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Am- lrradwon of dlds-naphthylmcthyl)rthtr I. [Z_(z-nrpbthyl) crbyl)-(a-nrphtbylmcthylkrhcr II 
and I .3dl4s -nrpht.hyl)propmol III. wrth wrwkngths lonpr Lhrn 300 nm results Mly for all of there 
caqxunds m the formruon of “cubu~l~ke” photcqclorncrs The IINCIWU of thcsc qclocnar WM 
clucxirtai by ‘H-NMR-spcctroswpy A den-1 scheme for “cubant-htc” photocyclomcnrauon In 
dlds-naphthyl) compounds II propo& 

Photodlmcrs of aromatIc compounds have been 
known for over a century. but the first report of the 
tsolatron of a photodlmcr m the naphthalent xnu 
appcucd In 1963.’ with an artxlc about the mtcr- 
mokcular (4fls + 4llr) photodtmcnsruon of 
j-mcthoxynaphthalcnc. Sma then several Inter- 
molecular photodlmcnsatlonr of naphlhalcnc- 
dcnvatlvcs have been reported.’ m which as well 
w&-, cxo- as “cubanc-hkc” cyclomcn were formed 
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In 1970. Chandross TV uf dlscovcrul the first 
mtramolecular (4ns + Qfls)-photocyclomcnuuon In 
the ruphthalcnc series. wrth the formatJon of undo- 
and fncid-Cope-rtrmngcd-cyclomen from l.3dl- 
(r-naphthyl~propanc. 

In this paper WC report the results of a study of the 
photo-chcmlcal bthawout of the nonconJugated bl- 
chromophonc compounds dlds-nrphthylmcthylt 
ether 1. [2-( 3-naphthyl)cthylHz-naphthylmcthyl)- 
ether II and 1,3dt-(z-naphthyllpropanol 111. m 

Fq I S~mctuct of dIma of naphthakne dcnvurva 
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which rntramokular fonnetlon of “cubane-lrkc” 
photocyclomen IS obscrva~I 

RESULTS 

DI~z-~phrhylmcrhyf)f~~ I. In a prcnow papcfl we 
rqmrtd the formatlon of cyclomcn I, and I,. by 
lnadratlon of iso-octanc solutlonr of dl-(s- 
naphthylmethyl)-cthtr I Hereby I, underwent thcr- 
mal Cope-reanrngement to I, (Scheme 1). 

WC now observed that irradratlon of I. under the 
same condibons. but for longer times (Expcnmcntal) 
resulted m the formation of cyclamen I, and b 
(Scheme 2). m the urne ratto as I, and I, In the 
prcnow expcnment. Moreover. lnadlatron of pure 1, 
for longer times resulted m quantltatbve conversIon to 

I, 
From the strongly couplad 340 MHz 

‘H-NMR-rpactnrm of I,. J-and b-valucJ (Table I ) for 
the non aromatic protons aft ohtamed. uung com- 

puter slmulatlon (SIMEQ II). (Fig 2). The ar- 
ylprotons absorb at 7.0ppm as a multlplet 

[2-(r-Naphrlryl)lfrhyl] (3t -mphrhyfmrrh,4 )irhcr 
II Prolong4 inadlauon of Iso-octanc solutions of 
[2_(z-naphthyl)cthylHz-naphthylmcthyl)ethtr II at 
room temperature ylcldr compounds II, and II, (ratlo 
I;5) (Scheme 3). 

The mass spectra of II, and II, Show a molecular 
Ion peak at m/r 312, provmg the mtramolecular 
character of the photortactlon. The presenoc of corn- 
pound II, 1s evidenced by the b- and J-values of Its 
olcfinic and aromatic protons, whKh are fully com- 
parable wth those of the mdo-Cope rearranged 
cyclomcr I(. 

