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The chemistry of the cvclodiners of different aromatic
units has been studied rather limitedly due to their instability
and some svnthetic problems. The umts of the cvclodimers
reported thus far include benzene,' naphthalene.”™ anth-
racene.™ furan™® and phenanthrene.” Moreover. the proper-
ties of both anfi- and s©im-[2+2] cvclodimers have been
rarely compared. In the studies on [2+2] dibenzenes. sy#-
[2+2] dibenzene was found to be kinetically more stable
than anfi-[2+2] dibenzene, although the latter was thermo-
dynamically more stable than the former.’ It was explained
by the through-bond interaction between two 1,3-cvclohexa-
diene umits through the cvclobutyl ring. and tlis was sup-
ported by photoelectron spectroscopy.® However, s19-[2+2]
cvclodimer of 9-cvanophenanthrene and benzene was
recently found to be kinetically less stable than -
cvclodimer.” In this paper. we report the svntheses and pro-
perties of [2+2] cvclodimers (1 and 2) of l-cvanoacenaph-
thvlene (1-CA) and benzene.

The “masked 1.3,5-cyvclohexatriene” strategyv'” was used
in the synthesis of the cvclodimers. A dichloromethane (130
mL) solution of [-CA® (3.11 g) and excess methy] orthofor-
mate (9.40 g) of ¢is-3.5-cvclohexadiene-1,2-diol was irradi-
ated at ambient temperature through a Uranium filter for 4 h
(Scheme ). After the hvdrolysis with HCL the resulting
products were separated by silica gel chromatographies elut-
ing with dichloromethane and ethy] acetate. The products
isolated were 3 (14%). 4 (1%). 5 (4%). 6"” (16%) and 7'
(55%). The diol (4 and 3) was treated with excess DMF di-
methy] acetal to give the corresponding dimethylformamide
acetal, which was then treated with N, N-dusopropylethyl-
amine (2.0 equivalents) and trifluoromethanesulfonic anhy-
dride (1.0 equivalent).” The reaction mixture was subjected
to a separation by a silica gel chromatography eluting with
s-hexane and dichloromethane. The 1solated vield of the two
steps for the preparation of 2 was 44%. The preparation for 1
was conducted in a cold room (4 °C). and the 1solated vield
was 15%. The low yield in the synthesis of 1 was probably
due to its thermal mstability.

The mass spectrum for each of 3. 4 and 3 in a CI mode
indicated an 1 : | adduct of 1-CA and ¢is-3,5-cvclohexadi-
ene-1.2-diol."! The regiochemistry of 3 was assigned particu-
larly on the basis of the crosspeaks of Ha (6.59 ppm) and H,
(3.00 ppm) with Hg (3.35 ppm) which also showed a cross-
peak with Hg (aliphatic proton near CN exhibiting doublet)
in its COSY spectrum. The downfield shifted peaks of ole-
finic protons m its H NMR spectrum, compared with those
of [4+2] cvcloadducts of acenaphthvlene and 1.3-cvclopen-
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tadiene.'” suggested the exo orientation. The connectivities
of 4 and 5 were assigned to be the [2+2] ¢vcloadducts by
considering strong mteractions of the peak of Hg with the
peaks of Hy. He and H; in their COSY spectra and their
expected chemical shifts. The NOESY spectrum of S exhi-
bited the crosspeaks of H; and Hy with aromatic protons, and
this may imply the syn orientation. The upfield shifted peaks
of olefime protons of 3 compared to 4, and the downfield
shifted peaks of ¢yclobutyl protons of § compared to 4 are
consistent with the interpretation.! The larger Ji 4 value of 2
(9.5 Hz) than 1 (4.4 Hz) as well as the upfield shifted peaks
(5.24-3.10 ppm) of olefinmic protons of 2 supports the nter-
pretation. "4

Upon heating. the [2+2] cyvclodimers were quantitatively
dissociated into thewr unit components (Scheme 2). Kinetic
analyses for the thermolysis mn DMF were conducted by UV
spectroscopy (Table 1).!* The free energy of activation for 1
(22.78 keal/mol) was lower than that for 2 (28.08 keal/mol),
which suggests that sin-[2+2] evclodimer 1s kinetically more
stable than its corresponding apti-[2+2] cyvclodimer. Half-
life times for the thermoreversion of 1 and 2 at 80 °C were
estimated to be 0.36 nun and 4.3 h, respectively. These mean
that the through-bond interaction between 1.3-cvclohexadi-
ene unit and acenaphthene umit of the cyclodimers was effec-
tive, which is similar to the case of [2+2] dibenzenes.'*

Upon uradiation through a Pyrex filter, the cyclodimers
were quantitatively dissociated nto ther umt components
(Scheme 2). The efficiencies for their photodissociation of 1
and 2 at 300 nm measured by ferrioxalate actinometry”
were 0.65 and 0.77. Thermodynamically unstable 2 seemed
to be photodecomposed faster than 1. When irradiated at 300
nm, 1-CA emission was observed (Figure 1) in addition to a
very weak fluorescence of the cyclodimers (less than 3%
compared to 1-CA emission). This suggests that lugh exo-
thermicity in the photoreversion allows the production of the
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Table 1. Free Energv of Activation for Themoreversion and Quantum
Yields for Photoreversion

1 2
AG! (keal/moly 2278+ 1.28 2808+ 1.35
Do’ 0.65+0.05 0.77+0.10
Do 0.50£0.07 0.71+0.02

“At 208.15 K in DMF. *Obtained in cvelohexane from at least three
independent determinations.

