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Table II. Kinetic and Thermodynamic Data for Equations 1 and 2 at 125 = 1°

Reaction ky X 1082 Keq AH*e ASHa AG#*e
Eq1 6.7 = 0.1 ~17 253 £ 0.2 —14,5 £ 0.4 31.0 £ 0.5
Eq2 2.3 £ 0.1 1.00 29.2 = 0.1 —-6.5 £ 2.5 31.9 £ 0.5

eIn 1:1 CCls-pyridine. ? kopsa in sec™!. ¢ kcal/mol.

conrotatory ring-opening modes of the as yet unknown
cyclobutene, trans-1. Table 11 lists representative
rate and equilibrium constants and the derived activa-
tion data for eq 1 as obtained by nmr techniques.

The observation of a similar reversible electrocyclic
process involving cis-1 requires the labeling of cis,-
trans-11 in order to distinguish between the two allowed,
energetically degenerate, ring-opening modes. This
was accomplished by the synthesis of cis,trans-11a,’
the cis-1-trideuteriomethyl analog of cis,trans-11.
When heated in solution at temperatures above 110°,
cis,trans-1la equilibrates with zrans,cis-1la, most plau-
sibly via cis-la, as shown in eq 2. In the absence of an
observable steric isotope effect,® K., for the 1la isomers

Piz_{h Ph Ph

13}

s Uy
Ph”CD,Ph ~CH; h
cis,trans-Ila CD; CH;

asla
Ph Ph
LS,
CD,” BhCH, Fh
trans,cis-Ila

must be equal to 1.00 at all temperatures. This is con-
firmed by noting that the simultaneous decrease in the
intensity of the 6 2.18 resonance is paralleled by the
appearance and growth of the & 1.98 resonance until,
within our limits of detection, their intensities are
equal. As before, the intermediacy of cyclobutene in
eq 2 is strengthened by the complete absence of dis-
rotatory products.

Rate and activation data for the interconversion of
the cis,zrans-dienes are included in Table II. From the
difference in AG ¥ for cis-1 — cis,trans-11 (24.0 kcal/mol
at 125°) and AG * for cis,trans-11a — trans,cis-11a (31.9
kcal/mol), we obtain (assuming no deuterium isotope
effect) AG® = 7.9 kcal/mol for cis-trans-1l = cis-l.
We are not aware of any experimental technique which
would allow direct detection of so minute a concentra-
tion of cis-I, yet the knowledge that, in fact, it is present
permits us to evaluate the relative energetics of the al-
ternate electrocyclic pathways in its thermal isomeriza-
tion.

A sealed nmr tube containing a 30 97 (by weight) solu-
tion of cis,trans-I1 in CCl;—pyridine was heated at 124°
and its nmr spectrum monitored under instrumental
conditions which would have revealed 197 of disrota-
tory product, cis,cis-II. After 51 days there was no
detectable change in the spectrum and cis,zrans-11 was

(7) Prepared in 859 yield by the reaction of CDsl with the anions
generated from cis-1-bromo-trans-4-methyl-1,2,3,4-tetraphenylbuta-
diene by BuLi in ether at 0°. Its properties were identical with those of
cis,trans-II except for the absence of the § 1.98 resonance in its nmr spec-
trum.

(8) In agreement with J. L, Coke and M. C. Mourning, J. Org. Chem.,
32, 4063 (1967).

¢ Entropy units.

recovered quantitatively from the somewhat darkened
solution. Since the rate constant for ring opening of
cis-1 can be calculated to be 0.6 sec™! at 124°, the total
number of ring openings for each molecule for this time
interval is 2.6 X 10¢, Inasmuch as <19 of disrotatory
product was formed, we conclude that there is less than
one symmetry-forbidden ring opening for 2.6 X 108
allowed ring openings. Thus, despite the fact that
steric interactions in the transition states in cis-1 are
reasonably similar for all possible pathways of ring
opening, the predicted conrotatory mode? is favored by
an absolute minimum of 15.3 kcal,? in agreement with
ref 1.

(9) It is pertinent that even if process 2 were allowed to proceed at
125° for a period of 1 year, and still yielded no disrotatory products,
then the minimum for AG+ would be increased by less than 2 kcal.
Variants of such an experiment are under consideration.
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A Novel Heterotricyclic Ring System
Sir:

