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The thermal and anionic rearrangements of substituted 1-vinyl-

trans-cyclotridec-3-en-l-ol compounds have been studied to determine

what effects substituents would have on the sigmatropic shift when

placed on the two positions of the 1-vinyl group.

For the thermal rearrangements, the a-substituted vinyl-trans-

cyclotridecenols gave both the [3,3] and [1,3] shift products of

rearrangement. On the other hand the 0-methyl and trimethylsilyl

groups gave a high periselective control favoring the [1,3] shift

siloxy-Cope ring expansion relative to the [3,3] shift. A rather

unusual result was obtained for the 0-isopropyl case. The products

obtained from its rearrangement were trienes resulting from loss of

the trimethylsiloxy group.



The effect of substituents on the control of periselectivity in

the case of anionic rearrangements was much less than for the thermal

ones. The m-substituted vinyl-trans-cyclotridecenols gave products of

rearrangement comparable to that of the unsubstituted case, studied

earlier. However the study of the anionic rearrangements of the

0-substituted alcohols were found to be of interest, since their

products of rearrangement would throw considerable light on the nature

of the mechanism as to whether it is concerted or non-concerted. Thus

treatment of cis and trans 0-methyl vinyl-cyclotridecenols with KH in

HMPA, gave along with the [1,3] shift product, both the [3,3] shift

diastereomers. The formation of both diastereomers from the

rearrangement of either the cis or trans alcohols indicates that for a

concerted mechanism, both the chair and the boat transition states

would be involved. On the other hand the possibility of the mechanism

being non-concerted could not be ruled out, since substantial evidence

pointing towards a nonconcerted ring fragmentation-recombination

mechanism was obtained from the rearrangement of the 0-isopropyl

substituted alcohol.

Finally, the synthetic utility of the [1,3] shift ring expansion

product, obtained from the thermal rearrangements of alcohols 2c and

2d was demonstrated by its conversion to a natural product, muscone.
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SUBSTITUENT CONTROL IN THE OXY-COPE REARRANGEMENTS OF

1-VINYL-TRANS-CYCLOTRIDEC-3-EN-1-0L SYSTEMS

INTRODUCTION

Sigmatropic reactions or rearrangements of the order [i,j] have

been defined as the migration of a a bond flanked by one or more It

electron systems, whose termini are i-1 and j-1 atoms removed from the

original bonded loci in an uncatalyzed intramolecular process.' The

well known Claisen and Cope rearrangements are members of this class

of reactions.

The thermal rearrangement of a 3- substituted -1,5- hexadiene system

leads to products that are obtained from rearrangements taking place

in a number of different ways. As shown in Scheme 1 below, when the

molecular reorganisation involves movement of a sigma bond from the

[1,1] position to the [3,3] position the rearrangement is termed a

[3,3] sigmatropic shift.

Scheme 1

R

R2

A
R



Similarly as shown in Scheme 2 below, migration of the bond from the

[1,1] to the [1,3] position is called a [1,3] sigmatropic shift.

Scheme 2

R2

A

R2

The stereochemistry of the Cope rearrangement or the [3,3]

sigmatropic shift has aroused considerable interest. Doering and

Rothe were the first to examine whether the Cope rearrangement

prefers a chair or a boat transition state (Scheme 3). They carried

out experiments and concluded that the chair transition state is the

lower energy one.

Scheme 3

BOAT

CHAIR

2
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The question of whether the mechanism is concerted or stepwise has

been of considerable interest. Dewar and Wade3 have found that the

rate of the rearrangement is considerably accelerated when a phenyl

ring is introduced at the 2-position of the 1,5-hexadiene system.

Thus reaction (ii) as shown in Scheme 4 is four times faster than

reaction (i).

Scheme 4

Ph

Ph Ph

D
ii

An acceleration of this type is expected if the rearrangement passes

through a diradical intermediate (Scheme 5), in which a phenyl ring

placed at the 2 or 5-position stabilises the incipient radical. On

the other hand, a concerted transition state, would be less affected

by the presence of a substituent at that position.



Scheme 5

Ph Ph
Ph

[1,3] sigmatropic shifts are rare relative to [3,3] sigmatropic

shifts. Berson has reported extensive investigations on this

rearrangement which he demonstrates proceeds with an inversion in

configuration at the migrating center for some systems.4

Scheme 6

H3C

H3C

CH3

As shown in Scheme 6 reaction i) proceeds ten times faster than

reaction ii).

ii
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Another path that is commonly observed for 3-hydroxy-1,5-hexa-

dienes is the 0-hydroxy cleavage which results in fragmentation.

Scheme 7

O

A

THERMAL REARRANGEMENTS

Berson coined the term oxy-Cope rearrangement for a thermal [3,3]

sigmatropic shift, in which a 3-hydroxy system is converted to an

eno15 (Scheme 8).

Scheme 8

OH

MeO

OH

MeO



6

Berson studied the above system which upon thermolysis underwent a

[3,3] sigmatropic shift to give a [4.4.0]bicyclo system. It is the

enol formation that provides the important driving force for these

reactions

Evans and his coworkers have also made use of the oxy-Cope

rearrangement, in order to make the skeleton of (+)Luciduline a member

of the Lycopodium class of alkaloids.6

Scheme 9

MeO

Pyrolysis of the isopropenyl alcohol in a sealed ampoule followed by

ketalisation gave the product ketone in 65% yield.

Another example of the use of a thermal oxy-Cope rearrangement has

been by Wender in the preparation of the naturally occurring ring

system, the cis-hydroisoquinolines.7



Scheme 10

Me02C

CO2Me

A

79%

OMe

64%

7

As shown in the above Scheme 10, pyrolysis of the two bicyclic systems

in resealable pyrex ampoules resulted in a product of rearrangement.

The rearrangement proceeds via a [3,3] sigmatropic shift in which the

conformation of the bicyclic system stays locked up in a boat

transition state.

One of the first [1,3] sigmatropic shift rearrangements of a

3-hydroxy-1,5-hexadiene system carried out thermally, was by

Berson.8



Scheme 11

8

He found that pyrolysis at 250°C of the syn vinyl compound shown in

Scheme 11, gave only 16% of a product obtained by means of a [3,3]

sigmatropic shift. The major product (84%) was the one obtained by a

[1,3] sigmatropic shift.

When the 3-hydroxy-1,5-hexadiene unit is incorporated into a ring

system, as shown in Scheme 12, then upon pyrolysis, a [3,3] sigma-

tropic shift would give a rearranged product with the same ring size,

while a two carbon ring expansion product would be obtained by means

of a [1,3] sigmatropic shift. Thies studied the thermal oxy-Cope

rearrangement of a nine membered ring and found that along with the

products of rearrangement, at least four isomeric alkenes obtained by

ring fragmentation, were formed.9



Scheme 12

A

OH

B D

9

The relative amounts of the alkenes as well as the open chain product

E were erratic, suggesting that they were effected by nonreproducible

surface catalyzed reactions. In support of this, not only was

compound E found to polymerize readily at room temperature but the

starting compound A also eliminated water readily when subjected to

gas chromatography on acidic supports. Hence no reliable rate

measurements for the rearrangement could be obtained because of these

irreproducible side reactions.

This problem was eliminated by Thies, when in 1975 he introduced

the use of a trimethylsilyl moiety as a blocking group. 9 The

initial report of this siloxy-Cope rearragement and its subsequent

application to various ring systemsl° ,11,12, explored the scope of

the new modification (Schemes 13-15).



Scheme 13

1) 4 h, 316°C

OTMS
2) H2O

Scheme 14

Scheme 15

OTMS

4%

9%

55%
1) 5.25 h, 299°C

2) H2O

7%

ring
contracted
products
48%

35%

OTMS 1) 0.5 h, 310°C

2) H2O

6°/0

10

83%



Scheme 16

1) 2.2 h, 310°C

2) H2O
ON.

15%

11

Thies found that the eight, nine and ten membered rings upon pyroly-

sis, gave predominantly products of a two carbon ring expansion

obtained by means of a [1,3] sigmatropic shift. The [3,3] shift

product in all cases was obtained in much smaller amounts, but this

result could be readily explained. For a [3,3] sigmatropic shift to

occur, a considerable resistance would be encountered in forming

either the boat or chair transition state, either of which would bring

the vinyl group into the crowded center of the medium sized ring.

A dramatic change, in the [1,3]-[3,3] product ratio was noted

(Scheme 17), when the siloxy-Cope rearrangement was carried out on a

thirteen membered ring. 12 Thies and Bolesta found that approximately



Scheme 17

1) 246- 298°C

2) H2O

OTMS
54%

12

46%

half of the rearranged products were obtained by means of a [3,3]

sigmatropic shift. This clearly indicates that the less crowded large

ring offers less resistance to either a boat or a chair transition

state in a [3,3] sigmatropic shift.

Thies has also illustrated the use of the siloxy-Cope rearrange-

ment in the expansion of benzo substituted rings."

Scheme 18

OTMS 1) 243-293°C

OTMS

2) H2O

1) 11 h, 350°C

2) H2O

52%

47%
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Pyrolysis of the silyl derivative at 243-293°C in the gas phase in an

evacuated pyrex ampoule gave only a single product of ring expansion

by means of a [1,3] sigmatropic shift. No product of ring rearrange-

ment, which would be obtained from the corresponding [3,3] sigmatropic

shift, was observed.

Another example of the use of the siloxy-Cope rearrangement in the

expansion of rings has been carried out by Conia who utilises it in

the expansion of a cyclopropane ring to a cyclopentene ring as shown

in Scheme 19.14

Scheme 19

OTMS

OTMS

OTMS

OTMS

OTMS

OTMS
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Heating of the vinylcyclopropane derivatives for one hour in a sealed

tube at 350°C or in the vapour phase at 330°C for one hour, resulted

in products of ring expansion in high yields. The silyl enol ethers

were then hydrolysed to give the cyclopentenones.

Monti has also made use of the thermal vinylcyclopropane-cyclo-

pentane rearrangement as the basis for a cyclopentanone annelation

sequence. 15 The scheme involves the [1,3] sigmatropic shift of a

conjugated cyclopropane enol ether to yield cyclopentenone enol

ethers, which are hydrolyzed to ketones as in Scheme 20.

Scheme 20

A

TMSO

1) 360-450°C

2) HCI, CH3OH

28%

99%
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Monti has shown that the cyclopentanone products depend on the

structure of the starting vinylcyclopropyl enol silane. Rearrangement

of the angular substituted enol derivative B proceeds in good yield to

give 1-hydroindanone. On the other hand the exo enol silanes

derivative A yields two types of products. The expected

3,4-substituted cyclopentanones are obtained as a pair of cis and

trans isomers along with a monocyclic y,S-unsaturated ketone. The

monocyclic ketone is formed by initial isomerisation of the exo

starting material into an endo isomer followed by a facile [1,5]

hydrogen shift to give the ketone after hydrolysis of the intermediate

enol silane. Although the mechanism of the rearrangement is not clear

Monti states that the rearrangement proceeds either by means of an

orbital symmetry allowed process or by a process involving a diradical

intermediate.

D. L. J. Clive has devised a strategy involving repetitive ring

expansion of cyclic ketones to make large rings from smaller

ones." With this method, which is based on the use of a

siloxy-Cope [1,3] shift he has converted cyclododecanone to a twenty

membered cycloalkane. The tertiary alcohols obtained by the addition

of vinyl lithium to the a-ethenyl ketones were silylated. The silyl

derivatives underwent siloxy-Cope rearrangement upon heating under

nitrogen at 205°C for fifteen minutes to give regiospecific products

of ring expansion. As shown in Scheme 21 below, the entire sequence

of reactions was employed twice to convert a twelve membered ring to a

twenty membered ring.



Scheme 21

OTMS

TMS0

205°C, N2

16

0 OH
1) Me Li Se Ph

2) PhSeCH2CHO

1) vinyl lithium

2) TMSCI

1) Me Li

2) PhSeCH2CHO

3) Et3N,

MeS02C1

OTMS

Et3N,

MeS02C1

/I) vinyl lithium
2) TMSCI
3) 205°C, N2
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ANIONIC REARRANGEMENTS

The first report of a base catalyzed [3,3] sigmatropic rearrange-

ment of an oxy-Cope system was the conversion of the epimeric vinyl

carbinols shown in Scheme 22 to the ring enlarged diketone.17

Scheme 22

HO

KOH, reflux

60-65%

The above example by Swaminathan even antedates the introduction ul

the term oxy-Cope rearrangement by Berson in 1964. It was originally

postulated that such enone systems rearranged by a retro-aldol

cleavage/intramolecular Michael addition mechanism and not by a

concerted process.

A recent approach to the synthesis of pseudoguanolides has used a

five-membered ring analogue of the Swaminathan system (Scheme 23). 18

Depending upon the reaction conditions, Heathcock and his coworkers

observed two different products from a base catalyzed rearrangement of

the enone alcohol. A tricyclic dione is obtained from the use of more



Scheme 23

\KOH, CH3OH

18

than 1.5 equivalents of potassium hydride in tetrahydrofuran, while a

bicyclic enedione results from the use of potassium hydroxide in

aqueous methanol. They rationalized their results by the initial

formation of the epimeric alkoxide which undergoes reverse

aldolisation to give the enolate which is either prone to an oxy-Cope

rearrangement or can undergo an intramolecular Michael addition.

In 1975 Evans and Golob found that systems of the type used by

Berson, as shown in Scheme 24, rearrange much faster as alkoxides

formed by metal hydrides in ionising solvents or with crown-ether

complexing agents.19



Scheme 24

MeO

MH or

H crown-ether

MeO

OM

MeO
OM

19

This simple modification of the oxy-Cope reaction which has resulted

in observed rate accelerations of the order 1010-1017 has proved

to be a versatile reaction for the syntheses of a variety of carbon

skeletons. Furthermore, stereochemical labeling studies have

indicated it to be a concerted process.

Scheme 25 shows an example of an oxy-Cope rearrangement where a

bicyclic system provides stereocontrol in the synthesis of

dihydronepetalactone. Fleming uses his allylsilane chemistry to set

up a substrate for an oxy-Cope rearrangement.2°



Scheme 25

OH

KH KO

20

Treatment of the endo propenyl alcohol with potassium hydride followed

by an aqueous work up gave a single product in about 92% yield. All

the four chiral centers so formed were correctly disposed since the

only accessible conformation of the rearrangement is the boat

transition state.

A four carbon ring expansion by means of a base catalyzed oxy-Cope

rearrangement has been carried out by W. Clark Sti11.21 This is

illustrated in Scheme 26 in his synthesis of the sex excitant

pheromone (+)-periplanone B where a six membered ring is expanded to a

ten membered ring by means of an anionic oxy-Cope rearrangement.



Scheme 26

OH

KH, TMSCI

OTMS

EEO/ EEO/

21

Still has utilized this same four carbon ring expansion strategy

in the synthesis of the germacranolide, euccanabinolide where an

oxy-Cope rearrangement of the adduct A as shown in Scheme 27, gave a

1:1 mixture of the diastereomeric ring expansion products.22

Scheme 27

Ph 0

Ph 0

KN(TMS)2
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A further example of the utilization of an oxy-Cope rearrangement

for a four carbon ring expansion is in the synthesis of medium sized

ring compounds (Scheme 28). Gadwood and his coworkers have utilized

this approach in the synthesis of substituted cyclooctenes from

1,2-dialkenyl cyclobutanols."

Scheme 28

PH
1) KH/THF 25°C

2) HOAc

These trans dialkenyl cyclobutanols rearrange via an initial

isomerisation to the corresponding cis dialkenyl cyclobutanols, which

in turn then undergo the [3,3] sigmatropic shift. No product obtained

from the corresponding [1,3] sigmatropic shift was found to be

present. Gadwood has further extended this methodology to spiro

systems which upon rearrangement would yield the fused cyclooctene

systems as shown in Scheme 29.



