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ABSTRACT. Synthesis of unsymmuetrical trisannelated benzenes such as 2.3.4.5.6.7.8.9. 10.1 1 -dcecahydro-
1H-cyclopental/]phenanthrene {(1¢) and 1.2.3.4.5.6.7.8.9.10-decahydrobenz[e]-as-indacene (1d) is deseribed.
The synthetic approach involves ctficient condensation of pre-formed cnones such as bicyclohexyliden-2-one
{3). bicyclohexyl-1-cn-2-onc (4) and bicyclopentyliden-2-one (5) in the presence of cyclopentanone and cyelo-

hexanone using anhydrous CuCl, as a catalyst.

Keywords:  unsymimetrical trisannelated benzene. anhydrous CuCl,

Copper (11) chloride (CuCl,) is often utilized as
an electron transfer oxidative reagent' and can also
participate in the self-condensation of ketones.” In
this report, the condensation of ketones such as
cyclopentanone and cyclohexanone in the pres-
ence of unsaturated ketones such as 3. 4 and 5 in
the presence of a catalytic amount of anhydrous
CuCl, was considered. These reactions lead to the
preparation of la (Trindan), 1b {DTP), lc and 1d
(Fig. 1.

It has been noted that the presence ot 1a and 1b
in nylon 66 produce a florescence emission.’ The
photochemical properties of many films such as
phetalate and siloxan, have been modified by the

addition of a few percent of D'I'P 1b in their com-
position. While the condensation approach has
been used in the preparation of 1a and 1b (which
have identical-sized rings about the core ben-
zene), no communications for the preparation of
Ic and 1d (which have different-sized rings about
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the benzene) have been reported.*® Therefore, syn-
thesis of unsymmetrical-trisannelated benzenes
such as 1e and 1d is an active area of investiga-
tion. Several approaches to the svnthesis of svm-
metrical and unsymmetrical trisannelated benzene
have been deseribed.™ However, all ol those
methods involve cither multiple steps or use very
unstable starting materials. ™" The major modilica-
tion belween our adopted  strategy  vs. other
reported sequences s the oceurrencee ol a lacile
mitial condensation o fom 3, 4 or § followed by
the establishment of the two other cveles (ben-
zene and the third amnealed cvele) late in the
sequence. For the synthesis of e and 1d. the prepa-
ration and charactenization of the o B and . v-
mnsaturated ketones 3, 4 (Fig. 2) and 5 (Fig. 3)
was accomplished. Byproduct 6, was obtained as a
trace m the Clatsen condensation of evelopentanone
(Fig. 3). The unsaturated ketone 3 formed as a
kinetic product from reaction of NaOCH, over
chloro-ketone 2 at —10"C. The chloro-ketone 2 in
order was prepared from acid condensation of cy-
clohexanone presumably, via constructive B-hvdroxy-
ketone 15, In the other experiment the chloro-
ketone 2 reacted with 2N NaOll to offer unsatur-
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ated ketone 3. further reaction of 3 throughout the
supratacial |1,5]-11 sigmatropic rearrangement via
enol intermediate 10 mosthy intend to convert tw the
unsaturated ketone 4 as a thermodynamic product
(Fig. 2).

Reeause of unfavorable strained geomety of [1.5]-
H sigmatropic rearangement For eyelopentanone,
practically only compound § and 6 were Tormed
and scparated. Trom PTLC (fig. 3). Subscquently.
these unsaturated ketones were treated with evelo-
pentanone or evelohexanone in the presence ol a
catalytic amount ot anhvdrous CuCl,. The mecha-
nism of the trimerization reaction of ketones was
examined by comparison of the separate reactions
of cvelohexanone with 3 or 4 and with §,

The tact that both experiments lead to a success-
ful synthesis of 1b and la, suggests that the mech-
anism of preparation of Ie and 1d also reasonably
goes through a similar sequence such as that depicted
in Fig. 4. The enol 10 further reacted with other
molecule ol eyelopentanone to give unstable keto-
alcohol 11. Dchydration of 11 leads to the prepa-
ration ol unsaturated ketone 120 The favorable
concerted [ 1.7]-I rearrangement of 12 leads to the
formation of trienol 13, Pericvelic reaction atter dehy-
dration of 14 leads to the svnthesis of e (Fig. 4).

3 or 4+Cyelohexanone— b DTP
5+Cyelohexanone—la Trindan

The di- and (ri-anions of these transannelated

benzene, have been used as the ligands in the
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Fig 4. Mechanism for trisannclation.

preparation of sandwich complexcs with (ransi-
tion-metals."

