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SUMNARY: The chloropalladation of 1-aryl-o-methylenebicyclo[n.l.Olalkanes affords a mixture of 
(l-aryl-3-chloro-2-methylenecycloalkyll- and (3-aryl-3-chloro-2-mthylenecycloalkyl)palladium 
chloride dimers in excellent yield. The8e products have been characterized by 'Ii NMR spectro- 
scopy. The regioselectivity of the chloropalladation appears to be dependent on ring strain, 
steric hinderance and to some extent, the ability of the aryl substituent to stabilize partial 
positive charge. 

The reactivity of strained organic molecule8 with transition metals is of considerable 

theoretical and synthetic interest. In particular, the catalytic and stoichiometric organo- 

metallic chemistry of methylenecyclopropanes has provided a wealth of novel transformations. 2 

Simple q2-coordination has been observed for 1:l complexes with iron, rhodium, iridium and 

platinum.3 In addition, ring opened complexes of iron,' molybdenum, 5 platinum6 and palladium 7,S 

have been reported. Ring opening may occur via cleavage of the Cl-C2 bond to furnish 114-1,3- 

dienes4 or via C2-C3 bond cleavage to generate q4-trimethylenemethane complexes. 485 Hydro- 

metallation, 6 carbometallation -I and halometallation 8 of methylenecyclopropanes can proceed via 

Cl-C2 cleavage to yield 3-butenyl or r-ally1 complexes or via C2-C3 cleavage to afford r-ally1 

complexes (Scheme 11. 
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An example of this latter reaction is the chloropalladation of alkyl- and aryl-substituted 

methylenecyclopropanes (1) which affords n-ally1 complexes 2a and b.* As part of our program in 

the application of complexes 2 to organic synthesis,'*l' ue have examined the chloropalladation 

of a series of l-aryl-o-methylenebicyclo[n.l.O]alkanes (91." 
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RESULTS" 

The reaction of 7-methylene-1-phenylbicyclot4.1.Olheptane (5a) with PdCl,(CH,CN)r (4) in 

CH,Cl, gave (3-chloro-2-mathylene-l-phenylcycloheptyl)palladium chloride dimer (5a) and isomeric 

~3-chloro-2-methylene-3-phenylcycloheptyl~palladium chloride dimer (Sa) (2:3 ratio, 96%). The 

isomer 6a could be separated by fractional crystallization. Heating a mixture of k and 6a in 

CH,CN at reflux (24h) resulted in conversion of 68 into da with excellent mass recovery (96%). 

The structure of 5a was assigned by comparison of it8 NMR spectral data (Table I) with that 

of 7Saa13 whose structure had previously been assigned by x-ray crystallographic analysis of the 

acetylacetonato derivative. 14 The structure of 6a was also assigned by comparison of its 'H NMR 

spectral data (Table II) with 7. Notably, the H, protons of 6a and 7 appear at approximately 

the same chemical shift (-3.8 ppm) with a doublet coupling of -6 Hr. The configuration at C3 

(Ph-eq., Cl.-ax.) is based upon a comparison of the chemical shifts of the Ha,,,, and Hanti 

protons; an upfield shift of 1.0 and 0.5 ppm respectively for 6a with respect to 5a. This 

upfield shift is presumably due to the anisotropic effect of the neighboring phenyl group. 

Q= 

W&L, 

Pk 

3a 96% se (2:3) 60 

357.66 

J=l.O,6.0 d I+="2 

7 

It is clear that chloropalladation of 3a to afford 5a and be is under kinetic control. 

Isomeriration of 6a into the more thermodynamically stable 5a involves ionization of the axial 

chloride to afford the cationic trimethylenemethane 8a (Scheme 2). The cationic trimethylene- 

methane-Pd(I1) system has been predicted by theory, 15 and experimentally shown l6 to be q3 rather 

than q4, with facile migration about the four carbons of the ligand. Capture of the cationic 

trimethylenemethane isomer 9a by chloride attack generates the more stable product 5a. 
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Scheme 2. 80 9s 

The reaction of 3a with 4 in methanol (23'C) affords 5a, 6a, and 10 (2:3:1 ratio, 94%). 

