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Figure 3. The intensities of 5 and 6 as a function of irradiation time (77
K). The lower curve can be converted into the upper by multiplying by a
constant numerical factor of 3.0 % 0.3. 1-Azido-8-methylnaphthalene does
not partition into equal amounts of § and 6.

diyl. Even more striking is a comparison of 2 and 5. The triplet
nitrene is indefinitely stable at 77 K, whereas the triplet car-
bene could not be detected even at 4 K. If the discrete carbene
intermediate is, in fact, on the reaction pathway to 3, there
must be a very large reactivity difference between the triplet
states of 2 and S.

A complete kinetic analysis of the triplet species described
herein is in progress.
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Synthesis and Cope Rearrangement of
cis-1,2-Dialkenylcyclopropanes

Sir:

Attempts to synthesize cis-1.2-divinylcyclopropane (1a)
were largely unsuccessful in the past'-? owing to its rapid Cope
rearrangement? to 1 ,4-cycloheptadiene (2a) (eq 1). They have,
however, contributed much to the development and application
of fluxional tautomerism which led to studies of several systems
with a 1a skeleton.?* The rearrangement has recently become
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of additional interest, since derivatives of 1a were implied as
possible precursors in the biosynthesis of natural products (with
a 2a moiety) from marine brown algae (Dicryopteris and
Ectocarpus siliculosus).’

Since 1a and most of its derivatives were inaccessible until
a few years ago,® it is not surprising that only few kinetic data
for their rearrangements are known so far. We report here a
general and convenient synthesis for cis-1,2-dialkenylcy-
clopropanes (and the corresponding trans isomers) and kinetic
data for their Cope rearrangements. We had shown before®®
that low-temperature photolysis of the cis- and trans-3.5-
divinyl-1-pyrazolines (5a), obtained via 1,3-dipolar cycload-
dition of 3-diazo-1-propene (3a) to 1,3-butadiene (4a) (Scheme
1), provides a simple route to 1a.°¢ Frontier orbital consider-
ations’ predict the addition of diazo compounds (3) to occur
exclusively at the terminal double bonds of conjugated dienes
(4). This is indeed observed and, since 3 and 4 can be prepared
easily in great variety, a large number of derivatives (1) be-
comes accessible this way in a very short synthetic sequence
(Scheme 1).2 Moreover, as a further advantage, the stereo-

Scheme 1
R3 R1 H H R3
R1 /N2 + MR‘ _+43_C_° = ~
YV neat 2 N=N Ré
2
R 3 4 cis-trans- 5
2 4 1 _ 2 3 4

a,R'=H.R%H a,R%H R%H a, R'=H,R&H,R%:=HREH
b,R=MeREH b, R:=H.R:Me b,R'=H,REH,R*=Me R‘H
CRIzHRAMe ¢ R=MeR“H ¢,R'=Me REH,R*=Me R=H

d.R=H.REHR=H R=Me
e, Rl=H R%:Me R:H RiMe

1
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Table I. Kinetic Data and Products in the Cope Rearrangement of
cis-1,2-Dialkenylcyclopropanes

AH%y73,0 ASF 73,0
reactant product  kr?  kecal/mal eu
L= @ 5800 18803  —9.4%1
1a 2a
& ©/ 1500 19703 -85+ 1
1o 2b
4§/=/ CI 1100 198+05  —94%15
1c 2c
L~ d=26 14 209+05 —132%15
1d
Vans no Cope rearrangement,
te only cis-trans {somerization¢

@ At 40 °C by extrapolation of the fast (1a, 1b, 1¢) and slow (1d)
runs. Rate constants were determined as averages of five runs at six
to cight temperatures over a range of at least 40 °C: 1a, =20 to +20
°C; 1b, —10to +30°C: 1e, =10 to +30°C; 1d, 5010 98 °C. ¢ Errors:

standard deviations. © k4 (abs.at 5°C) =244 X 1074s7!. 9 k4(abs.

at80°C) = 0.84 X 1074s~!. ¢ Compare ref 1 1.

chemistry of the double bonds in 3 and 4 is retained throughout
this synthesis.? Additions of neat 3a® and (£)- and (Z)-1-
diazo-2-butene (3b'%* and 3¢'%%) to 4a and (£)- and (2)-
1,3-pentadiene (4b and 4c¢) at +4 °C for 3-4 days yield mix-
tures (~1:1) of the cis- and trans-3,5-dialkenyl- 1-pyrazolines
(5a—e). Low-temperature photolysis of Sa-e (n-pentane or
CDCl3, ~40 °C, Pyrex filter, Hanau TQ 718 lamp) produces
in practically quantitative yield mixtures (~1:1) of the cor-
responding cis- and trans-1,2-dialkenylcyclopropanes (la—e
and 6a—e).

Both 1a-d and 6a—d form the 1,4-cycloheptadienes 2a-d
upon thermolysis (le and 6e do not undergo a Cope rear-
rangement, only cis-trans isomerization), but at widely dif-
ferent temperatures. Whereas 6a—d do not rearrange appre-
ciably below 160 °C,'! 1a—-d do so readily between ~20 and
+90 °C depending on the structure (cf. Table I). Irradiations
can also be carried out in the probe of an NMR spectrometer,'2
thus allowing direct observations of the reactions in Scheme
1. The Cope rearrangements 1 — 2 can be monitored by NMR
and a quantitative temperature dependence study leads to the
kinetic data of Table I. Since the 'H NMR chemical shifts of
1,2, and 6 are well separated and the unreactive 6 serves as an
internal standard for the integration, the rate constants can
be measured with sufficient accuracy. The rearrangement of
1d is more conveniently monitored by VPC (8% Apiezon L on
Chromosorb W, T = 50 °C).

Rearrangements of type 1 — 2 (eq 1) are generally believed
to be concerted [,2, + 2, + ,2,] processes involving cisoid
(boat type) conformations in the transition state. Factors in-
fluencing the formation of the boat conformation and/or
preventing the interaction of the double bonds due to steric
hindrance should be destabilizing the transition state, which,
in turn, should be reflected in the kinetic data. This has indeed
been demonstrated in the thermal rearrangement of cis-1,2-
dialkenylcyclobutanes'3 and is also observed here (Table I).
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The data show that methyl substitution at the terminal
carbons of the vinyl groups of 1a produces a decline in the rate
of the rearrangement. In the transition state of 1b — 2b, the
major steric difference compared with la — 2a'4 is a
methyl-hydrogen interaction (MH). Similarily, 1e — 2¢ has
a methyl-methyl interaction (MM) and 1d — 2d one MH and
one methyl-ring interaction (MR). On the assumption that
the interaction free enthalpies remain constant in the series,
the relative rate data of Table I can be expressed as follows
(kilocalories/mole, calculated at +40 °C, the corresponding
values for the cis-1,2-dialkenylcyclobutanes'? in parentheses):
AAG vy = 0.84 (0.22); AAGyv™ = 1.03 (0.91); AAG pmr*
= 4.55(3.31). By far the largest steric effect is therefore the
methyl-ring interaction causing a decrease in the relative rate
for the rearrangement 1d — 2d by more than three orders of
magnitude, whereas the MH and MM interactions in 1band
1c, respectively, are decreasing the rates by only small factors
(~4-35). The introduction of two ¢i/s-methyl groups prevents
the Cope rearrangement and in the thermolysis of le only
cis-trans isomerization is observed.!!-!S We are presently in-
vestigating in detail the influence of differently substituted
double bonds and substituents in the 3 position of the cyclo-
propane ring on the rearrangement.
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