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Some aspects of the chemistry of cyclopropanones, o-lactones, «-lactams, and diaziridinones are discussed in
terms of thermodynamic and kinetic stabilities. Semiempirical quantum chemical methods fail for the parent
systems, and ab initio calculations of substituted systems are limited by practical considerations. Bond-addi-
tivity schemes are shown to provide useful estimates of thermal stabilities of the ring systems discussed. Fur-
ther, they allow formulation of intuitive models which facilitate comparison with experiment. These schemes
are used to estimate heats of formation of cyclopropanone, a-lactone, a-lactam, diaziridinone, and related iso-
mers, as well as the open dipolar forms of the first three compounds. The relationships of these structures to
methylenecyclopropane, carbon trioxide, and diaziridine imine, and the corresponding open forms are briefly
discussed. The heats of decarbonylation of cyclopropanone, «-lactone, a-lactam, and diaziridinone as well as a
brief discussion of the role of hyperconjugative stabilization of open forms are included.

Some of the decomposition pathways of «-lactones, a-
lactams, and cyclopropanones, the ring systems 1-3,1 are
explained as proceeding via highly reactive, open dipolar
intermediates. Difficulty in obtaining these intermediates
increases in the above order, namely 1-3, as will be sub-
stantiated in this paper. These compounds are subject to
decarbonylation, another contributor to thermal instabili-
ty, and attack by chemical agents (e.g., nucleophiles and
electrophiles) which relates to kinetic stability. The utili-
ty of the differentiation of thermodynamic and kinetic
stabilities becomes apparent when one considers that a
thermodynamically stable, kinetically unstable system
may be rendered reasonably unreactive through attach-
ment of substituents which block entry of reagents to re-
active ‘sites. The diaziridinone system, 4, decomposes
through radical chain processes and decarbonylation. No
reactions invoking the corresponding open forms have
been reported to date. The relative propensities of com-
pounds 1-4 to react through the corresponding dipolar
forms 5-8 may be explalned in the simplified manner de-
picted in Table I.

While it is possible to compare the above systems to
methylenecyclopropanes, diaziridinimines, and carbon
trioxide (14-16), discussion of these is deferred until the
last section. The reason for the separation is that the cor-
responding open forms (17-19) have potential threefold
symmetry, which should significantly decrease their dipo-
lar nature relative to 5-8.
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Table I
Factors Determining the Relative Stabilities of the Dipolar Forms Corresponding to Cyclic Compounds 1-4

Dipolar structure Relative stability

Negative portion Positive portion

- /o Most stable Strong resonance Stabilization by two sub-
. ‘b stabilization stituents
5
R 0 . o .
v Moderately stable Appreciable resonance Stabilization by two substi-
N stabilization tuents
R NR
6
0
R ﬁ)\\er Less stable than 6 Little resonance Stabilization by two substi-
stabilization tuents
R R
Ta
o
R L __R Less stable than 7a No stabilization Allylic system stabilized by
B More stable than 8 four substituents
R R

Least stable

NR
R R RN—NR 0—0
14 15 16
R R
l
NR 0
R R
S
’/\ //\\
R R RN NR O O
17 18 19

Cyclopropanones and Allene Oxides. While some sub-
stituted cyclopropanones undergo cycloaddition reactions,
the parent compound has not been induced to react in
this manner.2 These observations are explicable in terms
of the barriers to conversion to the corresponding oxyallyl
isomers, which are presumably the reacting species. An
estimate of the energy difference between cyclopropanone
and oxyallyl may be obtained through the use of the bond
additivity schemes expressed in eq 1-5 (see ref 3 for the
literature source of the heats of formation employed in
this paper as well as the rationale for use of this particular
source). Such schemes might allow calculation of substit-
uent effects which would otherwise be highly expensive to
calculate by computer.* They also allow formulation of in-
tuitive models which facilitate comparison with experi-
ment.

