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The homo-l,4-addition of diflusrocarbene and of fluorochlerocarbene to norbornadi-
ene (in competition with ths commonly realized 1,2-addition) has been reported by
Jefford and cnwurkersl. This behaviour - novel in singlet carbene chemistry and presu-
mably a linear cheletropic reaction2— was attributed to the diminished elesctrophilic
character of the fluorocarbsnes. In the course of synthetic work we have discovered
similar reactions of dichloracarbens and dibromocarbens with 7-t~butoxynorbornadiens

(I) and of dichlorocarbene with norbornadiene (X).

The reaction =of I with dichlorocarbene, generated according to Makuszaﬁ as well as ac-

cording to Doering and Hof‘Fmsnn4 gave the same mixture of four 1 : 1 adducts (II, 1II,

1V and V) in total yields of 40% and 3 - 10%, respsctively”’S.
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The NMR spectra of thess products clearly establish the structures assigned. The prin-
cipal differences between II, III and IV are due to the signals arising from the pro-

tons at C-4 and C-8 (Table 1):

Table 1 NMR characteristics (3, ppm, CDClS) used in assignments of structures II - IV

Compound Proton at C-4 Proton at C-8
11 4,75 (d), (34’5 = 5.0 Hz) 4.15 (t), [33,1(5) = 4.4 Hz]
111 4.35 (d), (:|4 5 = 25 Hz) 4.35 (s)
’
IV 4,75 (d), (J4 g = 5.5 Hz )} 3.95 (s}
H

707



708 No. 9

The lH-NMR spectrum of V shoued the following signals (d, ppm, CDClZ): 4,15 (s) (1H);
3.35 - 3.20 (m) (1H); 2.93 ~ 2.75 (m) (1H); 2.50 - 2.32 (m) (1H); 2.10 ~ 1.85 (m) (2H);

1.80 ~ 1.50 (m) (1H); 1.20 (s) (9H).

Further proaf of structure was obtained by reduction (Na/THF/t-butanol) of II - V - as
the original mixture as well as separately - to the known compound UI7 and to VII and
VIII (total yield fraom the eriginal mixture: 55%; no rearrangements occur during this

reduction).
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Whereas VII was sasily identified from the similarity of its NMR spectrum to the one of
Ul [c(8)-H: 4.08 (s)], VIII was identified by conversien into the knoum8 hydrocarbon IX

through the seqguence of steps indicatsd in the scheme.
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Homo-1l,4-addition to I, albeit to a lesser degree, is also observed with dibromocarbenea.
Reduction (Na/THF/t-butanol) of the mixture of dibromides obtained in this case yielded

VI, VII and VIII in a ratic of 5 3 2 : 1 and in an overall-yield of ca. 10%.

The results obtained with I prompted a reinvestigation of the reactions betuween dichlo-

rocarthene and dibromocarbene and norbornadiene (X)Q,lﬂ,ll'
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Using the Makosza-method three addition products (XI - XIII) were obtained from EEl2 in
[
about 50% yield™. The assignment of structure XII is based on the close similarity of

its IR and mass-spectrum to those of the knuwnlu’ll

main-product XI and on the formation
of XIV as the sole product of the (Na/THF/t-butanol)-reduction of the mixture of dichlo-

rides. Since attempts to reduece XIII to IX led only to the disappearance of start

terial the identification of XIII rests on its mass spectrum and its lH—NMR spectrum.

The latter showed the following signals (5, ppm, CDC13): 2.98 - 2.85 (m) (2H); 2.74 -

2.61 (m) (1H); 2.19 - 1,99 (m) (1H); 1.75 - 1.60 {(m) (4H).

The course of the addition of EBr2 to X was found to be in complete concordance with al-
ready published data”. No homo-1,4~addition product could be detected in this cass. The

results obtained with I and X and the various dihalacarbenes tested so far are summari-

zed in Table 2.

Table 2 Homo-1,4-addition vs. 1,2-addition of dihalocarbenes to dienes I and X

Diene Carhene 1,2-addition (%) homo-1,4-addition (%) Ref.
cF, 46 54 1
CFC1 85 15 1
/4 /

LY ccl, 89 11 This wark
X ter, 100 0 "
(D+ n

cel 70 30
2
88 12 v
cer,
I

Although our results show that homo-l,4-addition is not limited to the fluorocarbenes,
it is evident from Table 2 that with I and X the nature of the halogens is of major im-

portance in determining the partitioning between the 1,2- and the hamo~1l,4-addition modse,

= halnnanse A more detailed compnarisan
T haltgens. A more detziled n

of the reactivities of I and X was possible through an intermolecular competition expe-
riment with dichlorocarbene and the two disne partners I and X. Following the disappear-

ance of the two dienes the ratio of the total rates was found:
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k ok = 1 ¢ 5.5 and k :

The higher proportion of homo-1,4-addition observed in the case of I is therefore caused
by the fact that deceleration of the addition by the 7-t-butoxy group is stronger for
the 1,2-mode than for the homo-1,4-mode, Differing steric effects may provide a ready

explanationlz’ls.
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