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Oxymetallation. Part 15.' Oxidation of Hex-I -ene by Thallium(iii) 
Trif luoroacetate in Methanol 

By A. J. Bloodworth * and David J. Lapham, Christopher lngold Laboratories, Chemistry Department, Univer- 
sity College London, 20 Gordon Street, London WC1 H OAJ 

Hex-1 -ene reacts with thallium(lll) acetate in methanol to afford 2-methoxyhexylthallium diacetate which under- 
goes no appreciable decomposition when kept in methanol at room temperature for one week, but which, upon 
treatment with solid potassium bromide and a catalytic amount of 2,6-dimethyl-l8-crown-6, cleanly affords a high 
yield of 1 -bromo-2-methoxyhexane (1 ). By contrast, the methoxythalliation adduct obtained with thallium(lll) 
trifluoroacetate undergoes oxidative dethalliation fairly rapidly (ca. 85% dethalliation after 2 h) to give 1,2- 
dimethoxyhexane (2) and 2-methoxyhexanol (3) as major products. It is suggested that compounds (2) and (3) 
arise by facile ligand exchange followed by transfer of methoxy- or hydroxy-groups from thallium to C-1 in an S,i 
process. If the methoxythalliation is carried out with thallium(1ll) trifluoroacetate in dichloromethane with 
methanol (2 equiv.) the oxidative dethalliation is  complete after only 1 h, but 1 -methoxyhexan-2-01 (4) and 2- 
methoxy-1 -trifluoroacetoxyhexane (5) are obtained as additional products. It is suggested that ligand exchange is 
not effective under these conditions and that dethalliation via an oxonium ion, which leads to compounds (2)-(4), 
competes with the S,i process which affords compound (5). Only small amounts (< lo%)  of hexan-2-one are 
obtained in the oxidations. 

OXIDATION of alkenes by thallium(II1) salts has proved a 
valuable procedure in organic synthesis.2 hIechaIiist ic- 
ally, the method is believed to involve oxythalliation of 
the alkene [equation (I)]  followed by oxidative dethal- 
liation of the resultant adduct, possibly, but not nec- 
essarily, via a metal-free cationic intermediate [equation 
(211. 

R1CH=CHR2 + TlX, + ROH -+ RTH(0R)CH- 

R1CH(OR)CH(T1X2)R2 ___t [R1CH(OR)CHR2]+ 

(T1X2)R2 + H X  (1) 
-TlX 

-X- - products (2) 

The ease of dethalliation and the nature of the final 
products depend not only on the type of alkene and sol- 
vent used, but also on the identity of the anion (X) associ- 
ated with thallium. Variation of the thallium(II1) salt 
represents a potentially valuable way to control product 
distribution, yet i t  has received surprisingly little 
attention. Most oxidations have been carried out with 
thallium(II1) nitrate or with the markedly different 
thallium(II1) acetate. The nitrate has been the pre- 
ferred reagent in organic synthesis because it generally 
gives fast reactions and good product specificity. By 
contrast, the acetate tends to give complex mixtures of 
products and elevated temperatures are often required 
t o  bring about the dethalliation at  an acceptable rate. 
However, the greater stability of the organothallium 
diacetates has facilitated mechanistic studies in this area. 

We felt that thallium(m) trifluoroacetate could 
provide an oxidant of intermediate reactivity which 
might reasonably be expected to afford a narrower range 
of products than the acetate and a different distribution 
than the nitrate. I t  might also prove possible to obtain 
mechanistic information about any synthetically useful 
transformations that occur. The reaction of thallium- 
(111) trifluoroacetate with alkenes has been little investi- 

and, as far as we are aware, no reactions in 

alcohol solvents have been carried out. We were 
particularly interested in alkoxythalliation since we 
envisaged that eventually this might be incorporated 
into a synthesis of crown ethers in a modification of the 
alkoxymercuriation-based procedure we have recently 
reported.' Thus, we have studied the reaction of thal- 
lium(Ir1) trifluoroacetate and methanol with hex-1-ene, 
which was chosen, on the basis of experimental conven- 
ience, as a representative terminal alkene for which a 
substantial amount of vicinal dimethoxylat ion, the model 
for a crown ether synthesis, might reasonably be expected. 
For the purposes of comparison we have also carried out 
some similar reactions with thallium(m) acetate. 

