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CHIRALITY AND CONFORMATIONAL CHANGES IN
4PHENYLPHENANTHRENES AND
1-PHENYLBENZO[c]JPHENANTHRENE DERIVATIVES
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Abstract—NMR data of several 4-phenylphenanthrenes (15, 16) have revealed that the crowding in these
compounds does not lead 1o chirslity at temperatures as low as —90°. The easy rotation of the phenyl substituent
observed by NMR implies that notwithstanding the phenanthrene moiety in average behaves as a planar part the phenyl
group does not expenence steric hindrance.

The analysis of temperature-dependent NMR spectra of several derivatives of 1-phenyibenzoiciphenanthrenes
{17-29) indicated that in these compounds exchange processes do occur. By cakulations of the free encrgies of
activation from the NMR data two processes could be distinguished: rotation of the phenyl substituent at one side
of the helical benzolciphenanthrene moiety, for which AGY, is ca. 13.0kcal/mol or slightly larger whea bulky
substituents are present at C,, and racemisation by a rotation of the phenyl group around the opposite end of the
benzofclphenanthrene skeleton with simultancous inversion of the helical conformation. For this process AGL. is
ca. 16 kcalimol. The results have been compared with comparable data of related compounds like |S-diphenyl-
naphthalene, hexahelicene, and 4-methylbenzofc] phenanthrenes, and gave evidence for the remarkably small,

space-demanding properties of the phenyl substituent in these compounds.

In the last two decades several aromatic molecules have
been found which normally should be expected to be
planar but which have groups interfering with that
geometry. Such compounds (Scheme 1) possess chirality,
and can essentially be resolved when the activation energy
between the enantiomeric forms is sufficiently high.
Extensive investigations into the conformational' and
chiral® properties of the helicenes (2. 3 and higher ben-
zologues) have revealed that the benzene ring is surpris-
ingly soft against twist; no great strain seems to be
present in this type of compounds, and all of them
racemize rather easily at ca. 200° (2 even at room
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temperature). Martin et al. demonstrated® that the race-
misation process does not involve breaking of any C-C
bonds, and determined the free energy of activation for
racemisation (AGm.) of several helicenes (Table 1). Ob-
viously, the flexibility of the helical conformation in-
creases with the number of benzo-groups ordered in
circular fashion; stronger interference between the
opposite ends in the larger helicenes does not lead to a
proportional increase in AG .. Accordingly, the double
helicene 4 has a relatively low AG 5.-value.* The flexibility
of such aromatic systems has also been observed by
Wijnberg® and Allinger.*
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Table 1. Free energy of activation for racemisation (AG . ) of chiral aromatic compounds

Comnound ‘G;ac machanism marhod ref.
tkeal/mol)

L. 7,8-dihydro-~dibenzo fc,q) 30.4 ring inversion polarimetry  a

shenanthrene
2. dibenzo k.q] phenanthrene (penta-

helicenc) 4.1 skelezon inversion polarimatey b
3. hexaheliceny 36,2 skeleton inversion polarimstry <

heptahalicens £1.7 skeleton inversion polarimetry -]

octohelicene 42.4 skaleton inversion polarimetry [

nonahelicens 43.5 skeleton inversion polarimetry ¢
4. diphenanthrs [‘ BT 5 A | ‘~c>}

picene ' ca. 98 skaleton inversion  polarimetry a
3. 4,5~dimathyl~9%, 1 0~3ithydro-

phenanthrene 23.5% ring inversion polarimetyy .
ﬁ- 1,4,%~trimathylphenanthryl~8

acetic acid 23.4 skaleton inversion polarimetry t
1. 4-carbomethoxy-5-carboisonro- i

poxy~henanthrene 14.3 skeleton invarsion nmr q
8a. i-methylbenzo c]nhenanthrene ca. 2 skeleton inversion nolarimetry h
gb. 1-fuoco- 1 2-methylbenzolc jphenan—

