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Ahstracr The tcaction of conjugated dienes buch as 1.3-butadicnc, isoprene. 2.3-dimethyl-1.3butadiene. 
2.5-dimcthyl-2.4-hexadiene. 1.3-cvclopentadicnc. and I.3cyclohexadlene with thallium(lll)acetate in acetic 
acrd at IO- 65 for 0.5 I5 hr affords an isomeric mtxturc of the corresponding diacetoxyalkcncs (I.?- and l.4- 
addttion products) in IO 9?“,, yields. The l.2-addition products are predominantly formed in all cases 
esamincd except the case of l.3-cyclopcntadicnc. 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 thalhum moiety is proposed to occur mainly at C-l and C-2 carbons in 
the casts of linear terminal dienes and cyclic dicncs. respectively. 

Since Criegcc reported the isolation of methoxy- 
thallation adduct of styrene-thallium(lll) acetate and 
its oxidative decomposition on heating the oxidation 
of mono-olefins by various thallium(lI1) salts has been 
studied in the last two decades.’ Oxidation of diolcfins 
with thcsc 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(lll) acetate 
in acetic acid. The preliminary report on this subject 
has already appeared in a communication form.’ 

RESLI.TS AND DISCL’SSION 

The reaction was carried out by stirring a mixture 
of a diene and thallium(lII) acetate (diene’TI(III)=2) 

in acetic acid containing cu 5”,, (by volume) acetic 
anhydride at IO.65 for 0.5-15 hr. In the cases of 1.3- 
butadiene and isoprene the reaction was carried out in 
a glass or stainless autoclave. The products were 
mainly the isomeric diacetoxyalkenes (namely. 1.2- 
and l,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(lI1) acetate consumed. 

The reaction of 1,3-cyclopentadiene proceeded 
smoothly at 10-25’ to afford four diacetoxyalkenes 
(IA, eqn 1) where 1,Caddition products (3 and 4) 
prevail. The oxidation with lead(lV) acetate had been 
reported togive thesame products, 1.2-additions being 
mainly obtained both in acetic acid and in benzene.6-A 
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 I.3cyclopentadiene and was carried out at 60 , 

Table I. Oxidation of conjugated dienes wtth TI(OAc), in acetic acid” 

Dienc 

~,--. --.- 
1,3-Cyclopentadiened 

1,3-Cyclohexadicnc 

1,3-Butadiene 

1,3-UutadleneC 

1,3-Butadlenc 

I soprene 

2,3-Dimethyl-1,3-butadlene 

2,3-Dimethyl-1,3-butad,ene 

2,5-Dimethyl-2,4-hexadlcnc 

React. 

tenlo 

10 

60 

60 

60 

40 

60 

60 

20 

65 

React. Product and Yield’ 

time(h) Ratio (PJ 

0.5 ]+2+3+4(8:21:44:27) 57 

0 . 5 5+Fb7(42:27:31) 57 

2 8+” 10 

2 S+3 11 

5 s+9 10 

I 1~+11LJ?(61:15:24) 47 

1 I3+1’1 49 

1 IT-14 71 

15 I5 92 

Isomer Ratios 

or 1 ,2-,‘1,4- 

T13+ 

.c 
consumco 

29/7 1 87 

69.‘31 97 

61/39 63 

65/35 38 

61/39 45 

61,‘39 69 

80.~20 87 

83/17 31 

100,/o 95 

‘Diene (20 mmol) , Tl (OAcJ 3(10 mnol), and AcOH-Ac20(10 1-l-0.5 ml) were used unless otherwise stated. 

The reaction of 1,3-butadiene and isonrene was carried out in a olnss autoclave(50 nl). 
b 

Based 

on Tl (OAcJ 3 consumed and determined by qlc. CResidual Tl (J JTJ was determined by iodometry. 

dDiene(lOO mmol), Tl (Ok) )(50 mrolJ, and AcOH-Ac20(60 ml-2 ml) were used. eVac)Ac(lO mmol) was 

added. 
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0 
I\ 

_.OAc 
Tl(OAc) 

