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Linear dimerizatior of 2~methyl~l,3=butadiene
using complex homogeneous catalyst has been stu-
died, Homogzeneous catalytio systeam consisted of
palladium compounds ( alladium(II)bis-2,4~penta=
dionate palladium{IIganetato, or palladium(II)=
nitrate), triphanylphosphlue,potassium phenoxi=-
de,and 2-methyl~-1l,j-butadiens. It was Found that
the 2,7-dimnthyl-l,3-trans-?-outatriene is the
main product when this catalytic system is added
to the mixture of 2-propen-l-ol and 2-methyl=1,3
butadiene., The study of toe effect of different
palladium compounds oo the conversion and on the
salectivity of reaction revealed taat the high-
est values of botia Ffactors result if palladium
(II)bis-7,k-pentadionate complex was used.

Untill now monoterpenes are obtained mostly form natural
resources which could not secure any substantial increase of
production in the near future, New possibilities of direct
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Ssynthesis of acyclic monoterpenes from Z2-methyl~l,3-butadiene,

which is the basic building block of terpenes, are therefore
searched,

Direct synthesis of acyclic monoterpenes ocimene and myr-
cene has been announced recently in the patent 1. Acocording to
this patent, ocimene and myrcene were obtained from 2-metnyl=-
1,3-butadiene using homogeneous complex catalytic system prepa=-
red from Pd{Nog)z (ox Pd(CHBCOO)z) and triphenylphosphine in
the presence of allylic alcohols and MOR (where =Na,K; and
R=01—G5 alk(en)yl, or phenyl). In this work we reexamined pa=
tented catalytic system described above., We used homogeneous
catalytic systems prepared by mixing of palladium compound
(palladium(LY)bis~2,%-pentadionate, Palladium(II)acetate, or
palladium(II)nitrate), triphenylphosphine, and potassium phen=~
oxide in 2-methyl-l,3-butadiene. Catalysts prepared by tais
procedure were added to a mixtures of 2-methyl-l,3-butadiene
and 2=-propen~l~ol,

EXPEAIMENTAL PART

Materials

2-Propen~l-ol (pure,Lachema Brno) and 2-methyl-l,3~buta-
diene (pure, stabilized, Fluka AG) were rectified and Jdrios over
moleoular sieve, triphenylphosphine (puriss, Fluka AG) used as
obtained commercially, potassium phenoxide was prepared from
phenol and potassium in toluene, palladium(IX)bis=-2,4~pentadi=
onate complex, palladium acetate and anaydrous palladium uitra=-

te were prepared using literature procedures 3')’4.

Apparatus

A glass autoclave of total volume 450 cm:l consisted of two
parts., Parts A apd B were mapufactured from thick-wall glass
tubes of inmer diameter 70 mm with spnerical ground glass
joints, In part A an other co-axial tube of iuner diameter
20 mm was internally sealed to cbtain two spaces for separated
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preparation of catalytic systems. Appropriate sealing of both
parts was achleved using ﬁakelite ring flanges with four bolts,
The best sealing material was plastic cement COLORPLAST (Mata=-
dor, Bratislava), The flanges were equipped with steel bars
cage which served as the carrying counstruction of glass auto=
clave,

Typical Experimental Procedure

3

A] Preparation of catalytic system at laboratory temperature:

The Followinz chemical were introduced in the described
sequence into 25 ml Erlenmayer flasi: pallndium{ll)bis-z,k—
pentadionate complex (0,8 mmol), triphenylphosphine (0,8 mmol),
2emetiyl=1,3=butadiene (60 mmol), and potassium phenoxide (1,6
mwol)., After an addition of potassium phenoxide the coldur
of reaction mixture changed to brownish violet. The_mixture
was left For 10 minutes with occasional shaking,., Then it was
poured into part B of glass autoclave to the already present
140 mmol of 2-metnyl~l,3=butadiene and 40 wmol of 2=-propen=l-ol.
The autoclave was closed and put on 50°C bath. Hixtﬁre was sti=
réed exterrally witia megnetic stirrer. Revolutions of driving
motor waere set on 40O r;p.m. After selected reaction time the
autoclave was cooled to laboratory tewmperature and carefully
opened, The total loss of reaction mixture mass was generally
about 2 = 8% of its starting value and was directly proportio=-
pal to tae reaction time., For the purposes of material balance
this loss of mass was added to the amount of unreacted 2-methyl=
1,3=butadiere.

