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" ABSTRACT : ¢

A COMPARATIVE $TUDY OF THE REACTION OF SOME STABILIZED
PHOSPHONIUM YLIDS AND PHOSPHONATE CARBANIONS WITH CONJU-
“ GATED ACETYLENIC KETONES

o

Thomas"Chaly

A comparative study has been done of the reaction of
ten.conjugated acety]enic ketones of the type 18 with two
stabilized phosphonatb carbanions 19 and the corresponding

" pfiosphohium ylids 20, in 1,2-dimethoxyethane as solvent.

The products- isolated include the ‘noymal' ehynes 21,

+

R-CEC-CO-R'-  (Et0);P(0)CHR". ' PhgP=CH-R". . ° .
18 ' 19 j 20
» J‘ .
(b) R = Me; R*.= Ph' .. (a) R" = CN (b) R" = COOEt
(h)=R = Et; R' = Ph -

R-C=C- R

-6
c \
“ H,ﬁ" ?‘\Ru

"and the abnormal' products 45 (biphenyl derivative). 47

~ and 53 (1socoumarin derivatives). ail of which were

111 o



pyéviously'unknovntin the liteooture.
The~ylios;wére much 1os$’react1ve than the phosphonate

qorbopjons in Wittig-type reaotfons yiéldiog the 'normal®

) enyoié products glf in the case of -the phosphonate 9arban-§

ions two of ihé ketones yield only the 'oonormal‘producto

45 (from 18b and 19a), 47 (from 18b and 20b~nd 53 (from

18h and 20b)

-

‘The stereochemistry and the isomer distribution of the
enynes were established by the use of NMR spectroscopy. In
some cases the E and Z isomers of 21 were separated by
column chromatography The structures were assigned to the

abnorma]' products 45,.47 and 53 on the basis of IR, UV.
NMR Mas;\kpectral data and elemental analysis. Plausible
mechanisms, for the formation of these products have.been
postulated. -Some factors responsiBble ?orpthe differences
in'the reactivities of the ylids-and the ohosphonote

‘carbanions are also discussed.
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The Wittig reaction has now been firmly established
&
in the arsenal of synthetic organic chemistry for the ,

creation of a carbon-carbon double bond. This rgacfion

1,2 .

has béenareviewed‘extensi9e1y, and invo]yés the

‘

) condensation-eliminatign reaction betweeﬁ a phosphorane -
( "Phosphonium Y1id" 'or "Phosphine Methylene" ) and a’
carbonyl compound to yield an ethylene derivative and

a phosphine oxide.
/o ’

/.

" ". s n ° . u
R3p=c32 + RyC=0 ———> R,C=CR, + R4P=0

’

‘The reaction between a carbonyl compound and a ,

phosphonium ylkd was known as early as 1919 when '

‘StaudingerS found that benzhydrylidenetriphenylphos~

phorane reacted with phenylisocyanate producing tri-
Sﬁhenylphosphiné oxide and tribhenylketehimiﬁe. Soon

afterwards 1t was _ discovered that the same

l

Ph-N=C=0 Ph4PO + Ph-N=C=CPh,

/

//
Pn3pfqph2‘

e { ) .
Ph3P0 + Ph?-C=C-CPh2'>
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ylid reacted with'dippenylketene giving triphenyl- A

phosphine oxide and'tetrapheny1h11ene 4 It ﬁis

only in the 1950 s that Wittig and coworkers were
able to demonstrate the’ versatility of the reaction
between a phosphon1qm'y11d and a carbonyf compound.5 »6
" The reaction ,now aptT&'cal1ed the Wittig Teéction,is'
'knoﬁn;to take ‘place with such wide range of carbonyl

* compounds as satyrated and .unsaturated aldehydes,

6,8 aliphatic and aromati@
4,9,10 11

. aromatic aldehydes,

8

thioketones. iso=

12

ketones sketenes,

cyanates,3 and Sch1ff s base.

o L
The phosphonium ylids are a class of compounds

" which .contain an anfonic’ carbon attached.tp'a

phosphorus Qtom which carries -2 high degree of positive

@
charac;gr.and they are usually represented as hybrid

{

+ 3
7P—-———C\ . (-—-—) h-;P-—-——-C\
la 1b
Ao

between the dipolar structure ]a and the covalent .
,structure 1b. Their reactivity is variable,and _

. depends mainly on. the ﬁegative character of the

o

kT
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9

’ more stab!e and such ylids can be readi]y 1so]ated

. ‘delocalization. S

" especially in the fields of terpehescand carotenoids,

-

»w

-

carbon atom _lgh_ to the phOSphorus atom. Nhen the
groups attached to the a- carbon have electron - ,
withdrawing properties,the de]ocalizat1on of’the
electron deosity of the anionié carbon makes the/ylio;

13

and purified Ylids which are not thus-stab111zed

situ for the purpose of the

gre usually prepared i

Wittig reactioq .In general,the more;stab]e"an ylid

is the less reactive it is im Wittig reaction.This

reduced reactivity is attributed to theJloQgred s

nucleophilicity:of the a-carbon due to electron ‘-

\ The presence of unsatura:}53*7% the carbony1 ' .
compound was found not to affdct the naormal course . .

- ag e

(h N

of the Wittig reaction Many conaugated carbonyls .

’
have been successfu]ly employed in the Wittig synthesis,

and the topi,has been reviewed. M' It* must be pointed . §
out however, that the carbony] compounds in most

instances have been aldehydes,and the ylids were ' '

‘tho;e of.hggh reactivity, being unstabilized by

e]ectron-withdraW1ng substituents.Thus Bohliman_and

~
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coworkers 15'1? régJ:::\;he aldehydes 2 and 3 with

. . the y1id .4 producing the expected prqduct§ in the
) , . + - |
. H-C=C-CHO H-C=C-CH=CH-CHO Ph3ﬁ;CH-CH=CH-R-
- 2 3 g
) o (R=p-Bu;n-Hex)
N el
s}nthesis of several polyenynes.
el ’ , ", : .o .
- The methylenecyclopropene derivative 7 has been
prw}

red from the fgictidn between diphenylcyclo- -

propenoﬁe (5) and carbethdxymethy]engtripheny1-
phosphorane 18 (6 ;R
) !

N

’ Ph . | . “ o Ph , "
) =0 + Pli;P=CH-COOR —» Ph,PQ + ¢
o3 A “COOR
.0 P"h . i . N ‘ . . Ph .
Y b5 v 6 I A "
. T '

the stable Earbomethoiyme%hjlenetriphenylphosphqrané

(65, R igﬂe ) and the a,B-acetylenic ketdne 8 has been
made use of by Sénratosa 19 44

4
in an approach to the
¢ ‘/ . ’
0 Of/CHZ-CEEC}C07CH(OMe)2 .
. -8_. N . 3 ;-q.‘ R "w ,

Et).The Wittig reaction between

-~
N
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.. - - total synthests of pefulin derivatives.Apart from
o o o
a few isolated studies such as these there seems to
have heen no systematic study of the réaction of q,g- .

i ,_acetylen?c ketones and stabilized phosphonium ylids.

. The versat111c; of the react1on between phosphoranes
(ylids) and carbonyl compounds in producing a wide
yeriety of olefinic compounds has given incentive to
‘the search for other organqphoéphorus reageets'iﬁ olefin
s;;thesis.The most significant outcome has been the
di;covery‘tﬁab phosphoryl-stapiljied carbanions have i L
just as wide,an applicability,if not more,in"the
preparation of. olefinic compounds.In addition these
"carbanions offer sign1f1caht advantages over the .
convent1ona1 Wittig procedures The synthetic app]ications

- " of phosphorxl-stebi]wzed‘anions have been reviewed very

recently by Wadsworth, 2

- s
% w . &

I\

R " The anions required for the olefin\synthesis are
| generally liberated from compoinds ﬁavjng actiee .
mefherne groups such as phosphonates of the type:9 by
‘ﬁ}‘ : o tffatment with 2 base. These anions having their negative

charges located next to a P(0) group,are stabilized

-
, .
, - . . ) Y-
P R ' . N (\-———'
. . v s, *
. . . ; A -

e~ e T
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(Ro)2$=cn-k'
10 b
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through delocalization of the charges through the:

~phosphoryl group.This stability is unﬁoubtedly ierived'

from the fact that the phosphorus atom ‘can become
pentacovalent by use of its d-o@bitafs(d w-p ﬂbonding)u‘
The P(0) group is not as effective as.a carbony1 group
in stab111zing a negative chargé;but. 1f R in 9 1s an
e]ectron-withdrawing group such as CN, COOEt or a keto

‘group,the stabi1ity of an anion 10 is enhanced due to

the deloca1ization of the’ negative charges into these

4]

groups as well,

-~

.The olefin-forming reaction between a carbonyl

compound and a phosphonate carbanion was first ‘reported

21,22

Y ©
by Horner and coworkers. Diethy1benzy1phosphonate

(11) was reacted with benzophenone in presence of

A

‘sodauide to produce tripheny?ethylene (13) in 88% yield.

The regction of the anion from the same phosphonate with.
. ' . ! .




\ d ! . 7 . .cr
S H.NaNHZ . s ‘
(EtO)ZP(O)7CH2-Ph > (Eto)zp(o)_o" ‘.+
) i Z.th =0
no 12
L} t
N ' Ph2C=CHPh
e ' : 13
« " 1.%-BuoK. )
n - =———> 12 + PhCH=CHPh

2.PhCHO o 14

’

. benzaldehyde produced stitbene (14) in moderate yig]d.zz

Later éthyIEinnamkte was obtained in low yield upon
treatment of ethyl d1ethy1phosphonoacetate (15) with
benzaldehyde in.presence of piperidine.23 However, in

-this'work ft was incorrectly assumed that the product

.

DI « - 1.piperidine ,/
(Eto)zp(o),cuz-doost > PhCH=CH-COOEt
- 15 . 7 2.benzaldehyde .16

arose from the’ hydrolysis and subsequent decomposition

’ "of a benzylidene intermediate PhCH-= C(COOEL)P(0) (0EL),.

Soon- afterwards Hadsworth and Emmons carr1ed out a

detailed study of the utility of phosphonate ‘carbanions

ey
[

| v v e e A
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in olefin synthesis,and demonstrated that the reaction )
of the carbanions containing electron- withdrawing
groups with aldehydes or ketones in an ap@otfc soivent

24 The carbanions

constituted a useful oiefin-synthesis.
were found to be, in general, ,more reactive than the
analogous triary] phosphoranes ( Nittig reagents ) and

the technique offered contain® special features which-

‘enhanced the use of these carbanions in olefin synthesis.

-

&«

L

In comparison with the ‘phosphoranes the phosphonate

carbanions are less expen51ve and are reactive towards

a wider variety of canbonyi compounds under milder
conditions.In many instances the~reaction takes place

at room temperature. and undesirable side produots are
minimal, 24 In addition to the avaiiabiiity of the reagents
and convenient reaction conditions the workup and iso]ation

of the olefinic produpts are aiso easier than in the

,conventignai‘ﬂittig reaction.Using sodium hydride as the

base and dimethoxyethane as sblvent the 4solation of the
olefinic products is simpler since the alkali metal
phosphate is readily soluble in water. As indicated by a

number of reviews these carbanions have thus become one of

£
-

the most frequentiy used organophosphohus reagents in

1 o

»
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olefin synthgsis.zs’ZGU'The procedqre has sometimes
been réferred'toas the Hdrner-witfig synthesis?7 0

- " the Horner-Emmon;,28 20

r

or Wadsworth-Emmons modi -

&

fication of the Wittig reaction.It is clear that the

P(0)-stabilized anions have been used mainly with a

e view to widening and extending the scope of the Wittig o
reaction. |
N ﬁThére has béem no systematic étudy of the P(0)-.
activated olefin synthesis with refrence to a,B-
unsaturated carbonyl compounds,However, there has been
scattered reborts.of the use of u.Blunsaturafed
- Jldehydes and ketones in such synthesis.The anion 17
" from phosphonoacetonitrile has been reacted with the un-
saturated carbonyl systems of steroids,29 and of Co
,,cjs-B-iénone.3° However;in these reac;iohs the stereo-
(EtQ) ,P(0)-CH-CN
LA -
(ref.29)
u?”\ '
CN ¢
4
. \

e rm—— e’ s
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‘chemistry of the newly formed double bond in the’

derivatives has not been established.

L

Corey aﬁd.éoworkers have made use of oben-chain

a,ésunsaturated 'aIdehydes with .é-unsaturated'

”phosphonatecarbanions to prepare derivatives of c]8

31,32

Cecropia juvenile hormone, Similar reactants

have been used by Edwards

E

t a1. 33 during the synthesis

!

7 U cHo - B o
)\/\J%/ + a(ftO)ZP(0)-cnz-c(cu3)-cucoone
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# (+)-trisporic acid B-methyl ester.These reactions

CH,-P(0) (OMe) ,
.. + . OHC
Meg Me ) .
i . \L "
3
! yone b - , . ) .

! d N

/ : * ‘
! ¢ ‘ J' :

‘ oo \ :
» exhibited remarkable trans stereospecicity and

. demonstrated that the trans-alkylphosphonate

undergoes practically no isomerization upon formation”
C )

-
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a steroid- to a bufodiéno]idq,

12

[ 4
— .

- \ . . - -, ' — I
)} .

of its anion and subsequent olefination.Other a, B~ e

unsaturated aIdehydes used in making conjugated dienes

included cingjﬁaldéhyﬂe 24 and 2-a1kylncro]e1ns.34 The

p-§5H4[CH2P(0)(0Et)2]2 A f., 2PhCH=CH-CHO | N

\

) NaOH

~

~ ' p-c6H4(CH-CH-CH"CH-Ph)2.

|CH,=C(R)CHO . +  (EtD),P(0)CH,COOEE
1.EtONa —

2.EtOH

" CH,y=C(R)-CH=CH-COOEt + EtO-TH,~CH(R)-CH=CH-COOEL, -
‘ " (50-60%) '

\

JP(OQ-activatgd b]efiq\formqtion with unsaturated

'ua1d3hydes Saj also been empioyed.in the modification bT.n

35 and 1h the totaf'§ynthesis V

of mycophenolic acid.36 :



-

P
T

‘ . EtoNa
+ (Et0),P(0)CH,CO0Me —>

+ (Et0),P(0)CH,~COOMe

[y
v
| B

| L 1,“,‘""2 o

" OH

-
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~ | ' " In contrast to a.ﬂ-hnsaturatgd‘pldehydes the

by
- course of the reaction with «,B-olefinic ketones fis

. determined by the reactfon conditions.3’ In the case of
e cha]cone (benzalacetophenone) phosphonate carbanions

gave the xpected diene only when the reaction was
7

carried out in diglyme as solvent and sodium hydride as

) ' : . the base , whereas use ofusolvents such as benzene or
/-‘
ethano] and bases such as sodium ethoxide gave
38-41 This

L
. exclusively Michael- type addition products.

(EtO)zP(O) CH,R  + PhCH=CH-CO-Ph

/‘/ 7 . "‘/
J .
/ NaH f
diglyme
. \ \ * ' . ’
PO .~ Ph-CH=CH-C(Ph)=CHR (R = Ph; COOEt)

" L _ /

latter point will be returned to in the discussion
section of this thesis. A/rather'interesting diene

o formation has been achieved by the rea$t10n of

‘"triethyl phosphonoacetate anion with.a s—methj}

"lactol, which in turn wis obtained via cbndensation

of the same anion wjﬁb the diethyl acetal of. pyruv-

2

«
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a1dehyde.42'43 . :

" (Eggg?cn-co-cuj» + (EtO)ZP(O)CHz-COOEt
: = l ' -

sy .
Jéiﬁfto)zcuc(cn3)=cu-coost

+ v
. . H30
|‘ ‘ “ ’ " \\“
: . - | (Et0),P(0)CH,CO0EL
4 {‘; NaOEt
| Et00c” X
COOH

Since the final productiis exclusively the .cis-trans

half ester, it has beenp concluded that there is
complete retention of the stereochemistry of the
double bond derived from tthlactb?;

'Although several reports of the reaction of

a,B-oléfinic carbanyl compoun&s with pHDSphona;e T
e ] \
" ot p
M
‘- ? . ‘
e ; : S r

i
i
o L |
g
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~carbanfons exist in thé Iiterafune asxméntioﬁed in the
foregoing paragraphs, virtually no data are available
concerning,ﬂhe reaction of a,B-acetylenic ketoﬁes;
with.;ﬁch carbanions. Therefore it Qeemed of interest’
to invéstigate the reaction between the,;hosphonate"/
carbanions and.a series of acetylenic ketones. If l |
normal élefin-f:rming reaction’ takes place the

products will be conqﬁgated enynes which are 1n£erest1ng

synthetic intermediates. '

@&

«
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STATEMENT OF THE PROBLEM . .
> . \ ' .
%

In view of the Tack of data in’the litgratyre

relative to the reaction of . a.B acetylen1c ketones

M

\
with stabilized phosphonate carbanionstand stabL?

’ phOSphonium ylids, a systematic study of the react1ons

A

of acetyTenic ketqpes of,the,type 18 with phosphonate

4
I

. - - ] '."' n

R-C=C-C-R. - (Eto)zp(o)-cu-k' Ph,P-CH-R
, : R
18 , - 0, 20 T

®

. . ’

| ~o (R ="CN;.COOEt) .

.
Y

- “carbanions 19 and ylids 20 seemed desirable.’

o -, T a "‘ - ' -
. S o . . .

’ ) N - .
The acetylenic ketones chosen ‘wére such that the

substituents R and R in 18 inc]udeg groups such as’

\A. ethyl, isopropyl. tert: butyl and phenyl, whitﬁ
led different steric and electronwc reqdﬁrements

derivatives ]9 and 20 were chosen to be the nitrilﬁ

. and. carbethoxy groups, so that the expected olef1n1c

-

products in the reaction woul&’be the enynes 2i. It

was of interest to compare the yie]ds of the o1ef1n1cj.

-4
P Y
.

¥
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b o
: products uith the two typeSvob -phosphorus reagents, as

e

well as the ratio of the E and Z isomers from a given

_ (E and Z isomers; R. = CN; COOEt)

~

. i : \ )
acety]enic ‘ketone. A meaningfu] comparison of the !
reactivities 0 he phosphonate carbanion and: the
pbosphonium ylid with a given ‘ketone. under similar
reattion conditions will be ifyieved if products are

, the same in both cases.

As regards the quantitative analysis of the E

AN

and y4 isoners of 21, 1t was hopeﬂ that » even if -
compiete physical separation were not achieved NMR .,

Spectroscopy would prOV1de a feasibie method, as the

bond in the two isomers would be. e

»

different.

~N

»
~

".Many of the enynes 21 have not been‘previousiy . 1

reported 1n the literature. and are interesting . -
',," 1 *
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s synthetic fntermediates. Therefore lhéopresent s tudy r S

. ' L
( seemed*worthwhile and 1nt esting, and 1t was thought ~—
N
that, in° addition to,expanding the scope of the Hittig- N ;
"type reactions as far as\ih\/cﬁnbonyl compounds . are _ .
, R conce?néd. it would- also add to our knowledge of the
, mechanism of these reactions. ‘ :
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DISCUSSION

. 3 o ) ' . . ' N . . i : ~

. 1. a,B-Acetylenic Ketones .o - A

; ‘ .- . ..
~\;\\;\» ' The a«,B-acetylenic kotooes used in the present study

¥ ' ~ ‘were synthesized following the sequence of reactions out-

1 "\\\;;\ 'flined iﬁ Scheme 1.44 Reaction of ethyl magnesium bromide.

with the appropriate termiva] acetylené proouced the

-

t

i

!

i

|
SN :
% .

1

b

|

: " R-Cz€-H - . '-CHO ZH ;
' . Et- -Mg- Br ————> R-C=C-MgBr. —————)n C=C-CH=R' .
. . . X »" \
:: ‘ HZCY‘04 * Y . . ' o
: o > R-CzC-CO-R' o ;
: ‘ . i . J—g. o ) ) X
i | ' ' . Scheme 1 ,

RS i

‘acetyienic Grignaro réagent wﬁich_ﬁas,reacted with the
V: . -”appropriate aldehyde to y1e1d the corresponding éécondary"
" alcohol.The acetylenic secondary a1coho] was oxidized by °

45

the procedure reported by Brown and’ coworkers to pfoeuce

the aceternic ketones 18. The aceterﬂic ketones used in’

s o ]

the prasent study are listed 1n Table I. Many of these

‘.

-ketones were atready known in the literature and have been,

synthgsized by other methods.
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Table 1
- . " _a,B-Acetylenic ketones R-C=C-CO-R' (18)
S ’ . -
: ‘!_; :\fﬂ Iﬂ'}a bg°c * Yield® Reference
2 Ph  Ph 4§;:-47 (mp) = 50 % - 44,36
b Me  Ph 8432 (1.0 mm ) 83 % 44,47
"~ ¢.. . Ph' N& 88-108 (1.0 mm’) 50-% 44,48
d' " Me Me 28-35 (0.41 mm)® 65 % 44,49 ’
e Ph t-Bu 88-93 (0.08'mm) 46 % 44 ~
f t-Bu Ph  100-112 (1.60 mm) 83 % - 44,50
- " .t N . .
g Me - CH,Ph 97- 103 €1.90.mm) 61 % 44 .
“h gt ph 92-95 (0.77 m)® 69 % .
" 4" PN i-Pr 100-113 (2.00 mm) 56 % 44,51
3 Me.  CH=CH 94- 102 (16.00mm) 73 % 44,52 ‘
) . a Me ) ! ) . ’ ' ! , 3

a yieTds reported are from reference 44,
b ‘yield obtained in_ the present study. °

* yield based on alcohol.

