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tripbenrylenes bas been performed to determine the free energy of activation for rotation (AG?,) of the phenyl
mmmm(w.)dmw@mmmmamummﬁm it

is the largest in compounds with

ortho-substituents. The indepeadent determined free eaergy of activation of
raceziration (AGY,) is about equal 10 AGY. in 4-phenyl-5-(3,
dimethylphenyl)triphenylene

ylene, but in 4,5-bis-(3.5-

,S-dimethylphenyftriphes:
AGY,. is much jarger than AGY,.. It is concluded that the racemization does not occur via
a process in which the pheny! groups remain parallel but via & molocular movement in which the phenyl groups torn

around each other like cog wheels.

In a recent paper' concerning the chirality and con-
formational changes m 1-phenylbenzoic]phenanthrene
(1) we demonstrated that rotation of the phenyl group
can-occur independently of racemization. Analysis of the
temperature-dependent NMR spectra of several deriva-
tives revealed that rotation of the phenyl group can
occur at one side of the benzo{clpbenanthrene moiety,
for which process AG?,. is ca. 13.0 kcal/mol, or slightly
Iarger when bulky substituents (I, Me, Ph) are present at
C@).hnimmeminﬁonthephenylmuymmsmuqd
the oppotite end of the benzo{clphenanthrene skeleton in
ammrymomut.'!‘hisismniedbyasimul-
mommvmdthehehcalm&mm For this
process AG?.. appeared to be ca. 16 keal/mol
Previously a similar study has been described® for
N—methyl and N.N'-dlmethylpyndmnm derivatives,

eompamedbyuynchromrohnonofbothpyndlmnm

@@

For the N-Me derivative a free energy of activation of
16.6+0.1kcal at 30" was reported. Although the con-
clusion about the nature of the process might be correct,
it can not be derived from the experimental data, as the
compounds do not contain diastereotopic protons which
reflect the chirality. The data car also be interpreted by
the occurrence of a rotation of the pyridine rings without
racemization.

Finally, for derivatives of 1,8-diphenylnaphthalene (3)
it has been shown® that rotational and inversional bar-
riers are separated.

In this paper we report AG*-values for pheny! rotation
and racemization in 4,5-dipbenyl substituted tripheny-
lenu(l)mwhlchtheposmonoﬁhephenylnngsu
comparable to the end rings in heptahelicene,* but is
differing from them by the possibility of rotation. The
compounds investigated (4-§) were obtained by ap-
phuhonoftheptevnﬂympomdphotncychm’of
suitably - diarylbat - 1 - en - 3 - ynes
(Scheme 1). Compomdtu:ynthenndureported
previously.™® The Me substituents were introduced to
simplify the analysis of the temperature dependence of
the NMR spectra; in the unsubstituted compound 4 the
AA'BB'C-pattern of the phenyl protons is too complex
for this purpose.

The NMR spectrum of 8 in tetrachiorocthylene (TCE)
above 65° shows one sharp singlet for the Me groups at §
2.04 ppm. The singlet at 6.13 ppm for the ortho-protons in
the phenyl rings is broadened by meta coupling. At -27°
both signals have been split up in two signals of equal
intensity. The coalescence temperature (T.) for the Me
signals is +22°; for the ortho-protons +13°. Qualitatively
similar resuits were obtained for the phenyl groups at Cs
with compound 5-7.

In Table | the chemical shifts are given for Me sub-
stituents and phenyl protons of compounds 4-8 at
temperatures where the relevant signals of individual

rotamers are sharp and well
E. and log ke were calculated from the set of observed
temperatures and their corresponding pre-exchange
lifetimes r (corr. caff. 0.995-0.998). AG* was then
obtained from the Eyring equation:
AG* =4.57T(10.32 + Jog rT) (L))
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Table 1. Chemical shifts in ppm of methyl groups and phemyl protons in 4,5-diaryitriphenylencs 4-8 at the