Heating this mixture in methanol (65-C, 24h) affords 5a and IO (1:2 ratio, 98%). Pure (3- 

methoxy-2-methylene-3-phenylcycloheptyl)palladium chloride dimer (20) could be isolated by 

repeated extraction of the more soluble 5a with CH,Cl,. The structure of 10 was assigned by 

comparison of its spectral data (experimental section) with that obtained for ba. Notably, 

stirring the mixture of 5a and 6a (2:3 ratio obtained from chloropalladation of 3a in CH,Cl,) in 

methanol (23"C, 24h) gave only the same ratio of 5a and Sa. 
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TABLE I. 'H NMR Data for (l-Aryl-3-chloro-2-methylenecycloalkyl)palladium complexesa 

cl 

Y 

G 

H v 

Ar H& s 

compd H 
syn HanLf H3 Other 

Sa 3.93 (5) 

Sb 4.44 (9) 

52 4.10 (5) 

5d 3.96 (s) 

5e 3.80 (5) 

5f 3.95 (9) 

%7 3.99 (5) 

5h b 

Sf 3.97 (8) 

5j 4.02 (s) 

3.02 (a) 

2.98 (5) 

3.21 Is) 

3.10 (5) 

2.86 (s) 

3.13 (5) 

3.13 (S) 

2.90 (a) 

3.07 (S) 

3.06 (s) 

4.07 (dd) 
12.4, 5.81 

5.23 (dd) 
14.4, 10.41 

5.34 (d) 
L6.01 

4.90 Idd) 
12.4, 5.61 

4.00 (dd) 
[2.6, 5.21 

4.90 (dd) 
[2.5, 6.01 

4.92 (dd) 
l2.6, 5.61 

4.92 (br m) 

7.8-7.1 (m: %I); 2.6-1.2 (m, 8ti) 

7.4-7.1 (br 8, 5H); 2.5-1.0 (m, 10H) 

7.4-7.1 (m, 5H); 2.8-0.8 (m, 8H) 

7.3-6.9 (m, 4H); 2.26(s, 3H, CH,); 
2.1-1.0 (m, 8H) 

8.4-8.1, 7.3-6.8 (m, 4H); 
2.31 (s, 3H, CH,); 2.5-1.0 (m, 8H) 

7.30 (m, 2H); 6.79 (m, 2H); 
3.77 (s, 3H, OCH,); 2.6-0.8 (m, 8H) 

7.5-6.6 (m, 4HI: 3.80 (a, 3H, OCH,); 
3.0-0.7 (m, 8H) 

4.90 (dd) 
f2.0, 6.01 

7.7 (m, 1H); 6.6 (m, 1H); 2.4-1.4 (m); 
3.80, 3.84, 3.82 (3 a, 9H) 

7.3-6.7 (br m, 4H); 2.6-0.5 (m, 8H) 

4.92 (dd) 8.2-8.0, 7.8-7.4 (m, 4H); 
12.6-5.61 2.3-1.0 (m, 8H) 

aIn ppm downfield from SiMe, (multiplicity: s - singlet, br - broad, d - doublgt, dd _ 
doublet of doublets, m - multiplet; integration)[coupling in Hz]; CDCl, solution. Obscured by 
methoxv siqnals. 

The reaction of 8-methylene-1-phenylbicyclo[5.1.O]octane (3b) with 4 in CH,Cl, gave 5b and 

6b (5:4 ratio, 94%). Heating a sample of the mixture in CH,CN at reflux (24h) resulted in 

conversion of 6b into 5b with quantitative mass recovery. 

The structure of 56 was assigned by comparison of its 'H NMR spectral data (Table I) with 

11.13 The H 
syn 

and Hanti signals of 5b are shifted downfield from those of 11 by approximately 

the same magnitude that the Hsyn and Hanti signals of 5a are shifted downfield from those of 7 

(0.2 and 0.3 ppm respectively). The structure of 6b was assigned by comparison of its lH Nt4R 

spectral data (Table 11) with that of Il. The Hsyn and Hanti signals of 6b are shifted upfield 

from those of 11 by approximately the same magnitude as are the Hsy,, and Hanti signals of 6b 

shifted upfield from those of 7 (0.8 and 0.3 ppm respectively). 