Although the assumptions in eq 1 and 2 are quite differ-

AH,(3R = H) = AH.(A) + AH,(CHCOCH,) —
=3 kcal/mol = (239) + (—51.8)
AH[(CH),CH*] ()
- (190)
AH:(3,R = H) = AH;(14R = Hy +
0 kcal/mol = (48)
AH; (CH,COCH;) — AH,[CH,=C(CH)),] (2)
+(-51.8) - (~4.04)

No stabilization

1,3-Diazaallylic system less
stable than allylic; two
substituents

ent, the values are in close agreement, and an average
value of —1.5 kcal/mol will be used as the heat of forma-
tion of cyclopropanone. Decarbonylation of cyclopropa-
none is calculated to be exothermic by 12.5 kcal/mol (see
Table V).

Evaluation of oxyallyl requires consideration of dipolar
form 20 and diradicals 21 and 22. Similarities in the ef-
fects of methyl substituents in cycloaddition reactions of
cyclopropanones and solvolyses of cyclopropyl tosylates

. are cited® as evidence favoring 20 as the structure of oxy-

allyl. Dipolar form 20 and diradical 21 are of different
orbital symmetry and total wave function symmetry, and
thus one cannot assume that they are resonance structures
of the same species.” Equations 3, 4, and 5 estimate heats
of formation of 20, 21, and 22, respectively.

0 o
! ! A
AN Y N\
cff,* "CH, cfl, cH, ¢h, CH,
20 21 22

AH; (20) = AH; (ally! cation) + AH, (CH;07) +
53 kcal/mol = (216) + (-37.3)
Ewu — AH; (CH,) (3)
+(—144) - (—17.88)
AH; (21) = AH; (allyl radical) + AH; (CH;0") -

47 keal/mol = (30) + (-0.5)
AH; (CH,) (4)
—(—~17.88)
AH;(22) = AH; (CH;COCH,) + AH; (CHy) —
43 kcal/mol = (-7.7) + (33.2)
AH; (CHy (5)
~(—17.88)

Estimation of the coulombic energy term (Ecou;) in (8) is
based on the following assumptions.

(a) Assumption of a point charge model with the charg-
es localized on the nuclei. Two unit, but opposite, charges
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at a distance of 1 A attract each other with a net stabili-
zation of 14.4 eV = 332.1 kcal /mol.

(b) Charge on oxygen = =1; charges on allylic C; and
Cs = +%. No C;3-Cs repulsion is incorporated in this
model since it is implicit in the experimental value of the
heat of formation of allyl cation.

(c) Carbon-oxygen bond length = 1.20 A;8 carbon-car-
bon bond length = 1.466 A.8

{d) The value (Ecout = —144 kcal/mol) corresponds to
the idealized C;C2C3 angle of 120°.

The value for the heat of formation of methoxide used
in eq 3 has only recently become available. The ion cyclo-
tron resonance determination of equilibrium 6 in the gas
phase yields a value for AG® of 1.9 kecal/mol.?

CH, 0" + CHOH == CHOH + CH0" (6)

Assuming AS° = 0 and equal O-H bond dissociation ener-
gies for methanol and ethanol, the electron affinity of eth-
oxy radical is 1.9 kcal/mol greater than that of methoxy
radical. The bond dissociation energy assumption is valid
in this case, as is apparent from comparison of eq 7 and 8.

Dissociation energy (CH,0-H = AH; (CH;0H) -

-99.6 kcal/mol = (—47.96)
AH(CH;0) - AH; (H) (7)
-(=05) - (52.10)
Dissociation energy (C,H;0-H) = AH; (C,H,OH) -
=99.7 kcal/mol = (—56.19)
AH; (C;H;0) - AH; (H) (8)
~(—8.5) - . (52.10)

A published valuel® of the electron affinity of ethoxy radi-
cal (1.68 eV) allows assignment of an electron affinity of
36.8 kcal/mol to methoxy radical and thus the heat of for-
mation of methoxide is ~37.3 £ 0.5 keal /mol.

