TABLE 1. Isotopic Composition of the Methane Obtained in the
Reactions (t-BuO),VMe,+D;0, (t-BuO),V(CD;),+D,0

Reaction D,0/(T) CH/(I) | CILD/(T) Reaction D,0/(IT) | CDsH/(II) | CD./({II)
(I)+D:0 0,05 0,143 0,008 (I1)+D,0 0,05 0,16 0,007
0,18 0,06 0,002 0,25 0,08 0,002
0,45 0,28 0,03 1,7 0,91 0.6
1,72 0,9 0,63 3,2 08 0,7
2,76 1,08 0,43

The solubility of water in heptane was found to be 3.7- 10~ mole/ml. The amount of methane evolved inthe re—
action was measured chromatographically using a circulatory vacuum apparatus connectedto an LKhM-8MD chro-
matograph (Porapak T column). To determine the isotopic composition of the methane, it was drawn off from
the reaction vessel cooled in liquid nitrogen into an ampul, and analyzed in an MI-1305 spectrometer,

CONCLUSIONS
1. Reaction of (t-BuO),VMe, with water occurs by both homolytic and hydrolytic fission of the V—C bond.
2. Atlow concentrations, water functions as a catalyst for the decomposition of (t~BuO);VMe,.
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REACTIONS OF ORGANOMETALLIC COMPOUNDS CATALYZED
BY COMPLEXES OF TRANSITION METALS

COMMUNICATION 5. ORGANOMAGNESIUM, -ZINC, -CADMIUM, AND -ALUMINUM
COMPOUNDS IN ALLYLDEMETALLATION REACTIONS CATALYZED BY
PALLADIUM COMPLEXES

N. A. Bumagin, A. N. Kasatkin, UDC 542,97:547.1'13
and I. P. Beletskaya

The allylic alkylation of stable carbanions of type (I) catalyzed by palladium complexes is well known {1, 2].
Et0,0—TH_Y + A X B2 pro,0
s C—CH— a
: N A X
CH
s
Y
Y = CO.Et, $0,Ph, $O;Me, COMe; X = OAc, OPh, *NEt;

(1)

The application of organotin compounds in reactions (I), which open new vistas for the synthesis of various al-
lylated products , was brought about for the first time inthe example of allyl- and enolstannanes in [3, 4]andextended
to various aryl, vinyl, and allyl derivatives of tin including stannylated ketones and esters in [5].
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TABLE 1. Reactions of Organometallic Compounds PhM with CHy=
CHCH,X Catalyzed by Pd(PPhg), (5 mole %) (THF, 20°C, Cry[ =
CCH2=CHCH2X =0.21 mole/liter)

cording 1 mos | P
; & PhM X Time,h
time 9
]
1 PhMgBr Br* 15 min 96 0
2 OPh 1,5 39 : 60
3 NEt, 15 1 8
4 PhZnCl Br 3,0 100 [0}
3 QAc 5 100 0
6 OPh 8 a8 0
7 NEt 4 69 25
8 PhCdBr Br 12 71 24
9 OAc 16 50 46
10 OPh 20 34 60
11 NEt, 20 12 85
12 PhAICI, T Br 20 Traces Traces
13 OAc 20 o »
14 OPh 20 . 0 »
15 FhyAlCl F Br 20 37 »

* In the absence of catalyst 23% allylbenzene was formed after 3 h.
T Reactions were carried out in ether.

Pd(P Pha)s, 5 mole°7} Vos0
RSnMe; 4+ A\~ 0OAc ——mﬂ)a RN\ + es5n Ac (2)

More reactive organometallic compounds were introduced in cross combination with CHy=CHCH,X.
These were mainly alkenyl derivatives of aluminum and zirconium [6, 7].

R g H R R Hi R
>c:c< L e’ ———»1;;:}]’)‘ N Neec (3)
R v oxcd e o Serl N

= AlMe,, ZrCp,Cl; X = OAec, Br

It was suggested in [1] that the intermediate in catalytic processes (1)-(3) was the cationic r-allylpalla-

dium complex [n -C3H5Pd(PPh3) ,] X~ which forms the allyldemetallation product on interaction with the organo-
metallic compound RM.

