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ABSTRACT

The structure of terminal enol:borinétes derived
from the reaction of a;diazo ketones with‘dicycio—
hexyibofane was established by lH and 13C NMR
spectroscopy. These enol degivgtives react regio-
specifically with aldehydes and'ketones_to give B-tri-
methylsilyloxy ketones upon_tréaﬁment with N-trimethyl-
silylimidazole. Thelby—éroduct (l1-imidazolyl)dicyclo-
hexylborane wés shown to have a polymeric structure
26.

Enol borinates were a2so convenient precursors

for the synthesis of o,a'-di-aldol condensation products.

Diazoacetone was reacted with triethylborane followed

'_by.additionsdf.an aldéhyde to give an intermediate g-

~dialkylboryloxy ketone, which was subjected to kinetic

depfotonation with lithium diiSOpropylamide and treat-
ment with a second aldehyde, resulting in B,B'-dihydroxy
ketones upon hydrolysis. This reaction occurred regio-

specifically as was shown by‘the synthesis of several

isomeric sets of di-aldols via this procedure.

A genéral route for the prepqration of centrally
unsubsti'tuted and monosgbstitutea'B+diketones was |
de&eloped. Treatment of enoi borinates with nigfiles
led to fhe formation of lH-boroxazines which could be
conyénieﬁtly hydrolyzed to the-corresgonding B-diketones.,

E)

It was shown that enol horinates could be regio-



e

spec1f1cally alkylated w1th 31mp1e alkyl halldes*ln .-
' the presence of a su1table, "actlvatlng nucleOphlle,
-Flnally, it was dlsqgvere that the reactlon of

a-diazo ketones and trlalkylboranes led stereospec1f1cally

to the thermodynamlcally lessxstable E- type enol

.

borlnates These enol derlvatlves were converted to

[

the correspondlng enol trlmethy151lyl ethers W1thout

loss of stereospe01f1C1ty upon treatment with N trlmetnyl—'

L ’9
-

511y11m1dazole.

g

<
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v '* - CHAPTER I

INTRODUCTION

'S . i . L o
'

!

Part A. The Regiospecific Preparation of Ketone Enolates. '~

S

. v 3

, ‘ ’ : . L :
The construction Of”carbon—carbon bonds is vital.

’

1n the synthe51s of organlc molecules, and reactlons

whlch anolve carbanlon or carbanlon llke 1ntermed1ates

_are most'frequently emdéégegffor this(purpose;. The,

-‘—.

‘carbonyl group is oft h used (Wlttlg,v

rignard, Michael,

aldol condensatlon r actlons, among o ers)‘ since ;
the a- hydrogens are/qulte acidic (pK ~ 20) and can. be -
readlly removed by a varlety of bases to prepare the-
correspondlng metal enolates. These nucleophlllc

spe01es in turn are qute sultable to part1c1pate in

aldol condensation, alkylatlon, Mannich and other re—

’ actions.

The'easeiwith'which these-reecpions occur_wouldr,
make it an attractive‘roure-for the»conStructlon'of new
»carbon skeletons. \Unfortunately,‘the itlllzatlon of
this synthetlc scheme is serlously hampered by a number‘
of problems aS'lS outllned in Scheme‘I . The, alkylatlon
- of carbonyl compounds can be subdivided 1nto two_
processes, requlrlng: (a) the abstractlon of an.a—

proton, and (b) the subsequent introduction of an

electrophile to the newly formed enolate. However,

%«



SCHEME I

i
R--CHer-'CHZ-—Rl
B
(I)—M + O—-M
|
R—CH=C—CH2—R1 and/or R-CH,-C=CH-Ry —> aldol product
et
Y
O O
] "
R—leH—C—CHZ—Rl | + R-TCHZ—C—?H.-Rl
E E
n
R-CH-C-CH-R + R-C~C-CH,4-R
| 1 /N 21
E E . E E v
$
; i
- —C—C— + —CH=C- -
R CH2 C /C\ Rl R-CH=C CH2 .Rl
E E
O-E

|
R—CHZ—C=CH--Rl .



there are complications in both steps that can result

in the failure of a successful ketone alkylation.

| In the case ofiunsymmetriCVRetones, competing
proton transfer.reactions often complicate the formation
of site—specific enolates. Ketones can also undergo
extensive self—condensation during the proton abstrac-
tion step, but this varijes widely with the structure

of the carbonyl compound. For example, cyclopentanone
1S much more prone to nndergo self-condensation than
cyclohexanonel.

The élkylation step can also result in side-
reactions due to proton transfer (and thus loss of
regiospecifiéity), which in turn can give rise to com-
petitive aldol condensations and palyalkylation products.
In addltlon, ‘the ambident hature of a metal enolate
sOmetimes leads to O- rather than C—aikylation, depending
on structure, cation, and solveSE syStemz. '

Since the vast Chemistry of enolates and enol
derivatives has already been reviewed by Conial, Housez,
d'Angelo3, Jung4,.and Jackman ang Langes, only certain
eelective approaches will be bPresented here towards
the regioselective generation of enolates and their

Vderivatives (part A). The alkylation of these species

will be discussed in part B of this chapter.

"Enol (ate) Generation. This can pe accomplished
S\# .



in a variety of ways, but it is possible to classify
them into three general methods as illustrated in
Scheme II: (1) direct deprotonation of carbonyl com-
poundg, (2) "dissolving metal" reduction of enones

and conjugate addition of pucleophilic species to
enones,bénd (3) a variety of reactions of ketonés that
involve (formal) displacement qf an activating sub-
stituent at the o-position. A brief summary of each

of these categories follows in Section 1, 2 and 3.

Scheme 11

i e
-C-C-C- —_— -C-C=C " (Section 1)
0 | -
-C-C=C —_— -C=C-C (Section 2)
i o
—!:—c—x ——————®»  -C=C- (Section 3)
1. Direct Deprotonation of Carbonyl Compounds.

a. Thermodynamically Controlled. The most

direct route to enolates is via' treatment of ketones
and other enolizable carbonyl coﬁpounds with sufficiently

strong bases. They are frequently analyzed by quenching

with D,0 (or deuterioacetic acid)6, acetic anhydrideg,

7,8,9

and chlorotrimethylsilanq . .However, metal enolates



Table I. Ratio of Positional Isomers for Metal Enolates
and Enol Derivatives under Equilibrium and‘Kinetically

Controlled Conditions?®

?—M (I)—M »
M Bu-CH=C-CH, Bu-CH,~C=CH,, . thode
' (%) . _ : (%)
K =58 42 ~ Equil.
LiP ca. 87 ca. 13 "
Ac . 97 r 3 "
Me  Si - 87 13 "
K ° 46 . 54 Kinetic
Li | 16 | 84 "
T T ~.
M . Me,C=C-CH,CH, Me ,CH~C=CHCH, mode
(%) (%)
K ‘ 12 . 88 ~ Equil.
Li R B i} 99 o
Ac 55 -~ 45 " -
Me,Si 18 82 - | "
Et 55 45 "
Li 5 95 - Kinetic
| | . o™ P
M ' CgHCH=C-CH, CgHCH,~C=CH, mode
(%) | C(®)
K ~100 .0 Equil.
Li ~100 | ~0 Kinetic
Me,Si ~100 ' ~0 Equil.

a Reference 6, 9‘and 10.

These results are not accurate due to extensive self-

condensation.



equilibrate very rapidly in the presence of proton .
donors, producing equilibrium mixtures of positional
isomers. House and cowofkerss, for example, treated a

small excess of a mixture of 4—méthyl—2—pentanone

17 <
and a,a'—pentadeuterio—4-methyl—2~pentanone with tri-
phenylmethylpotassium and observed that the deuterium

v
t

label was completely scrambled within 15 minutes at
room temperature. This technﬁque is used to férm
equilibrium mixtures.of metal enolatesG’g'10 and the
ratie of positional isomers for several representative
ketone enolates is shown in Table I. |

i It can be seen from these data and other exampies2
that the difference in energy between the isomeric
enolates of ketones is usually Véry‘smaii. VZF general,
the moie substituted isomeric endlate possesses a
higher stability (1 >;)‘, which has been attribﬁ/ted to
hYpercoﬂfugatioh by the a-alkyl sﬁbstituentsz. This

is éépecially true for metal‘enolates with a more
covalent character (e.g. Li). Changing the metal cation
from lithium to potassium shifts the eguilibrium to¥
wards the less highly substituted enolate iQﬁv(Scheme
I11). This has been explained in terms of the morei
ionic character of the pOtassium—OXygen bond which woﬁld
cause the'"Carbaﬁion—liké; resdnance structures (lb and

2b) to become relatiugly more important. Hence, thel

less highly substituted enolate 2 would be favbured in

—



oty
A,

Scheme I1I1
o ’ '.2 o~ -
'R‘-CH=C|3—§H3 S R~CH2-(|2=CH2
! -l
0 o i
R-CH~C-CH, - R-CH,~C-CH,
1b - o

. i +
favoured for L1+ favoured for k

¥
this case because alkyl substituents destabilize

"carbanion type" resonance structure 1b (relative to

ég) due to'electrostatic reasons.

v

:
oz

A . - . '
l.b. Kinetic Deprotonatlons The less stable

enolate can often be formed predominantly by using

the technique of "klnetlc deprotonation" . The ketohe
is slowly added to an excess .of strong base (lithium
dllsopropylamlde and other "hindered bases" are often

employed) and precautlons are taken that base is present

_\_,Xn .excess throughout the addition. Equilibration is

now reduced since there is never a proton donatlng source
avallable during the reactlon Equlllbratlon can never-
theless occur during a finite period‘oflmixingvas is -
exemplified'in the "kinetically" and. thermodynamlcally

controlled enollzatlon of l-phenyl-2- propanonesh9 The-

,_.\
g X
g

§

%5y

!



rate of isomerization appears to increase when potassium
rather than lithium is‘employed6’9, presumably due to

the more ionic character of the former species.
- |
Although- the reglospec1f c generatlon of metal

enolates Qy means of strong basés is i%mlted, it 1s
nevertheless possible to quench these speC1es w1th
chlorotrimethylsilane or acetic anhydride to form stable
konol derivatives. TheSe ethers,ahd acetates are then

i - R

purified by phy31cal ‘separation techniquos (e.qg.
preparative gas chromatography) 9. Each individual
regioisomeric enolate can then be regenerated by reaction
with.méthyllithium.i Enol silyl ethers are particularly
useful in this fespect since the by—produc£ tetramethyl—

v

silane, is unreactive (eq. 1).

_Meld o + Me,Si (1)

“§

\

L N
N

1.c. ‘Masked Enol Derivatives. Several indirect

approaches have been develOpéd to circumvent the problems
. . v, . t\.“,k ) ) . :

'which are normally encountered in the direct .genera-

tion of-regioselective enolates. Enamines, for example,

are widely used as masked enOlatesll 1éq. 2), ‘Their.

importance-resulfs,ohiefly ffom the fécgmgha£ the less



fe} ) NR ~~ ~ NR

HNRZ’_HZO . , .
— o (2)

highly substituted enamine is generélly the* predominant
o .
product, although the ratio of positional isomers12

is dependent on the secondary amine used in the synthesis
. . 4

xof‘such compounds (Table II). For example, reaction

\X/A

Table II. Ratio of Positional Isomers for Enamine_

- Derivatives ova—Methchyclohexanone (Eg. Z)a

%, enamine of 2—methylcyclohéxanoneb
R | Ry
amine : o . )
(] 90 | | - 10
H . ‘ e
CHy~ /CH, 60 " 40
Q" R < 46 - sa

a ReferenceIIZW,
b‘Equilibrium values.

)



of 2- Aethylcyclohexanone with pyrrolldlne in the
presence of an acid catalyst resulted in a 90:10 equl-
librium mixture of sittional isomers in tavour of
the'lees substltutedvenamihe.' Table II shows, howeQer,x
ﬁthatitplsl;atio caﬁ change rather dramatically when
other secondary amines (e:é;‘dimethylamine; piperidine)
are employed in the generation cf these compo_unds.12

Metallated 1m1nesl3’l4;ahd o*imesls are also
utilized as masked enol(ate) -derivatives but all of
these methods suffer to a certain degree from the fact
that the forﬁaﬂion and hydrolysia of these.ameOunds
consiat of two different steps,rat times giving rlse'tc
complications. |

stork and coworkersl? also introduced N,N—dialkyl—
hydrazones for the:pcrpose of accomplishing a clean

alkylation and this synthetic method was later developed

3

J,,NMe .N,N\l‘\dez ‘
/A\/A\;ﬁ\ H2N—NMe /A\/A\/ﬂ\ BulLi /A\/~\/QV/L1 p
X . . .

(3)%

N/NMez .

into a potentially useful method by Corey and Endefsl6
The latter workers showed that proton abstraction

occurs generally regiospecifically at the less highly

10



hsubstituted cerbon (eq. 3). These hydrazones could be .
easily formed by the reaction of-ketones (or other.
carbonyl compounds) and N,N- dlmethylhydrazone and,
1mportant1y, ;t was found that removal of the masking
 moiety could be smoothly performed.with buffered sodium

periodate.

2. Enol (ate) Formation from Conjugate Addition

of Nucleophiles to Enohes and Cyclopropyl Ketones.
Although dirept deprotonation of ketones

usually results in a mixture of regioisomeric enclates,

it is nonetheless possible to generate these derlvatlves

in a reglospec1f1c manner. One way to accompllsh thrs

is by the addltlon of nucleophlles (e.qg. Cuprates) to

enones or, sometimes,‘cyclopropyl ketones. A\nUmber'

of these methods will be briefly discussed in this

Section.

2.a. "Dissolving Metal Reduction". The reduc-

‘tion of enones in the presence of llthlum 1n llqu1d
ammonia leads to site- spec1f1cl7 19 enolates, in which
an ernione formally undergoes a conjugate addition by a-
hydride nucleophile. ThlS partlcular appllcatlon of a
'"dlssolv1ng metal reductlon" was lnltlally developed
'by Stork17 in the octalone series and by Weiss  and
f._.coworkersl8 in the field of steroids at approxlmately

the same tlme.;:.

11



12

The positional isomers 4 and (R7=‘H,‘eq. 4)

= i

are formed in an equilibrium ratiQ 0 of roughly
50:50, while 5 is readily available ip a 90:10 ratio

(of é:i) under conditioes.of kinetic contro1.l0'2O
Nevertheless, enolate i’was feuﬁd‘to.bevthe:sOle isomer
wheﬁ octalone 3 wds reduced_witﬁ }ithium’in liqﬁid‘
ammonia (as sheWn:by trappidg with'reacrive elecrrof

philesl7’?l’22,,e:g. chlorotrimethylsilane)..

It ﬁas elso been‘reported that certain enoletes
caﬁ be constructed rrOm butylthiomethylene derivatives
via reduction with lithium in'liquid ammehia : Fer
example, the more hlghly substltuted llthlum enolate
‘of 2-methyl-3- pentanone was prepared in this manner
from 2 butylthlomethylene 3- pentanone (eq. 5)23. The -

reaction must involve a 51multaneous reductlon of the-

carbon-sulfur bond and the enone It.ls'of 1nterest

4
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+ BuSLi + 2 ROLi -

(5)
to note that the less highly substltuted enolate is
avallable by thermodynamic equlllbratlon in 99 regio-

isomeric purity (see Table»I)G’lo.

2.b. Cyclopropyl Ketones. These ketones have.

,alsb been shawn_to.undergo a similar reductive;clea&age
with lithium in‘liqaid ammonia produaiﬁé regiospecific
endlate524’25.  A major synthetic challenge in the -
synthes;s>of.1upeol was the introduction of two
_'viéiﬁal-methyi‘groups in ketone 2 with the correct

25 It was found that thlS trans—

trans stereochemlstry
formatlon could be convenlently accompllshed in good
'yleld by appllcatlon of a "dlssolv1ng metal reduction™”

Efollowed by methylatlon of the formed]enolate (eq. 6).:

. .




2;c. Grignard Reagents.: ‘The cOpper—catalyzed

1, 4 -addition of Grignard reagent to enones has been

frequently used to yield B~ alkylated ketones upon

~

hydrolySis. These reactions prov1de,'of course, an.
easy acCess'tO'regioepeCific halomagnesiuﬁ‘enolates,
whioﬁ can be trapped and purified as their enol'silyl

ethers26 31. Stork applied this concept elegantly;in !

othe synthe51s of. lycopodine (eq. 7)., thdepSimgltaneousiy'
. aooompliebipg“tpe etereoeeieotive,introddctioh”of=an
'alkyl chainVand the regioepecifiofforﬂation of ,an
'endl(ate),vwhich waé'usedtia the ﬁdftber elabofation of"
' | 26 - . ' | .4 |

the carbon Skeleton

. OMe

R = MgX, Me;Si

T 2.4, Cuprate Addition‘ Lithium dialkylcuprates

have also been extenSively used 1in. the generation of

'reglOSp801flC metal'enolate532_44- They may be 15013ted

as their enol silyl- ether derivatives or employed in 51tu

(7)

‘14



in subsequent reactions with reactive carbon electro—
, ‘ ' .
philes. This nethodology has been'of specific value i
inieynrheﬁic'approaches'to proStaglandins38—42, For
-example, reactlon of an optlcally actlve llthlum
‘dlalkylcuprate Wlth cyclopentenone produced after
81lylatlon a reglolsomerlcally pure enol 51lyl ether

(eg. 8),‘wh1ch could be subsequently used for the syn— -

the51s of a prostagland1n38.

0
, Me,SiCl
\Wi
¥ c5H
orR -

-

2.e. Enol Borinates. The-developmen£~of

'organoborane and alumlnum compounds in recent years has
become of con51derable lnterest 1n organlc chemistry
and several routes have been explored to form enol
borlnates and alumlnum enolates C A Ru551an group re-
ported that the tin enolate of cyclohexano;e could be
converted to the’ correspondlng enol borlnate in' tHe
.presence of chlorodlbutylborane45.as*lllustrated.in

equation 9.

: . ' o : 4
Brown, Suzuki, and their respective coworkers 6.47

15
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3 Bu.BCl OBBu,

discovered that trialkylboranes react readily with.a,B—
unsaturated carbonyl compoundsfin the presence\pf
catalytic amounts of radical iﬁitiators té give alde-
Hydes and ketones after hydrolyéis.

For example, treatment of tributylborane with

methyl vinyl ketone resulted in the formation of 2-

octanone upon hydrolysis as shown in equation 10. It
0 O//BR2 /} o)
= I I H,0 ;T
R3B + CHZ—CH—C—CH3-——)»R—CHZ—CH=C—CH3—————)»R—CHZ—CHZ—C--CH3
/ .
Dzo . "\\ C (10)
0
R—CH2—$H—C—CH3
D

was observed by Hooz and Gunn that the intermediate
enol borinate retains its regiointegrity as shown by
specific deuterium incorporation after guenching with

deuterium OXide.48 Such enol borinates have been

50-53

S e s o - . 49 ..
isolated and. characterized by Pasto and Koster
and their respective coworkers."

&

B - . ) . .o -]



It was recently reported that alkenyl—54 and

alkynylboranesSSfSG

undergo addition to enones in a
l,4-manner as well. This conjugate addition of organo-
boranes to enones offers a potentially valuable syn-
thetic method because of the ready availability of
organqboranes (e.g. hydroboraﬁion of olefins), and the

stability of enol borinates towards proton transfer

reactions.

2.f. Aluminum Enolates. These enolates have

not been investigated as extensively as %yﬁTLborinates,
but a number of recent publications have appeared that
show the potential value of these species. Wittig and

57

coworkers had earlier reported that triphenyl-

aluminum adds exothermically to benzalacetone to'give

5)2

=0

(CgH) 4Al Q-AL(CgH
C6H5—CH=CH*C~CH3 — (C HS)QCH—CH=C—CH

6 3

+ 0
H ]
\_’ — —_(" -
. (C6H5)2CH CH2 c CH3

. P L en P -

4,4-diphenyl-2-butahone after hydrolysis, as shown in

59-62 62,63

equation 11. - Cyano;58,’a1kynyl— “,alkenyl-

alkylaluminum64 67 compounds have also been shown to

react with enones to give the corresponding aluminum

(11)

and -

17



enolates, which are usually hydrolyzed to produce
ketones, or reacted further in 5135,, These intermediates
are also available from reaction of lithium21 or zinc
enolates60 and dialkylaluminum chlorides. Aluminum
enolates have been characterized by Mole and coworkers65
who also showed that they are readily converted to

enol acetate565'67. Thus, reaction of trimethylaluminum
With mesityl oxide in the presence of a nickel catalyst
‘produced a ' mixture of E- and Z-enol derivatives, which

led to the formation of enol acetates upon treatment

with acetic anhydride (eq. 12).

/k./lok | . C.)—AlMez
+ Me,Al ———» (CH,) ,C~CH=C~CH
X 3 nickel catalyst ( 303 , 3
o
7 i
! 0-C-CH (12)

T (CHy) ;C-CH=C-CH, .

2.g. Organozitrconium Eholates. . TheSe enol

derlvatlves have only recently. beécome of ‘some interest
in organic synthesis and their chemistry has yet to be
explored in detail. Organozirconium compounds can be

.

pPrepared by hydrozirconation of acetylenes and alkenes

with Cl(H)Zr(Cp)2. Alkenyl zlrconlums undergo conjugate  ”

addition to enones 69,70 in the presence of nlckél

18
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C(CHj) 4 | (13)

(Zr) = (nS—CSHS)ZZr(Cl)—

catalysts (eq. 13) to produce~the corresponding zirconium
"enolates",‘Which have been isolated and characterized®?.
Such enol derivatives have found application in the

synthesis of certain prostaglahdins7o.

2.h. Addition of Trimethylsilyl- and Trilmethyl-

stannyllithium to Enones. Trimethylstannyllithium has

been found to undergo a facile reaction with cycloF
nexenone to give a 1,2- addltlon product at —100 C
which equlllbrates rapldly in THF or more slowly in

':ether to “the l 4- adduct71 72. The analogous trlmethyl-A:-i

Me3MLl. o

=
1]

‘Si,

MeTI (14)

0-5i
SlMe3




silyllithium, surprisingly, undergoes a direct conjugate
addition leading to thb corresponding enolate without
the 1ntermed1acy of the 1,2- addltlon product72 73 The
enolates derlved from both reactions can be gquenched
with chlorotrlmethy151lane to yield a reglospec1f1c

enol derivative or can be reacted with methyl iodide

to give a single alkylation isomer (eg. 14).

2.1. Miscellaneous. an 1nterest1ng observatlon
has been made by Evans and coworkers74, who reported
that trlphenylphosphlne reacts with methyl vinyl ketone
to form a phosphonlum enolate, which is in equilibrium
with the starting reactants (egq. 15). This enolate
could be quenched, hewever with chlorotrlmethy151lane,
resultlng in the formation of a reglolsomerlcally pure

enol silyl ether.
h, Me,SicCl Ph g
—-.> P P\/\l/ > 3 \/Y

It was also shown that triphenylphosphine catalyzes
the conjugate addition of phenyltrimethylsilylsulfides74
‘and selenides’> to enones as shown in équation 16. It

has been Ssuggested that phosphonium enol silyl.ethers

20



2]
0 - ' |
. M
RX—SlMe3 O Si €3 :
Za ~—» CH,- C=ch- ~CH,-X-R o (16)

cat. PPh3 ‘ » t. _

X =8, Sse
(eq. 15) are 1ntermed1ates in such reactlons

Certaln enol 'silyl ethers: have also been shown

to undergo conjugate addition to enones’®r77 in the
bpresence of fluoride and titanium catalysts to yield +

a new‘enol silyl ether77. For example, tetrabutyl—
ammonium fluoride catalyzes the 1,4-addition of the
trlmethy151ly1 enol ether of S-t-butyl thioacetate te
2- cyclopentenone to give, regiospecif{cally, a new

trlmethy151lyl enQl ether, which is a Precursor of

Jasmin ketolactone77 (eq. 17).

O-SiMe.

,< 3
S-t-Bu : S—t_—Bu (17)
Bu,Nt F- :
4"
O .
. O—SlMe34
3. Enol(ate) Formation from a-Activated Carbonyl.
"Compounds.

Enolates have been prepared via direct deprotona—

tion of carbonyl compounds or via, conjugate addltlon

-of certaln nucleopnlles to -enones bUt:th%y~¢aﬂ_alsodbe;*"



generated regiospecifically from ketones that'haVe,an.
activating group at the a—poSitidﬂﬂ(éeheme IT). B-Keto -

esters are widely ueed for thiS'purpoee,”pqt‘their"
extensive_chemiet;ynie”beyohdfthe.3copeaoﬁ this intro-=. .
duction and has been reviewedfelsewhere2’5;,JA number#

of 1nterest1ng reactlons have been developed durlng the

vg
last decade that utilize ketones w1th other &~ substltuents

(e.g. o-bromo ketones,.a—dlazo ketones) and they_are

briefly discussed in this sectidn. ~

3.a. Reduction of a-Bromo Carbonyl Compounds.

The tedﬁction of o-bromo carbonyl compounds in inert
solvents is a fairly general method to prepare metal
enolates, and zincAhas been'fOund_especially‘Useful for
this purpose. The Reformatsky reaction. is among the
oldest and best known procedhres¢in thisirespect.
Typically, an a-bromo ester is reduced with_iine to

O0-ZnBr .

Zn —Cli,=C-0C,H¢ : (18)
C6H6, Etzo, A .

BrCH2CO2C2H5

form a bromozinc enolate in the presence of an aldehyde

or ketone78f79, which reacts in situ to afford g-

»

hydroxy esters (eqg. 18).

a—Brome.ketones have been simiiarly emﬁloyed in the

preparatlon of reglospec1f1c enolatesgq ?; v1a reductlve

'“jcleavage of the bromo substltuent as 111u5trated 1n

ﬂ:equettenhl9 ThlS reaptlon appears to be llmlted to

o

»Lv
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Me

(19)

carbonxi\compounds that do not undergo self-condensa-
tlon80 82. 2- Bromo—3—pentanone, for example, gave rise
to a quantltatlve yleld of a. tetraalkylfuran upon

”treatment Wlth elther 21nc80 or magne51um81A Thls'

'bromo;keﬁone; thS"sevefély limiting theuécbpe of this
approach. .
Metal enolates can aléo by prepared from o- bromo—
a>acetoxy and a-hydroxy ketones83 upder the -
conditions of a "disSolvingﬂmetal reauction”. Thus, a.
‘pumbér of these derivatives were treated with metals
(e.g. Na, Li, Bé énd Ca) in liquid ammonia fo produce

regioisomerically pure enolates, which were subsequently

employed in the alkylation of steroids (eq. 20). The

Me
C—OM

(20).
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regiospecific preparation of enolates from g-acetoxy
ketones was also exploited by A.J. Birch -and coworkers

in thelr synthe51s of acoric acld85

3.b. Addition_of‘Cuprates, Organocopper

"enolates" have beeﬁ frequentlY‘generated by the con-
jugate addltlon of llthlum dlalkylcuprates to enones,

but it is also p0551ble to generate these enolates

'reglospec1f1cally from the reactlon of a-bromo ketones

39, 82 86 87 o 86

*and cuprates - Posner and Sterllng

observed that 2- bromocyclododecanone reacts w1th lithium

dlmethylcuprate to glve 2 deuterlocyclododecanone in

' excellent yleld after Dzo work up-. Organocopper .

enolates can also be produced reglospec1f1cally by -

reaction of lithium dialkylcuprates with a-dibromo-,

ketones87 or o,a —dlbromo ketones39 86. For example,'

the less hlghly substltuted enolate of 'a 2- alkylcyclo—_

‘ohexanone could be formed in thlS manner from 2 6—

dibromocyclohexanone, which could be 1solated'as its

trimethylsilyl enol ether (eg. 21). The reaction

O-SiMe

R

Me381Cl

—_— (21)
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mechanism is believed to involve a cyclopropanone
intermediate, which:is-fOLiowéd'by a5éubsﬁitutive

ring-opening by the cuprate. ’ .- “i', S

3.c.,Phosphoryl£ted Eﬁol De?ivéti&es.. These
” Compounas”haVe been prepéred by the réaction»of a-

halo ketones and.alkyl‘dipheny;phosphinites, dialkyl
:iphéﬁyiphésppoﬁifes,vand t;ialkyl'phgspﬂiteéggg"Tﬁis
procedure prevents the formafion Of'mikfufes of regio-

: égqmgtic_énql deriyaégves,Abut theyvare usually‘not T
sufficiently féacti&e to undergo further alkyiation.
DBorowitz and coworkerssg.shOWed‘that-phosphorylated
enols can be readily converted to thgir lithium endlates

by the action of methyllithium as shown in equation 22.

(22)

This method was elegantly applied by S@drk and

Isobego.im the synthesis of prOstaglandihs. In this
case, a lithium enoléte was'génerated'from an appropri—'
ately substituted bromo cyclopentanoné WHich in”tdrh
was readily available in two'Stepé (ﬁii a bromthdrih:>

reaction and a Jones' oxidation) from a cyclopentene

R4



’ deriVative. Thus, the bromo ketone was reacted Wlth

) methyl dlphenylphosphlnlte to reglospec1f1cally

produce an enol phosphinate which subseqguently was -
qieaved_with tert-butyllithium as‘shé&nAin.equétion 23. 7
0-Li -

_.-Br (c H ) ,POMe

(23)-

3.d. Enol BorinateslfrOm a;BrOmo Ketones.
Trialkylbo;anes have been found to react with”q—hrome:
carbonyl compounds in the.presence'of a suitable base
resultlng in the net dlSplacement of- the bromo - Sub—
stltuent by an’ alkyl group91 92i For example, a'2;
alkylcyclohexanone is produced under mlld condltlons
and in- good ylelds, when pota551um EEEE butoxlde in
NEEEE—butyl’elcqhql,;s-siowlyladded»to a’mlxture of Z;NV
‘bromocyeIOhexanone‘and a trialkylborane as_ehown"inz S
~equation é4.> The reactibnvapﬁeare to involve cohve:sien

. /BRz
o _ L L B o <
Br o ' R

t -BuOK . £-BUuOH °
+ R —_—— ,,
o, 3 THF

+ t-BuOBR, o 24y




' selves, such as enol acetate594,’enol silyl ethens

27 -~

of the a bromo ketone 1nto the correspondlng anlon,w

formatlon of the_"boron ate complex,‘and\fina&&ﬁL

)_ CRER -

transfer of the alkyl group from boron to carbon whlch

results in an enol borlnate after tautomerlzatlon.

ThlS enol derlvatlve 1s then hydrolyzed in situ by
tert butyl alcohol to glve the alkylated cyclohexanone;
One must . take into account, however, that the
utilization of a-brémo ketones and similar derivatives

for the generation of reglospec1f1c enolates is only

a partlal solution since it is often dlfflcult to

synthe51ze such compounds 1n 1somer1cally pure form

For example, the dlrect bromlnatlon of 2 pentanone leads

)

to a mlxture of 53% 32 bromo 2 pentanone and 32% 1-

. bromo- 2 oentanonegz. Although these derlvatlves have

been occa51onally prepared v1a lndlrect methods90 93

14

they are often synthe512ed from enol derlvatlves them-"
95 .

[y

» and enol borlnateSQ6 97. ThlS in turn requlres a

reglospec1f1c preparatlon or the often tedlous separa-

tlon of mlxtures.of such derivatives Thus, the synthe- 'm_,wy/

/
sis’ of 1somer1cally pure .o- bromo ketones is 1tself T

. -
.1nt1mately assoc1ated w1th the general preblems of

o

enol (ate) chem;stry[/f o

S

— 3,e;-Enol Borlnates from a- Dlazo Ketones. .

Treatment of trlalkylboranes wWith a- dlazo carbonyls

in THF leads smoothly under mlld condltlons to




¢

regiospecific formation of onol borlnates96 98- 105,“

7;whlch can be convenlently monltored by the gradual

evolutlon of nltrogen (eq 25) Trlalkynylboraneslo6
have also been reported to react in a 51m11ar manner'
to glve ketones upon hydroly51s - The reactlon is

belleved to 1nvolve the coordlnatlon of the borane to -

‘the a= carbon of the dlazo carbonyl compound followed

B

by a mlgratlon of the alkyl group from boron to carbon

with the concomitant dlsplacement of molecular nltrogen,

after which the dlalkylboryl group tautomerlzes to

give the ‘enol borlnate : o T

OBR., 0
2 l " E+ "
N
R, -C=CH-N
OBR . o)
| 2 " E + L] i

‘Rl-C‘—‘CHyZ E “—» Rl"C"CH2—E'

28
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the mlld and essentially neutral reaction con—

ditions. ThlS type of reactlon has also been reported
to occur in cases where the nltrogen substituent of the
o~ dlazo carbonyl compound is replaced by another
’leav1ng'group (i.e. dimethylsulfonium)49'108

/ The present discussion of enol borlnates (prepared
om a-diazo ketones) is very brief, but a more complete
survey w;’h‘he given in part B of this chapter.

