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Ahract--CV absorplmn spectra of some spirans and their “halfcompounds” have been obtained and their 

comparison has allowed the dominating conformatlon IO he d&cd for respective rpirans. 

In our investigations concerning UV measurements of the 
spiran system and its “halfcompounds” the helical 

conformation is suspected lo be dominant for spiran 
systems showing hypochromism. The absorption curves 

for both compounds have the same shape and the 
relationship of extinction coefficients at A,, were as 

follows I : 1.35 or I : 1.38.’ 
The spirans whose dominant conformation is known as 

bihelical showed hyperchromism. i.e. the relationship of 

extinction cocfficicnts for both curves of the same shape 

at I,, = 232 nm was I : 2.85.248 nm I : ?A&284 nm I : 2.14 
for spiran VI’+ measured in CHCI, and at A,. = 237 nm 

was I : 2.09.299 nm I : 229,330 nm I : 3.16 for spiran VIII’ 
measured in CHCI,. The appearance of hypcrchromism 
has been explained as an cffcct of conformational 
transmission.‘a 

Finally it has been shown that UV absorption curves of 
the compound rhat is not a “halfcompound” of a 

respective spiran, but possesses the same chromophores 
as the spiran. crosses the UV curve of the spiran.‘.’ 

II has been decided that at present the above studies 
should include some other kinds of geometries and other 

spiran systems. For this purpose the UV absorption 
spectra of fluorene and 9.9~spirobifluorcne have been 

compared. As it is generally known the last spiran has 
both halves orthogonal IO each other. In Fig. I the 

absorption curve of 9.9’~spirobitluorene, obtained ac- 
cording IO Clarkson and Gomberg.” has the same shape as 

the absorption curve of fluorene. with however, one 

exception, which is that the absorption curve of the spiran 
shows a batochromic shift of the UV spectra of about 

8 nm. The relationship of extinction coefficients of these 
Iwo derivatives is for A,. = 265-275 nm I : 1.15. A,. = 

!89-297 nm I : 1.55. and A,. = 3C&u)8 nm I : 1.95. This 
low value of the extinction coefficient relationship for A,, 

and the batochromic shift is considered IO be caused by 

spiroconjugation. i.e. the mutual overlapping of the 
aromatic n-orbitals “through-space”. 

In turn it was decided that out of a number of the lately 
prepared spirans containing S atoms one should chose 
such a spiran that has both halves of the dominating 
orthogonal conformation. but in which the transmission of 
mutual influences would take place “though-bond”. Thus 
out of this number of spirans. spiran I was selected since 
it was also possible to obtain its “half-compound” 2. 

.-. - 

‘In paper’ on Fu. I there is no sign !x on rhe absorption curve 

of ~hc monomer. Now Ihe cited relalionship tJe,, has been 

oblprnCd from many repeated mcasurcmen~s. 

Fig. I. UV spectra (in chloroform) of lluorene and 9.9’.spiro- 

bifluorcne 

2 

Scheme I. 

Orthogonal geometry has been ascribed to compound 1 

assuming that the dominant conformation for compound 2 
is the chair-conformation similar as for unsaturated 

‘I-member ring systems investigated by Friebolin CI al.’ 

The UV spectra for compounds 1 and 2 @ii. 2) show 
the existence of only a small degree of hyperchromism. 
Aafi’“: 256 nm (I g t = 4.24) to AZ‘” 252 nm (I 8 e = 3.88) 

I : 2.29. 
The result of comparing the UV absorption spectra for 

spiran V. obtained earlier? its “halfcompound” 3 and the 
dimer of 3, i.e. compound 4. was a surprise. 

I 

Scheme 2. 

