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Thermolysis of v-Peroxy-vy-butyrolactones:
Alternate Modes for Fragmentation
Sir:

With acyclic peroxy esters or their cyclic analogues, the
peroxylactones, the principal means by which thermal de-
compositions take place involve O-O bond homolysis followed
by or concerted with 3 scission leading to CO; loss.! We present
evidence here for two alternate fragmentation paths in a series
of y-peroxy-vy-butyrolactones functionally substituted at the
(3 position of the ring.

The thermally induced homolytic cleavages of 3-peroxy-
8-propiolactones have been studied intensively by Adam.? The
results of these studies are consistent with a path having O-O
bond breaking as the first step followed by a step in which
migration of a @ substituent is concerted with CO; loss. Acti-
vation enthalpies for the compounds studied were 31.0-31.7
kcal/mol and AS¥ values varied from —1.0 to 0.3 eu.

A few v-peroxy-vy-butyrolactones have been reported®* and
Adam and Szendrey’ have studied the thermolysis of 1a in
detail. The AH ¥ for 1a is 34.1 kcal/mol and AS¥ is 6.6 eu.

COy
+
—_— ACETONE
+
ETHYLENE
1 a: a,b,c,d = H
"]
b: a,b,c,d = D

Thermolysis proceeds as shown. Consistent with the observa-
tion of a secondary deuterium isotope effect of 1.27 £+ 0.2 for
1b, they proposed a reaction path in which Caeyi-C, bond
breaking is concerted with O-O scission. The mechanism de-
rives further support from the observation that the cis and trans
dideuterio derivatives of 1 produce deuterated ethylenes
nonstereospecifically, thus ruling out concerted three-bond
scission.

We have prepared the y-peroxy-vy-butyrolactones 2a~d and
studied their thermal fragmentations.6 The reaction products
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R 0 2a: Rl + Ry = 0
R1 b: Ry + Ry = CHy
o c: RL = AcO, Ry = H
0/ d: Rl HO, Ry = H

from 2a were acetone, tetramethyl-1,3-cyclobutanedione (the
dimer from dimethyl ketene) and CO,. The principal products
(>80%) from 2b are dimethylallene, acetone, and COs.

The fragmentations of 2¢ and 2d take a very different course
from those of the first two with deketonation being preferred
to decarboxylation (Scheme 1).” Reactions conducted at
temperatures higher than those indicated in the sequences in
Scheme I do show larger amounts of the enol acetate or iso-
butyraldehyde. These compounds are formed as decarboxyl-
ation products from the 3-propiolactone® and the malonic al-
dehydic acid, respectively; however, it is not yet clear whether
small amounts of them can be formed directly from 2¢ and 2d
by a minor competing thermolysis path.

The thermolyses of compounds 2a-c¢ in benzene solution
follow first-order kinetics. Rate constants were obtained at
three temperatures and activation parameters were found as
follows: 2a, AH¥ = 26.96 + 0.15, AS* = 5.27 £ 0.07; 2b,
AH¥ =3418£0.17, AS*¥ = 8.99 4+ 0.04; 2¢, AH¥ = 33.15
+ 0.12, AS¥ = 0.55 + 0.06. The thermal behavior of 2d is
erratic and we have not been able to obtain satisfactory kinetic
data for it. The low temperatures at which complete decom-
position® of 2d takes place (1 hat 74 °C in benzene) suggest
that this compound may have the lowest AH¥ of any y-per-
oxylactone yet prepared. Further work on 2d is in progress.

In a classic work on thermolyses of acyclic peresters Bartlett
and Hiatt!® showed that substituents capable of providing
resonance stabilization could effectively lower both AH¥ and
AS¥ in systems substituted at the acyl center. These obser-
vations led to a proposed reaction path in which O-O bond
breaking was concerted with CO, formation in systems with
stabilizing substituents. More recently, Pryor and Smith!! have
proposed a scale for peroxy esters using AH¥ values to dif-
ferentiate one-bond (O-O) cleavage processes from those in-
volving multibond homolyses in the transition state. One-bond
cleavage is proposed to obtain for compounds having AH¥ >
33 keal/mol and multibond cleavage is suggested when AH*
< 27 keal/mol.

Since a limited number of compounds have been studied thus
far, such a scale cannot be devised for either the peroxypro-
piolactones or the peroxybutyrolactones. However, Adam’s
studies of 1 suggest a lower limit for AH¥ for one-bond
homolyses with the latter compounds. The observation of a
secondary deuterium isotope effect here together with the
Scheme |
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product studies provides clear evidence for the simultaneous
scission of two bonds in the transition state rather than simple
0O-0 bond breaking followed by decarboxylation.