2. Tripheny) phosphonium ylids.
. ‘ LI

K ‘ - .
Only two phosphonium ylids of the type Ph3P-CH-R?(3g)
-were chosen-for study in gpe present ﬁork;These are ylids .

where the R" group in 19 are the eiectron-witﬁﬂraw1ng

-groups’ CN and COOEt.BY virtue of ‘the fact that thesé

. . . kKl
\ ' °
.
N
. .
.

VAP
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‘ delocalized into the groups makiLg the .ylid more stable.

electron-withdrawing groubs are attached to the a-carbon

of the ylid ,the electron density of this carbon atom is -

Such stable ylids canbe readily isolated and purified.ih
the present study the two stable ylids 19a and 13b were
synthesized usihg methods reported in the literat¢re~as
listed in Table II.The groups Cﬁ and COQOEt for R" were
chosen becayse the phosphonate carbanions uséd in the

L% . ) '
TabTe II ‘

. + -
- Stable triphenyl phosphonium ylids (Ph,P-CH-R")(19)

;o &
/ 1
Na. R" mpOc Yield(%) Reference
- ‘
Al , ) -
a CCN . 193-195 82 . '53,54,55
b . COOEt §21-124° 95 " 56, 57

" reaction of ‘the acetylenic ketopes also had the same€jo

groups, and onhe of the objects -of the present_ study was the
comparison of the reactivities of the two types of phospho-

rus derivatives in the oiefin-forming reaction with acetyie-

" nic ketones.

<

A

3. The Wittig Reaction.

\y

The condenﬁhtipe:elimihqtion reaction between a ;

.
o * v
) . .
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/ )

phosphonium ylid and a carbonyl compound (aldehyde or )

P

‘*etone) to form an o]efin and phosph1ne oxide is termed
the Wittig- reaction The,pbaction has been of such versa-
K tility that it h;s enabled the ready synthesis of many '
lefinic compounds of great importdﬁcg to mankind such
the vitamiﬁs,hormones.and pheromones,and for .this
reason Wittig shared the 1979 Nobel Prize in chemistry.
| o The generally accepted mechanism 8 ¢ thénwiffig’
're;ction between a carboﬁy1 compound and a phosphonium

mt————

ylid is given in Scheme 2.

R! ‘ . R!? R'
) . N /

C .
. R/'\\R~
Betaine Intermediates (E and Z Isomers)

Scheme 2

—

‘The reactivity of the ylids {s highly variable {as\
is the case with(the carbonyl components ) and depends. |
) maiﬁiy on the negative charge on the carbon élggg to the
.ﬁ. o ;' phosphorus atom. As is evident from Scheme 2 the ;eatti-' ‘
T "‘f' "vity of the ylid 1; rg}ated.to the basicity of the y}id.
| , :Ii:ha§ been demohstrated that mgthy]enetripheny?pho;pho-

,‘bﬂ. .
=3 .
o .
.

i
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, . 3
s gkl . < ¢ f .
rane (xan "unstabilized ylid " ) reacts with. most . - . -
carbonyls F , and cyclopentadienyI1denetr1pheny1phos- R

- ‘phorane (one of the most stabilized ylids) is unreactive

towards . aldehydes. or ketones]°4. YLids ‘stabilized

by electron-withdrawing groups such as acyl,cyano,
parboxylic ester groups do, houever ’y react with aldehydes
and ketones.to give good to exceIlent yields of olefinic
products, although at a reduced rate compared to.the un- .
stabilized‘phospdoranq! (E‘thg\:f:j@?hn‘of benzaldehyde
with a‘series of aoyl substituted phosphdranes, a plot df

the y1id basicity versus the rate .of reaction was found
59

60 and among other things, indicates that

to be Tinear. This result ts in agreement with other
the rate of'the‘over£11 reaction depends on the rate of
the betaine formation (cf Scheme 2 ).The rate of betaine
formation should be affected by the nuc1eophilfc1ty of
the ylid and the electroph111c1ty of the carbonyl carbon.

There‘have been many instances 1n which the betaines have
61

actually been lated. and their structures verified.
The reversibilﬁty f the betaine format1on{has also been-

verified,although only in-1imited number of casefc»>9»62,63
|

o
Two dther electronic factors which must be taken

1nto'cons}dé:;:;on'(disrpg rding stereochemical cpnsidera-'

" tion ) in the conversion of. the betaine (cf. Scheme 2 )

to olefin .apd phosphine oxide, are the stabfiization of
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the 1nc1p1edt double bond in the transition state 22 ,
and the rate at whiph the anionic oxygen in the betaine

attacks the positive phosphorus atom.In a comparison of

- ?. R' R! Rz
¢ y. - | N
-»R%-c_o RE.C....0 ¢’
© . . ' p 2o | + R.PO
' 3 l + ;—_4> 3 ‘: . —_—> ' 3
R-—c'——— PR3 R_'Co LR aPR‘3 . /c\
k4 - o SO A
, ) -
betaine - 22 : . - - ..

the reaction between the ylid 5Ph3Pt-tH2 and benzaldehyde
¢ ’ .

(R R? =R H, R%= Ph ) or benzophenone ( R' = RZ = W,

3. 4

R%= R"= Ph ) the former afforded lower yield of olefin

along with some betaine whereas the latter gave a high’

yield of olefin and no betaine. 54

The 1mp11cation has been
that the two phenyl groups in benzophenbne provided more
. " stabilization:for the olefinic double bond than did the

3 one phenyl group 1n the case ofubenzaldehyde.

In the reaction of two ylids, differing only in the
phosphorus substituents , witha common carbonyl compound,
}‘ one should expect the rate of decomposition of -the betaine
'Aftn‘depend’op theifacj]lty.with which the negative oxygen
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carries out a nucleophilic attgck'on the positive phos-

phofus. It is evident that the groups attached to .the
phosphorus which 1ncrea;j its electron density must
retard the rate of decomposition of the betaines.}hése\
fdeas have been borne out by the observatipn t“at
methylenetrimeth}lphosphorane and benzoghenone éave only
the betaine, whereas methylenetriphenylphosphorane a%d
benzophenone afforded only the oleéfin with 1ittle evidence

for a long-lived betaine.>*5% ) , 8

\
-

4. Stereochemistry of the Nittig,Reastion.

The Wittig reaction of a carbonyl’cpmﬁsﬁn& with a ”
phasphonium ylid cah produce two geometrical isomers with
respect to the newly created double bond ( E and_g‘isomers). .
Tbese have been many s;udies aimed ‘at obtaining information

regarding the factors that contribute to the stereo-

"chemistry of the product olefin 1n~H1ttig reae;ions,ssnost

of these studies involved an aldehyde and a pﬁosphorane'
carrying a hydrogen on the ylid carbon so that the result%ﬁf "
ing olefinic product had one hydrogen at each end of the

new double bond. In these situations the two geometrica]
isomers of the'o]efin can be ;onveniently refered to as the
glg and trans isomers. In this sectisn] ‘this terminology

¥
will be used.

v L4
-

In Wittig reactions ot ‘has been observed in general

) .
s . Ty . )
, .
. ‘ N
" * . 1
, .
N N - .. 5 .
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¢ that Eéggg olefins are the predominant products,esbecia]ly
with stable ylids.With unstabilized y1ids higher cis/trans
. rafios have been observed.It must also be pointed out that
in certain cases cis olefins are known to isomerize to the
trans—isomers under the conditions 6f the reaction;58'67 .
therefore care has to be exercised in the dse of the pro-
duct ratio ;bserved~at the end of the reaciipnl
-Vari;us studieé have indicated that the siereo-'
chemistry of the Wittig reaction can be understood in
terms of the mechanism d1scussed ear11er ch Scheme 2,
page 23).0ne of the more detailed studies has been that of

°8 1nvo]ving the reaction of benz-

Speziale and Bissing,

1 o aldehyde and the stable y1ig Ph3P=CH;COOEt.\The formation
of tbe”two stereoisomers of the o1efin in thy, reactiqn can
he understood in terms of the intermediates (erythro-

",and threo-betaines)indicated in Scheme 3.The cis- product

1

Scheme 3 ' ' o
. - ‘ erythro
\ ' | Ph.pt cw“H
2. . . — . '
o , Ky 3 |"coost Heo
[ . H- k3 ;C"—':C\ '
P . k2 0_"___(:')'" .- —=> Ph "~ COOEt
| ' | 'Ph4P=CH-COOEL \Ph_ ¢is or Z (16%)
' + ‘..—‘ ] ; -
Ph-CHO . — . threo
. k ,ﬁ . . - ’
T‘ Phpi—ct S .
‘ \ B '\COOEt H\ _-COOEt
ks ] - ““,ph kG S Pin C=C\H
. 0——*
R ’*.___ ggg ns or E (84%)
o L P — ) % T
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is thought to arise from the e rxthro-betaine, and the

trans product from the ‘threo- betaine., The threo- betaine

is the more stable of the two, being sterically less hind-

ered than the erythro-betaine. The transition state lead-
ing to the trars-product from the threo-betaine is also
therefore the more. stable one than that which leads to the
cis-product.

Many other factors are alsoashown to contribute to the
’observed‘stereochemistry of the Wittig reactton.‘Among
these are the reactivities of 'the c;rbond compodnd and
the ylid, the reactioﬁ conditions, and the various rate
constants k]-k6 for the steps shown in Scheme 3.1t appears
that there is a delicate balance between the rates of
forﬁation of the betaines, their rates of dissociation and
their raigs ;f decpmbosition\to olefing; The reversibi]ity
of the betaine formation, as well as the interconversion
~ of the two betaines ha;e been éstablished in several B

1nstaﬁces.58’62'58 It has also been demonstrated that the

decomposition of the betaine involves the cis elimination

. : ?
‘of Ph3P0 as implied 4n ﬂ]eme , L~

with-regérd to reaction conditfons, it would be'expéct-
. S~~~ .
ed that any change which.will tend to reduce the " steric
and electrogjé differences between the isomeric betaines:

would tend to decrease stereoselectivity; 1;e...thé.

cié/;rans ratio would-Be expected to increase.The presence-

.

-
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L]
o

‘ of excess carbonyl compobnd'oi excess ylid has been found

~
to increase cis/trans ratio:70'7] Several studies have

L4

ﬂindicated'tﬁat po1ar.aprot1c solvbnts and protic solvents,

or proton-donating catalysts also tend to increase the
) 70,72-74

[}

cis/trans ratio in the products.

pm——"

'

5.Phosphonate carbanions.
' s e - - %

The two phoSphonate carbanions chosen for reaction”

with u,B-acetilenic ketones weré‘pf'tﬁe type (E§632T‘b)

- B . N - "cH_Rll‘ . 3

-
-

‘(lg).fhe‘k;'grdﬁp in these carbanions were the samé ,
eleé%ron-ﬁithdrawing~groubg CN(19a) and 6005t(lgg)wh1ch ' Y -
¢ were preseﬁt in the.two triphenylphdsphonium ylids used
in the ;eactions with the same acetylenic ketones.These

carbanions were prdduced immediately prior to the'reactfdh

Y 4 with the ketones by treating the corresponding active

methylene compounds (phosphonate esters) with sodium

24 The carbanions- 19a

——— 1

hydride 1in 1,2-dimethoxyethane.

\

| .
: _ NaH . - .
,l (Eto)zP(O)-CHZTCN ———YEEE;» 4Et0)2P(0)-CH-c00 t .
o ‘ NaH - -
(Et0),P(0)-CH,-C00Et ——————> (Et0),P(0)-CH-COOEt
A , . (DME) : o
o 195 )
v‘lf —
o " o A - : ' . 1 ) *
. .and 19b are-stabilized by the presence of the electron- ‘
l ! e ) /;’ :
. . e ;
Ty J T ¢ :;’

e e ra— — ¢ 3 » e e Ay
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.

withdrawing greups on the.carbahionicwcarbon“

6.0lefin synthesis with phoéphonaté carbanions.

e 5
As mentioned in the introduction section ‘the phos- .
Qphonate carban1ons as_olefin- forming reagents have several
advantages over the phosphoranes used in the conventiona]
Hittig reaction.The ever-increasing use of stabilized phos+
phonate carbanions such as 19a and 19b in ?lefknpsynthesis
.is evidenced by the growing humber:o?‘hubTitations }hvolv: -
ing this keaction.Two of the most ;ecent reviews on the’
tOpr*tO which reference has already been made are those

& '
20 and by Boutagy ‘and Thomas.zs, L L

by Nadsworth
Unlwke the case of the Hittig reaction, fewer studies
have been reported regarding the mechanism and stereo-.
chemistry of the reaction ‘of phosphonate carbanions\with
'carbonyi comppunds The mechanism proposed 24 75 is ana)og— )
ous to that of the conventiona] Wittig reaction and is
-0 : . . -On DN e ‘
(RO p*—CH-Rt r(_Ro)sz‘-'(::u.k- T KA
+ —_ ;

. . s R? & RN /RZ —>
; 3} ‘ol_ c 5 C

. ...‘ ¢ | % .
L e ET)
. o lSchéme 4
- N'

\ . v

.
. .
N LY
. .
- '



"R'=CN, COOR COK,Ph) can be employed successfully in olefin

_rus ‘atom in the tran51t1on state for the elimination step

7.Steheochemistty'ofhphosphonate-olef1n formation

& ' ) ‘e r"‘ . . ] )

,. : ‘ ) 3% ‘.{ ] o @ _ ' @
depicted in Scheme 4.The mechanism is believed to involve ‘ c
a two-step process in which the canpanton reacts with the
carbonyl compound 1n a reversible first step to form an ' Lx

1ntermediate oxyanion (betaine).The betaine then decomposes

‘0

1rreversib1y by~ oxygen transfer to the phosphorus atom ‘, .

producing the olefin and .dialkylphosphate ion.This latter

step is thought to be a cis e11minatioﬁfprocess invalving

ki

o
a 4-membered cyo]ic traﬂsition state ana1ogous to that 1n

the Hittig reactiop. T

. u
- ]
-

It is known that only those phosphonete carbanions

t

in which R' can further stabilize the carbenion (e.q.

N
synthesis Reactjon of nonstab111zed carban1ons w1th
[ -
a]dehydes ‘or ketones does not yield wlef1ns in sign1f1cant -
- amountsz5 the conJugate ac1d of the betaine being produced . ‘

to a considerable extent in these reactions This can be - -

interpreted to mean that there is a considerable ,accumula- °

tion of négative charge on the carbon alpha to the phospho-

- 77

s
A

RERAN - 4
' .

[ P ¢ -
. . - -

’
[
4
©

The'stereochemicaitpathwhy of " the reactions involv-
ing phosphonate carbanions1n olefin formation has not

been .as wel] documented as. that of the conventiona] H1ttig

,
.
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" metric isomers can be, produced.

reaction.Earlier studies of ihe reaction seemed to indi-

v 22,24, 78

cate "that only trans olefins ‘were formed, It was

thoughtithat.a mixture of the ¢is and tranS'igomers was
P ‘1 ’ .. .

probably‘produced but the cis isomer underwent base cata-,

lyzed 1somerization to the trans -product under ‘the react-

o
Jon cond1t10ns.24 78 That this is nof the case has been

ver1fied by later studies 72,73 Many subsequent studies
Qsee ref.20,76-85 and ref .25,p.91) have shown that the

reaction is not stereospecific and that afmixture of geo-
: e ] .

—

The>observed stereochemistry of the pho§$honnte-

olefin formation can be accounted for on the.basis of they
. S X

\mé%hdnism proposed in Scheme 4,the steric effects in ihe

betaine determ1n1ng to a larger degree the stereochenical
course of the react1on as 1in - the course of the‘wii}1g
reaction.These ideas were 111wstrated in a study of the .
reaction of the stable y]id (Eto)zﬁ(o)-EH-CN with benz-

aldehyde,80

and are'given in Scheme 5.The'$ntermediate‘
oxyanions (betaﬁnes) fgrmed reVefsjbly by the reaction of
the phosphonaie carbanion and the aldehyde can exist as '
two diastereomers the rgxgﬂ_p -betaine be#ng the. precursor
of the cis olefin via a cis elimination, and s1milarly the
threo-betaine yteld the trans-isomeﬂ.The stable conjugate
acids of the erythro- and threo- betaines (1 e..l -cyano-

- hydroxy 2—phhnylethy1phosphonate diastereomers)were
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R © (E0) ,P(0)CH-CN L - d
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. (threo)” trans (E)
’ B " . Scheme §.-

’ ©

indeéd isolated and each jsomer has been shown to yield (\_bﬂ\)'

the unsaturated nitriles by reaction with aldehydes in
80,81 ‘

]

presence of base. The autho}s have shown also t%at !
S these diasteregmeric B hydroxyphosphonatesrevert partIy
to benzaldehyde and the" anion (Eto)zP(O) _CH-CN in basic
*  medium to an extent which is solvent-qependent,and partly
Anterconvert direct1y.8° The reversibility of the first

step has also been amply demonstreted.BZ’gnh

'fhe'isomer,ratios;qbseryed in these reéctfons may -be

. TR PR , . . .t .
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‘the extent that the ester group is

A YT O bt i 1

-
+

'expﬁa;ned by assuming a difference'in stabi]ityrdpe

primarily to steric effects,between the~two diastereo-
meric7betaine§.5inoe the betaines are formed reversibly,
the amount of Z isomer produced sﬁould depend on the
relative magnitudes of the various rate constants (cf.
Scheme 5. ).That th1s argument is valid follows from the
quantitative data on 1somer distribut1on obtained in
several studies.?5 86 - ) |
A recent study Qes Shown'that the oxnanion (betaine)

formation from phosphonoestere (e.g.the reaction involv-
ing 195) and behza]dehyde oroceeds to a lesser exfent&
than the format1on of the oxyanions from phosphononiti!es

(e.g.the reaction involving 1 ; nza]dehyde.87 To

ier than the

nitrile,any steric interaction the ester group develops

with the phenyl group in the formation of the betaine w11

" be greatercaus1ng a decrease in rate. This steric effeet

wil1 be greater in the erythro diastereomer as 1t yields
the ¥4 olefin (cf.Scheme 5).Since both’ k3 and kg are less
&for the phosphonoesters than for phosphononitriles rétro-
aldolization becomes more pronounced in the former.The -
ratio k- ’is (which determines the stereoselectivity at.
‘least in pngT\uould be expected to be smaller for the

’

1

ester, the ester would produce more of. the trans‘(E)o1efin

than the nitrile Indeed the trans 1somer is produced

almost exclusively in the cinnamates obtained by this -

i
L
¥ - ‘ ' . B N )
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reaction.

~ Some solvent effects on the ?somer ratio of the \
olefinfb products have been observed recently.m’79'84’85
It has been observed that when epimerization of the dia-
stereomeric oxyanions is 1mp0551b1e as when there is only
one _lgﬂg_bydrogen in the starting phosphonate,the stereo-
chem ry of the reaction does vary with the solvent. 88, 89
The variations with solvent were attributed to a change in

the reversibility of the aldol condensation.

3

8.Choice of so]vent in the present study.

"_be unaffected by aproiic solvents of varying polaritie

"'as well with tne phosphdnate)carbanions‘has'been the po1£r~
'apnetic solvent 1,2:gimethoxyethane.This solvent has -been.
- shown to be ideally suited for the reaction of phpspho- ' l ;l

.. oy .
The nature of "the solvent p1ays an 1mportant role in

the Wittig reaction especia]]y where stab111zed y11ds are

\

'invoived Speziale and Bissing °° have reported that the

Wittig reaction between bqua]dehyde and Ph,P=CHCOOEt was '

.dbout six times faster in chloroform than in benzene and

about a\thoysahd times faster in methanol than in benzene.
Howeeer,the cis/trans ratio of the olefins were found t¥ W
Zz 73
but thf’ ratio was found to intrease with protic solvents
such as~methanol.?3 74 The choice of the medium for the -

9

reaction of a,B-acetylenic ketones with the stable ylids

L
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3

l‘ - P2
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nate ;arbanions and carbony! compounds.24 Since one of the
dbjectives of .the bresent'study-nas a comparison of the
reaciions of phosphonium y1i&§ and phoéphonate carbanions
(both reagents having identical substituents on thé carban-
1on1c carbon) with a, B acetylenic ketones the reaction
conditions 1nc1udgng the solvent were kept the same.Being
a polar non-protic solvent 1,2 d1mgthoxyethané will enhance
the Wittig reaction,and will exert 1i;t1e influence oh thé
Z/E ratios of the productg.Besides,prg]iminary experiments
with 1,3 diphenyl-2-propyn-l-one and the ylids hsing
benzene,chlotoform;carbontetrachloride,tetrahy;rofuran and
dimethdxyethane indicated that dimethoxyethane as thifeﬁﬁ;“

vent gave better resuits in the present study. -

. | AN . - . . .
9.Reaction of PhaP=CH-CN and Ph,P=CHCOOEt with o,B-Acety-

Tenic Ketones.

