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In  the presence of palladium and platinum catalysts, 1,3-dienes react with active methylene and methyne 
compounds such as p-keto esters, p diketones, dialkyl malonates, a-formyl ketones and esters, a-cyano and 
a-nitro esters, and ethyl phenylsulfonylacetate to form corresponding 2,7-alkadienyl derivatives. In  the pal- 
ladium-catalyzed reactions of active methylene compounds with 1,3-butadiene1 l : 2 adducts l and l :4 adducts 
2 are obtained as main products, and small amounts of branched 1 : 2 adduct 3 are isolated as by-products. 
Addition of isoprene to active methylene compounds gives 2,7-dimethyl-2,7-octadienyl derivatives 4 and 5, 
derived from tail-to-tail dimerization of isoprene, almost selectively. In contrast to the addition of isoprene, 
the reaction of 1,3-pentadiene affords a head-to-tail adduct 6. In the platinum-catalyzed reaction of 1,3-buta- 
diene with active methylene compounds, a ratio of the branched 1: 2 adduct 3 to all the adducts is larger than that 
observed in the palladium-catalyzed reaction, and 1 : 1 adduct and 1: 3 adduct are isolated as by-products besides 
1, 2, and 3. A reactlion intermediate 7 involving a four-coordinated palladium system derived from the tertiary 
phosphine complex of palladium(0) is postulatei. 

Oligomerization of l,&butadiene to cyclic or linear 
products is catalyzed by some transition metal com- 
p l e x e ~ . ~ , ~  Recently, a new type of linear dimerization 
of l13-butadiene catalyzed by transition metal com- 
pounds of group VI11 of the periodic table, which is 
completed by addition of a compound having a t  least 
one active hydrogen atom, has been found. Tertiary 
phosphine complexes of palladium(0) were reported to 
catalyze the reaction of l13-butadiene with methanol 
and phenol to give l-methoxy-2,7-octadiene and l-phen- 
oxy-2,7-octadiene, respe~t ively.~-~ A mixture of pal- 
ladium chloride and sodium phenoxide is quite a 
selective catalyst for the latter reaction.’ Similar re- 
actions have been reported to take place using primary 
and secondary amines, carboxylic acidsj6 and active 
methylene and methyne compounds.’Jj A reaction of 
trimethylsilane with 1,3-butadiene catalyzed with 
(maleic anhydride)bis(triphenylphosphine)palladium- 
(0)9 and that of amines with the diene in the presence 
of a triethyl phosphite complex of nickel(0)‘O proceed 
in a little different way to  give corresponding 2,6- 
octadienyl derivatives. 

Part of our work on the reaction of the active methy- 
lene and methyne compounds with l,&dienes has been 
reported in a preliminary communicational The pres- 
ent paper describes the reaction in detail. 

An active and easily available catalyst is prepared by 
mixing dichlorobis(tripheny1phosphine)palladium and 
basic sodium compounds such as sodium phenoxide, 
sodium methoxide, sodium carbonate, and sodium salts 
of the active methylene and methyne compounds used 
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as the starting reagents. A mixture of palladium 
chloride and sodium phenoxide showed the same 
catalytic behavior, but a quite low catalytic activity. 
Ammonia and pyridine complexes of palladium salts 
are more effective than palladium chloride but less 
effective than the triphenylphosphine complex. The 
low reactivity observed on using palladium chloride 
and the ammonia and pyridine complexes as catalyst 
components seems to be due to decomposition of the 
catalytic species to metallic palladium which appeared 
during the reaction. On the other hand, in the presence 
of triphenylphosphine, no separation of metallic pal- 
ladium was observed and the solution remained pale 
yellow after completion of the reaction. Zero valent 
palladium complexes such as tetrakis(tripheny1phos- 
phine)palladium(O) and (maleic anhydride)bis(tri- 
phenylphosphine)palladium(O) showed catalytic ac- 
tivity without the basic sodium components. 

The reaction was applied to compounds with a 
methylene and methyne group to which two electro- 
negative groups, such as carbonyl, alkoxycarbonyl, 
formyl, cyano, nitro, and sulfonyl groups, are attached. 
The reaction of the active methylene compounds with 
butadiene gave two kinds of main products, 1 :2  ad- 
ducts 1 and 1:4 adducts 2. At an early stage of the 
reaction the product consisted mainly of 1. Further 
addition of butadiene to 1 afforded 2. 

The reaction products were identified by means of 
elemental analysis, molecular weight measurement, 
and ir and nmr spectral measurements. 

The results on the reaction of l13-butadiene with 
&keto esters, /3 diketones, dialkyl malonates and their 
derivatives, a-formyl ketones, a-formyl esters, a-cyano 
and a-nitro esters, cyanoacetamide, and ethyl phenyl- 
sulfonylacetate are summarized in Tables I and 11. 
The analytical and physical data of the products are 
listed in Table 111. The infrared spectra of the 
products showed absorptions due to out-of-plane de- 
formation of -CH=CH2 near 910 and 990 cm-‘, and 
trans -CH=CH- near 960 cm-l. No absorption due 
to out-of-plane deformation due to cis -CH=CH- was 
observed. This fact indicates that the internal double 
bond of the 2,7-octadienyl group consists exclusively or 
mainly of the trans form. 

