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Abstract

The rcaction of conjugaled dienes such as 1.3-butadicnc, isoprene, 2.3-dimethyl-1.3-butadiene,

2.5-dimcthyl-2.4-hexadiene. 1.3-cyclopentadicne, and 1.3-cyclohexadiene with thallium(111) acetate in acetic
acd at 10- 65 for 0.5 15 hr affords an isomeric mixturc of the corresponding diacetoxyalkencs (1,2- and 1.4-
addition products) in 10 92, yields. The 1.2-addition products are predominantly formed in all cases
examincd cxcept the case of 1.3-cyclopentadicnc. The reaction is assumed to proceed through
acctoxythallation and dethallation steps, the latter step being accompanied and;or followed by an attack of
acetoxyl group. An initial attack of thalllum morety is proposed to occur mainly at C-1 and C-2 carbons in
the cases of linear terminal dienes and cyclic dicnes. respectively.

Since Criegee reported the isolation of methoxy-
thallation adduct of styrene-thallium(li1) acetate and
its oxidative decomposition on heating,' the oxidation
of mono-olefins by various thallium(l1I) salts has been
studied in the last two decades.? Oxidation of diolefins
with these salts, however, has not yet been studied
thoroughly. Recent interesting reports’ on the
oxidation of dienes by thallium(lll) perchlorate to
cause the C-C bond formation and also the report® on
the oxidation of some conjugated dienes with
thallium(lll) trifluoroacetate in dichloromethane
prompted us to report our results on diacetoxylation
of several conjugated dienes with thallium(l11) acetate
in acetic acid. The preliminary report on this subject
has already appeared in a communication form.*

RESULTS AND DISCUSSION

The reaction was carried out by stirring a mixture
of a diene and thallium(I1I) acetate (diene/TI(I11)=2)

in acetic acid containing ca 5°, (by volume) acetic
anhydride at 10- 65 for 0.5-15hr. In the cases of 1,3-
butadiene and isoprenc the reaction was carried out in
a glass or stainless autoclave. The products were
mainly the isomeric diacetoxyalkenes (namely. 1.2-
and 1,4-addition products). Typical results arc
summarized in the Table. The yields of the products
shown in the Table were determined by iodometry on
the basis of thallium(III) acetate consumed.

The reaction of 1,3-cyclopentadiene proceeded
smoothly at 10-25" to afford four diacetoxyalkenes
{14, eqn 1) where 14-addition products (3 and 4)
prevail. The oxidation with lead(IV) acetate had been
reported to give the same products, 1,2-additions being
mainly obtained both in acetic acid and in benzene.®~*
Separate experiments revealed that almost no
interconversion between these isomers occurred under
the reaction conditions employed.

The reaction of 1,3-cyclohexadiene was slower than
that of 1.3-cyclopentadiene and was carried out at 60 .

Table 1. Oxidation of conjugated dienes with TI(OAc), in acctic acid®

Diene React. React. Product and Yieldb Isomer Ratios Tl3+
temp(°C) time (h) Ratio (%) of 1,2-/1,4- consumed®
1,3—Cyclopentadiencd 10 0.5 142+3+44(8:21:44:27) 57 29/71 87
1, 3-Cyclohexadienc 60 2.5 5+F+71(42:27:31) 57 69731 97
1,3-Butadiene 60 2 g+N 10 61739 63
1,3-Butadiene® 60 2 $+9 11 65/35 33
1,3-Butadienc 40 5 Q+Q 10 61/39 45
Isoprene 60 1 I1N+]]1+12(61:15:24) 47 61/39 68
2,3-Dimethyl-1,3-butadiene 60 1 13«11 49 8020 87
2,3-Dimethyl-1,3-butadiene 20 1 15«14 71 83/17 31
2,5-Dimethyl-2,4-hexadicne 65 15 15 92 1000 95

4Diene (20 mmol) , Tl(OAc)3(10 mnol), and AcOH—ACZO(IO m1-0.5 ml) were used unlecss otherwisc statcd.

