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Abstract - 7-Cyano-7-methylcycloheptatrienes containing one t-butyl group on
the T-position (2) or two t-butyl groups on the 1- and 3-, 1- and 4-, or 1-
and 5-positions (3, 4, or 3, respectively) were synthesized and their cyclo-
heptatriene (CHT) - norcaradiene (NCD) equilibria measured by variable-tem-
perature TH NMR for CS;-CD2Cl2 solutions. The TH NMR chemical shifts of the
7-methyl group indicate that these compounds are composed of essentially one
CHT and one NCD tautomer with an endo geometry of the methyl group. The in-
troduction of a t-butyl group at the 1-position of 7-cyano-7-methylcyclohepta-
triene (1) markedly shifts the equilibrium to the NCD side and the addition
of the s€cond t-butyl group further favors the NCD form, with the NCD popu-
lations for g, g, 4, and é at 25 °C 70.9, 96.5, 92.3, and 99.3%, respectively.
An application of Moleculdr mechanics (MMPI) calculations to various t-butylated
CHT-NCD systems suggests that the t-butyl groups sterically destabilize the CHT
form more than the NCD form, bringing about increased NCD populations.
The valence tautomerism between 1,3,5-cycloheptatriene (CHT) derivatives and their bicyclo[4.1.0]-
hepta-2,4-diene (norcaradiene, NCD) isomers has long attracted attention of experimental® and
theoretica]3 chemists. This tautomerism is now regarded as a typical example of the electrocyclic
rearrangement.4 Recently, the synthesis of the parent NCD (C7H8) and its rapid transformation into
CHT have been reported.” The equilibrium between these two tautomers, however, lies so far to the
CHT side to such an extent as to prevent the spectroscopic detection of NCD in equilibrium with
CHT.S'6 Recent ab initio calculations on the parent system have suggested that the enthalpy of NCD
be 5.5 kcal mol~" greater than that of cHr.3d»e
However, the equilibrium can be shifted to the NCD side by various factors.2 The most exten-
sively studied one is the effect of a m-acceptor substituent at the 7-position, such as cyano,7
ethynyl,] formyl,8 carboxyl,9 alkoxycar'bonyl,]0 ary]s,loc"] phosphor'yl,]2 or cationic car‘bon.]3
This effect has been of theoret‘ical3a’b and structural’~ interests in connection with the increased
stabilization of cyclopropane derivatives containing a w-acceptor subs1:1'tuent.15
The steric effect of an axially oriented methyl group at the 7-position to shift the equilibrium
to the NCD side was pointed out by Tsuruta, Mori, and Nlukai.]Od They attributed the greater NCD
population in 7-methyl-7-methoxycarbonylcycloheptatriene than in 7-methoxycarbonylcycloheptatriene
to the through-space repulsion between the axial 7-methyl group and the C(3)-C(4) m-electrons.
Takahashi, Takase, and Toda found that the NCD population in 7-alkyl-7-cyanocycloheptatrienes in-
creases with the bulkiness of the 7-alkyl group.7b This was ascribed to destabilization of the
CHT form due to the through-space repulsion between the equatorial 7-alkyl group and the hydrogen
atoms at the 1- and 6-positions, which was supposed to cause further bending of the CHT structure.
The effects of substituents at the 2-, 3-, or 4-position have also been studied for the past
decade. These include alky'ls,]6 phenyl,"a’]7 chloro, 0b,12 bromo,lsa'b and trifluoromethy].12b
1t is known that these substituents shift the equilibrium to the NCD side, and the steric effect
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12b and the methyllﬁfsubstituent. On the

other hand, the substituent effects at the 1-position have been described in only a few papers, and
moreover, the effects are complicating. Kldrner showed that the introduction of a methyl group at
the 1-position of 7-methyl-7-methoxycarbonylcycloheptatriene shifts the equilibrium to the CHT
side.]Ga In contrast, Bedford and Smith reported that the introduction of an isopropyl or a t-
butyl group at the 1-position of 4-methyl-7-(1,4-diphenyl-1,2,3-triazo1-5-y1)cycloheptatriene
favors the NCD fov‘m.lGg

Previously, we reported that the t-butyl substituents on the 3-, 2-, or 2,5-positions of 7-t-
butyl-7-cyanocycloheptatriene markedly increase the amount of the NCD form in this sequence.]6C
In the present work we report that the introduction of a t-butyl group at the 1-position of 7-
cyano-7-methylcycloheptatriene (l) as in 2 effects a marked shift of equilibrium to the NCD side
and that the second t-butyl group at the 3-, 4-, or 5-position in %, 4, or 5, respectively, favors
the NCD form in more than 92%. Molecular mechanics (MMPI) calculations suggested that these t-
butyl groups sterically destabilize the CHT form more than the NCD form shifting the equilibrium to

the NCD side.
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RESULTS AND DISCUSSION