- In concluszoﬁ>\approeches to enolates are
available via three generéi\reiotion types (ds outlined
inFSoheme’II): ‘ '_: : T '

(1) "Proton abstractioh from enoliéable'ketones is the .
+ Amost direct route; but thls rarely leads to the
TN
reglospec1f1c generatlon of enolates. It‘is
pos51ble, though to lnfluence the ratlo of
p051tlonal isomers by using the methods of kinetic
or therﬁodynam;callyvcontrolled deorotonation.-
- "Masked carbonyls" can also be usefuL_En the for-
mation of certain reglolsomers | |
(2) "Dlssolv1ng metal reductlon of enones ;nd conjugate
addltlon of organometalllc cdhpounds results in
51te specific enol (ate) formation. These”methods
have found wide hpplication'inethe sYnthesis of
steroids (cyclohexenohe systeus) and prostaglandihs

. '(cyclopehtenone systems) . - Occasionally,it has

been used in the generation of site~specific



enolates iﬁ related com?ounds, €.g. cyclopropyl
ketones. |

(3’ a-Substituted ketones lead to regiospecific
enol (ate)s, in which the g-substituent is dis-
placed. g-Bromo ketones haye béen frequently
used to perform such a transformation, but it is
often difficult, to obtain these materials'asl
regioisomerically pure substances.- The use of
a-diazo ketones ‘appears to be especlally valuable

with respect to this limitation.

*
Part B. The Alkylation of Ketone Enolates .

The clean alkylation of enolates still remains a
major obstacle in synthetic organic chemistry, despite
the fact that regiospecifically éenerated enolates
are now available via several routes. Usually,
attempted alkylation isg seriousﬁ!(xmmdicated by di-
and polyalkylation, loss of regiointegrity, aldolization
and O-alkylation. Protecting and activating, group32
are frequently used to force the alkylation to take
place i1in one particular direction, but a discussion of

~such methods is beyohd the scope of this introduction,

* . .
Each section and subsection on alkylation gorresponds

e, 92 §
to the respective (sub)sections in 5art A of tg§2'§§apter5

concerning enol (ate) formation.

30



la,b. A vast number of publications have appeared

on the alkylation of ketone enolates (obtained from
ketones via direct proton abstractlon with strong

[}

bases), and only several selecﬁlve examples of thls_
. ; @
5process will be presented
Ketones are alkylated in a preferred directionl‘
when their enolates are treated with alkyleting reagents
under equilibrium conditiond at the POsitions indicated

in Scheme 1V. For example, acyclic methyi alkyl ketones

generally undergo alkylation at the more highly sub-

stituted position. In the case of cyclohexanone enolates,

however, the preferred direction of alkylation under
equilibrium conditions is usually determined by substity-
ents at the o- and g- position, and this appears to be ga

result of a combination of steric and electronic factors.

Scheme 1V

/
i
CH3—C-CH2—R CH3—C*CHR2
i
RZCH C-CH.,-R R-CH2~C—CH2 C6H5
O
/



For é*aﬁple, the alkyiagion of 2—méthylcyclohexanone
was studied by Cainelog, and Houge and coworkerse’llo,
and 1t can be clearly seen.from the data of Table -III,
that the attempted methylation of this ketone leads to
~a complicated, difficultly separable mixture. The use
. of equilibrium co;ditions yields higher ratios of the
a,a—dialkylcyclohexanone, while alkylation of the;
kinetically deprotonated 2—methylcyclohéxanone favours
the less substituted product. The ratio of regioisomeric
enolates initially formed does not reflect the ratio
of the corresponding g- and o' alkylated cyclohexanones,
although regiointegrity is maintained to a certain
extent in the casé%déing a lithium cation, The re-
covery of starting material and presence of di- and
polyalkylated products, moreover, indicate extensive
proton transfer throughout the reaction.

It is nevertheless possible to alkylate certailn
ketones regiospecifically, depending on the equilibria
and alkylatiOn.rateé of the respective positional

isomeric enolates. For example, the reaction of

cholestan-3-one with potassium tert-butoxide and methyl

iodide in boiling tért—butxl,aicohol leads regio-

N~ -

specifically to 2a—methylcholestan—3lone and some 2,2-
\

dimethylated product (eqg. 27). Djerassi and coworkers

also noted that methyl formate reacts in a similar way

to give the 2-substituted f-dicarbonyl compound
' \
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(eq. 20111,

T T S
R B AT e 1 $-BUOK S t¥BuOH -
N — " , -
2. MeI
O ]
H
NabMe - >
HC02Me

It has been noted'that acyclic enolates equilibrate

faster than enolates of cycllc ketones, thereby enhanc~

ing the dlfflcultles encountered 1n the alkylatlon of
the former spec1esllz. House and coworkersllo studied
the alkylation of 2-heptanone and showed that even the

alkylation of the more stable internal enalate gave

.rise to rather exten51ve proton transfer (egq. 29). The
i
TCH3 MeLi (2 eg.) QL CgHCH,Br
Bu-CH=C-CH —» Bu-CH=C-CH
3 3
(5 eq.)

]
Bu—?H—C4CH
CH2C6H5

70% 17%

+ dialkylation (29)



_ extent of dlalkylatlon could be reduced by uslng the
llthlum enolate derlved frOm the correspondlng enol

51lyl ether. In thlS case tetramethy151lane s

produced as’by—product upon cleavage With methyllithiumL

“and ‘this 1s totally inert under the reactlon condltlons.
In contrast, cleavage of the correspohdlng enol acetatev
with methyllithium gives rise to lithium Eertfbutoxide,
and the latter can initiate further proton transfer,
etc. .

It was nevertheless shown that even in. the absence
of reactlve by-products, .acyclic and espec1ally termlnal
llthlum enolates undergo proton. transfer faster than
alkylation. Thus, the benzylation of the terminal
enolate-of‘2~heptanone (prepared from the encl silyl
ether,ror;‘alternatively via direct kinetic deprotona-
‘tion of_2—heptan0ne), produced complicated mixtures in
which the. des1red product was only present in minor
jquantltles, as shown in Table IV. These complex
results are caused by avcombination of an unfavourable
-posltioh of the enolate equilibrium and an unfavourable
ratio of alkylation rates of the isomeric enolatesllo

It is nevertheless _possible to trap the klnetlc
wenolate of methyl ketones when more reactive carbon
electrophlles are employed. Thus Storkll3 and

Gaudemar114 have ‘independently shown that terminal

enolates c0uld be regiospecifically alkylated with

L X

-
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- Table 1IV." Product Distribution for.tﬁe~Reactibn‘of

Terminal Acyclic Lithium Enolates and Alkyl Haiidesa’b'

O-SiMe O-SiMe
‘ f 3 ] 3 MeLi
Bu—CH=C-CH3 + Bu~CH2-C=CH2 -
. .vwlsgv ‘ o ©.. 84%
. e Pt | CgHSCH,Br
Bu—CH=C—CHB + Bu—CHsz=CH2 \ : —n
16% ' 84%
.0 ﬁ
| n - .
BU*CH2~C—CH2—R + Bu—?H—C—CH3 + dialkylation
R
6 7 8
conc. (M) . . time product (%)
enolate CGHSCHZBr (min) 6 7 8
0.2 1.0 1 27 19 5
0.2 0.2 : 45 . 15 33 24
0.2 0.2 _ 120 1 41 12
a .
Reference 110.
b These results are identical for the lithium enolates

generated via kinetic deprotonation of 2—heptanone with

LDA (ref. 110).



aldehydes (eq. 30). This reaction is carried out

). ]

0 : - 0-Li //\g;jt\ O OH
' 5 > A >N N

SiMe

3
,‘ﬂ_/l\ko—_Li .

S:L_Me3
E

. E ‘ _
at -78°C, which appears to minimize proton transfer
processes, although the overall process (deprotonation-
alkylation) occurs with only ca. 85% regioselectivity.

It was later reported that "Maﬁ%ich reagents" —
e.g. dimethyl(methylene)ammonium;trifluoroacetaté — are

also sufficiently reactive to undergo alkylation’

115 116.

faster than proton transfer . Kuwajima and coworkers
have shown that simple terminal lithium enolates could
be formed and reacted regioselectively in the presence

3
of aldehydes, using the highly hindered silyl alkoxide

9.
Certain terﬁinal metal enolates, however, can be
"successfully intramolecularly alkylated with simple

alkyl halides in cases wherein the product does not

o . . 117-
eguilibrate with the unreacted starting enolate 17-119

18

as shown in Scheme Vl Thus the kinetic enolate of



Scheme Vv

' O~ .CH o
: A N\~
~ - N7 3 .
| t-BuOX ' .. . 86-94%
) t-BuOH
o A . H ’ |
1l .
Hy
CH,CH,CH,Br . 0
10 ~
T LDA, A
77-84%
12

Y

10 gave the seven-membered cyclic ketone 12 in very
r'\ - :
good yield along with only a trace of -11. 1In contrast,

the thermodynamically more stable enolate, generated
and alkylated under equilibrium conditions (t-BuOK 1in
t-BuOH) , gave exclusively the metﬁyl ketone 11.

In recent years enol silyl ethers have become
increasingly impoftant in the construction of carbon
skeletonslzo.' Mukaiyama and coworkers'121 réported that
such ethers react with aldehydes and ketones in the
presence of TiCl, under mild conditions to'giQe mixed

aldol COndensation products (eqg. 31). Teftiary alkyl

groups can be introduced in q‘similar way with tert
122

butyl chloride and TiCl, in reasonable yields



: T1C14

C H ‘
_ 65 (31)
CHZC;ZI
-78°C
(0] (0}
l. cat BTAF R C_H
— - — = 65 (32)
2. C6H5CHO 1
3. HZO
+ - ‘ _ ) _
BTAF’ = CGHSCH2NMe3 F R = Me; ,Rl.‘ = H
R = H; Rl = Me

‘fluoride ions have also been reported to catalyze‘
the reaction of enol silyl ethers with electréphiles
q(é.g. alkyl halides, afomatic aldehydes). Thése re-
‘actions océur with complete retention of regiointegrity

as shown in equation 32123,124

. For example, each
positional isomeric enol silyl ether of Zrmethylcycl§~
hexanone leads to the correspohdihg'regioisomerically
‘pure B;hydroxy ketone upon reaction with benzaldehyde

in the presence of a catalytic amount of benzyltri-
methylammonium fluoride. The nature of the intermediate
enolate species is not entirely clear and it has been
postulated.as being either a "naked enolate" or a

pentavalent anionic silicon species.

"Mannich reagents", like diméthyl(methylene)—'

40



ammoniumviodide, are powerful electrophlles and they
have. been found to react dlrectly w1th enol smlyl

ethers in the absence of a_catalystlzs,

l.c. The alkylation of meeked_carbonyl‘compopnds
such as enaminesll has been used to avoid some of the
difficulties that are normally encountered {i.e. dlalkyl-
ation and proton transfer reactions). Enamlnes of
ketones and aldehydes react with electrophilic oleflns
(e.g.’ methyl,v1nyl ketones) to give hlgh ylelds of mono-
‘alkylatediproduct. On the other hand alkylatlon w1th
elkylvhalides is® generally restricted to the use of
such strongly electrophilic reagents as methyl iodide,
allyl'bromides,'and benzyl bromideszfll. .Other alkyl
‘halldes have been found to ‘produce N~ rather than C—-
alkylated products Enamrnes give rlse, however, to
preparatlvely useful yields of B-diketones upon reaction
with acyl hallde5126.

The difficulties that are encountered during the
alky;ation of enamines - with regerd to the ambident
nature of these masked»carbonyls —'can be minimized
when‘metallated imines‘are employed for this purposelBL
This methodology has also been applied by‘Wittig and
coworkers in the design of a mixed éldol condensation
reactlon127

The chemistry of N,N-dimethylhydrazones has re-

cently been developed into a good synthetic methsd to

{



alkylate methyl ketones reglospec1f1cally 16 (eq. 3).
A varlety of electrophlles can be used in these re-
actions (e g: prlqgry and Secondary alkyl halides,
ketones, aldehydes, eoox1des, and, enones) to glve

'good yields of the correspondlng alkylated products.

2. The reglospec1f1c generatlon and subsequent

cussed in the following section.

2.a. The "dissoiviné metal reduction" of octalones
in the presence of llthlum in liquid ammonia leads to
an enolate that is not ea51ly avallable via dlrect
proton abstractlon It was shown that thlS enolate

:can be trapped reglospec1f1cally w1th a varlety of
carbon electrophlles, e.qg. alkyl halldésl7 18, éarbon
xd10x1del7, monomeric formaldehyde22 and Michael

accepto:szl (eg. 33). It is important to exclude the

Me

Li-NH

Yol

-

R4

E: 'MeI,‘BuI, COZ’ CH20, a-silyl vinyl ketones.

(33)
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presence of any proton donating sdurces,-éincerloss of
. Ces ' . L2
reglospec1f;c1ty 1s otherwise observed®~. However,

complicated mlxtures of alkylated ketones are obtalned

’

when this reductlon alkylation procedure is applled to -

111
simple acycllc enones .
Qh | -
2.b. Lithium enolates derived from-reductive-

cleavage of Ccyclopropyl ketones have been alkylated

regiospecifically with reactive alkyl’haiide524'128

~

in good yields (eq. 6). For example, the B,B-disub-

Stltuted lithiuh enolate 15 (M = Li) formed during the

dlSSOlV1ng metal reductlon“ of the cycloprobyl ketone
13 underwent exclu51ve c-2 alkylatlon with allyl
bromide in 70% yield (eqg. 34).

a
VI

i)

M= Li, MgI..
0-M

(34)

2R .
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Z;S; Magnesium enolatgs, prepared from the copper
catalyzed conjugate addition reaction of Grigﬁard
Teagents to enones, have bgen reported to undergo
regiospecific alkylétion with allyl bromideza—Bl, alde-

.

hydes, and acyl chlorﬁdes30 in the case of cyclo--
hexenone derivatives. Thas, the iodomagnesium enolate
15 was prepared from methylmagnesium iodide»énd 3-
methylcyclohex~2~enone in this manner, thch was
subsequently reacted with allyl bromide to produce
ketone ii30. NMone of fhefregioisomeric ketone ar?sing
from C-6 alkylation could be detected, although this
1s the major product formed under equilibrium conditions3o.
| Treatment of metal enolates with acetylating
agents usually leads to enol acetates in higﬁ yieldsG,
but magnesium enolate 15 was found to give méinly the C-
acetylated cyélohexanone upoavreactioﬁ with acetyl
chloride inether. However, the reaction is solvent-
dependent, since the enol acétate derived from 15 was

¢

the sole product when the reaction was carried out in

DME .
2.d. It has been sudgested that "organocopper
«enolates", generated via conjugate addition of lithium

dialkylcuprates to enones, would offer the possibility
of eliminating the problems usually encountered in the
alkylation of enolates, since "copper enolates” would

-~

presumably be hithy covalent and therefore less likely
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33 - ' .
to undergo proton transfer” . "Organocopper enolates'
are ,rather unreactive however, requiring "activation"

by HMPA, ‘and are in fact operationally equivalent to

B,26,37,128 26,28-30

lithium and magnesium ~enolates.

This method has nevertheless proven to be‘ﬁuite

useful, especially in the field of prostaglandins->o:40742,

The intermediate enolate species can be trapped with
chlorotrimethylsilane to produce the corresponding
enol silyl ethers, thus allowing purification and

subsequent regiospecific conversion to a metal

enolate37’38.

The enol derivative 16 (eq. 8) could
thus be sﬁccessfully alkylated to give a mixture of

ll—deoxy—PGE2 17 and ll—deoxy—8,12—epi-PGE2 methyl
3

esters (eg. 35). Clean monoalkylation with simple

O—SiMe3 0
o . l
LiNH, R, Br -R
> — . (35)
R R
16 17
R. = “>="3"\ R = EVE
1 CO,CH .
C.H
, 273 =C5Ha

; é>x<OMe

alkyl halides is not often observed in such systems

however, due to rapid equilibration under the reaction



conditions. Stork demonstrated that the more

reactive electrophile, monomeric formaldehyde, acts

~
[

as an effective trapping reagent for these enolates
withqut cgmpetitive proton traﬁsfer reactions; This
method has proven useful in the synthesis of prosta-
'glandins40. Ndf and coworkers31 observed that lithium
dimethylcuprate adds to enone 18 in the presence éf

a second carbonyl group to give aldol product 19 in

both a regio- and stereospecific manner (eq. 36).

Me2CuL1

(36)

A Japanese reserach group reported that "organo-

copper enolates" — 1in the presence of phosphine
ligands — undergo nearly exclusive C-acylation to
yvield B—diketones41. For example, cyclohexenone was

treated with lithium dibutylcuprate and tributylphos-
phine, followed by acetyl chloride in HMPA to produce
2-acetyl-3-butyglcyclohexanone along with a trace of
the enol ester (eqg. 37). This particular reaction was-

also applied to the synthesis of 7—oxoprostaglandins41

-

Jal wo



O 0 OAcC

1. Bu2CuL1——PBu3

2. CHBCOCl, HMPA

- + (37)
Bu N\ Bu
97 3

Heathcock and Binkley have studied the influence
of sevéral.metal counterions and the effect of HMPA
on the alkylation of regiospecifically generated
enolates (derived from cuprate addition to cyclohexen-

37

ones) Table V summarizes their results, showing

Table V. Effect of Counterion and HMPA on the Alkylation

of Enolates? N
0-M o o -
u v ’
.&» i + + other
. R . alkylation
Me "R Me “R  Me "R products
counterion . product ratio (%)
M ' solvent : 2-Bu 2-H by products
Li THF—NH3 96 4 0]
Li THF-HMPA 52 6 129
Na ' THF-NH 35 34 31
K THF—NH2 49 8 43

a Reference 37.
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that the addition of HMPA to~é lithium enolate or
changing to a more "ionic" enolate (i.e., Na or K
-counterion) has a detrimeptal effect and }e;ds to
by-products arising from g:—alkylation, dialkylation,
and O-alkylation. The results obtained with the lithium

enolate-HMPA system thus resemble more closely those from

o

‘the more "ionic" potassium enolate system than the
"covalent" lithium enolate system. Although it is
tempting to correlate this effect with the extent of

-

ionic character, the remarkable observation has been

Table VI. Effect of Counterion and HMPA on the Chemical

Shift of the Vinylic Proton of Cyclohexanone Enolatea’b

Chemical Shift (8)

| Additive
compd. : M none HMPAS
0-M Me Si 4.834 4.83
MgBr 4,789 4.62
i Li | a.16¢ 3 4.16
K ~3.9€ ~3.7
7
a
Reference 8.
b Chemical shifts in ppm downfield from Me,Si. ’
© Addition of 30-50% HMPA to the enolate solution.
d 1n THE-dg.
e

In DME.
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made by Stork and Hudrlik that addition of HMPA does
not have any appreciable effect on the position of
. \
the vinyl proton absorption in the NMR spectrum8 3
for‘varioug cyclohexanone enolates (M = Li, Mg and
K) as shown in Table VI. The implication of the latter
findings are that lithium eno}ates are not transformed
into "free ith”%@y this (HMPA3 dipolar aprotid

solvent.

v

2.e. The alkylation reactions of enol borinates
(prepared via the conjugate addition of organoboranes

to enones) will be discussed in Section 3.d.

2.f. Mole and coworkers reported that alumlnum
enolates, derlved from conjugate addition of trimethyl-
alumlnum to mesityl oxide in the pPresence of nickel
catalysts, react rapidly with aldehydes at -20°C to
give high yields of B—hydroxy ketones after hydrolysis.
They observed that the reaction not only proceeded
regiospecifically, but also with a high degree of

Stereoselectivity (eq. 38).

H OAlMe

(38)
CH

(CH3)3C 3




lexplored. Neverthelessy they fail to reacﬁ satisfac-
v ‘

torily with Ordinary alkyl halides, byt do react with

more electrophilic Species such ag formaldehyde, and

this has been employed in the Synthesis of prosta-

glandin derivatives /0

The lithium enolates generated from the
73

2.h.

conjugate additiop of orgenotin71 and silicon
compounds to Cyclohexenone derivatives have been shown

to undergo regiospecific methylation‘(eq. 14).

2.1, Although sulfur74, phOSphorOus74 and

selenium75 compounds have been Teported to react with

enones in a 1,4-manner as shown in equation 15 and. 16,

the resulting enol silyl ethers have not yet been

shown to have Synthetic utiiity.
An interesting example of the high regioselectivity
of the fluoride catalyzed alkylation of enol silyl

etherleB'124 was recently reported by a Swiss research

group77 in the synthesis of (+)-Jasmin Ketolactone'

(eq. 39). a l,4—aédition reaction of a thiocacetate

O SiMe3 O :
# ' Cc=C '
éﬂ S-t-Bu RBr T

Bu4NF cat. 1l eq. Bu4NF
S-t-Bu

9 i o OTHP (39)

50
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derivative to CyYclopentenone led to the regiospecific

formation of an enol silyl ether (eq. 17), which was

an activating group at the a-carbon, e.g. a-bromo

ketones ang a—-diazo ketones.

when alkyl halides are used as electrophiles, and this
reaction is therefore only applicable to ketones that
' . 80,83
do not undergo self-condensation .
The reaction is of value, however, when more
Teactive electrophiles (e.qg. aldehydes) are employed
and the entire Operation conducted in situ. For

-

example, addition of zinc to a mixture of an g-bromo
ketone and an aldehyde 1ed to the regiospecific ‘

, . 7 . 68,80, 84
formation of the corresponding B~hydroxy ketone

as shown in equation 40.

0 \ | o Yo

> —> .
//\\/Jlj//\\ benzene : R

Br




Another variation%ﬂhich appgﬁ;éﬁtb‘enhance the
scope of the reaction is the simultaneous addition

of the o-bromo ketone and aldehyde to. a mlxture of

actlvated 21nc and dlethylalumlnum cﬁlbﬁﬁéquh'FIn

I T S "==’
thlS 1nstance an 1ntermed1ate alumlnum enolate 1s

(z

preSumably formed.

3.b. ¥Organocopper enolates" prepared from

o

dialkylcuprates and a,a’'-dibromo cyclohexanone'(eq.

A

52

20) can be alkylated reglospec1flcally with rather
reactive carbon electrophlles (e.g. MeI, Pr-CHO).

With less reactive eléctrophiles, sq?? as butyl iodide,
for example, extensive proton transfer occurs, giving
rise to isomeric mixtures of disubstituted cyclo-

hexanoneng.

QLE;_Phosphorylated enol derivatives are generally
converted to the co:responding,lithium enolates,
since the former enol derivativeé usually do not react
with electrophiles directly. The alkylation behaviour
of these species is thus equivalent to lithium

enolates, which have already been discussed previously

in this chapter.

3.d. The reaction of organoboranes and a-diazo

ketones provides a mild method for the regiospecific
) . 96-107 .

construction of enol borinates . These deriva-

‘tives retain their regiointegrity, as shown by
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0 o ‘
T D,0 I (41)
CH_C_CH3 —_— R—C]:H—C_C 3 . w

D

R3B + N2

specific deuterolysis48 (eq. 41) and'bromination96.

The mechanism of this reaction49'98 is believed to
involve an initial'coordination of (a) the borane with
the diazo ketone, (b) followed by a concerted migra-
tion of the alkyl group with displacement of nitrogen,
(c) after which tautomerization of fhe dialkylboryl

- group takes place (eg. 42).

P o
o o ' 0
) | R3B (. - :
(a) CH;3-C-CH-N,, —_— CH3—C—(|IH—BR3 (42)
D ‘ +N2.
o R 0
: Jé ¥ - -N, Lol
(b) CH3———('ZH'—}_3R2 —_— CH3—C—?H—BR2
CN2+ R,
o . OBR.. .
{l P2

(c) CH3—C—CHR—BR2 — CH3—C= CHR

Hooz and Bridson96’lo5 studied the regiospecific
.alkylation of enol borinates, and observed that the
"Mannich reagent", dimethyl(methylene)ammonium iodide,
afforded excellent vields of a-dimetylamino ketones

(eq. 43). Importantly, the positional isomer could
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R 'O ,
I .
R,BO-C=CHR + Me,N=CH,I — R—C—(‘ZH—R

5 1 5 . {43)

not be @gtected‘under the mild reaction conditions.
vr,“{s )
Although enol borinates can be isolated by distilla-

tion49—53, a separate isolation step is usually nbt
necessary, since they caﬁ be unambiguousiy construéted
by reaction of (a) trialkylboranes with a-diazo

v s
ketones (eg. 24), or (b) by conjugate addition of
Qrganoboranes to electrophilic olefins (eq. 10)( and
used in situ.

Neither‘of these routes, however, provides a
method for the generation of a terminal enol bor¥hate.
Only the a-diazo ketone route could potentially lead
to this type of enol borinate, if one could selectively
transfer a hydrdgen atom rather than an alkyl group.
Benderlylo7 subsequently showed that hydride migration
is indeed the :clusive pathway in the reaction of
a—diazo ke snes and dicycloh..svlborane or disiamylborane.
The.prhqumed mechanism of this ~eaction is analogous
to th: R3B—a—diazo ketone react on (eq: 42), 1in which
one ¥ group is réplaced by a 1. rogen.

‘he reaction was explorec for a number of‘repre—

sentat.ve n-diazo ketones a the results are summarized

in Table VII. .l-Diaze-~ wwptanone and l-diazo-5-

-
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Table VII. Reaction of Several Representative a-Diazo

Ketones with Dicyclohexylborane®

‘ 0
i - (CgHy ) ,BH I
R-C~C-N —®» R-C-CH..-R
2 2 71
[ 2. H20
. R
1
a-diazo ketone - N2 product
R | ; yield (3) vield ()P
b . - :
CSHll_ H- o 98 93
(CH3) ,CHCH,,CH,,~ 3 90 ‘ 85
(CH3)2CH— , H . 75 . 70
: c
—(CH2)4— <20

a Reference 107.
b Glc yields.
€ The formation of the desired product, cyclohexanone,

could not be detected.

methYI*?—hexanone led to excellent yields of the

corresponding ketones (and thus of the precursar enol

borinate), whereas\gﬁe\ggfe sterically hindered 1-diazo-

Bfmethyl—2—butanone led to a somewhat lower yield

(70%) . The reaction failed completely when 2-diazo-
cyclohexanone was emplqﬁ@d. The results of this in-

o
¥

vestigation are thusg? reflection of the steric

@

55°



requirements of the reaction, since ﬁhé product yield
progressively declines with the increaéing steric bulk
of the a-diazo ketone.

In summary, the terminal enol borinate derivétives
prepared via this route retained their regiointegrity,
as unambiguously shown by deuterolysis experiments and

reaction with the "Mannich reagent" (eqg. 44). (Thus,

0- B(C6H

Wp 611’2» M
M

1172

L (44)

g .
'Jl dimethylamino 6~ methyl 3- heptan Re could be prepared

1n,this manner from the correspozginé a-diazo ketone

in 92% yield). This unambiguous Site specific c0nstfuc—
tion of an enol derivative, and the experimental
simplicity of the subsequeht_alkylation reaétion]vi

prompted a further exploration of the scope of thi’s

reaction in greater detail.
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‘CHAPTER II

G

REGIOSPECIFIC ALDOL CONDENSATION REACTIONS

Part A. The Aldolgcohﬁensation of Terminal Enol Borinates

of Methyl Alkyl Ketones.

based on the similar chemical behav1our of\this soecies
and of (internal) enol borlnates derlved from the
analogous trlalkylborane reactlons The mechanlsm of
this reaction is belleved to proceed by initial borane
coordlnatlon followed by hydride mlgratlon and tauto—

merization as illustrated in equation 45.

I u ‘
R,BH + Rl—C—CH—N2 —_— Rl-C oH BR2 » (45a)
+N,
ﬁ 1|{ : 0 ,
, n. B '
Rl-C—('ZH—I_B»Rz _\1\12» ,Rl—C—CH2—BR2 | (45b)
+N, 20
8 ' \ o BR, .-
Rl—C—CHz—BRZ —_— Rl c CH2 (45c)
21

S

;aFDialkylboryl ketones " (e.g. 20) have ﬁevef been

‘isolated‘ T a pear to undergo fast tautomerization to —
P

o .
enol bor: s (_l) Enol borinates have beep/gpzifie;///
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by distillationdg“53

under inert (anhydrous and oxygen-
free) conditions and are thermally stable, even at
temperatures of 100°C and over. It was therefore expected
that the isolation of the intermediate from the reaction

L]
of o-diazo ketones and dicyclohexylborane (eq. 45)

wguld proceed without major complications.

Diazoacetone was chosen for study ;ince the reactiog
product ;s easler to analyze Ey NMR spectroscopy (methyl
group) and should have a }éwer boiling point than higher
homologues. When the reaction was~garried out at 5-7°C,
followed by removal of THF and Kugelrohr distillation
under reduced pressure, the NMR spectrum lacked the
presence of the expected methyl and vinylic protons.
Several attempts to isolate the intermediate in this
manner failed, suggesting that the intermediate was not
as stable as other internal enol borinates. Because
distillation is the.only practical purification me thod
for thése compounds (due to hydrolytic instability,
etc.), the isolation of the pure intermediate was there-
fore abandoned.

’The crude material was then processed by merely
stripping off the THF and evacuating for several hours at
room temperature. The NMR spectrum of the residue

showeg the presence of the methyl and vinylic protons,
but only in minor concentrations. However, it was

possible to obtain a satisfactory lH_and 13C NMR spectrum
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by simply repeating this procedure at slightly lower
temperatures (0-5°C).

The C(a), C(B) and C(y) absorptions in the CMR
spectra are shown in Table VIII and are consistent with
other enol derivatives (enol ethers, enol acetates)lzg,
and enol borinates51 obtained from conjugate addition
of triethylborane to methyl vinyl ketone. The prdton
absorptions are also quite similar to vélpes published

49,51

for other enol borinates and enol acetates6

N

The terminal enol borinate (£=) i1s unstable to
storage since a sample kept at room tempe:atufe over-
night in a séaled NMR tube showed the complete dis-
appearance of the methyl and vinylic proton absorptions
in the NMR spectrum. Nevertheless this does not
restrict the synthetic utility of these terminal enoi
-derivatives, since, as shown below, éolutions of these
intermediates can‘be conveniently reacted with various
electrophiles - e.qg. dimethyl (methylene) ammonium
iodide107 - in situ.

Since the structure af terminal enol borinates was
thus adequately established, we explored their synthetic
utility. It was of interest to determine whether
alkylations, otﬁer than precedented Mannich reactionle7,
would occur with retention of regiospecificity, thereby

circumvehting the problems which are ordinarily associated

with élkylafion of enolates.
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Table VIII. 13C and lH NMR Parameters of Terminal

Enol Borinate 21 and some Representative Enol Derivatives?

13¢ NMR Chemical shifts |
compd . . - C(a) C(B) C(y) cyclohexyl
?—B(C6Hll)2
CH4-C=CH,, (21) 22.1 156.5 95.5 ~28
a B v '
0-Brt, Z 22.1 148.7  109.gP
CH,-C=CH-Pr
3 b
a B v . E 17.1 149.0 111.0
MeO-CH=C | 153.1 - g5.5€
AcO-CH=CH, 141.7 96.4°€
4 NMR Chemical shifts
comp@. H(a) H(y) cyclohexyl
21 1.9 4.4 2.1-1.1
OAcC
| d
Me-C=CH,, 1.8 4.5-4.7

? Chemical shifts in ppm relative to (CHy) ,sit
b

Reference 51. c Reference 129. d Reference 6.



It appeared that reaction of terminal enol

borinates with carbonyl compounds would be a potential

route to isomerically pure aldol condensation products,

4
especially because such a transformation could con-
ceivabiy take place via a favourable six-membered

transition state (structure 22), after the enol bofinate-

; ) \ / . .
"B ~ '

0’ "0
| :I\
R/C\\‘C',‘C\ R2
Hy Ry
22

and carbonyl compound formed the initial Lewis acid-
base complex.

Thus,vthe terminal enol borinate obtained from 1-
diazo-2-heptanone and dicyclohexylborane was reacted
in situ with several carbonyl compoﬁnds (acetone,
aCétaldehyde, and benzaldehyde). The resultin_ mix-~
ture was subsequently oxidized with hydrogen peroxide
(30%) in aqueous sodium acetate to give a mixture of
B—hydroxy ketone 24 and cyclohexanol (the latter is
" formed by the oxidgtive work-up procedure as illustrated
in equation 46c). Isolation of the aldol product

proved to be rather difficult, since column chromatog-

raphy (silica.gel or Florisil) led to extensive B-



0 © o~ B(CgH ),

, (C.H,.).BH
//\V/A\/JL\/Nz 6 11 2~—)> //\v/“\/J§§ (46a)

o-B(CeHy )y

)o O
A,
L ——>/\/\/U\/,<Z (46b)
23

6 ll 2 0 H
’ H202 NaOAc R
//\\/A\¢JL~/1§ —————————)5/A\,/\~/u\/:L:Rl + 2 C6HllOH

24 : (46c)

elimination yielding a,B-unsaturated ketones. Simple
dlstlllatlon under reduced pressure did not separate
the two main componepts since their boiling points were
too close, while distillation using a spinning band
apparatus again gave rise to the formatjion of o,R~un-
saturated ketones.

The crude hixture was then oxidized with hydrogen
pPeroxide, followed by treatment with chlorotrimethyl-
silanée and pyridine, in an attempt to trap the aldol
as its trimethylsilyl ether derivative. The B- -trimethyl-
silyloxy ketone was more resistant towards B- ellmlnatlon
but its isolation from the cyclohexanol derivative
proved to be very difficult.

