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ABSTRACT

-ta

shown by previous inves;igéto:s to be 3,3,7-tri et y1-2,9-didxat icyclo~

X . i

Al

[3.3.1.0“»?]nonane ani'has‘pbﬁénpial;§ignifican e rol -

R Lk

facile, high yield synthesis-bf thié.pheroﬁgﬁe.

Two ‘basic approaches-were
\ , .

‘undertaken, both predicated‘bn formation;of-;he”cyélobutyl'moiety\of line-

atin, -
One approaqp iﬁ\o1vgd a‘photochemically'mediatéd (2+2) cycloaddition

N B .

L g €
u,}\rr.

to.construct the fodf*mémbered ring. An inPmamolecular cycloéddition of

+

appropriately Substitutéd precursor’ using either photosensitization or
catalysiérby cuprous salts was unsuccessful. Attempts to circumvent this

problem by use of arketene equivalent‘in an intermélecular cycloaddition
were defeated by an inability th aéhiéve elaboration to give the required

cyclobutanol intermediate. .
The other approach invoked ‘the use of a sulfur-mediated cyclopropyl-
. . R A .

carbinyl to cyclobutangne ring expansion. /An undesired side-reaction of an

o 2

appropriately functiondlized idtermediaté precluded execution of the de-

a

sired ring-expansion. Modification of the substitution pattern of the
cyclopropyl intermediate failed to have Any effect toward achieving the re-

quired ring-expansion. No further attempts were made to synthesize line-
B

atin, as other investigators have recently completed efficient syntheses of

the pheromone. These two synthesés'ag well as the work of previoug inves-

tigators are algo briefly described.
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... there ain't no Coupe de Ville hiding

at the bottom of a Cracker Jack box ..."
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~ 7 v INTRODUCTION - .
The ambrosia beetle, Trypodendron lineatum (Olivier), is a major pest . '
a L ’ . : ) - K
to the forest industry throughout the Pacific,Northwest‘and'northern Ty :
‘ Ehrope. Lineatin, an aggregation_ pheromone prqducéd-by-the;femabe of the o
, . : v , o - S Ly R
- species, has been shown by laboratory bioassays1 and field tests? to elicit R
secondary attraction of these beetles. - Initial isolation,andxi4éﬁtificé-‘A Wf;;;fsﬁﬁ;
- . tion sthdieé“pfoposed two possible structufés-for the}pheromone3, either 1 '
or 2. .Lineatin was subéequéntly identified unequivocally aé,3,3,7-tri— A
méthylez;Q—dipxa;ricyglg[3;3i1L05271nongne,(L),;ag a,regugifof unaghiguﬁ:_:,:;;:j%:i;;
. . _— . ) ~ - \ . B ;
Qus:synthesesq»s. The bioactive enantiomer of the pheromone was - e s
o .
o 1 T 2 -
demonstrated by field testing to. be (+)-lineatin®. The ébsolute configura- ~

tion of (+)-1 was established to be 1R,4S,5R,7R by a synthesis which'pro—

. -
o

7

vided resolvable chiral intermediates’. This assignment of configuration

was further confirmed by x-ray crystal structure'analysis’of another chiral
‘synthetic intermediateg.

The extensive .damage that is inflicted upon falien and sawn-timber by

B

T. lineatumg, coupled with the powerful attraction elicitted by‘its phero~-

mone, emphasizeéithe need for substantial quantities of lineatin for ento-
‘mological studieg. Furthermore, initial field studies indicate that the

use of this pheromone for mass trapping will be an effective means of pest



cdntrolk:é»lo. It is because of this utility as,é pest pontrol agent

that we have been motivated to develop a facile synthesis of lineatin.
Rétrosyﬁthgtic'analysis of lineatin can besf be accoﬁplishgd”by dis-

secting the molecule between the more highly substituted carbons. Thus, it

is éas& to visualize a (242} %{cloaddition proceeding‘from intetme&iates of’

the type Ef, IIll

, OTf IIIlz; Alternatively, omne cén, in principle, achieve
construction §f the lineatin skeleton by means of a Diels—Alder process
(type IV)ll; via a ring expansion (type V)7,,or a chain extension—-cycliza-
tion of a I;G—anhydrogugar (type’V1)13. Although the preceding oafliner
does not comprise a complete structural analysis in terms of synthetic de-

rivation, it does serve to illustrate the variety of synthetic approaches

possible to envision.

%
=

)
%
AT

LR,

5 -

type I type 11

e

type III ' type IV



o

type V . ‘ - type VI

Entomological investigations have demonstrated, not only that (+)-

lineatin is the active pheromone, but shown that its enantiomer is benign

6, Consequently, efforts

with respect to elicitting any biological response

aimed at large scale syntheses can be directed toward the production of’

racemic lineatin. Similarly, since the regioisomer, iso~lineatin (g), is.

neither attfactive nor inhibitory, it is not necessary for the purpose of

field work applications to have a lineatin preparation entirely free of its

; 6 :
4,5,6 isomer-. - ol e e
‘Along these lines, this research was aimed at devising and executing a

highly efficient synthesis of racemic lineatin. A bias toward a high-

yield, large-scale synthesis, as well as consideration of previously re-

L 5 7 8 14
3 3 3 3

ported synthesis work , led us to limiting a proposed

synthetic sequence to six or fewer steps. Concommitantly, we concentrated,

principally, upon two synthetic -approaches, Scheme 1 and Scheme 2.

|
|

Scheme 1 . Q\



Scheme 1 was predica%%d on an intramolecular. cross (2+2) photoaddition
of the diene 5. All attempts at effecting this transformation proved to be

unsuccessful.

~o7

CH30

| =
N
N
N
|—l
lw

Scheme 2

Scheme 2 utilizes a ring-expansion of the cyclopropylcarbfﬁol 21 to

the cyclobutanone 22, based on the work of Trost in synthesizingAcyclo-

15 16~ as well as that reported

butanone*> and a variety of spirocyclobutanones

¥
by Seebach for constructing fused cyclobutanone systemsl7. However, at-
tempts to effect this transformation resulted in an acetal-exchange;reac—-
tion giving the tricyclic acetal 23. We were led to suspect that this

reaction resulted from the Meerwein salt, triethyloxoniumtetrafluoroborate,

behaving as a Lewis acid thereby catalyzing the elimination of methanol.

CH30

oH o
SCH3a

Consequently, it was postulated that this competing reaction could be cir-

cumvented by employing an intermediate (28) devoid of the sensitive acetal

L



functional group, as depicted for Scheme 2a. This postulated syétheticse“
quence would invoke fhe oxidation of an ether‘to a lactone, a fea&ily
achieved transformation u;ing ruthenium tetroxide!®. The sfarting material
(24) for this proéedure, as well as the acetal (3), is readily prepQ{gd by
reduction of 5-hydroxy-3-methyl-3-hexenoic acid lactone. This‘precursof is
particulérly attractive as it presents the appropriate oxygen and methyl
group substitution pattern and can be readily prépafed’in large quantities’

from the BFs—catalyzed addition of ketene to mesityloxidelg. This modifi-

° . SCHj
C— — . L o Hd-d—
on ) o O o © : o °
| 30 29 - 28

o}

|

Scheme 2a

cation.to the synthetic procedure, however, also proved-to bg—unsuecessfulw—r—
in achieving the desired ring expansion.

Another synthetic route to lineatin, preemptively investigated, en-
visioned the uselof a-chloroacrylonitrile as a ketene equivalent for a
photochemic;i (2+2) cycloaddition. The use of a-chloroacrylonitrile as the

absorbing chromophore, in the presence of acetal 3, merely lead to poly-

20

merization“”. This problem could be circumvented by using an enone as the

UV absorbing chromophore as was done with anhydromevalonolactone in
Scheme 3. Despite previous examples where g-chloroacrylonitrile had been

used as a ketene equivalent, in Diels-Alder reactions, and, subsequéhtiy,

.converted to a bicyclic ketone21:22, in this instance dehydrohalogenation

23

occurred to give a conjugated nitrile“”. An alternate strategy of employ



. ' - . ’ | k\
HO HO HO
o -— - -— C-— - -— :
o. . o o HO o HO -Ccl 0 cl §]
: CN CN
- i - o

Scheme 3

ing acrylonitrile as a substrate for the lactoﬁe cycloaddition was summari-
ly dismissed owing to the poor feasibility of elucidating the appropriate

oxygenation pattern and the lack of stereospecificity in the proposed

Baeyer-Villiger oxidation (Scheme 3a)20,23, ,
HO\/\, HO HO
(o] - ] -— - : - -
0 HO . HO HO o °
) OH OCCH3 CCH3 CN
1 ] o
o 0 . °

Scheme 3a‘

Numerous research groués have inteﬁsely investigated theisynthesis of
lineatin. Approaches invoking a (2+2)7cycloaddit£on via type I predominate
in the literature. It was by such an approach that Mori and Sasaki®
(Scheme A) constructed the bicyclo [4.2.0] carbon ffage of lineatin, em-
ployingra photochemically mediated cycloaddition of vinylacetate and 3-
méthyl—cyclopent-Z-en—l—one. One 6f‘the prohibitiVe features of this
scheme is that it is necessary to proceed in the ;eaction sequence from‘the
alcohol state to the carbonyl oxidation state of the cyclobutyl moiety in
order to separate the appropriate cyclobutanol regioisomer. -Furthermore;

the incorrect regioisomer is obtained at this juncture in predominant.pro-

portions (4:1). These two considerations, resulting in an overall yield of

&
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0.16% for the twelve-step synthesis, make this route unattractive,

\n * T Ao~ " “Tho—1
o o
Is
i 0
(o] — — — -
0 conch A
AcO “P2CH3 AcO AcO
‘OSiMe3
Scheme A

-

HO

(.

(=

+ other
regioisomer

Mori's group subsequently utilized a thermal (2+2) cycloaddition in an

alternate synthesis (Scheme B)?, The use of dichloroketene and isoprene

gave a favourable mixture of isomeric cyclobutanones which, in turn, could

be reduced and separated. Alkylation of the appropriate isomer with ace-

tone gave two regioisomers, one of which could be ca#@erted,to lineatin.

Although this nine-step synthesis of 3% overall yield is an imprdvement

over their previous work, it offered no advantage to already existing syn-

thetic methodology. This procedure did, hbwever, provide a crystalline

derivative of a resolvable, chiral intermediate which confirmed the pre-

viously established absolute configuration of the pheromone.

i
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Scheme B

‘Scheme C was_developed by Silverstein and co-workers to provide
material for the ;nambiguous identification of the pheromone®. This syn-,
‘thesis also utilizes a (2+42) cycloaddition of type I, commencing with di- -
chloroketene addition to 1,3-dimethyl-1,3-cyclopentadiene. This lengthy
eighteen~step sequence which requires .extensive manipulation of the oxy-
genation pattern of the alkyl chains appendeé'tb the cyclobutyl ring isv
both cumbéfséﬁe and 1abourio;s. Though the yields of this process are not
reported, thg synthesis produced only microgram—émounts of the f;nal pro-

duct and consequently is not an attractive route to lineatin.

Ci [of]
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\ - - _cHO . ’
¢1,c=cz0 \ — A\ - 0 7 Q~OMe -
T o | /77 ST owe
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Scheme C ) .



Scheme D, 1nvqﬁ&xng yet another (2+2) cycloaddltlon of type I, was

. proposed by Sllversteln to be a promising mode of synthesxsu. However,

this scheme fails at some point in the elaboration of the appropriate oxy-

gen pattefnzq and has never been a source of lineatin.

