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Most workers assume that the simple ene reaction' involves a concerted 

mechanism with the same syn-syn stereochemistry as the familiar Diels-Alder 

reaction. Actually, however, only those stepwise reactions involving 

initial hydrogen or proton transfer from the ene to the enophile are 

rigorously eliminated by the complete migration of the double bond of 

propene-l-Cl4 in the reaction with maleic anhydride. Qualitative transfer 

of asymmetry from ene to adduct leads to the same general conclusion.4 

Formation of an intermediate biradical or zwitterion by initial carbon- 

carbon bond formation is not definitely excluded.5'6 The absence of 

cyclobutane derivatives as side products2 and the lack of skeletal rearrange- 

ments when @-pinene is used as the ene component"' may simply indicate 

that these intermediate biradicals or zwitterions prefer to transfer 

hydrogen to yield the ene product rather than to ring closes or rearrange. 

Theory predicts that both syn-s.vn and anti-anti concerted ene 

reacticns are symmetry preferred.' These processes correspond to cis: and 

trans addition td the enophile component, respectively. Biradical and 

zwitterionic intermediates similarly do not demand a unique stereochemistry 

of addition. We have therefore determined the stereochemistry of a simple 
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ene reaction. Deuterium was used tc mark the sterecchemistry so that any 

preference for & or trans addition cannot be attributed to differences 

in product stabilities which are reflected in the transition states for 

hydrogen transfer. 

Reacticn of 2,3,3-trimethyl-l-butene (9 with maleic anhydride for 

18 hr at 210° in xylene solution gives (3,3-dimethyl-2-methylene)-butyl- 

succinic anhydride (2_)" in 45% yield. 2,3,3-Trimethyl-l-butene-l,l-&- 

0 iH2 HJ o c Me&-C-CH2 
Me&-C-CHa + IO -+ HI 

G 

0 

0 H2 0 

1 2 

2-methyl-c& ""l is prepared by the sequential reacticn cf t-butylmagnesium 

brcmide12 with acetone-de, fcllowed by dehydration with POCls/pyridine.13 

Reactions of olefin A-da with maleic anhydride under a variety of ccnditicns 

gave extensive intra- and intermolecular deuterium scrambling in recovered 

olefin 3; and adduct & Nmr spectra cf the adducts in the multiplet region 

between 82.13-3.50 show no recognizable pattern cf absorption which reveals 

the stereochemistry of additicn. After several tries, a successful experi- 

ment at 200° fcr 16 hr in a xylene slurry of sodium carbcnate gave a useful 

sample cf the deuterated adduct z.l* 

The nmr spectrum of deuterated 2 shows a fcur-peak pattern within the 

62.13-3.50 multiplet which was proved tc be an AB quartet by comparison cf 

60- and lOO-Hz nmr spectra. The lower field doublet is assigned to Ha in 

structure 2 because of its position and because it is sharper than the 

broader higher field doublet which must be geminally coupled to deuterium. 

Computer analysis of the AB quartet gives the values shown in Table 1 and 2. 

Related data are also shown for comparison. Roth the ccupling constant and 

chemical shift data indicate that the higher field dcublet cf deuterated,?. 

should be assigned to H2 in a cis relationship to HJ. The deuterium and 
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alkyl components of the ene, 

Because cf partial deuterium 

therefore, add with cis stereochemistry. 

scrambling, a conservative limit of detect- 

ibility for the trans deuterated adduct is ~a. 30% This work, therefore, 

establishes that the ene reaction is at least 70% stereoselective. Since 

there is no definite evidence for the presence of the trans isomer, a 

stereospecific Q addition is alsc permitted by the data. 

TABLE 1 
CIs AND TRANS COUPLING CONSTANTS IN SUCCINIC AN-HYDRIDES 

Substituent 

HOb 
Clb 
Brb 
Phc 
Me: 
Me 

Deuterated PC 

Jc&s,Hz &ran, Hz DF" 
-9 

8.6 6.8 

89:; 2.79 
10.2 + .2 6:5 + .2 6 
10.3 + .3 6.6 T .4 20 
11.1 + .5 

9.12 .8 
5.4 i .2 1 

1 

a. Degrees of freedom. b. Ref. 16. c. This work. d. By first-order 
analysis cf the spectrum in the presence of Eu(fod)s in a 3-fold weight 
excess in CC1*(17). 

TABLE II 
CHEMICAL SHIFTS OF ALKYL SUBSTITUTED SUCCINIC ANHMRIDESa 

Substituent HI, Hz H2, Hz H3, Hz 

Me 159 190 202 
Deuterated 2 183 198 

a. Shifts are downfield from TMS at 60-MHZ; see structure 2 for numbering 
of protons. 

In conclusion, the cis addition of ene to encphile is consistent with 

either a concerted syn-syn pathway cr a biradical or zwitterionic inter- 

mediate in which Q hydrogen transfer is kinetically preferred. In 

principle, the question of "concerted" versus "stepwise" mechanisms can be 

answered unambiguously by an extensicn of these labeling experiments to 

maleic and fumaric esters in which a stepwise reaction would lead to loss 

of stereochemistry. 
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