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CHAPTER I
IRTRODUCTION

An extensive number of « -acetoxy derivatives of
numerous ketones have been prepared including steroids
and other phyeiologically important compounds.1'2’3
The d-acetoxyketones may be hydrolyzed or derivatives
made thus making it possible to utiligze them as pre-
cursors for additional syntheeea.h
Recent developments in the formation of c-acetoxy-

ketones using either ketoxime derivatives’ or thallium

6

triacetate exhibit dissdvantages of only moderate ylelds,

relatively long periods of reaction time, the necessity
of isolation of 1nternediates; and use of expensive re-
agents. The general purpose of this study was to dis-
cover or study new ways to accomplish acetoxylation.
Historical Review

It has long been known’ that lead tetraacetate (LTA)
wvill rsaet with ketones to produce the d~-goetoxy compounds,
Rovevar; under the ususl conditions tha precess wes rather
time consuming and the ylelds of the desired <~acetoxyketones
were not high. Some improvements in the process have been
made by Bcnbate using catelyets such as BFy etherate. A

prudent selection of solvent in at lesst ons example near-



ly doubled the yield of the acetoxylation product.9
By-products due to dehydrogenative coupling led
Cavill and Solamon to conclude a radical mechanisem was

operative &s shown below.lo

H .
RCH:SR' + PLOA), — RCH:?R «»RO—lgR‘

I 11

RCH%R' + 0A — Hg R

II TIY
towever, other workers reported that air oxidation

was probably responsible for the observed radicals.ll
Criegeel has listed evidence by Ichikewa and Yena-

guchi claiming the rate of acetoxylation is dependent

only on the concentration of the kotone; not LTA. This

indicates that enoliszation of the ketone iz the rate deter-

mining step of g&scetoxylations This argument was supported

by Littler.lz

Fuaon13 reacted compounds which exist only aes encls,

such as I¥, with LTA to give the eorresponding acstoxy-
aldehydes, as V, in quantitative yields.
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Cﬁj
O 3 (=CHOH + Pb(OAJq DA 5 d‘l—f

N\
Iv v

Coreyld proposed that acetoxylation of ketones may
proceed via an enol-lead triacetate derivative, such as
VII, formed directly from the ketone followed by intern-

el rearrangement end elimination,

(0

0 0 8$
RCCHR + Ph0A), = RG=CHR — RCCHR
VI VII I1I

8 and later Criegeol concluded that acceler-

Henbest
ation of the reaction with BF3 etherate is probably due
to its power to increase the rate of the enclization step,

Phenols can be considered dienonos which are entire-

ly in the enol form. Criegeel proposed from his work on



phenols, that the acetoxylation resulted from the forma-
tion of a lead(IV) triacetoxy phenol derivative, such as
IX, followed by rearrangement of the lead ester to the

product XII.

H P‘)(OACJj +
Q CH
~ CHs CHs CHs +,CH, _3
Ot O O O

VIII IX X D6 ¢ XIIT:

Waters 15 has suggested a concerted mechanism for
both the enol form of ketones, such as XIXX, and phencls,

for example IV,

\
=K C-C g
Q. ~0-COCH; T 0 ‘oclcs
CHCOO—Pb-(0AJa
1171 v
©\, 0C-COCH,  —— H
OCOCH
@\H %B/PL 3
C
iV CHy LIX
Fieser16 theorized a quasi cyclic, delocalired trans-



ftion state with the enol of the ketone and the triacetoxy

cation of lead,

L=C
o] ‘OCOCH,
| H | et ﬂ .
-C=0H + PO~ RORR0-C=C]~ , o/,
XV1t . i

However, Pleserl® has presumed Fuson's reaction of
LTA with dimesityl vinyl aleochol proceeded via diacetoxy
addition, followed by elimination of acetic acid. This
mechanism is analogous to that proposed for LTA addition

to olefins.

¢ 0
—(=CHOH + PHOAY, — @a;e(HOH—* @5(‘514
b0 9

Ac Ac
Iv )& ¢ XxI
Hormanl7 recently has explained the mechanism of

oxidation of 2,4,6-tri-t<butylphenol with LTA using the

triacetoxy lead ester XIII intermediate followed by a



2 glactron transfer to the product XXIII.

Pb(OA:);
& *~

O P

OAc

Il IXIII
However, current studies indieate that LTA may be

considered acting as an electrophile with addition in
the L position as in the phenolic compound IXIV, Elec-~
trondonating substituents accelerate and electron-with-

drawing groups retard the roaction.la

xxav
While the mechaniem of the acetoxylation may not be
13

fully understood, it was of interest that Fuson “ also

reacted the vinyl algohol IXV with a Grignard reegent to



forn the corresponding enolate XXVI,

O 2:} i
& /OH Rmx / :C/O ij +RH+
- :C‘H ¥ \y
& e
L "
XXV XXvI

The enolate was then refluxed imn bLensene with LTA

to obtain the d-acetoxyaldehyde.

1XVI AXVII
If an ¢p-unsaturated ketone XIXVIII could be made
to undergo l;k lddition; the resulting enolate IXIX
should also react with LTA to form the acetoxy eompound
IIX in a manner analogous to XXVI,



I pi 4 A’X
:‘;:c/dR v RMX - c—c“o‘

\ [ N ol
H &th R
ONVITI XXIX
o Pw
H,OMX
| C:C _ + FL( c) —a R C,d il
R C/ \Ru R
L R’ H
R
Ixx XX

¥While certain compounds are known to yleld only l;h
addition products, usually a combination of 1;2 end 1;&
addition products is obtained. Ro\nver; it is generally
know that copper{I) salts tend to promote 1;.!; over 1;2
addition to -unsaturated ketones, Isophorcne IXII has
been treated with copper{I)chloride and methylmagnesium
bromide to yield the 3;3;5;5ototruechylmlohonnono
IXIIT in 80% yleld.l?