»

As was pointed‘out in the introduction section, the
normal course of ihe Wittig reaction has Béen’foupd to be
unaffected by thg presencs>of unéaturation (oléfin{c or
acetylenic) in conjugationlwith the carbonyl group.Many
conjugated carbonyls have been found to give the expected
products from the Wittig reaction.‘f?‘s Hovever.theuca}bo-‘
nyl components in.most of these cases were aldehydés and
the ylid component? were not stabilized by strongly elect-

ron-withdrawing groups Thus both partgers in these react-

¢
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| fons were of high reactivity.
\ . !
In the present study the carponyl components in the
Hittig’rgacyion were ketones. having thgir carbonyl func-
N 'ttons conjugated with acetylenic functions.All the
ketones given in table I (page 21) were allowed to react
with each of(éie two ylids under a variety'of coﬁditions

~des‘cr'lbed earlier,

4

’ ‘1,3-Dipheny! -2-prqpyn-1-one.éh-CEC—C0~Ph (18a) was

" refTuxed with each ylid for various peri&ds of time under
an atm&sphere of nitrogen,in variou§'§p1vents (cf.Section
8 ).No expected vinylic products 23 qﬁ 24 were detectable
in the reaction mixfﬁrg.Only varying amounts of triphenyl-

:.phosp§ine ?xide.andlunreacted starting materials were

] fdentjfied‘in the reaction mixture.Similar results were

i o

" . Ph_’/ M

PhoP=CHCN -~ . Sc=c7"
> Ph-C=C~ | . =CN

. .Ph-C=C-CO-Ph o 23

182

Ph__

Ph,P=CHCOOE® c=
- 3 > PhczC”  “COOEt

2

—

4]

- H
¢’
4

- -
‘ i" ;obtaipéd"with l-phenyl-z-;séyn-l-one (18b) with both ‘the
. . / _ L .

s

oo ' . ‘ ' : ' £ A

.
. . 2 1
. , . )
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ylids.
ol oph o
Ph,P=CHCN * . Se=c
3 > CHie=C™ N
~ 25
' -
CH3C=C-CO-Ph
18b
d ‘Ph JﬂH s
. Ph,P=CHCOOEt “c=
3 > (CHyC=C” ““cbOEt

26

In view of the fact benzoic acid catalyzes the Wittig
reaction’ with ketones and barbe%hoxymethylenetriphenyl—
pﬁosphorane.go benzoic acid was-added in the reactions
of both ketones 18a and 18b with the two ylids.No trace
of the expected products 23,24,25,0r 26 was detected
among the products of reaetioe.As~before only tripﬁenyle
phosphine oxide and wnreacted ketones were 4dent1f1ed: ]

T

Unlike ketones 18a and lgg_}4-pheny1-3-butyn-2-one
(18c) was found to react with bofh the ylids in dimetﬁoxy-‘

' ethane. When 18¢ was refluxed with triphenylphDSphoranyl-

T a acetonitri1e the expected products were isolated in S0%
yield.lt was po;sible to obtain samples of the two geometr{-
cal isomers_ of the product 27a and 27b in 1SOMer1ca}1y pure

estate‘for~enalytica1 purposes by eepeated chromatogrqphyl '

of the product over alumina.The brodue}s were 1dentif1eﬁ on-
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67 39 K

_ L
PhyP=CHCN CHq N cHy cN

¥

| Ph-C=C-CO-CYy; —> Ne=c" <+ Sg=c~
| . PhC=C “SCN PhCz=C” NH -
\7’/ 18¢ - ’
T ~ 27a(2) ~27b(E)
46% ‘54

§

the basis of their IR,NMR,and mass spectra and elemental
anélys?s.The vinylic hydrogens of the two geometrical
1§o¢ers 27a and 27b exhibited signals with chémical shifts
| different enough so that quantitative ahalysis of the iso-
mer ratio by NMR spectroscopy was possible. , ’ '
‘ .
’Hnsj;(21£3 and E (27b) isomers were distinguished on AN
'{he basis‘?f the chemical shift values of the substituents:
on the,terminal double bond,as used by several workers

ear@jer.g]'gs

Qene;ally coupling‘constaﬁts of hydrogens
Qifhated trans with respect to the dougle bond are observ-

ed to be larger thah those for ﬁydrogens situated cis with
respect to {t.However,in 27a and 27b the coupling constants
between the CH3:and H on the double bond were efiremely ' .
small (hqi Hz) such that the distinction between the Z and
g;g;omers’based on the values of coupling constants was

not ‘possible.Assignment of ‘the Z and E configurations were A
made .based on the chemical shiff-values of tﬁe signal for
the éH3 gro&ﬁ‘anq for the H atom atmached‘igkihe double

bond.It has been observed in similar situations that when

-
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a cusgroup and-H-atom are positioned gig}with réspect to.
each other the CH, signal appears at a higher field (lower
8 ) than when the two are posifioned trans to each other;
the signa{ for the H-atom appears at higher field (lower §)
in the cis arrangement of the CH; and H,than for the trans
arkangement.94'The’chemica1 shift values of‘the %H3:and H

in the two isomers ére listed in Table 1II.As is evident

-~ i b
Table II1I
Compound 'Chgmipai shift values (8 )~
cH3 l ' i
27a 212 5.55
‘ : \
27b i 2.28 __5.62

from Table I1I the methyl and hydrogen signals in 27a ar;
at higﬁer fie]ds‘than the.correspopding;;igna]s in glg;.
Therefofe,ﬁn gzgryhe CHy and H are located cis with respect
to the double bond. and in 27b they'are in trans arrange-
mgﬁt.Thus it Qas po§sfh1é to assign the Z c@nfiguration to

27a and E configufation to 27b.

‘ ‘ , ‘ s
Carbethoxymethylenetriphenylphosphdrane also“reacted
with Ph-C=C-CO-CHy fn the Wittig manner in dimethoxy- |

ethane.The olefinic products 28 were isolated in 49 % yleld.

o




_/ removal of solvent and most of the trigﬁeny1phosphine ol

L4 k \
P PhyP=CHCOOE® CHy W~
h-C2C-CO-CH, . ——— > c=c_ +
: Ph-C=C~" NCOOEt
18¢c .
28a (1) 28%
' i
‘ CH COOEt
35‘0:::C’<‘
Ph-C=C~~ NH
28b (E) 72%

The rélativeuamounts of the isomers were estimated from
the_NMR spectra of- the crude reaction pixture after )
oxide.Complete separation of the isomers was not achieved;
" However by repeated chromatography it was possible to
XObtain small amounts of pure sqmp]éiqf E .isomer (28b).The
. configunationa] assignments Z and E were made on the basis

, of ‘the che

cal shfft valueés of the CH3 and H attached to

) Table 1V
Compound . Chemical Shift Values (8)
o My b
28a - . § .2.15 6.18
) o A
28 . - §  2.46 6.37 oS
. > : . ' | ~
' l "

DtenantFa ot - ot
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¥
the double bond as was done in the case of the nitrile
products.The results are summarized in Table IV.

l

e : Only two other acetylenic ketones (18g and 181) react-

‘ ed with Ph3P=CH—CN.and only four others ‘18d,189.18h5581)

reacted with PhyP=CHCOOEt.A- summary of the results of the
wrgattion:of all the acetylenic ketones used in the present
stuéy are'giyen in Table V.In those instances which gave '
mixturés of the expected olefinic ;roducts the relative
amounts of the ‘isomers were estimated fr;m:thg NMR spectra
of the crude reaction mixture after removal of the ;o]veﬁt
! under reduced pressure-andrrémoval of the tripheny]bhosph-
| ine oxide by filtratf%n.LThe yields of products were esfil
mated by taKing up the crude product in pet}o1eum gtﬁgr.
filtering‘off the~Ph3Pb.and remov}ng fhe solv;nt;Tﬁé con=-
figurational assignments Z and E were made based on the

chemical shift values of the vinylic hydrogen.g4

as was |
done for the products'pf reasfign of ketone 18c with the
same, two ylids.In the case of those ketones which did not
’.y1g1d any olefinic products only varyin;'ampunts of Ph3P0
and unreacted ylid and ketone were identified in the final _"
reaction mixture.Prolonged reaction time or benzoic acid ‘
_catalysis was -not found to havefany further effect on the
reaction ;n the caseof 1,3 diphenyl-2-propyn-1-one.
y 4
» . A -"' . .
.From Table V'ft\is _evident that most of the‘coh3$i1~ L

g

k4
£y
-
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-gated acetylenic ketones used in the present study- are

unreactive in the: Wittig reaction towards both of the
stable ylids:PhsP=CHCN and Fh3P=CHp00Et.Sevefa1 factors

must contribute to the observed lack:of reactivity.Consider~ -

ing the gengralcmechaé{sm of the Wittig reaction (cf.

Scheme 2, p 23),best resulfs (maximuﬁ yield of olefinic

product) would be obtaiﬁed when both componeﬁté/in the |

reiction (i.e the carbonyl comppund and the phosphonium

o ylid) e&hibit maximum reactivity.The reactivity of the -
carbonyl ﬁompbund is depeﬁdent mainly oﬁ the e]gctro-
philicity of the carbonyl carbon.Iﬁ the a,B-acetylenic
ketones used in the present study the electrophilitity

of the carbonyl carbon mu§é be redliced to a considerable
extent by conjugation.with the tr?p]e.bdnd 06 one side as
well as- (in some cases) with phenyl or o1ef151C°gr0up§

on the pther.The reactivity of the yl{d in the Wittig
reaction is governed chiefly by the nucleophilici'ty qf

" the cqrbanionic‘sarbontThe nucfeophilic{ty of this carbon
is reduced substantially when there are strongly. electron-
withdrawing groups aé?qihed to it,as 1s the case with both
the ylids PhyP=CH-CN and Ph;P=CHCOOEt used in the present

© study.The observed lack of reactivity between theﬁaceine-ﬂ'

nic ketones and these two ylids is therefore not entirely.

“.unexpected. r N

The few acetylenic ketones that did undergoitﬂq’
‘q - ‘ . ’ . l” \ . |
. ' ‘

- -
*

et

“ o

1

|



yields ‘38 %,23 %,and 33 % respectively. In the reaction

2

o ' . 45 ~
\ b
,wittLg reaction with the ylids gave only poor yields of

the -expected olefinic prodycts.PhyP=CH-CN reacted only

with the ketones 18c,18g, and 18i giving products in,

Ve

of 18c it was. pocsible to obtain iSomericaliy pure
samp]és of the oiefinic products 27a and 27b ( see- NMR
spectra on pages]18and119respective1y ) by chromato-
graphy. Ihe geometrical isomers of the preducts from the

reaction of ketone 1 could not be separated by.chromato-_

.- graphy. In the reaction of 181 with Ph4P=CH-CN only one

isomer touid be detected(lg and NMR spectroscopy ) in
the crude product immediately following the react:;n:

. From the fact that only one, isomer is produced R thh pro-

duct is assighed the E configuration based on the assumpt-
fon’ that onIy the iess 3terica1]y hindered betaine is
formed as the intermediate Considering the two possible

,diastereomeric betoinee 30a and ggg,thet could beﬁformed
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- . ' \
I, - -7
Ph.P=CH-CN :
. | 3 . i-Pr_ . _CN
Ph-C=C-CO-1-Pr — C==c
. ] Ph-C=C~ SH
- 181 _ 29 (E)
oo o &
WH N i -
Ph P — e ©Phgpte—c
’ NCN : CN
- ;b—q;cﬂ“i'Pr , ’L”‘ - ._fcn“FEC'Ph
NCsC-Ph| Ni-Pr
o 30a . S 30b - '

N
1dctherreaction.‘1t is not 1mmediaée1y obvious why the E? )
- isomer ( derived from gg; y is produced exclusively. An
argument could probab]y be made that 30b- %kég provide a

_ mpre: stable transitiqn state leading to the E 1somer (29)
.than would 30a 1n giving the Z isbmer. It 1s also posgib]e
that both Z and E isowers were produced and that the Z
preyuct {somerized to the thermodynamically more stable E

- o,
iiomer un&ir the dondlt]ons of the reactioﬁ: Such isomer—ﬁS\'

'n 1zations have been knoun tuvoccur.sa 67

9

" The ylid Ph3P=CHCOOEt reacted with all the acetylenic.
ketones ( 18¢,18g,and 18§ ) with which Ph3P-CHCN reacted : 4"‘
to give olef1n1c produ:ts 1n approxinately the same yields. J

1
e/ ,
~to - “ e Lo — .
ome e > Lt e
- @ ~ . . . R Hl
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In addition, Ph3P CHCOOEt reacted also with the ketones

CH3 -C=C-CO0- -CHg (18d) and CH3CH2-C =(-C0- Ph (18h) giving - -

poor y1e1ds of products.
. \
Unlike PhyP=CYdN, the ylid PhyP=CHCOOEt did react
with CH,C=C-C0-CH; (18d) yielding 24 % of the expected
olefinic products. The NMR spectrum of the crude react-

-
ion product immediately after isolation exhibited vinylic

* proton resonances at 65, 63 and & 6 10 with relative inten-

sities 40 1 and 60 % respectively. On the basis of the
chemical shift values of the vinyl protoﬁ§s1gnals as well.

'as those due to CH3 attached to the double bond94 95 the

predominant fsomer is assigned the E configuration.
However .~afterwéhromatography of the reaction mixture
only ene isomer-(31b, E ) could be detected.It .was con-
clhded therefore that the thermodynamically ‘less stable"
1 isomer was converted to the more stabhe‘g isomer -
Juring.chrematography. Such isomerizations/ha&e pre-

viously been reported.sa'f7, I -

PhP=CHCOOE CH, .

CHy-C= c" “SCOOEt
31 (z) 40 %

' CcH cdbst ’ i
3 c c . ' ’ \9?\\
‘- CHg-C2¢” M S L

CH3-C=C-CO-CHy .



With the ketone 18g the yield of products with

Ph3P=CHCOOEt was comparable with that obtained with

Ph 3P=CHCN ( 26 2 vs 23 % ). The vinylic proton signals

of the product appeared at & 6.47 (48 %) and 6 6.75

(52 %i which are attributed to the Z (32a) and £ | = - .
(32b) isomers.respectively. As can be seen there {s
appreciable stereoselectivity in the reaction of this ylid

S
also. A1l attempts to separate the two isomers- by chro-

)

PhyP=CHCOOEL - 5y o1 "

” S 2~ - \
CH,-C=C~CO-CH,-Ph —> c==¢ + . i
3 N - CHg-C2C~ ~SCOO0Et
189 ‘ )

32a (7) 48 %

Ph-CH,._  _CODEt -
‘ : . /,C-——C\\
( - | . CHy-C=C H
. = 32b (E) 52 % ]

7

matographyyuere unsuccessful.
\ . . .

Even tﬁgygh ketongllgh/did not react with PhéPsCHCN.
!t did react with Ph3P=CHCOOEt yiejding the expected
olefinic products fn 25 % yield. The NMR spectrum of the
'crude reaction product isolated exhibit?d vinylic proton .
signais at . & 6.20 (33 x) ‘and & 6.36 (67 %) which were
attributed to the L (33a) and E (33b) 1souers respectdvely.

- . -
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Et-C=C-CO-Ph

.‘/

+

\

It was not possible to achieve .clean separation of the

Et-C=C~

49 .
.Ph,P=CHCOOEt
3 S Ph__
Et-C=C
33a
- Ph__ _COOEt
=C\
~H
33 (E) 67 %

isomers by chromé%ography.‘

As 1n the case of Ph3P=CHCN » .ketone 181 reactéd

»

A

T NCOOEt

/

4 with Ph3P-CHCOOEt in comparable yield (39 %) giving only
: one isomer (34) under identical reaction conditions. The
S o PhaP=CHCOOEL  ypr - _cooEt
o Ph-C=C-CO-1-Pr ‘ > S oe=c_
. Ph=C=C =~ K
: . 18 J , :
o T . 34" (E)

‘ A/;} -" e ’ . ; . ’
“ Rﬂlfspnctruu of the crude product exhibited the vinyl

L \ Ld

proton rusnnnnce nt § 6 22.. Considering the fact that only |

et

ont isomer- was obtained , the product was identified’

" . L. °
. B . -

. -
b AP it S -
v
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as 34 with the moré‘;table g configuration, based on the
assumption that only the less sterically hindered betaine
is formed as the intermediate.

g ,

It is evi@ent from Table V that the Wittig reaction
between ao,B-acetylenic ketones and stabilized ylids such
as Ph3P=CHCOOEt is generally ineffective. The few kétones
thaf~did~undergo the ﬂi}t{g reaction gave only.poor yields
of the expected o1ef1ni; products. The reduced electro-
philicity of the carbony?\sarbon in fhe ketones together
. with the redpééd nucleophilicity of the ylid carbon must
contribute to greaf’measure to the ineffectiveness of the
Wittig reaction here, Steric factors &u;t also contribute
to the lack of reactivity. However, it is ratﬁer'difﬁacult
to predict the extent of this contribution. Certainly in
the case of kefbne‘lgg (where a t-Bu is attached to the
carbonyl .group) this is a,sign1f1canf factor and both
ylids . are found to be unreactive with the ketone. However
when the carbonyl had CH,y group (1§g) and i-Pr group (lgl)
both ‘ylids reacted to produce the Wittig products in 16w
yield. No other general trendsaseem to emerge from Table V

regarding the reactivity of the ketones.

In the Wittig reaction involving a,8-unsaturated
© ketones a few rare examples of unexpected product forma-

tion resulting from conjugated addition of the phospho-




-nfum yiid to the unsaturated ketone were reported.
.Inhoffen and et 31,97 have repbrted the formation of the

t?ieﬁe(gl)in the reaction of methylenecyclohexanone (35)
with the ylid .(36) . Methylenetriphenylphosphorane has

Vé

(I + Phgp=CH-CHY{ ) ——> BhjPO + m “
a .

$

35 " 36 ' - | 37

Y
PR N
i

‘been found to react with mesitoylphenylethylene (38) to
yield the cyclopropyl ketqne‘(gg_).98 This author has
sugéeste& that the reaction took the conjugate'addition

-

, Me Co
Me-c'o-‘cu=cu@ — T
Me - Mes-CO-CH-CH—Ph |
38 — | | —
\ . "
PhyP=CH, =

o
i

Ph,P + Mes-CO Ph
: Ava

-39

A .
. ’ —

s

pathway -because of the steric hindrance Jbout the

carbonyT group, and that other hindered unsaturated:

7/
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ketones might form cyclopropanes.
. JPU

In the present study none of the acetylenic ketones
which did react with the two ylids Ph3P=CHCN and
Ph3P-CHCODEt. yielded any products which mightrhavé‘resu1t-
ed from conjugate addition of the ylid to the ketone. The
ketone Ph-C=C-C0-t-Bu (18e) which has hindered carbony]
failed to‘react with both the ylids.

In comparing the reactivity of the ylids towards the

acetylenic ketones, it is observed (cf.Table V) that

ﬁh3P=CHCOOEt was moré reactive théq\Ph3PnCH§N. The former
reacted with more ketones and gave also slightly better
yields of produc;s. The reduced reactivity of the latter
can be attributed to its reduced nucleophilicity on
account of the better e1ectr6n-withdraw1ng property Pf the‘
nitrile group as compared to iﬁe carbethoxy group. The
ylid with .the carbethoxy substituent shows more stereo«

selectivity, producing more of the Z isomérs in several

cases (e.g.with ketones 18c, 18d, and 18h ).

\ : ‘ o ~ ,

10.. Reaction of (Et0),P(0)CHCN and (Et0),P(0)CHCOOEE
with g,8-Acetylenic Ketones. ' )

In recent years the reactipn of phosphonate carbani\\;:)“

fons with carbonyl_coqpoqnds“has had a wider application\




in the synthesis of olefinic compounds than the reactizn
of phoﬁphonium ylids and carboﬁyl compounds.zo’25 One of
the reasons for choosing the phosphonate carbanions over
the phosphon1um ylids is that the former are more nucleo-
philic and therefore react better with a wider variety of
carbony!l compounds than do the ylids.24'78 When electron-
. withdrawing groups‘such as CN or COOR are attached to
carban{ohic carbon these phosphonate carbanions have added
stabi1ity and are -also more reactive in olefin formation.
The increase in reactivity is attributed to the ease of
cysloelimination from the betaine 1ntermediate20 (cf.
Scheme 5, page 33).

Since the reaction of pho;phonaée carbanions and
. a.B-acetylenic_ketdnes has hitherto beén not systemati-
* cally studied, two stabilized phospﬁopate.carbaniwns {
(Eto) ,P(0)CHCN and (Eto) ,P(0)CHCOOEt were allowed to re-.
act with the same set of acetylenic.ketongs as were used
for reagt1ng;w1th the phosphonium y1ia§ Ph3P=CHCN’and
PhsPsbyCOOEt, Thus a direct comparison between the two
ylids and the two carbanions as to their effectiveness in
olefin—fdrmation;with conjugated acétylenic ketones could

be made.