The reaction of ethyl acetoacetate with 1,a-butadiene 
in the presence of the PdCl2(PPh&-PhONa catalyst 
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TABLE I 
PALLADIUM-CATALYZED REACTION OF ETHYL ACETOACETATE (0.1 MOL) WITH l13-BUTADIENE 

-----Products,a %b- 
-------Catalyst (mmol) Butadiene, Temp, Time, CHCOCHR- CHaCOCRr 

Pd compd Basic Na compd mol OC min COaCzHa COzCzHs 
PdClz(Ph3P)z (0.02) PhONa (2) 0 . 3  85 25 78 12 
PdCll (Ph3P)z (0.01 ) PhONa (1) 0.3 85 60 78 16 
PdClz(PhaP)z (0.05) PhONa (3) 0 .5  85 210 26 70 
PdClz(PhaP)z (0.02) NaCH(COCHa)- 

Pd(Ph3P)a (0.25) 0.3 85 30 20 Trace 
Pd(Ph3P)z .MAc (0.02) 0.3 85 75 39 0.6 
PdClz(Ph2P)z (0.05) PhONa (0.4) 0 .3  50 30 11 Trace 
PdClz(PhaP)z (0.05) PhONa (0.4) 0 .3  60 30 59 3 
PdClz(Ph3P)z (0.05) PhONa (0.4) 0.3 70 30 63 4 

Pd(NOz)z(NH3)z (0.5) PhONa (5) 0 . 3  85 120 70 22 
PdClz(NH3)z (0.5) PhONa (5) 0 .3  85 120 82 5 
PdClz(Py)z (0.5) PhONa (5) 0 .3  85 120 69 4 
PdClz(PhaAs)z (0.5) PhONa (5) 0.3 85 120 53 

COzCzHs (2) 0 .3  85 25 52 1 

PdClz(PhaP)z (0.05) PhONa (0.4) 0 .3  85 30 72 28 
PdClz (2) PhONa (6) 0 .3  130 180 63 6 

Q R = -CH2CH=CH(CH2)&H=CH2. * Based on ethyl acetoacetate employed. MA = maleic anhydride. 
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gave l a  and 2a as major products. The reaction oc- 
curred slowly a t  50" but quite rapidly at  85", as shown 
in Table I. Acetylacetone and diethyl malonate re- 
acted with the diene to give IC and 2c, and l d  and 2d, 
respectively. Selectivities of the products based on 
the converted active methylene compounds in the above 
three reactions were about 90%. As by-products, 
small amounts of branched 1 : 2 adducts, ie., l-vinyl-5- 
hexenyl derivatives 3, were isolated. Ethyl aceto- 

r H - E ~ ~ ~ C H = C H z  I 
R2 

3a,cld 

acetate and acetylacetone were more reactive than 
diethyl malonate. The effectiveness of the catalyst is 
shown by the fact that 10,000 molecules of ethyl aceto- 

acetate per molecule of dichlorobis(tripheny1phos- 
phine)palladium could react in 60 min, as shown in 
Table I .  

Ethyl 2-oxocyclopentanecarboxylate, 2-acetylcyclo- 
hexanone, and trimethyl 1,1,3-propanetricarboxylate 
reacted with the diene to yield the corresponding 
2,7-octadienyl derivatives in 73, 87, and 83% yields, 
respectively. The reaction of the diene with 2-0x0- 
cyclohexanecarbaldehyde, 2-oxocyclododecanecarbalde- 
hyde, and ethyl phenylformylacetate also afforded the 
1 : 2 adducts in high yields. Ethanolysis of 2-acetyl-2- 
(2,7-octadienyl)cyclohexanone which was obtained 
from the above reaction resulted in the formation 
of 2-(2,7-octadienyl)cyclohexanone. The same com- 
pound was obtained by elimination of the formyl group 
of 1- (2,7-octadienyl) -2-oxocyclohexanecarbaldehyde, as 
expected. Although it seemed certain that the product 
from the reaction of 1,3-cyclohexanedione with the 
diene contained a 1 : 2 adduct besides a 1 : 4 adduct, the 
1:2 adduct has not been identified owing to  a poor 
separation in a fractional distillation. 

/?-Keto esters, p diketones, a-formyl ketones, and 
a-formyl esters are in equilibrium between keto and 
enol forms. Therefore, it might be possible that the 
hydroxy groups of the enol forms react with 1,3- 
butadiene to yield 2,7-octadienyl derivatives in which 
the octadienyl group is bonded to the oxygen atom, 
as methanol and phenol do. No such products, how- 
ever, were observed. The addition of l13-butadiene to 
the carbon atom of the active methylene and methyne 
is quite selective. 

Compounds having a cyano group in place of a 
carbonyl or an ester group of /?-keto esters reacted in 
the same way. The reaction of ethyl cyanoacetate 
with l13-butadiene gave the linear adducts l i  and 2i 
with a small amount of a branched adduct, ethyl 
(l-vinyl-5-hexeny1)cyanoacetate. The results on the 
reaction of the diene with 3-oxo-2-methylbutyronitrile, 
cyanoacetamide, benzoylacetonitrile, and malononitrile 
are listed in Table 11. Low yields of the products in 
the reaction of the diene with nitroacetone and ethyl 
nitroacetate seem to be due to decomposition of the 
catalyst. Ethyl (phenylsulfony1)acetate reacted with 
the diene to yield lm in a 91% yield. 
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Addition of isoprene to ethyl acetoacetate resulted 
in the formation of 2,7-dimethyl-2,7-octadienyl deriv- 
atives 4a and 5a in 95% yield (eq 2, Table IV, p 2121). 

