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and acetone, 0.55 mol in 400 ml of ether, was added dropwise.
The reaction was quenched using saturated aqueous NH4C] solu-
tion and filtered. After removal of the ether, distillation of the
product mixture gave 4-hydroxy-3,3,4-trimethyl-1-pentene: 40%
yield; bp 53-54° (10 mm); nmr (CC14) 8 0.92 [s, 6 H, C(CHa)2],
1.02 [s, 6 H, C(CH3)s], 4.9-6.1 (m, 3 H, CH=CHy;). The aldol
condensation of acetone accounted for the major by-product, di-
acetone alcohol.

Synthesis of 4-Chloro-3,3,4-trimethyl-1-pentene. To 4-hy-
droxy-3,3,4-trimethyl-1-pentene (25 g) was added 200 ml of con-
centrated HCl at 0°. The mixture was stirred for 30 min and the
organic layer was removed and neutratized with KyCOj3. The
product, 4-chloro-3,3,4-trimethyl-1-pentene, which previously has
not been reported in the literature, was distilled: 100% yield; bp
55° (20 mm); mp 22-26°; nmr (CCly) 6 1.10 [s, 6 H, C(CHzs)2],
1.48 [s, 6 H, C(CHj3)2], 4.82-6.30 (m, 3 H, CH=CH,).

Reaction of 4-Chloro-3,3,4-trimethyl-1-pentene with Tri-
methylaluminum. To a stirred solution of AlMes (0.115 mol) in
200 mol of CH,Cly at 25° was added 4-chloro-3,3,4-trimethyl-1-
pentene (0.10 mol) in 200 ml of CH3Cl,. After 30 min, the reac-
tion was quenched by slowly adding 50 ml of methanol and ex-
tracted with saturated aqueous potassium sodium tartrate solu-
tion. Removal of the CH2Cl; yielded an organic phase containing
two products which were separated by distillation. The lower
boiling component was identified® as 2,2,3-trimethyl-3-hexene:
69% yield; bp 56° (55 mm); mol wt 125.0 (calcd for CoHis, 126.2};
nmr (CCly) 6 1.01 {s, 9 H, C(CHj3)s], 0.98 (t, 3 H, CCH3), 1.55 (m,
3 H, CCHsy), 1.98 (m, 2 H, CH2-), 5.18 (t, 1 H, ~-CH==). The sec-
ond component (31% yield) had bp 106° (3 mm), mol wt 238.0
(caled for Ci7Hsza, 236.6). Anal. Caled for Ci7Hsp: C, 86.5; H,
13.5. Found: C, 86.47; H, 13.50.
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Electrophile-induced lactonization of 5-norbornene-2-
endo-carboxylic acid (1) and related substrates is well
known (Scheme I), and stable lactones 2 have been ob-
tained when E is hydrogen,! halogen,? or acetoxymercu-
ry(I).3 Neighboring-group participation has also been in-
voked to account for the formation of 4 when 1 is oxidized
with lead(IV) acetate (Scheme II).#.5 In this case, electro-
phile-induced lactonization presumably gives the oxyme-
talation adduct 3 as an unstable intermediate, and rapid
conversion of 3 into 4 is fully consistent with the known
lability of carbon-lead bonds in alkyllead (IV) triacetates.®

Oxidation of 1 with thallium(Ill) acetate has recently
been reported by Moriarty and Gopal to give a mixture of
5 and 6 (Scheme III), formation of which was explained on
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the basis of the sequence (i) neighboring-group participa-
tion during acetoxythallation; (ii) generation of a nor-
bornylthallium(IIl) diacetate; and (iii) facile heterolysis of
this latter species to give the corresponding carbonium ion
from which 5 and 6 are ultimately derived.” In principle
this explanation is quite reasonable. Most oxythallation
adducts are notoriously unstable, very few have ever been
isolated, and their decomposition in solution is believed to
involve heterolysis of the carbon-thallium bond and gen-
eration of carbonium ions.® Nevertheless, we were sur-
prised by Moriarty and Gopal’'s comment vis & vis Scheme
III that “Attempts were made, to no avail, to isolate the
proposed organothallium intermediate in the present ex-
amples.” Some 10 years ago Pande and Winstein showed
that treatment of norbornene and norbornadiene with
thallium(IIl) acetate gave the cis,exo-acetoxythallation
adducts 7 and 8 as relatively stable, isolable solids,? and

OCOCH, OCOCH,

TI(OCOCHS,), TI(OCOCH,),

7 8
we have confirmed these results on a number of occasions
in our own laboratories. As there appeared to us to be no
obvious reason why the oxythallation adduct of 1 should
be significantly less stable than compounds 7 or 8 we
have reinvestigated the reaction of 1 and some related
compounds with thallium (III) acetate.

