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" Absolute Asymmetric Synthesis. I.vOn the Mechanism
:bf the Photochemi cal Absoluté'ASymmetric Synthésis
‘of Helicenes with Circularly Polafized Light.
| Wavelength Dependence of‘the Optiéal Yield of

Octahelicene

' William J. Bernstein, Melvin Calvin*, and Ole Buchardt

_ Contribution fram the Laboratory of Chemical Biodynamics,

Lawrence Radiation Laboratory, aﬁd'Department,gﬁ Chemistry,

Uhiveréity gg‘Célifornia,lBefkeley, California 94720, and

~ Chem Lab II, The H. C. ¢r$ted Ihstitute, University of

.Copeﬁhagen;jUhiversitétsparken §, DK-2100 Copenhagen,

.Denmafk;

Abstract: The synthesis of nonracemic yields of hexa-, hepta-, octa-,
qnd-nonehéliéene with ciréﬁlar light was obsérved, and the structural
and.wavéiength dependence of the induced opticaliyields was examined.
‘The results 6btained, together with a detailed consideration of thé_
mechanism of helicene synthesis fromrthe parent diarylolefins, indi--
'éate that the induced optical activity is due to seleétive reaction of
enantiomeric confonnétionsvof'the parent cis diarylolefins by.circular

light.
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. Nunerous”attémptsvhave been nade to induce'asphmetric synthesis in
1otochmu1cal reactlons by employlng c1rcularly polarlzed 1l”ﬂt
}Untll recently, however, the rotatlons found were marglnal, and rn.no
caSc was the source of the rotatlon po>1t1vely 1dent1f1ed v Furthermore,
1n only one experlment4 were opp051ng rotatlons found with rlgnt and
left c1rcularly polarlzed llght (RCL and LCL), and in thls case the
. optlcal act1v1ty dlsappeared upon prolonged 1rrad1at10n -All recent.
attempts to reproduce many -of these. results ‘have falled
After the work reported here was completed Moradpour et al
reported that irradiation of. compounds Ia and Ib leads. to. .nonracemic
ylelds of hexahel1cene N | ‘
We w1sh to: report 1rrad1at10ns of the l 2 dlarylethylenes (I-1V). in.
the presence of 1od1ne to the hellcenes VI- -IX- with LCL and RCL 7- lO

All resulted in the formatlon of an unequal mlxture of enantlomers of

the respectlve hellcenes (Scheme l)

Results and Discussion’

| | Wlth each of the substrates I- IV two samples were 1rrad1ated under
}1dent1cal condltlons w1th RCL and LCL, and except for the mar01nal
Optlcal act1v1ty reported for 1rrad1at10n of Ia, 51gn1f1cant optical
act1v1ty-was observedv :

Equal and opp051te rotatlons were obtalned 1n the products resulting

o from 1rrad1atlon w1th RCL and LCL and the compounds respon51ble for the

'optlcal act1v1ty were 1dent1f1ed by chromatooraphy and by the characcerlstlci
snape of the 1nduced ORD and CD curves as the expected hellcenes (Table I).
In. each case it was found that 1rrad1at10n w1th LCL led to a posltlve

rotatlon, whereas 1rrad1atlon W1th RCL led to a negatlve rotatlon



D + L conformations = D + L conformations

1 -Phenyl -_2-Gl-benzo[c]_phenanthryl) ethyiene (Ia). — ,Hexahélicene (V1.

1'—(2- (Naphﬂlyl) —2{3—pheﬁanthry1)éthylené (Ib) = —= Hexahelicene (VI).

1- ("2_-Naphthvyl)v -2- (a-benzo [c]- | | o o
-.phenanﬂlr)?l) ethylehé' (ID) —}« Heptahelicene (VII) -

| 1-( S;I’h'enénthryl) -2- (;i -benzo[c] - ‘ | |

: phenanthryl)ethylene 1(I II) —» Octahelicene (VIII).