RESULTS 

Thallium(II1) salt was added in one portion to a stirred 
solution of hex-1-ene in dry solvent under nitrogen. After 
an appropriate time the mixture was treated with potassium 
bromide, either as the solid together with a drop of 2,6- 
dimethyl-18-crown-6 to aid phase-transfer, or as an 
aqueous solution. The resultant thallium(1) bromide was 
filtered off and the organic products were isolated by ex- 
traction into dichloromethane followed by distillation. 
Product analysis was carried out by g.1.c. and by 13C n.m.r. 
spectroscopy using the intensities of signals arising from 
carbon atoms linked to hydroxy- or methoxy-groups. The 
results are shown in the Table. 

In every experiment a negative test for T1III ions (no 
brown precipitate upon addition of a few drops of the solu- 
tion to water) was observed prior to treatment with potas- 
sium bromide and the isolated product mixture accounted 
for ca. 70-90:h of the starting hex-1-ene. Products (1)- 
(4) were identified from their spectroscopic data and by 
independent synthesis (Scheme 1 ) .  Product ( 5 )  was identi- 
fied from its mass spectrum which showed a fragmentation 
pattern very similar to those for compounds (1)-(3), but 
markedly different to that for the independently synthes- 
ized isomer, 1-methoxy-2-trifluoroacetoxyhexane (9).  Pro- 
duct (6) was identified by comparison with a commercial 
sample of hexan-2-one. The isolation of a mixture of 
compound (1)  and 2-bromo-1-methoxyhexane has been 
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Products from the reaction of hex-I-ene (10 mmol) with TlX, (10 mmol) followed by treatment with KBr (30 mmol) 

Reaction Products (mol %) Hex-1-ene 
A > uptake e time "1 M-ork 

UPb (1) (2) (3) (4) (5) (6) ( % I  
OAc MeOH 5 min P 98 2 90 

3 O,CCF, MeOH 5 min P 97 3 89 
4 O,CCF, MeOH 168 P 3 91 

8 O,CCF, MeOH 2 A 32 36 21 9 79 

Expt. X Solvent h 
1 
2 OAc MeOH 168 P 99 1 68 

5 O,CCF, MeOH 72 A 44 46 10 78 
6 O,CCF, MeOH 2 P 18 48 26 8 80 
7 O,CCF, MeOH 2 P 14 47 29 10 82 

77  9 O,CCF, CH,Cl, 8 1 P 14 34 27 21 3 
10 O,CCF, CH,CI, e 1 A 5 16 26 24 19 10 87 

6 Time between addition of TlX, and treatment with KBr. 

41 56 

P = phase-transferred KBr; A = aqueous KBr. e Percentage 
H,O (10 mmol) added after uptake of TIX, was complete (< 1 min). of starting alkene accounted for by observed products. 

Contained MeOH (20 mmol). 

described before, but the isomers were not separated; * 
compounds (2)-(5) are previously unreported. 

. .. 
1,11 

BuCH =CH2 - BuCH(OMe)CHzBr + BuCH(Br)CHZOMe 

( 1 )  + 
iii BuCH(Br )CH,Br 

L 

t 

I V, I I  -. > 
BuCH(OH)CH20Me 

(4) 

vi.vii I 
BuCH (OMe 1 C HzOMe 

(2) 
SCHEME 1. Independent synthesis of compounds (1)-(4). 

Reagents: i ,  Br,; ii, MeOH; iii, 3-C1C,H,C03H; iv, H+; 
v, NaOMe; vi, Na; vii, MeI. 

DISCUSSION 

Methoxythalliation [equation (3)] is fast and complete, 
as evidenced by the rapid uptake of thallium(II1) salt and 
the negative test obtained for TlIII ions, within a few 
minutes of mixing the reagents. The product from 

BuCHzCH, + Tl(O,CCX,), + MeOH L 

BuCH(OMe)CH2T1(O,CCX,), + HO,CCX, (3) 
(7) 

a ;  X = H  

reaction with thallium(II1) acetate was isolated as a 
viscous, moisture-sensitive oil by rapidly removing the 
solvent under reduced pressure, and was identified by 
lH n.m.r. spectroscopy as 2-methoxyhexylthallium 
diacetate (7a). The TlCH, and T1-CH,CH protons 
provided the most diagnostic features of the spectrum, 
each giving rise to a pair of widely separated multiplets 
due to coupling with thallium. The chemical shift and 
coupling constant (average for 203Tl and zo5Tl) for the 

b;  X = F  

TlCH, group were very similar to those reported for the 
corresponding protons in PhCH(OMe)CH,Tl(OAc),. 

