THE STEREOCHEMISTRY OF THE HYDROXYPALLADATION O




Clearly, the stereochemlstry of the reactlons of chelatmg d1olefms can no lon—
er.be con51dered ‘anomalous [13] trans Add1t1on of nucleophﬂes occurs in the
thor ypalladatxon ‘of both mono- and’ dlolefms as well as in the addltlon of
acetate. (monoolefm [14], dlolefln [15]) and chloride (monoolefm [16] dlole-
S fin [171). cis Phenylpalladatmn has been demonstrated for both monoolefin [1sj
: andidlolefm [19]. ‘Therefore, because of the apparent mechanistic conflict be-:
. tween the course of the oxypalladatlon reactions of methanol and water, we -

have’ mvestlgated the nucleophlhc attack by water on coordmated 1 5-cyclooc'ib'.yzki‘-w
fidlene* S : _

""S_CH_}:ME 1f e

R 7] . .

()

e acetone, R BN
LU Upgl

o (70%) . R
X L HzO/CO . o s I .
(79°IJ NaOAc - ) i - . sy

O/CO

‘: NaCAc:
” '_ (4B%based0n ,

. = (4
%
. T {96%)

.CO CH
HOH

(ss-lalng;x/Agzo R

e cocHs . EERRRTES R
IS AP i
o .. :"ocag




= ‘_The a-bonded hydroxy enyl complex IIl ‘was easxly prepared by the reaction
+of water with d1chloro(1 5-cyclooctad1ene)pallad1um(II) in the ) _rese_nce,of
;-:Edlum carbonate (Schéime 1): The stereochemistry of the hydroxypalladatior
- actlon was determmed by carbon monoxide: msert1on which has been demo:
§ strated to proceed with 100% retention at the carbon bearmg thé pallad.mm [15]
: Carbonylatlon of III in water.in the presence: of sodium acetate afforded metallic
‘palladium and-a single organic product, 2—hydroxycyclooct-5-enecarboxyhc ac1d
B-lactone (IV), whose structure was asmgned from the following evidence.: ‘Meth:
~anolysis of the lactone in the presence of base yielded excluswely trans-methyl
2-hydroxycyclooct- -enecarboxylate (V) *. Methylation of V- gave the trans-
methoxy ester VI as shown by comparison to an authentic sample [15] Carbon-
‘ylation of I in methanolic sodium carbonate produced V as the only: orgamc
- product. B-Lactone IV also can be prepared’ directly from the d1ene complex ]I
j by carbonylatlon in agueous sodium acetate. :
“In addition, the carbonylation of 1,5-cyclooctadiene (I) employmg a catalytlc
amount of palladium(IT) and copper(Il) as reoxidant was investigated. A mixture -
of 1, palladium chloride, cupric chloride, and sodium acetate in a ‘water/acetone -
'solutlon was allowed to react with carbon monomde (8 atm) at room temperature
" to afford a 48% yield (based on copper(II)) of IV. In this reaction, 1.7 mmol of '
palladium(II) gave 11.8 mmol of lactone for a catalytlc turnover of 6.9 times. -
Thermolysis of IIT in acetone provided a 70% yield of the ;8-unsaturated
ketone VII. This is the product expected from the Wacker oxidation of 1 5-cy— ,
. clocctadiene, a reaction which has been demonstrated to proceed via a U-bonded o
B-hydroxyalkylpalladium intermediate [22]." ,
- The trans stereochemistry of the lactone IV cannot be the result of a base—
‘catalyzed epimerization process. Because of the high reactivity of the stramed
- B-lactone four-membered ring system, any base-catalyzed solvolyms will result i m =
~ an irreversible ring-opening reaction [21]. Alcoholysis of B-lac tones in the pres- :*’
ence of a strong base such as alkoxide ion (necessary to cause eplmenzatlon at- -
‘the carbon a to the carbonyl) affords unsaturated esters. Interestmgly, treatment
of the more stable methoxy ester VI with sodium methoxide in methanol y1elds
predominantly unsaturated ester (70%) [15]. The remainder of the product (30%)
is an equimolar mixture of the epimerized trans- and cis-B-methoxy esters.’ sl
- The'trans stereochemistry of the lactone IV, therefore, indicates that as w1th /
methanol, oxypalladation proceeds exclusively with attack by the nucleophile
- (water) from outside the coordination sphere of palladium. The carbonylation
reaction mechanism (Scheme 2) probably involves carbon monoxide insertion
~ into the palladium—carbon bond followed by mtramolecular alcoholvsxs of the
: acylpalladlum bond of VIII to give IV. The hydroxy ester V. can ‘be formed by:
_ base catalyzed methanolys1s of IV and/or VIII. - : _
" Inan attempt to prepare IIT dlrectly from 1 5-cyclooctad1ene [23], a shghtly
~ greater than two-fold excess of I was stirred with palladium:chloride in water/ -
. ,acetone solutxon- The reactlon resulted m 1solat10n of equlmolar amounts f two