Oxidation of 1 with thallium(III) acetate in glacial ace-
tic acid proceeded smoothly at room temperature to give
the oxythallation adduct 9 in 88% yield as an easily han-
dled, relatively stable, colorless, crystalline solid. The
presence of the five-membered lactone ring was evident
from the ir spectrum (vec-o 1780 cm~1), while the nmr
spectrum exhibited the expected large *H-203/205T] cou-
pling constants characteristic of organothallium com-
pounds (Table 1).19:12 Similar treatment of the dicarboxy-
lic acids 10 and 12 provided the analogous crystalline lac-
tones 11 and 13 in virtually quantitative yield. As with
compound 9, the ir spectra of 11 and 13 showed character-
istic, strong lactone absorptions at 1780-1800 ¢m~1; the
presence of the covalent carbon-thallium bond was again
confirmed by nmr spectroscopy (T'able I}.
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Table I

120320571 Coupling Constants (Hertz) in
Norbornylthallium Diacetates®?®

Compd JT1-H-3(ex0) JTi-He4 JTi-gs JTi-B-6
9 208 630 1200 909
11 223 515 1197 911
13 545 1204 898

2 The numbering system used is that of the corresponding
precursor norbornenecarboxylic acid, viz.

COOH
b Coupling constants are accurate to +5 Hz.

l E (CH,C00),T1 l ;
88%

COOH
(CH,CO0),TI
COOH COOH
(CH,CO0), Tl OO
COOH %%

COOH
COOH

The stability of the oxythallation adducts 9, 11, and 13
is comparable to that of 7 and 8; all of these compounds
can be handled easily in the atmosphere and do not de-
compose to any significant extent over a period of several
days when stored in closed bottles. They do undergo slow
decomposition during storage for several weeks, and are,
predictably, completely destroyed when they are heated in
acetic acid. Thus, heating of a solution of freshly made 9
in acetic acid at 60-65°2 for 14 hr resulted in total de-
struction of the organothallium compound and gave the
acetoxy lactone 4 in poor (19%) yield. A similar result was
obtained when a mixture of 1 and thallium(IIl) acetate
was heated in acetic acid at 60-65° for 16 hr; no 9 was ob-
tained, and the acetoxy lactone 4 was again formed in
very low (13%) vield.

The above results thus confirm and extend Pande and
Winstein’s earlier observations that certain norbornene
derivatives react readily with thallium(III) acetate to give
oxythallation adducts which, in comparison with those
derived from almost all other types of olefinic substrate,
show a remarkable degree of stability.

Experimental Section!?

Acetoxythallation of 1. Thallium(III) acetate (4.1 g, 0.01 mol)
was dissolved in a solution of 1.36 g (0.01 mol) of 1 in 30 ml of
glacial acetic acid; the resulting mixture was stirred at room tem-
perature for 4 hr, during which time a colorless solid precipitated.
Addition of 25 ml of dry benzene, followed by 200 ml of petroleum
ether (bp 40-60°), resulted in precipitation of more of this color-
less solid, which was removed by filtration, washed with diethyl
ether, and dried at room temperature to give 4.3 g (88%) of pure 9
as the dihydrate, mp 144° dec. Anal. Caled for Ci12H1506T1:
2H,0: C, 29.09; H, 3.84. Found: C, 28.91; H, 3.72. The infrared
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spectrum showed vc=01actone 1780 cm ™2, v¢=0 acetate 1730 cm~1t
and a weak rog at 3150 em~—1, Details of the nmr spectrum are
listed in Table L.

Acetoxythallation of 10. Thallium(III) acetate (4.1 g, 0.01 mol)
was dissolved in a solution of 1.82 g (0.01 mol) of 10 in 35 ml of
glacial acetic acid; the resulting mixture was stirred at room tem-
perature for 24 hr, during which time a colorless solid precipitat-
ed. This was removed by filtration, washed with diethyl ether,
and dried at room temperature to give 5.0 g (99%) of pure 11, mp
200° dec. Anal. Caled for C13H1508T1: C, 30.83; H, 2.98. Found:
C, 31.00; H, 3.26. The infrared spectrum showed »¢-0 1actone 1790
cm=?! and vc =0 acetate 1730 em—1. Details of the nmr spectrum are
listed in Table 1.

Acetoxythallation of 12. Acetoxythallation of 12 (1.82 g, 0.01
mol) was carried out in the same manner as described for 10, and
gave 4.8 g (95%) of 13, mp 138° dec. Anal. Caled for C13H1508TL:
C, 30.83; H, 2.98. Found: C, 30.90; H, 3.14. The infrared spectrum
showed ¢ =0 1actone 1790 cm~? and rc=0 acetate 1725 cm~ 2. Details
of the nmr spectrum are listed in TableI.

Oxidation of 1 with Thallium(III) Acetate-Acetic Acid. A
solution of 1.36 g (0.01 mol) of 1 and 4.1 g (0.01 mol) of thalli-
um(IIl) acetate in 30 ml of glacial acetic acid was heated at 60-
65° (bath temperature) with stirring for 16 hr. The reaction mix-
ture was then cooled to room temperature and partitioned be-
tween ether and saturated aqueous sodium chloride solution; the
ethereal extract was washed twice with distilled water, once with
10% aqueous sodium hydroxide solution, and twice more with dis-
tilled water, Subsequent drying (MgSO,), filtration, and evapo-
ration of the solvent gave 0.25 g (13%) of a colorless solid, 4, mp
(after washing with petroleum ether, bp 40-60°) 92-94° (lit.*¢ mp
95-96°). The infrared spectrum of the product showed v¢ -0 1actone
1800 cm—! and v =0 acetate 1740 cm =1,

Treatment of 9 with Hot Acetic Acid. A solution of 1.36 g
(0.01 mol) of 1 and 4.1 g (0.01 mol) of thallium(III) acetate in 30
ml of glacial acetic acid was stirred at room temperature for 4 hr
(during which time 9 precipitated from solution), and then heat-
ed at 60-65° (bath temperature) for 14 hr. Isolation of the product
in the manner described immediately above gave 0.35 g (19%) of
a white solid identical in melting point (after washing with petro-

leum ether, bp 40-60°) and infrared spectrum with the acetoxy-

lactone 4 obtained above.
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