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ABSTRACT K

A study was undertaken O0f the hydrolysis- cyc]iza-
t1on reaction of 2-[y- n- buty](pheny])th)gcrotyl]cyclo-
hexanones using titanium tetrachloride. 1In this dinvesti-
. gation, it was shown that thempreQOmipant formation of

»

octa]one'system is most likely due to an intramolecular .
nuc]eoph111c attack of v1ny1 sulfide on the carbony]nm‘

function. It yas also not1ced that the role of ‘titanium
etetrech1or1de is to provide the ac1d1ty requ1red for this

i |
cyclocondensation (through its reaction with acetic

acid),rathé? than'directing the c&c]ization by "Ti chela-
tion". i \ _ |
| Application of this methodology,was extended to
examine the cyclization of alkyl andxphenyl vinyl sulfides
derived from 2,5-nonanedione. Treatment of these vinyl
sulfides with titanium tetrathloride led to their
hydro]ys1s to the original 1,4- d1ketone, and none of the
expected cyclopentenones were Observed

‘ The dehydrosu]fenx]at1on of a number of monosulfoxides
derived trom thioketals was examined. It\was‘noticed

that for moSt,eases-thelratios of the terminal to internal
regioisdmers of the vinyl sulfides produced, wete more
than unity As a consequence of addition of potass1um

carbonate, these rat1os and the yield of vinyl sulfides

were increased to a great extent.

iv : i QQB



Finally a direct comparison was made betweén the
'attempted cyclization of 2,5-nonanedione and 2,6-unde-

canedione under different reaction conditions.

’ !
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INTRODUCTION

’

Thégintramo]ecular aldol condensation is an import-
ant pathway for the.synthesis of cycloenones. Construc-
tion of sixf or five-membered rings Qith the proper
functional groups and the right substitution pattern is
essential in the syntheﬁis of_a great number of natural
products. ’ . ‘

Several groups have been inQo]ved in the study of
the factors which influence the direction of cyclization
of acyc]ic unsymmetrical diketones of the type
RCHZCO( 2) COCH3

~In principle cyclization of 1,4- and 1,5-diketones
such as 1 and 2 in e1ther acid or base could give rise
to tetrasubst1tuted enones 3 and 4 or tr1subst1tuted S

enones 5 and 6.

2

1:(n=0)
2:(n=1)
R
n
3:(n=0) , | 5:(n=0)
4:.(n=1) \ 6:(n=1)



In practice cyclization of 1,5-diketones yield both
products 4 and 6 for most cases. The ratio of the two
products depends on the reaction conditions employed and
on the nature of the R group.

CycTization of 2,6-dndecanedione 7 has been studied
under Hifferent“reaction conditions. According to
Dénishefsky and Zimmer,] reaction of dione 7 with potassium
hydroxide atlroom tgmperature produces both tri- and
tetrasubstituted cyclohexenones 8 and 9 as shown in

equation 1.

KOH/E tOH-H,,0 9 . 9 CaH
0 Tt, 668 | 9 o)
_"CaHg n-CqHg
ki 8 -

(60:40) |

Under more forci%g'conditions (reflux) it has been
‘demonstrated by Stork and Borch2 that only enone 9 is
' produced in 82% yield to the appafent exclusion.of com-
pound 8. 4 _

It was also shown' fhat cyclohexenone 8 could be
isomerized to 8 in aqueous alkali under reflux condftions
presumably by hydration énd retro-aldol followed by aldol
3 (eq. 2). '

cyclization



—_—

D e —
8

(2)

(o)

—_—

-— A
9

The simplest interpretatiqn for the observed results
is that the formation of tétrasubstitutedibroducts at
_ elevated temperatures is the consequence of thermodynamic
equilibration.

Kinetically controlled cyclocondensation of dione 7
has been examined by Lacheveque and co-workers.4 Using
Tithium diisopropyIamide to generate the enolate anion

the yield of enone 8 increased to some extent (eq. 3).

0

(o) ‘ LDA, ether 8 T+ L 3
2 B8t - 2 (3

I~

Acid-induced (H2504) cyclodehydration of 7 has also
-. J -



been stud‘ied,4 and the result is the predominant forma-

tion of tetrgsubstituted enohe 9.

Rather different results are observed from the room
conditions. Danishefsky and co—workers“5 have reported
that cyclization of dione 10 under these conditions favors
the tetrasubstituted cyclohexenone 12 overwhelmingly

(ed. 4).

KOH/E tOH HZO
rt. 83%

g + (4)

10 1 (5:95) 12

Lacey3

has shown that 3-ethylcyclohex-2-enone 11
isomerimes under basic conditions (reflux) to a 83:7
mixture of 2,3-dimethylcyclohexenone and 11.

The differences observed between the base-catalyzed
cyclization of diones 7 and 10 under similar reaction
conditions, however, remain unexplained.

On the other hand, results obtdined from the cycliza-
tion of 1,4-diketones have proven to be rather different
from that of 1,5-di£etones. For example, 2,5-diones of
type 1 fail to cyclize under acidic conditions® (i.e.,
only s;artiﬁg material is recovered), and alkaline treat-

6,7

ment of compounds of type 1 yield exclusively tetra-



substituted enones of type 3 to the apparent exclusion of ~
cycliza;ion'té 5. " This finding has been extensively |

used in the synthesis of cis-jasmone7°(eg. 5), dihydro-

LY

NaOH/E tOH-H,0
‘*A. .

cis-Jasmone

8

~jasmone,” and also in the we]]-knpwn synthesis of‘stgroids

" by.Johnson and co-workers> (eq. 6).

X

© NaOH/EtOH-H,0
‘ .

o
' A

- The only documented case in whiéﬁ ; tfisubstituted_
cyc]openteqoné~is:f0rméd aé a minor_brodﬁct'from.cyclo_
dghydfat{on‘of comPédndsof'gehéra1‘formu]a 1 has been
| rébqffed by MéCurry and §ingh,10f’Reéction of dione 13
. with alkali (90°C) yie1ds cyclopentenones 14 and 15 as
~ shown in equation 7. ' | ‘

2

“ NaOH/EtOH-H,0
S0°C, 97%




- However, Danishefsky and co-workers] have examined
this reéction at room temperature and the result was again’
formation of compound ‘14 as the only product in 85% yield,
and none of the enone 15 was detected.

Although thlS reaction resemb]es the react1on of
2,6-dione 10 with base, a mechan1st1c study of a]do11za-
t}on of 1,4-diketones 0:1] 1nd1cates that there is a
maJor dwfference in the d1rect1ona11ty of cyclization of
1,5- and 1,4-diketones under identical conditions.

McCurry.IO

has examined the reversibility of the for- .
mation of enone 15 under the reaction cond1t1ons wh1ch
serve to cyq&rze d1one 13{ and has noticed that a high
‘yiefd (>95%) of starttng material 1s recovered, and none
of the cyc]opentenone 14 s detected Interestingly,
aldol 1§ also fatjed to yield enone 14 when submitted to
the cyelizatioh eenditiohs, and the’so]e detettabfe prod-

uct was compound 15 (eq. 8).

NaOH/EtOH-H20
90°C, 15 min >

(8)

6. | 15

These results demonstrate the dramatic difference
between 1,5- and 1,4-diketones_cyc1ization§, since forma-

- tion of trtsubstituted cyclohexenones have been shown to



i

/'be reversible in most caseS‘(eq.'Z).
There hdve been no systematic Studies on the effect
of R groups on the éyc]ization,qf 1,47diketones. Howeyer,
Danishefsky has studied the effect of}seVera]’R dfoups
on the product‘distributibnfof cyclohexenoqes. In this
céhnectiong-cyclizatioh of diketone 17 under basic con-
dition af room temper&turé produces triSubstituted enone
18 ‘to the apparent exclusion of the tetrasubstituted

product‘(eq. 9).

(9)

. _ Y
KOH/EtOH-H20
rt, 91% :

7z 18

The effécts of brdnching are dramatically seen in
-the compafison‘of the resujts of base-tata]yzed aldol
cyc]izétion of*dikétones 7 and 10-at room temperature'
a with those of dione 17. _
The nature of the effect o% carboh brénching on
product distribution is.not known in detail. It may be
that due to steric effetfs, by retardiné'the formation
of the 8-aldol pretursbrs of type 4 product. A]terna-'
A tiyely, it may be that there is some retardation of the
final dehydration §tep. An interesting Case in this

regard is reported by Rouessac and Alexandre .12 The sig-

\



nificance of the branching effect is nicely illustrated
in the base-catalyzed cyclization of 8-methylnon-8-ene-2,6

dione 19 (eq. 10).

NaOH/E tQH-H.,0
JELQH-H, +
0°C, 80% - ~

(60:40)

.

Even thouéh the acidity factors must strongly fa&or forma-
tion o¥~the tetrasﬁbstitufed isomer, the ratio is in faét_
%C]ose to unity. ' -
| | The effect of'braﬁching is also seen in the acid-
céta]yzed cyclization df compound 17, in which almost”equal

. amounts of the two products are obtained (eq. 11).

’H2504‘,A 18 +
R
B “ R 20
' | o (s5:45)
Information available from these and 35vera1'other\
Qtudies]’s’]3 on the effect of carbon branching on the

1

product distribution has been utilized' in the synthe-

> - sis of the A ring of the steroids (eg. 12).



| | } | 83%

- One of the mogt widely used applications of the
intramolecular a1do]lcohdensation of 1,5-diketones has
been in the field of the synthesis of octalone systems.
- Construction oftfhese compounds has been extensively
studied in work'directed toward. the synthesis_of such
complex.nafurai prgﬁuct; as éteroids, terpenEs, and
alkaloids. |
In principle acid or baée'cafalyzed cyclization of

n

diones 21 could give ﬁjsg to octalones 22 or bicyc]o;

R t "R : R -

22 | oz | . 23

H
|

[3.3.1]nonanones 23. However, in all these studies the

t

main goal has been to suppress the formation of bridged



bicyclic products of the type 23.
Among all the known methods for the construction of

octalone systems, the Robinson annelation reac'cionm’]-5

holds
a position of part1cu]ar importance.

Th1s 1nvo]ves the base- cata]yzed Michael addition
of a ketone to methyl vinyl ketone followed by base-

catalyzed aldol condensation (Scheme 1).

Scheme 1

(l l;— [Cow- Ciil

16,17,18

It has been shown that regardless of the

]; cyclization of diones of type 21 -

nature of R and R
under basic conditions yield only the corresponding
octalone systems (eq. 13-16), withnthe apparent exclusion
of fnterference froh cyelization to bridgedvb{cyclic
pkodutts. Thus, to the extent that the Michael addition
\does occur, the octalone products ‘would 6e obtained.
However, the Rob1nson annelation is subject to several re-

strictions prior to the cycljzatwon step, such as

10.



171,

\

KOH/MeOH “
L ——
) . \.
90%
-
KOH/E tOH ‘
' rt , zgh;
KOH/EtOH =~
.
. ‘ rt 2.‘ hr <
E : 77%
" NaOEt/EtOH
———— .
‘ { 0 :
89%
24 , 25

21 ’

and B-haloketones to generate the Michael acceftor in

situ.

To control the regiochemistry in the initial step -

of the sequence, the use of ehaniines,22

23,24

acttvatjng or

directing groups, and blocking groups;have{been'



’
12,

extensively studied, and have been proved to be useful
in many cases.

Dialkylation could be avoided using a-substituted
vinyl ketones (i.e., 26) in which the substit&ent is able

to stabilize the initial Michael adduct 27 (eq. 17).

A, — Y -

26 27

Satisfactory results are obtained from cases where X

25,26 or SiEt3.27’23529 Simi]ar]y the use of a

is COOR
methyl vinyl ketone-metal comp]ex30ﬁn annelation has
been helpful in diminishing the dia]kyiation problem.
Another modifiq;tion of the original Robinson annela-
tion has been introdﬂced'by Heathcock and Ei]is.3] These
workers have found that high yields of octalone products
may be obtained under conditionsof acid catalysis (H2504).
Although this reaction offers a distinct advantage for

the preparation of octalones derived from 2-methylcyclo-

hexanones (eq. 18), it fails in the case‘of‘2,6-dimethy1- ‘

(18)
2955

cyclohexanone, and the bicyc10[3.3.1]nonénone 28 is



13.

isolated as the only product (eq. 19).

e

28

16 have discoveréd that: the

Still and co-workers
react1on can be stopped prior to the final aldol conden-

sation, if it. is performed at 0°C (eq. 20).

X HyS0,, 0°C _
+ ‘ — . ~ (20)
. 37%

o

24

Another modificatipn has been the use of electro-
philes with masked carbonyl functions such as a chloro-
methylisoxazole derivative,‘?2 3-trfmethy1si1y1-2-buteny1
jodide,3? and t-butyl y-iodotiglate.3?

A widely used "3-oxobuty1" eﬁuiya]ent is 1,3-di-
I/ch]ofo-Zjbutene, 29, the Wichterle reagent.35 According
to Ju]ia and co-'workers,36 alkylation of simple ketones,

eg. cyc]ohexanone, affords the a]ky]ated product in

moderate yield (eq. 21).



14.

| | 1
* ¢
NaOE t-E tOH ' ‘
‘ | 557 (Ij\(:zn
‘ | |
E
2_9 K]

17

Marshall and Schaeffer used thfs reaction to al-

kylate 2-methylcyclohexanone (eq. ZZQ.

534% 4

+
N

The major drawback of this sequence is that the acidic
cond1t1ons necessary to hydrolyze the vinyl chloride’
‘also results in fprmat1on of undesired bridged bicyclic
compounds,”’36 as indicated in Scheme I1. This is
especially severe for 2, 6-dimethy1-2-(y-chlorocrotyl)-
cyc]ohexanone,‘s1nce the acid hydrolysis- of th1s compound
affords none of the des1red diketone; 1nstead the

bridged product, 1,2,5-tr1methy1b1cyc]o[3.3.T]non-2-en-

9-one, is exclusively formed.