According to positions of the methyl groups on the 
chain, there are four possible dimethyl-2,7-octadienyl 
chains if the dimerization of isoprene occurs at  random. 
However, the reaction has been found to afford the 
isomers derived from tail-to-tail dimerization of iso- 
prene almost selectively. In  the palladium-catalyzed 
reaction of phenol with isoprene, the lower selectivity 
(55y0) of the product due to  the tail-to-tail dimerization 
of isoprene has been reportedS6 The compounds 4a 
and Sa showed an ir absorption at 886 cm-l due to 
out-of-plane deformation of >C=CH2 and an nmr 
signal due to the olefinic protons at T 5.4 (s, 2 H), which 
apparently indicate that one of the methyl groups of 
the side chain is on C-7. A doublet a t  T 7.6 ascribed 
to  the C-1 protons of the side chain of 4a and a singlet 
at 7 7.4 due to those of 5a show that the other methyl 
group is attached to C-2 but not to C-3. Acetylacetone 
also reacted with isoprene to afford 4c and 5c in 91% 
yield. The nmr spectrum of 4c showed two kinds of 
signals due to the C-1 protons of the side chain. A 
doublet at T 7.5 and a singlet a t  T 7.1 are ascribed to 
the keto and enol form of 4c, respectively. The ratio 
of the keto form to  the enol one was 6:4. 

Addition of 1,3-pentadiene to ethyl acetoacetate 
yielded a 2 : l  adduct. Absorptions due to out-of- 
plane deformation of -CH=CHz a t  912 and 994 cm-' 
and to trans-CH=CH- a t  973 cm-' and a doublet due 
to an active methyne proton a t  r 6.8 indicate that the 
product has the structure 6. In  contrast to  the tail- 

CHsCOCHCO&zHs 

CHs c! HCH=CHCH&HCHzCH=CH~ 

AH3 
6 

to-tail addition of isoprene, this reaction affords the 
product derived from a head-to-tail addition of the 
1 ,&diene. 

The reaction of 2,3-dimethyl-1,3-butadiene with 
ethyl acetoacetate resulted in the formation of ethyl 
2-acetyl-2,3,6,7-tetramethyl-2,7-decadienoate. The re- 
activity of the diene was very low compared with the 
reactivities of 1,3-butadiene and isoprene. 

As platinum complexes often show the same catalytic 
behavior as palladium complexes, it is expected that 
platinum complexes would also catalyze the reaction 
of the active methylene compounds with 1,3-butadiene. 
In  fact, the same adducts as obtained in the palladium- 
catalyzed reactions were formed. A combination of 
PtC12(Ph3P)2 and sodium phenoxide catalyzed the 
reaction of acetylacetone with 1,3-butadiene to afford 
the same products as formed in the palladium-catalyzed 
reaction. The ratio of the branched 1:2 adduct 3c 
to all the adducts was 0.16. The value is larger than 
that observed in the palladium-catalyzed reaction 
(0.04). It is interesting to note that the reaction 
catalyzed by a combination of Pt(Ph8P)h and sodium 
phenoxide gave 1 : 1 and 1 : 3 adducts as well as the 1 : 2 
and 1:4 adducts (eq 3). Apparently the platinum 
catalysts were much less effective than the palladium 
catalysts. 
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Productb 

RCH(C0CHa)z 
RzC (COCHa )2 

CHZ=CH(CHz)&H=CHCHzC- 
(CHzCH=CHCHa)(COCHa)z 

CH (COCH8)z 
CHz=CH (CH2)aCH (CH=CHz)- 

CHz=CHCH(CHa)CH (COCH8)z 
RCH(COCH3)COzCzHs 
RzC(C0CHa)COzCzHs 
CHz=CH(CHz)aCH(CH=CHz)- 

RCH(C0CHa)COzCHa 
RzC(C0CHa)COzCHa 
RCH(C0zCHa)z 
RzC (COzCHa )z 
RCH (C0zCzHs)z 
RZC(CO&ZHG)Z 
CHZ=CH(CHz)aCH(CH=CHz)- 

CH(COCH3)COzCzHs 

CH(COzC2Hsh 

bR COCHS 

CH~O~CCH&H~CR(COCH~)CO,cH, 
CHaOzCCHzCHzCR (COzCHa )z 

PhCR(CH0)COzCzHa 
RCH(CN)z 
RzC (CN )z 
lZCH(CN)COOCzHa 
RZC(CN)COOCzHa 
CHsCR(CN)COCHa 
RzC (CN)CONH, 
RCH(CN)COPh 

RzC(CN)COPh 

RCH(N0z)COOCzHr 
RZC (NO2 JCOOCzH, 
RCH (S0zPh)COOCzHs 

TABLE I11 

PHYSICAL AND ANALYTICAL DATA OF THE PRODUCTS~ 

Registry no. 