In accordance with‘expectations the phosphbnate i,'

o carb#nions reacted with a wider range of acetylenic -

°
»
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ketoneshproducing’better yields;of products under the same .
conditions as were used for the reactions of the ;ame i
ketones with the ylids. The results are summarized in
Tablg VI.
‘The ketone 18a which was found to be unreactive -
towards the. two y]ihs reacted with both the phosphonate
carbanions. Upon-refluxing cyanomethylphosphonate carban-
fon with 18a in dimethoxyethane a 23 % yield of the
olefinic product was isolated. The NMR sﬁe?trum of the
product (page122 ) indicated it to _be a single isomer.
‘ X Based on elemeptal analysis, IR and ﬁMR spectra the pro- | jk\&//
| duct was assigned the structure 40 . The product was
qgsigned the E Lonfiguration based on the fact that only
the less hindered betaine is for@ed as the 1nterme§1ate.
Under identical reaction conditions the\carbetﬁoxymethy]:
bhosphonate carbanion reacted with 18a yielding 35 % of .
a mixture contéiﬁihg both Fhe geometrical isomers of the

olefinic product. The isomer distribution was estimated

Ph-C=C-C0-Ph > ) ;/C===C
i o Ph-C=C” = NH
D ) 18. ‘ ] J-' . “
| | 40 (E) Q

i . ) v ] . : ‘ ' v - . '
from the NMR spectrum of the reaction product which * ~
o | ) ’
exhibited separate signals for the vinylic hydrogens at

i
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§ 6.20(25 %) .and & 6.58 (75 %) . These signals were attri-
buted to the 1 and E isomers respectively. Attempté to

(Et0),P (0)CHCOOEL L,
- Ethl, Ph__ _H.
Ph-C=C-CO-Ph > ~c=c +
‘ o Ph-C=C ' TSCOOEt
18a o ~ )
] 41a  (2) .
3
Ph\\c___c,/COOEt ' o ,
Ph-C=C~. M . ‘
\ 1b (E) . ;e

separate the two isomers by chromatographic techniques

“were unsuccessful,

4
°

~

1-Pheny1-2-butyn-1-one (18b) which did not react ‘ —
with either of the two ylids did react with both the
carbanions. Under the qonditiéh; ﬁsed diethy]{cyanomethy}- T~
ﬁhosphonate‘éarhanjon yielded a white crystalline product
(49 % ; mp 123-124% ¢ ). The IR iﬁd NMR spectra of the

product indicated that 1t was not. the expected olefinic
product 42. The infrared.spectrnm (page 132) éxh1b1ted“ |
'Eha;acteristic bands for the C=N (2220 ') and c=0 »
( lsqu cm“‘) groups. The elemental analysis of the product
correspondg to, the molecular .formula CooHyyNO. The qass‘
‘spectrym indicated the mpleéular fon peak at m/e 311 (64%).
Other significant peaks were at m/e values 315 (62 %;
W0, 206 (1155 M- OHyt ), 238 (23 % WE o e ),
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105 (53 % ; Phco*), 77 (100 % ; Ph* ). The appearance of
a meta;table peak in the mass spectrum at m/e281.7 is..
indicative of the process 311—>296. The NMR spectrum,.

( page 123) revealed the pre®ence of two CHy groups with
the chemical shift values of‘s 2.26 and 6§ 2.46. Thé.aVQ-
mati; region showed the presence of 11 protons, and of
these one appeared as a singlet at & 7.45, Baséd on the
foregoing évidence the product was idgﬁtified as 4-benzoyl-
2- cyano-a\s d1methy1bipheny1 (45). The singlet at & 7.45
is ascribable to the C-6 proton in 45. The UV spectrum of
the product ( page 136) exhibited maxima at, 227 nm (e =
2.3 x 105 ), 252 nm (e = 1.9 X 10%). This is reminiscent

of the UV. spectrum of benzoylbiphenyl itself, 99,100 o

;e

. ‘A plausible mecha;ism which would account
for the formation of compound 45 from the ;eactjon of
ketone 18b and diethyl cyanomethylphosphonate cérbaniod'
is presented 16 Scheme 6 . The ketone undergoes conjugate
‘addition of the carbanion to form a new phosph;nate >
carbanion 43 which further reacts with a second mo1ecdle

of the ketone at the carbonyl function in a normal olefin-

forming reaction producing the intermediate 44 which

*undergoes cyclization to the more stable product 45.
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‘ (EtO)zP(O)-CH—CN

CH, - Ph .
3 CH
\c=c=c —_— 3\,c=c=
5 S / :
Ne— Sy o NC’{
:2 (Et0),P(0) . (Et0),P(0)
43
: ; . CHy=C=C-CO-Ph
Y .
- N CH Rh
- 3. 7
(Et0).,PO + C=C=C
e J s \KO\H N
A I Ne-C g
S¢-c=C-CH,

58
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The ca:banion of triethylpﬁosphonoacetate al;o
reaéted with the keto#® 18b..However, none of the

expected olefinic product was detected in the reactiom
produtt.Instead,a yellow crystalline solid was fsolated

(50 % yield) having the mp 1252127 ® ¢ . The elemental-

o

Ph\‘c:==C'(H
CHy-C=C “\COOEt

N (EtO)ZP(O)CHCDOEM 46

CH3-GEC-CO;Ph°

\ il

analysis correspﬁnded to a molecular formula CZZH16°2'

The IR spectrum of the PfgSUCt ( page 130 ) hqdiﬁiaracter-

'.istip bands for C=0 (1730 em™ ! ) and C=C’ ( 1630 cm™) ) s,

but no band'dqe to a Cz=C group. The NMR spectrum ( page
124.).inq1cated the ab;epcé of any ethyl group in the .
product , but pevealed the'présénce of one CHy group

,( stng}et at ¢ 2.25 ) The aromatic region showed the

presence of 13 hydrogens ’ of which .oné appeared as a

’ welI-resoled singlet at 87.10 . The mass spectrum

1rgvea7ed the mplecular ion at m/e 312 . which is also the
. buse peak Other sigpificant peuk! appear at m/e values
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331 (~12% s W - H ), 284 (~ 6 % M - CO ) and 105

(- phco* ) . A metastaBle peak at m/e 258.5 1s attri-

butable to the process 312—> 284. The UV spectrum

( page 137 ) had absorption maxima at 250 nm (e= 1x10° ), .

301 nm (c=0.9 x 105 ), 315 nm (c=0.8 x 105 ), 348 (¢ = ¥
"0.05 X 10° ) . Based on the above evidence the product

was identified as 8-methyl- 3 6- diphenylfsocoumarin 47.

The singlet at 6 7. 10 is attributabIe to the C-4 hydro-

gen of the isocoumarin ring. A1l the spectraI character-

istics described a}é.}éryjsimilar to those of other |

| 3-aryl substituted 1§ocoumar1ns.]0}

~The ketone 18h also reacted with the carbanion of .

triethylphosphonoacetate giving the unexpécted product 4

‘uith the complete exclusion of the expected olefinic
derivativ€’48 Here also the product was a yellow crys-
talline solid (38 % yield ) having a mp 136 g. .

/T -
. Ph ”\
S P
(££0).5 (0)EHCo Et-C=C M COOE®
Et0).R(0)CHCO,Et ﬂ -
2" \V)LRLD,
Et-C=C-C0-Ph i K

e
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The'qglsgplar fofmula C,,H,40, was arriyed at from the
.eIemental-enalysis and thé mass spectrum which disclosep

~ the molecular ion\peak at m/e 340.'rh1ch'was also the

base peak. Other significant peaks were at m/e 312 (~ 30%;

e

‘ M- — €0 ). m/e 297 (~ 20 X H Mt — CH ), m/e 105.
(~ 20 %; prico’ ). {he mass spectrum also revealed a meta-
stable peak at m]e 286.3 which is ascribable to the de-
compbsition process 340—>312..The IR spect}um of the
product‘('page 133 ) exhibited cﬁaﬁgzleristic bands for
=0 (1625 cm” ! ) but no band for a C=C group. The ﬁMR
spectrum {“page 125 ) 1nd1ca£;d the presence of one - "

' ethyl group (. characteristic triplet at 6 1.26 and quar-
tet at § 2.85 ), and one methyl group(singlet at'§ 2, 55)
The aromatic region disc105ed .12 hydrogens of which one"

( appeared as well separated singlet at § 7. 38 The UV
spectrum ( page 138 ) had maxima at 237 am {e= 1.5 x 10° Y,
254 ‘nm (= 1.8 x 105 ). 304 nm (e= 1.38 x 10°), 318 nn .
‘(es 1.3 x ]05). 353. (e”b\o 93 X 10 ) These spectra]
properties are consistent’ ‘'with a 3- arylispcoumarin.lol']ozs
The singiet at ¢ 7.38 is aseribeble to the C-4 hydrogen
_ of tﬁé,isocoumariq ring. The compound was therefore = .~
jdentified as B-ethxi-STmethyl-3,6—diphenylisocoumarin

‘ ; )The-production of the isocoumarjn derivatives 47

W : . _ ,
;. and B3 from the reaction of the carbanion of triethyl-
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phosphenoacetate and the acetylenic ketones 18b and 18h
can be rafiona11zed by the sequence of events depicted

in Scheme 7.The carbanton undergoes addition to the triple

t.

R
‘R=CH,-C=C-£-Ph

Q o : R?cHz\ '/H
. c=T¢
I el amna—
Et00C—C-H ' Et00c—cS \\jﬁ-Ph
.y L0
(Et0), P(0) (Et0),P(0)
43
P ‘
Phﬁg-CEc-CHz—R e
R- cH2 /,& . n~cu2 c"’H
" Et0- 3 //’ -Ph' /// >¢- Pﬂ
(Eto)zP(O) //7
(EtO)ZP(O)\ A — Et(L A . -
—CHy c--cu
R | Y/ SR .
7/ . : ,
.Ph~C f ‘ __‘_ ,H ,
%b R pr‘;j’,c;%~ o
- . p , |

50. .

4
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}Scheme 7

-

——(Et0)3f=0

———

bond of the ketone to yield a new carbanion 49 which-

undergoes conjugatg’addition further with another molecu1e‘

iﬁf of tﬁc ketcne to produce the 1ntermed1ate 51.
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medfate undergoes cyclization to 52 from which loss of
water and triethylphosphate produces the isocoumarin
‘derivative 47 or 53.

The carbanion‘diethylcyanoﬁethylphosphdnate reacted
normally with 18h yielding the olefinic products 54
( vinylic proton signals at § 5.77 and & 6.08 in 17:83
ratio, NMR spectrum page 126 ) 1n contrast to the ketone .
~18b with the same carbanion where the abnormal b1pheny1
derivgtive 5§ was the onlf\product. The difference between
1§Q_§nd 18h is only 1in the a]kyf group attached to the
acetylenic function. ( CH, in 18b and C,Hy in 18h.). Why

.both ketones react in an analogous manner with tﬁg carban-

(E£0),P(O)CHCN Pho_ _H
Et-C=C-CO-Ph . —> o= +
Et-C=C “SCN
18h ) R 54a (Z2.) 7%
. Ph ., CN
o -\c-—-c/
‘_ . Et-C=¢” N o a0

5ab (E)83 % \
fon of triethylphosphonoacetate, but tgke entirely
- different ﬁourseg fn the reactfon with the carbanion of

. ¢
. | \" .
Y
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'dietﬁ{lcyanomethylphosﬁhonate is not entirely clear at

present.

2

Ketone 18] was found to be completely unreactive
towards both the phosphonate‘carbanions as'was the case

with the two analogousgphosphonium ylids. Similarly

'(EtO)ZP(O)CHCN Pl =
2 ph-cz¢” CN
Ph-C=C-C0-1- Pr
. 1 Pr
(E£0) 2P (0)CHCOEt >c=c§:
5  Ph-C=C CO,Et
56

-

$Ph-C=C-CO-CH=CH- -CH, also d1d not react with the carbanions

to yield the olefinic products 57 and 58. The cyanomethy1-'

CHy-CH=CH. ___ o Chy-CHCH ¥
Ph-cC”  TCN ) Ph-c=C~~  "™COOEt
57 ~ - 58
| S

”“;'bhqéphpyita carbapion was also unreactive towards ketone’

MR ATR M M n  ed .

C wma e n kL
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18g. However, the carbethoxymethyl phosphonate carbanion | R
reacted with this ketone giving the expected olefintic
" products 60 ( vinylic proton signals at § 6.47 and § 6.75
in ‘the ratio 44:56 ) although only in 10 ¥ yield. Ketone

T
N -

- Ph-CH., -
2 .._..w'"
(Et0).,P (0)CHCN ~c=¢
2 CHy-CC” N , .

. 59
CH4-C€=C-CO-CH,Ph
, ‘ Ph-CH -
cooeg’cu3-c =C~ ‘*coost
Lo ]
60a (Z2) 443
| Ph- cuz.\~c___c/,c005t o .
— CHy-CSC~ K

60b (E) 56% z

" 18f which was foﬁnd to be quite unreactive towards tﬁe
two phosphonfum y]ids‘reacgpd ;ith both the phosphonate
- carQantons giving the expeqfed olefinic products 61 and’
" 62 . The vinylic proton sigHQIs in the NMR Specirum of
61, were at 5 5.83 (33 %) and at 5 6.26 ( 67 % )'and
those tn 62 were at § 6.65 ( 42 % ) and at § 6.72 ( 58 %),




| e (Et0),P(0)CHCN
y . 2 Ph__ /H ,
t-Bu~-C=C-C0-Ph > . P ":::C\ C o+
. , _ E:BU-CEC CN
18f 36 %
’ 61a (2 ) 33%
Ph CN
Ne—¢~
t-Bu-¢ ¢~ H -
S ngﬁh‘ (E) 67 % |
. ) _ | -
e ) o : ‘m',
, (E£0),P(0)CHCODEE o .
t-Bu~C=C-CO-Ph —_— :;c:::c:: +
/s o ‘ 6% . t-Bu-cz=¢” COOEt
. 1s8f o .
4 v ,
K ' . 62a (Z)42%
: '; Ph\\c==:c,,COOEt | | ;
t-Bu-Czc” ~H

626 (E) 8%

" In illlfhese cases the cbnfigurationa] assignments to the
olefinfc pro&ucts were made on the basis of the chemical
iiﬁhift of the vinylic hydrogenﬂaﬁd ;lsd ‘taking 1nto conside-
»Q’Jijléif*“g»ratton the fact that the. less hindered betaine is produced

uors as the 1nt¢rmed1ate gtving rise to more of the ( E )

.
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isomer. With ketone 18e. the cyanomethylphosphonate carban-
fon yie1ded on]y one isomer of the olefinic product whose
NMR spectrum ( page 127 ) showed'vinylic proton"signals

at § 5.62. Considering the fact that only one isomer is
produced, the product is assigned the‘(.g ) confiburation.

(Et0) ,P (QJCHCN t-Bu__ _CN
Ph-C=C-C0-t-Bu > . C—¢C .
. Ph-C=C~ SH
18 ' oo
. ) 3'(E)

With the carbénion of triethylphosphonoacetate, however,
both the expected-isomérs of the olefinic products 64a
and 64b were g;oduced. The NMR spectrum of the crude .

(&¢4) ,P (0)CHCOOE® £-Bu_ "

Ph-C=C-C0-t-Bu > - Se=¢” 4+
- " Ph-C=C” “\COOEt

o

18e .
» T 642 (L) 25%




‘ the double bond at § 2.03. Similarly for product 66 the

69

| | . . . \
f

reaction product revealed vinylic proton signals at & 6.28
(75 %) and 6 6.22 ( 25 % ). After chromatography only |
one 1sohef‘was obt&iaed in pure form ( with vinyl\proton
sfgnals at § 6.28 ) and‘wgs assigned ("E ) configuration
considering the chemital éhift values as well as the. strain
involved 1ip the formation of the transition state ( erythro
and threo betaines ). Hith the sterically least hindered
ketone CH,-C=C-C0-CHy ( 18d ) only one isomer of the’olefin-
ic ﬁ}oduct was observed with .either of the phosphonate

carbanions. In the NMR spectrum of 65 the vinylic proton

(EtO)ZP(O)EHCN‘f

CH
. I~
CH,-C=C-CO0-CH " c=c_”
- I , N -

u ~ (Et0),P(0)COOEL My, _COOEE
CH4C=C-CO~CHy > c=c

‘ S cua-c—c" NH
(- m N ,,,' . °

| - » . 66 (E)

»

-

signql appeared at & 5 58 and the signal for the CH; on

. ‘~vinyltc groton~signal and that for the corresponding...cﬁ3 \

e
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group were at § 6.10 and § 2.04 respectively. Based on
'thegé values the two products were assigned the (E) ' ,
configuration. It is quite possible that both isomers
weré produced in each case, but the (;) isomer so un=-
sfab1e that it underwent fast isomerizatfon to the more
stable isomer under the reaction COnditionﬁs.

Ketone 18¢ reacted in the normal manner with both the.
phosphonate carbanions, as with both the phosphonium ylids
giving the expected p}efinik products. It was possible to

:éf,m“ ‘ ’ »” - ’ ) ) -
e ~ (sto)zp(o)cucns CH3 M
Ph-C=C-CO-CH, > =C
~
L Ph-C= CN
! 18¢c ,
' ’ 67a- (Z) 30 %
| ]
. CH CN ) -
" ‘ BN ___c/’ '”L
ph-czc” g —

67b (E) 70% ' -
. get pure samples of each of the isomeric nitriles 67a°

( NMR spectrum, page'119 ), and 67b ( NMR spectrhm.
page 118) by column'chromatgégphy. However, it was not

,

(‘ . A -x‘

o T > e L : ¢
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‘Ph C=€-C0-CH, , e@ //c c\\ +
- . Ph-C= COOEt -

' ,I : C" DOEt o e
' E : (:-—c’/c | L . ‘

- " Ph- c=c’/ Ny . ' ' .

N w ‘ 8b°(.£) 55’ . . - . .\
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possible to effect a separation of the isomeric ethyl
. < . -
esters 68a and 68b by chromatographic techniques. .
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EXPERIMENTAL

- ' |

Reagents-and Chemicals : - Reagents and chemicals used

1; this project were bbtained from thé foliowing SQurcés.
Aldrich Chemical Co. Inc._' Pheny]acetylene, phenyl-
acetaldehyde, isopropyIacetylene ~ J
" Allied Chemicals Canada, Ltd. : Benzaldehyde."
Anachemia Chemica]s Ltd. : Sodium sulphate anhydrous.
Canadian Laboratory supplies. Ltd :'Sodium Jichromate
dihydra}e, aceta]dehxde. .
Fisher Scientific Co. Ltd. : Magnesium, anhydrous diethyl
eth;r. molecular sieves,pHospherus pentachloride,
paraffin 011, alumina chromatographic grade.
Mallinckrodt Chemical Works Ltd. : AmMGnium chioride,
chlorofd?m, cartion tetrachloride, ca]cium éhloride‘énl
hydrous. : ' v |

Most of the reagents were freshly distilled before use. .

~ " . PR 3 i

Melting Points and Boiling Points : Melting points and

boiling points reported are ‘uncorrected. The melting_'

t poimfs were deﬁermingd'using a Gallenkamp MF-370 instru-

\

- ment.

IR and UV Spectra : IR'speEtFa were obtained‘nsing

Perkin Elmer models 137.2 and 599 B. UV spectra were

" recordedon an Aminco DW2 1nstrument using ethanol as

¢
©

72
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solyent. . ‘ . a

Mass Spectra : Mass spectrawere done by Ayerst‘R‘esearch

Laboratories. ‘h

/N

Elemental Analysis : Elem%ntalim1croanalysis were

performed by Ayerst Research Laboratories.

NQR Spectra : All NMR‘spect}p were recorded on a Variah

A-60 A spectrometer ( solvents : carhom,tetrach]ohide.
chloroform or CDClﬁlj. The peaks are des%gnated as

singlet ( s ), doublet ( d ’5 multiplet ( m ) and'quahtet

( q‘)-“ ¥ N ‘ . ' -v‘ o ‘ s

, Thin Layer Chromatography ( TLC ) : AnaTytical TLC was

this laboratory with E. -Nerc Aluminium Oxide GF-254 or .. & -

accomplished on standard microscope slides coated 1n ’

E.Merc. Silica Gel GF-254. MineraIit Model SL 2537 lamp
with short wave uy filter was used for the detection of
the compotients. The instrument was supplied by ‘Ultra-

Violet Products.'lnc., South Pasadena, California.

J * ‘ { - N \}
Ory Column Chromatography:Column chromatography was

.accdmpht§hed.b& the technique described b} Low ‘and

9

Goodman].os‘neutra‘l ‘alumina A-,9480-( deactivated to -

' Brockman activity II1°) was used in most cases unless

B S

Rt , .o

a3, “ﬂ'-w~7w&~g~ - e e
-
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FUEN oth/erwise specified. A ratio of 1 g\r\am of crade .
product, to 60 g.rams"of ‘the alumina wa\‘s usually u,§ed.

"~ general ' :

/ : “ 44
. The acetylenic ketones were prepared following Shearing.

Detaﬂed procedures are given only for reactions that

gave identifiable products and for thos€ reactions that

gave knovm compounds by new routes. Low boﬂing petroleum

‘ether refers to the fraction with boiHng rangfe 30 6006

and petroleum ether refers to the fractitn with boiling

LT . range _,66?7506 unless stated«-otherwise. The term “reduced

' ; ' A:presslu're' refers to.-the vacuum obtained with a water =

aspirator and an oil punp.Co]umn chromatography 1mpHes

”the technique o} dry column chromatography described

",,‘ . '(previ\o‘us'ly. % ,, - : } . - ) | ,

SR PLparation of Tr‘jghegx Phosphoranylacetonitrﬂe?3 54 55 :

Triphenylphosphine ( 66 g, 0.25 mpl ) was disﬁolved in

e . ‘chloroﬁorn (J‘so mt ) and chloroaceton‘ltri(le ( 19 g.\o 25 R

o ‘ .'{, L ) was added and the nixture nas ref’luxed for 3h. The

‘ \ reaction uixtura @uas then cooled to robm tepperature and -

) * Q} ‘ d'l/ethyl ethe‘r (- 400 mC: Fwas added. The. so'Hd separated g

\ T s filtered \pd d*lssolved “n water ( 1000, m. ) at. . ,°

‘ ) ’t KR SO-SOOC. The. sa‘tution was cooled to room. temperature and

i

.-

‘ .1' CRA a 25 x sod‘luu carbonate so1ut1on ( 100 ml. ) was add.ed
AU L ﬂ'he uhite pracipftate thus formed uas filtered. washed

&
A -
v .

.e
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,f~phpsphoVanylethy1ethanoate‘ The'y11d thus obtained was

75 .
L

with water ( 3 tjﬁes ) and dried at room temperature. The

"ylid thus obteined was recrystallized from ethanol-water

mixture yielding 70.g ( 92 % ) of triphenylphoég@orany]-

[

acetonitrile, mp 181-182%. | .