As with the closely related 2-methoxyoctylthallium 
diacetate,1° the isolated adduct (7a) was too labile to 
permit mole thorough characterization and thus we 
looked for a clean high-yielding reaction that would 
provide a stable and readily characterized derivative. 
We chose bromodethalliation which, foI the corres- 
ponding styrene adduct, has been carried out in 87% 
yield by treatment with a mixture of copper(1) bromide 
and potassium bromide in refluxing acetonitrile [equation 
(4)].9 As shown by the results of Expt. 1 (Table), we 

PhCH(OMe)CH,Tl(OAc), + 2CuBr + 
MeCN 

reflux 
2KBr PhCH(OMe)CH,Br (4) 

achieved a comparable conversion of compound (7a) into 
1-bromo-2-methoxyhexane (1) by phase-transfer of solid 
potassium bromide into a methanolic solution of the 
adduct [equation (5); X = HI. This is a significant 

BuCH~(OMe)CH,Tl(O,CCX,), + 
MeOH 

KBrc,ownethe;t (l) ( 5 )  

result in that other workers have reported only very low 
yields for the bromodethalliation of the styrene adduct 
using potassium bromide in refluxing methanol in the 
absence of a crown ether.9 It has also been shown that 
PhCH(OMe)CH,Tl(OAc), gives mainly 2-phenylethanal 
upon treatment with aqueous potassium b r ~ m i d e , ~  but 
we were able to effect bromodethalliation of compound 
(7b) in methanol with this reagent (Expt. 8). Indeed, a 
higher yield of compound (1) was obtained than when 
phase-transferred bromide was used (Expts. 6 and 7), 
which suggests a slightly faster rate of bromodethalliation 
for the aqueous reagent. 

It has been shown that the copper(1)-mediated bromo- 
dethalliation proceeds mainly by a radical pathway,ll 
but it seems probable that a polar mechanism operates 
under our conditions. It has been suggested that 
similar substitutions with potassium thiocyanate l2 and 
potassium selenocyanate,13 which do not require a 
phase-transfer catalyst , involve anion exchange followed 
by dethalliation, but the detailed mechanism of the final 
step has not been discussed. It seems to us that the high 
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yield and regiospecificity of our bromodethalliation is 
incompatible with an SN 1-type of process and, bearing in 
mind the high nucleophilicity of alkali-metal halides 
when complexed with crown ethers, we suggest that an 
SN2 displacement after and/or before anion exchange is 
the most likely pathway [equation (6) ; Y = Br or OAc). 
However, an Sfl' mechanism which involves transfer of 
bromine from thallium to the methylene group cannot be 

principal product actually obtained, namely 2-methoxy- 
hexanol (3). 

In  view of the fact that the S& reaction [mode (a)] was 
the major decomposition pathway for 2-methoxyoctyl- 
thallium diacetate lo and that our work-up procedure 
involves aqueous washing after the treatment with 
potassium bromide, it is tempting to suggest that 
compound (3) arises via hydrolysis of 2-methoxy-1- 

BuCH(OMe1 

' I  
Y 

ruled out. We feel that an alternative mechanism 
which involves deoxythalliation, thallium(rI1) oxidation 
of bromide to bromine, and methoxybromination of the 
liberated alkene is less likely and, in an independent 
experiment, we showed that 32% of 1,2-dibromohexane 
and 15 yo of 2-bromo-1-methoxyhexane, which are not 
products of the reaction of compound (7a) with potassium 
bromide, are formed when hex-1-ene is treated with bro- 
mine in methanol (Scheme 1). 

Thus, to interpret the other results in the Table we 
have taken the yield of 1-bromo-2-methoxyhexane (1) to 
represent a lower limit for the amount of methoxythalli- 
ation adduct (7) which remains at the commencement of 
work-up. Hence, the results of Expt. 2 indicate that the 
methoxythalliation adduct (7a), obtained with thallium- 
(111) acetate, does not undergo any substantial dethalli- 
ation when kept in methanol at room temperature over a 
period of one week. The influence of the thallium(II1) 
salt used upon the reactivity of the resultant methoxy- 
thalliation adduct is illustrated dramatically by the 
results of Expts. 3 and 4 which were carried out under 
exactly the same conditions as for Expts. 1 and 2 except 
that thallium(m) trifluoroacetate was used in place of 
the acetate. Bromodethalliation after 5 min (Expt.3) 
produced a high yield of 1-bromo-2-methoxyhexane (1) 
which confirms the formation of the methoxythalliation 
adduct (7b) [equations (3) and (5); X = F]. However, 
attempted bromodethalliation after one week (Expt. 4) 
gave none of compound (l), which indicates that, in con- 
trast with the acetate-derived adduct (7a), the trifluoro- 
acetate-derived product (7b) undergoes complete dethalli- 
ation during this time. 