CHy MqBr
) CoCl' Q
2) H0"

)9 8¢ XXXIII




More recently other copper salts have been used to
selectively ocbtain high ylelds of l;k addition products.

In 1966 House~" was able to form n.thylcopper; con-
sidered to be a polymeric subcnnnoo; vhich provided ex-
cellent yields of the corresponding enolate. Thua; eyclo-
hexenones were found to remct with methylecopper to give
the 1;1. addition products in very high yields, (92.975).32
In addivion, the trimethylphosphite.methylcopper complex,
Xo0) 3P) j0uMe, was used in catalytic amcumts Lo increase
the ylelds of 1;& ldditian.23 This complex has also been
usod because of the ligandts volatility end esse aof separ-
ation from the crude reaction mixture, 7The mar shift

20

indicates that the ligands increase electroa density in
the methylcopper eomplex,

The exact mechaenism of Ou(l) l;k catalysed Grigmanrd
addition has not been established. Originelly 4t had
beoen suggested that the probable mechanism of l;b addi-
tion involves & traneition state containing a six membered
ring, 2k

Initieally, evidence against a cyclic intermolecular
routs presess came from Alexandsr and Oortor.zs They
found that 2-cyelohexene=le-one undergoes conjugate addi-
tion with Grignard reagents but the distance between the
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carbonyl oxygen and the cardon 18 too greet to have a
cyclic transition state operative, Mt support of this,
they obeerved no difference in the prepertion of 1;6
and 1,2 addition produets when comparing a cyclie son-
pound with an open c¢chain analogue.

Ebarasch,?% howsver, questioned whether such a
systen would be 30 rigid, expressing the thought that
the double boud of the ketone might be changed by a
complex with magnesiu, allowing the bond to increase
its angular flexibility., The copper halide was thought
%o labilize the carbanr.carbon double bond conplox; and
hence add to the flexibility of the system. Kharasch
also cites 1;6 Crignard addition by Fuson without cop-
per salts, 3Such an aeddition, he admitted would have
to exclude a cycloid system and he suggested a two
carbonyl complex involving interwolecular bending,

Hou3026

nere rocmtiy has indicated that dialkyl
Grignard reagent (Rzﬂs) may be responsible for 1;5
addition to unssturated ketone. He suggested that a
4 centered mechanism might be possidle.

HouuQZI further found that methylcopper a'ded
1,4 to ¢ B -unsaturated ketones and did not add 1,2 with

saturated ketones. In an effort to test the stereo-
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chemistry of addition, he acetylated the enolate anion
preduced from sk-methyl-2.pantenone, He concluded that
a cyclic addition for at least 69% of the reagent was
imposaible and ooculd find no direct evidence for a cye-
lic mechanism. In addition, complexing agents added
with organocopper compounds showed no effect on the
yield, nor could any spectral evidence Be found for a
copper=-carbonyl complex. House suggests that a partial
or completa electron transfer to form a charge-transfer
complex or ion radicsl might ocour. A radical transfer
or collapse of the charge-tranasfer complex would p rovide
a route to the product., This is shown with formulae
IIXJV through XXXVII.

—CH'—"CH({:ICHa Pum— o —CHCH:ClCH3 & CHch(H)+
0

0
cugcf(n
XXV v
(@)’
C)CH.,,
CHCHLCH,  —— -CHCH=COH, + C.(0)’
0 (‘:H3 Q)

XXVI £XTIT



2 hae indicated that additions of methylmag-

Houaa2
nesium bromide and methylcopper to ¢, B-unsaturated ketones
differ in their stersochemistry.

It should be pointed out that a recent investigation
of the decomposition of the tri-n<butyl phosphorous come
plex of Cul indicates that & radical is not proacnt.27

Broadly speaking, the transition state energy of the
non-catalyzed Grignard addition to isophorone XXXI is much
lower for 1,2 then 1;& addition, einoe only 1;2 product
is fornod.28 Possibly the methyl groups on the § and 3
positions prevent ﬁy steric hindrance, a cyelic l;h trans-
ition etate with isophorone. Since methylcopper does not

add 1,2 even to satursted oardonyls, it cannot be consid-

ered a strong mucleophile.

The speeific purpose of this study was to determine
the optimum conditions for the best yield of l;k Crisnard
enolates of %, Beunsaturated ketones and investigate the
reaction of the enolste with Fbh(IV) and Hg(II) acetates.
Such a process could be extended by variatiens of the
Grignard reagent employed; using different carboxylates
of lead(IV), and various ¢B-unsaturated ketones,

A variety of snolates may be prepared by either treat-
ing a saturated ketone with a strong base, as trityllithium,



1)

or by reacting an «,3 «unsaturated ketone with a metallie
reducing agent, such as lithium in liquid amwonie.
Application of the methylcopper reagent would provide
a lithium enolate, such as XXXVIII. An equivalent enoclate
could be made using trityllithium as & base with the sat-

urated ketonoe anslogue 3,3,5,5-tetramethylcyclohexanone
(XX,

A e d e

Ixy IVIII IXII

The use of Kharasch's catalytic method yields the
magnesium enolate XXXIX,

0 e
CHa MeBe |

ETHER

Ixxy IXXIX

The enolate thus prepared would bhe expected to resct



with LTA in a manner similar to that postulated by prev-

28
inus workers.lB’

e

Li

XXIVIII XL
In addition, it has been reported that the o-ace-

toxy derivative of cyelohexanone ILIII has been prepared
by the reaction of cyclohexsnone with mercury{II) acetate,
though in low yicld.so If the mechanism is similar to
that propcesed by Corey for LTA, thon the enol XLII; or