« .
The alkylating agent is a mixture of diastereoisomers.

For convenience, it is written as a single isomer, as

are all the a1ky1atipnbproducts.



15.

Scheme II

R
+ L3
1 \
R R
Me H . 47% 1%
H Me ' 53% : 8%
Me Me _ ‘ 0% 93%
\ f

These findings provide an interestipd contrast

36

with the results obtained by Julia on|the hydro]ysis

of 2-(y-chlorocrotyl)cyclohexanone (R RT = H). In

_ "
this case a mixture was formed in-which the bicyclo-
[4.4.0] and the bicyclo[3.3.1] products were formed in
nearly equal amounts.

Ma?sha]]has sbggested that two factors control

the direction of the cyc]ization\(Scheﬁe I11):



Scheme 111

R
(0]
1
R
\|
r
c
»a, R = CH3; R' = H
b, R = H; R' = CH

23

-~
-

the steric environment of the cycfohexanone carbonyl )
grouping, and the difference in stability of the enols A
~and C (due to hyperconjugative stabilization). Tﬁus,it
is suggested that methyl groups in.the 2- and 6-position
on fhe cyclohexanone ring should retard the reaction

A+ B. On the other hand, both a 2- and 6-riethyl group

might be expected to facilitate the reaction leading to

16.



the bicyclo[3.3.1] product (C » D). The energy diffgrence
between the conformer with an axial butanone iide chain
(needed for the formation of bridged product Da) and
the equdtoria] side-chain coﬁformer (where bridging is
prohibited by steric effects) should be smaller in the
2-methyl-2-(3-oxobutyl)cyclohexanone intermediate Ca
than in the corresponding desmethylanalog C (R = R' = H)
where the equatorial side chain should be greatly
favored. Bridged product 23 might therefore be more
easily formed.

The use of titanium tetrachloride as a milder hydro-
lyzing agent to‘hydro]yze vinyl chlorides has been ex-

37 but this modification

pTored by Mukaiyama and co-workers,
does not offer any advantage over the USe of sulfuric

acid. Although none of the cyclic prdduqts are formed,
the yield of the diketone obtained, however,remains low.

17,38 have been introduced to over-

Two modifications
come the problems involved in the hydroiysis step of
vinyl chlorides, nonetheless they involve rather lengthy
procedures. |

In search ofaa more effective approach to tonst(uct
the octalone systems, the use of y-alkyl(phenyl)thiocroty]
cﬁ]éride systems as an "oxobutyl" equifa[gnt has been
investigated in this 1aboratory.39 '
The result is an alternative to the Michael-Robinson

process to provide a “3-oxobutyl" equivalent from



readily available starting materials, and is also active
toward regiospecifically generated enolates. One example

of this reaction is shown in equation 23.

?Ha : *

PhS—C=CH-CHCI - | (23)

85%

I't was necessary to avoid the use of strongly acidic
hydrolyzing conditions, since formation of the dione
system may be followed by cyclization to the undesired
bridged bicyclic products, as shown earlier in the case
of vinyl ch]orides.]7

In search of a mild hydrolyzing agent Mukaiyama's
procedure was investigated, and proved to be effective.
According to this method vinyl sulfides are hydrolyzed

to the corresponding ketones in high yijelds using titanium

tet:achloride (eq. 24).
e e
/SPh T1C14 T n (24)
= C\M THOAC/H 0 Ph—CH—C—Me

97%

* ~.
This product consists of both Z and E geometric isomers.
For convenience, it is written as a single isomer, as all

the other similar vinyl sulfides.

18.



| o BT = 9.
>_~‘\$\\ The results obtained from the hydrolysis of several

Y th1otroty1cyc1oﬁexanone$ utilizing this prdécedure proved
"1ﬁ£ere$ting, since; instead othydroTysis to the(corres—
ponding d1ketones, s1mu1taneous cyclization to the de-

s1red octalﬁne system was a]so effected (eq.

25).
| | Tic1, . ‘
| —_—3 (25) -

| | 63%

These observationé are in contrast to the results

. obtained by Marshalll’ from the Hydro]ysis of the

\\\/ corresponding 2-(y-ch10rocroty1)cyc1ohexanbnes'in su]furic

acid, where in some Cases_undeéired bridged bityc]if
chpounds are obtained exclusively

| Us1ﬁg this scheme; the preparation df the more
troublesome octalones, such as 8,10-dimethyl-1(9)-octal-
2-one, becomes possible.in tWo stepsistafting from the
ketone, and this has been utilized in the synthes1s of

(+) -cybullol, one of the metabo]1tes of bird's nest

fung1,by Ayer and co- workers4] (eq 26).

\

| - ' OH

. o -~ ~(+)-Cybullol

_OH

(26)




: ~

‘This reaction holds a partiﬁu1ar place of importance;‘

not only because it offers an efficient method to syn-
thesize the octalone syStems; but atso because of ihe
regiospecificity observed at. the cyé]ization stép, since
it was shown that in most cases ‘acid catalyzed aldol \
condensat1on of 1 5- d1ketones of the type 21 lead to the
format1on of br1dged bicyclic products~QouSOme extent,
if not exclusively.
o In 1ight.of>these deve]opments (1;e. prepar;tion
of trisubstituteq cyclohexenones via cy¢1ization of the
correspohding vinyl sulfides), the'possibility arose of
applying this method to the cyclization of other d1ones
such as acyclic 1,5- and 1, 4 diketones. , //(
‘Therefore the purpose of this work was to 1nvest1gate
1n more detail the hydro]ys1s cycl]zat1on of the vinyl
Q?“§u1f1des whjch legd toﬁtheuformatjon of octalone sys-
tbms,~and‘a]so to utilize this methodo]qu to examine the

cyclization of unsymmetrical acyclic diketones.

-

20.



RESULTS AND DISCUSSION

To sfudy the reaction of ketovinyl sulfides with
titanium tetracﬁ]oride which lead to the fofmation of
obte]one systeme, the hydrolysi§-cyc1izatioh reaction of
2,6-dimethy1-2-(y-n-buty1thiocroty1)cyc]ohexanone 30

40 fof

wa§ chosen as a model. The original procedure
Tic14 hydrolysis of vinyl su]f{des employed three dif-
ferent~so1vents:_.acetic,aCid, acetqnitfi1e, and methyl-
ene chloride. . Hewever, e105e examination (g]pc) of

the T1C14 promoted hydrolysis of compound 30 1n solvents
‘other than acetic acid indicated that a complex mixture
of products were formed.39 In contrast; reaction of

this compound‘wfth 2.4 equivalent bf'T1C14 in aeetﬁc

” acid and water at room temperature produced diene su1f1de

(_\
31 in 30% yield as well as 59% of the octa]one 25 (eq.

27)

It is known?2 that mercuric :hloride in aqueous
acetonitrile hydrolyzes vinyl sulfides to the correspond-
ing ketones (eq. 28). Using thjé procedure compound 30
P\ /ﬁsnﬂe H c1'A | 0 -7”e |
- C= L S Ph;-(‘!'—-'CH——Ph - (28)

_ TTH,CN/A,0 3CN/Hy0
WA

21.
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was also hydro]yzed39 with HgC'I2 at room temperature, but
1nstéad of the corresponding diketone, the bridged bi-

cyclic compound 28 was produced as the only product in

90% yield (eq. 29).

ch12

~

: H
Bu-n ' C 3CN/H20

30 3 | - 28

— . . ’ -

Jt‘waé also shown that addition of one equivalent
of calcium carbonate prevents the hydrolysis, as we]]f
QS'the cyc]ization; and starting material was the dnly
isolable product. |

Based on information avai]ab1e‘at thé time of these
studies, as well as inspection of Dreiding mo]écd]ar
mode1§, it wa§ suggested‘thét the predominant formation
- of the 61cyc11c[4.4.0]decan6ne system in the reaction of
compound §g with titaﬁium\tetrach]oride is pogsibly due
toAthe formation of an intermediate, eight—memberedkcyclfc

titanium chelate, E and/or F. Inspection of molecular




‘models for two other possible conformers (G and H) which
would lead to the bridged bicyclic compound indicated

that conformer G lacks sufficient over1ap‘between'the

G o | | H
T system Of-the'carbonyl group and thé‘doubie bond of
the enol (they almost bisect each other), and conformer
H was rejected becaﬁse the tarbonyl and hydroxy]l group‘ére
too far apart for effectiVe ¢he1ation with titanium.
Therefore, formation of octalone 25 was best explained
by proceeding via confofmers E and/or F.

This type of chelation of‘titanium had other prece-
dents. For eXamp]e, Mukaiyama43 had shown that in
crossed-aldol reactfoﬁs, titanium strongly -activates the
reactioh of silyl enol ethers with carbony] compounds
(Scheme 1IV), and suggested that»formafion of chelate J
is a strong driving fbrce for the formation of the

'éldo] produét.
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Scheme 1V

- CI=TiClI
C=C + C—O '————’# I 3
Yo o # O
. B s
Tgﬂa B ‘ ‘
—Mé3SiC1_)
R 2
. J

A]though predom1nant format1on of the octalone
system could be rationalized by cons1derat1on of confor-
‘mers E and/or F, no explanation was offered for the use
of. acetic acid as the only solvent to successfully
achieVe thié»fype of cyclization.

If chelat1on of t1tan1um with the dione (produced
frbm the hydro]ys1s of compound 30) was the responsible
factor for formation of the octalone system, then the
same results were to be expéE;edlif diketone 24 was
reacted wtih Ti(:]_4 independently. Having this in mind,
~ the reaction of 2,6-dimethy1-2-(3-oxobuty1)cyclohexanong
24 with TiC1, was investigated. Also as a dﬁrect-coh—-\\\\

Seﬂuence of the results obServed from hydro]ysis of



ketovinyl su]fides,39

an investigation of the reactions
of other unsymmetrical acyclic diketones, such as 2,6F . <

undecanedione, and 2,5-nonanedione with”TiC]4 was

. attempted.

- To prepare diketone 7, 2,6-1utidine was a1ky]ated1

~

using n-butyllithium and n-butyl bromide in ether to

produce 66% of the 2,6-alkylated pyridine derivative.

This was followed by a Birch reduction, and hydrolytic

opening of the dihydropyridine to provide 65% of diketone

7 (eq. 30).'

/2
Z \

N —
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] ]
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1) Na/NHy, EtOH ,/fI\\//,\\\’/ji\\/;/\\\//,\\\
N » S .

2) HpS0,
z

Preparation of diketone 13 was achieved in two steps _
from 2-methylfuran, by first alkylating with n-butyl

bromide44’45’46 (70%) to yield 2-methyl-5-n-butylfuran

.

to 2,5—nohanedione l§

in 80% yield after- distillation (eq. 31).
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,/Jg_3§ ll:iﬂfi_.‘ ,/1?—Y&\\//\\,;’
~NO 2) n-BuI‘B‘_r g )

32 (3
3772 ~
—- ‘
20% H2504 | o |
- 13 "
.Fiﬁa11y'?,6-dimethy1-2-(3-oxobuty1)cyclohexanone was

prepared according to Still's procedure]6

(eq.‘20) in
40% yie]d from'the reaction of 2,6-dimethylcyclohexanone
with methyl vinyl ketone in bénzene. Subsequent treat-
ment of this dione with titanium tetracﬂ]oride in acetic
acid, under the same conditions used for the hydro]y;is-
;yclizatibn reactién of compound 30, yielded one major
product (79%).. This could be separated ffom unreacted
starting maferial (8%) using column chromatography on
silica gel (elution with Skelly B-chloroform).
The»infrafed spectrum of the product, howeVer, showed
no evidence for the expected conjugated enone. Instead
there were absorptions at 35i0 and 1710 cm'] (Characte;is— o
t{c of a ketol). Mass.sepctral analysis indicated a
molecular weight of 196.  Two possible kéto] stfuctures
(33 and 34) are compatible with these data. However
the n.m.r. spectrum (90 MHz, CDC13) lacked a doublet
between 0.9-1.0 (3 H), which is characteristic of the

methyl group attached to the secondary carbon atom'in
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structure 33. Ihstead it exH%bited three singlets (each
containing 3 hydrbgens) at § 0.96, 1.02.and 1.23. The
latter signal is chéracteristic of a methy]l groub
attached to the carbon atom bearing the hydroxyl func-
tion. The product is therefore assigned as ketol 34

t

(eq. 32).

TiC'I4
HOAc/H20

24

—
”

It seemed clear then that an intermediate titanium
chelate of diketone 24 was not fgspoﬁsib]e for the for-
mation of the octalone system during the hydrolysis-
cyﬁ]ization'réaction of vinyl sﬁ]fide 30. This experi-

‘ment was repeated under diffefent reaction'conditions,
varying the am;uqt of titanium tetrachloride, reaction
time, solvent, and temperature. In a]T cases either
mixtures of starting material 24, ketol 34, and dehydra-

~ tion product, or only 24 and 34 were obtained. However

27.



we could not detect enone 25 in these reaction mixtures
using n.m.r. and i.r. spectroscopy.

During Oné df these experiments when acetonitrile
was used as the solvent, dehydration prodpct 28 was

obtained in 67% yield (eq. 33). The n.m.r. specftrum of

T1'C14

CH3CN/H20, 60°

—- (33)
C

24 | 28

this compound proved to be identical with an authentic
sample previously prepared by Dr. Benderly in this

laboratory €q. 29).

Attempts to dehydrate ketol 34 using sodium hydroxide

.in ethano14-7

resulted in formation of octalone 25. This
suggests that the reaction involves a reverse aldol
'process to give diketone 24, followed by recyclization.

and dehydration to yield the desired octalone (Scheme V).