- 4.%,dd 

3.38,dd 

J=5.4,10.8 ' PdCJfz 

3b 5b 
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TABLE II. 'H NMR Data for (3-Aryl-3-chloro-2~thylenecycloAlkyl)pAllAdium complexes' 

compd “syn "Anti Other 

6A 2.92 (5) 

6b 3.29 (5) 

60 4.06 (5) 

6d 2.95 (S) 

13d 3.41 (A) 

6e 3.12 (A) 

13f 3.49 (5) 

6g 3.21 (S) 

6b 3.25 (s) 

13i 3.40 (5) 

6j 2.82 (S) 

2.52 (s) 

2.75 (A) 

3.07 (S) 

2.33 (s) 

2.80 (S) 

3.75 (d) 
t5.61 

4.08 (dd) 
[4.4, 9.51 

4.39 (5) 

3.73 (d) 
16.61 

4.23 (t1 

2.55 (A) 

2.81 (8) 

3.95 (d) 
f5.21 

4.23 (t) 
LE.51 

2.63 (A) 4.16 (br m) 

2.64 (a) 4.09 (br m) 

2.79 (s) 4.23 (t) 
t7.21 

2.51 (s) 3.77 (d) 
15.81 

8.0-7.2 (mr 5"); 2.5-1.0 (m, BH) 

7.4-7.1 (br s, 5"); 5.98 (t, lH)t8.31; 
2.5-1.0 (m, 10") 

7.4-7.1 (m, 5")~ 2.8-0.8 (m, 9") 

7.3-6.9 (m, 4"); 2.26(s, 3H, CHJ; 
2.1-1.0 (m, BH) 

1.76, 7.12 (M'BB', 4"); 2.32 (s, 3", 
CH,); 2.3-1.2 fm, 8") 

8.4-8.1, 7.3-6.8 (m, 4"); 
2.34 (s, 3H, CH,); 2.5-1.0 (m, 8") 

7.75, 6.85 (M'BB', I")[& - 8.81 
6.22 (t, J - 6.6); 3.70 (8, 3", OC",); 
2.5-1.2 (m, 8") 

7.4-6.9 (ml; 6.06 it, 1H) [71; 
3.88 (s, 3", OCH,); 2.4-1.5 (m, Btl) 

7.7 (m, 1~); 6.6 (m, 1"); 2.4-1.4 (m); 
3.86, 3.84 (2 s, 9H) 

7.6 (m); 7.0 (ml; 6.23 (t, 1") (71; 
2.4-1.5 (m, SH) 

8.2, 7.7-7.3 (m, 4"); 2.5-1.4 (m, SH) 

aIn ppm downfield from Sine, (multiplicity: A - singlet, br - broad, d - doublet, dd - 
doublet of doublets, m - multiolet; intearation) Ioouolina in Hz): CDCl, solution. 

The reaction of exo-3-methylene-2-phenyltricyclo[3.2.1.0 **'IoctAne (3~) with 4 in CH,Cl, gave 

SC and 6c (1:2 ratio, 95%). The structures of 5c And 6c were Assigned by comparison of their 'H 

NMR spectral dAtA (Tables I And II) with that of Z2.13 

+%-* +gi!!~~ w 4.04,m g,g:;; 

Cl 
'- 1.84 

3c 9% SC (1:2) br 12 

The reaction of l-(4'-methylphenyl~-7-methylenebicyclo[4.1.Olheptane (3d) with 4 in CHrCl, 

gave 5d, 6d And 13d (1.3:1:1 ratio, 14%). Heating A sample of the mixture in CH,CN At reflux 

(21h) gave exclusively 5d with quantitstive miss recovery. The structure of 5d was assigned by 

comparison of its NMR spectral dAtA (Table I) with that Of ?5A. The structure of 6d was assigned 

by comparison of its 'Ii NMR spectral dAtA (Table II) with that Of 6A. The structure of 

diastereomer 13d WAS Assigned by comparison of its 'H NNH spectral data (Table II) with 6d and 

7. In particular, while the H syn and “Anti 
signals of 6d Are significantly shifted upfield with 
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respect to Sd due to the anisotropy of the phenyl mbatituent, the 

shifted as far upfield. 

3d 14n 51 u 

2261 

Ii syn and Wanti of 13d ate not 

ol'd 
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In a similar farrhion, the chloropalladation of k-j gave the n-ally1 complexea k-j, 6e-j, 

and 23f,f (Scheme 3) whose structural aeaignmenta are baned upon compclrison of their 'H NMR 

spectral data (Tables I and II) with that of Se, Se, and Ud. 