We have found that the acid-catalyzed interaction of
1,2- and 1,3-diketones leads to unique 2,4,6,8-tetra-
oxatricyclo[3.3.1.0%"lnonanes. Thus, the reaction of
molar quantities of 2,3-butanedione and 2,4-pentane-
dione in the presence of 250 ml of 109} aqueous sul-
furic acid for 1-3 days at 0-25° produced a 60-8097
yield of 1,3,5,7-tetramethyl-2,4,6,8-tetraoxatricyclo[3.3.-
1.0%"nonane (I), mp 135-136°, bp 183°. Anal
Calcd for CoH1:04: C, 58.05; H, 7.58; mol wt, 186.
Found: C, 57.88; H, 7.45; mol wt, 187 = 2. With
reaction times varying from several hours to several
months, many other combinations of diketones were
shown to react similarly (Table I), thereby demonstrat-
ing the generality of this type of reaction.
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Table I. Heterotricyclononanes
R,
il I N
CH;
R, Ry
R, Rs R; R, Yield, & Mp, °C
CH; H H H 3 142-143
CH;, H CH; H 40 53-54
CH; CH; CH, H 80 135-136
CH; CH; CH, CH; 70 94-95
CH; CH:Cl CH, H 75 183-184
CH; CH;Br CH.Br H 50 200-201
CH; CH; CH; CH,CH=CH, 23 49-50
i-C:H, CH,Br CH; H 12 76-77
CH; CH; CH; CH,CO,CH; 10 80-81
CH;, CH; CH; CH,CH,CO,CHj 60 84-85
R; = R; = CHs; Ri-Ry = (CHy)4 40 128-130
R}, =Ry = CHs, Ra—R7 = (CH2)4 12 162-163

The structure of 1 is based on elemental analyses and
molecular weight (CsH140,); strong C-O-C absorbtion
bands in the infrared at 8-12 x and no OH, C=O0, or
C=C absorbtions; a transparent ultraviolet spectrum
from ~200 mu; and a well-defined proton magnetic
resonance spectrum with signals at 1.40 (6 H), 1.49
(6 H), and 1.75 (2 H) ppm. Structure II is considered

Table II. Chlorination of
1,3,5,7-Tetramethyl-2,4,6,8-tetraoxatricyclo[3.3.1.03"Jnonane

CH, R CH,
(0] (0] (0]
CH; CH,
H,C CH, R, R,

R3 R Rg Rg Mp, °C
CH:Cl CH; H H 181-183
CHCl, CH; H H 146-148
CH; CH; Cl H 98-99
CH; CH; Cl Cl 79-80
CHClL, CHCl, Cl Cl 175-176

unlikely based on the pmr spectra of the 9-methyl deriva-
tive of I which indicates different chemical shifts for the
3- and 7-methyl groups, and of the 3-dichloromethyl-
1,5,7-trimethyl derivative which demonstrates non-
equivalence for the methylene bridge hydrogens. Ad-
ditionally, X-ray diffraction studies on the 3-chloro-
methyl-1,5,7-trimethyl derivative illustrate conclusively
that the ring system of I is the correct one.

Although 1 upon treatment with acid at elevated
temperatures reverts to its original constituents, it is
possible with properly chosen reaction conditions to
perform other transformations with little or no ring

degradation. For example, methyl 1,3,5,7-tetramethyl-
2,4,6,8-tetraoxatricyclo[3.3.1.0%"Jnonane - 9 - propionate
(IIla) may be hydrolyzed with aqueous sodium hy-
droxide to the acid I1Ib, mp 156~157° (4nal. Found:
C, 55.96; H, 6.94), which in turn, upon treatment with
thionyl chloride followed by ammonia, may be con-
verted to the amide Illc, mp 191-192° (4nal. Found:
C,55.92; H,7.41; N, 5.37).

The liquid-phase chlorination of I with chlorine in
carbon tetrachloride solution proceeds smoothly. A
variety of chlorinated products were isolated in a pure
state and characterized through pmr techniques (Table
IT). Prolonged chlorination leads to complex, highly
viscous liquid mixtures approximating CsHg-;Clg—30,4
compositions, bp 150~180° (1.0 mm).

The reaction to produce structures with the ring sys-
tem of I is not necessarily limited to the interaction of
1,2- and 1,3-diketones, as 2,3-butanedione and 2,5-
hexanedione yield 1,3,5,7-tetramethyl-2,4,6,8-tetraoxa-
tricyclo[3.3.2.0%"decane, mp 102-103°. A4nal. Calced
for C1oH1404:  C, 59.98; H, 8:05. Found: C,59.98;
H, 7.86. The pmr spectrum exhibited signals at 1.42
(6 H), 1.51 (6 H), and 2.04 (4 H) ppm analogous to those
observed for the nonane derivative 1. Attempts to
dimerize 2,3-butanedione or 2,4-pentanedione under a
variety of conditions related to those described in this
communication were not successful. It may be pos-
sible, however, that with the proper choice of substituted
diketones a stable dimer may be isolable.

Acknowledgment. Crystal structure determinations
were conducted by R. A. Dodge, Union Carbide Re-
search Institute, and will be published as a separate
communication. The author is grateful to M. T.
Waroblak, J. V. Merrifield, and G. A. Carte for capable
assistance, and to Q. Quick and his associates for micro-
analyses and spectral data.

Herbert E. Johnson

Research and Development Department
Union Carbide Corporation, Chemicals and Plastics
South Charleston, West Virginia

Received June 3, 1968

Journal of the American Chemical Society | 90:19 | September 11, 1968


Oi42Ori2C.O2C.ri