The dipolar oxyallyl intermediate 20 is about 54 kcal/
mol higher in energy than cyclopropanone. The intermedi-
ates 21 and 22 are, respectively, 49 and 45 kcal/mol higher
in energy than cyclopropanone. This is contrary to the ex-
pectation that 20 is the structure of the open form. This is
a deficiency in the method, probably in large part due to
the coulombic term, which appears, at present, to relegate
the method to comparison of dipolar forms and the closed
rings. In any case, the energy difference between 20 and
22 is not large. Agreement between the above values (ca.
50 kcal/mol) and the ab initio value of 83 kcal/mol® does
not appear to be very good. However, the ab initio calcu-
lation predicts a slightly bonding unoccupied molecular
orbital in oxyallyl. A calculation which included partial
configuration interaction would lower the energy of oxyal-
lyl and yield an energy difference in closer agreement with
the value calculated here. The energy difference between
cyclopropanone (unsubstituted) and oxyallyl would ap-
pear to preclude cycloaddition reactions unless a concert-
ed mechanism (no intermediacy of oxyallyl) were opera-
tive.

Energy differences between open and closed forms of
cyclopropanone as well as methyl-substituted cyclopropa-
nones (23-28) are tabulated in Table II. The calculated
energy differences between methyl-substituted cyclopro-
panones and their oxyallyl counterparts are probably un-
derestimated. The reason for this is the fact that the heat
of formation of the carbonium ion takes charge delocaliza-
tion into account implicitly, while the coulombic term
employed here assumes charges localized at the atomic
centers. Explicit correction of this term would decrease
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Table II
Energy Differences between Corresponding
Oxyallyls and Cyclopropanones Employing Same
Eowt @8 in Eq 3 in All Cases

Energy difference,

Species kecal/mol
Ozxyallyl!! - cyclopropanone +54
244 - 23 +38
26 — 25° +35
28¢.¢ - 27¢ +29

« Steric interaction in 24 taken as twice the enthalpy dif-
ference between cis- and trans-2-pentene (1 kecal/mol).
b Steric interaction in 25 taken as difference in strain energy
between cis-1,2-dimethylcyclopropane and cyclopropane
(2.7 keal/mol).1? ¢ Steric interaction in 28 is obtained from
kret. (160°) "of solvolysis of cis,cis-2,3-dimethylcyclopropyl
tosylate and trans,trans-2,3-dimethylcyclopropyl tosylate.1?
The value obtained (AAH* = AAG* = 7.1 kcal/mol) is due
to steric interactions in the transition states. An energy
difference (strain in 28) between allylic cations of 10 kcal/
mol is assumed. ¢ AH; (1,1,3,3-tetramethylallyl cation)
= 160 kcal/mol is obtained by comparison of allyl cation
(AH; = 216) with 1,3-dimethylallyl cation (AH; = 182)
and 1,1-dimethylallyl cation (AH; = 184). The average
difference (—83 kcal/mol) represents the substitution of
two methyl groups. Thus, four methyl groups introduce a
factor of —66 kcal/mol and an additional 10 kcal/mol steric
factor (note c¢) relative to allyl cation. Addition of AH;
(1,1,3,3-tetramethylallyl cation) to AH; (CH;0-) and
E¢ou1 (—144 kcal/mol) and subtraction of aH; (CH,) yield
a value for AH; (28) of —3.4 kcal/mol. ¢ Steric interaction
in 27 taken as 2 X 2.7 = 5.4 keal/mol.

0 _ 0
0
»/-: \ CHJ
CH, CH, CH, CH; CH,
23 24 25
) 0 o
Y CH, CH, CHa\([\rcm
CH, WCHS 4
28 CH; CH, CH; CH,
26 77 28

coulomic stabilization of the oxyallyl isomer and increase
the energy difference between the open and the closed
form.

Curiously, the only phenyl-substituted cyclopropanone
isolated to date is 29,34 although diphenyl-substituted cy-

O
LD

clopropanones have been generated, for example, as inter-
mediates in syntheses of cyclopropenones.i5-17 Compound
29 does not allow conjugation of phenyl rings in the oxyal-
lyl form and is, therefore, stable to ring opening. Unfortu-
nately, heats of formation of phenyl-substituted allylic
cations are presently not available. However, monophenyl-
and diphenylcyclopropanones may be isolable. Triphenyl-
and tetraphenylcyclopropanones may also be stable in the
closed forms, since steric interactions limit the extent of
conjugative stabilization of oxyallyl isomers.