thrane 31.5 skeleton inversion opolarimetry i
8c, l,xZ-dLmethyzbcnzo[c}phunanthrana stable skeleton inversion nolarimetry b]
2&. 1,1~binanhthyl 23.% rotation polarimatry X
Jbo. 1,1'-binaphthyl-J,8'-dicarboxylic

actd 238 rotation polarimetey k
Je. B-methyl-1.1'-binaphthyt 272 rotation polarimetry
10. 1,8~di-tere.butylnanhthalene 224 skeleton inversion amy 1
1}. 1-ohenyl-3-m{2-hydroxy-2-nronyl)

phenylnaphthalene 16 rotation nmr -
12, 1,8-bis{o~tolyl)nanhthalene ca, 24 rotation nmr n

-
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) This value is estimated from the data given in ref. 13 and comparison with the value from 6.

a. DM,
b. ref. 2;
c. ref. 3;
d. ref. 4;

Hall and E.E. Turner, J. Chem. Soc. 1242 (1955}. DM, Hall, J. Chem, Soc. 3874 (19336);

e, X, xisiou, R, Graeve, A.J, foedon and A.H. Wahl, J. Amer, Chem. Soc. 8§, 1733 (1964);
f. M.S. Nowman and A.S. Hussey, J, Amer., Chem. Soc,, 63, 3023 (1947);

. R, Munday and .0. Sutherland, J. Chem. Soc., B 80
h, ref, 13;
1. M.5. Newman, R.G.

j. ref, 16;

k. M.4. Harris, R.Z. Mazenqo and A.S5. Cooke, J. Chem, Soc. €,

cited tharein;
1, ret, 3:
m, ref, 9;
n. ref, 16,

In most of the other examples given in Scheme | the
non-planar structure is not casued by crowding of parts
of the aromatic system itself but by steric interference of
atoms or groups bound to the aromatic skeleton. In that
case deformation of the polynuclear frame-work can be
accompanied by bending of the relevant substituents out
of the “plane” of the aromatic moiety. Sometimes
AGh-values strongly depend on the nature of the
substituents in the overcrowded region as is illustrated
by the data of 6 and 7, and of the binaphthy! derivativest
92, band ¢

* The naphthyl derivatives 18-12 show that differences
in the nature of the racemisation process depend on the

tRecently an analysis of the inversion of %a by molecular
mechanics has been published.”

Ti268) ;

Mentzer and . Slomn, J. Amer, Chem. Soc. 85, 4018 {1963);

2578 {1967) and references

substituents. In chiral 16 containing spherical substi-
tuenats racemisation occurs by inversion of the defor-
mation in the naphthalene moiety; AGn. is at least
24 kcal/mol, much higher than the energy bamier for
rotation of the t-Bu groups which is only 6kcal® In 11
and 12, containing planar substituents,”'® however, the
planes of the pheny! groups are at right angles to the
naphthalene moiety; racemisation proceeds via rotation
of the pheny! substituents which requires more epergy
than the conformational change by “fipping” of the
naphthalene residue (24 and less than 9 kcal, respectively,
for 12).

We have extended these resuits with investigations.on
two other, possibly chiral systems, viz. compounds
derived from 4-phenyiphenanthrene (13), Mistinct from
known, non-planar phenanthrenes by the presence of
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only one, relatively large but planar substituent in the
overcrowded area, and substitution products of I-
‘phenylbenzo{clphenanthrene (14) which are structurally
intermediate between 3 and 11 or 12. They differ from 11
and 12 by fixation of one of the phenyl substituents, and
reversely {from hexahelicene by the possibility of, prob-
ably restricted, rotation of one of the belix ends. In both
cases analysis of NMR spectra was used to establish the
occurrence of chirality. and to investigate whether race-
misation when occurring. proceeds through rotation or

QO QO

4-Phenylphenanthrenes

Two kinds of 4-phenyiphenanthrene derivatives were
investigated:

(1) Compounds containing a variable substituent at C,
and in addition meta-methy! substituents in the phenyl-
group in order to simplify the analysis of the NMR
spectra 15e-¢. It appeared that in all three compounds
the chemical shift of the singlet for the methyl groups at
room temperature (5 = 2.32, 2.18 and 2.36 respectively)
did not change on lowering the temperature to ~ 90,
Apparently free rotation of the phenyl groups remains
possible at this temperature.
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(2) Compounds having a methylene group at C; which
should lead to diastereotopic protons when chiral forms
do exist (16a.0). Also in this case the singlet of the
methylene group at room temperature (§ = 4.42 and 4.49,
respectively) remained unchanged at — 90°.
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It must be concluded that 4-phenylphenanthrenes.
even when a relatively large substituent is present at C,
(15% and ¢). are not chiral at temperatures as low as
~90". The energy barrier between imaginable enan-
tiomers will be in the order of 6 kcal/mol, a value based
on NMR data found for the methylene protons in the
comparable compound 200 (see below: A8 =12Hz,
Jas = 12Hz), and on a rough estimation of the coales-
cence temperature (T.) of 16 (far below - 100°). The low
barrier sharply contrasts with that found for 8, 6 and 7, in
which crowding in the overlapping area seems at first
sight of comparable magnitude. Free rotation of the
phenyl group in 1S and 16 must therefore imply that
notwithstanding the phenanthrene moiety in average
behaves as a planar part the- phenyl group does not
experience steric hindrance. ’

1-Phenylbenzo|cliphenanthrenes
A similar study as described in the previous section
was done with the compounds 17-29.
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The NMR spectrum of 17¢ in tetrachloroethylene
(TCE) above 58° shows a sharp singlet for the Me groups
at 8 1.76 ppm. The singlet at 6.20 for the ortho protons in
the phenyl ring is broadened by meta coupling. At - 24°
both signals have been split up in two signals of equal
intensity. The coalescence temperature (T.) for the CH,
signals is 6°. for the ortho protons ca. 25°. Qualitatively
similar results were obtained with compounds 17a, b and
d. but T. is higher for 176 and 4 (Table 2). In all
compounds rather large differences between the §-values
of individual Me groups as well as ortho protons are

Table 2. NMR data of methy! groups and phenyl protons of some 1 - (3.5 - dimethylphenylibenzo(ciphenanthrenes

(170-4) in CS, and tetrachloroethylene (TC

E) at measuring temperature (T_) indicated

Compound| solvent 8CH, 4 reno Moara 7, (%) 1c(cu3w
17a cs, 2.39}1.50 | 7.47} 5.55 6.42 -21 +3 I
TCE 2.41 ) 1.57 5.67 6.47 -21 +13
17D TCE 2.36 L 1.57 a 5.48 6.38 *12 +53
1:7c CS‘»2 1.93 1 1.5% a 5.%6 6.21 =30 *2 |
TCE 1.96 1 1.56 | 6,82 S.64 6.24 -24 6
174 cs, 2,35]1.57 | 7.69]5.29 6.21 +13
TCE 2.3711.57 | 7.79 | 5.30 6.39 +30 +66

% These absorptions are overlaoped

other nrotons.

by’
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found at lower temperatures; those lying opposite to the
terminal ring of the benzo{clphenanthrene moiety
experience strong shielding and give rise to signals at
higher field. It is remarkable that these signals (8 ca. 1.55
and 5.5 ppm) measured in the same solvent are nearly
independent of the substituent at C; For most
compounds the position of the signal for the Me group at
the other side of the phenyl ring is also rather constant;
only with 17¢ a substantial upfield shift is observed
which can be ascribed to & shielding effect of the 2.
phenyl group (a similar but smaller effect is found on the
para proton). The signal of the ortho proton which is in
the very neighbourhood of the C-substituent is more
variable; in 17¢ it is shifted upfield over 0.65ppm in
comparison with 17s by shielding of the phenyl substi-
:aeifnt; in 17d the large iodine atom causes a downfield
t. .
In contrast to these large shift differences of the
protons of the phenyl groups the 8-values of the protons
of the benzo{clphenanthrene moiety remain pearly
temperature independent. The chemical shifts for Hy and
Hio are nearly constant in the whole series of
compounds investigated (17-28); those for H,, and Hy;
lying in the inner core of the helix exhibit only small
diffecences (Table 3). The values do alse not deviate
much from those of the parent compound 14. Ap-
parently, 14 is already in such a helical conformation that

W. H. LAARROVEN ¢f al.

the introduction of substituents at C, (in 17) or Cy, (in
19) and of Me or even larger groups at the meta positions
of the phenyl substituent (in 17 and 18) do not lead to
turther deformation of the polycyclic framework.

