The choice of the R
group in the synthesis is importént as it must be capable of elaboration
to the various side chains. R = CHO Was therefore an obvious cénqidate

as this could, in prindiple, be. constructed stereo- and regio-specifically



by a Diels-Alder rcaction between (E)-2-methyl-2-butenal (tigaldehyde, 15)

and Danishefsky's diene (16), Scheme 3.

(10)

Scheme 3

The presence of the aldehyde moiety in this sequénce would facili-
tate the initial reaction with the'electrén rich diene; while the 2-tri-
methylsilyloxy and 4-methoxy groups on the diene are known3to be latent
enone functionalities. Simple hydrolysis of (17) would produce the
desired enone-aldehyde (10). Consequently, tigaldehyde (15) was prepgred
by pyrolising isoprene monoepoxide (18), over alumina according to the
" literature procedure4. Danishefsky's diene (16) was prepafed from

4-methoxy-3-buten-2-one (19) using an improved version of the literature

. 3
. method .

"MeO

(18) | (19)

42,
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Initial hopes that the Diels-Alder reaction would occur‘under
relatively mild conditions (for exampie, in ref;uxing toluene) were
not realised -~ this was probably dueito‘some steric interaction in
the transition state caused by the methyl groups. Attempts to use
conventional Lewis acid catalysis in the reaction led tovdeéomposition
of the diene. Eventually the desired reaction was observed when the neat
reagents Were.heatcd together in a sealed, basé-washed; Carius tube at
124°C for 14 h. 1H NMR analysis of éhé reaction mixture showed, apart
from the resonance due to excess tigaldehyde_(lS), two further aldehydic
resonances at § 9.58 and 9.50, in the ratio 5:2, After removal of all
the volatile cémponents in the mixture (primarily tigaldehyde (15) and
'4—methoxy—3—buten-2-one (19), from decbmposition of the diene), a more
complete analysis of the lﬂ NMR'and IR spectra of the residue showed that
it was coniposed of an epimeric mixture of isonmers of the required adduct
(17). The 1H NMR showed resonances at ¢ 9.58_and 9.50 (Cgp); 5.0 and
4.75 (olefinic); 4.05 and 3.55 ( SCH-OMe); and at 3.15 (0-CH,). The
rest of the spectrum was consistent with the structural assignmenf, thus
the coupling constants for‘Ha in both isomers of (17) confirmed that they
were indeed stereoisomers (causeq by "endo" and "exo' attack) and not
regioisomers, and is in accord with previous exampless.‘ The IR spectrum
vshowed aﬁsorptions at 2710, 1720, and 1660 cm—l, again consistent Qith

structure (17).

The crude mixture of silyl enol ethers (17) was hydrolysed with dilute
HCl1 and, after chromatography, gave the cyclohexenone (10) together with
small, but appreciable quantities of the cyclohexanone methyl ethers

(20).

1
The H NMR. of (10) additionally confirmed the regiochemistry of the

initial Diels-Alder reaction.



After optimisation of the reaction conditions, distillation under
high vacuum raised the yield of (10) t6 35%, together with 20% of the me-
thyl ethers (20)."The distillation residue was shown to be predominantly
 ‘4—hydroxyacet0phenone (21), formed by addition of the diene (l6) to
4-methoxy;3—bufen—2—one (19) (itself the product of diene decomposition),
and hydrolysis of the intermediate adduct (22), Schemé 4, The:methyl
ethers £20) were formed as a result of protonation on the olefinic bond
(as opposed to the methoxy group) during hydrolysis; analogous compounds
have been observed by ofher workerse. On treating the ethers (20) wi;h
pTsA iﬁ refluxing benieng, however, smooth conversion to the enone (10)
was achieved in 66% yield, Chromatography of this hydrolysate yielded,
~apart from (10), the pyranone (23) formed via (24) by the diene (16)~adding
‘acrossthe qarbényl'bond of tigaldehyde (15); Scheme 4. Although the
fyiéld of (23) was low (ca. 3% overall) its formétion at all was'conéidered
surprising in view of the normal selectivity observed when using enals
in Diels-Alder reactions7. It's formation is probably due to two

factors: firstly, the lack of steric hindrance about the carbonyl bond;

and secondly, the polarised nature of the diene, making addition.across

44,
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/ .
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Scheme 4
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the polar carbonyl bond more favourable than would normally be the case

with an unheterosubstituted diene. .

Several attempts were made to stop the decomposition of the diene
(16) to (19) and thereby supress the formation of (22) but withoﬁt

success.

It was not possible to prepare an analytically pure sample of the
enone-aldehyde (10), even after using a combination of purification
.techniques, nor could a suitable 2,4—DNP, or a dimidone derivative be
prepared. Prolonged exposure to atmospheric oxygen led to the conver-
sion of (10) to the formate ester (25) as the Baeyer~Villager product.

, : 1
Compound (25) gave characteristic resonances in the H NMR spectrum at

(25)

§ 8.00 (s, 1H), 7.10 (d, J 10 Hz, 1H), 5.90 (d, J 10 Hz, 1H), 1.50

(s, 3H), and 1.05 (d, J 7 Hz, 3H); together with absorbances in the IR

at 1720, 1678, and 1185 cm—l; and peaks in the mass spectrum at E/S‘IGS

ty, 140, 126, 123, and 122.

Having achieved a stereospecific synthesis of the enone-aldehyde
(10) inbresonable &ield (49.5% overall, based on diene), we then embarked
upon a study of the reactivity of this kéy intermediate. Initially,
attempts to protect the aldehyde moiety in (10), prior to carrying out
' conjugate additions to the enone, were considered. One obvious way of

masking the aldehyde functionality was by selective reduction to the

16,



alcohol (26).

0

(26)

8
Not surprisingly, in view of the known

@7)

)
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ability of lithium alumin-

ium hydride and sodium borohydride to reduce enones in a conjugate sense,

the use of these reagents led to the formation of the diol (28) as the

only product. The use of the more hindered reagent, di-iso-butylaluminium

hydride (Dibal) was then considered, but as shown in Tablell, even using

a variety of conditions we were still unable to achieve a high degree of

selectivity in the formation of the enone-alcohol (26).

TABLE 1. Reductions of the enone-aldehyde (10)

No. of equiv. Solvent Reaction Product distribution
of Hydride temperature %

oc (10) (26) 27

2.8 Benzene 25 0 0 . 60

2.2 " 25 0 31 33

1.4 " 10 10 25 20

1.4 " Toluene -23 20 25 0

Attempts to oxidise the allylic alcohol (27) to (26) using active

9 . .
manganese dioxide did not seem promising, and therefore this reductive
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approach to protection of the aldehyde moiety in (10) was abandoned .

From a stereochemical point of view it was interesting to note that
onlyAthe pseudo axial ring aicohol 27) (Ha, § 4.20, dddd, J 6.0, 6.0,
1.5, and 1.5 Hz, 1H) was formed during reduétion of the enone moiety.
This resul£ meant that the incoming hydride must have attacked from the
underside of the molecule and so cannot have been influenced by

- ' 10
the normal directing effect of the hydroxymethyl group

An alternative approach bia selective protection of the CHO in the
enone (l10) as the dioxalane (29) Qas then investigated. However, when the
formation of (29) was attempted. under standard conditions (ethylene
glycol, pTSA, refluxing benzene), then by following the course of the re-
action by IR, it was clear that the enone group reacted faster than the
kaldehyde unit, suggesting that (30) was formed first. Work-up eventually
gaVe predominantlyvthe di-dioxalane (31). Similarly, when attempts were
made using the dithiol (32) as a protecting group (which was known to be

11
specific for aldehydes ) the enone again reacted first, contrary to the

literature.

0/>
“~ }_0 .~ iCHO
B ¢ o
/

) @GO '<31>' (32)

It became apparent therefore that the enone-aldehyde (10) was not

~SH
SH

going to behave with the selective reactivity normally associated with
aldehydes versus enomes. Unddubtedly' this was due to steric hindrance
about the aldehyde group caused by the neighbouring methyl group. Although

this was a nuisance with respect to selective aldehyde protection, it
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meant that conjugate addition into the unprotected enone-aldehyde (10)

was a more viable proposition than had previously been thought.

As a model for the conjugate addition and also to facilitate struc-
tural proof of the products, it seemed reasonable to study the addition

of methyl cuprates, which might lead directly to (33).

~ CHO

0

6

. . 1
As described in the review, Jackson had conjugately added a pentenyl
side-chain to 4,4-dimethylcyclohexenone via the copper catalysed addition
of the Grignard reagent, and was able to trap the resultant enolate on

’ . . 12
carbon, with an acylating agent - a notoriously difficult task .

1‘§§/\v/\MgBL/CuI‘ -
2 MeOQCOCI S

o . - CO,Me O

Unfortunately, in the case of the enone-aldehyde (10), a similar
type of reaction failed despite numerous attempts. This annoying failure
meant that we had to turn to stoicheiometric cuprate reagents,which

almost invariably led to quenching on oxygen by acylating agents. For
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example, to lithiodimethyl cuprate formed from methyl 1ithium and the
capper (I) bromide-dimethyl sulphide complex, according to House'513
procedure, was added the enone—éldehyde (10) at low temperature. The
initial tan solution afforded an immediate precipitate.of bright yellow
methyl copper, indicating an instantaneous reaction. Work-up led to
isolation of a single adduct, shown. to be (33a) in 60% yield. The 1H NMR
" spectrum ofvthe_adduct (33) showed, in the methyl region, one singlet and
two distinct doublet methyl resonances - therefore the product of methyl

addition must be (33a) and not the alternative (33b). (33b) Is symmetri-

cal and would therefore showbonly‘one doublet resonance. Attempted

. .(335)

trapping of the resultant enolate in this reaction, uéing methyl chloro-

' formate, gave_the enol-carbonate (34) as the only product.' Characteristic

CHO

~

OCO,Me

(34)

of (34) and other n"on acylated products was an absorbance in the IR at
v -1 . '
1780-1760 cm . It was noted that the same "O" acylated product was for-

med irrespective of whether the cuprate was generated vZa the lithium



species or from'the‘Grignard reagent, in ether or THF solutions.

In these reactions, therefore, it was clear that the incoming methyl
group had attacked (10) from the f§ face, which of course was exactly
opposite to thé‘one we required if this process was to be evenfually trans-
lated into a clerodin (1) or ajugarin (2-4) synthesis. Thus, we would
need fo find a way,of reversing_this stereochemistry. Three possible
ways of doing this were considered. Firstly, a suitably modified side-
éhain could be allowed to attack (10) from the "wrong side'" to givé, for
example,. (35) which could then be cyclised to the giEAdeéalin (36) using
the methods of Jackéonl or Conial4. Base epimerisation should then give

the trans-decalin (37) with the desired C-6 stéreochemistry, Ocheme 5.

o o
"COpMe ‘ ' CogMe

(36) 5 - (87)

Scheme 5

Secondly, -the incoming side-chain could be allowed to attack again from
the "wrong side" and later be forced into the correct arrangement by a

second incoming group (hydride) also attacking at C-3 as in Scheme 6.

(o]
COo Me

Scheme 6



Lastly, the cnone-aldchyde (10) could be modified such that the incoming
sidefchain was forced to approach from only the 'correct' (a) face. Of

these possibilities, the epimerisation route (Scheme 5) was first inves-
tigated as we had previously shown that the B-keto-ester (38) could be

v 1
cyclised to the cis-decalin (39) in quantitative yield .

l 0 o]
COoMe _ COzMe

(38) ED)

In order to follow this avenue,therefore,we required a side-chain
that combined both a terminal acetylene unit, and a carbonyl equivalent
that would add in a 1,4 sense to the enone-aldehyde (10). 1In view of
the HMPA mediated conjugate addition of 2-lithio-1,3-dithians to enonesls,

it seemed likely that the substituted 1,3-dithian (40) would fulfil all

our criteria.

s—=— X" )
(a0)

Thus, the anion of pent—4—yn-1—ol16 was formed in THF using ethyl
magnesium bromide and quenched by the addition of two equivalents of
chlorotrimethylsilane. Mild acid hydrolysis then gave the mono-protected
acetylenic alcohol (41) in high yield. Previous authors17 had prepared

" this compound by a similar method, however, they had used ether as solvent

52,



TMS—== \/ OH ' TMS-———-___—\}Q

(1) | . (42)

. N
TMS——=—= CO2 — TMS
—/

~(a3)

and had found that a catalyst had to be used in order to facilitate the
quench. By éarrying out the-reaction in THF, the need for a catalyst

‘was avoided. PCC Oxidation18 of the alcohol (41)‘gave the aldehyde (42) in
83% yield together with a smail amount of the ester (43) formed by

formation and oxidation of the.hemiacetallg. The‘aldehyde (42) was then
converted to the dithian (40),uéing standard conditions, in almost quanti-

tative yield.

Prior to attempting any conjugative addition with this dithian, it
was important to determine exactly under which conditions it could be

deprotdnated with various élkyl lithiums. Thus, both the 2-substituted-

1,3-dithian (40) and the parent 1,3-dithian (44) were treated with methyl

S S

e\
(4)

or Efbutyl‘lithium in ether or THF at different tempefatures for different

periods of time. After quenching with D _O and work-up, the degree of

2
3 3 y V & . ‘
deuterium incorporation, and hence deprotonation,was measured from the

. : ' 1 ‘
integrals of the various resonances in the H NMR spectrum.. The results

of the various experiments are shown. in Table 2.



TABLE 2. Deprotonation of 1,3-diathians (40) and (44)

Dithian Alkyl lithium Solvent Temperature Time % D incorp.

o¢ h
44 1.4 M MeLi Et,0 0 1.0 0
"o g ' DME -10 1.0 50
" " THF -23 1.0 100
" 2.0 M t-Buli Etzo ‘—23 1.0 decomp . *
" | " " -78 1.75 100
40 1.6 M MeLi " -23 0.75 20
" " - THF -23 1.0 100
" 2.0 M tBuLi Et,0 -23 0.75 100
" " o =50 2.0 100
" " THF ~-50 2.0 decomp;*

* Decomposition of the dithian was observed.

Although conditions to form the anions were found, disappointingly
it proved impossible to add either of the dithians (40) or (44) to the
enone-aldehyde (10) in a conjugate sense. The only product that was

isolated was shown to be that of 1,2 addition, namély (45).
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This failure was again attributed to the peculiar nature of the
enone—aldehyde (10) as both the dithians (40) and (44) could be success-
fully added,in a conjugate sense, to 4,4-dimethylcyclohexepone, to give
(46). It is perhaps significant that no successful 1,4-additions of

' 20
lithiodithians to sterically hindered enones have been reported .

Since a fair amount of effort had been expended on this rpute, we
decided to attempt the addition of-the.dithian (40) via the cuprate
species, in spite of the absence‘of precedent at the time.‘ Thus, using
a similar procedure to ‘that used for lithiodimethyl cuprate, the addition
of the dithian (40) ‘to 4,4-dimethylcyclohexenone was attemﬁted and again
bled to thé formation of a small amount of the 1,4 adduct (46b). Unfor-
tunately, all attempts to raise the yield of the 1,4 adduct failed. No addi-
tion of the cuprate of (40) to (10) was also possiﬁle and therefore this

'

approach to'the‘synthesis of the trans-decalin (6) was abandoned.

. 21 : o
Other workers have since published details of the successful
cuprate induced 1,4 addition of the vinyl-substituted dithian (47)
to enones. Howevef, this appears to be a special case and as yet the

method has not proven generally useful.

The second option for reversing the C-3 sterebchemistry was then
'investigated, i.e.Ath;t of.allowing the. side-chain to éttack from the
nincofrectﬂ face, and then forcing it into the correct orientation by a
second incbming'nucleophile (hydride) again attacking at C—é;- The stra-
tegy for achieving this is shown in Scheme 7. We réasonedvthat_if we
could prepare the 3—sﬁbstituted enone (51), cbnjugate redﬁction should
result in the hydride moiety attacking from the B facé, thereby pushing
the pent-4—enyi side-chain onto the a face. The enone (51) should be
easily prepared vZa the selenophenyl substituted cyclohexanone (50) which

itself would be réadily available p{g either conjugate addition to the
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Scheme 7
selenophenyl enone (48) and subsequent trapping of the enolate with methyl
chloroformate (the selenophenyl group,. it was hoped, would help to stabilise
the endlate on carbon, as opposed.to oxygen); or vta conjugate attack into the
enone (9) followed by trapping 6f the enone with a phenylselenating agent to

-ate
give (52). Subsequent anion formation and chloroforquuench should give (50).

Obviqusly,‘the first step in this sequence was to develop a high yieldingvv

synthesis of tﬁe'Z—selenophenyl enone (49). Thus,Ausing the typical conditions
-developed by Liottazz, the enone-aldehyde (10) was reacted with 1.05 equivalents
of phenylselenium chloride and 1.2 equivalents of dry pyridiné in dry, distilled
dichloromethane, at 3500 for 5 h; under Argon. Work—ﬁp and chromatography gave
a 21% yield of the 2—selenopheny1.enone (49), together with 49% of the starting
enoﬁe (10). Subsequent attempts to raiée thé yield of (49) are summarised in
Table 3; From the Table it is apparent that as the number of equivalents of
phenylselenium chloride and pyridine was increased, the novel formation of a

second product -~ the 2-chloro-enone (54) - was noted.

- CHO.

rd
”



7.

Table . 3

: reaction conditions roduct yield
No. eq. PhSeCl No. eq. pyridine - P y L&

°c (9)  (49)  (54)
1.05 1.2 DCM/5 h/35 49 . 21 -
1.10 | DMAP/1.1 : DCM/72h/25 N.R; - -
1.05 1.2 DCHM/20h/40 N.R. - -
1.05 1.2 | TCM/5 h/60 80 10 -
1.05 2.0 TCM/24h/25 N.R. - -
1.05 . 2.0 ' TCM/24h/54 N.R. - -
1.05 1.2 DCM/24h/45 50 31 -
4.00 | 4.3 DCM/14h/40 51 45 -
6.00 6.0 - DCM/3 h/50 and - 17 6

14h/25

1.70 1.8 DCM/12h/30 80 8 -
2.00 2.0 DCM/48h/40 - 39 35
3.30 4.2 DCM/72h/35 - 55 20
DMAP : use 6f 4—§3§7dimethy1aminopyridine as base_
N.R. : no reaction 6bserved, re~isolation of starting material

TCM : chloroform

The mechanism of formation of this new product is discussed later, together
with further egamples. In spite of this unexéected byproduét; it was
possible to obfain.reasonable quantities of the desired 2-selenophenyl
enone (49) by using the appropriéte conditions and recycling the recoveréd

starting material.

Before continuing with the total synthesis, we considered it important

to prove that the C-3 group could be manipulated into the correct stereo-



chemical orientation in the manner that we had speculated upon, Therefore,

we decided to attempt to prepare (33b) via the sequence shown in Scheme 8,

Scheme 8

Unfortunately, the addition of lithiodimethyl cuprate to the enone (49) was
not tremendously successful. Although a 22% yield of the adduct (55) was
obtained (as a mixture of C-2 isoﬁers), a multitude of other compounds

was formed, including (56), (57), pdssibly (58), and a mass of other
unidentifiable products, all apparently lacking the selgnophenyl group

1 e L ‘ '
( H NMR). Attempts to 1imit the formation of these byproducts and so

PhSe
0

(57)

increase the yield of (55) by, for example, varying the reaction conditions
and the stoicheiometry of the cuprate reagent, were not successful. This

- failure to obtain an acceptable yield of the adducf (55) was found surpriéing,
especially in view of a later report23 in which other workers described

successfully carrying out such a buprate addition (and subsequently trapping



the enolate on carbon with an electrophile) in high yield. However, it is
interesting to note that these authors only used simple, unhindered enones
as starting materials. Mechanistically, the formation of the enones (56)

and (57) is difficult to explain, but they may arise as in Scheme 9.

S CHO ~ . CHO S CHO
~ - - /z
. - .
PhSe ‘ PhSe
0] o

(49) | l (s6)

Scheme 9

The low yield of adduct (55) obtained from the cuprate reaction was
not sufficient to enable usAto continue this approach easily and so we
sought a ﬁore efficient synthesis of this compound. Usingvthe mgthod of
Reich24, lithiodiméthyl cuprate was added to the enone (10) and the result-
ant regiospecific enolate was quenched by the addition‘of a mixture of
phenylselenium bromide and diphenyldiselenide. Surprisingly, this
égain led to the formation of the adduct (55) in low yield (19%), although
interestihgly, thévrafio of the isomers in (55) was now different to that -

previously observed.

59.
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In an attempt to find a better method of quenching the cuprate
enolate, we investigated the possibility of using the recently discovered

~

+
N-selenophenyl phthalimidezo (59) as a source of "PhSe ".

N-SePh

0

(59)

As a model, lithiodimethyl cuprate was added to 4,4-dimethylcyclo-
hexenone and the enolate was further reacted with QPSP (59). In this way,
it was possible to’isolate the expected 2-se1enopheny1cyclohexanone (60)
in 25% yield, together with some di-selenated adduct (61), formed in 24%

yield. Although this method showed promise, it was not at this stage

PhSe

(60) o (81)

developed further because of the need to solve other more immediate problems.

Returning to the formation of the model 3-substituted enone (56), it
was hoped that oxidatioh'and fragmentation of the resultant selenoxide (62)
would provide the enone in high yield. Unfortunately, this was not to bhe

the case. Oxidation, using mCPBA, followed by thermolysis in refluxing
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(56) | (62)

chloroform, led to the formation of the 3-methyl enone (56) in only 28% yield,
together with 16% of the 2-selenophenyl-3-methyl enone (57). Compounds
analogous to (57) have previously been observed and their formation has

been explained in terms of the selenoxide enolate (63) réacting with g
phenylselenating agent (most probaﬂly PhSeO-SePh,-produced from PhSeOH),

to give (64) which then syn-eliminated to give the observédﬁproduct'(57),

Scheme 10.

Scheme 10

Aﬂ'attempt was made, therefore, to trap the intermediate selenating
agent (PhSeX) using Qi—isopropylamine24. However, only.an 8% yield of the
desired enone (56) was then obtained, together with 7% of'the 2-seleno-
pheﬁylenone(57), and 4% and 16% respectively of fhe two isomeric esters

(65), formed via a Pummerer-type rearrangemenf and trapping of the inter-

mediate selenonium species by m-chlorobenzoic acid.
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PhSe
ol
ci
(65)

Combining the results of the two previous experiments, preparation
of the selenoxide (62) by oionolysis of the selenide (55), folléwed by
thermolysis in refluxing carbon tetrachloride in the presence of di-iso-
propylamine, should have eliminated thé.byproducts in these reactions.
Indeed,'the crude product of such a reaction was, by TLC and 1H NMR
. analysis, much cieaner thaﬁ that of the previous experiments. However,
aftér chromatography, the eﬁone (56) was again obtained in low (30%) yield.
And so, after three relatively poor steps, i.e. the formétion'of the seleno-
phenyl enone (49),‘the_conjugate addition to that enone and the selenoxide
eIiminatibn, the‘overall yield of the'3-methylsﬁbstitﬁted»enone (56) was
less than 5%. This was unacceptable and in view of other developments,
this approach to reversing the stéreochemistry of the side-chain at C-3

was abandoned.

Having tried two of‘the three proposed methods of revgrsing the
stereochemistry of the C-3 group with little success, modification of the
'enone (10) such that the incomiﬁg side-chainrattacked only irom the
”cor;eét” o  face waé attempted. Initial hoﬁgs that increasing the
steric bulk of R in:(9) would give the desired effect were not realised.
_Thus, when lithiodimethyl cuprate was added to the énone26 (66), the
incoming methyl group again attacked from the B side to give (67). By

1
high-field H NMR and TLC analysis of the crude reaction mixture no
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(66) (67)

trace of the other isomer was observed. An alternative way of sterically
~ hindering the B attack involved preparation of the dioxalane (29). (29)
Was obtéined selectively from (31) in 88% yield using the solid support

acid hydrolysis methods of Conia27. The addition of lithiodimethyl cuprate

(29) (3

to (29) again gave an adduct (68). VUnfortunafely, the methyl group resonan-

. ces in the 1H NMR were not particularly well resolved and it was necessary
to hydrolyse the dioxalane. (68) before a spectral analysis and, therefore;
the stereophemical assignmeﬁt,could Be made. The product of hydrolysis

was shown to be (33a), again the unwanted isomer.

It became apparent therefore that steric bulk on the C-4 side-chain
alone did not allow the correct stereoselective control. 1Instead, therefore,
we chlose a new group based upon the'following argument:- that is, as sulphur

containing groups are known to bind strongly with organocopper species,
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o

(68) (339

then, if the dithiolan-enone (69) could be prepared, it might react with
the cuprate firstly to form a huge and very bulky complex which would
considerably hinder the B face and, therefore, addition of a second equiv-

alent of’duprate might then attack from the desired a face.

In view of the earlier results, it was obvious that the enone (69)
"could not be prepared in a one—steﬁ process from the enone-aldehyde (10).
However, it seemed likely‘that, in a way analogous to the conversion of the
di-dioxalane (31) to the enone-dioxalane (29), it would be possible to convert

the di-dithiolan (70) to the desired enone-dithiolan (69).
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Consequently, (70) was prepared using standard methodology from
the enone-aldehyde (10) and ethane—l,z-dithiol.. The first attempts to
selectively deprotect the di-dithiolan (70) were made using the glkylative
procedure of Wang—ChangZS, which gave the enone-dithiolan (69), although

. ' 29
in only 41% yield. Attempts to use benzenescleninic anhydride (B.S.A.)

failed, as did several other standard methodsBo. However, it was eventually
found that when the crude benzene solution of (70) was vigorqusly stirred
with mercuric acetate, cadmium carbonate and water, the enone-dithiolan

(69) was fofmed in 55-607% yield froh (10). The cqncentration and solubility
‘of reagents was found to be crucial to the suécess of this particular
reaction, and when for instance mercuric chloride was used instead of
mercuric acetate, the deprotection reaction did not préceed at all well.
With (69) to hand, the'next step was to add the dimethyl cuprate. We had
argued that the lower the temperature of addition, the greater the chance

of reversing the direction of attack of the nucleophile. Consequently, the
reaction was carried out using 1.25 Qquivalents of cuprate at —7890, and
slowly warmed to -20°%C before guench and work-up in thg usuai manner,

1H NMR and TLC analysis showed that a large amount of starting enone (69)
was present in the reaction prqduct, together with‘a small amount of an

‘ adduct.. Separation gave a 61% yield of fhe starting matefial, and pleasingly,
é 27% yield of the long-sought-after adduct (71), with all tﬁe methyl groups

on the same (@) face of the molecule.

i




The high—f&eld 1H NMR spectrum of adduct (71) showed oné singlet
methyl resonance and -one doublet methyl resonance, integrating to three
and six protons respectively. At this stage, it was considered that the
sole doublet methyl rcsonance could have been due to accidental eduiv-
alence of the two methyl doublet resonances of (72). However, in the
course of optimising the reaction'conditions, it was found that if the
reaction was carried out at too high a tempefature, then a.second adduct
was formed which did, in fact, sﬁow two distinct methyl doublets in the
high field,lH NMB - (72). It was also noted that by using 2.2vequiva1ents

of cuprate a 90% yield-bf adduct (71) was obtained.

As a final check on the stereochemical assignment of (71), the 130 NMR

spectra of both adducts, (71) and the C-3 epimer (72), were obtained. As
expected,v(71) showed eight resonanées, thle compound (72) showed twelve.
Again,'the difference being due to the presence or absence of a plane of
symmetry through the molecule. The 13C assignments for (71) are shown in

Figure 1 and were confirmed by SFORD experiments.

38.19
S /
14.43
"\
~ LR 17.72
42.39— \ 64.03
21076 ~ S T 4630

(3 ﬁpm relative to TMS)
Figure 1
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Thus, by this simple modification of the enonc-aldehyde (10), it
was now possible to achieve the‘desireq asymmetric induction with
remarkable efficiency. Mechanistically, the fact that 2.2 equivalents
of cuprate are required for complete reaction of the enone‘(69), seems to
indicate that one equivalent does in fact form the supposed complex with
the dithioian moiety and completely blocks access to that B face, thus
making approach to the o face more favourable as predicted. Since.this
reaction was developed, Still has used a similar effect to control the
addition of a cuprate to u—ésymmetric aldehydes bearing B-oxygen

. 31
substituents

With the knowledge that the basic principle of stereo-electronic
control was, in fhis case at least, corfect, it was decided to investigate
whether such qontrol could be achieved if the enone-dithian (73) was used
instead of fhe dithiolan (69).. This modification would give the added
advaptage that the "Umpluong"” reactivity32_of the dithian could be eXploiteg
in the construction of, say, the y-lactone side-chain of the ajugarins

(2-4) as shown in Scheme 11.

o . |
(73) (74) (75

Scheme 11
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As before, the cnone-dithian (73) was prepared by selective de-
thioacetalisation of the di-dithian (76) which was itself prepared by the

standard method.

S S

(76)
' ' 28 N 33
0f the methods tried (Mel ~, sulphuryl chlorlde/51lica gel , and

B.S,A.zg), benzeneseleninic anhydride proved to be the best and gave (73)

in 55% yield from (76) (47% overall from the enone-aldehyde (10)).

"The addition of lithiodimethyl cuprate (2.2 eq.) was carried out,
as before, at —78°C and, after slow warming to —23°C, work-up in the usual

manner gave an adduct (77) in 85% yield. Unfortunately, the product proved

,C77a) 3-8
.(77b).3—°'~

to-be a chromatographically unseparable mixture of C-3 epimers in the ratio
2:1 and it was impossible to show definitively which isomer predominated

in the mixfure. Luckily; the adducts were solid and after‘careful recrys-
tallisation,'two distinct crystalline forms were épparent..'Manual éepa—
ration of the major cpmpongnt (prisms) showed that the méjor isomer was

in fact the undesired one (77a). As a result of this, we returned to
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using the dithiolan (69) to control the C-3 stereochemistry.

Prior to continuing the synthesis, in order to avoid wasting
valuable material, lithiodimethyl cuprate was added to the enone-dithian (73)
and again attempts to trap the resulting enolate on carboh1 using methyl
chloroformate, gave only the "O'" acylated product (78), again as a mixture

of C-3 epimers.

OCOoMe

(78)

Since all attempts to trap on carbon the regiospecific énolate result-
ing from tﬁe addition of a stoicheiometric cuprate to an enone had failed,
it was decided fo trép.the’enolgté as the silyl enol ether (for example 79)
and then ﬁse~one‘of several_methods34 to acylafe this particular ihtermediate.
Using known methodélog&, compound (fga) was prepared by the addition of the

. ' 3
cuprate derived from pent-4-enyl magnesium bromide 5 to the enone (69), and
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subsequent quench with purified (acid~free) chlorotrimethylsilane, The
assignment of C-3 stereochemistry was at this stage only tentative, but.

~ the fact that only one iéomer of (79) was formed when the reaction was
carried out at —7800, while two were formed at higher temperatures seemed
to iqdicate that the assignment was correct. _Correlations between the
positions of the resonanceé in the 1H NMR of the dithiolans (71) and (72),
the dithians (77a) and (77b), and the enol ethers (79a) and (79b) provided

further evidence for the assignment.
X

0f the methods considered for the “C" acylation of the enol-ether

36 -
(79a), that of Mukiyama 6 (Scheme 12) seemed the most promising. Thus (793a)

OTMS ' OMe

Xy _Hc(ome),
TiClg

Me

‘Scheme 12
was reacted.with triméthlerthoforﬁate, and TiCl4 in dichloromethane at —78°C<
Howéver, the acetal (80) was not formed under these conditions. instead,

a small amount of thg 2-formyl ketone (81) was isolated, together with the
major product, the unsgbstituted ketone (82). Many attempts to increase tﬁe

yield of (80) or (8l) were made, including using different Lewis acids,
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different ortho-esters, and different reaction conditions. None of these
were very successful. In some reactions, a sulphurous smell was noted.

Thus, it seems that the strong Lewis acids were probably destroying the

dithiolan moiety in some way.

In order to investigate whether or not the olefinic side-chain was
affecting the course of the readtion, it was proposed to study the prepara-

tion of (83) as a model compound. The trimethylsilyl enol ether (85) was

257/26 —
°o ] Me noneo - ] | T™MS

(83) - (89) | 9

O\H

prepared in the usual manner and reacted with trimethylorthofﬁrmate and
TiC14, as before. Pleasingly, this gave the desired acetal (84) together .
with some of the 2-formyl ketone (83) aﬁd a smalllamount-of the unsubstituted
ketone (86). Hydrolysis of this mixture gave (83) in up to 65% yield from
4,4—dimethylcycloh¢xénone. It was apparent, therefore, that the dithiolan

moiety in (79b) was indeed preventing the formation of the acetal (80).
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However, before other methods of acylation were fully investigated, reali;
sation came that welwere not going to be able to prepare the trans-decalin
‘moiety of (7) using the approach thét had initiaily been envisaged, This

became apparent‘from a detailed study of the mechanism of the selenium

mediated cyclisation reaction.
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THE SELENIUM MEDIATED CYCLISATION REACTION

With the successful preparation of the alkenyl substituted 2-formyl
ketone (83), the stage was set to attempt a cyclisation using the novel
‘selenium based methodologyl. Jackson} had previously cycliseé the B-keto
ester (87) to cis-decalin (88) using a preformed mixture of phenylselenium

chloride and silver hexafluoroantimonate, and in studies to define the scope

| come o | o

C02Me
PhSe

679 - (9

and limitations of this cyclisation reéction, several other alkenyl substitu-
ted B—keto esters and B-diketones were‘prepared37. Thus, in this thesis,
6-carboethoxy-7-oxo-octene (90) énd 4-carboethoxy-5-oxohexene (89) were
prepared from ethyl acetoacefate and the appropriate alkenyl halide, using
fhe ﬁethod of Brieger38, while the substituted dimidone (91) was'prepared.as

described by Conia39

o 0 |
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Compound (89) was then added to a cooled, preformed mixture of phenyl-
selenium chloride and silver he#afluoroantimonate in dry dichloromethane
under argon. After warming to room temperature, work up and chromatography
gave the dihydrofuran (92) in 70% yield. Similarly, compound (90) gave

the cyclopentane (93) in 81% yield as a 1:1 diastereoisomeric mixture.

