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AMruG-‘me IsomerlsaGon of a-aoetylcnic alcohols IO cthylentc carbonyl deri~atwcs and the lsomerlxation of 

wcthylcnic alcohols IO Ihe corresponding allgl alcohols may be e&ted in good yields in a rinp,lc step using oxomctallic 
dcri\alwcx The \anadare cs~cr\ arc parwulrrl) cfTicicnt Mcchani\tlc cxplanarions arc gibcn. 

The problems of the i\omcrisation of a-acclylenic al- 
cohols to ethylenic carbonyl derivative\ and of the rear- 
ran~cment of a-ethy-lenic alcohols to ~o~cs~ndin~ ally1 

alcohols by a more economical and simpler cataiyttc 

method than those hitherto known presented themselves 
to us in I%?. The isomerisation of acetylenic alcohols in a 

single stage had only found solutions in isolated cases.’ 
Isomerisations in several stage\. using various in- 

termedtates derived from the alcohols. had alvo been 

carried out, amongst which may be mentioned those 
leading to allene acetates. namely the reaction of 3. 
chloro-3-methyl-hutyne with silver acetate in acetic acid. 
giving ?-acetoxy-3-methyl-huta-1,2Jienc’ and the 
isomerisation of acclales of acelylenic tertiary alcohols. 

by pyrolysis’ or by heating in acetic acid in the presence 
of sifter sal~s.~ (For a review of these isomcrisation 

reactions, see Ref. (5)). 
The is~)meri~ation of ethylenic alcohols by means of 

acid catalysts which bring about the ally1 rear~n~ement 
was known.“‘ This type of reaction. which sometimes 

lacks selectivity. was also capable of being carried out in 
several s~agcs. such as acetylatton. isomerisation and 

saponification. (For this reason, the conversion of ncrol- 

idol IO farnesol was carried out with mediocre yields’). II 

was thus of interest to investigate isomcrisation catalysts 

which do not exhibit the disadvantages described above. 

fsomerisufian of a-erh.vlenk- and a-acerylenic alcohols 

by means of oxo-metallic dericarires 

In the Carroll rcarran~ement of acetylenic esters (al, 

the ClihCn rearrangement of fnol ethers th) and the 
rea~an~ement of esters of acetylenic tertiary alcohols 
(c). [3,3) sigmatropic reactions occur with scisrion of the 

C-O bond and formatton of a C-C or (‘-0 bond. The 

reaction (ct on)! takes place \ati\factori)y in the 

presence of silver catalysts’t We considered it probable 
that an ester of an inorganic acid, the metal of which 
would at the same time play the role of a catalyst. could 
have an advantageous effect on the reaction. We have 
used certain oxo-metallic derivatives t’fahle I) IO check 
this hypothesis. 

‘Schmtd cr ai” have rcccntl) propu~t’cd ~hc formatcon of a 
n-compicx tulwcen lhe &.cr and c&vx the triple bond of the 

propargyl ester starting material or the ciubn+shon double bond 
4 rht Jllcnc e%rer. thu5 allowing the (1.31 sigmalropi~ reactton la 
take place. 

These first results have led to several patcnts.“p and to 

the construction. in 1972,” of an industriai unit for the 

isomerisation of dchpdrolinalol 10 cttral. Since the ap- 
pearance of our patents, several groups ha\. investigated 

the isomerisation of acetylcnic alcohols in the prcsencc 
of derivatives of vanadium” ” or other metals.” and 

have similarly studied ethylcnic alcohols.” 

Vunadate es!ers as coraiysts for rhe isomerisalion orI 
a-ethylenic- and a-acetyfenic alcohols 

.4lthouRh derivatives of other metals, as moly~enum 
or rhenium gave interesting results the purpose of this 

communization is to report isomerisations by vanadate 
esters. 

Preparation of the c-onadafes 0 = V (OR),. Equations 

(lH5). in which RO and R’O can be either an alkoxy or a 
siloxy group. show some ways in which these vanadates 
may be prepared. Thus, alcohols and silanols are 
equivalent from the point of view of the trans- 
esterification. this is the key of the catalytic action of 
the vanadales in this isomerisalion reaction. as we shall 
see later. 

