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Abstract- Irradiation of di{z-naphthylmethyl)ether 1. [2<(z-naphthyl) ethyl[{a-naphthylmethyl)ether 11
and 1.3-di{2-naphthyl)propanol 111, with wavelengths longer than 300 am results finally for all of these
compounds in the formauon of “cubane-hike” photocyclomers The structures of these cyclomers were

cluadated by 'H-NMR-spectroscopy A general scheme for

di{1-naphthy!) compounds 13 proposed

Photodimers of aromauic compounds have been
known for over a century, but the first report of the
1solaton of a photodimer 1n the naphthalene senes
appeared 1n 1963," with an arucle about the inter-
molecular  (4s + 4Ms)  photodimensauon  of
B-methoxynaphthalene. Since then several inter-
molecular  photodimensations of naphthalene-
denvatives have been reported.’ in which as well
endo-, exo- as “cubane-like” cyclomers were formed

o

Enoo - Cope - rearranged

“cubane-hke” photocyclomenzation in

In 1970, Chandross et al discovered the first
intramolecular (4[1s + 4I1s)-photocyclomenzauon in
the naphthalene senes. waith the formation of endo-
and endo-Cope-rearranged<yclomers from 1.3-di-
(2-naphthyi)propane.

In this paper we report the results of a study of the
photo-chemical behaviour of the non<conjugated bi-
chromophonc compounds di{x-naphthy!methyl)-
ether 1, [2-(a-naphthyl)ethyl}{z-naphthylmethyl)-
ether [1 and 1,3-di{x-naphthyl)propanol III, n
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which intramolecular formation of “cubane-like’
photocyclomers 1s observed

RESULTS
Di<(z-naphthylmethy!)ether 1. In a previous paper* we
reporied the formation of cyclomers I, and I,. by
irradiation  of iso-octane solutions of di{z-
naphthylmethyl)cther 1. Hereby I, underwent ther-
mal Cope-rearrangement to I, (Scheme 1).

We now observed that irradiation of [, under the
same conditions, but for longer imes (Expenmental)
resulted 1in the formation of cyclomers I, and I,
{Scheme 2), 1n the same ratio as [, and I, in the
previous expenment. Moreover. irradiation of pure I,
for longer imes resulted in quantitative conversion 1o
L

From  the  strongly coupled 360 MH:
'H-NMR-spectrum of I, J-and é-values (Table 1) for
the non aromatic protons are obtained, using com-
puter simulation (SIMEQ 1), (Fig. 2). The ar-
ylprotons absorb at 7.0 ppm as a muluplet

[2-(x-Naphthyl)ethyl) (x-naphthylmethyl)ether
11. Prolonged irradiation of i1so-octane solutions of
(2«(z-naphthyl)ethyl}{a-naphthyimethyl)ether 11 at
room temperature yields compounds 1, and 11, (ratio
1/5) (Scheme 3).

The mass spectra of 1, and 11, show a molecular
1on peak at mie 312, proving the intramolecular
character of the photoreaction. The presence of com-
pound 11, 1s evidenced by the 8- and J-values of its
olefinic and aromatic protons, which are fully com-
parable with those of the endo-Cope rearranged
cyclomer .
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sumulated and expenmentally obtained on a 360 MHz appa-

ratus
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Photochemistry of non-conjugated brochromorphonc systems

Aromatic protons. 4 = 6,95 ppm (m) Olefinic pro-
tons H, 8 =632ppm (J,,=9.6Hz. J),,=08Hz*
H, 4 =580ppm {J,.=96Hz. J,, =36Hz) H,
6=62ppm (J,.=96Hz J ,=16Hz’ H,
d=565ppmd(J, . =96Hz J., =52H2)

The strongly coupled 360 MHz-'H-NMR spectrum
of II, was analyzed, using computer simulation
(SIMEQ 1) (Fig. 3). The couphing constants and
chemical shifts obtained for the non-aromauc pro-
tons are summanzed in Table 2 For the arylprotons
a multiplet at 7 0 ppm s found. These J- and é-values
permit us to assign the structure depicted in Scheme
Yo ll,

Protons H, and H, are highly deshielded as com-
pared to respectively H, and H, (Ady,., = | 20 ppm),
4% one would expect from the amisotropy of the
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aromatic nng From the vicinal coupling constant
'J.4(12.0 H2) evdence can be found for the axial-axial
position of protons H, and H,

1.3-Di(a-naphthyl)propanol 111. Irradiation of
1.3-di(x-naphthyl)propanol 1I1.* 1n 1s0-octane at
room temperature, up to 10°, conversion results in
the formation of 111, and 111, (ratio 1/9) which can by
a prolonged irradiation be converted to 111 and 11,
(Scheme 4)

The NMRdata (100 MHz-spectra, CDC1,/TMS)
of the aryl- and olefimic protons of 111, and 1l1, are
fully comparable with those of the Cope rearranged
product  of the endo<cyclomer [, of di-(a-
naphthylmethylether 1. I1l,  aromatic protons
8 =70ppm (m). olefinic protons &, =6.15ppm
(J,,=10Hn &y. = 565 ppm (J,, = 10H..