Scheme V

NaOH-E tOH

e
A L

28.
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- . q
Similar observations have also been made by Johnson

and co-workers,48 and an example is shown in equation 34.

- N

(34)

The reaction of acyclic diketones Z and 13 with
titanium tetrachloride was next investigated. Treatment
of 2,6-undecanedione Qith TiCl, in acetic acid resuﬁted
in the formation of one major product (82%) which was
identified as 2-butyt-3-methylcyclohex-2-ene-1-one 9.

This reaction complements the work of Lacheveque and
4

A
co-workers" who also showed that tetrasubstituted enone

"9 is the predominant product in the minéra] acid'catalyzed
cyc]fzation of dione 7.

‘However, when 2,5-nonanedione was allowed to react
with titaniqm tetrachloride, no cyclized products were
forméd, and the only isb]ab]e.materia1 waS the starting
diketone 13. This result also is in agreement with

observations made by Hunsd'iecker6

from the reaction of
1,4-diketones with mineral acids,'where no cyclized-
’produc;s were detected either.

It became clear at this point that "Ti chelation"



does_not appear to be an important factor since the same
results are obtained when acjds other than TiC14 are
used to catalyze the cyclization of 1,4- and 1,5-di-
ketones.

Considering the fact that hydrolysis of vinyl sulfide
30 would liberate one mole of butanethiol, the reaction
of diketone 24 with TiC]4 was repeated in the presence
of one equivalent of this mercaptan, in order tb Study
the effect of the thiol produced.

Results obtained from this reaction were different
from the reaction of dione 24 with TiCl, in the absence
of the thiol. Glc analysis of the crudé mixture indicated
two major,products. The infrared spectrum showed no
evidence of starting material (1715, 1705 cm;]), and in-
dicated abSOﬁptionS at-1590 (conjugatéd dien€), 1680 and
1620 cm’l (conjugated enone). These two pfoducts were
isolated by'column 6hrbmatography (silica ge],'Ske11y B-
chloroform elution), and identified as octalone 25 (38%)

and enol thioether 31 in 45% yield (eq. 35).

TiC]a,
n-BuSH
HOAC-H20 SBu-n

25 <

The n.m.r. spectrum of enone 25 was identical with

that of an authentic sample prepared using Marshall's
: w

30.



procedure]7'(eq. ¥6). The structure of diene sulfide
31 was confirmed by the following spectral data: The
molecular weight was d rmined as 250.1759 (calcd. for
c16H26S: 250.1755) by hi resolution mass spectroscopy;
"the n.m.r. spectrum (100 MHz, CDC]3) exhibited signals

at 6 6.3 (br, s, TH) CH=C, 2.77 (t, 2H) CH,-S, 2.58-1.1
(m, 17H) (CHy);, 1.67 (s) CHy-C=C, and 1.05-0.8 (m,

6H) methyl protons; and the i.r. spectrum showed
absorption at 1590 cm”) (conjugated diene).

By increasing the amount of titanium tetrach]oride
to 4 equiv., enone 25 became the major product, and the
ratio of 25:31 increased ffom 0.8 to 3.8. Moreover, |
by monitoring the reaction course by glc ana]ysis'ét
time intervals of 70 min and 2 hr, it was observed thét
the ratio of 25:31 increased from 0.9 to 2, which in-
dicates that diene su]fidexél was presumably a precursor
of octalone 25. -

49

Djerassi and co-workers have also observed that

thioenol ethers can be readily converted to a,B-unsaturated

ketones by acid hydrolysis (eq. 36), and similar observa-

31.
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A

tions have also been made by Dr. Benderly in this

laboratory.39

Retreatment of 31 with TiC]4 in acetic
acid (r.t., 1 hr) resulted in its conversion to octalone
25 in 75% yield.

In Tight of the;interesting results observed from
the reaction of dione 24 with titanium tetrachloride in
the presence of the thiol, it seemed appropriate to ex-
amine the cyclization’ of diketones 7 and 13 under these
reaction conditions. Tﬁerefore,2,6-undecanedione was
reacted with Tic14 in {he presence of one equiv. of n-
butanethiol. Glc analysis of the mixture indicated
formation of two major p}oducts (1:1)‘which were separated

by column chromatography and proved to be enones 8 and

9 (eq. 37).

TiC1,/ ‘
/a\/\/a\D'C‘ ———— ®
, Hg n-BuSH + (37)
HOAC/H,0 n-CaHo -

76%
z | 8 ]

As is evident, the use of a thiol in the reaction
of 1,5-diones with TiC14 encourages the formation of
trisubstituted cycloenones to a great extent.

However, when 1,4-diketone 13 was reacted with
TiCI4 undef‘these new conditions, once again'ip failed
to cyclize and unreacted starting materiai was isolated

from the reaction mixture.

3



50,51 tphat the reactidn of titahiumx

It iis known
tetrach]qr1de w1th acet1c acid at room temperature
"produces %ydroch]or1c ac1d in addition to the d1-

2

‘acetate of titanium (eq. 38). B - Y

, 0 ”
TlCI4 + 2CH3—b—0H —»TICI2(0— C-CH3), + 2HCI (38)

Treatment of diketone 24 with n- butanethio] in
acetic acid in the absence of T1014 (24 h) merely re-
sulted in the 1so1at1on of starting material, indicating
;he necessity of a stronger acid catalyst to promote
the cyc]izatipn of the d%oﬁe. ‘However; considering
the results obtained from the reaction of Vinyl sulfide
30 with,titanium_tefraCh1oride (a complex mixture of
producﬁs were'fo}med) in;so]veﬁtsfsuch as mefhyiene
chloride and acetonitrile, which do not react with TiC]4
to produce hydroch]ofic acid,:ene could conclude that
cyclization of dione 24'and‘9iey1 %u]fide 30 are most
likely effected by the hydroch10r1c ac1d produced ‘ac-
cord1ng to eq. 38. Indeedith1s was proven to,be the case."
Thus, the rea;tiondof diketone gﬁ with hydroch]oric aéid
(10 equiv.) in the phesence of‘h-bqtanethioT, produced.
an épproximate1y 1:1 ratio of.compounds 25 and 31. These
fihdings suggesﬁ that in spite'df the reports about |
"TiCl, profoted reactions” in which Ti (IV) species

are strongly suggested to be the responsible factqr,‘fn,
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so]vents where formation of HC1 is possible the role of
this "coreagent" should also be taken into cons1derat1on
It. has long been recognized that v1ny1 su1f1des,
because of the available unshared e]ectrons on - sulfur,
are capaﬁ]e of releasing electrons in‘conjugative inter-
act1qns with electron-deficient groups through their
mesomeric ability, although this mesomeric effect was
suggested to be smaller than that of the oxygen ana]ogs 52

[-$eR] v [n8c 8]

y-

This type’bf-electron-pair release is denonstrated'
by intermolecular nucleophilic attack of vigyl sulfides .
on carbony? functions For example, Muka1y::f\\nd co-
worker553 have shown that enol th1oether 35 reacts with

-an aldehyde 1n the presence of a]um1num trichloride to

yield vinyl su]f1de 36 (eq. 39).

X H3 0  AIC1., CH.CI ‘
3> CHyC1, , ,
+R- b -H o (39)

3_§ . ‘\\ , 36

3 S t
From this precedent, the possibility arises that

enol thioether 37 could be 1mp11cated 2as a possible

5

1ntermed1ate dur1ng the cyclization of compounds 30

\

<%
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and 24 to yield octalone 25 and diene sulfide 31. 'There-

fore, the preparation‘of kethinyT sulfide 37 was attempted.
A con@eptqa]}y simple approach to its synthesis

seemed to be the utilization .of dione 24 according to

the route illustrated in Scheme VI.

Scheme VI
A

—_— | R:-Bu-n

There are a nﬁmber of good literatureimethods available

for the“preparatioﬁ of thioketals from simple monoketones,

and ahbng them is the use of hydrochloric 'acids4 as acid

. cata]yst' However since use of hydroch]or1c ac1d re--

'su]ted in the formation of cyclic products (as ment1oned

ear]1er), the use of other catalysts such as BF3 and

N

ZnC]z were 1nvest1gated in order tygstop the reactron
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at the thioketalization step. -

Resu]ts with boron trif]uorides5 wefe unpromising,
since glc and ir studies indicated the formation of. cyclic
products. However, thioketal 38 could be prepared by a
_mod1f1cat1on of a method reported by Djerassi and co-

workers.56

Thus reaction of dione 24 with n-butanethiol
AN
in the presence of zinc chloride and sodium sulfate

yielded compound 38 in excellent yield (eq. 40).

3nBuSH

—5T ' |1 _~SBu-n | (40)
Bu-n
38

- The soructure assignmeot was based on the following
spectral data: the molecular weight was determined as 
358 by chemical ionization mass spectroscopy; the ir
spectrum showed carbony? absorpt1on at 1710 cm ]; and
the n.m.r.. spectrum (90 MHz, CDC] ) exh1b1ted a series‘
of signals at § 2.8-0.8, among which were two singl
at § 1.48 [CHy-C(SBu=n),] and 0.99 (CHy-C) and 3 doublet -
“at § 0.98 (cH, -CH). b

By glc mass spectra] ana]ys1s, the h1ghest peak
corresponded to M -C4H95H. Th1s suggested the possibil-
ity that an element of n'bU£éhethiO]‘C0u1d beeeliminated
chemicaf]y withouf its Pr?Or»conversion to the corres-

ponding sulfoxide. However, reaction of thioketal 38



with ZnC]254 as acid catalyst (110°C) gaQe;no evidence
for formation.of.glii Only cyclic products were detected
by glc, ir, and nmr analysis of the crude mixture.

| Since direct conversion of thioketal 38 to vinyl
sulfide 37 was unsuccesszﬁ, an attempt was made to
oxidize this compound to the corresponding'monosu1f0xidé
39, according‘to tﬁe original .plan shown ih Scheme VI.

57,58

The use of sodium metaperjodate as oxidant led

toJa complex m{xture of unidentified products, with ho
evgﬁencé of sulfoxide formation in tﬁe 1070-1030 ¢m"]
region.

Initial results obtained frbm the use of m-chloro-

57 (1 equiv. in methylene chloride, 0°C)

~ ‘perbenzoic acid
‘were also unsatisfactory. 1In addition to vinyl sulfides
30 and 37, diketone 24 was éfso produced, presumably as
a‘resg1tf0f>a hydrd]ysis reaction. However, when fhis.
reaction was'répeated at a lower temperathre (-30°C)
fn'ether, an 89% yield of sulfoxide 39 was obtained

-(eq. 41). Compound 39 was readily separated from unreacted

starting material (7%) by column chromatography'(neutra1

alumina, activity III, hexane-acetone elution), and

ﬁﬁdicated ir absorptiohs at 1705 (C=0) and 1035.cm-]
(S +0). ‘
' ‘ ' (o]
MCPBA A
AT
SBu-n - 89% J.sBu-n

Bu-n | T ”~ “SBu-n

18
£,
18

37.
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Dehydrosulfenylation was carried out by heating a -
neat sample of sulfoxide 39 at 85°C, and monitoring fhe~
course of the rea;tibn b; folTowing the disappearance
of the suifoxideAabsdrption at 10351cm'1. The minimum
time %equired for completion of the pyrolysis was one
hour. This resulted in a mixture of enol thioethers 30

‘and 37 in 55% ny]d (1:1.8 ratio, as determined by n.m.r.

‘spectrOSCODY), as well .as 37% of diketone gg (eq. 42).

un -—’Qh/lsm gl@/j\s (4

B
\
\
\

The_isomekié vinyl sulfide m%gture was separated
from the diketone by column ’chromgtography (attivity‘III
alumina, hexane e]ution), and the mo{ééu]ar weight was
determined as 268.]860‘(cq]cd; for CigH280325:"268.1861).
’The ir spectrum of the“mixture showediabsorptions at
1705 (s) (C=0), 1630 (sh) (C=C-H), and 1605 en™! (m)

(C=CH2). The h.m.r. absorptiohs (90 MHz \CDC13).fdr‘the

\

vinylic‘protpns'df compounds 30 (E and Z 1iomers 3:1

ratijo) andvgl are shown below. The stereocﬁgmica1,assign-
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ments are based on the n.m.r. spectral correlations pub-

lished ear]ier fbr olefinic protons of this t_ype.59
5.55 (m)
(cd. 5.42) FI"
CH3 u-n
30-(2)
Bu-n
4.95(d) 4.6 (d)
(cd. 4.98) (cd. 4.75)
[ 3-_7

Vinyl sulfide 37 represents the thermodynamically
/1ess stable enol thioether, as reflected by fhe equili-
bration of a mixture of 30 andlgl (1:1.8 ratio) to the

more substituted vinyl sulfide 30 upon étanding in
chloroform solut{bn at room temperature for five days.

Since séparation of compounds 37 and 30 was not
bossib]e,the mixture (1.8 ratio) of the two vinyl su14
fides was subjected to the same cyclization coﬁditions
brevious]y described for cyclization of compound ggL
This yiéTded enone 25 (58%) along witﬁ\21%.of thé diene
sulfide 31 (eq. 43). B
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T1C14 .
———— + (43)
OAc/H,0 .
SBu-n MOAC/Hy SBu-n
30837 * 25 at

Thus the formation of compounds 25 and gl may be
viewed as arising from an acid?cata1yzed'intramo]écu]ar
aldol condensation of ketosulfide 30 and/or 37. Scheme
VII presents an abbreviated sumﬁary of the preceding -

results.

Scheme VII

Sogh %—»m

RSH/HCI o -

7

oG cm oL

s . m
> | L F

R:-Bu-n

According to this Scheme, no special role is attri-

buted to the chelating abilities of titaniunm. Rather,

S
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the role of TiCl, is to provide the release of HCI,
thereby maintaining the proper acidity required for the
cyc]izatibn reactfon; This was further suppofted by
the reaction of -compound 30 (obtained from the equi]ibraQ
tion of the mixture of 30 and 37) with hydrochloric
acid in acetic acid, which produced 67% of enone 25 and
12% of diene sulfide 31.

