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Kinetics of the N -~ O acyl migration reaction of - and p-substituted N-benzoyl derivatives
«of cis- and trans-2-aminomethylcyclobexanol (la—1, 2a—g) and of cis- and frans-2-hydroxy-
methylcyclohexylamine (3a—ij, 4a—1) was studied in abs. dioxane in the presence of an excess of
-0.5 mole HCI at 1004+ 0.3 °C. The reaction rate is increased by electron-releasing groups, diminished
by electron-attracting ones. In the case of p-nitrobenzoy! derivatives, the reaction rate markedly

-exceeds that expected on the basis of linear Hammett relation, while for p-methoxybenzoyl deriva- . -,

tives it is lower than expected. It follows that in the formation of the bicyclic transition state of
‘the N—~O acyl migration reaction, especially in the case of p-nitrobenzoyl derivatives, the bond-
making part process is in a more advanced state than the bond- breakmg one.

Though, in the compounds studied, the linear Hammett relation is fairly well fulfilled with
the exception of p-nitro derivatives, deeper analysis shows that better fitting of the straight lines
«can be reached by plotting log k/k0 vs. o for meta and para substituted compounds separately;
‘the reaction constant of the p-substituted derivatives is less negative.

_Earlier we dealt with kinetic investigations of the N —-O acy! migration reaction
of N-benzoyl derivatives of cis- and trans-2-aminomethylcyclohexanol and cis- and
trans-2-hydroxymethylcyclohexylamine [1, 2] as well as of the corresponding cyclo-
pentane and cycloheptane analogues [3—38]. The reaction mechanism of the N —-O
acyl migration, as well as earlier work on this topic, was reviewed [2] in connection
‘with our studies on the N —O acyl migration reaction of the N-benzoyl cyclohexane
derivatives [9]. '

The first step of the acyl migration reaction (Fig. 2) is the protonation of the
acid amides taking place at the carbonyl oxygen, as indicated by NMR measure-
ments [14, 15]. This is followed by intramolecular nucleophilic attack of the alcoholic
hydroxyl group on the carbon atom of the carboxyl group, resulting in the formation

: * Part XV.: G. Bernath, L. Gruber, 1. Tomoskozi: Acta Phys. et Chem. Szeged 18, 217
(1972).

** Part VIL.: P. Sohar, G. Bernath: Org. Magnetic Resonance, in press.

*** Presented in part in a lecture delivered at a meeting of the Committee for Alkaloid Chem-
istry of the Hungarian Academy of Sciences, Balatonalmadi, 19th May, 1972.
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of a bicyclic transition state. As shown [2], this step takes place on the quasi-carbon-
ium ion of the protonated amide group, at right angles to the plane of the three
substituents attached to it. This perpendicular attack, permitting maximum overlap
between the nucleophile and the carbonyl n-orbital, is energetically the most favoured.
The bicyclic transition complex rearranges to the O-acyl product by protonation,
deprotonation and carbon-nitrogen bond cleavage.
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In the acyl migration reaction of the N-benzoyl derivatives of 1,3-aminoalcohols
with cyclohexane skeleton, we found [1, 2] that the process is accelerated by the
p-methyl group and hindered by the p-nitro group. An electron donating group
in p-position facilitates protonation of the carbonyl oxygen and stabilizes the bi-
cyclic transition state. '
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The N —O acyl migration reaction being a multistep process, deeper insight
into the part processes of the reaction may be expected by determining the reaction
rates for different meta and para substltuents and evaluating the valldlty of the
Hammett relation.

As well known, valuable conclusions regardmg the part processes of the reac-
tions can be drawn from the behaviour of the mera and para substituents, from
the slope of the line obtained from the Hammett équation [16—19], especially from
its deviation from linearity [20, 44, 45]. '

Therefore it seemed reasonable to prepare a greater number of m- and p-sub-
stituted N-benzoyl derivatives of cis- and trans-2-aminomethylcyclohexanol (1a—1,
2a—g) and cis- and trans-2-hydroxymethylcyclohexylamine (3a—j, 4a—1) and to
study the kinetics of their N —O acyl migration reaction.