Allene oxide (12, R = H) has not been isolated. Its en-
ergy relative to cyclopropanone may be calculated through
comparison of eq 9 or 10 with eq 2. The average energy
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AH:(12,R = H) = AH; (14, R = H)® +
23 kcal/m’ol = (48) ‘ 'i(')
AH; (/\) — AH;(A) (9)
(=12.58) - (12.74)
AH; (2R = H) = AH;(14,R = HY +
20 kcal/mol = (48)
AH; (CH,OCH==CH,) - AH,“(l-butene) (10)
+(-27.7) - (=0.03)

difference between cyclopropanone and allene oxide of 23
kcal/mol is in excellent agreement with ab initio calcula-
tions.® Furthermore, comparison with eq 3 suggests that
allene oxide is quite stable to ring opening to oxyallyl. Its
failure to be isolated must be due to kinetic instability.
Allene oxides 30,18 31,2° and 3220 have been generated but
not isolated because of kinetic instability, Highly hin-
dered allene oxides 3321 and 3422 have been isolated.

Q

RA_
R
R, :

R,
30,R=R;=R,=R, =CH;
3,R=R,=CH; R, =C(CH,); R, =H
32 R=R,;=C(CHy;; R, =R, =H
33,R=R,=C(CHy); R,=R;=H
34 R=R,=R,=C(CHy);; R;=H

a-Lactones. The a-lactones are in marked contrast to
cyclopropanones in their thermal stabilities. To date, only
35 has been isolated.23 Dialkyl a-lactones 36-41 have been
generated at low temperatures (<-78°) and, with the ex-
ception of 36, react immediately upon formation.24-26 The
a-lactone 36 is stable at —60° and polymerizes at the rela-
tively high temperature of —20° as the result of kinetic
stability afforded by the bulky substituents.2¢ Diphenyl
a-lactone (42) appears to exist as the dipolar form at

-100°.2¢
R
0

R
35, R =CF; 40,R + R =(CH,)
36, R = C(CH,), 41, R + R=(CH,),
37,R=n-CH, 42, R = G¢Hi;
38,R=CH, 43, R=H

39, R + R=(CH,),

The heat of formation of a-lactone is calculated in eq
11. The subtraction of the = resonance energy (RE) in eq
11 requires comment. The rationale for this approxima-
tion will be further substantiated in the sections con-
cerned with «-lactams and diaziridinones.

AH;(43) = AH;(3,R = H) +
—-31 kcal/mol = (—1.5)

AH; (CH,COOCH;) — AH;(CH,COC.H;) — RE* (11)
+(-99.2) -  (—58.4) - (-1

At this point it is worthwhile to note the relative. strain
energies (in analogy to the hydrocarbons methylenecyclo-
propane and cyclopropenel?) in resonance contributors A
and B. Thus, the dipolar contribution should be much
smaller in «-lactones than in esters or the unstrained -
lactones.

Liebman and Greenberg

0

A

A

Relative strain = 41 kecal/mol:
(methylenecyclopropane'?)

o

A,

B

Relative strain = 54 kcal/mol
(cyclopropene'?)

Additional evidence may be adduced from the carbonyl
stretching frequency of «-lactones (ca. 1900 ¢cm—1).26 The
carbonyl frequency of 5-lactone is about 20 ¢cm-1 greater
than that of cyclohexanone, following the usual relation-
ship between esters and ketones.28 However, the carbonyl
frequencies of a-lactones are 70-85 cm-1 greater than
those of cyclopropanones.2

One might consider two open dipolar isomers of a-lac-
tone. The most probable dipolar structure, 44, is assigned

the following geometry: (a) all angles are 120°; (b) carbon
-carbon bond length = 1.466 A;8 (¢) carbon-oxygen bond
length = 1.274,

The heat of formation of 44 is calculated in eq 12.

AHf (44) = AHf (02H5+) + AHf (CHaCOg—) +
-23 keal/mol = (219) + (-122)
E u — AH: (CHy) (12)
+(-140) — (-20.24)

The coulombic attraction is calculated using the point-
charge model and a separation of 2.37 A, The heat of for-
mation of acetate anion used in eq 12 is obtained from the
heat of formation of acetoxy radical (—45 £ 4 kcal/mol)®
and the electron affinity (3.36 + 0.05 eV = 775 £ 1.2
kcal/mol;30 78.2 keal /mol3?) of this radical.