The temperature dependence of the NMR spectra of
the compounds 17e-d points to a fast exchange process
at high temperatures. Three different modes of confor-
mational change can be considered:

(1) The I-phenyl substituent rotates around its bond to
the benzolcjphenanthrene system at one and the same
side of the plane of the polycyclic moiety (Scheme 2:
T= 1L Hl#IV). This motion does not lead to racemisa-
tion.

(2) The deformation of the benzofc]phenanthrene
moiety inverts, one end flipping up and the other end
down, where the phenyl ring rotates in an independent
motion as described under i (=21 +1V; lIe2 1V + HI).
This leads to racemisation.

(3) The 1-phenyl substituent rotates and slips at higher
temperatures along the beazo{clphenanthrene moiety via
a transition state (V) in which the planes of both parts
are perpendicular. This motion leads also to racemisa-
tion.

Ie order to differentiate between these possibilities the
NMR spectra of the compounds 18-29 containing dias-
tercotopic protons were measured at various tempers-
tures (Table 4). The NMR spectrum of 18 at low

Table 3. Chemical shifts in ppm of substituted 1 - phenylbenzo{c)phenanthrenes at S0*

Compound sclvent 39 n,o ”xx L "or:ho CH3 CH,
ES Cs, 7.55 7.08 6.79 7.72 - -
{Za TCE 7,10 6.81 7.74 6.61 1.97 -
17% TCE 7.08 6.88 7.91 1.97 -
E]c k 3.9¢ 7.52 7.04 6.77 7.83 6.20 1.7¢8 -
174 e 7.51 T 6.94 7.81 6.56 1.96 -
%} CS2 7.11 6.88 1.95 [4.13
ggn cs2 + 7.21 - 6.94 - 4.37

cncx,
190 cs, 7.09 - 6.85 - 4.28
gec CS2 7.06 - 6.80 - 4.23
20a CDC!.3 7.10 6.886 6.88 - 5.01
{pb cs, 7.10 §.80 I 6.84 - 5.58

Table 4. NMR data of the diastereotopic methylene protons and some other protons at low temperature (T,.) of the

compounds 18-20 _

o o
compound | solvent T‘( C) ‘cn2 {ppe) JAB(Hz) Tc{cnz) other protons |T,("C)
18 csz -52 4.54; 4.45 9.5 +158 CH3x 2.44:1.57] «15

L d
3.63; 3.82 9.5
{gl C820CDC1] -43 4.39; 4.37 9.5 +65 “notn’ 7.48; +5
£.54
19 cs, ~-40 4.34; 4.32 12,0
CCL‘ -10 4.34; 4,32 12.0 +48 "notl’ 7.04; +«14
6.28
ggc C52 -60 4.22; 4.13 12.5 +48 Hno:a’ 7.30; *4
6.31
a?b C82 -82 $.52: S.41 12.0 +55 Rmata* 7.3 -4
6.40
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temperature (- 52°) shows two signals for the Me group
and two AB patterns for the methylene residue. The
intensity ratio between the Me-signals as well as the
CHysignals is about 5:4, pointing to an unequal popu-
lation of diastereomeric forms (e.g. [ and 1, or [ and IV).
The higher intensity is found for the Me signal at higher
ficld (8 = 1.57 ppm) and the methylene signal at lower
field (8 = 4.54 and 4.45) suggesting that the bromomethy!
group is preferably at the outside of the helical structure
(e.g. position B in I). The shift difference between the
methylene protons in the less intense signal (8 = 3.63 and
3.62) is very small. Probably the Br atom is turned away
form the benzophenanthrene moiety when the bromo-
methy! group comes into the overcrowded region (posi-
tion A in [). The methylene protons are then at nearly
equal distance from the opposite ring, thus experiencing
nearly equal shielding effects. The other AB pattern is
better resolved as the bromomethy! group can rotate
more {reely when being at the outside of the helix.