The relationship of extinction coefficients for spiran V 
and compound 3 indicates a high degree of hyperch- 
romism. Both curves are of the same shape and the lack of 
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Fip. 2. L’V ahorption spectra fin chiorofo~) of compounds t 
and 2. 
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Fi.3. L’V -(ion curves tin chloroform) of spiran V. 
compound 3 and dimer 1. 

a bathochromic shift is noted, the relationship of the 
extinction coefficients is for A_, = 248 nm I :4.37. A,. = 
274nm 1:2.57, L.,=313nrn 1:3.31, A,.=326nm 
1:3.89. In order to explain such a high ratio of the 
extinction coefficients one should assume a skew con- 

formation for both ?-membered spiran rings according to 
the assumptions of Archer. Claret and Heyman.” 
However the geometry of biskew conformation in the 

same spiran can be represented both by the orthogonal 

structure, as far as the placement of the chromophores is 
concerned, or by the coplanar structure. Since the 
orthogonal co~ormation of the spiran is associated with 

only low hypcrchromism it is considered that the 
investigated spiran is a biskew structure of spirocoplanar 
geometry in the dominant conformation (Fig. 4). 

In Fig. 3 one can see that the UV absorption curve of 

dimer 4 has an analogous shape to the L’V absorption 
curve for spiran V crossing the spiran curve twice and yet, 

Fig. 4. S:ereomodelr of fhe dominant conformation of spiran S 
showiog spioplaoar ~~~rnent in both halves. 

having a greater extinction cocfficicnt than the analogous 
spiran V. We consider that in compound 4 the dominant 
conformation has the naphthafenc rings tying in the same 

plane: this ~angement is called “all lateral”. A similar 
sit~tion is seen in Fig. 4 of the paper “Spirans-VII”.’ 

‘lhc next problem was the undertaking of further 
investigations into spirans showing hypochromism. for 

this purpose the following compounds were synthesised. 

ap3 a:) 
D 

Scheme 3. 

Among thcsc derivatives A, R,” C. D.” have been 
described in the literature. As it can be seen the UV 
absorption spectra of derivatives A, R,’ (Fig. 5). measured 

in methyiene chloride. have analogous curves, show the 
same AZ!+.‘: = 232 nm. with the extinction coefficient 
relationship 1: 1.44 for ~hc pair, spiran “half-compound” 

and I : 1.43 for the pair. dimer-monomer. As can bc seen 
spiran 5 and dimer B show hypochromism of the same 
order and so the dominant conformation of both 
compou~s will be the helical structure with the 

hcttrocyclic rings being in the skew c(~nformati(~n. 

L’V absorption for the pair, monomer A and dimcr 6. 
have also been measured in ethyl alcohol with an 

extinction coefficient relationship at Au. = 207 nm I : 1.29 

and A,. = 227 nm 1: 1.40. On the other hand in n-hexane 
the extinction coefficient relationship of the pair. 

L ._ ,....-. * 

24 :. .‘..L . i . ) :. ‘I : 

Fig.5. Absorption UV specfra of compounds A. B and ! in 
chloroform. 

Fig. 6. Dominant conformation of q&n 5 
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monomer A and dimcr B. at A,. = 204 nm is I : 1.39. It is 

concluded that the dominating conformation for dimer B 
is as shown in Fig. 7. 

Derivatives 6 and C also show UV absorption curves of 

the same shape and the same A,. L 232nm when 

measured in methylene chloride. The extinction coefficient 

Fig 7. Dominant conformation of dimer H 

.*..: .;“, .: 4 
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Fig.8. UV absorption curves of rpiran 6 and compound C in 
CH:CI:. 

,’ 
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Fig.9. UV absorption curves (in CH,CI,) of rpuan ? and 

compound D. 

6 

Fig. IO. Stereomodels of spirans 6 and 7 

Fig. I I. UV absorption curw (in CHCI,. CH,CI,. cyclckxanc) of compound 8 and 9 



I222 s. SWLIiiSKl Cl 01 

relationship at A,. is I : I.86 and consequently the spiran 
shows low hypochromism (Fig. g). 

On the other hand the extinction coefficient relationship 
for compound pair 7 and D is respectively I: 1.42 and 
1 : IS2 and indicates the dominating helical conformation 

of spiran (Fig. 9). 
A review of the models according to Dreiding has been 

made for establishing the symmetry class in order to 
explain the phenomenon of considerable hypochromism 
in compound 7 and low hypochromism in compound 6. It 

appears that in the case of compound 7 of symmetry C, 
the transition moments of the n-electrons working along 
the helix are very likely parallel, while the direction of the 

transition moments of n-electrons of the same sulphur 

atoms of compound 6 of symmetry c? are not parallel (Fig. 