The stereospecific synthesis of cis- and trans-2-aminomethylcyclohexanol and
of cis- and trans-2 hydroxymethylcyclohexylamme was described earlier [9]. In con-
nection with the starting aminoalcohols it is to be remarked that, as shown [9],
the aminoalcohols considered as stereohomogeneous by earlier authors proved to
be mixtures of the cis- and trans-isomers. Thus, the 2-aminomethylcyclohexanol
obtained by reduction of 2-cyanocyclohexanol regarded as stereohomogeneous by
MOUSSERON et al. [21] and supported to be a trans compound by MoRriconI and
MazzoccHi[22]1s, in teality, a mixture of the cis and trans isomers. QOur above find-
ing is also supported by a very recent paper of SCHWARTZ et al. [23].

The N-benzoyl derivatives used were prepared by a modified Schotten—Baumann
process described earlier [13]. M.p., analytical data of m- and p-substituted-N-benzoyl
derivatives and rate constants of their N —O acyl migration reactlons are summarized
in Tables I—IV.

The synthesis of some analogous acid amides, containing aminomethylcyclo-
hexane structural moiety, for pharmacological purposes, has been reported in our
former communication [13] and is subject of patents [10—12]. ‘

Plots of log k/k, vs. o are shown in Figs. 3—6. Calculated g values are: —0.606;
—0.588; —0.571 and —0.580 for the derivatives la—1; 2a—g; 3a—j; and d4a—1,
respectively. An interesting common feature of the figures is that the reaction con-
stants (o) are less than unity and negative in all four cases. The negative sign of ¢
shows the importance of the first step of the acyl migration reaction (5-—6), the
protonation of the oxygen of the acid amide. This is facilitated by electron releas-
ing groups and hindered by electron attracting substituents. -

The second main step, the nucleophilic attack of the alcoholic hydroxyl on the
quasi-carbonium carbon atom of the acid amide (6 —7)is influenced, besides electro-
statistic effects by steric and conformational factors. The conformational factors
influencing the formation of the bicyclic transition states of the acyl migration
reaction were thoroughly discussed in our earlier paper [2]. Due to the above factors,
the acyl migration of the frans derivatives (2, 4) is faster than that of the correspond-
ing cis derivatives (1, 3), and the reaction rate of the hydroxymethy! derivatives con-
taining primary alcoholic hydroxyl groups exceeds that of the derlvatwes w1th second-
ary hydroxyl group (1, 2).

It is to be mentioned that the reaction constants of the acyl migration process
studied are rather low compared with the ¢ values of other reactions [16, 36]. The
factors determining the reaction constant were discussed earlier [16, 35]. Low reac-
tion constants generally indicate that the reaction is not very sensitive to substituents.
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Table 1

Melting points, analyses of m- and p-substituted-N-benzoyl derivatives of
cis-2-aminomethylcyclohexanol (1a—1) and rate constants of their N -~ O

acyl migration reaction
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Table 11

Melting points, analyses of m- and p-substituted;N-benzoyl derivatives of
trans-2-aminomethylcyclohexanol (2a—g) and rate constants of their N- QO
acyl migration reactions
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Note: a) For lit. m.p. (analysis) and k see: [9] and [2], respectively.
b) Lit [21] m.p.: 123—124 °C, (trans/cis mixture. See: [2] and {23]).

Of course, in the case of reactions analogous to that dealt with in the present paper,
i.e. in the case of multistep processes, this may result from the fact that the part
processes are influenced differently by the substituents, and therefore the analysis of
the process requires deeper consideration. Thus e.g. it is known that in concerted
displacement reactions the sign and magnitude of the reaction constant are deter-
mined by the relative importance of the electrophilic and nucleophilic reactions
occuring SJmultaneously

By comparing our reaction constants with those found in analogous processes,
a very good accordance can be observed. E.g. in the acidic hydrolysis (A, 2) of
aromatic acid amides in 60% ethanol o= —0.483, —0.298 and —0.222 at 52.4°C,
79.5°C and 99.6 °C, respectively [40]. The reaction constants of the acidic hydrolysis
of phenol acetates (A,.2) in 60% acetone are g=—0.198, —0.203, —0.232 and
—0.277 at 25°C, 40°C, 60°C and 80 °C, respectively [41].