The dicyclohexyl borinate 23 was then reacted ¢
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directly with chlorotrimethylsilane in order to

circumvent the formation of cyclohexanol (eq. 47).

o o B(CgH), o o-SiMe,
_ — + (CgHyi)5
CeHyq R CsHiy R ol
| (47)

23

The resulting by-product, r sumably chlorodicyclohexyl—
borane, was‘not air-stable and again ied to substantial
amounts of cyclohexanol during attempted isolation.
The-addition of amines to the boron-containing by-
Product was next explored since many boranes are.known
to form stable B-N "ate"'complexésl30’l3l, which could
possibly facilitate the isolation of the desired product.

132 33

For example, borane and trimethylboranel react

exothermically with pyridine to give the corresponding

ate" complex, and triethanolamineborate134 has been

shown to pOssess a strong transannular additive bond.

/ .
. ~ ' : 'Cl s
- . =\
(CgHyp)pB-Cl ————» (CgH ) ,B-N, , - (48)
- +

Thus, the crude aldol condensation product was
treated with chlorotrimethylsilane (eq. 47), followed by

addition of pyridine (eq. 48). A preéipitate soon
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appeared‘(pnesumably a‘borane—amine "ate" complex of
chlorodicyclohexylborane and pyridine), but it proved
imprécticable to remove the boron—containing by-product
completely, despite repeated precipitation in pentane.
It was furthermore difficult to prevent the formation
of small amounts of cyclohexanol (air oxidation?).
Althouéh these'results fell short of developing
a convenient isolation‘procedife, it was also apparent
that this approach was worth pursuing furthér. Toward
this end, the formation of a stable borane-amine éomplex
with a'"céyglent“ boron-nitrogen bond was subsequently
investigated. This appeared a very attfécﬁive possi-
bility since several silylating reagentsighat possess” a

silicon-nitrogen bond are available.

THF .
i @ + BHy-SMe; —goo (Cef1n) 2P (49a)
o 0-B (C.H. )
(CcH BH + C.H _8'_C -N THF u ‘('3“CH 6 11°2 ‘on
6117 2 sHpp TEmCH N, =0 Csfn T (49b)
0
O-B(CgH )y p-lor, 0 05 (gt 1),
sty TeCE  C_H, . -C-CH,~C-R
ST THE, 5-20°C 5 11 g (49¢)
1
N
B3 y
0 O-B(Ceiyy)p 1 0 o-sine,
CCH. -G ; W
CgHy,~C-CHy~C-R —» CgHy=C-CHy=C-R (44,
Rl Rl
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Hence the exchange of the dicyclohexylboryl by a
trimethylsilyi group was attempted by treating a solution
of the intermediate dicyclohexylborinate 23 with N-
(trimethylsilyl)imidazole as shown in equatlon 49d. The
reaction occurred under mild condltlons and appeared to
be virtually instantaneous at room temperature. After
concentration, simple distillation afforded. the pfo—
tected B—hydroxymketOne in good yields. The boron-
ihidazole by—pfoduct was a non-distillable waxy solid,
which softened at temperatures above 200°C. This
materigl proved t% be inert to the aldol condensation
product even at temperatures of ca. 150°C, since the’
formation of a;B—unsaturated ketones was usually not
observed under these conditions. /

Having established a convenient Qork—up and isola-
tion procedure, it was then shown that the entire reaction
sequence could be conducted in a single reaction vessel.
For example, treatment of a’ suspension of dicyclohexyl-
borane in THF (prepared in situ from cyclohexene and
borane-methyl sulfide complex)-with l-diazo-2-heptanone,
followed Sequentially by one equivalent of 2-butanone
(after the evolution of nitrogen had ceased) and ﬁ-TSIM,
afforded after distillation, a 72% isolated yield of 3-
metﬂyl—3¥trimethylsilyloxy—S—unaecanone (eq. 49). Other

examples are illustrated in Table IX.

1
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Table IX. Formation of Aldol Condensation Products by

Reaction of Terminal Enol Borinates with Aldehydes and

Ketones (eq. 49) /
- ;
entry R Ry N,, % // vield?®, &
. - P4
1 "CHB H 90 70 (90)
2 CH, CH, 89 74
3 CH, : C,H, 94 B
4 CeHyq | H 90 40 (60)
' b
5 CeHe H. 90 70
6 H H 93 33
a

. GLC yields in parentheses.

Isolated as l—phenyl~l—octen-2—6he.

»

This method allows the synthesis of a number of
interesting aldol condensation products und;r ;ild and
essentially neutral reaction conditions. For example,
the terminal enol borinate reacts sﬁoothly with acetal-
dehyde to give a 90% yvield of>2-trimethylsilyloxy—4—
nonanone (Table IX, entry 1), although acetaldehyde i§
known to undergo a very facile self—COndensation‘in.the
’reserce of catalytic amounts of acid or basel35. Other
2l " hvdes give also serviceable yields of regioiso-
merically pure derivatives of B-hydroxy ketones (Table IX,

entries 4 and 5).



The use of formaldehyde as an electrophile led
to a rather low Yield of the corresponding aldol con-
densation product. Although formaldehyde was ihtroduéed
into the reaction mixture as its mor’xomer22 (by pyroiy—,
sis of dry paraformaldehyde), the rate of repolymeriza-
tion was apparently competitive with the aldol con-
densation. Several attempts to suppress this side
reaction by using lower temperatures did not lead to
any improvement. !

Tréatment of these terminal enol borinates with
ketones also produced good yields of the-correSponding
B-hydroxy ketone derivatives (T?ble IX, entries 2 ang
13). It is pqss;ble in this magger to formally construct
one singie strucﬁural isomer from two very similar
ketones, as exemplified in the synthesis of 3-methyl-
3—trimeth§lsilyloxy—S—decanone (Table IX, enfry 3),
from the terminal enol borinate of 2-heptanone and 2-
butanone. \

The free'B—hydroxy ketone could be quantitatively
obtained by hydrolyzing the B—trim;thylsilyloxy ketone,

. as.illustrated in equation 50. Thus, 2-methyl-2-tri-

/SiMe '
O 0 3 N O OH .
H )J\/l<
/JL\¢/l<: . — - ~ (50)
CsHy aq. EtOH © CgHTy |
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methylsilyioxy—4—nonanone was dissolved in aqueous
ethanol, a drop of aqueous HCl was added, and the
mixture was briefly warmed,_after which the correspohding
ketone could be easily isolated by distillation.

The use of this particular protecting group thus
proved to have a numbef of important advantages.
It prevented B-elimination during the isolation_%nd
purification procedure and, importantly, it permitted
the se?aration of the dicycldhexylboryl moiety from
the desired product.

The favourable "inert"spfoperties of the "amine-
borane" pi;product~(air—stable, non-volatile) were
also an added bonus.

However, isolation of the by-product, (l—imidazolyl)—
dicyclohexylborane, as a pure substanégﬁfor purposes
of chéracterization, proved to bé very difficult.
Attempts, to recrystallize this material failed repeatedly
and yieldeé waxy solids,‘but a white precipitate could
ultimstély be obtained upon careful addition of acetone
to a solution in chloroform. This material had no
distinct melting point but softened above 220°é. Two
structsral possibilities seemed feasonable ~ either a

‘monomer (25), or an oligomer (gg). In 25, the boron-

nitrogen bond could conceivably be strengthened via

PT-pm interaction, in which delocalization of the aromatic

ring extends through the electron deficient boron orbital.
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Alternatiyely, stabilization could be provided by

organoborane- Lew1s base adduct formatlon, as in the

polymerlc" chain-like Structure 2

—

_The lH NMR spectrum (CDC13) exhibited two broad
singlets at § 7.5 and § 6.8 (imidazolyl protons,
relative intensities: 1.0.and 2.0) and a broad hydro-

carbon- envelope for the cyclohexyl groups at § 0.0—3.Qﬂ\

‘(relative intensity: 22Y. The mass spectrum, however,
revealed the "polymeric" nature of this compound. - The
¢

highest boroq—containing set of peaks corresponds to a
trimeric species (M3-R M3—Im) Further fragmentatlon
yields dimeric and monomeric species and correspondlng
fragments arlsing from the loss of an alkyl or imidazolyl
group, respectively (Table X). Ebullloscoplc measure-

ments gave molecular weights between 500 and 3000
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(calcd. M.W. is 244)

Table X. Mass Spectral Data? for (l1-Imidazolyl)

dialkylboranes  (26)

inténsityb, 3

fragmenté, m/e R = cyclohexyl R = ethy_lC
M4—R w— . 7.8
M3—R 3.1 ' ©10.3
My-Im 0.8 - " 28.9
M,-R | 0.3 o 17.7
M,—Im’ \ 2.4 - 100
M | ‘ ' 3.3 26.3
M-R | h 100 89.0
R 89.1 -

a

At 70 eV, inlet temperature at 250-280°cC.
R Relative to base peak.

< Reference 137.

Based on these Spectroscopic results a chain—like
"polymeric" structure ig is»indicated, in which the
nitrogen at the 3~position of the imidazolyl ring acts
as a‘Lewis base to a second borane molecule. These
results are analogous to (1-imidazolyl) diethylboran;136
that very recently has been synthesized and characterized

by Niedenzu and coworker5137. This compound was



Prepared by reaction .of (dlmethylamlno)dlethylborane

With either imidazole ‘or N- TSIM (eq 21).

/N

R-N _J | o

‘MezN—BEtz' —_— EtZB_N\:J + MezN—R

work (Table X).

Independent synthesls of (l 1m1dazolyl)d1cyclo—
hexylborane was also accompllshed via the dlfferent

- routes 1llustrated in equation 52. Thus, dicyclo-

\\\\Sji:i Li-
Ce 11)2B
MeOH, -TSIM

(C6Hll)2BOMe

(CGHll)ZBCl

6

and 1l-lithio 1m1dazole to give the desired compound.

Alternatlvely, it could be Prepared by Successive

-

(51):

/:?N

A

(52)
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treatment of dicyclohexylborane with methanol and N-
(trimethylsilyl)imidazole.
‘It has also been shown by Mukaiyama and co-
138,139

workers that certain enol borinates undergo

aldol condensation reactions as outlined in equation 53.

0 o) OH

R/ﬂ\»/Nz WBUBB N 1. CGHSCHO‘>
N 2. CH3OH R C6H5 r (53)
Bu
R = C6H5, EtOo- 27

3
For example{$the enol borinate of pentyl phenyl ketone
(from tributylborane and dlazoacetophenone) reacted .
with benzaldehyde to give the correspondlng B-hydroxy
ketone 27 after methanolysis. The question of proton
transfer and regrbspecificity, however, oﬁvioﬁsly does
not arise in the case of these particuiar carbonyl
compounds.

Near the completion of this study, Mukaiyama and
coworkérs‘reporﬂbd that terminal enol borinates could
Ee obtained in»hig@ regioSelectxvity by othe reactioniof
methyl ketones and dibuty;rﬁofon triflate in the presence
of sterically hindered amines, e.qg. diisopropylethyl-

140. ‘Theée terminal enol

%W
amine and 2,6-lutidin® (eq. 54)
borinates were reacted in 51tu with aldehydes to glve

B-hydroxy ketones in good ylelds upon hydrolysis.

*>



Bu,BOTE Q-BBu,

~>C3H7—C=CH2 (54)
t-amine, ether

+ -
+ R3NH OTft

i
CH3CH2CH2CCH3—'-

o o)
: —» C,H CH=C-CH
t~amine, ether 2 N 3
+ R3NH OTf’

(55)

1t was Sﬁso reported that the use of 9-trifluoro-
methylsﬁlfonyl—9—BBN leads :?gioselectively to the
internal enol borinate141 as iilustrated in equation 55.
As a result, several éomplementary methods ﬁbw become

available for aldol-construction via enol borinates.

Part B. Mixed "Di"-Aldol Condensation Reactions.

The possible formatién of mi~ec "di"-aldol conden~
siﬁion pProducts was next examined. Since the reaction
ofienol borinates and aldehydes leads regidspecifically
to B-dialkylboryloxy ketones, it was of interest to
examine the deproﬁonation of ghese intermediates. 1In
pPrinciple, proton abstraction could lead to either a
cyclic "exO“‘ig or "endo" 29 enoxy borinate complex as

illustrated in Scheme VI. It was anticipated that such

& ~
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"enolates"” should be sufficiently reactive to undergo
a second aldol condensation reaction, leading to either

a,a'- or a,a-"di"-aldol condensation products.

Scheme VI

base
N~ -, + ~N -,
O/B\J"I : B\OM
and/or
Z NS

13

Diazoacetone was reacted with tributylborane and
benzaldehyde to give the aldél product 30, which was
then treated with sodium hydride. A gas evolved in
nearly quantitative yield, but subsequent reaction Witﬁ
benzaldehyde led to complicated mixtures that could not
be identified (eg. 56). The use of diazéac%tophenone in
an attempt to avoid potential complications (with regard

to regiochemistry) also yielded complex mixtures. This

approach was therefore abandoned.



BBu
0~ 2 1. NaH
I 2. C HCHO
R - H =P complex mixture (56)
675 3. 0,-NaOAc
u Hy 2
30
R = C6H5—, CH3—

The use of lithium diisopropylamide was next
explored. Thé internal enol borinate of”2—pentanone
(£rom diazoacetone and triethylborane) was reacted with
benéaldéhyde to give the B-diethylboryloxy ketone 31
(Scheme VII). The crude mixture was tth&treated
sequentially (-78°C) with (a) lithium ﬁilsoéégzylaﬁlée
and (b) benzaldehyde, respectively, afte: which the
reaction mixture was qﬁénched‘wifh acetic acid. The
resulting product mixture again proved to be rather
complicated and NMR spectroscopy showed that considerable
benzaldehyde had not been consumed. This indicated
that either the initial proton abstraction step or the
second aldol condensation reaction had not.proceéded'
satisfactory. It was then verified that the enolate
32 was indeed formed under these c-onditions by deuteroly-
sis experiments.' The 8—diethylbor§loxy ketone 31.was
édded to LDA and subsequently quenched with DCl - DZO
at -78°C. A dlastereomerlc mixture of B- hydroxy ketones

was 1solated in which one deuterium was incorporated in

the terminal methyl group as shown by NMR spectroscopy
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(Scheme VII). -
Scheme VvII
scheme VIT

o 0B o ~BEt,

&

LDA Lit
-78°C
32
6H CHO =78° » —40°C
DC1~D20 i
2. CHBCOOH, -78° » Qg°o¢C
~78° 4+ Qe°c
3. H202—NaOAc
0] OH
H HOHO H
D ' H
C_ H C_.H
gy 65 65 CeHs

-

Thus, proton abstraction had occurred Cleanly in a

highly regioselective manner and, importantly, this

experiment showed that the boron—oxygen bond was apparent-

ly not cleaved by the amide base to any detectable
extent. (The amide base would have been destroyed had

3
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it cleaved the boron-oxygen bond, thereby preventing
enolate formation and subsequent déuterium incbrpora—
tio?). Apparently, thev“enolate complex" was insuffi-
‘ciently reactive towards aldehydes at such low tempera-
tures (-78°C), in contfast'to normal lithium enolates.
Repetition of the experiment at -30°C proved successful,
since NMR spectroscopy now indicated disappearance of
bedzaldehyde; and loss of the terminal méthyl gfoup
(6 2.13, "threo"“and 2.22 ppm, "eryﬁ?ﬁo"). The latter
observation indicated fhét the reactién had occurred
regiospecifically at the terminal positioni

Isolation of the pure dihydroxy ketone proved dif-
ficult since either dlStlllathn or chromatogrgphy led
to exteﬁ51ve retro aldol condensation and/or R- .
ellmlnatlon resulting in the férmatlon of a, B unsaturated
ketones. Attempts to crystallize the product failed
as well. It was possible, however, to isolate the
product as a diastereomeric’mixture of diacetates by
.treatment with acetic anhydride and pyridine in the
presence of a «watalytic amount of 4—dimethylémin0pyridine -

(eq. 57). This material crystallized nicely from a

Ac,0, Pyr

cat MeZN“<;2N
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mixture of ethe; and hexane. The absence of a methyl
peak at ca. 2.1 ppm-in tﬁe NMR spectrum showed again that
th€ reaction had occusred regiospecifically.

~This reaction can readily be applied to two dif-

ferent aliphatic aldehydes # afford unsymmetrical

products in excellent vyields (eg. 58). The reaction
S> B’
0 0
: (C,H_) B )\
27573
)J\/N2 — Npeon (58a)
\ R2ts
‘“_
B
O" ~N~ o O/BEt2
CHO ‘
_________;> ‘
§§ H R (58b)
-1
33
BEt - .
- 2
o o~ 1.LDA, -78°C OH O OH
. , - °»-40°C o
2 R27CHO 78 +~-40 - . (58¢)
Rl 3,CH3QQZH, -78°> RT R, 1 X
4.H,0,-Naoac, 2fffe
1
i T -OAc O OAcC
’ (58d)
Ra 1

Sequence also-allows the synthesﬁs of isomeric sets of

B mixed a,a'-di~aldol condensation products (Table XI,
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entries 2, 3, 4, and 5).

A

Table XI. Preparation of a,a'-Di-Aldol Condensation \\

Products from a-Diazoacétone (Eg., 58)

entry RlCHO RZCHO diacetate (%)
1 C6H5CHO CGHSCHO 84
O o)
2 /\/U\H | )\/U\H 86
0 0
3 /%\\/n\ﬁ ‘ //\\/M\H 91 )
X
a //\\/n\H 93
0 0]
5 /\\/U\H )\/U\H 84

Thus, the B-diethylboryloxy derivative 33, (Rl =

(CH3) ,CHCH,), obtained by reaction of diazoacetone with ¥
tricthylbcrane and isovaleraldehyde, respectiveiy, was
deprdtonated (LDAj and then reacted with butyraldehyde.
Th;§ produc=2d diacetate ii (91%) after acetylation

(eg. Lu). The isomeric diacetéte-ii was synthesized
analogously (86%), by introducing butyraldehyde and
isovaleraldehyde in the reverse order.

<

Although 34 and 35 can be assigned strutures on

ER , B
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the basis of their method of synthesis, it is impos-
sible to make an unambiguous struétural assignment by
NMR or infrared'spectroscopy. In addition, these
isomers are difficult to analyze by gas chromatography,
even disregarding the pPresence of diastereomers.

However, mass spectral analysis allows a clear and
unamblguous structure a551gnment of each isomer. The
major fragmentation peaks arise from B-elimination re-
sulting in the corresponding dienones, and from cleavage
at the C-C bonds djacent (a) to the carbonyl oxygen

as illustrated in Scheme VIII. The high resolution
“

OAc © OAc OAc O OAc
%

35 .

)

mass spectra of both isomers show peaks corresponding to
such fragmentation patterns, and results are indicated
'in Table XII. The major peaks of diacetate 34 are m/e:
199, 157, l39~(l99—HOAc) and 97 (157-HOAc), while 35
shows m/e:. 185, 171, 125 (185- ~HOAc) and 111 (171-HOAc).
Although each compound has peaks of low 1nten51ty that
correspoqd to the‘fragments of its isomer, such low
intensity peaks can eaéily.arise from a secondary hydro-
~carbon fragmentation patternl42, resulting in the ioss

of methylerne (CnHzn: 14, 28, etc.) groups. This process g



|
Scheme VIIT

+ 199 /‘\/l\)' + 171

. O .
! /K/\\/ﬁ "
~N + 139 +, 111

OAc O
X b + + 185,183
“
]
NS + ~+ 125,123
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Table XII. Mass Spectral Data? for the Isomeric Set
of 5- and 7-Ethyl Substituted 4,8—Diacetoxy—2—methyl—

undecan—6—on¢s 34 and 35

massb mol intensity (%)
(calcq) formula 34 35
328.2249 C18H3205 - =
' k C .
268.2038 ClGHZBQB 8.4 3.1
3 ,
208.1828 C14H24O 12.4 , 7.7
199.13?4' C11H1903 14 .1 -
185.1178 C10H7O3 . 0.9 10.4
171.1021 C9H1503 4.0 36.8
157.0864 C8H1303 70.1 - 2.7
139.1123 C9H150 61.1 e 3.1
125.0966 CgHy 40 7.9 J 53.0
111.0810 | : C7H110 : 15.9 100
97.0653.° f C H,O 100 15.3
A
a At‘70vkv; tHe samples were introduced at room temperature.
, . .

b The measured masses (m/e) were all within 0.0020 accuracy.
© Mimbac. %

M-2X. HOAc. _ ' v




83

becomes important in the corresponding dienones in
which the consecutive loss of methylene units develops
into a major fragmentation pattern (see Experimental
section). It is of particular interest to note that

the largest fragment from a-cleavage (m/e 199) is ﬂ‘b%

only present in diacetate 34 and completely absent in
— \

35 ! ' o : , . a

==
~
Al

Another isomeric set of mixed di-aldol products
(i.e. the 5- and 7-ethyl substityted 4,8—diacetoxy:2—
methylf9—undecen—féones, Table XI, entries 4 and 5;,
wif als- prepared frqﬁtﬂiazoacetone, tr%ethy}borane,
isovaleraldehyde, LDA and crotonaldehydé.' The absence

of an absorption in the NMR at & 2.1 agaip indicated : ' -~

- .
-

that these ;eactions had occurred regiospecifically at'
the terminal methyl group® The high resolution mass
specﬁra of these isomeric diacetaﬁes 22 and il showed
fragmentation quks resulting from a-cleavage (Schéme

VIII, dotted lines) and are summarized in Table XIII.
1

OAc O OAc

=

§ ;

This process léags to major peaks of m/e: 199, 139
(199-HOAC) and 95 for diacetate 36, and m/e: 123, 111,
and 96 for diacetate 37. As in the prior example, these

+
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Table XIII. Mass Spectral Data® for the Isomeric Set

o

of 5- and 7-Ethyl Substituted 4,8-Diacetdxy-2-methyl-9-

undecen-6-ones éé,ﬁnénél

massb v mol | . intensity (%)
(caled) formula 36 37
326.2093 C1gH5005 - ~
, o] ,
266.1882 C16H2603 5.3 2.7
_ . A4
206.;671 C14H220 l3.? | 7.7
. /777‘_’/’

199.1334 ‘ C11H19O3 2%.1 -
139.1123 C9H150 : 100 9.2
123.0809 | C8Hllo 5.6 43.3
111.081_0 | C7H110 - 14.0 79.3
96.0936 C,H ' 8.1 3 100

95.0497 c‘c":ﬁn'?o . 54,7 - 17.4
‘a

At 70 eV; the samples were introduced at room tempe£a~

ture. ' \ ’ b

b rhe measured masses (m/e) w®re all within 0.002n
accuracy. . ' B o 5
~ € M-HOAc. ,
d M-2X HOAc. .
. ™, . 4
' -

s



results show quite clearly that this synthesis leads to
pure di-aldol condensation products (especially revealing
is the complete absence of a peak at m/e 199 in 37.

==

The aliphatic diacetates were converted to the cor-

Fa)

responding dienones and trienones by treatment with
deactivated Alumina (activity IIT) as illustrated in
eqguation 59. The use of mort active Alumlna (act1v1ty

I or 1I) led to extensive polymerlzatlon The unsaturated

OCAc O OAc

o

| . T *

" 4 Alumlna‘, Rl_CHzc_C_CH=CH—R2 N (59)

i 2 hexane : i o & '
C2fs

IS§ec—
trometry, NMR, 1nfrared WJ' ?he : -
mass spectral data‘wereg;:: for :
. » ¥ %erent 1somep§; sets of ST
\gscmer exhlblted a charac— N

tegggtlc fragmgmﬂﬂtQQh pattern, although these spectra

\
were more compllcated than those for the dlacetates
ThlS is due to the fact that dlenones, and in particular
. trlenones show fragmentatlon patterns that‘are pecullar E
for hydrocarbons (see Experlmental sectlon)¢/ A number of
peaks appear at intervals of 14 ‘mass unlts caused by“the
consecutlve 1oss of methylene groupsl42, For example,

5-ethyl- 2-methyl—4,7—undecad1en—6—ohe shows such a

series of mass peaks, e.g. at'm/e: 208 (12.7), 193 (4.9),

/
Aol
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179 (3.4), 165 (100) and 151 (10.8).

Thus, the assigned étrucfure of the £,f'-diacctoxy
ketones was further contirmed by analysis of the cor-
responding fi-climination products (dienones and trienones).

Despite the current active interest in aldol S

c'r;emistry143

+ NO general method has as yet been reported
for the‘preparationmof di-aldols. Symmetrical a,a'-
bis-aldol condensation pfoduCts'can be obtained by re-
acting symmetrical ketones (e.g. acetone, cyclopentanone,
cyclohexanone and cycloheptanbne) with two equivalents
of an aromatic aldehyde in the presence of basic
catalystslBS. By starting with a monoarylidene cYclo—
alkanoné, aldol condensation with a different aldehyde

can sometimes lead to unsymmetrical bis-arylidene cyclo-

alkanoneslBS, as illustrated in equation 60.

0
ChAr  arjcHo - ATIHC _CHAT
— - (60)
Ar = p-MeO-C¢H,”; Ar) = p-HO-C.H,.

This newly develdped synthesis now makes it possible
‘to synthesize B, 8'-dihydroxy ketoncs cbmprised of two
different enolizable aldehydes and aliphatic ketones
in an unambigqous manner.

Having shown that f-dialkylboryloxy derivatives
/

&

/
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could be successfully aldolized after reglospe01fic
generation of the terminal enolate complexvéz the
possibility of rever31ng the _regiochemistry was brlefly
explored. The quest;on arose whether the internal
eomplex ig could be equilibrated6 to the internal enoxy.
borinate complex gﬁ This appeared to be an attractlve
“synthetlc scheee Since, 'if successful, .both reglolso—'
merlc a,a’ é and a,a-di-aldol products could be formed
in this manner from the same 1ntermed1ate 6= dialkyl—
boryloxy ketone. Toward thls end, the intermedi;te B~
dibutylboryloxy ketone 38 (obtained from reactlon of
l1-diazo-2- ~heptanone with trlbutylborane followed by
benzaldehyde) was treated with lithium EEEE‘bUtOXide

. (one equivalent) in tert-butyl alcohol at -78°C.

After warming the mlxture to 5°C and quenching w1th
DC1- D20 the NMR spectrum of the isolateéd material
showed no deuterium incorporation at either the methylene
or methlne carbon adjacent to the carbonyl group

{Scheme IX).

Apparently, either this base was 1nsuff1c1ently
strong to accompllsh proton abstraction under these
conditions, or alternatively, attack at boron91 could
also haveioccurred (eq. 61) thereby destroying the

O O-BBu O. oLi

2 R
t~BuOLi , /U\)\
t -

C_H C6H5 E—BUOH : CSHll , ‘ C6HS
Bu - ‘ Bu

+ E—BUOBBUz

87
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1

tert-butoxide base.

>

Scheme IX

BBu2
0 0 o~
AW L Bu3B . v
2 >

2. CgHSCHO _//\\“/«\V/M\Ti%\\c6ns

- . Bu

38
1. t-BuOLi, t-BuOH- . 1. t-BuoK,

~78° » 5°C

2. DCl—DZO

t-BuOH,-30°C

2.,DCl_pZQ

The reaction was repeated with potassium tert—

butoxide as base in tert-butyl alcohol/THF. After 1.5
hpurs at -30°C, deuterolysis afforded a B¥h¥droxy ketone
that.had incorporated a deuterium atom at ﬁhe ;éxocyclic"
methylene cafbon (Scheme IX)!. Attempts to equilibrate

this enolate to the isomeric internal enoxy borinate

by stirring the mixture for prolonged time periods were

v

" not successful - the major product was an a,B-unsaturated
ketone, rch%ting from B—élimination._ Consequently,
attempts to generatc the more highly substituted internal

enoxy borinate complex were discontinued.

88
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Interestingly, however, a recent report described

the regiospecific-formation of an "endocyclic" enol

-~
T

si;yl ether prepared frém a B—hydrbe'ketonel44. Di-
acetone “alcohol reaéted with.dimethyldicyanosilane to
give the inﬁefnal eth,éilyl ether regiéspecifiqally as
illustfated in eqﬁatiog 62. "ﬁis reaction appears‘to
involve ‘the silylatioﬁ of the alcohol asfthe first

step, followed by addition of the cyanosilane across the

carbonyl function and elimination of hydrogen cyanide.

/
N - _
» Si—-C=N \Bi’
/H ~ : AN
07 - ¢ . o o . 0"+ 0 .
' .Mezsl(CN)2 : <
S " — S e

—HCN -HCN

89.
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"Syn he51s of B- leetones from Enol

£

Borlnates and Nltrlles

. €ﬁ§ ’ ’ o :-;V" ot : ' . ';" ’ :
o o ; e e

The reaction’ of metal .enolates’ Wlth acylatlng 1»,1 &

o T

reagents (e.qg. acetyl chlorlde, acetfc anhydrlde) 1s 1n d :}f'f'

general not sultable for the synthe51s of B~ dlketones. S j;g'
3 . v

Attack of the electrophlle‘bccurs predomlnantly at

the oxygen of this ambldent anlon and- the main. product |

\

is usually an enol estereu, A few notable exceptlons

to this behav1our have r@cently been reported

'Magne31um31 and _organocopper"41 enolates of certaln

»
cyclic ketOnes were found to glve malnly C- acylatlon and

only minor amounts of enol esters (eq 37) .although

" ably attrlbuted to the covalent charactér of the metal—gv;'

‘oxygen ‘bond of these. enolates. : :- B 'l' 'Q.VLH fl.f:/
Ketone enolates .also react w1th esters Ain a manner

that is similar to the classical acetoacetlc ester3
26,145 3 ‘ ‘

condensatlon For example,’methyl 1sobutyl ketone

condenses with ethyl 1sovalerate146 in ‘the presence of

sodium amlde&to give, after acid hydroly51s, 2 8-

('dlmethylnonane 4,6-dione (eq. 63, R = (CH )2CHCH2 ).

These reactions are controlled by a 'series of equrllbrla,

;Wand their success is attrlbuted to the formatlon of a

90



very stable 8 keto enolate salt Whlch shlfts the
-'equ111br1um to the de51red product 126 145
Methyl alkyl ketones are predomlnantly acylated

t?at the less substltuted 31te u51ng thlS proce—'

dure126 145 149.v For example, acylatlon of 2- butanone

with ethyl proplonate in the presence of base leads

4

regloselectlvely to the centrally unsubstltuted B—

diketone (eq. 64)149, and the substituted 3-methylhexane-

Na+
- ] 0"
. .," O / )
T i:e/ﬂ\\ ' : e/
: NaH
9 . —_—
N “\ g
o ) + (64)
0 o '
\)J\OEt
+ 0 0 0 o)

(63) 4



2 4- lene 1s only a- mlnor component of the mlxture.' This
'preferentlal acylatlon has been attributed ‘to be a- ‘re-

';flectlon of the relatlve sta*ll;ty of the resnectlve

N

1,3~ dlcarbonyl enolates rather than that of the start-
126 145‘

Y.

'eelng (ketone) enolates
Alternatlvely, it is possible in some d&ases o

*'prepare 3-dicarbonyl compounds (espec1ally R~ keto ke

esters) by the reaction of ester enolates and nltrlles,
v V

and this haS'been used .in a modified Reformatsky re-

150 aftervconversion

~action. Thus, an oa-bromo ester,
. . S

to its bromozinc enolate and subsequent reaction with

a nitrile, gives a B-ketd ester upon hyérolysis (eg. 65).

&

, : 1
\\ " Zn -
' . , , ] R
' : Zn, CgH N 0
~ Br-CH-COOR + R,-C=N > (65)
! ‘ ! a R OR
& CH, . <1

The success of thisireaction has been attributed to the
relatively slow'eqnilibration of bromozinc enolates in
4non—polar solvents, and to the formation of a stable
metai complen in whigh the metal is coordinated in.a

bidentate manner;26.



This reaction, however, is usugily not applicable
. . .
~ to g—brdmo ketones since this often leads to self-
) condensatioh. Moreover, the reéio§pecific formation
of a-bromo ketones is often diffiéult as discussed'
~ earlier.(Chapte; I).
Enol borinatéé appeared to foér-a vaiuablé alter-
' ﬁnatiye route towards the synthesis of B—diéaqbo@yi
Comppunds: The covalenf'character of the bofon—d%ygen_
bqnd would pgssibly favour C-acetylation (as opposed

to O-acetylation) using acid halides and anhydrides

(eqg. -66). Similar to the aldol condensation of enol

R\‘ /R .
O ) B -
- i o7 ~No
OBR,, R, -C-X
'Rl ‘ CHR Rl 5
R .
(66)

¥

(9} (0] !
—_— + R.B-X

AN 2
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borinatesg, an attractive s1x—membe;ed transition state
4

(ég)lcan be postulated in which boron coordinates with
. ' ~

tﬁe okygep of the aeylaping reagent. Furthermore,vthe
neutral reaction condltlons woulé hopefully avoid the
compllcatlons that plague the analogpus metal enolate
‘reactlons. |

Thus, diazeacetophenone was reacted with tri--
' hexylborane and the resulting enol borinate solution
was treated with acetic anhydride at room temperature
for several hours. Afterkhydrolysisvand'oxidation
(HZOZ/NaOAc), CLC analysis indicated that the main
;'product was heptyl pﬁenyl ketone (from hydrolysis of the
enol borinafe).v When more vigorous reaction conditions
were employed a compllcated mlxture of products was
obtalned (as indicated by GLC analysis). Changing '
the nature of the aceﬁylating reagent to acetyl bromide

-

did not improve these resalts, and other enol borinates
proved equally ineffectivelSl.

