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THE MAGNESIUM COMPLEXES OF 1,2-DIMETHYLENECYCLOALKANE%: 

A NEW METHOD FOR A ONE-STEP SPIROANNELATION 

Department of Chemistry, University of Nebraska-Lincoln 
Lincoln, Nebraska 68588-0304, USA 

Summary: ReactIons of new dlenemagneszum reagents prepared from highly reactive magnesium 
and 1,2-dlmethylenecycloalkanes with l,n-dlbromoalkanes and bromoalkylnltrlles provide a 
one-step method for the synthesis of commonly encountered spu-ocycllc systems. 

Recently, we have shown that magnesium complexes of substituted 1,3-dlenes can be 

readily prepared using highly reactive magnesium.' These complexes function as 

bls-nucleophlles. Electrophiles have been found to add at 1,2- or 1,4-positions of the 

dienes.',' Accordingly, reaction of the appropriate bls-electrophlle "111 lead to ring 

annelation. This unique nucleophillc feature suggests that the reaction of the 

dlenemagnesium reagents of type 2 derived from1,2-dlmethylenecycloalkanes (1) with sultable 

bls-electrophlles would provide a one-step approach for the synthesis of commonly 

encountered spirocycles" (3) (Scheme I). In this conununlcatlon, we report the preliminary 

results of our studies on the preparation of this type of magnesium complexes and their 

appllcatlon to spiroannelation. 
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1,2-Dimethylenecyclohexane (la) was chosen for the preliminary study. Initial 

attempts to prepare 2 by reacting la with ordinary magnesium were not successful. However, 

highly reactive magnesium (Mg*)',' prepared by the reduction of magnesium chloride with 

lithium using naphthalene as an electron carrier reacted smoothly with la in THF at ambient 

temperature, giving the corresponding magnesium complex' (2a) in high yield.6 This result 

represents the first report of adduct formation between magnesium and two conlugated 

exocyclic double bonds.' Significantly, treatment of 2a with his-electrophiles, especially 

l,n-dibromoalkanes, gave splrocycles in good to excellent yields. The results are 

summarized in Table I. 

Scheme II depicts a general route for the splro-olefin synthesis. Typically, l,n- 

dlbromoalkanes were added to the THF solution of 2a at -78 T, producing a Grlgnard 

lntermedlate contalnlng a bromo group (4). Intermediate 4 cyclized upon "arming, affording 

the corresponding spirocarbocycles containing an exocyclic double bond (Table I, entries 

1, 2 and 3). The position where the initial alkylation occurred was established by the 

trapping of intermediate 4 at 10" temperature. For the reaction of 2a with 

1,3-dibromopropane, protonation of the intermediate at -30 'C resulted in monoalkylation, 

yielding the corresponding bromoolefin containing a quaternary center (Table I, entry 4). 
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Attempts to generate a four-membered ring by treating 2a with 1,2-dibromoethane gave only 

low yields of 5-methylenespiro[3.5]nonane (10). However, this spirocycle was prepared in 

good yield by the reaction of 2a with ethylene glycol di-p-tosylate in THF at -78 "C 

followed by warming to room temperature (Table I, entry 6). 

Scheme II 

Table I. Reactions of the Magnesium Complexes of 
1,2-Dimethylonocycloalkanes with Bis-eloctrophiles 

Entry Diene' Electrophileb Conditions Product' % yieldd 

1 la Br(CH2),Br -78 "C to 6 45 
reflux 

2 la Br(CH,),Br -78 oc to 7 

do 

75 (81) 
reflux 

3 la Br(CH,),Br -78 oc to 
room temp. 

8 75 (87) 

4 la Br(CH,),Br 

- (15) 

.7a oc to 
-30 oc 

la Br(CH,),Br -78 +C to 10 
room temp. 

c%o 

la TsO(CH,),OTs -78 "C to 10 
room temp. 

52 (67) 

7 lb Br(CH,),Br -78 oc to 11 60 (70) 
room temp. 