’f—\f—\»f_\

. [o] ’ o) (o] [0 o
OAc ,0
hy several +other
. PLLL/ g 22 -
+ f ’ steps - = OH — regionsomor
' : N
OAc
several steps
¢ . o M )
OAc
HO \‘\\OH EtQ0” \“OAC \\‘\ Br \‘OAC
[o] -.— EtO, — EtO, — e | e
o )
EtO EtO

j

Scheme D

Another route utilizing a (2+2) cycloaddition of type I was advanced

- by Wellerlq (Scheme E). 1In this synthesis, allene and dicyclohexylallene
are added ph;tochemically to anhy®romevalonolactone. The regiosomers |
formed in this reaction are obtained in approximately equal amounts and at-
tempts to improve the regioselectivity, either by ﬁédifying the ;ubstitu—
tion pattern of the allene or the conditions of the photolysis, met with
failure. The major drawback of this five—sEep synthesis, which proceeded
in 10% overall yield, is the poor regioselectivity in the initial cyéload—

dition reaction and concommitant difficulty in separation of lineatin (1)

from iso-lineatin (2) following completion-of the synthesis.
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Scheme E

An alternate use of anhydromevalonolactone as a sub;tnate of a photo-
chemical (2+2) cycloaddition was develope& by White (Scheme<F)25§'fAcety¥
lene was employed as the cycloaddend in Fhis particular synthesis in the
hope of performing a highly regioseléetive_hydroboration of the resultant
cyclobutenyl intermediate. The anticipated degree of selectivity of the
hydroboration of intermediate A was not achieved, as thie olefin wéé ?é-
"sistant to reaction with hindered aialkyl_berénes.' Conéeqhently; borane
was employed in this reaction to give a Qixtere of alcohols. The desired
regioisomer was readily separated from the mixture’upon tesylationland sub-
sequently converted to lineatin. This sevenrstep'eynthetic sequence pro-

ceeded in a reported 14% overall yield, but produced only a‘meager 10 mg of

product.

@9
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Scheme F

An alternate synthetic strategy employing a ring expansion method, as
in type V, led to completion of the first synthesis to supply gram quanti-

ties of the pheromqne7 (Scheme G). This synthesis commences‘with the

attractive synthon, 5-hydroxy-3,5-dimethyl-3~hexenoic acid lactone. Fol-
lowing partial reduction and subsequént methoxylation, the cyclopropyl

moiety is introduced by reaction with dichlorocarbene. After converting

LT .

the dichloro derivatives to the exo-methylene compounds, buffered epoxida-
tign gave the oxaspiropentane isomers which underwent ring expansion ac-

cording to- the method,of Aue26 to give a mixture of ketones, wherein the

desired regioisomer predominated in a ratio of 4:1. Stereospecific reduc-~

27

-

tion gave the cyclobutanols which were separated by Still's“’ rapid chroma-~

tography method. Acid-catalyzed cycdization would then be used to produce

pure lineatin in 2.8% overall yield, as well as its regioisomer (2).
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Scheme G

This synthesis was valuable because it supplied gram quantifies of
lineatin for field testing in_l9796. Additionally, resolvable intermedi-
ates were provided which allowed the preparation and testing of the optical
isomers of the pheromone and established the absolute configuration of the

- bioactive (+)-lineatin enantiomer. The principlevshortcomi@gsrof this séf

quence are the relatively low yield and the need for chromatographic separ-

o
-

ation of the regioisomeric intermediates obtained from thé’penultémate re-
. 8 .
action. :
Scheme H, propased by Silverstein, and Scheme I, advanced by Slessor,

.are once again predicated on a type I (2+2) cycloaddition. Both schemes

. £ .
exemplify an apparently efficient, abbreviated sequence of reactions. This
efficiency, in terms of the number of steps required in these syntheses, is

retarded by the low yield obtained in the initial cycloaddition (4% and 5%,

respectively)®. _
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The reasons for the low yield of these cycloaddition reactions are
readily attributable. 1In the case of anhydromevalonolactone with vinylace-

tate, one would expect the opposite acetate regioisomer to be the predomin-

ant product of this photoaddition?f}“”ég;Jthe addition of dichloroketene to

the acetal 3, there are two deleterious effects leading to the poor yield

obtained. Firét, the aéétalrfunctionalgty, ;resent inAthe product as well
as the substrate, is readily susceptible to apid—catalyzéd degradétion;

The method of generation of the dichloroketene, whether it be dichioroace-
tylchloride_and trialkylamine or trichloroacetylchloride and zinc dust,
gives rise to formation of acidic by-products, trialkylammonium chloride or
zinc dichloride, which are capable of inducing degradation,éf these ace-
tals. Additionally, dichloroketenes are reported to give notoriously poor

29

yields of cycloadducts with trisubstituted olefins and with allylic

ethers3%, This is due primarily to competing reactions of dichloroketene

~—




uge of dichloroketene cycloaddition in an abbreviated sequence of reactions

-

The resultant cycloadduct”was reduced with zinc dust in ammonium chloride

polymerizatioh and a type of Claisen reaf}angement with allylic ethers

leading to dichlorolactones as products. These detracting factors in the
have been overcome in a recently completed synthesis of lineatin3l

(Scheme J).

Ci

, ' | , o .
] CipC=Cz0 r//\\ cl o
L — —_— | —

Q N\ [o] [v] [e)

Q

Scheme J
In .order to circumvent the problem of acid-catalyzed degradation of i
the acetal, the ether 24 was employed astan alternate substrate for the
dj&loaddition. Tolcounteract the competing insertion reaction of dichloro-

~

ketene with- this allylié ether, dimethoxyethane was added to the reaction

1

saturated methanol to give the dehalogenated ketone. Conversion of this

intermediate to the crystalline lactone proceeds readily by oxidation with

~ruthenium tetroxide. Subsequent reduction with a hindered hydride reagent,

followed by acidic work-up, gives pure lineatin in high yield. This ab--
breviated, five-step synthesis is completed with a 12% to 15% overall yield

and is the only synthesis to date which has been employed to produce the __

pheromone in large multigram quantitiesaz. ' T

The most recent synthesis of lineatin reported in the literature which

rivals this efficiency is one by a Scandinavian group12 (Scheme K) which

-
-

*



employs a type III cycloaddition strategy. This synthesis is initiated -

with either of two readily available allenic aldehydes: Alkylation with

5= .
o
i

thé Grignard of ﬁgthgllyl chlori&e followed by a stanéard,oxidation pfo-*
duced the ketone precursor for the thermal (2+2),cycloaqgition. After
isolétion,of the desired bicyclic ketone, sequential oxidation with meta-
chfﬁ:oéerbenzoic acid then,periodic'acidvgavsrthe familiaf ketolactone

. whick is readily converted to Lineatin.

R = HorCHg . -

Scheme K

This six-step synthesis pféduces the pheromone in a higher overall

yield, 30%Z to 35%, than any other previously completed procedure. ' The only

major drawback of this sequence is the critically narrow temperature range

_

that must be employed in the cycloaddition. Furthermore, this procedure

'

should be readily adapted to production of optically active lineatin and,

' gaged in the synthesis of enantiomerically pure lineatin®® utilizing '

Stork's method of stereospecific cyclobutane formatiom, as employed in the

sjntheéis»df‘grandisolak.
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-RESULTS AND DISCUSSION ’
)

 The diene 5, used as the photochemicai substrate in Scheme 1 is
readily prepared in a short,‘high yield sequence frbm 5-hydroxy73,5—di— -
methy1—3-hexenoic acid lactone. Thé lactone is partially reduced with
lithium aluminum hydride and the hemiacetal is methylated with trimethyl-
orthoformate fo give the mixed acetal 3. "An efficient acetal exchange'és
échiéved‘with fresﬁly distilled 2-chloroethan91, neutralized over sodi&m
bicarbonate, by acid catalysis and azeotrqpic removal of the methanol
formed. Dehydrohalogenation.of the resultant primary chiofide (4) is ac-
complished by treatmehF with potassium Efbﬁfoxide in refluxing Ejbutanoi.
Using én amidine base such a; 1,6-diazabicyclo[4.3.0]nonane (DBN)3° failed
to effect any elimination, whereas use of t-butoxide in dimgthylsulféxide

(DMs0) 36 proved to be too harsh, resulting in degradation of the organic

substrate. o e e . T

Photochemical activation of the diene é_was attempted, initially, by
. employing triplet sensitizers with triplet energies in the approximate

37. 75-85 kcal/mol

range estiméted for the molecule's olefinic linkages
range for the endocyclic double bond and circa 80 kcal/mol for the vinyl

ether. The envisioned reaction pathway for such a process would most like-

ly involve a diradicaloid intermediate3®

. As illustrated in Figure 1,
formationyof'intetmediate i would be less favoured than intermediate ii,
based on the relative stabilities of a primary radical versus arsecbndéry
radical which is alpha to an oxygen atom. Haweﬁéi,AEBnBTHéffﬁékfﬁé;ﬁ;éfér-
ence of a 1bpser diradicaloid geometry for Fhe triplet stage and due to the

favoured formation of a six-membered (as opposed to a seven~membered) ring

in the transition state, one would expect intermediate i to be formed



17

preferentially. Sensitizers which have been employed include.acétophgngﬁe!”L
xylene, toluene, benzene, and acetone. None was able to elicit ring

closure. ‘ o }g

Figure 1 -

Alternatively, singlet sensitization progeeding through a zwitterionic
intermediate3? (Figure 2) has been shown to promote (2+2) cycloadditions of
vinyl ethers that are unresponsive to triplet sensitization"?. Attempted

sensitization with methyl benzoate resulted in no consumption of the start-

ing material.

Figure 2

kS
*

Attention was also directed at charge—transfef reagent éatalysis of
the desired cycloaddition. This charge-transfer induction of the cycload~
dition is based on an electron migration from the elec;ron—rich double bond
of the substrate 5 to an elecErb@ deficient acceptor molecule to form a
radical-ion apécies. This is aeeempaﬂigd~8y”féverse‘Eiéctfﬁﬁ”ﬁigféfiaﬁi
which then proceeds to give product (Figure 3). Thus, electron deficient

molecules capable of UV activation can act as electron sinks during
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41

photochemically induced reactions of electron-rich substrates’~.  Naphtho-

nitrile,'tetracyanoethylene, and trinitrobengene were employed in an at-

"tempt to effect this transformation. None resulted in any significant

consumption of the starting material.

Figure 3

Yet another mode of photochemical activation.for promotion of cycload-
dition reactions is copper catalysis. ' Cuprous salts have been reported to

induce both cyclodimerization of olefins and (2+2) cyéloadditions of

N :
dienes“?, This process, presumably, would involve electron donation from

the most nucleophilic double bond, yielding an octet stabilized intermedi- ,

L.

ate which could then be neutralized by attack of the remaining double bond,-

followed by collapse of the organocopper intermédiateq3 (Figuke_4).

2

Figure & o o
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Cuprous chloride and bistriphenylphosphine cuprous borchydride were
tested as catalysts for this photochemical transformation. Both salts were

ineffective at promoting any reaction of the diene é} - Copper(I)trifluoro-

~

methane sulfonite (copper triflate) is reported to be the preferred cata-

lyst for effecting the intramolecular (2+2) cycloadditions of dienes™".

U;e'of copper griflate'in the photohhemical reaction resulted in no forma-
tion of lineatin or the iﬁgflineatin regioisomer. However, gradual con-
sumption of the diene substrate 5 was detected by GC analysis. This
consumption of starting material is attributed to acid-catalyzed degrada-
tion of the acetal functionality, owing to trace amounts of trifluoro-

ke

methane sulfonic acid present in the preparatidn of copper triflate*3. 1In
an effort to circumvent the problem of acid-catalyzed side reactions, cop-
per(II)bistrifluoromethane sulfonate (copper ditriflate) was used as'a
photocﬁemical activatbr; Copper ditriflate is readily prepared free of anym
traces of acid after recrystq}lizationnz;i Furthermore; copég;idiégiflété
is reported to Qndergo in situ photochemical reduction to the active cop-
pe?(I) species to promote (2+2) cycloaddisions“7. However,.irradiation éf
the pheromone precursor 5 in the presence of copper difriflate failed to
achieve any}ring closuré. At this point, photochemically mediated closure
of 5 as an approach eb the synthesis of lineatin was abandoned.