Concentration of dimers in reaction mixtures was determi-
ped chromatographically and the dimers were isolated by prepa-
rative operations (distillatior of unreacted 2omethyl=l, 3~buta=
diene and colump chromatography on silicagel (20 -~ 904) for
removal of catalyst). The resulting crude dimers were distilled
with b.p. 55 = 58°c/2,8 kPa giving yields about 20 - 30% lower
than expected on thelbasis of the chromatographic analysis.

) Preparation of catalytic system at 50°¢
Hagnetic stirrer, Pd(N03)2 (0,2 mmol), 2~methyle~l,3=buta~
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diene (30 mnol), triphenylpnospiuine (0,2 mmol) and potassium
phenoxide (0,8 wmol) were introduced into the inner tube of
part A of glass autoclave, 2-iHetbyl-l,3-butadiene (70 mmol),
and 2-propen=-l-ol (20 mmol) were put into anpular space to-
getiner with a wagnetic stirred. Assembled glass autoclave was
put on water bath at 50°C with ﬁart A down, After 15 min the
autoolave was turned bottom upwards (part B doun) and tae re=-
action started. A workup of reaction mixture was tne same as
described in preceding part,

Palladium(II)nitrate could not be transfered quantitati=
vely into reaction space under conditions For preparation of
catalytic system at reaction temperature (Table I, exp. XNo.6),
as well as under laboratory temperature, becauso tais palla=-
dium compound aduered firwly to the bottom of space for prepa-
ration of catalytic system.

Tae experiment Ho.5 was carried out by direct introduction
of Pd(ﬂoj)é into reaction space without separate preparation
of catalytic system.

during the course of reactioun a black coating, Fformed
probably by colloidal palladium, deposited on the wall of re=
actor,

Analytical Methods

iteaction wixtures of Z-metayl~l,3-butadiene dimers were
analyzed chromatograpnically on gas chromatograph CHROM 4 (La-
boratorni piistroje, Praina) witia flame ionization deteotor.
Glass columm of 2,5 m length with 2 mm I,0. packed with 15%
of Apiezon L on Chromaton N-A#-iIMDS was used at 100°C working
temperature.

Analysis shows that Four isomers are present, tile 2,7-di-
metinyl=l,3=trans-7-octatriene (DHMOT) beinz Formed wita more
tuan 50% selectivity. Molecular weight, determined by mass
spectrometry, was 136, The mass spectrum of a dimer represen=
ted by a rider peak on a tail of the OMOT peak could not be
reliably identified. The structure of WMOT was verified by
means of NHR, Tii, and mass spectrometry.
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Table X

Results of 2-metinyl=-l,3=butadiene dimerization

No Hatio of tr " Jimers dizaer
Pd(x)z:Ph3P:Ph0K= %% [Total|v:i0T| Olisomers
PAOL :MBTD? (°c) |(ar) . " ""J
==¢ |
X=acac
1. |1:1:4:100:500°18 50 17]0,3| 75 |82 25
2. |1:1:4:100:500°7%:8| s0-62{ 12 ]0,6 | 65 |92 35
3. |1:1:4:50:220%3 s0 | 10]0,6 | 60 |85 1O
X=400
k. [1:1:4:100:500°75 s0 [ 16 |o,15] 95 [0 5
X=No,
5, |1:1:4:100:500 50 1wsfo,1 | 95 |80 5
6 1:1:!s:100:500b'r 50 10 | 0,01|100 |65 -
X=acac
7. |1:1:2:50:250%'% 50 17 o,5 | s6 |87 3
8., |1:1:2:50:250%’% 50 12 | o,43| 8% |86 16
9, |1:1:2:50:250%78 50 910,36] 90 |85 10
10, |1:1:2:50:250°!% 50 5]0,22| 93 |80 7
11, |1:1:2:50:250%€ 50 2|o0,08] 99 |uo 1
a) PbBP = triphenylphosphine,Ph0K = potassiua paenoxide,
PROL = 2-propen=l=-ol, MBTD = 2-methyl-l,l~butadiene;
molar ratio .
b) catalytic system Pd(x}z:Pth:PhOK:MBTD 1:1:4:30
¢) in rocking steel autoclave with frequency 600 min”l
d) catalytic system Pd(K)z:PhaP:PhOK=MBTD 1:1:h:75
@) catalytio system Pd(x)thhBP:PhOK:MBTD 1:1:2:75
£) catalytic system prepared at 50°C

catalytic system

prepared at laboratory temperature
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Mass spectrum (70 eV):m/e (rel.intensity) = 136(7), 121(23),
107(15), (93(15), 61{100), 79(48), 55(15), 53(35), 51(37),
39(30)

RESULTS AND DISCUSSION

The results of palladium{II}complax catalyzed dlmertzation
of 2-methyl~l, 3~butadiene are presented in Table XI. The selec-
tion of experimental conditions hiad only preliminary character,
nevertheless some more generall conclusion can be proposed.