Previous UV studics have proved the eflect of
angularly anncaled strained rings upon the aroma-
ticity of benzene by examining the siructures ol
la, 1.23.4.5,6,7.8-octahydrocyclobuta[e]-as-indacene
7, 1,2.3.4-dicyclobuta[5,6]cyclopentabenzene 8 and
1,2.3.4,5,6-hexahydrotricyclobutafa,c,e|benzene 9
(Fig. 5).° The alternating bond lengths of 9 were
found to be negligible (less than 0,025 A®) and it
was concluded that the benzene ring remains aro-
matic,'* The ultraviolet spectra of trisannelated
benzenes 1b, 1e and 1d {recorded in ethyl ace-
tate) are particularly interesting. There is a gen-
cral increase in A, with an increase in the number
of 5-membered annclated rings attached to the
benzene rings as long as at least one of the anne-
lated rings is still 6-membered (Fig. 6).
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Fig 6. A, (nm) in TtOAC.

Experimental

Yields refer to isolated pure center cut from col-
umn chromatography or 1o the main band scratched
from preparative TLC plate. Products were char-
aclerized by comparison with authentic sample
(IR, NMR. GC. TLC. and mp). Mclting points arc
uncorrecied and determined by Metller FpS melt-
ing point apparatus. 1R spectra were obtained on a
Shimadzu 1R-470. All NMR data were recorded in
CDCI. on Brucker 8¢ MHz and Brucker Avance
500-MHz spectrometers, the latter used particu-
larly for "CNMR of 1¢ and 1d. [These samples gave
17 and 16 peaks, respectively, while one would
predict 9 and 8 peaks, due to their possession of a
C2 axis. The increase in the number of peaks may
bc some subtle conformational issuc at play.].
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TMS was used as an intemal reference. High-res-
olution mass spectra were obtained from a Fisons
1110-1000 instrument,

2-(1-chlorocyclohexyl) cyclohexanone 2. Drv
hydrogen chloride was bubbled through cvelohex-
anone (40 g, 42.2 mL. 476 mmol) contained in a
water-cooled flask. After 15 hr the gas flow was
stopped and the cryvstalline  2-(1<chloroevelohesy])
cvelohesunone 2 (32 g0 71% 1solated yield) col-
leeted by filtration.” IR (CCl): 2870 (). 1695
(vs), 1440 (), 1373 (w), 1100-1300 (m), &80 (m)
em !

Svnthesis of Bicyclohexyliden-2-one 3. To a
tflame dried 30 mL round bottom flask was added
compound 2 (10 g, 46.6 mmol) and NaOCIi, (2.6
2 Na in 40 mL absolute methanol) in —10 °C. The
needle-like crvstals of 2 were tormed. The crude
crystal was recrvstalized from methanol-water
(& 1vA) in 88% vield m.p=36-47 °C (m.p=37°C ).
IR (KD3r): 2920 (s), 2850 (), 1670 (s), 1610 (s),
1440 (s) em ' UV (CHCL): A,,. 243nm. '"HNMR
(CDCLY: & 1.2-2.8 (m, 18H).

Svynthesis of Bicyelohexyl-1-en-2-one 4. The
chloroketone 2 (10 g, 46.6 mmol) was well shaken
with 50 ml. 2N aqueous sodium hydroxide, the
mixture was allowed to stand for 2hr, and then
extracted with ether. The ether laver was washed
with water. dried with MgsQ, and the solvent was
removed, leaving red oil, which was distilled at
reduced pressure. The ketone was obtained as an
oil (17 g. 93% 1solated vield) bp=114-116 °C/,. .,
(114-116.6"CY¥ TR (CCL): 2940 (5), 1700 (vs),
1448 (m), 720 (m)em '. 'THNMR (CDCL,): d 5.4
(m, TH), 1.0-3.2 (im, 17H). UV(CHCL,): A, 245,
306 nm.

Synthesis of Bicyclopentyliden-2-one 5. Sodium
cthoxide (was freshly prepared, 3 g m 45 milL absolute
ethanol) was added dropwise to cvelopentanone
(40 g, 476 mmol) and the mixture allowed to stand
for 2 days at —10°C. The brown-reddish viscose
solution was decanted trom residue. The excess
ethanol was removed by distillation. The residue
was diluted by water. The organic laver was sepa-
raled by extraction with cther, dried over MgS0O,, the
ciher removed and residuce was disiilled at reduced
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pressue (464 g 63% vield) (bp=88-90°C/, ¥ IR
(CCLY: 2950 (vs), 2870 (), 1695 (s), 1630 (vs)
em™, TINMR(CDCL): 8 1.0-3.0 (m, 1411),

Swynthesis of [1,1,3,1”] Tercyclopentan-2’-one 6.
Was separated as a byproduct of compound 3 (#ig.
3) IR (neat): 2930 (vs), 2850(s), 1685(m), 1440(vs),
1610(vs), 1445¢m), 1163-1300¢s). ' INMR (CDCL,): 8.
2.7(m. 4H). 2.3(m. 4H). 2. 1(m. 4H). [.5 (m. 8H).