The major products obtained from Expt. 4 were 1,2- 
dimethoxyhexane (2) (38%) and 2-methoxyhexanol (3) 
(51%) which represents a much improved yield of vic- 
dimethoxyalkane compared with the 10% of 1,2-di- 
methoxyoctane obtained in the decomposition of 2- 
methoxyoctylthallium diacetate in methanol at 65 O C . 1 0  

The products obtained from the latter decomposition 
have been accounted for in terms of three competing 
modes of unimolecular dethalliation.1° The corres- 
ponding reactions for 2-methoxyhexylthallium bistri- 
fluoroacetate (7b) are shown in Scheme 2, but it is 
immediately apparent that none of them give rise to the 

trifluoroacetoxyhexane (5). However, compound (5) 
was obtained fiom reactions in dichloromethane (Expts. 
9 and 10) and shown to survive the conditions of work-up. 

-Ti- - 
Y 

( 5 )  

( b 1 8 u C H (OM e l  C H, T IY , 
-y-/ -1IY 

+ MeOH 
BuCH (OMeICH, - BuCH(OMe)CH,OMe 

( 2 )  

+ MeOH 
BuC(0Me)Me - BuC(OMe),Me - BuCOMe 

(8)  ( 6  1 

Me 1 '  /'\ MeOH 
BuCH -CH, - BuCH(OMe)CH,OMe 

B uCH (OMe) CH,O, CC F3 t B u C H (0,CC F3 1 CHzOMe 

( 5 )  ( 9 )  
SCHEME 2 Possible modes of unimolecular decomposition 

of compound (7b). 

Other workers have also shown that 1,2-bis(triAuoro- 
acetoxy)octane is not hydrolysed under similar con- 
d i t i o n ~ . ~  An alternative explanation for the formation 
of compound (3), in which water participates before work- 
up, must therefore be sought. 
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A source of the water needed to hydrolyse the organo- 

thallium compound is readily identified, for it is easily 
demonstrated by a simple n.m.r. experiment that tri- 
fluoroacetic acid, which is liberated during the oxythalli- 
ation [equation (3)], is rapidly esterified by methanol 
[equation (7)]. A satisfactory mechanism for hydrolysis 

CF,C02H + MeOH - CF,CO,Me + H 2 0  (7) 
must explain the high yield and regiospecificity of the 
alcohol formation. An S N 2  process, analogous to that 
proposed for bromodethalliation [equation (S)], can be 
discounted since the stronger nucleophile, methanol, is 
present in some 80-fold higher concentration than the 
nucleophile water. We believe that 2-methoxyhexanol 
(3) is formed by an Sxi process after Zigand exchange 
[equation (8); R = HI and that this is probably also the 
main pathway for formation of 1,2-dimethoxyhexane (2) 
[equation (8); R = Me]. 

Ligand exchange does not occur readily in 2-methoxy- 
alkylthallium diacetates, as evidenced by the isolation of 
such compounds from methanolic solution and the fact 
that one of their major decomposition routes involves the 
SNi transfer of acetate to the carbon originally bearing 
thallium.1° However, trifluoroacetate is a better leaving 
group than acetate and a progressive methanolysis can 
be envisaged [equation (9); R = BuCH(OMe)CH,]. 
Each molecule of trifluoroacetic acid thus liberated will 
give rise to a molecule of water upon esterification 
[equation (7)]. The organothallium methoxides can be 
expected to undergo hydrolysis readily to provide species 
with the requisite hydroxy-group on thallium [equation 
(lo)]. Direct hydrolysis of organothallium trifluoro- 
acetates seems unlikely in view of the relatively low 
concentration of water, but a methanolysis which involves 
acyl-oxygen fission can be envisaged, and leads directly 
to an organothallium hydroxide [equation (1 l)]. Several 
possibilities thus exist for species (10) which actually 
undergoes dethalliation [equation (S)]. 