" Recently Trost and co-workers®? have shown that
eno] thioethers can also act as electrophiles in cyc]izé-
“\tion reactions. For examp]e,freatment'of viny] sulfide
40 with p-TsOH in refluxing acétonitri]e.producéd-the

‘cyclized product 41 (eq. 44).

This rowing interest in the field of enol thioethers
and the obse vation made from .the dehjﬁrosu]feny]atioﬁ
of 39 (eq. 42), sugéested a more detailed examination
of the pyro]ygks’teactfon. _
The thermal dnstability of sulfoxides has been
‘recognized for over a century, but the exact mechanism

of "decomposition" was not elucidated until 1960, when

cram and Kingsbury demonstrated fhat the dia§tereomeric
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1,2-diphenyl-1-propyl phenyl sulfoxides undergo facile
e]imination of the elements of benzenesulfenic aéid to
form the‘isomeric a-methyl sti]benes.S] The mechanism
proposed - involves a stereospecific gig-elimination‘as o

shown in equation 45.

' o\ /Ph ";.O\V
H H Cg-P CHs
CHs—é H — > CH3-C=C-H —» = CHPh +PhSOH (45)

PhPh -~ Ph Ph Ph

It should be noted that lower temperétureﬁ‘are re-
quired for the dehydrosulfenylation reactions than
neédeq for other olefin-forming pyrolysis reactions (i.e.,
“amine oxides and acetates).

57 that in cases where there is. the

It has been shown
possibility of form1ng either of two p0551b]e reg10-
isomers, the thermodynamically more stable product is

formed prerminant]y, as shown in equation 46.

0
f )
S-Me PhMe, 120°C

84%

Another application of this reaction has been
to synthesize enol thioethers. These valuable synthet1c
1ntermed1ates are also prepared from the elimination

reaction of the corresponding thioketa]s,53’62 which

4z .



generally proceed under "thermodynémic control”. On the
other hand, preparaffon of. vinyl sulfides Xig‘the de-

hydrosulfenylation reaftion63;64 has been limited to the
use of sulfoxides derived from aldehydes, which can only

produce one type of produict upon pyrolysis (eq. 47).

Therefore, pyrolysis of compound 39 (eq. 42) appears to

0 :
\ .
C SlPh _y M(_.i /H .
Me - CHz2- CH s, e=c ~ (a7)
~ sph %% H SPh

be the first example in which the dehydrosulfenylation |
reaction has been performed on‘sﬁlfdxides derived from
ketones in order to synthesize vinyl su]f{des.

The main drawback of this reaction is formation of
diketone 24, pfesﬁmably as afresu]t of hydrolysis of
the starting material or the vinyl su1fide produced. It
should be hoted that sulfenic acid is one of the products
produced dur{ng the dehydrbsu]feny]ation. Although |
'_aliphatic sulfenic acids have not bgenNESolated, their
existence has been demonstrated by trapping65 and other

66,67

methods. During these studies it has also been shown

that sulfenic acids are:fabi1e and produce alkyl thiosul-

finates as well as water® (eq. 48).
' 'Y‘e - Me Me
2 Me-C-SOH —» MeC-S-S-C-Me+H20  (48)
- ]
Me n'ne ' Me

\ -

\.
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The production of water during'dehydrosu]feny1ation
could be one of the reasons for the observed hydrolysis
proddct.' Having this in mind, we attempted the dehydro-
sulfenylation in the presence of a drying agent such as
potassium carbﬁnate which at the same time could act as
a base to reduce the acidity of the reaction medium.

Although a longer ;eﬂction timeé was required for
total decomposition of the sulfoxide 39, this mddifica-
tion nonetheless resulted in an 87% yield of a mixture of
vinyl sulfides in which the regioisomeric distribution
favored the terminal isomer jterminal to internal 9:1)

-

(eq. 49). Thus addition of potassium carbonate not only

? © KyC05, 88°C
SBu-n ‘

39 87%

improved the yield, but the regioselectivity increésed_as
well.

The formation of the thermodyﬁamically less stable
.compound as the major product p0551b1y could be ration-
“dlized by considering Newman proaect1ons of conformers
K and L, each of which in turn lead to format1on of the
re§pective vinyl sulfides 30 and 37. As is evident,
conformer L should be favored over K because of steric

factors (one less non-bonded inferattion than K). As



a result, the transition state leading to 30 should be

of higher energy than that leading to 37.

H .
¢ SR
| R SR
K L

To study this reaction further, the same scheme
wds’selected to examine the dehydrosulfenylation of a
simple acyclic unsymmetric ketone such as 2-octanone.
Thhs, di—n-buty]thioketa] 42 was prepared by reaction
of n—bUty] mercaptan with 2—octanone (using ZnC]z) in

80% yield (eq. 50).
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0 n-BuS SBu-n
/)L\V/A\\//N\V// —iiﬂ;&éﬂ—h- ;><:V/A\\//«\\// (50)

3ZnC1
42

The n.m.r. spectrum of this compound showed signals

at § 2.58 (t, 4H) (CHZ'S)Z’ 1.8-1.15 (m, 21H) (CH2)9,
CHy-CZ2 (s, 3H at 1.47), and 1.1-0.8 (m, 9H) methy]
and the molecular weight was determfned as

32. .
d. for C]6H34 52.

OxiddtTon of thioketal 42 using m-chloroperbenzoic

proton

290.2 290.2102).

acid5

in ether produced the carresponding mono- 55%
sulfoxide 43 in 90% yield (eq. 51), whose ir spectrum
exhibited the diagnqstic stroné@‘g]fcxide absorption

-.“‘

at 1035 cm'].

MCPBA
42 ~her. -30°C

(51)

Pyrolysis of this sulfoxide was carried out under
two different conditions; a) a neat sample was heated
at 85°C for 90 min ; b) a sample was heated to 94°C for
51/2 h in fhe presence of potass{um carbonate. The

o

results are summarized in equations 52 and 52a.



wf

- focused on'é&amining the directibna]ity of the cyCTiia-

47.

43 B85°C. 90 min - ., Y
T T "/,\/CSH" J—VJ\/CSHﬁ. (s2) - .

L

[

RS -1 (EZa)

43 90°C, K

, -
5 1/2 hr, 90%
. - 44 a5

- Once again, the regioselectivity and yield ihcreased .

1 (E:Z21:1) (52a)

- markedly using potassium carbonate.

~ The use of other basps‘such.as triethylamine and -
N%ﬁ-diisopropy]ethy]aminérdid not affect the ratio of the

positional isomers, and the results were the same as

equation 52, where equal amounts of the two isomers

were obtained. -~
To the best of our knowledge this is the first}ih-
‘ [

" stance that the dehydrosu]feny]atﬁon reaétion*has been

performed on su1foxjdes dgriyed from acyclic uhsymmetri4
cal ketones. Although mixtures of the two regioisomers

A s .
are obtained, the predominant formation of the terminal

'eqol thioether incréases the potential future use of this

me%hodology. especially, since there has been growing

interest in the field of vinyl sulfides and their

utilization for construction of carbon-carbon b_onds.ﬁo’68

As a consequenceé of the results observed from cycliz-

ation of viny],sulfidés'gg and 37, attention was now

» \



tion of vinyl sulfides derived from 1,4-diketones. With
this id‘mind,preparation of vinyl sulfides of general %

'structure 46" was investigated.
~ ‘ &

‘a:R=Me

b:R=Ph

The method of Sch]ess1nger and co- worker569 seemed .

]

appropr1ate for the synthes1s of compound 46a. Accord1ng

to th1s procedure, the carbony] anion equivalent 47

69a

initially undergoes alkylation. V'Subsequent conjugate

addition of the anion generated from the alkylated
| 69b

proQides the

product to an electron defficient olefin

corresponding ketosulfoxide 48 (eq. 53).

© 1) neBuli
2)
L >° Et

Ut11121ng th1s method compound 46a was prepared

start1ng from methy] methy]su1f1ny1methy1 sulfide (Scheme
VIII). Preparat1on of n- B%tyl v1nyT ketone 50 was made

* Since- a]kyl and phenyl v1ny1 su]f1des of 1 , 5- d1ketones

showed dlgjerent react1v1ty toward hydro]yswsx39 the same

\
\
\‘,
“

* - ) . \

ana]ogs were prepared for 1,4- d1ketones

\
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o Scheme VIII ‘

Y .
- MeS\ MeS .

S> ) n-Buli 1) n-BulLi SMe
" Mel
" MeS” ‘Mes 2) -'>:°$></\/\/\

SMe l | .
46a -

p0551b1e through slow add1t1on of v1ny111th1um to the

lithium salt of Valeric ac1d in DME70 7]'(eq 54).

~ LiH, o ~ o o
>———.>DM"E \/\/J\(]- ———b/‘\l"’l . ™~ < (54 )
| I 60% : | :
- L Y

-~ Sulfoxide 49 was obtained in 73% yie]d via méthylﬁf,
ation of methyl methylsu1f1ny1methy1 sulfide u51ng n—".
buty111th1um and methyl iodide in THF.( The structure of
this compound was conf1rmed by the fo]]owingfspec§$g1 ‘
data: the ir spéctrum'Showed.éulfoxide ébsorption at

1 N

1050 ¢m”™ ', and_the m.m.r. "épectrum (90 MHz , CDC1g)

exhibited a series of signals at ) 3 9- 3 3 (m, 1H, CH),

-9 - .
2.62-2.5 (m, 3H, CHS-S), 2.4-2.27 (m, 3H, CH3-Sf\\fnd‘
C : » .4}'3/&«: 'J‘ & : ‘ .

,.:’ @*.& o
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“*
1.65 (d, 3H,CHs-CH).

Subsequent treetment'of sulfoxide 49 with n-butyl-
Tithium, followed by addition of vinyl ketone 50 provided
ketosu]foxide 51 in 84% y1e}d (crude). The ir spectrum
1nd1cated strong absorpt1ons at 1720 (>C=0) and 1050 cm -1
(S=0). ‘ |

Ketosu]foxide 51 was subjected to the pyrolysis con-

.ditions (reflux in to]uege, potassium carbonate) without

purification, and the course of this reaction was moni-

'~ tored using ir spectroscopy The miﬁimum time reouired

(55)

o

”?phy/on silica gel to produce 58% of compound 46a whose
structure was confirmed by the fo1low1ng spectroscop1C\
-data: The molecular we1ght was determ1ned as 186 1071
(caled. for CyH ,80325 186.1078) by high resolution

- mass spectroscopy. the ir. spectrum showed absorpt1ons atx B

1720 cm'] (C 0) and 1610 cm‘] (c= C), and the n. m.r.

50.
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T,

H

‘of p-toluensulfonic acid

8

spectrum (90 MHz, c606) exhibited signals at 64.97 (s)
SMe H e , .

I
9 C 4.5 (s) C=C, 1.83 (s)-SMe.

In conjunction with the prepafatioh of 46a, compound

46b was a}so prepared_using a diffehént'pathway as shown:

in Scheme IX. Thioketal 52 was prepared from the re-

o s ) b

Scheme IX

ehsH.  PhS_ SPh

- 'P-TSOH : OH’ n-Buli
—_—_ —————
| PhCH3, A ‘0 ether 0°C
52 -
~_MCPBA
ether,

-78°C -

- Kpl0g, CCl
. 60°C

i 5

‘action of levulinic acid and thiophenol in ﬂ@% présence_

72

mass spectroscopy 1nd1cated a mo]ecu]ar we1ght of 318.0756

(calcd for 180232 2:‘ 318. 0749); the n.m.r. spectrum

(90 MHz, CDC13)‘showed s1gnals at 8. 11 5 (s, 1H), 7.76-

7.2 (m, 10H, aromatic ring), 2. 92-1.92 (m, 4H, CH,-CH,)
and 1.33 (s, 3H, -CH3),.and ‘the ir spectrum exhibited

'in 50% yield. - High resolution .

51.

by
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A]kylatlon of acid 52 using n- buty1]1th1um §n ether7

absorptions at 1715 (C=0) and 1590 cm”! (c=¢C).

prov1ded 40% of the ketothioketal 53. The latter was
.oxidized to the corresponding ketomonosu]fox1de 54 us1ng
Lom- ch]orqperbenzo1c acid in ether57 The ir Spectrum of ‘ f\\
K lthe crude sulfoxide (91% y1e1d) indicated absorpt1ons at ) \\
1720 cm”! (C<0) and 1050 cm”™' (s +0). .

Dehydrosu]feny]at1on of this product prov1ded a s T oa )

m1xture (1: ]) of the two reg1o1somers of vinyl sulfide
igg in 60% yield after pur1f1ca¢1on from alumina.

) The n.m.r. spectrum (90 MH gC14) of the m1xture‘
showed a mu1t1p1et at 6 5. 92 (- C CH) and two s1ng]ets at
_6 5 13 and 4 87 (CH2—C SPh), and 1r spectrum 1nd1cated
absorpt1ons at 1720 (C=0) and 1620 cm -1 (C=C).