Scheme 29

1) vinyl lithium
Et20

2) AcOH

23

Thus treatment of 5-methylenespiro[3.5]nonan-l-one with vinyllithium

resulted in a mixture of 1,2,3,4,6,9,10-octahydro-7-(8H)-benzocyclo--

octenone and 5-(2-methyl-l-cyclohexen-l-y1)-1-penten-3-one in 78%

yield. The benzocyclooctenone is formed via a rapid oxy-Cope

rearrangement of the cis dialkenyl cyclobutanol while the ring opened

ketone is produced via a retroene reaction of the trans dialkenyl

cyclobutanol.
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This strategy is further applied by Gadwood in the total synthesis

of the unusual sesquiterpene diol, ( +)- poitediol.24 The key step

(Scheme 30) involves a ring expansion of a 1-alkyny1-2-alkenyl-cyclo-

butanol by means of an anionic oxy-Cope rearrangement to a cyclo-

octanone.

Scheme 30

Direct addition of lithium acetylide to bicyclo-[3.2.0]heptanone,

followed by heating the adduct in hexane at 50°C, gave the product of

ring expansion in overall yields of 50-60%.

Paquette has also used the anionic oxy-Cope rearrangement of

1,2-dialkenyl cyclobutanols as a method of ring enlargement (Scheme

31). He has successfully utilized this strategy in creating the

central eight membered ring of the angularly fused 5-8-5 ring skeleton

of the Ophiobolins.25



Scheme 31

25

Paquette claims that the stereochemistry of the four chiral centers

obtained from the rearrangement, is derived in part from the stereo-

chemical features of the starting material and in part from the

anticipated boat like transition state of the sigmatropic shift.

Furthermore the strategy employed is such, that not only does this

transformation give rise to an all cis arrangement of the tertiary

hydrogen atoms, but the resulting enolate is also suitably disposed

for any further chemical manipulation.

A model study which utilizes a consecutive oxy-Cope/cyclobutene

ring opening rearrangement sequence has been carried out by Schreiber

in his synthesis of germacranes.26 His strategy, outlined in Scheme

32, involves the preparation of a ten membered carbocyclic ring

containing a butadiene unit from a fused bicyclo-[4.2.0] ring system.
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Scheme 32

HO KH
18 -crown-6
25°C

The divinyl alcohol above, undergoes a facile oxy-Cope rearrangement

upon treatment with potassium hydride and 18-crown-6 to give 71% of

the ring expanded ketone with a bridgehead olefin.

A number of similar bicyclic bridgehead olefins with a carbonyl in

the largest bridge have been synthesized by Levine, who utilizes an

oxy-Cope rearrangement of spiro compounds as shown in scheme 33.27

Scheme 33

KH, THE

reflux 4 h

(CH2)n

1 a) n = 3 2a) 79%
b) n = 2 b) 83%
c) n = 1 c) 47%



A ring expansion reaction by means of a [1,3] sigmatropic shift

has been well demonstrated by Danheiser.28 Depending upon the

solvents, Danheiser found that the lithium salts of 2-vinyl

cyclopropanols rearrange at 25°C to give cyclopentenols in 69-959

yields (see Scheme 34). He further demonstrated that the stereo-

chemical course of the rearrangement indicates it to be a concerted

Scheme 34

OLi
OLi

[1,3] sigmatropic shift proceeding suprafacially with inversion in

configuration or when topologically feasible anterafacially with

retention in configuration at the migrating center (Scheme 35).29

Scheme 35

Ph

1) :CHOCH2CH2CI

2) nBuLi

Ph 1) :CHOCH2CH2CI

2) nBuLi

27
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This study provides the first demonstration of a dramatic enhancement

of stereoselectivity in these reactions. Compared to this, the

conventional thermal vinyl cyclopropane rearrangements proceed with

only a moderate stereoselectivity and are complicated by competing

diastereomerization prior to rearrangement.

When this two step strategy is applied to cyclic dienes it

provides an attractive route to bicyclic alkenols.

Scheme 36

1) :CHOCH2CH2CI

2) nBuLi

Danheiser has further extended his ring expansion by means of

[1,3] sigmatropic shifts methodology, to cyclohexenol annulation.3°

The lithium and potassium salts of 2-vinyl cyclobutanols undergo a

vinylcyclobutane rearrangement at 25-70°C to give 3-cyclohexenol

derivatives.
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Scheme 37

1) R- / H-

2) H+

29

Another practical method for the ring expansion of 2-vinylcyclo-

butanols to cyclohex-3-en-1-ols even in the presence of acid sensitive

groups is illustrated by an alkoxide accelerated [1,3] sigmatropic

shift of the secondary alcohols as shown in Scheme 38.31 Cohen and

his coworkers found that when the rearrangement was carried out with

tertiary alcohols, namely, 2-viny1-1-alkylcyclobutanols, poorer yields

of the ring expansion products were obtained. He concludes that this

result is consistent with Danheiser's findings30 which attributes

the formation of the ring fragmentation product to a [1,5] proton or

hydrogen atom transfer that must be taking place either in the

alkoxide during a concerted ring opening or in a fragmentation product

such as a ketone-anion or an anion-diradical.
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Scheme 38

OH

OH

KH/ THE

0 heat

1) KH/ THF

2) H2O

87%

OH

33%

83%

The anionic [1,3] sigmatropic shift has also been studied by

Carpenter, who found that the rate acceleration is accompanied by a

change in stereochemistry.32 With the use of deuterium substitu-

ents, Carpenter and his coworker Zoeckler, have shown that, a [1,3]

benzyl migration proceeds with a slight excess of a retention in

configuration, rather than by the usual inversion in configuration

pathway (Scheme 39).



Scheme 39

D

3.15 ppm

4 H

inversion

1) H30÷
2) Me Li
3) CF3COOH

ratio 1.16:1.00

31

A 1.16:1.00 ratio for the benzylic protons at 8 3.15 and 8 2.66 respec-

tively, clearly indicated that the [1,3] migration generates both

configurations, retention and inversion for the above case. Further-

more with the help of mass spectrometry, they have determined that
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the rearrangement proceeds by a 75% intramolecular and a 25% inter-

molecular fragmentation-recombination mechanism.

Thies and Seitz were the first to demonstrate that the anionic

oxy-Cope conditions developed by Evans and Golob, gave similar rate

enhancements for [1,3] shifts. The same ring systems which his group

had studied previously for the thermal siloxy-Cope rearrangement are

shown with anionic conditions in Scheme 40.33

Scheme 40

2

2a, n =
b, n =
c, n =
d, n =

(CH )n

OK

0

4

1, cis
2. trans

:

a, 34:
b, 0:

4 :

20:
57:

5

7

8
2, cis c, 31: 0: 0
5, trans di 0: 9: 61
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The product distribution ratios, under these basic conditions were

quite similar to those obtained from the thermal rearrangements. The

medium sized nine and ten membered rings gave mainly products of ring

expansion by means of a [1,3] sigmatropic shift, while the large

thirteen membered ring gave predominantly the product obtained by

means of a [3,3] sigmatropic shift. The reaction conditions were more

easily attainable and the product yields were often appreciably better

relative to the high temperature thermal ones. These anionic

conditions also generated some acidic byproducts resulting from

oxidative cleavage, but they were easily removed. Thies further

applied these anionic oxy-Cope conditions to the benzo substituted

large ring systems (Scheme 41). The anionic rearrangement gave a

product similar to the one obtained from the thermal rearrangement,

but in slightly better yields.

Scheme 41

R = SiMe3

R = K

OR

350 °C, 11 h

25 °C, 5h

47%

56%



The effect of substituents on the rearrangement was also studied

and it was found that, the introduction of a methoxy group in the

3-position of the benzo ring made the rearrangement proceed three

times faster than the nonsubstituted one (Scheme 42).34

Scheme 42

MeO

HO

OH

KH, HMPA

40 min, rt

KH, HMPA

OH 2.3 h, rt

MeO

HO

38°,10

0%

34

On the other hand the 3-hydroxy substituted system does not undergo

any rearrangement at all. Thies concludes the reactions may proceed

by a concerted process, but that there is sufficient evidence to

indicate that an alternative anionic mechanism cannot he ruled out.



This work has also been extended (Scheme 43) to the benzo

substituted ten membered ring systems.35 Treatment of these

Scheme 43

1

la, Ri H; R2 = H
b, R1 = H; R2= OMe

OMe; R2 = H

KH, HMPA

35

2

2a, 70%
b, 94%
Q, 54%

vinylic alcohols with potassium hydride in dry hexamethylphosphoramide

gave only the product of ring expansion by means of a [1,3] sigma-

tropic shift in the respective yields.

Scheme 44 shows another example where anionic [1,3] and [3,3]

rearrangements of oxy-Cope systems may compete. This is in the

synthesis of syn-7-benzyloxy-4-methylbicyclo[2.2.1]hept-5-en-2-one an

intermediate in the synthesis of steroids and tricothecanes.36



Scheme 44

OBn

BnO

MgBr

THF

THF

36

OBn

A
NaH, THE
30 min, heat

NaH, THF
1.75 h

Treatment of A with sodium hydride in refluxing tetrahydrofuran for

one hour afforded the desired methyl substituted hydrindenone B in 55%

yield along with 12% recovered A. On the other hand rearrangement of

C using sodium hydride in refluxing tetrahydrofuran for thirty min-

utes, followed by an aqueous workup produced the alcohol A as the

major product with only a trace of B as the minor product. However

when C was rearranged under the same conditions, but for 1.75 hours,

none of the alcohol A could be detected but the hydrindenone B was

isolated in only 10% yield. Jung, who carried out this work,

rationalizes that although a direct [1,3] sigmatropic shift of C to B

cannot be ruled out, the results are best explained by a tandem

[1,3]-[3,3] sigmatropic process.



This tandem [1,3]-[3,3] sigmatropic rearrangement has also been

studied by Uyehara (Scheme 45), who has worked on a related system,

namely the bicyclo-[3.2.2]-non-6-en-2-ols.37 These endo alcohols

under the influence of potassium hydride and 18-crown-6 were

transformed into the ring expanded ketones by means of a tandem

[1,3]-[3,3] sigmatropic rearrangement.

Scheme 45

OH
MeO

37

Uyehara and his coworkers actually found that a) the primary

course of the reaction is a suprafacial [1,3] shift with inversion in

configuration without any competing [3,3] shift. b) A secondary

product, the bicyclo[5.2.2]-undec-8-en-4-one was also obtained via an

alkoxide accelerated [3,3] shift of the initially formed [1,3] shift

product. They carried out substituent effects on these tandem

[1,3] -[3,3] sigmatropic shifts and found that a conjugating

substituent on the migrating carbon accelerated the rate of the [1,3]
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sigmatropic shift. Furthermore, they also found that the presence of

the methyoxy group on the C-1 position of the bicyclo system, favored

the rearrangement by making it more reactive.

An eight carbon ring expansion scheme of a six membered ring to a

large ring has been introduced by Wender (Scheme 47).38

Scheme 47

OK

5,5
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OK

3,3/
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Although a precise mechanism for the above rearrangement has not been

established, Wender claims that the product enolate arises from both,

a [5,5] concerted sigmatropic shift as well as from two sequential

[3,3] sigmatropic shifts. Although the former is favored, he further

adds that if the latter mechanism were to be followed, then the

intermediate enolate obtained after the first [3,3] sigmatropic shift,

should undergo a much more rapid rearrangement owing to the accelera-

ting effect of the enolate moiety.
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In a continuation of previous studies involving the oxy-Cope

rearrangement of the trans-l-vinylcyclotridec-3-en-1-ol system we were

interested in seeing what effects substituents placed on the two

positions of the vinyl group would have on the rearranged product

ratios. The substituted vinylcyclotridec-3-en-1-ols were prepared by

the addition of organometallic compounds to the thirteen membered ring

ketone, trans-cyclotridec-3-en-l-one 1 whose synthesis was carried out

as before12 and is shown in Scheme 48.

Addition of N-bromosuccinamide to a mixture of cis and trans

cyclododecenes, gave the allylic bromide which was hydrolyzed to give

the allylic alcohol. Simmons-Smith reaction using zinc-copper couple

and diiodomethane afforded the bicyclo[10.1.0]dodecan-2-ol, which was

ring opened under acidic catalyzed conditions to give the trans-cyclo-

tridec-3-en-l-ol. Conversion to the ketone trans-cyclotridec-3-en-1-

one 1 was then achieved by means of oxidation with pyridinium

chlorochromate in dichloromethane.
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The preparation of alcohol 2a was carried out by reacting ketone 1

with the Grignard reagent obtained from 1-bromovinyltrimethylsilane as

shown in Scheme 49. This resulted in a 77:23 ratio of 2a:1 and a 26%

isolated yield of the pure alcohol 2a.

Scheme 50

CeCI3,

Mg, THF
0°C

2b.

Addition of the Grignard reagent obtained from 2-bromopropene to

ketone 1, resulted in a 86% conversion of the ketone to give a 50% of
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yield of the pure alcohol 2b. The cerium chloride modified addition

of 1-methylethenylmagnesiumbromide shown in Scheme 50, gave a somewhat

better 55% pure isolated yield of the product 2b.

Scheme 51

Br

Mg, THE
25°C

a

Reaction of the ketone 1 with the Grignard reagent obtained from a

mixture of cis and trans-1-bromopropenes and magnesium, gave a 72:28

mixture of the cis:trans propenyl alcohols in a 47% isolated yield

after purification. As shown in Scheme 52, the structure of the

alcohol 2d was confirmed by another reaction sequence. The reaction

of pure trans-1-chloropropene with lithium by means of cavitation
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using an ultrasonic bath cleaner, gave as the sole product in 36%

isolated yield the alkynyl alcohol 3, instead of the expected alkenyl

alcohol 2d. This product was converted to 2d by a lithium aluminum

hydride reduction of the triple bond. The product of reduction

obtained in 33% yield was found to be indentical in spectral data with

the one obtained from the Grignard addition to the ketone.

Reaction of ketone 1 with the acetylide obtained from the reaction

of trimethylsilylacetylene and n-butyllithium in diethyl ether gave

the alkynyl adduct 4 in 61% isolated yield (Scheme 53). The triple

bond was then reduced to the double bond by a lithium aluminum hydride

reduction to give a 54% isolated yield of the alcohol 2e along with

12% of compound 5, obtained by an overreduction of the triple bond to

the single bond.
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The preparation of the isopropyl substituted compound 2f (Scheme

54) was very similar to the one utilized for the preparation of

alcohol 2e. Reaction of n-butyllithium with 3-methyl-l-butyne,

followed by trapping of the acetylide anion with ketone 1 gave the

alkynyl alcohol 6 in 75% isolated yield after purification. Reduction

of the triple bond failed under the usual circumstances. However the

reduction was accomplished when the reaction was carried out in a

different solvent medium (Scheme 55).

Scheme 55

LiAIH4

THF

As indicated in the above scheme, reduction of the triple bond in THF

rather than diethyl ether, resulted in a 65% isolated yield of two

products, the expected alcohol 2f and an allene 7 in a 32:68 ratio.

The formation of an allene under these conditions has not been

observed in our work before.
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The byproduct allene 7 was converted to the trans alcohol 2f by using

H. C. Brown's method4° as shown in Scheme 56.

Scheme 56

1) Hg(OAc)2, THE-H2O

2) NaOH, NaBH4

Oxymercuration of the allene followed by a reduction with sodium

borohydride under basic conditions gave the product alcohol 2f in 36%

isolated yield, which was found to be identical with the one obtained

from the reduction of the alkynyl alcohol 6.

Treatment of ketone 1 with the anion obtained from the reaction of

trans-1,2-dichloroethylene and methyllithium resulted in a >95%

conversion of the ketone to give a 60% yield of the alcohol 10 (Scheme

57). Reduction of alcohol 10 with lithium aluminum hydride gave the

product alcohol 2g in 12% yield along with 5% of alcohol 2u and 8% of

alcohol 11.
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THERMAL REARRANGEMENTS

The thermal rearrangements were not carried out on the alcohols.

Instead, as in our previous work12, all the substituted vinylic

trans-cyclotridec-3-en-l-ols in our study were silylated using the

standard procedure.4° These silyl derivatives were then subjected

to the siloxy-Cope rearrangement by heating in sealed ampoules at

300°-325°C. The products of pyrolysis were then hydrolyzed to give the

varying ratios of the product ketones as shown in Scheme 58.