( 1) Ag,VO, + 3 RI -. OV (OR), f 3 Ag J 
12) V,O, t 6 ROH -. 2 OV (OR), t 3 HrO 
(3fOVC1, - 3ROH + 3NH,-rOV (OR), + 3NHSl 
/4) OVA + 3R’OH#OV(O~), + 3ROH 
(5) OV (OR), - 3CH,COOR’#OV (OR’), - 3CHCfX)R. 
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Study of the isometisution uf deh~drolinulol IO 

c-it&. fkh)drolin;dyl orlhovanadatcr u-as \)nthcsiwd 

from ethyl orrhwan;~date and three equIvalcnIs of Ihe 

dehydrolinalol. Ihe equilibrium hcing shifted by removal 

of the erhanol formed (cqn 4). This orthw;mad;tle de- 

cornpow on heating. givmg ;I liltlc citral and polo- 

tan:tdatc\ Ihy ;I mechanism given hclo~~). II\ hydrol)& 
pivc\ hack dchydrolinalol. When heaIcd in Ihe presence 

of dch~drolinalyl orthovanadate. dch~drolinalol p~vcs CI- 

Iral (WG I (Tahlc ?I. in accordance with Ihc anticipafed 
mechanism. II is thus possible IO avoId the preparauon of 
dchgdrolinal!I orIhovanadaIc for Ihc isomc.risaIion of 

dchydrolinalol h! using vanadium derivaIives such as 

alk> I v anadatcs. sdanyl v anadates. pal) silox! vanadaIcs 

and Ihc like. u hich can product Ihe vanadare cabal) st in 
siru hy exchange. 

‘frieIh;molaminc orthov anadaIc requues a special com- 

men1 ‘This is one of Ihc cyclic inorganic esters of Ihc 
Iricthanolamines rcferrcd IO as “atrancs” h! Voronkov er 

01. ’ 7’rreIhanolamine orIhovanadaIc I\ an ox- 

ov;tnadaIranc and po~ccssec a niIrogcn-v anadmm coor- 
dmaIion bond II 1s ;I cr) sIallme produs sparingly wlu- 

1:lrxt \lagc: frun~.c\lcrifis;rllon t I, 

blc in dehydrolinalol at ambicn1 IcmperaIure. and giving 
a homogeneous soluIion under Ihc isomcrisaIion con- 

diIions. AI Ihc end of the operation. Ihe c;A! 51 crys- 

Ialliscs out on simple cooling and <an he rewvcrcd h) 
filIraIion. 

Iwtrierisarion of twious unsufurufed ulcohols. ‘fables Z 

and 3 give some rcsulIs which we obtained in isomcrisa- 

Iions of a-acetylcnic or a-ethylenic alcohols by means of 
vanadate esIers. 

a-.4cefy/enic ulrwhols. From a vanadarc OVfOK),, the 
discussIon will he confined IU a radical RO IO faciliIaIc 

writing (ROH represents an alcohol or an equivalent. for 
example :I silanol. and R, can he HI. 

Second \lapc 13.31 Gpmdlroplc rearrangcmenl (2) 

OR 



Ta
bl

e 
2 

Va
na

da
te

 
c$

le
rr

 
as

 C
d

yS
tS

 
fw

 
th

e 
iro

m
cr

E.
at

io
n 

of
 

a-
irc

ct
yk

ni
c 

ak
O

hO
~s

 

A
ko

ho
i 

rt
ar

tm
g 

m
at

er
ia

l 
ls

om
tr

r 
ob

ta
in

ed
 

C
at

al
ys

ts
 

D
Fg

rc
e 

of
 

So
lv

en
t 

P 
U

vd
tio

n 
Yi

el
d 

co
nv

er
si

on
 

I?
 

IX
 

19
 

a !I 22
 

23
 

24
 

?I
 

26
 . 28
 

2.
x 

29
 

30
 

O
H

 

7 
C

H
O

 

d
 

n-
pr

op
yf

 
or

th
ov

an
ad

at
c 

ls
ob

ut
yl

 
or

th
ov

an
ad

at
c 

Tr
ie

th
an

da
m

in
c 

or
th

ov
an

ad
at

e 
C

yc
lo

hc
xy

l 
on

ho
va

na
da

tc
 

.* 

Tc
tr

ah
yd

ro
hn

al
yl

 
or

th
ov

an
ad

at
c 

D
ch

yd
ro

hn
al

yl
 

or
th

ov
an

ad
at

t 
3.