1,2-bis- (@ -Benzo[c] phenanthryl)'ethylehe (V) = Nonahelic.éne (IX).



Tabie'i,"lffadiatien 0f,1,2-Diarylethyleheshwith Circularly Pclarized

' ~Lightls'
Stafting N }bx1mum Rotatlon (1n ) © Time (min) - % Conpletion
S g SRR R - . . : c,d
Material® between AT Itradiated. . of Photolysis"’

N and A, (mn)

. 1a® 0.0007 % L0004 500 -400 . 30 50
b 0.0086 T_.0004'? s00 =370 30 0
1T 0.0044 : 0004 s -38 20 30

S II . 0.0100°% 0004 520 -385 45 60
CIT . 0.0132 T .0004 520 - 385 90 g0
IIT  0.0174  .0004 500 -410 -~ 60 30
C1rrf 0.0320 F L0004 s00 - 410 120 30
IV 0.0144 T L0004 500 <415 120 15

a. 1 mg/ml except when. otherw1se stated
b. Recorded with the Cary 60 recordlng spectroeolarlmeter in the "ORD node
, The rotatlon are expressed as the dlfference between the two . curves
1'cquallzed at‘hl, from the samples 1rrad1ated with LCL and RCL, respecttvely;
j;gi_ the last entry in the taole 1nd1cates that the scan for both
samples was started at the same ordlnate on the chart at SOO nm (Al), and .
that at. 415 nm (Az) thc curve of the’ sample Arradiated w1th LCL was 0. Jl44°e
bove the one of the‘sample 1rrad1ated thh RCL All rotatlons were
nie sured in a2 an quartz vessel. | |
’Completlon estlmated by tlc.

a. The hellcenes were 1dent1f1ed by thelr 91% spectra and by. comparlson
of thelr ORD . spectra W1th those of luthedtlc samples Also the CD sptctla |
of htxa—' hepta- and nonahellcent were compared with- those of authentlc
: sampies REK o ’ '

C. ]L wiis 1rrad1atcd in benzcnt solu*Jon, lb - lV 1n tolucnc
£z m«/ml ' | ) '
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giériori’three mechanisms could be invoked to expiain‘the observed
asymmetric formatioh of helicenes:- 1) Primary formation of racemic
helicehes with subsequeht 1ight—induced.asymmetric destruction; 2) pri-
mary light-induced‘formation of récanicinixtures of'dihydrohclicenes,
g;g; campound V, with:subsequent liﬂht-induced asymmetric ring-opening
to the starting olefin, ie. i.e., partial photoresolution11 of the dihydro-
helicene this intermedlate being ox1dized at a slower rate to give the
ootically active Lnonracemic) helicenes, 3) the diarylolefin PTECUrsors,
hich ex1st in confOnneric D- and L- forms in rapid equilibrium dt Toom
temperature give rise when irradiated w1th circular light to different
mnounts of excited D- and L- forms’ which ring close at a faster rate
than they racemize in the exc1ted state
" Had mechanism 1 been operative, long wavelength irradiation of the
olefih with'LCL woeld have'resulted in.thehdeVeiopment ofvnegative long
wavelength optical act1v1ty (ORD and CD) while RCL ‘would haVc rcsulteu'
in pOSlthe optical act1v1ty The oppOSite 1s observed
In order to further examine the applicability of mechanism 1, asym-
metric destruction of racemiC'heota- and octahelicene Was attempted under
identical expernnental condltions no rotations were developed. (Indeed,

upon prolonoed 1rrad1at10n of hexahellcene w1tn RCL and LCL, 'bradpour

ct al. 6 found gnall rotations 0pp051te to those induced by synthesis oiv

hcxahelicene w1th RCL and LCL )