At higher temperatures { > 50")oth the Me as well as
the methylene signal appear as sharp signals. Evidently
18 racemizes at higher temperature and the observed
exchange process is not only rotation of the phenyl
substituent. The coalescence temperature for both
groups of protons is about 15°. Due to the small shift
differences within the AB patterns it could not be
observed whether conversion of two AB patterns to one
{rotation) and conversion of an AB pattern to a singlet
(racemisation) occur at the same temperature or have to
be considered as separate processes. Unfortunately the
NMR data of most of the other compounds (19a,b, 28a)
did not answer this question. The shift difference in the
AB pattern of 19a is very small, probably for a similar
reason as given for the high field CHy-signal in 18. The
CHysignal of the alcohol 19b is badly resolved, even in
the presence of a shift reagent as a consequence of
broadening by H-bonding. The CH-signal of 28a remains
even completely unresolved. Only 1% and 26b gave AB
patterns with differences large enough to determine T,
rather accurately.

Notwithstanding the small values of 19a and 190 all
compounds have been used for calculations of the free
energies of activation for the exchange processes obser-
ved. To that aim exchange rates (k,) were determined
with the equations: k, = x(84)/v/2; (1) (for uncoupled
protons: Me in 17 and 18" and k=
#{(3A) + 6J.4a°1'*1/2; (2) (for coupled protons: CHa, in
18-28, H..o in 19 and 20). AG*-values were then
obtained from the Eyring eqn (3) taking the transmission
coefficient as unity because the occurrence of an inter-
mediate is improbable:

AG* =4.57T.(10.32 + log T./k.). 3)

For the compounds 17s-d AG®-values were also
determined by simulation of the Me-signals which are
broadened by the exchange reaction. With the NMRTW?
program the spectra were calculated and pictured on a
screen by a POP-11/45 computer, Vector General Dis-
play, General Purpose Graphic System Software, using
(T20)"' = 2.5 Hz. The life time = was found by trial and
error until form and position of the singulets were iden-
tical with the experimental data. From these r-valuves (10
values for each compound) the activation parameters
were calculated with the eqn (3).

The AG®-values obtained by the two methods ap-
peared 10 be equal within the accuracy of the methods

used (Table 5). For the compounds 1%-20 the values
based on the diastercotopic methylene protons, which
concern an exchange process leading to racemisation, are
significantly larger than those based on phenyl protons,
which concern rotation of the phenyl substituent. On the
whole, the iatter are rather equal to those found for the
exchange process in 17-18 which must also be a rotation
of the substituted pheny! group. The higher AG .-values
for 17 and d can be ascribed to the additional steric
hindrance of the rotation caused by the 2-methyl- or
2-iodo substituent in these compounds. It deserves
attention that the 2-phenyl substituent in 17¢ does not
lead to such an increase of AG .. This may be ascribed
to the disc-like shape or a more flexible character of the
phenyl §roup.

The AG,,,-values of the compounds 17a and ¢, 18-20

‘are much lower than those found for 11 and 12 (Table 1).

An explanation may be that in the benzo[c]phenanthrene
derivatives the helical form of the molecular framework
allows more space to the pheny! substituent than the less
deformed structure of the naphthalene derivatives. In
previous work'? we found that even in pbenyl-substi-
tuted pentahelicenes like 21 relatively low AG,..-values
are found: 16kcal/mol for C,.phenyl rotattion;
10 kcal/mol for C,y-phenyl rotation.