The reaction of 1,3-butadiene and :isonrene was carricd out 1n a alass autoclave (50 ml).

on Tl(OAc)3 consuried and determined by alc.

leene(lOO mmol) , Tl(OAc)3(50 mrol), and AcOH—Ac20(60 ml-2 ml) were used.

added.
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Cresidual TI(ITT) was determined by iodometry.

®Naohc (10 mmol) was

Bascd
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T1 (OAc)
ACOH

(D e

The products were also diacctoxyalkenes as shown in
eqn (2) where 1,2-addition products (5 and 6) are
predominant. Although the isomer ratio of §to 6 could
be detcrmined by glc. 7. in which both trans- and cis-
isomers should be present, showed only one peak or
unseparable peak on glc under vanious conditions we
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AcQO “0OAc AcO OAC

Transannular cyclization involving C ¢ bond
formation has been reported by Yamada er of in the
reaction of 1.5-cyclooctadiene with thallium([IT)
trifluoroacetate.* The trcatment of the same diene
with thallium(I1]) acetate in acetic acid at 60 80 for
3hr howcever. resulted in the formation of many

OAc
T1 (OAC) X, N A

© AcOH I\/AOAC ' \OAC ' l/l (2)
OAC OAc dac
5 & 7

employed. Therefore, the isomer ratio 1n 7 is not
known. The oxidation with lead(1V) acetate had been
reported to give the same compounds (5:6 = ca 3:1
and trans-7:c1s-T=ca 1:1), the ratio of the latter two
comeounds having been determined after hydrogena-
ton.

The reaction of 1.3-cyclooctadiene was slow and
many products were obtained. For example, in the
rcaction at 80° for 3hr (70°, of thallium(lil) ion
consumed) at least seven compounds were detected as
the products in which rrans- and cis-3.8-diacetoxy-
cyclooctene, 3-acetoxycyclooctene and 3-acetoxy-1.4-
cyclooctadiene could be assigned by 'HNMR after
their isolation by preparative glc.'® The total yields.of
thesc products were at most 30°, (based on
thallium(I1l) ion consumed) and a detailed study was
abandoned. The addition of sodium acetate to the
system slowed down the reaction without a large effect
on the product rato.

products 1n low yields. without dctermining their
structures. It is clear from this obscrvation that
thallium(111) acetate is not a suitable reagent for such
cyclization.

The oxidation of low-boiling linear dienes such as
1.3-butadiene und isoprene was carried oul in a glass
or stainless autoclave at 40 60 for 1-5hr. The
products werc both 12- and |4didCClO\)d|kchS
(eqns 3 and 4), 1.2-isomer being predominant in both
cases. The yields of 8 and 9 were quite low and yet the
high-boiling products such as tri- and tetra-
acetoxyalkanes were scarcely formed. in spite of the
high consumption of thallium(Iil)ion. This may be
partly duc to a formation of low-boiling ketones,
csters, aldehydes and/or epoxides. the identification
and determination of these. however, being not carried
out. Although it has been rcported tn the preliminary
communication® that the addition of sodium or
potassium acctate in the system of 1.3-butadiene

Tl (OAC) AcOCH H
3 2\ s
CH.,=CH-CH=CH » CH,=CH-CH—CH + C=C
2 2 2 | ]2 V4 (3)
AcOH Ohc OAc H CH20Ac
3 9
M T1 (OCAc Me Me CH,OAc
© (ores j NP
= —— = CH.,=C- CH—CH + Cc=C
C}-l2 C-CH= CH2 roon > l 2 / N
OAc OAc ACOCH2 H
10 11
Me H
N (4)
+ /C=C<
A(ZOCH2 CH20AC
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resulted in a predominant formaton of 9, more
thorough investigation has revealed that this was
wrong. The addition of sodium acetate only slowcd
down the reaction and did not give significant effects
on theisomer ratios of 8to 9and also ot 10to 11 + 12
From isoprene 3.4-diacetoxy-3-methyl-1-butcne may
be formed as the other 1.2-addition product. Although
a small pcak due to unidentified product was observed
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which was readily hydrolyzed to its half-ester by
standing it at room temperature after its isolation.
In view of the reported oxidation mcchanism of
mono-olefins  with mercury(ll) and thallium(I11)
acetate,'* 1t1s probable that both diacetoxyalkenes arc
formed through oxythallation and dethallation steps.
the former step involving an electrophilic attack of
thallium moiety to dicncs. As shown in egn (7). in the