An alternate strategy of eﬁploying a photochemical (2+2) cycloaddition
is the use of a ketéﬂe e;uivalent in an intermolecular reaction. An at-
tractive ketene equivalent for utilization in a synthesis of lineatin is
a-chloroacrylonitrile owing to the polarity about the olefinic bond. This

distinct polarity provides an effective means of manipulating the regio-

chemical course of an intermolecular cycloaddition. Thus, one can envisipn



a-chloroacrylonitrile participating either as the UV absorbing chromophofe
(Figure 5) or as the ground state olefin (Figure 6) in a photochemical cy-

cloaddition tgq yiéld an appropriately functionalized, fused cyclobutyl sys- (ﬁp
tem. This regiospecificity of reaction is predicated on the reversal of |
ground state bond polarities in'the photoexcited state"®, Unfortunately,

[

when a-chloroacrylonitrile is employed as the absorbing chromophore in the

IS

presence of acetal 3 it leads to autopolymerization, exclusively.

_— CH30 -

Figure 5

v

Therefo;e, it was decided to employ q—chloroaérylonitrile as the
ground state olefin in a photochemical cycloaddition with anhydromevalqﬁo:
lactone (Figure 6). - This reaction, in fact, ptoceeded smoothly in aceto-
nitrile to give the desired pair of regioisomers in high yield?3, It was
anticipated‘that an abbreviated sequence of reactions to give lineatin from
this cycloadduct could be readily achieved (see Scheme 3). This synthetic
methodology was subsequently dismissed as attempted conversion of ﬁbe a-

chloronitrile to a bicyclic ketone resulted in dehydrohalogenation.

*
= . ' o+
I 5+ * /‘Q— - o —CN
. cl CN ' el
o

Figure 6
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Previous investigators utilized a-chloroacrylonitrile as a ketene ’

. equivalent dienophile in Diels-Alder reactions and successfully converted

o

the a-chloronitrile to a ketone via basic'hydrolysiszlszz. It had been

> .

postulated, in the case of sodium sulfide in ethanol?? and, by inference,
for alcoholic hydroxide, that the reaction proceeded via a displacement
mechanism, Recent evidence, however, demonstrates that, when hydroxide 1is

iresultant

employed as the base, attack occurs at the nitrile carbon and the
. . -

a-chloroamide, in turn, undergoes base hydrolysis to the ketone*?
(Figure 7). Consequen;ly, cyclobutyliadducts derived from a-chloroacrylo-
nitrile are much more susceptible to an E-2 process resultihg in dehydro-
halogenation, rather than a nucleophilic attack resulting in an
a-chloroamide degradation which must proceed through a highly strained

spiro~lactam type intermediate (such as iii or iv). This is in contrast to

the readily achieved conversion of a-chloronitriles to ketones observed for

-

cyclohexyl adducts.

HO HO HO. HO HO

0=
KOH - —_— —_—
HO cn EtOH  wo | —C::NH  HO 0 HO l—o~ HO
. No
Ct Cl NH CN
* » w
iii
HO HO, HO
0 —> —
HO HO HO
NH . NH Q
iv
Figure 7

Acrylonitriie was also considered as an alternate ground state olefin

for'p photochemically induced condensation with anhydromevalanolactone
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(Scheme 3a). It is well known that methyllithium,. in addition to alkyla-

tion of carbonyl compounds, converts nitriles to methyl ketones°?, The re-

sulting methyl ketone from such a series of reactions could be readily

51

converted, by means of Baeyer-Villiger oxidation™", to an acetate which,

after hydrolysis, would give a cyclobutanol. However, despite the pre-

dicted regiospecificity of photochemical reaction, the stefeoseledtivity is

poor giving a mixture of endo and exo nitrile isomers. This would result

in an equally undesired mixture of cyclobutanol stereoisomers. As onIy the
endo cyclobutanol would cyclize to give linegtin, this synthetic strateg}
would require extensive manipulation via furthef oxidations and reductions
to efficiently place the hy&roxyl in the required stereochemical position.
The other principal approach toward the synthesis of lineatin investi-
gated utilized a ring—expaniion to construct the cyclobutylvring; The
ring—expansion'methodology employed was the cyclopropyl carbinol to cyclo-
butanone convérsion. The preferred procedure for effecting this trans-

115'17. Previous

formation employs an a-sulfenyl cyclopropylcarbino
investigators hadrsqpcessfully constructed 2,2-disubstituted,l6 and 2,3,4-
trisubstituted cyclobutanonesl7 By this ﬁrocedure. For our purposes, a
2,3-disubstituted cyciobutanone is reqpired as an intermediate. As it was
anticipated that the acetal 3 would be an ideal starting material for such
a synthetic sequence, it was necessary to develop an effective procedure
for conversion of a cyclic olefin to an appropriately func;ionalized, fused’
cyclopropylcarbinol (Figure 8). This synthetic methodology, including ring
expansion to a fused cyclobutanone, was initially explored with the model

compounds, Cyclohexené and l-methylcyclohexene, employed as starting

materials.



Figure 8
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Two approaches were explored for constrection of the required a- T
sul fenyl cyclopropylcarbieol intermediate. The first approach involves
cyclopropanation of the alkene substrate with the carbenoid derived from
ethyl diazoacetate (EDA). Enolization of the resulting cyclepropyl esfer
and reaction of the enolate with a disulfide to give an a-sulfenyl ester,
followed by hydride reduction, would gi&e ghe desired cyclopropyl precur-
sor. This particular strategy encountered two obstacles that prevented its

?

execution, ‘ .

-

Firse, although copper(II)acetoacetonate catalyzed cyclepropanation of
the model substrates witﬁ EDA proceeded smoothly in hiéh yield with an |
exo~-endo ratio of stereoisomers §§3reported in previous proceduressz, all
attempts at sulfenylating the resultant cyclopropyl ester failed. Cyclo-
propyl hydrogens are more aciaic than other alkyl hydrogens owing to a
greater s charaeter of their molecular orbital, whereas protons « to an
ester carbonyl owe their enhanced acidity to a stabilizing enolate reson-
ance structure requiring greater p orbital character. Therefore, these two
acidity-enhancing effects need not be complimentary. In fact, it wes ini-
tially postulated thatrthe counteractivity of these contributions pro-
hibited formation of thevrequisite carbenion53. Recent evidence, however,

suggests that the desired anion is formed by treatment of a cyclopropyl

ester with lithium diisopropylamide (LDA). However, this anion is
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extremely reactive when formed and leads to products derived from a Claisen

«

3% This most .probably arises due to the sluggish ionization

condensation

of the cyclopropyl carboxylate and, in fact, there are several instances in

which formation of a cyclopropyl ester anion is ?reqludedss. Other inves- .

tigators have tried to circumvent this difficulty by employing the dianion

of the free cyclopropyl acid and have enjoyed a modicum of succesé._ But,

trimethylsilyl chloride appears to be the only electrophile to successfully

be alkylated by this dianion: use of alkyl halides and carbonyl compounds

resulted,‘principally, in recovery of starting materialsss; Furthermore,

the lineatin precursor é_ﬁas'inert toward cyclopropanation by EDA. Cyclo-

propahations of olefins by;EDA~are'initiated either by phogochemical ac-

57 or by homogeneous catalysis. Two mechanisms of this alkene

tivation
. 'S

?

58

cyclopropanation are operative®®. 1In the case of catalysis by palladium,

the reaction proceeds through a complexation of the olefin, whereas with
rhodium catalysis, as with photochemical activation, a free carbene species
is involved. Catalysis of the reaction by copper seems to proceed through

.

an intermediate mechanism. As palladium catalysis is inoperative for tri-

substituted olefin359

, rhodium would appear to be the catalyst of choice
for cyclopropanation of the acetal é: However, re;ction of therolefin_z
with’EDA, using either rhodium ‘acetate or copper acetoacetonate as a cata-
) lyst, or irradiation, lgad merely to formation of diethyl maleate and di-~
ethyl fumarate and recovery of ;he unreacted alkene substrate.
Consequently,\;ftention was directed toward an alternate approach for
constructing the desired cycloprqpylcarbinol inte iates. This approach

also employs a carbenoid cyclopropanation of an olefin. Use of a chloro-

-thio carbene equivalent followed by a metal-halogen exchange reaction
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2 “

and capture of the resultant carbanion with a formaldehyde équivalent woyld
give the desired a—sulfenyl»cyclopfqpylcarbinol. Although cliloromethylthio
carbene has. been used to cyclopropanate alkenes, the yields of such reac-

tions have been only poor to moderate, even with relatively simple

alkenésso, and would seem to offer little synthetic utility in the applica-
.tion to lineatin synthesis. . Theréfo;e, it waé decided to procéed by di-
halocarbene cyclopropahationvfolIowed by sequential‘1ithium—halogen
exéhangeAreactions to perform sulfénylation and carbonylation reacéions,

~ : .
respectively.

This methodology was successful for the conversion of dyclohexeng and
l-methylcyclohexene tb the desired fused cyclobutanones (Scheme 2b and
Scheme 2c). So it was that each alkéne was converted to the respective Bi—
cyc%ic geminal dibromides, 6 and 11, by standard phase-transfer :atalyzed61
genération of dibromo carbene from bromoform and hydroxide. ‘wa-tempera~

/

ture lithium;halogen exchange lead to the desired a—brémo'sulfides Z#and ig
, /
upon trapping of the a-lithiobromide at ~95° with dimethyldisulfide. Af/
second 1ithium—haloéen exchange reaction was performed and the resultant
stabilized ca;banion was carbonylated at ambient temperature with carbon
dioxide to give the respgetive carboxylate salts. Acidification, then
esterification with diazomefhane, gave the methyl esters which were pﬁri—
fied by distillation. Lithium aluminum bydride reduction of the carboxyl

residue proceéded smoothly to give the requisite a-sulfenyl cyclopropyl-

carbinols 2_and lﬁ.

“h
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A variety of acid-catalyzed conditions have been employed for effect-

ing ring expansion of analog0us4cyclopropylcarﬁinols such as’ para-toluene-

d16’17, stannic chloridelsb, and hydrofluoroboric 7

sulfonic aci
. 16 ' .62 T

acid , reputedly the method of choice “. However, under these rfeaction

conditions, the starting materials 9 and 14 were recovered unchanged, even -

after prolonged reaction times. This lack of reactivity could presumably

be due to the difficulty of forming the initial ?rimary carbonium inter-

mediate (Equation 1). _ éﬁﬂ

i 3
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:‘l*
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+E2
X
(2
| IS |
7
o]
L

Equation I



Consequently, an alternate methodoldgy had to be em;}byed.ﬁlkyrafion
of the sulfur with trialkyloxonium tetrafluoroborate followed by freétment
with hydro*idé lead direetly to formation of the'desiréd fuéeq cvclobugani
. ones. This approach had also>been successfully empioyed by Trost n:analo;

16y

gous systems , and it is postulated that the reaction proceeds via an

oxaspiropentane intermediate based on previous studies whereby an open
chain a-sulfenylcarbinol is converted to the correspopding’epoxidesa.

In this manner, cyclohexene was converted to the bicyclic ketone 10

and l-methyl cyclohexene to th% corresponding bicyclic ketone regioisomers

15 and 16 (in a ratio of approximately 3 to 1) in overall yields of 34% and v

29%, respectively. The yields of all the reactions in this sequence were
satisfactory except for the carbonylation of the g-lithiosulfide intermedi-
ate (Equation 2). It was decided to further investigate this transforma-

tion with the hope of improving the moderate yield.

SCH . SCH
D oBuLi Ve las schHa
~gr 2) Coz co,Li 4 CH2Np
2= ] CO,CH,

Equation 2

It was found that perforqing the sequential lithiations as a one-pot
reaction leading directly from the dibromide_é:to the estef §rwith0u; iso-
lation of tﬁe intermediate bromosulfide had no{appfeciable effect on the
overall yield for this transformatiom. Use of the forméidehydE'trimer,v

.trioxane, to give the alcohol 9 directly from élkylation with the a-lithio-

sulfide (Equation 3), proceeded in a lower yieldvthaﬁ the cdrboxylation -

e



sequence. Therefore, it was'presumed that para-formaldehyde: would’offer no

enhancement of the yield in this transformatlon“

SCH3 1) nBuLi SCH3 .
2) (CH2°)3 -
3) H20 OH ‘

Equation 3 <h

The most successful method found for conversion. of the bromosulfide to
the hydroxy sulfide was a transcarbonylation reaction with dimethylforma—

mide (DMF)®"

. Ina one—poc reaction the dibromide 6 is converted to the
a-lithiosulfide which is subsequently reacted with DMF to give, after

aqueous work-up, the corresponding aldehyde. The aldehyde, w1thout purifi- -

catlon, was reduced with sodium borohydr1de to give the alcohol in 69%

0

yield for the multistep process (Equation 4).