?&
nc

th
yl

/h
cx

yI
-3

 
or

th
ov

an
ad

at
c 

Tn
m

ct
hy

ls
ily

l 
or

th
ov

an
ad

at
e 

Tr
ip

he
ny

ls
ily

l 
or

th
ov

an
dd

al
r 

Te
t~

hy
dr

ol
in

al
yl

 
or

th
ov

an
ad

at
c 

Tr
ip

hc
ny

ls
ily

l 
or

th
ov

an
ad

at
e 

Tr
ic

th
an

ol
am

in
c 

or
th

ov
an

ad
at

c 

SW
10

 
’ 

0 
IW

 
4h

 

2.
2 x

 1
0 

2 

1.
9x

 
10

 
’ 

8x
10

 
’ 

2,
Iu

lO
’ 

3.
9 x

 IO
 ’

 

7.
7x

 
IO

 ’
 

2.
8 

x 
IO

 1
 

3.
x 

x 
IO

 
’ 

1.
4*

 
IO

 ’
 

0 0 0 

Pa
ra

fii
n 

oi
l*’

 
0 

Pa
&

in
 

O
P 0 0 0 

IW
 

3O
m

in
 

1W
 

35
m

in
 

12
5’

 
2h

 

12
5”

 
Ih

 

16
0”

 
M

m
in

 

If@
 

30
m

in
 

14
@

 
Ih

 

IU
P 

3O
rn

in
 

16
0”

 
3!

m
in

 

4.
1%

10
 

0 
IM

P 
3!

m
in

 

x.
4x

 
IO

 
’ 

6.
2 

* 
IO

 ’
 

0 
IS

O
” 

2 
h”

’ 

Pa
ra

ffi
n

 
?h

 
a

ir”
 

IS
@

 
30

m
in

 
fo

llo
w

ed
 

by
 3

0 
in

in
’-’

 

1.
1 

x 
IO

 ’
 

0 
If@

 
2h

 

20
 

22
 

21
 

II f4
 

21
 

23
 

33
 

23
 

33
 

30
 

23
 

95
 

2.
5 



he of 0x0-metallic derivatives in iwmcrisalion 

b 

Q 



3b
 

37
 

Tr
fr

ah
yd

ro
lin

al
yl

 
or

th
ov

an
ad

at
e 

tw
 

7h
 

Ih
 

30
 m

in
 

?h
 

.M
 m

in
 

Ih
 

26
 

38
 

39
 

40
 

41
 

Tr
ip

he
ny

ls
ily

l 
~~

l~
~~

an
ad

at
c 

‘T
ct

ra
hy

dr
ol

in
al

yl
 

o&
ov

an
ad

ar
e 

‘I’
rk

th
an

ol
am

in
c 

tx
fh

ov
an

ad
al

c 
I 

rc
ni

ar
y b

ut
ar

kS
* 

fy
cb

ht
xy

f 
~r

t~
~a

n~
~e

 

7.
7 

x 
IO

 ’
 

0 

!.!
x 

tn
 
’ 

0 

5,
5x

 IO
 ‘

 
0 

I.1
 x

 I
O

 *
 

0 

3 f h 

r7
rP

 
71

p 

1%
 

?h
 

5h
 

78
’ 

?b
‘ 

.x
-i 

I9
 

$ 

42
 

Ih
 

30
 m

in
 

1x
10

’ 
IM

P
 

w
 

68
 

0 

fk
ad

cc
yl

 
0r

Ih
ov

an
ad

al
e 

1x
10

: 
0 

Ih
 

30
 m

in
 

56
’ 

34
 



l.k of 0x0-melallic derivatives m iwmcrisafron 1x1 

‘fhe VitR&te (I) capable of pr~u~in~ the desired cyclic transfer ic regenerated, and is therefore a catalyst: it can hc 
rccyctcd with~)ut losing activity ot selectivity. 

iR’ may be identicat to Rk. 

This ensures the ~~~rnpo~nd doer not remain too tong irt form (IIt which is res~nsihie~ as t~e~~~~~e~trati~n of carhrsnyt 
pruduct ittUeitses, for the formati~~n of non-volatile products. for example by the foi~owin~ mechanism. 