Scheme 58

2u-TMS, Ri = R2 = R3 = H
2a-TMS, R1 = Si(CH3)3; R2 = R3 = H
2b-TMS, R1 = CH3; R2 = R3 = H
2c-TMS, R1 = R2 = H; R3 = CH3
2d-TMS, R1 = R3 = H; R2 = CH3
2e-TMS, R1 = R3 = H; R2 = Si(CH3)3
2f-TMS, R1 = R3 = H; R2 = i-C3H7
2q -TMS, R1 = R3 = H; R2 = 01

1) 250°- 325°C

2) hydrolysis

8



50

The results of the thermal pyrolysis/hydrolysis are shown in Table I.

The hydrolysis in all cases was carried out by refluxing the crude

pyrolysis product in a pyridine/water/HC1 solvent mixture.4°

Table I. Thermal Rearrangement/Hydrolysis of the Silyl Derivatives

of the Substituted 1-Vinyl-trans-cyclotridec-3-en-l-ols(2a-f).

COMPOUNDS
PYROLYTIC PRODUCT RATIOS

CONDITIONS 8 : 9 YIELDS

2u 299°C; 2.0 hrs. 54 : 46 79%

2a 316°C; 4.0 hrs. 77 : 23 74%
(a-TMS) 8u,9u; (8a,9a without

trimethylsilyl group)

2b 306°C; 2.5 hrs. 55 : 15* 47%
(a-Me) 8b is a 47:53 mixture

of two diastereomers

2c 318°C; 4.5 hrs. <2 : >98 55%
(cis 0-Me)

2d 322°C; 4.5 hrs. <2 : >98 53%
(trans 0-Me)

2e 310°C; 4.5 hrs. <2 : >98 52%
(trans 0-TMS)

2f 326°C; 5.0 hrs. a mixture of three 94%**
(trans P-iPr) isomeric trienes.

2g 320°C; 3.5 hrs. a mixture of two 62%**
(trans s-Cl) unindentifiable

compounds.

*30% of an unidentifiable byproduct is also formed.

**recovery after pyrolysis only.
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As shown in Table I, 2b upon pyrolysis gave along with the [1,3]

and [3,3] shift products, 30% of an unindentifiable product. This

product had nearly the same G.C. retention time as the [3,3] shift

ketone 8b. On the other hand thermal rearrangement of alcohol 2a

resulted in the two products of rearrangement which were identical in

spectral data and GC retention time to those obtained from the rear-

rangement of 2u. These products revealed the complete absence of the

trimethylsilyl substituent. For the thermal rearrangement of the

0-substituted compounds 2c-e, the ring expands extremely selectively

by means of a [1,3] sigmatropic shift. However, pyrolysis of 2f

resulted in a mixture of three compounds, which were obtained by

elimination of the trimethylsiloxy group, rather than from the [3,3]

and [1,3] sigmatropic shifts. Also the thermal rearrangement of 2g

gave a mixture of two products, which though not fully characterized,

do not appear to arise from [1,3] or [3,3] oxy-Cope rearrangements.

This product mixture revealed the complete absence of any vinylic

protons. The NMR spectrum showed the presence of a strong peak at 6

7.15 ppm while the infrared spectrum did not show any strong carbonyl

bands for the products of rearrangement.
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ANIONIC REARRANGEMENTS

The anionic rearrangements of the various alcohols were carried

out by generating the anion using potassium hydride in the solvent

hexamethylphosphoramide. Depending upon the alcohol the reactions

were run at various temperatures as shown in Table II below. In all

cases, the starting compound completely rearranged during the time

given; in some cases the reaction was complete in a shorter time than

listed.

Scheme 59

2u, Ri = R2 = R3= H
2a, R1 = Si(CH3)3; R2 = R3 = H
2b, R1 = CH3; R2 = R3 = H
2c, Ri = R2 = H; R3 = CH3
2d, R1 = R3 = H; R2 = CH3
2e R1 = R3 = H; R2 = Si(CH3)3
2f, R1 = R3 = H; R2 = i-C3H7
2h, Ri = R3 = H; R2 = SPh

KH, HMPA



53

Table II. Anionic Rearrangements of the Substituted 1-Vinyl-trans-

cyclotridec-3-en-1 -ols.

COMPOUNDS

2u

2a
(a-TMS)

2b

(a-Me)

2c

(cis 0-Me)

2d

ANIONIC PRODUCT RATIOS
CONDITIONS 8 : 9

60°C; 4.5 hrs. 87 : 13

60°C; 4.0 hrs. 88 : 12

8u,9u; (8a,9a without
trimethylsilyl group)

54°C; 2.5 hrs. 82 : 18

8b is a 45:55 mixture
of two diastereomers

100°C; 2.0 hrs. 61 : 39

8c is a 56:44 mixture
of two diastereomers

102°C; 1.5 hrs. 52 : 48
(trans 0-Me) 8d is a 30:70 mixture

of two diastereomers

YIELDS

70%

76%

62%

62%

39%

2e 25°C;11.0 hrs. 2u; (2e without the 42%
(trans 0-TMS) trimethylsilyl group)

2f 100°C; 2.5 hrs. 27 : 35* 69%
(trans -iPr) 8f is a 47:53 mixture

of two diastereomers

2h
(trans 0-SPh)

25°C; 8.0 hrs. 2h 50%

*38% of a ring fragmentation product 12 was also formed.
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As can be seen from Table II, the anionic rearrangements take place at

much lower temperatures than the thermal rearrangements. Rearrange-

ment of alcohol 2a resulted in the two products of rearrangement, but

both were lacking the trimethylsilyl group. Rearrangement of the

alcohols 2b-d resulted in the formation of the [1,3]/[3,3] shift

mixture that varied somewhat with substituent. Alcohol 2h did not

rearrange at all and was recovered in nearly 50% yield. Alcohol 2e

also did not rearrange, but gave back the starting alcohol without the

trimethylsilyl group, i.e., alcohol 2u was obtained. On the other

hand alcohol 2f gave a rather intriguing result. Besides the two

products of rearrangement, the major product obtained was that of ring

cleavage. The formation of this ring cleaved product had not been

observed in the rearrangements of any of the other substituted 1-

vinyl-trans-cyclotridec-3-en-l-ols.

Scheme 60

2f

KH, HMPA
100°C

12
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The time the substrates took to rearrange completely was deter-

mined by monitoring the reactions by means of gas chromatography. The

percentage composition of the product mixtures was also determined by

gas chromatography using cyclododecanone as the internal standard. To

see if the product distribution ratio changes with time, alcohol 2c

was stirred with KH in HMPA and the reaction monitored by removal of

aliquots every thirty minutes. The product and diastereomer ratios

(Tables III and IV) both showed considerable scatter though they

stayed essentially constant.

Table III: Rearrangement of Alcohol 2c with KH in HMPA.*

% 2c
Time of Temp at [3,3]:[1,3]

[3,3] shiftremoval time of Product
left in min. removal Ratio Dias. Ratio

100 7 22°C 00 : 00 00 : 00

100 20 22°C 00 : 00 00 : 00

00 53 73°C 54 : 46 50 : 50

00 83 73°C 57 : 43 43 : 57

00 113 77°C 51 : 49 57 : 43

00 143 72°C 48 : 52 59 : 41

00 173 85°C 48 : 52 46 : 54

00 263 108°C 48 : 52 51 : 49

final product 55 : 45 45 : 55

*Peak areas were determined using an electronic integrator.
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Table IV. Rearrangement of alcohol 2d with KH in HMPA.*

Time of Temp at [3,3]:[1,3]
% 2d removal time of Product [3,3]:[1,3]
left in min. removal Ratio Dias. Ratio

100 15 22°C 00 : 00 00 : 00

100 30 22°C 00 : 00 00 : 00

79 55 64°C 29 : 71 59 : 41

73 70 63°C 33 : 67 64 : 36

69 65 78°C 35 : 65 63 : 37

43 125 79°C 33 : 67 62 : 38

16 140 90°C 39 : 61

00 205 90°C 22 : 78 57 : 43

00 220 90°C 24 : 76 62 : 38

00 250 90°C 21 : 79 71 : 29

00 280 108°C 33 : 67 69 : 31

00 315 102°C 24 : 76 70 : 30

00 370 120°C 35 : 65 67 : 33

final product 44 : 56 81 : 19

*Peak areas were determined using an electronic integrator.

After isolation of the crude mixture of rearranged products their

separation was carried out by means of preparative gas

chromatography. Assignment of the structures to the products obtained

from both the thermal and anionic rearrangements was made by mass

spectroscopy, proton and C13 NMR spectroscopy and Infrared

spectroscopy. Verification of molecular formula was carried out by
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means of high resolution mass spectroscopy. The infrared spectra of

the rearranged products showed strong adsorptions at 1705-1715cm-1

indicating the correct functional group for the products of

rearrangement. The characteristic vinyl patterns of the y-vinyl

ketones obtained by means of the [3,3] sigmatropic shifts was identi-

fied by means of proton and 13CNMR spectroscopy and infrared spec-

troscopy. The position of the double bond in the ring expanded

fifteen membered ring ketone was assigned by analogy to 9u, which was

assigned earlier.51 Further proof for the position of the double

bond in the [1,3] shift ring expanded product was obtained by a COZY

study, carried out on the ketone 9b. From the spectrum it was con-

cluded that the methyl group was a to the carbonyl group. The allylic

protons were coupled to a methylene which in turn were coupled to a

methine proton. This clearly confirmed that the double bond was in

the 5,6-position. The carbon skeleton of the ring expanded ketone 9c

was also verified by its conversion to a known natural product.55

Scheme 61

9c/9d

H2

Pt02

la
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Ketone 9c (same as 9d), obtained from the rearrangements of alcohols

2c and 2d, was hydrogenated over Adams catalyst to give a 71% yield of

muscone 13 (Scheme 61). The structure of this compound was found to

be identical in spectral data and GC retention time to an authentic

sample.
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DISCUSSION

Thies and his coworkers have investigated the thermal siloxy-Cope

and the anionic oxy-Cope rearrangement of medium and large ring com-

pounds 9,10,11,12 ini an attempt to uncover the mechanism of the

reaction, as well as to put it's synthetic ability to use as a two

carbon ring expansion methodology in organic synthesis. In this

respect the influence of ring size was thought to be an important fac-

tor, since not only would it affect the rate of the reaction, but it

would also play a significant role in determining the product distribu-

tion ratio. In earlier work, it was found, that the medium sized

rings favored the [1,3] shift ring-expansion process under both

thermal and anionic conditions over the [3,3] shift process. On the

other hand, as discussed in the Introduction section, the larger

thirteen membered ring gave an unselective 54:46 ratio of the

[3,3]:[1,3] shift products upon pyrolysis. The ratio increased

considerably in favor of the [3,3] shift product when the

rearrangement was carried out under anionic conditions, which require

much lower temperatures.

The present study was undertaken on the thirteen membered ring

system, in order to determine what effects substituents would have on

the control of the periselectivity of the sigmatropic shift when

placed on the two positions of the 1-vinyl group. Would ring

expansion occur readily, or would there be any side reactions that

might deter this process? Could any conclusions be drawn about
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the mechanism of the reaction? Could this strategy have any synthetic

significance?

SYNTHETIC METHODS

In the scheme employed for the synthesis of the various substitu-

ted-vinylcyclotridec-3-en-l-ols, only the trans-cyclotridec-3-en-l-one

1 was used. The trans nature of the ring double bond has been

attributed to the cyclopropylcarbinyl-homoallylic rearrangement of the

anti,trans-bicyclo[10.1.0]dodecan-2-ol system, which only gave the

trans-cyclotridec-3-en-1-ol upon treatment with dilute acid.'2 This

in turn depends on the highly stereospecific, directed Simmons-Smith

reaction that generates the anti,trans-bicyclic material used in the

acid catalyzed rearrangement.

Additions of various alkenyl halides to ketone 1 resulted in only

moderate yields of the product alcohol. This is due to the highly

enolisable carbonyl present in ketone 1. Application of a recently

discovered42 cerium chloride promoted nucleophillic addition of the

Grignard reagent to ketone 1 resulted in a slightly better yield, of

the alcohol 2b, which was the only case tested in our studies. This

better reactivity has been attributed to the resultant Grignard-cerium

chloride reagent which is distinctly less basic and exhibits enhanced

carbonylophilicity than the corresponding Grignard reagent.
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Some of the 0-substituted alkenyl compounds required a two step

process involving addition of the substituted alkyne to ketone 1. The

resultant alkynyl alcohols were then converted to the 0-vinylic

alcohols by reduction of the triple bond with lithium aluminum

hydride.43 This reaction proceeds through a mechanism involving

complexation of the aluminum to the oxygen followed by the formation

of an intermediate bicyclic complex (see Scheme 62) in which a

hydrogen is bonded to one originally unsaturated carbon while aluminum

is bonded to the other. This carbon-aluminum bond is then cleaved in

the hydrolysis step so as to give a product where the double bond is

stereospecifically trans. A few cases are known where some cis is

formed but trans always predominates.43

Scheme 62

2d, R = CH3 34%
2e, R = Si(CH3)3 54%

In the present case, this method resulted in the conversion of the

alkynyl alcohols 3 and 4 to the trans allylic alcohols 2d and 2e in

34% and 54% yields respectively.
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For the isopropyl substituted case, reduction of the triple bond

with lithium aluminum hydride in refluxing diethyl ether resulted in

no product of reduction. This could be due to the fact that formation

of the intermediate bicyclic complex would be restricted by the more

sterically cumbersome isopropyl group. However replacement of diethyl

ether by the higher boiling tetrahydrofuran resulted in the formation

of the allene 7 as the major product along with a minor amount of the

desired product.

The formation of allenes from acetylenic compounds is not uncom-

mon. A considerable amount of pioneering work has been carried out on

the preparation of allenes from acetylenic compounds45 ,46,47 (Scheme

63).

Scheme 63
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In 1955 Pfeifer and Bailey carried out a one-step synthesis of

allenes from a series of acetylenic alcohols which were readily

available.48 This was the first time the use of lithium aluminum

hydride was made for the preparation of allenes specifically from

acetylenic alcohols (Scheme 64).

Scheme 64
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2) Li AIH4
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2) Li AIH4
OH dioxane
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2) LiAIH4
OH dioxane

51%

49%

15%

Treatment of the alcohols with concenterated hydrochloric acid

followed by extraction and addition of the dried organic layer to

lithium aluminum hydride in THE and finally distillation of the

mixture resulted in the formation of the allenes.

Borden has further investigated the mechanism of the reduction of

allylic/propargylic alcohols to see whether, during the formation of
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the bicyclic complex, the attack of the hydride is an intramolecular

or an intermolecular process.49 He therefore studied the stereochem-

istry of the hydride attack on the reduction of 1-t- butyl -3- phenyl-

allyl alcohol with lithium aluminum deuteride in refluxing THE (Scheme

65).

Scheme 65
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Borden concluded that the attack was an intramolecular process rather

than an intermolecular one.

Claesson has shown a convenient method for the conversion of

acetylenic derivatives into conjugated dienes.5° This reaction with

lithium aluminum hydride proceeds through the formation of an a

allenic alcohol. Claesson claims that the conversion of the a-allenic

alcohol to the diene involves complexation of the aluminum to the



oxygen atom followed by an intramolecular hydride attack in an Sti;

fashion at position 3, as shown in Scheme 66.

Scheme 66
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The above structure suggests that the most plausible mechanism for

the formation of allene 7 from the alkynyl alcohol 2f would be as

shown in Scheme 67.

Scheme 67
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Treatment of the alcohol 6 with lithium aluminum hydride in refluxing

THE would result in the coordination of the aluminum to the oxygen

atom followed by an intramolecular delivery of the hydride to the

0-position of the triple bond, so as to displace the aluminate group

in an SN
2

fashion. It appears that delivery of the hydride at the

0-carbon atom is considered more favorable than formation of the

bicyclic intermediate (Scheme 62) because coordination of the aluminum

to that carbon atom would be disfavored by the bulky isopropyl group

present on that same carbon. Hence, the allene is formed as the major

product in nearly three times the amount of the desired alcohol 2f.