29330-76-5 
29330-77-6 

29331-16-6 

26450-24-8 
29149-83-5 
26561-31-9 
26561-32-0 

29085-37-8 
29330-83-4 
29330-84-5 
29330-85-6 
29330-86-7 
29330-87-8 
29330-88-9 

29330-89-0 

29453-58-5 

29330-90-3 

29330-91-4 

29330-92-5 

29453-59-6 
29330-93-6 

29330-94-7 

29330-95-8 

29330-96-9 
29330-97-0 
29330-98-1 
29453-60-9 
29330-99-2 
29331-00-8 
29331-01-9 
29331-02-0 

29331-03-1 

29331-04-2 
29331-05-3 
29331-06-4 

BP, O C  (mm) 

135-6 (7) 
170-1 (3) 

129-30 (3) 

105-7 (11) 
199 
139 (5) 
189 (5) 

98-102 (20) 
111 (1.5) 
181 (3.5) 
111-7 (1)  

134-5 (3) 
162 ( 1 )  

179 (2) 

100 (1.3) 

130 (2) 

137-8 (3) 

149 (3.5) 

149-1 5 1 
(0.001) 

154-7 (1) 
161-2 (1)  

158 (4.5) 

169-173 
(0.02) 

156-9 (0.1) 
115 (2) 
174-6 (4) 
120-120.5 (2) 
161-2 (2) 
111-2 (4) 

(10-4) 

(10-4) 
110-2 (2) 

(10-4) 

172 (0.002) 
134-6 

156-8 

164-6 (2) 
156-7 

na5D 

I .4800 
1.4837 

1.4800d 

1 .4630 
1.4497 
1.4580 
I .  4758 

1 .4539 
1.4588 
1.4775 
1.4563 
1.4735 
1 ,4496 
1.4672 

1,4483 

1.4776 

Calcd 

208 
316 

264 

154 
238 
346 

238 
224 
332 
240 
348 
268 
376 

268 

250 

Moleaular weight 
I Found 

20gC 
316 

257 

155 
238c 
346c 

282 
228 
335 
238 
351 
276 
3760 

263 

256 

1.4739 C16H2408 264 260 

1 .4759 Cl6H2402 248 246 

328 325 1.4983 

1.4655 CilHzo06 310 311 
1 .4682 Ci7Hz~O8 326 323 

CzzHazOz 

1.4880 CisHz202 234 234 

1.4993 

1 I 5075 
1.4626 
1.4800 
1.4553 
1.4747 
1.4652 

1.5293 

1.5210 
1.4619 
1.4820 

1.5176 

318 

300 
1 74 
282 
22 1 
329 
205 
300 

253 

361 
24 1 
349 

336 

311 

306 
170 
278 
22 1 
317 
199 
294 

26 1 

353 
239 
330 

334 

a All compounds in Tables I11 and V gave C, H (and N when present) analyses within f0.4.  The analytical data were made available 
The others were to the editors and to the referees. 

measured by vapor pressure osmomet~y. 
b R = -CH2CH=CH(CH2)3CH=CH2. E Determined by mass spectroscopy. 

VL~QD. 
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CHsCOCHzCOCH3 + CHz=CHCH=CHz + 
CHz=CHCH(CHa)CH(COCHs)z IC + 3~ + 

13% 21% 24% 
CH%=CH(CHa)sCH=CHCHz 

'C(COCH3)a i- 2c (3) 
/ 11% 

CHsCH=CHCHz 
10% 

From the fact that the tertiary phosphine complexes 
of palladium(0) show catalytic activity, the catalytic 
species must be derived from the complexes of pal- 
ladium(0). The following tentative reaction inter- 
mediate involving a four-coordinated palladium system 
may be postulated. ' The coupling between the sub- 
stituted allyl group and the other ligand would give h 

W 
hl 

%P-+Pd 
I 

7 

the product and regenerate a tertiary phosphine com- 
plex of palladium(0). A ligand-ligand coupling in 
acetylacetonato( a-allyl)palladium(II) in the presence 
of a donor such as carbon monoxide has been reported 
to take place between the active methylene carbon 
of the acetylacetone group and the a-allyl group, 
accompanied by a precipitation of metallic palladium. l1 

In  our reaction, the addition of the 2,7-octadienyl group 
to  acetylacetone also occurs a t  the active methylene 
carbon. The chelation of the active methylene or 
methyne compounds to palladium atom, however, is 
not requisite for the reaction, since 1,3-cyclohexane- 
dione, dialkyl malonates, and malononitrile, which are 
not chelating agents, react smoothly. This fact 
implies that the active methylene or methyne com- 
pounds act as unidentate ligands rather than bidentate 
ligands. In  the former ligand-ligand coupling, there 
remains a possibility that a conversion of the 0-bonded 
acetylacetone complex to a C-bonded one takes place 
before the coupling. Several complexes of platinum 
having C-bonded acetylacetone group(s) such as 
Me8Pt(acac)dpy,l2 K [P t ( aca~)~Cl ] , ' ~  Naz [Pt(acac)z- 
Brz].2H20,14 and I < P t ( a ~ a c ) ~ l ~  have been reported. 
In  the present reaction, such a metal--carbon bonding 
seems probable. 