Another very interesting common feature of Figs. 3—6 is the deviation from
the straight line of the value corresponding to the p-NO, group.

It is known [25, 38, 39] that deviations from the Hammett relation are to be
expected and indeed do ‘occur in reactions where conjugation between the reaction
center and the substituent may occur. In such reactions, e.g. in aromatic side chain
reactions, in which an a-carbonium center is produced in equilibrium, such as in
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Table 11T

Melting points, analyses of m- and p-substituted N-benzoyl derivatives of
cis-2-hydroxymethylcyclohexanol (3a—j) and rate constants of their N - O
acyl migration reactions

No. X Formulz, molecular Solvh:x;?.ogg)y;stalli- Caﬁf e (‘Xl;)ound ske::'l?;: Note
2ation C H 10040.3°C

s o, | O | ene 750 | @

w | o | oo | moms | e | e | e

e | Gl | e 15 | o

RS

w | e | | m, | aR | @ | e

| mon | o | ey [ an | em |

| oo | S| o |

w | o, | Satvor | ane T es | ez | an

s e | | BN | 38| o |

v | wa | S| s | @ | o

Note: a) For lit. m.p. (analysis) and & see: [9] and [2], respectively.

Sx 1 solvolysis of aryl methyl esters, a very good correlation is found for different
ineta substituents; however, some para substituents show greater reaction rates than
those expected from the linear relation. All these compounds having para substituents
of —E or —I type, the deviations are to be attributed to conjugation between the
p-substituents and the carbonium ion forming or formed. =

Several attempts to explain the above deviations and to theoretical evaluation
of the substituent constant (¢) were made [26—30, 37] and the theoretical analysis
of Hammett’s ¢ is-the object of recent discussions [31-—34].

In our case, the values found with all mera substituent give a straight line with
very slight deviations. In the cace of p-NO, group the reaction is considerably faster
than that expected. This substituent effect shows markedly the role of the resonance
effects in the stability of the bicyclic transition state (8) and in the formation of
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Table 1V

- Melting points, analyses of m- and p-substituted N-benzoyl derivatives of
trans-2-hydroxymethylcyclohexanol (4a—1) and rate constants of their N~ O

acyl migration reactions
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the end-product (9). Namely, in the part process 8 -9, splitting of the carbon-
nitrogen bond and deprotonation of the oxygen occurs. This is influenced by para
substituents exerting resonance effect more markedly than would follow from the
substituent constants. The stability of the bicyclic transition state is obv1ous]y
diminished by p-NO, in a higher degree than expected.

The deviations from linearity found in our case can be related with those found
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earlier in some other reactions [43, 44]. Namely, as JAFFE pointed out [42], reactions
such as acidic hydrolysis of esters [43] seem to fit least satisfactorily to the Hammett
equation. These reactions involve both bond-breaking and bond-forming steps,
neither of which alone is rate-determining. The balance of these steps as well as
their concerted or subsequent occurrence will depend to some extent on the nature
of the substituent, and plots of the same type as ours can be expected.
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As shown by SwaAIN and LANGESDORF [44], in the transition state of polar
displacement processes, either of both main steps: breaking of the old bond or
forming of the new one may precede the other. The partial positive charge on the
central carbon atom may be greater or less than in the ground state, depending
on the circumstance, whether the bond- formmg or bond-breaking part process is
in more advanced state,

. The reaction constant @ can be related to the extent of bond-breaking compared
with bond-formation and is a measure of the changes in charge, being determined
by the deviation from perfect synchronism. The greater the increase of the partial
positive charge of the central carbon atom in the transition state, the more expres-
sed the accelerating effect of the electron releasing substituents (¢ will be more
negative); and the greater the decrease in positive charge, the more the electron
withdrowing substituents will exert their influence (¢ will be more positive).