The allene 7 so obtained was converted to the alcohol 2f by means

of oxymercuration. Treatment of the allene 7 with mercuric acetate in

a water-THF solvent system results in the initial formation of a

bridged mercurinium ion as a stable intermediate (Scheme 68).

Scheme 68

2f
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Previous studies indicate that the product forming, three membered

ring intermediate has the mercury atom cis to the bulky isopropyl

group situated on the remaining n bond.51 This is attributed to the

fact that the mercurinium ion is formed reversibly prior to the rate

limiting step and is not subject to steric control. The opening of

the mercurinium ion by the solvent then is both rate and product

determining and is sensitive to the steric influence of substituents

on the opposite end of the allenic system, thereby indicating, that

the central carbon atom of the allene system has acquired a good deal

of trigonal character. Thus attack of the nucleophile from the back

side, followed by reductive elimination of the mercurinium ion with

sodium borohydride results in the stereospecific formation of the

trans alcohol 2f.
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THERMAL REARRANGEMENTS

The Thies and Bolesta study of the siloxy-Cope rearrangement of

1-trimethylsiloxy-l-vinyl-trans-cyclotridec-3-ene (2u-TMS) showed that

the [3,3] shift process is only slightly preferred over the [1,3]

shift process at temperatures comparable to those used in other medium

sized ring systems that they had studied before. The lower E. of

41.8 Kcal/mole for the [3,3] shift compared to 50.8 Kcal/mole for the

[1,3] shift process, is almost balanced by the more favorable entropy

term for the [1,3] shift relative to the [3,3]. As temperature

decreases, the [3,3] shift becomes more favorable. The activation

parameters suggested that the [3,3] shift rearrangement proceeds

through a concerted mechanism although a diradical mechanism could not

be totally ruled out. The activation parameters are less clear for

the [1,3] shift case as pointed out by Berson's work. 4a, 52

A concerted mechanism would involve the presence of either a chair

or a boat conformation in the transition state. Doering and Roth have

shown that the chair conformation is energetically preferred. Scheme

69 illustrates the two conformations for the rearrangement. Introduc-

tion of the substituent in the m-position of the double bond will

raise the energy of both transition states relative to that of the

unsubstituted case, since the chair and boat conformations, suffer

from 1,3 and 1,4 diaxial interactions respectively. This should

increase the ratio in favor of the [1,3] shift product. But instead,
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as shown in Table I, the ratio has increased noticeably in favor of

the [3,3] shift product for alcohols 2a and 2b. This means that

although the transition states for the [3,3] rearrangement of the two

alcohols are higher in energy then for 2u, they are still preferred

over the [1,3] transition state. As indicated in Scheme 70, migration

of the methylene to the 0-position, appears to increase the steric

interactions with the substituent at the a-position. It may also be

that the a-substituent has a greater stabilizing effect on any radical

or ionic character that builds up at the a-position for the [3,3] case

than for the [1,3] case. In any event the effect is too small to

generate any definite conclusions.
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For the 0-substituted vinylic alcohols also, a concerted mechanism

would proceed through a chair or a boat transition state, the chair

normally being preferred energetically. For the rearrangement of cis

alcohol 2c, either the chair or boat transition state would have extra

repulsive interactions between the methyl group and the rest of the

carbon framework in the molecule (see Scheme 71.) To the extent this

is like a cyclohexane, the 0-methyl raises the transition state by ca

4.5 Kcal/mole for the chair and by ca 6.2 Kcal/mole for the boat. The

ground state energy would be raised by 2.7 Kcal/mole in both cases.

Scheme 71

chair

H
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Further as shown in Scheme 72, the cis methyl also will create an

increased steric interaction with the migrating methylene for a [1,3]

shift, but this appears much less than the steric interaction which

disfavors the [3,3] sigmatropic rearrangement. In the real experi-

ment, (see Table I), rearrangement of the silyl derivative of alcohol

Scheme 72

2c proceeds to give >98% of the product of ring expansion by means of

the [1,3] sigmatropic shift.

On the other hand, looking at the transition states of the trans

0-substituted alcohols 2d-g, it can be seen that there would be a

lesser interaction between the substituent and the rest of the carbon

framework in the chair transition state (ca. 0.9 Kcal/mole) since the

substituent is in the equatorial position. An eclipse between the

methyl and a methylene still creates a large steric repulsion for the

boat form.
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In spite of the seemingly more favorable chair transition state, the

siloxy-Cope rearrangement of the trans alcohols 2d and 2e again gave

>98% of a product of ring expansion by means of a [1,3] shift. Models

suggest that the repulsive interaction for the chair form may be

somewhat larger than 0.9 Kcal/mole because the larger ring forces the

methyl from a perfect staggered conformation towards an eclipsed one.

This then clearly indicates that introduction of a substituent in the

0-position of the external double bond, irrespective of it's size or

double bond geometry, destabilizes the transition state for a [3,3]

shift to such an extent, that the alternative [1,3] sigmatropic shift

is overwhelmingly favored.

It is also possible that these thermal, siloxy-Cope rearrangements

could proceed by a nonconcerted mechanism involving a diradical. The

transition state for the diradical mechanism is shown as a diradical

intermediate A (Scheme 74).
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These intermediates would be analogous to the one proposed by Dewar

and Wade3, (see Scheme 5) where a phenyl ring in position 2 of the

diradical intermediate stabilizes the incipient radical. Although no

such phenyl ring is present in the above case, the diradical inter-

mediate A would be stabilized by virtue of the fact that the radical

in position 2 is tertiary. This mechanism predicts a faster rate for

the [3,3] shift of 2a and 2b relative to the unsubstituted compound

2u. A similar diradical mechanism is not feasible for [1,3] shift.

Hence the a-substituted alcohols should give a greater amount of the

[3,3] shift product than the nonsubstituted ones. As shown in Table

I, alcohols 2a and 2b do give a higher ratio of [3,3] to [1,3] shift

product than the unsubstituted vinylic alcohol 2u, but the difference

is modest (MG* =0.5 Kcal/mole whereas the energy difference between

2° and 3° radicals is ca. 3 Kcal/mole).

The product ratio obtained from the pyrolysis of the silyl

derivatives of the 0-substituted alcohols 2c-e could also be rational-

ized by means of the diradical mechanism. Unlike the previous case of
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the a-substituted alcohols where the incipient radical formed at the 2

position was tertiary and stabilized by the substituent at that site,

the radical at the 2 position obtained during the rearrangement of the

0-substituted alcohols are secondary and lack the stabilizing electron

releasing effect of the substituent at that position.

Compounds 2c-e could also rearrange via a diradical intermediate B

which can recombine to give the [1,3] and [3,3] sigmatropic shift

products. As shown in Scheme 75, the diradical intermediate B can

Scheme 75
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undergo a ring closure to form the [1,3] shift product with the double

bond geometry trans. On the other hand the allyl group could rotate

to form a diradical intermediate C, which in turn can undergo a ring

closure to give the ring expanded product with the double bond cis.

No cis-cyclopentadec-5-en-l-one was detected which could mean that

intermediates B and C are not involved or that rotation within the

allyl group compared to ring closure is relatively slow. The trans is

also more stable than the cis product so there is little tendency to

make cis from trans.

The formation of the two diastereomeric [3,3] shift products in

the rearrangement of alcohol 2b does not provide any evidence on

whether the [3,3] shift is concerted or nonconcerted. The substituted

a-position becomes sp2 hybridised by rearrangement (see Scheme 76).

Scheme 76
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The formation of the two diastereomers in the [3,3] shift product

results from proton capture from both sides of the double bond during

hydrolysis. Apparently the two faces are highly similar since

alcohol 2b gives the two diastereomeric [3,3] shift products in a

nearly equal ratio of 47:53.

Rearrangement of alcohol 2a proceeds to give the thirteen and

fifteen membered ring silyl enol ethers with the trimethylsilyl group

intact in the a-position. The fact that the trimethylsilyl groups are

not lost in the pyrolysis step is best evidenced by the proton NMR and

infrared spectra of the compounds that were taken prior to

hydrolysis. Also the fact that the [3,3] to [1,3] shift ratio for 2a

is different from 2u clearly indicates that the carbon bound trimethyl-

silyl group must still be present in the rearrangement step.

Scheme 77

Si,
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As shown in Scheme 77, the loss of the trimethylsilyl group can be

explained by means of a mechanism which is closely related to the

Brook rearrangement that takes place under similar conditions."

The results of the pyrolysis of alcohol 2f are unusual. No prod-

ucts of rearrangement are obtained, just trienes obtained by the loss

of the trimethylsiloxy group.(Table I). The bulky isopropyl group

could prevent an effective orbital overlap in the transition state of

a concerted [3,3] sigmatropic shift process. It could also create

some unfavorable steric interaction for the [1,3] sigmatropic shift

ring expansion reaction, but it is hard to explain the dramatic change

in products. The ampoules were oven dried overnight after washing

with water, acetone and ammonium hydroxide respectively, to minimize

the possibility of any glass or acid catalyzed reactions. A similar

result was also obtained from the pyrolysis of the silyl derivatives

of alcohol 2E which gave a product totally devoid of any vinylic

protons in the NMR spectrum. The only strong peak which appeared in

that region was a peak at 6 7.15. This peak was also found in the

spectrum of the rearrangement of alcohol 2a which gave 30% of an

unidentified compound. Thus it is not clear why the thermal

rearrangements of alcohols 2f and la do not give any products of

rearrangement other than to say, that the elimination side reactions

are unusually favored for those cases.
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ANIONIC REARRANGEMENTS

Thies and Seitz studied the rearrangement of the unsubstituted 1-

vinyl-trans-cyclotridec-3-en-l-ol, 2u, and found a dramatic change in

the rate and especially the product distribution ratio when compared

with the thermal rearrangement of the same compound. In order to

provide an estimate for the rate of the reaction at 60°C, they applied

the activation parameters used for the thermolysis and found that the

[3,3] shift process would be facilitated by a factor of 212 over the

[1,3] shift process. When the rearrangement was actually carried out

at 60°C the selectivity wasn't that high but the product distribution

ratio was heavily in favour of the [3,3] shift product.

This work was undertaken to study the anionic rearrangement of the

substituted vinylic trans-cyclotridec-3-en-l-ols 2a-f. Overall, the

effect of substituents on the control of periselectivity of the

reaction was much less than for the thermal cases. (Compare Table I

with Table II.) The ratio of products obtained from 2b was comparable

to the ratio obtained from alcohol 2u. On the other hand the rear-

rangement of alcohol 2a, when carried out by employing the conditions

of Seitz, gave two products which were found out to be the ketones 8u

and 9u. The trimethylsilyl substituent was lost in the course of the

rearrangement. This was easily verified by identical retention times

on the GC when compared with the ones obtained from the rearrangement

of alcohol 2u as well as by the comparison of the various spectral
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data. The product distribution ratio obtained from 2a was also found

to be similar to that obtained from alcohol 2u. The loss of the

trimethylsilyl group is probably taking place after the formation of

the two enolate ethers by a mechanism very similar to the Brook

rearrangement (see Scheme 77).

The loss of the trimethylsilyl substituent in the rearrangement of

alcohol 2a and the similar ratio of products obtained from the rear-

rangement of alcohols 2a, 2b and 2u clearly indicate that study of the

anionic rearrangements of a-vinylic substituted alcohols will not

throw any light on the mechanism of the sigmatropic rearrangement.

Even though two diastereomeric [3,3] shift products are obtained from

the rearrangement of alcohol 2b, no definitive conclusion about the

mechanism as to whether it is concerted or nonconcerted can be drawn.

The formation of these two diastereomers can be explained as before by

protonation of the resultant enolate which can then tautomerize to

give the two diastereomeric ketones(see Scheme 76). The near 45:55

ratio of the two diastereomers obtained from the rearrangement of 2b

again indicates that the two faces are very similar.

More insight about the nature of the mechanism could be obtained

by studying the rearrangement of the alcohols with substituents at the

0-position of the external double bond. The formation of the [3,3]

shift products in that case could be quite helpful in distinguishing

the various mechanistic possibilities. The study was thus undertaken

on the 0-substituted 1-vinyl-trans-cyclotridec-3-en-l-ols 2c-f.
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Treatment of alcohol 2e with potassium hydride in hexamethyl-

phosphoramide at room temperature resulted in alcohol 2u. In other

words, once again the trimethylsilyl group was lost, but this time no

rearrangement took place at all. The loss of the trimethylsilyl group

at room temperature clearly indicated, that studies on this system

were futile. In general, the trimethylsilyl groups appears to be lost

much too easily under these anionic conditions.

The anionic conditions were also found to be ineffective for the

0-thiophenyl group. A preliminary study of alcohol 2h gave back the

same starting alcohol after eight hours of stirring at room tempera-

ture (Scheme 78).

Scheme 78

OH

2h

KH, HMPA

25°C

2h

There was substantial loss of 2h but no recoverable product was

formed. The thermal conditions were not studied for this system.

A reasonably clean rearrangement, not marred by loss of any

functionality or formation of undesirable side products, was obtained
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from the rearrangement of alcohol 2c and 2d under anionic conditions.

Unlike the thermal rearrangement, where the [1,3] sigmatropic shift

was the exclusive mode of rearrangement, the anionic rearrangement of

alcohols 2c and 2d took place at a much lower temperature of 100°C,

and gave both the products of rearrangement with a slight

preponderance of the [3,3] shift product. It is quite interesting

that both the alcohols 2c and 2d, gave two diastereomeric [3,3] shift

products in similar but differing ratios. This relates to the most

important question concerning the mechanism of the rearrangement under

anionic conditions. Will the mechanism be concerted, involving boat

or chair forms, or will a nonconcerted mechanism be involved in the

rearrangement?

Scheme 79
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As indicated in Scheme 79, for a concerted mechanism, the two alcohols

should give stereospecifically the [3,31 shift products shown, depend-

ing upon whether a chair or a boat form is adopted in the transition

state. However as shown in Table II, alcohol 2c gives both the

diastereomers in a 56:44 ratio, while a 30:70 ratio of the two

diastereomers is obtained from alcohol 2d. This clearly indicates

that if the mechanism were to be a concerted one, then both the chair

and the boat transition states would have to be adopted. This seems

especially unlikely for the trans case, 2d, where there is a very

unfavorable eclipsing interaction (Scheme 80).

Scheme 80
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The above arguments assume that the products don't interconvert.

If they do interconvert, then the rearrangement could be stereospe-

cific and the mixtures could simply result from the interconversion.

Tables III and IV support the assumption that the products are

reasonably stable. Alcohol 2c was stirred with potassium hydride in

HMPA and the progress of the reaction monitored by removing aliquots.

It was found that as the reaction progressed, the ratio of the amounts

of the [3,3] to the [1,3] shift products stayed essentially constant

as did the diastereomer ratio, although there was considerable scatter

in the data (Table III). Similar results are also obtained from the

reaction of alcohol 2d with KH in HMPA (Table IV).

On the other hand there also exists a strong possibility of the

mechanism being a nonconcerted one. This would involve fragmentation

of the ring to give an allylic anion intermediate D (Scheme 81).

Scheme 81

(
1:1
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This intermediate can then undergo recombination by an intramolecular

Michael addition from either position a or c of the allylic anion to

give the two products of rearrangement. This possibility of an

anionic fragmentation-recombination mechanism cannot be ruled out

since the formation of ring cleavage products under anionic oxy-Cope

conditions has been observed by Thies and his coworkers before.54

Scheme 82 indicates the systems that produced ring fragmentation

products under these conditions.

Scheme 82

1) KH, HMPA
25°C, 46 h

2) H2O
OH

1) KH, HMPA
17 h
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However the most direct and conclusive evidence for the mechanism

being a nonconcerted ring fragmentation-recombination has been

obtained from the rearrangement of alcohol 2f. Treatment of 2f with

potassium hydride in HMPA at 100°C for two hours resulted in three

products. The major one was characterized as an open chain compound

12. The other two products were those obtained by [3,3] and [1,3]

shifts. The formation of compound 12 can be explained by means of

two mechanisms as follows:

Mechanism A: As shown in the following Scheme 83, fragmentation of

the initial alkoxide obtained by treatment of the alcohol with

potassium hydride results in the formation of the intermediate

Scheme 83

12

H

OK



86

allylic anion D. Unlike the other cases where this intermediate

anion can readily undergo an intramolecular addition, such addition

would take place less readily in this case because of the bulky

isopropyl group. Study of the models of this system clearly reveals

that approach of the allylic anion at the 0-position of the double

bond will be restricted by the presence of the isopropyl group. The

abstraction of the isopropyl proton to give the 0,y-unsaturated

ketone 12 is an alternative route. That the [1,3] shift product is

also formed in greater amounts than the [3,3] shift product is

consistent with attack by the allylic anion from the terminal

position a, which is more feasible than from the sterically less

accessible position c.