( I:2.2) JJJ 
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JXSCUSSION 

It has been proposed that the chloropalladation of 1 proceeds via i) initial coordination 

of PdCl, to the less hindered face of the methylenecyclopropane, followed by ii) disrotatory 

ring opening of the CZ-C3 bondl'l and iii) suprafacial transfer of the chloride ligand to either 

C2 or C3.Sa Extended Huckel calculations indicate that the Pd-metal slips away from the central 

carbon tie. 112 -->qf) prior to/or during chloride transfer. Sa It should be noted that slippage 

to rll would create a cyclopropyl carbocation species which would open in an allowed disrotatory 

fashion. However the intermediacy of a discrete zwitterionic 111 -trimethylenemethane species 

such as 14 was ruled out on the basis of the stereospecific, suprafacial 
R 

chloride ligand transfer as well as by the failure to trap such an inter- 

mediate in a nucleophilic solvent. The exact timing of disrotatory ring 
e 

opening and chloride transfer is not known, however it may depend upon 
+ 

"geometrical constraints imposed by substituents on the methylenecyclo- - PdcllL 14 

propane ring."8a 

The structure of products 5 and 6 reflect apparent trans addition of Pd-Cl across the 

cyclopropane ring of compounds 3. However in order to be consistent with the mechanism for the 

chloropalladation of cfs- and trans-9-methylenebicyclo[6.1.Olnonane, 8a it is believed that the 

products which arise via dis-in-cfs-addition (5' and 13) undergo a rapid Q3->Q1->f13 isomeriz- 

ation and/or ring inversion to afford the structure with the most stable configuration/confor- 

mation.*an13 Evidence to support the &s-addition mechanism comes from the chloropalladation of 

3c. The products SC and 6c are both assigned the Cl-endo configuration. This indicates that Cl 

is delivered to the less hindered face of the methylenecyclopropane ring. This is the face 

which should coordinate to PdCl, in the initial step of the mechanism (vide supra). 

For the ~l-aryl-3-chloro-2-methylenecyclohepty1~palladium chloride dimers (Se, d-j) the 

most stable structure has the C3 chloride cubstituent in an axial position; trans to the Pd 

atom. The 3-chloro-2-methylene-l-phenylcycloocty~~palladium chloride dimer (Sb) has the same 

configuration at C3, however the cyclooctyl ring adopts a conformer similar to that of 11. A 

rationale for the stability of the different conformers for the 7- and S-membered rings has 

previously been presented.13 For the (3-aryl-3-chloro-2-methylenecycloalkyl)palladium complexes 

the situation is considerably more complex, and an unequivocal rationale for the diff.erential 

stability of the q3->r11-q3 isomers 6 and 13 is not possible. For example, it has been shown 

that for geminally substituted phenylcyclohexanes, the energy difference between the phenyl 

equatorial and phenyl axial conformers depends upon the presence of substituents a to the 

phenyl, as well as substituents present on the aryl ring.'* 

The chloropalladation of 3a in methanol (23°C) affords 5a, 68, and a methoxy substituted 

product (10). It should be noted that the methanolysis of 6a to afford 10 requires more vigorous 
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reaction conditions (6%). Therefore it is clear that the product 10 formed from 38 must arise 

from a competitive addition of palladium and methanol acroa8 the cyclopropane bond in a cis 

fashion, followed by a rapid n3->q1->l13 isomrisation, or by nucleophilic attack of methanol on 

an n-organopalladium species in a trans fashion. The unambiguous studies of the stereochemistry 

of alkoxypalladation have shown only trans attack.19 The regiospecific addition of methanol to 

the phenyl substituted cyclopropane carbon of 3a strongly implies an intermediate involving some 

carbocation character. 