0

i
¢ J\orst

PhSe
‘ / SePh

CO5Et

(92) | (93)

Obviously, the basic differehce'between these two cyclisation products is
that (92) results from exclusive attack on the intermediaté}seleniraniuﬁ

ion vZa the oxygen atom of the enolic form (oxygen cyclisation) while (93)
results from carbon cyclisationl. Under similat conditions, the B-diketone
(91) gave the carbon cyclised product:(94) in 44% yield, but wgen reacted
with a preformed mixture of phenylselenium chloride and silver hexafluoro-
phosphate, it gave 27% of the carbon cyqlised product (94) together with 30%

of the benzoxepin (95); the product of oxygen cyclisation. The structures

were assigned by a combination of spectral techniques, including high field

SePh SePh

(94) (95)
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lﬂ NMR, together with further chemical transformations . For example, (96)
.was converted to (97) using triphenyltin hydride according to the method of

4 .
Clive.o. Whether onc gets carbon or oxygen cyclisation was found to be

COoMe COaMe

(96) | (97)

dependent on the nature of the acidic catalyst used. These effects have been

1,41

.

more fully described elsewhere, together with further examples

~ More important, with respect to the synthetic approaches towards the

clerodanes, was the determination of the cis or trans nature of the ring

- junction in decalins prepared using this cyclisation procedure. As previous-
1 | ' |
ly stated, Jackson had formed the cis-decalin (88) from the f-keto ester
(87) using phenylselenium chloride and silver hexafluoroantimonate. However,

using a mixture of phenylselenium chloride and antimony pentachloride, a

different product was formed that was thought tentatively to be the desired

trans-decalin (98). Unfortunately, Jackson was not able to further prove

0
CO2Me

(08)

PhSe
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the structure of (98). Consequently, more work in this area was nceded in

order to properly determine the exact stereochemical course of the reaction,.

Thus, the 2-formyl ketone (835 was added to a cooled preformed mix-
ture of phenylselenium chloride and silver hexafluoroantimonate, as before.
Work-up gave a compound that was totally uﬁstable to silica gel chromatogra-
phy, but whose spectral properties strongl& indicated that it was the product

of oxygen cyclisation (99). For example, the H NMR spectrum showed resonances

! 0

A c¢=0
PhSe |
H

C

| (29) ‘ | (100) -

at § 8.30 (HA) and 3.95 (HB), while the IR spectrum showed characteristic

' -1 - 1,41
absorbances at 1670, 1585, and 690 cm ~ . Since it had been shown that
other oxygen cyclised compounds could be rearranged to their corresponding
- carbon cyclised counterparts using various Lewis acids, (99) was treated with
ZnClz. Unfbrtunately, the rearrangement did not proceed with any degree
of efficiency and eventually only 15% of (100) was isolated after chromato-
graphy. A tehtative stereochemical assignment of the product was made when

and H could

it was realised that the observed cbupling constant between H D

C
: s . .o 42

only be explained in terms of a four bond W-coupling 2 in the structure (100)
but could not be accommodated by a similar trans-fused compoud. Obviously,
this one spectral'observation was insufficient to fully substantiate the

structure and further chemical proof was required, which eventually led to

the formation of a derivative suitable for X-ray spectral analysis.



77 .

(100)

Reduction of (100) by lithium aluminium hydride gave a single diol product
thought to be (iOl).. The equatorial nature of the secondary OH in (101)
was proven by the size of the coupling constants (11;5 and 6.3 Hz) to the

adjacent (axial) proton H, in the 1H NMR spectrum.

A

|
'Phée/ OAc
TS “OAc

(103)

The diol (101) was found to be identical to the product obtained when
the hydroxy ester (102).(itse1f obtained by sélective borohydride reduction of
compound (88)1) was further reduced with lithium aluminium hYdridg. Since
" both the cis naturevof the ring junction and the equatorial position of the

alcohol in (102) had been pféveﬁ by a crystal structuie detetmination on a
later derivativel, only»the orienfation df the selenophenylmethyl moiety in
(101) remained to be determined. Unfortunately, high field 1H NMR did not
prove useful in this respect and so the diol (101) Qas converted to the di-
acetate (103) and an'X~ray crystallographic analysis was undertaken. The
result is shown in Figure 2 (over) together with the stereographic projection
(Figure 3, below) Note that the antipodal enantiomer to thét normally drawn

has been illustrated in order to give a clearer indication of the stereo-



Figure 2
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. Figure 3
chemistry and minimise bond and atom overlay., Notable features of the
structure include an angle of 121°-Between planes running through the two

cyclohexane rings.

Also investigated was the possibility of cyclising the silyl enol
ether (85), prepared earlier,to the decalin (104). Thus, the substrate was

added to a cooled preformed mixture of phenylselenium chloride and silver

Ha

I - Bo | o
OTMS ohSe

(85) O (os) (ee)

hexafluoroanfimonate, and after warming to room temperature and work-up in
" the nbrmallmanner,'careful chromatography-gave the decalin (104) although in
only 17% yield, together with the uncyclised alkenyl substitufed cyclohexanone
(86), in BO%Iyield. bespite the low yield of (104), the relative stereo-
chemistry coﬁld, in theory, be defined simply by measuring the coupling
’constants HA—HB and H -H_ in the 1H NMR spectrum. Unfortunately, even at

B C

1 ' .
250 MHz, the H NMR spectrum of this compound was too complex to analyse
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completely, and so the stereochemical assignment of (109) was not possible
.at this stage. Consequently, (104) was deselenated to the trimethyl decalin

. 4
(105) using triphenyltin hydride in the usual manner 0. As described later

! 0
TMS

CONEE. (799

~ (see Appendix), the relative stereochemistry of (105) and hence (104) was
determined by extensive use of 400 MHz and 250 MHz lH NMR spectroscopy.

Attempts to cyclise the silyl enol ether (79a) were unsuccessful.

Mechanistically, it is intriguing that only one isomer of each of the
corresponding decélins is ever produced in these cyclisation reactions and
this has been shown to be consistehfly the cis-fused ring system. The
nominélly more stable trans-decalins wefe never observed. When phenylselenium
chloride was added to compound. (83), compound (106) Qas obtained, thus showing
that the seleﬁating species’preferéntially attacks the olefinic bond rather .

than the B-~dicarbonyl moiety.
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The stercochemical outcome of the reaction can best be explained in
terms of a transition-state,in which, initially the énol form of the B—
carbonyl cyclohexanone ring sits such that the alkenyl side-chain adopts
an equatorial position. After formation of the seleniranium ion, attack
occurs vid the nucleophilic central carbon atom of the B-kéto ester system
(Figure 4). The new bond which develops therefore is axial to the original

cyclohexanone ring and, in so doing, causes the selenophenyl methyl unit to

Figure 4

adopt'an equaforial position. This is in accord with other literature

43
examples

If this mechanism is indeed correct, then the likelyhood of obtaining
a trans-decalin (98) merely by changing the cdunter ion seems remote.
‘Consequently, we abandoned the approéch,of using the selenium'ﬁediated
- cyclisation reaction as a method of forming the trans-fused decalin system

of the clerodanes such as clerodin (1) and the ajugarins (2-4).

However,‘theré are numerous cis-fused clerodanes, such as the furan
44
(107) ', and therefore, before we returned to the original synthesis,
we investigated whether or not we could in fact develop an approach to these

cis-clerodanes using the selenium methodology.
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(to7)

As described previously, it had not been possible to acylate the regio—
' - 36 L
specific enol ether (79a) using Mukiyama's method ~. Similarly, attempts to

remove the silyl group with tertiary butyl ammonium fluoride, and then quench

T™MS

.(793)

the resultant enolate with an acylating agent, were not successful.

In view .of developments in the selenium cyclisation reaction, made by

2

other workers in tﬁése }abofatories 1 whereby cpﬁpounds such as (108), with
a selénophenyl moiety positioned between the ketone and ester functions, were
rearranged to the decalin (109), using a mild Lewis acid catalyst, similar
reaction with (110) might also be possible. Obviously, the preparation of
‘(110) would réquire regiospecific acylation of the 2-selenophenyl ketone (111).
Attempts tovprgpare (111) by the addition of pent-4-enyl cuprate to the enone-

dithiolan (69), followed by quenching of the resultant enolate with a mixture

o 24 .
of phenylselenium bromide and diphenyldiselenide failed. Similarly, attempts
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to use NPSP (59) to trap the enolate also failed. Presumably, this was due
to the large excess of cuprate present which was neccessary in order to get
the 1,4-addition to proéeed in high yield. The only recognisable products

obtained from the reaction were the alkenyl substituted ketome (82) and the’

pentenyl phenyl selenide (112).

s/> - ,
~ ~ § "‘ )
q o /\/\/Seph

(82) (112)

In one final atfempt to prepare the selenide (111), use was made of
a procedure developed by Simpkins45, in these laborafories.which involved
converting trimethylsilyl enol étﬁers‘into the éorresponding‘2—se1enopheny1
ketones, using ﬁ?SPF(SQ) together with a trace of a Lewis acid catalyst.

Thus, similarly with (79a) the reaction appeared to proceed with some degree
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oTMS
0
SePh
BN NPSP :

of success, providing a crude reaction mixture whose spectral and TLC pro-
perties were ig accord with those expected for compound (1115. Unfortunately,
the product was unstable both on standing and to silica gel chromatography.
Attempts to geﬁerate and subsequently acylate the enolate of the crude reac-
tion mixture were unsuccéssfui. This route too was theréfore abandoned in

favour of more important work.
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'PREPARATION OF A TRANS-DECALIN WITH POTENTIAL INSECT ANTIFEEDING

PROPERTIES

Haviné arfivediat a conclusion as to why the selenium mediated cycli;
sation reaction gave rise to only cis-decalins, a new strategy for the
producfion of thé desired ﬁgggg ring junction was therefore required. From car-
licer results it was thought likely that if the decalin moiety was already intact
thén quenching,of’the bridgehead enolate, such as (113), might occur in an

axial direction to the desired trans-decalin (114). An obvious entry to

o ()

enolates of the type (113) would be via the conjugate addition of cuprates to
an enone such as (115), as speculated on in the earlier retrosynthetic dis-

cussion. The incoming cuprate WOuld, of course, have to be capable of

(115)

elaboration to an exomethylene moiety at a later stage. 1In order that this
new strategy would best fit the desired clerodane synthesis, the enolate

so formed by the cuprate addition would best be trapped by a formaldehyde
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equivalent, thus leading to a hydroxy methylene unit which could then be
readily modified. To test this stratergy, the synthesis of the model com-

pound (118), via the route shown in Scheme 13 was proposed.

() — —
0 ' o

(116) |

P - ’

) : ‘ 6Ac

R \OH Ac
(117) - (1)

Scheme 13

The decalin-enone (116) was prepafed from 4,4-dimethylcyclohexenone
4
using standard methodology 5, and after addition of lithiodimethyl cuprate,
fqllowed by proton quench,at last gave a yrans—decalin‘(lle) in about 60%

yield. 1In contrast to the cis-decalin (105), the 250 MHz 1H NMR spectrum

(119) . | (105)
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of (119) was readily interpre?able and the cbupling constants to HA (12,0 and
4.0 Hz) provided strong eQidence for the relative stereochemistry as shown1
The axial nature of the secondary methyl.group is in accord with previous
examples46. Also, upon quenching the enolate with methjl chloroformate

(in ether), the "C"-acylated (3352§ ?) decalin (120) was obtained in 55%

45 : .
yield . However, addition of vinyl magnesium cuprate to (116), followed by

0
CO2Me

(120)

a chloroformate quench gave a product which was clearly thaf obtained by acy-
latioh on oxygen, i.e. cﬁmpound (122). The trans compound £121) that we had
hoped to form in this reaction Was not obse;ved. In view of previous results1
‘that suggested that there was a delicate balance between "O" and "C"—acylation
and that it cquld be tipped in favour of quench on oxygen by the presence of
THF, it was thought that the.small amount of this solvent present from the
preparation of the vinyl Grignard reagent, had éaused this dramatic change in
reactiQity. If this was indeed the case, then by‘using vinyl lithium in

diethyl ether with which to prepare the cuprate, reversal of the reactivity

0 |
COyMe COyMe

(129) .‘ ..@2®
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might result and thus give the desired keto-ester (121).

4 . .
Seebach 7 had previously prepared vinyl lithium in THF by transmetalation
of vinyl bromide using t-butyl lithiumat —12000, but he had not attempted to
prepare it in diethyl ether. Thus, it was necessary to develop suitable

conditions ourselves,

Br ' Li
‘/ 2 t-BulLi r
' 120°C I -

Different molar amounts of 1.4 M t-butyl lithium were theréfore added to vinyl
bromide in diethyl ether at —1200C. After varying léengths of/time, the reac-
tion was quenched by the addition of excess 4,4~dimethyl¢yciohexénone as the
electrophile (benzyl bromide was also tried but was.not particularly effective).
From the amount of cafbinol (123) obtained after work—up; fhe yield of vinyl
lithium formed in the first place was determined (assuming complete. reaction

with the enone and thét there was no enolisation). After suitable conditions

HO |

(123)

had been found, the decalin enone (116) was then added to lithiodivinylicuprate
and the resultant regiospecific enolate in ether was trapped with.methyl
chloroformate. The product of this reaction was again that of oxygen acylation

. (122).

4 .
The use of Stork's methodology 8,‘whereby a silyl enol ether is

reacted with methyl lithium to regenerate the lithium enolate was then attempted.
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T™S

(1.24)

Thus, the silyl enol ether (124) was prepared in the usual manner and reacted
with methyl lithium, in ether at OOC until TLC indicated that the formation
of the enolate was complete (i.e. by the absence of starting material).

Quenching of the so formed enolate gave,not too surprisingly, the O-quenched

material (122) again.

Attemhted reaction of the TMS enol ether (124) with trimethylorthoform-
ate in the presence of TiCl4 fajiled to yield any (125), giving instead only

the ketone (126). Other workers have since shown that reaction of (127) with

: "
Me Me
(125) o (126)

1,3-dithienium fluoroborate (128) gave a cis-fused decalone (129) as the sole

4
product 9.

S\ +./S
NS~
- o]

OoTMS L\\//J

(127)  (128) (129
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At this point, it was obvious that the enolate would have to be quen-
ched by formaldehyde if reaction on carbon was going to occur. The use of
paraformaldehyde together with Lewis acids was not successfui._However, using
an ethercal solution of formaldehyde formed by passing gaseous formaldehyde
into dry ether (or THF) (see experimental), the long-soughp—after reaction
could be.achieved. Thus, addition of this formaldehyde solution to the enolate
resulted in the formation of‘the Eggggfvinyl'hydfoxymethyl decalone (130) in
63% yield (Scheme 14), together with a small amount (3 5%) & another (cis ?)
isomer. The relative stereochemistry of tﬁe functidnal groups in (130) was

proven later. With the successful preparation of the hydroxymethyl ketone

| 0 [T/CuMgBr

_@ HCHO

\

e | (139

OH

Scheme 14

- (130), it was only a matter of simple functional group manipuiation before the
synthesié of  the trans-epoxydiacetate model (118) was realised. Consequently,
the first step in the sequence was the stereospecific reduction of the keto-

alcohol (130). Sodium borohydride reduction gave a 1:1 mixture of the epimeric
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I |
R
“oH

(139) | (132)

diols (131) and (132) as shown 5y the coupling constants in the 1H NMR spectrum
for the protons Ha and He (Ha, dd, J 11.6, 3.3 Hz; 'He’ dd, J 3.0 and 3,0 Hz).
This result was regarded as further evidence for the trans-nature of the ring
junction as reduction of the Eig-de;alins (98 ) and (100) had led to the

formation of only one isomer.

It wa#,argued that if the steric bulk of the hydroxymethyl group was
inqreased then hydride attack would be more 1ike1§ to occur from the correct
side to give only the equatoriai alcohol (131). Thus, reactibn of the alcohol
(130) with t-butyldiphenylsilyl chloride, and imidazole in DMF, gave the silyl

ether (133) in 98% yield. Attempted reduction of (133) with the hindered

0
\ogr:—}—
Ph

(133)

50 .
reagent K-selectride failed to give any reaction. Similarly, sodium boro-
hydride also failed to reducéA(l33). Lithium aluminium hydride, however, was
successful giving the deprotected diol (131) directly on work-up in 63% yield

(methods of improving this stereospecific reduction are currently being
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investigated). Protection of the diol (131) as the acetonide (134) was achieved
in almost quantitative yield using 2,2-~dimecthoxypropane and ozonlysis followed
by reductive work-up with borohydride gave the alcohol (135) in 86% overall

yield. Reaction of (135) with NPSP (59) and tri-n-butylphosphine according to

~
I p ol
X RN
(134) (135)

) S5
the method of Grieco and Nicolaou lafforded smooth conversion to the selenide

. v . 1
(136) in 89% yield. It was at this point that the high field "H NMR spectrum

'Holé
PhSe k\oy<

Hg Ha

(136). |

of (136) confirmed the original stereochemical assignment‘of the vinyl group

in (130) as axial. 1In the selenide (136), the proton H, alpha to selenium

A
shows three coupling constants - one geminal (to HB)‘of 11.8 Hz; one vicinal
42 . :
(to HC) of 3.4 Hz; and one W-type (to HD) of 1.7 Hz. This W-coupling can

only occur if the selenophenylmethyl moiety [and hence the vinyl group -in

‘(130)] is an axial orientation.

The selenide (136) was converted to the selenoxide using ozone at -7800
in dichloromethane in the usual way; and thermolysis in refiﬁxing carbon

tetrachloride in the presence of di—isbprppylamine, gave the exo-methylene
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Ko i

(137) - (138)

acetonide (137) in 86% yield. Removal of the diol protecting group using
trifluoroacetic acid proceedéd in 89% yield to give the trans-exomethylene

diol (138).

1 .
Jackson  had previously converted the cis-exomethylene diol (139) to
the cis~epoxydiacetate (140) using the hydroxyl directed .epoxydation reagent
52 - .
of Sharpless (VO(acac)z/E—BuOOH), followed by acetylation in a one-pot

procedure. Thus; in a similar fashioh, the diol (138) was converted to the

] Y
1 ’ I

OH OAc
\OH o “NoAc

(139) | (140) | |

trans-epoxydiacetate (118) via (141) in 52% yield, so completing the synthesis

of this model decalin,

OAc .

- (118)
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Suitable crystals of (118) for X-ray analysis could not be obtained.

-4

However, the high field 1H NMR spectrum, together with decoupling, and detailed

nOe53 experiments, complectely confirmed the structural assignment.

" Firstly, a comparison was made between the relevant portions in the
1
250 MHz "H NMR spectrum of the epoxy-diacetate (118) with the natural product

ajugarin I (2) (see figure 5).

| 4.70(dd,10&6)
d H LH |Ac
2.23(d8) *‘\p\/ 4.85(d,12)

301 (dd,482) 4.37 (d,12)

(ng)

4.70(dd,11&5)

o 1 6
2.22(4.4) HHOAC 4 88(d,12)
< TS H H OAc . :
2.99(dd,4 &2) -/ ~— 4.36(d,12)

(2

. 1 ,
Figure 5: A comparison of H NMR data between the model compound
(118) and Ajugariﬁ I (2). Chemical shifts in ppm, relative to TMS,

(d =doublet, coupling constants in Hertz).

The proton -assignment of the primary acetate follows from the existance(and
removal by decoupling) of a small W-coupling (2 3 Hz) to the proton adjacent
to the secondary acetate. As is clear from Figure 5, the data of the two

compounds are almost identical in the relevant spectral regions.



Several nOc difference spectra (nOeds) for compound (118) were obtained
"and are shown in spectra (la, b, and c). It is now proposed to discussg these

spectra in some detail.

Spectrum (la) shows, in ascending order, apart from the normal high
field 1H spectrum (plotted with a twenty fold scaling factor), the nOeds

obtained when the resonances at § 4.88, 4.70 and 4.36 respectively (HD, HC and

HE respectively, Figure 6) are pre-irradiated.- Spectra (la, i)'and (la, iii)

show an effect between the protons on the primary acetate group and very little

else apart from one minor effectfto the axial methyl group from HD

Spectrum (ia, ii) however, s@ows a large effect (7%) to the near epoxide

proton H_ (Fig. 6) at § 2.99, which itself then induces a secondary nOe in it's

B
neighbour, HA,'at § 2.22‘which cohséquently appears as a negative effect (it
should be noted that the percentage nOe observed in FT type éxperimenfs need
not be the‘same as that observed using conyentional CW techniques). As yet,
there appears té be no published examples of such an effect, probably because
- it will only occur in certain special cases and, if and when it does, because

of it's low intensity, it's occurrence is only revealed by the difference

technique with it's inherent improved sensitivity,.

Spectrum (1lb, i) shows the nOeds obtained when the resonance at § 2.99
(the epoxide proton HB’ Fig. 7) is partially saturated. Substantial effects

. are apparent both to the adjacent epoxide proton (HA, Fig. 8, 17%) resonating



96 .

at 6 2.22 and to the axial proton NI (Fig. 7, 14%)at § 4.70.

C
H Ho Y
A B He
OF
OAc
OAc
Figure 7

The appareht ”roofingﬁ effect on the resonance at § 2.22 (HAj is due to
a combination of the nOe.(through space) and an INDOR, through bond (see the
Appendix) effect; Spectrum (1lb, ii) shows the effect obtained when the proton
HA (Fig. 8) at § 2.22 ié pre-irradiated. This leads to a large effeét (15%)
to the adjacent epoxide proton (HB)(althodgh complicated by a smaller INDOR
effect) which then induces a secondary '"negative" nOe in the axial proton HC
at § 4.70. HA Also ipduces.a‘nOe kégain complicated by INDOR effects) to HF

at § 1.05. However,'the pre~irradiating frequenéy, nominally at § 2.22,also

partially saturated a resonance at § 2.12,which had previously been shown,

Figure 8
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H_, Then induces a nOe

by decoupling HB,to,bc‘due to the W-coupled proton HG. G

to it's nearest neighbours, namely HE and HF.

Spectrum (lc) shows the effects of pre-irradiating the methyl groups.
The equatorial group (Spec. 1lc,i) does notlinduce any effect in the low field
portion of the spectrum (althoughnit does cause some minor and undecipherable
effects to the high field, ring pfoton, resonances. Pre-irradiation of the
axial methyl g;oup (lc, iis on the other hand, causes nOe to thé HD on the pri-
mary acetate (Fig. 9) together with smalier effects to Hé (Fig. 10) and to

the high field, ring proton, resonances.

Figure 9

From these results, together with the comparison of chemical shifts
(Fig. 5), ‘the structural assignmentAof (118) is on firm.ground. An X-ray
crystallographic structure determination of the epoxide (143), prepared by
m-CPBA oxidafion of the vinyldiacetate (142)45 has since provided proof of

many of the relative structural assignments made earlier.

(142) | : (143)
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With the trans-cpoxydiacetate (118) to hand, it's biological activity
was im.restigatcdsll. At 1000 ppm against Locusta Imigr'ator'ia, a 95% inhibition
of feeding was observed. For comparison, the cis-epoxydiacetate (140) and
clerodin hemiaceﬁal (14) were aiso tgsted. Compound (140). showed a 70%
inhibition at 1000 ppm,vwhile the natural product (14) induced a ﬁotal éessa—
tion of feeding.(IOO%). However, more importantly, on testing (118) at 100 ppm
oﬁe still observed a 70% inhibition of feeding which compared very favourably
to the natural product (82%). The gi§;epoxydiacetafe (140) at 100 ppm was
totally inactive. When one considers that the ﬁodel compound (118) is a
racemic mixture, and that it is likely that only one enantiomer is biologically
active, the activity-shdwn is very significant. Several further analogues of

.45
(118) are currently being prepared and will be tested at a later date.
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ATTEMPTS TO PREPARE A C-5 FUNCTIONALISED TRANS-EPOXYDIACETATE

Having successfully prepared the model compound (118), approaches to
the total synthesis of the natural products (1-4) wefe then investigated.
.In the model gystem, fhe crucial intermediate (116) had been prepared by the
aldol cyclisa%ion of compound (144) which had itself been prebared by ozo-

4
nolysis of the alkenyl substituted cyclohexanone (86) 5. ‘Obviously such a

' é o) : ;I _‘0 ’ o)
- (144) (86) (11 6)

' procedure would be impossible for the natural product using (79a) as the start-

iﬁg compound owing to complication by overoxidation of sulphur. Thus an

(0] 0

(79) | (1453) 3
| (1451) 38

alternative route for the preparation of the keto-aldehyde (145a) was ?equifed,
Two possible ways 6T'approaching this problem were considered. Firstly, a
side—chain couldibe added to the enone~dithiolan (69) which was already at

the oxidation state of aldehyde, i.e. an acetal. Or, secondly, a protected
alcohol could be used and later.qxidised to the aldehyde without affecting

 the dithiolan. Of the two, the former appeared to be the most attractive way.
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o

OMgClI

X

(146a) x=Cl ‘ (147)
- (146b) x=Br ‘

The required synthon fpr this approach was therefore the dioxalane (146).
The chloride (146a) is known and has been used in similar trans;formations55
Howgver, both the Grignard reagent and the lithio derivative are difficult to
prepare55 and are known fo rearrange on heating (4500)to give (147). To avoid
such side reactions, the bromide (146b) seemed more appropriate. 4-Bromo-
pent-l-ene was ozonolysed fo the‘aldehyde (148) which was immediately protected
in the normal manner using ethyléne glycol and a trace of pTSA in fefluxing
benzene. The Grignard reagent of (146b) was readily prepared.in THF (attempts
in ether failed) at 3000. The defived éuprate from this Grignard reagent was
first added to 4,4-dimethy1cyclohexen6ne, as a model compound,‘which gave the
éxpected producf (149), in 62% yield. A one-pot acid éatalyséd hydrolysis and
aldol‘condensation was then attempted using Helquist's methodse. In'thé caées
of 5,5 and 6,5 ring systems, this has been shown to be quite successful.

However, in this (6,6) example, the aldol reaction did not occur and only the

, g o o
B8r

| (1 48)k ~ (149)
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known40 keto-aldehyde (144) was isolated. Having shown that the cuprate
derived from (146b) was in fact useful, attempts to add it stereospecifically

to the enone-dithiolan (69) were then made. Earlier, it had been found that

(69) - o (150a) 3
(150b) 38

these cuprate reactions were best carried out by mixing at —780C and allowing
to warm slowly. However, in this example, an immediate colour change was
obsérved (purple to yellow) indicating that the cuprate reacted instant-
taneously. On work-up, thé adduct (1350) was isolated as a mixture of isomersg,
chromatographic séparation of’which%was not possible. Simiiarly, separation
after hydrolysis to fhe aldehydes (145) was also not possible. By comparison
lwith earliér exambles, it wasyConclUded that the majof isomer was in fact the

desired one, i.e. (145a), in a ratio of 7:3 with the minor one (145b).

In viéw gf the previous stereospecific addition of bofh meth&l and
pent-4-enyl groups to the enone-dithiolan (69), this result was surprising
but might be explained in terms of the épparentenhanced reactivity of thisk
particular cuprate, or that ifbfailed to complex first with the dithiolén
moiety. Consequently, attempts were made to slow down the 1,4—addition’
procéss by carryingvout the reacfion at lower temperatures.- However, even
‘down to —125°C (where the reaction mixture began to freeze), the reaction
abpeared to occur instantaneously (colour change) and a mixture of isomers

of (150) in the ratio 7:3 was again obtained.
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As an alternative, therefore, fhe sccond approach discussed carlier
was attempted. A suitable sidefchain derivative was thought to be the

t-butyldimethylsilyl protected 4-bromobutan~l-ol (151). Thus the alcohol
Br Br

| osli—|- o
(151) (152)

(152) was prepared by ozonolysis of l-bromopent-4-ene, tollowed by reductive
(sodiﬁm borohydride) work-up. Protection was achieved in thé normal manner
using t-butyldimethylsilyl (E;BDMS) chlofide and imidazolevin DMF57. After
férmgtion of the Grignard reagent of (151) and subsequently the cuprate, as

before, addition of the enoheadithiolan (69) gave a product (153) which was

apparently a 50:50 mixture of 3a and 38 epimers. Lack of time prevented

- (153)

further investigation of this reaction. It does seem, however, that there are
more subtle factors operating in the control of the direction of attack.of
cuprate nucleophiles on the ehone—dithiolan (69) than were originally
supposed. Further work, in progress in these iabofatories, is being carried

out in order to elucidate these reactions in more detail.

These results conclude the efforts made in attempts to develop a total
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synthesis of the polyoxygcﬁated clerodanes. Although not successful to date,
it seems likely that given time, the present approqch will be adaptable to

a total synthesis. The preparation and biological testing of the model
cqmpound (118), together with analogues may be a significant contribution

to defining the mode of action and usefulness of the élerodane type anti-~

feedants.
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ATTEMPTS TO PREPARE A VINYLSILANE SIDE-CHAIN PRECURSOR FOR A

NOVEL CYCLISATION PROCEDURE

Towards the beginning of the project, an alternative idea for a novel
cyclisation procedure based upon an intramolecular Peterson olefination,

outlined in Scheme 15, was conceived.

™S
N\

0
COoMe

\ A\
LA ,
R _—m———
\ A
™S 0 0
5 CO,Me COoMe
- .

Scheme 15

The method would have the advantage that an exo-methylene group
(required in our strategy for an approach towards the synthesis of clerodane

diterpenes) would be simultaneously introduced.

Taking account of the need to be able to gdd the requisite functionali-
sed side-chain to an enone vZa the cuprate species,‘the.ideal side-chain
precursor seemed to be the bromo—§inylsilane (154). oOf the methods for the
prepéfation of vinylsilénés, it appeared that only one would give us the

required regiochemistry, Z.e. that vZq the vinyl lithium species derived by
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Br

TMS

(154)

. . 5 8 N
Shapiro reaction of the tosylhydrazone ., The retrosynthetic scheme to (154)
envisaged'is shown in Scheme 16, leading to the starting material, 5-hydroxy-

pentan-2-one (155). Initially, it was thought likely that the derived

Br

TMS MS Li

(154)

X : OH -

NNTs
H

(155)

Scheme 16

hydroxy-tosylhydrazone (156) would, on reaction with a suitable alkyl lithium,
" give the trianion (157), which would decompose to the alkoxy vinyi.dianion
(158),.and give after chlorosilane quench, the disilylated compound (159)
Mild acid hydroiysis would then give the alcohol (160) which could easily

be transformed into the desired bromo-vinylsilane (154).
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OTMS OH

%G G

NNTs NNTs

(156) (157) (158) (159) (160)

Thus, the hydroxy-tosylhydrazine (156) wasAprepared in high yield
from the hydroxy-ketone (155), using tosylhydrazine and an acid catalyst
'in methanol. Unfortunately, when using the conditions of Paquette58b (1.6 M
p-butyl lithium, TMEDA, QSOOC), the trianion (157) was not formed and when
vthe experiment was carried to completion, none of the desired products
.(159) or (160) could be isolated. Repeating the experiment using a more

concentrated solution of n-butyl 1lithium (6M) or t-butyl lithium, under

different conditions and in different solvents,did not lead t9 any success.

There are two possible explanations for this failure. Firstly, the
,insoluoility of the tosylhydrazone (156) in the various solveots could lead
to difficulty in forming the anion. Secondly, the occurrence of an unusual
side-reaction, as described. by Adlington59 couid lead to problems.  While
this work was in progress, Adiington found that the 6—hydroxy—2,4,6-tri—i§2:
pfopylbenzenesulphonyl hydrazone derived from ofbenZyl—eribfuranose (16;)
decomposed v7a intramolecular attack of the hydrosyl function at the imine
carbon atom, to give on work up, the ribofuranoléctone (162) . Therefore,

it is possible that if the dianion (163) preceeding the trianion (157) was
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in fact formed, then it could rapidly cyclise leading to the formation of
furano-type compounds. This reaction seems only to occur for §-hydroxy-

sulphonylhydrazones.

o _ .
N=N
(ﬁ:N—Ts :
=N

(163)

Two possible methods of avoiding this reaction were investigated.
Firstly, the 2,4,G—tri—ifgfpropy1benzenesulbhonylhydrazone of the hydroxy-
ketone (155j was prepared in.dry ether using a pTSA resin as catalystsg. This
was followed by rapid azeotfopic removal'of’water and’the crude hydrazone was
then diséolved in dry dimethoxyethane‘and cooled to -7800. After the addition
of 3.5 equivalents of n-butyl lithium, ‘the mixture was warmed to OOC over 2 h
so forming the alkoxy vinyl dianion (158) and then recooled to -7800. Quen-
ching with dry acetone and work up followed.by careful column chromatography

gave a small amount (21%) of the expected diol (164). Using this method then,

OH

(164)
the yield of the alkoxy vinyl anion was not particularly good and, realistically,
"the reaction was therefore useless as an early step in a large éynthetic scheme . -

Protection of the hydroxyl function was therefore considered necessary.