AcOH 
OAc + 

The products were also diacctoxyalkenes as shown in Transannular cyclizatton involving C C‘ bond 

cqn (3) where 1.2-addition products (5 and 6) are formation has been reported by Yamada cr ul in the 

predominant. Although the isomer ratro of,5 to 6could reaction of l.5-cyclooctadienc with thallium(ll1) 

be dctcrmined by glc. 7. in which both trun.\- and ci~- trifluoroacetate.3’ The treatment of the same diene 

isomers should be present, showed only one peak or with thallium(lll) acetate m acetic acid at 60 80 for 

unseparablc peak on glc under vartous conditions we 3 hr howcvcr. resulted In the formatton of many 

6Ac 

5 

employed. Therefore, the isomer ratio In 7 is not 
knoun. The oxidation with lead(lV) acetate had been 

reported to give the same compounds (5:6 = ca 3: I 
and rrun.\-‘l:c.r$-7=(.u I :I ). the ratio of the latter two 

compounds having been determined after hydrogena- 
tion.’ 

The reaction of 1.3-cyclooctadiene was slow and 

many products were obtatned. For example. in the 
reaction at 80’ for 3hr (70”” of thallium(lll) ion 
consumed) at least seven compounds were detected as 

the products in which rum- and cis-3.8-diacetoxy- 

cyclooctene. 3-acetoxycyclooctene and 3-acetoxy- I.4- 
cyclooctadtcne could be assigned by ’ H NM R after 

their Isolation by preparative glc.” The total yields of 

these products were at most 30”,, (based on 
thallium(lll I ion consumed) and a detailed study was 

abandoned. The addition of sodium acetate to the 

system sloucd down the reaction without a large effect 
on the product ratio. 

(2) 

products m IOU yields. without dctcrmtntng their 

structures. It is clear from this observation that 
thallium(lll) acetate is not a suttable reagent for such 
cyclization. 

The oxidation of low-boihng linear dtenes such as 

l.3-butadiene and isoprene nas carrtcd out m a glasb 

or stainless autoclave al 40 60 for l-5 hr. The 

products were both I .2- and I .4-diacetoxyalkenes 
(eqns 3 and 4). I.?-isomer being predomtnant in both 
cases. The yields of 8 and 9 were quite IOU and yet the 

high-botllng products such as tri- and tctra- 

acetoxyalkanes were scarcely formed. in spnc of the 
htgh consumption of thallnrmtlll) ton. This may bc 

partly due to a formation of low-boiling ketones. 
esters. aldehydes and/or epoxidcs. the tdcntlficatlon 
and determination of these. however. being not carrtcd 

out. Although it has been reported m the prcltmlnary 
communication’ that the addition of sodium or 
potassium acctatc in the system of 1.3-butadtene 

Tl (OAcl3 AcOC112 H 
\ / 

CH2=CH-CH=CH2 
AcOH 

-+ CH2=CfI-YH-CH 
I2 + 

-c=c\ 
H' CH20Ac 

(3) 
Okc OAc 

3 9 

Me Tl(OAc)3 iYe 

CH2=h-CH=CH 
I 

2 
AcOH 

F CH2=C-;H-CH2 

OAc &AC 

10 
Me 

+ 
Me\c~c,CH20*C 

AcOCH' 'H 
2 

11 
H 

\ / 
+ c=c 

/\ 
AcOCH2 CH20Ac 

12 

(4) 



Dlacetoxylat~on of conJu&!aled dlenes 

resulted in a predominant formation of 9, more 

thorough investigation has revealed that this was 

wrong. The addition of sodium acetate only slowed 

down the reaction and did not give significant effects 

on the lsomcr ratios of 8 to 9 and also ol 10 to I I + 12. 
From isoprene 3.4-diacctoxy-J-methyl- I -butcne may 

be formed as the other 1.2~addition product. Although 
a small pcrlk due to unidcntilied product was obscrvcd 

which was readily hydrolyzed IO its half-ester b! 

standing it at room temperature after its isolation. 