&n enolate anion, ought to react faster and in a yleld

higher than the unenoliszed ketone,

H
- Ac
-~ + HyOA), —
XLI XLII

LTI



CHAPTER II
RESULTS AND DI3CUSSION

Two routes to the desired 1;& addition product
enolate of isophorone are the reaction of methylcopper
with 1sopnorone or alternatively the Cu(I) catalyzed
reaction of a Crignard reegent with isophorone. The
disadvantage of the former method lies in that it uses
a l tol ratio of reagent to ketone. The latter method
has a tendency to give lower yields compared to the
methylcopper reagent,

Normally excess organometallic reagent is used to
provide maxisum yields. Howaver; excess organometallic
reacts with LEA.31 In order to prevent this undesirable
side reacticn with LTA, it was necessary to use a mini-
aum amount of organometallic reagent above the stoichio-
matric oquivalent of ketcene.

iumerous experimenta were therefore needed to deter-
mine the optimm conditions to afford high yields of
enolate and yet bs compatible with LTA. If these con-
ditions could be determined, previous analogous reactions
would indicate that an excellont synthesis of «<-acetoxy-
ketones would be achieved.

15
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The method used by Bouse?l was followed using a %4 to
1l ratio of standardised methyllithium and Cul to ketone.
The key to the preparetion appeared to be the use of an
optimum concentration of organocoopper reagent. Additiom
of isophoromne to the yellow reegent at 0 to »5° required
only a few minutes and the total reaction about an hour,
The worimp avoided the dialkylation with excess reagent
by addition of the enolate to aqueous azmoniuwm chloride
solution. Analysis by vpc using (~)-carvone as an intern~
al standard, indicated a 9% yield of the conjugate addi-
tion preduet 3,3,5,5-tetramethylcyclohexanons. House?2
has reported this reaction in "good yield" but gave no
specific details. The presence of the enclate XXIVIIY
was shown by ite reaction with acetie anhydride to form
the enol acetate ILIV, identified by vpe and ir,

-
g
\ 0
) CHs Cﬁ ,
Mol /
é( XLIV

XXIX




An investigation of the amount of 1;& addition product
formed by the addition of equimolar amounts of isophorone
and reagent indicated thzt under these conditions only one-
fourth of the isophorone was converted to 3;3;5;5-tetrc~
methyleyclohexancne. This experiment tanded to confirm the
fact that a large excess of methylcopper is needed to obtain
high yields of anolate,

In one experiment, while using methylmagnesium bromide
and copper({I)iodide, the reaction mixture was transferred
with ether and the reaidue in the flask was briefly warmed
by steam, The flask containing solid methyleopper residue
was set aside end after a fow minutes violently exploded.
The procedures thereafter excluded any warming and all
residues were quickly destroyed by addition of water,

The catalytic effect of a nﬁmhor of copper salts was
examined., The salts included anhydrous Gu(OAe)g2, cucl;

Cul, and the copper conploa:npauaPCuI. CuCl appeared to bde
the best catalyst as cstimated by comparisons of the areas

of chromatograms regorded by wvpe of 3,3;3.5otctrlnothy1cyclo~
hexancne.

Varieus temperatures were ezamined inoludiag room
teaperature, 0,-15,-35, and approximately -50°. Since

methyleupper decemposss above 0°, lover temperature seanrs
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more favorable., Howsever, vpc comparisons of product yields
indicated that thorolwaa no apparent advantage to using
temperatures below ~iS°. Rzamination of the temparatures
listed indicated that «15° tended to give the highest amount
of 1;& addition product,

Dimethyl ether was used as esolvent for the COrignard
reagent since it was considereé by Honlezl to give hizher
yields of 1;& addition product than other solvents. The
relavive proportions of ether solvent was varied to obtain
best results, Originally it waa thought a dilute solution
would provide a better yield. Several experiments were
conducted in high dilution ugsing ether solvent, RHesults
indicsted a reduction of yield using high dilutions.

The normal order of addition was that of ketone to
the organometallic reagent, ¥When copper catalyst was
added to the ketone instead of the CGrignard reagent, a
loss of catalytic effect was noted. It was found that
when using anhydrous Cu{OAc), as a catalyat; the simul-
taneous additon of ketone and Crignard reagent appeared
to enhance the quantity of the 1;& addition produet found,
Howaver, simultansous addition had no apparent effeet
when used with CuCl catalyst,

.The concentration of isophorone was also changed.



Since the concentration may affect enolisation of the ke-
tone which might protonate the onolate,32 it was desiradble
to £find the optimums concentration for the ketone. The
findings indicated that variation in concentrations of the
ketone had no effeat upon protonation of the enolate,

The temperature of the ketone was reduced to deter-
mine its effect on protomation of the emolate. A lower
temperature ought to reduce the amount of snolization of
the keton0.32 and 1f the enol form of the ketone is the
proton donating source, the amount of protonation of the
enolate should be reduced. It was found that cooling an
ether solution of the ketone with liguid nitrogen tended
to lower the amount of protonation by 50%,

Since tho enclate XXIVIII or XIXIX, not the ketone,
should react with LTA, it was necessary to determins the
enolate's presenoce in the reaction mixture prior to its
addition to LTa, This was accomplished by adding the eno-
late XXXVIII to acetic anhydride. Enoclates will react with
acetic anhydride to form enocl acetates, but ketonoes such
ae I(II will not. Hence, any enolate that is protonated
prior to workup will be recovered as XIXI, while the enclate
will be converted to the enol acetate.