[P-CaE,PA(PPhs), "X~ + RM — R\ / + Pd(PPhy), - MX (4)

Moreover, the data available in the literature do not permit an answer to the problem how the nature of the
metal in RM influences the process of reaction (5) since in the studied reactions of various metal derivatives
the nature of the organic radical R, the leaving group X, the palladium catalyst, and also the conditions of
carrying out the reaction (solvent, temperature) differ appreciably from one to another.

BM 4 /X 2 R N+ MX (5)

In the present work we have studied the influence of the nature of M, R, and X on the rate of reaction (5)
and on the yield of allyldemetallation product.

With the aim of varying the nature of the metal the reaction was carried out with PhMgBr, PhZnCl,
PhCdBr, and PhAICl,, and CH,=CHCH,X (X = Br, QAc, OPh, +NE1:3) in tetrahydrofuran (THF) at ~20°C
in the presence of 5 mole% Pd(PPhg), (Table 1).

Pa(PPhy), 5 mole %
PhM—{-/\/KW Ph,/\/ + Ph, + MX

6
M= MgBr ZnCl, CdBr, AlCl,; X = Br, OAc, OPh, *NEts ©

As follows from the data of Table 1 the reactivity of organometallic compounds decreases in the following
series in reactions with ally bromide : PhMgBr* > PhZnCl > PhCdBr >PhAlCl,. Thus, PhMgBr and PhZnCl

* It should be noted that in the absence of palladium catalyst 23% allylbenzene was formed after 3 h in the reac-
tion of PhMgBr with CH,=CHCH,Br (THF, 20°C).
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TABLE 2. Variation of the Nature of the Palladium Catalyst in Re-
actions of Organometallic Compounds PhM with Allyl Bromide (THF,
20°C, 5 mole % catalyst, CRM:CCH2=CHCH2B1' = 0.21 mole/liter)

Number ac~ ]
cording to PhM Catalyst Time,h BN Pha, %
tim
1 PhMgBr Pd(PPh;), 15 min 96 0
2 PdCl: (PPhs) » 15 min 63 35
3 (n3-CsH;PACl) 5 15 min 20 T4
4 PhZnCl Pd(PPh;). 3,5 100 0
5 (n3-CsH;PdCl) 5 3 55° 40
6 PhAICL, * | Pd(PPhs), - 20 Traces Traces
7 (NE-C,H;PACL) ] 94 Traces

* Reactions were carried out in ether.

react with CH, =CHCH,Br forming allylbenzene in quantitative yield after 15 min and 3.5 h respectively but

in the reaction with PhCdBr 24% diphenyl was obtained together with allylbenzene (71%). Ph,AICI proved to

be significantly more reactive than PhAICl,. The latter generally did not react with allyl bromide after 20h
and in the reaction of PhyAICI with CH,=CHCH,Br the yield of allylbenzene was 37% after 20 h.

On going over from allyl bromide to allyl acetate, allylphenyl ether, and triethylallylammonium chloride
an increase was observed in the amount of Phy formed. Thus, in the reaction of PhCdBr with CH,=CHCH,Br
24% diphenyl was formed and in reaction with CH2=CHCH2OAC, CH,; =CHCH,0OPh, and (Et;NCH,CH=CH,)ClI
the yield of Phy, was 46, 60, and 85% respectively. A possible explanation is that the three latter compounds
were less reactive than allyl bromide in the oxidative addition to Pd(0) which is one stage of the catalytic cycle
[1]. This leads to an increase in the contribution of the side reaction leading to the formation of Ph, (reaction
7.

The reason for the formation of diphenyl in reaction (6) is evidently "dimerization" of the organometallic
compound which, as in the cross combination is catalyzed by Pd(PPhj),.
AN\/X, PA(PPha)s
RM— Pd(PPhx)4_> N (M
, | PapRha g,
Independently it was established by experiment that is reality PhMgBr underwent "dimerization" in the pre-
sence of 5 mole % Pd(PPhg), in THF at ~ 20°C, After 5 h the yield of Ph, was 52%. It was shown by us pre-
viously in [8] that this process also occurred in the case of the organotin compound RSnMe; (R = Ph, PhC=C,
2~C,H3S) in hexamethylphosphoramide (HMPA).

Replacement of CHy=CHCH,Br by cinnamyl bromide in the reaction with PhMgBr catalyzed by Pd(PPhj,),
also led to the formation of a 22% yield of Ph, in addition to the cross combination product 1,3-diphenylpropene

(77%) .