* Inevers:ble heterolyms of the lactone proceeds by acyl—oxygen cleavage. hence the stereoc
“tegrity of the molecule is ma.mta.med [21] ol
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_ pressure: b

- 739 cm™ (czs-olefln) 1H NMR (CDCl3) 6 5.67 (m, 2H, vmyl), 4 .36 (m, 1H
- methyne); 3.55 (m, 1H, C(1) methyne) and 2.6—1:0 ppm (m;: 8H), C-NN

- (CDCL;) § 22.12 (methylene); 22.98 (methylene); 24.38 (methylene), 30.

- (methylene), 55.88 (C(1) methyne), 76.76 (C(2) methyne), 129.94 (vmyl)

13011 (vmyl), d 171.05 ppm (carbony;), mass spectrum: (70 eV) m/e 152" "

;_,(M ——002) Anal Found C '70 89 H '7.88 CgHqu calcd C 71"03

hydroxy-5-cyclooctenecarbo_xylxc acld methyl ester ( V)
©-. Asolution of 0.7 g (4 6‘mmol) of IVi in15 ml of»anhy'




1xture of O 82 g (4 5 mmol) of V 1 62 g (7 0 mmol) of sﬂver ox1de and :

22 g (9 e} mmol) of anhydrous calcium sulfate in 11.0 g (106 mmol) of methyl :
iodide were ‘heated at’ the reflux. temperature for 24 h. After reaction, 30 ml of .-
“chloroform were added and the mixture was: filtered with suction using_ Celite.
;;'The residue was washed: mth chloroform and the combmed extracts were con-.
centrated at: d1m1mshed pressure to. afford 0.87 g (93%) of product. VPC analy-
-sis using a- 20" X.0.375" 15% SE .30/Chromosorb W column showed the presence
};‘-,of two components unreacted V (5%) and its methylated derivative VI (95%)
.-which was identified by comparison {o an authentic sample [15]: 'THNMR - .
7‘_';:§(CDCl3) 8 2.5—1.5 (m, 8H), 2.8 (m, 1H, C(1) methyne), 3.28 (s, 3H, methoxyl), )
3.5 (m; 1H, C(2) methyne), 3.57 (s, 3H carboxylate methyl), 5.57 ppm (m, R
- 2H, vmyl) v , ,

:_fCarbonylatzon of III in methanol in the presence of sodzum carbonate Forma- ,
_i-tzon of-V:-

~ “Toa stn'red m:xture of 1 00 g (9 5 mmol) of anhydrous sodium carbonate o
'Zaand 50 ml of methanol were added 1.80 g (3.4 mmol) of Il and the mixture was
“allowed to react with carbon monoxide (8 atm) at room temperature for 6 h.