Br SCH3 SCH3 -
— — — ’
8r CHO OH

Equation 4

The modification allowed for a 30% ennancemenc in the overaii yield
for the conversion of cyciohexene to 7:Licyclo[4.2.0]octanone. 7Further-
more, this sequence employs only‘reactions that are performed under either
basic or neutral conditions. The avoidance of.acidic conditions is desir-

able for the application of this methodology to the synthesis of lineatin

(Scheme 2) where the starting material 3 contains the acid-sensitive acetal
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functional group. TherpreredhiSite for employing neutral or basic cond¥-
ions is, fortunately, also met in the selection of the mode of ring-expaﬁ—

sion employed for the synthesis of the model compounds.

Although it is not necessary for synthetic purposes to separate the

endo and exo stereoisomers of the various intermediates, analytical samples

&

of the sfereoisomeric'a—thiq'esters §3_§na 8b and the a-thio carbinols l4a
and l&g_were obtained to confirm that the predomiﬁant stereoisomers are the
Ezgjsuifides 8a and l4a. This assumptjon is based on the fact that the
kinefigalf; favoured exo-lithium species is formed prefereﬂtially in the
iﬂitialllithium—halogeh éxchange reaction®3, This would lead to formatiom
of predominantly the endo-lithium stereoisomer upon li;hiation of tﬁe a-
bromosul fide intermediate and, should iéomerizatioﬁ of the'carbanion
species occur, it would be more likely to hdppen'at>this stagé with warmer

temperatures and longer reaction times to give preferentially the endo-

lithium, exo-sul fide®®, ’ .

CH30zc SCH3 CH3S CO,CH;

?’ HO SCH3
8b

l4a , 14b

That 8a is the predominant ester stereoisomer was corroborated by com-
parison of the 13C NMR and the chemical shift assignments of C-7 for the

respective stereoisomers. The assignment of structures is based gn the . __

7

greater st%;ic compression at C~7 for the endo ester 8a resulting in a

67

higher field resonance relative to that for 8b (32.5 ppm as compared to

36.6 ppm). A 1H NMR experiment confirmed the structure of the predominant

'
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alcohol stereoisomer as being l4a. Recfbrocal enhancément of the NMR sig-
nals was observed upon irradiation of the C-6 hydroéeh and the hydrogens of
the thiomethyl group in an NOE® 8 experiment for the major ispmer,lii but
not 14b, This confirmed the strﬁct;re of l4a as the szgjsurfide.{

In the adaptation of this ring-expansion methodoiogy for the synthesis

of lineatin, it was initially decided to prepafe the dibromo derivatives 17
(Equation 5). Its formation, however, proved to be sluggish and;failed to
go to completion after 7 days at fooﬁ-temperature even with the use of a

large excess of bromoform an& hydroxidei Conéeduently, it was decided to

employ the dichloro derivative 18 instead. This known compound is readily

prepared in high yield utilizing essentially the same reaction conditions

1

to generate dichlorocarbene rather than dibromocarbene (see Scheme 2). Ad-~

r
/

ditionally, it was felt that the resultant a-chlorosulfide would be more

stable than the corresponding bromo compounds and that the lithium-halide

7'Wé;;ﬁanée reaction of 18 would encounter less difficulty than that for pird

S CH30 CH30 Br

Equation 5

The temperature dependence of the lithiation of the dichloride 18 - -

proved to be quite critical. 1;7i§Vgg1lrknownughgtﬂgt,;gmperathres,aboveh
-90° a~lithiochloride species upndergo thermal'decomposition to the corres-
rponding carbenes, via elimination of the halide, resulting in alleae69 and

_carbene insertion products7. When the temperature of this specific
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lithiation is maintained below -95° no reaction occurs and the sdbstrgte'is
recovered'unreected. 'This lack of reactivity is, presumably, due to tﬁe
decreased splubility of the dicbloride‘at these low temperatures, resulting
in the substrate precipitating frqm the solution. By carefully maintaining
the reaction temperature in the narrow range between —95°'and’—90°; the
lithiation proceeds smoothly and the resultant carbaniod is successfully.
trapped with dimethyldisulfide e;ﬁéive the desired a-chlorosul fide 19 in
high yield. o

Use of DMF as a substrate for alkylation by the a-lithiosulfide inter-
mediate in the subsequent reaction proved to be unsuccessfulé} The fe11Ure
of the carbonyl carbon of DMF to be alkylated in this reaction was attri-
'buted fo steric effects. It appeared that only teo of a possible four
stereoisomers were formed in the previous and subsequent‘reactions, those
being the two‘ezgjsulfides. This would entail that in the 1initial lithi-
:m;halogen exchaﬁge reactioh’tHe”kiheEiEe1I§;fav66fedweg§?lifhfﬁmwspecies

is formed exclusively as one would expect owing to the stringent tempera-

-

ture conditions imposed on the reaction and the greater steric hindrance of

-~

the endo-chloride in 18 relative fo the quéi compounds. Consequently,
when the sulfides 19 undergo the lithium-halogen exchange only the

sterically encumbered endo-carbanion is- formed. This species-is'likely

further sta?ilized by intramolecular coordination of the lithium with one
or both oxygens. of the acetal functionality (Fi ur? 9)70. The steric en-
cumbrance about the carbanionic centre coupled 1tﬁ[the steric hindrance

afforded by the gem1nal dimethyl moiety of DMF probably precluded the con-

denaatlon of the reactants.

€
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Figure 9

°

In an effort to circumvent this problem, it was decided to revert to

the use of carbon dioxide as the carbonyléting reagent for this reaction.
After -termination of the reaction by dilution with water, the carboxylate
salt was protonated by addition of a stoichiometrically deficient amount of
aqueous acid. The organic acid was iﬁmédié&ely extracted with dichloro-
methane and esterified with diazomethane. This sequence of protonation,
extraction and esterification was repeated several times until no further
carboxylate product céuld‘be isolated. By this means the desired éster was
obtained in a moderate yield without any appreciable degree of acid-cata-

lyzed degradation of the acetal moiety (Equation 6).

~— CH30 o

o SCHy

Equation 6

1

Lithium aluminum hydfide reduction of the ester proceeded readily to
give the desired cyclopropylcarbinol 21 in excellent yield. slreatment of.

the stereoisomeric alcohols with Meerwein salt, however, lead.directly to

J

»
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Variation in the reaction condi-

formation of' the tricyclic acetal, 23.
tions had no effect on altering the course of the reaction. Evidently, the

trialkyloxonium tetrafluoroborate serves as a Lewis acid to catalyze the
This postulation is

elimination of methanol to form the observed product.
advanced on the basis that precautions were taken to ensure that no traces

Jsﬁﬁrotic acid were present in the solution and that alkylation at sulfur
would be preferred owing to the presumed greater nucleophilicity of sulfur:
further, that an hydroxyl oxygen would be more

relative to oxygen71 and,
nucleophilic than an ether oxygen. This elimination of methanol to give

the tricyclic acetal 23 is virtually a quantitative reaction: = all the
‘ } starting material is consumed and only a single product is observed. This
/ v , - _
further substantiates the argument proposed earlier, that only the exo-

sulfide stereoisomers are formed in the course of this-synthetic sequence.

Were there any endo-sulfide present in the reaction it would either undergo

a competing reaction or be,recovered unchanged as it would be incapable of

cyclizing to the product (Figure 10).

N/
SCHy4 :

. Figure 10
Other methods of alkylation were attempted including dimethylsulfate
. -4
and methyliodide, either thermally or with silver ion catalysis; None was
Alternatively, a-thiocyclopropyl

able to effect the desired reaction.
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carbinols can be converted to t:hiocyclobut:enesnv16b which, in turﬁ, can be
”ﬁ}drolyzed to the corresponding cyclobutanones. This reaction was explored
employing the Burgess' salt (carboxylsulfamoyl)triethylammonium hydroxide

72, to effect the desired transformation. This pro-

inner salt methyl ester
cedure lead merely to degradation of the starting material giving a complex

mixture of products (Equation 7).

CHz0._ SCHg N/ CHZ0 ‘ : :
~—i .
0 o /N 0 ‘ )
SCHa

Equation 7

Although the thiocyclobutene 31 was téntatively identifigdvas one ofzv
Lhe many minor products of the reaction and this compound could conceivably
be transformed to lineatin, the abominableryield‘and chemoselectivity at{
tained make this transformation nonviable for our synthetic purpose. In-

stead, attention was directed to Scheme 2a. 7 -/

.It'was hoped that by use of the ether 24, rather than the acetal 3,
the problem of the side reactiﬂn encountered when attempting the ring-ex-
pansion to the cyclébutanone éould be avoided. Furthermoré, oxidation of/
the bicyclic ketone to the desired lactone would not be expected to present

any difficulty and this particular keto-lactone 30, as well as the
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keto-acetal 22, are readily reduced and cyclized to the pheromdne, as ob-
served in other syntheses.

The cyClopropylcarb}nol 2§_waé prepared employing virtually the same
reaction conditions as for zi_without difficulty and in é slightly improved
yield. ©Once again, attemptéd ring~expansion failed to produce any of thé
desired bicylic ketone. Tfe;tment of 28 with trialkyloxonium tetrafluoro-
borate provided a'myriad of products, none of which constituted more than
107 of the mixture.

Our inability to effect the desired ring—expansié; of the appropriéte
synthetic intermediates was in agreement with other i vestiga;ors who found

e316[),73

that satisfactory yields could not be obtained in all s , even

after substantial experimentation employing a wide variety of reaction con-
ditions. No further efforts toward the synthesis of lineatin were under-

taken as other investigators have recently achieved high yield, efficient

syntheses of this pheromone’" (Scheme J3! and Scheme K12).



36

EXPERIMENTAL

NMR spectra were recdrded oﬁ Varian Associates EM-360 aﬁd XL-100 and
Bruker WM400 spectrometers. Chemical shifts are feported in 8 units, parts
per million (ppm) downfield from'tetramethylsilane. Splitting patterns are
described as s, singlet; d,‘doublet;’t; triplet; q, quartet; and m, multi-
plet. Coupling conétants are reported in Hertz (Hz). Unit resolution mass
spectra were obtained by using a Hewlett-Packard 5985B GC/MS/DS system
operating at 70 eV. High resolution mass spectra were provided by
Dr. G. Eigendorf, at'the.Universi;;_;;\Biitish,quumbia, using a Kratos
DS~50 mass spectrometer. Elemental analyses)éére perforﬁed by Mr. M. Yang,
of the Department of Biological Sciences, Simon Fraser University, using a
Perkin-Elmer Model 240 elemental analyzer. Infra-red (IR) spectra were re-
corded as neat films on a Perkin-Elmer 599B grating spectrometer.

Analytical gas chivomatography (GC) was performed on a Hewlett—Packard
5830A, using a 0.25 mm i.d. x 30 m sP—lOOO capillaryréoiumn programmed to
change the column temperature figp-100° to 180° at 8°/min (column A), or on
a Hewlett-Packard 5880A gas chromatograph, using either a 0.21 mm i.d. x
30 m SP-2100 capillary column (column B) or a 0.24 mm i.d. x 15 m DB-1
capillary column (column C) programmed from 100° to 250° at ldf/min. Pre-
parative gas chromatography was performed on a Varian Aerograph Model 1700;
using either a l/évin. i.d. x 6 ft. carbowax column (column D) maintained
at 180° or a 1/4 in. i.d. x 5 ft, SP-1000 column (column E) maintained at

R _
120°.