The protecting group obviously had to be stable to extremély strong basic énd
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60 61
nuclcophilic conditions and, of the methods considered, the THP , MEM , or

57 .
t-BDMS ethers seemed most appropriate. As the hydroxy-ketone (155) exists

in equilibrium with it's ketnl farm (165), conversion to the tosvlhydrazone

OH
== 0
OH
o
(155) o (165)

nad to be carried out prior to protection of the alcohol. Unfortunately,

the conditions required to form the THP ether resulted in pérfial decomposition
(hydrolysis) of the hydrazone and a complex mixtuxe was the result. Similarly,
reaction of the hydroxy-hydrazone (156) wigh either MEM chioride and Hunig's
base61 or the.preformed salt of triethylamine and MEM chloride, led to par-
'tial decomposition of the hydrazone, and the subsequent isolation of a complex

reaction mixture.

Finally, t-BDMS chloride and imidazole in DMF were tried. This resulted
inrthe formation of the silyl ether (166) in high yield, as a 1:1 mixture of
isomers. However, in view of other chemistry that was prdgressing at this time,

the route from (166) to (167) was not investigated further.

:+

xNTs

(1e6) (87
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THE PREPARATION OF 2-HALO ENONES AND ENALS

The early observation that, on reaction of the enone-aldehyde (10) with
several equivalents of phenylselenium chloride and pyridine, formation of the
2-chloro-enone (54) occurred, in addition to the expected 2-selenophenyl enone

(49), prompted a further investigation of this novel process. Firétly, in

~. 4CHO N CHO < CHO
/‘ ‘\ f’ . P z‘
Cl " PhSe
o] o) o]

(10 (54) | (a9)

order to see whether this was a general reaction, the experiment was repeated
using 4,4-dimethy1cyclohexenone in place of (10). Thus, the enone was added
to two molar equivalents of phenylselenium chloride and pyridine in dry di-
chloromethane, gnder argon, at room tempgrature. After 48 h, work up gave a
mixture in a 2:1 ratio of the 2-chloro—en6ne(168)vand the 2-selenophenyl enone
(169) in highbyield. This mixture was subsequently added to a solution of
more phenylseleniﬁm chloride/ﬁyridine and resulted ;n anQersion to a single

product shown to be the 2-chloro-enone (168) in 95% yield. Obviously, the 2-chloro

Cl " PhSe

{168) - (169)
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enone was formed via  the 2-selenophenyl enone as intermediate and the only

byproduét isolated was diphenyldiselenide, isolated in 91% yield.

Liotta22 suggests that the formation of -the 2-selenophenyl enones from
enones with the phenylselenating agent is caﬁsed by the Michael addition of
pyridine to the enonc, followed by alpha-selenation of the resulting enolate
and subsequent loss of both pyridine and a proton. Howevef, given that
secondary amines are known to react with PhSeBr, PhSeCl, or PhSeOH to give
N,N-dialkyl bénzeneselenamidest, we believe that pyridiﬁe and phenylselenium
chloride react to form a complex (170) which then acts as an electrophilic

selenating égent.

@

Ny e

SePh

(170)

On adding pyridine to phenylselenium chloride in dichloromethane, there
is an obvious change in colour (dark red to pale orange) and heat is evolved.

The mechanism shown in Scheme 17, therefore, seems much more likely.

In order to extend the 'scope of the reac?ion, a variety of enonés and
enals were reacted‘with phenylselenium chloride and pyridinev- the results of
which are shown in Table 4. The broduéts (171-5) were identified by their
spectral data, their melting péints dnd, where necessary, by qonversion to
a suitable derivative. As can be seen, the reaction generally gives high

yields, however, the more hinderéd the enone, the slower the reaction.
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_— SePh
+
0o ?I o) ,
| #SePh Cl.
—_— —_— + PhSeSePh
SePh
Scheme lz

On reaction of cyclopent-2-enone with phenylselenium chloride and pyri-
dine in dichloromethane'at'2500‘(rather than the usual 37OC) another product
was additionally formed in low (14%) yield. By a combination of spectral

techniques, the best structural fit for this compound appears to be (176).

SePh

Cl

(176)



TABLE 4. Preparation of a-chloro-enones and enals

| - - No. Eq. Conditions B | |
SUBSTRATE PRODUCT PhSeCl/Pyridine |  Time/h Tempsec | ELD/%
0 0
cl- -
Q Q/ | 33 72 37 i
| (168)
-0 - o
: cl
| - 3 3 7 37 52
- (n)
/continued. ..

"GT1



TABLE 4/continued.. .

i ' . i Cl
@ | @ 3 3 9% 37 82
o (172) | |
F,,,/:/U\H- ,,,,'r—’—\/UCI\H 3 3 36 37 100
(173) | |
0 0 .
Ph —/Q\CH?’ ,Ph/———\)il\c% 3 3 7days - 37 85
| ()
/:/u\ /=)\J;H | 25 25 60 25 95
(175)

‘9Tt
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Presumably, the formation of this compound occurs yp7g the readily
enolisable 2-seclenophenyleyclopent-2-enone reacting with a positive chlori-

nating species, possibly Cl,_, or PhSeCl3.

2

It occurred to us that if the enones and enals were reacted with a
mixture of phenylselenium bromidé and pyridine, then the'corresponding‘Z—brOmo—
qompoqus should be availaple. .As shown in Table 5, this‘was indeed found
to be the case. Once again, it was shown that the reaction proceeded via
the 2-selenophenyl combound'by reacting 2—seienophenylcyclopent—z;enone
(181) with -a further equivalent of phenylselenium bromide and pyridine, to

give 2-bromocyclopent-2-enone (182) in 52% yield.

SePh

(181) - (182}

This new halogenating reaction appears to be quite useful, especially
when compared with the literature routes to similar compounds which are
et . 63 . .
inefficient or involve multistep sequences . In the new method, diphenyl-

diselenide can be readily recovered and recycled.



._ , . ~ No. Eq.‘ ~ Conditions o
4 S.UBST_RATE | PRODUET PhSeBr/Pyridine|_Time/h_Tempr | o2/
0 0 A
Br -
@ @( 25 25 | %5 100
| ) - (477)
. -0 | o v(’)
ph/—‘—/u\ H | phm’=\/U;” 3 3 7days 37 85
| (178)
/continued, .,

"8T1



TABLE 5/cgntinued...

| o ) | 0 | B |
W h/f_t/LJ\CHsr, o /-/_::<J;CH3 3 3 65 37 51
| (179) |
: | 0. 0
N | a5 s % %5 %
| (180) |
o .
SePh ‘ Br 3 '
<>/ ﬁ/ 15 15 72 37 52
(181) (182)

‘611
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EXPERIMENTAL

Melting points were determined using a Kofler hot stage apparatus and
are uncorrected. Infra-red spectra were recorded on a Perkin Elmer 298 or
157G grating infra-red spectrophotometer. ‘NMR spectra were recorded on a
Bruker WIH 406, a B?ucker WM 250, a Varian XL 100, or on a Perkin ElmerlR 32
spectrometer where the field strength is»stated. Otherwise a Varian EM 3G0A
spcctromctgr‘was uscd. Tectramethylsilane was uéed as internél reference,
~and the spectral data is given using the following abbreviations: S, singlet;

d, doublet; t, triplet; q, quartet; m, multiplet; and br, broad.

Analytical thin layer chromatography (TLC) was performed on Merck
precoated GF254 silica gel plates. Preparative layer chromatography (PLC) was

performed on GF silica gel plates. Medium preésure chromatography was

254

carried out on Merck Kieselgel H or on Merck Kieselgel 60 silica gel.

.'Solvents were pdrified as follows: .benzene, diethyl ether - dried over
sodium wire; 'dichloromethéne - redistilled from phosphorus pentoxide;
chlorofofm, efhyl acetate - redistilled; dioxah, tetrahydrofuran - redistilled
from sodium/beniobhenone ketyl; E,gfdimethylformamide'— redistilled at redu-
ced pressure from 4A molecular'sieves onto 4A molecular sieves; ethanol,
methanol - AnalaR reagenfs; pet. ether - redistilled b.p. 404600C fraction;
pyridine - redistilled from, and stored oVér, pbtassium hydroxide; triethyl-

amine - stored over potassium hydroxide.

Organic solutions were routinely dried over anhydrous sodium or magnesium
sulphate. Solvents were evaporated at reduced pressure using a rotary

o
evaporator at or below 40 C unless otherwise stated.

Mass spectral measurements were carried out on a V.G. micromass 7070B
instrument 'in the mass Spectral laboratory, and microanalyses were carried

out by the microanalysis laboratory, both at Imperial College.
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(1) Improved procedure for the preparation of 4-1fethoxy—-2-trimethyl-

3
silyloxy-1, 3~butadiene (16)

Anhydrous powdecred zinc chloride (1.6 g) was added to dry triethyl-
amine (92 g; 0.9 mol), and the mixture was stirred for 1 h at room tempe-
rature until the salt was suspended iﬁ the amine. To this mixture was
added 4-methoxy-3-buten-2-one (19) (40 g, 0.4 mol) in dry benzéne (120 ml)
followed by trimethylchlorosilane (84 g, 0.8 mol) in one portion. A
slight exothermic reaction‘ensued. After 30 min the reaction temperature
was raised to 40°C‘énd stirring continued overnight. On cooling, the
reacfion mixture was added to dry éther (1.") and filtered through a pad
of celite. The filtrate and combined ethereal washings were concentra-
ted, in vacuo, to a volume of = 100 ml. The brown reaction mixture was
rediluted with dry ether (200 ml) and again'filtgred through celite. The
cycle was repeated twice until no more solid precipitatgd when the oil
~was diluted. Distillation thrbugh a 12 cm Vigreux column (middle cut)
gave 4-méthoxy—2-trimethylsilyloxy—l,3—butadiene (16) (52 g, 76%), b.p.
32°C/2 mmHg (1it.,3 54—550C/5 mmHg); § (CDC13) 6.81 (d, J 12 Hz, 1H),
5.36 (d, J 12 Hz, 1H), 4.03-4.17 (broad d, J 1 Hz, 2H), 3.57 (s, 3H), and
0.23 (s, 9H); vmax,(CHcis) 1656, i618,_1597,”1567, 1538, 1300, 1234,

1010, and 950 em t

(2) Preparation of (E)—Z-Methyl—z—butenal(tigaldegzde, 15) using the

method of Re4

To isoprene (80.1 g, 1.33 mol) in CH,Cl, (1.7) under N,, in a 3 1.

2)
3-necked flaskﬁ fitted with a condenser, mechanical stirrer; pressure

equalising dropping funnel and nitrogen inlet, was added anhydrous sodiun

carbonate (300 g, 2.7 mol) and 2,6—di—tert—buty1—4—methylphenol (100 mg).
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The stirred suspension was cooled to OOC and 38% peracetic acid (240 ml,
1.55 M) was added dropwise over 6 h. After an additional 18 h during
.which period the stirred reaction mixture was allowed to slowly warm to
room temperature, the suspension was filtered and the residue extracted
with CH2C12 (3 x 300 ml). The caombined ;olution of isoprene monoepoxide
(18) thus prepared was pyrolysed over alumina at 130-140°¢ by dropwise
addition to the topiof‘a heétéd packed column using nitrogen as carrier
gas. The pyrolysatc was collected at the bottom of the column (cardice/
acetone) and, after removal of the solﬁent by distillation at atmospheric
pressure, gave the crude pfoduct. Distillation under reduced pressure
then gave (E)-2-methyl-2-butenal (15) (62 g, 55%), b.p. 61—20C/100 mmil g
(lit,,4 62.5—65°c/119 mm}{g);i 8 »(CDCl3) 8.’8,. (s, 1H), 6.1 (qq, J 8 and

1 Hz, 1H), 1.4 (d, J 8Hz, 3H), and 1.15 (d, J lHz, 1H); v (ilm) 2680,

1680, and 1650 —

(3) Preparation of 4R8-Formyl-4q,5o—-dimethylcyclohex-2-enone (10)

Into a carefully base-washed 'and dried 12 oz glass bomb, was placed
4-methoxy-2—trimethylsi1y10Xy—1,3—butadiene (16) (22 g, 0.123 mol), tigal-
dehyde (15) (13 g, 0.154 mol) and hydroquinone (5 mg). The bomb was
sealed, evacuated and placed in a hot Woods metal bath (140°C) for 14-18 h.
During the»course of the<rea¢tion, the initial pale &ellow colour of the
mixture-changed to a golden brown. After cooling, the érude adducts of
three such.runs wére cdmbined, dissolved in THF (450 ml) and hydrolysed
by the addition of 2N HCl (1 ml). After 30 min,the reactioh mixture was
caréfully'ﬁeutralised (aqueous sodium bicarbonate) and'the product extract-
ed into pet. ether (3 x 400 ml). The combined brganic layers were dried,
filtered and the solvent removed in vacuo to give the crude enone-aldehyde

(10). Excess tigaldehyde (15) and 4-methoxy-3-buten-2-one (19) were
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removed in vacuo (0.5 mmHg, 12 h) and the residue distilled under high
vacuum throﬁgh a 5 cm Vigreaux column to give, firstly; 43-formyl-4a, 50~
dimethylcyclohex-2-cnone (10) (20.94 g, 35%), b.p. 60—620/2.2 X 10_3 mmHg;
90 MHz (CDC,); § 9.55 (s, 1), 6.72 (d, J 1OHz, 1H), 6.06 (d, J 10 Hz, 1H),
2.77-2.03 (m, 3H), 1.25 (s, 3H), and 1.08 (d, J 8Hz, 3H); v (£11m) |
2720, 1735, and 1695 cm -} m/e 152.0838 (M'), 137, and 123 (Calculated

for CQHIZOZ: 152.6837). Next, a mixture of what was predominantly the

two methyl ethers (20a) and (20b) (in a 1:1 ratio), distilled over (14.;4 g
(19.5%), b.p. 70—720C/5'x 10—,3 mmHg. A small amount was separated chromatogra-
phically (silica gel, 50:50 ether/pet. ether), to give (i) 4Q—formy1—3a_
methoxy-4a,5a-dimethylcyclohexanone (20b); § (CDCl,) 9.32 (s, 1H), 3.62
(ad, J 12, ahd 5 Hz, 1H), 3.20 (s, 3H), 2.80-2,00 (m, 5H)? 1.15 (s, 3H),

and 0.85 (d, J 6 Hz, UD; v ___ (film) 2830,‘2710, 1720, and 1095 cm'l;

m/e 184.1100 (M') 168, 156, and 124 (Calculated for C,oH 605 184.1099);

and (ii) the C-3 epimer - namely 4B—fofmy1—38—mefhoxy—4a,5a¥dimethy1cyclo-
hexanone (ZQa); 8 (CDC13) 9.51_(5, lH); 3.65 (dd, J 4, and‘4 Hi; 1H),

3.20 (s, 3H), 2.80-2.00 (m, 5H), 1:01 (s, 3H), and 0.89 ,(d, J 6 Hz, 3H),

v (film) 2830, 2710, 1720 and 1095.
max :

(4) Conversion of the epimeric methyl ethers (20a) and (20b) into 4B-

" Formyl-4qa,5d-dimethylecyclohex-2-enone (10) according to the method of

6
Danishefsky

The mixture of ethers (20a) and (ZOb) (7.6 g, 41.3 mmol) obtained
above was dissolved in benzene (400 ml), together with pTSA (1 g) and
was heated to reflﬁx for 45 min. After cooling, the reaction mixture
was diluted with ether (500 ml) and washed sequentially with aqueous
sodium bicarbonate (2 x 50 ml), aqueous ammonium chloride_(so ml) and
brine (100 ml). Tﬁe combined adueous layers were extracted into ethyl

acetate (100 ml) and the combined organic layers were dried and filtered.
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Removal of the solvents in Vacuo gave the crude enone-aldehyde (10)

wh;ch was distilled, as above, or subjected to column chromatography (silica
gel, 50:560, ethef/petroleum ether), to give (i) 5,6-dihydro-4H,6(E-
2'-but-2'-ene)-pyran-4-one (23) (0.56 g, 9%); § 100 MHz (CDCla) 7.26

(d, J 5 Hz, 1H), 5.58 (m, 1H), 5.23 (dd, J 5, and 1.5 Hz, 1H), 4.67 (dd,

J 12, and 4 Hz, 1H), 2.75l(dd, J 14, and 12 Hz, 1H), 2.30 (ddd, J 14,

4, and 1.5 Hz, 1H), and 1.72 (m, 6H); vmax(film) 3065, 1680, 1593, 1405,
and 1276 cm ©; m/e 152.0846 (M), 137, 124, and 97 (Calculated for

C9H1202 : 152.0837); and (ii) 4B-formyl-4a,50-dimethylcyclohex-2-enone
(10) (7.6 g, 66%) as befére.

(5) Attempted reduction of 48-Formyl-4o,50-dimethylcyclohex~-2-enone (10)

(a) Using Dibal. The reaction conditions were as described in Table
1. Typically, the gnone-aldehyée (10) (0.2 g, 1.3 mmol) was»dissolved in

dry benzene (20 ml) under an atmosphere of dfy argon., The stirred solution
‘was éooled to 100C, and a solution of Dibal (1.82 mmol) in dry benzene

(8 mi) wasAadded slowly. After stirring for 2 h,water (0.2 ml) was

added followed by anhfdroué sodium sulphate (5 g). The reaction mixture

was vigorously shaken‘before'being extracted with ether (3 # 50 ml); dried,
filtered, and the solvent removed Zn vacuo. PLC (silica gei, 50:50 acetone/
CHZCIé) gave.thrée identifiable products: (1) the starting enone-aldehyde
(10) (20 mg, 10%); (ii) 4B¥hydroxymethy1-4a,5a—dimethylcyclohex-Z—enone
(26) (50 mg, 25%); 6.(CDC13) 6.65 (d, J 10 Hz, 1H), 5.75 (d, J 10 Hz, 1H),
5.34 (broad s, 2H), 2.5-2.0 (m, 4H, 1H D,O exch.),.and 1.0-0.8 (m, 6H) ;
vméx (film) 3450 and 1690 cm_l; m/e 154 (M+), 124, 109,-and 98; ‘and

(iii) 4B-hydroxyméthyl—4a,5a-dime£hylcyclohex-z-enle-ol (27) (40 mg, 20%);
8 (CDC13) 5.72 (dd, J 9 and 1.5 Hz, 1H), 5.35 (dd, J .9 and 1.5 Hz, 1H),

4,2 (dddd, J 6, 6, 1.5, and 1.5 Hz, 1H), 3.34 (broad s, 2H), 2.1-1.0 (m,

5H,2H D20 exch.) 0.82 (d, J 7 Hz, 3H), and 0.75 (s, 3H); Vmax (CHClB)
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-1
3600, 3450 and 1650 cm ; m/ec 138 (M—HZO) and 125 (M—CHZOH).

(b) Using lithium aluminium hydride. Lithium aluminium hydride (15
mg, 0.39 mmol) was added to a stirfed solution of the en&ne—aldehyde (10)
(100 mg, 0.66 mmol) in dry ethef (10 ml). .After 4 h the reaction was
quenched by the addition of water (1 ml) followed by anhydrous sodium
sulphate (Slg). The mixturé was then vigorously stirred before being
extracted into ether (3 x 20 ml). The combinéd organic layers were dried,

. : 1
filtered and the solvent removed in vacuo to leave an oil which by "H NMR

and TLC showed the absence of (26) or (27) and was discarded.

(6) Reaction of 48—Formylf4aL§g—cyclohex—2—enone (10) with 1,2-pimethyl-

4,5~-di(mercaptomethyl)benzene (32)

‘(a)'A mixture of the enone—aldeﬁyde (10) (0.2 g, 1.3 mmol), 1,2-dimethyl-
4,5-di(mercaptomethyl)benzene (Sé) (0D.2¢ g, 1.3 mmol), (prepared
by the method of Shahak and Bergmannll) and 35% aqueous>HCI (0.5 mi)
were stirred together in dioxan (5 ml) for 7 min. Water (7 ml) bwas added
and the mixture extracted into ether (3 x 25 ml). The combined ethereal
layers were dried, filtered and the solvenf removed 77 vacuo to give

the crude product, & (CDC1
1 . ,

3), 9.6 (CHO); vmax (£film) 1740f Both the'

H NMR and the IR spectra showed the absence of an enone moiety.

(b) A mixture of the enone-aldehyde (10) (0.2 g, 1.3 mmol), the
dithiol (32) (0.26 g{ 1.3 mmdl) and pTSA (5'mg)'in benzene (25 ml) was
heated to reflux for 24 h. After codling,Athe solution was poured into
ether (50'm1) and washed with agueous sbdium bicarbonate (2 x 10 ml),
water (2 x 10 ml) and, finally, brine (2 x 10 ml). Drying, filtration -

and removal of the solvent Zn vacuo gave an oil the spectral data of
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which again showed the absence of an enone, but did show the prescnce of

an aldchydec-moicty.

(7) Preparation of 4B-Formy1-38,4u,5a—trimetﬁylgyciohexanone (33a)

using Lithiodimethyl cuprate

An oven dried, 3—necked, 50 ml round-bottomed flask was fitted
with a dry three-way tap that was itself fitted with a (dry) argon
filled balloon. The flask alsoAconfained a new, clean dryvsuba—seal,
a dry magnetic follower and a stopper. The apparatus was charged with
cuprous bromide-dimethyl sulphide-complex13 (220 mg, 1.07 mmol) and
all joints were.sealed with Parafilm and the apparatué was evacuated
and refilled from the balloon four times. The apparatus was then placed
in an ice-wafer bath at OOC and dry ether (4 ml) was added by syringe.
IM Methyl lithium (2.05 ml, 2.05 mol) was added dropwise, by syringe,
to the‘stirred slﬁrry over 5 min.: The reaction mixture immediately went
: bright yellow and then, after the addition of all the alkyl lithium,
coiourless. Stirring for 5 min completed the formation of the cuprate
giving a totally clear (occasionally tan coloured) solution. After slow
cooling to -45°, the enone-aldehyde (10) (6.‘152 g, 1.0 mmol) in dry ether
(5 ml) was added dropwise over 10 min, leading to thé immediate forma-
tion of a bright yellow precipitate. After stirring for a further 10 min
at —4500 to-40°C, the reaction was quenched by the addition of dry
methanol (0.5 ml) and.the mixture was allowed to warm to IR.T.
After pouring into saturated adueous ammonium chloride (30 ml) and ether
(50 ml) vigorous shaking gave a pale yellow organic layer, over a blue
aqueous one. (Occasioﬁally, the copper salts did not break-down
completely - this was avoided by blowing air through the extraction
. mixture). Separation, followeé by further extraqtion of the aqueous layer

into ether (2 x 50 ml), combination of the organic layers, drying,
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Iiltration and removal of the solvent 21 vacuo gave the crude product as a
ycllow oil. Chromntography(silica gel 50:50 ether/pet. ether) gave 48~
formyl-38,4a,5a~trimethylcyclohexanone (333) (0.10 g, 60%),‘6 100 MH=z
(CDC13) 9.52‘(5, 1H), 2.70-1.65 (m, 6H), 1.22 (s, 3H), 1.02 (d, J 3.5 Hz,
3H), and 0.93 (d, J 3.5 Hé, 3H); v (film) 2960, 2932, 2880, 2690;.and
1720 cm—l; m/e 168.1149, 140, 124, and 109 (Calculated for C H 0. :

1016 2°
168.1150).

(8) Preparation of 1~(Methoxgcarbqu;oxy)F4B—formyl-BB,4a,5a—trimet§yl-

cyclohexene (34)

The enone-aldehydeb(IO) (0.152 g, 1 mmol) in er ether (10 ml) was
;dded dropwise to a solution of lithiodimethyl cuprate (1 mmol, prepared
as described above) at -45°¢. Again, .a yellow precipitate wasAimme—
diételybproduced and aﬁter warﬁing to —23°C over 10 min the enolate thus
formgd was quenched by the'dropwisé addition of neat methyl chloroformate
(0.15.m1, 4 mmol). After warming to R.T. the reaction
mixture was poured onto saturated agueous ammonium chloride solution
(25 ml) and extracted into efher-(B x 50 ml). The combined organic
layers were dried, filtered and concentrated in vacuo to give a crude
product which by 1H NMR was predominantly the fitle enol carbonate (34).
Attempted chromatography (éiliéa‘gel, 50:50 ether/pet. ether), - however,
resulted in the decomposition of a substantial portion of the product,
consequently only 23 mg (10%) of the product - 1-(methoxycarbonyloxy)-
4B—f6rmy1—38,4a,5u—frimethylc&clohexene (34) - was obtained'completely‘
pure; 8 (CDCls) 9.5 (s, iﬁ), 5.25 (broad d, J 5Hz, 1H), 3.70 (s, 3H),’
3.25 (m, 1H), 2.40-2.00 (m, 3H), and 1.20-0.80 (m, 9H); vmax‘(CH01

2720, 1758, 1725, 1620, and 1264 cm
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(9) Preparation of 5-Trimethylsilylpent-4-yn-l-o0l (41)

To a cooled stirred solution of ethyl magnesium bromide, prgpared
from ethyl bromide (32.8 g, 0.3 mol) and magnesium (5.76 g, 0.34 mol)
in dry THF (75 ml) under argon, was added pent--4--yn-1—ol16 (8.4 g,
0.14 mol) in dry THF (75 ml). A vigorous reaction occurred and a gas
was given off. After the addition was complete, stirring was continued
until the evolution of gas had stopped, whereupon chlorotrimethylsilane
(40.3 é, 0.37‘m01) was added, and the mixture was again stirred for 2 h
at.room temperature. 2N HCll(25,m1) was then carefully added, and stir-
ring was continued for a further 3% h. The crude product was extracted
into ether (400 ml), dried and filtered. After removal of the solvent
in vacuo the residue was distilled under reduced pressure to give
5—trimethylsiiylpent~4-yn—l-ol (41) (19.4 g, 87%), b.p. 64-6500/1.5 mmHg
(lit.,17 66°C/1.5 mmHg); ¢ (CDCls)_3.7'(t, J 6 Hz, 2H), 2.5-1.4 (m, SH)

and 0.2 (s, 9H); v__  (film) 3350, 2190, and 1250 em L,

(10) Preparation of 5-Trimethylsilylpent-4-yn-l-al (42)

To a stirfed.solution'of the alcohol (41) (5 g, 32 mmol) prepared as
above,in dichloromethane (200 ml)'was added-pyridinium chlorochroxﬁatél8
(14.0 g, 45 mmol), the reaction being followed by TLC (ether eluent) to
completion. The reactibn mixture was diluted with ether (200 ml) and
the triturated mixture was filtered through a plug of magnesium sulphate,
followed by a short silica'column;to give a colourlesé solution._ The

solvent was removed 77 vacuo and the crude product distilled under reduced

pressure to give pure 5—trimethylsilylpent—4-yn—1—a1 (42) (4.1 g, 83%),

b.p. 490/1 mmHg; & (CDCla) 9.78 (broéd s, 1H), 3.0-2.0 (m, 4H), and

0.25 (s, 9W); v 2930, 2890, 2880, 2870, 2170, 1735, and 1235 em L
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Analysed as the 2,4-dinitrophenylhydrazone, m.p. 151~153 C (from ethanol)

(found: C, 50.11; H, 5.45; N, 16.67. C Si requires: C, 50.28;

H
14 18N404
H, 6§.43; N, 16.47%). The distillation residue was chromatographed (silica

gel, 25:75 ether/pet. ether) to give 5'-trimethylsilylpent-4'-yn-5-

trimethylsi1y1pent-4:yn~i—oate (43) (0.5 g, 10%); 6 (CDC13) 4.2 (t, J

6 Hz, 2H), 2.5 (broad s, 4H), 2.4-1.4 (m, 4H), and 0.15 (s, 18H);
‘ -1
Vnax (film) 2190, 1744, and 1250 cm ~; m/e 308 'y, 293, 279, 264,
5 p - - ) 3
251, 235, 155, 147, and 123. (Found: C, 62.19; H, 9.15. 016H2802312
requires: C, 62.28; H, 9.29%).

(11) Preparation of 4'-Trimethylsilylbut-3'-yn-1,3-dithian (40)

Redistilled propan-1,3-dithiol (64.7 ml, 65 mmol) was added to a
solution of 5~trimethylsilylpent-4-yn-1-al (42) (5 g, 32.5 mmol) prepared
asyabove, in benzene (400 ml). pTSAA(EO mg) was addedvand the mixture
wés réfluxed through a‘Dean—Stark apparatus‘for 14 h, Af£e¥ cooling,
thevreaction‘ﬁixture was diluted with ether (400 ml) and washed sequen-
tially withtaqﬁeous sodium bicarbonate (2 x 50 ml), water.(sb-ml) and
brine (50 ml). Drying, filtratioﬁ and removal of the sqlvent by distilla-
tion at atmosphéric pressure gave a mixture of the desiredll,S-dithian
and excess propan-l;B—dithiol.' Heating ‘the stirred mixture under reduced

pressure (60°C, 0.5 mmig, 24h) gave 4'-trimethylsilylbut-3'-yn-1,3-dithian

(40) (7.6 g, 96%); ¢ (CDClS)v4.15 (t,J 7 Hz, 1H), 3.08-2.85 (m, 4H),
2.80;2.38 ﬂm, 3H), 2.30-1.85 (m, 3H), and 0.25 (s, 9H); Voax (film) 2170,
1248, 845, and 639; 3[31244>(M+), 239, 171, 170, 156,'and‘132.’ PLC (sili-
ca'gel; "ether) brbvided a sémple for analysis (Founa: C, 53.77; H, 8.44; |

S, 26.30. C

‘11H203251 requires: C, 54.04; H, 8.26; S, 26.22%).
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(12) Formation of the 2-Lithio-1,3-dithians of (40) and (44)

The experiments, the rcsults of which are shown in Table 2, were all
conducted in a similar manner. Typically, 1,3-dithian (44) (6.12 g, 1
mmol) wasvdissolved in dry ether (5 ml)_under dry nitrogen and cooled to
—230C. 2N Egzg-Bﬁtyl lithium (0.5 ml, 1 mmol) was added dropwise to the
stirred solution over 5 min. After stirripg'for a further_l h, deuterium
oxide (0.25 ml) was added and the mixture was allowed to warm to room
temperature, The.solution was diluted with ether, dried, filtered and
gave, after removal of the solvent in vacuo, the Zfdeuterio-1,3—dithian
(0.12 g, 99%); ¢ (CDCls) 3.64 (broad s, 1H), 2.70 (t? J 5Hz, 4H), and

2,20-1.75 (m, 2H).

(13) Preparation of 4,4-Dimethyl-3:l?’-l',3’-dithian—2'—(4—1—trimethy1-

silx}but—l:zpe)J—Eyclohexanone-(46b)

s e e 4t s S Gty T e Sy S e e i P S

4 mmol) in dry THF (20 ml) was cooled to —23°C, andil.SM ethereal methyl
lithium (2.7 ml, 4.05 mmol) was added dropwise. After 1 h,the lithio;
dithian solution th#s generated was cooled fo —78°C, and dry HMPA (1.75
ml, 8.5 mmol) was added. 4,4-Diméthylcyclohéxenoneéio.45 g, 4 mmol) in
THFv(lo-ml) wés then slowl& added and the mixture was‘étirred for a further
30 min. The reaction was quenched by the addition’of sétufated aqueous

- ammonium chloride (10 ml) and,afterAwarmingvto R.T., the sol~

vent was removed in vacuo. The residue was dissolved in ether (50 ml)
washed with wéter (5.x 50 ml) and bfine (50 ml). The organic layer was
dried; filtered, and the solvent removéd in vacuo t& give an oil. This was
separated by repeafed PLC (silica gel, 50:50 ether)pet. ether) to give a
small amount of 4,4—dimethy1—3;[2'—1',3'—dithiap—2'—(4—1-trimethylsily1;

but-l—yne)]—cyclohexanone (46b); 6 (CDC13) 2.95-1.35 (m; 17H),}1.22 (s,

3H), 1.15 (s, 3H), and 0.18 (s, SH); v (03013) 2775, 2165, 1715,
- max
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1385, 1360, 1244, and 840 cm-l; m/e 368,166G0 (M+), 243, 197, 169, and
125 (Ccalculated for C19H3282810 : 368.1664).

ng_ggg_ggé_ggggggg;@ggggg. A solution of the dithian (40) (0.53 g,
2.15 mmol) in dry ether (10 ml) under nitrogen, was cooled to -23°C,
and 1.4 M t-butyl lithium (1.55 ml, 2.20 mmol), in hexane, was added drop-
wise. After 1 h the white solufion thus genefgted'was>transferred, by
catheter, fo a stirred suspension of purifiéd copper (I) iodide64
(0.2 g, 1.06 mmol) in ether (15 ml) at-OOC. After stirring for 2 h, the
mixture was cooled to -1500 and a solution of 4,4-dimethylcyclohexenone
(0.25 g, 2 mmol) in ether (5 ml).was added. After 3 h, the reaction
mixture was poured into.saturateduéqueous ammonium chloride (25 ml) and
extracted into ether (3 x 50 ml). The combined organic layers were
‘dried, filterecd andﬁthe solﬁent removed iﬁ vdcuo to give an o0il which, after
extensive chromatography (éilica gel, 50:50 ether/pet. ether), gave é
small amount of a product th#t apﬁeared to be‘identical fo the 4,4~dimethyl-

3—[2'—1’,3'—d1thian—2’—(4—1-trimethylsilylbut—l—yne)]—cyclohexanone (46b)

~obtained above.