Hav1ng v1ny1 su]f1des 46a and -46b in hand,cyc11za-
t1on of these compounds us1ng T1C14 in acetic acid was
v

attempted However,th1s mere]y resu]ted in the hydroly-

sis of both compounds to yield 2,5 nonanedjone (eq. 56).

o ’ 554{&\~\ o L .
Terminal/Internal (95:5) ~ = O ' :
S , N //“\\//‘\Ir/"\\//f\\ (56)
- ’j§g>,éfﬂ e : -

13

Terminal/Internal .(50:50) =



No cyc11zat1on products could be detected by
'glc, n.m. r1 and ir analysis of the’ m1xture obtained, and
1, 4-diketone 13 was the only product detected and iso-
1ated from these react1ons
| The fa11ure to obta1n cyc]opentenones from, the.
reaction of v1ny1‘su1f1de5‘derwved.frqm acyclic 1,4-di-
Aketones with‘aciq stands‘in marked contrast to the results
observed from the reaction of c0mpounds 30 and 37 with
acid, where octaTone systems were obtained as the major
,fproducts ‘i
~ In light of -the observations made by Lacheveque and
coiherkers4 from the reaction of Severaly],s-diketones
withtjjthidm difsdpropy]ém}ﬁ?‘(eq. 3), the possibiTity
“arose that the analogous ¢yClization of 1,4-diketone 13
~may be effetted usihg thisagethod. ‘Therefore 2,5-nonane-
dione Was\BT]owed to-reaci'w{th LDA in ether at'-65°C.
After"work up;glt.ana1ysis of the mixture showed the

presence of st rt1ng mater1a1 and several other products

hav1ng h1gher re'ent10n t1mes than starting d1ketone How- .,

eve'r no cyc11zed p.oducts cou]d be detected-—in-the prod-—- -

~uct mlxture D1keto,e 13 was separated from the more

po]ar components of«th mixture by column chromatography

(

on s111ca ‘gel (50%). Elution of the po]ar compounds'
fo1loweq by glc mass spectnal ana1y55s 1nd1cated the

\presence of d1mer1c products. Variation of the reaction

- cend1t1ons, such as temperatur and reaction time, did

\\

Uy ‘\
. .
N ,
o \ . :
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not change tﬁe course of this reaction. The use of high
d11ut1on resulted in the format1on of fewer d1mer1c
products, but nevertheless, no cyc11zed products could
be detected as a result of this variation.

Whether or not cyclization is in fact taking place
during this reaction, But under the reaction conditions

. ~

emplbyed is reversib]e“(and undergoes reversera1dql),to
give the original d1ketone is not known.

In conc]us1on, th1s investigation has led to a
further understandigg‘of the processes involved in the
véonversion of 2-[y-phenyl(n-butyl)thio crotyl] cyclo-
hexanone derivatives to the correspdnding‘ocfa1one
systems, &ising titanium tetrach]oride in éceti@ acid. It
was shown that "Ti chelation" does nof~appear to be im-
bortant,ianq the role of TiC14 is most figely to provide
the hydrochloric acid needed for’*he_intraho]ecu]ar F
condéQsation of these ketovinyl su1f1des ance this.
'methodédo;y 1nvo]ved specific generat1on of the enol
'equ1va]en¢ at the desired sate of d1carbony1 compounds,
its possible application to 1 4 d1ketones was. 1nvestkgated \\

It was shown that vinyl sulfides derived from 1,4-di- \\ \\
ketones fa11 to cyclize, and 1nstead they hydrolyze to \\
 y1e]d\the correspond)ng diketones. ; _ ‘\.

:In,puréﬁing thig Tine'of study, a direct comparison |
was méd@ betweeh the cyclization of acyclicg 1,{- and 1,5-

~diketones, under several different reaction conditions. 4

-~

o | .
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e

These stﬁdﬁes have demonstrated very clearly the dramatic
differences between the construction of S— and 6-membered
rings. For example, attempfed cyclization of 1,4-diketone
13 under basic and acidic conditions failed to yield any
cyclized products, whefeag, mixtures of cyclohexenones
were obtaingd from the reaction of 1,5-diketone 7 under

similar reaction conditions.



EXPERIMENTAL

General Afbnsideration

Infrared (ir) spectra were recorded using an
Unicam SP-1000 Infrared Spectrophotbmeter.ﬁ\The follow-
ipg abbreviations are used: {\= strong, m i/medium,

w = weak,and éh = shoulder, 2"; i

Nuclear magretic resonance (nmr) specfﬁa were run
on-a Varian A-60, Perkin-Elmer R-32 at 90.MHz, or,
Varian HA-100 Spectrometer. Chemical shifts are re-
ported as § values in part per.mi1lion-doanie]d.from
tetramethylsilane. The fo]]onng abbreviatiohs were
used in the text: s = éing]et, d = doublet, t =
triplet, and m = multipliet. B

Mass spectra were reéorded on an AEI*Modé] MS-2,
MS-12% and MS-9 - mass sﬁeétrometer (chemical jonization).
Exact mass mea;uréhents weré_performed on an AEI Model
MS-50 spectrometer, and are reported as>m/e (relative
intensity).
| Gas,liquiq chromatography (glc) was performed using
Varian Aerograph Series 1200 and 1400 instruments., The
following columns were wsed: column A: 10'/1/8" 15%
SE-30 on chromosorb G-DMCS; column B: 10'/1/8" 10%
Carbowax 20 M on chromosorb W. |

The concéntration of commercial ﬁ—buty]Tithium in

hexane was determined by titration using diphenyl

56.



57.

acetic acid.73 Reagents and solvents were purified

according to established procedures.74

Preparation of 2—methy1—6¥n-penty1pyridine. A dry three-

necked fJéQk (300 ml1) equipped with additﬁon funnel,
ahmagnetic §tirring bar, and N2 inTet was chargedkwith

a solution of n-butyllithium (50 m1, 2,36 M, 0.118 mol)
lin hexane. To this, a solution of 12.5 g (0.117 mo1)

of 2,6-lutidine in 25 ml anhydrous ether}was added drop-
wise. The mixture was stirred at ref]dx'for 30 min,

and then 8.015 g (0.0585 mo1) of h—buty] bfomide in 6 mi
of anhydrous ether was added. The so]ut%on was heated
under reflux for 30 min,'this was followed by dilution
with water and éxtragtion with ether. The organic
1ayers'were.combinéd and dried (Na2504)} Evaporation of
the solvent afforded 15 g of a yellow 0il. Vacuum dis-
tillation of the crude oil yielded 4.4 g of lutidine:
~bp 53-54ﬂC:(19 mm Hg), and 6.3 g (66%) of 2;methy1—6-
~n-pentylpyridine as a pale yellow liquid: bp 84°C

(3 mm Hg); ir (liquid film): 1600, 1585, 1465 cm™'s nmr
(90 MHz, CDC1,): & 7.55-7.3 (m, 1H), 7-6.8 (m, 2H),
2.73 (t, 2H) CH,-C=N-, 2.46 (s, 3H) CH3-C=N-, 1.9-1.15
(m, 6H) (CH,)3, 0.88 (t, 3H) CH,. ’ J

Preparation of 2,6-undecanedione 7. To a solution of

2.00 g'(12.2 mmol) of 2-methyl-6-n-pentylpyridine in
2.226g (2.9 m1, 48.8 mmol) of absolute ethanol and 12 m1



of anhydrous ether in 120 ml of anhydrous liquid

ammonia (freshly distilled from sodium), was slowly added
0.464 g (28 mmol) of sodium metal. The solution was
stirred fdr 20 hfn and the volatiles were evaporated
under a stream of nitr09en.‘ To the residue was added
20‘m1 of 10% H2804.and the solution was stirred at room
temperature for 20 min.- The reaction mixture was di]uted
with 20 m1 of water and extracted with three 100 ml
portions of ether. The organic layers were dried over
anhydrous-NaZSO4, and the so]venf was removed to afford
1.5 g (65%) of diketone 7 as tan crystals: mp 45-47°C;
ir (CHCT4) 1720 cma] (€=0)5 nmr (90 MHz, CDC13)s 6 2.65-
2.25 (m, 6H) (CHp-C-)y, 2.1 (s, 3H) CHy-C-, 2-1.1 (m, 8H)
(CHy)y, 0.88 (t, 3H) CHy-CH,. | |

Preparation of 2-méthy]-5-n-buty]furan 32. A dry three-

necked ‘flask (100 m1) equipped with thermometer, addition
funnel, a magnetic stirring baf, and N, inlet was ‘charged
With a solution of n-butyllithium (32 m1, 1.57 M, 50
mmol) in hexane, and 10 m1 of THF. The so]dtion was
cooled to -25°C and 2-methylfuran (4.1 g, 50 mmo1) dis-
sélved in 10 m1 of THF was added over a period of 30 min;
stirring was then continued for 4 hr at.-15°. ‘After this
perfod, a solution of n-butyl bromide k6.85 g, 50 mmol)
in 10 m1 of THF'was added dropwise . and with stirring

.
over 20 min. The reaction mixture was stirred for an

additional hour at -15°; then the cooling bath was re-

58.
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moved, and the mixture was allowed to stir overnight.

It was poured over crushed ice and the two layers were
separated. The aqueous layer was extracted with ether,
and the combined organic layers were washed with br1ne,
dried over Na2504 and evaporated to yield a ye]]oﬂ
liquid. Vacuum distillation gave 4.9 g (70%) of com-
pound 32 as a colorless liquid bp 61-63°C (23 mm Hg);

ir (Tiquid film): 1570 cn™ '3 nmr {60 MHz, CC1,): & 5.7
(s, 2H) (-CH=C),, 2.52 (t, 2H) CH,-C=C, 2.17 (s, 3H)
CH3-C=C,*1.7-1.1 (m, 4H) (CHy)p, 0.95 (t, 3H) CH,.

Preparation of 2,5-nonanedione 13. Glacial acetic acid-

(2 m1), water (0.5 m1), 20% H,S0, (0.14 m1), and 2.326 g
(17 mmo1) of 2-methyl-5-n-butylfuran were combined and
heated at 120° for 3 hr. The resulting red solution

was cooled and poured into water, extracted with pentane,
washed with saturated NaHCO3 solution, and dried over

Na2504. So]vent evaporat1on afforded 2.41 g of a crude

A% "“
e

product which was distilled to yield 2.1 g (80%)Hof : &ﬁ

the desired diketone 13: bp 80-82°C (2.5 mm Hg>?”‘*l!”" f_ |
(Tiquid film) 1715 en™! (c=0); nmr (90 Mgz; €aCT,): st aé;vzﬂ,?g
2.66 (s, 4H)-C-CH -Qﬂz-a-, 2.45 (t, 2H) C- CHZ—CHZ, 2. 13f“k~~7 i
(s, 3H) CH3-C=0, 1.75-1.1 (m, 4H) (CH 2)p» 0.98 & 3H) N
CHs. ) -

o ‘ -+fi€e
Preparation of 2 6-dimethy1-2-(3-oxobuty1)cyc1oheigﬁOne

To a 100 m1 flask equipped with a magnet1c st1r@1@g bar

f%ff;f - 4
B TR .




and a drying tube was added 9.5 g (10.3 ml, 75 mmol)
of é,6-dimethy]cyc]ohexanone, 5.25 g (6.1 ml, 75 mmol)
of freshly distilled methyl vinyl ketone, and 50 ml
benzene. The mixture was copled to 0°C and stirred
while 1.5 ml of concentrated sulfuric acid was added.
Then the mixture was allowed to stand at OQC for 2 hr.
The orange mixture was then stirred and a second portion
of methyl vinyl ketone 2.6 g (3.0 ml, 37.5 mmol), and
sulfuric acid (0.5 ml) was added. After standing for
an additional 2 h, final portions of methyl vinyl ketone
(3.0 m1) and sulfuric acid (0.5 ml) were mixed with the
dark ;eaction mixture. After standing for 12 hr at 0°C,
the orange reaction mixture was decanted from the dark
polymer and poured into 100 ml of ether. The polymer
was rinsed with 50 m]1 of fresh ether, the combined
é%h;rea1 soTutions were washed with 1 N .sodium hydroxide
solution and then brine. The aqueous washings were back-
extracted with ether. Thé organ{cggftggcts were com-
Wﬁjned, washed with water, and dried (MgSO4) and the
’~7§§%Tveﬁts were removed at reduced pressure to give an
?«'orange 0il (14.0 g). Chromatograpﬁ} over si]ifa gel
(200 mesh).using chloroform-Skelly B (2:3) as eluting
solvent gave 5.9 g (40%) of compound 24: bp 85-95°C

(0.7 mm Hg) (1it, 7-82-100/0.2 mm); ir (liquid film):

1

1715 and 1705 cm ' (C=0); nmr (90 MHz, CDClz): 6§ 2.13

(s, 3H) CHy-C=0, 0.97 (s, 3H) CH3-C, 0.96 (d, J = 6.5 Hz,



<

3“CH; mass spectrum m/e: 196.1466 (calcd. for

02:196.1463).

with tjtanium tetrachloride in acetic acid. A dry>three;

necked |flask (100 m1) equipped with thermometer, addi-
tion funnel, condenser, and a magnetic ;tirriﬁg bar

was cha ged Wit?\glacial.acetic écid (24 m1).. Titanium
“tetrachloride (0.78 m1, 7.2 mmol) was added which' caused

jon to turn yellow immediately, and fhe tempera-

the solu

ture frose to 35°C. After 3 min at room temperature ‘a
white precipitate resulited. This mixturé was stirred
at room ’emperathre'fdr én additional 3 éin, then a
solution 6f 2,6-dimethy1-2-(3-oxobutyl)cyclohexanone 24
(0.588 g, |
The resﬁlting red sd]ution‘was stirred;for 20 min at
room temp ratu}ef; At the end &f this period water
(0;2]6\9, 12 mmol) was added (which jmmediately caused
‘the p#eci itate to dissolve) éhd the mﬁxfu@} was stirred
. for 4 hr. The reaction mixture Qag poufed into a cold
saturated solution of potassium cérbonate (100 ml1),
extracted|with ether (3 x 50 m1), and dried (MgSO,).
.After rempval of thé‘solvent,x0.54’g of a 1ight yellow
viscoas,liquid-was obtained whfth was chromatographed}7
over sililca gel (200 mesh);using’ch1orofofm-Ske1Ty B
(1:1) as‘é1uting.so1vent to give 0.05 g of theAsfarting"
. diketoné'(S%), énd 0.46 ¢ (79%) of 1,2,5-trimethyl-

., _

I

s

3 mmol) in glacial acetic acid (6 ml1) was added.

a

61.
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bicyc]b;[3.3.1]non-2-d1-9-one, 34, as.a light yellow \

A
Tiquid: ir (liquid film) 3510(0H), 1710 cm-]'(C=0); \#
o - ’ : \
Nmr (90 MHz, CDC13):‘ § 2.3-1.3 (m, 11H) (CH2)5,0H, \
1.23 (s, 3H) gﬂ3-C—OH, 1.02 (s, 3H) CH3-C 0.96 (s, 3H)\
o .

gﬂ3—c;kmass spectrum m/e: 196 ]455‘(ca1cd for C12H20 ot \
196.1463), 196(11), 178(1), 125(100) 107(9); 95(9),

81(16), 69(9), 55(21), 53(10).