Olefins have been acetylated'under Friedel-Crafts
conditions by using acid chlorides and anhydrides, in
the presence of Lewis’acids, e.g. zinc chloride, boron
trifluoride, and aluminum’chloridelzs. The reaction
of enol borinates with such a "Friedel-Crafts" reagent
was thus attempted (eq. 67). Despite considerable

efforts this reaction sequence did not prove suecessful,

and resulted in a complex mixture of many unidentified
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pré&uctSlSl; y
OBEt.,. L+ - o1 O/B‘o .
P2 CH,CO AlCl, ¢ _ .
CH3‘C=CHEt AL — .
LT o CH CHy
| . N - Et S (67)
' ‘O O . ':v’_-",-‘
. ] ?iw 5
> ‘CHy - C

The acylation of enol borinates with nitriles
was next.attempted. Trialkylboranes are known to form
" stable coordination complexes with nitriles152 and enol
‘borinates were expected to form similar complexes
ThlS would presumably actlvate the nltrlle and =
31multaneously set the stage for the formatlon of a new
carbon-carbon bong. Earlier observatlons about the
strength of the boron- nltrogen bOnd pPrompted the expec—_
tation that nltrlles would perhaps be effectlve as
acylating reagents thereby produc1ng a tetracoordlnated
.boron intermediate i: analogous to the previously
mentioned zinc compound. |
Thus, enol bOrinatet40 (R = CSHll’ R

prepared from l-diazo-2- heptanone and trlethylborane,

1= Ry = C2H5)'

was treated with heptanenitrile at room temperature and
‘ N\

the mixture stirred overnight. The resultlng yellow

solutlon could not be hydrolyzed by brlef treatment
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with 0.1 N HC1, nor could the expected 8 dlketone be
isolated by attempted ox1datlon w1th hydrogen perox1de

in agueous sodlum acetate. Column chrOmatography of the "

crude mlxture prov1ded a yellow 0il that was 1dent1f1ed

as 2,2,5- trlethyl 6-hexyl-4- pentyl 1H- boroxa21ne 42

(R = CSHll’ Rl = R2 = CZHS) (eq. 68) .

i (R ,BR, QBR,
R~ c CH-N, — ‘ R-C=CHR2 : (68a)
2 :
40
_ _ IR
: B
Ry S AN
. O-BRy RyCEN ¢ X
" R-C=CHR, L — — - (68b)
R ~g Ry
. 'R,
° 4
ot Ay A R e
: - 2B-y _H -
OA NN ] , +3(’)/ l -~ O/ \NiH
- I | l
— 4 //,6 g A
R R
L H 3 R S R3 R R3
2 R, Ry
42

I



Support for 42 was obtaln d spectroscoplcally by

the presenCe of a broad resonance at 6 ~5.8 in the NMR
“ spectrum,_by infrared absorptions at 3350 and 3400¢cm }
’and by llB NMR and mass speotroscopy (see below).'vAl—
though the mechanism for the formation of 42 has not
f;been determlned a convenlent ratlonale.is the initial
3formatlon‘of~ii from enol borinate ig and heptanenltrile
- (eq. 68b), followed by;a,proton shift from C(S).to N(1l).
Presumably, the driving force is the formation.of an |
"aromatic (bn—electron) system, stabilized by resonanoe
(eq. 68c).' |

| Having thus established the reasibility of alkylat-
ing preformed enol borlnates (40) with nrtrlles under
mlld and neutral condltlons, the . reactlon was then
'explored for a varlety of a- dlazo ketones, organoboranes
and nitriles. For example,'sequentlal treatment of au
solutlon of triethylborane with 1- dlazo 2- heptanone 1n4
THF, followed (after nltrogen ceased to'evolve) by
addition of acetonitrile, afforded an 87% (isolated)
“yield of leborokazine 42 5 - ész,

= CrH R

(R = CgHyq, =R

1
- In most cases the yields were goodb(ca. 70-85%); the

reSUlts are summarized in Table XIV.  The lower yleld

of 2,2,5-tricyclopentyl- -6~ methyl 4- pentyl lH boroxa21ne

(entry 4) is probably the result @f steric hindrance in

the initial reaction of the oa-dtazo ketone with the
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hindered tri-$ec-alkylborane °. - e
v. N . «‘ --.‘ - ' ,.> ' . . . . . ’ L
Table XIV. .Synthesis of Subsfituted 1H-Boroxazines from

1

Enol Borinates and Nitrilési(Eq.'GB)

4

entry. R . . Ry R2; _ »R3 .. yield (%)-
1 cH.. - com c.n C_H 350
. 5711 . CoHs 2%5 . ~6713 s :
M ’ © . " g
2 (CsHyy C,H, C,H, CH, 87
| 3 .CSHll‘ CyHlg.  CyHy - C,H 76
4 -C5H11_‘ : O‘ O‘ CH, ' 39
5 . ‘CsHlx} . (::Ti .- H CH, X 73
6 _(CI*?)’JZCH CyHg C4Hg CHy | - 78.“
7 U . CuH, C 4 Hg cH, 70
8 Isolated yields: o %
This yield-Was hot ‘optimized in this case.

‘Inferestingly, terminal enol borinatés, derived
from'afdiazo ketonés and dicyclohexylbéréhé, coﬁld be
‘convenlently reacted at room temperature overnight to
’!glve a good yleld of the correspondlng 1H- boroxa21ne,
desplte the thermal 1nstab111ty of thgse enol derlva—l

-

tives (Chapter II).

o



All the boroxazines thus prepared>show a rather

remarkable resistance towards hydrolysis and oxidation,

and are indefinitely stable under refrigeration (ca. 5°C);

however, they appear to be oxidized (aerially?) in
solution after a period of one to two weeks.

Rather extraordinarily, the mass spectra of these
boron derivatives all exhibit only a single cluster of
peaks. The fragmentation pattern results from the
cleavage of the boron-carbon bond, which presumably

leads to the formation of a stable "aromatic" fragment

N
i?p/ggj\as showp in equation 69. The molecular formula

p .

R R
b/B\—N/H -R,
¥ | —_1 (69).
=
R R,
Ry

of this fragment was determined for all boroxazines by
high resolution mass spectrometry and the results are
summarized in Table XV. For example, 2,2,5-tributyl-
6-ethyl-4-pentyl-1H-boroxazine {entry 3) exhibits a

peak at m/eA292 which corresponds to the M-butyl ion
fragment. The satellite peaks at m/e 291 and 293 érise:
from the respéctive 1OB and 13C lsotopes as verified

by high resclution mass spectrometry.
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Téblo XV. Mass Spectral Fragmentation Patterns of
Substituted 1H—Boroxazinesa (Egq. 69)°
b - e -
entry Rl M—R1 obs calcd
1 C,H C, oH NOllB 292.2815 292.2812
275 18735
2 CoHe Cy4H,oNoT 222.2031 222.2029
3 Cifly CigHyoN0 B 292.2808 292.2812
a CoHg N N O 302.2650 302.2655
5 C6Hll C15H27NOllB 248.2191 248.2185
6 C4H9 C15H29N011B 250.2344 250.234+6
7 C4Hg C18H33N011B 290.2657 290.2659

At 70 eV, introduced at temperatgres of 50-150°cC.

Entries 1-7 correspond with Table XIV.

'Theoretically, the peak at m/e 292 can also’
resul? from cleavage of the alkyl group at C(5) of
the boroxazine ring since Rl and R2 are the same in all
but .one case. However, the mass épeétral data for 2,2, -
dicyclohexyl—6—methyl-4—penty1—lH—boroxazjne (entry 5;:
Ry = C¢Hyy» Ry = H) shows clearly that this does not’
Occur, since the only fragmentation peak arises. from the
loss of a cyclohexyl group.

11

B NMR spectroscopy is an important probe for

determining the coordination (i.e. trivalent or tetra-
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valent) of a particulér boron COmpOUnd153. It can be

seen from the chemical shift data for several organo-

boranes (Table XVI) that the electron density at boron

11

Table XVI. B NMR Chemical Shift Data of lH—Boroxazines

and Representative Tri- and Tetra-Coordinated Boron

Compoundsa’b
boron compd boron compd
(tri-coord) 8 (tetra-coord) §
Me B ~86.8 Li' BMe, +20.2
» 3
Me ,B-OMe -53.0 b -14.4
| -
0—E(CyHg)y
Rl\ /Rl
PrCH=C (Me) OBEt, -53.4 o’j_\q’H - 6
Ry
B _44.6 Me . B-NM + 0.1
MezN- Me2 - . e3B— €5 .
a

References 49 and 153.

b Chemical Shifts in ppm relative to BF3-OEt2.

strongly determines the position of llB resonances.

Tetra-coordinated boron compounds, which carry a formal



charge at boron, appear at considerably higher field.
(ca. =20 to +20 ppm for simple R,BXY derivatives) than
their tri- coordinated analogues (ca. -80 to -40 ppm) .
For example, trimethylborane absorbs at ,a@pproximately
100 ppm lower field than lithium tetramethyl borate.

In addition to degree of coordination, the extent
of electron density Aat the boron atom .is 1nfluenced by
the electronegat1v1ty and ﬂ—bonding,abilities of each

ligand. Thus, although both trimethylborane ang

methyl dimethylborinate are tri-coordinated, the boron

ester absorbs at much higher field — +¢tnis 1s attributable

to the electron donating propertles of th methoxy sub-
stituent.

The lH-boroxazines (42) exhiéit a broad resonance
with a maximum at ca. 6 ppm downfield from boron tri-
fluoride etherate which shows clearly that these boranes
have a tetravalent character (Table XVI). Hence, the
llB NMR spectral data also support the cyclic structure
assignment of these compounds.

Several reports have appeared in the literature
describing the formation of certain boroxazines154’155.
For example, Hawthorne and Reintjes155 found that 2,2~
dibutyl—4,6—dimethyl-lH—boroxazine could be indirectly
synthesized from 1,3-diketone derivatives, by reacting

2-imino-4- “pentanone with tributylborane at elevated

temperatures (eg. 70). They have also been obtained from
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-Bu - ~

B H
. Et,B, 6H5CN 0y 7
| 160° L+ (71)
CoH ' ~-EtH NG ‘
6°s , CHy CeHs CeHsg

the thermal reaction of enollzanle ketones, tri—
alkylboranes and n1tr11e5156. Thus, reaction of tri-
ethylborane, acetophenone ang benéonitrile in an
autoclave at 160°C, for five hours afforded a 709 yield
of 2,2-diethy1-4,6- dlphenyl lH ~boroxazine (eq. 71).
However, these are vigorous and rather specialized
conditions, and are probably unlikely to fing general

use as a route to l,3—dike£ones In addition, the
Process is Obviously unsultable for ketones that have
two different enolizable 51tes and/or have the tendency
to undergo self- condensation.

In contrast, our method can be convenlently employed
as a one- flask reaction using ordlnary "bench—top"
techniquedgd. Furtheqmore, the reactlon'occurs under mild
(ca. 20 to 40°C)“neutral conditions, ang lmportantly,

a variety of 1somerléally bpure products can be un-

~

ambiguously Prepared in this manner
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It was also demonstrated in the current investiga-
 tion that 7all the boroxa21nes synthe51zed could be
convenlently hydrolyzed employlng agqueous ethanol in
the presence of éone or two equlvalents of HCl. T re-
action was.easily monitored visually B} noting the dis-
appearance of the,yeiﬁow colour of the borogazinef The

'correspondihg diketones could be isolated in nearly

ouantitative yield (eq. 72). For example, 2,2,5-

e

Rl\\ /Rl

W . /B\ ~H

(72)

trlbutyl 6-ethyl- 4 -pentyl- 1H- boroxa21ne was refluxed (4 h)
in 80% agueous ethanol in the presence of ca. two

24

equivalents of HCl to give a 93% isolated yield of 4-
butyldecane-3,5-dione. The results are summarized in
Table XVII. | | |

Thus, the reaction of enol borinates with nitriles
leads to ekoellent vields of R-ketones after acid
hydrolysis. Tﬁis,method provides a flexible synthesis
of suoh compounds. ﬁegioSpecificalli oeherated terminal
enol borinates’(from a-diazo ketoneseand dfoyclohexyl—
borane) can be used to synthesize centrally unsubstituted

B-diketones (entry 5). Such COmpoundsl57 can also be
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Table XVII. Formation of B-Diketones by Acid Hydrolysis

of 1H-Boroxazines (Eq. 72)

entry R Ry \' R, L Ry vield (%)@
. Y
T . . "
1, CgHyy C,Hg c Hg CgHy 5 -
3 CsH11 C4flg - Cyllg. Cols 93
4 CHy | Q‘ O" CH, 89
5 CgHy, O/ H CH, 93
6
(CH3) ,CH CyHq C4Hg CH, 94
7 U C4Hg C,Hg CH, 95
a . o
Isolated yields.
p Yield not determined.
M .
prepared by alkylation of the dianion of symmetrical
. Q. ) ‘
diketones (i.e. pentane-2,4-dione) or other mono- .
enolizable diketones using alkyl halides (eq. 73).
0 - ‘ o 0 S ‘
,/ﬁl\/lt\ - NaNHz /JL\//H\V/”\\//\\ |
, . R . (73)
R 2. Bubr D |
3. H30+ T

R = Me, C6H5.
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However, the current method can' be ea51ly adapted for
introducing two different substituents on both ends
of the dlcarbonyl system.

By using trialkylboranes, it is moreover possible
to introduce 51multaneously an acyl group and an alkyl
group at the o- pos?tlon of o~ dlazo ketones produc1ng
centrally substituted f-diketones (Table XVII entries
1-4, 6 and 7). For example, 3- butylnonane 2 4 —-dione can
be conveniently prepared in 85% overall yleld in this
manner. This is a useful device for preparing centrally
alkylated B—diketones, since tradltlonal methods -
alkylation of the corresponding B-diketo enolateo—— is

often severely hampered by the formation of O-alkylated
products. The reaction is also applicable to the
intrdducﬁion Qf‘secondary alkyl groups at the central
carbon of B-diketones (Table XVII, entry 4). The -
SOmewhat:loWer'yiela of this latter reaction is caused
by the initial slow condensation of tricycloéentylborane
and a-diazo ketones. Nevertheless the simplicity and
dlrectness of the procedure render it an attractive
alternative to direct alkylation of B8-diketones Since
2° halides undergo elimination, etc.

N

‘Stericaliy hindered a-diazo ketones, e.g. l-diazo-

3—methylﬁ2-butanone and l—cyclohexyl—2—diazo—l—ethanone,
'also.gave rise_to;ve;y good yields of B-diketones.

Iﬁ”eeﬁclusion, this investigation has shown that
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the regiospecific donstruction of lH—bdroxazines/;;n
be achieved by the addition of nitriles to enoi borinates.
These spec1es pqgsess a cyclic structure as shown by
spectroscopic s;udles. Furthermore, the boroxazines
could be successfully.employed in the regiospecific

) !
synthesis of B—diketones, providing access to compounds
“7

that are not ea81ly available via other routes158



CHAPTER 1V

Alkylation of Enol Borinates

As shown 1in earlier sectioné, enol borinatés react
cleanly with a range of reactive electrophiles (e.g. D,0,
"Mannich" reagents, aldehydes, ketones, nitriles and
brominating reagents) leading to ne@,7regioisomerically
pure carbonyl derivatives. The next question,examinéd
was whether these intermediates could pa:ticipafe in
alkylation reactions with simple alkyl halides: and, if
this weie indeed the case, whether this procesé would
occur with retentibn of regiointegrity. ’ .

¥

Much of tﬂe information available concérning
directionyof enol(éte) formation, enolate stabilities,
and alkylation behaviour has been obtained on simple |
"model" substrates. For cyclic unsymmetric ketones,

for eXampie, 2—methy1cyclohexanoﬁe is often empioyed

as a "standard", (Table III), and in acyclic s&stems, a -
methyl alkyl“ketone is frequently used for this purpose

(Table IV). Analogously, in this study simple methyl

v

alkyl ketone "equivalents" — RlCH=C(Me)OBR2 and

CH2=C(Rl)OBR were selected as models to establish

2
whether alkylation could be éccomplished regicspecifi-
cally either at the internal or terminal position.

It was quickly iearned, however, that enol

borinates are insufficiently reactive towards simple

AN
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alkyl'halﬁdes; For example, a solution of benzyl bromide
and enol borinate 44 was refluxed in THF for 20 hours,
but 4-nonanone (from ii) wasithe‘only product thatvcoula
be isolated aftér hydrolysis (eq. 74).
m-NR\\\\\‘“f‘—-—~—»

2  C_H_.CH,Br H,0,~NaOAc

?BEt

CoH  -C=CHEt —o2 2 g 2 > o
reflux, 20 h , (74)
44 -
= ﬁ o
CSHll—C—CHZ—Et + C6HSCHZBr

159 attempted to activate enol

Pasto and Wojtkowski
borinates by addition of n—buﬁyllithium}‘and‘noted
that two equivalents were required to optimize'the
yield of alkylated ketone. However, the_enol borinate
was présumably cleaved under these reaction conditions,
resulting in the formation of the free lithium enolate
and unreactive lithium tetrabutylborate. Upon subse-

gquent reaction with an alkyl halide a mixture of isomeric

alkylated ketones as Qell as hydrolyzed starting material

(eq. 75) was obtained. These resdlts are comparable
OBBu, A O-Li
v b . BuLi (2 eq.) b H_I .5
CgH,y ~CH=C~CHjy »CH,; ~CH=C-CH4 o )‘
+ Li' BBu
4
4 ,
) . O 0
Mel i BT | . _ I -
————)fCSHll—$H—C—CH3 + CSHll-CH2fC~C 2CH3 + CSHll—CHZ—C—CH3-
' CH, . L s - .

59 16 - 10
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to earlier studies on alkylation of lithium enolates
(cf discussion in Sect;on B, Chapter f).

Nonetheless, a number éf obsexvations in the field
of enolate chemistry indicated that this approach was
'worthy of further 1nvest1gatlon. For examp;e,‘addition
of trieth' aluminum to the‘llthium enolateé of‘cyélo—
hexanones markedly dlmlnlshed polyalkylatlon160
Secondly, unreactlve enol 51lyl ethers were shown to
undergd regioselective alkylation with simple alkyl
halides in the presénce of tetraalkylammonium fluoride,
Which‘served to activate the enol derivative123’l24‘ o
(eq. 32). Sinée enol borinates themselves'are unreacti;;
towards alkyl halides, two p0551b111t1es exlsted
elther "activate" the carbon electrophlle or, alterna-
tively, convert the enol borinate into a more reactive:

form.

T
The reaction,of enol borinates with more reactive.
electrophiles was first explored. Treatment of several
. o
enol borinates with triethyloxonium tetrafluoroborate

(3 hours, room temperature) led to complicated reactlon

mixtures, which included hydrolyzed startlng material

(eq. 76)151 ,
OBEt A - L ‘
i 2 ‘Et 0 BF, . "
X-C=CHEt —» complex mixture ' (76)
THF-CH,C1, .

X = QEt, C6H5.
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‘Attempts to react terminai enol borinates with either
trimethylsulfonium, trlmethylsulfoxonlum or N-methyl-

;pyrldlnlum 1od1de (eq. 77) also led to very ogmplicated

OB(CgHyp), Rx /
CSHllfC%CHZ —— complex\mixtarev.A s - (77)
.' + ' + ._ + ' —-
RX = (CH3_) BSJ I—, <CH3) 3SO I, CSHSNCH‘ I .- R :

3 T 1

~

mixtures, whlch contained none of the de51red methylated
ketones. 'This approach was therefore dlscontlnued and
efforts were'subsequently directe&'towards,fipding a -

Suitable way to "activate" the enol Worinate.
. \ _

\

?-—BR2 O\%R

R, X
RCHCCH3 ‘HRCHCCHB’A——» .’(78)
Rl""g o _
RCH-C-CH; + R,B-Nu + X

The addltlon of varlous nucleOphlles to af enol
‘borlnate ‘Was explored in an attempt to form such an
uactlvated tetra- coordlnated "borate" complex This woula'
presumably weaken the boron- -O0Xygen bond and fac1lltate
electrophilic attack of alkyl halide (eq 78). 1In
fact, the successful aldol condensation and- acylatlon
reactlons of enol borlnates (Chapters IT, I1I1) canhbev
attributed to a similar concept;

N . o
Initially, fluoride ion was investigated® since
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boron fluOrlne bonds are known to be very strong.,,

a

Addltlon of llthlum fluorlde to a solutlon of benzyl

bromide gpd ‘enol borlnate 44 (from 1- dlazo 2 heptanonerg

“and trlethylborane) however, dld ‘not produce any
benzylated ketone, but merely gave 4- nonanone upon-
Jhydrolysis, Although benzyltrlmethylammonlum fluoride

has been shown to work well on enol 51lyl ethers123 124

vattempts to activate the enol borlnatecwlth thlS fluorlde—

source gave unsatisfactory results

The use of potassium fluoride and 18~crown-6 es

additives was next examined (eqg. 79). A mixture of enol
ﬁ ' EtyB ?BEtz 'KF, 18-crown-6
CeH 1C~CHN, ———— CgHy 1 -C=CHEt —~ —
1 '~ THF ' ' - THF -
CgHgCH,Br o - | - (79)
—P CSHll—C—?H—Et -
- . : CH2C6H

>

-

‘ ' o
borinate 44 benzyl brom1de» potassium fluorlde and 18-

crown-6, when refluxed in ether for several hours, re-

sulted 'in ‘the formatlon of some alkylated ketone (<20%)}

(%

‘Changlng the solvent to THF proved more promlslng
(Table XVIII), and the a- benzylated nonanone (s )'were.

produced in ca. 30% yield at room temperature ' The

yleld of the alkylatlon product 1ncreased 51gn1f1cantly-

(up to 75%) when the. reactlon was repeated in refluxing

. \,
THF . :

112,



Table XVIII. Alkylation of Enol Borinates with Benzyl

Bromide by 'Fluoride Ion Catalysisa (Eg. 79)

reaction conditions yield
entry time (h) temp benzyl ketone (%)
1 48 r. 28
2 (a) 4 " . )
(b) 3 65°C 44
3 2.5 " 60
4 4 " 75
5 8 " 74

a KF, 18-crown-6 in THF.

Having thus established an

alkylation, it was important to

effective method for

verify the regioselec-

tivity. For analytical convenience, this was done by

using the internal ennl borinate of a methyl alkyl

ketone since the two isomeric,

easily separable (by GILC) .

benzylated ketones are

Thus, enol borinate 45 was

prepared via cohjugate addition of triethylborane to

methyl vinyl ketone and treated with benzyl bromide in

the presence of KF and 18-crown-6. This produced a

mixture of 3-benzyl-2-hexanone and l-phenyl -

in a ratio of 94:6 {(eg. 80).

o

3-heptanone

113
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0] . : OBEt
’ Il Et,B [
CH,4,=CH-C-CH —» C_H,-CH=C-CH (80)
2 3 37 3
THF
45
1. CcH CH,Br ' 8~ ﬁ :
: C3H7~—SZH-C—CH3 + C4H9—C—CH2—CI{2—C6HS
2. KF, 18-crown-6, CH-C_H
reflux _ 276 5
94 ) 6

The loss of regiointegrity obsérved in this
fluoride-promoted proéedure, was not promisiqé/;h the
light of a regiospecific alkylation, and this avproach
was consequently not further investigated.

Pyridine was also examined as an "activator",
since various nitrogeneous bases are known to form
stable coordination complexes with boranesl30. For
example, phenyl dibutylborinatel61 reacts with pyridine
to produce a stable borane-~amine adduct (mp 57°C).
However, this proved ineffective as well for this
purpose since only unalkylated ketone could be
detected upon hydrolysis. Moreover, tpe pyridine
appeared to have reacted Wfth:théiéiky%.haliAélin g
prefererice to thé éngl borinate (indicated by the dis-
appearance of benzyl bromide'in the organic- residue). .

.The use of a mercaptide as a‘ligand gave similéf
results. Thus, addition of lithium butanethiolate to

enol borinate 44, followed by addition of benzyl
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bromide did not lead to the desired product. NMR
spectral data indicated that the’alkyléting reagent had

reacted preferentially with the mercaptide to give
benzyl butyl sulfide.

More promising results were obtained when.lithium
methoxide was used. Addition of enol borinate ig to
one equivalent of lithium methoxide followed by benzyl
bromide (eq. 81) gave 3-benzyl-2-pentanone in gooa

regioselectivity (47:48 = 98:2) but rather poor yield

(30-34%) .

0 Et,B QBEE, 1. CHCH,Br
CH3=C-CHN, ——=3 CH,-C=CHEt >

iﬁ« 2. CH3OL1, r.t.
0 o - (81)
CH —g CH-Et + C.H CH.CH._ C.H
3 1 gHgCHyCHY=C-CoH,
H,C ol
4 | 4

Somewhat higher yields of 3—behzy142?pehtanone were
obtained (ca. 50%) when two equivalents of lithium
_ﬁéthoxide were em§lofed,>but>£h§§:wés ﬂow accompaniéd
by more—Substantial’amounts (8%) of'the-isomeric 1-
phenyl-3-hexanone.

These results may be rationalized by assuming
initial attack of lithium methoxide on ﬁhe enol borinate
to produce an enoxy borihatewcomplex_(eq.,82a).3 |

Benzylation of this complex would then lead to the
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benzylated ketone and methyl/diethylborinate (eq. 82b),

Et _ _Et
B -~
N
OBEt, cH oL 0~ “och, X
Bt-CH=C-CH3 ——— Et-CH=C-CH, Li (82a)
Et\ /Et .
B_
7~ N\
Q OCH 4 + CgHsCH,Br 9
Et—CHZC—CH3 Li ___——>Et—c‘:H'—C—CH3 + CHBOBEtZA + LiBr
CH,yCeHg (82b)
CH,OLi . .
CH4OBEt, Et,B(0CH,), Li (82¢)

the latter undergoing nucleophilic attack by a second
equlvélent of methoxide to form, yet another tetra-
ceordinated "ate™ complex (eq. 82c). However, any‘
free methoxide present throughout the reaction course
could . also cause, theiobsefved prétdh:tfansfer )

In the light of these results, it appeared desirable
to replace the second equ1valent of alkoxide by a less
ba51c addltlve, which mlght also. serve as a coordlnatlng
ligand for boron. The llthlum salt of 2- (dlmethyl—
amlno)ethanolAwas tested for this purpose’ and ultimately
proved to be the reagent of choice (eq. 83).

The lithium alkoxide was generated by addition of
methyllithium tb a solution of 2—(d1methylam1no)ethanol
iﬁ THF at 6—20597 (Alk0x1de formatlon could be followed

by measuring the gas evolution or, more conveniently,



0
_|
' OBBu . o-/\:N ni”
1 2 LlOCHZCHzNMe / Me
CH;3-C P CH,-C (83a)
N\  =78°C » r.t. N
CHBu CHBu
49
0
-7
—~B , 0
/ \ :N Li /0 :
Me RX “
CH3~C : 2 ————)»CHB—C—CH—Bu + Busz (83b)
N\ [ L\
CHBu R . ‘
A : Me,
by using triphenylmeﬁhane as an indicator.) A solution
of the enol borinate'ég — prepared in situ from diazo-
- acetone and ‘tributylborane — and an élkyl halide was

then added té ﬁhe cooled (-78°C) suspension. The
precipitate dissolved in_ca. 5 to 10 minutes %t room
temperature and the feaction waé usually complete
after several hours.

The reaction was performed with several representa;
tive alkyl halidés and the yields were in general very
good. The results are éummariZed in Table XIX.
'Benzylation, methylation énd éllylation,resulted in
yields ranging from ca. 75-90%, while ;eaction with
ethyl iodide gave a somewhat lower vield (presumably
due to the diminished reactivity of this electrophile).

Importantly, all these reactions produced the
~alkylated ketoﬁeé regiospecifically, and the corres--

ponding regioisomers could not be detected by GLC

117
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Table XIX. The Regiospecific Alkylation of Internal
Enol Borinates with RepresentatiVe Alkyl Halfides in the
Presence of Lithium 2-(Dimethylamino)ethanolate (Eq. 83)
enol borinate RX. ' prbduct. yielda (%)
QBBu, - o)
H3~C=CHBU C6H5CH2Br /MW:T\/N\ 76 (70)
: ‘ | C6H5 ¥
Mel /ﬁj/ﬂ\/ﬂ\ 88
Me2SO4 82
' 0O
CH,=CH-CH ,Br )‘\q\/\ 75
.
0 |
a Determined by GLC anglysis; isolated yields in
parentheses.
analysis ! However, small amounts of isomeric alkylation

products (1—2%) could be found if the amount of lithium
2- (dlmethylamlno)ethanolate exceeded that of the
trlalkylborane employed

- Slnce alkylation of ﬂnternal‘endl~bo;iqates proved @ =~ "
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sueceSSful' the elkylatlon of the correspondlng tetmlnal
derivatives was next 1nvestlgeted4‘lEnol borlnate 21
(from l—dlazo—2—heptanone and'dlcycloﬁexyltoreﬁe)ewes
treatéd'iﬁ~situiwiﬁﬁfpenzy1 b;omide;ahdflithiﬁm-Q;.
.(dimethylamino)ethanolate-ét reémeteﬁpefétureefpr~Seyerai
hours. A_compiicated, aifficﬁitlyMsebarable“mixtute

was obtained‘that contained ce.‘iSé of the benzyléted
2-heptanones. The unde51red regloisomer predomlnated

(eg. 84) in approx1mately a ratlo of 3 l

| o o-B{CeHy1) 5
(C6Hll)2BH + /~\/A\/n\//N2 5T7 < ‘/“\/“\/l\
: , (84a)
. . 0 .
: ¢ /’\./\¢/u\//\c b 242
B(CgHyq) ' o>

' 1. XS C_H_.CH,Br '
~~A 65" 2 - o+ (84b)

2..L10CH2CH2N(CH3)2

763
6fls

' )
This is presumably another example of base-induced
proton transfer énaldgous to results obtained(in ,
tradltlonal base catalyzed alkylatlon

Alternatlve alkylatlon..experlmentS"werefalson‘

",attempted 1nvolv1ng the (presumed) ‘boraté complex . -



generated by an ihdependent synthesis (eq. 85).

.- HB-SMe, HO  NMe, P
%» B
2 CeHy (CGHM)an — (CgH; 1), (85a)

6 1
Me,S 1 b Y,
ez
50
' ;
. l e
Bu-CHZ—CZCH2 | 86 ' Bu—CH2—C—CH2—CH2—C6H5 l;
M SRR = SRR (85b)
: o . . . H . : . . :
o T egeiE
o o S T, H
VBu ~CH=C- CH3 14 PRI LS "”,‘BUF?H—C—CH3 87
CH2C6H5

Dicyclohexylborane was reacted withié—(dimethylamino);
ethanol (0-20°C) to produce 2—(dimethy1amino)ethyl dicyclo-
hexylborihate‘(:g); the reaction could be easily monitored
by the disappearance bf the borane precipitate and

simul taneous quantitative gas-evolution (H2).

This intérmediate (50) was then treated with the
mikture of lithium enolates (86:14, terminal-internal)
of 2—heptanone,derived from twovindependent experiments,
followed by reaction w1th benzyl bromide. 1In one, the
solutlon of lithium enolates obtalned from direct
klnetlc deprqtonatlgn-W1th ll@?lum dllsopropylamlde was
femployed9 ;'Iﬁ.the second experlment, these llthlum |

enolates were converted to thelr enol tr1methyls;lyl o

_ether derlvatlves, 1solated by dlStlllathn, -and

120
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independently regenerated by treatment with methyl—
lithium.

Unfoft@nately in either case, the alkylation
experimehts prdduced a mixturé of‘benzylated\2—heptanones~
in;low yield (ca. 30%) in which the undesired regio-
isomer predomiéated in a‘ratio of 87:13 (eq. 85b).

Further éttempts‘to.régioépecifiéally alkyléte te:minal—-
enol borinates were therefore discontinued, ana i£ ‘
~ rémaiﬁS fdfffutpré;}nyeSt}éét;ohs tquéVélbp_adequate
procedures. |
‘:H0wever,-thié'inVestigation~has»shown that internal
enol borinates canybe successfuliy monoalkylated withlv
sim@leralkyl hélides in a fegiospecific”ﬁanner in se;viCe—.‘
able yields, when a suitable .alkoxide waé ﬁsed as an
additive. Althouéh precise mechanistic depails of this
alkylation are not knéwn, it is clear that "free"
lithium enolates are not iﬁvolved, since theéé épééies
are known to induce proton transfer and all the problems -
associated with it (Chagter I, Section B). One pos-
sibility is the concerted alkylation oﬁ an "enoxy borina;e"

complex (Scheme XXIII), in which no residual concentra-

Scheme XXIII

fc?//z:? R

Bu-CH=C .BU ‘Bu CH

CHis.