Ce h 

x" 

b E 

a Y  4 u-u 
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m m 
0 
w 

+ 
x " N  2-u+ 

Experimental Section 
Reagent~.-PdCl~(Ph~P)~,'~ Pd(Ph3P)(,16 Pd(Ph3P)z(maleic 

anhydride)," P~(NOZ)Z(NH~)Z, '*  PdClz("a)z,'* PdClz(Py)z," 

io 
00 
+ 
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TABLE V 
PHYSICAL AND ANALYTICAL DATA OF THE PRODUCTS~ 

Molecular weight 
Product Registry no. Bp, OC (mrn) n26D Calcd Found 

CHz=C (CHa)(CHz)aCK=C (CHs)CHzCH(COCHa)COOCzHs 29085-27-6 103-104 (0.05) 1.4629 266 270 
[ CHz=C(CHs)( CHz)aCH=C (CHa)CHz] zC(COCHa)COOCzH:, 29085-29-8 160-162 (0.01) 1.4847 402 395 
CHz=C (CHa) (CHz)WH=C (CHa)CHzCH (C0CHa)z 29085-32-3 96-98 (0.02) 1,4808 236 234 
[ CHz=C( CHa)(CHz)aCH=C (CHa)CHz] zC(C0CHa)z 29085-33-4 150-152 (0,001) 1.4910 372 377 
CH~=CHCH~CH(CH~)CHZCH=CHCH(CH~)CH(COCH~)COOCZH~ 29331-11-1 104-105 (0.35) 1.4569 266 265 
CH~=CHCH~CH(CH~)CH~CH=CHCH(CHa)CHzCOOCzH~ 

CHz=C(CHa)- 
CH/CHa)CHzCH& (CHs)=C(CHa)CH2CH(COCHa)COOC2Ha 

See footnote a in Table 111. 

PdClz(Ph3As)~,~~ PtClz(PhaP)2,z2 and Pt(PhaP)422 were prepared by 
the previously reported methods. 

Acetylacetone, ethyl acetoacetate, methyl acetoacetate, di- 
ethyl malonate, dimethyl malonate, and malononitrile were 
purified by distillation under vacuum. Ethyl 2-oxocyclopen- 
tanecarboxylate,2a methyl 2-oxocyclopentanecarboxylate,z3 2- 
acetylcyclohexanone,24 1,3-~yclohexanedione,~ cyanoacetamide, 26 

3-oxo-2-methylbutyro1iitrile,~~ ethyl nitroacetate,z* and ethyl 
(phenylsulfonyl)acetatez@ were prepared by the methods described 
in the literature. Dimethyl 2-acetyl-l,3-propanedicarboxylate 
and trimethyl 1,1,3-propanetricarboxylate were prepared by 
reactions of methyl acrylate with methyl acetoacetate and di- 
methyl malonate, respectively, in the presence of sodium methox- 
ide. 2-0xocyclohexanecarbaldehyde was synthesized by the re- 
action of cyclohexanone and methyl formate.a0 2-Oxocyclo- 
dodecanecarbaldehydea’ and ethyl phenylformylacetate were 
prepared by the same method as employed in the preparation of 
2-oxocyclohexanecarbaldehyde. 

Purification of 1,3-butadiene was accomplished by vaporization 
of the liquid diene containing triethylaluminum. Isoprene, 1,3- 
pentadiene, and 2,3-dimethyl-1,3-butadiene were distilled under 
argon atmosphere. 

General Procedure for Reaction of Active Methylene or Meth- 
yne Compounds with 1 ,J-Dienes.-A 100-ml stainless steel auto- 
clave was charged with an active methylene or methyne compound 
and catalyst components, followed by cooling with Dry Ice-meth- 
anol. After removal of the air withiri the autoclave under vacuum, 
1,a-butadiene was vaporized from the liquid diene containing tri- 
ethylaluminum to be condensed in the autoclave. The reaction 
was carried out by stirring a t  85”. The reaction mixture was 
distilled and analyzed by vpc without further treatment. 

Reaction of Acetylacetone with 1 ,3-Butadiene .-A mixture of 
0.1 mol of acetylacetone, 0.02 mmol of PdClz(PhaP)z, 2 mmol of 
sodium phenoxide, and 0.3 mol of the diene was stirred at  85” for 
3 hr. The products consisted of 3c (0.6g, 3%), IC (t2.9 g, 62%), 
2c (5.8 g, 18’%), and a residue (0.5 g). Spectroscopic data of the 
products are as follow. 3c: vmax 1703 (ketone), 1644, 996, and 
915 cm-1 (-CH=CHz); T 8.7 (m, -CCHzC-), -8.0 (=CCHz- 
CCHzC=), 8.0 and 7.9 (CHaCO-), 7.1 fm, -CHCCO-), 6.3 (d, 
-CHCO-), and 4.0-5.3 (m, olefinic protons). IC: urnax 1723, 
1703, and 1610 (p diketone), 1639, 993, and 911 (-CH=CHz), 
969 cm-1 (trans (-CH=CH-); 7 8.6 (m, -CCHzC-), -8.0 
(-CH&CH2-), 8.0 and 7.9 (CHaCO-), 7.5 (t, -CHzCCO-, keto 
form), 7.1 (br s, -CHzCCO-, enol form), 6.3 (t,  -CHCO-, keto 
form), 4.6-5.0 (olefinic protons), and -6.7 [s, -C(OH)=CCO-, 
enol form]. 2c: urnax 1702 (ketone), 1644, 994, and 912 (-CH= 
CHz), 967 cm-1 (trans -CH=CH-); T 8.6 (m, -CCHzC-), 