0
QO

H

The racemisation process

AGn. of 19-20 is' very much lower than AG:. of
hexahelicene (3) which racmises according to Martin et
al. via a non-planar but achiral, intermediate state.”® The
absence of a fixating bridge at one end of the helix in
{-phenylbenzo{cjphenanthrenes (14) provides these
compounds with another pathway of lower energy to
reach their enantiomeric forms. The energy barriers
found are of the same order as that of 11 which should
racemise by rotation of the pbenyl groups in a cog-
wheellike movement” Applied to  1-phenyl
benzo{clpbenanthrenes the mechanism might be
described by the transformation 1—[V]—IV (see
Scheme 2). Apparently, the I-phenyl-substituent has
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Changes in 4-phenyiphenanthrenes and 1-phenyienzo{ciphenanthrene derivatives 5

special properties which contribute to a relatively low
energy  barrier in  this process: for l-methyl-
benzo{clphenanthrene (82) AG . = ca. 2 kcal/mol.” In
the foregoing it has been suggested that these special
properties concern a larger Sexibility in comparison with
Me (and other) substituents.

Another explanation of the low AGn.-values of
derivatives of 14 might be that the ground-state energy of
the benzo{clphenanthrene moiety in 14 is higher than in
$. This could be excluded, however, by calculations
using the Warshell programme.™ in which the ground-
state conformations are found by minimising the energy.
The results are given in Table 6. The reliability of the
programme was checked with 45- and 2.7-dimethyl-
pbenanthrene, the energy difference of which
{13.6 kcal/mol} is in good accordance with that from
heats of combustion’ (12,5 = | kcal/mol); and with 1,12
and $B-dimethylbenzo{cjphenanthrene, for which the
same is true (104 and 11.02 1.5 kcalimol, respectively).
The calculations revealed that the benzo{clphenanthrene
moiety in 8¢ and 14 have nearly the same ground-state
energy. The small difference found (1.9 kcal/mol}
cannot expiain that $¢ does not racemise at all below its
decomposition temperature' (280°) whereas AG . for 14
is only ca. 16 kcal/mot.

So, it seems that the resemblance in steric properties
between a methyl substituent and a fused benzo group in

polycyclic aromatics previously found by Newman'
cannot be extended to a freely rotation phenyl substi-
tuent. In a way the Iatter behaves, at least in the systems
investigated, as a less space-demanding group. With
respect to the crystaliographic dimensions of methy! and
pheny! groups this could not be expected a priori.

EXMERIMENT AL

For the recording of spectral dats the following spparsius was
used: A Varian MAT SM2B mass spectrometer, s Beckmas
DKZA or a Cary 15 UV spectrophotometer, a Perkin-Ebner 254
IR instrument, and & Vanian HA100 NMR instrument. M.ps were
determined with a Leitz m.p. microscope, and are uncorrecied.

The synthesis of the compounds 1Se-¢ and 174 has been
described previously.

7 - Bromomethyl - and 7 - kydroxymethyl - 4 - phewyl-
phenanthrene. (Scheme 3, 16a and 168). 26 - Dimethyl
naphthalenc was treated with N-bromosuccinimide (NBS) in
CCl,. The monobromide 22 thus obtained (m.p. 90" was con-
verted into its triphenyl phosphonium-salt by reflux with an
equimolar amount of (C;H, )P in tylene for 4hr. The salt (m.p.
272, yield 60%) was used in a Wittig reaction with pbenyl-
propargylaldehyde in MeOH as the solvent.” The resulting
butenyne 23 was obfained in 7% (m.p. ¢is 23: 153%; troms 25:
159",

Irradiation of 23 in hexane at 300 nen for 6 hr gave 24, It was
purified by chromatography oo Al,0, with hexanejtoluene (3: 1)
as the elvens and crystallisation from MeOH Yield: 50%: m.p.
144, mie: 268 (100%), 253 (63%); UV: A, (log ¢) in MeOH, 297

Table 6. Energies calculated with the Warshell program

compound total enerqy cnerqgy of the banzo ¢ =ahenan-
{kcal/mol} threne nOXcty’ {kcal/mol)

