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c’.@&& t& &m2$e of the oxy@Uad&ion reactions of methanol and water, we ... I 
..-haVe’&vesti&&d the nucleofih&c &tack b$ water on coordinated I,S-cycloocta~ 
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anol@s of thé lactone hi the presënce of base yielded exclusively k&--methyl. : -1 :_ :;. f 
Zhydroxycyclooct-5-enecarboxylate (V) *. Metbylation of V-g& thé *ans.: ‘:_ : -:i : 

methoxy ester VI as shown by comparison to &n authentic sample [15]. Carbon-‘.’ .... 
ylation of III in methanolic sodium-carbonate produced V as the only orgariic : 
product. P-Lactone IV also cari be prepared directly. from the diene complex -II~ -.-. ‘-. 
by carbonylation in aqueous sodium acetate. 

-In addition, the carbonylation of 1,5cyclooctadiene (1) employing a catalytic -‘: 
amount of palladium(II) and copper(II) .as reoxidant was investigated. A mixture 
of 1, palladium chloride, cupric chloride, and sodium acetate in a.water/ac,etone .I. 
solution was allowed to react with carbon monoxide (3 atm) at room temperature 
4x1 afford a 48% yield (based on copper(II)) of IV; In this reaction, 1.7:mmol of -. 
palladium(U) gave 11.8 mmol of lactone for a c+alytic turnover of 6.9 times: .. : _ 

Thermolysis of III in acetone provided a 70% yield of the y;&unsatu&ed :_ 
ketone VII. This is the product etiected from the Wacker oxidation of 1,5-cy-. :. ~. 
clooctadiene, a reaction which bas been demonstrated to proceed via a o-bonded 
&hydroxyalkylpalladium intermediate [ 221. : 

The b-ans stereochemistry of the lactone IV cannot be the result o$ a base -’ : -. -. :-_l 
catalyzed epimeriz&ion process. Because of the high reactivity of the strained y_~ 
@-lactone four-membered ring system, any base-catalyzed~solvolysis will resultin .1. 
an irreversible ring-opening reaction [21]. Alcoholysis of p-lactones in the pre- ,:. .: 
ence of a strong base su& as a.lkoxicIe ion (necessary to cause epimeriiation~af 
the carbon OL to the carbonyl) affords unsaturated esters. Interestingly, t&atment-~:. ~. 
of the more stable methoxy ester VI wïth sodium inethoxide in methanol yields :.. :J 
predominantly unsaturated ester (70%) [15]. The remainder of the @odu&(36_%j ‘_ 
is an equimolar mixture of the epimerized trans- and.cis-p-tietboxy ester&, .-- _- : -5,::. 

The tram stereochemistry of the lactone IV, therefore, mdicates thatas witb :_,::. :: 
methanol; oxypalladation proceeds éxclusively with att&k by.the nucleophiie “ 1 
(water) from outside the coordination sphere of palladium.‘The carbonylation :- 1’1’ : 
reaction mechanism (Scheme 2) probably involves carbon monoxide,insektion :y.: t-r: 
into. the palladium-carbon bond followed by intramole&lar alcoholysis of: the -:-fi.. 
acylpalladium bond of VIII to give IV. Tbe bydroxy ester V canbe_ formed b$- - ~ 
base catalyzed methanolysis of IV and/or VIII. .. 

In an attempt to prepare III directly from- 1,5-cyclooctadiene. 1231; a~slightl$ .-:j.. L 
greater than two-fold excess of 1 was stirred_ with pa.lladiumchloride in wa$er/~-G~~~-~::~:‘> 
acetone .solution, The reaction resulted inisolation-of equimolar amountS:.of.‘t@:. ..:j 

_’ .‘y . . . . . . 
. . : -. 