The second dipolar form, 45, might be more stable than
44 in cases where electron-withdrawing substituents are

H , 0
\é/
H/ ”\0‘
45

attached. It is assigned the following geometry: (a) angle
(CO)-C-0 = 109.5°; (b) bond length ¢ = 1.51 A (analogy
to CH3-CHO); (c) bond length b = 1.43 A (usual C-O

bond length). ,
" The heat of formation of 45 is calculated in eq 13. Thus,

44 would normally be the lowest energy dipolar form of

AH; (45) = AH; (C,H,CO*") +
-12 kcal/mol = (143) +
AH{ (CHSO-) + Ecoul - AHf (CZHG) (13)
(—37.3) + (—138) = (-20.24)
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an «-lactone. This is consistent with the reactions of most
a-lactones with alcohol.24-26

0 R+9,0 R o
R <——-‘=>—<\—E—H>R’O—+-</
0 K 0 R OH
R

However, the perfluoroalkyl derivative, 35, appears to
favor open form 45 to 44 as the result of strong electron
withdrawal by the substituents, and it reacts with alco-
hols in the following manner.23

o 0
cr. . CF, o
CF, = ROH CF, /<
0 cry o~ OH OR

CF,

Formation of the a-hydroxy ester is also consistent with
nucleophilic attack at the carbonyl group of the a-lactone.
Facile decarbonylation2® of 35 may be indicative of the in-
termediacy of open form 45,

Table III lists energy differences between open (44) and
closed forms of a-lactone, dimethyl «-lactone, and diphe-
nyl a-lactone using the format of eq 12 and the same cou-
lombic term in all cases. The parent compournd should
exist in the closed form but not be much more stable than
the open form. Dialkyl «-lactones would appear to be
most stable in the open form. The energy differences are
not very large and it is easy to envision cases in which ste-
ric or strain factors might make the closed form more sta-
ble. Diphenyl a-lactone certainly appears to be considera-
bly more stable in the open form, although the energy dif-
ference in Table III is probably exaggerated. That is,
while the experimental heat of formation of the appropri-
ate substituted carbonium ion contains implicit delocali-
zation of the positive charge, such charge delocalization
would have to be accounted for explicitly in calculating a
better coulombic energy using the method advanced here.
For example, if the charges on the open diphenyl com-
pound were separated by an average distance of 3.0 A in-
stead of 2.4 A, as in 44, then Ecoul = —111 kcal/mol and
the open form of 42 would be 33 kcal/mol more stable
than 42 itself.

'The isolation?3 of cyclic 35 is not surprising when one
considers the strongly dominant destabilizing inductive
effect of trifluoromethyl groups on 44 which apparently
(vide infra) has the effect of making 45 more stable. Data
for evaluation of the heats of formation of perfluoro open
forms are not yet available. However, if one assumes that
the inductive stabilizing and destabilizing effects of tri-
fluoroalkyl groups on 45 are'about equal, then 35 is more
stable than its open dipolar form by about 19 kcal/mol
(compare eq 11 and 13).

The heat of formation of 9 (R = H) is calculated .in eq
14, This compound is consxderably less stable than the
open dipolar forms.

AH:(QR = H)= AH; (CH3000H332 +
+36 kcal/mol (—23)
AH; [CH,=
+(=704)
2A H; (CH,0CH,) + strain (14,R
- 2(—44) + (41

C(OCHy),J* -

Decarbonylation of «-lactone is calculated to be exo-
thermic by 23.4 kcal /mol (Table V).

= H)z  (14)
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Table III
Energy Differences between Corresponding Open
(i.e., 44) and Closed Forms of Some «-Lactones

Energy difference,

Closged form kcal/mol (open - closed)

43 +8
38 —-18
42 —-62

a-Lactams.3¢ The tendency for a-lactams to ring open
appears to be intermediate between that of a-lactones and
cyclopropanones. The heat of formation of a-lactam (46)
is estimated in eq 15. In eq 15, as in eq 11, the 7 reso-
nance energy normally ascribed to amides is excluded.