Scheme 4

Table 2 'H-NMR data for Il, (CDCI,TMS). & (underlined) 1n ppm and J 1n Hz

L]

N‘ 2 "’ N‘ Ns "6
LR 4,80 11,4 c.c 2.0 0.0 0.0
‘12 2,68 0.0 0.c c.2 0.0
", 4 10,0 1.8 2.2
“ 60 .. 12.0
" 1,0 14.)
LN 3.2

-1’ r'e nq I‘ 1" r-‘
- 2 1,8 2.9 4 . c.c
" 6,24 ’ Q 0.0 0.
" 3.2 ’u ', 7.3
4'!. 3.2t 8.2 1.8
"y 3.35 ’.C
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Fig 3 'H-NMR signals of protons H,, H, and H,,. umulated and expenmentally obtained on a 360 MHz
apparatus

J;, = 5.8 Hz). 111, aromanc protons. & = 6.90 ppm
(m). olefimc protons: &, =6.20ppm (J,, = 9.8 H2)
by, = 5.70ppm (J,, =98 Hz, J,, = 6.0 Hz).
¢ stereochemical assignment of 111, and 1], was
based on the J- and é-values obtained from comput-
ersimulation of the strongly coupled 360 MHz NMR-
spectra (Table 3)*
For the arylprotons, the following values were
obtained Il dat 723 (1H. J =75 Hz); d at 7.19
(1 H, J = 7.5 Hz) and mulupled at +7.0 (6 H) Il

ddat846(1H. J=75Hzand J=20Hz);d art 7.4
(1 H, J = 7.5 Hz) and a multiplet at + 7.0 (6 H).
Companson of the 'H NMR spectra shows that
proton H, s highly deshielded 1n Il
(AS = 0.60 ppm), as one would expect from the an-
isoptropy of the aromatic nng. On the other hand
there is a stnking difference between the peaks asso-
ciated with the orthoaryl protons H,; in 111, and 111..
Inspection of Drexding models indicates that H,, 1n
111, (8. 46 ppm) should be deshielded as compared to

Table 3 'H-NMR data for 111, and 11, (CT1,/TMS). § (underbned) in ppm and J in Hz

©%.6 13,0 1.0

", 2.38 0.5 6.0 5.9 .03 .2 6.C .4
"y 1,65 -12.5 0.5 1.71 -12.C 0.5
", 2.68 0.0 3,17 0.7
" 5.6t .48
Pe ™ "s Mg Mg My "M M M Mic i

L] 4,24 13,000 2,8 0.0 0.0

8

", 4.2 7.6 0.0 C.0 0.0
"s 3,267,769 .8
" 3,24 1.6 8.9
M 311 6.8

4,24 11, 00.0 9.0 0.0 C.%

4,208.0 2,0 2.% 0.0




Photochemistry of non<conjugated hochromorphonc systems

H, wn 1Il, (723 ppm) due to 1ts proumty to the
OH-group. In the same way H,, in 111, (3.11 ppm)
should be deshielded as compared to H,, n Ill,
(2.61 ppm). Furthermore, from the wicinal coupling
constants ’J,, (120Hz n 11, and 13.0Hz n 1)
evidence can be found for the axial-axial position of
the protons H, and H, as well in 11l as 1n 11I,.. On
this basis one can deduct from the vicinal coupling
constants *J,, (3 1 Hz in 111, and 11 0 Hz in 111,) that
the OH-group has an axial position in 111, and an
equatona! onc in I, as depected 1n Scheme 4. 111,
and [, show the following infrared absorption for
the OH group. 111, broad band between 3400 and
3100cm ' I, 3575 (sharp, 119;). 3540 (sharp 30°,).
3500 3300 (broad, 40°,) 3400-3200 (broad. 13%).

The bands at 3575 and 3540 cm ' are character-
istic for OH with intramolecular single bndge H-
bond. or OH-r-association,” while those between
3500 and 3300 cm ' can be attnbuted to OH with
intermolecular dimenc bond® and those between 3400
and 3200cm ' to OH wath intermolecular polymenc
H-bond*

The OH-x interaction, which occurs in 111, but
which 1s totally absent i1n 1somer 111, could be an
explanation for the fact that Il and 111, are formed
in a ratio 1.9

To check if (4115 + 4Ms) cyclo-adducts are formed,
which could not be detected after working up at room
temperature. the expenment was performed, up to
10°, conversion, 1n a cold room at 4. From the
'H-NMR-spectrum of the reaction mixture 111, could
be observed.