Thin layer chromatography (TLC), 0.25 mm, and preparative TLC, 20 cm X

20 cm x 0.75 mm, plates were prepared from silica gel 60 GF,g,. All column

chromatography was performed using Kieselgel 60 (40-63 um), as described by
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sti1127, Solvents employed for chromatography, hexane (hex), ethyl acetate
(EtOAc), mefhylene chloride and ether, were distilled prior to use. Com-
positions of solvent mixtures are reported as volume ratios.
All reactions requiring anhydrous conditions were conducted dsfng
) glasswase that had been flame-dried under a flow of drf argon. Tetrahydro-
furan (THF) was distilled from lithium aluminum hydride, N,N-dimethylforma-
mide (DMF) and dimethyldisulfide were distilled from calcium hydride, and
methylene chloride wasvdistilled from phosphorus pentoxide immediately
prior to use. Ether and hexane were dried and stozgd over sodium wire.
'Diazomethane wa§vprepargd from N—methyI-N—nitrésotoluene-4—su1fon—
amide, followiné the recipe provided on the label of, Aldrich's Diazald® and

performed on such a scale so as to ensure a minimum of a ten per cent ex-

cess when employed.

Preparation of 2,2,4-trimethyl-6-methoxy-5,6—-dihydro-2H~-pyran 3).

A solution of 56 gm (0.4 mol) of S—Hydroxy—3,S-dimethy1—3rhexenoié
acid lactone in 80 mL of dry THF coni?ining 25 mL of ether was cooled to
-30° by means of a dry ice—acetonerbath. To this mixture‘was added 4.55 gm
(O.lé'ﬁ&j) of LiAlH, in 140 mL of THF over a period of 15 min. The solu-
tion was allowed to warm to r.t. and was stirred for an additional 30 min.

The reaction was terminated by pouring the mixture into 300 gm of ice con-

taining 12 mL of conc. HyS80y. The ether layer wasé&ﬁhdrawn and the

4

aqueous portion was extracted with ether (2 x 150 mL). The combined ether’

extracts were washed with 75 mL of 5% NaHCO3 and 75 mL of saturated NaCl,.

dried over anhyd. MgsO,, filtered, and concentrated in vacuo. ‘

Without further purification, this concentrated reaction mixture was

reacted with 40 mL of trimethylorthoformate and 1.5 gm of ammonium nitrate

!
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in 15 mL of methanol. The reaction was stirred- 14 hr at-r.t aﬁd 5 hr at
reflux. The ﬁixture was poured inté 120 @L of water énd extractedrwith.
methylene chloride §3 X 75 mL). The combined organic extracts were washgd
with 90 mL of saturated NaCl, dried over anhyd. MgSO,, filtered, apd'gon—
centrated by distillation at atmosqééfic pressure. Distillation under
vacuum gave 42.3 gm (68%), b.p. 62—66;, 15 mm Hg (lit.7 b.p. 62-6i°, ISfmm
Hg); 'H NMR (60 MHz, CDCl3) & 5.28 (1H, C=CH, s), 4.70 (1, o-cwbo, ¢, -
J=5 Hz), 3.41 (3H, OCH3, s), 2.05 (2H, CHp, d, J=5 Hz), 1.67 (3H, CuE~CHj,

e : . .
s), 1.27 (3H, CH3, s), 1.23 (3H, CH3, s).

Preéaration of 2,2,4—tri-ethyl—6-(3—chloroethoxy)—5,6—dihydro—2n—pyran’.~
(4).
Aimixture of 25.7 gm (0.35 mol) of 2-chloroethanol an¢'14.2 gm

(0.1 mol) of g_was dissolved in 350 mL of benzene. A catalytic,amouﬁt

(#10 mg) of para-toluenesulfonic acid was added and.the'solution was
stirred at r.t. for 30 min. Approximately one-half of the solvent was re-
moved, 32_33222, and =150 mL of benze?e was added to the solution whicﬁ was
'fhen stirred for an additional,36-40'min. This sequence‘of steps was re-
peated. The reaction was terminated by péssing the solutiqn over a neutral
alumina column and washing through with pentane. The resultant solution
was dried over anhyd. MgSO,, filtered, concentrated in vacuo, and distilled
toryield 15.9 gm (86%), b.p. 65°, 5 mm Hg; mass spectrum m/g (relative in-~
'ténsity) 206/204(1), 191(29), 189(100)3,125(10), 109(28), 96(20), 81(22);
14 NMR (60 MHz, CDCl3) & 5.33 (IH, C=CH, s), 4.92 (IH, CH, t, J=5 Hz), 3.72
(6H, 3CH, m), 1.68 (3H, C=C-CH3, s), 1.28 (3H, CH3, s), 1.25 (3H, CHz, s).

. Anal. Calcd. for CjgH;70,Cl: C, 58.68; H, 8.37. Found: C, 58.52; H,

8.32.
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Preparation of 2,2 4-tr1nethy1-6-(2'-ene)ethoxy—S 6-d1hydro—23—pyran (S)

Under an inert (N3) atmosphere, 250 mL of 2-methyl-2-butanol were
brought to reflux temperature. 10.1 gm (90 mmol) of potassium tertiary-
butoxide was added and the solution was stirred for 30 min prior to the ad-
dition of 6.14 gm (30 mmol) of 4. The solution was stirred at reflux for
an additional 4 hr. After cooling to r.t., the reaction was dilutéd'with'
200 mL of water and extracte% with pentane (2 x 250 mL).' The combined pen-
tane extracts were washed with water (2 x 150 mL), dried over ahhyd.'MgSOH,
filtered, and concentrated by distillation at atmospherie pressure. Dis-
tillation under vacuum gave 4.37 gm (87%), b.p. 80-82°, 15 mm Hg; mass
spectrum m/e (relative intensity) 168(1) 153(2), 125(100), 109(30)
107(66), 97(29), 79(21), 55(32); 'H NMR (400 MHz, CDC1;) & 6.29 s,
C=CH-0, dd, J=14,6.6 Hz), 5.37 (IH, C=CH, q, J=1.6 Hz), 5.23 (1H, O-CH-O,
dd, J=4.4,4.2 Hz), 4.49 (1H, CH2=C-0, dd, J=14, 1.5 Hz), 4.13 (lH, CH,=C-0,
dd, J=6.6,1.5 Hz), 2.22)(IH, CHp, dd, J=17.0,4.2 Hz), 2.11 (IH, CHy, dd,
J=17.0,4.4 Hz), 172 (34, C=C-CHj3, d, J=1.6 Hz), 1.28 (3H, CH3, s), 1.25 .
(3H, CHj3, s).

Anal. Calcd. for C10H1602;, C, 71.39; H, 9.59. Found: C,b7l.32; g,

9.63.

/

"Attempted intra-oleculgr cyclization of 5 to lineatin (D).

" The use of benzophenone as a senéitizer exemplifies the procedure em~
’ploygd to conduct this pﬁotochemical reéction. In a quartz vessel, purged
with N,, were deposited 250 mg (1.5 mmol) of 5, 100 mg decane, 96 mg
(0.5 mmol) of benzophenone, and 80 mL of hexane. /;h£8fsolutiongwas irradi-
ated for a period of 48 hr using a Hanovia 200-watt mercury-vapour u.v.

lamp. Aliquots were periodically w1thdrawnﬂ}kom the solutlon, diluted with



several mL of pentane, and analyzed by GC (column A). No consumption of
starting material was detected.

Decane was used as an internal standard for GC analysis. A variety of
triplet and singlet.sensitizers, charge-transfer complexes and metal
catalysts were employed in attempts to ef%ect the degired photochemical re-
actioﬁs; thege included benzophenone, acétophenone, benzene, benzaldehyde,
toluene, xylene, napthonitrilé, methyl benzoate, acetone, tetracyanoethy-
lene, copper(I)Eii(triphenylphosphine)borohydride, coppér(I)hﬁloridé,

copper(I)trifluoroethanesul fonate, and copper(II)bis-(trifluoromethane-

‘'sulfonate). Hexane, benzene ether, and acetonitrile were employed as sol-

vents. Reaction times varied from 22 hr to 60 hr. In no instance was any
4

lineatin or its isomer, iso-lineatin, ever detected by GC analysis. 1In

only two instances were there ever detected any significant consumption (as

much as 10%) of the starting material: using"egtone as a sensitizer most

probably resulting in oxetane formation (tentatively identified by GC-MS) .

~and in the reaction with copper(I)trifluoromethanesul fonate resulting in

acid—cata1y§ed degradation of the acetal, 5, due to the presence of traces
of trifluoromethane sulfonic acid.

Preparation of 7,7-dibfouobi£}éiarﬁ;Izalhébféﬁé'(é);ﬁi

To a solution 02x19.2vgm (0.6 mol) of cyclohexeﬂé and 176.9 gm

(0.7 mol) of bromoform in 50 mL of benzene were added 2 gm (5.5 mmol) of
ethyltrimethylammonium bromide and a chilled 50% NaOH solution (250 gm_ NaOH
in 250 mL Hy0). The two-phase reaction mixture was stirred vigorously at
r.t. for 26 hr, then ailuted with 500 mL of pentane and 1 L of water and
filtered through celite. The aqueous layer Qas extracted with 360 mL of

ether. The combined organic extracts were washed with water (2 x 500 mL),
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dried over anhyd. MgSO4, filtered, and concentratedﬁig_xéggg to yield, af- {

ter distillation, 131.2 gm (86%), b.p. 63-64°, 1.2 mm Hg (1it.!'7» b.p. |
80°, 5 mm Hg) 96% pure by GLC (column A); mass spectrum m/e (relative in-
tensity) 254(4), 256, 252(2), 214(42), 212(81), 210(44), 93(100), 77(49),

68(88).

Prepération of endo- and 35277~bro-o—7-thio-eth 1bicycl [4;1;0]heptqnes
@. A
Under an argon atmosphere; 25.4 gm (100 mmgi) 6, in 300 mL 6f

anhyd. ether, were cooled to -105° (ether/liquid N, bath). Over a périod
of 25 min, 50 mL (120 mmol) of 2.4 M n-butyllithium in hexane were added
witﬁ the reaction tempefature maintained belqw.—100°. The reaction mixture
" was stirred for a further 45 min at -100° prior to addition of 14 mL

(158 mmol) of dry dimethyldisulfide. The reaction was maintained below
-90° for 30 min, then gradually allowed to warm to r.t. Qvernight wﬁile re-
maining under an argon atmosphere. The ;eact16ﬁ,yas terminated upon addi-

tion of 400 ml of water and extracted with pentane (2 x 350 mL). The

combined pentane extracts were washed with 1 M Na,CO3 (2 x 250 mL), dried

.-

over anhyd. Na2S03, f{ltered, and concentrated in vacuo to yield after dis-

1.5 mm Hg); mass spectrum m/e (relative intensity) 222, 220(3), 140(85),
125(65), 93(55), 91(100); !H NMR (60 MHz, CDCl,) 5 2.3 (3H, SCHy, s), l.1-

2.0 (10H, 4CH2 and 2CH, m).
S

™~
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Preparation of endo- and 25277-carbo-etho;y—]—thiogg;hylhigygLo[4;llﬁjigh,ﬂih,”

.heptanes (§g_andJ§E)." |
Under,aﬁ.argon atmosphere, 50me (120 mmo}) of 2.4 M n—BﬁiyllithiumviQ

hexane were added at.~5° to a solution of 13.3 gm (60 mmo})rof 7 in 250 mL

~of hexane. The resultant mixture was stirred at 0° for 40 min. The argon

flow was then replaced by a flow of CO,, and the reaction wa ) ublSequently

stirred at 0° for 30 min and an additional .3 hr while warming to r.t. The

reaction mixture was then’comb&ned with 400 mL of 1 M Na,CO; and washed

t "
= , A . & R R
with hexane (2 f}ZOQ mL). The aqueous layer was acidified to pH ~2 by the

4 .

addition of conc, HCl and extraéte& with éfhér (3 x 200 mL). The combined
ether extracts were drie& éver anhyd} Nazsb3, fiitergd, and combined with a
frgshly prepared ether solution of'ﬁigzomethane.v The re;ulfant solutidp
was dried ovér anhyd. quSO&} fiftéfea;'and concentrated in'vacuo to yiéid

after distillation 6.9 gm (57%), b.p. 58-63°,.0.2 mm Hg; >95% pdre 7.2:1

ratio of 8a and ég,by GC (colugﬁ ﬁj; ‘Prepér;tive GC on column D gave pure
8a and 8b. 7 S -
For 8a (faster eluﬁing; major isqmef): ﬁass spectruﬁ m/e (relatiﬁe/
intensit}) 200(35), 185(8);‘168(38),-125(100), 91(18); ' NMR (60 MHz,
-cDCl3) & 3.65 (3H, OCHj3, s), 2.15 (3H,7scﬁ3,'s); 1w75-1.07 (10H, C;*>Cg, m);
13¢ NMR (100 MHz, CDCly) & 169:6 (C=p);’51.7 (OCH3), 32.5 (Cy), 24.2 (C,
and Cs5), 20.6 (C3 and Cy), 20.2 (C, and Cg), 15.2 (SCH3).
For 8b (slower eluting, minor iéémer): mafg/gpéctrum m/e (relative

intensity) 200(24), 185(5), 168(46), 125(100), 91(17); 'H NMR (60 MHz,

3¢ NMR (100 MHz, CDClg) & 172.2 (C=0), 52.5 (OCH;), 36.6 (C;), 27.3(C,

and Cg), 21.1 (C3‘?pd Cy), 19.1 (Cy and Cg), 14.5 (SCHy).
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HRMS Calcd.® for C10H1602S: 200.08Z}% . Found: = 200.0879. ..