moaswring temperature (T,.) indicated
Compounds Solveat (Cl,) in ppm (n'h.‘,‘) in ppm T‘ (in °x)
[y cs, - 6.41 6.32 (o) 203
3 csz 2,25 - 6.73 6.65 (o) 223
[ ucs* 1.44 0.76 (o) 6.57 6.50 (w) 308
z Clz 2.08 1.9 (m) 6.04 535.95 (o) 233
3 682 2.08 1.94 (m) 6.06 35.3%% (o) 240
rex® 2.12 1.96 (m) 6.16 6.06 (o) 251
#pexachlorobutadiens; btotuchhroothylno

k=1 =(ra-r)V2

in which the exchanging protons are not mutually cou-
pled, and

ko= 1" = w[(va— m)* + 6P ABYV2 ()]

for mutually coupled protons (Heew. in 5, CH; in $and 18).
The results are given in Table 2.

A a consequence of the small A3-values the accuracy
of AG?.-values is not very high (in most cases co.
1kJ/mol). However, AG*-values obtained by two
methods (from Me-signals) agree very well within this
accuracy. It is clear that the presence of m-methyl

groups causes a slight increase of the rotational barrier

{cf. 7 and 8 with 3), but meta-substitution in only one or
:tthphenylnn’ludsmeqmlh(i‘nhm(lee‘?md

o-Me substitution (in 6) leads to a larger increase than
m-substitution. Although NMR spectra of these com-
pounds cannot be used to decide i rotation is accom-

panied by inversion or occurs at one side of the tripheny-
Jene moiety, the trend of the substituent effects on the
energy barrier seems more in accordance with the Iattet
possibility

In order to determine AG*-vafhies for racemisation in
this type of compounds, the products 7 and 8§ were
converted into the mono-bromo derivatives 9 and 10 by
treatment with an equivalent amount of N-bromosuc-
cinimide (NBS). The NMR spectrum of 9 at low tem-
perature shows two signals for the methylene group as
well as for the Me group, both in a ratio 1:2. For the
methylene group the larger signal is at higher fleld, for
theMemulowuﬂeld.Thesplmupomuma
conformational the ratio to an energy
difference of ca. 1.7 ki/mol between the conformers. The
pattern of the methylene protons is remarkably solvent-
dependent (Table 3). In CS; and TCE only the higher
field signal shows the expected AB pattern, the lower
field signal appears as a singiet by coincidence. In CDCl,

OG5,
00l ¢ &

9 R=H
10 R = 3,5- dimethyl
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Compound Solvent Protons AS 'l'e Ac;o: (method a) Ac;ot (mathod b)(T,) log Brot Bact in kJ/mol
ussd (epm) (%K) in kJ/mol (kcal/mol) in kJ/mol (keal/mol) (k iz #1) (kcal/mwol)
4 cs, Boreno 0-095
3 082 aortho 0.076 264 56.1 {13.4)
[ HCH Bt 0.063 351 79.1 (18.9)
cn3 0.685 387 78.7 (18.8) 79.9 19.1) 14,3 87.4 (20.9)
1 Clz ‘artho 0.105 276 60.2 (14.4)
CI3 0.135 289 60.7 (14,.5) 62.7 (15.0) 14.5 0.7 {16.9)
] cs, Moreno 0-078 272 59,8 (14.3)
Cl’ 0.147 287 60.2 (14.4) 61,9 (14.8) 14,2 67.8 (16.2)
k{} 1 'or:ho 0.097 286 62.7 {15.0)
833 0.162 293 61.9 (14.8) 63.2 (13.1) 14.2 69.4 (16.6)

Table 3. Variation of the methylene signal of compounds 9 and 10 with incresse of temperature

Patters of -CR,-signsls (T {a °C)

Compound Solvent

Clz
CDCl,
e
| 03
csz
nCa
k{+

AB (-30%)
s (-109
AR (-15%)
AR ( 15%)
AR (-50%)
A ( 20%)
AR { 10%)

fou
-
* 4 4 s 6 s 0

[ 20K SN BN 2K B AN )

s+ 8+ (25%)
s+ o+ (3509
s+ s +a (70%
s+ s (720°)
A (259

AB (70-140%)