(14) Preparation'of 48—Formyl—4qL5a-dimeth1}f2-éelenophenzlcyclohex—2—

. ’ 22
enone (48) using the method of Liotta

The reaction conditions set out in Table 3 were used. Typically dry
pyridine (0.16 ml, 2 mmol) was added dropwise to a'solution.of phenyl-
selenium chloride6?0.385 g, 2 mmol) in dry distilied CHZCIZ (10 ml), under
dry argon. Thg énong-aidehyde (lQ) (0.152 g, 1 mmol) in CHZCl2 (3 ml) was
added and the stirred mixture'was warmed to‘400C. After 14 h the cooled
reéction mixture was.poured info ether (50 ml) and'Washed with 0.5 N HC1
(2 x 25 ml), followed by brine (20 ml). After drying, filtration and

removal of the solvent in'vdcuo, chromatography (silica gel, 25:75 ether/



pet.cther) gave (i) 4B-formyl-4a,50-dimethyl-2-selenophenylcyclohex-2-
enone (49) (0.12 g, 39%), m.p. 86.5-87°C (ether/pet. ether); § 250 MHz
(CDC13)19.63 (s, 1H), 7.57 (m, 2H), 7.40 (m, 3H), 5.95 (s, 1H), 2.70-

-2.40 (m, 3H), 1.10 (s, 3H), and 0.98 (d, J 3 Hz, 1H); vmax (XKBr) 3070,

132.

-1 +
3055, 2700, 1725, 1675, 1590, 1578, 740, and 692 cm ; m/e 308 (M ), 279 and

157 (Found: C, 58.62; H, 5.32. C15H16Se02 requires: C, ?8.64; H, 5.32%);
and (ii) 4B-formyl-4a,50~-dimethyl-2-chlorocyclohex-2-enone (54), (65 mg,
35%); & 250 Miz (CDCls) 9.56 (s) 1H), 6.84 (s, 1lH), 2.75-2.40 (m; 3H),
1.30 (s, 3H), and 1.04 (d, J 3Hz, SH); Vax (film) 3030, 2700, 1725,

1670, 1620, and 740 cm_l; m/e 186.0448 (M+), 157, 151, 129, and 93

: .0447) .
(Calculated for Cnglcloz 186.0 47).

(15) Preparation of 4B8-Formyl-38,4a, Sa-trimethyl-2-selenophenylcyclohex-

anone (55)
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lithiodimethyl cuprate (2.2 mol prepared as above) at —45°C was added a
solution of 4B—formy1-4a,5a—dimeth§i—2—5elenophenylcyc1ohex¥2—enone (49)
- (0.50 g, 1.75'mm01) in dry ether (10 ml) over 10 min, After stirring for

30 min, the reaction mixture was poured into saturated aqueous ammonium

chloride and worked-up in the usual manner. Chromatography of the resultant

0il (silica gel, 40:60 ether/pet.»ether) gave. (i) 4B-formyl-38,4a, 5a-

trimethy1—2—selenophenylcyclohexénone (55) as a mixture of isomers (80 mg,
14%); & (CDCl3) 9.39 (s, 1H), 7.50-7.00 (m, 5H), 4.16 (d, J 4 Hz, 0.25 H),
3.53 (d, J 6 Hz, 0.75 H), 2.65~2.00 (m, 4H),‘and 1.30-0.70 (m, 9H); Vhax

(£ilm) 3070, 3050, 2710, 1720, 1678, 790, 760, 690, and 670 em L (i) 48-

formy1~3,4a,5a-trimethyléz—se1enophenylcyclohex-Z—enone (57) (20 mg, 3.6%);

§ (CDCl,) 9.53 (s, 1H), 8.00-7.10 (m, 5H), 2.60-2.40 (m, 4H), 1.73 (s, 3H),

1.26 (s, 3M), and 0.98 (d, J 6 Hz, 3H); v _ (£ilm) 3070, 2710, 1735,
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1692, 1645, i575, 740, 690, and 670 cm_l; m/e 322 (M+), 292, 153, and
139; and (iii) 4B-formy1—3,4a,5a~trimethylcyclohgx—z-enone (56), (18 mg,
6%); 6_(¢D013) 9.28 (;, 1H), 5.82 (q, J 1Hz, 1H), 2.50-2.10 (m, 3H),
1.85 (d, J 1Hz, 3H), 1.19 (s, 3H), and 0.90 (d, J 6 Hz, 3H); Voax
(£film) 3030, 2705, 1725, 1670, 1624, and 740 cm—l; m/e 166.0994, (M+),

153, 137, 123, 119, 117, 109, and 96 (Calculated for C10 1402' 166.0992) .

-....—.....—_.—._...__.‘-_.—_-.——_-_..__.___.—..—-———-._—__..._—_..___.__....~_.-.._...—__._—.__.—_
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dimethyl cuprate (4.4 mmol, prepared as above) at —4OOC, was added a
solution of the enone—qldehyde (10) (0.50 g, 3.3 mmdl) in dry ether (15 ml)
over 15 min. Aftef stirriné for a further 30 min and gradual warmiﬁg

to ;BOOC, the reaction was éugnched by the addition of phenylselenium
bromide24 (0.57 g, 2.4 mmol) and diphenyldiselehide (0.63 g, 3.17 mmol)

" in THF (4 ml). The reaction ‘mix?ure was warmed to“R.T.,

poured into pet. ether (50 mI)_andrworkedxup in the usual mannér, Chroma-
.tograbhy of the resultant oil (silica gel,'46:60 ether/pef; ether) gave
4B—f0rhyl—38,4a,Sd—trimethy;—Z—selenophenylcyclohexanone (55) again as;a

" mixture of isomers (0.20 g, 19%).

(16) Preparatlon of 3a,4a,48- Trlmethyl -2B- selenopheqxlcyclohexanone (60)-

To a preformed solution of lithiodimethyl cuprate (3.0 mmol, prepared
as above) at.-4oéc was. added a solution of 4,4—aimethy1cyélohex—2—enone
(0.25 g, 2 mmol) in THF (5 ml), over 5 min. The‘stirred‘reaction mixthfe'
was wafmed'to —ZSOC‘oVer‘a beriod of 30 min whereupon a suspension of Ef
selenOphenylphthalimide25 (1.8,g; 6 mmol) in THF (40 ml) was added. The
stirred reaction mixture was warmed to R.T., poured into-

saturated aqueous ammonium chloride solution (50 ml), and extracted into
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pet. ether (3 x 100 ml). The combined organic layers were dried, filtered,
and the solvent removed in vacuo to give a yellow slurry. The slurry was
extracted into carbon tetrachloride (25 ml), filte;ed and the.residue
triturated with more.carbon tetrachloride (3 x 10 ml). The combined filtra-—
tes were.concentrated'in,vécuo and chromatography of thé residue (silica

gel, 70:30 ether/pet. ether) gave (i) 3,4,4-trimethyl-2,2-diselenophenyl-~

cyclohexanone (61) (0.22 g, 24%), m.p. 110—11100 (pet. ether); ¢ 250 jHz

(CDC13) 7.75-7.20 (m, 10H), 3.23 (ddd, J 14.7, 14.7, and 5.1 Hz, 1H),
2.28 (ddd, J 14.7, 3.7 and 3.7 Hz, 1H), 1.88 (q, J 6.9 Hz, 1H), 1.64

(ddd, J 13.6, 5.1, and 3.7 Hz), 1.48 (d, J 6.9 Hz, 1u$, 1.30 (s, 3H), 1.27
(ddd, J 14.2, 13.6 and 3.7 Hz,ilH), and 0.77 (s, 3M; v__  (CHCl,) 3050,
1950, 1880, 1800, 1695, 1578, and 1140 em L m/e 452 (M), 392, 374, 295,
and 225. (Fouqd: C; 56.15; H, 5.41. 021H218e20 requires C, 56.00;

H, 5.37%); and (ii) 3a,4a,4B—triﬁéthyl428—selenophenylcyclohexanone (60)
(0.15 g, 25%); & 7.60-6.90 (m, 5H), 3.25 (d, J 10 Hz, 1H), 2.80-1.22

(m, 5H), 1.04 (4, J GHz; 3H), 1.01 (s, 3H), énd 0.80 (s, 3H); Vhax (£ilm)
3078, 3058, 1710, 1580, 792, 692,.and 670 cm—l; m/e 296 (M+),'157, and

139.

17 Preparation of 4B—Formy1—3,4a,Sa—trimethylcyc10hex~2—enone (56) from

: : 24
" the Selenide (55) using the Methods of Reich

Sa) Usigg mCPBA as oxidant, followed by thermolysis in refluxing
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SEEQESEQET‘ 85% mCPBA (44 mg, 0.24 mol) was added to a stifred solution
of 4B-form§1—38,4&,Sa—trimefhyl—2—selenophenylcyclohexanone (55) (70 mg,
0.2 mmol) in CH2012 (2 ml) at room temperature, Aftér TLC (35:65 ether/
pet.‘ether) showed the absenée of sta?ting material, the reaction mix-
ture was poufed into ether (25 ml) and washed with saturated aqueous

sodium bicarbonate (2 x 25 ml). The organic layer wés dried, filtered

and the solvent removed 1n vacuo to give the crude selenoxide (62) which
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was dissolved iﬁ chloroform;(lo ml) and heated to reflux for 35 min. After
cooling and removal of the solVent in vacuo, the crude product was chromato_'
graphed(silica gel, 55:45 ether/pet. ether) to give (i) 4B-formyl-3,4a,5a-
trimethyl-2-selenophenylcyclohex-2~enone (57) (11 mg, 16%) identicﬁl to

the previous saﬁple; and (ii) 48—formy1-3,4u,Sa—trimethylcyélohex—z—enone

(56) (10 mg, 28%), again identical to the previous sample.

(b) Using mCPBA as oxidant followed by thermolysis in refluxing

et et e o e e - S 8 et ot i A e e Y e it e S o o (S (S T i S g e e e T S e e S B S e S

9&5&9&-&92522&19{&99-29_229_95259299_95-91_15925922139329 The selenoxide
(62) was prepared as above using mCPBA (0.10 g, 0.69,mmol) and the
selenide_(55) (0.15 g, 0.46 mmol) in CH2012 (3‘m1). _Removal of the
solvent in vacuo gave a solid which was dissolved in ether (15 ml) and
washed with saturated aqueous sodium bicarbonate (2 x 10 ml). The organié
layer was dried, filtered, and the solvent again removed fn vacuo to
afford the crude selenoxide. The latter was thgn dissolved in carbon
tetrachloride (10 ml). After the addition of di-isopropylamine (O.Zlml)
this solution was added to a reflu;ing mixture of carbon tetraéhloride.
(25 ml) and-di;isopropylamine (0.1 ml). After 5 min, the reaction'mixtﬁre
was allowed to cool and the solvent removed In vdcuo to give a crude

product which was chromatographed (silica gel, 40:60 ether/pet. ether) to

give (i) 4B—fbrmyl—38,4a,5a—triméthyl—2—se1enophenyl-2—(Efchlorobenzoate)-

cyclohexanone (65) as two isomers: (a) (9 mg, 4%), § 9.98 (s, 1H), 7.80-

7.10 (m, 9H), 3.00-2.00 (m, 4H), 1.50 (d, J 7Hz, 3H), 1.15 (s, 3H), and
1.15 (d, J 7Hz, 3H); v__  (film) 3080, 2730, 1735, 1730, 1712, 1598,

1578, 1252, 772, 740, 710 and 690 em Ls m/e 477 (M'), 321, 296, 293, 267
(" 321-203), 249, and 232; and (b) (35 mg, 16%), m.p. 138—139.5°c (ether/
pet. ether), § 9.70 (s, 1H),‘7.63—6.90 (m, 9H), 2.95-2.30 (m, 4H), 1.42
(d, J 7Hz, 3H), 1.18 (s, 3H), and 0.92 (d, J 7Hz, 3H); Voo, (CHC1:)

- ) +
3079, 3060, 2718, 1730, 1720, 1598, 1575, and 1255 cm l;' _Il‘l_/g_ 477 (M ),



321, 296, 293, 267 (M* 321-293), 249, and 232 (Found: C, 57.53;

H, 4.80. C23 23800104 requires: C, 57.81; H, 4.85); (ii) 4B8-formyl-

3,4a,5a~trimethyl-2~selenophenylcyclohex-2-enone (57) (16 mg, 7%), as
above; and finﬁlly, the desired 4f-formyl-3,4a,5a-trimethylcyclohex~2-

enone (56) (6 mg, 8%) as above.

(¢) Using ozone as oxidant, followed by thermolysis in refluxing
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passed through a stirred solution of the selenide (55) (80 mg, 0.25 mmol)
in CH2012 (4 ml) ﬁt —780C, until a blue colouration persisted. Nitrogen
was then bubbled through thé selenoxidev(62) solution until all the
bexcess ozone had been removed, and the remaining solution was very pale
yellow. The still cold solution was subsequently added by catheter)to a
refluxing solution of carbon tetrachloride (15 ml) and di-isopropylamine
(0.2 ml). After 5 min, the cobled reaction mixture was Washed with 1N
HC1l (2 x 5 ml), followed b& saturated aqueous sodium bicérbonate (5 ml)
and finally brine. The organic phase was dried, filtered and, after
remoQal of the solvent iﬁ»vacuo,.the residue was chromatographed (silica
‘gel, 40:60:ethér/pet. ether).to.give 4B—formyl—3,4a,5d-trimethylcyclohex~

2-one (56) (15 mg, 36%), as above.

.(18) Preparation of 48-1'-E-Vinylene-2'(3-furyl)-38,4a,50~trimethyl-

cyclohexanone (67)

136,

To a preformed solution of lithiodimethyl cuprate (1.3 mmol, prepared

as above) at —2300, was added a solution of 4f8-1'-E-vinylene-2'(3-furyl)-
. ‘ .26 .
4a,50~-dimethylcyclohex-2-enone (66) (0.14 g, 0.65 mmol) in dry ether

(5 ml) over 5 min. A yellow precipitate formed immediately and after 20

min, the reaction was quenched (dry methanol, 0.5 ml) and worked~up in the .

usual way. Chromatography (silica gel, 55:45 ether/pet. ether) gave
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4f-1'-E-vinylene~2'-(3-furyl)-33,4a,5a~trimethylcyclohexanone (67), 0.12 g
(837%); ¢ 250 Miz (CDClB) 7.39 (ddd, J 1.8, 1.6,and 0.5 Hz, 1H), 7.30 (,
J 1.8 Hz, 1H), 6.32 (d, J41.6 Hz, 1H), 6.29 (dd, J 8.0, and 0.5 Hz, 1H),
5.82 (d; J 8Hz, 1H), 2.55-2.30 (m, 3H), 2.25-2.04 (m, 3H), 1.20 (s, 3H),
1.60 (d, J 7Hz, 3H), and 0.92 (d, J 7 iz, SH);_ Vhax (£ilm) 1712, 1500,

-1
1022, 870, 800, 762, and 725 cm ; m/e 252 (M), 161, 148, 119, and 117,

(19) Preparation of 48-(2'-1',63'-Dioxolan)~4a,50-cyclohex-2-enone (29)

A mixfure of the enone—aldehyde (10) (1.0 g, 6.6 mmol) ethylene

. glycol (0.3 g, 31 mmol)‘aﬁd RTSA_(SO'mg) in benzene (100 ml) was heated

to reflux through a Dean-Stark apparatgs for 24 h. After cooling, the
mixture was,;diluted with pet. ether (200 ml),'washed with water (2 x 25 ml)
dried, filtered and the solvent removed in vacuo, to give the crude di-
dioxalan (31); o (CDClB) 5.57»(d, J 10 Hz, 1H), 5.32 (d, J 10 Hz,vlﬂ),

4.48 (s, 1H), 3.72 (br, s, 8H),‘2.20—1.i5 (m, 3H), 0.82 (d, J 6 Hz, 3H),

. +
‘and 0.75 (s, 3H); m/e 240 (M ).

.This crude di—ketal was thenselectively deprotected using the method‘
of Conia27. Thus, a mixture of'Kieseigel H (5 g}, iO% aqueoﬁs oxalic
~acid (16 drops) and dichlbromethane (8 ml) was’stirrgd until it was
homogeneous whereupon a solufion of the di-ketal (31)'in CH2012 (2 ml)
was added. Aftef 1 h, sodiﬁm bicarbonate (0.25 g) was added and the
slurry was étirred for a further i5 min., Filtration, followed by re-extract-
ion of the residue with ether (b x 25_ml), combination of the organic
layers and removal of the solvent Zn vacuo,gave‘the crﬁde enone, Chromatogra-
phy (silica gel, 65:35 ether/pet. ether) gave 48—(2‘—1',3;—dioxa1an)—4a,
5@—Cyc16hex—2—enoné (29) (0.84 g, 88%); 6 (CDC13) 6.65 (d, J 10‘Hi, 1H),

5.76 (d, J 10 Hz, 1H), 4.68 (s, 1H), 3.80 (br, s, 4H), 2.40-1.70 (m,
1

3H), 1.03 (s, 3H), and 0.98 (d, J 5 Hz, 3H); Voo, (film) 1680 cm’

m/e 196 (M%), 168, 86, and 73.
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(20) Prcparation of 4f--(2'-1',3'-Dioxalan)-33,4a,5a-trimethylcyclohexanone

(68)

To a preformed solution of lithiodimethyl cuprate (0.75 mmol, prepa-
red as above) at-—ZBOC, was added a solution of 43—(2'—1‘,3'—dioxalan)—
4d,Sd—dimethylcyclohex—z—enone (29)‘(0.15 g, 0.75 mmol) in dry ether
.(4 ml) over 10 min.. After stirring‘for a further 15 min the reaction mix-
ture was quenchgd by.pouring into saturated aqueoué ammonium chloride
(25 ml) and worked up in the usual manner. The crude product was subjected
to chrom;tography (silica gel, 65:35 ether/pet. ether) to give (i) 4B-
(2'-1",3'-dioxalan)-383,40,50a-trimethylcyclohexanone (68) (60 mg, 37%);

§ (CDC13) 4.70 (s, 1H), 3.80 (m, 4H), 2.50-1.50 (m, EH), 1.00 (s, 3H),
and 0.92 (m, 6II); vmax (film) 1714 and 1090 cm—l; and (ii) the starting

enone-dioxalan (29) (60 mg, 40%), as above.

(21) Deacetalisation of 48-(2'-1',3'~Dioxalan)-38,4aua,50-trimethylcyclo

2
hexanone (68) using the method of Conia 7

The dioxalan (68) (66 mg, 0.3 mmol) was added to a‘stirred homogeneous
mixture of Kieselgel H (0.6 g), 15% HZSO4 (4 drops) and CH2C12 (3 ml).
After 1 h, the reaction ﬁixtﬁre was quenched by the addition of sodium
bicarbonate (0.2 g). :Thé semi—ﬁydrolysed product was isolated by filtration,

careful re-extraction (CHZCl 5 x 20 ml), and removal of the solvent in

2’
vacuo. The hydrolysis cycle was repeated to give 4B-formyl-38,4aq,5a-tri-

methylcyclohexanone (33a) (40 mg, 84%) identical to the previous sample.

(22) Preparation of 83-(2'-1',3"'-pithiolan)-8a,9~dimethyl-1,4-dithia

IA.SJdec—G—ene (70)

"A solution of the enone-aldehyde (10) (0.15 g, 1 mmol), redistilled

ethane-1,2-dithiol (0.3 ml) and pPTSA (10 mg) in benzene (30 ml) was re-
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fluxed through a Dean-Stark apparatus until no more water was collected.
After cooling, the solution was filtered through a pad of MFC silica gel,
and the solvent was removed Zn vacuo to give an oil which, upon .crystal-

lisation (ether/pet. cther), gave 8B~-(2'-1',3'-dithiolan)-8uc,9~dimethyl

1,4-dithia[4.5]dec-6-cne (70) (0.20 g, 66%), m.p. 85.5-86°C; & (CDC1,)

5.70 (d, J 10 Hz, 1), 5.65 (d, J 10 Hz, 1H), 4.67 (s, 1H), 3.30 (br, s,
My, 3.15 (s, 4ll), 2.15-1.95 (i, 3H), 1.00 (s, 3H), and 0.95 (d, J 6 Hz,
3M); v___ (KBr) 3020, 1425, 1275, 825, 778, and 688 em Y mze 304 (thy,
199, 139, and 105 (Found: C, 51.42; H, 6.76; S, 41.82. C H, S, requires
C, 51;27; H, 6.76; S, 42.11%). The mother ;iquor was concentrated in

vacuo and the residue was chromatographed (silica gel,4:96 ether/pet.ether)

to give a further sample of the di-dithiolan (70) (72 mg, 23%) as above.

(23) Preparation of 43(2'-1',3'=Dithiolan)-4q,50~dimethylcyclohex-2-
_enone (69)

.t T S G g o e g S Y o s WS S T e et YO R e e (e S TS e B e T e it et 4t e S T B s v i e s Y St e i W et B

28
6-ene (70) using the method of Wang-Chang . A mixture of the di-dithiolan

(70) (0.14 g, 0.46 mmol) and methyl iodide (0.4 ml, 6.4 mmol) was heated
in refluxing’methanol (15 ml1) for 7 h. After cooling, the solvent was
removed 7# vacuo, and the residue was_dissoived in ether (25 ml) and
washed with 1 N équeous sodium hydrbxide (10 ml), followed by brine (5 ml).
The organic layer was dried, filtered and the solvent removed in vaéuo

to give an oil whiéh>on chromatography (silica gél, 50: 50 ether/pet. ether)
gave (i) starting 884(2’—1',3'—dithiolan)—Sa,Qa—dimethyl—l,4—dithia[4,5]4

dec-6-ene (70) (43 mg, 31%), as above; and (ii) the desired 43(2'-1',3'-

dithiolan)-4q,50a~-dimethylcyclohex~-2-enone (69) (25 mg, 23%), m.p. 63-

o .
64 C (ether/pet. ether); & 250 Miz (CDC13) 7.13 (d, J 10 Hz, 1H), 6.02

(d, J 10 Hz, 1H), 4.91 (s, -1H), 3.30-3.20 (m, 4H), 2.45-2.20 (m, 3H),

1.18 (s, 3H) and 1.02 (d, J 5Hz, 3H); v . (CHC1,) 3014 and 1678 cm 1;
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m/c 228.0641 (M') 213, 123, and 105 (Calculated for C,_H _S,0: 228.0643)

11162

(Found: C, 57.60; H, 7.18; S, 27.77. Cll”lGSZO requires C,'57.85; H, 7.06;

S, 28.08%).

S S s e e e T Yt S Tk S S et o e R B P S T B i s PR e S T . e e o St o e Gt o S5y o i e et e e e e e Tt o ke e o e et ot g e ¢

3392- A solution of the enone-aldehyde (105 (3.04 g, 20 mmol), redistilled
ethane-1,2-dithiol (5 ml, 58 mmol) and pTSA (100 mg) in benzene (250 ml)
was refluxed through a Deap—Stark apparatus, under nitrogen, for 12 h.
After cooling, the solution was diluted with gther (200 ml) and washed
with saturated aqueous sodium bicarbonate (2 x 50 ml), followed b& brine
(50 ml) .  The organic phase was then vigorously stirred with a mixture of
mercury (II) acetate (18 g, 56 mmol), and cadmium carbonate.(3 g, 28 mmol),
added in portions, and water (50 ml). After 14 h, sodium chloride (25 g)
.was added and the organic bhase separated. The aqueous_phase was re-
extracted into ether/senzene (1:1, 3 x 200 ml) and the combined organic
layers were dried ahd filtered through celite. Removal of the solvent

in vacuo, followed by chromatograﬁhy‘(silica gel, 50:50 ether/pet. ether)
gave (i) 88-(2'—1',3';dithiolanj—8a,9a—dimethyl-i,4—dithia[4,5]dec-64ene
(70) (0.4 g, 6.6%), as abové; (ii) the desiredv48—(2'—1',3'—dithiolan)—

40, 50~-dimethylcyclohex-2-enone (69) (2.6 g, 55%), identical to the previous
sample, and (iii) 3B-formyl-4c,50-dimethylcyclohex-2-enone (10) (0.3 g,

10%) again identical to the previous sample.

(24) Preparation of 48-(2'-1',3'-Dithiolan)~-3a,4a,50-trimethylcyclohexanone

(71)

To a preformed solution of lithiodimethyl cuprate (4.6 mmol, prepared

o
as above) at -78 C, was added a solution of 43-(2'-1"',3'-dithiolan)-4a,50~
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dimethylcyclohex-2-enone (69) (0.456 g, 2 mmol), in dry efher (20 ml),
dropwise over 20 min., The stirred reaction mixture was slowly warmed to
-30°C over 4 h after which it was.poured into saturated aqueous ammonium
chloride (20 ml) and worked-~up in the usual mannér. Chrométography (silica

gel, 50 : 50 ether/pet. ether) of the resultant oil gave 48-(2'-1',3'-

dithiolan)—Bd,4u,Sa—trimethylcyc10hexénone (71) (0.40 g, 82%); & 250 MHz

(CDC1,) 5.50 (s, 1H), 3.30-3.15 (m, 4H), 2.45-2.10 (m, 6H), 1.10 (s, 3H),

; 13
and 1.05 (d, J 6 Hz, 6H); .C, 62.9 MHz, 210.76 (s), 64.03 (d), 46.30

(t), 42.39 (s), 38.19 (t), 37.66 (d), 17.23 (q), and 14.43 (q); vmax

(CH013) 1720 cm 1; m/e 244.0951 (M'), 139, 138, 119, 117, and 105

(Calculated for ClZHZOSZO : 244.0956) (Found: C, 58.74; H, 8.18; S, 26.24,

C 0 requires: C, 58.97; H, 8.25; S, 26;23%).

12H2052

'(25) Preparation of 98-(2'-1',3'-Dithian)-9a,100-dimethyl~1,5-dithia~

I§,§Jundec—7-ene (76)

. A solution of 4B—formyl—4a,5a—d;methylcyclohex—Z—enone (10) (1.52 g,
10 mmol), redistilled propahe—i,3;dithiol (3 ml, 30 mm§l) and PTSA (50 mg)
was refluxed through a Dean-Stark apparatus for 4 h,under hitrogen.
After cooling, the reaction mixture was diluted with ether (200 ml), washed
with saturated aqueous sodium bicarbonate (2 x 50 ml), dried, filtered
and the solvent removed in vacuo. Excess dithiol was removed in vacuo
(0.5 mmHg/12 h) and the residue was chromatographed (silica gel, 25:75
ether/pet. ether) to give 98-(2'—1',3'—dithian)—9a,1Qd—dimethy1-l,5—
dithia[5,51undec—7-ene (76) (2.82 g, 85%i, § 5.66 (br, s, 2H), 4.03
(s, in), 2.95-2.55 (m, 8H), 2.25-1.64 {m, 7H), 1.00 (s, 3H), and 0.90

(d, J 7 Hz, 3H); vma% (film), 3020, 1420, 1275, 910, 682, and 658 cmfl.
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(26) Preparation of 43-(2'-1',3'-Dithian)-4a,5a-dimethylcyclohex-2-

enone (73)

Benzeneseleninic anhydride29 (0.45 g, 1.24 mmol) was added to a
solution of 9B8-(2'-1',3'-dithian )w9a,10a—dimethy1—1,5—dithia[5,5]undec-
7-ene (76) (0.40 g, 1.2 mmol) in dry THF (20 ml) at OOC. The stirred
reaction mixture was slowly warmed to room temperature, then poured in-
to saturated aqueous sodium bicarbonate (20 ml) and extracted into ethef/
pet. ether (1:1, 3 x 50 mls. The combined organic layers were dried,
filtered and the solvent removed Zn vacuo to‘give an‘oil which was chroma-
tographed (silica gel, 50:50 ether/pet. ether) to give 4f-(2'-1',3'-
dithian)—4u,5a-diﬁethylcyclohex—Z—enone (73) (0.15 g, 55%5, § 250 MHz
(CDClS) 7.07 (d, J 10 Hz, 1H), 5.93 (d, J 10 Hz, 1H), 4.35 (s, 1H),
2.98-2.75 (m, 4H), 2.,45-2.23 (m; 2H), 2.20-2.05 (m, 2H), 1.90-1.75 (m;
1H), 1.20 (s, 3H), and 1.00 (d, J 7Hz, 3H); .vmax (£ilm) 3022, 1678, 778,

735 and 690 cm .

(27) Preparation of 4p-(2'-1',3'-Dithian)-3(a+fB), 4a,5a-tfimethy1cyclo-

hexanone (77)

To a preformed solution of 1ithiodimethyl cuprate (1.95 mmol, prepared‘
as above) at -78°c, was added a solution of the enone-dithian (73) (0.22 g,
0.91 mmol) in dry ether (5 ml).dropwise over 5 min. The stirred solution
was warmed to -23°C over 3 h after which it was poured into saturated
aqueous ammonium chloride (20 ml), and worked up.in the usual manner.
Chromatography (silica gel, 40:60 ether/pet. ether) gave a 2:1 mixture of
the C-3 epimefic cyclohéxanones - 48(2'—1',3'—dithian)—3(a+8),4a,5a—trimethy1-
cyclohexanone (77) (0.20 g, 83%); & 250 MHz (CDC13) 4.39 (s, 1/3H), 4.18
(s, 2/3H), 3.00-2,73 (m, 4H), 2.65-2.42 (m, 2H), 2.38-2.05 (m, 4H)., 1.96-

1.73 (m, 2H), 1.35 (s, 2H), 1.21 (d, J 6 Hz, 2H), 1.08 (d, J 6 Hz, 2H),
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| -1
1.06 (s, 1H), and 1.00 (d, J 6 Hz, 2H); vmax (CHClS) 1710 cm ~; m/e

258.1107 (M+), 172, and 119 (Calculated for clsnzzszo: 258.,1112),

Careful recrystallisation (ether/pet. ether) of the mixture resulted
in the formation of two different types of crystal. Manual separation of

the major component (prisms) gave an isomerically pure sample of 48-(2'-1',3'-

dithian ) -3B,40,5a-trimethylcyclohexanone (77a), m.p. 128-13000; § 4.18
(s,.lH), 3.00-2.65 (m, 4H), 2.50-1.70 (m, 8H), 1.35 (s, 3H), 1.20 (d, J
6 Hz, 3H), and 1.00 (d, J 6 Hz, 3H) (Found: C, 60.60; H, 8.64; 5, 24.95.

Cl3H22820 requires: C, 60.4?; H, 8.53; S, 24.84%).

’(28) Preparation of lf(Metﬁoxgcarbonyloxz)—48—(2'—1',3'5dithian)-3(a+8)-

(1'-pent-4'-enyl)-40,5a-dimethylcyclohexene (78)

Pent-4-enyl magnesium bromidé;(G.O mmol, prépared from l-bromopent-4-
ene3$, 0.92 g, 6.0 ﬁmol, and magnesiﬁm, 0.15 g, in dry gther) was added
dropwise to a suspension of copper (I) bromide dimethyl sulphide complex:
(0.60 g,v3‘mmol) in dry éther (3vmi) at -IOOC under argon. After stirring

-for a further 5 min, the mixture was slowly cooled to -GOOC. A solution
of the enone-dithian (73) (0.34 g, 1.4 mmol) in ether (10 ml) was added
drépwise over lbvmin and the stirred reaction mixture was warmed to -2300,
over.lé h. Neat ﬁethyl chloroformate (0.6 ml, 7.7 mmol) was added in one
portion. The mixture was warmed to room temperature and worked up in the
usual manner.‘ Chromatography (silica gel, 15:85 ether/pet.ether) gave
1—(carbonyldioxymetﬁyl)448—(2'—1',3'~dithian)—3~(1'—pent—4'—ény1)4a,5a—
’dimethylcyclohexeng (78), as a mixture of 30 and 38 isomers (0.22 g, 42%);
§ (CDC13) 6.00 - 5.15 (m, 2H), 5.10-4.70 (m, 2H), 4.03 (s,‘1H), 3.83

(s, 3H), 3.00-2.65 (m, 4H), and 2.60;0.80 (m, ISH);Q.Vma# (film) 3075,
1760, 1700, 1640, :1250, and 785 cm—l; m/e 370.'1634}\,.295, 263, 251, 235.5

* ,
(M 370-295), 219, 207, and 174 (Calculated for ClQHSOSZOB: 370.1636) .
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(29) Purification of Chlorotrimethylsilane

Dry pyridine (5 ml) was added to chlorotrimethylsilane .(100 ml) and
the well stirred mixture was rapidly filtered through a pad of celite.
o
The chlorosilane was distilled under nitrogen (middle cut, b.p. 57 C),

and stored under argon.