N : .+
CH3 L1

3



tion of basic enoiate is available for proton transfer .
and othér side reactioné. 'Additionaily,~th¢‘foima;’
tion of a stable tetra-coordinated borate byfprodﬁéﬁ
may contribute to the H?ld”fégiospécifié élkylétién
~procedure.

A»similar observation has also been’made very re-

162,163

cently™. on the monoalkylation of metal enolate — -

. + D :
e.qg. L1+, Na and K+ — uslng analogous procedures
162

- described in the cuf;ent work. Rathke and,Lindgrt
”fbhﬁd thét hethylatidﬁ 5f lithiﬁm énd sodium enolates
*of cyclohexanone resulted in high yields of monoalkyla-
tionAproducts upon prior additibn.of triéthylborane or
triethanolamineborate 51. It was postu%ated that this
reaction may function by coordination of the borane

(51) with the ketpﬁe enolate, thereby producing an

-intermediate enoxy borinate complex. Interestingly .

similar additibn of other boron: esters, such aS'trimethylf‘

and tri-tert-butylborate completely stopped the~alkyla?

tion reaction.

122
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This. approach has solved some of the problems
‘encountered in the alkylation of unsymmetrlc cycllc
*ketones. However, the procedure has not yet been

tested for the more demandlng unsymmetrlc acycllc ketone

enolates. : *v :

P \
,'/
~

e
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CHAPTER V
hadeddololiabaa A

.+ ‘Stéfeoselective Formation Gf Enol Borinates.

Although ‘many methods are available for the

generatlon of reglolsomerlcally pure enol(ate) (Chapter

r .

I) ‘the stereoselectlve preparatlon of enol derlvatlves

" Presents another more difficult problem. Recently

several research groups have become. actively involved

in'stereochemically controlled aldol condensation re-.

actions through the.initial Stereoselective formation of

enolatesso’l64—168.

Reg101somer1c and stere01Somer1c ratlos of enolates

,_\ o

and enol. derlvatlves derlved from 2 methyl 3 pentanone

have been examlned in some detail. by several

authorsG’g’lo'50 as shown 1n Table XX: ‘These ratlos

are belleved to reflect equlllbrlum condltlons (eq ‘86);”

s

-For example, the reaction. of 2-methyl-3- pentanone wrth/

potas51um triphenylmethide under these c@ndltions {i.e.

derivatiVes of this ketone (M = SiMe

excess proton donor) results in a 74:14 mixture of the

geometrically isdmericAZf and E-type enolates (52a and

52b),fwhereasvlithium'triphenylmethide gave almost ex-

"clﬁsively'the Z-isomer 52a;'vKuilibrium mixtures of enol

37 Ac, 'Et” and BEt ¥

also con51st of greater amounts of the Z type lsomers

: relatlve to the. correspondlng geometrlc E-isomers.

Klnetlc deprotonatlon w1th llthlum dllsopropylamlde led

3
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) ’ ' L 0=M
- '52a _

Table XX. Stereoisomeric (and Regioisomeric)

"125

(86)

Distribution

of Enolates and Enol Derivatives of12—Methyl—3—pentanone

(Eq. 86)
Sterecisomeric disfribution (%)

M 52a(z) 52b (E)  52¢(%),

E'S ‘}4'- 14 “12

Li? 598 <1 <1

Li® a2 53 5

\$}Me3a 31 6 63

Ac? 42 ‘.3 55

Et? 32 Co13 55
- BEt,C 90 10 -=
Y 2 .

Equilibrium conditions (ref. 6, 9 and 10).

P Kinetic deprotonation with LDA (ref. 9).

€ Reaction of 2-methyl-3-pentanone with triethylborane

(ref.



to a ca. 1:1 mixture of 52a (2) and 52b (E) .

Very similar results have been obtained foyr the

enol (ate)s of 2—heptahon96’@’lo as shown 'in Table XXI.

: y _ .
o : o~ o’1¥
Bu\\/JL\ ————)»BU\ng\\ + H‘\ffL\ - (87)
" ‘ . H. Bu : )
53a T 53b
- M T
. o7
T+ Bu\/g
53c
— -

‘Table XXI. Stefeoisomeric (and Regioisomeric) Distribution

of Enolates'and Enol Derivatives of 2-Heptanone (Eq. 87)

e

Stereoisomeric distribution.(%)

Mo 53a (2)  53b(E) | 53c¢s)
ga:b- - 39(46) . 10(12) -~ v}51(42)
Li? - | ca. 65 ; - ca. 22 | ca. 13
Li¢ - 7 9. 84
SiMe ® . sg 29 | 13
ac? 3 : 69 2 ) 3

»

Eduilibrium conditions (ref. 6) .

References 6 ang 10.

€ Kinetic deprotonation with LDA (ref. 9).

, -
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Upon enolization under equilibrium conditions, the metal
I}
enolates (M = K, Li) and enol derivatives (M = SiMe

37
Ac) of this particﬁlar Ketone were predominantly present
as the Z-isomer iii’ whereas the cofrésponding geo-
metrically isomeric E-enol (ate)s were only formed in minor
iamounts (eq. 87).

In addition, simple enol ethers, such as the

isomeric l—methoxy—l—propenesng, display a stereochemical

preference for the #-isomer (eg. 88).

Me OMe Me H
>::%< e e——. >y=L< (88)
H H | H OMe ‘
65% 35%

Since the Z-isomer in all these cases would appear to be
the more sterically hindered of the two, the greater
stability of Z- over E-isomers 15 not readily explicable

on the basis of "steric effects".

<
N

The observed preference must mainly be attributed

to attractive forces between the alkyl groups and the
electron-rich heteroatom substituent. Their origin

can be ratinnalized by a symmetry-allowed hyperconjugative
n—interactjon]70 as shown in 54. Alterna%jvely, it has
also been described as being the result of Stabilizing

. . < A ' b N ‘ 4
intramolecular hydrngen bonding between. the ajﬁ&lggroups

and the electron-rich l-substituted he’teroétoml7l as

shown in 55. ' : .,
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controlled enol (ate) formation, several enol borinates

Thus, methyl vinyl ketone was reacted with tributylborane
and ;he enol borindtes were isolated by distillétion
(eg. 89). NMR analysis showed the preéence of both the
isomeric (E)- and ?Z)—dibutyl(2—octen-2—yloxy)bbranes,
With triplets of quartets for the vinylic protons at
§ 4.55 (J = 7.0, J =1 Hz) for the Z-isomer, and at & 4.67
(3 = 7.5, 7 =1 Hz) for the E-isomer. The 13C NMR spectrum
also showed the bresence of at least two stereoisomers
with peaks at & 148.4 (2 peaks) for C(u), and 110.1 (z)
and 111:4 (E) for C(8). The E and 2 enol borinates were
formed in a ratio of ca. 2:3 in favour of the Z-isomer,
and these results are %Jm:lar to those obtained by
Koster and coworkersSl

The stercochemical assignments of E and 7 enocl

derivativesl72 are based on the NMR spectral correlation

published earlier for olefinic Protons of thig type.
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Vinylic protons of simple alXghatic encl derivatives
with the E—geometry absorb inv riably at lqwer field than
the corresponding Z-isomer. -

Although spectroscopic data showed the presence
of -both stereoisoméric enol boriﬁatés, the complete
composition of the reaction mixture was not revealed by
this method of analysis. Commercial tributylborane
(Callery) is prepared via hydrobération of l-butene. This
places 943% of the boron in the l—position and 6% in
the 2-position. However, the ovefall Oorganoborane
composition consisté of a statistical mixture of 83% tri-~
n-butylborane, 16%»gi—g—butyl—§gg—butylborane, 1% n-

butyl di-sec-butylborane, and a trace of tri-sec-
173

butiaborane

For example, reaction of tributylborane (prepared

‘\
via this route) with methyl vinyl ketone leads to a
mixture of 2-octanone and 5-methyl-2-heptanone upon

hydrolysis, in an 85:15% ratio46.' The conjugate addition

of organoboranes to a,B-unsaturated carbonyls was found

to be a radical reaction and thus, not unexpectedly,

«

Secondary alkyl groups POSsess a greater migratory

aptitude.

AV

It was expected therefore, that\tbe mixture of enol

. : { .
borinates prepared via this route was,cbmpdsed of two sets
of geometrically isomeric enol borinates: (E/Z)~dibutyl-

(2—octén—2—yloxy)borane and (E/Z)—dibutyl(5—methyl—2—hepten—

2-yloxy)borane. However, enol borinates cannot easlly be



130

(90)

OSlMe3 OSlMe3
— H =~
+ +
H
58a 58b.

analyzed by GLC methods, because of their hydrolytic
instability.

Consequently, exchange of the dibutylboryl group
by a trimethylsilyl substituent was next examined.
Treatment of 22 with N—trimethylsilylimidazole_at room
ﬁemperature (exothermic) afforded a mixture of enol silyl

1

ethers (eq. 90). H NMR spectroscopy showed the presence

of the geometrically isomeric 57a (2) and 57b (E) in a

ratio of ca. 3:2 in favour of the Z-isomer. The vinylic

proton of 57a absorbed at § 4.40 (t, J = 6.4 Hz) and

that of Elé at 6 4.62 (t, J =-6.7'Hz). The similar ratio
of the E- ana Z—isomérs before and after silylation iﬁdi—

) ‘
cated that the conversion had occurred stereospecifically.
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Howé&er, CLC analysis9 gave a more accurate rep-
resentation of the composition of the reaction mixture,
and the strucﬁurally_isomeric encl silyl ethers, re-
sulting from the transfer of a égg—butyl group,
could now. also be detecﬁéd;”pre;isdmeiﬁ‘eldteEViﬁ i
the following‘order: igi (7%), 2&2 (5%), ili (57%)
and zlg (31%).

The reaction of diazoacetone and tributylborane

(eg. 91) was next examined and this led to a rather

o OBBu2
N
/u\/ 2 (91)
OSiMe3
N-TSIM H ‘
e Y (92)

surprising discovery. NMR (lH and 13C) spectroscopy
showed the presence of a single geometric isomer, (EY;
dibutyl (2-hepten-2-yloxy)borane, with a vinylic proton
absorption at § 4.45 (tgq, J = 7.5, J - 1 Hz) and a methyl
absorption at 6 1.58 (d, J = 1 Hz). Treétmenk of the
enol borinate with N-TSIM préducgd a single eﬁol silyl
ether, (E)—trihethyl (2-hepten-2-yloxy)silane (eq. 92),
whose spectroscopic properties ana GLC behaviour we%e

identical to those reported earlierg



As mentioned previously, primary alkyl groups
mlgrate preferentlally over seCOndary alkyl groups 1n

thls reaction, and COnsequently the enol. silyl etherl

,,,,,

scoe @ s

Be51des belng a convenlent method of analy51s,
the exchange of the dibutylboryl by a trimethyl silyl
group is also an excellent method for the preparation‘
of reglolsomerlcally and stere01somer1cally pure enol
o s5ilyl ethers. These compounds are usually obtalned |
by enolization of the parenﬁNkeéone?foliowea;b§ a‘
"teaious and laborious separation using preparative GLC
methodég.

This.reaceion was also studied for l-diazo-2-

1 13

heptanone and tributylborane. H and C NMR epeotro—

SCOplC data showed that only a single stere01somer 60b

c“

had been formed {eg. 93) (E)-dlbutyl(S undecen-6- yloxy)—

borane, and the‘correspondlng (Z2)- lsomer oould_not be

detected.
0]
/\/\/lk/NZ
A

The mechanistic interpretation of the~stereoselective

formation of the E—type enol borinate is only speculative

at this moment. A possible mechanism is shown in

Scheme XXIV. As discussed previously, the reaction is

132
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Scheme XXIV =~~~ - - o m

LW

path a
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'belieﬁeé‘to involve‘forméfioe of én'd—dialkylboryloxy'

‘ketone foliowed by tautomerization. This latter process

may well go via a concerted pathwayl74’175 since the

boron atom has an orbital avallable for the formation

of .a new bondl74. The-structure of two such'possible
etraneition states are' shown in gii and 2&2' It is

6

feasible that transition state -is more Stable thah

6la due to the diminished steric 1nteractlon between
the oxygen and hydrogen substltuents in the former,
whereas an Oxygen-alkyl interaction is involved in the
latter

The stereoselective formation of enol borinates
via this route may also be attributed to conformational
control by the a—diezo ketone itself as shown in
Scheme XXV. It has been reported that simple aliphatic
a-diazo ketones exiet mainly (>90%) as the s-gz conformer
at ambient temperature whereas the S—-E conformer is only

Present in minor amountsl77. It rs thus possible that

of the a-diazo ketone, followed by (b) internal "sg N2 type
displacement" of nltrogen by the alkyl group, resulting

in (c) transition state 61lb, which glves rise to the

E-isomer of the enol borinate.

The literature provides some Precedent for such a re-

action mechanisml78{ since it has recently been pointed out

<
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Scheme XXV

.0 O
/JLT//NZ > S—— /)Lj//H
Rl R,1
H N2
s-2 >90% s-E <10%

that the Wolff rearrangemeﬁt of a-diazo ketones (involv-
ing aprotic or photolytic formation of the.intermediato
ketene) proceeds preferentially from an s-2 COnformétion.
The migrating group lies trané to the departing nitrogen
-moiety in such a conformation. For example 2-diazo-
3,3,6,6—tc£ramethylcyélohexanone (sz) leads exclusively

to the corresponding ketene (eq. 94) in thils manner.
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However, 4,—diazo—2,2,5,5—tetramethyl—3—hexanone which
is predominantly present in the s-E conformation, does

not result in any ketene formation (eq. 95).

o)
: !
N> hv oor A (94)
0
O hv or-A I v ‘
—f— _ ©(95)

The isomeriéat@on of the E-type enol borinates to
the thermédynamically more stable geometric Z-isomer
was subsequently investigated (eq. 95). Enol borinate

59b (with a vinylic proton absorption at § 4.52) was

heated (24 hours at 100°C) in a sealed NMR tuBe and

gradually a second vinylic proton absorption of 59a

appeared at higher field (& 4.39). (This provided
complementary evidence that the original product was
vindeed the E*isomerl72). Prolonged heating (ca. 40
‘hours at 140°C) of the sample eventually.resulted in a

mixture of stereoisgmeric enol borinates with a constant

compositibn of ca. 3:7 in favour of 59a (2z).
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(E)QDibutyl(S—Undeéén-6—yloxy)borane 60b was also

equilibrated in this manner (eq. 96). Heating at
140°C for ca. 70 hours resulted in the complete conver-

sion of 60b to its geometric Z-isomer (60a).

%he mechanism of the enol borinate isomerization
is merely speculative at the moment. It may involve
transition states as shown in gi, but several other
mechanisms have been considered for such an isomeriza~
tion65.A
The problems associated with enolate bhemistry have
) 179

been accurately described by H.J. Reich and coworkers

"The principal procedures for regiospecific preparation

of enolates or silyl enol ethers are the dissolving
metal reduction of enones and a-halo or a-acetoxy ketones.

However, for these a non-specific (regioselective) 1in-

troduction of unSaturation or halogen 1is frequently
involved during preparétion of the precursor."

The current method provides an excellent alternative
since g-diazo ketones can bé con&eniently prepared from //

acid chlorides and diazomethane. The diazo substituent <;
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is thus specifiéally introduced which. avoids the

‘separation of regioisomeric mlxtures of precursor. - Sig-

o

nlflcantly, this synthesis leads stereospecificallz

and regiospecifically to the thermodynamically less
Q .
stable E-type enol borinates. The more stable Z-isomer

can be ébtained in high’stereoisdmeric purity by
thermal equilibration. Moreover, simple exchénge of
the dialkylboryl group by a frimethylsilyl gfoup re-
su%ts_in ;he corresponding enol silyl ethers without
loss of Stereospecificity.

These obervations are very iﬁportant for a variety
of‘étereOSpecific-syhtheses, aﬁd potenﬁial synthetic
applications are currently under active ihVestigation

in this laboratory.*

%
ThlS reaction has already been applied by other

workersl8O



CHAPTER VI

EXP8RIMENTAL SECTION °

General Considerations- Ihfrared (Iﬁ) spectra
were recorded using a Unicam SP-1000 Infrared Spectro-
photometer, Perkin—Elmer 421 Grating Spectrophotometer,
~or Nicolet 7199 FT-IR. The spectra are reported in

gl
reciprocal centimeters an¢

the follow1ng abbreviations
are used: s = strong,,m’= medifim, w = weak and '
sh = shouider. |

Proton nuclear magnetic resonance KlH NMR) spectra
.were run on a Varian A-60, Perkin-Elmer R-32 at 90 MHz,
Varian HA-100 with a 12" Magnet or Brukeér WH—zod
1nstrument. 13C NMR spectra were recorded with a Bruker
WPréO Or Bruker HFX-90 instrument. éhemical shifts are
reported as § values in parts per ﬁlliion downfield
from tetramethylsilane; Coupliﬁg constants (J) are
ekpressed in Hertz. Signal multiplicity 1s indicated as
folloWsr S = singlet, 4 = doublet, t = triplet, q =
quadruplet and m = multiplet. The nuﬁbering or hydrogen,'
atoms is.according to the carbon skeleton.

llB NMR spectra were recorded on'a Varian HA-100

15" Magnet instrument interfaced to a Dlgllab FTS/NMR-3

DATA system. The samples were dissolved in carbon

tetrachlorlde or d —chloroform (in a 10 mm o.d. NMR '
tube), and spectra were measured Jslng boron trifluoride -\
139
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etherate as an external standard (which was sealed in
a capillary and positioned in the NMR tube) .’ Absorptions
downfield from BF;-OEt, are prefixed with a minus sign,

whlle absorptlons upfleld have a p081t1ve sign.

A good review on llB NMR spectroscopy{ written by

Lipscomb and Eaton153, provided relevant‘comparison data

<@

for the present work.

Mass spectra were measured on an AEI Model MS-2 and

~
Ms-12 spectrometer. Exact mass measurements were per-

formed on an AEI Model MS-50 Spéctrometer- Mass spectra.

obtained with this Sspectrometer are srmultaneously reported

with the exact mass measurement. Thus, peaks with identi-
cal m/e but arising from different fragmentations are re-

corded as shownsfor example in Scheme XXXV. The most abun-

8
- dant fragments are reported w1th relative 1nten31t1es as
percent of the base peak intensity. 'The*natural abundance

10

of the isotopes of boron are: B, 1@0?29 (19.78%) and '

g, 11.00931- (80.22%). The fragm%{

£ atterns of 1,3~
iﬁ“@p

43

dlketones are 1nd1cated in the text §§1
e :
XXXVIII) and follow the trends which havewbeen reported’
22
earlier for simple B- dlketones181 182.

[3

Qualitative and quantitative analytlcal gas llqu1d
chromatography (G;C) analyses were mage on-Varian
Aerograph Series l200jand l4OQ instruments‘using an
internal standard. Preparative GLC work wés done on a
Varlan Acrograph A- 90 -P3 1nstrument. |

o

Meltlng p01nts are uncorrected and were taken on a

140
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Reichert instrument.

The reactions involving boron compounds were
4 -
carried out under an atmosphere of anhydrot3. and oxygen-
. f ‘

free nitrogen. Commercial nitrogen (Union-Carbide) was

purified either by passage through a sodium beﬁzophenone

&
.

ketyl solution in diglyme and a "drying train" (Drierite,
conc. H2504, and Drierite) or by passage th;OUgh a
column of reduced BASF Catalyst R3-11 and a drying tower
filled wfth Drierite.

iy

In his most recent book, Organic Syntheses v¥a

Boranes, H.C. Brown]83 has included an excellent p£esenta—
tion on common bench-top laboratory techniques involving
the handling of air- and water-sensitive substances.

These simple techniques have bheen used in all reactions
which required the exclusion of air and moisture.

Tetrahydrofuran (THF) wéé rigoronsly parified by
pretreatment with Molecular Sieves, and then snccessivély
distilled'f:om LAH and sodium bhenzophenone ketyl under
nitrogen. Other solvents were dried and distilled from
the appropriate reagent as summarized in the afore-
mentioned book]83.

Reagents were purif;ed Aaccordivng to established
procednrpg]gd. Tributylborane (Callery), Triethyl-
borane (Alfa Tnorganics. 'nc.) and borane-methyl sul fide
complex (Aldrich Chemical Co., AJfa Produ~ts) were used

without further purification.

‘141



In the syntheses of a—diézo ketone5185’186, diazo-
methane was prepared by the method of Moore and Reed187

using the modification of Hooz and Brldson185.'

The Generatign and Characterization of Dicyclo-

hexyl(l—propenyl—2—oxy)borane. An oven-dried (12 h, v

120°C) 50 mL flask equipped with a magnetic stirring bar,
addition funnel, and septum inlet was flushed with dry,
oxygen-free nitrogen, flame—driea, and then connected
‘to an azotometer. The flask was cooled to 0°C and
charged with cyclohexene (1.02 mL, 10 mmol) in THF (12
mL), after wHich borane-methyl sulfide complex (0.5 mL,
5 mmol) was slowly injected; while the temperature of
the solution was kep£ at approximately 5°C (exothermic
reaction). A white precipitate appeared witﬁin ca. 5 min
and the mixture was Stirred for 2 h at ice bath tempera-
ture. A solution(of diazoacetone (0.42 gram, 5 mmo1)
in THF (10 mL) "was gradually added and the temperature
was kept at 5-7°C over a period of one h until the
evolution of nitrogen ceased (~90%). The rubber septa
were replaced by glass stoppers and the flask was evacu-
ated (0.01 mm Hg) to remove THE over a period of 2 h,
-du;ing which time the temperature did not exceed 10°C.
Then d8~toluene (3 mL);was added and the enol borinate
solution wag transferred under inert conditions to lH

13

and C NMR tubes, and sealed off under vacuum while

cooled in liguid nitrogen. The NMR Sspectra were taken

142
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Al

at -10°C; ' NMR (a®-toluene): s 4.4 (s, 1H) vinylic

protons, 1.9 (s) methyl, 2.1-1.1 (broad envelope) cyclo-
hexyl groups (total 25H) ; 13C—NMR (d8—toluene): ¢ 22.1
(EHBY, 28 (cyclohexyl), 95.5 (£H2=), 156.5 (O_gf)'

The methyl andbvinylic protons in the 1H NMR
spectrum disappeared after the tube was kept at room

temperature overnight, indicating the'instability of

this enol borinate.

Synthesis of 2—Methyl—2—trimethylsilyloxy—4—

nonanone: A heterogeneous mixture of dicyclohexylborane
(13 mmol) was prepared by hydroboration of cyclohexene
(2.63 mL, 26 mmol) in anhydrous THF (15 mL). An azo-
tometer was connected to the reaction flask and the
mixture cooled to 5°C. The magnetically stirred mixture
was maintained between 5 and 7°C, wﬁile a solution of.
1—éiazo—2—heptanone (1.40 g, 10 mmol) iﬁ THE (10 mL)

was added dropwise over a period of 30 min. Stirring
was continued for an additional h, after which the
evolution of nitrogen (892) hag ceased. A solution of
acetone (1.0 mL, 14 mmol) in THF (4 mL) was added at

5°C and the reaction mixture was stirred for 2 h at

room temperature. N-trimethylsilylimidazole (2 mL, 14
mmol) was injected and the resulting mixture stirred

for 1 h, after which time the THF was removed in vacuo.
Distillation yielded 1.77 g (74%) of 2-methyl-2-tri- "

methylsilyloxy-4-nonanone: bp 80°C (0.01 mm Hg); IR



(neat): 1710 (C=0), 1250'(Si—Me), 1040 (si-o-c), 840

cm 1 (St-Me) ; lH NMR (CC1l CHClB): ¢ -0.22 (s, 9H)

47
Si’(C£3)3, 0.56 (t, J = 7 Hz, 3H) C(9) protons, 0.98

(s, 6H) C(l) and C(10) protons superimposed on hydro-
carbon moiety, 0.8-1.6 (m, 6:) C(6), C(7) and C(8)
brotons, 2.09 (t, J = 7 Hz, 2H) C(5) protons and 2.11

(s, 21)-C(3) protons; MS m/e: 244 (=) M, 229 (79)
M+—15, 171 (91), 131 (100), 115 (24), 99 (41), 75 (45),
73 (65) énd 71 (14). The mass spectra of all g- trl—
;methy151lyloxy ketones could be ratlonallzed according to
Scheme XXVI.

Mass meaéupgment‘m/e, Calcd for cC (M+—Me):

12055510,
229.1623. Found: 229.1623.

~r

Preparation of 2—Hydroxy~2—methyl—4—nonanone. A

Solution of the silylated derivative (360 mg, 1.5 mmol)
in 20 mlL of ethanol-water (3:1) was heated at 50°cC for

a few min in the presence of a trace of ag. HCl. The
hydroxy ketone was extracted with hexane and the or;anic
layer was dried over Na2804 and condensed in vacuo.
Kugelrohr distillation afforded 2—hydroxy—2—methyl—4—
nonanone (230 mg) as a colourless ligquid in 92%¢ yield;
bp 80°C (0.01 mm Hg); TR (heat): 3450 (broad, OH), 7
1705 em™’ (c=0): i wmr (CDC14): 6 0.90 (t, J = 7 ng,
3H) C(9) protons, 1.25 (s, 6H) C(1) and C(10) protons

" Superimposed on hydrocarbon moiety, 1.0-1.8 (m, 6H)

C(6), C(7) and c(8) protons, 2.43 (t, J = 7 Hz, 2H)

144
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Scheme XXVIa

(@) AN ’- . [

The molecular ion peak of trimethylsilyl derivativesl42

is often not present, but the M~15 peak (cleavage of one

Si-Me) is always present.
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C(5) protons, 2.60 (s, 2H) C(3) protons; MS m/e: 172
(0.5) M', 157 (22) M'-15, 154 (9), 116 (5), 114 (8),
101 (6), 99-(100) and 71 (39), which could be

rationalized according to Scheme XXVII.

Mass measurement m/e, Calcd for C10H2002:”’172.l487.
Found: 172.1475., .
T ey,
Scheme XXVII
0] OH .
B MY, 172
\157 .
14
99
711101

Synthesis of 3—Methylf3—trimethylsilyloxy—S—decanone.
This compound was prepared aé described above from
dicyclohexylborane (12 mmol), l1-diazo-2-heptanone (1.4 g,
10 mmol) and 2-butanone (1.3 ml, 15 mmol). Distillation
afforded the product (1.85 g) in 72% yield as a colour;
less liquid: bp 80°C (0.0l mm Hg); IR kneat): 1710

(C=0), 1260 (Si-CH;), 1040 (Si-0-C), 840 — (Si-CH

1H NMR (CC1l

3)i
4r CHCl3): 6 -0.15 (s, 9H) Si-CH,, 0.5-0.8

(overlapping triplets, 6H) C(l) and C(10) protbns,



1.03 (s, 3H) C(11) protons superimposed on hydrocarbon
moiety, 0.8-1.5 (m, 8H) C(2), C(7), C(8) and C(9)
protons, 2.0-2.4 (m, 4H) C(4) and C(6) protons. The

multiplet arising from the C(4) and C(6) protons could be

clarified by the addition of some CeDe:  2.03 (d,

J = s ) . ’ = ’ :
Hap = 13 Hz, 1H) C(4) Hy, 2.17 (4 Japp = 13 Hz, 1H)

C(4) Hp, 2.06 (t, J =7 Hz, 2H); MS m/e: 258 (-) M,

243 (19) M+—15, 229 (75), 171 (33), 145 (44), 129 (17),
99 (100), 75 (74), 73 (60) and 71 (30).

. . +
Mass measurement m/e, Calcd for C13H2781O2 (M -

Y7

Me): 243.1779. Found: 243.1772.

Synthesis of 2—Trimethylsilyloiy—4—nonanohe. This

was synthesized as described above from 1-diazo-2-
héptanone (1.5 g, 11 mmo}), dicyclohexylborane (13 mmol),
and acetaldehyde (20 mmol)."Microdistillation affordeqd |
a yellowish liquid (bp 75°C, 0.01 mm Hg) which was further
purified by column chromatography over deactivated

silica gel (with acetone) and hexane as an eluent to

give 1.8 g of 2—trimethylsilyloxy—4—nonanone as a colour-
less liquid in-7b% yield; GLC analysis (10% QF-1, 150°)
showed the Presencegtof a single isémer in 90% yield.

IR (neat): 1710 (C=0), 1250 (CHy=Si), 1040 (Si-0-C)

840 cm_l(CH3—Si); 1y NMR (CCl,, CH,Cl § 0.03 (s, 9H)

2):
Cg3—Si, 0.87 (t, J = 7 Hz, 3H) C(9) protons, 1.10 (a,
J = 6 Hz, 3H) C(1) protons, 0.9-1.8 (m, 6H) C(6), C(7)

and C(8) protons, 2.1-2.6 (m, 4H) C(3) and C(5) protons,
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4.0-4.1 (m, 1H) C(2) proton; MS-m/e: 230 (1) M', 215

(100) M'~15, 171 (99), 159 (43), 143 (14), 117 (77), 101
(L5), 99 (28), 75 (86) and 73 (86).

Mass measurement m/e, Calcd for C12H268102:
230.1700. Found: 230.1681.

Synthesis of 1I-Trimethylsilyloxy-3-octanone. A

solution of dicyclohexyl(l-heptenyl—2—oxy)borane was
prepared as described agove from l-diazo-2-heptanone
(1.4 g, 10 mmol) and dicyelohexylborane (13 mﬁol). After
the nitrogen evolution (93%) ceased,_the‘reaetion mixture

was cooled.to -78°C. Gaseous monomeric formaldehyde was

'intrdduced.py‘pyrolysis (150°C) of paraformaldehyde. The
ﬁetefogenebus mixture was stirred for one day at room
tempefature, after which time N-TSIM (2.0 mL, 13 mmol)
Qas injected (exothermic reaction). The THF was evapo-
‘rated and the remaining materlal was poured into
pentane (lQO'mL). The. flask was rinsed with pentane
(50 mL) and t%e combined organic phase was filtered and
concentrated to ea. 30 mL. The crude residue-was
resilylated with a few drops of N-TSIM,-then washed
wifh cold water (5 mL). The organic%phase was dried
over MgSO4 and condensed under‘reduced pressure Micro-
distillation afforded 1- trlmethy151ly10xy 3-octanone
in 33% yield: bp 70° C_(0.02 mm Hg). GLC analy51s
(5% QF-1, 100°C) showed a single peak. IR (neat)g

1 . ' y . -1

1710 cm ~ (C=0), 1240 (CH3—Sl), 1050 (Si-0-C), 840 cm
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(CH.-Si); 'H NMR (cCl,, CHCl.): & Q.1 (s, 9H) CH.-Si, '
3 4 2R 3 e 5 ) =3
= RE, L <

0.9 (t, J = 7 Hz, 3H)"C(8) protons, 1.8-1.0 (m, 6H)

" C(5), C(6) and C(7) protons, 2.4 (t, J = 7 Hz, 2H) C(4).

_protons, 2!55 (t, J = 6 Hz, 2H) C(2):p;93ga§:and 3.85

Ay R

(t, J =6 Hz, 2H); MS m/e: 216 (0.6) M, 2I% (2§

: I o N - B , Lo
201 (100)"M -15, 171 (23), 160 (4), 145 (29), 131‘(21),3
: AR

103 (40), 99 (21), 75 (55) and 73 (45).

Mass measurement m/e, Calcd for C11H24O2Si: 216.1545.

Found: 216.1533. B £§

Synthesis of 1-Cyclohexyl-l-trimethylsilyloxy-2-

heptanone. This was prepared from l-diazo-2-heptanone

(1.4 g, 10 mmol) dicyclohexylborane (1% mmol), and -
cyclohexanecarboxaldehYde (13 mmoi) as descfibed,pre—
viously. The crude material was purified by column
chromatography over siliéa gel (acetone deactivated)
using CH2C12—hexane (1:4) as eluent, and subsequent
microdistillatién to give l—éyclohexyl—2¥trimethylsily1~
oxy—4—nonéne in 40% yield: bp 110°C (b.Ol mm Hg) .

GLC analysis of the crude mixture‘showed a 60% yield

(5% QF-1)}. IR (neat): 1715 (C=0), 1250 (Si-CH;5), 1040
1 Al
3); H NMR (CC14, CH2C12).

0.8-1 (m, 20H) hydrocarbon

(Si-0-C), 840 cm-1 (Si~CH
§ 0.05 (s, 9H) Si-CH,,
fraction, 2.1-2.5 (m, 4H) and 3.9-4.2 (m, 1H); MS m/e:
298 (0.6) M', 283 (58) M'-15, 227 (15), 215 (71), 185
(13), 171 (19), 152 (31), 137 (42), 99 (100), 75 (25),

73 (23) and 71 (21).
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Synthesis of 1-Phenyl-l-octen-3-one. This was

prepared as described above from l-diazo-2-heptanone
(1.40 g, 10 mmol), dicyclohexylborane (13 mmol) and
benzaldehyde (13 mmol). Distillation (bp 90°C, 0.0l mm
Hg) yielded a solid which was not the expected f-silyloxy
ketone but the corresponding enone. The solid was re-
crystailized from pentane to give 1—pheﬁyl—l—octen—3—

one in 70% yield, which had identical spéctroscopic data
as reported in the literaturelloz mp 48°C (lit 47°C);

IR (CCl,): . 1685, 1655, 1625 and 1610 cm 1; 1H NMR (CCl,) :

0.99 (m, 3H) C(8) protons 1.0-2.0 (m, 6H) C(5), C(6) and

C(7) protons, 2.62 (t,.J = 7 Hz, 2H) C(4) protons, 6.72

s

(d, 3= 16 Hz, 1lH) C(2) proton, 7.5 (d, J = 16 Hz) C(1)

proton sﬁperimposed on aromatic protons and 7.1-7.7 (m

14

total 6H) phenyl + C(1) protons; MS m/e: 202 M', 146

’-

131, 103.