._Mechanism 2 1nvolves the establishment of a III{—::’V-photostationery

state with an unequal distribution of the enantiomers of V resulting from

their unequal absorption of circular light. Nonracemic yields of heli-

cenes would reflect this "partial photoresolution” of V. Muszcat and
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FisCherlz'have ehOWn‘fO}ma group of substituted Stilbene—dihydrophenanthrcnc’
s\,stéms ‘that '.,.the réﬁeé"‘of the foﬁ(/a‘rd cm——} V) and reverse (V— 111)
pnotolyses are comparable and that the dlhydrOpaenantnrcncs aromatizc
qulte rap1dly at even low concentratlonb of ox1dant v ——}NTII“ Since
'hmany oi the photolyses descrlbed below requlred :overal da,:, even 1n the
_ ozesence of a relatlvely powerful ox1dant Oﬂolecular 1od1ne with auuos-.
1her1c exposure) ‘the rate of the forward reactlon to the dlhyélohe 1cehe
- Tust be slow frmn ‘the c1s compound (The trans-—+ cis conversion is rdﬂlu.
cmupared to succeedlng steps ) blnCe the reverse reactlon is of LOMua:able
rqte 12, no dlhydrohellogne can accumulate for its photorcve“eal bacx |
to;the dlarylolefln to occur. Thus, if the results of Muszcat and Fischer
may befabplied here;'if‘appeafsdthat‘mechanism 2 is hlghly unlike ly.

o In order to furtheri‘_c':iarify the above me_ChanlSth_pOSSlDlllthS,
compOUnd'III (cis + trans) was irradiated at seven different wavolehgths.
The relatlvc optlcal YICldb are plotted on Flgurc 1. Note that the sign
‘,‘ol 1nduced optlcal act1V1ty chanoes at ca. 305 mn. The sample'irfadlated

Cwith LCL at 410 nm was 2.7% resolved w1th reference to an octahcllcene
sample partlally resolved by crystalllzatlon by Professor R. H. Martin. 13
Slnce the actual purlty of the crystalllzed sample 1s not known, the frue'
.'optlcal yleld of the 410 nm sample may be 51gn1f1cantly lower than 2.7%.
Thlb, taken tovether W1th ‘an: extrapolatlon to octahellcene from the CD of.
‘:hcxahellcene led us to assume an - optlcal yleld of 2.0% for the 410 m
&mmle ‘ ' | |

. From’our Optlcally_active oCtahelicene-solutions'the CD'of octahelirﬂ
cehev(baeed'on'thehaesumedjZ.Q%‘reSOlution_of VIII in the 410 nmvsahple)

was' obtained (Figure 2). Had mechanism 1 been operative, the wavelength
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fac*orﬂ[”ef (e -c )/(rtotal)J of octaliclicenc and the induced optic

Jcthlty would have changed blgn at ca. 335 nmxe it does not (Figurc 1).
lhe anelength dependence data are qu1te consistent with tic

uJbOTthon bpcctrum of the cis 1>omcr of compound I1I, isolated by
cnromatogrdp1y from the synthesizeu ci s-tranSJHthurc.--Compound V, on
the other hand “would in all pIODdblllty have nany tran51tnonb well

out into the‘Vis1b1e, 1f studies of the absorpclon of 4g,ﬁo-c1hydro-
phen'anthrenes12 ere applicable here. Thus, if mechanism 2 were valid,
one would expect a change in sign of the 1nduccd optlcal actlv1ty,
reflcctlng a change in the 51gn in the (D of V, well above JOD T where
1tvactua11y,occurs. A flnal result wnlch 1is 1ncon51stent wlti mVLhdilﬁl 2
is»the-ebéervationvby'hbradpour gg_gl;;that irrdiation of Ib gives
.appfeximately four times the optical yield ef.hexahelicene asithe
irfadietien of 1a.% our data'indicate fhis difference to'be even

greater (see'Table I)." Both Ia and Ib sheuld form'snniiar aihydro-
.“cllcenlc structures and it is reasonable to expect them to have snn;
. lar capabllltles for ‘asymmetric destructlon