Synthesis. t-Butyl, 1,3-di-t-butyl, and 1,4-di-t-butyl-tropylium perchlor-ates]8 were treated
with sodium cyanide in acetonitrile to give mixtures containing four isomeric t-butylated 7-cyano-
cycloheptatrienes. Each mixture was treated with butyllithium in THF-TMEDA and then with iodo-
methane following Kldrner's method'I6b to give a mixture containing %, g, or Q and Q in small
amounts. The desired compounds (g - g) were separated with HPLC.
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1

H NMR Spectra of 2, 3, 4, and 5. Previously, Kldrner studied the CHT-NCD tautomerism of l by
H NMR and reported that the equilibrium lies substantially on the CHT side.]ﬁa’b Therefore, we
have concentrated on the tautomerism of 2, %, 4, and 5. 99,55 MHz ]H NMR spectra of the four com-
pounds were measured for the solutions in C55-CD5C1y (3:1 v/v) at 25 and -107 °C. The chemical
shifts and coupling constants are summarized in Table 1.

1

Table 1. Proton Chemical Shifts for 2, 3, 4, and § in CSp-CDC1p (3:1 v/v) at 25 and -107 ogasb

8/ppm
compd temp R] R2 R3 R4 R5 R6 R7 coupling
/°C (=But) (=H) (=H) (<Me) constant/Hz
2 25 1.16(s) 5.91- H,6.12- H,6.12- H,5.91- 3.41(d) 0.96(s) Jg,6 = 6.7
v 6.06(m) 6.29(m) 6.29(m) 6.06(m)
-107  1.10(s) 5.84-  H,5.84- H,5.84- H,5.84- 2.68(br) 0.89(s) —¢
5.97(br) 5.97(br) 5.97(br) 5.97(br)
% 25 1.08(s) 5.66(s) But,l.08(s) H,6.23(d) H,5.92(dd) 2.67(d) 0.84(s) Jg,5 = 10.0
Js5.6 = 6.2
-107 1.06(s) 5.59(s) But,1.06(s) H,6.23(d) H,5.94(dd) 2.57(d) 0.78(s) Jg,5 = 9.?
Js,6 = 5.
i 25 1.08(s) 5.90(d) H,6.22(d) But,1.09(s) H,5.72(d) 2.81(d) 0.86(s) J2,3 = 10.0
J5.6 = 6.6
-107 1.06(s) 5.89(d) H,6.19(d) But,1.06(s) H,5.65(d) 2.59(d) 0.79(s) J2,3 = 10.0
J5.6 = 6.2
g 25 1.07(s) 5.70(d) H,6.04(dd) H,5.86{(d) But,1.14(s) 2.61(s) 0.84(s) J2,3= 9.4
J308 = 6.2
=107 1.06(s) 5.72(d) H,6.06(dd) H,5.86(d) But,1.13(s) 2.59(s) 0.81(s) J2,3= 9.4
J3,4 = 6.1

a) At 99.55 MHz. b) Long-range couplings with J = 1 - 2 Hz have been omitted. c¢) Spin-spin
coupling between H(5) and H(G? could not be observed at this temperature.

Two characteristic features are seen in the chemical shift data. First, the § values of H(6)
for rapidly equilibrating 2, 3, 4, and 5 at 25 °C are 3.41, 2.67, 2.81, and 2.61, respectively.
Generally, H(1,6) signals of a CHT form appear at § 5 - 5.5 and those of a NCD form at & ca.
2,5.162:b Therefore, these compounds are highly enriched in the NCD form even at 25 °C. The H(6)
signal for % broadened as the temperature was lowered, and essentially coalesced at -82 °C. At
-107 °C, the temperature which we were able to attain, the signal shifted to § 2.68, but with con-
siderable broadening. This broad signal suggested that the CHT-NCD interconversion of % was not
frozen in the NMR time scale even at -107 °C. In contrast to the behavior of 2, the H(6) shifts
for %’ i, and é at 25 °C are in the region generally observed for NCD forms, and undergo up-field
shifts by only 0.02 - 0.22 ppm, indicating that they exist essentially in the NCD form at 25 °C.