"AH;(46) = AH;(3,R = H) + AH; (CH;CONH,) -

+13 kcal/mol = (—1.5) + (—55)
AH, (CH,COC,H,) - RE? (15)
- (-58.37) - (-1

The rationale for this approximation is as follows.
(a) Carbonyl absorption in simple ketones is 20-60

.cm-1 higher than in the corresponding amides, but that

of cyclopropanone is ca. 20 cm~1 lower than that of a-lac-
tam.35 This effect is similar to that observed in quinucli-
done-2.35

(b) X-Ray study of 1,3-diadamantyl «-lactam (47)
shows that the substituents attached to nitrogen are not
coplanar as they are in amides.38

(c) As mentioned previously, = resonance in «-lactams
would involve an increase in strain energy of about 13
keal/mol (i.e., cyclopropene vs. methylenecyclopropane).12

Decarbonylatlon of 46 is calculated to be exothermic by
13.2 kcal/mol (see Table V).

The heat of formation of the open dipolar form of a-lac-
tam, 56, is obtained from eq 16 with the following as-
sumptions: (a) all angles are 120°; (b) carbon—~carbon bond

AH;(56) = AH; (C,H;*) + AH; (CH,CONH-) +
+41 kcal/mol = (219) "+ (—58)
Ecou] - AHf (CZHS) (16)
+ (-140) = (—20.24)

length = 1.466 A; (c) carbon-oxygen and carbon-nitrogen
bond lengths are similar enough so that Ecoui remains at
—140 kcal/mol as ineq 12.

The value for AH; (CH3CONH-) used in eq 16 is ob-
tained from pK (CH3CONH;) = 16,37 pK (CH3CO.H) ~
5,37 AHr (CH3CONH,) = —54 kcal/mol, AHr (CH3CO2H)
= —103.31 kcal/mol, and AH; (CH3COz~) = —122 keal/
mol (vide infra). The use of liquid phase pK’s in this ap-
proach is subject to justified criticism. In the absence of
gas-phase values for the heat of formation and electron
affinity of CH3CONH, this crude approximation must
suffice. Thus, the energy difference favoring the closed
form of a-lactam is predicted to be 28 kcal/mol compared
with 54 keal/mol for cyclopropanone and 8 kcal/mol for
a-lactone.

A large number of substituted o-lactams have been syn-
thesized and these exhibit a considerable range of stabil-
ity.36.38.39 Sterically hindered 1,3-dialkyl a-lactams such
as 47 and 48 are quite stable,36 while 49 is kinetically un-
stable.3¢ Diaryl and triaryl «-lactams in which an aromat-
ic ring is attached to nitrogen (e.g., 51-53) have not been
isolated.3%:38 The compound 50 is quite stable,3? since it
is sterically hindered and matches a substituent which
strongly stabilizes the dipolar form with one that strongly
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Table IV®
Energy Differences between Corresponding Open
and Closed Forms of Some «-Lactams

Liebman and Greenberg

Table V
Calculated Heats of Decarbonylation of
Small-Ring Systems

Energy difference, AH,,
Closed form keal/mol (open — closed) Compd Products kcal/mol
46 + 28 0 )
49 +2 A — CH,=CH, + CO -12.5
5241 —49
55 —42 0
¢ The effects of substituents attached to C; of a-lactams Zl - CH.0 + CO —23.4
is assumed to be equal to those in a-lactones (Table IIT). 0
Steric effects.are not included. o
2( — CH,=NH# + CO -13.2
NH
0
O o
R, J:{ — HN=NH + CO -12.6
\ — HN—NH
. /N
R, \R 6H2 N is attributed3s to either or both steric hindrance to cy-
1 .ps T .
46,R=R,=R,=H 56 cloaddition of the open form or negligible presence of the

47, R =R, = adamanty!