Mechanism B: On the other hand, mechanism B would involve the

rearrangement of the initial alkoxide to the enolates of the two

products of the [3,3] and [1,3] shifts. As shown in Scheme 84, the

Scheme 84
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enolate obtained from the [3,3] shift product has two large

substituents on the adjacent carbon atoms making it slightly

destabilized. Fragmentation would then proceed in the manner shown

to give the extended enolate which protonates at the m-position.56

The best proof for a rearrangement of this sort would be to take

ketone 8f and treat it with potassium hydride. One interesting facet

of this mechanism is that if 8f rearranged to give 12, then it would

be the first case of a vinylogous, oxygen anion enhanced retro-ene

reaction. Wender has reported a similar vinylogous oxygen anion

accelerated [3,3] shift.37 Hence, ketone 8f was subjected to the

anionic oxy-Cope rearrangement by treatment with potassium hydride in

HMPA. Aliquots removed at room temperature, at 100°C and at 140°C

indicated no rearrangement of the ketone at all. NMR analysis of the

product obtained after work up showed the starting material as the

only product. This argues against Mechanism B as one of the

possibilities for the formation of ring fragmented ketone 12.

If the results presented in this section are considered as a

whole, two extremes can be seen. On one hand, the thermal rearrange-

ments of the substituted cyclotridecenols give results which are

consistent with either a concerted or a nonconcerted diradical

mechanism. On the other hand, the fragmented products observed

during the anionic rearrangements strongly support a nonconcerted

fragmentation-recombination mechanism. Clearly more evidence is

needed to fully determine the nature of the mechanism. In spite of

the unsettled mechanistic question, the present work provides a

useful contribution to an understanding of the control of
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periselectivity in the oxy-Cope rearrangements. Such a control in

periselectivity of the oxy-Cope rearrangement could be well applied

in organic synthesis, especially to that of natural products. The

use of substituents which could later on be removed after the

rearrangement while simultaneously introducing a functionality, could

further enhance the scope of this rearrangement. In this context,

attempts towards desilylation of a model 0-trimethylsily1 substituted

large ring ketone was carried out. Unfortunately the -study was not

successful. Nevertheless the conversion of the product of thermal

pyrolysis of alcohols 2c and 2d to (+)-muscone clearly illustrates

the synthetic scope of the rearrangement.



89

EXPERIMENTAL

General Procedures.

Spectral measurements utilized Perkin-Elmer 727B and 621 infrared

spectrophotomers, Varian FT80 NMR, Brucker AM400 MHz NMR and CDC and

Finigan mass spectrometer instruments. High resolution mass spectra

were measured at the NSF regional facility at the University of

Nebraska and on the high resolution instrument at Oregon State

University. GC analyses were carried out on a Varian 1200 (FID)

chromatograph using Column A (4 ft. x 0.125 in., 12% OV101 on 110/120

Ch.W.),Column B (4 ft. x 0.125 in., 3% DEGS on 120/140 Ch.W.) and

Column C (75 ft. DEGS capillary). Preparative GC used a Varian 920

chromatograph with a 3 ft. x 0.25 in., 3% OV101 or a 5 ft. x 0.25 in.,

3% OV101 on 80/100 Ch.W. column. Peak areas of the aliquots obtained

in the control experiments carried out on alcohols 2c and 2d, were

computed using an electronic integrator. Purification of product

mixtures was also carried out by means of flash chromatography and by

radial chromatography using a Chromatotron. Ethyl acetate in hexane

was used as the solvent system while 37-53 p mesh size silica gel

LPS-2, (Whatman) was used as the stationary phase for flash

chromatography.

Tetrahydrofuran (THF) and diethyl ether were distilled from sodium

benzophenone ketyl under nitrogen. Hexamethylphosphorictriamide
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(HMPA) was dried by storing over 13X molecular sieves (predried under

nitrogen at 350°C for four hours). All reactions were conducted under

nitrogen with magnetic stirring.

Preparation of a-bromo-vinyltrimethylsilane. To a 30.1 g batch of

vinyltrimethylsilane cooled to -78°C and stirred vigorously, was added

10 mL of bromine. A large amount of yellow crystals were observed

close to the end of addition and a reddish brown color persisted. The

reaction mixture was warmed to room temperature slowly and stirred for

an additional hour. The solution was then diluted with about 175 mL

of hexane and washed with dilute sodium bisulfite until the brown

color was discharged. The organic layer was then washed with

saturated NaHCO
3
and NaC1 and dried over magnesium sulfate. This

yielded 38.2 g of crude dibromo silane. The dibromo silane was

eliminated with dry diethyl amine dried over calcium hydride. This

crude intermediate was shaken with 37.5 mL (2.2 eq) of dry diethyl

amine at room temperature for two days. About 150 mL of ether was

then added and the resulting solution was filtered and 23.2 g of

ammonium bromide salt was collected. The ether was distilled off

under atmospheric pressure and 10.8 g of a-bromo-vinyltrimethylsilane

was obtained by distillation at reduced pressure.

Preparation of 1-(1-trimethylsilylethenyl)trans-cyclotridec-3-en-1-

-ol (2a). A mixture of 0.121 g (4.98 mmol, 3.5 eq) of magnesium

pieces, 3 mL of THF, 50 pL of a-bromo-vinyltrimethylsilane and 30 pL

of 1,2-dibromoethane were stirred at room temperature. Once the

reaction got started a dark turbidity began to develop and the color
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turned grey. The formation of the Grignard reagent was completed

after the complete addition (0.806 g, 4.5 mmol, 3.1 eq) of

a-bromo-vinyltrimethylsilane which resulted in a complete

disappearance of the magnesium pieces. The reaction flask was then

cooled and the 0.276 g (1.42 mmol, 1 eq) of trans-cyclotridec-3-enone,

1, dissolved in 3 mL of THE was syringed into the cold white turbid

Grignard mixture. Stirring was continued at 0°C for 15 min after

which it was carried on at room temperature. Column A analysis of the

aliquots removed every 45 min during a 3 h, run indicated no further

change in the amount of reaction after 45 min. The reaction mixture

was therefore cooled and quenched with a saturated solution of

NH4C1. The quenched solution was extracted thrice with ether and

the combined ether extracts were then washed three times with

saturated NaHCO3 solution, two times with saturated NaCl solution

and finally dried over MgSO4. Filtration, followed by rotary

evaporation of the solvent ether gave 0.30 g of an orange colored

liquid. The crude product was then purified by means of radial

chromatography using a 2 mm silica gel plate and 5% ethyl acetate in

hexane as the solvent system. This resulted in 0.034 g (12%) of

ketone 1, 0.04 g (14%) of impurities and 0.108 g (26%) of the product

alcohol 2a: 1HNMR (CDC13) 8 5.60 (d, 1H, J = 1.7Hz.), 5.46 (d,

1H, J = 1.8 Hz.), 5.42 (m, 2H), 2.30 (d, 2H), 2.00 (m, 2H), 1.15-1.75

(m, 17H), 0.20 (s, 9H) ; 13CNMR (CDC13) 8 159.13, 134.99, 126.22,

123.44, 79.50, 43.30, 37.35, 32.29, 27.65, 27.56, 27.32, 25.05, 24.92,

24.73, 19.34, 0.84 ; IR (neat) 3500, 3050, 2950, 2875, 1460, 1260,

990, 930, 860, 840 cm-1; mass spectrum m/e 294.2394 (calculated for

C 18H 34 OSi /
294.2428).
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Preparation of 1-(1-methyletheny1)-trans-cyclotridec-3-en-l-ol

(2b). Cerium(III)chloride (1.30 g, 3.51 mmol, 1.2 eq) was placed in a

round bottomed flask and heated at 140°C under vacuum for a period of

one hour so as to remove any moisture or water of crystallization.

Heating was continued with stirring under vacuum for another hour at

the same temperature. While the flask was still hot, nitrogen was

introduced and the flask allowed to cool down to room temperature. To

the cold CeC13 was then added 10 mL of the dry THF. The resultant

cream colored solution was then stirred at room temperature for a

period of two hours.

In the meantime in another round bottomed flask was stirred under

nitrogen 0.291 g (11.9 mmol, 4.1 eq) of the finely cut Mg pieces in 4

mL of THF. To this was syringed 50 pL of the 2-bromopropene and 30 uL

of 1,2-dibromoethane so as to initiate the reaction. The formation of

the 2-propenylmagnesiumbromide was over after the complete addition of

2-bromopropene (1.416 g, 11.7 mmol, 4.0 eq) which resulted in a total

disappearance of the Mg pieces. The grey Grignard solution was then

syringed into the stirred CeC13 in THF at 0°C and the resultant

solution was stirred for an additional 90 min at 0°C.

After the 90 min period of stirring, 0.568 g (2.9 mmol, 1 eq) of

ketone 1 dissolved in 3 mL of THF was syringed into the cold CeC13

solution. After an hour of stirring at 0°C an aliquot was removed,

which upon column A analysis indicated a >90% reaction. The reaction

mixture was stirred for a further 30 min, after which the flask was

cooled and the contents quenched with a solution of 2% acetic acid in

water. The quenched solution was extracted with ether and the

combined ether extracts were washed with saturated NaHCO3 solution,
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saturated NaC1 solution and finally dried over MgSO4. Filtration

followed by rotary evaporation of the solvent ether gave 0.747 g of an

orange colored product. Purification by means of radial

chromatography using a Chromatotron gave 0.108 g (19%) of the

unreacted ketone along with 0.380 g (55%) of alcohol 2b: 111NMR

(CDC13) 8 5.45 (m, 2H), 4.95 (m, 2H), 2.35 (d, 2H), 2.00 (m, 2H),

1.80 (s, 3H), 1.20-1.70 (m, 17H); 13CNMR (CDC13) 6 149.96,

134.67, 126.42, 110.62, 76.47, 41.26, 35.29, 32.23, 27.53 (triple

intensity), 24.92 (double intensity), 24.71, 19.58, 18.84; IR (neat)

3400, 3075, 2925, 2850, 1640, 1450, 1370, 980, 910 cm-1; mass

spectrum m/e 236.2137 (calculated for C16 H28°' 236.2181).

Preparation of 1-(cis-l-propenyl) and 1- (trans- 1- propenyl)- trans-

cyclotridec-3-en-1-ol (2c) and (2d). A mixture of 0.248 g (10.2 mmol,

2.1 eq) of finely cut Mg pieces, 5 mL of dry THF 30 uL of

1-bromo-l-propene and 4 drops of 1,2-dibromoethane were allowed to

react. As the reaction got started, the reaction mixture and the Mg

pieces became darker in color. The addition of the 1-bromo-l-propene

(1.16 g, 9.7 mmol, 2 eq) was continued until all the Mg pieces

dissolved and a white turbid solution resulted. The reaction flask

was then cooled and 0.943 g (4.8 mmol, 1 eq) of ketone 1 dissolved in

2 mL of dry THE was syringed in giving a golden yellow color.

Stirring was continued at 0°C for 30 min after which it was continued

at room temperature. Two aliquots removed with an interval of 30 min

showed no change in percent conversion when analyzed by GC. The

reaction flask was then cooled and the contents quenched with a

saturated solution of NH4C1. The orange colored aqueous solution



94

was then extracted with ether and the combined ether extracts were

washed three times with a saturated NaHCO3 solution, two times with

saturated NaC1 solution and then dried over MgSO4. Filtration,

followed by rotary evaporation of the solvent ether gave 0.94 g of an

orange colored viscous material. Purification by flash chromatography

using 4% ethyl acetate in hexane gave 0.082 g (8.6%) of the ketone 1,

0.385 g (34%) of alcohol 2c and 0.147 g (13%) of alcohol 2d. Alcohol

2c was a white crystalline solid with a melting point range

59.5-61.0°C, while 2d was a viscous liquid. 2c: 1HNMR (CDC13) 8

5.25-5.50 (m, 4H), 2.30 (br d, 2H, J = 4Hz.), 1.75-2.00 (m, 5H,

contains 1.75 d, J = 6Hz.), 1.00-1.50 (m, 17H); 13CNMR (CDC13) 8

135.09, 133.39, 125.16, 124.86, 74.27, 43.06, 37.67, 30.99, 26.32

(double intensity), 26.14, 23.59, 23.42, 23.28, 18.07, 13.07; IR

(CC14) 3410, 3020, 2940, 2870, 1460, 1440, 1000, 985, 970, 910, 740

cm-1; mass spectrum m/e 236.2143 (calculated for C16H280

236.2140). 2d: 1HNMR (CDC13) 6 5.60 (m, 2H), 5.30 (m, 2H), 2.20

(d, 2H, J = 5Hz.), 2.00 (m, 2H), 1.65 (d, 3H, J = 5Hz.), 1.20-1.50 (m,

17H); 13CNMR (CDC13) 6 138.28, 134.71, 126.07, 123.09, 74.42,

43.08, 38.19, 32.31, 27.61 (double intensity), 27.41, 24.97, 24.88,

24.59, 19.28, 17.81; IR (neat) 3370, 3040, 2920, 2850, 1660, 1455,

1440, 970, 905, 730 cm-1; mass spectrum m/e 236.2143 (calculated

for C
16

H
28

0 236.2140).

Preparation of 1-(1-propyny1)-trans-cyclotridec-3-en-l-ol (3). A

mixture of 0.154 g (22.3 mmol, 5 eq) of finely cut lithium pieces, 2

mL of dry THF, and 40 uL (18 mmol, 4 eq) of trans-l-chloro-l-propene

was sonicated (Branisonic B220 ultrasonic cleaner) for 15 min. Further
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aliquots of trans-l-chloroprop-1-ene were added with sonication until

the lithium was consumed after nearly six hours. The reaction flask

was cooled in ice as 0.867 g (4.46 mmol, 1 eq) of the ketone 1

dissolved in 2 mL of dry THE was added. The reaction was sonicated

for 2 h, during which time aliquots were removed and tested by column

A on the GC. After 130 min, the aliquots indicated no change in the

amount of conversion on the GC. The reaction was cooled in ice,

diluted with ether and quenched with saturated NH4C1 solution. The

aqueous layer, after separation, was extracted two times with ether,

and the combined ether extracts were washed with saturated NaHCO3

and NaC1 solutions and then dried over MgSO4. Filtration followed

by rotary evaporation of the solvent ether gave 0.913 g of a yellow

viscous crude product which was purefied by flash chromatography using

10% ethyl acetate in hexane. This separated 0.296 g (34%) of ketone 1

and 0.381 g (36.4%) of alcohol 3: 1HNMR (CDC13) 8 5.25 (m, 2H),

2.30 (d, 2H), 2.05 (s, 1H), 1.80 (m, 2H), 1.75 (sharp s, 3H),

1.00-1.50 (m, 16H); 13CNMR (CDC13) 8 135.14, 125.44, 83.63, 79.37,

70.51, 44.83, 39.17, 32.21, 27.57, 27.45, 27.29, 24.90 (double

intensity), 24.68, 19.78, 3.43; IR (neat) 3370, 2920, 2860, 1450,

1435, 975 cm-1; mass spectrum m/e 234.1978 (calculated for

C
16
H
26

0 234.1984).

Preparation of trans-1-(1-propeny1)-trans-cyclotridec-3-en-l-ol

(2d) by reduction of 1-(1-propyny1)-trans-cyclotridec-3-en-l-ol (3).