Secondly, the 7-methyl protons appear at considerably high fields, 6 0.84 -~ 0.96 at 25 °C and
§ 0.78 - 0.89 at -107 °C. It has been established that the signal of the endo-7-methyl group in
various 2-substituted 7-cyano-7-methylnorcaradienes appears in the range 6 0.83 - 0.97, whereas the
exo-7-methyl group shows the signal at & 1.6 - 1.8.]63’b Accordingly, the equilibria of the four
compounds (%, %, 4, and é) can be depicted by eq. 1, where the 7-methyl group assumes an endo
geometry. In this context, the 7-methyl group in 1-t-butyl-7-methylcycloheptatriene is known to

Me CN

— But 1)

R 5

R = H, 3-But, 4-But, or 5-But
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favor the axial (endo) geometry because of its steric interaction with the 1-t-butyl group.19

Although the signals due to the CHT form of 5 could not be observed by 1H NMR at -107 °C, we were
able to detect the CHT form by 13C NMR at -142 °C (vide infra).

Variable-Temperature ]H and ]SC NMR and the CHT-NCD Fquilibrium of %. The enthalpy and the
entropy for equilibrating CHT-NCD systems are generally difficult to obtain, since most CHT-NCD
systems are usually composed of four tautomers, making the NMR spectra difficult to analyze. How-
ever, if the equilibrating system is composed of a single CHT and a single NCD tautomer, both in
observable amounts, the analysis is simplified and the equilibrium constants can be calculated
easily. So far, some systems have been subjected to such a study.20 In the present work, 5 satis-
fies such requirements. In Table 2 are summarized the chemical shifts of H(6), C(1), C(6), and
C(7), which are pertinent to calculation of the equilibrium constants.

Table 2. H(6), C(1), C(6), and C(7) Chemical Shifts for 2 in CSp-CD2C17
(3:1 v/v) at Various Temperaturesd v

&/ppm
temp H(6) c(1) c(6) c(7)
/°C
25 3.01(d, Jg ¢ = 6.7 Hz)  73.4 59.0 22.6
-4 b c 57.3 c
17 3.30(d, Jg g = 6.7 H2) ¢ 55.5 c
-29 b ¢ 54.5 c
-43 3.20(d, Jg ¢ = 6.4 H2) b b b
-68 3.13(br) b b b
-92 b 45.9 ¢ c
-9 2.91(br) b b b
-107 2.68(br) b b b
17 b 46.14 34,49 2.84
-142 b 45.94 34,44 2.64
143,58 118.9% c

a) 13¢ chemical shifts are from TMS by using & 192.24 for CS2. b) The
measurement was not attempted. c¢) The signal was too broad to be observed.
d) The signal assigned to NCD. e) The signal assigned to CHT.

The equilibrium constants at various temperatures can be calculated by using the § values of
H(6), C(1), and C(6) from the equation K = (6CHT - Gobs)/(dobs - GNCD)‘ The GCHT and 6NCD values
of C(1) and C(6) were directly obtained from the spectrum at -142 °C. From the C(6) shifts the
equilibrium constant at 25 °C was calculated to be 2.436. Unfortunately, the dn . value of H(6)
could not be obtained from the low-temperature NMR. Therefore, by using this K value and by em-
ploying the & value of 2.57 as a Sy value for H(6), the 8y value of H(6) was estimated to be
5.46. Table 3 summarizes the equilibrium constants calculated on the basis of the C(6) and H(6)
chemical shifts. A InK vs. 1/T plot (r = 0.9942) predicts a NCD population of 8% at -142 °C. This
value is close to a population of 6% which was estimated by comparing the C(6) signal heights of
the CHT and NCD forms at ~142 °C. From the InK vs. 1/T plot the AH° and AS° values are calculated
to be -0.73 £ 0.07 kcal mol'] and -0.7 * 0.3 e.u., respectively. As expected from the linear shape
of the cyano group, the AS° value is small, and the equilibrium is principally controlled by the
enthalpy term.