IO). 
An attempt to establish the dominating conformation of 

spiran 8. for which spiran 9 was going to be the 
“half-compound” was the next problem to be tackled. 

The phenomenon of hypochromism has been observed 

in solutions of CHCI,. CHICI, and cyclohexane. At AZ:‘) 
241-242 nm I: 1.16, A_. 277-219 nm I : 1.40. at Azy.‘: 

239 nm 1: 1.46, A,. 278-2130 nm I : I.50 and at Az,“‘*ar 

227-228 nm I : I. 19. A,, 272-278 nm I : I .38. 
The review of the models according to Dreiding has 

been made in order to explain the appearance of the 

hypochromic effect. It has shown that the structure 

260 280 330 32G a[nml 

S&me 4. 

represented in Fig. 12 can be ascribed to the spiran with 
the assumption that for both halves of the spiran the skew 

configuration is dominant. 
In this structure one can differentiate three pairs of 

benzene rings which are located on the helix and one pair 

Fig. 12. Stercomodcls of rpifan 8 

5 

I 

1 

23c 250 170 29c 310 330 A fnml 

Fig. 13. UV absorption curves of spirans 10 (CHCI,) Il.12 (CH,CI,) and he conespond~ng spirans of symmetrical 
constitution and their “half-compounds”. 
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located in parallel relationship to each other. This 
differentiation enables the requirement of Tinoco to be 

fulfilled for the derivatives showing hypochromism.” 

Thus it can be seen that the hihelical structures’.’ not 

having parallel benzene rings show low hyperchromism 

and that helical structures with parallely located rings 
show hypochromism, ” in agreement with the postulates 

of Tinoco. 

In order to check that using spiran 9 instead of the 
“half-compound” is correct three mono-spirans of the 

following structures were synthesised: 

-XIII 1223 

absorption curve has been compared with the absorption 

curve of E” previously shown. 

It can be seen that the introduction of the two extra 

cyclohexane- rings into system F has practically no effect 

on the basic spectrum. 

The m.ps of the compnumls were made on a Roelius block and 

corrected. IR spectra were recorded usmg a 7~1rr UR.10 

spectrometer. UV absorption spectra were measured usmg IWO 

different spcctrophotorneters: for compound 2 a Huger H.iOO 3lXJ 

The UV absorption spectra of 
been measured and compared 

the monospirans have 
with the respective 

constitutionally symmetrical spiran described earlier’.*.“ 
and with their “half-compounds”. It is shown in Fig. 13 
that using spirans IO. 11 and I2 as “half-compounds” is 

fully justified since their absorption curves are identical to 
that obtained for constitutionally symmetrical spirans. 

Their Ig c at A,. is also slightly different from the 

respective Ig c of the “half-compounds”. 
Finally the tetra-spiran has been synthesised whose 

and for remaining compounds an Unicam SP-InoO. SMR speclra 

were obtained using a Tcsla ES 4g7 apparatus at w) 5lH1 for the 

compounds 5.6.7. IO and 12. for compounds 9 and I I wrth a Jcol 

apparatus at IOOMHz. for sample I with a bran apparatus at 

6OMHr usmg TMS as a standard and sampk in CDCI,. and 

sample 2 atsn with the last apparatus bum wrth HDMS as a 

standard. Mass spectra were measured at 7OeV on a I.KB 9OM S 

apparalus. 