4,5-dimethylphenanthrene -3529.4

2,7-dimethylphenanthrene -3543.0

1,12-dimethylbenzo{c] phenan-

threne (8c) ~4321 .4 -3733.6

5,8-dimethylbenzo[c] phenan-

thrane ~§331.8 «3740.5

benzo[c]phenanthrene «3741.6 ~3741.6

I-phenylbenzo[c] phenanthrane

(14) ~4974.9 -3731.7

3-phenylbenzo{c]phenanthrene | -4988.0 ~3740.6

® These values are found by replacement of the substituents by hydrogen
without changing the conformation and taking the C-if distance 1.08 A.
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(4.11): [2774.39)]. 256 (4.67), 223 (4.66), 204 (4.57): NMR (CS,,
TMS): 8 232 (3H, 5, CH,), 6.76 (1H. d, H,), 7.28 (SH. s, C,H,),
1.17-7.53 (6H, m), 766 (1H. d, K,).

Brominatios of 34, with NBS gave the product 16a i 61%
yield, m.p. 132-134%; UV: A, flog e} in CH,0H, (290 (4.22)}, 264
{4.69), 2.27 (4.50), 2.04 (4.46); NNIR (CS,, TMS): § 442 QH. s,
CH,), 694 (1H. 4, H,), 7.21-764 {11 H. m), 770 (1H. 4. H,).

The bromide 16e (90 mg) was dissolved in $ mi ethylene glycol
monoethyl ether, A soln of AgNO; (110 mg) in 10mi water was
added, and the mixture was refluxed for 30 min, After fltration
and evaporation the residue was distilled with steam, extracted
with ether, dried, and again evaporated. The resulting 160 was
purified over a silicagel column, yviekd: 13%: m.p. 106-108*; m/e
284 (M 32%); NMR (C,CL,, TMS): 8 1.97 (1H, s, OH), 429 (2H,
s, CH,). 689 (1H, d. H,). 7.28 (SH, s, CH,), 7.27-7.62 (6H, m),
7.69 (1H, d, H,).

- (3 - Bromomethyl - 5 - methylphenyl) - benzo{clphenanth-
rene (18). Treatment of 1 - (33 dimethytphenyl)-
benzofclphenanthrene'™ with one equivalent of NBS gave
the monobromination product I8 coataminated with some
dibromo-product and starting material. By chromatography over
a short column of silicagel and crystallisation from MeOH the
contaminations could be eliminated for the greater part. Only &
shight amount of the dibromo derivative has remained. M.p.
65-6T; mie: 412, 410 (M*, 679%), 331 {M"-Br, 100%).

11 - Substituied | - phenylbenzo{clphenanthrenes. (Scheme 4,
199-¢). Iradiation of 25 in bexane in the presence of 4 mol% |,
pave 16 in 70% yield. It was purified by columnchromatography
over silicage! with hexane/toluene (8: 1) as the cloens and crys-
taflisation from MeOH (m.p. 146,

Bromination of 26 with one equivalent of NBS ia CCl, gave
6% of 27 which was converted mwmmphcnyipbospbmmm
it (mp. 290" by treatment with (C.HLP in xylene under
reflux. The Wittig reaction of the salt with phenylpropargyiaide-
byde resuited in 28, m.p. (trans 28) 141°; mie: 318 (M°, 39%), 303
{(M°-CH;. 100%).

Irradiation of the isomer mixture of 28 in benzene at 300 nm
for 10hr gave 29, m.p. 170°; mle: 318 (100%); UV: A, (log ¢) in
CH,OH. {310 (4.14)], 289 (4.59), 282 (4.58), [250 (4.29)), 229 (4.66).
205 {4.65); NMR (CCl,. TMS): &8 2.10 (3H. s, CH,), 685 (SH,
broadened singlet, CH,), 6.88 (1H, d, H,,). 7.40-785 5H. m).

Bromination of 29 with NBS resulted in the product e, which
was purified by columnchromatography on sificagel using
bexanefioluene (8:1) as the eluens and crysiallisation from
E1OH. m.p. 200-202°: mje: 398, 396 (M°. 21%). 31.7 (100%) UV:
Apng, (log €) in CH,OH, [325 (4.01)], 2.92 (4.67), [285 (4.64)), 232
{4.70): NMR (CS, + CDCl,, TMS): 8 437 (2H. I 4 = 16 Hz, CH,),
6.94 (SH, broadened singlet, C H,), 7.21 (1H, d, H,,), 7.55-7.9¢
OH, m).

