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intermolecular vibrational coupling.’® However, in spite of the
large temperature dependence of gauche concentration, the overall
shape of the distribution curve is maintained.

The concentration of gauche bonds increases substantially to-
ward the ends of the chain. This finding is at odds with the
assumption of a more or less uniform distribution used in the
interpretation of X-ray diffraction measurements on phase I1.!!
In progressing away from the chain ends the number of gauche
bonds decreases, reaching a minimum in the center that is about
one-tenth the number at the ends. However, a substantial con-
centration of gauche bonds is observed in the middle of the chain
so that our results conflict with those recently reported from an
infrared study of n-C,q in phase II in which it was concluded that
defects occur only at or near the ends.!> We note that analogous
gradients in conformational disorder have been previously inferred
from NMR measurements on lipid bilayers in the liquid crystalline
state,’ and a variety of statistical models have been proposed to
account for them.!?
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We propose, on the basis of pressure effects and solvent effects,
that thermal decomposition of the symmetric cis-azoalkanes 1 and
2 proceeds via intermediate diazenyl radicals (Scheme I). This

H2C N==N Ch3
1

2
(cis-1zo-1-adamuntane) (cis-azo-1-methylcyclopentane)
scheme has been proposed by Porter for asymmetric arylalkyl-
diazenes,? but it has been generally accepted that 1 and other
symmetric cis-azoalkanes isomerize (k;) via inversion at nitrogen
without radical formation*,*® and that symmetric azo compounds
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" Figure 1. Pressure dependence of In ky, (D), In k; (A), and In k, (O) for

decomposition of 1 in hexane (21.0 °C, 0.24 M reri-butylamine, de-
gassed); kg is the observed decomposition rate constant for 1 and is equal
to ky, + k; (P in atm).

Table I. Activation Volumes for Deazatization and
Isomerization of 1 and 2¢

AVO *, AVN2 * AVI'*,

compd solvent T,°C cm®/mol cm®/mol cm?®/mol
1 hexane 21.0 +12 +18 +7
EtOH 35.7 +7 (+28)0 +6
2 EtOH 9.0 +15 +17 (+9)P

¢ Calculated from the data by using the equation AV = ~-RT(A
In k/AP).»* b Unreliable because the particular reaction contrib-
utes little to the overall decomposition of the ¢is-azoalkane.

Scheme 1
R\ R R
N==N N—:f\\
ke R
R R
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e e
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lose nitrogen (ky,) via simultaneous two-bond scission.’

We have previously shown® that “one-bond scission” initiators
have large positive decomposition activation volumes’ (AVy*:
phenylazotriphenylmethane,®® +18 to +20 cm?/mol; zert-bu-
tylperbenzoate,® + 12 cm?/mol) while “two-bond scission” ini-
tiators have small positive decomposition activation volumes’
(AVy*: azocumene,% +5 cm?/mol; di-tert-butylhyponitrite,? +5
cm?/mol; tert-butylphenylperacetate,’ +2 cm?/mol). The ac-
tivation volumes for deazatization (AV*y,) of 1 and 2 are con-
sistent with one-bond scission (Figure 1, Table I).° Since these
large positive values of AV*y, show that recombination (k-c) of
RN,-R- to give 1 or 2 competes with separative diffusion and 8
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R. C., Jr.; Ertley, E. W. Ibid. 1975, 97, 3130. (d) Neuman, R. C., Jr; Wolfe,
R. J. Org. Chem. 1975, 40, 3147. (e) Neuman, R. C., Jr.; Amrich, M. J,, Jr.
Ibid. 1980, 45, 4629.

(7) AV,* is derived from the pressure dependence of the observed decom-
position rate constant kg
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(9) For 1and 2, AV*y, and AV;* are the apparent activation volumes for
deazatization (kx,) and isomerization (k;), respectively; ko = kn, + k.
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Figure 2. Viscosity dependence of In (ky,/k;); hexane (W), toluene (A),
2-propanol (@), acetone (¢), variable temperature;* hexane (Q), ethanol
(0), variable pressure.

scission,!® recombination to give the stable trans isomers (k_;;)
should also be competitive.!!