Grnrral pmcrdun 

3.3. SpirobuS. methyl. (0 - bcnro 1.5 dithiipcn. 6) (I). 0.9 g 

r __ _... _ __~ 
; : I 

2i3. 27s 295 3’C A :-?I: 

Pi. II. UV absorplion curves (in TctrachJorocthanc) of spiran 13 ad E 
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10.04 g. at.) of Ka arc introduced to 1s ml of cellosolve in a 
thickwaikd tube. After ihc reaction was compktcd 3.3 g (0.02 m) 
of 3.4dimercaptotohtene were added followed by 3 88 (0.01 m) of 

lctrabromoncopcntanc. The sealed tube was then heated for 
lOOhr at IW. After c~aporalion of the solvent. unconverted 
tet~~omo~o~ntanc was removed by steam distillation. Ihc 

residue was di\solvtd in bcnzcnc and purtfied chromatographt- 
cdlg on an Al.0, column. ‘I& crude product was then sublimated 

and colourkss plates from benzene or &OH were obtained. m.p. 

2W204. 10.31g 3.m of theoretical ykld). IR(KBr3: 600-700 
KS-0 810.820. 860. 3040 (C-H arom). 2910. 2950cm ’ (C-H 
aliph): LVtCH,CI,): Allog r) = 256nm (4.24); NMRtCDCI,): 
2.3 ppm ts. 6H. XH,), 3.1 fs, BH, _(‘H,), 6.9-7.6 fm. 6H, arom), 
C,H& (376.6). Found C, 60.22; H, 5.55; S. 33.73. Requires: C. 
6059; H. 5.35; S. 340!. MS m/c 376. 

In the same manner compounds Z-13 were obtained. 

Phenol M P. Formula Pound 
throphcnol 

Requires 
Compound crystall. Yteld mokcular -- 

NO. mcrcaptanc Bromide obtained (No.) from Q mass CHS (‘HS 
,----- - _. __ .- _ 
I. 

2. 

3. 

4. 

c 

6 

7 

8 

9 

IO 

II 

I? 

I3 

X-methyl_(fWtro. b.p. 132-134. 7.5 C&i,.& 61.20 6.10 32.70 61.17 6.16 32.66 
(I .odithicpcn-6 t2I O.hmm Hp I%.3 

m.p c3 

,@&+,r: fr,-‘, ~~~~~~~~~~~ 132-133 ether 13.0 CA&b 77.95 6.10 77.97 6.0( 

/*Qr! P. \ Dinaphto@.~)-(b.i)_ !7u-279 45 0 C>.H,,O. 77.97 6.44 77.97 6 04 

\&.z++c, r.’ ( I A&l 1 ktrdOxacyCl* tolucne 4004 
tctradecanc (4) 

,,/w 
c. 3al-301 3.5 C.H,,S, 42.81 6.0(( 50.39 42.81 6.38 50.81 

5 M CHCI, X.4 

KC ._#5“ R -, ..-R 3.~~Sptrt[)bi(tran~ !%7-?xR..( 150 C,,Hr.S, 56.<4 7 !I 35.63 56.61 7 83 35.56 

\ A.:,, !Q /. .p. 1 .Wttht<rhti><io CH:CI: 360.7 
15 J tttundc~.rncl 161 nbcxark (1: I) 

8--t 
,. .N. 

3.3~~Spirohitciv ?46.c-24u.5 150 C,,H,S. 56 57 7.62 35.78 56.61 7.83 35.56 
(>“’ y I ,~~tthiabtcycl~) CH,U: 360.7 

(5 4 Ohtndccanc) (7) n-hcxanc (I : 1) 

3.3.Spirobistdibcnru. 202 LH,: 
Cf.1 14 I .!htloxacyclo. CHCI,: 
hcxadiene) (8) C:H,OH 

(3:3:1) 

4.9 C,,HJL Mt.02 6.19 
4645 

80 I4 6.011 

Spiro~dibcnro-(f i ). 146.5 C.H,: 
rI,~)dioxacyclohcxa- CriCI,: 
dicnr..l.i‘-c!cluhexanc) C,H,OH 

191 1’:‘: I) _ _ 

Sptrdnaphtot2Jf). II5 cn 
~I.Chfioxcpcnc- C:H,OH 
3.l’cyclohenancr 110) 