The present results indicate that there is a alight kinetic preference for chloride 

transfer to the phenyl substituted cyclopropane carbon (6a) as opposed to transfer to the 

unsubstituted cyclopropane carbon (Sal. This selectivity is in marked contrast to the lack of 

selectivity observed for chloropalladation of 2-phenyl- and 2,2-diphenylmethylenecyolopropane. 0b 

The preference for chloride transfer to the phenyl substituted oarbon of 3 appears to be 

dependent on ring strain: for the less strained Sb nearly equal amounts of products 56 and 6b 

are obtained, while for the more highly strained 3c there is an increased preference for Cl 

transfer to the phenyl substituted carbon fie. 6c vs. SC). This dependence upon ring strain 

should reflect the relative timing of the ring opening and of Cl transfer. For the less 

strained system, ring opening and Cl transfer occur with comparable rates, however, for the more 

strained structures, ring opening is more rapid than the transfer of Cl, and thus greater 

buildup of partial positive charge occurs for the more strained ring systems. The results for 

the chloropalladation of l-aryl-7-methylenebicyclo[4.l.Olheptanes bearing a para-substituent 

(ie. 319, 3f, 3f) are consistent with the slight development of partial positive charge. 

Perhaps more dramatic is the effect of steric hindrance on the regioaelectivity of chloride 

transfer. Chloropalladation of compounds bearing an ortho substituent (ie. 30, 39) gave 

predominantly the product resulting from attack of chloride at the unaubstituted cyclopropane 

carbon (50, 5~). Interestingly, chloropalladation of 3b, a compound which bears both an ortho 

subatituent as well as an electron donating para substituent, affords the product from chloride 

transfer to the unsubstituted carbon ISb) as the major product (1.6:l ratio). Thus ateric hin- 

drance has a greater influence on the regioselectivfty than does electronic effects. 

In summary, the chloropalladation of l-aryl-cp-methylenebicyclo[n.l.Olalkanes proceeds via 

cleavage of the C2-C3 cyclopropane bond to afford aryl substituted (3-chloro-2-methylenecyclo- 

alkyl)palladium chloride dimers in good to excellent yields. The regioaelectivity for chloride 

transfer appears to depend upon ring strain and steric hindrance, and to a lesser extent upon 

the ability of the aryl substituent to stabilize partial positive charge. The application of 

complexes 5 and 6 to organic synthesis is the subject of the following paper. 

EXPERIMENTAL 

General Data. All IR spectra were recorded on a Perkin Elmer 700 spectrometer and were cali- 
brated against the 1601 cm-' peak of polystyrene. All 60 MHz 'H NMR and 15 MHz "C('H) NMR 
spectra were recorded on a Varian E~360~ or a JEOL FXCOQ spectrometer; chemical shifts are 
reported in ppm downfield of TMS and couplings are reported in hertz. All 300 MHz 'H NMR 
spectra were recorded on a GE QE-300 spectrometer. Melting points were obtained using a Mel- 
Temp melting point apparatus and are uncorrected. Hicroanalyses were sent to Midwest Hicrolab, 
LTD., Indianapolis, IN. 

All organometallic reactions were run under an atmosphere of nitrogen. Spectrograde 
solvents were used without further purification except for diethyl ether which was distilled 
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from sodium benxophenone ketyl. Preparative thin layer chromatography plates (20 x 20 cm) were 
prepared from a slurry of silica gel (GF-254, tm 60, 3Og) in water (70 mL) and were dried 
(125°C) for 24h prior to use. 

Arvlcvcloalkenes were prepared from the appropriate aryl bromide, via Grignard formation and 
condensation with the appropriate cycloalkanone. The resultant crude cycloalkanola were 
dehydrated by treatment with a catalytic amount of crystalline iodine, or pTsOH in refluqpg 
benzene with areotropic removal of water. The arylcycloalkenea are all known compounds. 