254

201

-
[$)]
i

10+

Relative Intensity

T ¥ T T T 1
450 500 550 600 650
Wavelength/nm

Figure 1. Emission spectra of 1-CA(—),1( --- yand 2 (--=)in
cvclohexane when irradiated at 300 nm.

excited state 1-CA.*7 The efficiency for the formation of the
excited 1-CA was estimated by the companson with the
emissions from 1-CA to be 0.50 and 0.71. The quantum
vields of adiabaticity in the photodissociation are much
higher than that (0.40 + 0.02) of s172-[2+2] cvclodimer of 2-
cvanonaphthalene and benzene.” Since the internal energies
of 1 and 2 are expected to be smaller than that of s12-[2+2]
cvclodimer of 2-cvanonaphthalene and benzene by consider-
ing the resonance energies of their umit components, the
higher adiabaticity for the photodissociation of 1 and 2 1s
due to the lower excited state energies of 1-CA.

A detailed comparison with some derivatives of the
cvclodimers is under investigation in our laboratory.
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3: 'H NMR (DMSQ-de, 300 MHz) 8 7.89 (1H. d. 8.1 Hz),
7.83-7.61 (4H.m), 7.53 (1H. d. 6.9 Hz), 6.59 (dd. 7.6, 6.8
Hz. H-). 6.48 (dd. 7.9, 6.5 Hz, Hy). 4.48 (d. 5.3 Hz, -OH),
4.43 (d. 5.4 Hz, -OH). 4.01 (d, 4.0 Hz, He), 3.50 (m. H:),
3.35 (m. Hs). 3.00 (m, Hy). 2.96 (m. Hs), HRMS (CT
caled for CigHi6QaN (MH") 2 290.1182. found 2901183,
4 '"H NMR (CDCla, 300 MHz) §7.82-7.75 (2H. m). 7.61-
7.55 (3H.m), 7.40 (1H. d, 6.9 Hz). 6.27-6.18 (m. Hy, H>).
4.33 (bs, H3), 4.28 (broad d, 4.2 Hz, Ha4, He), 3.20 (ddd,
82,42, 07Hz H-), 261 (ddd, 8.2, 6.3, 4.2 Hz, Hg), 2.27
(2H, bs. -OH); HRMS (CI*) caled for C1sHis0-N (MH")
nrz 290.1182, found 290.1178. 5: 'H NMR (DMSO-ds.
300 MHz) 6 7.81-7.73 (2H, m), 7.59-7.49 (3H, m), 7.38
(1H. d. 6.9 Hz), 5.63 (dd. 10.0, 3.6 Hz, H;). 5.46 (ddd.
10.0, 4.9, 1.9 Hz, Hz), 4.90 (d, 10.0 Hz, He), 4.44 (d, 5.3
Hz. -OH), 4.20 (d, 5.0 Hz, -OH). 3.92 (m, 10.0 Hz, H:),
3.25 (ddd. 10.0, 10.0, 7.5 Hz. Hs). 3.05 (m. Ha). 2.72 (in.
Hs): HRMS (CI") caled for CisHisO-N (MH™) mz
290.1182, found 290.1181.

Ferree, W. I.. Plummer, B. F. J. . Chem. Soc. 1973. 95,
G709,

1: 'TH NMR (CDCls, 300 MHz) § 7.78-7.74 (2H. m). 7.60-
7.50 (3H, m), 7.37 (IH. m), 6.17 (dd, 9.6, 5.3 Hz, Hy).
6.03-5.85 (m, Hs, He, H-), 4.36 (d, 4.4 Hz, H)), 3.39 (dd,
11.2, 5.3 Hz, H3). 3.03 (m, Ha): UV (cvclohexane) A (€)
293 (9100) nm:. HRMS (FAB™) caled for CioH;sN (MH™)
mz 256.1127, found 256.1113. 2: "H NMR (CDCls, 300
MHz) § 7.73 (1H. d. 8.2 Hz), 7.70 (1H. d. 8.2 Hz), 7.67-
7.46 (2H, m), 7.34 (1H, dd, 7.0, 0.5 Hz), 7.16 (1H. d, 6.9
Hz). 5.24-5.10 (m, Hs. He. H:, Hs), 5.02 (d. 9.5 Hz. Hy).
421 (dd, 13.5, 4.7 Hz, H3), 4.02 (dddd, J = 13.5, 9.6, 4.5,
1.3 Hz, Hy); *C NMR (CDCls, 75 MHz) & 141.1, 1407,
1396, 131.7, 127.8, 12771249 1244 1237 1226, 121.6,
121.4, 121.3, 109.5, 38.7, 51.6, 41.8, 34.3. UV (cyclohex-
ane) Apes (8) 290 (9390) nm; HRMS (FAB™) caled for
CieHj2N (M-1) iz 2540971, found 254.0976.

The temperature ranges of the kinetic studies were 20-40
°C for 1 and 79-139 °C for 2. 1: In /=26.75-10660/T. 2: In
7=32.85-15140/T.

The optical density of the samples was adjusted to be less
than 0.20 at 300 nm. In the case of 1, the temperature was
maintained at 7-10 °C.