(30) Preparation of 1-Trimethylsilyloxy-4B8-(2'-1',3'-dithiolan)-3a~(1'-

pent-4'-enyl)-4a,5a-dimethylcyclohexene (79b)

Pent-4-enyl magnesium cuprate (2 mmol) was prepared in the usual manner,
in ether and cooled to —7500. A solution of tﬁe enone-dithiolan  (69)
(0.288 g, 1.0 mmol) in ether (16 ml) was added dropwise over 10 min and
the reaction mixture was then slowly warmed to -SOOC over 4 h., A preformed
- mixture of purified thorotrimeth&lsilane (2 ml).and dry friethylamine (2 ml)
in THF (10 ml) was added and the reéction mixture was Warmed to room temp-
erature'over 3 h. After pouring into pet. ether (100 m1),'rapid washing
by water ( 2 x 50 ml), ice—éqld 2.5% HCl1 (2 x 25 ml), saturated aqueous
sodium bicarbonate (2 x 50 ml) and‘brine‘(SO ml), followed by drying, fil-
tration andzremoval of the solvent ﬁn vacuo gave the crude trimethylsilyl
enoi ether. - Ordinarily, purification of this crﬁde materigl was not
attempted as it tended to decompose on silica gel. However, rapid chromato-
graphy(silica ée;,70:30 CH2C12/pet. efher) gave (i) 1-trimethylsilyloxy-
48-(2'—1‘,3'-dithiolan)-Bu—(l;-pent—4'-enyl)-4a,5a—dimethylcyclohexene
(79b) (O.l% g, 43%); § 250 MHz (CDCIB) 5.90—5,73 (m, 1H), 5.05-4.93 (m, 2H),
5.03 (s, 1H), 4.82 (d, J 4 Hz, 1H), 3.28—3.12 (m, 4H), 2.,30-1.10 (m, 1O0H),
1.03 (d, J 7 Hz, 3H), 1.00 (s, 3H), and 0.20 (s, 9H); Vhax (£ilm) 3078,
1675, 1640, 1195, 755, and 735 cm’lj -m/e 370 (M+), 277, 265, 192, 187,
168, 159, 141, 119, and 105; and (ii) 4B-(2'~1',3'-dithiolan)-3a-(1'-pent-4—
enyl)-4o,5a~dimethylcyclohexanone (82), (30 mg, 10%); & 250 Msz(CDCl3)

5.90-5.73 (m, 1H), 5.09 (s, 1lH), 5.05-4.93 (m, 2H), 3.30-3.15 (m, 4H), 2.62-
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2.30 (m, 3H), 2.20-2.00 (m, 5H), 1.90-1.86 (m, 1H), 1.55-1.40 (m, 1H),
1.35-1.20 (m, 1H), 1.08 (s, 3H), and 1.04 (d, J 7 Hz, 3H); v__  (film)

3078, 1715, 1642, 915, and 735 em

(31) Preparation of 2-Formyl-48-(2'~1"',3'-dithiolan)-3a~-(1l'-pent-4'-enyl)-da,

So~dimethylcyclohexanone (81) using the method of Muk;yama:6

A mixture of the trimethylsilylenol ether (79b) (0.16 g, 0.43 mmol)

and trimethylorthoformate (0.1 ml, 0.9 mmol) in CH201 (1 ml) was cooled to

2

—78°C under argon. 10% Titanium tetraChloride in CHZCl (1 ml, 0.86 mmol)

2
was added dropwise and the mixture was‘étirred for a further 3.5 h, after
which time it was pqured into saturated aqueousvammonium chloride (5 ml)
and extracted with ethér (2 x 25 ml). The cdmb;ned organic extracts were
dried, filtered, and after removal of the solvent in vacuo, the résidue was
chromatographed (silica gel 30:70 éther/pet. ether) to give 2-formyl-4f-
(2'-}',3'—dithiolan)—3a—(1'—pent—4'-enyl)—4a,$a—dimethy1cyc1ohexanone (81)
(10 mg, 7%); 6 250 MHz (CDClS) 14.2 (br, s, 1H),.7.95 (s, 1H), 5.75 (m,
1H), 5.1-4.9 (m, 2H), 4.80 (s, 1H), 3.2 (m, 4H), 2.6—1.3.(m, 10H), 1.18

(s, 3H), and 1.08 (d, J 6 Hz, 3H); v__ 2860, 1715, 1645, 1595, and 912

-1 + * .
cm ; m/e 326 (M ), 298, 272.4 (M 326-298), 221, 192, 175, and 151.

(32) ' Preparation of QLA-Dimefhyl—l—trimethylsilz}oﬁxf3~(l'fpent—4'—enyl)—

cyclohexene (85)

To a preformed solution of pent44—enyl magnesium cuprate (50 mmol,
prepared in the‘usﬁal manner) in ether'(SO ml) at —éSOC} was added a solution
of 4,4-dimethylcyclohexenone 66(2.5 g, 20 mmol) in ethgr (10 ml) over
10 min. After stirring for a further 20 min, a preformed mixture of puri-
fied chlorotrimethylsilane (7 ml, 55.mm91) and dry triethylémine (7 ml, 50 mmol)

in dry THF (40 ml) was added, and the reaction mixture was warmed to room
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temperature over 2.5 h., After pouring into.pct, ether (500 ml) and washing
in the usual manner (water, ice-coid 2.5411C1, - saturated aqueous sodium
bicarbonate and brine), the solﬁfion was dried, filtered and the solvent
removed in vacuo to give the crude 4,4-dimethyl-l-trimethylsilyloxy-3-
(1'—pgnt-4'-enyl)—cyclohexene (85) (6.3 g); ¢ (CDClS) 6.10-4.75

(m, 4H), 2.25-}.80 (m, 4H), 1.75-1.04 (m, 7H), 0.90 (s, SH), 0.75 (s, 3H),
and 0.20 (s, 9H); v_ _ (film) 3078, 1665, 1640, 1190, 845, 755, and 640

em ; m/e 266 (M+), 265, 251, 223, 210, and 197, Purification of this
compound was not attempted as it_rapidly decomposed. both thermally and on

silica gel.

(33) Preparation of 2—(1',l'—Dimethoxymethyl)—4{4—dimcthy1—3—(l'—pent—4'—

' 3
enyl)-cyclohexanone (84) using the method of Mukiyama 6

To a mixture of the crude trimethylsilylenol ether -(85), 0.16 g (ca.
0.6 mmol), and trimethylorthbformafe (0.15 ml, O.é mmol) in CH2012 (10 ml),
undér argon at -780C, was‘added 10% titanium tetrachloride in CH2C12
(1.5 ml, 1.3 mmol),'dropwise over 5 min. After 2 h, the.reaction mixture
was poured into saturated aqueous ammonium chloride (25 ml) and extracted

into pet. ether (2 x 70 ml1). The combined organic layers were dried, fil-

- tered and concentrated in vaguo'td give an oil which was chromatbgraphed

(silica gel, 10:90 ether/pet. ether) to give (i) 2-formyl-4,4-dimethyl-3- "

(1'-pent-4'-enyl)-cyclohexanone (83) (63 mg, 45%)j § 250 MHz (CDC13)
14.46 (d, J 4 Hz, 1H, D0 exch.) 8.34 (d, J 4 Hz, 1H), 6.00-4.65 (m, 3H),
2.50-1.10 (m, liﬂj, 1.00 (s, 3H), and 0,94'(54 3H); vmax (£ilm) 3080,
1640, .1590, and 810 cm‘l; m/e 222.1616 (M+), 204, 194, 189, 166, 153, and
137 (Calculated fér C. H 0. : 222.1620) (Féund: C, 75.70; H, 10.09.

14 2272°

c 0, requires C, 75.60; H, 9.97%); (ii) 4,4-dimethyl-3(1'-pent-4'-

H
14 22 2 ,
» enyl)-cyclohexanone (86) (33 mg, 30%); § (CDClS) 5.90-4.65 (m, 3H), 2.50-

1.10 (m, 13H), 1.02 (s, 3H), and 0.99 (s, 3H); v__  (film) 3080, 1715, 1640,
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910,nud735§ﬁd'and'finally, (iii) 2-(1l',1'-dimethoxymethyl)-4,4-dimethyl-
3-(1'-pent-4'-enyl)-cyclohexanone (84), (37 mg, 21%); & 250 MHz (CDClS),
5.92-5.70 (m, 1H), 5,04-4.90 (m, 2H); 4.56 (d, J 5.1 Hz, 1H), 3.39 (s, 3H),
3.35 (s, 3H), 2.44 (dd, J 5.9 and 5.1 Hz, 1H), 2.32 (m, 2H), 2.05-0.80 (m,
9H), 1.00 (s, 3H), and 0.80 (S’_SH); Vhax (£ilm) 3080, 1710, 1642, 1110,

1072, and 910 cm b5 n/e 268 (M'), 253, 273, 236, 205, and 143,

(34) Preparation of 2-Formyl-4,4-dimethyl-3(1l'-pent-4'-enyl)-cyclohexanone

. 27
(83), using the method of Conia -

The mixture of 2-formyl-ketone (83), ketone (86), ahd 2(1',1'~-dime-

Cl_ (1 ml) was added to

. thoxymethyl)ketone (84) (preparéd as above) in CH2 9

a stirred homogeneous slurry of Kieseigel—H 1 g, CH2012 (2 ml), and 15%
HZSO4 (4 drops). After 2 h, the mixture was quenched by the addition of
- sodium bicarbonate (0.5 g),Aand.after filtfation’and re-extraction (ether
5 x 10 ml), chromatography (silica gel, 10:90 ether/pet. ether) of the
concentratgd’product gave (i) 2—formy1—4,4—dimethy1—3(l'—pent—4Lény1)—
cycldhexanon¢ ‘83) (91 mg, 65%), identical to the previoué sémple, and:
(ii) 4,4-dimethyl-3(1'-pent-4'-enyl)-cyclohexanone (86) (33 mg, 30%) as

above.

(35) Preparation of 6-Carboethoxy-7-oxo-octene (90) using the method of

38
Brieger

Etﬁyl aéetoacetate (3;25 g, 25 mmol), l-iodbpent;4—enél(5 g, 25 mmol),
and anhydfous potassium carbon#te (4.9 ¢g, 37.5 mmol) weré heated to lOOOC
in DMF (50 ml) for 1.5 h. Afte; cooling,bthe reaétionvmixture wasipoured
into water (160 ml) and extracted with.gther (250 mli. The ethereal layer
was washed with more water (2 x 50 ml) followed by brine (50 ml), dried,

filtered and concentrated in vacuo. The crude product was distilled under
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reduced pressure to give 6-carboethoxy-7-oxo-octene (90) (3.5 g, 70%),

b.p. 84°C/1.5 mmHg; 6 (CC14) 6.1-5.3 (m, 1H), 5.2-4.75 (m, 2H), 4.18

(q, J 7 Hz, 2H), 3.37 (t, J 7 Hz, 1H), 2.19 (s, 3H), 2.17-1.40 (m, 6H),

and 1.25 (t, J 7 Hz, 3H); Voax (£ilm) 3080, 1743, 1725, 1640, 1140, and 912

em T; m/e 198 'y, 169, 156, and 143.

(36) Preparation of'4—Carboethoxy—5—oxo—hexene (89) using the method of

38
Brieger

A mixture of ethyl acetoacetate (6.5 g, 50 mmol), drf allyl bromide
(6.0, 50 mmol) and anhy;rous potassium carbonate (14.0 g, 100 mmol) in dry
DMF (90 ml) was vig6rously stirred and héated to 60°C fdr 16 h. After cool-
ing, the mixture wa; poured into water (250 ml) and extracted with ether
(300 ml). The organic layer was'wgshed with water (2 x 100 ml), followed
by bfine, dried ahd filtered. After removal éf the solvent in vacuo,
distillation'under'reduCed pressure gave 4-carboethoxy-5-oxo-hexene (89)
(6.0 g, 70%), b.p. 44-46°C/1 mmHg; & (cc1,) 6.00-5.30 (m, 1H), 5.20-
4.75 (m, 2H), 4.12 (q, J 7 Hz, 2H), 3.32 (t, J % Hz, 1H), 2.60-2.30 (m, 2H),
2.15 (s, 3H), and 1.25 (t, J,7 Hz, 3H); Voax (film) 3425 (enol), 3040,

1740, 1715, 1642, 1621, and 920 cm

'(37)‘ Preparation of 3-Carboethoxy-2-methyl-5-(selenophenylmethyl)-4H-~

dihydrofuran (92)

Phenylselenium chloride (0;21 g, 1.1 mmol) in dry, distilled CH2C12
(10 ml) was added to a suspehsion‘of gilver hexafluoroantimonate (0.25 ¢,
1.1 mhol) in CH2C12 (10 ml) under argon at room temperature. Thé mixture
.was.cooled to’—7800 and 4-carboethoxy-5-oxo-hexene (89) (0.20 g, 1.1 mmol)

in CH2C12 (5 ml) was added dropwise over 10 min. The reaction mixture was

allowed to warm to room temperature, poured into saturated aqueous sodium
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bicarbonate (25 ml) and extracted with more CH_Cl (2'x 20 ml). After

2772
drying and filtration, removal of the solvent in vacuo gave a residue which
was chromatographed (silica gel, 50:50 CH2012/pet; ether) to give 3-carbo-
ethoxy-z-methyi—s-(selenophenylmethyl)—4H-dihydrofuran (92) (0.26 g, 70%);
§ 250 MHz (CDC13) 7.54 (m, 2H), 7.27'(m, 3H), 4:76 (dddd, J 9.5, 7.0, 7.0,
and 5.5 Hz, 1H), 4.17 (q, J 7 Hz,-2H), 3.19 (dd; J.12.0, and-5.5 Hz, 1H),
3.04 (ddgq, J 15.0, 9.5, and 1.5 Hz, 1H), 3.025 (dd, J 12.0, and 7.0 Hz, 1H),
2.70 (ddq, J 15.0, 7.0, and 1.5 Hz, 1H), 2.13 (dd, J 1.5, and 1.5 Hz, 3H),
andv1.27 st, Jd 7 Hz, 3“); Qmax (film), 3070, 3050, 1695, 1646: 1578, 1222,
1079, 760, 735, 690, and 665 cm_l; m/e 326.0421 (M+), 281, 169, 157, and

123 (calculated for C,_H O'80

. 30 I
151893 Se:326 .0425).

(38) ' Preparation of 2-Acyl-2-carboethoxy-(selenophenylmethyl)cyclopentane

(93)

Phenylselenium chloride (0.21 g, 1.1 mmol) in CHZCI2 (10 ml) was added
to a suspension of silver hexafluoroantimonate (0.38 g, 1.1 mmol) in
CH2012 (10 ml) under argon, at R.T. The mixture was cooled to -78°C and

Clz (10 ml) was

6—carboethoxy-7—oxo—octene'(90).(0.22 g, 1.1 mmol) in CH2

added over 10 min, The mixture was warmed to room temperature, poured
'intobsaturated aqueous sodium bicérboﬁate (25 ml) and extracted into

CH,CI1, (2 x 25 ml). After drying; filtration and removal of the solvent

in vacuo, ga?e a residue which was chromatographed (silica gel, CHZCIZ)

to afford Z-acylez—carboethoxy—(sélenophenylmethyl)cyclobentane (93), 7

as a mixture of isomers (0.39 g, 81%); & 250 MHz,(CDC13) 7.52 (m, 2H),
7.25 (m, 3H), 4.18 (m, 2H), 3.18 (m, 1H), 2.95-2.35 (m, 3H), 2.30-2.05

(m, 2H), 2.12 (br, s, 3H), 1.88-1.45 (m,'4H), 1.26 (t, J 5.5 Hz, 1.5H), and
1.24 (t, J 5.5 Hz, 1.5 H); Voax (£ilm) 3070, 3050, 1745, 1710, 1578,
1245,'735,4690, 668, énd 645 cm—%; m/e 354.0735 (M+), 309, 265, 242, 197,

8
and 169 (Calculated for C 03(%e:354.0735).

17H22
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(39) Preparation of (94) and (95) from 3,3-Dimethyl-6-(1'-pent-4'-enyl)-

1,5-dioxocyclohexane (91)

Phenylselenium chloride (0.21 g, 1,1 mmol) in CH2012 (10 ml) was
added to a suspension of silver hexafluorophosphate (0.284 g, 1.1 mmol)
in CH2012 (iO ml) under argon at R.T. The mixture‘was cooled to -78°C
and 3,3—dimethy1-6-—(1‘—pent-4'-eny1)—1,5—dioxocyclohexane39 (91) (0.21 g,
1.0 mmol) in C}lzcl2 (10 ml) was added dropwise over 10 min. The mixture
was warmed tb room temperature and worked up in the usual manner. Chroma-
tography (silica gel, CH2C12) then gave (i) 4,4—dimethyl—2,6~diokocyclohexan—»
spiro—l',2'—(selenophenylmethyl)fcyglopentane (94) (97 mg, 27%), m.p.
86-87°C (pet. ether); & 250 MHz (CDCl,) 7.52 (m, 2H), 7.27 (m, 3H), 2.82
(m, 2H), 2.71 {m, 1H), 2.55 (m, 2H), 2.46 (m, 1lH), 2.35 (m, 1H), 2.15 (m,
1), 2.00-1.70 (m, 5H), 0.99 (s; 3H), and 0.93 (s, 3H); v (CHCl)
' 2890, 1725, 1690, 1580, and 1475,cm'1; m/e 364.0945 ¥y, 270, and 157

0

(calculated for C_. H O Se:364?0941); and (ii) 8,8-dimethyl-6-ox0-2-

8
19 242
(selenophenylmethyl)—[3,4,5,7,9H]-benzoxepin (95) (11img, 30%); & 250 MHz
(CDClB) 7.51 (m, 2H), 7.26 (m, 3H), 4.41 (m,‘IH), 3.16 (dd, J 13.0 and
8.0 Hz, 1H), 2.99 (dd,;J 13.0 and 5.0 Hz, 1lH), 2.62 (ddd, J 18.0, 4.7 and
4.7 Hz, lH), 2.19 (d, J 1 Hz, 2H), 2.35-2.08 (m, 3H), 1.77-1.73 (m, 4H),

1.04 (s, 3H), and 0.98 (s, 3H); v (film) 3070, 3050, 1655, 1620, 1578,

1225, 739, and 690 cm_l; m/e . 364.0945 (M+), 207, and 157 (Calculated for
80 : "
H Ca:
C19 2402 Se: 364.0941).

(40) Preparation of (94) from 3,3-Dimethyl-6-(l'-pent-4'-enyl)-1,5-dioxo-

cyclohexane (91)

Phenylselenium chloride (0.21 g, 1.1 mmol) in CH,Cl, (10 ml) was added

to a suspension of silver hexafluoroantimonate (0.38 g, 1.1 mol) in CH2012

(10 ml) under argon at R.T. The mixture was cooled to ;780C-and 3,3-dime-
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thy1—6—(1'-pont—'l'-cnyl)—l,S-dioxocyclohcxane39 (91) (0:21 g, 1.0 mmol) in
CH2012 (10 m1) was added over 15 min., The reaction mixture was warmed to
R.T. and worked up in the ugual manner., Chromatography (silica gel, 30:70
ether/pet. ether) gave 4,4-dimethyl-2,G—dioxocyclohexanspiro—l'—2'-(seleno—
phenylmethyl)-cyclopentane (94), 0.16 g; 44%, identical to the previous

sample.

(41) Preparation of 7—Carbomethoxy—2—methy1—[3,4,5,6,9H]—benzofuran 97)

4
using the method of Clive 0

A mixture of 7-carbomethbxy;2—(selenopheﬁylmethyl)-[3,4,5,6,9H]—benzo-
furan' (96) (0.147 é, 0.42 mmpl),‘triphenyltin'hydride,(0.44 g, 1.2 mmol),
and‘AIBN (10 mg) were heated to reflux in toluene (10 ml) under argon for
3.5 h. After cooling, the sdlvent was removed 7 vacuo and the residue was
chromatographed (silica gel, 7:93 ether/pet. ether) to give 7-cérbomethoxy—
z-methyl-[3,4,5,6,9&]-benzofurap (97) (55 mg, 67%); & (CDCls)'4.65 (m,
1H), 3.70 (s, 3H), 2.40-1.70 (m, 9H), and 1.45 (d, J.6 H;, 3H); v, 3070,

' . R =1
1690, 1660, 910, and 698 cm

(42) Preparation of 9,9—Dimethy1—4f(selenophenylmethyl)—3—oxabicyclo[6.4.01

dodec-1, 2-en-12-one (99)

Phenylselenium chloride (0.105 g, 0.55 mmol) in CH201 (10 ml) was

2
added to a suspension of silver. hexafluoroantimonate (0.19 g, 0.55 mmolj in
CHZCLZ (5 ml)‘under argoh at R.T. The mixture was cooled to —7806 and -
2—formy1—4,4—dimethyl—3-(l'—pent—4'—enyl)fcyciohexanone (83) (0.11 g, 0.5
mmol) in CH2012 (5 ml) was added over 5 min. The‘mixture was warmed to
R.T., poured‘into saturated aqueous ammonium chloride k15 hl) and extracted

into CH,Cl, (3 x 25 ml). The combined organic layers were dried, filtered

and the solvent removed Zn vacuo to give the crude 9,9-dimethyl-4-(seleno--
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phenylhethyl)—3—0xabicyclo[6.4.0]-dodec—l,z-ene—lz-one (99) as a mixture of
isomers (160 mg, 85%); & 250 MHz (CDC13) 8.30 (s, 1H), 7.50 (m, 2H),

7.23 (m, 3H), 3.95 (m, 1), 1.00 (br, s; 3H), 0.97 (s, 1.5H), and 0.88

(s, 1.5H), inter alia b Voax (film) 1670, 1585, and 690 cm—l. This

compound could hot be purified as it decomposed rapidly on silica gel.

(43) "~ Preparation of cis-lo-Formyl-5,5-dimethyl-10u-(selenophenylmethyl)-

bicxploL4.4.0}decan-2—one (100)

The crude 'O'-cyclised selenide (99) obtained above was dissolved in

CH2C12 (10 ml) and treated with ZnI, (0.32 g, 1 mmol), The rearrangement

2
reaction was followed by TLC (25:75 ether/pet. éther) and after 48 h, the
reaction mixture was filtered and washed with 5% aqueous sbdiuﬁ metabi-
sulphite (2 x 5 ml) followed by brine (5 ml). The organic layer was dried,
filtered and fhe solvent removed %7 vacuo to give the crude product which,
.by TLC and 1H analysis, was coﬁposed of a mixture of both the starting "O"
cyclised material (99) aﬁd the_rearranged‘"C”'cyclised product (100).

, Chromatography (silica gel, pet. ether fo 20:80 ether /pét. ether) gave
gi§fia-formy1—5,S-dimethyl—loa—(selénophenylmethyl)-bicyélo[4.4.0]—decan_
2-one (100) (55 mg, 15%); & zsovmﬁz (CDC13) 9.70 (d, J 1H;,»1H), 7.50 (m,
2H), 7.25 (m, 3H), 3.07 (dd, J 12.5 and 3.8 Hz, 1lH), 2.96 (dd, J 12.5

and li.O Hz, 1H), 2.41 (m, 1H), 2.30-2.04 (m, 2H), 1.93 (ﬁ,_lHi,'1;73 (ddd,
J 13.75, 7.5 and 6 Hz, 1H), 1.64-1.40 (m, 7H); 1.06 (s, SH); and 1.02

(s, 3H); vma* (£ilm) 2875, 1728, 1700, 1580, 1392, 1370, and 693; m/e

0
S

378.1097 (M ), 360, 350, 221, 193 and 195 (Calculated for C__H_ O 8 e

20 26 2

378.1097). The 'O' cyclised material decomposed on the silica gel and was

not isolated
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(44) Preparation of cis-la-llydroxymethyl-5,5-dimethyl-100-(selenophenyl-

methyl)-bicyclo[4.4.0]decan-28-01 (101)

— e s o -y S e Lt g T St e T e et i B Bk vt o e T e o S et At At s e T e St s S At S b St S Ty T e et Bt o e

t.4.0|-decan-2-one (100). The lo-formylselenide (100) (36 mg, 0.095 mmol)
was dissolved in methanol (1 ml) and sodium borohydride (36 mg, 0.94 mmol)
was added in one portion. After 30 min, water (1 ml) was added and the

product was extracted into CH Cl2 (2 x 25 ml). The combined organic layers

were dried, filtered and concentrated 7n vacuo and the residue was chroma-

tographed (silica gel, 75:25 ether/pet. ether) to give cis-lu—hydroxymethyl—

5,5—dimethy1—10a—(selengphenzlmethyl)—biczg}o[4.4.0]decan-28-ol (101), 30 ng,

(82%), m.p. 159-160°C (EtOAc); 6 250 MHz (CDCl,) 7.55 (m, 2H), 7.23 (m, 3H),
4.40 (dd, J 11.5 and 6.3 Hz, 1H), 4.32 (dd, J 12.0 and 3 Hz, 1H), 3.78
(dd, J 10.8 and 2.0 Hz, 1H), 3.60 (br,'d, J 10.8 Hz, 1H), 2.86 (dd, J 12.0
and 10.0, 1H), 2.73 (br, s, 1H), 2.58 (br, s,'lH), 2.30 (m, 1H), 2.17 (m,
1H), 1.04 (m, 1H), 1.60-1.25 (m, 9H); 0.90 (s, 3H), and 0.87 (s, 3H);
v (KBr) 3386, 2860, 1575, 1475, 728, and 689 cmfl; m/€ 382.1411 wm,

0

225, 207, and 189 (calculated for C20H30028 Se:382.1410) (Found: C, 63.17,

H, 7.94. c20H303e02 requires: C, 62.98; H, 7.93%).
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~was diséolyed in dry ether (2 ml) and lithium aluminium hydride (20 mg,.
0.53 mmol) was added in one portion. After 1 h, water (3 ml) was'added,
followed by ahhydrdus sodium sulphate (2 g). The crude diol was extfaéted
into CHZCIQ (2 x 25 ml) and, after removal of the solvent, iﬁ vacuo ,
chromatographed (silica gel, 75:25 ether/pet: ether) to give gig—ia—hydroxy_
methyl-s,5—dimethy1—10a—(selenophenylmethyl)—bicyclo[4.4.0]decan—28-ol

(101) (124 mg, 95%5,~m.p. 159—16000 (EtOAc) identical to the previous

sample.
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(45) Preparation of cis-2f3-Acetoxy-la-acetoxymethyl-10a-(Sclenophenylmethyl)-

5,5-dimethylbicyclo|4.4.0]decane (103)

A mixture of diol (101) (27 mg, 0.07 mmol), pyridine (0.1 ml), acetic
anhydride (0.05 ml) and 4-N,N-dimethylaminopyridine (1 mg) was stirred‘at
R.T. for 3 h. 'Excess reagents were removed Zn vacuo and the residue was

chromatographed (silica gel, 50:50 ether/pet. ether) to give cis~2f-acetoxy-

la-acetoxymethyl—lOa—(seiengphenylmethyl)—s,5-dimethy1biézplol§,4.0]decane

(103) (28 mg, 85%), m.p. 76.5-78.5°C (MeOH); 6 250 MHz (CDC1,) 7.55 (m, 2H),
7.25 (m, 3H), 4.83 (dd, J 5.5 and 5.5 Hz, 1H), 4.28 (d, J 11.5 Hz, 1H),

4.24 (d, J 11.5 Hz, 1H), 3.98 (dd, J 12.0 and 2.5 Hz, 1H), 2.54 (dd, J 12.0
and 12.0 Hz, 1H), 2.38 (m, 1H), 2.15 (m, 1H), 2.06 (s, 3H), 2.03 (s, 3H),
»1.70-1.25 (m, 10H), 0.98 (s, 3H), and 0.95 (s, 3H); v___ (CHCl,) 3075, 2850,

1740, and 910 cm—l. (Found: C, 61.95; H, 7.47. C24H-34Se04 requires, C,.61.93;

H, 7.36%).

Crystals of (103) are monoclinic, a = 8.339(1), b = 16.871(3), ¢ =
16.472(3) R, 8 =92.39(1)° , U = 2315 R? space group P2,/a, Z =4, D_ =
1.34 gcm_s. Data were measured using monochromatised Cu—Ea radiation (gra-
phite‘monochrdmator) onAa Nicolet R3m diffractometer. A total of 2382
~independent reflections were.measufed O < 500) using the.omgga scan measuring
?outine, and of‘these 189 had_g0 < 30 (Eo) and werg.classed és.ﬁnobserved.
‘The structure was solved by the heavy-atom method and ‘the non-hydrogen
atoms refined anisotropically} The hydrogen atoms, with the exception of
the methyl groups which were_refiped as rigid bodies; were placed at calculated
positioﬁs and allowed to ride>on their parént‘carbon atoms. 17 Reflections
which had /EO/<</§C/:were suspected of being affected by extinction and
therefore removed. Refineﬁent was terminated at a final R = 0,055.
(Computations were carried out on an Eélipse Sl40‘computer using the

SHELXTL program system.)
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(46) Precparation of cis-la~H-5,5-Dimethyl-10a~(sclenophenylmethyl)-bicyclo

[4.4.019ecan—2—one (104)

Phenylselenium chloride (0.21 g, 1.1 mmol) in CH2012 (10 ml) was added
t6 a suspension of silver hexafluoroantimonhte (0.25 g, 1.1 mmol) in CHZCI2
(10 ml) under argon at R.T. The mixture was cooled to —7800 and the crude
4,4-dimethyl-1-trimethylsilyloxy-3-(1l'-pent-4'-enyl)-cyclohexene (85) (0.25 g,
ca. 1.0 mmol) in CH2012‘(5 ml) wﬁs added dropwise over 5 min. Thé mixture
was kept at -78°C for 1 h before being warmed to room temperature and worked
up in the usual manner. ' The crudeiproduct was carefully'chrématographed
(silica gel, pet. ether to 15:85 ether/pet. ether), to give (i) cis-
la-H-5,5-dimethyl-100-(selenophenylmethyl)-bicyclo[4.4.0] decan-2-one ' (104)
(60 mg, 17%); & 250 MHz (CDCl,) 7.45 (m, 2H), 7.25 (m, 3H), 3.01(dd, J
12.0 and 6.7 Hz, 1H), 2.95 (dd, J i2.0 and 9.0 Hz, 1H), 2.55 (m, 1H),2.41
(ddd, J 14.5, 13.0, and 6.0 Hz, 1H{] 2.23 (ddd, J 14.5, 5.0,and 2.0 Hz,
1H), 1.81 (ddd, J 13.0, 13.0, and 5.0 Hz, 1H), 1.74—1.62‘(m, 4H), 1.58-1.43
~{(m, 3H), 1.30 (ddddd, J 13.0, 13.0,-13.0, 3.0, and 3.0 Hz, 1H), 1.20 (s,
3H), 0.96 (s, 3H), and 0.92 (dddd, J 12.5, 12.5, 12.5,‘andv4Hz, 1H) ;-

v (film) 3075, 3055, 2862, 1710, 1580, 1480, 1390, 1370, 910, 692, and
670 cm—l; é/g 350 (M+), 272,‘228, 193, 175, and 107 (M* 350-193); and
’(ii)'4,4—diﬁethyl-3—(1'—pent-4'—ényl)cyclohexaﬁone (86), (60 mg, 30%)

identical to the previous sample.

(47) Preparation of cis—la—H—lOa,5,5—Trimethylbicyclo[4.4L9]dedan—2~one (105)

A mixture of the selenidé (104) (30 mé, 0.085 mmol), triphenyltin-
hydride40 (53 mg, 0.17 mmol), and AIBN (5 nig) were héated to reflux in
foluene (7 ml) under argon for.2 h. After cooling, the residue was chroma-
tographedw(silica gel; pet. ether to 10:90'ether/pet..ether) to give

Eig—la—ﬂ—lOa,S,5—trimethylbicyclo[4.4.0]decan-2-one (105) (9 mg, 55%);
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§ 400 MHz (CDClS) 2.51 (m, 2H), 2.38 (dddd, J 14.75, 13.5, 6.75,and 1.0 Hz,
1), 2.23 (ddd; J 14.75, 5.0, and 2.0 Hz, 1H), 1.81 (ddd, J 13.5, 13.5,

and 5.0 Hz, 1H); 1.77 (ddd, J 13.0, 5.0, and 2.75 Hz, 1H), 1.70 (ddddd,

‘J 13.0, 3.25, 3.25, 3.25, and 1.5;Hz, 1H), 1.66 (dddd, J 13.25, 13.25,
4.75, and 4.75 Hz, 1H), 1.50 (dddd, J 13.5, 6.75, 2.0, and 2.0 Hz, 1H),
1.50 (m, J 13.25, 4.0, 3.0, and 3.0 Hz, 1H),.1.38 (ddddd, J 13.0, 13.0,
13.0, 4.0, and 4.0 Hz, 1), 1.26 (m, J 13.25, 4.0, 2,6, and 1.5 Hz, 1H),
1.24 (s, 3H), 0.98 (s, 3H), 0,96 (d, J 7;5_Hz, 3H), and 0.85 (dddd, J 13.0,
13.0, 13.0, and 3.75 Hz, 1H); Voax (CHCl3) 1708 cmél; m/e 194.1671 (M+),

179, 165, 151, and 138 (Czlculated for C 194,1666).