v
= - = = - - CH,=C(R)-C(R)-CH
CH,=C(R) -C(R) =CH, CH,=C(R) ('S(R) CI(*I\Z —> CH,=C(R) -C(R) Ho
OAC Tl(OAC)2 OAc OAc
a (B]
o+
CH,=C(R)-C(R)-CH (7)
2 N, 2 b
’I‘l(OAC)2
Y f4 Ve (I)AC
CH,-C(R)=C(R) - H2 ———>—CH2—C(R)=C(R)—CH2
| 2 e ]
OAc T1 (OAC) 2 OAc
(Cl
in a diacetoxyalkenc region on gle, this could not be  cascs of lincar terminal dienes thallium moiety

identified. The predominant formation of 10 as 1.2-
addition product is interesting, since the usual
clectrophilic 1.2-addition on isoprene (HCl, CIOAc,
CIOH e¢tc) has been known to occur at the double
bond bearing the Mc group.'' A similar unusual
attack has been observed in the oxyselcnation of
isoprene with PhSeCN.CuCl,;MeOH system'? in
which  2-methyl-3-methoxy-4-phenylseleno-1-butene
was the sole product (82, vield, at 20 for 24 hr). A
steric interaction between the Me group and a large
attacking species such as TI{OAc); or PhSe * may be
one of the reasons for these unusual attacks, though
the details are not yet known.
2.3-Dimethyl-1.3-butadicne rcacted more recadily
than the former two dienes to give 13 and 14 (eqn 5).
the ratio of the 1.2-addition product became larger.

predominantly attacks on the terminal carbon, as
expected from the polarization effect of the double
bond induced by an electrophile'® (thallium moiety in
this case). to give such an intermediate us A. A can be
attacked by acetic acid to afford thc labile
organothallium compounds. B and C. via patha and b.
respectively. Both B and € are unstable under the
reaction conditions and give 1.2- and 1.4-
diacetoxyalkenes, respectively by an S$.2 attack of
acetic acid and-or an intramolecular attack of ligand
acetate on the carbon bearing TIIOAc¢),. A favorable
formation of 1.2-isomer may be ascribed to a preferred
formation of B because of a weak interaction of
thallium with the neighboring carbon. In oxymercura-
tion of dienes, on the other hand. 1t has been reported
that no 1.4-addition product was ever detected.'* This

Te Me ’I‘l(OAc)3 Me Te *e ?e
[
CH,=C—C=CH —— > CH,=C—C—CH + CH,-C=C-CH (5)
2 2 \ |2 ] 2 ]2
AcOH
OAc OAc OAc OAcC
13 14

The isomer ratio was almost independent of the
reaction temperature. Separatc cxperiments showed
that thallium(l11) and:or (I) acetate has no effects on
the isomenization between 8 and 9 and also between 13
and 14 under thesc reaction conditions (in acetic acid
at 60" for 1 hr).

The rcaction of 2.5-dimcthyl-2 4-hexadicne with
thallium(H1I) acetate was fairly slow, but the yield of
the product was highest in the dienes examined. The
product was solely the 1,2-addition isomer 15 (egn 6)

may bc due to the presence of mercurinium ion
intermediate where mercury interacts morc strongly
with the neighboring carbon than in the thallium case.
In the case of 25-dimethyl-2.4-hexadiene an
cxperimental result showed a sclective formation of
1.2-isomer. 15. Since an clectron density at C-3is much
higher than that at C-2 as expected from the effect of
two Me groups. an clectrophilic thallium species
attacks C-3 selectively, followed by the attack of acetie

Me Me T1 (OAc) Me Me
>C:CH—CH:C: 3 o “C=CH-CH —{ (6)
Me Me AcOH Me/ I “Me
Ac OAcC

15
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acid, to give D. If the species attacks C-2, 1.4-isomer
should also be formed according to eqn (7).