Isolation of (l-Imidazolyl)dicyclohexylborane.

Approximately 2 g of the solid yellow residue obtained from
the aldol condensation reactions was dissolved in lO mL
chloroform. Careful addition of acetone yielded a white
precipitate. This'material did not have a sharp melting
point, but became less viscous Above 200°C; IR (KBr pellet):
3160 (w), 2920 (S); 2850 (s), 2660 (w), 1700 (m), 1600

(m), 1525 (m, sh), 1510 (s), 1440 (s), 1080 (broad, s),

1

750 (s, sh) and 735 cm © (s); 'H NMR (CDCl,, CH,Cl,):

§ 7.5 (broad, 1H), 6.8 (broad 2H) imidazole protons and
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0.0-3.0 (m, 22H) cyclohexyl protons; MS m/e (70 ev, .
250°C): 666 (1,2), 665 (3.1) 3M'-Im., 664 (1.9), 650
(0.2), 649 (0.8) 3M'-CcH |, 648 (0.5), 422 (0.6), 421

(2.4) 2M'-Tm., 420 (1.1), 405 (0.3) M’ -, H 404

11°
(0.1),%302 (0.2), 301 (0.1), 299 (0.4), 288 (0.7), 287
(3.3), 286 (1.5), 257 <252), 256 (1.0), 245 (0.8),

244 (3.3) M", 243 (1.9), 217 (1.7), 205 (4.3), 204 (2.1),
189 (1.2), 175 (2.6); 174 (1.6), 162 (18.2), 161 (100)
M*—C6Hll} 160 (27.1), 159 (8.1), 119 (10.7), 95 (11.8),
83 (12.9), 82 (40.6), 81 (89.1), 80 (32.2), 79 (15.9),
69 (16.2), 68 (25.0), 67 (52.4), 55 (26.4), 54 (29.3),

53 (21.9), 52 (24.9), 41 (57.9).

244 .2111.

Mass measurement m/e, Calcd for C15H25N2B;%

Found: 244 .2116.

Synthesis of (l—Imidazolyl)dicyclohexylborane from

Chlorodicyclohexylborane. A heterogeneous mixture of

dicyclohexylborane (30 mmol) was preparéd in ether from
cyclohexene -1 owi,, 60 mmeol) and the borane-methyl
sulfide ¢ plex (3.0 mL, 3. . mol). This was reacted with
dry HC1 (30 mmol) in ether, an?! the evolution of hydrogen
was ¢ antitative. A second fl sk was charged with

imid _ole (30 mmol) and othe: 30 mL), and cooled in an
lcek th after which a solutic . of methyllithium (30 mmol,
19 mL, 1.6 N) was graduall .dded (quantitative gés

evolution). The chlo. . yclohexylborane was added to

the second flask thiuugn a double-ended needle. The
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reaction mixture was stirred overnight at room tempera-

ture after which it was extracted with chloroform

(250 mL). The organic layer was washed with two 100-mL
portions of water, dried over MgSO4, and condensed uﬁder
reduced pressure to give 7 g of an off-white méterial;
Precipitation from chloroform-acetone "afforded a white

solid, that showed ide ti- 1l properties with material

isolated as deé%ribed above. 'The‘molecular welght was

ca. 1200 as determined by ebullioscopy (CHzBrz, 0:0076 M); ES
the_IR (KBr pellet) spectrum was identical to the

previously isolated material; lH NMR (CDC1 : § 7.5

3!
(m, 1H), 6.8 {(m, 2H), 2.5-0.1 (m, 22H).
Mass measurement m/e (70 eV, 250°C), Calcd for

' +
C9H14BN2 (M —C6Hll): 161.1250. Foun@: 161.1250.

Synthesis of (l-Imidazolyl)dicyclohexylborane from

Methyl Dicyclohexylborinate. This was prepared from

methyl dicyblohexylborinate and N-trimethylsilylimidazole.
A heterogeneous mixture of dicyclohexylborane (10 mmo1l) ?
was.prepared as described above, after which methanol
(0.41 mL, 10 mmol) was added. Hydrogen evolved gradually
in quantitative yield and the mixture was warmed to
room temperature. N-TSIM (l.4é‘mL, 10 mmol) was added
(slightly exothermic) and the solvent was evaporated
after 30 min to give a ggight white solid. This solid
.was evacuated (0.01 mgﬁgéf for 60 h. The NMR spectrum

if
showed that some sil¥l ether was still present, which
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could be mostly removed at 100°C under vacuum. The
molecular weight was ca. 3,000 as determined éy'
ebullioscopic measurements (CH,Br,, 0.0073 M). The NMR
and IR spectra were identical to the méterial'isolated
from the reaction of B—diéyclohexylboryloxy ketones
and N-TSIM.

Mass measurement m/e, (70>eV, 280°C) calcd. for

C15H25BN2: 244.2111. Found? 244.2107.

Deuterolysis experiments. An oven-dried 100 mL

flask equipped with a magnetic stirring bar, addltlon'
funnel, Teflon stopcock and septum inlet was flushed
with dfy nltrogen, and charged with triethylborane
(1.50 mL, 10.5 mmol) in THF. (10 mL). A solutlon of

w

~ diazoacetone (841 mg, 10.0 mmol) in THEF- glO mL) was
gradually added at 5-7°C and the reaction mixture was
warmed to room temperature after the evolution of

nitrogen ceased (quantitative) . Then~benzaldehyde (1.07

b
a»b

mL, 10.0 mmol) was added in 5 mL THEF @exothermlc)

“ A second oven-dried 200 mlL ffask similarly
equipped, was charged with dllsopropylamlne (2.1 mL, 15
mmol) in THF (20 mL). A solutlonzgf.n butylllthlum

(8.4 mL, 1.5 N, 12.5 mmol) in hexane was gradually'added
at -78°C. The B—diethylboryloxy‘ketone THF was thén’ |
slowly added to the LDA ‘'solution at -78°C over a perlod

of 1 h.

‘The resulting mixture was stirred for 0.5 h and

153
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approximatel-- half of thlS solutlon was quenched with
37% DCl—DZO (2 mL). The product .was extracted with
- hexane (300 mL) , and'washed twice with water (50 mL) .

The organic layer w§%’dr1ed over MgSO4 and condensed

under vacuum to yleld a yellow oil (1.1 g) IR (neat) :
3440 (br), 1710 (s) ‘and 1695 cm™t (m, sh) ; Iy NMR
(CDCi ;r TMS): 6 7.4-7.1 (m, SH) phenyl protons, 5.08

(d, J = 10 Hz, ~l/2H) threo CHOH, 4.71 (4, J = 9 Hz,f

LTy
~1/2H) erythro CHOH, 3.1—2.6—(m, 1H) C(3) proton, 2.22
(s. ~1H) threo C(1) protons, 2.13 (s, -1g) erythro

C(l) protons, 1.8-0.7 (m) hydrocarbon moiety.

Synthesis of l—Acetoxy—l—phenyl—4—[phenyl—acetoxy—

,meth?l]—hexan—3—one An: oven dried (120°C, 12 h¥:. 100 mI

flask equ1pped with a magnetlc stlrrlng bar, additdon
"funnel septum inlet ahd Teflon stopcock was flushed with
dry nitrogen, flame—drled, and then connected to an
azotometer The flask was cooled in an ice bath and
charged with trlethylborane (1.50 mL, 10.5 mmol) ih THF
(15 mL). To this solution was added, dropw1se, (20 min)
a solution of diazoacetone (0.840 g, l0.0.mmol)»ih THF
(10 mL). .The flask was allowed to_rise to room tempera-
ture after nitrogen evolution ceased (quantitative),~then
benzaldehydev(imo;th, 10.0 mmol) was injected which re-
sulred‘in an exothermic reaccion (20° - 40°C).

A second oven-dried (120°c, 12 h) 200 mL ﬁlask-

equlpped with a magnetlc stlrrlng bar, septum inlet and

\



Teflon stopcock was fiushed with dry nitrogen, flame-
dried, then charged with diisopropylamine (2.8 mL, 20
mmol) and THF (20 mlL). The flask was cooled to -78°C,
and a solution of n-butyllithium (8 mL, 1.5 N, 12 mmol)
o
wag gradually injected (5-10 min), while the temperature
gradually rose to ca. -40°C. The f-diethylboryloxy
ketone was then slowly added to the solution of lithium
diisopropylamide at -78°C by a double-ended needle
over a period of approximately 1 h, after which benz-
aldehyde (1.03 mL, 10 mmol) was-imjected. The Dry-Ice
acetone bath was removed and the reaction mixture was
warmed to -40°C. Acetic acid (1.0 mL, 17 mmol) was
added at -78°C and the solution was warmed to room
temperature. The reaction mixture was then oxidized
with H202 (30%) in 3 N sodium acetate at 20°C (exo-
thermic), and the product was extracted with ether (400
m.) . The organic ]éyer was successively washed Qith

water (2 x 30 mL), 1.5 N aqueous HCl (50 mL), water

(25 mL), 5% aqueonus sodium bicarbonate (25 mL) and

saturated agueous sodium ~hloride (25 ml) . The organic

extract. was dried over MgSO4, and condensed to give

a pale yellow oil (3.3 g): IR (neat): 3400 (broad),
—

1705 (s), 1605 (w), 1495 (w), 760 (s) and 700 cm - (s);

lH NMR (CC14; T™S): 6 7.5-7.1 (m, 10H) phenyl prdtons,

5.3-4.5 (m, 2H) CU-OH, 4.2-3.1 (broad, 2H, exchangeable

with D,0) hydroxyl protons, 3.1-2.3 (m, 3H) C(2) and
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C(4) protons, and 1.6-0.6 (m, 5H) C(5) ‘and C(6) protons.
Thg dihydroxy ketone (1;5 g) was dissolved in

pyridine (5 mL) and acetic anhydride (3 mL) . A catalytic

amount of 4—dimethylaminopyridine (ca. 10 mg) was

added and the reaction mixture was stored overnight in

a refrigerator (ca. 5°C). The‘product was extracted

with a 2:1 (by volumei mixture of pen£ane and methylene

chloride (300 mL), and the organ}c layer was consecutively

/ ’
washed with cold water (50 mL), 1.5 N agqueous HC1 (50

\
mL), water 5¢g NaHCO (25 mL), and watér (25 mL). The

3
éxtract was. dried over MgSO4 and condensed in vacuo to
give 2.0 g of a vyellow o0il, which crystallized as a
white material ﬁpon addition of ether (2 mL) and hexane
(1 mL). The crystals (0.98 g) were washed twice with
a small amount of hexane (mp 99-101°C). The mother
ligquor was Chromatographed (Alumina, heutral, activity v
10% ether in hexane) to provide an additional 0.¢4 g of
the diacetate. The overall vyield was 84%, calculated

from diazoacetone: mp 99-101°C; IR (CCl4): 3100 (w),

3080 (w), 3040 (w), 1755 (s), 1725 (m), 1235 (s) and

-1
o 3’

phenyl protons, 6.4-6.2 (m, 1H) C(1) proton, 5.79 (4,

700 cm (m) ; lH NMR (CDC1 TMS): § 7.6-7.2 (m, 10H)

J = 10 Hz, -~1H) CH(Et)CH-OAc, 5.77 (d, J = 10 Hz, ~1H)

HC(Et)CHOAc, 3.5-2.5 (m, 3H) 'C(2) and C(4) protons,
4

2.02 (s, 31) l-acetoxy protons, 1.96 (s, ~1.5H)

C§3CO2CH—CH(Et), 1.80 (s, ~1.5H), CQ3C02CH—CH(Et),

-
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1.75-0.9 (m, 2H) C(5) protons, 0.71 (t, J = 6 Hz)
C(6) protons, and 0.61 (t, J = 7 Hz) C(6) protons

‘ +
(together 3H); MS m/e: 378 (-) M*, 322 (2) M*-moac,

280 (35)4'279 (16), 262 (56) M+7HOAC, 159 (15),

148 (6), 132 (92) and 131 (100).
+

Mass measurement (m/e), Calcd for C21H2203 (M -
HOAc): 322.1569. Found: 322.1571.

Anal. Calcd for C23H2605: C, 72.23; H, 6.85. .
Found: C, 72.26; H, 6.85.

Synthesis of 4,8—Dihydroxy—5—ethyl—2—methyl—6—
undecan 2. This compound was pPrepared as described -

above from diazoacetone (0.841 g, 10.0 mmol), -ri-
ethylborane (1.50 mL, 10.5 mmol), isovaleraldehyde
(1.07 mL, 10.0 mmol), and butanal (1.0 mL, 11 mmol).
After oxidation (H202, 3 N NaOAc) the crude dihydroxy
ketone (2.55 g) was isolated as described before as’ a
pale yellow o0il: IR (neat): 3420 (broad), 1705 cﬁ_l

1

(C=0); "H NMR (CDC1 TMS): 4.5-2.9 (m, 4H) Cg—Og, 2H

3’
were exchangeable with D,0, 2.9-2.2 (m, 3H) CH-CO-,
2.0-1.2 (m, 9H) C(2), C(3), C(9), C(10) and'C(lB) protons,

1.2-0.6 (m, 12H) methyl protons.

Synthesis of 4,8—Diacetoxy~5—ethyl—2—mqphyl—6—

undecanone (34) . The crude dihydroxy ketone (1.0 g) as

pbrepared ‘above was dissolved in pyridine (3 mL) and

acetic anhydride (2 g). This resulted in an exothermic

157
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reaction upon addition of a catalytic amount of 4-di-
-

methylaminopyridine. The mixture was stored overnight
in a refrigerator (ca. 5°C), and worked up as described
Previously to give a yellow oil (1.64 qg). The?crude

product was purified by column chromatography (neutral
?lumina, activity V, 10% ether in hexane as eluent) to”
give 1.15 g of 4,8-diacetoxy—5—ethyl—2—methyl—6—undecanone
as a pale oil in 91% overall vield from diazoacetorfe:.
IR (neat): 1740 (s), 1720 (sh), 1710 (sh) and 1240 cm—l
(s); lH NMR (CDClB, TMS) : § 5.5-5.0 (m, 2H) CHOAc, 3.0-
2.3 (m, 3H) C(5) and C(7) protons, 2.02 (s), 1.98 (s)
(6H, ~1:1 ratio) CH

COz, 1.8-1.1 (m, 9H) C(2), C(3,

3
C(9), C(10) and C(13) protons, 1.1-0.6 (m, 12H) methyl
protons with doublet at 0.90 (J = 7 Hz) geminal dimethyi
group; MS m/e: 328 (-) M', 268 (8.4) M'-HOAC, 208
(12.4) M+—2HOAC, 199 (14.1), 157 (70.1), 139 (61.1),
97 (100) and 69 (42.7).

Massbmeasurément m/e, Calcd for c16H2803 (M+—HOAC):
'268.2038. Found: 268.2037.

Synthesis of >-Ethyl-2-methyl-4,7-mundecadien-6-

{ ]

One. A small sample of the diacetate (ca. 100 mg) was

impregnhted on neutral Alumina (activity III) for 5 h
(

and slowly eluted with hexane. Microdistillation
afforded a colourless oil: bp 100°C (0.5 mm Hg); IR

(neat): 1745 (w), 1665 (s), 1647 (w, sh), 1635 (w, sh) ,

1620 (s), 980 Cm_l (m) ; lH NMR (CDC13, T™S): & 7.0-6.4
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(m, 3H) vinylic protons, 2.5-2.0.(m, 6H) CH,-C=C,
2.0-1.2 (m, 3H) CK2) and C(10) protons, 1.2-0.7 (m,

12H) methyl protons with doublet at 0.90 (J = 7 'iz)
geminal meghyl.protonsf MS m/e (100°C): 208 (12.7) M+,'
207 (14.0), 193 (4.9), 179 (3.4), 165 (100), 153 (6.2),
151 (10.8), 139 (32.7), 123 (46.9), 109 ( 6.4), 97
(29.1), 95 (17.6; 12.7), 91 (12.8), 81 (1%.1), 69 (36.5),
67 (14.7), 57 (16.4), 55 (35.8; 46.7) and 53 (12.3).

Mass measurement'm/e, Calcd for C 208.1827.

14540
Found: 208.1832.

, Anal. Calcd for C C, 80.71; H, 11.61.

14240
Found: C, 80.69; H, 11.61.
The fragmentation pattern in the mass spectrum can

be rationalized as depicted below- (Scheme XXVIII). A

Scheme XXVIII

CH .
3 +

0 ’ | |
CH,~ CH,~ CH= CH+C $=:CH CE,+ CH+ CH, M', 208
_ C,H,
} : V4 151 \
179 165 139 97 165\ 193l

number of fragments appear at intervals of 14 units,

caused by the consecutive loss of methylene groups
(208-193-179-165-151; 83—69—55; 123-109-95). The peak

with m/e 123 (C8HllO) presumably arises by the lossg
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of C2H4 from fragment m/e 151 (ClOH15

followed by the loss of methylene units (e.g. 109,

O), which is then

C,Hg0) .

Synthesis of 4,8—Dihydroxy—7—ethyl—2-methyl—undecan-

6-one. ThlS was prepared as described above from diazo-

acetone (0.840 mg, 10.0 mmol) , trlethylborane (1.50 mL,

10.5 mmol), butanal (0.89 =L, 10.0 mmol) and isovaler-

aldehyde (1.20 mL, 11.0 mmol) to pro&ide the crude

product as a pale yellow oil (2.85 g): IR (neat): 3420
9

(broad), 1700 cm * (s); i nmMr (CDCly, TMS): & 4.4-

3.9 (m), 3.9—3.65 (m) CHOH (together 2H) , 3.6—i.0 (broad,

2H, D,0 exchangeable) CHOH, 2.7-2.1 (m, 3H) C(5) and

(7) protons, 2.0-1.0 (m, 9H) C(2), C(3), C(9), C(10y

and C(l3j protons, 1.0-0.7 (m, 12H) methyl Protons with

a doublet at 0.90 ppm (J = 6 Hz) geminal dimethyl group.

Synthesis of 4,8—Diacetoxy—?—ethyl—2—methyl—

undecan-6-one (35). The crude dihydroxy ketone (1.50 g)

was dissolved in pyridine (5 mL) and acetic anhydride
(2.0 g). A catalytic amount of 4—dimethy1amilzfg§
pyridine (ca. 10 mg) was added after which an exothe;mic
reaction occurred. The reaction mixture was stored

in the refrigerator (5°C) overnight; workup (as |
previously described) provided the érude diacetate

(L.73 g). A portion of the pale vellowish oil (288 mg) -

was purified by column chromatography (neutral Alumina,



activity V, 10% ether in hexane elution), to afford
0.247 g of a cologless liquid in 86% overall yield

(calculated from diazoacetone) IR (neat): 1740 (s),
1715 (m, sh) and 1240 cm™? (s); Iy NMR . (CDC1,, TMS):

§ 5.5-4.9 (m, 2H) CQOAC, 3.1-2.2 (m, 3H) C(5) and C(7)
protons, 2.02, 2.01, 1.98 (3 s, 6H) C§3C02,
(m, 9H) cC(2), C(3),°C(9), c(10) and C(1l3) protons,

1.8~-1.1

1-170.7 (m, 12H); MS m/e: 268 (6.6) M'-HOAC, 208
(15.6) M+—2HOAC 185 (18.3), 171 (56.6), 154 (15.8),
125 (61.5) and 111 (100).

Mass measurement m/e, Calcd for C16H28O3 (M+—HOAC):

268.2038. Found: 268.2038.

Synthesis of 7—Ethyl-2—methy1—4,7—undecadien—6—one.

This compound was prepared from the diacetoxy ‘ketone
(2.9 g) as pPreviously described to give 2.0 g of a
crude vyellowish liquid. Microdistillation afforded the

dienone as a colourless liquid: bp 63°C (0.01 mm Hg) ;

IR (neat): 3040 (w), 1740 (w), 1720 (w), 1700 (m), 1665
(), 1635 (m, sh), 1620 (s) and 980 cm } (m); Yy mmm
(CDC13, T™MS): 7.0-5.4 (m, 3H) vinylic protons, 2.7-2.0

(m, 6H) ng—C=C, 1.9-1.2 ppm (m, 3H) C(2) and C(1l0)
protons, 1.1-0.8 (m, 12H) methyl protons; MS m/e:

208 (19.3) M', 193 (3.0),180 (3.6), 179 (6.4), 165
(21.0), 151 (lOO), 125 (31.3), 123 (17.8), 111 (11.7),
109 (15.5) and 55 (37.3; 20.0), which may be rationalized

according to Scheme XXIX.
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Scheme XXIX

R

Mass measurement m/e, Calcd for C14H24O: 208.1827.

Found: 208.1831.
Anal. Calcd for Cl4H24O: C, 80.71; H, 11l.61.
Found: C, 80.24; H, 11.81.

Synthesis of 4,8—Dihydroxy—S—ethyl—Z—methylr9—

undecen-6~one. This material was prepared as described
previously from diazoacetone (841 mg, 10.0 mmol),
triethylborane (1.50 mL, 10.5 mmél) isovaleraldehyde

(1.07 mL, 10.0 mmol) and crétonaldehyde (1.07 mL, 13

mmoel) to’provide 2.79 g of the crude dihydroxy ketone as
a yellowish oil: IR (neat): 3420 (broad), 1740 (s), '

1 1

1705 (s), 1595 (w) and 975 cm ~ (m); ~H NMR (CDC1l TMS) :

37
6.0-5.3 '(m, 2H) vinylic protons, 4.7-4.4 (m, 1H) C(8)
.proton, 4.1-3.8 (m, 1H) C(4) proton, 4.4-3.6 (broad,
2H) , DZO exchangecable) CH- o, 3.0-2.1 (m, 3H), C(5)

and C(7) protons, 2.0-1.1 (m, 8H) C(2), C(3), C(13) and
C(1l1l), as a dagublet at 1.67 (J = 5 Hz) , ;.1—0.7 (m,

9H), C(1l), C(12) and C(l4) methyl protons.
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Synthesis of 4,8—Diacetoxy—5—ethyl—2—methyl—9—

undecen-6-one (36). The crude dihydroxy ketone (1.0 g)

was dissolved in pyridine (2 g) and acetic anhydride

(2 g). An exothermic reactij& occurred after ddition

of a catalytic amount of 4-dimethylaminopyridine (ca.

10 mg), and 1.49 g of a yellow oil was isolated after

the usual workﬁp procedure. The crude material was
purified by column Cpromatography {neutral Alumina,
activity Vv; 10% etper Iwe hexane elution). This .
afforded the diacetate as a colourless oil in 93% overall
yield (calculated from diazoacetone). IR (neat): 3040
(w), 1740 (s), 1720 (s, shf, 1710 (m, sh), i640 (w),

L my; e nMr

1595 (w), 1240 (s), 1020 (m) and 965 cm
(CDC13, T™S): ¢§ 6.3-5.9 (m, 4H), CHOAc and vinylic
protons 3.0-2-.3 (m, 3H) C(5) and C(7) protons, 2.02 (s,
3H) CH4CO,-, 1.97 (s, 3H) CH,CO,-, 1.66 (d, J = 7 Hz,

3H) C(11) protons, 1.8-1.1 (m, SH) c(2), c(3) and C(13)
protons, 1.1-0.7 (m, 9H) C(l), C(12) and C(13) protons
with a doublet a 0.88 (J - 6 Hz) for the geminal dimethyl
group; MS m/e: 267 (3.0), 266 (5.3) M'-HOAc, 251 (1.3),
224 (4.9), 223 (5.4), 207 (5.8), 206 (13.9) M+—2HOAC[
199 (28.1), 139 (100), 126 (10.9), 113 (47.7), 111 (18.9;

14.0,. 95 (54.7), 84 (14.4), 71 (27.3) and 69 (42.9).

+
Mass measurement m/e, Calcd for C M —HOAc) :

1612603 !
266.1882. Found: 266.1885.



. Synthesis of 5-Ethyl-2-methyl-4,7,9-undecatrien-

6-one. The diacetate (ca. 2 g) was impregnated on an
Alumina column (neutral, activity II) and the resulting
trienone was eluted with hexane. Distillation afforded
a yellow liquid (1.4 g): bp 90°C (0.03 mm Hg); IR
(neat{: 3030 (w), 1740 (w), 1660 (s), 1630 (s), 1590

1

(s) and 1000 cm t (s); ~H NMR (CDClj,

(m, 5H) vinylic protons, 2.38 (a, J = 7 Hz, 2H) C(13)
d

TMS) : § 7.4-5.8

protons,~2.16 (t, J = 7 Hz, 2H) C(3) protons, 1.84
("da", J =5 Hz; 3H) C(11) protons, 1.8-1.4 (m, 1H)
C(2) proton, 0.96 (t, J = 7 Hz, 3H; d, J = 6 Hz, 6H)
C(1), C(12) and C(14) protons; MS m/e: 206 (56.1) M',
191 (42.7), 163 (70.0), 150 (18.2), 149 (42.3;, 123
(18.4), 121 (19;3), 107 (26.0), 95 (100), 93 (10.4),
91 (32.6), 79 (37.7) and 77 (32.1). |

Mass measurement m/e, Calcd for C14H220:
Found: 206.1676.

Anal. Calcd for C C, 81.50) H, 10.75.

l4H220:
Found: C, 81.51; H, 10.91.
The fragmentation pattern of ,the mass spectrum
is rationalized as depicted in Scheme XXX, but a number
of peaks arise obviously from more complex rearrange-
ments. Many fragments appear at intefvals of 14

units, due to the loss of methylene fragments (206-191;

149-135-121; 93-79; 91-77).

206.1671.
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Scheme XXX
Sx TR AAA

CH, 0
CH3—T*CH CHZ"L— CH==_C C— CH=CH— CH=CH— CH3 M+, 206
. | .
C,Hg
95
/
191 163
149

Synthesis of 4,8—Dihydroxy—7—ethyl—2—methyl—9—

!

undecen-6-one. This compound was prepared as previously

A%

described from diazoacetone (1.68 g, 20.0 mmol), tri-

ethylbogane (3.0.mL, 21 mmol) Crotonaldehyde (1.67 mL,
20.0 mmol) and isovaleéaldehyde (2.6 mL, 24 mmol) to
give a pale vellow oil~(5.3 g):. IR (ﬁégt): 3420 (m),
1705 (s), 1660 (w), 1635 (w) and 970 cq- ! (m); H nMR
(CDClB, ™S): 8§ 7.1-5.1 (m, 2H) vinylic protons, 4.1-
3.9 (m,Q2H) CHOH, 3.3-2.9 (broad; 2H, D20 exchaﬁ%%able)
CHOH, 2.9-2.1 (m, 31 C(5) and C(7) protons,. 2.0-1.1
(m, 8H) C(2){ C(3), C(13) and C(ll) protons, as a
doublet at 1.70 (J = 7 Hz), 1.1-0.7 (m, 9H) C(is, C(12)

and C(14) protons with a doublet at 0.90 (g = 6 Hz).

Synthesis of 4,8—Diacetoxy—7—ethyl—2—methyl—9—

undecen-6-one (37). The ¢rude dihydroxy ketone was dis-

solved in pyridine (5 g) and acetic anhydride (5 g) .

Addition »f a catalytic amount of 4-dimethylamino-

165



¢

pyridine (éa. 10 mg) induced an exothermic reaction, and
the mixture was stored in a refrigerator (ca. 5°C)
oOvernight. The usual workup procedure afforded 5.5 g

of a yellowish ©1il, which could be purified by column

chromatography (neutral Alumina, activity V; 10% ether

' in hexane elution). The diacetate was 1lsolated as a
colourless 0il in 84% overall Yield, (from diazoacetone) :
Pp 120°C (0.05 mm Hg); IR (neat): 3040 (W), 1740 (s),

1720 (S; sh), 1665 (m), 1640 (m) , 1240 (s), 1020 (m)

and 970 cm™ ! (m); g NMR (CDCly, TMS): § 7.2-5.6 (m,

3
2H) vinylic protons, 5.5-5.0 (m, 2H) CHOAc, 3.1-2.2 {m,
3Hf C(5) and C(7) prOQOnS, 2.02, }.97, 1.92 (3 singlets,
6H) CH3CO,-, 2.8-1.1 (m, 8H) c(2), C(3), C(13) and c(11)
protons, as a doublet at 1.70 (J = 7“Hz), 1.1-0.7

(m, 9H) C(1), C(1l2) and C(14) pProtons; MS m/e: 266

(3.9) M'-HOAC, 223 (3.5), 207 (5.5), 206 (21.7) M*-2mo0acy
191 (19.0), 163 (6.5), 154 f27.4), 149 (9.8), 139 (9.2),
123 (43.3), 122 (12.0), 111 (79l3)} 97 (17.9), 96 (100),
81l (35.3) énd 71 (31.8).(

Mass‘measurement (m/ei, Calcd for Cl%H26O3 (M#—HOAC):

266.1882. Found: 266.1885.

Synthesis of 7- -Ethyl-2- —methyl-4,7,9-undecatrien- 6-

one. The aforementloned diacetate (4.1 g) was impregnated
on Alumina (activity v, neutral) and slowly eluted
with Skélly B. This Process was repeated with Alumina

(activity 111), followed by microdistillation to give
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the triehone (2 g) as a vellow liquid:- bp 100°C
(0.05 mm Hg); IR (neat): 3040 (w), 1745 (w), 1690
(w, sh), 1660 (s), 1640 (s), 1615 (s), 980 (m) ang
970 em b (m); i wmwr (CDCLy, TMS): 6§ 7.1-5.1 (m, si)
vinx}ic protohs, 2.43 (q, J = 7 Hz, 2H) C(13) protons,
2.10 (“t", J = 6 Hz, 2H), 1.87 (@, 3 = ¢ Hz, 3H) C(ll)
protons, 1.9-1.5 (m, 1H) C(2) proton, '0.98 (t, J =
7 Hz, 3H) and 0.95 (4, J = 7 ua, en C(1) and C(2)
geminal methyl protons; Ms m/e (100°cC): 207 (19.8),
206 (67.4) M+, 191 (88.6), 165 (27.3), 163 (39.8), 150.
(20.1): 149 (100), 135 (29.5), 123 (56.8), 121 (14.7),
111 (38.0), 109 (17.1), 96 (17.1), 95 (27.2), 93 (19;2),
91 (14.8), 83 (15.8), 81 (13.8), 79 (21.4), 77 (16.3),
69 (17.1; 11.0), 67 (18.7), 55 (39.4; 48.8), and 53
(12.4) .

Mass measurement m/e, Calcd for Cl4H22O (M+):
206.1670. Feand:  206.1674. ‘

The fragmentation pattern of the mass Spectrum can

- be rationalized as depicted in Scheme XXXI, although

Scheme XXXI
2 ENE AXAL

/

i 3
+
CHB-}CH=CHTCH:C-F c-}—cn=CH+CHZ—LCHTCH3 M, 206
191
163
191 /165 95111 12383 [i49
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some peaks must arise from more compléx rearrangeinent‘s‘%r
Many fragments appear‘atbintervals of 14 units, due |
to the loss of methylené fragments (2061191; 163—149fl35-
121; 123-109; 95—81—67—53;.83f69—55), which is typical

for hydrocarbons.

Attempted Proton Abstraction of 5-[1-Dibutyl-

bOryloxy—l—pbenylmethyl]—6—undecan0ne with Lithium tert-

Butoxide. An oven-dried 100 mL flask equipped with a
magnetic stirring bar, addition funnel; septum%inlet
and Teflon stopcock was flushed with dry, oxygen-free
nitrogen, flame-dried and charged with tributylborane
(1.83mL, 7.6 mmol) in THp (10 mL) . A solution of 1- -
diazo-2-heptanone (1.04 g 7.4 mmol) ‘in THF (10 mL) was
graddally added at 5-7°C. The resulting solution

(almost colourless) was warmed to room temperature_

after nitrogen evolution ceased (guantitative), and

benzaldehyde (0.75 mL, 7.4 mmol) was injected (exothermic) .