" Preparation of endo- and‘exo-7-hydroxy-etﬁy1f7—tﬁio-¢thylbicyclo[4.l;0]—
. : R \

beptanes (9a and 9b).

Method A;,'AJsolution of 4.4 gm‘(22 mmo 1) of’8 in 50 mL Qf~ether»was‘

added to a suspension of 4.56 gm (120 mmol) of LiAlH, in 100 mL of ether at

A

r.t. and the reaction-was maintained at r

ES . -

éflux for an additional-2 hr. Af-

k]

ter cooling to r.t., excess hydride was consﬁmpd by dropwise addition of -

ethyl acetate. Following addition of 60 mL og;gﬁz NaOH, then 100 mL of

“water, the products were extracted with ether (3 x 100 mL). The combinf?

ether extracts were dried over anhyd. Naj50y, filtered, and concentrated in

e

vacuo to yield after distillatioﬁ‘g.74 gm- (98%), b.p. 77-81°, 0>7 mm Hg;
97% purarfgi and 9b, in a ratio of 3.4:1 (column A). . e
. Method B: Under an argon atmospheré, 34 mL (8] mmol) of 2.4 M n-

- butyllithium in hexane were added to 8.8 gm (40 mmol) of 7 in 150 mL of

hexane at -5° . The resultant mixture was stirred at 0° for. 1l hr and an_ . . .

additional hr at r.t. after which time 56 mL (28 mmol) of 0.5 M trioxane in .

ether was added. As the reaction was exothermic, it was necessary to re-
. * : :‘. i .
apply the ice bath in order to maintain the reaction temperature below
30°. After stirring at r.t. for 4 hr, the reaction was terminated by addi-

tion of 100 mL of saturated NHyCl and extrécted with ether (2 x 150 mL).

The combined organic extracts were washed with 200 mL of water, then 150 mL

of saturated NaCl, dried over anhyd. Na;SOy, filtered, and concentrated iﬂw".

vacuo. The residue was purified by coluﬁn chromatography on a 5 cm x 26 cm
column of siliCaLgél 60, 230-400 mesh. The column was washed with 800 mL
of hexane to remove nonalcohol impurities. The desired products were then-

eluted with 800 mL of ether to yield 3.0 gm (44%); >95% pure by GC
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(column A). *'\ | |
Method C: To 6.35 gm (25 mmol) of 6 in 200 mL of ethet were added

: 127mL (28.8 mmol) of 2.4 M n-butyllithium in hexane under argon at ~-105°.
. 5 . - ’ < .
During the coursevof thisraddition and the'subeeque;t’ﬁo min of stirring,
the reaction temperature was ﬁaihtained below -100°5\\After which time |
3.5 mL (;40 mmol) of dimethyldisuifide were added.h The reaction was
stirred etf—}00° for 30 min, then allowed to gradually warm to -10°. At

- this juncture, the ether-nitrogen dewar was replaced with ah ice-salt water

bath and 25 mL (60 mmol) of 2.4 M n-butyllithium in'hexéne were added to
. , : (

-

the reaction mixture. The resultant solution ﬁes stirred at -5° for 40 min
and an additional 90 min at t,t. .30’ ml of DMF was then added. Due tc‘the
excthetmic reaction, it was necessaty to reaphly the'ice bath during the
ccurse of this addition in order to maintain the'reaction temperatute below

30°. The reaction was, left stirring at r.t. for. 4 hr, then terminated upon

addition of 160 mL of 5% HCl. The “layers were separated and the aqueous™
phase extracted'with 200 mL of ether. The combined organic extracts were
washed with water (2 x éOO mL), #¥1ed over anhyd. NazéOq, filtered, and:
concentrated ig_zgcggito yield 3.81 gm of crude aldehyde. This residue,
emplcyed without further purification, was dissolved in 20 mL of ethanol
Vand added dropwise to a solution.of 760 mg’(ZO mmol) of NaBH, in 20 ﬁL of
ethahol at -5°. The reaction was stitred at r.t. overnight, then diluted
w{th 100 mL of water, followedvby'IS mL of 10% ﬁCl. The aqueous layer was

extracted w1th ether (3 x 50 mL) The combined ether extracts were washed‘

with 70 mL of water, dried over anhyd Nazsoq, f11tered, concentrated 1n
" vacuo, and pur1f1ed by chromatography (as per Method B) to y1e1d 2. 95 gm

(692) of the %;slredalcohcls.
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Pure'gghfnd gé_were obtained by preparative TLC (hegggg;gthy%)acetate;A
3:2, viv). | ’

For 9a (majbr component, R¢ = 0.53): mass spectrum m/e»(rélétive"’
intensity) 172(8), 157(61), 154(18), 141(23), 139(100), 91(46), 79(46); u

NMR (400 MHz, CDClj) & 3.69 (2H, CH,0, d, J=6 Hz), 2.29 (lH, OH, t, -

J=6 Hz), 2.07 (3H, SCHs, s), 1.93 (2H, CH2, m), 1.48 (2H, CHyy m), 1.24
S\\?gh)fZCHz and ZCH, m). ‘ | N é& " ; o  4, 7 o o
- For 22_(ﬁinor component, Rf = O;QSSf mass spectrum m/e (;elative _“‘_”ﬂ”f//
incensicy) 172(1), 157(46), 154(20), 141(26), 159(100), 91(49), 81(42),

79(57), 77(41); HENMR (400 MHz, CDCl3) & 3.63 (2H, CH,OH, m), 2.28 (1H, RS
OH, m), 2.07 (3H;'éCH§, s), 1.91 (2H, CHy, m), 1.59 (2H, cﬁz, m), 1.49 (2H,

CH,, m), 1.25 (2H, CHp, m), 1.10 (2H, 2CH, m).

HRMS Calcd. for C9Hls0S: 172.0922. Found: 172.0922.

?reparaiion of 7—bicyclo[4.2.0]octa;oné (10).
To 138 gm (8 mmol) of-9 and 50 mL of -methylene chloride under argon . .
were added 12 mL (12 mmol) of 1.0fM'triethyloxonigg_iifrafluoroborate in
methylene chloride. The résultant solution was stirred at r.t; for =22 hr
under an argon atmosphere, then 30 mL (15 mmol) pf 0.5 M NaOH were added.
After stirring the two-phése reaction an additional 24 hr at r.t., it was
combined with 60 mL of water and ex;raéted with 120 mL of pentane. VThe or- .
ganic extract was washed with 60 mL of saturated NaCl, dried over anhyd.
MgSOu; filtered, and conceﬁtrated bf disti11ation at -atmospheric pressure.
Distiligtion under vacuum gave 734 mé (TQ?), b.p. 65;é8°, 7 mm Hg (1it.75
b.p. 65-63°, 5 mm Hg); mass spectrumﬁﬁ7éTZré1ative ihfegsify) 124(16), -
82(58), 81(29), 67(100);,1H NMR (60 MHz: CD¢13) 6 2.9 (3H, C4 and Cg, m),

( &
1.1-1.9 (9H, C1+CS, m).

-



’\~Preparation of 7,7—dibfomo—l-methylbi;yclo[4.I.O]hepﬁane (Ll).rrﬂmwrﬁ
| T; a solution of 57.7 gm (0.6 mdl),of‘l—méthylcycluhexene and 176.9 gm.

(0.7 mol) o% bromoform in 50 mL éf benzene were added 2 gm (5.5 mmol) of
cetyltrimethylémmonium.bromiae andEQ*Shilled 50% NaOH solution (250 gm NaOH

iﬁ,ZSOymL H,0). The two-phase reaction mixture was stirred viéorodsly fof

a period of 24 hr;rthen dilutea with 500 mL of pentane and 1 L of water and

filtered through Celite. The aqueous layer was extracted with 300 mL of

| ether. The combined'argaqécAextfacts were subsequently washed with water

ol

(27x 500 mL), dried over anhyd. MgSO,, filtered, and concentrated in vacuo

to yieldvafter distillation 141.9 gm (88%); b.p. 83-84%, 1.1 mm Hg; mass
| / speétrum m/e (relative intensity) 268(12), 270, 266(6), 214(22), 212(44),
‘*\zi(zz), 189, 187(42), 107(100), 91(44), 79(51).
Preparation of endo- and 35277-brono—7—thioﬁethyl—l-nethx}bicyclo[4.1.0]—
heptanes (12). : . 7
To 13.4 gm (50 mmol) of il_in;lgormL of énh?&?iéfher‘af -logé'uﬂderrrrr
argon were added 25 mL (60 mméi) of 2;4 M n-butyllithium iﬁ hexane over a
period of 20 min ﬁi;h the reaction temperature maintained below —98°; The
reaction mixture was étirred for a further 40 min at -100° prior to addi-
tion of 7 mL (79 mmol) of dimethyidisﬁlfide. The solution was stirred at
-100° for 30 min, then allowed to gradually warm to r.t. overnigﬁt while
remaining under an argon atmosphere. The reaction was terminated by addi-
tion of 300 mL of water, théﬁ extracted with pentane (2 x 200 mL). The
combined pentane extracts were washed:with 1 M Na,C03 (2 x 150 mL), dried

over anhyd. Na,SO,, filtered, and concentrated in vacuo to yield after dis-

tillation 10.2 gm (87%), b.p. 63-69°, 0.1 mm Hg-(lit.17¢ b.p. 85°, 5 mm

1

> 3 N
Hg); H NMR (60 MHz, CDCl ), 6

2.23 (3H, scH3,’s), 1.38 (3H, CH3, s),

&

\\\})ﬁx\ o . | >
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0.96-1.83 (9H, C2+Cg, m). ' - .

L)

Preparation of endo- and exo—IL-ethyl—7—carbo-ethoxy—7—thio-ethyl—

)

bicyclo[4.1.0]heptanes (13).

Under’argon, 34 mL (82 mmol) of 2.4 M n-butyllithium in heiane we?e
added at 0° to 9.4 gm (40 mmol) of 12 in 200 mL of hexane. The resuitantv
solation was stirréd at 6° fqr 45 min; The argon-was then supplanted by a
flow of CO, and the reaction was sugsequently stirred at 0‘ for 30 min and
an additional 4 hr while warming to r.ti' Tﬂe white, flocculent reéction
mixture was then combined with 300 mL of 1 M NaZCOé and washed with hexane
(2 x 150 mL). The aqueous layer was then acidified to pH ~2‘bysaddition of
conc. HCL and extracted with ether (3 g 150 mL). The combined ether ex-
tracts were dried over anhyd. Na2503, filtered, and combined with a freshly
prepared ether sélution of diazomethane. The resultant éolutiop was dried
over anﬁyd.'MgSOq, filtered, and concentrated in vacuo to yield after dis-
tillation 4.7 gm (55%), b.p. 70~76°, 0.2 mm Hg. The predominant stereoiso-
mer 1is thé exo-sulfide, in a ratio of >12:1, as determined by GC
(Column B). Mass spectruﬁ m/e (relative‘inténsity)v214(30); 182(55),
154(5), 140(10), 139(100); 'H NMR (400 MHz, CDCl3) & 3.75 (3H, OCH3, s),
2.18 (3H, SCHy, s), 1.93 (4H, 2CH,, m), 1.60 (2H, CHp, m), 1.42 (3H, CHj,
§), 1.23 (2H, CHy, m), 1.10 (1H, CH, dd, J=2, 8 Hz) |

HRMS Calcd. for Cy1Hy3g0,S: 214.1027. Found: 214.1621?