AB (60°)
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the reverse is observed. In HCB both signals show an
AB pattern. For the methylene as well as the Me signals
coalescence is observed on increase of temperature. As
Te andeonotd:ﬂcrmmhﬁomthecomspondlm
data for the compound 7 AGS, will have about the same
value (ca. 60 kJ/mol). Because of the unequal population
of the conformers eqns (2) and (3) can not be used,
for calculation of AG*... Before the methylene signals
coalesce, their AB patterns, as far as simplify to
singlets (Table 3). In TCE A8 (14 Hz, JAs = 9.5 H2) for
the methylene group does not differ much from the
distance between the individual signals of the diastereo-
topic protons (5. — &8s =9.2Hz). Therefore, AG*,. and

AG?,. will not differ much for this compound. Ap-.

plication of eqns (3) and (1) to the coalescence of in-
dividual AB patterns (caused by racemization) gives
AG?.. =64 £2kl/mol.

The NMR spectrum of the methylene group in 16 at
low temperature consists of two AB patterns in CS; as
well as in HCB, again in a ratio of 1:2. By increase of
temperature the signals coalesce but the AB pattern
remains. Apparently, rotation occurs without racemiza-
tion; T. and A3 gave an indication, that AG?, must be
about equal as found for 8 (ca. 62kJ/mol). From the
coalescence of Me signals in TCE, converting from three
signals at 5§ 2.06, 1.99 and 1.89 in a ratio 3:1:2 into two
smdetsat&ZOSmdl.%maraboZlmequﬂvalue
for AGe. (63.0k)/mol) was calculated. In the solvent
HCBtheABpmemdoesnotumphfybebw 140°,
indicating that AG . mustbehmetthnasZkJImol

When the mechanism proposed® for racemisation of
compounds such as 2 were appropriate for our com-
pounds, AG?,; for 9 and 10 should be expected to be
rather equal; in that mechanism parallelism of the phenyl
rings is grossly maintained during inversion, and it can-
not be expected that absence or presence of m-Me
groups in onc of the rings will have influence on the
energy barrier of the racemisation process. Therefore, it
is more likely that racemisation, accompanied by simul-
taneous rotation of both phenyl groups occurs in a
process, in which the phenyl rings turn around each
other like cog-wheels. In the transition state, where the
bonds between the phenyl groups and the triphenylene
moiety are in plane with the Iatter, the phenyl groups are
mutually orthogonal. In 9 the unsubstituted phenyl group
can slip along the substituted ring via such a transition
state much casier than the reverse. In 10 only passage of
a substituted ring can lead to racemisation. The
mechanistic picture is similar to that previously given for
the raceimunon of 1-methyl- and 1,16-dimethylhexa-
helicene.

EXPERIMENTAL

M.ps were determined with a Leitz m.p. microscope and are
uncorrected. Uy spectra were measured in McOH using a Cary
15 spectrophotometer, and NMR spectra were recorded cither on
a Varian HA-100 or a Bruker WH90 spectrometer with CS,,
tetrachloroethylene (TCE) or hexachlorobutadiene (HCB) as the
solvemdeMSuthemmle

Chromatographic were done by column chroma-
tography on silica gel (Merck; 100-230 mesh).

Photolysis experiments were carried out in a Rayonet RPR-100
reactor fitted with 300 nm fluorescence lamps. Before the irradia-
tion all samples were purged with argon for at least 15 min.

Computer simulations of the temp. dependent NMR spectra
were done using the program NMR TW2 with a PDP-11/45
computer, Vector Genenl Display, General Purposc Graphic
System Software.

A. H. A, TINNEMANS and W, H. LAARHOVEN

For the compounds 6, 7 and 8 the Ashenius activation
parameter, E, and logk,, as well as the transition state
parameter AG* were determined by simulation of the Me signals
whd:ml:mdbytheexmm(uﬁoda)m
simulations require three independent parameters oaly, viz
(Tu)".thehno-wm”nmaamthubmotmm
lifetime r of a particular coafiguration and the positions of the
chemical shifts at conditions of very low rotation (r - ). (T20)~
was based on measured line-width values of the Me signals at the
high-temp. limit in the experimental spectra (2.5 Hz). The lifetime
T at a given temp. was found by trial and error until shape and
a;umdthcmkumwhedpeﬂecﬂymmw

Propiolaidehydes. The synthesis of phenyipropiolaldeh
3,5-dimethyiphenyipropiolaldebyde have been described.