The enclate was rescted with acetic anhydride and
worked up with godium bicarbonate until free of acid and



then analysed by vpe. The structure of the enol acectate
was confirmed by ir and mmr antlysis.

It was neoossary to add concentrated methylmagnesium
bromide %o eold CuCl and mix the components at 0°, The
1atio of methylmagnesiuem broaide to isophorone was 1.2 to
1.0, S8inec it wes known that excess Orignard reagent 1e-
acted with LTA, it was necessary to keep the ratio of
mgthylmagnesiun bromide to ketone as close to unity as pos-
6ible. There was a tendency for the 1;2 addition product
formed to be conetant in yleld whether the ketone was added
rapidly or slowly to the Grignard reagent.

After the optimum reaction conditions were conbined;
the best resulte were obtained using 20 mole perecent CuCl,
at -152 using a high concentration of methylmagnesium bromide.
It 18 of interest that Nuneh-?eterson33 working with 4B -un
saturated esters, arrived at similar conditions for optimum
1,4 addition ylelds. The ketone was cooled in an ether sol-
ution with 1liquid nitrogen. The relative asreas obtained from
the vpc analysis, indicsated approximately a 92% yleld of
3,3,5,5=-methyloyclohexanone {XIXII) or a 868 yleld of enol
acetate XLIV with no trace of starting material XXXIY.

Reactions using no copper catalyst ylelded only 1;2
Produat IXITIT while another experiment at =-30° using CM,Ls
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and catalytic copper showed only a trace of 1;& addition,
Simultaneous addition of isophorone and the methylmagnesium
bromide offered no apparent advantage.

¥hile the exporiments weére conducted on a small scale
(0.02 moles of ketone), on a larger scale an isolated yield
of 788 by distillation approximately matches the yleld of
(82)) obtained by Kharasch. However, more work may improve
this procedurs,

Trityllithium can be synthesised by preparing phenyl-
1lithium from lithium and broaobenleno; then reacting the
phenyllithium with triphenylmethane,

L + prct, —=  gy=CLi

XLV AVl ALVII
o
QLI

Peti W@ — 3

ILVII IXAII XIXVIII

The resction of the saturated ketone 3,3,5,5«~tetra-
méthyleyclohexanona with vrityllithium using the method
outlined by HurtB“ provided another route to XXXVIII. The
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phenyllithium was prepered in a 30% ether70% bensene sol-
ution and added to tripheaylmethane dissolved in 1;2-din-
ethoxyethane. The reaction was carried out at reom temper-
ature and completed in 45 minutes. The enolate IXIXVIII was
treated with agetie anhydrido; worked up in the usual manner,
and analysed by vpas It was estimated by ecomparisone of
aress of chromstograms recorded by vpc that 79% of the ketone
was osnverted to the enolate as measured by the amount of

enol acetate produced., The ir spectrum and vpe retention
values of the produst were identical with those of previously
prepared enol asetate.

The enclate of 3,3,5;5-tebramethylcyclohoxanono prev-
icusly stated using a & to 1 ratio of methylcopper reagent
to isophiorone was directly added to a slurry of l.5 equiva-
lents LTA in tensene, An immediate color change was observed,
and after several hours the thick mixture was worked up and
subjected to vpe analysis. No additional product besides
3,3,5;5~totramethyleyclohexanone was detected by vpe. In-
vorse addition of LTA to the enolate XXXVIII gave similar
Tesults, It is believed that the excess alkyl copper
reagent reacted with the LTA,



An exanination by vpec was made of the crude product
of the reaction of methylcorrer reagent with LTA. The
only product detected was an orange aolid; but the isola-
tion was not attempted. The nt.oratunn would indicate
the expected preduet to be tetramethyllead,

The enolate IXXIX from the Cull catalyszed addition
of methylmegnesium bromide to isophorone using a 1.0 to
1.2 ratio of isophorone to methylmagnesium bromido; was
added to 1,55 equivalents of LTA in bensene, The flask
becane quite warm and the color becsme light brown to
light green, After sevaral hours the mixture was worked
up and vpe results indicated a product whose retention
time differed from that of the authentic 2-acotoxy-3,3,5,5-
tetramethyleyslohexanone (XL) prepared by a known mechod.35
Distillation of the reaction residue and recrystalization
provided e white compound which was found by sodium fueion
to contain chlorine.

PLOA), + 2CL —  Ph({0A), +Cl +d A0

) M, Br
OMB -
A Ne— M

IXXTX XLVIIX
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Yerification of the product as 2-chloro-3;3;5;5-tetra-
methyleyclohexanone (XLVIII) was made by examination of the
purified compound. The asaignhments of the ir and nmr spectra,
msasurements of retention times on different wpc columns; and
a melting point corresponding to the reported literature
valne836 were all consistent with structure XLVIII. Origin-
ally ILVIII was isclated due to selective precipitation;
however a corresponding compound ILIX had to be present
since the total quantity of product exceeded the stoichiometry
of the chloride present.

Thus the one step synthesis of an d-bromo; B -alkyl
ketone from ¢ B-unsaturated ketone can be quickly made with-
out the inconvenience ¢f direct halogenation, Hence; the
reaction provides addition of an alkyl halide across the
double bond of an «,FB -unsaturated ketone,

When anhydrous Cu(OAc), was used in place of CuCl in
a 1.0 to 1.2 ratio of isophorone methylmagnesium bromide to
LTA, a compound with similar properties was isolated but
contained bromine in place of chlorine. Again verification
by means previously employed indicated the compound wase
z-broao-B,3;5;5~totra-ethylcyclohexnnona. The melting point
of the purified compound was exactly as stated in 11terature,3

and the ir spectrum was identical with that of an authentic
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sample prepared by bromination of pure 3,3,5,5.tetramethyl-
cyclshexanone,

M.B-
¢ PN, —

IXXIX ILIX

The yleld of 2-bromo-3;3.5;5-cetramethylcyclohexanono
was 4L9% aa determined by vpc using an internal atandard;
while a 40% yield was afforded by distillation.