Reaction of 2,6-dimethy1—2—(3-oxobui91)cyc]ohgxahone with

titaniumktetrachioride in acetonitrile. - Acéfdnitri]e

(30m1) and 2 m) (18 mmol) of titanium tetrachloride. were

added'to a three-necked flask (100 m1) equipped with

thérmometer, addition fun&e],‘condénser, and. a-magnetic
stirring bar. Aftér‘e min at room temperature, a
so]u%&on of 0.784 g (4 mho]) of diketone 24 dissolved in
acetonitrile (8 m]) was addéd and the mixture was stirred .
for‘an additional 20 min at room temperature. Water
(0.288 g, 16 mmol) was added; and the dark red solution
was:héa}ed at 60°C for 4 hr. After this period it was
diluted with ether (100 m1), ff]tered through celite,

washed wtih 5% solution of sodium bicarbonate, then

bbrine and finé]]y dried‘(Mgsbé) ana evaporated to give
.65 g of a yellow 0il. A pure sample of 1,2.5-trimethyl -
b'tycio[3.3.]]non-z-énlg;dne'gg'(0.48 g, 67%) was ‘ '
obt ined- by bu]b—td—bu)b distillation: bp 65-70°C (0.8
mm HY)s ir (quuid;film): 1715 cm”! (€=0); nmr (90 MHz,

§ 5.57 (m, 1H) HC=C, 2.4-2.2 (m, 2H) gﬂz-c=c,

CDC13)f

“



2-1:2 (m, 9H) (CH,)s, CHy-C=C (at 1.6) 1.04, 0.97 (s,
6H) (CH3),; mass spectrum m/e: 178(100), 1%7(23), 163

o]

(24),-125(17), 110(9).

- A
Reaction -of .2,6-undecanedione* with titanium tetrach}oride.

Titanium fetfach1oride (0.26 m1, 2.4 mmo]) was dissolved
in 7.6 m of glacial acetic acid and afterﬁo‘m1n at -

- room temperature, diketone f (0.184 g, 1 mﬁo1) dissolved
in 2-m1 of g]acid] acetic acid was"adeed.; The Mixture

was stirred for an additional 20 min, and then 0.072 m]

(4 mmol) of water was added. After;4£§r at rodm tempera-

ture it was poured into a cold saturated §o1utjon'of
pbf§§§¥um carbooate (30 m1), extracted Qith ether aod
dried (MgSQ4). Remova] of the solvent afforded 0 15 g~

a yellow liquid. Column chromatography over 5111ca

gel (200 mesh) using benzene-ether (}:T) as'e]uting soI?

- vent gave 0. 132 g (82%) of}2-but}1¢3;métﬁy1cyejohex-2-
‘en-1-one_g, (]1ou1d f11m) 1675,\1635 cm‘T{(codjugated;

“enone); nmr (90 MHz, CDC] § 2.5-1.8 (m, 9H), 1.9 (s),

3):
1.6-0.8 (m,; 9H), mass spectrum m/e 166.1360 (calgd. for

4 c1]Hj806166I1358). - | ﬁk'\

Reaction of 2, 5-nonanedfonevwith'titaniujf'etéach1onide

Us1ng the same procedure as above, compound 13 (O 468 g,»’

1.3 mmo]) was treated with titanium tetrach]or1de (0. 82 ml N

N Qu
7.2 mmo]) in glacial acetic acid (20 ml), and water

(01?16 m],'12 mmo]). "The reaction mixture was stirred.

63.
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for 4bhr'at_room temperature. After usual workup, g1c
analysis (column B, 150°C) indicated only the presencev
of startihg‘materia1t(85%). | |

~

"ReaCtion‘of 2&6-oimethxl42-(3-oxobuty1)cyclohexanone»with

titanium‘tetrachToride in the presence of 1-butanethiol.

Titanium tetraEhloride (0 78 ml, 7. 2 mmo]) was added

to 24 mi -of g]ac1a1 acetlc ac1d .and the re$u1t1ng ye]]ow
mixture was st1rred at‘room temperature for 5 min.

Then 1-butanethiol (o 36'm1 d =0.842, 3 nmol) was
.added and the m1xture was st1rred for an 8 add1t1ona1
'm1n, “then 2 ,6- d1methy1 2-(3- oxobuty])cyc]ohexanone |
(0. 588 g, 3 mmo]) in 6 ml of g]ac1a1 acet1c ac1d was

~added. ‘The resulting, brown so1ut10n was stirred for 20

‘min prior to the addition of 0. 2] g (]2 mmol) of water.

,\\ EN

This react1on m1xture was st1rred(at room. temperature

‘for.4,hr, and then quenched wyth a‘co]dlsaturatedwso]u-v
~tion of potass1um carbonate (100 mT), eXtracted with
ether, washed w1th sod1um hydroxide so]ut1on (4 N) water,
.brine, and dr1ed over MgSO4 Evaporat1on of the etherea]
‘solution resulted in the 1so]at1on of O 7 g of a yellow
~0il. Column chromatography over s111ca gel (200 mesh,
hexane-chioroform 1:1 as e]uent) gaveA1n‘onder of elu-
tion: vinyi sulfide 31, [o.q4 g (45%), ir (Jiouid £ilm):

-1

11590 cn! (conjugated double bond); nmr (100 MHz, CDC1,):

a 6.3 (b, s, TH) CH=C, 2.9-2.63 (t; 2H) CH,-S-, 2.58-1.]

AR : .
"
wo.
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2)7> Qﬂé—C=C (as a singlet at 1.67), ‘1.05-

(m, 17H) (CH
0.8“(mﬂ;6H) methyi'protOns; mass spectrum m/e: 250. 175&

(ca]%d for C,¢HZ 325 250.1755),,250(106), 235(33), 161

16 26
(50), 145(&), 105(13)]; and then, eneone 25 (0.20 g, 38%)

which had 1dehticé1 nmr and ir spectra with the autﬁen—

tic sa@p]e prépared according’ to Marshall's procedumﬁe‘.]7

)Y \ o> S
Preparation of 8V1O-dimethy1#T(Q)—octa1—2-one. A solu-

tion“containing. d\zzs g (1.14 mmo1) of 2,6-dimethyl-2-
(3- oxobuty])cyc1ohe«anone and sod1um ethoxide [generated
from 0 03 g (1.3 mmo]) sod1um, and 6 ml of ethano]] was
heated at 50°C for 1 H The cooled so]utwon was poured
into water_and the produ@t was. extracted w}th ether

{3 x 15‘h1). Ibe qrgan1c\extract was washed with br1ne,
dried (Na 504) gand concentrated (rotary evaporator) to
afford a yel¥fow o0il (0.20 g). This compeund was puri-
fied by bulb-to-bulb distillation, 100°C/0.4 mm, to give
6.18 g (88%) of compound 25, ir (1iquid film): 1680
(cbnjugated carbony]l group);fand \614 cem” ! (conjugated
double bond); nmr (30 MHz, cnc1 3) \\f 5.75 (d, J = 2, TH)
CH=C, 2.5-1.3(m, 11H) (CHy) g CH- CHys 1.25 (s, 3H)

1.05 (d, J = 6.5 Hz, 3H) CH3-CH, ;ass spectrum m/e
| N\

\

”React1on of 2 6- undeéaned1one with TiCl, 1$\the presence

CHy,

178.]3§8 (;a?cd, for C]2H]80 178. 1358).

of n- buty]mercaptan To a m1xture of t1tan1um tetra—

ch10r1de (0 26 ml, 2. 4 mmo]) and n- butaneth1ol\(0 11 ml,

- o
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1 mmo])lin 8 m]hof glacial acetic acjd at room tempera-
ture was added 0.184’9 (1 mmo])'of diketone 7 dissolved
in 2 ml of glacial ééetic\acjd, which caused an immediate
color change from ye11ow to purp]e‘and then red. After
20 min at ﬁoom'témperature,‘water (0.72 ml, 4 mmo1) was
" added.and‘thenmixture was sﬁirred afvroomtemperétﬂre 
for an additional 4 hr. Work up as before followed by
‘,chromatography over silica gel (200 mesh, benzene-ether
1:1 as eluent) gave in order §f elution: compoundlg,
which had identiéal nmr and ir spectra to the compound
1soléted previdus]y, and 3-pe;§y1;ycTohex—2—en-1:one 8,
[0.064 g (38%), ir (Tiquid film): 1680, 1630 cn” !
(c0njugatea_enone); nmr (90 MHz, CDC13): § 5.87 (sharpv
tripJet, 1H), 2.5-1.2 (m, 14H) (CH2)7, 0.89 (t, 3H) |
\f?%3;'massvspectrgm m/e 166ﬂ%360 (calcd. for C]1H]80:-
166.1358). |

. o o

Reaction 3f 2,5-nonanedione with TiCl, and 1-butanethiol..

Using the same procedure as above, compound 13 (0.468 g,

3 mmol) was treated with 1-butanethiol (0.33 ml, 3 mmol),
“and titanium tétrach]oride {(0.82 ml, 3'mmol) in glacial
acetic acid (20 m1) and water (0.216 ml, 12 mmol). The
'réactibn mixture was stirred for 4 hr at room temperature.
After usual wdrk up, glc analysis (column B, 150°) in-
>dicatedion1y the' presence of starting material. Column

chromatography‘over silica gel yijelded 0.375 g.(BO%)



o \ ’ b
of the diketone 13.
. N

Reaction of 2,6»d1methy1-5\(3-oxobuty1)cyc]oheXanone

with n-butanethiol in-acetichacid. Diketone 24 (0.245 g,

1.25 mmo1) was dissolved in 8\51 of glacial acetic}acid.
To this solution, 0.13 ml (1.25 mmol) n-butanethiol was
AV .
added, and theﬁ@yﬁction mixture was\\firred at room
temperature for 28 hr, After this pe<1od it was poured
'-1nto 50 m1 of cold saturated solution of potassium.

carbonate, extracted with ether, washed ith sodium

evaporAtion of the solvent, 0.23 g (95%) of starting di-

ketone was recovered.

Reaction of diketone 24 with hydrochloric acid in the

" presence of n-butanethio] To a solution containint

'\hydroch10r1c acid [generated from the react1on of 0.3

mi (20 mmo]) of water with 1. 42 ml (20 mmo1) acetyl AN

chloride] in 18 ml acetic acid was added 0;2347m] (2 mmo]yx
 bf n-butanethiol. . The mixture was.stirrgd at room R
viémperature for 2 min, tﬁen 0.392 g (2 mmol) of 2,6- )
dimethy1—27(3-oxobuty1)cy€1ohexanohe, disso{vediih 2 ml
bf glacial acetic acid, was.;dded. This caused:the solu-
tion to turn orange-red immedia%e]y,'aﬁd then dark brown.
After stirringsat room temperaturé for 90 min, it w?s .
quenchéd with a cold saturated solution of potassium

carbonate (50 ﬁ}),,extractéd wtih ether, -washed With
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sodium hydroxide (4 N), brine, and dried (MgS0,). Evapo-
ration gave 0.45 g of yellow 0i1 which was chromato-
graphed from silida gel to agive 0.2'9 (46%) of vi\ny‘l\
sulfide 31, and 0.145 g (40%) of -enone 25. Both had
/’.w \\"-\ ’ i,:;. ' . -’
- 1dentf&gl nmr and'1r spectrﬁ_w1th compounds isolated

v

earlier.
, - . s
Reaction of the diketone 24 with boron trifluoride

- etherate in the presence of l-butanethiol. A solution

of 0.196 g (1 mmol) of 2,6-dimethyl-2-(3-oxobutyl)-
cyc]ohexanone in 0.46 m1l (4.3,mm01) of n-butyf EErdaptan
" and 0.36 ml of5boronpénjf1uoride etherate WESia110wed
’rto stand ét room temperature for ]6 min. 7After ag\gtiOn
vooof 5 m1 of thoroform to the dark orange.reéctibn'mix-

‘ture it was allowed to stand overnight at room tempera-

‘ture. . The resultant-.dark brown solution Qés diluted

Gith 50 m of—chJoroform, Wé;hed'with sodium hydroxide
50 utioh;‘brine, and dried (Na,50,). Solvent was evapo-
rate ‘at reduced.pressure to pfovideA0,26 g of ye]]ow; .
011; Glc anaTysi§ (column A, 170°) indicatéd the forma-
tion of diene sulfide 31 (70%) and 8,10-dimethy1-1(9)-

octal-2-one \(18%). .