2,4,6-Trimethylphenyiproplolaldehyde was synthesized using
the geaeral procedure as described for 3.5-dimethylphenyl-
propiolaldehyde. Treatment of 2.4,6-trimethylacetopbenone
(107.4 8. 0.66 mol) with PCls (146 g, 0.70 mol) yielded 1 - chloro -
1 - 24,6 - trimethylpbenylethylene (67 g, 56%), b.p. 80-83° at
2.5mmHg. This vinyl chloride was dehydrobalogenated with
sodium amide in liquid ammonia [50g Na, 0.5g Fe(Ill) nitrate,
ca. 500m! of ammonia] yielding 2.4.6-trimethylpheaylacetylenc
(40.9 g, 76%), b.p. 92.5-94.5° at 1S mmHg; NMR (CDCh): 8 2.4
(S, 3H, p-Me), 2.39 (s, 6 H, 0-Me) 341 (s, 1 H, aCH), 6.82 (s,
2H, Hau). The acetylene was converted into the desired al-
dehyde via the corresponding diethyl acetal as described for
pheayipropiolaldchyde.  2,4,6-Trimethyiphenyipropiolaldehyde
dicthy! acetal was obtained in 579 yield, 39.5g, b.p. 131° at
1mmHg; NMR (CDCLx 8 1.27 (t, 6H, Me), 2.27 (s, 3H,
p-Me), 2.40 (s, 6 H, 0-Me), 3.77 (m, 4 H, CH)), 5.57 (s, 1 H, CH),
685 (3, 2H, Heu). Acid hydrolysis gave 24.6-trimethyl-
phenyipropiolaldehyde in 69% yield, 1885, bp. 100-102° at
0.5 mmHg, m.p. 31°; NMR (CDCly): 8 2.31 (s, 3H, p-Me), 2.45
(s, 6 H, 0-Me), 691 (s, 2H, Howy), 9.9 (s, 1 H, CHO).

4-Methylphenylpropiolaldehyde. Starting with 4-methylaceto-
phenone the above procedure for the introduction of the pro-
piolaldchyde group was used. The intermediate 1 - chioro - 1 - (p
- tolyDethylene, obtained in 63% yield, b.p. 75-80° at 13 mmHg;
NMR (CCQL): 82.23 (s, I H, Me), 5.37 (br s, 1 H, vinyl), 561 (brs,
1H, vinyl), 6.99 and 7.38 (AB, 4 H, J s  13.8 Hz) was converted
into 4-methyiphenylacetylene in 75% yield, b.p. 71° at 20 mmHg;
NMR (CCL): 8 230 (s, 3H, Me), 2.81 (s, | H, =CH), 6.89 and
7.14 (AB, 4H, Jaa=14Hz). 4Methyipheayipropiolaldehyde
diethyl acetal was obtained in 65% yield, b.p. 111° at 0.5 mmHg;
(NMR (CCL): & 1.3 (s, 6 H, Me), 2.33 (s, 3H, p-Me), 3.63 (m,
4H, CH)), 568 (s, 1 H, CH), 7.02 and 7.26 (AB, 4H, J\p=~
13.5Hz). Acid hydrolysis gave the desired 4-methyiphenyl-
propiolaldehyde as an oil which was purified by steam destil-
Jation; NMR (CCL): 8 2.9 (s, 3H, Me), 7.17 and 7.45 (AB, 4H,
Jan = 14.1 Hz), 9.33 (s, 1 H, CHO).

4,5-Diaryltriphenylenes. The syntheses of 4,5-diphenyitripheny-
lene 4™ and 4.5 - bis(3,5 - dimethylphenyl)triphenylene $* bave
been described.