Pd(PPhg), 5 M0ledo
THF 20é_> Ph A\../\Ph - Ph, 4 MgBr, (8)
' 77% 229

PhMgBr - Ph A\ Br

In reactions with allyl acetate (see Table 1, No. 5, 9), allylphenyl ether (No. 2, 6, 10) and triethyl-
allylpalladium chloride (No. 3, 7, 11), PhZnCl proved to be less inclined to the formation of Ph, in compari-
son with PhMgBr and PhCdBr. This fact makes it preferable to use zinc derivatives in the case of X = OAc,
OPh, and *NEt;.

Data on the variation of the nature of the palladium catalyst in the reactions of PhMgBr, PhZnCl, and
PhAICl, with allyl bromide (THF, 20°C) are shown in Table 2. On going from Pd(PPh,), (see Table 2, No. 1)
to PACly(PPhg), (No. 2) and to (n3—CgH5PdCI)2 {No. 3) in the reaction of PhMgBr with CH,=CHCH,Br the yield
of allyldemetallation product was reduced but the yield of Ph, grew. Replacement of Pd(PPhy), with bis-(n-
allylpalladium chloride) in the reaction of PhZnCl with allyl bromide also led to the appearance of significant
amounts of "dimerization" products (55% allylbenzene and 40% Ph,).

The application of (n3—C3H5PdCI)2 as catalyst in place of Pd(PPh;), proved to be extremely effective in
the case of PhAICl,. In the reaction of PhAICl, with allyl bromide catalyzed by Pd(PPhjy), only traces of allyl-
benzene were formed after 20 h and in the presence of (n3—C3H5PdCI)2 the yield of PhCH,CH=CH, was quanti-
tative after 8 h.
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TABLE 3. Yield of Products (RCH,CH=CH;, %)2 in Reactions of
Organometallic Compounds RM with Allyl Bromide Catalyzed by
Pd(PPhy), or (n°—C;3H;PAC), (5 mole %) (THF, 20°C, Cgrpy =CCH,=
CHCHzBI‘ =0.21 mole/liter)

Number b
ZnCl ZnCl, AlcL b
accord, R Pa B, Pd(PPh, | (m-CeHPAC, | (n*CiHsPdCH),
10 time
1 R 96(0), 15 min 100(0), 35 h 55(40), 3h
2 | p-BrCeH, 92(try, 15 min
3 | p-MeGsH, 95(0), 15 min
4 p-MeOCgH, 64(32), 15 min | 76(19), 5h
3 p-MesNCeH, | 53(45), 40 min | 65(32), 65 h
6 | PhCH, 100(try, 1gémin tr (ir),20h o (16), 20h tr (tr), 20h
27(0), 1 h ’
7 | 9-CysHyg 89(tr), 30 min | 51(tr), 20h 73(22), 8h 12(0), 20 h
19(0), 30 min€
8 2-C,H,S 100(0), 30 min 32(0), 20h 45(35), 20 h 36(tr)y, 200
92(0), 30 min®
9 PhCH=CH 0(100), 30 min | 49(47), 3,5hd 51(45), 8 h
" 25(69), 35h
10 | PhC=C 0(40), 20h 0(10), 20h 0(47), 20h
f 0(94), 200°
14 CH-CO,Et . 30, 3h 63(0), 3 h
tr (0), 20n9 | 19(0), 31®

a) Yields of Rz-are shown in parentheses (tr indicates trace).
b) Reactions were carried out in ether.

¢) Yields of products in the absence of catalyst.

d) CH,=CHCH,0Ac was used.

e) T =50°C.

f) THF : HMPA = 1:1, Cpm: CCHZ = CHCH,Br = 2:1.

(-CsH:PdCD)2, 5 molefo 9
> Ph / -+ AlCL,Br {(9)
THEF. 20° N

PLAICI, + /\_/Br

The use of the less active Pd(PPh;), proved to be the most convenient for the more reactive organometal-
lic derivatives of magnesium and zinc since it prevented the "dimerization" of RM. In the case of the less re-
active organcaluminum compounds the more active "ligand-free™" palladium must be used since under these con-
ditions the cross combination proceeds at a greater rate than "dimerization. "

The significantly greater catalytic activity of bis-(r-allylpalladium chloride) in comparison with the phos-
phine complexes of palladium has even been observed previously in cross combination reactions of organotin
compounds with aryl and allyl halides in [9].