(21) J. L. Burmeister and F.  Basolo, Inorg.  Chem., 8, 1587 (1964). 
(22) L. Malatesta and C. Cariells, J .  Chem. 90% 2323 (1958). 
(23) A.  H.  Blatt, “Organic Syntheses,” Collect Vol. 11, Wiley, Ke’ew York, 

(24) R .  M.  Manyik, F. C.  Frostirk, J. J .  Sanderson, and C. R .  Hauser, 

(25) H.  C.  Homing, “Organic Syntheses,” Collect. Vol. 111, Wiley, 

(26) H. Gilman, “Organic Syntheses,” Collect. Vol. I,  Wiley, New York, 

(27) 8. Yarnada and C .  Kawaki, J. Pharm. X o c .  Jap., 71, 1356 (1951). 
(28) F. Arndt and J. D. Rose, J. Chem.. SOC., 6 (1935). 
(29) W. C. Ashley and R.  L. Shriner, J. Amer. Chem. Soc., 64, 4410 

(30) W. 9. Johnson and H .  Posvic, %bid., 69, 1361 (1947). 
(31) V. Prelog, L. Ruzicke, and 0. Metzler, Helv .  Chim. Acta, SO, 1582 

N. Y. ,  1943, p 116. 

J .  Amer. Chem. Xoc., 1 6 ,  5030 (1953). 

New York, N. Y. ,  1953, p 278. 

N .  Y.,  1941, p 179. 

(1932). 

(1947). 

29331-12-2 74-76 (0.02) 1.4482 224 223 
29085-31-2 122 (3) 1.4700 294 290 

-8.0 (=CCHzCCHzC=), 8.0 (s, CHaCO-), 7.5 (d, -CHzCCO-), 
and 4.0-5.1 (m, olefinic protons). 

Reaction of Ethyl Acetoacetate with Isoprene.-A mixture of 
0.1 mol of ethyl acetoacetate, 0.3 mol of isoprene, 0.1 mmol of 
PdClz(PhaP)z, and 2 mmol of sodium phenoxide was stirred at  
85” for 20 hr. The product consisted of 4a (17.8 g, 67%), Sa 
(11.0 g, 28%), and a residue (0.9 9). The former compound 
showed the following spectral characteristics: vmsx 1740 and 
1718 (keto ester), 1652 and 886 cm-1 (>C=CH*); T 8.8 and 5.9 
(t, and q, -OCHZCH~), 4 . 5  (-CCHzC-), 8.4 and 8.3 [2 s, 
-C(CHs)=C-), -8.0 (m, =CCH2CCHzC=), 7.9 (CHaCO-), 
7.6 (d, -CH,CCO-), 6.5 (t, -CHCO-), 5.4 (6, >C=CHz), and 
4.8 (t, -CH=C<). The latter compound showed following 
spectral characteristics: urnax 1740 sh and 1712 (keto ester), 1651 
and 886 cm-l (>C=CH 2) ;  T 8.8 and 5.9 (t, and q, -OCHzCHS), 
-8.5 (-CCK&-), 8.5 [s, -C(CHa)=C-], 8.3 [s, -C(CHa)=C-], 
4 . 0  (=CCHzCCH,C=), 7.9 (s, CHaCO-), 7.4 (s, -COCCHz-), 
5.4 (9, >C=CH2), and 4.9 (t, -CH=C<). 

Reaction of Acetylacetone with Isoprene .-A mixture of 0.1 mol 
of acetylacetone, 0.3 mol of isoprene, 0.25 mmol of PdClz(PhaP)z, 
and 2.5 mmol of sodium phenoxide in 15 ml of benzene was stirred 
under the same conditions as those of the previous experiment to 
yield 4c (15.8 g, 67%) and 5c (9.0 g, 24%). The former com- 
pound showed the following spectral characteristics: Ymax 1728 
sh, 1700, and 1602 ( p  diketone), 1649 and 886 cm-l (>C=CH%); 

CCH&=), 8.0 and 7.9 (9, CH3CO-), 7.5 (d, -CHzCCO, keto 
form), 7.1 (9, -CHzCCO-, enol form), 6.3 (t, -CHCO-), 5.4 (s, 
>C=CH2), and 4.9 (-CH=C<). The latter compound ex- 
hibited the following spectral characteristics: urnax 1699 (ketone), 
1651 and 886 cm-1 (>C=CHz); T -8.5 (-CCHzC-), 8.6 and 

CHaCO-), 7.3 (s, -CHzCCO-), 5.4 (s, >C=CHz), and 4.9 

Reaction of Ethyl Acetoacetate with 1,s-Pentadiene.-The re- 
action was carried out under the same conditions as those in the 
reaction of ethyl acetoacetate with isoprene. The product (8.5 g, 
32%) was identified as ethyl 2-acetyl-3,7-dimethy1-4,9-deca- 
dienoate: urnax 1742 sh and 1716 (keto ester), 1644,994, and 912 
(-CH=CHz), and 972 cm-1 (trans -CH=CH-); T 9.2 Id, 
-C(CH3)], 9.0 [2 d, -C(CH3)-1, 8.8 (2 t, -OCCH3), 8.4 (m, 
=CCCHCC=), 8.1 (m, =CCHzCCHZC=), 7.9 and 8.0 (CHa- 
CO-), 7.1 (m, =CCHCCO-), 6.8 (d, -CHCO-), 5.9 (2 q, -0CHz- 
C-) and 4.0-5.2 (m, olefinic protons). Two kinds of the signals 
due to acetyl, ethyl, and one of the methyl groups on the side 
chain indicate that the compound is a mixture of the erythro and 
threo isomers. Refluxing the product with sodium ethoxide in 
ethanol gave ethyl 3,7-dimethyl-4,9-decadienoate: umnx 1740 
(ester), 1644, 992, and 911 (-CH=CHz), and 971 cm-l (trans 