Thus it can be argued for the peroxybutyrolactones that
those compounds whose AH ¥ values are < that for 1a (34.1
kcal/mol) should experience two- or three-bond homolyses in
the transition states leading to their fragmentations. The
products obtained from 2¢ and 2d are obviously derived from
a different type of two-bond scission than the one governing
the fragmentation of 1. Activated complexes for these two
types of fragmentations can be represented as A and B, With

.0 o
No-- .

o-

A B

2c¢ and 2d, decarboxylation does not successfully compete with
deketonation even though a tertiary alkyl radical would be
formed as a result of fragmentation from a type B complex.
Although the ease of thermolysis of 2a-d does appear to par-
allel the expected stability of the radical centers developing at
Cg, the correlation may be fortuitous. Ring conformation may
also play a significant role in determining the ease and mode
of fragmentation; this factor may be particularly important
with 2a and 2b since the presence of an additional sp? carbon
would limit the available conformations of the peroxylactone
ring.

The AHT for 2a is well below that of any other 4-peroxy-
lactone; the transition state for it may involve concerted
three-bond cleavage.!? Neither of the compounds shown (3 and
4), which would be formed from alternate two-bond cleavage
mechanisms, are found as reaction products. Compounds of

[+]
[+] [+]
[+] [+]
3 4
7 7

type 3 require temperatures >100 °C to force their decar-
boxylation!3 and compound 4 is known!# to be stable up to 120
°C. Thermolysis of 2a could be accomplished at temperatures
as low as 90 °C; therefore 3 and 4 should have been observable
if formed, Although 2b has the highest AH¥ of the compounds
we studied, the value is approximately the same as the acti-
vation enthalpy for 1a. Neither an oxetane nor a §-propiolac-
tone has been identified as a reaction product here either, al-
though thermolysis of 2b does yield small amounts of com-
pounds (five by HPLC analysis) not yet characterized and the
reactions must be conducted at higher temperatures than for
2a.

Additional work must be done with the peroxylactones to
establish ground rules, but it is clear that substituents can
dictate the course of their fragmentation reactions.
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Properties and Structure of a
Tetrakis(tert-phosphino) Macrocycle

Sir:
We recently reported the isolation of the macrocycle 1, a

potential polydentate ligand for transition metal complexa-
tion.! This material, mp 229-230 °C, 3P NMR (CDCl;) é

/
O
P P
Ph/k/l\Ph
1

—28.94 (s),% was the one of five possible isomers (three meso
and two d/ pairs) which we designate as isomer A. We wish
now to report the isolation, properties, and structure of a second
isomgr (B),2mp ~160-165°C, 3P NMR (CDCl;) 6 —26.10
(s).>

At slightly above its melting point (165-170 °C) isomer B
converts completely into A as evidenced by 3P NMR spec-
troscopy and the melting point of the resolidified material.
However, heating either pure A or B in the melt at 240 °C
(0.25 h) or in reflexing xylene (135 °C, ! h) gave a mixture of
A and B in a ratio of 1.7 £ 0.2,° by 3'P NMR spectroscopy.
Thus the complete conversion of B — A in the melt at ~165
°C is a kinetic process where A is removed from equilibrium
by crystallization. Additionally, we did not observe significant
amounts of the other three possible isomers (<3%) by 3!P
NMR in these thermal equilibration studies.

Both isomers A and B incorporate solvents (~1 mol of, e.g.,
benzene, cyclohexane, acetone, tetrahydrofuran) upon re-
crystallization, but these solvents are not bound strongly
enough to allow x-ray diffraction data collection at ambient
temperatures. We now report the structure of isomer B, de-
termined at —40 °C to be the cis-syn-cis species. A freshly
dried single crystal from acetone-THF was transferred to a
Syntex P2, autodiffractometer where it was bathed in a cold
stream of dry Nj. Crystals are tetragonal, I4;/a (No. 88), a
= 25.504, ¢ = 13.792 A. Density measurements indicated the
presence of no more than eight molecules of B per unit cell.
Thus it was known at this stage that the molecule must reside
either at a crystallographic inversion center or at a crystallo-
graphic twofold axis. Intensity data were gathered for the 4392
unique reflections with 26 < 52° (graphite-monochromatized
Mo Ko radiation). The 2390 reflections with I = 241 were used
in the structure solution and refinement.”

Solution of the structure by direct methods® revealed that
the molecule was located at the crystallographic twofold
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