Effects of t-Butyl Substituent at the 3-, 4-, or 5-Position. Previously, we reported that the
introduction of a t-butyl group at the 2- or 3-position of 7-t-butyl-7-cyanocycloheptatriene raises
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Table 3. CHT-NCD Equilibrium Constants for %’in CSp-CD2C12 (3:1 v/v)

temp H(6) or C(6) NCD : CHT K
/°C used (= INcD]/[CHT])
25 c(6) 70.9 : 29.1 2.436
-4 c(6) 72.9 : 27.1 2.690
-17 c(6) 75.0 : 25.0 3.000
-17 H(6) 74,7 : 25.3 2.953
-29 c(6) 76.2 : 23.8 3,202
-43 H(6) 78.2 : 21.8 3.587
-68 H(6) 80.6 : 19.4 4,155

the NCD% in equilibrium at 25 °C from 19% (R = H) to 88% (R = 2-t-Bu) or 46% (R = 3-t-Bu)

(eq. 2).16c The introduction of the two t-butyl groups at the 2- and 5-positions brings about a
total transition to the NCD fom.]sc Thus, the effectiveness of the t-butyl substituent to favor
the NCD form is in the order, H < 3-t-Bu < 2-t-Bu < 2,5-di-t-Bu.

C
NC . BU( '\i 7 But
3 3
1
o Np _ . (2)

R 3§ R
R = H, 2-But, 3-Bd, or 2,5-di-But

In order to assess the effectiveness of the t-butyl substituents in the CHT-NCD equilibria of
g, 3> 4, and 5, the equilibrium constants and AG® values at 25 °C have been calculated by using
their H(6) shifts and summarized in Table 4. The effectiveness of the addition of one t-butyl
group to 2 in AG° scale at 25 °C is 1.0 or 2.4 kcal mol” -1 for 4 or 5, respectwely These values
are comparab]e with those obtained in the system of eq. 2, i. e » 0. 8 kcal m01 for the 3-t-butyl
and 2.1 kcal mol” -1 for the 2-t-butyl group.mc The greater effect of the 3-t-butyl group in % than
the 4-t-butyl group in }\ll by 0.5 kcal mo]'1 suggests a greater relief of steric strain in ’Z;)’ than in
f\l‘ on conversion from the CHT into the NCD form.

Table 4. Populations of the CHT and NCD Forms, Equilibrium Constants, and
AG® Values for 2, 3, 4, and 5 in CS2-CD2C12 (3:1 v/v) at 25 °C

compd NCD : CHT K agea 2AGea
(= [NCDI/LCHT]) (= GRep - Geyp)

70.9 : 29.1 2.44 -0.53 0.0

96.5 : 3.5 28 -2.0 -1.5

92.3: 7.7 12 -1.5 -1.0

99.3 : 0.7 1.4x102 -2.9 -2.4

a) kcal mol-1.

Molecular Mechanics Calculations. Previously, we suggested that the effect of t-butyl substi-
tuents to shift the CHT-NCD equilibrium to the NCD side should be steric in origin.]6c However,
the proposal has not been reinforced by energetics calculations. For this purpose molecular
mechanics (MM) is the method of choice.

As described above, we have found three structurally interesting phenomena. First, the 7-methyl
group in g - é takes on an endo geometry. Secondly, the introduction of the 1-t-butyl group to l
to form g causes a marked shift of the equilibrium to the NCD side. Thirdly, the introduction of a
t-butyl group at the 3-, 4-, or 5-position of % further favors the NCD form in the order, 4-t-butyl
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< 3-t-butyl < 5-t-butyl.
Unfortunately, however, MM has never been used to investigate CHT-NCD equilibria, although it

has been applied to the parent2]

K. TAKEUCHI ef al.

and substituted??

CHT's.

We wished to see if MM calculations can describe these observations.

Perhaps, this is because of unsatisfac-

tory parameterization of the cyclopropane ring and neglect of the conjugation between the double

bonds and the cyclopropane ring in the NCD structure.
may not be satisfactory to calculate absolute steric energies (SE's) of NCD's.

In this sence, Allinger's MMPI programﬂ’23
However, only when

a relative comparison of their SE's is questioned, this program may be used by assuming sp3 hybri-

dization on the cyclopropane carbons.

On this assumption we used MMPI to calculate the SE's and

geometries of CHT and NCD forms for the parent, 1-t-butyl-7-methyl, and related systems (6 - ll).
N
The 7-cyano group was omitted owing to the lack of the parameter in MMPI program. Table 5 shows

the SE's and the angles, o and g.

strain.

