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Several techniques are now avallable for generatlng ally1 cations as reactive lntermedlates 
n 

of var~.ous cycloaddltlons. In addltlon to the sliver salt route' which has permitted the 

preparation of blcyclo[3.2.21nona-6,8-dlen-3-one from benzene and the 2-methoxyallyl catlon2, 

one may use c,c. -dlhalo ketones In comblnatlon wvlth suitable reducing agents such as alnc- 

copper couple 3 nonacarbonyldl-iron 
4 , and also sodium lodlde In the presence of copper. 5 

Presumably, each method has Its merits which are emerging more clearly and which depend on the 

lIfetIme of the required ally1 catlon Intermediate, the nature of the added ?I component and 

the stability of the final product. 

We now report a novel variant which starts with a dlhalo ketone, but 1s quite different from 

previous approaches 1.n that it involves a change of mechanism. The procedure does not require 

highly reactive zinc-copper couple and seems advantageous for generatlng fairly reactive ally1 

catlons derived from dlhalo ketones with a mInIma number of temmlnal alkyl groups. An 

lllustratlve experiment 1s the preparation of 2,2-dlmethylblcyclo[3.2.lloct-6-en-3-one (&). 

In a three-necked round-bottomed 500 ml flask equipped with a stirrer, dropplng funnel and 

efflclent condenser are placed 16.5 g CO.25 g atom) zinc powder and 33 g (0.5 mole) cyclo- 

pentadlene in dry tetrahydrofuran. 3-Bromo-I-lodo-3-methyl-2-butanone (73 g, 0.25 mole) 

and triethyl borate (50 ml, 0.3 mole) In dry tetrahydrofuran (50 ml) 1s added slowly with 

stirrlng under a slow stream of nitrogen during l-l.5 hr. The mixture 1s left overnlght, 

chilled with salt-lee mixture, and water (50 ml) 1s added slowly followed by concentrated 

aqueous ammcnla (200 ml, ca. 17% v/v) in order to dissolve the zinc salts. The aqueous layer 

1s extracted three times with 100 ml ether, the combined organic layer 1s washed once with 

water, dried and the solvents are removed to give a crude mixture of products which 1s steam- 

dlstllled in the presence of sodium hydroxide (pH IO-II). The steam dIstIllate contains some 

dlcyclopentadlene (~a. IO-ly16) and the desired adduct & (23 g, 61 %I, which can be purlfled 

by chromatography on slllca gel. Under the same conditions the primary-secondary dibromo 

ketone 2, which In previous experiments with zinc-copper couple had falled to enter Into 

cycloaddltlons 5b formed 3a + b and 3d + e respectively, - - with cyclopentadlene and furan 

In addltlon to 3c and 3f. - - Furthermore, 1,1,3-tribromoacetone and cyclopentadlene gave at least 

three adducts including a dlbromlnated blcycllc and 6~. As a further route to the known 

blcycllcs 5c and 6c we have also' 

- 

- - used 1,1,3,3-tetrabromoacetone In comblnatlon with trlethyl 

borate and zinc and succeeded In lsolatlng the trlbromlnated adduct 5a as well as & and - 
the E-diaxlal derivative & (cf. Table). 

From previous experience with zinc-copper couple as reducing agent the formatlon of mono- 
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1. TABLE CYCLOADDUCTS FROM THE REACTION OF SIMPLE BROMO KETONES 

WITH THIETHYL BORATE AND ZINC. 

No. 50 

Dlhalo 
Ketone 2 Dlene Cycloadducts Yield 

(d,J-3Hz,lH), 6.1 (m,2H) 

?_ 

Br Br Br 

4aO 

3_dg s x 
4.60 (d,J=4.5Hz,lH), 4.77(m,lH) 

5.05 (m,lH), 6.4 (m,2H) 

%+&9% 

ZT 23% 

2+&+X+ Br JJ 14% 

2 mp 102-104~,1r(CHCl3) 2 2% 

0 'gBr 'boBr Oh0 ~~~~~~~~= c ' 

Bra . . 

z E & z? (d:J:4.5Hz:1H): 6.66 

(m,2H). 