-OCCHa), 8.5 (m, =CCCHCC=C), 8.0 (m, =CCHzCCHzC=), 
7.8 (d, -CHzCO-), 7.4 (m, =CCHCCO-), 6.0 (9, -OCHzC), 
4.0-5.1 (olefinic protons). 

Reaction of Ethyl Acetoacetate with 2,J-Dimethyl-l,3-buta- 
diene.-A mixture of 0.05 mol of ethyl acetoacetate, 0.15 mol of 
2,3-dimethyl-l,3-butadiene, 0.25 mmol of PdClp(PhaP)z, and 2.5 
mmol of sodium phenoxide in 15 ml of benzene was stirred a t  
85’ for 20 hr. The product (1.0 g, 770) was identified as ethyl 
2-acetyl-4,5,8,9-tetramethyl-4,9-decadienoate: vmsx 1742 and 
1720 (keto ester), 1647, 890 cm-1 (>C=CHz); T 9.0 [d, -C- 
(CHa)-], 8.8 (t, -OCCH3), 8.4 and 8.5 [s, =C(CHa)-], 8.1 (m, 

-CHCO-), 5.8 (9, -OCH&), and 5.4 (s, olefinic protons). 

T -8.5 (-CCHZC-), 4 . 4  [-(CH,)C=C-], 8.0 (=CCHz- 

8.3 [2 S, -C(CH,)=C-), -8.1 (=CCHzCCHzC=), 8.0 (5, 

(t, -CH=C<). 

-CH=CH-); T 9.2 [d, -C(CHa)-1, 9.0 [d, -C(CHa)-], 8.8 (t, 

=CCCHzCC=), 7.9 (s, CHICO-), 7.5 (d, -CHzCCO-), 6.6 (t, 
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2-(2,7-0ctadienyl)cyclohexanone.-A mixture of 150 ml of 
ethanol, 0.5 g of sodium metal, and 39.8 g of 2-acetyl-2-(2,7- 
octadieny1)cyclohexanone was heated a t  80" for 2 hr. After the 
usual workup, the product was distilled; the first fraction had bp 
110-120' (2 mm), 7.6 g, and the second fraction had bp 168- 
176" (2 mm), 27.0 g.  Redistillations of both fractions gave 2- 
(2,7-octadienyl)cyclohexanone [bp 116" (3 mm); ~ Z D  1.4809; 
vmSx 1712 (>CEO), 1644, 990, and 910 (-CH=CH2), and 970 
cm-l (trans -CH=CH-)I and ethyl 6-acetyl-8,13-tetradeca- 
dienoate [bp 181" (3.5 mm); n Z 6 ~  1.4635; vmax 1737 (ester), 
1713 (>C=O), 1642, 993, and 910 (-CH=CHz), and 970 cm-1 
(trans -CH=CH-)I , respectively. 

Anal. Calcd for ClrHzzO: C, 81.50; H, 10.75; mol wt, 206. 
Found: C, 81.23; H,  10.65; mol wt, 205. Anal. Calcd for 
ClsHaoOa: C, 73.43; H,  10.27; mol wt, 294. Found: C, 73.57; 
H,  10.19; mol wt, 294. 
2-(2,7-0ctadienyl)cyclohexanone was also obtained by reflnx- 

ing an aqueous sodium hydroxide solution of 1-(2,7-0ctadienyl)-2- 
oxocyclohexanecarbaldehyde in a 87% yield. 

Platinum-Catalyzed Reaction of Acetylacetone with 1,3- 
Butadiene.-A mixture of 0.1 mol of acetylacetone, 0.5 mmol of 
Pt(Ph3P),, 7 mmol of sodium phenoxide, and 0.3 mol of 1,3- 
butadiene was stirred a t  85" for 16 hr. The product was com- 

posed of 3-(l-methylallyl)-2,4-pentanedione (2.0 g, 13%), IC 
(4.5 g, 21%), 3c (4.8 g, 24%), 3-(2-butenyl)-3-(2,7-octadienyl)- 
2,4-pentanedione (2.6 g, IO%), and 2c (3.3 g,  11%). The 1:1 
adduct showed the following spectral characteristics: vmax 1722 
sh and 1700 (ketone), 1644, 998, and 922 cm+ (-CH=CH2); 
9.0 (d, -CCHs), 8.0 and 7.9 (CH&O-), 7.0 (m, =CCH-), 6.4 
(d, -CHCO-), 4.8-5.2 (m, CH,=C-), and 4.0-4.6 (m, -CH=C-) 
The I : 3 adduct exhibited the following spectral characteristics: 
vmax 1723 sh and 1702 (ketone), 1643, 991, and 910 (-CH=CHz), 
967 cm-l (trans -CH=CH-); T 8.6 (m, =CCCH,CC=), 8.3 

-CHzCCO-), 4.0-5.2 (m, olefinic protons). 
A mixture of 0.1 mol of acetylacetone, 0.5 mmol of PtC12- 

(PhaP)2, 7 mmol of sodium phenoxide, and 0.3 mol of 1,3- 
butadiene in 15 ml of benzene was stirred at  85" for 5 hr. The 
adducts IC, 3c, and 2c were obtained in 18, 12, and 44% yields, 
respectively. 