Modified reaction conditions also produced the same
product. Fusonll originally refluxed the mixture of the
enolate and LTA for 12 hours. If an « -bromo compound was
initially formed, an acetate ion may have displaced the
bromide ion during reflux. The reaction was ropoated; re-
fluxing the reasction mixture for 12 hours. 4s defore, the
only product wes 2-bromo-3,3,5 ,5-tetramethylcyclohexanone,

Compound XLVIII could have been formad by the oxid-
tion of CuCl or &n esxchange of halogens from CuCl to me -
nesium bromtde enolate followed by electrophilic attuck by
LTA. However, the de~bromo compound XLIX may have resulted
from an electrophilic attack by LTA.
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Oxidation of bromide ion to form free bromine as
previousaly indicated for chlerine cannot be ruled out,
Bromination of the enolate would produce more free mag-
nesium bromode as a by-product. The magnesium bromide
formed could then be oxidigsed by LTA to bromine whioch
¢ould further react with more enolate,

An attempt %o prove that free bromine was present
in the rsaction mixture by adding excess c¢yclohexene to
the LTA-benzene slurry prior to the addition of the enolate
was inconclusive. A trace of a compound which had the
same retention tiine as azuthentic 1;2~dibromocyclohcxane
was detected by ¥vpc. The ir spectrum of the crude product
indicated no evidence for the presence of l,2-dibromo-
cyclohexane when comparison was made with an authentic

sample.,
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Another mechanism 18 possible. Koch137 was able to
react LTA with a carboxylic acid in the presence of lithium
halidss to obtain an alkylhalide and e¢arbon dioxide. A re-
fluxed bengene solvent was used under a nitrogen atmosphere.
It was found that the absence of a nitrogen atmosphsre cur-
tailled the rsaction. i complicated radical mechanism was
propoaed. Since the reaccion conditions were similar to
those used to react 3,3,5,5-tetramethylcyclohexanone with
LTA, perhaps an analogousz mechanism produced ths « ~bromo
compound,

The lithium enolate XXIVIII of compound XXIII formed
by its reaction with trityllithium was added to LTA at room
temperature in a 1.0 to 1.2 ratio. Isolation and identific-
ation showed the product to be XLIX. The halogen source
presumably came from the lithium bromido; formed in the pre-
paration of phenyllithium, The bromide eould then be oxid-
i3zed by LTA to free bromine which could then reesct with the
enolate IXIVIII to form the product ILIX.

A Li + Br—@ —_— LF@ + L;Br

LI LII
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The enolate prepared by using a 10 mole percent anhy-
drous Cu(OAc)z catalyst under conditions identical to those
used for CuCl was added to Hg(OAc)2 in benszene in a ratio
of 1.0, 1.2, to 1.0 isophorone; methylmagnesium bromido;
Hg(OAc)2. After one hour at roam temperature; the mixture
was refluxed for 6 hours. The reaction mixture was worked
up as usual and analysis of the crude reaction mixture in-
dicated that only 2-bromo-3;3;5;S-tetramdthylcyclohexanona
was present; no 2-acetoxy~3.3,5;5-tetramethylcyclohexanone
was detected. The yleld was found by comparisons of areas
of chromatograms recorded by vpc to be approximately 30%.

d for a Pos B aceta

In reactions involving the methylmagnesium bromide
or trityllithium enolate with LTA, the crude residue prior
to distillation had properties which could not be attributed
to XLVIII or XLIX or XL. The nmr spectrum of the reaction
mixture prior to distillation has a strong proton signal
at § 2.0, indicating a possible acetoxy group. The reaction
mixture gave a positive silver nitrate test which the
isolated compounds XLVIII and XILIX did not exhibit. Thin
layer chromatography of the reaction mixture prier to
distillation indicated a major product; XLIX, and a trace
of a minor product with a slightly higher Rf valve.



Such a compound or compcunda could arise from either
or both of two ways, bromination of XI, or acetoxylation

of XLYX.
B
OAc

: Pb(oA), +
-_—\\\\\ Br OA \

XL LIV ILIX

Attenmpts to isolate LIII or LIV were unsuccessful,
3imilar compounds are known to be unstable.38

Although the mechanism of the reaction is not clear,
the results indiceate that only the d<bromo compound was
formed in contrast to the previously prsparsd dq-acetoxy
gompounds. Since G6H508a is approximately 3 times as
strong an electron transferring agent ae G6B5OH,39 enolates
should also be considered as nuch stronger electron trans~
ferring egents than the corresponding enols. It would
therefore seem that the eéolate aniona ere not reacting in
an enalogoue cenner to phenols or ketones. Perhaps Fieser's
mechanism to explaein the dJ-acetoxy aldehyde obtained by

16

Fuson may be correct. In addition, Fuson did not report
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using a nitrogen atmosphere. Thusa, the possibility arises
that the pregsence of air or moisture contaminated the
reaction mixture causing regeneration of the vinyl aleohol
from the enolate or repression of a radical reaction.