W

Preparation of TriPhe"YJPhOSDhOPanylethylethanoate§6’57h ,

The trtpben*1phosppine ( 80 g, 0.3 mol ) was dissolved in

200 mL of "chloroform. The solution was stirred and while

stirring 52.5 g (~0.3 mol ) of ethx: bromoacetate was

added carefully. The reaction was exothermt;b The mixture

. was then refluxed for 3h. The reaction mixture was then

cooled to room temperature and poured into diethyl ether
( 600 mt ) with stirring. The oil separated soon solidi-
f1ed into -a granular solid whﬁch was_filtered, washed -
with diethyl ether, dried in air and finally in the oven

Tat 85°c for 1h yielding ljﬁ g (95 % ) of triphen 1carbeth-

oxymethy]phosphﬂl@umbromide mp 148- 1509C. The salt was.
then dissolved in water ( 350 mL ) at 50- 60°t. and "

copied to room temperature. 90. L of 50 % sodium hydro- oy

xide solution was added rapidly with stirring. The oil

_ separated solidified on stirring and scratching. The

solid thus obtainéd was filtered, washed with water (5

" times ), dried in a1r for two days, fﬂried again in the
“oven at 85%¢ for 2h yielding 91 g ( 84 % ) triphenyl-

. reqrysta]lized/frbm-benzene..dried at room temperature:

Y-S

.
M\‘)Mllzb««» ok g dd T ol L g e
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for 2 days and then in the oven -at BDOC'for 30 min.

103

Preparatﬁon of 1-phenyl-2- pentyn- -1 one. The reactiz; was

carried out in a 2L 3 necked flask fitted with a’

mechanical stirrer, a dropping funnel and a Dewar con-

denser ( with crushed dry ice ) equipped with a drying

F Y

tube. Ethylmagne%ium bromide waszprepared fn this setup
from 80° g ( 0.74 mol ) of ethyl bromide and 15 g ( 0.6

mol ) of magnesium turnings in a total volume of 450 m%,
¥

‘of anhydrous ether in the usual manner.zfthyl acetylene

was then bubbled through the reaction mixture at the rate

~of 150 mL/ min for 3h Following this a'solution of

!

63.6 g ( 0. 6 mol ) of benzaldehyde in 200 mk: of -ether was.

added dropwise with stirring during 45 min.. The mixture

was then.refluxed for a further 1h, cooled to room’

Py

temperature and 200 mL of saturated ammonium ch10ride

) solution was added dropwise very carefully. The reactionwn

mixture-«as then extracted w;\h ether and the combined -

\

‘ether layers _were washed with water. and dried over sodium

sulphate. Evaporatiﬁgyof the solvent yielded 95.4 g (68!)

"of 1- phenyl ~-2-pentyn-1-01, The alcohol thus obtained was

oxidised with chromic acid using the method of H. c Brown
45

et al. The product was' poured into water ( 150 ml ) and

stirred well The o1l separated was extracted with ether

)( 5 X-50 mL ) and, after drying over sodium sulphate the

solvent was ‘evaporated at reduced pressure. The pra&uct

CoN
i

.
,
- ’ P
Cr, , # "
' . : 4



‘f ( 0.77 mm ). NMR and IR spectra ( q=0,2220 ‘cm

7

which showed only one §pot on TLC, was disti%led yielding
41 3 g ( 69 % ) of 1-phenyl-2-pentyn-1-one, bp 92- 950¢
-1y =0

1640 gm'] ) confirmed the structure of the ketone.

L}
Reaction of the a-acetylenic Ketones with the ylids-

General Procedure: A 100 nL 3 necked flask was fitted

with a reflux condenser, dropping funnel and an inlet
tube through which nitrogen was passed into the flask.
The ylid ( 0. 01 mol ) was transfered 1nto the flask and
25 mL of dimethoxyethane ( DME ) was added through a

" dropping funnel and the mixture was stirred well. A

solution of the ketone ( 0.01 mol ) in the same solvent
( PME, 10 mL )-is added dropwise over a perjbd of 20
o
min.. The mixturg was then refluxed for 4h under nitrogen

and the reaction was monitored by IR spectroscopy and TLC.

" The reaction mixture was cooled and the solvent was -~

femoved at reduced pressure. After obtaining its NMR and

;IR spectra, the crude product was chromatographed over

alumina or silica.

’
A .
. s . - v . . e
¢
. 4 .
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> The following reactions were carried out with the
| ylfds. S ’ | b .
. ‘ . .3\ - )

Rpact1on of 1 3- diphenyl -2~ prOpyn 1 -one wiéh tr%phenylphos-

Jhoraqylacetonitrile. From 3. 01 g (0 01 mo1) of the ylid PR

o !

4
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and 2.06 g ( 0.01 mol ) of the ketone, after a reflux

time of 8h, and subsequent chromatography over sjlica SN

using chloroform as eluent, only 1.80 g of the starting
ketone and 2.55 g of triphenylphosphine oxide were re-

covered. No other product was identified.

-
!

Reaction of 1,3—d1phenyl-Zggrooyn-l-one with triphenyl-

phosphoranylethy]ethaooote. From 3.48 g ( 0.01 mol ) of
the yl?d and 2.06 9 { 0'01 mo® ) of the ketone, after a,

reflux time of 8h, and subsequent chromatography over

alumina using chloroform as e]ueny/ only 1.86 g of the

'starting’ ketone and 2.48 § of triphenylphosphine oxide

were isolated. No other product was identified.

1

Reaction of 4-phenyV-3-butyn-2-one with trtp@gnylphospho— g

: - P - )
ranylacetonitrile. From 3.01 g ( ?.01 mol ) of the y1id

and 1,44 g { 0.01 mol ) of 4he ketone, after a reflux -

otimé of 3h, and subsequent chromatograbhy‘over alumina

6sinq carbon tetrgchlorioe'ano chloroform~( 1:1 v/v )‘aé
eluent 1'54 g of“o or0wn 0il was isalated which wos
1dent1f1ed as 2 m1xture of the two geometrica] isomers

" of the product resulting from the normal Wittig reaction.
i%y repeated chromatogoaphy over alumina usiﬁg caqeon ’
tetrachloride/and chloroform ( 4:1 vlv ) as e1uegt. 0. 821
g of 'a colourless oil,.bp 119%¢ - (0.32 mm ) was separated
and u%s assigned as the\geometrical 1somer with the E

LI - t
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configuration. IR ( CCI4, cm'1 ) 3030, 2200, 2195, 1600,
1445 NMR ( cCl, f) §2.28 ((34,d),65.62 (M, m),
8§ 7.38- 7.73 ( 5H, m ). Second component separated (0.502
g ) was also a colourless oil, bp lzooq ( 0.35mm ) and -
was assigoeo the Z configuration. IR ( CC1,, e ] )
3330, 2210, 2205, 2200, 1600; NMR ( CC14') § 2.12 ( 3H,d),
\ , /&.5.55 (1M, m), s 7.38-7.68 ( 5H, m ); MS, m/e 167, 152, |
. 140, 139, 125, 118,-102, 77. Anal. calcd for c,zugﬁ A
C, 86.20; H, 5.43; N, 8.42, FounJ): C, 86.49; H, 5.23; N;
- 8.20. ' /

o ' 7 /-
Reaction of 4-phenyl-3-butyn-2-one with triphenylphos-

phoranylethxjethanoate. From 3.48 g ( 0.01 mol ) of the

'y14d and 1.44 g ( 0.01 mol ) of the ketone, after a
'reflux time of’IOh followed by the usual workup and
'*bhromatography over alumina using chloroform and carbon
tetrachloride ( 4:1 v/v ) as eluent, 0.98 g ( 48.5-% ) -
of an oil bp 110% (o. 38 mm ) was isolatéd and was
' 1dent1f1ed as-a mixture of the two geometrical isomers
AN L resulting from the normal Hittig reaction. IR (CC14.cm ])
C 3020, 2200, 1700. 1600; NMR (CCl4) §.1.16=1. 42 (34, t),-
4 2 15. and 2.46 (3H, 2d). 6 4 08-4.54 (2H, m), 6§ 6. 18 and
‘*c 6,37 (1H,28), 6 7.43- a 03 (5H;m). Triphenylphosphine
o oxide was . iso1nted as an end fractign (2.63 g). Complete

‘?;zdxﬁyfg?u f»qsoparation of the 1somers «as not achieved However. by

7
%
a
3
i

,'1
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‘isolated. No other prpduct was‘identlfled.

80

and carbon tetrachloride (1:2 Q/v) an end fraction‘(o.szl
g) was obtained which was a single geometrical isomer and

was assigned the ;,conf1§urat10n. IR (CCl4,cm'1). 2095,

1700, 1600; NMR (€Cl,) 6 1.16-1.42 (3H,t), & 2,15 (3H,d), .
7" .

e ]

§ 4.08-4.50 (2H,q), § 6.18 (1H,broad ,s), s 7.43-7.95
(5H,m); MS, m/e 214, 186, 169, 158, 129. Anal. calcd for -
C14M1402. ¢ C. 78.47; H, 6.58. Found C, 77.84; H, 6.60.

©

Rea;tion'of l-phenyl-Z{butyn-l-ohe wlﬁhﬁ triphenyiphos~

-
phoranylacetonitrile. From 6.02 g (0.02°mol) of the

ketone, after a reflux time of 8h, workup-and subsequent

chromatography over alumina using carbon tetrachloride

" and chloroform (l:l v/v).as eluent, only-2.§2 g of the

starting ketone and 4.22 g of triphenylphosphine oxide-
were isolated. No other product was 1dengif1ed.

] * ) 0

‘ Reaction of 1- phenyl-Z-bq_yn -1-0ne _with triphenyl-  -w=---

g__gphoranylethylethanonte. From 3.48 g (0.01 mol) of
the ylid and 1. 44 g~(0 01 mol) of. the ketone, following '

a reflux time of 8h, uorkup and subsequent chromﬁfo- .
graphy over alumlna using carbon tetrachloride and
chloroform (1 l .v/v) as eluent, only 1.02 9 of the startv
ing ketone and 2.22 g of trlphenylphosphine oxide were

¥

,Reaction of 3-gengxn 2 one uﬁth tgighenxlghosghoranxl-

,gcetonitrile. From 6. 02 g (0 02 mol) of the ylid and

A
3 a
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1.64 g (0.02 mol) of the ketone.\;fter a reflux time of
¢ Bh.'worfup'and’subsequeﬁt chromatography ovet alumina
using carbon tetrachlofide and_chloroform (1:1 v/v) as
:luént, only 1.34 g of the starting ketone and 5.3 g of
triphenylphosphine oxide were isolated. No other broduct

was identified.

Reaction of 3-pentyn-2-one with tripheny1phosphorény1;
ethylethanoate. In this experiment 6.96 g (0.02 mol) of
the y12d and 1.64 g (0.02 mol1) of the ketone were used

and the reaction mixture was refluxed for 3.5h. NMR
spectrum of the crude product after removal of solvent
indicated that the Wittig reaction had taken place. produc-
:'ing the two ggpmetriéa] isomers (viﬁy]ié H signals at
o . &§ 6,10 and & 5, 63 in the ratio 60: 40). Chromatography of
this crude product over alumina using hexane and chloro-
. form (1:1.v/v)s eluent ylelded 0.672 g (24 %) of a
| = single geometrica]liﬁomer'and was assigned the E con-
. figuration. IR (cc14.cm“) 3000, 2220, 1705, 1610; NNR.
(0614) § 1.16- 1 42 (3H,t), 6 2,04 (3H, d), & 2. 13 (3H s),

.;.4 s
4

8 2.42-2,78 (2H,q), & 6.10 (1H,m). Triphénylphosphine Ty
o : ¢ : ‘ Lo !
~* . - . oxide was also isolated as an end product. :
! | “‘ < ' . . ' ).. Lo
..~ 'Reéaction of 1-phenyl-3-pentyn-2-one with triphenyl- S }‘
PR S . N G @
‘ ﬁqéﬂg{{wghosphorany\acetonitrile. From 3.01 g.(0.01 mol) of g"
| gi:tﬂr;y1id and 1 58 g (0. 0] mol) of the ketone, after a * g
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V% reflux time-8h, workup and subsequent chromatography

2 over ‘alumin¥ using carbon tetrachloride and chloroform

§ A . (121 wv/v) has elqent. 0.42 g (23 %) of an oil was isokat-

ﬂ . d and was:identified_as the two"éeometrical isomers o%

i ,//—~\\\’/‘/?£he Wittig reaction (vinylic H signa{s'at § 6.12 and

i ‘ 5 5.82 in the ratio 59:41) containing some starting

? ' ketone. Triphenylphosphine oxide (E?S g) and the start-

i - . ing ketone (0.867 g) Qera also isolated. A1l attempts at
separxtion of the startingvke}one frqm the product were

. unsuccessful. ’

-

Reaction of 1-phenyl-3-pentyn-2-one with triphenyl-

o, w e

phosphoranylethylethanoate.” From 3.48 g (0.01 mol) ofi

the ylid and 1.58 ¢ (0.01 mol) of the ketone, after’a

reflux time of 10h, after workup andssubsequent chromato-

RO TR T I UM e 3 ¢

graphy over alumina using carbon tetrachloride and |
chloroform (1:1 v/v) as eluent, 1.21 g of an oil was
isolated “and was identified as the .two geomet(icaI'isomersz

"(vinylic H signals at & 6.75 and & 6.47 in the ratio

e L T L R
; .

52:48) of the product of the normal ﬁittig réiction; Tri-.
phenylphosphine oxide (2.41 g) and the starting ketone
_ (0 12 g) were also isolated The product contained some
' ' " of the starting ketone and a11 attempts to separate the'

‘ ‘ketone from the-product were urisuccessfil, o

i

Reaction of l ‘phenyl- Zapentynll oue with triphsnyl-

ghosghoranzlacgtonitrile, ?rom 6 02 g (0 02 moI) of the

o
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; ‘ylid and 3.16 g (0.02 mol) of the ketone.‘af%er a reflux
w time of 20h, and subsequent chromatography over alumina
using chloroform and. carbon ;etrach1ofﬁde (1:4 v/v) ;s
eluent 2.89 g of ihe starting ketone and 4.8 g of. tri-
phenylphosphine oxioe were"reoovered. No other product

- was identified.

Reaction of l-ohenyl-z-pentyn-1~ooe with triphenyl-
ghospﬁoranylethy]ethanoate In this experiment 3.48 g .
(0.0Iimol) of the ylid and 1.58 ¢ (0.01 mo]) of the

‘ ketone were used and the reaction mixture was refluxed
for‘EOh..NMR spectrum of the crude product after removal
v ‘ of solvent jqdicated that the norma} Hittiogreaction had
* .taken place prooucing the two'geometricn1 1somors _ -
(vinylic H signals at & 5.36‘ano § 6.20 i{n the ratio N |
o . 67: 33) fin ca 25 % y%;ld. The product contained much.
starting ketone and triphenylphosphine oxide., It was
—possible to remove the tr1Pheny1phosph1ne oxide by
o ' -~ chromatography. AII attempts at seoaration of the start- f o
* ing kgtone from the other products were unsuccefsful.
3.Reaction of 4lg\d1pethyl -1-phenyl- 1_pentyn '3~ o‘f~w1th
‘triﬁheny]phoophofhnylacetonitrile. From 3.01 ;\TU“OI

P

IV“?:LJ';?H'a xmol) of the ylid and 1.86 (0.01) of the ketone, after a

PRt penel £ -

.lref1hx tine of 8h, the usual workup. chromatography over

1
-
o
-
v . A
-
B AR AR A e m A . o

{:]umina using_carbon tetrach1or1de and chloroform ! o e

»*
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(1:1 v/v) as eluent, only 1.56 g of the ketone and.2.58 g

of triphenylphosphine oxide were isolated. No other
produo‘?was identified

A

Reaction of 4,4-dimethyl-1-phenyl-ipéntyn-3-one with tri-

'phenylphosphoranerthylethanoate. From 3.48 g (0.01 mol)

of the y1lid and l 86 g (0.01 mol) of the ketone, after a

reflux time of 8h workup and subseduent chromatography
over alumina using carbon tetrachloride and chloroform
(1:1 v/v) as e{uent. only ‘1.5 g of the ketone and 2.6 ¢
of'tripheny;phosphine oxide were isolated. No otoer
praduct was 1dent1fied. : v

)

Reaction of 4-meth!1-142hegxﬁ-I-pentyn-ifohg,uith tri-

. phenylphosphoranylacetonitrile. In this reaction 3.01 ¢

(0.01 mol) of the ylid and 1.72 g (0.01 mol) of the

ketone uére used and the reaction mixture was refluxed-w---

for 20h. NMR spectrum of the crude product, after removal

of solvent indicated that the normal Wittig reaction had

"taken place producing a single geometrical isomer of the
- product (vinylic H signal’at & §. 67) in ca 33 % yield.
‘Chromatography of the crude product over a1umina using

. 'carbon tetrachIoride and chloroform (1: 1 v/v) as ‘eluent,

yielded 0.78 g of the o1ef1n1c product The starting

\ketone (0 86 g) ‘and triphenylphoSphine oxide\(z 23 g)

were aISo isolatod Th olefinic product contained-some

. S
o “ - -
-t .
e v s )
B - * b
.
o
. f
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of the starting ketone. A1l attempts at separation of the
) ketone from the olefinic product were unsuccessful.
, ‘ ; .

Reaction of 4-methyl-l1-phenyl-l-pentyn-3-one with tri-

, pheny]phosphorany]ethylethanoaté ' In this raction-3.48 g
e (o 01 mo1) of the ylid and 1.72 g (0.01 mol) of the ketone -

were used and the reaction mixture was refluxed for 20h
'NMR spectrum of the crude product after removal of the“ )
_,solvent 1ndicated that the normal Nittig reaction had
o ; ' . taken place producing a single(geometrical isomer of the '
3 product (vinylic H signals at s 6.22)l1n 55:39,%{y1e1d:
ghromatography of the ctude product over alu;?na using
! ‘, " hexane and ch]orbform (¥:2 v/v) as e}uent,‘yielped 0.82 g
| ofliﬁe\o]Lfinic7product'followed'by the starting ketone
(0.79 g) and triphenylphosphine oxide (2.50 g). The-
.oléfinic product contained a .trace amount of the ketone

- ’ ﬂ: . and all attémpts at separation of the starting ketone -—— -

;" from the product were unsuccessful,

K ¢
: v s ) * . . s
. N s .

Ve . . - . . 1} »
., Reaction of 4,4-dimethyl-1-phenyl- Zepentyn-l-one with
L triphenylphosphor,_ylacetonitr1le. From 3.01 g (0.01
;&QEg' ,Iml) of .the y1id and 1. 86 g (0.01 mol) of the ketone,

after a reflux time of 20h, removal of solvent and -

7

subsequent co!umn chromatography of the ¢rude product S
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, , (e
and 2.30 g of triphenylphosphine oxide were isolated. No
other product® was identified. ‘

¢ . N . , . w
¥ [+ {

React1on of 4,4- dimethyl lsphenyl 2-pentyn- 1-one with

trtphenylphoSphoranylethylethanoate.: From 3.48 ¢ (0 01

mol) of the ylid and 1.86.g (0.01 mol) of the ketone.

after a refluxftime of “20h, workup and chﬁomatdgraphyﬁ

qver alumina using carbon tetrachloride and chloroform

(lyl v/v) as eluent, were recovereo onl} 1.7 g of the

kétone and 2.68 g of triphenylphosphine oxide. No other ~ ——

product was identified. ;

»> 7

Reaction of 2-hepten-5-yn-4-one wfto triphenyliphospho-

ranylacetonitrile. From 6.02 g (0;02‘mol) of the ylid -~

and 2.16 g-(0.02 mol) of the ketone, after a reflux time
of 8h, workup and suhseqqént chromatography over.a!umiﬁa
using carbon tetrachloride and chloroform (1:1 v/v) aS-me—-
e]ued}ﬁ only 1.80 g of the starting ketone and '61 g of

triphenylphosphine oxide were recovered No L her - S
L) [ ]
j ———— B

product was identified.
. . i & i . . .

Reaction of 2- hepten-5-yn- 4-one w1th triphenxjphosnho- j"

ranylethylethanoate. From 3.48 g (0. 01 mol) of the. ylid

. of, 8h. and subsequent chromatograpb; over'alymina using S

‘and 1.08 g (0.07 mol) of the ketone. after a refTux time

= : . |-
carbon tetrachlo&ide and chloroform (1 2 v/v) as. elient, -

s R .
, - e -
. - . o~
- N v o . < h
o, R ! N ,£ "o . oo
. ' " . N LN t ¢
[ 3 . “ .t
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only 0.90 g of the ketone and 2.30 g of triphepylphosph{pe

-

oxide. No ‘other product was identified. /

. . ‘ ; . .
’ ; ' N N\ ¢ .
- ' 14

Reaction of acetylenic ketones with the carban1on of the

phosphonate ester--General proqedure A 100 mL 3 necked

flask was fitted with a reflux condenser; dropping funnel
and an inlet tube through which nitrqgen was passed into
' the flask. A susplension of sodium hydyide (0.01 mo1)®was
, prepared 1n\dry DME (lﬁlmL)qunder trogen while the |
flask was‘chilled in’on ice bath. A solution of the phosL

\

. phonate es ter (0 01 mo!) in dry DME (5 mb ) Mas added drop-

‘wise to the above stirred suspehsion. When the addition ,f o -
a | “ was over a solution of the ketone (0‘01 ‘mol) in ,dry DME
. o s o s a
(5 mL) was added!dropwtse.and the mixtore wass refluxed for

, Y s . , .
-+ 4h under nitrogen; The reaction was monftored by IR

, spectroscopy and TLC. The reaction mixtmre was coo]ed and

" poured into ice-cold water (400 mL) with rapid stirring.
" The product was ‘extracted with ether (5 X 50 mL) -and the

. . . combined ether layers were dried 0ver sodium sulphate,
. 4 Q

fiItered and the so1vent was - evaporated at reduced qufﬁ/

-4

pressure. Affer obtaining its NMR and IR spectra. the
A s T

i{ "‘E ’ crude product was chromaxogr?phed over‘almmina'or silica.