To clarify the problem as to how the nature of the radical R in the organometallic compound RM influ-
ences the rate of the allyldemetallation reaction and the product ratio of RCH,CH =CH, and R,, we studied the
reactions of RMgBr, RZnCl, and RAICl, with allyl bromide in THF at ~ 20°C, which are catalyzed by Pd com~
plexes. Results are shown in Table 3.

PA(PPh) OF  (mh-CsHPACD)y, 5 MOleTh
RM + /\/Br TTTOE. a0 >R/ + B+ MBr  {10)
R = Ar, PhCH,, PhCH = CH, PhC = C, 2-C,H,S, 9-CisH,, CH,CO,Et;
M = MgBr, ZnCl, AICl,.

As follows from the data of Table 3 the introduction of electron donating groups into the aromatic ring in
a series of aryl organomagnesium compounds led to a reduction in the yield of allyldemetallation products and
an increase in the yield of the corresponding diaryls. Thus p-tolylmagnesium bromide and p-bromophenylmag-
nesium bromide like phenylmagnesium bromide reacted with allyl bromide in the presence of Pd(PPhy), form-
ing the corresponding p-methylallylbenzene and p-bromoallylbenzene in quantitative yield,

Pd(PPhs)«

p-BrCHMgBr + A\ /Br ————> p-BrC¢Hy/\/ + MgBr, (11)

15 min

In the absence of palladium catalyst reaction (11) proceeds significantly more slowly and less selectively [10].
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In the reaction of p-anisylmagnesium bromide with CH,=CHCH,Br catalyzed by Pd(PPhg), the yield of p-
allylanisole was 64% and the yield of di-p-anisyl was 32%. On going over to p-dimethylaminophenylmagnesium
bromide the yield of allyldemetallation product (p~-Me,NCgH,CH,CH = CH,) was reduced to 53% and the yield
of diaryl (p-Me,NC,gH,), grew to 45%.

An analogous rule was observed in reactions of zinc aryl derivatives with allyl bromide. In the series
PhZnCl, p-MeOCgH,ZnCl, p-MeNCyH,ZnCl a reduction occurred in the yield of combination product and the
yield of diaryls grew (see Table 3, No. 1, 4, 5). In addition on going over from ArMgBr to ArZnCl the selec-
tivity of the reactions increased.

Benzylmagnesium bromide interacted with allyl bromide in the presence of Pd(PPh,), with the formation
of 3-phenyl-1-butene in quantitative yield after 15 min.

PA(PPhy
PhCH,MgB 12
B+ AP PRGNS Vg (12

In the absence of catalyst the same reaction proceeded significantly more slowly, after 1 h only 72% PhCH,~
CH,CH =CH, was formed.

In the reactions of 9-fluorenyl- and 2-thienylmagnesium bromide with CHy; =CHCH,Br 9-allylfluorene and
2-allylthiophen were obtained in yields of 89 and 100% respectively.

w Pd(PPhx)‘ i MoB 13
G rom 2 (Y e

MgBr CHQCH CH,

Thus, reactions of RMgBr with allyl bromide catalyzed by Pd(PPhs), proceeded significantly more ra-
pidly and selectively then in the absence of palladium catalyst which made it possible to obtain various allyated
products under mild conditions and in good yield.

On going over to the corresponding organozinc compounds a sharp reduction was observed in the reac-
tivity of RM. Thus in reactions of (9-C;3HgZnCl and (2-C,H;8)ZnCl with allyl bromide the yield of the corre-
sponding allyldemetallation products were only 51 and 32% after 20 h. The use of (n3—CgH5PdCI)2 in place of
Pd(PPhs), as catalyst in reactions of RZnCl (R = 9-fluorenyl, 2-thienyl) with allyl bromide led to an increase
in the allyldemetalation rate, however, in addition to RCH,CH=CH, a significant amount of "dimerization"
products of RZnCl were formed, viz., bis-(9-fluorenyl) and bis-(2-thienyl) (see Table 3, No. 7, 8), However,
RAICI, (R = PhCH,, 9-fluorenyl, 2-thienyl) in reactions catalyzed by (n3—C3H5PdCI)2 was less reactive than the
corresponding organozine compounds but in difference to the latter "dimerization" products were not observed
(see Nos. 6-8). The rules obtained in the analysis of the data of Tables 1 and 2 were therefore confirmed.