In view of the reported oxidation mcchanlsm of 

mono-olefins with mercury(ll) and thallium(lII) 

acetate.’ ’ I[ IS probable that both diacetoxyalkenes arc 

formed through oxythallation and dcthallation steps. 
the former step involving an elcctrophihc attack of 
thallium molcty to dlcncs. As shown in eqn (7 1. in the 

CI$=C(Rl -C(R) =CLi2 

I s/ I+ + 

CH2=C(I?)-C_(R)-CH2 
. ..+/ b 

[Al 

'I'1 (OAcj2 
i+ \ 

CH2=C(R)-;(R)-+ w 

OAc 
\* 

T1(OAd2 

LB1 

/ 
CH,-C(R)=C(R)-CII, e 
I L 
OAc 

in a diacetoxyalkcnc region on glc, this could not be 
identified. The predominant formation of IO as 1.2- 

addition product is interesting. since the usual 

clectrophilic 1.2-addltlon on isoprene (HCI, CIOAc. 

CIOH fjrc.) 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 PhSeC~i:CuCl,.IMeOH system” in 

which 2-methyl-3-methoxy-3-phcnylbeleno-1-butenc 
was the sole product (X2”,, y~cld. at 20 for 24 hr). A 

steric interactlon between the Me group and a large 
attacking spccics such as TI(OAc); or PhSe ’ may be 

one of the reasons for these unusual attacks, though 

the dctalls are not yet known. 

25Dimcthyl- 1.3-butadicnc reacted more readily 

than the former twc) dienes to give 13 and 14 (eqn 5). 
the ratio of the I.?-addition product became larger. 

CH2=C(R)-y(W-~H2 

OAc OAc 

(7) 

TAc 
CH,-C(R)=C(H) -CII, 

‘YL L 

T~(OAC)~ IA: 

ICI 

casts of linear terminal dlenrs thallium moist! 

predominantly attacks on the terminal carbon. ;I)* 

expcctcd from the polarization elfect of the double 
bond induced by an electrophilc’J tthallium moiety in 
this case). to gtve such an intermediate as A. A can be 

attacked by acetic acid to afford rhc labile 

organothallium compounds. Band C. via path a and b. 
rcspcctlvcly. Both 6 and C are unstable under the 
reaction conditions and p~\c I.?- and l.4- 
diacetoxyalkenes. rcspcctivcly by a11 S,Z tittitck of 

acetic acid and:or an intramolecular attuCk of ligand 
acetate on the carbon bearing TI(OAC)~. A L~\orable 
formation of 1.2-ihomer may be ascribed to it prcfcrrcd 

formation of B because of a weah interaction of 

thallium with the neighboring carbon. In oxymcrcuril- 
tion of dicncs. on the other hand. I[ has been rcportcd 
that no 1.4-addition product was ever detected.’ ’ Thi5 

Y Me T1(OAc13 
Ye Me 

Me .Y.e 

CHZ'C-Lx* A CH2=C-i--CH, 
I I 

+ CH,-C=C-CH, (51 
AcOIl 

13 J 
The isomer ratio wa5 almost independent of the may bc due to the presence of mcrcurinium ion 
reaction tcmpcrature. Separate experiments showed intermediate whcrc mercury interacts more strongly 
that thallium(lll) and;or (I) acetatc has no erects on with the nclghborinp carbon than in the thallium case. 
the isomcrlLation between 8 and 9 and also ,betwccn I3 In the case of 2.5dimcthyl-2.4-hcsadlenc ;\n 
and 14 under these rcactlon conditions (in acetic acid experimental result showed a selective formatlon of 
at 60’ for I hr). 1.2~isomer. IS. Since iin clcctron density ill C-3 is much 

The reaction of 2.5dlmcthyl-2.4-henadlcnc with higher than that at C-2 as cspccted from the ef?‘cc~ of 
thallium(ll1) acetate was fairly slow, hut the yield of two Me groups. an clcctrophilic thallium spccich 
the product was highest in the dienes examined. The attacks (‘-3 selectlvcly. followed by the attack of iicct\c 
product was solely the I.?-addition isomer IS (cqn 6) 

Me 



actd. to gtce D. If the spectes attacks C-2, 1.4~isomer 
should also be formed according to eqn (7). 