* Irrevqsible heterolysis of the lactone proceeds by acyl-oxygen cleavage,:_$ence te? ti_ereochemïcei~~~‘-!.i 
.,: . . . . . ._: : __:.:_.: 
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-(CDCl~)I6.2.5-;1_;5:(m; 8H), 2:8 (m, lH, C(1) methyne), 3;28 (s, 3H, nïethoxyl), 
-3;5 -(m;- 1H; C(2) methyne), 3.57 (s, 3H, carboxylate methyl), 5.57 ppm (m, .. 

1,::2H; vinyij. 
-. 

C@bonylation of III in methanol in the prekence-of sodium carbonate. Forma- 
-tipz.,@c.V. - . :- :- .- 

.- ..To a stùred-mixture of 1.00 g.(9.5 mmol) of anhydrous sodium carbonate 
tand.~50’inl of methanol were added 1.80 g (3.4 mmol)‘of III and the mixture was 
.’ allowed to react with carbon monoxide (3 atm) at room temperature for 6 h. 
Afterreaction, the mixture was filtered and the residue was washed with meth- 

,: anol. The methanol filtrates were combined and concentrated under reduced .. 
.fi?éss+e and the residue was extracted with pentane. The pentane extra& were 

-_.c_ombinedand the solvent .was removed under reduced pressure to provide 0.87 
: g (7.0%). of V_ 

-- 

L Car&nylatio~ of dichl&-o(1,5-cyclooctadiene)paIladium(II) (II) in wateriacetone 
iir ;he &rese&e of sodium acetate. Formation of IV 

c -~ -To.a solution of 2 ml of water and 50 ml of acetone were added 0.50 g (6;l. 
-mmol)-of zinh+Irous sodium acetate and 0.70 g (2.5 mmol) of II and the stirred 
Si&re waslallowed to react with C&&on monoxide (3 atm) at room tempe=-. 

‘turc for 3 h..Hpon completion, the mixture was filtered and the black residue 
; iias washed with acetone.. The filtrate was then concentrated under diminished 
_~pres&re and.the.residue was extracted with pentane. The solvent was removed 
-_rmder r&h+cl pressure to afford 0.30 g (79%) of IV. 