I 

Scheme 2 

Ma H4 H? w8 

Fq 2 ‘H-hMR rrgnrls of protons H,. H,. H, rnd H,. 
vmulrtcd and cxpcnmcnully oburnsd on a 360 MHz rppr- 

ntur 

Scheme 3 

Table I ‘II-F;MR data for I, KDCl,TMS). b (undcrhned) In ponr and J In Hz 
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Aromarlc protons 6 = 6.95 ppm (m) Olcfimc pro- 
Ions H, (s =622ppm (J,,=9.6Hz. 1,,=08Hz’ 
H? d = 580ppm (J,.=96Hz. J:,=3,6Hz). H, 
(s = 6 20ppm (J, : =-9 6 HI, J, ,, = 1,6 HI.’ H, 

8 = 5 65 ppm (J, ,: = 9 6 HI J: ,, = 5 2 Hz) 
The slrongly couplad 360 MHz-‘H-NMR spatrum 

of II, *iis malyz.4. wmg computer rlmulatlon 
(SIMEQ II) (FIN 3) The couplmg constanu and 
chemical shafts ohtamed for the non-aromatic pro- 
tons ate wmmarwd In Table 2 For the arylprotons 
J mulrlpkt 31 ? 0 ppm IS found Thcst I- and b-vaks 
pcrmlt us to ;lwgn the structure dcplcttd In Scheme 
3 to II, 

Protons H, and H, arc highly derhlclded u corn- 
pared 10 rc~~tlvcl) H: and H, (A&,“, = I 20ppm). 
J\ one would crrFl from the anirotropy of the 

aromatlc nng From the vlcm4 couphng constant 
‘I,,( 12 0 Ht) endcncc can be found for the axlal-axral 
powon of protons H, and H, 

I .3-&(a -mphrhyf)propmof III. lnadlatlon of 
I .3dl-(s-naphthyl)propanol Ill.’ In w+octane at 
room kmperaturt, up to 10”; convenion results In 
the fonnatlon of III, and Ill, (WIO 119) which can by 
a prolonged wradlatlon tx convcrtcd to III, and Ill, 
(Scheme 4) 

Tlw KMRdara (100 MHz-spectra. CDCI,.IMS) 
of the aryl- and olcfmlc protons of Ill, and Ill, arc 
fully comparable wllh those of the Cop rtarranged 
producr of the redo xyclomcr I, of dl-(z- 
naphthylmcthylkthcr I Ill, aromatic protons 
b = 7 0 ppm (ml. olcfinlc protons bH, = 6.15 ppm 
(I, : = IO HII h,,. = 5 65 ppm (J, : = IO Hr. 

Tahlc ? ‘H-NMR data for II, (CDcI;T%tS). 6 (undrrlrmd) rn ppm and f In HZ 

1 
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FIN 1 ‘t-4.KMR ugn& of protons H,. H, UKI H,,. umuhlcd md cxpnmcnnlllly obtuned on l 340 MHz 
l pprntru 

J I.1 = S.8 Hz) lllb. aromatic protons. b = 6.90 ppm 
(m). olcfimc protons. 6,, - 6.20 ppm (I,, = 9.8 Hz) 
6”t;l 5.70 ppm (J,, = 9.8 Hz; J,_, - 6.0 Hz). 

e stcreochemrcal lurgnmcnt of III, and III, was 
based on the I- and 6-values obtamd from comput- 
cnlmulatlon of the strongly coupled 360 MHz NMR- 
spectra (Table 3) 

For the atylprotons, the followmg values were 
obtaIned. III; d at 7.23 (I H. J = 7 5 Hz); d at 7.19 
(I H. J = 7.5 Hz) and multqkd at f 7.0 (6 H) m 

Tab1 

dd at 8.46 (1 H. 1 = 7.5 Hz and J = 2.0 Hz); d at 7.34 
(I H. J - 7.5 Hz) and a multjpkt at 2 7.0 (6 H); 

Companson of the ‘H NMR spectra shows that 
proton H, IS highly dcshlelded In Ill, 
(66 - 0.60 ppm). as one would expect from the an- 
lsoptropy of the aromatlc nng On the other hand 
there is a rtnkmg dlfferena betwan the peaks ass+ 
cloted unth the orthoaryl protons H,, in III,, and 111,. 
Inspcctlon of Drcldmg models mdlcata that H,? In 
111, (8 46 ppm) should be derhleldcd as compared to 

2.54 .‘3.C 5.5 (2.3 3.’ 