l-Awl-awnethvlenebicvclo1n.l.OlalkaneQ were prepared from the corresponding arylcycloalkene by 
addition of chloromethylcarbene (Cl&CH,, nBuLi, -10%) $1 ollowed by dehydrohalogenation (tBuOK, 
DMSO, 90°C) according to the mathod of Arora and Binger. Prepared in this manner were: 7- 
methylene-1-phenylbicyclo[l.l.O)heptane (38, 652, bp 39-40%/0.025 nm Hg); O-methylene-l- 
phenylbicyclo[S.l.O]octane (3b, 31%, bp 71-79WO.24 mn Hg)i exo-+methylene-2-phenyltricyclo- 
[3.2.1.0*"]octane (3c, ll%, bp 75-77'C/O.55 ma Hglr 1-(4'-methylphenyl)-'l-methylenebicyclo- 
[Q.l.O]heptane (3d, 262, bp 75"C/O.18 nnn Hg)r l-(2'~methylphenyll-7-methylenebicyclo[4.1.0)- 
heptane (3e, 155, bp ElSoC/O.20 rmn Hg): 1-(4'-~thoxyphenyl)-7-msthylenebicyclo[4.l.Olheptane 
(3f, 7%, bp 6l"C/O.60 mm Hg); 1-(2'-~thoxyphenyl)-7-methylenebicyclo~4.1.Olheptane (30, 9%, mp 
34-35Y!); 1-~2~,3~,4~-trimethoxyphenyl)-7-methylenebicyclot4.1.Olheptane (3b, 532, mp 37-36"); 
l-(4'-fluorophenyl)-7-msthylenebicyclo[4.1.O]heptane (31, 25, bp 45YVO.07 nun Hg); 1-(3'-tri- 
fluoromethylphenyl)-7-methylenebicyclo[I. 1.01 heptane CSj, 602, bp 7OYVO.23 nm Hg). Pertinent 
spectral data for compounds 38-j appear in Table III. 

TABLE III. 'H NMK Data for 1-Aryl-ao-methylenebicyclo[n.l.Olalkanesa 

compd HAryl )Imethylene Halkyl Other 

3. 

3b 

3c 

3d 

3a 

31 

347 

3hb 

3i 

3jb 

7.4-7.1 5.50 
(br s, 5H) (mi 2H) 

7.4-7.0 5.41 (br a; 1H) 
(br s: Sit) 5.30 (br 41: 1H) 

7.2-7.0 5.22 
(8; 5H) (m: 2H) 

7.3-6.0 5.45 
(AA'BB') (br a; 2H) 

7.2-6.8 5.57 (br 8; 1H) 
(mi 4H) 5.35 (br SI 1H) 

7.3-6.6 5.39 
(AA'BB', JA,-9) (mt 2H) 

7.4-6.6 5.65 (br 8) 1H) 
(complex m; 4H) 5.45 (br a: 1H) 

6.50, 6.35 5.54 (br a; 1H) 
(JA&, 2H) 5.36 (br a; 1Hl 

7.4-6.7 5.50 
(complex m: 4H) (m: 2H) 

7.6-7.4 5.53 
(m; 4H) (mr 2H) 

2.2-1.2 
(m: 9H) 

2.5-1.2 
(m; 11H) 

2.0-1.0 
(m: 7H) 

2.1-1.2 
(m; 9H) 

2.0-1.0 
(mi 9H) 

2.2-1.1 
Imr 9H) 

2.1-1.2 
(m: 9H) 

2.2-0.7 

2.2-1.1 
(mr 9H) 

2.3-0.6 
(mr 9H) 

2.75 fbr 8: bridgehead 
2.16 (br s; bridgehead 

2.27 (a: 3H: CH,) 

2.36 1s; 3H; CH,) 

3.63 (si 3H; OCH,) 

3.81 (a; 3Ht OCH.) 

3.68 (ai 3H, DCH,) 
3.72 (8; 6H, OCH,) 

H) 
HI 

aIn ppm downfield from internal 8iMe4 (multiplicity: a - ainelet, br s - broad singlet, m - 
multiplet: integration); CDCl, solution unle8a otherwise noted. ccl,. 

hProcadure Toa 
solution of PdCl,(CH,CN), (-0.25 nvnol) in CH,Cl, (30 mL) wa8 added, in one portion, a solution of 
the l-aryl-(O-methylenebicyclo[n.l.O]alkane (1 molar equiv.) in CH$l, (6 mL). The red-orange 
solution rapidly turned pale yellow, and the solution was stirred for lh. The solvent was 
evaporated and the product dried under high vacuum. Pertinent 'H NMK data for the products 
appear in Tables I and II. The following l-aryl-4O-methylenebicyclo[n.l.O]alkanes were treated 
in the above fashion: 

Chloropalladation of 3a. The product was identified by NMR spectroscopy (Tables I and II) a5 
consisting of 5a and 6a (2:3 ratio, 96%). Fractional crystallization of the mixture 
(CH,Cl,/hexanes) afforded pure Sa as a pale yellow solid: mp 156°C dec. Anal. Calcd for 
[C,,H,,Cl,Pdl,: C, 46.50; H, 4.46. Found C, 46.22; H, 4.52. A sample of the mixture (0.50 g) 
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was heated at reflux in CH&N 1100 a&) for 24h. 
&ellow solid, 

Removal of the solvent in vacua gave a golden 
identified as exclusively 5a by 'H NMR spectroscopy (0.49 g, 98%): mp 165'C dec. 