7-CHT

But

and

The angles serve as a measure of deformation due to internal

7-NCD

Me_ .. Me . H 8; R=H
I~ s A 9: R=3-But
¢ gyt and 4 Y 10; R=4-But
R 11. R=5-Bu
R i)
CHT NCD
Table 5. Steric Energies and Geometries for Various Substituted Cyclohepta-
trienes and Norcaradienes Calculated by MMPI
compd SE®  ASEycn_cHT AASEy D cHT a(°®) 8(°)
Q—CHT 16.0 51.1 30.1
79.3 0.0 —_
Q—NCD 95.3 72.6 0.8
7-CHT 29.0 57.2 29.6
v 76.7 -2.6 —_
Z-NCD 105.7 77.2 1.4
8-CHT 26.4 50.4 28.3
v 76.8 -2.5 0.0
Q-NCD 103.2 71.2 2.8
9-CHT 32.4 49.9 31.8
v 75.7 -3.6  -1.1
g-NCD 108.1 70.8 2.9
10-CHT 32.4 51.1 3.7
w 76.1 -3.2 0.7
iQ—NCD 108.5 7.2 2.8
11-CHT 32.8 51.8 33.6
v 74.4 -4.9  -2.4
11-NCD 107.2 n.7 4.0

a) kcal mo]'1.

Byt
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As mentioned above, the calculated SE values for the NCD's cannot be used as absolute ones,
although a mutual comparison between the NCD forms of 2. lg. and ll would be sound. Therefore, the
difference in SE between the NCD and the CHT form (ASEy., ...) was calculated, and then this value
was compared between each system. Thus, the AASENCD-CHT values give a measure to what extent the
equilibrium be shifted to the NCD side as compared with the parent system (2) by introducing the
substituents.

First, a comparison of SE between %—CHT (SE = 26.4 kcal mol']) and Z~CHT (SE = 29.0 kcal m01'1)
leads that the former be more stable than the latter in accordance with the observation by Heyd and
Cupas19 and by us in the present work. T Similarly, the calculations suggest that EFNCD (SE = 103.2
kcal mo]']) be more stable than Z-NCD (SE = 105.7 kcal mo]‘]). Secondly, a comparison of
AASENCD-CHT for Q with that for the parent system (g) suggests a gain of 2.5 kcal mo]'] in favor of
the NCD form in § by simultaneous introduction of the 7-methyl and the 1-t-butyl group. Thirdly, a
comparison of AASENCD_CHT among Q, 2, lg, and ll suggests that the 3;t-buty1 in g, 4-t-butyl in lg,
or 5-t-butyl in ll favors the NCD form by 1.1, 0.7, or 2.4 kcal mol1™', respectively, in comparison
with Q. These values are in marked agreement with the experimental values, 1.5, 1.0, or 2.4 kcal
mo1'] for 3, 4, or 5, respectively (Table 4). Close scrutiny of the SE values for 2 and 12 sug-
gests that the greater effect of the 3-t-butyl in 3 than the 4-t-butyl in 12 (-1.1 vs. -0.7 kcal
mo]’l) would be due to the higher stability (or smaller SE) of g—NCD than lg—NCD, with the stabili-
ties of 9-CHT and of lg—CHT comparable with each other. On the other hand, the greater effect of
the 5-t-butyl in 11 (-2.4 kcal mol'1) than the 4-t-butyl in 10 (-0.7 kcal mo1']) would be caused by
the combination of the increased SE for ll—CHT (32.8 vs. 32.4 kcal mo]']) and the decreased SE for
11-NCD (107.2 vs. 108.5 kcal mo]']), the latter effect being more dominant.®

An inspection of the angles (o and B) for g, 3, Lg, and ll jndicates that the t-butyl group on
the 3-, 4-, or 5-position causes further bending of the cycloheptatriene ring as compared with g by
3 - 5° in B, while keeping o almost unchanged. On the other hand, the structural changes in the
NCD's are slight. This also indicates that the t-butyl groups increase the internal strain of the
CHT ring system, causing deformation of the CHT structure to a deeper boat form.

EXPERIMENTAL

Elemental analyses were performed by the Microanalytical_Center, Kyoto University. NMR spectra
were recorded with a JEOL FX100 (99.55 or 25.00 MHz for H or 13C, respectively) instrument operat-
ing in the Fourier transform mode. IR spectra were measured with a Hitachi 215 spectrophotometer.
HPLC was conducted with a Waters assembly equipped with a pump 6000A, an injector U6K, a differ-
ential refractometer R401, an absorbance detector 440, and a p-Porasil column (8 mm x 30 cm)
operating at 2 ~ 2.5 ml min-1,

Materials. t-Butyl-, 1,3-di-t-butyl-, and 1,4-di-t-butyl-tropylium perchlorates were prepared
by the previously described method.18 Acetonitrile and dichloromethane-d2 were distilled from
phosphorus pentoxide. THF was distilled from 1ithium aluminum hydride. Carbon disulfide was dried
over calcium chloride and distilled. TMEDA was dried over sodium hydroxide. The other reagents
were of reagent grade and used as purchased.