Me _ Me
_C=CH=-CH-C (OAC_

Me T1(0Ac), Me

In the cases of cyclic dienes an clectrophilic thallium
species may attack C-2 preferably as a first step to give
E because of a larger steric hindrance of neighboring
methylene protons than methine proton and;or
shghtly higher electron density of this carbon than that
of C-1. Here, an S\2 type reaction giving 1.2-isomer

N N
—_— —_—
Vi T1(0Ac)
OAcC

[E]

seems to be slow because of its cyclic structure and
therefore E may decompose to give the allylic cation
intermediate which gives both 1,2- and 1.4-isomers.
Intramolecular acetoxyl attack in E and an S,2" attack
of acetic acid on E .may also afford 1.2- and 1,4-isomer,
respectively.

EXPERIMENTAL

All organic matenals except 1.3-cyclopentadiene were
commercial products and used without further purification.
1,3-Cyclopentadiene was prepared from dicyclopentadiene
by the reported method.'” Thallium(Ill) acetate was
prepared from thallum(l11) oxide and AcOH.'" IR spectra
(hquid film) were recorded with JASCO IR-S and Hitach
EPI-S2 spectrometers 'HNMR spectra were taken with
Varian A-60and Varian EM-3601instruments for solnin CCl,
with TMS as an internal standard. Glc analyses werc carried
out with Shimadzu SAPTF und 4BMPF apparatus using p-
methylacetophenone. benzy! acetate, and cthyl cinnamate as
the internal standard Apiczon-L (30”,)-Celite{3m). PEG
6000 (25", )-Chromosorb W(3m). and EGSS-X (30",)-
Chromosorb W(l and 3m) columns: N, as carner gas].
Authentic samples for 1 and 2 were prepared by oxidation of
1.3-cyclopentadiene with lead(1V) acetate in AcOH and in
benzene " Those for 3 and 4 were prepared by acetylation
(Ac, 0. pyndine) of the corresponding diols obtained by the
reported method:'" bp. 71 72 I mmHg. Both 8 and 9 were
synthesized by the known mcthod.'” Some typical
procedures are as follows.

Reuctum  of 1 3-cyclopentadiene. To a suspension of
TIHOAC), 119 2g. 50mmol)in AcOH Ac,0 (60 ml- 2ml)was
added the freshly distilled 1.3-cyclopentadiene (6.61g.
100 mmol) and the resulting miature was stirred for 0.5 hr at
10 The muxture was pourcd nto H,O (ca 200ml) and
extracted with Et,O. The 1odometry of the water layer
showed that 87", of thallum(ill} was converted to
thallium(l). Glc analysis of the ether cxtract revealed the
presenccof 1. 2.3, and 4 (R.21:44 273in 57", vicld (based on
TI(I11) consumed) Disnhllation gave a mixture of 1 4: 3.0,
b.p. 87-¥9 26mmHg (Found C. S§ &7, H.670. C,H,,0,
requires €, 5869, H. 6527, ).

S. UEMURA ef ul.

The products mixture (020g. 1:2:3'4 = 36'18-35:11)
obtained by the reaction of 1.3-cyclopentadienc (10 mmol)
and lead(lV) acetatc (Smmol)®* i AcOH-Ac,0
(10mi-0.5ml) at 20 for 10min was dissolved into
AcOH - Ac,0O (10ml-0.5ml) comtaining TI(OAc), (I mmol)
and the resulted soln was stirred at 20 for | hr. The mixture
was then treated as above and gl analysis of the bensene
extract revealed the presence of 14 of almost the same
amount and isomer ratio to the starting one.