CI'HI NMR (CDCl,) 6 142.9, 128.9, 128.3, 127.3, 121.3, 99.6, 64.2, 63.4, 40.2, 37.7, 26.9, 
25.0; Anal. Calcd for IC,,B,,Cl,Pdl,: C, 46.50; ii, 4.46. Found C, 46.23: H, 4.57. 

Chlorooalladation of 3a in methanol. To a solution/suspension of 4 (0.21 g, 0.81 mmol) in 
methanol (15 mL) was added 3s (0.15 g, 0.91 snnol). The red-orange solution ianaediately began to 
pale. The reaction mixture was stirred for lh, and then the solvent was removed under reduced 
pressure and dried in vacua to afford a yellow powder (0.27 g, 94%). 
by 'H NMR spectroscopy as a mixture of ba, 68, and JO (2:3:1). 

The product was identified 
The sample was taken up in 

methanol (25 a&t and heated at a gentle reflux for 24h. The reaction mixture was cooled and the 
solvent removed under reduced pressure to afford a pale yellow powder. NNR spectroscopy 
indicated that this consisted of 5a and 10 (1:2 ratio, 98%). A pure sample of 10 could be 
obtained as an off-white powder by repeated extraction from the mixture of the more soluble 5a 
with CH,Cl,. 10: mp 19O'C dec.; 'H NMR (CDCL,) 6 8.0-7.1 fm, ArH, SH), 3.81 (d, J - 5.6, lH), 
3.28 (s, 3H), 3.02 (s, lH), 2.62 (s, lH), 2.5-1.0 (m, 8H)i 13C('H) NMR (CDCl,) 6 142.4, 129.3, 
128.2, 127.4, 126.9, 84.5, 82.6, 63.2, 52.2, 30.4, 29.0, 27.9, 24.1; Anal. Calcd for 
[C,,H,,OPdCll,: C, 50.44; H, 5.36. Found: C, 48.66; H, 5.36. 

Chloronalladation of 36. The product was identified by NMR spectroscopy (Tables I and II) as 
consisting of 5b and 6b (5~4 ratio, 94%). A sample of the mixture (0.10 g) was heated at reflux 
in CH,CN (30 aU) for 24h. Removal of the solvent in vacua gave a golden yellow solid, 
identified as exclusively Sb by 'Ii NMR spectroscopy (0.10 g, 100%): ap 130-135°C; Anal. Calcd 
for [C,,H,,Cl,Pdl,: c, 47.95; Ii‘ 4.03. Found C, 46.63; Ii, 4.96. 

Chlorooalladation of 3c. The product was identified by NNR spectroscopy (Tables I and II) as 
consisting of 5c and 6c (1:2 ratio, 95%). The isomeric products were separated by preparative 
TLC with benzene-hexanes elution (3:l). SC: Rf - 0.72, mp 139-C dec. Anal. Calcd for 
fCISH,,C1,Pdl,: C, 48.22; H, 4.31. Found C, 48.64; if, 4.63. be: Rf - 0.36, mp 177°C dec. A 
sample of the mixture was heated at reflux in CH,CN (30 mL) for 24h. Removal of the solvent in 
vacua gave a golden yellow solid, identified as exclusively SC by 'H NMR spectroscopy. 

Chloropalladation of 3d. The crude product was passed through s short bed of silica with CH,Cl, 
elution. The product was identified by NNR spectroscopy (Tables I and II) as consisting of Sd, 
6d and 13d (1.3:1:1 ratio, 74%). Isomer 13d could be isolated by preparative TLC with benzene 
elution (Rf - 0.45). A sample of the mixture 10.11 gf was heated at reflux in CH,CN (30 mL1 for 
24h. Removal of the solvent in v8cuo gave a golden yellow solid, Sd: mp 136°C dec.; '3Cl'H) 
NMR (CDCl,) 6 140.0, 137.2, 129.1, 128.9, 121.3, 64.1, 63.5, 40.3, 37.9, 26.9, 25.2, 21.3; 
Anal. Calcd for [C,,H,,Cl,Pd)a: c, 47.95; H, 4.83. Found C, 40.17; H, 4.07. 