?.Ol ‘.2 6.C !.I 

l.?l -12.c 0.5 

3,rl 0.7 

4 40 L 

1 2% L 13.0 0.0 ?.C 0.0 0.0 

4.25 7.6 0.0 c.0 0.0 

3.11 7.1 8.0 1.6 

u 1.8 0.0 

.rc 6.8 
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H, m III, (7 23 ppm) due to Its prourmty to the 
OH-g10up.~ In the spmc way H,, In 111, (3. I I ppm) 
should be dcsh~rldcd as compared to HI0 in III, 
(2 61 ppm). Furthermore, from the vlclnrl cauphng 
constants ‘I,, (I2 0 Hz m 111, and l3*0 Hz In III) 
evldencz can be found for the axial-axial posrtion of 
the protons H, and H, as well m III, as In III,. On 
this barer one can deduct from the ncmal coupling 
constants ‘J, , (3 1 Hz rn III, and I I 0 Hz rn III,) that 
the OH-group has an axial pouuon m 111, and an 
cquatonat one tn III, as dqnctal rn Scheme 4. Iii, 
and 111, show the following infrared absorption for 
the OH group III, broad band Mwatn 340 and 

3lOOcm ’ III, 3575 (sharp, I IT,). 3540 (sharp 3(P0). 
3500 3300 (broad, 4CP,) )ooo-3200 (broad. 13’?g). 

The hands at 3S75 and 3540cm ’ are charactcr- 
rstlc for OH with mtramolacular rrngle hndgc H- 
bond. or OH-x-assoclatlon.’ whllc those bctwan 
3X@ and 3.xwIcm ’ can bt attributed to OH wrth 
mtermolccular drmcnc bond’ and those betwan 3400 
and 3200 cm ’ lo OH mth mtermolaular polymcnc 
H-bnd ’ 

The OH-x mtcractlon. which occurs m Ill,, but 
which IS totally absent In Isomer III,. could ?x an 
txpfanatlon for the fact that 111, and III, are formed 
in a ratro I:9 

To chmk of (4Ils + 4Ils) cycleadducu arc formad. 
which could not lx dctated after workmg up at room 
temperature. the cxptnmtnt was performed. up to 
lo”, convctslon. in a cold room at 4 From the 
‘H-NMR-spectrum of the rtactlon mlxturc III, could 
be observed 

In VIW of the 1’9 ratio obKNed for products III, 
and III,, and In YICW of the low convcnlon rt IS not 
possible to obscrvc Ill, In this cxpetlmmtal set-up. 
The NMRdata (IOMHr-spectrum. CDCl,/Th4S) 

of protons H,. H, and H, and of the arylprotonr of 
111, arc fully comparabk with rhoK of 1,. 

oryl H + b = 6.65 ppm (m) 

H; b = 6 05 ppm (I,, = 8 Hz) 

H,.b =635ppm(m) H, d = 38Oppm(m) 

DLSCVSSIOPI 

The “cubane-hke” cyclamen un thcorctlcally be 
formed by four dlfierent path ways (Scheme 5) 

Way 2 in which the “cubanc-hkc” cyclomer IJ dl- 
mtly formed by a 2(2Ils + 2Ils)cyclomcnzat~on can 
be thminatcd In m of the mults of the inadratlons 
dunng shorter hmcs. In which only f&- or endo- 
Cope-reananged cyclomcrs 8ft formed. 

Way 3 In whrch the “cubane-hkc” cyclomcr rtiultr 
from a (2Ils + 2fls)-cycloaddttlon of the mdo- 
cyclomer can be excluded on the basks of the UV- 
spectrum of I, (FIB. 4) togcthcr wrth the cxpcnmcntal 
condltlonr under which the cyclomcnzatlons were per- 
formed. 