The smaller positive values of AV;* (Table I) are also consistent
with this mechanism. On the basis of Scheme I, AV;* depends
both on AV * and the pressure dependences of the ratios k_j./k_;,
and ky,/k; (eq 1).!2 The latter ratio decreases with increasing

AV* = AV* + RT (3 In (1 + ki /kyy + kn,/K) /OP) (1)

pressure (Figure 1) while the ratio k_j./k_;, is expected to remain
constant or, perhaps, increase with pressure,!* causing the dif-
ferential term in eq 1 to be small. Thus, AV;* should be com-
parable to AVy* (ca. +5 em?/mol!?), and this agrees with the data
(Table I).!* In contrast, Asano!® has found that nonradical cis
— trans isomerizations of azobenzenes give negative values of
AV*,

Decreases in ky,/k; with increasing solvent polarity and de-
creasing temperature* have been explained in part by polar ef-
fects.>!¢  On the basis of Scheme I, ky,/k; is equal to (kg +
kq)/k_y, which is expected to decrease with solvent viscosity due
to its effect on k4. In fact, with the exception of the acetone data,!’
the values of In (kn,/k;), whether derived from temperature
variation in hexane, toluene, and 2-propanol or pressure variation

(10) See: Neuman, R. C., Jr.; Amrich, M. 1., Jr, J. Am. Chem. Soc. 1972,
94, 2730.

(11) While recognized as a possible mechanism,* lack of evidence for
diazenyl radical intermediates made it unattractive.

(12) Equation | is derived from Scheme I by recognizing that (a) AV{* =
—-RT(d1n k;/8P); (b) AV\* =~RT(81n k,/dP); () k; = ky[k.y1/ (kore + kope
+ kg + ke)ls (d) kn, + kal(kg + k) /(koye + keye + kg + kg)], and (e) kn,/ki
= (ks + ko) /e

(13) Geminate recombination to give cis-1 or -2 should be pressure ac-
celerated. Formation of irans-1 or -2 (k.;,) involves bond formation but also
demands pressure-retarded rotational diffusion of the caged radicals.

(14) AV*n, = AV* + RT(31n (1 + k_yo/ (kg + ko) + ki/ kn,)/8P):12 both
rate constant ratios in this differential term increase with pressure causing
AV*y, > AV* 10
(152) (a) Asano, T.; Okada, T.; Shinkai, S.; Shigematsu, K.; Kusano, Y ;
Manabe, O. J. Am. Chem. Soc. 1981, 103, 5161. (b) Asano, T.; Yano, T,;
Okada, T. Ibid. 1982, 104, 4900.

(16) (a) Schulz, A.; Riichardt, C. Tetrahedron Leil. 1976, 3883. (b)
Duismann, W.; Riichardt, C. Chem. Ber. 1978, 111, 596.

(17) The acetone data* are less accurate than those for the other solvents.

in hexane and ethanol, show a rough linear correlation with In
(1/m) (Figure 2),'® consistent with our mechanism.

When diazeny! radicals are formed from cis-azoalkanes, we
believe that they serve as isomerization intermediates (Scheme
I).1 However, not all cis-azoalkanes undergo deazatization
(radical formation) competitively with isomerization* In those
cases, such as cis-azo-1-bicyclo[2.2.1]heptane and cis-azo-1-bi-
cyclo[2.1.1]hexane, we agree that isomerization occurs by inversion
at nitrogen. We also agree with Engel and Timberlake that
increasing steric bulk of the R group increases the inversion rate.*
However, we believe that isomerization via diazenyl radicals is
a lower energy process for 1, 2, and the [2.2.2] isomer, for example,
than isomerization via inversion.20:2!
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The design and synthesis of enzyme-mimicking host compounds
remains one of the challenging and stimulating problems of organic
chemistry. We chose to study serine protease mimics because the
structure and mechanism of action of these enzymes have been
so thoroughly studied. Their active sites contain a complexing
cavity, an acyl-receiving and -releasing hydroxymethylene group,
and a proton-transfer system that is organized to complement the
structures of certain amide and ester substrates.? The naturally
occurring cyclodextrins neatly combine a complexing cavity with
primary hydroxyl groups (nucleophiles), and they have been
successfully modified to provide systems that exhibit some of the
features of the serine proteases.’

The structures of two totally unknown systems, 1 and 2 (Chart
I), have been designed with CPK molecular models to combine
in a cooperative arrangement similar to that of the proteases a
binding site, a primary hydroxyl, an imidazole, and a carboxyl
group. These two “ultimate target” hosts have in common with
simpler host 3 the same organization of binding site and hydroxyl
nucleophile. We report here the synthesis of 3, its binding

(1) We thank the Public Health Service for Grant GM 12640, which
supported this research.

(2) (a) Blow, D. M.; Birktoft, J. J.; Hartley, B. S. Nature (London) 1969,
103, 337-340. (b) Hamilton, S. E.; Zerner, B. J. Am. Chem. Soc. 1981, 103,
1827-1831 and references therein.

(3) (a) Trainor, G. L.; Breslow, R. J. 4m. Chem. Soc. 1981, 103, 154-158
and references quoted therein. (b) Bender, M. L.; Komiyama, M. “Cyclo-
dextrin Chemistry”; Springer-Verlag: New York, 1977, pp 1-79, and refer-
ences quoted therein.

0002-7863/83/1505-0135$01.50/0 © 1983 American Chemical Society