Me, , Me 

Me’ 

C=CH-?H-C (Ok), 

T1 (OAc) 2 
Me 

[Dl 

In thccascs ofcvcl~c dtcnes an clcctronhtlic thallium 
species may attack C- 
E because of a larger 

2 preferably as a first step to give 
steric hindrance of neighboring 

methylene proton, than methine proton and;or 
shghtly higher electron density ofthts carbon than that 
of C-l. Here. an S,2 type reaction givmg 1.7-isomer 

The products mixture (0 20X. I .2.3.4 = 36 1X.35:1 I ) 
obta~ncd by the rracIron of 1.3.cyclopcntadrenc (IO mmol I 
and Itad acctatc (5 mmol)“.‘ tn A&H- Ac?O 
(IOml-0.5mlt at 20 for IOmrn was dissolved mto 
AcOH Ac,O (IOml-0.5ml) containmg TI(OAc), (I mmol) 
.md 
W;LS 

the resulted soln was strrred 
then treated as above and 

at 20 for I hr. The mlxttrre 
rlc amllvsl, of the benzene 

c 

extract revealed Ihc presence of 14 of Jmost the same 
amount and tsomcr ratio to the starttng one. 

Rwc IIOU II/ i~~pw~~ The soln of isoprcnc (6.X1 g. 
loOmmolt ;IIIJ TI(OAc), (iY.2p. 50mmol) in AcOH-Ac!O 
(60ml 2ml) was strrred at 6O’ for I 5 hr tn a staInless 
autoclave (lOOmI). After the mtxture was cooled IO room 
temp. II ~3s trca~cd as above. The convcrston of rhalltum(lll) 
IO thaIhum was VT”,, (by rodomctryt. Dtstrllatron of the 
conccntrarcd cthcr extract whrch was rehealed to consrst of 

_I 

-Ok 

[El 

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 acet ic acid on E .may also afford 1,2- and I .4-isomer, 
respectively. 

EXPERIMEYTAL 

All organic materials except I.+cyclopcntadiene were 
commercial products and used without further punficatton. 
1,3-Cyclopcntadicnc was prepared from dicyclopentadienc 
by the reported method.‘” Thallium(Ill) acetate was 

prepared from thalltum(lll) oxtde and AcOH ” IR spectra 
(liquid film) were recorded wtth JASCO IR-S and Httacht 
EPI-S2 spectromeIers ‘H NMR spa-tra were taken with 
VarIan A-6Oand VdrIan EM-360tnstrumentsfor soln In CCI, 
with TMS as an internal standard. Glc analyses were carried 
out wtth Shrmadzu 5APTF and 4BMPF apparatus using I]- 
methylacetophcnonc. benzyl acetate. and ethyl ctnnamate as 

the Internal standard .Aptczon-L (3O”.,K’elrIe(3m ). PEG 
6ooo (25 I’.,)Chromosorh W(3m ). and EGSS-X (30”,,)- 
Chromozorh W( I and 3mt columns: NZ as carrier pas]. 
Authentrc samples for I and 2 wcrc prepared by oxiddtton of 
1.3-cyclopenradrene with Icad xetdte tn AcOH and in 
bcn7cnc ‘I * Those for 3 and 4 wcrc prcparcd hy acetylatron 
(A~~O.pyrrdrnet of the correspondrnp d~ols ohtamed hy the 
reported method:” b p. 71 72 I mmHg. Both 8 and 9 wcrc 
synthesized by tht known method.‘” Some Iyp~cal 
procedures are as follows. 

Rt,uc 1l~Ni of 1.3-c ,’ /opmroclrmc~. To d suspension of 
TI(OAc),tlY2g.5Ommol)InAcOH AcZO(60ml-2ml)was 
added the freshly distilled I.3cyclopcntadienc (6 61 g. 
IOOmmol) and the resulIrng mixture was stirred for 0 5 hr a~ 
IO The mrxturc was poured Into H,O (tu 2OOml) and 
exIracIcd wuh Et,O. The rodomctry of the water layer 
showed that X7 “,, of Ihallrum(lll~ was convcrrcd to 
Ihalltum(l~. Glc analysis of the ether c\IracI revealed the 
prescncc of I. 2.3. and 4 (X.21 :a 27) 111 57”,, ylcld (based on 
TI(ItI) consumed) Distillation gave .I mrxture of I 4: 3.0.g. 
h.p. X7- X9 26mmtip (t-ound C. 5X X7. Ii. 6.70. C,H,,O, 
rcqurrcs’ I‘. 5X 69. H. 6 52”..). 