Reaction of isoprene The soln of isoprenc (6.81 g.
100 mmol) and THOAC), (19.2¢, S0mmol) in AcOH-A¢,O
(60ml 2ml) was sturred at 60 for 1 Shr in a stainless
autoclave (100mtl). After the mixiure was cooled to room
temp, it was treated as above. The conversion of thalliumil 1)
to thallium(l) was 97" (by 1odometry). Distillation of the
concentrated cther extract which was revealed to consist of

10, 11 and 12(65:17.18. 30", yreld) by glc afforded a mixture
of three products: 2.5g. bp. 114 119 17mmHg. Each of 10,
11 and 12 was isolated in a pure form by preparative gle. 10
NMRJ1.79 s, 3H). 206 (s. 3H). 211 (s. 3H). 453 (m. 2 H),
5.05(s.2H). 540 (t.J = 6 Hz. 1 H) IR 2850 (w), 1710(s), 1420
(m). 1350 (5). 1210 t5), 1037 (). 1020 {5). 963 (w). 935 (w). 897
(m), 859 (w). 598 (w)jcm ' 11 NMR o 1.83 (s, 3H), 206 (s.
3H).2.09(s.3H).4.66(s.2H). 467d.) = THz.2H). §58 (1.
1 =THz, 1 H) IR 2870 (W) 1715 (s), 1430 (m). 1368 (s), 1215
(s). 1015151955 {m ). 905 (w), 82K (w). 600 (wiem ~ ' (Found:
C.5781.H.7.67 CoH,,0, requires: C, 58.05. H, 7.58" ). 12
NMR&1.75(s,3H).2.06(s,3H).2.10(s. 3H). 4.52(s.2 H). 4.66
(d.) = 7Hz. 2H), 5.64 (1. ] = THz 1 H). IR spectrum was
almost identical to that of 11. (Found: C, S8S7: H. 771",
Assignment for 11 and 12 15 tentative (11 has a shorter
retention time than 12 1n glc on all three different columns
used) and might be reversed.

A similar treatment of 1,3-butadicne afforded 22", yield of
8and 9(8.9 = 66.34), 98", of thalltum(tf1} being consumed
Blank cxpeniment showed that only 4%, of thallium(l1l) was
converted to thalhum(lyunder similar conditions without the
addition of tsoprene or 1.3-butadiene

Structural determination of other products. which were
isolated by simple distillation or by preparative gle, was
carried out by 'HNMR and IR spectra and an elemental
analysis as follows. SNMR 0 1.77 220(m.4H . 206 (s. 6 H).
SRY(S.2H )L 49-56(m, 2H L IR 1736 (s). 1372 (m). 1244 (5).
1043 (m) ¢cm ' (Found: C, 6035: H, 7.59. C,,H,,0,
requires: C. 60 59. H. 712" 1. 6 NMR 0 206 (5. 6 H), 208 (m,
4H). 5061q. 1 H). 536 (m. 1 H). $64 (m. 1 H).S86(t. 1 H) IR
spectrum was almost identical to that of . 7NMR o 1.8% (m,
4H). 2.04(s.3H). 206 (s.3H). S26 1 m 211591 (m. 2H L IR
1730 (). 1373 (m). 1236 (m}. 949 (m). 913 (mycm "~ '. (Found
C. 6053: H. 731"} Retention times of §-7 n gle were
consistent with those of the products obtained from the
recaction of 1.3-cyclohexadiene with lead(IV) acctate ™ 13
NMR §4.22(s,2H L4851 (m 2H)L I4NMR 177 (5.6 H).
206¢s.6H). 463 (s, dH) This spectrum was almost identical
to that reported as trans-1somer.?” A mixture of 13 and 14
(80:200 was solated by disnllation; bp 59 2mmHg
(Yound C. 6013 H, 847 C,,H,,0O, requires: C. S9.9%: H.
BOS" LISNMROLIT(s. 6 HLT1.771s,6 H1L2.05(s.6 H). 3,12
(d.) =9Hz2 1 H}L535¢d.J =9Hz 1 Hibp 100 8mmHg
Good combustion analytical data was not obtamed because
of hydrolysis
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