To a cold solution of 0.132 g of 3 in 1.5 mL of ether was added 0.263

g of LiA1H4. After initially stirring the reaction mixture at 0°C

for 10 min, the reaction was brought to a reflux. The heating was
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carried out for 6.5 h, after which the reaction was cooled and

quenched with 0.26 mL of H20, 0.26 mL of 15% NaOH, and 0.78 mL of

H
2
0. The granular white solid so obtained was extracted with

refluxing ether once, then three times with refluxing THE and finally

once with refluxing ether. The combined ether extracts were then

washed once with saturated NaC1 solution and dried over MgSO4.

Filtration followed by rotary evaporation of the solvent gave 0.086 g

of a colorless oil which was purified by flash chromatography using 5%

ethyl acetate in hexane. This resulted in 0.009 g (6.9%) of the

starting alcohol and 0.043 g (32.6%) of the reduced product 2d.

(Spectra same as above).

Preparation of 1-(2-trimethylsilylethyny1)-trans-cyclotridec-

3en-1 -ol (4). To a stirred solution of 0.196 g of trimethylsilylacety-

lene (1.99 mmol, 1.2 eq) in 1 mL of diethyl ether at -78°C was added

1.28 mL (1.66 mmol, 1 eq) of 1.30M nBuLi. The solution was stirred at

-78°C for 15 min, after which the temperature was raised to 0°C as

stirring was continued for an additional 15 min. Then 0.323 g (1.66

mmol, 1 eq) of ketone 1 dissolved in 3 mL of diethyl ether was syr-

inged into the cold solution. The reaction mixture was then stirred

for 15 min at 0°C, after which stirring was carried out at room

temperature. Column A analysis of the reaction mixture indicated 80%

conversion after 90 min of stirring. When no further change in

conversion was observed after a further 30 min, the reaction flask was

cooled to 0°C and the contents quenched with a saturated solution of

NH
4
C1. The quenched solution was extracted thrice with ether and

the combined ether extracts were then washed twice with saturated
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NaHCO3, once with saturated NaCl solution and then dried over

MgSO4. Filtration, followed by rotary evaporation of the solvent

gave 0.381 g of an orange colored viscous liquid. The crude product

was then purefied by means of flash chromatography using 8% ethyl

acetate in hexane as the solvent system to give 0.026 g (8.2%) of

recovered ketone 1 and 0.300 g (61%) of the product alcohol 4.

1HNMR (CDC13) 8 5.40, (m, 2H), 2.40 (br d, 2H, J = 4Hz), 2.00 (m,

3H contains OH), 1.1-1.8 (m, 16H), 0.2 (s, 9H); 13CNMR (CDC13) 8

135.41, 125.23, 109.97, 87.78, 70.74, 44.68, 38.77, 32.24, 27.51

(double intensity), 27.20, 24.94 (double intensity), 24.69, 19.95,

-0.03; IR (neat) 3360, 2930, 2865, 2175, 1460, 1440, 1250, 975, 845,

760 cm-1; mass spectrum m/e 292.2215 (calculated for C18H320Si,

292.2222).

Preparation of 1-(trans-2-trimethylsilyletheny1)-trans-cyclotridec-

-3-en-1 -ol (2e). To a stirred solution of 0.044 g (1.15 mmol, 2.2 eq)

of LiA1H4 in 3 mL diethyl ether at 0°C was added 0.753 g (0.525

mmol, 1 eq) of the alcohol 4 in 2 mL of diethyl ether. The reaction

mixture was stirred at 0°C for 15 min, at 25°C for another 15 min and

then refluxed for 4 h. At the end of the reflux period the reaction

flask was cooled and the contents were cautiously quenched with 0.04

mL of water, 0.04 mL of 15% NaOH and 0.12 mL of water. The resultant

white granular solid was then extracted with refluxing ether once,

then by refuxing THE three times, followed by one more time with

refluxing ether. The combined extracts were then washed once with a

saturated solution of NaCl and dried over MgSO4. Filtration

followed by rotary evaporation of the solvent gave 0.082 g (54%) of
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pure alcohol 2e and 0.019 g (12%) of a product 5 obtained by an over

reduction of the triple bond to the single bond. 2e: 1HNMR

(CDC13) 8 6.15 (d, 1H, J = 18Hz.), 5.80 (d, 1H, J = 18Hz.), 5.35 (m,

2H), 2.20 (br d, 2H, J = 4Hz.), 1.95 (m, 2H), 1.50 (s, 1H), 1.10-1.45

(m, 16H), 0.05. (s, 9H); 13CNMR (CDC13) 8 152.23, 134.92, 126.01,

125.86, 75.56, 42.78, 37.71,

24.98, 24.86, 24.61, 19.28,

1455, 1440, 1245, 990, 865,

32.28, 27.54 (double intensity), 27.42,

-1.21; IR (neat) 3380, 2925, 2850, 1610,

840 cm-1; mass spectrum m/e 294.2383

(calculated for C18H340Si 294.2379). 5: 1HNMR (CDC13) 8 5.30

(m, 2H), 2.20 (d, 2H), 2.00 (m, 2H), 1.25-1.70 (m, 19H), 0.40-0.70 (m,

2H), 0.05 (s, 9H); 13CNMR (CDC13) 134.28, 126.33, 74.87, 42.68,

36.82, 34.59, 32.26, 27.73, 27.57, 27.35, 25.05, 24.92, 24.54, 19.48,

8.75, -1.86; IR (neat) 3380, 2920, 2850, 1610, 1470, 1455, 1260, 990,

870, 840 cm-1; mass spectrum m/e 296.2542 (calculated for

C
18
H
36

OSi 296.2535).

Preparation of 1-(3-methylbut-l-yny1)-trans-cyclotridec-3-en-1-ol

(6). To a stirred solution of 2.00 g (29.46 mmol, 2.5 eq) of 3-methyl-

1-butyne in 7 mL of diethyl ether at -78°C was added 7.8 mL (11.78

mmol, leq) of 1.50M nBuLi. The colorless solution was allowed to stir

at that temperature for 15 min, after which the 2.29 g (11.78 mmol, 1

eq) of ketone 1 dissolved in 15 mL of diethyl ether was syringed in.

Stirring was continued at -78°C for 10 min and then at 0°C for 15

min. The reaction mixture was then stirred at room temperature.

Column A analysis of the reaction mixture after 30 min of stirring at

room temperature indicated a complete reaction of ketone 1. The

reaction flask was then cooled and the reaction mixture was quenched
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with a saturated solution of NH4C1. The quenched solution was

extracted three times with ether and the combined ether layers were

washed with saturated solutions of NaHCO3 and NaC1 and then dried

over MgSO4. Filtration followed by rotary evaporation of the

solvent gave 2.29 g (75%) of a yellow material. A small amount was

purified for structure determination purposes and the remaining

product was carried on to the next reaction. 6: 1HNMR (CDC13) 8

5.40 (m, 2H), 2.50 (septet,1H), 2.40 (d, 2H), 2.00 (m, 3H), 1.25-1.75

(m, 16H), 1.20 (d, 6H, J = 7Hz.); 13CNMR (CDC13) 8 135.01,

125.69, 89.67, 83.51, 70.42, 45.09, 39.15, 32.20, 27.51 (double

intensity), 27.25, 24.92 (double intensity), 24.67, 23.05 (double

intensity), 20.34, 20.01; IR (neat) 3350, 2930, 2870, 2240, 1450,

1340, 975, 770 cm-1; mass spectrum m/e 262.2301 (calculated for

C18 H 30 0 262.2296).

Preparation of 1-(3-methyl-trans-buteny1)-trans-cyclotridec-3-en-l-

ol (2f). To a stirred solution of 0.391 g (10.3 mmol, 2 eq) of

LiA1H
4

in 6 mL of THF at 0°C, was added 1.35 g (3.1 mmol, 1 eq) of

alcohol 6 in 4 mL of THF. The reaction initially was stirred at 0°C

for 15 min, then at room temperature for a further 15 min and finally

refluxed for a period of 4 h. After the reflux period, the flask was

cooled and the contents quenched with 0.4 mL of H20, 0.4 mL of 15%

NaOH and 1.2 mL of H2O respectively to give a white granular solid.

This solid was extracted with refluxing ether once, then three times

with refluxing THF followed by one more time with refluxing ether.

The combined organic extracts were washed once with a NaC1 solution

and then dried over MgSO4. Filtration followed by rotary
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evaporation of the solvent gave 1.10 g of the crude product. A GC

analysis of the product indicated it to be a 32:68 mixture of the

product alcohol 2f and the allene 7. The crude product mixture was

purefied by means of radial chromatography using the Chromatotron and

5% ethyl acetate in hexane as the solvent system. This gave 0.417 g

(30%) of 2f and 0.437 g (35%) of allene 7. 2f: 1HNMR (CDC13) 6

5.60 (m, 2H), 5.40 (m, 2H), 2.25 (d overlapping m, 3H), 2.00 (m, 3H),

1.15-1.75 (m, 16H), 1.05 (d, 6H, J = 7Hz); 13CNMR (CDC13) 6

135.36, 134.57, 133.93, 126.12, 74.25, 43.11, 38.18, 32.27, 30.79,

27.56 (double intensity), 27.39, 24.87, 24.56, 22.48 (double

intensity), 19.28; IR (neat) 3400, 3010, 2920, 2860, 1450, 975, 785,

760 cm-1; mass spectrum 264.2460 (calculated for C18H320

264.2453). 7: 1HNMR (CDC13) 6 5.40 (m, 2H), 5.20 (m, 1H), 2.70

(d, 2H), 1.75-2.50 (m, 5H), 1.20-1.70 (m, 14H), 1.10 (d, 6H, J =

6.6Hz.); 13CNMR (CDC13) 6 200.03, 131.71, 130.12, 103.84, 98.86,

38.58, 30.85, 29.52, 28.43, 26.91, 26.26, 26.15, 25.68, 25.37, 24.98,

24.80, 22.82, 22.71; IR (neat) 2920, 2850, 1940, 1445, 970 cm-1;

mass spectrum m/e 246.2345 (calculated for C18H30 246.2347).

Preparation of 1-(3-methyl-trans-buteny1)-trans-cyclotridec-3-en-1-

ol (2f) from allene 7. In a round bottomed flask was dissolved 0.556

g (1.74 mmol) of Hg(0Ac)2 in 9 mL of H20. To this colorless

solution was added 5 mL of THF, which resulted in a canary yellow

color. Then 0.430 g of the allene 7 dissolved in 4 mL of THF was

syringed into the yellow solution. The color of the solution became

pale after 15 min and completely faded after 35 min. The solution was

stirred for 25 min after which 9 mL of 3M NaOH was added, which
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resulted in an orange color. This was followed by 9 mL of 0.5M

NaBH
4

in 3M NaOH. The resultant green-grey solution was then vacuum

filtered and extracted with ether. The ether extracts were washed

once with saturated NaHCO3 solution followed by saturated NaC1

solution and then dried over MgSO4. Filtration followed by rotary

evaporation of the solvent gave 0.696 g of the crude product, which

was purefied by the use of the Chromatotron. This resulted in 0.167 g

(36%) of alcohol 2f: 1HNMR (CDC13) 8 5.65 (m, 2H), 5.45 (m, 2H),

2.30 (d overlapping m, 3H), 2.05 (m, 3H), 1.20-1.75 (m, 16H), 1.10 (d,

6H J = 7Hz.); 13CNMR (CDC13) 8 135.45, 134.67, 133.93, 126.12,

74.33, 43.17, 38.23, 32.31, 30.84, 27.60 (double intensity), 27.43,

24.97, 24.90, 24.60, 22.52, 19.33; IR (neat) 3350, 3020, 2930, 2860,

1460, 975, 790, 765 cm-1; mass spectrum m/e 264.2445 (calculated

for C
18H 32 0 264.2453).

Preparation of 1-(2-chloroethyny1)-trans-cyclotridec-3-en-l-ol

(10). To a solution of 0.805 g (8.30 mmol, 2 eq) of trans-1,2-di-

chloroethene in 2 mL of dry ether at 0°C, was added 4.07 mL (0.41

mmol, 1 eq) of 1.02M MeLi. The milky white colored solution was

stirred at 0°C for 40 min after which 0.806 g (4.15 mmol, 1 eq) of

ketone 1 dissolved in 5 mL of dry ether was syringed in. The white

color turned yellow and then darkened to an orange within a few

minutes. The reaction after stirring at 0°C for 15 min, was allowed

to stir at room temperature. The reaction was complete within half an

hour but was allowed to stir at room temperature for an additional

hour, at the end of which the reaction flask was cooled and the

contents quenched with a solution of saturated NH4C1. The quenched
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solution was then extracted three times with ether. The combined

ether extracts were washed twice with saturated NaHCO3 solution,

once with saturated NaC1 solution and then dried over MgSO4.

Filtration followed by rotary evaporation of the solvent gave 1.09 g

of an orange colored viscous liquid. A small amount of the material

was purefied for structure determination purposes. The rest was

carried over for the next experiment. 10: 1HNMR (CDC13) 8 5.45

(m, 2H), 2.45 (d, 2H), 2.00 (m, 3H), 1.15-1.60 (m, 16H); 13CNMR

(CDC13) 8 135.86, 124.62, 73.25, 71.07, 62.33, 44.45, 38.89, 32.23,

27.54, 27.41, 27.18, 24.94, 24.86, 24.60, 19.67; IR (neat) 3300,

2920, 2850, 2220, 1450, 1020, 980 cm-1; mass spectrum m/e 254.1457

(calculated for C15H230C1 254.1437).

Preparation of 1-(trans-2-chloroetheny1)-trans-cyclotridec-3-en-l-

ol (2g). To a solution of 0.231 g (0.9 mmol, 1 eq) of the alcohol 10

in 5 mL of dry ether at 0°C, was added 0.25 g (6.5 mmol, 7.2 eq) of

LiA1H4. The reaction mixture was stirred at 0°C for 15 min and at

room temperature for another 10 min, after which it was refluxed for a

period of 3 h. At the end of the reflux period, the flask was cooled

and the contents quenched with 0.25 mL of H20, 0.25 mL of 15% NaOH

and 0.75 mL of H2O so as to give a white granular solid. This solid

was then extracted three times with refluxing ether. The combined

ether extracts were washed twice with saturated NaCl solution and

dried over MgSO4. Filtration followed by rotary evaporation of the

solvent gave 0.139 g of the product. The product was purefied by

flash chromatography to give 0.030 g (12%) of the pure alcohol 2g,

0.012 g (5%) of alcohol 2u and 0.018 g (8%) of a product identified as
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alcohol 11. 2R: 1HNMR (CDC13) 6 6.15 (dd, 2H J = 13 Hz), 5.40

(m, 2H), 2.30 (d, 2H), 2.00 (m, 2H), 1.10-1.70 (m, 17H); 13CNMR

(CDC13) 6 139.89, 135.74, 124.75, 118.16, 75.10, 43.05, 38.12,

32.26, 27.77, 27.51, 27.32, 24.96, 24.76, 24.53, 19.16; IR (neat)

3360, 3090, 3020, 2940, 2860, 1640, 1450, 975, 945 cm-1; mass

spectrum m/e 256.1593 (calculated for C15H250C1 256.1594). 2u:

1HNMR (CDC13) 8 4.90-6.40 (m, 2H overlapping ABC pattern of 3H),

2.25 (d, 2H), 1.90 (m, 2H), 1.05-1.70 (m, 17H); 13CNMR (CDC13) 6

145.09, 135.06, 125.70, 112.01, 74.98, 42.79, 37.82, 32.30, 27.57,

27.54, 27.41, 24.97, 24.85, 24.59, 19.24; IR (neat) 3360, 3080, 2920,

2860, 1660, 1445, 970, 930, 915, 780 cm-1; mass spectrum (70 eV)

m/e (relative intensity) 222 (M', 13.2), 221 (44.9), 55 (100);

High resolution mass spectrum m/e 222.1962 (calculated for C10260

222.1983). 11: 1HNMR (CDC13) 6 5.45 (m, 2H), 2.50 (sharp s, 1H,

overlapping d, 2H), 2.00 (m, 2H), 1.15-1.65 (m, 17H); 13CNMR

(CDC13) 8 135.78, 124.79, 88.11, 71.59, 70.39, 44.48, 38.84, 32.25,

27.57, 27.46, 27.23, 24.92, 24.88, 24.61, 19.68; IR (neat) 3360,

3320, 3030, 2930, 2860, 1450, 985, 970, 790, 760 cm-1; mass

spectrum m/e 220.1836 (calculated for C15H240 220.1827).