IO. II and I2 (65:17.1X. 30”.,yreldl by glcafforded a mixture 
of three products: 2.5~. b p I I4 119 I7mmH.g. Each of l(t. 

I I and I2 was isolated tn a pure form by prcparatrvc plc. IO 
NMR~1.79(~.3H).2.06(~.3H).2lI(s.3H).453(m.2H). 
5.05(s.ZH~.5.40(1.J = 6Hz. I H) IR 2850(w). 1710(s). 1420 
(m). 13501s). 1210(s). 1037(b). lO?O(s).963 1w).935 (w).897 
(m). X59 (w). 59X (w)cm ’ II NMR ci 1.X-I (s. 3H). 206 (s. 
~H).,‘.O!I(S.~H).~.~~(S.ZH).~.~~I~.J =7Hz.2H1.558(1. 
.I = 7H7. I HI IR 2X70(w). 1715(s). 1430(mt. 136X(s). 1215 
(~).1015(s~.955(ml.905(w).X2X(u).6Oo(wtcm~’.(Found: 
C. 57.81; H. 7.67 C,H,,O, requires: C. 58.05. H. 7.5X”.,t. 12 
NMR61.75(s.3H).206(s.3Hl.2.10(s.3H).4.52(~.2H).4.66 
(d. J = 7 Hz. 2 H). 5.64 (I. J = 7 Hz. I H). IR spectrum was 
almost identical to that of I I. (Found. C. 5X 57: H. 7 71 ‘I,,). 
Asstpnment for II and I2 1s tcntatrve (I I has a shorter 
retentton Iimc than I2 In glc on all three dIKerent columns 
used) and might bc rcvcrzcd. 

A srmrlar Irc,rtment of I.!-butadrcnc Afforded 22 I’,, y~cld d 
8 and 9 (8.9 = 66.34). 9X”., ofthullIum(lll~ bernpconsumcd 
Blank c\pcrImcnt showed that only 4”,, ol Ihallium(lll I *as 
converted to thallrumtl) Under similar condlttons wtthout the 
dddIIion of tsoprenr or I.?-butadrene 

Structural Jctcrmrnatron of other products. which wcrc 
Isolated hy simple distillation or by preparatrvc glc. was 
carried out by ‘H NMR and IR s;pccIra and an elemenral 
analysrs;IsIhllows.SY!vlR~)l.77 220(m.3Ht.206(s.6Ht. 
58?(s.2Hl.43-56(m.2H~.IR 17361sl.l?72(m).l244(~~. 

1043 tml cm ’ (Found. C. 6035: H. 7.59. C,,,li,,O, 
rcqutrcs: C. 60 5Y; H. 7. I_’ I’(, ) ~NMRGZC)~IS.~H).?OX(~. 
1H).~.06(q.IH).5.?6(m.1H).564(m.IHl.586(t.lHt IR 
spectrum was almost rdcntlcal IO that of .T. 7 NMR ci I 8X (m. 
4H),2.O-l(5.3H1.2.06(s.?H).526(m.211).5Y1 (m.2Hl. IR 
t740(s).l!73(1n).l2361m).949(n~~.Ot3(m1~m~’.tFound 
C’. 60 53: H. 7 31 I’,,) Retention Irmcs of S-7 rn glc: wcrc 
consistent with those of the prr)ducts ohtarncd from the 
rcactron of I.)-cyclohrxaditne with Icad(lV’t .~otaIc:~ I.7 
NlLIR64.l(s.-7H).4X-5 I (m.?H).l4NhlRcil 771s.6H~. 
2.06 Is.6 H t. 4 h! ts. 4 H I This spectrum was almost dcnlical 

to that reported as (rtln+rsomcr.“’ A mrxturc of I3 and I4 
(X0:201 wab isolated by drstrllatron. bp FY 2mmllg 
(l’ound C. 60 I!. H. X47 C‘,,,H,,O, requtrcs: C. 599X: H. 
X05”,.).lSNhlR~il.17(s.6H1.I 771~.6Ht._‘.O5(~.6Ht.5.1~ 
td. J = Y Hz. I H) 5 35 (d. J = 9 Hr. 1 H I. b.p l(X) XmmHg 
Good comhustron .tnillyIiCal da1.t U’dS no1 obI.rtncd bCC.lUsc: 
OF hydrolyses 