MeOH 
RTl(O,CCF,), - RTI(OMe)O,CCF, 

- -  
MeOH 

R'11(0111e)2 (9) 
-HO&CF, 

Ha0 
RTl(OMe), 5 RTl(0Me)OH - 
RTl(Y)O,CCF, + MeOH - RTI(Y)OH + 

-MeOH -MeOH 
RTl(OH), (10) 

CF,CO,Me (1 1) 

In support of the above suggestion, we obtained evi- 
dence that thallium(II1) trifluoroacetate itself undergoes 
methanolysis. Thus, a mixture of the thallium(II1) 

salt and methanol (2 equiv.) in dichloromethane gave a 
quantitative yield of methyl trifluoroacetate as shown by 
lH n.m.r. spectroscopy. Under these conditions the 
reaction was slow, taking 24 h to complete, but a higher 
rate can be expected when methanol is the solvent. A 
moderately fast ligand exchange for the adduct (7b) in 
methanol is required by the observation (Table, Expts. 
6-8) that 68-8674 of dethalliation had taken place 
after 2 h. Another observation consistent with the 
ideas expressed above concerning the origin of compound 
(3) was the fact that the addition of water (1 equiv.) a t  
the completion of methoxythalliation had little effect 
upon product distribution (compare Expts. 4 and 5). 

Apart from compounds (1)-(3), the only other pro- 
duct observed in the oxythalliation-dethalliation reac- 
tions in methanol (Expts. 1-8) was a small amount (1- 
10%) of hexan-2-one (6). This may be formed during 
work-up by hydrolysis of the corresponding dimethyl- 
acetal (8) (cJ ref. 10) and, if so, the result indicates that 
dethalliation via a free carbocation [Scheme 2, mode (b)]  
contributes in a minor way to the decomposition of the 
adduct (7). However, i t  should be noted that 1-3% 
of the ketone is observed even when most of the methoxy- 
thalliation adduct is still intact a t  the time of bromo- 
dethalliation (Expts. 1-3), and possibly this derives 
from the decomposition of small amounts of the hydroxy- 
thalliation adduct. Whatever the source of the ketone, 
the yield of it is markedly lower than that of the decan-2- 
one (28%) observed in the oxidation of dec-1-ene by 
thallium (111) nitrate t rihydrate in met han01.~ 

A comparison of our data for the oxidation of hex-1-ene 
by thallium(m) trifluoroacetate [equation (13)] with 
other workers' results for the oxidation of oct-1-ene by 
thallium(m) acetate [equation (IS)] lo and the oxidation 
of dec-1-ene by thallium(m) nitrate [equation (14)] 
illustrate the kind of control over product distribution 
that can be accomplished by variation of the thallium(m) 
salt employed. 

As a model for the conditions envisaged for an oxy- 
thalliation-based crown ether synthesis, we treated 
hex-1-ene with thallium(I1r) trifluoroacetate in dichloro- 
methane which contained methanol (2 equiv.) (Table, 
Expts. 9 and 10). Decomposition of the methoxythalli- 
ation adduct was markedly faster than in neat methanol 
as shown by the fact that after only 1 h a nearly quanti- 
tative yield of thallium(1) trifluoroacetate was precipi- 
tated when the reaction mixture was cooled in ice. The 
extent of decomposition was confirmed by the fact that 
subsequent bromodethalliation afforded 0-5 yo of 1 
bromo-2-methoxyhexane (1). The yields of 1,2-di- 
methoxyhexane (2) and 2-methoxyhexanol (3) were 
considerably lower than those for reaction in methanol 
(cf .  Expts. 4 and 5 ) ,  and the product additionally con- 
tained 1-methoxyhexan-2-01 (4) and 2-methoxy-l- 
trifluoroacetoxyhexane (5)  as principal components. 

It is clear that the mechanism of dethalliation is 
drastically altered when the adduct is generated in 
dichloromethane rather than in methanol and we believe 
that this arises primarily because ligand-exchange 
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Tl(N08)a C8H,,CH=CH, C,H,,CH (OMe)CH,OMe + C,H,,COMe 

processes [equations (9)-(1 l)] are no longer effective. 
In this case, only methanol 1 equiv. is available to 
displace trifluoroacetate from thallium and furthermore 
ligand exchange must compete with esterification 
[equation (7)] of the trifluoroacetic acid liberated during 
oxythalliation [equation (3)]. 

Formation of the new products (4) and (5) can be 
accounted for by the continued presence of trifluoro- 
acetate ligands in the methoxythalliation adduct. 
Thus, compound (5) probably arises by an S N i  process 
[Scheme 2, mode (a)] and the absence of the isomer (9) 
appears to rule out an ion-pair mechanism [Scheme 2, 
mode (c)]. However, the presence of the fluorine atoms 
will attenuate the nucleophilicity of the carbonyl 
group and enhance the ability of the carboxylate moiety 
to behave as a leaving group. Thus, ionisation to give a 
metal-free cationic intermediate will compete with the 
S N i  process (Scheme 2). I t  appears that the oxonium 
ion (11) is formed in preference to the primary carbo- 
cation BuCH(OMe)tH,, and capture of the ion (11) by 
water (generated as described above) then accounts for 
the formation of compound (4) [equation (15)]. The 