Anionic Rearrangement of 1-(Trimethylsilylethenyl)- trans cyclotri-

dec-3-en-1-ol (2a). A conical flask equipped with a magnetic stirrer

was charged with 0.100 g (2.5 mmol, 1.5 eq) of 24% KH in mineral oil.

The KH was washed several times with hexane to remove the oil. To

this washed KH was syringed in 2 mL of HMPA. The flask was then

cooled and 0.116 g (0.4 mmol) of alcohol 2a dissolved in 3 mL of HMPA
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was syringed in so as to give a yellow colored solution. Stirring was

carried out at 0°C for 15 min after which it was continued at room

temperature for another 15 min. The reaction flask was then heated to

a temperature of 60°C. Column A analysis of the reaction aliquots

indicated complete reaction after 4 h. The flask was cooled and the

contents quenched with H2O acidified with 5% H2SO4 solution.

The quenched solution was then extracted with ether and the combined

ether extracts were in turn extracted with 5% NaOH solution and then

washed with saturated solutions of NH4C1 and NaCl and dried over

MgSO4. Filtration followed by rotary evaporation of the solvent

gave 0.089 g (76%) of the product mixture. The basic extracts on the

other hand were in turn acidified with 10% H2SO4 solution and then

extracted with ether. These ether extracts were washed with water and

NaCl solutions and then dried over MgSO4. Filtration followed by

rotary evaporation of the solvent gave 0.008 g of an uncharacterised

material. A GC analysis of the product mixture indicated it to be a

88:12 mixture of the [3,3]:[1,3] shift products without the

trimethylsilyl group (i.e. ketones 8u and 9u were formed). 4-ethenyl-

cyclotridecanone 8u: 1HNMR (CDC13) 8 4.90-5.84 (m, ABC pattern

3H), 2.30-2.50 (m, 4H), 1.50-1.80 (m, 5H), 1.20-1.50 (m, 14H);

13CNMR (CDC13) 8 212.49, 142.83, 114.28, 42.12, 40.68, 40.02,

30.97, 28.88, 26.40, 25.67, 25.66, 24.63, 24.30, 23.71, 23.08; IR

(neat) 3075, 2915, 2860, 1705, 1630, 1450, 910 cm-1; mass spectrum

m/e 222.2004 (calculated for C15H260 222.1983). trans-cyclo-

pentadec-5-enone 9u: 1HNMR (CDC13) 8 5.25 (m, 2H), 2.25-2.45 (m,

4H), 1.90-2.00 (m, 4H), 1.50-1.65 (m, 4H), 1.10-1.40 (m, 12H);

13CNMR (CDC13) 8 212.49, 132.35, 130.20, 41.71, 41.37, 31.46,
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30.71, 28.31, 27.27, 27.01, 26.85, 26.26 (double intensity), 24.81,

21.74; IR (neat) 2915, 2860, 1705, 1450, 970 cm-1; mass spectrum

m/e 222.2009 (calculated for C15H260 222.1983).

Anionic Rearrangement of 1-(1-methyletheny1)-trans-cyclotridec-3-

1-en-1 -ol (2b). A 10 mL conical flask was charged with 0.139 g (3.47

mmol, 2 eq) of the 24% KH which was washed with hexane so as to remove

the mineral oil. To this was added 1.5 mL of HMPA and the mixture was

cooled in an ice bath. Next, 0.098 g (0.4 mmol, 1 eq) of alcohol 2b

dissolved in 2.5 mL of HMPA was syringed into the reaction mixture,

giving a yellow colored solution. Stirring was continued at 0°C for

15 min and at room temperature for another 15 min, after which, the

reaction flask was heated. The reaction mixture at this stage had

become light brown in color. Column B analysis of an aliquot removed

after 1 h of heating at 53°C, indicated complete reaction. The

reaction flask was then cooled and the contents carefully quenched

with H2O acidified with 5% H2SO4. The quenched solution was

extracted three times with ether and the combined ether extracts were

then washed twice with H20, once with saturated NaHCO3 and NaC1

solutions respectively and dried over MgSO4. Filtration followed by

rotary evaporation of the solvent gave 0.061 g (62%) of a dark yellow

compound. A percentage composition of the product mixture determined

by the GC indicated it to be a 82:18 mixture of the [3,3]:[1,3] shift

products 4- ethenyl -2- methyl - cyclotridecanone 8u and 2-methyl-trans-

cyclopentadec-5-enone 9b. Furthermore the [3,3] shift product was

found to be a 45:55 mixture of two diastereomers. 8b: 1HNMR

(CDC13) 6 4.85-5.85 (two overlapping complex ABC patterns, 3H),
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2.25-2.90 (m, 4H), 1.85-2.05 (m, 2H), 1.10-1.50 (m, 16H), 1.10 and

1.00 (overlapping d, 3H, J = 7Hz.); 13CNMR (CDC13) 8 215.84,

215.47, 143.23, 142.61, 114.77, 113.73, 44.28, 44.13, 40.68, 40.31,

40.08, 39.74, 39.23, 38.53, 32.25, 30.07, 26.62, 26.16, 25.94, 25.90,

25.85, 24.85, 24.75, 24.49, 24.26, 24.13, 24.01, 23.22, 23.20, 21.84,

18.47, 18.08; IR (neat) 3080, 2930, 2860, 1710, 1630, 1455, 910

cm 1; Mass spectrum GC/MS using a 30 m SE-54 column gave le of

236 for each separable isomer. The high resolution data was obtained

on the mixture of two isomers m/e 236.2143 (calculated for C16H280

236.2181). 9b: 1HNMR (CDC13) 8 5.30-5.50 (m, 2H), 2.30-2.70 (m,

3H), 1.90-2.10 (m, 4H), 1.60-1.85 (m, 2H), 1.20-1.50 (m, 14H), 1.10

(d, 3H, J = 7Hz.); 13CNMR (CDC13) 8 215.99, 131.97, 130.09,

44.11, 39.94, 31.48, 31.44, 29.12, 27.91, 27.12, 27.10, 26.70, 26.23,

25.98, 24.31, 15.66; IR (neat) 2940, 2860, 1710, 1455, 970 cm-1;

mass spectrum m/e 236.2139 (calculated for C16H280 236.2181).

Anionic Rearrangement of the cis and trans 1-(1-propeny1)-trans-

cyclotridec-3-en-1 -ol 2c and 2d. A conical flask was charged with

about 2 mmol (2 eq) of 24% KH which was washed with hexane so as to

remove the mineral oil. About 1.5 mL of HMPA were added and the

mixture was cooled in an ice bath. Next, 0.2 mmol (1 eq) of the

alcohol dissolved in 1.5 mL of HMPA was syringed into the cold KH in

HMPA so as to give a yellow colored solution. Stirring was continued

at 0°C for 15 min after which it was carried out at room temperature

for another 15 min. The reaction mixture was then heated to a

temperature of 100°-102°C when it went from a yellow to a brown

color. The reaction was monitored by means of column B, which
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indicated completion of the reaction for alcohol 2c within 90 min and

for alcohol 2d within 120 min. The reaction flask was then cooled and

the contents quenched with 20 mL of H2O acidified with 5%

H2SO4. The quenched solution was extracted three times with ether

and the combined ether extracts were then washed three times with

H20, once with 5% NaOH solution, once with saturated NH4C1

solution, once with saturated NaC1 solution and finally dried over

MgSO4. Filtration, followed by rotary evaporation of the solvent

gave a dark yellow compound which was purefied by preparative gas

chromatography. (See Table II for product yield and composition).

4- ethenyl -3- methyl - cyclotridecanone (8c): 1HNMR (CDC13) 6

4.85-6.40 (two overlapping complex ABC patterns, 3H), 2.30-2.90 (m,

4H), 2.95 (m, 1H), 1.20-1.50 (m, 17H), 0.92 and 0.88 (overlapping d,

3H, J = 6Hz.); 13CNMR (CDC13) 6 195.96, 140.71, 139.15, 116.27,

114.96, 114.92, 48.91, 47.07, 45.40, 44.12, 41.94, 41.67, 33.40,

31.67, 30.33, 26.12, 25.97 (double intensity), 25.75, 25.44 (double

intensity), 25.14, 24.86, 24.34, 24.23, 23.86 (double intensity),

23.63, 22.10, 16.91, 16.11 (only one carbonyl peak was observed); IR

(neat) 3080, 2940, 2860, 1705, 1635, 1455, 1440, 990, 910 cm-1;

Mass spectrum GC/MS using a 6 ft. x 0.125 in. HNU Permabond DEGS

column gave M' of 236 for each separate isomer. The high resolution

data was obtained on a mixture of the two isomers. m/e 236.2144

(calculated for C16H280 236.2140). 3-methyl-trans-cyclopentadec-5-

enone (9c): 1HNMR (CDC13) 6 5.35 (m, 2H), 2.30 (m, 4H), 2.00 (m,

4H), 1.10-1.50 (m, 15H), 0.90 (d, 3H, J = 6Hz.); 13CNMR (CDC13) 8

132.61, 129.54, 49.17, 41.12, 39.73, 31.43, 28.31, 27.20, 26.94,

26.74, 26.23, 26.20, 26.13, 24.49, 21.26 (the carbonyl peak was not
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observed); IR (neat) 2940, 2860, 1710, 1460, 1440, 975 cm-1; mass

spectrum m/e 236.2140 (calculated for C16H280 236.2140).

Anionic Rearrangement of 1-(cis-l-propeny1)-trans-cyclotridec-3-

en-l-ol (2c): (Control Experiment). A conical flask was charged with

0.092 g (2.30 mmol, 2 eq) of 24% KH which was washed with hexane so as

to remove the oil. Then, 2 mL of HMPA were syringed in and the

temperature of the flask was brought down by an ice bath to 0°C.

Stirring was carried out at 0°C for 15 min after which the ice bath

was removed and the flask allowed to warm up to room temperature. At

about 17°C, 0.066 g (0.27 mmol, 1 eq) of alcohol 2c dissolved in 1 mL

of HMPA was syringed in. During a 30 min stirring at room temperature

two aliquots were removed which showed no reaction. Aliquots were

then removed at intervals of 30 min and were analyzed by the GC

(column C). (See Table III). After the final aliquot was removed at

108°C, the flask was cooled and the contents were quenched with H2O

acidified with 5% H2SO4. The quenched solution was extracted with

ether and the combined ether extracts were washed with saturated

NaHCO3 and NaC1 solutions and dried over MgSO4. Filtration

followed by rotary evaporation of the solvent gave 0.016 g (25%) of a

dark yellow product. The final product was also analyzed by GC to see

if there was any change in the product composition after work-up.

Anionic Rearrangement of 1-(trans-l-propeny1)-trans-cyclotridec-3-

en-l-ol (2d): (Control Experiment). A conical flask was charged with

0.067 g (1.67 mmol, 2 eq) of 24% KH which was washed with hexane so as

to remove the oil. Then, 2 mL of HMPA were syringed in and the
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temperature of the flask was brought down by an ice bath to 0°C.

Stirring was carried out at 0°C for 15 min after which the ice bath

was removed and the flask allowed to warm up to room temperature. At

about 17°C, 0.047 g (0.20 mmol, leq) of alcohol 2d dissolved in 1 mL

of HMPA was syringed in giving an orange color. During a 30 min

stirring at room temperature two aliquots were removed which showed no

reaction. Aliquots were then removed at intervals of 15-30 min and

were analyzed by the GC (column C). (See Table IV). After the final

aliquot was removed at 120°C, the flask was cooled and the contents

were quenched with H2O acidified with 5% H2SO4. The quenched

solution was extracted with ether and the combined ether extracts were

washed with saturated NaHCO3 and NaCl solutions and dried over

MgSO4. Filtration followed by rotary evaporation of the solvent

gave 0.009 g of an orange colored material. The final product was

analyzed by GC to see if there was any change in the product composi-

tion after workup.

Anionic Rearrangement of 1 -( trans- 2- trimethylsilylethenyl)- trans-

cyclotridec-3-en-1-ol (2e). A conical flask was charged with 0.126 g

(3.16 mmol, 2 eq) of 24% KH which was washed with hexane so as to

remove the mineral oil. To this was added 4 mL of HMPA and the

mixture was cooled in an ice bath. Next 0.113 g (0.38 mmol, 1 eq) of

alcohol 2e dissolved in 1.5 mL of HMPA was syringed into the cold KH

in HMPA so as to give a yellow colored solution which turned dark

brown very soon. The reaction mixture was stirred at 0°C for 10 min

after which stirring was continued at room temperature for an hour.

Stirring was then stopped and the brown solution was allowed to stand
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without stirring at room temperature for a period of 10 h. The

reaction was then cooled by an ice bath, carefully quenched with water

acidified with 5% H2SO4 and extracted with ether. The pale orange

colored extracts were washed five times with cold H20, once with

cold saturated NaCl solution and finally dried over Na2SO4.

Filtration followed by rotary evaporation of the solvent ether gave

0.053 (42%) g of a brownish colored product. Purification was carried

out by means of preparative gas chromatography. Spectral analysis of

the purified material revealed it to be the starting alcohol without

the trimethylsilyl group i.e. 1-ethenyl-trans-cyclotridec-3-en-l-ol

2u: 1HNMR (CDC13) 8 6.03, 5.23, 5.05 (ABC pattern J = 18, 10,

2Hz., 3H), 5.43 (m, 2H), 2.25 (d, 2H), 2.00 (m, 3H), 1.16-1.60 (m,

16H); 13CNMR (CDC13) 8 145.09, 135.06, 125.70, 112.01, 74.96,

42.79, 37.82, 32.30, 27.57, 27.54, 27.41, 24.97, 24.85, 24.59, 19.24

; IR (neat) 3350, 3095, 2940, 2860, 1615, 1455, 1440, 980, 925

cm-1; Mass Spectrum m/e 222.1962 (calculated for C15H260

222.1983).

Anionic Rearrangement of 1-(3-methyl-trans-buteny1)-trans-cyclotri-

dec-3-en-1 -ol (2f). To a 10 mL conical flask was added 0.104 g (2.6

mmol, 2 eq) of 24% KH in mineral oil which was washed with hexane so

as to remove the oil. 2.5 mL of HMPA was then syringed in and the

flask was cooled down by means of an ice bath. Then 0.082 g (0.3

mmol, 1 eq) of alcohol 2f dissolved in 2.5 mL of HMPA was syringed in

giving a pale yellow color. The reaction was stirred at 0°C for 10

min and then at room temperature for a further 10 min. The flask was

then heated to 100°C. Column B analysis of an aliquot removed after
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35 min at 100°C indicated the presence of two peaks different from the

starting material. The reaction was stirred for a further 60 min

after which the flask was cooled and the contents quenched with water

acidified with 5% H2SO4 solution. The quenched solution was

extracted with ether and the combined ether extracts were washed with

saturated NaHCO3 and NaC1 solutions and finally dried over MgSO4.

Filtration followed by rotary evaporation of the solvent gave 0.057 g

(69%) of a dark yellow colored product. A GC percentage composition

of the product indicated a 27:38:35 ratio of the products 4-etheny1-3-

isopropylcyclotridecanone (8f):2-methylheptadec-2,15-dien-5-one

(12):3-isopropyl-trans-cyclopentadec-5-enone (9f) respectively.

Furthermore 8f was found to be a 47:53 mixture of two diastereomers.