1 - (24,6 - Trimethylphenyl) - 4 - (1 - phenyl - 9 - phenanth-
r)but -1-en-3- yucToaoohdthempbenylphoophomm
salt of 9 - bromomethyl - 1 - phenyiphenanthrene™ (2.0
J.Smmol)andonA,G-uimethylpbenylpmpiohldehyde(owg.
3.3mmol) in 50 ml of a mixture of MeOH/DMF (1:1) an excess
of NaOMc was added. After stirring overnight the trass-isomer
of the wanted product could be filtered from the soin. An
analytically pure sample of the traas-isomer was obtained by
column chromatography on silica using benzene/bexane (1:9) as
eluent, followed by crystaltization from abs EtOH. From the
original mother liquor the solvest was evaporsted and water was
added. After extraction with benzene, washing of the organic
layer with water, and drying over MgSO, , a mixture of cis- and
trans-isomers was obtained by column chromatography on silica.
The pure cis-isomer was obtained by repeated column
chromatography over silics, elution with beazene/hexane (1:19),
and crystallization from MeOH. Over-all yield 1.24 g (39%).

The cis-isomer m.p. 125-127°; UV, (CH,OH): 333 (Iou
402), 292 (4.52), 280 (4.50), 259 (4.68), [253nm (4.65)); NMR
(CS2): 8 1.95 (s, 6H, o0-Me), 2.22 (3, 3H, p-Me), 6.05 and 6.17



Chirality and conformational changes in 4,5-diaryitriphcnylenes

(part of an AB patiern, Jan = 11.7Hz), 6.71 (r 3, 2H, Hawd),
6.85-7.78 (m, 1 OH), 7.99 (m, 1 H, Hy), 8.22 (s, 1 H, Hyo), 8.58 (m,
1H, Hy, 8.66 (m, 1H, Hs). Found: C, 92.92; H, 6.39. Cak. for
CxHa: C, 93.90; H, 6.20%.

The trans-isomer m.p. 141-143°%; UV pe (CHy;OH): 344.5 (log €
4.45), 292 (4.52), 281.5-206 fiat (4.50), 260 (4.53), 251-253 flat
(4.31),[238 om (4.52)); NMR (CS): 8 2.21 (s, 3H, p-CH,), 235 (s,
6 H, 0-CH,), 6.24 and 7.55 (AB, cthylene, Ja3 = 159 Hz2), 6.72 (s,
2H, Hew), 7.28-7.71 (m, 4H), 7.40 (s, SH, Ph), 788 (s, 1H,
Hw), 8.06 (m, 1H, Hy), 8.51 (m, 1 H, Hy), 8.57 (m, 1H, Hy).
Found: C, 93.62; H, 6.36. Cakc. for CyHae: C, 93.90; H, 6.20%.

1 - (3.5 - Dimethylphenyl) - 4 - (1 - phenyl - 9 - phenanthryl)but
-1-en-3- yne 12 The Wittig synthesis of this diarylbuteayne
was performed analogously starting with the tripheayl
phosphonium salt of 9 - bromomethy! - 1 - phea

yipheaanthrene
(253 4.1 mmol) and an equiv. amount of 3,5-dimethyipheny}-

propiolaldehyde (0.65g). trans-isomer m.p. 126-128°; UV, -
MeOH): 341 (loge 4.46), 289 (4.57), [281 (4.55)], 259.5 (4.53),
[252 nm (4.49)); NMR (CS,): 8 2.23 (s, 6 H, 2CHy), 6.15 and 7.57
(AB, ethylene, Jan = 15.8 Hz), 6.90 (br s, 1 H, Hyun), 6.96 (br s,
2H, Heraa), 7.40 (3, SH, Ph), 7.3-7.6 (m, 4 H), 7.88 (s, 1 H, Hya),
8.01 (m, 1 H, Hy), 8.51 (m, 1 H, H,), 8.56 (m, | H, Hy). Found: C,
93.85; H, 6.22. Cak. for CxHae: C, 94.08; H, 5.92%.