In the reaction of B-styrylmagnesium bromide with allyl bromide in the presence of Pd(PPhs), only the
corresponding "dimer" 1,4-diphenylbutadiene was formed in quantitative yield.
e Br {PA(PPhs)s 14
PhCH=CHMg r—T—/\/Brm (Ph((il(_)IOTASH)Z (14)
On going over the PhCH =CHZnCl and PhCH =CHAICI, the yield of (PhCH=CH), was reduced to 45-47%
and PhCH =CHCH,CH =CH, was formed in 49-51% yield.

(15)
PhCH=CHM + AN /Br—~——> PhCH=CHCH,CH=CH, -|- (PhCH=CH), - MBr M = ZnCl AlCl,, Pd» = (n3-C HiPdCDm Pd(PPha)‘,;
49—519 A5—4TY%
Replacement of allyl bromide by allyl acetate in reaction (15) led to a reduction in the yleld of PhaCH=CHCH,-
CH=CH, and an increase in the yield of (PhCH=CH), (see Table 3, No. 9). A similar regularity was ob-
served inthe reaction PhCdBr with CHy = CHCH,X (X = Br, OAc) catalyzed by Pd(PPhg), (see Table1,No.8, 9).

The relatively low yield of allyldemetallation product in reactions of 8-styryl derivatives of Mg, Zn,
and Al with CHy=CHCH,X (X = Br, OAc) catalyzed by palladium complexes made it preferable to use the cor-
responding organotin compound in this case. It was previously shown by us in [5] that 8-styryltrimethyltin
reacted with allyl acetate in the presence of Pd(PPhg), forming PhCH =CHCH,=CH, in 90% yield.

Pd(PPha), amole%

+ PhCH=CHSnMe, +./\/OA0 —‘-‘—m—zo PhCH=CHCH,CH= CHZ + (16)

- Me;,snOAc
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Phenylethynylmagnesium bromide proved to be significantly less reactive in comparison with the re~
maining organomagnesium compounds in the reaction with allyl bromide catalyzed by Pd(PPh,),. After 20 h
reaction not even traces of cross combination product were formed and bis(phenylethynyl) was formed in 40%
yield. An increase of temperature (50°C) led to an increase in the yield of (PhC=C}, to 94%.

Pd(PPha)
PhC=CMgBr 4 /\_/Br ——— (PhC=C), (17)
N 50 94%
The reaction of PhC = CZnCl with allyl bromide catalyzed by both Pd(PPhs), and by (n3—CgH5PdCE)2 also did
not lead to the preparation of PhC = CCH,CH=CH, (see Table 3, No. 10).

In accordance with the proposed mechanism (reaction 4) for establishing the reasons for the low reac-
tivity of PhC= CMgBr a stoichiometric reaction was carried out of the complex [n3—C3H5Pd(PPh3)2}+ Cl~, ob-
tained in situ from (n3—C3H;PdCl), and 2 equiv. PPh; (calculated on Pd), with PhC = CMgByr in THF at ~ 20°C,
It was established that under the indicated conditions PhC = CCH,CH=CH, was not formed even after 30 h. In
addition an intense spot (Rf 0.7) luminous in UV light was detected on a chromatogram of the reaction mixture
(silufol, chloroform) corresponding seemingly to a new palladium complex the structure of which was not inves-
tigated specially. On heating the chromatogram (150-160°C) the mentioned spot blackened as a result of the
separation of metallic palladium. It is possible that the formation of such a complex not undergoing further
conversion is also a reason for the low reactivity of PhC = CMgBr in the catalytic reaction with CH,=CHCH,Br.

Organozine compounds obtained by the introduction of a~bromo derivatives of esters with zinc dust (Re-
formatsky reagent) react (according to [11, 12]) with aryl and vinyl halides in the presence of palladium com-
plexes forming the corresponding cross combination products (a-aryl and a~vinyl substituted esters) in high
yield. With the aim of extending the given reaction to allyl halides we studied the reaction of BrZnCH,CO,EtL
with allyl bromide in the presence of Pd(PPhy), and (n’-C,H,PdCl),.

On using bis~(m-allylpalladium chloride) as catalyst and a 1:1 mixture of THF and HMPA as solvent the
ethyl ester of allylacetic acid was obtained in 63% yield after 3 h.

