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The palladium catalyzed synthesis of' allylnitro compounds from allyl 
,chkn'ides and nitroalkanes is described. 
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Palladi~m-batalff,sierte Allylierung con Xitroalkane~ mit Allylchloride'n 
(Kurze Mitteilung) 

Die Palladium-katalysierte Darstellung von Allylverbindungen aus Allyl- 
chloriden und Nitroalkanen wird beschrieben. 

Nitroalkane monoanions react with alkyl and allyl halides yielding 
exclusively the unstable O-alkylation products  1. We found tha t  allyl 
halides may  be used as C-allylation agents when palladium catalyst  is 
present in the reaction medium. 

A MeOH, IO o 

The model reaction was carried out in methanol  at 10 °C using the 
salt of 2-nitropropane, an allylie chloride and t, etrakis(tr iphenyl- 
phosphine) palladium. The la t ter  was generated in situ in the reaction 
medium from diehlorobis(triphenylphosphine) palladium, two equi- 
valents of tr iphenylphosphine,  and a salt of 2-nitropropane acting as 
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reducing agent 2. Allyl bromide and phenylsulfonate were also applied 
in this reaction. 

We investigated also the reaction of allyl chloride with primary 
nitr()alkanes. When equimolar amounts of the ni tronate salt and allyl 
chloride were reacted under the conditions described above, ca. 50% of 
the chloro compound was consumed and monoallyl derivatives were 
formed predominantly.  However, when an excess of pr imary nitro- 
alkane was used the resulting mixture contained more than 95% of the 
monoallyl derivative. The yields of monoallyl compounds in this 
process exceeded 50~o, therefore the reaction might be of some pre- 
parative value. The results are compiled in Table 2. I t  should be noted 
that  the reaction of primary nitroalkanes with allyl alcohol-ethyl 
acetate gives ahnost exclusively the diallyl derivatives 2. 

I t  seems tha t  the formation of C-allylation products of nitroalkanes 
proceeds through ~-allyl complexes according to the mechanism pro- 
posed by T r o s t  a for the alkylation of carboanions with allylic acetates. 
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~'~/""X 

),=,o~ 
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This mechanism consists of two steps : first the activation step i. e. the 
formation of ~-allyl complex after which the palladium moiety is 
substi tuted with the ni tronate anion. 

The fact crotyl chloride and 3-ehlorobutene-1 yield the same 
allylation product  (Table 1, entry 5, 6) is in good agreement with this 
proposal. 

When allylic chlorides are used in the allylation reaction the yields 
are lower than with corresponding Mlylic acetates or phenyl allyl 
ethers. This might be caused by direct O-allylation, a process com- 
petit ive to C-Mlylation catalyzed by palladium compounds. O-allyla- 
tion is possible in the case of allyl chloride, and not possible when allyl 
acetates or ethers are the allylating agents. This competitive reaction is 
more pronounced when more reactive allyl bromide or harder allyl 
benzenesulfonate are used thus causing a decrease of the yield of the C- 
allylation product. 
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No. Allyl derivative Product Yield a Boiling point 
]~1 R2 /~3 X R 1 R 2 R 3 (~) (°C/mm Hg) 

1 H H H (21 H H H 50 73/30 
2 H H H Br H H H 27 73/30 
3 H H H C~HaSO.3 H H H 15 73/30 
4 H CH a H C1 H CH 3 H 85 84 85/29 
5 OH 3 H H C1 OH3 H H 35 88 89/27 
6 H H CH 3 C1 CH a H H 30 88 89/27 

a 11 hours at 10°C. 
t) 23~o yield was obtained when the reaction was carried out at 50"C. 

Table 2 

R-N02 
Nitro compound/ Temp. Mono: diallyl- Estimated yield 

allyl chloride ( ° C )  derivative of monoMlyl 
(molar ratio) (molar ratio) derivative (GLC) 

1. R =02H5 1:1 t0 68:32 23 ~ 
2. n C3H 7 1:1 10 80:20 40 b 
3. n-C4H 9 1:1 10 81:19 32 e 
4. C2H5 5:1 18 95:5 57 
5. n-CaH7 5:1 18 97:3 60 
6. n-C4H9 5:1 t8 98:2 50 

The boiling points (°C/mmHg) of monoallyl and diallyl derivatives (un- 
corr.) are : 

a 50 52/28 and 98 100/24. 
b 68 70/30 and 98 100/20. 
e 82 84/30 and 58430/0.3, respectively. 

Exper imenta l  

Typical procedure exemplified by preparation of 4 methyl-4-nitro-pen- 
tene- 1 : 

2-Nitropropane sodium salt (0.05 tool), prepared in .sitv t}'om the nitro 
alkane and stoiehiometric amount of sodium methoxide, dichlorobis(tri- 
phenylphosphine)palladium (0.00128 tool) and triphenylphosphine (0.00256mol) 
in methanol (50 ml) were heated to boiling and cooled slowly (30 min) to 10 °C. 
Allyl chloride (0.05mol) was added dropwise at 10°C during 3h, and the 
mixture stirred for t l  h at 10°C. Water work-up was used and 4-methyl-4- 
nitropent~enen-1 was obtained with 50~o yield. 
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