246 C,,H>,O, B2.08 i.59 
.30&4 

#I.?? 7.84 

2n.9 C,.H,O: ttJ3 37 7.21 

26X.3 

80.56 7.51 

Spirddibcnrdf.h)- % 

t I,~kltoxacyclono~ dioxanc. 
nadtenc.3,I’.cyclo- C.H.X’HCl, 
hexanel (If) 

32 7 C,H,,O, 81.64 7.29 
2944 

RI.60 7.53 

Spirotdmaphtho) 248 

I.2.f; I’, 2’.ht.)l.‘. C.H, 
dioxanonadkne-3.1’. CH,OH 
cyclohcnane (121 i!: I) 

I .<.19.!3-letraoxa 271-272 

((.l~.l)paracyclophane. a-methyl 
3 I’ ‘I .Wctra- . -.- . naphthalcnc 
sptrocycloheranc (131 

4.5 CI.H,O: 85.?! 6.56 
3945 

85.24 6.64 

41 C,:HyO, 82.46 $21 
is3.03 

82.92 8.57 

Tahk 1. Yields, melting points and analyrical data of compounds 1-13 

Analysis, 9I 
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Tabk!. IR. UV:. NMR and MS data of compound5 I-13 

I?!! 

IR(KBr) UV N.HR 
-. . -..--- 

Compound Frequency Kind of A 

.%l5enI “” 

Proton MS 

tie. (cm ‘1 excilalion (nm) log e Sol\enI Ltppm) IYP mic 
--__-_..---. - - 

I 

2 

3 

4 

( 

6 

i 

8 

9 

10 

II 

I2 

I3 

bo&lMl c-w 
810. x20. !040 C-Htarom) 
29910. ?wO C-Hfahph) 

bO&700 C-W 
RIO. 820. 3O.W C-H(arom) 
2910. 29?0 C-Hfaliph) 

(‘HZCI, 2% 4 24 CDCI, 

(‘H,CI: 252 Mll CCL 

1170. 1260 C-0-t’ 

INO C-Hlhcnd) 
9-V. 1040. 3O.W C-HGuom) 

CHCI, 24n 

274 

!I3 

3 83 (‘Lx% 
3 7’ _ 
;‘I1 

MO. 29!0 C-Htahph) 

IIRO. I!ho C-0-t 

850. 960. 3070 C-Htarom) 
2wco. 2950 C-H(aliphJ 

(‘HCI, 

b?U (‘-s-C 

RI! C-C 
1417. _BO9. _?+44C-H(ahph) 

(‘H,CI: 

326 !.I’ 

24x J.bO (‘MI, 

274 4.1: 

313 360 
32b 3.:u 

232 3.01 (‘Del, 

703 C-S-C 
820. 832 (‘4‘ 

1417. 2x55. 29O(C-Hfahph) 

CHJ’I: 232 

232 

278 

272 
233 
,*7 .._. 

233 
280 

249 

310 

212 
24: 

2uc 

23n 
304 

3cc 

!!I 
27u 

2x7 

3.00 CM% 

b9i C-S-C 
RI!. 830 C-C 

1410. !R!R. 2930(‘-Htaliph) 

CHJ’I: 3.0x CD(‘I, 

1231 l’6? * - (‘-0-c 
xv5. 2940 C-Htaliph) 
15X3. 3022. ?&St’-Htarom) 

CH:CI, 

12%. 1268 (‘-0-C 

2R.cO. 2928 C-Hfalrph) 

I.W. 3034. WAC-H(arom) 

CH,CI: 

3.7’ CM?, 
3 ?.I 
4.06 
4.20 

3.u9 Crx-I, 
3.v 

I!!7 I’70 
2u%!: $29 

C-0-C 

C-Hfaliph) 
1478. 3030. 3MOC-H(arom) 

CHCI, ! 33 (‘CM, 

4.45 

1246 I’70 . - c-0-c 
!luJo. 2934 C-Htaliph) 

I?O3. 3028. 306W-Htarom) 

(‘H,CI: 4.47 ClX-I, 
4 15 

4 03 

1265. 1279 (‘-0-C 

2862. 2930. C-H(ahph) 

1593. .3060 (‘-H(arom) 

1245. 1266 C-o< 

28M. 2940 C-H(ahphl 

1611. 3042. 306lC-Htarom) 

CH,CI, 4.85 (‘Ix’l, 

39u 

3lM q O-8.0 m I2H. arom. 