Preparation of endo— and exo~l-methyl-7-hydroxymethyl- 7—th10-ethy1—

bicyclo[4.1. O}hepﬂmes (14). V
A solution of 1.7l/gm (8 mmol) of 13 in 20 mL of ether was added drop-

wise at r.t. to a rapidly stirred suspension of 1.9 gm (50 mmol) of LiAlH,
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in 75 mL of ether and maintainéd at rgflﬁiifor an additiohai 40 min. After
coéling to f.t., the excess hy%ride was consumed by dropwiSe addition of
ethyl acetate. Following ad&ition of 20 mL of 20% NébH, then 70 mL of
water, the products weré extracted with ether (3 x 70 mL). The combined
ether extracts were dried over anhyd. Na,SO,, filtered, and conce%trated iﬂl
vacuo to ypeld after distillation 1.42 gm (95%), b.p. 84-89°, 0.2 mm Hg.
The predominant stereoisomer ié the exo-sulfide, in a ratio of >14:1, as
determined by GC (Colum§°B). Mass spectrum m/e (relaﬁive intensify)

186(3), 171(36), 153(100), 95(27), 88(30), 81(26), 44(4l); ly NMR- (400 MHz,’
CDCly) & 3.74 (1H, CHOH, dd, J=12, 5 uz),’§T€5'<1n, CHOH, éd, J=12, 7 Hz),
2.50 (1H, OH, dd, J= 5, 7 Hz), 2.07 (3H, SCH3, s), 1.1-1.9 (8H, 4CHy, m),
1.42 (3H, CH;, s), 0.93 (lH, CH, dd, J= 9, 3 Hz).

HRMS Calcd. for CigHg0S: 186.1078. Found: 186.1087.

Preparation of l—nethylbicyclo[4.2.0]octan-7—one;ﬁé};;hd 6-methyl-
bicyclo[4.2.0]octan~7-one (16).

To 930 ﬁg (5 mmol) of 14, in 40 mL of methylene chloride under argon
were added 9 mL (9 mmol) of 1.0 M trietﬁyloxoniud tefrafluoroborate:in
methylene chloride. The reactioﬁ was stirred at r.t. for 23 hr under
argon, prior to addition of 30 mL (15 mmol) éf 0.5 M NaOH. Thé resultant
two-phase reaction mixture was stirred an additional 24 hr at r.t. The»ré-‘
action wag terminated by additionm of 40 mL of water and extracted with
100 mL of penfane. The organic extract was dried ovef anhyd. MgSo,, fil-
terd, and concentrated by distillation at atmospheric pfeé;ure. Distilla= //FV‘

tion under vacuum gave 472 mg (69%) of a mixture of 15 and 16, in a ratio

o~

of 3.7:1, by GC (Column B), b.p. 78-82°, 11 mm Hg. Analytical samples of

the individual ketones were obtained by preparative GC (Column E) and gave
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spectral data in agreement with those obtained by previous methods’®.

For ié_(sl&w eluting, major product); mass spectrum m/e (relative in-
tensity) 138(69), 123(94), 95(100), 67(53); 'H NMR (60 Mz, CDCl3) & 2.8
(3H,'C6 and Cg, m), r.z—l.? (114, Cy+Cg and Cg; m).

For lé_(faster eluting, minor product): mass spectrum m/e (relative
intensity) 138(16), 123(2), 95(100), 67(35); Iy NMR (60 MHz, CDCl3) & 2.5

(24, C8, m), 1.2-1.9 (12H, C1+C5 and C9, m).

F .
Preparation of syn- and anti-2,2,6-trimethyl-4-methoxy-7,7-dibromo-3-
oxabicyclo[4.1.0]heptanes (17).

To 'a solution of 700 mg (2 mmol) of cetyltrimethylammohium bromide,

31.2 gm (0.2 mol) of 3, 100 mL (292 gm, 1.11 mol) of'bromoform and 25 mL of

benzene was added a chilled 50% NaOH solution (100 gm NaOH in 100 mL H20).

The two-phase reaction mixture was stirred vigorously at r.t. for ~170 hr.
The reaction was terminated by dilution with 300 mLkof water and:extracted
with ether (2 x 200 mL). The éxtracts were combined and washed with water
(2 x 200 mL). Formation of an emulsion necéssitated filtration through a
pad of Celite and back-extraction of the aqueous phase with an additional
150 mL of ether. The cémbined orgqnic extracts were dried over anhyd.
MgS0,, filtered, conceﬂtrated‘iﬂuzgsgg, aﬁd diétilled'from KOH peliets to
yield 49.1 gm (75%), b.p. 93-98°, 0.4 mm Hg; mass spectrum m/e (relative
intensity) 296(4), 298, 294(2), 217, 215(10), 136(100), 93(12), 91(1%).
78(25); chemical ionization (CHy) 295, 297, 295(M+¥l); 1y MR (60 MHZ,
CDCl3) § 4.59 (1H, 0-CH~O, m), 3.25 (3H, O€H3, 8), 2.15 (2H, CH,, m),1.43
(3H, CH3, s), 1.41 (34, CH3, s)} 1.35 (3H, CH3, s), 1.12 (1H, CH, s).

HRMS Calcd. for CgH;,0Br,(M+-MeOH): 297.9214, 295.9234, 293.9255.

Found: 297.9228, 295.9231, 293.9241.

Q.
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Preparation of syn- and anti-2,2,6-trimethyl-4-methoxy-7,7-dichloro-3-
,oxqbicyciolh.l.O]hepténes' (18). |

To?a solution of 31.2 gm (0.2 mol) of 3 in 120 mL of chloroform were
added 700 mg (2 mmol) of cetyltrimethylammonium bromide and a chilled 50%
NaOH soluéion (100 gm NéOH in 100 mL H20). The two-phase reaction mixture
was stirred vigorously at r.t. for 21 hr. The reaction was terminated by

dilution.ﬁith 400 mL of water and extracted with methylene chloride (3 x

100 mL). The combined extracts were washed with water (2 x 150 mL), with

t

the addition of small amounts of MgS0O, to break emulsions formed during
washing. The extract was then dried over anhyd. MgSO,, filtered, concen-
trated in vacuo, and distilled to yield 44.2 gm (92%), b.p.,, 62-72°, 0.1 mm

Hg (lit.’ b.p. 60-70°, 0.1 mm Hg).
Preparation of 2,2,6—tri-ethyl—b-nethoxy—7-chloro—7—thiopethy1—3;oxa—
bicyclo[4.1.0]heptanes (19).

To 9.56 gm (40 mmol) of 18 in 1;0 L of dry THF at -100° uﬁder argon
were added 35 mL (56 mmol) of 1;6 MA;—butyllithium in hexane over a period.
of 30 min. During thg course of this addition and tﬁe subsequent 75 min of
stirring, the reaction temperature Qas'maintained at -98° to -90°. 6 mL
(62 mmol) of dimethyldisulfide were then added to the reaction. The ré—
sultant solution waé stirred an additional 30 min at -95°, then allowed to
gradually warm to’r.t. qvernight, while remaining under an argon atmo-
sphere. The reaction was terminated by addition of 300 mL of water and ex-
tracted Qith ether (3 x 100 mL). The combipéd orggnig extracts were washed
with 1. M Na,CO; (2 x 150 mL), dried over anhyd. MgSO,, filtered, and con-

centrated in vacuo. Distillation from KOH pellets gave 8.97 gm (89%),

b.p. 74-84°, 0.1 mm Hg; mass spectrum m/e (relative intensity) 221(34),
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219(86), 199(67), 109(75), 107(100), 69(69); chemical ionization (CHy) m/e
251, 253(M*++1); H NMR (60 MHz, CDCl3) & 4.56 (1H, 0-CH-0, m), 3.42 (3H,
OCH3, s), 2.31 (3H, SCH3, s), 1.96 (2H, CH2, m), 1.51 (3H, CH3, s), 1.43
(3H, CH3, s), 1.37 (3H, CH3, s), 1.03 (lH, CH, s). |

HRMS Calcd. for CjgHjgOSCl(M*-OMe): 219.0610. Found: 219.0602.

~

Preparation of 242,6-trimethyl-4-methoxy-7-carbomethoxy-7-thiomethyl-3-
oxabicyclo[h.l.O]heptanes (20).

‘ Under argon, 37.5 mL (60 mmol) of 1.6 M n—butyllithiuﬁ in hexane were
added at -5° to<7;5:gm (30 mmol). of 19 in 100 mL of hexane.'vThe~cooling
bath was removed and the solution'was stirred for 1 hr at r.t. The argén
Qas then replaced by a flow of COZ; which was bubbled through the solution
for 96 min. It was necessary to reapply'tgé cooling bath duriné the ini-~
tiél 10 min of CO, addition in order;to maintain the reaction temperature
- below 40;. The reaction was terminated by addition of 150 mL of water.
The layers were separated and the aqueous,portioﬁrwas washed with he#éﬁe
(2 x 60 mL). The aéuéous layer was then transferred to a beaker, mag—
netically stirred, and cooled in an ice bath. Then, 30 mL of 0.5 N HC1
were slowly added to the rapidly stirred solution which.was, in tyrn, ex-
tracted with methylene qhibfide (2 x 75 mL). These combined organic ex-
tracts were dried over anhyd. Naz80y, filtered, ésterified with freshly
preparedidiazémethaﬁé, then dried over anhyd. MgSO, and analyzed by GC
(Column B). This éequence of protonation, extractioﬁ, and esterification
was repeated four times. The first four of. these 'five separate fractions-~-
were shown by GC analysis to contain the desired product and, consequently,
were combined and concentated in vacuo to give 3.91 gm of a yellow oil

(crude yield: 48%). A small fraction of this residue, comprised
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'principally of two isomers in a 2.8:1 ratio (Column C), was saved for"spec—
troscopic analysis. Mass spectrum m)e»(felative intensity) 274(34),
'242(16), 195(27), 169(46), 158(100), 157<54); 143(¢57), 109(42); 1y R

(400 MH;,vCDclé)vé 4;71, 4.53 (1H, 0-CH-0, m), 3.72, 3l69 (3H, CH3o—c=6,
s), 3.45, 3.36 (3H, CH30, s), 2.52 (1H, Cs; m), 2.19, 2.16 (3H, CH3S, é);
1.66 (14, C5, m), 1.52 (3H, cua,,s)v,“‘i.ao (34, CH3, s), 1.27 (3H, CH3, s),

1.09, 1.03 (1H, Cy, m).

Preparation of 2,2,6—£ri-ethyl—4~nethoxy-7—hydroxynethyl—7—thio-ethyl—3—
oxabicyclo[4.1.0]heptanes (21).

A solution of 3.9 gm of 20 in 50 mL of ether was added dropwise at
r.t. to a rapidly stirred suspension of 3.04 gm (80 mmol) of LiAlH, in
100 mL of ether, and maintained at reflux for an additional 2 hr. After
cooling to r.t., excess hydride was consumed by dropwise addition'of ethyl
acetate. Following addition of 50 mL of 15% NaOH, then 100 mL of water,
the products were extracted Vith ether (3 x 90 mL). The combined ether ex-
tracts were dried over anhyd. NazS0y, fi}tered, and céncentrated in vacuo.
The product was purified by a modification of Sti%l's colﬁmn chromatography
procedure, as before, to yield‘3.35 gm (45% from a—chlofdsulfide, 12), >95%
pure by GC of a mixture of two iéqmers iﬁ a 2.9:1 ratio (Column -C); mass
spectrum m/e (relative intensity) 246(1), 173(86), 157(44), 141(93);'
115(74), 113(100)% 109(70), 81(67); 'H NMR (400 MHz, CDCl3) & 4.66, 4.56
(1H, 0-CH-0, m), 3.98; 3.80 (1H, CH0H, m), 3.93, 3.74 (1H, CH20H, m),
3.41, 3.35 (3H, CH30, s), 2.13 (1H, Cg, m), 2.08, 2.07 (3H,‘Cﬁ38, s), 1.71
(18, Cs, m), 1.58 (1H, OH, m), 1.49 (3H, CH3, s), 1.47 (3H, CH3, s), 1.18
(34, CH3, s), 1.00, 0.80 (lH, C,H, s).