Synthesis of the thioketal 38. A 100 ml flask equipped

~ . with a magnetic s irrihg‘ba( and a drying tube was charged
a ' . ' -~ . ) .
of diketone 24, dioxane (10 m1},

with-1.96 g (10 mmol

~and 3.24.m1 (30 mmol) 0<\::bUty] mercaptan. The mixture

N
o )



was cooled (ice bath) and 4 g (30 mmol) of freshly fused

‘jnc ch1dr'de and 4 g of anhydrous sodium sulfate was
j:zéﬂc Thé r u]tiné.mixture was stirred.at room |
tempeQEKQiZ for\3\hr. Then 50 m1 of water was added,
the mixtur ext¥§cted with chloroform (3 x 20 ml),

was
_ . N
washed with\:B&jum hydroxide solution (4 N), brine, and -

dfied (MgSO4). After evaperation bf the solvent under

‘reduced pressure, 3.5 .of a pale yellow oil was obtained.

e spot, this was

TLC (silica gel) indicated only ¢

further purified by passing\through short alumina

column (act III, hexane eluent). In thi way 3.35 g
(94%) of thioketal 38 was obtained,.ir ( ‘

1710 cn®! (C=0); nmr (90 MHz, CDC1,): 06 2.8-2
5H) (CHy-S),, CH-C=0, 2.2-1.2 (m, 21H) (CHy)go CHg-

‘9
(s, 1.48), 1.1-0.8 (m, 12H) (CH5)4; the,cheg}ba1 joniza>
tion (NH3) mass spectrum showed the MY+ 18 (m/e 376 \\\\\\\
peak); mass spectrum M - C4H95f 269.1945 (calcd.
' ’
32.. '

C16H290 S: 269.1939).

;\ \:\ .
Pyrolysis of thioketal 38 in the presence of zinc BN

chloride, Tphgoketal 38 (0.18 g, 0.5 mmol), and 0.05 g \\\\
(0.4 mmol) .of “rEShly fused zinc chloride were heated at ;;
110°C for-30 min. The-dark green solution was then dis-

solved in ether, washed with brine, and dried (MgSO4).

Evaporation gave 0.15 g of an orange oil. Glc analysis

(column A, 170°) indicated the formation of the diqugw
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T
sulfide 31 (major product) and the enone 25. - \

Reaction of thioketal 38 with sodium metapericgdate.

To 2.1 ml (1.05 mmol) of a 0.5 M solution of sodium
metaperiodate at O°E was added 0.358 g (1 mmd]) of thio-
ketaT'gg in 3 ml of mgtﬂgnol. The ice bath was re-

ﬁoved aﬁd the reaction was(stirred'at room temperature
for 1 hr. The precipitate .of sodium iodate was removed
by filtration, and the filtrate was extracted with
ch]orpform. The éxtfact was dried (MgSO4), and the
solvent was removed uhder reduced pressure. The ir
spectrum of tﬁé product(s) lacked the sulfoxjde absorp-
tion at 1070-1030 et andﬁg1c_ana1ysis (column A)

indicated the formation of se 1 unidentified products.

t

Preparation of ketosulfoxi e 39. A dry three-necked .

flask (300 m1) equipped wiéhvtﬁkrmometer, addition funnel
and a magnetic stirring har, was charged with 50 m1 of
ether‘(dried over sodium), and dithioketal §§ (3.222 g,
9vmmb]). ‘This solution was cooled to -30°C and a‘so]ution
of m-chToroperbenzoic'acfa (1.8 g of 85% mixture, 9

mmol) in 36 ml of ether was added‘s]owly over a perijod

of 1 hr. The mixture was stirred for an additional hour
at thi§ temperature, then diluted witﬁ 100 m1 of ether

and washed with 5% sodium bicarbonate solution, brine,

and dried 6vér Mg§04;. Evaporation of the ether yie]&ed

3.3 g of the colorless viscous oil, which was chromato-
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graphed over alumina .(activity III) to give in order of
elution: starting material (0.212 g, 7%), and then
sulfoxide 39 (3 g, 89%), which had the following spectral

1

properties: ir (liquid film): 1705 cm™ ' (C=0), 1035

cm™) (S=0); nmr (90 MHz, CDC13): .6 3.2-2.45 (m, 5H)
} o }
CH,-S),, HC-C=0, 2.1-1.2 (m, 21H) (CH s CHy-C~S, 1.15-
(CHp-S)p, HC ( 2)9s CH3~(
0.85 (m, 12H) methyl protons; chemical ionization (NH3)

' mass spectrum showed the MY + 18 (m/e 392 peak).

Pyrolysis of ketosulfoxide 39. A neat sample of sulfoxide
— [

‘32 (1.122 g, 3 mmo was heated in a dry flask equipped
with condenser and mégnetic stirring bar at 85°C (ba£h
temperature). The ir spectruﬁ'showed complete disappear-
ance of the starting sulfoxide (1035 cm'l) after one

hour. The product mixture was diluted wtih ether (100 m1),
washed with brine, and dried (K2C03): Ether was evapo-

rated and the resultant colori®ss oil (1.015 g) was
chromatographed over neutral alumina (éctinty I11). .

Elution with hexane resulted in the jso]ation-%f'0.44 g

of a mixture of terminal and internal vinyl sulfides 37

and §Q‘(55%,‘64:36 ratig); ir (1iquid film) 1705 e ;

(C=0), 1630 cm_] (as a shqu]der‘-9=CH-), 1605 cm'] (CHé=
C-SR); nmr (90 MHz, CCl,4): & 5.7§§.1 (two overlaping
triplets, E and Z iéomer 3:1) CH3fC=gﬂﬂ 4.96, 4.6 (two.

v _ S
doublets) Qﬂ2=C-SR, 2.8-2.45 (m, 3H) CH,-S, -CH-C=0,

1.1-0.8 (m, 9H) methyl protons; mass spectrum m/e:

A3
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16280
179(3), 144(10), 143(100), 125(4). Elution with hexane-

268.1860 (calcd. for C S: 268.1861), 268(9),

acetone (95:5) gave 0.215 g of diketone 24 (37%) which
had identical nmr and ir spectra as that of an authentic

sample.

Reaction of vinyl sulfides 30 and 37 with titanium

tetrachloride. Titanium tetrachloride (0.26 ml, 2.4

mmol) was dissolved in 8 ml of glacial acetic acid.
After 6 min at room‘temperature 0;268 g (1 mmol) of the
mixture of the two vinyl sulfides 30 and 37 (1:18)»dfs-
solved in 2 m1 of acetic acid was added and the re-
sulting brown solution was stirred for 20 min. -Then
water (0.072 mT\ 4 mmol) was added, and_.the reaction
“mixture was keb; at room températuré for 4 hr. After
this period it was poured into a cold saturated solution
of potassium carbonate (30 ml), extracted Qith ether,
and dried (MgSO4).. Evaporation of the solvent gave 0.24
g of yellow oil. Cb]umn ch;omatography over silica gel
(200 mesh, hexane-chloroform 1:1 as eluent) yielded

0.053 g of dieneVSulfide ;l;(ZI%),’and O.{04 g of enone
125 '(58%). | | | .

Cyclization of 2,6-dimethyl-6-(y-n-butylthiocrotyl)-

cycfohexanbne usﬁng hydrochloric aéid( To a solution of

hydrochloric acid generated from acetyl chloride (20 mmol,

1.4 m1) and water (0.36 ml, 20 mmol) in 8 ml of acetic

b



acid was added 0.268 g (1 mmol) of vinyl sulfide iéﬁ{ﬁ"fiF“‘ 7f§7
2 ml of acetic acid. The reaction mixture turned, | i
orange and then dark red. After stirring for 3 hr at
room temperature it was quenched with cold saturated
solution of potassium carbonate (30 ml), extracted with
ether, and dried (MgSO4). Chromatography over silica
gel afforded 0.03 g-of vinyl sulfide 31 (12%) and 0.12 g
of enone 25 (67%).

Pyrolysis of sulfoxide 39 in the presence of potassium

carbonate. A suspension of sulfoxide 39 (1.122 g,.3
mmol), and'p;ta59ium carbonate (0.207 g, 1.5 mmo1) was
heated at - 88°C (bath iemp.) for 7 hr. After this period
it was diluted with ether, washed with water, and dried
(K2C03). Evaporation of solvent gave 1 g of a ye]]dw -
oil. The nmr spectrum of this crude mixture indicated
formation of vinyl sulfides 30 and 37 (1:12). Purifica-\ 
tion over neutral alumina (activity’IIf,,heXane as

eluent) yielded 0.695 g (87%) of a mixture of 30 and 37

v (c=0), 16057n"]

(1:9); ir (1iquid film): 1705 cm”
(CHy=C-SR); nmr (90 MHz, CCl,) terminal isomer: & 4.96,
4.6 (two doublets, 2H)'Qﬂ2=C-SR; 2.8-2.45 (m, 3H)-gﬂz-s,
CH-C=0, 2.4-1.15 (m, 14H) (CHy)y, 1.1-0.8 (m, 9H) methyl

protons.

Preparation of di-n-butylthioketal 42. A mixture of 2-

octanone (6.4 g, 50 mmol), 50 m1 dioxane, n-butyl mercaptan

)



(18.8 m1, 150 mmol), 20 g of zinc chloride, and 20 g
of anhydrous sodium su]fat%ﬁwere stirreﬂkpt‘room tempera-
ture for 5 hr. Then 30 ml ;? water was added, the mix-
ture was extracted with chloroform, washed with sodium
hydroxide (4 N), briﬁ% and dried (MgSO4). Purification
from alumina (act. III, hcxane) gave 11.3 g (80%)'of
thioketal 42 as a colorless liquid; ir (liquid film):

1470 cn™'s nmr (90 MHz, CDCl5): 6 2.58 (t, 4H) (-CHp-5),,

1.8-1.15 (m, 21H) (CH,)g, CHy-CZ3. (as a singlet at 1.47)%

~S-
1.1-0.8 (m, 9H) methyl protons; mass spectrum m/e

32, .
290.2099 (calcd. for C]6H34 SZ' 290.2102), 290(7),

201(100), 143(20%5 111(13), 90(6), 89(2), 69(34), 57(9).

Preparation of monosojfoxide 43. Oxidation of 4.94 g

obta1ned 1r (11qu1d f1]m) 1470, 1035 cm

(17 ﬁmol) of th1oketa1 42 in 100 m1 of ether us1ng
3. 45 g (17 mmol) of m ch]oroperbenzo1c acid was achieved
fo]]ow1ng the same procedure descr1bed for the prepara-

tron of- su1f0x1de 39 After chromatography from a short

oalum1na column. . 68 g (90%) of a color]ess 0il was

il (S-O); nmr

(]OO MHZ. £DC] ): § 3.2-2. 3 (m, 4H) CHZ-S, CHZ—S*O

2. 1 1. 15 (m ZIH) (CH )9, CH3-C -S, 1.1-0.85 (m, 9H) methyl

protons, chem1ca1 1on1zatxon (NH ) mass spectrum: M +
PAY

18 (m/3 324 peak), mass spectrum M=CaHg0S: 201.1674

12M25 251 201.1676), 201(100), 200(18),

]43(58), 111(31), 106(18), 90(2), 83(12), 69(71), 57(37).

(ca]cd for C H

4.



Pyro]ysis of monosulfoxide 43. A neat samp]e 1'533lg

(5 mmo]) of sulfoxide 43 was heated at 85 C for 1 1/2 hr,
then d1sso]ved in ether and washed with sodium b1carbon-
ate, brine, and dried over'potassiUm carbonate. Evapo-
rat1on of solvent gave 1. 47 g of a yellow 11qu1d
Chromatography on alumwna (act1v1ty I11, hexéhe as
eluent) afforded 0.7 g (70%) of a mixture (1: 1) of the
correspond1ng term1na1 and 1nterna] (E:Z, 1: 1) v1ny1
§u1f1des 44 and 45, ir (11qu1d f11m) 1605 cm -1 (C C)

1470 cn” 15 nmr (90, MHz, €C1,): 6 5.6-5.15 (m) CH, -c CcH
-5

(Z and E iSomers) 4.93 (sharp tr1p1et) C-C y 4. 58(s)
ﬁ:c ¢, 2.6 (t, 2H) CH,-S, 1.15-0.8 (m, GH), mass

spectrum 200.1599 [calcd. far Cq,H 24325; 200.1598),
200(38), 143(100), 115(31), 111(44), 110(22), 87(30),
74(87), 5715), )

4

'P}ro1ysis,of'su1fdxide 43 in the p%esenqe"of potassium e

.carbonate A samp]e of compound 43 (] 533 g, 5 mmo])
?Vand potass1um cavbonate (0. 415 g, 2.5 mmo]) was)heated‘
:a; 94°C (bath temp.)  for* 5.5 hr After'this peribdbif
was d%lgﬁed wi th ether, washed with Qéter;:éﬁd'dried'
(K2603)._:E%ap0ra£ioﬁ of solvent, followed by‘purifica-
tion ovgk.alumina.affordéd 0.9 g bffmixturés of 44 and

45 (3:1 ratio).

® P

‘Reaction of sulfoxide 43 with tiiethylamine. Compound

ig‘(0;307-g,v1”mmol).Wag &issqlved’in‘JOFmTTOf‘trieghyﬁ-z
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amine and the resulting solution was refluxed over-

night. After thie period the mixture was dissolved in

det% oy yashed with water\ and dried.oyef‘potassium

”,eté;after evaporation of solvent the nmr spectruh

AN .
of the residue indicated fokmation of compounds 44 and

45 in 1.2:1 ratio.

Reaction of compound 43 with diisopropy]ethXTam%ne.

Sulfoxide 43 (0.307 g, 1 mmol) was dissolved in benzene

'(S'mi), 0'5227mi (3 mmol) of diisopropylethylamine Was

SRy

”was charged‘nithvb.37 g (046,4 mmdl) of powdered

in 20 m1 of DME was added dropw1se - The- resu1t1ng mix-

¢

"requ1red.for the disappearance of S+0). Usua] work . - w!