The second product 1% was obtained from 1% in 3 similar
way as 160 from 16a. yield: 40%; oil; mie: 334 {M°, 100%); NMR
(CS,. TMS): 8 4.28 (2H, ], = 12 He, CH,). 685 (SH, broadened
singiet, C.H,), 709 (1H, 4, B,p). 7.51-7.90 (9, m).

By a similar procedure, but using ethyleneglycol monomethyl
cther and water in the ratio 10:1 19 could be converted in the
product 1%, yvield: 42%; oil; mie: 392 (M°. 10%), 391 (M"-I,
56%;, 266 (100%); NMR (CS,, TMS): 83.21 (3H. s, OCH,). 338
(4H, m. CHyCH,), 423 (H, ], = 125Hz, CH,). 6.80 (SH.
broadencd singlet. C,H,), 7.06 (1H, d, H,,), 7.46-7.87 OH. m).

8 - Substituted | - phenyibenzo{ciphenanikrenes. (Scheme S,

CHgBe
7
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Changes in 4-phenylphenanthrenes and 1-phenylbenzolclphenanthrene derivatives m

20a and ¥). Cis @ - phenyl - p - methykinnamic acid was
obtained from p - toluakdehyde and phenylacetic acid.® It was
converted into its methyl ester (m.p. 919, and the ester was
irradiated in hexanc at 300nm for 20kr in the presence of
$mold% 1,. The irradiation mixture contained in addition 10 the
desired product M, some trans-38 and an acid fraction. By
repeated columnchromatography on silicagel. checked by NMR,
the pure phenanthrene derivative 31 was obtained in 48% yield,
m.p. 52-54°; mie: 250 (M°, 1009%); UV: A, (log ¢) in CH,OH,
304.5 (4.12), 256 (4.65), 235 (4.42), 211 (4.41): NMR (CCl,, TMS):
& 2.17 (3H, s. CH,). 3.78 (3H. s, OCH,), 6.89-7.26 QH. I, =
8Hz H,, H,). 737 (1H. t, H,). 745 (IH, . H,), 7.85 (1H, s, H,).
8.05 (1H, s, H,,), 820 (1H, d. H,). 899 (1H. 4. H,).

The conversion of 31 into 32 (m.p. 112-114"), 33 (vield 81%,
m.p. 253*) and M (yield 63%. mp. cis-33: 93-95%; trams-33:
98--100") was done in the same way as described for the synthetic
sequence 26— 28.

Irradiation of 34 in benzene at 360 nm for 30 hr gave 38. M.p.
206%; mie: 362 (M°, 100%). UV: A, (loge) in CH,OH, 292
(4.63), 231 (4.60); NMR (CDCl,, TMS): § 40 (3H, 5, OCH,), 6.88
(JH. 1, H,,). 6.92 (SH, broadened singlet, CH, ). 723 (1H. 1, H,),
7.61-7.96 (6H, m), 8.50 (1H, s, H,), 868 (1H, d, H,).

The ester was saponified, the resulting acid (m.p. 265-266") was
dissolved in ether with a small amount of benzene, and reduced
with LAH, giving the product 20 in 90% yield. Without
purification this was heated with Ac,0 and NaOAc on a boiling
water bath for 4 he. The mixture was treated several times with
N2,CO, to remove unreacted anhydride, extracted with ether,
dried over MgSO,. and evaporated. The residue was purified over
silicage! giving the acetyfated product 208 as an oil in 45% yicld,
mie: 376 (M*. 100%); NMR (CS,, TMS): 82.04 3H. s, CH,).
$.55-5.61 (QH, J.a = 12Hz. CH,). 680 (1H, t, H,,), 684 (SH.
broadened singlet. C H,). 7.10 (1H. . H,,), 7.47-7.85 (8H, m).
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