Reported acet.oxylation28 of 3,3;5;S-tetramethylcyclo-
hexanone enolate may have proceeded via another mechanism
since tetrahydrofuran solvent was used and the reaction was
run in air. Also, a possible misidentification of the
product may have resulted; since both the Zoacetoxy~3;3;5;5~
tetramethyloyclohexanone have identical retention times
on the 10 ft. column of 4% neopentylglycol sebacate at 1700.
Suggested Research

It would appear that Criegeets mechanism ie not
operative in the reaction of enclates and LTA. The problem
may be clarified by using other enolates as previously
mentioned. Thus stable enolat.es generated from other
sources mey reatt with LTA to form <-acetoxyketones.

Strong metal reducing agents such as lithium aluminum
hydride,*0 sodium borohydride,*t 1ithium in liquid ammonie’?
(5irch reduction); and zinebB form steble ernoclates. The
reaction of these enolates with LTA should progeed in a
manner analogous to Fuson's readticn of LTA with Grignard

enolates,
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NaBH,

/ 3 RSE(HCHR"
\L*/NHa /
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XXVIII v

RCOCH=CR" -+

A 0 OA:
R‘&CHCHH” o PhOA), — ﬁ‘&gHCHﬁ'

3 ¢ sy
P ; PR,

NaGCHy may also exchange with LTA to form Pb(Cie) o~
(OC“B)Z' This compound would act as a strong methoxyl-
ating agent and form methoxy compounds via addition to
olefins,

Likewise, it would be of interest to determine the
product of the resetion of LTA with phenols treated with
Orignard reagent to form enolates, Either the «.halo

or z-acstoxydianone should be formed,
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CHAPTER IIX
EXPRRYMENTAL

All reactions were run under nitrogen in oven dried,
and when possible, flame heated flasks. A Thomas«Hoover
capillary melting point instrument was used and melting
points were uncorrected. A VYarian T-60 Nuclear Magnetic
fesonance Spectrometer, with CClb as solvent and tetra-
methylsilane as an internal standard, and a Perkins-Elmer
337 Infrared Spectrometer were used for all spectra, Gas
phase chromatographic analyses were made using a Sargent
SR recoxrder and a Perkin-Elmer Model 154 L gas chromato-
graph with a $ inch x 5 ft. column of dinonly phtalate
(dnp) on 60-90 mesh non-acid washed Chromosorb P and a %
inch x 10 ft. column of 4% neopentylglycol sebacate (npgs)
on 60 to 90 mesh non-acid washed Chromosorb W. Both
columns were run using a helium flow rate of 60/ml/min,
Silica Gel G with CHClB solvent and iodine vapor detection
served for thin layer chromatography use., Organometallic
reagents were standardised by hydrolyzing in standardized
acid and back titrating with a standard base. Anhydrous
Cu(OAc)zab and CuCl“s were prepared by standard means.

The molar percentages of catalyst were based on the molas
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of ketone used. Diethyl ether, dried by distillation over
lithium aluminum hydide, was the only ether used unless

otherwice indicated. Lead tetraacetate (LTA) was dried

over KOH under reduced pressure, just prior to use,

Cul (5,54 g, 0.03 mol) was slurried in 25 ml of ether
at 0 to -5° using a salt-tce bath, and 25 ml of 1,2 M CH3Li
{0.03 mol) in ether was added, The thick mixture appeared
gray on completion of addition of CH4Li. Ieopheorone (1.00 g,-
0,0075 mol) in 20 ml of ether was added over a period of 5
to 10 minutes and after 45 minutes a deep yellow color de-
veloped, The mixture was then washed into 100 ml of satur-
ated NH,Cl solution, four ether extracts of the water layer
were added to the organic layer, and dried {Mg80;). Analysis
wag made using {-)~carvone as an internal staendard om the
npgs column, at 170%, A 94% yield of the product was ob-
served with a retention time of 6,0 minutes at 170°. Dis-
tillation gave a colorless product; bp 78° (3.0 am Hg)s
ir (£4lm) 1700 em™! (Ce0)§ mmr 5 2.1 (-;2;0820.0); 1.6
(8,2,CH,), and 1.0 (s,3,CH3).



To a alurry of Cul (5.6 g, 0.03 mol) 1n 15 ml of ether
wae added 23nl of 1.3 M GH3Li {(0.03 mol) 4n ether. IXsopho-
rone (1,0 g, 0.0072 mol) in 5 ml of ether was added and
after 15 minutes, two 1 ml aliquots were taken and added
aeparately to saturated KK&GI and agsetic anhydiide. Iso-
phorone (1.0 g; 0.0072 mol) 4in 5 ml of ether was again
added to the reaction eixture, After 15 miautos; 1ml
aliquots were again taken and treated as above. This pro-
cess was repeated twice mara; 80 that at the end of the
final addition the amcunt of isephorone and methylcopper
‘reagent wero eguivalent,, The semples placed in saturated
NH,Cl were extracted with other; dried (xgsok); and thean
concentrated under reduced pressure. The samples placed
in acetis anhydride were mixed and after 15 minuces; ether
was added snd saturated uaaco3 was used to destrcy the
extest acetic anhydride and acetic acid. The ether layer
was dried (lgSO“) and concentrated under reduced pressure.
Both fractions were examined by vpe using the npgs colummn
at 170°, Messurement of the areas of the chrometogram of
the products relative to the arsas of the chromatogram of
the unreacted isophorons indicated that 25% of the total
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recovery was the 1,4 addition product (XXXII) and 67% of
this amount came from the firet fraction. Investigation
of the enol acetate XLIV formed from the acetic anhydride
treatment of the first and fourth fractions indicated a
loss of emolate XXIVIIXI possibly due to protonation by the

unreacted isophorene,

Ih__ggggggatgon of the Enol Acetate XLIV Using 10 Nole

To GuCl {0.15g, 0+0015 mol} at 0° was added 15 ml
of 1.22 M methylmagnesium bromide (0.018 mol) in ether.