5 After reaction, the mixture was filtered and the residue was ‘washed with meth-

by anol The methanol filtrates- were combined and concentrated under reduced
_pressure and the residue was extracted with pentane. The pentane extracts were -
:jcombmed and the solvent was removed under reduced pressure to pr0v1de 0.87 -

& (70%) of V.. , ,

Q,Carbonylatzon of dzchloro( 1 5—cyclooctadzene)palladlum(II ) (II )in water/acetone
: m the Dpresence. of sodzum acetate. Formation of IV :

‘ To a solution of 2 ml of water and 50 ml of acetone were added 0. 50 g (6 g
'immol) of anhydrous sodium acetate and 0.70 g (2.5 mmol) of II and the stlrred
mlxture was allowed to react with carbon monoxide (3 atm) at room tempera--
“ture for 8 h.. Upon completlon, the mixture was filtered and the black residue -

- was washed with acetone. The filirate was then concentrated under diminished-
fpressure and the residue was extracted with pentane. The solvent was removed
;under reduced pressure to afford 0 30 g (79%) of IV : .

f;_,Catalytzc carbonylatzon of 1 5-cyclooctadxene (I) m water/acetone Formatzon




-‘1?(0 25 mmHg) for 30 mm at room temperature to remove excess
e ene and afforded 1 '7 9 g (48% based on cuprxc chlonde) of IV

-Thermolyszs of nr Formatzon of 4-eycloocten-1-one { VII ) RAPER A Sy ,

" A solution'of 0.40 g (0.75 ‘mmol) of 11 in acetone was heated at the reﬂf,
’temperature for 5 h. After reaction, the ‘mixture was concentrated under drmm- L
. ished pressure ‘and the residue was extracted with pentane: The: pentane was re-’
" moved under reduced- pressure and 0.13 g (69%) of product identified as’ 4—cy-
- cloocten-l—one [24] was obtained: IR (neat) 1714 (ketone) and 7 733 cm” (czs-
- olefins); 'H NMR (CDCls) 8 1.59 (m, 2H, C(7) methylene), 2.6—1: 9 (m; 8H)
and 5 67 ppm (m, 2H vmyl), mass spectrum (70 eV) m/e 124 (M ) Co

E Preparatlon of dt-u-chlorobzs(4-cyclooctene—1a 47r)-dzpalladzum(II ) (IX ) el
- To a stirred mixture of 0.18 g 1.0 mmol) of palladium(IT) chloride in 10 ml-
- of water and 5 ml of acetone was added 0.25 g (2.3 mmol).of 1. After 20 h, the D
" acetone was removed under reduced pressure and the residue was extracted =
- with pentane. The extract was concentrated under diminished pressure to afford
- 0.12 g (89%) based on palladlum(II) of VII whlch was shown by VPC analy51s to'_
contain a trace of I. -
The solid residue was next taken up in dlchloromethane and was separated
from the aqueous layer. The organic layer was dried over anhydrous magnesium
sulfate and filtered. Evaporation of the solvent gave 0.24 g (96%) based on. palla-‘ ;
- dium(II) of IX: *H NMR (CDCl;) § 1.2—0.5 (m, 2H, C(7) methylene), 2:7—1: 4 :
_ (m, 8H), 3.69 (m, 1H, H—C—Pd), 5.55 (m, 1H, vinyl) and 6.01 ppm (m, 1H, =
" vinyl); 1*C NMR (CDClL;) § 26.24 (methylene), 26.92 (methylene), 28.89 (meth- .
vlene), 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) vmyl), and 105.43 ppm (J(CH) 155. 6
H, 5 22% , e

v Carbonylatlon of IX in methanol in the presence of sodzum acetate Formatzon
of 4-cyelooctenecarboxylic acid methyl ester (X) ' :
A stirred mixture of 1.00 g (2.0 mmol) of IX and 0. 50 g(6.1 mmol) of anhy- .
“drous sodium acetate in 50 ml of methanol was allowed to react with carbon -
monoxide (3 atm) at room temperature for 4 h. The usual work-up afforded

- 0.62'g (93%) of X [25]: IR (neat) 1745 cm™! (ester); ' NMR, (CDCL) 5 2. 7——.»
~ 1.2 (m, 10H), 3.64 (s, 3H carboxylate methyl), 5.67 ppm (m, 2H, vinyl);" mass ~

spectrum (70 eV) m/e 168 (M ), 153 (M — CH;.,), a.nd 109 (M‘——CO;CH3)
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