Registry N0.-2-(2,7-0ctadienyl) cyclohexanone, 
29331- 14-4; ethyl 6-acetyl-8,13-tetradecadienoate, 
29331-1 5-5; 3 - (2 - bu tenyl) -3 - (2,7-octadienyl)- 2,4-pen- 
t anedione,2933 1-16-6. 

(d, =CCHs), 43.0 (=CCHzCCHaC=), 8.0 (CHaCO-), 7.5 (d, 
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Alkylmagnesium fluorides have been prepared in high yield by the reaction of alkyl fluorides with magnesium 
in ether solvents in the presence of specific catalysts. The reaction rate was found to depend significantly on the 
solvent, reaction temperature, and catalyst. The best solvents for the reaction were found to be tetrahydro- 
furan and 1,Zdimethoxyethane and the best catalyst found was iodine. Under conditions of atmospheric 
pressure reflux using iodine as a catalyst, n-hexylmagnesium fluoride was produced in 90% yield in 14 days in 
diethyl ether, in 92% yield in 1.2 days in tetrahydrofuran, and in 92% yield in 4 hr in 1,2-dimethoxyethane. 
Under the most favorable conditions fluorobenzene and benzyl fluoride failed to react with magnesium. 

For over half a century organic chemists have been 
interested in the preparation of organomagnesium fluo- 
rides; however, all attempts to prepare and isolate this 
class of compounds have been uniformly unsuccessful. 
The first attempt to prepare an organomagnesium fluo- 
ride was reported in 1921 by Swarts.2 He found that 
the reaction of amyl fluoride with iodine-activated 
magnesium in diethyl ether after 100-hr reflux produced 
decane and magnesium fluoride. In 1931 Schiemann 
and Pillarsky3 reported that neither fluorobenzene nor 
its ortho methyl or para nitro derivatives reacted with 
magnesium to form the corresponding Grignard re- 
agent. The same year Gilman and Heck4 reported 
that a small quantity of biphenyl was formed when 
fluorobenzene was heated with magnesium at 300" for 
200 hr in a sealed tube without solvent. When fluoro- 
benzene was sealed in a tube with activated magne- 
sium-copper alloy5 in diethyl ether at  room temperature 
for 6 months, the reaction mixture gave a negative color 
test6 for the presence of an active organometallic com- 
pound; however, at  the end of 18 months the color test 
was positive. Several attempts were made by Bern- 
stein and coworkers' to prepare a Grignard reagent 

(1) A preliminary communication concerning this work has appeared: 
E. C. Ashby, 9. H. Yu, and R .  G .  Beach, J .  Amer.  Chem. Soc., 92,433 (1970). 

(2) F. Swart8, BulE. Soc. Chim. Belg., 30, 302 (1921). 
(3) G .  Schiemann and R. Pillarsky, Chem. Ber., 64b, 1340 (1931). 
(4) H. Gilman and L. H. Heck, J .  Amer. Chem. Soc., 63, 377 (1931). 
(5 )  H. Gilman and N. B.  St. John, Reel. Trau. Chim. Pays-Bas, 49, 717 

(1930). 
(6) H. Gilman and F. Schulze, J .  Amer.  Chem. Soc., 47, 2002 (1926). 
(7) J. P. Bernstein, J. 8. Roth, and W. T. iMiller, ibid., 70, 2310 (1948). 

from benzyl fluoride. At reflux temperature in diethyl 
ether, no reaction took place. Addition of an iodine 
crystal or of phenylmagnesium bromide failed to ini- 
tiate reaction. Under more vigorous conditions in di- 
n-butyl ether, polymerization of the benzyl fluoride 
occurred. While ordinary magnesium gave no reac- 
tion, bibenzyl was obtained from the reaction of benzyl 
fluoride with activated magnesium in diethyl ether at 
100" for 10 days in an autoclave. Thus all attempts to 
prepare fluoro Grignard reagents were frustrated either 
by a lack of reaction between the organo fluorides and 
magnesium or the formation of coupling product. 

During our study the possible intermediacy of per- 
fluoroarylmagnesium fluorides was indicated by the re- 
action of perfluoroaryl compounds with 2 molar equiv 
of ethylmagnesium bromide and a catalytic amount of 
certain transition metal halides in tetrahydrofuran* 
(eq 1) and from the reaction of hexafluorobenzene with 

91% 

1. THF or EttO 
C2H5Br 

or 
BrCH2CH2Br 

(2) 

magnesium and an equal molar amount of an entrainer 
such as ethyl or ethylene bromide in tetrahydrofuran 

(8) W. L. Respess and C. Trtmboraki, J .  Organometal. Chem., 18, 263 
(1969). 