This type r.%f side r~~~~~~ can akube rnj~jrnised in utkr ways, fkecan for instance use i~~~rn~~~te conversion; in this 
way. as the carhonyl product formed is present in a lower ~~n~e~~ratioR than its acetylenic isomer, rcactium 3 or 3’ 
~red~~rnin~ite over 5. Everything occurs as if the alcohol to be isomeristd served as the soivem. t&re can afscr use a sofvent 
which is inert tuwards the reactants. 

It is pocsihle to avoid another side tea&n: the condensatmn of tite vanadatcs with one another. leading to 
pl~ly~~i~a~tcs and to dehydration products of the alcohols lfor exampie dehydr~~myr~e~ ftum dchydr~~inat~~i~ in 
aucardanre with an initial mechanism such as. 
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R, OH + O=V(OR), 

The explanalion of cer1ain side reactions in the case of 

the isomerisarion of dehydrolinalol IO citral is IO be 

found within this framework. 
II is known that dchydrolinalol can isomcrise thermally 

by a [3.2] sigmarropic reaction. IO give I-hydroxy-l- 
methyl-2-methylene-3-isopropenyLcyclown1ane (see. 
e.g. Kef. [16]). WC have shown 1ha1 the product contains 

IWO i\omcrs. 1he isopropcnyl and hydroxyl groups being 
in 1hc c-is-position or Irons-posi1ion relarive IO 1he cy- 
clopenlane. These cpimers cannol be mulually cquili- 

hrared directly. On the other hand, the treatment of one 
or the orher of these products with an oxo-me1allic 

derivative. such as a vanadate. gives an intcrmediatc 

ester which can, after 13.31 sigmatropic rearrangemen 
and liberation of the alcohol group. lead 10 ils primark 
ally1 isomer. Conversely. the primary alcohol will give an 

ester. the rearrangemen of which can give the mixture 

of 1hc cis and Irons tertiary alcohols. Ul1ima1cly. three 
isomer\ can thus be presen1 and mutually equilibrated. 

The use of oxo-mclallic dcrlvatives. especially 

vanadates. in isomerisation reac1ions of unsa1urared al- 
cohols, opened a new and faster way in rhe synthesis of 

unsalurated carbonyl derivatives and of allylic alcohols. 

The first indusrrial application of lhesc findings is the 
synthesis of citral from dehydrolinalol. 

The vapour phase chromatography was carried OUI on Hcw- 

M-Packard models F & M 720 or 5750. utth a Hewlcrr-Packard 

3380 mlcgralor. The IR spcc~rd wcrc recorded on a Pcrkm-FJmcr 

237 spcclromclcr. using the mawrial as a film or in Sujol. I hc 

KMR cpcc1ra wrc recorded on Varian 1’ 60 or HA 100 qxc- 
1rometers using TMS a\ an in1ernal standard and CCI. as wlvcn!. 

Prtpomfion o/ fhr lanadares l’his IS carried OUI in ac. 

cordancc wrth the convcntronal melhod\ m 1he hlcralurc. namely 

rcacrion of the alcohols with V,O, tin ~hc case of the alcohols of 
low b.p.) and urth NH.VO, (in rhe case of 1hc alcohols of hrgher 

hp.). and lranscsler~ficalion reacllont 

Another side reaction consis1s of the oxidation of lhe 
alcohol IO 1he corresponding aldehyde (1he reaction 
scheme used m Ref. [ 171). This reaction takes place. with 
a change in the oxidation level of the metal. in ac- 
cordance wi1h the following mechanism. 

Similar cyclic mechanism is proposed” for oxidation 

of alcohols through their chromic esters. 

