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A previous report indicated that the migrating group in the Curtius rearrangement of

aminimides (eq. 1) either acquires positive charge or undergoes expansion of groups attached

to the migrating carbon atom.

]
RCONNR3 — R-NCO + NRi eq. |

By analogy to solvolysis behavior of 7-norbornenyl systems, if significant carbonium
character is involved in the Curtius rearrangement, aminimide 3 should rearrange much faster
than | or 2 and also rearrange with a greater degree of stereospecificity than | due to the

expected participation of the w bond in heterolysis of the C7-C0 bond of aminimide 3:2

H~ CONNMe H - CONNMe H CONNMe3

3

LA 2 3
The structures of aminimides 1 and 3 were determined by nmr spectroscopy and other meth-

ods.3 The isocyanate stereochemistry from the neat thermolysis of each aminimide was deter-

mined spectroscopically and otherwise by utilizing the N-substituted acetamide derivative

formed by the reaction of the isocyanate with methyl magnesium iodide (eq. 2).5

RCONNMe _neat_ enco 1) MeMgl RNHCOMe eq. 2
ey 72) HFH 0 —~

As shown in Table 1, the relative rates of rearrangement of aminimides 1, 2, and 3 in
sulfolane and nitrobenzene are 1:2.2:2.5 and 1:1.8:1.8 respectively and the neat rearrange-
ments of both 1 and 3 proceed with at least 98% retention of configuration. These data
indicate that if the migrating group develops carbonium-character, not enough positive charge
is generated to trigger significant participation of the double bond in 3 and cause any sig-
nificant difference in behavior between aminimide 3 and aminimides 1 and 2.
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TABLE 1
Kinetic and Product Data of Norborny! (enyl} Aminimides

k(sec.-l)a k(sec.-l) c
RCONNMe3 Sul folane Nitrobenzene RNHCOMe
syn-7-norbornenyl (1) 0.65x10:2 d 3.2x10:z d syn-7-norbornenyl (&)
7-norbornyl! (2) VA x10_, 4 5.6x10_, 7-norbornyl (5)
anti-7-norbornenyl (3) 1.6 x10 5.9x10 anti-7-norbornenyl (6)

a - Performed at 152.7-153.3° by ampoule method. Loss of carbonyl peak was followed by IR.
b - Performed at 154-155° in an nmr spectrometer by following loss of aminimide. ¢ - Each
neat thermolysis gave at least 98% of the listed amide after reaction with methy! magnesium
iodide. See footnote 5 for structural data. d - Some polymerization occurred but linear
first order plots resulted through generally at least one half life.

A substituent study was performed on a series of acyclic aminimides (RCONNMeB) in sulfo-~
lane to further study the Curtius rearrangement. A plot of the ionization potential6 of the
radical corresponding to the migrating group (R:) versus the logarithm of the Curtius rate

constant7 is shown in Figure 1.

FIGURE 1

lonization Potential of R: Versus Log Curtius Rate Constants
In Sulfolane at 152.7-153.3°
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The ionization potential of R- measures the energy difference between planar radica158 and
planar carbonium ions9 and therefore is a measure of electronic factors only and not of geo-
metric factors. The negative slope of the line through the benzyl series indicates that posi-

tive charge is generated on the migrating carbon. In support of this postulate, a sigma-rho
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plot of the benzyl series utilizing 0+ gives a rho value of -0.30 with a correlation coefficient
of -.997, whereas the utilizatiaon of ¢ gives a very poor correlation. The retarded rate of

the Curtius rearrangement in aminimides with the general structure of ROCONNMe3lo is com-
patible with the above postulate since the migrating oxygen atom would be less able to
accommodate positive charge.

The deviations of the alkyl groups from the line defined by the benzyl series can
easily be explained by assuming that expansion of groups attached to the migrating carbon
also occurs during the rearrangement. Thus the accelerated rate observed in the t-butyl
substituent relative to the benzyl family would be caused by the greater relief of strain
involved in the expansion of three methyl groups versus the expansion of a phenyl moeity and
two hydrogen atoms.l' The isopropyl acceleration relative to the benzyl family would
obviously not be as great as in the t-butyl case.‘l The benzyl family would be expected to
be sterically accelerated over the methyl substituent due to the greater relief of strain
involved in the expansion of a phenyl moeity and two hydrogen atoms versus three hydrogen
atoms.ll This interpretation is reinforced by comparing the rates of rearrangement of
RCONNMe3 when R was l-norbornyl or t-butyl as performed in this study.‘2 The R group is
tertiary in this case but the t-butyl aminimide rearranges 8.3 times faster than the 1-norbornyl
case which is consistent with restriction of expansion in this bicyclic system. Thus, plots
such as in Figure 1 allow the simultaneous determination of electronic and steric effects.

The observed retention of configuration is compatible with a concerted 1,2 sigmatropic
migration to an empty orbital on nitrogen.13 The Curtius rearrangement has been previously
shown to require an anti conformation of the migrating and leaving groups.]h The migrating
group could acquire positive charge in the transition state as a result of bonding to the
empty back orbital generated in partial initial heterolysis of the N-N bond. This description
would imply that in accommodating the positive charge, the migrating group undergoes partial
rehybridization towards sp2 allowing the attached groups to undergo expansion, thereby causing

various rate accelerations.
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