1-(4 - Methylphenyl) - 4 - (1 - phenyl - 9 - phenanthryl)but - 1 -
al-3-yu¢13mobtlimd'nn:imihrmyuthcfm
oompoundsfmmthen-bbeny salt of 9 - bromo-
methyl - | - pheayiphenanathrene (2.1g, 345mmol) and an
equivalent monnt of 4-methylphen yde (0.5g).
trans-isomer m.p. 132-134°; UV, (CHyOH): 341 (4.48), 289
(4.59), [282 (4.58)), 259.5 (4.56), [252 (4.52)], (237 nm (4.50)); NMR
(CS2): 8 232 (s, 3H, CH,), 6.16 and 7.57 (AB, 2H, ethylene,
Jan =159 Hz), 7.03 and 7.23 (AA'BB’, 4 H, JAs = 8.THz), 742 (s,
SH, Ph), 7.88 (s, 1 H, Hy), 8.06 (m, 1 H, Hy), 8.54 (m, 1H, H),
8.60 (m, 1 H, Hs). Found: C, 94.23; H, 5.76. Calc. for CyHzn: C,
94.38; H, 5.62%.

4 - Phenyl - 5 - (4 - methylphenyl)triphenylene 5. A soin of 13 in
320 mg (0.78 mmol) of 12 in 11. descrated MeOH was irradiated
in a Rayonet Reactor at 300 nm for 22 br. After evaporation of
the solvent the results of three consecutive runs were combined,
and purified by column chromatography over silica using hexane
as eluent. The white material (208 mg, 65%) was crystallized from
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EtOH giving 7 as white noodies, m.p. 205-207°; UV ., (CHyOH):
289 (log ¢ 4.57), 268 (4.76), 260.5 nm (4.69); NMR (CS,): 8 8.53-
8.2 (m, 4 H), 7.62-1.29 (m, 4 H), 7.05-6.68 (m, 5 H), 6.60-6.30 (m,
3 H), 594 (m, 2 H), 2.0 (3, 2CH,). Found: C, 93.81; H, 6.17. Cak.
for CxHae: C, 94.08; H, 5.92%.

4-Phenyl -5-(4- mahylphayl)uipbalﬂues Asclnof 13in
MeOH was irradiated and worked-up under similar conditions as
used in the preparation of 7: yield 52%; m.p. 102-104° (EtOH);
UV (MeOH): 289 (loge 4.58), 269 (4.74), 258.5nm (4.68);
NMR (CS,): 8 8.33-8.20 (m, 4 H), 7.86-7.24 (m, 4 H), 7.0-6.77 (m,
TH), 6.44-6.15 (m, 4H), 2.22 (s, Me). Found: C, 94.04; H, 5.86.
Calc. for Cy Hz: C, 94.38; H, 5.62%.

4 - Phenyl - § - (24,6 - trimethyiphenyl)triphenylene 6. A soin
of 370mg of 11 in 1.25L deacrated MeOH was irradiated in a
Rayonet Reactor at 300 am for 40 hr. The solvent was cvaporated
from the dark yellow soin and the residue was purified by column
chromatography over silica using bexane as eluent. The mixture
eluted, containing mainly cis-11 and 6 in a ca. 4:1 ratio, was
dissolved in EtOH, from which soin 6 crystallized. Recrystal-
lization from MeOH gave pure 6, m.p. 213-219°; UV,
(CH,OH): (283 (og e 453)]. 269 (4.75), [262nm (4.70)]; NMR
(CSy): & 8.50-82 (m, 4 H), 7.58-7.33 (m, 4 H), 7.11-6.88 (m, SH),
6.57-6.29 (m, 4H), 2.17 (s, Me), 1.33 (s, Me), 0.67 (s, Me).
Found: C, 93.51; H. 6.48. Cak. for Cy;Hax: C, 93.80; H, 6.20%.

The monobromination of 7 and 8 with N-bromosuccinimide
was conducted in the usual way in CCl, as a solvent. After
filtration of the succinimide the products 9 and 10 were purified
by careful elution from a short silicagel column.
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