: -, 

:C&a&@ carbonylation of .1,5+zyclotictadiene (1) in. i.uater/acetone. Forkation 
&y-v .__.. .:. ._ : i : 

~~~~&&xtureof iOrm1 of -1, 0.31.g (i.7 mm&) of palladiur$II)~chloride,:6;72 g .. -. 
.(5O.‘.mmol) of ~ydious cupric.chloiide, and.8.2 g-(lOO.r&nol) of anhydrc& _:.. : .‘. 
s@&.$+&ii~~ :+_ .a. solution of 3 Ïnlof-wtiter$nd 160 ml of acetone was _allowed -._- 
;tS; .react:with’carbon,monoxide.(3: &n) -for _lOO.hl-After.the i&ctio&+he.solid::; t:--eZ- ,._:=, _.__.. .: if 1: .y . . ;. ..:. .- ,-__.y _. _.:.- . . 1.~. ._.- ,.- .- - . . . . . . ~_ -’ .- I- -. .:.l--...-- _:_-_ _i_~ ,~_: :;___. (__ . . . -- _‘j ,_,.. _.‘---Y.- . . ..__--..--~.-..-_~ -:--_ 7 
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I.~.,-~~~con-cé~~~tntratecl gde; ‘&&ed p,~sur~-~~~dit,~~~~~~~ .&&:lg&c&& p.; 

5 ,.., gth cën&éf-;Thél -se y& rrémhvea *a& ~-&&~Y&?~~&~&& && afford? .f._;yL;;I.; _:;y :: 

1:4.9g g :.$ produ&~, Tgé Y-Y-&& pro;ati&t-ti&t&gn sti~~:unde~:~~~~ép~~~~~ i-__-_~~:~~;~ 

-..(y-& m~~~)lfor.3(i-r6inatro- &$&a&&& r~o~~-~~~~ssi;~~~yclog~_~~~,~_._~~ 

.:ene_:a.nd afforded-1.79 g (48% bti_ed on cÜp& ch&ié) cif ti:-’ y’:: :-:, 1: ;- :-_.;; ;. ‘-i-_.: ., : . . - 
._ -- 

me&& of flI_ Ji’o&&& & &~o&~-~ -one (VjI) 1_.; .: -Y ‘; _-::i’.:- : 

A s&tion’ of 0.46 g (6_75.&nol) of III in acet& Was heatéd &t thé reflux. --. -.- :. 

’ temper&ure_.for 5 h. After reaction, themixture Was concen~a~~~und& dim- ,L -- 
ished-pressure ‘and the residue was extracted Nth pentane; The p&,& G&re-.’ :: ’ :: 
moved.under reducerlpressure arid O.i3 g (69%) of -product identifi&&s’4& :..:.. 

clooctén-1-one 1241 was obtained: IR (neat) 1714 (ketone) and 733 &Y1 (C& y 

_olefir;s); ‘H NMR (CD&) S 1.59 ( m, 2H, C(7) methylene), 2.6-19 (m,: 3H), : ’ 

and 5.67 ppm (m, ZH, vinyl); mass spectrum (7O.eV) m/e 124 (M+)_ = 
: : 

Preparation of di-p-chloro&(4-cyclooctenè-1 a,4?r)-dipalkzdiu~~(II) clx) T 

TO a stirred.mixture of 0.18 g (1.0 mmol) of palladium(II) chloride in 10 mL : 
of water and 5 ml of acetonc was added 0.25 g (2.3 mmol).of 1. After 20 h; the. 
acetone was removed under reduced pressure and the residue was extr&ted : 
with Pent+e. The extract was concentrated under dimmished pressure to afford i- 
0.12 g (89%) based on pahadium(I1) of VII which was shown by VPC.an&lysis,to 
contain a trace of 1. 

The solid residue was next taken up’in dichloromethane and. w& separated- -. 
from the aqueous layer. The organic layer was dried over anhydrous magnesium 
sulfate and filtered. Evapor+ion of the solvent gave 0.24 g (96%) based:onpall& 
dium(I1) .of IX: ‘H NMR (CDCl,) 6 1.2-0.5 (m, 2H, C(7)methylene), 2.7-l-4 .- 
(m, 8H), 3.69 (m, lH, &-C_Pd), 5.55 ( m, lH, vinyl) and 6.01 ppm (m, lH, 
vinyl); 13C NMR (CDC&) 6 26.24 (methylene), 26.92 (methylene); 28.89 (met&- 
ylene), 35.54 (methylene), 40.16 (methylene), 57.05 (J(CH) 140.8 Hz,C(1) ’ 

methyne), 100.95 (J(CH) 159.3 Hz, C(5) vinyl), and 105.43 ppm (J(CH) 155.6, 
Hz, C(4) vinyl). Anal. Found: C, 38.18; H, 5.02. C,,H,,Cl,Pdi cahd.: C, 38.28; 
H, 5.22%. 

Càrbonylation of IX in methanol in the-presence of sodium acetate. Formation- 
of ocyclooetenecarboxylic acid methyl ester (X) 

A stirred mixture’of 1.00 g (2.0 mmol) of IX and 0.50 g (6.1 mmol) of anhyL.1. 
drous sodium acetate in 50 ml of methanol was allotied to.renct with carbon 
monoxide (3 atm) at room temperature for 4 h. The usualwork-up afforded 
0.62 g (93%) of X [Zg] : IR (neat) 1745. cm:’ (ester); ‘H NMR (CDCl,) S- 2.72 ..-. 
1.2 (m, 1OH); 3.64 (s, 3H, carboxylate methyl), 5.67 ppm (m, 2H, vinyl);m&s 1. 
spectrum (70 ey).m/e 168 (M’), 153 (M’-CHJ), and 109 (M’-CO&H,);‘-. :- : 
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