Dtkrmmalion of fht rarbonvl producfs hi oximation. 67 

mmolr of carhonyl product arc dls\olbcd in 80 ml of 95’ strength 
alcohol and 20 ml of water; rhc pH IS brought IO 3 C 20 ml of ;1 

solution, of pH 3.5. of h)droxylammc hydrochlortde (_Wgm 

167ml of water and IQOml of 95’ \trcngth alcohol) arc added. 
The reaction IS allowed IO take place whilst $trrrmg (20 min in IIK 

cast of crtrdl); the mixture i$ returned IO pH 3.5 by means of 

0.5 N \odlum hydroxldc solution (the pH being measured) 



Use of oxo.mctallr derivatives in isomerisaticm 17x3 

IMermtnation of tht monosuhslilu& acr!Gtnic dtrirarires 

wlh siltrr nirrarr (according to S. Slggia’*). The nilric acid 

retulting from the formation of silver acctylide is dctcrmined b! 

poItnI1omctric tiltation. 
~tc~~~atio~ of dehydr~lina~i~~ and of &al by tapour phase 

rhrf;mat~~graph~. F & M ?M: column l.Pm x Ilift; i@Z Apicron 

on Emhaccl; inlcctor and dctccIor a1 BP. and oven at 120” for 
dchydrolinalol and ISO” for sllral Hchum llow M ml!mm F & M 
!?SO; column 3m x I/8 ft. 15% lJ(‘Oh’ 1.B !TO X on 
t’hromosorh W MIMI mesh. Injector at 240’. detector a1 ?tB’. 

oven ratted from IS@ to If+@ at l”/mm Hehrrm flow 1.8 I!h. 
Internal standard mcthyihcptenonc. Ihc\c Iastmcntioncd con- 
ditmns make it possible to separate the followmg methyl- 

hcptenonc. I~hydroxy-l~meIhyl-2mcIhyknc~3Gopropcnyl-cy- 

ctopcntanc (c-is isomer. followed h> trans isomcri. de. 
hydrohnalol. I-I~opro~o~l-2-form~l.~~mcth~i~c~clopnt~2~nc, 

ncral. I~i~opropn~l~!~mcth~lol-!-mcth)l~)clo~nt-2~cnc and 
gcranial (mcrea\mp rclcntmn time\) 

Isomerisanon cxpcmmol in rhr ahsmrc o/ a solrani. IH, g of 

dch}dr~~lin~~lol and 0.g g of tr1cthanolaminc orthobanadatc arc 
introduced, under an inert atmo\phcre. Into a I&l ml fiask cqutp- 
pcd rith a ttincr. a thcrmomcicr. a mtrogen ink1 and a short 

Vigrcur column. The mtxturc I\ heated IO I60T over the coul\c 
of IO min whilst stirring. and Ihis temperature IS maintained for 

3!, min. ‘The homogeneou\ yellow reaction mixture is cooled 

to 6@ and i\ rapidIF di~tillcd under 0 I forr b&u 120” m the 

flask Iqg of dehydrolmalol arc charged onto the residual ma-,$ 
thu\ ohtrincd. and Ihc mix1urc i\ hc.tted for 35 min a1 Iw. ! 
recycling\ arc carrlcd out m th1\ *a\. TtK dctcrrrunltion of the 

deh~drolinai~~l tsdvcr mfratc mcrhodt and of the citral loxi. 
matton! ptct the follourng rcsulfs, o~tr all the operations car- 
rtcd out’ )icld of citral .. :‘G relative to ~hc Jch)drolinalol 
comcrtcd. dcgrcc of convcr\Ion IRCIr 

Isomrrisalmn rxprrimmI in a dtlured medium. ?og of de. 

h)drolinalol. 1 g of +&hex)-I orthoianadatc and >Oml of 
paraffin oil arc Introduced. under an inert atmosphere. Into a 

2-Q ml Ad\k cquippd a\ above. The mtxturc I\ \tlrred and heated 
for I h at IlC”. and the reculhng dchydrohnalollc~tral nurture i\ 
Ji\ullcd tn tat-uc, IO.1 10111 uuhout cx;ccdmp IO0 in the flatk. 
!Op of dch}drolin~~lol ~(rc charged on1o Ihc rcsfdual mar\ Ihu\ 

obtained and the mixture is heated for 1 h II 125’ I I rccyclmgs, 
involving a total of 239 3g of deh~drolin~oi. arc carrzd out In 

thI5 ~3). The chcmtcal dctcrmmatlon\ of Ihc cltral formed and 
of the rc\dual dchydrtrlmalol gl\c. over all Ihe operation,. a 
yield of cltral of “s and a degree of contcrsion of the de. 

h~dr(~linalol of lJQ, rcprc~nting. at this page. a consumption of 

vanadtum cquI\alcnt fo O.Ol! gram atom per molc~uic of otral 
formed 
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