H .
13 220 '

(48) Reaction of 2-Formxl74,4—dimethy1—3(1‘—pent—4?—enyl)—cyclohexanoné (83)

with Phenylselenium chloride

A mixture of the.Z—formyl ketonev(83) (0.444 g, 2 mmol), phenylselenium
chloride (0.404 g, 2.1 mmol), and pyridine (0.24 ml, 3 mmol)’was:stirred
at R.T: overnight. The m%xtﬁre waé washed with 5% HC1 (2 x>15 ml) and brine
(5 ml), and after drying, filtration, and removal of the solvent in vacuo,
it ga&e 2—formy1—4;4—dimethyl—3(5'—2'fchloro—l';selenophenylpentane)—
cyclohexanone (106) (0.8 g); & (CDC13) 16 .5 (br, s, 1H), 8.23 (s, 1H),
7.5-7.00 (m, 5H), 3.88 (m, 1H),‘3.26 (m, 2H), 2.25 (m, 2H), 1.95-1.05 (m,
9H), Q.98 (s, 3H), and 0.76 (s, 3H); . vég£m2870, 1635, 1580, 1480, 1438,
755, 740, 690, and 688 cm—l. This material could not be further purified

as it decomposed on silica gel.

(49) Preparation of 1-Vinyl-4,4-dimethylcyclohex-2-en-1-o0l (123)

A solution of vinyl bromide (0.175 ml, 2.5 mmol) in dry ether (3 ml),
under argon, was cooled to 4120°C (methylcyclohexane/liq. N2) and 1.4 M

t-butyl lithiumin hexane (3.1 ml, 4.4 mmol) was‘added droﬁwise over 15 min.
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After a further 3 h, ncat 4,4-dimethylcyclohcxenone (0.6 g, 5 mmol) was
added and tﬂe reaction mixture was warmed to R.T. The mixture waé then
poured into saturated aqueous ammonium chloride (10 ml), extracted into
ether (3 x 15 ml) and the combined organic layers were dried, filtered,

and the solvent was removed inm vacuo. Excess enone was removed in vacuo
and the residue was chromatographed (silica gel, 50:50 ether/pet. ether to
ether), to give l-vinyl-4,4-dimethylcyclohex-2-en-1l-ol (123) (0.388 g, 67%);

§ (CDC13) 6.15-4.80 (m, 5H), 2.40 (br,.s, iH, D,O0 exch.), 2.00-1.40 (m,

2
4H), 1.00 (s, 3i), and 0.95 (s, 3H).

(50) Preparation of 5,5-Dimethyl-2-(methoxycarbonyloxy)--10-vinylbicyclo

£4.4.9]dec—1,2—ene (122)

- An. ethereal solution of vinyi lithium was prepared as before from
vinyl bromide (2i5 mmol) and_z—butfl‘lithium(4.4 mmol) at '—iZOOC for 3h.

' The cold solution was added dropwise to a»slurry,bf coppefz(i) bromide-
dimethyl sulphide complex (0.20 g, 1 mmol) in dry ether (5 ml) at —IOOC
undef argon. - After the addition was complete, stirring for a further 10
min completed the formation‘of‘the éuprate as é dark blue solution. This
was cooled to -SOOC, gnd a solution éf 5,5—dimethy1bicyclo[4.4;0]dec—1,10-
en—2—o‘ne45 (116) (0;11 g,-0.61 mm01) in ether (2 ml) was added. After
stirring far'45lmin; neat‘mefhyi chloroformate (0.3 ml, 2.mmol) was added
in one portion; and the>reaction‘migture was warmed to room temperéture.
Wofk—up in the normal manner gave crude 5,Sfdimethyl—z—(methoxycérbonyloxy)

'—10—vinyibicyclo[4.4.0]dec—1,2—en§ (122); S (CDCl3) 6.00-4.70 (m), 3.80
(s), 1.00 (s), and 0.90 (s)_' -, inter aiia; ook (film) 2860, 1760, 1440
and 1260 cm_l.- Thié compound could not be purified as it rapidly decomposed

on silica gel.



(51) Preparation of,2-Trimethylsilyioxy—lo—vinyl-ﬁ,S—dimethylbicyclo

[1.4.0]dec-1,2-ene (124)

Vinyl magnesium bromide (1.1 mmol, prepared in the usual way) in dry
THF (3 ml) was added to a stirred slurry of copper (I) bromideQdimethyl
sulphide complex (0.11 g, 0.55 mmol) in ether (10 ml) at -50°C under argon.
Stirringlfor a further 30 min completed the formation of the green cuprate,
and a solution of 5,5-dimethylbicyclo[4.4.0]dec-1,10-en-2-one (116) (86 mg,
0.5 mmol)'in dry ether (2 ml) was then added dropwise. The reaction mixture
immediatély'went black and, after a further 30 min, a preformed mixture of
purified chlbrotrimethylsilane (1 ml) and er triethylamine (1 ml) wés
added in one portion. After warming to R.T.; work-up in the normal manner
afforded 2-trimethylsi1yloxy—10-vinyl-5,S—dimethylbicyclo[4.4.0]dec-1,2—
ene (124) (0.127 g, 91%); 6 (CDCl3) 6.00-4.60 (m, 3H), 2.10;1.10 (m, 12H),
0.90 (s, SH) 0.80 (s, 3H), énd 0.15 (s; 9H) ; Vax (film)’éOBO, 2855, 1675,

1250, 840, and 750 em

(52) Attempted preparation of trans~lo-Carbomethoxy-10-vinyl-4,4-dimethyl-~

bicyclo[4.4.0]decan-2-one (121)

To a solution df the silyl enol ether (124) (70 mg,'0.25 mmbl) in ether
(2 ml) under afgon af 0°c was added ethereal 1.2 M methyl lithium (0.25 ml,
0.3 mmol). The stirred mixture was warmed to R.T. and thé disappearance
of the starting materiai was followed by TLC (25:75 ether/pet, ether).
After 2 h, neat methyi chlofoformate (0.2 ml) was édded, reSulting in the
immediate formation of a white precipitate. The.reaétion mixture was then
poured into saturated aqueous ammonium chloride (2 ml) aﬁd.wdrked up in the .
usuél manner tovgive only 5,5-dimethyl~2-(methoxycarbonyloxy)-10-vinyl-

bicyclo[4.4.0]dec-1,2-ene (122) as above.
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(53) Preparation of an Ether solution of Formaldehyde

Dry paraformaldehyde was placed in a glass boat in a pyrex tube and
a gentle stream of nitfogen was passed over it and through dry ether (or
THF) cooled to.—780C. Gentle heating decompoéed the polymer and the monomeric
formaldehyde was trdpped in solution. Provided the solution was kept at

o
-78 C, the monomer was stable for up to a week.

(54) Preparation of trans-lo-Hydroxymethyl-108-vinyl-5,5-dimethylbicyclo

[4.4.0]decan—2-one (130)

A solution of vinyl magnesium.bromide_[prepared from vinyl bromide

(0.79 ml, 11.0 mmol) in THF (12 ml)] was added dropwise to a slurry of
copper (1) bromide-dimethyl sulphide cémplex (l.i g, 5.5 mmol) iﬁ ether
(15 ml), under argon at —SOdC. Stirring for a further.SO min gave a green/ -
brown éuspension to which was added 5,5—dimethylbicyclo[4.4.0]dec—1,10-
en-2-one (116) (0.89 g, 5 ﬁmol) in.ether (16 ml). After 20 min,an‘éthereal
splution of formaldéhydé was added - the quench being foliowéd by TLC
(50:50 ether/pet..ethef) - and.the reaction mixtﬁre was warmed to R,T.

»Thé mixture was poured into saturafed aqueous ammonium chloride (30 ml)
and worked up in the usual manner to give the crude product. Chromatography
(silica gel,'50:50 ether/pet. ether) gave ﬁ{ggg—la—hydrokymethyl-108—
vinyl—s;S—dimethylbicyélo[4.4.0]decan—2s§ne.(130)>(0_743g, 63%); ¢ 250 Mﬂz-
(CDC1,) 5.87 (ddd, J 17.7, 9.9, and 8.8 Hz, 1H), 5.10 (m, 1H), 5.05 (m,
1H), 4.01 (dd, J.12.0 and 12,0 Hz, 1H), 3.74 (d, J 12.0 Hz, 1H)}_3.19 (m,
1H), 2.70 (d, J 12.0 Hz, 1H, D,0 exch.), 2.35 (ddd, J 14.5, 14.5, and

A 4.0 Hz, 1H), 2.25.(ddd,’J 14.5, 5.0, and 5.0 Hz, 1H), 1.93 (dd, J 12.5,

and 3.0 Hz, 1H), 1.85-1.35 (m, 8H), 1.05 (s, 3H), and 0.88 (s, 3H); Vv
1

.
14

max

(film) 3450, 3078, 2763, 1698, 1630, 1390, 1370, 1040, and 918 cm
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+
m/e 236 (M - HZO), 206, 205, 150, and 149.

(55) Reduction of trans-lo-Hydroxymethyl-108-vinyl-5,5-dimethylbicyclo

f1.4.0]decan-2-one (130) with sodium borohydride

The keto-alcohol (130) (l7ﬁ5 mg, 0.075 mmol) was dissolved in methanol
(1 ml) and sodium borohydride (8 mg, 0.21 mmol) was added in one portion.
After 30 min, water (0.1 ml) was added and the product was extracted into
éHZCI2 (2 x 25 ml). The combined ofganic layers were dried, filtered and,
after the removal of the solvént in Uaéuo, chromatographed (silica gel,
25:75 EtOAc/CHZClz) to give Eggggfla—hydrpxymethyl-S,5-dimethyi—106-vin§l—
bicyc10[4.4.o]decan—2—oi (1315 and (132) (15 mg, 85%) as a 1:1 mixture of
2a and 28 isémers; § 250 MHz (CDC13) 6.71 (ddd, J 17.0, 10.0 and 10.0
Hz, 0.5 H), 6.24 (ddd, J 17.0, 10.0 and 10.0 Hz, 0.5 H), 5.23 (m, 0.5H),
5.17 (m, 0.5H), 5.13 (dd, J 17.0 and 1.6,Hz,'d.5H), 5.05 (dd, J 17,0 and
1.6 Hz, 0.5H), 4.30 (d, J 11.3 Hz, 0.5H), 4.09 (dd, J 3.0 and 3.0 Hz, 0,5H),
:3.98 (d, J 11.25, 0.5H), 3.93 (d, 5111.25 Hz, O0.5H), 3.86 (d, J 10,8 Hz,
0.5H), 3.67 (dd, J 11.6 and 3.3 Hz, O.5H), 3.18 (m, 0.5H), 3.07 (br, s,

0.5, D0 exch.), 2.87 (ddd, J 10.0, 3.75, and 2.0 Hz, 0.5H), 2.48 (br,

2

s, 0.5H, D,0 exch.), 2.07 (br, s, 0.5H, D,0 exch.), 2.00-1.05 (m, 11.5H,

2
© 0.5H, D,0 exch.), 0.94 (s, 1.5H), 0.88 (s, 1.5H), 0.82 (s, 1.5H), and

10.78 (s, 3H); v (film) 3350, 3075, 1660, 1390, 1360, 1108, and 910 ém L,

(56) Preparation of trans-1a-t—Buty1diphenylsilyioxymethyl—S,5—dimethy1—

IOB—ﬁinylbicyclo[4.4.d1decan—2—one (133) using the method of Hanessian

and Lavallee 67

A solution of the keto-alcohol (130) (80 hg, 0.31 mmol), t-butyl-

" diphenylsilylchloride (0.33 ml, 0.37 mmol) and imidazole (46 mg, 0.62 mmol)
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in dry DMF (1 ml) was stirred overnight at R.T. The reaction mixture was
~poured into ether (50 ml) and Qashcd with water (3 x 10 ml), follbwéd by
brine (10 ml). After drying, and removal of the solvent 7 vacuo, the
residue was chromatographed (silica gei 10:90 ether/pet. ether) to give trans-
1a-£—butyldipheny1silyloxymethyl-s;5—dimethy1—108—vinylbicyclo[4.4.0]decan—
2-one (133) (0.145 g, 98%); & 250 MHz (CDCls), 7.6$‘(m, 4H), 7.40 (m, 63),
5.85 (ddd, J 16.7, 10.8, and 5.8 Hz, 1H), 5.12 (ddd, J 16.7, 2.6, and 2.6 Hz,
1H), 5.11 (ddd, J 10.8, 2.6, and 2.6 Hz, 1H), 4.02:(d, J 6.8 Hz, 1H), 3.95

(d, J 6.8 Hz, ;H); 3.28 (m, 1H), 2.27 (ddd, J 15.0, 11.25.and‘4.6 Hz, 1H),
2.10 (ddd, J 15.7 and‘4.6 Hz, 1H), 1.73 (dd, J 12.1 and 3.2 Hz, 1H), 1.67-
1.45 (m, 6H), 1.40-1.25 (m, 2H), 1.05 (s, 9H), 0.93 (s, 3H), and 0.76 (s, 3H);
vmax.(film) 3065, 3040, 2855,41960, 1895, 1820, 1720, 1630, 1585, 1425,

1008, 995, 904, 820, 739, and 700 ém_l; m/e 474 (M+),'459, 416, 387, 337,

267, 200 and 199.

(567) Preparation of trans-la-Hydroxymethyl-5,5-dimethyl-108-vinylbicyclo-

[4.4.0]decan-2a-0l (131)

Lithium aluminium hydfide (18 mg, 0.47vmm01) was_added, in portionms,
to a stifred‘sblution of the silyl protected keto-alcohol (133) 0.22 g,
0;47.mmol) in dry ether (iO‘ml) at R.T. IAfter stirring for 1 h (whilst
following the course of the reaction by'TLC; 10:90 ethér/pet.ether) water
§0.5 ml) was added, followed by anhydrous sodiﬁm sulphéte,(s g) aﬁd the

crude diol was extracted into CHZCI (4 x 25 ml). After removal of the

2
solvent in vacuo, the residue was chromatpgraphed (silica gel, 90:10 ether
pet. ether to éther) to give ﬁzggg—la—hydroxymethyl—s,5—dimethy1—108—viny1-
bicyélo[4.4.Q]decan-2a—ol (131) (70 mg, 63%); § 250 MH=z (CDC13) 6.24

(ddd, J 16.7, 10.0 and 10.0 Hz, 1H), 5.23 (dd, J 16.7 and 1.6 Hz, 1H),

5.13 (dd, 10.0 and 1.6 Hz, 1H), 4.30 (d, J 11.3 Hz, 1H), 3.86 (dd, J 11.3

and 10.8 Hz, 1H), 3.67 (ddd, J 11.6, 3.3 and 1.7 Hz, 1H), 3.18 (m, 1H),
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3.07 (d, J 10.8 Hz, 1M, DO exch.), 2.04 (d, J 3.3 Hz, 1H, D,0 exch.),

2
1,95-1.80 (m, 2H), 1.70-1.20 (m, 9H), 0.88 (s, 3H), and 0.78 (s, 3H);

v ., (film) 3350, 3075, 1660, 1390, 1360, 1108, and 910 em s m/e

238 M) 220, and 189.

(58) Preparation of trans—5,5—Dimethz}~103—vinyl£(la-hydroxymethyl—Za—
: . : y ¥

hydroxy)acetonide|bicyclo[4.4.0]decane (134)

A solution of the‘diol (131) (70 mg, 0.29 mmol), 2,2-dimethoxypropane
(45 mg, 0.5 mmol) and pTSA (5 mg) in behzene (25 ml) was heated to reflux
in a-DeanfStark apparatus for 2 h. After cooling, the solution was diluted
with efher (50 ml1) and washed with saturated équeous sodium bicarbonate
(2 x 50 ml) foliowea by brine (5 ml). The organic 1ayér was dried, filtered
and the solvent removed 7n vacuo to give the crude acetonide. Chromato-
graphy (silica gel, 5:95 ether/pet. ether) gave trans-5,5-dimethyl-108-
vinyl[(1a-hydrqumethy1-2a—hydroxy)écetonidg]bicyélo[4.4.d]decane (134)
(81 mg, 99%); 6 (CDC1,) 6.3-5.6 (m, 1H), 5.25-4.80 (m,'éH), 4,20-3.50
(m, 3H), 2.95 (m, iHi, 2.30-1.00 (m, 17H); and 0;85 (s, 6H);  Vimax
(fiim), 3078, 1632, 1460, 1370, 1230, and 915 cm—}; m/e 263 (M+-CH3) and

203.

(59) Préparation-of,trans—5,5—Dimethyl—lOB—hydroxymethyl[ﬁla—hydroxymethyl-

2afgydroxy)acetdnidélbicyclo[4.4.0Idecane (135)

The vinyl acetonide (134) (81 mg, 0.29 mmol) was dissolved in methanol
(2:m1) and cooled to OOC. Ozone was bubbled through the stirred soiution
and the disappearance of the starting material'was.followed by TLC (10:90
ether/pet. ether). After the formation of the ozonide was complete, the
ozdnefsource,was removed and sodium borohydride was added in small kS mg)

portions until the reduction was complete (TLC). Water (0.25 ml) was added
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and after the removal of the solvent in vacuo the residue was extracted

into ether (3 x 10 ml). The combined extracts were dried and filtered and
the solvent removed In vacuog The crude préduct was chromatographed (silica
gel, 40:60 ether/pet. ether) to give trans-5,5-dimethyl-10B3-hydroxymethyl-
[(la—hydrpxymethyl—Za-hydroxy)aéetonidg]bicyclo[4.4.0]decane“(135), (70 mg,
86%); & 250 MHz:(CDCI3) 4.20 (d, J 11.5 Hz, 1H), 3.90 (dd, J 11.0 and 6.25
Hz, 1H), 3.85 (dd, J 10.0 and 6.0 Hz, 1H), 3.83 (d, J 11.5 Hz, 1H), 3,62
(dd, J 11.0 and 5.0 Hz, 1H), 2.65 (m, 1H), 2.25 (dddd, J 12.5, 11.0, 11.0
and 3.0 Hz, IHS, 2}15 (br, s,. 1H, DZO exch.), 1.80—1.56 (m, 6H), 1.47 (s,
3H), 1.40 (s, 3H), 1730—1.05 (m,A4H), and 0f87 (s, 6H); vmax (£ilm) 3470,

1460, 1380, 1370, and 1230; m/e 282 m’y, 267, 224, and 207.

(60) Prepafation of'trans—5,5—Dimethy1~IOB—selenQphehylmethxll(1a—hydroxy-

. methyl—2a—hydroxy)acetonidelbicyclo[4.4.0}decane (136) using the method of

Grieco and Niéolau51

A solution of the hydroxymethyl.acetOnide(iSS) (70 mg, 0.25 mmol),
EfselenophEnylphthamide (59) (0.15:g, 0.3 mmol) and tri-n-butylphosphine
,(o.izs'ml, 0.5 mmol) in dry THF (3 ﬁl) was stirred at R.T. for 2 h. The
solvent waé removed in vacuo and the residue was chromatograbhed (silica
gel, pet. ether‘to 5:95 ether/pet. ethéf) to give (i) a small amount of
diphenyldiselenide, and‘(i;) 3523575;5-dimethyl-lOB—selenophenylmethyl~‘
[(1a-hydroxymethy;-za-hydroxy)acetonide}bicyclo[4.4.0]decane-(136) (93 mg,
89%) ; 6_250 MHz (CDC1,) 7.55 (m, 2H), 7.25 (m, 3H),v4.06 (d, J 11.8 Hz, 1H),
3.82 (d, J 11.8 Hz, 1H), 3.80 (dd, J 8.5 and 4.2 Hz,'lﬂ), 3.15 (ddd, J‘11,8,
3.4, and 1.7 Hz, 1H), 2.93 (dd, J 11.8, and 11.8 Hz, 1H), 2.60 (m, 1H),
2.15-1,88 (m, 2H), 1.80—1.20‘(m; 9H) , 1.3§ (s, 3H), 1.17 (s, éH), 0.87 (s,
3H), ,and 0.86 (s, 3I); .vgwg)3075, 3655, 2876, 1580, 908 and 690 em L,

m/e 422 (M') 407, 364, 265, and 207.
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(61) Preparation of trnns-5,5—Dimethy1[ﬂlu-hydroxymethyl-Za—hydroxy)

gpctonidq]bicyclo[4.4.Qlﬂec—lo,1'-ene (137)

- The selenide (136) (93 mg, 0.22 mmol) was dissolved in CHZCI (2 ml)

2
and cooled to -78°C. Ozone was bubbled fhrough the stirred solution
until it showed ‘a persistent blue colouration and TLC (5:95 ether/pet.
ether) showed the absencé of starting material. Nitrogen was then blown
through the solutioﬁ until it was once more colburless and, after dilution
with CCl4 (15 ml), diethylamine (10 dfops)-was added and the mixture was
heated to reflux. After 30'min1 the soiution was éooled, the solvent
removed in vacuo and the residue was chromatographed (silica gel, 5:95
ether/pet. ether) to givé §£§g§75,5-dime£hy1[(1a—hydroxymethy1—2a-hydroxy)
acefonide]-bicyclo[4.4.0]dec—10,l'—ene (137); (50 mg, 86%); & 250 MHz,
(CDC13) 5.06 (br, s, 1H), 4;90 (br, s,,1H), 4.24 (d, J 11.5 Hz, 1H),'4.03
(dd, J 11.5 and 4.7 Hz, 1H),’3.94>(dd, J 11.5 and 1.0 Hz, 1H), 3.40-3.18
(m, 3H), 2.95-2.75 (m, 2H); 1.65-1.60 (m, iH), 1.55-1w45‘(m, 1H), 1.47
(s, 3H), 1.45-1.15 (m, 3H)) 1.32 (3, 33), 1.04 (m, 1), -

0.93 (s, 3H), and 0.86 (s, 3H); Voax (film) 3090, 1639, 1375, 1365, and 1240

-1
em T; m/e 264 (M') 249, 189, and 176.

(62). Preparation of trans-5,5-Dimethyl-20-~hydroxy~la-hydroxymethylbicyclo

[4.4.0]dec-10,1'-ene (138)

The exomethylene acetonide (137)v(40 ﬁg, 0.18 mmol) was dissolved in
acetonitrile (2 ml) together witﬁ water (0.25 ml) and trifiuoroacetic acid
(1 drop). After 30.min,.sodium bicarbonate (0.5 g) was added, followed

by ether (5 ml) and magnésiﬁm sulphate (1 g). After filtration and re-
,'extraction of the .residue (ether, 2'x 5 ml), the COmbinéd ethereal extracts
were concenfrated in vacuo to givé'EEEE§75,5—dimethy1—2a—hydroxy—1d—hydroxy—

methylbicyclo[4.4.0]dec—10,1'—ene (138) (30 mg, 89%); d 250 MHz (CDC13)
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5.10 (br, s, 1H), 4.95 (br, s 1H), 4.15 (dd, J 8.3 and 2.0 Hz, 1H), 3.99
(ddd, J 7.3, 4.2, and 2.6 Hz, 1H), 3.92 (dd, J 8.3 and 6.25 Hz, 1lH), 3.79
(d, J 2.6, 14, D

0 exch.), 3.33 (dd, J 6.25 and 2.0 Hz, 1H, D,0 exch.),

2 2

2.40-2.18 (m, 2H), 2.0-1.60 (m, 4H), 1.50-1.20 (m, 4H), 1.10 ( m, 1lH ),
0.83 (s, 31), and 0.77 (s, 3H); v5ax (£ilm) 3345, 3000, and

-1
1639 cm ; m/e 224 (M') 206, 176, and 120.

(63) Preparation of spiro(trans—Za—Acetoxy—ia—acetoxymethyl—s,5—dimethyl—

bicyclo[4.4.0]dec-10,2 'a-oxiran) (118)

Tb a stirred solution of the exo—methylenediol (138).(30 mg, 0.13 mmol)
and VO (acacb52 (10 mg) in benzene (2 ml) was added 8% t-butylhydroperoxide
. in benzene (0.5 ml, 0.39 mmol)., After 4 h; the solvent was removed 7
vacuo and pyridine (0.1 ml), acetic anhydride (0.05 ml), and N,N-dimethyl-
~aminopyridine (5 mg) were addéd. After lQ h, excess reagénts were removed

in vacuo and the residue chromatographed (silica gel, pet. ether to 50:50

ether/pet. ether), to give spiro(trans-2a-acetoxy-la-acetoxymethyl-5, 5-

dimethylbicyclor4.4.gﬂdecan-lo; 2'g-oxiran) (118) (32 mg, 53%), m.p. 105.5-

10600 (ether/pgt. ether); & 250 MH=z (CDClB) 4.88 (d, J 12,3 Hz, 1H),
4.70 (dd, J 11.4 and 4.75 Hz,ylﬁ), 4.36 (d, J 12.3 Hz,blﬂ), 2.99 (d4, J
4.0 and 2.4 Hz, 1H), 2.22 ‘d, J 4.0 Hz, 1H), 2.12 (m, 1iH), 2.11 (s, 3H),
‘1.96 (s, 3H),‘1.8Q—1.25'(m, 94), 1.04 (m, 1H), 0.90
(s, 3H),.and 0.84 (s, 3H); Voax (CHClS) 2780, 2760; 1730,11725,-1365, 1260,
and 1038 cm_l; m/e 295.(M+—CHO),'282;‘251, 221, 209, 204, 191, 179, and

18 28 5

. _ : _
174.6 (M , 209-191) (Found: C, 66.94; H, 8.75; C__H_ O_ requires: C,

66.64; H, B.75%).

(64) Preparation of 4-Bromobutanal (148)

' 35 :
S~-Bromopent-1l-ene (15 g, 101 mmol) was dissolved in CH2012 (200 ml)



166 .

cooled to —7560, and ozone was passed through the solﬁtion until a persis-
tant blue colouration wﬁs apparent. Excess ozone was removed by-flushing
with nitrogen and the solution of ozonide thus generated was added dropwise
to a stirred mixture of 50% acetic acid (100 ml) and‘powedered zinc (25 g).
After TLC (350:50 efher/pet. ethér) showed the absence of ozonide, the
reaction mixture was'filtered and the residue re-extracted with ether (3 b'e
150 ml). The combiﬁed organic layers were then washed with wafer (5 x 200
ml), saturated aquedus sodium bicarbonate (care! sufficient to cause
neutralisation) and finally, brine (100 ml). Drying, filtration and removal
of the solvent in vacuc gave 4-bromobutanal (148) (12.1 gf 79%); § (CDC13)
9.80 (t, J 1lHz, 1H), 3.48 (t, J 6 Hz, 2H), 2.60 (m, 2H), and 2.15 (m, 2H);

v.max (film) 2812, 2713, 1713, and 1245 em™t

(65) Preparation of 2—(1‘-3‘—Bromopropane)4li§fdioxa1an (146h)

A mixfure of 4—bromobutana1b(l48) (8 g,.53 mmol), ethylene glycol
(8 g, 130 mmol) and pTSA (56 mg) were heated to reflux‘in benzenel(140 ml)
thfough a Dean-Stark apparatus until no more water was collecfed. ‘After
cooling, the solutioh was diluted witﬁ ether (200 ml) andAwashgd &ith_
saturéted aéueous sddium bicarbonate (2 x 50 ml) followed by brine (50 ml).
After drying, filtration énd removal of the solvent <n vacuo, tﬁe crpde'
dioxalan was distilled, under reduced pressuré,ito giVe 2—(1'-3Lbromopropanej
_1,3—dioxa1ah (146 b) (8.8 g, 85%), b.p. 68—70°C/S‘mmﬂg); 8 (CDCls)
4.84 (t, J 4Hz, 1H), 3;82 (m, 4H) , 3.40 (t, J 6.5 Hz, 2H), and 1.85

. ~ -1, +
(m, 4H); Vnax (film) 2890 and 1135 cm l; m/e 194 (M ), 121, 85, and 73.

(66) . Preparation of 4,4-Dimethy1—3—[1'—propane—S'—(Z—l,3—dioxalan)]—

cyclohexanone (149)

Magnesium (0.22 g, 9.2 mmol) was covered with dry THF (2 ml) under
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argon and activated by the addition of 1,2—dibr9mdethane (80 mg, 0.4 mmol),.
After the initial vigorous reaction had subsided, 2-(1'-3'-br0mopropnne)—
1,3-dioxolan (146b) (0.6 g, 3.1 mmol) in dry THF (5 ml) was added dropwise at
such a rate that the internal reaction temperature of 30°C was maintained.
After all the bromide had been added, the reaction temperature was maintained
at SOOC for a further 10 min before being allowed to cool to room tempera-
ture. The Grignard solution £hus forméd was added dropwise to a slurry of
copper (I) bromide-dimethylsulphide complex (0.2 g, 1 mmol) in dry ether
>(6 ml) ét -8°C, under argon. After all the Grignard had been adQed, stirring7
for a further 5 min completed the formation'of the cuprate,_as-é purple
suspension. After cooling t6 —4500, a solution of 4,4-dimethylcyclohexanone
(0.12 g, l’mmpl) in ether (3 ml) was added, The immediake formation of
a yellow precipitate was apparenf and after warming to -1OOC, the reaction
mixture was poured into safurated aqueous ammonium chloride (10 ml) and
worked up in the usual manner.‘,Chfdmatography (silica gel; 40:60 ether/pet.
ether) of the crude product gave 4,4—dimethy1—3—[1'—pro§ane—3'—(2—1,3—
dioxalan)]-cyclohexanone-(149), (0.15 g, 62%); § 250 MHz (CDClS) 4;83
(t, J 9 Hz, 1H), 4.00-3.80 (m, 4H), 2.50-2.32 (m, 2H), 2.27 (m, 1H), 2.05 .
(dd, J 13.5 and‘12.5 Hz, 1H), 1.77-1.40 (m, 7H), 1.35-1.03 (m, 2H), 1.03

(s, 3H), and 1.00 (s, 3H); v _ . (film) 2862, 1714, 1390, 1368, and 1140 en”t

m/e 240.1727 (M), 197, 178, 125, 99, 81, and 73 (Calculated for C 4 Hpa0g:

240.1725).

(67) Attempted formation of 5,5-Dimethy1bicyclo[§}4.deec-l,10—en—2—one

56
(116) using the method of Helquist

A mixture of the acetal (149) (0.1 g, 0.42 mmol), 2.5% HC1 (6 drops)
and water (0.5 ml) was stirred in THF at R.T. for 10 days. The reaction
mixture was quenched by'the addition of saturated aqueous sodium bicarbonate

(3 drops) and the product was extracted into pet. ether (3 x 25 ml). The
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combined organic layers were dried, filtered and following removal of the
solvent #»n vacuo gave only the known4° 4,4-dimethyl-3-(4'-butanal)-cyclo-

hexanone (144), identical by NMR, IR, and TLC to the previous sample.

(68) Preparation of‘48-(2'—1‘,3'—Dithiolan)—3—[l'—propane—B‘(2—1,3—dioxa1anll

;4a,5a—dimet§ylglplohexanone (150)

The cuprate deriQed from the Grignard reagentAof 2-(1'-3'-bromopropane) -
1;3;dioxa1an (146b) (0.6 g, 3.1 mmol),>magnesium (0.2 g, 8.3 mmol), and
édpper (I) bromide-~dimethyl sﬁlphide compiex (0.2 g, 1 mmoi) was prepared
in the usual manner at -10°C under argon. Afterrls min, thé mixture was
cooled to —IOSOC'and the enone-dithiolan (69) (0.114 g, 0.5 mmol) in ether
(4 ml) was added dropwise over 5 min. An instantaneous colour change
(purple to yellow) was_appérent and, aftér‘slow warming to‘R.T., the reaction
mixture Was quenched»and worked up ;n the usual manner.. Chromatography
of the residue (silica gel, 50:50 ether/pet. ether) gave 48-(2'-1',3'-
dithiolan)—3—[l'—propanefS;(2*1,3—dioxa1an)]—4&,5a—dimethy1cyclohexanone (150)‘
(71 mg, 41%) as a 3E7Imixture of:3B and 3o isomefs; ) 250_MHz (CDCls)

5.08 (s, 0.7H), 4.96 (s, 0.3H), 4.84 (t, J 8Hz, 1H), 4.00-3.80 (m, 4H),
3.25-3.15 (m, 4H), 2.60-1.10 (m, 12H), 1;50 (s; 0.9H), 1.08 (s, 2;1H),
;1.03 (d, J 6Hz, 2.1H), and 1.02 (d, J 6Hz, 0.9H); vmax (£film) 1712,
1140, 1030, and 941 cm"l; ‘m/e 344.1478 w’y, 316, 271, 238, 105, and 73

C : : :
(Calculated for C  H, S,0,:344.1480) .

(69) Preparation of 487L2'—1[L3'—Dithiolan)—3—(4'—butan—léal)—4qL5a—dimethy1~

cyclohexanone . (145)

A mixture of the acetal (150) (12.1 mg, 0.035 mmol), 2.5% HC1 (2 drops)
and water‘(drops) was stirred in THF at R.T. "for 6 days. The reaction was

quenched by the addition of saturated aqueous sodium bicarbonate (3 drops)
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and the product was extracted with pet. cther (3 x 10 ml). The combined
organic layers were dried, filtered and, after removal of the solvent N
vacuo, gave 48—(2'—1',3'-dithiolan)—3-(4'—butan-1—a1)—4a,5a-dimethy1cyclo-
hexanone (145) (9 mg, 85%) as a 3:7 mixture of 3a and 3B isomers, § 250
MHz (CDC13) 9.77 (m, 1H)f 4,06 (s, 0.7H), 3.92.(5, 0.3H), 3.25 (m, 4H),
2.6-1.4 (m, 12H), 1.28 (s, 0.3H), 1.07'(5, 0.7H), and 1.03 (d, J 6Hz, 3H);

v (£film) 2720 and 1714 cm T,
max .