. .- "'/" \ ~ ,O$CF3 

cO$C F3 

- T I 0 2CC F3 
B UC H-CH2-T I \ -CF3CO; 

(11 1 
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(12) 

commercial samples and, except for hex-1-ene which was 
redistilled, were used without further purification. All 
reactions, except the independent syntheses of compounds 
( l) ,  (3), and (9),  were carried out under dry nitrogen. lH 
N.m.r. spectra (60 MHz) were recorded with a Perkin-Elmer 
R12 instrument and 13C n.ni.r. spectra (20 NHz) with a 
Varian CFT 20 spectrometer and multiplicities were de- 
termined by off-resonance decoupling. Mass spectra were 
obtained on g.1.c. fractions by using a VG 7070 instrument 
with a Finigan INCOS 2 400 data system coupled to a Pye 
204 gas chromatograph fitted with an OV 17 column; 
temperature programming over the range 70-160 "C and 
helium carrier gas were used. 
Oxidations.-Thallium(III) salt (10 mmol) was added in 

one portion to a well stirred solution of hex-1-ene (10 mmol) 
in methanol (30 cm3) (Expts. 1-8) or in dichloromethane 
(30 cm3) which contained methanol (20 mmol) (Expts. 9 and 
10). After an appropriate time (see the Table), solid 
potassium bromide (30 mmol) was added to  the mixture 
followed by one drop of 2,6-dimethyl- 18-crown-6. The 
mixture was stirred for a further 8 h and then allowed to  
stand overnight. Water (30 cm3) was added, the mixture 
was filtered through Celite, and the filtrate was extracted 
with dichloromethane (3  x 75 cm3). The combined di- 
chloromethane extract was washed with saturated sodium 
hydrogencarbonate (20 cm3), dried (MgSO,), and the solvent 
removed on a rotary evaporator a t  0 " C / >  15 mmHg. The 
residue was distilled a t  60-80 OC/12 mmHg to afford the oil 
which was analysed by g.1.c. and n.m.r. spectroscopy. 
Alternatively, the reaction mixture was treated with 
aqueous potassium bromide (30 mmol in 25 cm3), stirred for 

(15) 8 h ,  left- overnight, and then filtered through Celite and 
treated as above. 

G.1.c. analyses were carried out using a Pye 204 instru- 
ment fitted with a flame ionization detector and a Perkin- 
Elmer 50 m SCOT column which contained liquid support 

carrier gas was nitrogen (14  lb in-2). Under these condi- 
tions the products eluted with retention times in the follow- 

The oven temperature was 70 "C and the 

ing order: (6) < (2) = (4) < (5 )  < (3) < (1).  The com- 
position of each mixture was determined (i) from the relative 
Peak areas of the chromatogram and (ii) from the relative 
intensities of signals for similar carbon atoms in the 1% 

n.m.r. spectrum. In general, the two methods agreed 
within 2% and averaged mol fractions are given in the 
Table. N . B .  The relative amounts of compounds (2) and 

Thallium(I1r) acetate l4 and thallium(II1) trifluoroacetate l8 (4) could only be determined by 13C n.m.r. spectroscopy 
were prepared from thallium(II1) oxide according to  pub- since their g.1.c. retention times were identical. 
lished procedures. Methanol and dichloromethane were For one reaction with thallium(m) acetate in methanol 
dried by distillation from calcium oxide and phosphorus (cf. Expt. l),  the solvent was removed rapidly under reduced 
pentoxide, respectively. 2,6-Dimethyl- 18-crown-6 was pressure and the resultant viscous oil, believed to be 2- 
prepared as described previously. All other reagents were methoxyhexylthallium diacetate (7a), was dissolved in 

-Ht HzO 

(4) 

A 
BuCH(OMe)CH20H 

(3)  
BUCH(oH)CH~OMe phase S P  2100. 

fact that the yield of hexan-2-one (6) was similar to that 
obtained in methanol also speaks against any substan- 
tially increased participation by the carbocation [Scheme 
2; mode ( b ) ] .  

EXPERIMENTAL 
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CDC1, to record its lH n.m.r. spectrum; 81, 3.65(dm, 3.JT1 
1460 Hz, CHOMe), 3.45 (s, OMe), 3.15 (dm, ,JT1 895 Hz, 
CH,Tl), 2.15 (s ,  OCOMe), and 1.6-0.8 m (9 H, Bu). 