BrZnCH,CO,Et - gy SF-CAHPACL,, § mOICT, CH,C0,Rt - ZnB
rZnCH,COEt + 2~ /Br T ‘HE'gPA“‘Ul AN/ CHyCO,RE 4- ZnBr, (18)

Replacement of (7;3—C,‘3H5PdlCl)2 by Pd(PPhs), and also increasing the temperature led to a reduction in the yield
of product (see Table 3, No. 11), in pure THF only traces of CH, = CHCH,CH,CO,Et were formed after 20 h.

Reaction (18) was a convenient method of introducing an allyl group into the a-position of esters.

EXPERIMENTAL

Organomagnesium compounds (as 1.5 M solutions), palladium complexes, and the necessary standard
compounds were synthesized by known procedures. Organozinc, cadmium, and aluminum compounds were
obtained in situ by reaction of the corresponding organomagnesium compounds with anhydrous ZnCl,, CdBr,,
and AlCl, in THF.

Chromatographic analysis was carried out on a "Tsvet-110" chromatograph with a flame ionization detec-
tor in a flow of helium (60 ml/min); column 2 m X 3 mm, 3% SE-30 on Chromaton N super. TLC was carried
out on "Silufol UV-254" plates with visualization in UV light or iodine vapor. UV spectra were described on a
Hitachi~124 spectrophotometer in quartz cuvettes,

Reaction of PhM w ith CH, =CHCH,X in the Presence of Palladium Complexes. THF (2 ml), 1.5 M solu-
tion (0.36 ml1:0.55 mmole) of PhMgBr in ether, and allyl bromide (0.061 g:0.5 mmole) were placed, in a
stream of argon, in a flask fitted with a magnetic stirrer and Pd(PPhy), (0.9029 g:0. 025 mmole) was added with
stirring to the solution. The yield of allylbenzene was determined after 15 min by GLC using an internal stan-
dard (n-decane). Yield of PhCH,CH=CH, was 96%. The same reaction in the absence of catalyst led to the
preparation of allylbenzene in 23% yield after 3 h.

The reactions of PhMgBr, PhZnCl, PhCdBr, PhAICl,, and Ph,AlC] with CH,=CHCH,X (X = Br, QOAc,
OPh, *NEt;) in the presence of Pd(PPhy),, PACLy(PPhy),, and (n3-C4H,PdCl), were carried out in a similar
manner. The yield of Ph, was determined by TLC and UV spectroscopy. Data are shown in Tables 1 and 2.

"Dimerization" of PhMgBr in the Presence of Pd(PPhy),. In a stream of Ar, THF C2mbhandal.5M
solution (0.36 mi:0.55 mmole) of PhMgBr in ether were placed in a flask which had been blown through with

1701



Ar, and Pd({PPhy), (0.029 g:0.025 mmole) was added with stirring to the obtained solution, The yield of Ph,
was determined after 5 h by TLC and UV spectroscopy and amounted to 52%.

Reactions of RMgBr, RZnCl, and RAICI, with Allyl Bromide in the Presence of Palladium Complexes.
1) In a stream of Ar, THF (20 ml), 1.5 M solution (3.6 ml:5.5 mmole) of p-MeCgH,MgBr inether, and allyl bro-
mide (0.61 g:5 mmole) were placed in a flask which had been blown through with Ar, and Pd(PPhs), (0.29 g:
0.25 mmole) was added with stirring to the obtained solution. After 15 min the reaction mixture was diluted
with hexane and passed through a short column of silica gel to remove palladium complexes. By fractional dis-
tillation p-MeCgH,CH,CH=CH, [13] was isolated having bp 70°C (12 mm).

The following RMgBr were reacted with allyl bromide catalyzed by Pd(PPh;), under analogous conditions.
2) p-BrC¢HMgBr. p-BrC,H,CH,CH=CH, (0.91 g:92%) was isolated after 15 min and had bp 92°C (8 mm) [10].
3) p-MeOC HMgBr . p-MeOCH,CH,;CH=CH, (0.47 g:64%) was isolated after 15 min and had bp 96°C (12 mm)
[13]. In addition (p-MeOC H,), (32%) was formed (TLC, UV spectroscopy). 4) p-Me,NCgH,MgBr. After
30 min, yield 0.43 g (53%) p-Me,NCH,CH,CH = CH, [14], bp 87°C (3 mm). In addition (p~Me,NCgH,), (45%)
was formed (TLC, UV spectroscopy). 5) PhCH,MgBr. PhCH,CH,CH=CH, (0.66 g:100%) was isolated after
15 min and had bp 64°C (10 mm) [15]. 6) (2-C,H,S)MgBr. (2-C,H3S)CH,CH=CH, (0.62 g:100%) was isolated
after 30 min and had bp 157-159°C [16]. 7) (9-C;sHg)MgBr. 9-Allylfluorene (0.92 g:89%) was isolated after
30 min by TLC on silica gel (hexene:ether = 3:1) [17]. 8) PhCH=CHMgBr. (PhCH), (100%) was formed after
30 min (TLC, UV spectroscopy). 9) PhC=CMgBr. (PhC=C), (40%) was formed after 20 h (TLC, UV spec-
troscopy). The same reaction at 50°C led to the formation of (PhC = C), in 94% yield after 20 h.