Synthesis of 1,2,34.5,6,7.8,9,10,11,12-dodecahy-
drotriphenylene (DTP) 1h: A typical experimen-
tal procedure. The unsaturated ketone 3 (or 4)
(1.78 g. 10mniol) was treated with evelohexanone
(0.98 g. 10 mmol) and the catalyst (CuCl,) (0.27 g,
2 mmol) in a proportion of 1.1:1:0.2 mol, respec-
tivelv, The cvclohexanone was added to the reac-
tion mixture dropwise, the resulting mixture was
refluxed at 155 for 2 hr. The color of solution was
initially vellow orange, but attetr 15 to 20 min of
refluxing changed to dark purple. During tlis period
the HCT gas was evolved and white CuCl preeipi-
late 15 lormed. The crude reaction misture was (hen
extracted with cther and finally dried over anhy-
drous MgSO,. Aller distillation of the volatiles, the
residuc was sel aside. Alter 2-3 days, solid DTP
Ib formed in the reaction nuixture and separated
out as a solid. The crude crvstalline mass was
directly chromatographed over silica gel and eluted
with petroleum ether, m.p=229 °C (reported 230
°C1Y, (34% purified vield). IR (KBr): 2920 (vs),
2830 (s), 1445 (m), 1420 (m) em™. UV (EtOA¢):
Ao 272 nm, 'TINMR (CDCL): 8 1.73 (5. 121D,
2.53 (s, 12H). "CNMR (CDCL): 8 1324, 266,
22.6. Mass: mfe (relative mtensity) 24120, 240 (100),

39 (10), 198 (38), 141 (dd), 91 (17). caled for
C (Ha, mic 2401878, Tound 240. 1875,

Synthesis of 2,34,5,6,78,9-0Octahydro- |H-trin-
dene (Trindan) la. In a similar expeniment, as
described for 1b cvelopentanone (0.84 2. 10 mmol)
was reacted with unsawrated ketone § (1.5 2. 10
mmol) and CuCl, (0.27 g. 2 mmol). After stand-
mg for 2-3 davs. trindan la separated out of the
reaction mixture. The crude mass (1.3 g) was recrv-
stallized trom I11O: EtOAc, mp=96°C (lit = 97.3-
98 °CY. (193¢, 47% puritied vicld). "HNMR: &
2.94-2. 51 (1, 12H, =7 3H2), 232-1.82 (m, 6GH).
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BCNMR displaved only 3 peaks, d 1373, 311,
25.3. M5 mfe 199 (56). 198 (89), 197 (100), 170
(93), 169 (94), and 155 (84): caled. for C i1, m/e
198.1408, tound 198.1406.

Synthesis ot 2,3,4,3,6,7,8,9,10,11-decahvdro-1H-
cvclopenta |{] phenanthrene le. An identical
procedure applied for the svnthesis of le where-
upon pre-formed ketone 4 (1.96 g, 11 mmol) was
treated with ¢y clopentanone (0.84, 10 mniol) in
the presenee of CuCl,(0.27 g. 2 mmol). The crude
product was purified by silicagel column, the sol-
vent used as cluent was petroleum cther (43% i1s0-
lated vield). IR (CCL): 2920 (), 2830 (m), 1430 (m)
em ™, UV (EtOAe): A, 287 nm. 'HINMR (CDCL): 8
1.3-3.4 (m, 2211 “CNMR (CDCL): & 141.6, 140.7,
140.1. 138.2, 133. 131.2. 31.8, 31.7. 27.9, 27.7.
27.5,27.2, 26,1, 23.9, 23.7. 23.6, 23.3. | The sam-
ple gave 17 peaks. while one would predict 9
peaks. due to 1t possession of a C2 axis. The increase
in the number ol peaks may be some subtle con-
lormational issue at plav.]. Mass: ni/e (relative inten-
sy ). 227 (33), 226 (100), 225 (31), 199 (91). caled
lor C,-H,, m/e 2261721, Tound 226.1727.

Swnthesis of 1,2345,6,7.89,10-decahydrobenzje]-
ay-indacene Id. Similarly, for the synthesis ol 1d,
cvelohexanone (0.98 2. 10 mmol) was added to a
nuxture of bicyclopentvliden-2-one 5 (1.65 2. 11 mmol)
and catalytic CuCl, (0.27 g. 2mmol). The crude
product was purified by silicagel column the sol-
vent used as eluent was petroleum ether (38% 1so-
lated vield). IR (CCL,): 1920 (vs), 1983 (), 1430 (m)
em ' UV (TUOAC): A, 306 nm. "THNMR (CDCL,): d
1.8-22 (m, 12H), 2.6-2.9(m, $H). "CNMR(CDCL): §
1414, 1406, 1381, 1369, 1329, 131.1, 319,
31.8,31.6,31.5,2906,273, 261,255,238, 237,
[The sample gave 16 peaks, while one would pre-
dict 8 peaks, due to 1l possession ol a C2 axis. The
mcrease n the number of peaks may be some sub-
tle conformational 1ssue at plav.|. Mass: m/e (rela-
tive mtensity): 213 (26), 212 (100), 211 (43), 184
(94). 183 (63). caled for CJL, mie 2121565,

lound m/fc 212.1561.
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