A second 200 mL flask, similarly equipped, was
flushed with nitrogen, flame-dried, and charged with'
tert-butyl alcohol (1.5 mL, 2 equiv., 16 mmol) in fHF
(lQ mL). A solution of n-butyllithium (4.6 mL, 7.4 mmol)
in hexane was‘slowly added at -78°C and the flask was
gradually warmed to UﬁC/ZO min) . The'solutioh of
lithium tert-butoxide was slowly aaded to the B-dis
butylboryloxy ketone solution at -78°C after which the

reaction mixture was allowed to warm to 5°C over a
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period of 3 h. An aliquot (ca. 5 mL) was quenched

with 37% DC1l-D,0 (1 mL), then oxidized with hydrogen
perox{ﬁe](BO%) in aqueous sodium acetate (3 N) and
extracted with ether. The drganic layer was washed with
water, agueous sodium bicarbonate, dried over MgSO4,
and condensed, to give the a—benzh?dry10xy substituted
6—undecanone as a yellow‘oil (ca. 0.4 g): IR {(neat):

1 1

‘3450 (broad), 1710 cm - (s); "H NMR (CCl,, TMS): & 7.5-

47
6.9 (m, S5H) phenyl protons, 4.8-4.4 (m, 1H) CHOH,
3.8-3.2 (broad, 1lH) OH proton, 2.9-2.5 (m, 1H) C(5) proton,
2.5-2.1 (m, 2H) C(7) protons, 1.9-0.6 (m, 18H) hydro- :
carbon moiety/ This spectrum is identical with the
épectrum of the aldol product prepared directly via
hidrolyéis of the §4bqryloxyketone ig.

The remainder of the reaction mixture was warmed
to room temperatufb:(over 2 h) and worked ﬁp as
described above to provide material with the following
properties IR (neat): 3400 (broad), 1705 (s), and
1660 cm_l (m). The latter ab%orption indicated that B-

elimination had t#aken place.

Proton Abstracfion of 5- [1-Dibutylboryloxy-1-

phenylmethyl}-6-undecanone with Potassium tert-Butoxide.

A solution of this al%gl condensation product (5.2 mmol)

was prepared ({(as described before) from l-diazo-2-

"

heptanone (0.73 g, 5.2 mmol) tributylborane (1.3 mL,.

5.5 mmol) and benzaldehyde (0.52 mL, 5.2 mmol) in ) ~
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approximately 30 mI THF, This was added to a suspension
of freshly sublimed potassium tert-butoxide (0.63 g,

5.6 mmol) in 10 mL THF at ;30°C. An aliquot (ca. & mL)
was quenched with 373 DCl—D20 (2 mL) after reaction for
1.5 h at -30°C. The crude f-hydroxy kétone was 1solated
as previously described, after oxidation with 30%
hydrogen peroxide in aqueous 3,N sodium acetate, to

aive a yellow oil (ca. 200 mg):; IR (neat): 3400

(broad) and 1710 cm™ 2 (s); *H NMR (CCly, TMS): § 7.5-
6.9 (m, SH) phenyl, 4.8-4.4 (n, lH)uGﬁéﬁj,3.0—2.6 (m,
1H) C(5) pr?ton, 2.6-2.2 (m, 1H) C(7) proton, 2.0-0.7
(m, 18H) hydrocarbon moiety. Thus; one proton at C(7)

was replaced by deuterium.

elimination became more pronounced as shown by the

\

appearance of a peak at 1660 cm—l in the'infrared,spec~

trum.

Synthesis of 2,2,5—Triethy; ~hexyl-4—pentyl—lH—
— gy - P bentyl~4iH~

Boroxazine. Aan oven-dried 100 mL flask, équipped with
é magnetic stirring bar, addition funnel, and sé%tum
“inlet was fiushedﬂwith anhYdréus, oxygen-free nitrogen,
and charged with triethylbo:aée’ (1.69 mL, 12 mmol) and
THF (10 mL).- The flqsk was cooled in an ice—batﬁ and

J . .

connected to an azotometer. A solution of l-diazo-2-

heptanone (1.4 g, 10 mmol) in THF (10 mL) was gradually
A h .
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added, while the temperature was kept at 5-7pC. - After
the nitrogen evolution ceased (quantitative), heptane-
nitrile (2.06 mL, 15 mmol) was injected andVythe mixture
stirred d%ernight at room temﬁeratdre. Then aqueous
0.1 N HC1 (ca. 20 mL) was added (in an attempt to
hydrolyze the product), followed by addztion of pentane
(50 mL). The organic layer was washed with water,
dried o&er MgSO4 and condensed under atmospheric pres-
sure to give a yellow oil (3 g). Microdistillation
afforded a mixture of heptanenitriie an3‘4—nonanone

(bp 50°C, 0.01 mm Hg) as shown by GLC-mass Spectrometry
(10% DEGS, 8' x 1/8", 150°C); 4-nonanone, m/e: 142
(8.2) M+, 100 (4.6), 99 (40.0), 86 (19.8), 71 (82.0),
58 (38.5), 55 (13.6), 43 (100), 41 (34.5) and 29 (22.7);
heptanenitrile (m/e): 112 (0.6), 111 (0.3) M+, 110
(4.2), 96 (10.7), 83 (65.3), 82 (80.6), 81 (10.8), 69
(10.6), 68 (17.0), 57 (10.0), 56 (9.3), 55 (46.4), 54
(50.9), 43 (60.4), 42 (20.2), 41 (100), 40 (12.3), 39
(45.2) and 29 (43.1); IR (néat, mixture of nitrile and
ketone): 2240 (m) and 1710 S (s). The yellow residue
was purified by column chromatography (silica gel, 20%
CH2C12 in Skel;y B) to giveéthe boroxazine (1.05 g)

as a bright yellow oil in 35% overall vield; IR (neat):
3390 (m), 3340 (w, sh), 1610 (s), and 1495 cm (s);

lH NMR (CC14, C6H6): 8 0.1-0.5 (q, J = 6 Hz, 4H)

CHp7Bs 0.5-1.0 (m,'1SH) CH,, 1.0-1.8 (m, 14H) g, v, 6

3[
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: ¢ CH, of the pentyl ang héxyl substituents, 2.0-
2.5 (m, 6H) ng adjacent to C(4), C(5) and C(6) of the .

oroxazine ring, 5.7 (broad, 1H) NH, exchangeable
" with NaOD; llB NMR (CC14): 8§ -6 (broad llB); MS m/e (70

eV, 100°C): 293 (16.44), 292 (100) and 291 (24.98).

Mass measurement m/e, Calcd for C. _H NOllB

1835
(M —ethyl) : 292.2812. Found: 292.2815.

Synthesis of 7~Ethyltetradecane—6,8—dione. pa

sample of 2,2,5—triethyl—6—hexyl—4—pentyl—lH—bo;oxazine

(0.230 g) was dissolved in 70% aqueous acetic acid

1

cpude N B
(13 mL) and the mixture was heated on:§g§"' v bath .,
e Notlegs

(o N

ol
NE

(1 h) until the yellow colOuf disappeéfed. Skelly B
(25 mL) was adéed and the organic layer was washed .
‘wWith water, 5% dqueous sodium bicarbonate, dried over
MgSO4 and condensed in vacuo. Microdistillation
afforded the dione as a coloufless liquid (ca. 150 mg)

in approximately quantitative yield: bp -120°C (0.01 mm
Hg): IR (neat): 1725 (s), and 1720 en™) (s); 1y num
(CDC13, T™S): 6 0.7-1.9 (m, 9H) C§3, 1.1-2.0 (m, léH)
hydrocarbon moiety, 2.45 (t, J = 7 Hz, 4H) C(5) anad
C(9) CEZ adjacent to the carbony% groups, 3.57 (t,

J = 7.5 Hz, 1E) C(7) CH; MS m/e (70 eV, 50°C): 254
(14.70) M+, 184 (4.31), 183 (11.80), 169.(12.00), 156
(20.35), 142 (39.62), 114 (11.70), 113 (98.75), 100
(13.96), 99 (100), 86 (61.64), 85 (26.28), 71 (40.21;

10.93), 58 (14.00), 57 (13.84) and 535 (13.93; 15.63),
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which could be rationalized as shown in Scheme XXXII.

Mass measurement m/e, Calcd for CieH300p: 254.2245.
Found: 254.2244.
Scheme XXXII ’
O 0
MY, 254
711183 142\111 16985
991156

Synthesis of 2,2,S—Triethyl—6—methy1—4—pentyl—

lH—bordxazine. An oven-dried 100 mL flask equipped

with a magnetic stirring bar, addition funnel, and
septum inlet was flushed with’dry nitrogen and then
connected to an azotometer. The flask was cooled to

0°C and charged with triethylborane (0.77 mL, 5.5

mmol) in THF (10 mL). A solution of l-diazo-2-
heptanone (O.7b g, 10 mmol) in THF (10 mL) wasvgradually
added at 5-7°C, and nitrogen evolved in quantitative
yield over a period of 20 min. Then acetonitrile

(0.53 mL, 10 mmol) was injected and the nearly colourless
solution turned yeilow after about 15 min. The mixture
was warmed to 50°C and left overnight at this tempera-
ture. After cooling tb'room temperature, fhe mixture

was extracted wtih pentane (300 mL), and the organic
& ' ’ >
. %
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layer was washed with three 50-mL portioqs of water,

then dried over MgSO4 and condensed in vacuo. The

vyellow residue was purified by column chromatogfaphyv

(silica gel, 20% CH2C12 in Skelly B) to give the borox-

azine as a bright yellow oi] (1.09 gf in 87% yield

(calculated from diazo Retone); IR (neat): 339y (m) -,
23330 (sh), 1615 et (5); 1y NMR\(CC14, TMS): § 0.23

(t, J = 6.5.‘Hz, 4H) B—C£I2, |
protons except 6—méthyl protonS?{l.l-l.S (. 6H) B, vy

0.5—1,1 (m, 12H) all methyl

and § C§2 of the 4-pentyl group, 1.9-2.5 (m, TH) C§3

and CH2 protons adjacent to C(4), C(5) and C(6) of the

boroxazine ring, 5.9 (broad, 1H); llB NMR (CCl4):

§ -6 (broad, 1B); Mg /e (70 ev, 100°C): 223 (11.36),

A

222 (100) and 221 (25.52) . +
Mass measurement m/e, Calcd for Ci3H,5NO Ly

MY-Et): 222.2029. . Found: 222.203].

Synthesis of 3-Ethylnonane-2,4-dione. 2,2,5-

TriethYl—6—methy1—4—pentyl—lH—boroxazine (371.1 mg,
1.48 mmol) was dissolved in a 4:] mixture of ethanol- -}

water (10 mL) after which 3 drops of conc. HC1 (1-2

equivalent) was added. i‘E_,:,’?’I‘he solution was refluxed until

it turned éolourless ( ~2 h). The reaction mixture

= , . - o N
wasiextractgd wlth CH2C12 (40. mL) and the organic
phgﬁ??ﬁgs'washed with water, drieg over MgSO4, and"~ o
' e T "H»'»_)\.. | . . .

Sl
R4

cdpdéﬁ$€%pgg vacuo. Colurn chromatography (20% C§2C12

3

e L :
. : -
-
: .
.
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in hexane) of the residue vielded 3—ethylnonane—2,4—

dione (262 mgf as a colourless liquid (96% yield);

IR (neat): 1725 (sk, 1700 cm—l (s); lH NMR (CDCl3,

™Ss): &6 0.88 (t, Js= 7 Hz, 6H) C(9) and C(11) protons,
1.1-1.9 (m, 8H) C(6), C(7), C(8) and C(10) protons,
2.15 (s, 3H) C(l) methyl protons, 2.47 {t, J = 7 Hz,

2H) C(5) C§2, 3.55 (t, J =7 Hz, 1lH) C(3) CH; MS m/e

(70 ev, 25{%): 184 (17.5) M+, 169 (2.8), 128 (6.0),
1

125 (4.9),

&

13 (32.5), 100 (8.1; 4.3), 99 (100), 86
(39.0), 85 (5.3), 71 (62.2; 28.6), 58 (11.2), and 55

(15.0; 14.4),Q;ationalizéd according to Scheme XXXIII.

Toa

. o
iy

Mass measurement ﬁ/e, Calcd for CllH2OO2: 184.1459.
Found: 184.1463. )
: _ . .
\@‘ Scheme XXXI
o o0
M", 184
N
‘\ N -
184" McLafferty rearr. . g6 -Me 71 %

Synthesis of 2,2,5¥Tricyciopentylv6—methyl—4—

pentyl—lﬂ-bofoxazine. An ovén—dried‘lOO mL flask, .




equipped with a magnetic stirring bar, thermometer,
additipn funnel, reflux condenser, and septum inlet

was flushed wish nitrogen and charged with cyclopentene
(1.50 mL, 17 hmol) in THF (14 mL). The flask was cooled
(ice-bath) .and borane-methyl sulfide complex (0.55 mL,
5.5 mmol) was slowly injected. The cooling bath was
removed and the reaction mixture was stirred for 3.h

at room temperature.‘ Then a Soluéion of l-diazo-2-
heptanone_(O.?O g, 5 mmol) in THF (lO mL) was gradually
‘added at 5-7°C, after which acetonitrile (0.53 mL,

10 mmol) was iﬁjg;ted,'and(the reaction mixture was

refluxed for 14 h. The fléék was cooled to room tempera-

. ture and the mixture extracted with pentane (300 mL).
The organic. phase was washed several times with water,
dried over MgSO, and condénsed in vacuo to give a brown
residue. Column chromatography ksilica gel, 20% CH2C12
in Skelly B) afforded the desired boroxazine (0.7. q)

as a bright yellow oil in 39% yield, which crystallized

upon - frigeration: mp ~5-10°C; IR .(neat): 3390 (w),
3340 (w), 1705 (m), and 1605 cm ' (s); 'H NMR (cpely,
C He) 5 6 5-1.0 (m, 5H) CH-B and CH, of the 4-pentyl

sub-tituer , 1.0-1.9 (m, 30H) hydrocarbon moiety, 1.93

(s), 1.9-2.5 (m) (together 6H) CH, and CH, adjacent to

3 2
C(4) and C(5) CH of the boroxazine ring, 5.9
(broad, 1H) NH; llB NMR (CC14): § -6 (broad, llB); MS

m/e (70 eV, 150°C): 303 (22.09), 302 (lOO)égnd 301
> ‘

Ra

176



177

(30.99). ,
¢ 11 +
Mass measurement m/e, Calcd for C NO™"B (M -

1933
cyclopentyl): 302.2655. Found 302.2650.

Synthesis of 3-Cyclopentylnonane-2,4-dione. 2,2,5-

Tricyclopentyl—6—methyl-4—pentyl—lH—boroxazine (585 mg,
1.57 mmol) was dissolved in 70% agueous ethanol (14 mL)
and 6 drops of conc. HC1 were added (~3  equiv). The
solution was refluxed until it turned colourless (ca.

5 h). The reaction mixture was extracted with CH C12

2

and the organic layer was washed with water, dried over

~

AN
MgSO4 and condensed }n vacuo to give‘f yellowish oil.

Microdistillation affordéd the dione as a colourless

liquid in 89% yield: bp 70°C (0.01 mm Hg) . Spectral
: s

data indicated the presence of an enol-keto mixture:

IR (CHCly): 3200-3000 (broad, sh), 1725 (sh), and

1695 cm ' (s): In nmRr (ccl,, T™Ms)N & 0.88 (t, J =

v

7 Hz, 3H) C(9) CHy,

ng, 1.4-2.0 (m, 9H) cyclopentyl protons, 2.03 (s),

1.0-1.4 (m,, 6H) C(6), C(7) and C(8)

2.0-2.6 (m) (together 5H) C(1) and C(5) protons, 3.25

(d, J'= 11 Hz, 0.5H) C(3) CH, and 4.5 (broad, 0.SH) OH,
exchangeable with EtOD; MS m/e (70 ev, 25°C): 224

(2.84) M', 182 (4.69), 157 (35.17), 129 (10.49), 126
(100), 114 (4.42), 111 (21.09), 108 (12.53), 100 (12.31),
99 (72.58), 97 (13.35), 83 (14.68), 71 (47.34), 69
(19.76), 68 (11.02), 67 (25.26), 59 (27.92), 58 (17.27),

&
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57 (15.36), 55 (19.35), which could be rationalized.

as shown in Scheme XXXIV. e

Mass measurement m/e, Calcd for C14H24O2: 224.1776.
. Found: 224 .1779.
Scheme XXXIV
157 M+, 294
69,68,67

911126

157 - CH3CO — 114 |

126 - Me —_— 3 111

Synthesis of 2,2,5-Tributyl-6-ethyl-4-pentyl-

lH-boroxazine. This was prepared as described above

from l-dia:g*Z—heptanone (1.40 g,*io mmol), tributyl-
borane (2.88 mL, 12 mmol) and propanenitrile (1 .06 mL,
15 mmol). The nitrogen evolution was 95% and the
reaction mixtu¥e was refluxéd for 5 h. The typical
‘yellow colour became quite apparent within 1 h. Column
3hromatography (silica gel, 20% CH2C12 in Skelly B)

afforded the boroxazine (2.64 g) as a bright vyellow

oil in 76% yield; IR (neat): 3400 (m)., 3340 (w), l7lOzﬂh,

(w), 1615 (s), and 1495 ¢ém b (s):; TH NMR (CDCl

€ 3°
§ 0.1»0.5 (m, 4H) CH,-B, 0.7-1.8 (m,33H) hydrocarbon

CHCl3):
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moiety, 2.0-2.5 (m, 6H) ng adjacent to C(4), C(5) and

C(6) of the boroxazine ring, 6.1 (broad, 1m) ng; 1l

NMR (CDClB): § -3 (broad, llB); MS m/e (70 ev, 50°C):

293 (19.34), 292 (100) and 291 (24.70).

11

Mass measurement m/e, Calcd for C18H35NO

(M'-Bu): 292.2812. Found: 292.2808.

&

Synthesis of 4—Butyl;decane—3,S—dione. 2,2,5-

Tributyl—6—ethyl—4—pentyl—lH—boroxazine (0.810 g,
2.32mmol) was dissolved in 80% aqueous ethanol (20 mL)
and 0.6 mL of conc. HCI1 (~2 -equiv.) was ad.ed. The
mixture was refluxed for 4 h and processed as previously
described. Column chromatography (silica gel, Skelly

B: CH2C12; methanol = 84:15:1) afforded the dione as

a colourless oil (0.482 g) in 93% yield; IR (neat?:

1725 (s), and 1700 em™ ' (s); lu nmr (cpcl,, TMS)y

S 0.86 (t, J = 7 Hz, 6H), C(10) and C(14) CH 1.01

3!
(t, J = 7 Hz/’3H) Cy1) ch 1.0-2.0 (m, 12H) hydrocarbon
di' -

z),

m01etyf 6 42 (t, J = 2.0—2.6 (m) (together:4H)

Al

C(2) and C(ﬁ) CH2,3.62 (t, j = 7 Hz, 1H) C(4) CH; -

MS m/e (70 eV, 50°C): 226 (18.18), 197 (9.73), 183
Lk

(8. 1]), J7O (6.60, 10.67), 155 (lO.72),A128'(4l.l9),
127 (lBuﬁl)' 114 (10. 8461;8 91), 99 (lOO) 85 (22.96),
72 (18 GB)\ Zl (33.15), 57 \(53. 33) and 55 (13. 16)
which could be ratlonallzed»accordlng to Scheme XXXV.

"Mass measurement mfé\/ta;cd for C14 26 2
Found: 226.1927. e

¢

226.1932.
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Scheme XXXV

v 0] 0
170 - M',
183
170 197N
\ .
)
170(57
71/ 155
‘ 991127 .
128 '
g
McLafferty rearr. McLafferty rearr.
. » 170 . ; » 114
~butene , ~butene
- o
McLaff‘erty rearr. McLafferty rearr.
» 170 > 114
-butene
McLafferty rearr. McLafferty rearr.
‘ » 128 ot 72
-butene .
~ k=0
1
* -ethyl -propyl
. . .
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Synthesis of 2,2,S—Tributyl—4-cyclohexy1—6-methyl—

lH-boroxazine. This was synthesized as described above

from l—cyclohexyl-Z—diazo—l—ethanone (0.69 g;~5 mmol),
tributylborahe (1.32 mL, 5.5 mmol), and acetonitrile
(0.53 mL, 10 mmol). The solution was stirred over-
night at 45°C, and eubsequent column chromatography
of the reaction mixture (silica gel, 20% CH2C12 iﬁ
Skelly B) provided the boroxazine as a bfight yellow
©il (1.19 g) in 702 yie}d; IR (neat): 3895 (w), 3340
(sh), 1700 (w), 1610 (s), and 1495 cm™L (s); ‘o www
(Cbcly, cHCl |

3): § 0.0-0.4 (m, 4H): CH,-B, 0.6-1.0

2
(m, 9H) methyl protons,vl.le.B (m, 22H) hydrocarbon

moiety, 1.9 (s), 1.8-2.5 fm) (together 6H) protons at
the a-carbon atoms adjacent to C(4), c(5) aqg C(6)

of the boroxazine ring; llB NMR (CC14): 6 -6 (broad,
gy Ms m/e (7ot§y,_150°C): 291 (20.28), 290 (100)

and 289 (25.73)-.
11

Mass measurement m/e, Calcd for C18H33NO B (M+4Bu):

[

290.2659. Found: 290.2657. : ’ 4

o

e,

- Synthesis of 3 -Butyl-1- ~Ccyclohexylbutane-1, 3- dlone

2,2,5- Trlbutyl 4~ cyclohexyl 6-methyl-1H- boroxa21ne%h

(0.470 g, 1.35 mmol) was dissolved in“70% aqueous * °

ethanol w14 mL) and conc. HC1 (6 drops, ~2 equiv.).
«o

The yellow solution was refluxed until it turned colour-

less (4 h) and then worked up as previously described.
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Microdistillation afforded the dione (0.285 g) as a

 colourless liquid in 95% yield: bp. 70°C (0.01 mm Hg);

25

IR (neat): 1725 (s) and 1695 cm ¥ (s); 'H nMR (cpel 4,

TMS) : § 0.7-1.0 (t, J = 7 Hz, 3H) CLI3 of n- C4H9,

1.0-2.0 (m, 16H) hydrocarbon moiety, 2.1 (s, 3H) C(4)

CHy, 2.2-2.6 (m, 1H) cyclohexyl CH, and 3.77 (t, J =
7 Hz, 1H); MS m/e (70 eV, 25°C): 224 (6.76) M, 168
(6.07), 141 (7.38), 111 (34.27), 83 (100), 71 (10.84)

and 55 (21.29), which could be fationalized according

to Scheme XXXVI. ‘ ' »

L3
s Y

Mass measurement m/e, Calcd for C14H24O2 224.1776.

Fc d: 224.1778. "

Scheme XXXVI

M, 224

"-Synthesis. pf 2,2,5~ Tributyl- 4alsopropyl lH-boroxazine.

This, was prepared as descrlbed above frOm l dlazo 3=
methyl-2-butanone (0.56 g, 5.0 mmol), tributylborane

. : NS -
(1.32-mL, 5.5 mmol) ‘and acetonitrile (0.53 mL, 10 mmol) .

The nitrogen. evolution was quantitative and the solution

was heated overnight at 40°C. Column chromatography
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(silicg gel, 207 CH,CL, in Skelly B) afforded the
borOxazihe (1.20 g) ‘as a bright yellow o0il in 78% yield;
IR (neat): 3390 (w), 3340 (w), 1705 (w), 1610 (s) and

1500 em ¥ (s); ‘H-nmMR (CDCly, CcH): 6 0.0-0.3 (m, 4mH)

CH,-B, 1.02 (4, J = 6.5 Hz) CH(CH;),, and 0.6-1.6 (m)
(togetﬁer 27H) hydrocarbon moiety, 1.98 Js), 1.9-2.3
(m) (together 5H) CH, and C§2“aajaceﬁ¥ to C(5) and;C(6)
of the boroxa;ine ring, 2:72 (septet, J = 6.5 Hz, 1H)
~CH(CH,),, and 5.8 (broad, 1H) yi: U owmr (cely)

§ -6 (broad, 11

B); MS m/e (70 eV, 100°C): 291 (20.28),
290 (100) and 289 (25.73). °
Mass measurement m/e, Calcd for C. H Nollﬁ (M+—

15729
Bu): 250.2346. Found: 250.2344.

v

§Xnthesis of 3—Butyl—5—methylhexane—2,4—dioneﬂ

2,2,SvTributyl—4—isopropyl—6—methyl—lH—boroxazine

(0.493 g, 1.60 mmol) was dissolved in 70% aqueous
ethanol (13 mL) and 5 drops of conc. HCl (ca. 1.5 equiv)
were added. The mixtufe was refluxed for 4 h and the
product was extracted with Skelly B (50 mL). Micro-
distillétion afforded the dione (0.280 g) as a colour-

less liquid in 94% yield: bp 60°C (0.01 mm Hg); IR

(neat) : 1725 (s) and 1700 cm_l (s): lH NMR?(CDC13,

T™™S): & 0.98 (d, 3 = 7 Hz) _CH(C§3) 0.7-1.9 (m)

2!
(together 15H) hydrocarbon moiety 1.97 (s, 3H) C(1) C§3,
2.60 (S#étet,‘J = 7 Hz, 1H) —Cg(CH3)2, and 3.55 (t,

J =7 Hz, 1H) C(3) CH; MS m/e (70 eV, 25°C): 184



(10.62) M*, 141 (14.54), 128 (12.52), 114 (6.59), 99
(23.01), 85 (4.04; 6.73); 71 (6.73; 100), 56 (23.34)

and 55 (11.17), which could be rationalized as shown

in Scheme XXXVII.

"Mass measurgment n/e, Qalcd for CllH2OO2: 184.1463.

Found: 184.1462.

Scheme XXXVII

S ok

’ M ’ 184

' ‘L4l
i ' , t 71114

»

: McLaff??ky.réarr, -Me ~-CO
184 ~— > 114 —>» 99 71(100)
- = O :

~ Synthesds of 2,2-Dicyclohexyl-6-methyl-4-pentyl-

lH-boroxazine. An ern—ﬁ%ied 100 mL flask, equipped
with a magnetic stirring bar, thermometer, reflux
'condenserf addition funnel and septum inlet was
thoroughly flushed'with oxygen—free, anhydrous nitrogen
1 and connected to an azotometer. The flask was cooled

in an iée—bath and charged‘Qith cyclohexene (1.21 mL,
12 mﬁol) and THF (10 mL). Borane-methyl sulfide complex

(0.6 mL, 6 mmol) was/ slowly injected'and the mixture

\
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A

» Wwhich acetonitrile (0.53 mL, 10

185

.
.

was stirred for 2.5 h. To the suspension of dicyclo-

hexylborane was slowly added a*solution of l-diazo-

-2fheptanone (0.70'9, 5 mmol) quer a/period of 15 min.

- ’ )

The7solption was stirred for h at 5-7°C until a

quantitative yield of nitfogen d eyolved, after

R

and then heated to 40°C for 1 h.

mixtung was extracted with Penta (200 mL) and the

-

condensed in vacuo

N

to give a dark brown syrup (1.9 g) thhe residue was

water, then dried Over MgSoO

purlfled by co]umn chromatogra‘hy (81llca gel 20%
CH2C12 in Skelly B) to glve/é brlght yellow 011 (1 2 g)
in 73% yield; IR (neat): 3395 (m), 1625 (s), and

1540 cm™t (s); 1y ymm (coc13[*c6H § 0.0-0.5 (m, s

6"
2H) CH-B, 0.5-1.7 km, 2§H) ng Of cyclohexyl groups

kend B, vy and ¢ CH2 of the 4- -pentyl substltuent 1.77

(s) 6- -methyl’ protons, 1.7-2.1 (m) t\gether 5H) CH2

adjacent to the C(4) of the boroxa21ne ring, 4.53

".(broad singlet, 1H) cC(5) proton and 5.6 (broad, 1H) gg;

“BowmR (cc1,): s (broad, *'B); ms mie (70 ev,

1100°C): 249 (16.92), 244 (100) and 247 (25.55),

Mass measurement m/e, Calcd for C15 27NO (M -

C6Hll): 248.2185. Eound: 248.2191.

v
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Synthesis of Nonane-2,4-dione. 2,2-Dicyclohexyl-

6-methyl-4-pentyl-lH-boroxazine (0.978 g, .2.95 mmol)

was dissolved in 80% agqueous ethanol‘(ZO.mL) and conc.

HCl (0.6 mL, ~1.5 equiv.) was added. The solution was

/ . ’ )
refluxed until it turned coloQ"bss (3 h), and the

\

product was extracted with CH2C12 (80 mL) . The organic
layer was washed with water, dried over anhydrous

magnesium sulfate and‘cﬁndensed. »Column chromatograﬁhy

E

(silica gel, '20% CH,Cl, in.Skelly B) afforded nonane- |

2,4-dione (0.428 g, 2.75 mmol) as a colourless liquid

in 93% yield; IR (neat): 1730 (w), 1705 (w) and 1605

3

em™ L (broad, strong) ; 1y NMR (CDC1,, TMS):¢ &§.0.88 (t,

3'
1.1-1.8" (m, 6H) C(6), C(7)

J =6 Hz, 3H) C(9) CH,;

2.02 (s, 2.6H) C(1l) CH

and C(8) ng, 3

ketone form, 2.1-2.6 (m, 2.4H) C(5) CH, and C(1) CH,

in the'

in_the eﬁol—.

2

in the diketone form, 3.54 (s, 0.3H), C(3) CH
. : . 4 - .
diketone form, 5.47 (s, 0.85H) C(3) in the enol-ketone

form, and 15.5 (B?oad, 0;85H) enol proton, detected at
-40°C; MS m/e (70 eV, 50°C): 156 (11.18) M', 141°
(7.40), 114 (10.86), 113 (14.05), 100 (14.63; 50.32),

99 (8.88), 86 (5.03), 85 (100), 83 (30.41), 82 (39.54),

67 (13.37), 57 (30.01) and 55 (18.30), which could be .

. ¢ ’ .
rationalized according to Scheme XXXVIII.

Mass measuremenf m/e, Calcd for C9Hl6o2:

165.1150. Found: 156.1150.

i
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Attempted Methylatloﬁ of Dicyclohexyl (1- hepten 2-

k Xloxy)borane with Tr1methylsulfon1uml8  Trimethyl-
o * - :
189

.sulfoxonium ofo-Methylpyridiniumlgo Iodide. An:bven—

dried 100 mL,flask, equipped with' a magnetic stirqing
) ' o T ' .

bar, addition fuﬁhel, thermometdér -and septum‘inlet*was

fiushed with nitrogen and cooled in an ice~bath.' The -

- flask was charged with borane—methyi §u1fide,eéﬁplex:

;(1.3 mL, 13 mmol) and THF (lO'mL), after which cyclo-

hexene (2.64 mL, 26 mmol) was éradualiy addedﬁ ‘A white

O,
suspension soon appeared and the mlxture was stlrred

for 2 h at 0-5°C. The- system wa’s . connected to an
vazotometer, then a solutlon of 1- dlazo 2- heptanone

\
(l 40 g, 10 mmol) 1anHF (lO mL) was slowly added‘at

.. 5-7°C. The resultlng mixture turned deep red (homo-'

,geneous solution), while nitrogen evolved in appﬁéximately

L

{j90% yield. The methylating reagent (lO mmol) was

added in DMSO (15 mL) and the resulting heterogeneous

187 .



mixture was stirred ouernight. It was then poured
into ice-water (100 mL) andmextracted with pentane*
(ldO mL) . The organic layer was washed twice with
water (ca. 20 mL), driedfouer MgSO4, and condensed

t at atmospheric pressure. In all cases, GLC analy51s
(5-ft x 1/8 in, 10% QF 1) shOWed -the bPresence of

veri complicated mlxtures which appeared very 81m11ar.

Although traces of 2- heptanone were present octanones

COuld not be detecteq by GLC-mass spectrometry

Benzylatlon of Dlethyl(B —nonen-4-yloxy)borane in

the Presence of Pota551um Fluorlde and 18 Crown 6. A

solutlon of 1- dlazo— —heptanone (O 77 g, 5.5 mmol)

in THF (15 mL) was gradually added “to trlethylborane
(0.87 mL, 6.0 mmel) in THF (5 mL) at 5= lO°C. After
nitrogen had evolved ‘{ca. 95% yleld), benzyl bromide
(0.70 mﬁ, 5.8 mmol), KF (1.82 g? 30 mmol) and 18—crown—
6 (2.70 g, 10 mmol) were added in THF (20 nmL) . | The
~flask was then warmed to room temperature and stirred
for 4 h and subsequently refluxed for 3 h. The re-

. action mixture was then cooled. (15°C), hydrolyzed,with'
water (20 mL), then 1,4-dimethoxy-benzene (0.6358 g,
4.6.mmol) was added as an internal NMR standard. The-
crude mixture was extracted with pentane (260 mL) .

The organic Phase was washed with water (2 x 30 mL)[

dried over MgSO4 and condensed‘by distillation. Analysis .