1~t-Butyl-7-cyano-7-methylcycloheptatriene (g). To a magnetically stirred suspension of pulver-
ized sodium cyanide (0.55 g, 1T mmol) in acetonitrile (25 m1) was added t-butyltropylium perchlo-
rate (0.668 g, 2.71 mmol) dissolved in acetonitrile (25 m1) over 15 min at room temperature and
then stirring continued for 30 min. Evaporation of the acetonitrile followed by addition of water
and extraction with ether afforded a mixture of four t-butyl-7-cyanocycloheptatrienes (0.435 g,
86%) as a yellow liquid. This was dissolved in THF (5 m1) containing TMEDA (0.258 g, 2.22 mmol).
The resulting solution was chilled to -78 °C under nitrogen and to this was added 1.6 M butyllithi-
um in hexane (1.32 ml, 2.11 mmol) over 4 min giving a greenish solution. After stirring for 50 min

t Introduction of a 7-cyano group in the equatorial (exo) position of 8 or the axial (endo) posi-
tion of 7 would not change the conclusion of the calculations since a €yano group has much smaller
steric requirement than that of a methyl as supported by the smaller conformational energy (A-
value) of cyang (0.15 - 0.25 kcal mol1-1) than that of methyl (1.5 - 2.1 kcal mol-1) in the cyclo-
hexane system,24

§ An examination of the details of the SE's has revealed that the AASENCD-CHT values for 9, 10, and
a1 are essentially controlled by a blend of the torsional and the van der Waals term. Th £8¢-
sional term exerts a predominant effect to increase the SE of 9-CHT, whereas the van der Waals term
is a primary factor to increase that of )1-CHT. Notably, the calculations have shown that the van
der Waals attractive forces contribute to reduce the SE of J1-NCD as compared with those of 9-NCD
and JO-NCD By ca. T kcal mol-1. v
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at -78 °C iodomethane (0.20 m1, 3.2 mmol) was added over 3 min and then the solution brought to
room temperature. After stirring for 1 h the reaction mixture was poured into water and extracted
with ether to give a dark brown oil (0.463 g). Chromatography of this oil over silica gel (hexane-
ether 90:10) gave a yellow liquid (0.371 g). A portion (ca. 0.21 g) of this was subjected to HPLC
(hexane-ether 98:2) to afford % (yellowish 0il; 29 mg) as the first fraction of the five major
components; IR (CC14) 3050 m, 2970 s, 2880 m, 2240 s, 1481 m, 1400 m, 1385 m, 1370 s, 1224 w, 1162
:, 87?52, 901 w, 857 w, 710 s, 672 m cm~1. Found: C, 83.16; H, 9,32. Calc for Cy3Hi7N: C, 83.37;

1,3-Di-t-butyl-7-cyano-7-methylcycloheptatriene {3). The procedure is essentially the same as
described for Z." "The reaction of 1,3-di-t-butyTtropylium perchlorate (0.654 g, 2.16 mmol) with
sodium cyanide“(0.50 g, 10 mmol) afforded a mixture of four di-t-butyl-7-cyanocycloheptatrienes
(0.464 g, 94%) as a colorless liquid. Treatment of this with butyllithium (1.6 mmol) in THF con-
taining TMEDA (1.63 mmol) and then with jodomethane (2.5 mmol) afforded a yellow oil (0.587 g).
Chromatography of this oil over silica gel (hexane-ether 90:10) gave a yellow liquid (0.365 g),
which on HPLC separation (hexane-ether 98:2) afforded 3 (yellowish oil; 23 mg) as the first frac-
tion of the four major components; IR (CCla) 3050 w, 2960 s, 2870 m, 2230 m, 1640 w, 1480 m, 1400 w,
1382 w, 1370 m, 1253 w, 1221 w, 919 m, 883 m, 700 m, 660 w cm-1. Found: C, 83.74; H, 10.47. Calc
for C17H2sN: C, 83.89; H, 10.35%.