C:H.CI. 390 
3.Ul 

3 bC 

_- - -- - 
2.3 5.bH. -CH, 

!.I \.ftH. -CH:- 
b.9-7.6 m.bH. arom. 

2.2 5 3H. -CH, 
2 O-2 4 m.!H. _(‘H:- 
2 62.1 m 4H. -(‘Hz-S- 
6 b-‘.J m IH. arom. 

I V-2.4 q.!H. -CH:-. 

J-5Hr 
4 M.! I 4H. -o<H..-. 

I-CHr 
‘.I-:.7 m 6H. arom. 

l&l.9 q.4H. <I,-. 

J .cHz 
4 I-I 5 I RH. -oCH:- 

J CHr 
6.9-7 6 m.l!H. arom. 

! 3 3 8H’a’. -CH,-S 
2.90 S.tIHb’. -S-CH: 

I.&! 2 m.lbHyc’ 
2 4-2.6 m 4H’a’ 

2.: I 5.4H-h 

2 ‘-3 2 q.lHV. J - IC HI 

I ‘-‘.3 . _ m.lbH’c’ 
2.3-2 9 q.XHV. J - IC Hz 

2 9-3.2 m 4H-a’ 

3.96 \.4H. -t’H,- 
4.24 5.8H. xH,q)- 

b.:-7.3 m.lbH. arom 

I.59 5.IOH. -CHI- 
4.01 5.bH. -CH:-o- 

b.R-‘.I m !lH. arom. 

I43 5 IOH. <H:- 

19: s.4H. -CH,-o- 
:.I-7.b m.bH. arom 

I l-l.6 5.IOH. -CH,- 
19-1.4 \.4H. -CH,-0- 

6 9-7.4 m.RH. arom. 

0.9-I b s.lOH. -CH..- 

1 U-l.? ARquarw 

J = I! Hz. JH 

37b 

196 

200 

400 

2.52 

MO 

360 

464 

3M 

268 

_w 

394 

753 

aimmL.(‘rs ‘S Smoluiski and 1. Jamrozik. Trfrohrdmn 27. 4977 (1971). 
‘R. (i. Clark5on and 51. Gombcrg. J Am. Chtm. .Sor 52. 281X4 

3. Smoltiski. Terrahtdron 22. I99 (1966). (1930). 
‘S Smoliriski and G. Kinyua. Ibid. 27. 265 (1971). ‘H. E. Summons and T Fukunaga. Ibid 89. S!Cdl (1967) 
‘S. Smoliriski and I. Deja. Ibid. 27. I409 (1971). ‘H Fricholm. R. Meckc. S Kahuss and A. Lutwmghaus. 
‘A. Grcenhcrg and P. I.a5rlo. Frfrahrdwn Lrrrcrr No 27. 2355 Tteahtdron Lturrs So 29. 1929 (I9b4). 
(1974). ‘S. Smoluiski and A Sfalata. Tcrrahrdmn 2S. W? (IW9). 



126 s. Sual.ltisxl t! ol. 

‘“A. W. Archer. P. A Claret and D. F. Heyman. 1. Chn. SOL-. (1). “I Tinoco. 1. Am. Chow. Sot. 82.478! (1960); A. Rich. 1. Tmoco. 
I!31 (1971). Ibid. 82. 6409 (1960); H. De Voe and J. IInoco. 1. Mol. Bcol. 4. 

“S. R. Tucker and E. E. Reid. 1. Am. Chrm. Sot. 55.775 (1933). 518 (I%?). 
“1. D. Wilier. 1. R Grunwell and G. A. Rerchtold. 1. Og. Chtm ‘5. Smoli~ski and B. Golpbek. Ttfmhtdmn 25. 5431 (1969). 

33. 2197 (1968). “S. Smolibslu. I. Ikla and 1. Nowicka. fbtd. 31. 1527 (1975). 


