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At&ptfitrct- PdfcpAc), combined with phosphines catalyzes homofytic dti;tvage of the C-Xl bond ofCC1, and 
CCl,C02CXJ Ieading to facile addition to olefins under mild conditions. BrO& also reacts with atefins to 
give l,l,l-t~~hloro-3-bromoalkan~. The reaction is amlerated under CO atmosphere, and the presence of 
bases such as NaOAc or K&O3 is essential to attain high yields of the adducts. 

It is knuwn that po~yha~og~nat~ methanes and 
homologues undergo homofytie cleavage of their 
carbon-halogen band in the presence of free radical 
generators.‘*2 For example, dibenzoyl peroxide or 
AIBN initiates an addition reaction of CC& to olefins 
via a radical chain mechanism to give 1,1,1,3- 
tetra~h~oro~kan~,~ Furthermore, various transit&n 
metal salts or complexes act as catalysts for the addition 
rmction, and they show different features from the 
comesponding radical reactions?* Cu or Fe sahs,7*” 
mono- or bi-nuclear metal carbonyXsg-12 and several 

d~~vat~v~s.~~-~~ Reaction 2 involves ~n~rt~on ofC0 to 
the Ar-Pd bund, folfowed by atcohafysis to give 
esters.31-33 As shown in reaction 3, oxidation of 
alcohols with aryX halides takes place in the absence of 
CO.34*35 The reaction of allylic alcohols bearing the 
terminal olefinic bond gives rise to the formation of fl- 
aryt ketones3a*37 (reaction 4) AWN& vinyl, aIIy1 or 
benzyl halides take part in the above reactions besides 
aryl hatides- little is knuwn of the Pd-catafyz& re- 
actions of polyhaloafkanes such as CC&, BrCct, and 
CCI,C02CHJ. 

a, RCI-I=CI$ ; b+ CO, RQH: c. R,CHOH: d. CH2 2 Cl-KHCUH)R 

Scheme 1. P~ladi~~t~ly~ reactions of aryt halides. 

metal phosphine comp3exes such as RuCl,- 
fPPh& f 3-1s havt: been reported to be active fur the 
addition reactions of CCf,~‘*‘0-‘3*” BrCCl,,f’-z6 
CC1&0,CH,,“*‘2*‘4 CHC13i’*18 and CGI,CN’” to 
alefins. Although the metal-cataIyzed reactions are 
assumed to proceed ttia radical intermediate$*‘*’ reX4 
radical scavengers such as hydroquinone do not always 
inhibit the reaction. 7* ’ 3 This result indicates that simple 
free radical species might not be invofved. 
Furthermore, some interesting features were observed 
in several reactiuns involving C0,2**2x amines22*23 or 
esters 12t24.25 in which some transition metal salts or 
compiexes are active catalysts. 

In the chemistry of palladium, various organic 
halides undergo oxidative addition onto palfadium 
involving carbon-halogen bond cleavage, and then 
react with oiefins, afoohofs or CO_2”*27 Reactions with 
aryl halides are summarized in Scheme t . In reaction t , 
insertion of the oltefmic bond to the Pd-Ar bond and 
subsequent p-hydrogen elimination gives styryX 

t Present address : School of Materials Science, Toyohashi 
University of Technology, Tempakucho, Toyohashi, Aiehi 
440, Japan. 

We have found that Pd salts or complexes catalyze 
reactians of po~yh~ualk~~ with ofe6ns,f5 CO,” 
a.lcoholsIs”8 and aiXyXic akzohols3” in the presence of 
bases, Although we expected the similarity between Pd- 
catalyzed reactions of aryl halides and poiyhalides, 
different results were obtained in the reactions with 
olefins and CO. As shown in Scheme &facileaddition af 
poiyha~u~kan~ to olefins takes pIa=, but no o!efm 
formation is observedi [reaction 5). Under CO 
pressure in afcohoXic media, ~,~~~~t~~h~oro esters are 
obtained by eoaddition of CG14 and CO to ofefin~~~ 
(reaction 6). Simple carbonylation of Ccl4 to form 
trichloroacetates does not occur. These results are 
similar to those observed under free radical conditions. 
On the other hand, Pd salts catalyze the oxidation of 
aIcohols with CCl438 (reaction 7) and ~~~~~-t~~h~uru 
ketone formation from allytic: a&oho2;s bearing a 
terminaI oiefinic bond and CC& or BI+CC~,~~ (reaction 
8). These reactions show simi&ity to the Pd-catalyzed 
reactions of aryl halides. 