48 R=R,=C(CHy; R,=H

49, R=R,=CH;;R,=H

50, R =C(CH;);; R, = CF; R, = C,H,

51, R=R,=CH;, R,=H
52,R=R,=R,=CH;

53, R = 2,6{CH,).CcHy; R, =CH; Ry =H
54, R=C(CHys; R, =R, =C¢H;

55, R =H; R, =R,=CH;

destabilizes it. Surprisingly, 54 has been isolated and ex-
ists in the cyclic form 36

Table IV lists energy differences between open and
closed forms of some «-lactams. It is readily apparent that
the use of liquid phase pK’s has the effect of yielding
energies for open dipolar forms that are too low. The ther-
mal stability of 49 is too low and the predicted favoring of
the open form of 55 is erroneous. This latter error is also
the result of overestimation of the coulombic stabilization
of the open form of 35 as stated previously. Conjugative
interaction between the x-lactam ring and phenyl substit-
uents*? is not included.

The heat of formation of 10 (R = H) is estimated in eq
17. The heat of formation of 11 (R = H) is not estimated

AH:;(10,R = H) = AH;(14,R = H) +
+74 kcal/mol = (48)
AHf (CHQONHCH3)42 - AHf (n'C4H10) (17)

+ (-4) - (~30.15)
here since heats of formation of nonresonance-stabilized
imines are not experimentally available. It is probably a
few kilocalories per mole less stable than 46 (2, R = H).
Derivatives of 11 have been postulated as intermediates in
fragmentation reactions of some «-lactams.36
Diaziridinones. The dialkyldiaziridinones 57-61 have
been prepared and are quite stable,43-45 No cycloaddition
products of these compounds have been -observed.3® This

open form.
)OK
NN
]
R R,

60, R, = R, =C(CH,),CH,C.H;
61, R, =C(CH,);; R, =tert-octyl
62,R,=R,=H

57,R, = R, =C(CH,),
58, R, = R, =tert-amyl
59, R, =R, = tert-octyl

The heat of formation of the unsubstituted ring system,
62, is calculated in eq 18. Here again, as in the cases of

AH;(62) = AH; (CH,NHNHCH,) + AH, (urea)*® +
+34.9 kcal = (21.6) +  (-58.7)

strain (A‘)12 - 2 AH; (CH,NH,) - REY (18)
+ (41) - 2(—5.49) — (—-20)

a-lactones and a-lactams, the n resonance energy normal-
ly associated with urea is omitted. Evidence supporting
this assumption consists of the observation of noncopla-
narity of groups attached to nitrogen,35 and the observa-
tion of carbonyl frequencies of diaziridinones which are
15-65 cm~1 higher than those of cyclopropanones, while
carbonyl bands of ureas are 15-50 cm~? lower than those
of the corresponding ketones.3% Decarbonylation of 62 is
estimated to be exothermic by 12.6 kcal/mol (Table V).

The poor tendency for cycloaddition of diaziridinones
may be accounted for by steric and/or electronic effects.
Since the diaziridinones reported in the literature possess
bulky substituents, the reluctance for cycloaddition may
be steric in origin. An electronic explanation rests upon
comparison of dipolar structure 63 and oxyallyl. The nega-
tive portions are similar, but the positive part of 63 (1,3-
diazaallylic carbonium ion) should be much less stable
than the allylic carbonium ion. Unfortunately, the heat of
formation of the 1,3-diazaallylic carbonium ion is not
available and only extremely crude estimates are possible.

Table VI
Heats of Formation of «-Methyl Substituted Carbonium Ions and Corresponding Alkanes

AH; (Ion), Registry AH; (Alkane), Registry (Ion) — (Alkane),

keal/mol no. keal/mol no. keal/mol
n-C,;H; * (209) 19252-52-9 n-C.Hs (—24.82) 74-98-6 234
i-C.H.* (205) 19252-54-1 i-C.H,, (—382.15) 75-28-5 237
neo-C;H;; + (196) 14128-47-3 neo-C;H; (—39.67) 463-82-1 236
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It is, therefore, presently impossible to determine whether
cyclopropanone or diaziridinone is more stable to ring
opening.
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Decarbonylation Reactions and Hyperconjugative
Stabilization of Open Dipolar Forms. Table V lists cal-
culated heats of decarbonylation of the ring systems dis-
cussed in this paper. Interestingly, omission of resonance
energies makes a-lactam and diaziridinone unstable rela-
tive to their decarbonylation products. Concerted decar-
bonylation pathways are prohibited by orbital symme-
try.48

Hyperconjugative stabilization of open dipolar forms is
possible, and the stability conferred onto ring systems by
tert-butyl groups might be evidence supporting this con-
tention. However, examination of Table VI leads us to
conclude that the major effect of the tert-butyl groups is
steric hindrance to attacking agents, and hyperconjuga-
tive stabilization of open forms is relatively minor.