The reactions of RZnCl and RAICl, with allyl bromide in the presence of Pd(PPhj), and (n*—CsHPdCl),
were carried out by a similar procedure. Yields of RCH,CH=CH, were determined by GLC using an internal
standard (n-decane), yields of Ry were determined by TLC and UV spectroscopy. Results are shown in Table 3.

Reaction of BrZnCH,CO,Et with Allyl Bromide Catalyzed by (n®—C;H;PdCl),. In a stream of Ar, a 1-M
solution (10 ml:10 mmole) of BrZnCH,CO,Et in THF (obtained by the reaction of BrCH,CO,Et with zinc dust),
HMPA (10 ml), and allyl bromide (0.61 g:5 mmole) were placed in a flask which had been swept out with Ar,
and (n®—C3H,PdCl), (0. 046 g:0.25 mmole) was added with stirring to the obtained solution. The reaction mix-
ture was stored for 3 h at ~ 20°C, CH,=CHCH,CH,CO,Et (0.40 g:63%) was isolated by fractional distillation, and
had bp 144-146°C [18].

Stoichiometric Reaction of [n3-C3H5Pd(PPh3)2]"' Cl~ with PhC= CMgBr. In a current of Ar, TH¥ (3 ml),
(n®—C3HzPACl), (0.045 g:0.125 mmole), and PPhy (0.131 g:0.5 mmole) were placed in a flask fitted with a mag-
netic stirrer which had been swept out with Ar. After stirring for 20 min spots of (n3—C3H5PdCI)2 and PPhy had
disappeared from a chromatogram (heptane, visualization with I). A 1.5 M solution (0.17 ml:0.25 mmole) of
PhC = CMgBr in ether was added to the reaction mixture. The homogeneous solution was kept at ~ 20°C for
30 h. Analysis of the reaction mixture showed the absence of PhC = CCH,;CH=CH, (GLC) and the presence of a
new palladium complex of unknown structure (TLC, CHCl3, Rf 0.7). The spot with Rf 0.7, evidently corre~
sponding to this complex, was intensely colored in UV light and on heating to 150-160°C became dark as a result
of the separation of metallic palladium. In addition (PhC = C), was formed in 15% yield (TLC, UV spectroscopy).

CONCLUSIONS

1. Reactions of organometallic compounds RM (R = Ph, p-MeCgH,, p-BrC¢H,, p-MeOC¢H;, p-Me;NC:H,,
PhCH,, PhCH=CH, 9-fluorenyl, 2-thienyl, PhC=C; M = MgBr, ZnCl, CdBr, AlCl,) with CHy=CHCH,X (X =
Br, OAc, OPh, *NEt,) catalyzedby Pd(PPhy), and (n C,H;PdCl), in THF have been studied. The influence hasbeen.
investigated of the nature of metal M, of the organic radical R, and of the leaving group X on the rate of allyl-
demetallation and on the yield of products RCH;CH=CH, and R,.

2. The reactions of RMgBr (R = Ph, p-MeCH,, p-BrC¢H,, PhCH,, 9-fluorenyl, 2-thienyl) with CH,=
CHCH,Br catalyzed by Pd(PPh;), proceeded significantly more rapidly and selectively than in the absence of
palladium catalyst which made it possible to obtain the corresponding products of allyldemetallation under
mild conditions and in high yield.

3. The main possibility of allyldemetallation of Reformatsky reagents has been shown for the first time
in the example of the reaction of BrZnCH,CO,Et with CH,=CHCH;Br catalyzed by (n3—C3H;PdCl); and leading
to the preparation of CH,=CHCH,CO,Et. The reaction is a convenient method for introducing the allyl group
into the a-position of esters.
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