Chlorooalladation of 3s. The crude product was passed through a short bed of silica with CH,Cl, 
elution. The product thus obtained was identified by NMR spectroscopy (Tables I and II) as 
consisting of Se and 60 t2:l ratio, 69%). A sample of the adxture (0.13 gl was heated at reflux 
in CH,CN (30 a&) for 24h. Removal of the solvent in vacua gave a golden yellow solid, 
identified as exclusively 50 by 'H NNR spectroscopy (0.12 g, 92%). An analytical sample waa 
recrystallized from benzene: mp 145'C dec.; "C( Hi NNR (CDCl,) 8 142.5, 134.8, 130.8, 127.0, 
126.4, 125.7, 121.5, 63.9, 62.3, 39.8, 38.2, 26.8, 24.2, 21.1; Anal. Calcd for 
tC&,C1$‘dl z-C,&: C, 52.14; H, 5.10. Pound C, 51.94; H, 5.46. 

Chloropalladation of 3f. The product was identified by NMR spectroscopy (Tables I and II) as 
consisting of 51 and 6f (1:2.2 ratio, 95%). The isomeric products were separated by preparative 
TLC with benzene elut ion. 61: Rf - 0.51, mp 137°C dec. 
C, 47.49; H, 4.73, Pound C, 47.39; H, 4.51. 

Anal. Calcd for [C,gH1BOC1ZPd]Z,fC6H6: 
A sample of the mixture (0.10 g) was heated at 

reflux in CH,CN (30 mL) for 24h. Removal of the solvent in vacua gave a golden yellow solid, 
identified as 5f by "Ii NNR spectroscopy (0.10 g, 100%): mp 140°C dec. 

Chlorooalladation of 39. The product was identified by NMR spectroscopy (Tables I and II) as 
consisting of 5g and 6g (3.5:1 ratio, 98%). The isomer 59 could be isolated by preparative TLC 
with benzene elution (Rf = 0.71). 5g: mp 144°C dec. Anal. Calcd for [C,,H,,OCl,Pd],: C, 46.02; 
H, 4.64, Found C, 46.47; H, 4.72. 

Chloropalladation of 3b. The product was identified by NMR spectroscopy (Tables I and II) as 
consisting of 5b and 6b 11.6:1 ratio, 934): mp 9E'C dec. Anal. Calcd for [C,,H,,C,Cl,PdJ,: C, 
45.21; H, 4.91. Found C, 46.20; H, 4.91. 

Chlorooalladation of 31. The crude product was passed through a short bed of silica with CH,Cl, 
elution. The product thus obtained was identified by NMR spectroscopy (Tables I and 11) as 
consisting of 51 and 61 (2.4:1 ratio, 644). A sample of the mixture (0.14 g) was heated at 
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reflux in CH,CN (50 mL) for 24h with no change in composition. The tegioisomecs could be 
separated by preparative TLC with benzene-hexanea-ethyl acetate (10:7:3) as eluent. 5i: Rf - 
0.83; mp 170°C dec.: "CI'H) NMR (CDCl,) 8 162.2 (J, - 245.0), 138.8, 130.6 (JcF - S.S), 115.4 
(JCF = 22.0), 121.7, 64.4, 63.4, 40.1, 37.7, 27.0, 24.92 61: Rf 9 0.74. 

Chloropalladation of 3j. The product was identified by NMR spectroscopy (Tables I and II) as 
consisting of Sj and 6j (1:2.3 ratio, 965). A sample of the mixture (0.12 g) was heated at 
reflux in CH,CN (30 mL) for 24h. Removal of the solvent in vacua gave a golden yellow solid, 
identified as Sj by %I NMR spectroscopy (0.11 g, 922): mp 165-170% dec.; "C('H) NMR (CDCl,) 6 
143.7, 132.8, 132.3, 129.0, 125.3, 124.4, 121.7, 96.5, 64.8, 63.3, 40.1, 37.6, 27.2, 24.0: 
Anal. Calcd for [C,,H,,F,Cl,Pd),: C, 41.94: H, 3.52. Found C, 42.95: H, 3.69. 
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