We observed facile addition of Ccl&, BrCCl, and 
CC13C0,CH3 to various olefins under mifdconditions 
with the three component system composed af 
Pd(OAc)2, PPh, and K,CO, or NaOAc.” This paper 
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a. RCH=CH2; b. RCH=CH2, CO, R’OH; c. RzCHOH: d. CH2 ==CHCH(OH)R 

Scheme 2. Palladiumcatalyzed reactions of polyhalides. 

discloses full details of this addition reaction (Scheme 2, 
reaction 5). 

Activation of organic halides is known to be 
promoted by zero-valent Pd species. We investigated 
the reaction using Pd(OAc), combined with phosphine 
ligands as a catalyst, which is believed to generate 
“Pd(O)L,” species, in situ, under basic conditions.26 We 
found that addition of Ccl, to ldecene proceeded at 
100” to give 1,1,1,3-tetrachloroundecane (1) with the 
catalyst composed of Pd(OA& and phosphine. The 
presen<;e of bases such as NaOAc and K2C03 is 
essential to obtain I in high yields. Use of larger 
amounts of the base afforded higher yields, yields higher 
than 60% were obtained with two to three molar 
excesses of the base to olefin. Amines such as Et,N and 
pyridine were not suitable, leading to the formation of 
ammonium salts. Amounts of phosphine also a&ted 
the yields of 1. In the absence of PPh,, 1 was scarcely 
formed, whereas excess of phosphine inhibited the 
reaction. Choice of ligands also influenced the yields to 
some extent. Phosphines gave better results than 
phosphites. Surprisingly, the reaction proceeded more 
readily under a CO atmosphere. In contrast to the facile 
carbonylation ofaryl halides with Pd catalysts,3 1-33 no 

incorporation of CO to either olefins or CC14 was 
observed, but obviously the reaction was accelerated. 
Similar or higher yields were obtained under a CO 
atmosphere at 80”. Formation of by-products, 
sometimes observed under argon atmosphere, was 
suppressed under CO. 

From the point of view of synthetics, it is desirable 
that the reaction can be applied to a wide variety of 
organic compounds under mild conditions. In Table 1 
are summarized the Pd-catalyzed reactions of various 
polyhaloalkanes with ldecene. With Pd-catalysts, 
CC&, BrCCl3 and CCl3CO2CH3 underwent an 
addition reaction to I-decene. Particularly, Ccl,, and 
BrCC13 reacted below 40” (entries l-7). With other 
transition metal catalysts or under free radical 
conditions,” temperatures higher than 60-80” are 
usually required for the smooth addition reaction of 
CCl, and BrCC13.7*10-16 In the reaction of BrCCl,, 
high yields were attained even under argon atmos- 
phere. CCl&O2CH3 reacted with 1-decene at 80-l 10” 
to give methyl 2,2,4-trichlorododecanoate (3) in yields 
of about 60% (entries 8 and 9). In this reaction, clear 
acceleration by CO was observed, Formation of CY,~- 
dichloro-y-butyrolactones reported in the previous 
report with Cp,Fez(CO), or Cp&i0,(C0),‘~ were 
not observed with the Pd catalyst. Limitation of the Pd 
catalyst was observed in the reaction of CC13CN and 

Table 1. Addition reaction of poi;yhaloalkanes to Idecene* 

Entry 
Polyhaloalkanc Temp Time Yield 

(wl.It (“I (hr) Atmosphere Product (%N 

6 
7 

8 CCl,CO,CH, (5) 100 15 Ar 
9 CCl,COtCH3 (5) 80 7 CO 

100 
100 
80 
40 

r-t. 

: 
3 
5 

120 

Ar 
Ar 
co 
CO 
CO 

40 5 Ax 
100 3.5 Ar 

cl 

A/ 
C8H,7 

CCl$O*CH, 

3 

WI 
90 

64 
62 

* All reactious were carried out in the presence of P~(OAC)~ (1 mol%), PPh, (2 mol%), and KzCOJ (200 mol%). 
t Amounts of polyhaloalkanw based on the olefin applied. 
$ Figures in parentheses arc the yields determined by GLC using diphcnyl as an internal standard. Others are isolated yields. 
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@HCl,. Even at higher t~~rat~~ and fur prolonged 
reaction time applied, CC.l,CN tiarded the adducts in 
yields luwer than WA, While, C&K& afforded a 
complicated mixture. 