"~ (70) Preparation of 4-Bromobutan-1-o0l (152)

Ozone was bubbled through a solution of 1—brom0pent—4éene (3 g, 2 mmol)
in ethanol (50 ml) at OoC until TLC (50:50 ether/pet. ethér)showed the
absence of starting material. The»still cold solution was dropped onto
a cooled solution of sodium borohydride (0.5 g, 1.33 mmol) in ethanol (25 ml).
Aftef the initial v&gorous rea@tibn had ceased, the mixture was stirred for
a further 5 min, poured into 5% HCl (25 ml) and extracted'Witg ether (3 x 50
ml).:_The combined organiq.layers were dried aﬁd filtered, and removal of
fhe solvent in vacuo gave 44bromobﬁ£an—l—ol (152) (2.52 g, 92%);. S (CDCla)'

3.68 (t, J 6 Hz, 2H), 3.45 (t, J 7Hz, 2H), 3.20 (br, s, 1H, Dzo'exch.) and

2.1-1.55 (m, 2H); V. oay (film) 3340, 1420, 1335, 1250, and 1060 em L

(71) Preparation of 4—Bromo-l—£+butyldimethxlsilyloxybutane (151) using the

5
method of Corey 7

VA mixture of the alcohol‘(152) (1.37 g; 10 mmol), E;butyldimethyl_
silylchloriae (1.8 g, 12 mmol) and iﬁidazole (1;7 g, 27 mmol) in DMF (3 ml)
was stirred at R.T.;fof 6 h. The reaction mixture was pou;ed into‘water
(10 ml) and extracted with ether (2 x 50 ml). The combined etheréal extracts
were washed with water (2 x'20 ml), brine (20 ml) and dried, filtered, and

concentrated 1 vacuo. Chromatography (silica gel, pet. ether to 25:75 ether/
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pet. ether) of the resultant oil gave 4-bromo-l-t-butyldimethylsilyloxy-
butane (151) (2.5 g, 94%); & 3.60 (t, J 6 Hz, 2H), 3.40 (t, J 6 Hz, 2H),
1.95-1.20 (m, 4i), 0.89 (s, 9H), and 0.05 (s, GH); vmax (£ilm) 1470, 1461,

1255, 1100, 835, 775, 710, and 660 em ™t

(72) Preparation of 48—(2'-1{,3'—Dithiolan)-3-(4’—1'—t-butyldimethylsilyl~

oxybutane)-4q, Sa—dimethylcyclohexanone (153)

.The'Grignard reagent prepgred from the bromide (i51)(0.53 g 2 mmol)
and magnesium (62 mg, 2.6 mmol) ih ether (10 ml) was added to a stirred sus—‘
pension of copper'(I) bromide—diﬁethylsulphide complex (0.20 g, 1 mmol) in
ether (4 ml) at -lOoC uhder argon. The mixtufe'was stirred for a further
10 min to give a dark brown suspension which was then cooled to -90°C. The
enone-dithiolan (69) (0.114, 0.5 mmol) in ether (4 ml) was added dropwise to
the guprate mixture and the reacfion was allowed to warm to R.T. over 4 h.
After quench and work up in the‘norma1 manner, chrométography of the residue
(silicé gel, 25:75 ether/pet, ether), éave‘(i) 48-(2'-1',3'-dithiolan)-3-
(4'—i—ﬁfbutyldimethylsilyloxybutane)—4a,Su—dimethylcyclohéxanone‘(153)

(18 mg, 9%) as a 1:1 mixture 6f.3a and 33 isomers; 6 250 MHz (CDCls) 5.08
(s, 0.5H), 4.95 (s, 0.5H), 3.60 (t, J 6 Hz, 2H), 3.20 (m, 4H), 2.60-2.05
(m, 5H), 1.90-1.35 (pm, 7H), 1.25 (s, 1.5H), 1.08 (s, 1.5H), 1.04 (d, J 6Hz,
1.5H), 1.03 (d, J 6Hz, 1.5H), 0.90 (s, 9H), and 0.05.(s, 6H) ; Yook (£ilm)
2850, 1712,.1250, 1095, 835, and 770.cm_1;';m[3 359 (M+ - t-butyl), 317,
255, 199, and 159;'and (ii) 48-(2'—1',3'—dithiolan)-4a,5a-dimethy1cyclohex—

2-enone (69) (92 mg, 807), identical to the previous sample.

(73) Preparation of 5-Hydroxypentan—2-one tosylhydrazone (156)

68 : :
Tosyl hydrazine (10 g, 54 mmol) was added to a solution of 5-hydroxy-

pentan-2-one (155) (5.5 g, 54 mmol) in methanol (200 ml). 2N HCl (1 drop)
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was added and the mlxture‘stirred for 3 h and cooled overnight. The crystal-
line mass that precipitated was collected and recrystallised from methanol

‘to give 5-hydroxypentan-2-one tosylhydrazone (156) as white needles (13.1 g,

90%), m.p. 119—IZLOC; vmax (Nujol) 3500, 3050, and 1640 cmﬁl. (Found:

c, 53.19; H, 6.83; N, 10.39; S, 11.51. cC__H_ _N_SO, requires: C, 53.31;

12718M2503
H, 6.71; N, 10.36; S, 11.86%).

(74) Preparation of 5-pMethyl-4-methylenehexan-1,5-diol (164) using the method

' 59
.of Adlington

A cétalytic amount of dry pTSA resin was added to a stirréd mixture of
5-hydroxypentan-2-one (155) (0.102 g, 1‘mmol) and tri—iggfpropylbenzeﬁe_
sulphonyl'hydrazine58C (0.300 g, 1 mmol) in dry ether (10 ml) at R.T. The
formation of the'hydrazoné was fOllowed to completion by TLC (50:50 ether/
pet. ether) and af£ér 2 h, the pTSA resin was removéd‘by filtration through
a dry sinter. .After‘removal of the solvent Zn vacuo, at R.T., dry toluene
(5 ﬁ;) was added and again removed. T VAcCUo (to azeotrope off water). This
cyéle was repeated once more to give a yellow oil which_wés rapidly dissolved
in dry 1,2-dimethoxyethane (5 ml). The flask was fitted with a suba-seal,
flushed with and subjectéa to a positive presshre éf_dry argon and cooled
fo —78°C.v 1.54 M-EfButyl lithium (2.5 ml, 3.85 mmol) was added dropwise
to the stirred mixture and affer 1.5 ml had beén added,’a pale yellow colour-
‘ation (the triaﬁion, 157) began to appear. The reaction mixture was allowed
to warm to‘0°C over a period of 2 h afté?'which it was recooled to —7800.

The alkoxyvinyl dianion (1585 tﬁus formed was quenched by the addition of
dry, distilled acetone (0.3 ml, 4 eq.), the reaction mixture then being
allowed to warm to R.T. The mixture was poured onto water (20 ml) and ex-
tracted into e;her.(z X 50 ml).- The combined ethereal layers were dried,

filtered and the solvent removed in vacuo to give a white gum, chromatogra-

phy of which (silica gel, 50:50 ether/pet. ether) gavé, as the slowest
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running component, 5-methyl-4-methylenehexan-1,5-diol (164) as a thin oil
(30 mg, 21%); & 4.95 (br, s, 1H), 4.67 (br, s, 1H), 3.50 (t, J 6 Hz,
21), 3.13 (br, s, 2H, Dzo exch.), 2.35-1.95 (m, 2H), 1.90-1.50 (m, 2H),
and 1.32 (s, 6H); vmax (film) 3640, 3095, 1640, 1145, and 1058 cm—l;

+
m/e 120 (M ~CH,) and 126 (M'-H,0).

(75) Preparation of 5-t-Butyldimethylsilyoxypentan-2-one tosylhydrazone

57
(166) using the method of Corey

A solution of 5-~hydroxypentan-3-one tosylhydrazone (155) .(0.54 g,
2 mmol) t-butyldimethylsilyl chloride (O.Bi g, 2 mmol), and imidazole (0.1l4
‘g, 2 mmol) in dry DMF (4 ml).was‘stirred at 09C for 3 h. After pouring
into water (10 ml), the product was extracted into ether (2 x 25 ml), dried
,filtéred and the solvent removed iﬁ:vacuo. Reﬁrystallisation (ﬁet. ether)

gave 5-t~butyldimethylsilyloxypentan-2-one tosxlgydrazbne (166) as a mixture

of isomers (197 g, Ql%), m.p.‘82.5—83.5005 8 (CDC13) 8;80 (br, s, 1H),
8.15-7.30 (ﬁ, 4H), 3.85-3.45 (m, 2H5, 2.65-2.30 (m, 2H), 2.16 (s, 1.,5H),
2.00 (s, 1;5H), 2,15-1.70 (m, 2H), 1.20 (s, 4.5H), 1.10 (s, 4.5H), 0.35
(s, 3H), and 0.25 (s, 3H); Vmax (CHCl3) 3210, 3170, 1640, 1596,‘1255,
‘1160; 835, 772, and 670 cm_l (Found: C, 56{23; H, 8.52; N, 7.41.

C18H32N2881 requires: C, 56.21; H, 8.38; N, 7.28%).

(76) Preparation of 2-Chloro-4,4-dimethylcyclohex-2-enone (168)

(a) From 4 4-D1methylcyclohexenone A mixture of phenylselenium

chloride (0.76 g, 3.95 mmol), pyridine (0.4 ml, 4 mmol) and 4,4-dimethyl-

cyclohexenone (0.124 g, 1 mmol) in dry CH,C (10 ml) under argon, was

2

o . : )
heated to-37 C for 72 h., After cooling, the reaction mixture was poured-

into ether (150 ml) and washed with 2.5% HIC1l (2 x 25 ml), followed by
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brine'(20 ml). After drying, filtration and removal of the solvent in
vacuo, the residue was chromatographed (silica gel, pe£. ether to 25:75
ether/pet. ether) to give (i) diphenyldiselenide and, (ii) 2-chloro-4,4-
dimcthylcyclohe#—z—chonc (168) (0.145 g, 92%), ¢ (CDClS) 6.65 (s, 1H),
2.60-2.50 (m, 2H), 2.00-1.70 (m, 2H), and 1.20.(5; 6H); v ___ (film) 3010,
1700, 1605, 835, 750, 730, 690, and 650 cm'l; m/e 158.0500 aty, 143, 123,
116, and 81. A(Calculated for C H3C10 : 158.0498).

(b) From a mixture of the 2—¢hlof§— and 2-selenophenyl-enones (168)

- = e Tt o = e T S . S b i T o P . e S Bt AP v et o T M ot e b B S iy o S i ) M e T o e it St ot 2o e Bt S et e S

-and (169) (100 mg, 0.272 mmol aﬁd 0.204 mmol) together with phenylselenium
chloride (0.5 g, 2.6 mmoi) énd dry pyridine (0.3 ml, 3 mmol) in dry CH2C12

(15 ml) under argon, was stirred at R.T. for 60 h. Work up as above, folloved
by chromatography (silica gel, pet. ether to 25:75 ether/pet. ether) gave

(i) diphenyldiselenidé and (ii) 2—ch10ro—4,4—dimethyICyclohex—Z—enone (168)

(71.4 mg, 95%) identical to the previous sample.

(7)) Preparation of 2-Chlorocyclopent-2-enone (171)

(a) A mixture of phenylselenium chloride (0.76, 3.95 mmol), pyridine

: 69
(0.4 ml, 4 mmol) and cyclopent-2-enone

(82 mg, 1 mmol) in er CHZCI2
(10 ml), under argon, was stirred at R.T. for 4 days. Work up as before,
followed by chromatography (silica gel, pet. ether to 30:70 ether/pet. ether)
gaVe (i) 4,4—dichloro—2-se1enophenylcyc10pent—2—en0ne (176) (41 mg, 14%);
§ 250 MH=z (CDClé) 7.65 (m, 2H), 7.48 (m, 1H), 7.38 (m, 2H), 7.25 (t, J 3Hz?'
1H), and 3.32 (d, J 3Hz, 2H); Vax (£ilm) 3070, 1734,»1595, 1575, 1338,
i275, 988, 835, 800, 742, ahﬁ 690 cm_l;"m/g 306.9111‘(M+)'271, 258, 157,

o ,

3 8
149, and 121 (calculated for C11H80 5Cl2 Se: 306.9117) and (ii) 2-chloro-

cyplopent—z—enone (171) (42 mg, 36%); & (CDCl3) 7.60 (t, J 3Hz, 1H)

and 2.75-2.42 (m, 4H); v (£ilm) 3075, 2912, 1720, 1600, 1570, 1392, 959,
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- +
785, 751, and 736 cm 1 m/e 116 (M"), 88, 81, and 53,

(b) The reaction was carried out as described above using phenyl-
selenium chloride (0.58 g, 3 mmol), pyridine (0.3 m1, 3 ﬁmol) and cyclopent-
'2—enone (82 mg, 1 mmol) in.CH2012 (10 ml1), except that the reaction mixtﬁre
was warmed to 37°C for 48 h. After cooling, wofk up as before, followed by
chromatography (Silica gel, pet. ether to 35:65 éther/pet. ether) gave
(i) diphenyldiselenide (0.43 g, 91%), and (ii) 2-chlorocyclopent-2-enone

(171) (60 mg, 52%) identical to the previous sample.

(78) Preparation of 2-Chlorocyclohex-2-enone (172)

The reaction was carried out in the uéual ﬁay using phenylselenium
chloride (0;58 g, 3 mmol), pyridine (0.3 ml, 3 mmol) and cyclohex-2-enone
(96 mg, 1 mmol) at 37OC for 96 h. Work up as before and chromatography
(silica ge¥,‘pgt. ether to 30:70 ether/pe£. ether) gave (i) diphenyl—
diselenide aﬁd (ii) 2-chlorocyclohex-2-enone (172) (0.115 g, 88%), m.p.

' 6
71-72°C (pet. ether) (1it.,°>%

67-72°C); 6 (€DC1,) 7.12 (t, J 4.5 Hz, 1H),
2.75-2.35 (m, 4H), and 2.30-1.80 (m, 2H); v (CHCl,) 1690, 1609, 1326,

' -1 - :
1122, 1008, 970, and 905 cm ; m/e 130 (M ) 102, and 95. .

(79) Preparation of 2-Chloro-3-phenyl-2-propenal (173)

The reaction was carried out in thé usual manner usihg phenylselenium
chioride (0.58 g, 3 mmol), pyridine (0.3 ml, 3 mmol) and 3-phenyl-2-propenal
(0.132 g, 1 mmol) at 37°C for 96 h. Work up and chromatography (silica gel,
ﬁet. ether to 30:70 ether(pet.'ether) gave (i) diphenyldiselenide and ’

(ii) 2-chloro-3-phenyl-2-propenal (173) (0.1G6 g,v100%>; § 250 Miz (CDC1,)

9.47 (s, 1H), 7.92 (m, 2H), 7.53 (s, 1H), and 7.45 (m, 3H); v .. (£ilm)

2840, 1695, 1610, 1575, 1492, 1450, 1121, 760, 690, and 651 cm '; m/e
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-

- 3
166.0184 (M*), 165, 138, 135, 103, and 77 (Calculated for C_H °c10:

97
166.0185) .

(80) Preparation of 3-Chloro-4-phenyl-~3-butene-2-one (174)

The reaction was carried out in the usual manner using phenylselenium
chloride (0.58 g, 3 mmol), pyr;diné (0.3 ml, 3 mmol) and 4—phenyi—3-butene—
2-one (0.149 g, 1 mmol) at 370C for 7 déys. Work-up aﬁd chromatography
(silica gel, pet. ether to 30:70 ether/pet. ether) gave 3—ch10ro-4—phenyi—
3—butene-2—ohe (174) (152 mg, 84%); & 250 MH? (CDClS) 7{85 (m, 2H), 7.76
(s, 1H), 7.43 (m, 3H), and 2.56 (s, 3H); vmax (film) 1686, 1608, 1596,
1574, 1490, 1448, 1360, 1230, 758, and 696 cm-l; m/e 180.0346(M+) 179,

. 35 o
165, 145, 137, and 102 (Calculated for C1 C10: 180.0342). DNP

H

09
' 63c .

(ethanol) m.p. 217-218°C (lit., . 218-219°C).

(81) Preparation of 2-Chloro-2-butenal (175).

The reaction was carfied out in the usual-hanner using phenylselenium
chloride (0.58 g, 3 mmol),jpyridine_(O.S ml, 3 mmol) and 2-butenal (70 mg,
1 mmol) at R.T. for 12 h. After work up in the normal manner} compiete
reaction was indicated by TLC, NMR, and IR. However, after éhromatography
(siiica gel, pet.»ether to'25:75 ether/pet. ether) onlyva small amount of
2—ch10r6—2-butengl (175) (15;6‘mg, 15%) was isolated; & (CDC13) 9.32

(s, 1H), 6.90-(q, J 7Hz, 1H), and 2.10 (d, J 7 Hz).

(82) Preparation of 2-Bromocyclopent-2-enone (182)

The reaction was carried out in the usual manner using phenylseleniun
bromide (0.345 g, 1.5 mmol), pyridine (0.3 ml, 3 mmol) and 2~selenophenyl-

cyclopent-2-enone (181) (50 mg, 0.6 mmol) at 37OC for 72 h. VWork up and
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chromatography (silica gel, petrol to 50:50 ecther/pet. cther) gave (i) di-
phenyldiselenide and (ii) 2-bromocyclopent-2-cnone (182) (37 mg, 52%),

G63a

m.p. 38.5-39°C (pet. ether) (lit. 38.5-39°C); & (CDC1,) 7.65 (t, J 3Hz,

1H) and 2.65-2.40 (m, 4i); v(fim)1720, 1590, 1390, 935, 782 and 745 em L
} .

(83) Preparation of 2-Bromocyclohex-2-enone (177)

The réaction was carried out in the usual manner using phenylselenium
bromide (0.575 g, 2.5 mmol), pyridine (0.25 ml, 2.5 mmol) and cyclohex-2-
.enoné (96 mg, 1 mmol) at.R.T. for 24 h. Work up in the usual way and chroma-
tography (silica gel, pet. ether to 50:50 ether/pet. ether) gave (i) diphe-
nyldiselenide and (ii) Z—bromocyclohek—z—enone (177) (0.175 g, 100%) m.p.

63b

(o]
75-7600 (pet. ether) (1lit. 74°C); & (CDC13) 7.23 (t, J 4.5 Hz, 1H), and

2.70-1.95 (m, GH).

(84) Preparation of 2-Bromo-3-phenyl-2-propenal (178)

The reaction.was carried out in the normal manner using phenylselenium
bromide (0.69 g, 3 mmol), pyridine (0.3 ml, 3 mmol) and 3-phenyl-2-propenal
(0.132 g, 1 mmol). Work up and chromatography (silica gel, pet. ether to
-30:70 ether/pet. ether) gave (i)» diphenyldiselenide and (ii) 2—brom6—3—
phenyl-2-propenal (178) (0.180 g, 85%), m.p. 71.5—720C (pet. ether/ether)

.. 63e o, '
(lit. 72-73°C); 6 250 MHz (CDClS) 9.23 (s, 1H), 7.98 (m, 2H), 7.89
(s, 1H), and 7.48 (m, ‘3H); Voax (KBr) 2810, 2760, 2700, 1680, 1600, 1441,

1284, 1105, 871, 755, 690, and 680 em .

(85) Preparation of 3-Bromo-~4-phenyl-3-buten-2-one (179)

The reaction was carried out in the usual manner using phenylselenium

.bromide (0.69 g, 3 mmol),‘pyridine (0.3 ml, 3 mmol) and 4-phenyl-3-buten-2-
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one (0.149 g, 1 mmol) at 37°C"for 6 days. Work up in the usual way and
chromatography (silica gel, pet. ether to 25:75 eﬁher/pet. ether) gave

(i) diphenyldiselenide, (ii) 3-bromo-4-phenyl-3-buten-2-one (179) (0.116 g,
52%); & (CDClS) 7.92 (s, 1H), 7.75 (m, 2H), 7.30 (m, 3H), and 2.52 (s, 3H);
Voax 1680, 1600, 1588, 1220, 1695, 750, and 690 m-l; m/e 224 (M+), 223,

209, 181, 145, and 102; and (iii) 3-selenophenyl-4-phenyl-3-buten-2-one

(61 mg, 20%); & (CDCl,), 7.80, (s, 1H), 7.75-7.00 (m, 10H), and 2.30 (s, 3H).

(86) Prepardtion of 2-Bromo-2-butenal (180)

The reaétion was carried out in the usual manner using phenylselenium
bromide (0.575 g, 2.5 mmol), pyridine (0.25 ml, 2.5 mmol) and 2-butenal
(70 mg, 1 mmol) at R.T. for 24 h. ‘After work up in the.normal manner, com-
plete reaction was indicated by TLC, NMR,‘and IR. However, after chromato-
graph& (siliéa gel, pet. ether to 25:75 ether/pet. ether) only a small amount
"of 2-bromo-2-butenal (180) was isolated (8 mg, 5%); 6§ (CDC13) 9.15 (s,
1H), 7.2 (q, 6Hz,) and 2.15 (d, J 6 Hz, 3H); v (film) 2815, 2712, 1700,

1611, 1160, 815 and 640 cm -
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THE USE OF INDOR 1N STRUCTURE DETERMINATION

e,

The analysis of structure (105) by high field NMR

-005)

In order to provide a greater insight into the exact mechanism of the

. . . : L 71 s .
selenium-mediated cyclisation reaction ~, it was of considerable importance
to discover both the stereochemical nature of the ring junction and the
relative stereochemistry of the lb-methyl group in the rigid substituted

v 1
decalone (105). Prior to obtaining the high field (250 MHz) H NMR spectrum,

1)

it was hoped that protons H 10

H6’ and H.  would all give separate, well
defined resonances and thus merely by a determination of the coupling cons-

tants, and J it would prove possible to define the complete rela-

Jv1,6 1,10’

tive stereochemistry.

However,: at 250 MHz, the spectrum indicated that the resonances due to

protons Hl and H were superimposed and consequently the coupling constant -

10

between them could not be determined by simple means. Even more of a problem

was that the resonance due to proton H6 was buried in an envelope of other

resonances. Simple proton-proton deéoupling experiments did not provide much

useful information and we did not anticipate that nOe techniques53 or lantha-
s T2 : _ ‘

nide shift reagents would prove particularly successful. Consequently we

. ‘ 1 _
resorted‘to higher field H NMR in.the hope that, at 400 MHz, a simplification

of the problem might occur.
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1 .
The full i 400 MHz spectrum is shown in spectrum 2 together with the
expansions, spectra 3 (a, b, and c¢). It was disdppointing to note that once
again two protons gave overlapping resonances at § 2.51 (spectrum 3a), corres-

ponding to Hl and H Equally annoying was the absence of any clear reson-

10°

. ance assignable to H In fact, of thirteen ring protons, only four show

6
resonances completely independent of other signals., Of these, the two at
§ 2.38 and 2.23 (spectrum 3a) were assignable on the basis of chemical shift to

the methylenc brotons alpha to the carbonyl group, H3a and H The resonance

3B°
centered at § 2,38 shows two large coupling constants of (ignoring the rela-
"tive signs) 14.75 and 13.75 ﬁz, together with.one medium coﬁpling constant
of 6.75 Hz and a small énekof 1.0 Hz, The longest coupling'constant (14.75
Hz) can be assigned to a geminal interaction. In fact, here the sign should
be negative but it's amplitude is indicative of geminal coupling alpha to a
carbonyl moiety42. ‘Thus, the next largest constant, 13.75 Hz, must be due
to an axial-axial intéraction42 and the medium cbnstant (6.75 Hz) is most
reasonably due to an axial-equatorial interaction42. Hence the resonance at

§ 2.38 must be due to the proton H For the moment, the small coupling

Jax
constant must be regarded as a long range effect with no apparent use in the

structural assignment. Howevér, it does become important later.

Similarly, the resonance centered at § 2.23 (spectrum 3a) can only be

due to H - The large coupling constant being (-) 14.75 Hz (to H ),

deg Jax

followed by an equatorial—axial coupling constant (5.0 Hz) ahd, finally, by

. 4 .
one due to an equatorial-equatorial arrangement (2.0 Hz) 2, Simple decoupling
at 250 MHz confirmed that the resonances at § 2,38 and 2.23 were mutually

coupling with J = (-) 14.75 Hz.

- 0f the two remaining non-overlapping resonances, only one at § 1.38
(spectrum 3b) was immediately assignable. The signal appedrs as a quartet
of triplets with coupling constants of 13.0 Hz and 4.0 Hz respectively and

- thus, the proton involved must be coupled to five other protons within 2



181,

or 3 bonds ~ 4 bond interactions would not in this systpm be so 1arge42. The
proton reéponsible must therefore be on carbon-8. O0f the two pdssible protons,
only the axial one can show threevlarge coupling constants (ohe geminal and
two axial-axial) and two small (axial-equatorial) coupling constants. Thus,

the resonance at § 1.38 can only be due to H8ax;

The final non-overlapping resonance, at § 0.85 (spectrum 3c) was at this
stage unassignable, however, coupling constants of 13.0, 13.0, 13.0 gnd 3.75

Hz were apparent;

In summary, so.far only three out of the thirteen ring pfotons could be
assigned on the basis of the simple 400 MHz spectrum, none of which helped

in the determination of the relative configurations.

’ : 73,74
In view of recent advances in the technique of FT INDOR spectroscopy 7

it seemed likely that this method might prove useful. Since the technique
has not been extensively used and its theory is not commonly understood, some
exploration of method and it's theory is necessary before the results' can

- properly be discussed.

Continuous wave INDOR (INternuclear DOuble Resonance) spectfoscopy has

75,76
been used since the late 1960s 5,76,

7 ' :
defined 7’78. However the Fourier Transform (FT) equivalent of this tech-

' 73,74 ,
nique has only recently been described "’ ~. Moreover, it is only with the

and the theory behind it has been well

most modern commercial FT spectrometers that the method can be used to its

fullest potential and consequently, very few examples have been described in

e v 4.7 ' » .
the literature73’7 ' 9. The basic theory is similar-to that for CW INDOR
7 ' o o
spectroscopy ! but a definitive treatment is highly complex and far beyond
the scope of what is requifed here. Instead a simple visualisation of the

INDOR effect should suffice.

If one considers a coupled, 2-spin. AX system, then the transformed speé—



trum shows four lines corresponding to the four transitions between the four
different spin states. Diagramatically, this is shown in Figure 10 (below)

where P, to P‘1 are the equilibrium (Boltzmann) populations and A Az, Xl

1 1!

and X2 are the transitions between the spin states.

++

Figure 10’
In the unperturbed situation, P2== P4 and so we can write the spin
populations as P2 = P3 =T, P1 = I+§ and P4 = M-8 (where § corresponds to

sbme fraction of II). Since the infensity of a trénsition is proportional
to the population‘difference between fhe'two spin stateS'ihyolved, then
initially all four transition iﬁtensities are propoftional to § and the
spectruh'observed>is as shown in Fiéure 10a, where all lines are equal in

intensity.

Figure 10a

If a second selective radiofrequency now saturates the transition Xl,
for example, it equalises the population P1 and Pé and, in the absence of

other effects, the population diagram would become:

182,
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Figure 11

and so the transformed spectrum would appear -as shown in Fig. 1lla,

. ~ -

X1 X2 ' v Aq AZ

Figure 1la
In fact, this is not what is observed, instead, the system tries to
regain it's equilibrium (Boltzmann) population ratio by '"leakage" of spin

populatibn between the different spin states. This cannot occur for Pl

and P2 (as X. is saturated). However, it can to some extent occur for P

1 3

and Pé. . Since the saturating pulse decreases Pl' then P3

has been increa-

" will be decreased by leakage (into Pl), and similarly as P2

sed, P4 will also increase. The‘net effect is that the observed spectrum

would be as shown in Figure 12a,

X Xp - Az Mg
Figure 12a

This éimple treatment is complicated by P and P4 trying to maintain

3

the Boltzmann population distribution between themselves, but overall,

there is a decrease in the intensity of X Thus, in the difference mode,

9°

when the unperturbed spectrum is substracted from the INDOR spectrum, what
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is observed in shown in Figure 13a.

X4 Xo - Az A4
Eigure>13a
If the whole experiment is now repeated for Xz, the the difference mode

spectrum becomes:

Y r
X1 X2 |

Figure lda
Thus, the phase change between the two experiments can be used to help sepa--
rate real INDOR effects from those merely due to incomplete cancellation of -

unrelated resonances when the difference spectrum is obtained.

The use of the techniqué is now apparent. If two protons are mutually
coupled, but one of the resonances is enveloped (and consequently undefinable)
‘in a complex-mﬁltiplet which is not ‘coupled to‘the observable resonance,
then by setting a weak radio_frequgncy to impinge upon one transition of the
observable resonancé{ then the FT INDOR difference spectrum will show only
the coupled resonances. Thus, the overall effect is similar to the conven-
tioﬁal decoupling difference spectrum, in that the FT INDOR Spectrum shows
only transitiéns qonnected (ﬁia thé coupling constant) to thé éelectively
irradiafed transition. However, FT INDOR -has the added advantage that only
one line of multiplet nee& be irradiated instead of the whole multiplet. This
specialvfeaturenwés used with effect in the final assignment of compound

(105) .

An excellent example of the FT INDOR technique was provided by placing
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the saturating field on one of the transitions in the resonance centered at

§ 2.23. Irradiation of the high-field transition leads to- the FT INDOR
spectra shown in 4(a, b, and'c). Thus, the fesonance‘at § 2.38 appears (4a)
and it is possible té measure all four coupling constants directly. The
power of the techhique;is highlighted by further examples. Fof instance,
spectrum dc shQWSnothingbut signals due to incomplete cancellation effects
(see below), but spectrum 4b shows resonances at & 1.8l and 1;50 (together
with a signal at § 1.24, again due to incomplete cancellation éffects).
Again, not all the transitions appear and, in this case, not all the coupling
constants can be measured. However, spectra 4(a, b, and c) together show
that the resonance at § 2.23 is coﬁpled fo the resonahces at § 2.38, 1.81 and

" one of the resonances at 6 1.50 and no others.

In the next experiment, the selecti&e irradiating fequency was placed at
the low field transition of the same resonance. Consequéntly, although the
same resonances show up in the FT -INDOR difference spectrum, the INDOR effect

is confirmed by the change in phase within those resonances genuinely involved.

When the sélecti?é,pulsé was placed 6n a transition of what had now been
shown to be a multiplef at 6'1.81, the resultant FT INDOR spectrum (this time
géing a 900 non-selective pulse) (spectra 5)$ths resonances ét(Sa)S 2.38
and 2.23, with all transitions present and thus all the coupling constants
can belobtained. ‘Similarly, 5b shows apart from'the_position of the origihal
resonance af § 1.81; a resonance at 1.50 and again all the coupling constants
are apparent. HdweVer,‘it is interesting that this resonance appeared as a
doublet of doublets of triplets. This resonancé had been assigned to proton

-H4eq (with three expected coupling constants). Thus, three were readily

assigned as geminal to H4ax"(J (~)13.5 Hz),equatorial-axial to J3ax (J 6.75 Hz)

and equatorial-equatorial to J q (J 2.0 Hz),_leéving one unexplained coupling

3e

constant of 2.0 Hz. The reason for this coupling was not immediately apparent

and only later became clear, when the structural assignment had been completed.
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By means of the two illustrated FT INDOR spectra, together with several

others, all the chemical shifts and coupling constants assignable to

protons on carbons 3 and 4 had been found and assigned as shown in Fig. 15

and Table 6.
TABLE 6
PROTON RESONANCE POSITION COUPLING CONSTANTS
(Hz, () 0.125 )
H 2.38 (-) 14.75, 13.75, 6.75, 1.0
3Jax _
H 2.23 (-) 14.75, 5.0, 2.0
3eq
H4ax 1.81 (—)113.5, 13.5{ 5.0
H4eq, 1.50 (-) 13.5,.6.75, 2.0, 2.0

42
It was noticed that, in contrast to previous observations , the equa~

torial protons appeared to resonate at higher field than the axial ones.

Consequently a note of caution had to be introduced at this stage.

When beginning the assignﬁent of the protons on ring B, the lack of

heteroatom functionality meant that 1little could be predicted in terms of

expected chemical shift. 1In view of the number of overlapping resonances,

extensive use of the FT INDOR technique, together with several decoupling

experiments, had to be employed in order to determine the correct assignment.

The resonance due to Hio

can readily be shown free of overlap from the
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Hl resonance by means of an FT INDOR spectrum with the selective saturation
pulse impinging on the doublet methyl resonance at § 0.94 (spectrum 3c).