The chemical shift for CH,Tl is appreciably lower than 
that ( 6 ~  2.03) reported lo for the corresponding protons in 
2-methoxyoctylthallium diacetate. Accordingly we pre- 
pared the oct-l-ene adduct, but our sample exhibited virtu- 
ally identical chemical shifts and Tl-H coupling constants 
with those of the hex-l-ene derivative (above). 

Independent Syntheses.-(a) l-Brorno-2-rnethoxyhexane (1). 
Bromine (10 mmol) in methanol (20 cm3) was added to a 
stirred solution of hex-l-ene (10 mmol) in methanol (30 cm3) 
at 0 "C over a period of 20 min. The solvent was removed a t  
2 15 mmHg to yield an oil which was dissolved in diethyl 
ether (50 cm3), and then water (50 cm3) and saturated sodium 
hydrogencarbonate (10 cm3) were added, and the mixture 
was shaken vigorously. The layers were separated and the 
aqueous layer was extracted with diethyl ether (2 x 50 
cm3). The diethyl ether layers were combined, dried, 
(MgSO,), and the solvent was removed a t  2 15 mmHg to 
yield an oil (1.56 g) which was shown by g.1.c. and 13C n.m.r. 
spectroscopy to contain compound (1) (53y0), 2-bromo- 1- 
methoxyhexane (15%); 60 77.16 (C-1), 53.45 (C-2), 36.34, 
29.44, 21.99, 13.97, and 58.91 (OMe), and 1,2-dibromohex- 
ane (32%); 6~ 52.76 (d, C-Z), 36.07, 35.64, 28.82, 21.93, and 
13.87 ; recovery of hex- l-ene-derived products was 79 yo. 
This result is in excellent agreement with that of a previous 
study.* 

(b) 1-Methoxyhexan-2-oZ (4). Crude 1,2-epoxyhexane 
(0.5 g; prepared from hex-l-ene and m-chloroperbenzoic 
acid la) was added to methanolic sodium methoxide [pre- 
pared from sodium (0.17 g) and methanol (50 cm3)] and the 
mixture was refluxed for 4 h. The solvent was removed 
under reduced pressure and the residue was dissolved in 
diethyl ether (30 cm3), washed with water (30 cm3), and 
the aqueous layer extracted with more diethyl ether 
(2 x 30 cm3). The ethereal layers were combined, dried 
(MgSO,), and the solvent was removed under reduced 
pressure to afford a quantitative yield of the crude com- 
pound (4). 

Sodium (0:17 g) was added 
to  the crude compound (4) (4.0 g) and the mixture was 
warmed and stirred for 30 min to aid dissolution of the metal. 
Methyl iodide (0.5 cm3) was added and the gently warmed 
mixture was stirred for 30 min, water (30 cm3) was then 
added, and the solution extracted with diethyl ether (3  x 
30 cm3). The combined ethereal extract was dried (MgSO,) 
and the diethyl ether was removed under reduced pressure to 
yield an oil (3.4 g) ,  shown by 13C n.m.r. spectroscopy to be a 
mixture of compound (2) (18%) and the starting material 

Aqueous perchloric acid (60% ; 
4 drops) was added to a solution of 1,2-epoxyhexane (2.0 g) 
in methanol (4.0 cm3) and the mixture was stirred for 30 
min. Removal of the solvent under reduced pressure 
afforded a quantitative yield of a mixture of compounds 
(3) (40%) and (4) (g.1.c.; 13C n.m,r.). 

(e) l - M e t h o x y - 2 - t ~ i ~ u o r o a c e ~ o x y ~ e x u ~ ~  (9). Trifluoro- 
acetic acid (0.38 cm3) and trifluoroacetic anhydride (3 drops) 
were added to the crude compound (4) (0.5 g) and the mix- 
ture was stirred for 1.5 h. Removal of the volatile material 
at 20 "C/ 3 15 mmHg gave a mixture of compound (9) (45%) 
and the starting material (4) (g.1.c.). Compound (9) had 
the same g.1.c. retention time as compound ( 5 ) ,  but a 
profoundly different mass spectrum (see below). 

(c) 1,2-Dimethoxyhexane (2). 

(4) * 
(d) 2-1MethoxyhexanoZ(3). 