Pd-catalyzed reactions uf CC& ur BrCCIJ to ulefins 
bearing ester? Iretune QXI ether gruup under optima! 
conditions described abuve are summarized in Table 2. 
Methyl IU-undeeenaate (4) ur 1 l=&~Iecen-2+ne (6) 
readily reacted with Ccl, to give the corresponding 
adducts 5 ur 7. In the reaction sf safrole (8) ox aRyZ 
acetate @I), CGl, aEurded the adducts 9 or 12 in law 
fields, btit BrCClj reacted tu give XUor 13in high fields 
(entries 3 and 4). Simitarly, 2~~~y~~ycl~hex~one (14) 
reacted with BrCC13 to afford 15 in yield of 650/, but a 
satisfactory result was nut obtained with CC&. 

High reactivity of BrtZ’S& in the free radical addition 
reaction is well known.” With the Pd catalyst, BKX& 
dso ~eaets with ufefins more r-&y than Ccl, Since 
the adduct was ubtained in high yieMs with only one 
equivlinfent of BrCEl, ts otefins, the X : I adduct can be 
selextive1y prepared from dienes. The terminal olefitic 
bund uf 4~ny~~y~~~hex~ne selectively reacted with 
BrCCf, to give 3~~~brumu~3~3~3~t~~~ur~pr~pyl) 
cy~luhextne as the f : I adduct vrSth a 57% yield. Rum 
iJ_actadiene, 3-bromo-~,f,i-tr3chloro-8-nun~e as 
the 1: 1 adduct., was pr~~~nan~y formed over 3,8- 
dibramo- L,~,l,~U,~U,~~hexachl~r~~e as the X I 2 
adduct in yields of 51~~ and tUy$ respectively. They 
were easily separated by c&.mn ehru~tu~aphy. 

The ratio of diastereumers furmed in the addition 
reaction uf polyhalaalkanes to internal &f&c bonds is 
of interest from a mtxhanistic point ofview. Addition uf 

CC& ad BrCK!, to cyclahexene under free radiicrtf 
conditions gave almust equimular mixtures of c&- and 
tr~aadduets.*o The SUE tendency was observed with 
the Pd catalyst. On the ather hand, h&h trunsseleutivity 
was &served in the Ru-uatalyzed addition reautian of 
Ccl4 tu eyclohexene? An appruximately 4: f 
diastereametic mixture of 2-methy~-~~~~l,3~tetra~ 
chlarabutane and 3~brum~-2~methy~~l,l,l~t~~h~ur~~ 
butane was furmed from tither cis- or trsans_2+utene 
under fm radid ~n~tiuns or by the cratalysis of 
Cu f*‘2 With the Pd catalyst, diastereumer ratios * 
simi.Iar tu those observed under free radical cund&isns 
were ubtdned. 

A mechanism of the Pdatalyzed reactisn of 
~lyh~~~k~~ with ul&ns involving oxidative 
additiun uf R-X unto P&43*u fullowed by inscrGun of 
ulefins, is unlikely, Attempts to isolate a Pd complex 
furmed by uxidative addition uf ~~yha~u~~~ ants 
Pd failecf, Tayim and Aie14’ reported that Pd(PPhS)+ 
reacted with Ccf, to ;rslve PdC&fPPh& This rmult 
indicates that sxidatiun uf Pd(0) with CC14, prubabfy 
ut’a One &mtrun transfer from P&O) tu ca, takes pf~ 
easily. This oxidation is considered ta GH,N 
dc;activatiun of the catalyst in the add&ion tea&an of 
~lyh~u~kan~. Our finding that the addition of bases 
was essential or acceleration was observed under a CO 
atmosphere can be explained by the fact that Pd(H) 
spt~Ses furmed by the oxidatiun undcrgu redactian 
with bases or CO to zeru-valent state.26*30-J3 

We prupuse the mechanism illustrated in Scheme 3, 
One exectrun transfer frum Pd(0) to polyhalualk&nes 
gives a t~~~urumethyl radical which &is to ulefins to 
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