On the basis of comparison of tie experiments Hos, 1 « 3
it can be stated that an inorease in temperature 10°C had the
gimilar effect on yield and selectivity of reaction as twofold
increase in palladium(II)bis~2,4-pentadionate complex, tripae=
nylphosphine, énd potassium phenoxide concentration at tempera-
ture 50°C.

The catalytic system formed from Pd(acan)2 had the nighest
activity uoder comparable conditions of 2-metayl-l,3-butadiene
conversion as follows from experiments Nos. 1,4, and 5, With
this catalytic system we measured the time-concentration da=-
pendence of reaction products and the selectivity of IRMOT [or-
mation in dimer mixture on total concentration of dimers in re-
action mixture (Fig. 1 arnd 2) at 50°,

From Fig., 1 we can see that the DMOT concentration nad a
maximum (t = 12 hrs,) while the concentration of unidentified
dimers remained constant from approx, © = 4 hrs. This results
ocan hé explained by assumption that the higher olizowmers are
‘formed predominantly From DMOT, The Fiz. 2 siiows tuat tue se-
lectivity of DMOT formation is going up to 90% with increasing
concentration of dimers in reaction mixture (or with reaction
time resp.).

The order of DMOT formation was practically zero for the
2emethyle~l,3-butadiene up to the conversion 4 = 0,3, ieaction
velocity was 7,3.10™2 mol DM“‘/?Pd(augc) L.100 § 6f EREVLGE
mixture.
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_ As Follows frou cowmparison of esperiments Nos. 3, 5, ang ©
a decrease in an ausount of reduction coapoener{ ¢f catalytic
systen fros tue ratio Pd(noae}d : PoOoK =1 : 4 on 1 : 2, resul-
ted in decreased activity of w.oole catalytic system, Conseguent-
1y, this Lrouzat about a lower conversion of starting compouud
and an increase ir selectivity ow wivT in Lhe same tine period.

The syntiesis of DUT from 2-methyle-l,3-butaciene is descri-

hed in a vauber of papers or patents "9, from whica the wWork

nl" Josey 7 presented also a reaction mechanism, This work did
uot confirm the Foraating of myrcene and ocimene from Z2-metiayl-
1,3=butadiene and catalytic system studie, but their presence
could wot bo admittedly exclade? as tarce dimers were not iden-
tified., hut tae Fact taat tie2,7-dimetuyl-l,J-trans~7-octatriene
is tue waiu prodact snoss a relation of cur wori wita tiue papers

iy
mentioned above, # y,
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SOU A

Linearni dimerizace 2-metuyl-l,Jj-butadienu pasobeniy

homogennich komplexmicn palladiovyca katalyzdtord

Jan Bartod a Viastimil ROZiBka

Byla studovéna linedrni dimerizace Z-metuayl-l,j-butadienu
phsobenim tomogeniich komplexniech hatalyzatori, Howogenni Koam=
plexni katalyticky systém byl vytvoFen z palladiové slouCeniny
(bis=-2,h-pentadionato) palladnaty komplex, octan pailadnaty ve-
bo dusinan palladnaty), trifenylfosfinu, fenoldtu Jraselnc:in
a 2-metiyl=l,3~butadienu. Bylo zjisténo, Z%e katalyticky systénm
vEech t¥{ pnlladiovych sloudenin pifidany do smisi ‘-propen=-l1-
-0l a 2-netnuyl=l,‘j=butadienu ﬁoskytuja zejinéna #,7=dinetovi-
=l,3=trans=-7-oktatrien,

Byl studovén vliv pouZityca palladiovyecn s]ouueniﬁ aa stu=-
pel konverze 2-methyl-l,3-butadienu a selexiivitu reakce. ley=
vysiino stupnd konverze a selextivity reakce bylo dosaienn no=
u¥itim bis(<,4~-pentadionato) palladnaténo komplexa.
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