Systems Capable of Threefold Symmetry. Methylene-
cyclopropane (14, R = H), carbon trioxide (16), and dia-
ziridinimine (15, R = H) are not discussed here since the
corresponding acyclic forms (17, 19, 18) have potential
Dan, Dsn, and Csn symmetries, respectively. Thus, the di-
polar structures advanced in this paper are probably less
applicable in discussing these systems.

It is worthwhile to point out that the thermal instability
of carbon trioxide39-33 and diaziridinimines5¢ relative to
methylenecyclopropaness-58 is at least in part due to
small resonance contributions in the closed forms of the
first two as explained in this paper. Additionally, the spe-
cial instability of carbon trioxide may be due to the fact
that stabilization during ring opening is achieved without
movement of attached groups, a necessary feature of the
other cyclic systems discussed in this paper.

Conclusions

The bond-additivity schemes proposed in this paper re-
produce qualitative trends in thermal stability of the ring
systems discussed. Refinement of the calculations to the
point where they might be used to make reasonably accu-
rate quantitative predictions must await accurate gas-
phase determinations of electron affinities and pK’s. Cal-
culation of coulombic terms using point-charge assump-
tions leads to significant errors when phenyl groups, which
disperse charge to a large extent, are involved.

We anticipate that the schemes advanced here will pro-
vide intuitively satisfying models and hope that further
sophistication of the methods as well as additional data
will allow more reliable calculations of related systems.
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The synthesis and base-promoted reactions of the mono- and diquaternary ammonium salts, 1-benzyl-1-azo-
niabicyclo[2.2.2]octane chloride (1), 1-benzyl-1-azonia-4-azabiocyclo[2.2.2]octane chloride (2), and 1,4-dibenzyl-
1,4-diazoniabicyclo{2.2.2]octane dichloride (3) have been carried out. The acidifying influence of the quaternary
nitrogen atom appears to be the controlling factor in determining the reaction pathway. Thus, the most acidic
disalt, 3, leads initially to an elimination product, 11. Subsequent reaction of 11 leads to both ring expansion

“and vinyl migration via a Stevens rearrangement. Change of a bridgehead carbon atom to a bridgehead nitro-
gen atom (comparison of 1 and 2) decreases the acidity and removes the elimination pathway while enhancing
the Stevens rearrangement product. The novel vinyl Stevens rearrangement was confirmed by the synthesis of
benzyldimethylvinylammonium hydroxide (19) and its conversion to a-vinylbenzyldimethylamine (21).

In recent years a renewed interest has been oriented
toward 1,2-anionic rearrangements as new techniques and
results have prompted changes in our mechanistic
theories.? The base-promoted rearrangements of quater-
nary ammonium salts, the Stevens rearrangement,® has
received considerable attention in this regard.* As a con-
tinuation of our interest in this area we have investigated
the base-promoted reactions of the bicyclic salts 1-benzyl-
1-azoniabicyclo[2.2.2]octane chloride (1) (quinuclidinium
salt), 1-benzyl-1-azonia-4-azabicyclo[2.2.2]octane chloride
(2) (Dabco monosalt), and 1.4-dibenzyl-1,4-diazoniabicy-
clo[2.2.2]octane dichloride (3) (Dabco disalt). In contrast
to most previous work reported on the Stevens rearrange-
ment, these bicyclic systems introduce stereochemical re-

‘ + +a] A +ny N+
CH,CH,'N CHCH,"'NN  CH,CH, " N~\-N*CH,CH,
o a- - —  ar

1 2 3

straints which could influence the reaction pathways.? In
addition to the possibility of displacement reactions, the
presence of 8 hydrogen atoms also enables elimination to
compete with the rearrangement. Another consideration
in the choice of this series of compounds for study was the
possibility that intramolecular electronic interactions
might be important as one of the bridgehead atoms
changes from C to N to N+*. Interaction between the ni-
trogen atoms in Dabco has been observed by esr and uv