1,4- and 1,5-Di-t-butyl-7-cyano-7-methylcycloheptatrienes (4 and i, respectively). The proce-
dure is essentially the same as described for 2. The reaction of 1,4-di-t-butyTtropylium perchlo-
rate (0.815 g, 2.69 mmol) with sodium cyanide (0.54 g, 11 mmol) afforded a mixture of four di-t-
butyl-7-cyanocycloheptatrienes (0.611 g, 99%) as a yellowish liquid. Treatment of this with butyl-
Jithium (2.6 mmol) in THF containing TMEDA (2.36 mmol) and then with jodomethane (3.5 mmol)
afforded a brown oil (0.623 g). After treated with decolorizing charcoal, a portion (ca. 0.14 g)
was subjected to HPLC separation (hexane-ether 98:2) giving 4 (yellowish oil; 36 mg) and 5 (yel-
Towish 0il; 35 mg) as the second and the first fraction, respectively, of the four major components.
4; IR (CClg) 3055 w, 2975 s, 2920 sh, 2880 m, 2240 m, 1485 m, 1470 m, 1402 w, 1372 m, 1275 w, 1225
W, 1090 w, 965 w, 910 w, 850 m cm-!. Found: C, 83.71; H, 10.57, Calc for CyyHpsN: C, 83.89; H,
10.35%. 5; IR (CCl4) 3050 w, 2960 s, 2905 sh, 2875 m, 2230 m, 1480 m, 1460 sh, 1400 m, 1380 m,
1365 m, 1261 w, 1220 w, 1205 w, 870 w, 690 w cm-1. Found: C, 83.99; H, 10.62, Calc for C7H25N:
C, 83.89; H, 10.35%. 13

Variable-temperature '“C NMR Spectra. The measurements were conducted on a solution (2 ml) of
the compound {0.T5 M) dissolved in CS2-CD2C12 (3:1 v/v), in a 10 mm cell. Chemical shifts were
determined relative to CS2 and converted to the TMS scale using &(CSp) 192.24. Generally the
spectra were obtained emp%oying a 5000 Hz width in 8192 data points by use of a 45° pulse and pulse
repetition of 1.5 s. The tempergture indicator was calibrated to within +1 °C by using CClg-
(CD3)2C0 as an NMR thermgmeter,?2

Variable-temperature |H NMR Spectra. The measurements were conducted on a solution (0.4 ml) of
the compound (0.08 M) dissolved %n €52-CD2C12 (3:1 v/v) containing TMS, in a 5 mm cell. Generally
the spectra were obtained employing a 1000 Hz width in 16384 data points by use of a 50° pulse and
pulse repetition of 8 s. The temperature indicator was calibrated to within x1_°C by using
methanol containing 0.03% concentrated hydrochloric acid as an NMR thermometer.

Molecular Mechanics Calculations. The calculations were performed on a FACOM M382 computer at
the Computer Center, Kyoto University.

Acknowledgments - The authors are grateful to Dr. Eiji Osawa of Hokkaido University for his help
and valuable suggestions in performing the molecular mechanics calculations. This work was sup-
ported in part by the Ministry of Education, Science and Culture through Grant-in-Aid for Scientif-
ic Research (No. 58550539).

REFERENCES

1. For Part 6 of this series, see K. Takeuchi, Y. Senzaki and K. Okamoto, J. Chem. Soc. Chem.
Commun. 1984, 111.

2. For a review, see G. Maier, Angew. Chem. 79, 446 (1967).

3. a) R. Hoffmann, Tetrahedron Letters 1970, 2907; b) H. Glnther, ibid. 1970, 5173; c) D. M.

Hayes, S. D. Nelson, W. A. Garland and P. A, Kollman, J. Am. Chem. Soc. 102, 1255 (1980); d) D.

Cremer and B. Dick, Angew. Chem. 94, 877 (1982); e) J. M. Schulman, R. L. Disch and M. L.

Sabio, J. Am. Chem. Soc. 106, 7696 (1984).

R. B. Woodward and R, Hoffmann, J. Am. Chem. Soc. 87, 395 (1965).

M. B. Rubin, J. Am. Chem. Soc. 103, 7791 (1981).

a) F. A. L. Anet, J. Am. Chem. Soc. 86, 458 (1964); b) F. R. Jensen and L. A. Smith, ibid. 86,

956 (1964); c) T. Tsuji, S. Teratake and H. Tanida, Bull. Chem. Soc. Jpn. 42, 2033 (1969); dJ

R. Huisgen, Angew. Chem. 82, 783 (1970).

7. a) E. Ciganek, J. Am. Chem. Soc. 87, 652, 1149 (1965); b) K. Takahashi, K. Takase and H. Toda,
Chem. Lett. 1981, 979.

. M. Balci, H. Fischer and H. Ginther, Angew. Chem. 92, 316 (1980).

. R. Wehner and H, Glnther, J. Am. Chem. Soc. 97, 923 (1975).