In the acyl migration reaction studied in the present paper, similarly to the
hydrolysis of benzoyl chlorides [46], on the plot of log k/k, vs. 6 a positive curvature
(concave up) is observed. It follows that bond-making and bond-breaking processes
are not synchronous in the transition state. In case of the p-nitro compound bond-
making is in a more advanced state than bond-breaking. It is worth mentioning
that in a very recent publication [45] the substituent effect on the kinetics of pyridine
catalysed hydrolysis of aromatic sulphonyl chlorides was discussed with the result
that the Hammett plots for the reaction of pyridine derivatives with different sul-
phonyl chlorides are curved owing to an abnormdl low reactivity of p-nitro com-
pounds.

In addition, a deeper analysis of our plots enables us to draw some further -
conclusions regarding the importance of the resonance effects; namely, lower rate
constants were obtained with meta than with para substituents. Though in our
case the slopes of the curves determined by meta and para substituents are not so
different as in some other instances [44] studied earlier, the trend seems-to be rather
unambiguous. Two different straights can be drawn through the points of the para
and meta substituted, compounds, .and the value of g is less negative in the case of

p-substituted ones. :
Lok ok %
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CTEPEOXUMMYECKUE UCCJIIEAOBAHUA. XVI.
HNUKJINYECKUE AMHUHOCITUPTBL U POOCTBEHHBIE COEAMHEHUWA. VIII

WccnenoBauue cooTHomenAns 'ammera B amun MHUIPAUHHU NMTPOH3BOOHLIX #UC- U mpanc-Z-
AMHUHOMCTHIIUKIIOTEKCAHOMNA U HYuc- K mpanc-2-ruupoxcumerummxnorexcunamnHa

I'. bepuam, K. JI. Jlanz u K. Kosau

H3y4eHa KuHeTuKa peakuud N —~O auumn MUrpauuu SIS Af- M 7-3aMEDIEHHBIX N-6en30oun-
MPOU3BOOHEIX yuC- U MPAHC-2-aMHHOMETHIILMKIIOrekcanonos (la—l, 2a—g), u yuc- U mpanc-2-
rUIPOKCHMETHIIMKNIOTEKCHnamMuioB (3a—1, 4a—1) npu TemnepaTypeg100+0.3°C B cpeae a6-
COJTIOTHOTr'0O AHOKcaHa ¢ u36srTkoM 0.5 mon. HCL. Tloka3aHo, 4To CKOPEWTE peakLUy yBEIHIHBACTCA
B MPHUCYTCTBHH 3JIEKTPOHO-JOHOPHBIX TPYNN M YMEHBIUAETCA NPH HAJTHYHH 3MEKTPOHO-aKUen-
TOPHbIX. B cilydae n-HATPOOECH3OMINPOU3BOAHBIX CKOPOCTh peakuyd 3HAYMTEAbHO BO3pacTaeT,
4TO K MPEANONArajgoch HCXOAA U3 JIMHEHHOCTH COOTHOMmMeHnus ["ammeTa, B TO BpeMs Kak Aff mpo-
H3BOIHBIX N-METOKCHOEH30MMa OHA HHXE OXHIaemMoro 3Hayenus. CnenoBaTesibHO, B 00pa3oBaHAU
SUIMKIIMYECKOTO -TIEPEXOOHOTO COCTOAHHA peakuun N -—-O auuii MHrpauud, OCOOEHHO B clydae
n-HUTPOGEH30UNMPON3BOOHEIX, PpOLecCc 0Opa3oHaHUs CBA3M ABJAETCA OoJice NPEAIOYTHTEILHEIM,
YyeM €€ pa3pbiB.

XOTA B H3y4aeMbIX COEOWHEHHSX JIMHEHHOCTh COOTHOIUeHHs I'aMMeTa AOBOJIBHO XOpOLIO
BBIIONHAETCH, 32 MCK/IOYCHHEM N-HATPONPOU3BOAHLIX, 60see rmyOOKHH aHAMM3 NMOKA3bIBaeT, 4TO
HauboJiee MOOXOOAUMM IJIA IPAMOJMHEHHOR 3aBUCHMOCTH OTAEJILHO IJIS Mema U napa-3aMeluéH-
HBIX COCAMHEHH ABNAETCA rpaduk 3aBUCHMOCTH log k/k, vs. ¢, KOHCTAHTA PEAKIMH I #-3aMCLUEH-
HBIX MPOM3BOAHBIX MEHEE OTPHLATENbHA.