HRMS Calcd. for C)oH2703S: 246.1290. Found: 246.1293,
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Attempted ring expansion of 21 to fused eyglobucaggge: Preparation of
3,3,9-trimethyl-5-thiomethyl-2,7-dioxatricyclo(3.3.1. 0*,3%nonane ( 23).

To 100 mg (0.4 mmol) of 21, in 5 mL of methylene chloride under afgen
.was added 1 mL'(l mmol) of 1.0 ﬁ triethyloxonium tetrafluoroborate in |
methylene chloride. The reaction was stirred at r.t. for 21 hr under argon
prior to addition of 7 mL (3.5 mmol) of 0.5 M NaOH. The resultant two-
phase reaction mixture was stirred an additional 8 hr at r.t. The reeceion
was terminated by addition of 25 mL of water and extracted with methylene
chloride (2 X 20 mL). The organic extract was dried over anhy&. Najy SO0y,

filtered, and concentrated in vacuo. The product was purified by prepara-

» tive TLC (hex.:EtOAc, 4:1) to yield 74 mg (85%); mass spectrum m{e (rela-
tive intensity) 214(45), 199(8), 167(32), 113(100), 109(41); H NMR-.

(400 MHz, CDCl3) & 5.10 (1H, C1H, t, J=2.5 Hz), 4.26 (1H, CeH, d, J=11 Hz),
4.21 (1H, CgH, d, J=il Hz), 2.13 (3H, CH3S, s), 1.91 (2H, CH,, d,

J=2.5 Hz), 1.41 (3H, CH3, s), 1.38 (3H, CH3, s), 1.33 (3H, CH3,As), 1.15'
(1H, CuH, s). | |

HRMS Calcd. for C11H1802S: 214.1027. Found: 214.1023.

Preparation of 2,2,4-trimethyl-5,6-dihydro-2H pyran (3&).’

A mixture of 98 gm (0.7 mol) of 5*hydroxy-3,SLdimethyl-B—hexenoic acid
lactone in 20 mL of ether and 80 mL of THF was added dropwise to a rapidly
stirred suspension of 19 gm (0.5 mol) of LiAlHy in 100 mL of THF at -35°.
The reaction was allowed to warm to r.t. and'was stirred for an additioe
2 hr. Excess hydride was consumed by dropwise addition of etﬁyl acetate
and khe reaction mixture was poured into'l L of ice containing 150 mL of

conc. HpS04. After stirring for 1 hr, the layers were separated”and the

aqueous’ phase extracted with ether (2 x 200 mL). The combined ether
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‘extracts were washed with saturated NaHCO3 (2 x 120’mL), then 100 mL of

54

saturated NaCl, dried over anhyd. MgSO,, and filtered. Distillation at
atmospheric pressure gave 74.7 gm (85%), b.p. 134~136°; mass spectrum m/e °
(relative ipténsity) 126(3), 111(100), 43(7); n NHR (460 MHz, CDClj)

8 5.29 (1H, C=CH, m), 3.78 (2H, OCHa, t, J=5.5 Hz), 1.93 (2H, CHp, m), 1.67
(3H; C=C-CH3, d, J=1.4 Hz), 1.20 (6H, 2CH3, s). )
' Anal. caled. for CgH140: C, 76.14; H, 11.18. Found: C, 76.31; H,

11.03. {

Preparation of 2,2,6~trimethyl~7,7-dichloro-3-oxabicyclo{4.1.0]heptane
(25). |

To a solution of 54 gm (0.43 mol) of zi in 200 mL of chloroform was
added 1.4 gm (4 mmol) of cetyltrimethylammonium bromide and a chilled 50%
NaOH solution (180 gm NaOH in 180 mL H20). The two-phase reaqtioﬁ mixture

=1

was stirred vigorodsly for 1 hr in an ice bath; then 21 hr at r.t. The re-
action was terminated by dilution with 700 mL of water and extractgd with
methylene chloride (2 x 250 mL). The combined organic extracts were washed
with 2 x 400 mL of water (emulsions that formed were bréken by filtration
through/a pad of Celite), dried over anhyd. MgSO,, filtered, and concen-

trated in vacuo. Distillation under vacuum gave 78.8 gm (88%), b.p. 63-

66°, 0.6 mm Hg; mass spectrum m/e (relative intensity) 212, 210, 208(<1),
152(90), 150(100), 117(51), 1£5(93), 79(95); 'H NMR (400 MHz, cnc1§) 8 3.54
(fu, CyH eq', ddd, J=12.1, 7{ 0.9 sz, 3.49 (1H, C,H ax', ddd, J=12.1, 12.9
4.2 Hz), 2.16 (1H, CgH ax', ddd, J=7, 12.9, 14.7 Hz), f.so (14, CsH eq’',
ddd, J=0.9, 4.2, 14.7 Hz), 1.47 (3H, CH,, s), 1.44 (3H, CH;, s), 1.29 (3H,
CH3, s), 1.02 (1H, C)H, s). |

HRMS Calcd. for CgH,0Clp: 208.0422. Found: 208.0421.
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Preparation of endo- and exo0-2,2,6-trimethyl-7-chloro-7-thiomethyl-3-oxa-

bicyclo[4.1.0]beptanes (26).
To 16.72 gm (80 mmol) of 25 in 220 mL of dry THF at -105° under argon
were added 40 mL (84 mmol) of 2.1 M n-butyllithium in hexane over a

4
period of 35 min. During the coursé of this addition and the subsequent

90 min of stirring, the reaction temperature was maintained at -100° to.

~90°. Then 10 mL (113 mmol) of dimethyldisulfide were then added to the
reac;ién. The fesultant solution was, stirred an additional. 30 min at -9;°,
then allowed to gradually warm to r.t. ovérnighf while remaining undér an
argon atmosphefe. The ;eaction was'terminated by dilution with ZOO,QL of
water, and extracted with ether (3 x lOO‘mL);' The c0mbined~ether extracts
were washed with 1 M Na,CO3 (2 x 150_mL), dried'over‘anhyd.ngSOH, fil-
tered, and concentrated in vacuo. 'pisfillation from KOH pellets gave |
15.74 gm (89%), b.é. 65-70°, 0.3 mn Hg; mass spectrum m/e (relative inten-
sity) 220, 222(1), 149(38), 147(100), 127(30), 115(24), 79(33); ' NR
(400 MHz, CDCl3) & 3.52 (2H, OCHy, m), 2.28, 2.20 (3H, CH3S, s), 2.09 (IH,
CgH ax', m), 1.52 (1H, CgH eq',fm), 1.50 (3H, CH3, s), 1.43, 1.38 (3H, CH,4,
s), 1.32, 1.30 (3H, CH3, s), 1.2 .83 (-1}1, CH, s).

HRMS Calcd. for CjgH;70SCl: 220.0689. Found: 220.0676.

Prepara;ion of 2,2,6-tri-ethy1—7-cafbo-ethoxy—7—thio-ethy1—3—oxabicyclo-
[4.1.0]heptang (27). J
Under argon 60 mL (126 mmol) of 2.1 M ﬁ-butyllithium in hexane weré
added at -5° to 14 gm (63.6 mmol) of gé_in.lOO mL of hexane. The éooling :
bath was removed and the solution was stirred for 90 min at r.t. The argonA
was then replaced by a flow of C0, which was”HPbbled through the solutien

for 2 hr. 1t was necessary to reapply the cooling bath during the initial
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15 min of CO2 addition in ofder to maintain the reaction temperature below

30°. The reaction was tefmin%téd by dilution with 150 mL of water. ‘The
’ .

layers were separated ‘and the aqueous phase was acidified to pH w2 by addi-

tion of conc. HCl and ekt;acted with methylene chloride (3 x 70 mL). The
combined methylene chloride extracts were dried over anhyd. NazSOq,lfil—
tered, and combined with a freshly prepared ether solution of diazo-

methane. The resultant solution wds dried over anhyd. MgS0,, filtered, and

concentratgs in vacuo to give 8 56 gm of a yellow oil (crude y1e1d 55%). A -

small port1on of th1s residue was saved for ana1y31s and pur1f1ed by pre-

parative TLC (hex.:EtOAc, 3:1; Rf = 0.53); mass spectrum m/e (relatlve
intensity) 244(28), 171(82), 158(31), 154(73), 143(41), 139(100), 111(42),

79(49) 5> 10 MR (400 MHz, CDCl;) & 3.70 (3H, CH3O, s), 3.68 (1H, C,H, ddd,

J=11.8, 8.6, 7.7 Hz),ﬂ3.50 (IH,’CqH, ddd, J=11.8, 10.2, 3.5 Hz), 2.54 (1H,

CgH, ddd, J=7.7, 10.2, l4.4 Hz), 2.16 (3H, CH3S, s), 1.56 (1H, CgH, ddd,

) \ ' /\_/ . : ' ,. : :
J=8.6, 3.5, 14.4 Hz), 1.41 (3H, CH3, @), 1.38 (3H, CH3, s),. 1.28 (3H, CHj3,

s), 1.04 (1H, C;H, s).

Preparation of 2,2,6-tri-ethy1-7—hydroxynethy1+7—thio-ethy1-3—oiabicyc10—
[4.1.0]heptane (28).

2

A solution éontaining 8.5 gm (=35 mmol) of the crudé ester zz_in'80 mL
of ethef was added dropwise at r.t. to a rapidly stirred suspension of
3.4 g (90 mmol) 6f‘LiA1Hq in 200 ml. of ether. The reaction was refluxed
for 2.5 h;. After cooling to r.t., excess hydride was consumed fy;dfgpgise
addition of ethyl acetate, Following addition—ef—lgormL—o£ 15%;N8937*%heﬁ
200 mL of water, the producﬁ was extracted with ether (3 x 100 mL). The

combined ether extracts were dried over anhyd. NaS0,, filtered, and codL‘
¢

centrated in vacuo. The product was phrified by column chromatography, as
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. /
SR . . - o 7
per alcohol 21, to give 7.56 gm (53% from a-chlorosulfide Zﬁ) ‘mass spec-'

trum m/e (relative intensity) 216(1),»143(1Q0), 113(74), 111(87), 93(63),
BL(57), 79(54), 55(59); 'H NMR (400 Miz, CDCL'3) & 3.99 (IH, CuH, m)} 3.87
(lﬁ, CyH, m), 3.52 (2H, CH,OH, m) 2.05 (3H, cu3s, s), 1.99(1H, CgH, m),

- 1.59 (l1H, OH, m), 1.54 (1H, CeH, m), 1.43 (3H, CH3, s), 1.30 (3H, CH3, s),

1.18 (3H, CH3, s), 0.78, 0.77 (1H, C,H, s).

HRMS Caled. for C31]1H2002S: 216.1184.. Found: 216.1183.

Attenpted‘r{hg expansion of 28 to fused cyclobutanone. ;
— , ~A ,

To 1.5 gm (7 mmol) of 28 in 20 mL of methylene chloride, under argon, =~~~
were addedIIO mL (10 mmdl) of 1.0 M triethoxonium tetrafluoroborate in
methylene chlofide. The reaction was stirred at r.t. for 5 hr under»argdn,
prior to additibn of 25 mL (1255 mmol) of QTS M NaOH. The resu}tént two-
phase reaction mixture was stirred an additional 2 hr>at r.t. The reaction
was terminated. upon add1t10n of 100 mL of water and extracted with methy-
lene chloride (3 x 40 mL). The combined organic extracts were dried over
anhyd. NaZSOH and filtered. GC analysis (Column C) of the f11;rate re~

vealed complete consumption of the starting material, to give a myriad of

products} none of which was greater than 10% of the mixture.

L
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