8 lc Br(CH,),Br -78 oc to 12 

& 

77 (86) 
room temp. 

"la: 1,2-Dimethylenecyclohexane; lb: 1,2-Dimethylenecyclopentane; lc: 
1,2-Dimethylenecycloheptane. bBis-electrophiles were added to the THF solution of the 
magnesium complexes of 1,2-dimethylenecycloalkanes at -78 OC. The reaction mixture was 
then stirred at -78 "C for 1 h prior to warm up. 
characterized by 'H NMR, 13C NMR, IR and mass spectra. 

'All new compounds have been fully 
'?solated overall yields were based 

on 1,2-dimethylenecycloalkanes. GC yields are shown In parentheses. 

A mayor advantage of using 2a is that spiroannelation is achieved in one synthetic 

operation.' Significantly, a wide variety of ring sizes can be generated using this 

approach. Recent experiments have shown that the method can be extended to the analogous 
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1,2-dimethylenecycloalkanes, such as 1,2-dimethylenecyclopentane (lb) and 

1,2-dimethylenecycloheptane (lc) (Table I, entries 7 and 81, making this a very general 

approach to a wide variety of spirocarbocycles. 

Remarkably, 2a was also foundlb to react with bromoalkylnitriles to generate 

k&o-functionalized spirocycles. Table II summarizes the results of these studies. For 

example, addition of 3-bromopropionitrile to Za at -78 'C yielded a Grignard containing a 

cyan0 group (5). This intermediate began to cyclize even at -78 "C, preventing the trapplng 

of the monoalkylated adduct. After warming up to room temperature, 

6-methylenespiro[4.5]decan-2-one (14) was obtained in 51 % Isolated yield (Scheme III). 

This spiroenone synthesis can be also applied to the magnesium complexes of the analogous 

dienes (Table II, entries 5 and 6). Surprisingly, treatment of bromoacetonitrile with 2a 

at -78 'C afforded 5-methylenespiro[3.5]nonan-2-one (Table II, entry 1). Reaction of 2a 

with I-bromobutyronitrlle and trapping of the intermediate by protonation at -40 "C afforded 

the monoalkylated product of Sa, establishing where the initial attack occurred. 

Schams III 

sr(cm&N 
2a - 

THF, -78% 0 

Table II. Reactions of the Magnesium Complexes of 
1,2-Dimethylenecycloalkanss with Bromoalkylnitrlles 

Entry Dlene' Bromonitrile' Product' % Yieldd 

1 la BrCH,CN 13 

2 la Br(CH,),CN 14 

3 la Br(CH, ),CN 15 

4 la Br(CH,),CN 16 

5 lb Br( CH,),CN 17 

6 lc Br(CH,),CN 18 

do= 0 

40 

54 

"la : 1,2_Dimethylenecyclohexane; lb: 1,2-Dimethylenecyclopentane; lc: 
1,2-Dzmethylenecycloheptane. "Bromonitriles were added to the THF solution of the magnesium 
complexes of 1,2-dimethylenecycloalkanes at -78 'C. The reaction mixture was then stirred 
at -78 'C for 30 min prior to warm up to room temperature followed by workup. 'All compounds 
have been completely characterized spectroscopically. dIsolated overall yields were based 
on 1,2-dimethylenecycloalkanes. eProtonation at -40 'C resulted in the survival of the cyano 
group. 
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51 

13 
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In summary, 1t has been demonstrated that the magnesium complexes of 

1,2-dlmethylenecycloalkanes are readily prepared In high yields using highly reactive 

magnesium. Reactions of these dlenemagnesium reagents with bls-electrophiles such as l,n- 

dibromoalkanes or bromoalkylnitriles serve as a convenient method for synthesizing 

spirocycllc systems. Significantly, splrocarbocycles prepared by this method contain 

functlonal groups such as the exocyclic double bond or a k&o group In one of the rings 

which could be used for further elaboration of these molecules. 
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