The UV-rpatrum of this compound 1s very similar 
to that of the mtra-molaular photodimct of anthro- 
ccnc.“’ The slqht hypochromlrm and bathochromtc 
shift as compared to that of 2.3d~hydronaphthalenc” 
can be attrlhutcd to mteractlons between the two chro- 
mophorcs ” As ttu Irradlatlons were camed out In 



pyt-cn vcsAs and a~ rndocyclomen don’t atsorb at 
wavelengths longer than 295 nm. II IS obvious that the 
cub;rnc-hkt cyclomcrscan not be formed dlrcctly from 
thcsc rnclocyclomcn Even when the lrrrdlations 
were pcrfon-ncd with a filter solutlon. whrch absorbs 
all light Mow 300 nm, fonnatlon of cage-hkt cy- 
clomcn occurs. provrng that way 3 IS qwtc unllkcly. 

Way 4. In which the r&o-Cope-rcarrangad cy- 
clomcr directly form4 by 
(211> + 2lls~yclomeruatlon from the dl-z-naphth; 
compound. can tx rtpcted on the bass of the follow- 
mg fact5 

(a) Irradlatlon of I and III dunng shorter trmcs and 
working up In the cold. multcd first In tndocyclomer. 

(h) Irradlatlon of 1.3-dldz-naphthyl)propanc by 
(‘handross rl al pelded first rndocyclomcr. which 
upon standlng Cope-reaman@ 

(c) In the cxpcnmcnt of Yang ft al.. m which the 
mtcrmolccular cycloadditlon of I .3cyclohtxadlcne to 
naphthalcne was srudlcd. lrradlatlon multad In the 
fornatIon of t&o-IVa. whKh upon hcatmg W;IU con- 
vertcd Into IVb 

It mn tu concluded that way I const~~utcs the most 
plaus~hlc reactlon rhcrnc for the fotmrtlon of 
cuhane-hke cyclomcn from dlqz-naphthyl) com- 

pounds 

EmERIwN-rAI. 

UV-spwrr YCTC mordad on a Vanan Spat- 
wophotomctcr ‘H-NMR 1gactr8 of UK ~lomm m 
raordal on a Brucker MO MHz murwncnt and on I VU-WI 
XL 100 mstrumrn~ 

Phorn-)clnmrrt:attorr The phor~ycloaddrtww wee pr- 
forma! hy tnadrrtmn of dq,as& wfnr ( < IO ’ M) of I. II 
and III an w-octane. at room rcmp rn a tiyonct RS 
prrp~rtlve phorcshcm~l rector. c~u~ppcd wvrth 
)t RUL-.WlO A lamps After Imdlatron the Anr were carp 
orakd under reduced prcuurc and chromrtographcd u 
wmmanzed In Table 4 

OI-(~-~hlh~lmrrh~lkrhrr I To a -In of 248 
(IOOmmolJ bati In 100ml dr) THF. I5 8 6 (100 mmol) 
(z -naphthyl)mcrhrnnl were rddod and furred dunq 5 hr at 
room tmF I4 0 g f 79 mmol) of x dchloromahyl)_ 
nrph~haltnc wvcrc added ~Jouly rnd the win was wned 
dunnd an addrtronrl 24 hr The mlrturc was pourad Into 
500 ml Hz0 and crtrrctcd wth knrtnc A hnr punkwon 

Table 4 lmdlrtlon ume. chcmxal yrcld and chromatographlc condlrlons 
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wy~s pcrfoned by column chromrtoprphy on nbayl wrth 
bcn.zcnc Preparrtrvc HPlC on UlKagcl ( IO p ) mlh 
cyclo)KxrncCH,Cl, (3965). follouad by rcaysallrulron 
from knnnc;n-pcnrrne (90: IO). plbad 8 9 8 (3e,) of col- 
orlcsr he&&c crylt.als wth m p I20 SIZI’ ‘H-NMR 