SR S The following reacti:>% “fe carried oot.with';he

DA S phosphonate esters.
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. C,189.08; H, 4.80; N, 6.11, Found : C, 88.92; H, 4.62; N,

- .. 88. .7 '
, \

/

‘Reaction d?.1 3- dtphenyl 2- prop>h 1-one with diethyi

.pﬁosphonoaceton1%ri1e. From 2,06 g (0 01 mol) of ketone,

1.77 g-(0.01 mol) of phosphonate ester and 0.24 g (0.01 .
mol) sodidm hydr{de. after a reflux period of 4h, 2.20 g

.of’crude product was isolated. Chrématography of this

‘product over alumina using petroleum ether and ‘carbon

tetrachloride (1:1 v/v) yielded 1.00 g of|fhe starting
ketone and 0.53 g of a brown oil bp 120%C. (0.26 mm) which

-was identified as one of the geometrical isomers resulting
.from the normal Wittig reaction and was assigned E coh-

‘figuration. IR (CCld cm']) 3070, 2210, 2220, 1650, 16003

NMR (CC1,) & 6.03 (1H,s), 8 7.2-8.08 (10H, m); MS m/e 229,

202, 201, 189, 165, 126, 102; Anal. calcd for C.,H,.N :

17711

\

-

5.99. . " -

, REactioﬁ Qf'1l}~dipheny1-2-propyn;1-one with\triethyl

phosphonoacetate. - In this éxberfment 4.48 g  (0.02 mol)

- of the phosphonate ester, 0.48 §-(0.02 mo1) of the sodium

hydriée and 4.12 g (oO. 02 mol) of the ketone were used and

the reaction mixture was refluxed for 6h. NMR spectrum of

the crude'p(gg:::njndicated that the normal Wittig
reaction had ta place producing the ‘two geometrical

1some{& of-tbe product (vinylic H signals at § 6.58 and_
6'6.20<inuthg ratio .75:25) in ca 35 % yield. Chromato-

. graphy of the crude. product over alumina using carbon

t4
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tetrachlonide and Ehloro}orm (1:1 v/v) . as eluent, yielded .
1 88 g of the olef1nic product and 2. 06 g of unreacted
° ph05phonate ester. The olefinic product contained a trace
amount of the phosphonate ester and all attempts at
v separation. of the starting_phesphonate ester were un-
successful. IR (CCl,, cm™') 3040, 1660, 1560, 1580; NMR -
(CCI4) 5 1. 2-1.5 (34, m), 6.3.83-4, 2 (24, m), 6 6. 20 and

6 58 (IH Zs), § 7.25-8.27 (10H,m).

Reaction of 1-phenyl~2-butyn-1-one witp diethyl phosphono-

acetonitrile. From 3.54 g (0.02 mo1) of phosphonoester;

0.48 g (0.02 mol) of sodium hydride and 2.88 g (0.02 mo})
of ketone in DME (50 mL), after a reflux time of 4h,
3.95 g of the crude pro%yc% was isojate&. 6pon etorin€"
this product in the refrigerator'overnight white crystal-
line substance separated which was fiﬁtered and recrysta]-
lized from methanol yieiding 1.21.9 of white cry§tals. .
This product was identified as 4-benzoyl-2-cyano-3,5- d1-

. methyl biphenyl 45 (pages7 ) : mp 123-124%¢; IR (ccl, en” ')
3040, 2220, 1660; UV A, (95 % ethanol) 227 nm (e 2.3 X
105), 252 (e 1.9 X 105); NMR- (CDC15) 6'2.26 (3H,s), & 2.46
(3H,s), 6 7.45-8.2 (11K, m); MS m/e 311 (64.3 %), 310
(62.5 %), 296 (lf.S %), 234 (22.8 i); Anal. calyﬁ for

. CoyMyM0 : C, 84.88; W, 5.47; N, 4.50. Found C, 84.70;
M, 5.48; N, 4.44, ” | |
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" * Reactjon of TLphényJ-Z-butyn-l-one with triethylphtsphono-
acetate. From 4.48 g (0.0§ mgl) pf the phosLhonate ester!
6.48 g (0.02 mol) of sodium hydride and 2.88 g (0.02 mo1)
of the ketoée in DME (SO‘mL), after a reflux time of 24h,
4.33 élcrude product was isolated. Chromatography of the
;roduct‘over alumina using.thloroform and hexane_(3:1‘v/v)
;s eluént, yielded 1.90 g of_ thé starting ester and 1.99 ,
g of a yellow solid. Recrysta1lizat1on of the solid . ) i )
product from methanol afforded 1 86 g of ye]]ow crystals

This product was jdentified as 8- methy1 -3,6-diphenyliso-
0

‘o coumarin 47 (page59 ): mp 125-127
L 3040, 1730, 1630, 1600; UV xmax (95 % ethanol) 250 nm
(e=1 x 10%), 301.(c=0.9 x 10%), 315 (c=0.8 X 10°), 348
( =0.5 x 10%); WMR(cOCT,Y & 2.25 (3a;sg,,s 7.10-8.20 (3H,
,m); MS m/e 312,2842?6§,¢266,242,105./Ana].calcd for

CZZHIGOZ: €,84.61; H,5.12, Foundfi C,84.,44; H,5.36.

C; IR (CCl,, cm -y

i

y . Reaction of 4-phenyl-3-butyn-2-one with diethylphosphono-
acetonitrile. In this experiment 1.77 g (0.01 mol) of

" - the phosphéﬁate ester, 0.24 g (0.01 mol) of so{iuﬁ hydride
‘ and 1.44 g (0.01 mol)'of the ketone were used and the
reaction mixture was refluxed for\?hi Chromafography of
‘ . the crude prod;ct obtained over alumina using carbon
| pétrigh1oride and chloroform (4:1 v/y§ yielded 0:50 g of‘
an oil thch was identified as the E iéomer produced in

the Wittig reaction: bp 116-118%C (0.35 mm);IR (cClzem™')

.~
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- 86.20; H,

. acetate.

© .9

|
3330, 2200, 2195,

(IH m), & 7.38-7.73 (5H, m) and 0.08 g of an oil which
was isolated as the Z isomer, bp 119- 120% (0 36 mm); I
(cc1,, cw') 3040, 2220, 2195, 16005 WMR (CCl4) & 2.12
(34, d), 6 5.55 (14, m), & 7.38-7.68 (5H,m); MS m/e.167,
152, 140, 139, 125, 102, 77. Anal. calcd for Co Hh % C,
5.43; N, 8.38. Found C, 86.49; H, 5.23; N, 8.20.

rd

Reaction of 4-phenyl-3-butyn-2-one with triethyldhosphonba

From 2.24 g (0.01 mol) of triethylphosphono-
acetﬁte, 0.24 g (0,01 mol) sodfum hydride and 1.44 d (0.01
mo]) of ketone, after a reflux time of 4h, 3.05 g of
crude product was isolated. NMR spectrum of the crude
product indicated that the normal Wittig reaction had
taken place producing the two geometrical isomers of the
74 Chromﬁtography of the crude

.product in a 50: ratio.

- product over aluggaa using hexane and chloroform.( 2:1 .

v/v) as eluent, gécé 0.906 g of starting ketone and 1.01 g
(50 %) of a mixture of the oléfinic products bp IZOOC n
(0.36 mm); IR (cc1,, en™') 3060, 2200, 1720, 1600; NMR
(CCI4) 6 1.16-1.42 (3H,t), 6 2.15 and §.2.46 (3H d),
4.08-4.53 (2H, q), 6§ 6.18 and .8 6.37 (IH. m), § 7.42-

8.02 (5H, m) C, 78.48; H,

6.58. Found C, #7.84 ; H, .6.60. A1l attempts to separate ’

Ana]. caled for C]4H1402 :

the two isomers of the product, were unsuccessful

' 1600; NMR (cC1,) & 2.28 (3H, d), & 5. 62‘.

[4

: .,—M *
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‘Reaction of 3-pentyn-2-one witb,djethylphosphonoacefo-

nitrile. In this reaction é?%4\g;%0 02 mol) of diethyl-

phDSphonoacetonitn11e, 0.48 ;\ig\OZ mol) sod1uwﬁpydr1de
and 1.64 g (0.02 mol) of-the ketonp were used and the
reaction mixture was\teflu§ d for 16h. NMR spectr'm.of

the crude product indicated that the normal Wittig react-

ion had taken ﬁlacé_producing a siqg]é geome rfcal isomer.

Chromatography of the crude product 6ver‘a1um¥na using
ether as an e1uent gave 1.10 g of starting bhosphonate .

ester and 1. 02 g (44 %) of the o]efin1c compound bp 78-

, OOC (15 mm). IR (CC14, gm-l) 3050 2300 2240, 2220 1600
NMR (CCT4) § 2,03 (34, d), § 2.16 (3H,“d). § 5.58 (Lﬂ. m).

Reaction of 3-pentyn-2- one with triethylphosphonoacetate.

4

From 4.48 g (0. 02 mol) of phosphonate esier 0.48 g o
sodium hydride {0.02 mol) and 1 64 (0. 02 mo]) ketone,
after a rgflux period of 16h, 3.85 g of crude proQuct
1solatgd. Chromgtpgraphy of this product over alumina

usinb hexane and chloroform (1:1 y/v) gave 2.03 g of tri-

lethy)pﬁosphonoacetate and‘0.43-g of the olefinic compound

‘in single isomeric form identical to that obtained in the

reaction of 3-pentyn-2-one wjth -triphenylphosphoranyl-

‘ethylethanoate. IR (CCl,,€n"') 2280, 2220, 1710, 1610;
NMR (€C1,)i6 1.16-1.42 (3H, t), 6 2.04 (3H, d), 5 2.13-
(34, s), & 2.42-2.78 (2H, q), § 6.10 (1H, m). .
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Reaction of 4.,4- dimethx] lfphenyl 1-pentyn-3- one with di-

ethyl phosphondacetonitri1e. In this reaction 1.77 g

‘0.01 mol) of diethy) phosphonoacégonitrile. 0.24 g (001
' ‘mo1) of sodium hydride and 1.86 g (0.01 mol) of. the
_ketone was used and the reaction mixture was refluxed for
| ih. NMR spectrum of the crude prodﬁct indfcated that the
ﬁorﬁai Hitffg reaction had taken place producing a single
geomet}ical isomer (vinylic H¥signal at 6 5.62) in-ca 41 %
yield Chromatography of the crude product over alumina
. using hexane ‘and ch1oro§$rm (5:1 v/v) as eluent.y$ﬁ;ded
0.924 g of starting ketone and 0 50 g of the olefinjfc
product, bp 125%C (0.35 mm); IR (cct,, cn”') 3940, 2960,
4 2220, 2195, 1590; NMR (CC1,) & 1.3.(9H,s), & 5.62(1H,
s), & 7.82- ﬁgz (5H, m); .MS m/e 209, 194, 153, 91, §7;
, Ana].Jcalcq for 015H¥5N : C, 86.05; H, 7.22; N, 6.69.
Found : C;‘85:40; H, 7.04; N, 6.54,

!/

Reaction of 4,4- d1methy1 1- phenyl 1~ pentyn 3-one with

triethy] phosphonoacetate, From 4, 48 g (0. 02 mol) of ,

//F‘—\\\\\ %triethyl phosphonoacetate, 0.48 g (0.02'mol) of sodium .

]

hydride and 3.72 g (0.02 mol) of the ketone, aﬁter a.
ref)ux d:}ﬁﬁs of 4h, 4.8 g of the crude product was ;‘
isolated¥ NMR spectrum of the crude ﬂroduct %ndicated '
that the Wittig reaction had taken p]ace producing the

two geometrical isomers (vinylic H signa1s at & 6.28 and
I $ 6.22 in the ratio 75: 25). Chromatography of the’prude

o ’ o
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" 1.13 g (44 %) of the o

g Reactio

¢ S L |

!

: ‘ .
product over alumina using carbon tetrachloride and CHC13
(1:2 v/v) ytelded 2.10 g off the pﬁosphonate égtgr‘and ,

. ]
ic nrbduct in single. isomeric

“form. IR (CC1,, cn”') 3050, 2955 2200, 1720,.1600; NMR.
,(cc14. em™') & 1.05-1.42 (3H,,m), 5 1.28 (9H, s), §.4.12-
4.50 (2H, q); & 6,22 (1M, 576 7.43-7.93 (5H, m).

React?on of 4,4-dimethyl-1ipheny]- kaentyn 1-one with di-

ethyj{phosphonoacetonltrtK In fiis reaction 1, 77 g

(0. 1 mol) of\diethyl prsphonoacetonitrile, 0. 24 g (0.01

mol) of spdiu Hydr1de and 1. 86 g (0.01 mol) of the ketone ,

were usgd and ﬂe reaction mixture was refluxed for 20h.
NMR spectruff of thz/brude product. indicated that the
. 9 / -

normal Wittig reac ion had takqﬂ“b1ace producing the two

geometrical isomers (vinylic H signals at.§ 6.26 and

6§ 5.83 in the ratio 67:33) in ca 36 % yield. The crude-

ixture of the starting ketone and the
@

product All attempts at separation of the ketone from

product was a

the product/ was unsuccessfu1

{

of 4,4-dimethyl-1-phenyl-2-pentyn-1-one with tri-

ethyl phosphonoacetate. In this experiment 2.24 g (0.01°

e e

e

e
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.hdo'taken place producing the two geometrical {isomers

(vinylic H signals at 6 6.72 and § 6.65 1n the ratio
58: 42) inca 6% y1e1d A1l attempts at separation of the

olefinic productby column chromatographywwere unsuctessfu1

" Reaction of 1ephony1-3-pentyn-2-one with diethyl phos-.

phonoacetonitrile. From 1.77 g (0.01 mol) of diethyl

materials. . . T .

phosphonoaoetonifrile, 0.24 g (0.01 mol) of sodium
hydride and 1. 58 g {0.01 mo1) of the ketone , after a -
reflux period of 20h, 2.02 g¢ of a tarry product was

- obtained, the NMR spectrum of which did not indicate the

lpresgnce of any olefinic product or of the startfng

\

¥

. @ '. N R +
_Reaction of l-phenyl 3-pentyn-2-one with triethyl phos-

' phonoacetate. . In this experiment 4, 48,9 (0,02 moT) of

) triethyl phosphonoacetate, 0.48 g (0 02 mo]) of 'sodium

hydride. and 3.16 g (0 01 mol) of the ketone were used
and the reaction mixture was refluxed for20h. Fractional
distillation ‘of the crude product y1e1ded 0.23 g (10 X) |
of ah olefinic product (vinylic (] sigqgls at & 6.75 and

& 6.47 in the ratio 56:44) and 1.82 g of a thick brown
lTiquid which turned into a hard pass at room temperature.
The NMR spectrum of the olefinic product revealed ;he
presencénof some unrgacted ketone and 411 attempts at
Separation of this ketone from “the pnoauctwgre onsuccess;

t
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« Reactiomof 1-phenyl-2-pentyn-1-one with diethyl phos-

phonoacetonitr11e.»d!4bm 5.31 g (0.03 mol) of diethyl

'(bhosphonoacetonitriles 0.72 g (0.03 mol) of sodium
hydride and 4.73 g (0,03 mol) of the ketone, after a ref-
1dx period of 20h, 6.40 g of crude product was isolated.
NMR spectrum of the crude ﬁrodupt.dnaicated that the
normal Wittig reaction had taken place producing the two '
geomgtr1ca] isomers {(vinylic H signdls at 6§ 6.08 and
s 5. 77 in a ratio 83: 17) Chromatography of)the crude
product over alumina using carbon tgtrachlgriae and CHC]3
{(1:3- v/v) as eluent, yielded 3.70 g of a light yellow oil.
Fractional distillation of this oil gave 0.98 é'of the
ketone and 2:12 g (39 %) of the olefinic products, bp 122-
125%¢ (0.75 mm). IR (CC1,, em™') 3050, 2200, 2220, 1710;
NMR (CC1,) & 1.08- 1.53 (3H, m), § 2.28-2.83 (2H, m),

" 8§ 5.77 and 6.08 (1H, s), & 7.47-8.27 (5H, m); MS m/e 181,

166. 153, 141, 115, 91, 78; Anal. calcd for C]3H11N :

C. -86.16; H, 6.12; N, 7 73. Found C, 86.02, H, 5.98; N,

7.65. e | |

A

|

'

Reaction of ﬁ-pheﬁy]-z-pentyn-]-one with triethyl phos-

" phonoacetate . _In this reaction 6 726 (0\03*mol)
of triethyl phosphonoacetate, 0. 72 g (0.03 m01) of NaH

and 4,74 g (0.03 mol) of the ketone wererused. Chromato-
- graphy of the crude product over alumina using carbon

tetrachloride and chloroform (3:1 v/v) as eluent yielded

s . . 1

-

s

-
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. Reictp%n of 4-methyl-1-phenyl-l1-pentyn~-3 one with tri-
} .

L 3

2.23 g of the'stqrting phosphonate eéter a;d 1.80 g of a
yellow o1l which'golidified on cooling. R£€?§§éallizatfon B
of the solid }\g]ded,1,2a g of yellow crystals. This
pro;uct was identified as 8-ethy1-5-methy1-3,63diphenyi-,:

isocoumarin 53 (pageso ), mp 136%¢. IR (CC14,°cm'1)_3050.

1730, 1625; UV 1,,,(95 % Ethanol)-237 am (e= 1.5 X 10°),

254 (e= 1.8 X 10°), 304 (e= 1.4 X 10°), 319 (e= 1.3 X 10°),
353 (= 0.93 X 10°); NMR (cC1,) & 1.26 (3H,tf,6 2.55
(3H,s), s 2.85 (2H,q), & 7.38-8.28 (12H,m). MS m/e 340,
312, 297, 105; Anal. calcd for C,,H, 0, : C, 84.67; H,,
5.92. Found C, 84.41; H, 6.07. '

o

Reaction of 4-methyl-l1-phenyl-l1-pentyn-3-one with diethyl-

phosphonoacetonitriie. In this reaction 3.54 g (0.02 mol)

°

of diethylphosphonoacetonitrile, 0.48 g (0.02 mol) of
sodium hydride and 3.44 g 50102 mol) of $he ketone = were .

. used and the reaction mixture was refluxed for 18h.

Chromatography of the crude product over alumina using ) \‘;‘

carbon tetrachloride and chloroform (1:3 v/v) as eluent,

yielded 1,62 g of starting ketone and 2.5 g .of a tarry ®
&

1iquid which solidified to a brittle, insolible mass upon

keeping at room temperature. No other product was isolat-

ed.

3

* f
%
-

ethyl phosphonoacetate. .Inﬂfhis reaction 4.483 g




. A
| > '

"(0.02 mol) of sadium hydride and 3.44 g (0.02 mol) of .
the ketone were used The reaction mixture was refluxed
for 4h. The crude product obtained was a thick dark brown
unidentified tiquid which slowly solidified on standing
at room temperature\to an amorphous insoluble mass.: .

i

Reaction of 2-hepten-5-yn-4-one with diethyl phosphono;

acetonitrile. From 1.77 g (0.01 mol) of diethyl phos-

phonoacetonitri]e, 0.24 g (0.01 mol) of sod1um hydride
and 1.08 g (0 01 mo]) of ketone, after a reflux period
of 8h and workup only a dark polymeric semisolid mater1a1

wa§ obtained whlch was not jdentified.

Reaction of 2-hepten-5-yn-4-one witn triethyl phosphono~p

acetate.r From 2.24 g (0.01 mol) of tr1ethy1 phosphono-
acetonitrile, 0.24 g (0.01 mol) of sodium hydride and

1.08 g {(0.01 mol) of the ketone. after a reflux time of
4h, fo1lowpd by workup, on1y a dark ponmer1c semisolid

materiaT was 1solated‘wh1ch was not identified.
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conditions used, the two stabilized phosphonium y]iJS\

J n : PhyP=CHCN and Ph,P=CHCOOEt are considerably less effective

in olefin-forming reactions with a,B-acetylenic ketones
than the corrééponding phosphonate carbanions (EtO)ZP(U)EH
' 5 B cN

-4

and (EtOYZP(O)CchoEt. Even in the case of the phosphonate

carbanions the yields of products are only moderate at -
best. The ylids reacted with fewer acetylenic ketones and
; . . gave poor yields of the oTefiniQ,products than did the

. phosphonate carbanions (cf.Tables V and VI ).

~ abn

*thoxy- stabilized y11d "fs somewhat more reactive'than"

S A

the nitrile- stabiTized ylid The former' reacted with two
other ketones in addition to the three that the latter

did. One of the factors responsible for the reduced reacti-
vity of the nitrile-stabilized :yﬂ1d:must be the reduced
carbanionic character of the'x11d-carb6n on . account
bﬁ_the better electron-withdrawing character of the cyano’
group compared to that of the carﬁethbxy group. In their
reaction with the acetylenic ketones both the ylids- took
the narmal Wittig type olefin-forming. pathway. There wi%

T

no ‘evidence of any abnormal product formation with the

b

h : 99

N

———
-
-

The present study clearly demonstrates that, under the

Comparison of the two ylids indicates that the carbex.