The contents were concsntrated to near dryness by mech-
anical atirring end a stream of nitrogen, themn ¢cooled to
-15%, Teopharone (2.07 g, 0.015 mol) in 10 ®l of ether,
cooled with liquid nitrogen for 5 minutes , was then added
over & period of approximatsly 5 minutes to the reaction
flask, About 30$ of the mixture was added to 5 ml of
acetic enhydride, which resulted in the formation of a
white precipitate, After stirring for 3O minutes, it was
diluted with ether and saturated NeHCO, was added umtil
the acetic acid wae completely neutralised. The ether
layer was dried (MgS0,) and concentrated under reduced
pressure, Compariscns of reletive arsas of the chroma-
togram indicated em 86% yield of the encl acetate XLIV,
an 8% yield of the 1;2 addition preduct IXXIII, and a



6% yleld of ketone IXIXJI,

The cruds producta from s number af similar experi-
menta wero collected and distilled; bp 65° (1.5 mm Hg).
The colorless liquid exhibited a retention time of 4.4 mine-

utes at 170° while tho retention time for 1sophorcne was

6.0 minutea at 170° on the came npga column; iy (filu} 1760
(ester Ca0) 1650 (GsC) 1240 eml {C-0); nmp § 5,08 (s,1, CN),
2.0 (8,2,0=0CH,), 1.35(5.2 #Cii2) and 1,00 (3,3,6H3).

To CuCl (0.75 z; 0.0075 mol) at 0° was added 33.3 ml
of 2,45 X methylasgnesium bramide (0.083 mol) in ethar.
The light greay cclored mixture was etirred under nitrogen
flow for 10 minutes and epoled to «15°, Isophorone
(10,35 g, 0,075 mol) in 25 ml of ether was added over &
poriod of 15 minutes and after 5 minutes of stix'rinz", the
reagtion mixture was adced to 100 ml of saturated NH,Cl.
Three 50 ml ether extracts of the water layer were combined
with the ether lmr; dried (MgS0,), filtorod; and con-
centrated under reduced presgure. The yleld by vpec using
(=)=carvone as internal standard on the npgs column was 79%,
Distilletion afforded a 78% yield of the product J;3;5;5~
tetranethyloyolohexanone.



and Methyllithium, ;
To CuCl (0,075 g, 0.,00075 mol) at room temperature
was added 13 ml of 1.2 M CH3L1 {0,016 mol) in ether. The

mixture was then stirred under a stream of nitrogen for

10 minutes to congentrate the mixturs to near dryness and
cooled to -139.. Isophorone (2,07 g; 0.15 mol) 4n 10 ml
of ether was added over a period of approximately 10 min-
utes. An aligquot of the mixture was added to acetic
anhydride and worked up in the usual way. The organic
layor was dried (ugsok) and concentrated under reduced
pressure. The chromatogram from the npgs column at 170°
indicated that only 1;2 addition had oceurred forming
IXXIITI which exhibited a retention of 2.2 minutes, The
chronstogram also indicated that only a trace of possible
anol acetate XLIV was present with a reteantion time of
L.h minutes. Similar results were obtained when the re-

action was carried out at -35° using 10 mole percent CuCl,

(a} To eamhydrous Cu(OAe)a (1.40 g, 0.0077 mol) at O°
was added 33.8 ml of 2,45 M methylmagnesium bromide {0.083-

mol) in ether, The mixture was conecentrated to near dryness



by avaporation of solvent with a gentle flow of nitrogen.
Isophorane (10435 g, 04075 mol) in 25 wl of ether was
eovled with liquid nitrogen and then added ever a period

of appreoximately 15 minutes. This mixture wes then quickly
added to LTA (36 g, 0.081 mol) in 200 wl of benzene ag

rool c&Esperabure. The flesk became wazm énd turned a light
groen. The potassiun iodide-starch test wer negative after
the contents were stirred for 12 hours. The thick rcaction
mixture was added to ether end water, stirred for 1 hohr,
and the insoluble inorganic salts were rewoved by filtra-
tion. 7hres etier exiracts of the aqueous filtrate were
added to the organic layer and the entire organic extract
was then washed with NugS03. The ether extract was dried
(13gS0,}, and concentrated under reduced yressure; leaving

& yellow oil. Inspection of the chromatogram on.the dnp
column at 170° indicated no acetoxylation of the anolate;
sinoce cuthentic o-aCutaxyketone XL was clearly distinguish-
ed whan it was added to a small portion of the reaction
mixtures The sodlumr fusion of the cryatala'gava a positive
broulde test., Reorystalismation by seeding from 95 methanol
afforded soft, white crysvals, ap 51° (lit.37 mp 51°). Dis-
tillatien gave XLIX {40%)s bp 54~58° (0,065 rnm); ir {as a
melu) 1725, 1740 eo™l (cyelic «=bromo ketono);* nmr § 4.1
(8,1,0i3r), 2,5 (my2,CH 0), 1.7 (m.z Ciz), and 1,1 (m,j,uh3).



The multiple splitting wae conmplicated, and assignments
were incomplete. The calculated yield by vpe using
dibromobensene as internal standard was 48%.

(b} Experiments similar to that in part (a) where
CuCl was used in place of anhydrous Cu{OAc), were col-
lected., Distillation gav; aoft; white crystals whose struc-
ture were assigned ae ILVIII. Sodium fusion of the ecrystals
gave a positive chloride test. The distillate was recrys-
ialisod from 95% methanol, mp 50° (1ite 36 50%), IX1VIIX
had ir and nmr spectra and retention $imes with both npcs
and dnp 6olurms identical with those of compound XLIX.