(CDCl,.‘TMS)b(ppm) 7.2 - 8 3(m. I4HI.5 lO(s.4H) IR. 
vz’(cm ‘) )o w (X-H). 159s w. I450 w (nng C-C). 
1070 *. 1060 * (CO CI. 785 s. 765 (C-H out of plane dcfor- 
nzntlon) (Found c’. 88 72. II. 6 79, Cak for C,,H,,O C, 
88 60. H. 6 Iv,) 

l2+-Naphrhvlerhpl)] (t-~phrh#urhyl~dw II Syn- 
tJuw of this compound 1s rnrloflous to that of db-fr- 
naphthylmcthylkthcr. starting from 2 4 8 (IO0 mmol) NatI. 
I7 2g (IOOmmol) 2da -nrphthylkthanol and I4 0 g 
4 79 mmol) z -(chloromcthyl)nrphthrlcnc A fint punfiutlon 
was pcrformod by column chromatography on ul~~pl with 
bmxznc Further puntitlon was obtrmad by prcpr~~~~vt 
HPLC on SaOAlOr) with cyclo~xmc;CH,Cl, (5Otul) fol- 
lowrd by rCCqStaiiJr&tJOn from MtiN. whtch vaulted m 
8 bg (35’,) of whltc naila. m p. 42042 5 ‘H-NMR 

(CDCl<?MS) b (ppm) 7 2-8 3 (m. I4 H), 4 95 (J, 2 H). 3 35 
it. 2 HI, 3 25 (1.2 H) IR vz (cm ‘) )c)row (X-H). 
1595~. !)05w. 14XIw (nng CX). 1100s. 1080,. 1065~ 
(C 0 c). 785 3. 760% (C-11 out of pirnc dcformrtron) 
(Found C. !I!t 32. H. 6 72. Cake! for C,,H,O C. 88 40. H. 

6 5V.I 
1.3 D~4r.Mphrh~Ipopmol ill. To a soln of 07g 

4 I8 mmol) LIAIH, m dry ctthtr under NI, slowly an ether win 
of 3 I 8 1 IO mmol] of I-a-nrphlhoyl-2-a-nrphthykthyknc” 
was addad. w thrt a mtly rcf!urm# of the ether OCN~~ 
Aftn all the r.athalcon wu added. the csccss of LlAIH, 
wudtitroycd by addlng EtOAc. aflcr which the mlnturt was 
fdlrrlcd 7hc fdtralc was crlraclcd wth C’H,Cl,. whrk the 
rcmunq ppr was drssolved In 2N H,SO, and cxtrrctcd u?th 
CIf,(T: The CH,Cl,-ponlonl wcrc put together. and after 
cvapontlon of the CIt,Cl,. the multq pak yellow s&d. 
*as chromatogrrphcd on ~I~cagcl w-tth bcnzznc hprratavc 
HPL<’ on r111u (IOr) wth n hcunc:CII&l~:McCN 
(7 5: I 5: IO). followed by raryrtrlhuUon from cyclohcxrnc 
aflordd 2 4p (78*,) of colorku naalla wth m p 
IOU 5- I01 ‘II-NMR ((‘DC1,TMS) b (ppm) 7 3 8 2 (m, 

l4ll). 5SStt. 1 H). 3 3$(1.2H). 2 l(m.ZH). 2004s. I H) 
IR b&y (cm ‘1 UOO-3200m (@IO. M3Om (X. H). 
2960m (C’ Ii). I59%r). 1)03(rl. 145~~1 (nng C Cl. 78&s). 
7as) (<‘ H out of plrncdcfonrtlon) (Found C. 88 57. H. 
6 S5. Crlcd for C’,,H,O C-88 40. II. 6 50?,) 

Phoroc~trlmurs All of the report4 photocylomm show 
a molaulrt run p& at a m.+ whKh IS ldcntrul to the m:f 
of the drqa-naphthyl) compound from which they were 
fO0Wd 
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