- a) J. A. Berson, D. R. Hartter, H. Klinger and P. W. Grubb, J. Org. Chem. 33, 1669 (1968); b)
M. GBrlitz and H. Glnther, Tetrahedron 25, 4467 (1969); c) E. Ciganek, J. Am. Chem. Soc. 93,
2207 (1971); d) H. Tsuruta, S. Mori and T. Mukai, Chem, Lett. 1974, 1127.

11. a) T. Mukai, H. Kubota and T. Toda, Tetrahedron Letters 1967, 358T; b) G. E. Hall and J. D.
Roberts, J., Am. Chem. Soc. 93, 2203 (1971); c) H. Glnther, W. Peters and R. Wehner, Chem. Ber.
106, 3683 (1973); d) K. Takeuchi, H. Fujimoto, T. Kitagawa, H. Fujii and K. Okamoto, J. Chem.
Soc. Perkin Trans. 2 1984, 461.

12. a) H. Glnther, B. D. Tunggal, M. Regitz, H. Scherer and T. Keller, Angew. Chem, 83, 585 (1971);
b) G. Maas and M. Regitz, Chem. Ber. 109, 2039 (1976).

os

O w



13.

14.
15.

16.

17.
18.

19.
20.

21.
22.

23.
24,

25
26

Structural effects on valence tautomerism—VII 5463

a) W. Betz and J. Daub, Chem. Ber. 107, 2095 (1974); b) W. Betz, J. Daub and K. M. Rapp,
Liebigs Ann. Chem. 1974, 2089; c) W. Bauer, J. Daub, G. Maas, M. Michna, XK. M. Rapp and J. J.
Stezowski, Chem. Ber. 115, 99 (1982).

F. H. Allen, Acta CrystaTlogr. Sect. B 36, 81 (1980).

a) J. D. Dill, A. Greenberg and J. F. Liebman, J. Am. Chem. Soc. 101, 6814 (1979); b) M. D.
Harmony, R. N. Nandi, J. V. Tietz, J.-I. Choe, S. J. Getty and S.”W. Staley, ibid. 105, 3947
(1983); ¢) F. H. Allen, 0. Kennard and R. Taylor, Acc. Chem. Res. 16, 146 (1983); d} T. Clark,
G. W. Spitznagel, R. Klose and P. v. R. Schleyer, J. Am. Chem. Soc. 106, 4412 (1984).

a) F.-G. Kl¥rner, Tetrahedron Letters 1974, 19; b) F.-G. Kl4rner, S. Yaslak and M. Wette, Chem.
Ber, 110, 107 (1977); c¢) K. Takeuchi, M. Arima and K. Okamoto, Tetrahedron Letters 22, 3081
(19817; d) K. Takeuchi, T. Kitagawa, T. Toyama and K. Okamoto, J. Chem. Soc. Chem. Commun.
1982, 313; e) K. Takeuchi, T. Kitagawa, Y. Senzaki, H. Fujimoto and K. Okamoto, Chem. Lett.
T983, 69; f) C. D. Bedford, E. M. Bruckmann and P. A. S. Smith, J. Org. Chem. 46, 679 (1981);
g) C. D. Bedford and P. A. S. Smith, ibid. 48, 4002 (1983).

a) L. A. Paquette and L. M. Leichter, J. Am. Chem. Soc. 93, 5128 (1971); b) S. W. Staley, M. A.
Fox and A. Cairncross, ibid. 99, 4524 (1977).

K. Komatsu, K. Takeuchi, M. Arima, Y. Waki, S. Shirai and K. Okamoto, Bull. Chem. Soc. Jpn. 55,
3257 (1982).

W. E. Heyd and C. A. Cupas, J. Am. Chem. Soc. 93, 6086 (1971).

H. Dbrr and H. Kober, Chem. Ber. 106, 1565 (1973). For the other examples, see refs. 7b, 10b,
10c, 11c, 12a, 12b, and 13.

a) N. L. Allinger and J. T. Sprague, J. Am. Chem. Soc. 85, 3893 (1973); b) J. Kao and N. L.
Allinger, ibid. 99, 975 (1977?.

H. J. Lindner, Tetrahedron 37, 535 (1981).

N. L. Allinger and Y. H. Yuh, QCPE 11, 318 (1980).

E. L. Eliel, N. L. Allinger, S. J. Angyal and G. A. Morrison, Conformational Analysis Chap. 2,
Interscience Publishers, New York (1965).

J. J. Led and S. B, Petersen, J. Magn. Reson. 32, 1 (1978).
A. L. Van Geet, Anal. Chem. 42, 679 (1970).