Product Charactevizati0n.-(a) l-Brorno-2-nzetlzoxyhexane 
(1). An analytical sample of compound ( 1) was obtained by 
preparative g.1.c. of the product obtained from Expt. 1 
using a Pye 204 instrument fitted with a column (1 m x 

in 0.d.) packed with 15% di-isodecyl phthalate on Chromo- 
sorb W AWDMCS 80-100 a t  130 "C and nitrogen carrier 
gas (17 lb in-2); sH 3.38 [6 H, s and overlapping m, CH- 
(OMe)CH,Br] and 1.6-0.8 m (9 H, B u ) ;  sc 80.42 (d, C-2), 
57.35 (4, OMe), 34.45 (t, C-l) ,  32.63, 27.42, 22.74, and 14.01; 
M' <O.Ol% of base peak, peaks a t  nz/z 137 (35%) and 139 
(36%) (A4 - Bu)+, 101 (100%) ( M  - CH,Br)+, 69 (67%) 
( M  - CH,Br - MeOH)+, and 45 (65%) (Found: C, 43.8; 
H, 8.05; Br, 40.7. C,H,,BrO requires C, 43.09; H, 7.75; 
Br, 40.96%). 

(b) 1,2-Dimethoxyhexane (2). Lead tetra-acetate (10 
mmol) was added to a solution of hex-l-ene (10 mmol) in 
methanol (30 cm3) and the mixture was stirred for 24 h. 
Most of the methanol was removed under reduced pressure 
and the residue was added to water. The mixture was 
filtered through Celite and the filtrate was extracted with 
diethyl ether, washed with aqueous sodium hydrogen- 
carbonate, dried (MgSO,), and the diethyl ether removed to 
leave an oil (0.86 g) shown (13C n.m.r.) to be mainly com- 
pound (2). An analytical sample was obtained by pre- 
parative g.1.c. using the same conditions as for compound 
(1); 6~ 3.40 ( s ) ,  3.38 [9 H, s and overlapping m, CH(0Me)- 
CH,OMe] and 1.6-0.8 (9 H, m, Bu); 60 80.27 (d, C-2), 
75.02 (t, C-1), 59.09 (9, OMe), 57.41 (9, OMe), 31.13, 27.72, 
22.98, and 14.07; M+ <O.Olyo of base peak, peaks a t  rn/z 
101 (92%) ( M  - CH,OMe)+, 89 (15%) ( M  - Bu)+, 69 
(95%) ( M  - CH,OMe - MeOH)+, and 45 (looyo) (Found: 
C, 65.7; H,  11.9. C,H,,O, requires C, 65.71; H, 12.41%). 

(c) 2-Methoxyhexanol (3). Compound (3) was not sep- 
arately isolated and the following data are derived from a 
mixture of compounds (3) (40%) and (4) ; 6H 3.7 (br s, OH), 
3.45 [6 H, s and overlapping m, CH(OMe)CH,OH] and 1.6- 
0 .8m (9 H, Bu);  6~ 82.21 (d, C-2), 63.85 (t, C-l) ,  57.13 (9, 
OMe), 30.34, 27.72, 23.00, and 14.05; M+ < O . O l %  of base 
peak, peaks a t  m/z 101 (92%) ( M  - CH,OH)+, 75 (18%) 
( M  - Bu)+, 69 (95%) ( M  - CH,OH - MeOH)+, and 45 

An analytical sample was 
obtained by preparative g.1.c. [conditions as for compound 
(l)] of the product obtained from reaction of 1,2-epoxyhex- 
ane with sodium methoxide; sH 3.7 (br s, OH), 3.40 [6 H, s 
and overlapping m, CH(OMe)CH,OH] and 1.6-0.8 m 
(9 H Bu) ;  aC 77.52 (t, C-1) 70.24 (d, C-2), 58.95 (4, OMe), 
33.10, 27.88, 22.86, and 14.03; M+ <O.Olyo of base peak, 
peaks at nz/z 87 (63%) ( M  - CH,OMe)+, 75 (21%) ( M  - 
Bu)+, 69 (looyo) ( M  - CH,OMe - H,O)+, 45 (57%), and 
41 (68%) (Found: C, 62.7; H, 11.65. C,H,,02 requires 
C, 63.60; H,  12.20%). 

(e) 2-Methoxy- l-tri,Ruoroucetoxyhexane (5). Compound 
(5 )  was not separately isolated; M+ < O . O l %  of base peak, 
peaks a t  rn/z 171 (52%) (M - Bu)', 101 (96%) ( M  - 
CH,O,CCF,)+, 69 (100%) ( M  - CH,O,CCF, - MeOH)', 
and 45 (60%). N.B. As expected, the isomer l-methoxy-2- 
trifluoroacetoxyhexane (9) showed no strong peak a t  rn/z 
101 [due to BuCH(OMe)']. 

(100%). 
(d) l-Methoxyhexan-2-oZ (4). 
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