188



Th

. ¢ ’ N o . 5
(NMR) showed the presence of benzylated ketone (2.4

mmol), formed 1n 44% yield Vand benzylhbromlde (3.4

mmol) . 1n MR (cpc13q T™S) , for’henzyl bromide:‘ § 7.25°
; »  § N » - 5 .
Cbroad s, SH), 4.36 (s, 2H)' for benzyl ketone § 7.13.°

v(broad s) and for 1, 4 dlmethoxybenzene* 6>6.75“(s;

4H) ana 3.61. ( , 6H) o | ' - "_ L ’

/
1

The reactlon was repeated in THF at reflux and the
product ratio was analyzed at dlfferent 1ntervals by

NMR spectroscopy as shown in Table XVIII ~

The product was 1isolated by column chromatography

(51llca gel 15% CH Cl2 in Skelly B)ﬂ followed by

'Kugelrohr dlstlllatlon to glve 3~ benzyl 4~ nonanone as -
e

a colourless llquld. bp 100°C" (0.02 mm Hg);' GLC mass

"spectral analysis (lO9 SE-52 showed the single product

¢

peak to be unlform,_and the_fragmentat;on pPattern was inp

agreement with the assigned'structure However, it was -
[ °

not poss1ble to prove the absence of the regioisomeric
5~ benzyl 4- —nonanone; IR (neat): 1710 (s), lGlO_(w),

1500 (w), 750 (s), and 710 em™t (s); lm wMr (ccl TMS) : ™

4"
§ 7.1 (broad.s, 5H) phenyl 2.9-1.9 (m, 5H) CgHCH,CHCOCH:

=27

and 1;9—0.9 (m, 14H) (l), C(2),-C(6),'C(7), C(8) and

'C(9) .CH, and CH,; MS m/e: 232 115.53) M', 203 (39.09),

161 (23.26), 133 (18.53), 117 (8.60), 99 (36.07), 91
(100) and 71 (24.25),, which has been rationalized

accordlng to Scheme XXXIX.

]

Mass measurement m/e, Calcd for- Cl6 24 : 232.1827.

Found: 232.1821.

189
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Scheme XXXIX

.
Benzylation of Dlethyl(z ~he%en-2- -vYloxy)borane in

the Presence of Pota351um Fluorlde and 18-Crown-6.

- A solution of methyl Vinyl ketone (3.40 mL, 42 mmol)

in TH? (20 m%)'was added to‘triethylbgrane (3.94 mIL,

28 mmol) in wHF (20 mL) , (The methyl vinyl ketone

was dried over CaC12 and freshly dlStllled prior to
use), The react:on mixture was stirred at 40°C for

2 h; After cooling to ca. l10°C, benzyl bromide (4.2

mL, 35 mmol), potassium fluoride (2.0 g, 30 mmol), and
18-crown-6 }1.86 g, 7 mmol) were added, and the re-
sulting mixture ‘was stirred'for 7 h at room temperature.
The mixtufe was then guenched with water and.oxidized
with hydrogen peroxide (30%) in agueous sodium acetate
(3 N), after which peﬁtane (200 mL) was added. The
qrganic\layer'was-washed wrth water (2 x 20 mL), dried
over Mgsé4_and condensed in vacuo. Column chromatog- ‘\\
raphy (silica‘gel,‘IS% CH2Cl2 in Skelly B) afforded ’

the benzylated hexanones' in 33% yield. Analysis by

[y
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GLC mass Spectrometry (20% DEGS, 90 l90°C) 1ndlcated

the presence of 3-benzyl-2- -hexanone and 1- ~phenyl-3- “’
he tanone in a ratio of 94. 6 '3-Benzyl;2—hexanone ,
~_  ep , .
celuted first10 g oo o0 (6.2) M", 148 (19.)),
‘ 147 456.8), 105 (9.0), 92 (9.6), o) (100), 77 (7. 3), (
65 (15.0) and 43 (83.3), followed by 1- phenyl 3-
heptanone: MS m/e, 190 (14.4), 148'(12.6), 147 (8.3),
133 (19.0), 130 (14.6), 106 (6.1), 105 (64.4), 104
(13.3), 91 (100), 85u(32.6),.77 (25:9), 65 (19.2),
“ >7 (61.9), 43 (41.8) ang 41 (43.0). The results may

be ratlonallzed as shown in Scheme XXXX -

Scheme xxxx
—L T AAAA

147 ¢
148 \\

91 SN

2

Benzyletion of Diethyl (22 penten 2- yloxy)borane P
-in the Presence of Lithium Methoxlde A solution of

diazoacetone (0.42 g, 5.0 mmol) in THF (10 mL) was

gradually added to trlethylborane (0.85 mL, 6.0 mmo1l)

at 5- 10 C. Nitrogen evolution:was €a. quantitative.



In a second flask,'a suspension of lithium ﬁéthoxide °
(11 mmol) in THF (10 nL) was prepéred from methanol
(0.44 mL, 11 mmol) and methyllithium (ca. 1.3 N),
which could be folIOWed_byvmeasuriﬁg the gas evolution.
en added ‘to the sus-

¥
BEEC for 30 min at ca.

The enol borinate solution was

pension and the mixture was '

5°C, after which benzyl bromi&'~k0,72 mL, 6.0 hmoi)

Qaé added. The mixtﬁre Qas sfirred overnight at room

temperature, thén worked up as described above.

Analysis by NMR spectroscopyrindicatéd a 50% yield of

benzylated 2-pentanones. GLC analysis (10% DEGS,

- 90-190°C programminé) showed that 3—benzyl—2—pedtanone

and the undesired regioisomer were presént in.a 92:8 -

,rétio{ GLC MS-m/e for 3—benzyl—2-pen£andne:  176 (l.b)“
" : :

M", 161 (0.3), 147 (13), 91.(58), 65 (19) and 43 (100),

and for l-phenyl-3-hexanone: 176 (22) M', 133 (22),

105 (72), 91 (80), 71 (58) and 43 -(100). These results’
‘can be rationalized according to Scheme XXXXI-

The addition of one equivalent of lithium methoxide

resulted 3@ only 30% of'benzylated peﬁtanones (ca. 2 h).

Prolonged reaction time did not lead to intreased
yields (34% after 5 days). GLC analysis showed that
: " & ‘ . ' ‘ . N ’ . .
the regidisomers were present in a ratio of 98:2 in

favour of 3-benzyl-2-pentanone.
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Scheme XXXXI

ST o M, 176 0

N C6Hc'5‘

91

" el \91 10571 133\43

S]ntheSlS of 3-Allyl-2- heptanone. An oven—dried

lOO mL flask eguipped. w1th stlrrlng bar, addltlon

funnel. thermometer, and septum 1nlet was flushed

' w1th nltrogen, flame drled and then connected to an -

azotometer N The flask was then charged with trlbutyl—

borane (3 4 mL 14.0 mmol) and THF (10 mL) Toﬂthis
was added a solutlon of dlazoacetone (1.03 g, 12.2

mmol) 'in THF (lO mL) over a. period df ca' 20 min,

_ whlle the temperature was kept at 5 -1l0°cC. The reaction

mlxture was warmed to room temperature (quantitative
2 evolutlon) and allyl bromlde (3.6. mL, 42 mmol)

was then added

>
';f

amlno)ethanol (l 40 mL l4 mmol) in THF (10 mL) %and

a. trace of trlphenylmethane : Methyllithium {ca. 1.3 N)

‘in ether was slowly added at 0-20° C (a whlte mllky

prec1pltate 1n1t1ally formed) untll the red colour of

4

trlphenylmethane appeared The flask.was.cooled to

- A sec0nd lOO mL flask was charged w1th 2~ (dimethyl-

193
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"—78 °C 'and the mixture of enol borlnate and allyl, bromlde
was added via a double ended needle after whlch the’ g
,vcoollng bath was removed.. The reactlon mlxture was
"stirred for ca. 8 h at  room temperature and then
ox1dlzed with 30% hydrogen perox1de (ca. 4 mL) and

'3 N sodlum acetate (20 mL). 'Pentane (250 ml) was

added ‘and ‘the organlc phase was washed Wlth water (2 X
SQ mL) , dried over MgSO4 and concentrated at atmospherlc
pressure. GLC analys1s (20 ft x 1/8 in, 5% SE 30

100° + 0 5° C/mln) showed the presence of 75% 3 allyl~":
2~ heptanone and 17% 2- heptanone A pure sample of the
‘alkylated product was obtalned as a colourless 11qu1d

by preparatlve GLC (15% polyphenylether) and sub-
sequent mlcrodlstlllatlon;' bp.;OO.C (18 mm Hg); IR ,
-1 (m); lH‘NMR (cc14, '_.}, o

TMS): § 6.0-5.2 (m, 1H), 5.1 (m, 1H), 4.9 (m, 1H)

(neat): 1715 (s), and 1640 cm

' CH-CH,, 2.6-1.8 (m, 3H) CH-CH,~ CH= =CH,, 2.05 (s, 3H)

CH,CO, 1.7-1.1 (m, 6H) C(4), C(5) and C(6) CH,.,

1.1-0.8 (broad t, 3H) CH,; MS m/e: 139 (60), 125 (27),

and

3’
111 (21), 109 (12), 98 (30), 97 (27), 85 (30), 83 (25),

2

81 (23), 71 (29), 69 (54), 67 (32), 57 (42) and 55

(lOO),dwhich can be rationalized according to Scheme .

XXXXIT.
Mass measurement m/e,VCalcd for C9H150 (M —Me)
:‘139.1113.' Found: 139.1118. |
‘Anal. Calcd for c. : c,,77187;3H,_11.7é. ¢

lO 18
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o to " 195

Found: C, 77.61; H, 11.76. | '°.T '~.-w

. Scheme XXXXII

.,
. '.-¥‘
A " MY, 154
¢ S “ N
/ ‘
89| :
J1112
M Laff rt / | :
154 ——200F Y» 98" ——»83 —"»55 L

-butene

~

-

Synthesis of'3—Benzyl—2—heptanoné ~This Qasx

preoared as descrlbed above from dlazoacetone (0.84 g,
10.0 mmol);. tributylborane (2 65 mL, 11.0 mmol), 2-
'(dimethylamlno)ethanol (1.0 mL, 10.0 mmol) and behzyl
bromide (4.0 mi, 34 mmol). GLC analy51s (10% oF-1)"
.showed the presenee of a 51ng1e 1somer in 76% yleld
'Thls compound could be lsolated as. a colourless llquid ‘
.1n 70% yleld by column chromatography (5111ca gel,: flrst
..Skelly B, then»CHZCl2 gradlent) and,subsequent mlcro—“l
;difﬁiilatioh:(vbp 30°C (0.08 ‘mm Hg) ; IR (neat) : 1710
(s)., isos (w), 1495 (w), 740 (s) and 700 cm ! (s);]

1y nur (CDc13,'TMs):h76 7.3-6.9 (broad s, 5H) phenyl,
3.1-2.4 (m, 3H) .C | '

3 ) , ~ .
: 1

6H5C§2Cg; 1.9 (s, 3H) C§3CO, end‘i.7-

@2

<
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0.8 (m, 9H) C(4), C(5), C(6) and C(7) CH, and CH

2 3’

MS m/e: 204 (7) M', 148 (25), 147 (66), 91 (100) and
43 (58), which may be rationaliiéd-as shown in Scheme °
XXXXTIT.

"Anal. Calcd for C C, 82.30; H, 9.87; O,

_ C14H540:
7.83. Found: C, 82.26; H, 9.88; 0, 8.07.

Scheme XXXXIII

148 '
147 '

¢

43 o1

Synthesis of 3-Methyl-2-heptanone. This compound
w;é prepared as described above from the reaction of
Aiazoacetone (0.88 g, 10.5 mmol), tributylborane (2.88
ml, 12Qmmol), 2—(dimethylamino)ethanol (1.2 mL, 12 mmol)
and methyl iodide (2.5 mL, 40 mmol). GLC analysis
(10 ft x 1/8 in Porapak Q, 230095 5 ft x 1/8 in 20%
DEGS, 100°C) showed the presence of 3—methyl-2—heptanone
(88%) as a single regioisomer, and 2-heptanone (11%).
The major product was isolated by prepafative GLC (15%
polyphenylether), and possessed identical spectroscopic
'properties as .those described- in the literature®l. 1R

1 1

‘(neat): ,1710 cm ~ (s); "H NMR (ccl,, TMS): 8 2.6-2.1

[}



(m, 1H) CHCO, 2.05 (s, 3H) C§3CO and 1.8-0.7 (m, 12H)
hydrocarbon moiety with a doublet at 1.0 (T = 7 Hzy

C§3CH.

The analogous reaction, using dimethyl sulfate as
the methylating Teagent resulted in an 82% yield of

3—methyl—2—heptanone.

Synthesis ofLB—Ethyl—Z—he tanone This compound
- =¥~ <c7Nheptanone.

was prepared as described above from the reaction of
dlazoacetone (0.30 g, 3.5 mmol), tributylborane (0.90
mL, 3.8 mmol), (dlmethylamlno)ethanol (0.38 mL, 3.8
mmol) and ethyl iodide 10.80 mL, 10 mmol) . The reaction
'ylelded 3—ethyl—2-heptanone (49%) as.a single regio-
isomer, and 2-heptanone (22%), as determinegd by GLC
analysis (20 ft x 1/8 in, 5% SE-30, 100°C). The
Product was isolated by preparative GLC (Carbowax 6000,

90°C) and the Spectroscopic data were identical to those

reported in the llteraturelgl: IR (neat): 1715 cm"l

3

(s); 'H NMR (ccl,, Tms). 6 2.5-2.1 (m, 1H), CHCO, 2.01

4!

(s, 3H) CHCO, 1.9-1.1 (m, gn) and 1.1-0.7 (over-

CH,.,

lapping t's, 6H) CH.; MS m/e: 142 (7) M*, 86 (95), 71

37
(33) and 57 (ldO),'which may be rationalized as shown

in Scheme XXXX1IV.

Mass measurement m/e, Calcd for C9H180: 142.1357.

Found: 142.1355.

197
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Scheme XXXXIV

O .
SN M, 142
" 86|57
. McLafferty rearr. -Me
142 —» 86 . 7]
: - butene

Attempted Benzylation of Dicyclohexyl(l—hepten—

2-yloxy)borane in the Presence of Lithium 2-(Dimethyl-
amino)ethanol. A 100 mL'flask was placed in an ice-
bath and charged with borane-methyl sulfide cémplax
(2.1 mL, 21 mmol) and THF (10 mL). Then cyclohexene
(4.3 mL, 42 mmol) was slowly introduced by syringe at
0-10°C. A white Precipitate soon appeared and the
reaction was stirred for 2 h. The flask was then
evacuated (0.0l‘mm.Hg, lh) to remove dimethyl sulfide,
-and subsequently filled with nitrogen, followed by .
addition\of THF (30 mL). Afteg.éooling the flask in
an ice-bath, l-diazo-2-heptanone (2.80 g, 20 mmol) was
gradually added at 5-7°C. Nitrogen evolved in ca. 90%
yield. Benzyl bromide.(4.8 mL, 40 mmol) was then
added at —5°C2

A secénd 100 mL flask was charged with 2-(dimethyl-

amino)ethanol (2.1 mL, 21 mmol), THF (20 mL) and a

V%w*”‘m\.
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trace of triphehylmethane. Methyllithiuh (ca. 1.3 N)
in ether was gradually added at 10°C until the red
colour of triphenylmethide appeared. The suspension
was cooled to -78°C and the mixture of enol borlnaté \
and benzyl brOmldC was transferred v1a a double-ended
needle. The reaction mlxture(was slowly warmed and
stirred-oyernight atrca. 10°C. By this time the colour
hdd changed from its initial red—brown to black and a
precipitate had formed. The resuléing mixture was
Oxidized with 30% hydrogen peroxide (ca. 5 mL) and 3 N
‘sodium atetate (ca. 30 mL) atnca.'25°C, followed by
extraction with pentane (500 mL). The organic Iayer was
washed succe551vely with water, l&? N aq. HCl;bwater,

5% ag NaHCOB, water, then dried over Mgso and con- g

4
densed under reduced pressure. The brown, oily crude
residue was partially purifiedvby column chromatography
(silica gel, Skelly B, then 25% CH2C12 in Skelly B).
Unreacted benzyl bromide eluted first, followed by the
benzylated 2-heptanones (0.7 g, ca. 15% yield) GLC
analysis (5% SE—30? 200°C) showed the presence of 1-
phenyl-3-octanone and the isomeric 3-benzyl-2-heptanone

in a ratio of 26:74; GLC MS (m/e) for l+phenyl—3—octanone:
204 (12) M+, 148 (21), 133 (30), 130 (21), 105 (73),

104 (21), 99 (34), 91 (iOO), 71 (29) and 43 (64); and

for 3-benzyl-2-heptanone: 204 (4) M+, 148 (30), ‘l47

.(80), 139 (30), 91 (lOO)»and‘43 (52) . These fragmenta-

L
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tion patterns can be rationalized in an analogous

manner as those in Schemes XXXXI and XXXXIII.
p .

Benzylation of the Lithium Enolates of 2-Heptanone

with 2—(Diethylamino)ethyl Dicyclohexylborinate as

- Additive. 2;(Dimethylamino)éthanol (2.2 mL, 22 mmol)

was added at Q°C to a white suspension .of diqyclo-"
hexylbbrane (22 mmol) in 20 mL THF (prepared as described
above). The sdspensiOn disappearéd, while hydrogen
e?oived in quantitative yield. The reéulting solution.
was gradually‘warmed to room temperatufe and the by--
product, dimethyl suifide, was,removed by evacuation.

A solution of lithium diisopropylamidé was pre-
pared by addition of n—buﬁyllithium (22 mmol) in hexane -
to diisopropylamine (5.6 ﬁL, 36 mmol) in THF (30 mL)
at -78°c. (A cétalytic.amoﬁnt (ca. .10 mg) of 2,2-
biquinoline was also added). 2-Heptanone (3.1 mL,

22 %mbl) ;n THF (10 mL) was Slley added over a period
of 1 h after which the solution was still purplelfin;
dicating an excess of base).‘ The borinate was then
- transferred via a double-ended needle and ‘the ?eac%ion
mixture was warmed to 10°C (puré?z coloﬁroperSisted); )
Benzyl brdmide (5.0 mL, 42 mmol) was injectéd after
ca. 30 min and the resulting solution was stirred for .
2 h at 10°C, then 14_h at room temperatuire. The re-
action mixture was worke@vup as described previously

—

and column chromatography (silica gel, Skelly B; then



25% CHZCié in Skelly é) afforded a’mixture of benzylated
l2—heptaneneS‘ig ca. 30% yield (as measured by NMR
spectrOSCOPy)-  GLC analysis showed the presehce £ l;
phenyl-3-octanone and 3- benzyl-2- heptanone 1n'§ ratio
of 16:84. L | |

The«lithium enolate of 2-heptanone coulé also be
prepared by cleavage of the corresponding:enol silyl
ethers. The terminal enol silyl ether derivative was |
prepared in 86% regloSelect1v1ty by the method of

9 (in THF). GLC mass spectroscopy

Hquse and coworkers
(20 ft x 1/8 in 5% SE-30, 80°C) and NMR analysis
corroborated that the mixture of enol silyl_ethers

coﬁt?;hed 86% of the terminel and 14% of%the internal
isomer. This epel silyl’ ethe mixture wes converted to
the corresponding mixture of lithium enolates by
treatment with methyllithiumvat room temperature (tri-
Phenylmethane as indicator)g,lwhich Was then benzylated
in tge same manner as described in the previoué experi-
ment. This afforded a mixture of l—phenyl—j;octahone]

and 3-benzyl-2-heptanone (ca. 30%) in a ratio of 8:92,

in which the undesired isomer was the minor component.

‘Reaction of Tributylborane with Methyl Vinyl

Ketbne. An oven-dried 100 mL flask, equipped with a
magnetic stirring bar, addition funnel and septum inlet,

was charged with tributylborane (5.0 mL, 20.8 mmol) in

/

201
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_15 mL of THEfv.A solutidn‘of methyl Yinyl ketone

(2.5 mL, 30 mmol) in THF (15 ij\was\gradually
vadded at 25°C. An exothermic reactioh occcurred and the
temperature rose to ca. 40°C, at which\it was kept

ror another=l’5 h. The contents of the flask were then
brought to room temperature and the septa were re-

placed by glass stoppers The solvent wés rémovedvin

y

‘vacuo and the resultlng viscous liquid was distilled
to give aimixture of enol borinates (cé; quantitative,
no residue) as a colourless liguid: bp 90°C (0.01 mm Hg) .

This mixture,was transferred as a 50% solution.in d8—

[

toluene to 13C and TH NMR tubes via'a double-ended

needle and these samples were sealed under vacuum: 4H

_NMR (C 5§ 4.67 (tq, J = 7.5, 3 = 1 Hz, 0.4H)

HG): |
8- 1ny11c H; 4.55 (tgq, J = 7.0, J

o

vénylie H; 2.1-1.8 (m, 2H) CH,C=; 1.76-1.66 (m, 3H)

CH,C=},1.6-1.1 (m, 14H) C(5), C(6), C(7), ¢(10)), and

2

1l Hz, 0.6H) 2Z-

C(11) cH,, 1.1-0.7 (m, lBH) C(9) CH,, and C(8) -and C(12)
, = Coes = ‘ . '
CH,; L3¢ umr (CeHy): 6 148 ‘4 (66, 2 peaks) C(2), 111.4

(170) E-C(3), 110.1 (314) 2z<C(3), 32.1 (267), 31.9 (202),
30.3 (189), 29.7 (256), 27.3 (242), 26.9 (645), 26.3
(751), 25.9 (296), 23.0 (385), 22.2 (275), 20.4 (64),

17.2 (123), and 14.2 (1113).

Reaction of (Z2/E)- leutyl(2 octen 2 yloxy)borane?"

‘with N- Trlmethy151lyllm1davole 'The mixture of enql

¢



borinates was prepared as described above from tri-

butylborane (7.2 mL, 30 mmol) and methyl‘vinyl ketone

(4.0 mL, 50 mmol) in'30 mL of THF. The solvent was then

removed in vacuo at room temperéture. N-Trimethyl-

,silylimidazole (4 %0 mL, 30 mmol) - obtained from Aldrlch

Chemlcals and used w1thout prior purification - was

‘ then gradually added as a solution in lSdmL of THF at

room temperature. An exothermic reactiqn occurred.and
the temperature of the feaction mixture increased to

ca. 40°cC. Thé‘soiution*was then stirred at room tempera-
ture for 1 h; distillatibn afforded 5.2 g of a mMixture

of enol 51lyl ethers (87%) as a colourless llquld bp
85°C (20 mm Hg): IR (neat): 1670 cm™ ! (broad) n nMR

(CgHg): - 6 4.62 (t, J = 6.7 Hz, 0.4 H) E-vinylic H,

. 4-40 (t, J = 6.4 Hz, 0.6H) z-vinylic H; 2.2-1.9

(m, 2H) CH,C=, 1.76, 1.71 (s, 3H) 2Z- and

E-CH;-C=, 1.6-1.2 (m, 6H) C(5), C(6) and C(7) CH,,

1.1-0.8 (m, 3H) c(8) cH,, Hy) 451

The mixture of enol trimethylsilyl ethers was

0.20 (s, 9H) (CH

analyzed by GLC mass spectrometry (5% SE-30, 20 ft x

1/8 in, 100°C) and the results are shown in Table XXII.

Synthesis of (E)—Dibutyl(2¥hepten—2—yloxy)borane.

. . An oven-dried 100 mL flask equipped with a magnetic

”stlrrlng bar addition funnel, and septum inlet, then

,,,,,,,

charged w1th tributylborane (2.6 mL, 10.5 mmol) and:

.THF‘(lO mL) and connected to an azotometer A solution

203
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Table XXII. - GLC Mass Spectrometric Analysis of the

N L N, %, )
Trimethylsilyl Eno{ Ether Derivatives (Eg. 90)

'. retention  composition

4 fragmentation
structure © time (mip) (%) peaks, m/e
SiMe o N
~ 3 31.6 7 200(3.8)M
' ‘ 185(3.8), 144(10),
143(71), 130(6),
75(24),. 73(100),
45(16), 43(18).
| ?
OSlMe3 ) ‘ '+
. 35.0 5 200(4.1) M,
185(3.7), 144(10), .
143(79), 130(4), -
i‘ 75(23), 73(100),
45(15), 43(19).
0OSiMe

/JQ§/A\V/\\// : 38.8 . >7

OSiMe

200(6.6) M7,

185(6.0), 157(6),
144 (10), 143(68)»
130(20), 115(17),
75(36), 73(100),
58(17), 45(17),

43(27).

200(7.3) mt,

185(5.4), 144 (11),
143(82), 130(11),"

- 115(6), 75(29),

73(100),45(16),
43(14) .

a Structure assignment is based on 1H ana 13c mmMr data and

on the sequence of elution (ref. 9).



'br:diazoacéfoﬁe (0. 84lg, 10.0 mmol) in THF (10 mL)‘
.was gradually added at 5-10°C and nltrogen evolved in
'quantltatlve yleld The addltlon funnel and septa were
‘ replaced by‘a: dlStlllathn apparatus and glass stoppers
under a contlnuous flow of nitrogen. The solvent was
’removed by dlstlllatlon (atm. press.), and the residue
was dlStllled under reduced pressure to glVe the enol
borlnate as a colourless liquid in ca. quantitative
yield: bp ;50°C-(0,005“mm Hg) ; Ty NMR (ext. TMs) :

§ 4.45 (tq, J = 7.5, 3 = 1 Hz, 1H) CH=, 2.0-1.7 (m,

2H) CH,C=, 1.58 (4, J ='1 Hz, 3H) CH.C=, 1.5-0.5 (m,

; =3

25H) hydrocarbon envelope; 13C NMR (ext CDC1 TMS) :

, 37
§ 147.9 (132) c(2), 110.3- (365) c(3), 32.1 (264), 26.3
(288), 26.1 (375), 25.4 (448), 25.1 (56), 22.0 (50),

21.8 (261), 19.5 (52), 16.4 (204), 13;4 (562) and 13.3

(348)

Synthegis of (E)—Trimethyl(2—hepten—2—yloxy)silane,

An oven-dried 100 mL flask,'equipped with a magnetic
stirring bar, addition funnel and septum 1nlet, was
charged with trlbutylborane (5. 5 mL, 23 mmol) and THF
(20 mL), then connected to an azotometer. A solution of
diazoacetone (1.82 g, 21.6 mmol) in THF (20 mL) was
graduallx added over 20 min and nitregen evolved in
quantitative yield f98%). The nearlylcelour}ess
reactioh'mixngif was warmed to room temperature (0.5 h)

and then’cooled to -78°C. N-Trimethylsilylimidazole

5
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(8\4%mL 23 mmoI) Was injected then the coollng bath

was removed and the mixture was stlrred overnight at
amblent temperature . "The solvent was then removed by
dlstallatlon at atmospherlc pressure The flask was“:
evacuated (< O 01 rmm Hg)‘and the enol silyl ether was
trapped at -78°¢C. The dlstlllate was dlssolved in .
pentane/(lOO mL) and the organlc phase was washed w1th ,
1ce cold 59vNaHCO3 (20 mkL) , water (2 x 20 mL) then.
-dried over MgSo4ﬂ Removal of so;vent at atmospheric,
pressure provided 3.2 g of the eno} silyi ether (?0%)

as a colourless liquid. GLC analysis (5%:SE—30ff20.ft=x-
1/8 in, 80°C) showed that the E-isomer (retention time:
48!O-min) was the sole product ~ none of the zZ- lsomer
(retn.'time 43.5 mln)* could be detected Thev
spectrosc0p1c prOpertles were 1dent1cal to those re-

1

ported earlier’: IR (neat) 1665 em™h; lu NMR (ext. TmMs)

§24.50 (t, J = 7.5 Hz, 1H) cg=; 2.0-1.8 (m, 2H) cnzc—

1.67 (s, 3H) CH,-C=; 1.4-1.1 (m, 4H) C(5) and C(6) CH

3 ' 237

1-170.8 (m, 3H) C(7) CH, and 0.13 (s, 9H) (CH

. .
A mlxture of trlmethyl(l hepten-2- yloxy)51lane and

(Z)— and (E)-trlmethyl(Z hepten 2-yloxy)silane prepared

via a différent route’ had the following retention_timesw
on this particular column{ ‘4210,,43.5‘and 48.0 min,

respectively. o .
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Theimal Equilibration of (E)-Dibutyl (2-hepten-

2-yloxy)borane. A 50% solution of the pure'E~iSOmer'

) -
in d8—tolhene was sealed in 1y énd.;BC NMR Eubesh and
heated for 24 h at '100°C; lH NMR, 200 MHz (ext. TMS):

~

§ 4.52 (tq, 7

il

7.8 Hz, J = 1 Hz, 0.8 H) E-CH=, 4.39

)
o i Car AR
(tq, J = 7.2, J =1 Hz, 0.2H) Z-CH=, 1.9-1.6 (m, 2H)

CH,-C=, 1.55 (d, J = 1 Hz, - 0.6H) 2-CH,C=, 1.52 (d,

2
..J =1Hz, ~ 2.4 H) E-CH

3

3c=’, 1.4-1.0 (m, 12H) C(5), C(6),

€(9) and €(10) CHE, and 0.9-0.6 (m, 13H), C(8) CH,. and
C(7) and c(11) CH,. ' '
The samplés‘Were-subﬁéquently heated again for

- a totdl of 64 h at 100°C: ‘1H NMR spectral data,

did now show a 3:2 ratio Qf"stereoisomgrs injfévour of
E-isomer; C NMR: & 147.8 (117) E-C(2), 147.5 (95)

2-C(2), 110.4 (261) E-C(3), 109.2 (173) z-C(3), 31.9

(215); 31.3 (165), 26.2 (328§, 25Q1 (542),.26.0{§501);; ;-N
25.9 (203), 25.4 (643), 25.1 (130), 24.7 (192), 21.9. 3
(181), 21.8 (243), 21.4 (153), 16.3 (160), 13.4 (751)
and 13.2 (416).. - ‘

; Thé solution was then heated at 140°cC.

After 40 h the lH NMR .spectral data showed a 3:7 ratio

" of E- and Z-stereoisomers. Further heating dgd not

result in any change of this ratio: 1

H NMR, 90 MHz:
§ 4.50 (0.3H), 4.35 (0.7H), 1.9-1.6 (m, 2H), 1.6-1.5 .

“(m, 3H), 1.4-1.0 (m, 12H) and 1.0-0.6 (m, 13H). -~ T



208
o | . | o .
- Synthesis of (E)-Dibutyl(5-undecen-6-yloxy)borane.

* An oven—driedtloo mL flask, equipped with a magnetfc-
stirring bar,'addition funnel and septun inlet, was
charged withvtributylborane (2.40 mL 10 mmol)vand
THF (10 nL) and then connected to an azotometer A
solution of 1- dlazo 2- heptanone (1. 40 9, lO mmol) in
THF (10 mL) was gradually added at 5—10°C and nitrogen

‘evolved in gﬁﬁntitative yield nThe solvent was removed
at room temperature under reduced pressure and the

ﬁnearly colourless llquld was kept at 50 C for 1 h under
‘high vacuum (< 0.01 mm Hg). ' The contents of the flask
were cooled to 0°C and 2 mL'of.ds—toluene was added;
| 'Thisvsolution'was transferred to lH and 13C NMR
tubes whlch were subsequently sealed off under vacuum.

,NMR spectral data showed the formatlon of stereo—

4

lsomerlcally pure (E) dlbutyl(5 undecen- 6~ yloxy)borane .

lH NMR: 6 4.64 (£, J = 7.5 Hz, 1H) E- vinylic H, 2.09

(t, J = 7.0 Hz, 2H) C(7) CH,, 1:95 (tt, J‘=_7.S,fJ =

7.5 Hz,, 2H) C(4) CH,, 1.6-1.1 (m, 18H) C(2), C(3), C(8),

=27
IED (10), ©(13) and c(14) CH, and 1.1-0.6 (m, 16H)
C(12) CH,, and C(1), C(11) and C(15) CH.; 13C NMR:’

=2 =3’ - ;
.6,i52.3 (l2O)VC(§), 111.3 (4i5) c(5), 33.0v(416),’31.?
477y, 31.2 (472), 27.0n(839), 26.8 (582), 26.3>(759),
26.0 (84), 23.0 (462), 22.7 (402), 20.5 (85) and 14.2
(863). B - E ‘

: After heatlng the sample to 100°C for 12 h, the"v
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" NMR spectrum showed no ohange | It was’ then heated for
70 h at_134°clv The colourbof the solutlon remalned
virtually colourless ‘and the NMR spectrum showed that
now the Z- 1somer was exclu51Vely present v.lH NMRf 90
"MHz N 4 53 (t, J = 7 4 Hz,vl ) Z—v1ny11o H, 2;341.7 o
=27

(m, 4u) C(4) and C(7) CH,, 1.7-1.2 (m, 18H). c(2), c(3),
C(8), C(9), C(10), c(13) and c(14) CHg, and 1.2-0. 8

(m, 16H) c(12) CH, and C(;), (11) and’c(15) CHy. ¢

.An aliquot of the pure (E)—dlbutyl(S undecen—'
6—ylox§)borane was heated for ca. 20 h at 135 C. After;-d'
} COOllng to room temperature, tne sample was quenched
: w1th N- trlmethyls1lyllmldazole . The resultlng mlxture
(cay.l.l) of (E/Z)-enol 51lyl ethers’was purlfled by
preparatlve GLC (15% Polyphenyl ether, 100 C): lH“I\iMR
(CCl 2 4.42 (t, J = 7.5 Hz,lf O 5H) E-= v1ny11c H, a

4.31 (t, J =7 Hz, -~O. 5H) 2- v1nyllc H, .2.1-1. 8 (m, 2H)

£(4) and C(7)1¢gz, 1 6-1.2 (m, 10H) C(2), c(3), c(7),
C(8) ang C(8) CH,, 1.0-0.8 (m, 6H) C(1) and C(10) cH,,

and 0.16 (s, 9H) ( c§3)3s;;" .
. o 3 e
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