{

~

-
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ketones such as those resultfng-frcm the initial Michael

Lo addition of the y]id to' the ketdne which was observed

in some rare cases: with ‘special a.B unsaturated ketones

¢

with unstabilized ylids, 97,98

" 0f the acetylenic ketones used 1in the present st/ﬂx_
on1y Ph-C=C-CO-i-Pr(181)and Me-CzC-CO-CH=CH- Me(L_%)fail-
ed to y1e1d any identifiable products, the lTatter yield-'
ing such’, tarry material which probably result fronl}oly-
herization of the'starting ketohe°or of 1n1tia1fygformed

Michael adducts. Cons1dering the fact that 181 reacted

.with both the ylids it is not clear why it was unreactive

towards the phosphonate carbanions which are genera]ly
knowr to be more. reactive esoéciafly when it is observed
that both the phosphonate carbanions reacted with the '
more: stertca11y encumbered ketonelghitft -C0-t- Bu (18e).

The ylids were totally Unreactfve towards 18e as well as

‘with a11 those acetylenic ketones having a phenyl group

directly attached to the. carbony1 group, except Et-C=C- CO
: - N Ph
+ ', .e

- (18h) which did react with the y}id stabilized by the

COOEt d?oup. Ketone 18g ( ‘Me-Cz c co- CHZ-Ph ) did react
with both ylids in less ' than 30 % y1e1ds wh11e°it reacted
onfy with (EtO? p(0)CHCOOEL in 10 % yield. '

-
¢

Both ghbsphonate,cqrbéhions &ie1ded'fabnormalf

%,

ke S %
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prodhcts with Me-C=C- CU Ph 18b). a ketone which was un-

Ireactive towards both the ylids. With (Eto) P(O)CHCN 18b .

gave a 4 benzoylphenyl derivative 45 ( page 58 ), with

"the comp]ete exc1u51on of the expected olefinic-products.

'~This .product is believed to arise from the initiai Michae]

type addition of the carbanion to the ketone foi]owed by .

3

the ,normai' reaction at the carbonyl with another mole-

.cife of the ketone and subsequent cyclization (cf Scheme.6,

page ié ). With (Et0),P(0)CHCQOEt alsg the ketone gave on
2 _ .only

'the 'abnormal’' product which #as identified as an iso-

.coumarin derivative 47 ( page 59 ). The product formation

here can be rationalized by the 1nitia1 conjugate addition
of the carbanion to the ketone followed by another conju-
gate. addition of the resu]ting intermediate to a second
moiecu1e of the ketone and subsequent cyclization and

eiimination reactions (cf Scheme 7, ‘page 63 ) An analog-

' ‘ous 150coumarin derﬂvative 53 (page 60 )’ aiso was isolated

lfrom the reaction of Et C=C-C0-Ph (18h) ‘as the so]e react- «

fon product This ketone reacted only in the 'normal'

olefin- forming pathway witﬁ the carbanion (EtO) P(O)CHCN

o Thus the’ ethyi ketone (18h) reacts fn the 'normal’ manner

with (EtD)ZP(O)CHCN and in the ‘abnormal®, Michael. fashion
with (EtO) P(O)CHCOOEt, whereas the methyl ketone (18b)
tahes the abnorma]' path’ with both the carbanions produc- t.
ing entirely different types of derivatives. A simple
rationale which w111 exniain the differences between’ the

K
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two -ketones as well as between the two phosphonate carban-

1oﬁs is not forthcoming at ﬁ?esént; Eyrther studies are

neede& to unravel all the mecharfistic implications in

these reactions.

The present §£udy shows for the first time that phos-
phonate'cé??anions can undergo conjugate ;ﬁdifions to ‘
certain a,B-acetylenic ketones jielding novel 1sqcoumariﬁ
derivatives or acylbiphenyf Jérivatfves. The 'abnorha1-
p}oduéts 45 ,‘il_aﬁd 53 have not p}evioqs]y been reported
in the literature. It has-Béen repdrted récent]y that a,g; |
acetylenic ketones react with the sulfur-substituted
carbanion Uimethylbxosquoniuﬁmethylide (CH3)2;(0)(.:H2

- solely in a MJEQael fashion to yié]d‘initialiy the ally-

lide intermediates 69 ( many of which were isolable )

i

K

B ) 0 i q
R,-C=C-CO-R, "+ H c=§”CH3 Ry e "
1TeEeTEL R 20N,y —> 0 SN :
S CHy t = TR .
, CHy-S=CH (I )
n’ , H \ &
"3
. , . §2 $or
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which subsequently cyclize to the novel 1,3, S&tri-
substituted thiabenzene-] oxﬂhe 70 103 However. the
present study indicates that with phosphonate carbanions

Michael additions to acptylenic'ketones are exceptions

i

rather than the rule. -
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s " SUGGESTIONS FOR FURTHER STUDY "

*

The present study has showﬁ that a,B-acetylenic

ketones are not genéra]]y suited for Wittig reactions

‘with Ph3P=CHCN and Ph3P=CHC00Et. However,these ketones

generally give moderate yields of o]efinic derivatives
with the phosphonate carbanions (EtO)ZP(O)CHCN and
(EtO) P(O)CHCOOEt To furthec understand the scope and

N
" Timitations of the reaction more acetylenic ketones

with varying substituents Eoth on the carbony} Qroup

and the acetylenic group ( 1i.e. a greater variety for

R-C=C-CO-R' (R0),P(0)CR™R" .

18 . : . ~ 19a
m— ‘ . '“

s . -
L

R and R' in. 18 ) as wgil as a wider va>?etx of pﬁ’%pho-'
.. nate.éa(banioﬁs ("e.g. R = Me ot Et ; ﬁ“‘s alkyl or

aryl groups'; R" s electron-withdrawing géoups such as

N~

. \ a
CN, NO,, COOR, COR etc. ) need to be examined.

a

. As regards experimental procedure, a reverse - .

addition technique ( i.e. instead of the usual procedure

~of adding the ketone to the carbanion solution, slow

addition of the preformed carbanion solution to the .

solution of the ketone ) merits investigation. E .,

N
A
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45, 47 and 53 independently, so that the assignments of

oflthese products.

105 . . , Cor

‘ This wouid be particularly interesting in those cases

where the 'abnormal! product§ 45, 47, and 53 were
isolated. It would be interesting to see 1f the yields
of these products could be improved. "‘

4

It is ‘important to synthesize authentic samples of

&

‘structures can be ‘confirmed. The syntheses as well as

the study of the chemistry of these compounds will no -
doubt be interesfing projects in themselves,in addition

to adding weight to theiprOpoéed mecﬁanisms of formation

-

Further studies are aISo“indicated‘jn_understanding
the mechanisms of‘formatjdn of,the'abnormal products iﬁ.
47 and 53. In the case of the reaction which produced 45
it would be jnteresting to use a,phosphonatg ca;banion
without an a-H ( e.g; (EtO)éP(O)ECH3CN-1ﬁ§tead of‘
(EtO)ZP(O)EHCN . According to the mechanism postulated

( cf. Scheme 6, page 58 ) the a-H is necessary for the

- conjugate addition of the phosphonate carbanion to the

aceti\ehic ketone. Another interesting experiment would
be to use a mixture of two differént ketones suéh as
Me-C=C-C0-Ph and Ph-C=C-CO-Me with (Et0),P(0)CHCH and .

see {f a derivative such as 71 would be among'the ! -

products ( cf. §cheme 8 ). : . , . .

)




-

Tates the formation of (Et0)3P-0'as a product. In this

o SR . . . . - "
v/ o ) ‘
) ;}/‘ : . 106 .- //
w , hi / -
r ’ /.
| - o } . Me ‘/P'h
(Et0),P(0)CHCN + Me-C=C-COPh /c-—c—,c\
' NC—cCZ ‘ 0-H
I i
(Et0) P (0) \
L ] #
° “- M Ph
e>c—c—c/'
Ph-C= C-CO-Me NC—C Noy
A _ C ———
C— C=C— Ph
/&

Scheme '8 “ o ’

-In those cases where the isocoumarins 47 and 53

were 1so1ateé it wqyld also be interesting to/ use a

phosphonate carbanion such as (EtO)ZP(O)CCHifOOEt and to see

whether or.not a‘hgrmal réactign pathway is/followed.The
' pechaﬁism?po#tulated for the formation of Tl and 53 ( cf.

Scheme 7, page 63 ) also reqdires the presence of an a-H

iﬁ‘the phosphonate carbanion. The mechanism also postu-
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connection~it should be interesting to study the reaction .
of the carban1on of (EtO)ZP(O)CHZCOOHe and see if the. same
47 and 53 are produced with the same ketone. In this case

one. of the fina] products would be (EtO) (MeO)P=0 The

-~ mechanism postu]ated,would be.on firmer ground if these ‘

two phosphates égn be identified a g the final products.
Another test for the‘Tschan?sm (SJa::e 7 , page 62-63) ‘ 'f///
would be using acetylenic ketones having 1gss than two

‘hydrogehs in the alkyl group attached to the acetylenic ////

function (e.q. MeZCH-CEC-CO-PhY. Such ketones are not ;K//
e - -

expected to produce the isocoumarin derivative because
' /
71na1 condensation step with the elimination of water/is

o

not feasible in these instances. .
o N , . ]
I [
¥ _
’ »
D /
4
- A ) ' //
. /
/\\ // & -
) - f ,/ ! ¢
. . /'
/ /




" '14. Yanovskaya, L.A., Russ. Chem. Rev., 30, 347 (1961).
" 15. Bohlman, F. and Viehe, H.G., Chem. Ber., 89, 1245 , 7.

" REFERENCES . . v
* ‘
- e '
1. Johnson, A.W., "Y1id Chemistry", Academic Press, .

.New York, (1966).

|

. o
. 2. Maercker, A., Org. Reactions, 14, 270 (1965).

3. Staudinger, H. and Meyer,LP. , Helv. Chim. Acta., 2,
635 (1919). '

. : . o ' T
.4, Luscher, G., .Dissertant. Eidg. Techn. Hochschule,

rich, (1922).
5( Wittig, 6. and Geissler, 6., Ann., 580, 44 (1953). i
6. Wittig, G. and Schollkopff, U., Chem. Ber., 87, 1318  *  _
" (1954). v | |
7. Hausgr, C.F., Brooks, T.W., Miles, M.L., Raymond, R.A.
and Batter, G.B., J.Org. Chem., 28, 372 (1963). N
8. Johnson, A.W., J. Org. Chem., 24, 282 (i959).

9. Wittig, 6. and Haag, A., Chem. Ber., 96, 1535 (163).

10, Hamlet, Z. and Barker, W.D., Synthesis, 543 (1970).

1. Duffner, P., Dissertation,'Thbingen. (19§J). !

12. Bestman, H.j. and Seng, F., Tetrahedron, 21, 1373

(1965). , ‘/) ' } '

13. Ramirez, F. and De}shohitz. S.y Jd. Org. Chem., 22,
41 (1957). ’

(1955).

16. .ipid., 1374 (1955),

!

108



e wm

) WO

Mo

B P

. e B PITIR X EARAN T

[T ——

K
[t < AT MmN bt 12 o b e O

> TR A MR TR € Y Lt T 40T T s

A\

17.
18.
19.
20.

.21,

22.
23.

24,

‘25,
26.

217.

28.

29“0

30

31.

109
Bohiman, F., Angew. Chem., 67, 389 (1955)
Battiste, M.A., J. Am. Chem. Soc., 86, 942 (1964).
Serratosa, F., Tetrahedron , 16, 185&#&96f).
Wadsworth, W.S.jr., Org. Reactions, 25, 73 (1978).

Horner, L., Hoffman, H. and Wippel, H.G., Chenm. Ber.,

91, 61 (i958).

Horner, L., Hoffman, H., Wippel, H.G. and Klahre.G,
ibid.,92, 2499 (1959). 3
Pataf, S. and Schwartz, A., J. Org. Chem..'g§.'1f321

(1960).

Wadsworth, W.S., jr. and Emmgns. W.D., J. Aﬂ.'Chem.
Soc., 83, 1733 (1961). _
Boutagy, J. and Thomas, R., Chem. Rev., 74, 87 (1974).
Dombrovskii, A.V. and Dombrovskii, V.A., Russ. Chem.
Rev., 35, 733 (1966). |

Shahak, I. and Almog, J., Synthesis, 1; 170 (1969);
ibid., 145 (1970). ‘ '
Lefébvre. G. Pnd Seyden-Penne, J., d. Chem.(ggg..
(D), 1308 (1§7o). f

Bose, A.K. and Dahill, R.T.,:J. Org. Chem., 30,. 505
(1965) ‘ a
Ramamurthy, V., Tustin, ., Yau, C.C. and Liu, R.S.H,

Tetrahedron, 31, 193 (1975).

Corey, E.J. and Ericksbn. B.W., J. Org. Chem., 39
821 (1974).- .= . , |



" 32.
33.
%4.
35.

36.
37.

38.

39.

40.

4.

42,
43.

‘44,

110 o oo

}

Gorey, E.J., Katzene11énbogen,~J.A., Roman, S.A and

Gilman, N.W,, Tetrahedron Lett., 1821 (1971).

Edwards, i;A.. Schwarz, V., Fajkos, J., Maddox, M.L.
and Fried, J.H., Chem. Commun., 292 (1971).

Sundbgrg, R.J., Bukowick, P.A. and Holcombe, F.0.,

J. Org. Chem., 32, 2938 (1967).

R;hscheit;.K., Stache, U., Haede, H., Frutsch, W.

and Rusching, H., fetr;hedrbn Lett., 3029 (1969).
Wadsworth, W.S., Jr.,.0rg. Reactions, 25, 107’(1978fi

Bergman, E.D., Sulomonovicic, A., Tetrahedron, 27,
2675 (1971).
Pudovik, A.N. and Lebedeva, N.M., J. Gen. Chem:

USSR, 22, 2128 (1952). : o
Pudovic, A.N. and Lebedeva, N.M., Dokl. Akad. Nauk,

_'SSSR, 90, 799 (1953) [ C.A., 50, 2429 (1956) 1 .

Fiszer, B. and Michalski, J., Rosz. Chem., 28, 185
(1954) [ C.A., 49, 9493e (1955) ].
Fiszer, B. and Michalski, J., Rosz. Chem., ‘34, 1461
(1960) [ C.A., 55, 15331g (1961) 1.

i .
Pattenden, G. and Weedon, B.C.L., J. Chem. -Soc.,(C), ~

1984 (1568).

Pattenden, G., Way, J.E. and Weedon, B.C.L., J. Chem.
Soc., (C), 235 (1970).
Shearing, D., M.Sc. Thesis, Sir George Ni11{ams

!

University, (1968).

>

wa



5

.
.‘1 .
S
-
ﬁ
H

Ny BIOEOTLLIE e Ly B e

P~ e L L L

»
I A i A

B

A

45.

46.

47,

48

49.

50.

53.

54.

55.

56.

57.

b o

| \y*~ .
Brown, H.C., Garg, C.P. and Liu, K.T., J. Org. Chem.,
35, 387 (1971). . | N
Agawa, T. and Miller, S.}‘g,,Am. Chem.
(1961).

1m
(o]
O
-
loo
w
L J
D
+
Y3

Curtin, D. and Crump, J., J. Am. Chem. Soc., 80; 1922
(1958). | ‘ ’
Schulte, K., Reisch, J. and Heine, 0..:Aréh. Pharm.,/
294, 234 (1961). | |

Petrov, -A. and Porfir'eva, Y., Dokl. Akad. Nauk SSSR,
90, 561 (1953). | S /
Favorskaya, I. and Plekhotkina, M., Zh. Org. Khim.,
3, 11 (1962).

; Famorskaya,'f.A. and Nikitina, A,A., Zh. Org. Khim.,

12, 2094 (1965) .

. Parker, W.; Raphael, R. and Wilkinson, D., J. Chem.

Soc., 3871 -(1958).
Speziale, A.J. and. Ratts, K.W., J. Am. Chem. Soc.,
85, 2790 (1953). v

i

.

92,

Schiemerz, G.P. and Engeélhard, H., Chem. Ber.,
1.564.(1959). .

[
Chem. Soc., 3874

Trippet,.S. and Walker, D.M., J.
(1959). S , -

Michae]is, A. and Gimbon, H.V., Ber. Deut. Chem.
Ges., 27, 272 (1894). = =

Denny, D.B. and Ross, S.T., J. Org. C
(1962). T

-~

hem., 27, 998

N

-4




59.

60.

o Ve r’.;.i
L

e
Teid 4o

63.
64.
66.

67.

69.
< . 70.

71.

5
&

112

Speziale, A.J. and Bissing, D.E., J. Am. Chem. Soc.,
85, 3878 (1963). | |
Fliszar, S., Hudson, R.F. ‘and .Salvadori, G., Helv.
chem. Acta., 46, 1580 (1963) |
Johnson, A.W. and LaCourt, R.B., Tétrahedron, 9, 130"
(1960). ’ " '

Johnson, AJH.,“Yfid Chemistry", Aéademic Press,

New York, pp-160-168 (1966).

Trippett, S., Pure and Applied Chem., 9, 255 (1964).
Wittig, G. and Haag, W., Chem. Bér., 88, 1654 (1955).
Wittig, G. Neigmapn. H.D. and Schlosser, M., 1§jg..-.
94, 676 (1961). o

Wittig, G. and Rieber, M, Ann., 562, 177 (1942).
Johnson, A.W., "YYid Chemistry", Académic Press,

New York, pp ]71-185 (1966).

Blomquist, A.T. and Hruby, V.J., Jd. Am. Chem. Soc.,
86, 5041 (1964). |

.Bissing, D.E. and Speziale, A.J., J. Am. Chem., Soc.,

87, 2683 (1965). “
Horner, L. and Winkler, H.; Tetrahedron Lett.,3265
(1964). L | v

Bergelson, L.D. and Shemyakin, M.M., Pure and Applied
-Chem., 9, 271 (1964). x

Bergelson, L.D., Vaver, V.A,, Barisukov, L.I. and

Shemyakin, M.M., Tetrahedron Lett., 2669 (1964).

. . -
\ . .
,
N .
.. . .
'




113

| 72. Bergelson, L D. Shemyakin, M. M., Tetrahedron. 19,

149 (1963) ,

73. House, H.O., Jones, v. K. and Frank, -G.A., J. Org. !
Chem., 29, 3327 (1964).

74, Drefahl, G Lorenz, D. and Schnitt, 6., J. Prakt.
Chem., 23, 143 (1964).
_T_‘

75. SchIosser. M., Top. Stereochem..v_, 1 (1970).

!

76. Corey, E.J. and Kw1atkowsk1 G.T., J. Am. Chenm. Soc,,‘
~ 88, 5654 (1966). ‘

77. Sturtz, G., Bu1{§\Soc. Cﬁim. Fr., 2349 (1964).

78. Horney, L., Klink, W. and Hoffman, H., Chem, Ber.,
96, 3133 (1963). ' ‘

79. Wadsworth, D.H., Schupp, b.E., Seus, éla.qand
Ford, J.A:, dr., J. Org. Chem., 30, 680 (1965).

80. Lefebvre, G. and Seyden-Penne, J., Chem. Commun.,.

1308 (1970).

81. Deschamps, B., Lefebvre, G. and Seyden- Penne. J. o
_ Tetrahedron, 28, 4290 (1972).

82. Danion, D. and Carrie, R ’ C R.Acad. Sci., Ser. C,
267, 735 (1968). § |
267, 73

' 83, Danion, D. and Carrie, R., Tetrahedron Lett., 4537

- (1968). , - o
84, Danion, D. and Carrie, R., Tetrahedron, 28, 4223
. . ' , '
(1972). .

85. Jones, G. and Maisey, R.F., Chem. Commun.,, 543

)]

( 1 968)0




. ; . 86.

I.A. " - .‘87,
- 88.

89,

90.

‘Chem., 75, _
Bates, R.B. and Gale, D.M., J° A;j?khem. Soc.’, .82,

'

95,

-

AN
B

Penne, J.,, Tetfahedron, 29, 2437 (1973),
‘Ruchardt,

'Bates, R.B. 3 Carn1gham, R.H.

'a L.

97. .

NIV : N

' .

Kinstle, T.H. and Mandanas, B.Y., ibid., 1699
(1968).

N

. % !
4Bottin Strzalko, T., Tetrahedron, 29, 4199 (1973), -

— B
Seyden Penne, J..and Lefq£Vre, G.; C. R. Acad. Sci:,
ser. C., 48 (1969)2 .
Dechamps, G.,/Lefebvre, G., Redjal, 5. and Seyden-

-~ T

C., Eichler, S:and Panse, P., Angew.
858 (1963).

-

Y

5749 (1960).

Rakutis, R.0. and

+

‘Schauble, J.H., Chem.vand Industryl(London),qlozd'

Y

(1962). - o o .

Martin, M:M.~pnd\Gleicﬁer.,G.J., J™ Am. Chem. Soc. ,

238 (1954) TN
Kruk, C.. Van der Haak, P J
279 (1966).

Jackman, % M and Sternhell \4ﬁppkicat1ons of

86, .

Korver, P.K. + Bass,

and Huisman, H.O. Tetrahedron, 82,

,Nuclear Magnétic Resonance Spectroscopy in Organic

Chemistry", an,

ed., Pergamon Press. Oxford,
Chs. 3-2, 3-8. '

1969,
. 4 . ) .
Fadila Derguini, Va1er1a\8alvgh-Na1r and Koji
Nakanishi, Tetrahedron Lett., 4899 (1979).
. D@hagk G.: and
-1415 (1955)

Inhoffen, H.H., Bruckqer,

Erdmann, H., Chem. Ber., gg

o



4%

- 98,
. 99.