0 " - Oom
2
Me mt
In view of the 19 ratio observed for products 111,
and 111, and 1n view of the low conversion 1t 18 not

possible 1o observe 111, in this experimental set-up.
The NMR-data (100 MHz-spectrum, CDCl,/TMS)

T

2(2N3+20Ms)
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of protons H,, H, and H, and of the arylprotons of
111, are fully comparable with those of I,

arylH .8 = 6.65 ppm (m)
My 6=605ppm(J,, =8 H2z)
H; 6 = 635ppm (m) H, § = 3180 ppm(m)

DISCUSSION

The “cubane-like cyclomers can theoreucally be
formed by four different path ways (Scheme $).

Way 2 in which the “cubane-hke™ cyclomer 1s di-
rectly formed by a 2(2[1s + 2[1Is)<yclomenzation can
be eliminated 1n view of the results of the irradiations
dunng shorter times, in which only endo- or endo-
Cope-rearranged cyclomers are formed.

Way 31n which the “"cubane-like" cyclomer results
from a (20s + 2Ms)<cycloaddition of the endo-
cyclomer can be excluded on the basis of the UV-
spectrum of [, (Fig. 4) together wath the expenmental
conditions under which the cyclomenzations were per-
formed.

The UV-spectrum of this compound 1s very similar
to that of the intra-molecular photodimer of anthra-

' The shght hypochromism and bathochromic
shift as compared 10 that of 2,3-dihydronaphthalene'’
¢an be attributed to interactions between the two chro-
mophores '' As the irradiations were carhed out In

=
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big 4 UV -spectrum of I, 1n 1s0-0ctane.
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pyrex vessels and as endo-cyclomers don't absorb at
wavelengths longer than 295 nm. it 1s obvious that the
cubane-hike cyclomers can not be formed directly from
these endo<yclomers Even when the irradiations
were performed with a filter solution, which absorbs
all light below 300 nm, formation of cage-hke cy-

R Tooewo ¢ af
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clomers occurs. proving that way 3 1s quite unhkely. xa
Way 4. 1in which the endo-Cope-rearranged cy-
clomer 15 directly formed by a
(211s + 2Ns)cyclomenzation from the di-x-naphthyl EXPERIMENTAL
compound. can be rejected on the basis of the follow- UV.spectra  were recorded on a Vanan  Spe:
ing facts trophotometer 'H-NMR spectra of the cyclomers were

(a) Irradiation of 1 and 111 dunng shorter imes and
working up in the cold, resulted first in endo cyclomer.

(b) Irradiauon of 1,3-di{x-naphthyl)propane by
Chandross et al yielded first endo<yclomer, which
upon standing Cope-rearranged

(c) In the expenment of Yang et al., in which the
intermolecular cycloaddition of 1,3<cyclohexadiene to
naphthalene was studied, irradiation resulted 1n the
formation of endo-1Va, which upon heating was con-
verted into Vb

It can be concluded that way | constitutes the most
plausible reaction scheme for the f(ormation of
cubane-hke cyclomers from di{xz-naphthyl) com.
pounds

recorded on a Brucker 360 MHz instrument and on a Vanan
XL 100 instrument

Photocyclomerizanion  The photocycloadditions were per-
formed by irradiation of degassed solns (€ 10 *Myof 1. 11
and 11l 1n iso-octane, at room temp in a Rayonet RS
preparative photochemxcal reactor, equipped with
K RUL-3000 A lamps After irradiation the solns were evap-
orated under reduced pressure and chromatographed as
summanzed in Tabic 4

Di-(3-naphihyimethvidether | To a swin of 243
(100 mmol) NaH i1n 100m] dry THF. 158 g (100 mmol)
(x-naphthyl)mcthanol were added and stirred dunng $ hr at
room temp 140g (79mmol) of x<chloromethyl)
naphthalene were added slowly and the soln was sturred
dunng an addihonal 24 hr The mixture was poured into
S00 ml H.O and extracted with benzene A first punfication