However, mechanlsm 3 can account for this difference. menond has

noted : that in the S1 state of unsynmetrlcal >t11benes, from which all
stilbene'phqtoclosures take place, the_exc1tat10n 1s ”locallzed” in the
aryl groﬁp'with the lowe? Sl energyi' Thus, in the S1 stete of cis Ib,
we.wonld expect rotetion‘up_to lSO° about the napthylFethyiene bond to
be’neariy.free' the excitatiOn being 16calized on the larger pbedanthrfl
group.- Snnllarly, we would expect SLmllar rotatlon about the Oﬂ@ﬁYi‘

etnylene bond in S cis Ia to be nearly free. Due to the symmetry of

i

icpendency of the opfical yie]d of VIIT would have'followcd the unisotrovy‘
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the'phenyl gtoup; rotation about. the phenyl-ethylene bond (v180%) in

cis Ia results in interchange of its enantiomeric conformations, whercus

corresponding rotation abbut the'naphthyl-ethylene'bond in cis Ib docs net;

due to the dlsswmnctry of the 2 -naphthyl group.

Thus, if mechanism 3 is operatlve it can be seeh that elthouob
11rad1atlon of cis Ia w1th c1reular llght excites -its enantiomeric con-
fonnatlon> unequally, this lmbuldnCC of the D- apd L- eXC1ted tonns is
ureatly reduced through the above descrlbed bond rotation. Unequally
_e\c1ted cis Ib on the other hand, cannot 51m11arly racemize in the
excited state and thus produces higher nonracemic yields of dlhydro-
hexahollcene which fonns nonracemic hexahellcene. The same is true
for'the lII-V-VLII systen, -and all.of.the other systems here stﬁdied,‘

_'Expérimentsdto further clarify the mechanism of nenracemic heli-

cene production with circular light are underway.

- Experimental
B §ynthesis of I-1V. . Forty g of 2-naphthylmethylenyltriphenylphos-

phohium:bromide was dissolved in 120 ml 1 N LiOMe-MeOH, and 10 g p-tolu-
aldehyde was added slewly' The miXture was stirred vigorously’for 5 to

10 min and-filtered Crystalllzatlon fraom benvene ethanol gave 8 g (39%)

1- (7-napthy1) 2-(p- tolyl)ethylene (l) mp 188 -9°. Two g X was 1rraa1ated.

lZ hr 1n a Rayonet reactor (3500 i lamps) in 2 l cyclohexane with a few
erystals of 1od1ne and exposure to the air. The volume of the mlxture

Vwas reduced to ca. 10 m1, and chromatographed (cyclohexane on neutral
alumlna) yleldlng 1.7 g (86%) crude drmethylbenzo[clpnenantnrene (X1,

° 17), The crude XI was. dlssolved in 20 ml reagent

o 77 9° (llt 80-1
grade CCl4 with 1.4 g NBS and a. ,race of dlbenloyl peroxlde and Stl*red

at a‘gen le reflux fbr 3 hr. Thc'SUL;lnlmlde was filtered off, the
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sOlvont remorod from‘the filtra*e bj rotary eruporatioﬁ-’and the residoe-

of crude 3 bromomcthylbcnzo[c]phenuuthrene (XII) dlssolved in 20 ml

\ylone and stlrred at reflux for 45 min. The noarly colorleSs, high

me +1ng (> 300°) powder, 4- bonzo[c]phenanthrylmothylenyltrrpnncyrﬂhos-
phonlum bromldc (XIII) was flltcred off, and washed with xylenc and pet
cther (Yleld 4 g, 96@). AdstlOﬂ of XIII to equhnolarbamounts of