2 
k 

&- & &? 
4.73 (d,J=3Hz,2Ha), 6.3 

(br s,2Ho) 
I 
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a Prepared according to C.Rappe, Arklv Keen, 2l, 303 (1963) and ref. 3a. 
b 
- Ref. 3a. 2 DetermIned by glc. d Isolated yield after chromatography on slllca 

gel. e 2,4-Dlbromo-3-methyl-2-butanone Instead of 2 as ally1 cation precursor gave 

2 In 48-5s yield. f N.S.Turro, S.S.Edelson, J.R.Wllllam~, T.R.Darllng and 

W.B.Hammond, J.Amer.Chem.Soc., 2, 2283 (1969). g Determined by nmr, the separation 

of 3a + a from 3c on slllca gel being poor. Reduction of the mixture with an excess - - 

of ZUIC in CH 0H/NH4C1 gave & + b 0Illy.k Tentative assignment as this compound 
3 

could not be Isolated pure. & showed a slnglet at62.02 ppm (CH3) and could be 

reduced to 2 + 2. The adducts 2, f and & are quite unstable and turn brown 

wlthln a short time on StandIng, especially In the presence of traces of acid and on 

exposure to oxygen. If the bromlnes are to be removed reductively It 1s advantageous 

to quench the reactlon mixture first with methanol at -60’ and then to let It warm up 

with additron, If necessary, of further zinc and ammonium chloride. 1 Ref. 4. 

L A.E.Hlll, G.Greenwood and H.M.R.Hoffmann, J.Amer.Chem.Soc., $Q, 1338 (1973). 

km/e 282, 280, 278, lr (CHclB) 1722 cm-'. 100 MHZ nmr (CDC13) 2.14[d(Jgem=12._5Hz) 

of t(JH syn, Hb=!3Hz) of t(JHsyn,Ha=2HZ), Hsynl, 3.02 (d,Jgem=12.3Hz, Ha), 3.14 

Cd(JHb'Hsyn=3Hz) of dJHb,Ha=2Hz), =,,I, 4.19 [d(JHa,Hb=2Hz) of d(JH,,Hsyn=2HZ, 

W,l, 6.19 (m,2Ho). 

bromlnated cycloadducts (e.p. 3c and 3) on using a &bromo ketone (1) [and of Gbromlnated - 

adducts using l,l,j-trlbromoacetone as well ast&bromlnated 2 from - 

1s surprl6lng. The mast ObVlou6 explanation that the starting bromo ketones were accompanied 

by more highly brominated derlvatlves, could be easily discounted by nmr. Furthermore, a 

control experiment In the absence of dlene gave no evidence for any disproportion, e.g. 

0 

2 
r, 
Br Br 

under the reaction condltlons. 

Slgnlflcantly, the dltertlary dlbromo ketone 1 which In earlier work with zinc-copper couple 

could be used as precursor par excellence towards zinc oxyallyl8 5b did not react at all 

(? QZaBr OZnBr 

ZnlCu 

-* 

SN’ 

-9Y 

_.-.. 
+ 

Br- 

Br Br 0r 

2 8 
under the new condltlons. Confirmatory evidence was provided by a competltlon experiment 

wrth 1 and the supposedly less reactive 2 In the presence of cyclopentadlene using trlethyl 

borate and zinc, whrch gave the dlmethylated blcycllc &, but again no tetramethylated adduct. 
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A possible mechanlstlc sequence of the (EtO)3B/Zn reactlon beglns ath enollzatlon via loss 

of proton rather than reductive removal of bromine 
6 
. The postulated boron enolate a7 can lonlze 

with Intramolecular nucleophlllc assistance by oxygen to the ally1 catlon 2, which combmes 

with the conJugated diene. Consistently, the dltertlary dlbromo ketone 2 which does not contain 

any protons a to the carbonyl group does not react under the modlfled condltlons. 

s)Et 

(EtO)lB, 
9 0 

Ii 
(EtOhB. Zn Me 

H 
BrH Br 

-EtOH H 

How 1s cis-dlaxlal 2,4-dlbromoblcycloC3.2.lloct~6-en-~-one (6a) being formed? An attractive - - 

posslbz-llty 1s that it arIses from the z, e, _ exo-trlbromlnated blcycllc, the six-membered 

ring of which must be severely flattened. As a result the single bromxne atom on the endo 

face of the molecule might well be most nearly axial and hence be removed selectively In the 

presence of zinc. It 1s striking that the nmr signal of aethylene proton Ha in blcycllc & 

appears at 0.9 ppm downfIeld from the signal of Ha in the cls-dlequatorlal isomer &. It - 

will be seen that the axial proton Ha In & 1s crowded by two exo bromine atoms and as a - 

consequence, suffers van der Waals repulsion and deshleldlng. 
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