45 were formed in a O.8:I\natiof

added and the mixture was ref]uxed for 17 hr (min. time

up followed bynnmr analysis showed:that compounds gﬁdand~;;,fwf:;fye

-

R

Preparation of n-butyl vinyl ketone 50. A dry 300 ml

three necked f]ask equ1pped w1th a ref]ux cOnd nser,‘ x' S
dropping funQel, magnet1c starr1ng bar,,and N2 i 1et,
1ithium hydride dispersed in 20 ml of'anhydrous 1,2
dimethoxyethane - Wh1le %@15 suspen&lon was stirred,,

0 N \,f’

&
so]ut1on of 4.0852 ¢ (40 mmo]) of*wa]er1c acid d1sso]ve
ture was ‘heated to reflux for 2. 5 hr. Then the re—
su1t1ng suspens1on was cooled to approx1mate1y 10 C and
vinyllithium (21 m], 2,23 M) in THF was s]ow]y added

over a period of 30 min.- The resulting suspensioniwas
, _ , X R



_ 1690 cn”!

'To a so]ut1on of 2.484 9 (
'under a nvtrogen atmosphere a
'hex ne, over a perlod of 30 min.

.yellow after st1rr1ng for 30 m1n at th1s temﬁerature

'was.stirred at room temperatureAfor,3¢5

¢

st1rred at room temperatune for 17 ﬁ?, and thenw

s phoned 1nto a v1gorous]y st1rred m1xture of 7 m] (80

mmol ) of. concentrated hydroch]or1c ac1d .and 300 ml
‘P

.of w'ter The react1on f]ask was rinsed with 50 ml of /
- penta wh1ch was' a]so added to the Ekyeous so]ut1on '

The org n1c’\ase was separated and the aqueous phase

was extra'ted w1th pentane The combined organ1c e X~

_t*ﬁcts wern washed with brine, and dried (MgSO4) Re-
, mova] of so] ent and d1st111at1on of the res1due

1{{y1e1ded 2 6 g (60%) of compound 50 as a co]or]ess

11qu1d.’ bp 60-'5 C (20 mm Hg): ir (11qu1d f11m) 1708 '

-1 (C= 0 S c1s and S- trans), 1624 (C C), nmr
(90 MHz, coc13) " 76;45-6 2 (m, 2H) Ho§® CH’C . 5.9-5.7

(ms TH) ”‘c c, 2.56 (ts J = .7, 2H) t-;,1.8-1}1 (m,

4H) ({clez)z_, 0.,8,_9 (t, d\=~ 7, 3H) CH3

fPreparationof-ethy]“m:ihylsu1f1ny1methy1.&u1f1de 49

1 m]ﬁ 20 mmo]} of methyl

methy]su1f1ny1methy1 su1f1de and 20 ml of THF, ma1nta1ned :

»2 Cs was added s1ow1y a
so TP 1on of n- buty111th1um (24 1, 0 85 M 20 mmo])

\The so1ut1on turned

The. m1xture was warmed to room. tempeﬁafure and 2 m] (40

-~ mmol) of methyl 1od1de was added h1s'react1bn m1xture

After thﬂS

L
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period, water was added and the mixtUhe‘was.extracted with

metﬁy]ene cﬁlqride, drted (MgSC4),‘andﬁevapo}ated. '

Chrgmatography,ovef aciivity JII a1umiha (hexane—acetone
,95]) yietded 2 g (73%) of cqmpoUnd igves a ye116w“0i1'

ir (liquid film): 1050 em” ] (S»0); nmr (90 _MHz, CDC13)

0"
5 3,9-3.3 (m, TH) CH, 2.62-2.5 (m, 3H) CH;-S, 2.4-2.27
(m, 3H) CHy-S, 1.65-1.45 (d, 3H) CHy-CH.

Synthesis of ketosulfoxide 51. To a well stirred solution

of 1.106 g (8 mmol) of sulfoxide 49 in THF (8 m1) at
. 0°C, was éddéa 9.4 ml (84mmo]; 0”85 M) of a solution of

- on- buty]]1th}um in hexane Th xresu]timg\so]utiohHWas

-

. stirre ,at th1s temperature for BO:min,fthen cooled to

- -20%4 and 2 so]ut1on of n- b txA vihy1$etqne (0.887 g,\

was st1rred at-this ®rature for 2 hr, then’

~‘treated w1th saturated NH4C1

bentane°and dr1ed aver K2£03
»

gave 1. 67 9 (84%2 of crude

h”utiqn, extrécted'with"
EA g ‘ :
Evaﬁoration of solvent.

the next exper1ment w1t'out furtﬂer pur1f1cat1on, ir.' D

 (1iquid f11m).‘_1720 [ 50), 1050 cn”! ($+0).

Pyro]ys1s of ketosulfoxide 51. A solution of Bﬁ (o 25 g;,"

7 mmol). aeﬁXpotass1um Jarbonate (0.153 g, 0. 5 mmo]) tn':

10 m1 of toluefte was refluxed for 17 hr. Afteru§hij‘

.,work up and chromatography over s111ca gel (QQO_Mes:,

-FGHG as eluent) 109 ¢ (58%) of vinyl sulfyde-46a.wa$

8§ mhol) d1sso]ved in THF (7 m])'was’added. The resulting

51, which was used as such in

78



obtained (termiha1efoo1ntefna] 95'5Y{'if (fiqufd-fﬁ]m)°
1720 (€=0),.1610 cn”™! (C=C)s nmr (90 MHz, £ terminal
~jephen; 6‘4.97,.8.5 (two s,}eech 1H) gﬂ2=é{0 2.7- 2.2
(m, 8H) ~CH,-CHp-C-, 2.05-1.7 (m, BH) - CH,-C, CHy-S ‘(as
singlet at 1.83), 1.6-1.1 (m, 4H) (CHy)p, 0.9 (t, 3H)

32

.CH34, mass spectrum ‘m/e: 186.1071 (calcd. for CyoH g0°°s:

186. 1078) :

«

Thioketa]ﬁzation Of‘1evu1inic acid A mixture of 5.8 g

(50 mmoi) of 1evu11n1c ac1d 22 g (20. 5 mT, 200 mmo1)

«{th1ophenol, and 0. 25 g of p- to]uenesulfon1c acid mono-

- hydrate 1n 20 ml of to]uene was heated under ref]ux for

_'f24,hf The to]uene was d1st111ed and th‘ﬁies1due was

‘5d 1n 200 m1 of 90% aqueous methano] conta1n1ng

'otass1um hydroxgde, ~The so]ut1on was heated

‘ Ve g

,under ref]ux for 2 hr, E%en poured 1nto an, excess of cold, ¥
. Jﬂ i " .d

L‘

d11ute hydroch]or1c ac1d ’Tﬁe@m1xture was . ex&racted

w1th benzene,,washed w1th*br1ne, dr1ed (M§;O , and
evaporated Chromatography over 51113§ ge] (?00 me§ﬁ%
ch]oroform as e1uent) y1e1ded 8.52 g (50%) of the ac1d
/‘:th1oketa1 52 as ‘a. co1or1ess ow] ir (11qu1d fx]m) 3{_77
: 6"5 o
8 11 5 (s, H) C-0H, 7. 76-7.55. ém, ), 7. 45- 732 (m, 6H) .

(CgHg),» 2.92-2.65 (m, 2H) CHy-E, 2.2-1.93 (m;;za) CHy-

1715 (€=0), 7506 70 ;m’? (CeHg)s nmr (90 MHz; coc13)

C(SPh)y, 1153{(s,¢3H).CH3-C(sph)2,.mass;spectrum m/g:
3}820756,(pﬁjod for . CqH 180,755 318.0749), 8L,
~209(100), 208(18), 191(16), 163(45), 135(30); 110(80),



TR, .

AN

“Extraction with ether, followed by dryrng over

“f7 73

80..
109(35), 99(99).

Synthesis of ketothioketal 53 . A dry three-necked

1720 (c 50 150, 700 cn”! (CgHy ) Rl

flask equipped with thermometer, maqﬁetic stircgng bar,
dropping fUWﬁel,.and N2 inlet was charged with 4.77 g
(15 mmo1) of acid 52, and 80:m1 of anhydrous ether. . To

this solution at -5°C was added a so]dtionlof n-butyl-

lithium (25 m1, 33 mmol) in hexane, slowly over a period

‘6f 1 hr. The resulting suspens@bn was. stirred at room

temperéfure for 4 hr, and then siphoned into a vigorously

stirred miXture of ice, water, and hydroch]or1c ac‘gz“zfﬁ

\ PR
and evaporation y1e1ded’4 5 g of a ye]]ow Tiquidgs

Y

upon‘thromatograph& ove¥ s111ca;

e]uent) ‘gave 3 ¢ (40%) of compo .
90 MHz, CDC15),

5 (my 4H)"7.4-7.2 (m, 61 “(BgHE) 5, 2.9-2.68 (m,

NI 35 (t, 2H) CH,-C, 2.16-1.9 (m, 2H) CH,-C(SPh),,
CHy: (LHy-COSPh I,

1. 7 1.0 (m, 7 ) (Chalys CH ~C(sPh), (as 3 sihg]ét at 1.3),
| | 2> CHs 2 .
0. 87 (t;- 3H) CH3, m3ss spectrum M' - c sdﬂﬁv49 1309

(calcd. for CqgH 2]0325. 249.1313), 249(66)* 248(5),

.0x1dat1on of th1 keta1 53. A so]ution of 1.79 ¢ (5 mmo1l)

rngZ), 139(100). @

“

of compound 53 1n 50 ml of anhydrous ether was coo]ed

of~78 C. /To th1s was added 1 q\ 85%, 5 mmol) of m-
! N

ch]eroperbenzo1c acid in 30 E] of ether over a period

N\

: . . g. ’ RN
v » P .



.9 ‘ e - .
of one hour. The\reacfion hixture w$§f§tirred at thisﬂ
temperature for 90 min, then diluted with ethef (100 ml)
and washed with 5% spdﬂlm bicarbonate solution, brine,
and dried (MgsS0,). itvaporatidn at reduced pressure
gave 1.7 g (91%) of-the crude sulfoxide 54 which was"
used as such in the next exper1ment w1thout further :;H
purification; ir (liquid film): 1720 (C=0) 1590 (C=C),

1050 (S+0), 750 and 700 cm” (C6H5) <

r

Pyrolysis of ketosulfoxide 54. 0Fompounq 54 (1.7 g, 4.9

mmol) wa's dissolved in‘IOAmI of carbon tetrachloride.

To this soLut1on, 0.628 g (4:9 mmo1l) df,potassium

carbonate was added “and the suspension was heated at

.'60°C for 7 hr. FoIIow1ng the same work.Qp*procedure'

; desetgmed for cbmpound 43, and chromatogﬂﬁphy (act1v1ty

III alumina, hexane as eluent) yielded 0. 75 f) (60%) of

| compdund 46b (conSisting of both rébioisomers, 1:1

: ,ratid); irﬂ(qugIQjSIm): I720 (C=0), 1640 (w)_(C:

1620 (M)?(CH2=C), 750 and 700 cm‘],(ggﬂs); nmr (90 MHz,
SPh :

CCl,) 6 7.7-7.1 (m, 5H) C6H 5.92 (m) -C=CH-, 5.13,

5’
4.87 (twovsinglets) CH,=C-SR; mass spectrum m/e 248.1236

0325: 248.1235). <

(ce]cd for C]5H20 o ’ o T

o

Reaﬁfion of compound 46a with titanium tetrachloride.

Tifanium tetrachloride (0.13 m1, 1. é mmo1 ) Was dwssoIved
in 4 ml of glacial acetic acid, and after § min at room N

temperature a squt1on of 0.09 g(0. 5 mmo1 ) of compound G

N



N P
. ", % ?‘;
v

'46a in 1 ml of acetic acid was added. The resylting

mixture was stirred at room temperature for 20 min.
N a
Water (0.036 ml, 2 mmol) was added and the solution was

stirred for an additional 3 hr. Then it was quenched®
with a cold saturated soiution of potassium\Carbonate,vex—
tracted with ether, washed with water and dricd., Evap-
oration of so]vent fo]]owed by chromatOQraphy over -
s1]1ca gel (benzene as e]uent) resu]ted in the 1so1at1on

of 0.06 g (86%) of diketone 13

\,

,\\ﬁeact1on of compound 46b with titanium tetrachloride.

Us tﬁ%ﬁsame mrdcedure as above, compound 46b (0. 13 g,
$0.5 mmoJ) was treated with titanium tetrach]or1de (0 13
m], 1.2 m 1) in glacial acet1c ac1d After work u; and}
pur1f1cat1on\over silica ge] 0 OGEQQ (80%) of the”~
N

diketone 13 was‘n\ta1ned i

Reaction of 2,5-nonanedione li with Tithium diisopropyl-

amide. Under an inert atmosphere (NZ)’ a solution of n-

butyllithium (4.2 m1, 5.5 {ﬁn\]) in hexane was added
sTowly to a stirred solution of dgisopropylamine (0.6 g,

¥ 0.83 m], 5.5 mmol) in 15*m1 of anhydrOus ether at -10°C.
The temperature Was he]d at -30° for\§0 min, then coo]ed
to -65°‘v A so]ut1on of 1 4- d1ketone 13 8\78 g, 5 mmol)
in ether (25 ml) was added very s]ow]y over a per1od

of 1 hr. After the add1t1on was complete, the temperature

was held at -40° for' 1 hr. The resu]tant mixture wa&\ -

£



hydfd]yzed with acetic acid and extfacted with etherﬂ
The organic layer was washed, dried (MgSO4) and con-
centfated to give 0.71 g of yellow oi]# Chromatography’
on si]ica ge1 (ZOOnmsh, hexane-chloroform 1:15 yiefded
0.395 g (50%) of starting diketone, and 0.27 g of an
unidentified mixturg of several products; Glc-mass
§pectra1 ana1yéis (column B, 170°) of this pbrtion in-

dicated the presence of dimeric products.

S ht

3
v
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