The spectrum thus generated shows only the HlO resonance at § 2.51 while
spéctrum 6 shows this response in its original form together with a reso-
lution cnhanced signal and a ‘'power spectrum' of the ‘resolution~enhaﬁced‘
signal. Unfortunately, due toifhe cpmplexity‘of this signal, a complete
analysis of the coupling constants was not possible and thus, its assignment

as axial or equatorial was not yet possible.

d
an H1

Having now confirmed that the low field multiplet was due to Hl o’

simultaneous decoupling of both these protons was possible and, in theory
(ignoring small long range effects) the only protons on ring B which should
have been affected were therefore those on C-6 and C-9, together with those
of the doublet methyl resonance at § 0.94. .Thus, when the experiment was
carried out, it was obser&ed that..the resonénces at $1.77, 1.66,‘1.26 and
possibly thaﬁ at § 1.50 (together with those of the doublet methyl group

at é 0.94) became simplified. Unfortunately, it was not ﬁossiblé to use
the "difference decOupling" tecﬁnique‘which would have made the interpre-
~tation of these results much éasief...lnstead, a pareful visual cohparisan
with the undecoupled spectrum had téibe embloyeq. It wasbnoted.that any
change in the resonance at S 1.50 was only minor. vAgain; the meaning of
this became élear later. - Now, FT INDOR, with th; seleétive pulse placed
on Fhe resonance at § 1.38 (H8ax) should show only pfotons on C~7,8 and 9
and combining the results of sevgral such spectra with the selective pulse
placed on.diifgrent transitions of the.multiplet, it was clear that H8ax
was coupled to the protons resonating at 6'1.66, 1.50 (only one‘pf the two
protons gesonétingAhgre, the éther being H4eq), 1.26, 0.85 and probably also A
to the proton whose resonance position was at §1.70. Comparing the results
of the decoupling and FT INDOR experiments the resonance at § 1.77 must

therefore be due to HG'
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An additional bonus of the FT INDOR technique then began to emerge. As
described earlier, scléctive irradiation of one transition in a resonance
alters the intensity of transitions in other coupled resonances. However,
it also alters the intensities of the transitions in thé original resonance,
Thus, by irradiating one clear transition that shows through superimposed
resonances and then inverting the ﬁsual'FT INDOR differehce spectra (at a
higher attenuation), it is bossible to show only the resonance of which thg
selective irradiated transition is a part. Spectrum 7 shows the resﬁlt
of such a process. The upper trace shows part of the normal spectrum, while
the. lower trace shows the inverted FT INDOR difference.spectrum caused as
a result of placing the selective pulse as shown. It should be noted, of

course, that the protons coupled to H

6 are shown, but at this attenuation

they'are of a much smaller intensity.  Spectrum 8, shows the H ‘resonance

6
-after resolution enhancement, together with the high field (§ 1.1-0.70)
portion of the normal spectrumvfor comparison. It is possible to measure

each of the four coupling constants on H6 and, taken together with the usual

FT INDOR spectrum, assignménts can-be made.

That this proton shows on one large (vicinal) coupling constant must

mean that the decalone is cis;fused. If it Were}trans-fused then Hs-would

show 2 large ( % 13 Hz) coupling constants, one'to H x (as here) and one

Ta
to Hl' Thus, the ring junction can now be properly assigned as cis~

leaving only the 'stereochemistry of the secondary methyl’group-to be

determined.'

The normal FT INDOR spectrum cbrresponding to spectrum 7 shows that

the coupling constant to Hl was 5 Hz, and also that H_ was coupled to the

6
proton resonating at ¢ 0.85. This meant that this high field resonance
must be due to a protoh on C7. From spectrum 3(c), if one ignores the

small impurity peaks, it is clear that the coupling constants are 13.0,

13.0, 13.0, and 3.75 Hz. Hence this resonance can only be due to H7ax
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FT INDOR at this high field resonance showed interactions with the
resonances at & 1.77 (HG), 1.70, 1.50; and 1.38 (“8ax)' Simiiarly, de-
coupling the resonance at § 0.85 showed significant simplifications at

§ 1.77 (“6)’ 1.70 and 1.38 (Hsax). The abscnce of aﬁy noticeable simpli-
fication of the resonance at 6 1.50 suggested that this interaction was
much smaller than the other three, that'is, axial—eduatorial,’rather than

axial-axial (to H_, and H x) or geminal (to H

6 8a ). Hence, the resonance

Teq
at § 1.50 is probably due to HSeq' This was confirmed by other FT INDOR
experiments. For example, the resonance at § 1.50 showed up when the

selective pulse was placed at § 1.38'(H83X). This meant that the resonance

at § 1.70 could now be definitely assigned to H7eq

The result so far then is that all the ring proton resonances except the
two at § 1.66 and 1.26 can be assigned and that these two must be due to
either Hgax or H9eq' AsAbefore, inversion of the normal FT‘INDORVSpectruﬁ
as>shqwn in spectrum 9, with the selective pulse on one.of the transitions
in the resonance at § 1.66, showed gnly this reéonance’(together with the
shall but still appérent interéroton effects at § 1.50, 1.38, and 1.26).

Measurement of the coupling constants'gave values of J = 13.0, 13.0, '4.75,

and 4.75 Hz. Thus, this resonance must therefore be due to H_ -

9ax’ and

what is more, the presence of only a geminal and one axial-axial interaction
(to H8ax) shows that HlO must be equatorial and so defines the oriéntation

of the C-10 methyl group as axial.

The assignment of the resonance at 6 1.26 as being due to ng follows,
and was confirmed by other FT INDOR experiments. Most of the coupling
constants on this protoﬁ could be measured from the resolution éhhanced

spectrum obtained with the multiplet at § 2.51 decoupled.

Several further FT INDOR difference and decoupled spectra were recorded

and aided the confirmation of the assignments as did a partially relaxed
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Spectrn, which because of the differential relaxation rate of methylene
. L s 80
and mecthine protons in a rigid system , showed only the methine proton

resonances at § 2.51 and 1.77.

A complete list of the connectivities shown by FT INDOR and decoupling

spectra are given beclow, together with the compiete spectral assignment.

. CONNECTIVITIES SHOWN BY FT INDOR

RESONANCE OF IRRADIATED RESONANCES APPARENT IN THE FT INDOR
 TRANSITION - SPECTRUM
2.23 ' ' 2.338, 1.81, 1.50%
1.81 ~2.38, 2.23, 1.50%
1.77 2.51, 0.85, 1.267
1.66 I | 2.51, 1.50%
1.38 ‘,; 1.66, 1.50%, 1,26, 0.85
1.26 ' '~ 1.66, 1.50, 1.38, 1.70%
0.96 | o 2.51%
0.85 - 1,77, 1.70, 1.50, 1.38

Only one of two overiapping resonances showing

t Pbssible intraction

CONNECTIVITIES SHOWN BY DECOUPLING

_POSITION OF DECOUPLER RESONANCES DECOUPLED
2.51 ' 1.77, 1.60, 1.50, 1.26, 0.96
1.70

2.51, 1.26, 0.84
1.66 '

0.85 . 1.77, 1.70, 1.38
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ASSIGNMENT
PROTON RESONANCE COUPLING CONSTANT
1 - 2.51 5.0, ?
3 2.38 () 14.75, 13.5, 6.75, 1.0
3eq 2.23 (-) 14.75, 5.0, 2.0
4 | o 1.81» (~) 13.5, 13.5, 5.0
4eq ' 1.50 () 13.5, 6.75, 2.0, 2.0
6 . 1.77 : 13.0, 5.0, 2.75
7 0.85 ~ (-) 13.0, 13.0, 13.0, 3.75
7eq 1.70 (-) 13.0, 3.25, 3.25, 3.25, 1.5
8. 1.38 ’ (<) 13.0, 13.0, 13.0, 4.0, 4.0
8.q 150 : (-) 13.25, 4.0, 3.0, 3.0, ?
9. . : 1.66 . - (-) 13.25, 13.25, 4.75, 4,75A
séq 1.26 - (=) 13.25, 4.0, 2.6, 1.5, ?
10 2.51 o - 7.5, 7.5, 7.5, 4.75, 2, 2, ?

Cleariy, it was not possible to measure all the coupling constants,
although those that are missing are not drucial tokthe.aSSignment of

stereochemistry.

‘From a study of.a molecular model of the compound (105), it was possible
to explain some of the cOupling'connectivities that had until this stage
proven misleading. Fbr example, it had not beén expectgd that FT INDOR
with the selectiveipulse at § 1.26 (HQeq) would show a;connectivity to
the resonance at 811.70 (H7eq)' while_similarly, decoupling at § 2.51

had not been ‘expected to cause a simpiification at § 1.50 (H ). From the

8eq

model, it is apparent that these effects are due to long range, W-type,

- 42 : '
coupling ', of which there a#e at least two (H4eq—ﬂ6 and H7eq_H9eq) and

possibly two more (Hseq—}{10 and ngq-ﬂl) ! The "extra'" coupling qonstanton



"3qx is probably duc to a 4-bond coupling through the carbonyl system to H_.

42
Such effects are known and cxplanations have been given, The large

number of couplings into protons Hl and Hl c¢xplain the complexity of the

o

resonances due to these protons.

Finally, extensive use was made of computer-aided spectral simulation
techniques and while the spectra thus generated are not reproduced here,

they provided a useful confirmation of the final assignments,

192,



ve

Spectrum 2

"€6T



i

Spectrum 3a

16T






1

Spectrum 3¢

‘961






~

Vel

" Spectrum 4b

‘861



Spectrum 4c

661



Spectrum 5Sa

* 002






e et f/ \[%MWWWWW-WM%NM-A_W“.M-M.

Spectrum 5c

©coe



original

resolution enhanced

Spectrum 6

b

power spectrum

Tl

‘f0g









Spectrum 9

T 902



10.
11.
12.

13.

14,

15.

o=

2017.

REFERENCES
W.P. Jackson, Ph.D. Thesis, 1981, University of London.
N. Radcliffe,,unpublished results.

S. Danishefsky and T. Kitahara, J. Am. Chem. Soc., 1974, 96, 7807.

Bianchi, _ ‘ :
. Eletti—LF. Centini, and L. Re, J. Org. Chem., 1976, gl,.1648.

(]

(a) S. Danishefsky, T. Kitahara, C.F. Yan, and J. Morris, J. Am. Chem.
Soc., 1979, 101, 6996; (b) S. Danishefsky, T. Harayama, and R.K. Singh,
J. Am, Chem. Soc., 1979, 101, 7008; (c) S. Danishefsky, J. Morris, G.

Mullen, and R, Gammill, J. Am. Chem. Soc., 1980, 102, 2838.

S. Danishefsky and S.J. thepedge, J. Org. Chem., 1978, 43, 4604.
H.L. Holmes , Org. React., 1043, 4, 60,

S. Krishnamurthy and H.C. Brown, J. Org. Chem., 1975, 40, 1864.

Attenburrow, A.F.B._Camerdh, J.H. Chapman, R.M. Evans, B.A. Hems,

.B.A. Jansen, and T. Walker, J. Chem. Soc., 1952, 1094.

.H.B. Henbest and R.A.L. Wilson, J. Chem. Soc., 1957, 1958.

I. Shahak and E.D. Bergman, J. Chem. Soc. (C), 1966, 1005.
R.G. Salomon and M.F. Salomon, J. Org. Chem., 1975, 40, 1488,

(a) H.0. House, C.-Y. Chu, J.M. Wilkins, and M.J. Umen, J. Org. Chem.,

1975, 40, 1460; (b) J.L. Hartwell, Org. Synth., 1963, Coll. Vol. III,
185. ' ~

J-M. Conia and P. LePerchec, Synthesis, 1975, 1.

C.A. Brown and A. Yamaichi; J. Chem. Soc., Chem. Commun., 1979, 100.




16.

17.

18.
19.

20.

21.
22,
23,

24,

25.

26,

27.

28,

29.

30.

31.

208.

E.R.H. Jones, G. Eglinton, and M.C. Whiting, Org. Synth., 1963,
Coll. Vol. IV, 755. ' '

J.S. Cobhrane.and J.R., Hanson, J. Chem. Soc., Perkin Trans. I, 1972,

361,

E.J. Corey and J.W. Suggs, Tetrahedron Lett., 1975, 2647,
c.f. C.A. Hendrick, Tetrahedron, 1977, 33, 1845.

{(a) M.El-Bouz and L. Wartski, Tetrahedron Lett., 1980, 2897;(b)

J.A. Thomas and C.H. Heathcock, Tetrahedron Lett., 1980, 3235.

F.E. Ziegler and C.C. Tam, Tetrahedron Lett., 1979, 4717,

G. Zima and D. Liotta, Synth. Commun., 1979, 9, 697,

G. Zima, C. Barnum, and D. Liotta, J. Org. Chem., 1980, 45, 2736.

H.J. Reich, J.M. Reﬁga, and I.L. Reich, J. Am. Chem. Soc., 1975, 97,
5434, ’

K.C. Nicolaou, D.A. Claremon, W.E. Barnette, and S.P. Seitz,

J. Am. Chem. Soc., 1979, 101, 3704.

D.J. Lester, unpublished results.

F. Huet, A. Lechevallier, M. Pellet, and J.M. Cohia, Synthesis,
1978, 63. ’ '

H.L. Wang Chang, Tetrahedron Lett., 1972, 1989.

N.J. Cussans, S.V. Ley, and D.H.R. Barton,; J. Chem. Soc., Perkin

Trans. I, 1980, 1654.

E.J. Corey and B.W. Erickson, J. Org. Chem., 1971, 36, 3553 and

references therein. ..

W. Clark Still and J.A. Schneider, Tetrahedron Lett., 1980, 1035.




32,

33.

34.

36.

37.

38.

39.

40.

41..

42,

43.

44,

45.

46.

47,

18,

209 .

B-T. Grdbel and D. Seebach, Synthesis, 1977, 357.

M. Hojo and R. Masuda, Synthesis, 1976, 678.

I. Fleming, Chimia, 1980, 34, 265 and references therein.

F.B. LaForge, N. Green, and W.A Gersdorff, J. Am. Chem. Soc., 1948, 70,
3707.

T. Mukaiyama, K. -Saigo, and O. Takazawa,‘Chemistry Letters, 1976;_1033.

For further examples see also reference 1.

G. Brieger and W.M. Pelletier, Tetrahedron Lett., 1965, 3555.

F. Leyendecker, G. Mandville and J-M. Conia, Bull. Soc. Chim. Fr.,

1970, 549.

D.L.J. Clive, G.T. Chittattu, V. Farina, W.A. Kiel, S.M. Menchen,

'G. Russell, A. Singh, C.K. Wong, and N.J. Curtis, J. Am. Chem. Soc.,

1980, 102, 4438.
J.A. Morton, Ph.D. Thesis, 1981, University of London.

Applications of Nuclear Magnetic Resonance Spectroscopy_in Organic

Chemistry. L.M. Jackman and S. Stefnhell, Pergamon-Press,2ndedq1969.

An Introduction to Synthesis using Organocopper Reagehts. G.H. Posner,

Wiley—IhterscienceJQBO

R. McCrindle, E. Nakdmura, and A.B. Anderson, J. Chem. Soc., Perkin

Trans. I, 1976, 1590.
N.S. Simpkins, Ph.D. Thesis, 1983, University of London.

H.0. House and H.W. Thompson, J. Org. Chem., 1963, 28, 360.

H. Neumann and D. Seebach, Chem. Ber., 1978, 111, 2785,

G. Stork and P.F. Hudrlik, J. Am. Chem. Soc., 1968, 90, 4464.




49.
50.

51.

53.

54.

55.

56.
57.

58.

59.
60.
61.
62.

63.

210.

I. Paterson and L.G. Price, Tectrahedron Lett., 1981, 2829,

C.A. Brown, J. Am. Chem. Soc., 1973, 95, 4100.

vP.A; Grieco, J. Yandaw, D.A. Claremon, and K.C. Nicolaou, J. Org. Chem.,

1981, 46, 1215,

S. Tanaka, H. Yamamoto, H. Nozaki, K.B. Sharpless, R.C. Michaelson,
and J.D. Cutting, J. Am. Chem. Soc., 1974, 96, 5254.

The Nuclear Overhauser Effect; Chémical'Applications.'i. H. Noggle,

and R.E. Schirmer,.Academic Press,1971/

We thank E.A. Bernays of the Overseas Centre for Pest Research for these

results.

C.P. Forbes, G.L. Wenteler, and A. Wiechers, J. Chem. Soc., Perkin Trans.

1, 1977, 2353.

A. Marfat and P. Helquist, Tetrahedron Lett., 1978, 4217,
E.J. Corey and A. Venkateswarlu, J. Am. Chem. Soc., 1972, 94, 6190.

(a) T.H. Chan, A. Baldassarre, and D. Massuda,'Synthesis, 1976, 801;

~(b) R.T. Taylor, C.R. Degenhardt, W.P. Melega, and L.A. Paguette,

Tetrahedron‘Lett., 1977, 159; (¢c) A.R. Chamberlin, J.E. Stemke,
and F.T. Bond, J. Org. Chem., 1978, 43, 147.

R.M. Adlington, Ph.D. Thesis, 1980, University of London.

" Protective Groups in Organic Chemistry, J.F.W. McOmie (Ed.), Plenum.

E.J. Corey, J.-L. Gras, and P. Ulrich, Tetrahedron Lett., 1976, 809.

" H.J. Reich and'J,M. Renga, J. Org. Chem., 1975, 40, 3313.

(a) G.L. Dunn, V.J. DiPasquo, anddR.E. Hoover, J. Org, Chem., 1968,

33, 1454; (b) F.G. Bordwell and K.M. Wellman, J. Org. Chem.,
1963, 28, 2544; (c) D.B. Denny and S.T. Ross, J. Org. Chem., 1962,

27, 998; (d) K. Mitsuhashi and K. Nomura, Chem. Pharm. Bull. (Tokyo),



64,
65.

66.

67.
68,

69.

70.

71.

72.

73.
74,
75.
. 76.

77.

1965, 13, 951; (e) Laboratorio Martino Cuatrecasas, S.A. Fr M. 5,369
Chem. Abs., 71 123957r; (f) J. Klein and S. Zitrin, J. Org. Chem.,

1970,'§§, 666; (g) D.J. Buckley, S. Kulkowit, and A. McKervey,

J. Chem. Soc., Chem. Commun., 1980, 506; (h) N.H. Cromwell, D.J. Cram,

and C.E, Harris, Org. Syn., Coll. Vol. 3, 105 and 125.

G.B. Kauffman and R.P. Pinnell, Inorg. Synth., 1960, Vol. VI, 3.

N.J. Cussans, Ph.D. Thesis, 1978, University of London.

M.E. Flaugh, T.A. Crowell, and D.S. Farlow, J. Org. Chem., 1980, 45,
5399, '

S. Hanessian and P. Lavallee, Can. J. Chem., 1975, 53, 2975.
L. Friedman, R. Little, and W. Reichle, Org. Synth., 1960, ‘40, 93.

M. Korach, D.R. Nielson, and W.H. Rideout, Org. Synth., Coll. Vol, V,
415,

A.J. Birch, J. Chem. Soc., 1946, 593.

211.

(a) W.P. Jackson, S.V. Ley, and J.A. Morton, J. Chem. Soc., Chem. Commun.,

1980, 1028; (b) W.P. Jackson, S.V. Ley and A.J. Whittle, J. Chem. Soc.,

Chem. Commun,, 1980, 1173.

Spectroscopic Techniques for'Organic Chemists. J.W. Cooper, Wiley-

Interscience,1980.
K. Bock, R. Burton, and L.D. Hall, Can. J. Chem., 1977, §§,3526;

K. Bock, R. Burton, and L.D. Hall, Can.J. Chem., 1977, §§,1045;

V.J. Kowalewski, Prog. Nucl. Magn. Reson. Spectrosc., 1969, 5, 1.

W. Von Philipsborn, Angew:. Chem., Int. Ed,,Engl., 1971, 10, 472,

S. Schadblin, A. Hohener, and R.E. Ernst, J, Magn. Reson., 1974, 13,
196. ' |




78.

79.

80.

212

(a) P. Mcakin and J.P. Jesson, J. Magn. Reson., 1973, 11, 182;
(b) P. Meakin and J.P. Jesson, ibid., 1974, 13, 354.

J. Feeney and P. Partington, J. Chem. Soc., Chem. Commun., 1973, 611,

L.D. Hall and J.K.M. Sanders, J. Am. Chem. Soc., 1980, 102, 5703.




Accepted for publication in J.Chem.Soc., Chem. Commun.

Corrcspondence and Proofs to:
Dr. S. V. Ley

Department of Chemistry
Imperial College

London SW7 2AY

Synthesis of a trans-Decalin as a Potential Tnscct Antifcedant

by

* .
Steven V. Ley, Nigel S. Simpkins, and Alan J. Whittle

(Departuent of Chamistry, TImperial College, Tondon .SWY7 OAY)

Suwnmary:

Tn a model study fTor the synthcmis of clerodane related inscct

antiTfeedants the Lrnns—docalin‘(}) was prepared and shown to inhibit

feeding of Tocusta migraloria.



THE  synthenis of clerodane rclated ditcrpéncs has recently
attrgg;;d considerable attention.! IHowever none of the approaches
reported so far have achieved the conétruction the desired epoxy
diacetate funétional groﬁp arrangement common to the natural products
such s Clerodin(1)2 and ajugnrih I (2)3 and known fo be important for

I
inscct antifeedant activity*;.

Here we report a synthesis of a suitable model compound (3) which
alloﬁs us to both probe the biological activity and develop a strategy
which could potentially be applied to the total synthesis of natural

compounds.

The readily available onon05<4) reacted with a.vinyl.cuprate to

- form a rcgionpocific onolutc.ﬁhich was trapped with‘formaldchyde in
cther solution to afford the trang-decalin keloalcohol (B)T in 65%
overall yield. Methyléne oquivalénts éthor than the vinyl cuprafe

- with the enone (It) weré unsuccessful. The slerochemical assignment
of (5) Qas expected on mcchanistic‘grounas andeés entirely conSistent

with a detailed high field 1H n.m.r. spectral analysis.

In ofdef to thain the stcrospecific reduction of (5) rcmoval
of the dirocLing cffect of the primary hydroxj Froup was necessary
by prior trealment wihh‘t—huLyidimothilsilyi chloride. Subrequent
rcaction with c¢xcess 1ilhiun aluminium ﬁydrﬁde gave the diol (6)

Cdin Y yield [ 5 3.7 (dd, J 11.6 and 1.7 Uz )(n_{~(>r_)gr1.or D0

Oxchnngc{] . -



Protection - of the 1;3-diol unit by acetone dimethylacectal gave
(7) in ecssentially quantitative yield. The vinyl group was elaborated
by ovonolysis and reducltive work-up with Na BH& to give the alcohol

(8) in 86% yicld.

This alcohol wns smoothly converted to the sclenide (9) using
N-phenylselenophthalimide /nBu5P6 in high yield (89%) and subscquently
oxidised, syn-climinated and dcprotoétcd with aqueous Lrifluoroacetic

acid Lo give (10) (m.p. 122-121°C) (92%).

-Directed opoxidntion of (10) using tBuOOH/VO(ucac)? gave an
intermediate cpoxydipl whichlwas rapidly acclylated Lo the final
epoxydiacctate (3)“in.52% yiéld'(m.p. 105-106?0). Phe M nim.r.

Spoctruﬁ of (3) showed charactoristic resonances at § 4;88 (d, J 12.3 lz 1H),
k.7 (ad, J 11.% and b.v5Hz 110), L4.36 (4, J 42.3 Hz 4H) 2.99 (dd, J 4 and
2.401z 100) and .22 (d. J. I Nz 1H) these data being idéntical-to

equi&alont rosonuﬁcés'in tﬁc natural products. Additionally the struclure
of (3) iéISupportcd by the observation of strong No O. E.'s between

Lthe secondary ncetuto'methino proton and one mctﬁino proton on the

cpoxide ring and belween the axial methyl pgroup and one of Lhe methylene

probons of Lhe primary acctate unit.



*
- On testing compound (3) for insect antisfeeding propertics with

Locuskta migraloria a 95 inhibition of feeding was obtained at 1000 ppm.

on GF/Adises containing 5% ‘sucrose as the food source.

- We thank the S.R.C. for financial support and the Royal Society

for an ecquipment grant.



Scheme



To accompany ucheme

a) ( ZZ7), Culg X 1.2¢q, -50°
b) N.CHO in cther warm Lo RUj

c) tBuI-kz?.‘S:'LC.l, Tmidazole, DMF,RT,12h;

d) Ii AlHu, Etzo, RT; |
: OMe . oo
e) >< , p-ISA, benzene, A, 45 ming
_ OMe T

1) 0, 0%, Mool
: 3

D, NaBlII};
h) N-PSP 2aq, nBu_P, T.il.F. 2h;

2
i) 0., -78°, ClI_CL ;
3) 31 / 9, P 27
- 3) b, cCly, Bt N

2 ‘

k) ToleA. CH30N/qu'5o min RT;

o

" . - _

1) BuOOH 1.5 equiv., VO (:1cac)?,~- ih;

m) AcZO, py. Lk ~N, N-dimethylaminopyridine, RT, 12h.

Footnotes -

t All new compounds were fully characterised by spectrdscopic

methods and by clemental microanalysis.

* Ve ihank Dr. ¥. A. Bernays, Cenlre for Overscas Pest Rescarch,

Tondon, for Lhis result.
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Selenium-mediated Cyclization Reactions of Alkenyl-substituted §-Ketoesters

By Wirriam P. JAcKsoN, STEVEN V. LEv,* and ALAN J. WHITTLE
(Department of Chemistry, Imperial College, London SWT 2AY)

Summary Phenylselenating agents, in which the counter
ion is nom-nucleophilic, react with certain alkenyl-
substituted B-ketoesters to afford cyclized products, some
of which can be further rearranged using SnCl,.

WE have recently shown that a number of alkenyl-substi-
tuted S-dicarbonyl compounds can be cyclized using N-
phenylselenophthalimide. However, as this approach was
not applicable in all cases, we sought alternative methods.

Consequently, it was found that by allowing the com-
pounds (1)—(8) to react with a phenylselenating agent which
has a non-nucleophilic counter ion, such as SbFy~ or PF,~,2
cyclization can be.achieved in reasonable yield and in
examples where the previous route had failed (Table).

Cyclization of compounds (1)—(3) occurred via the oxygen
atom of enolic forms of the B-ketoester to form the hetero-
cyclic products (9)—(11)1 in a fashion similar to our previous
method. However, reaction of (4) led to the formation of

1 All compounds were fully characterised by spectroscopic methods and accurate mass and /or microanalysis.
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CO,Et CO,Et N o
CO,Me
0 N P o
() (2) 3
COo,Me =
0 0 0 0
I CO,E!t
N ~
(4) (5) (6)
0 0
CO,Et COZMe
= S
(7 (9
TABLE.
Substrate® Products (% yield)

(e (9) (10)

(2) (10a) (60)

(3)e (11) (70)

(4)c.a (12) (68)

(5)¢ (13) (27) and (14) (30)

(6)r (15) (82)

(7)¢ (16) (57)

8)r (17) (76)

a Substrate (1 mmol) in CH,Cl; (10 ml) was added over 30 min
to a solution of PhSeX (11 mmol) in CH,Cl, (16 ml) at —78 °C
under argon, warmed to room temp. and worked-up by the
addition of aqueous sodium hydrogen carbonate. P Using SbF,~
salt, ¢ Using PF,~ salt. 4 By inverse addition.

the bicyclic compound (12) as the only characterisable
product; the reason for this change in reactivity will be dis-
cussed at a later date.

Treatment of the 8-dicarbonyl species (5) with PhSe*+PF,~
gave products resulting from both oxygen and carbon
cyclization, compounds (13) and (14) respectively.

In a similar way, the B-ketoesters (6)—(8) cyclized via
carbon only, affording the products (15)—(17). Previously,!
these three starting materials had failed to react with N-
phenylselenophthalimide in the presence of H+, I,, or ZnI,.

As the. formation of new carbon—carbon bonds is of
prime importance in organic synthesis, ways of converting
the oxygen-cyclized compounds into the corresponding
carbon-cyclized counterparts were investigated.3 The best

1174

SefPh
COZE( COZR
P Ve 0
0 0 CO,Me
SePh Ph >
9) (10) a; R=Et an
b; R = Me

SePh

0
M
CO,Et cozﬂ g COMe SePh
SePh SePh

(15) (16} an

of these methods involves treatment of oxygen-cyclized
products with SnCl, (0-5—1 equiv.) in methylene dichloride
at room temperature. In this way (10b) gave (18) in
essentially quantitative yield after 1h. Similarly, (13)
could be rearranged to (14), again in very high yield. Com-
pound (11) however required a much longer reaction time
(17 h) although it too gave a new product (799%,) to which the
structure (19) was assigned on the basis of its spectroscopic

X
R CO,Me
2
' COZ Me

SePh
(18) (19) X = SePh
(20) X =H

properties [§ 7-15—7-62 (m, 5H), 3:75-—4-3 (m, 1H), 3-81
(s, 3H), and 1-5—2-75 (m, 11H); vmax 1735 and 1715 cm~1]
and from the fact that it could be reduced to the known
compound (20)* using triphenyltin hydride.®

‘We thank the S.R.C. for research studentships (to W.P.J.
and A. J. W.).

(Received, 23vd September 1980; Com. 1045.)
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A CONVENITENT PREPARATION OF 2-HALOENONES FROM ENONES
UsinG PHENYLSELENIUM HALIDES

Steven V. Ley* and Alan J. Whittle
(Department of Chemistry, Imperial College, London SW7 2AY)

SUMMARY: Enones can be converted in high yield to their corresponding
2-halo analogues by trcatment with an excess of phenylselenium halide

in methylenc chloride/pyridine at 37%.

In connection with other work we needed-supplies of 2-haloenones. As the literature
1
methods to these compounds are inefficient or involve a multistep sequence, we sought a more

convenient alternative procedure.

Enones are known to react with phenylselenium chloride to give 2-phenylse1enoenones2 and
it seemed reasonable to us that these derivatives might react further with a selenating agent
to give adducts which would rapidly disproportionate by loss of diphenyldiselenide3 to afford
the desired halo compounds. Direct halogenation should also be possible by using increased

quantities of the phenylselenium halide (Scheme).

X

SePh
R PhSeX R ™ phsex R SePh

O ettt
X=C!
A or Br R R SePh
Ph\ /-PhSeSe Ph
!
X
R
R
SCHEME

3301



3302

Consequently, by treating a number of enones (or enals) with an excess of phenylselenium
chloride (1) or bromide (2) in dry methylene dichloride at 37°C, smooth conversion to the
corresponding 2-substituted halo derivative can he achieved in high yield (Table). The
products of the reaction were worked up by quenching the cooled reaction mixtures with water
and washing the organic phase with dilute hydrochloric acid and water in the usual way.

Flash chromatography subsequently separated the desired halo compounds from the faster running
diphenyldiselenide. The recovered diselenide could be readily transformed back to the start-

ing phenylselenium halides by standard methods.

By following the reactions by t.l.c. one can clearly see that these reactions proceed
2
via the prior formation of the 2-phenylseleno enone species. In two experiments (entries 12
and 13 in the Table) 2-phenylseleno substituted enones were separately converted to 2-halo-

enones by reaction with the appropriate selenium halide.

The lower yields of halo compounds in entries 4 and 7 in the Table were due to the fact
that the corresponding 2-phenylseleno derivatives were additionally isolated in 39 and 20%

yields respectively and thus indicated incomplete reaction in these examples.

4
2-Haloenones are potentially useful synthetic intermediates.

TABLE
STARTING MATERIAL REAGENTS propucT®’ P TIME h PROPERTIES ~ YIELD
: at 37°C m.p. °C %
1. (1) 3 equiv. 8]
0 q | 96 71-72 82
py 3 equiv. c
2. (2) 2.5 equiv. 24d 75-76 1
o o 00
Py 2.5 equiv, Br
3. 0 (1) 3 equiv. [0} 72 oil 92
Cl

Py 3 equiv.

/continued...
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TABLE/continued, ..

a,b
STARTING MATERIAL REAGENTS PRODUCT ’ TIME h PROPERTIES YIELD
at 37°C m.p. °C %
[0}
o}
Cl
1, (1) 3 equiv. 18 oil 35
py 3 cquiv.
\ N
‘CHO CHO
5. o] (1) 3 equiv. Q 72 oil 52
py 3 equiv. @/Cl
[}
6. PhCH=CI{.C0.CH3 (1) 3 equiv. c /U\CHS 7 days oil 85
py 3 equiv. PhHC=C_ DNP 218-219°
Cl
0
7. I’hCH=“~CH.CO.CH3 (1) 3 equiv. c /U\CHB 65 30 51
py 3 ecquiv. PhCH=C
~N
Br
8. PhCH==CH.CHO (1) 3 equiv. e /CHO
Py 3 equiv. PhCH==C\\ 96 oil . 100
Cl
9. PhCH==CH.CHO (2) 3 equiv. c /CHO 7 days 71.5-72 85
py 3 equiv. PhCH==C
~
Br
10. MeCH==CH.CHO (1) 3 equiv. c CHO
py 3 equiv. MeCH=C\ 12 oil 90
Cl
11. MeCH==CH.CHO (2) 2.5 equiv. c /CHO 24d 0il 95
Py 2.5 equiv. MeCH=C
0o Q Br
SePh Cl
12. (1) 4 equiv, 60d oil 95
py 3 equiv.
fo) o
13. SePh (2) 1.5 equiv. Br 72 38.5-39° 52

py 1.5 equiv. /continued. ..
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TABLE/continued. ..

2 All new compounds were fully characterised by spectroscopic methods

and acc. mass and/or microanalysis.

b In view of Wender's findings? these compounds should be handled with
care owing to their potential vessicant properties. We however have
not noticed these unpleasant side-effects with compounds prepared by
the above method.
c
Z/E geometry of these compounds is not yet known.
d
At room temperature.
We thank the S.R.C. for a research studentship
(to A.J.W.)
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