© 100.

101,

102.

103.

104

" (1975). .

.' ) : . . ’ [} ) ’- " /ﬂ ‘
' 1,15 .— .A <. . @ "‘

> ; B ' . ¢ ' & :

. T | S ' ‘

Freeman, J.P., Chem. & Ind. (Londond, 1254 (1959).
Parkanyi, C., Baum, E.J., Wyatt, J, and Pitts,

“J.N., Jdr., J. Phys. Chem., 73, 1132 (1969). -

Ermolaev, V.L. and Terenin; A.N., So§1gt Physics

¢

Uspekhi ( Engl; Transl. ), 3, 423 (1960).
Govindachari, T.R., Parthasarathy, P.C., Desai, H.K.

and Ramachandran, K.S., Indian J. Ghemiszzg. 5%7
Indian J. Chem

sarkhel, B.K. and Srivastava, J.N., ibid, 168,

1

1034 (1978). : A

r C o . .
Hortgepn, A.G. and Harris, R.L., J. Am. Chem. So¢€.,

93, 2471 (1971).

-

-

. Ramirez, F. and Levy, S., J. Am. Chem. Soc., 79,

67 (1957). . o | .

105

L}
nar

o

‘toev, B. and Goodman, M.M., Interiscienée'Chemistry‘

T > ——

Reports, 4, 283 (1970).

. ]
B

!

[T
I3 - d




. Q . Ao
‘. o PRI N . . * o, '
- £ " !
. .
. ’ ' . v
, .
- : " *
- . - ‘
L3 + v :
» . . - « R 1 " :
. R . .
It M r M 1]
. . g N
., \ . v
N * . +
- . . .
| \ H . ‘
- * L "
0 - * '
. - - ' ' .
[} ‘ N
. N . .
- 3
. I4
' B - \ h
i \ Y .
) . Lo . ’
- -
\ . R , .
. i .
- . .
K LAY B
, : < C .
“
\ .
1 5 . . v
° w . . .
a . * ¢
K 3 .
et A}
. .
Al N 4
- .
. N o . % .
- -+ . - - .
] - . - * %
) -
|
- * ’
. . . .
- . .
. e
. o
.
. . .
. [ . .
’ . ‘ ‘ APPENDIX '
’ .
o . o » ; -~ \
. P ) . .
d, LA N . .
. . -
o N :
N N 7
Us . e . .
& .
- ‘ “ '
.
. M -
P
“ a . . " .
e - - » .
.
i . . . N . .
\ . [
P . * [N
" . .. ’ )
- LA . .
- b A N - . .
. e . : . - © ’
[ ' ) -, . 3
, . . i .~ ‘ . N
B X s s .
. . . . v .
« . . .
- . . R . ¢ "
“~ . s . . B -~
s / o .o, . .
- ‘ 0 ' ’ . '
' . . A = .
. . s ' .
. . ¥ : (g
. . ) . .
B N ~ el ‘
B R . . L . .
B 0 . * ’ ' -
< L3 - s N v -
. t - . -
. e . N
. ' + ' - * *
. .. . . o LI .
PR . o, et A .
: . .
. - ' - . .
., . P N L . ‘. ] ”
2 : £ ‘ '
N . . * Rl
. 7 i, L L2 Ty . ‘ * - .
< B . TR B 4 M .
P Lt
. N 5t e B .. w A 1
5 . . N - + N
‘e . . , .
«“ * “
. ) N B I
. - . N W ‘ N £
A S - . :
. 3 v I3
$ . S ‘
- z ~ N
- . o . N .
A K . ’
s .
s v " : !
- ] NP
. > D !
" . . LA . 4 s
Gl et e .
L S " e
R ; : s ‘
oo H'!“'""n" LRl ' .
T SR § peb 3 ° 1‘16 '
- - . b e
e D S e v T
AR LB g dugr helpa A ¢ )
T e bagny AR ) .
S P S B ‘-",',"’,(wj’%'l‘ 2ot T .9 . ’ B!
R R AR RSy . ',
IS N A s e TR N . ‘
) vy - P
e
Pd o L] ’
. 0

W
s
3
4
f
Y
.
-~
.
.
o
.
.
I
’
[
¥

-

Go WP

o

o o e L

o

|
|

I Wl o2

o



r~

o

[e3

r,
Ll n»'
I . R . . .
~ 1Y ) .\
. . -, ) B oo .
* A - - -
o . . . -, U .
" » . . ) : ot . oo - . ..Mn
- "L WOYLI3dS WWN ¥ S .
° = » * - + - -
, B : . ‘ v ) .
. . . ,%. e . . o
* «
° - N . - B - P«
z [ =D - : \ , . -y [P
@w dd 1 . ' AN y
Ty B SRS AN Sune ga L g 4 L Ty dWTJ . Fa-
v - B T | 4 L T M | N ,... 1
. . ‘ - i
» . B ~ N - Y ) , ]
v i : ' i
— PR Y -
: ' - t. ) . . ” M .
. s . .
a ~ » ' , ’ <o St
2 a . A HI -
. - . - .
- . . - t, R -
. - - i -
- . .
' - “
’ s - -\~
- el : ¢ { -
R . A 7 . . -
: . } - M
, * . » .
N I3 ° = -~ e . ’ u
N S : . , — . - »" .
' a . . — “ . *
. I)e.. ~380-4d. . - - -
. : 9=) S B LT
. . ‘\ /M . R ) . . _ . B
) 33009, HJ - . . .
- - “ . . ) ) o, . 3 -
° » . ) ) . ) . < 7 ol ‘.cn.
Y ] e " 1 T 1 el ) A
oot \ 00z Y < T o oot : . o0 . )
- ’ - —— - . - ® M R
.o . 1 - - -
! » . . o - ’ * - - . . . R ) B _
’ ' Fﬂ - o . . ¥ ) . , f A
’ ’ B ¢ - ! ./
. . .. o
- B . . :
N ’ - . I N - ' . ’
. - L 4 . . ‘\ . . . /ld - . . .
: - ” . . €. . . P
. A s : ; . . M
o - .
. : - B " -
’ ' : - N N . . - . »



-

4
3
i
w
.&

) ]

»

N y @u 2&&

FAITIES e § 0 AN L Y,

-

v v

fir. 1 )
* 5
N T y
= ' h .
. L3
. V-
3 . =
R ' B -
- - - .
[} *t A
. - - vt
. .
»
-
.
v a
-
N
-
-
3
' * -
. .-, PR
< 0
. .
. . s
. ‘
' - A
4 |
. A
> - F
- * P
. 4 d
- i . Py
o ¥
. ) - .
o N
.r
Wy . “
¢
4 :
B

)
a
s
P .
x
.
3 B
.
. -
- e
‘. °
%
- Tt
- .
e
-

prony
Ny
.
P
- kY T
< »
f .
z
N
.
' v
- -
s
-y -
"
-
* *
. .
- « - .
B °
“» .
N -
I'd
. .
f - -
R . f
- -
. . \ +
s R —N ©
N i
- .




-]

vy vy

-

+ ™

» .

L

<~ ¥

M * - . . « R
v v vy LA LA LA AL L Y T . R
* ¥ 1 ] ¥ -

- S ] | | . ) ) =
Jﬂ{} - ) ,.W.-. .,\.
Y i . . .
;
5 .o K
R ) . N ) o
. . . . | .
) - ) o -
N < .
’ ~
. e, 3
< ’ N N i
| | ' S =
. .
. .« .. : ! AR o
) v . -
z - x
ZU/ \UHUOS& . . - o i
=1 : . ‘ A
v - - -
- - - ¥ . -
I ":Q - ., _ i N .\
. < - o . - .
: +
. . R . .
' . P . . } .
hd - - c.. ) ,
[ [ [ t ¢ } .. ,

” 2
! -
. - * . .
. . ] .
* ’ .
. ) .
N .
R . s , .
N .
— . . s
.
ALY - . .
. r - .
: N ‘- . .
. N
* .
. . . ) .
. , 5 .
. 1]
R .
B
t 2 .
.
. . .
’ i<} . )
. . i
. - . \ . . . " .,
s »
.
. . , ; . .
- . . . R - . ) v : .
e n e e i . B ]
it oy

¢ . Q) Ndd - ST e



=]

Q) Wdd

tal

R L i b L bt SIS i e Bt St Ot S Stk S

§ ¥ 70

|

H

.

LY




121

s

S WNYLI3dS dWN |

»a

e



e

g

o RN N R P S RS e

S
.
14 -
. -
. ) .
L3
. . i . o,
. \ - ;.. «
I, . )
o, .
1]
. P ,
. e
. h
b T . L
. »
. -
. . -
.
. -

¥




.

)

. . ) . .
L L RNY1I3dS YN g _ . .
’ ’ €, - + R
~o . B )
. . - ’ . : ) * ! -
0 . T . . 1@ Wdd . ° - *‘ - .
P gp— 1«14*-.4m-.1 T et vyl orrTyy -qan,
L}
! ) : ) .
s -
. L L .
S ") o . .

w ° . .



il
.
\
.

!

4

1

‘

i

P b

. ) 8 WNYL193dS dWN - \

o~

,, ’ G S S 1 Q@ Ndd . . . -

L] L v P 4 v ¥ |

. ” .
N .
-
- .
. . ]
" e
.
. . .
~
. ~N
-~ -
»
e
. .
- *
’ Q&
a8 .
e - .
- . .
2t .
A - -
< §
-«
N
L .
P
- tw
P
- - ~\.
.
.




R
s -
Y
. )
. .
.. v
. vy
- R
.
- -, n



Ot e ATV AP eI cown

IS Lo e e St I SRR VRN
—~ l“. - ' - - '
| ° o
f . -~
| e !
< -t ' ) T ! -
S - _ 8
X ’ v . Ol WNYLIIAS YKWN .
4 . -
. ’ _ Y -
(4] 1 4 .\Amv Wd 1
Ty B AN A ames o vy ™ T vV rr Y. v 7 - - -
v LR 1§ ’ .
- 13
& - . . -
- b - . .
d
H ! t -
. - . —
¢
. 3 _ h » N ’ -
a N : . ’ ﬂ .\u »
- ~ N - . -
R = ] . ‘ . - '
\, ¢ _._,...rollu\u"o..u.u . - t ) .
NT - Tyg ‘ : : .
. . 3
‘ - |JAM
R L - L L ! % ! i - S
A I - s “ e
. . ’ R . /M/.»\wf - .
. . . ' - . - - -
. : ~ . AR
‘ - : . ‘ : ST
. . o . oe el
¥ - . . , e
-~ - ¢ * ' ' A £ e P
- - Y . ’ - - 4. z .\ w.
. . . ‘ %
’ » - otz
~ - . e —"



B L . 4 ./ )
- - . N - * - )
, . .o LL WNULIIdS WWN . - HETRCIE A
S . S ) ‘ .. ' M\u. ' ,
- o . ’ ’ ’ e
. , . - - ‘ ) ‘ ) u«.
. ) M ¢ - .
. . . o .7 ‘
A . r . be K .@v zm& © 9 ’ . ) Lo
r y 4141%\.4-ﬂ =TT LI 4J|.M<<J LI | ‘ Ce T
= | g | r 2 - T i S .
- -\ L3 . »t
- - ' ) —’ :
~ - : J , : -
\ d ! - ) , LR .
. - - §
- - ; ) N -
4 m ‘ - : )
~ . . . - n: ) s
. - b ) L
. s - . *
, i . .
. . . Co s
- M : - ) .
- - - n .. 19 ) .. -‘ |- ° l.
. . . . . © o
! C > . : * L
"r , AR .
# o
. . Ly m ’ ~ .. :
. ' ! ’
- ‘ h .o ’
, He  _-9%3~uq - .
=3 B L N
. zu :m-lr“ . = o ».o
F - - : ¢ o
4 - ) :
) . R . ‘ Vo
a ) o . . ) B :
. ~ - .
| [ | T [ T A | - | S | ‘ e
- M - \ -
- 00T . -0 : * 00¢ 00Y 00§
. - - 1-4 .
. -
o . N ’ ) w ’
. - ¢ \l
) . - . - - '3 -
. i . ) - K
. . ’ - ) 2 = ' )
“ -t ’ - ' ) T ) ...
) o ) ‘ . y R
. . - o -1;. fa— "
) i 5 M
) . e . ) .
. e - . .‘ N .- N
- - . ¢ * . ’ A .-
. .
» . . . T
. - : )



. o . - . o a3 e ??«éa«ﬁ%&ag
. . ) - . -
*, ot M . - . .
_ . . - P [
. , . . ] . , . .
. 2L WNYLD3IdS AWN S N
' « . N M . N ~
. - .. e o " . »
Y] ‘ : L .@v Wdd . - : T o
. ] _9 . & L) . :
Y T e T YT ST TTY LA | Ty ™ - I
Y Y ] = T LI T 1 ¥ o - .t
) - LV o ! - ™ - ,. )
‘“-' s y = .
£l -
o . ? . N '
- - ’ ‘7F
- a———— ° ” ’
- -~ " . _ L '0 - V;\M..
- . I ¢
] . o -
: . . ' - ) e
' . L N - » - ..\ .
. ' . ’ N ° : i c o ,
— ¢ N ' . . - : ? ) ‘
t - - *
4 . . A . &
[}
> Tt " ) - \. .- F—.—/’ \UNQI‘&
L. - —
M Y.
| - 32000 “ng-3
N ) ' ’ "’
" '
. N * ¢ .
i . e I ] —
’ 00% 0oz . 00€ '
- ’ .\ V‘ .
L0 + - » .
7 ’ o .
P T - , ,
. N
- - 2 . '
. NN
- LS
- - 3 ‘




fi m__,_an_:__az
I

_xmxxww
il

“____: _“_______

__ WE il
;__w__ .:_i%_w_m__ %__;_:_M

T \ g

T
N__ ___ E___

_ E:E
il
2t

E_M _ﬁ
___ ___

i

z_g__ | g_
L

ﬁ:

.

_= E_ "
“_a tili
____

“

|

il ___: il

i

_j_ __:_“W:__: i

AR I HINEHT ::;::g::::z====—=




lw

- !

.o

005z (WD) o000 ©005E

-r

008 (W
— [

I

]

3INVEH0SAY UYINTI

3

'




o : : L€ WNYLI3dS ¥] : s L

00Sz (W) 000¢

A . ; I ﬁ_.“_ T

-

hae ;l L"..'J

%]

=

-

«

i 4
-]

ot

|

|

vy

.

SYILINONDIW

IINVEY0SaY dYINIT

Fhr ks MRS b ht e e 8 panid Ta P T

»

~



A S b WNYL23dS Y1 - . . . . . ,

-

008 (,wd) ooal 008! 0007 000E . )
TS 1T O N L i i T
' RHUHI .
1
1 <
ik i
wiil
i
e
it
i
it b — .
il =
] h m
! .
! Fs o
: b3 i &
i 7
G o .o
I § o .
' Fod N
| > .
4 = - .
S0
™M
dithl;
il |
i ,
.ﬁ __. _
| w
I = _ : | :
! ' ) | ._-O__ H W . :
9 S Y SHUINOEW €
- - [ - i : { ) ' b
- ] v ) -y . .
. X . . . e




o o sy ", N ey < x.,.... R Tu.\....., . , - - - . N
- R T TS WN¥LIAdS WI - . | S
S - : : . o
Y - - ﬁ —
‘ | ] .
‘ | Mw _
.. u. . _m. m.o | ¥ |
. _ , |
.ﬂ , d _ i -.ow. -
R | o
| M“ o
. . : |
S | m it “ - “ . m.w
. L “._ , QTR __._ I mu.:n “T_ i .m zo . .
PO - lilt __ it .Mf:_% __" i | HI
. CS ; ._.~ # * __ _“_ _ B
R T | :_” i ._: |
. : 1y ]
- Py N - | : ! ‘ — ” .. |
.“. | .~.~ .~__ W. ~———~ — ~. ?. ¢‘ ) 3
: . L | "
. _ w _ ! “
o * . $T S
& . . ) o ] | - | |
) . b 3 . v . ) . . : | . | | ox |



. - | . :
» w.. L . . ’
. 9 RNYLIIdS Yl ) B o . .
. b | . . ) ) ~ K .
008 {, w2} 0001 0 ovor g
I i iad
“.. 1 N
. I.II. [1}] -
I
m H, 94%3000
It .
_ﬂ _ (%) _ o
: ro .
“ z :
o
ﬁ 3 i
_ % o
i " .
i 20 . :
— .
v

) QL
¥ SHILIWOEDIIW

- . LR
. _ \ .
.

a* . 3




. B ‘.‘, » _ L. B . . .o . V
\ . ’ o "L WNY1D3dS Y1 . T .
t . RS

— .

AN

*
.
B T g

'y

A

iy Sty ea———

===
=3 e
o
. .
-

— N =Tt

PSRN PN T g et

H

ro

e

ey 2=y
(-]

”
c
PNVYRIOSTIY

-

-

bt g

'



- , < N i . . /! 7 fgIN .

4 . - . . - . - p
. . lAusyaqrAy3awip-g‘g-ourha<z-1£azuag=y 40 wnujoads Ap’ . b
) ’ ] s 7 . . ) - - . ; e S
o . S () ¢ . | .
, oL _ 082 . . 052 022 S
. H H ' 1iH tilinr T M 1 itithin 3 g H - :
’ “Hi .
i H HH 4 . —
) A - .
) u..v.....} Wi 4 1. i ._ﬁ ;. ﬁ.:.. HH HH % Hill il H R - .o
. . 7Tv71:11 i
- o s fiih il ,
T N
. ) 131
1 - 4 9 44 4 H1tH H - 3 LI g 1 SEIERRE L g L .. ) .
.- . T [ ! # A i T
L4 H It H Bt HT A ..4 H . _
_.. ) : ‘ : T1HH i H q .r J b T=
/ R L : L st U R i : .FW R
. | hiE i | il 3
o w SR 4 : HHITE 1 .4, N ! it i T HHIHTH e
: . i F . .
- i 1} 1 143 h,* 43 11111..11 J\|‘ J o _. w !
A} - » . i) § 1 1 A
¢ - JJ 1 L3 i HIH iR HTH ] HHH 1 77#; ‘rx......L -
- . THHIY T E a g
. -# ¥ ‘y LL 1 .rn... HHIUH HHHIH vv.l”“‘ .,A]T s it [ irn xjv..._ Tr- [ \ )
. . K B s 5 i i B e . i 1t i . .
. , i H] 5 | '.v. It | | 1111 i ! | . ]
. a, - ) [ it [ rﬁ 1 -x E it ] .‘ . ] 4 ] N R
, - T 1 T i e S
o o | T HT L : HHIHRH I '
1 . stayt W HHH L HE S sApigs . H- t N ’
-% . v - ¥ N ' )
” - . - K - . . *
v.' M ' - ’ -~ - . . A} . * ) ' ’ ; , ,” | A )
. B o - - e . - . ) : K
- ‘ -' + . ' . ¢ ) - ° N ’ M ’ . ° -O .
. . . ) - e . i s,
- . ' N ) N N \ o (, .




yoan

« (wu) Y

oge 50€ 082 - 652 oez
i 1111 R
i Hl -
1 v I { 1 -
H 1 va .
HiHH +H
i ;
: ix 4
p
L : o
11 i - "
’ b { ! o
11 ] H H e
‘0
THITE . : §°0%
L af : ! ! a
N : i 1 N
fg.q an : *
4 4 e N
.A L ﬂ N
HTHHATHH L HHA i H ] H i 1
“x‘
l
H ! )
H {L 11144 ﬁ H -
\ ¢ in 0
FHHE 1 g . ..1 i 1 \ A 7. ’
‘1 } . .o
AL . } 0’1t
. . o . v
L. . . - . N . .;. —_
- - .




« .

updewnosost Auaydip-9

+

.w-Pagums-m-_Aquw-w 30 unu3oads An
(wu) ¥

08¢ . . OpE . £ 00€ - 092 ‘ 0€2
f 1 q O .
| T TS
ﬁ T ) |
1 H E SRESRENS - 14 LL " 4 s 5 * " J .
s i
| T HHH I !
] ’ H1THL
_ [ _., it L. | |
=1 i { 5t ! Hil )
M 1 H] | ]
TN 4 m .Q
’ i ~S9 0.
H i.i 1 f. 1 H ..A 1 HH -
i i
g rn._r | U1 N
thitssitettiitidhi u \ b N| dtntstittidi it .
1 411 {1141 HHH I 1 ’1 - nﬁA
[ 2
g 1A . 14 ¢ +1 HH b33 -4 8 . ne 44 € 1+ 1 L4 USRESRAE g ‘\ |
| \ ) |
N ’ )
4 M A
N
! JHHH LN T HE S S E BB R S j}f}&\. n
3 | % .
K L+ 11444814 FId44iH {48434 H4 Hit 444444 SEREES FAVEANEE RELE s [ H '] 3 !
) q TR I |
i ) - "
5 . - : 0°1
) M :
s * ‘ N L4 ) h
B . ' : \\ -

~

aouequosqy



s %

g R T o 5 et

S

VITA

The author was born in Alwaye, India. Hé obtainéd
his Bachelors Degree from the Universfty of Kerala, India
in 1966. He finished his graduate studies in chemistry at
tﬁe‘Un1vers1ty of Saugar, India ahd obtained his Master
of Science Degree in ]963. He worked as a lecturer in

chemistry in St. Mary's College, S. Battery, India until

1974. He started his graduate studiesfin Concordia Univer- .

sity in 1976 and expects to obtain his M.Sc. in 1980.

4

~