Table 4 Imduno_n ume, chemical yreld and chromatographic condiions

[s0 octene
poluticns of[Irregtetion HPJ ‘crmed cyclorers|(ho-L-el] L‘romatogrepht -
comgcuund ylelc (V) Lo"Jitians
1 4 hours I.,Ib ang :cl“ Iz lolumn ctrometogroeny
- - - 0" 81iico wit™ Lan:
L L )
................ = R
)} woekrs Ic onc 1 _ k1" 1~in Leyer chrometc:
— — grep~y ar silice
retio (*/3) with ¢
- .
1 ? weshs e 58 CTain-Leyer chrometo:
- - grechy on silice witng
. THE
1 2 woers 11_enc 2 2 Inin-_eyer chromsto-
- r.:u “/; grepty on silice witr
n.p.‘\uno/o«ZCl7
(20/80)
(b)
m 3 houre IH. oo ”lb 10 HPLC on eilice (1D )
-—_— — with n hexene/
retio (1/3) olethylether (8Q/20)
e S b oo e e
) cays 111 eno 111 9 MWLC on elltce (10 v)
[ -]
—— with n.pentane/
retio (1/9) o Cl;/cn (oY
(7;/1 /!O?

(o

Cyclomer Ic 19 obteined by refluxing o O4

?

Cl, solution of 1 ouring two

hours Or Dy letting stand this solution ouring two OGeys 8t room tespereturs.

(t) working w of the reection mixztulfe OCCureo et roam tempereture.

(c) The reet is recovered sterting materiel: no other producte were lecleted.



Photochemistry of non-conjugated biochromorphonc systems

was performed by column chromatography on licagel with
benzene Preparaive HPLC on slicagel (104) wth
cyclohexsne:CH,(1, (35/65), followed by recrysuallizauon
from henzene/n-pentanc (90:10). yrelded 8 9 g (38°;) of col-
orless hexaédnc crystals wvith mp 120 5-121°. 'H-NMR
(CDCI/TMS) é(ppm) 7.2 - 83(m. 14H), 510(s,4H) IR.
vEd(cm ') 3040w («C-H). 1595w, 1450w (nng C-C).
1070 ¢, 1060 « (C-O-C). 785 3. 765 (C-H out of plane defor-
mation) (Found C, 8872, H. 679, Cak for C,H,,O C,
8860, H. 610°,)

[24a-Naphihylethyl)) (x-naphthyimeihyidether 11 Syn-
theus of this compound 13 snaloguous to that of di(x-
naphthylmethyllether, starting from 2 4 g (100 mmol) NaHi,
1728 (100 mmol) 24a-naphthyllethanol and 140g
(79 mmol) 2-(chloromethyl}naphthalene A first punfication
was performed by column chromatography on silicagel with
benzene Further punfication was obtained by preparative
HPLC on $10410 4) wth cyclohexane;CH,Q, (50:50) (ol
lowed by recrystathzation from MeCN, which resulted in
B6g (35°,) of white ncedles, mp. 420425 'H-NMR
(CDC1TMS) 8 (ppm) 72-83(m, 14H), 495(s,2H), 33$
(t.2H), 325 (1L.2H) IR vE¥ (ecm ') 3040w (-C-H).
1595w, 1505w, 1450w (nng C—C). 11003, 10803, 1065w
(C-O C). 18S5s. 760s (C-H out of planc deformation).
(Found C, 8832 H. 672 Cakd for C,;HxO C. 88 40. H.
6 50°,)

V.3. D143 -naphihylipropanol 1ll. To a soln of 07¢g
(18 mmol) LiIAIH, in dry ether under N, slowly an ether soln
of 3 1 g (JUmmol) of 1-3-naphthoyl-2-a-naphthylethylene'
was added, so that a gently refluxing of the ether oocurred
After all the 2.3 <halcone was added. the excess of LiIAIH,
was destroyed by adding EtOAc, after which the mixture was
filtrated The filirate was cxtracted with CH,C1;. while the
remaining ppt was dissolved in 2N H,;SO, and extracted with
CH,(l. The CH,Cl,-portions were put together, and afler
evaporation of the CH{,(1,. the resulting pate yellow solid,
was chromatographed on uilicagel with benzene Preparative
HPLC on siica (10u) with n-hexane:CH.Q,;MeCN
(75:15:10), followed by recrystalbzation from cyclohexane
afflorded 24g (78°,) of colorless needles with mp.
100 5-10)  'H-NMR (CDCI,'TMS) é (ppm) 73 82 (m,
14H), SS55(L TH), I3 (L 2H)L 23 (m. 2H), 200(s, ) H)
IR v (cm ') W00-3200m (O-H), 3030m (~C-H),
2960 m (C H), 159%s). 1505(s). 1455(w) (nng C (), 780(s).
760(s) (C H out of plane deformation) (Found C. 88 $7. H,
6355, Caled for C,,H,O C-88 40, H, 6 50%,)

Photocyclomers All of the reported photocylomers show
a molecular 10n peak at a2 m:e which 15 identical 10 the me
of the diqa-naphthyl) compound from which they were
formed
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