(¢) Xn am axparirexnt aimilar to that in part {a),
6.3 ml of an ether solution of 2.5 M methylmagnesium bromide
(0.0157 mol) was added to anhydrous Cu$0Ac)2 (0.27 g; 0.0016-
mol) at 0° The mixture was cooled at ~14°% and allowed to
concentrate under a slow stream of nitrogen. Ieophoronse
(2.07 :; 0.015 mol) which had been previocusly cooled with
liquid nitrogen, was added over a period of approximately
15 ninut;s. The reaction mixture was then added to a flask
containing LTA (6.7 g; 0.015 mol) in a 100 ml of bengene,
The color of the thick mixture wea a light green and after
20 hours, the potassium iodide~starch test for LTA was
negative. The ¢rude reaction mixture was addsd to ether

and water and the agqueous layer extraeted with ether, the



orgenic layers combined, dried (MgSO,), and concentrated
under reduced pressure, leaving a yellow oil., The sodium
fusion of the residuse gave a positive bramide test., The
ehromatogram on the dnp column at 170° indicated no acetoxy-
lation product but a ecompound with a retention time (10.6
minutes) identical with that of the nbronoketonc; XXIX.
The ir of the crude product wae identical with that of the
erude product in part {a) which provided IILIIX,

mpted Jrapping gi rre¢ sromine with Cyclonexense.
Anhydrous Cu(OAe}s {0.27 g, 0.0016 mol) at 0° was
treated with 6.3 ml of 2,5 N methylmagnesium bromide
{0.0157 mol) in ether. The mixture was stirred under &
slow stresn of nitrogem until concsnirated to a thick con-
sistency and cooled to -14°. Isophorone (2.07 g, 0.015 mol)
which had been previously ceoled with liguid nitrogon; was
then added during a period of approximstely 15 minutes. The
contente of the flask were quickly added to a mixture of
LTA (12 g, 0,027 mol) and 15 al of cyclchexsne (0.17 mol)
in 100 a1 of bonsene. The potassium iodide-starch test
for LTA was negative after 1,5 hours. The reaction mixture
w28 then added to ether and vntar; and the aqueous layer
was sxtracted with three pertions of ether. The organie
layer was washed with Ra2803, drted {MgSO,), and concen~

treted under redused pressure, The vpc analysie of the

41



crude product indicated only a possible trace of 1;2-dibromo~
oyclohexane when compared to the chromatogram of authentic
1,2«dibromocyciohexane under identical conditions. The ir
spectrun of the crude product did not indicate the presence
of l;zodibromocyclohexane when compered to the ir of the

authentic sample.

W etate A).

A solution of trityllithium was prepared from triphenyl-
methane {(4.89 g; 0.02 mol) im 50 ml of l;z-dinethoxyethane
(DKE) and 0.21 mol of phanyllithium (1.9 M in 70:30 benszene-
ether). A deep red color resulted end the mixture was allowed
to stir at roam temperature for 45 minutes, A solution of
3,3;5.Sotetramethylcyclohexanone {3.08 g; 0.02 mol) 4n 25 ml
of DME was added over a period of 10 minutes and the solution
became tan colored. An aligquot of 25 ml was added to 5 ml
of acetic anhydride, and after stirring for 45 minutes; a
precipitate formed. After a total of 3 hours of ltlrrinz;

50 ml of ether and 50 ml of saturated HaBCO; wae added &nd
the mixture stirred until the acetis aeid was neutralised,
The organic layer was dried (MgSC,), and concentrated under
reduced pressure. Using the npgs column at 170°, the enol

acectate ILIV exhibited a retention time of 4.8 minutes, and



L3

& comparison of relative areas indicated that a 67% yield
of eno)l acetate XLIV had been produced. The ir of the
crude product was identical with that of prsviously prepared
enol acetate,

Having established the presence of the enolate XXXVIII,
approximately one half of the Treaction mixture was added to
LTA (12 g; 0.027 mol) in 100 ml of bensene at room tempera-
ture, The mixture was stirred for 3 hours and then poured
into ether and water. The organic layer was washed with
302803 aolution; dried (MgS0y), and concentrated under
reduced pressure. Analysie of the e¢rude yellow product by
sodium fusion indicated that bromine was present. The ir
spectrum and retention times using both npgs and dnp col-

upns of the c¢rude product were identical with those of other

crude products which eventually yielded only compound XLIX.

Anhydrous Cu(OAc)p (0,27 z; 0.,0016 mol) at 0° was treated
with 6,3 ml of an ether solution of 2.5 M methylmagnesium
bromide (0.0157 mol). The mixture was then concentrated to
near dryness by evaporation of the ether solvent by use of
nitrogen, then cooled to -14°. Isophorore {2.07 g; 0.015 mol)
was cooled with liquid nitrogen and added to the mixture

during a period of 5 minutes. The resulting enolate was



added to mercury(II) acetate {4,9 g, 0.015 mol) in 100 ml
benzene, The ¢olor was light green at room temperature but
turned a light yellow after refluxing 6 hours. Lo free
mercury was obsdrved, The contente were poured into ether
and water, the organic layer washed with saturated NaZSO3\
solution, dried (HgSO“), and concentrated under reduced
pressure, Analysis of the crude product by sodium fusion
indicated that bromine was present. ‘The ir spectrum and
the retention times using both npgs and dnp columns of the
crude product were ldentical with those of ¢rude products
which eventually yielded only compound XLIX. 4 comparison
of relative areas of the chromatogram indicated that an
approximate yield of 304 was present in the residue liquid.
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