8f: 1HNMR (CDC13) 6 4.85-5.75 (two overlapping complex ABC

patterns, 3H), 1.80-2.80 (m, 5H), 1.45-1.75 (m, 4H), 1.16-1.50 (m,

14H), 0.8 and 0.9 (two overlapping m, 6H); 13CNMR (CDC13) 8

211.99, 211.18, 141.89, 140.21, 115.19, 114.91, 49.44, 44.06, 42.47,

42.27, 42.11, 41.50, 41.44, 41.16, 30.97, 30.91, 30.14, 27.79, 26.60,

26.07, 26.02, 25.82, 25.78, 25.69, 24.82, 24.68, 24.64, 24.48, 23.72,

23.38, 23.18, 23.23, 21.77, 21.52, 20.99, 15.59; IR (neat) 3060,

2930, 2860, 1710, 1640, 1460, 1385, 1000, 910 cm-1; Mass Spectrum

m/e 264.2494 (calculated for C18H320 264.2453. 12: 1HNMR

(CDC13) 6 5.40 (m, 2H), 5.25 (m, 1H), 3.05 (d, 2H), 2.40 (t, 2H),

1.90 (m, 2H), 1.70 (s, 3H), 1.60 (s, overlapping a d, 6H), 1.15-1.40

(m, 14H); 13CNMR (CDC13) 6 209.85, 135.53, 131.63, 124.51, 116.08,

42.59, 42.25, 32.56, 29.57, 29.43, 29.40, 29.36, 29.20, 29.13, 25.69,

23.83, 18.00, 17.88; IR (neat) 2925, 2860, 1710, 1450, 1380, 970

cm-1; Mass Spectrum m/e 264.2494 (calculated for C18H320
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264.2453). 9f: 1HNMR (CDC13) 6 5.30 (m, 2H), 2.10-2.50 (m, 4H),

1.70-2.00 (m, 4H), 1.40-1.70 (m, 4H), 1.10-1.40 (m, 12H), 0.83 (d, 3H,

J = 6.7 Hz.), 0.76 (d, 3H, J = 6.9 Hz.); 13CNMR (CDC13) 6 211.82,

132.38, 130.26, 45.03, 41.39, 38.11, 33.80, 31.33, 31.26, 28.26,

27.10, 26.84, 26.60, 26.03, 26.00, 23.76, 20.10, 18.48; IR (neat)

3025, 2925, 2860, 1710, 1450, 1375, 990 cm-1; Mass Spectrum m/e

264.2494 (calculated for C18H320 264.2453).

Attempted Anionic Rearrangement of 4-ethenyl-3- isopropyl- cyclotri-

decanone (8f). A 5 mL conical flask was charged with 0.008 g (7.9

mmol, 2 eq) of 24% KH which was washed with hexane so as to remove the

oil. To this was syringed in 0.6 mL of HMPA. The flask was cooled

and 0.006 g (0.2 mmol, 1 eq) of ketone 8f dissolved in 0.4 mL of HMPA

was syringed in. The reaction was stirred at 0°C for 10 min and then

at room temperature for another 10 min. After 45 min of stirring an

aliquot was removed and was analyzed by Column B. No change in the

retention time was observed, indicating that the starting material was

still present. An oil bath was introduced and the reaction mixture

was heated to 100°C. Another aliquot removed at that temperature

indicated no change in reaction. Further aliquots taken at intervals

of 90 min, at 100°C and 137°C respectively indicated no change in the

reaction. The starting ketone peak was the only one observed. The

reaction flask was then cooled and the mixture quenched with H20.

Extractions with ether, followed by washing and drying of the extracts

with NaHCO3-NaC1 solutions and MgSO4 respectively gave 0.003 g

(44%) of the material which was once again confirmed as the starting

material by an injection on the GC.
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Anionic Rearrangement of 1-(trans-2-thiophenyletheny1)-trans-cyclo-

tridec-3-en-1 -ol (2h). A 10 mL conical flask was charged with 0.050 g

(1.25 mmol, 1 eq) of 24% KH which was washed with hexane so as to

remove the oil. To this was added 1 mL of HMPA. The temperature of

the flask was brought down to 0°C by means of an ice bath, and 0.019 g

(0.5 mmol, 1 eq) of alcohol 2h dissolved in 1 mL of HMPA was syringed

into the stirred KH in HMPA. Stirring was carried on at 0°C for 10

min after which the reaction mixture was stirred at room temperature

for a period of 8 h. At the end of the period of stirring, the flask

was cooled and the contents quenched with H20. The quenched

solution was extracted with ether and the combined ether extracts were

washed five times with H20, once each with saturated NaHCO3 and

NaC1 solutions and finally dried over MgSO4. Filtration followed by

rotary evaporation of the solvent gave 0.009 g of a yellowish compound

which had a similar retention time on the GC and a similar 1HNMR as

the starting material.

General Procedure for the Preparation of the Trimethylsilyl

derivatives of Alcohols. In a round bottomed flask equipped with a

magnetic stirrer were taken about 5 to 10 mL of the silylating mixture

obtained by the combination of pyridine, hexamethyldisilazane (HMDS)

and chlorotrimethylsilane in the ratio of 10:2:1 respectively. To

this was then syringed into 0.2 to 1.0 mmol of the alcohol dissolved

in about 2 mL of pyridine. The reaction mixture was then allowed to

stir at room temperature overnight for a period of 15 h, at the end of

which the reaction mixture was taken up in 20 mL of hexane and then

washed three times with H20, twice with 5% H2SO4 solution, twice
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with a saturated solution of NaHCO3, once with saturated NaCl

solution and finally dried over MgSO4. The MgSO4 was then

filtered and the solvent hexane rotary evaporated to give the silyl

derivative. The impure compound was then purefied by means of

chromatography using 5% ethyl acetate in hexane as the solvent system.

1-trimethylsiloxy-1-(1-trimethylsilyletheny1)-trans-cyclotridec-3-ene

(2a-TMS) was obtained in 62% isolated yield: 1HNMR (CDC13) 8 5.63

(d, 1H, J = 1.6Hz.), 5.49 (d, 1H, J = 1.6Hz.), 5.41 (m, 2H), 2.45 (d,

2H), 2.00 (m, 2H), 1.15-1.55 (m, 16H), 0.40 (s, 9H), 0.30 (s, 9H);

13CNMR (CDC13) 6 158.35, 134.52, 127.18, 123.81, 82.16, 43.44,

38.36, 32.41, 27.69, 27.52, 27.39, 25.07 (double intensity), 24.94,

19.83, 2.96, 1.12; IR (neat) 3060, 2940, 2860, 1450, 1260, 1050, 980,

940, 830, 760, 690 cm-1; mass spectrum m/e 366.2812 (calculated for

C
21
H
42

0Si
2

366.2835).

1- trimethylsiloxy- 1- (1- methylethenyl)- trans - cyclotridec -3 -ene (2b-TMS)

was obtained in 70% isolated yield. 1HNMR (CDC13) 6 5.40 (m, 2H),

4.90 (br s, 2H), 2.45 (d, 2H), 2.00 (m, 2H), 1.80 (s, 3H), 1.15-1.50

(m, 16H), 0.15 (s, 9H); 13CNMR (CDC13) 8 149.49, 134.18, 126.88,

111.32, 79,39, 40.68, 36.44, 32.51, 27.85, 27.77, 27.42, 24.99 (double

intensity), 24.77, 24.48, 19.20, 2.22; IR (neat) 3045, 2930, 2860,

1635, 1445, 1250, 1050, 975, 835, 755 cm-1; mass spectrum m/e

308.2538 (calculated for C19H360Si 308.2582).

1-trimethylsiloxy-1-(cis-l-propeny1)-trans-cyclotridec-3-ene (2c-TMS)

was obtained in 75% isolated yield. 1HNMR (CDC13) 6 5.25-5.40
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(m, 4H), 2.35 (br d, 2H, J = 4Hz.), 1.95 (m, 2H), 1.80 (d, 3H, J =

6Hz.), 1.10-1.60 (m, 16H), 0.10 (s, 9H); 13CNMR (CDC13) 6 136.78,

134.23, 126.85, 126.46, 77.98, 44.55, 39.94, 32.48, 27.87, 27.71,

27.39, 24.98 (double intensity), 24.56, 19.31, 14.93, 2.45; IR (neat)

3020, 2925, 2850, 1440, 1250, 1045, 970, 840, 750 cm-1; mass

spectrum m/e 308.2539 (calculated for C19H360Si 308.2535).

1-trimethylsiloxy-1-(trans-l-propeny1)-trans-cyclotridec-3-ene

(2d-TMS) was obtained in 58% isolated yield. 1HNMR (CDC13) 6 5.55

(m, 2H), 5.35, (m, 2H), 2.30 (br d, 2H, J = 4Hz.), 2.00 (m, 2H), 1.75

(d, 3H, J = 3Hz.), 1.10-1.70 (m, 16H), 0.10 (s, 9H); 13CNMR

(CDC13) 6 138.52, 133.98, 126.89, 123.39, 77.22, 42.76, 38.46,

32.45, 27.80, 27.74, 27.45, 25.01 (double intensity), 24.57, 19.16,

17.89, 2.64; IR (neat) 3020, 2920, 2840, 1430, 1240, 1045, 975, 830,

745 cm-1; mass spectrum m/e 308.2531 (calculated for Ci9H360Si

308.2535).

1-trimethylsiloxy-1-(trans-2-trimethylsilyletheny1)-trans-cyclotridec-3

-ene (2e-TMS) was obtained in 76% isolated yield. 1HNMR (CDC13)

6.05 (d, 1H, J = 19.2Hz.), 5.75 (d, 1H, J = 19.2Hz.), 5.30 (m, 2H),

2.25 (br d, 2H, J = 4Hz.), 1.80 (m, 2H), 1.10-1.50 (m, 16H), 0.05 (s,

18H); 13CNMR (CDC13) 6 152.51, 134.16, 126.95, 126.62, 78.51,

42.15, 37.93, 32.45, 27.75 (double intensity), 27.42, 25.02 (double

intensity), 24.58, 19.12, 2.74, -1.31; IR (neat) 2940, 2860, 1600,

1450, 1440, 1240, 1050, 990, 970, 860, 830 cm-1; mass spectrum m/e

366.2776 (calculated for C2111420Si2 366.2774).
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1-trimethylsiloxy-1-(3-methyl-trans-buteny1)-trans-cyclotridec-3-ene

(2f-TMS) was obtained in 91% isolated yield. 1HNMR (CDC13) 8 5.45

(m, 2H), 5.35 (m, 2H), 2.50 (d, 2H), 1.90 (m, 2H), 1.10-1.60 (m, 17H),

1.00 (d, 6H, J = 7Hz.), 0.10 (s, 9H); 13CNMR (CDC13) 8 135.68,

134.16, 133.93, 126.89, 77.17, 42.67, 38.53, 32.45, 31.07, 27.75

(double intensity), 27.43, 25.02 (double intensity), 24.57, 22.35

(double intensity), 19.18, 2.73; IR (neat) 2920, 2860, 1450, 1250,

1050, 970, 840, 750 cm-1; mass spectrum 336.2680 (calculated for

C
21

H
400Si 336.2848).

1-trimethylsiloxy-1-(trans-2-chloroetheny1)-trans-cyclotridec-3-ene

(2g-TMS) was obtained in 72% isolated yield. 1HNMR (CDC13) 8 6.05

(dd, 2H, J = 13.5), 5.70 (m, 2H), 2.50 (d, 2H), 2.00 (m, 2H),

1.10-1.60 (m, 16H), 0.15 (s, 9H); 13CNMR (CDC13) 8 140.44,

135.06, 125.60, 118.20, 77.50, 42.83, 38.24, 32.39, 27.62, 27.58,

27.34, 24.97, 24.90, 24.50, 19.09, 2.53; IR (neat) 3090, 2940, 2880,

1620, 1450, 1260, 1060, 985, 950, 850, 770 cm-1; mass spectrum m/e

328.1990 (calculated for C18H330SiC1 328.1989).

General Procedure for the Pyrolysis of the Trimethysilyl Derivatives

of the Alcohols: The silyl derivatives of the alcohols were dissolved

in a few drops of ether and then introduced into an ampoule. The

ether was removed by means of the vacuum pump and the ampoule was

sealed under vacuum. About 30-60 mgm of the material were pyrolyzed

at a time. The pyrolysis was carried out at 310°-325°C by placing the

sealed ampoule in an aluminum block oven maintained by a ProportioNul

temperature controller. Pyrolysis was usually carried for a period of
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2 to 5 hours (see Table I), at the end of which the ampoule was

removed from the oven and allowed to cool completely. The ampoule was

then cut open and its contents rinsed with CC14. The rinsed

solution was then collected and rotary evaporated to remove the

CC14. The IR spectra of the crude pyrolysis mixtures obtained from

2c-TMS, 2d-TMS and 2e-TMS showed the trimethylsilyl enol ether bands

near 1600 cm-1 and the 1HNMR showed two doublets that presumably

correspond to the E and Z isomers about the enol ether. 2c-TMS or

2d-TMS 6 4.45 (J = 8Hz.) and 4.25 (J = 8Hz.); 2e-TMS 6 4.45 (J =

11Hz.) and 4.10 (J = 8Hz.). Pyrolysis of 2f-TMS gave a crude mixture

whose spectra are as follows. 1HNMR (CDC13) S 5.00-6.00 (complex

m, 5H), 2.5-3.0 (m, 1H), 1.75-2.50 (m, 6H), 1.10-1.65 (m, 16H), 1.00

(d, 6H); IR (neat) 2940, 2870, 1450, 970 cm-1. Pyrolysis of 2g-TMS

gave a crude mixture whose spectra are as follows. 1HNMR (CDC13)

6 7.10 (s, 1H), 2.00-2.80 (m, 6H), 1.20-2.00 (m, 15H), 0.80-1.15 (m,

2H), 0.10-0.45 (m, 1H); IR (neat) 2930, 2850, 1705, 1450, 810 cm-1.

General Procedure for the Hydrolysis of Pyrolysis Products: The

crude product mixture obtained from pyrolysis was taken up in 1 mL of

the hydrolysing solution made up of pyridine/H20 in the ratio of

10:1 + 2 drops of concenterated HCl. The reaction mixture was re-

fluxed in the jacket of a cold finger for a period of 3.5 h at the end

of which it was extracted with ether. The ether extracts were washed

five times with H20, twice with 5% H2SO4, twice with saturated

NaHCO3, once with NaCl solution and finally dried over MgSO4.

Filtration followed by rotary evaporation of the solvent ether gave

the crude product which was then analyzed and purified by GC.
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3-trimethylsilyl-trans-cyclopentadec-5-enone (9e) was obtained in 52%

isolated yield. 1HNMR (CDC13) 8 5.25 (m, 2H), 2.25-2.55 (m, 4H),

1.90-2.25 (m, 4H), 1.10-1.75 (m, 14H), 0.05 (m, 1H), 0.00 (s, 9H);

13CNMR (CDC13) 8 211.52, 131.96, 131.00, 43.01, 41.31, 32.58,

31.19, 28.25, 27.05, 26.85, 26.55, 25.99, 25.87, 23.62, 18.82, -3.00;

IR (neat) 3020, 2940, 2870, 1720, 1450, 1250, 970, 860, 840, 750, 690

cm-1; mass spectrum m/e 294.2384 (calculated for C18H340Si

294.2379).

The spectra of other compounds were identical to the ones obtained

from the anionic rearrangements.

Preparation of 3-methyl-cyclopentadecanone (Muscone) (13). In a

round bottomed flask was taken 0.048 g (0.20 mmol) of the ketone, 3-

methyl-trans-cyclopentadec-5-enone in mL of dry ether. To this was

added a spatulla tip of Pt02. The flask was hooked to the vacuum

line, evacuated, flushed with nitrogen a couple of times and then a

balloon of hydrogen gas was attached to it. The reaction mixture was

then stirred under H
2
for a period of 2 h, at the end of which an

aliquot was removed and tested by means of the GC column A, which

indicated the completion of the reaction. Hence, at the end of the 3

h the reaction mixture was filtered and the solvent rotary evaporated

to give about 0.035 g (71%) of the product. The compound was then

purefied by preparative gas chromatography. The pure compound so

obtained was found to be identical in GC retention time, 1HNMR, IR

and Mass Spectrum to that of an authentic sample. 13: 1HNMR

(CDC13) 8 2.00-2.60 (m, 5H), 1.55-1.90 (m, 2H), 1.25-1.50 (m, 20H),
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1.00 (d, 3H, J = 6.4Hz.); IR (neat) 2920, 1710, 1460, 1360 cm-1;

Mass Spectrum 238.2297 (calculated for C16H300 238.2296).
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