1N LiOMe—\ Ol dnd benzalanydo,' 1apthaldchyde, 3-phenanthraldehyde,

or Zrbenzo[;]puenanthraldenyde, and worx-up and purlxlcatron as in the
preparatioﬁ of X geve Ia (50%, mp 144-5°, 1it 144 5° 8‘ 1T (60%, iy 200-2°,
lit 200-1° 8) IIT (65%, mp 176-8°, 1it 193-200° 8; the swnpies_obw;md
by this syntheeis Qere shown by chromatography [benzene on neutral
alumina]-toﬁconsist of cis [mp 200—261 and trans‘[mp 202-45] olefins.
Forther crystéllizatioﬁ'of the’syntheSized.mixture from benzene yielded
purevtrané compound,'giVing“the'mp reported‘by*Mértins), and IV (40%,

mp 230-2°, lit 229-230°'8), respectively :l-Benéo[c]phehanthraldehyde

was prepared by ‘the procedure of Angyal et al 16 from'crudexXII

'a Phenanthraldehyde was 51mllar1y synthesized from 3 bromometh/lphenantnrene.

Condensatlon of 3~phenanthraldenyde w1th‘2-naphthylmethyrenyltrlphenylphos-

ponium bronlde in 1 N LiQMe-MeOH and erystalllzatlon from benzene-ethanol

gave Ib (mp 213-5° ).

Irrad1at1on procedure The light source Ude in all work was an

SP-200 super high pressure mercury lamp For all experlments except the
wavelength dopendenee the beam was collunated w1th a fusud silica lecns
and pgssed through a_chemlcal fllter18 to give light of wavelcngth>

340-400 mm. The beam was then passea throuvh an ultraviolet polarlvlhﬁ

‘fllter (Polacoat Inc., PL- 40) followed by a quarter wave plate centered

at 390 nm (Gaertner Inc )R fOllOWpd oy tuC samole
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»For“theluavelength'dependence the lamp was attached to'a monochfoma'
-tor (Bausch § Lomb 33 86 -25) ‘with UV and v151blc gratlngs (Bausch &G |
Lomb, 33r86-75-01 and 33-86—25—02: respectlvely). The beam was Ccol lluared
WLth a- fused 5111ca lens and pa»sed hrough a PL- 40 plate ‘and fuscd silica
Iresnel'ﬂlmub CKarl LambreCht lnc ). The elllpt1c1ty of the llgnt was
| calculated as the ratlo of mlnunum to maximum- 1nten51ty of tne bean
transmltted by a rotatlng PL -40 platc At all wavelengths the ligh
was measured at 75% c1rcu1ar1ty Irlaalatlons were done at 410, 390,
: 370 -350, 330 310 and 290 nm w1th a total dlsper51on of 12. 8 nm at
'each wavelength

In all work except the wavelength studles the dlaryloleflns merc"
lrradlated at a concentratlon of 1.0 mg/ml unless otherwise noted, |
tw1th a trace of 1od1ne and exposurc to the atmOsonere “The vessel
‘used was a cyllndrlcal quartz cell w1th a capaclty of 6.5 ml anc a
2 cnxoptlcal path Unless otherwxse noted, toluene was used as a
_ solvent . For the wavelength dependence 1rrad1at10ns were performed
in a sunllar vessel at a concentratlon of 0.1 md/nﬂ in toluene-l2

All samples were chromatographed (benzene on neutral alumlna),
and ‘the hellcenlc (flrst) fractlon was concentrated for ORD or CD E
ana1y51s 1n-a 2 an quartz-cell Slnce the parent c1s olefln cannot
'bc separated from the respectlve hellcene undcr these condltlons it
. was d1ff1cu1t to Judge thc nollccne concentratlon by UV analysls |
' unless the reactlon was carrled to conpletlon (The wavelengtn
'studles demanded accurate detennlnatlon of hellcene concentratlon
pxor the calculatlon of relatlve optlcal ylelds thus, these,reactlons 1

twere 1rrad1ated to completlon )y
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Asynnnetnc debtructlons of heptahellcene (0. 42 mg/ml and 0.12
m/ml) and of octahellccne (0 57 mg/ml) were attempted. by irradiation
for 30 min and 60 min 1espect1w1y, under identical c_ond;Ltlonb as
the asymmetrlc synthese: in Table I | |

| UV spectra were: taken on a Cary 14 Spectrophotometer D md

ORD apectra on a Cary 60 recordmg soectropolammeter
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